
115 
 

 
 

   
    

 COSMO-RU7-ART 
1 2 1

2 2

1

2 -

Gdaly
 
 

 

     
     

.  « »   -
       

     
.  

   ( )   
    .   

   –      
       

       
     -

      in    
.     - -

        
        

      



116 
 

        
    . .  

      -
         

          
  .   

          
    .      

       
.       -

   .    
      -

        
      -

        . .  
      -

        
 .   «  » 

           -
    . 

       
          

     . -
        

    -
   -   ( ).  

        
       
     
        -
 . 

      
  -  .  

 « »      (  -
 « - » )      

        



117 
 

.     « - »   
    .   

        
        

   . 
 « - »     

(     . .)     
     .   

        
       -

        
  . .     

  COSMO-Ru7-ART    
  . 

     
     

MM5/chemistry 28  WRF/Chem 27  Enviro-HIRLAM [22  33  
COSMO-ART [45  BOLCHEM [35].    

     -
    -   

  [30].  
      

      
  – WRF ARW–CHIMERE [6  8  32]  

COSMO-Ru7-ART [12  13  14  16].     
       

      ( ) 
      -
    . 
 
1.  

1.1.   COSMO-Ru7-ART 

  COSMO-Ru7-ART –  
    

COSMO-Ru (COnsortium for Small-scale MOdelling – RUssia) 



118 
 

[2  15  23]     ART (Aerosols and 
Reactive Trace gases) [44  31].     

   «Ru7»    
COSMO-ART     

  COSMO    
    7 . 

     COSMO   
  COSMO    .  

 2011      
COSMO-Ru7       

    
  13  2011 .    

       
   (   ): 

       
. COSMO-ART      

    COSMO   
 .      

COSMO-Ru7-ART     SGI 
Altix-4700 [14].  

 COSMO-ART    
  KAMM [20]    

DRAIS [36].       
  KAMM/DRAIS/MADEsoot/dust [37  43]  

  2000 .       
      (DWD) 

Lokal Modell [38].     LM-ART.  
2006       

  COSMO (COnsortium for Small-scale MOdelling)   
    COSMO-ART [45].   

     COSMO-
Ru7-ART. 

     COSMO-Ru7  COSMO-Ru7-
ART       

       – 7  
     40  . 



119 
 

  COSMO-Ru7-ART –   
      

        
        

 .  
COSMO-Ru7-ART    -

        
      

.      
        

      
.      172 

.       
 17    4 . 

   26    
16 .  

   COSMO-Ru7-ART   
      

   .   -
      .  

      RADMKA  
    RADM [39].  
     COSMO-ART 

   PAPA    
      

      
      .  
 -     

  COSMO-ART    MADESoot 
[19]        

       
    6 .  

    COSMO-Ru7-ART  
   COSMO-Ru7  

   .  
     Global Land Cover 



120 
 

2000 Project (GLC  2000) [29].      
    TNO (Netherlands) [26  

34]      8  (0 125 0 0625 )  
  1 .      

     
 TNO        

  (       -
/     ) –     

       [41  42].   
         

 TNO     . 
         

        
     . 

  2011 .  COSMO-Ru7-ART   -
 .   10    

      00   
 48 .     : 

     -
  grib-    .  

    -  
    2    13  

  .  
   -    

COSMO-Ru7-ART       
   7 7 .    
       [12  13]   

      -
    . 

     
     

     GRaDS    
 . 1.  COSMO-Ru7-ART   -

 CO  SO2  O3  PM10  NO  NO2   .  
      

   (     



121 

 – ) 
 ( ). 

. 

)    ) 

. 1. 
SO2 ), NO ( ), ppm.

1.2. 

 COSMO-ART 
 [31].  COSMO-

Ru7-ART -
 [9]. 

-
. 

 COSMO-Ru7-ART -
. 

-
-

 ( ) 
 « ». 

Prinect Trap Editor
Page is trapped with Prinect Trap Editor 13.00.027Copyright 2013 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document traps, with the free Trap Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Settings:Width: 0.050 mm  =  0.142 ptPrintorder: Black / Cyan / Magenta / Yellow / Step Limit: 25.0%Common Density Limit: 0.50Centerline Trap Limit: 100%Trap Color Scaling: 100.0%Image to Object Trapping: yesImage to Image Trapping: noBlack Width Scaling: 100.0%Black Color Limit: 95.0%Overprint Black Text: 12.0 ptOverprint Black Strokes: noOverprint Black Graphics: no



122 
 

     -
  .     

      
       

  . 
  COSMO-Ru7-ART   

 N 2 . .     -
   .     

