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;4ASF<S, E4@BEFBSF9?PA4S D45BF4 EFG89AFB6. !4 6E9I 6<84I ;4ASF<= CD98GE@4FD<649FES CDB6989A<9 
F9>GM97B >BAFDB?S 6 D4;?<KAOI HBD@4I. #DB@9:GFBKA4S 4FF9EF4J<S EFG89AFB6 CB 8<EJ<C?<A9 
CDB6B8<FES 6 EBBF69FEF6<< E ?B>4?PAO@< 4>F4@< < S6?S9FES B5S;4F9?PAB=. 

&9>GM<= >BAFDB?P CB 8<EJ<C?<A9 BEGM9EF6?S9FES CD9CB8464F9?9@ < CDB6B8<FES 6 HBD@9 
>BAFDB?PAOI @9DBCD<SF<= CB BJ9A<64A<R H4>F<K9E><I D9;G?PF4FB6 B5GK9A<S EFG89AFB6: ;4M<FO 
6OCB?A9AAOI CD4>F<K9E><I D45BF, D9L9A<S ;484K < GCD4:A9A<=, 8B@4LA<I ;484A<= < BJ9A><  
GEFAOI BF69FB6 EFG89AFB6. 

"5N9>F4@< BJ9A<64A<S 6OEFGC4RF: 
 Q?9@9AFO B5M<I >B@C9F9AJ<= (4>F<6ABEFP A4 ;4ASF<SI, E6B96D9@9AABEFP 

6OCB?A9A<S D4;?<KAOI 6<8B6 ;484A<=, CBE9M49@BEFP 6E9I 6<8B6 ;4ASF<= CB 8<EJ<C?<A9); 
 EF9C9AP GE6B9A<S F9BD9F<K9E><I ;A4A<=; 
 GDB69AP B6?489A<S CD4>F<K9E><@< G@9A<S@< < A46O>4@< CB 6E9@ 6<84@ GK95AB= 

D45BFO; 
 D9;G?PF4FO E4@BEFBSF9?PAB= D45BFO. 
#B <FB74@ F9>GM97B >BAFDB?S CB 8<EJ<C?<A9 CDB6B8<FES B5S;4F9?PA4S 9:9@9ESKA4S 

4FF9EF4J<S A4 1 K<E?B >4:8B7B @9ESJ4. 
#DB@9:GFBKA4S 4FF9EF4J<S 6 HBD@9 Q>;4@9A4 CB 8<EJ<C?<A9 CDB6B8<FES, 6 EBBF69FEF6<< E 

D45BK<@ GK95AO@ C?4AB@ EC9J<4?PABEF< 34.02.01 %9EFD<AE>B9 89?B 
 

3.2. �@8B5@88 >F5=820=8S >1@07>20B5;P=OE 4>AB865=89 ABC45=B>2 ?@8 

?@><56CB>G=>9 0BB5AB0F88 

"EAB6B= 8?S BCD989?9A<S BJ9A>< E?G:<F GDB69AP GE6B9A<S EFG89AF4@< @4F9D<4?4, 
CD98GE@BFD9AAB7B D45BK9= CDB7D4@@B= GK95AB= 8<EJ<C?<AO. 

!4 Q>;4@9A9 CB 8<EJ<C?<A9 ;A4A<S < G@9A<S EFG89AF4 BJ9A<64RFES BJ9A>4@< CB 
CSF<54??PAB= L>4?9: «BF?<KAB», «IBDBLB», «G8B6?9F6BD<F9?PAB», «A9G8B6?9F6BD<F9?PAB». 

"J9A<64A<9 EFG89AF4 A4 Q>;4@9A9 CB 8<EJ<C?<A9 
&45?<J4 3. 

