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@9FB8<K9E><9 G>4;4A<S > 6OCB?A9A<R ?45BD4FBDAOI D45BF 

8?S EFG89AFB6 A4CD46?9A<S CB87BFB6><  
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 9FB8<K9E><9 G>4;4A<S EBEF46?9AO 6 EBBF69FEF6<< E FD95B64A<-
S@< (�" �" CB A4CD46?9A<R CB87BFB6>< 15.04.04 4 �6FB@4F<;4J<S 
F9IAB?B7<K9E><I CDBJ9EEB6 < CDB<;6B8EF6. 
 9FB8<K9E><9 G>4;4A<S CB;6B?SRF ;4>D9C<FP <;GK49@O9 F9BD9-

F<K9E><9 6BCDBEO CBEF4AB6>< ;484K 4A4?<F<K9E>B7B >BAEFDG<DB64A<S 
BCF<@4?PAOI D97G?SFBDB6, CBEFDB9A<S @B89?9= Q?9@9AFB6 E<EF9@ 
GCD46?9A<S < BJ9AB> <I C4D4@9FDB6. 
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�6989A<9  

�45BD4FBDA4S D45BF4 1 %<AF9; BCF<@4?PAOI CB 5OEFDB89=EF6<R E<EF9@ 
GCD46?9A<S E <ECB?P;B64A<9@ CD<AJ<C4 @4>E<@G@4 

 

�45BD4FBDA4S D45BF4 2 %<AF9; < 4A4?<; BCF<@4?PAOI E<EF9@ GCD46?9A<S 
@9FB8B@ 8<A4@<K9E>B7B CDB7D4@@<DB64A<S 

 

�45BD4FBDA4S D45BF4 3 %<AF9; BCF<@4?PAB7B #�-D97G?SFBD4  

�45BD4FBDA4S D45BF4 4 %<AF9; BCF<@4?PAB7B #��-D97G?SFBD4   

�45BD4FBDA4S D45BF4 5 %<AF9; < 4A4?<; BCF<@4?PAOI CB FBKABEF< E<EF9@ 
CD< 89F9D@<A<DB64AAOI E<7A4?4I E CB@BMPR GD46A9A<S $<>>4F< 

 

�45BD4FBDA4S D45BF4 6 %<AF9; BCF<@4?PAB7B #�-D97G?SFBD4  

�45BD4FBDA4S D45BF4 7 %<AF9; BCF<@4?PAB7B D97G?SFBD4 8?S B5N9>F4 E ;4-
C4;8O64A<9@ 

 

1 $9L9A<9 ;484K 64D<4J<BAAB7B <EK<E?9A<S E H<>E<DB64AAO@< 7D4A<J4-
@< < H<>E<DB64AAO@ 6D9@9A9@ 

 

2 $9L9A<9 ;484K 64D<4J<BAAB7B <EK<E?9A<S A4 GE?B6AO= Q>EFD9@G@ (E<A-
F9; BCF<@4?PAB7B GCD46?9A<S) 

 

3 $9L9A<9 ?<A9=AB= ;484K< BCF<@4?PAB7B GCD46?9A<S E CB@BMPR CD<A-
J<C4 @4>E<@G@4 

 

4 $9L9A<9 ?<A9=AB= ;484K< BCF<@4?PAB7B GCD46?9A<S @9FB8B@ 8<A4@<-
K9E>B7B CDB7D4@@<DB64A<S 

 

5 $9L9A<9 ;484K< 4A4?<F<K9E>B7B >BAEFDG<DB64A<S D97G?SFBDB6 @9FB8B@ 
8<A4@<K9E>B7B CDB7D4@@<DB64A<S 

 

6 %<AF9; BCF<@4?PAB7B GCD46?9A<S 6 EF4J<BA4DAOI ?<A9=AOI E<EF9@4I E 
CB@BMPR GD46A9A<S $<>>4F< 

 

7 %<AF9; BCF<@4?PAB7B #�-D97G?SFBD4  
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�����!�� 

 

'K95AB9 CBEB5<9 CB 8<EJ<C?<A9 «#BEFDB9A<9 BCF<@4?PAOI E<EF9@ GCD46-

?9A<S» D4;D45BF4AB E GK9FB@ FD95B64A<= (�"% �" 8?S CB87BFB6>< @47<EFDB6 

A4CD46?9A<S 15.04.04 3 �6FB@4F<;4J<S F9IAB?B7<K9E><I CDBJ9EEB6 < CDB<;-

6B8EF6.  

!4EFBSM99 CBEB5<9 EB89D:<F CD<@9DO < ;484K< CB E?98GRM<@ F9@4@:  

• 64D<4J<BAAB@G <EK<E?9A<R;  

• CD<AJ<CG @4>E<@G@4;  

• 8<A4@<K9E>B@G CDB7D4@@<DB64A<R.  

�4:8O= D4;89? EBEFB<F <; F9BD9F<K9E>B= K4EF<, BC<EO64RM9= 54;B6O9 

CBASF<S < D9;G?PF4FO, <ECB?P;G9@O9 CD< D9L9A<< EBBF69FEF6GRM<I ;484K, 

CD<@9DB6 E D9L9A<S@<, 4 F4>:9 ;484K 8?S E4@BEFBSF9?PAB= D45BFO EFG89AFB6 

"AB ECBEB5EF6G9F ?GKL9@G GE6B9A<R EFG89AF4@< F9BD9F<K9E><I CB?B:9-

A<= >GDE4 < B59EC9K<649F CD<B5D9F9A<9 CD4>F<K9E><I A46O>B6 CB <EE?98B64-

A<R BCF<@4?PAOI E<EF9@ 46FB@4F<K9E>B7B GCD46?9A<S < 4A4?<F<K9E>B@G >BA-

EFDG<DB64A<R BCF<@4?PAOI D97G?SFBDB6.  

�?46AO@< ;484K4@< 8<EJ<C?<AO S6?SRFES: <;GK9A<9 EFG89AF4@< @9FB8B6 

F9BD<< 4A4?<F<K9E>B7B >BAEFDG<DB64A<S BCF<@4?PAOI D97G?SFBDB6 (��"$); 

CD<B5D9F9A<9 CD4>F<K9E><I A46O>B6 D4;D45BF>< 4?7BD<F@B6 BCF<@4?PAB7B 

GCD46?9A<S. 

� D9;G?PF4F9 BE6B9A<S 8<EJ<C?<AO EFG89AF 8B?:9A: 

" ;A4FP @9FB8O 4A4?<F<K9E>B7B >BAEFDG<DB64A<S BCF<@4?PAOI D97G?S-

FBDB6; 

" G@9FP D4;D454FO64FP @4F9@4F<K9E><9 @B89?< BCF<@4?PAOI D97G?S-

FBDB6, 6O5<D4FP A9B5IB8<@O= @4F9@4F<K9E><= @9FB8 <EE?98B64A<S, 

CB?GK4FP D9L9A<S 6 F9D@<A4I 6O5D4AAB7B @9FB84; 

" 6?489FP B5M<@< CD<AJ<C4@< < @9FB84@< CBEFDB9A<S BCF<@4?PAOI 

D97G?SFBDB6. 
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���"$�&"$!�/ $��"&�  1 
 

!��"�� ��"����,�+% �� �+!" ����!"��. !�!"��  

#� ������/ ! �!���,�������� � ��&��� ���!��#�� 

 

*5;P @01>BO: CB?GK<FP BCF<@4?PAB9 GCD46?9A<9, B59EC9K<64RM99 @4>-
E<@4?PAB9 5OEFDB89=EF6<9 CD< C9D9@9M9A<< B5N9>F4 <; <EIB8AB7B EBEFBSA<S 6 

A4K4?B >BBD8<A4F H4;B6B7B CDBEFD4AEF64. %D46A<FP BCF<@4?PAB9 CB 5OEFDB-

89=EF6<R GCD46?9A<9 B5N9>FB@ E GCD46?9A<9@, D94?<;G9@O@ 6 %�' c F<CB6O@ 

#�-D97G?SFBDB@. 

 

1 &�"$�&�+�%��/ +�%&0 

 

"?B8<0;P=O<8 A4;O64RFES A8AB5<O, 6 >BFBDOI CDBJ9EE GCD46?9A<S 
CDB6B8<FES A4<?GKL<@ B5D4;B@ CB ED46A9A<R EB 6E9@< 8DG7<@< 6B;@B:AO@< 

ECBEB54@<. "J9A>G 8BEF<:<@BEF< J9?< 6 CDBJ9EE9 GCD46?9A<S B5N9>FB@, CD98-

EF46?9AAGR 6 HBD@4?<;B64AAB@ 6<89 (4A4?<F<K9E>B= HBD@9), CD<ASFB A4;O64FP 

:@8B5@85< >?B8<0;P=>AB8 <?< F5;52>9 DC=:F859. $4;D45BF>4 A4<?GKL9= 
E<EF9@O, G8B6?9F6BDSRM9= CBEF46?9AAO@ FD95B64A<S@, CD98EF46?S9F EB5B= 

7040GC A8=B570 >?B8<0;P=>9 A8AB5<O. 

#B6OL9A<9 QHH9>F<6ABEF< D4;?<KAB7B DB84 F9IA<K9E><I GEFDB=EF6, 

CD<@9AS9@OI CD< 46FB@4F<;4J<< F9IAB?B7<K9E><I CDBJ9EEB6, B5GE?B6?<649F 

EB>D4M9A<9 6D9@9A< CDBF9>4A<S C9D9IB8AOI CDBJ9EEB6. "8A4>B 6 ?R5B= D9-

4?PAB= E<EF9@9 6D9@S A9 @B:9F 5OFP @9APL9 BCD989?9AAB= @<A<@4?PAB= 69?<-

K<AO 6 E6S;< E B7D4A<K9AAB= @BMABEFPR <EFBKA<>B6 QA9D7<<, <ECB?P;G9@OI 6 

46FB@4F<K9E><I E<EF9@4I, 4 F4>:9 6 E6S;< E GE?B6<S@< < I4D4>F9DB@ D45BFO 

>4:8B= >BA>D9FAB= E<EF9@O (B7D4A<K9A<S CB CDBKABEF< >BAEFDG>J<<, A47D96G). 

�?S CB?GK9A<S CD989?PAB7B 5OEFDB89=EF6<S (@<A<@G@4 6D9@9A< C9D9-

IB8AB7B CDBJ9EE4) A9B5IB8<@B CDB9>F<DB64FP 46FB@4F<K9E><9 E<EF9@O E GK9-
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FB@ B7D4A<K9A<=, A4?B:9AAOI A4 99 >BBD8<A4FO, <; GE?B6<S @<A<@G@4 >D<F9-

D<S >4K9EF64 6<84: 

                                                     =2==
kt

t

k TttdtJ

0

01 .                                   (1) 

%8AB5<O C?@02;5=8S A4;O64RF >?B8<0;P=O<8 ?> 1OAB@>459AB28R, 

9E?< BA< B59EC9K<64RF @<A<@G@ 6D9@9A< C9D9IB8AB7B CDBJ9EE4 E GK9FB@ B7D4-

A<K9A<=, A4?B:9AAOI A4 >BBD8<A4FO GCD46?9A<= < 6OIB84. 1F< E<EF9@O S6?S-

RFES K4EFAO@ E?GK49@ BCF<@4?PAOI E<EF9@. 

#D< D4;D45BF>9 BCF<@4?PAOI CB 5OEFDB89=EF6<R E<EF9@ B5OKAB <ECB?P-

;GRF CD<AJ<C GCD46?9A<S B5N9>FB@ CD< @4>E<@4?PAB 8BCGEF<@B= 69?<K<A9 

E<7A4?4 GCD46?9A<S ÷u÷ = Umax, ;4>BA <;@9A9A<S >BFBDB7B BCD989?SRF @9FB84@< 

F9BD<< BCF<@4?PAB7B GCD46?9A<S. #D< QFB@ BEAB6AO@ @9FB8B@ S6?S9FES CD<A-

J<C @4>E<@G@4 #BAFDS7<A4. 

#GEFP <;69EFA4 @4F9@4F<K9E>4S @B89?P B5N9>F4 GCD46?9A<S, A4CD<@9D, 6 

6<89 GD46A9A<= EBEFBSA<S F<C4 

                                       ),,( uXfuBXAX =+=                                          (2) 

789 А 3 @4FD<J4 D4;@9DABEF< (n ô n); В 3 @4FD<J4 D4;@9DABEF< (n ô r) CD< r >B-

BD8<A4F4I GCD46?9A<S. 

&D95G9FES BCD989?<FP 8BCGEF<@O9 GCD46?9A<S U0(t) CD< A4?<K<< B7D4A<-

K9A<= ÷uj(t)÷ ó Uj max, C9D96B8SM<9 B5N9>F <; ;484AAB7B A4K4?PAB7B Х(t0) 6 ;484A-

AB9 >BA9KAB9 EBEFBSA<9 Х(tk), <; GE?B6<S @<A<@G@4 HGA>J<BA4?4 (1). 

#D< QFB@ >BBD8<A4FO 69>FBD4 EBEFBSA<S Х @B7GF 5OFP F4>:9 B7D4A<K9AO: 

ХRx. 

#D< D9L9A<< ;484K< E<AF9;4 EBEF46?SRF HGA>J<R �4@<?PFBA4 6<84 

                                      õ
=

=
n

i
ii uXftuXH

1

),()(),,(                                      (3) 

< A4 BEAB64A<< GE?B6<S 

                                 1)(;1)](),([max 0
0

2==


TTXTH
uRu

                             (4) 
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A4IB8SF ;4>BA GCD46?9A<S 

                                              ),()( max
0

uHsignUtu =                                         (5) 

789 1}{)( rxuu l
signHHsign =  3 @4FD<J4-EFB?59J; 

l

uu
u

H
H;

u

H
H

l ö
ö

=
ö
ö

= . 

#B?GK9AAO= ;4>BA GCD46?9A<S (5) S6?S9FES D9?9=AO@. 

&4><@ B5D4;B@, ;484K4 A4IB:89A<S BCF<@4?PAB7B GCD46?9A<S A4 BEAB69 

CD<AJ<C4 @4>E<@G@4 E6B8<FES > E?98GRM9= CBE?98B64F9?PABEF<: 

1.  �4C<EO64RF GD46A9A<9 B5N9>F4 6 6<89 E<EF9@O GD46A9A<= C9D6B7B CB-

DS8>4. 

2.  %BEF46?SRF HGA>J<R �4@<?PFBA4 H(, X, u). 

3.  �; E<EF9@O GD46A9A<= 0uH =öö BCD989?SRF ;A4K9A<9 u0, CD< >BFB-

DB@ 8BEF<749FES @4>E<@G@ HGA>J<< H. 

4.  %BEF46?SRF GD46A9A<S 8?S BCD989?9A<S EBCDS:9AAOI C9D9@9AAOI 

                                            ni
x

H

dt

d

i

i ,1, =
ö
ö

2=


.                                             (6) 

5.  #D< <;69EFAOI A4K4?PAOI GE?B6<SI A4IB8SF BCF<@4?PAB9 GCD46?9A<9. 

"8A4>B CD< BCF<@<;4J<< A9>BFBDOI B5N9>FB6 D9L9A<9 ;484K< E<AF9;4 

@B:9F 5OFP GCDBM9AB, F4> >4> 6 DS89 E?GK496 A9 FD95G9FES BCD989?SFP CB?AB-

EFPR 6ECB@B74F9?PAO9 HGA>J<< i(t), 4 8BEF4FBKAB FB?P>B ;A4FP @B@9AFO t <;-

@9A9A<S ;A4>4 Hu, 6 D9;G?PF4F9 K97B @B:9F 5OFP EBEF46?9A ;4>BA D9?9=AB7B 

GCD46?9A<S: 

                            

ÿ
ÿ
þ

ÿÿ
ý

ü

ü2

þ+
=

õ

õ

=

=

.0)t(b?@и,U

;0)t(b?@и,U

)t(u
n

1i

iijmax

n

1i

iijmax
0

j





                                     (7) 

$9L<@ ;484KG BCF<@4?PAB7B 5OEFDB89=EF6<S 8?S ?<A9=AB= E<EF9@O, BC<-

EO649@B= 8<HH9D9AJ<4?PAO@ GD46A9A<9@ 6<84 
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                                                      ),()( tuty =                                                          (8) 

>BFBDB9 @B:AB ;4C<E4FP 6 6<89 E<EF9@O 86GI GD46A9A<= C9D6B7B CBDS8>4: 

                                                   

ÿþ

ÿ
ý

ü

=
=
=

).()(

;

;

1

2

21

txty

ux

xx




                                                        (9) 

�?S QFB= E<EF9@O HGA>J<S �4@<?PFBA4 <@99F 6<8: 

                                              212  += uxH .                                               (10) 

#D< A4?<K<< B7D4A<K9A<S ÷U÷ ó 1 @4>E<@G@ � 8BEF<749FES CD< U=sign2, 

4 HGA>J<< 1 < 2 BCD989?SRFES <; GD46A9A<=  

                                                

ÿ
ÿ
þ

ÿÿ
ý

ü

2=
ö
ö

2=

=
ö
ö

2=

,
x

H

dt

d

;0
x

H

dt

d

1
2

2

1

1






                                             (11) 

BF>G84 E?98G9F, KFB 1 = %1, 4 2 = %2  – %1t. 

%?98B64F9?PAB, BCF<@4?PA4S CB 5OEFDB89=EF6<R E<EF9@4 5G89F D9?9=AB= 

E BEB5O@ EC9J<4?PAO@ ;4>BAB@ C9D9>?RK9A<S D9?9 CB ;A4>G 6ECB@B74F9?PAB= 

HGA>J<< 2 = %2 – %1t. 

 
2 #�$�+�!0 �%#"�0�'� "�" "�"$'�"��!�/ 

%6989A<S B @4F9D<4?PAB-F9IA<K9E>B@ B59EC9K9A<< 8<EJ<C?<AO CD<6989-

AO 6 D45BK9= CDB7D4@@9 8<EJ<C?<AO. #9D9K9AP B5BDG8B64A<S >B@CPRF9DAOI 

(8<EC?9=AOI) >?4EEB6, <ECB?P;G9@OI CD< 6OCB?A9A<< ?45BD4FBDAOI D45BF, 

E?98GRM<=: 

" >B@CPRF9DO IDE(KR51) P3.0/1Gb/80GbSATA/1,44/CDRW+DVD/ 

64GF6200TC/KM (15 LF.); 

" @BA<FBDO 17" PHILIPS 170S6FG LCD 12ms (15 LF.); 

" A4EF9AAO= Q>D4A PRO SCREEN HCG 120", 183*244 4:3; 

" CDB9>FBD Acer PD525 XGA 2600 ANSI 2000:1 

" >B?BA>< Sven F&D IHOO5.1 89D96B 125�F (5I18sat+35w). 
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�45BD4FBDAO= CD4>F<>G@ 6OCB?AS9FES A4 #1�  E <ECB?P;B64A<9@ CDB-

7D4@@O «&�'» < C4>9F4 @B89?<DB64A<S MatLab. �?S @4F9@4F<K9E><I D4EK9FB6 

<ECB?P;G9FES Math%�D. 

 

3 '����!�/ #" &�)!��� ���"#�%!"%&� 

 

3.1 &@51>20=8S 157>?0A=>AB8 ?5@54 =0G0;>< @01>BO 

#9D98 A4K4?B@ D45BFO EFG89AF B5S;4A:  

- BE@BFD9FP < CD<69EF< 6 CBDS8B> D45BK99 @9EFB; 

- BFD97G?<DB64FP BE69M9AABEFP A4 D45BK9@ @9EF9, G598<FPES 6 8BEF4FBK-

AB= BE69M9AABEF<, BFEGFEF6<< BFD4:9A<= A4 Q>D4A4I, BFEGFEF6<9 6EFD9KAB7B 

E69FB6B7B CBFB>4; 

- CDB69D<FP CD46<?PABEFP GEF4AB6>< EFG?P96, EFB?B6, CB?B:9A<S B5BDG-

8B64A<S, G7?4 A4>?BA4 @BA<FBDB6, CB?B:9A<9 >?46<4FGD <, CD< A9B5IB8<@BEF<, 

CD<69EF< D4ECB?B:9A<9 Q?9@9AFB6 >B@CPRF9D4 6 EBBF69FEF6<< E FD95B64A<S@< 

QD7BAB@<>< < 6 J9?SI <E>?RK9A<S A9G8B5AOI CB; < 8?<F9?PAOI A4CDS:9A<= 

F9?4. 

 

3.2  &@51>20=8S 157>?0A=>AB8 2> 2@5<S @01>BO 

%FG89AF 6B 6D9@S D45BFO B5S;4A: 

- 6OCB?ASFP FB?P>B FG D45BFG, >BFBD4S 5O?4 9@G CBDGK9A4, < CB >BFBDB= 

BA 5O? CDB<AEFDG>F<DB64A; 

- 6 F9K9A<9 6E97B ;4ASF<S EB89D:4FP 6 CBDS8>9 < K<EFBF9 D45BK99 @9EFB; 

- 89D:4FP BF>DOFO@< 6E9 69AF<?SJ<BAAO9 BF69DEF<S GEFDB=EF6; 

- 6A9LA99 GEFDB=EF6B @OLP CD<@9ASFP FB?P>B CD< A4?<K<< EC9J<4?PAB-

7B >B6D<>4; 

- CD< A9B5IB8<@BEF< CD9>D4M9A<S D45BFO A4 A9>BFBDB9 6D9@S >BDD9>F-

AB ;4>DOFP 6E9 4>F<6AO9 ;484K<; 

- EB5?R84FP CD46<?4 Q>EC?G4F4J<< 6OK<E?<F9?PAB= F9IA<>< 6 EBBF69F-

EF6<< E <AEFDG>J<S@< CB Q>EC?G4F4J<<; 
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- 6OCB?ASFP E4A<F4DAO9 ABD@O < EB5?R84FP D9:<@O D45BFO < BF8OI4; 

- CD< D45BF9 E F9>EFB6B= <AHBD@4J<9= 6O5D4FP A4<5B?99 H<;<B?B7<K-

AO= D9:<@ CD98EF46?9A<S K9DAOI E<@6B?B6 A4 59?B@ HBA9; 

- EB5?R84FP GEF4AB6?9AAO9 D9:<@B@ D45BK97B 6D9@9A< D97?4@9AF<DB-

64AAO9 C9D9DO6O 6 D45BF9 < 6OCB?ASFP 6 H<;>G?PFC4G;4I < 6 H<;>G?PF@<AGF-

>4I D9>B@9A8B64AAO9 GCD4:A9A<S 8?S 7?4;, L9<, DG>, FG?B6<M4, AB7; 

- EB5?R84FP D4EEFBSA<S BF 7?4; 8B Q>D4A4 6 CD989?4I 60-80 E@. 

 

%FG89AFG  6B 6D9@S D45BFO ;4CD9M49FES: 

- >4E4FPES B8AB6D9@9AAB Q>D4A4 @BA<FBD4 < >?46<4FGDO; 

- CD<>4E4FPES > ;48A9= C4A9?< E<EF9@AB7B 5?B>4 (CDBJ9EEBD4) CD< 

6>?RK9AAB@ C<F4A<<; 

- CDB<;6B8<FP C9D9>?RK9A<9 D4;N9@B6 <AF9DH9=EAOI >459?9= C9D<H9-

D<=AOI GEFDB=EF6 CD< 6>?RK9AAB@ C<F4A<<; 

- ;47DB@B:84FP 69DIA<9 C4A9?< GEFDB=EF6 5G@474@< < CBEFBDBAA<@< 

CD98@9F4@<; 

- 8BCGE>4FP ;4I?4@?9AABEFP D45BK<I @9EF 5G@47B= 6 J9?SI A98BCGM9A<S 

A4>4C?<64A<S BD74A<K9E>B= CO?<; 

- CDB<;6B8<FP K4EFO9 C9D9>?RK9A<S C<F4A<S; 

- 8BCGE>4FP CBC484A<9 6?47< A4 CB69DIABEFP E<EF9@AOI 5?B>B6, @BA<-

FBDB6, D45BK<9 CB69DIABEF< >?46<4FGD, 8<E>B6B8B6, CD<AF9DB6 < 8D. GEFDB=EF6; 

- 6>?RK4FP E<?PAB BI?4:89AAB9  (CD<A9E9AAB9 E G?<JO 6 ;<@A99 6D9@S) 

B5BDG8B64A<9. 

 

3.3 &@51>20=8S 157>?0A=>AB8 2 020@89=OE A8BC0F8SE 
%FG89AF B5S;4A: 

- 6B 6E9I E?GK4SI B5A4DG:9A<S B5DO64 CDB6B8B6 C<F4A<S, A9<ECD46AB-

EF< ;4;9@?9A<S < 8DG7<I CB6D9:89A<= Q?9>FDBB5BDG8B64A<S, CBS6?9A<S ;4C4I4 

74D< A9@98?9AAB BF>?RK<FP C<F4A<9  < EBB5M<FP B5 464D<=AB= E<FG4J<< DG>B-

6B8<F9?R; 
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- CD< B5A4DG:9A<< K9?B69>4, CBC46L97B CB8 A4CDS:9A<9, A9@98?9AAB 

BE6B5B8<FP 97B BF 89=EF6<S FB>4 CGF9@ BF>?RK9A<S Q?9>FDBC<F4A<S < 8B CD<-

5OF<S 6D4K4 B>4;4FP CBF9DC96L9@G C9D6GR @98<J<AE>GR CB@BMP; 

- CD< ?R5OI E?GK4SI E5BS 6 D45BF9 F9IA<K9E>B7B B5BDG8B64A<S <?< CDB-

7D4@@AB7B B59EC9K9A<S A9@98?9AAB EBB5M<FP DG>B6B8<F9?R; 

- CD< 6B;7BD4A<< B5BDG8B64A<S,  BF>?RK<FP C<F4A<9 < CD<ASFP @9DO > 

FGL9A<R BK474 CB:4D4 CD< CB@BM< G7?9><E?BFAB7B <?< CBDBL>B6B7B B7A9FG-

L<F9?S, 6O;64FP CB:4DAGR >B@4A8G < EBB5M<FP B CDB<EL9EF6<< DG>B6B8<F9-

?R; 

- 6 E?GK49 CBS6?9A<S D9;< 6 7?4;4I, D9;>B@ GIG8L9A<< 6<8<@BEF<-

A96B;@B:ABEF< EHB>GE<DB64FP 6;7?S8 <?< A469EF< 97B A4 D9;>BEFP, CBS6?9A<< 

5B?< 6 C4?PJ4I < ><EFSI DG>, GE<?9A<< E9D8J95<9A<S, A9@98?9AAB CB><AGFP D4-

5BK99 @9EFB, EBB5M<FP B CDB<EL98L9@ DG>B6B8<F9?R D45BF < B5D4F<FPES > 

6D4KG. 

 

3.4 &@51>20=8S 157>?0A=>AB8 ?>A;5 >:>=G0=8S @01>B 
#B B>BAK4A<< D45BF EFG89AF B5S;4A EB5?R84FP E?98GRMGR CBE?98B64-

F9?PABEFP 6O>?RK9A<S 6OK<E?<F9?PAB= F9IA<><: 

- CDB<;69EF< ;4>DOF<9 6E9I 4>F<6AOI ;484K; 

- G598<FPES, KFB 6 8<E>B6B84I A9F 8<E>9F; 

- 6O>?RK<FP C<F4A<9 E<EF9@AB7B 5?B>4 (CDBJ9EEBD4); 

- BE@BFD9FP < CD<69EF< 6 CBDS8B> E6B9 D45BK99 @9EFB. 

 

4 '����!�/ #" #"$/��' �/#"�!�!�/ $��"&/ 

 

1.  #B ;484AAO@ 6 F45?<J9 1 BD8<A4F4@ >D<6B= D4;7BA4 B5N9>F4 GCD46?9-

A<S BCD989?<FP >BQHH<J<9AFO C9D984FBKAB= HGA>J<< B5N9>F4 CD< CB@BM< 

CDB7D4@@O «WINMNK» A4 #1� . !B@9D 64D<4AF4 ;484A<S 6O849FES <A8<6<-

8G4?PAB CD9CB8464F9?9@. 
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U(t) W(p) 

M 
x0 

x(t) 
CDB7D4@@4FBD 

2.  �ECB?P;GS CB?GK9AAGR C9D984FBKAGR HGA>J<R B5N9>F4 6<84                     

W(p) = 1/D(p), 6OK<E?<FP >BDA< @AB7BK?9A4 D(p). 

3.  $4EEK<F4FP BCF<@4?PAO9 CB EF9C9A< ;4FGI4A<S C4D4@9FDO A4EFDB=>< 

F<CB6B7B #�-D97G?SFBD4 E <ECB?P;B64A<9@ CDB7D4@@O «WINMNK» A4 #1� . 

%F9C9AP ;4FGI4A<S CD<ASFP D46AB=   = 0,75 (KFB EBBF69FEF6G9F CB>4;4F9?R >B-

?954F9?PABEF< m = 0,221), 6D9@S ;4C4;8O64A<S Ä = 0. 

4.  �4CGEF<FP CDB7D4@@G «OPTIM» (;484K4 5OEFDB89=EF6<S), A4:46 tay.bat. 

#D< ;4CGE>9 CDB7D4@@O A4 Q>D4A9 8<EC?9S CBS6?S9FES EFDG>FGDA4S EI9@4 E<-

EF9@O GCD46?9A<S (D<EGAB> 1). 

 

 

 

W(p) –  C9D984FBKA4S HGA>J<S B5N9>F4 GCD46?9A<S 6<84 W(p) = 1/D(p); 

D(p) – @AB7BK?9A EF9C9A< BF 2 8B 5, ABD@4?<;B64AAO= F4><@ B5D4;B@, KFB5O 

A4<@9APL99 CB EF9C9A< @ A9AG?96B9 E?4749@B9 <@9?B >BQHH<J<9AF 1; 

x(t) – 6OIB8AB= E<7A4?; 

х0 – 69>FBD A4K4?PAOI ;A4K9A<= H4;B6OI >BBD8<A4F B5N9>F4; 

U(t) – GCD46?SRM<= E<7A4?, >BFBDO= 6OD454FO649FES CDB7D4@@4FBDB@ < @B:9F 

CD<A<@4FP ;A4K9A<S +� <?<  –�. 

$<EGAB> 1 3 #DB7D4@@AB9 GCD46?9A<9 

�DB@9 FB7B, A4 Q>D4A 6O6B8<FES ����!"�  �!2 6<84  

����!"�  �!. 

(BD@<DB64A<9 Q?9@9AFB6 EI9@O 

�484K4 5OEFDB89=EF6<S 
%D46A9A<9 E %�' 

�46<E<@BEFP tD97. BF C4D4@9FDB6 
�OIB8 <; CDB7D4@@O – F10 

 

5.  �O5D4FP >B@4A8G «(>@<8@>20=85 Q;5<5=B>2 AE5<O» ����!"�" 
 �!2. !4 84AAB@ QF4C9 A9B5IB8<@B 669EF<: 

4) >BDA< p1 <  p2 @AB7BK?9A4 D(p), CD9864D<F9?PAB 6OK<E?9AAO9 6 C. 2; 
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5) B7D4A<K9A<9 CB @B8G?R GCD46?SRM97B 6B;89=EF6<S � = 1; 

6) A4K4?PAO9 ;A4K9A<S H4;B6OI >BBD8<A4F х1
0 = 1 < х2

0 = 0. 

#B B>BAK4A<< 66B84 AG:AB A4:4FP >?46<LG [End], KFB5O CDB7D4@@4 ;4-

CB@A<?4 66989AAO9 K<E?4 (<?< >?46<LG [Esc], 9E?< AG:AB BF@9A<FP E89?4AAO9 

<;@9A9A<S). 

6.  �O5D4FP >B@4A8G «�040G0 1OAB@>459AB28S» ����!"�"  �!2. 
 9FB8 D9L9A<S ;484K< 5OEFDB89=EF6<S BEAB64A A4 CD<AJ<C9 @4>E<@G@4                    

�.%. #BAFDS7<A4.  9FB8 3 <F9D4J<BAAO=, BJ9A>4 6D9@9A< D97G?<DB64A<S 6 

CDBJ9EE9 EK9F4 GFBKAS9FES, @BABFBAAB 6B;D4EF4S. �?S >BAFDB?S ;4 EIB8<@BEFPR 

6OK<E?<F9?PAB7B CDBJ9EE4 A4 Q>D4A 8<EC?9S 6O6B8SFES FD< K<E?4: AB@9D <F9-

D4J<<, 6D9@S D97G?<DB64A<S < K<E?B, >BFBDB9 E?G:<F CB>4;4F9?9@ EIB8<@BEF< 

CDBJ9EE4. 1FB K<E?B 8B?:AB G@9APL4FPES 8B AG?S, AB <;@9A9A<S A9 B5S;4F9?P-

AB @BABFBAAO. %K9F @B:AB CD9D64FP, A4:46 [Esc], 9E?< BA «;4J<>?<649FES». 

#BE?9 FB7B, >4> D9L9A<9 CB?GK9AB, A4 Q>D4A9 CBS6?S9FES @9AR 6FBDB7B 

GDB6AS: 

����+� �/%&$"���%&��/ 

$9;G?PF4FO EK9F4 
#9D9IB8AO= CDBJ9EE 
(4;B6O= CBDFD9F 
� 7?46AB9 @9AR 

6.1.  �O69EF< GE?B6<S ;484K< < D9;G?PF4FO EK9F4 CD< CB@BM< >B@4A8O 
«$9;G?PF4FO EK9F4» @9AR ����+� �/%&$"���%&��3. 

6.2.  #BEFDB<FP 7D4H<> C9D9IB8AB7B CDBJ9EE4 6 E<EF9@9, 6O5D46 >B@4A8G 
«#9D9IB8AO= CDBJ9EE» @9AR ����+� �/%&$"���%&��3. 

6.3.  #B?GK<FP H4;B6O= CBDFD9F, <ECB?P;GS >B@4A8G «(4;B6O= CBDFD9F» 
@9AR ����+� �/%&$"���%&��3. 

7.  �O5D4FP >B@4A8G ����!"�"  �!2 «%@02=5=85 A %�'». #D< QFB@ 
A4 Q>D4A 6O6B8<FES EFDG>FGDA4S EI9@4 ;4@>AGFB= E<EF9@O E D97G?SFBDB@ R(p) < 
B7D4A<K<F9?9@ GCD46?SRM97B 6B;89=EF6<S (D<EGAB> 2). 

 

 

 

R(p) W(p) B7D4A<K<F9?P u 

_ 

. x0 

x(t) 
M 
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$<EGAB> 2 3 %FDG>FGDA4S EI9@4 %�' 

7.1.  �O5D4FP F<CB6B= #��-D97G?SFBD. 

7.2.  �484FP >BQHH<J<9AFO D97G?SFBD4 K1 = %1, K2 = %0, K3 = 0, T = 0, 

CD9864D<F9?PAB A4=89AAO9 6 C. 3. 

7.3.  #BEFDB<FP 7D4H<> C9D9IB8AB7B CDBJ9EE4 6 E<EF9@9 E F<CB6O@                       

#�-D97G?SFBDB@ < B7D4A<K<F9?9@. 

 

5  %"��$��!�� "&+�&� 

 

"FK9F B 6OCB?A9A<< ?45BD4FBDAB= D45BFO 8B?:9A EB89D:4FP: 

1.  �EIB8AO9 84AAO9 6 6<89 F45?<JO BD8<A4F >D<6B= D4;7BA4. 

2.  %FDG>FGDAGR EI9@G E<EF9@O GCD46?9A<S. 

3.  $9;G?PF4FO <89AF<H<>4J<< B5N9>F4 GCD46?9A<S, BCD989?9A<S BCF<-

@4?PAOI C4D4@9FDB6 A4EFDB=>< #�-D97G?SFBD4. 

4.  $4EK9F >BDA9= @AB7BK?9A4 D(p). 

5. $4EK9F BCF<@4?PAB7B CB 5OEFDB89=EF6<R GCD46?9A<S A4 BEAB69 CD<A-

J<C4 @4>E<@G@4. 

6. �D4H<>< C9D9IB8AOI CDBJ9EEB6: 

4) 6 BCF<@4?PAB= E<EF9@9 GCD46?9A<S; 

5) 6 E<EF9@9 46FB@4F<K9E>B7B GCD46?9A<S E F<CB6O@ #�-D97G?SFBDB@. 

7.  �A4?<; CB?GK9AAOI D9;G?PF4FB6. 

 

6 �"!&$"�0!/� �"#$"%/ 

 
1.  �4><9 E<EF9@O GCD46?9A<S A4;O64RFES BCF<@4?PAO@<? 

2.  +FB A4;O649FES >D<F9D<9@ BCF<@4?PABEF<? 

3.  %HBD@G?<DG=F9 ;484KG E<AF9;4 BCF<@4?PAB= E<EF9@O. 

