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1.1.2.  
 

 1.1.1. , ,  . 
: , , 

, , . 
, , : A, B, C, …, M, …,  

 – : a, b, c, …, m, … . : 
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 ...},,...,,,,{ yxcbaA  ( ,  
),  

 ...},...,,,{ 21 iaaaA  ( ). 
 x ,  – ia  

– ...,,, cba  . 
 

: 
 N – ; 
 Z – ; 
 Q – ; 
 R – ; 
  – ; 
 ];[ ba  –  ( ); 
 );( ba  – . 

 A  – ,  A  
,  A  – . 

,  a  M : a M ( : “a  
 M”,  “a  M”, “   ”,  “  
 ”).   

  ( ). , ,  a  M, 
 a M, a M  Ma . 

 a,b,c,... M  a M, b M, c M,.... 
 ,  ,   

 k, .  
. 

. ,  
}...,,,{ 21 nsssS  – , .  

: },,,{ 5432 SSSSS ,  2S  – ,  
 “2”,   3S , 4S , 5S  –  “3”, “4”  “5”.  2S , 3S , 4S , 

5S    S . 
,  a  {a},  

 a. 
 ,  

.    
): ,  

. 
,  

. ,  .  
 “ ”. : A , x . 

  .  ( )  
: 

 xx  – ; 
  yx ,  xy  – ; 
  yx  zy ,  zx  – . 

 
 

1.1.3.  
 

  
). 
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 1.1.2.   A  B  ,  
,  A  B  

. 
: BA . 

)()( AxBxiBxAxBAAxBxiBxAxBA  
, Z+=N, N+=N,  [-2; 5]- = [-2; 0). 

: 
 AA  – ; 
  BA ,  AB  – ; 
  BA  CB ,  CA  – . 

 BA , , 
.  

, Z+ Z,   [-2; 5]+  [-2; 5], {{a,b}} {a,b}, {(a,b)} {a,b}. 
 
 

1.1.4.  
 

 , ,  
. . 

 1.  a1, a2, ..., an – ,  
 {a1, a2, ..., an}, . 

,   
. .  

,  
. 

,  {0,1,2,3,4,5,6,7,8,9},  
 – {+,-,*,/}  {*,/,+,-},  

 x2 +1  1 – {0}. 
 2.  

 ( ) , . 
 M : 

M = {a | P(a)}. 
: “  M –  a,  

 P”,  P(a) ,  
 M . . 

, 
S = { n | n -  }  
X = { x | x = k, k Z }, 
F = { fi | fi+2 = fi+1 + fi, i N, f1 = f2 = 1 }. 

, 
: ={x | x x} .  “  M – ”  

 “ ,  M”. 
 3.  

 
.  

) . 
, 

N0={0, N},  N ={1, 2, 3, 4, 5, …}; 
N2n= { 2n | n=1, 2, 3, …} – ;  
X = { x | x = k, k Z }, 

}...,,,{
}...,,,{

),(
21

21

n

n

bbby
aaax

yxP   
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,  
 }...,,,{ 21 naaa ,  – }...,,,{ 21 nbbb . 

, . 
 
 

1.1.5. . . 
 

 1.1.3.  A   B , 
 A  B.  

 A B  B A. : “  A  B”, “   
 ”.      . 

 A B,  A B,  A B  A  (  
)  B.   (  ),   (  ), 

 . 
,  A  A A. ,   

,   A,  A ( , 
).       ,  – . 

  .  
 x  x . 

, 
{a,b} {{a,b},{b,c}}, a {a,b}, {c} {a,c}, {a} {a,b}. 

: 
 AA  – ; 
  BA  AB ,  BA  – ; 
  BA  CB ,  CA  – . 

  ,  
    ( ). ,  

: 
}|{)( ABBA . 

,  },,{ cbaA ,  cbacacbbacbaA ,,,,,,,,,,,,)( . 
,     ,  )(A  n2  

,    . 
,  

,   
 E (  U). ,  

 R,   –  
 C,   –   Z,  

 – ,  
. 

.  
 

,  –  
. ,  

  A, 
B i C,  BC . 

 
 

1.1.6.  
 

 ( ),  
.  

. 

 
        A                B 
 
                        C      
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 A  B – . 
1.1.6.1.  1.1.4.  A  B (  A B )  

,  A  B.  
 

A B = {x | x A  x B}   x A B   
Bx
Ax ,

 . 

, {a,b,c} {a,c,d,e}={a,b,c,d,e}. 
: 

1) : A B = B A;   
2) : (A B) C = A (B C);    
3)     A A = A;   
4) A  = A;    
5) A  = .   

 
1.1.6.2.  1.1.5.  ( )  A  B (  A  B ) 

, ,  A  
B .  

A B = {x | x A  x B}  x A B   
Bx
Ax ,

 . 

,  {a,b,c} {a,c,d,e} = {a,c},  
 {a,b,c} {d,e} = . 

,  A  B ,  A B = . 
 

 {Ai | i  N }.  Ai  (  
Ii
 Ai )  

,  Ai .  A 
  

Ii
Ai) ,  Ai. 

: 
1) : A B = B A; 
2) : (A B) C = A (B C); 
3)   : A (B C)=(A B) (A C); 
4)   : A (B C)=(A B) (A C); 
5) : A A = A; 
6) A  = ; 
7) A  = A; 
8) A (A B) = A; 
9) A (A B) = A.                                        

 
1.1.6.3.  1.1.6.  A  B (  A\B )  

,  A  B. , 

A \ B = { x | x A  x B}  x A \ B    
Bx
Ax ,

. 

,  {a,b,c} \ {a,d,c} = {b}, 
Z \ Z+=Z–, 
{a,b} \ {a,b,c,d} = . 

