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@01>B0BL 2 3@C??5 A 2K?>;=5=85< @07;8G=KE A>F80;L=KE @>;59, ?;0=8@>20BL @01>BC 3@C??K, 
@0F8>=0;L=> @0A?@545;OBL >1O70==>AB8 8 ?;0=8@>20BL 45OB5;L=>ABL 2 =5AB0=40@B=KE A8BC0F8OE, 
>F5=820BL 2:;04 :064>3> 87 CG0AB=8:>2 3@C??K 2 @5H5=85 @0AA<0B@8205<>9 ?@>1;5<K. 

 

1.4. � @57C;LB0B5 >A2>5=8O CG51=>9 48AF8?;8=K >1CG0NI85AO 4>;6=K >2;045BL A;54CNI8<8 
>1I8<8 8 ?@>D5AA8>=0;L=K<8 :><?5B5=F8O<8: 

"� 02. �A?>;L7>20BL A>2@5<5==K5 A@54AB20 ?>8A:0, 0=0;870 8 8=B5@?@5B0F88 8=D>@<0F88, 8 
8=D>@<0F8>==K5 B5E=>;>388 4;O 2K?>;=5=8O 7040G ?@>D5AA8>=0;L=>9 45OB5;L=>AB8; 

#� 5.8. $50;87>2K20BL ?@028;0, ?@>3@0<<K 8 ?@>F54C@K 2=CB@5==53> :>=B@>;O 2 F5;OE 
?@>B82>459AB28O ;530;870F88 (>B<K20=8N) 4>E>4>2, ?>;CG5==KE ?@5ABC?=K< ?CB5<, D8=0=A8@>20=8N 
B5@@>@87<0 8 D8=0=A8@>20=8N @0A?@>AB@0=5=8O >@C68O <0AA>2>3> C=8GB>65=8O 2 >@30=870F88. 
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*П@8<9G4=89: (545@0;L=K9 3>AC40@AB25==K9 >1@07>20B5;L=K9 AB0=40@B A@54=53> >1I53> >1@07>20=8O, (545@0;L=K9 
3>AC40@AB25==K9 >1@07>20B5;L=K9 AB0=40@B A@54=53> ?@>D5AA8>=0;L=>3> >1@07>20=8O ?> A?5F80;L=>AB8 38.02.06 (8=0=AK 

 

2. "C<E4A<9 L>4? BJ9A<64A<S. 
#>:070B5;8 >F5=820=8O :><?5B5=F89 =0 @07;8G=KE MB0?0E 8E D>@<8@>20=8O >?@545;5=K 

2 A>>B25BAB288 A >A=>2=>9 ?@>D5AA8>=0;L=>9 >1@07>20B5;L=>9 ?@>3@0<<>9.  
� B01;8F5 2 ?@82>48BAO H:0;0 >F5=820=8O :><?5B5=F89 =0 @07;8G=KE MB0?0E 8E 

D>@<8@>20=8O A C:070=85< :@8B5@852 8E >F5=820=8O. �> 2B>@>< AB>;1F5 B01;8FK ?@82>48BAO 
H:0;0 >F5=820=8O :><?5B5=F89 =0 @07;8G=KE MB0?0E 8E D>@<8@>20=8O 2 A>>B25BAB288 A 
>1>7=0G5==K< :@8B5@85<. 

 

&01;8F0 2 3 �@8B5@88 8 H:0;0 >F5=820=8O :><?5B5=F89 =0 @07;8G=KE MB0?0E 8E 
D>@<8@>20=8O. 

�D<F9D<< BJ9A<64A<S >B@C9F9AJ<=  (>4?4 
BJ9A<64A<S 

�>AB83=CBK9 C@>25=L >F5=:8 @57C;LB0B>2 >1CG5=8O ?>:07K205B, GB> ABC45=B 
>1;0405B =5>1E>48<>9 A8AB5<>9 7=0=89 8 2;0455B =5:>B>@K<8 C<5=8O<8 ?> 
48AF8?;8=5, A?>A>15= ?>=8<0BL 8 8=B5@?@5B8@>20BL >A2>5==CN 
8=D>@<0F8N, GB> ?>72>;8B 5<C 2 40;L=59H5< @0728BL B0:85 :0G5AB20 
C<AB25==>9 45OB5;L=>AB8, :0: 3;C18=0, 381:>ABL, :@8B8G=>ABL, 
4>:070B5;L=>ABL, M2@8AB8G=>ABL. 
�>AB83=CBK9 C@>25=L >F5=:8 @57C;LB0B>2 >1CG5=8O ?>:07K205B, GB> ABC45=B 
>1;0405B =5>1E>48<>9 A8AB5<>9 B5>@5B8G5A:8E 7=0=89, 2;0455B 
=5:>B>@K<8 C<5=8O<8 0=0;870 8 @5H5=8O B8?>2KE ?@0:B8G5A:8E 7040G, GB> 
?>72>;8B 5<C 2 40;L=59H5< @0728BL ?@0:B8G5A:85 C<5=8O 2 40==>< 
=0?@02;5=88 ?@>D5AA8>=0;L=>9 45OB5;L=>AB8. 

#>@>3>2K9 
(>1O70B5;L=K9) 

�>AB83=CBK9 C@>25=L >F5=:8 @57C;LB0B>2 >1CG5=8O ?>:07K205B, GB> ABC45=B 
?@>45<>=AB@8@>20; 3;C1>:85 ?@>G=K5 7=0=8O 8 @0728BK5 ?@0:B8G5A:85 
C<5=8O 8 =02K:8, <>65B A@02=820BL, >F5=820BL 8 2K18@0BL <5B>4K @5H5=8O 
?@0:B8G5A:8E 7040G, @01>B0BL F5;5=0?@02;5==>, 8A?>;L7CO A2O70==K5 <564C 
A>1>9 D>@<K ?@54AB02;5=8O 8=D>@<0F88. 

#>2KH5==K9  

�>AB83=CBK9 C@>25=L >F5=:8 @57C;LB0B>2 >1CG5=8O A2845B5;LAB2C5B > B><, 
GB> ABC45=B A?>A>15= >1>1I0BL 8 >F5=820BL 8=D>@<0F8N, ?>;CG5==CN =0 
>A=>25 8AA;54>20=8O =5AB0=40@B=>9 A8BC0F88; 8A?>;L7>20BL A2545=8O 87 
@07;8G=KE 8AB>G=8:>2, CA?5H=> A>>B=>AO 8E A ?@54;>65==>9 A8BC0F859. 
�>AB83=CBK9 C@>25=L >F5=:8 @57C;LB0B>2 >1CG5=8O A2845B5;LAB2C5B > B><, 
GB> C ABC45=B0 AD>@<8@>20=K A8AB5<=K5 7=0=8O 2 A>>B25BAB2CNI59 
>1;0AB8 7=0=89, =5>1E>48<K5 4;O @5H5=8O :>=:@5B=KE ?@0:B8G5A:8E 7040G 
2KA>:>3> C@>2=O A;>6=>AB8; ?@0:B8G5A:85 C<5=8O 8 =02K:8 0=0;870 8 
8=B5@?@5B0F88 8=D>@<0F88, 0 B0:65 8A?>;L7>20=8O ?>;CG5==KE A2545=89 
4;O ?@8=OB8O @5H5=89.  

#@>428=CBK9  

 

3. "J9ABKAO9 ED98EF64 8?S CDB6989A<S F9>GM97B >BAFDB?S BE6B9A<S 8<EJ<C?<AO 

3.1. П@8<9@=O9 ?9@9G9=P 7484=89 8;я ?>87>B>6:8 ?@979=B4F89 / <C;PB8<9884 
A>>5щ9=89 / 8>:;48>6 =4 :>;;>:68C<9 8 B.?.: 
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1. �7<5@5=85 2@5<5=8 @50:F88 G5;>25:0 =0 72C:>2K5 8 A25B>2K5 A83=0;K 

2. �7<5@5=85 A8;K, =5>1E>48<>9 4;O @07@K20 =8B8 

3. �AA;54>20=85 7028A8<>AB8 A8;K C?@C3>AB8 >B 45D>@<0F88 

4. �AA;54>20=85 7028A8<>AB8 ?>:070=89 B5@<><5B@0 >B 2=5H=8E CA;>289 

5.  5B>4K 87<5@5=8O 0@B5@80;L=>3> 402;5=8O 
6. "?@545;5=85 A?5:B@0;L=KE 3@0=8F GC2AB28B5;L=>AB8 G5;>25G5A:>3> 3;070 A ?><>ILN 

48D@0:F8>==>9 @5H5B:8. 
7. �7CG5=85 ?@8=F8?0 @01>BK ;N<8=5AF5=B=>9 ;0<?>G:8 

8. "?@545;5=85 �#� A>;=5G=>9 10B0@58 

9. �5G5@=55 =01;N45=85 72574, �C=K 8 ?;0=5B 2 B5;5A:>? 

