
(���$��0!"� ���!&%&�" �����!"�"$"�!"�" &$�!%#"$&� 

(989D4?PAB9 7BEG84DEF69AAB9 5R8:9FAB9 B5D4;B64F9?PAB9 GKD9:89A<9  
6OEL97B  B5D4;B64A<S  

«�D>GFE><= 7BEG84DEF69AAO= GA<69DE<F9F CGF9= EBB5M9A<S» 
 %<5<DE><= >B??98: FD4AECBDF4 < EFDB<F9?PEF64 

 

 

 

 

 

 

("!� "*�!"+!/) %$��%&� 

��. 08 �EFDBAB@<S 

#DB7D4@@O CB87BFB6>< EC9J<4?<EFB6 ED98A97B ;69A4 CB EC9J<4?PABEF< 

21.02.03 %BBDG:9A<9 < Q>EC?G4F4J<S 74;BA9HF9CDB6B8B6 < 74;BA9HF9ID4A<?<M 

Б47B64O CB87BFB6>4 

ED98A97B CDBH9EE8BA4?PAB7B B5D47B64A8O 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�D>GFE>   2022 

 

Электронный документ выгружен из ЕИС ФГБОУ ВО ИрГУПС и соответствует оригиналу

Подписант ФГБОУ ВО ИрГУПС Трофимов Ю.А.
00a73c5b7b623a969ccad43a81ab346d50 с 08.12.2022 14:32 по 02.03.2024 14:32 GMT+03:00
Подпись соответствует файлу документа



2 

 

(BA8 BJ9ABKAOI ED98EF6 D4;D45BF4A A4 BEAB69 (989D4?PAB7B 7BEG84DEF69AAB7B 
B5D4;B64F9?PAB7B EF4A84DF4 (�"% ED98A97B B5M97B B5D4;B64A<S (84?99 (�"% %"") 
(#D<>4;  <A<EF9DEF64 B5D4;B64A<S < A4G>< $( BF 17 @4S 20127. 7 413 « "5 GF69D:89A<< 
H989D4?PAB7B 7BEG84DEF69AAB7B B5D4;B64F9?PAB7B EF4A84DF4 ED98A97B B5M97B 
B5D4;B64A<S (D98. BF 29.12.2014) < D9>B@9A84J<S@< �9C4DF4@9AF4 7BEG84DEF69AAB= 
CB?<F<>< 6 EH9D9 CB87BFB6>< D45BK<I >48DB6 < �#" (C<EP@B BF 17 @4DF4 20157. 7 06-
259) E GK9FB@ CDBH<?S CDBH9EE<BA4?PAB7B B5D4;B64A<S. 
 

 

 

 

 

 

 

 

 

 

 

 

$4;D45BFK<>: #4A<A4 �.�. CD9CB8464F9?P 6OEL9= >64?<H<>4J<BAAB= >4F97BD<< 
%<5<DE><= >B??98: FD4AECBDF4 < EFDB<F9?PEF64 (��"' �" «�D>GFE><= 
7BEG84DEF69AAO= GA<69DE<F9F CGF9= EBB5M9A<S». 

 

  



3 

 

                                                           %"��$��!�� 

1. #4ECBDF HBA84 BJ9ABKAOI ED98EF6 &&&&&&&&&&&&&&&&.&&&4 

1.1 "5M<9 CB?B:9A<S &&&&&&&&&&&&&&&&&&&&&&&.&&....4 

1.2 %<EF9@4 >BAFDB?S < BJ9A>< BE6B9A<S CDB7D4@@O 8<EJ<C?<AO&&&&&&&..9 
2. (BA8 BJ9ABKAOI ED98EF6 8?S BJ9A>< GDB6AS BE6B9A<S G@9A<= < ;A4A<= CB 
8<EJ<C?<A9  &&&&&&&&&&&&&&&&&&&&&&&&&&&&..9 

2.1  4F9D<4?O 8?S F9>GM97B >BAFDB?S &&&&&&&&&&&&&&&&&.&...9 

2.2  4F9D<4?O 8?S CDB@9:GFBKAB= 4FF9EF4J<< &&&&&&&&&&&&&&&26 

 
 

  



4 

 

1. #4ECBDF HBA84 BJ9ABKAOI ED98EF6 
 

1.1 "5M<9 CB?B:9A<S 
 

(BA8 BJ9ABKAOI ED98EF6 CD98A4;A4K9A 8?S CDB69D>< D9;G?PF4FB6 BE6B9A<S 8<EJ<C?<AO 
��. 08 �EFDBAB@<S  CDB7D4@@O CB87BFB6>< EC9J<4?<EFB6 ED98A97B ;69A4. 
("% 6>?RK49F BJ9ABKAO9 @4F9D<4?O 8?S CDB6989A<S F9>GM97B >BAFDB?S GEC9649@BEF<, 
CDB@9:GFBKAB= 4FF9EF4J<< 6 HBD@9 8<HH9D9AJ<DB64AAB7B.  
�FB7B@ 8<HH9D9AJ<DB64AAB7B ;4K9F4 S6?S9FES BJ9A>4 6 54??4I:  
5 3 «BF?<KAB»; 4 3 «IBDBLB»; 3 3 «G8B6?9F6BD<F9?PAB»; 2 3 «A9G8B6?9F6BD<F9?PAB» (8?8 
74ч9F-A974ч9F). 
("% CB;6B?S9F BJ9A<64FP GDB69AP BE6B9A<S ;A4A<= < G@9A<=, >B@C9F9AJ<= CB 
8<EJ<C?<A9. 
 

1.2 $9;G?PF4FO BE6B9A<S 8<EJ<C?<AO, CB8?9:4M<9 >BAFDB?R 

 

$9;G?PF4FO B5GK9A<S (BD@O < @9FB8O >BAFDB?S < 
BJ9A>< D9;G?PF4FB6 B5GK9A<S 

1) EHBD@<DB64AABEFP CD98EF46?9A<= B EFDB9A<< 
%B?A9KAB= E<EF9@O, Q6B?RJ<< ;69;8 < 
�E9?9AAB=, CDBEFD4AEF69AAB-6D9@9AAOI 
@4ELF454I �E9?9AAB=; 

2) CBA<@4A<9 EGMABEF< A45?R849@OI 6B 
�E9?9AAB= S6?9A<=; 

3) 6?489A<9 BEAB6BCB?474RM<@< 
4EFDBAB@<K9E><@< CBASF<S@<, F9BD<S@<, 
;4>BA4@< < ;4>BAB@9DABEFS@<, G69D9AAB9 
CB?P;B64A<9 4EFDBAB@<K9E>B= F9D@<AB?B7<9= 
< E<@6B?<>B=; 

4) EHBD@<DB64AABEFP CD98EF46?9A<= B ;A4K9A<< 
4EFDBAB@<< 6 CD4>F<K9E>B= 89SF9?PABEF< 
K9?B69>4 < 84?PA9=L9@ A4GKAB-F9IA<K9E>B@ 
D4;6<F<<; 

5) BEB;A4A<9 DB?< BF9K9EF69AAB= A4G>< 6 
BE6B9A<< < <ECB?P;B64A<< >BE@<K9E>B7B 
CDBEFD4AEF64 < D4;6<F<< @9:8GA4DB8AB7B 
EBFDG8A<K9EF64 6 QFB= B5?4EF<. 

 

�A8<6<8G4?PAO= BCDBE, 
HDBAF4?PAO= BCDBE, GC?BFA9AAO= 
BCDBE  B5GK4RM<IES. 

�OCB?A9A<S ?9>E<>B-
7D4@@4F<K9E>B7B F9EF<DB64A<S, 
C<EP@9AAOI >BAFDB?PAOI D45BF. 

�OCB?A9A<9 <A8<6<8G4?PAOI 
E4@BEFBSF9?PAOI D45BF 
B5GK4RM<IES. 

�OCB?A9A<9 >BAFDB?PAOI D45BF. 

�OCB?A9A<9 CD4>F<K9E><I D45BF. 

�OCB?A9A<9 ?45BD4FBDAOI D45BF. 

�OCB?A9A<9 GK95AB-
<EE?98B64F9?PE>B7B CDB9>F4. 

  

 

 

 

 

 

 

#DB7D4@@4 6BEC<F4A<S 6 D45BK9= CDB7D4@@9 CDBH9EE<BA4?PAB7B @B8G?S BFD4:49FES 
K9D9; EB89D:4A<9 A4CD46?9A<= 6BEC<F4F9?PAB= D45BFO, D4;5<FOI A4 E?98GRM<9 
6BEC<F4F9?PAO9 @B8G?<: 
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 B8G?< CDB7D4@@O 
6BEC<F4A<S 

%B89D:4A<9 @B8G?S CDB7D4@@O 6BEC<F4A<S 

 B8G?P 1 
«#DBH9EE<BA4?PAB-
?<KABEFAB9 6BEC<F4A<9» 

Ц9?P @B8G?O: EB;84A<9 GE?B6<= 8?S G8B6?9F6BD9A<S 
CBFD95ABEF9= B5GK4RM<IES 6 <AF9??9>FG4?PAB@, >G?PFGDAB@ 
< AD46EF69AAB@ D4;6<F<< 6 EH9D9 FDG8B6OI < EBJ<4?PAB-
Q>BAB@<K9E><I BFABL9A<= CBED98EF6B@ CDBH9EE<BA4?PAB7B 
E4@BBCD989?9A<S. 
З484ч8 @B8G?O: 

 D4;6<F<9 B5M9EF69AAB= 4>F<6ABEF< B5GK4RM<IES, 
6BEC<F4A<9 6 A<I EB;A4F9?PAB7B BFABL9A<S > FDG8G < 
A4DB8AB@G 8BEFBSA<R; 

 HBD@<DB64A<9 G B5GK4RM<IES CBFD95ABEF< FDG8<FPES, 
8B5DBEB69EFAB, BF69FEF69AAB < F6BDK9E>< BFABE<FPES > 
D4;AO@ 6<84@ FDG8B6B= 89SF9?PABEF<. 

 HBD@<DB64A<9 CDBH9EE<BA4?PAOI >B@C9F9AJ<=; 
 HBD@<DB64A<9 BEB;A4A<S CDBH9EE<BA4?PAB= 
<89AF<KABEF< (BEB;A4A<9 E6B9= CD<A48?9:ABEF< > 
BCD989?ёAAB= CDBH9EE<< < CDBH9EE<BA4?PAB@G 
EBB5M9EF6G); 

 HBD@<DB64A<9 KG6EF64 EBJ<4?PAB-CDBH9EE<BA4?PAB= 
BF69FEF69AABEF<, GE6B9A<9 CDBH9EE<BA4?PAB-
QF<K9E><I ABD@; 

 BEB;A4AAO= 6O5BD 5G8GM97B CDBH9EE<BA4?PAB7B 
D4;6<F<S < 6B;@B:ABEF9= D94?<;4J<< EB5EF69AAOI 
:<;A9AAOI C?4AB6; 

 HBD@<DB64A<9 BFABL9A<S > CDBH9EE<BA4?PAB= 
89SF9?PABEF< >4> 6B;@B:ABEF< GK4EF<S 6 D9L9A<< 
?<KAOI, B5M9EF69AAOI, 7BEG84DEF69AAOI, 
B5M9A4J<BA4?PAOI CDB5?9@. 