4.  �4><9 E<EF9@O GCD46?9A<S A4;O64RFES BCF<@4?PAO@< CB 5OEFDB89=-

EF6<R? 
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5.  %HBD@G?<DG=F9 CD<AJ<C @4>E<@G@4 #BAFDS7<A4. 

6.  � K9@ ;4>?RK49FES EGMABEFP BCD989?9A<S BCF<@4?PAB7B GCD46?9A<S A4 

BEAB69 CD<AJ<C4 @4>E<@G@4 #BAFDS7<A4? 

 

#$��"��!�� 

&45?<J4 1 3 �EIB8AO9 84AAO9 

№ �D9@S �4D<4AFO ;484A<= < BD8<A4FO >D<6B= D4;7BA4 
C/C t,c 1 2 3 4 5 6 7 

1 0 0,000 0,000 0,000 0,000 0,000 0,000 0,000 

2 2 0,138 0,256 0,243 0,346 0,173 0,156 0,169 

3 4 0,387 0,567 0,564 0,611 0,444 0,423 0,431 

4 6 0,566 0,765 0,731 0,833 0,643 0,645 0,624 

5 8 0,756 0,867 0,876 0,912 0,722 0,712 0,734 

6 10 0,824 0,953 0,954 0,954 0,834 0,867 0,856 

7 12 0,895 0,972 0,982 0,972 0,913 0,914 0,897 

8 14 0,934 0,995 0,991 0,991 0,942 0,958 0,925 

9 16 0,959 0,998 0,994 0,994 0,978 0,979 0,968 

10 18 0,978 1,000 0,997 0,997 0,999 0,987 0,983 

11 20 0,984  0,999   0,996 0,997 

12 22 0,996  1,000   1,000 1,000 

13 24 1,000       

#DB8B?:9A<9 F45?<JO 1 
№ �D9@S �4D<4AFO ;484A<= < BD8<A4FO >D<6B= D4;7BA4 
C/C t,c 8 9 10 11 12 13 

1 0 0,000 0,000 0,000 0,000 0,000 0,000 

2 1 0,190 0,356 0,256 0,216 0,150 0,065 

3 2 0,443 0,652 0,565 0,524 0,380 0,175 

4 3 0,631 0,814 0,763 0,765 0,575 0,295 

5 4 0,759 0,911 0,874 0,869 0,720 0,415 

6 5 0,842 0,947 0,934 0,931 0,820 0,525 

7 6 0,897 0,971 0,965 0,978 0,885 0,615 

8 7 0,932 0,985 0,981 0,985 0,930 0,695 

9 8 0,956 0,992 0,992 0,997 0,955 0,760 

10 9 0,971 0,996 0,996 0,998 0,975 0,815 

11 10 0,997 0,998 0,998 0,999 0,985 0,855 

12 11 1,000 1,000 1,000 1,000 0,990 0,890 

13 12     0,995 0,915 

14 13     0,997 0,940 

15 14     1,000 0,955 

16 15      0,970 

17 16      0,985 

18 17      0,990 
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19 18      0,995 

20 19      1,000 

#DB8B?:9A<9 F45?<JO 1 
№ �D9@S �4D<4AFO ;484A<= < BD8<A4FO >D<6B= D4;7BA4 
C/C t,c 14 15 16 17 18 

1 0 0,000 0,000 0,000 0,000 0,000 

2 0,5 0,277 0,167 0,178 0,147 0,060 

3 1,0 0,483 0,389 0,382 0,323 0,160 

4 1,5 0,599 0,573 0,588 0,484 0,280 

5 2,0 0,689 0,634 0,699 0,620 0,400 

6 2,5 0,739 0,796 0,749 0,725 0,510 

7 3,0 0,859 0,847 0,869 0,805 0,605 

8 3,5 0,932 0,924 0,897 0,863 0,690 

9 4,0 0,957 0,947 0,948 0,905 0,760 

10 4,5 0,978 0,978 0,979 0,935 0,815 

11 5,0 0,989 0,982 0,992 0,955 0,860 

12 5,5 0,993 0,991 0,995 0,970 0,895 

13 6,0 0,996 0,995 0,997 0,979 0,920 

14 6,5 0,998 0,998 0,998 0,987 0,940 

15 7,0 1,000 1,000 1,000 0,992 0,960 

16 7,5    0,995 0,975 

17 8,0    0,997 0,985 

18 8,5    0,998 0,990 

19 9,0    0,999 0,995 

20 9,5    1,000 1,000 
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���"$�&"$!�/ $��"&�  2 
 

!��"�� � ������ ��"����,�+% !�!"�� #� ������/  

��"���� ������'�!���� � �� ���� �����/ 

 

*5;P @01>BO: <;GK9A<9 EFG89AF4@< EGMABEF< @9FB84 8<A4@<K9E>B7B 

CDB7D4@@<DB64A<S; CB?GK9A<9 BCF<@4?PAB7B ;4>BA4 GCD46?9A<S; 6OS6?9A<9 ;4-

6<E<@BEF< CDS@OI CB>4;4F9?9= >4K9EF64 < I4D4>F9D4 C9D9IB8AOI CDBJ9EEB6 6 

E<EF9@9 BF >BQHH<J<9AFB6 <AF97D4?PAB7B >648D4F<KAB7B >D<F9D<S. 

 

1 &�"$�&�+�%��/ +�%&0 

 

 �484K4 E<AF9;4 BCF<@4?PAB= 46FB@4F<K9E>B= E<EF9@O (BCF<@4?PAB7B 

GCD46?SRM97B GEFDB=EF64 ('')) @4F9@4F<K9E>< @B:9F 5OFP EHBD@G?<DB64A4 

E?98GRM<@ B5D4;B@. #GEFP B5N9>F BC<EO649FES E<EF9@B= 

n.1,...,=i  ),t,u,...,u,x,...,x(fx m1n1i

/

i =                      (14) 

�89EP x1,...,xn 3 H4;B6O9 >BBD8<A4FO, F.9. B5B5M9AAO9 >BBD8<A4FO, B8AB-

;A4KAB BCD989?SRM<9 EBEFBSA<9 B5N9>F4, u1,...,um 3 C4D4@9FDO GCD46?9A<S. 

�698S 69>FBDAO9 B5B;A4K9A<S 

),f,...,f (=f ),u,...,(u=U  ),x,...,x(X n1m1n1=  

CD<6989AAGR E<EF9@G @B:AB ;4C<E4FP 6 6<89 

 n1,...,=i ),t,U,X(fx i

/

i =                                                          (15) 

<?< 6 5B?99 >B@C4>FAB= 69>FBDAB= HBD@9 

).t,U,X(fX / =                                                                                  

(16) 

 �9>FBD X A4;O649FES D07>2O< 25:B>@>< <?< 25:B>@>< A>AB>S=8S, 4                       
U 3 C?@02;5=85< <?< 25:B>@>< C?@02;5=8S. 

 �G89@ CD98CB?474FP, KFB GD46A9A<S (1) BC<EO64RF 6B;@GM9AAB9 86<:9-

A<9, H4;B6O9 >BBD8<A4FO x (i = 1,...,n)i  I4D4>F9D<;GRF BF>?BA9A<9 B5N9>F4 BF 
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CDB7D4@@AB7B 86<:9A<S <?< CB?B:9A<S D46AB69E<S. &B784 A4;A4K9A<9 D97G?S-

FBD4 EBEFB<F 6 FB@, KFB5O CD<69EF< 97B 6 >BA9KAO= @B@9AF 6D9@9A< tf 6 CB?B-

:9A<9 0,=)X(t f  6 >4>B@ 5O EBEFBSA<< X0 A9 A4IB8<?ES B5N9>F 6 A4K4?PAO= t0. 

�DG7<@< E?B64@<, 6 @B@9AFO t0 < tf  H4;B6O= 69>FBD 8B?:9A G8B6?9F6BDSFP 

GE?B6<S@:  

. 0=)X(t ,X=)X(t f

0

0                                                                               (2) 

1F< GE?B6<S A4;O64RFES :@052O<8 <?< 3@0=8G=O<8 CA;>28S<8. 

 � B5M9@ E?GK49 C4D4@9FDO GCD46?9A<S EF9EA9AO A9>BFBDO@< GE?B6<S@<. 

+4EFB BA< 6OD4:4RFES 6 6<89 A9D469AEF64 

m.1,...,=j ,u jjj òñ óó                                                                   (3) 

1F< GE?B6<S A4;O64RFES >3@0=8G5=85< =0 C?@02;5=85. 
 �4K9EF6B 46FB@4F<K9E>B= E<EF9@O 6 F9BD<< BCF<@4?PAB7B GCD46?9A<S 

I4D4>F9D<;GRF HGA>J<BA4?B@: 

x(t)).I(u(t),=I                                                                                      (4) 

 � B5M9@ E?GK49 HGA>J<BA4? (4) @B:9F ;46<E9FP BF @B@9AFB6 t0 < tf, 7D4-

A<KAOI ;A4K9A<= H4;B6B7B 69>FBD4 3 Х (t0) < Х (tf). (GA>J<BA4? (4), I4D4>F9D<-

;GRM<= >4K9EF6B E<EF9@O, A4;O649FES :@8B5@85< >?B8<0;P=>AB8. 

(BD@G?<DB6>4 7040G8 A8=B570 >?B8<0;P=>9 A8AB5<O (BCF<@4?PAB7B 

'') EBEFB<F 6 E?98GRM9@. �?S B5N9>F4, BC<EO649@B7B GD46A9A<S@< (1), A4=F< 

F4>B= 4?7BD<F@ GCD46?9A<S U = U (Х, t), CD< >BFBDB@ EB5?R849FES B7D4A<K9A<9 

(3), 6OCB?ASRFES >D496O9 GE?B6<S (2) < HGA>J<BA4? (4) CD<A<@49F @<A<@4?P-

AB9 ;A4K9A<9. 

� A4EFBSM99 6D9@S <;69EFAO D4;?<KAO9 @9FB8O D9L9A<S ;484K BCF<@4?P-

AB7B GCD46?9A<S. "8A<@ <; A<I S6?S9FES @9FB8 8<A4@<K9E>B7B CDB7D4@@<DB64-

A<S. 

"EAB6AO@ GF69D:89A<9@, A4 >BFBDB@ 54;<DG9FES @9FB8 8<A4@<K9E>B7B 

CDB7D4@@<DB64A<S, S6?S9FES CD<AJ<C BCF<@4?PABEF<. #D<@9A<F9?PAB > ;484-

K4@ BCF<@4?PAB7B GCD46?9A<S 97B @B:AB EHBD@G?<DB64FP E?98GRM<@ B5D4;B@. 
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 #@8=F8? >?B8<0;P=>AB8. "CF<@4?PAB9 GCD46?9A<9 U(Х, t), t0ó t ó tf, B5-

?4849F F9@ E6B=EF6B@, KFB >4>B6O 5O A< 5O?< A4K4?PAB9 EBEFBSA<9 X(t0) < 

A4K4?PAB9 GCD46?9A<9 U(Х, t), t0ó t ó t1 (GCD46?9A<9 A4 A4K4?PAB@ BFD9;>9 t0ó t ó 

t1, t1 3 CDB<;6B?PAO= CDB@9:GFBKAO= @B@9AF), CBE?98GRM99 GCD46?9A<9 U(Х, 

t), t1ó t ó tf, 8B?:AB EBEF46?SFP BCF<@4?PAB9 GCD46?9A<9 BFABE<F9?PAB EBEFBS-

A<S x(t1), 6 >BFBDB9 C9D96B8<FES B5N9>F A4K4?PAO@ GCD46?9A<9@. 

�ECB?P;GS CD<AJ<C BCF<@4?PABEF<, @B:AB CB?GK<FP GD46A9A<9 �9??@4-

A4, >BFBDB9 A9CBED98EF69AAB <ECB?P;G9FES CD< D9L9A<< ;484K E<AF9;4 BCF<-

@4?PAOI ''. 

 #GEFP >D<F9D<= BCF<@4?PABEF< <@99F 6<8: 

 .dt)t,U,X(fI

f

0

t

t

0=  

�6989@ 6 D4EE@BFD9A<9 HGA>J<R    

,dt)t,U,X(fmin)t,X(S

f

0

t

t

0
U 

=
 

A4;O649@GR DC=:F859 �5;;<0=0. �89EP  B5B;A4K49F @AB:9EF6B ;A4K9A<= 

GCD46?9A<S, BCD989?S9@B7B B7D4A<K9A<9@ A4 GCD46?9A<9, 6 K4EFABEF<, GE?B6<-

9@ (3). �E?< HGA>J<S �9??@4A4 A9CD9DO6A4 CB EB6B>GCABEF< 4D7G@9AFB6 

х1,...,хn, t < B5?4849F A9CD9DO6AB= CB?AB= CDB<;6B8AB= CB t, FB 8?S BCF<@4?PAB-

EF< GCD46?9A<S t)(t),(XU=(t)U ***
 < EBBF69FEF6GRM9= FD49>FBD<< (t)X *

 A9B5-

IB8<@B, KFB5O <@9?B @9EFB GD46A9A<9 

0] 
dt

dS(X(t),t)
)t,U,X(f[min=

=
dt

(t),t)dS(X
+(t),t)U(t),(Xf

0
U

*
**

0

=+


                                             (5) 

CD< 7D4A<KAB@ GE?B6<< 

. 0=)),tS(X(t ff                                                                                       (6) 

'D46A9A<9 (5) A4;O649FES GD46A9A<9@ �9??@4A4. �E?< HGA>J<S �9??@4A4 
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B5?4849F A9CD9DO6AO@< K4EFAO@< CDB<;6B8AO@< CB х1,...,хn < t, FB GD46A9A<9 

�9??@4A4 @B:AB ;4C<E4FP 6 6<89: 

)],t,U,X(f
x

S
)t,U,X(f[min= 

t

S
i

i

n

1i
0

U ö
ö

õ+
ö
ö

2
=                            (7) 

789 n1,...,=i   ,)t,U,X(fi  3 CD46O9 K4EF< GD46A9A<= (1) B5N9>F4. 

 �E?< 6OD4:9A<9 6 >648D4FAOI E>B5>4I GD46A9A<S (7) 8<HH9D9AJ<DG9@B 

CB u1,...,um < @AB:9EF6B  BF>DOFB, FB <; QFB7B GD46A9A<S E?98G9F: 

  ),t,U,X(f
x

S
)t,U,X(f= 

t

S
i

i

n

1i
0 ö

ö
õ+

ö
ö

2
=

 

. m1,...,=j   ,0
u

)t,U,X(f

x

S
+ 

u

)t,U,X(f

j

i

i

n

1i
j

0 =
ö

ö
ö
ö

õ
ö

ö
=

                   (8) 

#BDS8B> D9L9A<S ;484K< E<AF9;4 BCF<@4?PAB= E<EF9@O GCD46?9A<S E CB-

@BMPR GD46A9A<S �9??@4A4 E?98GRM<=: 

1. %BEF46?S9FES GD46A9A<9 �9??@4A4 < <; GE?B6<= @<A<@G@4 97B CD46B= 

K4EF< A4IB8<FES GCD46?9A<9 >4> HGA>J<S BF S 3 HGA>J<< �9??@4A4. 

2. #B8EF46<6 A4=89AAB9 GCD46?9A<9 6 GD46A9A<9 �9??@4A4 < D9L<6 97B, 

BCD989?S9FES HGA>J<S �9??@4A4. 

3. #B?GK9AA4S HGA>J<S �9??@4A4 CB8EF46?S9FES 6 6OD4:9A<9 8?S GCD46-

?9A<S, BCD989?9AAB9 6 EBBF69FEF6<< E C. 1. 

 $4EE@BFD<@ CD<@9D E<AF9;4 BCF<@4?PAB= E<EF9@O, >B784 B5N9>F BC<EO-

649FES GD46A9A<9@  x// = u 

<?< E<EF9@B= 6 ABD@4?PAB= HBD@9 

 u,=x ;xx /

22

/

1 =                                                                                                 (9) 

< >D<F9D<= BCF<@4?PABEF< <@99F 6<8 

 ++
f

0

t

t

22

2

2

1 .dt)ruqx(x=I                                                                             (10) 

%BEF46<@ GD46A9A<9 �9??@4A4. &4> >4> CD46O9 K4EF< ABD@4?PAOI GD46-

A9A<= B5N9>F4 GCD46?9A<S 
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u=t)U,(X,f ,x=t)U,(X,f 221  

< CB8OAF97D4?PA4S HGA>J<S 
22

2

2

10 ru+qx+x=t)U,(X,f  

A9 EB89D:4F S6AB 6D9@S, FB CDB<;6B8A4S 
ö
ö
s

t
= 0 . %?98B64F9?PAB, 8?S D4E-

E@4FD<649@B7B E?GK4S GD46A9A<9 �9??@4A4 CD<A<@49F 6<8 

0.=u
x

s
x

x

s
+)ru+qx+(xmin

2

2

1

22

2

2

1
U þ

ý
ü

þ
ý
ü


ö
ö

+
ö
ö

                              (11) 

#DB<;6B8AGR CB u BF H<7GDAB= E>B5>< CD<D46A<649@ > AG?R < A4IB8<@ 

BCF<@4?PAB9 GCD46?9A<9 (t)u* 6 HGA>J<<  BF  ö ös x/ 2  

  0,=
x

s
+2ru=...

u 2

*

ö
ö

ö
ö

 

BF>G84 

. 
x

s
 

2r

1
-=u

2

*

ö
ö

                                                                                (12) 

#B8EF46<6 QFB ;A4K9A<9 6 GD46A9A<9 �9??@4A4, CB?GK<@ 

0=)
x

s
(

2r

1
-x

x

s
+)

x

s
(

4r

1
-qx+x 2

2

2

1

2

2

2

2

2

1 ö
ö

ö
ö

ö
ö

 

<?<, CD<698S CB8B5AO9 K?9AO, 

0.=x
x

s
+)

x

s
(

4r

1
-qx+x 2

1

2

2

2

2

2

1 ö
ö

ö
ö

                                                        (13) 

$9L9A<9 GD46A9A<S �9??@4A4 (13) 5G89@ <E>4FP 6 6<89 >648D4F<KAB= 

HBD@O 

.xk+xxk+xk=S(X) 2

2222112

2

111                                                                 (14) 

�OK<E?<6 CDB<;6B8AO9 < CB8EF46<6 <I 6 GD46A9A<9 �9??@4A4, CGF9@ 

CD<D46A<64S > AG?R 6E9I >BQHH<J<9AFB6 CD< H4;B6OI >BBD8<A4F4I, CB?GK<@ 

E<EF9@G GD46A9A<= 8?S BCD989?9A<S >BQHH<J<9AFB6 k11, k12 < k22:  
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.r2qk

;)r2q(rk

;r2k

 

;0kk
r

1
k2

;0k
r

1
k+q

;0
4r

k
-1

11

22

12

221211

2

2212

2

12

ÿ
ÿ
þ

ÿÿ
ý

ü

+=

+=

=

ÿ
ÿ
ÿ

þ

ÿ
ÿ
ÿ

ý

ü

=2

=2

=

                                       (15) 

%?98B64F9?PAB, HGA>J<S �9??@4A4 CD<A<@49F 6<8: 

,x)r2q(r+xxr2xr2q=S(X) 2

221

2

1 +++                 (16) 

4 BCF<@4?PAB9 GCD46?9A<9 

),xk+x-(k=(X)u 2211

*
                                                                              (17) 

789 

.
r

r2+q
=k ;

r

1
k 21 =  

 %FDG>FGDA4S EI9@4 BCF<@4?PAB= E<EF9@O GCD46?9A<S CD98EF46?9A4 A4 

D<EGA>9 1,4, EI9@4 @B89?<DB64A<S, EBEF46?9AA4S E <ECB?P;B64A<9@ C4>9F4 

MATLAB, 3 A4 D<EGA>9 1,5. 

 

 

 

 

 

 

 

�# 

## 

х u 

4) 
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$<EGAB> 1 3 %FDG>FGDA4S EI9@4 BCF<@4?PAB= E<EF9@O GCD46?9A<S 

 

2 #�$�+�!0 �%#"�0�'� "�" "�"$'�"��!�/ 

 

#9D9K9AP <ECB?P;G9@B7B B5BDG8B64A<S CD<6989A 6 ?45BD4FBDAB= D45BF9 №1. 

 

3 '����!�/ #" &�)!��� ���"#�%!"%&� 

 

'>4;4A<S CB F9IA<>9 59;BC4EABEF< CD<6989AO 6 ?45BD4FBDAB= D45BF9 №1. 

 

4 '����!�/ #" #"$/��' �/#"�!�!�/ $��"&/ 

 

�EE?98B64FP BCF<@4?PAGR E<EF9@G GCD46?9A<S, EFDG>FGDA4S EI9@4 >BFB-

DB= CD98EF46?9A4 A4 D<EGA>9 1. "5N9>F GCD46?9A<S BC<EO649FES E<EF9@B= 6 

ABD@4?PAB= HBD@9 

u,=x ;x=x /

22

/

1  

5) 

х(0) х/(0) 
 х1 = х х/= х1

/ = х2 

u = х// 

х 

k1 

k1х 

k2 

х/ 

k2 х/ 

 х1
2 

 х2
2 

u2 

r 
ru2 

q 

 qх2
2  




→
0

22

2

2

1 min)dtru+qх+(х=I  
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789  

),xk+x-(k=u 2211  

.)r2q(
r

1
=k                  ,

r

1
=k 21 +  

 #BEFBSAAO9 r < q S6?SRFES >BQHH<J<9AF4@< >648D4F<KAB= HBD@O 6 <A-

F97D4?PAB@ >D<F9D<< 




0

22

2

2

1 )dt.ru+qx+(x=I
 

 �I K<E?9AAO9 ;A4K9A<S CD<6989AO 6 F45?<J9 1. !B@9D 64D<4AF4 ;4849FES 

GEFAB CD9CB8464F9?9@. 

 �EE?98B64A<9 CDB6B8<FES 6 E?98GRM9= CBE?98B64F9?PABEF<: 

1. $4EEK<F4FP 8?S ;484AAB7B 64D<4AF4 >BQHH<J<9AFO k1 < k2 (QFBF CGA>F 

6OCB?AS9FES CD< CB87BFB6>9). 

2. %B5D4FP EFDG>FGDAGR EI9@G E<EF9@O GCD46?9A<S (D<EGAB> 1) E <ECB?P-

;B64A<9@ C4>9F4 MATLAB. 

3. 'EF4AB6<FP A4K4?PAO9 GE?B6<S х(0) = x1(0) = 1 < х/(0) = x1
/(0) = x2(0) = 0. 

4. "CD989?<FP C9D9D97G?<DB64A<9 < 6D9@S D97G?<DB64A<S CD< >4:8B= C4-

D9 CBEFBSAAOI q < r. 

5. !4=F< ED98< <EE?98B64AAOI ;A4K9A<= >BQHH<J<9AFB6 k1 < k2 F4><9 

;A4K9A<S *

1k  < *

2k , CD< >BFBDOI 6D9@S D97G?<DB64A<S CB?GK49FES @<A<@4?P-

AO@, 4 C9D9D97G?<DB64A<9 3 @4>E<@4?PAO@. 

5  %"��$��!�� "&+�&� 

 

"FK9F B 6OCB?A9A<< ?45BD4FBDAB= D45BFO 8B?:9A EB89D:4FP: 

1. �EIB8AO9 84AAO9, D4EK9FAO9 HBD@G?O, EFDG>FGDAGR EI9@G E<EF9@O 

GCD46?9A<S < EI9@G @B89?<DB64A<S. 

2. $9L9A<9 ;484K< E<AF9;4 BCF<@4?PAB= E<EF9@O GCD46?9A<S @9FB8B@ 

8<A4@<K9E>B7B CDB7D4@@<DB64A<S. 
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3. &45?<JO EB ;A4K9A<S@< k1 < k2, EBBF69FEF6GRM<@< ;484AAB@G 64D<4A-

FG CBEFBSAAOI r < q. 

4. �D4H<>< C9D9IB8AOI CDBJ9EEB6, CB?GK9AAO9 CD< >4:8B= C4D9 CBEFB-

SAAOI r < q. 

5. �O6B8O B ;46<E<@BEF< CDS@OI CB>4;4F9?9= >4K9EF64 tp, ó < I4D4>F9D4 

C9D9IB8AOI CDBJ9EEB6 BF >BQHH<J<9AFB6 >648D4F<KAB7B >D<F9D<S. 

 

6 �"!&$"�0!/� �"#$"%/ 

 

1. +FB F4>B9 BCF<@4?PA4S 46FB@4F<K9E>4S E<EF9@4 GCD46?9A<S? 

2. +FB F4>B9 B7D4A<K9A<9, >D496O9 GE?B6<S < >D<F9D<= BCF<@4?PABEF<? 

3. �4> EF46<FES ;484K4 E<AF9;4 BCF<@4?PAB= 46FB@4F<K9E>B= E<EF9@O 

GCD46?9A<S? 

4. �4> HBD@G?<DG9FES CD<AJ<C BCF<@4?PABEF<? 

5. �4> ;4C<EO649FES GD46A9A<9 �9??@4A4 < KFB BAB 6OD4:49F? 

6. �4> BCD989?S9FES BCF<@4?PAO= 4?7BD<F@ GCD46?9A<S ?<A9=AO@ B5N-

9>FB@ E <AF97D4?PAO@ >648D4F<KAO@ >D<F9D<9@ BCF<@4?PABEF<? 
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#$��"��!�� 

&45?<J4 1 3 �A4K9A<9 CBEFBSAAOI r < q <AF97D4?PAB7B >648D4F<KAB7B >D<F9D<S 

№ 

64D<4AF4 
            

�A4K9A<9 CBEFBSAAOI r < q <AF97D4?PAB7B >648D4F<KAB7B >D<F9D<S 
1>EC9D<@9AF 1  1>EC9D<@9AF 2 1>EC9D<@9AF 3 1>EC9D<@9AF 4  

r q r  q  r  q r  q  

0 0.04 0.05 1 1 10 10 50 50 

1 0.04 0.09 2 5 8 8 40 40 

2 0.04 0.08 0.2 0.2 4 4 20 20 

3 0.04 0.07 0.1 0.1 2 2 10 10 

4 0.02 0.008 0.3 0.3 3 3 30 30 

5 0.03 0.03 0.6 0.6 6 6 60 60 

6 0.05 0.04 0.5 0.5 5 5 25 25 

7 0.06 0.06 0.4 0.4 14 14 56 56 

8 0.07 0.07 0.7 0.7 7 7 70 70 

9 0.08 0.4 0.8 0.8 12 12 80 80 

10 0.09 0.6 0.9 0.9 9 9 90 90 

11 0.05 0.001 4.0 4.0 16 16 64 64 

12 0.01 0 0.6 0.9 8 10 32 32 

13 0.02 0.01 0.8 0.6 9 8 45 45 

14 0.03 0.07 0.9 0.1 5 4 55 55 

15 0.04 0.06 0.4 0.2 10 2 75 75 

16 0.05 0.05 0.2 0.4 2 1 26 26 

17 0.06 0.04 0.1 0.3 1 9 15 15 

18 0.07 0.1 0.3 0.5 6 3 36 36 

19 0.08 0.3 0.5 0.7 3 4 27 27 

20 0.09 0.5 0.7 0.8 4 5 62 62 

21 0.02 0 4.0 2.0 18 18 72 72 

22 0.03 0 6.0 3.0 12 16 86 86 

23 0.04 0 9.0 4.0 20 22 94 94 

24 0.05 0 8.0 5.0 15 15 95 95 
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���"$�&"$!�/ $��"&�  3 
 

!��"�� ��"����,���� ��- ��#�/"� �  

 

*5;P @01>BO: CB?GK<FP BCF<@4?PAO= ;4>BA GCD46?9A<S @9FB8B@ 8<A4-

@<K9E>B7B CDB7D4@@<DB64A<S; <EE?98B64FP >4K9EF6B CDBJ9EE4 D97G?<DB64A<S 6 

E<EF9@9 E BCF<@4?PAO@ #�-D97G?SFBDB@. 

 

  

 

1 &�"$�&�+�%��/ +�%&0 

 

%GMABEFP F9BD<< 4A4?<F<K9E>B7B >BAEFDG<DB64A<S D97G?SFBDB6 EBEFB<F 6 

FB@, KFB ;4>BA <;@9A9A<S GCD46?S9@B= >BBD8<A4FO < GCD46?SRM97B 6B;89=-

EF6<S ;4849FES 4A4?<F<K9E>< 6 6<89 A9>BFBDB7B HGA>J<BA4?4 J(X,U), >BFBDO=  

AG:AB @<A<@<;<DB64FP CB85BDB@ GCD46?SRM97B 6B;89=EF6<S. �A4S 4?7BD<F@ 

GCD46?9A<S U(t) <?< U(X), >BAEFDG<DGRF D97G?SFBD. 

"EB5B9 ;A4K9A<9 CD< 4A4?<F<K9E>B@ >BAEFDG<DB64A<< D97G?SFBDB6 CD<-

A<@49F 6O5BD >D<F9D<96 BCF<@4?PABEF<. "5M<I >D<F9D<96 BCF<@4?PABEF< 8?S 

?R5OI B5N9>FB6 GCD46?9A<S 5OFP A9 @B:9F. �4:8O= B5N9>F GCD46?9A<S <@99F 

E6B< >D<F9D<< >4K9EF64. �D<F9D<= >4K9EF64 8B?:9A CB?ABEFPR EBBF69FEF6B64FP 

A4<?GKL9= D45BF9 B5N9>F4 < 6 FB :9 6D9@S 5OFP 8BEF4FBKAB CDBEFO@ 8?S FB7B, 

KFB5O 64D<4J<BAA4S ;484K4 A9 B>4;4?4EP E?<L>B@ E?B:AB= <?< 6BB5M9 4A4?<-

F<K9E>< A9D4;D9L<@B=. 

� >4K9EF69 >D<F9D<96 BCF<@4?PABEF< @B:AB 6O5D4FP @<A<@G@ >648D4-

F<KAB= BL<5>< 




=
0

2

1 dtxJ                                                                                                     (1) 

<?< @<A<@G@ 45EB?RFAB= BL<5><  
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.
0

2 dtxJ 


=                                                                                                     (2) 

"8A4>B BJ9A>< (1) < (2) A9 GK<FO64RF FB7B, KFB 6 E<EF9@4I <@99F @9EFB 

B7D4A<K9A<9 @BMABEF< GCD46?SRM97B E<7A4?4, 4 F4>:9 97B A4EOM9A<9 CD< 

BCD989?9AAOI ;A4K9A<SI BL<5><. 1F< B7D4A<K9A<S @B:AB ;484FP 6 <AF97D4?P-

AB@ 6<89: 

ÿ
ÿ

þ

ÿ
ÿ

ý

ü

ó=

ó=








.

;

0

4

0

2

3

LdtUJ

LdtUJ

                                                                                        (3) 

&4><@ B5D4;B@, EF46<FES ;484K4 B59EC9K9A<S @<A<@G@4 (1) <?< (2) CD< 

;484AAOI <AF97D4?PAOI B7D4A<K9A<SI (3). 

�4> <;69EFAB, @<A<@<;4J<S >D<F9D<96 J1 <  J2 CD< GE?B6<< (3) BFABE<FES > 

D9L9A<R ;484K< A4 GE?B6AO= Q>EFD9@G@ 64D<4J<BAAB7B <EK<E?9A<S. #BQFB@G 

HGA>J<BA4?O (1) < (2) CD< A4?<K<< B7D4A<K9A<= A4 GCD46?9A<9 < A4 >BBD8<A4-

FO CD<6B8<FES > B8AB@G HGA>J<BA4?G. !4CD<@9D,  

,dt)Ucx()U(J
0




+=                                                                                (4) 

<?< 

,dt)Ucx()U(J
0

2


+=         (5)         ,dt)cUx()U(J
0

22


+=             (6) 

<?<     

,dt))U(c...UccUx()U(J
0

2)r(

r

2.

1

22


++++=
                               (7) 

789 Ai 3 @AB:<F9?< �47D4A:4. 

"7D4A<K9A<9 GCD46?SRM97B E<7A4?4 CD<6B8<F > B7D4A<K9A<R 6E9I >BBD-

8<A4F B5N9>F4. #BQFB@G E<EF9@O, E<AF9;<DB64AAO9 CB QF<@ BJ9A>4@, B59EC9K<-
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64RF C?46AO9 CDBJ9EEO E A95B?PL<@ C9D9D97G?<DB64A<9@.  

#D<@9A9A<9 >648D4F<KAOI BJ9AB> 849F 6 D9;G?PF4F9 D4EK9FB6 ?<A9=AO= 

;4>BA GCD46?9A<S 

õ
=

=
n

i

ii xpU
1

,                                                                                                  (8) 

CBQFB@G E<EF9@O, G8B6?9F6BDSRM<9 @<A<@G@G 

,dt)cUx()U(J
0

22


+=
                                                                           (9) 

A4;O64RFES ;8=59=O<8 >?B8<0;P=O<8 A8AB5<0<8, 4 BCD989?9A<9 ;4>BA4 
GCD46?9A<S, 8BEF46?SRM97B @<A<@G@ J(U), 3 0=0;8B8G5A:8< :>=AB@C8@>20-
=85< @53C;SB>@0. 

�A4?<F<K9E>B9 D9L9A<9 ;484K< E<AF9;4 BCF<@4?PAOI E<EF9@ 6OCB?ASRF 

@9FB84@< F9BD<< BCF<@4?PAB7B GCD46?9A<S. � 84AAB= D45BF9 CDB<;6989@ 4A4-

?<F<K9E>B9 >BAEFDG<DB64A<9 D97G?SFBD4 @9FB8B@ 8<A4@<K9E>B7B CDB7D4@@<-

DB64A<S. 

#GEFP B5N9>F GCD46?9A<S CD98EF46?9A ABD@4?PAB= E<EF9@B= GD46A9A<=:  

ÿ
ÿ
þ

ÿÿ
ý

ü

++=

=

.

,

2211
2

2
1

uxaxa
dt

dx

x
dt

dx

                                                                           (10)      

#D<@9@ >D<F9D<= BCF<@4?PABEF< 6 6<89: 

.dt)ux(J
k

=

t

t

22 +=
                                                                                    (11) 

&D95G9FES BCD989?<FP ;4>BA GCD46?9A<S U = f (x1, x2). 

%BEF46<@ HGA>J<BA4?PAO9 GD46A9A<S �9??@4A4: 
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ÿ
ÿ
þ

ÿÿ
ý

ü

=
ö
ö

+

=
ö
ö

+++
ö
ö

++

.0
x

s
u2

;0
x

s
)uxaxa(

x

s
xux

2

2

2211

1

2

22

1

                                (12) 

�; 6FBDB7B GD46A9A<S E<EF9@O (12) BCD989?<@ u: 

.
x

s

2

1
u

2ö
ö

2=                                                                                                (13) 

+FB5O BCD989?<FP ;4>BA GCD46?9A<S u >4> HGA>J<R >BBD8<A4F хi, AG:AB 

A4=F< HGA>J<R S. #B8EF46<@ 6 C9D6B9 GD46A9A<9 E<EF9@O (12) 6OD4:9A<9 8?S u 

<; (13): 

.
4

1
)(

2

22

2211

1

2

2

1 ÷÷
ø

ö
÷÷
ø

ö
ö
ö

=
ö
ö

++
ö
ö

+
x

s

x

s
xaxa

x

s
xx                                         (14) 

#B?GK<@ A9?<A9=AB9 8<HH9D9AJ<4?PAB9 GD46A9A<9 6 K4EFAOI CDB<;6B8-

AOI.  

�?S ?<A9=AOI B5N9>FB6 GCD46?9A<S < >648D4F<KAOI >D<F9D<96 BCF<-

@4?PABEF< HGA>J<S S CD98EF46?S9F EB5B= CB?B:<F9?PAB BCD989?9AAGR >648D4-

F<KAGR HBD@G 6<84  

.
2

2222112

2

111 xAxxAxAS ++=                                                             (15) 

�?S BCD989?9A<S >BQHH<J<9AFB6 QFB= HBD@O EBEF46<@  E?98GRMGR E<-

EF9@G: 

ÿ
ÿ
þ

ÿÿ
ý

ü

+=
ö
ö

+=
ö
ö

.2

;2

112222

2

221111

1

xAxA
x

s

xAxA
x

s

                                                                               (16) 

#B8EF46<@ ix/s öö  6 (14) <, CD<D46AS6 > AG?R >BQHH<J<9AFO CD< EBBF-

69FEF6GRM<I EF9C9ASI x1 < x2, EBEF46<@ E<EF9@G 4?795D4<K9E><I GD46A9A<= 8?S 

BCD989?9A<S А11, А12 < А22: 
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ÿ
ÿ
þ

ÿÿ
ý

ü

=2++

=2+

=2+

.0AAAaAa2A2

;0AAa2A

;0AAa44

221212222111

2

2222212

2

12121

                                                       (17) 

�; E<EF9@O (17) BCD989?<@: 

;122
2

1112 += aaA                                                                                  (18) 

;12

2

2222 AaaA +=                                                                             (19) 

).2(
2

1
222112222111 AAAaAaA +22=                                                           (20) 

�; 6B;@B:AOI D9L9A<= А11, А12 < А22 6O5<D49@ FB?P>B CB?B:<F9?PAO9 

;A4K9A<S, F4> >4> 8?S CB?GK9A<S GEFB=K<6B7B D9L9A<S HGA>J<S S 8B?:A4 5OFP 

CB?B:<F9?PAB BCD989?9AAB=. �A4S  А11, А12 < А22, BCD989?S9@ ;4>BA GCD46?9A<S: 

õ
=

=+2=
ö
ö

2=
2

1i

ii222112

2

.xp)xA2xA(
2

1

x

s

2

1
u                                     (21) 

� BF?<K<9 BF >?4EE<K9E>B7B 64D<4J<BAAB7B <EK<E?9A<S < CD<AJ<C4 @4>-

E<@G@4, @9FB8 8<A4@<K9E>B7B CDB7D4@@<DB64A<S  CB;6B?S9F CB?GK<FP D9L9A<9 

ED4;G 6 ;4@>AGFB= HBD@9, F.9. 6 6<89 u = f (xi), KFB S6?S9FES 97B 8BEFB<AEF6B@. 

