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A>25@H0NI53> :>;510=8O, 70405BAO A ?><>ILN =5:>B>@>9 ?5@8>48G5A:>9 DC=:F88 
2@5<5=8 x = f(t)  (1). �@0D8G5A:>5 87>1@065=85 MB>9 DC=:F88 405B =03;O4=>5 
?@54AB02;5=85 > ?@>B5:0=88 :>;510B5;L=>3> ?@>F5AA0 2> 2@5<5=8. 

#@8<5@0<8 ?@>ABKE :>;510B5;L=KE A8AB5< <>3CB A;C68BL 3@C7 =0 ?@C68=5 8;8 <0B5<0B8G5A:89 <0OB=8:, 
87>1@065==K5 =0 @8AC=:5.  

'D46A9A<9 >B?954F9?PAB7B 86<:9A<S 

O2;O5BAO DC=:F8O 2840  
x = xm cos (ωt> + φ0)  (6). 

�45AL x 3 A<5I5=85 B5;0 >B ?>;>65=8O @02=>25A8O, xm 3 0<?;8BC40 :>;510=89, B. 5. <0:A8<0;L=>5 A<5I5=85 >B 
?>;>65=8O @02=>25A8O, ω 3 F8:;8G5A:0O 8;8 :@C3>20O G0AB>B0 :>;510=89, t 3 2@5<O. �5;8G8=0, AB>OI0O ?>4 7=0:>< 
:>A8=CA0 φ = ωt + φ0 =07K205BAO D07>9 30@<>=8G5A:>3> ?@>F5AA0. #@8 t = 0 φ = φ0, ?>MB><C φ0 =07K20NB =0G0;L=>9 
D07>9. 
�4D@BA<K9E><9 >B?954A<S 

�>;510=8O, >?8AK205<K5 C@02=5=85< (6), O2;ONBAO 30@<>=8G5A:8<8. 
 8=8<0;L=K9 8=B5@20; 2@5<5=8, G5@57 :>B>@K9 ?@>8AE>48B ?>2B>@5=85 42865=8O B5;0, =07K205BAO ?5@8>4>< 

:>;510=89 T. +0AB>B0 (25;8G8=0, >1@0B=0O ?5@8>4C) ?>:07K205B, A:>;L:> :>;510=89 A>25@H05BAO 70 548=8FC 2@5<5=8: 

.  *8:;8G5A:0O G0AB>B0 :>;510=89 A2O70=0 A G0AB>B>9 8 ?5@8>4>< :>;510=89 T A>>B=>H5=8O<8 . 

 9I4A<K9E><9 6B?AO 

�A;8 2 :0:><-=81C4L <5AB5 B25@4>9, 684:>9 8;8 307>>1@07=>9 A@54K 2>71C645=K :>;510=8O G0AB8F, B> 2A;54AB285 
2708<>459AB28O 0B><>2 8 <>;5:C; A@54K :>;510=8O =0G8=0NB ?5@54020BLAO >B >4=>9 B>G:8 : 4@C3>9 A :>=5G=>9 
A:>@>ABLN. #@>F5AA @0A?@>AB@0=5=8O :>;510=89 2 A@545 =07K205BAO 6B?AB=.  

 5E0=8G5A:85 2>;=K 1K20NB @07=KE 284>2. �A;8 ?@8 @0A?@>AB@0=5=88 2>;=K G0AB8FK A@54K 8A?KBK20NB 
A<5I5=85 2 =0?@02;5=88, ?5@?5=48:C;O@=>< =0?@02;5=8N @0A?@>AB@0=5=8O, B0:0O 2>;=0 =07K205BAO CBC9D9KAB=. 
#@8<5@>< 2>;=K B0:>3> @>40 <>3CB A;C68BL 2>;=K, 153CI85 ?> =0BO=CB><C @578=>2><C 63CBC 8;8 ?> AB@C=5 (@8AC=>: 
A;520).  

�A;8 A<5I5=85 G0AB8F A@54K ?@>8AE>48B 2 =0?@02;5=88 @0A?@>AB@0=5=8O 2>;=K, B0:0O 2>;=0 =07K205BAO 
CDB8B?PAB=. �>;=K 2 C?@C3>< AB5@6=5 (@8AC=>: A?@020) 8;8 72C:>2K5 2>;=K 2 3075 O2;ONBAO ?@8<5@0<8 B0:8E 2>;=.  

 
�>;=K =0 ?>25@E=>AB8 684:>AB8 8<5NB :0: ?>?5@5G=CN, B0: 8 ?@>4>;L=CN :><?>=5=BK.  

 5E0=8G5A:85 2>;=K <>3CB @0A?@>AB@0=ONBAO 2 B25@4KE, 684:8E 8 307>>1@07=KE A@540E. #@>4>;L=K5 
<5E0=8G5A:85 2>;=K <>3CB @0A?@>AB@0=OBLAO 2 ;N1KE A@540E 3 B25@4KE, 684:8E 8 307>>1@07=KE. � 684:>ABOE 8 3070E 
C?@C30O 45D>@<0F8O A42830 =5 2>7=8:05B. �A;8 >48= A;>9 684:>AB8 8;8 3070 A<5AB8BL =0 =5:>B>@>5 @0AAB>O=85 
>B=>A8B5;L=> A>A54=53> A;>O, B> =8:0:8E :0A0B5;L=KE A8; =0 3@0=8F5 <564C A;>O<8 =5 ?>O2;O5BAO. %8;K, 459AB2CNI85 
=0 3@0=8F5 684:>AB8 8 B25@4>3> B5;0, 0 B0:65 A8;K <564C A>A54=8<8 A;>O<8 684:>AB8 2A5340 =0?@02;5=K ?> =>@<0;8 : 
3@0=8F5 3 MB> A8;K 402;5=8O. &> 65 >B=>A8BAO : 307>>1@07=>9 A@545. %;54>20B5;L=>, ?>?5@5G=K5 2>;=K =5 <>3CB 
ACI5AB2>20BL 2 684:>9 8;8 307>>1@07=>9 A@540E.  

$0AA<>B@8< 2>;=C, :>B>@0O @0A?@>AB@0=O5BAO 2 ?@>AB@0=AB25 >B 8AB>G=8:0, A>25@H0NI53> 30@<>=8G5A:85 
:>;510=8O. �A;8 B5;>, O2;ONI55AO 8AB>G=8:>< :>;510=89, 42865BAO ?> 70:>=C y=ym cos (ωt) (20), B> C@02=5=85 2>;=K, 
@0A?@>AB@0=ONI59AO >B 8AB>G=8:0 :>;510=89 24>;L >A8 �Х, 1C45B 8<5BL 284   

  (21), 
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345   (22) =07K205BAO 2>;=>2K< G8A;><. �>;=>2>5 G8A;> >?@545;O5B :>;8G5AB2>  2>;=, C:;04K20NI8EAO 
=0 >B@57:5 2π < ?>4>1=> B><C, :0: F8:;8G5A:0O G0AB>B0 ω >?@545;O5B G8A;> ?5@8>4>2, C:;04K20NI8EAO =0 2@5<5==>< 
>B@57:5  2π A.  

�?<AB= 6B?AO λ =07K20NB @0AAB>O=85 <564C 42C<O A>A54=8<8 B>G:0<8 =0 >A8 OX, :>;51;NI8<8AO 2 >48=0:>2KE 
D070E. $0AAB>O=85, @02=>5 4;8=5 2>;=K λ, 2>;=0 ?@>15305B 70 ?5@8>4 T, A;54>20B5;L=>, λ = vT     (23),  345 v 3 E>BDBEFP 
D4ECDBEFD4A9A<S 2>;=K.  

"1@0I05< 2=8<0=85, GB> 2>;=0, >?8AK205<0O C@02=5=85<  (21), 42865BAO 24>;L >A8 �Х, ?@>B82 >A8 �Х 1C45B 

42830BLAO 2>;=0, >?8AK205<0O C@02=5=85< .  

         %:>@>ABL @0A?@>AB@0=5=8O C?@C3>9 2>;=K 7028A8B >B B8?0 45D>@<0F88 8 ?;>B=>AB8 A@54K, 8 2KG8A;O5BAO :0: 

    (24), 345 � 3 <>4C;L A>>B25BAB2CNI59 45D>@<0F88 (A60B8O, A42830, 873810), ρ 3 ?;>B=>ABL A@54K. %:>@>ABL 
@0A?@>AB@0=5=8O 2>;=K =5 8<55B =8:0:>3> >B=>H5=8O : A:>@>AB8 >B45;L=KE B>G5: 2>;=K, 8 ?@8 <0;KE 0<?;8BC40E =5 
7028A8B >B 0<?;8BC4K.  

!0?@8<5@, ?@8 B5<?5@0BC@5 20 °% A:>@>ABL @0A?@>AB@0=5=8O ?@>4>;L=KE 2>;= 2 2>45 v ≈ 1480 </A, 2 @07;8G=KE 
A>@B0E AB0;8 v ≈ 536 :</A.  

�6G>B6O9 6B?AO 

�6G>B6O@< 6B?A4@< 8;8 ?@>AB> ;6G>B@ ?@8=OB> =07K20BL 2>;=K, 2>A?@8=8<05<K5 G5;>25G5A:8< CE><. �80?07>= 
72C:>2KE G0AB>B ;568B 2 ?@545;0E >B 20 �F 4> 20 :�F. �>;=K A G0AB>B>9 <5=55 20 �F =07K20NBAO <AHD4;6G>B@, 0 A 
G0AB>B>9 1>;55 20 :�F 3 G?PFD4;6G>B@. �>;=K 72C:>2>3> 480?07>=0 <>3CB @0A?@>AB@0=OBLAO =5 B>;L:> 2 3075, => 8 2 
684:>AB8 (?@>4>;L=K5 2>;=K) 8 2 B25@4>< B5;5 (?@>4>;L=K5 8 ?>?5@5G=K5 2>;=K). �7CG5=85< 72C:>2KE O2;5=89 
70=8<05BAO @0745; D878:8, :>B>@K9 =07K20NB 4>GEF<>B=.  

#@8 @0A?@>AB@0=5=88 72C:0 2 3075 0B><K 8 <>;5:C;K :>;51;NBAO 24>;L =0?@02;5=8O @0A?@>AB@0=5=8O 2>;=K. -B> 
?@82>48B : 87<5=5=8O< ;>:0;L=>9 ?;>B=>AB8 ρ 8 402;5=8O p. �2C:>2K5 2>;=K 2 3075 G0AB> =07K20NB 2>;=0<8 ?;>B=>AB8 
8;8 2>;=0<8 402;5=8O. 

%:>@>ABL @0A?@>AB@0=5=8O 72C:>2KE 2>;= >?@545;O5BAO 8=5@B=K<8 8 C?@C38<8 A2>9AB20<8 A@54K. %:>@>ABL 

@0A?@>AB@0=5=8O ?@>4>;L=KE 2>;= 2 ;N1>9 1573@0=8G=>9 >4=>@>4=>9 A@545 >?@545;O5BAO ?> D>@<C;5  , 345 B 3 
<>4C;L 2A5AB>@>==53> A60B8O, ρ 3 A@54=OO ?;>B=>ABL A@54K. %:>@>ABL 72C:0 ?@8 =>@<0;L=KE CA;>28OE (B> 5ABL ?@8 
B5<?5@0BC@5 0 °% 8 402;5=88 1 0B<) @02=0 331,5 </A, 0 A:>@>ABL 72C:0 ?@8 B5<?5@0BC@5 20 °% 8 402;5=88 1 0B< @02=0 
343 </A.  

#@8 2>A?@8OB88 @07;8G=KE 72C:>2 G5;>25G5A:>5 CE> >F5=8205B 8E ?@5645 2A53> ?> C@>2=N 3@><:>AB8, 7028AOI59 
>B 8=B5=A82=>AB8 72C:>2>9 2>;=K. �>7459AB285 72C:>2>9 2>;=K =0 10@010==CN ?5@5?>=:C 7028A8B >B 72C:>2>3> 
402;5=8O, B> 5ABL 0<?;8BC4K p0 :>;510=89 402;5=8O 2 2>;=5. #>@>3 A;KH8<>AB8 A>>B25BAB2C5B 7=0G5=8N p0 ?>@O4:0 103
10 0B<, B> 5ABL 1035 #0, 1>;52>9 ?>@>3 A>>B25BAB2C5B 7=0G5=8N p0 ?>@O4:0 1034 0B< 8;8 10 #0. &0:8< >1@07><, 
G5;>25G5A:>5 CE> A?>A>1=> 2>A?@8=8<0BL 2>;=K, 2 :>B>@KE 72C:>2>5 402;5=85 87<5=O5BAO 2 <8;;8>= @07.  

�I5 >4=>9 E0@0:B5@8AB8:>9 72C:>2KE 2>;=, >?@545;ONI59 8E A;CE>2>5 2>A?@8OB85, O2;O5BAO 2KA>B0 72C:0. 
�>;510=8O 2 30@<>=8G5A:>9 72C:>2>9 2>;=5 2>A?@8=8<0NBAO G5;>25G5A:8< CE>< :0: <C7K:0;L=K9 B>=. �>;510=8O 
2KA>:>9 G0AB>BK 2>A?@8=8<0NBAO :0: 72C:8 2KA>:>3> B>=0, :>;510=8O =87:>9 G0AB>BK 3 :0: 72C:8 =87:>3> B>=0. �2C:8, 
8740205<K5 <C7K:0;L=K<8 8=AB@C<5=B0<8, 0 B0:65 72C:8 G5;>25G5A:>3> 3>;>A0 <>3CB A8;L=> @07;8G0BLAO ?> 2KA>B5 B>=0 
8 ?> 480?07>=C G0AB>B. &0:, =0?@8<5@, 480?07>= =081>;55 =87:>3> <C6A:>3> 3>;>A0 3 10A0 3 ?@>AB8@05BAO 
?@81;878B5;L=> >B 80 4> 400 �F, 0 480?07>= 2KA>:>3> 65=A:>3> 3>;>A0 3 A>?@0=> 3 >B 250 4> 1050 �F.  
 

