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�:BC0;L=>ABL B5<K "8A<@ <; C9DEC9>F<6AOI A4CD46?9A<= 
@B89?<DB64A<S E?B:AOI D4ECD989?9AAOI CDBJ9EEB6, I4D4>F9DAOI 8?S 

EB6D9@9AAOI CDB<;6B8EF6, S6?S9FES B>D9EFABEFAB9 @B89?<DB64A<9.  9FB8O 

B>D9EFABEFAB7B @B89?<DB64A<S < EBBF69FEF6GRM<9 ;484K< <89AF<H<>4J<< < 

GCD46?9A<S D4EE@4FD<64?<EP 6 D45BF4I %.�. �?R@<A4 [1-16], �. . ,@OD<A4 

[77-102], !.!. �4D45GFB64 [25-32], �.�. %98OI [60-72] < 8DG7<I 46FBDB6. 

">D9EFABEFAB9 @B89?<DB64A<9 BEAB64AB A4 HBD@4?<;4J<< 

F9IAB?B7<K9E>B= EI9@O CDB<;6B8EF69AAB7B CDBJ9EE4 6 6<89 B>D9EFABEFAB= 

EFDG>FGDO ‒ BD7D4H4 E A45BD4@< C9D9@9AAOI 6 69DL<A4I. ">D9EFABEFAB= 

EFDG>FGD9 @B:9F 5OFP CBEF46?9A4 6 EBBF69FEF6<9 «HBD@4?PA4S» 

B>D9EFABEFA4S E<EF9@4, 6 >BFBDB= ;484AO FB?P>B A45BDO 6IB8SM<I 6 

GD46A9A<S E<EF9@O C9D9@9AAOI. �4?PA9=L4S >BA>D9F<;4J<S B>D9EFABEFAB= 

E<EF9@O 6>?RK49F 6O5BD F<C4 GD46A9A<= (EF4F<K9E><9 <?< 8<A4@<K9E><9, 

?<A9=AO9 <?< A9?<A9=AO9) < <89AF<H<>4J<R C4D4@9FDB6 GD46A9A<= 6 

CD98CB?B:9A<< ?<A9=AB= ;46<E<@BEF< GD46A9A<= BF QF<I C4D4@9FDB6. &4><@ 

B5D4;B@, CDBJ9EE CBEFDB9A<S B>D9EFABEFAB= @B89?< D4;89?S9FES A4 864 QF4C4 

3 EFDG>FGDAGR <89AF<H<>4J<R, 6>?RK4RMGR 6O5BD F<CB6 GD46A9A<=, < 

C4D4@9FD<K9E>GR <89AF<H<>4J<R.  

�4> CD46<?B, >B?<K9EF6B C4D4@9FDB6, EBBF69FEF6GRM99 CBEFDB9AAB= 

B>D9EFABEFAB= EFDG>FGD9, 69?<>B < CBFB@G 8?S C4D4@9FD<K9E>B= 

<89AF<H<>4J<< FD95G9FES 5B?PLB9 >B?<K9EF6B Q>EC9D<@9AF4?PAOI 84AAOI. 

�DB@9 FB7B, 5B?PLB9 >B?<K9EF6B C4D4@9FDB6 @B:9F <;5OFBKAB GE?B:ASFP 

B>D9EFABEFAGR @B89?P < 99 84?PA9=LGR D94?<;4J<R A4 CDB7D4@@AB@ <?< 

4CC4D4FAB@ GDB6A9. '@9APL<FP >B?<K9EF6B C4D4@9FDB6 @B:AB A4 QF4C9 

C4D4@9FD<K9E>B= <89AF<H<>4J<< CGF9@ <E>?RK9A<S <; GD46A9A<= 

EF4F<EF<K9E>< A9;A4K<@OI E?4749@OI, AB 8?S QFB7B FD95G9FES 84?PA9=L99 

G69?<K9A<9 >B?<K9EF64 Q>EC9D<@9AF4?PAOI 84AAOI <, >DB@9 FB7B, CD< F4>B@ 
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HBD@4?PAB@ CB8IB89 @B7GF 5OFP BL<5BKAB G84?9AO 64:AO9 8?S @B89?< 

CD98<>FBDO. #B QFB= CD<K<A9 4>FG4?PAB= ;484K9= F9BD<< B>D9EFABEFAB7B 

@B89?<DB64A<S S6?S9FES D4;D45BF>4 4?7BD<F@<K9E>B7B B59EC9K9A<S, 

CD98A4;A4K9AAB7B 8?S CD9B5D4;B64A<S C9D6BA4K4?PAB= B>D9EFABEFAB= 

EFDG>FGDO E J9?PR GCDBM9A<S (D98G>J<<) @B89?< < G@9APL9A<S >B?<K9EF64 

C4D4@9FDB6 G:9 A4 QF4C9 EFDG>FGDAB= <89AF<H<>4J<<, FB 9EFP 8B 

C4D4@9FD<K9E>B= <89AF<H<>4J<<.  

%B5?5=L @07@01>B0==>AB8 B5<K 8AA;54>20=8O. �EE?98B64A<R 
D4;?<KAOI ;484K, 6B;A<>4RM<I A4 QF4C9 EFDG>FGDAB= <89AF<H<>4J<< 

B>D9EFABEFAOI E<EF9@, 5O?< CBE6SM9AO D45BFO �. . ,@OD<A4, !.!. 

�4D45GFB64, 2.2. �DB@B64, �.�. %98OI, �.�.%9@<AB=, %.%.$B9A>B < 8DG7<I 

46FBDB6. � D45BF4I �.�. %9@<AB= 8?S E?GK4S, >B784 @B89?<DG9@O= CDBJ9EE 

@B:9F 5OFP D4;89?9A A4 864 B8AB6D9@9AAB CDBF9>4RM<I < 

6;4<@B89=EF6GRM<I @9:8G EB5B= CB8CDBJ9EE4, 5O? CD98?B:9A 4?7BD<F@ 

D4EM9C?9A<S < E>?9<64A<S, CB;6B?SRM<= G@9APL4FP >B?<K9EF6B C4D4@9FDB6 

A4 QF4C9 EFDG>FGDAB= <89AF<H<>4J<<. #BCOF>< B5B5M9A<S 4?7BD<F@4 

�.�.%9@<AB= A4 E?GK4= CDB<;6B?PAB7B >B?<K9EF64 CB8E<EF9@ A9 CD<69?< > 

8BEF4FBKAB QHH9>F<6AB@G D9;G?PF4FG 66<8G A9BCD4684AAB= E?B:ABEF< 

6B;A<>4RM<I A4 QFB@ CGF< >BAEFDG>J<=. � >BAF9>EF9 89J9AFD4?<;B64AAOI 

E<EF9@ GCD46?9A<S, >BFBDO9 @B7GF 5OFP <AF9DCD9F<DB64AO >4> 

B>D9EFABEFAO9 E<EF9@O, EFDG>FGDAO9 CD9B5D4;B64A<S, 4 <@9AAB @9FB8O 

D4;89?9A<S A4 CB8E<EF9@O (59;BFABE<F9?PAB > ;484K9 G@9APL9A<S 

>B?<K9EF64 C4D4@9FDB6) D4EE@4FD<64?<EP, A4CD<@9D, 6 D45BF4I �.,<?PS>4 

(GA<69DE<F9F %4AF4-�?4D4), �.�.,4F<I<A4 < 8DG7<I. 

#@0:B8G5A:0O 7040G0, 6B;A<>4RM4S 6 E6S;< EB E>4;4AAO@ 6OL9, 
EBEFB<F 6 CB6OL9A<< QHH9>F<6ABEF< B>D9EFABEFAB7B @B89?<DB64A<S A4 

QF4C9 EFDG>FGDAB= <89AF<H<>4J<< ;4 EK9F G@9APL9A<S >B?<K9EF64 

C4D4@9FDB6 @B89?< A4 BEAB69 4A4?<;4 B>D9EFABEFAB= EFDG>FGDO.  

!0CG=0O 7040G0, E?98GRM4S <; EHBD@G?<DB64AAB= CD4>F<K9E>B=, 
EBEFB<F 6 D4;D45BF>9 @9FB8B6 < 4?7BD<F@B6 EFDG>FGDAB7B CD9B5D4;B64A<S 
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B>D9EFABEFAB= @B89?< < EBBF69FEF6GRM97B CDB7D4@@AB7B B59EC9K9A<S 8?S 

D9L9A<S ;484K< G@9APL9A<S >B?<K9EF64 C4D4@9FDB6 8B QF4C4 

C4D4@9FD<K9E>B= <89AF<H<>4J<<.  

&9@4F<>4 D45BFO EBBF69FEF6G9F A4GKAO@ A4CD46?9A<S@< (��"' �" 

«�<C9J><= 7BEG84DEF69AAO= F9IA<K9E><= GA<69DE<F9F»: «�EE?98B64A<9 < 

D4;D45BF>4 @9FB8B6 < 4?7BD<F@B6 CD<>?48AB= @4F9@4F<>< 8?S 

<89AF<H<>4J<< F9IAB?B7<K9E><I < EBCDB6B:84RM<I CDBJ9EEB6» < 

«%B6D9@9AAO9 E?B:AO9 E<EF9@O GCD46?9A<S».  

"1J5:B 8AA;54>20=8O: EFDG>FGDA4S <89AF<H<>4J<S B>D9EFABEFAOI 
@B89?9= A4 BEAB69 CBEFDB9A<S BD7D4H4 E C9D9@9AAO@< 6 69DL<A4I, 

HBD@4?<;GRM97B F9IAB?B7<K9E>GR EI9@G @B89?<DG9@B7B B5N9>F4.  

#@54<5B 8AA;54>20=8O: @9FB8O < 4?7BD<F@O EFDG>FGDAOI 

CD9B5D4;B64A<= B>D9EFABEFAB= @B89?<, CB;6B?SRM<9 G@9APL<FP >B?<K9EF6B 

C4D4@9FDB6 8B QF4C4 C4D4@9FD<K9E>B= <89AF<H<>4J<<.  

*5;LN @01>BK S6?S9FES CB6OL9A<9 QHH9>F<6ABEF< B>D9EFABEFAB7B 

@B89?<DB64A<S A4 QF4C9 EFDG>FGDAB= <89AF<H<>4J<< ;4 EK9F CD<@9A9A<S 

D4;D45BF4AAOI @9FB8B6 < 4?7BD<F@B6 EFDG>FGDAOI CD9B5D4;B64A<= 

B>D9EFABEFAOI @B89?9=. 

�040G8 8AA;54>20=8O. �?S 8BEF<:9A<S CBEF46?9AAB= J9?< 5O?< 
CBEF46?9AO E?98GRM<9 ;484K<:  

1. "5;BD < 4A4?<; CBASF<= B>D9EFABEFAB= @B89?<, EFDG>FGDAB= < 

C4D4@9FD<K9E>B= <89AF<H<>4J<< B>D9EFABEFAOI @B89?9=, <AHBD@4J<BAAOI 

E6S;9=, B5;BD <@9RM<IES 6 ?<F9D4FGD9 @9FB8B6 EFDG>FGDAB= <89AF<H<>4J<< 

< EFDG>FGDAOI CD9B5D4;B64A<= B>D9EFABEFAOI @B89?9=. 

2.  B89DA<;4J<S CBASF<= B>D9EFABEFAB= EFDG>FGDO < EFDG>FGDAB= 

<89AF<H<>4J<< B>D9EFABEFAOI @B89?9= E 66989A<9@ >?4EE4 E@9L4AAOI 

B>D9EFABEFAOI EFDG>FGD < CBASF<S C4D4@9FD<K9E>B= 64?9AFABEF< 

B>D9EFABEFAB= @B89?<; 
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3.  $4;D45BF>4 >?4EE4 B>D9EFABEFAOI @B89?9=, BF?<K4RM<IES A4?<K<9@ 

A9E>B?P><I 6;4<@B89=EF6GRM<I CB8E<EF9@ A4 B8AB= B>D9EFABEFAB= 

EFDG>FGD9 (B>D9EFABEFAO9 @G?PF<@B89?<); 

4. $4;D45BF>4 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< B>D9EFABEFAB= 

@B89?<, 4?7BD<F@4 6OK<E?9A<S C4D4@9FD<K9E>B= 64?9AFABEF< < K<E?9AAB7B 

@9FB84 <89AF<H<>4J<< <AHBD@4J<BAAOI E6S;9= B>D9EFABEFAB= @B89?<; 

5. $4;D45BF>4 >B@C?9>E4 CDB5?9@AB-BD<9AF<DB64AAOI @B8G?9= 

CDB7D4@@AB7B B59EC9K9A<S, D94?<;GRM<I 4?7BD<F@ E>4?SDAB= 89>B@CB;<J<< 

B>D9EFABEFAB= @B89?<, 4?7BD<F@ 6OK<E?9A<S C4D4@9FD<K9E>B= 64?9AFABEF< 

< K<E?9AAO= @9FB8 <89AF<H<>4J<< <AHBD@4J<BAAOI E6S;9= 6 

B>D9EFABEFAOI @B89?SI. 

!0CG=0O =>287=0. � 8<EE9DF4J<BAAB= D45BF9 CB?GK9AO E?98GRM<9 
D9;G?PF4FO, BF?<K4RM<9ES A4GKAB= AB6<;AB=:  

1. $4;D45BF4A @B8<H<J<DB64AAO= @9FB8 EFDG>FGDAB= <89AF<H<>4J<< 

B>D9EFABEFAOI @B89?9=, BF?<K4RM<=ES <ECB?P;B64A<9@ 66989AAOI 6 D45BF9 

CBASF<= E@9L4AAB= B>D9EFABEFAB= EFDG>FGDO < C4D4@9FD<K9E>B= 

64?9AFABEF< B>D9EFABEFAB= @B89?< < CB;6B?SRM<= CB6OE<FP 

<AHBD@4F<6ABEFP QF4C4 EFDG>FGDAB= <89AF<H<>4J<<.  

2. $4;D45BF4A 4?7BD<F@ 6OK<E?9A<S C4D4@9FD<K9E>B= 64?9AFABEF< 

CB?<?<A9=AOI B>D9EFABEFAOI @B89?9=, BF?<K4RM<=ES A4?<K<9@ 5?B>B6 8?S 

@B89?9=, CB?<?<A9=AOI CB 6E9@ C9D9@9AAO@ <?< FB?P>B CB E6S;S@ < 

CB;6B?SRM<= 6OK<E?SFP @4FD<JG C?4A4 Q>EC9D<@9AFB6 8?S CB?GK9A<S 

@<A<@4?PAB7B >B?<K9EF64 84AAOI, A9B5IB8<@OI 8?S B8AB;A4KAB= 

C4D4@9FD<K9E>B= <89AF<H<>4J<< @B89?<.  

3. �6989A >?4EE B>D9EFABEFAOI @B89?9=, BF?<K4RM<IES A4?<K<9@ 

A9E>B?P><I 6;4<@B89=EF6GRM<I CB8E<EF9@ (B>D9EFABEFAO9 @G?PF<@B89?<) < 

D4;D45BF4A 4?7BD<F@ E>4?SDAB= 89>B@CB;<J<< B>D9EFABEFAB= @G?PF<@B89?<, 

CB;6B?SRM<= G@9APL<FP >B?<K9EF6B <89AF<H<J<DG9@OI C4D4@9FDB6 A4 

QF4C9 EFDG>FGDB= <89AF<H<>4J<<. 
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4. $4;D45BF4A K<E?9AAO= @9FB8 <89AF<H<>4J<< <AHBD@4J<BAAOI 

E6S;9= B>D9EFABEFAB= @B89?<, BF?<K4RM<=ES >B@C?9>EAO@ CD<@9A9A<9@ 

?<A94D<;4J<< < CE968BB5D4M9A<S 65?<;< AB@<A4?PAB7B D9:<@4 < 

CB;6B?SRM<= D9L4FP ;484K< EF45<?<;4J<< < >BDD9>J<< 6OIB84 @B89?<.  

5. $4;D45BF4AB CDB7D4@@AB9 B59EC9K9A<9, BF?<K4RM99ES A4?<K<9@ 

@B8G?9=, D94?<;GRM<I D4;D45BF4AAO9 4?7BD<F@O E>4?SDAB= 89>B@CB;<J<<, 

6OK<E?9A<S C4D4@9FD<K9E>B= 64?9AFABEF<, K<E?9AAO= @9FB8 <89AF<H<>4J<< 

<AHBD@4J<BAAOI E6S;9= < CB;6B?SRM99 CB6OE<FP QHH9>F<6ABEFP QF4C4 

EFDG>FGDAB= <89AF<H<>4J<<. 

&5>@5B8G5A:0O 8 ?@0:B8G5A:0O 7=0G8<>ABL @01>BK. &9BD9F<K9E>4S 
;A4K<@BEFP D9;G?PF4FB6 D45BFO ;4>?RK49FES 6 D4;6<F<< CB8IB8B6 

@4F9@4F<K9E>B7B @B89?<DB64A<S A4 BEAB69 @9FB8B6 < 4?7BD<F@B6, 

CD98?B:9AAOI 6 D45BF9.  

#D4>F<K9E>4S ;A4K<@BEFP D9;G?PF4FB6 D45BFO ;4>?RK49FES 6 

D94?<;4J<< D4;D45BF4AAOI @9FB8B6 < 4?7BD<F@B6 6 6<89 >B@C?9>E4 @B8G?9= 

CDB7D4@@AB7B B59EC9K9A<S, CB;6B?SRM<I D9L4FP ;484KG D98G>J<< 

>B?<K9EF64 C4D4@9FDB6 B>D9EFABEFAB= @B89?< A4 QF4C9 EFDG>FGDAB= 

<89AF<H<>4J<<. 

 5B>4K 8AA;54>20=8O. �?S D9L9A<S CBEF46?9AAOI ;484K 6 IB89 
D45BFO A48 8<EE9DF4J<BAAO@ <EE?98B64A<9@ <ECB?P;B64?<EP @9FB8O F9BD<< 

@4F9@4F<K9E>B7B @B89?<DB64A<S, 6OK<E?<F9?PAB= @4F9@4F<><, F9BD<< 

7D4HB6, @4F9@4F<K9E>B= EF4F<EF<><, @4F9@4F<K9E><9 C4>9FO MATLAB < 

STATISTICA. 

&5<0B8:0 @01>BK EBBF69FEF6G9F E?98GRM<@ CGA>F4@ C4ECBDF4 

EC9J<4?PABEF< 1.2.2: 

1. $4;D45BF>4 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< B>D9EFABEFAB= 

@B89?<, 4?7BD<F@4 6OK<E?9A<S C4D4@9FD<K9E>B= 64?9AFABEF< < @4FD<JO 

C?4A4 Q>EC9D<@9AFB6 - EBBF69FEF6G9F CGA>FG 5 «$4;D45BF>4 AB6OI 

@4F9@4F<K9E><I @9FB8B6 < 4?7BD<F@B6 64?<84J<< @4F9@4F<K9E><I @B89?9= 
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B5N9>FB6 A4 BEAB69 84AAOI A4FGDAB7B Q>EC9D<@9AF4 <?< A4 BEAB69 4A4?<;4 

@4F9@4F<K9E><I @B89?9=».  

2. $4;D45BF>4 >B@C?9>E4 CDB5?9@AB-BD<9AF<DB64AAOI @B8G?9= 

CDB7D4@@AB7B B59EC9K9A<S, D94?<;GRM<I 4?7BD<F@ E>4?SDAB= 

89>B@CB;<J<<, 4?7BD<F@ 6OK<E?9A<S C4D4@9FD<K9E>B= 64?9AFABEF< < 

K<E?9AAO= @9FB8 <89AF<H<>4J<< <AHBD@4J<BAAOI E6S;9= - EBBF69FEF6G9F 

CGA>FG 3 «$94?<;4J<S QHH9>F<6AOI K<E?9AAOI @9FB8B6 < 4?7BD<F@B6 6 6<89 

>B@C?9>EB6 CDB5?9@AB-BD<9AF<DB64AAOI CDB7D4@@ 8?S CDB6989A<S 

6OK<E?<F9?PAB7B Q>EC9D<@9AF4». 

#>;>65=8O, 2K=>A8<K5 =0 70I8BC: 
1.  B89DA<;<DB64AAO= @9FB8 EFDG>FGDAB= <89AF<H<>4J<< 

B>D9EFABEFAB= @B89?<, 6>?RK4RM<= <ECB?P;B64A<9 E@9L4AAOI 

B>D9EFABEFAOI EFDG>FGD < 6OK<E?9A<9 C4D4@9FD<K9E>B= 64?9AFABEF< @B89?<.  

2. �?7BD<F@ 6OK<E?9A<S C4D4@9FD<K9E>B= 64?9AFABEF< CB?<?<A9=AOI 

B>D9EFABEFAOI @B89?9=, 4?7BD<F@ 6OK<E?9A<S @4FD<JO C?4A4 

Q>EC9D<@9AFB6 8?S CB?GK9A<S @<A<@4?PAB7B >B?<K9EF64 84AAOI, 

A9B5IB8<@OI 8?S B8AB;A4KAB= C4D4@9FD<K9E>B= <89AF<H<>4J<< @B89?<.  

3. �?4EE B>D9EFABEFAOI @B89?9= E A9E>B?P><@< 6;4<@B89=EF6GRM<@< 

CB8E<EF9@4@< (B>D9EFABEFAO9 @G?PF<@B89?<) < 4?7BD<F@ E>4?SDAB= 

89>B@CB;<J<< B>D9EFABEFAOI @G?PF<@B89?9=, CB;6B?SRM<= G@9APL4FP 

>B?<K9EF6B <89AF<H<J<DG9@OI C4D4@9FDB6 @B89?< A4 QF4C9 EFDG>FGDAB= 

<89AF<H<>4J<<. 

4. +<E?9AAO= @9FB8 <89AF<H<>4J<< <AHBD@4J<BAAOI E6S;9= 

B>D9EFABEFAB= @B89?< < BEAB64AAO9 A4 A9@ @9FB8O EF45<?<;4J<< 

AB@<A4?PAB7B D9:<@4 < >BDD9>J<< 6OIB84 @B89?<.  

5. �B@C?9>E CDB5?9@AB-BD<9AF<DB64AAOI @B8G?9= CDB7D4@@AB7B 

B59EC9K9A<S, D94?<;GRM<I 4?7BD<F@ E>4?SDAB= 89>B@CB;<J<<, 4?7BD<F@ 

6OK<E?9A<S C4D4@9FD<K9E>B= 64?9AFABEF< < K<E?9AAO= @9FB8 

<89AF<H<>4J<< <AHBD@4J<BAAOI E6S;9=.  
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%B5?5=L 4>AB>25@=>AB8 8 0?@>10F8O @57C;LB0B>2 @01>BK. 
�BEFB69DABEFP CB?GK9AAOI D9;G?PF4FB6 8?S B>D9EFABEFAOI @B89?9= E 

CDB<;6B?PAO@ >B?<K9EF64 CB8E<EF9@ CB8F69D:849FES <I EB6C489A<9@ E 

D9;G?PF4F4@<, CB?GK9AAO@< D4A99 6 K4EFAB@ E?GK49 86GI CB8E<EF9@ 8DG7<@< 

46FBD4@< 8DG7<@ @9FB8B@. 

&9BD9F<K9E><9 < CD4>F<K9E><9 D9;G?PF4FO D45BFO 8B>?48O64?<EP < 

B5EG:84?<EP A4 @9:8GA4DB8AOI >BAH9D9AJ<SI: 2nd International Conference 

on Control Systems, Mathematical Modeling, Automation and Energy Efficiency, 

SUMMA2020 (�<C9J>, 11-13 ABS5DS 2020 7.);  9:8GA4DB8A4S A4GKAB-

CD4>F<K9E>4S >BAH9D9AJ<S «!4AB-5<B-F9IAB?B7<<. &9C?BQA9D79F<>4. 

 4F9@4F<K9E>B9 @B89?<DB64A<9» (�<C9J>, 27-28 H96D4?S 2023 7.); «,>B?4 

@B?B8OI GK9AOI» CB CDB5?9@4@ F9IA<K9E><I A4G> �<C9J> (�<C9J>, 12 

B>FS5DS 2023 7.);  9:8GA4DB8A4S A4GKAB-CD4>F<K9E>4S >BAH9D9AJ<S «!4AB-

5<B-F9IAB?B7<<. &9C?BQA9D79F<>4.  4F9@4F<K9E>B9 @B89?<DB64A<9» 

(�<C9J>, 27-28 H96D4?S 2024 7.); 4th International Conference on Technology 

Enhanced Learning in Higher Education, TELE 2024 (�<C9J>, 20-21 <RAS 2024 

7.); SUMMA2024 6th International Conference on Control Systems, Mathematical 

Modeling, Automation and Energy Efficiency (�<C9J>, 11-13 ABS5DS 2024 7.); 

B5?4EFAOI D97<BA4?PAOI >BAH9D9AJ<SI, 4 F4>:9 A4 A4GKAOI E9@<A4D4I 

>4H98DO 6OEL9= @4F9@4F<>< �<C9J>B7B 7BEG84DEF69AAB7B F9IA<K9E>B7B 

GA<69DE<F9F4. 

�=54@5=85 @57C;LB0B>2 @01>BK. &9BD9F<K9E><9 D9;G?PF4FO 

8<EE9DF4J<< <ECB?P;GRFES 6 GK95AB@ CDBJ9EE9 (989D4?PAB7B 

7BEG84DEF69AAB7B 5R8:9FAB7B B5D4;B64F9?PAB7B GKD9:89A<S 6OEL97B 

B5D4;B64A<S «�<C9J><= 7BEG84DEF69AAO= F9IA<K9E><= GA<69DE<F9F» 6 

D4@>4I B5D4;B64F9?PAB= CDB7D4@@O CB A4CD46?9A<R 01.03.03 « 9I4A<>4 < 

@4F9@4F<K9E>B9 @B89?<DB64A<9» CD< 6OCB?A9A<< <A8<6<8G4?PAOI ;484A<= 

CB 8<EJ<C?<A4@ « 4F9@4F<K9E>B9 @B89?<DB64A<9», «+<E?9AAB9 < 

4A4?<F<K9E>B9 @B89?<DB64A<9 6 <AF97D<DB64AAOI @4F9@4F<K9E><I C4>9F4I», 

4 F4>:9 CD< CB87BFB6>9 6OCGE>AOI >64?<H<>4J<BAAOI D45BF. #D4>F<K9E><9 
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D9;G?PF4FO 8<EE9DF4J<BAAB= D45BFO D9>B@9A8B64AO > 84?PA9=L9@G 

D4EE@BFD9A<R < <ECB?P;B64A<R  '# «�9?9AIB;» < �" �7DBCDB@OL?9AAB9 

B5N98<A9A<9 «�6DBD4», KFB CB8F69D:89AB EBBF69FEF6GRM<@< 4>F4@<. 

#C1;8:0F88. "EAB6AO9 D9;G?PF4FO D45BFO BCG5?<>B64AO 6 13 
C9K4FAOI FDG84I, 6 FB@ K<E?9 6 3 E4@BEFBSF9?PAB. �; A<I 3 EF4FP< 6 698GM<I 

D9J9A;<DG9@OI :GDA4?4I, D9>B@9A8B64AAOI 6 #9D9KA9 ���, 3 EF4FP< 6 

<;84A<SI, 6IB8SM<I 6 @9:8GA4DB8AO9 E<EF9@O J<F<DB64A<S Scopus < Web of 

Science, 2 E6<89F9?PEF64 B 7BEG84DEF69AAB= D97<EFD4J<< CDB7D4@@O 8?S 

1� . 

� D45BF4I, A4C<E4AAOI 6 EB46FBDEF69 < CD<6989AAOI 6 46FBD9H9D4F9, 

?<KAB EB<E>4F9?9@ CB?GK9AO E?98GRM<9 D9;G?PF4FO: [103] 3 D4;D45BF>4 

E@9L4AAOI B>D9EFABEFAOI EFDG>FGD < 86GI >?4EEB6 CB?<?<A9=AOI @B89?9=; 

[40] 3 D4;D45BF>4 B>D9EFABEFAB= @B89?< @<>DB>?<@4F4 F9C?<JO;  

[113] 3 CDB7D4@@AB9 B59EC9K9A<9 4?7BD<F@4 CBE?98B64F9?PAB7B 

CDB9>F<DB64A<S; [112,114] 3 D4;D45BF>4 4E<AIDBAAOI B>D9EFABEFAOI 

@B89?9=. [47, 74] 3 CDB7D4@@AB9 B59EC9K9A<9 B>D9EFABEFAOI @B89?9=. 

%B@C:BC@0 8 >1J5< @01>BK. �<EE9DF4J<S EBEFB<F <; 66989A<S, 
K9FODёI 7?46, ;4>?RK9A<S, EC<E>4 ?<F9D4FGDO <; 117 A4<@9AB64A<= < 2 

CD<?B:9A<= A4 12 EFD4A<J4I. "5N9@ BEAB6AB= K4EF< D45BFO EBEF46?S9F 130 

EFD4A<J, 6>?RK4S 51 D<EGAB> < 2 F45?<JO. 

�> 22545=88 B5BEAB64A4 4>FG4?PABEFP F9@O <EE?98B64A<S, 

EHBD@G?<DB64AO J9?< < ;484K< D45BFO, A4GKA4S AB6<;A4, F9BD9F<K9E>4S < 

CD4>F<K9E>4S ;A4K<@BEFP D45BFO, @9FB8B?B7<S < @9FB8O <EE?98B64A<S, 

C9D9K<E?9AO CB?B:9A<S, 6OABE<@O9 A4 ;4M<FG, EF9C9AP 8BEFB69DABEF< < 

4CDB54J<< D9;G?PF4FB6, 4 F4>:9 BEAB6AB9 EB89D:4A<9 D45BFO 

� ?5@2>9 3;025 EB89D:<FES B5;BD F9BD<< < CD4>F<K9E><I CD<@9A9A<= 
B>D9EFABEFAOI @B89?9=. "C<E4AO B>D9EFABEFAO9 EFDG>FGDO < B>D9EFABEFAO9 

E<EF9@O >4> EBEF46?SRM<9 B>D9EFABEFAB= @B89?<. $4EE@BFD9AO BEAB6AO9 

QF4CO B>D9EFABEFAB7B @B89?<DB64A<S, ;484K< EFDG>FGDAB= < 
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C4D4@9FD<K9E>B= <89AF<H<>4J<9= < <@9RM<9ES 6 ?<F9D4FGD9 D9;G?PF4FO, 

E6S;4AAO9 EB EFDG>FGDAO@< CD9B5D4;B64A<S@< B>D9EFABEFAOI @B89?9=. 

%F46SFES ;484K< D4;D45BF>< AB6OI >?4EEB6 B>D9EFABEFAOI @B89?9= 

(CB?<?<A9=AOI CB E6S;S@ <?< CB 6E9@ C9D9@9AAO@, 4J<>?<K9E><I, 

4E<AIDBAAOI); D4;D45BF>4 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< 

B>D9EFABEFAOI @B89?9= < K<E?9AAOI @9FB8B6 <89AF<H<>4J<< 

<AHBD@4J<BAAOI E6S;9=; D4;D45BF>4 >B@C?9>E4 CDB5?9@AB-BD<9AF<DB64AAOI 

@B8G?9= CDB7D4@@AB7B B59EC9K9A<S. 

�> 2B>@>9 3;025 BCD989?SRFES E@9L4AAO9 B>D9EFABEFAO9 EFDG>FGDO < 
@4FD<JO E@9:ABEF< EBBF69FEF6GRM<I E@9L4AAOI (K4EF<KAB 

BD<9AF<DB64AAOI) 7D4HB6. "C<EO64RFES 64D<4AFO CD9B5D4;B64A<S 

E@9L4AAOI EFDG>FGD 6 BD<9AF<DB64AAO9 B>D9EFABEFAO9 EFDG>FGDO < 

EBBF69FEF6GRM<9 CD9B5D4;B64A<S @4FD<J E@9:ABEF<. �6B8<FES CBASF<9 

C4D4@9FD<K9E>B= 64?9AFABEF< B>D9EFABEFAB= @B89?< < CBASF<9 

@<A<@4?PAB7B C?4A4 Q>EC9D<@9AFB6. "C<EO649FES 4?7BD<F@ 79A9D<DB64A<S 

@<A<@4?PAB7B C?4A4 Q>EC9D<@9AFB6 CB BD7D4HG @B89?< < 99 

C4D4@9FD<K9E>B= 64?9AFABEF<. $4EE@4FD<64RFES 864 >?4EE4 CB?<?<A9=AOI 

B>D9EFABEFAOI @B89?9=: CB?<?<A9=AO9 CB 6E9@ C9D9@9AAO@ <?< FB?P>B CB 

E6S;S@. �OK<E?S9FES C4D4@9FD<K9E>4S 64?9AFABEFP CB?<?<A9=AOI (CB 6E9@ 

C9D9@9AAO@ <?< FB?P>B CB E6S;S@) B>D9EFABEFAOI E<EF9@.  

