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9. 'EF4AB6<F9 CD46<?PAGR CBE?98B64F9?PABEFP CDBF9>4A<S CDBJ9EE4 HD9FF<A7-
>BDDB;<< 6 A4K4?PAB= H4;9:  
4) C9D9@9M9A<9 < 89HBD@4J<S CB69DIABEF9= CB8 89=EF6<9@ C9D9@9AAOI >4E4F9?PAOI 
A4CDS:9A<= 4 >BDDB;<S 4 D4;DGL9A<9 B>E<8AOI < 8DG7<I C?9AB> 4 B5A4:9A<9 K<EFB7B 
@9F4??4 < @9EF4@< EI64FO64A<9 4 D4;DGL9A<9 BK47B6 EI64FO64A<S < 48EBD5J<S 
><E?BDB84 A4 B5A4:9AAOI GK4EF>4I.  
5) >BDDB;<S 4 D4;DGL9A<9 B>E<8AOI < 8DG7<I C?9AB> 4 B5A4:9A<9 K<EFB7B @9F4??4 < 
@9EF4@< EI64FO64A<9 4 D4;DGL9A<9 BK47B6 EI64FO64A<S < 48EBD5J<S ><E?BDB84 A4 
B5A4:9AAOI GK4EF>4I 4 C9D9@9M9A<9 < 89HBD@4J<S CB69DIABEF9= CB8 89=EF6<9@ 
C9D9@9AAOI >4E4F9?PAOI A4CDS:9A<=  
6) D4;DGL9A<9 BK47B6 EI64FO64A<S < 48EBD5J<S ><E?BDB84 A4 B5A4:9AAOI GK4EF>4I 4 
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@9EF4@< EI64FO64A<9 
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11. #D< G@9APL9A<< L9DBIB64FBEF< CDB<EIB8<F <&&&.> H4>F<K9E>B= C?BM48< 
>BAF4>F4  
 

12. % G69?<K9A<9@ CD989?4 F9>GK9EF< @4F9D<4?4 CDB<EIB8<F <&&..> H4>F<K9E>B= 
C?BM48< >BAF4>F4 
  

13. % CB6OL9A<9@ GCDG7<I I4D4>F9D<EF<> CDB<EIB8<F <&&&.> H4>F<K9E>B= C?BM48< 
>BAF4>F4  
 

14. #DBH<?B7D4@@B= A4;O649FES <&&&.> <;B5D4:9A<9 D94?PAB7B CDBH<?S 
CB69DIABEF<, 6OCB?A9AAB9 6 BCD989?9AAB@ @4ELF459 
  



15. (D9FF<A7->BDDB;<S CDB<EIB8<F CD< <&&&> 4@C?<FG84I >B?954F9?PAOI 
BFABE<F9?PAOI C9D9@9M9A<=. 
 

16. �48<DBEFB=>BEFP @4E?4 S6?S9FES 64:AO@ CB>4;4F9?9@ 8?S CD98BF6D4M9A<S <&&&.> 

CB69DIABEF9=. 
 

17. �S;>BEFP >4> CB>4;4F9?P @4E?4 S6?S9FES 64:AO@ 8?S B59EC9K9A<S 7<8DB8<A4@<K9E>B7B 
D9:<@4 <&&&> FD9A<S. 
 

18. �;A4L<64A<9@ A4;O649FES CDBJ9EE <&&&> CB69DIABEFAOI E?BT6 FDGM<IES F9?, 
>BFBDB9 CD<6B8<F > G@9APL9A<R F9? 6 A4CD46?9A<<, C9DC9A8<>G?SDAB@ CB69DIABEF< 
FD9A<S. 
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�4D<4AFO ;484A<= D4;ABGDB6A96OI ;484K 6O?B:9AO 6 Q?9>FDBAAB= <AHBD@4J<BAAB-
B5D4;B64F9?PAB= ED989 �45��& �D�'#%, 8BEFGCAB= B5GK4RM<@ES K9D9; 97B ?<KAO= 
>45<A9F. 

