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1. 

.  – ,

.

, 

, . 

.

, ,

. 

.  1998 .  « » ( ) 

»  (AMDEs - Atmospheric Mercury Depletion

Events). 

. 

, 

. 

, . , 

, ,

.  100 

 100 , 

.

:

.

:

-  ( ) 

;

- 

, , ) 

  ;
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- ,

NOAA HYSPLIT).

, :

-  « »  (12 

) ;

- , 

;

-   

. 

;

-

,  « » ( )

 « » ( ). , 

.

- , 

 9 

;

.

» 

 «Tekran 2537A». 

 AMAP (Arctic Monitoring and Assessment Programme – 

) ,

. 

, 

, , 

. 

 (  2010 .  2011 .). ,

, 

, 

.
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:

1. 

.

2. 

, .

3. 

.

4. 

.

.

, 

 « », 

 “Tekran 2537A”, 

, , 

, 

, 

.

, 

; 

.

.

: 

, 

.  ENVIROMIS  ( ,  2008  .);   « »

,  2008 .);  III 

 ( ) ( ,  2008 .);  “  –

XXI” ( , 2009 .); : -

,  ( , 2010 .); 

: “CITES-

2011” ( , 2011 .);  “Mercury as a Global Pollutant”

(Halifax, 2011);  “Physical and Chemical Processes Including
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Atmosphere-Ice Chemical Interactions (AICI)” (Vienna, Austria, 2012); 

 “IEA  Clean  Coal  Centre  Workshop,  9th Mercury Emissions from coal (MEC)”

(St.Petersburg, 2012);  “Mercury as a Global Pollutant”,

(Edinburg, 2013);  “European Geosciences Union, General

Assembly 2014, (Vienna, Austria, 2014).

.  2 

, 6  8 . 

 1  2  2

.

.

 – . 

, , 

. ,

, 

, , 

.

, , 

. 

.

, 

 «Tekran 2537A».

  

. 

, 

. 

, , 

. 

, 

.

, 

 ( , , ) , 
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. 

, 

. 

. , 

 AMDEs 

.

, . 

 HYSPLIT, 

, , 

, . 

, 

, 

(2011 .  2012 .).

1.1. 

1.1.1. .

 (Hg) -  II .

;  80,  200,59. 

, .

 20°  13,55 3;  -38,89° , 

357,25° .  (-38,89° ) .

, .

 24° , , 

 18 3;  1800 

 60000 . 

.  ,  

 - , 

. , 

. , 

, 

, 



9
. , .

, , , , 

.  - 

, 

.  +2 

+1,  Hg(II)  Hg(I). , 

, 

. 

. , 

 (300 – 350° ), , 

g2 ,  (  400° ) 

. g2

 Hg(II).  ( g2 ),

,  +1. 

. 

, 

. 

, , .

. 

=8, 

. g2+

 40 ).  ( , , ,

), , , . 

 HgS - .

,  Hg(ONC)2, g(NO3)2,  (HgSO4) 

 (HgSO3)  ,  .  

, 

. . 

, , . 

 ( . . ) 

, ,

 ( . ., 1974).
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1.1.2. .

 – , 

, 

. 

,  ,  

,

, , . 

, 

 - 

,  (

) . (AMAP, 2004). 

. ,

,

(AMAP 2004).

.  1  .
 270 

(Shuster P. ., 2002).
(Pre-industrial – ; Unknown
– ; Gold Rush –  «

»; WWII – 
; Industrialization – ;

Total mercury – ).

,

(AMAP, 2003; 2004). 

,  300 

.  1),   1980-

20  20 , . 
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,  100 ,  (  70%) 

.  (  1815 . 

 1883 .) ,  6% 

 (Shuster P. et al., 2002). , 

. , ,  100 

, 

 15-20 

. 

, ,

(Arctic Climate Impact Assessment, 2005).

, 

 (Dietz ., 2009).

, , 

. , 

. 

, 

. 

, 

, 

 (2009 AMAP Human Health Assessment (AMAP 2011)). 

, 

, 

. 

 (AMAP, 2011).

 (Hylander  Goodsite,

2005; Sundseth ., 2010). 

 (Sundseth ., 2010). , 

.   
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, 

, .

1.1.3. .

 (Hg), , 

 (AMAP, 1997). 

, , ,

.

, 

.  1990 . 

 « » , 

 (Lindqvist ., 1991). 

, . 

,

, 

.

, 

. , , 

. ,

.  , 

. 

 (Pirrone ., 2009), 

 (National Academy of Science 2009), 

, 

 (http://www.htap.org).
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 (Pirrone ., 2009).

, 

. 

, 

http://www.htap.org/
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, 

.

: 

, 

 (RGM  GOM, , HgO, HgCl2, HgBr2, Hg[OH]2) 

 (PHG). 

 (TGM). , 

, 

, , 

 ( . 2).

. 2. , 
, . :

 (GEM),  - 
 (GOM),  -  (PHg) (Mae Gustin at

all., 2010); (Atmospheric reservoir – ; Global transport – ;
Oxidation – ; “Legacy” source – ; Primary sources – 

; Atmospheric and natural – ; Local dry and wet deposition – 
; Deposition from the global atmosphere pool – 

; Plant – ; Soils – ; Ocean sediments – ; Ocean
waters – ).

, 

, 

, . 

, 

, , .

, 

, , 

 2% . 

, , 
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, 

. , 

, 

. 

, 

 (Steffen  .,  2008).  

  

,  (Hedgecock ., 2004; Weiss-

Penzias ., 2007; Sillman ., 2007; Swartzendruber ., 2006). 

, 

  

. , 

 (Sillman ., 2007; Swartzendruber ., 2006; Selin ., 2007;

Weiss-Penzias ., 2009). , 

, 

, . 

, 

, . 

, 

, 

. 

, 

, 

,  (Swartzendruber ., 2009). ,

, 

, 

 8 . , , 

 (Ebinghaus ., 2000; Banic ., 2003; Friedli ., 2004; Radke .,

2007; Swartzendruber ., 2008). , , 

 100 

(Tackett ., 2007).

,  10 

 ( )   100  

 (Huiting Mao, ., 2011).
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, , 

 (< 5 -3) (Swartzendruber ., 2009 ; Murphy ., 2006), 

, 

(Friedli ., 2009)  (Finley ., 2009). ,

: 

 (Talbot ., 2007), 

 50% , 

(Slemr ., 2009). 

, , , 

 (Sillman ., 2007; Swartzendruber .,

2006; Weiss-Penzias ., 2009; Swartzendruber ., 2008).

1.1.4. .

, 

. 

 GEM , 

, 

 ( . 3).

 1999 . (AMAP, 1998) 

1995 . (Pacyna  Pacyna, 2002; AMAP, 2002) .

, ,  2005 .

 2008 . 

AMAP/UNEP (2008). 

.

 1,2  15

,  ,  

. , 

, 

. , , 

, 

. 

, 

. 
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. 3. ,
 2005 . ( : AMAP/UNEP/NILU/IVL 2008); (Fossil fuel combustion for power and

heating – ; Artisanal and small-scale gold production –
; Metal production – ; Cement

production – ; Waste incineration, waste and other – .; Large-scale
gold production – ; Chlor-alkali industrial – 

; Dental amalgam (cremation) – ).

. 3. 

. 60% ,  1450 

. 

, 

. 

. , 

 (

),  10%, (Pacyna, 1986; ECE , 2000). 

 9.8%,

.

. 4.  ( ) , 

,  – 

. 

 6%, . 

, 

,  47  2005 .,  2,5% 

. , 

 ( , ),
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,  125  (6,5%)

(AMAP/UNEP (2008)).

. 4.
 2005 . /UNEP (2008); (Asia  –  ;  Europe  –  ;  North  America  –

; South America – ; Africa – ; Russia – ; Oceania – ).

, , , 

,  30%  52% 

. 

, .

 65% , 

2005 . , 

. ,  4%, , 

, . 

,  – 

, , , 

 35%  50%, 

. ,  2000 , 

, . ,

 - . 

,  600 , 

 40% . 

, 

,    60% 

,  ( ,

, . -  895  1450

). , 
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 2005 .,  (1095  1920 ). 

 (Wilson .,

2006; Pacyna ., 2006; AMAP/UNEP, 2008), , 

 (AMAP/UNEP, 2008; Christensen ., 2004; Dastoor  Larocque,

2004; Dastoor ., 2008; , 2005).

1.1.5. .

 ( . 5.) (Sunderland ., 2007).

. 5. ,
, , , ) ,

 Sunderland , 2007, (AMAP 2011); (Atmosphere – ;
Anthropogenic emissions – ; Estuaries – ; Surface
soil – ; Deep reservoir – ;
Rivers – ; Shallow ocean – ; Shelf – 

;  Deep water formation – ; Particle flux -  
;  Upwelling  –  ;  Deep ocean –  

; Reservoirs, t – , ; Fluxes, t/y – , ).

, , 

, 

 (AMAP 1998, 2005). 

, 

 (Outridge ., 2008).  (Sunderland ., 2007) 

,  134

. .  25% ,

, 
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. 

,  550 .,  50% , .

, , 

,

 50  600 , 

 500  700 . , 

, ,

 10 - 30 . 

 (Mason ., 1998) , 

, 

. 

, 

, 

. 