� B@5BL59 3;025 D4EE@4FD<64RFES @9FB8O < 4?7BD<F@O 

CD9B5D4;B64A<S B>D9EFABEFAOI EFDG>FGD, CB;6B?SRM<9 G@9APL4FP 

>B?<K9EF6B C9D9@9AAOI 6 GD46A9A<SI HBD@4?PAB= B>D9EFABEFAB= E<EF9@O <, 

EBBF69FEF69AAB, G@9APL4FP B5N9@ Q>EC9D<@9AF4?PAOI 84AAOI, A9B5IB8<@OI 

8?S C4D4@9FD<K9E>B= <89AF<H<>4J<<. &4><@ B5D4;B@, G@9APL9A<9 

>B?<K9EF64 C9D9@9AAOI CDB<EIB8<F 4CD<BD<, 8B C4D4@9FD<K9E>B= 

<89AF<H<>4J<<, 4 A9 6 D9;G?PF4F9 BJ9A>< EF4F<EF<K9E>B= ;A4K<@BEF< 

CB?GK9AAOI C4D4@9FDB6 (FD95GRM9= 5B?PLB7B >B?<K9EF64 84AAOI), >4> QFBF 

B5OKAB CDB<EIB8<F 6 @B89?SI F<C4 K9DAB7B SM<>4. !4<5B?99 QHH9>F<6AO 

CD98?4749@O9 @9FB8O < 4?7BD<F@O 6 E?GK49, >B784 @B89?<DG9@O= CDBJ9EE 
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@B:9F 5OFP D4;89?9A A4 A9E>B?P>B 6;4<@B89=EF6GRM<I @9:8G EB5B= 

CDBJ9EEB6 <?< CB8E<EF9@, D94?<;B64AAOI A4 B8AB= < FB= :9 B>D9EFABEFAB= 

EFDG>FGD9. � 7?469 BC<EO649FES K<E?9AAO= @9FB8 <89AF<H<>4J<< 

<AHBD@4J<BAAOI E6S;9=, BCD989?SRFES 864 F<C4 4E<AIDBAAOI 

B>D9EFABEFAOI @B89?9= < BC<EO649FES EFDG>FGD4 >B@C?9>E4 CDB7D4@@, 

D94?<;GRM<I 4?7BD<F@O, <;?B:9AAO9 6 84AAB= < CD98O8GM9= 7?464I. 

� G5B25@B>9 3;025 @9FB8O < 4?7BD<F@O, BC<E4AAO9 6 CD98O8GM<I 
7?464I, CD<@9ASRFES 8?S D4;D45BF>< B>D9EFABEFAB= @B89?< D97G?<DB64A<S 

@<>DB>?<@4F4 CDB@OL?9AAB= F9C?<JO. #DB6B8<FES 4A4?<; < ED46A9A<9 

D4EK9FAOI ;A4K9A<= EGFBKAOI QA9D7B;4FD4F, CB?GK9AAOI A4 BEAB69 

<@<F4J<BAAB7B @B89?<DB64A<S, E H4>F<K9E><@< 84AAO@<. $9L49FES ;484K4 

@<A<@<;4J<< D4EIB84 QA9D7BD9EGDEB6 A4 BEAB69 <@<F4J<BAAB= @B89?< 

@<>DB>?<@4F4 F9C?<JO. #DB69DS9FES 489>64FABEFP CD98?B:9AAB= @B89?< < 

9ё QHH9>F<6ABEFP 6 BCF<@<;4J<< D4EIB84 QA9D7BD9EGDEB6.  

� 70:;NG5=88 C9D9K<E?9AO BEAB6AO9 D9;G?PF4FO <EE?98B64A<S, 

EHBD@G?<DB64AO D9>B@9A84J<< < 6B;@B:AO9 A4CD46?9A<S 84?PA9=L9= 

D4;D45BF>< 84AAB= F9@4F<><. 
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1. "�$�%&!"%&!"�  "����$"��!�� 

� 84AAB= 7?469 CD98EF46?9A B5;BD F9BD<< B>D9EFABEFAB7B 

@B89?<DB64A<S. "C<E4AO B>D9EFABEFAO9 EFDG>FGDO < B>D9EFABEFAO9 

E<EF9@O >4> EBEF46?SRM<9 B>D9EFABEFAB= @B89?<. $4EE@BFD9AO BEAB6AO9 

QF4CO B>D9EFABEFAB7B @B89?<DB64A<S, ;484K< EFDG>FGDAB= < 

C4D4@9FD<K9E>B= <89AF<H<>4J<9= < <@9RM<9ES 6 ?<F9D4FGD9 D9;G?PF4FO, 

E6S;4AAO9 EB EFDG>FGDAO@< CD9B5D4;B64A<S@< B>D9EFABEFAOI @B89?9=. 

#BEF46?9A4 ;484K4 <EE?98B64A<S < BC<E4A4 EF9C9AP D4;D45BF4AABEF< F9@O 

<EE?98B64A<S. 

1.1. ":@5AB=>AB=K5 AB@C:BC@K 8 >:@5AB=>AB=K5 A8AB5<K 

� ?<F9D4FGD9 CB B>D9EFABEFAO@ E<EF9@4@ (E@., A4CD<@9D, [5-7, 48-52, 

84-89,104-106,116,117]) B5OKAB A9 D4;?<K4RF CBASF<S B>D9EFABEFAB= 

E<EF9@O < B>D9EFABEFAB= @B89?<, EK<F4S <I H4>F<K9E>< E<ABA<@4@<. � 

E6S;< E ;484K4@< EFDG>FGDAB= <89AF<H<>4J<< < EFDG>FGDAOI 

CD9B5D4;B64A<=, >BFBDO9 D4EE@4FD<64RFES 6 84AAB= D45BF9, 84?99 5G89F 

G8B5AB CB @9D9 A9B5IB8<@BEF< D4;?<K4FP QF< CBASF<S, 4 <@9AAB, @O 5G89@ 

EK<F4FP, KFB B>D9EFABEFA4S @B89?P (�, �, �) 4 QFB B>D9EFABEFA4S EFDG>FGD4  (�, �) = (BD7Dаф, BEAаI9A<9 69DH<A) E ;484AAB= A4 A9= E<EF9@B= 
GD46A9A<= þ (B>D9EFABEFAB= E<EF9@B=), FB 9EFP B>D9EFABEFA4S E<EF9@4 

D4EE@4FD<649FES 6 G;>B@ E@OE?9, >4> EBEF46A4S K4EFP B>D9EFABEFAB= @B89?<. 

1.1.1. ":@5AB=>AB=K5 AB@C:BC@K 

">D9EFABEFA4S EFDG>FGD4 6 ;484K4I B>D9EFABEFAB7B @B89?<DB64A<S 

BC<EO649F 6;4<@BE6S;P @9:8G EBEF46AO@< K4EFS@< (G;?4@< <?< 5?B>4@<) 

E?B:AB7B F9IAB?B7<K9E>B7B CDBJ9EE4 <?< B5N9>F4 < B5OKAB S6?S9FES 

@4F9@4F<K9E>B= HBD@4?<;4J<9= F9IAB?B7<K9E>B= EI9@O CDBJ9EE4 <?< 
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B5N9>F4. ">D9EFABEFAO9 EFDG>FGDO 5O?< BCD989?9AO 6 D45BF4I [35-37] 6 

>4K9EF69 5B?99 G8B5AB7B < 5B?99 >B@C4>FAB7B BC<E4A<9 A4 S;O>9 F9BD<< 

7D4HB6 66989AAB7B 6 D45BF4I [8,10] CBASF<S «EFDG>FGDO B>D9EFABEF9=». 

">D9EFABEFAB= EFDG>FGDB= A48 GCBDS8BK9AAO@ >BA9KAO@ (<?< 

EK9FAO@) @AB:9EF6B@ ā = {ă1, ă2, & } A4;O649FES BEA4M9AAO= BD7D4H (�, �), 
4 <@9AAB, BD7D4H � = ă�(ā; ā), E >4:8B= 69DL<AB= ăÿ >BFBDB7B 
4EEBJ<<DB64A4 A9>BFBD4S C9D9@9AA4S āÿ * � (C9D9@9AA4S BEA4M9A<O 

69DL<AO ăÿ) < CDBEFD4AEF6B 6B;@B:AOI ;A4K9A<= Āÿ = Ā(āÿ) QFB= 
C9D9@9AAB=. #9D9@9AA4S BEA4M9A<S āÿ * � @B:9F 5OFP E>4?SDAB=, 

69>FBDAB= < F4> 84?99, 4 F4>:9 @B:9F 5OFP >BDF9:9@ (GCBDS8BK9AAO@ 

A45BDB@) >4><I-?<5B E>4?SDAOI, 69>FBDAOI < F4> 84?99 C9D9@9AAOI 69?<K<A. 

"D7D4H B>D9EFABEFAB= EFDG>FGDO @B:9F EB89D:4FP C9F?< < 86B=AO9 E6S;<, 

KFB B;A4K49F 6B;@B:ABEFP EB98<A9A<S E@9:AOI 69DL<A 86G@S 8G74@< 6 

CDBF<6BCB?B:AOI A4CD46?9A<SI. ">D9EFABEFA4S EFDG>FGD4 A4;O649FES 

E>4?SDAB=, 9E?< >4:8B= 69DL<A9 EBBF69FEF6G9F B8A4 E>4?SDA4S C9D9@9AA4S. 

� B5M9@ E?GK49 B>D9EFABEFAO9 EFDG>FGDO S6?SRFES @AB7B@9DAO@< 

69>FBDAO@<, FB 9EFP C9D9@9AAO9 BEA4M9A<S S6?SRFES @AB7B@9DAO@< 

69>FBDAO@< <?< >BDF9:4@< @AB7B@9DAOI 69>FBDAOI C9D9@9AAOI. 

 4FD<KAO9 < F4> 84?99 C9D9@9AAO9 EK<F4RFES @AB7B@9DAO@< 69>FBDAO@<. 

"D7D4H � B>D9EFABEFAB= EFDG>FGDO (�, �) (>4> < CDB<;6B?PAO= 

BD7D4H) @B:9F <@9FP 69DL<AO ā = Ā ⊔ ă ⊔ Ą 

FD9I F<CB6: 6IB8O Ā = {Ā1, & }, G;?O ă = {ă1, & } < 6OIB8O Ą = {Ą1, & }. �89EP ⊔ - E<@6B? B5N98<A9A<S A9C9D9E9>4RM<IES CB8@AB:9EF6. �IB84@< 

A4;O64RFES 69DL<AO, <@9RM<9 FB?P>B 6OIB8SM<9 8G7<, 6OIB84@< 

A4;O64RFES 69DL<AO, <@9RM<9 FB?P>B 6IB8SM<9 8G7<, G;?4@< A4;O64RFES 

69DL<AO, <@9RM<9 >4> 6OIB8SM<9, F4> < 6IB8SM<9 8G7<. �4:84S C9F?S 

EK<F49FES B8AB6D9@9AAB < 6IB8SM9= < 6OIB8SM9= 8G7B=. ';9? 

B>D9EFABEFAB= EFDG>FGDO, A9 <@9RM<= C9F?<, A4;O649FES CDBEFO@, G;9?, 

<@9RM<= C9F?R 3 D9H?9>E<6AO@, E@. D<EGAB> 1.1. ">D9EFABEFA4S EFDG>FGD4 
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A4;O649FES D9H?9>E<6AB=, 9E?< 6E9 G;?O <@9RF C9F?<. �4?99 6 D45BF9 A4 

7D4H9 B>D9EFABEFAB= EFDG>FGDO 6IB8O <;B5D4:4RFES >648D4F4@<, G;?O 3 

B>DG:ABEFO@<, 6OIB8O 3 B64?4@<. 

 

$<EGAB> 1.1 3 D9H?9>E<6AO= < CDBEFB= G;9? 

#9D9@9AAO9 BEA4M9A<S āÿ 6IB8B6, G;?B6 < 6OIB8B6 84?99 5G8GF 
B5B;A4K4FPES, EBBF69FEF69AAB, Āÿ ,  ăÿ ,  Ąÿ. 1F< B5B;A4K9A<S EB6C484RF E 
B5B;A4K9A<S@< 69DL<A, AB <; >BAF9>EF4 6E9784 5G89F SEAB, BFABESFES BA< 6 

>BA>D9FAB@ E?GK49 > 69DL<A4@ <?< > BEA4M9A<S@. 

�9DL<AO BD7D4H4 CD98EF46?SRF "H<;<K9E><9" 5?B>< (<?< G;?O) 

@B89?<DG9@B7B CDB<;6B8EF64 <?< CDBJ9EE4 E GK9FB@ 6O5D4AAB= EF9C9A< 

89F4?<;4J<< F9IAB?B7<K9E>B= EI9@O. (<;<K9E>B@G 5?B>G F9IAB?B7<K9E>B= 

EI9@O @B:9F EBBF69FEF6B64FP G;9?, 6IB8 <?< 6OIB8 BD7D4H4 6 B>D9EFABEFAB= 

EFDG>FGD9. !45BDO C9D9@9AAOI 6 69DL<A4I BD7D4H4 BCD989?SRF EBEFBSA<9 

H<;<K9E><I 5?B>B6, 4 8G7< BD7D4H4 BFB5D4:4RF F9IAB?B7<K9E><9 E6S;< 

@9:8G QF<@< 5?B>4@<. 

!4 D<EGA>9 1.1 CB>4;4A CD<@9D BD7D4H4 B>D9EFABEFAB= EFDG>FGDO. "A4 

6>?RK49F FD< 6IB84 Ā1, Ā2, Ā3, 864 6OIB84 Ą1, Ą2, 4 F4>:9 CSFP G;?B6 ă1, ă2, ă3, ă4, ă5. ';?O ă2, ă3 < ă4 S6?SRFES CDBEFO@<, G;?O ă1 < ă5 3 

D9H?9>E<6AO@<. 
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$<EGAB> 1.2 3 BD7D4H B>D9EFABEFAB= EFDG>FGDO 

1.1.2.  0B@8FK A<56=>AB8 >:@5AB=>AB=KE AB@C:BC@ 

"D7D4H � B>D9EFABEFAB= EFDG>FGDO (�, �) @B:AB BC<E4FP E CB@BMPR 
@4FD<JO E@9:ABEF< ý = ý(�), >BFBD4S S6?S9FES >648D4FAB= @4FD<J9= 
D4;@9DABEF< Ā × Ā, 789 Ā 3 K<E?B 69DL<A B>D9EFABEFAB= EFDG>FGDO. �4?99 

@O 6E9784 5G89@ CD98CB?474FP, KFB CBDS8B> A4 @AB:9EF69 69DL<A EB7?4EB64A 

E CBDS8>B@ (Ā, ă, Ą): 6IB8O Ā, G;?O ă, < 6OIB8O Ą CDBAG@9DB64AO, 

EBBF69FEF69AAB, K<E?4@< BF 1 8B Āā, BF Āā+1 8B Āā + ĀĂ < BF Āā + ĀĂ + 1 8B Āā + ĀĂ + Āą. � F4>B@ E?GK49 @4FD<J4 E@9:ABEF< B>D9EFABEFAB= EFDG>FGDO 
<@99F 6<8: 

ý = [0Āý×Āý ýĀý×Āþ ýĀý×Ā�0Āþ×Āý0Ā�×Āý ýĀþ×Āþ ýĀþ×Āÿ0Ā�×Āþ 0Ā�×Ā� ]. 
�4:8O= Q?9@9AF @4FD<JO E@9:ABEF< ý >B8<DG9F <AHBD@4J<R B A4?<K<9 <?< 

BFEGFEF6<9 8G7< (E6S;<) @9:8G 69DL<A4@<. �E?< 9EFP 8G74 <; 69DL<AO ÿ 6 Ā 



20 (ÿ → Ā), FB Q?9@9AF ĆÿĀ = 1, 9E?< 69DL<A4 ÿ <@99F C9F?R (ÿ → ÿ), FB 
8<47BA4?PAO= Q?9@9AF Ćÿÿ = 1, 6B 6E9I BEF4?PAOI E?GK4SI Q?9@9AF D469A 
AG?R. � A9>BFBDOI E?GK4SI G8B5A99 <ECB?P;B64FP FD4AECBA<DB64AAGR 

@4FD<J4 E@9:ABEF<, 6 >BFBDB= 98<A<JO 6 ÿ - FB= EFDB>9 B;A4K4RF 6IB8SM<9 6 
69DL<A4 ÿ 8G7<, F.9. ĆÿĀ = 1 9E?< 9EFP 8G74 <; 69DL<AO Ā 6 ÿ , (Ā → ÿ).  

 4FD<JG E@9:ABEF< 59; CBF9D< <AHBD@4J<< @B:AB EB>D4F<FP 8B 

@4FD<JO: ý = [ýĀý×Āþ ýĀý×Ā�ýĀþ×Āþ ýĀþ×Āÿ] 
(B5B;A4K9A<9 ý A9 <;@9AS9@, CBE>B?P>G <; >BAF9>EF4 6E9784 5G89F CBASFAB, 

>4>4S @4FD<J4, CB?A4S <?< EB>D4M9AA4S, <@99FES 66<8G).  

#BE>B?P>G B>D9EFABEFA4S EFDG>FGD4 S6?S9FES A9 CDBEFB BD7D4HB@, 4 

BEA4M9AAO@ BD7D4HB@, @4FD<JG E@9:ABEF< ý @B:AB E89?4FP 5B?99 

<AHBD@4F<6AB=, 9E?< 6E9 Q?9@9AFO ĆÿĀ = 1 ;4@9A<FP A4 >B?<K9EF64 

E>4?SDAOI >B@CBA9AF 6E9I C9D9@9AAOI BEA4M9A<S 69DL<A4 āÿ. �E?< 
C9D9@9AA4S BEA4M9A<S S6?S9FES >BDF9:B@ (>4:8O= Q?9@9AF >BFBDB7B 

S6?S9FES E>4?SDAB=, 69>FBDAB=, @4FD<KAB= < F4> 84?99 69?<K<AB=), 6@9EFB 

B5M97B >B?<K9EF64 E>4?SDAOI >B@CBA9AF 6E9I C9D9@9AAOI >BDF9:4 @B:AB 

D4EE@BFD9FP 69>FBD, >4:84S >B@CBA9AF4 >BFBDB7B D46A4 >B?<K9EF6G 

E>4?SDAOI C9D9@9AAOI 6 EBBF69FEF6GRM9= C9D9@9AAB= >BDF9:4. !4CD<@9D, 

9E?< C9D9@9AA4S BEA4M9A<S 3 QFB C4D4 āÿ = (ă,ā), 789 ă 3 FD9I@9DAO= 

69>FBD < ā 2 2 × 2 @4FD<J4, FB >4:8GR 98<A<JG 6 ÿ 2 FB= EFDB>9 @4FD<JO 
E@9:ABEF< ;4@9AS9@ A4 K<E?B 7 6 C9D6B@ E?GK49 < A4 69>FBD (3,4) 6B 6FBDB@. 
�4> < 6 E?GK49 EB>D4M9AAB= @4FD<JO E@9:ABEF<, <; >BAF9>EF4 5G89F 

CBASFAB, >4>B= 64D<4AF @4FD<JO E@9:ABEF< ý <@99FES 66<8G, < CBFB@G 

AB6O9 B5B;A4K9A<S A9 66B8SFES. 
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1.1.3. ":@5AB=>AB=K5 A8AB5<K  

�?S >4:8B= B>D9EFABEFAB= EFDG>FGDO @B:AB A4C<E4FP 

EBBF69FEF6GRMGR QFB= EFDG>FGD9 «HBD@4?PAGR» B>D9EFABEFAGR E<EF9@G 

 { Ăÿ(ăÿ+, Āÿ+) = 0, ÿ =  Āā+1, & , Āā + ĀĂ  Ąÿ = Ăÿ(ăÿ+, Āÿ+ ), ÿ =  Āā+Ă+1, & , Āā + ĀĂ + Āą  (1.1) 

789 ăÿ+ 3 C9D9@9AAO9 BEA4M9A<= 6E9I G;?B6, 6IB8SM<I 6 G;9? ăÿ <?< 6 6OIB8 Ąÿ, Āÿ+ 3 C9D9@9AAO9 BEA4M9A<= 6E9I 6IB8B6, E@9:AOI E G;?B@ ăÿ <?< 
6OIB8B@ Ąÿ. �4:8B9 <; GD46A9A<= E<EF9@O @B:9F 5OFP E>4?SDAO@ <?< 
69>FBDAO@. 1FG E<EF9@G @B:AB D4EE@4FD<64FP >4> CDBFBF<C D94?PAB= 

B>D9EFABEFAB= E<EF9@O E D94?PAO@< (4 A9 45EFD4>FAO@<) GD46A9A<S@<. 

%<EF9@4 (1.1) ;4C<E4A4 6 E4@B@ B5M9@ A9O6AB@ 6<89, ;4 <E>?RK9A<9@ 

GD46A9A<= 8?S 6OIB8B6, >BFBDO9 6E9784 8B?:AO 5OFP S6AO@< CB E@OE?G 

CBASF<S 6OIB84. 1FG E<EF9@G @B:AB >BA>D9F<;<DB64FP, BEF464SEP A4 

HBD@4?PAB@ GDB6A9 BC<E4A<S, 6 6<89 S6AB= EF4F<K9E>B= <?< S6AB= 

8<A4@<K9E>B= E<EF9@O >4>B7B-?<5B F<C4 3 A4CD<@9D, ?<A9=AB=, 5<?<A9=AB= 

<?< CB?<AB@<4?PAB=. 

">D9EFABEFA4S E<EF9@4 >BA>D9F<;<DG9F 6 6<89 GD46A9A<= BC<E4A<9 

6;4<@B89=EF6<= @9:8G EBEF46AO@< K4EFS@< CDBJ9EE4, BFD4:9AAB9 6 

B>D9EFABEFAB= EFDG>FGD9. ">D9EFABEFA4S E<EF9@4 @B:9F 5OFP ;4C<E4A4 >4> 

E<EF9@4 GCD46?9A<S 6 CDBEFD4AEF69 EBEFBSA<=, CD< QFB@ 64:AO9 BF?<K<S 

B>D9EFABEFAOI E<EF9@ BF E<EF9@ B5M97B 6<84, 6O89?SRM<9 <I 6 BF89?PAO= 

>?4EE EB EC9J<4?PAO@< E6B=EF64@<, ;4>?RK4RFES, 6 K4EFABEF<, 6 E?98GRM9@: 

• B>D9EFABEFAO9 E<EF9@O, >4> CD46<?B, S6?SRFES E<?PAB 

D4;D9:9AAO@<; 

• 6 B>D9EFABEFAOI E<EF9@4I A9?P;S 89?4FP CDB<;6B?PAO9 ;4@9AO 

C9D9@9AAOI, CBE>B?P>G F4><9 ;4@9AO 6 B5M9@ E?GK49 A9 EBID4ASRF 

(F9IAB?B7<K9E>< ;484AAO=) BD7D4H E<EF9@O. 
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1.2. "A=>2=K5 :;0AAK >:@5AB=>AB=KE <>45;59 

 �;?4749@B9 84?99 BC<E4A<9 D4;?<KAOI >?4EEB6 B>D9EFABEFAOI @B89?9= 

E?98G9F, 6 BEAB6AB@, D45BF4@ [1-4, 44-48,35-37,73-77] 

1.2.2. %B0B8G5A:85 8 48=0<8G5A:85 >:@5AB=>AB=K5 <>45;8  

� ;46<E<@BEF< BF D9L49@B= ;484K< @B:AB D4EE@4FD<64FP 864 6<84 

B>D9EFABEFAOI @B89?9=: 8<A4@<K9E><9 < EF4F<K9E><9. � 8<A4@<K9E>B@ 

E?GK49, >B784 <@99FES ;46<E<@BEFP 6E9I C9D9@9AAOI BF 6D9@9A<, GD46A9A<S 

B>D9EFABEFAB= E<EF9@O B5OKAB S6?SRFES S6AO@< < B5M4S HBD@4?PA4S 

B>D9EFABEFA4S E<EF9@4 8?S G;?B6 < 6OIB8B6 <@99F 6<8: 

 { ăÿā+1 = Ăÿ(ăÿ+ā , Āÿ+ā  ), ÿ =  Āā+1, & , Āā + ĀĂĄÿā+1 = Ăÿ(ăÿ+ā , Āÿ+ā  ), ÿ =  Āā+Ă+1, & , Āā + ĀĂ + Āą (1.2) 

(<A89>E ÿ <;@9AS9FES F4> :9, >4> 6 E<EF9@9 1.1). �4:8B9 <; GD46A9A<= 
E<EF9@O S6?S9FES E>4?SDAO@ <?< 69>FBDAO@ 6 EBBF69FEF6<< E F<CB@ 

C9D9@9AAB= 6 ?96B= K4EF< GD46A9A<S. 

� EF4F<K9E>B@ E?GK49, EBBF69FEF6GRM9@ EBEFBSA<R D46AB69E<S 

8<A4@<K9E>B= E<EF9@O <?< A9>BFBDO@ 4CD<BDAO@ GE?B6<S@ 54?4AE4, 

GD46A9A<S E<EF9@O 8?S G;?B6 @B7GF 5OFP A9S6AO@<, < B5M4S HBD@4?PA4S 

B>D9EFABEFA4S E<EF9@4 <@99F 6<8: 

 { Ăÿ(ăÿ+, Āÿ+ ) = 0, ÿ =  Āā+1, & , Āā + ĀĂĄÿ = Ăÿ(ăÿ+, Āÿ+ ), ÿ =  Āā+Ă+1, & , Āā + ĀĂ + Āą. (1.3) 

(A9S6A4S EF4F<K9E>4S 69DE<S). 'D46A9A<S S6AB= EF4F<K9E>B= 69DE<< <@9RF 

6<8 

 { ăÿ = Ăÿ(ăÿ+, Āÿ+ ), ÿ =  Āā+1, & , Āā + ĀĂĄÿ = Ăÿ(ăÿ+, Āÿ+ ), ÿ =  Āā+Ă+1, & , Āā + ĀĂ + Āą (1.4) 

(S6A4S EF4F<K9E>4S 69DE<S). �4:8B9 <; GD46A9A<= E<EF9@ (1.3) 3 (1.4) S6?S9FES 

E>4?SDAO@ <?< 69>FBDAO@, CD< QFB@ 6 S6AB= 69DE<< F<C (D4;@9DABEFP) 

GD46A9A<S EBBF69FEF6G9F F<CG C9D9@9AAB= BEA4M9A<S āÿ. #9D9@9AA4S ăÿ 
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CD<EGFEF6G9F 6 A9S6AB@ GD46A9A<< 8?S G;?4 FB?P>B 6 E?GK49, >B784 G;9? <@99F 

C9F?R (6 B5M9@ E?GK49 A9S6AB9 GD46A9A<9 8?S G;?4 @B:9F A9 EB89D:4FP 

C9D9@9AAGR BEA4M9A<S QFB7B G;?4), AB B5OKAB 6 EF4F<K9E><I @B89?SI E 

A9S6AO@< GD46A9A<S@< CD98CB?4749FES, KFB 6E9 G;?O BD7D4H4 <@9RF C9F?<. 

%F4F<K9E>4S E<EF9@4 (1.3) A9 EB89D:<F C9D9@9AAGR 6D9@9A< 6 GD46A9A<SI < 

BC<EO649F A9 ;46<ESM<9 BF 6D9@9A< AB@<A4?PAO9 (F9IAB?B7<K9E>< 

;484AAO9) D9:<@O. "A4 CB;6B?S9F D9L4FP ;484KG EF45<?<;4J<< D9:<@4 6 

E?GK49 <;@9ASRM<IES 6A9LA<I GE?B6<SI < 6 E?GK49 BF>?BA9A<S C4D4@9FDB6 

BF AB@<A4?PAOI, H<>E<DG9@OI <;@9D<F9?PAO@< CD<5BD4@<. 

�?S B>D9EFABEFAB= EFDG>FGDO, <;B5D4:9AAB= A4 D<EGA>9 1.2 

8<A4@<K9E>4S < (A9S6A4S) EF4F<K9E>4S B>D9EFABEFA4S E<EF9@O <@9RF 6<8: 

{  
  
  ă1ā+1 = Ă1(Ā1ā , ă1ā)ă2ā+1 = Ă2(Ā1ā , Ā2ā , ă1ā , ă5ā)ă3ā+1 = Ă3(Ā3ā , ă2ā)ă4ā+1 = Ă4(ă1ā)ă5ā+1 = Ă5(ă3ā , ă5ā)Ą1 = Ă5(ă4ā , ă5ā)Ą2 = Ă5(Ā3ā , ă5ā)

 

< 

{  
  
  Ă1(Ā1, ă1) = 0Ă2(Ā1, Ā2, ă1, ă5) = 0Ă3(Ā3, ă2) = 0Ă4(ă1) = 0Ă5(ă3, ă5) = 0Ą1 = Ă5(ă4, ă5)Ą2 = Ă5(Ā3, ă5)

. 

1.2.2. �5@B5:A=K5 8 @5;OF8>==K5 >:@5AB=>AB=K5 <>45;8 

">D9EFABEFAO9 @B89?< @B:AB F4> :9 D4;89?<FP A4 69DF9>EAO9 < 

D9?OJ<BAAO9 @B89?< (E@. [36], [37]). �9DF9>EAO9 < D9?SJ<BAAO9 @B89?< 
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CD98EF46?SRF 864 BEAB6AOI ECBEB54 HBD@4?<;4J<< F9IAB?B7<K9E><I EI9@ 6 

6<89 B>D9EFABEFAOI @B89?9=. 

 � 69DF9>EAOI B>D9EFABEFAOI @B89?SI GD46A9A<S B>D9EFABEFAB= 

E<EF9@O (E@. HBD@G?O 1.2-1.4) BC<EO64RF ;46<E<@BEFP C9D9@9AAOI 

BEA4M9A<S āÿ 6 84AAB= 69DL<A9 ăÿ BF 6E9I C9D9@9AAOI āÿ+ 6 69DL<A4I-

<EFBKA<>4I 8?S ăÿ, BCD989?S9@OI 6IB8SM<@< 6 69DL<AG ăÿ 8G74@<. 
'D46A9A<S ;4C<EO64RFES 8?S G;?B6 < 6OIB8B6, >4:8B9 <; GD46A9A<= 

EB89D:<F FB?P>B C9D9@9AAO9, CD<IB8SM<9 6 84AAO= G;9? <?< 6OIB8 CB 

6IB8SM<@ 8G74@ (6>?RK4S C9F?<). #D98CB?4749FES, KFB >4:8O= G;9? < 6OIB8 

C9D9849F B8<A < FBF :9 CB?AO= A45BD C9D9@9AAOI E6B97B EBEFBSA<S CB 6E9@ 

6OIB8SM<@ 8G74@.  

� D9?OJ<BAAOI B>D9EFABEFAOI @B89?SI C9D9@9AAO9 BEA4M9A<S 

B>D9EFABEFAB= EFDG>FGDO < GD46A9A<S B>D9EFABEFAB= E<EF9@O EBBF69FEF6GRF 

A9 69DL<A4@, 4 8G74@ B>D9EFABEFAB= EFDG>FGDO. �4:84S 8G74 BC<EO649FES 

EB5EF69AAO@ GD46A9A<9@, KFB CB;6B?S9F 5B?99 FBKAB, CB ED46A9A<R E 

69DF9>EFAB= 69DE<9=, @B89?<DB64FP 6;4<@B89=EF6<9 @9:8G >BA>D9FAO@< 

C4D4@< G;?B6. !4CD<@9D, 8?S 8<A4@<K9E>B= D9?SJ<BAAB= @B89?< 

B>D9EFABEFA4S E<EF9@4 <@99F 6<8 

 
ăÿ,Āā+1 = Ăÿ,Ā(ăÿ+ā , Āÿ+ā  ), ÿ =  Āā+1, & , Āā + ĀĂ ,Ąÿā+1 = ăÿ(ăÿ+ā , Āÿ+ā  ), ÿ =  Āā+Ă+1, & , Āā + ĀĂ + Āą (1.5) 

789 <A89>E Ā CDB59749F AB@9D4 69DL<A, S6?SRM<IES 6OIB84@< 8?S G;?4 ăÿ, ăÿ,Ā 3 C9D9@9AA4S BEA4M9A<S 8G7< ÿ → Ā, ăÿ+ 3 C9D9@9AAO9 BEA4M9A<= 6E9I 

8G7, 6IB8SM<I 6 G;9? ăÿ <?< 6 6OIB8 Ąÿ, Āÿ+ 3 C9D9@9AAO9 BEA4M9A<= 6E9I 
8G7, <8GM<I <; 6IB8B6 6 G;9? ăÿ <?< 6OIB8 Ąÿ. 