10. �A?>;L7>20=85 8=B5@=5B0 4;O ?>8A:0 87>1@065=89 :>A<8G5A:8E >1J5:B>2 8 8=D>@<0F88 > =8E 

11. �3@0 Angry Birds. (878:0 83@K. �7CG5=85 42865=85 B5;0, 1@>H5==>3> ?>4 C3;>< : 3>@87>=BC 
12. �7CG5=85 B5?;>D878G5A:8E A2>9AB2 =0=>:@8AB0;;>2. 
13. �7<5@5=85 :>=F5=B@0F88 70@O65==KE G0AB8F 2 ;075@=>9 ?;07<5. 
14. �7<5@5=85 :>MDD8F85=B0 B@5=8O A:>;L65=8O. 
15. �7<5@5=85 @07<5@>2 <8:@>>1J5:B>2 ;075@=K< ;CG><. 
16. �7CG5=85 M;5:B@><03=8B=KE ?>;59 1KB>2KE ?@81>@>2. 
17. �@E8B5:BC@0 <>AB>2. 
18. #@>5:B HC<>87>;OF8>==>9 I8BK 

19. #@>5:B "'<=K9 4><" 
20. �7CG5=85 <>NI8E A@54AB2. (878:0 <K;0. 
21. #>25@E=>AB=>5 =0BO65=85 <K;L=>3> ?C7K@O.  0;5=L:>5 GC4> C 20A 4><0. 
22.  03=8B=K5 ?>;O, 8E 87<5@5=8O 8 2>7459AB285 =0 682K5 >@30=87<K. 
23. �AA;54>20=85 A2>9AB2 A=530. 
24. �AA;54>20=85 A?5:B@0 87;CG5=8O 8A:CAAB25==KE 8AB>G=8:>2 A25B0. 
25. �AA;54>20=85 D878G5A:8E D0:B>@>2, D>@<8@CNI8E M;5<5=B0@=K5 A;54K :@>28. 
26.  0;K5 B5;0 %>;=5G=>9 A8AB5<K. 
27.  5E0=8:0 45D>@<8@C5<KE B5;.  5E0=8G5A:85 A2>9AB20 B25@4KE B5;. 
28.  >18;L=K9 B5;5D>= A B>G:8 7@5=8O D878:8. 
29. !01;N45=85 G0AB8G=>3> A>;=5G=>3> 70B<5=8O. 
30. !51;03>?@8OB=K5 M:>;>38G5A:85 ?>A;54AB28O @01>BK B5?;>2KE 42830B5;59. 
31. #;0=5BK-3830=BK. 
32. $02=>25A85 B25@4KE B5;. �84K @02=>25A8O. 
33. %8AB5<0 �5<;O - �C=0. %>;=5G=K5 8 ;C==K5 70B<5=8O. 
34. %>;=F5 - 1;8609H0O 725740. %B@>5=85 %>;=5G=>9 0B<>AD5@K. %>;=5G=>-�5<=K5 A2O78. 
35. %B@C:BC@0 �A5;5==>9. �5 @0AH8@5=85. $5;8:B>2>5 87;CG5=85. 
36. &5@<>GC2AB28B5;L=K5 <0B5@80;K. 
37. -=5@38O 25B@0. 
38. �5A?@>2>4=0O ?5@540G0 M=5@388. 
39. �85=8O 8 8E ?@8<5=5=85 3 @048>?@85<, D878G5A:85 M:A?5@8<5=BK, B5@<5=2>:A. 
40. �5I5AB2> 2 A>AB>O=88 ?;07<K. 
41. �87C0;870F8O 72C:>2KE 2>;=. 
42. �;8O=85 2=5H=8E D0:B>@>2 =0 7@5=85 H:>;L=8:0 
43. �;8O=85 <03=8B=KE 1C@L =0 74>@>2L5 G5;>25:0. 
44. �;8O=85 >1C28 =0 74>@>2L5 G5;>25:0. 
45. �;8O=85 C;LB@072C:>2KE 8 72C:>2KE 2>;= =0 @>AB 8 @0728B85 @0AB5=89. 
46. �;8O=85 M;5:B@8G5A:>3> B>:0 =0 >@30=87< G5;>25:0. 
47. �02;5=85 =0 4=5 <>@59 8 >:50=>2. 
48. �8@8601;8: 2G5@0, A53>4=O, 702B@0& 

49. �028A8<>ABL <0AAK 2>74CE0 2 :><=0B5 >B B5<?5@0BC@K 8 0B<>AD5@=>3> 402;5=8O. 
50. �0I8B0 B@0=A?>@B=KE A@54AB2 >B 0B<>AD5@=>3> M;5:B@8G5AB20. 
51. �7 8AB>@88 >B:@KB8O @048>0:B82=>AB8. 
52. �7<5@5=85 2@5<5=8 @50:F88 ?>4@>AB:>2 8 27@>A;KE. 
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53. �AA;54>20=85 HC<>2>3> D>=0 2 ?><5I5=88 8 =0 C;8F5 
54. �AB>@8O @0728B8O M;5:B@8G5A:>3> >A25I5=8O. 
55. �075@K 8 8E ?@8<5=5=85. 
56.  03=8B=>5 ?>;5 8 53> 2;8O=85 =0 682K5 >@30=87<K. 
57.  03=8B=K5 =>A8B5;8 8=D>@<0F88. 
58.  03=8B=K5 ?>;O, 8E 87<5@5=8O 8 2>7459AB285 =0 682K5 >@30=87<K. 
59. !075<=K5 B@0=A?>@B=K5 A@54AB20 A =5B@048F8>==K<8 :>=AB@C:B>@A:8<8 @5H5=8O<8. 
60. (878:0 8 0@E8B5:BC@0. 
61. (878:0 8 682>?8AL. 
62. (878:0 8 <C7K:0. 
63. (878:0 8 ?@8<5BK ?>3>4K. 
64. (878:0 8 A?>@B. 
65. (878G5A:85 E0@0:B5@8AB8:8 8 A2>9AB20 A=530. 
66. (>@<8@>20=85 ?>;O@=KE A8O=89. 
67. -:>;>38G5A:>5 A>AB>O=85 <>53> 4><0. 
68. (878:0 2 <>59 1C4CI59 @01>B5. 
 

3.2. П@8<9@=O9 :><?;9:A @47=>C@>6=96OE 7484=89 (=4 >A=>69 ?@4:B8G9A:>9 
A8BC4F88):  

�040=85 1.  �028A8<>ABL >B 2@5<5=8 :>>@48=0BK B>G:8, 4286CI59AO 24>;L >A8 I, 8<55B 284: I = 2 3 10t 3 3t2. 

"?8H8B5 E0@0:B5@ 42865=8O. �0:>2K =0G0;L=0O A:>@>ABL 8 CA:>@5=85? �0?8H8B5 C@02=5=85 4;O ?@>5:F88 A:>@>AB8. 
 

�040=85 2. �028A8<>ABL >B 2@5<5=8 :>>@48=0BK B>G:8, 4286CI59AO 24>;L >A8 E, 8<55B 284: I == 3 - 0,4t. 

"?8H8B5 E0@0:B5@ 42865=8O. �0?8H8B5 C@02=5=85 4;O ?@>5:F88 A:>@>AB8. 
 

�040=85 3.  'A:>@5=85 B5;0 @02=> -5 </A2. �0: MB> ?>=8<0BL? "1JOA=8B5. 
 

�040=85 4.  #@>5:F8O A:>@>AB8 42865=8O 7040=0 C@02=5=85< vx = 8 3 2t.  �0?8H8B5 C@02=5=85 4;O ?@>5:F88 
?5@5<5I5=8O 8 >?@545;8B5, G5@57 :0:>5 2@5<O A:>@>ABL B5;0 AB0=5B @02=>9 =C;N. 

 

�040=85 5.  ':;>= 4;8=>9 100 < ;K6=8: ?@>H5; 70 20 A, 42830OAL A CA:>@5=85< 0,3 </A2. �0:>20 A:>@>ABL 
;K6=8:0 2 =0G0;5 8 2 :>=F5 C:;>=0? 

 

�040=85 6.  #>574, 42830OAL ?>4 C:;>=, ?@>H5; 70 20 A ?CBL 340 < 8 @0728; A:>@>ABL 19 </A. % :0:8< 
CA:>@5=85< 42830;AO ?>574 8 :0:>9 1K;0 A:>@>ABL 2 =0G0;5 C:;>=0? 

