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 – .  

 

 – ,  

 [Allard et al., 2005; Galle et al., 2010].  

 (  DOAS – Differential Optic Absorption 

Spectroscopy)  (  SO2).  

 (FTIR – Fourier transform Infra-Red Spectrophotometer) 

 « »  

(CO2, SO2,  H2S, HF, HCl), .  

 (  

) .  –  

 

,  HCl, HF  SO2. 

 (S/Cl, Cl/F)  

 

 [Rose, 1977; Stoiber et al., 1980, 1981; Bagnato et al., 2011].  

 

, . 

 

 (Na, 

K, Ca, Mg, Fe, Al, Si, .), , ,  

.  

 (F, Cl, As, Fe, Al, Pb)  

 [Witham et al., 2005].  

 

. 

 –  

,  

, ,  

, ,  

. 

 : 
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1.  
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2.  

 2006–2013 . . 

3. ,  
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4.  

, . 

5.  S/Cl  

. 

6. ,  

 2006–13 . 

 – . 

 –  2006–17 . 

. 1.  
. 

.  

,  

 2006–17 .  
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.  

 2006, 2009  2012 .,  2010–13 ., 

 2006–07, 2010 .,  2007–11 .,  ( -50)  2012–13 . 

 (2013–15 .), 

 (2013, 2015 .),  ( , 2012 .),  (2014–16 .), 

 (2013–16 .),  2017.  600 

 ( ) ,  ~200 

,  ~100 , . 60 –  

,  

 150 ,  

. 

 : 

1.  2006–13 . 

2.  

,  

. 

3. ,  

 

 

 [Moiseenko, Malik, 2014; 

, , 2015]. 

4. ,  

 

 (2006–13 .). 

5.  

 ( ),  

), ,  

. 

.  

,  

 ( ,  

, )  
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.  
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, ,  

. 

 

,  

. 

 (<4  

<10 )  
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1.  

, , , -50  2006–2013 . 

, ,  8 ,  

150±50  80±10 .  

 29 . 

2.  2006–13 .  

 80 . ,  

 41 .  SO4
2-, 13 . l-,  3  .   F-.  

 (  45%), , , 

 (~16%),  – -

50 (~18%)  (~16%). 

3. , , 

,  

,  (>40 .%)  (<56 ),  

.  

,  

, , , 

. 

4.  

, ,  



10 

.  

,  F-  Cl- –  

.  

-  
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 " ", , 2008; 6-  
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, 2011, 2018. 
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 (2009–11, 

2012–16 .).  ( 14-35-50453 

, 14-05-92108, 16-35-50004 )  (  09-III- -09-520, 10-III- -

09-234, 11-III- -09-226, 13-III- -08-021, 14-III- -08-195, 12-III- -08-172, 15-I-2-093), 

 (  53/ -08 2008–10 .). 
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54 , 23 , 5 , ,  

(185 ),  8 . 
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, .- . . , 

, , 

.- . . , : .- . . , .- . . 

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

. . , .- . . , .- . . ;  

, ,  



11 
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,  

. , . , . , . ; 

: . , . , . , . -

, . , . , .  

; . ,  

 «Analysette 22 Compact» .  

.  

: . . .- . 

. , .- . . ,  
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 1. 

 (  

) 

 

1.1. . ,  

 

.  [1979]  933 ,  609 

, 72 –  252  

.  [Encyclopedia of volcanoes, 2015, . 242] 

 575  1250 

.  GPV [Global Volcanism 

Program, 2013. Volcanoes of the World, v. 4.7.4]  1434 ,  869 –  

 (  10450 .). 

 

, , . 

,  

.  

 – 

,  

 [ , 1967].  

 [ , 

1984]) .  

 ( 10%)  

 (50–70%)  

(80–90%) .  (>90%)  

.  

 – .  

,  

, 1985]. , ,  

 

. , 



13 

 

,  – . 

 [ , 1996]  

 

)1975–76 .  1972  1981 .,  

, .  

 

 ( )  [ , 1998].  

:  (1); 

 (2),  (3),  

 (4),  (5). –

 

. 

 ( . téphra , ), ,  [Thorarinsson, 1954] – 

, ; 

,  

 [Encyclopedia of Volcanoes, 2000, . 421].  (<2 

, )  

 (  2–3 ,  

)  

.  

 

 – ,  

 

, ,  

 

,  

. ,  

,  

. 

 

,  



14 

, Pyle, 1989],  ( , VEI)  

 ( .  

) [Newhall, Self, 1982],  

, ,  

 [ , ., 1994].  

 (VEI — . Volcanic Explosivity Index) —  

, ,  

 ( )  [Newhall, Self, 1982]. 

 2 ( . 2.2). 

 

, 1998, 2010],  (  

) [Dartevelle et al., 2002; Evans et al., 2009],  

 [Heiken, Wohletz, 1985; Kaminski, Jaupart, 1998],  

 [Bonadonna, 

Philips, 2003; , , 2015 ],  

[Dartevelle et al., 2002; Horwell et al., 2003; Hillman et al., 2012],  

, .  [ , 1965; , 2011, 2016], 

 [Casadevall, 1994].  

, , 

, 

 [ , 1986], 

 

, , 1989],  

, 1987; , , 1989],  

 [Eaton, 1963],  

 

, 1965]. , , 

,  

,  [ , 

1983; , , 1990].  

 2 (  2.3). 



15 

.  [1986],  

 

 – , .  

 

.  

:  

,  

,  

. 

 

1.2.  

, ,  

 (CO2, SO2,  H2S, HCl, HF), 

 

. ,  

 (Cl-, F-, SO4
2-) .  

 (Mg, Ca, K, Na, Al, 

Fe, Si,  Cu, Mn, Sr, Ba, Zn ) [Bagnato et al., 2011]. 

,  –  ( )  

,  

 (SO2,  H2S, HCl, HF)  

(Mg, Ca, K, Na, Al, Fe, Si .), . 

 

 ( ) . 

 H2O, CO2, SO2,  H2S, HF  HCl 

)  Ar, He, H2,  N2, CO ( ).  

                           

, . 

,  

,  A. Lacroix [1907]  

 ( )  1906 . Deger E.  

 1929 .  ( )  1932 . [Taylor, Stoiber, 



16 

1973]. Stefanson  Sigurjonsson [1957]  

,  1947–48 . 

;  1970 . [Thorarinsson, Sigvaldason, 

1972].  ( )  1963–65 . 

 1966 . K.J. Murata . [Taylor, Stoiber, 1973]. 

 

.  50- . .  «  

» [1958]  

 1955–1956 .  

, , ,  

, , . ,  

,  (  

 16  45  

),  (  

).  [ , 1958, 1960]  

,  

, , ,  

 (1955 .) ,  

.  S/Cl  

,  

 [ , 1965; , 2000].  

.  [1958],  

1955–56 . .  20  

, . 6.6  –  1955 ., 3.5 –  

 30.03.1956 ., 7.7  –  

.  

,  

:  

(25 3) , -  

,  

. , 

 



17 

,  –  

, 1960]. 

,  [ , 1965] 

,  

. ,  

,  

, .  

 

, .  

  ,  

. , ,  

,  – . 

 – .  (Fe, Ti, Mg, Mn)  

 35  75%  

. 

 [ , , 1969]  

 1965 .  

, ,  

, ,  

, . 

,  2–39  

,  [ , 1958],  

,  Cl- ,  F-, 

Ca2+, Na+, +  15–30 . ,  

,  

,  

:  Cl-  F-  SO4
2-  

HCO3- – . ,  

 

 S/Cl , ,  

,  HCl. ,  
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, . 

 S/Cl  

 

 [ , 1975].  

 [Dartevelle et al., 2005],  

 ( ) ,  

,  HCl  

. ,  

 [Armienta et 

al., 2002]. 

 1972 . 

 

, ,  [ , 

, 1977]. ,  1981 ., 

 

, ,  

 S/Cl  Cl/F  

., 1982; , 1996]. 

.  [1979, 1996],  

) 1975–76 . ,  

 (9.6·108  0.3·108 

, ), , -

, ,  

  ,  (5.66·105  2.2·104 

).  

 [ ., 1978, 1979, 1980].  

 

,  

, .  

 –  S/Cl  Cl/F  

.  
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; 

 S/Cl  Cl/F . 

 S/Cl  Cl/F  

  ,  

.  

 (%),  

 – l, S, Ag . 

 1980–81 . [ , 

, 1983], ,  2–5  

.  

 

 10–50 .  

 (0–100 ),  1.5  

, ,  8.5  

, , , .  

 

0.1–8.5 . 

 1986 . ( . ,  

)  [ , , 1992]  ~100  

 310 . . 

 1991 . 

, , 1994; ., 1995]  

 (F-  Cl-)  

.  –  

 –  (13 )  

 

, .  

 

 1991 . . 

 (  1993 

.) ,  

 (24 . )  [ ., 1995]. 



20 

,  

(S/Cl=3.4; F/Cl=0.003; K/Na=0.28; Ca/Mg=9.8)  

1964 ., , , ,  

. 

 1966 .  

.  [1968].  

,  

:  

-, -, 

. 

, 

 [ , 1970]  1962–63 .  [ ., 1972]  

 1970 ., , ,  

.  

: [ , , 

2008]  2007 ., [ , , 2008]  2003–07 . 

 1973 .  

 [Taylor, 

Stoiber, 1973]. ,  

, .  

 [ , Rose, 1977] ,  

, , 

.  

 

; ,  17% 

HCl  30–35% S  [Rose, 1977; Varekamp et al., 

1984]. .  [Nogami et al., 2001] ,  

 S/Cl  

,  

 [ , 1976]. ,  

: CaSO4, NaCl, Na2SO4;  



21 

K, F, Mg, Mn, Zn, Cu, Ba, Se  

. 

 ( )  1970 .  

,  

 –  

, , ,  

 [Oskarsson, 1980].  

F  

 300–700º , . 

 

,  

 CaF2 ( )  CaSiF6 (  

). 

 1980 . 

 S/Cl  

 SO2 [Stoiber et al., 1980; Stoiber et al., 1981].  

,  

,  

,  

.  

. 

 [Armienta et al., 

2002]  

, : , 

,  

, , ,  

.  

 

,  Co, Ni, Cu  Pb . 

 [Witham et al., 2005]  

.  

,  



22 

,  2005 .: M.A. Armienta, E. Bagnato, R.E. 

Stoiber, D.B. Smith . 

 (P. Ayris, P. Delmel, 

E.C. Maters .),  

.  [Ayris et al., 2013] ,  SO2  

 600º ,  

 CaSO4.  Ca2+  

. .,  SO2  

 (<200º )  H2SO4  

,  SO2  

, 2+.  

,  SO2  800º  

 <1%  73%  
2+ .  

.  [Ayris et al., 

2014]  

, ,    HCl  

 200–800º .  

 HCl ( ,  Na2O),  

 Na+  
+.  – ,  Ca-, K-, Al-  

Fe- ;  –  400–600º . 

,  –  

, ,  

 (~200º ),  

,  

. , ,  

 (SO2, HCl  HF)  

, . 

 [Bagnato et al., 2011] 

, . 

.  
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,  

,  (  

) , :  

  (HF) ,  

,  

, . .  

 "open-vent"  

, : ,  

, .  

 S/F  

. 

 [Bagnato et al., 2013],  

 2010 ., .  

 

:  Ca (Cu  Zn )  

 

 (Mg, Ti).  

,  

,  

-  (3 10-9–2 10-8 

· 2 )  (1.5 10-8 · 2 ). ,  

 HF  ~3 ,  SO2  HCl,  

S/Cl/F  

.  [Delmel et al., 

2014]  [Bagnato et al., 2014] ,  

, ,  

 

. 

, ,  

, ,  

,  

.  
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,  

. . 

, :  

,  

. ,  

 –  

. 

 

1.3.   

 

.  [1981, 1982, 2005]. 

,  

. 

 

, 

:  

,  

; , 

, ,  

, .  