 $9?SJ<BAA4S @B89?P GK<FO649F 6;4<@B89=EF6<= @9:8G >BA>D9FAO@< 

C4D4@< CDB<;6B8EF69AAOI G;?B6 (5?B>B6) < CBFB@G @B:9F 5OFP @4>E<@4?PAB 

5?<;>B= > F9IAB?B7<K9E>B= EI9@9 CDB<;6B8EF64. �9DF9>EAO9 @B89?< 5B?99 

G8B5AO 8?S 84?PA9=L9= @4F9@4F<K9E>B= B5D45BF><. � D45BF4I [36,37] 5O?B 

CB>4;4AB, KFB ?R5GR D9?SJ<BAAGR @B89?P @B:AB CD9B5D4;B64FP 6 

69DF9>EAGR ;4 EK9F 66989A<S AB6OI 69DL<A. 1FB CD9B5D4;B64A<9 
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EBBF69FEF6G9F HBD@4?PAB@G D4;89?9A<R <@9RM<IES 6 @B89?< E?B:AOI 

F9IAB?B7<K9E><I 5?B>B6 A4 5B?99 CDBEFO9, C9D984RM<9 CB 6E9@ 6OIB8SM<@ 

E6S;S@ B8AG < FG :9 C9D9@9AAGR. � 84?PA9=L9@ CB8 B>D9EFABEFAB= E<EF9@B= 

@O 5G89@ CBA<@4FP 69DF9>EAO9 B>D9EFABEFAO9 E<EF9@O. 

1.2.3. �0;0=A>2K5 >:@5AB=>AB=K5 <>45;8 

� E4@OI C9D6OI <EE?98B64A<SI CB @9FB84@ B>D9EFABEFAB7B 

@B89?<DB64A<S, CDB6989AAOI 6 D45BF4I [4,10,79-81], D4EE@4FD<64?<EP 

A9S6AO9 EF4F<K9E><9 @B89?<, CD< QFB@ C9D9@9AAO9 GCD46?9A<S, 

EBBF69FEF6GRM<9 6IB84@ 6 84AAB@ 6OL9 BCD989?9A<< B>D9EFABEFAB= 

EFDG>FGDO, BFABE<?<EP > G;?4@, FB 9EFP CD<EGFEF6B64?< 6 G;?4I 6@9EF9 E 

C9D9@9AAO@< EBEFBSA<S. �E9 69DL<AO 6 QFB= 69DE<< A4;O64?<EP G;?4@<. �?S 

EBEF46?9A<S A9S6AOI GD46A9A<= 66B8<?BEP CBASF<9 B>D9EFABEF< G;?4 CB 

EBEFBSA<S@ < CB GCD46?9A<S. (4>F<K9E>< QFB B;A4K4?B <ECB?P;B64A<9 86GI 

BD7D4HB6, B8<A <I, >BFBDOI BC<EO649F E6S;< G;?B6 CB EBEFBSA<S@ < 6FBDB= - 

CB GCD46?9A<S@.  4F9@4F<K9E><= 6<8 QF<I @B89?9= CD98EF46?9A 

GD46A9A<S@< (1.5) 8?S «E<@@9FD<KAB= ?<A9=AB= B>D9EFABEFAB= @B89?<» < 

(1.6) 8?S «E@9L4AAB= ?<A9=AB= @B89?<»: 

 ∑ Ąý[Ć, ÿ]ă[ÿ]ÿ*ĂĂ[�] =∑ Ą�[Ć, Ā]ā[Ā]Ā*ĂĀ[�]  (1.6) ∑ Ąý[Ć, ÿ]ă[ÿ]ÿ*ĂĂ[�] +∑ Ą�[Ć, Ā]ā[Ā]Ā*ĂĀ[�] +∑ Ąþ[Ć, ā]Ą[Āā]ā*Ăă[�] = 0 (1.7) 

789 ă[ÿ] * ýĀ, ā[Ā] * ýÿ, Ą[ā] * ýþ 3 EBEFBSA<9, 6IB8 < 6OIB8 6 G;?9 

E<EF9@O; Ąý[Ć, ÿ] * ýý×Ā, Ą�[Ć, Ā] * ýý×ÿ, Ąþ[Ć, ā] * ýý×þ3 @4FD<JO-

C4D4@9FDO; ăý[Ć], ă�[Ć], ăþ[Ć] 3 B>D9EFABEFP G;?4 Ć CB EBEFBSA<R, 6IB8AB@G 

< 6OIB8AB@G 6B;89=EF6<R EBBF69FEF69AAB; Ć, ÿ, Ā, ā * ý, ý = {Ć1, Ć2, & , Ćā} 3 
>BA9KAB9 @AB:9EF6B ;A4K9A<= 8<E>D9FAB7B 4D7G@9AF4 E<EF9@O, |ý| = Ă. � 

84?PA9=L9@ B>4;4?BEP 5B?99 G8B5AO@ 6OA9EF< C9D9@9AAO9 GCD46?9A<S 6 

BF89?PAO9 69DL<AO (6IB8O). 1FB CB;6B?<?B BC<EO64FP E6S;< @9:8G 

69DL<A4@< B8A<@ BD7D4HB@, <;546<FPES BF 8B6B?PAB 7DB@B;8><I 
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B5B;A4K9A<= < CD<5?<;<FP 6<8 GD46A9A<= B>D9EFABEFAB= @B89?< > E<EF9@4@ 

GCD46?9A<S (6 CDBEFD4AEF69 EBEFBSA<=), EBID4ASS 6 B5B;A4K9A<SI ăÿ+, Āÿ+ 

EC9J<H<>G D4;D9:9AABEF< 6IB:89A<S C9D9@9AAOI 6 GD46A9A<S. 

1.3. �45=B8D8:0F8O >:@5AB=>AB=KE <>45;59  

$4;?<KAO@ 4EC9>F4@ ;484K< <89AF<H<>4J<< @4F9@4F<K9E><I @B89?9= 

(CDB<;6B?PAOI, 4 A9 FB?P>B B>D9EFABEFAOI) CBE6SM9AB 5B?PLB9 >B?<K9EF6B 

CG5?<>4J<=, >4> >?4EE<K9E><I [17-22, 34, 73, 110], F4> < EB6D9@9AAOI  

(E@., A4CD<@9D, [35,36, 111]). !4<5B?99 K4EFB <ECB?P;GRFES F9D@<AO 

«C4D4@9FD<K9E>4S <89AF<H<>4J<S» < «EFDG>FGDA4S <89AF<H<>4J<S». �484K4 

C4D4@9FD<K9E>B= <89AF<H<>4J<< <@99F 8BEF4FBKAB K9F>B9 BCD989?9A<9 >4> 

;484K4 A4IB:89A<S A9<;69EFAOI C4D4@9FDB6 GD46A9A<=, 6IB8SM<I 6 QF< 

GD46A9A<S ?<A9=AB. �484K4 EFDG>FGDAB= <89AF<H<>4J<< A9 <@99F K9F>B7B 

BCD989?9A<S < A9D98>B HBD@G?<DG9FES F46FB?B7<K9E>< >4> «A4IB:89A<9 

EFDG>FGDO @B89?<». � D45BF4I !.!.�4D45GFB64 [25-32] EFDG>FGDAB= 

<89AF<H<>4J<9= A4;O649FES D4;D45BF4AAO= 46FBDB@ @9FB8 BCD989?9A<S 

A9?<A9=AOI E?4749@OI CB?<AB@<4?PAB= @B89?< (E FBKABEFPR 8B 

>BQHH<J<9AFB6), BF?<KAO= BF B5OKAB= BJ9A>< CB GDB6AR ;A4K<@BEF< 6 

CDBJ9EE9 C4D4@9FD<K9E>B= <89AF<H<>4J<<, AB, >4> < 6 E?GK49 BJ9A>< CB 

GDB6AR ;A4K<@BEF<, FD95GRM<= 5B?PLB7B >B?<K9EF64 Q>EC9D<@9AF4?PAOI 

84AAOI. 

1.3.1. "1I0O AE5<0 845=B8D8:0F88 >:@5AB=>AB=KE <>45;59  

� D45BF4I [35-37] CD98?B:9A4 E?98GRM4S EI9@4 CBEFDB9A<S 

(<89AF<H<>4J<<) B>D9EFABEFAOI @B89?9=. #DBJ9EE <89AF<H<>4J<< EBEFB<F 

<; 86GI QF4CB6: EFDG>FGDA4S < C4D4@9FD<K9E>4S <89AF<H<>4J<<. %FDG>FGDA4S 

<89AF<H<>4J<S, CD98L9EF6GRM4S C4D4@9FD<K9E>B= <89AF<H<>4J<<, @B:9F 

5OFP D4;89?9A4, 6 E6BR BK9D98P, A4 864 QF4C4: @9F4EFDG>FGDA4O 



27 

<89AF<H<>4J<S < <AHD4EFDG>FGDA4O <89AF<H<>4J<S. !4 C9D6B@, 

@9F4EFDG>FGDAB@ QF4C9, CDB<EIB8<F @4F9@4F<K9E>4S HBD@4?<;4J<S 

F9IAB?B7<K9E>B= EI9@O @B89?<DG9@B7B B5N9>F4 <?< CDBJ9EE4, 6>?RK4RM4S 

CBEFDB9A<9 B>D9EFABEFAB= EFDG>FGDO (BD7D4H4), G>4;4A<9 BEA4M9A<= QFB= 

EFDG>FGDO (C9D9@9AAOI @B89?<) < BCD989?9A<9 F<C4 6;4<@B89=EF6<= @9:8G 

G;?4@< EFDG>FGDO. "EA4M9AAO= BD7D4H ;4849F 45EFD4>FAGR (A9 

>BA>D9F<;<DB64AAGR) E<EF9@G GD46A9A<= <?< «@9F4E<EF9@G», S6?SRMGRES 

CDBFBF<CB@ 8?S B>BAK4F9?PAB= B>D9EFABEFAB= @B89?<. !4 6FBDB@, 

<AHD4EFDG>FGDAB@ QF4C9, 6O5<D49FES F<C GD46A9A<= @B89?< <, CB 

6B;@B:ABEF<, @<A<@<;<DG9FES >B?<K9EF6B A9<;69EFAOI C4D4@9FDB6 

(A9BCD989?9AAOI >BQHH<J<9AFB6), CB8?9:4M<I 84?PA9=L9= 

C4D4@9FD<K9E>B= <89AF<H<>4J<<. %<EF9@4 GD46A9A<=, CB?GK9AA4S A4 QF4C9 

<AHD4EFDG>FGDAB= <89AF<H<>4J<<, A4;O649FES <AHD4E<EF9@B= <?< 

<AHD4EFDG>FGDAB= D94?<;4J<9= @9F4E<EF9@O. � CDBJ9EE9 C4D4@9FD<K9E>B= 

<89AF<H<>4J<< BCD989?SRFES A9<;69EFAO9 C4D4@9FDO <AHD4E<EF9@O < 

;469DL49FES CBEFDB9A<9 B>D9EFABEFAB= @B89?<. &4><@ B5D4;B@, 69EP CDBJ9EE 

@B89?<DB64A<S @B:AB 6<;G4?<;<DB64FP 6 6<89 CBE?98B64F9?PABEF< 89=EF6<=, 

CD98EF46?9AAOI A4 D<EGA>9 1.3 (6 86B=AB= D4@>9 D9;G?PF4F BK9D98AB7B 

QF4C4), 789 >4:8O= AB6O= QF4C GFBKAS9F D9;G?PF4F CD98O8GM97B. 
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$<EGAB> 1.3 3 %I9@4 QF4CB6 B>D9EFAB7B @B89?<DB64A<S 

1.3.2. �@E5B8?K >:@5AB=>AB=KE <>45;59 

  9F4EFDG>FGDA4S <89AF<H<>4J<S @B:9F <@9FP D4;AGR EF9C9AP 

89F4?<;4J<<, BF @<A<@4?PAB=, EBBF69FEF6GRM9= 4DI9F<CG @B89?<, 8B 

@4>E<@4?PAB=, GK<FO64RM9= 6ER <@9RMGRES <AHBD@4J<R B C9D9@9AAOI 

@B89?< < E6S;SI @9:8G A<@<. � CDBJ9EE9 @9F4EFDG>FGDAB= <89AF<H<>4J<< 

>4> CD46<?B, CDB<EIB8<F CBEF9C9AAB9 GE?B:A9A<9 < 89F4?<;4J<S A9>BFBDB7B 

C9D6BA4K4?PAB7B BD7D4H4, CD< QFB@ G69?<K<649FES >B?<K9EF6B 97B G;?B6 < 

E6S;9=. �D<F9D<9@ @4>E<@4?PABEF< <?< >D<F9D<9@ ;469DL9AABEF< 

@9F4EFDG>FGDAB= <89AF<H<>4J<< @B:AB EK<F4FP BFEGFEF6<9 6B;@B:ABEF< 

<?< A9B5IB8<@BEF< D4;89?9A<S C9D9@9AAOI BEA4M9A<S 6 @9F4E<EF9@9 A4 

EBEF46AO9 K4EF<. 
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�>D9EFABEFAO9 4DI9F<CO, BCD989?9AAO9 6 [36] CD98EF46?SRF EB5B= 

BD7D4HO E4@B7B A4K4?PAB7B GDB6AS, EB89D:4M<9 A9 5B?99 B8AB= 69DL<AO 6 

>4:8B@ <; @AB:9EF6 Ā,ă < Ą. %4@B= CDBEFB= EFDG>FGDB= ED98< A<I S6?S9FES 

B>D9EFABEFA4O @BA484, CD98EF46?SRM4S EB5B= G;9? E C9F?9=. 1FBF 4DI9F<C, 

<;B5D4:9AAO= A4 D<EGA>9 1.4, EB89D:<F FB?P>B B8AG 69DL<AG < 

89@BAEFD<DG9F E4@GR Q?9@9AF4DAGR HBD@G E6S;< 6 E<EF9@9. 

 

$<EGAB> 1.4 3 B>D9EFABEFA4S @BA484 

�B?99 E?B:AB= EFDG>FGDB= B5?484RF FD< 4DI9F<C4 E 86G@S 69DL<A4@<, 

A4;O649@O9 B>D9EFABEFAO@< 8<484@<: 8<484 EB 6IB8B@, 8<484 E 6OIB8B@ < 

E>6B;A4S (<?< CDBEF4S) 8<484. �<484 EB 6IB8B@ 89@BAEFD<DG9F E6S;P @9:8G 

6IB8B@ Ā < G;?B@ ă. �<484 E 6OIB8B@ <??REFD<DG9F E6S;P @9:8G G;?B@ ă < 

6OIB8B@ Ą . %>6B;A4S 8<484 CB>4;O649F E6S;P @9:8G 6IB8B@ Ā < 6OIB8B@ Ą. 

1F< FD< EFDG>FGDO-4DI9F<C4 CD98EF46?9AO A4 D<EGA>9 1.5 < CD98EF46?SRF 

EB5B= 5B?99 E?B:AO9 HBD@O E6S;< 69DL<A CB ED46A9A<R E B>D9EFABEFAB= 

@BA48B=. 

 

4) 8<484 EB 6IB8B@, 5) 8<484 E 6OIB8B@, 6) E>6B;A4S 8<484  

$<EGAB> 1.5 3 B>D9EFABEFAO9 8<48O  

�DI9F<CO, EBEFBSM<9 <; FD9I 69DL<A, A4;O64RFES B>D9EFABEFAO@< 

FD<484@<, BA< CB8D4;89?SRFES A4 864 >?4EE4: BEAB6AO9 < EBEF46AO9. 
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"EAB6AO9 FD<48O 6>?RK4RF 7?46AGR FD<48G, E>6B;AGR FD<48G, CB?AGR 

7?46AGR FD<48G < CB?AGR E>6B;AGR FD<48G, CD98EF46?9AAO9 A4 D<EGA>9 1.6. 

%BEF46AO9 FD<48O HBD@<DGRFES <; >B@5<A4J<= 8<48 < CD98EF46?9AO 

FD<48B= EB E>6B;AO@ 6IB8B@, FD<484 EB E>6B;AO@ 6OIB8B@ < E9C4D459?PAB= 

FD<48B=, <;B5D4:9AAO@< A4 D<EGA>9 1.7. 

 

4) 7?46A4S FD<484; 5) E>6B;A4S FD<484; 6) CB?A4S 7?46A4S FD<484 

7) CB?A4S E>6B;A4S FD<484 

$<EGAB> 1.6 3 BEAB6AO9 FD<48O 

#9D6O9 869 EBEF46AO9 FD<48O CB?GK9AO CGF9@ EB98<A9A<S 8<48O E 

6OIB8B@/6IB8B@ < CDBEFB= 8<48O. &D9FPS EBEF46A4S FD<484 CD98EF46?S9F 

EB5B= A9E6S;AB9 B5N98<A9A<9 @BA48O < CDBEFB= 8<48O.  

 

4) FD<484 EB E>6B;AO@ 6OIB8B@; 5) FD<484 EB E>6B;AO@ 6OIB8B@; 6) 

E9C4D459?PA4S FD<484 

$<EGAB> 1.7 3 BEAB6AO9 FD<48O 
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�R54S B>D9EFABEFA4S EFDG>FGD4 @B:9F 5OFP >?4EE<H<J<DB64A4 6 

EBBF69FEF6<< E B8A<@ <; 6OL9C9D9K<E?9AAOI 4DI9F<CB6. �?S >4:8B7B 

4DI9F<C4 BCD989?9A4, EBBF69FEF6GRM4S 8<E>D9FA4S @9F4E<EF9@4 GCD46?9A<S, 

CD98EF46?9AA4S 6 F45?<J9 1.1. 

&45?<J4 1.1 

�?4EE<H<>4J<S 4DI9F<CB6 < E6S;4AAOI E A<@< @9F4E<EF9@  ăā+1 = Ă(ăā) @BA484 ăā+1 = Ă(ăā , Āā) 8<484 EB 6IB8B@ ăā+1 = Ă(ăā), Ąā = ă(ăā) 8<484 E 6OIB8B@ Ąā+1 = ă(Āā) E>6B;A4S 8<484 ăā+1 = Ă(ăā , Āā), Ąā = ă(ăā) 7?46A4S FD<484 ăā+1 = Ă(Āā), Ąā = ă(ăā) E>6B;A4S FD<484 ăā+1 = Ă(ăā , Āā), Ąā = ă(ăā , Āā) CB?A4S 7?46A4S FD<484 ăā+1 = Ă(Āā), Ąā = ă(ăā , Āā) CB?A4S E>6B;A4S FD<484 ăā+1 = Ă(ăā), Ąā = ă(ăā , Āā) FD<484 EB E>6B;AO@ 6IB8B@ ăā+1 = Ă(ăā , Āā), Ąā = ă(Āā) FD<484 EB E>6B;AO@ 6OIB8B@ ăā+1 = Ă(ăā), Ąā = ă(Āā) E9C4D459?PA4S FD<484 

1.4. "17>@ <5B>4>2 ?@5>1@07>20=8O >:@5AB=>AB=KE <>45;59 

� D45BF4I CB B>D9EFABEFAB@G @B89?<DB64A<R <@9RFES E?98GRM<9 

D9;G?PF4FO, E6S;4AAO9 E 4?7BD<F@4@< CD9B5D4;B64A<S B>D9EFABEFAOI 

EFDG>FGD ;484AAOI (D4A99 <89AF<H<J<DB64AAOI) B>D9EFABEFAOI @B89?9=. 

1.4.1. �5:;0AB5@870F8O @5;OF8>==KE <>45;59 

� D45BF4I [36], [37] BC<E4A 4?7BD<F@ CD9B5D4;B64A<S D9?SJ<BAAOI 

@B89?9= 6 69DF9>EAO9. $9?SJ<BAAO9 @B89?< 6B;A<>4RF 6 CDBJ9EE9 

HBD@4?<;4J<< F9IAB?B7<K9E><I EI9@ 6 E?GK4SI, >B784 8BEF4FBKAB E?B:AO9 
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EBEF46?SRM<9 5?B>< <?< G;?O F9IAB?B7<K9E>B= EI9@O C9D984RF CB D4;AO@ 

E6S;S@ D4;AO9 C9D9@9AAO9 (H<;<K9E>< 3 D4;AO9 D9EGDEO <?< D4;AGR 

<AHBD@4J<R). � @4F9@4F<K9E>B= @B89?< G8B5A99 <@9FP 89?B E 5B?99 

CDBEFO@< 69DF9>EAO@< E<EF9@4@<. �?7BD<F@ 89>?4EF9D<;4J<<, BC<E4AAO= 6 

[36], CB;6B?S9F CD9B5D4;B64FP >4:8O= <; G;?B6 D9?SJ<BAAB= @B89?< 6 A45BD 

G;?B6 69DF9>EAB= @B89?<, CD< QFB@ >4:8O= G;9? AB6B= 69DF9>EAB= @B89?< 

EBBF69FEF6G9F C9D9@9AAB=, C9D984649@B= <EIB8AO@ G;?B@ D9?SJ<BAAB= 

@B89?< CB B8AB= <; 97B E6S;9=. �A4?B7<KAO@ B5D4;B@ 6 4?7BD<F@9 

89>?4EF9D<;GRFES 6IB8O D9?SJ<BAAB= @B89?<. #B8DB5A99 E@. [36]. 

1.4.1. $0AI5?;5=85 42>9=KE >:@5AB=>AB=KE <>45;59 

� D45BF4I [54-59] CD98EF46?9A 4?7BD<F@ D4EM9C?9A<S (89>B@CB;<J<<) 

B>D9EFABEFAB= EFDG>FGDO 86B=AB= B>D9EFABEFAB= @B89?<, 6 >BFBDB= A4 

B8AB= < FB= :9 B>D9EFABEFAB= EFDG>FGD9 ;484AO 869 B>D9EFABEFAO9 E<EF9@O, 

C9D9@9AAO9 >BFBDOI K4EF<KAB EB6C484RF. �?7BD<F@ D4EM9C?9A<S 

8BCB?AS9FES CBE?98GRM<@ E>?9<64A<9@ (47D97<DB64A<9@) 86GI CB?GK9AAOI 

@B89?9=. �?7BD<F@ D4EM9C?9A<S-E>?9<64A<S CB;6B?S9F G@9APL<FP 

>B?<K9EF6B A9B5IB8<@OI >BQHH<J<9AFB6 86B=AB= @B89?< (FB 9EFP 

6>?RK4RM9= 869 CB8E<EF9@O), KFB GCDBM49F CDBJ9EE C4D4@9FD<K9E>B= 

<89AF<H<>4J<<. � K4EFABEF<, 6 D45BF4I [54], [59] D4EE@BFD9AB CD<@9A9A<9 

4?7BD<F@4 D4EM9C?9A<S < E>?9<64A<S 8?S GCDBM9A<S @B89?< CDBJ9EE4 

>BA8<J<BA<DB64A<S < H<?PFD4J<< 6B;8GI4 6 J9I9 B5:<74 >?<A>9D4 

J9@9AFAB7B CDB<;6B8EF64.  

"C<L9@ CB8DB5A99 4?7BD<F@ D4EM9C?9A<S 3 E>?9<64A<S, E?98GS D45BF9 

[55]. �69 B>D9EFABEFAO9 E<EF9@O þ1 < þ2 BCD989?9AAO9 A4 B8AB= 

B>D9EFABEFAB= EFDG>FGD9 (CD< QFB@ 8BCGE>49FES, KFB >4:84S E<EF9@4 þ1 < þ2 

BCD989?9A4 FB?P>B A48 A9>BFBDB= K4EFPR B5M9= B>D9EFABEFAB= EFDG>FGDO) 

A4;O64RFES C4D4??9?PAO@<. 1F< E<EF9@O 6;4<@B89=EF6GRF 8DG7 E 8DG7B@, 

HBD@<DGS 98<AGR 86B=AGN E<EF9@G þ = {þ1, þ2}. � 86B=AB= B>D9EFABEFAB= 
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@B89?< C9D9@9AAO9 BEA4M9A<S D4;89?SRFES A4 ?B>4?PAO9 < 7?B54?PAO9: 

?B>4?PAO9 C9D9@9AAO9 CD<A48?9:4F B8AB= <; CB8E<EF9@ þÿ, 6 FB 6D9@S >4> 
7?B54?PAO9 C9D9@9AAO9 S6?SRFES B5M<@< 8?S B59<I CB8E<EF9@ þ1 < þ2. 

�9DL<AO ā B>D9EFABEFAB= EFDG>FGDO (6IB8 Ā, G;9? ă <?< 6OIB8 Ą) 6 
86B=AB= @B89?< >?4EE<H<J<DGRFES E?98GRM<@ B5D4;B@: 

• �B>4?PA4O 69DL<A4 <?< þÿ‑?B>4?PA4S EB89D:<F FB?P>B ?B>4?PAO9 
C9D9@9AAO9 B8AB= <; CB8E<EF9@; 

• !9C4D459?PA4O 69DL<A4 <?< þ1þ2‑69DL<A4 EB89D:<F ?B>4?PAO9 
C9D9@9AAO9 B59<I CB8E<EF9@ þ1 < þ2; 

• �9E9C4D459?PA4O 69DL<A4, <?< þ12‑69DL<AB= EB89D:<F FB?P>B 
7?B54?PAO9 C9D9@9AAO9; 

• �B?GE9C4D459?PA4O 69DL<A4 EB89D:<F >4> ?B>4?PAO9, F4> < 

7?B54?PAO9 C9D9@9AAO9 < @B7GF 5OFP 8BCB?A<F9?PAB >?4EE<H<J<DB64AO A4 

FD< F<C4: þ1þ12, þ2þ12 < þ1þ2þ12, 6 ;46<E<@BEF< BF A4?<K<S ?B>4?PAOI 
C9D9@9AAOI FB?P>B B8AB7B F<C4 <?< 86GI F<CB6. 

!4 D<EGA>9 1.8 CD<6989A4 >?4EE<H<>4J<S 69DL<A 86B=AB= E<EF9@O þ = {þ1, þ2} . 

 

$<EGAB> 1.8 3 >?4EE<H<>4J<S 69DL<A 86B=AB= E<EF9@O 

�?7BD<F@ D4EM9C?9A<S < E>?9<64A<S 86B=AB= B>D9EFABEFAB= @B89?< 

6>?RK49F E?98GRM<9 QF4CO: 

1. $4EM9C?9A<9: >4:84S E9C4D459?PA4S 69DL<A4 D4;89?S9FES A4 869 

?B>4?PAO9 69DL<AO, 4 CB?GE9C4D459?PA4S 69DL<A4 89?<FES A4 B8AG 
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A9E9C4D459?PAGR < B8AG <?< 869 ?B>4?PAO9 69DL<AO, 6 ;46<E<@BEF< BF 9ё 

F<C4 CB?GE9C4D459?PABEF< (þ1þ12, þ2þ12 < þ1þ2þ12). #D< QFB@ 6E9 

<AJ<89AFAO9 D95D4 8G5?<DGRFES; 

2. #B87BFB6>4 > E>?9<64A<R: EB;84RFES 869 >BC<< B>D9EFABEFAB= 

EFDG>FGDO. �; C9D6B= >BC<< G84?SRFES 6E9 þ2-?B>4?PAO9 69DL<AO < 

E6S;4AAO9 E A<@< <AJ<89AFAO9 D95D4, <; 6FBDB= þ1-?B>4?PAO9 69DL<AO < <I 

D95D4; 

3. %>?9<64A<9: 869 CB?GK9AAO9 B>D9EFABEFAO9 EFDG>FGDO 

B5N98<ASRFES CB 6E9@ <89AF<KAO@ 7?B54?PAO@ 69DL<A4@ < <AJ<89AFAO@ 

QF<@ 69DL<A4@ 8G74@, B5D4;GS, F4><@ B5D4;B@, 98<AGR B>D9EFABEFAGR 

EFDG>FGDO CD9B5D4;B64AAB= 86B=AB= @B89?<. 

#D<@9A9A<9 4?7BD<F@4 D4EM9C?9A<S-E>?9<64A<S D4EE@BFD<@, E?98GS 

D45BF9 [55], A4 CD<@9D9 B>D9EFABEFAB= EFDG>FGDO (D<EGAB> 1.9), EBEFBSM9= 

<; E9@< 69DL<A: 864 6IB84, K9FOD9 G;?4 < B8<A 6OIB8. !G@9D4J<S >4:8B7B 

F<C4 Q?9@9AFB6 A4K<A49FES E 98<A<JO, B5B;A4K49FES 69DIA<@ <A89>EB@ CD< 

C9D9@9AAB=, 4 A<:A<= <A89>E G>4;O649F A4 CD<A48?9:ABEFP > B8AB= <; 86GI 

C4D4??9?PAOI CB8E<EF9@. 

 

$<EGAB> 1.9 3 ">D9EFABEFA4S EFDG>FGD4, EBEFBSM4S <; E9@< G;?B6 

$4EE@BFD<@ 869 >BC<< (D<EGAB> 1.10) B>D9EFABEFAB= EFDG>FGDO 

(D<EGAB> 1.9), 6 >4:8B= <; >BFBDB= BEF46?SRFES FB?P>B 69DL<AO, 

EB89D:4M<9 C9D9@9AAO9 QFB= CB8E<EF9@O < 7?B54?PAO9 C9D9@9AAO9. �4?99 

D4;89?<@ 6 C9D6B= (D<EGAB> 1.94) < 6FBDB= (D<EGAB> 1.95) B>D9EFABEFAOI 
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EFDG>FGD4I 6E9 69DL<AO A4 A9E9C4D459?PAO9 < ?B>4?PAO9 69DL<AO. 

$94?<;4J<S QF4C4 D4EM9C?9A<S CB>4;4A4 A4 D<EGA>9 1.11. 

 

$<EGAB> 1.10 3 869 >BC<< B>D9EFABEFAB= EFDG>FGDO 

 

$<EGAB> 1.11 3 D4EM9C?9A<9 86GI B>D9EFABEFAOI EFDG>FGD 

!4 QF4C9 E>?9<64A<S 869 CB?GK9AAO9 B>D9EFABEFAO9 EFDG>FGDO 

EB98<ASRFES CB <89AF<KAO@ 7?B54?PAO@ 69DL<A4@ < <AJ<89AFAO@ QF<@ 

69DL<A4@ 8G74@. � D9;G?PF4F9 CB?GK49FES B>D9EFABEFA4S EFDG>FGD4, 
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<;B5D4:9AAGR A4 D<EGA>9 1.12. ">D9EFABEFA4S E<EF9@4, EB69FGRM4S QFB= 

B>D9EFABEFAB= EFDG>FGD9, EB89D:<F @9APL99 >B?<K9EF6B <89AF<H<J<DG9@OI 

C4D4@9FDB6. 

 

$<EGAB> 1.12 3 B>D9EFABEFA4S EFDG>FGD4 CBE?9 47D97<DB64A<S 

1.5. #>AB0=>2:0 7040G 8AA;54>20=8O 

� CD98O8GM<I D4;89?4I 84AAB= 7?46O CD98EF46?9AO B5M<9 E6989A<S 

B5 B>D9EFABEFAOI EFDG>FGD4I < E<EF9@4I. ">D9EFABEFAO9 @B89?< BCD989?9AO 

>4> C4DO, EBEFBSM<9 <; B>D9EFABEFAB= EFDG>FGDO < B>D9EFABEFAB= E<EF9@O. 

'>4;4AO BF?<K<S B>D9EFABEFAOI E<EF9@ BF E<EF9@ GCD46?9A<S B5M97B 6<84. 

"C<E4AO BEAB6AO9 QF4CO CBEFDB9A<S B>D9EFABEFAB= @B89?<, 4 <@9AAB 

EFDG>FGDA4S <89AF<H<>4J<S < C4D4@9FD<K9E>4S <89AF<H<>4J<S. 

*9?PR 84AAB7B 8<EE9DF4J<BAAB7B <EE?98B64A<S S6?S9FES D4;D45BF>4 

@9FB8B6 < 4?7BD<F@B6 EFDG>FGDAB= <89AF<H<>4J<< < EFDG>FGDAOI 

CD9B5D4;B64A<= B>D9EFABEFAOI @B89?9= < EB;84A<9 A4 BEAB69 QF<I @9FB8B6 < 

4?7BD<F@B6 >B@C?9>E4 CDB7D4@@ 8?S D9L9A<S ;484K< EFDG>FGDAB7B 

CD9B5D4;B64A<S B>D9EFABEFAB= @B89?< E J9?PR G@9APL9A<S >B?<K9EF64 
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A9B5IB8<@OI 8?S C4D4@9FD<K9E>B= <89AF<H<>4J<< Q>EC9D<@9AF4?PAOI 

84AAOI. 

