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:  

. 

 

 

 - .  

 — ,  

,  — . 

 

,  ( . 1.1).  

, .  

.  

, ,  

. 

: 

1. . 

2. . 

3.  ( ),  ( ),  

. 

 
.1.1 . 

 

,  

: 
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1.  ( = { , , … , }),  

.  ( ).  

 ( ). 

2.  ( = { , , … , }). . 

 ( ).  

–  ( ). 

3. .  

, . 

  

{ , , … , } × { , , … , } { , , … , } × { } × { , , … , }, 

,  –  « », « »; 

{ , , … , } - . 

: 

, ,  

.   (  X – ) ,  

 ,   

 . , ,   

 . 

.  

,  

 – .  

 – . ,  

. 

,  

. 

: 

1)  -  

; 

2) , . 
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3) : ,  

,  . 

 1.1:  

A={a,b, },  a . 

 1.2. 

 
. 1.2 . 

: 

 a  b,   

. ,   

, , .  

, .  

 1.2:  

{0,1,2,3,4,5,6,7,8,9,+}.  

 ( . 1.3). . 

 

.1.3.  

 1.4. 

: 

  

,  .  

, ,  

 «+».  
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 .  

 .  

.   

.  . 

 

. 1.4.  

. 

  : 

1)  ),   

 .  

max ) (  

)    . 

2)  ),  

 

 .  ( , ) = ) (  

 )  . 

 

. 
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.   – , 

,  ( ( , ) = min ( , )   

 ). 

 

1. . 

2. ? 

3. ? 

4. ? 

 

 

1. . 

2. ,  

. 

3.  ( )  

 ( ) . 

 

 

1. A = {a, b, c}.  P  

. 

2. A = {a, b, c}.  a  P  

3. A = {0, 1, 2, 3, 4, 5, 6, 7, 8, 9}.  P 2. 

4. A = {a, b, c}.  P  abc (P  

Pabc). 

5. A = {a, b, c}.  P  

. 

6. A = {a, b, c, 1, 0}. ,  a  P.  

,  1, , . 



11 
 

7. A={a,b, }. ,  

. , , ,  

. 

8. A = {a, b, =}.  P ( : bab  

bbaabb). 

9. A={0, 1, 2, 3, 4, 5, 6 ,7, 8, 9, +}. ,  

. 

10. A={0, 1, 2, 3, 4, 5, 6 ,7, 8, 9, -}. , 

. . 

11. A={0, 1, 2, 3, 4, 5, 6 ,7, 8, 9, -}. , 

.  

12. A={0, 1, 2, 3, 4, 5, 6 ,7, 8, 9}.  2. 

13. A={0, 1, 2, 3, 4, 5, 6 ,7, 8, 9}.  

. , ,  

, . 

14. ={1, 0}. . 

, 1001110  1111.)  

15. A = {a, b}.  P  

. 

16. ={1}.  2. 

17. A={0, 1, 2, 3, 4, 5, 6 ,7, 8, 9}. . 

18. A={0, 1, 2, 3, 4, 5, 6 ,7, 8, 9}.  

. 

19. A = {a, b, c, 1}.  a, b, c,  

. . 

20. A = {a, b, c}.  P –  (0, 2, 4, …),  

 a,  – . 
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, ,  

, ,  

 ( . 2.1). ,  

. ,  

, , ,  

.  

 

, .  

 («-») . 

 

. 

 
 . 2.1.  

: 

1) , . 

2) , . 

3)  1 . 

4)  1 . 

5) ,  

. 

6) . 
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 1.  

 1.  

 

  

>  

<  

0  

1  

? a: b :  0,  

,  

 b. 

.  

: 

1)  « ».  

 ( ); 

2) .  

; 

3) .  

 ( ). 
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 2.1. .  

 2 . ,  

. 

. 2.2. 

 
. 2.2. ,  2 

. 

: 

 1  2 - .  3  4 - 

.  5-7 -  2  

. 

, .  

k  k+1 ,  (  

 «0»).  

. ,  3  2  

. 2.3. 

 
. 2.3.  3  2  

 2.2. .  

. 

 

. 2.4. 
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. 2.4. . 

: 

 1 .  

.  

.  5, 6  

.  7, 8 . 

 

 

1. ?  

2. ? 

3. ? 

4. ? 

5. ? 

6. ? 

7. ? 

 

 

1. . 

2. . 