 

�040=85 7. #@8 27;5B5 A0<>;5B 4>;65= =01@0BL A:>@>ABL 180 :</G. !0 :0:>< @0AAB>O=88 >B <5AB0 AB0@B0 =0 
27;5B=>9 4>@>6:5 A0<>;5B 4>AB83=5B MB>3> 7=0G5=8O A:>@>AB8, 5A;8 53> CA:>@5=85 ?>AB>O==> 8 @02=> 2,5 </A2? 

 

�040=85 8.  'A:>@5=85 B5;0 @02=> 3 </A2. +B> MB> >7=0G05B? "1JOA=8B5. 
 

�040=85 9.  �028A8<>ABL >B 2@5<5=8 :>>@48=0BK B>G:8, 4286CI59AO 24>;L >A8 E, 8<55B 284: I = 4  + 5t +2t 2. 

"?8H8B5 E0@0:B5@ 42865=8O. �0:>2K =0G0;L=0O A:>@>ABL 8 CA:>@5=85? �0?8H8B5 C@02=5=85 4;O ?@>5:F88 A:>@>AB8. 
 

�040=85 10.  �2B>1CA, 4286CI89AO A> A:>@>ABLN 54 :</G, 2K=C645= 1K; >AB0=>28BLAO 70 3 A. !09B8 
?@>5:F8N CA:>@5=8O 02B>1CA0 8 4;8=C B>@<>7=>3> ?CB8, AG8B0O CA:>@5=85 ?>AB>O==K<. 

 

�040=85 11.  #>574, 42830OAL ?>4 C:;>=, ?@>H5; 70 20 A ?CBL 340 < 8 @0728; A:>@>ABL 19 </A. % :0:8< 
CA:>@5=85< 42830;AO ?>574 8 :0:>9 1K;0 A:>@>ABL 2 =0G0;5 C:;>=0? 

 

�040=85 12. #@8 @02=>CA:>@5==>< 42865=88 87 A>AB>O=8O ?>:>O B5;> ?@>E>48B 70 5-N A5:C=4C 90 A<. 
"?@545;8B5 ?CBL B5;0 70 A54L<CN A5:C=4C. 
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�040=85 13. �0 :0:>5 2@5<O 02B><>18;L, 42830OAL 87 A>AB>O=8O ?>:>O A CA:>@5=85< 0,6 </A2, ?@>94ёB ?CBL 30 
<? 

 

�040=85 14. �0:>9 ?CBL ?@>94ёB B5;> 70 5 A, 5A;8 53> CA:>@5=85 2 </A2? 

 

�040=85 15.  &5;>, 42830OAL @02=>CA:>@5==>, 70 B@5BLN A5:C=4C ?@>E>48B @0AAB>O=85 2,5 <. "?@545;8BL 
?5@5<5I5=85 B5;0 70 ?OBCN A5:C=4C. 

 

�040=85 16.  �2B>1CA >BJ57605B >B >AB0=>2:8 A CA:>@5=85< 2 </A2. �0:>9 ?CBL >= ?@>945B 70 5 A? 
 

�040=85 17.  �2B><>18;L 42830;AO 0,5 G A> A:>@>ABLN 10 </A. �0:>9 ?CBL >= ?@>H5;? 
 

�040=85 18.  &5;>, 42830OAL @02=>CA:>@5==>, 70 B@5BLN A5:C=4C ?@>E>48B @0AAB>O=85 2,5 <. "?@545;8BL 
?5@5<5I5=85 B5;0 70 ?OBCN A5:C=4C. 

 

�040=85 19.  'A:>@5=85 B5;0 @02=> 2 </A2. !0 A:>;L:> 87<5=8BAO A:>@>ABL MB>3> B5;0 70 1 A? 
 

�040=85 20.  �0:85 87 ?@82545==KE 7028A8<>AB59 >?8AK20NB @02=><5@=>5 42865=85?  
1) I = 4t + 2;   

2) I = 3t 2;   

3) I = 8t;   

4) V = 4 - t;  

5) V = 6. 

 

�040=85 21.  �0:85 87 ?@82545==KE 7028A8<>AB59 >?8AK20NB @02=>CA:>@5==>5 42865=85?  
1) I =3 + 2t;  

2) I = 4 + 2t;  

3) V = 5;  

4) I = 8 3 2t 3 4t2;  

5) I = 10 + 5t2. 

 

�040=85 22. !0 @8AC=:5 87>1@065=K 3@0D8:8 ?@>5:F89 A:>@>AB59 42CE B5;. "?@545;8B5:  
0) 284 42865=8O B5;;  
1) CA:>@5=8O 42865=8O B5;;  
2) G5@57 A:>;L:> A5:C=4 ?>A;5 =0G0;0 42865=8O A:>@>AB8 B5; 1C4CB >48=0:>2K<8.  
�0?8H8B5 7028A8<>AB8 :>>@48=0B B5; >B 2@5<5=8. 

 

 

�040=85 23. "?@545;8B5 284 42865=8O, A>>B25BAB2CNI89 CG0AB:0< 3@0D8:0 �� 8 �!. +5<C @02=> CA:>@5=85 
B5;0 =0 :064>< 87 CG0AB:>2? �0:>20 25;8G8=0 A:>@>AB8 B5;0 2 =0G0;5 8 2 :>=F5 42865=8O?        
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�040=85 24.  #> 3@0D8:C ?@>5:F88 CA:>@5=8O ?>AB@>8BL 3@0D8: 4;O ?@>5:F88 A:>@>AB8, 5A;8 =0G0;L=0O A:>-

@>ABL @02=0 2 </A, =0G0;L=0O :>>@48=0B0 @02=0 1 <. 

 

 

�040=85 25.  #> 3@0D8:C ?@>5:F88 A:>@>AB8 ?>AB@>8BL 3@0D8: ?@>5:F88 CA:>@5=8O. 

 

 

�040=85 26. �>4:0 42865BAO 2 A?;>H=>< BC<0=5. %<>65B ;8 @K10:, A84OI89 2 ;>4:5, >?@545;8BL 
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4) A@02=820BL 7=0G5=8O B5<?5@0BC@K =5;L7O, B0: :0: >=8 40=K 2 @07=KE 548=8F0E 

 

26. !03@520=85 2>4K 2 2>4>ё<5 2 A>;=5G=K9 45=L ?@>8AE>48B 2 >A=>2=>< 70 AGёB 
1) 87;CG5=8O 8 :>=25:F88 

2) 87;CG5=8O 8 B5?;>?@>2>4=>AB8 

3) 87;CG5=8O 
4) :>=25:F88 

 

27. �=CB@5==OO M=5@38O B5;0 7028A8B >B 
1) A:>@>AB8 53> 42865=8O :0: F5;>3> 
2) 53> ?>;>65=8O >B=>A8B5;L=> ?>25@E=>AB8 75<;8 

3) 2708<>459AB28O 8 A:>@>AB8 42865=8O 53> <>;5:C; 
4) 459AB28O =0 =53> 2=5H=8E A8; 
 

28. �0: 87<5=O5BAO 2=CB@5==OO M=5@38O ;L40 2 ?@>F5AA5 ?;02;5=8O ?@8 B5<?5@0BC@5 ?;02;5=8O? 
1) :8=5B8G5A:0O M=5@38O <>;5:C; ;L40 C25;8G8205BAO, ?>B5=F80;L=0O 4 C<5=LH05BAO 
2) :8=5B8G5A:0O M=5@38O <>;5:C; ;L40 =5 87<5=O5BAO, ?>B5=F80;L=0O 4 C25;8G8205BAO 
3) :8=5B8G5A:0O M=5@38O <>;5:C; ;L40 C<5=LH05BAO, ?>B5=F80;L=0O 4 =5 87<5=O5BAO 
4) :8=5B8G5A:0O M=5@38O <>;5:C; ;L40 =5 87<5=O5BAO, ?>B5=F80;L=0O 4 C25;8G8205BAO 
 

29. '45;L=0O B5?;>B0 ?;02;5=8O @0AAG8BK205BAO ?> D>@<C;5 
1) Q/mt 

2) Q/m 
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3) Qm 

4) QmT 

 

30. �0:0O @01>B0 1K;0 A>25@H5=0 =04 307><, 5A;8 307C 1K;> ?5@540=> :>;8G5AB2> B5?;>BK 100 �6 8 53> 
2=CB@5==OO M=5@38O C25;8G8;0AL =0 400 �6? 

