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�2545=85 

�D98<E?B6<9 

%1>@=8: 7040G A>45@68B 7040=8O 4;O ?@0:B8G5A:8E @01>B, ?@54=07=0G5==KE 4;O 
1>;55 3;C1>:>3> 87CG5=8O  48AF8?;8=K; A8AB5<0B870F88 8 70:@5?;5=8O ?>;CG5==KE 
7=0=89 8 ?@0:B8G5A:8E C<5=89; C3;C1;5=8O 8 @0AH8@5=8O B5>@5B8G5A:8E 8 ?@0:B8G5A:8E 
7=0=89; D>@<8@>20=8O C<5=89 8A?>;L7>20BL A?5F80;L=CN, A?@02>G=CN ;8B5@0BC@C, 0 B0: 
65 A>45@68B <5B>48G5A:85 C:070=8O ?>  2K?>;=5=8N ?@54;>65==KE 7040=89  8 A?8A>: 
;8B5@0BC@K, =5>1E>48<>9 4;O 87CG5=8O 48AF8?;8=K. 

�A?>;L7>20=85 40==>3> A1>@=8:0 7040G 2 CG51=>< ?@>F5AA5 ?>72>;8B :064><C 
ABC45=BC >A2>8BL B5>@5B8G5A:89 <0B5@80;, 40AB 2>7<>6=>ABL ?@8<5=8BL ?>;CG5==K5 
7=0=8O =0 ?@0:B8:5. 
 

#>4;4A<S > BJ9A<64A<R CD4>F<K9E><I D45BF 

 

"F5=820=85 8=48284C0;L=KE >1@07>20B5;L=KE 4>AB865=89 ?> @57C;LB0B0< 2K?>;=5=8O 
?@0:B8G5A:8E @01>B ?@>872>48BAO 2 A>>B25BAB288 A C=825@A0;L=>9 H:0;>9 (B01;8F0).  

 

#@>F5=B @57C;LB0B82=>AB8 
(?@028;L=KE >B25B>2) 

�0G5AB25==0O >F5=:0 8=48284C0;L=KE 
>1@07>20B5;L=KE 4>AB865=89 

10;; (>B<5B:0) 25@10;L=K9 0=0;>3 
90 3 100 5 >B;8G=> 
80 3 89 4 E>@>H> 
70 3 79 3 C4>2;5B2>@8B5;L=> 
<5=55 70 2 =5C4>2;5B2>@8B5;L=> 

 

 

 

"9@4:  Д9=EF6<S A48 >B@C?9>EAO@< K<E?4@<. �D<5?<:9AAO9 6OK<E?9A<S. 
�D4>F<K9E>4S D45BF4 № 1 

1. #>=OB85 <=8<>9 548=8FK. 
�>?CAB8<, GB> ?@8 @5H5=88 =5:>B>@>9 ?@8:;04=>9 7040G8, =0?@8<5@, ?> 

384@02;8:5, <K AB>;:=C;8AL A =5>1E>48<>ABLN 872;5GL √     . �725AB=>, GB> 2 
459AB28B5;L=KE G8A;0E 40==0O 7040G0 =5 @07@5H8<0. 

�>?CAB8<, GB> ACI5AB2C5B =5:>B>@>5 G8A;>, :204@0B :>B>@>3> @025= 3 1. "1>7=0G8< 
MB> G8A;> 1C:2>9 i, B>340 <>6=> 70?8A0BL: i2 = - 1. 

+8A;> i 1C45< =07K20BL @A<@B= 98<A<J9= ( i 3 =0G0;L=0O 1C:20 D@0=FC7A:>3> A;>20 
imaginaire 3 «<=8<K9»). 

�7 MB>3> @025=AB20 ?>;CG05< i = √   . 

�2545=85 <=8<>9 548=8FK ?>72>;8B =0< B5?5@L 872;5GL :>@5=L :204@0B=KE 87 
>B@8F0B5;L=KE G8A5;: √      = √           = √    · √    = 6i. 

 
2. %B5?5=8 <=8<>9 548=8FK. 
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$0AA<>B@8< AB5?5=8 <=8<>9 548=8FK: 
i 1 = i; 
i2  = - 1; 
i3 = i2 · i = - 1 · i = - i; 
i4 = i3 · i = -i · i = - i2 = - (- 1) = 1; 
i5= i4 · i = 1 · i = i; 
i6 = i5 · i = i · i = i2 = -1; 
i7 = i6 · i = - 1 · i = - i; 
i8 = i7 · i = -i · i = - i2 = - (-1)  = 1; 
&&&&& 
�848<, GB> AB5?5=8 G8A;0 i ?>2B>@ONBAO A ?5@8>4><, @02=K< 4. #>;L7COAL MB8<, 

<>6=> 70?8A0BL ?@028;>: 
'FB5O 6OK<E?<FP EF9C9AP K<E?4 i , 8BEF4FBKAB D4;89?<FP 84AAO= CB>4;4F9?P A4 

4. &9?GR K4EFP BF 89?9A<S BF5DBE<@, 4 BEF4FB> ;4C<L9@ 6 CB>4;4F9?P K<E?4 i, 

CB?GK<@ B8<A <; K9FOD9I E?GK496: 
i 

0
 = 1; 

i
1
 = i; 

i
2 

= - 1; 

i
3
 = - i. 

!0?@8<5@, 2KG8A;8BL i135; i24 

 9L9A<9: i135 =                       = i3 = - i. 

i24 = { 24 : 4 = 6, >AB0B>: 0} = i0 = 1. 
 

3. "?@545;5=85 :><?;5:A=>3> G8A;0. 
 

�CD989?9A<9: +8A;0 2840 0 + bi, 345 0 8 b 3 459AB28B5;L=K5 G8A;0, 0 i 3 <=8<0O 
548=8F0, 1C45< =07K20BL >B@C?9>EAO@<. 

+8A;0 4 1C45< =07K20BL 89=EF6<F9?PAB= G0ABLN :><?;5:A=>3> G8A;0, bi 3 @A<@B= 
K4EFPR, b 3 >BQHH<J<9AFB@ CD< @A<@B= K4EF<. 

�0?8AL :><?;5:A=>3> G8A;0 2 2845  0 + bi =07K205BAO 4?795D4<K9E>B= HBD@B= 
:><?;5:A=>3> G8A;0. 

' 459AB28B5;L=K5 8 <=8<K5 G0AB8: 
a + bi = c + di, 5A;8 a = c, b = d. 

#@8<5@K :><?;5:A=KE G8A5;: (3 + 0,2i); (- 2 + 5i); (
   3 12i); (-1,6 + √ i). 

�N1>5 459AB28B5;L=>5 G8A;> 2A5340 <>6=> ?@54AB028BL 2 :><?;5:A=>9 D>@<5, 
=0?@8<5@: 

6 = 6 + 0i; 
-4 = -4 + 0i; 
0 = 0 + 0i. 
 

 
4. �59AB28O =04 :><?;5:A=K<8 G8A;0<8 2 0;351@08G5A:>9 D>@<5. 

 

#@5645 G5< @0AA<0B@820BL 459AB28O =04 :><?;5:A=K<8 G8A;0<8, 2A?><=8< 
459AB28O A;>65=8O, 2KG8B0=8O 8 C<=>65=8O <=>3>G;5=>2. 

!?B:9A<9. +B>1K A;>68BL 420 <=>3>G;5=0, =04> >?CAB8BL A:>1:8 8 ?@825AB8 
?>4>1=K5. 

( 4 + 2E) + ( 3 3 5E) = 4 + 2E + 3 3 5E = 7 3 3E. 
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ВOK<F4A<9. +B>1K 87 >4=>3> <=>3>G;5=0 2KG5ABL 2B>@>9 <=>3>G;5=, =04> >?CAB8BL 
A:>1:8, 87<5=82 ?@8 MB>< C :064>3> A;0305<>3> 2B>@>3> <=>3>G;5=0 7=0: =0 
?@>B82>?>;>6=K9, 8 ?@825AB8 ?>4>1=K5. 

(1 3 4E) 3 ( 6 3 2E) = 1 3 4E - 6 + 2E = - 5 3 2E. 
#@AB:9A<9. +B>1K ?5@5<=>68BL 420 <=>3>G;5=0, =04> :064>5 A;0305<>5 >4=>3> 

<=>3>G;5=0 C<=>68BL =0 :064>5 A;0305<>5 4@C3>3> <=>3>G;5=0 8 ?@825AB8 ?>4>1=K5. 
  (7 3 3E) · ( 3 + E) = 7 · 3 + 7 · E - 3E · 3 3 3E ·E = 21 + 7E 3 9E 3 3E2 =  
= -3E2 3 2E + 21. 
 
#@5645 G5< @0AA<0B@820BL 459AB285 45;5=85 :><?;5:A=KE G8A5;, 2A?><=8< 

D>@<C;C A>:@0I5==>3> C<=>65=8O a2 3 b2 = (a + b) · ( a 3 b). 

 =>68B5;8 (a + b)  8 ( a 3 b) =07K20NBAO EBCDS:9AAO@<. 
 
 
�59AB28O A;>65=8O, 2KG8B0=8O 8 C<=>65=8O :><?;5:A=KE G8A5; 2 0;351@08G5A:>9 

D>@<5 ?@>872>4OBAO ?> ?@028;0< A>>B25BAB2CNI8E 459AB289 =04 <=>3>G;5=0<8 
(@0A:@KB85 A:>1>:), A CG5B>< i2 = - 1; 

 

+B>1K @0745;8BL >4=> :><?;5:A=>5 G8A;> =0 4@C3>5, =04>: 

1) 70<5=8BL 459AB285 45;5=85 G5@B>9 4@>18; 

2) C<=>68BL G8A;8B5;L 8 7=0<5=0B5;L 4@>18 =0 2K@065=85 A>?@O65==>5 7=0<5=0B5;N; 

3) ?@825AB8 ?>4>1=K5, CG8BK20O i2 = -1; 

4) 70?8A0BL >B25B 2 2845 a + bi. 

 

!0?@8<5@, ?CABL z1 = 2 + 3i, z2 = 1 3 i, =09B8 z1 + z2; z1 3 z2; z1· z2; z1 : z2. 

$5H5=85: 
z1 + z2 = ( 2 + 3i) + ( 1 3 i) = 2 + 3i + 1 3 i = 3 + 2i; 

z1 – z2 = ( 2 + 3i) 3 ( 1 3 i) = 2 + 3i 3 1 + i = 1 + 4i; 

z1 · z2 = ( 2 + 3i) · (1 3 i) = 2 · 1 + 2 · ( -i) + 3i · 1 +3i · i = 2 3 2i + 3i + 3i2 =  
2 3 2i + 3i + 3 · ( -1) = 2 3 2i + 3i 3 3 = - 1 + i; 

z1 : z2 = 
                                = 

                  = 
                 = 

        = - 0,5 + 2,5i 

 
5. $5H5=85 :204@0B=KE C@02=5=89 A >B@8F0B5;L=K< 48A:@8<8=0=B><. 

$0AA<>B@8< @5H5=85 :204@0B=KE C@02=5=89, 48A:@8<8=0=B :>B>@KE >B@8F0B5;5=. 

E2 3 6E + 13 = 0       a = 1; b = -6; c = 13 

D = b2 3 4ac 

D = ( -6)2 3 4 ·1 · 13 = 36 3 52 = - 16 

x1 = 
     √   ; x1 = 

   √      = 
   √            = 

      = 3 + 2i 
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x2 = 
     √   ; x1 = 

   √      = 
   √            = 

      = 3 - 2i 

�848<, GB> 5A;8 48A:@8<8=0=B :204@0B=>3> C@02=5=8O >B@8F0B5;5=, B> C@02=5=85 
8<55B 864 EBCDS:9AAOI >B@C?9>EAOI >BDAS. 

 

6. '?@06=5=8O. 
 

1. ВOK<E?<FP  
1) i242 ; 
2) i64

 

3) i2301
 

4) i321; 
5) i13 + i82; 
6) i70 3 i91 · i14; 
7) i118 · (i403 + i35 3 i9). 

2. �4=F< z1 + z2; z1 – z2; z1· z2; z1 : z2, 5A;8 

1)  z1 = 4 + 2i, z2 = 1 3 2i, 
2)  z1 = 1 - 5i, z2 = 3 + i, 
3) z1 = -2 + 3i, z2 = 7 32 i, 

4)  z1 = -3 + 5i, z2 = 6 + 2 i, 
5)  z1 =   3i, z2 = 1 3 i. 

3.  9L<FP GD46A9A<9: 
1) 9E2 + 12E + 29 = 0 
2) E2 3 4E + 13 = 0 
3) E2 + 3E + 4 = 0 
4) 2E2 3 10E + 13 = 0 
5) 5E2 + 2E + 2 = 0. 

�F69FO:1. 1. -1; 2. 1; 3. i ; 4. i ; 5. -1+ i; 6. -1- i ;7. 3i. 

2. 1. 5; 3 + 4i; 8 – 6i; 2i. 

2. 4 – 4i; -2 – 6i; 8 – 14i; -0,2 – 1,6i. 

3. 5 + i ; -9 + 5i; -8 + 25i;- 
    +

     . 

4. 3+ 7i; -9 +3i; -28+24i; 0,7 + 0,9i. 

5. 1 + 2i; -1 + 4i; 3 + 3i; -1,5 + 1,5i. 

3. 1.- 
  +

   ; -
   - 

                                     5. -0,2 + 0,6i; - 0,2 – 0,6i 

2. 2 – 3i; 2 + 3i 

3.   
      + 

√     ;       -  
√      

4. 2,5 + 0,5i;2,5 – 0,5i 
&5<0 2.4 �KG8A;5=85 :>@=59 8 AB5?5=59 

"9@4: ВOK<E?9A<9 >BDA9= < EF9C9A9= 

�D4>F<K9E>4S D45BF4 № 2 

1.#>=OB85 AB5?5=8 A =0BC@0;L=K< ?>:070B5;5< 
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#CABL 0 3 =5:>B>@>5 G8A;> 8 n   N, n > 1, B>                 ÿ                =    3 =07K205BAO n 3 9 

AB5?5=LN G8A;0 0.    = b, 345 0 3 >A=>20=85 AB5?5=8, n 3 ?>:070B5;L AB5?5=8, b 3 @57C;LB0B 2>72545=8O 2 
AB5?5=L. 

!0?@8<5@, 35 = 243, B.:. 3· 3 · 3 · 3 · 3 = 243 

2.%B5?5=8 A F5;K< ?>:070B5;5< 8 8E A2>9AB20 

�;O AB5?5=59 A F5;K<8 ?>:070B5;O<8 >?@545;5=85 8 >1>7=0G5=8O B0:85 65, :0: 4;O 
AB5?5=8 A =0BC@0;L=K< ?>:070B5;5<. 

%2>9AB20: 

1) an · am = an + m  
2) an : am = an 3 m 

3)       = an · m 

4)          = an · bn 

5) (  ) 
 = 

     

6) a0  = 1 

7) a- n = 
    

3.#>=OB85 :>@=O n 3 9 AB5?5=8 8 53> A2>9AB20 

#CABL  n   N, n > 1 8  b 3 =5:>B>@>5 G8A;>, B> :>@=5< n 3 9 AB5?5=8 87 G8A;0 b 

=07K205BAO B0:>5 G8A;> 0, GB>  an = b. 

�>@=8 >1>7=0G0NBAO A ?><>ILN 7=0:0 @048:0;0, B.5. 0 = √  
 

�59AB285 872;5G5=85 :>@=O 3 MB> >?5@0F8O >1@0B=0O >?5@0F88 2>72545=8O 2 AB5?5=L 
(459AB285 =0E>645=8O >A=>20=8O AB5?5=8). 

!0?@8<5@: √  = 2, B.:. 22 = 4 

                            √   
 = 3,B. :. 34 = 81 

%2>9AB20: 

1. √      
  = √     √  

 

2. √   
   = 

√  √   

3. √ √   
 = √      

 

4. ( √  ) 
 = a 

5. √   
  = ( √  ) 

 

6. √       
 = √  

 , 8;8 √      
 = am 

4.#>=OB85 AB5?5=8 A 459AB28B5;L=K< ?>:070B5;5<, A2>9AB20 
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%B5?5=LN A 459AB28B5;L=K< ?>:070B5;5< =07K205BAO B0:>5 G8A;> 0 , GB>            = √   
 

%2>9AB20 AB5?5=59 A 459AB28B5;L=K<8 ?>:070B5;O<8 B0:85 65 :0: A2>9AB20 AB5?5=59 A 
F5;K<8 ?>:070B5;O<8. 

5. '?@06=5=8O 

1) #@54AB028BL 2 2845 AB5?5=8 A @0F8>=0;L=K< ?>:070B5;5<: 

1)√  ;         2)√   
;            3)√   

;            4)√     
;             5)√  

;              6)√     
 

2)#@54AB028BL 2 2845 :>@=O: 

1)   ;         2)   ;         3)     ;           4)     ;        5)      ;          6)         

3)�KG8A;8BL: 

1)    ;       2)    ;       3)   ;           4)    ;          5)        ;       6)       

7)    ·      ;    8)    ·    ;     9)    :    ;      10)    :    ;       11)(    )   
 

12)    ·     ;       13)    ·     ;       14)      :    ;        15)      :     

16)    :      -      ·              17)    √   ·   √          18)    √  
 :   √  

 

4)!09B8 7=0G5=85 2K@065=8O: 

1)√  
 ·      ?@8 0 = 0,09      2)√  : √  

   ?@8 b = 27      3)    · √   
 : √  

  ?@8 b  = 1,3 

5)$07;>68BL =0 <=>68B5;8: 

1)     -                 2)    3 1         3)x -  a       4)4     -           5)0,01      -          

 

"9@4: ВOK<E?9A<9 ?B74D<H@B6. 

�D4>F<K9E>4S D45BF4 № 3 

1. "?@545;5=85 ;>30@8D<0. 
 

$0AA<>B@8< @025=AB2>:    aA = b, 345 0 3 >A=>20=85 AB5?5=8,  A 3 ?>:070B5;L AB5?5=8, b 

3 @57C;LB0B 2>72545=8O 2 AB5?5=L. 

ЛB74D<H@B@ ?>;>68B5;L=>3>  G8A;0  b ?> >A=>20=8N 4, 345 0 > 0, 0 ≠ 1, =07K205BAO 
CB>4;4F9?P EF9C9A<, 2 :>B>@CN =04> 2>725AB8 G8A;> 0, GB>1K ?>;CG8BL b. 

c =              G8B05<: ;>30@8D< G8A;0 5 ?> >A=>20=8N 3. 
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�59AB285 =0E>645=8O ?>:070B5;O AB5?5=8,  ?> 7040==K< >A=>20=8N 8 @57C;LB0BC 
2>72545=8O 2 AB5?5=L,  =07K205BAO ?B74D<H@<DB64A<9@. -B> 459AB285 3 >1@0B=>5 
2>72545=8N 2 AB5?5=L. 

!0?@8<5@:         = 3, B.:. 23 = 8 

2.       = 1, B.:. 51 = 5 

3.         = - 2, B.:. 6- 2 = 
    

4.     √  = 
   

5.        = 0, B.:. 30 = 1 

6.          = 2, B.:. (  ) 
= 

    

7.           = - 2, B.:. (  )    
= 

     

8.             = 3, B.:.        = 0,125 

 
2. "A=>2=>5 ;>30@8D<8G5A:>5 B>645AB2>. 

 

&0: :0: aA = b (1.) 8 c =       (2.), B> ?>4AB02;OO (2.) 2 (1.), ?>;CG8<         = b 

-B> @025=AB2> =07K205BAO ?B74D<H@<K9E><@ FB:89EF6B@. 

"A=>2=>5 ;>30@8D<8G5A:>5 B>645AB2> ?>72>;O5B 2KG8A;OBL 7=0G5=8O B0:8E 
2K@065=89: 

1.        = 5 

2.          = 7 

3.         =           = (      ) 
 = 52 = 25 

4. (     )     
 =             = (      )   

 = 4- 3 = 
    

5.           = 31 ·        = 3 · 7 = 21 
6.           = 43 ·        = 64 ·           = 64 · (      ) 

 = 64 · 52 = 64 · 25 = 1600 
 

 
1. '?@06=5=8O. 

 
1. !09B8 ;>30@8D<K G8A5; ?> >A=>20=8N 3: 

3, 9, 27, 81, 1, 
  , 

  , 
    , √  

, 
  √ , 9√  

 . 

 
2.�KG8A;8BL: 
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1)       ;   2)      ;   3)     ;   4)     ;   5)      ;    6)      ;          7)    √ ;        

8)     √   ;        9)       ;    10)       ;   11)      ;       12)     ;           13)      ;            

14)      ;           15)    √  
;         16)     √   ; 

17)        ;       18)      ;           19)            ;    20)        ;          21)       ; 

22)     √  
;     23)       ;       24)       ;          25)       ;          26)        ; 

27)        ;      28)       ;       29)        ;         30)        . 

 
3. �KG8A;8BL: 

1)       ;     2)           ;       3)        ;        4)        ;       5)      ; 

6)       ;     7)       ;   8)             

 
4.�KOA=8BL, ?@8 :0:8E 7=0G5=8OE E ACI5AB2C5B ;>30@8D<: 
1)          ;        2)           ;        3)         ;        4)          ;  

5)           ;         6)             

 
5.�KG8A;8BL: 

1)       ;        2)(  )                    (  )       
;        4)          

; 

5)           ;   6)(  )        
;     7)          ;       8)         ; 

9)2              ;         10)
            ;        11)3                   

12)       +       ;       13)        -       ;  14)       ·        

 
6.$5H8BL C@02=5=85: 
 

1)       = 3;      2)                 3)    √  = - 4    4)2E  = 5; 

5)1,2E = 4;      6)42E + 3 = 5;          7)71 3 2E = 2 
 

 
"9@4: �D9B5D4;B64A<9 6OD4:9A<=, EB89D:4M<I ?B74D<H@O. 