 B8G?P 2 
 «�D4:84AE>B-
C4FD<BF<K9E>B9 
6BEC<F4A<9» 

Ц9?P @B8G?O: D4;6<F<9 ?<KABEF< B5GK4RM97BES A4 BEAB69 
HBD@<DB64A<S G B5GK4RM<IES KG6EF64 C4FD<BF<;@4, 
7D4:84AEF69AABEF<, G64:9A<S > C4@SF< ;4M<FA<>B6 
"F9K9EF64 < CB86<74@ �9DB96 "F9K9EF64, ;4>BAG < 
CD46BCBDS8>G. 
З484ч8 @B8G?O: 

 HBD@<DB64A<9 ;A4A<= B5GK4RM<IES B E<@6B?<>9 
$BEE<<; 

 6BEC<F4A<9 G B5GK4RM<IES 7BFB6ABEF< > 6OCB?A9A<R 
7D4:84AE>B7B 8B?74 < >BAEF<FGJ<BAAOI B5S;4AABEF9= 
CB ;4M<F9 $B8<AO; 

 HBD@<DB64A<9 G B5GK4RM<IES C4FD<BF<K9E>B7B 
EB;A4A<S, KG6EF64 69DABEF< E6B9@G "F9K9EF6G; 

 D4;6<F<9 G B5GK4RM<IES G64:9A<S > C4@SF< 
;4M<FA<>B6 "F9K9EF64 < CB86<74@ �9DB96 "F9K9EF64, 
<EFBD<K9E><@ E<@6B?4@ < C4@SFA<>4@ "F9K9EF64; 

 HBD@<DB64A<9 DBEE<=E>B= 7D4:84AE>B= <89AF<KABEF<, 
7D4:84AE>B= CB;<J<< 4>F<6AB7B < BF69FEF69AAB7B 
K?9A4 DBEE<=E>B7B B5M9EF64, BEB;A4RM97B E6B< 
>BAEF<FGJ<BAAO9 CD464 < B5S;4AABEF<, G64:4RM97B 
;4>BA < CD46BCBDS8B>, B5?484RM97B KG6EF6B@ 
EB5EF69AAB7B 8BEFB<AEF64, BEB;A4AAB CD<A<@4RM97B 
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FD48<J<BAAO9 A4J<BA4?PAO9 < B5M9K9?B69K9E><9 
7G@4A<EF<K9E><9 < 89@B>D4F<K9E><9 J9AABEF<; 

 D4;6<F<9 CD46B6B= < CB?<F<K9E>B= >G?PFGDO 
B5GK4RM<IES, D4EL<D9A<9 >BAEFDG>F<6AB7B GK4EF<S 6 
CD<ASF<< D9L9A<=, ;4FD47<64RM<I <I CD464 < 
<AF9D9EO, 6 FB@ K<E?9 6 D4;?<KAOI HBD@4I 
B5M9EF69AAB= E4@BBD74A<;4J<<, E4@BGCD46?9A<S, 
B5M9EF69AAB ;A4K<@B= 89SF9?PABEF<; D4;6<F<9 6 
@B?B89:AB= ED989 BF69FEF69AABEF<, CD<AJ<CB6 
>B??9>F<6<;@4 < EBJ<4?PAB= EB?<84DABEF<; 

 HBD@<DB64A<9 CD<69D:9AABEF< <89S@ 
<AF9DA4J<BA4?<;@4, 8DG:5O, D469AEF64, 
6;4<@BCB@BM< A4DB8B6; 6BEC<F4A<9 G64:<F9?PAB7B 
BFABL9A<S > A4J<BA4?PAB@G 8BEFB<AEF6G ?R89=, <I 
KG6EF64@, D9?<7<B;AO@ G59:89A<S@; 

 HBD@<DB64A<9 GEF4AB6B> ?<KABEF<, CB;6B?SRM<I 
CDBF<6BEFBSFP <89B?B7<< Q>EFD9@<;@4, A4J<BA4?<;@4, 
>E9ABHB5<<, >BDDGCJ<<, 8<E>D<@<A4J<< CB 
EBJ<4?PAO@, D9?<7<B;AO@, D4EB6O@, A4J<BA4?PAO@ 
CD<;A4>4@ < 8DG7<@ A974F<6AO@ EBJ<4?PAO@ 
S6?9A<S@; 

 HBD@<DB64A<9 4AF<>BDDGCJ<BAAB7B @<DB6B;;D9A<S. 
 B8G?P 3 «(<;<K9E>4S 
>G?PFGD4 < 
;8BDB6P9E59D9:9A<9» 

Ц9?P @B8G?O: HBD@<DB64A<9 G B5GK4RM<IES KG6EF64 
59D9:AB7B BFABL9A<S > >G?PFGDAB@G A4E?98<R < FD48<J<S@ 
@AB7BA4J<BA4?PAB7B A4DB84 $BEE<<, >G?PFGDO ;8BDB6PS, 
59;BC4EAB7B CB6989A<S, EFD9@?9A<S > ;8BDB6B@G B5D4;G 
:<;A< < ;4ASF<S@ ECBDFB@, 6BEC<F4A<9 CE<I<K9E>< ;8BDB6B=, 
H<;<K9E>< D4;6<FB= < EBJ<4?PAB-484CF<DB64AAB= ?<KABEF<. 
З484ч8 @B8G?O: 

 HBD@<DB64A<9 ECBEB5ABEF< > 8GIB6AB@G D4;6<F<R, 
D94?<;4J<< F6BDK9E>B7B CBF9AJ<4?4 6 GK95AB=, 
CDBH9EE<BA4?PAB= 89SF9?PABEF< A4 BEAB69 
AD46EF69AAOI GEF4AB6B> < @BD4?PAOI ABD@, 
A9CD9DO6AB7B B5D4;B64A<S, E4@B6BEC<F4A<S < 
GA<69DE4?PAB= 8GIB6AB-AD46EF69AAB= >B@C9F9AJ<< - 
«EF4AB6<FPES ?GKL9»; 

 HBD@<DB64A<9 G B5GK4RM<IES BF69FEF69AAB7B 
BFABL9A<S > E6B9@G ;8BDB6PR < CBFD95ABEF< 6 
;8BDB6B@ B5D4;9 :<;A<, H<;<K9E>B@ 
E4@BEB69DL9AEF6B64A<<, ;4ASF<SI ECBDF<6AB-
B;8BDB6<F9?PAB= 89SF9?PABEFPR, D4;6<F<9 >G?PFGDO 
59;BC4EAB= :<;A989SF9?PABEF<, CDBH<?4>F<>G 
A4D>BF<K9E>B= < 4?>B7B?PAB= ;46<E<@BEF<, 
F454>B>GD9A<S < 8DG7<I 6D98AOI CD<6OK9>; 

 HBD@<DB64A<9 59D9:AB7B, BF69FEF69AAB7B < 
>B@C9F9AFAB7B BFABL9A<S > H<;<K9E>B@G < 
CE<IB?B7<K9E>B@G ;8BDB6PR - >4> EB5EF69AAB@G, F4> < 
8DG7<I ?R89=, G@9A<9 B>4;O64FP C9D6GR CB@BMP, 
D4;6<F<9 >G?PFGDO ;8BDB6B7B C<F4A<S. 

 B8G?P 4 «�G?PFGDAB-
F6BDK9E>B9 6BEC<F4A<9» 
 

Ц9?P @B8G?O: EB;84A<9 GE?B6<= 8?S E4@BBCD989?9A<S < 
EBJ<4?<;4J<< B5GK4RM<IES A4 BEAB69 EBJ<B>G?PFGDAOI, 
8GIB6AB-AD46EF69AAOI J9AABEF9= < CD<ASFOI 6 DBEE<=E>B@ 
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B5M9EF69 CD46<? < ABD@ CB6989A<S 6 <AF9D9E4I K9?B69>4, 
E9@P<, B5M9EF64 < 7BEG84DEF64, HBD@<DB64A<9 G 
B5GK4RM<IES G64:9A<S > EF4DL9@G CB>B?9A<R. 
З484ч8 @B8G?O: 

 6BEC<F4A<9 ;8BDB6B=, EK4EF?<6B=, E6B5B8AB= 
?<KABEF<, HBD@<DB64A<9 ECBEB5ABEF< EF46<FP J9?< < 
EFDB<FP :<;A9AAO9 C?4AO; 

 D94?<;4J<S B5GK4RM<@<ES CD4>F<> E4@BD4;6<F<S < 
E4@B6BEC<F4A<S 6 EBBF69FEF6<< E B5M9K9?B69K9E><@< 
J9AABEFS@< < <894?4@< 7D4:84AE>B7B B5M9EF64; 

 HBD@<DB64A<9 CB;<F<6AOI :<;A9AAOI BD<9AF<DB6 < 
C?4AB6; 

 HBD@<DB64A<9 G B5GK4RM<IES 7BFB6ABEF< < 
ECBEB5ABEF< > B5D4;B64A<R, 6 FB@ K<E?9 
E4@BB5D4;B64A<R, A4 CDBFS:9A<< 6E9= :<;A<; 
EB;A4F9?PAB9 BFABL9A<9 > A9CD9DO6AB@G B5D4;B64A<R 
>4> GE?B6<R GEC9LAB= CDBH9EE<BA4?PAB= < 
B5M9EF69AAB= 89SF9?PABEF<; 

 HBD@<DB64A<9 6OD4:9AAB= 6 CB6989A<< AD46EF69AAB= 
CB;<J<<, 6 FB@ K<E?9 ECBEB5ABEF< > EB;A4F9?PAB@G 
6O5BDG 8B5D4, AD46EF69AAB7B EB;A4A<S < CB6989A<S A4 
BEAB69 GE6B9A<S B5M9K9?B69K9E><I J9AABEF9= < 
AD46EF69AAOI KG6EF6 (K9EF<, 8B?74, ECD4698?<6BEF<, 
@<?BE9D8<S < 8DG:9?R5<S); 

 D4;6<F<9 >G?PFGDO @9:A4J<BA4?PAB7B B5M9A<S; 
 HBD@<DB64A<9 G64:<F9?PAB7B BFABL9A<S > DB8<F9?S@ 
< EF4DL9@G CB>B?9A<R 6 J9?B@, 7BFB6ABEF< CBASFP <I 
CB;<J<R, CD<ASFP <I ;45BFG, 7BFB6ABEF< 
8B7B64D<64FPES E DB8<F9?S@< < K?9A4@< E9@P< 6 
D9L9A<< 6BCDBEB6 6989A<S 8B@4LA97B IB;S=EF64, 
D4ECD989?9A<S E9@9=AOI B5S;4AABEF9=; 

 6BEC<F4A<9 BF69FEF69AAB7B BFABL9A<S > EB;84A<R < 
EBID4A9A<R E9@P< A4 BEAB69 BEB;A4AAB7B CD<ASF<S 
J9AABEF9= E9@9=AB= :<;A<; 

 HBD@<DB64A<9 FB?9D4AFAB7B EB;A4A<S < CB6989A<S 6 
CB?<>G?PFGDAB@ @<D9, 7BFB6ABEF< < ECBEB5ABEF< 
69EF< 8<4?B7 E 8DG7<@< ?R8P@<, 8BEF<74FP 6 A9@ 
6;4<@BCBA<@4A<S, A4IB8<FP B5M<9 J9?< < 
EBFDG8A<K4FP 8?S <I 8BEF<:9A<S. 