3. ,  

. 
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1. ,  

. 

2. ,  

. 

3. ,  

. 

4. ,  

. 

5.  2.  

. 

6.  

: , .  

7.  (  1).  

,  

. .  

.  

8. .  

. ,  

.  

9. . . 

 k . 

,  

.  .  

.  

10. .  

. 

11. .  

. . 
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12. , 
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13.  N .  

,  0 ( ),  N ,  

 1,  N - . . 

14. . .  

. 

15. .  

, . , . 

16.  

.  

.  

.  

17.  

. , . 

18. .  N ,  

. ,  N  N  

. 

19. , . 

, .  

. 

20. .  

 3. . 

  



18 
 

3 

 
 

:  

. 

 

 

 - ,  

.  ( ).  

,  

.  

 

. . 

,  

. .  

 –  

.  

.  

: 

  

, . 

  ( )  

. 

  

 ( ). 

,  

,  

. 

,  

.  
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. ,  

, , ,  

. 

 3.1. , , 

 = {a, b},  “a” . 

 3.1. 

 
. 3.1. .  

: 

 “a” ,  

. ,  

.  P,  

. 

 3.2. , , 

 = {a, b},  “a”   “b”  

 “b”  “a”. 

 3.2. 

 
.3.2. . 

 3.3. 

 
. 3.3. .  
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: 

 

 #, .  

,  

. ,  

, .  #  

, .  # , 

,  #  

. 

 

1. ? 

2. ? 

3.  

? 

4.  

? 

 

 

1.  

. 

2.  

3.  

. 

 

1. ={a, b, } . 

2. ={a, b, } . 

3.  P  A={ | }  

,  1. 

4.  P  A={ | }  

,  2.  
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5. ,  

 = {a, b} , ,  b. 

6. ={a, b} .  

, , , . 

7. ={a, b}  

. 

8. ={a, b, }  ab . 

9. ={a, b}  

. 

10. . ={a, b}. 

11. .  

={a, b}. 

12. .  

={a, b}. 

13. .  

={a, b}. 

14.  P  

. , ,  

. ={a, b}. 

15.  

. 

16.  

. 

17. ={a, b}  

. 

18.  

ba, , . ={a, b}. 

19. . 

={a, b}. 
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20. . 

={a, b}. 
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4 
 

 

:  

. 

 

– ,  

. 

: 

 – ,  

; 

 –  (  

); 

.  

, 

, ,  

; 

 –  (  

), .  

. , 

 

,  

.  

,  

. : 

, .  

 – ,  

 N. 

 – ,  

 N. 
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 – ,  

 N 

 

. ,  

. 

 

 

 

, : 

 :  = b; 

 : -, +, *, /; 

 : <,>, ==, <=,> =, <>; 

 : or, and, not.  

 

.  

1.  k . 

,  

: 

( ) = + + , 

  –  k – . 

2. .  

if ( ) 

} 

else 

} 

 

,  «if» ( )  «else» (1- ) : 

( ) = + (1 ), 

   – . 

3. .  
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for (i=0; i<n; i++) 

} 

:  

( ) = 1 + 3 + , 

  – ,  – ,  – 

. 

, ,  

. ,  

, .   

,  

. 

 4.1:  
int Sum_Matrix(int n, int** a) 

  {int i, j; 

   int s = 0; 

   for (i = 0; i < n; i++) 

      {for (j = 0; j < n; j++) 

          s += a[i][j];} 

   return s;} 

,  

,  n.  

, : 

= 1 + = 1 + 1 + 3 + = 

= 1 + 1 + 3 + 1 + 3 + (2 + 2 + 1 + 1) = 2 + 3 + (1 + 3 + 6 ) = 

= 9 + 4 + 2. 
 

 

 

. ,  

.  
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 (n ),  

, . 

 

, : 

 ( ) = ( ( )) – ,  ( )  

 ( ). ,   ( ( )  

 ; 

 ( ) = ( ( )) - ,  ( )  

 ( ). ,  ( ( )  

 ; 

 ( ) = ( ( )) -  ,   ( )  

 ( ),   ( )  .  

  ,  ( ( )   ( ( ).  

: 

1. ( ) = ( ), ( ) = ( ) ( ) = ( ); 

2. ( ) = ( ) ( ) ( ) = ( ) ( ) ( ) = ( ) ( ); 

3. ( + ) = ( , ) ( + ) = ( , ), 

( + ) = ( , ).  