    -   (  
 )    N 2 . .     

   10 / 3.    
 COSMO-Ru7-ART      -

 N 2 .       
  (   ). 

     COSMO-Ru7-ART   
        -

 3    30 / 3   –   
10 15 / 3.  

  COSMO-Ru7-ART   
      

        
 (   ).    

   3–6      
      .  

    1500–2000 / 3   
  6000–7000 / 3.    

 COSMO-Ru7-ART       
     :   

     300 / 3. 
     -
       

  (    )   
  (     -    -

)   :  10  NO  NO2  3. 
     

COSMO-Ru7-ART (  )    



123 
 

 10        
 .       

    -   . 
      

       
 .      

   .     
      

 «  – ».   -
    COSMO-Ru7-ART -

   .     
      . 

     -
     -

     . 
    .  
     

     
     . 

 
1.3.       

       
  

    COSMO-Ru7-ART  
      -

  .       
     TNO.   

         -
      

        
       -

           
 .        

   . 
       

      



124 
 

      
        -

. 
     -

      -
        -  

 .      -
        

.         
  / 3      : 

2

2

2

2
E

z
C

zy
C

x
C

z
Cw

y
C

x
CC

      
(1)

 
   –     

 ; E     
    ; w –  

  . 
  (1)     

          
  .  

        
       

           
 0      .  

   -    
       -

      
.     .  

  F      
:  

 
)~)

~~~
(~~~~~~

( 2C
z
w

yx
C

y
C

x
CCF    (2) 

 2 –   ; C~ –     
  . 



125 
 

 (2)      
       

   (    – COSMO-
Ru7). 

     -  
       

       
        
    1–3 . 

      -
      

: 

CCC jiji
~~~ 1

    (3) 

  –   ; i j –   
[12  13]. 

      
     

    COSMO-Ru7    
   21      

      
      

« ». 
       (2)  

  .      
 .     
   –  

      
   .  

      
   TNO.      

       
   .    

   TNO      



126 
 

         
. 

    -
      -

        
  .      -

      .  
        

    .   -
         

 .       
       

:        
         

     .  
       
     :   

 .       
 . 

   COSMO-Ru7-ART     
24   00  .        

       .   
     TNO  

  –  .      
  (   ) 

     TNO   
 .     

       -
      
  TNO.     

        
     

      
TNO     .  . 2 

       
     TNO [12  13]. 



127 

)          ) 

. 2. 
 ( )  TNO ( ) 

1.4. 

- -

 COSMO-Ru7-ART -
.  

-

. -

. 

Prinect Trap Editor
Page is trapped with Prinect Trap Editor 13.00.027Copyright 2013 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document traps, with the free Trap Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Settings:Width: 0.050 mm  =  0.142 ptPrintorder: Black / Cyan / Magenta / Yellow / Step Limit: 25.0%Common Density Limit: 0.50Centerline Trap Limit: 100%Trap Color Scaling: 100.0%Image to Object Trapping: yesImage to Image Trapping: noBlack Width Scaling: 100.0%Black Color Limit: 95.0%Overprint Black Text: 12.0 ptOverprint Black Strokes: noOverprint Black Graphics: no



128 
 

       
.        

      2010 
:   50     2500 -
    800  . -

      -
        

.  
    

       -
        

    . 
         

  [1  3  4  7  10  17  18].    
        

        -
         

  .      
        

           
        .  

     CO2  CO  
NOx  CH4        

  .      
          

      
   .     

       
  [40].  

       
        

      
         

.      
         

        



129 
 

  .    
      [24]  

     [5] . 
         

     : 

.TE

fM
ST

i
ii  

 T –      ;  
S –    2;  –   

    / 2; Mi –   -
  i    / 2; f –   -

   i; E –    ;  –  
 / .      -

        
   . 

          
      [21]. 

       -
    (30 / 2).  

    CO  NO  SO2  
     (7 7 49 2) 

       24 . 
      

     -
        

       
 03.08  10.08.2010 .         

      CO  NO  
SO2.       

        
.     

  147 2.      
  . 



130 
 

        00  
    6–10  2010 .   
  .     

         
.        

     
        

      
 [16]. 

 
2.  

       
      

      
      COSMO-

Ru7-ART. 
 
2.1.       

       
 

       
   1.3     

 .  . 3    
   8  25  2011 .   -

      « »  -
 .      
       

       .  
     TNO   

     
     .    

 2 :  9  –  2  3 / 3;  20  –  
1 5 / 3.        

 .     
       



131 

.  – 23 . 
. 