 
"F5=:0 

 
&@51>20=8S : 7=0=8S< 

 
&@51>20=8S : C<5=8S< 

&@51>20=8S : 
>A2>5=8R >1щ8E 8 

?@>D5AA8>=0;P=O
E :><?5B5=F89 

 "J9A>4 «BF?<KAB» 6OEF46?S9FES #D46<?PAB B5BEAB6O649F $94?<;G9F 
F6BDK9E><= 

 EFG89AFG, 9E?< BA 7?G5B>B < CD<ASFB9 D9L9A<9, 6?4899F CB8IB8 < 
<A<J<4F<6G 6 

 CDBKAB GE6B<? CDB7D4@@AO= D4;ABEFBDBAA<@< B6?489A<< 

CDBH9EE<9=. 
 @4F9D<4?, <EK9DCO64RM9, A46O>4@< < CD<9@4@< �9@BAEFD<DG9F 

6OEB><= 

«BF?<KAB» CBE?98B64F9?PAB, K9F>B < 6OCB?A9A<S ;484A<=, GDB69AP 4A4?<;4 
 ?B7<K9E>< EFDB=AB 97B <;?4749F, CD<@9AS9F ;A4A<S 6 <AHBD@4J<<, 

CDBS6?S9F 
 G@99F F9EAB G6S;O64FP F9BD<R E >B@C?9>E9, CDB6B8<F <A<J<4F<6G. 

%FG89AF 
 CD4>F<>B=, E6B5B8AB ECD46?S9FES 4A4?<; CB?GK9AAOI 89@BAEFD<DG9F #� 

1.1- 
 E ;484K4@<, 6BCDBE4@< < D9;G?PF4FB6 1.3, #� 2.2, "� 1-9 
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6 
 8DG7<@< 6<84@< CD<@9A9A<S 

;A4A<=, CD<K9@ A9 ;4FDG8AS9FES E 
BF69FB@ CD< 6<8B<;@9A9A<< 
;484A<= 

 K4EF< <;GK49@B= 

8<EJ<C?<AO. 

 
 

«IBDBLB» 

"J9A>4 «IBDBLB» 6OEF46?S9FES 
EFG89AFG, 9E?< BA F69D8B ;A49F 
@4F9D<4?, 7D4@BFAB < CB EGM9EF6G 
<;?4749F 97B, A9 8BCGE>4S 
EGM9EF69AAOI A9FBKABEF9= 6 BF69F9 
A4 6BCDBE 

#D46<?PAB CD<@9AS9F 
F9BD9F<K9E><9 CB?B:9A<S CD< 
D9L9A<< ;484K, 6?4899F 
A9B5IB8<@O@< A46O>4@< < 

CD<9@4@< <I 6OCB?A9A<S, 
<ECOFO649F A9;A4K<F9?PAO9 
;4FDG8A9A<S CD< 4A4?<;9 
CB?GK9AAOI D9;G?PF4FB6 

"F69FEF69A9A < 
4>F<69A 6 <;GK9A<< 
CDBH9EE<<. 
%4@BEFBSF9?PAB 
4A4?<;<DG9F < 

BJ9A<649F 
<AHBD@4J<R. 
%FG89AF 
89@BAEFD<DG9F #� 

1.1- 

1.3, #� 2.2, "� 1-9 

6 
K4EF< <;GK49@B= 

8<EJ<C?<AO. 
 

 
«G8B6?9F6BD< 

F9?PAB» 

"J9A>4 
«G8B6?9F6BD<F9?PAB»6OEF46?S9FE S 
EFG89AFG, 9E?< BA <@99F ;A4A<S 
FB?P>B BEAB6AB7B @4F9D<4?4, AB A9 
GE6B<? 97B 89F4?9=, 8BCGE>49F 
A9FBKABEF<, A98BEF4FBKAB 
CD46<?PAO9 HBD@G?<DB6><, 
A4DGL9A<S ?B7<K9E>B= 

CBE?98B64F9?PABEF< 6 <;?B:9A<< 

CDB7D4@@AB7B @4F9D<4?4 

�ECOFO649F ;4FDG8A9A<S 
CD< D9L9A<< ;484K, E?45B 
4D7G@9AF<DG9F CD<ASFO9 
D9L9A<S, A9 6 CB?AB= @9D9 
<AF9DCD9F<DG9F CB?GK9AAO9 
D9;G?PF4FO 

�@99F B5M99 
CD98EF46?9A<9 B 
EGMABEF< 
CDBH9EE<<, 
@4?B<A<J<4F<69A. 
&D95G9FES CB@BMP 
CD9CB8464F9?S CD< 
4A4?<;9 < BJ9A>9 
<AHBD@4J<<. 
%FG89AF 
89@BAEFD<DG9F #� 

1.1- 

1.3, #� 2.2, "� 1-9 

6 
K4EF< <;GK49@B= 

8<EJ<C?<AO. 
 