!<:9 CD<6989AO B5D4;JO F<CB6OI ;484A<= D4;ABGDB6A96OI ;484K CB F9@4@, 
CD98GE@BFD9AAO@ D45BK9= CDB7D4@@B= 

 

 

1. "CD989?<FP >BAF4>FAO9 A4CDS:9A<S CD< GCDG7B@ E:4F<< F9? CB8 89=EF6<9@ 
ABD@4?PAOI E<? 6 EBBF69FEF6<< E 64D<4AF4@< ;484A<=  

 
 

2. "CD989?<FP C4D4@9FDO >BAF4>FAB= ;BAO < C?BM48< >BAF4>F4 BFABE<F9?PAB7B 
E5?<:9A<S CB69DIABEF9= 89F4?9= CD< FD9A<< 6 EBBF69FEF6<< E <EIB8AO@< 
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EF4J<BA4DAO= D9:<@ 6 EBBF69FEF6<< E 64D<4AFB@ 

 

 

3.3 #5@5G5=P 2>?@>A>2 : 70G5BC 
(8?S BJ9A>< ;A4A<=) 

 

$0745; 1. �84O 87=0H820=89 8 87=>A0 8745;89 

1. %GMABEFP < ;484K< A4G>< B FD9A<<. 

2. (<;<K9E>4S CD<DB84 FD9A<S. �879;<S < >B79;<S. 
3. �46<E<@BEFP E<? 4879;<< < >B79;<< BF K<EFBFO (7?48>BEF<) EBCDS749@OI CB69DIABEF9=. 
4.  4>DB- < @<>DBCB7D9LABEF< CB69DIABEF9= FD9A<S. 
5. #BASF<9 B 6B?A<EFBEF< < L9DBIB64FBEF< CB69DIABEF<. ,9DBIB64FBEFP F9IAB?B7<K9E>4S 
< Q>EC?G4F4J<BAA4S, D46AB69EA4S < A9D46AB69EA4S. 
6. #4D4@9FDO, CD<A<@49@O9 8?S BJ9A<64A<S L9DBIB64FBEF<. 
7. �B;89=EF6<9 C?4EF<K9E>B= 89HBD@4J<< CD< B5D45BF>9 CB69DIABEF9= 89F4?9= A4 
A4CDS749@B9 EBEFBSA<9 < A4 <;@9A9A<9 EFDG>FGDO CB69DIABEFAOI E?B96. 
8. &D9A<9 6 C?BE><I A4CD46?SRM<I 8?S CBEFGC4F9?PAB7B 86<:9A<S. 
9. &D9A<S 6 FD9G7B?PAOI A4CD46?SRM<I. 
$0745; 2.�8=0<8G5A:85 ?@>F5AAO 2 C7;0E B@5=8S 

10. &D9A<9 6 J<?<A8D<K9E><I A4CD46?SRM<I. 
11. &D9A<9 6B 6D4M4F9?PAOI C4D4I E ;4;BDB@. 
12. &D9A<9 6B 6D4M4F9?PAOI C4D4I 59; ;4;BD4. 
13. &D9A<9 6B 6D4M4F9?PAOI C4D4I F<C4 >B?PJ96B= CSFO. 
14. &D9A<9 6 D9;P5B6OI EB98<A9A<SI. 
15.#D<DB84 7D4A<KAB=, :<8>BEFAB=, CB?G:<8>BEFAB= E@4;><. 
16. �<8DBEF4F<K9E>B9, 7<8DB8<A4@<K9E>B9, 7<8DBEF4FB8<A4@<K9E>4S :<8>BEFA4S E@4;>4. 
17. �4>BAB@9DABEF< :<8>BEFAB7B FD9A<S E>BDBEF< CBFB>B6 < 846?9A<9 6 E@4;BKAB@ E?B9. 
18. �46<E<@BEFP CD<6989AAB7B >BQHH<J<9AF4 FD9A<S 6 CB8L<CA<>9 :<8>BEFAB7B FD9A<S 
BF 6S;>BEF< @4E?4, E>BDBEFAOI < 79B@9FD<K9E><I C4D4@9FDB6 CB8L<CA<>4. 
19.#B69DIABEFAB9 C?4EF<K9E>B9 89HBD@<DB64A<9 >4> @9FB8 CB6OL9A<S FD<5B?B7<K9E><I 
E6B=EF6 89F4?9= @4L<A. 
$0745; 3. %B@>5=85, D878:>-E8<8G5A:85 A2>9AB20 8 >A>15==>AB8 A>AB>S=8S 
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20. "5?4EF< CD<@9A9A<S C?4EF<K9E>B7B 89HBD@<DB64A<S 89F4?9= DB?<>4@<. 
21. &9BD9F<K9E><9 BEAB6O >BAF4>F4 DB?<>B6 E B5D454FO649@O@< 89F4?S@<. 
22. �9HBD@4J<S CB69DIABEF9= 89F4?9= 6 CDBJ9EE9 A4>4FO64A<S. 
23. &9IAB?B7<K9E><= D9:<@ K<EFB6B7B A4>4FO64A<S. 
24. &9IAB?B7<K9E><= D9:<@ GCDBM9AAB7B A4>4FO64A<S. 
25. �BAEFDG>J<< DB?<>B6OI G;?B6. 
26. #?4A9F4DAO9 D4E>4F><. 