 B8G?P 5 
«1>B?B7<K9E>B9 
6BEC<F4A<9» 
 

Ц9?P @B8G?O: HBD@<DB64A<9 G B5GK4RM<IES KG6EF64 
59D9:AB7B BFABL9A<S > :<6B= CD<DB89 < B>DG:4RM9= ED989, 
>G?PFGDAB@G A4E?98<R < FD48<J<S@ @AB7BA4J<BA4?PAB7B 
A4DB84 $BEE<<. 
З484ч8 @B8G?O: 

 D4;6<F<9 G B5GK4RM<IES Q>B?B7<K9E>B= >G?PFGDO, 
59D9:AB7B BFABL9A<S > DB8AB= ;9@?9, CD<DB8AO@ 
5B74FEF64@ $BEE<< < @<D4, CBA<@4A<9 6?<SA<S 
EBJ<4?PAB-Q>BAB@<K9E><I CDBJ9EEB6 A4 EBEFBSA<9 
CD<DB8AB= < EBJ<4?PAB= ED98O; 

 6BEC<F4A<9 KG6EF64 BF69FEF69AABEF< ;4 EBEFBSA<9 
CD<DB8AOI D9EGDEB6, HBD@<DB64A<9 G@9A<= < A46O>B6 
D4;G@AB7B CD<DB8BCB?P;B64A<S, A9F9DC<@B7B 
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BFABL9A<S > 89=EF6<S@, CD<ABESM<@ 6D98 Q>B?B7<<; 
CD<B5D9F9A<9 BCOF4 Q>B?B7B-A4CD46?9AAB= 
89SF9?PABEF<; 

 6BEC<F4A<9 QEF9F<K9E>B7B BFABL9A<S > @<DG, 6>?RK4S 
QEF9F<>G 5OF4, A4GKAB7B < F9IA<K9E>B7B F6BDK9EF64, 
ECBDF4, B5M9EF69AAOI BFABL9A<=; 

 HBD@<DB64A<9 @<DB6B;;D9A<S, EBBF69FEF6GRM97B 
EB6D9@9AAB@G GDB6AR D4;6<F<S A4G>< < B5M9EF69AAB= 
CD4>F<><, BEAB64AAB7B A4 8<4?B79 >G?PFGD, 4 F4>:9 A4 
CD<;A4A<< D4;?<KAOI HBD@ B5M9EF69AAB7B EB;A4A<S, 
CD98CB?474RM97B BEB;A4A<9 E6B97B @9EF4 6 
CB?<>G?PFGDAB@ @<D9; 

 HBD@<DB64A<9 KG6EF64 ?R56< > $B8<A9 A4 BEAB69 
<;GK9A<S >G?PFGDAB7B A4E?98<S < FD48<J<= 
@AB7BA4J<BA4?PAB7B A4DB84 $BEE<<. 
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1.3 %<EF9@4 >BAFDB?S < BJ9A>< BE6B9A<S CDB7D4@@O 8<EJ<C?<AO 

�4:8O= CDB@9:GFBKAO= F9EF  EBEFB<F <; 6-8 6BCDBEB6  >BFBDO9 <@9RF 4 64D<4AF4 BF69F4, 
<; >BFBDOI FB?P>B B8<A CD46<?PAO=. �D9@S 6OCB?A9A<S F9EF4: 20 @<AGF 

     � >BAFDB?PAOI <;@9D<F9?PAOI @4F9D<4?4I CD98EF46?9AB EB89D:4A<9 6E9I BEAB6AOI 
D4;89?B6 >GDE4 4EFDBAB@<<. 

 

    "5M99 >B?<K9EF6B 6BCDBEB6  CB >4:8B@G <; D4;89?B6 CD<5?<;<F9?PAB 
CDBCBDJ<BA4?PAB 97B EB89D:4F9?PAB@G A4CB?A9A<R < GK95AB@G 6D9@9A<, BF6B8<@B@G A4 
<;GK9A<9 84AAB7B D4;89?4. 

&9EF 8?S 8<HH9D9AJ<DB64AAB7B ;4K9F4 CD98EF46?9A 6 2 64D<4AF4I. �4:8O= 64D<4AF 
EB89D:<F 20 6BCDBEB6  >BFBDO9 <@9RF 4 64D<4AF4 BF69F4, <; >BFBDOI FB?P>B B8<A 
CD46<?PAO=.  

�D9@S 6OCB?A9A<S F9EF4: 50 @<AGF. 

 

2   (BA8 BJ9ABKAOI ED98EF6 8?S BJ9A>< GDB6AS BE6B9A<S G@9A<= < ;A4A<=  CB 
8<EJ<C?<A9 

2.1  4F9D<4?O 8?S F9>GM97B >BAFDB?S 

&9EF<DB64A<9 CB F9@9 «%FDB9A<9 < Q6B?RJ<S �E9?9AAB=» 
 

$4;89? 4EFDBAB@<<, ;4A<@4RM<=ES <;GK9A<9@ EFDB9A<S �E9?9AAB= < CDBJ9EEB6, CDB<EIB8SM<I 6 A9=, 
A4;O649FES:  

 

4) >BE@B7BA<9=             6) >BE@BA46F<>B=     
 5) >BE@B?B7<9=            7) 4EFDBH<;<>B= 

 

%BBFA9E<F9 F9D@<AO, G>4;4AAO9 5G>64@< < BCD989?9A<S, G>4;4AAO9 J<HD4@<: 
 

 4) �E9?9AA4S               6) �4?4>F<>4              
 5)  9F474?4>F<>4       7) �69;8A4S E<EF9@4 
 

� CD98?B:9AAB= >?4EE<H<>4J<< G>4:<F9 F9D@<A, A9 BFABESM<=ES > EFDB9A<R �4?4>F<>:  
 

 4) Q??<CF<K9E><9         6) 8<E>B6<8AO9     
 5) EC<D4?PAO9              7) A9CD46<?PAO9 
 

�4?4>F<>4, > >BFBDB= BFABE<FES A4L4 %B?A9KA4S E<EF9@4, <@99F HBD@G: 
 

 4) Q??<CF<K9E>GR       6) 8<E>B6<8AGR      
 5) EC<D4?PAGR            7) A9CD46<?PAGR 
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 O ;A49@, KFB 6 EBEF46 �4?4>F<> 6IB8SF ;69;8O < @9:;69;8AB9 69M9EF6B: CO?P, 74;, K4EF<JO 
>BE@<K9E><I ?GK9=, CD<K9@ 6 A4L9= �4?4>F<>9 @4EE4 74;4 EBEF46?S9F 8B 5% BF 9ё B5M9= @4EEO. �4; 
6 A4L9= �4?4>F<>9:    

 

 4) EBED98BFBK9A 6 J9AFD9           6) E>BAJ9AFD<DB64A 6 EC<D4?PAOI DG>464I                      
 5) D4ECD989?9A D46AB@9DAB       7) E>BAJ9AFD<DB64A 6 ;69;84I 
 

 

 

&9EF<DB64A<9 CB F9@9 «�69;8O < <I I4D4>F9D<EF<><» 
 

1. �69;8A4S 69?<K<A4 3 I4D4>F9D<EF<>4, BFD4:4RM4S:  
 

 4) D4;@9D ;69;8O                       6) F9@C9D4FGDG ;69;8O     
5) D4EEFBSA<9 8B ;69;8O            7) 5?9E> ;69;8O 

 

2. �69;8O >4>B= 69?<K<AO ?GKL9 6E97B 6<8AO A4 A95BE>?BA9:   
4) +6    
 5) +1     
6) 0      
7) 31    

8) 36  

 

3. %4@O@ D4ECDBEFD4A9AAO@ Q?9@9AFB@ 6 EBEF469 ;69;8 S6?SRFES:  
 

4) 6B8BDB8                 6) <I CD<@9DAB CBDB6AG     
5) 79?<=                     7) ;69;8O EBEFBSF <; C?4;@O 

 

4. )<@<K9E><= EBEF46 ;69;8 BCD989?SRF:  
 

4) F9BD9F<K9E><@< D4EK9F4@<    
5) CB 84AAO@ EC9>FD4?PAB7B 4A4?<;4   
  6) <EIB8S <; D4;@9DB6 ;69;8O < 99 C?BFABEF<     
7) CB 99 E69F<@BEF< 

 

5. �4><@ F9D@<AB@ A9 CB?P;GRFES 8?S I4D4>F9D<EF<>< D4;@9D4 ;69;8:  
 

4) E69DI7<74AFO   
5) 7<74AFO    

      6) EG57<74AFO   
7) E69DI>4D?<><    
8) >4D?<><     
9) EG5>4D?<>< 

 

6. #B?A4S QA9D7<S, >BFBDGR <;?GK49F ;69;84 6 98<A<JG 6D9@9A<, A4;O649FES:    
4) E69F<@BEFP                        
5) @BMABEFP    
 6) ;69;8A4S 69?<K<A4    
  7) SD>BEFP 
 

7. $4ECB?B:<F9 J69F4 ;69;8 CB 6B;D4EF4A<R <I F9@C9D4FGDO:  
4) 7B?G5O9   
5) >D4EAO9   
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   6) :9?FO9       
   7) 59?O9 
 

8. �DGCC4 ;69;8, E6S;4AA4S 6 B8AG E<EF9@G E<?4@< FS7BF9A<S, A4;O649FES:  
 

4) 86B=A4S ;69;84      
5) K9DA4S 8OD4      
6) EB;69;8<9     
7) ;69;8AB9 E>BC?9A<9 

 

 

        &9EF<DB64A<9 CB F9@9 «%<EF9@4 �9@?S 3 �GA4» 
 

 

1. �O59D<F9 B5M<9 E6989A<S, >4E4RM<9ES C?4A9FO �9@?S:  
 

4) 8<4@9FD D469A 3476 >@    
5) @4EE4 EBEF46?S9F 6 1024

 >7           
6)C9D<B8 B5D4M9A<S CB BD5<F9 27,3 EGFB>    
7) C9D<B8 B5D4M9A<S CB BD5<F9 365,25 EGFB>   
8) E>BDBEFP 86<:9A<S CB BD5<F9 30 >@/E9> 
 

2. (BD@4 �9@?<  CD98EF46?S9F EB5B=:  
 

4) L4D                                    6) 79B<8      
5)Q??<CEB<8 6D4M9A<S        7) Q??<CEB<8 E:4F<S 
 

3. «#9C9?PAO= E69F» A4 �GA9 CD98EF46?S9F EB5B=:  
 4) BFD4:9AAO= E69F  %B?AJ4         6) BFD4:9AAO= E69F ;69;8     
 5) BFD4:9AAO= E69F �9@?<            7) A9 <@99F > �GA9 A<>4>B7B BFABL9A<S 
 

4. #9D<B8 6D9@9A< @9:8G 86G@S AB6B?GA<S@< A4;O649FES:  
  

4) E<AB8<K9E><= @9ESJ         6) CB?AO= ?GAAO= @9ESJ    
 5) E<89D<K9E><= @9ESJ        7) >4?9A84DAO= @9ESJ 

 

5. �;4<@AB9 7D46<F4J<BAAB9 6?<SA<9 �9@?< < �GAO 6OD4:49FES:  
 

 4) 6 A4?<K<< CD<?<6AOI E<?   
 5)6 FB@, KFB �GA4 B5D4M9A4 > �9@?9 B8AB= EFBDBAB=   
 6) 6 FB@, KFB A4 �GA9 A9F 4F@BEH9DO    
7) 6 I4D4>F9D9 CB69DIABEF< ?GAO 

 

 

&9EF<DB64A<9 CB F9@9 «%FDB9A<9 %B?A9KAB= E<EF9@O» 

1. $4ECB?B:<F9 H4@<?<< GK9AOI, ;4A<@46L<IES <;GK9A<9@ E<EF9@O  <D4, 6 CBDS8>9 <I 
CBS6?9A<S:  
 

4.) �?468<= #FB?9@9=               
5)�B74AA �9C?9D    
6) �:BD84AB �DGAB    
7). !<>B?4= �BC9DA<>   
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 2.  �; A<:9C9D9K<E?9AAOI GK9AOI 6O59D<F9 F9I, >FB BF>DO? < 8B>4;4? �4>BAO 86<:9A<S 
A959EAOI F9?.   