�484K< <EE?98B64A<S. � EBBF69FEF6<< E J9?PR 84AAB7B <EE?98B64A<S 

5O?< CBEF46?9AO < D9L9AO E?98GRM<9 ;484K<: 

1. "5;BD < 4A4?<; CBASF<= B>D9EFABEFAB= @B89?<, EFDG>FGDAB= < 

C4D4@9FD<K9E>B= <89AF<H<>4J<< B>D9EFABEFAOI @B89?9=, <AHBD@4J<BAAOI 

E6S;9=, B5;BD <@9RM<IES 6 ?<F9D4FGD9 @9FB8B6 EFDG>FGDAB= <89AF<H<>4J<< 

< EFDG>FGDAOI CD9B5D4;B64A<= B>D9EFABEFAOI @B89?9=. 

2.  B89DA<;4J<S CBASF<= B>D9EFABEFAB= EFDG>FGDO < EFDG>FGDAB= 

<89AF<H<>4J<< B>D9EFABEFAOI @B89?9= E 66989A<9@ >?4EE4 E@9L4AAOI 

B>D9EFABEFAOI EFDG>FGD < CBASF<S C4D4@9FD<K9E>B= 64?9AFABEF< 

B>D9EFABEFAB= @B89?<; 

3. $4;D45BF>4 >?4EE4 B>D9EFABEFAOI @B89?9=, BF?<K4RM<IES A4?<K<9@ 

A9E>B?P><I 6;4<@B89=EF6GRM<I CB8E<EF9@ A4 B8AB= B>D9EFABEFAB= 

EFDG>FGD9 (B>D9EFABEFAO9 @G?PF<@B89?<); 

4. $4;D45BF>4 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< B>D9EFABEFAB= @B89?<, 

4?7BD<F@4 6OK<E?9A<S C4D4@9FD<K9E>B= 64?9AFABEF< < K<E?9AAB7B @9FB84 

<89AF<H<>4J<< <AHBD@4J<BAAOI E6S;9= B>D9EFABEFAB= @B89?<; 

5. $4;D45BF>4 >B@C?9>E4 CDB5?9@AB-BD<9AF<DB64AAOI @B8G?9= 

CDB7D4@@AB7B B59EC9K9A<S, D94?<;GRM<I 4?7BD<F@ E>4?SDAB= 89>B@CB;<J<< 

B>D9EFABEFAB= @B89?<, 4?7BD<F@ 6OK<E?9A<S C4D4@9FD<K9E>B= 64?9AFABEF< 

< K<E?9AAO= @9FB8 <89AF<H<>4J<< <AHBD@4J<BAAOI E6S;9= 6 

B>D9EFABEFAOI @B89?SI. 
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2. %&$'�&'$!�/ ���!&�(���*�/ "�$�%&!"%&!/) 
 "����� 

� 84AAB= 7?469 BCD989?SRFES E@9L4AAO9 B>D9EFABEFAO9 EFDG>FGDO < 

@4FD<JO E@9:ABEF< EBBF69FEF6GRM<I E@9L4AAOI (K4EF<KAB 

BD<9AF<DB64AAOI) 7D4HB6. "C<EO64RFES 64D<4AFO CD9B5D4;B64A<S 

E@9L4AAOI EFDG>FGD 6 BD<9AF<DB64AAO9 B>D9EFABEFAO9 EFDG>FGDO < 

EBBF69FEF6GRM<9 CD9B5D4;B64A<S @4FD<J E@9:ABEF<. �6B8<FES CBASF<9 

C4D4@9FD<K9E>B= 64?9AFABEF< B>D9EFABEFAB= @B89?< < CBASF<9 

@<A<@4?PAB7B C?4A4 Q>EC9D<@9AFB6. "C<EO649FES 4?7BD<F@ 79A9D<DB64A<S 

@<A<@4?PAB7B C?4A4 Q>EC9D<@9AFB6 CB BD7D4HG @B89?< < 99 

C4D4@9FD<K9E>B= 64?9AFABEF<. $4EE@4FD<64RFES 864 >?4EE4 CB?<?<A9=AOI 

B>D9EFABEFAOI @B89?9=: CB?<?<A9=AO9 CB 6E9@ C9D9@9AAO@ <?< FB?P>B CB 

E6S;S@. �OK<E?S9FES C4D4@9FD<K9E>4S 64?9AFABEFP CB?<?<A9=AOI (CB 6E9@ 

C9D9@9AAO@ <?< FB?P>B CB E6S;S@) B>D9EFABEFAOI E<EF9@.  

2.1. %<5H0==K5 >:@5AB=>AB=K5 AB@C:BC@K 

%@9L4AAO9 B>D9EFABEFAO9 EFDG>FGDO [103] 6B;A<>4RF, A4CD<@9D, 6 

;484K4I @B89?<DB64A<S ?B7<EF<K9E><I, QA9D79F<K9E><I < 8DG7<I CDBJ9EEB6, 

E6S;4AAOI E 6B;@B:ABEFPR 6O5BD4 A4CD46?9A<= C9D9@9M9A<S B5N9>FB6 <?< 

CBFB>B6 CB E6S;S@ F9IAB?B7<K9E>B= EI9@O. 

2.1.1. "?@545;5=85 8 :;0AA8D8:0F8O 25@H8=  

� A9>BFBDOI ;484K4I EFDG>FGDAB= <89AF<H<>4J<< A4CD46?9A<S 

89=EF6<S BF89?PAOI E6S;9= <?< 6E9I E6S;9= B>D9EFABEFAB= EFDG>FGDO A9 

;484AO F9IAB?B7<K9E>< < @B7GF 5OFP 6O5D4AO CDB<;6B?PAB, >4> CD46<?B, E 

J9?PR BCF<@<;4J<< >4><I-?<5B E6B=EF6 @B89?<, A4CD<@9D, @<A<@<;4J<< 

>B?<K9EF64 <89AF<H<J<DG9@OI >BQHH<J<9AFB6 <?< @<A<@<;4J<< >B?<K9EF64 
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G;?B6/6IB8B6/6OIB8B6 B>D9EFABEFAB= EFDG>FGDO. �89>64FAB= 

@4F9@4F<K9E>B= HBD@4?<;4J<9= F9IAB?B7<K9E>B= EI9@O 6 F4><I E?GK4SI 

S6?S9FES K4EF<KAB BD<9AF<DB64AA4S <?< E@9L4AA4S B>D9EFABEFA4S EFDG>FGD4, 

6 >BFBDB= 6@9EFB BD7D4H4 D4EE@4FD<649FES K4EF<KAB BD<9AF<DB64AAO= 7D4H. 

&4><9 7D4HO A4;O64RF F4>:9 E@9L4AAO@< («mixed») 7D4H4@<, E@. [23,38]. 

!@9L4AAB= B>D9EFABEFAB= EFDG>FGDB= (3,�) A4;O649FES 

E@9L4AAO= 7D4H 3 = ă3(ā; ā), E >4:8B= 69DL<AB= >BFBDB7B 
4EEBJ<<DB64A4 A9>BFBD4S C9D9@9AA4S BEA4M9A<S āÿ < CDBEFD4AEF6B 
6B;@B:AOI ;A4K9A<= Āÿ QFB= C9D9@9AAB=. � K4EFABEF<, ;45O64A<9 
BD<9AF4J<= A9>BFBDOI 8G7 BD<9AF<DB64AAB= B>D9EFABEFAB= EFDG>FGDO (�, �) CD96D4M49F 99 6 E@9L4AAGR B>D9EFABEFAGR EFDG>FGDG (3,�). 
%@9L4AA4S B>D9EFABEFA4S EFDG>FGD4 A4;O649FES A9BD<9AF<DB64AAB= < 

B5B;A4K49FES (ý,�), 9E?< 6E9 E6S;< @9:8G E@9:AO@< 69DL<A4@< 
E@9L4AAB7B 7D4H4, ;4 <E>?RK9A<9@ 86B=AOI, S6?SRFES D95D4@<. 

"5OKAO9 (BD<9AF<DB64AAO9) B>D9EFABEFAO9 EFDG>FGDO @B7GF <@9FP 

69DL<AO FB?P>B FD9I F<CB6 - 6IB8O Ā, G;?O ă, 6OIB8O Ą. %@9L4AAO9 

B>D9EFABEFAO9 EFDG>FGDO @B7GF <@9FP 69DL<AO ā = Ā ⊔ ă ⊔ Ą ⊔ þ ⊔ Āă ⊔ ăă ⊔ Ąă 

E9@< F<CB6: 6IB8O Ā, G;?O ă, 6OIB8O Ą, þ‑69DL<AO, Āă‑69DL<AO, ăă‑69DL<AO < Ąă‑69DL<AO. þ‑69DL<A4 <AJ<89AFA4 FB?P>B D95D4@ (<?< 
B8AB@G D95DG), Āă‑69DL<AO <@9RF FB?P>B 6OIB8SM<9 8G7< < <AJ<89AFAO9 
D95D4, ăă‑69DL<AO <@9RF 6IB8SM<9 8G7<, 6OIB8SM<9 8G7< < <AJ<89AFAO9 
D95D4, Ąă‑69DL<AO <@99F FB?P>B 6IB8SM<9 8G7< < <AJ<89AFAO9 D95D4. � 
D9;G?PF4F9 6O5BD4 BD<9AF4J<= D959D E@9L4AAB= B>D9EFABEFAB= EFDG>FGDO -

69DL<A4 @B:9F EF4FP 6IB8B@, G;?B@ <?< 6OIB8B@, Āă-69DL<A4 @B:9F EF4FP 

6IB8B@ <?< G;?B@, Ąă-69DL<A4 @B:9F EF4FP 6OIB8B@ <?< G;?B@, ăă-

69DL<A4 6E9784 EF4AB6<FES G;?B@. 

!4 D<EGA>9 2.1 CB>4;4A CD<@9D E@9L4AAB= B>D9EFABEFAB= EFDG>FGDO, 6 

>BFBDB= 69DL<A4 ā1 S6?S9FES 6IB8B@ Ā; 69DL<A4 ā7 3 G;?B@ ă; 69DL<A4 ā12 3 
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6OIB8B@ ă; 69DL<AO ā2, ā3, ā13 3 þ‑69DL<A4@<; 69DL<AO ā5, ā6 3 Āă‑69DL<A4@<; 69DL<AO ā4, ā10 3 ăă‑69DL<A4@<; 69DL<AO ā8,ā9, ā11 3 Ąă‑69DL<A4@<.  

 

$<EGAB> 2.1 3 E@9L4AA4S B>D9EFABEFA4S EFDG>FGD4  

2.1.2.  0B@8FK A<56=>AB8 A<5H0==KE >:@5AB=>AB=KE AB@C:BC@ 

%@9L4AAO@ 7D4HB@ ă3 A4;O649FES K4EF<KAB BD<9AF<DB64AAO= 7D4H, 

FB 9EFP E@9:AO9 69DL<AO E@9L4AAB7B 7D4H4 @B7GF 5OFP EB98<A9AO >4> 

D95D4@<, F4> < 8G74@<. �4> < 6 E?GK49 BD7D4HB6, @O CD98CB?4749@, KFB 

69DL<AO E@9L4AAB7B 7D4H4 @B7GF <@9FP C9F?<. %@9:AO9 69DL<AO 

E@9L4AAB7B 7D4H4 @B7GF <@9FP 86B=AO9 E6S;<, AB 6 QFB@ E?GK49 QF< E6S;< 

8B?:AO 5OFP 86G@S CDBF<6BCB?B:AB A4CD46?9AAO@< 8G74@<. 

%@9L4AAO= 7D4H ă3 A48 @AB:9EF6B@ ā @B:AB EK<F4FP EBEFBSM<@ <; 

86GI 7D4HB6 A48 ā: BD<9AF<DB64AAB7B 7D4H4 ă� < A9BD<9AF<DB64AAB7B 7D4H4 ăý, CD< QFB@ 869 69DL<AO <; ā @B7GF 5OFP E@9:AO@< FB?P>B 6 B8AB@ <; 

QF<I 7D4HB6. �E9 86B=AO9 E6S;< (CDBF<6BCB?B:AB A4CD46?9AAO9 8G7<) < 

C9F?< BFABESFES > BD<9AF<DB64AAB@G 7D4HG ăý. 

#D98CB?4749FES, KFB 6E9 69DL<AO ā GCBDS8BK9AO (FB 9EFP 

CDBAG@9DB64AO). %@9:ABEFP 69DL<A E@9L4AAB7B 7D4H4 ă3 BC<EO649FES 

86G@S @4FD<J4@<: @4FD<J9= E@9:ABEF< ýý 7D4H4 ăý < @4FD<J9= E@9:ABEF< ý� 7D4H4 ă� .  4FD<J4 ýý E<@@9FD<KA4. �G79 <; 69DL<AO Ā 6 69DL<AG ÿ 
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EBBF69FEF6G9F Q?9@9AF ĆÿĀ = 1, C9F?S@ EBBF69FEF6GRF Q?9@9AFO Ćÿÿ =1, D95DG @9:8G 69DL<A4@< ÿ < Ā EBBF69FEF6GRF Q?9@9AFO ćÿĀ = ćĀÿ = 1. &4><@ 
B5D4;B@, 98<A<JO 6 ÿ1FB= EFDB>9 @4FD<JO ý� >B8<DGRF 6E9 6IB8OM<9 6 ÿ1ю 69DL<AG 8G7<, 6>?RK4S 6B;@B:AGR C9F?R. �8<A<JO 6 Ā -FB@ EFB?5J9 

@4FD<JO ýý  >B8<DGRF 6E9 6OIB8OM<9 <; Ā1FB= 69DL<AO 8G7<. �; 

BCD989?9A<S @4FD<JO E@9:ABEF< ýý < ý� E?98G9F, KFB CDB<;6989A<9 

�84@4D4 ýý 8 ý� (CBQ?9@9AFAB9 CDB<;6989A<9) S6?S9FES AG?96B= @4FD<J9=. 

2.1.3. "@85=B0F88 A<5H0==KE >:@5AB=>AB=KE AB@C:BC@ 

%@9L4AAGR B>D9EFABEFAGR EFDG>FGDG 3(ā) @B:AB CD96D4F<FP 6 
B5OKAGR (BD<9AF<DB64AAGR) B>D9EFABEFAGR EFDG>FGDG �(ā), 8?S QFB7B 
AG:AB BD<9AF<DB64FP 6E9 D95D4 E@9L4AAB7B 7D4H4 ă3. "D<9AF4J<S E6S;9= 6 

E@9L4AAB= B>D9EFABEFAB= EFDG>FGD9 S6?S9FES K4EFPR QF4C4 EFDG>FGDAB= 

<89AF<H<>4J<<, CBE>B?P>G HBD@4?PAGR B>D9EFABEFAGR E<EF9@G GD46A9A<= 

@B:AB ;4C<E4FP FB?P>B 8?S BD<9AF<DB64AAB= B>D9EFABEFAB= EFDG>FGDO. � 

;46<E<@BEF< BF FB7B, >4> @O 6O59D9@ BD<9AF4J<< D959D, CB?GK9AA4S 

EFDG>FGD4 (�, �) @B:9F <@9FP D4;AO9 A45BDO 6IB8B6, G;?B6 < 6OIB8B6, 4 

EBBF69FEF6GRM4S CB?<AB@<4?PA4S (<, 6 K4EFABEF<, CB?<?<A9=A4S) 

B>D9EFABEFA4S E<EF9@4 3 D4;AO9 >B?<K9EF64 >BQHH<J<9AFB6, 8?S >BFBDOI 

CBFD95G9FES C4D4@9FD<K9E>4S <89AF<H<>4J<S. 

�4@9A4 D959D 8G74@< @B:9F 5OFP BC<E4A4 E CB@BMPR @4FD<J 

E@9:ABEF< ýý < ý� E?98GRM<@ B5D4;B@. "5B;A4K<@ K9D9; Ā E?GK4=AGR 

4AF<E<@@9FD<KAGR @4FD<JG, 6E9 A98<47BA4?PAO9 Q?9@9AFO >BFBDB= D46AO ±1. !B64S @4FD<J4 E@9:ABEF< ýÿ BCD989?S9FES >4>: 

 ýÿ = 12 (ýý + Ā 8 ýý), (2.1) 

FB 9EFP @4FD<J4 ýÿ CB?GK9A4 <; ýý ;4@9AB= 6 >4:8B= C4D9 E<@@9FD<KAOI 

A9AG?96OI Q?9@9AFB6 ćÿĀ = ćĀÿ = 1 B8AB7B <; QF<I Q?9@9AFB6 AG?9@. &B784  ý����� = ý� + ýÿ  
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5G89F @4FD<J9= E@9:ABEF< BD7D4H4 CB?GK9AAB= BD<9AF<DB64AAB= 

B>D9EFABEFAB= EFDG>FGDO (�, �). 
"D<9AF4J<S Dё59D 6 E@9L4AAB@ 7D4H9 CD<6B8<F > <;@9A9A<R 

EFDG>FGDAB= DB?< 69DL<A 6 EBBF69FEF6<< E A4CD46?9A<9@ 8G7, KFB CB;6B?S9F 

HBD@<DB64FP BD7D4HO E D4;?<KAO@< E6B=EF64@< < I4D4>F9D<EF<>4@<. 

�M9 B8A<@ CB?9;AO@ 8?S CD<?B:9A<= ECBEB5B@ C9D9IB84 BF (3,�) > (�, �) S6?S9FES ;4@9A4 >4:8B7B D95D4 6 3 A4 869 CDBF<6BCB?B:AB 

A4CD46?9AAO9 8G7<. � QFB@ E?GK49 BD<9AF<DB64AA4S EFDG>FGD4 <, 

EBBF69FEF69AAB, HBD@4?PA4S B>D9EFABEFA4S E<EF9@4 5G8GF BCD989?9AO 

B8AB;A4KAB. 1FBF ECBEB5 A9 E6B8<FES > CD98O8GM9@G, CBE>B?P>G D95DB 

;4@9AS9FES 86G@S 8G74@<, 4 A9 B8AB= 8G7B=. "5B;A4K<@ K9D9; (��,�) 
BD<9AF<DB64AAGR EFDG>FGDG, CB?GK9AAB= <; E@9L4AAB= EFDG>FGDO (3,�) 
;4@9AB= 6E9I D959D A4 86B=AO9 8G7<.  4FD<J4 E@9:ABEF< BD7D4H4 EFDG>FGDO (��, �) D46A4 ý�� = ý� + ýý. 

�E?< EFDG>FGD4 (3,�) S6?S9FES A9BD<9AF<DB64AAB=, FB 9EFP 6 E@9L4AAB@ 
7D4H9 A9F 8G7 >DB@9, 6B;@B:AB, 86B=AOI 8G7 < C9F9?P, FB 6E9 69DL<AO 6 (��, �) 5G8GF G;?4@<. 

2.1.4. #@8<5@ ?5@5E>40 >B A<5H0==>9 >:@5AB=>AB=>9 AB@C:BC@K : 
>@85=B8@>20==>9 

$4EE@BFD<@ E@9L4AAGR B>D9EFABEFAGR EFDG>FGDG (3,�), EBEFBSMGR 
<; 6BEP@< 69DL<A, <;B5D4:9AAB= A4 D<EGA>9 2.2. � QFB= B>D9EFABEFAB= 

EFDG>FGD9 F<C 69DL<A >?4EE<H<J<DG9FES E?98GRM<@ B5D4;B@: ā1, ā2, ā5 3 Āă‑69DL<AO; ā6, ā7, ā8 3 Ąă‑69DL<AO; ā33 ăă‑69DL<A4; ā43 þ‑69DL<A4. 1F4 
EFDG>FGD4 BC<EO649FES 86G@S @4FD<J4@< E@9:ABEF<: @4FD<J9= ý� (E@. (2.2)) 

BD<9AF<DB64AAB7B 7D4H4 < @4FD<J9= ýý (E@. (2.3)) A9BD<9AF<DB64AAB7B 

7D4H4. 
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$<EGAB> 2.2 3 E@9L4AAO= 7D4H B>D9EFABEFAB= EFDG>FGDO 

  ý� =
( 
    
0 0 1 0 0 0 0 00 0 0 0 0 0 1 00 0 00 0 00 0 00 0 000 00 00

000000
000 101 0 00 00 10 0 0 000 00 0 00 0) 

     (2.2) 

  ýý =
( 
    
0 0 0 0 1 0 0 00 0 0 1 0 0 0 00 0 00 1 11 0 00 0 000 00 00

100100
000 010 0 00 00 00 0 1 100 11 0 00 0) 

      (2.3) 

�4@9ASS >4><@-?<5B B5D4;B@ D95D4 A4 8G7<, CD9B5D4;G9@ E@9L4AAGR 

B>D9EFABEFAGR EFDG>FGDG 6 BD<9AF<DB64AAGR B>D9EFABEFAGR EFDG>FGDG 

(D<EGAB> 2.3). � D9;G?PF4F9 6O5BD4 BD<9AF4J<= 6 CB?GK9AAB= 

BD<9AF<DB64AAB= B>D9EFABEFAB= EFDG>FGD9 69DL<AO ā1, ā4 EF4?< 6IB84@<, ā7, ā8 3 6OIB84@<, ā2, ā5, ā6, ā3 3 G;?4@<. 
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$<EGAB> 2.3 3"D<9AF<DB64AA4S B>D9EFABEFA4S EFDG>FGD4  

"F E@9L4AAB= B>D9EFABEFAB= EFDG>FGDO (D<EGAB> 2.3) C9D9=89@ > 

B8AB;A4KAB ;484AAB= BD<9AF<DB64AAB= B>D9EFABEFAB= EFDG>FGD9, ;4@9ASS 

>4:8B9 D95DB A4 869 CDBF<6BCB?B:AB A4CD46?9AAO9 8G7<. �?S 

D4EE@BFD9AAB= 6OL9 E@9L4AAB= EFDG>FGDO 6 D9;G?PF4F9 CB?GK49FES 

BD<9AF<DB64AA4S B>D9EFABEFA4S EFDG>FGD4, <;B5D4:9AA4S A4 D<EGA>9 2.4. 

 

$<EGAB> 2.4 3"D<9AF<DB64AA4S B>D9EFABEFA4S EFDG>FGD4  

2.2. �F8:;8G5A:85 >:@5AB=>AB=K5 <>45;8 

� ;484K4I C9D9IB84 BF E@9L4AAOI > BD<9AF<DB64AAO@ B>D9EFABEFAO@ 

EFDG>FGD4@ K4EFB 6B;A<>49F A9B5IB8<@BEFP CB?GK<FP 4J<>?<K9E>GR 

EFDG>FGDG, FB 9EFP EFDG>FGDG E 4J<>?<K9E><@ BD7D4HB@. "D7D4H ă� 59; 

C9F9?P A4;O649FES 4J<>?<K9E><@, 9E?< 6 A9@ BFEGFEF6GRF BD<9AF<DB64AAO9 
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J<>?O. � 4A7?BS;OKAB= ?<F9D4FGD9 4J<>?<K9E><9 7D4HO A4;O64RFES DAG 

(Directed Acyclic Graph). ">D9EFABEFA4S @B89?P (�;�; þ) A4;O649FES 
4J<>?<K9E>B=, 9E?< BD7D4H � S6?S9FES 4J<>?<K9E><@. � <9D4DI<K9E><I 

B>D9EFABEFAOI @B89?SI (E@. [108,109]) BD7D4H � S6?S9FES 89D96B@ < CBFB@G 
<9D4DI<K9E><9 @B89?< S6?SRFES S6?S9FES K4EFAO@ E?GK49@ 4J<>?<K9E><I 

B>D9EFABEFAOI @B89?9=. 

2.2.1. �;3>@8B< 0F8:;8G5A:>9 >@85=B0F88 =5>@85=B8@>20==>9 

>:@5AB=>AB=>9 AB@C:BC@K 

�484K4 4J<>?<K9E>B= BD<9AF4J<< CDB<;6B?PAB= E@9L4AAB= 

B>D9EFABEFAB= EFDG>FGDO 6 B5M9@ E?GK49 A9 <@99F D9L9A<S, AB @B:AB 

6O89?<FP A9>BFBDO9 >?4EEO E@9L4AAOI EFDG>FGD, 8?S >BFBDOI ;484K4 

D4;D9L<@4. "C<L9@ 4?7BD<F@ 4J<>?<K9E>B= BD<9AF4J<< A9BD<9AF<DB64AAB= 

B>D9EFABEFAB= EFDG>FGDO. 

#GEFP <@99FES E6S;4AA4S A9BD<9AF<DB64AA4S B>D9EFABEFA4S EFDG>FGD4 (ý,�). &D95G9FES BD<9AF<DB64FP D95D4 7D4H4 ý F4><@ B5D4;B@, KFB5O 

CB?GK9AAO= BD7D4H BD<9AF<DB64AAB= B>D9EFABEFAB= EFDG>FGDO (�, �) 5O? 
4J<>?<K9E><@. �?7BD<F@ C9D9IB84 BF A9BD<9AF<DB64AAB= B>D9EFABEFAB= 

EFDG>FGD9 > 4J<>?<K9E>B= EBEFB<F <; E?98GRM<I L47B6: 

1. �4849@ 864 A9C9D9E9>4RM<IES CB8@AB:9EF64 69DL<A: 6IB8O Āÿ < 
6OIB8O ĄĀ (E?GK4= CGEFOI @AB:9EF6 A9 <E>?RK49FES, 6AGFD< >4:8B7B <; 
CB8@AB:9EF6 69DL<AO 8B?:AO 5OFP A9E@9:AO@<). 1FB CD<6B8<F > 

HBD@<DB64A<R E@9L4AAB7B 7D4H4 3, >BFBDO= BC<EO649F E@9L4AAGR 
B>D9EFABEFAGR EFDG>FGDG (3,�). 

2. �9DL<AO E@9L4AAB7B 7D4H4 3 C9D9AG@9DG9@ F4><@ B5D4;B@, KFB5O 

6E9 6IB8O Āÿ D4ECB?474?<EP 6A4K4?9 (6 ?R5B@ CBDS8>9), 4 6E9 6OIB8O ĄĀ 6 
>BAJ9 EC<E>4 (F4> :9 6 ?R5B@ CBDS8>9). 1FB GCBDS8BK<64A<9 EB;849F BEAB6G 

8?S CBE?98GRM9= BD<9AF4J<< D959D.  
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3. �E9 D95D4 BD<9AF<DG9FES BF 69DL<A E @9APL<@ AB@9DB@ > 69DL<A4@ 

E 5B̀?PL<@ AB@9DB@. #B?GK9AAO= BD7D4H � 46FB@4F<K9E>< 5G89F 
4J<>?<K9E><@, CD< QFB@ 6 B5M9@ E?GK49 @B7GF 6B;A<>4FP 8BCB?A<F9?PAO9 

6IB8O <?< 6OIB8O EFDG>FGDO. 

$4EE@BFD<@ CD<@9D C9D9IB84 A4 A9BD<9AF<DB64AAB= B>D9EFABEFAB= 

EFDG>FGDO (ý, �) (D<EGAB> 2.5), EBEFBSM9= <; 13 69DL<A.  

 

$<EGAB> 2.5 3 A9BD<9AF<DB64AA4S B>D9EFABEFA4S EFDG>FGD4 (ý,�) 
"CD989?<@ ā1 < ā5 >4> 6IB8O, ā9, ā11 < ā12 >4> 6OIB8O. #9D9AG@9DG9@ 

69DL<AO, F4> KFB 6IB8O A4IB8<?<EP 6 A4K4?9, 4 6OIB8O 6 >BAJ9. � D9;G?PF4F9 

CB?GK49FES E@9L4AA4S B>D9EFA4S EFDG>FGD4 3(ā) (D<EGAB> 2.6). 

 

$<EGAB> 2.6 3 7D4H E@9L4AAO= B>D9EFABEFAB= EFDG>FGDO (3,�) 
 �4?99, BD<9AF<DG9@ D95D4 BF 69DL<A E @9APL<@ AB@9DB@ > 69DL<A4@ 

E 5B̀?PL<@ AB@9DB@. #B?GK49@ <E>B@GR 4J<>?<K9E>GR B>D9EFAGR EFDG>FGDG (�, �) (D<EGAB> 2.7). 
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$<EGAB> 2.7 3 BD7D4H 4J<>?<K9E>B= B>D9EFABEFAB= EFDG>FGDO (�, �) 
2.2.2. �@04C8@>20==K5 >:@5AB=>AB=K5 <>45;8  

�M9 B8A<@ >?4EEB@ E@9L4AAOI B>D9EFABEFAOI EFDG>FGD, 

8BCGE>4RM<I 4J<>?<K9E>GR BD<9AF4J<R, S6?SRFES 7D48G<DB64AAO9 

A9BD<9AF<DB64AAO9 B>D9EFABEFAO9 EFDG>FGDO.  

!9BD<9AF<DB64AAO= 7D4H ăý = (ā, ā) 59; C9F9?P A4;B69@ 

7D48G<DB64AAO@, 9E?<: 

• 6E9 69DL<AO D4;89?9AO A4 A9C9D9E9>4RM<9ES E?B< ā = ā0 ∪ ā1 ∪ &∪ āā ∪ āā+1 ; 
• 69DL<AO 6AGFD< >4:8B7B E?BS, >DB@9 E?B96 ā0 < āā+1 , @B7GF <@9FP 

EB98<ASRM<9 <I D95D4; 

• >4:84S 69DL<A4 E?BS āÿ, ÿ = 1,& , ā E@9:A4 CB >D4=A9= @9D9 E B8AB= 

69DL<AB= <; āÿ21 < CB >D4=A9= @9D9 E B8AB= 69DL<AB= <; āÿ+1 ∪ āā+1 ; 
• �4:84S 69DL<A4 E?BS ā0 E@9:A4 CB >D4=A9= @9D9 E B8AB= 69DL<AB= 

E?BS ā1 < >4:84S 69DL<A4 E?BS āā+1  E@9:A4 CB >D4=A9= @9D9 E B8AB= 
69DL<AB= <; ā0 ∪ ā1 ∪ &∪ āā . 

�D48G<DB64AAO= 7D4H ăý @B:AB K4EF<KAB BD<9AF<DB64FP F4>, KFB 6 

CB?GK9AAB@ E@9L4AAB@ 7D4H9 ă3 6E9 D95D4 @9:8G E?BS@< EF4AB6SFES 

8G74@<, 698GM<@< <; E?BS 6 E?98GRM<= E?B=. $95D4 6AGFD< E?B96 CD< QFB@ 

BEF4RFES A9BD<9AF<DB64AAO@<. %@9L4AAO= 7D4H ă3 @B:AB CD96D4F<FP 6 
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4J<>?<K9E><= 7D48G<DB64AAO= BD7D4H ă�, 9E?< GCBDS8BK<FP 69DL<AO 6 
>4:8B@ <; E?B96 (>DB@9 AG?96B7B < CBE?98A97B) < BD<9AF<DB64FP D95D4 6 

EBBF69FEF6<< E ;484AAO@ CBDS8>B@. #9D9IB8 BF 7D48G<DB64AAB7B 7D4H4 > 

E@9L4AAB@G ;46<E<F BF 6O5BD4 CBDS8>B6 6AGFD< E?B96 < CBFB@G @B:9F 

CD<6B8<FP > D4;AO@ 4J<>?<K9E><@ 7D48G<DB64AAO@ 7D4H4@.  

">D9EFABEFA4S @B89?P (�, �, þ) A4;O649FES 4J<>?<K9E>B= 

7D48G<DB64AAB=, 9E?< BD7D4H B>D9EFABEFAB= EFDG>FGDO S6?S9FES 

4J<>?<K9E><@ 7D48G<DB64AAO@ ă�.  

#D<@9DO 4J<>?<K9E><I 7D48G<DB64AAOI B>D9EFABEFAOI @B89?9=: 

• A9=DBAAO9 E9F< CDS@B7B D4ECDBEFD4A9A<S MLP (E@., A4CD<@9D, 

[75,115]; 

• <9D4DI<K9E><9 B>D9EFABEFAO9 @B89?<, E@. [108,109]; 

• EF4F<K9E><9 D94?<;4J<< 8<A4@<K9E><I B>D9EFABEFAOI @B89?9=, E@. 

[36]. 