 23 
 22  23  – 

. 

-
.  

. 3.  
25  ( ) 

 1 , 
 COSMO-Ru7-ART  TNO (1 – 

),  (2 – ), (3 – ) – 
- - - . ., 3,0  / 3. 

 25 . .  8 
 TNO. 

Prinect Trap Editor
Page is trapped with Prinect Trap Editor 13.00.027Copyright 2013 Heidelberger Druckmaschinen AGhttp://www.heidelberg.comYou can view actual document traps, with the free Trap Editor (Viewer), a Plug-In from the Prinect PDF Toolbox. Please request a PDF Toolbox CD from your local Heidelberg office in order to install it on your computer.Settings:Width: 0.050 mm  =  0.142 ptPrintorder: Black / Cyan / Magenta / Yellow / Step Limit: 25.0%Common Density Limit: 0.50Centerline Trap Limit: 100%Trap Color Scaling: 100.0%Image to Object Trapping: yesImage to Image Trapping: noBlack Width Scaling: 100.0%Black Color Limit: 95.0%Overprint Black Text: 12.0 ptOverprint Black Strokes: noOverprint Black Graphics: no



132 
 

         
« »      .  
( . 3)       

          
 . .  

    -
 (     

 0 25  0 75)   -
        (  

  )    .  
      TNO  

       
          

    .  
      

      
      

  .     
       

        
    [12  13]. 

 
2.2.      

     
       

       
 (     )     

  « » (   ).  
      

 .  . 4   -
      COSMO-

Ru7-ART            
       

 . 
      

        



133 
 

 .     -
      06   

9.08.2010 .          
  .  

 )

  ) 

. 4.       
CO ( )   NO ( ). 

 
 

       
     -

     .  
        

 (        
      

     )  
       

 .    
        



134 
 

      
        

         
   11.08.10 .    
    .  

     . 
      

       
. 
     

     
     .   

     -
       -

         
     

 (      ). 
        

      
     

           
2010  [16].  

 

   COSMO-Ru7-ART  
      

    .   
        

          
  .      

         
      -

 .   COSMO-Ru7-ART 
        

       
        



135 
 

      
       
. 
         

12/2013/ - . 
 
 

   

1.    
.  .:  1979.  198 . 

2.   COSMO-RU 
     

 :      // 
  .  2010.   8.  . 6 20. 

3.    .  : -   1994. 
 218 . 

4.      . – 
.: . -  1979.  . 99 125. 

5.      
       : . … . 

.- . . –  2008. 
6. 

   WRF-ARW  CHIMERE  
     //   
.  2011.   4.  . 48 60. 

7.      . 
 :  1977.  239 . 

8. 
   «  

 –   »    
   //    .  2010.  . 23   

6.  . 485 492. 
9. 

    
         

 :    
 //   :  .- . . 

– :  . . .  2013. – . 79 81. 



136 
 

10.    
    .   1987.  112 . 

11.    ART: http://www.imk-
tro.kit.edu/download/LM-ART.pdf 

12.        
     //   . – 

2013.   6.  . 39 51. 
13.    

        
     // . . - . . 5. 

. – 2013. –  1.  . 33 42. 
14.  

        
COSMO-ART // . . - . . 5. .  2012.   4.  

. 25 32. 
15.   COSMO:  http://www.cosmo-model.org 
16. 

     
       -

  COSMO-Ru7-ART //    .  
2014.  . 27   1.  . 75 81. 

17.    : . . . 
.- . . /  . . . .   1984.  65 . 
18.     

      . –  1992.  95 . 
19. 

 Modal aerosol dynamics model for Europe development and first 
applications // tmos. Environ. – 1998.  Vol. 32.  P. 2981–2999. 

20.  Simulation of unstationary wind and 
temperature fields over complex terrain and comparison with observations // 
Contrib. Atmospheric Phys. . – 1991.  Vol. 64.  P. 27–48. 

21.  Emission of trace gases and aerosols from 
biomass burning // Global Biogeochem. Cycles. – 2001. – Vol. 15. P. 955–966  

22.  Integrated Meteorological and Atmospheric Chemical 
Transport Modeling: Perspectives and Strategy for HIRLAM/HARMONIE // 
HIRLAM Newsletter No. 53.  March 2008.  

23. 
 Operational convective-scale numerical weather prediction with 

the cosmo model: description and sensitivities // Mon. Weather Rev.  2011. – 
Vol. 139. P. 3887 3905.  doi:10.1175/MWR-D-10-05013.1.  