�D4>F<K9E>4S D45BF4 № 4 

1."?@545;5=85 ;>30@8D<0. �5AOB8G=K5 8  =0BC@0;L=K5 ;>30@8D<K. 

 

$0AA<>B@8< @025=AB2>:    aA = b, 345 0 3 >A=>20=85 AB5?5=8,  A 3 ?>:070B5;L AB5?5=8, b 

3 @57C;LB0B 2>72545=8O 2 AB5?5=L. 

ЛB74D<H@B@ ?>;>68B5;L=>3>  G8A;0  b ?> >A=>20=8N 4, 345 0 > 0, 0 ≠ 1, =07K205BAO 
CB>4;4F9?P EF9C9A<, 2 :>B>@CN =04> 2>725AB8 G8A;> 0, GB>1K ?>;CG8BL b. 

c =       
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       G8B05<: ;>30@8D< G8A;0 5 ?> >A=>20=8N 3. 

�59AB285 =0E>645=8O ?>:070B5;O AB5?5=8,  ?> 7040==K< >A=>20=8N 8 @57C;LB0BC 
2>72545=8O 2 AB5?5=L,  =07K205BAO ?B74D<H@<DB64A<9@. -B> 459AB285 3 >1@0B=>5 
2>72545=8N 2 AB5?5=L. 

!0?@8<5@:        = 3, B.:. 23 = 8 

Д9ESF<KAO@ ?B74D<H@B@ G8A;0 =07K205BAO ;>30@8D< MB>3> G8A;0 ?> >A=>20=8N 
10, :>B>@K9 >1>7=0G05BAO lg b, 2<5AB>       . 

!0?@8<5@: 

lg1000 = 3, B.:. 103 = 1000 

�4FGD4?PAO@ ?B74D<H@B@ G8A;0 =07K205BAO ;>30@8D< MB>3> G8A;0 ?> >A=>20=8N 
9, 345 5 = 2,7182818&(  2,7). 

!0BC@0;L=K5 ;>30@8D<K >1>7=0G0NBAO ln b, 2<5AB>      . 

 
 

2."A=>2=>5 ;>30@8D<8G5A:>5 B>645AB2>. 

 

&0: :0: aA = b (1.) 8 c =       (2.), B> ?>4AB02;OO (2.) 2 (1.), ?>;CG8<         = b 

-B> @025=AB2> =07K205BAO ?B74D<H@<K9E><@ FB:89EF6B@. 

"A=>2=>5 ;>30@8D<8G5A:>5 B>645AB2> ?>72>;O5B 2KG8A;OBL 7=0G5=8O B0:8E 
2K@065=89: 

7.        = 5 

8.         =           = (      ) 
 = 52 = 25 

 
 

3.%2>9AB20 ;>30@8D<>2 

 

1)       +       =            

2)       -       =     (  ) 

3) r ·       =        
 
!0?@8<5@: 

1)        +       =        = 2 
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2)         -        =      (   ) =         = 1 

3) 
             = 

             = 
                   = 

   

 

 
 

 

4.(>@<C;0 ?5@5E>40 >B ;>30@8D<0 ?> >4=><C >A=>20=8N : ;>30@8D<C ?> 4@C3><C 
>A=>20=8N. 

       = 
           

 
!0?@8<5@: 
        = 

            = 
       

 
 

5.'?@06=5=8O 

1) �KG8A;8BL:        ;        √  ;                                                       
1)      ;      √                                        ;                      ; 

2)�KG8A;8BL:       ;                                                                    ;                           ;               ;           ;                                          ;               . 

3)!09B8 7=0G5=85 2K@065=8O:          +         =                 +        =             +      =          -        =                      -        =                   -        = 

                =                                      =                                     = 

            =                                                 =                                    =  

13.        ∙         =                       ∙       =                     ∙       = 

 

"9@4:  9L9A<9 CDBEF9=L<I CB>4;4F9?PAOI < ?B74D<H@<K9E><I GD46A9A<= <  
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A9D469AEF6. 

�D4>F<K9E>4S D45BF4 № 5 

#> >?@545;5=8N 0A = b. #>:070B5;L=>5 C@02=5=85 3 MB> C@02=5=85, A>45@60I55 
=58725AB=>5 2 ?>:070B5;5 AB5?5=8, B.5. ?>:070B5;L ?@54AB02;5= 2 2845 2K@065=8O, 
A>45@60I53> E. &0:>5 C@02=5=85 1C45B 8<5BL 284: af(x) = b 3?@>AB59H55 C@02=5=85. 

&.:. <K <>65< A@02=820BL AB5?5=8 A >48=0:>2K<8 >A=>20=8O<8, B> G8A;> b =04> 
?@54AB028BL 2 2845 0A. �=0O > B><, GB> C @02=KE AB5?5=59 A >48=0:>2K<8 >A=>20=8O<8, 
?>:070B5;8 @02=K, <>6=> A45;0BL 2K2>4, f(x) = c. $5H0O MB> C@02=5=85, =0945< E. &.:. 
?>:070B5;L <>65B 1KBL ;N1K< G8A;><, B> >1;0ABL 4>?CAB8<KE 7=0G5=89 B0:>3>   
C@02=5=8O 3 2A5 459AB28B5;L=K5 G8A;0. 

�>@>B:> 2A5 2KH5 A:070==>5 <>6=> ?@54AB028BL 2 2845 AE5<K: 

af(x) = b 

af(x) = 0A 

f(x) = c 

!0?@8<5@: 

2E + 1 = 8 

2E + 1 = 23 

E + 1 = 3 

E = 2 

#@8=F8? @5H5=8O ?>:070B5;L=>3> =5@025=AB20 0=0;>38G5=, 548=AB25==>5, =5>1E>48<> 
CG5ABL <>=>B>==>ABL A>>B25BAB2CNI59 ?>:070B5;L=>9 DC=:F88.  

af(x) > b 

af(x) > 0A 

0)5AB8 0 > 1, B> DC=:F8O 1C45B 2>7@0AB0NI59, 7=0: =5 ?><5=O5BAO 

f(x) > c 

1)5A;8 0 < 1, B> DC=:F8O 1C45B C1K20NI59, 7=0: <5=O5BAO 

f(x) < c 

!0?@8<5@: 

0,3E 3 3 < 0,09 

0,3E 3 3 < 0,32 

0 = 0,3 < 1, DC=:F8O C1K205B, 7=0: <5=O5BAO 
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E 3 3 > 2 

E > 5 

#@8=F8? @5H5=8O ;>30@8D<8G5A:8E C@02=5=89 8 =5@025=AB2 AE>6 A @5H5=85< 
?>:070B5;L=KE C@02=5=89 8 =5@025=AB2, => =5>1E>48<> CG8BK20BL >1;0ABL 4>?CAB8<KE 
7=0G5=89: B.:. <K @0AA<0B@8205< B>;L:> ?>;>68B5;L=K5 >A=>20=8O, B> 2K@065=85 
AB>OI55 ?>4 7=0:>< ;>30@8D<0 4>;6=> 1KBL ?>;>68B5;L=K<.                 "��:  f(x) > 0                  

f(x) = ac 

f(x) = b 

!0?@8<5@:           = 3                              "��: E + 2 > 0 

                             =                                     E > - 2 

                              E + 2 = 23 

                              E + 2 = 8 

                                     E = 6   "�� 

"B25B: E = 6 

$5H8BL =5@025=AB2>:            <  3                               

                                                <        

0 = 2 > 1,DC=:F8O 2>7@0AB05B, 7=0: =5 <5=O5BAO 

                                             {               

                                              {             

                                                   {            

"B25B: E   (- 2; 6) 

'?@06=5=8O: 

1.$5H8BL C@02=5=8O: 

1) 35 3 E = 
                        2)252E 3 1 = 125                     3) (  )  

 = 32 

4)0,22E +3 = 5E- 1                      5) 2· 8E = 16                         6) 2E = 3E 
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7)       = 2                   8)          = 0                9)            = - 1 

10)       =              11)          =            

2.$5H8BL =5@025=AB2>: 

1)2E > 4                          2)3E+ 5 > 
                           3)(  )   

 < 25 

4)0,2E   0,04                 5)54E + 2 > 125                    6)(  )    
 > 

   

7)                          8)             < -1         9)       > 0 

10)                                         11)           <            

 

"9@4: �484K< A4 C4D4??9?PABEFP < C9DC9A8<>G?SDABEFP CDS@OI < C?BE>BEF9= 6 
CDBEFD4AEF69. 

�D4>F<K9E>4S D45BF4 № 6 

1.%B5@5><5B@8O. �:A8><K AB5@5><5B@88. 
 

%B5@5><5B@8O 3 @0745; 35><5B@88, 2 :>B>@>< 87CG0NBAO ?@54<5BK 2 ?@>AB@0=AB25 8 
8E A2>9AB20. 

!5>?@545;O5<K5 ?>=OB8O: B>G:0, ?@O<0O, ?;>A:>ABL. 
�:A8><K AB5@5><5B@88: 
%1: �0:>20 1K =8 1K;0 ?;>A:>ABL, ACI5AB2CNB B>G:8 59 ?@8=04;560I85 8 =5 

?@8=04;560I85. 
%2: �A;8 425 ?;>A:>AB8 8<5NB >1ICN B>G:C, B> >=8 ?5@5A5:0NBAO ?> ?@O<>9, 

?@>E>4OI59 G5@57 MBC B>G:C. 
%3:  +5@57 425 ?5@5A5:0NI85AO ?@O<K5 <>6=> ?@>25AB8 ?;>A:>ABL 8 ?@8B>< B>;L:> 

>4=C (0:A8><0 > ACI5AB2>20=88 ?;>A:>AB8). 
 
%;54AB28O 87 0:A8><K > ACI5AB2>20=88 ?;>A:>AB8: 
1.+5@57 ?@O<CN 8 =5 ;560ICN =0 =59 B>G:C <>6=> ?@>25AB8 ?;>A:>ABL 8 ?@8B>< 

B>;L:> >4=C. 
2.+5@57 B@8 B>G:8 =5 ;560I85 =0 >4=>9 ?@O<>9 <>6=> ?@>25AB8 ?;>A:>ABL 8 ?@8B>< 

B>;L:> >4=C. 
3.+5@57 425 ?0@0;;5;L=K5 ?@O<K5 <>6=> ?@>25AB8 ?;>A:>ABL 8 ?@8B>< B>;L:> >4=C. 
 
 

2.�708<=>5 @0A?>;>65=85 ?@O<KE, ?;>A:>AB59, ?@O<KE 8 ?;>A:>AB59 2 
?@>AB@0=AB25. 

 
#;>A:>AB8 2 ?@>AB@0=AB25 <>3CB: 
1.#5@5A5:0BLAO (8<5BL >4=C >1ICN ?@O<CN), 
2.�KBL ?0@0;;5;L=K<8 (=5B >1I8E ?@O<KE). 
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#@O<K5 8 ?;>A:>AB8 2 ?@>AB@0=AB25 <>3CB: 
1.#5@5A5:0BLAO (8<5BL >4=C >1ICN B>G:C), 
2. �KBL ?0@0;;5;L=K<8 (=5B >1I8E B>G5:). 
 
#@O<K5 2 ?@>AB@0=AB25 <>3CB: 
1.#5@5A5:0BLAO (8<5BL >4=C >1ICN B>G:C), 
2. �KBL ?0@0;;5;L=K<8 (=5B >1I8E B>G5:), 
(2 ?5@2KE 42CE A;CG0OE ?@O<K5 ;560B 2 >4=>9 ?;>A:>AB8) 
3.�KBL A:@5I820NI8<8AO ( =5 ;560B 2 >4=>9 ?;>A:>AB8). 
 

 
 

3.#0@0;;5;L=>ABL ?@O<KE 8 ?;>A:>AB59. 
 

Д69 CDS@O9 2 ?@>AB@0=AB25 =07K20NBAO C4D4??9?PAO@<, 5A;8 >=8 ;560B 2 >4=>9 
?;>A:>AB8 8 =5 ?5@5A5:0NBAO. 

&5>@5<0: +5@57 B>G:C 2=5 40==>9 ?@O<>9 <>6=> ?@>25AB8 ?@O<CN, ?0@0;;5;L=CN 
40==>9 8 ?@8B>< B>;L:> >4=C. 

#@87=0: ?0@0;;5;L=>AB8 ?@O<KE:  �25 ?@O<K5, ?0@0;;5;L=K5 B@5BL59, 
?0@0;;5;L=K. 

 

�DS@4S < C?BE>BEFP =07K20NBAO C4D4??9?PAO@<, 5A;8 >=8 =5 ?5@5A5:0NBAO 8 =5  
8<5NB >1I8E B>G5:. 

#@87=0: ?0@0;;5;L=>AB8 ?@O<>9 8 ?;>A:>AB8:  �A;8 ?@O<0O, =5 ?@8=04;560I0O 
?;>A:>AB8, ?0@0;;5;L=0 :0:>9-=81C4L ?@O<>9 2 MB>9 ?;>A:>AB8, B> >=0 ?0@0;;5;L=0 8 
A0<>9 ?;>A:>AB8. 

 
Д69 C?BE>BEF< =07K20NBAO C4D4??9?PAO@<, 5A;8 >=8 =5 ?5@5A5:0NBAO, B.5. =5 

8<5NB >1I8E B>G5: (?@O<KE). 
#@87=0: ?0@0;;5;L=>AB8 ?;>A:>AB59: �A;8 425 ?5@5A5:0NI85AO ?@O<K5 >4=>9 

?;>A:>AB8, A>>B25BAB25==> ?0@0;;5;L=K 42C< ?5@5A5:0NI8<AO ?@O<K< 4@C3>9 ?;>A:>AB8, 
B> MB8 ?;>A:>AB8 ?0@0;;5;L=K. 

 
 
 

4.#5@?5=48:C;O@=>ABL ?@O<KE 8 ?;>A:>AB59. 
 

Д69 CDS@O9 =07K20NBAO C9DC9A8<>G?SDAO@<, 5A;8 >=8 ?5@5A5:0NBAO ?>4 
?@O<K< C3;><. 

#@87=0: ?5@?5=48:C;O@=>AB8 ?@O<KE: 5A;8 425 ?5@5A5:0NI85AO ?@O<K5 
A>>B25BAB25==> ?0@0;;5;L=K 42C< ?5@?5=48:C;O@=K< ?@O<K<, B> >=8 B>65 
?5@?5=48:C;O@=K. 

 
�DS@4S, ?5@5A5:0NI0O ?;>A:>ABL, =07K205BAO C9DC9A8<>G?SDAB= MB>9 

C?BE>BEF<, 5A;8 >=0 ?5@?5=48:C;O@=0 ;N1>9 ?@O<>9, :>B>@0O ;568B 2 40==>9 ?;>A:>AB8 
8 ?@>E>48B G5@57 B>G:C ?5@5A5G5=8O   40==>9 ?@O<>9 A ?;>A:>ABLN. 
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#@87=0: ?5@?5=48:C;O@=>AB8 ?@O<>9 8 ?;>A:>AB8:  5A;8 ?@O<0O ?5@?5=48:C;O@=0 
42C< ?5@5A5:0NI8<AO ?@O<K<, ;560I8< 2 ?;>A:>AB8, B> >=0 ?5@?5=48:C;O@=0 8 A0<>9 
?;>A:>AB8.  

%2>9AB20 ?5@?5=48:C;O@=KE ?@O<>9 8 ?;>A:>AB8: 
1.�A;8 ?;>A:>ABL ?5@?5=48:C;O@=> >4=>9 87 42CE ?0@0;;5;L=KE ?@O<KE, B> >=0 

?5@?5=48:C;O@=0 8 4@C3>9. 
2.�25 ?@O<K5 ?5@?5=48:C;O@=K5 >4=>9 8 B>9 65 ?;>A:>AB8, ?0@0;;5;L=K. 
 
 

5.�7>1@065=85 ?@>AB@0=AB25==KE D83C@ =0 ?;>A:>AB8. 
 

�;O 87>1@065=8O ?@>AB@0=AB25==KE D83C@ =0 ?;>A:>AB8 >1KG=> ?>;L7CNBAO 
C4D4??9?PAO@ CDB9>F<DB64A<9@. -B>B A?>A>1 87>1@065=8O D83C@K A>AB>8B 2 
A;54CNI5<: 15@5BAO ?@>872>;L=0O ?@O<0O h, ?@5A5:0NI0O ?;>A:>ABL G5@B560 α, 
?@>2>48BAO G5@57 ?@>872>;L=CN B>G:C � D83C@K ?@O<0O, ?0@0;;5;L=0O h. &>G:0 �1 
?@5A5G5=8O MB>9 ?@O<>9 A ?;>A:>ABLN G5@B560 1C45B 87>1@065=85< B>G:8 �. #>AB@>82 
B0:8< >1@07>< 87>1@065=85 :064>9 B>G:8 D83C@K, ?>;CG8< 87>1@065=85 A0<>9 D83C@K. 

&0:>9 A?>A>1 87>1@065=8O ?@>AB@0=AB25==>9 D83C@K =0 ?;>A:>AB8 A>>B25BAB2C5B 
7@8B5;L=><C 2>A?@8OB8N D83C@K ?@8 @0AA<>B@5=88 55 8740;8. 

%2>9AB20 87>1@065=8O D83C@K =0 ?;>A:>AB8: 
1.#@O<>;8=59=K5 >B@57:8 D83C@K 87>1@060NBAO =0 ?;>A:>AB8 G5@B560 >B@57:0<8. 
2.#0@0;;5;L=K5 >B@57:8 D83C@K 87>1@060NBAO =0 ?;>A:>AB8 G5@B560 

?0@0;;5;L=K<8 >B@57:0<8. 
3."B=>H5=85 >B@57:>2 >4=>9 ?@O<>9 8;8 ?0@0;;5;L=KE ?@O<KE A>E@0=O5BAO ?@8 

?0@0;;5;L=>< ?@>5:B8@>20=88. 
 
!0@O4C A ?0@0;;5;L=K< ?@>5:B8@>20=85< 4;O 87>1@065=8O ?@>AB@0=AB25==KE 

D83C@ =0 ?;>A:>AB8 <>65B 8A?>;L7>20BLAO B0:65 J9AFD4?PAB9 CDB9>F<DB64A<9, :>B>@>5 
A>AB>8B 2 A;54CNI5<: 15@5< ?@>872>;L=CN B>G:C S, =5 ;560ICN 2 ?;>A:>AB8 G5@B560 α, 8 
?@>2>48< G5@57 ?@>872>;L=CN B>G:C � D83C@K ?@O<CN SA. &>G:0 �1  ?5@5A5G5=8O MB>9 
?@O<>9 A ?;>A:>ABLN G5@B560 1C45B 87>1@065=85 B>G:8 �. #>AB@>82 B0:8< >1@07>< 
87>1@065=85 :064>9 B>G:8 D83C@K, ?>;CG8< 87>1@065=85 A0<>9 D83C@K. 

-B>B A?>A>1 87>1@065=8O 405B =03;O4=>5 7@8B5;L=>5 ?@54AB02;5=85 > D83C@5, => 
B>G=K5 @07<5@K 55 G0AB59 ?@8 MB>< B5@ONBAO. 

 
 

6.�040G8. 
 

1.�0=K 425 @07;8G=K5 ?@O<K5, ?5@5A5:0NI85AO 2 B>G:5 �. �>:068B5, GB> 2A5 
?@O<K5, ?5@5A5:0NI85 >15 40==K5 ?@O<K5 8 =5 ?@>E>4OI85 G5@57 B>G:C �, ;560B 2 >4=>9 
?;>A:>AB8. 

2.�>:068B5, GB> G5@57 ?@O<CN <>6=> ?@>25AB8 425 @07;8G=K5 ?;>A:>AB8. 
3.�>:068B5, GB> 2A5 ?@O<K5, ?5@5A5:0NI85 425 40==K5 ?0@0;;5;L=K5 ?@O<K5, 

;560B 2 >4=>9 ?;>A:>AB8. 
4.�>:068B5, GB> 5A;8 ?;>A:>ABL ?5@5A5:05B >4=C 87 42CE ?0@0;;5;L=KE ?@O<KE, B> 

>=0 ?5@5A5:05B 8 4@C3CN. 
5.�>:068B5, GB> G5@57 425 A:@5I820NI85AO ?@O<K5 <>6=> ?@>25AB8 ?0@0;;5;L=K5 

?;>A:>AB8. 
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6.�>:068B5, GB> G5@57 ;N1CN B>G:C ?@O<>9 2 ?@>AB@0=AB25 <>6=> ?@>25AB8 
?5@?5=48:C;O@=CN 59 ?@O<CN. 

7.+5@57 :>=FK >B@57:0 �� 8 53> A5@548=C   ?@>2545=K ?0@0;;5;L=K5 ?@O<K5, 
?5@5A5:0NI85 =5:>B>@CN ?;>A:>ABL 2 B>G:0E �1, �1,  1. !0948B5 4;8=C >B@57:0   1, 
5A;8 >B@57>: �� =5 ?5@5A5:05B ?;>A:>ABL 8 5A;8: 1)��1 = 5A<, ��1 = 7A<; 2)��1 = 3,64<, 
��1 = 4,84<. 

8. +5@57 :>=FK >B@57:0 �� 8 53> A5@548=C   ?@>2545=K ?0@0;;5;L=K5 ?@O<K5, 
?5@5A5:0NI85 =5:>B>@CN ?;>A:>ABL 2 B>G:0E �1, �1,  1. !0948B5 4;8=C >B@57:0   1, 
5A;8 >B@57>: ��  ?5@5A5:05B ?;>A:>ABL 8 5A;8: 1)��1 = 8,3A<, ��1 = 4,1A<; 2)��1 = a 4<, 
��1 = b 4<. 