 

1) 100 �6 

2) 300 �6 

3) 400 �6 

4) 500 �6 

 

3.6. П@8<9@=O9 ?9@9G9=P 7484=89 8;я D878G9A:>7> 88:B4=B4:  
 

�>?@>AK #@028;L=K5 >B25BK 

&5;>, @07<5@0<8 :>B>@>3> <>6=> ?@5=51@5GL 2 40==KE CA;>28OE 
=07K20.n& 

<0B5@80;L=>9 B>G:>9 

&5;>, >B=>A8B5;L=> :>B>@>3> >?@545;ONB ?>;>65=85 4@C38E B5; 
=07K20NB& 

B5;>< >BAG5B0 

%8AB5<0 >BAG5B0 2:;NG05B & B5;> >BAG5B0, A8AB5<C :>>@48=0B, 
G0AK 

�8=8O, 24>;L :>B>@>9 42865BAO B5;>, =07K205BAO& B@05:B>@8O 

�;8=0 B@05:B>@88 3 MB> ?@>945==K9& ?CBL 
�5:B>@, A>548=ONI89 =0G0;L=>5 8 :>=5G=>5 ?>;>65=85 B5;0, =07K205BAO 
& 

?5@5<5I5=85< 

�2865=85 A ?>AB>O==>9 A:>@>ABLN =07K205BAO& @02=><5@=K< 

(>@<C;0 A:>@>AB8 @02=><5@=>3> 42865=8O: → → 

V = 

�48=8F0 A:>@>AB8 2 %�: </A 
�0?8H8B5 70:>= A;>65=8O A:>@>AB59. → → → 

V = V1+V2 

#5@52548B5 2 %� A:>@>ABL 160 :</G. 
 

160 = = 44</A 

�2865=85, ?@8 :>B>@>< B5;> 70 ;N1K5 @02=K5 ?@><56CB:8 2@5<5=8 
87<5=O5B A2>N A:>@>ABL =0 >48=0:>2CN 25;8G8=C, =07K205BAO& 

@02=>CA:>@5==K< 

�5;8G8=0, @02=0O >B=>H5=8N A:>@>AB8 :> 2@5<5=8, =07K205BAO& CA:>@5=85< 

'A:>@5=85 >1>7=0G05BAO 1C:2>9 & 0 
'A:>@5=85 87<5@O5BAO 2 %� 2 & </A2 

�0?8H8B5 D>@<C;C CA:>@5=8O. 4 = 

�0?8H8B5 D>@<C;C A@54=59 A:>@>AB8 =5@02=><5@=>3> 42865=8O. VA@. = 

�0?8H8B5 C@02=5=85 A:>@>AB8 ?@8 @02=>CA:>@5==>< 42865=88. V = V> + at 

�0?8H8B5 D>@<C;C ?5@5<5I5=8O ?@8 @02=>CA:>@5==>< 42865=88. S = V>t + 

�0?8H8B5 D>@<C;C :>>@48=0BK ?@8 @02=>CA:>@5==>< 42865=88 x= x> + V>t + 

�@0D8:>< 7028A8<>AB8 ?5@5<5I5=8O 8 :>>@48=0BK >B 2@5<5=8 ?@8 
@02=>CA:>@5==>< 42865=88 O2;O5BAO& 

25B2L ?0@01>;K 

#045=85 B5; 2 1572>74CH=>< ?@>AB@0=AB25 =07K205BAO& A2>1>4=K< ?045=85< 

+5<C @02=> CA:>@5=85 A2>1>4=>3> ?045=8O 8 :0:>9 1C:2>9 >1>7=0G05BAO 
MB0 25;8G8=0& 

g= 9,8 </A2 

�0?8H8B5 C@02=5=85 A:>@>AB8 B5;0 ?@8 A2>1>4=>< ?045=88. V = V> + gt 8;8 

V= 

�0?8H8B5 C@02=5=85 :>>@48=0BK B5;0 ?@8 A2>1>4=>< ?045=88. E = E> + V>t + 

�0?8H8B5 C@02=5=85 ?5@5<5I5=8O B5;0 ?@8 A2>1>4=>< ?045=88. S = 
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�2865=85 B5;0 A >48=0:>2>9 A:>@>ABLN ?> :@C3>2>9 B@05:B>@88 
=07K205BAO 42865=85< ?> 

>:@C6=>AB8 

(>@<C;0 ?5@8>40 ?@8 42865=88 B5;0 ?> >:@C6=>AB8. & = ,T = 

(>@<C;0 A2O78 C3;>2>9 A:>@>AB8, G0AB>BK 8 ?5@8>40 ?@8 42865=88 B5;0 
?> >:@C6=>AB8. 

ω = 2πν = 

(>@<C;0 A2OB8 ;8=59=>9 A:>@>AB8, G0AB>BK 8 ?5@8>40 ?@8 42865=88 B5;0 
?> >:@C6=>AB8. 

V = 2πR½ = 

(>@<C;0 A2O78 ;8=59=>9 8 C3;>2>9 A:>@>AB59 ?@8 42865=88 B5;0 ?> 
>:@C6=>AB8. 

V = ωR 

!07>28B5 284K A8; 2 <5E0=8:5. BO65AB8, C?@C3>AB8, B@5=8O 
�5;8G8=0, E0@0:B5@87CNI0O 459AB285 >4=>3> B5;0 =0 4@C3>5, 
=07K205BAO& 

A8;0 

%8;0 >1>7=0G05BAO 1C:2>9 & 8 87<5@O5BAO 2& F, ! 

#@81>@ 4;O 87<5@5=8O A8;K =07K205BAO& 48=0<><5B@ 
�0:>= 8=5@F88 AD>@<C;8@>20; CG5=K9 ?> D0<8;88& �0;8;59 

&5;> =0E>48BAO 2 A>AB>O=88 ?>:>O 4> B5E ?>@, ?>:0 =0 =53> =5 
?>459AB2CNB 4@C385 B5;0 8 =5 2K254CB 8E MB>3> A>AB>O=8O, 3 MB> 
CB25@645=85 =07K20NB& 

І 70:>=>< !LNB>=0 

 5@0 8=5@B=>AB8 B5;0 3 MB>& <0AA0 
'A:>@5=85 B5;0 ?@O<>?@>?>@F8>=0;L=> 459AB2CNI59 A8;5 8 
>1@0B=>?@>?>@F8>=0;L=> 53> <0AA5 3 MB> CB25@645=85 =07K20NB & 

ІІ 70:>=>< !LNB>=0 

�0?8H8B5 D>@<C;C ІІ 70:>=0 !LNB>=0. 0 = 

&5;0 459AB2CNB 4@C3 =0 4@C30 A A8;0<8, @02=K<8 ?> <>4C;N 8 
?@>B82>?>;>6=K<8 ?> =0?@02;5=8N 3 MB> CB25@645=85 =07K20NB & 

ІІІ 70:>=>< !LNB>=0 

�0?8H8B5 D>@<C;C ІІІ 70:>=0 !LNB>=0. → → 

F1 = -F2 

&5;0 ?@8BO3820NBAO A A8;>9, ?@O<>?@>?>@F8>=0;L=>9 ?@>872545=8N 8E 
<0AA 8 >1@0B=>?@>?>@F8>=0;L=> :204@0BC @0AAB>O=8O <564C =8<8 3 MB> 
CB25@645=85 =07K20NB & 

70:>=>< 2A5<8@=>3> BO3>B5=8O 

�0?8H8B5 D>@<C;C 70:>=0 2A5<8@=>3> BO3>B5=8O. F= G 

 

�0: =07K205BAO :>MDD8F85=B G 2 D>@<C;5 70:>=0 2A5<8@=>3> BO3>B5=8O? 3@028B0F8>==0O ?>AB>O==0O 
�0?8H8B5 D>@<C;C A8;K BO65AB8 8 25A0 B5;0. FB = P = mg 
�0?8H8B5 D>@<C;C 1-9 :>A<8G5A:>9 A:>@>AB8 8 G5<C >=0 @02=0? V = = 7,9 :<|c 
+5<C @02=0 2-O :>A<8G5A:0O A:>@>ABL? V = 11,2 :</A 
�0?8H8B5 D>@<C;C 8<?C;LA0 B5;0. @ = m*v 
�0?8H8B5 D>@<C;C 8<?C;LA0 A8;K. @ = F*t 
�<?C;LA A8;K 2 %� 87<5@O5BAO 2 & H*c 

�0:85 284K M=5@388 2K 7=05B5? E:, E? 