�5:F8O  №5  
&5<0: « >;5:C;O@=>-:8=5B8G5A:>5 AB@>5=85 25I5AB20. �3@530B=K5 A>AB>O=8O 25I5AB20»  
1. �>?@>AK ;5:F88: 
1.1. �B><8AB8G5A:0O B5>@8O AB@>5=8O 25I5AB20. !01;N45=8O 8 >?KBK, ?>4B25@640NI85 0B><=>-<>;5:C;O@=>5 

AB@>5=85 25I5AB20.  0AA0 8 @07<5@K <>;5:C;. 
1.2. &5?;>2>5 42865=85. �1A>;NB=0O B5<?5@0BC@0 :0: <5@0 A@54=59 :8=5B8G5A:>9 M=5@388 G0AB8F. 
1.3. "1JOA=5=85 03@530B=KE A>AB>O=89 25I5AB20 =0 >A=>25 0B><=>-<>;5:C;O@=KE ?@54AB02;5=89. �7<5=5=8O 

03@530B=KE A>AB>O=89 25I5AB20. 
1.4.  >45;L 8450;L=>3> 3070. %2O7L <564C 402;5=85< 8 A@54=59 :8=5B8G5A:>9 M=5@3859 <>;5:C; 3070.   

�7>?@>F5AAK. 
1.5.  >45;L AB@>5=8O 684:>AB8. !0AKI5==K5 8 =5=0AKI5==K5 ?0@K. �;06=>ABL 2>74CE0. #>25@E=>AB=>5 

=0BO65=85 8 A<0G820=85.  
            1.6.  >45;L AB@>5=8O B25@4KE B5;. �<>@D=K5 25I5AB20 8 684:85 :@8AB0;;K.  5E0=8G5A:85 A2>9AB20 B25@4KE B5;. 
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2. �@0B:>5 A>45@60=85 2>?@>A>2 
 "EAB6AO9 CB?B:9A<S @B?9>G?SDAB-><A9F<K9E>B= F9BD<<. $4;@9DO @B?9>G?. 

    >;5:C;K >G5=L <0;K, => ?>A<>B@8B5, :0: ?@>AB> >F5=8BL 8E @07<5@K 8 <0AAC. �>AB0B>G=> >4=>3> =01;N45=8O 8 ?0@K 
=5A;>6=KE @0AG5B>2. #@0240, =04> 5I5 4>4C<0BLAO 4> B>3>, :0: MB> A45;0BL. 
   � >A=>25 <>;5:C;O@=>-:8=5B8G5A:>9 B5>@88 AB@>5=8O 25I5AB20 ;560B B@8 CB25@645=8O: 69M9EF6B EBEFB<F <; K4EF<J; 
QF< K4EF<JO 59ECBDS8BKAB 86<:GFES; K4EF<JO 6;4<@B89=EF6GRF 8DG7 E 8DG7B@. �064>5 CB25@645=85 AB@>3> 
4>:070=> A ?><>ILN >?KB>2. 
   %2>9AB20 8 ?>2545=85 2A5E 157 8A:;NG5=8O B5; >B 8=DC7>@88 4> 72574K >?@545;ONBAO 42865=85< 2708<>459AB2CNI8E 
4@C3 A 4@C3>< G0AB8F: <>;5:C;, 0B><>2 8;8 5I5 1>;55 <0;KE >1@07>20=89 - M;5<5=B0@=KE G0AB8F. 

 4EE4 @B?9>G?. �B?<K9EF6B 69M9EF64.   
"FABE<F9?PA4S @B?9>G?SDA4S @4EE4.  
&0: :0: <0AAK <>;5:C; >G5=L <0;K, C4>1=> 8A?>;L7>20BL 2 @0AG5B0E =5 01A>;NB=K5 7=0G5=8O <0AA, 0 

>B=>A8B5;L=K5. #> <564C=0@>4=><C A>3;0H5=8N <0AAK 2A5E 0B><>2 8 <>;5:C; A@02=820NB A 1/12 <0AAK 0B><0 C3;5@>40 
(B0: =07K205<0O C3;5@>4=0O H:0;0 0B><=KE <0AA). "FABE<F9?PAB= @B?9>G?SDAB= (<?< 4FB@AB=) @4EEB= 69M9EF64 
Mr =07K20NB >B=>H5=85 <0AAK <>;5:C;K (8;8 0B><0) m0 40==>3> 25I5AB20 : 1/12 <0AAK 0B><0 C3;5@>40 m0C: 

 
   "B=>A8B5;L=K5 0B><=K5 <0AAK 2A5E E8<8G5A:8E M;5<5=B>2 B>G=> 87<5@5=K. 

   %:;04K20O >B=>A8B5;L=K5 0B><=K5 <0AAK M;5<5=B>2, 2E>4OI8E 2 A>AB02 <>;5:C;K 25I5AB20, <>6=> 2KG8A;8BL 
>B=>A8B5;L=CN <>;5:C;O@=CN <0AAC 25I5AB20. !0?@8<5@, >B=>A8B5;L=0O <>;5:C;O@=0O <0AA0 C3;5:8A;>3> 3070 
%"2 ?@81;865==> @02=0 44, B0: :0: >B=>A8B5;L=0O 0B><=0O <0AA0 C3;5@>40 B>G=> @02=0 12, 0 :8A;>@>40 ?@8<5@=> 16: 12 + 
2"16 = 44. 
   �B?<K9EF6B 69M9EF64 < CBEFBSAA4S �2>304@>. КB?<K9EF6B 69M9EF64 =081>;55 5AB5AB25==> 1K;> 1K 87<5@OBL G8A;>< 
<>;5:C; 8;8 0B><>2 2 B5;5. !> G8A;> <>;5:C; 2 ;N1>< <0:@>A:>?8G5A:>< B5;5 B0: 25;8:>, GB> 2 @0AG5B0E 8A?>;L7CNB =5 
01A>;NB=>5 G8A;> <>;5:C;, 0 >B=>A8B5;L=>5 8E G8A;>. 
   �  564C=0@>4=>9 A8AB5<5 548=8F :>;8G5AB2> 25I5AB20 2K@060NB 2 @B?SI. "48= <>;L - MB> :>;8G5AB2> 25I5AB20, 2 
:>B>@>< A>45@68BAO AB>;L:> 65 <>;5:C; 8;8 0B><>2, A:>;L:> 0B><>2 A>45@68BAO 2 C3;5@>45 <0AA>9 0,012 :3. 
   �=0G8B, 2 1 <>;L ;N1>3> 25I5AB20 A>45@68BAO >4=> 8 B> 65 G8A;> 0B><>2 8;8 <>;5:C;. -B> G8A;> 0B><>2 
>1>7=0G0NB NA 8 =07K20NB CBEFBSAAB= �6B748DB 2 G5ABL 8B0;LO=A:>3> CG5=>3> (XIX 2.). 
    �;O >?@545;5=8O ?>AB>O==>9 �2>304@> =04> =09B8 <0AAC >4=>3> 0B><0 C3;5@>40. #@81;865==0O >F5=:0 <0AAK <>65B 
1KBL ?@>872545=0 B0:, :0: MB> 1K;> A45;0=> 2KH5 4;O <0AAK <>;5:C;K 2>4K (=081>;55 B>G=K5 <5B>4K >A=>20=K =0 
>B:;>=5=88 ?CG:>2 8>=>2 M;5:B@><03=8B=K< ?>;5<). 

   �;O <0AAK 0B><0 C3;5@>40 87<5@5=8O 40NB: . 

   #>AB>O==CN �2>304@> NA <>6=> >?@545;8BL, @0745;82 <0AAC C3;5@>40, 27OB>3> 2 :>;8G5AB25 >4=>3> <>;O, =0 <0AAC 
>4=>3> 0B><0 C3;5@>40: 

 

 
   !08<5=>20=85 @B?P-1 C:07K205B =0 B>, GB> NA - G8A;> 0B><>2 2 1 <>;5 ;N1>3> 25I5AB20. �A;8, =0?@8<5@, 

:>;8G5AB2> 25I5AB20 , B> G8A;> <>;5:C; 2 B5;5 . "BAN40 284=>, GB> 
:>;8G5AB2> 25I5AB20 @02=> >B=>H5=8N G8A;0 <>;5:C; N 2 40==>< B5;5 : ?>AB>O==>9 �2>304@> NA, B. 5. : G8A;C <>;5:C; 2 
1 <>;L 25I5AB20: 

 
   "3@><=>5 G8A;>2>5 7=0G5=85 ?>AB>O==>9 �2>304@> ?>:07K205B, =0A:>;L:> <0;K <8:@>A:>?8G5A:85 <0AHB01K ?> 

A@02=5=8N A <0:@>A:>?8G5A:8<8. &5;>, >1;040NI55 :>;8G5AB2>< 25I5AB20 1 <>;L, 8<55B ?@82KG=K5 4;O =0A 
<0:@>A:>?8G5A:85 @07<5@K 8 <0AAC ?>@O4:0 =5A:>;L:8E 45AOB:>2 3@0<<>2. 
    B?SDA4S @4EE4. !0@O4C A >B=>A8B5;L=>9 <>;5:C;O@=>9 <0AA>9 Mr 2 D878:5 8 E8<88 H8@>:> 8A?>;L7CNB 
?>=OB85 @B?SDA4S @4EE4.  B?SDAB= @4EEB= M 69M9EF64 =07K20NB <0AAC 25I5AB20, 27OB>3> 2 :>;8G5AB25 1 <>;L. 
   %>3;0A=> B0:><C >?@545;5=8N <>;O@=0O <0AA0 25I5AB20 @02=0 ?@>872545=8N <0AAK <>;5:C;K =0 ?>AB>O==CN 
�2>304@>: 
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�484K4 2. $0<:0 ?;>I04LN S = 3000 A<2 8<55B N = 200 28B:>2 8 2@0I05BAO 2 
>4=>@>4=>< <03=8B=>< ?>;5 A 8=4C:F859 �  = 1,5 • 10- 2 &;.  0:A8<0;L=0O -�% 2 
@0<:5 m = 1,5 �. "?@545;8B5 2@5<O >4=>3> >1>@>B0. 
$9L9A<9.  03=8B=K9 ?>B>:, ?@>=87K20NI89 @0<:C, @025=: 
( = BSNcos t.  
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%>3;0A=> 70:>=C M;5:B@><03=8B=>9 8=4C:F88: 
5 = - (' = BSN sin  t. 

А<?;8BC40 -�% 8=4C:F88 

m = BSN . 

"BAN40 

 
 

�484K4 3. � F5?L ?5@5<5==>3> B>:0 A G0AB>B>9 v = 500 �F 2:;NG5=0 :0BCH:0 
8=4C:B82=>ABLN L = 10 <�=. "?@545;8B5 5<:>ABL :>=45=A0B>@0, :>B>@K9 =04> 
2:;NG8BL 2 MBC F5?L, GB>1K =0ABC?8; @57>=0=A. 
$9L9A<9. -;5:B@8G5A:0O F5?L A>3;0A=> CA;>28N 7040G8 ?@54AB02;O5B A>1>9 
:>;510B5;L=K9 :>=BC@. $57>=0=A 2 MB>9 F5?8 =0ABC?8B, :>340 G0AB>B0 ?5@5<5==>3> 
B>:0 1C45B @02=0 A>1AB25==>9 G0AB>B5 :>;510B5;L=>3> :>=BC@0 (v = v0). 

 
 

&9@4 4.2. -;5:B@><03=8B=K5 2>;=K 

%9@<A4DE>B9 ;4AяF<9 
1. $5H5=85 7040G =0 B5<C «-;5:B@><03=8B=K5 2>;=K». 
 

#@8<5@K @5H5=8O 7040G: 
�484K4 1: �0:>2 ?5@8>4 :>;510=89 2 >B:@KB>< :>;510B5;L=>< :>=BC@5, 87;CG0NI5< 
@048>2>;=K A 4;8=>9 2>;=K 300 <: 
$5H5=85: �;8=0 M;5:B@><03=8B=>9 2>;=K  = &, 345  - A:>@>ABL @0A?@>AB@0=5=8O 
M;5:B@><03=8B=>9 2>;=K 2 40==>9 A@545, 0 & – ?5@8>4 55 :>;510=89. #>;030O 
A:>@>ABL @0A?@>AB@0=5=8O M;5:B@><03=8B=KE 2>;= 2 2>74CE5 @02=>9 A:>@>AB8 A25B0 
2 20:CC<5  = A, ?>;CG05< & = /A = 300/3∙108 = 10-6 A = 1 <:A. 
 

�484K4 2. !0 :0:>< @0AAB>O=88 >B 0=B5==K @048>;>:0B>@0 =0E>48BAO >1J5:B, 5A;8 
>B@065==K9 >B =53> @048>A83=0; 2>72@0B8;AO >1@0B=> G5@57 200 <:A? 
$5H5=85: $048>A83=0; ;>:0B>@0 ?@>H5; ?CBL 2l, 345 l – @0AAB>O=85 4> >1J5:B0 A> 
A:>@>ABLN A, 345 A – A:>@>ABL A25B0 2 2>74CE5. 2l = At, l = At/2 =  3∙108∙2∙10-4/2 = 30 :<. 