 

  4)�. �E44> !PRFBA    
  5)�. �4?<?9B �4?<?9= 

 

1. �;69EFAB, KFB BD5<F4 ?R5B= C?4A9FO CD98EF46?S9F EB5B= Q??<CE, 6 B8AB@ <; HB>GEB6 
>BFBDB7B A4IB8<FES %B?AJ9. �?<:4=L4S > %B?AJG FBK>4 BD5<FO A4;O649FES: 
4) 4CB79=   5) C9D<79=   6) 4CB79?<=    7) C9D<79?<= 

 

 

2. "F>?BA9A<9 A959EAB7B F9?4 BF Q??<CF<K9E>B= FD49>FBD<< A4;O649FES: 
4) E@9M9A<9    
5) BF>?BA9A<9    
6) 6B;@GM9A<9       
7)BFABL9A<9 
 

3. (BD@G?B=      T1
2
(M0+m1)       a1

3
     6OD4:49FES:   

                               T2
2
(M0+m2)       a2

3
  

        4)#9D6O= ;4>BA �9C?9D4    

5) �FBDB= ;4>BA �9C?9D4     

6) FD9F<= ;4>BA �9C?9D4    

 7)FD9F<= ;4>BA !PRFBA4      

4. � BEAB69 BCD989?9A<S D48<GE4 �9@?< ?9:4F <;@9D9A<S ?<A9=AB7B < G7?B6B7B 
D4EEFBSA<S  @9:8G 86G@S FBK>4@<                             CB69DIABEF<, D4ECB?B:9AAO@< 
A4 B8AB@ @9D<8<4A9. '7?B6B9 D4EEFBSA<9 3 QFB:   
 

4) D4;ABEFP 79B7D4H<K9E>B= 8B?7BFO FBK9>    
5) D4;ABEFP 79B7D4H<K9E>B= L<DBFO    
 6)  7BD<;BAF4?PAO= C4D4??4>E E69F<?4     
 7) D4;A<J4 CBSEAB7B 6D9@9A< 
 

 

#DB69DBKA4S D45BF4 CB F9@9 « "EAB6O <;@9D9A<S 6D9@9A<» 

%BBFA9E<F9 CBASF<S (� - �) < BCD989?9A<S (4 - 6): 

 
I.�. �BBD8<A4FO  
  �. ,<DBF4  
  �. �B?7BF4  
  �. #4D4??9? 
  �.  9D<8<4AO 

 

 

4. 6OEBF4 CB?RE4 @<D4 A48 7BD<;BAFB@ 

5. K<E?4, E CB@BMPR >BFBDOI G>4;O64RF CB?B:9A<9 FBK>< A4 CB69DIABEF< 
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6. ?<A<S, EB98<ASRM4S CB?RE4 < CDBIB8SM4S K9D9; ;484AAGR FBK>G 
 

II.     �. %9>GA84  

          �. %GF><  

          �. �B8  

          �. #B?89AP  

          �. #B?ABKP  
 

4. @B@9AF 69DIA9= >G?P@<A4J<< %B?AJ4 
5. CDB@9:GFB> 6D9@9A< @9:8G 86G@S CDBIB:89A<S@< %B?AJ4 K9D9; FBK>G 
D46AB89AEF6<S 
6. CBEFBSAA4S 98<A<J4 6D9@9A< 
 

III.    �. �E9@<DAB9 6D9@S  

          �. #BSEAB9 6D9@S  

          �.  BE>B6E>B9 6D9@S 
�. �9FA99 6D9@S                      

          �. �<@A99 6D9@S 
 

4.6D9@S A4 7D<A6<KE>B@ @9D<8<4A9 
5. 98<AB9 GE?B6AB9 6D9@S @9:8G 86G@S @9D<8<4A4@< E D4EEFBSA<9@ 6 15° 
6. C9D96B8 6D9@9A< A4 1 K4E A4;48 CB ED46A9A<R E CBSEAO@ 

 

#D4>F<K9E>B9 ;4ASF<9 1 
 

&9@4: $45BF4 E >4DFB= ;69;8AB7B A954 
*9?P D45BFO: GE6B<FP @9FB8<>G D9L9A<S 84AAB7B F<C4 ;484K. 
 

#BEB5<S < B5BDG8B64A<9: HBFB7D4H<< >4DFO ;69;8AB7B A954 < >DG74 E F9>GM<@ 
6D9@9A9@.  

 

 9FB8<K9E><9 G>4;4A<S > D45BF9. 
 

1) #B?P;B64FPES CB86<:AB= >4DFB= ;69;8AB7B A954 BK9AP CDBEFB. !4?B:<F9 A4 A99 >DG7, 
EB6@9EF<6 F9>GMGR 84FG A4 ?<@59 >4DFO E F9>GM<@ 6D9@9A9@ A4 B5D9;9 >DG74. � 
>DG7?B@ 6OD9;9 �O G6<8<F9 ;69;8O, A4IB8SM<9ES A48 7BD<;BAFB@ 6 84AAB@ CGA>F9 6 
84AAB9 6D9@S. %?98G9F <@9FP 6 6<8G, 6AGFD9AA<9 J<HDO K4EB6 A4 A4>?48AB@ >DG79 
EBBF69FEF6GRF ?9FA9@G 6D9@9A<, 4 6A9LA<9 (84?PL9 BF J9AFD4 >DG74) - ;<@A9@G. 
#B?9;AB A4FSAGFP A4 A4>?48AB@ >DG79 A<FP BF FBK>< E969D4 > FBK>9 R74, B5B;A4K<6 
G;9?>B@ @9EFB A4 CB?CGF<, A9@AB7B 5?<:9 > FBK>9 E969D4. 
 

2) �O=8S CB8 ;69;8AB9 A95B, D4ECB?B:<F9 "A4EFDB9AAGR" A4 F9>GM<= @B@9AF >4DFG A48 
7B?B6B= 6 EBBF69FEF6<< EB EFBDBA4@< E69F4, G>4;4AAO@< A4 A4>?48AB@ >DG79. *9AFD 
6OD9;4 (G;9?B> A4 A<F<) 5G89F EBBF69FEF6B64FP ;9A<FG (FBK>9 A48 �4L9= 7B?B6B=). 
 OE?9AAB CDB8B?:<F9 < ECDB9J<DG=F9 6A<; 8B 7BD<;BAF4 E9>FBD4 >4DFO EC9D98<, 
E;48<, E?964 < ECD464 BF E95S, CD98EF46<6, KFB >4DF4 A4D<EB64A4 <;AGFD< A4 >GCB?9. 
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$<EGAB> 1. �4DF4 ;69;8AB7B A954. 
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$<EGAB> 2. �DG7 E F9>GM<@ 6D9@9A9@. 

 
 

3) "CD989?9A<9 6<84 ;69;8AB7B A954 
  �?S QFB7B AG:AB EB6@9EF<FP 84FG A45?R89A<= A4 6A9LA9@ ?<@59 >4DFO E AG:AO@ 
6D9@9A9@ A4 A4>?48AB@ >DG79. �D9@S A4 QFB= L>4?9 G>4;4AB 
@9EFAB9. %?98B64F9?PAB, A9B5IB8<@B C9D9EK<F4FP CBSEAB9 6D9@S CB HBD@G?9: 
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. 
  #BCD46>G (n-λ) 8?S �4L97B A4E9?9AAB7B CGA>F4 ?GKL9 ;4C<E4FP 789-FB A4 E4@B= >4DF9 - 
BA4 5G89F AG:A4 CBEFBSAAB. !4CD<@9D, 8?S  BE>6O λ = 37.5 °= 2 K 30 @<A, n = 3 (;<@B=) 
<?< 4 (?9FB@). %BBF69FEF69AAB, CBCD46>4 8?S C9D9EK9F4 CBSEAB7B 6D9@9A< 6 @9EFAB9 D46A4 
30 @<A <?< 1 K 30 @<A. (�4, CB?ABKP 6  BE>69 ?9FB@ A4EFGC49F A9 6 0 K4EB6, >4> EBB5M49F 
A4@ D48<B, 4 6 1 K 30 @<A). 

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

  �?S BCD989?9A<S AG:AB CB6BD4K<64FP A4>?48AB= >DG7, CB>4 AG:A4S ;69;84 A9 B>4:9FES 
A4 @9D<8<4A9 (@B@9AF >G?P@<A4J<<) - ?<A<<, EB98<ASRM9= FBK>< E969D - R7 A4 
A4>?48AB@ >DG79 <?< A9 EB6C489F E >D49@ CDBD9;4AAB7B >DG74 (@B@9AF 6BEIB84 <?< 
;4IB84). #DB69DPF9 EABEABEFP A4>?48AB7B >DG74 < >4DFO < EK<F4=F9 6D9@S A4CDBF<6 84FO 
A45?R89A<S. 
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5)  B@9AFO >G?P@<A4J<=, ;4IB84 < 6BEIB84 %B?AJ4 
 �E9 89?49FES F4> :9, >4> < 6 CD98O8GM9@ CGA>F9, FB?P>B AG:AB CD9864D<F9?PAB BF@9F<FP 
CB?B:9A<9 %B?AJ4 - BAB CD<5?<;<F9?PAB (59; GK9F4 GD46A9A<S 6D9@9A<) A4IB8<FES >4> 
C9D9E9K9A<9 Q>?<CF<>< E ?<A<9=, CDB6989AAB= BF CB?RE4 > F9>GM9= 84F9. 
�69;8AB9 6D9@S 
  "AB D46AB CDS@B@G 6BEIB:89A<R E69F<?, C9D9E9>4RM<I @9D<8<4A A4 R79. &4> >4> 
CBCD46>4 8?S C9D9IB84 > ;69;8AB@G 6D9@9A< @9AS9FES A9 BK9AP 5OEFDB (4 @<AGFO 6 
EGF><), 8?S 5B?PL<AEF64 ;484K @B:AB <ECB?P;B64FP 6ER ABKP CBCD46>G, BCD989?9AAGR 
8?S CB?GABK< - QF4 CBCD46>4 9EFP >BBD8<A4F4 (CDS@B9 6BEIB:89A<9), CD<IB8SM4SES 
A4CDBF<6 84FO A45?R89A<S. 
 