"8A4>B CD<@9A9A<9 QFB7B @9FB84 F4>:9 FD95G9F 5B?PLB7B B5N9@4 6OK<E-

?9A<=, E6S;4AAOI E D9L9A<9@ E<EF9@O 4?795D4<K9E><I GD46A9A<= 8?S BCD989-

?9A<S >BQHH<J<9AFB6 Аij >648D4F<KAB= HBD@O S. � 4A4?<F<K9E>B@ 6<89 QFB A9 

6E9784 6B;@B:AB E89?4FP < CBQFB@G CD<IB8<FES CD<@9ASFP @9FB8 CB85BD4 ;A4-

K9A<= Аij.  �4> 6<8AB <; (21), BCF<@4?PA4S CB @<A<@G@G HGA>J<BA4?4 (11) E<-

EF9@4 8B?:A4 D94?<;B6O64FP #�-;4>BA D97G?<DB64A<S. 

 %FDG>FGDA4S EI9@4 BCF<@4?PAB= E<EF9@O GCD46?9A<S CD98EF46?9A4 A4 

D<EGA>9 1,4, EI9@4 @B89?<DB64A<S, EBEF46?9AA4S E <ECB?P;B64A<9@ C4>9F4 

MATLAB, 3 A4 D<EGA>9 1,5. 
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$<EGAB> 1 3 %FDG>FGDA4S EI9@4 BCF<@4?PAB= E<EF9@O GCD46?9A<S 
 

#�-D97G?SFBD <@99F FBF A98BEF4FB>, KFB CD< A4?<K<< CBEFBSAAOI 6B;@G-

M4RM<I 6B;89=EF6<= EGM9EF6G9F EF4F<K9E>4S BL<5>4. "8A4>B, ;4 EK9F 66989-

A<S 6 ;4>BA D97G?<DB64A<S EBEF46?SRM9= CDBCBDJ<BA4?PAB= E>BDBEF< BF>?B-

A9A<S D97G?<DG9@B= 69?<K<AO BF ;484AAB7B ;A4K9A<S, D97G?SFBD A4K<A49F 6B;-

89=EF6B64FP A4 B5N9>F G:9 FB784, >B784 A4DGL9A<9 D9:<@4 HGA>J<BA<DB64A<S 

B5N9>F4 EB;84?B CD98CBEO?>< 8?S BF>?BA9A<S D97G?<DG9@B7B C4D4@9FD4 BF ;4-

84A<S, IBFS QFB BF>?BA9A<9 9M9 A9 BFE?9:9AB. #BQFB@G D97G?SFBDO, B5?484R-

M<9 F4>B= ECBEB5ABEFPR, A4;O64RF D97G?SFBD4@< E CD9864D9A<9@. �?47B84DS 

CD<@9A9A<R 8BCB?A<F9?PAB7B 6B;89=EF6<S CB CDB<;6B8AB=, 6D9@S C9D9IB8AB7B 

CDBJ9EE4 < 4@C?<FG84 >B?954A<= D97G?<DG9@B= 69?<K<AO EGM9EF69AAB G@9APL4RFES. 

�# 

## 

х u 

4) 

5) 


→
0

22 min)dtu+(х=I  

х(0) х/(0) 
 х1 = х х/= х1

/ = х2 

х// = (1/�2)u-(�1/�2)х2-(1/�2)х1 

х 
р1 

р1х 

р2 

х/ 

р2 х/ 

 х2 
u2 I 

u = -р1х-р2х/  х1 = х (1/�2) х1 

(1/�2) 

(�1/�2) 

х2 

(�1/�2)х2 

(1/�2) 

(1/�2)u 
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2 #�$�+�!0 �%#"�0�'� "�" "�"$'�"��!�/ 

 

#9D9K9AP <ECB?P;G9@B7B B5BDG8B64A<S CD<6989A 6 ?45BD4FBDAB= D45BF9 №1. 

 

3 '����!�/ #" &�)!��� ���"#�%!"%&� 

 

'>4;4A<S CB F9IA<>9 59;BC4EABEF< CD<6989AO 6 ?45BD4FBDAB= D45BF9 №1. 

 

4 '����!�/ #" #"$/��' �/#"�!�!�/ $��"&/ 

 

$45BF4 6OCB?AS9FES A4 #1�  >4:8O@ EFG89AFB@ E4@BEFBSF9?PAB. 

1. #B ;484AAO@ 6 F45?<J9 1 ?45BD4FBDAB= D45BFO № 1 BD8<A4F4@ >D<6B= 

D4;7BA4 B5N9>F4 GCD46?9A<S BCD989?<FP >BQHH<J<9AFO C9D984FBKAB= HGA>J<< 

B5N9>F4 CD< CB@BM< CDB7D4@@O «WINMNK» A4 #1� . !B@9D 64D<4AF4 ;484-

A<S 6O849FES <A8<6<8G4?PAB CD9CB8464F9?9@.  

2. #B?GK<FP BCF<@4?PAO= ;4>BA GCD46?9A<S @9FB8B@ 8<A4@<K9E>B7B CDB-

7D4@@<DB64A<S <; GE?B6<S @<A<@G@4 HGA>J<BA4?4 

 +=
k

=

t

t

dtuxJ )( 22

 

8?S ;484AAB7B GD46A9A<S 86<:9A<S B5N9>F4 
( ) ubub...ububxaxa...xaxa 01

)1m(

1m

)m(

m01

)1n(

1n

n

n ++++=++++ 2
2

2
2             

< <AF9D64?4  t= < t < tк   CD< A4?<K<< B7D4A<K9A<= 6<84 х(t) є Gx, u(t) є Gu. �89EP 

Gx < Gu 3 ;484AAO9 8BCGEF<@O9 B5?4EF< 8?S >BBD8<A4F EBEFBSA<S < GCD46?9A<S. 

!4K4?PAO9 GE?B6<S ;484AO 6 6<89:  х(0) = 1; х/(0) = 0. 

�BBD8<A4F4 GCD46?9A<S A9 B7D4A<K9A4. 

3. #BEFDB<FP >D<6GR C9D9IB8AB7B CDBJ9EE4 BCF<@4?PAB= E<EF9@O E <E-

CB?P;B64A<9@ C4>9F4 MATLAB. 

4. "CD989?<FP CDS@O9 CB>4;4F9?< >4K9EF64 CB 7D4H<>G >D<6B= C9D9IB8-

AB7B CDBJ9EE4. 
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5  %"��$��!�� "&+�&� 

 

"FK9F B 6OCB?A9A<< ?45BD4FBDAB= D45BFO 8B?:9A EB89D:4FP:  

1. �EIB8AO9 84AAO9 6 6<89 F45?<JO ;A4K9A<= BD8<A4F >D<6B= D4;7BA4. 

2. $9L9A<9 ;484K< 4A4?<F<K9E>B7B >BAEFDG<DB64A<S D97G?SFBD4 @9FB8B@ 

8<A4@<K9E>B7B CDB7D4@@<DB64A<S. 

3. %FDG>FGDAGR EI9@G BCF<@4?PAB= E<EF9@O GCD46?9A<S < EI9@G @B89-

?<DB64A<S. 

4. �D4H<> >D<6B= C9D9IB8AB7B CDBJ9EE4. 

5. �A4K9A<S CB>4;4F9?9= >4K9EF64 CDBJ9EE4 D97G?<DB64A<S. 

6. �A4?<; CB?GK9AAOI D9;G?PF4FB6. 

 

6 �"!&$"�0!/� �"#$"%/ 

 

1. � K9@ EGMABEFP F9BD<< 4A4?<F<K9E>B7B >BAEFDG<DB64A<S D97G?SFBD4? 

2. �4><9 >D<F9D<< BCF<@4?PABEF< CD<@9ASRFES CD< 4A4?<F<K9E>B@ >BA-

EFDG<DB64A<< D97G?SFBD4? 

3. +FB A4;O64RF ?<A9=AB= BCF<@4?PAB= E<EF9@B=? 

4. �4> D9L49FES ;484K4 4A4?<F<K9E>B7B >BAEFDG<DB64A<S D97G?SFBD4 @9-

FB8B@ 8<A4@<K9E>B7B CDB7D4@@<DB64A<S? 

5. �4>B= ;4>BA D97G?<DB64A<S CB?GK9A CD< 6OCB?A9A<< ?45BD4FBDAB= D4-

5BFO? � K9@ 97B CD9<@GM9EF6B < A98BEF4F><? 
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���"$�&"$!�/ $��"&�  4 
 

!��"�� ��"����,���� ���- ��#�/"� �  

 

*5;P @01>BO: BCD989?<FP GD46A9A<9 D97G?SFBD4 <; GE?B6<S @<A<@<;4J<< 

>D<F9D<S BCF<@4?PABEF<; CB?GK<FP 7D4H<> >D<6B= C9D9IB8AB7B CDBJ9EE4 6 BC-

F<@4?PAB= E<EF9@9 < D4EEK<F4FP CDS@O9 CB>4;4F9?< >4K9EF64. 

 

1 &�"$�&�+�%��/ +�%&0 

 

�484K4 BCD989?9A<S GD46A9A<= D97G?SFBD4 <; GE?B6<= @<A<@<;4J<< >D<-

F9D<S BCF<@4?PABEF< A4;O649FES 0=0;8B8G5A:8< :>=AB@C8@>20=85< @53C;S-
B>@0. #D< QFB@ CD98CB?474RF, KFB GD46A9A<9 8<A4@<>< B5N9>F4 ;484AB. "5OK-
AB <ECB?P;GRF >D<F9D<< BCF<@4?PABEF< 6 6<89 HGA>J<BA4?B6:  

;)(
0

22


+= dtcUaxJ
                                                                                  (1) 

;)(
0

dtUcxaJ += 


                                                                                   (2) 

;)(
0

2 dtUcaxJ 


+=
                                                                                   (3) 

( ) ( )  .dtUA...UAUAaxJ
0

2)m(

m

2

1

2

0

2


++ò++=
                                  (4) 

 9FB8<>4 BCD989?9A<S ;4>BA4 GCD46?9A<S BF <;@9A9A<S HGA>J<BA4?4 A9 

<;@9AS9FES. 

%F45<?<;4J<S E<EF9@ BFABE<F9?PAB CB?B:9A<S D46AB69E<S E CB@BMPR 

;4>BAB6 GCD46?9A<S, B59EC9K<64RM<I @<A<@G@ (1), A4;O649FES >?B8<0;P=>9 
AB018;870F859. 
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!4 >BA>D9FAB@ CD<@9D9 D4EE@BFD<@ CBQF4CAB E<AF9; BCF<@4?PAB= EF45<-

?<;<DGRM9= E<EF9@O @9FB8B@ 8<A4@<K9E>B7B CDB7D4@@<DB64A<S. 

#GEFP 86<:9A<9 B5N9>F4 GCD46?9A<S ;484AB 6 6<89 8<HH9D9AJ<4?PAB7B 

GD46A9A<S 6FBDB7B CBDS8>4 59; ;4C4;8O64A<S: 

.uх5,0х5,1х =+ò+òò                                                                                     (5) 

�D<F9D<= BCF<@4?PABEF< <@99F 6<8: 




ò++ò+=
0

2222 .dt)u07,0u1,0x2,0x(I                                                   (6) 

�BQHH<J<9AFO HGA>J<BA4?4 (6) 6O5D4AO A4 54;9 4CD<BDAOI E6989A<= B5 

<EE?98G9@B@ F9IAB?B7<K9E>B@ CDBJ9EE9. !9B5IB8<@B A4=F< BCF<@4?PAO= ;4-

>BA GCD46?9A<S u = ψ (x). 

#D98EF46<@ 8<HH9D9AJ<4?PAB9 GD46A9A<9 6 ABD@4?PAB= HBD@9, 8?S K97B 

B5B;A4K<@ x = x1, x1 
/ = x2, x2 

/ = x3,  x3
 = u, FB784 

ÿ
ÿ
þ

ÿ
ÿ
ý

ü

ò=ò
22=ò

=ò

.ux

;x5,0x5,1xx

;xx

3

1232

21

                                                                             (7) 

% GK9FB@ CD<ASFOI B5B;A4K9A<= HGA>J<BA4? (6) CD9B5D4;G9FES > 6<8G 

.dt)u07,0x1,0x2,0x(I
0

22

3

2

2

2

1


ò+++=                                                  (8) 

�4>BA GCD46?9A<S 5G89@ <E>4FP 6 6<89 u / = ψ (х1, х2, х3). (GA>J<BA4?PAB9  

GD46A9A<9 �9??@4A4 8?S D4EE@4FD<649@B7B CD<@9D4 CD<@9F 6<8: 

.0
x

S
u

x

S
)x5,0x5,1x(

x

S
x)u07,0x1,0x2,0x(

32

123

1

2

22

3

2

2

2

1 =
ö
ö

ò+
ö
ö

22+
ö
ö

+ò+++

                                                                                                                                     (9) 

�<HH9D9AJ<DGS (9) CB u /, CB?GK49@ 

.
x

S
14,7u

3ö
ö

2=ò                                                                                              (10) 
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&4><@ B5D4;B@, 8?S BCD989?9A<S BCF<@4?PAB7B D97G?SFBD4 A9B5IB8<@B 

CB?GK<FP .
3x

S

ö
ö

  �?S QFB7B CB8EF46<@ (10) 6 (9) < CBE?9 CD9B5D4;B64A<= CB?G-

K<@: 

.0)5,05,1(57,31,02,0
2

123

1

2

2

3

2

3

2

2

2

1 =
ö
ö

22+
ö
ö

+÷÷
ø

ö
÷÷
ø

ö
ö
ö

2++
x

S
xxx

x

S
x

x

S
xxx   (11) 

�648D4F<KAGR HBD@G S(xi) 8?S FD9I C9D9@9AAOI х1, х2, х3 @B:AB ;4C<E4FP 

6 6<89 

.)( 322331132112

2

333

2

222

2

111 xxAxxAxxAxAxAxAxS i +++++=         (12) 

"CD989?<@ CDB<;6B8AO9 :
ix

S

ö
ö

    

ÿ
ÿ
ÿ

þ

ÿ
ÿ
ÿ

ý

ü

++=
ö
ö

++=
ö
ö

++=
ö
ö

.xAxAxA2
x

S

;xAxAxA2
x

S

;xAxAxA2
x

S

223131333

3

323112222

2

313212111

1

                                                                 (13) 

#B8EF46<@ ;A4K9A<S  
ix

S

ö
ö

 6 GD46A9A<9 (11). #BE?9 D4E>DOF<S E>B5B> < 

7DGCC<DB6>< BFABE<F9?PAB хi CB?GK<@: 

.0)25,128,14(

)5,028,14()25,114,7(

)1,028,14()2,0357,3()15,057,3(

132223332332

1223331331112212231321

23

2

33

2

31222

2

23

2

212

2

13

2

1

=++22+
++22++222+

+++2+++22++22

AAAAAxx

AAAAxxAAAAAxx

AAxAAAxAAx

                                                                                                                                   (14) 

�OD4:9A<9 (14) @B:9F 5OFP D46AB AG?R FB?P>B 6 FB@ E?GK49, 9E?< 97B >B-

QHH<J<9AFO D46AO AG?R, BF>G84 <@99@ E?98GRMGR E<EF9@G 4?795D4<K9E><I 

GD46A9A<=:  
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ÿ
ÿ
ÿ
ÿ

þ

ÿÿ
ÿ
ÿ

ý

ü

=++22
=+22

=+222
=++2

=++22

=+22

.025,128,14

;05,028,14

;025,114,7

;01,028,14

;02,0357,3

;015,057,3

1322233323

12233313

1122122313

23

2

33

1222

2

23

12

2

13

AAAAA

AAAA

AAAAA

AA

AAA

AA

                                                 (15) 

$9L4S QFG E<EF9@G, @B:AB BCD989?<FP <E>B@O9 C9D9@9AAO9 А33, А13, А23, 

4, E?98B64F9?PAB, < ;4>BA BCF<@4?PAB7B GCD46?9A<S 6 6<89  

).xAxAxA2(14,7
x

S
14,7u 223113333

3

++2=
ö
ö

2=ò                                  (16) 

�?46A4S FDG8ABEFP CD< E<AF9;9 BCF<@4?PAB7B D97G?SFBD4 6 6<89 (16) ;4-

>?RK49FES 6 D9L9A<< E<EF9@O A9?<A9=AOI 4?795D4<K9E><I GD46A9A<= 6<84 

(15).  

$9L4S QFG E<EF9@G A4 #1� , A4=89@ <E>B@O9 C9D9@9AAO9: 

A11 = 1,2555390; A12 = 0,99085839; A13 = 0,37594728; 

A22 = 0,31336186; A23 = 0,26503677; A33 = 0,15988370. 

 

%?98B64F9?PAB, ;4>BA BCF<@4?PAB7B GCD46?9A<S CBE?9 CB8EF4AB6>< K<E-

?9AAOI ;A4K9A<= А13, А23, < А33  CD<@9F 6<8: 

)17(.х89,1х68,2U28,2х89,1х68,2х28,2

хА14,7хА14,7хА28,14)xAxAxA2(14,7u

213

223113333223113333

ò222=222=

=222=++2=ò

 #B8EF46<6 u <; <EIB8AB7B GD46A9A<S 86<:9A<S B5N9>F4 (5), A4=89@: 

.х82,3х31,5х28,2х89,1х68,2)х5,0х5,1х(28,2u 2ò2òò2=ò22+ò+òò2=ò (18) 

#DB<AF97D<DB646 6OD4:9A<9 (18) CB 6D9@9A< 6 CD989?4I BF  tH  8B t E GK9-

FB@ A4K4?PAOI GE?B6<= (x(t=) = 1; x / (t=) = 0; u(t=) = 0), CB?GK<@: 

,х(t)dt82,3(t)dtх31,5(t)dtх28,2dt)t(u

t

t

t

t

t

t

t

t ====

 2ò2òò2=ò
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,х(t)dt82,3))t(х)t(х(31,5))t(х)(tх(28,2)t(u)t(u

t

t

===

=

222ò2ò2=2

 
,31,5х(t)dt82,3)t(х31,5)(tх28,2)t(u

t

t=

 +22ò2=
                     (19)  

KFB EBBF69FEF6G9F GD46A9A<R BCF<@4?PAB7B #��-D97G?SFBD4. 

%FDG>FGDA4S EI9@4 BCF<@4?PAB= E<EF9@O GCD46?9A<S CD98EF46?9A4 A4 

D<EGA>9 1,4, EI9@4 @B89?<DB64A<S, EBEF46?9AA4S E <ECB?P;B64A<9@ C4>9F4 

MATLAB, 3 A4 D<EGA>9 1,5.  

 

 

 

 

 

 

 

5) 

х(tн) х/(tн) 
 х1 = х  х1

/ = х2 

х2
/ = u-1.5х2-0.5х1 

u = х3
 

u/ = х3
/= -7.14(2�33х3+�13х1+ 

+�23х2) = -2.28х3-2.68х1-1.89х2 

 х2 

 х1 
х3

 

u/ = х3
/ 

(u/)2 
0.07(u/)2 

u = х3
 

(х3)2 

0.1(х3)2 

 х1
/ = х2 

 (х2 )
2 

 0.2(х2 )
2 

 х1 = х 
( х1)2 

( х1)2 


ò+++=
0

22

3

2

2

2

1 dt)u07,0x1,0x2,0x(I

 

u 

 

u(tн) 

�# 

## 

х u 

4) 
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$<EGAB> 1 3 %FDG>FGDA4S EI9@4 BCF<@4?PAB= E<EF9@O GCD46?9A<S 
 

2 #�$�+�!0 �%#"�0�'� "�" "�"$'�"��!�/ 

 

#9D9K9AP <ECB?P;G9@B7B B5BDG8B64A<S CD<6989A 6 ?45BD4FBDAB= D45BF9 №1. 

 

3 '����!�/ #" &�)!��� ���"#�%!"%&� 

 

'>4;4A<S CB F9IA<>9 59;BC4EABEF< CD<6989AO 6 ?45BD4FBDAB= D45BF9 №1. 

 

4 '����!�/ #" #"$/��' �/#"�!�!�/ $��"&/ 

 

$45BF4 6OCB?AS9FES A4 #1�  >4:8O@ EFG89AFB@ E4@BEFBSF9?PAB. 
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1. #B ;484AAO@ 6 F45?<J9 1 ?45BD4FBDAB= D45BFO № 1 BD8<A4F4@ >D<6B= 

D4;7BA4 B5N9>F4 GCD46?9A<S BCD989?<FP >BQHH<J<9AFO C9D984FBKAB= HGA>J<< 

B5N9>F4 CD< CB@BM< CDB7D4@@O «WINMNK» A4 #1� . !B@9D 64D<4AF4 ;484-

A<S 6O849FES <A8<6<8G4?PAB CD9CB8464F9?9@.  

2. #B?GK<FP BCF<@4?PAO= ;4>BA GCD46?9A<S 8?S ;484AAB7B GD46A9A<S 

86<:9A<S B5N9>F4 6 6<89: 
( ) ubub...ububxaxa...xaxa 01

)1m(

1m

)m(

m01

)1n(

1n

n

n ++++=++++ 2
2

2
2    

<; GE?B6<S @<A<@G@4 HGA>J<BA4?4 




ò++=
0

222 dt)uux(J  

< <AF9D64?4  t=  < t < tk  CD< A4?<K<< B7D4A<K9A<= 6<84  х(t) є Gx, u(t) є Gu. �89EP 

Gx < Gu 3 ;484AAO9 8BCGEF<@O9 B5?4EF< 8?S >BBD8<A4F EBEFBSA<S < GCD46?9A<=. 

!4K4?PAO9 GE?B6<S ;484AO  6 6<89: x(t=) = 1; x / (t=) = 0; u(t=) = 0. 

3. #BEFDB<FP >D<6GR C9D9IB8AB7B CDBJ9EE4 BCF<@4?PAB= E<EF9@O E <E-

CB?P;B64A<9@ C4>9F4 MATLAB. 

4. "CD989?<FP CDS@O9 CB>4;4F9?< >4K9EF64 CB 7D4H<>G >D<6B= C9D9IB8-

AB7B CDBJ9EE4. 

 

5  %"��$��!�� "&+�&� 

 

"FK9F B 6OCB?A9A<< ?45BD4FBDAB= D45BFO 8B?:9A EB89D:4FP:  

1. �EIB8AO9 84AAO9 6 6<89 F45?<JO BD8<A4F >D<6B= D4;7BA4. 

2. $9;G?PF4FO <89AF<H<>4J<< B5N9>F4 GCD46?9A<S.  

3. $9L9A<9 ;484K< 4A4?<F<K9E>B7B >BAEFDG<DB64A<S D97G?SFBD4 @9FB8B@ 

8<A4@<K9E>B7B CDB7D4@@<DB64A<S. 

4. %FDG>FGDAGR EI9@G BCF<@4?PAB= E<EF9@O GCD46?9A<S < EI9@G, EBEF46-

?9AAGR E <ECB?P;B64A<9@ C4>9F4 MATLAB. 

5. �D4H<> >D<6B= C9D9IB8AB7B CDBJ9EE4. 

6. �A4K9A<S CDS@OI CB>4;4F9?9= >4K9EF64 CDBJ9EE4. 
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7. �A4?<; CB?GK9AAOI D9;G?PF4FB6. 

 

6 �"!&$"�0!/� �"#$"%/ 

 

1. +FB A4;O649FES 4A4?<F<K9E><@ >BAEFDG<DB64A<9@ D97G?SFBDB6? 

2. �4> 6?<S9F 6<8 HGA>J<BA4?4 A4 @9FB8<>G BCD989?9A<S ;4>BA4 GCD46?9-

A<S? 

3. �4> 6 84AAB= ?45BD4FBDAB= D45BF9 CDB<;6B8<FES E<AF9; BCF<@4?PAB= 

EF45<?<;<DGRM9= E<EF9@O @9FB8B@ 8<A4@<K9E>B7B CDB7D4@@<DB64A<S? 

4. �4>B= >D<F9D<= BCF<@4?PABEF< <ECB?P;B64A CD< 6OCB?A9A<< ?45BD4-

FBDAB= D45BFO? 

5. �4>B= ;4>BA BCF<@4?PAB7B GCD46?9A<S B5N9>FB@ 5O? CB?GK9A CD< 6O-

CB?A9A<< ?45BD4FBDAB= D45BFO? � K9@ 97B CD9<@GM9EF64 < A98BEF4F><? 
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���"$�&"$!�/ $��"&�  5 
 

!��"�� � ������ ��"����,�+% �� "�'��!"� !�!"�� � �  

��"� ���� �����+% !������% ! ����),.  

# ������/  ����"� 

 

*5;P @01>BO: <;GK9A<9 @9FB84 BCD989?9A<S GCD46?9A<S, B59EC9K<64R-

M97B BCF<@4?PAGR EF45<?<;4J<R D9:<@4 D45BFO B8AB@9DAB7B B5N9>F4, <; 

GE?B6<S @<A<@<;4J<< >648D4F<KAB7B HGA>J<BA4?4 CD< 89F9D@<A<DB64AAOI 

E<7A4?4I. 

 

 1 &�"$�&�+�%��/ +�%&0 

 

�;69EFAO FD48<J<BAAO9 ;484K< D4;D45BF>< 46FB@4F<K9E><I E<EF9@: 8?S 

;484AAB7B B5N9>F4 GCD46?9A<S @9FB84@< F9BD<< 46FB@4F<K9E>B7B GCD46?9A<S 

BCD989?SRF EFDG>FGDG < C4D4@9FDO D97G?SFBD4, B59EC9K<64RM97B ;484AAO9 

;A4K9A<S FBKABEF<, C9D9D97G?<DB64A<S, >B?954F9?PABEF< < 6D9@9A< C9D9IB8AB-

7B CDBJ9EE4. "8A4>B E<AF9;<DB64AAO9 CD< QFB@ F<CB6O9 D97G?SFBDO E D4;?<K-

AO@< ;4>BA4@< D97G?<DB64A<S (#-, #�- < #��-D97G?SFBDO) 6 5B?PL<AEF69 

E?GK496 A9 B59EC9K<64RF BCF<@4?PAOI D9:<@B6 D45BFO B5N9>F4. 

 �4?PA9=L99 D4;6<F<9 @9FB8B6 E<AF9;4 46FB@4F<K9E><I E<EF9@ BEAB64AB 

A4 CD<AJ<C9 BCF<@4?PABEF<, KFB CB;6B?S9F CBEF46<FP B5MGR ;484KG: A4=F< ;4-

>BA BCF<@4?PAB7B GCD46?9A<S U0(X), B59EC9K<64RM<= A4<?GKL<9 D9:<@O D4-

5BFO B5N9>F4 CB ;484AAO@ >D<F9D<S@ >4K9EF64. �4>BA BCF<@4?PAB7B GCD46?9-

A<S BCD989?S9FES @9FB84@< F9BD<< BCF<@4?PAB7B GCD46?9A<S. 

 &D95B64A<S > CB6OL9A<R >4K9EF64 46FB@4F<K9E><I E<EF9@ 6 5B?PL<A-

EF69 E?GK496 E6B8SFES > G69?<K9A<R FBKABEF<. "CF<@4?PAO9 CB FBKABEF< 46FB-

@4F<K9E><9 E<EF9@O D4EE@4FD<64RF CD< 89F9D@<A<DB64AAOI < E?GK4=AOI E<7-

A4?4I. 
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 "CF<@4?PAO9 CB FBKABEF< E<EF9@O CD< 89F9D@<A<DB64AAOI E<7A4?4I 

<@9RF @<A<@4?PAGR 8<A4@<K9E>GR (<AF97D4?PAGR) BL<5>G ;4 6D9@S C9D9IB8-

AB7B CDBJ9EE4. #D< QFB@ B59EC9K<649FES @<A<@4?PAB9 BF>?BA9A<9 >BBD8<A4F 

B5N9>F4 BF ;484AAOI ;A4K9A<= E GK9FB@ B7D4A<K9A<S E<7A4?4 GCD46?9A<S. #B 

F9D@<AB?B7<< 4>48. !. !. �D4EB6E>B7B 6 F4><I E<EF9@4I B59EC9K<649FES >?B8-
<0;P=0S AB018;870F8S @568<>2 @01>BO. %<AF9; D4EE@4FD<649@OI E<EF9@ 
@B:AB 6OCB?ASFP ?R5O@ @9FB8B@ F9BD<< BCF<@4?PAB7B GCD46?9A<S E <ECB?P-

;B64A<9@ >648D4F<KAOI @<A<@<;<DG9@OI HGA>J<BA4?B6. 

 #D< BCF<@<;4J<< B5N9>FB6 CB FBKABEF< B5OKAB <ECB?P;GRF: 

" >648D4F<KAO9 <AF97D4?PAO9 BJ9A>< F<C4  

=
кt

t

 dttI

0

,)(2õ
                                                                                              (1) 

789 õ(t) = y3 – y(t) 3 BF>?BA9A<9 6OIB8AB= C9D9@9AAB= y(t) BF ;484AAB7B ;A4K9-

A<S y3, I4D4>F9D<;GRM<9 >4K9EF6B C9D9IB8AOI CDBJ9EEB6 (C9D6O= K4EFAO= 

>D<F9D<=); 

" HGA>J<BA4?O F<C4 

  (t)dt, ru =i(t)dt(t)u  = I
к

0

к

0

t

t

2

t

t

 
                                                                  (2) 

789 u(t) < i(t) 3 A4CDS:9A<9 < FB> A47DG;>< <EFBKA<>4; r = 1/R 3 >BQHH<J<9AF 

CDBCBDJ<BA4?PABEF<, CD<K9@ R 3 EBCDBF<6?9A<9 Q?9>FD<K9E>B= J9C<, I4D4>F9-

D<;GRM<9 D4EIB8 QA9D7<< A4 GCD46?9A<9 (6FBDB= K4EFAO= >D<F9D<=), 4 F4>:9 

A4>?48O64RF B7D4A<K9A<9 A4 69>FBD GCD46?9A<S maxUu ó . 

 � ;46<E<@BEF< BF FB7B, >4><9 <; QF<I K4EFAOI >D<F9D<96 BCF<@4?PABEF< 

CD<ASFO CD< BCF<@<;4J<< CB FBKABEF<, @B7GF 5OFP D4;?<KAO9 ;484K<: 

" 69>FBDAB= BCF<@<;4J<<, 9E?< <ECB?P;B64AO >648D4F<KAO9 <AF97D4?PAO9 

BJ9A>< < HGA>J<BA4?O F<C4 (2); 
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" E>4?SDAB= BCF<@<;4J<<, 9E?< <ECB?P;B64AO >648D4F<KAO9 <AF97D4?PAO9 

BJ9A>< < A4?B:9AB B7D4A<K9A<9 A4 >BBD8<A4FG GCD46?9A<S maxUu ó . 

 +FB5O CB?GK<FP BCF<@4?PAO9 89F9D@<A<DB64AAO9 CDBJ9EEO CD< A4?<K<< 

<;@9DS9@OI 6A9LA<I 6B;@GM9A<=, A9B5IB8<@B D4EE@4FD<64FP ;484KG 69>FBD-

AB= BCF<@<;4J<< CB K4EFAO@ >D<F9D<S@ F<C4 (1), (2). 

 #GEFP ;484A B5N9>F BCF<@<;4J<<, 8<A4@<>4 >BFBDB7B BCD989?S9FES 8<H-

H9D9AJ<4?PAO@< GD46A9A<S@< EBEFBSA<S, < <;69EFAO A4K4?PAB9 < >BA9KAB9 

;A4K9A<S 69>FBDB6 EBEFBSA<S: 

 ,Х)t(Х;Х)t(Х;ВuАХX кк00 ==+=
"

     (3) 

;484A F4>:9 >648D4F<KAO= HGA>J<BA4? 6 E>4?SDAB= <?< 69>FBDAB= HBD@9: 

  dturxqI
r

l

lli

n

i

ii õõ


==

+=
0 1

22

1

,)(
2

1
                                                          (4)      




+=
0

,)(
2

1 dtRUUQXXI TT

                                                           (5) 

789 Q 3 8<47BA4?PA4S @4FD<J4 69EB6OI >BQHH<J<9AFB6 qii > 0, qij = 0 8?S i  j; 

R 3 8<47BA4?PA4S @4FD<J4 69EB6OI >BQHH<J<9AFB6 rl > 0. 

 &D95G9FES BCD989?<FP BCF<@4?PAB9 GCD46?9A<9 U0(X), CD< >BFBDB@ HGA>-

J<BA4? (5) <@99F @<A<@4?PAGR 69?<K<AG. �D496O9 GE?B6<S 6 84AAB@ E?GK49 

<@9RF 6<8: 

X(0) = X0;     X (>) = 0,                                                                                    (6) 

789 X0 3 CDB<;6B?PAO= ;484AAO= 69>FBD. 

 (GA>J<BA4? (5) S6?S9FES B5B5M9AAO@ E>4?SDAO@ >D<F9D<9@, CB?GK9A-

AO@ 6 D9;G?PF4F9 B5N98<A9A<S B5B5M9AAB= >648D4F<KAB= <AF97D4?PAB= BJ9A-

><, <ECB?P;G9@B= 6 F9BD<< 46FB@4F<K9E>B7B GCD46?9A<S 8?S >BE69AAB= BJ9A>< 

>4K9EF64 C9D9IB8AOI CDBJ9EEB6, < >D<F9D<S F<C4 (2), I4D4>F9D<;GRM97B D4EIB8 

QA9D7<< CD< GCD46?9A<<. 



49 

 

 

 �9EB6O9 >BQHH<J<9AFO qii > 0 < rl > 0 A4>?48O64RF <LFD4HO= A4 69?<K<-

AG < 8?<F9?PABEFP BF>?BA9A<S >BBD8<A4F 6 C9D9IB8AB@ CDBJ9EE9. #B?B:<F9?P-

ABEFP QF<I >BQHH<J<9AFB6 B59EC9K<649F CB?B:<F9?PAGR BCD989?9AABEFP 

CB8OAF97D4?PAB= HGA>J<<, KFB <E>?RK49F 6B;@B:ABEFP 5B?PL<I < 8?<F9?PAOI 

BF>?BA9A<= >BBD8<A4F EBEFBSA<S < GCD46?9A<= CD< BCF<@4?PAB@ C9D9IB8AB@ 

CDBJ9EE9. 

 %BEF46<@ HGA>J<BA4?PAO9 GD46A9A<S �9??@4A4: 

 

ÿ
ÿ
þ

ÿÿ
ý

ü

=
ö
ö

+

ö
ö

2=+
ö
ö

++

.0B
X

S
RU

,
t

S
 BUAX

X

S
)RUUQXX(

2
1

T

TT

               (7) 

 �E>?RK<@ <; C9D6B7B GD46A9A<S E<EF9@O (7) C4D4@9FD GCD46?9A<S, <E-

CB?P;GS CB8EF4AB6>G: 

.1

T

T

X

S
BRU úû

ù
úû
ù
ö
ö

2= 2
                                                                                  (8) 

 (GA>J<R �9??@4A4 5G89@ <E>4FP 6 E?98GRM9@ 6<89: 

.KXXS T=                                                                                                (9) 

 �OK<E?SS K4EFAO9 CDB<;6B8AO9 BF S CB C4D4@9FD4@ X < t < CB8EF46?SS <I 

6 C9D6B9 GD46A9A<9 E<EF9@O (7), CB?GK<@ 0;351@08G5A:>5 C@02=5=85 $8::0-
B8:  

.01 =2+22 2 QKBKBRKAKA TT
                                                (10) 

"CF<@4?PAB@G 4?7BD<F@G GCD46?9A<S EBBF69FEF6G9F D9L9A<9 GD46A9A<S 

(10), >BFBDB9 G8B6?9F6BDS9F GE?B6<R 

.0

...

