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 5B>48G5A:85 C:070=8O @07@01>B0=K =0 >A=>25 @01>G59 ?@>3@0<<K CG51=>9 48AF8?;8=K 
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1. �2545=85 &&&&&&&&&&...&&&&&&&&&&&&&&&&&&&3 
1.1 #@0:B8G5A:0O @01>B0 1 &&&&&&&&&&&&&&&&&&&&&&&....3 

1.2 #@0:B8G5A:0O @01>B0 2&&&&&&&&&&&&&&&&&&&&&&&&.7 
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�2545=85 
 

'G51=0O 48AF8?;8=0 ��.08«�%&$"!" �/»  2E>48B 2 A>AB02 F8:;0 
?@>D8;L=KE 48AF8?;8= >A=>2=>9 >1@07>20B5;L=>9 ?@>D5AA8>=0;L=>9 ?@>3@0<<K. 
 5B>48G5A:85 C:070=8O ?> 2K?>;=5=8N ?@0:B8G5A:8E @01>B ?> 48AF8?;8=5 ��.08 

«�%&$"!" �/»  A>AB02;5=K 2 A>>B25BAB288 A @01>G59 ?@>3@0<<>9 ?> 40==>9 
48AF8?;8=5. 

%>45@60=85 <5B>48G5A:8E C:070=89 ?> 2K?>;=5=8N ?@0:B8G5A:8E @01>B 
A>>B25BAB2C5B B@51>20=8O< (545@0;L=>3> �>AC40@AB25==>3> %B0=40@B0 A@54=53> 
?@>D5AA8>=0;L=>3> >1@07>20=8O A 4>?>;=5=8O<8 8 @07JOA=5=8O<8. 

�K?>;=5=85 ?@0:B8G5A:8E @01>B 4>;6=> A?>A>1AB2>20BL 1>;55 3;C1>:><C 
?>=8<0=8N, CA2>5=8N 8 70:@5?;5=8N <0B5@80;0 ?@54<5B0, @0728B8N ;>38G5A:>3> 
<KH;5=8O, 0::C@0B=>AB8, C<5=8N 45;0BL 2K2>4K 8 ?@028;L=> 2K?>;=OBL @0AG5BK. 

#@54?>;0305<K5 <5B>48G5A:85 C:070=8O ?@54=07=0G5=K 4;O ABC45=B>2 B5E=8G5A:8E 
A?5F80;L=>AB59. � ?>A>188 A>45@60BLAO <5B>48G5A:85 C:070=8O ?> 2K?>;=5=8N 
?@0:B8G5A:8E @01>B, 2 :>B>@KE 405BAO B5>@5B8G5A:89 <0B5@80; 8 ?@82>4OBAO ?@8<5@K 
@0AG5B0 =081>;55 A;>6=KE 7040G.  

� @57C;LB0B5 2K?>;=5=8O 7040=89 8 >B25B0 =0 :>=B@>;L=K5 2>?@>AK ABC45=B 
?>;CG05B 70G5B. 

 

#@0:B8G5A:>5 70=OB85 1 
 

&9@4: $45BF4 E >4DFB= ;69;8AB7B A954 
&9?P D45BFO: CA2>8BL <5B>48:C @5H5=8O 40==>3> B8?0 7040G. 
 

#BEB5<я < B5BDG8B64A<9: D>B>3@0D88 :0@BK 72574=>3> =510 8 :@C30 A B5:CI8< 2@5<5=5<.  

 

 9FB8<K9E><9 G>4;4A<я > D45BF9. 
 

1) #>;L7>20BLAO ?>4286=>9 :0@B>9 72574=>3> =510 >G5=L ?@>AB>. !0;>68B5 =0 =55 :@C3, 
A>2<5AB82 B5:CICN 40BC =0 ;8<15 :0@BK A B5:CI8< 2@5<5=5< =0 >1@575 :@C30. � 
:@C3;>< 2K@575 �K C2848B5 72574K, =0E>4OI85AO =04 3>@87>=B>< 2 40==>< ?C=:B5 2 
40==>5 2@5<O. %;54C5B 8<5BL 2 284C, 2=CB@5==85 F8D@K G0A>2 =0 =0:;04=>< :@C35 
A>>B25BAB2CNB ;5B=5<C 2@5<5=8, 0 2=5H=85 (40;LH5 >B F5=B@0 :@C30) - 78<=5<C. 
#>;57=> =0BO=CBL =0 =0:;04=>< :@C35 =8BL >B B>G:8 A525@0 : B>G:5 N30, >1>7=0G82 
C75;:>< <5AB> =0 ?>;?CB8, =5<=>3> 1;865 : B>G:5 A525@0. 
 

2) �K94O ?>4 72574=>5 =51>, @0A?>;>68B5 "=0AB@>5==CN" =0 B5:CI89 <><5=B :0@BC =04 
3>;>2>9 2 A>>B25BAB288 A> AB>@>=0<8 A25B0, C:070==K<8 =0 =0:;04=>< :@C35. *5=B@ 
2K@570 (C75;>: =0 =8B8) 1C45B A>>B25BAB2>20BL 75=8BC (B>G:5 =04 �0H59 3>;>2>9). 
 KA;5==> ?@>4>;68B5 8 A?@>5F8@C9B5 2=87 4> 3>@87>=B0 A5:B>@0 :0@BK A?5@548, 
A7048, A;520 8 A?@020 >B A51O, ?@54AB0282, GB> :0@B0 =0@8A>20=0 87=CB@8 =0 :C?>;5. 
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$8AC=>: 1. �0@B0 72574=>3> =510. 
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$8AC=>: 2. �@C3 A B5:CI8< 2@5<5=5<. 