 

&9@4 4.3. %25B>2K5 2>;=K 

%9@<A4DE><9 ;4AяF<я 
1. $5H5=85 7040G =0 B5<C «%25B>2K5 2>;=K. �8=7K». 
2. &5AB8@>20=85 ?> B5<5 «�8=7K. "?B8G5A:85 ?@81>@K». 
3. $5H5=85 7040G =0 B5<C «�=B5@D5@5=F8O 8 48D@0:F8O A25B0». 
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#@8<5@K @5H5=8O 7040G: 
�484K4 1: #>4 :0:8< C3;>< 4>;65= ?040BL ;CG A25B0 =0 ?;>A:>5 75@:0;>, GB>1K C3>; 
<564C >B@065==K< 8 ?040NI8< ;CG0<8 1K; @025= 70°? 
$5H5=85: '3>; ?045=8O α – MB> C3>; <564C ?040NI8< ;CG>< 8 =>@<0;LN : 75@:0;C. 
'3>; >B@065=8O β – MB> C3>; <564C >B@065==K< ;CG>< 8 =>@<0;LN. #> CA;>28N α + 
β = 70°. �@><5 B>3>, C3>; ?045=8O @025= C3;C >B@065=8O: α = β. "BAN40 2α = 70° 8 α 
= 35°. 
 

�484K4 2: !09B8 ?>:070B5;L ?@5;><;5=8O @C18=0, 5A;8 ?@545;L=K9 C3>; ?>;=>3> 
>B@065=8O 4;O @C18=0 @025= 34°. 
$5H5=85: �7 A>>B=>H5=8O 4;O C3;0 ?>;=>3> 2=CB@5==53> >B@065=8O sin β = 1/n. 

"BAN40 n = 1/ sin β = 1/ sin34° = 1/0,56 = 1,8. 
 

�484K4 3. � >?KB5 .=30 ?> 48D@0:F88 A25B>2KE 2>;= @0AAB>O=85 <564C I5;O<8 d = 
0,07 <<, 0 @0AAB>O=85 >B 42>9=>9 I5;8 4> M:@0=0 D = 2 <. #@8 >A25I5=88 ?@81>@0 
75;5=K< A25B>< @0AAB>O=85 <564C A>A54=8<8 A25B;K<8 48D@0:F8>==K<8 ?>;>A0<8 
>:070;>AL @02=K< h = 16 <<. "?@545;8B5 4;8=C 2>;=K. 
$9L9A<9. � =5:>B>@>9 B>G:5 % M:@0=0 (@8A. 8.65) 1C45B =01;N40BLAO <0:A8<C< 

>A25I5==>AB8, 5A;8 2K?>;=5=> CA;>285 

 
�KG8B0O ?>G;5==> 87 ?5@2>3> @025=AB20 2B>@>5, ?>;CG05<: 
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�484K4 4. !0 48D@0:F8>==CN @5H5B:C, 8<5NICN 500 HB@8E>2 =0 1 <<, ?0405B 
?;>A:0O <>=>E@><0B8G5A:0O 2>;=0 (  = 5 • 10-5 A<). "?@545;8B5 =081>;LH89 
?>@O4>: A?5:B@0 k, :>B>@K9 <>6=> =01;N40BL ?@8 =>@<0;L=>< ?045=88 ;CG59 

=0 @5H5B:C. 
$9L9A<9.  0:A8<0;L=><C k A>>B25BAB2C5B sin  = 1. 

%;54>20B5;L=>,  

 

&9@4 5.1. �20=B>2K5 A2>9AB20 A25B0. (878:0 0B><0 
%9@<A4DE><9  ;4AяF<я 
1. �0I8B0 ?@575=B0F89 =0 B5<K «&5E=8G5A:85 CAB@>9AB20, >A=>20==K5 =0 
8A?>;L7>20=88 D>B>MDD5:B0». 
2. $5H5=85 7040G =0 B5<C «(>B>MDD5:B». 
3. $5H5=85 7040G =0 B5<C «(878:0 0B><0». 
 

#@8<5@K @5H5=8O 7040G: 
�484K4 1: #@8 >1;CG5=88 0;N<8=852>9 ?;0AB8=K D>B>MDD5:B =0G8=05BAO ?@8 
=08<5=LH59 G0AB>B5 1,03 #�F. !09B8 @01>BC 2KE>40 M;5:B@>=>2 87 0;N<8=8O. 
$5H5=85: $01>B0 2KE>40 M;5:B@>=>2 87 0;N<8=8O @02=0 M=5@388 D>B>=>2, 
A>>B25BAB2CNI8E :@0A=>9 3@0=8F5 D>B>MDD5:B0. 
А = hν0 = 4,136∙10-15∙1,03∙1015 = 4,26 M�. 
 

�484K4 2: �0:CN <0:A8<0;L=CN :8=5B8G5A:CN M=5@38N 8<5NB M;5:B@>=K, 2K@20==K5 
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87 >:A840 10@8O, ?@8 >1;CG5=88 A25B>< G0AB>B>9 1 #�F? 
$5H5=85: �7 C@02=5=8O -9=HB59=0 4;O 2=5H=53> D>B>MDD5:B0, <0:A8<0;L=0O 
:8=5B8G5A:0O M=5@38O D>B>M;5:B@>=>2 @02=0: E:8= = hν – А, 345 hν – M=5@38O D>B>=>2 8 
А – @01>B0 2KE>40 D>B>M;5:B@>=>2. "BAN40: E:8= = 4,136∙10-15∙1015 – 1 = 3,136 M�. 
 

 

&9@4 5.2. (878:0 0B><=>3> O4@0 
%9@<A4DE><9 ;4AяF<я 
1. $5H5=85 7040G =0 B5<C «(878:0 0B><=>3> O4@0». 
2. #@>25@>G=0O @01>B0 =0 B5<C «%B@>5=85 0B><0 8 :20=B>20O D878:0» 
3. �@C??>20O 48A:CAA8O =0 B5<C «/45@=0O M=5@35B8:0». 
 

#@8<5@K @5H5=8O 7040G: 
�484K4 1: � @57C;LB0B5 :0:>3> @048>0:B82=>3> @0A?040 ?;CB>=89 239 

94Pu ?@52@0I05BAO 
2 C@0= 235 

92U? 

$5H5=85: #@8 @048>0:B82=KE @0A?040E 2K?>;=ONBAO 420 70:>=0 – 70:>= A>E@0=5=8O 
M;5:B@8G5A:>3> 70@O40 Z 8 70:>= A>E@0=5=8O <0AA>2>3> G8A;0 А: 70@O4 (<0AA>2>5 
G8A;>) 8AE>4=>3> O4@0 @025= AC<<5 70@O4>2 (<0AA>2KE G8A5;) 2>7=8:0NI8E O45@ 8 
G0AB8F. � A>>B25BAB288 A MB8<8 70:>=0<8 70?8H5< @50:F8N: 239 

94Pu → 235 
92U + А ZY, 

345 Y – =58725AB=>5 O4@> A <0AA>2K< G8A;>< А 8 70@O4>< Z. #> 70:>=0< A>E@0=5=8O 
239 = 235 + А 8 94 = 92 + Z. %;54>20B5;L=>, А = 4 8 Z = 2. �A:><>5 O4@> А ZY – O4@> 
35;8O 4 

2!5 (?>@O4:>2K9 =><5@ Z 2 B01;8F5  5=45;5520). �=0G8B O4@> ?;CB>=8O 
?@52@0B8;>AL 2 O4@> C@0=0 2 @57C;LB0B5 α-@0A?040. 
 

�484K4 2: �284C 1>;LH>9 M=5@388 A2O78, ?@8E>4OI59AO =0 =C:;>= O4@0 35;8O, 
2>7<>6=K M:7>M=5@35B8G5A:85 @50:F88 45;5=8O ;53:8E O45@. !09B8, :0:0O M=5@38O 
2K45;O5BAO ?@8 1><10@48@>2:5 1>@0 11 

5� ?@>B>=0<8 A >1@07>20=85< B@5E α-G0AB8F. 
$5H5=85: '@02=5=85 O45@=>9 @50:F88 8<55B 284: 11 

5� + 1 
1! = 3 4 

2!5. �5D5:B <0AA 
A>AB028B: &m = 11,00931 +1,00783 - 3∙4,00260 = 0,00134 0.5.<. �K45;82H0OAO M=5@38O 
@02=0: � = &mA2 = 0,00134∙931,5 = 8,7  M�. 

 

�@C??>20O 48A:CAA8O =0 B5<C «/45@=0O M=5@35B8:0»  
 
*9?P ;4AяF<я: 8A?>;L7CO 7=0=8O ?> D878:5, ?@>0=0;878@>20BL ?@>1;5<K O45@=>9 M=5@35B8:8 8 
A45;0BL 2K2>4 > F5;5A>>1@07=>AB8 55 @0728B8O. 
�484K< ;4AяF<я: 

1. >5@47>64B5;P=O5: 
 A8AB5<0B878@>20BL 7=0=8O ?> 40==>9 B5<5; 
 2KO28BL ?@58<CI5AB20 8 =54>AB0B:8 8A?>;L7>20=8O M=5@388 0B><0; 
 =0CG8BL 0=0;878@>20BL 8=D>@<0F8N A ?>A;54CNI59 55 >1@01>B:>9 ?CB5< 2>A?@8OB8O 8 
A0<>AB>OB5;L=>3> 0=0;870 D0:B>2; 

2. @476864Nщ85: 
 @072820BL =02K:8 A0<>AB>OB5;L=>AB8, B2>@G5A:>9 0:B82=>AB8, :><<C=8:0B82=K5 
A?>A>1=>AB8 ABC45=B>2; 



 

 

 

 

 

 @072820BL ?>7=020B5;L=K9 8=B5@5A : D878:5, C<5=85 >A<KA;5==> 2>A?@>872>48BL 
?>4>1@0==K9 <0B5@80; 2 E>45 ?>43>B>2:8 8 ?@>2545=8O 70=OB8O, C<5=85 A;CH0BL 8 
A;KH0BL; 

3. 6>A?8B4B5;P=O5: 
 2>A?8BK20BL GC2AB2> A>AB@040=8O, 15@56;82>AB8, ?@54>AB0282 <0B5@80; > 
18>;>38G5A:>< 459AB288 @0480F88; 

 2>A?8BK20BL GC2AB2> 3@0640=A:>9 >B25BAB25==>AB8 70 A2>5 1C4CI55, 70 1C4CI55 A2>59 
<0;>9 @>48=K, A2>59 AB@0=K. 

&<C ;4AяF<я: >1>1I5=85 87CG5==>3> <0B5@80;0. 
(BD@4 ;4AяF<я: ?@0:B8G5A:>5 70=OB85 – :>=D5@5=F8O. 
 9FB8O CD9CB8464A<я: A;>25A=K9 – 15A540, @0AA:07, ?@0:B8G5A:89 – @5H5=85 7040G, =03;O4=K9 – 
8A?>;L7>20=85 :><?LNB5@=>9 ?@575=B0F88, @0740B>G=>3> <0B5@80;0. 
"5BDG8B64A<9: <C;LB8<5489=K9 ?@>5:B>@, #�, ?@575=B0F8O Microsoft Power Point, ?;0:0BK 
CG5=KE-D878:>2, @0740B>G=K9 <0B5@80;. 
 

� IB89 84AAB7B ;4AяF<я EFG89AF 8B?:9A: 
'@9FP: ?>=8<0BL @>;L D878:8 2 D>@<8@>20=88 :@C3>7>@0 8 DC=:F8>=0;L=>9 3@0<>B=>AB8 
G5;>25:0 4;O @5H5=8O ?@0:B8G5A:8E 7040G; C25@5==> ?>;L7>20BLAO D878G5A:>9 B5@<8=>;>3859 8 
A8<2>;8:>9; @5H0BL D878G5A:85 7040G8; ?@8<5=OBL ?>;CG5==K5 7=0=8O 4;O >1JOA=5=8O CA;>289 
?@>B5:0=8O D878G5A:8E O2;5=89 2 ?@8@>45 8 4;O ?@8=OB8O ?@0:B8G5A:8E @5H5=89 2 ?>2A54=52=>9 
687=8. 
�A4FP: ?@54AB02;5=85 > @>;8 8 <5AB5 D878:8 2 A>2@5<5==>9 =0CG=>9 :0@B8=5 <8@0; A>1AB25==CN 
?>78F8N ?> >B=>H5=8N : D878G5A:>9 8=D>@<0F88, ?>;CG05<>9 87 @07=KE 8AB>G=8:>2; > =081>;55 
206=KE >B:@KB8OE 8 4>AB865=8OE 2 >1;0AB8 D878:8, ?>2;8O2H8E =0 M2>;NF8N ?@54AB02;5=89 > 
?@8@>45, =0 @0728B85 B5E=8:8 8 B5E=>;>389; 2:;04 25;8:8E CG5=KE 2 D>@<8@>20=85 A>2@5<5==>9 
=0CG=>9 :0@B8=K <8@0. 

 

&9IAB?B7<K9E>4я >4DF4 ;4AяF<я 
1F4CO ;4AяF<я �9=EF6<я GK4EFA<>B6 ;4AяF<я 

#D9CB8464F9?P %FG89AFO 

1. #>43>B>28B5;L=K9 
MB0? 

1. >B18@05B <0B5@80;K : 70=OB8N 

2. A>AB02;O5B AB@C:BC@C 70=OB8O 
3. ?>418@05B ?@0:B8G5A:85 7040=8O 
4. ?>AB0=>2:0 ?@>1;5<=>3> 2>?@>A0 

1. 3>B>2OB 
8=48284C0;L=K5 4>:;04K 
A ?@575=B0F8O<8 ?> 
2K1@0==K< B5<0< 

2. "@30=870F8>==K9 
MB0? 

1. ?@825BAB2C5B ABC45=B>2 
2. >B<5G05B >BACBAB2CNI8E 
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4. +B> =07K20NB 25A>< B5;0? 
5. � G5< @07;8G85 <564C A8;>9 BO65AB8 8 25A>< B5;0, 459AB2CNI8< =0 
B5;>? 

6. � :0:>< A;CG05 A8;0 BO65AB8 8 25A B5;0 @02=K? 
 

