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 1 (  A),     q = (1   0   0   0).  
            

.         q = (q1  q2 ... qk),  
 qi         i .  

 q   ,     0  1 ( ) 
q1 + q2 + ... qk = 1.          -

   2.

 1.2.     
     .     

 2        A, B  C.  ,  -
      A.   ,  1  

      B   1/2    C    1/2 
( . 1).   B       A   1/3    C 
  2/3.    C       A  -

 2/3    A   1/3.       
     . 2.

 2.         A

      A ,   -
  

P (A  B A) = (1/2)(1/3) = 1/6
P (A  B C) = (1/2)(2/3) = 1/3
P (A  C B) = (1/2)(2/3) = 1/3
P (A  C A) = (1/2)(1/3) = 1/6



 

430

           A, B  C  2   
   -   B    C.    

 ,  :

    B,

P (B  A B) = (1/3)(1/2) = 1/6
P (B  A C) = (1/3)(1/2) = 1/3
P (B  C B) = (2/3)(2/3) = 4/9
P (B  C A) = (2/3)(1/3) = 2/9

    C,

P (C  A B) = (1/3)(1/2) = 1/6
P (C  A C) = (1/3)(1/2) = 1/6
P (C  B A) = (2/3)(1/3) = 2/9
P (C  B C) = (2/3)(2/3) = 4/9

 ,       A, B  C  2   
  A :

P (   ) = P(A  B A) + P(A  C A) = 1/6 + 1/6 = 1/3
P (B  ) = P(A  C B) = 1/3
P (C  ) = P(A  B C) = 1/3.
 

     A, B  C  2     
B : 

P (   B) = P(B  C A) = 2/9
P (B  B) = P(B  A B) + P(B  C B) = 1/6 + 4/9 = 11/18
P (C  B) = P(B  A C) = 1/6.

     A, B  C  2     
C :  

P (   C) = P(C  B A) = 2/9
P (B  C) = P(C  A B) = 1/6
P (C  C) = P(C  A C) + P(C  B C) = 1/6 + 4/9 = 11/18

        , -
    (Waner & Costenoble, 2011; Grinstead & Snell, 1997).
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3 2
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P P P
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⎜ ⎟ ⎜ ⎟ ⎜ ⎟⎝ ⎠ ⎝ ⎠ ⎝ ⎠

        4, 5 
 . . .

5 4
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P P P
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⎜ ⎟= ⋅ = ⎜ ⎟
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2.      1, 2   
  ,          

 .
 2. (Atherton, 2006)1      3 

: Northside, Downtown  Southside.    3   
   –     .   , :

– 50%  ,    Northside,     Northside, 
20%   Downtown,  30%   Southside;

– 10%  ,    Downtown,    North-
side,  40%   Downtown,  50%   Southside;

– 30%  ,    Southside,    North-
side, 30%   Downtown,  40%   Southside.

      ,     (  
  ) ,         .

:        : 20%   
Northside, 50%  Downtown,  30%  Southside.  ,   

       Northside  0.2,     Downtown  0.5 
     Southside – 0.3.

          
.     . 3    .

 3.     

      :
0.5 0.2 0.3
0.1 0.4 0.5 .
0.3 0.3 0.4

⎛ ⎞
⎜ ⎟
⎜ ⎟
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 ( )     
q0 = (0.20    0.50    0.30).

   ,     -
       .

2.1.   1 
      ,   
      .    

    Downtown  1 :
0.20 ( ) 0.50 ( ) 0.30 ( ) 0.20 (0.2) 0.50(0.4) 0.30(0.3) 0.33.P ND P DD P SD+ + = ⋅ + + =
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3

2 3 0q q P q P= =
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   Google   .  

 4. (Atherton, 2006)     6   . 5.

 5.    6 

    ,    , 
        .    

( )0.2066 0.1770 0.1773 0.1770 0.1314 0.1309 .π =
  ,       keyword1  

keyword2.       Google   , -
         ,     .  

,      :
keyword1:  page 2, page 5, page 6 
keyword2:  page 2, page 3 
...

      {2, 3, 5, 6}.    
   ,   PageRank,       

.      2 = 0.1770, 3 = 0.1773, 5 = 0.1314  
6 = 0.1309.       :

page  3  >  page 2  >  page  5 >  page  6.
      .      

          .
    Google ,    PageRank  „    

“.     ,  PageRank    ,  
Google        .   
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 MARKOV CHAINS 
AND THEIR APPLICATION IN GOOGLE

Abstract. In this paper we study the behaviour of physical systems that evolves over 
time. The model is stochastic and is described by Markov chain with  nite number of 
steps and constant transition probabilities. The text is suitable for high school students. 
Common school knowledge in probability helps the understanding of the ideas. Simple 
matrix algebra is used which is not dif  cult for students with enhanced interest in 
informatics and mathematics. The paper is based on the author’s lectures presented at the 
Summer school of High School Student Institute, Varna, Bulgaria, in 2013.
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