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� @9FB8<K9E><I G>4;4A<SI <;?474RFES J9?P < ;484K< ?45BD4FBD-
AB7B CD4>F<>G@4. #D<6989AO EB89D:4A<9 < FD95B64A<S > BHBD@?9-
A<R BFK9FB6 CB ?45BD4FBDAO@ D45BF4@. �4AO D9>B@9A84J<< CB B5D4-
5BF>9 84AAOI Q>EC9D<@9AFB6.  
 9FB8<K9E><9 G>4;4A<S @B7GF 5OFP CB?9;AO CD< 6OCB?A9A<< 

!�$ < <ECB?P;B64AO 6 >GDEB6B@ CDB9>F<DB64A<<. 
$4EE@BFD9AO < D9>B@9A8B64AO GK95AB-@9FB8<K9E><@ EB69FB@ 

!96<AAB@OEE>B7B F9IAB?B7<K9E>B7B <AEF<FGF4.  
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%"��$��!�� 

"5M<9 CB?B:9A<S 
*9?< < ;484K< CD4>F<>G@4 
&D95B64A<S > BD74A<;4J<< CD4>F<>G@4 
�45BD4FBDA4S D45BF4 №1 
�EE?98B64A<9 @9FB84 CB;<J<BAAB7B D97G?<DB64A<S  
F9@C9D4FGDO C4DB-6B;8GLAB= E@9E< (E CB@BMPR '1� ) 
�45BD4FBDA4S D45BF4 №2 
�EE?98B64A<9 E<EF9@O 46FB@4F<K9E>B7B D97G?<DB64A<S  
GDB6AS :<8>BEF< 6 D9;9D6G4D9 
�45BD4FBDA4S D45BF4 №3 
�EE?98B64A<9 @9FB84 D4EK9F4 D4EIB84 < >B?<K9EF64 6B;8GI4, 
CDBL98L97B CB FDG5BCDB6B8G 
�45BD4FBDA4S D45BF4 №4 
�EE?98B64A<9 46FB@4F<K9E>B= E<EF9@O D97G?<DB64A<S  
846?9A<S 
�45BD4FBDA4S D45BF4 №5 
�EE?98B64A<9 @9FB84 <;@9D9A<S >BAJ9AFD4J<< D4EF6BD4 

%C<EB> D9>B@9A8G9@B= ?<F9D4FGDO 
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"�-�� #"�"��!�3 

�45BD4FBDAO= CD4>F<>G@ ABE<F <EE?98B64F9?PE><= I4D4>F9D < 
EBEFB<F <; 86GI 6;4<@BE6S;4AAOI K4EF9=: 
3 46FB@4F<;4J<S CDB@OL?9AAOI GEF4AB6B> < F9IAB?B7<K9E><I CDB-
J9EEB6 (B5N9>FB6 GCD46?9A<S) E CB@BMPR GCD46?SRM9= 6OK<E?<-
F9?PAB= @4L<AO ('1� ); 

3 <EE?98B64A<9 < @4F9@4F<K9E>B9 BC<E4A<9 D94?PAOI B5N9>FB6 
GCD46?9A<S A4 CD<@9D4I ?45BD4FBDAOI GEF4AB6B> < @4>9FB6. 

*��� � ����+� #$��&��' � 

*9?PR 6OCB?A9A<S ?45BD4FBDAB7B CD4>F<>G@4 S6?S9FES BE6B9A<9 
EFG89AF4@< EB6D9@9AAOI @9FB8B6 < ED98EF6 46FB@4F<;4J<< B5N9>FB6 
GCD46?9A<S CDB@OL?9AAB7B A4;A4K9A<S. 
�?46AO@< ;484K4@< ?45BD4FBDAB7B CD4>F<>G@4 S6?SRFES: 

3 CB?GK9A<9 @4F9@4F<K9E>B= @B89?< D94?PAB7B B5N9>F4 GCD46?9A<S 
CB D9;G?PF4F4@ Q>EC9D<@9AF4?PAOI <EE?98B64A<=; 

3 CD<B5D9F9A<9 CD4>F<K9E><I A46O>B6 EBEF46?9A<S HGA>J<BA4?PAOI 
EI9@ D94?PAOI E<EF9@ GCD46?9A<S; 

3 <89AF<H<>4J<S B5N9>FB6 GCD46?9A<S, EBEF46?9A<9 @4F9@4F<K9E><I 
@B89?9= B5N9>FB6 GCD46?9A<S < <I D94?<;4J<S A4 1� . 

&$��"��!�3 � "$��!���*�� #$��&��' � 

�45BD4FBDAO9 D45BFO 6OCB?ASRFES 5D<748AO@ @9FB8B@ CB 3-4 

EFG89AF4 6 7DGCC9. %F4DL<= 5D<748O D4ECD989?S9F >B@C?9>EAGR D4-
5BFG < DG>B6B8<F CDB6989A<9@ <EE?98B64A<=. 
�4M<F4 D45BFO 3 <A8<6<8G4?PA4S CB 6E9@ D4;89?4@ >B@C?9>EAB7B 

;484A<S. %F9C9AP <A8<6<8G4?<;4J<< BCD989?S9F CD9CB8464F9?P. 
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���"$�&"$!�3 $��"&� №1 
�%%���"��!��  �&"�� #"��*�"!!"�" 

$��'��$"��!�3 &� #�$�&'$/ #�$"�"��',!"� % �%� 

(% #" "-02 '1� ) 

1 *��0 $��"&/ 

1.1 #D4>F<K9E>B9 <;GK9A<9 @9FB84 46FB@4F<K9E>B7B <;@9D9A<S, >BA-
FDB?S < D97G?<DB64A<S F9@C9D4FGDO C4DB6B;8GLAB= E@9E<. 
1.2 �;GK9A<9 @9FB8<>< CD<@9A9A<S '1�  8?S 46FB@4F<;4J<< F9IAB-
?B7<K9E>B7B CDBJ9EE4. 

2 #$"�$�  � �%%���"��!�� 

#B ;484AAB= F9IAB?B7<K9E>B= EI9@9 < A4FGDAB= ?45BD4FBDAB= 
GEF4AB6>9: 
1 %BEF46<FP C9D9K9AP >BAFDB?PAB-<;@9D<F9?PAOI CD<5BDB6 (��#) < 
46FB@4F<>< E G>4;4A<9@ BEAB6AOI C4D4@9FDB6 < I4D4>F9D<EF<>. 
2 %BEF46<FP HGA>J<BA4?PAGR EI9@G 46FB@4F<;4J<<. 
3 #B BC<E4A<R D45BFO E<EF9@O EBEF46<FP 4?7BD<F@ GCD46?9A<S B5N-
9>FB@. 
4 %>BDD9>F<DB64FP GCD46?SRMGR CDB7D4@@G 8?S '1�  E GK9FB@ 
4?7BD<F@4 GCD46?9A<S < ;484AAB= ;BAO A9BCD989?9AABEF< <;@9D9A<S 
F9@C9D4FGDO 6B8O. 
5 1>EC9D<@9AF4?PAB BCD989?<FP C4D4@9FDO CDBJ9EE4 D97G?<DB64A<S 
(6D9@S BFD45BF>< 98<A<KAB7B E>4K>4, C9D9D97G?<DB64A<9, FBKABEFP 
D97G?<DB64A<S). 
6 %89?4FP BFK9F B CDB89?4AAB= D45BF9. 

3 #"��"&"��� � $��"&� � &$��"��!�3 � "&+�&' 

#D< 8B@4LA9= CB87BFB6>9 A9B5IB8<@B: 
− B;A4>B@<FPES E BC<E4A<9@ ?45BD4FBDAB= GEF4AB6><; 
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− <;GK<FP ?45BD4FBDAO= EF9A8 < <ECB?P;G9@GR 4CC4D4FGDG (��#<�, 
BEB59AABEF< <ECB?P;B64A<S '1�  CD< CB;<J<BAAB@ D97G?<DB64-
A<<); 
− B;A4>B@<FPES E CDB7D4@@AO@ B59EC9K9A<9@ '1� , CD<6989AAB@ 
6 A4EFBSM9@ BC<E4A<<; 
− CDBD45BF4FP 64D<4AFO 4?7BD<F@<K9E>B7B BC<E4A<S D45BFO ?45BD4-
FBDAB= GEF4AB6><. 
�BCGE>B@ > D45BF9 S6?S9FES A4?<K<9 <EIB8AOI @4F9D<4?B6 > BF-

K9FG < ;A4A<9 BF69FB6 A4 >BAFDB?PAO9 6BCDBEO. 
"FK9F 8B?:9A EB89D:4FP >BA>D9FAO9 @4F9D<4?O CB C.C. 1-5 CDB-

7D4@@O <EE?98B64A<S, 6 FB@ K<E?9 7D4H<>< C9D9IB8AOI CDBJ9EEB6 
<;@9A9A<S F9@C9D4FGDO 6B8O < C4D4 E <I 7D4HB-4A4?<F<K9E>B= B5D4-
5BF>B= < 6O6B8O CB CDB89?4AAB= D45BF9. 

4 "#�%�!�� (����"- �&� �&�+�%�"�  "���� 
�%%���'� "� %�%&� / 

4.1 &9IAB?B7<K9E>B9 BC<E4A<9 

!4 D<EGA>9 1.1 CD98EF46?9A4 EI9@4 46FB@4F<;4J<< CDBJ9EE4 D97G-
?<DB64A<S F9@C9D4FGDO C4DB6B;8GLAB= E@9E<. 
!4 F9IAB?B7<K9E>B= EI9@9 CB>4;4AB, KFB A47D96 9@>BEF< E 6B8B= 

CDB<;6B8<FES CB8 GCD46?9A<9@ '1� . &9@C9D4FGD4 6B8O <;@9DS9FES 
CD< CB@BM< F9D@BC4DO F<C4 &)� (CB;.2-1), 4 F9@C9D4FGD4 C4DB-
6B;8GLAB= E@9E< >BAFDB?<DG9FES CB F9D@BEBCDBF<6?9A<R &% -50 

(CB;.1-1). 1�% E 6O6B8B6 F9D@BC4DO CB849FES A4 CD9B5D4;B64F9?P ,-

705 (CB;.2-2) 8?S GE<?9A<S < ABD@<DB64A<S E<7A4?4. �FBD<KAO= CD<-
5BD <�<E> 250= (CB;.1-2) CD98A4;A4K9A 8?S 8B>G@9AF<DB64A<S CB>4-
;4A<=, EA<@49@OI E F9D@BEBCDBF<6?9A<S, 4 F4>:9 HBD@<DG9F 8?S A9-
7B C<F4RM99 A4CDS:9A<9. "C9D4J<< >BAFDB?S, <A8<>4J<< < D97G?<-
DB64A<S D94?<;GRFES CDB7D4@@AO@ CGF9@ A4 '1� . 
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$<EGAB> 1.1 3 %I9@4 46FB@4F<;4J<< CDBJ9EE4 D97G?<DB64A<S F9@C9-
D4FGDO C4DB6B;8GLAB= E@9E< 
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%C9J<H<>4J<S 
(
BD
@4
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�B
A4

 

#
B;
. 

"5B;A4K9A<9 !4<@9AB64A<9 �B? #D<@9K4A<9 

  1-1 &% -50 &9D@B@9FD EBCDBF<6?9A<S 1  

  2-1 &)� 
#D9B5D4;B64F9?P F9D@BQ?9>FD<-

K9E><=  
1  

  1-2 �<E> 250 #D<5BD 6FBD<KAO= 1 
7D.50 " , 

0ø100 ð% 

  2-2 ,-705 #D9B5D4;B64F9?P ABD@<DGRM<=  1 
7D.)�; 

-50ø200 ð% 

   '1�  'CD46?SRM4S 1�  1 �'$%"$ 

4.2 "C<E4A<9 HGA>J<BA<DB64A<S E<EF9@O 

!4 D<EGA>9 1.2 CD98EF46?9A4 EI9@4 ?45BD4FBDAB= GEF4AB6><. 

$<EGAB> 1.2 3 %I9@4 ?45BD4FBDAB= GEF4AB6><, 

789 1 3 F9D@BC4D4; 2 3 B5N9>F GCD46?9A<S; 
3 3 A47D964F9?P; 4 3 F9D@BD9;<EFBD. 
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!4 D<EGA>9 1.2 B5B;A4K9AB: &0 3 ;484AAB9 ;A4K9A<9 F9@C9D4FGDO 
6B8O; &1 3 F9@C9D4FGD4 6B8O;  ��-� 3 @B8G?P 6O6B84 8<E>D9FAB= 
<AHBD@4J<< (0, 1, 2 3 AB@9D4 =EGI<I= >BAF4>FB6 @B8G?S, >BFBDO9 
<@9RF EBEFBSA<9 <;4@>AGFB= CD< GCD46?SRM9@ E<7A4?9 BF '1�      
D = 1 < <D4;B@>AGFB= CD< D = 0). 

&D95G9@B9 ;A4K9A<9 F9@C9D4FGDO 6B8O ;4849FES E >?46<4FGDO 
'1�  >4> &0, 4 H4>F<K9E>B9 ;A4K9A<9 &2 <;@9DS9FES CB >4A4?G: F9D-
@BC4D4 3 <;@9D<F9?PAO= CD9B5D4;B64F9?P 1�% 3 FB> (� / I2) 3 ;4@>AG-
FO= >BAF4>F 0 (D = 1), CD< D4;B@>AGFB@ >BAF4>F9 1 (D = 0) 3 CD9B5D4-
;B64F9?P FB>-A4CDS:9A<9 (I / U) 3 �*# 3 6O6B8 ;A4K9A<S &2 A4 8<E-
C?9= '1� . 
&9@C9D4FGD4 C4D4 &1 FB?P>B <;@9DS9FES, < 99 ;A4K9A<9 6O6B8<FES 

A4 8<EC?9= '1�  CB J9C<: F9D@BD9;<EFBD (CD9B5D4;B64F9?P &1 6 ΔR) 

3 6FBD<KAO= CD<5BD (CD9B5D4;B64F9?P ΔR / I1) 3 ;4@>AGFO= >BAF4>F 0 
(D = 1), CD< D4;B@>AGFB@ >BAF4>F9 1 (D = 0) 3 CD9B5D4;B64F9?P FB>-
A4CDS:9A<9 (I / U) 3 �*# 3 6O6B8 ;A4K9A<S &1 A4 8<EC?9= '1� . 
�BAFGD GCD46?9A<S 6>?RK49F: CDS@GR J9CP ('1� , D9?9 E <E-

CB?A<F9?PAO@ >BAF4>FB@ �1, A47D964F9?P, B5N9>F (>B?54 E 6B8B=)) < 
J9CP B5D4FAB= E6S;< (F9D@BC4D4, <;@9D<F9?PAO= CD9B5D4;B64F9?P ,-

705). 

'1�  6OCB?AS9F HGA>J<< ;484RM97B GEFDB=EF64, ED46A<64RM9-
7B GEFDB=EF64, 86GICB;<J<BAAB7B D97G?SFBD4. 
$9?9 < A47D964F9?P 6OCB?ASRF DB?P <ECB?A<F9?PAB7B BD74A4. 
"5N9>FB@ GCD46?9A<S S6?S9FES >B?54 E 6B8B=, 4 D97G?<DG9@O@ 

C4D4@9FDB@ 3 F9@C9D4FGD4 6B8O &2. 

4.3 #B;<J<BAAB9 D97G?<DB64A<9 

#BE>B?P>G >BAF4>F 2  ��-� < D9?9 (>BAF4>F �1) <@9RF FB?P>B 2 
EBEFBSA<S <;4@>AGFB= < <D4;B@>AGFB=, FB A47D964F9?P @B:9F 5OFP 
6>?RK9A <?< 6O>?RK9A. #D< 6>?RK9AAB@ A47D964F9?9 F9@C9D4FGD4 
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B5N9>F4 CB6OL49FES, 4 CD< 6O>?RK9AAB@ EA<:49FES, EFD9@SEP > F9@-
C9D4FGD9 B>DG:4RM9= ED98O &BE. 
!4 D<EGA>9 1.3 CB>4;4A CDBJ9EE D97G?<DB64A<S F9@C9D4FGDO 6B8O 

&2 6B 6D9@9A< t, 789 D 3 EBEFBSA<9 >BAF4>F4 2. 

D

1

0
t

t

Toc

To

T2

ôÿ+ôôñ

ôÿ−ôôò

ô ô

 

$<EGAB> 1.3 3 �D4H<> <;@9A9A<S F9@C9D4FGDO B5N9>F4 < EBEFBSA<S 
D97G?SFBD4 

� E<?G 8BEF4FBKAB 5B?PLB= F9C?B6B= <A9DJ<< A47D964F9?S < B5N-
9>F4 F9@C9D4FGD4 6B8O CB6OL49FES C?46AB CD< 6>?RK9A<< D97G?SFB-
D4, 4 >B784 8BEF<749F ;484AAB7B ;A4K9A<S &0, '1�  849F >B@4A8G A4 
D4;@O>4A<9 >BAF4>F4 2, < D9?9 D4;@O>49F E6B= >BAF4>F �1. #BE>B?P>G 
F9@C9D4FGD4 A47D964F9?S 6OL9 F9@C9D4FGDO B5N9>F4 &2, FB CD< BF-
>?RK9A<< QA9D7<< &2 CDB8B?:49F D4EF< 8B ;A4K9A<S &0+Δ&1 ;4 EK9F 
;4C4;8O64A<S F9C?B6OI CDBJ9EEB6 A4 6D9@S Ç. &B?P>B CBE?9 EA<:9A<S 
F9@C9D4FGDO A47D964F9?S 8B F9@C9D4FGDO B5N9>F4 A4K<A49FES <I 
EB6@9EFAB9 BI?4:89A<9. �?7BD<F@ GCD46?9A<S F9@C9D4FGDB= B5N9>F4 
8B?:9A 5OFP 6O5D4A F4>, KFB5O CBE?98GRM99 6>?RK9A<9 A47D964F9?S 
CDB<EIB8<?B CD< &0-Δ&2, 4 A9 CD< &2 = &0. &B784 CD< BCD989?9AAB@ 
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EBBFABL9A<< Δ&1 < Δ&2, ED98ASS F9@C9D4FGD4 B5N9>F4 &2ED 5G89F D46-
A4 ;484AAB= &0. #D< QFB@ (Δ&1 + Δ&2) 3 ;BA4 A9BCD989?9AABEF< <;@9-
D9A<S F9@C9D4FGDO &2 (;4849FES CD9CB8464F9?9@). 

5 #$"�$�  � ��3 #"��*�"!!"�" $��'��$"��!�3 
&� #�$�&'$/ #�$"-�"��',!"� % �%� 

10 PRINT <&9@C9D4FGD4= 
20 INPUT <�484AA4S=; T0 
30 N=0: D=0: GOSUB 600 
40 N=1: D=1: GOSUB 600 
50 IF INP(0)<>255 THEN 10 
60 GOSUB 700: T1=100*U/10 
70 PRINT <T1=; INT(T1) 
80 N=1: D=0: GOSUB 600 
90 N=0: D=1: GOSUB 600 
100 GOSUB 700: T2=-50+250*U/10 
110 PRINT <T2==; INT(T2) 
120 IF T2>T0 THEN 150 
130 N=2: D=0: GOSUB 600 
140 GOTO 30 
150 N=2: D=1: GOSUB 600 
160 GOTO 30 
600 Y=2^N 
610 Z=Y*D 
620 DU=DU AND (255-Y) 
630 DU=DU OR Z 
640 OUT 16, DU 
650 RETURN 
700 OUT 6,0 
710 S=INP(4) AND 7 
720 M=INP(5) 
730 K=S*256+M 
740 U=K/102.35-10 
750 RETURN 
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6 ��"� %)� � ���"$�& � 

!�+��" 

����!!�3,&0 

N=0; D=0 

## 600 

N=1; D=1 

INP(0)<>255 

## 700 

N=0; D=1 

## 600 

N=1; D=0 

=T1=; INT(T1)   

T1=100*U/10 

## 600 

## 700 

T2=-50+250*U/10 

<T2==; INT(T2) 

T2>T0 

## 600 

N=2; D=0 

## 600 

N=2; D=1 

!�+��" ## 600 

Z=Y*D 

Y=2^N 

DU=DU AND (255-Y) 

DU=DU OR Z 

OUT 16, DU 

�"!�* ## 600 

!�+��" ## 700 

S=INP(4) AND 7 

M=INP(5) 

�"!�* ## 700 

OUT 6,0 

 K=S*256+M 

U=K/102.35-10 

&� #�$�&'$� 

�� 

!�& 

�� 

!�& 
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7 �"!&$"�0!/� �"#$"%/ 

1 � K9@ EGFP CB;<J<BAAB7B D97G?<DB64A<S F9@C9D4FGDO C4DB-
6B;8GLAB= E@9E<? 
2 �4><9 ��#<� <ECB?P;B64AO A4 84AAB= ?45BD4FBDAB= GEF4AB6>9? 
#BSEA<F9 <I CD<AJ<C D45BFO. 
3 �4><9 HGA>J<< A4 84AAB= ?45BD4FBDAB= GEF4AB6>9 6OCB?AS9F 
'1� ? 
4 +FB S6?S9FES B5N9>FB@ GCD46?9A<S < <ECB?A<F9?PAO@ BD74AB@ 6 
CDBJ9EE9 CB;<J<BAAB7B D97G?<DB64A<S F9@C9D4FGDO C4DB6B;8GLAB= 
E@9E<? 
5 %BEF46PF9 EFDG>FGDAGR EI9@G ?45BD4FBDAB= GEF4AB6><. 
6 #9D9K<E?<F9 CD<5BDO 8?S <;@9D9A<S F9@C9D4FGDO, <ECB?P;G9@O9 
6 CDB@OL?9AABEF<. 
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���"$�&"$!�3 $��"&� №2 
�%%���"��!�� ��&" �&�+�%�"� %�%&� / 

$��'��$"��!�3 '$"�!3 ����"%&� � $���$�'�$� 

1 *��0 $��"&/ 

1.1 #D4>F<K9E>B9 <;GK9A<9 @9FB8B6 46FB@4F<K9E>B7B <;@9D9A<S, >BA-
FDB?S < D97G?<DB64A<S GDB6AS :<8>BEF< 6 D9;9D6G4D9. 
1.2 �;GK9A<9 @9FB8<>< CD<@9A9A<S '1�  8?S 46FB@4F<;4J<< F9IAB-
?B7<K9E>B7B CDBJ9EE4. 

2 #$"�$�  � �%%���"��!�� 

#B ;484AAB= F9IAB?B7<K9E>B= EI9@9 < A4FGDAB= ?45BD4FBDAB= 
GEF4AB6>9: 
1 %BEF46<FP ��#<� E G>4;4A<9@ BEAB6AOI C4D4@9FDB6 < I4D4>F9D<-
EF<>. 
2 %BEF46<FP HGA>J<BA4?PAGR EI9@G 46FB@4F<;4J<<. 
3 #B BC<E4A<R D45BFO E<EF9@O EBEF46<FP 4?7BD<F@ GCD46?9A<S 
B5N9>FB@. 
4 %>BDD9>F<DB64FP GCD46?SRMGR CDB7D4@@G 8?S '1�  E GK9FB@ 
4?7BD<F@4 GCD46?9A<S. 
5 1>EC9D<@9AF4?PAB BCD989?<FP C4D4@9FDO CDBJ9EE4 D97G?<DB64A<S 
(6D9@S BFD45BF>< 98<A<KAB7B E>4K>4, C9D9D97G?<DB64A<9, FBKABEFP 
D97G?<DB64A<S). 
6 %89?4FP BFK9F B CDB89?4AAB= D45BF9. 

3 #"��"&"��� � $��"&� � &$��"��!�3 � "&+�&' 

#D< 8B@4LA9= CB87BFB6>9 A9B5IB8<@B: 
− B;A4>B@<FPES E BC<E4A<9@ ?45BD4FBDAB= GEF4AB6><; 
− <;GK<FP ?45BD4FBDAO= EF9A8 < <ECB?P;G9@GR 4CC4D4FGDG (��#<�, 
BEB59AABEF< <ECB?P;B64A<S '1� ); 
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− B;A4>B@<FPES E CDB7D4@@AO@ B59EC9K9A<9@ '1� , CD<6989AAB@ 
6 A4EFBSM9@ BC<E4A<<; 
− CDBD45BF4FP 64D<4AFO 4?7BD<F@<K9E>B7B BC<E4A<S D45BFO ?45BD4-
FBDAB= GEF4AB6><. 
�BCGE>B@ > D45BF9 S6?S9FES A4?<K<9 <EIB8AOI @4F9D<4?B6 > BF-

K9FG < ;A4A<9 BF69FB6 A4 >BAFDB?PAO9 6BCDBEO. 
"FK9F 8B?:9A EB89D:4FP >BA>D9FAO9 @4F9D<4?O CB C.C. 1-5 CDB-

7D4@@O <EE?98B64A<S < 6O6B8O CB CDB89?4AAB= D45BF9. 

4 "#�%�!�� (����"- �&� �&�+�%�"�  "���� 
�%%���'� "� %�%&� / 

4.1 &9IAB?B7<K9E>B9 BC<E4A<9 

!4 D<EGA>9 2.1 CD98EF46?9A4 EI9@4 46FB@4F<;4J<< CDBJ9EE4 D97G-
?<DB64A<S GDB6AS 6B8O 6 D9;9D6G4D9. 
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$<EGAB> 2.1 − %I9@4 46FB@4F<;4J<< CDBJ9EE4 D97G?<DB64A<S GDB6AS 
6B8O 6 D9;9D6G4D9 

#
D<
5B
DO
 

CB
 @
9E
FG

  

#
D<
5B
DO

 

A4
 M
<F
9 

 

'
1�
 

 

I  

R  

C  

S  

A  

H  

LT 

1-1 

LY 

1-4 

LY 

1-2 

LC 
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%��� 1-6 
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%C9J<H<>4J<S 
(
BD
@4
F 

�B
A4

 

#
B;
. 

"5B;A4K9A<9 !4<@9AB64A<9 �B?. #D<@9K4A<9 

  1-1 '�-# 'DB6A9@9D 1  

  1-2 #1-55  
#D9B5D4;B64F9?P 

CA96@BQ?9>FD<K9E><= 
1  

  1-3 #�-10.11 #D<5BD 6FBD<KAO= 1 0 ø 1,6 @ 

  1-4 1#-1324 
#D9B5D4;B64F9?P 

Q?9>FDBCA96@4F<K9E><=   
1  

  1-5 #$ 3.31 #�-D97G?SFBD 1  

  1-6 25 E48A:, !" �?4C4A D97G?<DGRM<= 1  

   '1�  'CD46?SRM4S 1�  1 �'$%"$ 

!4 F9IAB?B7<K9E>B= EI9@9 CB>4;4AB, KFB 6B84 @B:9F CBEFGC4FP 6 
D9;9D6G4D <; 6B8BCDB6B84 K9D9; 69AF<?P, >BFBDO= BF>DO649FES < ;4-
>DO649FES 6DGKAGR BC9D4FBDB@, 4 E?<649FES K9D9; E?<6AB= >?4C4A 
(CB;. 1-6). 

'DB6A9@9D (CB;. 1-1) CD9B5D4;G9F 69?<K<AG GDB6AS :<8>BEF< 6 D9-
;9D6G4D9 6 CA96@4F<K9E><= E<7A4? A4 6OIB89 E GDB6A9@ 0,2..1>7E/E@2; 

CA96@BQ?9>FD<K9E><= CD9B5D4;B64F9?P (CB;. 1-2) CD9B5D4;G9F 69?<K<-
AG 846?9A<S A4 6OIB89 6 6OIB8AB= EF4A84DFAO= FB>B6O= E<7A4? 0..5 
@�; Q?9>FDBCA96@4F<K9E><= CD9B5D4;B64F9?P (CB;. 1-4) 6 EBBF69FEF6<< 
E GDB6A9@ 6IB8AB7B FB>B6B7B E<7A4?4 0..5 @� 6O849F CA96@4F<K9E><= 
E<7A4? A4 6FBD<KAO= CD<5BD (CB;. 1-3), >BFBDO= D97<EFD<DG9F < D4E-
CD989?S9F CA96@4F<K9E><9 E<7A4?O. #�-D97G?SFBD (CB;. 1-5) BEG-
M9EF6?S9F CD9B5D4;B64A<9 CA96@4F<K9E>B7B E<7A4?4 6 EBBF69FEF6<< E 
;484AAO@ >BQHH<J<9AFB@ GE<?9A<S < CBEFBSAAB= 6D9@9A< <AF97D<-
DB64A<S, 6B;89=EF6GS A4 >?4C4A (CB;. 1-6). 
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4.2 "C<E4A<9 HGA>J<BA<DB64A<S E<EF9@O 

!4 D<EGA>9 2.2 CD98EF46?9A4 >BAEFDG>F<6AB-HGA>J<BA4?PA4S 
EI9@4 GEF4AB6><. 

1

7

6

5
8

!;86

4

3

А6B><4B8ч9A:>9 C?@46;9=89

 Cч=>9 C?@46;9=89

�>84

2

 

$<EGAB> 2.2 3 �BAEFDG>F<6AB-HGA>J<BA4?PA4S EI9@4 GEF4AB6><, 

789 1 3 GDB6A9@9D '�-#; 
2 3 D9;9D6G4D; 
3 3 6FBD<KAO= CD<5BD; 
4 3 CA96@BQ?9>FD<K9E><= CD9B5D4;B64F9?P; 
5 3 D97G?<DGRM99 GEFDB=EF6B ('1� ); 
6 3 D97G?SFBD CA96@4F<K9E><=; 
7 3 Q?9>FDBCA96@4F<K9E><= CD9B5D4;B64F9?P; 
8 3 CA96@4F<K9E><= D97G?<DGRM<= >?4C4A. 
� D9;9D6G4D 2 (D<EGAB> 2.2) CBEFGC49F <; 6B8BCDB6B84 6B84, D4E-

IB8 >BFBDB= ;4849FES BC9D4FBDB@ E CB@BMPR 69AF<?S, 4 GDB69AP 6 D9-
;9D6G4D9 2 D97G?<DG9FES CD< CB@BM< CA96@4F<K9E>B7B >?4C4A4 8 CG-
F9@ E6B5B8AB7B F9K9A<S. � <EE?98G9@B= E<EF9@9 B5N9>FB@ D97G?<DB-
64A<S S6?S9FES D9;9D6G4D 2, GDB69AP :<8>BEF< 6 >BFBDB@ >BAFDB?<DG-
9FES CD< CB@BM< 5G=>B6B7B GDB6A9@9D4 1. #A96@4F<K9E><= E<7A4? E 
GDB6A9@9D4 CBEFGC49F A4 6FBD<KAO= CD<5BD 3 < CA96@BQ?9>FD<K9-
E><= CD9B5D4;B64F9?P 4. �FBD<KAO= CD<5BD 3 E?G:<F 8?S DGKAB7B 
GCD46?9A<S < 6<;G4?PAB7B >BAFDB?S D45BFO �%$ GDB6AS, E<7A4? E >B-
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FBDB7B CBEFGC49F A4 CA96@4F<K9E><= #�-D97G?SFBD 6. �484A<9 GDB6AS 
@B:9F CDB<;6B8<FES EB 6FBD<KAB7B CD<5BD4 6DGKAGR, 4 F4>:9 6 46FB-
@4F<K9E>B@ D9:<@9 E >?46<4FGDO '1�  F<C4 �'$%"$ 5. #BE>B?P>G 
6OIB8AO@ E<7A4?B@ '1�  S6?S9FES A4CDS:9A<9 0..10 �, FB BAB CB-
E?9 CD9B5D4;B64A<S 6 EF4A84DFAO= FB>B6O= E<7A4? 0..5 @� E CB@B-
MPR Q?9>FDBCA96@4F<K9E>B7B CD9B5D4;B64F9?S 7 C9D96B8<FES 6 CA96-
@4F<K9E><= E<7A4?, >BFBDO= S6?S9FES ;484RM<@ 8?S #�-D97G?SFBD4 
6. �9?<K<AB= 846?9A<S E 6OIB84 D97G?SFBD4 BCD989?S9FES C9D9@9M9-
A<S LFB>4 >?4C4A4 8, <EIB8AB9 EBEFBSA<9 >BFBDB7B ABD@4?PAB BF>DO-
FB9 (!"). %<7A4? B5D4FAB= E6S;< CB?GK49FES E CB@BMPR GDB6A9@9D4 
< CB849FES A4 #�-D97G?SFBD >4> E<7A4? B5D4FAB= E6S;< �%$, 4 F4>:9 
K9D9; CA96@4F<K9E><= CD9B5D4;B64F9?P 4 A4 '1�  5 8?S BFB5D4:9-
A<S < D97<EFD4J<<. 'CD46?9A<9 BEGM9EF6?S9FES CGF9@ ;484A<S GEF46-
>< 6FBD<KAB@G CD<5BDG 3 <?< E >?46<4FGDO '1�  5. 