;  

, ).  

, ,  

, ,  

 1975 .  

, ,  

 40 ;  

 3–4 ;  – 

,  

: ,  

,  ( =2–3)  (  60 

) [ ., 1980],  1976–77 .  



25 

,  [ , 

1981]. :  «  

»  ( , 

,  

, )  

 (  

 

) [ , 2005]. , 

 ( , , 

)  

,  

, , 1989]. 

 1996 .  

 1996  2008 . , ,  

 

 [ ., 2002; ., 2007; , , 2007;  

., 2008; , , 2008]. 

 [ , 1958, 1960]  

 30  1956 . (  

).  

,  

 ( )  ( ) 

, 1974].  [ ., 1978] ,  

 ( )  

, . 

 

 [Jaffer et al., 1993]. 

,  

 Cl-  SO4
2-, Ca, Na  Mg,  

. ,  SO2 

 HCl . HCl  

,  SO2 . 
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 [ , 1989]  

.  

 1800 ;  

, . 

 

 

(20.12.2008–26.08.2009) : 

=4.1–4.35, ,  

; .  

., 2011]. 

, ,  

 [ , 1973]  [ , , 2008; 

., 2016].  

 [ , , 1989],  [ , , 

1978]; , . , . 

 [1975]  

 1956 . . 

 

, .  

 [Stefanson, Sigurjonsson, 1957; Thorarinsson, Sigvaldason, 1972; 

Oskarsson, 1980],  ( ),  

,  

 10–30  [Le Guern et al., 1988].  – , 

, , , 

, , 

, . 

 
1.4.  1 

,  

, ,  

,  (  1.1).  

.  [1965], .  [1986], .  [1996]. 



27 

 

. 

 

,  50- .,  

 90- . . ,  

 1991 . [ , , 1994; ., 1995], .  20–

25 ,  

,  

. 

 1973 . 

[Taylor, Stoiber, 1973] ,  

 – ,  

,  

. ,  

 (SO2, HCl) .  

,  

. , ,  

, ,  

 

.  

,  

.  

. 

, :  

, ,  

, . ,  

 

 ( , ).  

 ( ,  

, .), . 
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 2.  

 

 
2.1.  

 

 (  

. )  

 – .  

,  – . 

 

 ( ). 

 

,  

,  

 ( . 2.1), .  

,  

,  

. ,  

 (1986 

.)  (1991 .) [ , , 1992; , , 1994]. 

 

 

, .  ( )  

 

 ( . 2.1).  

,  

. [ , 2010; ., 2012; Miyaji 

et al., 1990]. 

,  

 – , ,  (  

 106 ),  [ , 

, 1989]. ,  

.  



29 

, ,  70- .  

 

, , 1989].  

. ,  

 

 [ , , 1989;  

…, 1994 ],  

 [ , , 2003]. 

   

. 2.1. :  –  « » 14.01.2011 .,  
 – : 1 – 28.01.2010 . 510 2, 2 – 7.01.2011 

. 320 2, 3 – 9.01.2011 . 150 2, 4 – 11.01.2011 . 110 2, 5 – 9  
, 45 2;  –  ( )  2011 .  

, ,  

,  

,  

.  

. 

,  

 

.  

, ,  

. , ,  
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.  

 – , , .  

 100  (  

). 

 

,  ( . 2.1).  

,  

 CO2.  

 – 5.5–5.6. [ , , 1989]. ,  

 [ , 1974],  

l-, SO4
2-, Na+ , , 

, .  

, , .  

 500  15  

 [ , 1988].  

, , .  50 ,  

,  10  

.  >10–15 .  

 40  [Witham et al., 

2005].  (  10 )  

 100  

. ,  

. ,  250  

-  

 ( , ) [Witham et al., 2005]. 

  

40  200  1 .  

 ( . 2.2). 

,  

.  

 5  28 ,  

,  1-



31 

 20–30% ( . 2.2). ,  

 [ , , 1989; 

Witham et al., 2005]. 

 2.1. , . 

 
. 

 (14) 
~80  

 
 (5) 

27  

 
 

(1) 80  

. 
* (3) ~150 

 

  
 

(17) ~ 20  
 4.8-5.8 / 5.38 4.8-5.5 / 5.23 5.48 5.15 5.1-5.8 / 5.4 
3

- 0.7-2.9 / 1.9 0.29-1.61 / 1.17 . . 0.24-4.27 / 2.02 
F- 0.004–0.13 / 0.03 0.01–0.08 / 0.047 . . 0.03–0.12 / 0.05 
Cl- 0.2–5.9 / 1.0 0.15–0.64 / 0.45 . . 0.17–1.94 / 1 

SO4
2- 0.05–2.25 / 0.44 0.02–1.98 / 0.58 0.96 3.8–6.7 / 4.8 0.29–0.73 / 0.52 

Na+ 0.03–3.62 / 1.45 0.07–0.75 / 0.3 0.3 0.1–0.63 / 0.36 0.15–1.72 / 0.62 
K+ 0.02–0.94/ 0.14 0.01–0.74 / 0.26 . 0.1 0.04–0.55 / 0.2 

Ca2+ 0.09–1.6 / 0.22 0.07–0.28 / 0.16 0.6 1.2 0.04–0.74 / 0.19 
Mg2+ 0.019–0.37/0.04 0.01–0.075/0.035 0.12 0.48 0.02–0.3 / 0.08 

 5.22 3.00 1.98 6.94 4.68 
. * – .  

. ,  
. 

 2.2.  
, /100 . 

 6.08.2013 .* 21.04.2007 .** 

 
 

 
 

 
 40  80  5  28  

F- . . 0.95 0.64 
Cl- 33.7 33.7 40.0 39.5 

SO4
2- 93.7 92.5 267 217 

Na+ 11.44 10.63 51.8 49.6 
K+ 3.35 2.88 0.31 0.295 

Ca2+ 38.6 41.3 65.3 74.0 
Mg2+ 1.52 1.97 12.7 12.8 

: * –  22 , ** –  200 . 

 
2.2.  

 

 

 ( .  1.1).  

, ,  

.  [Dvigalo et al., 2016].  



32 

, , ,  

. 

 

, . .  

. ,  

.  

,  ( 2) – .  

 (DRE – . dens 

rock equivalent), , ,  

 [Encyclopedia of volcanoes, 2015, . 259]. ,  

,  

, 

. ,  

. ,  

, . 

: (1) 

 

 [ , 1982]; (2)  

 [ , 1996; , 

, 2011; ., 2013]; (3)  

,  

 [ , 1985; Fierstein, 

Nathenson, 1992; Legros, 2000]; (4)  

 [Pouget et al., 2013]. 

 

 

.  

, ,  

 

 ( ) , 

,  

,  
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.  

,  

, ,  

 [Wen, Rose, 1994; 

Webley et al., 2009],  

. 

 

, .  

 

,  

,  ( ) 

. ,  

, 

 [ , 1985].  

,  

. 

 

,  

, ,  ( ) 

 

. ,  

,  

,  

.  

. ,  

, ,  

 

. 

 

(m)/ (h)  

(s)/ (r) ,  
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, .  (h~1/rn)  

 (h~e-kr) ( .  3.1, . 3.2). 

 ( 2)  

 1973 .  3–100  [ ., 1974]. 

 [ , 

, 1982],  2.  

[1986] ,  

 (h~1/r2).  [1985] 

 

,  n  

; ,  n>2 3; ,   

, ,  n<2. 

 [ , Froggat, 1982; Pyle, 1989] ,  

 

;  [ , 1986]  

.  

 ( )  [Froggat, 1982; Pyle, 

1989; Fierstein, Nathenson, 1992; Legros, 2000]. ,  

, , 

,  

, .  

 ( )1/2, 

. .  

,  

. 

,  

 0.2  200  ( ), , 

 

,  

,  

 [Bonadonna, Houghton, 2005].  

 



35 

.  

,  

,  ( ), 

 [ ].  

,  

,  

 (<10–15)  

. ,  

 

.  

 2 ,  

 – . ,  

:  –  3 ,  

–  5  [Bonadonna, Houghton, 2005].  

,  

, ,  

 –  (>250 )  

 (<63 ) . 

 

;  

,  

. 

 

, , , -50,  

 ( )  

 ( )  

.  

,  

,  [ , 1985]. 

, , , 

 ( ).  n  
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. 

,  1-2  

,  (28.10.2010), 

 (1.01.2011, 13.01.2011), ,  

 [Fierstein, Nathenson, 1992; Legros, 2000],  

, . 

 

 

 

.  

,  

 

. ,  

,  

 (  

),  

, ,  

.  

 

,  

 

,  

[Bonasia et al., 2009; Moiseenko, Malik, 2014; , , 2015 ]. 

 ( , 

 TEPHRA [Bonasia et al., 2009]  PUFF [Scollo et al., 2011])  

 

, -

 

 

, ).  
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,  

,  <30–50 , : 

 472 . . [Bonasia et al., 2009]. 

 

, , 

 

 RAMS, 

 [Moiseenko, Malik, 

2014]. 

 

. . , .  

 

 ( . 2.2).  

,  

 

 ( )  

 [Moiseenko, 

Malik, 2014; , , 2015 ]. 

, : 

–  

 

 

; 

– ,  

,  

; 

–  

; 

– , ,  

,  

, ,  
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,  –  

. 

 
. 2.2. .  – . 

, , 

,  

.  

.  

 

(24.12.2006  17.12.2009 .) [Moiseenko, Malik, 2014; , , 2015 ]   

 (13.01.2011 .) [ , , 2015 ],  

 

.  

:  

,  

. 

 

 

 30% 

, .  

 3 ), ,  
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, ,  

[Bonadonna, Houghton, 2005; Bonadonna, Costa, 2012].  

 (  1-2 )  
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 36–49% (  2, . 4.2),  

2006 .,  

 (  2000 ). . 

 
. 4.2.  

 17.12.2009 . .  
.  
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 9  2012 .  

 – 3–20  (  3). ,  

 (43–51%)  ( . 4.3, 

 3).  

. 4.3.  
 9.03.2012 .  

.  
. 

-83-12,  2.9  

,  

 ( ), .  

, .  

 16 ,  

, ,  

– , ,  1.5  2.5% ( .  3.1  4.3, . 4.18).  

 

,  ( . 4.4, 

 1, 2, 3).  

. 

 " -22"  

 ( )  

,  2006 . 

. 4.5).  



83 

,  

. 

 

. 4.4. , 
:  –  

;  – . 

 
. 4.5.  (L)  

. 

 

 



84 

 [Bonadonna et al., 2002, .  ‘Elutriated mass’]  

 1995–99 .  ( . ) 4–16%  

,  

 

.  « » 4–16 

.% ,  

, . 

, ,  

,  24.12.06 

(9–13·106 )*0.04(0.16)=0.4–2.1·106 ,  6–30%  

. ,  

,  

. 

 24.12.06 [Moiseenko, Malik, 

2014; , , 2015 ], , ~30% (1.5 ), 

 2.5–6.5 . ( . 4.6),  

 (9.5 .),  

 

, ,  

. , ,  

.  

63  (57.7–

59.9%) ,  

 6  ( . 3.1, , ),  

, ,  

 (~51–53%).  

 

 [ , 1998],  

 ( )  

 (h ): 8÷10h .  h 425 ,  H 4  

,  5.5–6 ., . 

 







87 

 

. 

 
4.1.3.   

 13-  

 2006 –  2007 .,  2010 . ( .  

).  

,  2016 . 

 2 ,  3,  

 54/4, 4/3, 12, 16/2, 2, 8, 6 ( . 4.9);  

  2006–07 .  4/1, 34/3, 7/1, 93/1, 

33/2, 4/2 ( . 4.9), ,  

, . , 

 (  16/2) . 

 
. 4.9.  

2006–07 .  (  
.  6). 

,   2010 ., 

 

 17–26  (  <56  –  72%).  

,  

. ,  

2016 . ( . 4.10). 
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. 4.10.  