 

 

«A9G8B6?9F6B 
D<F9?PAB» 

"J9A>4 «A9G8B6?9F6BD<F9?PAB» 
6OEF46?S9FES EFG89AFG, >BFBDO= A9 
;A49F ;A4K<F9?PAB= K4EF< 

CDB7D4@@AB7B @4F9D<4?4, 8BCGE>49F 
EGM9EF69AAO9 BL<5><. 

!9G69D9AAB, E 5B?PL<@< 

;4FDG8A9A<S@< D9L49F 
;484K<, A9CD46<?PAB 
<ECB?P;G9F A9B5IB8<@O9 
HBD@G?O, A9 @B:9F 
EHBD@G?<DB64FP 6O6B8B6 CB 
D9;G?PF4F4@ D9L9A<S ;484K< 

�@99F A<;>B9 
CD98EF46?9A<9 B 
EGMABEF< 

CDBH9EE<<, 
@4?B<A<J<4F<69A. 
&D95G9FES CB@BMP 
CD9CB8464F9?S CD< 
4A4?<;9 < BJ9A>9 
<AHBD@4J<<. 
%FG89AF A9 
89@BAEFD<DG9F #� 

1.1- 

1.3, #� 2.2, "� 1-9 

6 
K4EF< <;GK49@B= 

8<EJ<C?<AO. 

*%GM9EF69AAO@< BC9D4J<S@<, >BFBDO9 S6?SRFES B5N9>FB@ >BAFDB?S < BEAB6B= 

>D<F9D<96 BJ9A>< D9;G?PF4FB6 D9L9A<S ;484A<= S6?SRFES: 
− CD46<?PABEFP CD<@9A9A<S F9BD9F<K9E><I ;A4A<=; 
− A4?<K<9 CD98EF46?9A<S < CBSEA9A<9 D9;G?PF4FB6 89=EF6<=; 
− <AF9DCD9F4J<S >BA9KAOI D9;G?PF4FB6. 
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4. &�#"�/� ����!�/ ��/ #$" ��'&"+!"� �&&�%&�*��
 #"                              '+��!"� ��%*�#��!� 

 

4.1 &8?>2O5 7040=8S 4;S ?@>2545=8S ?@><56CB>G=>9 0BB5AB0F88 

�BAFDB?PAB-<;@9D<F9?PAO9 @4F9D<4?O (�� ) BI64FO64RF A4<5B?99 4>FG4?PAO9 
D4;89?O < F9@O CDB7D4@@O < EB89D:4F Q>;4@9A4J<BAAO9 ;484A<S. 1>;4@9A4J<BAAO9 
@4F9D<4?O J9?BEFAB BFD4:4RF B5N9@ CDB69DS9@OI F9BD9F<K9E><I ;A4A<= < CD4>F<K9E><I 
G@9A<=. 

&<CB6O9 ;484A<S 8?S CDB6989A<S CDB@9:GFBKAB= 4FF9EF4J<<: 
�4CD<@9D: 

�0@80=B 1 

+0ABP 1 
(7444A8O MFB9 G4EF8 BF5A864NFEO 6 2 54??4) 

 

1. �OK<E?<FP A9BCD989?ёAAO= <AF97D4?:  x 4 dx 

2. �OK<E?<FP BCD989?ёAAO= <AF97D4?: 
1 ∫
0 
��� 

3. !4=F< CDB<;6B8AGR HGA>J<<: G= 15E+ 

 

4. !4=F< CDB<;6B8AGR E?B:AB= HGA>J<<: G = (3– E)5 

 
5. $9L<FP ;484KG: 
%>B?P><@< ECBEB54@< @B:AB EBEF46<FP FDёIJ69FAO= CB?BE4FO= H?47 <; CSF< D4;?<KAOI CB 
J69FG BFD9;>B6 @4F9D<<? 

