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(  ,        )  
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I=I +I +IDf+IDp . 
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Microsoft (  MS) Office,    Word,  

 Excel,  Access,    PowerPoint,  

« »   OneNote,     

    Outlook,      

.      MS Office XP, 2003  2007. 

     Microsoft' ,    ,  

   Borland Office,  ,   ,  

 Corel,    WordPerfect Office*,   

WordPerfect –  , QuattroPro –   , 

   Presentations   Paradox,   OfficeReady 

( )  Office Suite (  SMS   ),  

    .  

       Lotus SmartSuite † , 

   Word Pro,  Lotus 1-2-3,  Approach,  

 Freelance Graphics,  Organizer,     

   FastSite. 

 1999 .    «  »,     80-  

  90-  .   « ».   ,    

  Word'         

   ,    ,  

    .      

( )    OpenOffice.org StarOffice 7.0 ‡ , 

 :   Writer,    , 

                                              
* http://www.corel.com/content/pdf/wp12/WPO12_reviewers_guide_North_American.pdf 
† http://lotus.com/produkts/product2.nsf/wdocs/sshome 
‡ http://wwws.sun.com/software/star/staroffice 
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   2-3D  - Calc,   – Base,   Pro PC Suite*, 

   Text,   Office XP,  

 Tab      Photo  Album. 

        

 (Notebook)  WordPad,        

 («  ») PageMaker (  Adobe Systems Inc.)  MS 

Publisher (   MS Office),     Lotus 1-2-3  

 - ,     

, ,   (  ) ,  , 

  . . 

,       

    . 

          

  PaperPort  Visioneer Communication, Inc. (    

 ,       

    ),    Paintbrush, 

Paint ( . 7.1), MS Photo Editor,    Adobe Photoshop, Illustrator  

Adobe Systems Inc.,      MS Office, 

CorelDROW  Corel Corporation ( . 7.2), MicroStation   Intergraph  . 

       

,     Golden Software Inc. Grapher,  

   ,  Surfer,    

    2-   3-    ( . 7.3). 

        

,      : 

 CAD –    ( ); 

 Mapping –       

(      ,   ); 

  –    (   

    ,   ,  

       ). 

                                              
* http://www.software602.com 
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CAD/        

    .       

AutoCAD  Autodesk Inc., CADdy  ZIEGLER-Informatics GmbH  Visio 

 Shapeware. 

      ,    

          

 ( , ,   , 

, , ,   . .).   

   , ,  ,   

,   ,  , ,  

  . . 

     DataCAD, CAD-KEY, Design CAD 3D, Anvil, 

MaxiCAD, Mega Model, Microstation PC, CAD-One, ModelMate Plus, VersaCAD, 

DESIGN  . 

       ArcGIS, MapInfo  

/GeoDrow/ . 

 Mapping/     Map Maker, 

Maps&Data, System, Kerninfocam, ProCart, FinGIS, Geo/SQL, Gradis  . 
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      . .   . .  

[2].  ,         

 .         

 -         h 

         

-  ,      

,     U  .  

     HydroGeo. 

          

  ,      

   ,   . 8.1. 

 8.1 

 , /  

 Na+ K+ Ca2+ Mg2+ Fe3+ Al3+ HCO3
- SO4

2- Cl- SiO2 pH 
 51.52 4.73 80.1 18.6 1.21 0.001 430.7 4.04 29.23 27.66 7.54
 1427 915.9 247.6 36.4 2.30 0 388.3 12.7 3343 - 7.52

        
  U       

  ,      
      U,   .  