9.�0= B@5C3>;L=8: ��%. #;>A:>ABL, ?0@0;;5;L=0O ?@O<>9 ��, ?5@5A5:05B AB>@>=C 
�% MB>3> B@5C3>;L=8:0 2 B>G:5 �1, 0 AB>@>=C �% 3 2 B>G:5 �1. !0948B5 4;8=C >B@57:0 
�1�1, 5A;8: 1) �� = 15A<, ��1 : �% = 2 : 3; 2) �� = 8A<, ��1 : �1% = 5 : 3.  

10.#0@0;;5;>3@0<<K ��%D 8 ��%1D1 ;560B 2 @07=KE ?;>A:>ABOE. �>:068B5, GB> 
G5BK@5EC3>;L=8: CDD1C1 B>65 ?0@0;;5;>3@0<<. 

 

"9@4: �9DC9A8<>G?SD < A4>?BAA4S. 

�D4>F<K9E>4S D45BF4 № 7 

1."?@545;5=8O  ?5@?5=48:C;O@0 8 =0:;>==>9 

 

                                #CABL 40=K ?;>A:>ABL α 8 =5 ?@8=04;560I0O 

                                                          59 B>G:0 �. 

                                              �9DC9A8<>G?SDB@, >?CI5==K< 87 40==>9 B>G:8 

                                          =0 ?;>A:>ABL α, =07K205BAO >B@57>:, A>548=ONI89 MBC B>G:C A 
B>G:>9 ?;>A:>AB8 8 ;560I89 =0 ?@O<>9, ?5@?5=48:C;O@=>9 ?;>A:>AB8. 

�>=5F MB>3> >B@57:0, ;560I89  2 ?;>A:>AB8 α, =07K205BAO BEAB64A<9@ 
C9DC9A8<>G?SD4. 

�;8=0 ?5@?5=48:C;O@0, >?CI5==>3> 87 40==>9 B>G:8 =0 ?;>A:>ABL, =07K205BAO 
D4EEFBSA<9@ >B B>G:8 4> ?;>A:>AB8. 

�4>?BAAB=, ?@>2545==>9 87 40==>9 B>G:8 � : 40==>9 ?;>A:>AB8, =07K205BAO ;N1>9 
>B@57>:, A>548=ONI89 B>G:C � A B>G:>9 ?;>A:>AB8, =5 O2;ONI89AO ?5@?5=48:C;O@><. 

�>=5F =0:;>==>9, ;560I89 2 ?;>A:>AB8, =07K205BAO BEAB64A<9@ A4>?BAAB=. 

"B@57>:, A>548=ONI89 >A=>20=85 ?5@?5=48:C;O@0 A >A=>20=85< =0:;>==>9, 
=07K205BAO CDB9>J<9= A4>?BAAB= =0 ?;>A:>ABL. 

2.&5>@5<0 > B@5E ?5@?5=48:C;O@0E 

�A;8 ?@O<0O, ?@>2545==0O =0 ?;>A:>AB8 G5@57 >A=>20=85 =0:;>==>9, 
?5@?5=48:C;O@=0 55 ?@>5:F88, B> >=0 ?5@?5=48:C;O@=0 8 A0<>9 =0:;>==>9. (>1@0B=>5 
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CB25@645=85: 5A;8 ?@O<0O =0 ?;>A:>AB8 ?5@?5=48:C;O@=0 =0:;>==>9, B> >=0 
?5@?5=48:C;O@=0 8 55 ?@>5:F88). 

 

3.'3>; <564C ?@O<>9 8 ?;>A:>ABLN 

 

                                       #CABL α 3 ?;>A:>ABL, 0 3 ?5@5A5:0NI0O 55 ?@O<0O,  

                                  =5 ?5@?5=48:C;O@=0O ?;>A:>AB8.  "A=>20=8O ?5@?5=- 

                               48:C;O@>2, >?CI5==KE 87 :064>9 B>G:8 ?@O<>9 0 =0 

                              ?;>A:>ABL α, ;560B =0 >4=>9 ?@O<>9 01 =0 ?;>A:>AB8 . 

#7?B@ @9:8G CDS@B= < C?BE>BEFPR =07K205BAO C3>; <564C =0:;>==>9 8 55 
?@>5:F859 =0 MBC ?;>A:>ABL. 

4.#@87=0: ?5@?5=48:C;O@=>AB8 ?;>A:>AB59 

 

"?@545;5=85: 425 ?5@5A5:0NI85AO C?BE>BEF< =07K20NBAO C9DC9A8<>G?SDAO@<, 
5A;8 B@5BLO ?;>A:>ABL, ?5@?5=48:C;O@=0O ;8=88 ?5@5A5G5=8O MB8E ?;>A:>AB59, ?5@5A5:05B 
8E ?> ?5@?5=48:C;O@=K< ?@O<K<. 

&5>@5<0: 5A;8 ?;>A:>ABL ?@>E>48B G5@57 ?@O<CN, ?5@?5=48:C;O@=CN 4@C3>9 
?;>A:>AB8, B> MB8 ?;>A:>AB8 ?5@?5=48:C;O@=K. 

5.$0AAB>O=85 <564C A:@5I820NI8<8AO ?@O<K<8 

 

�5M<@ C9DC9A8<>G?SDB@ 42CE A:@5I820NI8EAO ?@O<KE =07K205BAO >B@57>: A 
:>=F0<8 =0 MB8E ?@O<KE, O2;ONI89AO ?5@?5=48:C;O@>< : :064>9 87 =8E. 

&5>@5<0: 425 A:@5I820NI85AO ?@O<K5 8<5NB >1I89 ?5@?5=48:C;O@, 8 ?@8B>< 
B>;L:> >48=. "= O2;O5BAO >1I8< ?5@?5=48:C;O@>< ?0@0;;5;L=KE ?;>A:>AB59, 
?@>E>4OI8E G5@57 MB8 ?@O<K5. 

$0AAB>O=85< <564C A:@5I820NI8<8AO ?@O<K<8 =07K205BAO 4;8=0 8E >1I53> 
?5@?5=48:C;O@0. "=> @02=> @0AAB>O=8N  <564C ?0@0;;5;L=K<8 ?;>A:>ABO<8, 
?@>E>4OI8<8 G5@57 MB8 ?@O<K5. 

 
 

6.'3>; <564C ?;>A:>ABO<8 

 

#CABL α  ∩ ³ = A. #@>2545< ?;>A:>ABL ´ B0:, GB>1K A ┴ ´:  
´ ∩ α = 0,  ´ ∩ ³ = 2. '3>; <564C ?@O<K<8 0 8 2  - MB> G7B? C?BE>BEFS@<  α < β. 
 

 
7.'3>; <564C A:@5I820NI8<8AO ?@O<K<8 

 

�25 ?5@5A5:0NI85AO ?@O<K5 >1@07CNB A<56=K5 8 25@B8:0;L=K5 C3;K. 
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�5@B8:0;L=K5 C3;K @02=K, 0 A<56=K5 4>?>;=ONB 4@C3 4@C30 4> 180ْ. 

                                 "1 = "3 

                                 "1 + "2 = 180ْ 

'3;>< <564C ?@O<K<8 =07K205BAO C3>; A =08<5=LH59 3@04CA=>9 <5@>9. '3>; <564C 
?0@0;;5;L=K<8 ?@O<K<8 AG8B05BAO @02=K< 0ْ. 

'3;>< <564C A:@5I820NI8<8AO ?@O<K<8 =07K205BAO C3>; <564C 
?5@5A5:0NI8<8AO ?@O<K<8, :>B>@K5 ?0@0;;5;L=K 40==K< A:@5I820NI8<AO ?@O<K<. 

                                            #CABL 0 8 2 3 A:@5I820NI85AO ?@O<K5.        

                                            01 ǀǀ 0, =>  "φ 3 C3>; <564C A:@5I820NI8<8AO  
                                             ?@O<K<8 0 8 2.           

 

 

 

8.        ПDи@9A9Aи9 BDFB7BAа?ьAB7B CDB9>FиDB6аAия 6 F9хAич9E>B@ ч9Dч9Aии 

� G5@G5=88 ?@8<5=O5BAO >@B>3>=0;L=>5 ?@>5:B8@>20=85, B.5. ?0@0;;5;L=>5 
?@>5:B8@>20=85 ?@O<K<8, ?5@?5=48:C;O@=K<8 ?;>A:>AB8 ?@>5:F88. 

+5@B568 45B0;59 ?>;CG0NBAO ?CB5< >@B>3>=0;L=>3> ?@>5:B8@>20=8O =0 >4=C, 425 
8;8 B@8 2708<=> ?5@?5=48:C;O@=K5 ?;>A:>AB8. -B8 ?;>A:>AB8 =07K20NBAO C?BE>BEFS@< 
CDB9>J<=. 

#@8 2K?>;=5=88 G5@B5659 ?>;L7CNBAO @07;8G=K<8 CA;>2=>ABO<8, 
?@54CA<>B@5==K<8 AB0=40@B><. !0?@8<5@: =52848<K5 ;8=88 87>1@060NBAO ?C=:B8@><, 
F5=B@0;L=K5 8 >A52K5 3 HB@8E?C=:B8@=K<8 ;8=8O<8, @57L10 CA;>2=> 87>1@0605BAO 
A?;>H=>9 B>=:>9 ;8=859. 

9.�040G8 

1.+5@57 F5=B@ 2?8A0==>9  2 B@5C3>;L=8: >:@C6=>AB8 ?@>2545=0 ?@O<0O, 
?5@?5=48:C;O@=0O ?;>A:>AB8 MB>3> B@5C3>;L=8:0. �>:068B5, GB> :0640O B>G:0 MB>9 
?@O<>9 @02=>C40;5=0 >B AB>@>= 40==>3> B@5C3>;L=8:0. 

2.�5@E=85 :>=FK 42CE 25@B8:0;L=> AB>OI8E AB>;1>2, C40;5==KE 4@C3 >B 4@C30 =0 
@0AAB>O=85 3,4 <5B@0, A>548=5=K ?5@5:;048=>9. �KA>B0 >4=>3> AB>;10 5,8 <., 2KA>B0 
4@C3>3> 3 3,9 <. !0948B5 4;8=C ?5@5:;048=K. 

3.%B>@>=K @02=>AB>@>==53> B@5C3>;L=8:0 @02=K 3 <5B@0. !0948B5 @0AAB>O=85 4> 
?;>A:>AB8 B@5C3>;L=8:0 >B B>G:8, :>B>@0O =0E>48BAO =0 @0AAB>O=88 2 <5B@>2 >B :064>9 87 
53> 25@H8=. 
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4."B@57>: 4;8=>9 10A< ?5@5A5:05B ?;>A:>ABL, :>=FK 53> =0E>4OBAO =0 @0AAB>O=88 2 8 
3 <5B@0 >B ?;>A:>AB8. !0948B5 C3>; <564C 40==K< >B@57:>< 8 ?;>A:>ABLN. 

5.!0:;>==0O @02=0 0. +5<C @02=0 ?@>5:F8O MB>9 =0:;>==>9 =0 ?;>A:>ABL, 5A;8 
=0:;>==0O A>AB02;O5B A ?;>A:>ABLN C3>;, @02=K9: 1) 45ْ; 2) 30ْ; 3) 60ْ? 

6.�7 B>G:8, >BAB>OI59 >B ?;>A:>AB8 =0 @0AAB>O=85 4, ?@>2545=K 425 =0:;>==K5, 
>1@07CNI85 A ?;>A:>ABLN >A=>20=8O C3;K 45ْ 8 30ْ, 0 <564C A>1>9 ?@O<>9 C3>;. !0948B5 
@0AAB>O=85 <564C :>=F0<8 =0:;>==KE. 

 

"9@4:  9L9A<9 >B@5<A4FBDAOI ;484K. 

�D4>F<K9E>4S D45BF4 № 8 

1.#@028;0 :><18=0B>@8:8. 

�><18=0B>@8:0 @0AA<0B@8205B 7040G8, A2O70==K5 A A>AB02;5=85< @07;8G=KE 
A>548=5=89 (:><18=0F89). 

�;O @5H5=8O :><18=0B>@=KE 7040G =5>1E>48<> 7=0BL ?@028;0 :><18=0B>@8:8 
(A;>65=8O, C<=>65=8O, ?@028;> 2:;NG5=8O 3 8A:;NG5=8O). 

 $0AA<>B@8< 420 <=>65AB20  � 8 �.  =>65AB2> 3 MB> A>2>:C?=>ABL =5:>B>@KE 
>1J5:B>2, >1J548=5==KE ?> :0:><C-=81C4L ?@87=0:C.  -B8 >1J5:BK =07K20NB M;5<5=B0<8 
<=>65AB20. �>;8G5AB2> M;5<5=B>2 2 <=>65AB25 >1>7=0G0NB ?@O<K<8 A:>1:0<8. 

"1J548=5=85< <=>65AB2 � 8 � =07K205BAO <=>65AB2> A>AB>OI55 87 2A5E M;5<5=B>2 
<=>65AB2 � 8 �. 

 

 
 

 

 

 

 

#5@5A5G5=85< <=>65AB2 � 8 �  =07K205BAO <=>65AB2> A>AB>OI55 87 >1I8E 
M;5<5=B>2 <=>65AB2 � 8 �.  "1>7=0G05BAO: � ∩ �. 
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�D46<?B E?B:9A<S: 

#CABL 2> <=>65AB25 � 8<55BAO m  M;5<5=B>2, 0 2> <=>65AB25 � 3 n M;5<5=B>2, B.5. | 
�| = m, | B|= n.  

�A;8 C <=>65AB2 � 8 � =5B >1I8E M;5<5=B>2, B> 2 8E >1J548=5=88 G8A;> M;5<5=B>2 
@02=> m + n, B.5.     |�   � | = | � | + | � |. 

З484K4: �20 @070 ?>4@O4 1@>A0NB 83@0;L=CN :>ABL. � :0:>< G8A;5 A;CG052 E>BO 1K 
>48= @07 2K?045B F8D@0 6? 

 9L9A<9: $07>1L5< 2A5 A;CG08 =0 420 :;0AA0: A< D4;G =5 2K?045B F8D@0 6, IBFP D4; 
2K?045B F8D@0 6. "1I8E M;5<5=B>2 C MB8E :;0AA>2 =5B. �A53> 2>7<>6=KE 20@80=B>2, B.5. 
G8A;> ?>A;54>20B5;L=>AB59 87 42CE F8D@ ?@8 70?0A5 2 6 F8D@, @02=> 62 , ?@8 70?0A5 2 5 
F8D@, @02=> 52.  #@8<5=O5< ?@028;> A;>65=8O: 62 = 52 + E , >B:C40 E = 62 3 52 = 36 3 25 = 

11. 

 "B25B: ?@8 36 1@>A0=8OE F8D@0 6 2K?045B 11 @07. 

�D46<?B G@AB:9A<S: 

�A;8 ACI5AB2C5B m 20@80=B>2 2K1>@0 ?5@2>3> M;5<5=B0 8 4;O :064>3> 87 =8E 
8<55BAO n 20@80=B>2 2K1>@0 2B>@>3> M;5<5=B0, B> 2A53> ACI5AB2C5B m·n @07;8G=KE ?0@ A 
2K1@0==K<8 B0:8< >1@07>< ?5@2K< 8 2B>@K< M;5<5=B0<8. 

З484K4: A:>;L:> @07;8G=KE B@5E7=0G=KE G8A5; <>6=> A>AB028BL A ?><>ILN F8D@ 0, 
1, 2, 3? 

 9L9A<9: 2 :0G5AB25 ?5@2>9 F8D@K <>6=> 2K1@0BL ;N1CN 87 B@5E: 1, 2 8;8 3. � 
:0G5AB25 2B>@>9 8 G5B25@B>9 3 ;N1CN 87 G5BK@5E 40==KE G8A5;. %>3;0A=> ?@028;C 
C<=>65=8O G8A;> 2A52>7<>6=KE B@5E7=0G=KE G8A5; @02=> 3·4·4  = 48. 

�D46<?B 6>?RK9A<S – <E>?RK9A<S: 

$0AA<>B@8< A;CG09, :>340 <=>65AB20 � 8 � 8<5NB >1I85 M;5<5=BK. &>340 ?@8 
>1J548=5=88 <=>65AB2 � 8 � MB8 >1I85 M;5<5=BK 1C4CB 42064K ?>?040BL: >48= @07 A 
<=>65AB2>< �, 2B>@>9 @07 A <=>65AB2><  �. '15@5< 2B>@>9 A;CG09, ?>;CG8<: 

|�   � | = | � | + |  � | - |  �  ∩ � | 
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З484K4: 2 3@C??5 :064K9 ABC45=B 87CG05B :0:>9-=81C4L 8=>AB@0==K9 O7K:. 20 
ABC45=B>2 87CG0NB 0=3;89A:89, 12 3 D@0=FC7A:89. #@8 MB>< 7 G5;>25: 87CG0NB >10 O7K:0. 
%:>;L:> G5;>25: 2 3@C??5? 

 9L9A<9: #CABL � 3 <=>65AB2> ABC45=B>2, 87CG0NI8E 0=3;89A:89 O7K:,  � 3 
<=>65AB2> ABC45=B>2, 87CG0NI8E D@0=FC7A:89 O7K:. &>340 |�| = 20, | �| = 12, | � ∩ � | = 7. 
#>;CG8<: 

|�   � | = | � | + |  � | - |  �  ∩ � | = 20 + 12 3 7 = 25 G5;>25: 2 3@C??5. 

2.#5@5AB0=>2:8. 

$4>FBD<4?B@   =07K205BAO ?@>872545=85  

1·2·3·4·  ··· ·n = n!  8;8 n·(n 3 1)·(n 3 2)· ··· ·3·2·1= n! (G8B05BAO «M= D0:B>@80;»). 

1! = 1 

2! = 1·2 = 2 

3! = 1·2·3 = 6 

4! 1·2·3·4 = 24 8 B.4. 

%G8B05BAO, GB> 0 ! = 1 

 

 �9D9EF4AB6>4@< 87 n M;5<5=B>2 =07K20NB A>548=5=8O, :>B>@K5 A>AB>OB 87 >4=8E 8 
B5E 65 n M;5<5=B>2 8 >B;8G0NBAO 4@C3 >B 4@C30 B>;L:> ?>@O4:>< 8E @0A?>;>65=8O. 

#5@5AB0=>2:8 87 n M;5<5=B>2 >1>7=0G0NBAO Pn 

З484K4: A:>;L:8<8 A?>A>10<8 <>6=> @0AAB028BL @O4>< =0 ?>;:5 4 :=838? 

 9L9A<9: =0 ?5@2>5 <5AB> <>6=> ?>AB028BL >4=C 87 G5BK@5E :=83, =0 2B>@CN 3 >4=C 
87 B@5E >AB02H8EAO, =0 B@5BL5 3 >4=C 87 42CE, =0 G5B25@B>5 3 >4=C ?>A;54=NN. &>340 
A>3;0A=> ?@028;C C<=>65=8O , ?>;CG8< 4·3·2·1 = 4! = 24 A?>A>10. 

&0:8< >1@07>< <>6=> 70?8A0BL D>@<C;C 4;O =0E>645=8O G8A;0 ?5@5AB0=>2>::          

                   Pn = n! 

 

3.$07<5I5=8O. 

 4;@9M9A<S@< m M;5<5=B>2 ?> n M;5<5=B>2 (n ≤ m) =07K20NBAO B0:85 A>548=5=8O, 
:064>5 87 :>B>@KE A>45@68B n M;5<5=B>2, 27OBKE 87 40==KE m @07=KE M;5<5=B>2, 8 
:>B>@K5 >B;8G0NBAO 4@C3 >B 4@C30 ;81> A0<8<8 M;5<5=B0<8, ;81> ?>@O4:>< 8E 
@0A?>;>65=8O. 
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   =
         

З484K4: A:>;L:> @07;8G=KE 42C7=0G=KE G8A5; <>6=> 70?8A0BL A ?><>ILN F8D@ 
1,2,3,4? 

 9L9A<9:     = 
         = 

      = 3·4 = 12 42C7=0G=KE G8A5;. 
4.%>G5B0=8O. 

!BK9F4A<S@< 87 m M;5<5=B>2 ?> n M;5<5=B>2 (n ≤ m ) =07K20NB A>548=5=8O, :064>5 
87 :>B>@KE A>45@68B n M;5<5=B>2, 27OBKE 87 40==KE  m  @07;8G=KE M;5<5=B>2, 8 :>B>@K5 
>B;8G0NBAO 4@C3 >B 4@C30 ?> :@09=59 <5@5 >4=8< M;5<5=B><.    =

           
З484K4: ?>:C?0B5;L 87 8<5NI8EAO 2 ?8B><=8:5 10 A065=F52 E>G5B 2K1@0BL 2. 

%:>;L:8<8 A?>A>10<8 >= <>65B MB> A45;0BL? 

 9L9A<9: 5A;8 1K 2 2K18@05<>9 ?0@5 1K; 2065= ?>@O4>: 2K1>@0, B> :>;8G5AB2> ?0@ 
<>6=> 1K;> 1K  =09B8 A ?><>ILN @07<5I5=89, => B.:. 2 40==><  A;CG05 ?>@O4>: 2K1>@0 
=5 8<55B 7=0G5=8O, B> :>;8G5AB2> ?0@ C<5=LH8B                    AO 2 2 @070. &>340        = 

              = 
         = 

          = 45. 

                                                 5.�8=>< !LNB>=0. 

�8=><>< =07K205BAO 42CG;5= 2840 0 + b.  

�;O @07;>65=8O 18=><0 AB5?5=8 m 2>A?>;L7C5<AO D>@<C;>9, :>B>@0O =07K205BAO 
5<AB@B@ �PRFBA4. 