,  2010 .  2016 .  
. 

 

4.1.4.  

 

 

,  ( ) .  

 – .  3 , 

 (3.8 ).  

, ,  

,  ( . 4.11).  

 

 21  2007 ., .  

 3  

. 

,  (  9 )  2006 ., 

 35 .%  <100  (  

) [ ., 2007]. 

 –  

. ,  

 (  2 ,  2005 .,  2007, 

2008  2011 ., )  



89 

, . 

. 4.11. ,  
:  – ;  – .  

. 

4.1.5.  

 

,  2013 .,  

 2014 .  2015 . ( . 4.11).  

 

 2013 .  

, –  (  

)  

 0.5 ,  

.  (25.11.2014  

16.01.2015) ,  

,  

, , ,  

 [ ., 2018]. 

,  25  9 

 2017 .,  10 . ,  

,  [  

., 2017].  

,  

 >125 ,  ( . 

4.11). 
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, .  

: , ,  

 (  2013 .) . 

 
. 4.13. :  

. 
 ( . 4.13)  

 2013  2015 .,  33  32 

.  2015 ., ,  

 

,  17  2013 .  

, .  

: , ,  

 (  2013 .) . 

 
4.3.  

, ,  

,  

. 4.14). , 

,  

 (30–50 ).  

,  

, ,  

, ,  

 ( ) [Rose, Durant, 

2009]. ,  

. 



92 

 
. 4.14.  

.  
. 

 

 –  ( ) ( . 4.15).  

 (  2 . 

4.15), .  

 

 2006  2012 .)  (  2009 .,  

13.01.2011 . – ),  

.  

,  

 1 . 4.15).  

,  

,  (  3 . 4.15). 





94 

,  2013 .,  

; -

.  ( )  

.  

. 

. 4.16.  [Dartevelle et al., 
2002].  ( , 

, ) , . 
, 

. ,  

,  (  2–3% SiO2)  

 [ , 1998],  

   

,  

. , ,  

,  SiO2 –  69%,  

 ( . 4.17).  

 [ , 2011] ( . 4.18).  

 (>40 ). 



95 

 
. 4.17.  SiO2  

. ,  –  
,  - . 

 
. 4.18.  SiO2  

. ,  – ,  – ,  – 
. 

. 

 

 " "  (<100 ),  

, ,  "  – 

"  (<10 ), ,  

,  "  – "  (<4 ), 

, , , 

,  [Hillman et 

al., 2002]. , ,  

 – <10  – 16–24%  <4  – 8–13%   10–100 

,  (15  28%)  

  ( . 4.19). , ,  



96 

6% (<10 )  2.7% (<4 ).  

. 

 
. 4.19.  « »  

. 
 

 (<30 ,  

, "very fine ash" [Rose, Durant, 2009]),  

, . .  

 20%;  

 –  33  62% ( . 4.14). 

 4 

 

 

,  0.3 

. 

 

 

, , ,  

 –  

.  

, ,  

[Dartevelle et al., 2002]. , , ,  

,  

,  

.  

.  
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.  

 

. 

, , 

,  

 

.  

 

 

 [ , , 2015 ; Moiseenko, 

Malik, 2014]. ,  

,  

,  

, ,  

 ( .  5), . 
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 5. 
 

 
 
 

 ( ),  2006–

2017 .,  ( .  

2.1). , ,  

 1991 . [ , 

, 1994; ., 1995]  1980–81 . [ , , 1983]. 

 

.  3,  4)  

 

 

. 

 

5.1.   

 24.12.2006 . 

 16 ,  

 30–70 .  9  

 5.1 (  –  

 1).  16-  

 (7 , .  3.1),  

. ,  

 8000 2,  7  

 ~29 . , . 5.1. 

 
 17.12.2009 . 

 16 ,  

 2009 .  2010 .  26–46 . , 

, ,  

, ., ,  

.  9 , 

.  
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 17  2009 . –  4.5  

 7 .  ( . 5.2). 

 5.1.   24.12.2006 .,  
 100  

-
 

 
. 

 
, . 

 
-

11 
-

13 
-6-
07 

-
22 

-
23 

-5-
07 

-3-
07 

-
10 

-
55 

 4.75 4.9 4.4 4.6 4.7 5.75 5.25 4.8 4.9 4.8 
F- 5.6 9.2 5.1 11 16 10 10 12 16 10 0.7 
Cl- 45 57 62 78 76 58 75 78 70 66 4.6 

SO4
2- 164 200 185 218 231 192 231 223 225 211 15 

Na+ 28 28 29 32 28 26 32 34 39 31 2.2 
K+ 6.5 6.8 6 8 4.8 5 12 10 12 9.1 0.64 

Ca2+ 55 70 67 87 84 69 76 77 80 74 5.2 
Mg2+ 7 8.1 8 8 7.8 7 8 10 10 9 0.63 

 312 380 362 442 447 368 444 445 452 410 29 
. .  1. . –  

 16 . 

 5.2.  17.12.2009 .,  
 100  

-
 

 
. 

 
, 

.  146 160 161 162 7 9 10 

 4.96 5.65 5.3 5.03 5.08 5.23 5.22 5.2 
F- 9.9 11.9 7.6 7.0 4.3 4.0 3.7 6.6 0.25 
Cl- 52.9 64.1 41.6 45.0 35.7 29.8 31.0 42 1.69 

SO4
2- 96.5 102.2 80.8 67.1 59.9 50.7 55.1 68.7 2.68 

Na+ 14.6 19.1 13.8 12.9 10.8 10.5 10.9 12.9 0.55 
K+ 4.2 9.2 6.8 2.4 2.3 2.8 3.7 4.1 0.17 

Ca2+ 49.0 55.2 37.6 35.7 35.4 29.9 30.8 36.7 1.47 
Mg2+ 3.3 4.4 3.0 2.5 2.7 2.2 2.4 2.8 0.11 

H4SiO4 18.3 9.3 2.5 2.0 1.8 1.2 7.5 0.19 
 249 275 194 173 153 132 140 180 7.25 

. .  2. . –  
 9 .  

 9.03.2012 . 

 11 , , 

,  

, ., ,  

. ,  



100 

 0.5  

 ( . 5.3). 

 5.3.  9.03.2012 .,  
 100  

  
   

,  

77/2 80 81 94 . . 
L,  15 11 10 15   
l,  0.5 2 3.7 2   

m, 2 710 290 84 182   
 5.4 5.5 5.3 5.4   

Cl- 28.6 40.9 17.9 39.2 24.7 40.9 200 
SO4

2- 124 192 329 138 155 329 1650 
Na+ 12.6 22.2 36.3 16.1 17.0 36.3 180 
K+ 4.5 8.9 16.5 7.0 7.7 16.5 83 

Ca2+ 42.7 57.7 83.8 48.7 47.1 83.8 420 
Mg2+ 4.0 8.3 10.4 4.4 5.1 10.4 52 
Fe3+ 0.2 2.9  2.7 2.9 2.9 15 

H4SiO4  3.8 3.5   3.3 3.8 19 
 221 336 494 256 263 524 2620 

. . –  4 . F-  
. . 

 3. 
 

 

 

,  

: ,  

, , ,  

. ,  (  4.1),  

 

,  ( . 5.1),  

 

 35-40 ,  2012 . .  

 [ , 1958; ., 1969]  

 

, .  

 ( ).  
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. 5.1.  (C)  
 (L) . 

,  24.12.2006 ., 

 4.3  5.4, ,  

   ( =5.6-0.15·Ln(M); =6.2-

0.6·lg(M))  (pH=5.7·M-0.03) .  

 2009 .  (4.9–5.5)  

,  2012 . , 

. 

. 5.2.  (M)  
. 

 (  Excel)  

 

 ( . 5.4).  

,  2012 . 

, ,  
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, ,  

. 

 5.4.  (r2)  ( /100 ) 
 

 SO4
2- Cl- F- 

 2006 2009 2012 2006 2009 2012 2006 2009 
Ca2+ 0.93 0.94 0.97 0.70 0.78 0.86 0.81 0.71 
Na+ 0.56 0.76 0.98 0.60 0.45 0.78 0.46 0.86 

Mg2+ 0.60 0.90 0.96 0.82 0.73 0.75 0.50 0.75 
K+ 0.57 0.53 0.86 0.62 0.45 0.48 0.49 0.55 

 

 1955 ., 30  1956 . 

, 1958]  26  1961 . [ ., 1963] ( . 5.5).  

26  1961 .  14:00  18:00,  18:00  

.  

 1  ( 2 )  

 “A_22”  

 “analysette-22 COMPACT”. , 

 1 2 . 

 5.5. , 2  

 
 

17.11. 
1955 

30.03. 
1956 

26.03.1961 
14:00 

26.03.1961 
18:00 

24.12. 
2006 

17.12. 
2009 

8.03. 
2012 

L,  42 42 42 42 42 39 15 
, 2  270 190 220 160 250 200 230 
F- 0.15 0.32   0.44 0.21  
Cl- 6.99 3.99 4.19 6.80 2.30 1.75 1.86 

SO4
2- 10.61 15.01 1.09 1.32 7.68 2.94 6.53 

Na+ 0.62 1.84 0.92 0.51 1.04 0.527 0.77 
K+ 0.25 0.68 0.19 0.37 0.21 0.112 0.33 

Ca2+ 6.31 5.35 1.51 2.06 2.76 1.73 2.31 
Mg2+ 0.95 1.26 0.63 0.89 0.28 0.13 0.21 

 25.88 28.45 8.53 11.95 14.82 7.4 12 
S/Cl 0.5 1.24 0.09 0.06 1.1 0.55 1.19 
Cl/F 47 12   5.2 8.3  

.  – .  
,  S/Cl  

 2006 . ,  

 30  1956 .,  –  

 1955 . ( . 5.5, . 5.3).  
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. , ,  1955 .,  

, .  

,  

 ( )  

 [ , 2000]. 

 2006, 2009  2012 .  – 

 S/Cl . 

 1956, 1961 (14:00  

18:00 26 ), 2006  2009 . ( . 5.5, . 5.3)  

 SO4
2- [ , 1965]. , 

 30  1956 . ,  1961 . [ ., 1963] – 

;  2009 .  

 

 2006 .  2012 . ; 

 S/Cl – 

 ( ),  

 [Bagnato et al., 2011]. 

. 5.3. -  
. 

, , 

 2006–12 .  1961 .,  

,  2006–12 .  3-4 , ,  

. 
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5.2.  

 2010–13 .  

 

,  2010 .  

2011 .,  7–137 ,  

 – 0.5–2  100 ,  30  – 1  100 . 

 (10–14  2010 .)  

, , .  

;  – 

 ( .  4.2).  

, 

 2011 . ( . 5.6). 

 5.6.  2010–
2011 .,  100  

 10.12.10 –
14.12.10 

28.12.10 –
15.01.11* 

09.02.10 –
09.03.11 ** 

 
2011*** 

, 
.  

F-  4.5 4.6  0.43 
Cl- 20 59 242 48 6.0 

SO4
2- 186 711 312 92 61 

Na+ 10 26 25 20 2.6 
K+ 9 10 8.7 6 1 

Ca2+ 41 261 158 31 23 
Mg2+ 9 12 9.3 4.6 1.2 

4SiO4 . 20 9.7 42 8 0.9 
 297 1100 801 210 100 

S/Cl 3.5 4.4 0.53 0.65  
. S/Cl  ( .) , * – .  25 , 

 10–90 ;  (~250 )  
 (3–4  100 ); ** – .  4 

,  14 ; *** – .  2-  
,  10–13 . 

 (  2010 . –  

2011 .)  (  700  100 ), - (60)  

 (~ 4.5);  –  (260),  (26),  (12)  

 (10).  (  10 /100 )  (  20 

/100 ). 
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 2011 .  