,  

n . ,  

:lim ( )
( )

.  

 

: 

 ,  

:  

f(n) =  (g(n)); 

 ,  g(n)  f(n):  

f(n) = O (g(n)); 
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 ,  g(n)  

f(n):  

f(n) =  (g(n)). 

,  

 (  

): lim ( )
( )

= lim ( )
( )

.  

: 

 lim ( )
( )

= ; 

 f(n)  g(n) - ; 

 g'(n)  0  n ; 

 lim ( )
( )

. 

 4.2:  

(2 )   ( ). 

 

 

lim = lim = lim ( ) = lim ( ) . 

,  2 . 

 

, , .  

: 

  – , ( ) = 1 - ,  

. 

 , ( ) = log  - ,  

, .  

. 

  ( ) =  - ,  

 n . 
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  ( ) =  –  

. 

  ( ) =  -  

 .  

. 

 , ( ) =  –  

 . 

  ( ) = ( > 1)  

 . 

 , ( ) = ! –   

. 

 

 ( )  

.  

,  

, ,  (1).  

 n,  

(n) . 

 

. ,  

.  

 

 

 

1. ? 

2. ?  

3. ? 

4. ,  

 - ? 
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1. . 

2.  ( )  (g(n)),  O  (g(n)),   

(g(n)). ,  ( ): 

 

  

1.  ( ) = log , ( ) = log + 5 

2.  ( ) = , ( ) = log  

3.  ( ) = log , ( ) = log  

4.  ( ) = , ( ) =  

5.  ( ) = log + , ( ) = log  

6.  ( ) = 10; ( ) = 10  

7.  ( ) = 2 , ( ) = 10  

8.  ( ) = 2 , ( ) = 3  

9.  ( ) = + 2 , ( ) =  

10.  ( ) = + log , ( ) =  

3. : , +

7 , + lg , . 

4. ,  = (2 ). 

5.  

.  
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5 
 

 

: . 

 

 

 

 

 ( ).  

,  

. , ++  

std::chrono::steady_clock. 

 

, ,  

: 

#include <chrono> 

using namespace std::chrono; 

int main() 

{ auto start = steady_clock::now(); 

// ,  

//  

auto finish = steady_clock::now(); 

std::cout<<duration_cast<milliseconds>(finish - start).count(); 

 

 

.  

,  

.  
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1. ? 

2. , 

, ? 

 

 

 

1. ,  

. .  

2.  

. 

3. .  

4.  

 

. 

5.  

. 
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6 
 

 

: ,  

. 

 

 

.  

 ( )  

 ( ) . 

 –  (  

)  ( ). 

 

 ( ) ,  

, . 

 

. 

: 

1. , ,  

, , .  

. 

2. . ,  

,  0  1. 

3. ,  

, . 

,  

. 

 6.1.  n . 

 n (  n!) -  

1  n ,  ! = 1 . 
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, 5! = 1 2 3 4 5 = 4! 5 .  

: 

! = ( 1) > 1
1, = 1.

: 

unsigned long long int Factorial(int n) 

{ 

if (n==1) return 1; 

else 

return n*Factorial(n-1);} 

 A   B,   A,   

. ,  

. ,  

 B . 

 6.2.  
!
  

int pow(int,int); 

double calc(int x,int n) 

{ 

return (double)pow(x,n)/n; 

} 

int pow(int x, int n) 

{if (n==1) return x; 

return x*calc(x,n-1);} 

 

 

 – . 

, 

. 
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,  b ,  

 a  n/b,  

: 

( ) = ( / ) + ( ) + ( ) , 

: 

 – ,  

n/b – ,  

d(n) – , 

U(n) – . 

 

.  

. ,  

 

.  

. 

 6.3.  

int max(int*a,int n, int k, int m) 

{ 

if(k==n) return m; 

if(m<a[k]) 

m=a[k]; 

m=max(a, n, k+1, m);} 

. 

= (1) + = 2 (1) + = 3 (1) +  

,  = + (1),  = + (1) =

( ). 

,  

 ( = ( + 1) (1))  

: 

1. = 2 (1) ; 
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2.  = ( + 1) (1); 

3. ,  = ( + 1) + 1 (1) = ( + 2) (1); 

 n+1 : = (1) + . 

: 

= (1) + ( + 1) (1) = ( + 2) (1). 

. 

