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ЭFBF EA<@B> E89?4A ?R5<F9?9@ 4EFDBAB@<< <; !O>FO6>4D4 �?48<@<DB@ 
�BD5GAB6O@. !N9@>4 CDB<;6B8<?4EP E 54?>BA4 7BDB8E>B7B 8B@4, HB>GEAB9 D4EEFBSA<9 
F9?9E>BC4, E?G:<6L97B B5N9>F<6B@ 4 1800 @@. 

1. К4>B7B F<C4 >BAEFDG>J<<, 69DBSFA99 6E97B, 5O? F9?9E>BC? 

2.  4EEFBSA<9 8B B8AB= <; ;69;8 A4 EA<@>9 B>B?B 40 @?A E69FB6OI ?9F. �BK9@G 6E9 
CDBK<9 ;69;8O A4 EA<@>9 A4IB8SFES D4EEFBSA<< A9 5B?99 100 FOE. E69FB6OI ?9F BF 
A45?R84F9?S? �89 69DBSFA99 6E97B A4IB8<FES 84?9>4S ;69;84 < CBK9@G BA4 
EBCBEF46<@4 CB SD>BEF< E 5B?99 5?<;><@<? 

 

Р5H5Aи5: 
1. $B>GEAB9 D4EEFBSA<9 6B @AB7B@ BCD989?S9F 7454D<FO F9?9E>BC4.  9HD4>FBD < 

D9H?9>FBD E HB>GEAO@ D4EEFBSA<9@ 1800 @@ 5G8GF <@9FP EBBF69FEF6GRMGR 8?<AG, 
KFB 89?49F >D4=A9 A9CD4>F<KAO@ (<?< 84:9 A96B;@B:AO@) <ECB?P;B64A<9 <I 6 
GE?B6<SI 54?>BA4. КB@C4>FAO@< < 8?<AABHB>GEAO@< S6?SRFES F9?9E>BCO-

>4F48<BCFD<><, 6 K4EFABEF<, BCF<K9E>4S EI9@4 �4>EGFB64, >BFBD4S < <@9?4 @9EFB. 
2. �8<AEF69AA4S ;69;84, BF?<KA4S BF BEF4?PAOI A4 EA<@>9, A4IB8<FES DS8B@ E S8DB@ 

74?4>F<>< NGC7331 6 J9AFD9 D<EGA>4, < CD<A48?9:<F BA4 QFB= 74?4>F<>9, KFB 
BCD989?S9F D4EEFBSA<9 8B A99. �A4 S6?S9FES E69DIAB6B=, KFB B59EC9K<649F 99 



6OEB>GR SD>BEFP. �EF4?PAO9 ;69;8O A4 EA<@>9 CD<A48?9:4F 74?4>F<>9 �?9KAO= 
CGFP. 

 

КDиF5Dии BF5Aи20Aия: 
АA4?<; < 69DAB9 BCD989?9A<9 F<C4 F9?9E>BC4 4 2 54??4 
�CD989?9A<9 ;69;8O 6 8DG7B= 74?4>F<>9 4 3 54??4 
�89AF<H<>4J<S E69DIAB6B= 4 3 54??4 
 

�040G0 2 

 

�9D98 64@< ;4D<EB6>4 C?4A9F4DAB= FG@4AABEF< «!B64», E89?4AA4S 6 1848 7B8G 4EFDBAB@B@ 
#<?PS@B@ �4DEBAEB@. К4> B5D4;GRFES C?4A9F4DAO9 FG@4AABEF<?  4EEFBSA<9 «!B6O» 
EBEF46?S9F 2025 E69FB6OI ?9F, 9ё 6B;D4EF 4 6000 ?9F, 4 6<8<@O9 E �9@?< D4;@9DO B>B?B 
3.3’×3.3’.  �J9A<F9 ED98ARR ?<A9=AGR E>BDBEFP D4;5974A<S 69M9EF64 6 C?4A9F4DAB= 
FG@4AABEF< (BF69F 6 E<EF9@9 !�). 

 

Р5H5Aи5: 

�?4A9F4DAO9 FG@4AABEF< B5D4;GRFES CD< E5DBE9 6A9LA9= B5B?BK>< >D4EAB7B 7<74AF4. � 
J9AFD9 C?4A9F4DAB= FG@4AABEF< BEF49FES 59?O= >4D?<>. 

�?S D4EK9F4 <ECB?P;G9FES CDBEF4S HBD@G?4 8?<AO 8G7< B>DG:ABEF< 8?S @4?B7B G7?4 

X = R × α, 789 R 4 D48<GE B>DG:ABEF<, α 4 G7B? 6 D48<4A4I. 

�FER84 CB?GK49@ X = 6.4×1015 @, E>BDBEFP V = 0.33 × 105 @/E. 