, ,  0.7  27 

(Sunderland and Mason 2007). 

, ,  ( ) 

 ( ) .

1.1.6. .

 (  - Hg(II)) 

,  – MMHg.

, 

, , 

, , , 

. 

, 

.

,   

, , .  

, , 

, , 

,  ( . 6).
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. 6. . 
, , 

. 
,  

. 
, 

 (AMAP 2011); (Global atmosphere – ; Atmospheric transport into the Arctic
– ; Atmospheric deposition processes – ;
Atmospheric transport out of the Arctic – ; Snowpack – ; Ice
processes – ; Drift – ; Terrestrial and freshwater processes –

; Rivers – ; Upper ocean processes – 
; Shelf food web – ; Benthic

food web – ; Microbial regeneration – ; Upper
global ocean – ; Pelagic food web – 

; Deep ocean – ; Shelf burial – ; Geogenic –
; Basin burial – ).

, , 

: ,

. 

  , 

. 

 (  Hg(II)) 

 (MMHg), , 

, 
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. 

 ( , .) 

, 

. , 

, 

.

1.2.   , AMDEs.

1.2.1.   .

. 

 48%, 

(Outridge ., 2008). 

. , 98% 

. , , 

 ~1,7 3,  - 1,3
3  (Slemr ., 2003).

. 9.
, 

AMDEs. : Henrik Skov, Aarhus University, Denmark (2004); (Long-range transport – 
; Sea surface – ; Frost flowers – 

;  Re-emission  –  ;  Fast  –  ;  Slow –  ;  Sea  ice  –
; Snow - ).

, , 

 Hg(II). 

,  (Steffen ., 2008a).
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, 

 HgCl2, HgBr2

.  HgCl2,  69 , HgBr2 - 6 , 

 HgCl2  0.017 Pa  298 . 

 – , . 

 «Tekran 2537A». 

, 

. , ,

. , CH3HgCH3 , 

,  (Pongratz .,

1999). 

, ,  OH, HO2  Br ( . 9)

,

, . -

 O3,  OH, Cl,  Br  NO3 (Ariya ., 2002;

Bauer ., 2003; Donohoue ., 2005; Donohoue ., 2006; Hall ., 1995; Pal .,

2004; Sommar ., 1999; Sommar ., 2001; Tokos ., 1997). 

, 

, , 

 (Simpson .,

2007; Ariya ., 2008; Steffen ., 2008a).

 1995 .  « » ( ) 

 (Schroeder ., (1998)).

, 

 (Lindberg ., 2001). 

, 

»  (  1,2  3)  « »  (Lindberg

., 2002; Steffen ., 2002; Temme ., 2003; Sommar ., 2007; Gauchard .,

2005).

O3 + Br (Cl)  BrO (ClO) + O2                         (1)

BrO (ClO) + HO2  OHBr (OHCl) + O2          (2)

OHBr (OHCl) + h  OH + Br (Cl)                  (3)

, , 

 (Simpson ., 2007b; Steffen ., 2009). 



23
 (Barrie ., 1988). 

 (Khalizov ., 2003; Goodsite ., 2004; Shepler ., 2007), 

,  

.

Hg + Br  HgBr*                                                    (4)

HgBr* + M  HgBr + M                                         (5)

HgBr*  Hg + Br                                                     (6)

HgBr  Hg + Br                                                       (7)

HgBr + Y  HgBrY  (Y = Br, Cl, OH, Br2, ets.)     (8)

4

  , HgBr*.  HgBr 

6 7 8, 

. 

4 - 5 , .

, 

 107-108 3 (Donohoue ., 2006). , 

4 – 5,  6  2,5 , 

. 

, 7  8,  HgBr 

 (Goodsite ., 2004;

Shepler ., 2007). , 

, 

 (Fain ., 2009). 

, , 

, 

(Swartzendruber ., 2006; Fain ., 2009). 

, , 

, ,

 (Skov ., 2004; Simpson 

., 2007a; Steffen ., 2008a). , 

 (IO)  (Saiz-Lopez ., 2007)

, , 

.
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1.2.2. .

, 

, 

. , 

 (Raatz ., 1984; Travnikov ., 2005;  Dastoor .,2004),

, 

 (PNA)  (NAO) (Wallace ., 1981; Barnston ., 1987;

Macdonald ., 2005). , 

 « » ( ),  1995  2008 . . 10.

 (  2002  2009 .),

, , 

.

. 10.  ( ) 
 « » ( )  1995  2008 . ( ) 

   RGM,  ( )  2002
 2008 . ( ). (Alexandra Steffen, 2011 .).

, 

:  - 98%,  -1,6%  , 

 – 0,5%  (Peterson ., 2009a). ,

 ( . 10 -
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). ,  (Cobbett ., 2007), ,  2005 . 

,   « » ( ) 

:  – 88,6%,  – 5,7% 

,  – 5,7%, . 

, 

,  (Banic et al 2003). 

,   1  .  (Banic,  .,

2003; Tackett ., 2007). , 

 « » ( )  2004 ., 

, , , 

. 

 ( . 10). , 

.

, ,

, 

 (Lu ., 2001; Lindberg ., 2002; Ariya ., 2004). 

, , 

 (Lindberg ., 2002; Douglas ., 2005).

,   (

)  ~45%  (  + ) 

 (Outridge ., 2008). 

 (Douglas ., 2005; Lu ., 2001; Lindberg 

., 2002; Brooks ., 2006), , 

.  24 , , 

, . , 

.

 10 

, «Gardis»  «Tekran 2537A». 

 CVAFS. ,  «Lumex»,

, 

, -

, 

CVAFS ( ). 

 (2,01  0,11 3).  «Tekran»  «Gardis» 
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) (Ebinghaus ., 1999; Evisa.

Instrument Database: LUMEX Ltd). , 

, ,

(Evisa. Instrument Database: LUMEX Ltd; Keeler ., 1995; Landis ., 2002).

. 

, 

 (Landis ., 2002). 

 (Evisa. Instrument Database: LUMEX Ltd;

Keeler ., 1995; Engle ., 2008; Lynam ., 2005).  «Tekran»

 (2537A, 1130  1135), 

 GOM 

. ,

.  (> 2,5 ), ,

. 

 ( ), 

, ,

 ( 3)   ( 3). 

 Environment Canada (National Atmospheric Deposition Network;

http://nadp.sws.uiuc.edu/mdn/)   

.

1.2.3. .

 45 

, 

 (Mambo ., 2001). 

 (Hinkley ., 1997), 

 (Nriagu ., 2003; Pyle ., 2003) 

, 

.

, 

 (

http://nadp.sws.uiuc.edu/mdn/
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). 

,  ( ., 1988) 

 5-7.5*10-5     2*10-3  .  

 SO2 (Stoiber ., 1987; Andres ., 1998;

Halmer ., 2002). ,  1991  1995 . 

, 

 Bi,  Cu, Cd, Sn  Zn (Gauthier .,  1998).  

 Hg  Bi, 

. ,   

 Bi/SO2  106  104 ,  

 Hg/SO2 .  Bi

 ~  37   ~  5  

 (Gauthier .,1998). , 

, . 

,   (Eshleman .,  1971; Varekamp .,

1981;  Phelan  .,  1982)  ,  

. 

,  (Mather .,

2003),   ( )

. 

,

(Lee ., 2001; Ryaboshapko ., 2002). , 

, 

.  , 

,  500  (Varekamp ., 1986) , 

 1.3  (Pirrone .,  2001).  

, 

.

 (Roos-Barraclough ., 2002) 
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(Temme .,1989–1997), 

. 

, 

. 

,

, 

, .

2. .

2.1. .

, 

. 

, 

.

, 

, 

 EPA Method 1669. 

 « ».

, , 

, 

, . ,

, 

, 

, , 

. 

, 

.

, 

. , ,

. 

, 
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. 

. , , 

  

 30 3.

.

, , ,

 ( , , ) , 

. , 

, , ,

.

, 

, , 

.

, ), . 

.

, 

. 

.,  Ziploc. 

, . 

, 

. 

, .

, 

, . 

, 

.

, 

, , 
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. , 

, .

, 

, , 

.

 (  1130, 

«Tekran»  «Tekran 2537A») 

, , 

. 

. , 

. 

, , . 

, 

. 

, 

, 

.

 «Tekran 2537A» , 

. 

.

, 

, 

. 

, 

.

, 

 «Tekran 2537A», 

 SO2  O3, .

.

:

 «Tekran 2505»;
 «Tekran 1100»;
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 «Tekran 1120»;

;
 «Tekran 2537A».

 «Tekran 2505».

.

             «Tekran 2505» 

,

-

. 

, 

. , 

. 

.

. 11.  «Tekran 2505»: 1 – ; 2 – ; 3
–  ;  4  –  ;  5  –   LCD  ;  6  –

;  7  –  ;  8  –  ;  9  –
; 10 – ; 11 – 

; 12 – ; 13 – ; 14 – ;

, 

. 

,  «Tekran 2505»

. 

, 

, 

. 
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. 

, . 

, 

 ( . 11, 8). , 

, 

.

 RS-232 

, 

  .

 ( . 11, 5)

, :

;

, ;

.  

) 

 “Hamilton”;

;

, 

 RS-232.

.

. 

,  ( 3), 

.

.

, 

, 

. 

 ( . 12), 

.
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, , 

.