�0?8H8B5 D>@<C;C 70:>=0 A>E@0=5=8O M=5@388. E = E:,+ E? = const 

 0AA0 >4=>3> <>;O 25I5AB20 =07K205BAO& <>;O@=>9 <0AA>9 

�48=8F0 <>;O@=>9 <0AAK 2 %�: :3/<>;L 
�0?8H8B5 D>@<C;C <>;O@=>9 <0AAK.   = 

+8A;> <>;5:C; 2 548=8F5 >1J5<0 =07K20NB & :>=F5=B@0F859 

�0?8H8B5 D>@<C;C 4;O 2KG8A;5=8O :>=F5=B@0F88. n = 

�0?8H8B5 C@02=5=85 A>AB>O=8O 8450;L=>3> 3070. @ = nkT 

�0?8H8B5 70:>= �>9;O- 0@8>BB0, ?@>F5AA& @1V1 = p2V2 

87>B5@<8G5A:89, & = const 
�0?8H8B5 70:>= �59-�NAA0:0, ?@>F5AA& = 87>10@=K9, @ = const 
�0?8H8B5 D>@<C;C 70:>=0 ,0@;O, ?@>F5AA& = 87>E>@=K9, V = const 

�0?8H8B5 C@02=5=85 �;0?59@>=0- 5=45;5520. @V = RT 

�0?8H8B5 A2O7L <564C B5<?5@0BC@>9 2 0% 8 2 �5;L28=0E. & = t + 273 
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#5@5E>4 684:>AB8 2 307 =07K20NB& ?0@>>1@07>20=85< 

#0@>>1@07>20=85 A> A2>1>4=>9 ?>25@E=>AB8 684:>AB8 ?@8 >?@545;5==>9 
B5<?5@0BC@5 =07K20NB& 

:8?5=85< 

 0AA0 2>4O=>3> ?0@0 2 1 <3 2>74CE0 =07K205BAO 01A>;NB=>9 2;06=>ABLN 

"B=>H5=85 01A>;NB=>9 2;06=>AB8 2>74CE0 : ?;>B=>AB8 =0AKI5==>3> 
?0@0 =07K20NB & 

>B=>A8B5;L=>9 2;06=>ABLN 

!07>28B5 ?@81>@K 4;O 87<5@5=8O 2;06=>AB8 2>74CE0. ?A8E@><5B@, 383@><5B@ 
�0?8H8B5 D>@<C;C ?>25@E=>AB=>3> =0BO65=8O. Ã = 

#>25@E=>AB=>5 =0BO65=85 87<5@O5BAO 2 %� 2 & !/< 

�0?8H8B5 D>@<C;C 4;O 2KG8A;5=8O 2KA>BK ?>4J5<0 684:>AB8 2 
:0?8;;O@0E. 

h = 

&25@4K5 B5;0 1K20NB 2-E 284>2 - & :@8AB0;;8G5A:85 8 0<>@D=K5 
�0?8H8B5 D>@<C;C <5E0=8G5A:>3> =0?@O65=8O. Ã = E*· 
�0?8H8B5 D>@<C;C >B=>A8B5;L=>3> C4;8=5=8O. · = 

�0:85 2K 7=05B5 420 A?>A>10 87<5=5=8O 2=CB@5==59 M=5@388? B5?;>?5@540G0 8 @01>B0 
�0?8H8B5 D>@<C;C 2=CB@5==59 M=5@388 B5;0. U = RT 

�0?8H8B5 C@02=5=85 B5?;>2>3> 10;0=A0 4;O 70<:=CB>9 A8AB5<K. Q ?>;CG. = Q >B4. 
�0?8H8B5 D>@<C;C @01>BK 8450;L=>3> 3070. � = pV = RT 

#@>F5AA 157 B5?;>>1<5=0 A >:@C60NI59 A@54>9 =07K205BAO& 048010B=K< 

�0?8H8B5 D>@<C;C І 70:>=0 B5@<>48=0<8:8 4;O: 
 

�7>B5@<8G5A:>3> ?@>F5AA0: Q = AІ 

�7>10@=>3> ?@>F5AA0: Q = &U + AІ 
�7>E>@=>3> ?@>F5AA0: Q = &U 

�48010B=>3> ?@>F5AA0: &U = � 

�0?8H8B5 D>@<C;C �#� B5?;>2>9 <0H8=K. ή= 100% 

ή= 100% 

ή= 1 3  100% 

�0?8H8B5 D>@<C;C 70:>=0 A>E@0=5=8O M;5:B@8G5A:>3> 70@O40. q1+q2+ & +qn = A>nst 
�0?8H8B5 D>@<C;C 70:>=0 �C;>=0. F = 

�0?8H8B5 D>@<C;C =0?@O65==>AB8 M;5:B@8G5A:>3> ?>;O. E = 

�48=8F0 =0?@O65==>AB8 2 %�: H/K; 
�0?8H8B5 D>@<C;C ?>B5=F80;0 M;5:B@8G5A:>3> ?>;O. φ = 

�48=8F0 ?>B5=F80;0 2 %�: = � 

�0?8H8B5 D>@<C;C M;5:B@>5<:>AB8 ?@>2>4=8:0. % = 

�48=8F0 M;5:B@>5<:>AB8 2 %�: = ( 

�0?8H8B5 D>@<C;C M;5:B@>5<:>AB8 ?;>A:>3> :>=45=A0B>@0. % = 

�0?8H8B5 D>@<C;C -�% 8 548=8FK 55 87<5@5=8O 2 %�. ·= , � 

�0?8H8B5 D>@<C;C 70:>=0 "<0 4;O ?>;=>9 F5?8. І = 

�0?8H8B5 D>@<C;C A8;K B>:0 ?@8 :>@>B:>< 70<K:0=88 І :7 = 

�0?8H8B5 D>@<C;C <03=8B=>9 8=4C:F88. B = 

�48=8F0 <03=8B=>9 8=4C:F88 2 %�: &; 
%8;0, :>B>@0O 459AB2C5B =0 ?@>2>4=8: A B>:>< 2 <03=8B=>< ?>;5, 
=07K205BAO& 

A8;>9 �<?5@0 

�0?8H8B5 D>@<C;C 4;O @0AG5B0 A8;K �<?5@0. F� = BІl sіnα 
%8;0, :>B>@0O 459AB2C5B =0 70@O65==CN G0AB8FC 2 <03=8B=>< ?>;5, 
=07K205BAO& 

A8;>9 �>@5=F0 

�0?8H8B5 D>@<C;C 4;O @0AG5B0 A8;K �>@5=F0. F; = qvB sіnα 

�0?8H8B5 D>@<C;C <03=8B=>9 ?@>=8F05<>AB8. ¼ = 

�0?8H8B5 D>@<C;C 4;O @0AG5B0 <03=8B=>3> ?>B>:0 8 548=8FC 53> 
87<5@5=8O 2 %�. 

( = BS cos α, B1 

�0?8H8B5 D>@<C;C 70:>=0 M;5:B@><03=8B=>9 8=4C:F88. · і = - 
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�0?8H8B5 D>@<C;C 8=4C:B82=>AB8 8 548=8FC 55 87<5@5=8O 2 %�. L = , �= 

�0?8H8B5 D>@<C;C M=5@388 <03=8B=>3> ?>;O 8 548=8FC 55 87<5@5=8O 2 
%�. 

W< = , �6 

�0?8H8B5 2A5 2>7<>6=K5 D>@<C;K 4;O @0AG5B0 :>MDD8F85=B0 
B@0=AD>@<0F88. 

K = = = 

!07>28B5 >A=>2=K5 E0@0:B5@8AB8:8 :>;510=89. ?5@8>4, G0AB>B0 
�0?8H8B5 C@02=5=85 30@<>=8G5A:8E :>;510=89. ) = )mcosωt 
�0?8H8B5 D>@<C;C 4;O @0AG5B0 ?5@8>40 :>;510=89 <0B5<0B8G5A:>3> 
<0OB=8:0. 

T = 2 � 

�0?8H8B5 D>@<C;C 4;O @0AG5B0 ?5@8>40 :>;510=89 3@C70 =0 ?@C68=5. T = 2 � 

�0?8H8B5 CA;>285 @57>=0=A0 2 <0B5<0B8G5A:>< 2845. ω= ωo 

 5E0=8G5A:85 2>;=K 1K20NB 42CE 284>2& ?>?5@5G=K5 8 ?@>4>;L=K5 
�0?8H8B5 D>@<C;C 4;O @0AG5B0 4;8=K 2>;=K 8 548=8FK 55 87<5@5=8O 2 
%�. 