 

#D4>F<K9E>4S D45BF4 № 2 

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

*9?P D45BFO: "5B5M<FP ;A4A<S B H<;<K9E><I I4D4>F9D<EF<>4I < 86<:9A<< F9? 
%B?A9KAB= E<EF9@O.  9FB8B@ ED46A9A<S 6OS6<FP B5M<9 < BF?<K<F9?PAO9 C4D4@9FDO 
QF<I F9?. 
#BEB5<S < B5BDG8B64A<9: HBFB7D4H<< %B?AJ4, C?4A9F < <I  >DGCAOI ECGFA<>B6, 
J<D>G?P, FD4AECBDF<D, ?<A9=>4, >4?P>G?SFBD.  

 9FB8<K9E><9 G>4;4A<S > D45BF9. 
�4AA4S CD4>F<K9E>4S D45BF4 CB@B:9F GK4M<@ES E<EF9@4F<;<DB64FP ;A4A<S B F9?4I 

%B?A9KAB= E<EF9@O, 6OS6<FP <I D4;?<K<S < B5M<9 BEB59AABEF< 6 H<;<K9E><I 
I4D4>F9D<EF<>4I < 86<:9A<< F9?. 
#9D64S K4EFP CD4>F<K9E>B= D45BFO CBE6SM9A4 H<;<K9E><@ I4D4>F9D<EF<>4@ F9? 
%B?A9KAB= E<EF9@O: 8<4@9FDO, A4>?BA BE< 6D4M9A<S, A4?<K<9 < 79B@9FD<K9E><9 
I4D4>F9D<EF<>< >B?9J, 6A9LA<= 6<8 CB69DIABEF<. �?S ED46A<F9?PAB7B 4A4?<;4 8<4@9FDB6 
F9? CD98?4749FES C9D969EF< ?<A9=AO9 8<4@9FDO 6 BFABE<F9?PAO9 D4;@9DO E �9@?9= D� / 

D�. �4?99 6O5D4FP G8B5AO= @4ELF45 8?S A4A9E9A<S B>DG:ABEF9= A4 ED46A<F9?PAO= 
D<EGAB>. %?98G9F BF89?PAB 6OCB?ASFP D<EGA>< 8?S C?4A9F �9@AB= 7DGCCO < >DGCAOI 
ECGFA<>B6, < 8?S C?4A9F 7<74AFB6 E <I >B?PJ4@<. % CB@BMPR FD4AECBDF<D4 BF@9K49FES 
G7B? A4>?BA4 BE< 6D4M9A<S C?4A9FO BF C9DC9A8<>G?SD4 CB K4EB6B= EFD9?>9, CB?GK9AAGR 
BEP B5B;A4K4RF CGA>F<DB@. �4:8B9 F9?B D4;G>D4L<649FES 6 EBBF69FEF6<< E 97B 6A9LA<@ 
6<8B@ CB CD98?B:9AAO@ CD9CB8464F9?9@ HBFB7D4H<S@. +FB5O A4D<EB64FP >B?PJ4 
C?4A9FO, A9B5IB8<@B CDB69EF< C9DC9A8<>G?SD > BE< 6D4M9A<S (Q>64FBD<4?PA4S 
C?BE>BEFP). !4 A9@ BF@9F<FP 6AGFD9AA<= < 6A9LA<= D48<GE >B?9J E B5B<I EFBDBA. 
#DB69EF<  >BAJ9AFD<K9E><9 Q??<CEO K9D9; QF< FBK><. �<8<@4S FB?M<A4 >B?9J  5B?99 
FBA>4S ;4 C?4A9FB= < 5B?99 L<DB>4S C9D98 A9=. 
�FBD4S K4EFP CD4>F<K9E>B= D45BFO CBE6SM9A4 Q?9@9AF4@ BD5<FO F9? %B?A9KAB= E<EF9@O. 
"A4 6>?RK49F 6 E95S ;4>D9C?9A<9 E?98GRM<I CBASF<=: 5B?PL4S CB?GBEP BD5<FO, 
Q>EJ9AFD<E<F9F, 4H9?<= < C9D<79?<=. �ECB?P;GS ;A4K9A<S QF<I Q?9@9AFB6, EFDBSFES 
ED46A<F9?PAO9 EI9@O BD5<F, BF89?PAB 8?S �9@AB= 7DGCCO C?4A9F, 8?S C?4A9F 7<74AFB6 < 
5B?PL<I ECGFA<>B6 C?4A9F E 7<CBF9F<K9E>B= C?4A9FB= 6 J9AFD9. �?S ED46A<F9?PAB= 
EI9@O BD5<F F9?, D9>B@9A8G9FES EA4K4?4 C9D969EF< 84AAO9 F45?<JO 6 ><?B@9FD4I 6 
4EFDBAB@<K9E><9 98<A<JO, 4 ;4F9@ 6O5D4FP G8B5AO= @4ELF45 8?S D<EGA>B6               
                                                             

!4 EI9@9 BF@9F<FP 69DF<>4?PAGR < 7BD<;BAF4?PAGR BE<. !4 69DF<>4?PAB= BE< 
BF@9F<FP 5B?PL<9 CB?GBE< (669DI < 6A<;), A4 7BD<;BAF4?PAB= BE< BF@9F<FP C9D<79=AB9 
D4EEFBSA<9 ECD464, 4 4H9?PAB9 D4EEFBSA<9 E?964, K9D9; CB?GK9AAO9 FBK>< CDB69EF< 
BD5<FG.        

 

"5M4S F45?<J4 E 84AAO@< C4D4@9FD4@<, 6OK<E?9A<9 8BCB?A<F9?PAOI 
C4D4@9FDB6. 
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№ 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. 

�484RFES E?98GRM<9 C4D4@9FDO: 
D>@ – 8<4@9FD F9?4 6 ><?B@9FD4I; 
¸º - A4>?BA BE< 6D4M9A<S F9?4; 
R – 5B?PL4S CB?GBEP BD5<FO; 
e – Q>EJ9AFD<E<F9F BD5<FO; 
�OK<E?SRFES E?98GRM<9 C4D4@9FDO: 
D/D; 3 8<4@9FD F9?4 CB BFABL9A<R > 8<4@9FDG �9@?<; 
Ra.e.  - 5B?PL4S CB?GBEP BD5<FO 6 4EFDBAB@<K9E><I 98<A<J4I; 
Ra.e.  = R/149600000 

Pa.e. 3 C9D<79?<= BD5<FO 6 4EFDBAB@<K9E><I 98<A<J4I; 
Pa.e. = Ra.e. (1-e). 

Aa.e. 3 4H9?<= BD5<FO 6 4EFDBAB@<K9E><I 98<A<J4I; 
�a.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>4S D45BF4 №3 
 

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

 

Ц9?P D45BFO: 6OK<E?<FP E>BDBEF< G84?9A<S 74?4>F<> CB >D4EAB@G E@9M9A<R ?<A<< 

!α 6 <I EC9>FD4I, CBEFDB<FP 7D4H<> ;46<E<@BEF< E>BDBEF< G84?9A<S BF D4EEFBSA<S 8B 
74?4>F<>< < CDB4A4?<;<DB64FP 97B. 
ПD<5BDO < @4F9D<4?O: ?45BD4FBDAO9 EC9>FDO ?<A<< !, EC9>FDO 5 74?4>F<>, 
>4D4A84L, ?<A9=>4, >4?P>G?SFBD. 
)B8 D45BFO 

!<:9 CD<6989AO ?45BD4FBDAO= EC9>FD 6B8BDB84 (!) < EC9>FDO 74?4>F<>. �?S 
>4:8B7B B5N9>F4 EC9>FDO CD98EF46?9AO 6 6<89 7D4H<>4 <;@9A9A<S <AF9AE<6ABEF< 

<;?GK9A<S BF 8?<AO 6B?AO. �<A<S 6B8BDB84 Hα E@9M9A4 BFABE<F9?PAB ?45BD4FBDAB7B 
;A4K9A<S λ!α j 656 A@. 
�484A<9 1. !4=8<F9 ?<A<R 6B8BDB84 Hα 6 EC9>FD9 >4:8B= 74?4>F<>< < BCD989?<F9 
EBBF69FEF6GRMGR 8?<AG 6B?AO λ. $9;G?PF4F ;4A9E<F9 6 F45?<JG. 
�484A<9 2. #BEK<F4=F9 E@9M9A<9 EC9>FD4?PAB= ?<A<< Δλ = λ – λ! < ;4C<L<F9 D9;G?PF4F 
6 EBBF69FEF6GRM<= EFB?59J F45?<JO. 
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�484A<9 3. �OK<E?<F9 >D4EAB9 E@9M9A<9 
 � = 

�  , D9;G?PF4F ;4A9E<F9 6 F45?<JG. 
�484A<9 4. �OK<E?<F9 E>BDBEFP G84?9A<S 74?4>F<>< v = c ∙ z < ;4C<L<F9 D9;G?PF4F 6 
CBE?98A<= EFB?59J F45?<JO. 

�4?4>F<>4 

�?<A4 
6B?AO λ 
6B8BDB84 6 
EC9>FD9 
74?4>F<><, 
A@ 

%@9M9A<9 
EC9>FD4?PAB= 

?<A<< Δλ 

�D4EAB9 
E@9M9A<9 � 

%>BDBEFP 
G84?9A<S 
74?4>F<>< v, 

>@/E 

$4EEFBSA<9 
8B 
74?4>F<><, 
@?A. E6. ?9F 

1  
     

2  
     

3  
     

4  
     

5 
     �484A<9 5. #BEFDB=F9 7D4H<> ;46<E<@BEF< E>BDBEF< G84?9A<S 74?4>F<> BF D4EEFBSA<S 

8B �9@?<. 
�484A<9 6. #DB4A4?<;<DG=F9 CB?GK9AAO= 7D4H<> < E89?4=F9 6O6B8 B EBBFABL9A<< 

D4EEFBSA<S 8B 74?4>F<>< < E>BDBEF< 9ё G84?9A<S. 
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#D4>F<K9E>4S D45BF4 №4 
&9@4: $9L9A<9 CDB5?9@AOI ;484A<=. 
 

*9?P: $4EE@BFD9FP D4;?<KAO9 ECBEB5O BCD989?9A<S D4EEFBSA<S 8B F9? %B?A9KAB= 

E<EF9@O. �4FP CBASF<9 7BD<;BAF4?PAB7B C4D4??4>E4 < ;4>D9C<FP ECBEB5 A4IB:89A<S 

D4EEFBSA<S < D4;@9DB6 F9? K9D9; 7BD<;BAF4?PAO= C4D4??4>E. 