(a + b)m =         +           +           + & +        , 345     =     = 1 

(a + b)4 = 1·   · 1 + 4·  ·   + 6·  ·    + 4·  ·   + 1·1·   =    + 4a3b + 6a2b2 + 4ab3 + b4 

 

6.�040G8. 

1.%:>;L:> @07;8G=KE B@5E7=0G=KE G8A5; A @07=K<8 F8D@0<8 <>6=> 70?8A0BL A 
?><>ILN F8D@ 2,3,5? 

2. %:>;L:> @07;8G=KE B@5E7=0G=KE G8A5; A @07=K<8 F8D@0<8 <>6=> 70?8A0BL A 
?><>ILN F8D@ 5,1 8 0? 

3. %:>;L:> @07;8G=KE B@5E7=0G=KE G8A5; A @07=K<8 F8D@0<8 <>6=> 70?8A0BL A 
?><>ILN F8D@ 2 8 0? 

4.%:>;L:8<8 A?>A>10<8 <>3CB 70=OBL >G5@54L 2 1CD5B 6 ABC45=B>2? 
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5.%:>;L:> @07;8G=KE ?OB87=0G=KE G8A5; <>6=> A>AB028BL 87 F8D@ 1,2,3,4,5, B0:, 
GB>1K ?5@2>9 1K;0 F8D@0 2, 0 ?>A;54=59 3 4? 

6. %:>;L:> ACI5AB2C5B A?>A>1>2 4;O >1>7=0G5=8O A ?><>ILN 1C:2 A,B,C,D,E,F 

25@H8= 40==>3> B@5C3>;L=8:0? 

7.� 3@C??5 20 G5;>25:. %:>;L:8<8 A?>A>10<8 <>6=> 2K1@0BL 87 8E G8A;0 AB0@>ABC 8 
?@>D>@30? 

8. � 3@C??5 25 G5;>25:. %:>;L:8<8 A?>A>10<8 <>6=> 2K1@0BL 87 8E G8A;0 AB0@>ABC, 
70<5AB8B5;O AB0@>ABK 8 ?@>D>@30? 

9. %:>;L:8<8 A?>A>10<8 4;O CG0AB8O 2 :>=D5@5=F88 87 9 G;5=>2 =0CG=>3> >1I5AB20 
<>6=> 2K1@0BL B@5E ABC45=B>2? 

10.!0 >:@C6=>AB8 >B<5G5=> 8 B>G5:. %:>;L:> @07;8G=KE 2K?C:;KE 
G5BK@5EC3>;L=8:>2 A 25@H8=0<8, 2K1@0==K<8 2 MB8E B>G:0E, <>6=> ?>AB@>8BL? 

11. � E>@5 9 <0;LG8:>2 8 12 452>G5:. %:>;L:8<8 A?>A>10<8 87 A>AB020 E>@0 <>6=> 

2K1@0BL =0 3>@>4A:>9 :>=:C@A 4 <0;LG8:0 8 4 452>G:8? 

12.�0?8A0BL @07;>65=85 18=><0: 

0) (1 + @)8                     3) (0 3 1)10 

1) (E + 2)5                     4) (C 3 3)4 

2) (2E + 1)6                              5) (4C -   )5 

13. ':070BL <=>68B5;L ?5@54 E5C3 2 @07;>65=88 18=><0 (E + 2C) 

 

"9@4: �D<@9A9A<9 69>FBDB6 CD< D9L9A<< ;484K. 

�D4>F<K9E>4S D45BF4 № 9 

1.�5:B>@K 8 8E 284K. 

�5:B>@>< =07K205BAO ;N1>9 =0?@02;5==K9 >B@57>:.  

�5:B>@, 4;8=0 :>B>@>3> @02=0 =C;N, =07K205BAO AG?96O@ 69>FBDB@. �5:B>@K, 
;560I85 =0 >4=>9 ?@O<>9 8;8 =0 ?0@0;;5;L=KE ?@O<KE, =07K20NBAO >B??<A94DAO@<. 
!BA4CD46?9AAO9 25:B>@K 3 MB> :>;;8=50@=K5 25:B>@K, =0?@02;5==K5 2 >4=C AB>@>=C. 
�>;;8=50@=K5 25:B>@K, =0?@02;5==K5 2 ?@>B82>?>;>6=K5 AB>@>=K 3 CDBF<6BCB?B:AB 
A4CD46?9AAO9 69>FBDO.  46AO@< =07K20NBAO 25:B>@0 4;8=0 8 =0?@02;5=85 :>B>@KE 
A>2?040NB. �DBF<6BCB?B:AO9 25:B>@K 3 MB> ?@>B82>?>;>6=> =0?@02;5==K5 25:B>@K 
@02=>9 4;8=K.  

2.�59AB285 =04 25:B>@0<8 2 35><5B@8G5A:>9 D>@<5. 
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!G@@B= 25:B>@>2  ⃗  8  ⃗  =07K205BAO B0:>9 25:B>@   , =0G0;> :>B>@>3> A>2?0405B A 
=0G0;>< 25:B>@0  ⃗ , 0 :>=5F  - A :>=F>< 25:B>@0  ⃗ , ?@8 CA;>288, GB> =0G0;> 25:B>@0  ⃗  

?5@5=5A5=> 2 :>=5F 25:B>@0  ⃗ . 

 4;ABEFPR 25:B>@>2  ⃗  8  ⃗  =07K20NB AC<<C 25:B>@>2  ⃗  8 -  ⃗ , B.5  ⃗  -  ⃗  =  ⃗  + (- ⃗ ). 

�DB<;6989A<9 25:B>@0  ⃗  =0 25I5AB25==>5 G8A;> : =07K205BAO 25:B>@   ⃗⃗⃗⃗ , 4;8=0 
:>B>@>3> @02=0 :ǀ ⃗ ǀ, 8 :>;;8=50@5= 25:B>@C  ⃗ . 

3.�59AB285 =04 25:B>@0<8 2 :>>@48=0B=>9 D>@<5. 

1) ?@8 A;>65=88 42CE 25:B>@>2 A:;04K20NBAO 8E >4=>8<5==K5 :>>@48=0BK. 

  ⃗  = (1; 3; -5),  ⃗  = (3; 0 2)  ⃗  +  ⃗  = (1+3; 3 + 0; -5 +2) = (4; 3; -3) 

2) ?@8 2KG8B0=88 42CE 25:B>@>2 2KG8B0NBAO 8E A>>B25BAB2CNI85 :>>@48=0BK.  ⃗  -  ⃗  = (1 3 3; 3 3 0; -5 -2) = (-2; 3; -7) 

3) ?@8 C<=>65=88 25:B>@0 =0 G8A;> :0640O :>>@48=0B0 25:B>@0 C<=>605BAO =0 MB> 
G8A;>.   ⃗⃗⃗⃗  = 2(1; 3; -5) = (2; 6; -10) 

4.%:0;O@=>5 ?@>872545=85 25:B>@>2.  

�A;8 25:B>@0 7040=K A2>8<8 4;8=0<8, B> A:0;O@=K< ?@>872545=85< 25:B>@>2  ⃗  8  ⃗  =07K205BAO G8A;> @02=>5 ?@>872545=8N 4;8= MB8E 25:B>@>2 =0 :>A8=CA C3;0 <564C 
=8<8:  ⃗  ·  ⃗  = ǀ ⃗ ǀ · ǀ   ⃗⃗⃗   · cos "( ⃗ ,  ⃗ ) 

�A;8 25:B>@0 7040=K A2>8<8 :>>@48=0B0<8, B> A:0;O@=K< ?@>872545=85< 25:B>@>2  ⃗  

8  ⃗  =07K205BAO G8A;> @02=>5 AC<<5 ?@>872545=89 A>>B25BAB2CNI8E :>>@48=0B:  ⃗  ·  ⃗  = E0E2 + C0C2 + zaz2 

5.�;8=0 25:B>@0.  

�;8=C 25:B>@0 <>6=> @0AA<0B@820BL :0: 4;8=C @048CA0 >:@C6=>AB8 A F5=B@>< 2 
=0G0;5 :>>@48=0B, C@02=5=85 :>B>@>9 E2 + C2 = r2, ?>MB><C 

ǀ ⃗ ǀ = √           

 6.'3>; <564C 25:B>@0<8.  

�7 D>@<C; A:0;O@=>3> ?@>872545=8O:  ⃗  ·  ⃗  = ǀ ⃗ ǀ · ǀ   ⃗⃗⃗   · cos "( ⃗ ,  ⃗ ) 
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 ⃗  ·  ⃗  = E0E2 + C0C2 + zaz2 

A;54C5B cos "( ⃗ ,  ⃗ ) = 
                   ⃗         ⃗⃗⃗   = φ, => "( ⃗ ,  ⃗ ) = arccos φ 

7.�5;5=85 >B@57:0 2 7040==>< >B=>H5=88. 

�A;8 B>G:0   45;8B >B@57>: �� 2 >B=>H5=88 λ, B> :>>@48=0BK B>G:8   =0E>4OBAO 
?> D>@<C;0<: 

)< = 
            ;  '< = 

            ;  Z< = 
            

8.�040G8 

1.�0= & ��%. &>G:0   3 A5@548=0 AB>@>=K ��, B>G:0 � 3 A5@548=0 AB>@>=K �%,    ⃗⃗⃗⃗⃗⃗  =   ⃗⃗  ,   ⃗⃗ ⃗⃗  ⃗ =   ⃗⃗⃗  . $07;>68BL 2 1078A (  ⃗⃗     ⃗⃗⃗  ) A;54CNI85 25:B>@0:    ⃗⃗⃗⃗ ⃗⃗    ⃗⃗⃗⃗  ⃗,   ⃗⃗⃗⃗  ⃗,   ⃗⃗⃗⃗ ⃗⃗ . 

2.�0409B5 420 =5:>;;8=50@=KE 25:B>@0  ⃗  8  ⃗ . #>AB@>9B5 25:B>@:    =   ⃗⃗⃗⃗  +  ⃗ ;   =    -   ⃗⃗⃗⃗ . 

3.!0948B5 25:B>@   4 ⃗  + 2( ⃗  -   ), 5A;8  ⃗  = (2; -3),  ⃗  = (1; 5),    = (0; - 2) 

4.!09B8 7=0G5=85 2K@065=8O (2   -  ⃗ )·(3 ⃗  +  ⃗ ), 5A;8 | ⃗ | = 2, | ⃗ | = 3, |  | = 1,  ( ⃗ , ⃗ )= 30°,  ( ⃗ ,  )= 90°,  ( ⃗ ,  )= 60°. 
5. �(2; -3), �(4; 0), %(5;4). !09B8 4;8=K 25:B>@>2   ⃗⃗⃗⃗  ⃗,   ⃗⃗⃗⃗  ⃗,   ⃗⃗⃗⃗  ⃗. 

6.�0= G5BK@5EC3>;L=8: ABCD. !09B8 ?5@8<5B@ G5BK@5EC3>;L=8:0, 5A;8  

A(-2;-1;3), B(0; 1; 4), C(2; 0; 4), D(3; -2; 3). 

7.!09B8 C3>; <564C 25:B>@0<8  ⃗  = (4;0),  ⃗  = (2,-2) 

8."B@57>: �� 7040= B>G:0<8 �(2;3) 8 �(10;11). !09B8 :>>@48=0BK B>G:8 %, 5A;8 |�%| : |%�| 
= 3 : 5. 

9.!09B8 4;8=C <5480=K �  B@5C3>;L=8:0 A 25@H8=0<8 �(2; -2; 0), �(7; -3; 1), %(1; -1; 5). 

 

"9@4:  9L9A<9 ;484K CB F9@9 « 48<4AA4S @9D4 G7?4» 

�D4>F<K9E>4S D45BF4 № 10 

+B>1K E>@>H> 

1.'<5BL >?@545;OBL <5AB>?>;>65=85 B>G:8 =0 G8A;>2>9 >:@C6=>AB8. 

2.'<5BL ?5@5E>48BL 87 @0480==>9 <5@K 2 3@04CA=CN 8 >1@0B=>:  ْ = 
     ·  ْ             α(@04) =      · α(@04) 

!0?@8<5@: 
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1)#5@525AB8 87 3@04CA=>9 <5@K 2 @0480==CN 140ْ: 

120ْ = 
     · 120    =     (@04) 

2)#5@525AB8 87 @0480==>9 <5@K 2 3@04CA=CN    @04.: 

   = 
     ·    = 36ْ 

3)"?@545;8BL <5AB>?>;>65=85 B>G:8 =0 >:@C6=>AB8, A>25@H82H59 ?>2>@>B =0 C3>; 
112ْ 8 =0 C3>; -     @04. 

$5H5=85: 7=0O > B><, GB> ?>;>68B5;L=K5 C3;K >B:;04K20NBAO ?@>B82 G0A>2>9 AB@5;:8 
>B B>G:8 (1; 0) 8  

1 G5B25@BL: >B 0ْ 4> 90ْ(   @04) 

2 G5B25@BL: >B 90ْ 4> 180ْ(Ã @04) 

3 G5B25@BL: >B 180ْ 4> 270ْ(    @04) 

4 G5B25@BL: >B 270ْ 4> 360ْ (2Ã @04), 

;53:> ?>=OBL, GB> 2 ?5@2>< A;CG05 B>G:0 ?>?045B 2> 2B>@CN G5B25@BL. 

"B@8F0B5;L=K5 C3;K >B:;04K20NBAO ?> G0A>2>9 AB@5;:8, A;54>20B5;L=> 2> 2B>@>< 
A;CG05 =04> @0AA<0B@820BL =86=NN ?>;>28=C >:@C6=>AB8, -     3 B>G:0 >:065BAO =0 >A8 >E 

2 (-1; 0). � =0H5< A;CG05 B>G:0 A>25@H8;0 ?>2>@>B =0 C3>; -    , A;54>20B5;L=> >=0 
>:065BAO 2 3 3 9 G5B25@B8. 

�040G8: 

1)#5@59B8 >B 3@04CA=>9 <5@K 2 @0480==CN: 
15ْ, 35ْ, 92ْ, 140ْ, 210ْ, 320ْ, 350ْ, 400ْ 
2)?5@59B8 >B @0480==>9 <5@K : 3@04CA=>9:    ,                  ,   

   ,   
   ,   

    

3)"?@545;8BL <5AB>?>;>65=85 B>G:8 =0 G8A;>2>9 >:@C6=>AB8, A>25@H82H59 
?>2>@>B =0 C3>;: 
3ْ, 100ْ,  115ْ,   172ْ,   280ْ,  320ْ, 210ْ,-14ْ, -220ْ, -400ْ,   ,  

   ,  
   ,   

     

 

"9@4: ВOK<E?9A<9 ;A4K9A<= FD<7BAB@9FD<K9E><I 6OD4:9A<=. 
�D4>F<K9E>4S D45BF4 № 11 

 

�;O 2KG8A;5=8O 7=0G5=89 B@83>=><5B@8G5A:8E 2K@065=89, =5>1E>48<> 7=0BL @O4 
D>@<C;: 

1. "45?<J4 ;A4K9A<= FD<7BAB@9FD<K9E><I HGA>J<= 

 5@0 0° 30° 45° 60° 90° 120° 135° 150° 180° 
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C3;0 0    
   

   
   

    
    

    
  

       
sin a 0    √   

√   
1 √   

√   
   

0 

cos a 1 √   
√   

   
0     

 

 √    √   
-1 

tga 0 √   
1 √     √  -1  √   

0 

ctga   √  1 √   
0  √   

-1  √    

 
2.(>@<C;K >B@8F0B5;L=KE C3;>2: 
cos(-α) = cosα 
sin(-α) = - sinα 
tg( - α) = - tgα 
ctg( - α) = - ctgα 
 
3)"A=>2=>5 B@83>=><5B@8G5A:>5 B>645AB2>: 
cos2α + sin2α = 1 
4)�=0:8 B@83>=><5B@8G5A:8E 2K@065=89 ?> G5B25@BO<: 
 
cosα                                  sinα                                   tgα, ctgα 
 

-     +                                  +          +                                      -               + 

 

-      +                                -             -                                     +               - 

 

!0?@8<5@: 
1. !09B8 cosα, tgα, ctgα, 5A;8 sinα = 

  ,     < α < Ã 
 

$5H5=85: 87 >A=>2=>3> B@83>=><5B@8G5A:>3> B>645AB20 2K@078< 

cosα =   √        .  �7 =5@025=AB20    < α < Ã A;54C5B, GB> B>G:0 =0E>48BAO 2> 
2B>@>9 G5B25@B8, :>A8=CA ?@8=8<05B 7=0: ,,-5: 
 

cosα =    √         = - √   (  ) 
= - √       = - 

√    

tgα =          = 
   : (  √   ) =  = - 

 √   = -
√     

ctgα =          = - √   

 
2.!09B8 7=0G5=85 2K@065=8O:  (  (   )      (   )) = 2(- tg

   3 cos2    = 2(- 1 - 
  ) = 2(- 

  ) = - 2,5 

 
�040G8: 
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1. !09B8 sin α, tgα, ctgα, 5A;8 cosα = -  
   8 Ã < α < 

    

2. !09B8 sin α, tgα, ctgα, 5A;8 cosα = 
   8 

    < α < 2Ã 

3. !09B8 sin α, cosα, tgα, 5A;8 ctgα = 
   8 Ã < α < 

    

4. !09B8     ,     , ctgα, 5A;8  tg α = -4,  
    < α < 2Ã 

5.                     (   )     (   )    (   )      (   ) 

6.�KG8A;8BL: 
   (   )     (   )     (   )           

7.�KG8A;8BL: 
     (   )      (   )   (   )     (   )  

 

"9@4:  9L9A<9 ;484K A4 CD<@9A9A<9 BEAB6AOI FD<7BAB@9FD<K9E><I HBD@G? 

�D4>F<K9E>4S D45BF4 № 12 

�;O ?@5>1@07>20=8O B@83>=><5B@8G5A:8E 2K@065=89, =5>1E>48<> 7=0BL @O4 
D>@<C;: 
1.(>@<C;K A;>65=8O 
sin(α + ³) = sinα · cos³ + cosα · sin³ 
sin(α 3 ³) = sinα · cos³ -  cosα · sin³ 
cos(α + ³) = cosα · cos³ 3 sinα · sin³ 
cos(α - ³) = cosα · cos³ + sinα · sin³ 
!0?@8<5@: =09B8 sin75ْ 
 

sin75ْ = sin(30ْ + 45ْ) = sin30 · cos45 + cos30 · sin45 = 
   · √   + 

√   · √   = 
√   √   

 
 
2.(>@<C;K ?@82545=8O: 
�A;8 40==K9 C3>; <>6=> ?@54AB028BL 2 2845 Ã    , 

     α,           2Ã    , 345 
α<     B> 
1)2 ?@02>9 G0AB8 @025=AB20 AB028BAO B>B 7=0:, :>B>@K9 8<55B ;520O, 
2)5A;8 5ABL C3>; Ã 8;82Ã, B> =0720=85 2K@065=8O =5 <5=O5BAO, 5A;8    8;8    ,B> 
 Sin <5=O5BAO =0 cos, cos =0 sin, tg =0 ctg, ctg =0 tg. 
3)"AB02;O5< B>;L:> α 8 A<>B@8< 2 B01;8FC 7=0G5=89 
!0?@8<5@: =09B8 7=0G5=85 tg120ْ 
$5H5=85: tg120ْ = tg(90ْ + 30) = {   ْ                                 ) = - 

ctg30ْ = - √  
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3.(>@<C;K AC<<K 8 @07=>A8 A8=CA>2, AC<<K @07=>AB8 :>A8=CA>2: 
sinα + sin³= 2sin      · cos      

sinα - sin³= 2sin      · cos      

cosα + cos³ = 2cos      ·cos      

cosα - cos³ = - 2sin
      ·sin      

!0?@8<5@: 
!09B8 7=0G5=85 2K@065=8O cos150ْ + cos30ْ 
$5H5=85: cos150 + cos30 = 2cos

        · cos        = 2cos90 cos60 = 2 · 0 ·    = 0 

 
�040G8: 
1.�G8A;8BL ?> D>@<C;0< A;>65=8O: 
sin 225ْ ; cos

   ; tg 225ْ ; ctg
    

2.2KG8A;8BL ?> D>@<C;0< ?@82545=8O: 
cos 135ْ ; tg 

     sin 225ْ ; cos
    

3.'?@>AB8BL 2K@065=85: 

1 3 sin2α · ( 1 + ctg2α) 

cos2α + ctg2α + sin2α 

cosα 3 sinα · ctgα 

4.�>:070BL B>645AB2>:                            = tg2α 

gα 3 tg³ =                      

ctgα 3 1= 
                         

2        +       

"9@4:  9L9A<9 CDBEF9=L<I FD<7BAB@9FD<K9E><I GD46A9A<= < A9D469AEF6 

�D4>F<K9E>4S D45BF4 № 13 

1)cost = a, a   ç      è                     arccos(- a) = Ã -   arccos a     

t1 = arccos a + 2Ãn, n  N 

t2 = - arccos a + 2Ãn, n  N                      G0AB=K5 A;CG08: 

                                                                  1.cost = 1 

                                                                    t = 0 + 2Ãn, n  N 

                                                             2.cos t = 0 
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                                                            t = 
   + Ãn, n  N 

                                                                 3.cos t = - 1 

                                                            t = Ã=  2Ãn, n  N 

2)sint = a, a   ç      è                arcsin (- a) = - arcsin a 

t1 = arcsin a+ 2Ãn, n  N           

t2 = Ã - arcsin a+ 2Ãn, n  N          G0AB=K5 A;CG08:             
                                                   1.sint = 1 