, . 

, 

.

. 12. .

 1120. .

 «Tekran 1120» ( . 13) 

, .

, 

.  «Tekran 1120» , 

, 

. 

, 

, 

. 

, 

. 

,

, 

 ( . 14).
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. 13.  «Tekran 1120».

, 

. 

 (  ZERO), , 

 (  ADDITION).

 (  ZERO), 

, 

.

 (  ADDITION) 

, 

,  10 

.

,  (

ADDITION),   (Stat)  

 0  (« » 1) ( . 14). 

 « »  0.

 «Tekran 1120» 

» ( ), 

. 

. , 

.

   «Tekran 1120»

:

 « »  1,2  3;
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;

;

 ZERO) 

 (  SPAN).

. 14.  (26  2013 .)
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 «Tekran 1120»

, 

.

 «Tekran 1120»  «Tekran 2537A»

 «STATUS  &  CONTROL»,  

 ( . 15).

. 15.
 «Tekran 1120» 
 «Tekran 2537A».

 «Tekran 2537A» 

«Combine», 

 Microsoft Windows.

, 

 ( .

14). , 

, 3 , 4 . 

«Combine» 

, . 

 MS-DOS.

.

. 

, 

.

,   ,

, 

. , , 

, , 

. 
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,

, . 16. 

, 

. 

. 

. 

, 

.

. 16.  Tekran 2537A, 
, 

.

, 

. , 

 (47 ) ( . 11 – particulate filter pack).

 («Tekran» 1100).

2.2 

 «Tekran 2537A» 

, 

 (TGM) 

 2.5   <  0.11  3. 

  , , 
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( . 17). 

, , 

, :

 -  2,5 .  200 ,

 -   5 3  200 3,

,

,

.

. 17. ,  « ». 
: , , ,

, .

,  2537A, 

, 

.   , 

. 

.  ( )

,  ( ) 

 ( . 18). , 

. 

, 

. , 

, . 

, 
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, 

.

,  (

 - 5 ,  - 2.5 ) 

.

. 18.  Tekran® 2537A.

, 

. , 

, 

, . 

,  2537A , 

,  

.

2.2.1. 

  

, . 

, 

. 

, (ZERO),

 – (SPAN)

.
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 ( )

.

, , 

.

 = (SSPAN . – SZERO .) / 120 (9)

 – , ( );

SSPAN . – , , ( );

SZERO . – , ,

).

 6 

, .

,  ( ), 

, 

:

 = (S(P)SPAN . – S( )ZERO .) / Hg . (10)

 – , ( );

S( )SPAN . – , ( );

S( ) ZERO . – ,

);

Hg . – , ( ).

 ( ) . ,

,  5%

. 19) , -

 «Tekran».

,  H2S 

 ( ). 

 ( ). 

.

, , 

 5-

. 
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, . 

.

, , 

,

.

SHg = ( .* SHg) + . (11)

. –  ( 3);

SHg – ;

. –  ( 3).

 10%. , 

, 

.
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. 19. .



43
2.2.2. .

, 

 (

), 

. 

. 

,  

. 

, 

, 

«Tekran 1100».

, :

1)  ( . ):

 ( 3) 
3) , ,  100. 

 - 

.  ( ),

.

K0 (%) = ( . – .) / . * 100 (12)

K0 –  (%);

. – , ( 3);

. – , ( 3).

2) ,  ( ):

.(%) = ( Hg1 – CHg2) / CHg1 * 100 (13)

.(%) –  (%);

Hg1 – 

, ( 3);

CHg2 – 

, ( 3);
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 ( Hg1)  (CHg2)

 CHg1

).

, , :

R (%) = C . / C . * 100 (14)

R (%) – , (%);

. – , ( 3);

. – , ( 3).

, ,  95 

105 .

. 

, 

. 

,  MFM. 

, 

. , 

,  ( ) 

. 

. 

, 

, 

. 

 2%   «Tekran  2537 »  (1  )   4%  

 «Tekran 1130» (9 ).

 5 . 

, 

. , , 

. 

, 

.
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 2537A  ( . 17) ,

. , , 

, , ., .

, 

, 

.

, ,

,  

, .

3. .

3.1.  « ».

 2001 . . 

(69.45° ., 61.39° ., 49 ;  ( ),

) , 

. 

, , 

. 

 (Steffen, A. ., 2005; . . 2005;

. . 2008; Pankratov F. ., 2011).

, , 

. , 

. 

 ( .  .,

2005). 

, , 

, , 

. 

, 

 (Stefffen A.,

., 2011). , 

 ( . 20) ,  « » ( )

,

 « » ( ).
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.20. , 
(AMAP, 2011 .).

, 

, , .

3.2.  2001  2013 .

. 21. ( )  2001  2004 ., )  2005  2010 ., )  2010 
2013 .

. 

. , 

.
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 (

») , 

.  12 

, 

.  2001  2004 .  8,9 

 (  21, ).  2005  2010 . 2, 

2,5  ( . 21, ) ,  2010 .

3  200 

 ( . 21, ).

3.3. 
.

. 22.   2001–2004
. (A,B), 2005–2010 .(C,D)  2010–2013  .  (E,F)   « »;  

 2001–2013 .:  « »  (
 – AMEEs);  ( );

 « »  (  – AMDEs);

,  2001  2013 . , 

, .

: 

 (CHg)    1,49 3,  – 94,51 3

– 0,11 3 ( ). (s),
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 ±0,57 3

 (-0,32 ) ( . 22). 

, 

, « » ( )  « » ( ).

1 ( . 23) , 

 1,64 ± 1,91 3,

 – 75,51 3  –  0,1  3 ( ). 

, 

.

. 23.  2001–2004 .
. « »: 

);  ( ); 
AMDEs ( ).

 (CHg > 1,81
3) , , 

 ( . 22, A-B).
, 

 (s)   ±1,91  3. .24( ), 

CHg = +0,02
3,   , 

. 

 (



49
 2001 .),  2002 . – 1,42 ± 0,54 3  2003 . – 1,49 ± 0,59 3., 

.

.24. ) , 
); ) , 

 ( ).

,  2002 . 

  – 1,15 ± 0,11 3 ( .24( )) 

  (2001–2003 .). , 

 2001 .  – s = 2,03 3,

 2001–2003 .

. 24, . 

, 

, CHg =  -0,02  3, , 

. 

 2002 . – 1,19 ± 0,24 3, 

 2001 . – 2,15 ± 0,5 3.

, 

 1, , , 

, . 

 2001  2002 . 

 ( .  24, ).  ,  

 9 

. ,  2001 

2004 . . 25, : 

, , 

 ( CHg =  -0,05  -0,21 3);  



50

 ( CHg = +0,07 3).

. 25.  1 (2001–2004 .); 
 ( ) .

, , 1

, 

 (  9  ( . 22)) 

, 2 3 ( . 16, -F).

2 3, s  ± 0,41  ±

0,55 3.  (2001–2004 .) 

, 

, ,  ( . 25, , 

), , 

.

,  68%  ±1

),  ±2 

95% . , 

,  -2  +2,  5% (

, 

 ( )). ,

 « », 

, 



51
 0,1  100 3. , 

.

 — 

. , 

 ( ., . 2006).

:   (15)

:        (16)

µ -  ( );

 – ;
2 - .

 ( . 23)  (

), 

 (2001–2004 .). 

, , 

, . 

, 

, . 

,  ( . 

) , 

. , , 

, 

)  (  =  0,5)  

 2001  2004 .

 f(x), 

.  ( .26-1), 

,  (

),  2002 .  2003 .   – ,

http://ru.math.wikia.com/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9
http://ru.math.wikia.com/wiki/%D0%A2%D0%B5%D0%BE%D1%80%D0%B8%D1%8F_%D0%B2%D0%B5%D1%80%D0%BE%D1%8F%D1%82%D0%BD%D0%BE%D1%81%D1%82%D0%B5%D0%B9
http://ru.math.wikia.com/wiki/%D0%90%D0%B1%D1%81%D0%BE%D0%BB%D1%8E%D1%82%D0%BD%D0%BE_%D0%BD%D0%B5%D0%BF%D1%80%D0%B5%D1%80%D1%8B%D0%B2%D0%BD%D0%BE%D0%B5_%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.math.wikia.com/wiki/%D0%90%D0%B1%D1%81%D0%BE%D0%BB%D1%8E%D1%82%D0%BD%D0%BE_%D0%BD%D0%B5%D0%BF%D1%80%D0%B5%D1%80%D1%8B%D0%B2%D0%BD%D0%BE%D0%B5_%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5
http://ru.math.wikia.com/wiki/%D0%A1%D0%BB%D1%83%D1%87%D0%B0%D0%B9%D0%BD%D0%B0%D1%8F_%D0%B2%D0%B5%D0%BB%D0%B8%D1%87%D0%B8%D0%BD%D0%B0
http://ru.math.wikia.com/wiki/%D0%9D%D0%BE%D1%80%D0%BC%D0%B0%D0%BB%D1%8C%D0%BD%D0%BE%D0%B5_%D1%80%D0%B0%D1%81%D0%BF%D1%80%D0%B5%D0%B4%D0%B5%D0%BB%D0%B5%D0%BD%D0%B8%D0%B5


52
,  2001 ., 

 ( ). ,

, , 

 2004 . –  CHg =  1.76  ±  0.03  3,  

 – CHg = 1.66 ± 0.21 3  2002 . . ,

  CHg = +0,11 3. , 

,  0,51  ~1,81
3  2002 . ( . , . 80-81).