: 
1)  \ = ; 
2)  \ ; 
3)  \ = ; 
4)  \   \  – ; 
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5) (  \ ) \   \ (  \ ) – ; 
6) (B  C) \  = (  \ )  (  \ ) –  \  

 ; 
7) (B  C) \  = (  \ )  (  \ ) –  \  

 . 
 

1.1.6.4.  1.1.7.  A  B (  A B, A B 
 A B ) ,  A,  

B,  B,  A.  

A B = { x | ( x A  x B )  ( x B  x A )}  x A B   

Bx
Ax

Bx
Ax

,

,

 . 

,  {a,b,c} {a,c,d,e} = {b,d,e}, 
{a,b}  {a,b} = . 

: 
1) : A B = B A; 
2) : (A B) C = A (B C); 
3)   : A (B C)=(A B) (A C); 
4) A A = ; 
5) A  = ; 
6) A B = (A \ )  (  \ ). 
 

 ( .1.1).  
 

 
. 1.1. 
 

 A  B – .  
 A B – , , , 

A B – , 
A \ B – , 
B \ A – , 
A B – . 

 
1.1.6.5.  1.1.8.  E,   

 A (  E )   
,  A.  A . 

 
A  = { x | x E  x A }   x A      x A. 

,  A  = E \ A. 
,  N  

,  P  P  
. 
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: 
1) EAA ; 
2) AA ; 
3) E ; 
4) E ; 
5) : AA ; 

6) BABA \ ; 
7)  ,  BA ; 
8)  BA ,  AB ; 
9)  ( )    BA  

= A B ; BA  = A   B . 

, : 

NN i
i

i
i AA ;        

NN i
i

i
i AA . 

.  – . 
BA = A B . 

,  BA  A B . 
 x BA ,  x E \ (A  B),  x A  x B,  x A  x B , , 

x A B . , : BA   A B . 
: A B BA . 

 x A B , ,  x A  x B ,  x A  x B,  x A B,  
x BA .  BA   A B  A B BA  

 BA  = A B . 
.  

.   
. 

. (A B C D ) ( A C) ( B C) (C D) = (A B C D ) (( A  B   D) C) = 
= ((A B D )  ( DBA )) C = E C = C.  

 
 

1.1.7.  
 

 
, .  

,  “ ”  
 “ ”.  “ ” 

,  
. 

 
” ,  

 “ ” . , 
,  

 “ ”, . 
:  

,  
. . ,  

 –  S  M .  
.  

, ,  
 S  M . ,  S  

 M, . ,  
 S  M.   

,  
:   
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),   (  
). 

 A  |A|. 
, ,  A  B  

,  |A|=|B|. 
 

 A  
 A  B,  

.  
 1.1.9.  A  B   

,  Aa  Bb , , 
 Bb Aa . 
 A  B    ,  

 A  B. 
 A  B  A~B,  

: 
 A~A     ( ); 
  A~B,  B~A   ( );                                                       
  A~B  B~C,  A~C ( ). 

  . 
1)   

2={1,4,9,16,...}. : 
, ,   2 

  ,  (n,n2), n , 2 2. 
2)   .  

: (n,2n), n , 2n .  

3)  (- /2, /2) . 
 

 tg: (x,tg x), x (- /2, /2), tg x (- , ). 
4)  a  b . 

,  
 a  b , 

.  O,  
 a  b  v  w,   (v,w)  

. 
 

 A    
. 

,  A –  ,   
 1,2,3,..., ,  

 A  1,  –  2,  –  3 . 
,  A  

A = {a1, a2, a3, ..., an, ...}. 
, , , 

,  k, ,  00 
. 

.  (0,1) . 
,  (0,1), 

 ,  . 

 

b 

O 

v 

w 



 10 

 
 

 
1. ., ., ., ., .  

. – .: , 2002. – .6-15. 
2. . . – .: . , 1977. – . 4-24. 
3. . . – .: , 2002. – .19-32. 
4. .  :  .- .  .  –  :  .  

. , 1998. – . 3-30. 

 
 

 1.2.  
 

1.2.1.  
 

 2,1A  1,2B  – . ,  
BA . . 

,  2;1A  1;2B ,    
.    . 

,  
. 

 1.2.1.  –    
. 

 2n , ,  3n . 
 ba,  ba, . 

  : 
baaba ,,, . 

, :  
aaaaaaaa ,,,, . 

 1.2.1.  dcba ,, ,  ca  db . 

 a  b  ba,  – ,  a  
  ( )  ( , ),  b  –  

)  ( , ) . 
: 

cbacba ,,,, . 
 , , ,   

, , )   . 
 
 

1.2.2.  ( )  
 

. 
 1.2.2.  ( )  A  B (  A B) 

 ba, ,  A (a A),  
 –  B (b B). 

 

A B = { ba, | a A  b B }  ba, A B    
.
,

Bb
Aa  
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.  A1, A2,..., An – ,  

D = { a1,a2,...,an  | a1 A1, a2 A2,..., an An }, 
 a1,a2,...,an ,   i ,  i-  

 i- ,   Ai, i=1,2,...,n.   
 A1  A2 ...  An. 

,  a1,a2,...,an ,  ,   
 a1,a2,...,an, ,  , 

 .   
.  a1,a2,...,an  b1,b2,...,bn    

,  ,  ai=bi, i=1,2,...,n.  
 A  n ,  A A ... A  n-

 (  )  A  An. 
,  A0 =   (n=0)    A1 = A  (n=1). 

,  A = {a,b}  B = {b,c,d},  
A B = {(a,b),(a,c),(a,d),(b,b),(b,c),(b,d)}, 
A2 = {(a,a),(a,b),(b,a),(b,b)}. 

 R – ,  R2 –  
 (a,b),  a,b R, . 

 
,  

. 
,  (A B) C 

 A (B C),  A B  B A, , . 
 

: 
1. (A  B)  C = (A C)  (B C), 
2. (A B)  C = (A C) (B C), 
3. A  (B  C) =(A B)  (A C),                                                                                
4. A  (B C) =(A B) (A C). 
 