                                                    t = 
   + 2Ãn, n  N 

                                                    2.sin t = 0 

                                                    t = 0 + Ãn, n  N   

                                                     3.sin t = - 1     

                                                    t = -  
   + 2Ãn, n  N 

  3)tg t =a                              arctg ( - a) = - arctg a 

t = arctg a + Ãn, n  N   

 
�040G8: @5H8BL C@02=5=8O 
1.sin x = 1 

2.cos x = 
   

3.tg x = 0 

4. sin 3x= 
√   

5.cos 
   = 

√   

6.tg 2x = 1 

7.sin(x + 
  ) = 0 

8.cos(2x - 
  ) = -1 

9.tg(x + 
  ) = √  

 

"9@4: �5?4EFP BCD989?9A<S HGA>J<< 

�D4>F<K9E>4S D45BF4 № 14 

"1;0ABL >?@545;5=8O DC=:F88 3 MB> <=>65AB2> 2A5E 459AB28B5;L=KE 7=0G5=89 
E, ?@8 :>B>@KE DC=:F8O ACI5AB2C5B, B.5. 2K?>;=ONBAO 2A5 70:>=K, A>1@0==K5 2 
D>@<C;5 DC=:F88 8 2 ?0@C : =5:>B>@><C 7=0G5=8N E <>6=> ?>AB028BL 
A>>B25BAB2CNI55 7=0G5=85 C. 
!> =5 2A5 459AB28O =0  <=>65AB25 459AB28B5;L=KE 2A5340 G8A5; 2K?>;=ONBAO 

(45;5=85 8 872;5G5=85 :>@=O G5B=>9 AB5?5=8). #>MB><C =0< =5>1E>48<> >BKA:0BL 
B0:85 7=0G5=8O E 8 8A:;NG8BL 8E. 
!0?@8<5@: C =             E      0 

                                     E   - 4 

A;54>20B5;L=> D(f): E   (-         (- 4; + ) 

                 C = √        2E 3 4   0 

                                          E   2 

A;54>20B5;L=> D(f): E   [        
 

             �040G8: =09B8 >1;0ABL >?@545;5=8O DC=:F88: 
1)C = 4E - √    
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2)C = √      
 

3)C = E2 + 3E -    

4)C =         

5)C =    + 
      

6)C = √        

7)C =     √    - 
     

 

"9@4: 'F9A<9 7D4H<>B6 HGA>J<=. 
�D4>F<K9E>4S D45BF4 № 15 

#> 40==K< 3@0D8:0< DC=:F89 (@0740B>G=K9 <0B5@80;) ?5@5G8A;8BL A2>9AB20 
DC=:F88: 
1.>1;0ABL >?@545;5=8O (>B@57>: 8;8 8=B5@20; >A8 >E) 
2.G5B=>ABL, =5G5B=>ABL (A8<<5B@8G5= 3@0D8: >B=>A8B5;L=> >A8 >C, 

A8<<5B@8G5= >B=>A8B5;L=> =0G0;0 :>>@48=0B) 
3.=C;8 DC=:F88( B>G:8 ?5@5A5G5=8O 3@0D8:0 A >ALN >E 3 :>>@48=0BK E MB8E 

B>G5:.0 
4.?@><56CB:8 7=0:>?>AB>O=AB20 (?@><56CB:8 >A8 >E, =0 :>B>@KE 3@0D8: 2KH5 

8;8 =865 >A8 >E: f(x) > 0, f(x) <0 
5.?@><56CB:8 <>=>B>==>AB8 (?@><56CB:8 >A8 >E, =0 :>B>@KE DC=:F8O 

2>7@0AB05B 8;8 C1K205B) 
6.M:AB@5<C<K 3 B>G:8 <0:A8<C<0 8 <8=8<C<0, B.5. 2 :>B>@KE: 
#@><56CB>: 2>7@0AB0=8O A<5=O5BAO ?@><56CB:>< C1K20=8O 3 Xmax, 

?@><56CB>: C1K20=8O A<5=O5BAO ?@><56CB:>< 2>7@0AB0=8O 3 Xmin 
7.=081>;LH55 8 =08<5=LH55 7=0G5=8O DC=:F88 (:>>@48=0BK C A<>9 2KA>:>9 8 

A0<>9 =87:>9 B>G:8 3@0D8:0) 
8.>1;0ABL 7=0G5=89 DC=:F88 (>B@57>: >A8 >C) 
 

"9@4: �D<;@4 < C<D4@<84 

�D4>F<K9E>4S D45BF4 № 16 

#@87<0 3 <=>3>3@0==8:, A>AB>OI89 87 42CE @02=KE <=>3>C3>;L=8:>2, ;560I8E 2 
?0@0;;5;L=KE ?;>A:>ABOE, 8 ?0@0;;5;L=KE >B@57:>2, A>548=ONI8E A>>B25BAB25==K5 
25@H8=K MB8E <=>3>C3>;L=8:>2. 
 =>3>C3>;L=8:8 =07K20NBAO >A=>20=8O<8 ?@87<K, ?0@0;;5;L=K5 >B@57:8 3 1>:>2K<8 

@51@0<8. 
!0720=85 ?@87<K ?@>8AE>48B >B =0720=8O <=>3>C3>;L=8:0, ;560I53> 2 >A=>20=88 

?@87<K: B@5C3>;L=0O, G5BK@5EC3>;L=0O 8 B.4. 
#@87<0 =07K205BAO ?@O<0O, 5A;8 55 1>:>2K5 @51@0 ?5@?5=48:C;O@=K >A=>20=8N, 2 

?@>B82=>< A;CG05 ?@87<0 =07K205BAO =0:;>==0O. 

#;>I04L ?>;=>9 ?>25@E=>AB8 ?@87<K A>AB>8B 87 ?;>I048 1>:>2>9 ?>25@E=>AB8 8 42CE 
?;>I0459 >A=>20=89. 

S?>;=. = S1>:. + 2S>A=. 

S1>: = $>A= · h, 5A;8 ?@87<0 ?@O<0O, B> h = H 

(>@<C;0 4;O =0E>645=8O >1J5<0 ?@87<K: 
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V = S>A=. · H 

�040G0: =09B8 ?;>I04L ?>;=>9 ?>25@E=>AB8 8 >1J5< ?@028;L=>9 G5BK@5EC3>;L=>9 
?@87<K, AB>@>=0 >A=>20=8O :>B>@>9 @02=0 5<, 2KA>B07<. 

$5H5=85: ABCDAA1B1C1D1 -  ?@028;L=0O G5BK@5EC3>;L=0O ?@87<0 3 MB> ?@O<0O 
?@87<0, 2 >A=>20=88 :>B>@>9 ;568B :204@0B. 

S?>;=. = S1>:. + 2S>A=. 

S>A=. = S:2.= AB2 = 52 = 25<2 

S1>: = $>A= · h, h = H = 7< 

$>A= = $:2 = 4AB = 4· 5 = 20< 

%;54>20B5;L=>: S1>: = 20 · 7 = 140<2 

%;54>20B5;L=>: S?>;=. = 140 + 2 · 25 = 190<2 

V = S>A=. • H 

%;54>20B5;L=>: V = 25 · 7 = 175<3 

#8@0<840 3 MB> <=>3>3@0==8:, A>AB>OI89 87 ?;>A:>3> <=>3>C3>;L=8:0, B>G:8, 
;560I59 2=5 ?;>A:>AB8 MB>3> <=>3>C3>;L=8:0 8 >B@57:>2, A>548=ONI8E MBC B>G:C A 
25@H8=0<8 <=>3>C3>;L=8:0. 

-B>B <=>3>C3>;L=8: =07K205BAO >A=>20=85< ?8@0<84K, >B@57:8 3 1>:>2K<8 @51@0<8. 

�>:>2K5 3@0=8 ?8@0<84K 3 B@5C3>;L=8:8. #8@0<840 =07K205BAO ?@O<>9, 5A;8 55 2KA>B0 
?0405B 2 F5=B@ >A=>20=8O. 

#8@0<840 =07K205BAO ?@028;L=>9, 5A;8 >=0 ?@O<0O 8 2 >A=>20=88 ;568B ?@028;L=K9 
<=>3>C3>;L=8:. 

#;>I04L ?>;=>9 ?>25@E=>AB8 ?8@0<84K A>AB>8B 87 ?;>I048 1>:>2>9 ?>25@E=>AB8 8 
?;>I048 >A=>20=8O. 

S?>;=. = S1>:. + S>A=. 

S1>: =   $>A= · h, 345 h 3 2KA>B0 1>:>2>9 3@0=8 3 0?>D5<0. 

(>@<C;0 4;O =0E>645=8O >1J5<0 ?@87<K: 

V = 
  S>A=. · H 

�040G8: 

1 � ?@028;L=>9 G5BK@5EC3>;L=>9 ?@87<5 1>:>2>5 @51@> 12 A<, 0 4803>=0;L 1>:>2>9 3@0=8 
20 A<. !09B8 ?;>I04L ?>;=>9 ?>25@E=>AB8 8 >1J5< ?@87<K. 
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2. � ?@028;L=>9 G5BK@5EC3>;L=>9 ?@87<5 1>:>2>5 @51@> 24<, 0 4803>=0;L 1>:>2>9 3@0=8 
26<. !09B8 ?;>I04L ?>;=>9 ?>25@E=>AB8 8 >1J5< ?@87<K. 

3. � ?@028;L=>9 G5BK@5EC3>;L=>9 ?@87<5 1>:>2>5 @51@> 40 A<, 0 4803>=0;L 1>:>2>9 3@0=8 
50 A<. !09B8 ?;>I04L ?>;=>9 ?>25@E=>AB8 8 >1J5< ?@87<K. 

4. � ?@028;L=>9 G5BK@5EC3>;L=>9 ?8@0<845 0?>D5<0 @02=0 20A<, 0 2KA>B0 A0<>9 
?8@0<84K 16A<. !09B8 ?;>I04L ?>;=>9 ?>25@E=>AB8 8 >1J5< ?8@0<84K. 

5. �7<5@5=8O ?@O<>C3>;L=>3> 1@CA:0 3A<, 4A<, 5A<. �A;8 C25;8G8BL :064>5 @51@> =0 E A<, 
B> ?>25@E=>ABL C25;8G8BAO =0 54A<2. �0: C25;8G8BAO >1J5<? 

6.+C3C==0O B@C10 8<55B :204@0B=>5 A5G5=85, 55 2=5H=OO H8@8=025A<, B>;I5=0 AB5=>: 
3A<. �0:>20 <0AA0 >4=>3> ?>3>==>3> <5B@0 B@C1K (?;>B=>ABL GC3C=0 7,3 3/A<3)? 

 

"9@4:  &<?<A8D < >BAGE. 

�D4>F<K9E>4S D45BF4 № 17 

*8;8=4@ 3 MB> B5;>, ?>;CG5==>5 ?@8 2@0I5=88 ?@O<>C3>;L=8:0 2>:@C3 >4=>9 87 53> 
AB>@>=. -B0 AB>@>=0 =07K205BAO >ALN 2@0I5=8O, 0 AB>@>=0 59 ?@>B82>?>;>6=0O 3 
>1@07CNI59, B.:. ?@8 2@0I5=88 >=0 >1@07C5B ?>25@E=>ABL F8;8=4@0. ' ?@O<>3> F8;8=4@0 
2KA>B0 8 >1@07CNI0O A>2?040NB. 

"A=>20=85 F8;8=4@0 3 :@C3. 

"A52>5 A5G5=85 F8;8=4@0 3 ?@O<>C3>;L=8:. 

#;>I04L ?>;=>9 ?>25@E=>AB8 F8;8=4@0 A>AB>8B 87 ?;>I048 1>:>2>9 ?>25@E=>AB8 8 
42CE ?;>I0459 >A=>20=89. 

S?>;=. = S1>:. + 2S>A=. 

S>A=. = Ã R2 3 ?;>I04L :@C30. 

S1>: = l· 0, 345 0 3 >1@07CNI0O 

l  = 2ÃR 

(>@<C;0 4;O =0E>645=8O >1J5<0 ?@87<K: 

V = S>A=. · H, 345 ! = 0 

�040G0: =09B8 ?;>I04L ?>;=>9 ?>25@E=>AB8 8 >1J5< F8;8=4@0, @048CA >A=>20=8O 
:>B>@>3> 9A<, 0 4803>=0;L >A52>3> A5G5=8O 30A<. 

$5H5=85: 

S?>;=. = S1>:. + 2S>A=. 

S>A=. = Ã R2 
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R = 9A<, ?> CA;>28N, A;54>20B5;L=>, S>A=. = 81ÃA<2 

S1>: = l· 0, 345 0 3 >1@07CNI0O 

l  = 2ÃR, A;54>20B5;L=>, l = 18ÃA<. 

#CABL >A52>5 A5G5=85 F8;8=4@0 5ABL ?@O<>C3>;L=8: ABCD A 4803>=0;LN BDB>340 
>1@07CNI0O 0 = AB. +B>1K =09B8 AB @0AA<>B@8< B@5C3>;L=8: ABD. "= ?@O<>C3>;L=K9, 
B.:. O2;O5BAO ?>;>28=>9 ?@O<>C3>;L=8:0. AB = D:@ = 2R = 2 · 9 = 18A< 

&>340 ?> B5>@5<5 #8D03>@0, BD2 = AB2 + AD2, A;54>20B5;L=>, AB = √         =  √         = √        = √    = 24A<.- 0 

%;54>20B5;L=>, S1>: = 18Ã · 24 = 432ÃA<2 

%;54>20B5;L=>, S?>;=. = 432Ã + 2 · 81Ã = 432Ã +192Ã = 624ÃA<2 

V = S>A=. · H, ! = 0 

V = 81Ã · 24 = 1944ÃA<3 

�>=CA 3 MB> B5;>, ?>;CG5==>5 ?@8 2@0I5=88 ?@O<>C3>;L=>3> B@5C3>;L=8:0 2>:@C3 
>4=>3> 87 :0B5B>2. -B>B :0B5B =07K205BAO >ALN 2@0I5=8O, 0 38?>B5=C70 3 >1@07CNI59, B.:. 
>1@07C5B ?@8 2@0I5=88 ?>25@E=>ABL :>=CA0. 

"A52K< A5G5=85< :>=CA0 O2;O5BAO @02=>154@5==K9 B@5C3>;L=8:. 

� >A=>20=88 :>=CA0 ;568B :@C3. 

#;>I04L ?>;=>9 ?>25@E=>AB8 ?8@0<84K A>AB>8B 87 ?;>I048 1>:>2>9 ?>25@E=>AB8 8 
?;>I048 >A=>20=8O. 

S?>;=. = S1>:. + S>A=. 

S1>: =   l>A= · 0, 345 0 3 >1@07CNI0O 

(>@<C;0 4;O =0E>645=8O >1J5<0 ?@87<K: 

V = 
  S>A=. · H 

�040G8: 

1. "1@07CNI0O :>=CA0 65 A<, 2KA>B0 52A<. !09B8 ?;>I04L ?>;=>9 ?>25@E=>AB8 8 
>1J5< :>=CA0. 

2. "1@07CNI0O :>=CA0 45 A<, 2KA>B0 27A<. !09B8 ?;>I04L ?>;=>9 ?>25@E=>AB8 8 
>1J5< :>=CA0. 

3. "1@07CNI0O :>=CA0 35 A<, 2KA>B0 28A<. !09B8 ?;>I04L ?>;=>9 ?>25@E=>AB8 8 
>1J5< :>=CA0. 

4. "1@07CNI0O :>=CA0 25 A<, 2KA>B0 20A<. !09B8 ?;>I04L ?>;=>9 ?>25@E=>AB8 8 
>1J5< :>=CA0. 



38 

 

5.�CG0 I51=O 8<55B :>=8G5A:CN D>@<C, @048CA >A=>20=8O :>B>@>9 2<, 0 >1@07CNI0O 
2,5<. !0948B5 >1J5< :CG8 I51=O. 

6.%28=F>20O B@C10 (?;>B=>ABL A28=F0 11,4 3/A<3) A B>;I8=>9 AB5=>: 4 << 8<55B 
2=CB@5==89 480<5B@ 13 <<. �0:>20 <0AA0 25< MB>9 B@C1K? 

"9@4:  (4D < EH9D4. 

�D4>F<K9E>4S D45BF4 № 18 

,0@ 3 MB> B5;>, ?>;CG5==>5 ?@8 2@0I5=88 ?>;C:@C30 2>:@C3 53> 480<5B@0. �80<5B@ 
1C45B O2;OBLAO >ALN 2@0I5=8O. 

,0@ 3 MB> B5;>, :>B>@>5 A>AB>8B 87 2A5E B>G5: ?@>AB@0=AB20, =0E>4OI8EAO =0 
@0AAB>O=88, =5 1>;LH5 40==>3>, B> 40==>9 B>G:8. 

-B> B>G:0 =07K205BAO F5=B@>< H0@0, 0 40==>5 @0AAB>O=85 3 @048CA>< H0@0. 

�@0=8F0 H0@0 =07K205BAO H0@>2>9 ?>25@E=>ABLN 8;8 AD5@>9. &0:8< >1@07><, B>G:0<8 
AD5@K O2;ONBAO 2A5 B>G:8 H0@0, :>B>@K5 C40;5=K >B F5=B@0 =0 @0AAB>O=85, @02=>5 
@048CAC. �N1>9 >B@57>:, A>548=ONI89 F5=B@ H0@0 A B>G:>9 H0@>2>9 ?>25@E=>AB8, B0: 65 
=07K205BAO @048CA><. 

"B@57>:, A>548=ONI89 425 B>G:8 H0@>2>9 ?>25@E=>AB8 8 ?@>E>4OI89 G5@57 F5=B@ 
H0@0,  =07K205BAO 480<5B@><. 

"1J5< H0@0 =0E>48BAO ?> D>@<C;5: 

V = 
   Ã R3 

#;>I04L ?>25@E=>AB8 H0@0 @02=0: 

S = 4ÃR2 

�040G0: 

1.�=5H=89 480<5B@ ?>;>3> H0@0 @025= 18A<. &>;I5=0 AB5=>: 3 A<. !0948B5 >1J5< 
<0B5@80;0, 87 :>B>@>3> 873>B>2;5= H0@. 

2.,0@ @048CA0 10A< F8;8=4@8G5A:8 ?@>A25@;5=  ?> >A8. �80<5B@ >B25@AB8O 12A<. 
!0948B5 ?>;=CN ?>25@E=>ABL B5;0. 

3.$048CA H0@0 15A<. �0:CN ?;>I04L 8<55B G0ABL 53> ?>25@E=>AB8, 2848<0O 87 B>G:8, 
C40;5==>9 >B F5=B@0 =0 25A<? 

4.#>25@E=>AB8 42CE H0@>2 >B=>AOBAO :0: m : n. :0: >B=>AOBAO 8E >1J5<K? 

�K?>;=8BL A0<>AB>OB5;L=>: 

5.�<55BAO :CA>: A28=F0 <0AA>9 1 :3. %:>;L:> H0@8:>2 480<5B@>< 1A< <>6=> >B;8BL 87 
:CA:0 (?;>B=>ABL A28=F0 11,4 3/A<3)? 
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6.+C3C==K9 H0@ @53C;OB>@0 8<55B <0AAC 10:3. !0948B5 480<5B@ H0@0 (?;>B=>ABL 
GC3C=0 7,2 3/A<3)? 

 

"9@4:  �BEFDB9A<9 E9K9A<=. 

�D4>F<K9E>4S D45BF4 №19 

%5G5=85 3 ?;>A:>ABL @0AA5:0NI0O 35><5B@8G5A:>5 B5;>. �8=8O ?5@5A5G5=8O (?@O<0O) 
A5:CI59 ?;>A:>AB8 8 3@0=8 <=>3>3@0==8:0 =07K205BAO A;54><. �0: ?@028;>, GB>1K 
?>AB@>8BL A5G5=85 <=>3>3@0==8:0, =5>1E>48<> =09B8 A;54 ?5@5A5G5=8O A5:CI59 
?;>A:>AB8 A 3@0=LN. �45AL 4>;6=K @01>B0BL B0:85 0:A8><K 8 B5>@5<K, :0:: 

1.+5@57 425 @07;8G=K5 B>G:8 <>6=> ?>AB@>8BL ?@O<CN 8 ?@8 B>< B>;L:> >4=C. 

2.�A;8 425 B>G:8 ?@O<>9 ?@8=04;560B ?;>A:>AB8, B> 2AO ?@O<0O ?@8=04;568B MB>9 
?;>A:>AB8. 

3.�A;8 425 @07;8G=K5 ?;>A:>AB8 8<5NB >4=C >1ICN ?@O<CN, B> >=8 ?5@5A5:0NBAO ?> 
MB>9 ?@O<>9. 

%5G5=8O ?@87<K ?;>A:>ABO<8, ?0@0;;5;L=K<8 1>:>2K< @51@0<, O2;ONBAO 
?0@0;;5;>3@0<<0<8. � G0AB=>AB8, ?0@0;;5;>3@0<<0<8 O2;ONBAO 4803>=0;L=K5 A5G5=8O. 
-B> A5G5=8O ?;>A:>ABO<8, ?@>E>4OI8<8 G5@57 420 1>:>2KE @51@0, =5 ?@8=04;560I8E 
>4=>9 3@0=8. 

%5G5=8O ?8@0<84K ?;>A:>ABO<8, ?@>E>4OI8<8 G5@57 55 25@H8=C, ?@54AB02;ONB A>1>9 
B@5C3>;L=8:8. � G0AB=>AB8, B@5C3>;L=8:0<8 O2;ONBAO 4803>=0;L=K5 A5G5=8O 3 MB> 
A5G5=8O ?;>A:>ABO<8, ?@>E>4OI8<8 G5@57 420 =5 A>A54=8E 1>:>2KE @51@0 ?8@0<84K. 

%5G5=85 ?8@0<84K ?;>A:>ABL A 7040==K< A;54>< g =0 ?;>A:>AB8 >A=>20=8O AB@>8BAO 
B0: 65, :0: 8 A5G5=85 ?@87<K. �;O ?>AB@>5=8O A5G5=8O ?8@0<84K ?;>A:>ABLN 4>AB0B>G=> 
?>AB@>8BL ?5@5A5G5=8O 55 1>:>2KE 3@0=59 A A5:CI59 ?;>A:>ABLN. 