 

+0ABP 2 
(7444A8O MFB9 G4EF8 BF5A864NFEO 6 3 54??4) 

 

6. !4=8<F9 89=EF6<F9?PAO9 K<E?4 E < G <; GE?B6<S D469AEF64 86GI >B@C?9>EAOI K<E9?: 5Ei 
– 2 + 4G = 9i + 2E + 3Gi 

 

7. $9L<FP ;484KG: 
� GDA9 A4IB8SFES 7 59?OI < 5 KёDAOI L4DB6. !4=8<F9 69DBSFABEFP FB7B, KFB A4G84KG 
6OAGFO= L4D B>4:9FES KёDAO@. 

 

4.2 "@30=870F8S ?@>2545=8S ?@><56CB>G=>9 0BB5AB0F88 

4.2.1 'A;>28S ?@>2545=8S Q:70<5=0. #>43>B>2:0 : ?@>2545=8R Q:70<5=0 
1>;4@9A CDB6B8<FES 6 C9D<B8 Q>;4@9A4J<BAAB= E9EE<<, GEF4AB6?9AAB= >4?9A84DAO@ 

7D4H<>B@ GK95AB7B CDBJ9EE4 D45BK97B GK95AB7B C?4A4. % HBD@4@< CDB6989A<S CDB@9:GFBKAB= 

4FF9EF4J<< B5GK4RM<9ES ;A4>B@SFES 6 F9K9A<9 86GI @9ESJ96 E A4K4?4 B5GK9A<S. 
�?S CB87BFB6>< > CDB@9:GFBKAB= 4FF9EF4J<< EFG89AF4@ (A9 CB;8A99, K9@ ;4 20 8A9= 8B 

CDB6989A<S Q>;4@9A4 6 EBBF69FEF6<< E >4?9A84DAO@ 7D4H<>B@ GK95AB7B CDBJ9EE4) 6O84RFES 
6BCDBEO < F9@4F<>4 CD4>F<K9E><I ;484A<=, EBEF46?9AAO9 <EIB8S <; FD95B64A<= (�"% < D45BK9= 

CDB7D4@@O 8<EJ<C?<AO > GDB6AR G@9A<= < ;A4A<=. 
�B?<K9EF6B 6BCDBEB6 < CD4>F<K9E><I ;484K 6 C9D9KA9 8?S CB87BFB6>< > CDB@9:GFBKAB= 

4FF9EF4J<< CD96OL49F >B?<K9EF6B 6BCDBEB6 < CD4>F<K9E><I ;484K, A9B5IB8<@OI 8?S EBEF46?9A<S 
>BAFDB?PAB-<;@9D<F9?PAOI @4F9D<4?B6. 

!4 BEAB69 D4;D45BF4AAB7B < B5NS6?9AAB7B B5GK4RM<@ES C9D9KAS 6BCDBEB6 < 

CD4>F<K9E><I ;484K, D9>B@9A8G9@OI 8?S CB87BFB6>< > Q>;4@9AG, EBEF46?9AO ;484A<S, EB89D:4A<9 
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>BFBDOI 8B B5GK4RM<IES A9 8B6B8<FES. #D4>F<K9E><9 ;484A<S ABESF D46ABJ9AAO= I4D4>F9D. 
4.2.2 #@>2545=85 Q:70<5=0 
%FG89AFO 8?S E84K< Q>;4@9A4 S6?SRFES 6B6D9@S. !4 6OCB?A9A<9 ;484A<= 

Q>;4@9A4J<BAAB7B 64D<4AF4 EFG89AFG BF6B8<FES A9 5B?99 86GI 4>489@<K9E><I K4EB6. 
"J9A>4, CB?GK9AA4S A4 Q>;4@9A9, ;4ABE<FES CD9CB8464F9?9@ 6 ;4K9FAGR >A<:>G EFG89AF4 