�484A<9: 

1) "CD989?9A<9 D4EEFBSA<= 8B A959EAOI F9?. 

     � 4EFDBAB@<< A9F 98<AB7B GA<69DE4?PAB7B ECBEB54 BCD989?9A<S D4EEFBSA<=. #B @9D9 

C9D9IB84 BF 5?<;><I A959EAOI F9? > 5B?99 84?9><@ B8A< @9FB8O BCD989?9A<S D4EEFBSA<= 

E@9ASRF 8DG7<9, E?G:4M<9, >4> CD46<?B, BEAB6B= 8?S CBE?98GRM<I. &BKABEFP BJ9A>< 

D4EEFBSA<= B7D4A<K<649FES ?<5B FBKABEFPR E4@B7B 7DG5B7B <; @9FB8B6, ?<5B FBKABEFPR 

<;@9D9A<S 4EFDBAB@<K9E>B= 98<A<JO 8?<AO (4. 9.). 

1-= ECBEB5: (<;69EF9A) #B FD9FP9@G ;4>BAG �9C?9D4 @B:AB BCD989?<FP D4EEFBSA<9 8B F9? 

%%, ;A4S C9D<B8O B5D4M9A<= < B8AB <; D4EEFBSA<=. 

#D<5?<:ёAAO= @9FB8. 

 

2-= ECBEB5: "CD989?9A<9 D4EEFBSA<= 8B  9D>GD<S 

< �9A9DO 6 @B@9AFO Q?BA74J<< (<; 

CDS@BG7B?PAB7B FD9G7B?PA<>4 CB G7?G Q?BA74J<<). 

 

 

3-= ECBEB5: �9B@9FD<K9E><= (C4D4??4>F<K9E><=). 

 ПD<@9D: !4=F< A9<;69EFAB9 D4EEFBSA<9 �%. 

  [��] 3 �4;<E - BEAB6AB9 <;69EFAB9 D4EEFBSA<9, F. >. 

G7?O %�� < %�� 3 <;69EFAO, FB CB HBD@G?4@ 

FD<7BAB@9FD<< (F9BD9@4 E<AGEB6) @B:AB 6 & A4=F< 

A9<;69EFAGR EFBDBAG, F. 9. 

[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 (�� - 

<;69EFAO= BFD9;B>). � CD989?4I %% ;4 54;<E 59DGF Q>64FBD<4?PAO= D48<GE �9@?< 

R=6378>@. 
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     #GEFP � - @9EFBA4IB:89A<9 A45?R84F9?S, <; >BFBDB7B E69F<?B 6<8AB A4 7BD<;BAF9. �; 

D<EGA>4 6<8AB, KFB <; CDS@BG7B?PAB7B FD9G7B?PA<>4 7<CBF9AG;4, 

D4EEFBSA<9 D D46AB: , F4> >4> CD< @4?B@ ;A4K9A<< G7?4 

9E?< 6OD4:4FP 69?<K<AG G7?4 6 D48<4A4I < GK<FO64FP, KFB G7B? 6OD4:9A 6 E9>GA84I 8G7<, 

4 1D48 =57,30
=3438'=206265", FB < 

CB?GK49FES 6FBD4S HBD@G?4. 

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. 

&.>. EB E69F<?4 A<>FB A45?R84FP A9 5G89F 6 E<?G B5N9>F<6AOI CD<K<A, FB 7BD<;BAF4?PAO= 

C4D4??4>E BCD989?SRF F4>: 

1. <;@9DS9@ 6OEBFG E69F<?4 6 @B@9AF 69DIA9= >G?P@<A4J<< <; 86GI FBK9> ;9@AB= 

CB69DIABEF<, A4IB8SM<IES A4 B8AB@ 79B7D4H<K9E>B@ @9D<8<4A9 < <@9RM9@ <;69EFAO9 

79B7D4H<K9E><9 L<DBFO. 

2. <; CB?GK9AAB7B K9FOD9IG7B?PA<>4 6OK<E?SRF 6E9 G7?O (6 F. K. C4D4??4>E). 

�; <EFBD<<: #9D6B9 <;@9D9A<9 C4D4??4>E4 (C4D4??4>E4 �GAO) E89?4AB 6 1297 8B !1 

�<CC4DIB@ (180-125, �D. �D9J<S). 

    �C9D6O9 D4EEFBSA<S 8B A959EAOI F9? (�GAO, %B?AJ4, C?4A9F) 

BJ9A<649F    �D<EFBF9?P (384-322, �D. �D9J<S) 6 3607 8B !1 6 >A<79 «" A959» →E?<L>B@ 

A9 FBKAB, A4CD<@9D D48<GE �9@?< 6 10000 >@. 

    � 2657 8B !1 �D<EF4DI %4@BEE><= (310-230, �D. �D9J<S) 6 D45BF9 «" 69?<K<A9 < 

D4EEFBSA<< %B?AJ4 < �GAO» BCD989?S9F D4EEFBSA<9 K9D9; ?GAAO9 H4;O. &4> D4EEFBSA<S G 

A97B 8B %B?AJ4 (CB H4;9 �GAO 6 1 K9F69DF< <; CDS@BG7B?PAB7B FD9G7B?PA<>4, F. 9. 

6C9D6O9 <ECB?P;G9F 54;<EAO= @9FB8: �%=��/cos 87ºj19*��). $48<GE �GAO BCD989?<? 6 

7/19 D48<GE4 �9@?<, 4 %B?AJ4 6 6,3 D48<GEB6 �9@?< (A4 E4@B@ 89?9 6 109 D4;). !4 E4@B@ 

89?9 G7B? A9 87º 4 89º52' < CBQFB@G %B?AJ9 84?PL9 �GAO 6 400 D4;. #D98?B:9AAO9 

D4EEFBSA<S <ECB?P;B64?<EP @AB7<9 EFB?9F<S 4EFDBAB@4@<. 

    � 2407 8B !1 Э$�&"%(�! (276-194, �7<C9F) CDB<;698S <;@9D9A<S 22 <RAS 6 

�?9>E4A8D<< G7?4 @9:8G 69DF<>4?PR < A4CD46?9A<9@ A4 %B?AJ9 6 CB?89AP (EK<F4?, KFB 

D4; %B?AJ9 BK9AP 84?9>B, FB ?GK< C4D4??9?PAO) < <ECB?P;GS ;4C<E< A45?R89A<= 6 FBF :9 

89AP C489A<S ?GK9= E69F4 6 7?G5B><= >B?B89J 6 %<9A9 (�EG4A) (6 5000 EF48<= = 1/50 8B?< 
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;9@AB= B>DG:ABEF< (B>B?B 800>@) F. 9. %B?AJ9 A4IB8<?BEP 6 ;9A<F9) CB?GK49F D4;ABEFP 

G7?B6 6 7º12' < BCD989?S9F D4;@9D ;9@AB7B L4D4, CB?GK<6 8?<AG B>DG:ABEF< L4D4 39690 

>@ (D48<GE=6311>@). &4> 5O?4 D9L9A4 ;484K4 BCD989?9A<S D4;@9D4 �9@?<, <ECB?P;GS 

4EFDB79B89;<K9E><= ECBEB5. $9;G?PF4F A9 5O? CDB<;698ёA 8B 17 69>4, ?<LP 4EFDBAB@O 

�47848E>B= B5E9D64FBD<< 6 8277 A9@AB7B CBCD46<?< 97B BL<5>G.  

   � 1257 8B !1 �<CC4DI 8B6B?PAB FBKAB BCD989?S9F (6 D48<GE4I �9@?<) D48<GE �GAO 

(3/11 R⊕) < D4EEFBSA<9 8B �GAO (59 R⊕).&BKAB BCD989?<? D4EEFBSA<9 8B C?4A9F, CD<AS6 
D4EEFBSA<9 BF �9@?< 8B %B?AJ4 ;4 14.9., !. �BC9DA<>. 

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

"
; 4 8?S %B?AJ4   $=8,794"�484K4 1: GK95A<> ПD<@9D № 6 - !4=F< D4EEFBSA<9 BF 

�9@?< 8B �GAO, ;A4S C4D4??4>E �GAO < D48<GE �9@?<. 

�484K4 2 : (E4@BEFBSF9?PAB). !4 >4>B@ D4EEFBSA<< BF �9@?< A4IB8<FES %4FGDA, 9E?< 97B 

C4D4??4>E 0,9". [<; HBD@G?O D=(206265/0,9)*6378= 1461731300>@ = 

1461731300/149600000j9,774.9.] 

4-= ECBEB5 $48<B?B>4J<BAAO=: <@CG?PE→B5N9>F →BFD4:9AAO= E<7A4?→6D9@S. 

#D98?B:9A EB69FE><@< H<;<>4@< �.�.  4A89?PLF4@ < !.�. #4C4?9>E<. �OEFDB9 

D4;6<F<9 D48<BF9IA<>< 84?B 4EFDBAB@4@ 6B;@B:ABEFP BCD989?SFP D4EEFBSA<S 8B F9? 

%B?A9KAB= E<EF9@O D48<B?B>4J<BAAO@< @9FB84@<. � 19467 5O?4 CDB<;6989A4 C9D64S 

D48<B?B>4J<S �GAO �49@ 6 �9A7D<< < 6 %,�, 4 6 1957-196377 4 D48<B?B>4J<S %B?AJ4 

(<EE?98B64A<S EB?A9KAB= >BDBAO CDB6B8SFES E 19597),  9D>GD<S (E 19627 A4 = 3.8, 12, 43 

< 70 E@), �9A9DO,  4DE4 < 2C<F9D4 (6 1964 7. A4 6B?A4I = 12 < 70 E@), %4FGDA (6 1973 7. 

A4 6B?A9 = 12.5 E@) 6 �9?<>B5D<F4A<<, %%%$ < %,�. #9D6O9 QIB-E<7A4?O BF EB?A9KAB= 

>BDBAO 5O?< CB?GK9AO 6 1959 (%,�), 4 BF �9A9DO 6 1961 (%%%$, %,�, 

�9?<>B5D<F4A<S). #B E>BDBEF< D4ECDBEFD4A9A<S D48<B6B?A E = 3 10
5
 >@/E9> < CB 

CDB@9:GF>G 6D9@9A< t (E9>) CDBIB:89A<S D48<BE<7A4?4 E �9@?< 8B A959EAB7B F9?4 < 

B5D4FAB ?97>B 6OK<E?<FP D4EEFBSA<9 8B A959EAB7B F9?4.

V1 �=%=299792458@/Ej3*108
 @/E. 

