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The mathematical model of the mass transfer during the moisture transfer in 

partial saturation soils layers including osmotic phenomena is formulated. 

Numerical solutions of respective boundary problems are obtained by means 

of finite differences. Using proper software the numerical experiments and 

their analysis are performed. 

Key words: mathematical model, mass transfer, moisture transfer, partial 

saturation soils, layered soils, concentration, pressure, osmosis. 
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The mathematical model of the mass transfer during the moisture transfer in 

partial saturation soils layers including osmotic phenomena is formulated in 

the linear formulation. Numerical solutions of respective boundary problems 

are obtained by means of finite differences method. Proper software is 

developed using which numerical  experiments and their analysis are 

performed.  
Key words: mathematical model, salt transfer, moisture transfer, region of 

incomplete saturation of soil, layered soils, concentration, distribution of 

water pressures, osmosis. 
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The problem of stressed and deformed state (SDS) of a multilayer soil mass at 

presence of a moving free surface under heat and mass transferring was 

solved. There is obtained the numerical solution of respective boundary value 

problem by the method of finite differences. A series of numerical experiments 

and their analysis was conducted. 

Key words: stressed and deformed state, moving free surface, heat and mass 

transferring. 
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The analysis of the ecological state of the basin of small river Zhovta has been 

held with the implementation of the improved system model, realized in the 

information-analytical system assessment of the basins of small rivers in 

Ukraine. 
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The mathematical model of process to transfer salt liquid during the filtration 

the earth's water through earthen dike with free surface was constructed. It 

was worked out the calculating algorithm of solving the certain problem. The 

results of numerical experiments are given. 
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With the technology of ASP. NET MVC 3 developed web-resource «Photo 

Studio-School». During the development of these tools have been used: 

Microsoft SQL Server 2008 and Visual Studio 2010. 
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(Structured Query Language), DB (database), DBMS (database management 
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Consider the problem of determining the critical slip surface with the lowest 

factor of stability in the soil slope. Numerical solutions of the corresponding 

optimization problem found by pokoordynatnoho descent. Based on the 

software implementation of the proposed algorithms, a number of numerical 

experiments and made their analysis. 

Key words: coefficient of resistance, sliding surface, descent methods. 

      

       

.      

   .    

      

    . 

 :  ,  , 

 . 

.     є   , 

  .       

    .    

     ,    .  

         

,    є    

. є      

  , є     

,        ,  

    .  



77 

       

       

  ,       

   .  

 є      [1, 2, 4, 6].  

є  . . , . . , . . , . . , 

. . .       

   є       

  . . , . . , . .   .  

  є      

        

 . 
  

       

 –   ( . 1),  є   

є  . є ,  -   є 
,     . 

  
.1.    

  є        

 .   є  .  

 D    (    – ). 

    ,  є 
  є  . 

       

 ь , К  [2].     

   ,     {x,y} (x –  

; y –   ) є     ( . 2). 

  - ; -    (    і ,…m є   ) є   

(    ).  -  



78 

         

   ,  (     

)    .    (   

  )     

 -   є     

   ,      

є    .     (x, y) -   

є: 

            , , я щ 	,																										я щ 	 ,                       (1) 

  –    .

. 2.   є  

  

 
. 3. ,     

є       ( . 2) 

                          .                                  (2) 

        

     .    

є   . 

 ,        

 (     є   ), 

  ,  

                                            				 ,                                         (3) 

 	,  –     BC,  –  

 .  
             (3): sin cos sin								 ⁄ , 



79 

cos						 	 cos ⁄ ,       (6) 

 cos ∙
; ∆ ; ∆ . 

,   (     є 
0).      є , 

  

                                                   .                                                   (7) 

  є   f, ’    

 є    є   ,     

,  є  (n+2)   ,     	, , , … , .  

  [4].      

  –  ( . 5) –    

    .  ,     

,  ,   . 4,      

    . 

 

 
. 4. ,     

 
. 5.    

  

  

 

     ( . 4)    

,   .   є   



80 

 ,  .     ,  

     є       

                                               tg ,                                                  (8) 

 . 

. .      

                                      ∑ ∆ ⁄ .                                     (9) 

    : 

                          .                           (10) 

,    (10)     

        ,   	і	 c, . .     є   

  : cos  																															 ∑ ∆
⁄∑ sin ,                  (11) 

 G –  ,    ,  –     

 , ,  –      , ∆  –   ,  –      

  , cos , sin . 