 

 

1. ? 

2. ? 

3. ? 

4.  

? 

5. ? 

 

 

 

1. ,  

. 

2. . 

3.  

 n .  

4.  

.  
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7 
 

 

: . 

 

 

 – . 

. 

   

, . 

: 

1. : 

-  – ,  

 ( , , , ); 

-  ( , , ); 

-  – ,  

. 

2. : 

- ,  

 ( , , , ); 

- ,  

) 

3. : 

-  ( , , , , ); 

-  ( , , ). 

 (Stack) –  LIFO (Last In, First Out) - , 

. :  

 -  

; 

- ,  

;  
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- . 

 (  7.1) : 

 ( ); 

 ( , , ); 

, . 

 stack  <stack>.  

: 

stack<Type>StackName, 

  

Type - ; 

StackName – . 

 7.1 

 

   

empty , . StackName.empty( ) 

push  
. 

StackName.push( 10 ) 

pop  
.  

-  
. 

StackName.pop( ) 

size  
. 

StackName.size( ) 

top  
 

StackName.top( ) 

 

 

: 

1.  

struct Stack 

{ int  [n]; 

int last; }; 

2.  

bool empty(Stack &s)  
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{ return (s.last==0); } 

3.  

void push(Stack &s, int x) 

{ if (s.last==n) 

{ cout<<"Stack Overflow"; return;}  

s.A[s.last++]=x; }  

4.  

int pop(Stack&s)  

{ return s.A[--s.last];}  

5.  

int top(Stack &s)  

{ int i=s.last-1; return s.A[i];} 

6.  

int size(Stack &s)  

{ return (s.last); } 

 

 

 

1. ?  

2. ? 

3. ?  

4. ? 

 

 

1.  stack. 

2. . 

3. . 
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1. .  6 .  

. . 

2. .  6 .  2 

. . 

3. . .  

. . 

4. .  

, ,  – . 

. 

5. . ,  

. . 

6. . .  

. . 

7. . .  

, , .  

. 

8. . .  

,  – .  

. 

9. . .  

, .  

. 

10. . .  

, .  

. 
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8 
.  

 

: . 

 

 

 (Queue) –  FIFO (First In, First Out — «  

 — »).  

: 

-  

;  

-  

. 

: 

 ; 

 . , , 

; 

 .  

 ( ).  

. 

:  

 ;  

 ;  

 ;  

 ;  « »,  

,  « » . 

 queue.  

 #include <queue>.  

 8.1.  

 – O(1).  

 queue : 
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queue <Type> QueueName, 

  

Type - ; 

QueueName – . 

 8.1 

 

   

empty , .  
 true, ;  

false – . 

QueueName.empty( ) 

pop  
. , 

. 

QueueName.pop( ) 

push . QueueName.push(10) 

size . QueueName.size( ) 

back  
 

QueueName.back( ) 

front  
 

QueueName.front( ) 

 

: 

1.  

struct queue 

{int q[N]; 

int start; 

int finish; 

queue() 

{start = 0; 

finish = 0;} 

2.  

void push(int n) 

{q[finish] = n; 

finish++;} 
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3.  

int pop() 

{int a = q [start]; 

start++; 

return a;} 

4.  

int size() 

{return finish - start;} 

5.  

void clear() 

{finish = 0; 

start = 0;} 

 top(), 

 - back(): 

int front(){ return a[start]; }  

int back(){ return a[finish -1]; } 

: 

 start )  finish (  

).  -1.  

 start  0,  finish 

 1. ,  

. ,  

finish.  

 

: 

1. start = 0 && finish == N - 1 

2. start = finish + 1. 
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1. ? 

2.  « » ? 

3.  « » ? 

4. ? 

 

 

1.  queue. 

2. . 

3. . 
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9 
.  

 
: . 

 

 

 (Deque)- ,  

.  FIFO, 

 LIFO, , .  

: 

 . 

 . 

  

 . 

 deque.  

 #include <deque>.  

:  

deque< Type > DequeName, 

  

Type - ; 

DequeName – . 

 

 deque : 

deque < int> DequeName ={1, 3, 7, 0, 5, 8}; 

deque<int> DequeName {1,3,7,0,5,8}; 
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 9.1 

 

   

back  
. 

DequeName.back( ) 

begin ,  
. 

DequeName.begin( ) 

clear . DequeName.clear( ) 
empty  true,  

,  false  
. 