4.2 %FDG>FGDAB9 BC<E4A<9 E<EF9@O 

!4 D<EGA>9 2.3 CB>4;4A4 EFDG>FGDA4S EI9@4 �%$ CD< 46FB@4F<K9-
E>B@ ;484A<< GDB6AS :<8>BEF< 6 D9;9D6G4D9. 
�; EFDG>FGDAB= EI9@O E?98G9F, KFB >BAFGD D97G?<DB64A<S GDB6AS 

! EBEFB<F <; D97G?SFBD4 E C9D984FBKAB= HGA>J<9= W3, <ECB?A<F9?P-
AB7B @9I4A<;@4 W4, B5N9>F4 GCD46?9A<S W0 < 84FK<>4 B5D4FAB= E6S;< 
W5.  

�484RM<= E<7A4? !3 CB849FES A4 CA96@4F<K9E><= D97G?SFBD BF 
'1�  K9D9; CDB@9:GFBKAO9 CD9B5D4;B64F9?<: *�#, W1, W2. 
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&А�

А&�

88A?;99

К
;
4
6
8
4
B
C
@
4

W1

W7

W2

W6

W3 W4

W5

W0

U1

U2

I1

I2

P1 P2

P3

L H

���Э

�Э�  �� И� �У

�1

�
 

$<EGAB> 2.3 3 %FDG>FGDA4S EI9@4 �%$ 

%<7A4? E 84FK<>4 B5D4FAB= E6S;< $3 CBEFGC49F A4 D97G?SFBD < A4 
6IB8 6EFDB9AAB7B 6 '1�  �*# K9D9; CDB@9:GFBKAO9 CD9B5D4;B64-
F9?< W6 < W7, E?G:4M<9 8?S CD9B5D4;B64A<S CA96@4F<K9E>B7B 6 EF4A-
84DFAO= FB>B6O=, < 84?99 6 CBF9AJ<4?PAO= E<7A4?. �4AAO9 CDBJ9EE4 
D97G?<DB64A<S H<>E<DGRFES '1� .  

�; >GDE4 F9BD<< 46FB@4F<K9E>B7B GCD46?9A<S <;69EFAB, KFB C9D9-
84FBKA4S HGA>J<S #�-D97G?SFBD4 W3 <@99F E?98GRM<= 6<8: 

Tp

1
k)p(W3 += , 

789 k 3 >BQHH<J<9AF C9D984K< CDBCBDJ<BA4?PAB= K4EF< #�-

D97G?SFBD4; & 3 CBEFBSAA4S 6D9@9A< <AF97D<DB64A<S. 
#D< BCD989?9A<< C9D984FBKAB= HGA>J<< B5N9>F4 D97G?<DB64A<S 

A9B5IB8<@B GK<FO64FP FB B5EFBSF9?PEF6B, KFB GDB69AP :<8>BEF< A9 
@B:9F <;@9A<FPES @7AB69AAB, F.>. E>BDBEFP CBFB>4 :<8>BEF< <@99F 
B7D4A<K9AAB9 ;A4K9A<9. &4>:9 E?98G9F CD<A<@4FP 6B 6A<@4A<9, KFB 
B5N9>F B5?4849F ;4C4;8O64A<9@ ô. �; QFB7B E?98G9F, KFB C9D984FBKA4S 
HGA>J<S B5N9>F4 <@99F 6<8: 

1pT

ek
)p(W

0

p

0
0 +


=

ô−

. 

#B ED46A9A<R E CBEFBSAAB= 6D9@9A< B5N9>F4 &0 6E9 CD9B5D4;B64-
F9?< <@9RF @4?O9 CBEFBSAAO9 6D9@9A<, >BFBDO@< @B:AB CD9A9-
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5D9KP. #BQFB@G QF< ;69APS S6?SRFES CDBCBDJ<BA4?PAO@< (59;OA9D-
J<BAAO@<). 

5 #"3%!�!�3 � #$"����!�2 $��"&/ 

�4AAB9 <EE?98B64A<9 CD98CB?4749F D97G?<DB64A<9 CD< CBA<:9-
A<< (CB6OL9A<<) GDB6AS :<8>BEF< 6 D9;9D6G4D9. �?S QFB7B FD95G9FES 
CD9864D<F9?PAB A4CB?A<FP D9;9D6G4D 8B GDB6AS 6OL9 (A<:9) D97G?<-
DG9@B7B. 1FB @B:AB E89?4FP E?98GRM<@ B5D4;B@: 
3 BF>DOFP >D4A 8?S ;4CB?A9A<S D9;9D6G4D4 6B8B=; 
3 ;484FP D97G?<DG9@O= GDB69AP; 
3 ;484FP 46FB@4F<K9E>B9 GCD46?9A<9; 
3 EASFP C9D9IB8AO9 CDBJ9EEO < D4;7BAAGR I4D4>F9D<EF<>G CD< 

D97G?<DB64A<< A4 CBA<:9A<9 (CB6OL9A<9) GDB6AS. 

6 #$"�$�  � ��3 ��&" �&�+�%�"�" $��'��$"��!�3 
'$"�!3 ����"%&� � $���$��'�$� 

10 DIM A(50): DIM B(50) 

20 PRINT ='CD46?9A<9:=  
30 PRINT =�6FB@4F<K9E>B9 -1= 
40 PRINT =$GKAB9-2=  
50 INPUT <�698< I <?< 2=; V  

60 U=10: GOSUB 800  

70 GOSUB 700: PRINT =H==; H  
80 IF INP(0)=-255 THEN 70  

90 IF V=2 THEN 150  

100 I=0: Z=0 

110 INPUT =�484649@O= GDB69AP !0==; !0  
120 INPUT =�BQHH<J<9AF GED98A9A<S N==; N  

130 U=H0*10/1.6  

140 GOSUB 800  

150 GOSUB 700  

160 PRINT I: I=I+1: Z=Z+H  

170 C=I/N 
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180 IF INP(%)=C THEN A(C)=Z/N: B(C): Z=0  

190 IF INP(0)<>255 THEN 20  

200 IF C=50 THEN 1000  

210 GOTO 150  

700 OUT 6,0  

710 S=INP(4) AND 7  

720 M=INP(5)  

730 �=S*255+   

740 U=K/102.35-10  

750 H=1.6*U/10  

760 RETURN  

800 K=102.35*(U+10)  

810 S=INT(K/256)  

820 M=K-S*256  

830 OUT 4,S  

840 OUT 5,M  

850 RETURN  

1000 FOR I=1 &" 50 

1010 PRINT =H==; A(I); <N==; B(I)  
1020 IF INP(0)=255 THEN 1020  

1030 NEXT I  

1040 GOTO 20 
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7 ��"�-%)� � ���"$�& � 

!�+��" 

DIM A(50); DIM B(50) 

'#$����!�� 

$'+!"� 3 2 

��&" �&�+�%�"� 3 1 

����� 1 ��� 2; V 

U=10 

## 700 

<H==; H 

INP(0)=255 

V=2 

I=0: Z=0 

����!!/� 
'$"��!0 HO=; HO 

�"1((�*��!& 
'%$��!�!�3 N=0; 

N 

U=HO*10/1.6 

## 800 

## 700 

 I=I+1: Z=Z+H 

C=I/N 

INT(C)=C 

A(C)=Z/N: 

B(C) =I: Z=0 
INP(0)=25

5 

C=50 

FOR I=1 TO 

50 

<H==; A(I); 
<N==; B(I) 

INP(0)=255 

## 800 

�� 

!�& 

!�& 

�� 

�� !�& 

�� !�& 

�� 

�� 

!�& 

!�& 
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8 �"!&$"�0!/� �"#$"%/ 

1 #9D9K<E?<F9 >BAFDB?PAB-<;@9D<F9?PAGR < D97G?<DGRMGR 4CC4D4-
FGDG, 84=F9 99 >D4F>GR I4D4>F9D<EF<>G: A4;A4K9A<9, 8<4C4;BA <;@9D9-
A<S, CD9B5D4;B64A<S <?< D97G?<DB64A<S, CB7D9LABEF<. 
2 �4> EB7?4EGRFES C4D4@9FDO < I4D4>F9D<EF<>< Q?9@9AFB6 6 EI9@9 
�%$ GDB6AS? 
3 �4><9 HGA>J<< < >4> 6OCB?AS9F '1� ? 
4 �4> EA<@49FES < B5D454FO649FES D4;7BAA4S I4D4>F9D<EF<>4? 
5 �4> EA<@49FES < B5D454FO649FES C9D9IB8AO= CDBJ9EE? 
6 �4> BCF<@<;<DG9FES < A4EFD4<649FES #�-D97G?SFBD? 

!�+��" ## 700 

S=INP(4) AND 7 

M=INP(5) 

�"!�* ## 700 

OUT 6,0 

 K=S*256+M 

U=K/102.35-10 

H=1.6*U/10 

!�+��" ## 800 

S=INT(K/256) 

M=K-S*256 

�"!�* ## 700 

K=102.35*(U+10) 

OUT 4,S 

OUT 5,M 
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���"$�&"$!�3 $��"&� №3 
�%%���"��!��  �&"�� $�%+�&� $�%)"�� � �"��+�%&�� 

�"��')�, #$",��,��" #" &$'�"#$"�"�' 

1 *��0 $��"&/ 

�;GK<FP @9FB8 D4EK9F4 D4EIB84 < >B?<K9EF64 6B;8GI4, CDBL98L97B CB 
FDG5BCDB6B8G ;4 ;484AAO= CDB@9:GFB> 6D9@9A<. 

2 #$"�$�  � �%%���"��!�� 

#B ;484AAB= F9IAB?B7<K9E>B= EI9@9 < A4FGDAB= ?45BD4FBDAB= 
GEF4AB6>9: 
1 %BEF46<FP ��#<� E G>4;4A<9@ BEAB6AOI C4D4@9FDB6 < I4D4>F9D<-
EF<>. 
2 %BEF46<FP HGA>J<BA4?PAGR EI9@G 46FB@4F<;4J<<. 
3 #B BC<E4A<R D45BFO E<EF9@O EBEF46<FP 4?7BD<F@ GCD46?9A<S 
B5N9>FB@. 
4 %>BDD9>F<DB64FP GCD46?SRMGR CDB7D4@@G 8?S '1�  E GK9FB@ 
4?7BD<F@4 GCD46?9A<S. 
5 1>EC9D<@9AF4?PAB BCD989?<FP >B?<K9EF6B 6B;8GI4, CDBL98L97B 
CB FDG5BCDB6B8G ;4 ;484AAO= CDB@9:GFB> 6D9@9A<. 
6 %89?4FP BFK9F B CDB89?4AAB= D45BF9. 

3 #"��"&"��� � $��"&� � &$��"��!�3 � "&+�&' 

#D< 8B@4LA9= CB87BFB6>9 A9B5IB8<@B: 
− B;A4>B@<FPES E BC<E4A<9@ ?45BD4FBDAB= GEF4AB6><; 
− <;GK<FP ?45BD4FBDAO= EF9A8 < <ECB?P;G9@GR 4CC4D4FGDG (��#<�, 
BEB59AABEF< <ECB?P;B64A<S '1� ); 
− B;A4>B@<FPES E CDB7D4@@AO@ B59EC9K9A<9@ '1� , CD<6989AAB@ 
6 A4EFBSM9@ BC<E4A<<; 
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− CDBD45BF4FP 64D<4AFO 4?7BD<F@<K9E>B7B BC<E4A<S D45BFO ?45BD4-
FBDAB= GEF4AB6><. 
�BCGE>B@ > D45BF9 S6?S9FES A4?<K<9 <EIB8AOI @4F9D<4?B6 > BF-

K9FG < ;A4A<9 BF69FB6 A4 >BAFDB?PAO9 6BCDBEO. 
"FK9F 8B?:9A EB89D:4FP >BA>D9FAO9 @4F9D<4?O CB C.C. 1-5 CDB-

7D4@@O <EE?98B64A<S < 6O6B8O CB CDB89?4AAB= D45BF9. 

4 &�"$�&�+�%��� %����!�3 

!4 D<EGA>9 3.1 CD98EF46?9A4 F9IAB?B7<K9E>4S EI9@4 <;@9D9A<S < 
>BAFDB?S D4EIB84 6B;8GI4. 
 

 

 

 

 

$<EGAB> 3.1 3 %I9@4 46FB@4F<;4J<< CDBJ9EE4 <;@9D9A<S D4EIB84  

6B;8GI4 

#D<5BDO CB 

@9EFG 

 

#D<5BDO A4 

M<F9 

 

 

 

'
1�
 

 

I  

R  

C  

S  

A  

H  

� #"&$���&��2 

�" #$�%%"$ 

FE 

1-1 

FT 

1-2 

FY 

1-3 

FIR 

1-4 

$�%���$ 

�"��') 

$GKAB= 69AF<?P 

P/ I 
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%C9J<H<>4J<S 
(
BD
@4
F 

�B
A4

 

#
B;
. 

"5B;A4K9A<9 !4<@9AB64A<9 
�B?

. 
#D<@9K4A<9 

  1-1 ��-50 �<4HD47@4 >4@9DA4S  1 d6A = 50 @@ 

  1-2 13��11 
 4AB@9FD 8<HH9D9A-

J<4?PAO=  
1  

  1-3 #1-55  
#D9B5D4;B64F9?P CA96-

@BQ?9>FD<K9E><= 
1  

  1-4 #�4.11 #D<5BD 6FBD<KAO=  1 
,>4?4 

0 ø16 @3/ K4E 

'EF4AB6>4 8?S <;@9D9A<S D4EIB84 6B;8GI4 CB @9FB8G C9D9@9AAB7B 
C9D9C484 846?9A<S EBEFB<F <; D4ECB?B:9AAB7B 6 FDG5BCDB6B89 
GEFDB=EF64 8?S EG:9A<S E9K9A<S CBFB>4 (EG:4RM<9 GEFDB=EF64), 
8<HH9D9AJ<4?PAB7B @4AB@9FD4-D4EIB8B@9D4 < EB98<A<F9?PAOI (<@-
CG?PEAOI) FDG5B>. $4;ABEFP 846?9A<= C9D98 EG:9AAO@ GK4EF>B@ < 6 
@9EF9 EG:9A<S, A4;O649@4S C9D9C48B@ 846?9A<S, ;46<E<F BF D4EIB84 
CDBF9>4RM97B 69M9EF64 < @B:9F E?G:<FP @9DB= D4EIB84. 
�;@9D9A<9 C9D9C484 846?9A<S 6 EG:4RM9@ GEFDB=EF69 CDB<;6B-

8<FES K9D9; BF89?PAO9 J<?<A8D<K9E><9 BF69DEF<S <?< K9D9; 869 
>B?PJ96O9 >4@9DO, >4:84S <; >BFBDOI EB98<AS9FES E 6AGFD9AA9= CB-
?BEFPR FDG5BCDB6B84 >B?PJ96B= M9?PR (EC?BLAB= <?< CD9DO6<EFB=) 
<?< 7DGCCB= D46AB@9DAB D4ECD989?9AAOI CB B>DG:ABEF< BF69DEF<=. 
� >4K9EF69 EG:4RM97B GEFDB=EF64 <ECB?P;G9FES >4@9DA4S 8<4-

HD47@4. 
�<4HD47@4 CD98EF46?S9F EB5B= EG:4RM99 GEFDB=EF6B, 6OCB?A9A-

AB9 6 6<89 C?BE>B7B 8<E>4 E >BAJ9AFD<K9E><@ BF69DEF<9@ 8?S <EF9K9-
A<S :<8>BEF<. "A4 @B:9F CD<@9ASFPES 6 FDG5BCDB6B84I 8<4@9FDB@ 
A9 @9A99 50 @@ CD< GE?B6<< 0,05  m  0,7, 789 m 3 @B8G?P EG:4RM9-
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7B GEFDB=EF64, D46AO= BFABL9A<R C?BM489= BF69DEF<= EG:4RM97B 
GEFDB=EF64 < FDG5BCDB6B84 CD< D45BK9= F9@C9D4FGD9, F. 9. m=(d/D)2. 

�4@9DAO9 8<4HD47@O <;7BF46?<64RFES A4 GE?B6AB9 846?9A<9 pG 8B 
100 >7E/E@2. 

%I9@4F<KAB9 <;B5D4:9A<9 8<4HD47@O CD<6989AB A4 D<EGA>9 3.2. 

$<EGAB> 3.2 3 %I9@4 8<4HD47@O >4@9DAB= 

�OL9 BE< CB>4;4AB <;@9D9A<9 C9D9C484 846?9A<S K9D9; >B?PJ9-
6O9 >4@9DO, A<:9 BE< 3 K9D9; BF89?PAO9 BF69DEF<S. !4 D<EGA>9 CD<-
ASFO E?98GRM<9 B5B;A4K9A<S: D20  − 6AGFD9AA<= 8<4@9FD FDG5BCDB-
6B84 C9D98 EG:4RM<@ GEFDB=EF6B@ CD< F9@C9D4FGD9 20ð%; d20  − 

6AGFD9AA<= 8<4@9FD 8<4HD47@O CD< FB= :9 F9@C9D4FGD9; % − 8<4@9FD 
BF89?PAB7B BF69DEF<S, 8<4@9FD BF69DEF<S <?< L<D<A4 >B?PJ96B= M9-
?<, EB98<ASRM<= >4@9DO E FDG5BCDB6B8B@.  
�<4HD47@4 <@99F B8AG C4DG BF5BDB6 C9D9C484 846?9A<S. "F5BD 

C9D9C484 846?9A<S BF 8<4HD47@ CDB<;6B8<FES K9D9; <@CG?PEAO9 
FDG5>< 

�9?<K<A4 ΔP CD9B5D4;G9FES 6 EF4A84DFAO= CA96@4F<K9E><= E<7-
A4? (0,2 3 1 >7E/E@2) @4AB@9FDB@ 8<HH9D9AJ<4?PAO@ 13��11. 
�?S CD9B5D4;B64A<S GA<H<J<DB64AAB7B CA96@4F<K9E>B7B E<7A4?4 

(0,2 3 1 >7E/E@3) 6 GA<H<J<DB64AAO= Q?9>FD<K9E><= E<7A4? CBEFBSA-
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AB7B FB>4 (0 3 5 @�) <ECB?P;G9FES CA96@BQ?9>FD<K9E><= CD9B5D4;B64-
F9?P F<C4 #1-55 . 
�;@9D<F9?PAO@ Q?9@9AFB@ CD9B5D4;B64F9?S S6?S9FES @4AB@9FD<-

K9E>4S FDG5K4F4S B8AB6<F>B64S CDG:<A4 1  (D<EGAB> 3.3). #D9B5D4;B-
64A<9 C9D9@9M9A<S 99 >BAJ4 6 GE<?<9 BEGM9EF6?S9FES E CB@BMPR 
EC<D4?PAB= CDG:<AO 2, >BFBD4S G>D9C?9A4 A4 DOK479 3, 6D4M4RM9@-
ES 6B>DG7 BE< 4. !4 DOK479 3 G>D9C?9A F4>:9 @98AO= 8<E> 7, >BFBDO= 
A4IB8<FES 6 6OEB>BK4EFBFAB@ CB?9 C?BE>B= >4FGL>< 5, 6IB8SM9= 6 
54;B6O= >BAFGD 79A9D4FBD4 9. �9A9D4FBD 6OCB?A9A 86GI>BAFGDAO@ CB 
EI9@9 E B5M<@ >B??9>FBDB@. #D< C9D9@9M9A<< >BDB@OE?4 <;@9ASRF-
ES C4D4@9FDO 54;B6B7B >BAFGD4, KFB CD<6B8<F > <;@9A9A<R D9:<@4 
79A9D4FBD4. �;@9A9A<9 D9:<@4 79A9D4FBD4 6O;O649F <;@9A9A<9 CB-
EFBSAAB= EBEF46?SRM9= >B??9>FBDAB7B FB>4 < FB>4 54;O, 4 E?98B64-
F9?PAB, < 6OIB8AB7B FB>4. � J9CP >B??9>FBD4 6>?RK9A4 >4FGL>4 B5-
D4FAB= E6S;< 5, G>D9C?9AA4S A4 DOK479 3 6 CB?9 CBEFBSAAB7B @47A<F4 
5. �OIB8AB= FB>, B5F9>4S >4FGL>G 5, EB;849F @B@9AF B5D4FAB= E6S;<, 
CDBF<6BCB?B:AO= @B@9AFG, EB;84649@B@G CDG:<AB= 2, 6E?98EF6<9 
K97B >BDB@OE?B 5G89F C9D9@9M4FPES 8B A4EFGC?9A<S AB6B7B EBEFBSA<S 
D46AB69E<S. 
� 5?B>9 I EB5D4AO Q?9>FD<K9E><9 Q?9@9AFO, B59EC9K<64RM<9 C<-

F4A<9 79A9D4FBD4, H<?PFD4J<R 6OIB8AB7B FB>4 < EF45<?<FDBAO 8?S 
E@9M9A<S AG?S. !4 EB98<A<F9?PAB= >B?B8>9 II, >DB@9 ;4:<@B6 8?S 
CB8>?RK9A<S C<F4A<S < A47DG;><, <@9RFES >?9@@O, CD98A4;A4K9AAO9 
8?S CDB69D>< <ECD46ABEF< CD9B5D4;B64F9?S. 
�?4EE FBKABEF< CD9B5D4;B64F9?S 1. #A96@4F<K9E>4S K4EFP CD<5B-

D4 C<F49FES EGI<@ < K<EFO@ 6B;8GIB@ 846?9A<9@ 1,4 >7E/E@2, Q?9>FD<-
K9E>4S K4EFP 3 C9D9@9AAO@ FB>B@ A4CDS:9A<9@ 220 �, CBFD95?S9@4S 
@BMABEFP 5 ��. %G@@4DAB9 EBCDBF<6?9A<9 CDB6B8B6 < A47DG;>< A9 
8B?:AB CD96OL4FP 2,5 >"@. #D9B5D4;B64F9?P 6OCGE>49FES 6 CO?9;4-
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M<M9AAB@ < 5DO;7BA9CDBA<J49@B@ <ECB?A9A<<. �454D<FAO9 D4;@9-
DO 314x220I132 @@. 

 

$<EGAB> 3.3 3 #D<AJ<C<4?PA4S EI9@4 CA96@BQ?9>FD<K9E>B7B CD9B5D4-
;B64F9?S #1-55  

$<EGAB> 3.4 3 #D<AJ<C<4?PA4S EI9@4 6FBD<KAB7B CB>4;O64RM97B 
CD<5BD4 #� 4.11 

#D<5BD #� 4.11 BFABE<FES > 7DGCC9 6FBD<KAOI E4@BC<LGM<I 
CD<5BDB6. �?4EE FBKABEF< 0,6. 
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#D<AJ<C<4?PA4S EI9@4 CD<5BD4 #� 4.11 CB>4;4A4 A4 D<EGA>9 3.4. 
#D< <;@9A9A<< <;@9DS9@B7B 846?9A<S, >BFBDB9 CB86B8<FES > KG6EF6<-
F9?PAB@G Q?9@9AFG 4 E<?PHBAG 1, <;@9AS9FES ;4;BD @9:8G ;4E?BA>B=, 
A4IB8SM9=ES A4 >BAJ9 DOK474 2, < EBC?B@ 3. #D< QFB@ <;@9AS9FES 
846?9A<9 6 ?<A<< EBC?4, 6E?98EF6<9 K97B C9D9@9M49FES EH9D<K9E>4S 
@9@5D4A4 E<?B6B7B Q?9@9AF4 6 < GC<D4RM<=ES 6 A99 DOK47 5. #9D9-
@9M9A<9 DOK474 5 C9D9849FES G>4;4F9?R 7 < CDB8B?:49FES 8B F9I CBD, 
CB>4 @B@9AF E<?O CDG:<AO B5D4FAB= E6S;< 4 GD46AB69E<F @B@9AF 
E<?O, D4;6<649@B= KG6EF6<F9?PAO@ Q?9@9AFB@. 

3 #$"�$�  � �� �$�!�3 $�%)"�� �"��')�. 

10 PRINT <$4EIB8 < >B?<K9EF6B= 
20 INPUT <�AF9D64? (@<A) = = ; TM 

30 GOSUB 1000 : REM  �4CGE> F4=@9D4 
40 GOSUB 700 : IF U<0 THEN U=0 

50 F= 16 * SQR (U/ 10) 

60 PRINT <F= = ; F ; <@.>G5./ K = 
70 GOSUB 1100 : IF TM > T/ 60 THEN 90 

80 PRINT <SF= = ; SF ; <@.>G5.= : STOP 

90 DT = (T- TP)/ 3600 : TP = T 

100 SF= SF+ F*DT 

110 GOTO 40 

700 REM �D4=69D @B8G?S 4A4?B7B6B7B >BAFDB?S  
710 OUT 6,0 

720 S = INP(4) AND 7 

730 M = INP(5) 

740 K = S*256+M 

750 U = -10+20*K/ 2048 

760 RETURN 

1000 REM �D4=69D F4=@9D4 
1010 REM �4CGE> 
1020 OUT 11,52 : OUT 11,180 : OUT 11,116 

1030 OUT 9,2 : OUT 9,2 

1040 OUT 8,2 : OUT 8,2 
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1050 OUT 10,255 :  OUT 10,255 

1060 GOSUB 1100 

1070 IF S2 < 255 THEN 1060 

1080 OUT 9,255 : OUT 9,253 

1090 OUT 8,87 : OUT 8,4 

1095 RETURN 

1100 REM "FEK9F 6D9@9A<  

1110 OUT 11,4 : OUT 11,132 : OUT 11,68 

1120 M1= INP(9) : S1= INP(9) 

1130 M2= INP(10) : S2= INP(10) 

1140 K= M1+S1*256+M2*256^2+S2*256^3 

1150 T= (256^4-K)/ 1000 

1160 RETURN  
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4 ��"�-%)� � ���"$�& � 

!�+��" 

�!&�$��� 
( �!)=; TM 

## 1000 ��#'%� 

&�� �$� 

## 700 �$����$  "�'�3 
�!��"�"�"�" �"!&$"�3 

U<0 

 F=16*SQR(U/10) 

## 1100  "&%+�& �$� �!� 

U=0 

DT=(T-TP)/3600 

TP=T 

TM>T/60 

SF=SF+F*DT 

$�%)"� �  
�"��+�%&�" 

�"!�* 

<F==; F; 

<  . �'�./ += 

<SF==; SF; 
<  . �'�.= 

!�+��" ## 700 

S=INP(4) AND 7 

 K=S*256+M 

M=INP(5) 

OUT 6, 0 

�"!�* ## 700 

!�+��" ## 1000 

��#'%� 

## 1100 "&%+�& �$� �!� 

U=-10+20*K/2048 

�$����$ &�� �$� 

OUT 9,2: OUT 9,2 

OUT 11,52: OUT 

11,180: OUT 11,116 

OUT 10,255: OUT 

10,255 

OUT 8,2: OUT 8,2 

S2<255 

OUT 9,255: OUT 

9,253 

OUT 8,87:OUT 8,4  

�"!�* ## 1000 

�� 

!�& 

�� 

!�& 

�� 

!�& 
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5 �"!&$"�0!/� �"#$"%/ 

1 #9D9K<E?<F9 >BAFDB?PAB-<;@9D<F9?PAGR < D97G?<DGRMGR 4CC4D4-
FGDG, 84=F9 99 >D4F>GR I4D4>F9D<EF<>G: A4;A4K9A<9, 8<4C4;BA <;@9D9-
A<S, CD9B5D4;B64A<S <?< D97G?<DB64A<S, CB7D9LABEF<. 
2 �4> EB7?4EGRFES C4D4@9FDO < I4D4>F9D<EF<>< Q?9@9AFB6 6 EI9@9 
<;@9D9A<S D4EIB84 6B;8GI4? 
3 �4>B= @9FB8 <;@9D9A<S D4EIB84 6B;8GI4 <ECB?P;G9FES 6 ?45BD4FBD-
AB= D45BF9 < 6 K9@ BA ;4>?RK49FES? 
 

!�+��" ## 1100 

M1=INP(9) 

 M2=INP(10) 

S1=INP(9) 

OUT 11,4: OUT 

11,132: OUT 11,68 

�"!�* ## 1100 

K=M1+S1*256+M2*256^2+S2*256^3 

S2=INP(10) 

 T=(256^4-K)/1000 
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���"$�&"$!�3 $��"&� №4 
�%%���"��!�� ��&" �&�+�%�"� %�%&� / 

$��'��$"��!�3 �����!�3 

1 *��0 $��"&/ 

1.1 #D4>F<K9E>B9 <;GK9A<9 @9FB8B6 46FB@4F<K9E>B7B <;@9D9A<S, >BA-
FDB?S < D97G?<DB64A<S 846?9A<S 74;B6 6 ;4>DOFB@ D9;9D6G4D9 (D9E<69-
D9). 
1.2 �;GK9A<9 @9FB8<>< CD<@9A9A<S '1�  8?S 46FB@4F<;4J<< F9IAB-
?B7<K9E>B7B CDBJ9EE4. 

2 #$"�$�  � �%%���"��!�� 

#B ;484AAB= F9IAB?B7<K9E>B= EI9@9 < A4FGDAB= ?45BD4FBDAB= 
GEF4AB6>9: 
1 %BEF46<FP ��#<� E G>4;4A<9@ BEAB6AOI C4D4@9FDB6 < I4D4>F9D<-
EF<>. 
2 %BEF46<FP HGA>J<BA4?PAGR EI9@G 46FB@4F<;4J<<. 
3 #B BC<E4A<R D45BFO E<EF9@O EBEF46<FP 4?7BD<F@ GCD46?9A<S 
B5N9>FB@. 
4 %>BDD9>F<DB64FP GCD46?SRMGR CDB7D4@@G 8?S '1�  E GK9FB@ 
4?7BD<F@4 GCD46?9A<S. 
5 1>EC9D<@9AF4?PAB BCD989?<FP C4D4@9FDO CDBJ9EE4 D97G?<DB64A<S 
(6D9@S BFD45BF>< 98<A<KAB7B E>4K>4, C9D9D97G?<DB64A<9, FBKABEFP 
D97G?<DB64A<S). 
6 %89?4FP BFK9F B CDB89?4AAB= D45BF9. 

3 #"��"&"��� � $��"&� � &$��"��!�3 � "&+�&' 

#D< 8B@4LA9= CB87BFB6>9 A9B5IB8<@B: 
− B;A4>B@<FPES E BC<E4A<9@ ?45BD4FBDAB= GEF4AB6><; 
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− <;GK<FP ?45BD4FBDAO= EF9A8 < <ECB?P;G9@GR 4CC4D4FGDG (��#<�, 
BEB59AABEF< <ECB?P;B64A<S '1� ); 
− B;A4>B@<FPES E CDB7D4@@AO@ B59EC9K9A<9@ '1� , CD<6989AAB@ 
6 A4EFBSM9@ BC<E4A<<; 
− CDBD45BF4FP 64D<4AFO 4?7BD<F@<K9E>B7B BC<E4A<S D45BFO ?45BD4-
FBDAB= GEF4AB6><. 
�BCGE>B@ > D45BF9 S6?S9FES A4?<K<9 <EIB8AOI @4F9D<4?B6 > BF-

K9FG < ;A4A<9 BF69FB6 A4 >BAFDB?PAO9 6BCDBEO. 
"FK9F 8B?:9A EB89D:4FP >BA>D9FAO9 @4F9D<4?O CB C.C. 1-5 CDB-

7D4@@O <EE?98B64A<S < 6O6B8O CB CDB89?4AAB= D45BF9. 