27. "5M<9 E6989A<S B I<@<>B-F9D@<K9E>B@ GCDBM9A<< CB69DIABEF9= FD9A<S: 
CB69DIABEFAB= ;4>4?>9, CB>DOF<SI, A4C?46>9, A4CO?9A<<. 
28.�AF<HD<>J<BAAO9 < CDBF<6B<;ABEAO9 CB>DOF<S CB69DIABEF9= FD9A<S 
>DGCAB7454D<FAB7B B5BDG8B64A<S. 
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30. �O5BD F<C4 E@4;BKAB7B @4F9D<4?4 6 ;46<E<@BEF< BF GE?B6<= D45BFO G;?B6 FD9A<S. 
31. %FDG>FGD4 :<8><I E@4;BKAOI @4F9D<4?B6 (@4E9?), BEAB64 @4E9?, HGA>J<BA4?PAO9 
CD<E48>< < 4AF<HD<>J<BAAO9 8B546><. 

 

3.4 #@8<5@=O9 ?5@5G5=P B8?>2OE ?@>ABOE ?@0:B8G5A:8E 7040=89 : 70GTBC 
(8?S BJ9A>< G@9A<=, A46O>B6 < BCOF4 89SF9?PAB=) 

 

1. $4EEK<F4FP D9EGDE #%� E �-, 6OCB?A9AAO@ 6 6<89 CB>DOF<S, D4ECB?B:9AAB7B A4 
J4CH9, CD< E?98GRM<I <EIB8AOI 84AAOI: R2(0) =  2,5·10-2

 @; I2 = 5·10-2
 @; Δ(0) = 5·10-5

 @ 
@; h0 = 3·10-4

 @; $ = 4,9·103
 !;  =0,785 E-1; Δ*= 2·10-4

 @; f=0,1; �1 = E2 = 1,96·1011
 #4; ý1= 

ý2 = 0,3; ; �3 = 0,1110
10#4; ý3 = 0,4; ü1 = 37 �F·(@-�)-1; 1 = 1,3·10-5�-1

; ü3 =  0,97 �F·(@-�
)
-1

; 

3 =9·10-5
 �-1

; m2 = 1,5; �2= 1,56·10-19
 #4-1,5. #D< D4EK9F9 5G89@ CB?474FP, KFB CB>DOF<9 

FBA>BE?B=AB9. 
2. "CD989?<FP D9EGDE CB8L<CA<>4 E>B?P:9A<S CD< E?98GRM<I ;A4K9A<SI <EIB8AOI 

C4D4@9FDB6: R2 = 10
-2@; l2 = 2·10-2@; Δ(0)= 10-4

 @; h0 = 10
-3

 @; $ = 4·103
 !; Δ* = 5·10-4

 @; ω = 
3,14 E-1; �1 = 3,82·10-18

 #4 -1.4
; m1 = 1,4; �3 = 10

9
 #4; µ; = 0,4. 