  ’   

    є   

     .  

  . 

   [7].     

   n .   :	 	→ . 
 1. 

1.    	 	 ∈ 	 , , . 
2. є     . . : 

 є     ,  xi,    

є   є   f( xi);  

      xi,  -

   ; 

  є   ,  є    x = 

=(x1, x2, …, xn). 



81 

 2. 

1.    	 	 ∈ 	 , ,    

 h. 

2. є    ,  ,    

 f(xi). 

3.  f (xi)<f (xi + h),  xi:=xi–h,  “:=” –  є , 

 є   xi    h ,   f (xi - h) <f (xi). 

4.  f(xi)>f(xi+h),  є   xi    h ,  

f (xi-h)>f (xi). 

5. є   2, 3, 4   . . . 
  є       

   ,  [2]. 

1. є  -   ,    (H, 

L, α),  ρ,  W,   є    	i . 

2.   є    , . .   

     є   , ,   –

  ,   –    

. є   , ,      

,   є   є   . 

3. є   , , tan ,    .  

  є,  .	      :  ∙ .                         (12) 

 w(x)     (12) є   

 . 

4. є  	cos 	, sin 				 cos    

       

. 
5.  	 , ⁄ , ⁄ , 	 ∙

. 



82 

6. ’ є   (7)      

. є    є  . 

7.   є   є    

 1,   є  є ,     

      y,  x .  

  є       

    [7]. 

1. є  -   ,    (H, 

L, α),  ρ,  W,   є    	i . 

2.   є    , . .   

є      . 

3.     	 ∙ ,	   –   

, ∙  –   ,      

  ∆ . 

4. є        arccos        

 ∑ ∆ ⁄ ,  ∆ –     

, L –  . 

5. є  є    :  cos  ∑ ∆
⁄∑ sin . 

 є   є     2,   

   є ,   –    

  ,   –  . 

      

 

 
. 6.   

 



83 

        

     . 6.  

    ,    . 7  8. 

  .    ,   .    . 

. 7.    

(  , ) 

. 8.    

(  ) 

 

 ,    D є    .  

     ’    [8].   

   . 9  10.   .   

 ,   .    

. 

 

. 9.    

(  , ) 

 
. 10.    

(  ) 

 

 

 

  є       

         

-   .     

         



84 

    є  .    

   : 

1.         

 ,      

 є       

       

   .     є  

        

 . 

2.       є  

    . 

3.       є  

 . 

 
1.  . .       

     / . . . – . :  

-  , 1986. – 124 . 2.  . .   

    / . . , . .  // . – 

1997. – №6. – . 95–106. 3.  . .     

 : .  . .  / . . . – . : . ., 1985. 

– 352 . 4.  . .       

 / . .  //  , . 92. – 1970. – . 11–22. 

5.  . .   .   

 / . . . –  : , 1967. – 460 . 6. . . . 

   / . . . –  . : , 1988. – 206 c. 

7.  . .   / . . . – . : , 1978.  – 512 . 

8.  . .       

    / . . , . . , 

. .  //  . – 2012. – . 48. . 1. – . 103–111. 

 



85 

 65.011.56:629.7.017.4 

 . ., . . ., ,  . .,  (  

    , . ) 

   Ь    

     - 

Ь   

         

,      ,  

       . 

The problem of determining the tension and deformation fields in structural 

elements which are in the plane tense state has been examined with 

experimentally found values of these fields in the particular points. 

        

 ,    ё  

,        

 . 

     є ,    

 ,     . 

        

       ,   

.   є    , 

       .  

  є     [1]. 

         

   є        

  .        

      

-   ( )     

 є   .     

   .   

 є       

          

,       є  

   . 

    -   

   ( , ,  )  

 є .  ,    

 ,      ’є   -

        

    .    

         



86 

        , 

    , ,   

.       . 

         

  .    

    .     

          

         

   ’є . 

       

   ’є  

       ’є    

     є    

 [2]. 

      ,    

  є   . ,     

    ,  є     

          

.   ,      :  ; ; , ; ; , ; ; : 
∣∣∣∣ ∣∣∣∣ . (1) 

    ,   

 D,     , є   ,  

      ,  

      . 

    є      

  ,   ,      

  ,     ,  ,   

      . 