 

КDиF5Dии BF5Aи20Aия: 
- G>4;4A @9I4A<;@ 6B;A<>AB69A<S C?4A9F4DAOI FG@4AABEF9= 4 3 54??4 
- 69DAB ;4C<E4AO HBD@G?O 8?S D4EK9F4 4 2 54??4 
- 69DAB CDB<;6989AO C9D96B8 98<A<J 6 E<EF9@G !� < D4EK9F E>BDBEF< 4 3 54??4 
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�?9KAO= CGFP EBEFB<F <; @<??<4D8B6 ;69;8, FBKAB9 K<E?B >BFBDOI BCD989?<FP 8B6B?PAB 
E?B:AB. �EE?98B64A<S 5?<;?9:4M<I B5?4EF9= �4?4>F<>< CB>4;4?<, KFB ?B>4?PA4S 
C?BFABEFP D4ECB?B:9A<S ;69;8 EBEF46?S9F CD<@9DAB 0.05 ;69;8O/(E6.7B8)3. !K<F4S 8?S 
CDBEFBFO, KFB �?9KAO= CGFP <@99F HBD@G J<?<A8D4 8<4@9FDB@ 100000 E6. ?9F < 6OEBFB= 
1000 E6. ?9F D4EEK<F4=F9 CD<5?<;<F9?PAB9 K<E?B ;69;8 6 �4?4>F<>9. 
 

Р5H5Aи5 

�ECB?P;G9@ B5OKAGR HBD@G?G 8?S B5N9@4 J<?<A8D4: 

 

�B 84AAO@ ;484K< D4EEK<FO649@: N = 393×1019 ;69;8. 

 

КDиF5Dии BF5Aи20Aия: 

-   69DAB ;4C<E4A4 HBD@G?4 B5N9@4 J<?<A8D4 (4 10??0); 
-   69DAB CDB<;6989A D4EK9F (4 10??B2); 
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�9:8GA4DB8A4S >BE@<K9E>4S EF4AJ<S (�К!) 86<:9FES CB BD5<F9, CDBIB8SM9= A4 
6OEBF9 B>B?B 410 >@ A48 ;9@AB= CB69DIABEFPR. �D< G84?9A<< BF �9@?< G@9APL49FES 
GE>BD9A<9 E6B5B8AB7B C489A<S, >BQHH<J<9AF 97B BE?45?9A<S P @B:AB A4=F< CB HBD@G?9: 

 

�89EP z 4 6OEBF4 A48 CB69DIABEFPR �9@?<, R 4 D48<GE �9@?<. �O698<F9 QFG HBD@G?G. 

�CD989?<F9 >BQHH<J<9AF BE?45?9A<S (6 8B?SI <?< CDBJ9AF4I) GE>BD9A<S E6B5B8AB7B 
C489A<S A4 �К!. �BK9@G A9E@BFDS A4 FB, KFB GE>BD9A<9 E6B5B8AB7B C489A<S BEF49FES 
A9AG?96O@, >BE@BA46FO < CD98@9FO A4 !F4AJ<< CD95O64RF 6 A969EB@BEF<? 

 �4 >4>B@ D4EEFBSA<< BF ;9@AB= CB69DIABEF< GE>BD9A<9 E6B5B8AB7B C489A<S EBEF46?S9F 1% 
BF ;A4K9A<S A4 �9@?9? 

 
Р5H5Aи5: 

�O6B8 HBD@G?O: 

 

�B8EF4AB6>4 6 HBD@G?G 849F P(410 >@) = 0.11 (11%). 

КBE@BA46FO < CD98@9FO A4 !F4AJ<< A4IB8SFES 6 EBEFBSA<< A969EB@BEF<, CBE>B?P>G 
89=EF6<9 E<?O FS:9EF< >B@C9AE<DG9FES 89=EF6<9@ J9AFDB59:AB= E<?O. 

�OD4;<@ D4EEFBSA<9, 8?S >BFBDB7B <@99F @9EFB BE?45?9A<9 z:  



 

�FER84 z(99%) = 57339 >@ 

КDиF5Dии BF5Aи20Aия: 

- 69DAB 6O6989A4 HBD@G?4 (3 54??4) 
- 69DAB 6OK<E?9A >BQHH<J<9AF BE?45?9A<S (1 10??0); 

- G>4;4AB 6?<SA<9 J9AFDB59:AB= E<?O (1 10??0); 

- 6OD4:9A<9 8?S 6OK<E?9A<S D4EEFBSA<S, A4 >BFBDB@ <@99F @9EFB BCD989?9AAB9 BE?45?9A<9 
GE>BD9A<S E6B5B8AB7B C489A<S (2 10??0) 

- 69DAB 6OK<E?9AB D4EEFBSA<9 <; CD98O8GM97B CGA>F4 (1 54??) 
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 4EEK<F4=F9 <; 79B@9FD<K9E><I EBB5D4:9A<=, E >4>B= CB?ABFB= @B7GF 6<89FP ;9@AGR 
CB69DIABEFP >BE@BA46FO A4 �К!: 

4 G7B? B5;BD4 θ; 
4 8B?R C?BM48< ;9@AB= CB69DIABEF<, 8BEFGCAB= 8?S B5;BD4 >BE@BA46F4@ 6 >4:8O= 

@B@9AF 6D9@9A<. 
 