 

1.2.3.  
 

 1.2.3.  R  Mn  M  
n-  n-  M.  ,   a1,a2,...,an M 

 R,  a1,a2,...,an R. 
 1n  R M    .  

   M. 
,  a M  R,  a R  R M. ,  “ ”  

 3”  N  R  = {2k | k N }  
R  = {3k | k N }, . 

    ( 2n ),  
.  “ ” 

.  a,b M  R (  
a,b R),  aRb. ,  

, ,  –  
. 

, . 
1.  N : 

R1 -  “ ”,  7R19, 2R12, 1R1m  m  ; 
R2 -  “ ”,  12R23, 49R27, mR21  m N ; 
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R3 -  “ ”,  107R3701, 123R 33213311. 
2.  R2: 

R4 -  " ",              
(3,2) R4 ( 5 ,- 8 ), (0,0)R 4 (0,0) ; 

R5 -  “ ”,  (1,7)R5(-1,7),  
 (a,b)R5(-a,b)  a,b R ; 

R6 -  “ ”. ,  (a,b)R6(c,d),  a  c  b  d. 
, (1,7)R6(20,14), (-12,4)R6(0,17). 

3. : 
R7 -  “ ”, 
R8 -  “ ”. 

: 
 ,  

; 
  x  y,  y 

 x; 
  

. 
 R  

 R , : 
RbabaR ,,| . 

 R      R . 
 

RbaabR ,,|  
     R . 

,  acdacbbaR ,,,,,,,  cbaR ,, ,  dcbaR ,,, . 
 RRRF )(    R .  

dcbaRF ,,,)( . 
 

,  .  
,  

 . 
 AaaaA |,    . 

 
 

1.2.4. .   
 

 R  –  21 MM  ( 21 MMR )  1Ma . 
 1.2.4.  2Mb ,  Rba, , 

   R  a . 
 aR .  RbabRa , . 

,  4,3,2,121 MM  4,3,3,2,2,2,1,2,3,1,2,1R . : 
3,21R , 4,3,2,12R , 43R , 4R . 

 1.2.5.  R  1M  
   2M  RM /2 . 
, 12 / MaRRM a . 

 ,4,4,3,2,1,3,2,,,/ 43212 RRRRRM . 
 )( 2M  2M ,  

 RM /2 : )(/ 22 MRM . 
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 R  –  21 MM  ( 21 MMR )  11 MM . 

 1.2.6.   R  1M  

 R  1M ,  

1
1

Ma
aM

RR . 

 3,21M ,   
4,3,2,144,3,2,1323,2 RRR . 

 RM1 ,  RR
M1

. 

 
1.2.5.   

 
1. . ,  

, .  
, bdcccbbbbaR ,,,,,,,,, ,  

                     NkZyxkxyyxS ;,;, . 
2. .  

,  
,   

. 
,  R ,  

. : 
dcbaR ,,, , cbR , . 

 
 
 
 
 
 
 
 

3. . , 
.  

. 
 ,  R . 
 

a b c d 
{b} {b,c} {c} {b} 

 
4. . ,  

, , .  
: 

.,,0

,,,1

Rji

Rji
aij  

,  R . 

a 
b 
c 
d 

b 
c 

R –                                            R + 
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01
10
11
01

d
c
b
a

cb

R  

,  321 ,, aaaM  
: 

000
000
000

111
111
111

100
010
001

. 

 
5. .   . 

 
,  –  

.  
 ( !). 

 
. ,  

. 
,  R , : 

dcbacbdcbaRRRF ,,,,,,,)( . 
 
 
 
 
 
 
 
                 

 
 

 
1. ., ., ., ., .  

. – .: , 2002. – .15-18, 30-37. 
2. . . – .: . , 1977. – . 

26-42. 
 

 1.3.  
 

1.3.1.  
 

, ,  
.  

,  dcabcabaP ,,,,,,, ,  dcaccbbaQ ,,,,,,, ,  

dcaccbabcabaQP ,,,,,,,,,,, ; 

dcbaQP ,,, ; 

abcaQP ,,,\ ; 

accbabcaQP ,,,,,,,, . 

a       b       c      d      R– 

R+ 

c 
 

b 
 

a                   b 

c                      d 
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 “ ”, “ ”, “ ”  
, : 

,\,, . 
 R  S  SR ,  S  

  R ,  R  –  S . 
,  –   ,   . 

 
 

1.3.2.  
 

 
. . 

 1.3.1.   R  S  
 ba, ,  c ,   Rca, , 

Sbc, . 
 SR . , : 

SbcRcacbaSR ,,,,, . 

,  dcabcabaP ,,,,,,, ,  dcaccbbaQ ,,,,,,, ,  

bbdaaacaQP ,,,,,,, , 

ccbcdbaaRQ ,,,,,,, . 
, , , –  

,  RSSR . , : 
1) : TSRTSR ; 
2)   : TSTRTSR . 

 
 

1.3.3.  
 

 1.3.2.  1R ,  12 MM ,   
)  R ,  21 MM ,  

RabbaR ,,1 . 
 1.3.3.  ,  R  

 1R . 
,  R  R  1R  

 1R , .  
 1R  R  

 
.  ,   yx,  

 xy, . 
, , : 

111 ,,EE . 
: 

1) RR 11 ; 
2)  SR ,  11 SR ; 
3) 11

RR ; 
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4) 111 SRSR ; 
5) 111 RSSR . 

 
 

1.3.4. ,  
 

 1.3.4.  R    )(RFA , 
 )(RFa  ( Raa, ). 

 1.3.5.  R  ,   ,  
Rba, ,  Raa,  Rbb, . 

,  3,3,2,2,2,1,1,1R  ,3,2,1A , 
 4,3,2,1A . 