"?8A0=85 @01>BO 

�A;8 BO=CBL 1@CA>: A 3@C7>< ?> 
3>@87>=B0;L=>9 ?>25@E=>AB8 B0:, GB>1K 1@CA>: 
42830;AO @02=><5@=>, ?@8:;04K205<0O : 1@CA:C 
3>@87>=B0;L=0O A8;0 @02=0 ?> <>4C;N A8;5 B@5=8O 
A:>;L65=8O FB@, 459AB2CNI59 =0 1@CA>: A> AB>@>=K 
?>25@E=>AB8.  >4C;L A8;K B@5=8O FB@ A2O70= A <>4C;5< A8;K =>@<0;L=>3> 
402;5=8O N A>>B=>H5=85< NB@F .  

� 40==>< A;CG05 A8;0 =>@<0;L=>3> 402;5=8O N @02=0 25AC $ 1@CA:0 A 
3@C7><.  

�7<5@82 FFD 8 $, <>6=> >?@545;8BL 7028A8<>ABL A8;K B@5=8O >B A8;K 

=>@<0;L=>3> 402;5=8O 8 =09B8 :>MDD8F85=B B@5=8O µ ?> D>@<C;5 
$

FB@ .  

 

#>@я4>: 2O?>;=5=8я @01>BO 

1. #>;>68B5 1@CA>: =0 3>@87>=B0;L=> @0A?>;>65==CN 45@52O==CN 
;8=59:C. !0 1@CA>: ?>AB02LB5 3@C7 $1. 

2. #@8:@5?82 : 1@CA:C 48=0<><5B@, :0: <>6=> 1>;55 @02=><5@=> BO=8B5 
53> 24>;L ;8=59:8. �0<5BLB5 ?@8 MB>< ?>:070=85 48=0<><5B@0. 

3. �725ALB5 1@CA>: 8 3@C7. 
4. � ?5@2><C 3@C7C 4>102LB5 2B>@>9 $2, B@5B89 $3, 70B5< G5B25@BK9 $4 

3@C7K, :064K9 @07 2725H820O 1@CA>: 8 3@C7K 8 87<5@OO A8;C B@5=8O. 
5. #> @57C;LB0B0< 87<5@5=89 70?>;=8B5 B01;8FC: 
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 $1 $2 $3 $4 

FB@, !     

$, !     

 

6. #>AB@>9B5 3@0D8: 7028A8<>AB8 A8;K B@5=8O >B 25A0 B5;0, 8A?>;L7CO 
40==K5 B01;8FK. +5@57 =0G0;> >BAG5B0 ?@>2548B5 ?@O<CN ;8=8N B0:, 
GB>1K G8A;> B>G5: =04 ?@O<>9 @02=O;>AL G8A;C B>G5: ?>4 ?@O<>9. 

7. %45;09B5 2K2>4. 
 

ДBCB?A<F9?PAB9 ;484A<9 1: !0948B5 :>MDD8F85=B B@5=8O A:>;L65=8O μ 
:0: B0=35=A C3;0 =0:;>=0 ?@O<>9 ;8=88 : >A8 01AF8AA. �;O MB>3> 2K15@8B5 
?@>872>;L=CN B>G:C A :>>@48=0B0<8 ($;FB@) =0 ?@O<>9 8 =0948B5 μ :0: 
>B=>H5=85 

$
FB@ . 

 

ДBCB?A<F9?PAB9 ;484A<9 2: �7<5@8BL A8;C B@5=8O 48=0<><5B@>< B5;0 =0 
?0@B5, =0 3;O=F52>9 1C<035 8 =0 >1KG=>9 1C<035. �45 A8;0 B@5=8O 1C45B 
<0:A8<0;L=>9? 
 

ДBCB?A<F9?PAB9 ;484A<9 3: �>:068B5, GB> A8;0 B@5=8O A:>;L65=8O =5 
7028A8B >B ?;>I048 B@CI8EAO ?>25@E=>AB59. 
1. �5@52O==K9 1@CA>: @02=><5@=> BO=8B5 48=0<><5B@>< ?> 
3>@87>=B0;L=>9 ;8=59:5, 87<5@OO A8;C BO38. 

2. "?KB ?>2B>@8B5 ?@8 ?5@5AB0=>2:5 1@CA:0 =0 4@C385 3@0=8 A @07;8G=>9 
?;>I04LN ?>25@E=>AB8. 

3. '1548B5AL, GB> A8;0 B@5=8O A:>;L65=8O =5 7028A8B >B ?;>I048 
B@CI8EAO ?>25@E=>AB59, 8 A45;09B5 2K2>4. 

 

З484A<O 8?O E4@BEFBOF9?PAB= D45BFO  

"B25BLB5 =0 ?@54;>65==K5 2>?@>AK. 

1. #@82548B5 ?@8<5@K ?>;57=>3> 459AB28O A8; B@5=8O. 
2. �0G5< =0 3C1:0E B8A:>2 8 ?;>A:>3C1F52 45;0NB =0A5G:8? 
3. �;O G53> =0 02B><>18;L=KE H8=0E 45;0NB @5;L5D=K9 @8AC=>: 
(?@>B5:B>@)? 

4. +B> 4>;65= A45;0BL 2>48B5;L <0H8=K, ?>4J5760O : :@CB><C ?>2>@>BC? 
#>G5<C 2>48B5;L 4>;65= 1KBL >A>15==> 2=8<0B5;L=K< 2 AK@CN 
?>3>4C, 2> 2@5<O ;8AB>?040 8;8 ?@8 3>;>;545? 
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�01>@0B>@=0я @01>B0 №3 
И;GK9A<9 ;46<E<@BEF< C9D<B84 >B?954A<= A<FSAB7B @4SFA<>4  

BF 8?<AO A<F< 

 

*5;P: 87CG8BL 7028A8<>ABL ?5@8>40 :>;510=89 =8BO=>3> <0OB=8:0 >B 4;8=K 
=8B8. 

 

#@81>@O 8 <0B5@80;O: 3@C78: =0 =8B8, ;8=59:0 (87<5@8B5;L=0O ;5=B0), 
A5:C=4><5@. 
 

�>?@>AO 4;я A0<>?>43>B>2:8: 
1. +B> B0:>5 <5E0=8G5A:85 :>;510=8O? �0:85 :>;510=8O =07K20NBAO 
A2>1>4=K<8 8 2K=C645==K<8? #@82548B5 ?@8<5@K. 

2. +B> =07K20NB 0<?;8BC4>9 :>;510=89? 
3. �09B5 >?@545;5=8O ?5@8>40 8 G0AB>BK :>;510=89, 70?8H8B5 8E 
D>@<C;K. 

4. �0:85 284K <0OB=8:>2 2K 7=05B5? �09B5 8E >?@545;5=8O. 
5. #> :0:8< D>@<C;0< @0AAG8BK20NB ?5@8>4 :>;510=89 MB8E <0OB=8:>2? 
6. �028A8B ;8 ?5@8>4 :>;510=89 <0OB=8:>2 >B 0<?;8BC4K? 

 

"?8A0=85 @01>BO 

#5@8>4 :>;510=89 <0B5<0B8G5A:>3> (=8BO=>3>) <0OB=8:0 

>?@545;O5BAO ?> D>@<C;5 
g

l& 2 ,  

345 & – ?5@8>4 :>;510=89;  
l – 4;8=0 <0OB=8:0;  
g – CA:>@5=85 A2>1>4=>3> ?045=8O.  

#5@8>4 87<5@ONB A ?><>ILN A5:C=4><5@0. !5>1E>48<> 70<5@8BL 2@5<O 
t, 70 :>B>@>5 <0OB=8: A>25@H05B N ?>;=KE :>;510=89.  &>340 ?5@8>4 
:>;510=89 @025= 

N

t&  .  

!5>1E>48<> 70<5B8BL, GB> <0:A8<0;L=K9 C3>; >B:;>=5=8O <0OB=8:0 >B 
?>;>65=8O @02=>25A8O =5 4>;65= ?@52KH0BL 5º. 

 &0:8< >1@07><, 87<5@82 4;8=C <0OB=8:0 l 8 >?@545;82 ?5@8>4 
:>;510=89 &, <>6=> 8AA;54>20BL 7028A8<>ABL ?5@8>40 :>;510=89 >B 4;8=K 

=8B8 8 =09B8 CA:>@5=85 A2>1>4=>3> ?045=8O ?> D>@<C;5 l
&

g
2

2
4

 . 

 

#>@я4>: 2O?>;=5=8я @01>BO 

1. 'AB0=>28B5 =0 :@0N AB>;0 =8BL. � =8B8 ?>425ALB5 3@C78:.  
2. "B:;>=8B5 3@C78: =0 4 – 5 A< >B ?>;>65=8O @02=>25A8O 8 >B?CAB8B5. 
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3. �7<5@LB5 2@5<O t, 70 :>B>@>5 <0OB=8: A45;05B  >?@545;5==>5 
:>;8G5AB2> ?>;=KE :>;510=89. 

4. �KG8A;8B5 ?5@8>4 8 G0AB>BC :>;510=89. 
5. #>2B>@8B5 >?KB =5A:>;L:> @07, 87<5=OO 4;8=C =8B8. 

6. #> @57C;LB0B0< 87<5@5=89 70?>;=8B5 B01;8FC: 
 

№ 
>?OB0 

�7<5@5=8я �OG8A;5=8я  

�;8=0 
=8B8 

#@><56CB>: 
2@5<5=8  

+8A;> 
:>;510=89 

#5@8>4 +0AB>B0  

&= t/N ν = 1/& 

ℓ, E@ t,  A N &, A ν, �F 

1         

2         

3         

4         

5         

6         

 

7. #>AB@>9B5 3@0D8:8 7028A8<>AB8 ?5@8>40 >B  4;8=K =8B8 8 G0AB>BK >B 
4;8=K =8B8. 

8. �KG8A;8B5 ?5@8>4 :>;510=89 =8BO=>3> <0OB=8:0 ?> D>@<C;5 
<0B5<0B8G5A:>3> <0OB=8:0 4;O ;N1>3> =><5@0 >?KB0 8 A@02=8B5 A 
40==K< ?5@8>4><. 

9. !0948B5 CA:>@5=85 A2>1>4=>3> ?045=8O ?> D>@<C;5 l
&

g
2

2
4

 . 

10. %45;09B5 2K2>4. 
 

З484A<O 8?O E4@BEFBOF9?PAB= D45BFO  

�0@<>=8G5A:>5 :>;510=85 7040=> C@02=5=85<. !0948B5 0<?;8BC4C, ?5@8>4 8 
G0AB>BC :>;510=89. 

1) E = 2sin10Ãt.  
2) E = 3cos2Ãt.  

 

                         

 

 

 

 

 

 

 



 13 

 

 

 

�01>@0B>@=0я @01>B0  №4 

И;GK9A<9 <;B54DAB7B CDBJ9EE4 

 

*5;P: ?@>25@8BL A?@0254;82>ABL 70:>=0 �59-�NAA0:0. 
 

#@81>@O 8 <0B5@80;O: A>AC4K A 3>@OG59 (70–80 º%) 8 E>;>4=>9 2>4>9, 
?@>7@0G=0O @578=>20O B@C1:0 (70:@KB0O A >4=>3> :>=F0), B5@<><5B@, ;8=59:0. 
 

�>?@>AO 4;я A0<>?>43>B>2:8: 
1. �0:85 ?@>F5AAK =07K20NB 87>?@>F5AA0<8? 
2. "E0@0:B5@87C9B5 87>?@>F5AAK ?> ?;0=C: 
0) :0:>9 ?0@0<5B@ ?@>F5AA0 ?>AB>O=5=; 
1) D>@<C;0 (70:>=) ?@>F5AA0; 
2) D>@<C;8@>2:0 70:>=0; 
3) :0: =0 >?KB5 >ACI5AB28BL ?@>F5AA? 

 

"?8A0=85 @01>BO 

� @01>B5 ?@>25@ONB A?@0254;82>ABL 70:>=0 �59-�NAA0:0, B> 5ABL =04 
307>< ?@>2>4OB 87>10@=K9 ?@>F5AA 8 87<5@ONB 53> =0G0;L=K5 8 :>=5G=K5 
?0@0<5B@K. 

�=0G0;5 B@C1:C A 2>74CE>< ?><5I0NB 2 A>AC4 A 3>@OG59 2>4>9. #@8 
=03@520=88 307 @0AH8@O5BAO 8 G0ABL 53> 2KE>48B =0@C6C. �0B5< >B:@KBK9 
:>=5F B@C1:8 70BK:0NB 8 ?5@5=>AOB B@C1:C 2 E>;>4=CN 2>4C. �07 
>E;06405BAO 8 A68<05BAO, 8 ?>4 459AB285< 0B<>AD5@=>3> 402;5=8O 2>40 
?>ABC?05B 2 B@C1:C. 

 0AA0 2>74CE0, >AB02H53>AO 2 B@C1:5, >AB05BAO ?>AB>O==>9; 402;5=85 2 
B@C1:5 ?>445@68205BAO @02=K< 0B<>AD5@=><C (402;5=85< 2>4K =04 B@C1:>9 
?> A@02=5=8N A 0B<>AD5@=K< <>6=> ?@5=51@5GL). &0:8< >1@07><, CA;>28O 
87>10@=>3> ?@>F5AA0 2K?>;=5=K: m = const 8 p = const.  

!5>1E>48<> ?@>25@8BL A?@0254;82>ABL A>>B=>H5=8O  

2

1

2

1

&
&

V

V
  ,           (1) 

345 V1, T1 – >1J5< 8 01A>;NB=0O B5<?5@0BC@0 2>74CE0 2 3>@OG59 2>45; 
V2, T2 – 2 E>;>4=>9. 
#>A:>;L:C V = S·l, S – A5G5=85 B@C1:8, l – 2KA>B0 AB>;10 2>74CE0 2 =59, 

B> ?@>?>@F8N (1) <>6=> 70?8A0BL B0:: 

2

1

2

1

&
&

l

l
 ,            (2) 

345 l1 – =0G0;L=0O 2KA>B0 AB>;10 2>74CE0 (@02=0 4;8=5 B@C1:8); 
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        l2 – :>=5G=0O (<5=LH5 4;8=K B@C1:8 =0 4;8=C AB>;10 70;82H59AO 2>4K).  
 