         

   ’є  

   ,    є     

   . 

         

,      є .   



87 

         

: ∑ , ,	 (2) 

:       , ; , ;P , ; . . . ;, . . . .	
 ,     , , , . (3) 

    ,  ,    

    . ’   є    

       . 

         , ,      (2).    є  

  : σ ; 	σ ; 	τ .   (4) 

 

,         

    . 

, ,  ; 	 ;     ,   :     ; ; . (5) 

   

(6) 

 : . (7) 

  ,     ,  

  .   : 



88 

;;. ⇒	

⇒
; ;
; ;

.
⇒ 

;; ⇒ ;⇒ . 
 ,        

   ,     

 є  .      

         

   ’є  

          D  

        ,   

,        

     ,     

  .         

  .       ’  

      (    

)  .      

         є  

 [2, 3, 4, 5 ].        

   D        

  ’є . 



89 

         8   

 . 

 : ; . (8) 

  : . (9) 

 : ; ; . (10) 

 : ; ; . (11) 

  ,     : 

 
⋅ , ⋅ , ;⋅ , ⋅ , . (12) 

   ’  . 

1. ’    .    

 : ; ; , (13) 

 

    –   . 

       

      . 

2. ,  є є    

    . 

 ,      

(14) 

є     : . (15) 



90 

       ∣Г (16) 

    .    ( , R) 

’       . 

      D   , ;
;

,
	 (17) 

є      ⊂    Г .  , ,    Г    . 

3.        ,  

    ,   , є 
 .         

  є       , 

,      .  ,  

є        

       . 

4. ’є      ,  

   , ,  є : . (18) 

     ’   : 

{ ; , }. (19) 

    є     

. ,   ,    

 є      . 

       (4). 

5.    ’        

  : ; ; (20) 

 ⁄  (  ).     Г  

   . 

 



91 

,     -   

         

  ,      

,         

.         

,     . 

.        

          

   ,  є  , 

  ,   .    

         

   .   [2, 3, 4, 5] є  

        

       

’є ,        

          

    . 

1.  . .  ё      ,   

 / . .  // . -  . . - . – , 1989. – 21 . –

. 9 . – .- .   30.03.89, № 904- 89. 

2.  . .        

    / . .  // . . 

. – 1985. – № 9. – . 9–12. 3.  . .   

        / 

. . , . .  //     : 

. . . –  : , 1973. – C. 96–105. 4.  . .  

        / 

. .  //   : . . . – , 1978. – . 142–144. 

5.  . .        

     / . . , 

. .  //  . –  18. – № 1. – 1982. – C. 82–85. 



92 

 519.677  

 . ., , . . .,  . .,     

(      ,  

. ) 

     

    

    Ь  

 

 

       

  . ,   є   

 .     

  -  . 

 

Monotonic difference scheme for three dimensional nonlinear parabolic 

equation is constructed. It is shown that approximation order of this scheme is 

determined by  term. The first type boundary conditions 

are used for numerical experiments. 
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There have been proposed decision making methods, shortest path problem in 

a graph and ranking methods. There have been considered a path finding 

methods for maneuver of army by different parameters: path length, 

passability and time. In solving tactical problems, especially during the battle 

actions there are situations when we need to find the optimal route: what 

determines the success of the battle.  The conclusions about the choice of 

optimal position and maneuver of army have been made.  

Key words: decision making methods, graph, ranking methods, degree of 

importance, coefficient of passability, shortest path problem, optimality. 
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This article is about tactical tasks and their problems, main statements and 

most important perspectives. It shows, how we can infiltrate new methods into 

tactics, add computer resources for better result. Warfare changes and gets 

new methods, develops a lot, so it's enough logical to use modern technologies 

for planning. It's so important to have new tools, they must be used to provide 

the best result. Main advantage of these technologies - dynamic model changes 

with fast reaction.  

Key words: decision making, graph, battle potential, probability, duel model. 
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It is shown that the orbits of discrete dynamical systems defined by a 

quadratic operator, are characterized by the curvature parameter 

convergence to a certain limit.  

Key words: dynamic system, orbit operator sleeve. 
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 512.763 

 . ., . .- . .,  (    

  , . ) 

    ’  

   Ь 

     

’     ,   

  Matlab  Maple. 
 : c    , ’  

,    ’ ,    

. 