 100 . , .: SO4
2- – 61, Cl- – 6, F- – 0.44, 

Ca2+ – 23, Na+ – 2.6, Mg2+ – 1.2, + – 1, Fe2+ – 0.4, H4SiO4 . – 0.9 .  ( . 5.6). 

 

: Al (0.5–3  100 ), Mn (0.08–0.4), Cu (0.3–0.6), Co 

(0.01–0.04), Ni (0.004–0.023), . : Al ~ 175 , Mn ~ 24 , Cu~ 45 , Co 

~ 2.5 , Ni ~ 1.4 . 

 

 

 7–15.01.11 ( . 5.4),  

. , ,  

. 

 
. 5.4.  (C)  

 ( )  2010–11 . 
, , 

,  1 2  

 ( . 5.7).  1  2011 .  

 10 , ,  

;  S/Cl  (28.12.10–1.01.11)  

 5.7–7.6 ( . 5.7, . 5.5).  

, ,  S/Cl , 

 (13.01.11). ,  

 2011 ., ,  

, ,  S/Cl  0.6  0.3.  

,  2011 .,  (0.6–

0.7), .  
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 –  

. 

, , , 

, ,  

.  10  

,  (  7–8 

),  2–3 2,  

.  

,  

 ( , ).  

 

,  

,  2011 . – ,  

 325–695  (  7). 

,  

2011 . ,  

 1.5 ,  2.5 , , 

 14 . -  

.  ( . 5.5).  

,  

 ( ),  

,  

, .  

 (  1  2, )  

.  

 (Cl-, SO4
2- .),  

 (  8) [ , 2016]. 

 

,  23  30  2012 .  

. ,  

 ( . 5.5);  ( ) – 
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, , , . , , 

,  

,  

 [ ., 1983]. 

 

12  2014 . , 

, ,  2011 .  

 (  2250 . ).  

 2280 .  

 270º  [ , 2015].  (H2O=94.2, CO2=3.4, H2S=1.14, 

SO2=0.87, HCl=0.33 .%)  

.  HF  (0.002 .%),  

 (4 )  –  40  

.  HF  

. 

 (33 ppm)  

, ,  

, . 

 S/Cl l/F  

 

 S/Cl  ( . 5.8). 

 5.8.  S/Cl l/F  
 

. 
 

 (270º )   
 2014 .  2010 –  

2011 
, . 

2011 
S/Cl  3.1–5.5 / 3.9 2.5–7.6 / 4.4 0.6 

l/F  300–460 / 380 490 5–60 / 12 30–81 
. . 

5.3.  (2006–07, 2010, 2014–

16 .) 

 2006–2007 . 

 33  

 12, .  8–10 ,  
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 ( .  2.1)  

 100  

.  

,  2006 .  

2007 . ,  3 :  

, ;  

,  

 ( . 5.9). 

 

-, -  ( . 5.9).  

 (  2006 .)  

.  (  

I)  SO4
2-,  – Cl-  F- ,  

 S/Cl.  (  II),  

 SO4
2-  Cl-  F-  S/Cl  

Cl/F. ,  

;  

, , , 

 

. 

 2.5 ,  2006 . –  2007 .  

 ( . ): SO4
2- 6.4, Cl- 1.3, F- 0.11, Ca2+ 2.3, Na2+ 0.69, + 

0.13, Mg2+ 0.34,  11 . ,  1400  

 H4SiO4.  

 [ ., 2008],  2007 .  40 .  

, . SO4
2- 22, Cl- 4.3, F- 0.36 .  ( . 5.21). 

 
 2010 . 

,  

27–29  2010 ., , ,  

, ,  

.  (  39, 47),  ( )  

 ( . 3.14,  3.3),  
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,  

 S/Cl=3–3.9 ( . 5.10);  (  42, 45),  

, ,  

 S/Cl=1–1.6.  

 (  

, , ). 

 

,  

,  

,  –  ( ). 

 5.10.  
 2010 ., /100  

  39–10 42–10 45–10 47–10  ,  
 5.6 5.3 4.8 4.8 5.1 

L,  40 52 73 87  l- 11.4 31.9 61.3 19.8 31.1 4664 
SO4

2- 103 158 207 232 175 26257 
F- 0.21 0.64 1.40 1.25 0.88 131 
Na+ 11.0 18.7 30.0 24.4 21.0 3152 

+ 1.54 2.49 4.25 3.51 2.95 442 
2+ 36.2 51.0 75.0 60.8 55.8 8363 

Mg2+ 4.16 10.89 21.18 18.01 13.56 2034 
 172 280 409 413 301 45045 

S/Cl 3.0 1.6 1.1 3.9 2.4 
Cl/F 54 50 44 16 41 
<56 * 74 88 78 
<63 * 83  91 84 

. * – . % 
,  15  

 ( .  3.3),  45 .  

 ( . 5.10). 

 2014–16 . 

 ( ,  

),  

2014–16 . ,  

,  ( . 5.11). ,  
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 5.9. ,  2006-07 ., /100   

 

 5.11. ,  2014-16 ., /100  

 ..2014 16.11.2014 .15 .15 .16 .16 . 
 7 8 9 10 3M 4M 203 208 209 .  4  235 236 /1   
 6.1 5.4 5.9 5.8 4.8 6 5.7 5.6 5.9 5.3 5.40 4.70 4.5 5.3 5.3 5.4 

Cl- 25.5 27.1 30.2 68 12.3 6.4 8.6 14.8 14.1 8.4 21.3 67.5 45.5 108 15.9 31.6 
SO4

2- 338 338 216 145 47.0 79.5 83.6 103 125 131 110 353 311 317 14.1 181 
Na+ 16.2 16.6 17.4 23.6 10.4 9.2 8.7 12.3 17.4 11.9 15.8 37.8 31.1 46.3 4.9 18.6 
K+ 5.6 6.3 5.4 6.5 5.9 2.4 2.5 3.3 3.3 4.1 4.9 8.8 3.8 9.6 1.7 4.9 

Ca2+ 123 116 113 74.2 21.7 26.4 29.6 32.9 31.6 60.2 35.0 105 94.7 140 8.3 67 
Mg2+ 9.3 7.8 6.4 7.1 5.45 3.92 3.41 5.14 5.54 5.1 0.5 21.3 21.3 19.4 0.9 8.2 
4SiO2  .       0.51 2.24 1.44    3.36   1.92 

. 517 512 389 324 113 138 143 177 201 221 188 594 510 658 50 316 
S/Cl 4.37 4.11 2.36 0.70 1.3 4.1 3.3 2.3 2.9 5.23 1.72 1.74 2.28 0.98 0.29 2.5 

 1  2   
 11/3 14/3 16/2 4/3 -1-07 54/4 15/2 1-06 52/1 54/2 33/2 09/1  1  2  

L,  20 19 19 25 17 24 21 49 16 24 17 22    
 5.8 5.6 5.6 5.91 5.2 5.05 5.1 5.45 5.3 4.9 5.15 5.01 5.7 5.4 5.2 

Cl- 13.7 13.4 14.6 14.5 52.7 11.0 49.6 78.3 40.3 124.7 48.9 36.6 13.9 26.1 63.1 
SO4

2- 56 51 76 126 349 142 221 475 231 338 256 151 61 206 279 
F- 0.58 0.42 1.06 0.31 5.00 0.73 2.63 3.68 5.19 8.31 7.61 4.82 0.69 2.01 5.37 

Na+ 8.5 7.9 7.8 11.1 30.6 17.8 19.7 51.7 25.2 42.5 29.9 18.3 8.1 19.8 31.2 
K+ 3.23 1.69 1.58 2.66 10.01 3.47 6.43 1.89 4.64 8.88 4.42 5.15 2.17 5.38 5.23 

Ca2+ 24.6 20.8 34.2 55.1 103 41.0 121 134 77.7 140 87.9 70.5 26.6 66.5 105 
Mg2+ 2.2 1.0 2.6 7.9 23.3 8.9 7.8 26.1 11.5 17.0 11.4 9.2 1.9 13.4 13.8 

 109 97 138 218 574 225 436 778 396 681 446 296 115 339 506 
S/Cl 1.37 1.27 1.75 2.89 2.21 4.29 1.49 2.02 1.91 0.90 1.75 1.38 1.46 3.13 1.57 
Cl/F 24 32 14 47 11 15 19 21 8 15 6 8 23 24 13 
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:  

, , . 

,  

2014–16 . ( . 5.11)  2010 . 

. 5.10), . ,  

,  2006–07 . ( . 5.9).  

,  ( .  3.3), 

, : 15 

.  SO4
2-, 2.5 .  Cl-, 83-350  F-, 5.3 . 2+, 650  Mg2+, 1.5 .  Na+, 400 + 

. 5.21). 

 

5.4.  2007–2016 . 

,  1.5–10  

 34–880  100  ( . 5.12) , , 

, ,  

. ,  

,  –  -  – . 

-  S/Cl  0.6  5.4,  

 – 1.2 ( . 5.12). 

 5.12. , /100  
-  2007  21.04 2008  2010*  2011  2013 2015 2016 . 

F- 3.2 1.1 1.0 0.7 0.9 2.8 0.6 7.0 5.3 . 7.4 . 3.8 
Cl- 13.0 10.5 40.0 12.0 6.9 25.7 20.7 20.5 24.4 33.7 107 133 32 

SO4
2- 33.1 27.2 267.4 21.8 111.0 70.2 120.5 50.3 72.9 93.7 380 449 105 

Na+ 11.1 3.8 51.8 3.2 14.0 18.3 14.3 14.6 13.3 11.4 22.9 99 18.1 
K+ - 0.2 0.3 1.6 4.5 2.1 2.4 1.5 1.4 3.35 5.1 20 2.74 

Ca2+ 10.0 8.2 65.3 7.5 35.5 36.2 44.2 17.0 20.7 41.3 180.5 156 40.2 
Mg2+ 0.9 1.1 12.7 0.6 2.8 2.4 3.9 1.7 1.8 1.97 5.6 27 3.7 

H4SiO4      1.6 2.5 3.2 2.4 9 - 6 3.7 
.  52.0 438.3 47.4 175.6 159 209 116 142 194 709 890 209 

S/ l 0.9 0.9 2.2 0.6 5.4 0.9 2.0 0.8 1.0 0.93 1.2 1.1 1.2 
Cl/F 2.8 9.8 42 17 7.4 9.3 35 2.9 4.6 - 14.5 - 11 

.  2–3  
. . . 

–  26 . *  2010  [ ., 2012],  – 
. 

 [ , 1970; , , 2007]  

,  50–62 /100 , ,  
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100  (1963 .). ,  21.04.07, 2015  2016 ., 

 (47–207 /100 )  

, , ,  

.  S/Cl  

 21.04.2007 .  

 ( .  4.1.4), , ,  

),  ~  

. 

,  2013 .,  

,  

 ICP-MS  ( .  5.8). 

, ,  

~1.8  3.7 . . , .: SO4
2- – 

1900, Cl- – 580, F- – 70, Ca2+ – 720, Na+ – 330, Mg2+ – 66, K+ – 49, H4SiO4 – 70 . 

 
5.5.   

 

:  26  2013 . 

 2015 . 

. 5.13).  

 5.13. , 
/100  

  L,   F- Cl- SO4
2- Na+ K+ Ca2+ Mg2+ Fe . Al3+  S/Cl F/Cl 

1-13 . 13 0.4 3.7 2.90 400 938 74.2 44.0 322 27.1 0.66 33.0 1841 0.77 0.007 
-15 . 15 25 4.2 1.14 114 1232 84.0 42.6 290 23.0 0.60 74.7 1868 3.61 0.01 

 

5.6. :  

  

 20  

 ( . 5.14) ,  

 107  70 . , 

: SO4
2- – 8.3, Cl- – 23.3, F- – 4.4, Na+ – 4.4, K+ – 1.8, Ca2+ – 10.6, Mg2+ – 2.5, Fe . – 

2.5, Al3+ –  2.6,  H4SiO4  – 10  x103 , Cu – 70, Sr – 28, Mn –25, Zn – 17, As – 9 .  