»= T = , < 

� 7028A8<>AB8 >B 25;8G8=K G0AB>BK 72C:8 45;OBAO =0 420 2840& 8=D@072C: 8 C;LB@072C: 
�0?8H8B5 D>@<C;C &><A>=0. & = 2π 
�0:>20 A:>@>ABL M;5:B@><03=8B=KE 2>;= 2 20:CC<5? A= 3*108 

 

3.7. П@8<9@=O9 ?9@9G9=P 7484=89 8;я B9@<8=>;>78G9A:>7> 88:B4=B4:  
& - B5<?5@0BC@=0O H:0;0, =07K205<0O B0:65 H:0;>9 �5;L28=0, =C;520O B5<?5@0BC@0 2 :>B>@>9 

A>>B25BAB2C5B 01A>;NB=><C =C;N (-273> %), 0 :064K9 3@04CA B5<?5@0BC@K @025= 3@04CAC H:0;K *5;LA8O 
& - A>AB>O=8O >4=>3> 8 B>3> 65 25I5AB20, ?5@5E>4K <564C :>B>@K<8 A>?@>2>640NBAO @57:8<8 

87<5=5=8O<8 53> D878G5A:8E A2>9AB2 (=0?@8<5@, ?;>B=>AB8, C45;L=>9 B5?;>ё<:>AB8 8 B.?.); 2>40, =0?@8<5@, <>65B 
=0E>48BLAO 2 >4=>< 87 B@ёE 03@530B=KE A>AB>O=8OE 3 B25@4><, 684:>< 8 307>>1@07=>< 

& -  ?@81>@, ?@54=07=0G5==K9 4;O 87<5@5=8O A8;K B>:0 
& - 402;5=85 2>74CE0 0B<>AD5@K =0 =0E>4OI85AO 2 =ё< B5;0 8 =0 75<=CN ?>25@E=>ABL 
& - ?>;>68B5;L=> 70@O65==K9 M;5:B@>4 
& - <5;LG09H0O G0AB8F0 E8<8G5A:>3> M;5<5=B0, A>E@0=ONI0O 2A5 53> A2>9AB20 
& - 1/12 <0AAK 0B><0 87>B>?0 C3;5@>40 A <0AA>2K< G8A;>< 12. 
& -  @07@O65==K9 307, :>=F5=B@0F8O <>;5:C; 2 :>B>@>< B0: <0;0, GB> >=8 =5 AB0;:820NBAO 4@C3 A 4@C3>< 

& - A8;0, A :>B>@>9 MB> B5;>, ?@8BO38205<>5 �5<;ё9, 459AB2C5B =0 3>@87>=B0;L=CN >?>@C 8;8 @0ABO38205B 
?>425A 

& -  AC<<0 :8=5B8G5A:>9 M=5@388 B5?;>2>3> 42865=8O 53> 0B><>2 8 <>;5:C; 8 ?>B5=F80;L=>9 M=5@388 8E 
2708<>459AB28O <564C A>1>9 

& -  A>?@>B82;5=85 8AB>G=8:0 B>:0 
& - ?@81>@, ?@54=07=0G5==K9 4;O 87<5@5=8O =0?@O65=8O 2 M;5:B@8G5A:8E F5?OE 
& - ?@>872545=85 <0AAK B5;0 =0 53> CA:>@5=85 @02=> AC<<5 A8;, 459AB2CNI8E =0 MB> B5;> 

& - =52>7<>65= ?@>F5AA, 548=AB25==K< @57C;LB0B>< :>B>@>3> 1K; 1K ?5@5E>4 :>;8G5AB20 B5?;>BK >B 
E>;>4=>3> B5;0 : 3>@OG5<C 

& - 7028A8<>AB8 <564C <0:@>A:>?8G5A:8<8 ?0@0<5B@0<8 3070 2 87>?@>F5AA0E 
& - G, :>MDD8F85=B ?@>?>@F8>=0;L=>AB8 2 70:>=5 2A5<8@=>3> BO3>B5=8O, G8A;5==> @02=K9 A8;5 
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�040=85 8.  
� H:>;L=>< :@C6:5 «.=K9 8AA;54>20B5;L» B@5BL5:;0AA=8: �8<0 @0AAG8B0; :>;8G5AB2> ;0<?>G5: 2 

ё;>G=>9 38@;O=45, A>548=ё==KE ?>A;54>20B5;L=>. �725AB=>, GB> >4=0 <0;5=L:0O ;0<?>G:0 @0AAG8B0=0 =0 B>: 0,25A8 
>1;0405B A>?@>B82;5=85< =10 O<. !0?@O65=85, ?@8 :>B>@>< 2:;NG05BAO B0:0O 38@;O=40, 8<55B 7=0G5=85 220�. 
%:>;L:> ;0<?>G5: ?>;CG8;>AL C �8<K? 

 

3.9. П@8<9@=O9 ?9@9G9=P 7484=89 8;я :>=B@>;P=OE @45>B:  
�BAFDB?PA4S D45BF4 № 1 
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А1. !0 @8AC=:5 ?@54AB02;5= 3@0D8: 7028A8<>AB8 A8;K F, 459AB2CNI59 =0 B5;>, >B 2@5<5=8 t. �0:>9 87 
CG0AB:>2 3@0D8:0 A>>B25BAB2C5B @02=><5@=><C 42865=8N? 

A. �41.  

�. 142. 

B. 243.  

�. 344. 

�. !0 3@0D8:5 B0:>3> CG0AB:0 =5B. 
 

А2. #@>5:F8O A:>@>AB8 B5;0 <5=O5BAO ?> 70:>=C vx = 5 + 4t </A. "?@545;8B5 <>4C;L A8;K, 459AB2CNI59 =0 
B5;>, 5A;8 53> <0AA0 6 :3. 

�. 12 !.  
�. 30 !.  
�. 24 !.  
�. 15 !.  
�. 60 !. 
 

А3. % :0:>9 A8;>9 :>A<>=02B <0AA>9 60 :3 4028B =0 :@5A;> ?@8 25@B8:0;L=>< 27;5B5 @0:5BK A CA:>@5=85< 9 
</A2? 

�. 540 !.  
�. 1,1 :!.  
�. 600 !.  
�. 2,4 :!.  
�. 780 !. 

 

А4. !0 @8AC=:5 ?@54AB02;5=K 25:B>@K A8;K F, 459AB2CNI59 =0 B5;>, 8 A:>@>AB8 v. �0:>2> =0?@02;5=85 
25:B>@0 CA:>@5=8O B5;0? 

 

 

 

 

 

 

А5. &5;> <0AA>9 40 :3 =0E>48BAO =0 =0:;>==>9 ?;>A:>AB8, A>AB02;ONI59 C3>; 60° A 3>@87>=B><. +5<C @025= 
25A B5;0? 

�.392 !.  
�. 0.  
�.340 !.  
�. 250 !.  
�. 196 !. 
 

А6. #@8 AB>;:=>25=88 42CE B5;565: <0AA0<8 m1 = 2 :3 8 F2 = 8 :3 ?5@20O ?>;CG8;0 CA:>@5=85, @02=>5 a1 = 4 

</A2. "?@545;8B5 <>4C;L CA:>@5=8O 2B>@>9 B5;56:8. 
�. 0,5 </A2.  

�. 1</A2.  

�. 4 </A2.  

�. 2 </A2.  

�. 1,5</A2. 

 

�1. �20 3@C70 <0AA0<8 0,2 8 2,3 :3 A2O70=K =8BLN 8 ;560B =0 3;04:>< AB>;5. � ?5@2><C B5;C ?@8;>65=0 A8;0 
0,2 !, :> 2B>@><C 4 A8;0 0,5 !, =0?@02;5==0O ?@>B82>?>;>6=>. % :0:8< CA:>@5=85< 1C4CB 42830BLAO 3@C7K? 
&@5=85< ?@5=51@5GL. 
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�2. � >4=><C :>=FC =8B8, ?5@5:8=CB>9 G5@57 =5?>4286=K9 1;>:, ?>425H5= 3@C7 <0AA>9 7 :3. % :0:>9 A8;>9 
=C6=> BO=CBL 70 4@C3>9 :>=5F =8B8, GB>1K 3@C7 ?>4=8<0;AO A CA:>@5=85< 1,2 </A2? 

 

%1. !0:;>==0O ?;>A:>ABL, A>AB02;ONI0O A 3>@87>=B>< C3>; 60°, ?@8AB02;5=0 : 3>@87>=B0;L=><C AB>;C. �20 
3@C70 <0AA>9 ?> 1 :3 :064K9 A>548=5=K ;53:>9 =8BLN, ?5@5:8=CB>9 G5@57 =5?>4286=K9 =525A><K9 1;>:, 8 <>3CB 
?5@5<5I0BLAO A>>B25BAB25==> ?> 4>A:5 8 AB>;C. !0948B5 A8;C =0BO65=8O =8B8 8 CA:>@5=85 A8AB5<K, 5A;8 
:>MDD8F85=B B@5=8O B5; > ?>25@E=>ABL 4>A:8 8 AB>;0 >48=0:>2 8 @025= 0,3. 

 

 

 

 

 

 

 

%2. #> =0:;>==>9 ?;>A:>AB8 A C3;>< =0:;>=0 30° : 3>@87>=BC >?CA:05BAO 203>=5B:0 <0AA>9 500 :3. 
"?@545;8B5 A8;C =0BO65=8O :0=0B0 ?@8 B>@<>65=88 203>=5B:8 2 :>=F5 A?CA:0, 5A;8 55 A:>@>ABL ?5@54 B>@<>65=85< 
1K;0 2 </A, 0 2@5<O B>@<>65=8O 5 A. �>MDD8F85=B B@5=8O ?@8=OBL @02=K< 0,01. 