 
 

3) "CD989?9A<9 6<84 ;69;8AB7B A954 
  �;O MB>3> =C6=> A>2<5AB8BL 40BC =01;N45=89 =0 2=5H=5< ;8<15 :0@BK A =C6=K< 
2@5<5=5< =0 =0:;04=>< :@C35. �@5<O =0 MB>9 H:0;5 C:070=> 
<5AB=>5. %;54>20B5;L=>, =5>1E>48<> ?5@5AG8B0BL ?>OA=>5 2@5<O ?> D>@<C;5: 
tm=Tn + n - λ , 789 

λ - 79B7D4H<ч9E>4я 8B?7BF4 6 ч4EB6B= @9D9 (CB?B:<F9?PA4 8?я 6.8.); 
tm - @9EFAB9 6D9@я; 
Tn - CBяEAB9 6D9@я n-7B ч4EB6B7B CBяE4. 
  #>?@02:C (n-λ) 4;O �0H53> =0A5;5==>3> ?C=:B0 ;CGH5 70?8A0BL 345-B> =0 A0<>9 :0@B5 - 
>=0 1C45B =C6=0 ?>AB>O==>. !0?@8<5@, 4;O  >A:2K λ = 37.5 °= 2 G 30 <8=, n = 3 (78<>9) 
8;8 4 (;5B><). %>>B25BAB25==>, ?>?@02:0 4;O ?5@5AG5B0 ?>OA=>3> 2@5<5=8 2 <5AB=>5 @02=0 
30 <8= 8;8 1 G 30 <8=. (�0, ?>;=>GL 2  >A:25 ;5B>< =0ABC?05B =5 2 0 G0A>2, :0: A>>1I05B 
=0< @048>, 0 2 1 G 30 <8=). 

4)  B@9AFO >G?P@<A4J<=, ;4IB84 < 6BEIB84 E69F<? 

  �;O >?@545;5=8O =C6=> ?>2>@0G820BL =0:;04=>9 :@C3, ?>:0 =C6=0O 725740 =5 >:065BAO 
=0 <5@8480=5 (<><5=B :C;L<8=0F88) - ;8=88, A>548=ONI59 B>G:8 A525@ - N3 =0 
=0:;04=>< :@C35 8;8 =5 A>2?045B A :@05< ?@>@570==>3> :@C30 (<><5=B 2>AE>40 8;8 
70E>40). #@>25@LB5 A=>A=>ABL =0:;04=>3> :@C30 8 :0@BK 8 AG8B09B5 2@5<O =0?@>B82 40BK 
=01;N45=8O. 
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5)  B@9AFO >G?P@<A4J<=, ;4IB84 < 6BEIB84 %B?AJ4 
 �A5 45;05BAO B0: 65, :0: 8 2 ?@54K4CI5< ?C=:B5, B>;L:> =C6=> ?@5420@8B5;L=> >B<5B8BL 
?>;>65=85 %>;=F0 - >=> ?@81;878B5;L=> (157 CG5B0 C@02=5=8O 2@5<5=8) =0E>48BAO :0: 
?5@5A5G5=85 M:;8?B8:8 A ;8=859, ?@>2545==>9 >B ?>;NA0 : B5:CI59 40B5. 
�69;8AB9 6D9@я 
  "=> @02=> ?@O<><C 2>AE>645=8N A25B8;, ?5@5A5:0NI8E <5@8480= =0 N35. &0: :0: 
?>?@02:0 4;O ?5@5E>40 : 72574=><C 2@5<5=8 <5=O5BAO =5 >G5=L 1KAB@> (4 <8=CBK 2 ACB:8), 
4;O 1>;LH8=AB20 7040G <>6=> 8A?>;L7>20BL 2AN =>GL ?>?@02:C, >?@545;5==CN 4;O 
?>;C=>G8 - MB0 ?>?@02:0 5ABL :>>@48=0B0 (?@O<>5 2>AE>645=85), ?@8E>4OI0OAO =0?@>B82 
40BK =01;N45=8O. 
 

 

#D4>F<K9E>4я D45BF4 № 2 

&9@4: %D46A<F9?PAO9 I4D4>F9D<EF<>< F9? %B?A9KAB= E<EF9@O 

&9?P D45BFO: "1>1I8BL 7=0=8O > D878G5A:8E E0@0:B5@8AB8:0E 8 42865=88 B5; 
%>;=5G=>9 A8AB5<K.  5B>4>< A@02=5=8O 2KO28BL >1I85 8 >B;8G8B5;L=K5 ?0@0<5B@K MB8E 
B5;. 
#BEB5<я < B5BDG8B64A<9: D>B>3@0D88 %>;=F0, ?;0=5B 8 8E  :@C?=KE A?CB=8:>2, F8@:C;L, 
B@0=A?>@B8@, ;8=59:0, :0;L:C;OB>@.  