137 
 

24.  Development of emissions inventory methods for 
wildland fire: final report. Contract 68-D-98-046.  U.S. Environmental 
Protection Agency Research Triangle Park  NC  2002.  

25.  GLC2000: a new approach to global land 
cover mapping from Earth observation data // Int. J. Remote Sens. – 2005. – 
Vol. 26. – P. 1959–1977. 

26.  
A high resolution European emission data base for the year 2005. A 
contribution to UBA- Projekt PAREST: Particle Reduction Strategies  TNO-
report TNO-034-UT-2010-01895 RPTML  2010. 

27  Fully coupled 
online  chemistry within the WRF model: description and applications // 

Atmospheric Environment.  2005. – Vol. 39  Issue 37.  P. 6957 6975. 
28. 

 Application of a multiscale  coupled 
MM5/chemistry model to the complex terrain of the VOTALP valley campaign 
// Atmos. Env. – 2000 – Vol. 34. – P. 1435 1453. 

29. Global Land Cover 2000 database. European Commission  Joint 
Research Centre  2003.  
http://bioval.jrc.ec.europa.eu/products/glc2000/glc2000.php 

30. Integrated systems of meso-meteorological and chemical transport 
models / Eds. A. Baklanov  A. Mahura  R.S. Sokhi – Springer  2011.  244 p. 

31. 
-

 Towards an online-coupled chemistry-
climate model: evaluation of trace gases and aerosols in COSMO-ART // 
Geosci. Model Dev. – 2011. – Vol. 4. P. 1077 1102.  doi:10.5194/gmd-4-
1077-2011. 

32. 
 Atmospheric impacts of the 2010 Russian wildfires: 

integrating modelling and measurements of an extreme air pollution episode in 
the Moscow region // Atmos. Chem. Phys. – 2011.  Vol. 11. – P. 
10031 10056. 

33.  
Online coupled chemical weather forecasting based on HIRLAM – overview 
and prospective of Enviro-HIRLAM // HIRLAM Newsletter No. 54.  
December 2008. 

34.  
High resolution European emission inventory for the years 2003–2007 // TNO-
report TNO-060-UT-2011-00588  2011. 



138 
 

35.  BOLCHEM  an integrated 
system for atmospheric dynamics and composition // Integrated systems of 
meso-meteorological and chemical transport models / Eds. A. Baklanov  A. 
Mahura  R.S. Sokhi. – Springer  2011.  P. 89  94. 

36.  Modeling of the diurnal variation of air 
pollutants in a mesoscale area: Proceedings of the 9th World Clean Air 
Congress  Montreal  Vol. 5  Paper-No. IU-16C.02  1992. 

37.  Modelling aerosols on the 
mesoscale- : Treatment of soot aerosol and its radiative effects // J. Geophys. 
Res. – 2003.  Vol. 109.  P. 4601.  doi:10.1029/2003JD003448. 

38. 
 Meso-gamma scale forecasts using the 

nonhydrostatic model LM  Meteorol //Atmos. Phy. – 2003. – Vol. 82.  P. 
75 96.  

39. S  The second generation 
regional acid deposition model chemical mechanism for regional air quality 
modeling // J. Geophys.Res. – 1990.  Vol. 95. – P. 16343 16367. 

40.  Atmospheric chemistry and physics. From 
air pollution to climate change.  second edition.  John Wiley  Sons  Inc.  
2006.  1248 p. 

41.  Quality of emission data: Community right to know and 
national reporting // Environmental Sciences. – 2008.  Vol 5.  P. 151 160.  
doi: 10.1080/15693430802141357. 

42.  The Art of Emission Inventorying   TNO-
report  2010.  

43.  Modelling of pollen dispersion 
with a weather forecast model system: Proceedings of 28th NATO/CCMS Int. 
Meeting o   n Air Pollution Modelling and its Application  Leipzig  2006. 

44. Vogel B.  Vogel H.  Baumer D.  Bangert M.  Lundgren K.  Rinke R.  
Stanelle T. The comprehensive model system COSO-ART – Radiative impact 
of aerosol on the state of the atmosphere on the regional scale // Atmos. Chem. 
Phys. – 2009.  Vol. 9.  P. 8661 8680.  

45. Vogel B.  Vogel H.  Baumner D.  Bangert M.  Lundgren K.  Rinke R.  
Stanelle T. COSMO-ART: Aerosols and reactive trace gases within the 
COSMO model // Integrated systems of meso-meteorological and chemical 
transport models / Eds. A. Baklanov  A. Mahura  R. S. Sokhi. – Springer  2011. 

 P.75 80. 