, , , , 
, .  
 1.3.6.  R   

)  )(RFA ,  )(RFa  
 ( Raa, ). 

,  2,3,1,2,3,1,2,1S  
,3,2,1A .  “ ”, “ ”, “ ”, 

.  
, . 

, ,   
. 

,  3,3,1,2,3,1,1,1P ,  2,  

,  P2,2 . 
,   

 AA . 
 1.3.7.  R  ,    ,   

Rba, ,  Rab, . 

,  2,3,3,2,1,2,2,1,1,1R .  
, , , ,  

. 
 – 

. 
 1.3.8.  R  ,   ,  

Rba, ,  Rab, . 

,  4,3,3,2,2,1S .  
, “ ”, “ ”, “ ” . 

, ,  
. 

 1.3.9.  R  ,   ,  
Rba,   Rcb, ,   Rca, . 

,  4,4,4,2,2,2,4,1,2,1,1,1R . 
 “ ”, “ ”, , , 

, , , . 
 “ ”, , . 
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 RRR . 
 5 : , 

, , . 
 1.3.10.  R*    

R  ,  *, Rba ,     

 naaa ,...,, 21 ,  baaa n,1  Raa 21, , Raa 32 , , ..., Raa nn ,1 . 

,  A  –  Rba, , Aba, ,  a  

b .  AdcRd ,*,, , ,  c  
d . 

 
 

1.3.5.  
 

 1.3.11.  R  , 
, . 

, R , : 
1) Raa, ; 

2) RabRba ,, ; 

3) RcaRcbRba ,,,, . 
 )(RFA , ,  R  –  

 A . 
,  2,2,1,2,2,1,1,1R . 

, , 
, , , . 

 “  
k”  “  k”,   

 k .  
k  a  b (mod k). , ,  

 (17,22), (1221,6), (42,57)  k=5,  17  22(mod 5), 1221  6 (mod 5), 42  57 (mod 
5). 

 AARR  –  Aa . 
 1.3.12.  aR  R  a  

 R  a  Ra . 
,  RbabRa a , .  a  

 A ,   R  a . 
,   R  –  ,   l  –  

,  l  ,  
 l . 

 1.3.1.  R  
, . 

 1.3.2.  A ,  R , 
 R ,  

Aa

aA . 

 1.3.13.  R  
  A  R : AaaRA /  
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MaaRA / ,  M  –  A ,  
. 

,  A  – ,  
 k ,  R  – ,  Rba,  

,  kAa  kAb ,  5432 ,,,/ AAAARA .  
 3”   { 3k | 

k  }, { 3k-1 | k  }  { 3k-2 | k }. 
 | /R|    

 R. 
 R  .   

 /R,  a  
 Ra ,     

 /R. 
 
 

1.3.6.  
 

 1.3.14.  R  , 
. : )(  )( RR . 

 R – , : 
1) baRabRba ,,, ; 

2) RcaRcbRba ,,,, . 
,  

 ,  
, , , , , . 

 1.3.15.  ( Raa, ),  
  ( )  . : )(  

)( RR . 
,   N,  Q,  R   ( )( )  

 ( )( ) . 
 M, ,  ,   

a,b M –   R,  Rba,  Rab, .  

;A ,  A  . 
 M,  

,   .  
R , ), ,   
( ) .  

,  
 M,  . 

 1.3.3.  R  –  ( ) ,  
 1R  –  ( ) . 
 M  A  M.  

 1.3.16.  A M  M  
 b M ,  a b  a A.  b   

 M,  b –  M. ,  c  
 M   A M,  c a  

 a A.  c –  M,  c –  
M.  
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 1.3.17.  x M   M,  
 a M ,   x<a. ,  n M   

 M,  a M ,  a<n.  
 (  

) . 
 
 

1.3.7.  
 

 1.3.18.  F ,  BAAA n ,,...,, 21  
,  nn AAAaaa ...,...,, 2121  

 Bb , ,  Fbaaa n ,,...,, 21 . 
 naaa ,...,, 21  Bb ,  

naaaF ,...,, 21  naaaFb ,...,, 21 . 
 baaaFAAAaaabF nnn ,...,,...,...,,)( 212121

1 . , -
 F ,  nAAA ...21  

 n
Bb

AAAbR ...)( 21
1 ,  

Bb

bR )(1  – . 

 n
Bb

AAAbR ...)( 21
1 ,  F  ,  

 n
Bb

AAAbR ...)( 21
1  –   . 

 1.3.19.  F ,  BAAA n ,,...,, 21  
  ,  F  – . : 

BAAAF n...: 21 . 
 n    F . 
 BAAAF n...: 21  Bb , ,  naaaFb ,...,, 21 ,  

b    naaa ,...,, 21  F ,  naaa ,...,, 21  – 
  b . 

 BAAAF n...: 21  ,  
 Bb : )(1 bF .   b   

 F . 
 F  nAAA ...21  B   

 , 
 1F   nAAA ...21 . 

 
 

 
1. ., ., ., ., .  

. – .: , 2002. – .17-30. 
2. . . – .: , 1977. – . 

42-67. 
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 2.  
 2.1.  

 
2.1.1.  

 
 – ,  

,  (1736 .),  
, , .  

,  
, .  

 
. 

  ( : 
,  –  ( , 

, ) ). 
. 

 2.1.1.   G  G( ),   –  
,   –   ( ),  

,   –  G. 
: 654321 ,,,,, xxxxxxX , 54321 ,,,, uuuuu ,  1,, 211 xxu , 

2,, 212 xxu , 1,, 323 xxu , 1,, 544 xxu , 1,, 455 xxu , 
1,, 555 xxu .  nxxu jik ,,  ix  

 jx , ,    
,  ix  

 ku ,  jx  – , 
 n  –  

 (  
 1 ). 

 2.1.2.   ,  
.  

 2.1.3.   ,  
. 

,  –  – 
, .  