�A;8 =0 3@0=8, =5 ?0@0;;5;L=>9 A;54C g, 8725AB=0 :0:0O-=81C4L B>G:0 �, 
?@8=04;560I0O A5G5=8N, B> A=0G0;0 AB@>8BAO ?5@5A5G5=85 A;540 g A5:CI59 ?;>A:>AB8 A 
?;>A:>ABLN MB>9 3@0=8 3 B>G:0 D. &>G:0 D A>548=O5BAO A B>G:>9 � ?@O<>9. &>340 >B@57>:  
MB>9 ?@O<>9, ?@8=04;560I89 3@0=8, 5ABL ?5@5A5G5=85 MB>9 3@0=8 A A5:CI59 ?;>A:>ABLN. 

�A;8 B>G:0 � ;568B =0 3@0=8 ?8@0<84K, ?0@0;;5;L=>9 A;54C g, B> A5:CI0O ?;>A:>ABL 
?5@5A5:05B MBC 3@0=L ?> >B@57:C, ?0@0;;5;L=><C ?@O<>9 g. #5@5E>4O : A>A54=59 1>:>2>9 
3@0=8, AB@>OBAO 55 ?5@5A5G5=85 A A5:CI59 ?;>A:>ABLN 8 B.4. � 8B>35 ?>;CG05BAO B@51C5<>5 
A5G5=85 ?8@0<84K. 

%5G5=8O<8 F8;8=4@0 O2;ONBAO ?@O<>C3>;L=8:8, 2 B>< G8A;5 8 >A52>5 A5G5=85, 
A5G5=8O<8 :>=CA0 O2;ONBAO @02=>154@5==K5 B@5C3>;L=8:8, 2 B>< G8A;5 8 >A52>5 A5G5=85. 

�040G0: =09B8 ?;>I04L >A=>20=8O F8;8=4@0, 5A;8 >A52>5 A5G5=85 MB>3> F8;8=4@0 3 
:204@0B, ?;>I04L :>B>@>3> Q. 
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$5H5=85: 

%B>@>=0 :204@0B0 @02=0 √ . "=0 @02=0 480<5B@C >A=>20=8O, ?>MB><C ?;>I04L 
>A=>20=8O @02=0 Ã · (√  ) 

= 
   . 

�040G8: 

1.� ?@028;L=>9 G5BK@5EC3>;L=>9 ?@87<5 ?;>I04L >A=>20=8O @02=0 Q. !0948B5 
?;>I04L 4803>=0;L=>3> A5G5=8O. 

2.� ?@028;L=>9 H5AB8C3>;L=>9 ?@87<5, C :>B>@>9 1>:>2K5 3@0=8 3 :204@0BK, 

?@>2548B5 ?;>A:>ABL G5@57 AB>@>=C =86=53> >A=>20=8O 8 ?@>B82>;560ICN 59 AB>@>=C 
25@E=53> >A=>20=8O. %B>@>=0 >A=>20=8O @02=0 0. !0948B5 ?;>I04L ?>AB@>5==>3> A5G5=8O. 

3.#>AB@>9B5 A5G5=85 B@5C3>;L=>9 ?8@0<84K ?;>A:>ABLN, ?@>E>4OI59 G5@57 AB>@>=C 
>A=>20=8O ?8@0<84K 8 40==CN B>G:C =0 ?@>B82>;560I5< @51@5. 

4.#>AB@>9B5 A5G5=85 G5BK@5EC3>;L=>9 ?8@0<84K ?;>A:>ABLN, ?@>E>4OI59 G5@57 
AB>@>=C >A=>20=8O 8 B>G:C =0 >4=>< 87 1>:>2KE @515@. 

5.#>AB@>9B5 A5G5=85 ?8@0<84K ?;>A:>ABLN, ?@>E>4OI59 G5@57 25@H8=C ?8@0<84K 8 
425 40==K5 B>G:8 =0 55 >A=>20=88. 

 

"9@4:  ВOK<E?9A<9 CDB<;6B8AOI Q?9@9AF4DAOI HGA>J<=. 

�D4>F<K9E>4S D45BF4 № 20 

#@>872>4=0O DC=:F88 A B>G:8 7@5=8O D878:8, MB> A:>@>ABL 87<5=5=8O DC=:F88 2 
=5:>B>@K9 <><5=B 2@5<5=8. &0:8< >1@07>< ?>;CG05BAO, GB> ?5@54 =0<8 AB>8B 7040G0 ?> 
8725AB=>9 D>@<C;5, >?8AK20NI59 =5:>B>@K9 ?@>F5AA, =09B8 D>@<C;C, ?> :>B>@>9 <>6=> 
1C45B 2KG8A;8BL A:>@>ABL 87<5=5=8O MB>3> ?@>F5AA0 2 =5:>B>@K9 <><5=B 2@5<5=8. 

#@>F5AA =0E>645=8O ?@>872>4=>9 =07K205BAO 48DD5@5=F8@>20=85<. 

�;O B>3>, GB>1K =09B8 ?@>872>4=CN =5:>B>@>9 DC=:F88 =5>1E>48<> 7=0BL ?@028;0 8 
D>@<C;K 48DD5@5=F8@>20=8O. 

#@028;0 48DD5@5=F8@>20=8O 

1.          =    +  -                         3.     =    
2.         =    · v + u ·                             4. (  ) 

= 
                

(>@<C;K 48DD5@5=F8@>20=8O 

1.   = 0                              9.         = - sin x 

2.   = 1                             10.         = 
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3.       = n·                  11.          = - 
        

4.        = 
                    12.          = 

 √      

5.      = 
                          13.          = -  

 √      

6.      =    · ln x            14.            = 
       

7.       =                        15.             = - 
       

8.        = cos x 

#@8<5G0=85: 

1) &. :. =5B D>@<C;K 48DD5@5=F8@>20=8O 0@8D<5B8G5A:8E :>@=59, =5>1E>48<> 
:>@5=L ?@54AB028BL 2 2845 AB5?5=8 A 4@>1=K< ?>:070B5;5< 8 2>A?>;L7>20BLAO D>@<C;>9 
7 3, =0?@8<5@: (√   ) 

= (   ) 
= 

   ·       = 
   ·       = 

     √    

2) &.:. =5B D>@<C;K 48DD5@5=F8@>20=8O 4@>159     , =5>1E>48<> ?@54AB028BL MBC 
4@>1L 2 2845 AB5?5=8 A >B@8F0B5;L=K< ?>:070B5;5< 8 2>A?>;L7>20BLAO D>@<C;>9 7 3, 
=0?@8<5@: (    ) 

=            = 2 · ( -4) ·      = - 8 ·     = -  
    

+B>1K =09B8 ?@>872>4=CN =5>1E>48<> A=0G0;0 ?> ?@028;0< ?>:070BL :0: 1C45< 8A:0BL 
?@>872>4=CN (?@>AB028BL HB@8E8), 0 70B5< ?> D>@<C;0< ?>4AB028BL 3>B>2K9 @57C;LB0B: 

y = 2sinx + x2 3 3 

y´ = (2sinx + x2 3 3)´ = 2(sinx)´ + (x2)´ - 3´ = 2cosx + 2x2 3 1 3 0 = 2cosx + 2x 

�040G8: =09B8 ?@>872>4=CN DC=:F88: 

1.y = 8x3 3 2x + 4                             2. y = 4x2 + x 3 2 

3. y = 
    + √                                   4. y = 

    - √   
 

5. y = 
    - √   

                                6. y = 2cosx 3 3x 

7. y = 2x + 3sinx                              8. y = 4x 3 lnx 

9. y = cosx 3 4ctgx                         10. y = 2sinx -       

11. y = 3tgx + ex                             12. y = x · cosx 

13. y = x3 · lnx                                 14. y= 3x2      

15. y = 4x3 · cosx                           16. y = 5x2 ·       
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17. y = 
                                          18. y = 

        

19. y = 
                                           20. y = 

          

 

"9@4:  �EE?98B64A<9 HGA>J<= E CB@BMPR CDB<;6B8AB=. 

�D4>F<K9E>4S D45BF4 № 21 

% ?><>ILN ?@>872>4=>9 <>6=> 8AA;54>20BL DC=:F88 =0 <>=>B>==>ABL 8 M:AB@5<C<K, 
=5 AB@>O 8E 3@0D8:>2. &0: 65 ?@>872>4=K5 40NB 2>7<>6=>ABL >?@545;OBL C@02=5=8O 
:0A0B5;L=KE : 3@0D8:0< ;N1KE DC=:F89 2 7040==>9 B>G:5, >?OBL 65, =5 2K?>;=OO 
?>AB@>5=89. 

%>AB02;5=85 C@02=5=89 :0A0B5;L=KE : 3@0D8:0< 7040==KE DC=:F89. 

"1I55 C@02=5=85 :0A0B5;L=>9 8<55B 284: 

y = f(x0)´· (x 3 x0) + f(x0) 

+B>1K A>AB028BL C@02=5=85 :0A0B5;L=>9 4;O DC=:F88 y = f(x) 2 B>G:5 A 01AF8AA>9 x0, 

=04> 2K?>;=8BL A;54CNI85 H038: 

1)!09B8 f(x0) 3 7=0G5=85 DC=:F88 2 B>G:5 x0 

2)!09B8 f(x)´ - ?@>872>4=0O DC=:F88 

3)!09B8 f(x0)´ - 7=0G5=85 ?@>872>4=>9 2 B>G:5 x0 

4)#>4AB028BL 2 >1I55 C@02=5=85 :0A0B5;L=>9 7=0G5=8O f(x0), f(x0)´, x0 

5)�0?8A0BL ?>;CG82H55AO C@02=5=85 2 2845 y = kx + b 

!0?@8<5@: A>AB028BL C@02=5=85 :0A0B5;L=>9 : 3@0D8:C DC=:F88 y = 3x3 3 2x + 1 2 B>G:5 
x0 = 2 

$5H5=85: 

1) f(x0) = f(2) = 3 · 23 3 2 · 2 + 1 = 21 

2) f(x)´ = (3x3 3 2x + 1)´ = 9x2 3 2 

3) f(x0)´ = f(2)´ = 9 · 22 3 2 = 34 

4)y = 34(x 3 2) + 21 = 34x 3 68 +21 = 34x 3 47 

5)y = 34x 3 47 3 C@02=5=85 :0A0B5;L=>9. 

�AA;54>20=85 DC=:F88 =0 <>=>B>==>ABL 8 M:AB@5<C<. 

�=0O > B><, GB> 5A;8 =0 =5:>B>@>< ?@><56CB:5 >A8 >E DC=:F8O 2>7@0AB05B, B> 
?@>872>4=0O MB>9 DC=:F88, 2KG8A;5==0O 2 ;N1>9 B>G:5 MB>3> ?@><56CB:0, ?>;>68B5;L=0  
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(5A;8 =0 =5:>B>@>< ?@><56CB:5 >A8 >E DC=:F8O C1K205B, B> ?@>872>4=0O MB>9 DC=:F88, 
2KG8A;5==0O 2 ;N1>9 B>G:5 MB>3> ?@><56CB:0, >B@8F0B5;L=0) 8 =0>1>@>B, 0 B0: 65, 
?@>872>4=0O DC=:F88 2 B>G:0E M:AB@5<C<0 @0=0 =C;N, <>6=> 8AA;54>20BL DC=:F8N =0 
<>=>B>==>ABL 8 M:AB@5<C<K. 

�;O MB>3> =5>1E>48<> 2K?>;=8BL @O4 H03>2: 

1)!09B8 >1;0ABL >?@545;5=85 DC=:F88  - D(f) 

2)!09B8 ?@>872>4=CN MB>9 DC=:F88 - f(x)´ 

3)!09B8 B>G:8, 2 :>B>@KE ?@>872>4=0O @02=0 =C;N, B.5. @5H8BL C@02=5=85  

f(x)´ = 0(2>7<>6=>, 2 MB8E B>G:0E 1C45B M:AB@5<C<) 

4)$0718BL =0945==K<8 B>G:0<8 >1;0ABL >?@545;5=8O =0 ?@><56CB:8 

5)"?@545;8BL 7=0: ?@>872>4=>9 =0 :064>< ?@><56CB:5: 

�A;8 f(x)´ > 0, B> DC=:F8O 1C45B 2>7@0AB0BL, 5A;8 f(x)´ < 0, B> C1K20BL 

!5>1E>48<> 70?8A0BL MB8 ?@><56CB:8, B.5. <K 8AA;54>20;8 DC=:F8N =0 <>=>B>==>ABL. 

6)�AA;54C5< =0 M:AB@5<C<: 

�A;8 ?@8 ?5@5E>45 G5@57 B>G:C, :>B>@>9 <K @0718;8 D(f) =0 8=B5@20;K, ?@>872>4=0O 
<5=O5B 7=0: A «+» =0 «-«, B> MB> B>G:0 <0:A8<C<0 3 Xmax, 5A;8 A «-« =0 A «+», B> MB> B>G:0 
<8=8<C<0 3 Xmin, 5A;8 A<5=K 7=0:>2 =5B, B> B>G:0 M:AB@5<C<>< O2;OBLAO =5 1C45B. 

!0?@8<5@: 8AA;54>20BL =0 <>=>B>==>ABL 8 M:AB@5<C<K DC=:F8N y = 3x5 3 5x3 

$5H5=85: 

1)D(f): x  (-      ) 

2) f(x)´ = 15x4 3 15x2 

3) 15x4 3 15x2 = 0 

         x4 3 x2 = 0 

     x2(x2 3 1) = 0 

     x2 = 0   x2 3 1 = 0 

      x = 0(420 7=0G)   x = 1, x = - 1 

             +           -             -            + 

                                                                           (H03 4,5) 

                    -1             0            1 

(C=:F8O 27@0AB05B, ?@8 x   (- $; -1)   ( 1; +  ) 
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(C=:F8O C1K205B, ?@8 x   (- 1 ; 1) 

6)Xmax = -1; 1   Xmin 3 =5B, x = 0 3 B>G:0 ?5@53810 

�040G8: 

1.%>AB028BL C@02=5=85 :0A0B5;L=>9 : 3@0D8:C DC=:F88: 

1) C = 6E5 3 E2 - 2,  5A;8         E0 = 0. 

2) C = 7E2 3 E3 + 1,  5A;8         E0 = 1. 

3) C = 2E5 3 E4 + 3,  5A;8    E0 = -2. 

4) C = 3E5 3 E4 + E,  5A;8         E0 = 1. 

2. �AA;54>20BL DC=:F8N =0   <>=>B>==>ABL 8 M:AB@5<C<K A ?><>ILN ?@>872>4=>9: 

1) C = 3E 3 E3                             5) C = 6E4 3 4E6   

2) C = 6E 3 2E3                           6) C = 3E4 3 4E3 

3) C = 4E5 3 5E4                          7)y = 2x3 3 3x2 3 36x + 40 

4) C = 3E 3 3E3                            8)y = 
       

 

"9@4:  �BEFDB9A<9 7D4H<>B6 HGA>J<= CB <EE?98B64A<R E CB@BMPR CDB<;6B8AB= 

�D4>F<K9E>4S D45BF4 № 22 

$0=LH5, <K <>3;8 AC48BL > B><, :0: 2545B A51O DC=:F8O 2 B>< 8;8 8=>< A;CG05, 3;O4O 
=0 55 3@0D8:, 0 GB>1K ?>AB@>8BL 3@0D8: ?@8E>48;>AL 704020BL =5:>B>@K5 7=0G5=8O 
?5@5<5=>9 E, ?>4AB02;OBL 8E 2 D>@<C;C DC=:F88 8 ?@>AG8BK20BL A>>B25BAB2CNI85 
7=0G5=8O ?5@5<5==>9 C. &.5. AB@>8;8 3@0D8: ?> B>G:0<. +5< 1>;LH5 B>G5:, B5< B>G=55 
3@0D8:. %@54AB20 <0B5<0B8G5A:>3> 0=0;870 7=0G8B5;L=> >1;53G8;8 MBC 7040GC. &5?5@L <K 
<>65< AC48BL > ?>2545=88 DC=:F88 157 55 3@0D8:8. � A0< 3@0D8: ?>;CG05BAO 1>;55 
B>G=K<. 

"1>1I0O 25AL >?KB 8AA;54>20=8O DC=:F89, @5:><5=4C5< 4;O ?>AB@>5=8O 3@0D8:>2 
DC=:F89 ?@845@6820BLAO A;54CNI59 AE5<K: 

1)!0945< >1;0ABL >?@545;5=8O DC=:F88 

2)"?@545;8<, :0:>3> >=0 2840: 

eA;8 f(-x) = f(x), B> DC=:F8O G5B=0O (3@0D8: A8<<5B@8G5= >B=>A8B5;L=> >A8 >E), 

5A;8 f(-x) = - f(x), B> DC=:F8O =5G5B=0O 3@0D8: A8<<5B@8G5= >B=>A8B5;L=> =0G0;0 
:>>@48=0B) 

3)!0945< B>G:8 ?5@5A5G5=8O A >AO<8 :>>@48=0B, B. 5. @5H8< C@02=5=8O: 
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f(x) = 0 3 A >ALN >E, y = f(0) 3 A >ALN >C 

4)�AA;54C5< DC=:F8N =0 <>=>B>==>ABL 8 M:AB@5<C< A ?><>ILN ?@>872>4=>9 

5)!0945< 7=0G5=8O DC=:F88 2 B>G:0E M:AB@5<C<0 

6)�AA;54C5< DC=:F8N =0 ?5@5381 ?> 2B>@>9 ?@>872>4=>9 (2A5 459AB28O 0=0;>38G=K 
8AA;54>20=8N =0 <>=>B>==>ABL, 5A;8 2B>@0O ?@>872>4=0O ?>;>68B5;L=0, B> 3@0D8: 
2K3=CB 2=87, 5A;8 >B@8F0B5;L=0, B> 225@E) 

7)!0945< 7=0G5=8O DC=:F88 2 B>G:0E ?5@53810 

8)"B<5B8< 2A5 =0945==K5 B>G:8 =0 :>>@48=0B=>9 ?;>A:>AB8 

9)�A;8 =5>1E>48<>, =0945< 4>?>;=8B5;L=K5 B>G:8 

10)�::C@0B=> A>548=OO 2A5 >B<5G5==K5 B>G:8, AB@>8< 3@0D8: (=5 701K209B5, GB> ;8=8O 
3@0D8:0 4>;6=0 ?@>E>48BL A ;520 =0 ?@02>). 

!0?@8<5@: �K?>;=8BL 8AA;54>20=85 A2>9AB2 DC=:F88 A ?><>ILN ?@>872>4=>9 8 
?>AB@>8BL 3@0D8: DC=:F88  f(x)=x3 - 3x2 - 45x + 20 
   $5H5=85: 

1)"1;0ABLN >?@545;5=8O MB>9 DC=:F88 O2;O5BAO <=>65AB2> 2A5E 459AB28B5;L=KE 
G8A5;. 
2)-B0 DC=:F8O =5 O2;O5BAO G5B=>9 8;8 =5G5B=>9.  
3)&>G:0 ?5@5A5G5=8O A >ALN >C: (0 ; 20) 
4)!0945< ?5@2CN ?@>872>4=CN 8 >?@545;8< A>>B25BAB2CNI85 A2>9AB20  
       DC=:F88.   f’(x)=3x2 3 6x 345.  

$5H8< C@02=5=85  3E2 3 6E 3 45 = 0. �>@=O<8 C@02=5=8O O2;ONBAO G8A;0 (-3) 8 5. 

       �>A?>;L7C5<AO B01;8F59: 

     

E (-; -3) -3 (-3;5) 5 (5;) 

f’(x) + 0 - 0 + 

f(x)  max  min  

 

 

(C=:F8O 2>7@0AB05B 2 8=B5@20;0E (-;-3) 8 (5;), C1K205B 2 8=B5@20;5 (-3; 5). 

5)(C=:F8O 8<55B <0:A8<0;L=>5 7=0G5=85 f(-3)=101, 8<55B <8=8<0;L=>5 7=0G5=85  f(5)= - 

155. 

6)!0945< 2B>@CN ?@>872>4=CN f6(x)=(3x2 3 6x 345)’=6x-6. 
                    $5H8< C@02=5=85 6E-6=0. $5H5=85< C@02=5=8O O2;O5BAO E=1. 
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                   �;O >?@545;5=8O A2>9AB2 DC=:F88 2>A?>;L7C5<AO B01;8F59: 

          

E (-; 1) 1 (1;) 

f6(x) - 0 + 

f(x) ÷ 

2K?C:;0O 

B>G:0 

?5@53810 

ø 

2>3=CB0O 

7)?@8 E = 1, C = - 27  (1; - 27) 3 B>G:0 ?5@53810 

8)�>?>;=8B5;L=K5 B>G:8: ?@8 E = -5, C = 45    (- 5; 45) 

                                             #@8 E = 7, C = - 99    ( 7; -99) 

9)"B<5B8< 2A5 =0945==K5 B>G:8 =0 ?;>A:>AB8 

10)#>AB@>8< 3@0D8:     

 

 

 

�040G8: 

1.            