 

 

 

 

 

�BAFDB?PA4S D45BF4 № 2. 
А1. !0 @8AC=:5 ?@54AB02;5=0 7028A8<>ABL B5<?5@0BC@K =5:>B>@>3> 25I5AB20 >B M=5@388, 2K45;O5<>9 

?@8 >E;0645=88. +5<C @02=0 B5<?5@0BC@0 :8?5=8O? 
A. 100 °%.  
�. 150 °%. 
B. 0 °%.  
�. 300 °%.  
�. 250 °%. 
 

А2. #> @8AC=:C : 7040=8N 1 >?@545;8B5 >B=>H5=85 C45;L=>9 B5?;>5<:>AB8 ?0@0 : C45;L=>9 
B5?;>5<:>AB8 B25@4>3> B5;0. 

�. 1:3.  
�. 3:1.  
�. 2:1.  
�. 4:1.  
�. 1:5. 
 

А3. #> @8AC=:C : 7040=8N 1 >?@545;8B5 C45;L=CN B5?;>BC ?;02;5=8O, 5A;8 <0AA0 25I5AB20 50 3. 
A. 0,8 :�6/:3.  
�. 18 :�6/:3. 
B. 8 :�6/:3.  
�. 48 :�6/:3.  
�. 80 :�6/:3. 
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�1. �0:>5 :>;8G5AB2> B5?;>BK ?>B@51C5BAO 4;O ?;02;5=8O 100 3 A28=F0, 27OB>3> ?@8 B5<?5@0BC@5 27 
°%? '45;L=0O B5?;>5<:>ABL A28=F0 0,13 :�6/(:3∙�), C45;L=0O B5?;>B0 ?;02;5=8O 23 :�6/:3, B5<?5@0BC@0 
?;02;5=8O A28=F0 327 °%. 

 

%1. �0:>5 A5G5=85 4>;6=0, 8<5BL AB0;L=0O :>;>==0 2KA>B>9 5 <, GB>1K ?>4 459AB285< 3@C70 <0AA>9 15 
B >=0 A60;0AL =0 1 <<? !0 A:>;L:> A60B0 B0:0O :>;>==0 ?>4 A>1AB25==K< 25A><? 

 

�BAFDB?PA4S D45BF4 № 3. 
А1. � :0:8E =0?@02;5=8OE A>25@H0NBAO :>;510=8O G0AB8F A@54K 2 ?>?5@5G=>9 2>;=5? 
A. �> 2A5E =0?@02;5=8OE. 
�. &>;L:> 2 =0?@02;5=88 @0A?@>AB@0=5=8O 2>;=K. 
B. &>;L:> ?5@?5=48:C;O@=> =0?@02;5=8N @0A?@>AB@0=5=8O 2>;=K. 
�. #5@?5=48:C;O@=> =0?@02;5=8N 8 2 =0?@02;5=88 @0A?@>AB@0=5=8O 2>;=K. 
�. %@548 >B25B>2 �4� =5B ?@028;L=>3>. 
 

А2. %B@C=0 4;8=>9 60 A< 87405B 72C: A G0AB>B>9 >A=>2=>9 <>4K 1 :�F. +5<C @02=0 A:>@>ABL 72C:0 2 AB@C=5? 
A. 1,2 :</A.  
�. 3,6 :</A. 
B. 2,4 :</A.  
�. 240 </A.  
�. 18 </A. 
 

А3. $0AAB>O=85 4> ?@53@04K, >B@060NI59 72C:, 68 <. +5@57 :0:>5 2@5<O G5;>25: CA;KH8B ME>? %:>@>ABL 
72C:0 2 2>74CE5 340 </A. 

�. 5A.  
�. 10A.  
�. 0,2A.  
�. 0,4 A.  
�. 2 A. 
 

А4. � :0:8E =0?@02;5=8OE A>25@H0NBAO :>;510=8O G0AB8F A@54K 2 ?@>4>;L=>9 2>;=5? 
A. �> 2A5E =0?@02;5=8OE. 
�. &>;L:> 2 =0?@02;5=88 @0A?@>AB@0=5=8O 2>;=K. 
B. &>;L:> ?5@?5=48:C;O@=> =0?@02;5=8N @0A?@>AB@0=5=8O 2>;=K. 
�. #5@?5=48:C;O@=> =0?@02;5=8N 8 2 =0?@02;5=88 @0A?@>AB@0=5=8O 2>;=K. 
�. %@548 >B25B>2 �4� =5B ?@028;L=>3>. 
 

А5. +5<C @02=0 G0AB>B0 :>;510=89 G5B25@B>3> >15@B>=0 C 1@>=7>2>9 AB@C=K 4;8=>9 0,5 <, 70:@5?;5==>9 A 
42CE AB>@>=? %:>@>ABL 72C:0 2 1@>=75 3500 </A. 

�. 14 :�F.  
�. 10 :�F.  
�. 5 :�F.  
�. 25 :�F.  
�. 40 :�F. 
 

А6. !0948B5 3;C18=C <>@O, 5A;8 ?@><56CB>: 2@5<5=8 <564C >B?@02;5=85< 8 ?@85<>< A83=0;0 ME>;>B0 2 A. 
%:>@>ABL 72C:0 2 2>45 @02=0 1500 </A. 

�. 3 :<.  
�. 1,5 :<.  
�. 2 :<.  
�. 4 :<.  
�. 6 :<. 
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�1. "?@545;8B5 @0AAB>O=85 <564C 2B>@K< 8 ?OBK< 3@51=O<8 2>;=K, 5A;8 4;8=0 2>;=K @02=0 0,6 <. 
 

�2. "?@545;8B5 4;8=C 72C:>2>9 2>;=K ?@8 G0AB>B5 200 �F, 5A;8 A:>@>ABL @0A?@>AB@0=5=8O 2>;=K @02=0 340 
</A. 

 

%1. %:>@K9 ?>574 ?@81;8605BAO : AB>OI5<C =0 A>A54=8E ?CBOE M;5:B@>?>574C A> A:>@>ABLN 72 :</G. 
-;5:B@>?>574 ?>405B 72C:>2>9 A83=0; G0AB>B>9 0,6 :�F. "?@545;8B5 G0AB>BC 72C:>2>3> A83=0;0, 2>A?@8=8<05<>3> 
<0H8=8AB>< A:>@>3> ?>5740. 

 

%2. �>340 ?>574 ?@>E>48B <8<> =5?>4286=>3> =01;N40B5;O, 2KA>B0 B>=0 72C:>2>3> A83=0;0 <5=O5BAO 
A:0G:><. "?@545;8B5 >B=>A8B5;L=>5 87<5=5=85 G0AB>BK A83=0;0 Δv/v ?@8 A:>@>AB8 ?>5740 54 :</G. 

 

4. �484A<S <?< <AO9 @4F9D<4?O, A9B5IB8<@O9 8?S BJ9A>< ;A4A<=, G@9A<=, 
CD4>F<K9E>B7B BCOF4, I4D4>F9D<;GRM<I HBD@<DB64A<9 >B@C9F9AJ<= 6 CDBJ9EE9 BE6B9A<S 
B5D4;B64F9?PAB= CDB7D4@@O < 8<EJ<C?<AO, 6 IB89 CDB@9:GFBKAB= 4FF9EF4J<< 

4.1. П@8<9@=O9 6>?@>AO : 88DD9@9=F8@>64==><C 74G9BC  
1. (878:0 -  =0C:0 > ?@8@>45. !0CG=K5 <5B>4K ?>7=0=8O >:@C60NI53> <8@0. 
2. $>;L M:A?5@8<5=B0 8 B5>@88 2 ?@>F5AA5 ?>7=0=8O ?@8@>4K. -:A?5@8<5=B 2 D878:5. 
3.  >45;8@>20=85 D878G5A:8E O2;5=89 8 ?@>F5AA>2. !0CG=K5 38?>B57K.  
4. (878G5A:85 70:>=K 8 B5>@88. �@0=8FK ?@8<5=8<>AB8 D878G5A:8E 70:>=>2. #@8=F8? A>>B25BAB28O. 
5. $>;L 8 <5AB> D878:8 2 D>@<8@>20=88 A>2@5<5==>9 =0CG=>9 :0@B8=K <8@0, 2 ?@0:B8G5A:>9 45OB5;L=>AB8 

;N459. 
6.  5E0=8G5A:>5 42865=85. "B=>A8B5;L=>ABL <5E0=8G5A:>3> 42865=8O. %8AB5<0 >BAGёB0. &@05:B>@8O. 
7. #5@5<5I5=85, A:>@>ABL (A@54=OO A:>@>ABL, <3=>25==0O A:>@>ABL) 8 CA:>@5=85 <0B5@80;L=>9 B>G:8, 8E 