 “ ”. 
 2.1.4.   u   ),(XG  

,  (  
: ux 1pr  ux 2pr .  

 x1   x2, x2   x3, x4   x5 – ,  x1   x3, x3   x4, x5   
x6 – ,  1   2, 4   6 – ,  1   4, 3   6 – ,  x1  1 
– ,  x1  4 – . 

   .  
 u1  u2 – .  

,  .  1,, 555 xxu  
. 

,  ,  
 – . 

 G  n,  n : 
nX . 

x1 

x2 

x3 

x4 x5 x6 

u1 

u2 

u3 

u4 

x5 

u6 
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 G   xi ,   
. :  x6 – . 

, , , 
 ,  . 

 xi ,   
 .  x3  – . 

 n  (n>1) ,  
. 

 , . 
, ,  . 

 G( , )  ,  X  
 X1  X2,  ,    

 X1,  –  X2.  
, . 

,  u=(x1,x2)  u’=(x2,x1). 
,   u1=(x1,x2)  u2=(x2,x3)  

 u3=(x1,x3). 
 G(X, )   ,  

. . 
, ,  

 ( ):  

1,,
2,,
1,,

123

212

211

xxu
xxu
xxu

 

, ,   
,  xi  xj ,   (xi, xj)   

. 
 (xi,xj,n)   (xj,xi,n)  ,   –   

nxxnxx ijji ,,,,, ,  n – . 
 
 
 
 
 

, : 
 
 
 
 
 
 
 
 
 

2.1.2. . . .  
 

 ),(XG  ),(XG  –  GGh :  –  
. 

 2.1.5.  h   G  G ,  
 ix  jx  G  )( ixh  )( jxh  G  

,  ix  jx  G . 

xi xj 
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,  G  G  .  
. 

 2.1.6.      G’(X’, ’)  G(X, ) ,  ’ , 
’= ( ),  (xi, xj)  ’ ,  xi  xj  ’,  

G   G’. 
 2.1.7.     ’=  G  G’,  G’ 

  G  . 
 2.1.8.     G’(X’, ’)  G(X, ) ,  

’ , ’ . 
,   

,   –  ,   
 – . 
: 

 
 
 
 
 
 
 
 

 ’  G’  ,  
 ’,  G’   

G  ' . 
 ’  G’   ,  

 ’,  G’   
 G.  

 2.1.9.     ',XG   G=( , ) 
 (xi, xj)  ’ ,  . 

 
 

2.1.3.  
 

 2.1.10.       
. 

 2.1.11.     q   
. 

 2.1.12.     ( )   
. 

qpxst )( . 
,  0,  .  ,   

 1,  . 
, ,    

. 
. . 

.  – . 
 2.1.1.  

 23
max

. 
 2.1.2.  

2
1

. 
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 2.1.3.  

 
2

r
,  r  –  ( ). 

 2.1.4. , , 

 
4

2

. 

 2.1.5.  
 mn

max
,  21 , XnXm . 

 2.1.6. ,  
 : 2210 SSS ,  0S  – , 1S  –  

,  2S  – . 
 
 

2.1.4.  ( , )  ( , ). . 
.  

 
 ( ),  

.. 
 2.1.13.  ( )  nuuu ,...,, 21  (  

)  ,  121 ,...,, nxxx  
),  nixxu iii ,..,2,1),,(: 1 .  

 1x  1nx    . 
 2.1.4.    ,  11 nxx  

 . 
 2.1.5. ,  ( ), , 

    . 
 2.1.6. ,  ( ), , 

    . 
,    , . 

, 
                                                           
                                                            31241 ,,,, uuuuu  – ; 
     25541 ,,,, uuuuu  – ; 
     541 ,, uuu  – ; 
     241 ,, uuu  – . 
 

 , . 
 G=( , )  , ,  xx ji ),( ,  

xx ij ),( . 
 2.1.7.  G=( , )  ,  

. 
: 

1) ,   
 1  2 ,   

; 
2)  

; 

1 

2 
3 

4 

5 
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3)  G=( , ) – ,  G’=( , -u),  
 , .  

 2.1.8.  ,   
, . 

 2.1.9.  G=( , )  ,  
 ix  jx ix  jx  –  jx  ix . 

 
 

2.1.5.  
 
: 

 ; 
 ; 
  
  

 – , , 
. 

  –  
 n  nxxxx ,,, 21 ,   

 nxxxx ,,, 21  nyyyy ,,, 21 : 
2

1

1

2;
n

i
ii yxyxd . 

,  
  ( ,  

).  
, . 

 2.1.10.     –  xX  
  iu , : 
1)   ; 
2)   ,   

; 
3)  ,  . 

,  –  n,  
,  

. ,  
. 

 
 
 
 

ix  - ; 

ju  - . 
 

 
 

: 
 
 
 

,  ( )  
, , 

1 

4 5 

2 3 

6 

1 

2 

3 4 5 

6 7 

1 

2 

3 

4 

5 

6 

 G 
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 ( ).  
 

. 
 

 
,  ( ),  

 – . , 
 

. 
, ,  

, . 
 

 
 
 

. 
,  ( )  S  SS  

 SSSSS 2121 ,,, .  1221 ,, SSSS  –   
,  21 SS .  &  – 

1221 && SSSS ,  S&S. 
 S S  k2 ,  S&S –  k(k+1)/2  

. 
 2.1.11.   –  , 

  ( )    & . 
 ,  – .  

: 21 & xxu  –  u  

21 xx .  ,  
)&(~ 21 xxu : “  u  x1  x2”. 

   –  ( ),  G( , ) – 
. , . 

 
, . 

,  G, : 
654321 ,,,,, xxx , 666252412121 &,&,&,&,2,&,1,& . 

  – , 
, , , , , , . 

.  
 G – ,  n  m .  G   

 mn ,  
. : 

 aij  1  0 ,  j  i  
. . 