 9FB8<K9E><9 G>4;4A<я > D45BF9. 
�0==0O ?@0:B8G5A:0O @01>B0 ?><>65B CG0I8<AO A8AB5<0B878@>20BL 7=0=8O > B5;0E 

%>;=5G=>9 A8AB5<K, 2KO28BL 8E @07;8G8O 8 >1I85 >A>15==>AB8 2 D878G5A:8E 
E0@0:B5@8AB8:0E 8 42865=88 B5;. 
#5@20O G0ABL ?@0:B8G5A:>9 @01>BK ?>A2OI5=0 D878G5A:8< E0@0:B5@8AB8:0< B5; 
%>;=5G=>9 A8AB5<K: 480<5B@K, =0:;>= >A8 2@0I5=8O, =0;8G85 8 35><5B@8G5A:85 
E0@0:B5@8AB8:8 :>;5F, 2=5H=89 284 ?>25@E=>AB8. �;O A@02=8B5;L=>3> 0=0;870 480<5B@>2 
B5; ?@54;0305BAO ?5@525AB8 ;8=59=K5 480<5B@K 2 >B=>A8B5;L=K5 @07<5@K A �5<;59 D� / 

D�. �0;55 2K1@0BL C4>1=K9 <0AHB01 4;O =0=5A5=8O >:@C6=>AB59 =0 A@02=8B5;L=K9 
@8AC=>:. %;54C5B >B45;L=> 2K?>;=OBL @8AC=:8 4;O ?;0=5B �5<=>9 3@C??K 8 :@C?=KE 
A?CB=8:>2, 8 4;O ?;0=5B 3830=B>2 A 8E :>;LF0<8. % ?><>ILN B@0=A?>@B8@0 >B<5G05BAO 
C3>; =0:;>=0 >A8 2@0I5=8O ?;0=5BK >B ?5@?5=48:C;O@0 ?> G0A>2>9 AB@5;:5, ?>;CG5==CN 
>AL >1>7=0G0NB ?C=:B8@><. �064>5 B5;> @07C:@0H8205BAO 2 A>>B25BAB288 A 53> 2=5H=8< 
284>< ?> ?@54;>65==K< ?@5?>4020B5;5< D>B>3@0D8O<. +B>1K =0@8A>20BL :>;LF0 
?;0=5BK, =5>1E>48<> ?@>25AB8 ?5@?5=48:C;O@ : >A8 2@0I5=8O (M:20B>@80;L=0O 
?;>A:>ABL). !0 =5< >B<5B8BL 2=CB@5==89 8 2=5H=89 @048CA :>;5F A >1>8E AB>@>=. 
#@>25AB8  :>=F5=B@8G5A:85 M;;8?AK G5@57 MB8 B>G:8. �848<0O B>;I8=0 :>;5F  1>;55 
B>=:0O 70 ?;0=5B>9 8 1>;55 H8@>:0O ?5@54 =59. 
�B>@0O G0ABL ?@0:B8G5A:>9 @01>BK ?>A2OI5=0 M;5<5=B0< >@18BK B5; %>;=5G=>9 A8AB5<K. 
"=0 2:;NG05B 2 A51O 70:@5?;5=85 A;54CNI8E ?>=OB89: 1>;LH0O ?>;C>AL >@18BK, 
M:AF5=B@8A8B5B, 0D5;89 8 ?5@835;89. �A?>;L7CO 7=0G5=8O MB8E M;5<5=B>2, AB@>OBAO 
A@02=8B5;L=K5 AE5<K >@18B, >B45;L=> 4;O �5<=>9 3@C??K ?;0=5B, 4;O ?;0=5B 3830=B>2 8 
1>;LH8E A?CB=8:>2 ?;0=5B A 38?>B5B8G5A:>9 ?;0=5B>9 2 F5=B@5. �;O A@02=8B5;L=>9 
AE5<K >@18B B5;, @5:><5=4C5BAO A=0G0;0 ?5@525AB8 40==K5 B01;8FK 2 :8;><5B@0E 2 
0AB@>=><8G5A:85 548=8FK, 0 70B5< 2K1@0BL C4>1=K9 <0AHB01 4;O @8AC=:>2               
                                                             

!0 AE5<5 >B<5B8BL 25@B8:0;L=CN 8 3>@87>=B0;L=CN >A8. !0 25@B8:0;L=>9 >A8 
>B<5B8BL 1>;LH85 ?>;C>A8 (225@E 8 2=87), =0 3>@87>=B0;L=>9 >A8 >B<5B8BL ?5@8359=>5 
@0AAB>O=85 A?@020, 0 0D5;L=>5 @0AAB>O=85 A;520, G5@57 ?>;CG5==K5 B>G:8 ?@>25AB8 
>@18BC.        

 



8 

 

"5M4я F45?<J4 E 84AAO@< C4D4@9FD4@<, 6OK<E?9A<9 8BCB?A<F9?PAOI 
C4D4@9FDB6. 