2.3. #0@0<5B@8G5A:0O 20;5=B=>ABL 8 <8=8<0;L=K9 ?;0= 

2.3.1. #0@0<5B@8G5A:0O 845=B8D8:0F8O 8 ?0@0<5B@8G5A:0O 20;5=B=>ABL 
>:@5AB=>AB=>9 <>45;8 

1F4C EFDG>FGDAB= <89AF<H<>4J<< B>D9EFABEFAB= @B89?< ;4>4AK<649FES 

6O5BDB@ B>D9EFABEFAB= E<EF9@O, GD46A9A<S >BFBDB= ?<A9=AB ;46<ESF BF 

A9BCD989?9AAOI C4D4@9FDB6. !4 E?98GRM9@ QF4C9 C4D4@9FD<K9E>B= 

<89AF<H<>4J<< CBE?98B64F9?PA4S CB8EF4AB6>4 >BDF9:9= Q>EC9D<@9AF4?PAOI 

84AAOI 6 >4>B9-?<5B GD46A9A<9 ?<A9=AB= CB <89AF<H<J<DG9@O@ C4D4@9FD4@ 

(>BQHH<J<9AF4@) B>D9EFABEFAB= E<EF9@O CD<6B8<F > E<EF9@9 ?<A9=AOI 

GD46A9A<= ýą = þ BFABE<F9?PAB A9<;69EFAOI C4D4@9FDB6 ą <EIB8AB7B 

GD46A9A<S. � 8DG7<I GD46A9A<SI B>D9EFABEFAB= E<EF9@O QF< C4D4@9FDO A9 

GK4EF6GRF. &4><@ B5D4;B@, ;484K4 <89AF<H<>4J<< C4D4@9FDB6 B>D9EFABEFAB= 

E<EF9@O D4EC4849FES A4 Ă A9;46<E<@OI ;484K D9L9A<S E<EF9@ ?<A9=AOI 
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GD46A9A<= ýÿąÿ = þÿ, ÿ = 1,& ,Ă, 789 Ă 3 >B?<K9EF6B GD46A9A<= 

<89AF<H<J<DG9@B= E<EF9@O. �A4K9A<9 C4D4@9FDB6 8?S >4:8B7B GD46A9A<S 

B>D9EFABEFAB= E<EF9@O A4IB8<FES >4> CE968BD9L9A<9 ąÿ = ýÿ+þÿ. 
�F4>, 6 EI9@9 «K9DAB7B SM<>4», CD<@9AS9@B= CD< CBEFDB9A<< 

B>D9EFABEFAOI @B89?9=, A9BCD989?9AAO9 C4D4@9FDO A4IB8SFES >4> 

>BQHH<J<9AFO GD46A9A<S @AB:9EF69AAB= D97D9EE<<. �DG7<9 ECBEB5O 

6OK<E?9A<S C4D4@9FDB6, A4CD<@9D, A4 BEAB69 >4><I-?<5B H<;<K9E><I, 

Q>BAB@<K9E><I < F4> 84?99 ;4>BAB6 @B7GF, >BA9KAB, CD<@9ASFPES, AB F4>4S 

6B;@B:ABEFP A4IB8<FES ;4 CD989?4@< EI9@O B>D9EFABEFAB7B @B89?<DB64A<S. 

�?S B8AB;A4KAB= <89AF<H<>4J<< C4D4@9FDB6 >4>B7B-?<5B GD46A9A<S 

8?S 84AAB7B G;?4 (<?< 6OIB84) >B?<K9EF6B >BDF9:9= Q>EC9D<@9AF4?PAOI 

84AAOI 8?S C9D9@9AAOI, 6IB8SM<I 6 QFBF G;9? (<?< 6OIB8), 8B?:AB 5OFP 

5B?PL9 ?<5B D46AB >B?<K9EF6G C4D4@9FDB6 GD46A9A<S, KFB EBBF69FEF6G9F 

C9D9BCD989?9AAB= <?< BCD989?9AAB= E<EF9@9 ?<A9=AOI GD46A9A<= ýą = þ. 

!4 CD4>F<>9 6EFD9K49FES E<FG4J<S, >B784 84AAOI @4?B < CBFB@G 6E9 <?< 

A9>BFBDO9 <; E<EF9@ ýÿąÿ = þÿ 3 A98BBCD989?9AAO9. %BBF69FEF69AAB, 
D9L9A<= 59E>BA9KAB @AB7B < B8AB;A4KA4S <89AF<H<>4J<S A96B;@B:A4. � 

>4K9EF69 ;A4K9A<= <E>B@OI C4D4@9FDB6 6 QFB@ E?GK49 K4EFB 59DGF 

ABD@4?PAB9 (@<A<@4?PAB9 CB ABD@9) D9L9A<9 ąÿ = ýÿ+þÿ A98BBCD989?9AAB= 
E<EF9@O, KFB 6O7?S8<F A4<?GKL<@ 6O5BDB@ 6 C?BIB= E<FG4J<<. %?98G9F 

CB@A<FP, KFB CD< F4>B@ CB8IB89 A96B;@B:AO BJ9A>< EF4F<EF<K9E>B= 

;A4K<@BEF< A4=89AAOI >BQHH<J<9AFB6, < CBFB@G :9?4F9?PAB <@9FP >4><9-

?<5B 8BCB?A<F9?PAO9 4D7G@9AFO 6 CB?P;G 6O5BD4 ABD@4?PAB7B D9L9A<S. 

�E?< CB?GK9A<9 Q>EC9D<@9AF4?PAOI 84AAOI S6?S9FES ;4FD4FAO@ 

CDBJ9EEB@, FB 4>FG4?PAB= EF4AB6<FES ;484K4 C?4A<DB64A<S Q>EC9D<@9AFB6 

8?S CB?GK9A<S @<A<@4?PAB7B >B?<K9EF6B 84AAOI A9B5IB8<@B7B 8?S 

B8AB;A4KAB= <89AF<H<>4J<< @B89?< (�, �, þ). 1FBF @<A<@4?PAO= C?4A, >4> 
E?98G9F <; E>4;4AAB7B 6OL9, ;46<E<F BF >B?<K9EF6 C4D4@9FDB6 6 GD46A9A<SI 

B>D9EFABEFAB= E<EF9@O. 
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�6989@ CBASF<9 C4D4@9FD<K9E>B= 64?9AFABEF< @B89?<. "5B;A4K<@ 

K9D9; ĂÿĀ  >B?<K9EF6B A9BCD989?9AAOI C4D4@9FDB6 6 Ā-FB@ GD46A9A<< 8?S ÿ-FB= 
69DL<AO (G;?4 <?< 6OIB84). �E?< @B89?P E>4?SDA4S, FB 69DIA<= <A89>E A9 

AG:9A. 

�4D4@9FD<K9E>B= 64?9AFABEFPN B>D9EFABEFAB= @B89?< (�, �, þ) 
A4;O649FES 69>FBD Ăă = (Ă1, & , ĂĀ) 
789 Ăÿ  4 QFB @4>E<@4?PAB9 >B?<K9EF6B A9BCD989?9AAOI C4D4@9FDB6 CB 6E9@ 

GD46A9A<S@, BFABESM<@ES > ÿ-FB= 69DL<A9, FB 9EFP Ăÿ = maxĀ ĂÿĀ. �?S 6E9I 
6IB8B6 ăÿ  CB?4749@ Ăÿ = 0 (CBE>B?P>G 8?S 6IB8B6 A9F GD46A9A<=). 

"CD989?9A<9 @4FD<JO @<A<@4?PAB7B C?4A4 Ăÿ < 4?7BD<F@ 

79A9D<DB64A<S @4FD<JO @<A<@4?PAB7B C?4A4 Ăÿ CB ;484AAB@G BD7D4HG � 

B>D9EFABEFAB= EFDG>FGDO (�, �) < 69>FBDG C4D4@9FD<K9E>B= 64?9AFABEF< Ăă = (Ă1, & , ĂĀ) 5G8GF CD<6989AO 6 E?98GRM9@ CGA>F9. 
2.3.2.  8=8<0;L=K9 ?;0= M:A?5@8<5=B>2  

�4?99 CD98CB?4749FES, KFB D4EE@4FD<649@4S B>D9EFABEFA4S @B89?P 

S6?S9FES ?<5B 8<A4@<K9E>B=, ?<5B S6AB= EF4F<K9E>B= 59; C9F9?P 6 69DL<A4I 

(FB 9EFP 6E9 69DL<AO 3 A9 D9H?9>E<6AO9). !4CB@A<@, KFB 6 EF4F<K9E>B@ 

E?GK49 EHBD@G?<DB64AAB9 GE?B6<9 B;A4K49F, KFB C9D9@9AA4S BEA4M9A<S G;?4 

CD<EGFEF6G9F FB?P>B 6 ?96B= K4EF< GD46A9A<S (1.4) 8?S QFB= C9D9@9AAB=. 

"5M<= E?GK4= EF4F<K9E><I @B89?9= @B:AB E69EF< > G>4;4AAB@G K4EFAB@G. 

�B?AO= >BDF9: Q>EC9D<@9AF4?PAOI 84AAOI 8?S B>D9EFABEFAB= 

@B89?< 3 QFB «EA<@B>» EBEFBSA<= 6E9I Ā 69DL<A B>D9EFABEFAB= EFDG>FGDO 6 

A9>BFBDO= @B@9AF 6D9@9A< (EBEFBSA<9 69DL<AO 3 QFB ;A4K9A<S 6E9I 

C9D9@9AAOI BEA4M9A<S QFB= 69DL<AO). Ч4EF<KAO= >BDF9: @B:9F 

EB89D:4FP EBEFBSA<S FB?P>B A9>BFBDOI <; 6E97B @AB:9EF64 69DL<A. 



51 

#D98CB?B:<@, KFB BCD989?9A4 B>D9EFABEFA4S EFDG>FGD4 (�, �) @B89?< 
< ;484A (<?< 6OK<E?9A CB ;484AAB@G F<CG B>D9EFABEFAB= E<EF9@O) 69>FBD 

C4D4@9FD<K9E>B= 64?9AFABEF< Ăă = (Ă1, & , ĂĀ). � 8<A4@<K9E>B@ E?GK49 
8BCB?A<F9?PAB CD98CB?4749FES, KFB ;484A >BDF9: A4K4?PAOI 84AAOI, FB 9EFP 

A4K4?PAB9 EBEFBSA<9 C9D9@9AAOI @B89?<. 1FB E6S;4AB E F9@, KFB 6 

8<A4@<K9E>B@ E?GK49 >4:8B9 GD46A9A<9 6 ?<A9=AB= E<EF9@9 ýą = þ 8?S 

>BQHH<J<9AFB6 GD46A9A<S @AB:9EF69AAB= D97D9EE<< EB89D:<F 84AAO9, 

EBBF69FEF6GRM<9 86G@ @B@9AF4@ 6D9@9A< 3 CD98O8GM9@G 8?S CD46B= K4EF< 

< CBE?98GRM9@G 8?S ?96B=. 

 �?S B8AB;A4KAB= C4D4@9FD<K9E>B= <89AF<H<>4J<< @B89?< <@99F 

@9EFB E?98GRM4S BK96<8A4S HBD@G?4 8?S >B?<K9EF64 ā >BDF9:9= 84AAOI: ā = Ăÿ�ý = ÿĆąÿ { Ăÿ} 
789 ÿ CDB59749F AB@9D4 6E9I G;?B6 < 6OIB8B6 (6IB8O A9 <@9RF GD46A9A<=). 
%BBF69FEF69AAB, 8?S B5M97B >B?<K9EF64 |ā| <;@9D9A<= EBEFBSA<= 69DL<A 

CB?GK49@ |ā| = ĀĂÿ�ý. 

�?S @B89?9= E CB?AO@ BD7D4HB@ B>D9EFABEFAB= EFDG>FGDO 6E9 

>BDF9:< 8B?:AO 5OFP CB?AO@<. !B B>D9EFABEFAO9 @B89?<, >4> CD46<?B, 

S6?SRFES E<?PAB D4;D9:9AAO@<, KFB CB;6B?S9F <ECB?P;B64FP (>4> 5G89F SEAB 

<; 84?PA9=L97B) A9 FB?P>B CB?AO9, AB < K4EF<KAO9 >BDF9:<. #BQFB@G 

D469AEF6B 8?S |ā| E?98G9F ;4@9A<FP BJ9A>B= E69DIG  |ā| f ĀĂÿ�ý. 

"J9A>G EA<;G 8?S |ā| @B:AB CB?GK<FP E?98GRM<@ B5D4;B@. �?S 
B8AB;A4KAB= <89AF<H<>4J<< GD46A9A<= 69DL<AO E AB@9DB@ ÿ FD95G9FES  Ăÿ 
A45BDB6 6IB8SM<I 6 QFG 69DL<AG 84AAOI < CBFB@G EBEFBSA<9 >4:8B= <; 

6IB8SM<I 69DL<A 8B?:AB 5OFP <;@9D9AB A9 @9A99 K9@  Ăÿ D4;. #BE>B?P>G 
>4:84S <; 69DL<A @B:9F 5OFP «8BABDB@ 84AAOI» 8?S A9E>B?P><I 69DL<A (6 

FB@ K<E?9 8?S E95S E4@B=), FB 8?S >B?<K9EF64 āÿ A9B5IB8<@OI <;@9D9A<= 
EBEFBSA<= 69DL<AO E AB@9DB@ ÿ <@99F @9EFB BJ9A>4 EA<;G  



52 ĉÿ = ÿĆą{Ăÿ , ĂĀ} f |āÿ| 
789 Ā CDB59749F AB@9D4 6E9I G;?B6 < 6OIB8B6, 8?S >BFBDOI 69DL<A4 E 
AB@9DB@ ÿ S6?S9FES «8BABDB@». +<E?B Ăÿ CD<EGFEF6G9F 6 HBD@G?9 CB FB= 
CD<K<A9, KFB 69DL<A4 8B?:A4 B59EC9K<FP 84AAO@< F4>:9 < E6B< 

EB5EF69AAO9 GD46A9A<S. �?S 6E9I 6OIB8B6 ĉÿ = Ăÿ  CBE>B?P>G 6OIB8O A9 
S6?SRFES «8BABD4@<» (A9 <@9RF CBFB@>B6). &4><@ B5D4;B@, <@99@ 

86GEFBDBAARR BJ9A>G 8?S >B?<K9EF64 <;@9D9A<= EBEFBSA<= 69DL<A 

B>D9EFABEFAB= EFDG>FGDO ĉ1 + ĉ2 +⋯+ ĉĀ f |ā| f ĀĂÿ�ý 

"5M99 >B?<K9EF6B Q>EC9D<@9AFB6 Ăÿ�ý G@9APL<FP, BK96<8AB, 

A96B;@B:AB, AB @B:AB CBCOF4FPES @<A<@<;<DB64FP >B?<K9EF6B |ā| 
<;@9D9A<= EBEFBSA<= 69DL<A. 'F69D:849FES, KFB @B:AB CBEFDB<FP 

«@<A<@4?PAO=» C?4A Q>EC9D<@9AFB6, D94?<;GRM<= A<:ARR BJ9A>G 8?S |ā|. 
1FBF C?4A S6?S9FES @4FD<J9= Ăÿ CBDS8>4 Ăÿ�ý × Ā <; AG?9= < 98<A<J. 

%FDB>< @4FD<JO Ăÿ EBBF69FEF6GRF Ăÿ�ý Q>EC9D<@9AF4@ (>BDF9:4@), 4 

98<A<KAO9 Q?9@9AFO 6 >4:8B= EFDB>9 EBBF69FEF6GRF 69DL<A4@, 6 >BFBDOI 

E?98G9F CDB69EF< <;@9D9A<9 6 84AAB@ Q>EC9D<@9AF9.  

�4CB?A<@ @4FD<JG Ăÿ 98<A<J4@< < AG?S@< CB E?98GRM9@G CD46<?G: 6 

EFB?5J9 E AB@9DB@ ÿ (>BFBDO= EBBF69FEF6G9F 69DL<A9 E AB@9DB@ ÿ ) C9D6O9 ĉÿ 
Q?9@9AFB6 3 98<A<JO, BEF4?PAO9 3 AG?<. �4@9F<@, KFB ÿĆąÿ {ĉÿ}  = ÿĆąÿ{Ăÿ} = Ăÿ�ý 

< CBFB@G 6 @4FD<J9 Ăÿ A9 5G89F AG?96OI EFDB>, FB 9EFP 6 >4:8B@ <; 

Q>EC9D<@9AFB6 <;@9DS9FES EBEFBSA<9 CB >D4=A9= @9D9 B8AB= <; 69DL<A. 

#9D6O9 B8A4 <?< 5B?99 EFDB> EBBF69FEF6GRF CB?AO@ >BDF9:4@ (<;@9DSRFES 

EBEFBSA<S 6E9I 69DL<A, BEF4?PAO9 3 K4EF<KAO@. 

  B:AB A4C<E4FP HBD@G?G 8?S >B?<K9EF64 <;@9D9A<= EBEFBSA<= 

C9D9@9AAOI BEA4M9A<S A4 BEAB69 >B?<K9EF6 <;@9D9A<= EBEFBSA<= 69DL<A. 

�?S QFB7B B5B;A4K<@ K9D9; āÿ >B?<K9EF6B E>4?SDAOI C9D9@9AAOI 6 
BEA4M9A<< 69DL<AO E AB@9DB@ ÿ, ;4@9A<@ 6E9 98<A<JO 6 @4FD<J9 C?4A4 A4 
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EBBF69FEF6GRM<9 āÿ < CDBEG@@<DG9@ 6E9 Q?9@9AFO @4FD<JO, 

CB?GK<@ ∑ āÿĉÿÿ . 

2.4 #>;8;8=59=K5 >:@5AB=>AB=K5 <>45;8 

� CD<>?48AOI ;484K4I 6 >4K9EF69 GD46A9A<= B>D9EFABEFAB= E<EF9@O þ 

K4EFB <ECB?P;GRFES CB?<AB@<4?PAO9 GD46A9A<S, C9D9@9AAO@< 6 >BFBDOI 

S6?SRFES E>4?SDAO9 C9D9@9AAO9 <?< >B@CBA9AFO 69>FBDAOI C9D9@9AAOI 

BEA4M9A<S B>D9EFABEFAB= EFDG>FGDO. "5OKAB 6 F4><I E?GK4SI CD<@9ASRFES 

A9B8ABDB8AO9 CB?<?<A9=AO9 @B89?<, BFD4:4RM<9 (F<C<KAGR 8?S @AB7<I 

;484K) ?<A9=AGR ;46<E<@BEFP <;GK49@B7B CDBJ9EE4 BF >4:8B= <; 

EBEF46?SRM<I C9D9@9AAOI CD< H<>E<DB64AAOI BEF4?PAOI C9D9@9AAOI. � 

A9B8ABDB8AOI CB?<?<A9=AOI GD46A9A<SI B8ABK?9AO @B7GF <@9FP D4;AO9 

EF9C9A<. 

2.4.1. �20 :;0AA0 ?>;8;8=59=KE >:@5AB=>AB=KE <>45;59 

�E?< C9D9@9AAO9 BEA4M9A<S S6?SRFES @AB7B@9DAO@< 69>FBDAO@<, FB 

CB?<?<A9=AO9 B>D9EFABEFAO9 @B89?< (�, �, þ) @B7GF 5OFP CB?<?<A9=AO@< 
CB 6E9@ >B@CBA9AF4@ C9D9@9AAOI BEA4M9A<S <?< FB?P>B CB >B@CBA9AF4@, 

CD<IB8SM<@ 6 69DL<AG CB D4;AO@ 8G74@. � C9D6B@ (B5M9@) E?GK49 A4;B69@ 

B>D9EFABEFAGR @B89?P CB?<?<A9=AB= CB 6E9@ C9D9@9AAO@, 6B 6FBDB@ E?GK49 - 

CB?<?<A9=AB= CB E6O;O@ [44]. �O5BD @9:8G CB?<?<A9=AO@< @B89?S@< CB 

6E9@ C9D9@9AAO@ < @B89?S@, CB?<?<A9=AO@< CB E6S;S@ ;46<E<F BF 

EC9J<H<>< ;484K<. &<C<KAO@ CD<@9DB@ @B89?9=, CB?<?<A9=AOI CB E6S;S@, 

S6?SRFES 5<?<A9=AO9 @B89?<, 6 >BFBDOI C9D9@AB:4FP @B:AB FB?P>B 

EBEFBSA<S A4 GCD46?9A<S (E@., A4CD<@9D, [3,14,79]). 

� B5M<I CB?<?<A9=AOI @B89?SI B8ABK?9AO @B7GF EB89D:4FP 

CDB<;6989A<S ?R5OI D4;AOI >B@CBA9AF 6E9I 6IB8SM<I 6 69DL<AG 

C9D9@9AAOI BEA4M9A<S. � K4EFABEF<, QFB @B7GF 5OFP C9D9@9AAO9, 6IB8SM<I 



54 

6 G;9? CB B8AB= < FB= :9 8G79. � @B89?SI, CB?<?<A9=AOI FB?P>B CB E6S;S@, 

B8ABK?9AO @B7GF EB89D:4FP FB?P>B CDB<;6989A<S >B@CBA9AF C9D9@9AAOI 

BEA4M9A<S, 6IB8SM<I 6 G;9? CB D4;AO@ 8G74@. (<;<K9E>< QFB EBBF69FEF6G9F 

FB@G, KFB 5<?<A9=ABEFP (FD<?<A9=ABEFP < F4> 84?99) 6 B>D9EFABEFAB= @B89?< 

S6?S9FES D9;G?PF4FB@ EB6@9EFAB7B 6?<SA<S FB?P>B D4;AOI G;?B6 (<?< 6IB8B6) 

EFDG>FGDO. �?S E>4?SDAOI B>D9EFABEFAOI EFDG>FGD CB?<?<A9=ABEFP CB 

E6S;S@, BK96<8AB, EB6C4849F E CB?<?<A9=ABEFPR CB 6E9@ C9D9@9AAO@.  

2.4.2 #@8<5@K ?>;8;8=59=KE >:@5AB=>AB=KE <>45;59  

� 84AAB@ CGA>F9 D4EE@BFD<@ CD<@9DO CB?<?<A9=AOI B>D9EFABEFAOI 

@B89?9= [42, 43] EB E>4?SDAB= < 69>FBDAB= B>D9EFABEFAB= EFDG>FGDB= (FB 

9EFP BD7D4HB@ EB E>4?SDAO@ <?< 69>FBDAO@ BEA4M9A<9@ C9D9@9AAO@<). 

#GEFP <@99FES B>D9EFABEFA4S EFDG>FGD4 EB E>4?SDAO@< C9D9@9AAO@<, 

;484AA4S BD<9AF<DB64AAO@ 7D4HB@ D<EGAB> 2.8. 

 

$<EGAB> 2.8 3 B>D9EFABEFA4S EFDG>FGD4 EB E>4?SDAO@< C9D9@9AAO@< 

�?S 84AAB= B>D9EFABEFAB= EFDG>FGDO EB E>4?SDAO@< C9D9@9AAO@<, 

D4EE@BFD<@ 864 F<C4 CB?<?<A9=AOI E<EF9@: 5<?<A9=AGR < FD<?<A9=AGR. 

1F< E<EF9@O CD98EF46?SRF EB5B= K4EFAO9 E?GK4< CB?<?<A9=AB= @B89?<. &4> 

>4> EFDG>FGD4 E>4?SDA4S, FB CB?<?<A9=ABEFP CB E6S;S@ EB6C4849F E 

CB?<?<A9=ABEFPR CB 6E9@ C9D9@9AAO@. �<?<A9=A4S E<EF9@4 ;4C<EO649FES 

E?98GRM<@ B5D4;B@: 
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{  
  
  ą1 = ÿ12ą2 + ÿ14ą4 + ÿ124ą2ą4ą2 = ÿ23ą3ą3 = ÿ31ą1ą4 = ÿ43ą3 + ÿ46ą6 + ÿ47ą7 + ÿ436ą3ą6 + ÿ437ą3ą7 ++ÿ467ą6ą7 + ÿ4367ą3ą6ą7ą5 = ÿ52ą2 + ÿ53ą3 + ÿ523ą2ą3ą6 = ÿ63ą3 + ÿ63ą5 + ÿ67ą7 + ÿ635ą3ą5 + ÿ637ą3ą7 ++ÿ657ą5ą7

, (2.11) 

�9>FBD C4D4@9FD<K9E>B= 64?9AFABEF< Ăă = (2, 1, 1, 7, 3, 6).  
&D<?<A9=A4S E<EF9@4 ;4C<EO649FES E?98GRM<@ B5D4;B@: 

 

{  
  
  ą1 = ÿ12ą2 + ÿ14ą4 + ÿ124ą2ą4ą2 = ÿ23ą3ą3 = ÿ31ą1ą4 = ÿ43ą3 + ÿ46ą6 + ÿ47ą7 + ÿ436ą3ą6 + ÿ437ą3ą7 ++ÿ467ą6ą7 + ÿ4367ą3ą6ą7 + ÿ4367ą3ą6ą7ą5 = ÿ52ą2 + ÿ53ą3 + ÿ523ą2ą3ą6 = ÿ63ą3 + ÿ63ą5 + ÿ67ą7 + ÿ635ą3ą5 + ÿ637ą3ą7 ++ÿ657ą5ą7 + ÿ7357ą3ą5ą7

 (2.12) 

�9>FBD C4D4@9FD<K9E>B= 64?9AFABEF< Ăă = (3, 1, 1, 8, 3, 7).  
�<?<A9=A4S @B89?P 6>?RK49F 6 E95S ?<A9=AO9 K?9AO < CDB<;6989A<S 

C4D C9D9@9AAOI, FB784 >4> FD<?<A9=A4S @B89?P 8BCB?A<F9?PAB 6>?RK49F 

CDB<;6989A<S FD9I C9D9@9AAOI.  

�4?99 D4EE@BFD<@ B>D9EFABEFAGR EFDG>FGDG E B8A<@ 6IB8B@, B8A<@ 

G;?B@, B8A<@ 6OIB8B@ < E 69>FBDAO@< C9D9@9AAO@<, ;484AAGR BEA4M9AAO@ 

BD7D4HB@ A4 D<E. 2.9: 

 

$<EGAB> 2.9 3 B>D9EFABEFA4S EFDG>FGD4 E 69>FBDAO@< C9D9@9AAO@< 

1FB= B>D9EFABEFAB= EFDG>FGD9 EBBF69FEF6GRF 5<?<A9=A4S CB 6E9@ 

C9D9@9AAO@ E<EF9@4  
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 {  
  ą11 = ÿ1Ă11 + ÿ2Ă21 + ÿ3Ă11Ă21ą21 = Ā1Ă11 + Ā2Ă21 + Ā3Ă11Ă21Ć11 = ā1Ă11 + ā2Ă21 + ā3ą11 + ā4ą21 + ā5Ă11Ă21 + ā6ą11ą21 + ā7Ă11ą11 ++ā8Ă11ą21 + ā9Ă21ą11 + ā10Ă21ą21 ’ (2.13) 

< FD<?<A9=A4S CB 6E9@ C9D9@9AAO@ E<EF9@4 

 {  
  ą11 = ÿ1Ă11 + ÿ2Ă21 + ÿ3Ă11Ă21ą21 = Ā1Ă11 + Ā2Ă21 + Ā3Ă11Ă21Ć11 = ā1Ă11 + ā2Ă21 + ā3ą11 + ā4ą21 + ā5Ă11Ă21 + ā6ą11ą21 + ā7Ă11ą11 ++ā8Ă11ą21 + ā9Ă21ą11 + ā10Ă21ą21 + ā11Ă11Ă21ą11 + ā12Ă11Ă21ą21+ā13Ă11ą11ą21 + ā14Ă21ą11ą21

. (2.14) 

#9D6B9 K<E?B A<:A97B <A89>E4 3 QFB AB@9D 69DL<AO, 8?S >BFBDB7B 

EBEF46?S9FES GD46A9A<9, 4 E?98GRM<9 K<E?4 3 QFB AB@9D4 6IB8SM<I 69DL<A.  

�9>FBDO C4D4@9FD<K9E>B= 64?9AFABEF< 3 Ăă = (3, 3, 10). 8?S 5<?<A9=AB= 
E<EF9@O < Ăă = (3, 3, 14). 8?S FD<?<A9=AB=. 

�<?<A9=A4S CB E6S;S@ B>D9EFABEFA4S E<EF9@4, EBBF69FEF6GRM4S 

B>D9EFABEFAB= EFDG>FGD9 A4 D<EGA>9 2.9, <@99F 6<8: 

 {  
  ą11 = ÿ1Ă11 + ÿ2Ă21ą21 = Ā1Ă11 + Ā2Ă21Ć11 = ā1Ă11 + ā2Ă21 + ā3ą11 + ā4ą21 + ā5Ă11ą11 ++ā6Ă11ą21 + ā7Ă21ą11 + ā8Ă21ą21    (2.15) 

&D<?<A9=A4S @B89?P 5G89F EB6C484FP E 5<?<A9=AB= @B89?PR (2.15), F4> >4> 

BFEGFEF6GRF FD<?<A9=AO9 E?4749@O9 CB 6E9@ E6S;S@. �9>FBD 

C4D4@9FD<K9E>B= 64?9AFABEF< - Ăă = (2, 2, 8). 
2.5 #0@0<5B@8G5A:0O 20;5=B=>ABL ?>;8;8=59=KE <>45;59 

� CD98O8GM9@ CGA>F9 69>FBDO C4D4@9FD<K9E>B= 64?9AFABEF< 8?S 

>BA>D9FAOI CB?<?<A9=AOI @B89?9= 5O?< CBEK<F4AO «6DGKAGR». � QFB@ 

C4D47D4H9 5G8GF CB?GK9AO B5M<9 HBD@G?O 8?S 64?9AFABEF9= ?R5OI 

CB?<?<A9=AOI @B89?9=.  

#D98CB?4749FES, KFB 6E9 GD46A9A<S B>D9EFABEFAB= E<EF9@O S6?SRFES 

CB?<?<A9=AO@< GD46A9A<S@< A4<5B?99 B5M97B 6<84 E ;484AAB= 
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@4>E<@4?PAB= EF9C9APR B8ABK?9AB6 ÿ = ÿÿ (8?S ÿ FB= 69DL<AO) < 6 CBFB@G 
6E9 GD46A9A<S 6 >4:8B= <; 69DL<A <@9RF B8AB < FB :9 >B?<K9EF6B 

A9BCD989?9AAOI C4D4@9FDB6, FB 9EFP  ĂÿĀ = Ăÿ 8?S 6E9I Ā.  
%A4K4?4 D4EE@BFD<@ BF89?PAB ?<A9=AO= E?GK4=, >4> A4<5B?99 K4EFB 

<ECB?P;G9@O=. �B?<K9EF6B C4D4@9FDB6 (>BQHH<J<9AFB6) 6 >4:8B@ <; 

GD46A9A<= ?<A9=AB= E>4?SDAB= B>D9EFABEFAB= @B89?< D46AB >B?<K9EF6G 8G7, 

6IB8SM<I 6 EBBF69FEF6GRM<= G;9? <?< 6OIB8. &4><@ B5D4;B@, 9E?< ý 3 

(FD4AECBA<DB64AA4S) @4FD<J4 E@9:ABEF< BD7D4H4 @B89?< (E Ā 69DL<A4@<), 

FB 

 Ăă = (∑ Ć1ĀĀĀ=1 , & , ∑ ĆĀĀĀĀ=1 ) 
9E?< GD46A9A<S S6?SRFES B8ABDB8AO@< < Ăă = (1 + ∑ Ć1ĀĀĀ=1 , & ,1 + ∑ ĆĀĀĀĀ=1 ) 

9E?< GD46A9A<S EB89D:4F >BAEF4AFO. 

"5M<= E?GK4=. #GEFP: 

• Ā 3 K<E?B 69DL<A B>D9EFABEFAB= EFDG>FGDO;  

•  ĆÿĀ 3 Q?9@9AFO (FD4AECBA<DB64AAB=) @4FD<JO E@9:ABEF<; 
•  āÿ ‒ >B?<K9EF6B E>4?SDAOI C9D9@9AAOI 6 BEA4M9A<< 69DL<AO ÿ; 
•  þÿ = ∑ ĆÿĀĀĀ=1 āĀ 3 6;69L9AAB9 (E GK9FB@ D4;@9DABEF9= BEA4M9A<=) 

>B?<K9EF6B 8G7, 6IB8SM<I 6 69DL<AG ÿ <?< (Q>6<64?9AFAB) >B?<K9EF6B 
6IB8SM<I C9D9@9AAOI;  

•  ÿĀĀ 2 K<E?B EBK9F4A<= <; Ā Q?9@9AFB6 CB Ā Q?9@9AFB6. 
� E?GK49 @B89?9=, CB?<?<A9=AOI CB 6E9@ C9D9@9AAO@, >4:8B= C4D9 

6IB8SM<I 6 69DL<AG C9D9@9AAOI EBBF69FEF6G9F 5<?<A9=AB9 E?4749@B9 6 

GD46A9A<<, >4:8B= FDB=>9 6IB8SM<I C9D9@9AAOI EBBF69FEF6G9F FD<?<A9=AB9 

E?4749@B9 < F4> 84?99. �E?< 6 69DL<AG 6IB8SF DB6AB ā C9D9@9AAOI (6>?RK4S 

C9D9@9AAO9, 6IB8SM<9 CB C9F?S@), FB @4>E<@4?PA4S 6B;@B:A4S EF9C9AP 

CB?<?<A9=AB7B B8ABK?9A4 D46A4 ā. �?S B>D9EFABEFAB= @B89?<, 

CB?<?<A9=AB= CB 6E9@ C9D9@9AAO@ E ;484AAB= @4>E<@4?PAB= EF9C9APR 
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B8ABK?9AB6 ÿ = ÿÿ 6 ÿ FB= 69DL<A9, CB?GK49@ E?98GRMGR HBD@G?G 8?S 
69>FBD4 C4D4@9FD<K9E>B= 64?9AFABEF< Ăă = (Ă1, & , ĂĀ) , Ăÿ = (ÿÿ�1 + ÿÿ�2 +⋯+ ÿÿ�ÿ�) 
789 ÿÿ = min (ÿÿ , þÿ). �E?< (A9B8ABDB8AO9) CB?<?<A9=AO9 GD46A9A<S 
EB89D:4F A9BCD989?9AAO9 >BAEF4AFO, FB Ăÿ = 1 + (ÿÿ�1 + ÿÿ�2 +⋯+ ÿÿ�ÿ�). 