    Eh   ,    
   , , ,  

     .    
,     pH  Eh , 

        
  Na+ (   pH)  3

-  Cl-,    
   , (   pH),    

   NaOH  2 3  HCl.     pH 
6÷8  Eh (-300)÷(+400)         

   .     15  : 
H+, Na+, K+, Ca2+, Mg2+, Fe3+, Al3+, (UO2)2+, e-, OH-, (HCO3)-, (SO4)2-, Cl-, H2O, SiO2

0,  60 
    : (CO3)2-, CO2, Fe2+, U4+, (SiO3)2-, (HSiO4)3-, 

(SiO4)4-, H2SiO3, (HSiO3)-, (H3SiO4)-, H4SiO4, (H2SiO4)2-, (FeOH)2+, (Fe(OH)4)-, Fe(OH)3, 
(Fe(OH)2)+, FeOH+, Fe(OH)2, (Fe(OH)4)2-, (Fe(OH)3)-, (UO2HCO3)+, UO2(HCO3)2, UO2CO3, 
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(UO2(CO3)2)2-, (UO2(CO3)3)4-, (UO2(CO3)3)5-, ((UO2)2CO3(OH)3)-, (U(CO3)4)4-, (U(CO3)5)6-, 
UO2SO4, (UO2(SO4)2)2-, UO2(HSO4)2, (UO2HSO4)+, (USO4)2+, U(SO4)2, UO2Cl+, (UCl)3+, 
(UCl2)2+, (UO2)+, (UOH)3+, (U(OH)2)2+, U(OH)4, (U(OH)3)+, ((UO2)3(OH)4)2+, (UO2(OH)4)2-, 
(UO2(OH)3)-, ((UO2)2(OH))3+, ((UO2)3(OH)7)-, ((UO2)3(OH)5)+, ((UO2)2(OH)2)2+, UO2(OH)2, 
UO2OH+, ((UO2)4(OH)7)+, UO2OH, (HUO3)-, (HUO4)-, (UO4)2-, (UOH)2+, (UO3)-, (HUO2)+. 

     17 : UO2 am - UO2 , UO2 
- , U4O9 alfa - (UO3)(UO2)3 ( 1/3), U4O9 beta - (UO3)(UO2)3 ( 1/3), U3O7 
alfa - (UO3)(UO2)2 ( 1/2), U3O7 beta - (UO3)(UO2)2 ( 1/2), U3O8 - (UO3)2(UO2) 
( 2/1), UO3 am - , UO3 alfa – UO3 , UO3 beta - UO3 , UO3 gamma - 
UO3 , UO2(OH)2(H2O) - , UO2(OH)2(H2O) beta -  , USiO4 am - 

 , USiO4 - , (UO2)2SiO4(H2O)2 - , UO2CO3 – 
. 

     . 8.2  8.3.  
 ,  ,     U, 

  Eh, ,      (   
 ). 
       U  

    Eh  100  50    6     0  
-100    7.       U   

   Eh    .   8  
   U      Eh  -100 

 -200 .     
 ,  ,     
    ,    2   100 , 

  ,     U   . 
 ,  U     ,  
     Eh,       

  ,     , 
: 

   6 –  10-4-10-5 / , ,    Eh  50-0 
, 

   7 –  10-5-10-6 / ,  Eh  (-50)-(-100) , 
   8 –  10-6-10-7 / ,  Eh  (-100) . 
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,     (   50 )   

    U     , 

       

 .  ,     

   U,    

,        ,   

    U    

     ,      

  U    ,     

 .      

        U4+,   -

.        ,  

   ,   ,   

 ,  ,      

. 

 U   ,     

 ,      Eh,  : 

   6 –  10-4-10-5 / ,    Eh  0-(-100) , 

   7 –  10-5-10-6 / ,  Eh  (-50)-(-150) , 

   8 –  10-4-10-6 / ,  Eh  (-150) . 

  ,     -  

    ,  ,  

  ,    ,    

,      ,     150-300 

,    -  

   .   U   

   ,      ,  

        

   . 

 ,    ,    

,   U    ,  
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, -  ,      

-  . 

        

       . 

        

,   ,     

     . 

        

   6  8      

 U4+,   U(OH)3
+.      