...

...

,...,0,0

21

22221

11211

2221

1211

11 þþþ

nnnn

n

n

kkk

.  .  .  .  .  .

kkk

kkk

kk

kk
k

                                     (11) 
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 #D< 6OCB?A9A<< GE?B6<S (11) 6 EBBF69FEF6<< E >D<F9D<9@ %<?P69EFD4 

@4FD<J4 К 6<84 

ú
ú
ú
ú

û

ù

ú
ú
ú
ú

û

ù

=

nnnn

n

n

kkk

.  .  .  .  .  .

kkk

kkk

K

...

...

...

21

22221

11211

 

5G89F BCD989?9AAB CB?B:<F9?PAB=. 

 �E?< E<EF9@4 S6?S9FES 4E<@CFBF<K9E>< GEFB=K<6B= < CD< tk → ∞ A9GCD46-

?S9@4S EBEF46?SRM4S H4;B6B7B 69>FBD4 EFD9@<FES > AG?R, FB BCF<@4?PAB9 

GCD46?9A<9 5G89F S6?SFPES FB?P>B HGA>J<9= H4;B6OI >BBD8<A4F:  

.)( 10 КХBRХU T22=                                                                              (12) 

 $4EE@BFD<@ CD<@9D E<AF9;4 BCF<@4?PAB= E<EF9@O, >B784 B5N9>F BC<EO-

649FES GD46A9A<9@ 

ux =òò                                                                                                        (13) 

<?< E<EF9@B= 6 ABD@4?PAB= HBD@9 

.

,

2

21

ux

xx

=
=




                                                                                                    (14) 

�D496O9 GE?B6<S <@9RF 6<8: X (0) = X0, X (∞) = 0; >BBD8<A4F4 GCD46?9A<S 

A9 B7D4A<K9A4. 

 (GA>J<BA4? B5B5M9AAB7B E>4?SDAB7B >D<F9D<S BCF<@4?PABEF< <@99F 

6<8: 




++=
0

22

2

2

1 .dt)ruqxx(I
                                                                      (15) 

�?S 84AAB= ;484K< GD46A9A<9 EBEFBSA<S 6 @4FD<KAB= HBD@9 5G89F <@9FP 

6<8: 



51 

 

 

ú
û

ù
ú
û

ù
ú
û

ù
ú
û

ù
+ú

û

ù
ú
û

ù
ú
û

ù
ú
û

ù
=ú

û

ù
ú
û

ù
0

u

0  1

0  0

x

x

0  0

1  0

x

x

2

1

2

1




                                                             (16) 

<?< 6 ABD@4?<;B64AAB= HBD@9: 
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  (18) 

#9D9@AB:<6 @4FD<JO <; GD46A9A<S (18), ;4C<L9@ FD< 4?795D4<K9E><I 

GD46A9A<S: 
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$9L<@ QF< GD46A9A<S: 
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rk =12 ,    )2(22 rqrk += ,    rqrkkk 21

221211 +== 2
.   (20) 

&4> >4> @4FD<J4 К 8B?:A4 5OFP CB?B:<F9?PAB BCD989?9AAB=, CD<A<@49@ 

rk =12 <  )2(22 rqrk += .  

#D< QFB@ ;4>BA BCF<@4?PAB7B GCD46?9A<S A4 BEAB64A<< (17) ;4C<EO649F-

ES >4> 

21 x
r

)r2+r(q
-x

r

r
 -XU =)(0

                                                   (21) 

<?< 

xk-xk -=x
r

)r2+r(q
-x

r

r
 -=(X)U 21

0

,                       (22) 

789     ,1
r

r
k =           .

)2(
2

r

rqr
k

+
=  

 &4><@ B5D4;B@, 8?S BCF<@4?PAB= EF45<?<;4J<< D9:<@B6 B5N9>F4 6 EBBF-

69FEF6<< E (22) A9B5IB8<@B CD<@9A<FP BFD<J4F9?PAGR B5D4FAGR E6S;P 6 6<89 

C4D4??9?PAB7B EB98<A9A<S 59;OA9DJ<BAAB7B < 8<HH9D9AJ<DGRM97B ;69AP96: 

p.
r

)r2+r(q
 + 

r

r
=(p)Ko.c.                                                                 (23) 

 %FDG>FGDA4S EI9@4 BCF<@4?PAB= CB FBKABEF< E<EF9@O 6 84AAB@ E?GK49 

CD98EF46?9A4 A4 D<EGA>9 1,4, 4 EI9@4 @B89?<DB64A<S, EBEF46?9AA4S E <ECB?P;B-

64A<9@ C4>9F4 MATLAB, 3 A4 D<EGA>9 1,5. 

�?S BCF<@4?PAB= EF45<?<;4J<< D9:<@B6 D45BFO FD95G9FES CD<@9A<FP 

#�-D97G?SFBD, CD< D94?<;4J<< >BFBDB7B A9B5IB8<@B <ECB?P;B64FP 8<HH9D9A-

J<4FBD < GE<?<F9?P. 
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$<EGAB> 1 3 %FDG>FGDA4S EI9@4 BCF<@4?PAB= E<EF9@O GCD46?9A<S 
 

2 #�$�+�!0 �%#"�0�'� "�" "�"$'�"��!�/ 

 

#9D9K9AP <ECB?P;G9@B7B B5BDG8B64A<S CD<6989A 6 ?45BD4FBDAB= D45BF9 №1. 

 

3 '����!�/ #" &�)!��� ���"#�%!"%&� 

 

'>4;4A<S CB F9IA<>9 59;BC4EABEF< CD<6989AO 6 ?45BD4FBDAB= D45BF9 №1. 

 

4 '����!�/ #" #"$/��' �/#"�!�!�/ $��"&/ 

 

 �EE?98B64FP BCF<@4?PAGR E<EF9@G GCD46?9A<S, EFDG>FGDA4S EI9@4 >BFB-

DB= CD98EF46?9A4 A4 D<EGA>9 1. "5N9>F GCD46?9A<S BC<EO649FES GD46A9A<9@ 

(13), 4 >D<F9D<= BCF<@4?PABEF< <@99F 6<8: 
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х(0) х/(0) 
 х1 = х х/= х1
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+
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mindt)ruqxx(I
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1 →++= 
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0

22

2

2

1 )dt.ru+qx+(x=I  

+<E?9AAO9 ;A4K9A<S CBEFBSAAOI r < q CD<6989AO 6 F45?<J9 1. !B@9D 64-

D<4AF4 ;4849FES GEFAB <A8<6<8G4?PAB CD9CB8464F9?9@. 

 �EE?98B64A<9 CDB6B8<FES 6 E?98GRM9= CBE?98B64F9?PABEF<: 

1. $4EEK<F4FP 8?S ;484AAB7B 64D<4AF4 >BQHH<J<9AFO k1 < k2 (QFBF CGA>F 

6OCB?AS9FES CD< CB87BFB6>9 > ?45BD4FBDAB= D45BF9). 

2. %B5D4FP EFDG>FGDAGR EI9@G E<EF9@O GCD46?9A<S E <ECB?P;B64A<9@ C4-

>9F4 MATLAB (D<EGAB> 1.5). 

3. 'EF4AB6<FP A4K4?PAO9 GE?B6<S x (0) = 10 < х/ (0) = 0. 

4. "CD989?<FP CB>4;4F9?< >4K9EF64 CB >D<6O@ C9D9IB8AOI CDBJ9EEB6 CD< 

>4:8B= C4D9 CBEFBSAAOI q < r. 

5. !4=F< ED98< <EE?98B64AAOI ;A4K9A<= >BQHH<J<9AFB6 k1 < k2 BCF<-

@4?PAO9 k1
0 < k2

0. 

 

5  %"��$��!�� "&+�&� 

 

"FK9F B 6OCB?A9A<< ?45BD4FBDAB= D45BFO 8B?:9A EB89D:4FP:  

1. �EIB8AO9 84AAO9, D4EK9FAO9 HBD@G?O < EI9@G @B89?<DB64A<S. 

2. &45?<JO EB ;A4K9A<S@< k1 < k2, EBBF69FEF6GRM<@< ;484AAB@G 64D<4AFG 

CBEFBSAAOI r < q. 

3. �D4H<>< ;46<E<@BEF< 6D9@9A< D97G?<DB64A<S tp < C9D9D97G?<DB64A<S Ã 

BF CBEFBSAAOI r < q; I4D4>F9DAO9 >D<6O9 C9D9IB8AOI CDBJ9EEB6. 

4. �O6B8O B ;46<E<@BEF< CDS@OI CB>4;4F9?9= >4K9EF64 tp < Ã < I4D4>F9D4 

C9D9IB8AOI CDBJ9EEB6 BF >BQHH<J<9AFB6 >648D4F<KAB7B >D<F9D<S. 

 

6 �"!&$"�0!/� �"#$"%/ 

 

1. � K9@ BEB59AABEF< ;484K BCF<@<;4J<< CB FBKABEF<? 
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2. %HBD@G?<DG=F9 BEAB6AO9 QF4CO E<AF9;4 BCF<@4?PAB7B GCD46?9A<S 6 

EF4J<BA4DAOI ?<A9=AOI E<EF9@4I. 

3. �4C<L<F9 4?795D4<K9E>B9 GD46A9A<9 $<>>4F<. 

4. �4> BEGM9EF6?S9FES 6O5BD BCF<@4?PAB7B 4?7BD<F@4 GCD46?9A<S, EBBF-

69FEF6GRM97B D9L9A<R GD46A9A<S $<>>4F<? 

5. �4>B= 6<8 <@99F 6O5D4AAO= 6 84AAB= D45BF9 >D<F9D<= BCF<@4?PABEF<? 
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#$��"��!�� 

&45?<J4 1 3 �A4K9A<9 CBEFBSAAOI r < q <AF97D4?PAB7B >648D4F<KAB7B >D<F9D<S 
№ 

64D<4AF4 
�A4K9A<9 CBEFBSAAOI r < q <AF97D4?PAB7B >648D4F<KAB7B >D<F9D<S 

1>EC9D<@9AF 1 1>EC9D<@9AF 2 1>EC9D<@9AF 3 1>EC9D<@9AF 4 
r q r q r q r q 

0 0.04 0.05 1 1 10 10 50 50 

1 0.04 0.09 2 5 8 8 40 40 

2 0.04 0.08 0.2 0.2 4 4 20 20 

3 0.04 0.07 0.1 0.1 2 2 10 10 

4 0.02 0.008 0.3 0.3 3 3 30 30 

5 0.03 0.03 0.6 0.6 6 6 60 60 

6 0.05 0.04 0.5 0.5 5 5 25 25 

7 0.06 0.06 0.4 0.4 14 14 56 56 

8 0.07 0.07 0.7 0.7 7 7 70 70 

9 0.08 0.4 0.8 0.8 12 12 80 80 

10 0.09 0.6 0.9 0.9 9 9 90 90 

11 0.05 0.001 4.0 4.0 16 16 64 64 

12 0.01 0 0.6 0.9 8 10 32 32 

13 0.02 0.01 0.8 0.6 9 8 45 45 

14 0.03 0.07 0.9 0.1 5 4 55 55 

15 0.04 0.06 0.4 0.2 10 2 75 75 

16 0.05 0.05 0.2 0.4 2 1 26 26 

17 0.06 0.04 0.1 0.3 1 9 15 15 

18 0.07 0.1 0.3 0.5 6 3 36 36 

19 0.08 0.3 0.5 0.7 3 4 27 27 

20 0.09 0.5 0.7 0.8 4 5 62 62 

21 0.02 0 4.0 2.0 18 18 72 72 

22 0.03 0 6.0 3.0 12 16 86 86 

23 0.04 0 9.0 4.0 20 22 94 94 

24 0.05 0 8.0 5.0 15 15 95 95 
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���"$�&"$!�/ $��"&�  6 
 

!��"�� ��"����,���� ��- ��#�/"� � 

 

*5;P @01>BO: BCD989?<FP GD46A9A<9 D97G?SFBD4 <; GE?B6<S @<A<@<;4J<< 

>D<F9D<S BCF<@4?PABEF<; CB?GK<FP 7D4H<> >D<6B= C9D9IB8AB7B CDBJ9EE4 6 BC-

F<@4?PAB= E<EF9@9 < D4EEK<F4FP CDS@O9 CB>4;4F9?< >4K9EF64. 

  

1 &�"$�&�+�%��/ +�%&0 

 

�<A9=AO9 EF4J<BA4DAO9 E<EF9@O E BCF<@4?PAO@< D97G?SFBD4@<, E<AF9-

;<DB64AAO@< CB 69>FBDG EBEFBSA<S, CB;6B?SRF E F9K9A<9@ 6D9@9A< E69EF< > 

AG?R 6?<SA<9 A4 6OIB8 B5N9>F4 A9AG?96OI A4K4?PAOI GE?B6<= <?< >D4F>B6D9-

@9AAOI 6B;@GM9A<=. "8A4>B, 9E?< 6IB8AO9 6B;89=EF6<S BEF4RFES CBEFBSAAO-

@< <?< @9ASRFES E @4?B= E>BDBEFPR, FB F4><9 E<EF9@O A9 B59EC9K<64RF D469A-

EF6B AG?R EF4F<K9E>B= BL<5>< D97G?<DB64A<S. �?S ?<>6<84J<< QFB= BL<5>< 

D97G?SFBD 8B?:9A 6>?RK4FP 6 E95S 869 EBEF46?SRM<9. "8A4 <; A<I 8B?:A4 ;4-

6<E9FP BF H4;B6B7B 69>FBD4, 4 8DG74S 3 BF 97B <AF97D4?4 CB 6D9@9A<. #GEFP 

GD46A9A<9 ?<A9=AB= EF4J<BA4DAB= E<EF9@O <@99F 6<8: 

.XtXBUAXX HH =+= )(;                                                                      (1) 

�4848<@ >D<F9D<= GCD46?9A<S 6 E?98GRM9@ 6<89: 




++=
Ht

TTT dtUSURUUQXXJ ,][ 
                                         (2) 

789 Q < R 3 A9BFD<J4F9?PAB BCD989?9AAO9 @4FD<JO; 

S 3 CB?B:<F9?PAB BCD989?9AA4S E<@@9FD<KA4S @4FD<J4. 

 &D95G9FES A4=F< F4>B= 69>FBD GCD46?9A<S, >BFBDO= 5O @<A<@<;<DB64? 

84AAO= >D<F9D<=. #D< QFB@ 5G89F EK<F4FPES ;484AAO@ C4D4@9FD U(tH) = UH. 

�6989@ AB6O9 C9D9@9AAO9: 
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                                    (3) 

�4C<L9@ GD46A9A<9 86<:9A<S < >D<F9D<= GCD46?9A<S 6 AB6OI >BBD8<A4-

F4I: 

 ,VBZAZ 11 +=                                                                                               (4) 

 
.][ 11



+=
Ht

TT dtVRVZQZJ
                                                                   (5) 

�ECB?P;GS CDBJ98GDG @9FB84 8<A4@<K9E>B7B CDB7D4@@<DB64A<S, @B:AB 

BCD989?<FP BCF<@4?PAB9 ;A4K9A<9 69>FBD4 V: 

,1

1

1 ZKBRV T 2= 2
                                                                              (6) 

789 К 3 D9L9A<9 @4FD<KAB7B GD46A9A<S $<>>4F<: 

.QKBRKBKAKAK 1

T

1

1

11

T

11 2+22= 2                                         (7) 

 &B784 BCF<@4?PAB9 GCD46?9A<9 CD< ;484AAOI A4K4?PAOI GE?B6<SI BCD9-

89?<FES E?98GRM<@ B5D4;B@: 

.
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2= 222

  (8) 

�; <EIB8AB7B GD46A9A<S 86<:9A<S CB?GK<@: 

).()()( 111 AXXBBBAXXBU T 2=2= 222                                            (9) 

 #DB8<HH9D9AJ<DG9@ QFB GD46A9A<9 CB 6D9@9A< < CB8EF46<@ EBBFABL9-

A<9 8?S D4EK9F4 BCF<@4?PAB7B GCD46?9A<S: 

,))((
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214
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T

T
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#DB<AF97D<DG9@ 6OD4:9A<9 (10) CB 6D9@9A< < CB?GK<@: 

+2+= XdtC))t(X)t(X(C)t(U)t(U 4H3H

0
 

<?<  

.dt)t(XC)t(XCC)t(U 435

0 ++=                                          (11) 

&4><@ B5D4;B@, BCF<@4?PAB9 GCD46?9A<9 5G89F D94?<;B64AB 6 6<89                       

#�-D97G?SFBD4. 

%FDG>FGDA4S EI9@4 E<EF9@O E F4><@ D97G?SFBDB@ 5G89F <@9FP 6<8: 

 

 

 

 

 

 

 

#@8<5@. "CD989?<FP BCF<@4?PAB9 GCD46?9A<9 B5N9>FB@, ;484AAO@ GD46-
A9A<9@: 

)t(ku)t(y)t(yT =+  

<?< 

,buaxx +=                                                                                          (12) 

789 & < k 3 CBEFBSAA4S 6D9@9A< < >BQHH<J<9AF GE<?9A<S B5N9>F4; 

;
1

T
a 2=   ;

T

k
b = );(tyх =     )(tuu =   

6 CDBJ9EE9 C9D9IB84 B5N9>F4 <; H<>E<DB64AAB7B A4K4?PAB7B  х(0) = 1 6 H<>E<-

DB64AAB9 >BA9KAB9 х() = 0 EBEFBSA<9 <; GE?B6<S @<A<@G@4 HGA>J<BA4?4: 

 
.)(

0

222 dtuuxJ 


++= 
                                                                      (13) 
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ВUАХХ +=ò
 

C3 

х u 
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$5H5=85  
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!4 BEAB64A<< (6) ;4C<EO649@ ?<A9=AO= ;4>BA BCF<@4?PAB7B GCD46?9A<S: 
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   (15) 

�BQHH<J<9AFO k12 < k22 A4IB8<@ <; @4FD<KAB7B GD46A9A<S $<>>4F< (7), 

GK<FO64S, KFB 0)t(K = : 
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 (16) 

#9D9@AB:<6 @4FD<JO <; GD46A9A<S (16), ;4C<L9@ FD< 4?795D4<K9E><I 

GD46A9A<S: 

ÿ
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ý

ü

=2+2

=+22
=2+2

.012

;0

;012

2

2212

22211211

2

1211

kbk
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kak

                                                         (17) 

$9L4S QF< GD46A9A<S, A4=89@ k11, k12 < k22. 

�; GD46A9A<S (12) 6OD4;<@ u: 

x
b

a
x

b
u 2= 1

                                                                                           (18) 

< CB8EF46<@ (18) 6 (15): 

).
1

(2212

0 x
b

a
x

b
kxku 222=                                                           (19) 

#DB<AF97D<DB646 6OD4:9A<9 (19) CB 6D9@9A< E GK9FB@ A4K4?PAOI GE?B-

6<=, CB?GK<@: 
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b

k
dt)t(x

b

bkak
)t(x
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k
)t(u 22

t

1222220

H

+
2

+2= 


 

<?< 

,Kdt)t(xK)t(xK)t(u 3

t

21
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H

++= 


                                            (20) 

789  

.
b

k
K      ,

b

bkak
K      ,

b

k
K 22

3
1222

2
22

1 =
2

=2=  

 &4><@ B5D4;B@, CB?GK9A BCF<@4?PAO= #�-;4>BA GCD46?9A<S. 

 

2 #�$�+�!0 �%#"�0�'� "�" "�"$'�"��!�/ 

 

#9D9K9AP <ECB?P;G9@B7B B5BDG8B64A<S CD<6989A 6 ?45BD4FBDAB= D45BF9 №1. 

 

3 '����!�/ #" &�)!��� ���"#�%!"%&� 

 

'>4;4A<S CB F9IA<>9 59;BC4EABEF< CD<6989AO 6 ?45BD4FBDAB= D45BF9 №1. 

 

4 '����!�/ #" #"$/��' �/#"�!�!�/ $��"&/ 

 

$45BF4 6OCB?AS9FES A4 #1�  >4:8O@ EFG89AFB@ E4@BEFBSF9?PAB. 

 �484A<9 6 6<89 F45?<JO ;A4K9A<= BD8<A4F C9D9IB8AB= HGA>J<< B5N9>F4 

(>D<6B= D4;7BA4) >4:8O= EFG89AF CB?GK49F BF CD9CB8464F9?S. 

1. #B ;484AAO@ 6 F45?<J9 1 ?45BD4FBDAB= D45BFO № 1 BD8<A4F4@ >D<6B= 

D4;7BA4 B5N9>F4 GCD46?9A<S CBEFDB<FP >D<6GR D4;7BA4. 

2. #DB69EF< >4E4F9?PAGR > FBK>9 C9D97<54 < BCD989?<FP C4D4@9FDO C9-

D984FBKAB= HGA>J<< B5N9>F4. 
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3. "CD989?<FP ;4>BA BCF<@4?PAB7B GCD46?9A<S B5N9>FB@, ;484AAO@ 

GD46A9A<9@ )t(ku)t(y)t(yT =+ , <; GE?B6<S @<A<@G@4 HGA>J<BA4?4 

dtuuxJ 


++=
0

222 )(   CD< ;484AAOI A4K4?PAOI GE?B6<SI х(tH) = 1 <  u(tH) = 0. 

4. #BEFDB<FP 7D4H<> >D<6B= C9D9IB8AB7B CDBJ9EE4 6 BCF<@4?PAB= E<-

EF9@9 < BCD989?<FP CDS@O9 CB>4;4F9?< >4K9EF64. 

 

5  %"��$��!�� "&+�&� 

 

"FK9F B 6OCB?A9A<< ?45BD4FBDAB= D45BFO 8B?:9A EB89D:4FP:  

1. �EIB8AO9 84AAO9 6 6<89 F45?<JO BD8<A4F >D<6B= D4;7BA4. 

2. �D4H<> >D<6B= D4;7BA4, A4 >BFBDB@ CD<6B8<FES 4CCDB>E<@4J<S < 

BCD989?9A<9 C4D4@9FDB6 B5N9>F4 k < &. 

3. $9L9A<9 ;484K< 4A4?<F<K9E>B7B >BAEFDG<DB64A<S D97G?SFBD4. 

4. %FDG>FGDAGR EI9@G BCF<@4?PAB= E<EF9@O GCD46?9A<S < EI9@G, EB-

EF46?9AAGR E <ECB?P;B64A<9@ C4>9F4 MATLAB. 

5. �D4H<> >D<6B= C9D9IB8AB7B CDBJ9EE4. 

6. �A4K9A<S CDS@OI CB>4;4F9?9= >4K9EF64 CDBJ9EE4. 

7. �A4?<; CB?GK9AAOI D9;G?PF4FB6. 

 

6 �"!&$"�0!/� �"#$"%/ 

 

1. �4> D9L49FES ;484K4 E<AF9;4 BCF<@4?PAB7B #�-D97G?SFBD4? 

2. �4>B= 6<8 <@99F @4FD<KAB9 GD46A9A<9 $<>>4F<? 

3. �4>B= >D<F9D<= BCF<@4?PABEF< <ECB?P;B64A CD< 6OCB?A9A<< ?45BD4-

FBDAB= D45BFO? 

4. �4>B= ;4>BA BCF<@4?PAB7B GCD46?9A<S B5N9>FB@ 5O? CB?GK9A CD< 6O-

CB?A9A<< ?45BD4FBDAB= D45BFO? 
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���"$�&"$!�/ $��"&� 7 
 

!��"�� ��"����,����  ��#�/"� � ��/ ��*��"� 

! ������+������ 

 

*5;P @01>BO: <;GK9A<9 @9FB8B6 E<AF9;4 BCF<@4?PAOI D97G?SFBDB6 8?S 
B5N9>FB6 E ;4C4;8O64A<9@ E <ECB?P;B64A<9@ 64D<4J<BAAB7B <EK<E?9A<S. 

 

1 &�"$�&�+�%��/ +�%&0 

 

%<AF9; ?R5B= E<EF9@O 46FB@4F<K9E>B7B GCD46?9A<S 6OCB?AS9FES A4 BE-

AB69 ;484K< GCD46?9A<S, >BFBD4S BCD989?S9F BEAB6AGR J9?P CD< D4;D45BF>9 E<-

EF9@O GCD46?9A<S.  4F9@4F<K9E>4S HBD@G?<DB6>4 J9?< GCD46?9A<S (;484AA4S 

FBKABEFP, 5OEFDB89=EF6<9 < F. 8.) < A4;O649FES ;484K9= GCD46?9A<S. 

!4<5B?99 D4ECDBEFD4A9AAB= S6?S9FES ;484K4 BCD989?9A<S BCF<@4?PAOI 

GD46A9A<= U0(t), B59EC9K<64RM<I BCF<@4?PAO9 CDBJ9EEO 6 HGA>J<< 6D9@9A< 

CD< ;484AAOI A4K4?PAOI Y(t0) < >BA9KAOI Y(t>) ;A4K9A<SI 6OIB8AOI C9D9@9A-

AOI. "CF<@4?PAO9 GCD46?9A<S U0(t) B5N9>FB@ < <I D94?<;4J<R D4;?<K4RF 8?S 

86GI BEAB6AOI E?GK496: 59; CD<@9A9A<S B5D4FAOI E6S;9= (D4;B@>AGF4S E<EF9-

@4)  < E CD<@9A9A<9@ B5D4FAOI E6S;9= (;4@>AGF4S E<EF9@4). � D4;B@>AGFB= BC-

F<@4?PAB= E<EF9@9 GCD46?SRM99 GEFDB=EF6B '' CB ;484AAO@ 7D4A<KAO@ GE?B-

6<S@ HBD@<DG9F BCF<@4?PAO= ;4>BA GCD46?9A<S (D<E. 1, 4). #D< QFB@ >BBD8<A4-

FO B5N9>F4 " A9 <ECB?P;GRFES 6 HBD@<DB64A<< ;4>BA4 GCD46?9A<S. � ;4@>AG-

FB= BCF<@4?PAB= E<EF9@9 A4 6IB8 '' CB84RFES EBBF69FEF6GRM<9 E<7A4?O E 

6OIB84 B5N9>F4 (D<E. 1, 5). 
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$<EGAB> 1 3 %FDG>FGDA4S EI9@4 BCF<@4?PAB= E<EF9@O GCD46?9A<S 

 

�D9@S ô @9:8G A4K4?B@ E>4K>BB5D4;AB7B <;@9A9A<S 6IB8AB= 69?<K<AO < 

A4K4?B@ <;@9A9A<S 6OIB8AB= A4;O64RF K<EFO@ <?< FD4AECBDFAO@ ;4C4;8O64-

A<9@. 

$4EE@BFD<@ �%$, EFDG>FGDA4S EI9@4 >BFBDB= CD98EF46?9A4 A4 D<E. 2. 

 

 

 

 

 

$<EGAB>  2 3 %FDG>FGDA4S EI9@4 �%$ 

 

� @B@9AF 6D9@9A< t = 0 A4 D97G?SFBD CBEFGC49F EFGC9AK4FB9 6B;89=EF6<9 

þ
ý
ü

ó
ü

=
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t?@иG

t?@и
tg  

#GEFP B5N9>F E 6OIB8AB= 69?<K<AB= х BC<EO649FES GD46A9A<9@ 

),()()()( ôòñ 2=++ tUKtxtxtх                                                            (1) 

789 ñ < ò - CBEFBSAAO9 >BQHH<J<9AFO; 

� - >BQHH<J<9AF GE<?9A<S B5N9>F4; 

ô - K<EFB9 ;4C4;8O64A<9. 

�4 >D<F9D<= BJ9A>< >4K9EF64 C9D9IB8AB7B CDBJ9EE4 CD<@9@ HGA>J<BA4? 




+=
ô

õõ ,)]()([ 222 dttAtJ 
                                                                          (2) 

5) 

D97G?SFBD 

B5N9>F U X 

õ g(t) 
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789 õ(t) 3 BF>?BA9A<9 D97G?<DG9@B= 69?<K<AO BF ;484AAB7B ;A4K9A<S; 

� 3 >BQHH<J<9AF 69E4, 69?<K<A4 >BFBDB7B 6O5<D49FES 6 EBBF69FEF6<< E 

FD95B64A<S@< > C9D9IB8AB@G CDBJ9EEG. 

).()()( txtgt 2=õ                                                                                           (3) 

!<:A<= CD989? <AF97D<DB64A<S 6 (2) 6O5D4A D46AO@ ô, F4> >4> A4 <AF9D-

64?9 6D9@9A< BF 0 8B ô @O A9 @B:9@ 6B;89=EF6B64FP A4 D97G?<DG9@GR 69?<K<-

AG, 4 E?98B64F9?PAB < A4 BL<5>G D97G?<DB64A<S (3). 

.0)( ôõ óüú t?@иGt                     

(4) 

�D4A<KAO9 GE?B6<S ;484K< 

.0)(;)( == õôõ G                                                                                           (5) 

!9B5IB8<@B E GK9FB@ (4) < (5) CB?GK<FP F4>B= ;4>BA GCD46?9A<S U = L(õ), KFB-

5O EBBF69FEF6GRM4S 9@G HGA>J<S õ(t) 8BEF46?S?4 @<A<@G@ HGA>J<BA4?G (2). 

L 3 <E>B@O= BC9D4FBD D97G?SFBD4. 

�?S A4IB:89A<S BCF<@4?PAB= õ(t) D9L<@ 64D<4J<BAAGR ;484KG. %BEF46<@ 

6 EBBF69FEF6<< E (2) HGA>J<R f: 
222 Af õõ +=  

< ;4C<L9@ GD46A9A<9 1=?9D4 

,0
f

dt

df
=

ö
ö
2

ö
ö

õõ   

>BFBDB9 CBE?9 6;SF<S CDB<;6B8AOI E6B8<FES > 6<8G 

.0А2 =2 õõ                     

(6) 

$9L9A<9 GD46A9A<S 1=?9D4 E GK9FB@ (4) < (5) 5G89F <@9FP 6<8: 
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ô
ôõ
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t?@иG

t?@иeGt
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t

                                                                            (7) 

#D<@9A<6 > (7) CD9B5D4;B64A<9 �4C?4E4, CB?GK<@: 
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2= ôõ                                                                   (8) 

%B7?4EAB (3) < (8): 
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                                                                         (9) 

�@9S 66<8G, KFB 

,0)0()0( =+=+ ХХ                                                                                     (10) 

< GK<FO64S (9), <; (1) CB?GK<@ 
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+
++

=
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ppG
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òñ
                                                                 (11) 

% GK9FB@ (8) < (11) BCD989?<@ C9D984FBKAGR HGA>J<R BCF<@4?PAB7B D9-

7G?SFBD4 
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1
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2
0

pp
epAK

pp

p

pU
pW 22+

++
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òñ
õ                                                 (12) 

�E?< C9D984FBKAGR HGA>J<R D97G?SFBD4 

pAK

pp
pWp 

++
=

1
)(
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BI64F<FP B5D4FAB= E6S;PR E C9D984FBKAB= HGA>J<9= 

   ,1
1

1)()(
21..

pp

A> e
pp

К
epWpW 22 2

++
=2= ôô

òñ                 (13) 

FB @B:AB D94?<;B64FP EFDG>FGDG BCF<@4?PAB7B D97G?SFBD4 (12). 

%I9@4, D94?<;GRM4S BCF<@4?PAO= D97G?SFBD, <@99F 6<8: 
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$<EGAB> 3 3 %I9@4, D94?<;GRM4S BCF<@4?PAO= D97G?SFBD 

 

�; EI9@O 6<8AB, KFB BCF<@4?PAO= D97G?SFBD @B:AB D94?<;B64FP E <E-

CB?P;B64A<9@ #��-D97G?SFBD4 < BI64F4 97B B5D4FAB= E6S;PR E W>.A(@) (13). 

#B?P;GSEP B5B;A4K9A<S@< (D<E. 3), ;4C<L9@ C9D984FBKAGR HGA>J<R 

#��-D97G?SFBD4: 

.
1

)(

2

p

KpKpK
@K

p
KKpU

иp?
?иp

++
=++=                          (14) 

�4C<L9@ C9D984FBKAGR HGA>J<R D97G?SFBD4 Wp(p) 6 E?98GRM9@ 6<89: 

.

1

)(

2

p

AK
P

AK
P

AKpWp


+


+
=

òñ

                                                (15) 

#D<D46A<64S >BQHH<J<9AFO CD< B8<A4>B6OI EF9C9ASI 6 (14) < (15), CB-

?GK<@ C4D4@9FDO A4EFDB9> #��-D97G?SFBD4: 

.;
1

;
АК

К
АК

К
АК

К ?и@ 
=


=


=

ñò
                                                 (16) 

$4EE@BFD9AA4S ;484K4 BCD989?9A<S GD46A9A<S D97G?SFBD4 8?S ;484AAB= 

@B89?< B5N9>F4 GCD46?9A<S < 6O5D4AAB7B >D<F9D<S BCF<@4?PABEF< A4;O649FES 

4A4?<F<K9E><@ >BAEFDG<DB64A<9@ D97G?SFBD4. 

 

2 #�$�+�!0 �%#"�0�'� "�" "�"$'�"��!�/ 

 

#9D9K9AP <ECB?P;G9@B7B B5BDG8B64A<S CD<6989A 6 ?45BD4FBDAB= D45BF9 №1. 

 

3 '����!�/ #" &�)!��� ���"#�%!"%&� 
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'>4;4A<S CB F9IA<>9 59;BC4EABEF< CD<6989AO 6 ?45BD4FBDAB= D45BF9 №1. 

 

4 '����!�/ #" #"$/��' �/#"�!�!�/ $��"&/ 

 

$45BF4 6OCB?AS9FES A4 #1�  >4:8O@ EFG89AFB@ E4@BEFBSF9?PAB. 

�484A<9 6 6<89 F45?<JO ;A4K9A<= BD8<A4F C9D9IB8AB= HGA>J<< (>D<6B= 

D4;7BA4) >4:8O= EFG89AF CB?GK49F BF CD9CB8464F9?S.  

�EE?98B64A<9 CDB6B8<FES 6 E?98GRM9= CBE?98B64F9?PABEF<:  

1. "CD989?<FP C4D4@9FDO C9D984FBKAB= HGA>J<< W(p) B5N9>F4 К, ñ, ò CD< 

CB@BM< CDB7D4@@O «WINMNK» A4 #1� . �D9@S ;4C4;8O64A<S CD<ASFP D46-

AO@ ô = 0,5 E. 

2. $4EEK<F4FP C4D4@9FDO A4EFDB=>< #��-D97G?SFBD4 CB HBD@G?4@ (16). 

�A4K9A<S >BQHH<J<9AF4 69E4 � EFG89AF CB85<D49F E4@BEFBSF9?PAB 6 IB89 @B89-

?<DB64A<S E<EF9@O GCD46?9A<S A4 #1�  <; GE?B6<S B59EC9K9A<S C9D9IB8AB7B 

CDBJ9EE4 ;484AAB7B >4K9EF64. 

3. %B5D4FP EFDG>FGDAGR EI9@G E<EF9@O GCD46?9A<S E <ECB?P;B64A<9@ C4-

>9F4 MATLAB. 'EF4AB6<FP A4K4?PAO9 GE?B6<S 0)0(;50)0( == хх  . 

4. "CD989?<FP CDS@O9 CB>4;4F9?< >4K9EF64 CD< D4;?<KAOI ;A4K9A<SI C4-

D4@9FDB6 A4EFDB9> #��-D97G?SFBD4. !4=F< ED98< <EE?98B64AAOI BCF<@4?PAO9 

C4D4@9FDO A4EFDB=>< #��-D97G?SFBD4. 

 

5 %"��$��!�� "&+�&� 

 

"FK9F B 6OCB?A9A<< ?45BD4FBDAB= D45BFO 8B?:9A EB89D:4FP: 

1. �EIB8AO9 84AAO9 6 6<89 F45?<JO BD8<A4F >D<6B= D4;7BA4. 

2. %FDG>FGDAGR EI9@G BCF<@4?PAB= E<EF9@O < EI9@G @B89?<DB64A<S. 

3. $4EK9FAO9 HBD@G?O < D9;G?PF4FO BCD989?9A<S C4D4@9FDB6 C9D984FBK-

AB= HGA>J<< B5N9>F4 < C4D4@9FDB6 A4EFDB9> #��-D97G?SFBD4. 
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4. �D4H<>< C9D9IB8AOI CDBJ9EEB6, CB?GK9AAOI CD< D4;?<KAOI C4D4@9F-

D4I A4EFDB=>< #��-D97G?SFBD4. 

5. �O6B8O B ;46<E<@BEF< CDS@OI CB>4;4F9?9= >4K9EF64 BF C4D4@9FDB6 

A4EFDB=>< D97G?SFBD4. 

 

6 �"!&$"�0!/� �"#$"%/ 

 

1. �4> HBD@G?<DG9FES ;484K4 64D<4J<BAAB7B <EK<E?9A<S E H<>E<DB64A-

AO@< 7D4A<J4@< < H<>E<DB64AAO@ 6D9@9A9@? 