(>DB@9 A9G8B6?9F6BD<F9?PAB=) < Q>;4@9A4J<BAAGR 698B@BEFP (6 FB@ K<E?9 < 
A9G8B6?9F6BD<F9?PAO9). 1>;4@9A4J<BAA4S BJ9A>4 CB 8<EJ<C?<A9 ;4 84AAO= E9@9EFD S6?S9FES 
BCD989?SRM9=, A9;46<E<@B BF CB?GK9AAOI 6 E9@9EFD9 BJ9AB> F9>GM97B >BAFDB?S CB 8<EJ<C?<A9. 
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5. &�#"�/� ����!�/ ��/ &��'Щ��" �"!&$"�/ #" '+��!"� 

��%*�#��!� 

 

&9>GM<= >BAFDB?P BEGM9EF6?S9FES CBE?9 <;GK9A<S D4;89?4/F9@O 6 IB89 BE6B9A<S 
8<EJ<C?<AO. (BD@4@< F9>GM97B >BAFDB?S @B7GF 5OFP: 

• BCDBE (GEFAO= < C<EP@9AAO=); 
• D4;AB GDB6A96O9 ;484K< < ;484A<S; 
• C<EP@9AAO9 D45BFO (CDB69DBKAO9, E4@BEFBSF9?PAO9 < CD4>F<K9E><9 D45BFO); 
• ;4M<F4 D9H9D4FB6 <?< F6BDK9E><I D45BF; 
• < 8DG7<9. 
 

�4CD<@9D: 
#8AP<5==O9 >?@>A. 

�=AB@C:F8S: �A<@4F9?PAB CDBE?GL4FP 6BCDBE < CD46<?PAB ;4C<E4FP BF69F 
A4 A97B A4 ?<EF>9. �D<F9D<9@ BJ9A>< S6?S9FES CD46<?PABEFP BF69F4. 
�@8B5@88 >F5=:8: «5» - 5 CD46<?PAOI BF69FB6 

«4» - 4 CD46<?PAOI BF69F4 
«3» - 3 CD46<?PAOI BF69F4 
«2» - @9A99 3 CD46<?PAOI BF69FB6 

1. +B> B0:>5 <0B@8F0? 
�4FD<F9= A4;O649FES CDS@BG7B?PA4S F45?<F4, EBEF46?9AA4S <; G<E9? 

<?< 8DG7<E @4F9@4F<G9E><E 69?<G<A. 
2. �0: >1>7=0G0RB <0B@8FC 8 5ё Q;5<5=BO? 
�4FD<FO B5B;A4G4RF ;47?46AO@< ?4F<AE><@< 5G>64@<, 4 <E Q?9@9AFO – 

EBBF69FEF6GRщ<@< EFDBGAO@< 5G>64@<. К4:8O= Q?9@9AF @4FD<FO <@99F <A89>E, 
B5B;A4G4Rщ<= AB@9D EFDB>< < AB@9D EFB?5F4, A4 C9D9E9G9A<< >BFBDOE A4EB8<FES 

Q?9@9AF. 
3. �0:0S <0B@8F0 =07O205BAS :204@0B=>9? 
�4FD<F4, <@9Rщ4S B8<A4>B6B9 >B?<G9EF6B EFDB> < EFB?5FB6, A4;O649FES >648D4FAB=. 

4. �0:85 4803>=0;8 8<55B <0B@8F0? 
�4FD<F4 <@99F 7?46AGR 8<47BA4?P, <8GщGR <; ?96B7B 69DEA97B G7?4 6 CD46O= 

A<:A<=. ВFBD4S 8<47BA4?P A4;O649FES CB5BGAB==. 
5. �0:85 <0B@8FO =07O20RBAS @02=O<8? 
Д69 @4FD<FO A4;O64RFES D46AO@<, 9E?< BA< <@9RF B8<A4>B6B9 >B?<G9EF6B EFDB> < 

EFB?5FB6 < <E EBBF69FEF6GRщ<9 Q?9@9AFO D46AO. . 
 