     "EAB6A4S FDG8ABEFP 6 <EE?98B64A<< A959EAOI F9? @9FB84@< D48<B?B>4J<< E6S;4A4 E 

F9@, KFB <AF9AE<6ABEFP D48<B6B?A CD< D48<B?B>4J<< BE?45?S9FES B5D4FAB 

CDBCBDJ<BA4?PAB K9F69DFB= EF9C9A< D4EEFBSA<S 8B <EE?98G9@B7B B5N9>F4. #BQFB@G 

D48<B?B>4FBDO, <ECB?P;G9@O9 8?S <EE?98B64A<S A959EAOI F9?, <@9RF 4AF9AAO 5B?PL<I 

D4;@9DB6 < @BMAO9 C9D984FK<><. !4CD<@9D, D48<B?B>4J<BAA4S GEF4AB6>4 J9AFD4 84?PA9= 

>BE@<K9E>B= E6S;< 6 �DO@G <@99F 4AF9AAG E 8<4@9FDB@ 7?46AB7B ;9D>4?4 70 @ < 

B5BDG8B64A4 C9D984FK<>B@ @BMABEFPR A9E>B?P>B EBF9A >�F A4 6B?A9 39 E@. 1A9D7<S, 
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A4CD46?S9@4S > J9?<, >BAJ9AFD<DG9FES 6 ?GK9 E G7?B@ D4E>DO64 25'. 

    �; D48<B?B>4J<< �9A9DO, GFBKA9AB ;A4K9A<9 4EFDBAB@<K9E>B= 98<A<JO:    1 4. 9.=149 

597 870 691 ± 6@ j149,6 @?A.>@., KFB EBBF69FEF6G9F $=8,7940". &4> CDB6989AA4S 6 

%B69FE>B@ %BR;9 B5D45BF>4 84AAOI D48<B?B>4J<BAAOI <;@9D9A<= D4EEFBSA<S 8B �9A9DO 

6 1962-7577 (B8<A <; C9D6OI G84KAOI Q>EC9D<@9AFB6 CB D48<B?B>4J<< �9A9DO CDB69?< 

EBFDG8A<>< �AEF<FGF4 D48<BF9IA<>< < Q?9>FDBA<>< �! %%%$ 6 4CD9?9 19617 4AF9AAB= 

84?PA9= >BE@<K9E>B= E6S;< 6 �DO@G, = 39 E@) 84?4 ;A4K9A<9 1 4.9. =149597867,9 ±0,9 >@. 

XVI �9A9D4?PA4S 4EE4@5?9S  9:8GA4DB8AB7B 4EFDBAB@<K9E>B7B EBR;4 CD<AS?4 6 19767 

;A4K9A<9 1 4.9.=149597870±2 >@. #GF9@ D48<B?B>4J<< E �� BCD989?S9FES D9?P9H 

CB69DIABEF< C?4A9F < <I ECGFA<>B6, EBEF46?SRFES <I >4DFO 

 

  "EAB6AO9 4AF9AAO, <ECB?P;G9@O9 8?S D48<B?B>4J<< C?4A9F: 

 

   = �6C4FBD<S, �DO@, 8<4@9FD 70 @, = 39 E@; 

 

   = �D9E<5B, #GQDFB $<>B, 8<4@9FD 305 @, = 12.6 E@; 

 

   = �B?8EFBGA, �4?<HBDA<S, 8<4@9FD 64 @, = 3.5 < 12.6 E@, 6 5<EF4F<K9E>B@ D9:<@9 CD<9@ 

BEGM9EF6?S9FES A4 E<EF9@9 4C9DFGDAB7B E<AF9;4 VLA. 

 

     % <;B5D9F9A<9 �64AFB6OI 79A9D4FBDB6 (?4;9D4) 6 19697 CDB<;6989A4 C9D64S ?4;9DA4S 

?B>4J<S �GAO (;9D>4?B 8?S BFD4:9A<S ?4;9DAB7B ?GK4 A4 �GA9 GEF4AB6<?< 4EFDBA46FO 

%,� «�DBllB - 11» 20.07.697), FBKABEFP <;@9D9A<S EBEF46<?< ±30 E@. !4 D<EGA>9 

CB>4;4AB D4ECB?B:9A<9 ?4;9DAOI G7B?>B6OI BFD4:4F9?9= A4 �GA9, GEF4AB6?9AAOI CD< 
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CB?9F9 �� "�GA4-17, 21" < "�CB??BA - 11, 14, 15". �E9, ;4 <E>?RK9A<9@ BFD4:4F9?S 

�GABIB84-1 (L1), D45BF4RF < E9=K4E.  

�4;9DA4S (BCF<K9E>4S) ?B>4J<S AG:A4 8?S:  

-D9L9A<9 ;484K >BE@<K9E><I <EE?98B64A<=.  

-D9L9A<9 ;484K >BE@<K9E>B= 79B89;<<.  

-6OSEA9A<S 6BCDBE4 B 86<:9A<< ;9@AOI @4F9D<>B6 < F.8.  

  

2) "CD989?9A<9 D4;@9DB6 A959EAOI F9?. 

4) "CD989?9A<9 D48<GE4 �9@?<. 

�"�=n=φ�-φ�(D4;ABEFP 79B7D4H<K9E><I L<DBF) 

9=�� - 8?<A4 8G7< 68B?P @9D<8<4A4 

F.>. 91
0=9/n=2ÃR/3600

 ,FB [HBD@ 21]. 

 �A4?B7<KAO@ ECBEB5B@ 6 2407 8B !1 (D<EGAB> 6OL9) 

BCD989?S9F D48<GE �9@?< 

79B7D4H 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 (EFD. 51). 

2. CD- "Red Shift 5.1" - "CD989?<FP A4 84AAO= @B@9AF G84?9AABEFP A<:A<I (C?4A9F ;9@AB= 

7DGCCO, 69DIA<I C?4A9F, C?4A9F 7<74AFB6) BF �9@?< < %B?AJ4 6 4.9. 

3. '7?B6B= D48<GE  4DE4 9,6", 4 7BD<;BAF4?PAO= C4D4??4>E 18". +9@G D469A ?<A9=AO= 

D48<GE  4DE4? [�; HBD@G?O 22 CB?GK<@ 3401,6 >@. (H4>F<K9E>< 3396 >@)]. 

4. �4>B6B D4EEFBSA<9 @9:8G ?4;9DAO@ BFD4:4F9?9@ A4 �GA9 < F9?9E>BCB@ A4 �9@?9, 9E?< 

<@CG?PE 6B;6D4F<?ES K9D9; 2,43545E? [ <; HBD@G?O R=(c.
t)/2 

R=3
.
10

8.2,43545/2j365317500,92@j365317,5>@] 

5. $4EEFBSA<9 BF �9@?< 8B �GAO 6 C9D<799 363000>@, 4 6 4CB799 405000>@. "CD989?<F9 

7BD<;BAF4?PAO= C4D4??4>E �GAO 6 QF<I CB?B:9A<SI. [ <; HBD@G?O 

D=(206265"/p)*R⊕ BFER84 D=(206265"/D)*R⊕; D�=(206265"/405000)*6378j3248,3"j54,1', 
D#= (206265"/363000)*6378j3624,1"j60,4']. 

�BAFDB?PAO9 6BCDBEO: 

1) +FB F4>B9 C4D4??4>E? 

2) �4><@< ECBEB54@< @B:AB BCD989?<FP D4EEFBSA<9 8B F9? %%? 

3) +FB F4>B9 54;<E? +FB CD<A<@49FES ;4 54;<E 8?S BCD989?9A<S D4EEFBSA<S 8B F9? %%? 
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4) �4> ;46<E<F C4D4??4>E BF G84?9AABEF< A959EAB7B F9?4? 

5) �4> ;46<E<F D4;@9D F9?4 BF G7?4? 

 

2.3  4F9D<4?O 8?S CDB@9:GFBKAB= 4FF9EF4J<< 

�BAFDB?PAO= F9EF 

�4D<4AF 7 1 

1. !4G>4 B A959EAOI E69F<?4, B ;4>BA4I <I 86<:9A<S, EFDB9A<S < D4;6<F<S, 4 F4>:9 B 
EFDB9A<< < D4;6<F<< �E9?9AAB= 6 J9?B@ A4;O649FES … 

1. �EFDB@9FD<S 

2. �EFDBH<;<>4 

3. �EFDBAB@<S  

4. �DG7B= BF69F 

2.�9?<BJ9AFD<KAG @B89?P @<D4 D4;D45BF4? … 

1. )455? 186<A 

2. !<>B?4= �BC9DA<>  

3. &<IB �D479 

4. �?468<= #FB?9@9= 

3.� C?4A9F4@ ;9@AB= 7DGCCO BFABESFES … 

1.  9D>GD<=, �9A9D4, 'D4A, �9@?S 

2.  4DE, �9@?S, �9A9D4,  9D>GD<=  

3. �9A9D4, �9@?S,  9D>GD<=, (B5BE 

4.  9D>GD<=, �9@?S,  4DE, 2C<F9D 

4.�FBDB= BF %B?AJ4 C?4A9F4 A4;O649FES … 

1. �9A9D4  

2.  9D>GD<= 

3. �9@?S 

4.  4DE 

5.  9:;69;8AB9 CDBEFD4AEF6B … 

1. A9 ;4CB?A9AB A<K9@ 

2. ;4CB?A9AB CO?PR < 74;B@  

3.;4CB?A9AB B5?B@>4@< >BE@<K9E><I 
4CC4D4FB6 

4. 8DG7B= BF69F. 
6. '7B? @9:8G A4CD46?9A<9@ A4 E69F<?B E >4>B=-?<5B FBK>< ;9@AB= CB69DIABEF< < 
A4CD46?9A<9@ <; J9AFD4 �9@?< A4;O649FES … 

1. +4EB6B= G7B? 

2. �BD<;BAF4?PAO= C4D4??4>E  

3. �;<@GF 

4. #DS@B9 6BEIB:89A<9 

7. $4EEFBSA<9, E >BFBDB7B ED98A<= D48<GE ;9@AB= BD5<FO 6<89A CB8 G7?B@ 1 E9>GA84 
A4;O649FES … 

1. �EFDBAB@<K9E>4S 98<A<J4 

2. #4DE9>  

3. %69FB6B= 7B8 

4. �69;8A4S 69?<K<A4 

8. !<:ASS FBK>4 C9D9E9K9A<S BF69EAB= ?<A<< E A959EAB= EH9DB= A4;O649FES … 

1. FBK>4I R74 

2. FBK>4I E969D9 

3. ;9A<F 

4. A48<D  
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9. �B?PLB= >DG7, C?BE>BEFP >BFBDB7B C9DC9A8<>G?SDA4 BE< @<D4 A4;O649FES … 

1. A959EAO= Q>64FBD  

2. A959EAO= @9D<8<4A 

3. >DG7 E>?BA9A<= 

4. A4EFBSM<= 7BD<;BAF 

10. #9D64S Q>64FBD<4?PA4S E<EF9@4 A959EAOI >BBD8<A4F BCD989?S9FES … 

 1.�B8<AA<= G7B? < E>?BA9A<9  

 2. #DS@B9 6BEIB:89A<9 < E>?BA9A<9 

 3. �;<@GF < E>?BA9A<9 

 4. �;<@GF < 6OEBF4 

11. �B?PLB= >DG7, CB >BFBDB@G J9AF 8<E>4 %B?AJ4 EB69DL49F E6B= 6<8<@O= ?9FA<= 
86<:9A<9 A4 A959EAB= EH9D9 A4;O649FES … 

1. A959EAO= Q>64FBD 

2. A959EAO= @9D<8<4A 

3. >DG7 E>?BA9A<= 

4. Q>?<CF<>4  

12. �<A<S 6B>DG7 >BFBDB= 6D4M49FES A959EA4S EH9D4 A4;O649FES 

1. BEP @<D4 
 2. 69DF<>4?P 

   3. CB?G89AA4S ?<A<S 

   4. A4EFBSM<= 7BD<;BAF 
13. � >4>B@ EB;69;8<< A4IB8<FES ;69;84, <@99F >BBD8<A4FO ³ = 5h 20m, · = + 100 

    1. &9?9J 

    2. �B;A<K<= 

    3. �4SJ 

    4. "D<BA  

14. "5D4FAB9 86<:9A<9 FBK>< 69E9AA97B D46AB89AEF6<S A4;O649FES … 

   1. #9D<79?<= 

   2. �H9?<= 

   3. #D9J9EE<S  

   4. !9F CD46<?PAB7B BF69F4 

15. �?46AOI H4; �GAO A4EK<FO64RF … 

1. 869 

2. K9FOD9 

   3. L9EFP 

   4.6BE9@P 

 

16. '7B? >BFBDO=, BFEK<FO64RF BF FBK>< R74 S 68B?P 7BD<;BAF4 6 EFBDBAG ;4>4F4 8B 
69DF<>4?4 E69F<?4 A4;O64RF … 

1. �;<@GF  

2. �OEBF4 

    3. +4EB6B= G7B? 