4 "#�%�!�� ���"$�&"$!"� '%&�!"��� �%$ �����!�3 

!4 D<EGA>9 4.1 CD98EF46?9A4 EI9@4 ?45BD4FBDAB= GEF4AB6><. 
� EBEF46 ?45BD4FBDAB= GEF4AB6>< 6IB8SF 864 D9E<69D4, >B@CD9E-

EBD, '1�  < ��#<�. %I9@4 46FB@4F<;4J<< GEF4AB6>< CB>4;4A4 A4 
D<EGA>9 4.1, A4 D<EGA>9 4.2 3 HGA>J<BA4?PA4S EI9@4 GEF4AB6><, 4 A4 
D<EGA>9 4.3 3 >BAEFDG>F<6AB-HGA>J<BA4?PA4S EI9@4 >BAFGD4 46FB@4-
F<K9E>B7B D97G?<DB64A<S 846?9A<S. 
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$<EGAB> 4.1 3 %I9@4 46FB@4F<;4J<< CDBJ9EE4 D97G?<DB64A<S  
846?9A<S 6B;8GI4 6 D9E<69D9, 

789 1 3 69AF<?P; 2 3 >?4C4A 25E48A:. 

%C9J<H<>4J<S 

(
BD
@4
F 

�B
A4

 

#
B;
. 

"5B;A4K9A<9 !4<@9AB64A<9 �B?. #D<@9K4A<9 

1 2 3 4 5 6 7 

  1-1  %-#1  4AB@9FD 1  

  1-2 #1-55  
#D9B5D4;B64F9?P 

CA96@BQ?9>FD<K9E><= 
1 

0,2..1 >7E/E@2 

0..5 @� 

  1-3 #�-10.11 #D<5BD 6FBD<KAO= 1 0 ø 25 >7E/E@2 

  1-4 #$ 3.31 $97G?SFBD CA96@4F<K9E><= 1  

 

#D<5BDO CB 

@9EFG 

 

#D<5BDO A4 

M<F9 

 

 

 

'
1�
 

 

I  

R  

C  

S  

A  

H  

�/)"� 

�" #$�%%"$ 

PT 

1-1 

$�%���$ 

�"��') 

1 

P/I 

$�%���$ 2 

PIRK 

1-3 

PI 

2-1 

PY 

1-2 

I/P 
PY 

1-5 

PISA 
 

2-2 

PC 

1-4 

H 

L 
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1 2 3 4 5 6 7 

  1-5 1#-1324 
#D9B5D4;B64F9?P 

Q?9>FDBCA96@4F<K9E><=   
1 

0..5 @� 

0,2..1 >7E/E@2 

  2-1  &#-100  4AB@9FD 1 0..600>#� 

  2-2 1� -1  4AB@9FD 1 0..6 >7E/E@2 

   '1�  'CD46?SRM4S 1�  1 �'$%"$ 

9 9A869@ 1

 9A869@ 2

�!-�1

�Э-55�

��-10.1Э

УЭ��

Э�-1324

ЭК�-1

8

4

3

6

95

�  3.31
7

 

$<EGAB> 4.2 3 (GA>J<BA4?PA4S EI9@4 GEF4AB6>< 

$45BFG EI9@O D4EE@BFD<@ CB HGA>J<BA4?PAB= EI9@9 GEF4AB6>< 
(D<EGAB> 4.2). � D9E<69D 1 A4>4K<649FES 6B;8GI >B@CD9EEBDB@ 9. �46-
?9A<9 6 D9E<69D9 1 CB889D:<649FES CBEFBSAAO@ < D46AO@      3±0,1 
>7E/E@2. $97G?<DB64A<9 BEGM9EF6?S9FES Q?9>FDB>BAF4>FAO@ @4AB@9F-
DB@ 1� -1 (CB; 2-2) CD< CB@BM< >BAF4>FB6 @<A<@4?PAB7B < @4>E<-
@4?PAB7B 846?9A<S. �B@CD9EEBD 9 < D9E<69D 1 B5D4;GRF C<F4RMGR 
CA96@BE9FP. 
� D9E<69D 2 6B;8GI <; CA96@BE9F< CBEFGC49F K9D9; >?4C4A CA96-

@BCD<6B8B@ 8, 4 846?9A<9 6 QFB@ D9E<69D9 D97G?<DG9FES CD< CB@BM< 
'1� . *9CP D97G?<DB64A<S ;4@O>49FES B5D4FAB= E6S;PR CB 846?9-
A<R, >BFBDB9 <;@9DS9FES E<?PHBAAO@ @4AB@9FDB@ 4. 1FBF @4AB@9FD 
CD9B5D4;G9F <;@9DS9@B9 846?9A<9 6 GA<H<J<DB64AAO= CA96@BE<7A4? 
(0,2..1 >7E/E@2), >BFBDO= CD9B5D4;G9FES CA96@BQ?9>FDBCD9B5D4;B64F9-
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?9@ 3 6 Q?9>FD<K9E><= 0..5 @�. �4?99 QFBF E<7A4? 66B8<FES 6 '1�  
F<C4 �'$%"$. 
'A<H<J<DB64AAO= CA96@BE<7A4? CB849FES F4>:9 A4 6FBD<KAO= 

CD<5BD 6. 1FBF CD<5BD <@99F FD< L>4?O: ?964S L>4?4 CB>4;O649F 
;A4K9A<9 846?9A<S 6 D9E<69D9 2, CD464S 3 846?9A<9 A4 >?4C4A9 8, 
ED98ASS L>4?4 <ECB?P;G9FES 8?S ;484A<S GEF46>< 846?9A<S. #D<5BD 
6FBD<KAO= D45BF49F 6 >B@C?9>F9 E D97G?SFBDB@ 7, >BFBDO= B5D454FO-
649F CB?GK9AAO9 84AAO9 CB 846?9A<R, ED46A<649F E ;484AAO@, 6OD4-
54FO649F <ECB?A<F9?PAO= E<7A4? 6 EBBF69FEF6<< E #�-;4>BAB@ D97G-
?<DB64A<S < 6O849F 97B A4 >?4C4A 8. �E?< :9 6 >4K9EF69 D97G?SFBD4 
<ECB?P;G9FES '1� , FB GCD46?SRM<= 4A4?B7B6O= Q?9>FD<K9E><= 
E<7A4? K9D9; Q?9>FDBCA96@4F<K9E><= CD9B5D4;B64F9?P 9 CBEFGC49F A4 
>?4C4A 8. % CB@BMPR GCD46?SRM9= CDB7D4@@O @B:AB D94?<;B64FP 
?R5B= ;4>BA GCD46?9A<S, F.9. '1�  6OCB?AS9F DB?P CDB7D4@@<DG9-
@B7B #��-D97G?SFBD4 846?9A<S. 

6 1

2

34

5

� 4B<>AD9@C
 

$<EGAB> 4.3 3 �BAEFDG>F<6AB-HGA>J<BA4?PA4S EI9@4 �%$, 

789 1 3 B5N9>F GCD46?9A<S (D9E<69D); 2 3 CA96@BQ?9>FD<K9E><= CD9B5-
D4;B64F9?P; 3 3 D97G?<DGRM99 GEFDB=EF6B; 4 3 Q?9>FDBCA96@4F<K9-
E><= CD9B5D4;B64F9?P; 5 3 <ECB?A<F9?PAB9 GEFDB=EF6B; 6 3 >B@CD9E-
EBD. 
!4 D<EGA>9 4.4 CB>4;4A4 EFDG>FGDA4S EI9@4 GEF4AB6>< E FBK>< 

;D9A<S 46FB@4F<K9E>B= E<EF9@O D97G?<DB64A<S. 
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�ECB?A<F9?PAB9 GEFDB=EF6B 3 CA96@4F<K9E><= D97G?<DGRM<= 
>?4C4A 25E48A: 3 D4ECB?B:9AB A4 6IB89 B5N9>F4 D97G?<DB64A<S. $9-
7G?<DG9@4S 69?<K<A4 3 846?9A<9 6B;8GI4 6 D9E<69D9 3 <;@9DS9FES 
CD9B5D4;B64F9?9@, E<7A4? E 6OIB84 >BFBDB7B (0&5 @�) A4CD46?S9FES 
A4 6IB8 '1�  <�GDEBD=, 789 D94?<;B64A #��-D97G?SFBD. �OIB8 D9-
7G?SFBD4 3 D97G?<DGRM99 6B;89=EF6<9 3 CBEFGC49F A4 Q?9>FDBCA96@4-
F<K9E><= CD9B5D4;B64F9?P 1#-1324, 4 ;4F9@ 6 CD9B5D4;B64AAB@ 6<89 
(0,2...1>7E/E@2) A4 <ECB?A<F9?PAB9 GEFDB=EF6B F<C4 !�, <;@9ASRM99 
E>BDBEFP A4CB?A9A<S D9E<69D4 6B;8GIB@ < CB889D:<64S 6 A9@ 846?9-
A<9 D46AB9 ;484AAB@G 6 BCD989?9AAB@ 8<4C4;BA9 6B;@GM4RM<I 6B;-
89=EF6<=. �B;@GM4RM<@ 6B;89=EF6<9@ S6?S9FES D4EIB8 6B;8GI4 A4 
6OIB89 D9E<69D4. 

1 2 3

4

 97C;8@CNщ99
6>7899AB689

�>7<Cщ4Nщ99
6>7899AB689

�ыE>8=4O
69;8ч8=4

 

$<EGAB> 4.4 3 %FDG>FGDA4S EI9@4 �%$, 

789 1 3 D97G?<DGRM99 GEFDB=EF6B; 2 3 <ECB?A<F9?PAB9 GEFDB=EF6B;    
3 3 B5N9>F GCD46?9A<S (D9E<69D); 4 3 <;@9D<F9?PAO= CD9B5D4;B64F9?P 
846?9A<S. 

5  �&"���� $�%+�&� #�$� �&$"� #$"*�%%� 
��&" �&�+�%�"�" $��'��$"�!�3 

$4EK9F �%$ BEAB64A A4 EF4F<K9E><I < 8<A4@<K9E><I I4D4>F9D<-
EF<>4I B5N9>F4 D97G?<DB64A<S. #D< CDB9>F<DB64A<< �%$ EF4F<K9E><9 
< 8<A4@<K9E><9 I4D4>F9D<EF<>< B5N9>F4 BCD989?SRF CB ECD46BKA<-
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>4@ < Q>EC9D<@9AF4?PAB, CB >BFBDO@ 6O5<D4RF <ECB?A<F9?PAB9 
GEFDB=EF6B, 84FK<><, 6ECB@B74F9?PAGR >BAFDB?PAB-<;@9D<F9?PAGR 
4CC4D4FGDG < D4EEK<FO64RF C4D4@9FDO D97G?SFBD4. 

5.1 %F4F<K9E>4S I4D4>F9D<EF<>4 

%F4F<K9E>B= I4D4>F9D<EF<>B= B5N9>F4 D97G?<DB64A<S (D<EGAB> 
4.5) A4;O64RF ;46<E<@BEFP D97G?<DG9@B= 6OIB8AB= 69?<K<AO B5N9>-
F4 X6OI B5 BF 6IB8AB= 69?<K<AO X6I B5 6 GEF4AB6<6L9@ES EBEFBSA<<; 
X6OI B5 <@99F D4;@9DABEFP D97G?<DG9@B= 69?<K<AO. �IB8AB= 69?<K<-
AB= S6?S9FES CB?B:9A<9 D97G?<DGRM97B BD74A4 6 CDBJ9AF4I IB84 <?< 
69?<K<A4, I4D4>F9D<;GRM4S A47DG;>G B5N9>F4, F.9. D4EIB8 QA9D7<<, 
FBC?<64 < 8D. � A4L9@ E?GK49 6IB8AB= 69?<K<AB= S6?S9FES CB?B:9-
A<9 CA96@4F<K9E>B7B >?4C4A4 6 CDBJ9AF4I IB84. 
%F4F<K9E><9 I4D4>F9D<EF<>< 5O64RF ?<A9=AO@< < A9?<A9=AO@<, 

CD<K9@ A9?<A9=A4S ;46<E<@BEFP @B:9F 5OFP Q>EFD9@4?PAB=. #B EF4-
F<K9E>B= I4D4>F9D<EF<>9 B5N9>F4 CB85<D4RF I4D4>F9D<EF<>G D97G?<-
DGRM97B BD74A4, BCD989?SRF 6B;@B:ABEFP CD<@9A9A<S Q>EFD9@4?P-
AOI D97G?SFBDB6, A4IB8SF >BQHH<J<9AF C9D984K< B5N9>F4. kB5 8?S D4-
5BK97B 8<4C4;BA4 A47DG;>< B5N9>F4. 

"�.�)

"�.�/)
B5

X

X
k

ô
ô

=   
BD74A4.D97.IB84%

69?<K<AO.D97.98
kB5 =  

�BQHH<J<9AF C9D984K< B5N9>F4 8?S D45BK97B ;A4K9A<S A47DG;>< 
B5N9>F4 

008,0
20

16,0

X

X
k

"�.�)

"�.�/)
B5 ==

ô
ô

=  

X6OI B5 = 0,16 >7E/E@2 < X6I B5 = 20% CB?GK9AO BCOFAO@ CGF9@. 
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%6ыE >5

%6E >5

%6ыE >5

%6E >5

 

$<EGAB> 4.5 3 %F4F<K9E>4S I4D4>F9D<EF<>4 B5N9>F4 D97G?<DB64A<S 

5.2 �<A4@<K9E>4S I4D4>F9D<EF<>4 B5N9>F4 

�<A4@<K9E><@< I4D4>F9D<EF<>4@< B5N9>F4 A4;O64RF <;@9A9A<9 
6OIB8AB= 69?<K<AO B5N9>F4 6B 6D9@9A< CD< ;4D4A99 ;484AAOI F<CB-
6OI <;@9D9A<SI 6IB8AB= 69?<K<AO B5N9>F4. � >4K9EF69 F<CB6B7B 
6IB8AB7B 6B;89=EF6<S 6O5<D4RF EFGC9AK4FB9 6B;89=EF6<9 (D<EGAB> 
4.6,4). 
X6E, % E>84
8A?. <9E4=87<4

X6ыE

0 0

t t

t1 t2

X6ыE(0)

X6ыE(   )
X1

X2

X6ыE(   )
X6E

4) 5)
 

$<EGAB> 4.6 3 "CD989?9A<9 C4D4@9FDB6 B5N9>F4 CB >D<6B= D4;7BA4 

!4<5B?99 D4ECDBEFD4A9AAB= 8<A4@<K9E>B= I4D4>F9D<EF<>B= S6-
?S9FES >D<64S D4;7BA4, F.9. <;@9A9A<9 6B 6D9@9A< 6OIB8AB= 69?<K<AO 
B5N9>F4 X6OI CBE?9 EFGC9AK4FB7B <;@9A9A<S 6IB8AB= 69?<K<AO ΔX6I. 

#D< D4EK9F9 D97G?SFBD4 �%$ >D<6GR D4;7BA4 A4IB8SF Q>EC9D<@9A-
F4?PAB (D<EGAB> 4.6,5). 
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#B >D<6B= D4;7BA4 @B:AB BCD989?<FP C9D984FBKAGR HGA>J<R 
B5N9>F4. 
�B?PL<AEF6B B5N9>FB6 E 8BEF4FBKAB= 8?S D97G?<DB64A<S FBKAB-

EFPR @B:AB BC<E4FP ?<A9=AO@< 8<HH9D9AJ<4?PAO@< GD46A9A<S@<. 
#D< QFB@ B5N9>F 4CCDB>E<@<DGRF CBE?98B64F9?PAO@ EB98<A9A<9@  
4C9D<B8<K9E><I, <AF97D<DGRM<I ;69AP96 < ;69A4 ;4C4;8O64A<S. 
#9D984FBKA4S HGA>J<S 8<A4@<K9E>B7B B5N9>F4 E ;4C4;8O64A<9@ 

<@99F 6<8: 

1pT

ek
)p(W

"�

p

"�
"�

"�

+


=
ô−

. 

�?S CB?GK9A<S C4D4@9FDB6 "�k , "�T , Ç"� <ECB?P;GRF >D<6O9 D4;7B-
A4, 4 Ç"� < &"� A4IB8SF CB HBD@G?4@: 

)2X1lg()1X1lg(

)2X1lg(t)1X1lg(t 12
"� −−−

−−−
=ô ; 

)2X1lg(303,2

t

)1X1lg(303,2

t
T "�2"�1
"� −

ô−
=

−
ô−

= , 

789 t1 3 6D9@S, EBBF69FEF6GRM99 C9D97<5G >D<6B= D4;7BA4, 4 6 E?GK49 
BFEGFEF6<S C9D97<54 t1 E?98G9F 6O5<D4FP <; GE?B6<S: 
ΔX6OI(t1) = (0,1..0,15) ΔX6OI(>); 
t2 3 6D9@S EBBF69FEF6GRM99 ΔX6OI(t2) A4IB8<@ <; GE?B6<S: 
ΔX6OI(t2) = (0,8..0,9) ΔX6OI(>); 
X1 = ΔX6OI(t1) / ΔX6OI(>) < X2 = ΔX6OI(t2) / ΔX6OI(>). 
�E?< CB >D<6B= D4;7BA4 BCD989?9AO t1 = 2,24 E, t2 = 5,6 E, X1 = 0,1, 

X2 = 0,7 < 6OK<E?9AO C4D4@9FDO B5N9>F4, FB: 
 

918,1
3,0lg9,0lg

3,0lg24,29,0lg6,5
"� =

−
−

=ô E; 

06,3
3,0lg303,2

918,16,5

9,0lg303,2

918,124,2
T"� =


−

=

−

= E. 
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#9D984FBKA4S HGA>J<S <EE?98G9@B7B B5N9>F4 E ;4C4;8O64A<9@ 
;4C<EO649FES 6 >BA>D9FAB@ 6<89: 

1p06,3

e08,0
)p(W

p918,1

"� +


=
−

. 

�4C4;8O64A<9 B5N9>F4 6OD4:49FES 6 FB@, KFB 97B 6OIB8A4S 69?<-
K<A4 A4K<A49F <;@9ASFPES A9 ED4;G CBE?9 A4A9E9A<S 6B;@GM9A<S, 4 
FB?P>B K9D9; A9>BFBDO= CDB@9:GFB> 6D9@9A< Ç, A4;O649@O= 6D9@9-
A9@ ;4C4;8O64A<S. �E9 D94?PAO9 B5N9>FO B5?484RF ;4C4;8O64A<9@, 
F4> >4> <;@9A9A<9 CBFB>B6 69M9EF64 D4ECDBEFD4AS9FES 6 B5N9>F4I E 
>BA9KAB= E>BDBEFPR < FD95G9FES 6D9@S 8?S CDBIB:89A<S E<7A4?4 BF 
@9EF4 A4A9E9A<S 6B;@GM9A<S 8B @9EF4, 789 H<>E<DG9FES <;@9A9A<9 
6OIB8AB= 69?<K<AO. 

6 #$"�$�  � ��3 ��&" �&�+�%�"�" $��'��$"��!�3 
�����!�3 � $�%���$� 

10 DIM a(200): DIM b(200) 

20 i = 0: xi = 0 

30 INPUT <p0 ==; p0 
40 INPUT <kp.ti,td ==; kp, ti, td 
50 dp=p0 

60 GOSUB 700; p=2.5*u / 10 

70 PRINT <p==; p;= <; i 
80 i = i+1 

90 IF INT(i / 10) = i / 10 THEN c = i / 10: a(c) = p; b(c) = i 

100 y = p - p0: dy = p 3 dp: dp = p 

110 xi = xi + y / ti 

120 xp = kp*y 

130 xd = td*dy 

140 x = xp + xi + xd 

150 IF x<0 THEN x = 0 
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160 IF x>2.5 THEN x = 2.5 

170 u = 20*x / 2.5 3 10: GOSUB 800 

180 IF INP(0)<>255 THEN 20 

190 IF i / 10 = 200 THEN 1000 

200 GOTO 60 

700 OUT 6,0 

710 s = INP(4) AND 7 

720 m = INP(5) 

730 k = s*256 + m 

740 u = k / 102.35 3 10 

750 RETURN 

800 k = 102.35*(u + 10) 

810 s = INT(k / 256) 

820 m = k 3 s*256 

830 OUT 4,s 

840 OUT 5,m 

850 RETURN 

1000 FOR i = 1 TO 200 

1010 PRINT <p==; a(i); <n==; b(i) 
1020 IF INP(0) = 255 THEN 1020 

1030 NEXT i 

1040 GOTO 20 

7 #$"�$�  � ��3 %!3&�3 $���"!!"� )�$��&�$�%&��� 

10 DIM a(200): DIM b(200) 

20 i = 0: xi = 0 

30 u = 10  

40 GOSUB 800 

50 GOSUB 700: p = 2.5*u / 10 

60 PRINT <p==; p; < <; i 
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70 IF INT(i) = i THEN c = i: a(c) = p; b(c) = i 

80 IF INP(0)<>255 THEN STOP 

90 IF i = 200 THEN 1000 

100 GOTO 50 

8 �"!&$"�0!/� �"#$"%/ 

1 #9D9K<E?<F9 >BAFDB?PAB-<;@9D<F9?PAGR 4CC4D4FGDG < 84=F9 99 
>D4F>GR I4D4>F9D<EF<>G: A4;A4K9A<9, 8<4C4;BA <;@9D9A<S <?< CD9B5-
D4;B64A<S. 
2 �4=F9 CB?AGR I4D4>F9D<EF<>G CD9B5D4;B64F9?9=: A4;A4K9A<9, 
CD<AJ<C 89=EF6<S < C4D4@9FDO. 
3 �4> CD4>F<K9E>< CB?GK<FP D4;7BAAGR I4D4>F9D<EF<>G B5N9>F4? 
4 �4> A4 6IB89 <EE?98G9@B= E<EF9@O CB889D:<649FES CBEFBSAAO= 
GDB69AP 846?9A<S 6B;8GI4? 
5 +9@ BF?<K49FES F9IAB?B7<K9E>4S, >BAEFDG>F<6AB-HGA>J<BA4?PA4S, 
HGA>J<BA4?PA4S < EFDG>FGDA4S EI9@O �%$? 
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���"$�&"$!�3 $��"&� №5 
�%%���"��!��  �&"�� �� �$�!�3 �"!*�!&$�*�� 

$�%&�"$� 

1 *��0 $��"&/ 

�;GK<FP @9FB8O <;@9D9A<S 69?<K<AO pH D4EF6BD4. 

2 #$"�$�  � �%%���"��!�� 

#B ;484AAB= F9IAB?B7<K9E>B= EI9@9 < A4FGDAB= ?45BD4FBDAB= 
GEF4AB6>9: 
1 %BEF46<FP ��#<� E G>4;4A<9@ BEAB6AOI C4D4@9FDB6 < I4D4>F9D<-
EF<>. 
2 %BEF46<FP HGA>J<BA4?PAGR EI9@G 46FB@4F<;4J<<. 
3 #B BC<E4A<R D45BFO E<EF9@O EBEF46<FP 4?7BD<F@ GCD46?9A<S 
B5N9>FB@. 
4 %>BDD9>F<DB64FP GCD46?SRMGR CDB7D4@@G 8?S '1�  E GK9FB@ 
4?7BD<F@4 GCD46?9A<S. 
5 1>EC9D<@9AF4?PAB BCD989?<FP >BAJ9AFD4J<R CD98?B:9AAB7B D4E-
F6BD4. 
6 %89?4FP BFK9F B CDB89?4AAB= D45BF9. 

3 #"��"&"��� � $��"&� � &$��"��!�3 � "&+�&' 

#D< 8B@4LA9= CB87BFB6>9 A9B5IB8<@B: 
− B;A4>B@<FPES E BC<E4A<9@ ?45BD4FBDAB= GEF4AB6><; 
− <;GK<FP ?45BD4FBDAO= EF9A8 < <ECB?P;G9@GR 4CC4D4FGDG (��#<�, 
BEB59AABEF< <ECB?P;B64A<S '1� ); 
− B;A4>B@<FPES E CDB7D4@@AO@ B59EC9K9A<9@ '1� , CD<6989AAB@ 
6 A4EFBSM9@ BC<E4A<<; 
− CDBD45BF4FP 64D<4AFO 4?7BD<F@<K9E>B7B BC<E4A<S D45BFO ?45BD4-
FBDAB= GEF4AB6><. 
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�BCGE>B@ > D45BF9 S6?S9FES A4?<K<9 <EIB8AOI @4F9D<4?B6 > BF-
K9FG < ;A4A<9 BF69FB6 A4 >BAFDB?PAO9 6BCDBEO. 
"FK9F 8B?:9A EB89D:4FP >BA>D9FAO9 @4F9D<4?O CB C.C. 1-5 CDB-

7D4@@O <EE?98B64A<S < 6O6B8O CB CDB89?4AAB= D45BF9. 

4 "#�%�!�� (����"- �&� �&�+�%�"�  "���� 
�%%���'� "� %�%&� / 

!4 D<EGA>9 5.1 CD98EF46?9A4 EI9@4 46FB@4F<;4J<< CDBJ9EE4 <;-
@9D9A<S 69?<K<AO pH D4EF6BD4. 
 

 

 

 

 

 

$<EGAB> 5.1 − %I9@4 46FB@4F<;4J<< 

� 46FB@4F<K9E><I CD<5BD4I 8?S <;@9D9A<S pH <ECB?P;G9FES Q?9>-
FDB@9FD<K9E><= @9FB8, BEAB64AAO= A4 E6B=EF69 EF9>?SAAB7B <;@9D<-
F9?PAB7B Q?9>FDB84, CB7DG:9AAB7B 6 <EE?98G9@O= D4EF6BD, <;@9ASFP 
D4;ABEFP CBF9AJ<4?B6 A4 7D4A<J9 Q?9>FDB8 3 D4EF6BD 6 ;46<E<@BEF< 

#D<5BDO 

CB @9EFG 

 

'
1�
 

 

I  

R  

C  

S  

A  

H  

QT 
1-1 
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BF p! QFB7B D4EF6BD4. "8A4>B <;@9D<FP D4;ABEFP CBF9AJ<4?B@ FB?P>B 
@9:8G QF<@ Q?9>FDB8B@ < D4EF6BDB@ A9?P;S. &4> >4> CD< 6>?RK9A<< 
<;@9D<F9?PAB7B CD<5BD4 6B;A<>49F D4;ABEFP CBF9AJ<4?B6 @9:8G D4E-
F6BDB@ < CDB6B8A<>B@, EB98<ASRM<@ D4EF6BD E CD<5BDB@, >BFBD4S 
F4>:9 5G89F ;46<E9FP BF >BAJ9AFD4J<< <BAB6 6B8BDB84 6 D4EF6BD9. #B 
QFB= CD<K<A9 CD< <;@9D9A<< Q?9>FDB8AOI CBF9AJ<4?B6 A4DS8G E <;-
@9D<F9?PAO@< CD<@9ASRF 6ECB@B74F9?PAO= Q?9>FDB8, CBF9AJ<4? >B-
FBDB7B CBEFBSA9A < A9 ;46<E<F BF E6B=EF6 D4EF6BD4. � >4K9EF69 6ECB-
@B74F9?PAB7B Q?9>FDB84 <ECB?P;GRF >4?B@9?PAO= <?< I?BDBE9D95-
DSAAO9 Q?9>FDB8O. 
"54 Q?9>FDB84 B5D4;GRF 74?P64A<K9E><= Q?9@9AF. %B7?4EAB GD46-

A9A<R !9DAEF4 CD<@9A<F9?PAB > 6B8AO@ D4EF6BD4@ 69?<K<A4 1�% 
F4>B7B 74?P64A<K9E>B7B Q?9@9AF4, 9E?< CBF9AJ<4? 6ECB@B74F9?PAB7B 
Q?9>FDB84 CD<ASF D46AO@ AG?R, BCD989?S9FES 6OD4:9A<9@: 

Е = -2,3 (RT / F) pH, 

789 R 3 GA<69DE4?PA4S 74;B64S CBEFBSAA4S; & 3 45EB?RFA4S F9@C9D4-
FGD4 D4EF6BD4, �; F 3 K<E?B (4D489S. 
�4AAB9 GD46A9A<9 CB>4;O649F, KFB 1�% EF9>?SAAB7B Q?9>FDB84 ;4-

6<E<F BF 69?<K<AO D! D4EF6BD4 < 97B F9@C9D4FGDO. #D< CBEFBSAAB= 
F9@C9D4FGD9 D4EF6BD4 1�% EF9>?SAAB7B Q?9>FDB84 S6?S9FES FB?P>B 
HGA>J<9= p! D4EF6BD4. #B8EF46?SS 6 GD46A9A<9 K<E?9AAO9 ;A4K9A<S 
R, T < F, CB?GK<@ 8?S 20º% ;A4K9A<9 CBF9AJ<4?4 (6 �) <;@9D<F9?PAB7B 
EF9>?SAAB7B Q?9>FDB84: 

Е = -0,0581 pH. 

�?S <;@9D9A<S p! D4EF6BD4 <ECB?P;GRF EF9>?SAAO= < >4?B@9?P-
AO= Q?9>FDB8O, CB@9M9AAO9 6 <EE?98G9@O= D4EF6BD. $4;ABEFP CBF9A-
J<4?B6, 6B;A<>4RM4S A4 A<I < CDBCBDJ<BA4?PA4S D! D4EF6BD4, <;@9-
DS9FES CBF9AJ<B@9FDB@. 
%F9>?SAAO= Q?9>FDB8 CD98EF46?S9F EB5B= EF9>?SAAGR FDG5>G E 

A4C4SAAO@ A4 >BAJ9 FBA>BEF9AAO@ (0,1&0,2 @@) CB?O@ L4D<>B@ <; 
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Q?9>FDB8AB7B EF9>?4. ,4D<> ;4CB?A9A D4EF6BDB@ E <;69EFAO@ ;A4K9-
A<9@ p!, 6 >BFBDO= CB7DG:9A 6ECB@B74F9?PAO= I?BDBE9D95DSAAO= 
6ECB@B74F9?PAO= Q?9>FDB8, E?G:4M<= 8?S EASF<S CBF9AJ<4?4 E 6AGF-
D9AA9= CB69DIABEF< L4D<>4. "EB59AABEFPR EF9>?SAAOI Q?9>FDB8B6 
S6?S9FES <I 6OEB>B9 6AGFD9AA99 Q?9>FD<K9E>B9 EBCDBF<6?9A<9, 8B-
EF<74RM99 100 3 200  "@ CD< 20º%. 
�4?B@9?PAO= Q?9>FDB8 CD98EF46?S9F EB5B= 6OCB?A9AAO= <; 8<-

Q?9>FD<>4 >BDCGE, 6 >BFBDO= ;4?<F4 I<@<K9E>< K<EF4S DFGFP. !48 A9= 
CB@9M9A E?B= @4?BD4EF6BD<@B= >4?B@9?PAB= C4EFO, A4EOM9AAO= 
D4EF6BD I?BD<84 >4?<S. �?S B5D4;B64A<S Q?9>FD<K9E>B7B >BAF4>F4 
GEF4AB6?9A4 CB?GCDBA<J49@4S C9D97BDB8>4, K9D9; >BFBDGR CBEF9C9A-
AB CDBE4K<649FES I?BD<8 >4?<S, F9@ E4@O@ CD98BF6D4M49FES CDBA<>-
AB69A<9 CBEFBDBAA<I <BAB6 <; <EE?98G9@B7B D4EF6BD4 6B 6ECB@B74-
F9?PAO= Q?9>FDB8. &4><@ B5D4;B@, Q?9>FD<K9E>4S J9CP p!-@9FD4 EB 
EF9>?SAAO@ < >4?B@9?PAO@ Q?9>FDB84@< EBEFB<F <; DS84 CBE?98B64-
F9?PAB EB98<A9AAOI Q?9@9AFB6, CBF9AJ<4?O >BFBDOI 84RF EG@@4D-
AGR 1�%, H<>E<DG9@GR <;@9D<F9?PAO@ CD<5BDB@. 
� 84AAB= D45BF9 8?S CD<7BFB6?9A<S D4EF6BD4 <ECB?P;GRF 8<EF<?-

?<DB64AAGR 6B8G < 0,1 D4EF6BD4 NaOH < HCl. �?S <;@9D9A<S 69?<K<-
AO pH D4EF6BD4 <ECB?P;GRF <BAB@9D 1�-74 (CB;.1-1), <@9RM<= CSFP 
8<4C4;BAB6 <;@9D9A<S: 

1  BF 31 8B 4 
2  BF 4 8B 9 
3  BF 9 8B 14 
4  BF 14 8B 19 
5  BF 31 8B 19 
�<4C4;BAO 6O5<D4RFES 6DGKAGR. 
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%C9J<H<>4J<S 
(
BD
@4
F 

�B
A4

 

#
B;
. 

"5B;A4K9A<9 !4<@9AB64A<9 �B?. #D<@9K4A<9 

  1-1 1�-74 �BAB@9D 1 

L>4?4 BF 31 8B 
19 98. 
6OIB8 BF 0 8B 
2,7 � 

5 #$"�$�  � ��3 ��&" �&�+�%�"�" �� �$�!�3 
����+�!/ pH $�%&�"$� 

10 PRINT <�;@9D9A<9 pH= 
20 PRINT <�<4C4;BA= 
30 PRINT <1 BF 31 8B 4= 
40 PRINT <2 BF 4 8B 9= 
50 PRINT <3 BF 9 8B 14= 
60 PRINT <4 BF 14 8B 19= 
70 PRINT <5 BF 31 8B 19= 
80 INPUT N 

90 GOSUB 700 

700 REM �D4=69D @B8G?S 4A4?B7B6B7B >BAFDB?S  
710 OUT 6,0 

720 S = INP(4) AND 7 

730 M = INP(5) 

740 K = S*256+M 

750 U = -10+20*K/ 2048 

760 RETURN 

100 ON № GOTO 110, 120, 130, 140, 150 
110 pH= -1+5*U/2.7: GOTO 160 

120 pH= 4+5*U/2.7: GOTO 160 

130 pH= 9+5*U/2.7: GOTO 160 

140 pH= 14+5*U/2.7: GOTO 160 

150 pH= -1+20*U/2.7: GOTO 160 

160 PRINT <pH==; pH 

170 OUT 0,0: IF INP(0)=255 THEN 90 

180 GOTO 10 
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6 ��"�-%)� � ���"$�& � 

���#��"! 