. 26-1.
                  2001 .  2004 .

1, -

 (  < 0,01),  ( . , . 84-86).

 p- , 

.  ,  0,1

, , 

 2001  2004 .,

. 

, 

, , 

 R2 = 0,6 ( . 26-2).
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. 26-2.
 2001 .  2004 .; 

 ( ).

 – CHg =  +0,11  3. , 

,  ( ),

,  ( )

. 

, 

.

 2005 . 2,  2,5 

. , 

 (2005–2010 .) :

 - 1,48 ± 0,41 3,   -  14,51  3  -  0,11  3. 

,  2005  2010 .  (-0,23

) ( . 27). , 

 2009 . (1,32 3) 

  

» (2001–2012 .). 

s =  ±0,41  3. 

, , ,  2006 . 

 2007 . , 

 ( . 18). , 

.
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. 27.   2005–2010
. . « »: 

);  (
);  AMDEs (< 1,01 3, ).

 2005 .  2006 .  ( . 28, ). 

,  2007 .

 2009 ., 

, CHg = 1.82±0.16 3 ( , 2008 .) 

 2005  2010 .  2009 ., 

 (CHg = 1.17±0.47 3) 

, 

 2005  2006 .

.28.: )  (2005–2010 .), 
 ( ); ) 

,  ( ).
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 (  R2 =  0,1)

  ,  CHg = -0,16
3, , 

. 

 (« »  ( )   « »  ( )),  

. , , 

.

 ( . 28, ).

 2006 .

 2009 ., 

 2009 ., CHg = 1.01 ± 0.04 3. ,  (

2006 .  2009 .),  –

CHg = 1.87 ± 0.62 3.  (

R2 = 0,1)   

 ( CHg =  -0,19  3), 

.

. 29.  2 (2005–2010 .); 
 ( ) .

, 

, 



56
 ( 2, 2,5 

). , 

 2005  2010 ., 

 ( . 29). 

 (2001–2004 .)  2005–2010 . 

 – CHg = -0,09
3 ( ), , 

. , ,

 – CHg = -0,37 3,  ,  ,

: s = ±1,21 3 (  2007 .).

, ,

, 

. , ,  2001  2004 .

 CHg = 1.82 ± 0.15 3,   2005  

2010 . – CHg = 1.61 ± 0.18 3 . 

. , , 

. 

, 

, 

. , 

, , 

, , 

.

, ,

,  2005  2010 . 

 ( ), 

. , 

, 

. 30-1.
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. 30-1.
 2005  2010 .

, 

 f(x) 

.  ( .30-1), 

, 

 ( ).   –

, ,  2007 ., 

. 

, 

:  2007 . –  CHg

= 1.61 ± 0.32 3,   –  CHg = 1.32 ± 0.11 3  2009 . .

, CHg =  -0,29  3. 

, ,  0,11

 ~1,21 3  2009 .  2010 . ( . ,

. 82-84).

2, 

,   ,  < 0,01 

 ( . , . 82-84). 

 0,1 ,

, 

2005 .  2010 ., .
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. 30-2.
 2005  2010 .; 

 ( ).

, 

 R2 = 0,4 ( . 30-2). 

 – CHg = -0,19
3. , , 

), , 

) , 

. 

, 

 « ».

 2010 . 3,  200 

.  (  -  2010

.) , 

 ( . 31). 

, 

Eyjafjallajökull ). , 

 2010  2013 . :

 - 1,37±0,55 3,  - 94,5 3  -  0,11  3.

 (1,37±0,55 3) 
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,  (2009 . - 1,32 3),  

 (1,32 3) 

.

. 31.   2010–2013
. . « »: 

);  ( ); 
AMDEs ( ).

, , 

 1,01 / 3,  2010 .  2013 . 

 (-0,23 ) ( .

31) ,

 2005 . ,  2010  2013 . 

s: ±0,42 3 (2010 .), ±0,51 3 (2011 .), ±0,6 3

(2012 .)  ±0,42 3 (  2013 .). s : ±0,49 3

(2010–2013 .). 

, 3 (  200 

) , 

 ( . 32). 

 (  2010 .  2011 .) , 

CHg = -0,91 3, 

. , 

 2012 .  2013 . 
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2012 .  2013 . , CHg = -

1,13 3  2005–2009 .).

.32.: )  (2010–2013 .), 
 ( ); ) 

,  ( ).

2013 .,  2012 .  2013 ., 

CHg =  -1,67  3 . 

, 

, . 

. 

, , 

, – . ,

,  2010–2011

.  2012–2013 . , 

, ,

.

 2010 .  2013 . 

, 

2 (  2,5 

). 

,  2010–2013 . 

, CHg = +0,31 3. , 

2010  2011 . 

, 

.  2012 .
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, 

, 

, , 

.

. 33.  3 (2010–2013 .); 
 ( ) .

 2013 .

94,51 3, 

 2013 ., 

.

,  2010–2011 .  2011–

2012 . , 

 CHg =  0,98  3. 

,  200 

, 

, 

. 

,

.
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 (

)  2010  2013 .

. 

, , 

 ( . 34-1).

. 34-1.
 2010  2013 .

, 

, 

 ( ). 

 2013 . ( . , . 85-86). 

 2010–2013 . , 

, , 

: 

2010 . –  CHg = 1.52 ± 0.2 3  –  CHg = 1.24 ± 1.63 3  2013 .

. ,  – CHg = -0,28
3. 

 2005–2010 . ( CHg =  -0,29  3), 

,  2005 . (

. , . 84-86).



63

. 34-2.
 2010  2013 .;  (

).

3, -

 (  < 0,01),  ( . , . 84-86).

,  0,1 

, , 

 2010 .  2013 ., 

.

, 

, 

,  R2 = 0,6 ( . 34-2). 

– CHg =  -0,22  3. , ,

 ( ), ,

 ( ) 

, 

.

 2012 .  (1197), 

 CHg >  1,81  3

 (84 ), .  ,

 2013 .  58 ,

,

 145 .
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. 35-1.
(2001–2013 .);  (

) .

, , 

 (145 ) 

 ( CHg = -

0,59 3)  (  – ). , 

,  23  2013 .  23:00 

,  94,51 3. 

2010  2013 . , 

.  2001  2004 . 1

, 

75,51 3.

 ( . 35-1), 

, 

, CHg = -0,07 3.  ,  

), 
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. 

 ( . 35-1). , , 

CHg =  -0,75  3).  2010  2013 .

, , 

, .

. 35-2.
 2001  2013 .; 

 ( ).

, 

, 

, 

, . 

. , 

, , 

.

 (  2001 .  2013 .) 

, 

 R2 = 0,7 ( . 35-2). 

– CHg =  -0,43  3. , 

, 

.
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:

, 

, 

. , 

, 

.

, 

, 

,

, .

, 

, . 

, , 

. 

.

, 

, , 

 « ».

3.4.   

.

.

 (  1 ), 

 (0,11 3), 

 (1,51–1,71 3), 
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 « » .  

 1,01 3, (  0,11  1,01 3),   

 « » .

) )

. 36. )  ( )  (
) : )  AMDEs  29 

31  2002 ., )  29  1  2007 .

 ( . 36 )  « »  « »

, 

:  2002 .  2007 . ,

.  (  29  30  2002 .)

 -26,1  -31,1  ( . 36, ).

, 

,  (0,39
3). , 

 ( . 36, ).

 (  1  10 ).  « » 

 29  1  2007 . ( . 20, ). 

 -16,4  -37,1

 0,11 3.  ,  

 8  /c  (  2002  .  –  5  ,   8   2007  .).  

, ,  10

/c, 

. , , 
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, 

. , 

, 

. 

, -

, 

. 

, , 

, 

 Pb, V, As, Ni, Zn  Cd, . 

. ( ,

2006).

3.5. .

, 

, 

.  2001 .,  45 

(NAMDE), 

 (CHg < 1,0 3). 

12  18  2001 . (  - NAMDE =  9   - NAMDE = 36).

 1.68 ± 0.37 3,

 - 11.57 3  – 0.11 3. , 

. , 

, 

 1,01 3. 

, 

,  « » ( ) (Schroeder  Munthe, 1995). 

, 

. 
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, 

.

. 37.  (A) 
 2001 .; (B)  (C) 

.

 ( . 37, ) ,

 11  18 . 

 ( . 37 ). 

, 

. 

 6 , -

.

4. .
4. 1.    2001 – 2004 .

 2001 .  2004 . 

 (  9 ), 

, . 

 (  - ,  2001  2004 .) 

 (s = ± 1,87 3).  , 

 2003 . 

. 

, CHg < 1,01 3 (12 ), 
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, NAMDE =  2,  

 2  (23  2003 .) ( . 38).

. 38.
 AMDEs  2001 –

2004 .

 2004 .,

. 

,

. 

,  

, 

.  2001–2004

. , 

,  2  (  AMEEs), 

 ( . 40, ). . 39, 

 -  2001–2002 . 

, , 

. , 

, , 

.  

 2001  .  (1,8%)

 5,5%  2002 ., 

 2001 . 