?@>5:F88 =0 >A8 A8AB5<K :>>@48=0B.  
8. %;>65=85 ?5@5<5I5=89 8 A;>65=85 A:>@>AB59. 
9. $02=><5@=>5 8 @02=>CA:>@5==>5 ?@O<>;8=59=>5 42865=85.  
10. �@0D8:8 7028A8<>AB8 :>>@48=0B, A:>@>AB8, CA:>@5=8O, ?CB8 8 ?5@5<5I5=8O <0B5@80;L=>9 B>G:8 >B 

2@5<5=8. 
11. %2>1>4=>5 ?045=85. 'A:>@5=85 A2>1>4=>3> ?045=8O. 
12. �@82>;8=59=>5 42865=85. �2865=85 <0B5@80;L=>9 B>G:8 ?> >:@C6=>AB8 A ?>AB>O==>9 ?> <>4C;N 

A:>@>ABLN.  
13. '3;>20O A:>@>ABL, ;8=59=0O A:>@>ABL. #5@8>4 8 G0AB>B0 >1@0I5=8O. *5=B@>AB@5<8B5;L=>5 CA:>@5=85. 
14. #@8=F8? >B=>A8B5;L=>AB8 �0;8;5O. #5@2K9 70:>= !LNB>=0. �=5@F80;L=K5 A8AB5<K >BAGёB0. 
15.  0AA0 B5;0. %8;0. #@8=F8? AC?5@?>78F88 A8;.  
16. �B>@>9 70:>= !LNB>=0 4;O <0B5@80;L=>9 B>G:8.  
17. &@5B89 70:>= !LNB>=0 4;O <0B5@80;L=KE B>G5:. 
18. �0:>= 2A5<8@=>3> BO3>B5=8O. %8;0 BO65AB8. #5@20O :>A<8G5A:0O A:>@>ABL.  
19. %8;0 C?@C3>AB8. �0:>= �C:0. �5A B5;0. 
20. &@5=85. �84K B@5=8O (?>:>O, A:>;L65=8O, :0G5=8O). %8;0 B@5=8O. %CE>5 B@5=85.  
21. %8;0 B@5=8O A:>;L65=8O 8 A8;0 B@5=8O ?>:>O. �>MDD8F85=B B@5=8O.  
22. %8;0 A>?@>B82;5=8O ?@8 42865=88 B5;0 2 684:>AB8 8;8 3075. 
23. #>ABC?0B5;L=>5 8 2@0I0B5;L=>5 42865=85 01A>;NB=> B2ё@4>3> B5;0. 
24.  ><5=B A8;K >B=>A8B5;L=> >A8 2@0I5=8O. #;5G> A8;K. 'A;>28O @02=>25A8O B2ё@4>3> B5;0. 
25. �<?C;LA <0B5@80;L=>9 B>G:8 (B5;0), A8AB5<K <0B5@80;L=KE B>G5:. �<?C;LA A8;K 8 87<5=5=85 8<?C;LA0 

B5;0.  
26. �0:>= A>E@0=5=8O 8<?C;LA0. $50:B82=>5 42865=85. 
27. $01>B0 A8;K.  >I=>ABL A8;K. 
28. �8=5B8G5A:0O M=5@38O <0B5@80;L=>9 B>G:8. &5>@5<0 >1 87<5=5=88 :8=5B8G5A:>9 M=5@388. 
29. #>B5=F80;L=0O M=5@38O. #>B5=F80;L=0O M=5@38O C?@C3> 45D>@<8@>20==>9 ?@C68=K.  
30. #>B5=F80;L=0O M=5@38O B5;0 21;878 ?>25@E=>AB8 �5<;8. 
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31. #>B5=F80;L=K5 8 =5?>B5=F80;L=K5 A8;K. %2O7L @01>BK =5?>B5=F80;L=KE A8; A 87<5=5=85< 
<5E0=8G5A:>9 M=5@388 A8AB5<K B5;.  

32. �0:>= A>E@0=5=8O <5E0=8G5A:>9 M=5@388. 
33. '?@C385 8 =5C?@C385 AB>;:=>25=8O. 
34. "A=>2=K5 ?>;>65=8O <>;5:C;O@=>-:8=5B8G5A:>9 B5>@88 8 8E >?KB=>5 >1>A=>20=85.   
35. �@>C=>2A:>5 42865=85. �8DDC78O. )0@0:B5@ 42865=8O 8 2708<>459AB28O G0AB8F 25I5AB20.  
36.  >45;8 AB@>5=8O 307>2, 684:>AB59 8 B2ё@4KE B5; 8 >1JOA=5=85 A2>9AB2 25I5AB20 =0 >A=>25 MB8E <>45;59.  
37.  0AA0 8 @07<5@K <>;5:C;. �>;8G5AB2> 25I5AB20. #>AB>O==0O �2>304@>. 
38. &5?;>2>5 @02=>25A85. &5<?5@0BC@0 8 5ё 87<5@5=85. ,:0;0 B5<?5@0BC@ *5;LA8O. 
39.  >45;L 8450;L=>3> 3070. "A=>2=>5 C@02=5=85 <>;5:C;O@=>-:8=5B8G5A:>9 B5>@88 8450;L=>3> 3070.  
40. �1A>;NB=0O B5<?5@0BC@0 :0: <5@0 A@54=59 :8=5B8G5A:>9 M=5@388 B5?;>2>3> 42865=8O G0AB8F 3070. 
41. ,:0;0 B5<?5@0BC@ �5;L28=0.  
42. �07>2K5 70:>=K. '@02=5=85  5=45;5520-�;0?59@>=0.  �0:>= �0;LB>=0.   
43. �7>?@>F5AAK 2 8450;L=>< 3075 A ?>AB>O==K< :>;8G5AB2>< 25I5AB20. �@0D8G5A:>5 ?@54AB02;5=85 

87>?@>F5AA>2: 87>B5@<0, 87>E>@0, 87>10@0. 
44. &5@<>48=0<8G5A:0O A8AB5<0. �=CB@5==OO M=5@38O B5@<>48=0<8G5A:>9 A8AB5<K 8 A?>A>1K 5ё 87<5=5=8O.  
45. �>;8G5AB2> B5?;>BK 8 @01>B0. �=CB@5==OO M=5@38O >4=>0B><=>3> 8450;L=>3> 3070.  
46. �84K B5?;>?5@540G8: B5?;>?@>2>4=>ABL, :>=25:F8O, 87;CG5=85.    
47. '45;L=0O   B5?;>ё<:>ABL   25I5AB20.   �>;8G5AB2>   B5?;>BK ?@8 B5?;>?5@540G5. 
48. #>=OB85 >1 048010B=>< ?@>F5AA5. #5@2K9 70:>= B5@<>48=0<8:8.  
49. #@8<5=5=85 ?5@2>3> 70:>=0 B5@<>48=0<8:8 : 87>?@>F5AA0<. �@0D8G5A:0O 8=B5@?@5B0F8O @01>BK 3070. 
50. �B>@>9 70:>= B5@<>48=0<8:8. !5>1@0B8<>ABL ?@>F5AA>2 2 ?@8@>45. 
51. &5?;>2K5 <0H8=K. #@8=F8?K 459AB28O B5?;>2KE <0H8=.  
52. #@5>1@07>20=8O M=5@388 2 B5?;>2KE <0H8=0E. �>MDD8F85=B ?>;57=>3> 459AB28O B5?;>2>9 <0H8=K.  
53. *8:; �0@=> 8 53> :>MDD8F85=B ?>;57=>3> 459AB28O.  
54. -:>;>38G5A:85 ?@>1;5<K B5?;>M=5@35B8:8. 
55. �7<5=5=85 2=CB@5==59 M=5@388 B5;0 ?@8 A>25@H5=88 @01>BK. 
56. �7<5=5=85 2=CB@5==59 M=5@388 (B5<?5@0BC@K) B5;0 ?@8 B5?;>?5@540G5. 
57.  >45;8 ?0@>2>9 BC@18=K, 42830B5;O 2=CB@5==53> A3>@0=8O, @50:B82=>3> 42830B5;O. 
58. #0@>>1@07>20=85 8 :>=45=A0F8O.  �A?0@5=85 8 :8?5=85.   
59. �1A>;NB=0O 8 >B=>A8B5;L=0O 2;06=>ABL 2>74CE0.  
60. !0AKI5==K9 ?0@. '45;L=0O B5?;>B0 ?0@>>1@07>20=8O.  
61. �028A8<>ABL B5<?5@0BC@K :8?5=8O >B 402;5=8O. 
62. &2ё@4>5 B5;>. �@8AB0;;8G5A:85 8 0<>@D=K5 B5;0.  
63. �=87>B@>?8O A2>9AB2 :@8AB0;;>2.    
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