 

The results of experimental researches of conduct of decisions of the systems 

of the linear algebraic equations got with the use of packages of Matlab and 

Maple are analyzed. 

Key words: the systems of linear equalizations of algebra, upshot of the 

system, direct methods of being of decision, amount of signs, are at 

calculations. 
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  .     ’  (1), , 

 ,    .  

     ’    

  Matlab, Maple   [6–9].    
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 ’      є  

     ,     
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  ,        



119 

  Matlab  Maple; ,    

 є    . 

     ’     
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67

76

65

72

27

72

35

53

35

3

8585000167

0705402476

6665333165

8000000472

3451111127

5745235072

0505030635

5725330553

8765432135

4321211121

10

9

8

7

6

5

4

3

2

1

x

x

x

x

x

x

x

x

x

x

.     (2) 

     ,  ’   є 
 121  xx , .01043  xxx      

   ,      

 ’ . 

   (2)      

  ,   ,      

    ,  є    

1043 ,,, xxx     :    , 

 ,  ,      

 ,     ,   

,       . 

   :  є ,   

 ,         

є  SQRT().  є       

   .  

  1  ’   (2),    

 Matlab,   ,       
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 ,  є    1043 ,,, xxx   –  

 . 

  1 ,     є   

  ’ ,       

.  ,     ,   є , 

   ,     SQRT(). 

     . 

 1 

’    

      

X = X = X = 

1,00000000000E+00 1,00000000000E+00 1,00000000000E+00 

1,00000000000E+00 1,00000000000E+00 1,00000000000E+00 

-3,44518072135E-16 -3,18207052651E-17 -3,33066907388E-16 

-2,18544621906E-16 -3,76242551745E-17 0,00000000000E+00 

1,66553948710E-16 -1,69256568144E-17 -1,11022302463E-16 

2,59451901979E-17 -2,33594920024E-17 2,22044604925E-16 

1,82711438350E-16 2,41770374608E-17 2,22044604925E-16 

-2,36811965712E-16 -4,52209957385E-18 -9,43689570931E-16 

-1,02111550413E-16 8,94270339421E-18 -7,49400541622E-16 

2,94766271809E-17 2,35376783599E-18 -6,93889390391E-17 

   є ,    

 « »,    SQRT(),   : 

       є ,    

, є     . , 

       ,    

   ’      .   

     2-   15-   -   

є . 

   є        

є  ,   ,  є    
,43 , xx  

105 ,, xx   –   , ’    ,  

    .  

   ’   (2)   Maple  

,    ’      

   ( . 2). ,      , 

, – ,    ’     

10–11-  ;     – ,    
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   .    -   

     .  

 2 

’        

       

  3 10 20 

1x   0.983 1.0000000003 1.00000000000000000000 

2x   0.987 1.0000000001  1.00000000000000000001 

3x   0.0151  -1.9803119619e-10  -6.80490410561081222248e-20 

4x    0.00976  -1.2592095879e-10  -7.89000726997583869653e-20 

5x    -0.00978 7.5505452140e-11 4.90651119037705760544e-20 

6x    -0.00013 1.7443418014e-11 1.1e-21 

7x   -0.0057  3.6e-11  2.96331830823822767814e-20 

8x    0.00957  -1.2520885259e-10 -3.16166244016782026599 e-20 

9x    0.00549  -2.3665835857e-11 -1.34134009573148757442e-20 

10x    0. 2 e-11 0 
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 (3) є  ’ .  ’  (3)   

Matlab          

  ,      є  

’  –    ’     

 ( . 3).  

 3 

’        

 

 

 

 

 

 

 

 

 

 

 

 

 

 є    1043 ,,, xxx  –   

 ,     є ,    є 
’  .  

 ’  ,     (3),   

 є ,   ,     

     .     

  ,        

 ,     є  ’ . 

, , ,  є  521 a    

      –    .   

  є є  ’  5,1,0 21  xx , 

01043  xxx  . 

        Matlab  

’ ,           

5 . ’ ,     ,   

 4. 