, CHg > 1,81 3  1,50 .  2002 . 

 (CHg = 1,01 – 1,81 3)  T0C = -28,50 ,

 10,70  (CHg > 1,81 3;

T0C = -17,80 ).  ,   (  -
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 2001–2002 .) , , 

.

. 39.
 2001  2004 .  ( )

 ( ); 
 (  - 1)  (

 - 2).

 2003 .  2004 ., 

 ( . 39). 

 (  - CHg = 1,01 – 1,81 3  CHg >  1,81  3) 

, 

 ( T  =  8,4%,  T  =  9,3%).  

,

CHg = 1,01 – 1,81 3  CHg >  1,81  3.    (CHg > 1,81
3) 

T = +4,80 ),  (CHg = 1,01 – 1,81 3) 

 - T = -0,80  (  39, 0 ).

 ( )  (2001–2004

.) -

,  ( .40, ). , 
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, 

.

. 40.  2001–2004 .: ) 
 ( ),  CHg >  1,81  3 (

), )  CHg < 1,01 3, ( ); ) ,  CHg <
1,01 3 - 0,2 % ( ),  – 63,1 % ( ),  CHg >
1,81 3 – 34,1 % ( )

,   (CHg = 1,01 – 1,81 3)  

, 

 ( .40, ). 

 1  12 . , 

 ( mean)  mean = -18,1 0 , 

s = ± 8,6 0 .  ( max) 

max = 0,4 0  ( min) min = -37,5 0 .

, 

mean = -10,9 0 ,  - s = ±4,9 0

 - min = -15,7 0 .  , 

, 

, .

 2001–2004 .

. 40, .  (CHg = 1,01 – 1,81 3) 

 65,7%,  (CHg > 1,81 3)

 34,1% . 

 (CHg < 1,01 3) ,

 0,2% .
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4.2.   2005 – 2010 .

 2005  2010 . 

2, 

 2.5  . ., 2013). 

,

 2002 ., 

, 

 ( ) 

, (Steffen A., et al., 2005;

. ., 2012).
. 41.

 AMDEs  2005–
2010 .

 ( Hg <  1,01  3)  

.  2006 . 

 (NAMDE = 2) ( .41). 

2006 . (N = 50),   (

NAMDE = 6).  2007 ., , 

(N = 65), , 

 (NAMDE = 6). , 

,   2006

. (14 ), 2007 .,  (13 )  (43 ) ( . 41). 

 (2005–2006 .),  (s = ± 0,27 3).

,  2006 . 

 (NAMDE = 23). 

 2007–2008

.,   2008–2009 .

,  (NAMDE = 2)  2010 . (NAMDE = 10) 

 (  – 15 ,  – 40 ) ( . 41).
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. 42.

 (  - )  2006  2010 .:  (  - 2),
 CHg >  1,81  3 (  - 1),  CHg < 1,01

3 (  - 3).

 (CHg = 1,01 – 1,81 3)

 2006  2010 . 

. 

 RH 

 R2 = 0,004 ( . 42, RH) 

 (-0,4% / ).

 (CHg < 1,01 3) (-1,9%/ )

 R2 = 0,28 ( . 42). 

 (-1,4%/5 ).  (CHg >

1,81 3) ,

  (1,7%/ ) 

 RH  R2 = 0,05.

 2006 

2010 . . 42. 

 (-2,6%/ ) 

 (CHg <  1,01  3) . 
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 R2 = 0,24, 

 R2 = 0,28). 

 (CHg = 1,01 – 1,81
3)   (CHg > 1,81 3) . 

0 , , 

 R2 = 0,1 

 -1,70 / . ,  c

 R2 = 0,004, 

 -0,40 /  ( .42).

, 

 -  2005–2010 .) 

, ( , 

) . 

 R2 (0,28% - RH, 0,24% - T0C)  (CHg < 1,01 3)

. 

, 

.

, 

mean = -15,60 , 

s = ±8,90 . 

max = 0,80 , min = -38,20 .

mean = -23,10 ,  - s = ±9,7 0 . 

max = 0,00 ,  - min = -37,50  ( . 42). 

: mean = -12,30 , max = 0,90
min = -29,80 .

, 

,  (CHg < 1,01
3) .  (  2005 

2008 .  2009  2010 .) 

 ( . 43, ). 

 20%  (  2008 .  2009 .)

 ( . 43, ) . , 

, 
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. 

. 43, .

. 43.
CHg < 1,01 3 (  – : ) 2005–2006 . ( ); 2006–2007 . ( ); ) 2008–
2009 . ( ), 2009–2010  ( ); ) :  CHg < 1,01 3 - 2,7
% ( ),  – 81 % ( ),  CHg > 1,81 3 – 2,7 %

).

 81%, 

 2001–2004 .  15,3%. 

.  2001

 2004 .  34,1%, 

 16,3% ( ) 

. 

2,7%,  10  2001–2004 .

.

4.3.  2010 – 2013 .

 ( )   2010  .   2013  .  

3,  200 , 

. 

, ,  2009 . 

 (  – ), 

.  ,   2011 .  (NAMDE =

18)  2012 . (NAMDE = 15) 

. 

 (2011 . - 46 , 2012 . – 37 ) 
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 ( .44). 

   (495

).

. 44.
 AMDEs  2010 –

2013 .

,   2011 .

, 

, 

 2010 . (17  25 ) 

 2011 . (36, 38, 37, 45, 46  44 ). 

 2012 .  2013 . 

 (

2012 . – 10,  2013 . – 12) 

 (  2012 . – 36 ,  2013 . – 46 

2013 . – 39 ). 

,  1,81 3. 

 (  2010 .  2011 .), 

 (CHg = 1,01 – 1,81 3), 

.

 RH 

 R2 = 0,26 ( . 45,

Rh%) , 

 (-10,7%/ ). 

 (CHg <  1,01  3)  (-1,0%/ )  

 R2 = 0,001 ( . 45, Rh%). 

, 

.  2012 .  2013 . 
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, (CHg > 1,01 3) 

. 

 RH, 

, 

 (-0,8%/ ) ( . 45,Rh).

. 45.
 2011  2013 .  AMDEs ( ) 

 AMDEs ( ) (CHg > 1,01 3); 
   AMDEs (  - 1) 

,  AMDEs (  - 2).

 (CHg < 1,01
3) . 

, 

 (-2,1%/ ). 

 R2 = 0,23.

, 

.  2010 . 

 2011 . 

. 

 CHg > 1,01 3 – 0,90 / ,   CHg < 1,01 3 – 1,10 . 

 T0C 

R2 = 0,39 (CHg > 1,01 3)  0,19% (CHg < 1,01 3) .



79
,  2012 .  2013 ., 

 (  2010 .  2011 .). 

 2012 .  2013 . 

, 

 CHg > 1,01 3 – 0,80 / ,   CHg < 1,01 3 –

0,90 / . ,  T0C 

 R2 =  0,01  (CHg >  1,0  3)   0,003  (CHg <  1,0  3).

, , , 

, 

.

, 

.46, ),  2010–2011 .  2012–2013 . (   - ).

, 

,  ( ), 

. 

, 

, 

, 

 ( .46, ). 

 (2010–2011 .) ,  (2012–2013 .)

 ( .46, ).

. 46. , 2010–2011 . (
), 2012–2013 . ( ): ) , ) 

AMDEs  (<  1,01  3);  )  ,   AMDEs  -  26,9  %  ( ),
 – 63,1 %.
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, 

 CHg >  1,01  3 , mean =  -

15,20 , s = ± 7,90 . 

max = -0,40
min

= -42,30 . 

mean = -17,60 , s = ± 5,90 . 

max = -1,20
min = -32,30 .

. 46, .  63,1%,

 2001–2004 .,

 17,9%  2005–2010 . 

.

:

 2001  2013 . :

 (CHg <  1,01  3) 

, 

 (CHg = 1,01 – 1,81 3) 

(CHg > 1,81 3).

 2012 .  2013 . (CHg < 1,01
3 - 541) . 3 (~ 200 

);

,

, 

.

,  26,9%,  10 

 2005–2010 . 

 100  2001–2004 .
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4.4.  2002 – 2003 .

1,  9 

. 

 (s = ± 1,52 3), 

2001–2002 .  2002 . 

 ( Hg < 1,01 3 = 66), 

 (NAMDE = 10). ,  2002  2003 .,

 (s = ± 1,52 3) 

1., 

. , 

.

 ( .47), 

 2002 . (22 ). 

 2002 .

(51 )  2002 . 

2003 .

. 47.
 AMDEs 

 –  2002–2004 .

 (

, 

) 

. 

,  –  2002 . 

 ( . 31,Rh%)

 -  (CHg >

1,81 3),  (CHg = 1,01 – 1,81 3)  (CHg <  1,01  3). 

 15,6%/  (

 R2 = 0,29).  16,1%/  (

 R2 = 0,31), 
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22,3%/ , (   R2 = 0,35). , 

 (CHg <  1,01  3) 

 (  0,5% ). 

 -   2002 . 

. 

. 

:  CHg > 1,81 3 – 14,80 / ,   CHg = 1,01 - 1,81
3 – 23,70 /  CHg < 1,01 3 - 18,60 / .

, 

 R2 = 0,34 - (CHg > 1,81 3), R2 = 0,63 - (CHg = 1,01 - 1,81 3)  R2 = 0,61 -

(CHg < 1,01 3). 