 1.5 ,  
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 [ ., 2014]  0.1 3,  (  

) 0.65 3,  ( . 5.15, 

 362/1),  – 57 . :  SO4
2- – 8.4, Cl- 

– 17.2, F- – 11.6, Na – 7, K – 2.6, Ca – 8.1, Mg – 1.7  x103 , .  130 . , 

 – 120 .  ( . 5.15). 

 5.14. -50, /100  
 105 357/2 116  362/1 

 
 

13 T-  T-1 T-  T-377 .  

 
27-

28.11. 
2012 

28.11. 
2012 

02.12. 
2012 

28-
29.11.12 

14.12. 
2012 

12. 
2012 

13.01. 
2013 

25.01. 
2013 

04.04.
2013 

05.05. 
2013 

2012-
13 1975 1975–76 

L,  60 52 27 7 0.9 4.5 0.3 2 0.9 0.2 1–12 0.5–2.7 
 3.8 3.9 5 6.5 6.5 4.3 6 4.7 3.2 2.5 6.4 6.2 

F– – – – 30.3 17.9 36.7 34.6 14.5 128 172 50 2.6 10.5 
Cl- 353 199 85.8 50.8 26.4 191 69.6 64.7 719 1573 238 30.4 44.8 

SO4
2- 87.4 80.9 47.3 28.3 12.7 140 237 84 175 433 83.5 

27.7 
16.5–
55.8 

73.1 
13.2–
68.4 

Na+ 28.9 23.6 25.8 29.8 6.7 56.6 51.9 24.2 120 74.9 39 15.1 9.2 
K+ 17.6 10.8 8.8 7.3 2.8 15.7 8.8 4.8 93.7 44.4 17 2.9 2.9 

Ca2+ 117 88.1 22 26.6 12.5 102 114 36.5 104 45.5 78.5 10 17 
Mg2+ 41.9 12.8 6.6 5.2 2.7 16.6 2.4 1 24.9 27.6 15.8 2.9 3 
Fe3+ 4.2 2.8 2.2 6.1 0.5 0.4 35 38 9 
Fe2+ 17.3 5.6 9.3 3.6 2 0.1 10 53.6 10.6 
Al3+ 9.9 13.3 56 91.9 26.4 
4SiO4 195 34.4 11.3 7.9 4.8 98.4 490 85.4 2.4 3 

 864 459 208 183 81.7 545 497 221 1436 2889 626 66.5 175 

S/Cl* 0.08 0.13 0.18 0.18 0.16 0.24 1.12 0.43 0.08 0.09 0.23 0.24–
0.3 0.43 

l/F* – – – 1.7 1.5 5.2 2.0 4.5 5.6 9.1 3.4 14–18 5.1 
.  – ,  

, 1996; ., 1979; ., 1980];  
 SO4

2-,  
. * – . 

 ( -

 2012 .),  25  2013 ., 

 

. ,  

, ,  HCl  

 SO2 .  

 S/Cl ,  -  2013 . 

 ( . 5.6).  (  

)  S/Cl, Cl/F  
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,  [ ., 1980].  

,  S/Cl, Cl/F  

. 

. 5.6. .  S/Cl  Cl/F ,  
.  [Zelenski et al., 2014]. 

,  SO2  27–28  2012 . 

 50000  [ ., 2013 ].  (  

 S/Cl, S/F), ,  

 HCl  HF ,  190000  29000 , 

.  S/Cl, Cl/F  

 1975–76 . [ ., 1980]. ,  

,  2013 . [Zelenski 

et al., 2014],  25000  HCl  5000  HF.  

 5–6·106 ,  

,  2800 F, 20800  HCl  3300  SO2  

, , ,  

. ,  7–13% 

 SO2 . 

 

, . :  

 – ,  –  ( ).  

,  S/Cl ,  

 ( . 5.6). 

 1975–76 . -50  

 F-  Cl-, ,  Cl/F  

,  ( . 5.7, 5.8, . 5.14).  
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, . -50  

,  [ ., 2017].  HCl, HF, CO2  

SO2  [Zelenski et al., 

2014]. 

 
 

. 5.7.  
S  Cl  

-50  
 ( ). 

 

. 5.8. 
 ( .) 

F, Cl  S  
 

-50  
 

-50. 

, -50 2012–13 .  

 1975–76 ., ,  

 (~0.1 3  1 3) ( . 5.15)  

 2012–13 .  

. , 0.95 
3  1975 .,  

 400 2,  

 480–500 2 [ , 1981]. 
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 5.15. ,  
-50 ,  

-50  
  (< 1.5 ) *     

,  107 6.5·107 7.5·107 9.6· 108 0.3· 108 9.9· 108 
F-      5311 11629 16940 29695 4008 33700 
Cl- 23267 17186 40453 253608 7668 261276 
SO4

2- 8347 8229 16576 129717 3624 133341 
Na+ 4369 6988 11357 81493 2751 84244 
K+ 1812 2600 4412 11916 861 12777 
Ca2+ 10570 8138 18708 100040 4110 104150 
Mg2+ 2462 1729 4191 28350 888 29238 
Fe3++ Fe2+ 917+1599 917+1599 
Al3+ 2639 2639 

4SiO4   10070 10070 22405 884 23300 
 71700 56500 128159 657224 24794 682026 

. * – ,  1.5 ,  0.1 
3 [ ., 2017]; =0.65 3 – . 

5.7.    

, ) 

 

, ,  

2013 . .  

 

, . 

.  25–33 

. ,  100 , 

 5.16. 

 5.16. , 
 11  2013 ., /100  

-142 -143 -144 -147 -148 -151 -152 . 
 6.00 6.03 6.05 6.00 5.80 6.02 6.24 6.02 

F- 8.38 7.90 6.60 6.29 7.78 13.69 17.93 9.80 
Cl- 41.4 37.0 38.1 37.9 38.2 32.6 35.2 37.2 
SO4

2- 132 118 127 127 130 98 110 120 
Na+ 15.7 16.0 12.0 13.9 13.7 14.5 17.7 14.8 
K+ 2.91 2.81 2.68 2.05 2.48 2.76 3.69 2.77 
Ca2+ 41.3 38.9 32.6 38.0 42.2 30.3 31.4 36.4 
Mg2+ 13.1 11.8 11.6 10.7 9.0 9.2 14.6 11.4 

 3.25 3.52 3.47 0.77 1.51 1.84 2.24 2.37 
 258 236 234 237 245 203 233 235 

S/Cl 1.05 1.05 1.10 1.11 1.12 0.99 1.03 1.07 
Cl/F 4.94 4.69 5.77 6.03 4.91 2.38 1.96 4.38 
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 ( ) 

,  27  2012 .  

 150 , -  

.  100  

 ( . 5.17). , , 

, , 

 (  

).  

, ,  

,  ( . 5.9). 

 5.17.  2012 . 

 /100  2 
L,  150 50 0.150 0.50 

 4.36 3.93   Cl- 260.7 58.7 71.3 29.0 
SO4

2- 130.8 32.8 35.8 16.2 
Na+ 51.0 8.27 14.0 4.09 
K+ 11.60 2.63 3.17 1.30 

Ca2+ 84.0 11.5 23.0 5.7 
Mg2+ 21.2 3.96 5.81 1.96 
4SiO4 79 42 22 21 
Cu 2.65 0.21 0.73 0.11 
Zn 0.0170 0.0072 0.0047 0.0036 
Mn 1.79 0.38 0.49 0.19 
V 0.0210 0.0036 0.0057 0.0018 

 613 144 168 71 
S/Cl 0.17 0.19   , 2  36.5 20.2   

 
. 5.9.  SO4

2- l- .  1972  
1981 .  [ , , 1977; , 1996]. 
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 5.8.  

 

ICP  (  6.08.2013 .),  

 24.10.2013 .),  (  2017 .),  

-50,  4.04.2013 . 

 5.05.2013 . ( . 5.18).  

, ,  

 2012 .  –  2010–11 . 

 5.18.  
 ( ),  (ppm) 

Kp-1-
13 

-1-
13 

- -
13 

-
11* 

-
12 

-
17 

Kp-1-
13 -1-13 - -

13 
-

11* 
-

12 -17

pH 4.7 3.7 3.2 4.7 4.4 5 Eu 0.0149 0.029 0.022 0.022 
Al 64 304 521 1.8 5.4 Zr 0.0148 0.00052 1.95 0.001 
Si 57 87 439 70 145 34 Cd 0.0147 0.037 0.51 0.03 0.05 
Br 9.2 2.1 V 0.0143 0.84 2.55 0.2 
P 7.7 25 Tm 0.0106 0.012 0.0055 0.003 

Cu 7.7 0.061 80 0.47 26.5 0.22 Ni 0.0089 0.094 0.39 0.12 
Mn 5.9 88 17 2 17.9 5.3 Lu 0.0083 0.010 0.0054 0.002 
Fe 4.3 233 531 44 5.7 Ga 0.0075 
Sr 2.6 9.2 7.1 18 Th 0.0052 0.000094 0.019 
Ce 1.4 0.6 0.62 0.32 Mo 0.0045 0.006 0.066 0.003 
Y 0.97 1.3 0.35 0.34 Tl 0.0042 0.0013 1.13 0.0023 
Ba 0.93 0.28 8.91 0.46 Cr 0.090 1.25 
Nd 0.87 0.48 0.33 0.25 Pb 0.007 1.32 0.03 
Zn 0.84 4.8 7.78 0.17 0.34 Nb 0.0041 0.017 
La 0.55 0.21 0.28 0.13 Te 0.0038 0.009 0.12 0.001 
Li 0.30 0.39 1.34 0.091 Cs 0.0038 0.00048 0.15 0.001 
Gd 0.22 0.19 0.079 0.09 Pd 0.0033 
Bi 0.22 0.027 Hf 0.0030 0.001 0.045 
Sm 0.19 0.14 0.077 0.075 W 0.0029 0.0029 
Pr 0.19 0.084 0.071 0.047 Ge 0.0024 
Ti 0.17 0.058 56 Ir 0.002 
Dy 0.16 0.2 0.07 0.068 Sn 0.0019 0.035 
Er 0.09 0.097 0.04 0.028 Ag 0.0018 0.025 
B 0.086 6.1 2.6 1 Ta 0.0013 0.00057 

Co 0.066 0.083 0.23 0.22 0.1 0.08 U 0.0012 0.00091 0.017 0.00023 
Yb 0.060 0.077 0.035 0.017 Be 0.0012 0.0074 0.02 
Rb 0.053 0.12 3.4 0.084 Re 0.001 0.0039 0.00039 
Ho 0.032 0.037 0.014 0.012 Sb 0.001 0.001 0.015 0.006 
Tb 0.029 0.03 0.012 0.012 Sc 0.00072 0.087 
Se 0.025 0.62 Rh 0.00035 
As 0.023 0.3 2.5 0.019 Au 0.0002 

:  – ,  – ,  – -50,  – ,  – 
,  – , * –  5 . 

,  

 

 4,  

:  ( )  
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 ( -50) :  ( )  

 ( ). ,  

 

. 

 
5.9.  

 

 

,  100 ,  ( . 

5.19, . 5.10).  

 [ , 

, 1994; ., 1995]  [ , , 1983].  

 (  ~2  100 ) 

,  

,  – 

, ,  

.  

 2013–15 .  

 13.01.1991 .,  

.  

 (  

2010–  2011 .) –  1 ,  28.12.2010–1.01.2011 . –  1.5  

 100 , .  

-50)  

, , ) ,  

 

. 

 

 S/Cl  F/Cl.  S/Cl  

 ( , , , , ) 

 1,  – 2.2–2.3,  

 0.35  7.6  

 4.4 .  
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 5.19.  ( ), /100  

. , :  2010 . – [ ., 2013],  1991 . – 
, , 1994; ., 1995],  1980-81 . – [ , , 1983]. . – , . – 

. Fe*=Fe2++ Fe3+, 4SiO4*= .