2.               
3. C =6 E 3 2E3 
4. C = 3E4 3 4E3 
5. C = 6E4 3 4E6 

 
 

-ОE=>в=>= 

-ОE=>в=>= 

-ОE=>в=>= 

-ОE=>в=>= 

ОE=>в=>= 

ОE=>в=>= 

ОE=>в=>= 

ОE=>в=>= 

-ОE=>в=>= -ОE=>в=>= -ОE=>в=>= -ОE=>в=>= ОE=>в=>= ОE=>в=>= ОE=>в=>= ОE=>в=>= ОE=>в=>= ОE=>в=>= 

Y 

X 

ГDаH<> HG=>ц<< f(x) 
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"9@4:  9L9A<9 ;484K E <ECB?P;B64A<9@ CDB<;6B8AB=. 
�D4>F<K9E>4S D45BF4 № 23 

#@8<5=5=85 ?@>872>4=>9 4;O >BKA:0=8O =081>;LH8E 8 =08<5=LH8E 7=0G5=89 
25;8G8= 

�;3>@8B< >BKA:0=8O =08<5=LH53> 8 =081>;LH53> 7=0G5=89 =5?@5@K2=>9 DC=:F88 y = 
f(x)=0 >B@57:5 [ a ; b]: 
1.!09B8 ?@>872>4=CN DC=:F88 f(x)´ 
2.!09B8 AB0F8>=0@=K5 8 :@8B8G5A:85 B>G:8 DC=:F88, ;560I85 2=CB@8 >B@57:0 [ a ; b] 
3.�KG8A;8B5 7=0G5=8O DC=:F88  y = f(x) 2 B>G:0E, >B>1@0==KE =0 2B>@>< H035 (?. 2). 8 2 

B>G:0E a 8 b; 2K1@0BL A@548 7=0G5=89 =08<5=LH55 (MB> 1C45B 'A4<@.) 8 =081>;LH55 (MB> 
1C45B 'A4<5B?PL.) 

!0?@8<5@: =09B8 =081>;LH55 8 =08<5=LH55 7=0G5=85 DC=:F88 y = x3 3 3x2 3 45x + 1 =0 
>B@57:5 [ - 4; 6] 
$5H5=85: 2>A?>;L7C5<AO 0;3>@8B<><. 
1) C´ = 3E2 3 6E 3 45 
2) 3E2 3 6E 3 45 = 0 

       E2 3 2E 3 15 = 0 

     E1 = - 3  E2 = 5    2848<, GB> >15 B>G:8 ?@8=04;560B >B@57:C [ - 4; 6] 
3)!0945< 7=0G5=85 DC=:F88 2 MB8E B>G:0E 8 :>=F0E >B@57:0: 
C( - 3) = 82             C(5) = - 174 

C(-4) = 69               C(6) = -161 
�K15@5< A@548 =0945==KE 7=0G5=89 =081>;LH55 8 =08<5=LH55: 
'A4<@. = - 174, ?@8 E = 5, 'A4<5B?PL. = 82, ?@8 E = - 3 
 

�040G8 =0 >BKA:0=85 =081>;LH8E 8 =08<5=LH8E 7=0G5=89 25;8G8= 
 

�0:, 8<5NI89 D>@<C ?@O<>C3>;L=>3> ?0@0;;5;5?8?540 A :204@0B=K< >A=>20=85<, 
4>;65= 2<5I0BL V ;8B@>2 2>4K. #@8 :0:>9 AB>@>=5 >A=>20=8O ?;>I04L ?>25@E=>AB8 10:0 
(157 :@KH:8) 1C45B =08<5=LH8<? 
$5H5=85: 
#5@2K9 MB0?. %>AB02;5=85 <0B5<0B8G5A:>9 <>45;8. 
1) "?B8<878@C5<0O 25;8G8=0 (".�.) 3 ?;>I04L ?>25@E=>AB8 10:0, ?>A:>;L:C 2 7040G5 

B@51C5BAO 2KOA=8BL, :>340 MB0 ?;>I04L 1C45B =08<5=LH59. "1>7=0G8< ".�. 1C:2>9 S. 
2) #;>I04L ?>25@E=>AB8 7028A8B >B 87<5@5=89 ?@O<>C3>;L=>3> ?0@0;;5;5?8?540. 

"1JO28< =57028A8<>9 ?5@5<5==>9 (!.#.) AB>@>=C :204@0B0, A;C60I53> >A=>20=85< 10:0; 
>1>7=0G8< 55 1C:2>9 E. /A=>, GB> E > 0. �@C38E >3@0=8G5=89 =5B, 7=0G8B, 0 < E < +   .  

&0:>2K @50;L=K5 3@0=8FK 87<5=5=8O =57028A8<>9 ?5@5<5==>9: E = (0; +  ) 

3)�A;8 h 3 2KA>B0 10:0, B> V = E2h, >B:C40 =0E>48< h = 
   .   

#>25@E=>ABL 10:0 A>AB>8B 87 :204@0B0 A> AB>@>=>9 E 8 G5BK@5E ?@O<>C3>;L=8:>2 A> 
AB>@>=0<8 E 8    . �=0G8B, S = x2 + 4 ·    . · x = x2 + 

   . 

�B0:, S = x2 + 
   , 345 E (0; +  ). 

 0B5<0B8G5A:0O <>45;L 7040G8 A>AB02;5=0. 
�B>@>9 MB0?. $01>B0 A A>AB02;5==>9 <>45;LN. 
!0 MB>< MB0?5 4;O DC=:F88 S = x2 + 

   , 345 E   (0; +  ), =04> =09B8 'A4<@. �;O MB>3> 
=C6=0 ?@>872>4=0O DC=:F88: 
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S´ = 2x 3      = 
           

!0 ?@><56CB:5 (0; +  ) :@8B8G5A:8E B>G5: =5B, 0 AB0F8>=0@=0O B>G:0 B>;L:> >4=0: 
S´=0, ?@8 E = √   

. 

�0<5B8<, GB> ?@8 E < √   
 2K?>;=O5BAO =5@025=AB2> S´ < 0, 0 ?@8 E > √   

 2K?>;=O5BAO 
=5@025=AB2> S´ >  0. �=0G8B E = √   

. 3 548=AB25==0O AB0F8>=0@=0O B>G:0, ?@8G5< B>G:0 
<8=8<C<0 DC=:F88 =0 7040==>< ?@><56CB:5, 0 ?>B><C 2 MB>9 B>G:5 DC=:F8O 4>AB8305B 
A2>53> =08<5=LH53> 7=0G5=8O. 
&@5B89 MB0?. "B25B =0 2>?@>A 7040G8. 
� 7040G5 A?@0H8205BAO, :0:>9 4>;6=0 1KBL AB>@>=0 >A=>20=8O, GB>1K 10: 8<5; 

=08<5=LHCN ?>25@E=>ABL.  K 2KOA=8;8, GB> AB>@>=0 :204@0B0, A;C60I53> >A=>20=85< 
B0:>3> 10:0, @02=0 √   

. 

 
#@8<5=5=85 ?@>872>4=>9 2 D878:5 8 35><5B@88. 

 
�A?>;L7CO 35><5B@8G5A:89 A<KA; ?@>872>4=>9, <>6=> 8AA;54>20BL DC=:F8N =0 

<>=>B>==>ABL 8 M:AB@5<C<K, =0E>48BL C@02=5=85 :0A0B5;L=>9, ?@>2545==>9  : 3@0D8:C 
DC=:F88. % MB8< 2K C65 ?>7=0:><8;8AL @0=55. 
�A?>;L7CO D878G5A:89 A<KA; ?@>872>4=>9 <>6=> =0E>48BL A:>@>ABL DC=:F88 2 

=5:>B>@K9 <><5=B 2@5<5=8. 

!0?@8<5@:  0B5@80;L=0O B>G:0 42865BAO ?> ?@O<>9 A>3;0A=> 70:>=C 

 s(t) = 12t2 - 
   t3 , 345 s(t) 3 ?CBL 2 <5B@0E 8 t 3 2@5<O 2 A5:C=40E. !0948B5 A:>@>ABL 2 <><5=B 

2@5<5=8 t = 2A. 

$5H5=85: v = s(t)´ = (12t2 - 
   t3)´ = 24t 3 2t2 

v( 2 ) = s( 2 )´ = 24 · 2 3 2 · 22 = 16 </A 
 
�040G8: 
1.+8A;> 10 ?@54AB02LB5 2 2845 AC<<K 42CE =5>B@8F0B5;L=KE G8A5; B0:, GB>1K AC<<0 

MB8E G8A5; 1K;0 =081>;LH59. 
2.�7 :@C3;>3> 1@52=0 480<5B@>< 40A< B@51C5BAO 2K@570BL 10;:C ?@O<>C3>;L=>3> 

A5G5=8O A >A=>20=85< b 8 2KA>B>9 h. #@>G=>ABL 10;:8 ?@>?>@F8>=0;L=0 bh2. #@8 :0:8E 
7=0G5=8OE b 8 h ?@>G=>ABL 1C45B =081>;LH59? 

3.�@C3;K9 <5B0;;8G5A:89 48A: @0AH8@O5BAO ?@8 =03@520=88 B0:, GB> 53> @048CA 
@02=><5@=> C25;8G8205BAO =0 0,01 A</A. % :0:>9 A:>@>ABLN C25;8G8205BAO ?;>I04L 48A:0, 
:>340 53> @048CA @025= 2 A<? 

4.�>;5A> 2@0I05BAO B0:, GB> C3>; ?>2>@>B0 ?@>?>@F8>=0;5= :204@0BC 2@5<5=8. #5@2K9 
>1>@>B 1K; A45;0= :>;5A>< 70 8 A. !0948B5 C3;>2CN A:>@>ABL :>;5A0 G5@57 48A ?>A;5 
=0G0;0 2@0I5=8O. 

5.�;8=0 25@B8:0;L=> AB>OI59 ;5AB=8FK @02=0 5<. !86=89 :>=5F ;5AB=8FK =0G8=05B 
A:>;L78BL A ?>AB>O==>9 A:>@>ABLN 2 </A. % :0:>9 A:>@>ABLN >?CA:05BAO 2 <><5=B 2@5<5=8 
t 25@E=89 :>=5F ;5AB=8FK, A :0:8< CA:>@5=85<? 

6.!09B8 =081>;LH55 8 =08<5=LH55 7=0G5=85 DC=:F88 C = E4 3 8E2 3 9 =0 >B@57:5 [-1;1] 

7. !09B8 =081>;LH55 8 =08<5=LH55 7=0G5=85 DC=:F88 C = E3 3 3E2 3 9E =0 >B@57:5 [3;4] 
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�K?>;=8BL A0<>AB>OB5;L=>: 
1.%C<<0 4;8= :0B5B>2 ?@O<>C3>;L=>3> B@5C3>;L=8:0 @02=0 20 A<. �0:>9 4;8=K 4>;6=K 

1KBL :0B5BK, GB>1K ?;>I04L B@5C3>;L=8:0 1K;0 =081>;LH59? 
2.�@C3;K9 <5B0;;8G5A:89 48A: @0AH8@O5BAO ?@8 =03@520=88 B0:, GB> 53> @048CA 

@02=><5@=> C25;8G8205BAO =0 0,01 A</A. % :0:>9 A:>@>ABLN C25;8G8205BAO ?;>I04L 48A:0, 
:>340 53> @048CA @025= 2 A<? 

3. !09B8 =081>;LH55 8 =08<5=LH55 7=0G5=85 DC=:F88 C = E4 3 2E2 + 4 =0 >B@57:5 [2;3] 
 
 

"9@4: ВOK<E?9A<9 A9BCD989?9AAOI <AF97D4?B6 

�D4>F<K9E>4S D45BF4 № 24 

(C=:F8O, 2>AAB0=>2;5==0O ?> 7040==>9 ?@>872>4=>9, =07K205BAO ?5@2>>1@07=>9. �7 3 
70 =0;8G8O C DC=:F88 =5:>B>@>3> ?>AB>O==>3> %, <K 2 ?@>F5AA5 2>AAB0=>2;5=8O DC=:F88, 
=0E>48< =5 >4=C ?5@2>>1@07=CN, 0 <=>65AB2>.  =>65AB2> ?5@2>>1@07=KE 4;O >4=>9 
?@>872>4=>9 =07K205BAO =5>?@545;5==K< 8=B53@0;><. 
#@>F5AA 2>AAB0=>2;5=8O DC=:F88 ?> ?@>872>4=>9 =07K205BAO 8=B53@8@>20=85< 

(459AB285 >1@0B=>5 48DD5@5=F8@>20=8N). 
+B>1K 2KG8A;OBL =5>?@545;5==K5 8=B53@0;K, =5>1E>48<> 7=0BL ?@028; 8 D>@<C;K 

8=B53@8@>20=8O. #@028;0 5I5 =07K20NB A2>9AB20<8 8=B53@0;>2, 0 D>@<C;K 3 B01;8F59 
8=B53@0;>2. �=B53@0;K 2 =59 A>45@60I85AO =07K20NB B01;8G=K<8. 

�D46<?4 <AF97D<DB64A<S 

1.+           +     + +     - +     

2.+     udx = m · +    , 345 m- G8A;> (<=>68B5;L) 

3.  +          = f(x) 

$BD@G?O <AF97D<DB64A<S 

1. +   = x + C. 

2. +     =mx + C 

3. +      = 
         + C 

4. +      =    + C 

5. +      = 
      

6. +     = ln |x| +C 

7. +         = cos x + C 

8. +         = - sin x + C 

9. +          = tg x + C 



50 

 

10. +          = - ctg x + C 

11. +   √       = arcsin x + C 

12. +         = arctg x + C 

+B>1K 2KG8A;8BL ;N1>9 40==K9 8=B53@0;, =5>1E>48<> A25AB8 53> : >4=><C 8;8 
=5A:>;L:8< B01;8G=K<. &0:>9 A?>A>1 2KG8A;5=8O =07K205BAO =5?>A@54AB25==K<. 

!0?@8<5@: + (         )        =  +      - 
  +     + +    =  

     - 
   x2 + x + C =  

= x6 3 x2 + x + C 

�040G8: 2KG8A;8BL =5>?@545;5==K9 8=B53@0;. 

1. +                                              2. +              +                                            4. +               
5. + (        )                                    6. +                  
7. + (        )                                             8. + (        )    

9. + (        )                                            10. + (        )         
11. +(√           )                              12. +(√                )      
13. (√         )                                14. (√             )   

 

"9@4: ВOK<E?9A<9 BCD989?9AAOI <AF97D4?B6 

�D4>F<K9E>4S D45BF4 № 25 

"?@545;5==K9 8=B53@0; 3 MB> ?@8@0I5=85 ?5@2>>1@07=>9 =0 =5:>B>@>< >B@57:5 [ a; b]. 

�>=5G=> 65 A0<>9 ?5@2>>1@07=>9 =5 40=>, 55 =5>1E>48<> =09B8, 2KG8A;82 
=5>?@545;5==K9 8=B53@0;. 

�>A?>;L7C5<AO D>@<C;>9 !LNB>=0 3 �591=8F0: 

+          = F(x)
    = F(b) 3 F(a) 

!0?@8<5@: 2KG8A;8BL >?@545;5==K9 8=B53@0; +        = x
    = 2 3 1 = 1 
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+             = (x3 3 x)
    = (23 3 2) 3 ( 13 3 1) = 6 

�040G8: 

1.+                                                 2.+       

3.+                                             4.+              

5.+                                         6.+              

7.+                                                     8.+          

9.+                                                10.+         

�K?>;=8BL A0<>AB>OB5;L=>: 

11.+ √                                            12.+  √    dx     

13.+                                    14.+                

 

"9@4:  �D<@9A9A<9 BCD989?9AAB7B <AF97D4?4 CD< D9L9A<< CD<>?48AOI ;484K 

�D4>F<K9E>4S D45BF4 № 26 

% ?><>ILN >?@545;5==>3> 8=B53@0;0 <>6=> =0E>48BL ?;>I048 :@82>;8=59=KE D83C@ 
8 2KG8A;OBL >1J5<K B5; 2@0I5=8O. 

�@82>;8=59=0O B@0?5F8O 3 MB> D83C@0 (G0ABL :>>@48=0B=>9 ?;>A:>AB8), >3@0=8G5==0O 
A25@EC 3@0D8:>< =5?@5@K2=>9 =0 >B@57:5 [a; b] DC=:F88, A=87C 3 >B@57:>< [a; b] >A8 >E, 
?> 1>:0< ?@O<K<8 E = 0 8 E = b. 

 

#;>I04L B0:>9 D83C@K @02=0 >?@545;5==><C 8=B53@0;C, 2KG8A;5==><C =0 >B@57:5 

 [a; b] 
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+B>1K 2KG8A;8BL ?;>I04L B0:>9 D83C@K, =5>1E>48<> A>AB028BL >?@545;5==K9 
8=B53@0;: G8A;0 0 8 b 3 ?@545;K 8=B53@8@>20=8O, ?>4 7=0: 8=B53@0;0 70?8AK205< 
DC=:F8N, 3@0D8: :>B>@>9 >3@0=8G8205B D83C@C A25@EC. 

!0?@8<5@:  2KG8A;8BL ?;>I04L D83C@K, >3@0=8G5==>9 ;8=8O<8 C = E2, E  = 1, E = 2 8 
>ALN >E 

$5H5=85: =5>1E>48<> ?>AB@>8BL G5@B56, GB>1K 2KOA=8BL, GB> D83C@0 1C45B O2;OBLAO 
:@82>;8=59=>9 B@0?5F859. 

S = +        = 
    

    = 
    - 

    = 
   = 2

   :2.54. 

�K205B, GB> D83C@0 =5 O2;O5BAO :@82>;8=59=>9 B@0?5F859.  >6=> 2K45;8BL B@8 
>A=>2=KE A;CG0O: 

1.(83C@0 A=87C >3@0=8G5=0 3@0D8:>< DC=:F88, A25@EC 3 >ALN >E. 

� MB>< A;CG05 B>65 <>6=> 2>A?>;L7>20BLAO >?@545;5==K< 8=B53@0;><, => ?>AB0282 
?5@54 =8< 7=0: «-«. 

2.(83C@0 >3@0=8G5=0 A=87C >ALN >E, 0 A25@EC 3 3@0D8:0<8 =5A:>;L:8E DC=:F89. 

� MB>< A;CG05 87 B>G5: ?5@5A5G5=8O 3@0D8:>2 >?CA:05< =0 >AL >E ?5@?5=48:C;O@K 
(B>G:8 >1O70B5;L=> ?@>AG8BK205<). #>;CG8< =5A:>;L:> :@82>;8=59=KE B@0?5F89. 
#;>I04L D83C@K 1C45B @02=0 AC<<5 ?;>I0459 MB8E :@82>;8=59=KE B@0?5F89. 

3.(83C@0 =5 >3@0=8G5=0 >ALN >E. 

� MB>< A;CG05 87 B>G5: ?5@5A5G5=8O 3@0D8:>2 >?CA:05< ?5@?5=48:C;O@K. #>;CG8< 425 
:@82>;8=59=KE B@0?5F88, >?8@0NI8EAO =0 >48= >B@57>: >A8 >E. #;>I04L =0H59 D83C@K 
1C45B @02=0 @07=>AB8 ?;>I0459 MB8E B@0?5F89. 

&0: 65 A ?><>ILN >?@545;5==>3> 8=B53@0;0 <>6=> =0E>48BL >1J5<K B5;. 

V = +         , 345 S(x) 3 ?;>I04L A5G5=8O B5;0 ?;>A:>ABLN, ?5@?5=48:C;O@=>9 >A8 >E. 

�040G8: 

1. 2KG8A;8BL ?;>I04L D83C@K, >3@0=8G5==>9 ;8=8O<8: 

1)C = E4, C = 0, E = - 1, E = 1 

2)C = E2 3 4E + 5, C = 0, E = 0, E = 4 

3)C = E3, C = 0, E = - 1,  

4)C = 4 3 E2, >ALN >E 

5)C = E3, C = 8, E = 1 

6)C = 4E 3 E2, C = 4 3 E 
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2.!09B8 >1J5< B5;0, ?>;CG5==>3> ?@8 2@0I5=88 2>:@C3 >A8 01AF8AA :@82>;8=59=>9 
B@0?5F88, >3@0=8G5==>9 ;8=8O<8: 

1)C = E2 + 1, E = 0, E = 1, C = 0 

2)C = √ ,  E = 1, E = 4, C = 0 
3)C = √ , E =1,  C = 0 
�K?>;=8BL A0<>AB>OB5;L=>: 

1)C = E2 , C = E + 1 8 >ALN >E 

2) C = 1 3 E2 , C = 0 

 

"9@4: "9BD<S 69DBSFABEF<.  9L9A<9 ;484K. 

�D4>F<K9E>4S D45BF4 № 27 

 В9DBSFABEFP A>1KB8O � @02=0 >B=>H5=8N G8A;0 m 8AE>4>2 8A?KB0=8O, 
1;03>?@8OBAB2CNI8E =0ABC?;5=8N A>1KB8O �, : >1I5<C G8A;C n 2A5E @02=>2>7<>6=KE 
=5A>2<5AB=KE 8AE>4>2, B. 5.   

  
%;54>20B5;L=>, 4;O =0E>645=8O 25@>OB=>AB8 A>1KB8O =5>1E>48<>, 

@0AA<>B@52 @07;8G=K5 8AE>4K 8A?KB0=8O, ?>4AG8B0BL 2A5 2>7<>6=K5 
=5A>2<5AB=K5 8AE>4K n, 2K1@0BL G8A;> 8=B5@5ACNI8E =0A 8AE>4>2 m 8 
2KG8A;8BL >B=>H5=85 m : n.  

�7 >?@545;5=8O 2KB5:0NB A;54CNI85 A2>9AB20:  
1.В9DBSFABEFP ?R5B7B EB5OF<S 9EFP A9BFD<J4F9?PAB9 K<E?B, A9 

CD96BEIB8SM99 98<A<JO.  
�59AB28B5;L=>, G8A;> m 8A:><KE A>1KB89 70:;NG5=> 2 ?@545;0E  

 . $0745;82 2A5 G0AB8 =5@025=AB20 =0   n ?>;CG8< .  

2.В9DBSFABEFP 8BEFB69DAB7B EB5OF<S D46A4 98<A<J9, F4> >4>  

.  