  - +9,70 /

 R2 = 0,63). 

 ( . 48).

. 48.
 2002 .  2003 .; 

 CHg <  1,01  3 (  -  1),   CHg >  1,81  3

 - 2),  (  - 3).

 (  –  2003 .) ,

. 

: CHg =  1,01  -  1,81  3 –

5,1%/ ,   CHg >  1,81  3 -  6,4%/ . , 
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 (CHg <  1,0  3)  -

1,2%/  ( . 48, Rh%). ,  RH,% 

 R2 = 0,04 - (CHg > 1,8 3), R2 = 0,03 - (CHg = 1,0

- 1,8 3)  R2 = 0,002 - (CHg < 1,0 3).

 2003 . 

. 

, :  CHg > 1,81
3: +7,20C/ ,   CHg = 1,01 - 1,81 3: +9,80C/ ,   CHg < 1,01 3: +10,60C

/ .  (  –  2003 .), 

 T,0  R2 = 0,45 - (CHg

> 1,81 3), R2 = 0,6 - (CHg = 1,01 - 1,81 3)  R2 = 0,74 - (CHg < 1,01 3). 

 2003 . 

,  2002 ., 

, 

1,  8,9  ( . 48, T0C).

. 49, . 

, 

.  (CHg =  1,01  –  1,81  3)

 41,9%,  (CHg > 1,81 3) – 34,9% 

 (CHg < 1,01 3) – 23,2% .

, 

, , -

 ( . 49, ).

. 49.  2002–2003 .: ) 
 ( )  AMDEs ( ); ) 

 ( )  AMEEs (CHg > 1,81 3)
);  )  ,   AMDEs  -  23,2  %  ( ),  

 – 41,9 %,  AMEEs – 34,9 %.
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 ( . 33, ).

, 

,  ( ), 

. 

, 

, 

 ( .49, ). 

, 

.

, 

 (CHg = 1,01 – 1,81 3)  mean =  -

10,10 , s = ±8,40 . 

max = 50  ( min) 

min = - 340 .

,  (CHg < 1,01 3)

mean = -13,20 ,  - s =

±7,50 . max =  10

 - min = -29,10 .

,  (CHg >

1,81 3) mean = - 8,20 , 

s = ±8,50 . max =

13,10  ( min) min = - 33,10 .

4.5.  2005 – 2010 .

  2005 .  2010 . 2,

 2,5 . 

 (  2001–2002 .) 

s = ±0,4 3 . 

, 

 ( . 50).  2007 . (3 ) 

2009 . (19 )  20 , 

 2010 . – (13

) . ,  2006
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. 

 (19 ).

. 50.
 AMDEs 

2005–2010 .

 (

, 

), 

 « »  « »

 ( . 50). 

,   2005   2010  .,  

, 

 (s = ± 0,25 3) 

2. ,

.

. 51.
 2005  2010 .; 

:  AMDEs (  - 1),  
 (  - 2),  AMEEs (  -

3).
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 (2005–2010 .) 

 ( . 51, Rh%).  2005–2010 . 

 ( . 51,Rh%)  -  (CHg > 1,81
3),  (CHg = 1,01 - 1,81 3)  (CHg < 1,0 3). ,

 +0,7%/ ,  

 R2 = 0,03.  +0,9%/  (

 R2 = 0,04),   

 +1,6%/ , (  R2 = 0,08).  ,  

 (CHg <  1,01  3) 

 (  1,5% ).

,  2005 .  2010 . 

 (

2002 .  2003 .). 

 (CHg >  1,81  3)

. 

, 

,

 CHg < 1,01 3:   +1,10 / ,    CHg =

1,01 - 1,81 3: +0,60 / . ,  T0C 

 R2 =

0,08 (CHg < 1,01 3)  R2 = 0,02 – (CHg = 1,01 - 1,81 3).   (CHg > 1,81
3)  T,0C 

 ( . 51, T,0 ). , 

, 

 (2002–2003 .) .

, 

,

.

 2005  2010 ., 

, ,  (s = ± 0,25
3)  2.  ,  

.
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 (2005–2006 .) 

,  2007 . 

 ( .

52, ).

. 52.  (  – )  CHg

< 1,01 3: ) 2005 . ( ), 2006 . ( ), 2007 . ( ); ) 2008 .
),  2009  .  ( ),  2010  .  ( );  )  ,  

 CHg < 1,01 3 - 21,3% ( ),  1,01
 1,79 3 - 59,3% ( )  CHg > 1,81 3- 19,4% ( ).

 (2008–2010 .) 

. , 

 ( . 52, ).

. 52, .  (CHg = 1,01 - 1,81 3),

 59,3%,  (CHg >  1,81  3)  –  19,4%  

 (CHg < 1,01 3) – 21,3% . 

, 

 (2002–2003 .), 

2002–2003 .

, 

mean = -10,7 0 , s =

±7,30 . max = 8,5 0

min = -36,7 0 .
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, 

mean = -11,8 0 ,  - s = ±7,1 0

 - min = -36,7 0 .

4.6.  2011 – 2013 .

 3  200

. . 

.  53).  ,  

 2011 . 

(26 ) , .

,  2012 . 

 (28 )

 (27 ), 

2013 . 

 2 

 (30 ) 

 (13 ).

. 53.
 AMDEs 

2011–2013 .

, 

 2011  2013 . 

. 

, 

 2012 . (8 .)

 2013 . (148 .). , 

) 

. 

 2011 .,  2012 . ( . 53), 

2011 .   2012 .  ,  ,  

2011  2013 .  (s = ± 0,48 3), 

. 
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.  2011–2013 .

 ( . 54,Rh%)  -

 (CHg > 1,81 3),  (CHg = 1,01 - 1,81 3)  (CHg < 1,01
3).

 +1,5%/  (  R2 = 0,03),  -

+3,2%/  (  R2 = 0,1),   

 +3,1%/ , (  R2 =  0,27).  ,  

 (CHg <  1,01  3) 

 (  5,2% ).

. 54.
 2011  2013 .; 

:  AMDEs (  - 1),  
 (  - 2),  AMEEs (  -

3).
,  2011 .  2013 ., 

 (  2005 . 

2010 .). 

 (CHg <  1,01  3) 

. 

. 

.
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,  CHg >  1,81  3   +1,90 / ,  

  CHg = 1,01 – 1,81 3: +0,50 / .  ,  

 T0C 

 R2 = 0,05 (CHg > 1,81 3)   R2 = 0,003 (CHg = 1,01 – 1,81 3).   

 (CHg <  1,01  3) 

 T,0C  ( . 38, T,0 ). 

: –1,90 / ,  T,0C 

(CHg < 1,0 3)  R2 = 0,05. 

, 

,  (2005–2010 .) 

.

,  2011 . ,

, 

. ,  2012  2013 . 

,

. ,

,  (CHg <  1,01  3), 

3,  (

-2,50 / , ).

. 55.  AMDEs: ) 2011 .
), 2012 . ( ), 2013 . ( ); ) 

 (CHg > 1,81 3); ) ,  AMDEs - 40,4%
),  - 1,5% ( ) 

 1,01  1,81 3 - 58,1%.

 ( . 55, ,  2011 .

,

 ( ), 

. 
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,  2012 . ( ), 

.

,  2013 . 

 ( . 55,  – 

).  2012 .  2013 . 

.

,  3  (2011–2013 .), 

 (CHg >  1,81  3) ( .55, )

.  2013 . , ,

. , 

, .

, 3 (  200 

) . 55, .

 (CHg = 1,01 – 1,81 3),  

 58,1% . 

 1,5% . 

,  40,4% 

. 

, 

.

, 

 (CHg = 1,01 – 1,81 3) mean = - 5,60 ,

s = ±7,30 , 

max = 18,30
min

= - 30,90 .

 (CHg > 1,81 3)

mean = -5,10 , s = ±8,70 ,

max = 18,60

min = - 26,20 . , 
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, mean =  -8,90 , 

 - s = ±8,40 , max = 19,50

 - min = -31,10 .

: 

 - 100%,  - 83,4%  - 53%.

s = ± 7,3%.

:

 2002  2013 . :

 (  – CHg <

1,01 3) 

,  (CHg = 1,01 – 1,81 3)  

 (CHg > 1,81 3).

 2013 . (CHg < 1,01 3 - 1151) .

3 (~ 200 

); 

 2011 . – 62 .

,

.

 (CHg < 1,01 3)   23,2%  

 2002–2003 .  40,4%  2010–

2013 . 

 (CHg >  1,81  3),  34,9% 

 2002–2003 .  1,5%  2010–2013 .

, 

, 

.  (2010–

2013 .),  200 

. 

, 
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 (2001–2004 .), 1

 8,9 .

4.7.  2002 .,  1.

 2002 ., 

. 

(NAMDE = 65),  1,01
3 ( .56, ). , 

, 

 1,01 3. ,  2002 . 

,  1,01 3
,

 492  (CHg <  1,0  3)  8.5% . 

, 

 (

). 

, 

.

. 56.  2002 .: (A) 
 ( ), (B) 

 (C) 
 ( ), 

 2005 . ( ).

1,73±1,62 3,   -  75,46  3  – 0,07 3. 
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. 56, . 

 2002 . 

. , 

(<  10  )  ( .  56, ),  ,  

.