 

#>@я4>: 2O?>;=5=8я @01>BO 
1. "?CAB8B5 2 A>AC4 A 3>@OG59 2>4>9 B@C1:C 8 B5@<><5B@ 
=0 =5A:>;L:> <8=CB 4> CAB0=>2;5=8O B5?;>2>3> 
@02=>25A8O. (#@8 MB>< 87 >B:@KB>3> :>=F0 B@C1:8 
?5@5AB0=CB 2KE>48BL ?C7K@8 2>74CE0.)  

2. #> B5@<><5B@C A=8<8B5 ?>:070=8O B5<?5@0BC@K t1. 

3. �0:@>9B5 >B:@KBK9 :>=5F B@C1:8, ?5@5=5A8B5 55 8 
B5@<><5B@ 2 A>AC4 A E>;>4=>9 2>4>9.  

4. %=8<8B5 ?>:070=8O B5<?5@0BC@K t2, :>340 B@C1:0 
?5@5AB0=5B 70?>;=OBLAO 2>4>9. 

5. �K=LB5 B@C1:C, 87<5@LB5 ;8=59:>9 55 4;8=C l1 8 
2KA>BC AB>;10 2>74CE0 l2. 

6. $0AAG8B09B5 7=0G5=8O &1 8 &2 ?> D>@<C;5: & = t +273. 

7. $0AAG8B09B5 >B=>H5=8O:  

2

1

2

1

1

l

l

V

V%   ; 
2

1

T

T
CT  . 

8. $57C;LB0BK 87<5@5=89 8 2KG8A;5=89 70=5A8B5 2 B01;8FC: 
 

�7<5@5==K5 
25;8G8=K 

t1,  º% t2, º% l1, @ l2, @ 

    

$0AAG8B0==K5 
25;8G8=K 

&1, � &2, � %1 %& 
    

 

9. "B25BLB5 =0 2>?@>AK: 
    0) �028A8<>ABL <564C :0:8<8 25;8G8=0<8 2K =01;N40;8 =0 >?KB5? 
    1) �7<5=O;8AL ;8 402;5=85 8 <0AA0 2>74CE0 2 B@C1:5 2> 2@5<O >?KB0? 
    2) +B> <>6=> A:070BL > 7028A8<>AB8 >1J5<0 40==>9 <0AAK 2>74CE0 >B 
B5<?5@0BC@K ?@8 ?>AB>O==>< 402;5=88? (%@02=8B5 
7=0G5=8O %1 8 %&.) 
10. %45;09B5 2K2>4. 

 

З484A<O 8?O E4@BEFBOF9?PAB= D45BFO 

1. "?@545;8B5, :0:85 ?@>F5AAK A>>B25BAB2CNB 
CG0AB:0< АВ, В%, %D 8 DА 3@0D8:0 7028A8<>AB8 
402;5=8O 3070 >B B5<?5@0BC@K, ?@54AB02;5==>3> 
=0 @8AC=:5, 8 :0: 87<5=ONBAO B5@<>48=0<8G5A:85 
25;8G8=K (D, V, &) 2 :064>< A;CG05.  

2. !0 @8AC=:5 2 :>>@48=0B=KE >AOE V, & 87>1@065= 
3@0D8: ?@>F5AA0 A>AB>O=8O 8450;L=>3> 3070. 
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�0@8AC9B5 3@0D8:8 2 :>>@48=0B=KE >AOE D, V 8         D, &, 

A>>B25BAB2CNI85 40==><C ?@>F5AAC. 
 

 

�01>@0B>@=0я @01>B0 №5 
И;@9D9A<9 BFABE<F9?PAB= 6?4:ABEF< 6B;8GI4  

CD< CB@Bщ< F9D@B@9FD4 
 

*5;P: =0CG8BLAO 87<5@OBL >B=>A8B5;L=CN 2;06=>ABL 2>74CE0 2 0C48B>@88 
?@8 ?><>I8 B5@<><5B@0. 
 

#@81>@O 8 <0B5@80;O: B5@<><5B@, :CA>G5: <0@;8 8;8 20BK, AB0:0= A 2>4>9 
:><=0B=>9 B5<?5@0BC@K, B01;8F0 ?A8E@><5B@8G5A:0O. 
 

�>?@>AO 4;я A0<>?>43>B>2:8: 
1. +B> =07K20NB 8A?0@5=85<?  

2. #>G5<C ?@8 8A?0@5=88 B5<?5@0BC@0 684:>AB8 ?>=8605BAO? 
3. �0:>9 ?0@ =07K20NB =0AKI5==K<? 
4. �02;5=85 =0AKI5==>3> 8;8 =5=0AKI5==>3> ?0@0 
1>;LH5? 

5. +B> =07K20NB >B=>A8B5;L=>9 2;06=>ABLN? 
�0:>20 D>@<C;0 4;O 55 @0AG5B0? 

6. % ?><>ILN :0:8E ?@81>@>2 >?@545;ONB 
2;06=>ABL 2>74CE0? 

 

"?8A0=85 @01>BO 

#A8E@><5B@ �23CAB0 A>AB>8B 87 42CE B5@<><5B@>2, 
:>=5F >4=>3> 87 =8E >15@=CB ?>;>A:>9 2;06=>9 B:0=8. 
%CE>9 B5@<><5B@ ?>:07K205B B5<?5@0BC@C 2>74CE0 tEGI. 
�0 AG5B 8A?0@5=8O 2>4K A B:0=8 2B>@>9 B5@<><5B@ 
>E;06405BAO. #@8 MB>< G5< <5=LH5 2>4O=KE ?0@>2 2 
2>74CE5 (=87:0O 2;06=>ABL), B5< 8=B5=A82=55 
8A?0@5=85, 0 7=0G8B, =865 B5<?5@0BC@0 2;06=>3> 
B5@<><5B@0 t6?. �A?>;L7CO ?A8E@><5B@8G5A:CN B01;8FC <>6=> ?> 7=0G5=8O< 
B5<?5@0BC@ tEGI 8  t6? >?@545;8BL >B=>A8B5;L=CN 2;06=>ABL φ. 
 

#>@я4>: 2O?>;=5=8я @01>BO 
1. �7<5@LB5 B5<?5@0BC@C 2>74CE0 2 0C48B>@88. 
2. %<>G8B5 :CA>G5: <0@;8 8;8 20BK 2>4>9 8 >15@=8B5 8< @575@2C0@ 
B5@<><5B@0. #>45@68B5 2;06=K9 B5@<><5B@ =5:>B>@>5 2@5<O 2 
2>74CE5. �0: B>;L:> ?>=865=85 B5<?5@0BC@K ?@5:@0B8BAO, 70?8H8B5 
53> ?>:070=8O. 
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3. !0948B5 @07=>ABL B5<?5@0BC@ «ACE>3>» 8 «2;06=>3>» B5@<><5B@>2 8 A 
?><>ILN ?A8E@><5B@8G5A:>9 B01;8FK >?@545;8B5 >B=>A8B5;L=CN 
2;06=>ABL 2>74CE0 2 0C48B>@88. 

4. $57C;LB0BK 87<5@5=89 8 2KG8A;5=89 70?8H8B5 2 B5B@04L. 
5. "B25BLB5 =0 2>?@>AK: 
- #>G5<C B5<?5@0BC@0 «2;06=>3>» B5@<><5B@0 =865, G5< «ACE>3>»? 
- "B  G53> 7028A8B @07=>ABL B5<?5@0BC@ >1>8E B5@<><5B@>2? 
- � :0:>< A;CG05 B5<?5@0BC@0 «2;06=>3>» B5@<><5B@0 1C45B @02=0 
B5<?5@0BC@5 «ACE>3>»? 
- �0: 7028A8B @07=>ABL B5<?5@0BC@ >1>8E B5@<><5B@>2 >B 402;5=8O 
2>4O=>3> ?0@0 2 2>74CE5? #>G5<C? 
6. %45;09B5 2K2>4. 
 

З484A<O 8?O E4@BEFBOF9?PAB= D45BFO 

1.  "?@545;8B5 >B=>A8B5;L=CN 2;06=>ABL 2>74CE0, 5A;8 ?0@F80;L=>5 
402;5=85 ?0@0 2 =5< 14 :#0, 0 B5<?5@0BC@0 60°%. 
2. #> 383@><5B@C >1=0@C65=> ?>O2;5=85 @>AK ?@8 B5<?5@0BC@5 10°%. 
�0:>20 >B=>A8B5;L=0O 2;06=>ABL 2>74CE0, 5A;8 53> B5<?5@0BC@0 15°%? 
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?>;=K9 >1>@>B. 
8.  >65B ;8 <3=>25==0O A:>@>ABL 1KBL 1>;LH5 (<5=LH5) A@54=59 A:>@>AB8? 
9. #@8 @02=><5@=>< ?@O<>;8=59=>< 42865=88 A@54=OO A:>@>ABL A>2?0405B A <3=>25==>9. 
#>G5<C? 
10. �0: C3>; =0:;>=0 3@0D8:0 @02=><5@=>3> ?@O<>;8=59=>3> 42865=8O 7028A8B >B A:>@>AB8? 
11. %D>@<C;8@C9B5 >?@545;5=8O <3=>25==>3> CA:>@5=8O, B0=35=F80;L=>3> 8 =>@<0;L=>3> 
CA:>@5=89. 
12. �0:>5 ?@O<>;8=59=>5 42865=85 =07K205BAO @02=>CA:>@5==K<? @02=>70<54;5==K<? 
@02=>?5@5<5==K<? 
13. �0: >?@545;O5BAO 3@0D8G5A:8 7028A8<>ABL :>>@48=0BK >B 2@5<5=8 ?@8 @02=>?5@5<5==>< 
42865=88? 
14. #>G5<C AB@CO 2>4K @0745;O5BAO ?@8 ?045=88 =0 �5<;N =0 >B45;L=K5 :0?;8? 
15. "?8H8B5 M:A?5@8<5=BK �.�0;8;5> 8 $.�>9;O, ?>4B25@482H85 ?>AB>O=AB2> CA:>@5=8O B5;, 
A2>1>4=> ?040NI8E =0 �5<;N. 
16. �0?8H8B5 70:>= A2>1>4=>3> ?045=8O B5;0, ?040NI53> 157 =0G0;L=>9 A:>@>AB8 A 2KA>BK !, 
2K1@02 =C;L >BAG5B0 =0 �5<;5, 0 >AL Y =0?@0282 225@E. #>AB@>9B5 3@0D8: 70:>=0 42865=8O B5;0. 
17. #@>2548B5 >?KB ?> B5<5 «"?@545;5=85 A@54=59 A:>@>AB8 ?045=8O 3075BK». 
18. $5H8B5 7040G8 ?> >1@07FC =0 B5<C «"A=>2K :8=5<0B8:8». 

 

2.1.2. #@8 ?>43>B>2:5 : 2>?@>A0< =5>1E>48<> 0:F5=B8@>20BL 2=8<0=85 =0 A;54CNI5<: 
�;O >B25B>2 =0 2>?@>AK 8 2K?>;=5=8O 7040=89 ABC45=BC =5>1E>48<> 7=0BL D>@<C;8@>2:8 2A5E 
>?@545;5=89, 70:>=>2 8 D>@<C; ?> 40==>9 B5<5, 2>A?>;L7>20BLAO :>=A?5:B>< ;5:F89 ?> 40==>9 
48AF8?;8=5.  
 