№ C. Не5еEABе Fе?B D>@ D>@/Dз εº
R, 

@?A.>@ R, 4.е. e Р,4.е. А, 4.е.
1  5D>GD<= 4880 0,38 2 57,9 0,39 0,21 0,31 0,47

2 �5A5Dа 12100 0,94 2,7 108 0,72 0,01 0,71 0,73

3 �5@?я 12756 1 23,5 149,6 1 0,02 0,98 1,02

4  аDE 6794 0,53 25,2 228 1,52 0,09 1,38 1,66

5 .C<F5D 113200 11,23 3,1 778,4 5,2 0,05 4,94 5,46

6 %аFGDA 120000 9,4 26,7 1424,6 9,52 0,05 9 10

7 'DаA 51800 4,06 97,9 2867 19,16 0,05 18,2 20,12

8 !5CFGA 49500 3,88 29,6 4486 29,99 0,01 29,7 30,3

9 П?GFBA 2600 0,2 57,5 5890 39,37 0,25 29,5 49,21

10 АEF5DB<4ы 1003-1 0,08 330-540 2,2-3,6 ~0,3

11 �GAа 3476 0,27 18,3-28 0,384 0,00256 0,05 0,364 0,403

12 �B 3630 0,28 0,04 0,421 0,0028 0 0,421 0,421

13 ЕвDBCа 3138 0,25 0,47 0,64 0,00446 0 0,67 0,67

14 �аA<@54 5260 0,41 0,19 1,07 0,0071 0 1,07 1,07

15 �а??<EFB 4880 0,38 0,28 1,883 0,0125 0 1,883 1,883

16 &<FаA 5150 0,4 0,35 1,221 0,0081 0,03 1,184 1,257

17 &D<FBA 2700 0,21 157 0,351 0,0023 0 0,351 0,351

18 �B@5Fа �а??5я 16*8 0,001 18,13 27 0,96 0,58 35,31

19 �B@5Fа -A>5 3,5 0,0005 2,22 0,84 0,34 4,1  
1. &45?<J4. 

�040NBAO A;54CNI85 ?0@0<5B@K: 
D>@ – 480<5B@ B5;0 2 :8;><5B@0E; 
εº - =0:;>= >A8 2@0I5=8O B5;0; 
R – 1>;LH0O ?>;C>AL >@18BK; 
e – M:AF5=B@8A8B5B >@18BK; 
�KG8A;ONBAO A;54CNI85 ?0@0<5B@K: 
D/D; 3 480<5B@ B5;0 ?> >B=>H5=8N : 480<5B@C �5<;8; 
Ra.e.  - 1>;LH0O ?>;C>AL >@18BK 2 0AB@>=><8G5A:8E 548=8F0E; 
Ra.e.  = R/149600000 

Pa.e. 3 ?5@835;89 >@18BK 2 0AB@>=><8G5A:8E 548=8F0E; 
Pa.e. = Ra.e. (1-e). 

Aa.e. 3 0D5;89 >@18BK 2 0AB@>=><8G5A:8E 548=8F0E; 
Аa.e. = Ra.e. (1+e). 

 

%D46A<F9?PAO9 D4;@9DO C?4A9F 
1. %D46A<F9?PAO9 D4;@9DO C?4A9F �9@AB= 7DGCCO. 
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#D4>F<K9E>4я D45BF4 №3 
 

&9@4: "CD989?9A<9 E>BDBEF< G84?9A<я 74?4>F<> CB EC9>FD4@. 
 

 

Ц9?P D45BFO: 2KG8A;8BL A:>@>AB8 C40;5=8O 30;0:B8: ?> :@0A=><C A<5I5=8N ;8=88 

!α 2 8E A?5:B@0E, ?>AB@>8BL 3@0D8: 7028A8<>AB8 A:>@>AB8 C40;5=8O >B @0AAB>O=8O 4> 
30;0:B8:8 8 ?@>0=0;878@>20BL 53>. 
ПD<5BDO < @4F9D<4?O: ;01>@0B>@=K5 A?5:B@K ;8=88 !, A?5:B@K 5 30;0:B8:, 
:0@0=40H, ;8=59:0, :0;L:C;OB>@. 
%B8 D45BFO 

!865 ?@82545=K ;01>@0B>@=K9 A?5:B@ 2>4>@>40 (!) 8 A?5:B@K 30;0:B8:. �;O 
:064>3> >1J5:B0 A?5:B@K ?@54AB02;5=K 2 2845 3@0D8:0 87<5=5=8O 8=B5=A82=>AB8 

87;CG5=8O >B 4;8=K 2>;=K. �8=8O 2>4>@>40 Hα A<5I5=0 >B=>A8B5;L=> ;01>@0B>@=>3> 
7=0G5=8O λ!α j 656 =<. 
�484A<9 1. !0948B5 ;8=8N 2>4>@>40 Hα 2 A?5:B@5 :064>9 30;0:B8:8 8 >?@545;8B5 
A>>B25BAB2CNICN 4;8=C 2>;=K λ. $57C;LB0B 70=5A8B5 2 B01;8FC. 
�484A<9 2. #>AG8B09B5 A<5I5=85 A?5:B@0;L=>9 ;8=88 Δλ = λ – λ! 8 70?8H8B5 @57C;LB0B 
2 A>>B25BAB2CNI89 AB>;15F B01;8FK. 
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�484A<9 3. �KG8A;8B5 :@0A=>5 A<5I5=85 
     

    , @57C;LB0B 70=5A8B5 2 B01;8FC. 
�484A<9 4. �KG8A;8B5 A:>@>ABL C40;5=8O 30;0:B8:8 v = c ∙ z 8 70?8H8B5 @57C;LB0B 2 
?>A;54=89 AB>;15F B01;8FK. 