  L,   SO4
2- Cl- F- Ca2+ Na+ K+ Mg2+ Fe* Al3+ 

4SiO4*  S/Cl Cl/F 

 
24.12.2006 30-70 4.8 211 66 10 74 31 9.1 9.0  410 1.10 6.6 
17.12.2009 26-46 5.2 68.7 42.0 6.6 36.7 12.9 4.1 2.8 7.50 181 0.55 6.36 
08.03.2012 3-17 5.4 155 24.7  47.1 17.0 7.7 5.1 3.30 260 2.40  

 .  5.0 155 55.3 8.7 58.9 23.6 7.17 6.51 7.08 323 0.95 6.51 
 2007 1.3-10 4.5 115 22.2 1.43 32.9 24.0 1.79 5.68 203 1.4 18 

2008 1.3-10 4.5 66.4 9.46 0.82 21.5 8.60 3.06 1.66  112 0.6-5.4/3 12 
2010 1.3-11 4.6 75.1 25.7 2.36 37.2 20.5 2.58 3.84 9.41 177 1.3 14 
2011 1.3-10 4.9 67.2 24.0 4.57 22.0 12.1 1.90 1.50 2.0  3.30 139 0.92 5.2 

 . 1.3-10 4.6 105 32.0 3.80 40.2 18.1 2.90 3.70 0.43 6.4 3.70 216 1.2 11 
 4-31.12.2006 19-20 5.7 61 13.9 0.69 26.6 2.17 5.23 13.8 16 139 1.46 23 

2007 16-49 5.2 242 44.6 3.69 85.8 25.5 5.31 13.6 11 432 2.35 13 
.10 40-87 5.1 175 31.1 0.90 56.0 21.0 2.95 13.6 3.0 304 2.40 41 

 . 5.3 187 34.5 2.20 66.1 20.6 4.20 10.9   6.1 332 2.30 29 
 .2010- .2011 10-137 4.7 711 59 4.5 261 26.1 10 12 4.40 1.75 25 1115 4.4 12 

 .-  2011 14 3.8 312 242 4.6 158 25 8.7 9.3    760 0.53 50 
 21-24.10.2013 0.4-25 3.9 1085 257 2.02 306 79.1 43.3 25.1 23 30.0 29.8 1880 0.8-3.6/2.2 111 

-50 27.11.12- .13 0.2-60 4.8 84 238 50.0 79.0 39.0 17.0 16.0 20.0 26.0 85 654 0.23 3.4 
 .13 25-33 6.0 120 37.2 9.80 36.4 14.8 2.77 11.4  232 1.1 4.4 

 2012 0.15 4.4 131 261  84 51 11.60 21.20   80.0 640 0.17   2017 10 5.0 1327 10.0 0.40 536 12.0 6.50 2.10 0.57 0.64 12 1910 44.3 25 
 13.01.1991 7-25 4.6 1070 98 4.2 482 52 9 30 26 21 10 1780 3.64 23.3 

 16-17.01.1991  3.8 814 301 118 340 50 11 120 77 1890 0.90 2.55 
 1980-81 .+ . 0.1-8.5 225 68 12 63 10.5 2.90 31.4 0.3 18.3 431 1.10 5.67 

1980-81 . 0.1-8.5 891 271 33 264 30.3 6.5 58 12 98 1664 1.10 8.21 
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 S/Cl -50  

 – 0.23  0.17, . 

 
. 5.10. - , -  

.  
 

 ( 2)  ( . 

5.20), ,  

, . ,  

, . 

 

 (F-  

Cl-), . 

,  

,  

, , 

;  

, l F  

-50 [Zelenski et al., 2014].  

, ,  

 SO2 .  (  

)  

 

 ( ) . 

 

, , ,  
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 5.20.  ( ), 2  
 L, , 2  SO4

2- Cl- F- Ca2+ Na+ K+ Mg2+  S/Cl Cl/F 
 24.12.2006 31 227 7.20 2.00 0.25 2.41 1.24 0.286 0.31 13.7 1.20 8.10 

24.12.2006 42 250 7.68 2.3 0.44 2.76 1.04 0.21 0.28 14.8 1.11 5.23 
17.12.2009 39 204 2.94 1.75 0.21 1.73 0.527 0.112 0.13 7.4 0.56 8.33 
17.12.2009 45 153 5.39 2.77 0.505 2.51 0.920 0.455 0.201 13.0 0.65 5.49 
17.12.2009 46.3 184 5.25 2.88 0.537 2.66 0.795 0.228 0.179 12.5 0.61 5.36 
08.03.2012 11 182 10.6 2.25  3.17 1.22 0.487 0.458 18.1 1.57 
08.03.2012 15 230 6.53 1.86  2.31 0.77 0.33 0.21 12 1.17 

 33 200 6.51 2.26 0.39 2.51 0.93 0.30 0.25 13.1 0.98 6.50 
 10-13.12.10 95 171 6.9 0.6 . 1.66 0.5 0.5 0.33 11.5 3.83 

28-29.12.10 23 189 47.5 2.8 0.1 16.8 1.5 0.6 0.74 70.6 5.66 28 
01.01.2011 82 177 73.6 3.2 0.07 27.8 2.1 0.8 1.02 110 7.67 45.7 
07.01.2011 23 271 24.9 3.3 0.09 9.31 0.8 0.3 0.51 39.8 2.52 36.7 
13.01.2011 52 213 26.9 2.2 0.12 9.17 0.9 0.3 0.37 40.2 4.08 18.3 
13.01.2011 137 265 27.4 3.08 0.051 11.9 1.07 0.337 0.679 44.5 2.97 
09.02.2011 14 245 10.6 5.4 0.15 5.28 0.8 0.2 0.27 24.3 0.65 36 

.11 9 241 3.5 1.7  1.08 0.7 0.2 0.16 7.8 0.69 
 54 220 27.7 2.79 0.097 10.4 1.05 0.405 0.51 43.6 3.5 

 .13 0.4 361 26.0 11.1 0.0805 8.94 2.06 1.22 0.75 50.2 0.78 138 
.15 25 223 56.8 5.24 0.0525 13.4 3.87 1.96 1.06 82.3 3.612 100 

 .10 73 334 6.21 1.84 0.0419 2.25 0.899 0.127 0.634 12.0 1.13 43.8 
.16 25 299 11.8 2.26  3.50 1.3 0.29 0.71 19.8 1.74 

2016 22 287 11.0 3.77  4.89 1.6 0.33 0.68 22.3 0.98 
 21.04.2007 3.8 34.2 78.2 11.7 0.3 19.1 15.1 0.09 3.7 128 2.23 42.1 

2016 3.8 117 38.4 11.4  13.3 8.4 1.72 2.3 75.6 1.12 
 .12 0.15 36.5 35.8 71.3  23.0 14 3.17 5.81 153 0.17 

0.05 20.2 16.2 29.0  5.70 4.09 1.30 1.96 58.3 0.19 
 27.11.2012 50 105 15.7 55.1  26.5 9.39 3.26 4.88 115 0.095 

28.11.2012 50 58 14.0 34.3  15.2 4.08 1.87 2.21 71.6 0.14 
.- . 2012 7 33 8.56 15.4 9.17 8.08 9.02 2.21 1.58 54.0 0.19 1.68 

 2013 33 224 5.68 1.69 0.28 1.7 0.62 0.092 0.48 10.5 1.12 6 
 2017 10 326 40.7 0.3 0.011 16.5 0.36 0.20 0.06 58.1 45.8 26.9 
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 1991 . (0.5–3  100 ),  

 – 3.4 . ,  

 (170 . ) [ , , 1994].  

 1980–81 . ,  

,  [ , , 1983],  500 

. , . ,  

 2006–13 . 

,  

 2–4  

, 

 –  10000  [ .., 2004; .., 2017].  

 6–9 ,  2.5  

 

, , 1989].  3.5  –  2006 .  

2007 . ,  (31 . 2), –  10  

 ,  –  40 .  

.  

 1–3 ,  –  ( . 5.21). 

 –  

,  

.  – , 

, ,  

, . 
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 5.21. ,  2006-13 .  

: * –  [ .., 2004; .., 2017]; ** –  
 1  [ , , 1989].

  , 
 

, , .  
SO4

2- Cl- F- Ca2+ Na+ K+ Mg2+ Fe* Al3+  

 
24.12.2006 7 15 4.6 0.7 5.2 2.2 0.64 0.63   29 
17.12.2009 4.5 2.7 1.7 0.25 1.5 0.55 0.17 0.11   7.0 
08.03.2012 0.5 1.7 0.2 . 0.42 0.18 0.08 0.05   2.6 

 2006-13 34 52.8 18.8 2.95 20.0 8.03 2.44 2.21   110 
 2007 2.5 2.88 0.555 0.036 0.823 0.6 0.0448 0.142   5.1 

 2008 0.6 0.398 0.0568 0.0049 0.129 0.052 0.018 0.010   0.7 

 2011 1.5 1.13 0.386 0.035 0.558 0.308 0.039 0.058   2.5 

 .  1.8 1.89 0.58 0.068 0.72 0.33 0.052 0.067 0.0077 0.115 3.7 
 2006-13 14.4 15 5 0.55 5.8 2.6 0.42 0.53   30 

 4-31.12.2006 0.7 0.43 0.097 0.005 0.19 0.056 0.015 0.014   0.8 

 2007 8.5 22 4.3 0.36 7.8 2.3 0.45 1.2   38 

 .10 15 26 4.66 0.131 8.4 3.15 0.44 2.03 45 

 .  11 21 3.8 0.25 7.3 2.3 0.5 1.2   36 
 2006-13 90 172 31 2.0 60 19 4.1 9.8 297 

 . 10- . 11 10 62 6 0.43 23 2.6 1 1.2 0.44 0.175 97 
 21-24.10.2013 0.1 0.94 0.4 0.003 0.32 0.074 0.044 0.027 0.001 0.033 1.8 

-50 ( )  10 8.35 23.3 5.3 10.6 4.4 1.8 2.5 1.08 2.63 60 
)  65 8.23 17.1 11.6 8.14 6.99 2.6 1.73   56 
  75 16.6 40.4 16.9 18.7 11.4 4.4 4.23   116 

 4  4 4.8 1.5 0.4 1.5 0.6 0.1 0.5   9 
 12.2008-08.2009 0.9           

 ( ) 2006-13 164 317 86 12 117 37 10 17 2 3 605 
 2006-13 229 325 103 23 125 44 13 19 1.5 3.0 662 

  29 41 13 2.9 16 5.5 1.6 2.3 0.2 0.4 83 
 13.01-30.01.1991 0.17-0.2 1.6 0.53 0.17 0.51 0.088 0.03 0.07 0.6 0.21 3.4 

 1980-81 48 310 97 12.9 52 11.4 2.56 23 3.8 6 509 
*  2003/2016  22 / 8.9 - / 0.0004 - / 0.0002       76 / 81 

 (1 . .)**   225-360 5 1.2        
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. ,  

 ( .) ,  

,  –  

 2006–17 . . 

,  

,  

 (7–9 

) .  

,  

. 

: 

1. ,  

, ,  

,  

 

,  

 ( ) .  

 

. 

 

 

 

,  – 

, , 

.  

. 

2.  

 2006–13 .,  ( , ),  

 ( ) . 
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 8  (2006–13 .)  

, , , ,  

 ( 0.5 3) ,  

. 

 10 ,  

. ,  

,  

.  

 2006–13 .  ~34  4  

. ,  

,  ~3 .  

.  

 0.6  (2008 .)  3.8  (2006 .),  8  

 14.4 ,  – 1.8 .  

 500 ,  

 – 2  [ , , 1989]. 

, ,  

, 

,  

 (~90 )  (8–11 ),  

45% . 

, I 

,  ( -50)  ~10  

. 

, , 

,  

 8  (2006-

2013 .).  150±50 , 

 – 15±5  (  80 –50, 

 <1.5 ). ,  

,  29±7 .  