1 "& 31 �" 4 

2 "& 4 �" 9 

3 "& 9 �" 14 

4 "& 14 �" 19 

!�& 

!�& 

!�+��" 

�� �$�!��  pH 

N 

N=1 

N=2 

N=3 

N=5 

N=4 

pH= 4+5*U/2.7 

pH= 9+5*U/2.7 

pH= 14+5*U/2.7 

pH= -1+20*U/2.7 

!�& 

!�& 

!�& 

pH= -1+5*U/2.7 
�� 

�� 

�� 

�� 

�� 

<pH==; pH 

 OUT 0,0 

INP(0)=255 

## 700 

!�& �� 

5 "& -1 �" 19 
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7 �"!&$"�0!/� �"#$"%/ 

1 #9D9K<E?<F9 >BAFDB?PAB-<;@9D<F9?PAGR < D97G?<DGRMGR 4CC4D4-
FGDG, 84=F9 99 >D4F>GR I4D4>F9D<EF<>G: A4;A4K9A<9, 8<4C4;BA <;@9D9-
A<S, CD9B5D4;B64A<S, <?< D97G?<DB64A<S, CB7D9LABEF<. 
2 �4><9 HGA>J<< 6OCB?AS9F '1� ? 
3 #9D9K<E?<F9 @9FB8O < CD<5BDO 8?S <;@9D9A<S EBEF464, >BAJ9A-
FD4J<< 69M9EF6, 84=F9 <I I4D4>F9D<EF<>G. 
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%#�%"� $��" �!�'� "� ��&�$�&'$/ 

 

#5@5G5=L >A=>2=>9 ;8B5@0BC@K: 
1. �46D<?B6 �.!. %<EF9@O GCD46?9A<S I<@<>B-F9IAB?B7<K9E><@< CDBJ9E-

E4@<. +4EFP 1 : GK95AB9 CBEB5<9 / �46D<?B6 �.!., #SF4>B6 2.�.. 4 �BDBA9: : 

�BDBA9:E><= 7BEG84DEF69AAO= GA<69DE<F9F <A:9A9DAOI F9IAB?B7<=, 2014. 4 

220 c. 4 ISBN 978-5-00032-042-6. 4 &9>EF : Q?9>FDBAAO= // IPR SMART : 

[E4=F]. 4 URL: https://www.iprbookshop.ru/47452.html (84F4 B5D4M9A<S: 

21.04.2022). 4 $9:<@ 8BEFGC4: 8?S 46FBD<;<D. CB?P;B64F9?9=. 

2. �46D<?B6 �.!. %<EF9@O GCD46?9A<S I<@<>B-F9IAB?B7<K9E><@< CDBJ9E-

E4@<. +4EFP 2 : GK95AB9 CBEB5<9 / �46D<?B6 �.!., #SF4>B6 2.�.. 4 �BDBA9: : 

�BDBA9:E><= 7BEG84DEF69AAO= GA<69DE<F9F <A:9A9DAOI F9IAB?B7<=, 2014. 4 

200 c. 4 ISBN 978-5-00032-044-0. 4 &9>EF : Q?9>FDBAAO= // IPR SMART : 

[E4=F]. 4 URL: https://www.iprbookshop.ru/47451.html (84F4 B5D4M9A<S: 

21.04.2022). 4 $9:<@ 8BEFGC4: 8?S 46FBD<;<D. CB?P;B64F9?9=. 

#5@5G5=L 4>?>;=8B5;L=>9 ;8B5@0BC@K: 

1. (98BDB6 �.(. %<EF9@O GCD46?9A<S I<@<>B-F9IAB?B7<K9E><@< CDBJ9E-

E4@< : GK95AB9 CBEB5<9 / (98BDB6 �.(., �G;P@9A>B �.�.. 4 &B@E> : &B@E><= 

CB?<F9IA<K9E><= GA<69DE<F9F, 2015. 4 224 c. 4 ISBN 978-5-4387-0552-9. 4 

&9>EF : Q?9>FDBAAO= // IPR SMART : [E4=F]. 4 URL: 

https://www.iprbookshop.ru/55207.html (84F4 B5D4M9A<S: 21.04.2022). 4 $9:<@ 

8BEFGC4: 8?S 46FBD<;<D. CB?P;B64F9?9=. 

2. %<;B64 !.�. %<EF9@O GCD46?9A<S I<@<>B-F9IAB?B7<K9E><@< CDBJ9E-

E4@< : GK95AB-@9FB8<K9E>B9 CBEB5<9 / %<;B64 !.�.,  9?PA<>B64 �.�.. 4 %4@4-

D4 : %4@4DE><= 7BEG84DEF69AAO= F9IA<K9E><= GA<69DE<F9F, 1�% �%�, 2021. 4 

128 c. 4 &9>EF : Q?9>FDBAAO= // IPR SMART : [E4=F]. 4 URL: 

https://www.iprbookshop.ru/118949.htm (84F4 B5D4M9A<S: 21.04.2022). 4 $9:<@ 

8BEFGC4: 8?S 46FBD<;<D. CB?P;B64F9?9=. 

3. $9L9FAS> �.#. %<EF9@O GCD46?9A<S I<@<>B-F9IAB?B7<K9E><@< CDBJ9E-

E4@< : GK95AB9 CBEB5<9 / $9L9FAS> �.#., �?9=A<>B6 �.�., �B@<EE4DB6 �.�.. 4 

https://www.iprbookshop.ru/47452.html
https://www.iprbookshop.ru/47451.html
https://www.iprbookshop.ru/55207.html
https://www.iprbookshop.ru/118949.htm
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%4D4FB6 : %4D4FB6E><= 6B9AAO= <AEF<FGF 5<B?B7<K9E>B= < I<@<K9E>B= 59;-

BC4EABEF<, �G;B6E>B9 B5D4;B64A<9, 2008. 4 416 c. 4 &9>EF : Q?9>FDBAAO= // IPR 

SMART : [E4=F]. 4 URL: https://www.iprbookshop.ru/8144.html (84F4 B5D4M9A<S: 

21.04.2022). 4 $9:<@ 8BEFGC4: 8?S 46FBD<;<D. CB?P;B64F9?9=. 

https://www.iprbookshop.ru/8144.html
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 �!�CTEPCTBO !�'�� � �/%,��" "�$��"��!�/ 

$"%%��%�"� (���$�*�� 

(545@0;L=>5 3>AC40@AB25==>5 02B>=><=>5 >1@07>20B5;L=>5 CG@5645=85 
2KAH53> >1@07>20=8O 

«%���$"-������%��� (���$��0!/� '!���$%�&�&» 
 

 
 

 

 

 

 

 

���"$�&"$!/� #$��&��'  

 

CB 8<EJ<C?<A9 «�2B><0B878@>20==>5 C?@02;5=85 B5E=8G5A:8<8 
A8AB5<0<8»  

8?S EFG89AFB6 A4CD46?9A<S CB87BFB6>< 

15.04.04 �2B><0B870F8O B5E=>;>38G5A:8E ?@>F5AA>2 8 ?@>872>4AB2 

 

 

 

 

 

 

+0ABL II 
 

 

 

 

 

!96<AAB@OEE> 2024 
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� @9FB8<K9E><I G>4;4A<SI <;?474RFES J9?P < ;484K< ?45BD4FBD-
AB7B CD4>F<>G@4. #D<6989AO EB89D:4A<9 < FD95B64A<S > BHBD@?9-
A<R BFK9FB6 CB ?45BD4FBDAO@ D45BF4@. �4AO D9>B@9A84J<< CB B5D4-
5BF>9 84AAOI Q>EC9D<@9AFB6.  
 9FB8<K9E><9 G>4;4A<S @B7GF 5OFP CB?9;AO CD< 6OCB?A9A<< 

!�$ < <ECB?P;B64AO 6 >GDEB6B@ CDB9>F<DB64A<<. 
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%"��$��!�� 

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

*9?< < ;484K< CD4>F<>G@4 

�45BD4FBDA4S D45BF4 1 

�89AF<H<>4J<S F9IAB?B7<K9E><I B5N9>FB6 GCD46?9A<S 

�45BD4FBDA4S D45BF4 2 

"CD989?9A<9 BCF<@4?PAOI C4D4@9FDB6 A4EFDB=>< D97G?SFBD4 CB 

>D<F9D<R D46AB= EF9C9A< ;4FGI4A<S < CBEFDB9A<9 CDBJ9EE4 D97G?<DB64-

A<S 6 ?<A9=AB= �%$ E ;4C4;8O64A<9@ 

�45BD4FBDA4S D45BF4 3 

%<AF9; �%$ F9@C9D4FGDO 6 B5N9>F9 D97G?<DB64A<S 

�45BD4FBDA4S D45BF4 4 

%<AF9; �%$ A4 BEAB69 >D<F9D<S @4>E<@4?PAB= EF9C9A< GEFB=K<6BEF< 

�45BD4FBDA4S D45BF4 5 

�EE?98B64A<9 >4E>48AOI %�' 

%C<EB> D9>B@9A8G9@B= ?<F9D4FGDO 
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"�-�� #"�"��!�3 

�45BD4FBDAO= CD4>F<>G@ ABE<F <EE?98B64F9?PE><= I4D4>F9D < EBEFB<F <; 

86GI 6;4<@BE6S;4AAOI K4EF9=: 

- 46FB@4F<;4J<S CDB@OL?9AAOI GEF4AB6B> < F9IAB?B7<K9E><I CDBJ9EEB6 (B5N-

9>FB6 GCD46?9A<S); 

- <EE?98B64A<9 < @4F9@4F<K9E>B9 BC<E4A<9 D94?PAOI B5N9>FB6 GCD46?9A<S A4 

CD<@9D4I ?45BD4FBDAOI GEF4AB6B> < @4>9FB6. 

*��� � ����+� #$��&��' � 

*9?PR 6OCB?A9A<S ?45BD4FBDAB7B CD4>F<>G@4 S6?S9FES BE6B9A<9 EFG89A-

F4@< EB6D9@9AAOI @9FB8B6 < ED98EF6 46FB@4F<;4J<< B5N9>FB6 GCD46?9A<S CDB-

@OL?9AAB7B A4;A4K9A<S. 

�?46AO@< ;484K4@< ?45BD4FBDAB7B CD4>F<>G@4 S6?SRFES: 

- CB?GK9A<9 @4F9@4F<K9E>B= @B89?< D94?PAB7B B5N9>F4 GCD46?9A<S CB D9;G?P-

F4F4@ Q>EC9D<@9AF4?PAOI <EE?98B64A<=; 

- CD<B5D9F9A<9 CD4>F<K9E><I A46O>B6 EBEF46?9A<S HGA>J<BA4?PAOI EI9@ D9-

4?PAOI E<EF9@ GCD46?9A<S; 

- <89AF<H<>4J<S B5N9>FB6 GCD46?9A<S, EBEF46?9A<9 @4F9@4F<K9E><I @B89?9= 

B5N9>FB6 GCD46?9A<S < <I D94?<;4J<S A4 1� . 
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���"$�&"$!�3 $��"&� 1 
���!&�(���*�3 &�)!"�"��+�%��) "�.��&"�  

'#$����!�3 

 

1.1.  *��0 $��"&/ 

"6?489A<9 CDBJ98GDB= BCD989?9A<S CB >D<6B= D4;7BA4  >BQHH<J<9AFB6 8<HH9-
D9AJ<4?PAB7B GD46A9A<S B5N9>F4 6FBDB7B CBDS8>4 @9FB8B@ A4<@9APL<I >648-

D4FB6 A4 #1� . 
 

1.2.  #$"�$�  � �%%���"��!�� 

#B ;484AAB= F9IAB?B7<K9E>B= EI9@9 < A4FGDAB= ?45BD4FBDAB= GEF4AB6>9: 

1. %BEF46<FP HGA>J<BA4?PAGR EI9@G 46FB@4F<;4J<<. 

2. %BEF46<FP EC9J<H<>4J<R ��#<� E G>4;4A<9@ BEAB6AOI C4D4@9FDB6. 

3. 1>EC9D<@9AF4?PAB EASFP >D<6GR D4;7BA4 B5N9>F4 D97G?<DB64A<S. 

4. "CD989?<FP CB >D<6B= D4;7BA4 >BQHH<J<9AFO 8<HH9D9AJ<4?PAB7B GD46A9-

A<S B5N9>F4 6FBDB7B CBDS8>4 @9FB8B@ A4<@9APL<I >648D4FB6 A4 #1� . 

5. %89?4FP BFK9F B CDB89?4AAB= D45BF9. 

1.3.   �&"��+�%��� '����!�3 #" �/#"�!�!�2 $��"&/ 

1.3.1.  &9IAB?B7<K9E>B9 BC<E4A<9 

!4 D<EGA>9 1.1 CD98EF46?9A4 EI9@4 46FB@4F<;4J<< CDBJ9EE4 D97G?<DB64A<S 

GDB6AS 6B8O 6 D9;9D6G4D9. 
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$<EGAB> 1.1 − %I9@4 46FB@4F<;4J<< CDBJ9EE4 D97G?<DB64A<S GDB6AS 6B8O 6 D9-

;9D6G4D9 
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%C9J<H<>4J<S 
(
BD
@4
F 

�B
A4

 

#
B;
. 

"5B;A4K9A<9 !4<@9AB64A<9 �B?. #D<@9K4A<9 

  1-1 '�-# 'DB6A9@9D 1  

  1-2 #1-55  
#D9B5D4;B64F9?P 

CA96@BQ?9>FD<K9E><= 
1  

  1-3 #� 10.11 #D<5BD 6FBD<KAO= 1 0 ø 1,6 @ 

  1-4 ЭП-1324 

#D9B5D4;B64F9?P 
Q?9>FDBCA96@4F<K9E><= 

1  

  1-5 #$ 3.31 $97G?SFBD CA96@4F<K9E><= 1  

  1-6 25 E48A:, !" �?4C4A D97G?<DGRM<= 1  

!4 EI9@9 CB>4;4AB, KFB 6 D9;9D6G4D CBEFGC49F <; 6B8BCDB6B84 6B84, D4EIB8 

>BFBDB= ;4849FES BC9D4FBDB@ E CB@BMPR 69AF<?S, 4 GDB69AP 6 D9;9D6G4D9 D97G-

?<DG9FES CD< CB@BM< CA96@4F<K9E>B7B >?4C4A4 CGF9@ E6B5B8AB7B F9K9A<S. � 

<EE?98G9@B= E<EF9@9 B5N9>FB@ D97G?<DB64A<S S6?S9FES D9;9D6G4D, GDB69AP 

:<8>BEF< 6 >BFBDB@ >BAFDB?<DG9FES CD< CB@BM< 5G=>B6B7B GDB6A9@9D4. 

'DB6A9@9D (CB;. 1-1) CD9B5D4;G9F 69?<K<AG GDB6AS :<8>BEF< 6 D9;9D6G4D9 6 

CA96@4F<K9E><= E<7A4? A4 6OIB89 E GDB6A9@ 0,2..1 >7E/E@2; CA96@BQ?9>FD<K9-

E><= CD9B5D4;B64F9?P (CB;. 1-2) CD9B5D4;G9F 69?<K<AG 846?9A<S 6 6OIB8AB= 

EF4A84DFAO= FB>B6O= E<7A4? 0..5 @�; Q?9>FDBCA96@4F<K9E><= CD9B5D4;B64F9?P 

(CB;. 1-4) 6 EBBF69FEF6<< E GDB6A9@ 6IB8AB7B FB>B6B7B E<7A4?4 0..5 @� 6O849F 

CA96@4F<K9E><= E<7A4? A4 6FBD<KAO= CD<5BD (CB;. 1-3), >BFBDO= D97<EFD<DG9F < 

D4ECD989?S9F CA96@4F<K9E><9 E<7A4?O. �FBD<KAO= CD<5BD E?G:<F 8?S DGKAB7B 

GCD46?9A<S < 6<;G4?PAB7B >BAFDB?S D45BFO �%$ GDB6AS. %<7A4? E A97B CBEFG-

C49F A4 CA96@4F<K9E><= #�-D97G?SFBD (CB;. 1-5), >BFBDO= BEGM9EF6?S9F CD9B5-

D4;B64A<9 CA96@4F<K9E>B7B E<7A4?4 6 EBBF69FEF6<< E ;484AAO@ >BQHH<J<9AFB@ 

GE<?9A<S < CBEFBSAAB= 6D9@9A< <AF97D<DB64A<S < 6B;89=EF6G9F A4 >?4C4A (CB;. 

1-6). 
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 1.3.2.  #BSEA9A<S > 4?7BD<F@G @9FB84 A4<@9APL<I >648D4FB6 

� BEAB69 EB6D9@9AAOI @9FB8B6 4A4?<;4, CDB9>F<DB64A<S < D4EK9F4 46-

FB@4F<K9E><I E<EF9@ D97G?<DB64A<S (�%$) ?9:<F <ECB?P;B64A<9 @B89?9=, >B-

FBDO9 BC<EO64RF E6B=EF64 < I4D4>F9D<EF<>< E<EF9@, EGM9EF69AAO9 8?S D9-

L49@OI ;484K GCD46?9A<S. &D48<J<BAAO@< S6?SRFES 4A4?<F<K9E><9 @9FB8O 

CBEFDB9A<S @B89?9=. "8A4>B GE?B:A9A<9 D9L49@OI ;484K, D4EL<D9A<9 >DG74 

< G69?<K9A<9 D4;@9DABEF< B5N9>FB6, CDBJ9EEB6 < E<EF9@ S6<?<EP B5N9>F<6-

AO@< EF<@G?4@< D4;6<F<S <89AF<H<>4J<< >4> EC9J<4?PAB= @9FB8<>< CB-

EFDB9A<S @B89?9= D94?PAOI B5N9>FB6 < E<EF9@ CB D9;G?PF4F4@ <I Q>EC9D<-

@9AF4?PAB7B <EE?98B64A<S. 

�45=B8D8:0F859 A4;O649FES BCD989?9A<9 C4D4@9FDB6 < EFDG>FGDO @4-

F9@4F<K9E>B= @B89?<, B59EC9K<64RM<I A4<?GKL99 EB6C489A<9 6OIB8AOI >BBD-

8<A4F @B89?< < CDBJ9EE4 CD< B8<A4>B6OI 6IB8AOI 6B;89=EF6<SI. 

"FER84 E?98G9F, KFB CDBJ98GD4 <89AF<H<>4J<< D4EC4849FES A4 E?98GR-

M<9 FD< QF4C4: 

" �O5BD EFDG>FGDO  @B89?< A4 BEAB64A<< <@9RM9=ES 4CD<BDAB= <AHBD@4J<< B5 <E-

E?98G9@B@ CDBJ9EE9 < A9>BFBDOI Q6D<EF<K9E><I EBB5D4:9A<=. 

" �O5BD >D<F9D<S 5?<;BEF< B5N9>F4 < @B89?<, BEAB64AAO= A4 EC9J<H<>9 

;484K<. 

" "CD989?9A<9 C4D4@9FDB6 @B89?<, BCF<@4?PAOI E FBK>< ;D9A<S 6O5D4A-

AB7B >D<F9D<S 5?<;BEF<. 

�89AF<H<>4J<S CD98CB?4749F, 6B-C9D6OI, <ECB?P;B64A<9 4CD<BDAB= <A-

HBD@4J<< B5 B5N9>F9 CD< BCD989?9A<< EFDG>FGDO @B89?< (AB@C:BC@=0O 845=-
B8D8:0F8O), <, 6B-6FBpOI, B5D45BF>G 84AAOI <;@9D9A<S 8?S CB?GK9A<S A9B5-
IB8<@B= 4CBEF9D<BDAB= <AHBD@4J<< (?0@0<5B@8G5A:0O 845=B8D8:0F8O). 

%FDG>FGDG @B89?< 6O5<D4RF A4 BEAB69 L<DB>B <ECB?P;G9@B7B 6 <A:9-

A9DAB= CD4>F<>9 4A4?<;4 < D4EK9F4 D94?PAOI E<EF9@ 3 >?4EE4 ?<A9=AOI < ?<-

A94D<;B64AAOI GD46A9A<=. 
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)0(I)(I
)0(I)t(I

)t(I;
)0(I)(I

)0(x)t(x
)t(x AB@

6OI
AB@

6OI

AB@
6OI6OI

6OIAB@
6I

AB@
6I

AB@
6I6I

6I −
−

=
−

−
=

� B5M9@ 6<89 8<A4@<K9E>4S I4D4>F9D<EF<>4 B5N9>F4 E EBED98BFBK9AAO@< 

C4D4@9FD4@< < E B8A<@ 6IB8AO@ E<7A4?B@ I6I(t) < 6OIB8AO@ E<7A4?B@ I6OI(t) 

BC<EO649FES B5O>AB69AAO@ 8<HH9D9AJ<4?PAO@ GD46A9A<9@ E CBEFBSAAO@< 

>BQHH<J<9AF4@<: 

 (1)  

 

 

 

E A4K4?PAO@< GE?B6<S@< 

 

 (2) 

 

< ;484AAO@< HGA>J<S@< I6I(t),...,  . 

�?S 98<ABB5p4;<S Cp< CBE?98GRM9= B5p45BF>9 (A4Cp<@9p, 7p4H<K9E>B@ 

6O6B89) 6IB8AO9 <  6OIB8AO9 69?<K<AO 6 Gp46A9A<< (1) ;4C<EO64RFES 6 6<89 

BFABL9A<= E 8<4C4;BAB@ <;@9A9A<S BF 0 8B 1: 

 

                                                                                               ,    

789 I6I(t), I6OI(t) 3 F9>GM<9 45EB?RFAO9 ;A4K9A<S Q>EC9D<@9AF4?PAB EASFOI 

6IB8AB7B < 6OIB8AB7B E<7A4?B6; 

IAB@ (0), IAB@ (>) 3 AB@<A4?PAO9 ;A4K9A<S, EBBF69FEF6GRM<9 <;@9DS9@O@ 

69?<K<A4@ 6 D46AB69EAB@ (GEF4AB6<6L9@ES) EBEFBSA<<. 

� QFB@ E?GK49 CBEFBSAAO9 >BQHH<J<9AFO an , an-1, ... , a 0, bm , bm-1 , ... , b0, 

CB8?9:4M<9 BCD989?9A<R, 59;D4;@9DAO <?< <@9RF D4;@9DABEFP 6D9@9A< 6 EF9-

C9A<, D46AB= CBDS8>G CDB<;6B8AB= EBBF69FEF6GRM97B E<7A4?4. 

 9FB8 A4<@9APL<I >648D4FB6 CB;6B?S9F BCD989?SFP BCF<@4?PAO9, 6 

E@OE?9 @4>E<@4?PAB7B ;A4K9A<S 489>64FABEF<, >BQHH<J<9AFO C9D984FBKAB= 

HGA>J<< B5N9>F4 GCD46?9A<S CB 97B >D<6B= D4;7BA4. 

),t(xb
dt

)t(dx
b...

dt

)t(xd
b

dt

)t(xd
b

)t(xa
dt

)t(dx
a...

dt

)t(xd
a

dt

)t(xd
a

6I0
6I

11m

6I
1m

1mm

6I
m

m

6OI0
6OI

11n

6OI
1n

1nn

6OI
n

n

ô−+
ô−

++
ô−

+
ô−

=

=++++

−

−

−

−

−

−

)0(x)0(x);0(x
dt

dx
),...,0(x

dt

xd
6OI

)0(

6OI
)t(

6OI
0t

6OI1n

6OI0t
6OI

1n

===
=

−
=

−

m

6I
m

dt

)t(xd

, 
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 AB7<9 A9CD9DO6AO9 B5N9>FO GCD46?9A<S @B7GF 5OFP BC<E4AO E 8BEF4-

FBKAB= 8?S CD4>F<>< FBKABEFPR 8<HH9D9AJ<4?PAO@ GD46A9A<9@ 6FBDB7B CB-

DS8>4 6<84: 

,f
dt

df
bx

dt

dx
a

dt

xd4 112

2

2 +=++                  (3) 

789 41, 42, b1 3 >BQHH<J<9AFO, ;46<ESM<9 BF C4p4@9FpB6 B5N9>FB6; 
x 3 6OIB8A4S (p97G?<pG9@4S) 69?<K<A4; 
f 3 6IB8AB9 6B;89=EF6<9. 

'@AB:<@ B59 K4EF< Gp46A9A<S (3) A4 dt < CpB<AF97p<pG9@ BF 0 8B t (t 3 
CpB<;6B?PAO= @B@9AF 6p9@9A<): 

     +=++
t

0

t

0

t

0

t

0

t

0

12

2

2 .dtfdt
dt

df
bdtxdt

dt

dx
adt

dt

xd
a 1  

#B?GK<@: 

                    +−=+−+−
t

0

t

0

112 .dtf))0(f)t(f(bdtx))0(xx(a))0(x
dt

dx
(a 

   (4) 

&4> >4> 6 A4K4?PAO= @B@9AF x(0) = 0, f(t) = 1, f(0) = 1 (66<8G FB7B, KFB 
C9p9IB8A4S HGA>J<S CB?GK49FES 6 p9;G?PF4F9 98<A<KAB7B 6B;89=EF6<S A4 6IB8 
B5N9>F4 GCp46?9A<S), FB >BQHH<J<9AF b1 6OC4849F <; p4EE@BFp9A<S < Gp46A9A<9 
(4) Cp<A<@49F 6<8: 

                       

.fdtxdtxa))0(x
dt

dx
(a

t

0

t

0

12  =++−
"

                   (5) 

�6989@ B5B;A4K9A<S: 

                               .fdtf;xdtx

t

0

1

t

0

1  ==                       (6) 

&B784 CB?GK<@ 

 .fxxa))0(x
dt

dx
(a 1112 =++−

"

                    (7) 

'@AB:<@ B59 K4EF< Gp46A9A<S (7) A4 dt < CpB<AF97p<pG9@ 9M9 p4; CB dt BF 
0 8B t. &B784 E GK9FB@ A4K4?PAOI GE?B6<= 5G89@ <@9FP: 
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                   .dtfdtxxdta)t)0(xx(a

t

0

t

0

t

0

1112   =++−
"

     (8) 

�6989@ B5B;A4K9A<S: 

  −===
"t

0

t

0

31212 .t)0(xxx;dtff;dtxx (9) 

&9C9DP CB?GK<@ E?98GRM99 EBBFABL9A<9, ECD4698?<6B9 8?S ?R5B7B @B-
@9AF4 6D9@9A< t: 

221132 fxxaxa =++  .                     (10) 

"CF<@4?PAO@< BJ9A>4@< >BQHH<J<9AFB6 a1 < a2 5G8GF F9, >BFBDO9 8B-
EF46?SRF @<A<@G@ HGA>J<< A96S;><: 

,dt)fxxaxa(Q
0T

0

2

221132 −++=             (11) 

789 T0 3 CDB8B?:<F9?PABEFP D4;7BA4 B5N9>F4 GCD46?9A<S. 

�6989@ B5B;A4K9A<S: 

                                         x(i) = x((i-1)  t).                                        (12) 

"CF<@4?PAO9 BJ9A><  a1 < a2 C4p4@9FpB6 @4F9@4F<K9E>B= @B89?< B5N9>F4 
GCp46?9A<S (C4p4@9FpB6 C9p984FBKAB= HGA>J<< B5N9>F4) A4=89@ CGF9@ @<A<-
@<;4J<< Q CB QF<@ C4p4@9Fp4@, F. 9. <; E<EF9@O ABp@4?PAOI Gp46A9A<=: 

              

ÿ
ÿ
þ

ÿ
ÿ
ý

ü

=−−+=
ö
ö

=−−+=
ö
ö

õ õ õ

õ õ õ

= = =

= = =

N

2I

N

2I

N

2I

3222

2

3131

2

N

1I

N

2I

N

2I

1222311

2

1

1

.0)I(x))I(x)I(f(a)I(xa)I(x)I(x
a

Q

;0)I(x))I(x)I(f(a)I(x)I(xa)I(x
a

Q

 (13) 

�6989@ B5B7A4ч9A8я: 
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#B?GK<@ E<EF9@G Gp46A9A<=: 

          
þ
ý
ü

=+
=+

52312

42211

GaGaG

GaGaG
,                          (14) 

BF>G84 A4IB8SFES BJ9A>< >BQHH<J<9AFB6: 
   a1 = (G4G3 - G2G5)/(G1G3 - G2G2),  

                             a2 = (G1G5 - G2G4)/(G1G3 - G2G2).                         (15) 

�BQHH<J<9AF b1 BCp989?S9FES CB HBp@G?9: 

                                           ),I(xab 21

"

=                                                 (16) 

789 )i(x  3 A4K4?PAB9 ;A4K9A<9 CpB<;6B8AB= C9p9IB8AB= HGAJ<<, BCD989?S9@B9 

CB Q>EC9D<@9AF4?PAB= >D<6B= D4;7BA4. 
#B>4;4F9?P 489>64FABEF< A4=89AAB= @4F9@4F<K9E>B= @B89?< (C9p984FBK-

AB= HGA>J<<) BCp989?S9FES p4EIB:89A<9@ @9:8G C9p9IB8AB= HGA>J<9=, D4E-
EK<F4AAB= CB @B89?<, < Q>EC9D<@9AF4?PAB= >D<6B= D4;7BA4. +9@ @9APL9 p4E-
IB:89A<9, F9@ 6OL9 CB>4;4F9?P 489>64FABEF<. 

� >4K9EF69 CB>4;4F9?S 489>64FABEF< @4F9@4F<K9E>B= @B89?< Cp<A<@49FES 
6Op4:9A<9: 

õ

õ

=

=

−
−=

N

1k

N

1k

n

)k(x

)k(x)k(x

1AQ .                             (17) 

#p< F4>B@ 6O5Bp9, K9@ @9APL9 BFABL9A<9 Ep98A97B ;A4K9A<S @B8G?S BF-
>?BA9A<S > Ep98A9@G ;A4K9A<R @B8G?S Bp8<A4F >p<6B= p4;7BA4, F9@ 6OL9 CB>4-
;4F9?P 489>64FABEF<.  

�A4K9A<9 CB>4;4F9?S 489>64FABEF< A9 @9APL9 0,95 @B:9F EK<F4FPES Cp<-
9@?9@O@ 8?S <A:9A9pAOI p4EK9FB6. 