 U4+    U6+,     

        U6+. 

  ,    

  U,      

    ,   

        

.       

 U      ,   

      ,   

      .   

         

         

       , 

       . 

         

    . 

     (3×3 ),  

    (  )  

 ( ) .        

 100       . 

           

 .       
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  ,     

 ,  .   

, ,    ,   

 ,        , 

  -       

   . 

   ,     

   H+, Na+, Ca2+, Mg2+, Al3+, UO2
2+, NpO2

+, Pu4+, Am3+, 90Sr2+, 
137Cs+, 144Ce3+, 106Ru3+, OH-, HCO3

-, Cl-, NO3
-, CH3COO-, H2O, SiO2, CO3

2-, CO2  

 , , ,  U3O8  U4O9, NpO2, Pu(OH)4, PuO2, 

Am(OH)3, Am2O3.        

( ,    – )   . 8.4.     

82% , 10   8 . 

   

     ,  

    . ,  

    

 ,  

  -

   ,  

. 

 8.4
 , /  [11, 12] 

    

   

     

 ,  

    

.   2008 .    

    

  ,   , 

   

    

     
Na+ 50.3 

 
, 

 
 

 
-, 

- 
 

 

 
 

 
 

 
 

 

 
, 

 
 

 Ca2+ 24 
Mg2+ 9.6 
Al3+ 0 
(UO2)2+ 1.4 10-4 
(NpO2)+ 0 
Pu4+ 0 
Am3+ 0 
90Sr2+ 0 
137Cs+ 0 
144Ce3+ 0 
106Ru3+ 0 
(HCO3)- 242.8 
Cl- 6.37 
(NO3)- 0 
CH3COO- 0 
SiO2 0 
(CO3)2- 0.481 
CO2 1.41 
pH 7.55 2.35 10.8 3.94
Eh,  -53 800 400 -44 

, /  0.335 129.59 222.8313.27
., / 3 999.2 1051 1096 1005
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 .     

,     (3.4 )  2  

« » . 

   ,    

   , ,  ,    1-  

           , 

      

     . 

    ,  

      . 

         

      . ,   

,   -     . 

      , , 

     ,   

         

 .        , 

,   ,    .  

 144Ce  106Ru,      

   ,      25-

30 .   (U, Pu, Np  Am)      

          

        

,         ( )  

   . 8.1. 

       
90Sr  137Cs,      -    

  .      

  ,      

, .     

       10-20   

     . 
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      , 

     2007 .,  : 300-500   Na+ 

(   30 / )  UO2
2+ (50 / ), 100   Al3+ (200 / ), 200 

  NpO2
+ (4 10-15 / ), 50-100   Pu4+ (1.5 10-9 / ), 100-200   Am3+ 

(0.8 / ), 500-700   90Sr2+ (5 108 / )  137Cs+ (4 108 / ), 300-600  NO3
- 

(83 / )  CH3COO- (700 / )  200-400    (117 / ).   

,    ,     50-150 , 
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 ,           

,        .  

       

   1.5-2 ,  –   ,  

   . 

 ,    ,   

    Eh (        

   ),     

 .    ,  

        U  Al, 

   100-150      

.    ,      

,    100 . ,    200-280 

,       .  

  «    » ( ).  

  ,   ,    5.5-6.5  

,    ,    7.75-7.8,     

  7.73.   Eh    -14.8,   

 ,  ,  -51.2 .    

, - ,    

.        [11]. 
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,       « », 

     ,   

   . 

9.1.  