2. �4C<L<F9 GD46A9A<9 1=?9D4 8?S >?4EE<K9E>B= 64D<4J<BAAB= ;484K<. 

3. �4>B= 6<8 <@99F GD46A9A<9 1=?9D4 3 #G4EEBA4 < 8?S >4><I ;484K 64D<-

4J<BAAB7B <EK<E?9A<S D9>B@9A8G9FES 97B <ECB?P;B64A<9? 

4. �4>4S >D<64S A4;O649FES Q>EFD9@4?PAB=? 

5. %HBD@G?<DG=F9 GE?B6<9 �9:4A8D4. 

6. +FB A4;O649FES 4A4?<F<K9E><@ >BAEFDG<DB64A<9@ D97G?SFBD4? 

7. +FB F4>B9 K<EFB9 <?< FD4AECBDFAB9 ;4C4;8O64A<9? 
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1.  �(���� ����' �� ��&������� �!'�!����/ ! 

$��!� �����+�� � ���&��� � $��!� �����+� 

� ������ 

 

*5;P: <;GK9A<9 @9FB8<>< BCD989?9A<S Q>EFD9@4?< 8?S ;484AAB7B HGA>-
J<BA4?4 CD< H<>E<DB64AAOI 7D4A<KAOI GE?B6<SI < BFEGFEF6<< B7D4A<K9A<= A4 

>BBD8<A4FO 

 

�=0=8S 8 C<5=8S, ?@8>1@5B05<O5 ABC45=B>< 2 @57C;PB0B5 >A2>5=8S 
B5<O  

� D9;G?PF4F9 BE6B9A<S F9@O EFG89AF 8B?:9A: 

7=0BP @9FB8O D9L9A<S ;484K 64D<4J<BAAB7B <EK<E?9A<S; 

C<5BP 6O5<D4FP A9B5IB8<@O= @4F9@4F<K9E><= @9FB8 <EE?98B64A<S, CB-
?GK4FP D9L9A<S 6 F9D@<A4I 6O5D4AAB7B @9FB84. 

 

�:BC0;P=>ABP B5<O 

� CBE?98A<9 7B8O 5B?PLB9 6A<@4A<9 G89?S9FES D4;6<F<R BCF<@4?PAB7B 

GCD46?9A<S, BEAB64AAB7B A4 EBK9F4A<< 64D<4J<BAAOI @9FB8B6, F9BD<< 46FB@4-

F<K9E>B7B GCD46?9A<S < @9FB8B6 6OK<E?<F9?PAB= @4F9@4F<><.  

�4D<4J<BAAO9 ;484K< E H<>E<DB64AAO@< >BAJ4@< D4EE@BFD9AO 6 84AAB= 

F9@9, 6 F9BD9F<K9E>B= K4EF< >BFBDB= 84A 6O6B8 8<HH9D9AJ<4?PAB7B GD46A9A<S 

1=?9D4. 1FB GD46A9A<9 S6?S9FES A9B5IB8<@O@ GE?B6<9@ Q>EFD9@G@4 <AF97D4?4 

CD< H<>E<DB64AAOI 7D4A<KAOI GE?B6<SI < BFEGFEF6<< B7D4A<K9A<= A4 >BBD8<-

A4FO. �E?< 7D4A<KAO9 GE?B6<S A9H<>E<DB64AO, FB CD< D9L9A<< GD46A9A<= 1=-

?9D4 FD95G9FES GK<FO64FP GE?B6<S FD4AE69DE4?PABEF<. 'E?B6<S FD4AE69DE4?P-

ABEF< 84RF 6B;@B:ABEFP BCD989?<FP CBEFBSAAO9 <AF97D<DB64A<S 6 GD46A9A<< 

1=?9D4 < F9@ E4@O@ CB?GK<FP >BA>D9FAB9 D9L9A<9. 

 

&5>@5B8G5A:0S G0ABP 
�EE?98G9@ A4 Q>EFD9@G@ HGA>J<BA4?: 
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  ( )=
>t

)(),(,)(

=t

dttxtxtftxJ  . (1.1) 

#D98CB?4749@, KFB <E>B@4S HGA>J<S G8B6?9F6BDS9F >D496O@ GE?B6<S@ 

X(t=)=X=; X(tк)=Xк. �AO@< E?B64@<, <E>B@4S >D<64S CDBIB8<F K9D9; ;484AAO9 

FBK>< А(t0, x0) < В(t1, x1) (D<EGAB> 1.1).  

 

$<EGAB> 1.1 3 � 64D<4J<BAAB= ;484K9 E ;4>D9C?9AAO@< >BAJ4@< 

 

&4>4S ;484K4 A4;O649FES 64D<4J<BAAB= ;484K9= E ;4>D9C?9AAO@< >BAJ4@< 

<?< E ;4>D9C?9AAO@< 7D4A<KAO@< FBK>4@<. #D98CB?B:<@, KFB Q>EFD9@G@ 8B-

EF<749FES A4 >D<6B= x(t) (>D<64S 1). �B;P@9@ 5?<;>GR > A9= >D<6GR )(tx  (>D<64S 

2), F4>:9 CDBIB8SMGR K9D9; FBK>< А < В. &B784 64D<4J<S HGA>J<< 

)()( txtxx 2=ô , 4 8?S 7D4A<KAOI FBK9> 0)()( == k= txtx ôô .     

#DB64DP<DG9@ HGA>J<< )(tx  < )(tx , F. 9. B5D4;G9@ HGA>J<< xx ô+  < xx  ô+ . 

� D9;G?PF4F9 HGA>J<BA4? J CB?GK<F CD<D4M9A<9, >BFBDB9 CD98EF46<@ 6 6<89 

DS84 &9=?BD4: 

( ) ( )

.
2
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2tt

tt
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xxtf
dtx

x

xxtf
xdt

x

xxtf

dtxxtfdtxxxxtfJ

ôôô

ôô

 (1.2) 

#BE>B?P>G ;A4K9A<S xô  < xô  @4?O, FB BCD989?SRM<@< 6 CD46B= K4EF< 

(1.2) S6?SRFES ?<A9=AO9 BFABE<F9?PAB  xô  < xô  K?9AO. �<A9=AGR K4EFP CD<-
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D4M9A<S HGA>J<BA4?4 A4;O64RF 97B C9D6B= 64D<4J<9= Jô . �?S HGA>J<BA4?4 

F<C4 (1.1) C9D64S 64D<4J<S 5G89F 

0
),,(),,(>t

=úû
ù

úû
ù

ö
ö

+
ö

ö
=  dtx

x

xxtf
x

x

xxtf
J

=t





ôôô . (1.3) 

!9B5IB8<@O@ GE?B6<9@ EGM9EF6B64A<S Q>EFD9@4?PAB7B ;A4K9A<S <AF9-

7D4?4 F<C4 (1.3) S6?S9FES D469AEF6B AG?R 97B C9D6B= 64D<4J<<, F. 9. 

0
),,(),,(>t

=úû
ù

úû
ù

ö
ö

+
ö

ö
 dtx

x

xxtf
x

x

xxtf

=t





ôô . (1.4) 

�AF97D<DGS CB K4EFS@ 6FBDB9 E?4749@B9 6 6OD4:9A<< (1.4) CB?GK<@: 

dtx
x

xxtf

dt

d

t
x

x

xxtf
dtx

x

xxtf k

==

t

t=t

 úû
ù

úû
ù

ö
ö
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ö

ö
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ö
ö ôôô
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t >

. (1.5) 

%B7?4EAB >D496O@ GE?B6<S@: 
0)()( == к= txtx ôô   

CB?GK<@ 

0
t),,( > =

ö
ö

=t
x

x

xxtf ô



.  

�OD4:9A<9 (1.4) CD<@9F 6<8: 
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dtx
x

xxtf

dt

d

x

xxtf

dtx
x

xxtf

dt

d
dtx

x

xxtf

=
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 (1.6) 

&4> >4> 69?<K<A4 xô  <@99F CDB<;6B?PAO= I4D4>F9D, FB A4 BEAB64A<< 

?9@@O �47D4A:4 CBE?98A99 D469AEF6B 6OCB?A<@B, 9E?<: 

0
),,(),,(

=÷
ø
ö

÷
ø
ö

ö
ö

2
ö

ö
x

xxtf

dt

d

x

xxtf




. (1.7) 

'D46A9A<9 (1.7) A4;O64RF 8<HH9D9AJ<4?PAO@ GD46A9A<9@ 1=?9D4, >BFB-

DB9 S6?S9FES A9B5IB8<@O@ GE?B6<9@ Q>EFD9@G@4 <AF97D4?4 (1.1) CD< H<>E<DB-

64AAOI 7D4A<KAOI GE?B6<SI < BFEGFEF6<< B7D4A<K9A<= A4 >BBD8<A4FO. �E?< 

7D4A<KAO9 GE?B6<S A9H<>E<DB64AO, FB CD< D9L9A<< GD46A9A<= 1=?9D4 FD95G-

9FES GK<FO64FP GE?B6<S FD4AE69DE4?PABEF<. 
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$4EE@BFD<@ @9FB8<>G CD<@9A9A<S GD46A9A<S 1=?9D4. #GEFP FD95G9FES 

BCD989?<FP Q>EFD9@4?P 8?S HGA>J<BA4?4 

.0)2/(;1)0(,])([)]([

2/

0

22 ==ò2=  


xxdtxxtxJ   

� QFB@ E?GK49 GD46A9A<9 1=?9D4 <@99F 6<8 0=+òò xx , F4> >4> ;2x
x

f
=

ö
ö

 

x
x

f ò2=
òö

ö
2 . �7B B5M<@ D9L9A<9@ S6?S9FES x=c1cost+c2cost. 

�ECB?P;GS 7D4A<KAO9 GE?B6<S, CB?GK<@ A1 = 1, A2 = 0. %?98B64F9?PAB, Q>E-

FD9@4?PR S6?S9FES ?<LP >D<64S x = cost. 

(GA>J<BA4?O @B7GF ;46<E9FP A9 FB?P>B BF HGA>J<< < 99 C9D6B= CDB<;-

6B8AB=, AB <  BF CDB<;6B8AOI 5B?99 6OEB>B7B CBDS8>4. �EE?98G9@ A4 Q>EFD9@G@ 

HGA>J<BA4?: 

  dtxxxxtftxJ

=t

n=
>t

)( ),,,,()(  . (1.8) 

#DB698S 8?S QFB7B HGA>J<BA4?4 4A4?B7<KAO9 CD9B5D4;B64A<S, >4> < 8?S 

HGA>J<BA4?4 (1.1), CB?GK<@ GD46A9A<9: 

0)1(
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n
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f

dt
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dt
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x

f

dt

d

x

f 


. (1.9) 

1FB 8<HH9D9AJ<4?PAB9 GD46A9A<9 ABE<F A4;64A<9 GD46A9A<S 1=?9D4-

#G4EEBA4, 4 97B D9L9A<9 A4;O649FES Q>EFD9@4?PR D4EE@4FD<649@B= 64D<4J<BA-

AB= ;484K<. 

�B>4:9@ HBD@G?G (1.9), B7D4A<K<6L<EP 8?S CDBEFBFO 6O>?48B> E?GK49@ 

6FBDB= CDB<;6B8AB=, F. 9. 

  dtxxxtftxJ

=t

=
>t

),,,()(  . (1.10) 

#D<546<@ > HGA>J<< x(t) 64D<4J<R xô  F4>GR, KFB CD< t= t= < t= tк xô  < 

xô  B5D4M4RFES 6 AG?P. 

�?46A4S, ?<A9=A4S K4EFP CD<D4M9A<S HGA>J<BA4?4 (97B C9D64S 64D<4J<S) 

5G89F D46A4: 
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ôôôô . (1.11) 

#D9B5D4;G9@   6OD4:9A<9 (1.11), CB?P;GSEP <AF97D<DB64A<9@ CB K4EFS@: 
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(1.12) 

 

(1.13) 

&4> >4> 6 ;484K9 E ;4>D9C?9AAO@< >BAJ4@< 0==== )(txδ)(txδ)δx(t)δx(t k=k=  , 

FB 6E9 A9<AF97D4?PAO9 K?9AO (1.12) < (1.13) B5D4M4RFES 6 AG?P, 4 64D<4J<S 

HGA>J<BA4?4 5G89F: 

xdt
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ôô  ú
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. (1.14) 

&4> >4> A9B5IB8<@O@ GE?B6<9@ Q>EFD9@G@4 S6?S9FES D469AEF6B C9D6B= 

64D<4J<< AG?R, FB <; (1.14) E?98G9F GD46A9A<9 1=?9D4-#G4EEBA4 6<84: 
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ö
ö
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ö
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x

f

dt

d

x

f

dt

d

x

f


, (1.15) 

>BFBDB9 6 84AAB@ E?GK49 S6?S9FES 8<HH9D9AJ<4?PAO@ GD46A9A<9@ K9F-

69DFB7B CBDS8>4.  

"CD989?<@ Q>EFD9@4?P HGA>J<BA4?4. 

 2òò=
2/

0

22 ])[()]([



dtxxtxJ ,  

G8B6?9F6BDSRM97B 7D4A<KAO@ GE?B6<S@ 

1)
2

(;0)
2

(;0)0(;1)0( 2=ò==ò=


xxxx .  

� QFB@ E?GK49 GD46A9A<9 1=?9D4-#G4EEBA4 <@99F E?98GRM<= 6<8: 

0)( =2 xx IV .  

�7B B5M<@ D9L9A<9@ S6?S9FES 6OD4:9A<9 

tctcececx tt sincos 4321 +++= 2 .  

�ECB?P;GS 7D4A<KAO9 GE?B6<S, CB?GK49@ 

1;0 3421 ==== cccc .  
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 &4><@ B5D4;B@, Q>EFD9@4?PR S6?S9FES >D<64S x = cost. 

#@8<5@ 1. !4=F< >D<6GR x(t), CDBIB8SMGR K9D9; ;484AAO9 FBK>< xA < x> , A4 

>BFBDB= CD<A<@49F Q>EFD9@G@ HGA>J<BA4?  ÷
ø
ö

÷
ø
ö +2= dtxxJ 2

2

12

2

9  . !4K4?PAO9 

GE?B6<S:  2
2
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=÷

ø
ö

÷
ø
ö 

x , 0
2

3
=÷

ø
ö

÷
ø
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x . 

$5H5=85: 

� 84AAB@ E?GK49 GD46A9A<9 1=?9D4 0
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F4> >4>      2

2

12

2

9
)( xxxf +2=  ,               x

x

xxtf
=

ö
ö ),,( 

,                  x9
x

xxtf

dt

d 



2=
ö

ö ),,(
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%BEF46?S9@ I4D4>F9D<EF<K9E>B9 GD46A9A<9: 
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�7B B5M<@ D9L9A<9@ S6?S9FES ( ) .t
3

1
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3

1
cosCtx 21 +=  

�OK<E?<@ CBEFBSAAO9 <AF97D<DB64A<S %1 < %2 <; A4K4?PAOI GE?B6<=: 

2
2

3
=÷

ø
ö

÷
ø
ö 

x , 0
2

3
=÷

ø
ö

÷
ø
ö 

x : 

( )

( )ÿ
ÿ
þ

ÿÿ
ý

ü

+2=

+=

t;
3

1
cosC

3

1
t

3

1
sinC

3

1
tx

t
3

1
sinCt

3

1
cosCtx

21

21



;

 

ÿ
ÿ
þ

ÿÿ
ý

ü

=÷
ø
ö

÷
ø
ö +÷

ø
ö

÷
ø
ö 2=÷

ø
ö

÷
ø
ö

=÷
ø
ö

÷
ø
ö +÷

ø
ö

÷
ø
ö =÷

ø
ö

÷
ø
ö

0
2

3

2

3

2

3

;2
2

3

2

3

2

3





3

1
cosC

3

1

3

1
sinC

3

1
x

3

1
sinC

3

1
cosCx

21

21


 

&B784  

.2;0

;00
3

1

;20

21

1

21

==

ÿþ

ÿ
ý
ü

=+2

=+

CC

C

%C

 



76 

 

 

&B784 GD46A9A<9 >D<6B= x(t), CDBIB8SM9= K9D9; ;484AAO9 FBK>< x= < xк , CD<@9F 

6<8:  ttx
3

1
sin2)( = . 

�D4H<> >D<6B= ttx
3

1
sin2)( =  CD98EF46?9A A4 D<EGA>9 1.2. 

10 5 0 5 10
2
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2

2 s in
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tö÷

ø
ö÷
ø

t  

$<EGAB> 1.2 3 �D4H<> >D<6B= ttx
3

1
sin2)( =  

#@8<5@ 2. !4=F< >D<6GR x(t), CDBIB8SMGR K9D9; ;484AAO9 FBK>< x= < xк , A4 >B-

FBDB= CD<A<@49F Q>EFD9@G@ HGA>J<BA4?  ÷
ø
ö

÷
ø
ö +2= dtxxxJ 222

2

52

2

1  . 

$5H5=85: 
�<HH9D9AJ<4?PAB9 GD46A9A<9  1=?9D4-#G4EEBA4 
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dt
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 6 84AAB@ E?GK49 ;4C<L9FES 6 6<89: 
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789 222
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. 

%BEF46?S9@ I4D4>F9D<EF<K9E>B9 GD46A9A<9: 

 045 24 =+2 kk . 

#D<@9@ a = k2 ,FB784 I4D4>F9D<EF<K9E>B9 GD46A9A<9 CD<@9F 6<8: 
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35

2
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;045
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�BDA< I4D4>F9D<EF<K9E>B7B GD46A9A<S ak =  D46AO: 

.1;1;2;2 4321 ===2= kkkk  

&B784 GD46A9A<9 >D<6B= x(t) CD<@9F 6<8: .)( 43

2

2

2

1

tttt eCeCeCeCtx 22 +++=  

  

�>?@>AO 8 7040=8S 4;S A0<>AB>SB5;P=>3> @5H5=8S 

1. !4=F< >D<6GR x(t), CDBIB8SMGR K9D9; ;484AAO9 FBK>< x= < xк , A4 >BFBDB= 

CD<A<@49F Q>EFD9@G@ HGA>J<BA4?  ÷
ø
ö÷

ø
ö += dtbxxaJ 22 .  

�BQHH<J<9AF а 6O5<D49FES CB CBE?98A9= J<HD9 L<HD4 ;4K9FAB= >A<:>< EFG-

89AF4 (9E?< CBE?98ASS J<HD4 ;4K9FAB= >A<:>< «0», FB а = 1); >BQHH<J<9AF b 

6O5<D49FES CB CBE?98A9= J<HD9 EG@@O CBE?98A<I FD9I J<HD L<HD4 ;4K9FAB= 

>A<:>< EFG89AF4 (A4CD<@9D, FD< CBE?98A<9 J<HDO 765, E?98B64F9?PAB, <I EG@-

@4 D46A4 18, ;A4K<F 6 QFB@ E?GK49 A9B5IB8<@B 6;SFP 6 >4K9EF69 >BQHH<J<9AF4 b 

;A4K9A<9 «8»). !4K4?PAO9 GE?B6<S:  ( ) 10 =x , ( ) 00 =x . 

 

2. $9L<FP CD98O8GMGR ;484KG, 9E?< HGA>J<BA4? CD98EF46?9A 6 6<89 

 ÷
ø
ö÷

ø
ö ++= dtcxxbxaJ 222  .  

�BQHH<J<9AF а 6O5<D49FES CB CBE?98A9= J<HD9 L<HD4 ;4K9FAB= >A<:>< EFG-

89AF4 (9E?< CBE?98ASS J<HD4 ;4K9FAB= >A<:>< «0», FB а = 1); >BQHH<J<9AF b 

6O5<D49FES CB CBE?98A9= J<HD9 EG@@O CBE?98A<I FD9I J<HD L<HD4 ;4K9FAB= 

>A<:>< EFG89AF4 (A4CD<@9D, FD< CBE?98A<9 J<HDO 765, E?98B64F9?PAB, <I EG@-

@4 D46A4 18, ;A4K<F 6 QFB@ E?GK49 A9B5IB8<@B 6;SFP 6 >4K9EF69 >BQHH<J<9AF4 b 

;A4K9A<9 «8»); >BQHH<J<9AF A 6O5<D49FES CB CBE?98A9= J<HD9 L<HD4 ;4K9FAB= 

>A<:>< EFG89AF4 (9E?< CBE?98ASS J<HD4 ;4K9FAB= >A<:>< «0», FB A = 1).  
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#!����+� -�!" ��#� (!��"�� ��"����,���� #� ������/) 

 

*5;P: <;GK9A<9 @9FB8<>< BCD989?9A<S BCF<@4?PAB7B GCD46?9A<S 86<:9-
A<9@ B5N9>F4 <; GE?B6<S Q>EFD9@G@4 ;484AAB7B HGA>J<BA4?4. 

 

�=0=8S 8 C<5=8S, ?@8>1@5B05<O5 ABC45=B>< 2 @57C;PB0B5 >A2>5=8S 
B5<O  

� D9;G?PF4F9 BE6B9A<S F9@O EFG89AF 8B?:9A: 

7=0BP @9FB8O D9L9A<S ;484K 64D<4J<BAAB7B <EK<E?9A<S; 

C<5BP 6O5<D4FP A9B5IB8<@O= @4F9@4F<K9E><= @9FB8 <EE?98B64A<S, CB-
?GK4FP D9L9A<S 6 F9D@<A4I 6O5D4AAB7B @9FB84. 

 

�:BC0;P=>ABP B5<O 

� CBASF<R BCF<@4?PABEF< 9EF9EF69AAB CD<IB8SF, COF4SEP D9L<FP >4>GR-

?<5B ;484KG CD< BCD989?9AAOI GE?B6<SI A4<?GKL<@ B5D4;B@. #D<AJ<CO BCF<-

@4?PAB7B GCD46?9A<S <ECB?P;G9F 6 F9IA<>9, Q>BAB@<>9, 6B9AAB@ 89?9 < 8DG7<I 

B5?4EFSI. 

#D< D4;D45BF>9 46FB@4F<K9E><I E<EF9@ CD9:89 6E97B EF46<FES ;484K4: E<-

EF9@4 8B?:A4 6OCB?ASFP HGA>J<BA4?PAB9 A4;A4K9A<9, BCD989?S9@B9 J9?PR 

GCD46?9A<S. �AB784 @B:9F 5OFP CBEF46?9A4 5B?99 E?B:A4S ;484K4: D4;D45BF4FP 

46FB@4F<K9E>GR E<EF9@G E A4<?GKL<@< CB>4;4F9?S@< >4K9EF64. �?S D4;D45BF>< 

F4><I E<EF9@ CD<@9ASRF CD<AJ<C BCF<@4?PABEF<, CB;6B?SRM<= B59EC9K<FP 

A4<?GKL99 6OCB?A9A<9 J9?< GCD46?9A<S. 

�484K< E<AF9;4 4?7BD<F@B6 BCF<@4?PAB7B GCD46?9A<S B5N9>F4 6 8<A4@<>9 

CD< 6O5D4AAB@ HGA>J<BA4?9 >D<F9D<S >4K9EF64 <@9RF 8BCB?A<F9?PAO9 

(GE?B6AO9) B7D4A<K9A<S 6 6<89 GD46A9A<= @4F9@4F<K9E>B= @B89?< 8<A4@<>< 

B5N9>F4. 1>EFD9@G@ HGA>J<BA4?4, BCD989?S9@O= CD< 8BCB?A<F9?PAOI GE?B6<-

SI (HGA>J<BA4?PAOI B7D4A<K9A<SI), A4;O64RF GE?B6AO@ Q>EFD9@G@B@. 
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$9L9A<9 ;484K 64D<4J<BAAB7B <EK<E?9A<S A4 GE?B6AO= Q>EFD9@G@ (E<A-

F9; BCF<@4?PAB7B GCD46?9A<S) CD<6989AB 6 F9@9 2. 

 

&5>@5B8G5A:0S G0ABP 
�484K< A4 GE?B6AO= Q>EFD9@G@ CD< BCD989?9A<< BCF<@4?PAOI GCD46?9-

A<= B5N9>FB@ 6 8<A4@<>9 B5GE?B6?9AO F9@, KFB HGA>J<< xi(t) < ui(t), 6IB8SM<9 6 

HGA>J<BA4? J, A9 @B7GF 64DP<DB64FPES A9;46<E<@B, F4> >4> BA< E6S;4AO GD46A9-

A<9@ 8<A4@<>< B5N9>F4. &D49>FBD<S 6OIB84 y(t) S6?S9FES E?98EF6<9@ <;@9A9A<S 

>BBD8<A4FO GCD46?9A<S < ;46<E<F BF 6<84 8<HH9D9AJ<4?PAB7B GD46A9A<S B5N-

9>F4. 

&4><@ B5D4;B@, ;484K4 BCF<@<;4J<< B5N9>F4 GCD46?9A<S 6 8<A4@<>9, D9-

L49@4S >?4EE<K9E><@ 64D<4J<BAAO@ <EK<E?9A<9@ <@99F E?98GRMGR HBD@G-

?<DB6>G. �484A4 @4F9@4F<K9E>4S @B89?P B5N9>F4 6 HBD@9 GD46A9A<= EBEFBSA<S, 

CD98EF46?9AA4S CD< B8AB= >BBD8<A4F9 GCD46?9A<S 69>FBDAO@ GD46A9A<9@. 

kk== XtXXtXBuAXX ==+= )(;)(; . (2.1) 

&D95G9FES BCD989?<FP BCF<@4?PAB9 GCD46?9A<9 U0(t), B59EC9K<64RM99 

@<A<@G@ HGA>J<BA4?4 

=
k

=

t

t

dtuuXtfJ ),,,(  , (2.2) 

6 >BFBDB@ X < u E6S;4AO GD46A9A<S@< EBEFBSA<S (2.1), 4 HGA>J<S f(…) S6?S9FES 

A9CD9DO6AB= CB 6E9@ C9D9@9AAO@ < <@99F A9CD9DO6AO9 K4EFAO9 CDB<;6B8AO9 

C9D6OI 86GI CBDS8>B6. (GA>J<< xi(t) < ui(t) 8B?:AO 5OFP A9CD9DO6AO@< < 

<@9FP A9CD9DO6AO9 C9D6O9 CDB<;6B8AO9 (i = 1, 2,…, n). �9>FBDO X= < Xк H<>E<-

DB64AO. 

�484KG, BCD989?S9@GR 8<HH9D9AJ<4?PAO@< E6S;S@< F<C4 (2.1) < HGA>J<-

BA4?B@ (2.2), A4;O64RF B5M9= ;484K9= �47D4A:4. 

�?S D9L9A<S B5M9= ;484K< �47D4A:4 <ECB?P;GRF @9FB8 @AB:<F9?9= �4-

7D4A:4. 
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#D< D9L9A<< ;484K< A4 GE?B6AO= Q>EFD9@G@ D4EEK<FO64RF 6ECB@B74-

F9?PAO= HGA>J<BA4?: 

 =+=
k

=

k

=

t

t

t

t

T

L dtuuXXtLdtuXXtGuuXtfJ ),,,,,([)],,,(),,,([   , (2.3) 

789   n

T  ,,, 21 =  3 EFDB>4 @AB:<F9?9= �47D4A:4; 

),,(),,,(),,,,,( uXXGuuXtfuuXXtL T   += . (2.4) 

(GA>J<R ),,,,,( uuXXtL   A4;O64RF  HGA>J<9= �47D4A:4, HGA>J<R 

),,( uXXG   3 HGA>J<9= E6S;<, >BFBD4S BCD989?S9FES <EIB8AO@< GD46A9A<S@< 

(2.1): 

0),,( =22= BuAXXuXXG  . (2.5) 

�484KG A4 59;GE?B6AO= Q>EFD9@G@ D9L4RF 8?S 6ECB@B74F9?PAB7B HGA>-

J<BA4?4 (2.3). 'D46A9A<S 1=?9D4 CD< QFB@ EBEF46?SRF 8?S HGA>J<< �47D4A:4 

(i = 1, 2,…, n): 

ÿ
ÿ
þ

ÿ
ÿ
ý

ü

=÷
ø
ö

÷
ø
ö
ö
ö

2
ö
ö

=÷÷
ø

ö
÷÷
ø

ö
ö
ö

2
ö
ö

.0

;0

u

L

dt

d

u

L

x

L

dt

d

x

L

ii




 (2.6) 

1F< GD46A9A<S A4;O64RF GD46A9A<S@< 1=?9D4-�47D4A:4; BA< I4D4>F9D<;GRF 

GE?B6<9 EF4J<BA4DABEF< HGA>J<BA4?4 (2.3). � D9;G?PF4F9 D9L9A<= (2.6) E GK9-

FB@ GD46A9A<= (2.1) CB?GK<@ BCF<@4?PAB9 GCD46?9A<9 U0(t) B5N9>FB@ 6 8<A4-

@<>9. 

#@8<5@ 3. "CD989?<FP BCF<@4?PAB9 GCD46?9A<9 86<:9A<9@ B5N9>F4, BC<EO64-

9@B7B GD46A9A<9@ uxx =+2 , <; GE?B6<S Q>EFD9@G@4 HGA>J<BA4?4  dtuxJ  += 22 . 

$5H5=85: 
(GA>J<S �47D4A:4 8?S 84AAB7B GD46A9A<S 5G89F <@9FP 6<8: 

)2(22 uxxuxL 2+++=  .  

�4C<L9@ E<EF9@G GD46A9A<= 1=?9D4-�47D4A:4: 
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ÿ
ÿ
ÿ

ý

ü

=
ö
ö

2
ö
ö

=
ö
ö

2
ö
ö

=
ö
ö

2
ö
ö

.0

;0

;0


L

dt

dL

u

L

dt

d

u

L

x

L

dt

d

x

L



 

$4EE@BFD<@ C9D6B9 GD46A9A<9 E<EF9@O 1=?9D4-�47D4A:4 .0=
ö
ö

2
ö
ö

x

L

dt

d

x

L


 

#DB8<HH9D9AJ<DG9@ QFB GD46A9A<9 CB K4EFS@: 

.2

;2

;2












=
ö
ö

=
ö
ö

+=
ö
ö

x

L

dt

d

x

L

x
x

L

 

&B784 C9D6B9 GD46A9A<9 1=?9D4-�47D4A:4 CD<@9F 6<8  .022 =2+  x  

$4EE@BFD<@ 6FBDB9 GD46A9A<9 E<EF9@O 1=?9D4-�47D4A:4 .0=
ö
ö

2
ö
ö

u

L

dt

d

u

L
 

#DB8<HH9D9AJ<DG9@ QFB GD46A9A<9 CB K4EFS@: 

.0

;0

;2

=
ö
ö

=
ö
ö

2=
ö
ö

u

L

dt

d

u

L

u
u

L







 

&B784 6FBDB9 GD46A9A<9 1=?9D4-�47D4A:4 CD<@9F 6<8  .02 =2u  

$4EE@BFD<@ FD9FP9 GD46A9A<9 E<EF9@O 1=?9D4-�47D4A:4 .0=
ö
ö

2
ö
ö


L

dt

dL
 

#DB8<HH9D9AJ<DG9@ QFB GD46A9A<9 CB K4EFS@: 

.0

;0

;

=
ö
ö

=
ö
ö

2+=
ö
ö













L

dt

d

L

Uxx2
L

 

&B784 FD9FP9 GD46A9A<9 1=?9D4-�47D4A:4 CD<@9F 6<8 .0=2+ Uxx2  

� >BA9KAB@ <FB79 E<EF9@G GD46A9A<= 1=?9D4-�47D4A:4 ;4C<L9@ 6 6<89: 
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uxx

u
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"F>G84 A4IB8<@ 

;
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2

2
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x
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xu
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xxu

u

2
=
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=
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;24

;24

xx

xx
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;084

;048242

=2
=2

=22++

xx
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xxxxx





 

%BEF46<@ I4D4>F9D<EF<K9E>B9 GD46A9A<9 < A4=8ё@ 97B >BDA<: 

.7.0
2

1

;012 2

û=

=2

k

k

 

&B784 GD46A9A<9 >D<6B= x(t) CD<@9F 6<8 .)( 7.0

2

7.0

1

tt eCeCtx 2+=  

�?S A4IB:89A<S BCF<@4?PAB7B ;4>BA4 GCD46?9A<S, 8BCB?A<F9?PAB BCD989?<@: 
tt eCeCtx 7.0

2

7.0

1 7.07.0)( 22= ,      ( ) ( ).27.07.04 7.0

2

7.0

1

7.0

2

7.0

1

tttt eCeCeCeC 22 ++2=  

"F>G84 ;4>BA BCF<@4?PAB7B GCD46?9A<S 86<:9A<9@ B5N9>F4 5G89F <@9FP 6<8: 

( ) ( ).7.07.02
2

7.0

2

7.0

1

7.0

2

7.0

1

tttt eCeCeCeCu 22 ++2==


 

 

�>?@>AO 8 7040=8S 4;S A0<>AB>SB5;P=>3> @5H5=8S 

"CD989?<FP BCF<@4?PAB9 GCD46?9A<9 86<:9A<9@ B5N9>F4, BC<EO649@B7B GD46-

A9A<9@ cubxxa =+ , <; GE?B6<S Q>EFD9@G@4 HGA>J<BA4?4  dtuxJ  += 22 . 

�BQHH<J<9AF а 6O5<D49FES CB CBE?98A9= J<HD9 L<HD4 ;4K9FAB= >A<:>< EFG-

89AF4 (9E?< CBE?98ASS J<HD4 ;4K9FAB= >A<:>< «0», FB а = 1); >BQHH<J<9AF b 

6O5<D49FES CB CBE?98A9= J<HD9 EG@@O CBE?98A<I FD9I J<HD L<HD4 ;4K9FAB= 

>A<:>< EFG89AF4 (A4CD<@9D, FD< CBE?98A<9 J<HDO 765, E?98B64F9?PAB, <I EG@-
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@4 D46A4 18, ;A4K<F 6 QFB@ E?GK49 A9B5IB8<@B 6;SFP 6 >4K9EF69 >BQHH<J<9AF4 b 

;A4K9A<9 «8»); >BQHH<J<9AF A 6O5<D49FES CB CBE?98A9= J<HD9 L<HD4 ;4K9FAB= 

>A<:>< EFG89AF4 (9E?< CBE?98ASS J<HD4 ;4K9FAB= >A<:>< «0», FB A = 1). 
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3.  �(���� �������� ����'� ��"����,���� #� ������/ ! 

����),. � ��&��� ���!��#�� 

 

*5;P: <;GK9A<9 @9FB8<>< A4IB:89A<S BCF<@4?PAB7B 5OEFDB89=EF6<S 8?S 
?<A9=AB= E<EF9@O E <ECB?P;B64A<9@ CD<AJ<C4 @4>E<@G@4  

 

�=0=8S 8 C<5=8S, ?@8>1@5B05<O5 ABC45=B>< 2 @57C;PB0B5 >A2>5=8S 
B5<O  

� D9;G?PF4F9 BE6B9A<S F9@O EFG89AF 8B?:9A: 

7=0BP CD<AJ<C @4>E<@G@4; 
C<5BP 6O5<D4FP A9B5IB8<@O= @4F9@4F<K9E><= @9FB8 <EE?98B64A<S, CB-

?GK4FP D9L9A<S 6 F9D@<A4I 6O5D4AAB7B @9FB84. 

 

�:BC0;P=>ABP B5<O 

� F9@9 3 CD<6989AB CBASF<9 B5 BCF<@4?PAOI CB 5OEFDB89=EF6<R CDBJ9E-

E4I. %<EF9@O GCD46?9A<S A4;O64RF BCF<@4?PAO@< CB 5OEFDB89=EF6<R, 9E?< 

BA< B59EC9K<64RF @<A<@G@ 6D9@9A< C9D9IB8AB7B CDBJ9EE4 E GK9FB@ B7D4A<K9-

A<=, A4?B:9AAOI A4 >BBD8<A4FO GCD46?9A<= < 6OIB84. 1F< E<EF9@O S6?SRFES 

K4EFAO@ E?GK49@ BCF<@4?PAOI E<EF9@. 

�484K4 EB;84A<S BCF<@4?PAOI CB 5OEFDB89=EF6<R E<EF9@ 6B;A<>49F CD< 

D4;D45BF>9 E?98SM<I E<EF9@, 46FB@4F<K9E><I >B@C9AE4FBDB6, E<EF9@ GCD46?9-

A<S CD<6B84@< CDB>4FAOI EF4AB6, D4>9F4@<, CB8N9@AO@< GEFDB=EF64@< < E<-

EF9@ 46FB@4F<;4J<< F9IAB?B7<K9E><I CDBJ9EEB6, 4 F4>:9 DS84 QA9D79F<K9E><I 

GEF4AB6B> < 8DG7<I F9IA<K9E><I GEFDB=EF6. 