�0;0:B8:0 

�;8=0 2>;=K 
λ 
2>4>@>40 2 
A?5:B@5 
30;0:B8:8, 

%<5I5=85 
A?5:B@0;L=>9 
;8=88 Δλ 

�@0A=>5 
A<5I5=85 � %:>@>ABL 

C40;5=8O 
30;0:B8:8 v, 

:</A 

$0AAB>O=85 
4> 
30;0:B8:8, 
<;=. A2. ;5B 
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=< 

1  
     

2  
     

3  
     

4  
     

5 
     �484A<9 5. #>AB@>9B5 3@0D8: 7028A8<>AB8 A:>@>AB8 C40;5=8O 30;0:B8: >B @0AAB>O=8O 

4> �5<;8. 
�484A<9 6. #@>0=0;878@C9B5 ?>;CG5==K9 3@0D8: 8 A45;09B5 2K2>4 > A>>B=>H5=88 

@0AAB>O=8O 4> 30;0:B8:8 8 A:>@>AB8 5P C40;5=8O. 
 

 

#D4>F<K9E>4я D45BF4 №4 
&9@4: $9L9A<9 CDB5?9@AOI ;484A<=. 
 

*5;L: $0AA<>B@5BL @07;8G=K5 A?>A>1K >?@545;5=8O @0AAB>O=8O 4> B5; %>;=5G=>9 

A8AB5<K. �0BL ?>=OB85 3>@87>=B0;L=>3> ?0@0;;0:A0 8 70:@5?8BL A?>A>1 =0E>645=8O 

@0AAB>O=8O 8 @07<5@>2 B5; G5@57 3>@87>=B0;L=K9 ?0@0;;0:A. 

�484A<9: 

1) "CD989?9A<9 D4EEFBяA<= 8B A959EAOI F9?. 
     � 0AB@>=><88 =5B 548=>3> C=825@A0;L=>3> A?>A>10 >?@545;5=8O @0AAB>O=89. #> <5@5 

?5@5E>40 >B 1;87:8E =515A=KE B5; : 1>;55 40;5:8< >4=8 <5B>4K >?@545;5=8O @0AAB>O=89 

A<5=ONB 4@C385, A;C60I85, :0: ?@028;>, >A=>2>9 4;O ?>A;54CNI8E. &>G=>ABL >F5=:8 

@0AAB>O=89 >3@0=8G8205BAO ;81> B>G=>ABLN A0<>3> 3@C1>3> 87 <5B>4>2, ;81> B>G=>ABLN 

87<5@5=8O 0AB@>=><8G5A:>9 548=8FK 4;8=K (0. 5.). 

1-= ECBEB5: (8725AB5=) #> B@5BL5<C 70:>=C �5?;5@0 <>6=> >?@545;8BL @0AAB>O=85 4> B5; 
%%, 7=0O ?5@8>4K >1@0I5=89 8 >4=> 87 @0AAB>O=89. 

#@81;86P==K9 <5B>4. 

 

2-= ECBEB5: "?@545;5=85 @0AAB>O=89 4>  5@:C@8O 

8 �5=5@K 2 <><5=BK M;>=30F88 (87 

?@O<>C3>;L=>3> B@5C3>;L=8:0 ?> C3;C M;>=30F88). 

 

 

3-= ECBEB5: �5><5B@8G5A:89 (?0@0;;0:B8G5A:89). 
 ПD<@9D: !09B8 =58725AB=>5 @0AAB>O=85 �%. 

  [��] 3 �078A - >A=>2=>5 8725AB=>5 @0AAB>O=85, B. :. C3;K 

%�� 8 %�� 3 8725AB=K, B> ?> D>@<C;0< B@83>=><5B@88 
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(B5>@5<0 A8=CA>2) <>6=> 2 & =09B8 =58725AB=CN AB>@>=C, B. 5. 

[C�]. П4D4??4>F8ч9E>8@  E@9щ9A89@ A47O649FEO 87@9A9A89 A4CD46?9A8O A4 CD98@9F CD8 

C9D9@9щ9A88 A45?N84F9?O. 

  П4D4??4>E- G7B? (�%�), CB8 >BFBDO@ <; A98BEFGCAB7B @9EF4 6<89A 54;<E (�� - 

8725AB=K9 >B@57>:). � CD989?4I %% ;4 54;<E 59DGF Q>64FBD<4?PAO= D48<GE �9@?< 

R=6378>@. 
     #CABL � - <5AB>=0E>645=85 =01;N40B5;O, 87 :>B>@>3> A25B8;> 284=> =0 3>@87>=B5. �7 

@8AC=:0 284=>, GB> 87 ?@O<>C3>;L=>3> B@5C3>;L=8:0 38?>B5=C70, 

@0AAB>O=85 D @02=>: , B0: :0: ?@8 <0;>< 7=0G5=88 C3;0 

5A;8 2K@060BL 25;8G8=C C3;0 2 @0480=0E 8 CG8BK20BL, GB> C3>; 2K@065= 2 A5:C=40E 4C38, 

0 1D48 =57,30
=3438'=206265", B> 8 

?>;CG05BAO 2B>@0O D>@<C;0. 

У7B? (ρ) CB8 >BFBDO@ EB E69F<?4, 

A4IB8ящ97BEя A4 7BD<;BAF9 (┴ R - 

C9DC9A8<>G?яDAB ?GчG ;D9A<я) 5O? 5O 

6<89A Q>64FBD<4?PAO= D48<GE З9@?< 

A4;O649FEя 7BD<;BAF4?PAO@ 

Q>64FBD<4?PAO@ C4D4??4>EB@ E69F<?4. 