   -  (   -  

),     ,   

(  ): 

1)  -   /    

( : , , , , , , ; : 

, ,    , ; - -

:   ,   -CD 

 (CD - , CD-R –  / , CD-RW –  

/ ),   CD – DVD (  ;   

,   ; : -ROM, -Video, -Audio); 

  .  – , , ;   - 

" "  " "       

,  , -  (Flash Memory Cards);   

       

 RAID –     (Redundant Arrays 

of Independent Discs); 

2)    –      

(ROM – Read-Only Memory – "   "  RAM – Random Access Memory 

– "   -    "); 

3)   –      

 -  (  :  , 

 - 16, 32, 64  128 ;   -     

   ;   - 133, 166, 200, 350, 600, 1000, 1400, 

2000, 2400, 2800, 3060, 3200, 3400  . . ,   ,   

   -  4,  - :    –  

-  –   =  15-20   ); 
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4)   " " ,   , 

    (   66, 100, 112, 133, 150, 200, 

100 4=400, 200 4=800 ),     

 .   - Motherboard (Mainboard) 

:   ,     , -  

  (           

 ;        

  . ),     .  , 

   , CD- , , ,   . . 

    ,    . 

    .  

  -        

   " " (Panel PC;     

 ). 

  ( , ,   )   

  ("  ", " "),  (Notebook 

– " ", ),  (   ),  

 ( ,       )  . 

    -  . 

      (Workstation): 

DEC, InterGraph, SUN, IBM, Hewlett-Packard.      

RISC- .      – Windows NT, 

VAX/VMS, UNIX  .,  ,   

    ;    + 

 - ;    1000   ;   

256  (  16.7 . - ),  19-37 ,   

1664 1248 ;    –   DECnet, 

ETHERnet  . 

      

 ,    ,   

 

1)  ( ; +  +   ): 
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  (  , , , Windows for 

Workgroups), 

  (    -  /   

)  

2) / /  (  –  – , 

   ,  ). 

   ,      

  Ethernet (     ) 

 Token Ring (  ). 

 ,    Internet,   

    (  /   - host-" "  

 )     

  - ,   

 (e-mail),  ,    , 

    ,     

    (WWW,  

: World – , Wide – , Web -   "  

";   1992 .).      

  – browser'     Internet Explorer (IE). 

  Web-server' ,  " " ,    

       .  Internet 

 -  (      – Relcom). 

      ,  

    .     

,      

, , ,  . 

9.2.   

       

 :   ( )      

   ,     

,  ,  ,   . . 
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 :   (     )  

 ( - ). 

  : 

     (BIOS), 

      ,   

, 

    (io.sys  dos.sys),   

(command.com), -    (format.exe  . .), 

   (autoexec.bat, config.sys    - 

registry),   (   ini), 

  ,   

  -    (  Norton Commander, Disk 

Navigator, FAR, Windows, UNIX, Linux, XENIX  . .), 

 -     

(Dblspace.bin, -   .). 

      20   

  , ,   

 : 

  DOS (4, 5, 6.1), 

  Windows (3.1, 95, 98, Millennium, 2000, XP,  2006 .  

 «Longhorn», 

   NT –  5  ), 

  UNIX, Linux (   Windows NT;  Intel, Sun, 

Alpha), 

  REAL/32 (    - « ») 

 . 

 ,   ,      

    – «program/software» (« » 

  – «application»). 

        

   : 
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 (           

). 

9.3.     

   ,    
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      .  

     0-  ,    

          

.     « » ,   

   ,    , 

  . 

  ,    ,       

   ,    

        

.        

        

,        

     ,   

     .    ,   ,    

,        

  .        

       . 

 ,    ,    

 ,      ,   

 10    . .      

« »    [27]. 

          

     , 
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,  ,     . 

          

,          

,           , 

         

. 

       

      [16, 17, 23, 27, 36, 37, 46, 56]. 

          

  , ,      

    ,       

 .     ,   

       

        . 

  ,     

     : [17, 46, 43]:  

,    .   

 ,       

    . 

          

 ( ),   -  

   -     

,     , ( , 

    )   (  

 ,     HydroGeo), 

      

  . 

 ,       

     ,    

,           

      ,    

 .  ,     
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     ,      

      

.   ,     

    .    