 

1.3.3.  "Cp989?9A<9 8<A4@<K9E><I I4p4>F9p<EF<> CB C9p9IB8AO@  
HGA>J<S@ 

#5p5E>4=>9 DC=:F859 B5N9>F4 h(t) A4;O649FES >p<64S <;@9A9A<S 6OIB8AB= 
69?<K<AO x(t), FB 9EFP >B784 
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þ
ý
ü

ü
+

=
.0tCD<,x

;0tCD<,Ax
)t(x

0

0

                            (18) 

789 A 3 CBEFBSAA4S 69?<K<A4; 
      x0 3 A4K4?PAB9 ;A4K9A<9 6IB8AB= 69?<K<AO Cp< t = 0. 

�E?< B5N9>F ?<A9=AO=, FB 6O5BD A4K4?PAOI ;A4K9A<= x0 < y0 A9 6?<S9F A4 
97B 8<A4@<K9E><9 E6B=EF64, < CBQFB@G CD<A<@4RF x0 = y0 = 0, < EFGC9AK4FGR 
HGA>J<R BCD989?SRF >4> <;@9A9A<9 6IB8AB= 69?<K<AO CB ;4>BAG 

                                 
þ
ý
ü

ü


=
,0tCD<,0

,0tCD<,A
)t(x                          (19) 

4 C9p9IB8AGR HGA>J<R h(t) p4EE@4Fp<64RF >4> p9L9A<9 A9;46<E<@B7B 8<HHH9-
D9AJ<4?PAB7B Gp46A9A<S, BC<EO64RM97B 8<A4@<K9E><9 E6B=EF64 B5N9>F4 Cp< 
AG?96OI A4K4?PAOI GE?B6<SI < EFGC9AK4FB@ 6B;@GM9A<<. 

#9p9IB8A4S HGA>J<S h(t) E6S;4A4 <AF97p4?PAO@ EBBFABL9A<9@ E <@CG?P-
EAB= (69EB6B=) HGA>J<9= g(t): 

                            g(t)dt.    h(t)                 
0




=                       (20) 

�<?C;LA=0O DC=:F8O g(t) B5N9>F4 3 QFB >p<64S <;@9A9A<S 6B 6p9@9A< 
6OIB8AB= 69?<K<AO y(t) Cp< 6IB8AB@ 6B;@GM9A<< F<C4 89?PF4-HGA>J<< δ(t): 

                 
þ
ý
ü

ù
=

=ô
.0tCD<,0

,0tCD<,
)t(                        (21) 

#p9B5p4;B64A<9 CB �4C?4EG 89?PF4-HGA>J<< L{δ(t)} = 1, CBQFB@G L{g(t)} 
= W(p), FB 9EFP S6?S9FES C9p984FBKAB= HGA>J<9= B5N9>F4. 

1>EC9p<@9AF4?PAB g(t) A4=F< A96B;@B:AB, AB 99 @B:AB 6OK<E?<FP CGF9@ 
8<HH9p9AJ<pB64A<S C9p9IB8AB= HGA>J<<: 

                                   .
dt

)t(dh
 g(t) =                       (22) 

�?S Q>EC9p<@9AF4?PAB7B BCp989?9A<S C9p9IB8AB= HGA>J<< B5N9>F 6O6B-
8SF 6 GEF4AB6<6L99ES EBEFBSA<9, Cp< >BFBpB@ 6OIB8A4S 69?<K<A4 y(t) = y0 = 

const, 4 y'(t) < y''(t) p46AO 0, < A4ABESF <ECOF4F9?PAB9 6B;89=EF6<9 Fp95G9@B= 
HBp@O, A4Cp<@9p, EFGC9AK4FO= E>4K>BB5p4;AO= E<7A4? E 4@C?<FG8B= �. % @B-
@9AF4 A4A9E9A<S 6B;@GM9A<S CpB<;6B8<FES p97<EFp4J<S 6OIB8AB= 69?<K<AO 
y(t) < ;4C<EP BEAB6AOI 6B;@GM4RM<I 69?<K<A B5N9>F4. $97<EFp4J<S 6OIB8AB= 
69?<K<AO <89F 8B F9I CBp, CB>4 BA4 A9 Cp9>p4F<F E6B9 <;@9A9A<9, 4 Cp< A4?<-



 69 

K<< 6 B5N9>F9 <AF97D<DGRM<I Q?9@9AFB6 3 CBE?9 GEF4AB6?9A<S CBEFBSAAB= 
E>BpBEF< <AF97p<pB64A<S y(t). �?S CpB69p>< ?<A9=ABEF< B5N9>F4 6 8<A4@<>9 
CB8B5AO9 Q>EC9p<@9AFO CDB6B8SFES A9E>B?P>B p4; Cp< p4;?<KAOI ;A4>4I < 4@-
C?<FG84I 4C9p<B8<K9E><I 6IB8AOI 6B;89=EF6<=.  4>E<@4?PAB9 ;A4K9A<9 4@-
C?<FG8O <ECOF4F9?PAB7B E<7A4?4 6O5<p49FES E GK9FB@ B7p4A<K9A<= F9IAB?B7<-
K9E><@< GE?B6<S@< < A9?<A9=ABEF< EF4F<K9E>B= I4p4>F9p<EF<><, 4 @<A<@4?P-
AB9 3 E GK9FB@ GpB6AS 89=EF6GRM<I CB@9I < >?4EE4 FBKABEF< <;@9p<F9?PAB= 
4CC4p4FGpO. 

�A4?B7<KAB EA<@4RFES Q>EC9p<@9AF4?PAO9 >p<6O9 Cp< 6IB8AB@ 6B;89=-
EF6<< F<C4 CpS@BG7B?PAO= <@CG?PE <?< CpS@BG7B?PA4S 6B?A4, >BFBpO9 @B:AB 
Cp9B5p4;B64FP 6 C9p9IB8AO9 HGA>J<<. % J9?PR <89AF<H<>4J<< C9p9IB8AO9 
HGA>J<<, CB?GK9AAO9 Cp< p4;?<KAOI 69?<K<A4I <ECOF4F9?PAB7B E<7A4?4, C9D9-
EFD4<64RFES 6 98<A<KAO9 C9p9IB8AO9 HGA>J<< h i (t): 

i

i0

i
A

)t(h
)t(h = .                                       (23) 

�E?< p4;5pBE @9:8G HGA>J<S@< h0(t) EB<;@9p<@ E FBKABEFPR <;@9p9A<S 
69?<K<A x(t) < y(t), FB 8?S @4F9@4F<K9E>B= B5p45BF>< 6O5<p49FES B8A4 <; C9D9-
IB8AOI HGA>J<=. � CpBF<6AB@ E?GK49 CpB<;6B8<FES GEp98A9A<9 hi

0 (t) CB @AB-
:9EF6G AB@9pB6 i, FB 9EFP BCp989?S9FES GEp98A9AA4S 98<A<KA4S C9p9IB8A4S 
HGA>J<S h0(t): 

 õ
=

=
n

1i

0

i

0 ).t(h
n

1
)t(h                              (24) 

� <A:9A9pAB= Cp4>F<>9 <ECB?P;GRFES p4;?<KAO9 @9FB8O B5p45BF>< < 4C-
CpB>E<@4J<< Q>EC9p<@9AF4?PAOI C9p9IB8AOI HGA>J<=. �E9 BA< BEAB6O64-
RFES A4 Cp98CB?B:9A<<, KFB CB?GK9AA4S C9p9IB8A4S HGA>J<S S6?S9FES p9L9-
A<9@ ?<A9=AB7B 8<HH9p9AJ<4?PAB7B Gp46A9A<S E CBEFBSAAO@< >BQHH<J<9A-
F4@< < AG?96O@< A4K4?PAO@< GE?B6<S@<. !B 5B?PL<AEF6B CpB@OL?9AAOI 
B5N9>FB6 S6?SRFES B5N9>F4@< E p4ECp989?9AAO@< C4p4@9Fp4@< < <I 8<A4@<-
K9E><9 E6B=EF64 BC<EO64RFES 8<HH9p9AJ<4?PAO@< Gp46A9A<S@< 6 K4EFAOI 
CpB<;6B8AOI. #BQFB@G FBKA4S 4CCpB>E<@4J<S  Q>EC9p<@9AF4?PAOI C9p9IB8-
AOI HGA>J<= Gp46A9A<9@ 6<84 

ú
û

ù
ú
û

ù
+++=+++

−

−

−−

−

− )t(x...
dt

)t(xd
b

dt

)t(xd
bk)t(y...

dt

)t(yd
a

dt

)t(yd
a

1m

1m

1m

m

m1n

1n

1nn

n

n  
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(25) 

6B;@B:A4 ?<LP Cp< GE?B6<<, KFB n, m → 0. !B F4> >4> p4ECp989?9AABEFP C4D4-
@9FDB6 B5N9>F4 CpBS6?S9FES 6 BEAB6AB@ 6 @98?9AAB@ <;@9A9A<< h(t), Cp< @4?OI 
;A4K9A<SI t, FB Cp< Cp4>F<K9E><I p4EK9F4I 6p9@S ;4C4;8O64A<S C9p9IB8AB= 
HGA>J<< 4CCpB>E<@<pGRF ;69AB@ K<EFB7B ;4C4;8O64A<S, C9p984FBKA4S HGA>J<S 
>BFBpB7B W(p) = 9-pÇ F4>:9 <@99F 59E>BA9KAB9 K<E?B CB?REB6. 

�6989A<9 ;4C4;8O64A<S Cp9B5p4;G9F <EIB8AB9 Gp46A9A<9 6 6<8: 

ú
û

ù
ú
û

ù
ô−++

ô−
+

ô−
=+++ −

−

−−

−

− )t(x...
dt

)t(xd
b

dt

)t(xd
bk)t(y...

dt

)t(td
a

dt

)t(yd
a

1m

1m

1mm

m

m1n

1n

1nn

n

n  

(26) 

< CB;6B?S9F 4CCDB>E<@<DB64FP Q>EC9D<@9AF4?PAO9 C9D9IB8AO9 HGA>J<< E FBK-
ABEFPR, 8BEF4FBKAB= 8?S CD4>F<><, GD46A9A<S@< 1-3-7B CBDS8>B6. 

#9p984FBKA4S HGA>J<S B5N9>F4 6 QFB@ E?GK49 @B:9F 5OFP Cp98EF46?9A4 
E?98GRM<@ GD46A9A<9@: 

).p(Wke
1...papa

1...pbpb
ke)p(W 0

p

1n

1n

n

n

1m

1m

m

mp ô−
−

−

−
−ô− =

+++
+++

=     (27) 

�?S CpB@OL?9AAOI B5N9>FB6 CBpS8B> K<E?<F9?S C9p984FBKAB= HGA>J<< 
6E9784 @9APL9 <?< p469A CBpS8>G ;A4@9A4F9?S, F.9.  m < n. 

� ;46<E<@BEF< BF Cp98CB?4749@B= EFpG>FGpO 4CCpB>E<@<pGRM97B 8<H-
H9p9AJ<4?PAB7B Gp46A9A<S <ECB?P;GRFES p4;?<KAO9 @9FB8O BCD989?9A<S >B-
QHH<J<9AFB6 an, an-1 ,&, bm, bm-1,... �O5Bp EFpG>FGpO <E>B@B= C9p984FBKAB= 
HGA>J<< W (p) CpB<;6B8SF 6 ;46<E<@BEF< BF HBp@O Q>EC9p<@9AF4?PAB= C9p9-
IB8AB= HGA>J<<. �E?< h(0) = 0, 4 h'(0) → 0, FB CBpS8B> K<E?<F9?S C9D984FBKAB= 
HGA>J<< A4 98<A<JG @9APL9 CBpS8>4 ;A4@9A4F9?S. �E?< h(0) = h'(0) = h''(0) = 0, 
FB CBDS8B> K<E?<F9?S CB >D4=A9= @9D9 A4 869 98<A<JO @9APL9 CBDS8>4 ;A4@9-
A4F9?S. �, A4>BA9J, h(0) = h'(0) = h''(0) = 0, FB @B:AB CD<A<@4FP bm  = bm-1   = ... = 

b0  = 0.  

1.3.4.  #BSEA9A<S > CDB6989A<R D45BFO 

�?S EASF<S >D<6B= D4;7BA4 FD95G9FES CD9864D<F9?PAB A4CB?A<FP D9;9D6G4D 
8B G>4;4AAB7B CD9CB8464F9?9@ GDB6AS. 1FB @B:AB E89?4FP E?98GRM<@ B5D4;B@: 

- BF>DOFP >D4A 8?S ;4CB?A9A<S D9;9D6G4D4 6B8B=; 
- ;484FP ;A4K9A<9 GDB6AS; 
- EASFP D4;7BAAGR I4D4>F9D<EF<>G. 
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�4?99 8?S 98<ABB5D4;<S CD< CBE?98GRM9= B5D45BF>9 6OIB8AO9 69?<K<AO 
;4C<E4FP 6 6<89 BFABL9A<= E 8<4C4;BAB@ <;@9A9A<S BF 0 8B 1. #B Q>EC9D<@9A-
F4?PAO@ 84AAO@ x(I) EFDB<FES >D<64S D4;7BA4 B5N9>F4. 

� BC9D4F<6AGR C4@SFP #1�  66B8SFES 84AAO9 x(I) < 6 EBBF69FEF6<< E 4?-
7BD<F@B@ @9FB84 A4<@9APL<I >648D4FB6 CDB<;6B8<FES BJ9A<64A<9 C4D4@9FDB6 
41, 42, b1, 6OK<E?9A<9 BD8<A4F C9D9IB8AB= HGA>J<< < CB>4;4F9?S 489>64FABEF< 
AQ. 

1.4.  %"��$��!�� "&+�&� 

1. !4<@9AB64A<9 < J9?P ?45BD4FBDAB= D45BFO. 
2. #DB7D4@@4 <EE?98B64A<=. 
3. %I9@4 46FB@4F<;4J<<. 
4. %C9J<H<>4J<S. 
5. �EIB8AO9 84AAO9 x(I) 6 6<89 F45?<JO < 7D4H<>4 >D<6B= D4;7BA4. 
6. $9;G?PF4FO 6OCB?A9A<S A4 #1�  6OK<E?<F9?PAB= CDBJ98GDO; CB>4;4F9?S 
489>64FABEF<  AQ; BD8<A4FO C9D9IB8AB= HGA>J<< y(I), D4EEK<F4AAO9 CB @4F9-
@4F<K9E>B= @B89?<, 6 6<89 F45?<JO < 7D4H<>4 6 FB= :9  E<EF9@9 >BBD8<A4F, KFB 
< >D<64S D4;7BA4 x(I). 

1.5. �"!&$"�0!/� �"#$"%/ 

1. �4=F9 >D4F>B9 BC<E4A<9 D45BFO F9IAB?B7<K9E>B7B 4CC4D4F4 (B5N9>F4 D97G?<-
DB64A<S), D4EE@4FD<649@B7B 6 ?45BD4FBDAB= D45BF9. 
2. #9D9K<E?<F9 <ECB?P;G9@O9 ED98EF64 46FB@4F<;4J<<, 84=F9 <I >D4F>GR I4-
D4>F9D<EF<>G. 
3. +FB CBA<@49FES CB8 <89AF<H<>4J<9=? 
4. �4>B= 6<8 <@99F 8<HH9D9AJ<4?PAB9 GD46A9A<9 B5N9>F4 6FBDB7B CBDS8>4? 
5. �4>B= >D<F9D<= BCF<@4?PABEF< <ECB?P;G9FES CD< BJ9A>9 >BQHH<J<9AFB6 
GD46A9A<S 6FBDB7B CBDS8>4? 
6. �4>B= H<;<K9E><= E@OE? <@99F CB>4;4F9?P 489>64FABEF< @4F9@4F<K9E>B= 
@B89?< B5N9>F4? 
7. +FB CBA<@49FES CB8 489>64FABEFPR @B89?< B5N9>F4? 
8. �4> CDB<;6B8<FES CB?GK9A<9 >D<6B= D4;7BA4 Q>EC9D<@9AF4?PAO@ @9FB8B@ 
(4>F<6AO= Q>EC9D<@9AF)? 
9. �4> BEGM9EF6?S9FES CD<6989A<9 >D<6B= D4;7BA4 > ABD@<DB64AAB=? 
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���"$�&"$!�/ $��"&� 2 
"#$�����!�� "#&� ��0!/) #�$� �&$"�  

!�%&$"��� $��'�/&"$� #" �$�&�$�. $��!"�  
%&�#�!� ��&')�!�/ � #"%&$"�!�� #$"*�%%�  

$��'��$"��!�/ � ��!��!"� �%$ % ��#���/��!��  

 

2.1.  *��0 $��"&/ 

" "6?489A<9 K4EFBFAO@ @9FB8B@ < CDBJ98GDB= 6O89?9A<S B5?4EF< GEFB=K<6B-

EF< 6 CDBEFD4AEF69 C4D4@9FDB6 A4EFDB=>< D97G?SFBDB6. 

" "6?489A<9 @9FB8B@ < CDBJ98GDB= BCD989?9A<S BCF<@4?PAOI C4D4@9FDB6 

A4EFDB=>< <;B8DB@AB7B D97G?SFBD4, B59EC9K<64RM<I ;484AAGR EF9C9AP ;4-

FGI4A<S < @<A<@<;<DGRM<I C9D6GR <AF97D4?PAGR BJ9A>G >4K9EF64 CDBJ9E-

E4 D97G?<DB64A<S A4 #1� .  

" �EE?98B64A<9 @9FB84 CBEFDB9A<S CDBJ9EE4 D97G?<DB64A<S, BEAB64AAB7B A4 

E6S;< C9D9IB8AB= HGA>J<< E 69M9EF69AAB= K4EFBFAB= I4D4>F9D<EF<>B= ?<-

A9=AB= 46FB@4F<K9E>B= E<EF9@O E ;4C4;8O64A<9@ CB >4A4?G D97G?<DGRM97B 

6B;89=EF6<S. 

 

2.2. #$"�$�  � �%%���"��!�� 

 

$45BF4 6OCB?AS9FES A4 #1�  >4:8O@ EFG89AFB@ E4@BEFBSF9?PAB. �A4K9-

A<S >BQHH<J<9AFB6 41, 42, b1 C9D984FBKAB= HGA>J<< B5N9>F4 GCD46?9A<S 59DGFES 

<; BFK9F4 B 6OCB?A9A<< ?45BD4FBDAB= D45BFO «�89AF<H<>4J<S F9IAB?B7<K9-

E><I B5N9>FB6 GCD46?9A<S». 

�?S CBEFDB9A<S B5?4EF< GEFB=K<6BEF< 6 C?BE>BEF< A4EFDB9KAOI C4D4@9F-

DB6 D97G?SFBD4 A9B5IB8<@B 669EF< ;A4K9A<9 CB>4;4F9?S >B?954F9?PABEF< m = 0. 

�?S CBEFDB9A<S >D<6B=  D46AB= EF9C9A< ;4FGI4A<S 669EF< ;A4K9A<S CB>4-

;4F9?S >B?954F9?PABEF< m = 0,221 < (<?<) m = 0,366. 

1. !4 B8AB@ <; F9D@<A4?B6 BF?4:<649FES CDB7D4@@4 «WINMNK». 
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x(t)=x1(t)+x2(t) 

g(t) – 
U(t) x2(t) 

f(t) 

x1(t) 

ε(t) 

2. � BC9D4F<6AGR C4@SFP 1�  66B8SFES 84AAO9 41, 42, b1,  H1, T, M. 

3. !4 Q>D4A 8<EC?9S 6O6B8SFES < D4EC9K4FO64RFES A4 CD<AF9D9 ;A4K9A<S 
C4D4@9FDB6 E<EF9@O GCD46?9A<S: 

" EBBF69FEF6GRM<9 7D4A<J9 GEFB=K<6BEF<; 

" B59EC9K<64RM<9 FD95G9@GR EF9C9AP ;4FGI4A<S C9D9IB8AB7B CDBJ9E-
E4. 

4. "CD989?SRFES BCF<@4?PAO9 C4D4@9FDO A4EFDB=>< <EE?98G9@B7B D97G-
?SFBD4. 

5. %FDB<FES �+) < D4EEK<FO649FES C9D9IB8AO= CDBJ9EE CB CDB7D4@@9 
«WINMNK». 

6. "CD989?SRFES CB>4;4F9?< >4K9EF64 CDBJ9EE4 D97G?<DB64A<S.  

2.3.   �&"��+�%��� '����!�3 #" �/#"�!�!�2 $��"&/ 

#9D984FBKA4S HGA>J<S ;4@>AGFB= B8AB>BAFGDAB= E<EF9@O (D<EGAB> 1) CB 

BFABL9A<R > 6B;@GM4RM9@G 6B;89=EF6<R f(t) <@99F 6<8: 

 

       ,                    (1) 

789 Wf (p) 3 C9D984FBKA4S HGA>J<S B5N9>F4 CB BFABL9A<R > 6B;@GM9A<R f(t); 

W0(p) 3 C9D984FBKA4S HGA>J<S B5N9>F4 CB BFABL9A<R > GCD46?SRM9@G 6B;89=-

EF6<R; Wp(p) 3 C9D984FBKA4S HGA>J<S D97G?SFBD4. 

 

 

 

 

 

 

$8EG=>к 1 – %FDGкFGD=4я Eхе<4 А%$ 

 

#9D984FBKA4S HGA>J<S  

" <;B8DB@AB7B D97G?SFBD4 (#�-D97G?SFBD4) <@99F 6<8: 

Wf(p) 

 

Wo(p) Wp(p) 

ó 
 

)p(W)p(W1

)p(W
)p(W

po

f
c ñ

=
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                                                    ,                                     (2) 

 

" A9CD9DO6AB7B #��-D97G?SFBD4 <@99F 6<8: 

 

                                                        ,          (3) 

 

789 %0, %1, %2 3 A4EFDB9KAO9 C4D4@9FDO D97G?SFBD4. 

�?S GEFB=K<6BEF< E<EF9@O ;A4> C9D984FBKAB= HGA>J<< D97G?SFBD4 6O5<-

D49FES CDBF<6BCB?B:AO@ ;A4>G C9D984FBKAB= HGA>J<< B5N9>F4 CB BFABL9A<R 

> GCD46?9A<R W0(p), 9E?< B5D4FA4S E6S;P CB?B:<F9?PA4 <, A4B5BDBF, CD< BFD<-

J4F9?PAB= B5D4FAB= E6S;< ;A4>< C9D984FBKAOI HGA>J<= W0(p) < Wp(p) 8B?:AO 

5OFP B8<A4>B6O.  

#B8EF46<@ 6 (1) C9D984FBKAGR HGA>J<R #�-D97G?SFBD4 (2). #B?GK<@: 

D
%D%

)p(W1

)p(W
)p(W

01
o

f
c +

+
= .     (4) 

&B784 <;B5D4:9A<9 CB �4C?4EG C9D9IB8AB= HGA>J<< E<EF9@O 5G89F D46AB 

)%D%()p(WD
)p(W

)p(W
D
1

)p()
01o

f
f ++

== .   (5) 

(BD@4 C9D9IB8AB= HGA>J<< ;46<E<F BF >BDA9= I4D4>F9D<EF<K9E>B7B GD46A9-
A<S E<EF9@O  

0)%D%()p(WD 01o =++ ,    (6) 

>BFBDO9 6 E6BR BK9D98P ;46<ESF BF 6O5BD4 C4D4@9FDB6 A4EFDB=>< <;B8DB@AB-
7B D97G?SFBD4 %1 < %0. 1F< C4D4@9FDO 8B?:AO 5OFP 6 BCD989?9AAB@ E@OE?9 
BCF<@4?PAO. 

�@99FES @AB7B CB8IB8B6 > 6O5BDG BCF<@4?PAOI C4D4@9FDB6 A4EFDB=>< 
D97G?SFBD4. "8<A <; E4@OI CBCG?SDAOI EBEFB<F 6 6O5BD9 C4D4@9FDB6 CB ;4-
84AAB= EF9C9A< ;4FGI4A<S 

1

31

�
�� −

= ,     (7) 

p

CpC
)p(W 01

p

+
ñ=

p

CpCpC
)p(W 01

2

2
D

++
ñ=
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789 �1 3 C9D64S 4@C?<FG84; �3 3 FD9FPS 4@C?<FG84 CDBJ9EE4 D97G?<DB64A<S. 

%F9C9AP ;4FGI4A<S  < CB>4;4F9?P >B?954F9?PABEF< m E6S;4AO EBBFABL9A<9@ 

m21 Ā−−=  ,     (8) 

789 2Ām 3 ?B74D<H@<K9E><= 89>D9@9AF ;4FGI4A<S. 

#D< <EE?98B64A<< E<EF9@ A4 GEFB=K<6BEFP K4EFB CD98EF46?S9F <AF9D9E A9 
FB?P>B H4>F EGM9EF6B64A<S GEFB=K<6BEF< <?< A9GEFB=K<6BEF<, AB < BCD989?9-
A<9 CD989?B6 <;@9A9A<S ;A4K9A<= B8AB7B <?< A9E>B?P><I C4D4@9FDB6 6 B5?4EF<, 
6AGFD< >BFBDB= E<EF9@4 EBID4AS9F GEFB=K<6BEFP. 

 9FB8<>4 CBEFDB9A<S B5?4EF9= 5O?4 D4;D45BF4A4 2.�. !9=@4D>B@ < 
A4;O649FES @9FB8B@ D-D4;5<9A<S C?BE>BEF< C4D4@9FDB6. 

 9FB8 D-D4;5<9A<S ;4>?RK49FES 6 D4;89?9A<< CDBEFD4AEF64 C4D4@9FDB6 
A4 B5?4EF< E D46AO@ K<E?B@ l CD46OI >BDA9= (l=0,1,2,&). �D4A<J9= B5?4EF< 5G-
8GF F4><9 ;A4K9A<S A9<;69EFAOI C4D4@9FDB6, CD< >BFBDOI IBFS 5O C4D4 >B@-
C?9>EAB-EBCDS:9AAOI >BDA9= ?9:<F A4 @A<@B= BE<. 

!9<;69EFAO9 C4D4@9FDO E<EF9@O GCD46?9A<S, EBBF69FEF6GRM<9 7D4A<J9 
GEFB=K<6BEF<, BCD989?SRFES <; I4D4>F9D<EF<K9E>B7B GD46A9A<S ;4@>AGFB= E<-
EF9@O GCD46?9A<S CD< D = j. 

�?S B8AB>BAFGDAB= E<EF9@O GCD46?9A<S E C9D984FBKAB= HGA>J<9= D4;B-
@>AGFB= E<EF9@O 

                      W(p) = W0(p)Wp(p) = ke-pô0(C1p+C0)/((42D2+41D+1)p)       (9) 

I4D4>F9D<EF<K9E>B9 GD46A9A<9 <@99F 6<8:  

                D(p) = a2p
3+a1p

2+p+C1ke-pô0p+C0ke-pô0 = 0.                 (10) 

#B8EF46<6 D = j <, D4;89?SS CB?GK9AAB9 GD46A9A<9 A4 69M9EF69AAGR < 
@A<@GR K4EF<, CB?GK<@ (GK<FO64S e-jx = cosx - jsinx): 

ÿþ

ÿ
ý
ü

=+−ô−ô

=−ô+ô

=ô−ô++−ô−ô+−

.0asinkCcoskC

;0acoskCsinkC

,0)sinj(coskCjjja)sinj(coskCa

3

20001

2

10001

001

3

2000

2

1

 (11) 

$9L9A<9 CB?GK9AAB= E<EF9@O GD46A9A<S CD<6B8<F > E?98GRM9@G 6OD4-
:9A<R: 
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)13().sincosasina(
k

1
C

)12(),coscosasina(
k

1
C

2

1

3

20

2

211

ô+ô+ô−=

ô−ô+ô=

 

�A4K9A<S %0, %1 CD< <;@9A9A<< K4EFBFO BF 0 8B  848GF 7D4A<JG B5?4EF< 
GEFB=K<6BEF<. �?S 6O89?9A<S B5?4EF< GEFB=K<6BEF< AG:AB A4A9EF< LFD<IB6>G 
E?964 BF 7D4A<JO B5?4EF< GEFB=K<6BEF<, 9E?< BCD989?<F9?P E<EF9@O CB?B:<F9-
?9A, < ECD464, 9E?< BCD989?<F9?P BFD<J4F9?9A. 

�?S CB?GK9AAB= E<EF9@O (11) BCD989?<F9?P D469A: 

                
.k

sinkcosk

cosksink
2

00

00 −=
ô−ô

ôô
=ô

                 (14) 

�?S BCD989?9A<S A9<;69EFAOI C4D4@9FDB6 E<EF9@O D97G?<DB64A<S, B59E-
C9K<64RM<I FD95G9@GR EF9C9AP ;4FGI4A<S C9D9IB8AB7B CDBJ9EE4, 6 I4D4>F9D<-
EF<K9E>B9 GD46A9A<9 (10) 89?49FES CB8EF4AB6>4 D = j-m, KFB B59EC9K<649F 
FD95G9@B9 BFABL9A<9 @A<@B= < 69M9EF69AAB= EBEF46?SRM<I >BDA9= I4D4>F9-
D<EF<K9E>B7B GD46A9A<S. � D9;G?PF4F9 CD9B5D4;B64A<S CB?GK<@ E<EF9@G GD46-
A9A<=: 

   
,0Aesink%esinkm%ecosk%

,0Aecosk%ecoskm%esink%

2
m

0
m

1
m

1

1
m

0
m

1
m

1

=+ô−ô+ô

=+ô+ô−ô
ôôô

ôôô

       (15) 

789 �1=342m3-a2m
33- a12+a1m

22-m=a2m3(3-m2)+a12(m2-1)-m, 

      A2=-a23+3a2m
23-2a1m2+=a23(3m2-1)-2a1m2+. 

 

 

$9L9A<9 E<EF9@O GD46A9A<= (15) <@99F 6<8: 

  

 

( ) ( ) .cosAmAsinAmAe
k

1
C

;cosAsinAe
k

1%

1221
m

0

21
m

1

ô+−ô+−=

ô+ô−=

ô−

ô−

  (16) 
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#D< <;@9A9A<< K4EFBFO BF 0 8B  CB?GK<@ ?<A<R D46AB= EF9C9A< ;4FGI4-
A<S 6 C?BE>BEF< C4D4@9FDB6 %0, %1, 68B?P >BFBDB= EF9C9AP ;4FGI4A<S C9D9IB8-
AB7B CDBJ9EE4 B8<A4>B64 (D<EGAB> 3), AB D4;?<KAO ;A4K9A<S 8<A4@<K9E>B= 
BL<5><. #BQFB@G 8?S 6O5BD4 BCF<@4?PAB= FBK>< A4 QFB= ?<A<< A9B5IB8<@B 
8BCB?A<F9?PAB CD<6?9KP > D4EE@BFD9A<R >4>B=-?<5B 8DG7B= >D<F9D<= BCF<-
@4?PABEF<, A4CD<@9D, C9D6GR <AF97D4?PAGR BJ9A>G >4K9EF64 CDBJ9EE4 D97G?<-
DB64A<S (E@. D<EGAB> 2). 

 

 

 

 

 

 

 

 

 

$<EGAB> 2 3 #9D64S <AF97D4?PA4S BJ9A>4 

 

#9D64S <AF97D4?PA4S BJ9A>4 <@99F E?98GRM<= 6<8:  

                                              .dt)t(xI

0

1 


=                                                    (17) 

+9@ @9APL9 99 ;A4K9A<9  CD< ;484AAB= EF9C9A< ;4FGI4A<S (m), F9@ 
6OL9 >4K9EF6B CDBJ9EE4 D97G?<DB64A<S. #9D64S <AF97D4?PA4S BJ9A>4 ?97>B 
BCD989?S9FES CB <;B5D4:9A<R C9D9IB8AB= HGA>J<<. �9=EF6<F9?PAB, 

.

0%)0(oW

)0(
f

W

)0%D1%()p(oWD

)p(
f

W
lim

0p

)p(Xlim
0p

dt
pt

0
)t(xlim

0p
1I 

=
++→

=
→

=−


→
= 

 

(18) 

�; (18) E?98G9F, KFB, CD< CDBK<I D46AOI GE?B6<SI, C9D64S <AF97D4?PA4S 
BJ9A>4 CD<A<@49F @<A<@4?PAB9 ;A4K9A<9 A4 ?<A<< D46AB7B ;4FGI4A<S, >B784 
C4D4@9FD %0 8BEF<749F @4>E<@G@4. 