&.:. A> A25B8;0 =8:B> =01;N40BL =5 1C45B 2 A8;C >1J5:B82=KE ?@8G8=, B> 3>@87>=B0;L=K9 

?0@0;;0:A >?@545;ONB B0:: 

1. 87<5@O5< 2KA>BC A25B8;0 2 <><5=B 25@E=59 :C;L<8=0F88 87 42CE B>G5: 75<=>9 

?>25@E=>AB8, =0E>4OI8EAO =0 >4=>< 35>3@0D8G5A:>< <5@8480=5 8 8<5NI5< 8725AB=K5 

35>3@0D8G5A:85 H8@>BK. 

2. 87 ?>;CG5==>3> G5BK@5EC3>;L=8:0 2KG8A;ONB 2A5 C3;K (2 B. G. ?0@0;;0:A). 

�; <EFBD<<: #5@2>5 87<5@5=85 ?0@0;;0:A0 (?0@0;;0:A0 �C=K) A45;0=> 6 1297 4> !- 

�<CC4DIB@ (180-125, �@. �@5F8O). 

    �?5@2K5 @0AAB>O=8O 4> =515A=KE B5; (�C=K, %>;=F0, ?;0=5B) 

>F5=8205B    АD<EFBF9?P (384-322, �@. �@5F8O) 2 3603 4> !- 2 :=835 «" =515» →A;8H:>< 

=5 B>G=>, =0?@8<5@ @048CA �5<;8 2 10000 :<. 

    � 2657 4> !- АD<EF4DI %4@BEE><= (310-230, �@. �@5F8O) 2 @01>B5 «" 25;8G8=5 8 

@0AAB>O=88 %>;=F0 8 �C=K» >?@545;O5B @0AAB>O=85 G5@57 ;C==K5 D07K. &0: @0AAB>O=8O C 

=53> 4> %>;=F0 (?> D075 �C=K 2 1 G5B25@B8 87 ?@O<>C3>;L=>3> B@5C3>;L=8:0, B. 5. 2?5@2K5 

8A?>;L7C5B 1078A=K9 <5B>4: �%=��/cos 87ºj19*��). $048CA �C=K >?@545;8; 2 7/19 
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@048CA0 �5<;8, 0 %>;=F0 2 6,3 @048CA>2 �5<;8 (=0 A0<>< 45;5 2 109 @07). !0 A0<>< 45;5 

C3>; =5 87º 0 89º52' 8 ?>MB><C %>;=F5 40;LH5 �C=K 2 400 @07. #@54;>65==K5 @0AAB>O=8O 

8A?>;L7>20;8AL <=>385 AB>;5B8O 0AB@>=><0<8. 

    � 2407 4> !- Э$А&"%$�! (276-194, �38?5B) ?@>87254O 87<5@5=8O 22 8N=O 2 

�;5:A0=4@88 C3;0 <564C 25@B8:0;LN 8 =0?@02;5=85< =0 %>;=F5 2 ?>;45=L (AG8B0;, GB> 

@07 %>;=F5 >G5=L 40;5:>, B> ;CG8 ?0@0;;5;L=K) 8 8A?>;L7CO 70?8A8 =01;N45=89 2 B>B 65 

45=L ?045=8O ;CG59 A25B0 2 3;C1>:89 :>;>45F 2 %85=5 (�AC0=) (2 5000 AB0489 = 1/50 4>;8 

75<=>9 >:@C6=>AB8 (>:>;> 800:<) B. 5. %>;=F5 =0E>48;>AL 2 75=8B5) ?>;CG05B @07=>ABL 

C3;>2 2 7º12' 8 >?@545;O5B @07<5@ 75<=>3> H0@0, ?>;CG82 4;8=C >:@C6=>AB8 H0@0 39690 

:< (@048CA=6311:<). &0: 1K;0 @5H5=0 7040G0 >?@545;5=8O @07<5@0 �5<;8, 8A?>;L7CO 

0AB@>35>4578G5A:89 A?>A>1. $57C;LB0B =5 1K; ?@>87254P= 4> 17 25:0, ;8HL 0AB@>=><K 

�03404A:>9 >1A5@20B>@88 2 8273 =5<=>3> ?>?@028;8 53> >H81:C.  

   � 1257 4> !- �<CC4DI 4>2>;L=> B>G=> >?@545;O5B (2 @048CA0E �5<;8) @048CA �C=K 

(3/11 R⊕) 8 @0AAB>O=85 4> �C=K (59 R⊕).&>G=> >?@545;8; @0AAB>O=85 4> ?;0=5B, ?@8=O2 
@0AAB>O=85 >B �5<;8 4> %>;=F0 70 10.5., !. �BC9DA<>. 

    !4<5B?PL<= 7BD<;BAF4?PAO= C4D4??4>E <@99F 5?<:4=L99 F9?B > �9@?9 - �GA4. $◖
=57'02

"
; 4 8?я %B?AJ4   $=8,794"�484K4 1: CG51=8: ПD<@9D № 6 - !09B8 @0AAB>O=85 >B 

�5<;8 4> �C=K, 7=0O ?0@0;;0:A �C=K 8 @048CA �5<;8. 

�484K4 2 : (A0<>AB>OB5;L=>). !0 :0:>< @0AAB>O=88 >B �5<;8 =0E>48BAO %0BC@=, 5A;8 53> 
?0@0;;0:A 0,9". [87 D>@<C;K D=(206265/0,9)*6378= 1461731300:< = 

1461731300/149600000j9,770.5.] 