�4CD<@9D: 
#@0:B8G5A:0S @01>B0 ?> B5<5 «�><?;5:A=O5 G8A;0» 

�=AB@C:F8S: $9L<FP CD98?B:9AAO9 ;484A<S (AB@9D 64D<4AF4 BCD989?S9FES CB 
DS84@ 6 >45<A9F9) 

�4D<4AF 1 
 

1. !4=8<F9 89=EF6<F9?PAO9 K<E?4 E < G <; GE?B6<S D469AEF64 86GI >B@C?9>EAOI K<E9?: 
9 + 2Ei  + 4Gi = 10i + 5E - 6G 

2. !4=8<F9 CDB<;6989A<9 >B@C?9>EAOI K<E9?: 
z1 = -1 + 6i, z2 = 6 - i 

3. �OCB?A<F9 89=EF6<S: 
(1  

2

i

)
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(

2 

 

i

) 

3 

 

2

i 

4. #D98EF46PF9 6 FD<7BAB@9FD<K9E>B= HBD@9 >B@C?9>EAB9 K<E?B: 
z = -3 + 4i 

5. !4=8<F9 CDB<;6989A<9 >B@C?9>EAOI K<E9?, ;484AAOI 6 FD<7BAB@9FD<K9E>B= HBD@9: 
4(cos100 + i sin100)*2(cos350 + i sin350) 
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�4CD<@9D: 
#@>25@>G=0S @01>B0 ?> B5<5 «1;5<5=BO :><18=0B>@8:8» 

�=AB@C:F8S: D45BF4 EBEFB<F <; 5 ;484A<=. !4 99 6OCB?A9A<9 BF6B8<FES 40 @<AGF. !B@9D 
64D<4AF4 BCD989?S9FES CB DS84@ 6 >45<A9F9. %CD46BKAB= ?<F9D4FGDB= CB?P;B64FPES A9?P;S. 
$9>B@9A8G9FES 6OCB?ASFP ;484A<S CB CBDS8>G. �E?< A9 G849FES D9L<FP ;484A<9, C9D9IB8<F9 > 
E?98GRM9@G. �E?< BEF4A9FES 6D9@S, 69DA9F9EP > CDBCGM9AAO@ ;484A<S@. 

 

�4D<4AF 1 
 

1. � EBD96AB64A<SI CB H<7GDAB@G >4F4A<R CD<A<@4?< GK4EF<9 DBEE<SA9, <F4?PSAJO, G>D4<AJO, 
A9@JO, ><F4=JO < HD4AJG;O. %>B?P><@< ECBEB54@< @B7GF D4ECD989?<FPES @9EF4 CB B>BAK4A<< 

EBD96AB64A<=? 
2. �@99FES 6 6<8B6 B6BM9=. $9L9AB 7BFB6<FP E4?4FO <; FDёI 6<8B6 B6BM9=. %>B?P>B 
D4;?<KAOI 64D<4AFB6 E4?4FB6 @B:AB CD<7BFB6<FP? 
3. � L4I@4FAB@ FGDA<D9 CD<A<@4?< GK4EF<9 15 L4I@4F<EFB6, CD<K9@ >4:8O= <; A<I EO7D4? 

FB?P>B B8AG C4DF<R E >4:8O@ <; BEF4?PAOI. %>B?P>B 6E97B C4DF<= 5O?B EO7D4AB 6 QFB@ FGDA<D9? 
4. %>B?P>B @B:AB EBEF46<FP E<7A4?B6 <; 6 H?4:>B6 D4;?<KAB7B J69F4, 6;SFOI CB 864? 
5. %>B?P>B EGM9EF6G9F ECBEB5B6 6O5D4FP (59; GKёF4 CBDS8>4) B8AG 7?4EAGR < B8AG 
EB7?4EAGR 5G>6O <; E?B64 «@4F9@4F<>4»? 



�8AB A>3;0A>20=8S. 
�>?>;=5=8S 8 87<5=5=8S : :><?;5:AC �"% =0 CG51=O9 3>4 

 

�BCB?A9A<S < <;@9A9A<S > >B@C?9>FG �"% A4 GK95AO= 7B8 CB 8<EJ<C?<A9 
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