2.2. &9<4 1.2. �A=>6O 88=4<8:8 (8 G) 
2.2.1. �>?@>AK : 70=OB8N 

1. 'B> 87CG05B 48=0<8:0? 
2. �0:>5 42865=85 =07K205BAO 42865=85< ?> 8=5@F88? %D>@<C;8@C9B5 ?@8=F8? 8=5@F88 
�0;8;5O. 
3. �0:CN A8AB5<C >BAG5B0 =07K20NB 8=5@F80;L=>9? 
4. %D>@<C;8@C9B5 ?@8=F8? >B=>A8B5;L=>AB8 �0;8;5O. $07JOA=8B5 53> A<KA;. 
5. %D>@<C;8@C9B5 ?5@2K9 70:>= !LNB>=0 8 A;54AB285 87 =53>. 
6. �0:85 @07;8G=K5 D878G5A:85 MDD5:BK 8 ?>G5<C =01;N40NBAO ?@8 @57:>< 8 ?>AB5?5==>< 
2K45@3820=88 ;8AB0 1C<038 87-?>4 AB>OI53> =0 =5< AB0:0=0 A 2>4>9? 
7. �0:0O D878G5A:0O 25;8G8=0 E0@0:B5@87C5B >BACBAB285 8;8 =0;8G85 2=5H=53> 2>7459AB28O? 
�09B5 >?@545;5=85 A8;K 8 =07>28B5 548=8FK A8;K. 
8. #>G5<C, =0E>4OAL 2 :C?5 ?>5740 A 70HB>@5==K< >:=>< 8 E>@>H59 72C:>87>;OF859, <>6=> 
>1=0@C68BL, GB> ?>574 42865BAO CA:>@5==>, => =5;L7O, GB> >= 42865BAO @02=><5@=>? 
9. 'B> B0:>5 8=5@B=>ABL? �0:0O D878G5A:0O 25;8G8=0 O2;O5BAO <5@>9 8=5@B=>AB8? 
10. %D>@<C;8@C9B5 ?@8=F8? AC?5@?>78F88 A8; 8 2B>@>9 70:>= !LNB>=0. 
11. %D>@<C;8@C9B5 B@5B89 70:>= !LNB>=0. �;O :0:8E DC=40<5=B0;L=KE 2708<>459AB289 >= 
?@8<5=8<? 
12. % :0:>9 A8;>9 2K ?@8BO38205B5 : A515 �5<;N? 
13. %D>@<C;8@C9B5 70:>= 2A5<8@=>3> BO3>B5=8O. � G5< 70:;NG05BAO D878G5A:89 A<KA; 
3@028B0F8>==>9 ?>AB>O==>9? 
14. #>G5<C =5 ?@81;860NBAO 4@C3 : 4@C3C ?@54<5BK 2 :><=0B5, =5A<>B@O =0 8E 3@028B0F8>==>5 
?@8BO65=85? 
15. 'B> B0:>5 A8;0 BO65AB8? �0: >=0 7028A8B >B 2KA>BK ?>4J5<0 B5;0 =04 �5<;59? 
16. �09B5 >?@545;5=85 CA:>@5=8O A2>1>4=>3> ?045=8O.  
17. �0: 3@028B0F8>==>5 CA:>@5=85 7028A8B >B ?;>B=>AB8 ?;0=5BK? 
18. %D>@<C;8@C9B5 >?@545;5=8O A8;K @50:F88 >?>@K 8 A8;K =0BO65=8O. 
19. %D>@<C;8@C9B5 70:>= �C:0. �KOA=8B5 D878G5A:89 A<KA; 65AB:>AB8 ?@C68=K. "?@545;8B5 
3@0=8FK ?@8<5=8<>AB8 70:>=0 �C:0. 
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20. �45 @0A?>;>65=K B>G:8 ?@8;>65=8O A8;K BO65AB8 8 25A0 B5;0? 
21. �0:>5 DC=40<5=B0;L=>5 2708<>459AB285 >?@545;O5B A8;C B@5=8O? %D>@<C;8@C9B5 >?@545;5=85 
A8;K B@5=8O, ?5@5G8A;8B5 2>7<>6=K5 284K B@5=8O. 
22. 'B> B@51C5B <5=LH53> CA8;8O: C45@60BL A0=8 =0 A:;>=5 3>@K 8;8 ?5@5<5I0BL 8E @02=><5@=> 
225@E ?> A:;>=C? 
23. #@8 :0:>< 42865=88 ;8DB0 25A B5;0, =0E>4OI53>AO 2 =5<: @025= A8;5 BO65AB8; 1>;LH5 A8;K 
BO65AB8; <5=LH5 A8;K BO65AB8; @025= =C;N? 
24. $5H8B5 7040GC ?> >1@07FC =0 B5<C «�0:>=K !LNB>=0».  
25. #@>2548B5 >?KB ?> B5<0< «!01;N45=85 =525A><>AB8» 8;8 «"?@545;5=85 :>MDD8F85=B0 
B@5=8O :@C?8=>: A>;8». 
26. #>43>B>2LB5 @5D5@0B. 

 

2.2.2. #@8 ?>43>B>2:5 : 2>?@>A0< =5>1E>48<> 0:F5=B8@>20BL 2=8<0=85 =0 A;54CNI5<: 
�;O >B25B>2 =0 2>?@>AK 8 2K?>;=5=8O 7040=89 ABC45=BC =5>1E>48<> 7=0BL D>@<C;8@>2:8 2A5E 
>?@545;5=89, 70:>=>2 8 D>@<C; ?> 40==>9 B5<5, 2>A?>;L7>20BLAO :>=A?5:B>< ;5:F89 ?> 40==>9 
48AF8?;8=5.  

 

2.3. &9<4 1.3. З4:>=O A>E@4=9=8S 6 <9E4=8:9 (4 G) 
2.3.1. �>?@>AK : 70=OB8N 

1. 'B> B0:>5 8<?C;LA A8;K? 
2. %D>@<C;8@C9B5 >?@545;5=85 8<?C;LA0 B5;0. #@8 :0:>< CA;>288 8<?C;LA B5;0 A>E@0=O5BAO? 
3. #>G5<C =51>;LH0O A8;0, 459AB2CNI0O 7=0G8B5;L=K9 ?@><56CB>: 2@5<5=8, >:07K205B =0 
42865=85 B5;0 B0:>5 65 2>7459AB285, :0: 8 1>;LH0O A8;0, :>B>@0O 459AB2C5B :@0B:>2@5<5==>? 
4. �0:0O A8AB5<0 B5; =07K205BAO 70<:=CB>9? #@82548B5 ?@8<5@K 70<:=CBKE A8AB5<. 
5. %D>@<C;8@C9B5 70:>= A>E@0=5=8O 8<?C;LA0. �0: MDD5:B >B40G8 8A?>;L7C5BAO 2 @50:B82=>< 
42865=88? 
6. #>G5<C ;>4:0 =0G8=05B >B?;K20BL >B 15@530, :>340 G5;>25: 2KE>48B 87 =55 =0 ?@8G0;? 
7. %D>@<C;8@C9B5 >?@545;5=85 @01>BK A8;K. � :0:8E 548=8F0E 87<5@O5BAO @01>B0? � G5< 
70:;NG05BAO D878G5A:89 A<KA; @01>BK? 
8. #@8 :0:8E CA;>28OE @01>B0 A8;K ?>;>68B5;L=0? >B@8F0B5;L=0? @02=0 =C;N? 
9. �0: 7028A8<>ABL A8;K >B :>>@48=0BK 2;8O5B =0 25;8G8=C @01>BK A8;K? �0: <>6=> =09B8 
@01>BC 3@0D8G5A:8? 
10. #>G5<C =0:;>==K5 ;5AB=8FK >1;53G0NB CA8;8O ?@8 ?>4J5<5? 
11. �0:0O A8;0 =07K205BAO ?>B5=F80;L=>9? �09B5 >?@545;5=85 ?>B5=F80;L=>9 M=5@388. 
12. � G5< A>AB>8B ?@8=F8? <8=8<C<0 ?>B5=F80;L=>9 M=5@388? #>G5<C ?>B5=F80;L=0O A8;0 
=0?@02;5=0 2 AB>@>=C C1K20=8O ?>B5=F80;L=>9 M=5@388? 
13. #>G5<C ?>B5=F80;L=0O M=5@38O <8=8<0;L=0 =0 ?>25@E=>AB8 �5<;8? 
14. �0: ?>B5=F80;L=0O M=5@38O A8;K C?@C3>AB8 ?@C68=K 7028A8B >B 45D>@<0F88 ?@C68=K? 
15. %D>@<C;8@C9B5 >?@545;5=85 :8=5B8G5A:>9 M=5@388 B5;0. �0:85 548=8FK M=5@388 20< 
8725AB=K? 
16. %D>@<C;8@C9B5 B5>@5<C > :8=5B8G5A:>9 M=5@388. 
17.  >65B ;8 >AB020BLAO =587<5==>9 :8=5B8G5A:0O M=5@38O B5;0, 5A;8 @02=>459AB2CNI0O A8;, 
?@8;>65==KE : =5<C, >B;8G=0 >B =C;O? 
18. %D>@<C;8@C9B5 >?@545;5=85 A@54=59 <>I=>AB8. � :0:8E 548=8F0E 87<5@O5BAO <>I=>ABL? 
19. '5<C @02=0 <3=>25==0O <>I=>ABL? � :0:8< 25;8G8=0< >B=>A8BAO <>I=>ABL: A:0;O@=K< 8;8 
25:B>@=K<? 
20. !0 GB> @0AE>4C5BAO <>I=>ABL 42830B5;59 ?0;C1=>3> 8AB@518B5;O, 7028AH53> =04 0280=>AF5<? 
21. 'B> =07K205BAO <5E0=8G5A:>9 M=5@3859 A8AB5<K? %D>@<C;8@C9B5 70:>= 87<5=5=8O 
<5E0=8G5A:>9 M=5@388. 
22. #@8 :0:8E CA;>28OE ?>;=0O <5E0=8G5A:0O M=5@38O A8AB5<K A>E@0=O5BAO? 
23. $5H8B5 7040G8 ?> >1@07FC =0 B5<C «�0:>=K A>E@0=5=8O 8<?C;LA0 8 M=5@388». 
24. #@>2548B5 >?KB ?> B5<5 «"F5=:0 A>1AB25==>9 <>I=>AB8».  

 

2.3.2. #@8 ?>43>B>2:5 : 2>?@>A0< =5>1E>48<> 0:F5=B8@>20BL 2=8<0=85 =0 A;54CNI5<: 
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�;O >B25B>2 =0 2>?@>AK 8 2K?>;=5=8O 7040=89 ABC45=BC =5>1E>48<> 7=0BL D>@<C;8@>2:8 2A5E 
>?@545;5=89, 70:>=>2 8 D>@<C; ?> 40==>9 B5<5, 2>A?>;L7>20BLAO :>=A?5:B>< ;5:F89 ?> 40==>9 
48AF8?;8=5.  

 

2.4. &9<4 1.4. М9E4=8G9A:89 :>;954=8S 8 6>;=O (3 G) 
2.4.1. �>?@>AK : 70=OB8N 

1. �0:85 :>;510=8O =07K20NBAO 2K=C645==K<8, 0 :0:85 A2>1>4=K<8? #@82548B5 ?@8<5@K. 
2. �09B5 >?@545;5=85 0<?;8BC45 8 ?5@8>4C :>;510=89. 
3. �0:85 :>;510=8O =07K20NBAO 70BCE0NI8<8? #@82548B5 ?@8<5@K. 
4. 'B> B0:>5 @57>=0=A? 
5. �0: <>6=> 871560BL =565;0B5;L=>3> @57>=0=A0? �0: <>6=> 8A?>;L7>20BL M=5@35B8G5A:85 
@5AC@AK @57>=0=A=KE ?@>F5AA>2? 
6. �0:0O 2>;=0 =07K205BAO ?@>4>;L=>9, 0 :0:0O ?>?5@5G=>9? 
7. 'B> B0:>5 4;8=0 2>;=K? #> :0:>9 D>@<C;5 >=0 =0E>48BAO? 
8. �0:85 2>;=K =07K20NBAO 72C:>2K<8? 
9. "E0@0:B5@87C9B5 G0AB>B=K9 480?07>= 8=D@072C:>2KE, 72C:>2KE 8 C;LB@072C:>2KE 2>;=. 
10. %>AB02LB5 :@>AA2>@4 ?> B5<5 «�>;510=8O 8 2>;=K». 

 

2.4.2. #@8 ?>43>B>2:5 : 2>?@>A0< =5>1E>48<> 0:F5=B8@>20BL 2=8<0=85 =0 A;54CNI5<: 
�;O >B25B>2 =0 2>?@>AK 8 2K?>;=5=8O 7040=89 ABC45=BC =5>1E>48<> 7=0BL D>@<C;8@>2:8 2A5E 
>?@545;5=89, 70:>=>2 8 D>@<C; ?> 40==>9 B5<5, 2>A?>;L7>20BLAO :>=A?5:B>< ;5:F89 ?> 40==>9 
48AF8?;8=5.  
#@8 ?>43>B>2:5 :@>AA2>@40 ABC45=BC =5>1E>48<> 2>A?>;L7>20BLAO :>=A?5:B>< ;5:F89 8 
8=B5@=5B-@5AC@A0<8. 

 

2.5. &9<4 2.1. М>;9:C;S@=>-:8=9B8G9A:>9 AB@>9=89 69щ9AB64. А7@974B=O9 A>AB>S=8S 69щ9AB64 (2 G) 
2.5.1. �>?@>AK : 70=OB8N 

1. 'B> ?@54AB02;O5B A>1>9 <>45;L <0B5@80;L=>3> B5;0? 
2. �0:0O D878G5A:0O 25;8G8=0 O2;O5BAO 3;02=>9 E0@0:B5@8AB8:>9 E8<8G5A:>3> M;5<5=B0? 
3. 'B> B0:>5 <0AA>2>5 G8A;>?  
4. 'B> B0:>5 45D5:B <0AAK? '5< >= >1JOA=O5BAO? 
5. %D>@<C;8@C9B5 >?@545;5=85 ?>AB>O==>9 �2>304@>. #>G5<C ?>AB>O==0O �2>304@> >48=0:>20  
4;O 2A5E 25I5AB2? 
6. !07>28B5 >A=>2=K5 03@530B=K5 A>AB>O=8O 25I5AB20. �0:85 87<5=5=8O ?@>8AE>4OB 2 25I5AB25 
?@8 D07>2KE ?5@5E>40E? 
7. #@8 :0:>< CA;>288 25I5AB2> =0E>48BAO 2 B25@4>< A>AB>O=88? 684:><? 307>>1@07=><? �0: 
4286CBAO 8E <>;5:C;K? 
8. �0: @0A?@545;ONBAO 2 ?@>AB@0=AB25 <>;5:C;K 8450;L=>3> 3070 2 >BACBAB285 2=5H=8E A8;? 
#>G5<C? 

9. %D>@<C;8@C9B5 >?@545;5=85 =0825@>OB=>9 A:>@>AB8 G0AB8F. 
10. %D>@<C;8@C9B5 >?@545;5=85 B5<?5@0BC@K B5;0. �0:0O 548=8F0 B5<?5@0BC@K 8A?>;L7C5BAO 2 
%�? 

11. #@8<5=8<> ;8 ?>=OB85 B5<?5@0BC@K : >4=>9 <>;5:C;5? 
12. %D>@<C;8@C9B5 8 70?8H8B5 >A=>2=>5 C@02=5=85 <>;5:C;O@=>-:8=5B8G5A:>9 B5>@88. 
13. %D>@<C;8@C9B5 70:>= �0;LB>=0. 
14. �0:85 <0:@>A:>?8G5A:85 ?0@0<5B@K A2O7K205B C@02=5=85 �;0?59@>=0 –  5=45;5520? 
15. �0:85 <0:@>A:>?8G5A:85 ?0@0<5B@K A;54C5B 7040BL 4;O >4=>7=0G=>3> >?@545;5=8O A>AB>O=8O 
8450;L=>3> 3070? 