4-= ECBEB5 $048>;>:0F8>==K9: <@CG?PE→B5N9>F →BFD4:9AAO= E<7A4?→6D9@я. 

#@54;>65= A>25BA:8<8 D878:0<8 �.�.  4A89?PLF4@ 8 !.�. #4C4?9>E<. �KAB@>5 
@0728B85 @048>B5E=8:8 40;> 0AB@>=><0< 2>7<>6=>ABL >?@545;OBL @0AAB>O=8O 4> B5; 

%>;=5G=>9 A8AB5<K @048>;>:0F8>==K<8 <5B>40<8. � 19463 1K;0 ?@>872545=0 ?5@20O 

@048>;>:0F8O �C=K �05< 2 �5=3@88 8 2 %,�, 0 2 1957-196333 4 @048>;>:0F8O %>;=F0 

(8AA;54>20=8O A>;=5G=>9 :>@>=K ?@>2>4OBAO A 19593),  5@:C@8O (A 19623 =0 = 3.8, 12, 43 8 

70 A<), �5=5@K,  0@A0 8 .?8B5@0 (2 1964 3. =0 2>;=0E = 12 8 70 A<), %0BC@= (2 1973 3. =0 

2>;=5 = 12.5 A<) 2 �5;8:>1@8B0=88, %%%$ 8 %,�. #5@2K5 ME>-A83=0;K >B A>;=5G=>9 

:>@>=K 1K;8 ?>;CG5=K 2 1959 (%,�), 0 >B �5=5@K 2 1961 (%%%$, %,�, 

�5;8:>1@8B0=8O). #> A:>@>AB8 @0A?@>AB@0=5=8O @048>2>;= E = 3 10
5
 >@/E9> 8 ?> 

?@><56CB:C 2@5<5=8 t (E9>) ?@>E>645=8O @048>A83=0;0 A �5<;8 4> =515A=>3> B5;0 8 

>1@0B=> ;53:> 2KG8A;8BL @0AAB>O=85 4> =515A=>3> B5;0.

V- �=%=299792458</Aj3*108
 </A. 
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     "A=>2=0O B@C4=>ABL 2 8AA;54>20=88 =515A=KE B5; <5B>40<8 @048>;>:0F88 A2O70=0 A 

B5<, GB> 8=B5=A82=>ABL @048>2>;= ?@8 @048>;>:0F88 >A;01;O5BAO >1@0B=> 

?@>?>@F8>=0;L=> G5B25@B>9 AB5?5=8 @0AAB>O=8O 4> 8AA;54C5<>3> >1J5:B0. #>MB><C 

@048>;>:0B>@K, 8A?>;L7C5<K5 4;O 8AA;54>20=8O =515A=KE B5;, 8<5NB 0=B5==K 1>;LH8E 

@07<5@>2 8 <>I=K5 ?5@540BG8:8. !0?@8<5@, @048>;>:0F8>==0O CAB0=>2:0 F5=B@0 40;L=59 

:>A<8G5A:>9 A2O78 2 �@K<C 8<55B 0=B5==C A 480<5B@>< 3;02=>3> 75@:0;0 70 < 8 

>1>@C4>20=0 ?5@540BG8:>< <>I=>ABLN =5A:>;L:> A>B5= :�B =0 2>;=5 39 A<. -=5@38O, 

=0?@02;O5<0O : F5;8, :>=F5=B@8@C5BAO 2 ;CG5 A C3;>< @0A:@K20 25'. 

    �7 @048>;>:0F88 �5=5@K, CB>G=5=> 7=0G5=85 0AB@>=><8G5A:>9 548=8FK:    1 0. 5.=149 

597 870 691 ± 6< j149,6 <;=.:<., GB> A>>B25BAB2C5B $=8,7940". &0: ?@>2545==0O 2 

%>25BA:>< %>N75 >1@01>B:0 40==KE @048>;>:0F8>==KE 87<5@5=89 @0AAB>O=8O 4> �5=5@K 

2 1962-7533 (>48= 87 ?5@2KE C40G=KE M:A?5@8<5=B>2 ?> @048>;>:0F88 �5=5@K ?@>25;8 

A>B@C4=8:8 �=AB8BCB0 @048>B5E=8:8 8 M;5:B@>=8:8 �! %%%$ 2 0?@5;5 19613 0=B5==>9 

40;L=59 :>A<8G5A:>9 A2O78 2 �@K<C, = 39 A<) 40;0 7=0G5=85 1 0.5. =149597867,9 ±0,9 :<. 

XVI �5=5@0;L=0O 0AA0<1;5O  564C=0@>4=>3> 0AB@>=><8G5A:>3> A>N70 ?@8=O;0 2 19763 

7=0G5=85 1 0.5.=149597870±2 :<. #CB5< @048>;>:0F88 A �� >?@545;O5BAO @5;L5D 

?>25@E=>AB8 ?;0=5B 8 8E A?CB=8:>2, A>AB02;ONBAO 8E :0@BK 

 

  "A=>2=K5 0=B5==K, 8A?>;L7C5<K5 4;O @048>;>:0F88 ?;0=5B: 

 

   = �2?0B>@8O, �@K<, 480<5B@ 70 <, = 39 A<; 

 

   = �@5A81>, #CM@B> $8:>, 480<5B@ 305 <, = 12.6 A<; 
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   = �>;4AB>C=, �0;8D>@=8O, 480<5B@ 64 <, = 3.5 8 12.6 A<, 2 18AB0B8G5A:>< @568<5 ?@85< 

>ACI5AB2;O5BAO =0 A8AB5<5 0?5@BC@=>3> A8=B570 VLA. 