 

&5>@5B8G5A:0S G0ABP 
"8A<@ <; A4<5B?99 <;69EFAOI @9FB8B6 BCF<@<;4J<< S6?S9FES CD<AJ<C 

@4>E<@G@4, D4;D45BF4AAO= 7DGCCB= EB69FE><I @4F9@4F<>B6 6B 7?469 E 4>489@<-

>B@ �. %. #BAFDS7<AO@ (C9D64S CG5?<>4J<S CB CD<AJ<CG @4>E<@G@4 BFABE<FES 

> 1965 7B8G). &9BD9@O CD<AJ<C4 @4>E<@G@4 BFABESFES > E<EF9@4@, CB6989A<9 
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>BFBDOI @B:AB BC<E4FP E<EF9@B= 8<HH9D9AJ<4?PAOI GD46A9A<= 6 ABD@4?PAB= 

HBD@9: 

ÿ
ÿ

þ

ÿ
ÿ

ý

ü

=

=

),,,,,,(

...........................................

);,,,,,(

11

111
1

knn
n

kn

uuxxf
dt

dx

uuxxf
dt

dx





 (3.1) 

789 HGA>J<< x1,…, xn A4;O64RF H4;B6O@< >BBD8<A4F4@<, 4 HGA>J<< u1,…, uk 3 

GCD46?9A<S@<. 

&4><@ B5D4;B@, 6 BF?<K<9 BF >?4EE<K9E>B7B 64D<4J<BAAB7B <EK<E?9A<S, 

789 6E9 <E>B@O9 HGA>J<< D46ABCD46AO, 6 CD<AJ<C9 @4>E<@G@4 BA< D4;89?SRF-

ES A4 H4;B6O9 >BBD8<A4FO xi < GCD46?9A<S ui. 1FB D4;89?9A<9 G8B5AB 6 F9I E?G-

K4SI, >B784 B7D4A<K9A<S A4?474RFES FB?P>B A4 GCD46?9A<S, A4CD<@9D, 6 HBD@9 

A9D469AEF6 1óju , 4 A4 H4;B6O9 >BBD8<A4FO B7D4A<K9A<S A9 A4?474RFES.  

"5M9= ;484K9= BCF<@<;4J<< S6?S9FES BCD989?9A<9 GCD46?9A<= 

U1(t),…,Uk(t), C9D96B8SM<I B5N9>F ;4 6D9@S T <; CB?B:9A<S xi(0) = xi0 6 CB?B:9-

A<9 xi(T) = xiT < 8BEF46?SRM<I CD< QFB@ @<A<@G@ HGA>J<BA4?G: 

=
T

ji dtuxfJ
0

),( . (3.2) 

+4EFAO@ E?GK49@ S6?S9FES ;484K4 BCF<@4?PAB7B 5OEFDB89=EF6<S, >B784 

HGA>J<BA4?B@, >BFBDO= A9B5IB8<@B @<A<@<;<DB64FP, S6?S9FES CDBEFB 6D9@S 

C9D9IB84 E<EF9@O <; EBEFBSA<S  xi0 6 EBEFBSA<9 xiT. "8A4>B 59; B7D4A<K9A<S 

B5MABEF< @B:AB ?R5GR ;484KG BCF<@<;4J<< GCD46?9A<S D4EE@4FD<64FP >4> ;4-

84KG B 5OEFDB89=EF6<<. �?S QFB7B 8BEF4FBKAB FB?P>B > E<EF9@9 GD46A9A<= (3.2) 

8B546<FP GD46A9A<9 

),(0
ji uxf

dt

dx
=  (3.3) 

< FB784 ;484K4 @<A<@<;4J<< HGA>J<BA4?4 (3.2) CD< A4?<K<< GD46A9A<= E6S;< 

(3.1) EF4A9F Q>6<64?9AFA4 ;484K9 B5 BCF<@4?PAB@ 5OEFDB89=EF6<< 8?S D4EL<-

D9AAB= E<EF9@O n+1 GD46A9A<= (3.1) < (3.3). 
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"F@9F<@ 9M9, KFB 6 CD<AJ<C9 @4>E<@G@4 BCF<@4?PAB9 GCD46?9A<9 Uj(t) 

BFOE><649FES ED4;G 6 >?4EE9 >GEBKAB-A9CD9DO6AOI <?< CDBEFB <;@9D<@OI 

HGA>J<= 6 BF?<K<9 BF >?4EE<K9E>B7B 64D<4J<BAAB7B <EK<E?9A<S, 789 Q>EFD9@G@ 

HGA>J<= BCD989?S9FES EC9D64 6 5B?99 G;>B@ >?4EE9 >GEBKAB-7?48><I HGA>J<=; 

QFB B;A4K49F, KFB 8BCGE>49FES @7AB69AAB9 <;@9A9A<9 U(t). !4 C9D6O= 6;7?S8 QFB 

CDBF<6BD9K<F H<;<K9E>B@G E@OE?G ;484K<, <5B D94?PAB9 GCD46?9A<9 <A9DJ<-

BAAB. "8A4>B ;4 GCD46?9A<9 U(t) @B:AB 6;SFP E>BDBEFP, CD<K9@, 8?S ?R5B7B D9-

4?PAB7B B5N9>F4 @B:AB 6E9784 A4=F< F4><9 GCD46?SRM<9 6B;89=EF6<S, >BFBDO9 

6 CD989?4I D4;G@AB= FBKABEF< @B:AB EK<F4FP 59;OA9DJ<BAAO@<. 

� CD<AJ<C9 @4>E<@G@4 66B8SF 6ECB@B74F9?PAO9 HGA>J<< ψi(t) < HGA>J<R 

H (A4;O649@GR 74@<?PFBA<4AB@), CD<K9@ 

õ
=

=
n

i

knii uuxxfH
1

11 ),,;,,(  . (3.4) 

#D< CB@BM< HGA>J<< H BEAB6A4S E<EF9@4 GD46A9A<= (3.1) < GD46A9A<S, 

A9B5IB8<@O9 8?S BCD989?9A<S 6ECB@B74F9?PAOI HGA>J<=, ;4C<EO64RFES 6 6<-

89: 

ÿ
ÿ
þ

ÿÿ
ý

ü

=
ö
ö

2=

ö
ö

=

.,,2,1,

;

ni
x

H

dt

d

H

dt

dx

i

i

i

i




 

(3.5) 

 

(3.6) 

&9C9DP BEAB6AB9 A9B5IB8<@B9 GE?B6<9, >BFBDB@G 8B?:AB G8B6?9F6BDSFP 

GCD46?9A<9 U(t) 8?S FB7B, KFB5O 5OFP BCF<@4?PAO@, @B:AB ;4C<E4FP 6 6<89 

F9BD9@O B @4>E<@G@9: 9E?< Uj(t) 3 BCF<@4?PAB9 GCD46?9A<9, FB BAB 8BEF46?S9F 

@4>E<@G@ HGA>J<< �4@<?PFBA4 (3.4). �DB@9 FB7B, 6 >BA9KAO= @B@9AF 6D9@9A< 

t1 8B?:AB 6OCB?ASFPES GE?B6<9: 

  0)();();( 111 ótutxtH . (3.7) 

�E?< 4A4?<;<DB64FP BCF<@4?PAB9 GCD46?9A<9, FB 66989AA4S 8?S I4D4>F9-

D<EF<>< BCF<@4?PAOI CDBJ9EEB6 HGA>J<S � <@99F 6CB?A9 BCD989?9AAO= H<;<-

K9E><= E@OE?. �9=EF6<F9?PAB, GD46A9A<S (3.5) < (3.6) @B:AB D4EE@4FD<64FP >4> 

GD46A9A<S �4@<?PFBA4 >BAE9D64F<6AB= E<EF9@O, 6 >BFBDB= xi EBBF69FEF6G9F 
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«>BBD8<A4F4@ CB?B:9A<S» (EF9C9A< E6B5B8O) < ψi «>BBD8<A4F4@ E>BDBEF<». � 

H<>F<6AB= E<EF9@9 BFD9;B> 6D9@9A< CDBIB:89A<S CGF< @9:8G 86G@S CB?B:9-

A<S@< CD98CB?4749FES @<A<@4?PAO@, 9E?< QA9D7<S � E<EF9@O @4>E<@4?PA4 

69;89 68B?P CGF<. &4><@ B5D4;B@, HGA>J<S � 3 9EFP A9 KFB <AB9, >4> CB?A4S 

QA9D7<S E<EF9@O, >BFBD4S 8B?:A4 5OFP @4>E<@4?PA4 6 CDBJ9EE9 GCD46?9A<S. 

�?S A9>BAE9D64F<6AOI E<EF9@, A4CD<@9D, Q?9>FD<K9E><I, HGA>J<S � S6?S9FES 

@BMABEFPR, 4 HGA>J<S ψi 3 <@CG?PE4@<. "FER84 SE9A H<;<K9E><= E@OE? BCF<-

@4?PAB7B GCD46?9A<S: 6 B5N9>F A9B5IB8<@B 66B8<FP F4>B9 >B?<K9EF6B QA9D7<<, 

KFB5O B59EC9K<FP Q>EFD9@G@ HGA>J<BA4?4 < ;484AAO= ;4>BA 86<:9A<S. #B-

E>B?P>G QA9D7<S 66B8<FES E CB@BMPR GCD46?SRM<I 6B;89=EF6<=, FB � ;46<E<F 

BF GCD46?9A<S U. 

$9L<@ ;484KG BCF<@4?PAB7B 5OEFDB89=EF6<S 8?S ?<A9=AB= E<EF9@O, BC<-

EO649@B= 8<HH9D9AJ<4?PAO@ GD46A9A<9@ 6FBDB7B CBDS8>4 ux = , >BFBDB9 @B:-

AB ;4C<E4FP 6 6<89 E<EF9@O 86GI GD46A9A<= C9D6B7B CBDS8>4: 

þ
ý
ü

=
=

.

;

2

21

ux

xx




 (3.8) 

�?S QFB= E<EF9@O HGA>J<S H <@99F 6<8: 

212  uxH += . (3.9) 

#D< A4?<K<< B7D4A<K9A<S 1óu  @4>E<@G@ H 8BEF<749FES CD< 2signu = , 4 

HGA>J<< 21  и  BCD989?SRFES <; GD46A9A<=: 

0
1

1 =
ö
ö

2=
x

H

dt

d
; 

1

2

2 


2=
ö
ö

2=
x

H

dt

d
, 

(3.10) 

BF>G84 E?98G9F  t%%ψ% 2== 12211 < . 

%?98B64F9?PAB, BCF<@4?PA4S CB 5OEFDB89=EF6<R E<EF9@4 5G89F D9?9=AB= 

E BEB5O@ EC9J<4?PAO@ ;4>BAB@ C9D9>?RK9A<S D9?9 CB ;A4>G 6ECB@B74F9?PAB= 

HGA>J<<  t%%ψ 2= 122 . 

�?S A47?S8ABEF< <;B5D4;<@ CDBJ9EE A4 H4;B6B= C?BE>BEF<. �E>?RK<6 <; 

GD46A9A<= (3.8) 6D9@S, CB?GK<@ CD< U = 1 8<HH9D9AJ<4?PAB9 GD46A9A<9 
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221 dxxdx = . (3.11) 

"F>G84 H4;B64S FD49>FBD<S 5G89F: 

C
x

x +=
2

2

2
1 . (3.12) 

�A4?B7<KAB CD< U = -1 CB?GK49@: 

C
x

x +2=
2

2

2
1 . (3.13) 

1FB C4D45B?O, E<@@9FD<KAO9 BFABE<F9?PAB BE< 45EJ<EE x1. #DBJ9EE 8B?-

:9A ;4>4AK<64FPES 6 A4K4?9 >BBD8<A4F ( 0,0 21 =úú
dt

dx
xx ). 

 

$<EGAB> 3.1 3 �D4H<> CDBJ9EE4 GCD46?9A<S A4 H4;B6B= C?BE>BEF< 

 

!4A9E9@ F9C9DP < 6E9 BEF4?PAO9 C4D45B?O E D4;?<KAO@< ;A4K9A<S@< % 6 

HBD@G?4I (3.12) < (3.13) 8B FBK9> <I 6?<64A<S 6 <;B5D4:9AAO9 D4A99 869 69F6< 

C4D45B?O, <8GM<9 > A4K4?G >BBD8<A4F. 

�4> 6<8<@, <; CDB<;6B?PAB= FBK>< M0(x10, x20) CDBJ9EE <89F CB A9>BFBDB= 

C4D45B?9  0� CD< GCD46?SRM9@ E<7A4?9 U = -1 (6 8DG7B= B5?4EF< 5O?B 5O 

U=+1). � FBK>9 � CDB<EIB8<F C9D9>?RK9A<9 D9?9 A4 E<7A4? U = +1, CBE?9 K97B 

CDBJ9EE <89F CB C4D45B?9 �" < ;4>4AK<649FES 6 FBK>9 " ;4 >BA9KAB9 6D9@S, >B-

FBDB9 EB7?4EAB CD<AJ<CG @4>E<@G@4 S6?S9FES @<A<@4?PAO@ <; 6E9I 6B;@B:-
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AOI 8?S C9D9IB84 84AAB= E<EF9@O <; EBEFBSA<S M0(x10, x20) 6 D46AB69EAB9 EBEFB-

SA<9 �(0, 0).   

#@8<5@. �ECB?P;GS CD<AJ<C @4>E<@G@4 8?S B5N9>F4, BC<EO649@B7B GD46A9A<-

9@ uxk = , BCD989?<FP 4?7BD<F@ BCF<@4?PAB7B GCD46?9A<S, >BFBDO= B59EC9K<64-

9F C9D96B8 B5N9>F4 <; A4K4?PAB7B EBEFBSA<S  ==== xtxxtx  == )(,)(  6 >BA9KAB9 EB-

EFBSA<9 кккк xtxxtx  == )(,)( ;4 @<A<@4?PAB9 6D9@S &. !4 GCD46?SRM99 6B;89=-

EF6<9 A4?B:9AB B7D4A<K9A<9 maxu Uó . 

"CD989?<FP K<E?B C9D9>?RK9A<= < @B@9AFO C9D9>?RK9A<=. #BEFDB<FP 

>D<6O9 GCD46?9A<S U(t), >BBD8<A4F x(t)  < )(tx  < H4;B6GR FD49>FBD<R <;@9A9-

A<S >BBD8<A4F x(t), )(tx  B5N9>F4. 

�EIB8AO9 84AAO9: 2)0(,6)0( == xx  , 0)(,0)( == TxTx  . 

#4D4@9FDO E<EF9@O k = 1; Umax = 1. 

$5H5=85: 
#DB<;6B8<@ ;4@9AG C9D9@9AAB=: 

ÿþ

ÿ
ý
ü

==

=

=

;

;

;

2

21

1

Ku
k

u
x

xx

xx




 

789 
k

K
1

=  

%BEF46?S9@ HGA>J<R �4@<?PFBA4 6<84     õ
=

=
n

i

ii fH
1

 . 

�?S 84AAB= ;484K<: 2211 ffH  += ,  

789 ;; 22211 Kuxfxxf ====   

&B784 HGA>J<R �4@<?PFBA4 @B:AB ;4C<E4FP 6 6<89: KUxH += 221  . 

%BEF46?S9@ E<EF9@G EBCDS:9AAOI GD46A9A<=:  

ÿ
ÿ
þ

ÿÿ
ý

ü

2=2=
ö
ö

=2=
ö
ö

.

;0

1
2

2

1

1






dt

d

x

H

dt

d

x

H

 

"F>G84 A4IB8<@ .; 21211 CtCC +2==   

� EBBF69FEF6<< E F9BD9@B=  B @4>E<@G@9 ;4C<L9@: 
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þ
ý
ü

ü+22
þ+2

==
0,

0,

21max

21max

2
KCtKCU

KCtKCU
signKu   

&4><@ B5D4;B@, BCF<@4?PAB9 GCD46?9A<9 U(t) S6?S9FES >GEBKAB-

CBEFBSAAB= HGA>J<9=, CD<A<@4RM9= ;A4K9A<S ± Umax , < <@99F A9 5B?99 86GI 

<AF9D64?B6 CBEFBSAEF64, F4> >4> ?<A9=A4S HGA>J<S  )( 12 tKCKC 2  @9AS9F ;A4> A9 

5B?99 B8AB7B D4;4. 

�?S CBEFDB9A<S >D<6OI x(t) < )(tx  6 E<EF9@9 6BECB?P;G9@ES @9FB8B@ 

«EL<64A<S» D9L9A<=. 

$4EE@BFD<@ I GK4EFB>, A4 >BFBDB@ maxUu 2= ; 4 ;A4K<F  

.

;

max

max

k

U
x

Uxk

2=

2=




 

�OD4:49@ x(t), )(tx : 

.
2k

U

k

U
)(

;
k

U

k

U
)(

43

2max

0

3

max

3
max

0

max

CtCtdtCttx

Ctdttx

t

t

++2=úû
ù

úû
ù +2=

+2=2=




 

% GK9FB@ K<E?9AAOI ;A4K9A<=: 

þ
ý
ü

++2=

+2=

.5.0)(

;)(

43

2

3

CtCttx

Cttx
 

�EIB8S <; A4K4?PAOI GE?B6<=, @B:AB ;4C<E4FP: 

þ
ý
ü

=++2=

=+2=

.6005.0)0(

;20)0(

43

2

3

CCx

Cx
 

"F>G84 A4IB8<@ >BQHH<J<9AFO %3 < %4 : %3 = 2 < %4 = 6. 

&B784 GD46A9A<S >D<6OI x(t) < )(tx  A4 I GK4EF>9 CD<@GF 6<8: 
þ
ý
ü

++2=

+2=

.625.0)(

;2)(

2 tttx

ttx
 

�?S @B@9AF4 C9D9>?RK9A<S t = t1  GD46A9A<S CD<@GF 6<8: 
þ
ý
ü

++2=

+2=

.625.0)(

;2)(

1

2

11

11

tttx

ttx
 

$4EE@BFD<@ II GK4EFB>, A4 >BFBDB@ maxUu = ; 4 ;A4K<F 
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.

;

max

max

k

U
x

Uxk

=

=




 

�OD4:49@ x(t), )(tx : 

.)()(
2k

U
)(

k

U
)(

;)(
k

U

k

U
)(

615

2

1
max

51
max

51

maxmax

1

1

CttCttdtCtttx

Cttdttx

t

t

t

t

+2+2=úû
ù

úû
ù +2=

+2==





 

% GK9FB@ K<E?9AAOI ;A4K9A<=: 

þ
ý
ü

+2+2=

+2=

.)()(5.0)(

;)()(

615

2

1

51

CttCtttx

Ctttx
 

�EIB8S <; A4K4?PAOI GE?B6<= 6 @B@9AF C9D9>?RK9A<S, @B:AB ;4C<E4FP: 

þ
ý
ü

+2+2=

+2=

.)()(5.0)(

;)()(

6115

2

111

5111

CttCtttx

Ctttx
 

'K<FO64S, KFB 6 >BAJ9 C9D6B7B GK4EF>4 
þ
ý
ü

++2=

+2=

;625.0)(

;2)(

1

2

11

11

tttx

ttx
 

A4IB8<@ >BQHH<J<9AFO .625.0;2 1

2

1615 ++2=+2= ttCt%  

&B784 
þ
ý
ü

++222+2=

+22=

.625.0))(2()(5.0)(

;2)()(

1

2

111

2

1

11

ttttttttx

ttttx
 

þ
ý
ü

+++2=++2+22++2=

+2=

.6225.0625.0225.05.0)(

;22)(

2

11

2

1

2

1

2

111

2

11

2

1

tttttttttttttttttx

tttx
 

'D46A9A<S >D<6OI x(t) < )(tx  A4 II GK4EF>9 CD<@GF 6<8: 

þ
ý
ü

+++2=

+2=

.6225.0)(

;22)(

2

11

2

1

ttttttx

tttx
 

�?S @B@9AF4 6D9@9A< t2 = & , EBBF69FEF6GRM9@G CD<IB8G E<EF9@O 6 >B-

A9KAB9 EBEFBSA<9 0)(,0)( == TxTx  , GD46A9A<S >D<6OI x(t) < )(tx  CD<@GF 6<8:  

þ
ý
ü

=+++2=

=+2=

.06225.0)(

;022)(

2

1212

2

22

122

ttttttx

tttx
 

�; C9D6B7B GD46A9A<S E<EF9@O 6OD4;<@ 22 12 2= tt . #B8EF46<@ 97B 6B 6FBDB9 

GD46A9A<9 E<EF9@O < CB?GK<@: 
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.044

644442426)22(2)22(2)22(5.0)(

1

2

1

2

111

2

11

2

1

2

1111

2

12

=++2=

=++2++2+2=++2+222=

tt

ttttttttttttx

"F>G84 A4=8ё@ t1: 

 

.83.0

;83.4

;
2

)4(1444

;044

2,1

1,1

2

1

1

2

1

2=

=

22
=

=22

t

t

t

tt

 

�BD9AP GD46A9A<S 83.02,1 2=t , <E>?RK49FES <; D4EK9FB6, >4> <@9RM<= D4;@9D-

ABEFP 6D9@9A<, CBQFB@G CD<A<@49@ .83,41,11 == tt  

&B784 .66,7283,4222 12 =2=2= tt  

�OD4:9A<9 8?S >BBD8<A4F 86<:9A<S E<EF9@O A4 II GK4EF>9 GCD46?9A<S E 

GKёFB@ ;A4K9A<= @B@9AFB6 C9D9>?RK9A<S CD<@9F 6<8: 

þ
ý
ü

+++2=

+2=

;683,4283.425.0)(

;283,42)(

22 ttttx

ttx
 

þ
ý
ü

+2=

2=

.33,2966.75.0)(

;66,7)(

2 tttx

ttx
 

&4><@ B5D4;B@, @B:AB ;4C<E4FP GD46A9A<S >D<6OI x(t) < )(tx : 

A4 I GK4EF>9  
þ
ý
ü

++2=

+2=

;625.0)(

;2)(

2 tttx

ttx
         A4 II GK4EF>9  

þ
ý
ü

+2=

2=

.33,2966.75.0)(

;66,7)(

2 tttx

ttx
 

!4 BEAB64A<< QF<I GD46A9A<= EFDB<@ >D<6O9 BCF<@4?PAOI GCD46?9A<= 6 E<-

EF9@9 (D<EGAB> 3.2). 
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$<EGAB> 3.2 3 �D4H<>< >D<6OI GCD46?9A<S u(t), >BBD8<A4F x(t)  < )(tx  

�?S CBEFDB9A<S H4;B6OI FD49>FBD<= <E>?RK<@ <; GD46A9A<= 86<:9A<S x(t) < 

)(tx  4D7G@9AF 6D9@9A< < CB?GK<@: 

A4 I GK4EF>9  
þ
ý
ü

++2=

+2=

;625.0)(

;2)(

2 tttx

ttx
 

<; C9D6B7B GD46A9A<S 6OD4;<@ : )(2 txt 2= . 

&B784 6FBDB9 GD46A9A<9 CD<@9F 6<8: 

.)(5.086)(24)(5.0)(226))(2(2))(2(5.0)( 222 txtxtxtxtxtxtx  2=+2+2+2=+2+22=  

�BBD8<A4FO FBK>< 6 @B@9AF C9D9>?RK9A<S 83,41 =t  A4=8GFES <; GD46A9A<= 

þ
ý
ü

=++2=
2=+2=

4666,966,11)(

;83,2283,4)(

1

1

tx

tx
   

< 5G8GF D46AO  2(4;-2,83). 

A4 II GK4EF>9  
þ
ý
ü

+2=

2=

;33,2966.75.0)(

;66,7)(

2 tttx

ttx
 

<; C9D6B7B GD46A9A<S 6OD4;<@ : )(66.7 txt += . 

&B784 6FBDB9 GD46A9A<9 CD<@9F 6<8: 

.)(5,033.29

)(66.767,58)(5,0)(66.734.2933.29))(66.7(66.7))(66.7(5.0)(

2

22

tx

txtxtxtxtxtx




=+

+22++=++2+=
 

�BBD8<A4FO FBK>< 6 @B@9AF C9D9>?RK9A<S t2 = & = 7,66  A4=8GFES <; GD46A9A<=  
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þ
ý
ü

=+2=

=2=

033.2966,766,766,75.0)(

;066.766,7)(

2

2

2

tx

tx
   

< 5G8GF D46AO   3(0;0). (4;B6O9 FD49>FBD<< CB>4;4AO A4 D<EGA>9 3.3. 

 

$<EGAB> 3.3 3 (4;B6O9 FD49>FBD<< <;@9A9A<S >BBD8<A4F x(t), )(tx  B5N9>F4 

 

�>?@>AO 8 7040=8S 4;S A0<>AB>SB5;P=>3> @5H5=8S 

1. �ECB?P;GS CD<AJ<C @4>E<@G@4 8?S B5N9>F4, BC<EO649@B7B GD46A9A<9@ 

uxk = , BCD989?<FP 4?7BD<F@ B5N9>F4 GCD46?9A<S, >BFBDO= B59EC9K<649F C9D9-

6B8 B5N9>F4 <; A4K4?PAB7B EBEFBSA<S  ==== xtxxtx  == )(,)(  6 >BA9KAB9 EBEFBSA<9 

кккк xtxxtx  == )(,)( ;4 @<A<@4?PAB9 6D9@S &. !4 GCD46?SRM99 6B;89=EF6<9 A4?B-

:9AB B7D4A<K9A<9 maxu Uó . "CD989?<FP K<E?B C9D9>?RK9A<= < @B@9AFO C9D9-

>?RK9A<=. #BEFDB<FP >D<6O9 GCD46?9A<S U(t), >BBD8<A4F x(t)  < )(tx  < H4;B6GR 

FD49>FBD<R <;@9A9A<S >BBD8<A4F x(t), )(tx  B5N9>F4. 

�EIB8AO9 84AAO9 CD<6989AO 6 F45?<J9 1: 
№ 64D<-
4AF4 

!4K4?PAO9 GE?B6<S #4D4@9FDO E<EF9@O 

х(0) = х10 х/(0) = х20 х(&) = х11 х/(&) = х21 k U 

1 0 0 2 0 2 2 

2 1 2 0 0 2 -2 
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3 0 0 3 1 3 4 

4 3 1 0 0 3 2 

5 0 2 5 0 4 5 

6 0 5 0 0 4 -5 

7 1 0 4 0 5 6 

8 0 6 2 0 5 -6 

9 0 3 5 0 6 7 

10 5 0 0 0 6 -7 

11 0 0 7 0 7 8 

12 0 7 7 0 7 -8 

13 0 1 7 0 2 8 

14 3 1 0 0 2 -8 

15 0 0 10 0 4 15 

16 10 0 0 0 4 -15 

17 0 0 4 0 3 3 

18 4 0 0 0 3 -3 

19 0 0 12 1 4 2 

20 0 0 15 0 6 2 

21 11 0 0 0 6 -2 

22 0 0 10 0 3 5 

23 10 5 0 0 3 -5 

24 0 0 6 1 2 7 

25 6 0 0 1 2 -7 

26 0 0 13 0 5 6 

27 13 5 0 0 5 -6 

28 0 0 17 0 2 2 

29 17 7 0 0 2 -2 

30 0 0 8 0 2 10 

31 8 0 0 0 2 -10 

32 0 0 9 3 4 11 

33 9 3 0 0 4 -11 

34 4 7 0 0 1 -9 

35 0 0 15 5 3 8 

36 15 5 0 0 3 -8 

37 0 0 18 0 10 5 

38 0 0 10 1 2 10 

39 10 1 0 0 2 -10 

40 0 0 19 0 12 20 

41 19 0 0 0 12 -20 

42 0 0 16 1 4 10 

43 16 1 0 0 4 -10 

44 0 0 11 1 2 11 

45 11 1 0 0 2 -11 

!B@9D 64D<4AF4 6O5<D49FES CB 69?<K<A9 EG@@O CBE?98A<I FD9I J<HD 

L<HD4 ;4K9FAB= >A<:>< EFG89AF4 (A4CD<@9D, FD< CBE?98A<9 J<HDO 525, E?98B-
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64F9?PAB, <I EG@@4 D46A4 12, ;A4K<F 6 QFB@ E?GK49 A9B5IB8<@B 6;SFP 84AAO9 

8?S 64D<4AF4 №12). 
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4  �(���� �������� ����'� ��"����,���� #� ������/ 

��"���� ������'�!���� � �� ���� �����/ 

 

*5;P: <;GK9A<9 @9FB84 8<A4@<K9E>B7B CDB7D4@@<DB64A<S 
 

�=0=8S 8 C<5=8S, ?@8>1@5B05<O5 ABC45=B>< 2 @57C;PB0B5 >A2>5=8S 
B5<O  

� D9;G?PF4F9 BE6B9A<S F9@O EFG89AF 8B?:9A: 

7=0BP @9FB8 8<A4@<K9E>B7B CDB7D4@@<DB64A<S; 
C<5BP 6O5<D4FP A9B5IB8<@O= @4F9@4F<K9E><= @9FB8 <EE?98B64A<S, CB-

?GK4FP D9L9A<S 6 F9D@<A4I 6O5D4AAB7B @9FB84. 

 

�:BC0;P=>ABP B5<O 

 9FB8 8<A4@<K9E>B7B CDB7D4@@<DB64A<S 5O? D4;D45BF4A CBKF< B8AB6D9-

@9AAB E BCG5?<>B64A<9@ CD<AJ<C4 @4>E<@G@4. � BEAB69 @9FB84 8<A4@<K9E>B7B 

CDB7D4@@<DB64A<S ?9:<F CD<AJ<C BCF<@4?PABEF<, EHBD@G?<DB64AAO= �9??-

@4AB@. %B7?4EAB QFB@G CD<AJ<CG, BCF<@4?PAB9 GCD46?9A<9 BCD989?S9FES >B-

A9KAB= J9?PR GCD46?9A<S < EBEFBSA<9@ E<EF9@O 6 D4EE@4FD<649@O= @B@9AF 

6D9@9A<, A9;46<E<@B BF FB7B, >4><@ B5D4;B@ E<EF9@4 CD<L?4 6 QFB EBEFBSA<9. 

&4><@ B5D4;B@, 5G8GM99 BCF<@4?PAB9 GCD46?9A<9 A9 ;46<E<F BF 97B CD98OEFB-

D<<. 1FB ;A4K<F, KFB ?R5B= >BA9KAO= GK4EFB> (BF ?R5B= CDB@9:GFBKAB= FBK>< 

8B >BAJ4) BCF<@4?PAB= FD49>FBD<< S6?S9FES FB:9 BCF<@4?PAB= FD49>FBD<9=. 

&5>@5B8G5A:0S G0ABP 
�484K9= BCF<@<;4J<< EK<F49FES BCD989?9A<9 BCF<@4?PAOI GCD46?9A<= 

U0(t) < FD49>FBD<= X0(t) <; GE?B6<S @<A<@G@4 (@4>E<@G@4) HGA>J<BA4?4 

к

T

t

tTdtuXtfJ

=

==  ;),,(0  (4.1) 

8?S ;484AAOI GD46A9A<= EBEFBSA<S B5N9>F4  

),,( uXtfBuAXX =+= , (4.2) 
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4 F4>:9 A4K4?PAOI < >BA9KAOI H<>E<DB64AAOI ;A4K9A<= X(t=) < X(T) < <AF9D64-

?4 t= f t f T CD< A4?<K<< B7D4A<K9A<= 6<84 xGtX )(  < uGtU )( . �89EP Gx < Gu 3 

;484AAO9 8BCGEF<@O9 B5?4EF< 8?S >BBD8<A4F EBEFBSA<S < GCD46?9A<=. 

#D< QFB@ 66B8<FES 6ECB@B74F9?PA4S HGA>J<S �9??@4A4: 

]),,([min),( 0
ò

=ò
T

t
U

dtuXtfXtS . (4.3) 

 <A<@G@ HGA>J<BA4?4 (4.1) CD< GE?B6<SI (4.2) ;46<E<F BF @B@9AF4 6D9-

@9A< t/+Δt, ;A4K9A<S X Δt < >BA9KAB7B @B@9AF4 6D9@9A< T: 

]),,([min),,( 
+ò

 =+ò
T

tt
U

t dtuXtFXTttS , (4.4) 

789  t/+Δt 3 CDB<;6B?PAO= CDB@9:GFBKAO= @B@9AF 6D9@9A< 6 <AF9D64?9 t/<  

t / +Δ t < T; 

XtXX t +ò= )(  3 69>FBD >BBD8<A4F EBEFBSA<S 6 @B@9AF 6D9@9A<  t/+Δt. 

#GEFP t/ 3 H<>E<DB64AAO= @B@9AF 6D9@9A<, Δt 3 @4?B9 CB?B:<F9?PAB9 

K<E?B (t/ < t/+Δt < T). &B784 E GK9FB@ (4.4) 6ECB@B74F9?PA4S HGA>J<S  

)].,,(),,([min

]),,(),,([min),(

0

00

t

tt

t
u

T

tt

tt

t
u

XTttSdtuXtf

dtuXtfdtuXtfXtS



+ò

ò

+ò

+ò

ò

+ò+=

=+=




 (4.5) 

#9D6B9 E?4749@B9 6 CD46B= K4EF< 6OD4:9A<S (4.5) E FBKABEFPR 8B @4?OI 

69?<K<A 5B?99 6OEB>B7B CBDS8>4, K9@ Δt, @B:AB ;4@9A<FP CD<5?<:9AAO@ ;A4-

K9A<9@ 

tuXtfdtuXtf

tt

t

=
+ò

ò

),,(),,( 00 . (4.6) 

�FBDB9 E?4749@B9 6 CD46B= K4EF< 6OD4:9A<S (4.5), BCD989?SRM99 ;A4K9-

A<9 HGA>J<< ),( XXttS ++ò  8?S ?R5B7B @B@9AF4 6D9@9A< t/+Δt, D4;?B:<@ 6 

DS8 &9=?BD4. "7D4A<K<64SEP ?<A9=AO@< K?9A4@< BFABE<F9?PAB CD<D4M9A<= Δxi 

< Δt < C9D9IB8S > CD989?G, ;4@9A<@ QFB E?4749@B9 CD<5?<:9AAO@ ;A4K9A<9@, 

9E?< HGA>J<S S(t, X) <@99F A9CD9DO6AO9 K4EFAO9 CDB<;6B8AO9 CB 6E9@ t < xi(t): 
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.),(

),(),(

1

1

t
t

S

dt

dx

x

S
XtS

t
t

S
x

x

S
XtSXXttS

n

i

i

i

n

i

i

i

ú
û

ù
ú
û

ù
ö
ö

+
ö
ö

+=

=
ö
ö

+
ö
ö

+=++

õ

õ

=

=
 (4.7) 

!4 BEAB64A<< (4.5), (4.6) < (4.7) ;4C<L9@: 

}),(),,({min),(
1

0 t
t

S

dt

dx

x

S
XtStuXtfXtS

n

i

i

i
u

ú
û

ù
ú
û

ù
ö
ö

+
ö
ö

++= õ
=

,  

BF>G84 CBE?9 89?9A<S A4 Δt 6E9I K?9AB6 < C9D9IB84 > CD989?G CD< Δt →0 CB?G-

K<@ A9?<A9=AB9 8<HH9D9AJ<4?PAB9 GD46A9A<9 �9??@4A4 6 K4EFAOI CDB<;6B8-

AOI BFABE<F9?PAB A9<;69EFAB= HGA>J<< S(t, X): 

0}),,(),,({min
1

0 =
ö
ö

+
ö
ö

+õ
=

n

i

i

i
u t

S
uXtf

x

S
uXtf  (4.8) 

CD< GE?B6<SI  

),,()( uXtftx ii = ; 

TttGtUGtx =ux óó ,)(,)( . 
(4.9) 

"CF<@4?PAB9 GCD46?9A<9 U0(t) A4=89@ 6 D9;G?PF4F9 D9L9A<S GD46A9A<S 

(4.8). �E?< >BBD8<A4F4 GCD46?9A<S B7D4A<K9A4 UGtU )( , FB 8?S 6AGFD9AA9= FBK-

>< B5?4EF<, BCD989?S9@B= @AB:9EF6B@ UG , GE?B6<9 (4.8) @B:AB ;4@9A<FP HGA>-

J<BA4?PAO@< GD46A9A<S@< 6 K4EFAOI CDB<;6B8AOI: 

ÿ
ÿ
þ

ÿ
ÿ
ý

ü

=÷÷
ø

ö
÷÷
ø

ö
ö
ö

+
ö
ö

=
ö
ö

+
ö
ö

+

õ

õ

=

=

.0),,(),,(

;0),,(),,(

1

0

1

0

uXtf
x

S
uXtf

u

t

S
uXtf

x

S
uXtf

n

i

i

i

n

i

i

i
 (4.10) 

�E?< S A9 ;46<E<F S6AB BF 6D9@9A<, FB 0=
ö
ö

t

S . � QFB@ E?GK49 CD< D9L9A<< 

GD46A9A<= (4.10) 8?S >648D4F<KAOI HGA>J<= f(…) HGA>J<BA4?4 (6.1) < t= = 0; 

tк = T =∞ �.  . �9FB6O@ CD98?B:9AB <E>4FP 6ECB@B74F9?PAGR HGA>J<R 6 6<89 

>648D4F<KAB= HBD@O 8<HH9D9AJ<DG9@B= CB 6E9@ >BBD8<A4F4@ xi:  

õ
=

=
n

ji

jiij xxAXS
1,

)( . (4.11) 
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�?S ?<A9=AOI B5N9>FB6 HGA>J<S S(X) S6?S9FES HGA>J<9= �SCGAB64 CD< t 

→∞. � D9;G?PF4F9 D9L9A<S (4.10) E GK9FB@ (4.11) A4=89@ BCF<@4?PAB9 GCD46?9-

A<9 6 HGA>J<< >BBD8<A4F 69>FBD4 EBEFBSA<S U0(X), >BFBDB9 B59EC9K<649F 

GEFB=K<6O9 CDBJ9EEO.  