16. �0:85 ?@>F5AAK 87<5=5=8O A>AB>O=8O 8450;L=>3> 3070 =07K20NB 87>?@>F5AA0<8? 
17. �0:>9 ?@>F5AA =07K20NB 87>B5@<8G5A:8<? %D>@<C;8@C9B5 70:>= �>9;O –  0@8>BB0. 
#>AB@>9B5 87>B5@<K 2 >AOE p, V; p, T; V, T. 

18. �0:>9 ?@>F5AA =07K20NB 87>10@=K<? %D>@<C;8@C9B5 70:>= �59 – �NAA0:0. #>AB@>9B5 
87>10@K 2 >AOE p, V 8 V, T. 

19. �0:>9 ?@>F5AA =07K20NB 87>E>@=K<? %D>@<C;8@C9B5 70:>= (0@;O. #>AB@>9B5 87>E>@K 2 
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>AOE p, T 8 p, V. 

20. $5H8B5 7040G8 ?> >1@07FC =0 B5<C «�7>?@>F5AAK». 
 

2.5.2. #@8 ?>43>B>2:5 : 2>?@>A0< =5>1E>48<> 0:F5=B8@>20BL 2=8<0=85 =0 A;54CNI5<: 
�;O >B25B>2 =0 2>?@>AK 8 2K?>;=5=8O 7040=89 ABC45=BC =5>1E>48<> 7=0BL D>@<C;8@>2:8 2A5E 
>?@545;5=89, 70:>=>2 8 D>@<C; ?> 40==>9 B5<5, 2>A?>;L7>20BLAO :>=A?5:B>< ;5:F89 ?> 40==>9 
48AF8?;8=5.  

 

2.6. &9<4 2.2. �A=>6O B9@<>88=4<8:8 (4 G) 
2.6.1. �>?@>AK : 70=OB8N 

1. %D>@<C;8@C9B5 >?@545;5=85 2=CB@5==59 M=5@388 B5;0. �028A8B ;8 2=CB@5==OO M=5@38O B5;0 >B 
53> 42865=8O 8 ?>;>65=8O >B=>A8B5;L=> 4@C38E B5;? 
2. %D>@<C;8@C9B5 >?@545;5=85 G8A;0 AB5?5=59 A2>1>4K. 
3. �0: <>6=> 87<5=8BL 2=CB@5==NN M=5@38N 684:>AB8, 3070? 
4. "B :0:8E 25;8G8= 7028A8B @01>B0, A>25@H05<0O A8;>9 402;5=8O 3070? 
5. �0:CN ?> 7=0:C @01>BC A>25@H05B 307 ?@8 @0AH8@5=88 8 ?@8 A60B88? 
6. :0:>9 35><5B@8G5A:89 A<KA; 8<55B @01>B0 =0 4803@0<<5 p, V? 

7. %D>@<C;8@C9B5 ?5@2K9 70:>= B5@<>48=0<8:8 4;O 87>E>@=>3> 8 87>10@=>3> ?@>F5AA>2. 
8. �0?8H8B5 ?5@2K9 70:>= B5@<>48=0<8:8 4;O 87>B5@<8G5A:>3> ?@>F5AA0. 
9. �0:>9 ?@>F5AA =07K205BAO 048010B=K<? %D>@<C;8@C9B5 ?5@2K9 70:>= B5@<>48=0<8:8 4;O 
048010B=>3> ?@>F5AA0. 
10. #>G5<C ?@8 048010B=>< @0AH8@5=88 B5<?5@0BC@0 3070 ?0405B, 0 ?@8 A60B88 2>7@0AB05B? 
11. �0:85 CAB@>9AB20 >B=>AOB : B5?;>2K< 42830B5;O<? #>G5<C 2 :0G5AB25 @01>G53> B5;0 2 
B5?;>2KE 42830B5;OE 8A?>;L7CNB 307K 8 ?0@K? 
12. �0: >?@545;ONB �#� 70<:=CB>3> F8:;0? '5<C @025= �#� F8:;0 �0@=>? 
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<03=8B=>5 ?>;5? �0: >@85=B8@C5BAO 28B>: A B>:>< 2 >4=>@>4=>< <03=8B=>< ?>;5? 
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22. �0: >?@545;8BL 3@0D8G5A:8 @01>BC A8; <03=8B=>3> ?>;O? 
23. �0:0O M=5@38O =0:0?;8205BAO 2 :>=BC@5 8=4C:B82=>AB8 L ?@8 A8;5 B>:0 2 =5< I? 

24. #@>2548B5 >?KB ?> B5<5 « 03=8B=>5 459AB285 B>:0».  
25. #>43>B>2LB5 @5D5@0B. 

 

2.9.2. #@8 ?>43>B>2:5 : 2>?@>A0< =5>1E>48<> 0:F5=B8@>20BL 2=8<0=85 =0 A;54CNI5<: 
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9. �0: A>>B=>AOBAO D07K A8;K B>:0, ?@>B5:0NI53> G5@57 :>=45=A0B>@, 8 =0?@O65=8O =0 53> 
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2. �0: 7028A8B ?;>B=>ABL M=5@388 M;5:B@><03=8B=>3> ?>;O >B =0?@O65==>AB8 M;5:B@8G5A:>3> 
?>;O? 

3. �0:>5 @0AAB>O=85 =07K205BAO 4;8=>9 2>;=K? �0: 4;8=0 2>;=K 7028A8B >B A:>@>AB8 
@0A?@>AB@0=5=8O 2>;=K? 

4. !0?8H8B5 C@02=5=85 153CI59 30@<>=8G5A:>9 2>;=K =0?@O65==>AB8 M;5:B@8G5A:>3> ?>;O 8 
8=4C:F88 <03=8B=>3> ?>;O.  

5. �0:>5 D878G5A:>5 O2;5=85 =07K20NB ?>;O@870F859? 'B> B0:>5 ?;>A:>ABL ?>;O@870F88 8 
?;>A:>?>;O@87>20==0O 2>;=0? 

6. �0:CN ?>25@E=>ABL =07K20NB D@>=B>< 2>;=K? 'B> B0:>5 ;CG, GB> >= E0@0:B5@87C5B? 
7. �0: >?@545;ONB ?>B>: 8 ?;>B=>ABL ?>B>:0 M=5@388 M;5:B@><03=8B=>9 2>;=K? 
8. �0: 8=B5=A82=>ABL 30@<>=8G5A:>9 M;5:B@><03=8B=>9 2>;=K 7028A8B >B 0<?;8BC4K 
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=0?@O65==>AB8 M;5:B@8G5A:>3> ?>;O 2 2>;=5? 
9. �0: 8=B5=A82=>ABL M;5:B@><03=8B=>9 2>;=K 7028A8B >B @0AAB>O=8O 4> 8AB>G=8:0? 'B> <>6=> 
A:070BL > 7028A8<>AB8 =0?@O65==>AB8 M;5:B@8G5A:>3> ?>;O >B MB>3> @0AAB>O=8O? 

10. �0: 8=B5=A82=>ABL M;5:B@><03=8B=>9 2>;=K 7028A8B >B 55 G0AB>BK? "1JOA=8B5, ?>G5<C 
M=5@35B8G5A:8 2K3>4=> 87;CG5=85 M;5:B@><03=8B=KE 2>;= 1>;LH8E G0AB>B? 

11. �0: 402;5=85 M;5:B@><03=8B=>9 2>;=K A2O70=> A 55 8=B5=A82=>ABLN? 
12. �0: 8<?C;LA M;5:B@><03=8B=>9 2>;=K A2O70= A M=5@3859, ?5@5=>A8<>9 2>;=>9? 
13. #5@5G8A;8B5 2>A5<L >A=>2=KE 480?07>=>2 4;8= 2>;= (G0AB>B) 2 A?5:B@5 M;5:B@><03=8B=KE 2>;= 
2 ?>@O4:5 2>7@0AB0=8O G0AB>BK 87;CG5=8O 8 C:068B5 3@0=8FK MB8E 480?07>=>2. 

14. �0:>9 284 ?5@540G8 8=D>@<0F88 =07K20NB @048>A2O7LN? "E0@0:B5@87C9B5 >A=>2=K5 M;5<5=BK 
@048>A2O78. 

15. �0:85 ACI5AB2CNB 284K @048>A2O78? 'B> 8E >B;8G05B 4@C3 >B 4@C30? 
16. � G5< >B;8G85 @048>25I0=8O >B @048>B5;5D>==>9 A2O78? 
17. #>43>B>2LB5 @5D5@0B. 

 

2.12.2. #@8 ?>43>B>2:5 : 2>?@>A0< =5>1E>48<> 0:F5=B8@>20BL 2=8<0=85 =0 A;54CNI5<: 
�;O >B25B>2 =0 2>?@>AK 8 2K?>;=5=8O 7040=89 ABC45=BC =5>1E>48<> 7=0BL D>@<C;8@>2:8 2A5E 
>?@545;5=89, 70:>=>2 8 D>@<C; ?> 40==>9 B5<5, 2>A?>;L7>20BLAO :>=A?5:B>< ;5:F89 ?> 40==>9 
48AF8?;8=5.  

 

2.13. &9<4 4.3. %69B>6O9 6>;=O (5 G) 
2.13.1. �>?@>AK : 70=OB8N 

1. �09B5 >?@545;5=85 ;8=59=>3> C25;8G5=8O >?B8G5A:>9 A8AB5<K. 'B> >=> E0@0:B5@87C5B? 
2. �09B5 >?@545;5=85 3;02=>9 >?B8G5A:>9 >A8 8 3;02=>9 ?;>A:>AB8 ;8=7K. 
3. "E0@0:B5@87C9B5 H5ABL B8?>2 ;8=7, >B;8G0NI8EAO D>@<>9 >3@0=8G820NI8E ?>25@E=>AB59. 
4. � G5< >B;8G85 A>18@0NI8E 8 @0AA5820NI8E ;8=7? �0:0O ;8=70 =07K205BAO B>=:>9? 
5. �0:0O 25;8G8=0 =07K205BAO >?B8G5A:>9 A8;>9? � :0:8E 548=8F0E >=0 87<5@O5BAO? 
6. #5@5G8A;8B5 8 =0@8AC9B5 >A=>2=K5 E0@0:B5@=K5 ;CG8 2 A>18@0NI59 ;8=75. 
7. �0:85 B8?K 87>1@065=89 2>7<>6=K 2 A>18@0NI59 ;8=75?  
8. #@8 :0:>< CA;>288 <>6=> 8A?>;L7>20BL D>@<C;C ;8=7K, ?@83>4=CN 4;O ;N1KE @0AAB>O=89 >B 
?@54<5B0 4> ;8=7K? 
9. #5@5G8A;8B5 8 =0@8AC9B5 >A=>2=K5 E0@0:B5@=K5 ;CG8 2 @0AA5820NI59 ;8=75. 
10. �0:>5 87>1@065=85 ?@54<5B0 ?>;CG05BAO 2 @0AA5820NI59 ;8=75. 
11. $0AA:068B5 AB@>5=85 3;070. !07>28B5 45D5:BK 7@5=8O. #5@5G8A;8B5 >?B8G5A:85 ?@81>@K. 
12. �0:>5 O2;5=85 =07K20NB 8=B5@D5@5=F859? 'B> B0:>5 8=B5@D5@5=F8>==0O :0@B8=0? 
13. �0:85 2>;=K =07K20NB :>35@5=B=K<8? �09B5 >?@545;5=85 4;8=K 8 2@5<5=8 :>35@5=B=>AB8. 
14. 'B> B0:>5 35><5B@8G5A:0O @07=>ABL E>40? 
15. �0?8H8B5 CA;>28O 8=B5@D5@5=F8>==KE <0:A8<C<>2 8 <8=8<C<>2 4;O 42CE A8=E@>==> 
87;CG0NI8E 8AB>G=8:>2. 

16. �0: A ?><>ILN 75@:0;0 �;>940 8 18?@87<K (@5=5;O ?>;CG0NB :>35@5=B=K5 8AB>G=8:8 A25B0? 
17. "?8H8B5 >?KB .=30. �0: A ?><>ILN >?KB0 .=30 <>6=> 87<5@8BL 4;8=C 2>;=K A25B0? 
18. �0:>5 D878G5A:>5 O2;5=85 =07K20NB 48D@0:F859? �0:8< 2>;=>2K< ?@>F5AA0< >=> 
A2>9AB25==>? 

19. %D>@<C;8@C9B5 ?@8=F8? �N935=A0 – (@5=5;O. 
20. �0:85 8AB>G=8:8 =07K20NB A>>B25BAB25==K<8? �09B5 >?@545;5=85 7>=K (@5=5;O. 
21. �0?8H8B5 CA;>285 4;O m-3> 48D@0:F8>==>3> <0:A8<C<0 =0 I5;8 8 ?>OA=8B5 53>. 
22. �0?8H8B5 8 >1>A=C9B5 CA;>285 3;02=KE <0:A8<C<>2 ?@8 48D@0:F88 A25B0 =0 @5H5B:5. �0: 
8=B5=A82=>ABL A25B0 2 3;02=KE <0:A8<C<0E 7028A8B >B ?>;=>3> G8A;0 I5;59? 

23. �0?8H8B5 8 >1JOA=8B5 CA;>285 ?>1>G=KE <0:A8<C<>2 ?@8 48D@0:F88 A25B0 =0 @5H5B:5. 
24. �0:CN 25;8G8=C =07K20NB @07@5H0NI59 A?>A>1=>ABLN 48D@0:F8>==>9 @5H5B:8? 'B> >=0 
E0@0:B5@87C5B 8 >B :0:8E ?0@0<5B@>2 @5H5B:8 7028A8B? 