 

 

 

 

X = 

1,644227463420350 -15 

2,442420516729730 -15 

1,183829775283980 -15 

3,675465950746420 -16 

-1,212709626471670 -16 

-2,737032732262120 -15 

-2,197174398553280 -15 

-1,829953818988590 -15 

0,000000000000000 +00 

0,000000000000000 +00 



123 

 4 
’        

     

  2 5 10

1x  -3,9164139376 -12 -4,8367747601 -09 -3,2001392159 -04

2x   1,5000000000 +00 1,5000000032 +00 1,4999484917 +00

3x   -7,3695953554 -31 -6,6386236221 -31 -8,0685451565 -33

4x   -1,3459415218 -32 -4,0559050521 -32 -1,4390060756 -31

5x   3,0064564583 -31 3,2549089875 -31 -1,6476873052 -31

6x   1,1552811014 -30 9,7725568268 -31 -2,3126871467 -31

6x   1,1552811014 -30 9,7725568268 -31 -2,3126871467 -31

7x  1,1026037631 -30 8,7261447072 -31 -1,7957072312 -31

8x   -7,7913310122 -31 -6,5205689232 -31 2,6281428567 -31

9x   -1,1324129772 -30 -1,0363907343 -30 2,9754139403 -31

10x   1,7743653621 -31 1,3465080026 -31 1,1734484358 -31

  1x   2x         

.   є .      

,   1x   2x   . 

  ’      5   

      є   .  
      є   ’   

 ’        .  , 
 ’    ’ ,    3.  

’   (3),   512 a    2.23,   

 Maple,    5. 
 5 

’    

       

 10 15 20 

1x  3.571428571 -0.0000621109 -0.00000497281 

2x  -0.285714285 1.50003105545006 1.500002486409738 

3x  5.702676437e-10 -2.69113480183412e-14 -3.556863354945194e-15 

4x  -7.86908783e-11 4.13699319817521e-15 -1.492539249725768e-15 
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  5 

5x  2.221563699e-10 1.22564547710409e-14 1.158429363372739e-15 

6x  -6.284064665e-10 -3.25828328314556e-15 -1e-15 

7x  4e-10 1.10514162186035e-14 6.243790160161115e-16 

8x  -3.001402621e-10 -2.06802053379884e-14 -3.142999619934048e-15 

9x  -1.76149945e-11 -1.01116714592186e-14 5.487993918944772e-16 

10x  -2e-10 7e-15 1e-15 

     ,    
  .        
,    ’  є  .   

       є . 
        

  5 5, 10 10, 15 15, 20 20.   
    . 

    ,    
є     ,     

  .   ’  ,   
         .  

,      є  
  ,        

 .  
   є ,    

     Matlab   є.  Maple 
   є  ’    ,     

 . 
      

  ’   ,   ’   
 ’     . 

1.  . .     : .     . 
« . » / . . . – . : , 1987. – 286 . 2.  . . 

  :  / . . , . . . – . : , 1996. – 
288 . 3.  . .   / . .  , . . , 

. . . – . :  , 1977. – 406 . 4.  . .  
 : .    / . .  ;  . . . . – . : 

, 1978. – 512 . 5.  . .   / . .   .  – 
. : , 1987. – 598 . 6.  . . Maple 8.  / . . . – 
. :   « », 2003. – 352 . 7.  . . Matlab 7. 

 / . . . – . :   « », 2006. – 256 . 
8.  . . MathCAD 12.  / . . . – . :  

 « », 2006. – 224 . 9.  . .  .  
Matlab / . . , . . . – . :   « », 2001. – 
720 . 
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 532.72:532.546 

 

 . ., . . ., . .,  . .,  5    

(      ,  

. ) 

 

    

 Ь     

 

 

       

    .   ’  

       

 .   ,   

   . 

 

     

      .  

      

  .   , 

      . 

 

Mathematical modeling is the process of mass transfer of salts in the soil mass 

in nonlinear sorption. Obtain a numerical solution of the corresponding one-

dimensional boundary value problem by finite differences. The software 

conducted a series of numerical experiments and analysis. 
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 (16)–(18),    ,  є  

      t,   ,     

     . 

    ’   

     Visual Studio 2010 

   ’є - є   #. 

       : 

=0,9; =0,00065; c*=50 / 3; C1=50 / 3; C2=5 / 3 ,T=360 , l=10 , 

D=0,1 2/ ,   H1=1,5 , H2=0,5 , k=2 / . 
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Study work on the example of cellular automata modeling the dynamics of 

crowds. Described a program that simulates the movement of the crowd using 

cellular automata  
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The article present of the decision problem for determine optimal  itinerary 

route on the base mathematical apparatus of the theory of a graph and some 

algorithms. 
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