&4><@ B5D4;B@, E<AF9; BCF<@4?PAB7B GCD46?9A<S @9FB8B@ 8<A4@<K9E>B7B 

CDB7D4@@<DB64A<S 6989FES 6 E?98GRM9@ CBDS8>9: 

1) <; GE?B6<S D469AEF64 K4EFAOI CDB<;6B8AOI CB >B@CBA9AF4@ 69>FBD4 

GCD46?9A<S BCD989?S9FES 8BCGEF<@O= 69>FBD U*(S); 

2) <ECB?P;GS ;46<E<@BEFP U*(S), D9L49FES GD46A9A<9 �9??@4A4 CD< ;4-

84AAOI >D496OI GE?B6<SI < BCD989?S9FES HGA>J<S S(X). $9L9A<9 8?S S B5OKAB 

<M9FES 6 6<89 >648D4F<KAB= HBD@O: 

XAXS T = ,  

789 А 3 E<@@9FD<KA4S @4FD<J4. 

2

2222112

2

111

2

1

2212

1211

21 2)( xaxxaxa
x

x

aa

aa
xxS ++== ;  

3) <ECB?P;GS HGA>J<R S(X), CB?GK49@ ;46<E<@BEFP U(X). 

 

�>?@>AO 8 7040=8S 4;S A0<>AB>SB5;P=>3> @5H5=8S 

#@8<5@.  "CD989?<FP BCF<@4?PAB9 GCD46?9A<9 B5N9>FB@, ;484AAO@ GD46A9A<-
9@  )()()( tkUtytyT =+  <?< 10101 ubxax += , 789 T < k 3 CBEFBSAA4S 6D9@9A< < >BQH-

H<J<9AF GE<?9A<S B5N9>F4 
T

k
b

T
a =2= 00 ;

1
 <; GE?B6<S @<A<@G@4 HGA>J<BA4?4 




+=
0

2

11

2

11 ][ dturxqJ , 789  0,0 11 þþ rq  3 69EB6O9 >BQHH<J<9AFO. 

 �ECB@B74F9?PAGR HGA>J<R ;4848<@ 6 6<89 
2

111)( xAXS = .  

�?S 84AAB7B E?GK4S A4 BEAB64A<< (4.10) ;4C<L9@ HGA>J<BA4?PAO9 GD46-

A9A<S �9??@4A4: 

þ
ý
ü

=öö+
=öö+++

,0/2

;0/)(

1011

11010

2

11

2

11

xSbur

xSubxaurxq
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BF>G84 

110

0

1 /)]2/([)( xSrbtu öö2= ,  

<?< E GK9FB@ S(x) 

)()()]2/([)( .11110

0 tyktxArbtu co=2= ,  

789 1011. / rbAk co 2= . 

�?S BCD989?9A<S  cok .  A4=89@ CDB<;6B8AGR  
1/ xS öö  < CB8EF46<@ 6 C9D6B9 

GD46A9A<9 E<EF9@O �9??@4A4: 

0)/(22)/( 2

1

2

111

2

0

2

1110

2

1

2

111

2

0

2

11 =2++ xArbxAaxArbxq ,  

<?< 

02 111110

2

11

2

0 =22 rqAraAb ,  

BF>G84 
2

011

2

0

2

00111 /)]/([ brqbaarA += .  

#B8EF46<6 ;A4K9A<9 
11A  6 6OD4:9A<9 8?S cok . , CB?GK<@ 6OD4:9A<9 

011

2

0

2

00. /)/( brqbaak co +22= .  
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5.  �(���� ����'� �����"�'�!���� ���!" #� �����/ 

 ��#�/"� �� ��"���� ������'�!���� � �� ���� �����/ 

 

*5;P: <;GK9A<9 @9FB8<>< D9L9A<S ;484K 4A4?<F<K9E>B7B >BAEFDG<DB64-
A<S D97G?SFBDB6 @9FB8B@ 8<A4@<K9E>B7B CDB7D4@@<DB64A<S 

 

�=0=8S 8 C<5=8S, ?@8>1@5B05<O5 ABC45=B>< 2 @57C;PB0B5 >A2>5=8S 
B5<O  

� D9;G?PF4F9 BE6B9A<S F9@O EFG89AF 8B?:9A: 

7=0BP @9FB8 8<A4@<K9E>B7B CDB7D4@@<DB64A<S; 
C<5BP 6O5<D4FP A9B5IB8<@O= @4F9@4F<K9E><= @9FB8 <EE?98B64A<S, CB-

?GK4FP D9L9A<S 6 F9D@<A4I 6O5D4AAB7B @9FB84. 

 

�:BC0;P=>ABP B5<O 

%GM9EF6G9F FD48<J<BAA4S EI9@4 E<AF9;4 E<EF9@ D97G?<DB64A<S, EB7?4EAB 

>BFBDB=,  <@9S GD46A9A<9 B5N9>F4 GCD46?9A<S ("') < CB>4;4F9?< >4K9EF64 D97G-

?<DB64A<S (6D9@S D97G?<DB64A<S, C9D9D97G?<DB64A<9) 6O5<D49FES D97G?SFBD. 

�E?< CD< 6O5D4AAB@ D97G?SFBD9 A9 G8B6?9F6BDS9FES ;484AAB9 >4K9EF6B, FB E<A-

F9;<DGRFES >BDD9>F<DGRM<9 J9C<. � 6O5BD9 >BDD9>F<DGRM<I J9C9= EB5EF69A-

AB < EBEFBS? E<AF9; E<EF9@O D97G?<DB64A<S. �4AA4S EI9@4 E<AF9;4 CB?GK<?4 

5B?PLB9 D4ECDBEFD4A9A<9, 4 @9FB8O E<AF9;4 A9CD9DO6AB EB69DL9AEF6GRFES. !4 

BEAB69 D9;G?PF4FB6 QFB7B @9FB84 E>BAEFDG<DB64AO < 6OCGE>4RFES CDB@OL?9A-

AO9 D97G?SFBDO E D4;?<KAO@< ;4>BA4@< (#, #�, #�� < F. 8.).  9FB8<>4 E<AF9;4 

D4ECDBEFD4AS9FES A4 ?<A9=AO9, A9?<A9=AO9 E<EF9@O, E<EF9@O E ;4C4;8O64A<-

9@, E<EF9@O, CB869D746L<9ES 89=EF6<R E?GK4=AOI 6B;@GM4RM<I 6B;89=EF6<=. 

"8A4>B CBS6<?<EP AB6O9 <89<, >BFBDO9 CB;6B?SRF CB-8DG7B@G CB8B=F< > 

;484K9 E<AF9;4 E<EF9@. 1F< <89< BHBD@<?<EP 6 F9BD<< 4A4?<F<K9E>B7B >BAEFDG-

<DB64A<S  BCF<@4?PAOI  D97G?SFBDB6 (��"$). %GMABEFP 99 EBEFB<F 6 FB@, KFB 

;4>BA <;@9A9A<S GCD46?S9@B= >BBD8<A4FO < GCD46?SRM97B 6B;89=EF6<S ;4849F-
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ES 4A4?<F<K9E>< 6 6<89 A9>BFBDB7B HGA>J<BA4?4 ),( uxJ , >BFBDO= AG:AB @<A<-

@<;<DB64FP CB85BDB@ GCD46?SRM97B 6B;89=EF6<S. �A4S 4?7BD<F@ GCD46?9A<S 

)(tU  <?< )(xU , >BAEFDG<DGRF D97G?SFBD. 

 

&5>@5B8G5A:0S G0ABP 
#GEFP B5N9>F GCD46?9A<S CD98EF46?9A ABD@4?PAB= E<EF9@B= GD46A9A<= 

ÿ
ÿ
þ

ÿÿ
ý

ü

++=

=

.

;

2211
2

2
1

uxaxa
dt

dx

x
dt

dx

 (5.1) 

#D<@9@ >D<F9D<= BCF<@4?PABEF< 6 6<89: 




++=
0

22

22

2

11 )()( dtuxqxquJ . (5.2) 

&D95G9FES BCD989?<FP ;4>BA <;@9A9A<S U = f(x1,x2). 

%BEF46<@ HGA>J<BA4?PAO9 GD46A9A<S �9??@4A4: 

ÿ
ÿ
þ

ÿÿ
ý

ü

=
ö
ö

+

=
ö
ö

+++
ö
ö

+++

.02

;0)(

2

2

2211

1

2

22

22

2

11

x

S
u

x

S
uxaxa

x

S
xuxqxq

 (5.3) 

"CD989?<@ u <; 6FBDB7B GD46A9A<S E<EF9@O (5.3): 

22

1

x

S
u

ö
ö

2= . (5.4) 

+FB5O BCD989?<FP ;4>BA <;@9A9A<S u >4> HGA>J<< >BBD8<A4F xi, AG:AB 

A4=F< HGA>J<R S. #B8EF46<@ 6 C9D6B9 GD46A9A<9 E<EF9@O (5.3) 6OD4:9A<9 8?S 

u <; (5.4): 
2

22

2211

1

2

2

22

2

11
4

1
)( ÷÷

ø

ö
÷÷
ø

ö
ö
ö

=
ö
ö

++
ö
ö

++
x

S

x

S
xaxa

x

S
xxqxq . (5.5) 

#B?GK<@ A9?<A9=AB9 8<HH9D9AJ<4?PAB9 GD46A9A<9 6 K4EFAOI CDB<;6B8-

AOI. �?S ?<A9=AOI B5N9>FB6 GCD46?9A<S < >648D4F<KAOI >D<F9D<96 BCF<@4?P-

ABEF< HGA>J<S S CD98EF46?S9F EB5B= CB?B:<F9?PAB BCD989?9AAGR >648D4F<K-

AGR HBD@G 6<84 
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2

2222112

2

111 2 xAxxAxAS ++= .  

�?S BCD989?9A<S >BQHH<J<9AFB6 QFB= HBD@O EBEF46<@ E?98GRMGR E<EF9@G: 

ÿ
ÿ
þ

ÿÿ
ý

ü

+=
ö
ö

+=
ö
ö

.22

;22

222112

2

212111

1

xAxA
x

S

xAxA
x

S

 (5.6) 

#B8EF46<@ 
ix

S

ö
ö

 6 (5.5) <, CD<D46AS6 AG?R >BQHH<J<9AFO CD< EBBF69F-

EF6GRM<I EF9C9ASI x1, x2, EBEF46<@ 4?795D4<K9E><9 GD46A9A<S 8?S А11, А12 < А22: 

ÿ
þ

ÿ
ý

ü

=2++
=2++

=2+

.02222

;022

;02

221212222111

2

22222122

2

121211

AAAaAaA

AAaAq

AAaq

 (5.7) 

�; E<EF9@O (5.7) BCD989?<@  

1

2

1112 qaaA += ;  

122

2

2222 2AqaaA ++= ;  

)222(
2

1
221212222111 AAAaAaA +22= .  

�; 6B;@B:AOI D9L9A<= А11, А12 < А22 6O5<D49@ FB?P>B CB?B:<F9?PAO9 

;A4K9A<S, F4> >4> 8?S CB?GK9A<S GEFB=K<6B7B D9L9A<S HGA>J<S S 8B?:A4 5OFP 

CB?B:<F9?PAB BCD989?9AAB=. �A4S А11, А12 < А22, BCD989?S9@ ;4>BA GCD46?9A<S: 

õ
=

=+2=
ö
ö

2=
2

1

222112

2

)22(
2

1

2

1

i

ii xpxAxA
x

S
u . (5.8) 

� BF?<K<9 BF >?4EE<K9E>B7B 64D<4J<BAAB7B <EK<E?9A<S < CD<AJ<C4 @4>-

E<@G@4 @9FB8 8<A4@<K9E>B7B CDB7D4@@<DB64A<S CB;6B?S9F CB?GK<FP D9L9A<9 

ED4;G 6 ;4@>AGFB= HBD@9, FB 9EFP 6 6<89 U = f(xi), KFB S6?S9FES 97B 8BEFB<A-

EF6B@. 

"8A4>B CD<@9A9A<9 QFB7B @9FB84 F4>:9 FD95G9F 5B?PLB7B B5N9@4 6OK<E-

?9A<=, E6S;4AAOI E D9L9A<9@ E<EF9@O 4?795D4<K9E><I GD46A9A<= 8?S BCD989-

?9A<S >BQHH<J<9AFB6 Aij >648D4F<KAB= HBD@O S. � 4A4?<F<K9E>B@ 6<89 QFB A9 

6E9784 6B;@B:AB E89?4FP < CBQFB@G CD<IB8<FES CD<@9ASFP @9FB8 CB85BD4 ;A4-

K9A<= Aij. 
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$4EE@BFD9AAB9 6OL9 D9L9A<9 ECD4698?<6B FB?P>B 8?S ?<A9=AOI E<EF9@ 

CD< BFEGFEF6<< B7D4A<K9A<S A4 GCD46?9A<9  maxUu ó . $9L9A<9 6 A9?<A9=AB= 

B5?4EF< CD< A4?<K<< B7D4A<K9A<S maxUu ó  E6S;4AB E 5B?PL<@< FDG8ABEFS@<, 

F4> >4> CD< QFB@ FD95G9FES CDB<;6B8<FP D9L9A<9 8<HH9D9AJ<4?PAB7B GD46A9-

A<S 6 K4EFAOI CDB<;6B8AOI.  

#@8<5@ 5. "CD989?<FP BCF<@4?PAB9 GCD46?9A<9 B5N9>FB@, ;484AAO@ GD46A9-

A<9@ Uxxx =++   <; GE?B6<S @<A<@G@4 HGA>J<BA4?4   +=
к

=

t

t

dtuxJ 22  E CB@BMPR 

@9FB84 8<A4@<K9E>B7B CDB7D4@@<DB64A<S.  

$5H5=85: 
#DB<;6B8<@ ;4@9AG C9D9@9AAB=: 

þ
ý
ü

22==
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=

.

;

;

1212

21

1

xxuxx
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xx


  

%BEF46<@ HGA>J<BA4?PAB9 GD46A9A<9 �9??@4A4: 
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1

1

22

1 =
ö
ö

+
ö
ö

++ f
x

S
f

x

S
ux  

789 12221 ; xxufxf 22== . 

&B784 GD46A9A<S �9??@4A4 CD<@9F 6<8: 

 ;0)( 12
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1
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1 =22
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+
ö
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++ xxu
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S
ux  

;02
2

=
ö
ö

+
x

S
u  

BF>G84 
22

1

x

S
u

ö
ö

2= . 

#B8EF46<@ 84AAB9 ;A4K9A<9 6 GD46A9A<9 �9??@4A4 < CB?GK<@: 
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�4848<@ HGA>J<R S 6 6<89: 2

2222112

2

111 2 xaxxaxaS ++= , FB784 

.22

;22

222112

2

212111

1

xaxa
x

S

xaxa
x

S

+=
ö
ö

+=
ö
ö

 

#B8EF46<@ QF< 6OD4:9A<S 6 GD46A9A<9 �9??@4A4: 

( )

.02222222

;0)22()22()22(22
4

1

2122

2

112

2

2222112

2

2122111

2

2

2

22212212

2

1

2

12

2

1

222112122211222121112

2

222112

2

1

=2222++++2

=+2+2+++2

xxaxaxaxxaxaxxaxaxxaaxax

xaxaxxaxaxxaxaxxaxax
 

� D9;G?PF4F9 CD9B5D4;B64A<S, CB?GK<@: 

.0)22()2222()21( 2212

2

22

2

222121122122112

2

12

2

1 =2++22++22 aaaxaaaaaxxaax  

!4 BEAB64A<< QFB7B GD46A9A<S EBEF46?S9@ E<EF9@G GD46A9A<=: 

ÿ
þ

ÿ
ý

ü

=2+

=22+
=22

.022

;02222

;021

2212

2

22

2212112212

12

2

12

aaa

aaaaa

aa

 

$9L9A<9 E<EF9@O  6 CDB7D4@@9 MathCAD <@99F 6<8: 
a11 1=

a12 1=

a22 1=

Given

1 a12
22 2a122 0

2a12 a22 2a11+ 2a122 2a222 0

a22
2

2a12+ 2a222 0

Find a12 a22ü a11ü( )

0.414

0.586

0.757
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÷
÷
ø

ö
÷
÷
ø

=
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%?98B64F9?PAB, >BQHH<J<9AFO а11, а12, а22 5G8GF D46AO :
ÿ
þ

ÿ
ý

ü

=
=
=

;586.0

;414.0

;757.0

22

12

11

a

a

a

 

�4>BA BCF<@4?PAB7B GCD46?9A<S B5N9>FB@ A4=89@ <; GD46A9A<S: 

.)22(
2

1

2

1
222112222112

2

xaxaxaxa
x

S
u 22=+2=

ö
ö

2=  

#B8EF46?SS K<E?9AAO9 ;A4K9A<S, CB?GK<@: 

21 586.0414.0 xxu 22=  

<?< 

.586.0414.0 xxu 22=  

&4><@ B5D4;B@, CB?GK9A CDBCBDJ<BA4?PAB-8<HH9D9AJ<4?PAO= ;4>BA 

GCD46?9A<S. 

 

�>?@>AO 8 7040=8S 4;S A0<>AB>SB5;P=>3> @5H5=8S 

1. "CD989?<FP BCF<@4?PAB9 GCD46?9A<9 B5N9>FB@, ;484AAO@ GD46A9A<9@ 

Ucxxbxa =++   <; GE?B6<S @<A<@G@4 HGA>J<BA4?4   +=
к

=

t

t

dtuxJ 22  E CB@BMPR @9-

FB84 8<A4@<K9E>B7B CDB7D4@@<DB64A<S. 

�BQHH<J<9AFO а < b 6O5<D4RFES CB CBE?98A9= J<HD9 L<HD4 ;4K9FAB= >A<:>< 

EFG89AF4 (9E?< CBE?98ASS J<HD4 ;4K9FAB= >A<:>< «0», FB а = 1, b = 1); >BQHH<-

J<9AF A  6O5<D49FES CB CBE?98A9= J<HD9 EG@@O CBE?98A<I FD9I J<HD L<HD4 

;4K9FAB= >A<:>< EFG89AF4 (A4CD<@9D, FD< CBE?98A<9 J<HDO 765, E?98B64F9?P-

AB, <I EG@@4 D46A4 18, ;A4K<F 6 QFB@ E?GK49 A9B5IB8<@B 6;SFP 6 >4K9EF69 >BQH-

H<J<9AF4 A ;A4K9A<9 «8»). 

2. $9L<FP CD98O8GMGR ;484KG, 9E?< HGA>J<BA4? <@99F 6<8   ++=
к

=

t

t

dtuxxJ 222  . 
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6. !��"�� ��"����,���� #� ������/ � !"�&���� �+% 

������+% !�!"���% ! ����),. # ������/  ����"� 

 

*5;P: <;GK9A<9 @9FB8<>< BCD989?9A<S BCF<@4?PAB7B GCD46?9A<S, B59E-
C9K<64RM97B BCF<@4?PAGR EF45<?<;4J<R D9:<@4 B5N9>F4  

 

�=0=8S 8 C<5=8S, ?@8>1@5B05<O5 ABC45=B>< 2 @57C;PB0B5 >A2>5=8S 
B5<O  

� D9;G?PF4F9 BE6B9A<S F9@O EFG89AF 8B?:9A: 

7=0BP @9FB8<>G E<AF9;4 BCF<@4?PAB7B GCD46?9A<S 6 EF4J<BA4DAOI ?<-
A9=AOI E<EF9@4I E CB@BMPR GD46A9A<S $<>>4F<; 

C<5BP 6O5<D4FP A9B5IB8<@O= @4F9@4F<K9E><= @9FB8 <EE?98B64A<S, CB-
?GK4FP D9L9A<S 6 F9D@<A4I 6O5D4AAB7B @9FB84. 

 

�:BC0;P=>ABP B5<O 

�;69EFAB, KFB EGM9EF6G9F FD48<J<BAA4S EI9@4 E<AF9;4 E<EF9@ D97G?<DB-

64A<S, >BFBD4S CB?GK<?4 5B?PLB9 D4ECDBEFD4A9A<9. "8A4>B 6 A4EFBSM99 6D9@S 

CBS6?SRFES AB6O9 <89<, >BFBDO9 CB;6B?SRF CB-8DG7B@G CB8B=F< > ;484K9 E<A-

F9;4 E<EF9@. 1F< <89< BHBD@<?<EP 6 F9BD<< 4A4?<F<K9E>B7B >BAEFDG<DB64A<S  

BCF<@4?PAOI  D97G?SFBDB6. � F9@9 6 D4EE@BFD9AO 6BCDBEO E<AF9;4 BCF<@4?P-

AB7B GCD46?9A<S 6 EF4J<BA4DAOI ?<A9=AOI E<EF9@4I. #D<6989AO CD<@9DO BC-

F<@<;4J<< F<CB6OI B5N9>FB6 6FBDB7B CBDS8>4 <; GE?B6<S @<A<@G@4 >648D4-

F<KAB7B HGA>J<BA4?4 CD< 89F9D@<A<DB64AAOI E<7A4?4I. 

 

&5>@5B8G5A:0S G0ABP 
'D46A9A<9 86<:9A<S E<EF9@O <@99F 6<8: 

BUAXX += , (6.1) 

789 A < B 3 CBEFBSAAO9 @4FD<JO. 

�E?< QFB GD46A9A<9 ;484AB 6 CD<D4M9A<SI, FB 5G89F 6OCB?ASFPES GE?B-

6<9:  X(∞) = 0. 
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&D95G9FES A4=F< ;4>BA D97G?<DB64A<S 8?S E<EF9@O E B5D4FAB= E6S;PR, 

CD< >BFBDB@ ;4@>AGF4S E<EF9@4 5G89F 4E<@CFBF<K9E>< GEFB=K<64, < 5G89F CD<-

A<@4FP @<A<@G@ E?98GRM<= >D<F9D<= GCD46?9A<S: 

 
→

+=
к

=

t

t

TT dtRUUQXXJ , (6.2) 

789 Q, R 3 CB?B:<F9?PAB BCD989?9AAO9 E<@@9FD<KAO9 CBEFBSAAO9 @4FD<JO. 

�4C<L9@ E<EF9@G @9FB8B@ 8<A4@<K9E>B7B CDB7D4@@<DB64A<S: 

 

ÿ
ÿ
þ
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ý

ü

=
ö
ö

+

ö
ö

2=+
ö
ö

++

.02

;

B
x

S
RU

t

S
BUAX

X

S
RUUQXX

T

TT

 (6.3) 

�E>?RK<@ <; C9D6B7B GD46A9A<S E<EF9@O (6.3) C4D4@9FD GCD46?9A<S, <E-

CB?P;GS CB8EF4AB6>G: 
T

T

X

S
BRU úû

ù
úû
ù
ö
ö

2= 21

2

1
. (6.4) 

(GA>J<R �9??@4A4 5G89@ <E>4FP 6 E?98GRM9@ 6<89: 

KXXS T= . (6.5) 

�OK<E?SS K4EFAO9 CDB<;6B8AO9 BF S CB C4D4@9FD4@ X < t, < CB8EF46?SS <I 

6 C9D6B9 GD46A9A<9 E<EF9@O �9??@4A4 (6.3), CB?GK<@ 4?795D4<K9E>B9 GD46A9A<9 

$<>>4F<: 

01 =2+22 2 QKBKBRKAKA TT . (6.6) 

� B5M9@ 6<89 QFB GD46A9A<9 5G89F <@9FP @AB:9EF6B D9L9A<=. �O5BD 

AG:AB7B <; A<I 6OCB?AS9FES <; GE?B6<S CB?B:<F9?PAB= @4FD<JO K: 

011 þK ;  0
2221

1211 þ
KK

KK
;  0

1

111 þ
nnn

n

KK

KK




. 
(6.7) 

�E?< E<EF9@4 S6?S9FES 4E<@CFBF<K9E>< GEFB=K<6B= < CD< t→∞ A9GCD46-

?S9@4S  EBEF46?SRM4S H4;B6B7B 69>FBD4 EFD9@<FES > AG?R, FB BCF<@4?PAB9 

GCD46?9A<9 5G89F S6?SFPES FB?P>B HGA>J<9= H4;B6OI >BBD8<A4F: 

KXBRU T1* 22= . (6.8) 
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$4EE@BFD<@ CD<@9DO BCF<@<;4J<< F<CB6OI B5N9>FB6 6FBDB7B CBDS8>4 <; 

GE?B6<S @<A<@G@4 >648D4F<KAB7B HGA>J<BA4?4 CD< 89F9D@<A<DB64AAOI E<7-

A4?4I. 

 

�>?@>AO 8 7040=8S 4;S A0<>AB>SB5;P=>3> @5H5=8S 

#@8<5@ 1. "CD989?<@ GCD46?9A<9 )(0 Xu , B59EC9K<64RM99 BCF<@4?PAGR 

EF45<?<;4J<R D9:<@B6 D45BFO B8AB@9DAB7B B5N9>F4, BC<EO649@B7B GD46A9A<-

9@ 

uty =)( , (6.9) 

>BFBDB@G EBBF69FEF6GRF GD46A9A<S EBEFBSA<S 

)()(;; 1221 tytxuxxx === .  

�D496O9 GE?B6<S <@9RF 6<8: 0)(;)0( 0 == XXX ; >BBD8<A4F4 GCD46?9A<S 

A9 B7D4A<K9A4. 

(GA>J<BA4? B5B5M9AAB7B E>4?SDAB7B >D<F9D<S BCF<@4?PABEF< <@99F 

6<8: 




++=
0

22

22

2

1 )(
2

1
dtuxqxJ , (6.10) 

789 1;1 11 == rq . 

�?S 84AAB= ;484K< 6 EBBF69FEF6<< E GD46A9A<S@< EBEFBSA<S < HGA>J<B-

A4?B@ (6.10) <@99@ 

1;
0

01
;

1

0
;

00

10

2

==== R
q

QBA . (6.11) 

!4 BEAB64A<< (6.8) ;4C<EO649@ ?<A9=AO= ;4>BA BCF<@4?PAB7B GCD46?9-

A<S: 

KXBRXu T10 )( 22= ,  

<?< E GK9FB@ (6.10) 

222112

2

1

2212

12110 101)( xkxk
x

x

kk

kk
Xu 22=2= . (6.12) 
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�BQHH<J<9AFO 
2212 < kk  A4IB8<@ <; @4FD<KAB7B GD46A9A<S $<>>4F< F<C4 

(6.6), GK<FO64S, KFB 0)(,)( == tKKtK  : 

00

00

0

01
10

1

0

01

00

00

10

22212

1211

2212

1211

2212

1211

2212

1211 =2+22
qkk

kk

kk

kk

kk

kk

kk

kk

. 

(6.13) 

#9D9@AB:<6 @4FD<JO <; GD46A9A<S (6.13), ;4C<L9@ FD< 4?795D4<K9E><I 

GD46A9A<S: 

ÿ
þ

ÿ
ý

ü

=2+2

=+2
=2

.02

;0

;01

2

2

2212

221211

2

12

qkk

kkk

k

 (6.14a) 

$9L<@ QF< GD46A9A<S: 

1222222121112 2;;1 kqkkkkk +=== . (6.145) 

&4> >4> @4FD<J4 K 8B?:A4 5OFP CB?B:<F9?PAB BCD989?9AAB=, CD<A<@49@  

2;1 22212 ++=+= qkk . #D< QFB@ ;4>BA BCF<@4?PAB7B GCD46?9A<S A4 BEAB64A<< 

(6.12) ;4C<EO649@ >4> 

yqyxqxxxuXu 22),()( 222121

00 +2=+22== . (6.15) 

&4><@ B5D4;B@, 8?S BCF<@4?PAB= EF45<?<;4J<< D9:<@B6 B5N9>F4 6 EBBF-

69FEF6<< E (6.15) A9B5IB8<@B CD<@9A<FP BFD<J4F9?PAGR B5D4FAGR E6S;P  6 6<89 

C4D4??9?PAB7B EB98<A9A<S 59;OA9DJ<BAAB7B < 8<HH9D9AJ<DGRM97B ;69AP96: 

pqpk co 21)( 2. ++= . (6.16) 

%FDG>FGDA4S EI9@4 BCF<@4?PAB= CB FBKABEF< E<EF9@O 6 84AAB@ E?GK49 

(D<EGAB> 6.1) BCD989?S9FES 6OD4:9A<S@< C9D984FBKAOI HGA>J<= (6.9) < (6.16).  

 

$<EGAB> 6.1 3 %FDG>FGDA4S EI9@4 BCF<@4?PAB= E<EF9@O 

�?S BCF<@4?PAB= EF45<?<;4J<< D9:<@B6 D45BFO FD95G9FES CD<@9A<FP 

#�-D97G?SFBD, CD< D94?<;4J<< >BFBDB7B A9B5IB8<@B <ECB?P;B64FP 8<HH9D9A-

J<4FBD < GE<?<F9?P. "8A4>B D9L9A<9 ;484K< 9M9 A9 ;4>BAK9AB: BCD989?9A4 
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FB?P>B EFDG>FGD4 D97G?SFBD4 < A9 BCD989?9AO 97B BCF<@4?PAO9 C4D4@9FDO, CB-

E>B?P>G 5O?< CDB<;6B?PAB CD<ASFO ;A4K9A<S  1,1 11 == rq ; ;A4K9A<S 
2q  CB>4 6B-

B5M9 A9 ;484AB. 

� 84AAB= (CDBEF9=L9=) ;484K9 J9?9EBB5D4;AB D4EE@BFD9FP 6?<SA<9 69EB-

6B7B >BQHH<J<9AF4 
2q , BCD989?SRM97B «LFD4H» CB CDB<;6B8AB= ( yx =2

) 6 

HGA>J<BA4?9 (6.10), A4 CDBJ9EEO 6 E<EF9@O. �?S QFB7B ;4C<L9@ C9D984FBKAGR 

HGA>J<R ;4@>AGFB= E<EF9@O 

)12/(1)( 2

2 +++= pqppW ,  

BF>G84 CB?GK<@ I4D4>F9D<EF<K9E>B9 GD46A9A<9 

0122

2 =+++ pqp . (6.17) 

#DB<;6989@ BJ9A>G 6?<SA<S 
2q  @9FB8B@ >BDA96B7B 7B8B7D4H4. !4 BEAB64-

A<< (6.17) >BDA< (CB?REO) BCF<@4?PAB= E<EF9@O D4ECB?474RFES 6 FBK>4I 

25,025,0 222,1 2+2= qqp . (6.18) 

�48464SEP D4;?<KAO@< ;A4K9A<S@< 0 f
2q f∞, CBEFDB<@ >BDA96B= 7B8B7D4H (D<-

EGAB> 6.2). 

  

$<EGAB> 6.2 3 �BDA96B= 7B8B7D4H 

#D< 02 =q  >BDA< S6?SRFES >B@C?9>EAO@< < D4ECB?474RFES 6 FBK>4I а: 

112,1 25,025,0 ó jjp =2=ò .  
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#D< 12 =q  >BDA< F4>:9 S6?SRFES >B@C?9>EAO@< < D4ECB?474RFES 6 FBK>4I b: 

222,1 5,035,0 ó jjp =2=òò .  

�; GE?B6<S 0=  A4IB8<@ ;A4K9A<9 22 =q , CD< >BFBDB@ >BDA< S6?SRFES 

69M9EF69AAO@< >D4FAO@< < D4ECB?474RFES 6 FBK>9 A A4 BE< 45EJ<EE [-1; j0], F4> 

>4> 
32,1 1 ó=2=òòòp . #D< 32 =q  >BDA< S6?SRFES D4;?<KAO@< 69M9EF69AAO@< < D4E-

CB?474RFES A4 BE< 45EJ<EE  6 FBK>4I d: 

5,055,02,1 2=IVp   

<?< 6 B5M9@ 6<89 

4231 ; óó == IVIV pp .  

!4 D<EGA>9 6.3 CB>4;4AO >D<6O9 C9D9IB8AOI CDBJ9EEB6 BCF<@4?PAB= E<-

EF9@O 8?S D4;?<KAOI ;A4K9A<= 
2q . � D9;G?PF4F9 4A4?<;4 QF<I CDBJ9EEB6 GEF4-

A46?<649@, KFB CD< 22 =q  CDBJ9EE S6?S9FES A4<?GKL<@, >4> A9 <@9RM<= C9D9-

D97G?<DB64A<S. #D< 012 ü2=q  CDBJ9EE <@99F 5B?PLGR >B?954F9?PABEFP. 1FB 

B;A4K49F, KFB 69EB6O9 >BQHH<J<9AFO >648D4F<KAOI HGA>J<BA4?B6 8B?:AO 

5OFP CB?B:<F9?PAO@<. 

 

$<EGAB> 6.3 3 �D<6O9 C9D9IB8AOI CDBJ9EEB6 BCF<@4?PAB= E<EF9@O 8?S 

D4;?<KAOI ;A4K9A<= 2q  

#D<   02 =q  A<>4><I B7D4A<K9A<= A4 CDB<;6B8AGR 6OIB8AB= >BBD8<A4FO 

A9 A4>?48O649FES, CBQFB@G CDBJ9EE <@99F >B?954F9?PABEFP. 
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&4><@ B5D4;B@, CB?GK9AAGR E<EF9@G @B:AB EK<F4FP BCF<@4?PAB= CB @<-

A<@G@G HGA>J<BA4?4 




++=
0

222 )2(
2

1
dtuyyJ    

CD< <ECB?P;B64A<< D97G?SFBD4 E C9D984FBKAB=  HGA>J<9= 

ppKp 21)( +=  (6.19) 

#@8<5@ 2. "CD989?<@ BCF<@4?PAB9 GCD46?9A<9 )(0 Xu , B59EC9K<64RM99 

BCF<@4?PAGR EF45<?<;4J<R D9:<@4 B5N9>F4, BC<EO649@B7B GD46A9A<9@ 

KutytyT =+ )()(2  , (6.20) 

>BFBDB@G EBBF69FEF6GRF GD46A9A<S EBEFBSA<S 

ubxaxxx 021221 ; +==  , (6.21) 

789 2

0

2

1 /;/1 TKbTa =2=  

(GA>J<BA4? B5B5M9AAB7B E>4?SDAB7B >D<F9D<S BCF<@4?PABEF< <@99F 6<8: 




++=
0

2

1

2

22

2

11 )()( dturxqxquJ . (6.22) 

�D496O9 GE?B6<S ;484AO: X(0) = X0; X(∞) = 0. �BBD8<A4F4 GCD46?9A<S A9 

B7D4A<K9A4. 