25. $5H8B5 ?@0:B8G5A:85 7040G8 =0 B5<C «�=B5@D5@5=F8O 8 48D@0:F8O A25B0».  
26. �K?>;=8B5 0;L1>< ?>AB@>5=8O 87>1@065=89 ?@54<5B>2 2 A>18@0NI8E 8 @0AA5820NI8E ;8=70E. 
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2.13.2. #@8 ?>43>B>2:5 : 2>?@>A0< =5>1E>48<> 0:F5=B8@>20BL 2=8<0=85 =0 A;54CNI5<: 
�;O >B25B>2 =0 2>?@>AK 8 2K?>;=5=8O 7040=89 ABC45=BC =5>1E>48<> 7=0BL D>@<C;8@>2:8 2A5E 
>?@545;5=89, 70:>=>2 8 D>@<C; ?> 40==>9 B5<5, 2>A?>;L7>20BLAO :>=A?5:B>< ;5:F89 ?> 40==>9 
48AF8?;8=5.  

 

2.14. &9<4 5.1. К64=B>6O9 A6>9AB64 A69B4. Ф878:4 4B><4 (6 G) 
2.14.1. �>?@>AK : 70=OB8N 

1.�0:>5 87;CG5=85 =07K20NB B5?;>2K<? #>G5<C B5?;>2>5 87;CG5=85 A=8605B B5<?5@0BC@C B5;0? 
�0:0O 25;8G8=0 O2;O5BAO A?5:B@0;L=>9 E0@0:B5@8AB8:>9 B5?;>2>3> 87;CG5=8O? 
2.�0:>5 B5;> =07K20NB 01A>;NB=> G5@=K<? #@82548B5 ?@8<5@K 01A>;NB=> G5@=KE B5;. 
3.�0:CN <8:@>G0AB8FC =07K20NB D>B>=><? #5@5G8A;8B5 >A=>2=K5 D878G5A:85 E0@0:B5@8AB8:8 
D>B>=0. 
4.�0:>5 D878G5A:>5 O2;5=85 =07K20NB D>B>MDD5:B><? 
5.%D>@<C;8@C9B5 B@8 70:>=0 D>B>MDD5:B0 8 >1JOA=8B5 2>;LB0<?5@=CN E0@0:B5@8AB8:C ?@8 
D>B>MDD5:B5. �0: >=0 1C45B 2K3;O45BL ?@8 1>;LH59 8=B5=A82=>AB8 A25B0? 
6. �0:85 >1J5:BK A>3;0A=> ?@54AB02;5=8O< :;0AA8G5A:>9 D878:8 8<5NB 2>;=>2CN ?@8@>4C, 0 
:0:85 :>@?CA:C;O@=CN? 
7. 'B> =07K20NB :>@?CA:C;O@=>-2>;=>2K< 4C0;87<><? 
8. � G5< A>AB>8B 38?>B570 45 �@>9;O? '5<C @02=0 4;8=0 2>;=K 45 �@>9;O? 
9. "?8H8B5 ?@8=F8?80;L=CN AE5<C CAB0=>2:8 2 >?KB5 $575@D>@40 8 AD>@<C;8@C9B5 >A=>2=>9 
@57C;LB0B MB>3> >?KB0. 

10. � G5< A>AB>8B ?;0=5B0@=0O <>45;L 0B><0? � G5< ;>38G5A:0O =5?>A;54>20B5;L=>ABL ?;0=5B0@=>9 
<>45;8 0B><0? 

11. %D>@<C;8@C9B5 ?5@2K9 ?>ABC;0B �>@0 8 ?@028;> :20=B>20=8O. 
12. �0:85 M=5@35B8G5A:85 A>AB>O=8O M;5:B@>=0 2 0B><5 =07K20NB A2O70==K<8; A2>1>4=K<8? �@0B:> 
>E0@0:B5@87C9B5 8E. 

13. %D>@<C;8@C9B5 2B>@>9 ?>ABC;0B �>@0. �0?8H8B5 2K@065=8O 4;O A?5:B@0 M;5:B@><03=8B=KE 
2>;=, 87;CG05<KE 8 ?>3;>I05<KE 0B><>< 2>4>@>40. 

14. #5@5G8A;8B5 8 :@0B:> >E0@0:B5@87C9B5 >A=>2=K5 284K 87;CG5=89. 
15. �0:85 2>7<>6=K ?@>F5AAK 2708<>459AB28O 0B><0 A D>B>=><? 
16. #>43>B>2LB5 ?@575=B0F8N. 

 

2.14.2. #@8 ?>43>B>2:5 : 2>?@>A0< =5>1E>48<> 0:F5=B8@>20BL 2=8<0=85 =0 A;54CNI5<: 
�;O >B25B>2 =0 2>?@>AK 8 2K?>;=5=8O 7040=89 ABC45=BC =5>1E>48<> 7=0BL D>@<C;8@>2:8 2A5E 
>?@545;5=89, 
70:>=>2 8 D>@<C; ?> 40==>9 B5<5, 2>A?>;L7>20BLAO :>=A?5:B>< ;5:F89 ?> 40==>9 48AF8?;8=5.  

 

2.15. &9<4 5.2. Ф878:4 4B><=>7> S8@4 (6 G) 
2.15.1. �>?@>AK : 70=OB8N 

1.#@82548B5 >A=>2=K5 E0@0:B5@8AB8:8 ?@>B>=0 8 =59B@>=0. "E0@0:B5@87C9B5 ?@>B>==>-

=59B@>==CN <>45;L O4@0. 
2."1JOA=8B5 7028A8<>ABL @048CA0 O4@0 >B <0AA>2>3> G8A;0. 
3.�0:CN M=5@38N =07K20NB C45;L=>9 M=5@3859 A2O78? "1JOA=8B5 7028A8<>ABL C45;L=>9 M=5@388 
A2O78 >B <0AA>2>3> G8A;0. 
4.#>G5<C ?@8 A8=B575 ;53:8E O45@ 2K45;O5BAO 7=0G8B5;L=0O M=5@38O? #>G5<C ?@8 45;5=88 
BO65;KE O45@ 2K45;O5BAO M=5@38O? 
5.�0:>5 D878G5A:>5 O2;5=85 =07K20NB @048>0:B82=>ABLN? �0:85 @07;8G0NB 284K 
@048>0:B82=>AB8? 'B> O2;O5BAO ?@8G8=>9 @048>0:B82=>3> @0A?040? 
6. �0:>9 @048>0:B82=K9 @0A?04 =07K20NB 0;LD0-@0A?04><? "B=>A8B5;L=0O 4>;O :0:8E =C:;>=>2 
2 O4@5 C<5=LH05BAO 2 @57C;LB0B5 0;LD0-@0A?040? 
7. �0:>9 @048>0:B82=K9 @0A?04 =07K20NB 15B0-@0A?04><? "B=>A8B5;L=0O 4>;O :0:8E =C:;>=>2 2 
O4@5 C<5=LH05BAO 2 @57C;LB0B5 15B0-@0A?040? 
8. �09B5 >?@545;5=85 ?5@8>40 ?>;C@0A?040. #>G5<C ?5@8>4 ?>;C@0A?040 =5 7028A8B >B 
=0G0;L=>3> G8A;0 G0AB8F? 
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9. �K2548B5 70:>= @048>0:B82=>3> @0A?040. #>AB@>9B5 3@0D8: 7028A8<>AB8 G8A;0 
=5@0A?02H8EAO 0B><>2 >B 2@5<5=8 ?@8 42CE @07;8G=KE 7=0G5=8OE ?5@8>40 ?>;C@0A?040. 
10. �0:0O D878G5A:0O 25;8G8=0 E0@0:B5@87C5B A:>@>ABL @048>0:B82=>3> @0A?040? � :0:8E 
548=8F0E >=0 87<5@O5BAO? 
11. �0:>9 25;8G8=>9 E0@0:B5@87CNB A:>@>ABL F5?=>9 @50:F88? �0?8H8B5 =5>1E>48<>5 CA;>285 4;O 
@0728B8O F5?=>9 @50:F88. 
12. �0:CN @50:F8N 45;5=8O =07K20NB A0<>?>445@6820NI59AO? �>340 >=0 2>7=8:05B? 
13. �0:>5 CAB@>9AB2> =07K20NB O45@=K< @50:B>@><?  
14. �0: ?@>8AE>48B ?@5>1@07>20=85 O45@=>9 M=5@388 2 M;5:B@8G5A:CN =0 �-%? 
15. #>G5<C @50:F88 A;8O=8O ;53:8E O45@ =07K20NB B5@<>O45@=K<8? �0:CN O45@=CN @50:F8N 
=07K20NB B5@<>O45@=K< A8=B57><? 
16. � G5< ?@58<CI5AB20 C?@02;O5<>3> B5@<>O45@=>3> A8=B570 ?> A@02=5=8N A C?@02;O5<K< 
45;5=85< O45@, >ACI5AB2;O5<K< 2 O45@=>< @50:B>@5? 
17. �0:0O 25;8G8=0 E0@0:B5@87C5B <>I=>ABL O45@=>3> 27@K20? �0:>9 <>I=>AB8 1K; 27@K2 ?5@2>9 2 
8AB>@88 0B><=>9 1><1K? 
18. '5< >B;8G05BAO 2>4>@>4=0O 1><10 >B 0B><=>9? �0:>9 <>I=>AB8 4>AB8305B 27@K2 2>4>@>4=>9 
1><1K? 
19. �0: >?@545;ONB 4>7C ?>3;>I5==>3> 87;CG5=8O? � :0:8E 548=8F0E >=0 87<5@O5BAO? 
20. �09B5 >?@545;5=85 M:2820;5=B=>9 4>7K ?>3;>I5==>3> 87;CG5=8O. � :0:8E 548=8F0E >=0 
87<5@O5BAO? 
21. #>43>B>2LB5 ?@575=B0F8N. 

 

2.15.2. #@8 ?>43>B>2:5 : 2>?@>A0< =5>1E>48<> 0:F5=B8@>20BL 2=8<0=85 =0 A;54CNI5<: 
�;O >B25B>2 =0 2>?@>AK 8 2K?>;=5=8O 7040=89 ABC45=BC =5>1E>48<> 7=0BL D>@<C;8@>2:8 2A5E 
>?@545;5=89, 70:>=>2 8 D>@<C; ?> 40==>9 B5<5, 2>A?>;L7>20BLAO :>=A?5:B>< ;5:F89 ?> 40==>9 
48AF8?;8=5.  
 

3.  5B>48G5A:85 C:070=8S ?> 87CG5=8R >B45;P=OE 2>?@>A>2 

3.1. $0AA<0B@8205<K5 2>?@>AK 

 

&9<4 1.1. �A=>6O :8=9<4B8:8 

1. #@>2545=85 4><0H=53> >?KB0 ?> B5<5 «"?@545;5=85 A@54=59 A:>@>AB8 ?045=8O 3075BK».  (2 G) 
 

&9<4 1.2. �A=>6O 88=4<8:8 

1. $5H5=85 7040G ?> >1@07FC =0 B5<C «�0:>=K !LNB>=0». (2 G) 
2. #@>2545=85 4><0H=53> >?KB0 ?> B5<0< «!01;N45=85 =525A><>AB8» 8;8 «"?@545;5=85 
:>MDD8F85=B0 B@5=8O :@C?8=>: A>;8». (2 G) 
3. #>43>B>2:0 @5D5@0B>2. #@8<5@=0O B5<0B8:0 @5D5@0B>2: �708<>A2O7L <564C =0CG=K<8 
>B:@KB8O<8 8 @0728B85< B5E=8:8 8 B5E=>;>389. �708<=>5 2;8O=85 =0C:8 8 8A:CAAB20. $5=5 �5:0@B 8 
53> <5B>4. �AB>@8O AB0=>2;5=8O =0CG=>3> <5B>40. �@8AB>B5;L 8 53> ?@54AB02;5=8O > 42865=88. 
�A:CAAB2> M:A?5@8<5=B0. �AB>@8O ?0@0HNB0. �.�0;8;59 8 ?@8=F8? >B=>A8B5;L=>AB8 2 <5E0=8:5. 
�A00: !LNB>=. "B:@KB85 70:>=0 2A5<8@=>3> BO3>B5=8O. �5=@8 �025=48H. (878>;>38G5A:85 
MDD5:BK, A2O70==K5 A ?5@53@C7:0<8. !525A><>ABL 2 =0H59 687=8. (4 G) 
 

&9<4 1.3. З4:>=O A>E@4=9=8S 6 <9E4=8:9 

1. $5H5=85 7040G ?> >1@07FC =0 B5<C «�0:>=K A>E@0=5=8O 8<?C;LA0 8 M=5@388». (2 G) 
2. #@>2545=85 4><0H=53> >?KB0 ?> B5<5 «"F5=:0 A>1AB25==>9 <>I=>AB8». (2 G) 
 

&9<4 1.4. М9E4=8G9A:89 :>;954=8S 8 6>;=O 

1. %>AB02LB5 :@>AA2>@4 ?> B5<5 «�>;510=8O 8 2>;=K». (3 G) 
 

&9<4 2.1. М>;9:C;S@=>-:8=9B8G9A:>9 AB@>9=89 69щ9AB64. А7@974B=O9 A>AB>S=8S 69щ9AB64 

1. $5H5=85 7040G ?> >1@07FC =0 B5<C «�7>?@>F5AAK». (2 G) 
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&9<4 2.2. �A=>6O B9@<>88=4<8:8 

1. #>43>B>2:0 @5D5@0B>2. #@8<5@=0O B5<0B8:0 @5D5@0B>2: �AB>@8O 0B><8AB8G5A:8E CG5=89. 
&5?;>2>5 @0AH8@5=85 B5; 2 ?@8@>45 8 B5E=8:5. �84:85 :@8AB0;;K. %2>9AB20 «7=0<5=8BKE» 
<>;5:C;. $>;L <5B0;;>2 2 8AB>@88 @0728B8O G5;>25G5AB20. �AB>@8O B5@<><5B@0. �=0G5=85 
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