Р5H5Aи5: 
 

 
 

 
 

КDиF5Dии BF5Aи20Aия: 
- D4EEK<F4A G7B? B5;BD4 (3 54??4) 
- D4EEK<F4A4 8B?S 6<8<@B= CB69DIABEF< (5 54??B6) 
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!O>FO6>4DE><= ?R5<F9?P 4EFDBAB@<< �4>E<@ HBFB7D4H<DG9F @9?PK4=L<9 
CB8DB5ABEF< EC<D4?PAOI DG>46B6 74?4>F<> <; >4F4?B74 �9EEP9. �?S D45BFO BA <ECB?P;G9F 
D9H?9>FBD �PRFBA4 8<4@9FDB@ 200 @@ < HB>GEAO@ D4EEFBSA<9@ 1000 @@. АEFDB>4@9D4, 
>BFBDGR BA CD<@9AS9F, <@99F >648D4FAGR @4FD<JG EB EFBDBAB= 11,31 @@ < D4;D9L9A<9@ 



3008×3008 C<>E9?9=. �BK9@G F9>GM4S >BAH<7GD4J<S B5BDG8B64A<S A9 CB;6B?<F �4>E<@G 
>4K9EF69AAB BFEASFP @9?><9 89F4?< <AF9D9EGRM<I 97B B5N9>FB6? К4>B9 @<A<@4?PAB9 
HB>GEAB9 D4EEFBSA<9 F9?9E>BC4 FD95G9FES 8?S D9L9A<S 97B ;484K<? #KF<F9, KFB 8?S 
A489:AB7B EBID4A9A<S <AHBD@4J<< FD95G9FES, KFB5O A4 B8<A Q?9@9AF F9?9E>BC4 
D4;D9L9A<S CB  Q?9R CD<IB8<?BEP A9 @9A99 2 C<>E9?9= @4FD<JO. 
 

 4;D9L4RM4S ECBEB5ABEFP F9?9E>BC4 (HBD@G?4  Q?9S) θ = 1.22 * λ / D * (206265’’) 
�?<A4 6B?AO 6<8<@B7B E69F4 λ = 550 A@ 

КBQHH<J<9AF C9D9EK9F4 G7?B6B7B D4;@9D4 GK4EF>4 A4 A959 6 C<>E9?< 

k = (p / F) * 206265, [k] = ’’/C<>E., p 4 D4;@9D C<>E9?S, F 4 HB>GEAB9 D4EEFBSA<9 
F9?9E>BC4. 
 

Р5H5Aи5: 

 4EEK<F49@ CB HBD@G?4@: 
θ = 1.22 * (550 * 10⁻⁹) / 0.2 * 206265 ≈ 0.69’’ 
�; 79B@9FD<K9E><I EBB5D4:9A<= 6OK<E?S9@ D4;@9D B8AB7B C<>E9?S @4FD<JO 

p = 3.8 * 10⁻⁶ @ 

КBQHH<J<9AF C9D9EK9F4 
k = (3.8 * 10⁻⁶ / 1) * 206265 ≈ 0.78’’/C<>E 
 

�B?GK<?<, KFB Q?9@9AF D4;D9L9A<S 0.69’’ CBC4849F A4 C<>E9?P E @4ELF45B@ 0.78’’/C<>E, FB 
9EFP «CDB64?<649FES» 6 C<>E9?P. �?S D9L9A<S ;484K< FD95G9FES B59EC9K<FP F4><9 
F9IA<K9E><9 C4D4@9FDO E<EF9@O, KFB5O @4ELF45AO= >BQHH<J<9AF EBEF46?S? CBDS8>4 
k=0.35’’/C<>E. �?S QFB7B @B:AB CD<@9A<FP >4@9DG E @9APL<@ D4;@9DB@ C<>E9?S, 4 @B:AB 
CB8B5D4FP F9?9E>BC E 5B?PL<@ HB>GEAO@ D4EEFBSA<9@, 4 <@9AAB 

F_new/F = 0.78/0.35 = 2.27. 

 

"4><@ B5D4;B@, ;484KG 4EFDBAB@4 D9L49F FDG54 F9?9E>BC4 E HB>GEAO@ D4EEFBSA<9@, 
CD96OL4RM<@ 2.27 @. 
 

КDиF5Dии BF5Aи20Aия: 

- D4EEK<F4A4 D4;D9L4RM4S ECBEB5ABEFP F9?9E>BC4 (1 54??); 
- D4EEK<F4A D4;@9D C<>E9?S @4FD<JO >4@9DO (2 54??4) 
- D4EEK<F4A @4ELF45AO= >BQHH<J<9AF (1 54??) 
- B5BEAB64A4 F9IA<K9E>4S A9EBEFBSF9?PABEFP E<EF9@O (2 54??4) 
- D4EEK<F4AB FD95G9@B9 HB>GEAB9 D4EEFBSA<9 (1 54??)  
 

�0>Eи@G@ – 8 10??B2. 