,  G : 
 
 
 

                                     G= 
 
 
 

  
, . 

 

1u  21 , xx  

2u  21 , xx  

3u  41 , xx  

4u  52 , xx  

5u  62 , xx  

6u  66 , xx  
 3x  

 u1 u2 u3 u4 u5 u6 
x1 1 1 1 0 0 0 
x2 1 1 0 1 1 0 
x3 0 0 0 0 0 0 
x4 0 0 1 0 0 0 
x5 0 0 0 1 0 0 
x6 0 0 0 0 1 0 
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 0  1 ,  
,  

, . : -1, 
1  0. 

                                                                

10
11
01

3

2

1

21

x
x
x

uu

A  

 
 ,   – . 

: 

.,0
;,1

j

j
ij  

: 

.,0
;     ,'   , ,,1

;    ,'   , ,,1

j

j

j

ij  

 ,   – . 
: 

 ,   – . 
: 

.,0
;,1

j

j
ij  

 ,  
,  ( ). : 

) : 

.   ,0
;   ,1

j

j
ij  

) : 

.   ,0
;     ,   ,1

;       ,  ,1

j

jj

jj

ij

           ,  
, .  
: 

. ,0
;,1

j

j
ij k

k
 

 
1. ., . . – .: , 1974. – . 3-16, 136-143. 
2. ., ., . . – .: , 1976. – .7-14. 
3.  / . – .: , 2002. – .189-198. 
4. ., ., ., ., .  

. – .: , 2002. – .224-229, 236-243. 
5. ., . , . – .: , 1984. – .11-23, 78-84. 

2 1 

3 

1 

2 
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 2.2.  
 

2.2.1.  
 

, .  
. 

2.2.1.1.  ( ).  G(X, )  –   u  –  
 ( ),  G1(X, \{ }) ,  G  ( ). 

 ( )  . 
2.2.1.2. .  G(X, ) –   –  

,  G2(X\{ } ) ,  G ,  
  ( ), . 

2.2.1.3.  ( ).  G(X, ) – , 21 ,  –  
,  ),( 21 ,  G3(X, {( 1, 2)}) ,  G 

 ( ).  
2.2.1.4. .  G(X, ) – , zy ),(  –  
 ( )  ,  G4(X { } ) ,  G  

,   ( ) ),( zy  – ),(i),( zxxy . 
2.2.1.5. .  G(X, )  G*(X*, *) – ,  

G5(X X*, *)  G  G*. 
2.2.1.6.  ( ) .  G(X, )  G*(X*, *) – , 

 G6(X X*, *)  G  G*. 
2.2.1.7. .  G(X, )  G*(X*, *) – ,  

G7(X, \ *)  G  G*. 
2.2.1.8. .  G(X, )  G*(X*, *) – ,  

 G8: [ *]  G  G*. 
2.2.1.9. .  G(X, )  G*(X*, *)  –  ,   

G8(X *, **)   G  G*,  **,,, )2()1()2()1( xxxx ljki  

,  *,,, )2()2()1()1( xxxx lkji . 
, , ,  

: 
0 0=0  0 0=0  0\0=0  0 0=0 
0 1=1  0 1=0  0\1=0  0 1=1 
1 0=1  1 0=0  1\0=1  1 0=1 
1 1=1  1 1=1  1\1=1  1 1=0 

,  * : 

)2()1()2(
1

)1(

)2()1(
2

)2(
1

)1(
2

)2()1(
1

)2(
1

)1(
1

,...,,
......,...,
,...,,,
,...,,,

l

l

l

, 

   –  G  G*,  l*, . 
 = ij

(1) , *= ij
(2)  –  G  G* 

,  **= b(I,k),(j,l) = ij
(1)

ij
(2) –  G**=G G*: 

***

***
***

**

)1()1(
2

)1(
1

)1(
2

)1(
22

)1(
21

)1(
1

)1(
12

)1(
11

AaAaAa

AaAaAa
AaAaAa

A

lmll

m

m

. 

,  G  G* : 
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. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
,  G  

G*,   
 G  G*. 

010
101
010

*,

110
101
010

3

2

1

321

3

2

1

321

x
x
x

xxx

G

x
x
x

xxx

G  

 
 
 

010
101
010

1
010
101
010

1
010
101
010

0

010
101
010

1
010
101
010

0
010
101
010

1

010
101
010

0
010
101
010

1
010
101
010

0

),(
),(
),(
),(
),(
),(
),(
),(
),(

33

23

13

32

22

12

31

21

11

9G

010010000
101101000
010010000
010000010
101000101
010000010
000010000
000101000
000010000

),(
),(
),(
),(
),(
),(
),(
),(
),(

33

23

13

32

22

12

31

21

11

. 

 
 

. 
 
 
 

1 

2 
3 

1 

2 
3 

 G 

1 

2 
3 

1 

4 

 G* 

1 

2 
3 

1 

3 

 G1=G– 2 

2 
3 

2 
3 

 G2=G– 1 

1 

2 
3 

1 

2 
3 

 G3=G+u5 

u5 

1 

2 
3 

6 
2 

3 

 G4=G+x4 
 

7 
x4 

1 

2 
3 

1 

2 
3 

 G5=G G* 

u4 

1 

2 3 

1 

 G6=G G* 

2 
3 

2 
3 

 G7=G\G* 

2 
3 

2 
3 

 G8=G G* 

u4 

(
1,

1)
 

(
1,

2)
 

(
1,

3)
 

 (
2,

1)
 

(
2,

2)
 

(
2,

3)
 

 (
2,

1)
 

(
2,

2)
 

(
2,

3)
 

(
1,

1)
 

(
1,

2)
 

(
1,

3)
 

(
2,

1)
 

(
2,

2)
 

(
2,

3)
 

(
2,

1)
 

(
2,

2)
 

(
2,

3)
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 2.3.  
 