 � 69>FBDAB= CB?<?<A9=AB= CB E6S;S@ @B89?< 6;4<@B89=EF6GRF FB?P>B 

>B@CBA9AFO C9D9@9AAOI, CD<IB8SM<I 6 69DL<AG CB D4;AO@ 8G74@. �?S 

B>D9EFABEFAB= @B89?<, CB?<?<A9=AB= CB E6S;S@ E ;484AAB= @4>E<@4?PAB= 

EF9C9APR B8ABK?9AB6 ÿ = ÿÿ 6 ÿ FB= 69DL<A9 CB?GK49@ E?98GRMGR 
HBD@G?G 8?S 69>FBD4 C4D4@9FD<K9E>B= 64?9AFABEF<:  Ăă = (Ă1, & , ĂĀ), 
  

Ăÿ = (∑ ĆÿĀ1Ā1 ĀĀ1 + ∑ ĆÿĀ1ĆÿĀ2Ā1<Ā2 ĀĀ1ĀĀ2 +⋯ + +∑ ĆÿĀ1ĆÿĀ2Ā1<Ā2<⋯<Ā� &ĆÿĀ�ĀĀ1ĀĀ2 &ĀĀ�)   

789 ÿ = ÿÿĀ (ÿÿ , āÿ). 
2.6 �K2>4K ?> 3;025 2 

� 7?469 2 CB?GK9AO E?98GRM<9 D9;G?PF4FO: 

1. "CD989?9AO E@9L4AAO9 B>D9EFABEFAO9 EFDG>FGDO, CB;6B?SRM<9 

D4EL<D<FP 6B;@B:ABEF< B>D9EFABEFAB7B @B89?<DB64A<S A4 QF4C9 

HBD@4?<;4J<< F9IAB?B7<K9E>B= EI9@O @B89?<DG9@B7B CDBJ9EE4 (B5N9>F4) 6 

E?GK49, >B784 A4CD46?9A<9 6E9I <?< A9>BFBDOI E6S;9= A9 BCD989?9AB 

B8AB;A4KAB < 8BCGE>49F 6O5BD. 

2. "CD989?9AO 4J<>?<K9E><9 B>D9EFABEFAO9 @B89?< >4> B5B5M9A<9 

<9D4DI<K9E><I B>D9EFABEFAOI @B89?9=, BC<E4A 4?7BD<F@ 4J<>?<K9E>B= 

BD<9AF4J<< A9BD<9AF<DB64AAOI B>D9EFABEFAOI EFDG>FGD. 

3. �6989AO CBASF<S C4D4@9FD<K9E>B= 64?9AFABEF< < @<A<@4?PAB7B 

C?4A4 Q>EC9D<@9AFB6, CD98A4;A4K9AAO9 8?S BJ9A>< A9B5IB8<@B7B 
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>B?<K9EF64 Q>EC9D<@9AF4?PAOI 84AAOI 8?S C4D4@9FD<K9E>B= <89AF<H<>4J<< 

< D4EE@4FD<649@O9 >4> K4EFP EFDG>FGDAB= <89AF<H<>4J<<. 

4. "C<E4A 4?7BD<F@ CBEFDB9A<S @<A<@4?PAB7B C?4A4 Q>EC9D<@9AFB6 CB 

;484AAB= B>D9EFABEFAB= EFDG>FGD9 < C4D4@9FD<K9E>B= 64?9AFABEF< 

B>D9EFABEFAB= E<EF9@O. 

5. "CD989?9AB D4;89?9A<S CB?<?<A9=AOI B>D9EFABEFAOI @B89?9= A4 

864 >?4EE4: CB?<?<A9=AO9 CB 6E9@ C9D9@9AAO@ < CB?<?<A9=AO9 FB?P>B CB 

E6S;S@. �?S >4:8B7B <; >?4EEB6 BC<E4A 4?7BD<F@ 6OK<E?9A<S 

C4D4@9FD<K9E>B= 64?9AFABEF<. 
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3. %&$'�&'$!/� #$�"�$��"��!�/ "�$�%&!"%&!/) 
 "����� 

�?46AB= F9@B= 84AAB= 7?46O S6?SRFES @9FB8O < 4?7BD<F@O 

CD9B5D4;B64A<S B>D9EFABEFAOI EFDG>FGD, CB;6B?SRM<9 G@9APL4FP 

>B?<K9EF6B C9D9@9AAOI 6 GD46A9A<SI HBD@4?PAB= B>D9EFABEFAB= E<EF9@O <, 

EBBF69FEF69AAB, G@9APL4FP B5N9@ Q>EC9D<@9AF4?PAOI 84AAOI, A9B5IB8<@OI 

8?S C4D4@9FD<K9E>B= <89AF<H<>4J<<. &4><@ B5D4;B@, G@9APL9A<9 

>B?<K9EF64 C9D9@9AAOI CDB<EIB8<F 4CD<BD<, 8B C4D4@9FD<K9E>B= 

<89AF<H<>4J<<, 4 A9 6 D9;G?PF4F9 BJ9A>< EF4F<EF<K9E>B= ;A4K<@BEF< 

CB?GK9AAOI C4D4@9FDB6 (FD95GRM9= 5B?PLB7B >B?<K9EF64 84AAOI), >4> QFBF 

B5OKAB CDB<EIB8<F 6 @B89?SI F<C4 K9DAB7B SM<>4. !4<5B?99 QHH9>F<6AO 

CD98?4749@O9 @9FB8O < 4?7BD<F@O 6 E?GK49, >B784 @B89?<DG9@O= CDBJ9EE 

@B:9F 5OFP D4;89?9A A4 A9E>B?P>B 6;4<@B89=EF6GRM<I @9:8G EB5B= 

CDBJ9EEB6 <?< CB8E<EF9@, D94?<;B64AAOI A4 B8AB= < FB= :9 B>D9EFABEFAB= 

EFDG>FGD9. � 7?469 BC<EO649FES K<E?9AAO= @9FB8 <89AF<H<>4J<< 

<AHBD@4J<BAAOI E6S;9=, BCD989?SRFES 864 F<C4 4E<AIDBAAOI 

B>D9EFABEFAOI @B89?9= < BC<EO649FES EFDG>FGD4 >B@C?9>E4 CDB7D4@@, 

D94?<;GRM<I 4?7BD<F@O, <;?B:9AAO9 6 84AAB= < CD98O8GM9= 7?464I. 

3.1 %:0;O@=0O 45:;0AB5@870F8O 8 A:0;O@=0O 45:><?>78F8O 
>:@5AB=>AB=KE <>45;59 

!4 QF4C9 C4D4@9FD<K9E>B= <89AF<H<>4J<< B>D9EFABEFAOI @B89?9= 

>B?<K9EF6B C4D4@9FDB6 (<?< >BQHH<J<9AFB6) @B89?< E6S;4AB E 6O5D4AAO@< 

F<C4@< GD46A9A<= <, 6 9M9 5B?PL9= EF9C9A<, E >B?<K9EF64@< C9D9@9AAOI 6 

69DL<A4I BD7D4H4. �ECB?P;B64A<9 <EIB8AB= «9EF9EF69AAB=» B>D9EFABEFAB= 

EFDG>FGDO, 5?<;>B= > F9IAB?B7<K9E>B= EI9@9, CBKF< 6E9784 CD<6B8<F > 

@B89?S@ E BK9AP 5B?PL<@ >B?<K9EF6B@ >BQHH<J<9AFB6, KFB, 6 E6BR BK9D98P, 
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FD95G9F 5B?PLB7B >B?<K9EF64 Q>EC9D<@9AF4?PAOI 84AAOI 8?S 

<89AF<H<>4J<< < 8?S BJ9A>< EF4F<EF<K9E>B= ;A4K<@BEF< <89AF<H<J<DG9@OI 

>BQHH<J<9AFB6 6 GD46A9A<SI E J9?PR <E>?RK9A<S A9EGM9EF69AAOI 

CD98<>FBDB6. *9?9EBB5D4;AB COF4FPES G@9APL<FP >B?<K9EF6B C4D4@9FDB6 

@B89?< G:9 A4 EF48<< EFDG>FGDAB= <89AF<H<>4J<< < F9@ E4@O@ G@9APL<FP 

A9B5IB8<@O= B5Nё@4 Q>EC9D<@9AF4?PAOI 84AAOI 8?S C4D4@9FD<K9E>B= 

<89AF<H<>4J<<. 

� D45BF4I [54-59] 5O? CD98?B:9A 4?7BD<F@ EFDG>FGDAB7B 

CD9B5D4;B64A<S B>D9EFABEFAB= @B89?< E 86G@S CB8E<EF9@4@<, BEAB64AAO= 

A4 D4EM9C?9A<S B>D9EFABEFAB= EFDG>FGDO 86B=AB= E<EF9@O E CBE?98GRM<@ 

E>?9<64A<9@ 86GI EFDG>FGD < CB;6B?SRM<= G@9APL<FP >B?<K9EF6B 

>BQHH<J<9AFB6 @B89?<. 1FBF 4?7BD<F@ 5O? CB8DB5AB BC<E4A 6 D4;89?9 1.4.1 

7?46O 1. #BCOF>4 B5B5M9A<S QFB7B 4?7BD<F@4 A4 E?GK4= ?R5B7B K<E?4 

CB8E<EF9@ CD<6B8<F > ;A4K<F9?PAO@ FDG8ABEFS@. � 84AAB= D45BF9 

CD98?4749FES 4?PF9DA4F<6AO= 4?7BD<F@ E>4?SDAB= 89>B@CB;<J<< 

B>D9EFABEFAB= EFDG>FGDO [41, 45, 46], 6 >BFBDB@ E4@B7B A4K4?4 

D4EE@4FD<64RFES B>D9EFABEFAO9 @B89?< E CDB<;6B?PAO@ >B?<K9EF6B@ 

CB8E<EF9@. 

�?7BD<F@ BEAB64A A4 EFDG>FGDAB@ CD9B5D4;B64A<< <EIB8AB= 

B>D9EFABEFAB= EFDG>FGDO < GK9F9 8BCB?A<F9?PAB= <AHBD@4J<<, >B8<DG9@B= 

6 6<89 @4FD<JO 6B;@B:AOI E6S;9= @9:8G C9D9@9AAO@< @B89?<. "A 

BC<EO649FES 79B@9FD<K9E><, >4> CD9B5D4;B64A<9 BD7D4H4, < 4?795D4<K9E><, 

>4> CD9B5D4;B64A<9 @4FD<JO E@9:ABEF< BD7D4H4. #D98?4749@O= 4?7BD<F@ 

@B:9F CD<@9ASFPES > @B89?S@ E ?R5O@ >B?<K9EF6B@ CB8E<EF9@, CD< QFB@ BA 

A9 S6?S9FES B5B5M9A<9@ 4?7BD<F@4 D4EM9C?9A<S3E>?9<64A<S A4 E?GK4= 

5B?99 K9@ 86GI CB8E<EF9@ < G:9 8?S E?GK4S 86GI CB8E<EF9@ CD<AJ<C<4?PAB 

BF?<K49FES BF 4?7BD<F@4 <; [55]. 
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3.1.1 �;3>@8B< A:0;O@=>9 45:><?>78F88 >:@5AB=>AB=>9 AB@C:BC@K 

�9DL<A4@ BD7D4H4 B>D9EFABEFAB= EFDG>FGDO EBBF69FEF6GRF A45BDO 

C9D9@9AAOI. � B5M9@ E?GK49 >4:84S <; QF<I C9D9@9AAOI @B:9F 5OFP 

E>4?SDAB=, 69>FBDAB=, @4FD<KAB= < F.C., AB 6 CD98?4749@B@ 4?7BD<F@9 6E9 

C9D9@9AAO9 D4EE@4FD<64RFES, A9;46<E<@B BF <I 6AGFD9AA9= EFDG>FGDO, >4> 

«B5B5M9AAB-E>4?SDAO9» <?< «A989?<@O9». !4CD<@9D, B8AB= <; C9D9@9AAOI 

EBEFBSA<S G;?4, @B:9F 5OFP, 69>FBDA4S C9D9@9AA4S < CD< QFB@ BA4 EK<F49FES 

B5B5M9AAB-E>4?SDAB=. 1FBF E?GK4= E?98G9F BF?<K4FP BF E<FG4J<<, >B784 

C9D9@9AA4S S6?S9FES «>BDF9:B@», FB 9EFP EB5D4A<9@ A9>BFBDB7B >B?<K9EF64 

D4;ABDB8AOI B5B5M9AAB-E>4?SDAOI C9D9@9AAOI.  B:AB EK<F4FP, KFB 

BEA4M9A<9 >4:8B= 69DL<AO S6?S9FES >BDF9:9@, 6AGFD< >BFBDB7B @B7GF 5OFP 

E>4?SDO, 69>FBDO, @4FD<JO < F4> 84?99. �4?99 F9D@<A «E>4?SDA4S 

C9D9@9AA4S» 6E9784 CBA<@49FES >4> «B5B5M9AAB-E>4?SDA4S». �4@9F<@, KFB 

«A989?<@BEFP» 69>FBDAB= (<?< @4FD<KAB=) C9D9@9AAB= A9 ;4CD9M49F 

A9;46<E<@B9 <ECB?P;B64A<9 BF89?PAOI >B@CBA9AF 3 QF< >B@CBA9AFO 6 

HBD@G?4I, 789 BA< GK4EF6GRF, @B:AB CB?GK4FP <; 69>FBD4 (@4FD<JO) E 

CB@BMPR G@AB:9A<S A4 69>FBD (@4FD<JG) E 98<A<J9= A4 EBBF69FEF6GRM9@ 

@9EF9 < AG?S@< A4 BEF4?PAOI. 

�?7BD<F@ E>4?SDAB= 89>B@CB;<J<< B>D9EFABEFAB= EFDG>FGDO EB89D:<F 

864 QF4C4: E>4?SDA4S 89>?4EF9D<;4J<S < D98G>J<S E6S;9= (8G7) 6 E>4?SDAB= 

89>?4EF9D<;4J<<. 

1. !>4?ODA4O 89>?4EF9D<;4J<O BD7D4H4. �4:84S 69DL<A4 <EIB8AB7B 

BD7D4H4 ;4@9AS9FES A9E>B?P><@< AB6O@< 69DL<A4@<, >B?<K9EF6B >BFBDOI 

D46AB K<E?G E>4?SDAOI C9D9@9AAOI, E6S;4AAOI E 84AAB= 69DL<AB=. #D< 

QFB@ 6E9 8G7<, 6IB8SM<9 < 6OIB8SM<9 <; 84AAB= 69DL<AO, 8G5?<DGRFES 8?S 

>4:8B= AB6B= 69DL<AO. �?S >4:8B= 69DL<AO, S6?SRM9=ES G;?B@ E C9F?9=, 

6E9 AB6O9 69DL<AO EA45:4RFES C9F?S@< < EB98<ASRFES 8G74@< 8B 

B5D4;B64A<S CB?AB7B BD7D4H4 A4 QF<I 69DL<A4I 3 E@. CD<@9D A4 D<EGA>9 1. 
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4) 89>?4EF9D<;4J<S 69DL<AO 59; C9F?<; 5) 89>?4EF9D<;4J<S 69DL<AO E 

C9F?9= 

$<EGAB> 3.1 3 %>4?SDA4S 89>?4EF9D<;4J<S 

� D9;G?PF4F9 @O CB?GK49@ BD7D4H E>4?SDAB= 89>?4EF9D<;4J<< 

B>D9EFABEFAB= EFDG>FGDO, 6 >BFBDB@ E >4:8B= AB6B= 69DL<AB= E6S;4A4 

FB?P>B B8A4 (B5B5M9AAB) E>4?SDA4S C9D9@9AA4S. "D7D4H E>4?SDAB= 

89>?4EF9D<;4J<< E?B:A99 <EIB8AB7B BD7D4H4, AB CD< QFB@ EBBF69FEF6GRM4S 

HBD@4?PA4S B>D9EFABEFA4S E<EF9@4 EB6C4849F E <EIB8AB= HBD@4?PAB= 

E<EF9@B=.  

2.  98G>J<O E6O;9= 6 89>?4EF9D<;B64AAB@ BD7D4H9. !4 QFB@ QF4C9 

CD98CB?4749FES <ECB?P;B64A<9 8BCB?A<F9?PAB= <AHBD@4J<<, A9 

EB89D:4M9=ES 6 <EIB8AB= B>D9EFABEFAB= EFDG>FGD9. � <@9AAB, 

CD98CB?4749FES, KFB 8?S >4:8B= GCBDS8BK9AAB= C4DO C9D9@9AAOI <;69EFAB, 

6?<S9F <?< A9F C9D64S C9D9@9AA4S A4 6FBDGR. � EBBF69FEF6<< E QF<@ >4:84S 

<; 8G7 BD7D4H4 E>4?SDAB= 89>?4EF9D<;4J<< ?<5B EBID4AS9FES, ?<5B G84?S9FES. 
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#B?GK9AA4S 6 <FB79 B>D9EFABEFA4S EFDG>FGD4 A4;O649FES E>4?ODAB= 

89>B@CB;<J<9= <EIB8AB= B>D9EFABEFAB= EFDG>FGDO. #BE?9 D98G>J<< 

>B?<K9EF6B >BQHH<J<9AFB6 ?<A9=AB= B>D9EFABEFAB= E<EF9@O @B:9F <?< 

G@9APL<FPES, <?< BEF4FPES CD9:A<@.  

3.1.2 �;3>@8B< A:0;O@=>9 45:><?>78F88 4;O <0B@8FK A<56=>AB8 
>:@5AB=>AB=>9 AB@C:BC@K 

�?7BD<F@ E>4?SDAB= 89>B@CB;<J<< @B:AB BC<E4FP 4?795D4<K9E><, >4> 

CD9B5D4;B64A<9 @4FD<JO E@9:ABEF< B>D9EFABEFAB= EFDG>FGDO. �?7BD<F@ 

EBEFB<F <; 86GI QF4CB6: E>4?SDA4S 89>?4EF9D<;4J<< @4FD<JO E@9:ABEF< < 

D98G>J<S 89>?4EF9D<;B64AAB= @4FD<JO E@9:ABEF<. 

1.!>4?ODA4O 89>?4EF9D<;4J<O @4FD<JO E@9:ABEF<. %>4?SDA4S 

89>?4EF9D<;4J<S 6OCB?AS9FES CGF9@ CD9B5D4;B64A<S @4FD<JO E@9:ABEF< ýý 

B>D9EFABEFAB= EFDG>FGDO. �4:8O= Q?9@9AF @4FD<JO ĆÿĀ ;4@9AS9FES 5?B>B@ 
<; 98<A<J <?< AG?9=, 6 ;46<E<@BEF< BF ;A4K9A<S ĆÿĀ (CD< QFB@ E<AIDBAAB 
G69?<K<649FES K<E?B EFDB> < EFB?5JB6 @4FD<JO, @B:AB E>4;4FP, KFB Q?9@9AF 

@4FD<JO ;4@9AS9FES «>D9EFB@», J9AFDB@ >BFBDB7B S6?S9FES 5?B>). �E?< ĆÿĀ =1, FB 5?B> EBEFB<F <; 98<A<J, 9E?< ĆÿĀ = 0, FB 5?B> EBEFB<F <; AG?9=. 
$4;@9DABEFP 5?B>4 D46A4 Ā ×ÿ, 789 Ā 3 K<E?B C9D9@9AAOI 6 ÿ 2 B= 69DL<A9, ÿ 3 K<E?B C9D9@9AAOI 6 Ā 2 B= 69DL<A9. � D9;G?PF4F9 CB?GK49FES @4FD<J4 

E@9:ABEF< ýÿ 89>?4EF9D<;B64AAB= @B89?<. $4;@9DABEFP @4FD<JO ýÿ D46A4 

K<E?G 6E9I E>4?SDAOI C9D9@9AAOI 6 @B89?<. 

2.  98G>J<O @4FD<JO E@9:ABEF< 89>?4EF9D<;B64AAB= @B89?<. !4 QFB@ 

QF4C9 8BCB?A<F9?PA4S <AHBD@4J<S B ;46<E<@BEF< C9D9@9AAOI >B8<DG9FES 6 

6<89 @4FD<JO 6B;@B:AOI E6O;9= 3 @4FD<JO ā CBDS8>4 Ă ×Ă , 6 >BFBDB= ăÿĀ = 1 9E?< @B:AB CD98CB?474FP, KFB ÿ - F4S E>4?SDA4S C9D9@9AA4S 6?<S9F A4 Ā 3 FGR C9D9@9AAGR, 6 E?GK49 A9;46<E<@BEF< C9D9@9AAOI QFBF Q?9@9AF D469A 
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AG?R. $98G>J<S @4FD<JO E@9:ABEF< 89>?4EF9D<;B64AAB= @B89?< EBEFB<F 6 

C9D9IB89 BF @4FD<JO ýÿ > @4FD<J9 E>4?SDAB= 89>B@CB;<J<< ýÿÿ: ýÿÿ=ā 8 ýÿ 

789 « 8 » 3 CDB<;6989A<9 �84@4D4 (CBQ?9@9AFAB9 CDB<;6989A<9 @4FD<J). � 
CD989?PAB@ E?GK49, >B784 6E9 HBD@4?PAO9 ;46<E<@BEF<, BCD989?S9@O9 

<EIB8AB= B>D9EFABEFAB= EFDG>FGDB=, S6?SRFES D94?PAO@< (FB 9EFP A< B8AG 

A9?P;S G84?<FP) @4FD<J4 ýÿÿ EB6C4849F E ýÿ.  

3.1.3 �;3>@8B< A:0;O@=>9 45:><?>78F88 4;O >:@5AB=>AB=KE 
<C;LB8<>45;59 

">D9EFABEFA4S @B89?P A4;O649FES @G?ьFи@о45?ью 9E?< BA4 EBEFB<F <; 

B>D9EFABEFAB= EFDG>FGDO < A45BD4 86GI <?< 5B?99 CB8E<EF9@ þ1, & þā(ā g 2), 

;484AAOI A4 QFB= B>D9EFABEFAB= EFDG>FGD9 < 6;4<@B89=EF6GRM<I @9:8G 

EB5B=. �4:84S <; E>4?SDAOI C9D9@9AAOI B>D9EFABEFAB= @G?PF<@B89?< 

@B:9F CD<A48?9:4FP B8AB= <?< A9E>B?P><@ CB8E<EF9@4@. #D98CB?4749FES, 

KFB A45BDO CB8E<EF9@ < 6E9 E>4?SDAO9 C9D9@9AAO9 GCBDS8BK9AO. �4?99 6 

B5B;A4K9A<9 >4:8B= E>4?SDAB= C9D9@9AAB= A45BD A<:A<I <A89>EB6 

EBBF69FEF6G9F AB@9D4@ CB8E<EF9@, 6 >BFBDOI GK4EF6G9F QF4 C9D9@9AA4S. 

#D< CD<@9A9A<< 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< > B>D9EFABEFAB= 

@G?PF<@B89?< [46] @4FD<JG 6B;@B:AOI E6S;9= ā 8?S C9D9@9AAOI 

B>D9EFABEFAB= @G?PF<@B89?< @B:AB CBEFDB<FP A4 BEAB69 <AHBD@4J<< B 

CD<A48?9:ABEF< C9D9@9AAOI > CB8E<EF9@4@. 1F4 <AHBD@4J<S >B8<DG9FES 6 

6<89 @4FD<JO þ CBDS8>4 ā × Ă, EFDB>< þÿ >BFBDB= EBBF69FEF6GRF 
CB8E<EF9@4@, 4 EFB?5JO āĀ - C9D9@9AAO@ ăĀ, CD< QFB@ ĀÿĀ = 1 9E?< 

C9D9@9AA4S ăĀ CD<A48?9:<F CB8E<EF9@9 þÿ < ĀÿĀ = 0 9E?< ăĀ A9 CD<A48?9:<F þÿ. þā×ā = {ĀÿĀ = 1, 9E?< ăĀ *  þÿ  ĀÿĀ = 0, 9E?< ăĀ +  þÿ . 



66 

  4FD<J4 6<DFG4?PAOI E6S;9= ā BCD989?S9FES E?98GRM<@ B5D4;B@: Q?9@9AF ăÿĀ = 1, 9E?< āÿāĀ > 0, 9E?< āÿāĀ = 0 FB ăÿĀ = 0.  āā×ā = {ăÿĀ = 1, 9E?< āÿāĀ > 0 ăÿĀ = 0, 9E?< āÿāĀ = 0 . 

 4FD<J4 6<DFG4?PAOI E6S;9= E<@@9FD<KA4 BFABE<F9?PAB 7?46AB= 8<47BA4?< 

< Q?9@9AFO 7?46AB= 8<47BA4?< D46AO 98<A<J4@ (ăÿÿ = 1). 

3.1.4 #@8<5=5=85 0;3>@8B<0 A:0;O@=>9 45:><?>78F88 

$4EE@BFD<@, >4> 4?7BD<F@ E>4?SDAB= 89>B@CB;<J<< B>D9EFABEFAB= 

EFDG>FGDO @B:9F 5OFP CD<@9A9A 8?S 4A4?<;4 < GCDBM9A<S E<EF9@O 

69AF<?SJ<< < H<?PFD4J<< 6 CDB<;6B8EF69AAB@ CB@9M9A<< J9@9AFAB7B 

;46B84, BC<E4AAB7B 6 D45BF9 [55].  

">D9EFABEFA4S EFDG>FGD4 E<EF9@O 69AF<?SJ<< < H<?PFD4J<< 

<;B5D4:9A4 A4 D<EGA>9 3.2. "A4 EB89D:<F K9FOD9 6IB84 External1(E1), 

External2(E2), Regulator1(R1), Regulator2(R2) < FD< G;?4 Conditioning (C), 

Plant (P), Filtration(F). �E9 FD< G;?4 <@9RF C9F?<, >BFBDO9 8?S GCDBM9A<S 

D<EGA>B6 A9 <;B5D4:9AO. 

 

$<EGAB> 3.2 3 B>D9EFABEFA4S EFDG>FGD4 @B89?< 69AF<?SJ<< < H<?PFD4J<< 

J9@9AFAB7B CDB<;6B8EF64 



67 

�IB8 External1 EB89D:<F E?98GRM<9 C9D9@9AAO9: Āÿ 3 >BAJ9AFD4J<S 

CO?< 6 CD<FBKAB@ 6B;8GI9, ÿÿ 3 F9@C9D4FGD4 CD<FBKAB7B 6B;8GI4. 1FB 

6A9LA<= (A9D97G?<DG9@O=) 6IB8. 

�IB8 External2 EB89D:<F C9D9@9AAO9: Ăā 3 <AF9AE<6ABEFP 

F9C?B6O89?9A<S, Ăþ 3 <AF9AE<6ABEFP CO?9B5D4;B64A<S. � 5B?99 B5M9= 

@B89?<, 6>?RK4RM9= C9K< B5:<74, QFB GCD46?S9@O9 6IB8O (<AF9AE<6ABEFP 

D45BFO C9K9=), AB 6 @B89?<, BC<EO64RM9= FB?P>B >BA8<J<BA<DB64A<9 < 

H<?PFD4J<R, QF< 6IB8O AG:AB EK<F4FP 6A9LA<@< (A9GCD46?S9@O@<). 

�IB8 Regulator1 EB89D:<F C9D9@9AAGR ý3 >BQHH<J<9AF D9J<D>G?SJ<<, 
FB 9EFP QFB GCD46?S9@O= 6IB8, BF69K4RM<= ;4 8B?R BK<M9AAB7B 6B;8GI4, 

6B;6D4M49@B7B 8?S B5B7D964. 

�IB8 Regulator2 EB89D:<F GCD46?S9@GR C9D9@9AAGR āĀ 3 B5Nё@ 

CD<FBKAB7B 6B;8GI4 6 98<A<JG 6D9@9A<. 

';9? Conditioning 6OCB?AS9F HGA>J<R B5D45BF>< 6B;8GI4 8?S 

CB889D:4A<S :9?49@B= F9@C9D4FGDO < K<EFBFO < EB89D:<F E?98GRM<9 

C9D9@9AAO9: Āý 3 @4>E<@4?PAB 8BCGEF<@4S >BAJ9AFD4J<S CO?< CBE?9 
H<?PFD4J<<, ÿý 3 F9@C9D4FGD4 6B;8GI4 CBE?9 F9D@BD97G?SJ<<, āýþ 3 D4EIB8 

QA9D7<< 6 98<A<JG 6D9@9A< A4 H<?PFD4J<R, āýā 3 D4EIB8 QA9D7<< 6 98<A<JG 
6D9@9A< A4 >BA8<J<BA<DB64A<9 6B;8GI4. 

';9? Plant BF69K49F ;4 >BAFDB?P A47D964 6B;8GI4 < GDB6AS 

CO?9B5D4;B64A<S 6 CDB<;6B8EF69AAB@ J9I9 < EB89D:<F E?98GRM<9 

C9D9@9AAO9: ÿý 3 GEF4AB6<6L4SES F9@C9D4FGD4 6 J9I9, Āý 3 GEF4AB6<6L<9ES 

>BAJ9AFD4J<S CO?< 6 J9I9. 

';9? Filtration 6OCB?AS9F CDBJ9EE 6OFS:>< < H<?PFD4J<< 6B;8GI4 

C9D98 97B G84?9A<9@ < D9J<D>G?SJ<9= < EB89D:<F E?98GRM<9 C9D9@9AAO9: ĀĀ 3 >BAJ9AFD4J<S CO?< CBE?9 H<?PFD4J<<, ÿĀ 3 F9@C9D4FGD4 6B;8GI4 CBE?9 

H<?PFD4J<<, āĀ 3 D4EIB8 QA9D7<< 6 98<A<JG 6D9@9A< A4 6OFS:>G < 

H<?PFD4J<R. 
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(BD@4?PAO9 (<?< 45EFD4>FAO9) GD46A9A<S B>D9EFABEFAB= E<EF9@O, FB 

9EFP GD46A9A<S, BFD4:4RM<9 FB?P>B 6B;@B:AO9 ;46<E<@BEF< @9:8G 

C9D9@9AAO@<, BCD989?S9@O9 8G74@< B>D9EFABEFAB= EFDG>FGDO (D<EGAB> 3.2), 

;4C<EO64RFES E?98GRM<@ B5D4;B@ (8?S GCDBM9A<S B5B;A4K9A<= E<EF9@4 

;4C<E4A4 6 EF4F<K9E>B= 69DE<<, 6 8<A4@<K9E>B= 69DE<< 6E9 C9D9@9AAO9 

AG:AB 8BCB?A<FP <A89>E4@<, G>4;O64RM<@< A4 ;46<E<@BEFP BF 8<E>D9FAB7B 

6D9@9A<): 

 

{  
   
  
    
 Āý = Ăýþ(Āÿ , ÿÿ , Āý , ÿý , āýĀ , āýā , āĀ , āĀ , ĀĀ , ÿĀ , ý)ÿý = Ăýā(Āÿ , ÿÿ , Āý , ÿý , āýĀ , āýā , āĀ , āĀ , ĀĀ , ÿĀ , ý)āýĀ = ĂýĀĀ(Āÿ , ÿÿ , Āý , ÿý , āýĀ , āýā , āĀ , āĀ , ĀĀ , ÿĀ , ý)āýā = Ăýā(Āÿ , ÿÿ , Āý , ÿý , āýĀ , āýā , āĀ , āĀ , ĀĀ , ÿĀ , ý)Āý = Ăýþ(Āý , ÿý , āýĀ , āýā , Āý, ÿý, āĀ , Ăþ , Ăā)ÿý = Ăýā(Āý , ÿý , āýĀ , āýā , Āý, ÿý, āĀ , Ăþ , Ăā)ĀĀ = ĂĀþ(Āý, ÿý, āĀ , āĀ , ĀĀ , ÿĀ)ÿĀ = ĂĀā(Āý, ÿý, āĀ , āĀ , ĀĀ , ÿĀ)āĀ = ĂĀĀ(Āý, ÿý, āĀ , āĀ , ĀĀ , ÿĀ)

 (3.1) 

� ?<A9=AB= D94?<;4J<< E<EF9@O (3.1) EB89D:<FES 79 >BQHH<J<9AFB6, 

>BFBDO9 A9B5IB8<@B <89AF<H<J<DB64FP. �ECB?P;GS @9FB8 E>4?SDAB= 

89>B@CB;<J<<, @B:AB EB>D4F<FP QFB >B?<K9EF6B. 