3.В9DBSFABEFP A96B;@B:AB7B EB5OF<S D46A4 AG?R, CBE>B?P>G .  

#@8<5@ 1  
�@>A0NB 83@0;L=CN :>ABL. !09B8 25@>OB=>ABL B>3>, GB>: 0) 2K?045B G5B=>5 

G8A;> >G:>2 (A>1KB85 �); 1) 2K?045B G8A;> >G:>2, :@0B=>5 3 (A>1KB85 �); A) 
2K?045B ;N1>5 G8A;> >G:>2, :@><5 5 (A>1KB85 %).  

$5H5=85  
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0) !0 3@0=OE 83@0;L=>9 :>AB8 8<55BAO B@8 G5B=K5 F8D@K ( 2, 4 8 6),  
B.5. G8A;> 8A:><KE 8AE>4>2 m = 3. +8A;> 2A5E 2>7<>6=KE 8AE>4>2 @02=> 6 (2K?045B 

;N1>5 G8A;> >G:>2 >B 1 4> 6 ). �=0G8B,  .  

1) �45AL 8<5NBAO 425 F8D@K, :@0B=K5 B@5<: 3 8 6. %;54>20B5;L=>,  

m=2, 0 G8A;> 2A5E 2>7<>6=KE 8AE>4>2 n = 6, >B:C40 .  

A) �A:><K<8 8AE>40<8 O2;ONBAO F8D@K 1, 2, 3, 4, 6 3 2A53> 8E ?OBL (m=5). +8A;> 

2A5E 2>7<>6=KE 8AE>4>2 n= 6. #>MB><C .  

�8A:@5B=K<8 A;CG09=K<8 25;8G8=0<8  =07K20NBAO A;CG09=K5 25;8G8=K, 
:>B>@K5 ?@8=8<0NB ;8HL :>=5G=>5 8;8 AG5B=>5 <=>65AB2> 7=0G5=89.  

(C=:F8O, A2O7K20NI0O 7=0G5=8O A;CG09=>9 25;8G8=K A 
A>>B25BAB2CNI8<8 8< 25@>OB=>ABO<8, =07K205BAO ;4>BAB@ D4ECD989?9A<S 
48A:@5B=>9 A;CG09=>9 25;8G8=K. �3> C4>1=> 704020BL 2 2845 B01;8FK:  

�=0G5=8O    )i     X1     X2     X3  .  .  .  Xn  

  �5@>OB=>ABL    Pi      P1      P2              P3  .   .  .   Pn  

%>1KB8O ) = Ei  (i = 1, 2,3, &,n) O2;ONBAO =5A>2<5AB=K<8 8 548=AB25==> 
2>7<>6=K<8, B. 5. >=8 >1@07CNB ?>;=CN A8AB5<C A>1KB89.  
#>MB><C AC<<0 8E 25@>OB=>AB59 @02=0 548=8F5: @1  + @2 + @3 + &+ @n =  

"4=0 87 A0<KE 206=KE G8A;>2KE E0@0:B5@8AB8: A;CG09=>9 25;8G8=K 5ABL 
<0B5<0B8G5A:>5 >6840=85.  
 �A;8  8725AB=0  48A:@5B=0O  A;CG09=0O  25;8G8=0  ),  70:>=  
@0A?@545;5=8O :>B>@>9 8<55B 284  

�=0G5=8O    )i     E1     E2     E3  .  .  .  En  

�5@>OB=>ABL    Pi      @1      @2              @3  .   .  .   @n  

B> <0B5<0B8G5A:8< >6840=85<   (E)  (8;8 A@54=8< 7=0G5=85<) 48A:@5B=>9 25;8G8=K ) 
=07K205BAO G8A;>    ())  = I∙D1 + I2D2 + … + In Dn  

= .  

&0:8< >1@07><, <0B5<0B8G5A:>5 >6840=85 48A:@5B=>9 A;CG09=>9 25;8G8=K 
) @02=> AC<<5 ?@>872545=89 2>7<>6=KE 7=0G5=89 MB>9 25;8G8=K =0 8E 
25@>OB=>AB8.  

 �8=><80;L=>5 @0A?@545;5=85  

#CABL ?@>872>48BAO >?@545;5==>5 G8A;> n =57028A8<KE >?KB>2, ?@8G5< 2 
:064>< 87 =8E A >4=>9 8 B>9 65 25@>OB=>ABLN <>65B =0ABC?8BL =5:>B>@>5 
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A>1KB85 @. $0AA<>B@8< A;CG09=CN 25;8G8=C ), ?@54AB02;ONICN A>1>9 G8A;> 
=0ABC?;5=89 A>1KB89 � 2 n >?KB0E. �0:>= 55 @0A?@545;5=8O 8<55B 284  

 �=0G5=8O    )i     0     1    2  .  .  .   n  

 �5@>OB=>ABL    Pi    P(�n,0)       P(�n,1)       P(�n,2)  .   .  .    P(�n,n)  

�45 P(�n,k) 2KG8A;O5BAO ?> D>@<C;5 �5@=C;;8 P(�n,k)=  

 345     

 n-k    

�=0G5=8O    )i     0     1    2  .  .  .   n  

 �5@>OB=>ABL    Pi  
           

.   .  .   
 

    

�0:>= @0A?@545;5=8O, :>B>@K9 E0@0:B5@87C5BAO B0:>9 B01;8F59, =07K205BAO 
5<AB@<4?PAO@.  

#@8<5@  
 >=5BC ?>41@0AK20NB ?OBL @07. %>AB028BL 70:>= @0A?@545;5=8O A;CG09=>9 

25;8G8=K ) 3 G8A;0 2K?045=8O 35@10.  
 9L9A<9  
�>7<>6=K A;54CNI85 7=0G5=8O A;CG09=>9 25;8G8=K ): 0, 1, 2, 3, 4, 5. �=0O, 

GB> 25@>OB=>ABL 2K?045=8O 35@10 2 >4=>< 8A?KB0=88 @02=0   

!0945< 25@>OB=>AB8 7=0G5=89 
A;CG09=>9 25;8G8=K ) ?> D>@<C;5 
�5@=C;;8:  

P(�5,0)= ;  

P(�5,1)=  

P(�5,2)= ;  

P(�5,3)= ;  

P(�5,4)=  

=   

=   ;   

=   

=   

=   ;   

=   .   
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P(�5,5)=  

�0:>= @0A?@545;5=8O 8<55B 284  

�=0G5=8O Ei      0        1        2         3        4        5   

�5@>OB=>AB8 
pi  

            
  

#@>872545< ?@>25@:C:   

  

.�8A?5@A859 A;CG09=>9 25;8G8=K =07K205BAO <0B5<0B8G5A:>5 >6840=85 
 :204@0B0  >B:;>=5=8O  A;CG09=>9  25;8G8=K  >B  55 <0B5<0B8G5A:>3> 
>6840=8O.        

"1>7=0G8< 48A?5@A8N A;CG09=>9 25;8G8=K G5@57 D(X), B>340 A>3;0A=> 
>?@545;5=8O 1C45< 8<5BL  

  D(X) = � ((%  -�(%)2).     

":07K205BAO, GB> 48A?5@A8N <>6=> 2KG8A;8BL 8 ?> D>@<C;5  

  D(X) = � (%2
)  -(�(%))2,     

B.5. :0: @07=>ABL <0B5<0B8G5A:>3> >6840=8O :204@0B0 7=0G5=89 A;CG09=>9 25;8G8=K 8 
:204@0B0 55 <0B5<0B8G5A:>3> >6840=8O.  

�2>4OB 5I5 >4=C E0@0:B5@8AB8:C, =07K205<CN, ED98Aи@ >6а8DаFич9E>и@ 

BF>?BA9Aи9@  A;CG09=>9 25;8G8=K ) 8 >1KG=> >1>7=0G0NB 1C:2>9 σ: σ = D(X) "=0 
E0@0:B5@87C5B ?@8<5@=K9 @07<0E A0<>3> >B:;>=5=8O.  

 �D<@9D  .  

@0A?@545;5=8O  
�8A:@5B=0O  A;CG09=0O  25;8G8=0  )  8<55B  70:>=  

)             0    1   2   

$             0,3    0,5   0,2   

 !09B8 48A?5@A8N 8 A@54=55 :204@0B8G=>5 >B:;>=5=85 A;CG09=>9 25;8G8=K ).     

 9L9A<9.   #> D>@<C;5        ()) = I1D1  + I2D2  + 
.  .,  ,   + In pn. !0E>48< 

 (E) = 0· 0,3 + 1 · 0,5 + 2 · 0,2 = 0,9.  

�0?8H5< 70:>= @0A?@545;5=8O :204@0B0 >B:;>=5=8O MB>9 25;8G8=K,  
B.5. 25;8G8=K  () 3  ()))2:  

() 3  ()))2         ( 0 3 0,9)2  (1 3 0,9)2  (2 3 0,9)2  

$             0,3  0,5  0,2  

  

  +   +    
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#> D>@<C;5  D(X) =   ())2  - ( ()))2 8<55<   

D(X) =  ( 0 3 0,9)2 · 0,3 + (1 3 0,9)2 · 0,5 + (2 3 0,9)2· 0,2 = 0,81 · 0,3 + 0,01· 0,5 + 1,21· 
0,2 = 0,49.  

� A>>B25BAB288 A D>@<C;>9  ()) = D(X) , 8<55<  ()) = D(X) =  = 0,49 = 0,
7.

  

#@8 =0E>645=88 <0B5<0B8G5A:>3> >6840=8O, 48A?5@A88 8 A@54=53> 
:204@0B8G5A:>3> >B:;>=5=8O A;CG09=>9 25;8G8=K:  

1) 7040BL 70:>= @0A?@545;5=8O MB>9 25;8G8=K (A>AB028BL B01;8FC):  
)  I1  I2  …  Ii  …  xn  

$  p1  p2  …  pi  …  pn  

345 Ii- 2>7<>6=K5 7=0G5=8O A;CG09=>9 25;8G8=K, pi – 8E  
25@>OB=>AB8;   

2) =09B8 <0B5<0B8G5A:>5 >6840=85  (E) 48A:@5B=>9 A;CG09=>9 
25;8G8=K ) ?> D>@<C;5  ())  = I∙D1 + I2D2 + … + In Dn;  

3) =09B8 48A?5@A8N 48A:@5B=>9 A;CG09=>9 25;8G8=K ?> D>@<C;5:  

  D(X) = � (%2
)  -(�(%))2   ;  

4) =09B8 A@54=55 :204@0B8G5A:>5 >B:;>=5=85 A;CG09=>9 25;8G8=K ?> 
D>@<C;5 σ = D(X) .  

�040G8: 

1.� ?0@B88 87 100 45B0;59 8<55BAO 5 1@0:>20==KE. "?@545;8B5 25@>OB=>ABL B>3>, GB> 
27OB0O =0C40GC 45B0;L >:065BAO AB0=40@B=>9.  

2. �K18@0NB =0C304 G8A;> >B 1 4> 100. "?@545;8B5 25@>OB=>ABL B>3>, GB> 2 
MB>< G8A;5 >:065BAO F8D@0 3.  

3. !0948B5 25@>OB=>ABL B>3>, GB> =0C304 2K1@0==>5 G8A;> >B 1 4> 60 
45;8BAO =0 60.  

4. � :;0AA5 17 452>G5: 8 14 <0;LG8:>2. "?@545;8BL 25@>OB=>ABL B>3>, GB> 
>10 2K1@0==KE CG5=8:0 >:06CBAO: 0)<0;LG8:0<8; 1)452>G:0<8.  

5. � A5<87=0G=>< B5;5D>==>< =><5@5 701KB0 ?>A;54=OO F8D@0. 
"?@545;8BL 25@>OB=>ABL B>3>, GB> =0C304 2K1@0==0O F8D@0 (>B 0 4> 9) >:065BAO 
25@=>9.  

6. �7 :>@>1:8, A>45@60I59 n ?@>=C<5@>20==KE H0@>2, =0C304 2K=8<0NB 
>48= 70 4@C38<8 2A5 =0E>4OI85AO 2 =59 H0@K. "?@545;8BL 25@>OB=>ABL B>3>, GB> 
=><5@0 H0@>2 @0A?>;>60BAO ?> ?>@O4:C.  
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8.  >=5BC ?>41@0AK20NB 5 @07. %>AB028BL 70:>= @0A?@545;5=8O A;CG09=>9 
25;8G8=K ) 3 2K?045=8O 35@10. !09B8 <0B5<0B8G5A:>5 >6840=85 8 48A?5@A8N 
A;CG09=>9 25;8G8=K.  

9.#> >4=><C 8 B><C 65 <0@H@CBC 2 >48= 8 B>B 65 45=L A>25@H0NB ?>;5B 
B@8 A0<>;5B0. �5@>OB=>ABL ?>A04:8 ?> @0A?8A0=8N 4;O :064>3> @02=0 0,7. 
%>AB028BL 70:>= @0A?@545;5=8O A;CG09=>3> G8A;0 A0<>;5B>2, >B:;>=82H8EAO >B 
@0A?8A0=8O. !09B8 <0B5<0B8G5A:>5 >6840=85 8 48A?5@A8N A;CG09=>9 25;8G8=K.  

10.'AB@>9AB2> A>AB>8B 87 B@5E 2708<=> =57028A8<KE 45B0;59. �5@>OB=>ABL 
>B:070 :064>9 45B0;8 2 >4=>< >?KB5 @02=0 0,1. %>AB028BL 70:>= @0A?@545;5=8O 
G8A;0 >B:0702H8E 45B0;59 2 >4=>< >?KB5. !09B8 <0B5<0B8G5A:>5 >6840=85 8 
48A?5@A8N A;CG09=>9 25;8G8=K.  

11.%>AB028BL 70:>= @0A?@545;5=8O G8A;0 ?>?040=89 2 F5;L ?@8 5 
2KAB@5;0E, 5A;8 25@>OB=>ABL ?>?040=8O ?@8 >4=>< 2KAB@5;5 @02=0 0,6. !09B8 
<0B5<0B8G5A:>5 >6840=85 8 48A?5@A8N A;CG09=>9 25;8GK.  

�K?>;=8BL A0<>AB>OB5;L=>: 
1.�7 1C:2 A>AB02;5=> A;>2> «:=830». -B> A;>2> @0AAK?0;8 8 ?@>872>;L=> 

A>1@0;8 A=>20. �0:>20 25@>OB=>ABL B>3>, GB> A=>20 ?>;CG8BAO A;>2> «:=830»?  
2. >=5BC ?>41@0AK20NB 6 @07. %>AB028BL 70:>= @0A?@545;5=8O A;CG09=>9 

25;8G8=K  ) 2K?045=8O F8D@K. !09B8 <0B5<0B8G5A:>5 >6840=85 8 48A?5@A8N 
A;CG09=>9 25;8G8=K.  

 

 

"9@4:  9L9A<9 GD46A9A<= < E<EF9@ GD46A9A<=. 

�D4>F<K9E>4S D45BF4 № 28 

#@8 @5H5=88 ?>:070B5;L=KE, ;>30@8D<8G5A:8E, B@83>=><5B@8G5A:8E C@02=5=89, 
=5>1E>48<> A25AB8 53> : >4=><C 8;8 =5A:>;L:8< ?@>AB59H8<, @5H5=85 :>B>@KE C65 
@0=55 @0AA<0B@820;8AL, 8;8 : C65 8725AB=K< C@02=5=8O. 

"A=>2=K5 A?>A>1K @5H5=8O C@02=5=89: 

1.$07;>65=85 =0 <=>68B5;8: 

6E + 1 + 35 · 6E 3 1 = 71  �848<, GB> 2A5 AB5?5=8 A >48=0:>2K<8 >A=>20=8O<8, ?5@54 E 
AB>OB >48=0:>2K5 :>MDD8F85=BK, 2K=5A5< 70 A:>1:8 AB5?5=L A =08<5=LH8< ?>:070B5;5<. 
(�K=>A8<, 7=0G8B 45;8<, 0 ?@8 45;5=88 AB5?5=59 A >48=0:>2K<8 >A=>20=8O<8 ?>:070B5;8 
2KG8B0NBAO): 

6E 3 1 (62 + 35) = 71 (2 A:>1:0E =5 4>;6=> >AB0BLAO E) 

6E 3 1 · 71 = 71 | : 71 

6E 3 1 = 1 

6E 3 1 = 60 
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E3 1 = 0 

E = 1 

2.�0<5=0 ?5@5<5==>9 (>1KG=> A2>48< 40==>5 C@02=5=85 : :204@0B=><C): 

2sin2x + sinx 3 1 = 0 � C@02=5=88 ?@8ACBAB2C5B 2B>@0O AB5?5=L, ?>?KB05<AO A25AB8 53> : 
:204@0B=><C, 2 :204@0B=>< C@02=5=88 =5B A8=CA>2. %45;05< 70<5=C: 

Sinx = t 

2t2 +t 3 1 = 0 

t = 
        t = 1 %45;05< >1@0B=CN 70<5=C, ?>;CG8< 420 B@83>=><5B@8G5A:8E C@02=5=8O, 

@5H8< 8E. 

Sin x =                                                               sin x = 1 

X1 = arcsin a + 2Ãn, n   Z                                   G0AB=K9 A;CG09 

)1 = arcsin 
   + 2Ãn, n   Z                                   x = 

   + 2Ãn, n   Z                                    

X1 = 
   + 2Ãn, n   Z       

X2 = Ã - arcsin a + 2Ãn, n   Z           

X2 = Ã -    + 2Ãn, n   Z           

X2 = 
     +  2Ãn, n   Z           

          &0: 65 1K20NB A;CG08, :>340 ?@8E>48BAO A=0G0;0 2>A?>;L7>20BLAO ?@028;0<8 8;8 
A2>9AB20<8:                          1                "��: {                  E    ( - 1;    )                         

      (          )         

)2 + 4E +  3 = 3 

)2 + 4E = 0 

) = 0,     "��              E = - 4 =5   "�� 3 ?>AB>@>==89 :>@5=L 

"B25B: E = 0 

$5H5=85 A8AB5< C@02=5=89 >1KG=> @5H05BAO 2K@065=85< :0:>9-=81C4L ?5@5<5==>9 87 
>4=>3> C@02=5=8O 8 ?>4AB0=>2:>9 2 4@C3>5. 

�040G8: $5H8BL C@02=5=85 

1.3E + 33 3 E = 12                                            2.5E + 1 = 8E + 1 
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3.4E 3 5 · 2E + 4 = 0                                      4.9E 3 8 · 3E 3 9 = 0 

5.        + 2      = 3                              6.lg(x 3 9) + lg(2x 3 1) = 2 

7.      -       ·           = 0              8.2cos2x 3 5 cosx = 3 

9.sin2x· tgx + sin2x = 0                              10. tg2x 3 4tgx + 3 = 0 

$5H8BL A8AB5<C: 

1.{                                                    2.{                

3.{                                              4.{                

 

 

"9@4:  9L9A<9 A9D469AEF6 < E<EF9@ A9D469AEF6. 

�D4>F<K9E>4S D45BF4 № 29 

#@8 @5H5=88 =5@025=AB2 8A?>;L7CNBAO B5 65 <5B>4K, GB> 8 ?@8 @5H5=88 C@02=5=89. 
&0: 65 A;54C5B ?><=8BL > <5B>45 8=B5@20;>2. 'G8BK20BL >1;0ABL 4>?CAB8<KE 7=0G5=89. 
&0:, =0?@8<5@, @5H5=85 ;>30@8D<8G5A:>3> =5@025=AB20 A2>48BAO : @5H5=8N A8AB5<K 
=5@025=AB2.           <  3                               

                                                <        

0 = 2 > 1,DC=:F8O 2>7@0AB05B, 7=0: =5 <5=O5BAO 

                                             {               

                                              {             

                                                   {            

"B25B: E   (- 2; 6) 

�040G8: $5H8BL =5@025=AB20 

1.22E 3 1 + 22E 3 2 + 22E 3 3 < 448 

2.4E 3 2E+ 1 3 8 > 0 

3.3E + 2 + 3E 3 1 < 28 

4.lg(2x 3 3) > lg(x + 1) 
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5.             >             

6.lg(3x 3 7)   lg(x + 1) 

 

�8B5@0BC@0: 

1. "A=>2=0O ;8B5@0BC@0: 

1. �5@=5@ �. �.   0B5<0B8:0: 0;351@0 8 =0G0;0 <0B5<0B8G5A:>3> 0=0;870, 35><5B@8O. 10 
:;0AA : CG51. 4;O >1I5>1@07>20B. >@30=870F88 : 107>2K9 C@>25=L / �. �. �5@=5@, �. #. 
�0@?. 4  . : #@>A25I5=85, 2019. 4 367 A. : 8;. 

2. �5@=5@ �. �.    0B5<0B8:0: 0;351@0 8 =0G0;0 <0B5<0B8G5A:>3> 0=0;870, 35><5B@8O. 11 
:;0AA : CG51. 4;O >1I5>1@07>20B. >@30=870F88 : 107>2K9 C@>25=L / �. �. �5@=5@, �. #. 
�0@?. 4  . : #@>A25I5=85, 2019. 4 239 A. : 8;. 

2.�>?>;=8B5;L=0O ;8B5@0BC@0: 

 �8A8G:8= �. &.   0B5<0B8:0 2 7040G0E A @5H5=8O<8: CG51=>5 ?>A>185 / � &. �8A8G:8=, �. 
�. %>;>259G8:. 3 7 -5 874., AB5@. 3 %0=:B-#5B5@1C@3: �0=L, 2020. 3 464A.: 8;. 3 ('G51=8:8 
4;O 2C7>2. %?5F80;L=0O ;8B5@0BC@0). 3 &5:AB: =5?>A@54AB25==K9.  

ISBN 978-5-8114-4906-4  -�% «��!,» 4>3>2>@ 7 169 29.12. 20213 4> 31.12.20223. 
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