+FB5O D9L<FP ;484KG E<AF9;4 BCF<@4?PAB= E<EF9@O, 6 84AAB@ E?GK49 <E-

CB?P;G9@ @9FB8 8<A4@<K9E>B7B CDB7D4@@<DB64A<S. �4C<L9@ GD46A9A<S �9??-

@4A4 6 A9CD9DO6AB= HBD@9: 

ÿ
ÿ
þ

ÿÿ
ý

ü

=
ö
ö

+

=
ö
ö

++
ö
ö

+++

.02

;0)(

2

01

2

021

1

2

2

1

2

22

2

11

x

S
bur

x

S
ubxa

x

S
xurxqxq

 (6.23) 

�; 6FBDB7B GD46A9A<S (6.23) CB?GK<@ 

21

0

2 x

S

r

b
u

ö
ö

2= . (6.24) 

�O59D9@ 6ECB@B74F9?PAGR HGA>J<R S: 

õ
=

++==
n

ji

jiij xAxxAxAxxAS
1,

2

2222112

2

111 . (6.25) 
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#DB8<HH9D9AJ<DB646 (6.25) CB x1 < x2 < CB8EF46<6 6 (6.23) < (6.24), CB?G-

K<@ GD46A9A<S �9??@4A4 

ÿ
ÿ
ÿ

þ

ÿÿ
ÿ

ý

ü

+2==

=+ô
ô++++++

).2(
2

),()(

;0)2(

)()2(

222112

1

0
21

00

222112

0212121112

2

1

2

22

2

11
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 (6.26) 

#BE?9 CD9B5D4;B64A<= GD46A9A<= (6.26) CB?GK<@ 4?795D4<K9E><9 GD46A9-

A<S, BCD989?SRM<9 A9<;69EFAO9 А11, А12, А22: 
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�; GD46A9A<S (6.27) A4=89@ >BQHH<J<9AFO 

;
2

11

0

12 rq
b

A =   

,2
1

1
0

1

2

2

0

2

1

12

0

1
22 ÷

÷

ø

ö

÷
÷

ø

ö
+

+
+=

r

q
b

r

qba
a

b

r
A   

CB8EF46<6 >BFBDO9 6B 6FBDB9 GD46A9A<9 (6.26), CB?GK<@ ;4>BA BCF<@4?PAB7B 

GCD46?9A<S 6 6<89 ?<A9=AB= ;46<E<@BEF< BF H4;B6OI >BBD8<A4F F<C4: 

ykykxkxkxxu cocococo


2.1.22.11.21

0 ),( 22=22= , (6.28) 

ÿ
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 (6.29) 

!4 BEAB64A<< (6.20) < (6.28) EBEF46<@ EFDG>FGDAGR EI9@G BCF<@4?PAB= 

CB FBKABEF< E<EF9@O (D<EGAB> 6.4), 6 >BFBDB= B59EC9K<649FES EF45<?<;4J<S EB-

EFBSA<S B5N9>F4. � 84AAB= E<EF9@9 FD95G9FES CD<@9A<FP #�-D97G?SFBD, EBEFB-

SM<= <; 8<HH9D9AJ<4FBD4 < GE<?<F9?S. �  D9;G?PF4F9 @B89?<DB64A<S < 4A4?<;4 

C9D9IB8AOI CDBJ9EEB6  8?S T = 1 c < k = 1 c-1 BCD989?<@ BCF<@4?PAO9 ;A4K9A<S 

11. =cok   < 12. =cok  < EBBF69FEF6GRM<9 <@ 1,1 21 == qq  < 11 =r  (D<EGAB> 6.5).  
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$<EGAB> 6.5 3 �D4H<> ;46<E<@BEF< tp BF ko.c. 

#D< QFB@ GEF4A46?<649@, KFB 6D9@S D97G?<DB64A<S 
kp tt =  G@9APL49FES E 

G69?<K9A<9@ 
1q , <@99F Q>EFD9@4?PAGR ;46<E<@BEFP BF 2q  < G@9APL49FES E 

G@9APL9A<9@ 1r . 

&4><@ B5D4;B@, BCF<@4?PA4S CB @<A<@G@G HGA>J<BA4?4 E<EF9@4 




++=
0

222 )()( dtuyyuJ    

8B?:A4 <@9FP #�-D97G?SFBD E C9D984FBKAB= HGA>J<9= 

ppK p 22= 1)(   

CD< ;484AAOI C4D4@9FD4I B5N9>F4, BC<EO649@B7B GD46A9A<9@ (6.21): 

122 1;1 2== cKcT . 

 

$<EGAB> 6.4 3 %FDG>FGDA4S EI9@4 BCF<@4?PAB= CB FBKABEF< E<EF9@O 

#@8<5@ 3. � CD<@9D4I 1 < 2 6 @<A<@<;<DG9@O= HGA>J<BA4? A9 6>?RK4-
?4EP CDB<;6B8A4S >BBD8<A4FO GCD46?9A<S, CBQFB@G 5O?< CB?GK9AO #�-
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D97G?SFBDO. #D< QFB@ @B:AB GEF4AB6<FP [E@. (6.29)], KFB 9E?< A9 GK<FO64FP CB8 

;A4>B@ <AF97D4?4 [GD46A9A<9 (6.22)] C9D6GR CDB<;6B8AGR >BBD8<A4FO 6OIB84 

( 02 =q ) 8?S B5N9>F4 6FBDB7B CBDS8>4, FB EFDG>FGD4 D97G?SFBD4 BEF4A9FES CD9:-

A9=, 4 <;@9A<FPES FB?P>B 69?<K<A4 2.cok . 

"8A4>B CD< 46FB@4F<;4J<< <A9DJ<BAAOI EF4F<K9E><I B5N9>FB6 B5OKAB 

CD<@9ASRF #�- < #��-D97G?SFBDO, CBQFB@G D4EE@BFD<@ CB?GK9A<9 F4><I D9-

7G?SFBDB6 A4 CD<@9D9 EF4F<K9E>B7B B5N9>F4, GD46A9A<9 >BFBDB7B: 

0)(;)0(;0 0 ===++ yYyuyy . (6.30) 

 <A<@<;<DGRM<= HGA>J<BA4? B5B5M9AAB7B E>4?SDAB7B >D<F9D<S BCF<-

@4?PABEF< ;4C<L9@ E GK9FB@ CDB<;6B8AB= >BBD8<A4FO GCD46?9A<S: 




++=
0

222 )()( dtuuyuJ  . (6.31) 

�BBD8<A4F4 GCD46?9A<S < 99 CDB<;6B8A4S A9 B7D4A<K9AO. 

�?S D9L9A<S 84AAB= ;484K< (BCF<@4?PAB= EF45<?<;4J<< 6OIB84) CD<@9-

A<@ @9FB8 >?4EE<K9E>B7B 64D<4J<BAAB7B <EK<E?9A<S. %BEF46<@ HGA>J<R �4-

7D4A:4 

)(222 uyyuuyL +++++=   . (6.32) 

�4C<L9@ GD46A9A<9 1=?9D4 

02;022 =2+=2+   yuu .  

�BCB?A<6 <I GD46A9A<9@ B5N9>F4 (6.30), CB?GK<@ E<EF9@G GD46A9A<= 64-

D<4J<BAAB= ;484K<: 
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 (6.33) 

+FB5O D9L<FP QF< GD46A9A<S, EBEF46<@ I4D4>F9D<EF<K9E><= BCD989?<F9?P 
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< A4=89@ I4D4>F9D<EF<K9E>B9 GD46A9A<9 



118 

 

 

022 24 =+2 pp . (6.34) 

'D46A9A<9 (6.34) <@99F K9FOD9 >BDAS 

jp = 14,3,2,1 . (6.35) 

�64 >BDAS (@1 < @2) <@9RF BFD<J4F9?PAO9 69M9EF69AAO9 K4EF<, 4 864 >BD-

AS (@3 < @4) 3 CB?B:<F9?PAO9 69M9EF69AAO9 K4EF<. �; GE?B6<S GEFB=K<6BEF< 

CDBJ9EE4 CD<@9@ 6 >4K9EF69 D9L9A<S GD46A9A<= BCF<@4?PAB= E<EF9@O 6OD4-

:9A<9 
tptp

eCeCy 21

21 += . (6.36) 

#DB8<HH9D9AJ<DG9@ (6.36) 

tptp
eCpeCpy 21

2211 += . (6.37) 

#B8EF46<@ (6.36) < (6.37) 6 (6.30), FB784 
tptp

eCpeCpu 21

2211 )1()1( +++=2 . (6.38) 

#DB8<HH9D9AJ<DG9@ (10.38): 

tptp
eCppeCppu 21

222111 )1()1( +++=2  . (6.39) 

'D46A9A<S (6.36)-(6.39) S6?SRFES ?<A9=AO@<, CBQFB@G D9;G?PF4FB@ <I 

D9L9A<S 5G89F ?<A9=AO= ;4>BA GCD46?9A<S )(0 yu . &4> >4> D9L9A<9 (6.36) EBBF-

69FEF6G9F GD46A9A<R 6FBDB7B CBDS8>4, FB CD< <A9DJ<BAAB@ B5N9>F9 C9D6B7B 

CBDS8>4, BC<EO649@B@ GD46A9A<9@ (6.30), BCF<@4?PAO= D97G?SFBD A9 @B:9F 

<@9FP CBDS8B> 6OL9 C9D6B7B. #D<@9@ GD46A9A<9 D97G?SFBD4 6 6<89 

yBAyCuuD  +=+ . (6.40) 

�B@AB:<6 GD46A9A<S (6.36)-(6.39) EBBF69FEF69AAB A4 A, B, C, D < E?B:<6 

(6.36) E (6.37), 4 (6.38) E (6.39), A4 BEAB64A<< (6.40) CB?GK<@ 

,0)]1()1([

)]1()1([

22222

11111

2

1

=++++++

++++++

pCpDpABpeC

pCpDpABpeC

tp

tp

 (6.41) 

789 6 B5M9@ E?GK49 0<  0 21 ùù CC . 

�; GE?B6<S EGM9EF6B64A<S CDBJ9EE4 <;@9A9A<S y(t), BCD989?S9@B7B GD46-

A9A<9@ (6.36), CD< A4?<K<< GCD46?9A<S u(t) E?98G9F, KFB D469AEF6B (6.41) 6B;-

@B:AB, 9E?<: 
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ý
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=+++++
=+++++

.0)1()1(

;0)1()1(

2222

1111

pCpDpABp

pCpDpABp
 (6.42) 

'D46A9A<S (6.42) CB;6B?SRF A4=F< C4D4@9FDO BCF<@4?PAB7B D97G?SFBD4 

A, B, C, D. "8A4>B D9L9A<9 S6?S9FES A9B8AB;A4KAO@, CBE>B?P>G 6 864 (6.42) 

GD46A9A<S 6IB8<F K9FOD9 A9<;69EFAOI. � E6S;< E QF<@ @B:AB CB?GK<FP D4;?<K-

AO9 EFDG>FGDO BCF<@4?PAB7B D97G?SFBD4, B59EC9K<64RM97B BCF<@4?PAO9 CDB-

J9EEO, >BFBDO9 BCD989?SRFES GD46A9A<S@< (6.36)-(6.39): 

CDBCBDJ<BA4?PAO= D97G?SFBD (#-D97G?SFBD), 9E?< B = D = 0: 

yDAu )/(= ; (6.43) 

<894?PAO= 8<HH9D9AJ<4?PAO= D97G?SFBD (�-D97G?SFBD), 9E?< A = D = 0: 

yCBu )/(= ; (6.44) 

<AF97D4?PAO= D97G?SFBD (�-D97G?SFBD), 9E?< C = B = 0: 

=
t

dy
D

A
u

0

)( ôô ; (6.45) 

<A9DJ<BAAO= CDBCBDJ<BA4?PAO= D97G?SFBD, 9E?< B = 0: 

AyCuuD =+ ; (6.46) 

CDBCBDJ<BA4?PAB-8<HH9D9AJ<4?PAO= D97G?SFBD (#�-D97G?SFBD), 9E?< D = 0: 

CyBCAyu // += ; (6.47) 

CDBCBDJ<BA4?PAB-<AF97D4?PAO= D97G?SFBD (#�-D97G?SFBD), 9E?< % = 0: 

+=
t

coco dykyku
0

2.1. )( ôô , (6.48) 

789 DAkDBk coco /,/ 2.1. == . 

#- < #�-D97G?SFBDO <@9RF FBF A98BEF4FB>, KFB CD< A4?<K<< CBEFBSAAOI  

6B;@GM4RM<I 6B;89=EF6<= EGM9EF6G9F EF4F<K9E>4S BL<5>4; �-D97G?SFBD 6B-

B5M9 A9 B59EC9K<649F EF45<?<;4J<R 6OIB84. !4<5B?99 J9?9EBB5D4;AB 6 >4K9-

EF69 D97G?SFBD4 BCF<@4?PAB= EF45<?<;4J<< 6OIB84 B5N9>F4 CD<ASFP #�-

D97G?SFBD (6.48), B59EC9K<64RM<= AG?96GR EF4F<K9E>GR BL<5>G. 

!4 BEAB64A<< (6.30) < (6.48) EBEF46<@ EFDG>FGDAGR EI9@G E<EF9@O BCF<-

@4?PAB= EF45<?<;4J<< 6OIB84 B5N9>F4 (D<EGAB> 6.6). �4?99 CDB<;6989@ @B89-
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?<DB64A<9 CB?GK9AAB= E<EF9@O E J9?PR BCD989?9A<S BCF<@4?PAOI ;A4K9A<= 

C4D4@9FDB6 A4EFDB=>< 2.1. , coco kk  D97G?SFBD4 E C9D984FBKAB= HGA>J<9= 

pkkpK cocop /)( 2.1. += .  

 

 

$<EGAB> 6.6 3 %FDG>FGDA4S EI9@4 BCF<@4?PAB= E<EF9@O 

�A4?<;<DGS CDBJ9EEO CD< >BQHH<J<9AF9 q2 > 0, GEF4A46?<649@, KFB K9@ 

5B?PL9 QFBF >BQHH<J<9AF (5B?PL9 «LFD4H»), F9@ 5B?PL9 8?<F9?PABEFP CDB-

J9EE4 < @9APL9 >B?954F9?PABEFP. #D< q2 < 0 (CD<A<@49FES «CBBMD9A<9») CDB-

J9EEO EF4AB6SFES >B?954F9?PAO@<. �A4K9A<9 69EB6OI >BQHH<J<9AFB6 @B:AB 

6O5<D4FP, CD<@9ASS @9FB8O >BDA96OI 7B8B7D4HB6 (E@. CD<@9D 1) <?< @B89?<-

DGS (E@. CD<@9D 2). 
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7. !��"�� ��"����,���� ��- ��#�/"� � 

 

*5;P: BCD989?9A<9 GD46A9A<S D97G?SFBD4 <; GE?B6<S @<A<@<;4J<< >D<-
F9D<S BCF<@4?PABEF< 

 

�=0=8S 8 C<5=8S, ?@8>1@5B05<O5 ABC45=B>< 2 @57C;PB0B5 >A2>5=8S 
B5<O  

� D9;G?PF4F9 BE6B9A<S F9@O EFG89AF 8B?:9A: 

7=0BP @9FB8<>G E<AF9;4 BCF<@4?PAB7B GCD46?9A<S E CB@BMPR GD46A9A<S 
$<>>4F<; 

C<5BP 6O5<D4FP A9B5IB8<@O= @4F9@4F<K9E><= @9FB8 <EE?98B64A<S, CB-
?GK4FP D9L9A<S 6 F9D@<A4I 6O5D4AAB7B @9FB84. 

 

�:BC0;P=>ABP B5<O 

�4> <;69EFAB, A9E@BFDS A4 5B?PLB9 D4;ABB5D4;<9 B5N9>FB6 D97G?<DB64A<S, 

I4D4>F9DAO9 <I E6B=EF64, <@9RM<9 EGM9EF69AAB9 ;A4K9A<9 8?S J9?9= GCD46?9-

A<S, A9@AB7BK<E?9AAO, >4> < E4@< ECBEB5O GCD46?9A<S B5N9>F4@<. 1FB B5NSE-

AS9FES B5MABEFPR H<;<K9E><I ;4>BAB6, >BFBDO@ CB8K<ASRFES D4;?<KAO9 CDB-

J9EEO, CDBF9>4RM<9 6 B5N9>F4I < E<EF9@4I D97G?<DB64A<S. 

#D4>F<>4 CB>4;4?4, KFB CB8B5A4S GA<69DE4?PABEFP CD<EGM4 < ;4>BA4@ D9-

7G?<DB64A<S 8?S E4@OI D4;?<KAOI F9IAB?B7<K9E><I B5N9>FB6. �ECB?P;GS 69EP-

@4 A95B?PLB9 K<E?B F<CB6OI ;4>BAB6 D97G?<DB64A<S @B:AB 8BEF4FBKAB >4K9-

EF69AAB GCD46?SFP CBKF< 6E9@< CDB@OL?9AAO@< B5N9>F4@<. #D< QFB@ 8?S 

>4:8B7B B5N9>F4 8BEF4FBKAB CB8B5D4FP ?<LP C4D4@9FDO A4EFDB=>< D97G?SFBD4. 

#D<@9A9A<9 F4><I F<CB6OI ;4>BAB6 D97G?<DB64A<S CB;6B?S9F <ECB?P;B64FP 6 

CDB@OL?9AAOI �%$ EF4A84DFAO9, E9D<=AB 6OCGE>49@O9 D97G?SFBDO, KFB <@9-

9F A9BECBD<@O9 8BEFB<AEF64. 

"8A4>B 6 BF89?PAOI E?GK4SI (8?S FDG8AB D97G?<DG9@OI B5N9>FB6, CD< 

CB6OL9AAOI FD95B64A<SI > >4K9EF6G �%$, CD< E<?PAB <;@9ASRM<IES E6B=-

EF64I B5N9>FB6 < F.C.) F<CB6O9 ;4>BAO D97G?<DB64A<S B>4;O64RFES A98BEF4FBK-
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AB QHH9>F<6AO@<, < CD<IB8<FES CD<5974FP > 5B?99 E?B:AO@ ;4>BA4@. � F9@9 7 

D4EE@BFD9AO 6BCDBEO E<AF9;4 BCF<@4?PAB7B #�-D97G?SFBD4. 

 

&5>@5B8G5A:0S G0ABP 
#GEFP GD46A9A<9 ?<A9=AB= EF4J<BA4DAB= E<EF9@O <@99F 6<8: 

,BUAXX +=  (7.1) 

>D496O9 GE?B6<S <@9RF 6<8: 0)(,)( == XXtX == . 

�4848<@ >D<F9D<= GCD46?9A<S 6 E?98GRM9@ 6<89: 

 dtUSURUUQXXJ
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789 Q, R 3 A9BFD<J4F9?PAB BCD989?9AAO9 @4FD<JO. 

S 3 CB?B:<F9?PAB BCD989?9AA4S E<@@9FD<KA4S @4FD<J4. 

&D95G9FES A4=F< F4>B= 69>FBD GCD46?9A<S, >BFBDO= 5O @<A<@<;<DB64? 

84AAO= >D<F9D<=. #D< QFB@ 5G89F EK<F4FPES ;484AAO@ C4D4@9FD: 

== UtU =)( . (7.3) 

�6989@ AB6O9 C9D9@9AAO9: 

.ú
û

ù
ú
û

ù
=

U

X
Z,UV =

 
(7.4) 

"5B;A4K<@ @4FD<JO:  

,
00

1

BA
A = ,

0
1

I
B = ,

0

0
1

R

Q
Q = .1 SR =

 

(7.5) 

�4C<L9@ GD46A9A<9 86<:9A<S < >D<F9D<= GCD46?9A<S 6 AB6OI >BBD8<A4-

F4I: 

VBZAZ 11 += , 
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TT dtVRVZQZJ 11 . 
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(7.7) 

�ECB?P;GS CDBJ98GDG @9FB84 8<A4@<K9E>B7B CDB7D4@@<DB64A<S, @B:AB 

BCD989?<FP BCF<@4?PAB9 ;A4K9A<9 69>FBD4 V: 
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1

1

1
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789 K 3 D9L9A<9 @4FD<KAB7B GD46A9A<S $<>>4F<: 

11

1

1111 QKBRKBKAKAK TT 2+22= 2 . (7.9) 

#GEFP QFB D9L9A<9 <@99F 6<8: 

.
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(7.10) 

&B784 BCF<@4?PAB9 GCD46?9A<9 CD< ;484AAOI A4K4?PAOI GE?B6<SI BCD9-

89?S9FES E?98GRM<@ B5D4;B@: 
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(7.11) 

�; <EIB8AB7B GD46A9A<S 86<:9A<S (7.1) CB?GK<@: 

)()()( 111 AXXBBBAXXBU T 2=2= 222  . (7.12) 

#DB8<HH9D9AJ<DG9@ QFB GD46A9A<9 CB 6D9@9A< < CB8EF46<@ EBBFABL9-

A<9 8?S D4EK9F4 BCF<@4?PAB7B GCD46?9A<S: 
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TT

T

+=2+=

=2+=
2222

22




 (7.13) 

#DB<AF97D<DG9@  6OD4:9A<9 (7.13) CB 6D9@9A< < CB?GK<@: 

 ++=+2+= dttxCtxCCxdtCtxtxCtUtU == )()())()(()()(* 43543 . (7.14) 

&4><@ B5D4;B@, BCF<@4?PAB9 GCD46?9A<9 5G89F D94?<;B64AB 6 6<89 #�-

D97G?SFBD4. 
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8BEFGC4: 8?S 46FBD<;<D. CB?P;B64F9?9=. 

"CF<@4?PAB9 GCD46?9A<9 6 F9IA<K9E><I E<EF9@4I. #D4>F<>G@ : GK95AB9 

CBEB5<9 / �.�. �4?4LB64 [< 8D.].. 4 �BDBA9: : �BDBA9:E><= 7BEG84DEF69AAO= 

GA<69DE<F9F <A:9A9DAOI F9IAB?B7<=, 2017. 4 288 c. 4 ISBN 978-5-00032-307-
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�<EJ<C?<A4 «#BEFDB9A<9 BCF<@4?PAOI E<EF9@ GCD46?9A<S» EF46<F E6B-

9= J9?PR HBD@<DB64A<9 E?98GRM<I >B@C9F9AJ<= 5G8GM97B @47<EFD4 CB 

A4CD46?9A<R CB87BFB6>< 15.04.04 4 �6FB@4F<;4J<S F9IAB?B7<K9E><I CDB-

J9EEB6 < CDB<;6B8EF6.  

�B8, HBD@G?<DB6>4 
>B@C9F9AJ<< 

�B8, HBD@G?<DB6>4 
<A8<>4FBD4 

#?4A<DG9@O9 
D9;G?PF4FO B5GK9A<S CB 
8<EJ<C?<A9 (@B8G?R), 
I4D4>F9D<;GRM<9 
QF4CO HBD@<DB64A<S 
>B@C9F9AJ<=, 
<A8<>4FBDB6 

#�-1 %CBEB59A GK4EF-
6B64FP 6 D45BF4I CB 
D4EK9FG < CDB9>F<DB64-
A<R ED98EF6 < E<EF9@ 
46FB@4F<;4J<< E <E-
CB?P;B64A<9@ EB6D9-
@9AAOI <AHBD@4J<BA-
AOI F9IAB?B7<=, @9FB-
8B6 < ED98EF6 CDB9>F<-
DB64A<S 

��-1#�-1 #D<@9AS9F EB-
6D9@9AAO9 ED98EF64 46-
FB@4F<;4J<< CDB9>F<-
DB64A<S CD< D4;D45BF>9 
CDB9>FB6 46FB@4F<;<-
DB64AAOI CDBJ9EEB6 < 
CDB<;6B8EF6 

#D<@9AS9F @9FB8O D4E-
K9F4 < CDB9>F<DB64A<S 
ED98EF6 < BCF<@4?PAOI 
E<EF9@ 46FB@4F<;4J<< E 
<ECB?P;B64A<9@ EB6D9-
@9AAOI ED98EF6 46FB-
@4F<;4J<< CDB9>F<DB-
64A<S. 

 

�?46AB= ;484K9= 8<EJ<C?<AO S6?S9FES CD<B5D9F9A<9 CD4>F<K9E><I 

A46O>B6 <ECB?P;B64A<S @4F9@4F<K9E>B7B 4CC4D4F4 F9BD<< 46FB@4F<K9E>B7B 

GCD46?9A<S CD< 4A4?<;9 < E<AF9;9 E<EF9@ 46FB@4F<K9E>B7B GCD46?9A<S. 

� D9;G?PF4F9 BE6B9A<S 8<EJ<C?<AO EFG89AF 8B?:9A: 

" ;A4FP BEAB6AO9 ;4>BAB@9DABEF<, 89=EF6GRM<9 6 CDBJ9EE9 <;7BFB6-

?9A<S CDB8G>J<< FD95G9@B7B >4K9EF64, ;484AAB7B >B?<K9EF64 CD< A4<@9AP-

L<I ;4FD4F4I B5M9EF69AAB7B FDG84; 

" G@9FP <ECB?P;B64FP BEAB6AO9 ;4>BAB@9DABEF< HGA>J<BA<DB64A<S 

E<EF9@ 46FB@4F<K9E>B7B GCD46?9A<S; 
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" 6?489FP CD4>F<K9E><@< A46O>4@< @4F9@4F<K9E>B7B BC<E4A<S E<EF9@ 

GCD46?9A<S.  

 9FB8<K9E><9 G>4;4A<S CD98A4;A4K9AO 8?S 6OCB?A9A<S E4@BEFBSF9?P-

AB= D45BF9 CB 8<EJ<C?<A9 «#BEFDB9A<9 BCF<@4?PAOI E<EF9@ GCD46?9A<S» E 

GK9FB@ FD95B64A<= (�"% �" 8?S A4CD46?9A<S CB87BFB6>< 15.04.04 4 �6FB-

@4F<;4J<S F9IAB?B7<K9E><I CDBJ9EEB6 < CDB<;6B8EF6. "A< ECBEB5EF6GRF 

?GKL9@G GE6B9A<R EFG89AF4@< F9BD9F<K9E><I CB?B:9A<= < B59EC9K<649F 

CD<B5D9F9A<9 CD4>F<K9E><I A46O>B6 CB <EE?98B64A<R Q?9@9AFB6 < E<EF9@ 

46FB@4F<K9E>B7B D97G?<DB64A<S < GCD46?9A<S. 

 

1. "�-�/ )�$��&�$�%&��� %� "%&"/&��0!"� $��"&/ 
"�'+�.-�)%/ #$� ��'+�!�� ��%*�#��!/ «#"%&$"�!�� 

"#&� ��0!/) %�%&�  '#$����!�/» 

%4@BEFBSF9?PA4S D45BF4 EFG89AFB6 (84?99 4 %$%) S6?S9FES A9BFN9@?9-

@B= EBEF46?SRM9= B5D4;B64F9?PAB7B CDBJ9EE4 6 'A<69DE<F9F9 < S6?S9FES 

B5S;4F9?PAB= 8?S >4:8B7B EFG89AF4. "EAB6A4S J9?P %$% 4 BE6B9A<9 6 CB?-

AB@ B5Nѐ@9 B5D4;B64F9?PAB= CDB7D4@@O < CBE?98B64F9?PAB9 HBD@<DB64A<9 

>B@C9F9AJ<= QHH9>F<6AB= E4@BEFBSF9?PAB= CDBH9EE<BA4?PAB= (CD4>F<K9-

E>B= < A4GKAB-F9BD9F<K9E>B=) 89SF9?PABEF<. %4@BEFBSF9?PA4S D45BF4 >BA-

>D9FA4 CB E6B9= CD98@9FAB= A4CD46?9AABEF< < EBCDB6B:849FES A9CD9DO6AO@ 

>BAFDB?9@ < BJ9A>B= 99 D9;G?PF4FB6. 

�B?<K9EF6B K4EB6, BF6B8<@B9 A4 E4@BEFBSF9?PAGR D45BFG, BCD989?S9FES 

GK95AO@ C?4AB@ A4CD46?9A<S CB87BFB6>< 15.04.04. 

%B89D:4F9?PAB E4@BEFBSF9?PA4S D45BF4 EFG89AFB6 BCD989?S9FES (�"% 

�" A4CD46?9A<S CB87BFB6>< 15.04.04, CDB7D4@@B= < GK95AB-@9FB8<K9E><@ 

>B@C?9>EB@ 8<EJ<C?<AO «#BEFDB9A<9 BCF<@4?PAOI E<EF9@ GCD46?9A<S».  

 9FB8<>4 BD74A<;4J<< E4@BEFBSF9?PAB= D45BFO EFG89AFB6 ;46<E<F BF 

EFDG>FGDO, I4D4>F9D4 < BEB59AABEF9= 8<EJ<C?<AO «#BEFDB9A<9 BCF<@4?P-

AOI E<EF9@ GCD46?9A<S», B5N9@4 K4EB6 A4 99 <;GK9A<9, 6<84 ;484A<= 8?S 
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%$%, <A8<6<8G4?PAOI 6B;@B:ABEF9= EFG89AFB6 < GE?B6<= GK95AB= 89SF9?P-

ABEF<. 

(BD@O E4@BEFBSF9?PAB= D45BFO EFG89AFB6 BCD989?SRFES EB89D:4A<9@ 

8<EJ<C?<AO «#BEFDB9A<9 BCF<@4?PAOI E<EF9@ GCD46?9A<S», EF9C9APR CB8-

7BFB6?9AABEF< EFG89AFB6. "A< @B7GF 5OFP F9EAB E6S;4AO E F9BD9F<K9E><@ 

>GDEB@ < <@9FP GK95AO= <?< GK95AB-<EE?98B64F9?PE><= I4D4>F9D. (BD@G E4-

@BEFBSF9?PAB= D45BFO EFG89AFB6 BCD989?SRF >4H98D4 �%1� CD< D4;D45BF>9 

CDB7D4@@O 8<EJ<C?<AO «#BEFDB9A<9 BCF<@4?PAOI E<EF9@ GCD46?9A<S». 

%4@BEFBSF9?PA4S D45BF4 @B:9F BEGM9EF6?SFPES <A8<6<8G4?PAB <?< 

7DGCC4@< EFG89AFB6 6 ;46<E<@BEF< BF J9?<, B5N9@4, >BA>D9FAB= F9@4F<>< E4-

@BEFBSF9?PAB= D45BFO, GDB6AS E?B:ABEF<, GDB6AS G@9A<= EFG89AFB6. 

%$%, A9 CD98GE@BFD9AA4S B5D4;B64F9?PAB= CDB7D4@@B=, GK95AO@ C?4-

AB@ < GK95AB-@9FB8<K9E><@< @4F9D<4?4@<, D4E>DO64RM<@< < >BA>D9F<;<-

DGRM<@< <I EB89D:4A<9, BEGM9EF6?S9FES EFG89AF4@< <A<J<4F<6AB, E J9?PR 

D94?<;4J<< EB5EF69AAOI GK95AOI < A4GKAOI <AF9D9EB6. 

� GK95AB@ CDBJ9EE9 6O89?SRF 4G8<FBDAGR < 6A94G8<FBDAGR E4@BEFBS-

F9?PAGR D45BFG. 

�G8<FBDA4S E4@BEFBSF9?PA4S D45BF4 CB 8<EJ<C?<A9 «#BEFDB9A<9 BCF<-

@4?PAOI E<EF9@ GCD46?9A<S» 6OCB?AS9FES A4 GK95AOI ;4ASF<SI (?9>J<SI, 

CD4>F<K9E><I, ?45BD4FBDAOI ;4ASF<SI < >BAEG?PF4J<SI) CB8 DG>B6B8EF6B@ 

CD9CB8464F9?S < CB 97B ;484A<R. 

�A94G8<FBDA4S E4@BEFBSF9?PA4S D45BF4 EFG89AFB6 6OCB?AS9FES 6B 6A94-

G8<FBDAB9 6D9@S CB ;484A<R < CD< @9FB8<K9E>B@ DG>B6B8EF69 < >BAFDB?9 

CD9CB8464F9?S, AB 59; 97B A9CBED98EF69AAB7B GK4EF<S. %$% 6>?RK49F 6 E95S: 

" CB87BFB6>G > 4G8<FBDAO@ ;4ASF<S@ (?9>J<BAAO@ < CD4>F<K9E><@) < 

6OCB?A9A<9 EBBF69FEF6GRM<I ;484A<=; 

" D45BFG A48 BF89?PAO@< F9@4@< GK95AOI 8<EJ<C?<A (@B8G?9=) 6 EBBF-

69FEF6<< E GK95AB-F9@4F<K9E><@< C?4A4@<; 

" 6OCB?A9A<9 >BAFDB?PAOI D45BF; 
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" CB87BFB6>G >B 6E9@ 6<84@ CDB@9:GFBKAOI < <FB7B6OI >BAFDB?PAOI 

<ECOF4A<=. 

 

1.1. #>43>B>2:0 : ;5:F8S< 

�?46AB9 6 C9D<B8 CB87BFB6>< > ?9>J<BAAO@ ;4ASF<S@ 4 A4GK<FPES @9-

FB84@ E4@BEFBSF9?PAB7B G@EF69AAB7B FDG84, EB;A4F9?PAB D4;6<64FP E6B< 

F6BDK9E><9 ECBEB5ABEF< < B6?48964FP A46O>4@< F6BDK9E>B= D45BFO. �?S QFB-

7B A9B5IB8<@B EFDB7B EB5?R84FP 8<EJ<C?<AG GK95O < CB6989A<S. +9F>B9 

C?4A<DB64A<9 E6B97B D45BK97B 6D9@9A< < BF8OI4 S6?S9FES A9B5IB8<@O@ 

GE?B6<9@ 8?S GEC9LAB= E4@BEFBSF9?PAB= D45BFO. � BEAB6G 97B AG:AB CB?B-

:<FP D45BK<9 CDB7D4@@O <;GK49@OI 6 E9@9EFD9 8<EJ<C?<A.  

�4:8B@G EFG89AFG E?98G9F EBEF46?SFP 9:9A989?PAO= < E9@9EFDB6O= 

C?4AO D45BFO, 4 F4>:9 C?4A A4 >4:8O= D45BK<= 89AP. % 69K9D4 6E9784 A48B 

D4ECD989?SFP D45BFG A4 ;46FD4LA<= 89AP. � >BAJ9 >4:8B7B 8AS J9?9EBB5D4;-

AB CB86B8<FP <FB7 D45BFO: FM4F9?PAB CDB69D<FP, 6E9 ?< 6OCB?A9AB CB A4@9-

K9AAB@G C?4AG, A9 5O?B ?< >4><I-?<5B BFEFGC?9A<=, 4 9E?< 5O?<, CB >4>B= 

CD<K<A9 QFB CDB<;BL?B. !G:AB BEGM9EF6?SFP E4@B>BAFDB?P, >BFBDO= S6?S-

9FES A9B5IB8<@O@ GE?B6<9@ GEC9LAB= GK95O. �E?< KFB-FB BEF4?BEP A96O-

CB?A9AAO@, A9B5IB8<@B <;OE>4FP 6D9@S 8?S ;469DL9A<S QFB= K4EF< D45BFO, 

A9 G@9APL4S B5N9@4 A989?PAB7B C?4A4. 

%?GL4A<9 < ;4C<EP ?9>J<= 4 E?B:AO= 6<8 6G;B6E>B= 4G8<FBDAB= D45B-

FO. �A<@4F9?PAB9 E?GL4A<9 < >BAEC9>F<DB64A<9 ?9>J<= CD98CB?4749F <A-

F9AE<6AGR G@EF69AAGR 89SF9?PABEFP EFG89AF4. �D4F><9 ;4C<E< ?9>J<=, <I 

>BAEC9>F<DB64A<9 CB@B749F GE6B<FP GK95AO= @4F9D<4?. �BAEC9>F S6?S9FES 

CB?9;AO@ FB784, >B784 ;4C<E4AB E4@B9 EGM9EF69AAB9, BEAB6AB9 < E89?4AB QFB 

E4@<@ EFG89AFB@. !9 A48B EFD9@<FPES ;4C<E4FP 8BE?B6AB 6ER ?9>J<R. &4>B9 

«>BAEC9>F<DB64A<9» CD<ABE<F 5B?PL9 6D984, K9@ CB?P;O. �4C<EP ?9>J<= D9-

>B@9A8G9FES 69EF< CB 6B;@B:ABEF< EB5EF69AAO@< HBD@G?<DB6>4@<. �9?4-
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F9?PAB ;4C<EP BEGM9EF6?SFP A4 B8AB= EFD4A<J9, 4 E?98GRMGR BEF46?SFP 8?S 

CDBD45BF>< GK95AB7B @4F9D<4?4 E4@BEFBSF9?PAB 6 8B@4LA<I GE?B6<SI.  

�BAEC9>F ?9>J<= ?GKL9 CB8D4;89?SFP A4 CGA>FO, C4D47D4HO, EB5?R84S 

>D4EAGR EFDB>G. 1FB@G 6 5B?PLB= EF9C9A< 5G8GF ECBEB5EF6B64FP CGA>FO 

C?4A4 ?9>J<<, CD98?B:9AAO9 CD9CB8464F9?S@. #D<AJ<C<4?PAO9 @9EF4, BCD9-

89?9A<S, HBD@G?O < 8DG7B9 E?98G9F EBCDB6B:84FP ;4@9K4A<S@< «64:AB», 

«BEB5B 64:AB», «IBDBLB ;4CB@A<FP» < F.C.  B:AB 89?4FP QFB < E CB@BMPR 

D4;ABJ69FAOI @4D>9DB6 <?< DGK9>. �GKL9 9E?< BA< 5G8GF EB5EF69AAO@<, 

KFB5O A9 CD<IB8<?BEP CDBE<FP <I G B8AB>GDEA<>B6 < F9@ E4@O@ A9 BF6?9>4FP 

<I 6B 6D9@S ?9>J<<. *9?9EBB5D4;AB D4;D45BF4FP EB5EF69AAGR «@4D>B7D4-

H<R» (;A4K><, E<@6B?O), EB>D4M9A<S E?B6. !9 ?<LA<@ 5G89F < <;GK9A<9 BE-

AB6 EF9AB7D4H<<. $45BF4S A48 >BAEC9>FB@ ?9>J<=, 6E9784 A9B5IB8<@B <E-
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#<E4FP 97B D9>B@9A8G9FES K9F>B < D4;5BDK<6B, F4> >4> A95D9:A4S ;4C<EP E 
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