DequeName.empty( ) 

end ,  
,  

 

DequeName.end( ) 

front  
. 

DequeName.front( ) 

erase  
 

. 

DequeName.erase(iterator 
first, iterator last) 

max_size  
. 

DequeName.max_size( ) 

pop_back . DequeName.pop_back( ) 
pop_front . DequeName.pop_front( ) 
push_back . DequeName.push_back(1) 
push_front . DequeName 

 

. 

1. . 

struct deque 

{int d[N]; 

int  s = 0, start = 0, end = 0;} 

2. : 
 
void push_front(int n) 

{if (s == N) { cout << "Full\n"; } 

else if {(s == 0) { d[start] = n; s++; } 

else { if (start == 0) { start = N - 1; d[start] = n; s++; } 

else { start--; d[start] = n; s++; } }} 
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3. : 

void push_back(int n) 

{if (s == N) { cout << "Full\n"; } 

else if (s == 0) { d[end] = n; s++; } 

else {if (end == N-1) { end = 0; d[end] = n; s++; } 

else { end++; d[end] = n; s++; } }} 

4.  

int pop_front() 

{int b; 

if (s != 0 && (start == end)) { b = d[start]; s--; return b; } 

else if (s == 0) { return -1; } 

else { b = d[start]; 

if (start == N - 1) { start = 0; s--; } 

else { start++; s--; } 

return b;}} 

5.  

int pop_back() 

{int b; 

if (s != 0 && (start == end)) { b = d[end]; s--; return b; } 

else if (s == 0) { return -1; } 

else {b = d[end]; 

if (end == 0) { end = N - 1; s--; } 

else { end--; s--; } 

return b;}} 

6. ,  

int front() { if (s == 0) return -1; else return d[start]; } 

int back() { if (s == 0) return -1; else return d[end]; } 

7.  

int size() { return s; } 

8.  



47 
 

void clear() 

{ s= 0; 

start = end = 0;} 

 

 

1. ? 

1. ? 

2. ? 

 

 

1.  deque. 

2. . 

3. . . 
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10 
 

 

: . 

 

 

 

 

.  

. 

 

 

. .  

. 

. 

 

.  ( ),  

.  

. 

 

: 

•  – ,  

; 

•  – , ,  

.  

•  – ,  

, .  

,  

; 
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•  – , ,  

 

: 

-  – ,  

 ( ) 

. 

-  – ,  

, 

. 

: 

  (Bubble sort); 

  (Insertion sort); 

  (Merge Sort); 

  (Counting Sort). 

: 

  (Selection sort) 

  (Shell sort) 

  (Heapsort) 

  (Quicksort) 

 

 

, . 

,  

, .  

,  

1 ,  n , . 

: 

  O(N2) 

 O(N2) . , 

 O(N) ; 
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  (O(1)); 

 ; 

 . 

 

 

 

,  

.  

.  (  

),  

. 

. 

void InsertSort(int* A, int n) 
{int key, i; 
    for (int k = 1; k < n; k++) { 
        key = A[k]; 
        i = k - 1; 
        while ((i >= 0)&&(A[i]>key)) { 
            A[i + 1] = A[i]; 
            i = i - 1; 
        } 
        A[i + 1] = key; 
    } 
} 
 

: 

 :  O(N2) 

 O(N2) . , 

 O(N) ; 

  (O(1)); 

 ; 

 . 
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. 

, , 

. ,  

. 

: 

void Shellsort(int* A, int n)  
{ 
    int d, count, i, j; 
    d = n; 
    d = d / 2; 
    while (d > 0) 
    { 
        for (i = 0; i<(n-d);i++) 
        {   j = i; 
        while (j >= 0 && A[j] > A[j + d]) 
        { 
        count = A[j]; 
        A[j] = A[j + d]; 
        A[j + d] = count; 
        j--;} 
            } 
        d = d / 2; 
    } 
} 
 

: 

  O(n3/2)).  

,  O( lg ) 

; 

  (O(1)); 

 . 
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. 

, ,  

,  

. .  

,  

. 