#9D6O= L47 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< (E>4?SDA4S 

89>?4EF9D<;4J<S): >4:84S 69DL<A4 <EIB8AB7B BD7D4H4 D4EM9C?S9FES A4 

A9E>B?P>B AB6OI 69DL<A (CB >B?<K9EF6G C9D9@9AAOI 6 69DL<A9) < 

EBBF69FEF6GRM<9 8G7< 8G5?<DGRFES 8?S >4:8B= AB6B= 69DL<AO. "D7D4H 

E>4?SDAB= 89>?4EF9D<;4J<< B>D9EFABEFAB= EFDG>FGDO EI9@4F<K9E><, E 

<ECB?P;B64A<9@ 5?B>B6 < 5?BKAOI 8G7 (8?S GCDBM9A<S), <;B5D4:9A A4 

D<EGA>9 3.3. +<E?4 A4 5?BKAOI 8G74I G>4;O64RF >B?<K9EF6B B5OKAOI 8G7, 

>B8<DG9@OI 5?BKAB= 8G7B=. �DB@9 FB7B, CD98CB?4749FES, KFB G;?O 6 >4:8B@ 

<; 5?B>B6 <@9RF 8G7< 6AGFD< 5?B>B6, (8?S GCDBM9A<S D<EGA>4 BA< A9 

<;B5D4:9AO) < B5D4;GRF 6@9EF9 E QF<@< 8G74@< CB?AO= BD7D4H. 
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$<EGAB> 3.3 3 BD7D4H E>4?SDAB= 89>?4EF9D<;4J<< B>D9EFABEFAB= EFDG>FGDO 

�4?99 8?S BD7D4H4 E>4?SDAB= 89>?4EF9D<;4J<< CD<@9AS9@ D98G>J<R 

E6S;9=, G84?SS 8G7< @9:8G F9@< 69DL<A4@<, 6 >BFBDOI C9D9@9AAO9 A9 

;46<ESF 8DG7 BF 8DG74 H<;<K9E><, CBE>B?P>G BFABESFES > D4;AO@ 

CB8E<EF9@4@. � D9;G?PF4F9 CB?GK49@ BD7D4H E>4?SDAB= 89>B@CB;<J<< 

B>D9EFABEFAB= EFDG>FGDO, <;B5D4:9AAO= A4 D<EGA>9 3.4.  

 

$<EGAB> 3.4 3 BD7D4H E>4?SDAB= 89>B@CB;<J<<  

!4 BEAB69 CD9B5D4;B64AAB= B>D9EFABEFAB= EFDG>FGDO (D<EGAB> 3.4) 

;4C<L9@ AB6GR HBD@4?PAGR B>D9EFABEFAGR E<EF9@G: 
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{  
   
   
  Āý = Ăýþ(Āÿ , ÿý , āýĀ , āĀ , ĀĀ , ý)ÿý = Ăýā(ÿÿ, āýā , āĀ , ÿĀ , ý)āýĀ = ĂýĀĀ(Āÿ , Āý , āĀ , āĀ , ĀĀ , ý)āýā = Ăýā(ÿÿ, ÿý , āĀ , ÿĀ , ý)Āý = Ăýþ(Āý , āýĀ , ÿý, āĀ , Ăþ)ÿý = Ăýā(ÿý, āýā , Āý, āĀ , Ăā)ĀĀ = ĂĀþ(Āý, āĀ , āĀ)ÿĀ = ĂĀā(ÿý, āĀ , )āĀ = ĂĀĀ(Āý, āĀ , ĀĀ)

 (3.2) 

�B?<K9EF6B >BQHH<J<9AFB6, >BFBDO9 A9B5IB8<@B <89AF<H<J<DB64FP 6 

?<A9=AB= D94?<;4J<< E<EF9@9 (3.2) D46AS9FES 40. &4><@ B5D4;B@ CD< 

CD<@9A9A<< 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< K<E?B >BQHH<J<9AFB6, 

AG:84RM<IES 6 C4D4@9FD<K9E>B= <89AF<H<>4J<<, ;A4K<F9?PAB G@9APL<?BEP 

CB ED46A9A<R E E<EF9@B= (3.1), KFB CBFD95G9F @9APL97B B5Nё@4 

Q>EC9D<@9AF4?PAOI 84AAOI. #B?GK9AAO= D9;G?PF4F EB6C4849F E D9;G?PF4FB@ 

<; [55]. 

3.1.5 #@8<5=5=85 0;3>@8B<0 A:0;O@=>9 45:><?>78F88 : >:@5AB=>AB=>9 

<C;LB8<>45;8. 

$4EE@BFD<@ CD<@9A9A<9 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< > 

B>D9EFABEFAB= @G?PF<@B89?< A4 >BFBDB= ;484AB FD< CB8E<EF9@O. 

">D9EFABEFA4S EFDG>FGD4 @G?PF<@B89?< <;B5D4:9A4 A4 D<EGA>9 3.5 < 

BC<EO649FES @4FD<J9= E@9:ABEF< (3.3). "A4 EB89D:<F 864 6IB84: Ā1, Ā2; 864 
G;?4: ă1, ă2 < B8<A 6OIB8 Ą1. #9D9@9AAO9: Ă1,21 , ą1,22 , Ć11 BFABESFES > C9D6B= 

CB8E<EF9@9, C9D9@9AAO9: Ă1,21 , Ă232 , ą21, ą231 , ą1,22 , Ć21 BFABESFES >B 6FBDB= 

CB8E<EF9@9 ,4 C9D9@9AAO9: Ă31, Ă232 , ą2,31 , Ć31 BFABESFES > FD9FP9= CB8E<EF9@9. 
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$<EGAB> 3.5 3 BD7D4H B>D9EFABEFAB= EFDG>FGDO @G?PF<@B89?< 

  

  

 (3.3) 

  

  

 

#D<@9ASS E>4?SDAGR 89>?4EF9D<;4J<R > @4FD<J9 E@9:ABEF< ýā, 

CB?GK<@ 89>?4EF9D<;B64AAGR @4FD<JG ýÿ: 

 

 

 

 

 

 

(3.4) 
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!4 QF4C9 D98G>J<< @4FD<JO 89>?4EF9D<;4J<<, BEAB6O64SEP A4 

CD<A48?9:ABEF< C9D9@9AAOI > CB8E<EF9@4@ EFDB<@ @4FD<JG 6B;@B:AOI 

E6S;9= ā: 

 

 

 

 

 

 

(3.5) 

 

 

 

 

 

#9D9@AB:4S CBQ?9@9AFAB @4FD<JG 89>?4EF9D<;4J<< (3.4) < @4FD<JG 

6B;@B:AOI E6S;9= (3.5), CB?GK49@ @4FD<JG E>4?SDAB= 89>B@CB;<J<< ýÿÿ: 

 

 

 

 

 

 (3.6) 
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!4 BEAB69 @4FD<JO E>4?SDAB= 89>B@CB;<J<< (3.6) EFDB<@ B>D9EFABEFAGR 

E<EF9@G, >BFBD4S EB89D:<F @9APL99 >B?<K9EF6B >BQHH<J<9AFB6 CB 

ED46A9A<R E E<EF9@B=, CBEFDB9AAB= A4 BEAB69 <EIB8AB= @4FD<JO E@9:ABEF< 

(3.4) <?< 89>?4EF9D<;B64AAB= @4FD<JO (3.4). 1FB ;A4K<F9?PAB GCDBM49F 

CDBJ9EE <89AF<H<>4J<< E<EF9@O. 

3.1.6 #@8<5=5=85 0;3>@8B<0 A:0;O@=>9 45:><?>78F88 : 0=0;87C 
B5E=>;>38G5A:>9 AE5<K AB0488 48DDC788 ?@>872>4AB20 A0E0@0 

$4EE@BFD<@ CD<@9A9A<9 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< > ;484K9 

@B89?<DB64A<< EF48<< 8<HHG;<< CDB<;6B8EF64 E4I4D4. $4;D45BF4AA4S 6 [24] 

B>D9EFABEFA4S EFDG>FGD4, BC<EO64RM4S B>D9EFABEFAGR @B89?P 

F9IAB?B7<K9E>B= EI9@O EF48<< 8<HHG;<<, CD98EF46?9A4 A4 D<EGA>9 3.6. 

 

$<EGAB> 3.6 3 ">D9EFABEFA4S EFDG>FGD4 CDBJ9EE4 8<HHG;<< 

"EA4M9AAO= BD7D4H, BC<EO64RM<= F9IAB?B7<K9E>GR EI9@G EF48<< 

8<HHG;<<, 6>?RK49F E?98GRM<9 G;?O < C9D9@9AAO9, CD98EF46?SRM<9 

BEAB6AO9 QF4CO CDBJ9EE4: 

• G;9? 0 ‒ 6IB8, EODP9 < C<F4F9?PA4S 6B84, CBEFGC4RM99 6 

8<HHG;<BAAGR EF4AJ<R; 
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• G;9? 1 ‒ BLC4D<64F9?P, CB?GK9A<9 EB>BEFDG:9KAB= E@9E< 6 

BLC4D<64F9?9; 

• G;9? 2 ‒ F9IAB?B7<K9E><= CBFB> 8<HHG;<BAAB7B EB>4, 6OIB8SM<= <; 

BLC4D<64F9?S; 

• G;9? 3 ‒ CDBJ9EE Q>EFD4>J<< E4I4D4 6 8<HHG;<BAAB= >B?BAA9; 

• G;9? 4 ‒ G84?9A<S EODB7B :B@4 <; 69DIA9= K4EF< 8<HHG;<BAAB= 

>B?BAAO; 

• G;9? ∞ ‒ 6OIB8 E<EF9@O. 

�9DL<AO B>D9EFAB= EFDG>FGDO EB89D:4F E?98GRM<9 C9D9@9AAO9: 

• ĂEFD ‒ D4EIB8 EFDG:><; 

• ÿEFD ‒ F9@C9D4FGD4 EFDG:><;  

• ĂEE ‒ D4EIB8 EB>BEFDG:9KAB= E@9E<; 
• ÿEE ‒ F9@C9D4FGD4 EB>BEFDG:9KAB= E@9E<; 
• Ă:B@ ‒ D4EIB8 :B@4; 

• ÿ:B@ ‒ F9@C9D4FGD4 :B@4; 

• ĂC6 ‒ D4EIB8 C<F4F9?PAB= 6B8O; 
• ÿC6 ‒ F9@C9D4FGD4 C<F4F9?PAB= 6B8O; 
• ĂHB ‒ D4EIB8 8<HHG;<BAAB7B EB>4, CBEFGC4RM97B 6 L4IFG 

BLC4D<64F9?S; 

• ÿ8> ‒ F9@C9D4FGD4 8<HHG;<BAAB7B EB>4 6 A<:A9= K4EF< 8<HHG;<BAAB= 
>B?BAAO; 

• Ă@B ‒ D4EIB8 8<HHG;<BAAB7B EB>4, CBEFGC4RM97B 6 @9L4?>G 
BLC4D<64F9?S; 

• ÿ@B ‒ F9@C9D4FGD4 8<HHG;<BAAB7B EB>4 CBE?9 CB8B7D964; 
• Ă8EB ‒ D4EIB8 8<HHG;<BAAB7B EB>4 <; BLC4D<64F9?S; 
• ÿ8EB ‒ F9@C9D4FGD4 8<HHG;<BAAB7B EB>4 <; BLC4D<64F9?S. 
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(BD@4?PAO9 GD46A9A<S B>D9EFABEFAB= E<EF9@O, BC<EO64RM<9 

6;4<@BE6S;P F9@C9D4FGDAOI C4D4@9FDB6 CDBJ9EE4 8<HHG;<<, ;4C<EO64RFES 

E?98GRM<@ B5D4;B@: 

 {  
  ÿEE = ċ(ÿ8>, ÿ@B, ÿ8EB, ĂEE, ĂEFD, Ă@B, ĂHB, Ă8EB)   ÿ8> = Č(ÿEE, ÿC6, ÿ:B@, ĂHB, Ă@B, ĂEE, Ă:B@, ĂC6)ÿ8EB = /(ÿ8>, ÿEE, Ă8EB, ĂEE, ĂHB)ÿ:B@ = ă(ÿ8>, Ă:B@, ĂHB, Ă@B)                              (3.7) 

�<A9=A4S D94?<;4J<< HBD@4?PAB= E<EF9@O (3.7) EB89D:<FES 25 

>BQHH<J<9AFB6, >BFBDO9 A9B5IB8<@B <89AF<H<J<DB64FP. 

� D9;G?PF4F9 CD<@9A9A<S 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< 8?S 

B>D9EFABEFAB= EFDG>FGDO CDBJ9EE4 8<HHG;<< E<EF9@4 (3.7) 5O?4 

D98GJ<DB64A4 > HBD@4?PAB= E<EF9@9: 

 {  
  ÿEE = ċ(ÿ8>, ÿ@B, ÿ8EB, ĂEFD, Ă@B, ĂHB)    ÿ8> = Č(ÿEE, ÿC6, ĂEE, ĂC6, Ă:B@)              ÿ8EB = /(ÿ8>, ĂEE, ĂHB)                           ÿ:B@ = ă(ÿ8>, Ă:B@, ĂHB + Ă@B)               (3.8) 

�B?<K9EF6B C9D9@9AAOI 6 CD46OI K4EFSI EA<;<?BEP 6B 6E9I GD46A9A<SI 

>DB@9 CBE?98A97B. �<A9=A4S D94?<;4J<S 84AAB= GCDBMёAAB= E<EF9@O 

EB89D:<FES 18 >BQHH<J<9AFB6.  

'D46A9A<S ?<A9=AB= D97D9EE<<, CB?GK9AAO9 6 D45BF9 [24] A4 EF48<< 

C4D4@9FD<K9E>B= <89AF<H<>4J<< (E <ECB?P;B64A<9@ 84AAOI CDB<;6B8EF64) 

CBE?9 BJ9A>< EF4F<EF<K9E>B= ;A4K<@BEF< >BQHH<J<9AFB6 < G84?9A<S 

EBBF69FEF6GRM<I A9;A4K<@OI CD98<>FBDB6 EB89D:4F 6 CD46OI K4EFSI F4><9 

:9 C9D9@9AAO9, >4> 6 HBD@4?PAB= E<EF9@9 3.8. 1FB CB8F69D:849F 

>BDD9>FABEFP CD<@9A9A<S 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< 8?S 

F9IAB?B7<K9E>B= EI9@O EF48<< 8<HHG;<< CDB<;6B8EF64 E4I4D4. 

3.2 �45=B8D8:0F8O 8=D>@<0F8>==KE A2O759 2 >:@5AB=>AB=KE <>45;OE  

�AHBD@4J<BAAO9 E6S;< 6 B>D9EFABEFAOI @B89?SI 4 QFB 8G7< 

B>D9EFABEFAB= @B89?<, CB >BFBDO@ C9D9849FES <AHBD@4J<S B EBEFBSA<< G;?4 
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<?< 6IB84 (4 A9 @4F9D<4?PAO9 CBFB><). �4?99 6 QFB@ C4D47D4H9 

D4EE@4FD<649FES ;484K4 8BCB?A9A<S G:9 CBEFDB9AAB= B>D9EFABEFAB= @B89?< 

AB6O@< <AHBD@4J<BAAO@< 8G74@<, A9B5IB8<@O@< 8?S D9L9A<S ;484K 

EF45<?<;4J<< @B89?< 65?<;< AB@<A4?PAB7B D9:<@4 < >BDD9>J<< 6OIB8B6 

@B89?<. 

3.2.1 %B018;870F8O =><8=0;L=>3> @568<0 ?> A>AB>O=8O< 

�484K4 EF45<?<;4J<< AB@<A4?PAB7B ;484AAB7B D9:<@4 B>D9EFABEFAB= 

@B89?< ý = (�,�, þ) CD98EF46?S9F EB5B= CDBJ9EE GCD46?9A<S, A4CD46?9AAO= 
A4 CB889D:4A<9 E<EF9@O 6 BCD989?ёAAB@ EBEFBSA<< (Ā�0, ă�0, Ą�0) <?< 
6B;6D4M9A<9 > A9@G CBE?9 6B;@GM9A<=. #D98CB?4749@, KFB BEA4M9A<S G;?B6 

B>D9EFABEFAB= EFDG>FGDO S6?SRFES E>4?SDAO@<. �EIB8AGR E<EF9@G 

GD46A9A<= 8?S EBEFBSA<= ă� = {ă(ÿ), ÿ * �(ă)} < 6OIB8B6 Ą� = {Ą(ÿ), ÿ * �(Ą)} 
;4C<L9@ 6 6<89: 

 {ăā+1(ÿ) = Ăÿ(ă+ā (ÿ), Ā+ā (ÿ)), ÿ * �(ă) Ąā(ÿ) = ăÿ(ă+ā (ÿ)), ÿ * �(Ą)  (3.9) 

�<A94D<;4J<S 65?<;< AB@<A4?PAB7B D9:<@4 (Ā�0, ă�0, Ą�0) CD<6B8<F A4E > 
E?98GRM9= E<EF9@O: 

 {ă�0 + ∆ă�ā+1 = Ă�(ă�0, Ā�0) + Ă�Ą′(ă�0, Ā�0)∆ă�ā + Ă�ā′ (ă�0, Ā�0)∆Ā�āĄ�0 + ∆Ą�ā = ă̅(ă�0) + ă̅Ą′ (ă�0, Ā�0)∆ă�ā . (3.10) 

#BE>B?P>G ă�0 = Ă�(ă�0, Ā�0) < Ą�0 = ă̅(ă�0), FB ?<A94D<;B64AA4S E<EF9@4 (3.10) 

@B:9F 5OFP ;4C<E4A4 6 6<89:  

 {∆ă�ā+1 = ý∆ă�ā + þ∆Ā�ā∆Ą�ā = ÿ∆ă�ā  (3.11) 

789 ý = Ă�Ą′ (ă�0, Ā�0), þ =  Ă�ā′ (ă�0, Ā�0) < ÿ = ă̅Ą′ (ă�0), CD< QFB@ AB@<A4?PAO= 
D9:<@ ?<A94D<;B64AAB= E<EF9@O, EBBF69FEF6GRM<= <EIB8AB@G D9:<@G (Ā�0, ă�0, Ą�0) - QFB >BDF9: (0�, 0�, 0�).  
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*9?PR ;484K< EF45<?<;4J<< AB@<A4?PAB7B D9:<@4 ;4>?RK49FES 6 

A4IB:89A<9 F4>B7B 69>FBD4 <;@9A9A<S GCD46?9A<= ∆Ā�ā , KFB5O E<EF9@4 

6B;6D4F<?4EP (CD<5?<:9AAB) > AB@<A4?PAB@G D9:<@G (Ā�0, ă�0, Ą�0). 
�484K4 EF45<?<;4J<< AB@<A4?PAB7B D9:<@4 A4CD46?9A4 A4 B59EC9K9A<9 

GEFB=K<6BEF< E<EF9@O < 9ё ECBEB5ABEF< 6B;6D4M4FPES > ;484AAB@G D9:<@G 

D45BFO CBE?9 6B;A<>AB69A<S 6B;@GM9A<=. 

�;69EFAB [39 E.320], KFB 6 E?GK49 B8AB7B GCD46?SRM97B 6IB84 Ā� = Ă 

CD< 6OCB?A9A<< GE?B6<S A96ODB:89AABEF< C4DO ý, þ  ÿĆĀā(þ, ýþ,& , ýĀ21þ) = Ā 

(;89EP þ 3 EFB?59J < Ā = ĀĄ - >B?<K9EF6B G;?B6 B>D9EFABEFAB= EFDG>FGDO) 

@B:AB A4=F< EF45<?<;<DGRMGR B5D4FAGR E6S;P ∆Ă = ÿ∆ă�, 789 ÿ 3 EFDB>4, 

F4>GR, KFB CD< CBEFBSAAB@ 6B;@GM9A<< Ă�  ?<A94D<;B64AA4S E<EF9@4 

EF45<?<;<DG9FES ;4 Ā F4>FB6 6 >BDF9:9: 

(6IB8, EBEFBSA<9, 6OIB8)= (ÿ∆ă�, ∆ă�, ÿ∆ă�), 
789 ∆ă� = (ā 2 ý 2 þÿ)21Ă. 

#D< @4?B@ 6B;@GM9A<< Ă�  QFBF >BDF9: 5G89F 5?<;B> > AB@<A4?PAB@G 

D9:<@G (0�, 0�, 0�). #BE>B?P>G >B?<K9EF6B G;?B6 B>D9EFABEFAB= @B89?<, >4> 
CD46<?B, 8BEF4FBKAB 69?<>B, FB CD9<@GM9EF64, E6S;4AAO9 E <ECB?P;B64A<9@ 

FB?P>B B8AB7B GCD46?SRM97B 6IB84, F9DSRFES <;-;4 5B?PLB7B >B?<K9EF64 

F4>FB6, A9B5IB8<@OI 8?S EF45<?<;4J<<.  

� 84?PA9=L9@ CD98CB?B:<@, KFB >B?<K9EF6B GCD46?9A<= Āā (6IB8B6 6 

B>D9EFABEFAB= EFDG>FGD9 @B89?<) A9 @9APL9 >B?<K9EF64 G;?B6 ĀĄ 

B>D9EFABEFAB= EFDG>FGDO < KFB D4A7 @4FD<JO þ D469A K<E?G EFDB> (FB 9EFP 

K<E?G G;?B6 ĀĄ). 1FB GE?B6<9 CB;6B?S9F >B@C9AE<DB64FP BF>?BA9A<9 
(6IB8, EBEFBSA<9, 6OIB8) = (0�,Ă = ∆ă�ā , 0) 

E<EF9@O BF >BDF9:4 (0�, 0�, 0�) (FB 9EFP BF AB@<A4?PAB7B D9:<@4) CB 
EBEFBSA<S@ ;4 B8<A F4>F, CD< QFB@ E<EF9@4 C9D9IB8<F 6 >BDF9:  

(6IB8, EBEFBSA<9, 6OIB8) = (∆Ā�ā , 0�, ÿ∆ă�ā). 



78 

�B@C9AE<DGRM9= GCD46?SRM<= 69>FBD ∆Ā�ā A4IB8<FES >4> D9L9A<9 
GD46A9A<S: ∆ă�ā+1 = 0 = ý∆ă�ā + þ∆Ā�ā , 
KFB CD<6B8<F A4E > 6OD4:9A<R 

  ∆Ā�ā = 2(þ+ý)∆ă�ā  (3.12) 

789 þ+ - CE968BB5D4FA4S @4FD<J4. � E?GK49, >B784 ĀĄ = Āā (þ - >648D4FA4S 

@4FD<J4) HBD@G?4 (3.12) 849F 98<AEF69AAB9 ;A4K9A<9 GCD46?SRM97B 69>FBD4. 

#D< ĀĄ < Āā CB?GK49@ 69>FBD GCD46?9A<S E @<A<@4?PAB 6B;@B:AB= ABD@B=. 

#D< ĀĄ > Āā (A98BEF4FBKAB9 >B?<K9EF6B GCD46?SRM<I 6IB8B6) HBD@G?4 

(3.10) 849F 69>FBD GCD46?9A<S, @<A<@<;<DGRM<= BF>?BA9A<9 EBEFBSA<S 

E<EF9@O BF AB@<A4?PAB7B. 

3.2.2 �>@@5:F8O 2KE>40 

�BDD9>J<S 6OIB84 E<EF9@O 4 QFB CDBJ9EE, A4CD46?9AAO= A4 

<;@9A9A<9 6OIB8AOI C4D4@9FDB6 E<EF9@O A4 ;484AAO= 69>FBD <;@9A9A<S ∆Ą�, 

CD< QFB@ CD98CB?4749FES, KFB BF>?BA9A<= CB EBEFBSA<S@ (6B;@GM9A<=) A9F 6 

?<A94D<;B64AAB= E<EF9@9. 1F4 ;484K4 BEB59AAB 4>FG4?PA4 6 E?GK4SI, >B784 

FD95G9FES >BDD9>J<S :9?49@OI ;A4K9A<= 6OIB84. 

�?S 8BEF<:9A<S >BDD9>J<< 6OIB84 E<EF9@O CD98CB?4749@, KFB 

>B?<K9EF6B 6OIB8B6 Āą @9APL9 <?< D46AB >B?<K9EF6G EBEFBSA<= 

 ĀĄ(Āą f ĀĄ), < KFB D4A7 @4FD<JO ÿ D469A K<E?G 99 EFDB> Āą (>B?<K9EF6G 

6OIB8B6). 1FB B;A4K49F, KFB >4:8O= 6OIB8 E<EF9@O @B:9F 5OFP B8AB;A4KAB 

E>BDD9>F<DB64A CGFё@ <;@9A9A<S EBEFBSA<= E<EF9@O. 

#BE>B?P>G ∆Ą� = ÿ∆ă�ā, FB 6OK<E?9A<9 A9B5IB8<@B7B <;@9A9A<S 
EBEFBSA<= ă�ā, >BFBDB9 @<A<@4?PAB9 CB ABD@9, 6OK<E?S9FES CB HBD@G?9: 

 ∆ă�ā = ÿ+∆Ą� 
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8?S 6E9I ā, ā + 1,& �?S BCD989?9A<S <;@9A9A<S GCD46?SRM97B 69>FBD4 ∆Ā� 

A9B5IB8<@B7B 8?S 8BEF<:9A<S ;484AAB7B <;@9A9A<S EBEFBSA<=, <ECB?P;G9@ 

GD46A9A<9: 

 ÿ+∆Ą� = ýÿ+∆Ą� + þ∆Ā�. (3.13) 

�; GD46A9A<S (3.13) CB?GK49@, KFB þ∆Ā� = (ÿ+ 2 ýÿ+)∆Ą�, 

<, E?98B64F9?PAB, ∆Ā� = þ+(ā 2 ý)ÿ+∆Ą�, 

789 ā3 98<A<KA4S @4FD<J4 EBBF69FEF6GRM97B D4;@9D4. &4><@ B5D4;B@, 
>BDF9: (6IB8, EBEFBSA<9, 6OIB8) 8?S CDBJ9EE4 >BDD9>J<< 6OIB84 5G89F <@9FP 

6<8: (þ+(ā 2 ý)ÿ+∆Ą�,  ÿ+∆Ą�, ∆Ą�). 
1FBF CB8IB8 CB;6B?S9F A9 FB?P>B FBKAB E>BDD9>F<DB64FP 6OIB8AO9 

C4D4@9FDO E<EF9@O, AB < 89?49F QFB E @<A<@4?PAO@< <;@9A9A<S@< 6 

GCD46?SRM9@ 69>FBD9 < EBEFBSA<SI E<EF9@O, KFB S6?S9FES 64:AO@ E FBK>< 

;D9A<S QHH9>F<6ABEF< < Q>BAB@<< D9EGDEB6. 

3.2.3 �0@:0A <0B@8FK 

#D< D45BF9 E @4FD<J4@< E@9:ABEF< ?<A9=AOI B>D9EFABEFAOI @B89?9= 

G8B5AB <ECB?P;B64FP CBASF<9 >4D>4E4 @4FD<JO. �4D>4E (frame) @4FD<JO 

BFD4:49F EFDG>FGDG E6S;9= CDB<;6B?PAB= @4FD<JO ý = {ĆÿĀ}, G>4;O64S A4 
A4?<K<9 <?< BFEGFEF6<9 E6S;< @9:8G Q?9@9AF4@< (69DL<A4@< 6 7D4H9), AB A9 

GK<FO649F >BA>D9FAO9 ;A4K9A<S QF<I E6S;9=. "A HBD@<DG9FES CGF9@ ;4@9AO 

6E9I A9AG?96OI Q?9@9AFB6 <EIB8AB= @4FD<JO A4 1, 4 AG?96OI 3 A4 0. �4D>4E 

@4FD<JO ý, B5B;A4K49FES >4> Ăÿ(ý) = {ċÿ(ĆÿĀ)}, 789 HGA>J<S ċÿ(ą) 
BCD989?S9FES E?98GRM<@ B5D4;B@: ċÿ(ą) = {1, 9E?< ą b 00, 9E?< ą = 0. 

!4CD<@9D, 8?S E<EF9@O: 
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FD4AECBA<DB64AA4S @4FD<J4 E@9:ABEF<, ĀÿĀ = 1 9E?< 9EFP 8G74 Ā → ÿ, 
CD98EF46?S9FES 6 6<89: 

[0Āÿ×Āÿ 0Āÿ×ĀĂ 0Āÿ×ĀăþĀĀ×Āÿ þĀĀ×ĀĂ 0ĀĀ×ĀăþĀā×Āÿ þĀā×ĀĂ 0Āā×Āă]. 
&B784, >4D>4EA4S @4FD<J4 E@9:ABEF< EBBF69FEF6GRM97B BD7D4H4, 

CBEFDB9AA4S A4 BEAB69 >4D>4EB6 @4FD<J E<EF9@O ý, þ, ÿ < Ā, ;4C<EO649FES 
>4>: 

[ 0 0 0Ăÿ(þ) Ăÿ(ý) 0Ăÿ(Ā) Ăÿ(ÿ) 0]. 
1FB CD98EF46?9A<9 CB8K9D><649F EFDG>FGDAO9 E6S;< @9:8G C9D9@9AAO@< 

E<EF9@O 59; GK9F4 >BA>D9FAOI 69?<K<A QF<I E6S;9=, KFB GCDBM49F 4A4?<; 

EFDG>FGDO E<EF9@O. 

3.2.3  0B@8FK A<56=>AB8 4;O 8=D>@<0F8>==KE A2O759 

�?S 4A4?<;4 <AHBD@4J<BAAOI E6S;9= 6 E<EF9@4I GCD46?9A<S @B:AB 

<ECB?P;B64FP @4FD<JO E@9:ABEF<, >BFBDO9 BFB5D4:4RF EFDG>FGDG 

6;4<@B89=EF6<= @9:8G D4;?<KAO@< >B@CBA9AF4@< E<EF9@O. 1F< @4FD<JO 

BEB59AAB CB?9;AO CD< CDB9>F<DB64A<< @9I4A<;@B6 6 ;484K4I EF45<?<;4J<< < 

>BDD9>J<< 6OIB84 6 E<EF9@4I GCD46?9A<S. 

 4FD<J4 E@9:ABEF< B>D9EFABEFAB= EFDG>FGDO, 8BCB?A9AAB= 

<AHBD@4J<BAAO@< E6S;S@< BF G;?B6 > GCD46?9A<S@ (6IB84@), 

EBBF69FEF6GRM<@< HBD@G?9 8?S EF45<?<;<DGRM97B GCD46?9A<S 6 E?GK49 

EF45<?<;4J<< CB EBEFBSA<S@ 5G89F <@9FP 6<8:  

[ 0 Ăÿ(þ+ý) 0Ăÿ(þ) Ăÿ(ý) 0Ăÿ(Ā) Ăÿ(ÿ) 0] . 
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� QFB= @4FD<J9, Q?9@9AFO Ăÿ(þ+ý), Ăÿ(ý), Ăÿ(þ), Ăÿ(Ā) < Ăÿ(ÿ) G>4;O64RF 
A4 A4?<K<9 <AHBD@4J<BAAOI E6S;9= @9:8G EBBF69FEF6GRM<@< 

>B@CBA9AF4@< E<EF9@O, ECBEB5EF6GRM<I EF45<?<;4J<< CB EBEFBSA<S@. 