    4. %>?BA9A<9 

17. �648D4FO C9D<B8B6 B5D4M9A<S C?4A9F BFABESFES >4> >G5O 5B?PL<I CB?GBE9= 
BD5<F. ЭFB GF69D:89A<9 … 

1. C9D6O= ;4>BA �9C?9D4 

2. 6FBDB= ;4>BA �9C?9D4 

    3. FD9F<= ;4>BA �9C?9D4  

    4. K9F69DFO= ;4>BA �9C?9D4

 

18.&9?9E>BC, G >BFBDB7B B5N9>F<6 CD98EF46?S9F EB5B= ?<A;G <?< E<EF9@G ?<A; 
A4;O64RF … 
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1.$9H?9>FBDA<@ 

2.$9HD4>FBDA<@  

   3. @9A<E>B6O= 

   4. !9F CD46<?PAB7B BF69F4. 

19.'EF4AB6<?  ;4>BAO 86<:9A<S C?4A9F … 

1. !<>B?4= �BC9DA<> 

2. &<IB �D479 

3. �4?<?9B �4?<?9= 

4.�B74AA �9C?9D 

 

20.� C?4A9F4@-7<74AF4@ BFABESF C?4A9FO … 

1. (B5BE, 2C<F9D, %4FGDA, 'D4A 

2. #?GFBA, !9CFGA, %4FGDA, 'D4A 

3. !9CFGA, 'D4A, %4FGDA, 2C<F9D  

4.  4DE, 2C<F9D, %4FGDA, 'D4A 

      

 

�4D<4AF № 2 

1. !4G>4, <;GK4RM4S EFDB9A<9 A4L9= �4?4>F<>< < 8DG7<I ;69;8AOI E<EF9@ 
A4;O649FES … 

1. �EFDB@9FD<S 

2. �69;8A4S 4EFDBAB@<S 

3. �EFDBAB@<S  

 4. �DG7B= BF69F 

2.�9BJ9AFD<KAG @B89?P @<D4 D4;D45BF4? … 

1. !<>B?4= �BC9DA<> 

2. �E44> !PRFBA 

3. �?468<= #FB?9@9=  

4. &<IB �D479 

3. %BEF46 %B?A9KAB= E<EF9@4 6>?RK49F … 

1. 6BE9@P C?4A9F.  

2. 896SFP C?4A9F 

3. 89ESFP C?4A9F 

4. E9@P C?4A9F 

4. +9F69DF4S BF %B?AJ4 C?4A9F4 A4;O649FES … 

1. �9@?S 

2.  4DE  

3. 2C<F9D 

4. %4FGDA 

5. "CD989?9AAO= GK4EFB> ;69;8AB7B A954 E K9F>B BK9DK9AAO@< CD989?4@<, 
BI64FO64RM<= 6E9 CD<A48?9:4M<9 9= E69F<?4 < <@9RM4S EB5EF69AAB9 A4;O649FES 
… 

1. !959EAB= EH9DB= 

2. �4?4>F<>B= 

3. %B;69;8<9 

 4. �DGCC4 ;D9A<9 

6. '7B?, CB8 >BFBDO@ <; ;69;8O 5O? 5O 6<89A D48<GE ;9@AB= BD5<FO A4;O649FES … 

1. �B8B6B= C4D4??4>E 2. �BD<;BAF4?PAO= C4D4??4>E 
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3. +4EB6B= G7B? 4. %>?BA9A<9 

7. �9DIASS FBK>4 C9D9E9K9A<S BF69EAB= ?<A<< E A959EAB= EH9DB= A4;O649FES … 

1. A48<D 

2. FBK>4I E969D9 

3. FBK>4I R74 

4.;9A<F 

8 �B?PLB= >DG7, CDBIB8SM<= K9D9; CB?RE4 @<D4 < ;9A<F A4;O649FES … 

1. A959EAO= Q>64FBD 

2. A959EAO= @9D<8<4A 

3. >DG7 E>?BA9A<= 

4.A4EFBSM<= 7BD<;BAF 

9. #DB@9:GFB> 6D9@9A< @9:8G 86G@S CBE?98B64F9?PAO@< 69DIA<@< 
>G?P@<A4J<S@< FBK>< 69E9AA97B D46AB89AEF6<S A4;O649FES … 

   

1. %B?A9KAO9 EGF>< 
 2. �69;8AO9 EGF><  

   3. �69;8AO= K4E 

   4. %B?A9KAB9 6D9@S 
10. �B?<K9EF6B QA9D7<<, >BFBDGR <;?GK49F ;69;84 EB 6E9= E6B9= CB69DIABEF< 6 
98<A<JG 6D9@9A< CB 6E9@ A4CD46?9A<S@ A4;O649FES … 

1. ;69;8A4S 69?<K<A4 

2. SD>BEFP 

3. C4DE9> 

4.E69F<@BEFP 

11. �FBD4S Q>64FBD<4?PA4S E<EF9@4 A959EAOI >BBD8<A4F BCD989?S9FES … 

   1.�B8<AA<= G7B? < E>?BA9A<9  

   2. #DS@B9 6BEIB:89A<9 < E>?BA9A<9 

   3. �;<@GF < E>?BA9A<9 

   4. �;<@GF < 6OEBF4 

12. � >4>B@ EB;69;8<< A4IB8<FES ;69;84, <@99F >BBD8<A4FO ³ = 20h 20m, · = + 350 

    1. �B;9DB7 

    2. �9?PH<A 

    3. %FD9?4 

    4. �9598P 

13. #GFP %B?AJ4 A4 A959 68B?P Q>?<CF<>< CDB?9749F ED98< … 

   1. 11 EB;69;8<= 

   2. 12 EB;69;8<= 

   3. 13 EB;69;8<=  

   4. 14 EB;69;8<= 

14. �4F@9A<9 %B?AJ4 A4EFGC49F … 

   1. 9E?< �GA4 CBC4849F 6 F9AP �9@?<. 

   2. 9E?< �9@?S A4IB8<FES @9:8G 
%B?AJ9@ < �GAB= 

   3. 9E?< �GA4 A4IB8<FES @9:8G %B?AJ9@ 
< �9@?9=  

   4. A9F CD46<?PAB7B BF69F4. 

15. �4:84S <; C?4A9F 86<:9FES 6B>DG7 %B?AJ4 CB Q??<CEG, 6 B8AB@ <; HB>GEB6 
>BFBDB7B A4IB8<FES %B?AJ9. ЭFB GF69D:89A<9 … 

    1. C9D6O= ;4>BA �9C?9D4  

    2. 6FBDB= ;4>BA �9C?9D4 

    3. FD9F<= ;4>BA �9C?9D4 

    4. K9F69DFO= ;4>BA �9C?9D4 
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16. �4?9A84DP, 6 >BFBDB@ CB8EK9FG 6D9@9A< 698GF ;4 <;@9A9A<9@ H4; �GAO 
A4;O64RF … 

    1. %B?A9KAO@ 

    2. �GAAB-EB?A9KAO@ 

    3. �GAAO@  

    4. !9F CD46<?PAB7B BF69F4. 

17.&9?9E>BC, G >BFBDB7B B5N9>F<6 CD98EF46?S9F EB5B= 6B7AGFB9 ;9D>4?B A4;O64RF … 

    1.$9H?9>FBDA<@ 

    2.$9HD4>FBDA<@  

   3. @9A<E>B6O= 

   4. !9F CD46<?PAB7B BF69F4 

18. %<EF9@4, >BFBD4S B5N98<AS9F A9E>B?P>B D48<BF9?9E>BCB6 A4;O649FES … 

   1.$48<B<AF9DH9DB@9FDB@  

   2.$48<BF9?9E>BCB@ 

   3.�9F9>FBDB@ 

   4. !9F CD46<?PAB7B BF69F4 

 

 

19. !4G>4, <;GK4RM4S EFDB9A<9 A4L9= �4?4>F<>< < 8DG7<I ;69;8AOI E<EF9@ 
A4;O649FES … 

1. �EFDB@9FD<S 

2. �69;8A4S 4EFDBAB@<S 

3. �EFDBAB@<S  

4. �DG7B= BF69F 

20. �4>BA 6E9@<DAB7B FS7BF9A<S BF>DO? … 

1. �4?<?9B �4?<?9= 

2. )455? 186<A 

3. �E44> !PRFBA  

4. �B74AA �9C?9D



"F69FO 

�4D<4AF №1                                                      �4D<4AF №2 

7 6BCDBE4 "F69F  7 6BCDBE4 "F69F 
1 3 1 3 

2 2 2 3 

3 2 3 1 

4 1 4 2 

5 2 5 3 

6 2 6 1 

7 2 7 4 

8 4 8 4 

9 1 9 2 

10 1 10 4 

11 4 11 1 

12 1 12 4 

13 4 13 3 

14 1 14 3 

15 2 15 1 

16 1 16 3 

17 3 17 2 

18 2 18 1 

19 4 19 3 

20 3 20 3 
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#9D9K9AP D9>B@9A8G9@OI GK95AOI <;84A<=, �AF9DA9F - D9EGDEB6, 8BCB?A<F9?PAB= 
?<F9D4FGDO: 

1. "EAB6A4S ?<F9D4FGD4: 

�BDBAJB6-�9?PS@<AB6 �.�., %FD4GF �.�., �EFDBAB@<S, 54;B6O= GDB69AP, 11 >?4EE, 

 ., �DBH4, 2020. 

2. �BCB?A<F9?PA4S ?<F9D4FGD4: 
 

�96<F4A �.#. �EFDBAB@<S, 54;B6O= GDB69AP, 11 >?4EE,  ., #DBE69M9A<9, 2020. 

 