 4)  6%  
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. . [1965],  

 ~46 ,  36–45 . 

, ,  

,  

 VEI 3. 

3. ,  

,  

, .  

, , 

, . 

 

 

. 

 8  2006  2013 .  

 660 .  (SO4
2-, Cl-,  F-, Ca2+, Na+,  K+, Mg2+),  

, -50,  60 . .  

 82±25 . , . 

SO4
2- – 41, Cl- – 13, F- – 3, Ca2+ – 16, Na+ – 5.5, K+ – 1.6, Mg2+ – 2.3 . .  

 (  45%), 

 (~16%),  

 – -50 (~18%)  (~16%);  

 ( , , )  5%  

. 

,  

,  

, ,  

, ,  

. ,  

 SO4
2-  S/Cl,  

 Cl-  

;  SO4
2-  
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,  (F-, Cl-) –  

. 

4.  

, 

 0.3 . 

 

 

, , ,  

.  

,  

,  

, ,  [Dartevelle 

et al., 2002]. , , ,  

,  

,  

. 

: 

  

, 

,  

,  

; 

  

 

, .  

; 

  

 

; 

  

,  

 ( 2), )  
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, . 

, , , ,  

. 

 

,  

;  

,  

,  

 

. 
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-2-07 39.6  23                
-3-07 41.4 12 249 443  7.48 11.7 12.3 4.89 63.6         
-4-07 42  715                
-5-07 41.7 6 1255 365  7.31 21.8 11.3 4.18 55.5         
-6-07 40.2 1 2397 362  8.32 26.5 10.7 3.67 50.8         
-7-07 41  2329                
-8-07 39.7  1414                
-12-07 33.5  1166 331               
-11-07 31.3 4 1309 311 0.40 26.43 8.10 10.7* 1.65* 52.8 9.9 18.0 10.1 5.7 4.5 3.25 1.2 0.14 
-13-07 36.3  1124 380               
-14-07 37.4  1875                
-15-07 98.5 3.5 300   0.58 0.88 11.3 7.11 80.1         
-16-07 100  210 430               
-17-07 105  25 440               
-19-07 91  310                
-20-07 78.9 4 684   0.06 2.43 16.3 7.46 73.8         
-21-07 67.8 4 1555   0.17 4.46 18.1 6.23 71.0         
-22-07 59.1 3 1429 442  0.05 12.4 20.9 5.40 61.2         
-23-07 46.2  747 447               
-24-07 40 27 116 552   1.73 34.5 7.95 55.9         
-3-07 40.1  20                
-5-07 41.9  10                
-7-07 40.8  45                
-9-07 39.4  223                
-10-07 40.7 11 406 445  1.08 18.3 20.4 5.04 55.2         
-929/3 43.8  830 463               
-46/2-7 32.8  31                
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L, 
 

l, 
 

m, 
2 

, / 
100  

 ( ), . % 

500 -
1000 

250 -
500 

125 -
250 

71 
(63)*-
125 

56 -71 
(63)* <56 31.3

-56 

15.6
-

31.3 

7.8 -
15.6 

4 -
7.8 2 - 4 1 - 

2 
0.5 
- 1 <0.5 

-54/3-7 68.1 10 242   0.18 6.06 24.6 7.05 62.1         
-55-07 56.2 9 805 452  0.32 15.8 19.1 5.60 59.2         
-930 23 - 148  0.50 0.66 6.61 25.7* 4.00* 63.0 24.4 20.0 6.97 4.38 3.36 2.5 1.12 0.25 
-931 26.8  32                
-1-06 40.1  42 368               
-2-06 36.6  1513                
-3-06 41 2 1892 198  6.26 27.7 11.4 3.71 51.0         
-4-06 39.9 0 2561   5.85 26.9 14.1* 1.45* 51.7 12.5 15.1 8.12 5.30 5.24 3.52 1.45 0.47 
-5-06 42.1  690                
-6-06 41.6 5 1143   4.49 28.4 16.6* 1.59* 48.9 12.0 13.7 7.22 5.26 4.64 3.72 1.80 0.56 

-07 41.6  1002                
. * - , ,  

, .  63 ,  
 71 . L – , l – , m – ,  

,  ( /100 ) -  (SO4
2-, Cl-, F-, Ca2+, Na+, +, Mg2+)  100 . 
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 2. ,  17  2009 .,  

. * -   >2000  (0.53%).  
.  1. 

 L, 
 

l, 
 

m, 
2 

, / 
100  

 ( ), . % 
1000-
2000 

500-
1000 

250-
500 

125-
250 

63-
125 

56-
63 <56 31.3-

56 
15.6-
31.3 

7.8-
15.6 4-7.8 2-4 1-2 0.5-1 < 0.5 

-146-9 46.3 5 369 250  1.50 13.5 20.8 18.0 2.21 44.0 12.3 13.3 6.6 4.9 3.58 2.37 0.95 0.16 
-148-9 41.4 5 372 206  2.17 24.9 12.4 14.0 2.56 43.9         -149-9 42.2  40                 1-9 46.2  420                 - 2-9 45.9 1 781   0.94 22.3 14.8 13.4 2.32 46.2         -1-09 56.7  46                 -2-09 50.8  108                 -3-09 47.4  248                 -4-09 44.2  604                 -5-09 41.7  604                 -6-09 41.1  76                 -160-9 46.9 6.7 425 279                -161-9 44.6 2 553 195 0.037 3.69 20.6 21.4 16.1 1.99 36.2 10.2 10.8 5.38 4.00 2.96 1.92 0.78 0.13 
-162-9 41.4 3.3 586 174                -7-09 39 0 963 153 0.090 3.81 15.6 15.4 15.9 2.72 46.5 12.1 13.7 7.23 5.47 4.10 2.68 1.09 0.18 
-8-09 39.8  786 132                -9-09 41.3 1.5 678 132                -10-09 43 2 611 138 0.017 2.09 17.4 19.4 15.8 2.65 42.7         -11-09 26 4.5  184 7.12* 5.03 9.66 12.8 18.4 3.65 43.3         -12-09 28.8  351 98                -13-09 30.3 3 936 114 3.19 3.93 6.88 13.3 20.1 2.42 50.1 15.9 15.3 7.03 4.88 3.58 2.29 0.93 0.16 
-14-09 30.8  980 114                -15-09 34.1 0 1191 115 0.69 4.89 16.2 13.4 15.7 2.62 46.5         -16-09 37.8  919                 -17-09 40.8  638                 
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 3.  9  2012 .  

.  1. 

 

 
 

L, 
 

m, 
2 

C,  
/100  

 ( ), . % 
500-
1000 

250-
500 

125-
250 

63-
125 

56-
63 

<56 31.3-
56 

15.6-
31.3 

7.8-
15.6 

4-7.8 2-4 1-2 0.5-1 < 
0.5 

- -
12 

15.7 898 148  0.93 5.99 21.5 11.3 12.5 1.72 46.0 9.85 12.4 7.95 6.6 4.83 3.05 1.23 0.2 

-277-12 2.6 1145                  
-279-12 2.7 168 356                 
-77-12 15 710 220                 
-78-12 13.3 688                  
-79-13 11.5 979  0.17 2.08 6.83 26.7 10.0 9.38 1.20 43.6 9.25 11.6 7.59 6.35 4.65 2.88 1.14 0.18 
-80-12 11.2 292 334  0.56 2.91 15.6 18.2 18.8 1.76 42.2 11.6 12.2 6.57 4.87 3.61 2.32 0.94 0.16 
-81-12 10.2 84 494                 
-83-12 2.9 272   0.22 2.34 12.0 13.5 18.5 2.35 51.0 15.9 15.7 7.13 5 3.72 2.46 1.02 0.18 
-84-12 4.5 55                  
-85-12 8.3 12                  
-86-12 9.5 16                  
-87-12 17 279                  
-88-12 19.7 43                  
-94-12 14.8 182 256 0.49 7.72 13.5 13.1 5.91 13.3 2.10 43.8 10.2 11.6 7.33 6.05 4.53 2.84 1.13 0.19 

-
12 

125 10                  
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 4.  2006–2013 .  

. ,  – , ,   , . 
 – ,  – ,  – ,  ( -50) –   ( )  1.5 ,  –  

 ( , ).  ( )  ( 3) , . : )=1.6-1.8 3 
, 1998] )=2.2 3 [ .., 1991; , , 2011], )=0.65 3 ( ). 

 [ ., 2007; ., 2011; , , 2015; Shevchenko et al., 2018],  [ ., 2012 ; Girina, 2013]. 
 2006 .  [ . , 2007],  2009–2010 .  [ ., 2012]. 

 2010 .  [ , , 2013],  2006–2007 .   [Shevchenko et al., 2015; ., 2016]. 
 [ ., 2013]. 

-50  [ ., 2017]. 
 4-  2015, 2016 . [ ., 2017].  

   2013 .  [ ., 2018]. 
 [ ., 2011]. 

 2006 2007 2008 2009 2010 2011 2012 2013 ,  

 

9.05 24.12 12.05 14-15.10 5.11 19.08 17.12 31.05 13.04 8.03 1.09  

~35 
~100 
=57 

~13 , 
= 

0.005 3=7.8 
, 

=0.00085 
3=1.9  

=7 , 
~0.006-

0.008  3=9-
13 , 

~0.001 
3=2.2  

~0.8 , 
=0.004 

3=6.2  
,  

~2 , 
=0.005 

3=7.8  
,  

=0.001 
3=1.6 

 

 ~1.2 , 
=0.003 

3=4.7  
,  

=4.5 , 
=0.002 

3=3.1  , 
=0.0039 3=8.6 

  

~2 , 
=0.023 

3=35.7 , 
=0.0043 

3=9.5  

~0.8 , 
=0,01 

3=15.5 
 ,  

=0.5  
, , 
=0.0072 

3 

~3.5 
, 

,  

- 

=0.0075 3=16.5  

 =3.8  =2.5  =0.6  ~1-2  ~1-2  =1.5  ~1-2  ~1-2 
 ~14.4 

 

4.12 - 

=8.5 . , ,  ~11 , 
,  

~11 , 
 

~15  
+~11 , 

=0.02 3, 
=0.28 3 

~11 , 
,  ~11 ,  

~11 
, 
 

T~90 
~750 

=720 =0.7 . , ,  

 - - - - 
11.11 -   - .  =10, 

=420 
=450 

 =10 , =0.28  3, 
=0.195 3 ,   

-50 - - - - - - 
27.11 - - . =10 

~65 
=1190 

=10 , 0.1 3 65 
, =0.54 3 

* -   – - . . – –  - – 
.–

. 4 
,  ,  ,  ,  

 - - - - - - - 

21-
24.10 =0.1 =0.1 

 

 - - 
20.12 - - 27.08  

- - - - =0.9±0.3 
=0.0005-0.001 3 
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 5.  2010-2011 .,  

 
.  200 , . * -  17.7 . %  2000 .  
 1. 