: 

void Mergesort(int* A, int n) 
{ if (n < 2) 
        return; 
    Mergesort(A, n / 2); 
    Mergesort(&A[n / 2], n - (n / 2)); 
    int* buf = new int[n]; 
    int idbuf = 0, idl = 0, idr = n / 2; 
    while ((idl < n / 2) && (idr < n)) 
        if (A[idl] < A[idr]) 
            buf[idbuf++] = A[idl++]; 
        else 
            buf[idbuf++] = A[idr++]; 
    while (idl < n / 2)  
        buf[idbuf++] = A[idl++]; 
    while (idr < n)  
        buf[idbuf++] = A[idr++]; 
    for (idl = 0; idl < n;idl++) 
        A[idl] = buf[idl]; 
    delete[]buf;}  
 

: 

  O( ); 

  

 (O(N)); 

 . 
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 , 

. 

:  k,  

, .  

. 

: 

void CountingSort(int* A, int n) 
{ 
    int max = INT_MIN, min = INT_MAX; 
    for (int i = 0; i < n; i++) { 
        if (A[i] > max) 
            max = A[i]; 
        if (A[i] < min) 
            min = A[i]; 
    } 
    int* c = new int[max + 1 - min]; 
    for (int i = 0; i < max + 1 - min; i++) { 
        c[i] = 0; 
    } 
    for (int i = 0; i < n; i++) { 
        c[A[i] - min] = c[A[i] - min] + 1; 
    } 
    int i = 0; 
    for (int j = min; j < max + 1; j++) { 
        while (c[j - min] != 0) { 
            A[i] = j; 
            c[j - min]--; 
            i++; 
        } 
    } 
} 
 

: 

  O(n),  

 - O(n+k),  - O(k); 

  O(k); 

 . 
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:  

, .  

.  

. ,  

. , . 

: 

void Selectionsort(int* A, int n) 
{ 
    int count, key; 
    for (int i = 0; i < n - 1; i++) 
    { 
        count = A[i]; key = i; 
        for (int j = i + 1; j < n; j++) 
            if (A[j] < A[key]) key = j; 
        if (key != i) 
        { 
            A[i] = A[key]; 
            A[key] = count; 
        } 
    } 
} 
 

: 

  O(n2) 

 O(n)  

  (O(1)); 

  ( ); 

 . 

 

 

 

, .  

:  

. 
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 ( . 10.1) ,  

. ,  -  

,  - , 

,   -   3   4  ,   -  5   6   

. 

 

 

 

 

 

 

 

.10.1  

 

 

, ,  

.  

,  

.  

,  

.  

. ,  

 1. . 

,  1.  

. 

 

: 

void heapify(int* A, int n, int i) 
{ 
    int largest = i; 
    int l = 2 * i + 1; //  = 2*i + 1 
    int r = 2 * i + 2; //  = 2*i + 2 

A[6] A[5] A[4] A[3] 

A[2] 

A[0] 

A[1] 
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    if (l < n && A[l] > A[largest]) 
        largest = l; 
    if (r < n && A[r] > A[largest]) 
        largest = r; 
    if (largest != i) 
    { 
        swap(A[i], A[largest]); 
        heapify(A, n, largest); 
    } 
} 
void heapSort(int* A, int n) 
{ 
    for (int i = n / 2 - 1; i >= 0; i--) 
        heapify(A, n, i); 
    for (int i = n - 1; i >= 0; i--) 
    { 
        swap(A[0], A[i]); 
        heapify(arr, i, 0); 
    } 
} 

: 

•  O( lg ); 

•  (O(1)); 

• ; 

• . 

 

 

 

 -  

,  - .  

, ,  

. 

: 

void quickSort(int* A, int n) 
{ 
    int mid = n / 2; 
    int i = 0, j = n-1; 
    do 
    { 
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        while (A[i] < A[mid]) 
            i++; 
        while (A[j] > A[mid]) 
            j--; 
 
        if (i <= j) 
        { 
            swap(A[i], A[j]); 
            i++; 
            j--; 
        } 
    } while (i <= j); 
 
    if (j > 0) 
        quickSort(A, j+1); 
    if (n > i) 
        quickSort(&A[i],n-i); 
} 
 

: 

•  O( ( )),  

,  O(  ) 

•  (  O(lg n),  

 O(n)); 

• . 
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7. ? 

8. ,  

, ? 

 

 

 

1.  n ,  n  

. 

2. . 

3. ,  

. 

4.  

. 

5. . 

  



59 
 

11 
 

 

: . 

 

 

 

.  

.  

, : 

1) ;  

2)  (  

)  (  

); 

3) . 

.  

. 

 

, , .  

 ( ),  

, . 

.  

. .  