+ 

- 

+ 

t 

X(t) 
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"CF<@4?PAO@ C4D4@9FD4@ 5G89F EBBF69FEF6B64FP FBK>4 CD4699 69DL<AO 
(FBK>4 �). 

 

 

 

 

 

 

 

 

 

 

 

 

$<EGAB> 3 3 $4;5<9A<9 B5?4EF< GEFB=K<6BEF< 6 C?BE>BEF< C4D4@9FDB6 A4EFDB=-
>< #�-D97G?SFBD4: 1 3 7D4A<J4 B5?4EF< GEFB=K<6BEF< (m = 0);  

2 3 >D<64S D46AB= EF9C9A< ;4FGI4A<S (m = 0,221); 3 3 >D<64S D46AB= EF9C9A< ;4-
FGI4A<S (m = 0,366) 

�4> 6<8AB <; D<EGA>4 3, 6 <AF9D9EGRM9@ A4E <AF9D64?9 0    1 C4D4@9FD %0(m, 

) 3 6OCG>?4S, GA<@B84?PA4S HGA>J<S . � E<?G QFB7B 8?S A4IB:89A<S @4>E<@G@4 %0(m, 

) J9?9EBB5D4;AB <ECB?P;B64FP @9FB8 CBE?98B64F9?PAB7B CB<E>4 Q>EFD9@G@4 E 484CF4J<9= 
8?<AO L474 ô. �?B>-EI9@4 4?7BD<F@4 F4>B7B CB<E>4 CD98EF46?9A4 A4 D<EGA>9 4. 

#D< BCD989?9A<< ;A4K9A<= C4D4@9FDB6 A4EFDB=>< 6 E?GK49 CD<@9A9A<S 
#��-D97G?SFBD4 A9B5IB8<@B 6 (1) CB8EF46<FP C9D984FBKAGR HGA>J<R D97G?S-
FBD4 (3). � QFB@ E?GK49 CB?GK<@: 

p

CpCpC
)p(W1

)p(W
)p(W

01

2

2

o

f

c ++
+

=                               (19) 

<?< 

%0 

%1 

� 

� 

1 

2 

3 
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.

p

CpCpC

1papa

ke
1

)p(W
)p(W

01

2

2

1

2

2

p

f

c 0 ++


++
+

= ô−                      (20) 

)4D4>F9D<EF<K9E>B9 GD46A9A<9 CD<@9F 6<8: 

                         ke-ôp(C2p
2+C1p+C0)+p(a2p

2+a1p+1) = 0.                                      (21) 

#B8EF46<6 6 GD46A9A<9 (21) D = j <, D4;89?SS CB?GK9AAB9 GD46A9A<9 A4 
69M9EF69AAGR < @A<@GR K4EF<, CB?GK<@ (GK<FO64S  e-jx = cosx - jsinx): 

-kC22cosô0+kC0cosô0+k%1sinô0-a12 = 0,                      (22) 

kC1cosô0+kC22sinô0-kC0sinô0-a23+ = 0.                    (23) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$<EGAB> 4 3 �?B>-EI9@4 4?7BD<F@4 

 

$9L9A<9 GD46A9A<= (22) < (23) BFABE<F9?PAB %1 <?< %0 CD< D =j <@99F 
6<8: 

Начало 

!4IB:89A<9 max C0 < * 

ô < õ 

�OK<E?9A<9 %1(*) 

�O6B8 %0(*), %1(*) 

�BA9J 

ô=ô/2 

�6B8 �1, �2, �1,  , &, ô 

A9F 
84 
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( )  
  )25(.kCcosasinsina
k

1
)(C

)24(,coscosasina
k

1%

2
20

2
100

3
20

00
2

2011

−ô−ô−ô−=

ô−ô+ô+=

 

#4D4@9FDO E<EF9@O GCD46?9A<S, B59EC9K<64RM<9 FD95G9@GR EF9C9AP ;4-
FGI4A<S C9D9IB8AB7B CDBJ9EE4, BCD989?SRFES <; 6OD4:9A<=:  

 

  )27(,1)(m2Ccos)AmA(sin)AmA(e
k

1
)(C

)26(.mC2cosAsinAe
k

1
)(C

2
2012021

m
0

20201
m

1

0

0

++ô++ô−−=

+ô+ô


−=

ô−

ô−

 

789 �1 = a2mω3(3-m2) + a1ω2(m2-1) 3 mω; A2 = a2ω3(3m2-1) - 2a1mω2 + ω. 

� 46FB@4F<K9E><I E<EF9@4I D97G?<DB64A<S E ;4C4;8O64A<9@ CB >4A4?G D97G?<DB64A<S C9-
D9IB8AO= CDBJ9EE BCD989?S9FES 6OD4:9A<9@: 

,d
tsin

)Re(
2

)t(h
0






Ā

= 


                           (28) 

789 Re() 3 69M9EF69AA4S K4EFBFA4S I4D4>F9D<EF<>4 (�+)) ;4@>AGFB= 46FB@4F<-
K9E>B= E<EF9@O; 

h(t) 3 C9D9IB8A4S HGA>J<S. 
�4> CD46<?B, <AF97D<DB64A<9 6 CD46B= K4EF< (28) 6EFD9K49F A9CD9B8B?<-

@O9 @4F9@4F<K9E><9 FDG8ABEF<. #BQFB@G CD4>F<K9E>< 6E9784 6 G>4;4AAB@ E?G-
K49 BD8<A4FO C9D9IB8AB= HGA>J<< A4IB8SFES CGF9@ <AF97D<DB64A<S 6OD4:9-

A<S (28) K<E?9AAO@< @9FB84@<.  
�9M9EF69AA4S K4EFBFA4S I4D4>F9D<EF<>4 E<EF9@O Re() 3 G5O64RM4S 

HGA>J<S 4D7G@9AF4 . 

�D4H<> 69M9EF69AAB= K4EFBFAB= I4D4>F9D<EF<>< 46FB@4F<K9E>B= E<EF9@O 
D97G?<DB64A<S E C9D984FBKAB= HGA>J<9= (2) <@99F 6<8, CD98EF46?9AAO= A4 D<-
EGA>9 5. 

 

 

 

 

 

Re() 

0  
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$<EGAB> 5 3 �D4H<> 69M9EF69AAB= K4EFBFAB= I4D4>F9D<EF<>< 
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+<E?9AAB9 <AF97D<DB64A<9 6 59E>BA9KAB@ <AF9D64?9, >4> QFB CD98C<EO-
649F 6OD4:9A<9 (28), A96B;@B:AB. #BQFB@G 69DIA<= CD989? <AF97D<DB64A<S 
B7D4A<K<64RF K4EFBFB= ED9;4, 6 >4K9EF69 >BFBDB= CD<A<@49FES K4EFBF4, A4K<A4S 
E >BFBDB= @B8G?P 69M9EF69AAB= K4EFBFAB=  I4D4>F9D<EF<><  EF4AB6<FES < BEF4-
9FES @9APL9 A4C9D98 6O5D4AAB7B ;A4K9A<S @4?B= 69?<K<AO. � >4K9EF69 CB-
E?98A9= @B:9F 5OFP CD<ASFB 5% @4>E<@4?PAB= BD8<A4FO �+). &4><@ B5D4;B@, 
6A4K4?9 A9B5IB8<@B A4=F< CB 7D4H<>G @4>E<@4?PAB9 ;A4K9A<9 BD8<A4FO �+), 
F.9. maxRe(), 4 ;4F9@ BCD989?<FP ;A4K9A<9 Re(ED)=0,05 maxRe().  

�4?99 EFDB<@ 7D4H<> C9D9IB8AB7B CDBJ9EE4 E<EF9@O CB HBD@G?9: 

            ,d
tsin

)Re(
2

)t(h
ED

0






Ā

= 


                                     (29) 

789 ED – K4EFBF4 ED9;4, BCD989?9AA4S CB 7D4H<>G 69M9EF69AAB= K4EFBFAB= I4-
D4>F9D<EF<>< 46FB@4F<K9E>B= E<EF9@O D97G?<DB64A<S 

#D< CD4>F<K9E>B@ <ECB?P;B64A<< �%$  > A<@ CD98NS6?SRFES A9 FB?P>B 
FD95B64A<S GEFB=K<6BEF<. !4DS8G E QF<@ 64:AO 8DG7<9 8<A4@<K9E><9 E6B=EF64, 
>BFBDO9 6 B5M9= EB6B>GCABEF<  I4D4>F9D<;GRF >4K9EF6B CDBJ9EE4 D97G?<DB64-
A<S. � F4><@ 8<A4@<K9E><@ E6B=EF64@ BFABESFES: 
4) CB6989A<9 E<EF9@O 6 A4K4?PAO= @B@9AF ED4;G CBE?9 CD<?B:9A<S 6B;@GM9-
A<S; 
5) I4D4>F9D CB6989A<S D97G?<DG9@B= 69?<K<AO 6 C9D9IB8AB@ D9:<@9; 
6) CB6989A<9 E<EF9@O CD< CD<5?<:9A<< > AB6B@G  GEF4AB6<6L9@GES EBEFBS-
A<R; 
7) 8?<F9?PABEFP C9D9IB84 E<EF9@O <; B8AB7B GEF4AB6<6L97BES EBEFBSA<S 6 8DG-
7B9. 

�E?< CD< D4EE@BFD9A<< GEFB=K<6BEF< �%$ 69?<K<A4 6B;@GM4RM97B 6B;-
89=EF6<S < EBEFBSA<9 E<EF9@O, CD98L9EF6GRM99 99 C9D9IB8AB@G D9:<@G (CB-
>B=, D46AB@9DAB9 86<:9A<9 < F.C.), A9 S6?SRFES BCD989?SRM<@< (F4> >4> <;GK4-
?BEP CD989?PAB9 EBEFBSA<9 E<EF9@O, A4 >BFBDB9 BA< A9 B>4;O64RF 6?<SA<S), FB 
CD< <EE?98B64A<< >4K9EF64 C9D9IB8AOI CDBJ9EEB6 QF< H4>FBDO <@9RF D9L4R-
M99 ;A4K9A<9. 

"EAB6AO9 CB>4;4F9?< >4K9EF64 CDBJ9EE4 D97G?<DB64A<S ?<A9=AOI E<-
EF9@ E?98GRM<9: 

1. �@5<O ?5@5E>4=>3> ?@>F5AA0 t? BCD989?S9FES >4> <AF9D64? 6D9@9A< 
BF A4K4?4 C9D9IB8AB7B CDBJ9EE4 8B @B@9AF4, >B784 BF>?BA9A<9 6OIB8AB= 69-
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?<K<AO BF 99 AB6B7B GEF4AB6<6L97BES ;A4K9A<S EF4AB6<FES @9APL9 BCD989-
?9AAB= 8BEF4FBKAB @4?B= 69?<K<AO. "5OKAB 6 >4K9EF69 CBE?98A9= 59DGF 2-

5% @4>E<@4?PAB7B BF>?BA9A<S 6 C9D9IB8AO= C9D<B8. 

2. %B0B8G5A:0O >H81:0 @53C;8@>20=8O 3 BF>?BA9A<9 D97G?<DG9@B= 69-
?<K<AO BF ;484AAB7B ;A4K9A<S CB B>BAK4A<< C9D9IB8AB7B CDBJ9EE4. 

3.  0:A8<0;L=>5 >B:;>=5=85 max x(t) 3 BF>?BA9A<9, 6O;64AAB9 6B;@G-
M9A<9@, BCD989?S9FES 69?<K<AB= �1. 

4. #5@5@53C;8@>20=85 3 @4>E<@4?PAB9 BF>?BA9A<9, 6OK<E?9AAB9 BFAB-
E<F9?PAB AB6B7B GEF4AB6<6L97BES ;A4K9A<S )GEF, CDBCBDJ<BA4?PAB7B <?< 
D46AB7B ;484AAB@G 6B;89=EF6<R );8: 

%.100
GEF

GEFmax 
ó

ó−ôó
=ó  

� 5B?PL<AEF69 E?GK496 FD95G9FES, KFB5O C9D9D97G?<DB64A<9 A9 CD96OL4?B 
10-30%. 

5. �>;510B5;L=>ABL ?5@5E>4=>3> ?@>F5AA0 3 BJ9A<649FES BFABL9A<9@ EB-
E98A<I @4>E<@G@B6 �2/A1 < 6OD4:49FES 6 %. #9D9IB8AO= CDBJ9EE B5OKAB 8B?-
:9A <@9FP 1-2 >B?954A<S, AB 8BCGE>49FES 8B 3-4 >B?954A<=. 

6. %B5?5=L 70BCE0=8O 3 BFABL9A<9 D4;ABEF< 86GI EBE98A<I CB?B:<F9?P-
AOI @4>E<@G@B6 C9D9IB8AB7B CDBJ9EE4 > C9D6B@G <; EBE98A<I @4>E<@G@B6: 

,
�
�

1
�
��

1

3

1

31 −=
−

=  

789 �1 < �3 3 4@C?<FG8AO9 ;A4K9A<S BD8<A4F CDBJ9EE4 D97G?<DB64A<S. 

2.4.  %"��$��!�� "&+�&� 

1. !4<@9AB64A<9 < J9?P ?45BD4FBDAB= D45BFO. 

2. #DB7D4@@4 <EE?98B64A<=. 

3. $9;G?PF4FO D4EK9F4 B5?4EF< GEFB=K<6BEF< < >D<6B= D46AB= EF9C9A< ;4FGI4-

A<S 6 C?BE>BEF< A4EFDB9KAOI C4D4@9FDB6 D97G?SFBD4 (F<C D97G?SFBD4 ;4849FES 

GEFAB CD9CB8464F9?9@). 

4. �D4H<>< 6O89?9A<S B5?4EF< GEFB=K<6BEF< 6 CDBEFD4AEF69 C4D4@9FDB6 

A4EFDB=>< D97G?SFBD4 < >D<6OI D46AB= EF9C9A< ;4FGI4A<S. 
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5. �D4H<> �+). 

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

2.5.  �"!&$"�0!/� �"#$"%/ 

1. �4> D4EEK<FO64RFES C4D4@9FDO A4EFDB=>< A9CD9DO6AB7B D97G?SFBD4? 

2. +FB F4>B9 EF9C9AP ;4FGI4A<S CDBJ9EE4 D97G?<DB64A<S? 

3. �4>4S EGM9EF6G9F ;46<E<@BEFP @9:8G EF9C9APR ;4FGI4A<S < EF9C9APR >B?9-

54F9?PABEF<? 

4. �4>B= 79B@9FD<K9E><= E@OE? <@99F C9D64S <AF97D4?PA4S BJ9A>4 >4K9EF64 

CDBJ9EE4 D97G?<DB64A<S? 

5. �4>B64 E6S;P @9:8G C9D9IB8AB= HGA>J<9= < �+) E<EF9@O? 

6. +FB F4>B9 K4EFBF4 ED9;4? 

7. �4> BCD989?<FP K4EFBFG ED9;4 CB 7D4H<>G �+)? 

8. �4> BCD989?S9FES CDB8B?:<F9?PABEFP CDBJ9EE4 D97G?<DB64A<S? 

9. �4> BCD989?S9FES C9D9D97G?<DB64A<9? 

10. �4> BCD989?S9FES EF4F<K9E>4S BL<5>4 D97G?<DB64A<S? 

11. +FB F4>B9 >B?954F9?PABEFP < 99 BJ9A>4? 

12. �4> BCD989?S9FES @4>E<@4?PAB9 8<A4@<K9E>B9 BF>?BA9A<9? 
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���"$�&"$!�3 $��"&� 3 
%�!&�� �%$ &� #�$�&'$/ � "�.��&� $��'��$"��!�3 

3.1.  *��0 $��"&/ 

" #D4>F<K9E>B9 <;GK9A<9 D45BFO F9IAB?B7<K9E>B7B 4CC4D4F4 (B5N9>F4 D97G?<-

DB64A<S), EBEF46?9A<9 EI9@O 46FB@4F<;4J<<, 6O5BD < B5BEAB64A<9 ED98EF6 

46FB@4F<;4J<<. 

" �O5BD D97G?SFBD4, D4EK9F 97B A4EFDB9> < CBEFDB9A<9 C9D9IB8AB7B CDBJ9EE4 6 

�%$. 

3.2.  #$"�$�  � �%%���"��!�� 

1. �4FP >D4F>B9 BC<E4A<9 D45BFO F9IAB?B7<K9E>B7B 4CC4D4F4 (B5N9>F4 D97G-

?<DB64A<S) < G>4;4FP AB@<A4?PAO9 ;A4K9A<S D97G?<DG9@B7B C4D4@9FD4. 

2. $4EEK<F4FP C9D9IB8AGR I4D4>F9D<EF<>G B5N9>F4 D97G?<DB64A<S. 

3. "CD989?<FP 6<8 46FB@4F<K9E>B7B D97G?SFBD4, >BFBDO= E?98G9F <ECB?P;B-

64FP 6 �%$, < D4EEK<F4FP 97B A4EFDB=><. 

4. "CD989?<FP C9D984FBKAGR HGA>J<R �%$. 

5. #BEFDB<FP I4D4>F9D<EF<>G C9D9IB8AB7B CDBJ9EE4 �%$ < BJ9A<FP CB A9= 

>4K9EF6B CDBJ9EE4 D97G?<DB64A<S. 

6. %BEF46<FP EI9@G 46FB@4F<;4J<< B5N9>F4 D97G?<DB64A<S. 

7. #D<69EF< EC9J<H<>4J<R A4 ED98EF64 46FB@4F<;4J<<. 

3.3.   �&"��+�%��� '����!�3 #" �/#"�!�!�2 $��"&/ 

�EIB8AO9 84AAO9: 

1. "5N9>F D97G?<DB64A<S CD98EF46?S9F EB5B= <A9DJ<BAAB9 ;69AB C9D6B7B 

CBDS8>4 E ;4C4;8O64A<9@ < I4D4>F9D<;G9FES E?98GRM<@< C4D4@9FD4@<: 
- >BQHH<J<9AF C9D984K< �B5, 

@9х4A87@4PAB7B8ECB?A8F9?хB84
%

%

0

; 

- CBEFBSAA4S 6D9@9A< &B5 , @<A.; 

- 6D9@S ;4C4;8O64A<S Ç, @<A. 
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�<8 F9IAB?B7<K9E>B7B 4CC4D4F4, <ECB?P;G9@B7B 6 >4K9EF69 B5N9>F4 D97G?<-

DB64A<S, 6O5<D49FES CB CBE?98A9= J<HD9 L<HD4 ;4K9FAB= >A<:>< EFG89AF4 <; 

F45?<JO 1. 

2. &D95G9@O9 CB>4;4F9?< >4K9EF64 D45BFO E<EF9@O D97G?<DB64A<S: 

- @4>E<@4?PAB9 8<A4@<K9E>B9 BF>?BA9A<9 )1, 
0%; 

- 8BCGEF<@B9 BEF4FBKAB9 BF>?BA9A<9 Δq, 
0%; 

- 6D9@S D97G?<DB64A<S tp, @<A; 

- C9D9D97G?<DB64A<9 100
)
)

1

2  , %. 

3. �9?<K<A4 6B;@GM4RM97B 6B;89=EF6<S Ç, (% I.<.@.). 
�A4K9A<S �B5, &B5, Ç, )1 6O5<D4RFES <; F45?<JO 2 CB CBE?98A9= J<HD9 EG@-

@O CBE?98A<I FD9I J<HD L<HD4 ;4K9FAB= >A<:>< EFG89AF4 (A4CD<@9D, FD< CB-

E?98A<9 J<HDO 765, E?98B64F9?PAB, <I EG@@4 D46A4 18, ;A4K<F 6 QFB@ E?GK49 

A9B5IB8<@B <; F45?<JO 2 6;SFP 6 >4K9EF69 <EIB8AOI 84AAOI ;A4K9A<S 6OL9G>4-

;4AAOI >BQHH<J<9AFB6 8?S 64D<4AF4 8). 

�A4K9A<S Δq, tp,    , Ç 6O5<D4RFES <; F45?<JO 3 CB CBE?98A9= J<HD9 L<HD4 

;4K9FAB= >A<:>< EFG89AF4. 

&45?<J4 1 

№ 64-
D<4A-
F4 

"5N9>F D97G?<DB64-
A<S 

$97G?<DG9@4S 69?<-
K<A4, 0% 

$97G?<DGRM99 
6B;89=EF6<9, % 

I.<.@. 
1 2 3 4 

1 F9C?BB5@9AA<> 
E@9L9A<S 

F9@C9D4FGD4 CBFB>4 
A4 6OIB89 

D4EIB8 B8AB7B <; 
6IB8AOI CBFB>B6 

2 >B:GIBFDG5AO=  
F9C?BB5@9AA<> 

F9@C9D4FGD4 CDB8G>F4 
A4 6OIB89 

D4EIB8 C4D4 

3 >B:GIBFDG5AO=  
F9C?BB5@9AA<> 

F9@C9D4FGD4 CDB8G>F4 
A4 6OIB89 

D4EIB8 >BA89AE4F4 

4 FDG5K4F4S C9KP F9@C9D4FGD4 F9IAB?B-
7<K9E>B7B CBFB>4 A4 

6OIB89 

D4EIB8 FBC?<64 

5 >B:GIBFDG5AO=  
F9C?BB5@9AA<> 

F9@C9D4FGD4 CDB8G>F4 
A4 6OIB89 

D4EIB8 CDB8G>F4 A4 
54=C4EAB= ?<A<< 

6 D9>F<H<>4J<BAA4S 
>B?BAA4 

F9@C9D4FGD4 A<;4  
>B?BAAO 

D4EIB8 7D9RM97B 
C4D4 
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7 54D454AA4S EGL<?>4 F9@C9D4FGD4 6B;8GI4 
A4 6IB89 6 54D454A 

D4EIB8 6FBD<KAB7B 
6B;8GI4 6 >4@9DG 
E@9L9A<S 

8 4CC4D4F E ><CSM<@ 
E?B9@ 

F9@C9D4FGD4 6 E?B9 
CE968BB:<:9AAB7B 

@4F9D<4?4 

D4EIB8 6?4:AB7B @4-
F9D<4?4  
6 EGL<?>G 

9 4CC4D4F E ><CSM<@ 
E?B9@ 

F9@C9D4FGD4 6B;8GI4 
A4 6IB89 6 EGL<?>G 

D4EIB8 FBC?<6AB7B 
74;4 6 FBC>G 

10 >B:GIBFDG5AO=  
F9C?BB5@9AA<> 

F9@C9D4FGD4  
6 4CC4D4F9 

D4EIB8 C4D4 

&45?<J4 2 

№ 64D<4A-
F4 

�B5 &B5 Ç )1 

1 0,6 5 3 10 

2 0,4 7 4 8 

3 0,4 9 3 7 

4 0,5 12 5 8 

5 0,6 11 4 10 

6 0,4 13 5 9 

7 0,6 14 5 10 

8 0,7 10 6 9 

9 0,5 8 4 7 

10 0,5 6 3 9 

&45?<J4 3 

№ 64D<4A-
F4 

Δq tD % I.<.@. 
%100

)
)

1

2   

1 0,5 50 10 10 

2 1,2 55 15 15 

3 1,8 60 18 20 

4 0,7 65 12 30 

5 1,5 70 20 35 

6 0,8 75 15 20 

7 1 80 10 40 

8 0,6 85 18 35 

9 1,6 90 12 10 

10 2 95 20 20 

 

3.3.1. #D<@9D 6OCB?A9A<S ?45BD4FBDAB= D45BFO 
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#GEFP ;484AO E?98GRM<9 <EIB8AO9 84AAO9: 

�B5 = 0,55
.@.<.I%

%0 ; &B5 = 10 @<A; Ç = 4 @<A; )1 = 9 0%; Δq = 0,5 0%; tp = 50 @<A; 

%10%100
)
)

1

2 = ; Ç = 10% I.<.@; )6I(t) = Ç; )6OI(t) = Δθ6OI(t).  

$0AG5B ?5@5E>4=>9 E0@0:B5@8AB8:8 >1J5:B0 @53C;8@>20=8O 
%B7?4EAB ;484A<R, B5N9>F D97G?<DB64A<S CD98EF46?S9F EB5B= <A9DJ<BA-

AB9 ;69AB C9D6B7B CBDS8>4 E ;4C4;8O64A<9@, < CD< E>4K>BB5D4;AB@ 6B;89=EF6<< 

A4 6IB8AGR 69?<K<AG <;@9A9A<9 6OIB8AB= 69?<K<AO A4;O64RF C9D9IB8AB= I4-

D4>F9D<EF<>B=: 

)e1)(t()k)t() B5T

t

6IB56OI

ô−
−

−= ; 

)e1(5,5)e1(k)t( 10

4t

B5T
t

B56OI

−
−

ô−
−

−=−=āô . 

�48464SEP D4;AO@< ;A4K9A<S@< t, CB?GK49@ Δθ6OI(t) < EFDB<@ C9D9IB8AGR 

I4D4>F9D<EF<>G B5N9>F4 D97G?<DB64A<S (D<EGAB> 1). 

0

1

2

3

4

5

6

0 10 20 30 40 50 60 70 80

t, <и=

 

$<EGAB> 1 − #9D9IB8A4S I4D4>F9D<EF<>4 B5N9>F4 D97G?<DB64A<S 

)t(6OIāô
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�K1>@ @53C;OB>@0 4;O �%$ 

#D< 6O5BD9 D97G?SFBD4 CD9:89 6E97B BCD989?S9FES A9B5IB8<@O= 6<8 D9-
7G?<DB64A<S 3 A9CD9DO6AO=, CB;<J<BAAO= <?< <@CG?PEAO=. �?S QFB7B 6OK<E-
?SRF BFABL9A<9 6D9@9A< ;4C4;8O64A<S Ç > CBEFBSAAB= 6D9@9A< &B5. �E?< QFB 
BFABL9A<9 @9APL9 0,2, FB 6O5<D4RF CB;<J<BAAO= 6<8 D97G?<DB64A<S; 9E?< BF-
ABL9A<9 A4IB8<FES 6 CD989?4I BF 0,2 8B 1, FB 6O5<D4RF A9CD9DO6AO= 6<8 D97G-
?<DB64A<S; 9E?< BFABL9A<9 5B?PL9 1, FB 6O5<D4RF <@CG?PEAO= D97G?SFBD. &4> 
>4> 6 D4EE@4FD<649@B@ E?GK49 BFABL9A<9 Ç / &B5 D46AB 0,4, FB 8?S �%$ CB8IB8<F 
A9CD9DO6AO= 6<8 D97G?<DB64A<S. 

�4?99 A9B5IB8<@B BCD989?<FP ;4>BA D97G?<DB64A<S A9CD9DO6AB7B D97G?S-
FBD4 (#, #�, � <?< #��). �?S QFB7B EA4K4?4 BCD989?SRF 6<8 F<CB6B7B C9D9IB8-
AB7B CDBJ9EE4, >BFBDO= 8B?:9A <@9FP @9EFB 6 �%$. �E?< ;484AA4S 69?<K<A4 C9-
D9D97G?<DB64A<S D46A4 0, FB 6O5<D4RF 4C9D<B8<K9E><= C9D9IB8AO= CDBJ9EE; 
9E?< QF4 69?<K<A4 A4IB8<FES 6 CD989?4I BF 10 8B 30, FB 6O5<D4RF C9D9IB8AO= 
CDBJ9EE E 20-CDBJ9AFAO@ C9D9D97G?<DB64A<9@; 9E?< :9 C9D9D97G?<DB64A<9 

5B?PL9 30, FB 6O5<D4RF CDBJ9EE E min 


0

6OI
2 dt)t() . � 84AAB@ E?GK49 6O5<D49@ 

C9D9IB8AO= CDBJ9EE E 20%-AO@ C9D9D97G?<DB64A<9@  ((X2 / X1)100% = 10%). 

�?S BCD989?9A<S ;4>BA4 D97G?<DB64A<S D97G?SFBD4 D4EEK<FO649FES 8<A4-
@<K9E><= >BQHH<J<9AF D97G?<DB64A<S: 

.
k

R
"�

1

g 
ó

=  

� D4EE@4FD<649@B@ E?GK49 QFBF >BQHH<J<9AF D469A: 

64,1
1055,0

9
R

g
=


= . 

#B 7D4H<>G (D<EGAB> 2) 8?S C9D9IB8AB7B CDBJ9EE4 E 20%-AO@ C9D9D97G-
?<DB64A<9@ 8?S BFABL9A<S Ç/&B5, D46AB7B 0,4, A4IB8<@, KFB 6E9 >D<6O9 (F.9. 6E9 
;4>BAO D97G?<DB64A<S) B59EC9K<64RF 69?<K<AG Rg @9APLGR 8BCGEF<@B= (1,64). 
%?98B64F9?PAB, 6 �%$ E QFB= FBK>< ;D9A<S @B7GF 5OFP <ECB?P;B64AO 6E9 K9FOD9 
;4>BA4 D97G?<DB64A<S.  

&9C9DP BCD989?S9@, CD< >4>B@ ;4>BA9 D97G?<DB64A<S B59EC9K<649FES 8B-
CGEF<@B9 6D9@S D97G?<DB64A<S. �OK<E?S9@ BFABE<F9?PAB9 6D9@S D97G?<DB64-
A<S tp/Ç CD< CB@BM< 7D4H<>B6 (D<EGAB> 3) < A4IB8<@, KFB BF89?PAO9 D97G?SFBDO 
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(#, �, #�, #��) B59EC9K<64RF 97B 69?<K<AG EBBF69FEF69AAB D46AB= 7, 27, 12, 8 

(<?< 6D9@S D97G?<DB64A<S EBBF69FEF69AAB D46AB 28, 108, 48, 32 @<A).  
%?98B64F9?PAB, <; B5M97B K<E?4 D97G?SFBDB6, >BFBDO9 @B7GF 5OFP CD<@9-

A9AO 6 �%$, E?98G9F <E>?RK<FP �-D97G?SFBD. &4> >4> 6 �%$ 8B?:9A 5OFP  <E-
CB?P;B64A  E4@O=  CDBEFB=  <  89L96O=  D97G?SFBD,  4  <;  BEF46L<IES 

 
4)         5)      6) 

$<EGAB> 2 − �<A4@<K9E><9 >BQHH<J<9AFO D97G?<DB64A<S A4 EF4F<K9E><I B5N-
9>F4I: 4 3 4C9D<B8<K9E><= CDBJ9EE; 5 3 CDBJ9EE E 20%-AO@ C9D9D97G?<DB64A<-

9@; 6 3 CDBJ9EE E dt)t(Xmin
0

2

6OI


, 

 

 

 

 

 

 

 

 

 

 

F4><@ S6?S9FES #-D97G?SFBD, FB BCD989?<@ 69?<K<AG BEF4FBKAB7B BF>?BA9A<S 

D97G?<DG9@B7B C4D4@9FD4, >BFBDGR B59EC9K<649F QFBF D97G?SFBD. � EBBF69F-

$<EGAB> 3 − �D9@S D97G?<DB64A<S A4 EF4F<K9E><I B5N9>F4I: 4 3 4C9D<B-

8<K9E><= CDBJ9EE; 5 3 CDBJ9EE E 20%-AO@ C9D9D97G?<DB64A<9@; 6 3 
CDBJ9EE E dt)t(Xmin

0

2

6OI
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EF6<< E 7D4H<>4@< (D<EGAB> 4) BCD989?S9@, KFB 8?S >D<6B= CDBJ9EE4 E 20%-AO@ 

C9D9D97G?<DB64A<9@ CD<  Ç/&B5 = 0,4 ;A4K9A<9 BFABE<F9?PAB7B BEF4FBKAB7B BF-

>?BA9A<S Δ| = yEF = 39%. �4F9@ <; HBD@G?O Δ| = (Δ / kB5Ç)100% CBE?9 CD9B5D4;B-

64A<S BCD989?<@: 

%14,21055,0
100

39
k

%100

0

"�

|

==
ô

=ô . 

�A4K9A<9 Δ = 2,14 0% 5B?PL9 ;484AAB7B Δg = 0,5 0%, E?98B64F9?PAB, < #-

D97G?SFBD A9 @B:9F 5OFP CD<@9A9A 6 �%$. 