  L,  m, 2 ,  / 
100  

, 
2  

 ( ), . % 
1000-
2000 

500-
1000 250-500 125-250 63-125 56-63 <56 31.3-63 15.6-31.3 7.8-15.6 4-7.8 2-4 1-2 0.5-1 < 0.5 

13.12.2010 093/ 97 100 180 137 
  

1.7 30.8 30.2 
 

33.2 13.9 10.5 4.89 3.36 2.36 1.51 0.65 0.14 

 
094/ 95 73 265 171 

 
0.990 27.7 5.43 16.0 

 
44.8 18.9 14.4 6.27 4.25 3.01 2 0.89 0.19 

 
97/3 59 206 

 
218 

  
0.26 2.36 22.6 

 
64.0 32.4 21.8 8.17 5.1 3.53 2.45 1.11 0.25 

 
123 100 88 

 
169 

 
0.046 0.91 17.24 32.8 3.74 45.6 18.7 14.6 6.29 4.19 2.67 1.86 0.83 0.19 

28.12.2010 87/5 23 514 1334 189 
 

0.810 9.24 15.1 21.6 
 

46.7 18.9 15.3 7.08 5.03 3.53 2.29 0.93 0.18 

 
102/2 92 65 1529 219 

  
0.16 1.26 30.8 

 
64.8 25.7 21.1 8.05 5.31 3.76 2.57 1.07 0.24 

01.01.2011  82 343 574 177 
 

0.090 0.94 2.5 11.6 
 

43.5 32.7 27.5 9.92 6.07 4.41 2.94 1.15 0.22 

 
61 240 8 

 
267 

   
0.71 12.4 

 
70.1 35.9 24.5 10.0 6.72 4.8 3.25 1.36 0.3 

07.01.2011 87/4 23 321 1077 271 
  

0.18 1.71 21.3 
 

68.3 27.7 21.9 9.69 6.99 5.26 3.55 1.41 0.24 
? 87/3 23 148 765 

  
0.07 1.97 2.04 19.6 10.9 65.4 

        ? 87/2 23 107 590 
  

0.20 6.57 4.35 15.4 8.3 65.2 
        13.01.2011 96 51.9 200 856 213 

 
0.097 15.6 11.14 13.3 4.41 55.4 19.2 18.4 8.34 5.95 4.06 2.47 1.05 0.2 

 
98(1) 74.2 158 

 
238 

  
2.1 24.0 12.3 2.8 58.8 18.4 18.2 9.14 6.67 4.7 2.9 1.21 0.23 

 
119 137 120 1195 265 

  
0.05 0.5 23.3 6.9 69.3 25.7 23.1 10.11 7.16 4.94 3.17 1.35 0.25 

 
99/1 70.7 119 

 
269 

  
0.03 4.0 23.4 4.3 68.3 16.4 24.7 11.0 7.83 6.24 4.34 1.53 0.28 

 
98/1 68.8 116 

 
225 

 
0.035 11.8 12.5 13.7 3.5 58.5 18.9 18.7 8.94 6.75 4.24 2.67 1.16 0.24 

 
125/1 83.9 113 

 
203 

 
0.070 9.3 20.8 13.6 2.9 53.4 17.5 17.5 8.26 5.82 3.92 2.41 0.97 0.19 

 
120 134 110 

 
225 

 
0.016 0.12 4.04 28.5 7.65 59.7 27.5 18.5 7.58 5.59 4.02 2.77 1.16 0.22 

 
95 51.9 87 

 
253 

  
2.06 9.33 19.8 4.76 64.0 21.3 20.8 9.84 7.1 4.84 3.03 1.29 0.23 

 
122/1 113 55 

 
222 

 
0.076 0.65 22.01 13.5 1.82 61.6 20.3 20.0 9.05 6.04 4.01 2.68 1.08 0.21 

 
97/1 59 45 

 
273 

 
0.270 6.65 7.24 13 4.04 68.8 20.2 22.6 10.8 8.25 5.5 3.58 1.28 0.18 

 
118 ( ) 136 42 

 
262 

  
0.10 0.5 13.6 6.2 79.5 32.3 26.3 10.5 7.1 4.57 3.08 1.29 0.26 

15.01.2011 102/1 92 110 853 209 
  

1.71 12.3 23.5 
 

58.8 21.3 19.2 8.47 5.7 3.98 2.48 0.98 0.18 
 

 
 
 

2011 

-0116 3.8 
   

0.57* 2.4 0.71 6.6 17.0 5.1 50.0 
        -0117 6.9 2473 580 

 
0.24 3.8 1.18 7.0 17.5 5.2 65.1 

        

-0119/1 8.8 
 

184 
  

2.1 0.10 10.5 23.6 5.9 57.7 
        09.02.2011 0122_ 14 386 596 245 

 
0.09 0.94 2.5 11.6 

 
81.1 32.7 27.5 9.92 6.07 4.41 2.94 1.15 0.22 

26.02.2011 130/1 97 14 
    

2.23 0.89 17.7 8.01 71.2 
        . 2011 _3 9 56 194 241 

  
3.43 9.43 15.7 

 
68.5 27.3 21.4 8.66 5.47 4.07 2.88 1.31 0.32 
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 6.  2006–2007 .,  

 m, 
2 

, 2  L,  , 
° 

, / 
100  

 ( ), . % 
<0.056 0.056-0.071 0.071-0.125 0.125-0.25 0.25-0.5 0.5-1.0 1.0-2.0 

-02/1-07 21.9 
29 

50.7 219 
-02/2-07 7.00 
-5/1-07 4.21 

12.6 

 .  48.8 219 
-5/2-07 5.63 
-49-07 2.75 
-4/1-07 136 

959 

24.5 279 63.9 10.0 20.8 4.86 0.417 
-4/2-07 180 71.1 7.44 14.8 6.23 0.372 0.046 
-4/3-07 642 218 2.46 0.29 0.58 1.19 90.4 5.07 0.014 
-03/1-07 28.7 

44 

30.9 299 
-03/2-07 7.24 
-03/3-07 7.96 
-07/1-07 36.1 

51 
2 .  33 305 69.5 13.7 13.4 3.30 0.14 

-07/2-07 15.0 
 -17-07 13.4 2 .  44.6 303 

-18-07 19.9 2 .  41.8 305 
-6-07 30.1 2 .  38.8 307 
-08/1-07 16.6 

49 
29.4 292 

-08/2-07 32.9 
-09/1-07 61.3 

124 

22.4 298 296 
-09/2-07 33.8 
-09/3-07 28.9 
-10/1-07 43.0 

86 

2 .  21.5 307 
-10/2-07 21.8 
-10/3-07 20.9 
-11/1-07 34.1 

218 

19.7 324 
-11/2-07 50.6 
-11/3-07 133 109 
-12/1-07 33.9 

128 

22.7 318 
-12/2-07 41.2 
-12/3-07 52.4 
-13-07 3.50 23.7 349 



157 
 

 m, 
2  , 2  L,  , 

° 
, / 

100  
 ( ), . % 

<0.056 0.056-0.071 0.071-0.125 0.125-0.25 0.25-0.5 0.5-1.0 1.0-2.0 
-15/1-07 12.3   

145 
  20.6 340                 

-15/2-07 133       436               
-16/1-07 16.4   

524 
  18.8 337                 

-16/2-07 508       138 31.9 3.49 6.23 24.8 32.40 1.15   
-14/1-07 37.8   

  
423 

  19.3 326                 
-14/2-07 39.8                       
-14/3-07 345       97               
-30/1-07 3.00   

4.5 
  58.6 208                 

-30/2-07 1.50                       
-31/1-07 21.8   

36 
  53.8 207                 

-31/2-07 14.3                       
-18-07 28.7     47.6 119                 
-17-07 85     40 110                 
-16-07 200     31.9 111                 
--32-07 25.9   

250 
  26.5 122                 

-15-07 220                       
-33/1-07 10.9   

  
  

640 

 
17 123                 

-33/2-07 81.3       446 71.1 10.6 14.5 3.33 0.42     
-19-07 490                       
-01-07 61.6       574               
-34/1-07 7.30   

  
165 

 
23 156                 

-34/2-07 18.9                       
-34/3-07 138 

 
      67.5 11.0 17.3 3.94 0.17     

929/1 5.28   
  

23 

  47.3 222                 
929/2 7.04                       
929/4 10.9                       

-11-07 6.30   
21 

2 .  52 225                 
-12-07 14.5         19.0 2.21 6.64 71.6 0.55     
-2-07 41.2     67.9 237   35.8 6.78 17.3 39.5 0.565     
-8-07 50.5     75.5 239   43.4 4.09 17.4 35.0 0.204     
-4-07 56.5     83.6 238                 
-6-07 42.8     91 239   48.7 5.32 32.3 13.5 0.190     

-13-07 10.6   99.3 238 
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 m, 
2  , 2  L,  , 

° 
,  

/100  
 ( ), . % 

<0.056 0.056-0.071 0.071-0.125 0.125-0.25 0.25-0.5 0.5-1.0 1.0-2.0 
-051/1-
07 156  

1431 
 20.7 113         

-051/2-
07 1274            

-052/1-
07 127  

1329 
 15.8 105 396        

-052/2-
07 1202            

-054/1-7 17.71 
297 

 23.8 234         -054/2-7 125.25 3    681        -054/4-7 153.87    225 2.66 1.05 0.743 0.310 67.1 28.1 0.062 

-060-07 15449  
, 

 4.2 250         
-093/1-7 15000  

25000 
 4.7 260  70.7 10.4 10.8 4.74 2.12 0.29 0.89 

-093/2-7 10000            
 

.   – .  1. 
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 7. ,  

 11.12.11 23.12.11 24.12.11 26.12.11 04.01.12 07.01.12 01.03.12 19.03.12 12.10.13 

 

 
 

100  

 
   

600  

.* 
 

700  

. 
 

 6.8 7.1 6.7 6.6 6.7 6.6 6.6 6.9 6.6 7.1 7.8 7.4 

HCO3
- 131.8 233.1 151.3 131.8 147.7 119.0 125.5 153.7 190.3 128.1 87.8 97.6 

Cl- 5.8 26.8 8.6 7.8 7.8 6.4 6.4 8.5 9.9 6.4 0.2 0.2 

SO4
2- 45.4 66.5 123 108 115 90.1 89.5 161 259 117 200 188 

Na+ 17.5 28.9 14.8 13.4 14.8 16.7 16.2 22.3 3.8 17.4 30.0 29.1 

K+ 3.7 4.9 3.8 3.6 3.7 3.8 3.9 3.7 8.9 4.2 4.4 4.7 

Ca2+ 36.1 26.5 48.1 41.7 41.3 48.1 48.1 72.1 98.4 53.3 54.2 57.3 

Mg2+ 12.7 28.9 16.2 14.5 16.4 14.3 14.7 19.0 23.0 15.0 15.6 16.4 

NH4
+ 0.4 0.9 0.6 0.6 0.7 <0.1 0.8 <0.1 < 0.1 0.0 < 0.1 < 0.1 

Fe <0.1 <0.1 0.7 0.1 2 <0.1 <0.1 0.3 2.1 4.5 1.2 0.9 

H3BO3 2.4 2.4 1.2 1.2 1.2 2.4 2.1 <0.28 0.0 0.0 < 0.28 < 0.28 

H4SiO4 . 70.9 80.5 82.1 76.3 79.4 71.1 38.4 72.1 92.4 82.8 29.4 41.7 

 327 499 450 399 436 372 346 513 693 429 423 436 

.  – , * -  
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 8. ,  

 23.03.12 29.04.12 01.08.12 15.10.12 12.10.13 

 

. 

 

2 

. 

, 

1230  

. 

1 

. 

 

1 

. 

 

, 

1850  

. 

 

, 1400  

. 

. 

 

1 

. 

 

2 

 6.8 4.1 5 6.6 6.36 4.66 4.53 6.4 6.8 

HCO3
- 36.6 < 0.05 0.0 6.1 <0.5 6.1 <0.5 7.9 48.8 

Cl- 9.9 34.8 9.2 11.5 14.5 9.3 22.4 0.2 0.2 

SO4
2- 119.0 192.1 48.0 61.8 51.9 14.0 34.1 36.4 8.0 

Na+ 25.5 4.5 3.4 2.1 2.3 2.2 8.3 2.8 5.6 

K+ 3.7 2.2 1.1 1.0 1.2 1.9 2.5 0.9 3.0 

Ca2+ 36.1 84.2 18.0 16.4 15.6 4.2 10.0 8.4 7.5 

Mg2+ 5.6 2.3 3.6 4.6 2.7 2.4 1.2 2.2 5.3 

Fe3+ < 0.05 0.1    < 0.1 < 0.1 < 0.1 1.0 

H4SiO4 . 50.5 4.8 14.9 41.9 32.7 2.5 47.7 5.6 25.2 

H4SiO4 . 65.6  20.7       

 353 325 119 145 121 43 126 64 105 

 