.  n 

,  n – . 

.  N 

. , , . . 

 . ,  i-  

A[i]  i .  

: 
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( ) =
1

=
1 ( + 1)

2
=

+ 1
2

. 

 . 

 

, .  

.  

: ,  

, . 

.  

. ,  

,  

. ,  

.  

.  

, ,  = 2 1  k. , 

 2 1 .  

, , ,  

1,  j = 1 (  2 1 = 1). ,  =

2 1  k. ,  

 = log ( + 1). 

. .  

, . 

 n ,  

. , 

.    

.   2 ,  = 2 1  k .  

,  

. 

( ) = 2 . 

,  
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( ) = log ( + 1) 1. 

,  

,  n.  n + 1  

.  n + 1, 

,  

, , , , ,  

,  n- .  

 k .  

 2n + 1 . 

( ) = 2 + ( + 1) . 

: 

( ) = log ( + 1) . 

,  

(log ). 

: 

void binnary(int* A, int n) 
{int key; 
cin >> key; 
    bool f = false; 
    int l = 0;  
    int r = n;  
    int mid; 
    while ((l <= r) && (f != true)) { 
        mid = (l + r) / 2;  
        if (A[mid] == key) f = true; 
        if (A[mid] > key) r = mid - 1; 
        else l = mid + 1; 
    } 
    if (f)  
cout << mid; 
    else cout << " there is no element in the array ";} 
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12 
 

 

: . 

 
 

 G  V,  E ,  V —  

,  — . 

, ,  

, , , . 

, . 

, , .  

 12.1 ,  1 ,  

 2  3, 3  4 .  2.  b 

 2, 3,  –  3, 4.  

 
. 12.1. 

 ( )  v (deg(v)  d(v)),  

, .  0 (d (v) = 0) . 

 d (v) = 1, , . 

 ( ) G(V, ),  V  

 V,  

.  ( , b) E,  ( , b)  

 ( ),  – , b -  ( , b).  

 v ,  v - 

 (outdeg(v)).  v  
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,  v -  (indeg(v)).  indeg(v) = 0,  v 

.  outdeg(v) = 0,  v . 

 

 

1.  G ×q 

, ,  - ,  

  

= 1, ,
0, .   

.  

: 

=

1, e v
1, e v

2, e v
0,

 

 n(p,q) = O(pq). 

2.   

,  

,  

=
1,
0,

 n(p,q) = 2). 

3.  ,  

.  

 ( ),  

 vi  ( )  

 (vi). 

 n(p,q) =  O(p+2q).  

 n(p,q) = O( +q). 

4.  ( )  (  ( ) ) 

 ,  

.  
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13 
 

 

: . 

 

 

 -  

.  ( , ) 

, , .  

. 

 (Breadth-

First Search, BFS)  (Depth-First Search, DFS). 

 

. BFS 

 

, , 

, . 

: 

1) , ,  

. 

2)  U  

. 

3) , , 

 U, . 

4) , , 

. 2. 

: 

,  

,  

 O(|V|+|E|),  V – ,  E – . 
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void BFS(int** a,int n) 
{ 
    for (int i = 0; i < n; i++) 
        nodes[i] = 0; //  0 
    Queue.push(0); //  
    while (!Queue.empty()) 
    { int node = Queue.front(); //  
        Queue.pop(); 
        nodes[node] = 2; // ,  
        for (int j = 0; j < n; j++) 
        { //  
            if (a[node][j] == 1 && nodes[j] == 0) 
            {Queue.push(j); //  
                nodes[j] = 1; // } 
        } 
        cout << node + 1 << endl; 
    } 
} 

. DFS 

, 

.  « » 

, ,  

. 

 S  F.  (DFS) 

: 

1.  S  F  - ; 

2.  S  X  X  

 –  X  F . 

3. ,  

S. 

4.  S  

 - . 

 « » , ,  

, ,  O(V + E). V+E , 

, .  
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, ,  

(O(V))  (O(E)).  V+E. 

, ,  

 (  

).  O(V). 

 DFS: 

void DFS (int st, int n) 
{int r; 
cout<<st+1<<" "; 
nodes[st] = 1;//   
for (r = 0; r < n; r++) 
if ((mas[st][r]!=0)&&(nodes[r]==0))// mas-  
DFS (r,n);} 
 

 

 

1. ? 

2. ? 

3.  BFS  DFS? 
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