 1) 2) 3) 

 

 

 

 

�; BEF46L<IES #� < #��-D97G?SFBDB6, >BFBDO9 B59EC9K<64RF BEF4FBK-

AB9 BF>?BA9A<9 Δ = 0 (F4> >4> 6 <I ;4>BA4I D97G?<DB64A<S CD<EGFEF6G9F <AF9-

7D<DGRM4S EBEF46?SRM4S), A4<5B?99 CDBEFO@ < 89L96O@ S6?S9FES #�-

D97G?SFBD. %?98B64F9?PAB, QFBF D97G?SFBD < 8B?:9A 5OFP CD<@9A9A 6 CDB9>F<-

DG9@B= �%$. 

 

$<EGAB> 4 3 "EF4FBKAB9 BF>?BA9A<9 A4 EF4F<K9E><I B5N9>F4I: 

1 3 4C9D<B8<K9E><= CDBJ9EE; 2 3 CDBJ9EE E 20%-AO@ C9D9D97G?<DB64A<9@;  

3 3 CDBJ9EE E dt)t(Xmin
0

2

6OI


 

τ/&О� τ/&О� τ/&О� 0,4 0,4 0,4 0,8 0,8 0,8 
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$0AG5B =0AB@>5: @53C;OB>@0 

$4EK9F >BQHH<J<9AFB6, 6IB8SM<I 6 C9D984FBKAGR HGA>J<R D97G?SFBD4, 

@B:9F 5OFP CDB<;6989A CD< CB@BM< 7D4H<>B6 <?< CD< CB@BM< HBD@G? <; F45-

?<JO 4. � A4L9@ CD<@9D9 <ECB?P;G9@ F45?<KAO9 HBD@G?O < CB?GK<@ E?98GR-

M<9 ;A4K9A<S >BQHH<J<9AFB6: 

,
%

.@.<.I%
18,3

455,0

107,0

k

T7,0
K

0

"�

"�
p

=



=
ô


=  

&C = 0,7·&B5 = 7 @<A. 
� <FB79 @O CB?GK49@ 6OD4:9A<9 8?S C9D984FBKAB= HGA>J<< D97G?SFBD4 < 

;A4K9A<9 6E9I >BQHH<J<9AFB6, 6IB8SM<I 6 QFG HGA>J<R: 

).
D7

1
1(18,3)

D&
1

1(K)D(W
�

P$ +=+=  

�?S 8DG7<I F<CB6 D97G?SFBDB6 C9D984FBKAO9 HGA>J<< <@9RF 6<8: 

Wp(p) = Kp (#-D97G?SFBD); 
D&

1
)D(W

�
$ =  (�-D97G?SFBD); 

)D&
D&

1
1(K)D(W �

�
P$ ++=  (#��-D97G?SFBD). 

&45?<J4 4 

&<C  
D97G?SFBD4 

�C9D<B8<K9E><=  
C9D9IB8AB= CDBJ9EE  
E @<A<@4?PAO@ 6D9-
@9A9@ D97G?<DB64-

A<S  

#9D9IB8AB= CDBJ9EE  
E 20%-AO@  

C9D9D97G?<DB64A<9@ 

#9D9IB8AB= CDBJ9EE  
E @<A<@4?PAB=  
>648D4F<KAB= C?B-
M48PR BF>?BA9A<S 

1 2 3 4 

# 

ô


=
"�

"�
$

k

&3,0�  
ô


=

"�

"�
$

k

&7,0�  
ô


=

"�

"�
$

k

&9,0�  

� "�"�� &k5,4& =  "�"�� &k7,1& =  "�"�� &k7,1& =  

#� 

ô


=
"�

"�
$

k

&6,0�  

"�� &6,0& =  

ô


=
"�

"�
$

k

&7,0�  

"�� &7,0& =  

ô
=

"�

"�
$

k

&�  

"�� && =  

#�� 

ô=

ô=
ô


=

4,0&
4,2&
k

&95,0�

�

8

"�

"�
$

 

ô=

ô=
ô


=

4,0&
0,2&
k

&2,1�

�

8

"�

"�
$

 

ô=

ô=
ô


=

5,0&
3,1&
k

&4,1�

�

8

"�

"�
$

 



 93 

#@>25@:0 ?@028;L=>AB8 2K1>@0 @53C;OB>@0 

%FDG>FGDA4S EI9@4 CDB9>F<DG9@B= �%$ <@99F 6<8: 

 

 

 

 

� EBBF69FEF6<< E QFB= EI9@B= B5M4S C9D984FBKA4S HGA>J<S �%$ E?98GR-

M4S: 

D
"��$�$"�

$�$
D

"�

$�$
D

"�"��

$�$
D

"�

�

$�DD

"�

"�

�

$�DD

"�

"�

P"�

P"�

9)1D&(D&)�D&�(k

)�D&�(9k

)�D&�(9k)1D&(D&
)�D&�(9k

D&
�D&�

9
1D&

k
1

D&
�D&�

9
1D&

k

)D(W)D(W1

)D(W)D(W
)D(W

ô

ô−

ô−

ô−

ô−

ô−

+++
+

=
+++

+
=

=
+


+

+

+


+
=

+


=

 

�?S CDB69D>< CD46<?PABEF< 6O5BD4 D97G?SFBD4 A9B5IB8<@B 6BECB?P;B-

64FPES @9FB8B@ CBEFDB9A<S C9D9IB8AB7B CDBJ9EE4 �%$, BCD989?<FP >4K9EF69A-

AO9 CB>4;4F9?< CB CB?GK9AAB= >D<6B= < ED46A<FP <I E ;484AAO@<. 

%>AB02;5=85 AE5<K 02B><0B870F88 

#D<@9D EI9@O 46FB@4F<;4J<< F9C?BB5@9AA<>4 E@9L9A<S <;B5D4:9A A4 D<EGA>9 5: 

&%
1

&
2

,F
2

&см,(F
1
+F

2
)

,F
1

&
1

 

$<EGAB> 5 − %I9@4 46FB@4F<;4J<< F9C?BB5@9AA<>4 E@9L9A<S 

WB5(D) Wp(D) 
 

X6I () X6OI (ôā6OI(t)) 

-
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$97G?<DB64A<9 F9C?BB5@9AA<>B6 E@9L9A<S ;4>?RK49FES 6 CB889D:4A<< CBEFBSA-
EF64 F9@C9D4FGDO &E@ EG@@4DAB7B CBFB>4 A4 6OIB89. �IB8AO@< 69?<K<A4@< F9C?BB5@9A-
A<>4 S6?SRFES D4EIB8O :<8>BEF9= A4 6IB89 (F1 < F2) < <I F9@C9D4FGDO (&1 < &2). �E?< 
&2þ&E@þ&1, 4 F4>:9 9E?< G89?PAO9 F9C?B9@>BEF< < C?BFABEF< :<8>BEF9= B5B<I CBFB>B6 
B8<A4>B6O, FB ;46<E<@BEFP &E@ BF 6IB8AOI 69?<K<A A4IB8<FES <; GD46A9A<S F9C?B6B7B 54-
?4AE4 (CBF9DS@< CD9A95D9749@): 

).TT(
FF

F&&
12

21

2

1E@ −
+

+=  

&9@C9D4FGDG &E@ B5OKAB EF45<?<;<DGRF CBED98EF6B@ <;@9A9A<S D4EIB84 B8AB7B <; 
6IB8AOI CBFB>B6 E CB@BMPR B8AB>BAFGDAB= �%$ F9@C9D4FGDO (CB;. 1). 

&9@C9D4FGD4 6 4CC4D4F9 <;@9DS9FES F9D@BC4DB= F<C4 &)� (CB;. 1-1), E<7A4? E >BFB-
DB= CBEFGC49F A4 CD9B5D4;B64F9?P ,-705 (CB;. 1-2) 8?S GE<?9A<S < ABD@<DB64A<S. "C9D4-
J<< >BAFDB?S < D97G?<DB64A<S D94?<;GRFES CDB7D4@@AO@ CGF9@. $97G?<DGRM99 6B;89=-
EF6<9 CBEFGC49F A4 Q?9>FDBCA96@4F<K9E><= CD9B5D4;B64F9?P 1##-1 (CB;. 1-3), 4 ;4F9@ 6 
6<89 E<7A4?4 0,2&1 >7E/E@2 A4 <ECB?A<F9?PAO= @9I4A<;@ (CB;. 1-4), >BFBDO= C9D9@9M49F 
C?GA:9D D97G?<DGRM97B >?4C4A4, <;@9ASRM97B CB84KG B8AB7B <; 6IB8AOI CBFB>B6 6 4CC4-
D4F F4><@ B5D4;B@, KFB5O GEFD4A<FP A9:9?49@B9 BF>?BA9A<9 F9@C9D4FGDO. 

%I9@4 46FB@4F<;4J<< D4;69DAGF4S CD<6989A4 A4 D<EGA>9 6. 

%?5F8D8:0F8O 

(
BD
-

@4
F 

�B
A4

 

#
B;
. �5>7=4че-

=8е 
�48<е=>64=8е 

�B

?. 

#D<@9-

K4A<9 

  1-1 &)� 
#D9B5D4;B64F9?P F9D@BQ?9>FD<K9-
E><= 1  

  1-2 ,-705 #D9B5D4;B64F9?P ABD@<DGRM<= 1 

7D.)�; 
 -

50÷2000% 

  1-3 1##-1 
#D9B5D4;B64F9?P Q?9>FDBCA96@4F<-
K9E><= 1  

  1-4 
25 E 48 
A: 

�?4C4A D97G?<DGRM<= 1  
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$<EGAB> 6 − %I9@4 46FB@4F<;4J<< (D4;69DAGF4S) 
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3.4.  %"��$��!�� "&+�&� 

1. !4<@9AB64A<9 < J9?P ?45BD4FBDAB= D45BFO. 

2. #DB7D4@@4 <EE?98B64A<=. 

3. "J9A>4 >4K9EF64 CDBJ9EE4 D97G?<DB64A<S CDB9>F<DG9@B= �%$. 

4. %I9@4 46FB@4F<;4J<<. 

5. %C9J<H<>4J<S. 

3.5.  �"!&$"�0!/� �"#$"%/ 

1. �4=F9 >D4F>B9 BC<E4A<9 D45BFO F9IAB?B7<K9E>B7B 4CC4D4F4 (B5N9>F4 D97G-

?<DB64A<S), D4EE@4FD<649@B7B 6 ?45BD4FBDAB= D45BF9. 

2. �4> BCD989?S9FES C9D9IB8A4S I4D4>F9D<EF<>4 B5N9>F4 D97G?<DB64A<S? 

3. �4> CDB<;6B8<FES 6O5BD D97G?SFBD4 < ;4>BA4 D97G?<DB64A<S? 

4. �4> D4EEK<FO64RFES C4D4@9FDO A4EFDB=>< A9CD9DO6AB7B D97G?SFBD4? 

5. #9D9K<E?<F9 <ECB?P;G9@O9 ED98EF64 46FB@4F<;4J<<, 84=F9 <I >D4F>GR I4-

D4>F9D<EF<>G. 
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���"$�&"$!�3 $��"&� 4 

%�!&�� �%$ !� "%!"�� �$�&�$�3  ��%� ��0!"� %&�#�!� 

'%&"�+��"%&� 

4.1.  *��0 $��"&/ 

"6?489A<9 @9FB8<>B= D4EK9F4 BCF<@4?PAOI C4D4@9FDB6 A4EFDB=>< D97G-

?SFBDB6 A4 BEAB69 >D<F9D<S @4>E<@4?PAB= EF9C9A< GEFB=K<6BEF< C9D9IB8AOI 

CDBJ9EEB6. 

4.2.  &�"$�&�+�%�"� �����!�� 

%<AF9; E<EF9@ 46FB@4F<K9E>B7B GCD46?9A<S F9IAB?B7<K9E><@< CDBJ9EE4-

@< 6 D4;?<KAOI BFD4E?SI CDB@OL?9AABEF< BEGM9EF6?S9FES 6 5B?PL<AEF69 E?G-

K496 E <ECB?P;B64A<9@ <AF97D4?PAOI >D<F9D<96 >4K9EF64. 

!4<5B?99 D4ECDBEFD4A9AAO@< S6?SRFES G?GKL9AAO9 <AF97D4?PAO9 >648-

D4F<KAO9 >D<F9D<<, BFD4:4RM<9 >4K9EF6B C9D9IB8AOI CDBJ9EEB6 6 E<EF9@9: 

                                  +++=
1

0

t

t

2)k(

k

2)1(

1

2

k
,dt]))t(E(j...))t(E(j)t(E[J              (1) 

789 �(t) 3 E<7A4? BL<5><; ji, i = 1, k 3 69EB6O9 >BQHH<J<9AFO (BCD989?SRFES 

CDB9>F<DB6M<>B@ E<EF9@O); t0, t1 3 @B@9AFO A4K4?4 < >BAJ4 D45BFO E<EF9@O. 

#D<D46A<64S 6 (1) 69EB6O9 >BQHH<J<9AFO AG?R, CB?GK<@ B8<A <; A4<5B-

?99 D4ECDBEFD4A9AAOI A4 CD4>F<>9 >D<F9D<= @<A<@G@4 <AF97D4?4 >648D4F4 

BL<5><: 

=
1

0

t

t

2

0
dt)t(EJ .    (2) 

�D<F9D<< (1), (2) B5?484RF DS8B@ EGM9EF69AAOI A98BEF4F>B6. �B-C9D6OI, 

<I CD<@9ASRF, 9E?< <@99FES <AHBD@4J<S B 6IB8AOI 6B;89=EF6<SI. �B-6FBDOI, 

<ECB?P;B64A<9 >D<F9D<S (2) 84:9 CD< GCD46?9A<< B5N9>F4@< A96OEB>B7B CBDS8-

>4 @B:9F CD<69EF< > E?45B;4FGI4RM<@ C9D9IB8AO@ CDBJ9EE4@. �D<F9D<= 6<84 

(1) ?<L9A CBE?98A97B A98BEF4F>4, B8A4>B 8?S 97B 6OK<E?9A<S FD95GRFES 8BEFB-

69DAO9 ;A4K9A<S CDB<;6B8AOI E<7A4?B6 6OEB>B7B CBDS8>4, KFB 6 GE?B6<SI 89=-

EF6<S <AF9AE<6AOI CB@9I CD98EF46?S9F EB5B= BF89?PAGR < E?B:AGR F9IA<K9-
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E>GR CDB5?9@G. �DB@9 FB7B, BL<5BKAO= 6O5BD ;A4K9A<= 69EB6OI >BQHH<J<9A-

FB6 @B:9F E69EF< A4 A9F CD9<@GM9EF64 >D<F9D<S (1). �-FD9FP<I, E<AF9; ;4>BA4 

GCD46?9A<S, @<A<@<;<DGRM97B <AF97D4?PAO9 >D<F9D<<, FD95G9F ;A4K<F9?PAOI 

6OK<E?<F9?PAOI ;4FD4F < CD<6B8<F > G69?<K9A<R B5N9@4 C4@SF< @<>DBCDBJ9E-

EBDAOI 6OK<E?<F9?PAOI GEFDB=EF6. '>4;4AAOI A98BEF4F>B6 ?<L9A >D<F9D<= 

@4>E<@4?PAB= EF9C9A< GEFB=K<6BEF<. �7B <ECB?P;B64A<9 B8AB;A4KAB BCD989?S-

9F C4D4@9FDO D97G?SFBD4 A9;46<E<@B BF 6IB8AOI 6B;89=EF6<=. 

%B5?5=LN CAB>9G82>AB8 A4;O649FES @<A<@4?PAB9 ;A4K9A<9 45EB?RFAOI 

69?<K<A 69M9EF69AAOI K4EF9= >BDA9= I4D4>F9D<EF<K9E>B7B GD46A9A<S ;4@>AG-

FB= E<EF9@O: 
n,...,2,1k,pReminh k == .   (3) 

!4 C?BE>BEF< >BDA9= EF9C9AP GEFB=K<6BEF< CD98EF46?S9F EB5B= D4EEFBS-

A<9 BF @A<@B= BE< 8B 5?<:4=L97B > A9= >BDAS <?< C4DO K<EFB @A<@OI >BDA9= 

(D<EGAB> 1). 

 

 

 

 

 

     

  4) 4C9D<B8<K9E>4S                         5) >B?954F9?PA4S 
 

$<EGAB> 1 − %F9C9AP GEFB=K<6BEF< 

� FB@ E?GK49, >B784 5?<:4=L<@ > @A<@B= BE< S6?S9FES 69M9EF69AAO= >B-

D9AP (D<EGAB> 1,4) AB5?5=L CAB>9G82>AB8 A4;O64RF 0?5@8>48G5A:>9. �E?< 
5?<:9 6E9I > @A<@B= BE< D4ECB?B:9A4 C4D4 A>?@O65==KE :><?;5:A=KE :>@-
=59 (D<EGAB> 1,5), EF9C9AP GEFB=K<6BEF< A4;O64RF :>;510B5;L=>9. 

$4EE@BFD<@ E?GK4= 4C9D<B8<K9E>B= EF9C9A< GEFB=K<6BEF<, >B784 5?<-

:4=L<= > @A<@B= BE< >BD9AP D1 = - h. � QFB@ E?GK49 GD46A9A<9 8?S C9D9IB8AB7B 

CDBJ9EE4 5G89F <@9FP 6<8: 

õ
=

− +=
n

2k

tD
k

th

1n

keCeC)t(y ,    (4) 

I 
I 

I 

 

Im 

Re 

0 
I 
I 

I 

 

Im 

Re 

0 
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789 D2,...,Dn – >BDA< I4D4>F9D<EF<K9E>B7B GD46A9A<S; %1, %2,..., %k 3 CDB<;6B?PAO9 

CBEFBSAAO9. 

�E?< 6OCB?AS9FES GE?B6<9: 
,n,...,3,2k,hpRe

k
=þþ     (5) 

F. 9. >BDA< D2, D3,..., Dn ;A4K<F9?PAB 84?PL9 G84?9AO BF @A<@B= BE<, K9@ >BD9AP 

D1 = - h, FB EBEF46?SRM<9 C9D9IB8AB7B CDBJ9EE4 (4) ;4FGI4RF ;A4K<F9?PAB 5OEF-

D99 C9D6B= EBEF46?SRM9= < CD<5?<:9AAB @B:AB ;4C<E4FP, KFB  
th

1n
eC)t(y − .    (6) 

%?98B64F9?PAB, CD< 6OCB?A9A<< GE?B6<S (5) C9D9IB8AO= CDBJ9EE 6 �%$ 

69EP@4 5?<;B> > B5OKAB= Q>ECBA9AF9. &4> >4> Q>ECBA9AF4 CD4>F<K9E>< ;4FGI49F 

;4 6D9@S, D46AB9 FD9@ 99 CBEFBSAAO@ 6D9@9A<, FB 8?S 6D9@9A< C9D9IB8AB7B 

CDBJ9EE4 E<EF9@O D97G?<DB64A<S @B:AB A4C<E4FP CD<5?<:9AAB9 EBBFABL9A<9: 

h

3
t

n
 .   (7) 

#B?GK9AA4S HBD@G?4 ECD4698?<64 < 6 FB@ E?GK49, >B784 5?<:4=L<@< > 

@A<@B= BE< S6?SRFES >B@C?9>EAB-EBCDS:9AAO9 >BDA<, 9E?< 6E9 BEF4?PAO9 >BD-

A< I4D4>F9D<EF<K9E>B7B GD46A9A<S G84?9AO BF @A<@B= BE< A4 D4EEFBSA<9, ;A4-

K<F9?PAB 5B?PL99, K9@ h. 

&4><@ B5D4;B@, >BDA964S BJ9A>4 >4K9EF64 (3) @B:9F E?G:<FP CD<5?<:9A-

AB= @9DB= 5OEFDB89=EF6<S �%$. +9@ 5B?PL9 h, F9@ @9APL9 6D9@S C9D9IB8AB7B 

CDBJ9EE4 6 E<EF9@9 < F9@ 6OL9 5OEFDB89=EF6<9 �%$. 

 AB7<9 CDB@OL?9AAO9 B5N9>FO GCD46?9A<S @B7GF 5OFP BC<E4AO @B89-

?PR 6<84: 

,
1pT

)pexp(k
)p(W

0

0

0 +
ô−

=      (8) 
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789 k0 – >BQHH<J<9AF GE<?9A<S; &0 – CBEFBSAA4S 6D9@9A<; ô – ;4C4;8O64A<9. 

$4EE@BFD<@ ;4@>AGFGR E<EF9@G 8?S E?GK4S, >B784 B5N9>F BC<EO649FES C9-

D984FBKAB= HGA>J<9= (8). !4=89@ 6OD4:9A<S 8?S C4D4@9FDB6 A4EFDB=>< E?98G-

RM<I ;4>BAB6 D97G?<DB64A<S: �-, #�-, #�-, #��-;4>BAB6. �?S A4;64AAOI ;4>B-

AB6 GCD46?9A<S I4D4>F9D<EF<K9E><9 GD46A9A<S ;4@>AGFOI E<EF9@ <@9RF E?9-

8GRM<= 6<8: 

�-;4>BA 
0kk)exp()1&()(� <00< =+ô+= ,         (9) 

#�-;4>BA 
0)kk(k)exp()1&()(� C<00#� =++ô+= , (10) 

#�-;4>BA 
0)kk(k)exp()1&()(� 8C00#� =++ô+= ,  (11) 

#��-;4>BA 
0)kkk(k)exp()1&()(� 2

8C<00#�� =+++ô+= .   (12) 

"CD989?<@ @4>E<@4?PAGR EF9C9AP GEFB=K<6BEF< 8?S G>4;4AAOI 6OL9 ;4-

>BAB6. #D< QFB@ CDB8<HH9D9AJ<DG9@ (9) B8<A, (10) < (11) 864, (12) FD< D4;4. &B-

784 CB?GK49@: 

8?S � - ;4>BA4 
;0)exp(]1)T2(T[)(� 0

2

0� =ô++ô+ô=   (13) 

8?S #� - ;4>BA4 
;0kk]1)&2(&[)(� #00

2

0#� =+++ô+ô=   (14) 

0)exp()]&(2)&4(&[)(� 00

22

0

2

#� =ô+ô+ô+ô+ô= , (15) 

8?S #� - ;4>BA4 
0;λ)(τ]TτλT[τ)(� �000�� =+++= kkexp   (16) 

0,λ)(τ]TτλT[τ)(� 0

2

0

2

�� =ô++= exp2   (17) 

8?S #�� - ;4>BA4 
;0)k2k(k)(9ID]1)T2(T[)(� �#00

2

0#�� =++ô++ô+ô=  (18) 

;0kk2)(9ID)]&(2)T4(T[)(� �000

22

0

2

#�� =+ô+ô+ô+ô+ô=  (19) 

.0)(9ID]T63)T6(T[)(�
0

2

0

332

0

3)3(

#�� =ôô+ô+ô+ô+ô= (20) 
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�; 6OD4:9A<= (13), (15), (17), (20) 6 D9;G?PF4F9 ;4@9AO  A4 -J < CD<D46-

A<64S > AG?R 6OD4:9A<=, ;4>?RK9AAOI 6 >648D4FAO9 E>B5><, CB?GK49@ EBBF-

ABL9A<S 8?S @4>E<@4?PAB= EF9C9A< GEFB=K<6BEF<, CD<6989AAO9 6 F45?<J9 1. 

&45?<J4 1 3 �OD4:9A<9 8?S >D<F9D<S @4>E<@4?PAB= EF9C9A< GEFB=K<6B-

EF< < C4D4@9FDB6 A4EFDB=>< D97G?SFBD4 

 

�<8 ;4-
>BA4 D9-
7G?<DB-
64A<S 

�OD4:9A<9 8?S >D<F9D<S  
@4>E<@4?PAB= EF9C9A<  

GEFB=K<6BEF< 

�OD4:9A<9 8?S C4D4@9FDB6  
A4EFDB=>< D97G?SFBD4 

1 2 3 

� 
2

0

2

0

< &4

11

&2

11
J


+

ô
−


+

ô
=  )J(9IDJ)J&1(

k

1
k <<<0

0

< ô−−=  

#� 
2

0

2

0

#� &4

12

&2

12
J


+

ô
−


+

ô
=  

)J(9ID

J]J&)&[(
k

1
k

);J(9ID

]1J&J)&2[(
k

1
k

#�

2

#�#�00

0

<

#�

2

#�0#�0

0

C

ô−

ô−+ô=

ô−

−ô−+ô=

 

#� 

0

#� &
12

J +
ô

=  

÷÷
ø

ö
÷÷
ø

ö
−

ô
−÷

ø
ö

÷
ø
ö +

ô


=

÷÷
ø

ö
÷÷
ø

ö
−

ô
−=

2
&

exp1
&4

k

1
k

;2
&

9ID
k

&
k

0

0

0

C

00

0

8

 

#�� 
2

0

2

0

#�� &4

13

&2

13
J


+

ô
−


+

ô
=  

)J(9ID]&2)J&21(

2)J&J([
k2

1
k

#��0#��0

2

#��0#��
2

0

8

ô−−−

ô−−ô


=
 

)J(9ID
]J4J&4J)&

2(J&[
k2

1
k

);J(9ID]1JJ

)&3(J&[
k

1
k

#��

#��
2

#��0

3

#��0

24

#��0

2

0

<

#��#��
2

#��

0

23

#��0

2

0

C

ô−

−+

ô+ô+ô−


=

ô−−ô−

ô+ô+ô−=
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4.3. '����!�� � #"$3�"� �/#"�!�!�3 $��"&/ 

 

1. �ECB?P;GS D9;G?PF4FO ?45BD4FBDAB= D45BFO «�89AF<H<>4J<S F9IAB?B-

7<K9E><I B5N9>FB6 GCD46?9A<S», CBEFDB<FP 7D4H<> C9D9IB8AB= I4D4>F9D<EF<>< 

< BCD989?<FP CB A9@G C4D4@9FDO C9D984FBKAB= HGA>J<< B5N9>F4 (�0, &0, ô). 

2. $4EEK<F4FP BCF<@4?PAO9 C4D4@9FDO A4EFDB=>< D97G?SFBDB6 A4 BEAB69 >D<F9D<S @4>E<-

@4?PAB= EF9C9A< GEFB=K<6BEF< C9D9IB8AOI CDBJ9EEB6. 

#GA>FO 1, 2 6OCB?ASRFES EFG89AF4@< 8B CD<IB84 6 ?45BD4FBD<R. 

3. %B5D4FP <EE?98G9@GR EI9@G �%$ (D<EGAB> 2) E <ECB?P;B64A<9@ CDB7D4@@AB-

D94?<;B64AAOI HGA>J<BA4?PAOI 5?B>B6 C4>9F4 @B89?<DB64A<S A4 #1� . #B?GK<FP 7D4-

H<> C9D9IB8AB7B CDBJ9EE4 < BJ9A<FP CB>4;4F9?< >4K9EF64 C9D9IB8AB7B CDBJ9EE4. 

$<EGAB> 2 − %FDG>FGDA4S EI9@4 �%$ 

 

4.4.  %"��$��!�� "&+�&� 

1. %FDG>FGDA4S EI9@4 �%$. 

2. �D4H<> >D<6B= D4;7BA4 B5N9>F4 CB >4A4?G D97G?<DB64A<S. 

3. $4EK9F BCF<@4?PAOI CB EF9C9A< GEFB=K<6BEF< C4D4@9FDB6 A4EFDB=>< F<CB-

6OI D97G?SFBDB6. 

4. %I9@4 @B89?<DB64A<S �%$, EBEF46?9AA4S E <ECB?P;B64A<9@ CDB7D4@@AB-

D94?<;B64AAOI HGA>J<BA4?PAOI 5?B>B6 C4>9F4 @B89?<DB64A<S A4 #1� . 

5. �D4H<> >D<6B= C9D9IB8AB7B CDBJ9EE4 6 E<EF9@9 E: 

" #�-D97G?SFBDB@; 

" #�-D97G?SFBDB@; 

" #��-D97G?SFBDB@; 

" �-D97G?SFBDB@. 

W0(p) 
G6OI(t) 

Wp(p) 
x6I(t) 
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&<C D97G?SFBD4 G>4;O649FES GEFAB CD9CB8464F9?9@. 

6. "J9A>4 CB>4;4F9?9= >4K9EF64 C9D9IB8AB7B CDBJ9EE4. 

4.5.  �"!&$"�0!/� �"#$"%/ 

1. %HBD@G?<DG=F9 @9FB8O BJ9A>< >4K9EF64 C9D9IB8AOI CDBJ9EEB6. 

2. +FB A4;O649FES EF9C9APR GEFB=K<6BEF< E<EF9@O? 

3. +FB F4>B9 4C9D<B8<K9E>4S, >B?954F9?PA4S EF9C9AP GEFB=K<6BEF<? 

4. �4> BCD989?S9FES >B?954F9?PABEFP E<EF9@O? 

5. �4> A4=F< 6D9@S C9D9IB8AB7B CDBJ9EE4 tC? 

6. � K9@ EGMABEFP 6O5BD4 BCF<@4?PAOI CB EF9C9A< GEFB=K<6BEF< C4D4@9FDB6 

A4EFDB=>< D97G?SFBD4? 
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���"$�&"$!�3 $��"&�  5 

�%%���"��!�� ��%���!/) %�' 

5.1.  *��0 $��"&/ 

�;GK9A<9 @9FB8B6 D4EK9F4 ;4@>AGFOI >BAFGDB6 >4E>48AB= %�' < <EE?98B-

64A<9 CB>4;4F9?9= >4K9EF64 GCD46?9A<S 6 E<EF9@9. 

5.2.  &�"$�&�+�%�"� �����!�� 

'8B6?9F6BD<F9?PAB9 >4K9EF6B D97G?<DB64A<S 6 CDBEF9=L<I B8AB>BAFGD-
AOI E<EF9@4I E <ECB?P;B64A<9@ EF4A84DFAOI ;4>BAB6 D97G?<DB64A<S @B:AB 
B59EC9K<FP ?<LP CD< 5?47BCD<SFAOI 8<A4@<K9E><I I4D4>F9D<EF<>4I B5N9>F4. 
"8A4>B 5B?PL<AEF6G CDB@OL?9AAOI B5N9>FB6 E6B=EF69AAB ;A4K<F9?PAB9 K<-
EFB9 ;4C4;8O64A<9 < 5B?PL<9 CBEFBSAAO9 6D9@9A<. � F4><I E?GK4SI 84:9 CD< 
BCF<@4?PAOI A4EFDB=>4I D97G?SFBDB6 B8AB>BAFGDAO9 �%$ I4D4>F9D<;GRFES 
5B?PL<@< 8<A4@<K9E><@< BL<5>4@<, 8?<F9?PAO@< C9D9IB8AO@< CDBJ9EE4@<. 
�?S CB6OL9A<S >4K9EF64 D97G?<DB64A<S A9B5IB8<@ C9D9IB8 BF B8AB>BAFGDAOI 
�%$ > 5B?99 E?B:AO@ E<EF9@4@, <ECB?P;GRM<@ 8BCB?A<F9?PAO9 (>BDD9>F<DG-
RM<9) <@CG?PEO CB 6B;@GM9A<S@ <?< 6ECB@B74F9?PAO@ 6OIB8AO@ >BBD8<A4-
F4@. &4><9 E<EF9@O, >DB@9 B5OKAB7B EF4A84DFAB7B D97G?SFBD4, EB89D:4F 6ECB-
@B74F9?PAO9 D97G?<DGRM<9 GEFDB=EF64 3 8<A4@<K9E><9 >B@C9AE4FBDO <?< 8B-
CB?A<F9?PAO9 D97G?SFBDO. 

� ;46<E<@BEF< BF I4D4>F9D4 >BDD9>F<DGRM97B <@CG?PE4 D4;?<K4RF E?9-
8GRM<9 @AB7B>BAFGDAO9 %�': 

- >4E>48AO9 3 86GI>BAFGDAO9 ;4@>AGFO9 %�', CBEFDB9AAO9 A4 54;9 86GI 
EF4A84DFAOI D97G?SFBDB6 < <ECB?P;GRM<9 >DB@9 BEAB6AB= 6OIB8AB= >BBD8<A4-
FO 8BCB?A<F9?PAO= CDB@9:GFBKAO= 6OIB8 (D<EGAB> 1,2); 

- >B@5<A<DB64AAO9, EBK9F4RM<9 B5OKAO= ;4@>AGFO= >BAFGD D97G?<DB-
64A<S E 8BCB?A<F9?PAO@ >4A4?B@, CB >BFBDB@G K9D9; 8<A4@<K9E><= >B@C9AE4-
FBD 66B8<FES <@CG?PE CB 6B;@GM9A<R; 

- E 8BCB?A<F9?PAO@ <@CG?PEB@ CB CDB<;6B8AB= BF CDB@9:GFBKAB= 6O-
IB8AB= >BBD8<A4FO. 