2.3.1.  
 

,   G  ,   
. 

 aX ,  a , 
. 

 2.3.1.    – , 
   aX  aX . 

 ),(XG . 
 

 7654321 ,,,,,, xxxxxxxX  
: 

43211 ,,, xxxxX ; 652 , xxX ; 73 xX , 
,   1X , 2X , 

3X ,  
  iX  

 jX , ji . 
,  iX ,  

 X : 
1) iX ; 
2) )(, jiXXXX jiji ; 
3) XX i . 

 1X , 2X , 3X  –  G .   –  

 G ,  iX  

 jX . 
,  G . 

 
 2.3.1. ,  

. 

( 1, 1) 
( 1, 2) 

( 1, 3) 

( 2, 1) 

( 2, 2) ( 2, 3) 

( 3, 1) 

( 3, 2) 

( 3, 3) 

 G9=G G* 

7 

1 

2 

3 

4 

6 

5 G 
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2.3.2.  
 

 G  n  m ,  p . 

 2.3.2.  G ,  
: 

pnG)( . 

 2.3.3.  G ,  
: 

pnmG)( . 
, : 

mGG )()( . 
 – .  

 2.3.2.  G ,  G  
 ix  jx . : 

1)  ji xx  G ,   
)()( GG  1)()( GG ; 

2)  ji xx  G ,  
1)()( GG  )()( GG . 

. 
 1),  

. ,  ppmmnn ,1, . 
  

)()( GpnpnG , 
1)(1)()1()( GpnmpnmpnmG . 

 1) . 
 2),   –   

 G ,  1. 
 1,1, ppmmnn . 

  
1)(1)()1()( GpnpnpnG , 

)()1()1()( GpnmpnmpnmG . 
 2) . .  
. 0)(,0)( GG . 

. 
 –  ,  ,   –  ,   0)(G  

0)(G .  2.3.2  )(G ,  )(G . , 
 )(G  )(G . 

. 
, ,   

 . 
 

2.3.3.  
 

. 
 2.3.4.  ,  

. 
,  

. 
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,   
, . 

 2.3.3.   G,  n (n>1)  m ,  
: 

1) G ; 
2)  G; 
3) G  m=n-1; 
4) G  m=n-1; 
5) G  

, ; 
6) G , . 

 2.3.5.   G  G,  
. 

 2.3.6.     G  G,  
 G. 

 2.3.7.   *   G –  G,  
 G ,  . 

 G   (  ),  
 0, : 

1) ; 
2)  0  G. 

,  
 
 
 
 
 
 
 
 

 G    ,   –  
 . 

. 
 2.3.4.   G , . 

 2.3.8.   k ,   k 
. 

 2.3.5.   n  n-1 . 
 2.3.6.  ,  n ,  n-k . 

 
 

 
1. . . – 

.: , 1994. – .18-23. 
2. ., . . – .: , 1974. – . 30-34,136-143. 
3. ., ., . . – .: , 1976. – .43-

59. 
4. ., ., ., ., .  

. – .: , 2002. – .230-235, 273-275. 
5. ., . , . – .: , 1984. – .39-40, 105-108. 

 
 

 
  G1 i G2  G1* i G2** 

 G1 i G2 
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 2.4.  
2.4.1. .  

 
 “ ”.  

, , , 
, , .  

, , , . 
:  

,  ( ) ,  
. 

.  
 1840 . .  (1850 .).  1878 .  

.  1890 . ,  
. 

,  G – , . 
. 

 2.4.1.   k-  
 k . 

 2.5.2.   G( , )   k 
,  k  ui  uj  

, . 
 2.5.3.    ’(G)  G – 

 k,  k . 
.   G( , )  – ,   ’(G)= ,  ’(G)= +1,   - 

 G ( ’(G)= ). 
 

,  
 6,   6   

, ,  6  
.  

 
. 

 2.5.4.   G( , )    
,   ( i,xj) , 

 i  xj . 
 2.5.5.   G( , )  ,  

 G .     
. 

 

2.5.2. .  
 

 (G, ). 
 2.5.6.   G   (G, ) 

)  G  
 . 

 S0. 
 2.5.2.  : 

CS

CS CSG
,

,1, ,  

S –  G; 
 –  G; 

CS ,  -  G. 

1 2 

3 
4 5 

6 
2 

3 
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,  0,CS . 
 (G, ): 

1) (G, )  S0  1 ; 
2) (G, )  . 

,   2.5.2  (G, )  G. 
 
 
 
 
 
 
 
 
 
 

, ,  (  ): 
 
) S=0, C=3, 1,CS  
) S=1, C=2, 3,CS  
) S=2, C=1, 3,CS  
) S=3, C=1, 1,CS . 

 )2)(1(33, 23G . 
 1, .  

 1  2 , ,  (G,1)= (G,2)=0,  
  –  

.  3,  
: 

(G,3)=1 2 3=3!=6 
: 

1) (G, )= (G1, ) (G2, ) (  G( , ) ,  
). 

2) (G, )= 1 (G1, ) (G2, ) (  G  

 0). 

3) (G, )= 11 (G1, ) (G2, )  (  G   

, ). 
4) (G, )= (G1, )- (G’, ) (  G  G1  

, G’ – ,  G1 , ). 
 G  ,  ;  

 – , . 
,  

. 
,  

  2. 

 G 
1 

2 

3 

)  
 

2 

1 3 1 

2 

3 1 

2 

3 1 

2 

3 

)  
 

1 

2 

3 1 

2 

3 1 

2 

3 

)  
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 3.  
 3.1.  

 
3.1.1.  

 
: , , , , .  

 – ,  
, ,  

,   .  

 )(   (:)  )2(   )1(   

,  
.  

. ,  
, .  –  

, ,  – . 
,  

. 
,  – , ,  – 

. 
,  

 ( , +  *),  
. 