3.  $4EEK<F4FP D9EGDE CB8L<CA<>4 E>B?P:9A<S CD< E?98GRM<I <EIB8AOI 84AAOI: R2 

= 2,5·10-2
 @, 12 = 5·10-2

 @; Δ (0) = 5·10-5@;$ = 5·103
 !; Δ* = 3,0·10-4

 @; ω = 1,57E-1; �1 = 

2,5·10-16
 #4-1; �2 = 1,57·10-15

 #41
 

4. $4EEK<F4FP D9EGDE CB8L<CA<>4 E>B?P:9A<S CD< E?98GRM<I <EIB8AOI 84AAOI: R2 

= 2,5·10-2
 @, 12 = 5·10-2

 @; Δ (0) = 5·10-5 ;$ = 5·103
 !; Δ* = 3,0·10-4

 @; ω= 1,57 E-1; �1 = 

2,5·10-16
 #4-1

; �2 = 1,57·10-15
 #4.-1 

5. #B8B5D4FP @4F9D<4? CB>DOF<S J4CHO CB8L<CA<>4 E>B?P:9A<S < FB?M<AG 
CB>DOF<S, 9E?< ;484AO I4D4>F9D<EF<>< EBCDS:9A<S: l2, Δ(0), K1, ω1, $. 
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1. !9B5IB8<@B CDB69EF< F9D@<K9E>GR B5D45BF>G CDG:<AO 8?S CB?GK9A<S 6OEB>B= 
GCDG7BEF<. �?S <;7BFB6?9A<S <I 6O5D4A4 EF4?P 63%2�. '>4:<F9 EBEF46, A4;A4KPF9 < 
B5BEAG=F9 D9:<@ F9D@<K9E>B= B5D45BF><. "C<L<F9 I4D4>F9D <;A4L<64A<S < E6B=EF64 
EF4?< CBE?9 F9D@<K9E>B= B5D45BF><. 
2. �?S <;7BFB6?9A<S 89F4?9= CGF9@ 7?G5B>B= 6OFS:>< CD<@9AS9FES ?4FGAP �80. '>4:<F9 
EBEF46 < BC<L<F9 I4D4>F9D <;ABE4 89F4?9= <; QFB7B EC?464. !4;A4KPF9 D9:<@ 
CDB@9:GFBKAB= F9D@<K9E>B= B5D45BF><, CD<@9AS9@B= @9:8G BF89?PAO@< BC9D4J<S@< 
6OFS:>< < B5BEAG=F9 97B.  



4  5B>48G5A:85 <0B5@80;O, >?@545;SRI85 ?@>F54C@C >F5=820=8S 

7=0=89, C<5=89, =02O:>2 8 (8;8) >?OB0 45SB5;P=>AB8, E0@0:B5@87CRI8E 
QB0?O D>@<8@>20=8S :><?5B5=F89 

 

� F45?<J9 CD<6989AO BC<E4A<S CDBJ98GD CDB6989A<S >BAFDB?PAB-BJ9ABKAOI 
@9DBCD<SF<= < CDBJ98GD BJ9A<64A<S D9;G?PF4FB6 B5GK9A<S E CB@BMPR BJ9ABKAOI 
ED98EF6 6 EBBF69FEF6<< E D45BK9= CDB7D4@@B= 8<EJ<C?<AO. 