 

     % 87>1@5B5=85 �20=B>2KE 35=5@0B>@>2 (?4;9D4) 2 19693 ?@>872545=0 ?5@20O ;075@=0O 

;>:0F8O �C=K (75@:0;> 4;O >B@065=8O ;075@=>3> ;CG0 =0 �C=5 CAB0=>28;8 0AB@>=02BK 

%,� «�@>ll> - 11» 20.07.693), B>G=>ABL 87<5@5=8O A>AB028;8 ±30 A<. !0 @8AC=:5 ?>:070=> 

@0A?>;>65=85 ;075@=KE C3>;:>2KE >B@060B5;59 =0 �C=5, CAB0=>2;5==KE ?@8 ?>;5B5 �� 

"�C=0-17, 21" 8 "�?>;;>= - 11, 14, 15". �A5, 70 8A:;NG5=85< >B@060B5;O �C=>E>40-1 (L1), 

@01>B0NB 8 A59G0A.  

�075@=0O (>?B8G5A:0O) ;>:0F8O =C6=0 4;O:  

-@5H5=85 7040G :>A<8G5A:8E 8AA;54>20=89.  

-@5H5=85 7040G :>A<8G5A:>9 35>45788.  

-2KOA=5=8O 2>?@>A0 > 42865=88 75<=KE <0B5@8:>2 8 B.4.  

  

2) "CD989?9A<9 D4;@9DB6 A959EAOI F9?. 
4) "CD989?9A<9 D48<GE4 �9@?<. 
�"�=n=φ�-φ�(@07=>ABL 35>3@0D8G5A:8E H8@>B) 

5=�� - 4;8=0 4C38 24>;L <5@8480=0 

B.:. 51
0=5/n=2πR/3600

 ,B> [D>@< 21]. 

 �=0;>38G=K< A?>A>1>< 2 2403 4> !- (@8AC=>: 2KH5) 

>?@545;O5B @048CA �5<;8 

35>3@0D ЭD4FBEH9A.  L/800=360
0
/7,2

0
 

 

5) "CD989?9A<9 D4;@9D4 A959EAOI F9?. 

III. �4>D9C?9A<9 
1. #D<@9D 7 (AB@. 51). 
2. CD- "Red Shift 5.1" - "?@545;8BL =0 40==K9 <><5=B C40;5==>ABL =86=8E (?;0=5B 75<=>9 

3@C??K, 25@E=8E ?;0=5B, ?;0=5B 3830=B>2) >B �5<;8 8 %>;=F0 2 0.5. 

3. '3;>2>9 @048CA  0@A0 9,6", 0 3>@87>=B0;L=K9 ?0@0;;0:A 18". +5<C @025= ;8=59=K9 

@048CA  0@A0? [�7 D>@<C;K 22 ?>;CG8< 3401,6 :<. (D0:B8G5A:8 3396 :<)]. 

4. �0:>2> @0AAB>O=85 <564C ;075@=K< >B@060B5;5< =0 �C=5 8 B5;5A:>?>< =0 �5<;5, 5A;8 

8<?C;LA 2>72@0B8;AO G5@57 2,43545A? [ 87 D>@<C;K R=(c.
t)/2 

R=3
.
10

8.2,43545/2j365317500,92<j365317,5:<] 
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5. $0AAB>O=85 >B �5<;8 4> �C=K 2 ?5@8355 363000:<, 0 2 0?>355 405000:<. "?@545;8B5 

3>@87>=B0;L=K9 ?0@0;;0:A �C=K 2 MB8E ?>;>65=8OE. [ 87 D>@<C;K 

D=(206265"/p)*R⊕ >BAN40 @=(206265"/D)*R⊕; @�=(206265"/405000)*6378j3248,3"j54,1', 
@#= (206265"/363000)*6378j3624,1"j60,4']. 

�BAFDB?PAO9 6BCDBEO: 
1) +B> B0:>5 ?0@0;;0:A? 

2) �0:8<8 A?>A>10<8 <>6=> >?@545;8BL @0AAB>O=85 4> B5; %%? 

3) +B> B0:>5 1078A? +B> ?@8=8<05BAO 70 1078A 4;O >?@545;5=8O @0AAB>O=8O 4> B5; %%? 

4) �0: 7028A8B ?0@0;;0:A >B C40;5==>AB8 =515A=>3> B5;0? 

5) �0: 7028A8B @07<5@ B5;0 >B C3;0? 
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#5@5G5=L @5:><5=4C5<KE CG51=KE 8740=89, �=B5@=5B - @5AC@A>2, 4>?>;=8B5;L=>9 
;8B5@0BC@K: 

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

�>@>=F>2-�5;LO<8=>2 �.�., %B@0CB �.�., �AB@>=><8O, 107>2K9 C@>25=L, 11 :;0AA, 

 ., �@>D0, 2020. 

1. �>?>;=8B5;L=0O ;8B5@0BC@0: 
 

�528B0= �.#. �AB@>=><8O, 107>2K9 C@>25=L, 11 :;0AA,  ., #@>A25I5=85, 2020. 

 
 