, 

, 

. 

 Br-  Cl- ,

. 

, 

 ( . 56, ). 

, 

, .

4.8.  -  2010 .,  2.

, 

 « » , 

, 

, , 

.

(A) (B)

. 57. (A)  AMDE  21  2010 . 
,   2010  .;  ( )

 ( ),    ( ) 
 ( ) .

, 

, ,
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,  .  ,  

, 

. 

, . 57,

 21  22  2010 . 

 ( ) 

, 

.  8 ,

 21  23:00  CHg = 0,83
3 .

, 

 (

). 

,  4 

,  10 ,  2 – 4 .

, 

, 

.

, 

,  ( . 57, )

) 

, , 

. , 

31.03.  03.04. , , 

 0,11 3,

 -24,80  2 . 

 ( . 57, ) 

. , 

04.04  10.04 

.  -25,00 , 

,  00  16:00 10.04., 

 11 

  2,2 3  10  2010 .
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4.9. .

4.9.1. .

(CHg <  1,0  3),    (  – ) 2005 . 

 2011 . ( .58 ).  ( . 58, ), 

 2005 . 

. , 

, 

,  CHg < 1,01 3  9:00  15:00  (4 

). 

,  17:00  02:00 ,  CHg <

1,01 3 (9 ). , 

.

 2005 . , 

, 

 ( . 58, ) 

.

. 58.  CHg <  1,01  3 (  - ),
:  (  – ) 

 (  - )  ( ) 2005 . 
) 2011 .

 2011 . 

.  58, ).  ,  

, 

. 

 Br-  Cl-, 

 2005 ., 



97
. , 

.

4.9.2. .

 2003 .  29

 20 . 

, 

, . 

, 

, 

. ,  5 

 ( . 59).

. 59.
AMDEs  29  20 

, 
); 

, ),

 (
, );  AMDEs

, ).

, :

. ,

, , 

 ( :  3  14,50 ; :  62  98%) ( . 60).

 (34 ,  09.08. – 11.08.) 

,  ( . 60 ).

, , 

 ( , 

) 

 (2,3–7,10 ) ( . 60, ). 

, 
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, 

 ( . 60, ).

. 60.  (10.08,  34 )   AMDEs:  )
)  ;   AMDEs  (

); ) 
)  ( ),

.

, 

, 

 10% 

. , ,

.

, ,

, 

. ,

, .

4.9.3. .

  2010–2011 . , 

 ( ) ,  ( . 61, ) 

, 

. 

, 

 (

). 

, . 

. 61,  – ).
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. 61.  AMDEs  ( ),  ( , 
 - 1),  ( ,  - 2) : ( ) 2010-

2011 .  ( )  2011 .

 2011 . (46 ). ,

 ( . 61, ), 

, 

.  (  – ) 

 ( . 61, ).  (23

)  (66 ) 

, 

 ( . 62). , , 

, 

.

. 62.  AMDEs (
) 

, ) 
2011 .

4.9.4. .

. , 
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. 

,  (  2 ) 

 (CHg > 1,81 3) 

 (AMDEs)  AMEEs

(Atmospheric Mercury Enhancement Events – ).

. 63.  AMDEs  AMEEs  (2001–2013 .,
);  AMDEs  AMEEs (

;  – ,  – ,  – ,  - ); 
 AMEEs  (

 -  1)   AMDEs,   (  -  2),  
 AMEEs (  - 3)  AMDEs

 - 4).

 2001  2004 . ( . 63) 

 (2001 . – 58, 2002 . – 56  2003 . – 54 ), 

 ( . 63). 

 9 

. 

. 

 (2001–2003 .) 

 (13 ./ ). 

 ( , ) 
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 (-55 ./ , -18 ./  -19 ./ ) . 

 2002 . – 110 .

,  2002 .  2003 . 

, 

, , 

 (-16/ ). 

(2002–2003 .) , 

 (60 ./ ) . 

 2003 . – 111 , 

 2002 . (37 ) ( . 63).

 2005–2010 . 

,  ( 2 – 2,5 

).

 2005 

2008 .  (18/ ).  ,  

2008–2010 . ,  (-

33/ ) .  (80

)  (  –  2008 .).  1,5 

, 

2001 . , 

 (2005–2008 .) 

 (65 ./ ).  2008 . 

 (213 .).  (2009–2010 .) 

.

 2005–2007 . 

 (21 . )  2008  2010

 (-25/ ).  (2005–2007 .)

 (23 ./ ),  2007–2010 .

 (-34 ./ ).

 2005–2010 . 

 (3/ ). 

 2009 . (39 ). ,

,  2006 ., 

(13 ,  43 ). 
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 2008 . (19 ). 

(3/ ).

:  2005–2008 .,  2009–2010 . 

: (-15 ./ )   (-61  ./ )  .  

 (-3

./ )   (-1  ./  2005–2009 .) . 

,  2009 . 

 (108 .).  2008  2009 . 

 (64 ./ ).

,  2005  2010 .

 (2005–2008 .) 

 (59 ./ ). 

 4  2001–2004 .

 (21 ./ )  (2008–2010 .).

 2010 .  2013 . 

 (23/ )  .  

 (-2/ )  (-8/ ) . 

. 

 2012 . (84 ), 

 2011 . (112 ).

: 

 (8/ ),  2011 . 

 (62 ). 

2010–2013 .  (4/ )  (4/ )

. -

, ,  2012 . (31

). 

: 

 (36 ./ ), 

,  (137 .)  2013 . 

, 

 (13 ./ ) . 
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, , ,

 2010 .  2013 .  48 

(2012 .).

 (  2001–2004 . 

2005–2010 .).  2012 . 

. 

, .

, , 

, 

, 

.

:

,  2013 . 

 (0,84 3)  13 . 

 (  –  2012–2013 .) 

, (31 ).

 (145  .)   2013  .,   5  

 2006 .   (31  .)   10  ,    

1 (2001–2004 .).

 2010–2013 . 

, 

, 

. ,

,  2010  2013 . 

,  8 

. 

 (  2 )  (2010–2013 .)

 (2001–2013 .). 

  

.
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4.9.5 .

 (CHg > 1,81 3  CHg < 1,01 3), 

, . ,  2001 . 

2004 ., 

 (CHg > 1,81 3 – ) 

. 64).

. 64.  (CHg >  1,81  3)  (CHg <  1,01  3)
 ( );

 ( ;  – ,  – , -
 – ,  - ); 

 (  - 1) , 
 - 2),  2009  2012 . (

 - 3).

 2002 .  2003 ., 

. 

 (-85/ ) 

. 

 (72/ ),  2002 . . 

, 

 (CHg <  1,01  3 – ). 

2002–2003 .  (-16/ ) 
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. 

 1,01 3 .

 (2005–2010 .),

, . 

 (117/ ) 

 2005–2008 .  2008 . 

 (724 ). 

 2008–2010 . 

 (-300/ ). 

2005–2009 .  (-80/ ) 

.  2006–2008 . 

 (113/ )  2008 .

 (556).

, 

:  2005–2007 .  (-42/ ),

 2007–2010 .  (116/ ).

 2009 .  (711) 

(2005–2010 .).  2005–2010 . 

 (15/ ). 

.

 (  2010  2013 .) 

. 

 2010–2013 . 

 (152/ ).  2012

.  (1197) 

 ( . 64). , , 

, 

 Eyjafjallajökull  Grímsvötn ( ). 

 (-30/ )  (-103/ )

. 

.

:

,  (2010–2013 .) 

 (CHg < 1,01 3). 

:  (184/ ),  (28/ ), 
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(54/ )  (23/ ).  2013 . 

 – 1170, 

,  2001  2013 . 

, 

 2001  2013 .,  2010–2013 .

. 

 2010  2012 . 

, 

.

4.9.6.   .

. 65 , 

 2001  2013 . . .

: 2001 – 2004

. – 1,72 ± 0,27 3;  2005–2010 . – 1,56 ± 0,21 3  2010–2013 . – 1,15 ± 0,11
3. .

 (1,51 –

1,71 3) .

. 65.  (2),   (1)  (3) 
 2001  2013 . . ; 

;  – .
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 « » ( )  « » .

,  2001 .,  (75,51
3). 

,  2003 .

(17,11 3)  2007 . (14,51 3). 

 (-0,4 3 ) 

 (2001–2013 .). 

 (-0,17 3 )

., 2013). 

. 

 (

 - 84 AMDEs/ ), , ,

, 

. 

 2012 . (131 ), 

,  2013 .  58

,  96 .

, 

. 

, 

.

4.9.7.  

 ( . 66, )   « » , 

 ( T =

+0,220 ),  ( T = +0,040 ). 

.

 2012 ., 

 2003 .  2008 .

 ( T  =  -0,180 ). 

 ( . 66, ). 
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 ( Rh = +0,5%/ )

 ( Rh = +3,6%/ ). 

 ( Rh = +0,1%/ ).

. 66. ( )  (T0C)  ( )  (RH%); 
 ( ) 

); 
)  ( ) ,  2001 

2013 .

, 

, .

2001–2013 .

5. .
5.1. .

. 

, 

. 

. 

 ( ), 

.
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 ( . 67) 

, 

.

. 67.

,  25   4
 2002 .

,  (

25  2002 .),  (  4  2002 .). 