. 
: 

1)   b   
,  bac  ( ,    b – ); 

2) : )()( cbacba ; 
3)   , 

 a  (     0); 
4)   -  

,  )(a . 
: 

5)   b   
,  bac  ( ,    b – ); 

6) : )()( cbacba ; 
7)   , 

 a  (   1); 
8)   -1 , 

 a 1 . 
, ,  

     ,   –  -1
 – . ,  

. 
 3.1.1.    – . ,   

 ,    
Mba,  Mc . 
  : 

cba . 
,  *   . 

 
3.1.2.  
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 3.1.2.   G ,  
 *,  , : 

1)  * – : )()( cbacba ; 
2)    G ,  Ga : 

aa  aa ; 
3)  Ga ,  Ga : 

aa  aa . 
 1)-3)  . 

,  G  * .  
,  G    (  –  

, ,  
). 

 G  ,  – ,  
 .  

. 
 G  *  

 (+),  G  .   G  * 
 ( ),  G  

.  G  *  
 (+),  G  . 

. 
1.   (   

, .   
 0.   (- ) . ,  

). 
2.     

. 
3. . 
4.   – . 
5.  0  \{0}  

. 
6.  +  0  

 \{0} – . 
7.  1  –1 . 
8. ,  0, . 

,  ,   
 +:  (  

). 
,   G .   

  G.  
 3.1.3.     G   G,    

 *,  G.  
 
 

 3.2.  
 

3.2.1.  
 

, .  
 . 
,  ( , , , , )  

.  – .  
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. : (a+b)c=ac+bc,  
. ,  

. 
.  

 
3.2.2.  

 
 3.2.1.    

 , ,  –  
– .  

 1,  .  
,   – . 

: 
   

; 
  – ; 
  , ,  – ; 
 ,  0 . 

. 
1.   ,  (- ). 
2.  0. 
3.   , ,  

,  k – . 
4.   ,  

,  ,   – . 
 

3.2.3.  
 

, ,  
.  

, . 
 , ,  

.  „+”  „ ”. 
 3.2.2.    , 

. 
. . 

1.  a,b,c  K: 
a+b=b+a, a+(b+c)=(a+b)+c, 

                 . 
  2.   ,    K: 

+ = . 
             3.    K   (- ), , : 

+(- )= . 
        . . 
  4. ,    a,b,c  K: 

a·(b·c)=(a·b)·c. 
        . . 
                

a,b,c  K  (   a+b  b+ ). 
             5. (a+b)·c = a·c+b·c. 
             6. c·(a+b) = c·a + c·b. 

 1-6  . 
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  ,    K  
· = , ,   –  ( )  .  

 : ’· . 
  ,  ,  

,   – .  
,  

. 
1.     

, . 
2.  a+b1=a+b2,  b1=b2   a, b1, b2   K. 
3.   1, 2, ...,   K:   –( 1+ 2+ )= (– 1)+(– 2)+(– ). 
4.    K  :   ·(– )=–( · ). 
5.      K:   · , . : 

( )·  = · · ; 
·( +b) = n· ·b; 

( · ) = ( · )· . 
. 

6.     
. 

7.        K,  
·  =  ·  = + ; 

( )  = ( )  = · . 
. 

 
 

3.2.4.  
 

 3.2.3.  : ’   ’   
  ,  

Kba, : 
1) )()()( baba ; 
2) )()()( baba . 

 ’      ’.  
. 

1.  1 – ,  2 – . 
 ,   

iyx : 

xy
yx

iyx )( . 

,  ,  1)  2). 
 idiba    

: 

).()(
)(

)()()()(

idciba
cd
dc

ab
ba

cadb
dbca

dbicaidciba
 

 1) . 
,  idiba    

. 
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).()(
)(

()())((

idciba
cd
dc

ab
ba

bdacadbc
adbcbdac

adbcibdacbdiadibcacidciba
 

 2) . 
 

2.  1 –  
xy
yx

2
,  2 –.  

 yx 2 .  , : 

yx
xy
yx

2
2

, 

. . 
 

 
 

 3.3.  
 

3.3.1. .  
 

   – . 
 –  – . 

,  .   
 –  .  

,  
 ( ).  . 

 3.3.1.     ,  
,  

, ,     b,  
, ,  q,  a q=b. 

 q    b  
b
aq . 

. . 
 3.3.2.    ,  

, ,  ,  ,  
 -1,  a -1= . 

 3.3.3.   , ,  
,  ,    

. 
. 

1. , , , . 
2.  ba 2 ,    b – , . 

 
, , ,  

 ba 2 .  11 2ba  

22 2ba . 
1)  : 21212211 222 bbaababa . 

 a  21 aa ,  ( )  1a  

2a , ,  b –  21 bb ,  
. 
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2) :  

12212121211221212211 2222222 bababbaabbbabaaababa . 
 a  2121 2 bbaa ,   b –  1221 baba ,   

,  
2121 ,,, bbaa . 

3)     b  
):  

.
2

2
2
2

2
22

22
222

2
2

2
2

2
2

2112
2

2
2

2

2121

2
2

2
2

21122121

2222

21122121

22

11

ba
baba

ba
bbaa

ba
bababbaa

baba
bbbabaaa

ba
ba

. 

,  2
2

2
2

2121

2
2
ba

bbaa  2
2

2
2

2112

2ba
baba ,     b,  

,  ,  ,   
. .  

,  02 2
2

2
2 ba .  

 2
2

2
2 2ba ,  22

2

2
2

b
a ,  2

2

2

2

b
a

,  2
2

2

b
a .  

, . 
. 

 
3.3.2.  

 
, , , 

. ,  
. 

1. . 

2.  
a
b   (  )  

, : 

1)  21 , aa ,  
2

2

1

1

a
b

a
b ,  2121 baab ; 

2)  2121 ,,, bbaa  ( 21 , aa )  
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