 
!4<@9AB64A<9 
BJ9ABKAB7B 
ED98EF64 

"C<E4A<S CDBJ98GDO CDB6989A<S >BAFDB?PAB-BJ9ABKAB7B @9DBCD<SF<S 
< CDBJ98GDO BJ9A<64A<S D9;G?PF4FB6 B5GK9A<S 

&9EF 

&9EF<DB64A<9 CDB6B8<FES CB D9;G?PF4F4@ BE6B9A<S D4;89?B6 8<EJ<C?<AO 6B 6D9@S 
CD4>F<K9E><I ;4ASF<=. �B 6D9@S CDB6989A<S F9EF<DB64A<S CB?P;B64FPES 
GK95A<>4@<, ECD46BKA<>4@<, >BAEC9>F4@< ?9>J<=, F9FD48S@< 8?S CD4>F<K9E><I 
;4ASF<= A9 D4;D9L9AB. #D9CB8464F9?P A4 CD4>F<K9E>B@ ;4ASF<<, CD98L9EF6GRM9@ 
;4ASF<R CDB6989A<S F9EF4, 8B6B8<F 8B B5GK4RM<IES: F9@O, >B?<K9EF6B ;484A<= 6 
F9EF9, 6D9@S 6OCB?A9A<S. $9;G?PF4FO F9EF<DB64A<S 6<8AO B5GK4RM9@GES A4 
>B@CPRF9D9 ED4;G CBE?9 CDBIB:89A<S F9EF4 

$9L9A<9 
D4;ABGDB6A96OI 
;484K 

$9L9A<9 D4;ABGDB6A96OI ;484K CDB6B8<FES @9D9 BE6B9A<S D4;89?B6 8<EJ<C?<AO 6B 
6D9@S CD4>F<K9E><I ;4ASF<=. �B 6D9@S 6OCB?A9A<S CB?P;B64FPES GK95A<>4@<, 
ECD46BKA<>4@<, >BAEC9>F4@< ?9>J<=, F9FD48S@< 8?S CD4>F<K9E><I ;4ASF<= 
D4;D9L9AB. #D9CB8464F9?P 6O84TF  B5GK4RM<@ES <A8<6<8G4?PAO9 ;484A<S EB7?4EAB 
64D<4AF4@ A4 CD98L9EF6GRM9@ CD4>F<K9E>B@ ;4ASF<<. $9;G?PF4FO CDB69D>< 
D9L9A<= CD9CB8464F9?P B5NS6?S9F B5GK4RM<@ES A4 CBE?98GRM9@ CD4>F<K9E>B@ 
;4ASF<< 

 

�?S BD74A<;4J<< < CDB6989A<S CDB@9:GFBKAB= 4FF9EF4J<< 6 HBD@9 ;4K9F4 
EBEF46?SRFES F<CB6O9 >BAFDB?PAO9 ;484A<S <?< <AO9 @4F9D<4?O, A9B5IB8<@O9 8?S 
BJ9A>< ;A4A<=, G@9A<=, A46O>B6 < (<?<) BCOF4 89SF9?PABEF<, I4D4>F9D<;GRM<I QF4CO 
HBD@<DB64A<S >B@C9F9AJ<= 6 CDBJ9EE9 BE6B9A<S B5D4;B64F9?PAB= CDB7D4@@O: 

3 C9D9K9AP F9BD9F<K9E><I 6BCDBEB6 > ;4K9FG (8?S BJ9A>< ;A4A<=); 
3 C9D9K9AP F<CB6OI CD4>F<K9E><I ;484A<= > ;4K9FG (8?S BJ9A>< G@9A<=, A46O>B6 < 

BCOF4 89SF9?PAB=). 
#9D9K9AP F9BD9F<K9E><I 6BCDBEB6 < C9D9KA< F<CB6OI CD4>F<K9E><I ;484A<= D4;AB7B 

GDB6AS E?B:ABEF< > ;4K9FG B5GK4RM<9ES CB?GK4RF 6 A4K4?9 E9@9EFD4 K9D9; Q?9>FDBAAGR 
<AHBD@4J<BAAB-B5D4;B64F9?PAGR ED98G �45��& �D�'#% (?<KAO= >45<A9F 
B5GK4RM97BES). 
 

"?8A0=85 ?@>F54C@ ?@>2545=8S ?@><56CB>G=>9 0BB5AB0F88 2 D>@<5 70G5B0 
8 >F5=820=8S @57C;PB0B>2 >1CG5=8S 

#D< CDB6989A<< CDB@9:GFBKAB= 4FF9EF4J<< 6 HBD@9 ;4K9F4 CD9CB8464F9?P @B:9F 
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