, 

,  (  « »). 

, 

. 

,   . , 

, 

, . 

, . ,

, 

, , 

.   ( . 67), 

,  5–6  (Draxler ., 2002; Rolph ., 2003). 
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, 

, . , 

 10 

.

, , 

. 

,

 (Pankratov  F.  .,  2011). 

. 

, ,  on-line

 NOAA Air Research Laboratory (ARL) – http://ready.arl.noaa.gov/HYSPLIT,

 REANALYSIS CDC1 1948,  HYSPLIT

(Hybrid Single Particle Lagrangian Integrated Trajectory Model (Draxler & Rolph, 2003; Rolph,

2003)).

, 

. , 

 CO2, CH4. 

 « » , 

, 

.

5.2. .

, , 

. , , 

, , 

. ,

, 

, ,

. , 

 2002 . ( . 68).

http://ready.arl.noaa.gov/HYSPLIT
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, 

, 

. 

. . 68,

, .

. 68.
 1  30  2002 .: )

 20:00 ; ) 22 .

  ,  (

22:00 ) , 

. , 

. 

 ( ) 

. 

, 

 ( . 68, ). 

, 

. , 

 (Zhang . 2002).  

, 

.  (

).
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5.3 .

5.3.1.  2010  2012 .

 2001  2013 . ( . 54).  2005 . 

, , 

. 

. 

 1,67 ± 0,31 (2001 .)  1,33 ± 0,5
3 (2009 .) . , 

.

. 69.  (2001-2013 .) 
 « ». /

 Eyjafjallajökull  Grímsvötn. /
 AMDEs/.

 2010 . 

. 

. 

, 
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, 

, , 

. 

,   

(Eyjafjallajökull) . . 69

 Eyjafjallajökull  2010 .

,  13  12

 2010 .  (2.72 3) 

 (1,51 ± 0,43 3) (Jenny A. Fisher .,

2012).  ,   Eyjafjallajökull   2010  .  

, 

, 

. , 

, 

. , 

, 

. 

.

. 70.  « » 
 ( )  (Eyjafjallajökull

 Grímsvötn ) .

http://www.nature.com/ngeo/journal/vaop/ncurrent/full/ngeo1478.html#auth-1
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 (

) , , 

 2010 . , 

,  (

 «Met Office UK»). ,

 2011 . 

 – Grimsvötn ( . 70).

5.3.2.  HYSPLIT.

, 

, . 

, 

, , 

, . 

, ,  20% , 

 (Stohl  A.  .,  1998).  

 NCEP /

NCAR  global  Present  -  1948   (http://dss.ucar.edu/pub/reanalysis) (Kalnay ., 1996.).

, 

 « ». 

 500 , 1500  3000 . 

 120   (5  ),  ,  

. ,  4 

(UTC)  (LST), 

.

5.4. .
5.4.1.  Eyjafjallajökull

 Eyjafjallajökull  1670 

 4 . 20  2010 . 

, 

 (Sigrún

http://dss.ucar.edu/pub/reanalysis
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Karlsdóttir,  et  al.,  2011).  ,   7   14

 2010 ., ,

 9.5   (http://en.vedur.is/earthquakes-and-volcanism/articles/nr/1852).   7   14

 2010 . , 

 2 3.  10  2010 . (08 UTC) - 2.21 3, 13  2010 .

(10 UTC) - 2.71 3  14  2010 . (09 UTC) - 2.07 3. 

, 

 Eyjafjallajökull. 

, 

, , , 

,  ,  

  .

,  «Met

Office UK», .

, 

 (  2 3).  

, 

 ( .71 ).

. 71.
 Eyjafjallajökull (Iceland, ( ) 17  18:00 UTC, (b) 19  18:00 UTC.

(http://www.metoffice.gov.uk/ aviation/vaac/vaacuk/data)

 16  19  2010 .  8500

 (

«Icelandic Met Office», ). 

 6  –  7  .  21   (10  UTC)

 5 , 

http://en.vedur.is/earthquakes-and-volcanism/articles/nr/1852
http://www.metoffice.gov.uk/%20aviation/vaac/vaacuk/data
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. 

 3  2010 ., 

10  5  6  2010 . (

 «Icelandic Met Office», ). 

 9 , 

 ( . 71,b).

 20  0:00 (UTC) 

21  0:00 (UTC) ( . 72). 

 (

).

,  13 ,  17  21 

 (Zugspitze/Hohenpeissenberg – , 

 2650 ),  DWD 

>  3  .  

  

 SO2,  (Flentje .,

2010).

. 72.
 «Met Office UK»  20  21  2010 .

(http://www.metoffice.gov.uk/aviation/vaac/data/ VAG_1274333699.png)

http://www.metoffice.gov.uk/aviation/vaac/data/%20VAG_1274333699.png
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. 70, 

 (

»)  3370 . , 

 (

) 

.

16  2010 . (18 UTC) . 

-

  . , 

,  (7 – 12

) 

. 

 5 

, 

.

 (  18  24  2010 .), 

,  2 3.  18  2010 . (06 UTC),

 - CHg = 2,54
3 . 73). , 

 20  2010 . (07 UTC) – 2,53 3  22  2010 . (00 UTC) –

2,25 3.  2
3, 

 – 24  2010 . (09 UTC) – 2,36 3. ,

 (  6  12  2010 .) 

.  6  2010 . (20 UTC) – 1,78 3, 9

 2010 . (16 UTC) – 1,82 3, 11  2010 . (08 UTC) – 1,78 3  12  2010 . (14

UTC) – 2,06 3 ( . 57,a). , 

. 

,  2 3. 

  1  2010 . (22 UTC) – 2,43 3  17  2010 .

(13 UTC) – 2,27 3. 

 ( ) 

. 

 «Met Office
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UK»,

 «Iceland Met Office».

. 73.
 « »  Eyjafjallajökull  Grímsvötn: ( ) -

 2010 . (b)  2011 . /  AMDEs. 

/.

. , 

. 

 «Met Office

UK»,     6   12   2010  .  

, 

. , 
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, 

.

 Eyjafjallajökull 

. 14 

 8   (

 «Icelandic Met Office», ), 

 17  2010 .

.  (  4  6 ) 

 4  (14 UTC)  6 .

 «Met

Office UK»  (1  2011 .)  (  17  23  2003 .), 

. 

  23  (9 UTC) .

, , 

.

Eyjafjallajökull 

 (

(1.51 ± 0.43 3),  2001  2013 .)

 ( . 73,a).

5.4.2.  Grímsvötn.

 Grímsvötn  1725 , 

. 

 «Icelandic Met office»  Grímsvötn

 21  2011 . (17 UTC),  21 UTC 

 20000 . 23  2011 . (19 UTC) 

 5000  9000 

. 25  2011 . (21 UTC) 

 5000 , 26  2011 . (02 UTC) 

 12000 , 

 28  2011 .  (Sigrún 

., 2011).
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. 74.  Met Office UK,
 24  2011 . ( http://www.metoffice.gov.uk/volcano/ public/)

«Met Office UK»,  23  25  2011 . 

 200 , -

 ( . 74). ,  23–25  2011 . 

 « » .

, 

Grímsvötn,   , 

, . 

 20  24 

, 

 ( . 74).

, 

 ( )

 (Pankratov F. , 2012). 

. ,

 26  2011 . 

. ,  2011 . 

 (Pankratov 

http://www.metoffice.gov.uk/volcano/%20public/
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., 2010),  9 , 

 0,1 3 ( . 73,b) (

).

, 

,  

.

, 

 5 , 

 25  2011 . (01 UTC) - 1.97 3 ,

 30  2011 . (15 UTC) - 1.77 3. 

, 

 1.51 ± 0.43 3, 

 2001  2012 . ,  4  2011 .,

 (

).  4  2011 . (21 UTC) – 2,48 3, 5  2011 . (18

UTC) – 2,5 3, 7  2011 . (19 UTC) – 2,13 3, 11  2011 . (14 UTC) – 2,06
3, 14  2011 . (07:00 UTC) – 2,02 3, 17  2011 . (23:00 UTC) – 2,19 3,
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7. .

 2001-2004 .

. 80.
 2001 . - : 4056, Cmean = 1.683 ± 0.14 3; 2002 . - 

: 5694, Cmean = 1.731 ± 2.69 3.

. 81.
 2003 . - : 8050, Cmean = 1.703 ± 0.38 3;  2004 . - 

: 1033, Cmean = 1.76 ± 0.03 3.
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 2005-2010 .

. 82.
 2005 . - : 6104, Cmean = 1.536 ± 0.13 3;  2006 . - 

: 8001, Cmean = 1.468 ± 0.09 3.

. 83.
 2007 . : 6375, Cmean = 1.609 ± 0.32 3;  2008 . - 

: 7590, Cmean = 1.566 ± 0.13 3.

. 84.
 2009 . - : 7674, Cmean = 1.316 ± 0.1 3;  2010

. - : 3903, Cmean = 1.363 ± 0.14 3.



132
 2010-2013 .

. 85.
 2010 . : 4130, Cmean = 1.515 ± 0.18 3;  2011

. - : 6038, Cmean = 1.349 ± 0.25 3.

. 86.
 2012 . - : 6775, Cmean = 1.455 ± 0.36 3;  2013 . - 

: 6912, Cmean = 1.239 ± 1.63 3.
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