-        

     [43]. , 

       

   . ,   . .   . [17], 

       

   ,   

         

.   ,     

   .  

       , 

    ,   

       ,    

   . 

    ,  

   . 

    ,  

      (   

   , , , 

,    ),    

   «  », ,  ( . 

)  - ( ) –  ( . - ). 

,    « » 11    GeoLink 

(   ),     

  ModTech,    

,     

 
11 www.geolink-ltd.com;   . . , . . , . .   
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. 

 ,       

,  2      

  (        -

)    ,      : 

TOPAS .   «     

    » -  

 . . .  ,     

    ,    

    , 3-    

-    /   

 ,     ,  

        

,   ( )   

    ,    

         

 . 

        Stimul 

. .   .,   - ,    - 

- ( ),     «  » [19],   , 

    -   . .  

( , . ) [9].      

  ,     ,  

    . .   . [8]. 

      
12    GMS (Groundwater Modeling System - 

,   MODFLOW, MODPATH, MT3D, RT3D, 

FEMWATER, SEAM3D, SEEP2D, PEST, UTCHEM  UCODE)  Brigham 

Young University , MODFLOW    (USGS), 

VisualMODFLOW  WHI Software, FEFLOW  WASY ( , 

 
12 http://www.scisoftware.com (Groundwater Geoenvironmental Software. Scientific Software Group), 
http://water.usgs.gov/software, http://www.chemcad.fr/en/index.html  . 
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)   ,     

 ,      MT3D/MT3DMS 

(  )  RT3D (    –  

 , ,      

).        

       , 

 ECLIPSE (     

    )  Schlumberger 

GeoQuest, PetroMod  IES-Integrated Exploration Systems (  

«   » -     

  )  . 

       

   ,    

   , HCh (GIBBS) . .  ( , . 

) [3, 21]  -  . . , . .   . (  

  , . ) [22],    . .   

. .  [1], . .   . [28] ( , . ).   

        

  ,       [18, 34]. 

     , 

    .     

   12       

 -  SOXXXX   

. .  . .  ( . - ),     

       

 [27],    MIF . .  ( ) [21, 30], 

    . 

        HydroGeo, 

   [4],      

   .   ,  

   ,  1  2, 3-  

    [5].     
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  ,      

    ,     
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   ,      

  .       

4500        1600   
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    (  . . SUPCRT  .)   

  ,       .  

         

   ,        

       

  ,       (   MS 

Access). 

         

,     ,    

 ,      MS Word. 
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  (     ) 

        

  ,     ,   
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   HydroGeo    , 
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1.       .  

  ,   ,   (    

 ),    - ,      

     ,      

 . 

2.         

   ,    ,    

      ,   

      (   

      - ,  

 ),        

 . 

3.        

        

  ,     

   ,     

.     ,       

      

. 

4.         

          

  . 

     

 ,    : WATERQ4F, 

PHREEQE, PHRQPITZ, SOLMINEQ, MINTEQA2, MINTEQ 4.00, MINEQ4, EQ 3/6, 

Geochemists Workbentch  .      

    ,    

,      

  ,     

         , 

      , ,  /  

 .     pH  Eh 
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,   ,   

 - . ,   EQ 3/6  Geochemists 

Workbentch,        

.          

.   . .    [17]    

  – ,     

  ,   ,   

  .      

  (Casoline, Biotrans  .)   

 [17]. 

 , ,       

      ,    

     ,   

     ,   

     .  

 ,  NETPATH, PHREEQC  .,   

     . 

 BALANCE [51], NETPATH [53]    

       /   

 ,        

.    ,  ,  

.       

 ,  ,  .      

    ,    

 .          

  ,    . 

   ,       

   (14C ,13C, ,18O, 2H, 87Sr/86Sr  .).    
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   , ,     
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  : Phreeqc [50],. Solmineq [45], EQ3/6 [57, 58], Solmineq GW 
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