�4> CD46<?B, >4E>48AGR E<EF9@G CD<@9ASRF 6 E?98GRM<I E?GK4SI: 
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1) 9E?< A9B5IB8<@O= >4A4? D97G?<DB64A<S B5?4849F 5B?PL<@ ;4C4;8O64A<-
9@, < G?GKL<FP >4K9EF6B D97G?<DB64A<S @B:AB E CB@BMPR 8DG7B= D97G?<DG9-
@B= 69?<K<AO (<?< @B:AB CB?GK<FP <AHBD@4J<R B FB= :9 D97G?<DG9@B= 69?<-
K<A9, AB <; 8DG7B= FBK><, E @9APL<@ ;4C4;8O64A<9@), 5OEFD99 6BECD<A<@4R-
M9= F9 6B;@GM9A<S, >BFBDO9 8B?:AO 5OFP E>B@C9AE<DB64AO D4;D454FO649@B= 
E<EF9@B=; 

2) 9E?< A9B5IB8<@B, KFB5O ;484A<9 CB >BAFGDG EF45<?<;4J<< 69?<K<AO )1 

<;@9A<?BEP 6 EBBF69FEF6<< E 8DG7B= C9D9@9AAB= )2; 

3) 9E?< A9B5IB8<@B EGM9EF69AAB G69?<K<FP 5OEFDB89=EF6<9 E<EF9@O ?<5B 
99 >BQHH<J<9AF GE<?9A<S, 4 6B;@B:ABEF< B8AB>BAFGDAB= �%$ G:9 <EK9DC4AO. 

 

 

$<EGAB> 1 − �4E>48A4S %�' EB EF45<?<;<DGRM<@ D97G?SFBDB@  

(64D<4AF 1) 

 

$<EGAB> 2 − �4E>48A4S %�' EB EF45<?<;<DGRM<@ D97G?SFBDB@ 

(64D<4AF 2) 

�0A:04=K5 %�' 8<5NB 420 70<:=CBKE :>=BC@0 (2=CB@5==89 – <5=55 
8=5@F8>==K9 A> AB018;878@CNI8< @53C;OB>@><  $1 8 2=5H=89 – 1>;55 
8=5@F8>==K9 A :>@@5:B8@CNI8< @53C;OB>@>< $2). #>A;54=55 >1AB>OB5;L-
AB2> ?>72>;O5B >ACI5AB2;OBL 8AA;54>20=8O 8 @0AG5B 70<:=CBKE  :>=BC@>2 
A;54CNI8<8 A?>A>10<8. 

P2 
λ 
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#9D6O= ECBEB5. #9D6BA4K4?PAB <EE?98GRF B8AB>BAFGDAGR E<EF9@G, EB-
89D:4MGR 6AGFD9AA<= @4?B<A9DJ<BAAO= >BAFGD, 6>?RK4RM<= C9D984FBKAO9 
HGA>J<< W01(p), Wp1(p). #D< QFB@ 6O5<D4RF ;4>BA GCD46?9A<S 6AGFD9AA97B >BA-
FGD4, BCD989?SRF BCF<@4?PAO9 C4D4@9FDO A4EFDB=>< D97G?SFBD4 $1, B5?4EF< 
GEFB=K<6BEF<. #D< <;69EFAOI C4D4@9FD4I D97G?SFBD4 $1 <EE?98B64A<9 6E9= E<-
EF9@O 6 J9?B@ CD<6B8<FES > <EE?98B64A<R B8AB>BAFGDAB= E<EF9@O. #D< QFB@ 6 
EBEF46 Q>6<64?9AFAB7B B5N9>F4 6IB8<F 6AGFD9AA<= @4?B<A9DJ<BAAO= >BAFGD < 
C9D984FBKA4S HGA>J<S W02(p). 

�?S 6O5D4AAB7B ;4>BA4 GCD46?9A<S BCD989?SRF BCF<@4?PAO9 C4D4@9FDO 
A4EFDB=>< D97G?SFBD4 $2 < >4K9EF69AAO9 CB>4;4F9?< GCD46?9A<S CB BEAB6AB= 
D97G?<DG9@B= 69?<K<A9. 

�FBDB= ECBEB5. � FB@ E?GK49, 9E?< <A9DJ<BAABEFP 6AGFD9AA97B < 6A9LA9-
7B >BAFGDB6 D4;?<KA4, < 6B 6AGFD9AA9@ >BAFGD9 BFEGFEF6G9F ;4C4;8O64A<9 (KFB 
CB;6B?S9F >BQHH<J<9AF �$1 6AGFD9AA97B >BAFGD4 6O5<D4FP 8BEF4FBKAB 5B?P-
L<@), @B:AB D9>B@9A8B64FP C9D6BA4K4?PAB BCD989?<FP ;4>BA GCD46?9A<S < 6O-
5D4FP BCF<@4?PAO9 C4D4@9FDO A4EFDB=>< D97G?SFBD4 $2 6A9LA97B <A9DJ<BAAB-
7B >BAFGD4. %<EF9@4 CD<6B8<FES > B8AB>BAFGDAB=, C9D984FBKA4S HGA>J<S B5N9>-
F4 6 >BFBDB= <@99F 6<8: 

8?S EFDG>FGDO, CD<6989AAB= A4 D<EGA>9 1: 
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8?S EFDG>FGDO, CD<6989AAB= A4 D<EGA>9 2: 
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#BE?9 A4IB:89A<S C4D4@9FDB6 D97G?SFBD4 $2 BCD989?SRF ;4>BA GCD46?9-
A<S < BCF<@4?PAO9 C4D4@9FDO A4EFDB=>< EF45<?<;<DGRM97B D97G?SFBD4 $1, 

CD<6B8S EI9@G > B8AB>BAFGDAB@G 6<8G < CD98CB?474S, KFB 6E9 Wp1(p), W01(p), 

W02(p) <;69EFAO < 6IB8SF 6 EBEF46 Q>6<64?9AFAB7B B5N9>F4. �4?99 <EE?98GRF 
6ER E<EF9@G 6 J9?B@.  

"F@9F<@ BEB59AABEF< 6O5BD4 ;4>BAB6 D97G?<DB64A<S 8?S EF45<?<;<DGR-
M97B < >BDD9>F<DGRM97B D97G?SFBDB6. 

�O5BD ;4>BAB6 D97G?<DB64A<S 6 CDBJ9EE9 GCDBM9AAB7B D4EK9F4 %�' BEG-
M9EF6?SRF A4 BEAB69 0?@8>@=>3> ?@028;0: EF45<?<;<DGRM<= D97G?SFBD $1 

8B?:9A 5OFP EF4F<K9E><@ E #- <?< #�-;4>BAB@ D97G?<DB64A<S; >BDD9>F<DGR-
M<= D97G?SFBD $2 8B?:9A 5OFP 8?S B5N9>F4 E E4@B6OD46A<64A<9@ 4EF4F<K9E><@ 
E #�- <?< #��-;4>BAB@ D97G?<DB64A<S. 

#D<6989AAB9 CD46<?B ECD4698?<6B BEB59AAB 6 FB@ K4EFB 6EFD9K4RM9@ES 
CD< D97G?<DB64A<< I<@<>B-F9IAB?B7<K9E><I CDBJ9EEB6 E?GK49, >B784 6 >4E>48-
AB= %�' FD95G9FES B59EC9K<FP 8BEF4FBKAB :9EF>GR EF45<?<;4J<R BEAB6AB= 
D97G?<DG9@B= 69?<K<AO )2, 4 CDB@9:GFBKA4S (6ECB@B74F9?PA4S) D97G?<DG9@4S 
69?<K<A4 )1 @B:9F <;@9ASFPES 6 L<DB>B@ 8<4C4;BA9. #D9A95D9:9A<9  QF<@ 
CD46<?B@ < CD<@9A9A<9  6 >4E>48AB= %�' EF4F<K9E>B7B B5N9>F4, A4CD<@9D, 
86GI 4EF4F<K9E><I D97G?SFBDB6, CD<6B8<F > GIG8L9A<R GEFB=K<6BEF< < >4K9-
EF64 C9D9IB8AOI CDBJ9EEB6 6 E<EF9@9. 

�ECB?P;B64A<9 6 EF45<?<;<DGRM9@ >BAFGD9 D97G?SFBD4 $1 E <AF97D4?PAB= 
EBEF46?SRM9= <AB784 5O649F BCD4684AB, 9E?< QFBF >BAFGD B5?4849F A95B?PL<@ 
>BQHH<J<9AFB@ GE<?9A<S. 

5.3.  ����!�� � #"$3�"� �/#"�!�!�3 $��"&/ 

1. $45BF4 6OCB?AS9FES A4 #1�  >4:8O@ EFG89AFB@ E4@BEFBSF9?PAB. �4-
84A<9 64D<4AF4 D4EK9F4 >4E>48AB= %�' EB EF45<?<;<DGRM<@ D97G?SFBDB@ (64-
D<4AF 1 <?< 64D<4AF 2), ;484A<9 K<E?9AAOI ;A4K9A<=  C4D4@9FDB6 C9D984FBKAOI 
HGA>J<= B5N9>FB6 8?S 6A9LA97B < 6AGFD9AA97B >BAFGDB6 >4:8O= EFG89AF CB?G-
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K49F BF CD9CB8464F9?S. %FG89AF E4@BEFBSF9?PAB 6O5<D49F ;4>BAO D97G?<DB64A<S 
< B5BEAB6O649F E6B= 6O5BD CD< ;4M<F9 BFK9F4. 

2. � EBBF69FEF6<< E 64D<4AFB@ ;484A<S EFG89AF CD<6B8<F E<EF9@G > B8AB-
>BAFGDAB= < CD9B5D4;G9F C9D984FBKAGR HGA>J<R B5N9>F4 6 EBBF69FEF6GRMGR 
Q>6<64?9AFAB=.  
  �4AAO= QF4C 6OCB?AS9FES EFG89AFB@ 8B A4K4?4 ?45BD4FBDAOI ;4ASF<=. 

3. "CD989?SRF BCF<@4?PAO9 C4D4@9FDO A4EFDB=>< D97G?SFBD4 6AGFD9AA9-
7B >BAFGD4. 

4. #D< <;69EFAOI C4D4@9FD4I D97G?SFBD4 6AGFD9AA97B >BAFGD4  BCD989?S-
RF BCF<@4?PAO9 C4D4@9FDO A4EFDB=>< D97G?SFBD4 6A9LA97B >BAFGD4. 

5. % <ECB?P;B64A<9@ CDB7D4@@AB-D94?<;B64AAOI HGA>J<BA4?PAOI 5?B>B6 
A45<D4RF @B89?P 6E9= %�' 6 EBBF69FEF6<< E 64D<4AFB@ ;484A<S < BCD989?SRF 
>4K9EF69AAO9 CB>4;4F9?< GCD46?9A<S CB BEAB6AB= D97G?<DG9@B= 69?<K<A9 . 

6. % CB@BMPR <@<F4J<BAAB7B Q>EC9D<@9AF4 CDB69DSRF >4K9EF6B  D97G?<-
DB64A<S E 6O5D4AAO@< A4EFDB=>4@< < CD< A9B5IB8<@BEF< >BDD9>F<DGRF C4D4-
@9FDO A4EFDB=>< D97G?SFBD4. 

5.4.  %"��$��!�� "&+�&� 

"FK9F B 6OCB?A9A<< ?45BD4FBDAB= D45BFO 8B?:9A EB89D:4FP: 
1. �EIB8AO9 84AAO9 6 6<89 EFDG>FGDAB= EI9@O >4E>48AB= %�' EB EF45<-

?<;<DGRM<@ D97G?SFBDB@, C9D984FBKAO9 HGA>J<< B5N9>FB6 8?S 6AGFD9AA97B < 
6A9LA97B >BAFGDB6, K<E?9AAO9 ;A4K9A<S C9D984FBKAOI HGA>J<= B5N9>F4.  

2. %I9@G @B89?<DB64A<S >4E>48AB= %�'. 
3. $4EK9F C9D984FBKAB= HGA>J<< Q>6<64?9AFAB7B B5N9>F4 6 >4E>48AB= %�'. 
4. $4EK9F K<E?9AAOI ;A4K9A<= BCF<@4?PAOI C4D4@9FDB6 A4EFDB9> D97G?S-

FBDB6 6AGFD9AA97B < 6A9LA97B >BAFGDB6 >4E>48AB= %�'. 
5. �D4H<>< C9D9IB8AOI CDBJ9EEB6 CB 6AGFD9AA9= (6ECB@B74F9?PAB=) D97G-

?<DG9@B= 69?<K<A9 < CB BEAB6AB= D97G?<DG9@B= 69?<K<A9. 
6. �A4?<; CB?GK9AAOI D9;G?PF4FB6. 
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5.5.  �"!&$"�0!/� �"#$"%/ 

1. �; >4><I EBB5D4:9A<= 6O5<D4RF >4E>48AO9 %�' 6 EI9@4I 46FB@4F<;4-
J<< I<@<>B-F9IAB?B7<K9E><I CDBJ9EEB6? 

2. #D<698<F9 EFDG>FGDAO9 EI9@O >4E>48AOI  %�'. 
3. �4>GR CBE?98B64F9?PABEFP CDB9>F<DB64A<S @B:AB D9>B@9A8B64FP 8?S 

D4EK9F4 >4E>48AB= %�'? 
4. �4>B9 CD46<?B EGM9EF6G9F 8?S 6O5BD4 ;4>BA4 D97G?<DB64A<S 6 CDBJ9EE9 

GCDBM9AAB7B D4EK9F4 >4E>48AB= %�'? 

&45?<J4 1 − �EIB8AO9 84AAO9 

!
B@
9D

 

64
D<
4A
F4

 

#4D4@9FDO C9D984FBKAB= HGA>J<< 

�AGFD9AA97B >BAFGD4 

1DT

K
)p(W

1

01 +
=  

�A9LA97B >BAFGD4 

1DTDT

Ke
)p(W

1

2

2

p

02 ++
=

ô−

 

� &1 � &1 &2 Ç 
1 1 0,25 1 3,14 1,52 0,5 

2 1 0,50 1 3,15 1,45 1,0 

3 1 0,25 1 2,88 1,25 0,5 

4 1 0,25 1 3,16 1,44 0,5 

5 1 0,25 1 1,92 0,78 0,5 

6 1 0,25 1 2,88 1,43 0,5 

7 1 0,75 1 5,73 2,70 0,5 

8 1 0,50 1 3,95 1,59 1,0 

9 1 1,00 1 4,02 1,64 2,0 

10 1 1,00 1 4,18 1,65 2,0 

11 1 0,75 1 3,69 1,43 1,5 

12 1 0,75 1 3,99 1,55 1,5 

13 1 0,75 1 3,88 1,55 1,5 

14 1 0,75 1 3,82 1,50 1,5 

15 1 0,75 1 3,56 1,30 1,5 

16 1 1,00 1 3,16 1,40 2,0 

17 1 1,00 1 3,39 1,25 2,0 

18 1 0,75 1 3,46 1,25 1,5 

19 1 1,00 1 5,64 2,57 2,0 

20 1 1,00 1 5,92 2,44 2,0 

21 1 0,50 1 2,93 1,10 1,0 

22 1 0,25 1 1,88 0,56 0,5 

23 1 0,25 1 2,19 0,89 0,5 

24 1 0,25 1 2,24 1,06 0,5 

25 1 0,50 1 4,36 1,98 1,0 
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%#�%"� $��" �!�'� "� ��&�$�&'$/ 

 

#5@5G5=L >A=>2=>9 ;8B5@0BC@K: 
3. �46D<?B6 �.!. %<EF9@O GCD46?9A<S I<@<>B-F9IAB?B7<K9E><@< CDBJ9E-

E4@<. +4EFP 1 : GK95AB9 CBEB5<9 / �46D<?B6 �.!., #SF4>B6 2.�.. 4 �BDBA9: : 

�BDBA9:E><= 7BEG84DEF69AAO= GA<69DE<F9F <A:9A9DAOI F9IAB?B7<=, 2014. 4 

220 c. 4 ISBN 978-5-00032-042-6. 4 &9>EF : Q?9>FDBAAO= // IPR SMART : 

[E4=F]. 4 URL: https://www.iprbookshop.ru/47452.html (84F4 B5D4M9A<S: 

21.04.2022). 4 $9:<@ 8BEFGC4: 8?S 46FBD<;<D. CB?P;B64F9?9=. 

4. �46D<?B6 �.!. %<EF9@O GCD46?9A<S I<@<>B-F9IAB?B7<K9E><@< CDBJ9E-

E4@<. +4EFP 2 : GK95AB9 CBEB5<9 / �46D<?B6 �.!., #SF4>B6 2.�.. 4 �BDBA9: : 

�BDBA9:E><= 7BEG84DEF69AAO= GA<69DE<F9F <A:9A9DAOI F9IAB?B7<=, 2014. 4 

200 c. 4 ISBN 978-5-00032-044-0. 4 &9>EF : Q?9>FDBAAO= // IPR SMART : 

[E4=F]. 4 URL: https://www.iprbookshop.ru/47451.html (84F4 B5D4M9A<S: 

21.04.2022). 4 $9:<@ 8BEFGC4: 8?S 46FBD<;<D. CB?P;B64F9?9=. 

#5@5G5=L 4>?>;=8B5;L=>9 ;8B5@0BC@K: 

4. (98BDB6 �.(. %<EF9@O GCD46?9A<S I<@<>B-F9IAB?B7<K9E><@< CDBJ9E-

E4@< : GK95AB9 CBEB5<9 / (98BDB6 �.(., �G;P@9A>B �.�.. 4 &B@E> : &B@E><= 

CB?<F9IA<K9E><= GA<69DE<F9F, 2015. 4 224 c. 4 ISBN 978-5-4387-0552-9. 4 

&9>EF : Q?9>FDBAAO= // IPR SMART : [E4=F]. 4 URL: 

https://www.iprbookshop.ru/55207.html (84F4 B5D4M9A<S: 21.04.2022). 4 $9:<@ 

8BEFGC4: 8?S 46FBD<;<D. CB?P;B64F9?9=. 

5. %<;B64 !.�. %<EF9@O GCD46?9A<S I<@<>B-F9IAB?B7<K9E><@< CDBJ9E-

E4@< : GK95AB-@9FB8<K9E>B9 CBEB5<9 / %<;B64 !.�.,  9?PA<>B64 �.�.. 4 %4@4-

D4 : %4@4DE><= 7BEG84DEF69AAO= F9IA<K9E><= GA<69DE<F9F, 1�% �%�, 2021. 4 

128 c. 4 &9>EF : Q?9>FDBAAO= // IPR SMART : [E4=F]. 4 URL: 

https://www.iprbookshop.ru/118949.htm (84F4 B5D4M9A<S: 21.04.2022). 4 $9:<@ 

8BEFGC4: 8?S 46FBD<;<D. CB?P;B64F9?9=. 

6. $9L9FAS> �.#. %<EF9@O GCD46?9A<S I<@<>B-F9IAB?B7<K9E><@< CDBJ9E-

E4@< : GK95AB9 CBEB5<9 / $9L9FAS> �.#., �?9=A<>B6 �.�., �B@<EE4DB6 �.�.. 4 

https://www.iprbookshop.ru/47452.html
https://www.iprbookshop.ru/47451.html
https://www.iprbookshop.ru/55207.html
https://www.iprbookshop.ru/118949.htm


 111 

%4D4FB6 : %4D4FB6E><= 6B9AAO= <AEF<FGF 5<B?B7<K9E>B= < I<@<K9E>B= 59;-

BC4EABEF<, �G;B6E>B9 B5D4;B64A<9, 2008. 4 416 c. 4 &9>EF : Q?9>FDBAAO= // IPR 

SMART : [E4=F]. 4 URL: https://www.iprbookshop.ru/8144.html (84F4 B5D4M9A<S: 

21.04.2022). 4 $9:<@ 8BEFGC4: 8?S 46FBD<;<D. CB?P;B64F9?9=. 

https://www.iprbookshop.ru/8144.html
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�����!�� 

�<EJ<C?<A4 «�6FB@4F<;<DB64AAB9 GCD46?9A<9 F9IA<K9E><@< E<EF9@4-

@<» EF46<F E6B9= 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 CDBJ9EEB6 < 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 

"#�-11. %CBEB59A D4;-
D454FO64FP EB6D9@9A-
AO9 @9FB8O <EE?98B64-
A<S 46FB@4F<;<DB64A-
AB7B B5BDG8B64A<S 6 
@4L<ABEFDB9A<< 

��-1"#�-11. $4;D454FO-
649F EB6D9@9AAO9 @9-
FB8O <EE?98B64A<S 46-
FB@4F<;<DB64AAB7B 
B5BDG8B64A<S 6 @4L<-
ABEFDB9A<< 

%CBEB59A D4;D454FO-
64FP < <ECB?P;B64FP EB-
6D9@9AAO9 @9FB8O <E-
E?98B64A<S 46FB@4F<;<-
DB64AAB7B B5BDG8B64-
A<S 6 @4L<ABEFDB9A<< 

��-2"#�-11. $4;D454FO-
649F @9FB8<>G < BD74-
A<;B6O649F CDB6989A<9 
Q>EC9D<@9AFB6 

�@99F CD4>F<K9E><= 
BCOF D4;D45BF>< @9FB-
8<>< < BD74A<;4J<< 
CDB6989A<S Q>EC9D<-
@9AFB6 

��-3"#�-11. �A4?<;<DG-
9F D9;G?PF4FO Q>EC9D<-
@9AFB6. 

�@99F CD4>F<K9E><= 
BCOF 4A4?<;4 CB?GK9A-
AO9 D9;G?PF4FO 

 

�?46AO@< ;484K4@< 8<EJ<C?<AO S6?SRFES: B;A4>B@?9A<9 EFG89AFB6 EB 

EI9@4@< 46FB@4F<;4J<< F<CB6OI F9IAB?B7<K9E><I CDBJ9EEB6 < CDB<;6B8EF6; 

CD<B5D9F9A<9 CD4>F<K9E><I A46O>B6 CDB9>F<DB64A<S ?B>4?PAOI �%$; <;G-

K9A<9 EBEF464, BEAB6AOI HGA>J<= < 6<8B6 B59EC9K9A<S 46FB@4F<;<DB64AAOI 

E<EF9@ GCD46?9A<S F9IAB?B7<K9E><@< CDBJ9EE4@<. 

� D9;G?PF4F9 BE6B9A<S 8<EJ<C?<AO EFG89AF 8B?:9A: 
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" ;A4FP EB6D9@9AAB9 EBEFBSA<9 < F9A89AJ<< D4;6<F<S 46FB@4F<;4J<< 

F9IAB?B7<K9E><I CDBJ9EEB6 < CDB<;6B8EF6; CD<AJ<CO BD74A<;4J<< < 4DI<-

F9>FGDG 46FB@4F<K9E><I < 46FB@4F<;<DB64AAOI E<EF9@ >BAFDB?S < GCD46?9-

A<S 8?S F9IAB?B7<K9E><I CDBJ9EEB6 < CDB<;6B8EF6; @9FB8O < ED98EF64 D4;D4-

5BF>< @4F9@4F<K9E>B7B, ?<A76<EF<K9E>B7B, <AHBD@4J<BAAB7B B59EC9K9A<S 

E<EF9@ 46FB@4F<;4J<< < GCD46?9A<S; 

" G@9FP <ECB?P;B64FP CD<AJ<CO, @9FB8O < ECBEB5O 6O5BD4 < >BAH<7G-

D<DB64A<S F9IA<K9E><I < CDB7D4@@AOI ED98EF6 CD< EB;84A<< E<EF9@ 46FB@4-

F<;4J<< < GCD46?9A<S; 

" 6?489FP EB6D9@9AAO@< @9FB84@< 46FB@4F<;4J<< F9IAB?B7<K9E><I 

CDBJ9EEB6 < CDB<;6B8EF6, D4;D45BF>< E<EF9@ 46FB@4F<;4J<< < GCD46?9A<S E 

<ECB?P;B64A<9@ >B@CPRF9DAB= F9IA<><; @9FB84@< D4J<BA4?PAB7B 6O5BD4 

ED98EF6 F9IAB?B7<K9E>B7B BEA4M9A<S, 46FB@4F<;4J<< F9IAB?B7<K9E><I CDB-

J9EEB6 < CDB<;6B8EF6; @9FB84@< @4F9@4F<K9E>B7B @B89?<DB64A<S CD< D4;D4-

5BF>9 < EB69DL9AEF6B64A<< CDB7D4@@AB-F9IA<K9E><I ED98EF6 < E<EF9@ 46FB-

@4F<;4J<< F9IAB?B7<K9E><I CDBJ9EEB6 < CDB<;6B8EF6. 

 9FB8<K9E><9 G>4;4A<S CD98A4;A4K9AO 8?S 6OCB?A9A<S E4@BEFBSF9?P-

AB= D45BF9 CB 8<EJ<C?<A9 «�6FB@4F<;<DB64AAB9 GCD46?9A<9 F9IA<K9E><@< 

E<EF9@4@<» 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@9A-

FB6 < E<EF9@ 46FB@4F<K9E>B7B D97G?<DB64A<S < GCD46?9A<S.  
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1. "�-�/ )�$��&�$�%&��� %� "%&"/&��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@ B5N9@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 «�6FB@4F<;<DB64AAB9 GCD46?9A<9 F9IA<K9E><@< 

E<EF9@4@<».  

 9FB8<>4 BD74A<;4J<< E4@BEFBSF9?PAB= D45BFO EFG89AFB6 ;46<E<F BF 

EFDG>FGDO, I4D4>F9D4 < BEB59AABEF9= 8<EJ<C?<AO «�6FB@4F<;<DB64AAB9 

GCD46?9A<9 F9IA<K9E><@< E<EF9@4@<», B5N9@4 K4EB6 A4 99 <;GK9A<9, 6<84 ;4-

84A<= 8?S %$%, <A8<6<8G4?PAOI 6B;@B:ABEF9= EFG89AFB6 < GE?B6<= GK95AB= 

89SF9?PABEF<. 

(BD@O E4@BEFBSF9?PAB= D45BFO EFG89AFB6 BCD989?SRFES EB89D:4A<9@ 

8<EJ<C?<AO «�6FB@4F<;<DB64AAB9 GCD46?9A<9 F9IA<K9E><@< E<EF9@4@<», 

EF9C9APR CB87BFB6?9AABEF< EFG89AFB6. "A< @B7GF 5OFP F9EAB E6S;4AO E F9B-

D9F<K9E><@ >GDEB@ < <@9FP GK95AO= <?< GK95AB-<EE?98B64F9?PE><= I4D4>-

F9D. (BD@G E4@BEFBSF9?PAB= D45BFO EFG89AFB6 BCD989?SRF >4H98D4 �%1� 
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CD< D4;D45BF>9 CDB7D4@@O 8<EJ<C?<AO «�6FB@4F<;<DB64AAB9 GCD46?9A<9 

F9IA<K9E><@< E<EF9@4@<». 

%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 «�6FB@4F<;<DB64A-

AB9 GCD46?9A<9 F9IA<K9E><@< E<EF9@4@<» 6OCB?AS9FES A4 GK95AOI ;4ASF<SI 

(?9>J<SI, CD4>F<K9E><I, ?45BD4FBDAOI ;4ASF<SI < >BAEG?PF4J<SI) CB8 DG>B-

6B8EF6B@ 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; 

" CB87BFB6>G >B 6E9@ 6<84@ CDB@9:GFBKAOI < <FB7B6OI >BAFDB?PAOI 

<ECOF4A<=. 

 

1.1. #>43>B>2:0 : ;5:F8O< 

�?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< 
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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-

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@<, 
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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-

CB?P;B64FP A9 FB?P>B GK95A<>, AB < FG ?<F9D4FGDG, >BFBDGR 8BCB?A<F9?PAB 

D9>B@9A8B64? ?9>FBD. �@9AAB F4>4S E9DP9;A4S, >DBCBF?<64S D45BF4 E ?9>J<-

BAAO@ @4F9D<4?B@ CB;6B?<F 7?G5B>B B6?489FP ;A4A<S@<. 

 

1.2. #>43>B>2:0 : ;01>@0B>@=K< 70=OB8O< 

�?S FB7B KFB5O ?45BD4FBDAO9 ;4ASF<S CD<ABE<?< @4>E<@4?PAGR CB?P;G, 

A9B5IB8<@B CB@A<FP, KFB GCD4:A9A<9 < D9L9A<9 ;484K CDB6B8SFES CB D4E-

E@BFD9AAB@G A4 ?9>J<SI @4F9D<4?G < E6S;4AO, >4> CD46<?B, E 89F4?PAO@ D4;-

5BDB@ BF89?PAOI 6BCDBEB6 ?9>J<BAAB7B >GDE4. %?98G9F CB8K9D>AGFP, KFB 

FB?P>B CBE?9 GE6B9A<S ?9>J<BAAB7B @4F9D<4?4 E BCD989?9AAB= FBK>< ;D9A<S 

(4 <@9AAB E FB=, E >BFBDB= BA <;?4749FES A4 ?9>J<SI) BA 5G89F ;4>D9C?SFPES 

EFG89AFB@ A4 ?45BD4FBDAOI ;4ASF<SI >4> 6 D9;G?PF4F9 B5EG:89A<S < 4A4?<;4 

?9>J<BAAB7B @4F9D<4?4, F4> < E CB@BMPR D9L9A<S CDB5?9@AOI E<FG4J<=, 

;484K. #D< QF<I GE?B6<SI EFG89AF A9 FB?P>B IBDBLB GE6B<F @4F9D<4?, AB < 

A4GK<FES CD<@9ASFP 97B A4 CD4>F<>9, 4 F4>:9 CB?GK<F 8BCB?A<F9?PAO= EF<-

@G? (< QFB BK9AP 64:AB) 8?S 4>F<6AB= CDBD45BF>< ?9>J<<. 

#D< E4@BEFBSF9?PAB@ D9L9A<< ;484K AG:AB B5BEAB6O64FP >4:8O= QF4C 

D9L9A<S, <EIB8S <; F9BD9F<K9E><I CB?B:9A<= >GDE4. �E?< EFG89AF 6<8<F A9-

E>B?P>B CGF9= D9L9A<S CDB5?9@O (;484K<), FB AG:AB ED46A<FP <I < 6O5D4FP 

E4@O= D4J<BA4?PAO=. #B?9;AB 8B A4K4?4 6OK<E?9A<= EBEF46<FP >D4F><= 

C?4A D9L9A<S CDB5?9@O (;484K<). $9L9A<9 CDB5?9@AOI ;484K <?< CD<@9DB6 

E?98G9F <;?474FP CB8DB5AB, 6OK<E?9A<S D4ECB?474FP 6 EFDB7B@ CBDS8>9, BF-

89?SS 6ECB@B74F9?PAO9 6OK<E?9A<S BF BEAB6AOI. $9L9A<S CD< A9B5IB8<@B-

EF< AG:AB EBCDB6B:84FP >B@@9AF4D<S@<, EI9@4@<, K9DF9:4@< < D<EGA>4@<. 
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%?98G9F CB@A<FP, KFB D9L9A<9 >4:8B= GK95AB= ;484K< 8B?:AB 8B6B-

8<FPES 8B B>BAK4F9?PAB7B ?B7<K9E>B7B BF69F4, >BFBDB7B FD95G9F GE?B6<9, < CB 

6B;@B:ABEF< E 6O6B8B@. #B?GK9AAO= BF69F E?98G9F CDB69D<FP ECBEB54@<, 

6OF9>4RM<@< <; EGM9EF64 84AAB= ;484K<. #B?9;AB F4>:9 (9E?< 6B;@B:AB) 

D9L4FP A9E>B?P><@< ECBEB54@< < ED46A<FP CB?GK9AAO9 D9;G?PF4FO. $9L9A<9 

;484K 84AAB7B F<C4 AG:AB CDB8B?:4FP 8B CD<B5D9F9A<S F69D8OI A46O>B6 6 

<I D9L9A<<. 

 

1.3. %0<>AB>OB5;L=>5 87CG5=85 <0B5@80;0 B5< 
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F9@O <?< CDB5?9@O. 
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