 4FD<J4 E@9:ABEF< B>D9EFABEFAB= EFDG>FGDO, 8BCB?A9AAB= 

<AHBD@4J<BAAO@< E6S;S@< BF 6OIB8B6 > GCD46?9A<S@ (6IB84@), 

EBBF69FEF6GRM<@< HBD@G?9 8?S >BDD9>J<< 6OIB8B6, 5G89F <@9FP 6<8  

[ 0 0 Ăÿ(þ+(ā 2 ý)ÿ+)Ăÿ(þ) Ăÿ(ý) 0Ăÿ(Ā) Ăÿ(ÿ) 0 ]. 
�89EP Q?9@9AFO Ăÿ(þ+(ā 2 ý)ÿ+), Ăÿ(ý), Ăÿ(þ), Ăÿ(Ā) < Ăÿ(ÿ) 
89@BAEFD<DGRF EFDG>FGDG <AHBD@4J<BAAOI E6S;9=, >BFBDO9 <ECB?P;GRFES 

8?S >BDD9>J<< 6OIB8AOI C4D4@9FDB6 E<EF9@O. 

"59 @4FD<JO CD98EF46?SRF EB5B= <AEFDG@9AF 8?S 6<;G4?<;4J<< < 

4A4?<;4 <AHBD@4J<BAAOI E6S;9= 6 E<EF9@4I GCD46?9A<S, B5?97K4S CBA<@4A<9 

FB7B, >4> 6;4<@B89=EF6<S @9:8G D4;AO@< >B@CBA9AF4@< 6?<SRF A4 

CB6989A<9 E<EF9@O 6 J9?B@. 1F< @4FD<JO CB@B74RF BCD989?<FP >?RK96O9 

E6S;<, >BFBDO9 A9B5IB8<@B GK<FO64FP CD< CDB9>F<DB64A<< E<EF9@ 

GCD46?9A<S 8?S 8BEF<:9A<S :9?49@OI I4D4>F9D<EF<> EF45<?<;4J<< 

AB@<A4?PAB7B D9:<@4 < >BDD9>J<< 6OIB84. 

3.4 �A8=E@>==K5 >:@5AB=>AB=K5 <>45;8 

�E<AIDBAAO9 B>D9EFABEFAO9 @B89?< [112, 114] CD98EF46?SRF EB5B= 

64:AO= <AEFDG@9AF 8?S <EE?98B64A<S 8<A4@<K9E><I @B89?9=, 6 >BFBDOI 

6;4<@B89=EF6<9 @9:8G Q?9@9AF4@< (G;?4@<) A9 CDB<EIB8<F B8AB6D9@9AAB. � 

F4><I @B89?SI, 4E<AIDBAABEFP B;A4K49F, KFB B5AB6?9A<9 EBEFBSA<= G;?B6 

CDB<EIB8<F A9 B8AB6D9@9AAB 8?S 6E9I Q?9@9AFB6 E<EF9@O, 4 CBBK9Dё8AB <?< 

6 EBBF69FEF6<< E A9>BFBDO@ 8DG7<@ CBDS8>B@. 1FB @B:9F 5OFP D9;G?PF4FB@ 

9EF9EF69AAOI GE?B6<= <?< EC9J<H<> D45BFO F9IAB?B7<K9E><I @B89?9=, 789 

>B@CBA9AFO @B7GF B5AB6?SFPES 6 D4;?<KAB9 6D9@S. 
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� 4E<AIDBAAOI B>D9EFABEFAOI @B89?9= 6O89?SRF 864 BEAB6AOI F<C4 

4E<AIDBA<;4J<<: 4E<AIDBA<;4J<S BEAB64AA4S A4 G;?4I, < 4E<AIDBA<;4J<S 

BEAB64AA4S A4 CDBJ9EE4I. �E<AIDBA<;4J<S CB G;?4@ CB8D4;G@9649F, KFB 

>4:8O= G;9? <?< Q?9@9AF E<EF9@O @B:9F B5AB6?SFP E6Bё EBEFBSA<9 

A9;46<E<@B BF BEF4?PAOI, E?98GS E6B9@G <A8<6<8G4?PAB@G D4EC<E4A<R <?< 

D947<DGS A4 BCD989?ёAAO9 EB5OF<S. �E<AIDBA<;4J<S CB CDBJ9EE4@ BFD4:49F 

E<FG4J<<, >B784 D4;AO9 CDBJ9EEO <?< @9I4A<;@O 6?<SA<S A4 E<EF9@G 

4>F<6<DGRFES 6 D4;?<KAO9 @B@9AFO 6D9@9A<. 

3.4.1 �A8=E@>=870F8O >:@5AB=>AB=>9 <>45;8 ?> C7;0< 

 �?S 8B546?9A<S 4E<AIDBA<;4J<< CB G;?4@ 6 B>D9EFABEFAGR EFDG>FGDG 

> >4:8B@G G;?G 8B546?S9FES E>4?SDAO= GCD46?SRM<= 6IB8 E 8G7B=, 698GM9= 

6 84AAO= G;9? (D<EGAB> 3.5). #9D9@9AA4S GCD46?9A<S Ă @B:9F CD<A<@4FP 

FB?P>B 864 ;A4K9A<S 3 0 < 1. � GD46A9A<< 8?S EBEFBSA<S G;?4 AB64S 

C9D9@9AA4S Ă G@AB:49FES A4 CD46GR K4EFP. � QFB@ E?GK49 AB?P B;A4K49F 

6O>?RK9A<9 G;?4, FB 9EFP 6 84AAB@ F4>F9 ;A4K9A<9 C9D9@9AAB= G;?4 A9 

C9D9EK<FO649FES (G;9? A94>F<69A), 98<A<J4 B;A4K49F KFB G;9? 4>F<69A, FB 9EFP 

;A4K9A<9 97B C9D9@9AAB= C9D9EK<FO649FES. �A4?<F<K9E><, A4 CD<@9D9 

8<A4@<K9E>B= E<EF9@O (59; GCD46?9A<S 8?S GCDBM9A<S ;4C<E<) CB?GK49@ 

C9D9IB8 BF <EIB8AB= E<EF9@O: 

{ ă1ā+1 = ă + ċ1(ă1ā , & , ăĀā)&&&ăĀā+1 = ăĀā + ċĀ(ă1ā , & , ăĀā) 
> 4E<AIDBAAB= E<EF9@9 E GCD46?9A<S@< Ă1, & , ĂĀ * {0; 1}: 

{ă1ā+1 = ă1ā + Ă1āċ1(ă1ā , & , ăĀā)&&&ăĀā+1 = ăĀā + ĂĀā ċĀ(ă1ā , & , ăĀā) 
� 69>FBDAOI B5B;A4K9A<SI QFB C9D9IB8 BF E<EF9@O ăā+1 = ăā + Ă(ăā) 

> E<EF9@9 



83 ăā+1 = ăā + Ă(ăā) 8 Ā 

789 Ā = [Ă1, & , ĂĀ]Ā < «8» 3 CDB<;6989A<9 �84@4D4 (CBQ?9@9AFAB9). 
3.4.2. �A8=E@>=870F8O >:@5AB=>AB=>9 <C;LB8<>45;8 ?> ?@>F5AA0<.  

$4EE@4FD<649FES B>D9EFABEFA4S @G?PF<@B89?P (A9E>B?P>B CDBJ9EEB6 A4 

B8AB= B>D9EFABEFAB= EFDG>FGD9), 6 >BFBDB= 6 >4:8B@ G;?9 D9;G?PF4FO 

89=EF6<S CDBJ9EEB6 E>?48O64RFES. �A4?<F<K9E><, A4 CD<@9D9 8<A4@<K9E>B= 

E<EF9@O (59; GCD46?9A<S 8?S GCDBM9A<S ;4C<E<) QFB B;A4K49F, KFB E<EF9@4 

<@99F 6<8: 

{ă1ā+1 = ă1ā + ċ11(ă1ā , & , ăĀā) + ⋯+ ċ1ÿ(ă1ā , & , ăĀā)&&&ăĀā+1 = ăĀā + ċĀ1(ă1ā , & , ăĀā) + ⋯+ ċĀÿ(ă1ā , & , ăĀā) 
<?<, 6 69>FBDAOI B5B;A4K9A<SI, <@99F 6<8: ăā+1 = ăā + Ă1(ăā) + ⋯+ Ăÿ(ăā) 
789 Ă1(ăā),& , Ăÿ(ăā) EBBF69FEF6GRF ÿ CDBJ9EE4@ 6 @G?PF<@B89?<. 

�?S 8B546?9A<S 4E<AIDBA<;4J<< CB CDBJ9EE4@ 6 B>D9EFABEFAGR 

EFDG>FGDG @G?PF<@B89?< 8B546?S9@ ÿ E>4?SDAOI 6IB8B6 Ă1, & , Ăÿ * {0; 1}, 
>4:8O= <; >BFBDOI EB98<A9A 8G7B= E >4:8O@ <; G;?B6 (D<EGAB> 3.6). 

'CD46?9A<9 Ăÿ 6>?RK49F <?< 6O>?RK49F 89=EF6<9 EBBF69FEF6GRM97B 
CDBJ9EE4 A4 84AAB@ F4>F9 6D9@9A<. 1FB B;A4K49F, KFB 6 GD46A9A<< 8?S 

C9D9EK9F4 EBEFBSA<S G;?4 GCD46?9A<9 Ăÿ G@AB:49FES A4 E?4749@B9, 
EBBF69FEF6GRM99 CDBJ9EEG E F9@ :9 AB@9DB@. #B?GK49@ 4E<AIDBAAGR 

E<EF9@G 6<84: 

{ă1ā+1 = ă1ā + Ă1ċ11(ă1ā , & , ăĀā) + ⋯+ Ăÿċ1ÿ(ă1ā , & , ăĀā)&&&ăĀā+1 = ăĀā + Ă1ċĀ1(ă,& , ăĀā) + ⋯+ ĂÿċĀÿ(ă1ā , & , ăĀā)  

<?<, 6 69>FBDAOI B5B;A4K9A<SI, ăā+1 = ăā + Ă1Ă1(ăā) + ⋯+ ĂÿĂÿ(ăā). 
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�E<AIDBA<;4J<S 89=EF6G9F A9 A4 B8<A G;9?, >4> 6 E?GK49 

4E<AIDBA<;4J<< CB G;?4@, 4 A4 E<EF9@G 6 J9?B@. �E?< >4:8O= CDBJ9EE 

EBBF69FEF6G9F B8AB@G G;?G, FB 9EFP ÿ = Ā < ċÿĀ = 0 8?S ÿ b Ā, FB @O CB?GK49@ 
4E<AIDBA<;4J<R CB G;?4@. &4><@ B5D4;B@, 4E<AIDBA<;4J<R CB G;?4@ @B:AB 

D4EE@4FD<64FP >4> K4EFAO= E?GK4= 4E<AIDBA<;4J<< CB CDBJ9EE4@. 

3.4.3 �A8=E@>=870F8O >:@5AB=>AB=KE ;8=59=KE <>45;59 

$4EE@BFD<@ ?<A9=AGR 8<E>D9FAGR E<EF9@G, ;484AAGR E?98GRM<@ 

B5D4;B@: ăā+1 = ăā + ýăā 
8?S GCDBM9A<S B5B;A4K9A<= D4EE@4FD<649@ E<EF9@G 59; GCD46?9A<S, FB 9EFP, 

>B784 ċÿĀ(ă1ā , & , ăĀā) = ĆÿĀ, ý = {ĆÿĀ}. � QFB@ E?GK49, 4E<AIDBA<;4J<R 8?S ÿ =Ā @B:AB BC<E4FP E CB@BMPR CDB<;6989A<S �84@4D4, KFB CB;6B?S9F 

D94?<;B64FP 864 F<C4 4E<AIDBA<;4J<<.  

�E<AIDBA<;4J<S CB G;?4@ ;4C<EO649FES 6 69>FBDAB@ 6<89 >4>: ăā+1 = ăā + (ýăā) 8 Ā 

789 «8» 3 CDB<;6989A<9 �84@4D4, 4 Ā 3 @4FD<J4, BFD4:4RM4S 4>F<64J<R 

BF89?PAOI G;?B6 @B89?<. 

�E<AIDBA<;4J<S B>D9EFABEFAB= @G?PF<@B89?< CB CDBJ9EE4@ 

;4C<EO649FES 6 69>FBDAB@ 6<89 >4>: ăā+1 = ăā + ý(ăā 8 Ā) 
789 «8» 3 CDB<;6989A<9 �84@4D4, 4 Ā 3 @4FD<J4, BFD4:4RM4S 4>F<64J<R 

EBBF69FEF6GRM<I CDBJ9EEB6 @G?PF<@B89?<. "54 CB8IB84 CB;6B?SRF 

<AF97D<DB64FP 4E<AIDBAABEFP 6 ?<A9=AO9 @B89?< B59EC9K<64S 7<5>BEFP 

@B89?<. 
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3.5 %B@C:BC@0 :><?;5:A0 ?@>3@0<<  

%FDG>FGD4 D4;D45BF4AAB7B >B@C?9>E4 CDB7D4@@, D94?<;GRM97B 4?7BD<F@ 

E>4?SDAB= 89>B@CB;<J<< < BEF4?PAO9 BC<E4AAO9 6 D45BF9 4?7BD<F@O, 

EBEFB<F <; 5?B>B6, CD98EF46?9AAOI A4 D<EGA>9 3.7. �4:8O= 5?B> 

EBBF69FEF6G9F BEAB6AO@ QF4C4@ B>D9EFABEFAB7B @B89?<DB64A<S. � >4K9EF69 

S;O>4 CDB7D4@@<DB64A<S 6O5D4A «MATLAB», KFB CB;6B?S9F QHH9>F<6AB 

D45BF4FP E @4FD<J4@< < @4EE<64@<. 

%FDG>FGDA4S
<89AF<H<>4J<S

�?7BD<F@ E>4?SDAB=
89>B@CB;<J<<

 4F9@4F<K9E>4S 
@B89?P

#4D4@9FD<K9E>4S 
<89AF<H<>4S

�AHBD@4J<BAAO9 
E6S;<

#4D4@9FD<K9E>4S 
9@>BEFP

#?4A Q>EC9D<@9AFB6

 

$<EGAB> 3.7 3 EFDG>FGD4 >B@C?9>E4 CDB7D4@@ 

3.5.1 %B@C:BC@=0O 845=B8D8:0F8O (?@>3@0<<0)  

%FDG>FGDA4S <89AF<H<>4J<S B>D9EFABEFAB= EFDG>FGDO [47]. 1FBF 5?B> 

BF69K49F ;4 66B8 < B5D45BF>G <AHBD@4J<< B 69DL<A4I < C9D9@9AAOI 

B>D9EFABEFAB= EFDG>FGDO. "A 6>?RK49F 6 E95S 6 66B8 84AAOI K9D9; 
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8<4?B7B6O9 B>A4: >B?<K9EF6B 69DL<A B>D9EFABEFAB= EFDG>FGDO  

(D<EGAB> 3.8), <AHBD@4J<S B 6E9I 69DL<A4I (D<EGAB> 3.9), <AJ<89AFABEFP 

69DL<A (D<EGAB> 3.10), <AHBD@4J<S B C9D9@9AAOI 6 69DL<A9 (D<EGAB> 3.11). 

 

$<EGAB> 3.8 3 8<4?B7B6B9 B>AB <>B?<K9EF6B 69DL<A= 

 

$<EGAB> 3.9 3 8<4?B7B6B9 B>AB <<AHBD@4J<S B 69DL<A4I= 

 

$<EGAB> 3.10 3 8<4?B7B6B9 B>AB <<AJ<89AFABEFP 69DL<A= 
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$<EGAB> 3.11 3 8<4?B7B6B9 B>AB <<AHBD@4J<S B 69DL<A4I= 

� D9;G?PF4F9 6OCB?A9A<S 5?B>4 CDB7D4@@O «%FDG>FGDA4S 

<89AF<H<>4J<S» CB?GK49@ B>AB (D<EGAB> 3.12) E @4FD<J9= E@9:ABEF<.  

 

$<EGAB> 3.12 3 B>AB D9;G?PF4F 6OCB?A9A<S CDB7D4@@O 

3.5.2 #0@0<5B@8G5A:0O 20;5=B=>ABL 8 ?;0= M:A?5@8<5=B>2 (?@>3@0<<0). 

� 5?B>4I CDB7D4@@ «#4D4@9FD<K9E>4S 64?9AFABEFP» < «#?4A 

Q>EC9D<@9AFB6» 6IB8AO@< 84AAO@< S6?SRFES @4FD<J4 E@9:ABEF< < 69>FBD, 

G>4;O64RM<= >B?<K9EF6B C4D4@9FDB6 6 69DL<A4I.  

#D< ;4CGE>9 CDB7D4@@O CBS6?S9FES B>AB «#4D4@9FD<K9E>4S 

64?9AFABEFP B>D9EFABEFAB= @B89?<» (D<EGAB> 3.13), 6 >BFBDB@ CB?P;B64F9?R 
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CD98?4749FES 6O5D4FP >?4EE B>D9EFABEFAB= @B89?< 8?S 6OK<E?9A<S 

C4D4@9FD<K9E>B= 64?9AFABEF< < @4FD<JO C?4A4 Q>EC9D<@9AFB6, 4 F4>:9 

669EF< F<C CB?<?<A9=ABEF< @B89?<. �E?< 66989AAO= F<C CB?<?<A9=ABEF< 

CD96OL49F @4>E<@4?PAB 8BCGEF<@O= 8?S 84AAB= @B89?<, CBS6?S9FES B>AB E 

EBB5M9A<9@ B5 BL<5>9 (D<EGAB> 3.14). 

#BE?9 A4:4F<S A4 >ABC>G «�OK<E?<FP» CDB7D4@@4 CD<EFGC49F > 

6OK<E?9A<R C4D4@9FD<K9E>B= 64?9AFABEF< < CBEFDB9A<R @4FD<JO C?4A4 

Q>EC9D<@9AFB6 6 EBBF69FEF6<< E 6O5D4AAO@ >?4EEB@ B>D9EFABEFAB= @B89?< < 

G>4;4AAO@ F<CB@ CB?<?<A9=ABEF<. $9;G?PF4FO QF<I 6OK<E?9A<= 6O6B8SFES 6 

B>A9 «$9;G?PF4FO 6OK<E?9A<=» (D<EGAB> 3.15). #D< A4:4F<< A4 >ABC>G 

«@4FD<J4 C?4A4 Q>EC9D<@9AFB6» CBS6?S9FES EBBF69FEF6GRM4S @4FD<J4 C?4A4 

Q>EC9D<@9AFB6 (D<EGAB> 3.16).  

 

$<EGAB> 3.13 3 B>AB «#4D4@9FD<K9E>4S 64?9AFABEFP B>D9EFABEFAB= @B89?<» 



89 

 

$<EGAB> 3.14 3 B>AB «"L<5>4» 

 

$<EGAB> 3.15 3 B>AB «$9;G?PF4F 6OK<E?9A<9» 

 

$<EGAB> 3.16 3  4FD<J4 C?4A4 Q>EC9D<@9AF4 
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3.5.3 �;3>@8B< A:0;O@=>9 45:><?>78F88 (?@>3@0<<0). 

� 5?B>9 CDB7D4@@O «�?7BD<F@ E>4?SDAB= 89>B@CB;<J<<» K9D9; 

8<4?B7B6B9 BCD989?S9FES >B?<K9EF6B (D<EGAB> 3.17), A4;64A<9 (D<EGAB> 3.18) 

CB8E<EF9@ B>D9EFABEFAB= @G?PF<@B89?< <AHBD@4J<S < BCD989?SRFES >4><9 

C9D9@9AAO9 CD<A48?9:4F CB8E<EF9@9 (D<EGAB> 3.19). !4 BEAB69 66989AAOI 

84AAOI EFDB<FES @4FD<J4 6<DFG4?PAOI E6S;9=. 

 

$<EGAB> 3.17 3 8<4?B7B6B9 B>AB <>B?<K9EF6B CB8E<EF9@= 

  

$<EGAB> 3.18 3 8<4?B7B6B9 B>AB <A4;64A<9 CB8E<EF9@= 

  

$<EGAB> 3.19 3 8<4?B7B6B9 B>AB <CD<A48?9:ABEFP C9D9@9AAOI > CB8E<EF9@9= 

1FBF 5?B> D94?<;G9F 4?7BD<F@ E>4?SDAB= 89>B@CB;<J<<, BC<E4AAO= 

4?795D4<K9E>< 6 CGA>F9 3.1.2. � 5?B>9 CDB7D4@@9 6OCB?AS9FES 

89>?4EF9D<;4J<S <EIB8AB= @4FD<JO E@9:ABEF< < CB?GK9A<9 @4FD<JO 

89>B@CB;<J<<. 
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�O6B8 D9;G?PF4FB6 D45BFO CDB7D4@@O (D<EGAB> 3.20). "A 6>?RK49F 6 

E95S BFB5D4:9A<9 BD<9AF<DB64AAB7B 7D4H4 <EIB8AB= B>D9EFABEFAB= 

EFDG>FGDO, @4FD<JO E@9:ABEF<, >B?<K9EF6B >BQHH<J<9AFB6 ?<A9=AB= 

D94?<;4J<< B>D9EFABEFAB= @B89?<, 7D4H4 89>B@CB;<J<<, @4FD<JO 

89>B@CB;<J<< < >B?<K9EF6B >BQHH<J<9AFB6 ?<A9=AB= D94?<;4J<< 

B>D9EFABEFAB= @B89?< CBE?9 4?7BD<F@4.  

 

$<EGAB> 3.20 3 D9;G?PF4FO D45BFO CDB7D4@@O 

3.6 �K2>4K ?> 3;025 3 

� 7?469 3 CB?GK9AO E?98GRM<9 D9;G?PF4FO. 

1. $4;D45BF4A 4?7BD<F@ E>4?SDAB= 89>B@CB;<J<< CB;6B?SRM<= 

G@9APL<FP >B?<K9EF6B C4D4@9FDB6 @B89?< A4 QF4C9 EFDG>FGDAB= 

<89AF<H<>4J<<, 59; <ECB?P;B64A<S Q>EC9D<@9AF4?PAOI 84AAOI. 

2. �6989A >?4EE B>D9EFABEFAOI @B89?9=, >BFBDO= 6>?RK49F A9E>B?P>B 

6;4<@B89=EF6GRM<I CB8E<EF9@ (B>D9EFABEFAO9 @G?PF<@B89?<). #D98?B:9A 

4?7BD<F@ E>4?SDAB= 89>B@CB;<J<< @G?PF<@B89?9=, CB;6B?SRM<= EB>D4F<FP 

K<E?B C4D4@9FDB6, CB8?9:4M<I <89AF<H<>4J<<, < F9@ E4@O@ G@9APL<FP 

B5N9@ A9B5IB8<@OI Q>EC9D<@9AF4?PAOI 84AAOI. 
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3. �?S 8<A4@<K9E><I B>D9EFABEFAOI E<EF9@ BCD989?S9FES 864 F<C4 

CD9B5D4;B64A<S 4E<AIDBA<;4J<<: C9D9IB84 > @B89?<, 6 >BFBDB= 6 >4:8O= 

@B@9AF 6D9@9A< 4>F<6AO FB?P>B A9>BFBDO9 <; G;?B6 <?<, 6 E?GK49 

@G?PF<@B89?9=, 4>F<6AO FB?P>B A9>BFBDO9 <; CB8E<EF9@. 

4. $4;D45BF4A K<E?9AAO= @9FB8 <89AF<H<>4J<< <AHBD@4J<BAAOI 

E6S;9= B>D9EFABEFAB= @B89?<, BEAB64AAO= A4 CD98CB?B:9A<< B A4?<K<< 

8BEF4FBKAB7B K<E?4 6IB8AOI 84AAOI. 1FBF @9FB8 CB;6B?S9F QHH9>F<6AB 

D9L4FP ;484K< EF45<?<;4J<< AB@<A4?PAB7B D9:<@4 < >BDD9>F<DB6>< 

6OIB8AB7B E<7A4?4 @B89?<. 

5. $4;D45BF4A >B@C?9>E CDB5?9@AB-BD<9AF<DB64AAOI @B8G?9= 

CDB7D4@@AB7B B59EC9K9A<S, D94?<;GRM<I 4?7BD<F@O 6OK<E?9A<S 

C4D4@9FD<K9E>B= 9@>BEF<, E>4?SDAB= 89>B@CB;<J<< < K<E?9AAO= @9FB8 

<89AF<H<>4J<< <AHBD@4J<BAAOI E6S;9=. 
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4. "�$�%&!"%&!�/  "���0 '#$����!�/ 
 ��$"��� �&"  &�#��*/. 

� 84AAB= 7?469 @9FB8O < 4?7BD<F@O, BC<E4AAO9 6 CD98O8GM<I 7?464I, 

CD<@9ASRFES 8?S D4;D45BF>< B>D9EFABEFAB= @B89?< D97G?<DB64A<S 

@<>DB>?<@4F4 CDB@OL?9AAB= F9C?<JO. #DB6B8<FES 4A4?<; < ED46A9A<9 

D4EK9FAOI ;A4K9A<= EGFBKAOI QA9D7B;4FD4F, CB?GK9AAOI A4 BEAB69 

<@<F4J<BAAB7B @B89?<DB64A<S, E H4>F<K9E><@< 84AAO@<. $9L49FES ;484K4 

@<A<@<;4J<< D4EIB84 QA9D7BD9EGDEB6 A4 BEAB69 <@<F4J<BAAB= @B89?< 

@<>DB>?<@4F4 F9C?<JO. #DB69DS9FES 489>64FABEFP CD98?B:9AAB= @B89?< < 

9ё QHH9>F<6ABEFP 6 BCF<@<;4J<< D4EIB84 QA9D7BD9EGDEB6.  

4.1. %B@C:BC@=0O 845=B8D8:0F8O B5E=>;>38G5A:>9 AE5<K B5?;8FK 

&9C?<KAO9 >B@C?9>EO <@9RF B7DB@AB9 ;A4K9A<9 6 E6S;< E BEB5B= 

64:ABEFPR 6BCDBEB6, E6S;4AAOI E <@CBDFB;4@9M9A<9@ CDB8G>J<< 

D4EF9A<96B8EF64 8?S B59EC9K9A<S CDB8G>FB6B= 59;BC4EABEF< $BEE<<. "8A<@ 

<; >?RK96OI 4EC9>FB6 6 D45BF9 CDB@OL?9AAOI F9C?<J S6?S9FES 

CB889D:4A<9 @<>DB>?<@4F4, BCF<@4?PAB7B 8?S DBEF4 < D4;6<F<S D4EF9A<= 

[33,53].  <>DB>?<@4F 6>?RK49F 6 E95S F4><9 C4D4@9FDO, >4> F9@C9D4FGD4, 

6?4:ABEFP < BE69MёAABEFP. 'CD46?9A<9 QF<@< C4D4@9FD4@< 8B?:AB 

GK<FO64FP <;@9ASRM<9ES CB7B8AO9 GE?B6<S < CBFB@G CB889D:4A<9 

;484AAB7B @<>DB>?<@4F4 F9C?<JO FD95G9F CBEFBSAAB= >BDD9>F<DB6>< D45BFO 

E<EF9@ BFBC?9A<S, CB?<64, 69AF<?SJ<< < 8DG7<I. �?S D9L9A<S ;484K< 

GCD46?9A<S F9IAB?B7<K9E><@ CDBJ9EEB@ CB889D:4A<S BCF<@4?PAB7B 

@<>DB>?<@4F4 6 CDB@OL?9AAB= F9C?<J9 QHH9>F<6AO@ ED98EF6B@ S6?S9FES 

B>D9EFABEFAB9 @B89?<DB64A<9. ">D9EFABEFA4S @B89?P CB;6B?S9F GK<FO64FP 

6;4<@BE6S;< @9:8G D4;?<KAO@< C4D4@9FD4@< @<>DB>?<@4F4, F4><@< >4> 

F9@C9D4FGD4, 6?4:ABEFP, BE69M9A<9, < D9L4FP ;484K< EF45<?<;4J<< 
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47DBAB@<K9E>< D9>B@9A8B64AAB7B @<>DB>?<@4F4 6 GE?B6<SI 6B;89=EF6<S 

6A9LA9= ED98O < ;484K< Q>BAB@<< QA9D79F<K9E><I < 6B8AOI D9EGDEB6. 

#BEFDB9A<9 B>D9EFABEFAB= @B89?< @<>DB>?<@4F4 CDB@OL?9AAB= 

F9C?<JO BEGM9EF6?S9FES A4 BEAB69 E?98GRM<I GCDBM9A<=: 

1. "8ABDB8ABEFP F9C?<KAB= ED98O: CD98CB?4749FES, KFB H<;<K9E><9 

I4D4>F9D<EF<>< F9C?<KAB7B CDBEFD4AEF64 (F9@C9D4FGD4, 6?4:ABEFP < F.8.) 

B8ABDB8AO CB 6E9@G B5N9@G F9C?<JO. 

2. $4;@9D F9C?<JO: CD98CB?4749FES, KFB D4;@9DO F9C?<JO CBEFBSAAO < 

A9 @9ASRFES 6 CDBJ9EE9 HGA>J<BA<DB64A<S. 

3. "FEGFEF6<9 6;4<@B89=EF6<= @9:8G D4EF9A<S@<: 6;4<@B89=EF6<9 

@9:8G D4EF9A<S@< 6AGFD< F9C?<JO (A4CD<@9D, >BA>GD9AJ<S ;4 D9EGDEO, 

F4><9 >4> E69F, 6B84 < C<F4F9?PAO9 69M9EF64), A9 GK<FO649FES. &4>:9 A9 

GK<FO649FES 6B;@B:AB9 6?<SA<9 D4ECB?B:9A<S D4EF9A<= 8DG7 BFABE<F9?PAB 

8DG74 A4 <I ?B>4?PAO= @<>DB>?<@4F. 

4.  B89?P A9 GK<FO649F <;@9A9A<S EBEF464 4F@BEH9DO, F4><9 >4> 

GDB69AP CO2 <?< 8DG7<I 74;B6, >BFBDO9 @B7GF 6?<SFP A4 @<>DB>?<@4F 6 

F9C?<J9. 

#DB6989@ EFDG>FGDAGR <89AF<H<>4J<R B>D9EFABEFAB= @B89?< 

@<>DB>?<@4F4 F9C?<JO [40]. #BEFDB<@ BD7D4H B>D9EFABEFAB= EFDG>FGDO < 

BCD989?<@ A45BD C9D9@9AAOI 6 69DL<A4I. 

�EIB8AO= BD7D4H B>D9EFABEFAB= EFDG>FGDO @B89?< @<>DB>?<@4F4 

F9C?<JO CD98EF46?9A A4 D<EGA>9 4.1. ">D9EFABEFA4S EFDG>FGD4 EB89D:<F 864 

6IB84: 6A9LA<9 H4>FBDO(E), 47DBAB@<K9E><= D97?4@9AF (A), < L9EFP G;?B6: 

@<>DB>?<@4F(M), E<EF9@4 69AF<?OJ<<(V), E<EF9@4 CB?<64 (W), E<EF9@4 

BFBC?9A<O(H), E<EF9@4 8BE69K<64A<O(L) < HD4@G7<(F). �9DL<AO B>D9EFAB= 

EFDG>FGDO EB89D:4F E?98GRM<9 C9D9@9AAO9, BC<E4AAO9 6 F45?<J9 4.1. 
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$<EGAB> 4.1 3 B>D9EFABEFA4S EFDG>FGD4 @<>DB>?<@4F4 F9C?<JO 

&45?<J4 4.1 

#9D9@9AAO9 69DL<A B>D9EFABEFAB= EFDG>FGDO 

�9DL<AO #9D9@9AAO9 �;@9D9A<S  

 E 

āÿ3 F9@C9D4FGD4 6A9LA97B 6B;8GI4, Ăÿ3 6?4:ABEFP 6A9LA97B 6B;8GI4, ăÿ3 E>BDBEFP 69FD4, Āÿ3 BE69M9A<9 ;4 EK9F CDS@B7B <;?GK9A<S EB?AJ4, 
℃ 

[0,100] @/E 
�R>E 

A 

āā3 ABD@4F<6AB9 ;A4K9A<9 F9@C9D4FGDO 6 F9C?<J9 Ăā3 ABD@4F<6AB9 ;A4K9A<9 6?4:ABEF< 6 F9C?<J9 Āā3 ABD@4F<6AB9 ;A4K9A<9 BE69MёAABEF< 6 F9C?<J9  Āā3 ABD@4F<6AB9 ;A4K9A<9 6?4:ABEF< CBK6O 6 
F9C?<J9  

℃ 

[0;100] 

�R>E 

[0,100] 
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CDB8B?:9A<9 &45?<JO 4.1 

M 

ĂĀ3 6?4:ABEFP 6B;8GI4 6 F9C?<J9 āĀ3 F9@C9D4FGD4 6AGFD< F9C?<JO ĀĀ3 6?4:ABEFP CBK6O 6 F9C?<J9 ĀĀ3 BE69MёAABEFP, CB?GK49@4S D4EF9A<S@< 

[0,100] ℃ 

[0,100] 

�R>E 

V �Ă3 <AF9AE<6ABEFP E<EF9@O 69AF<?SJ<< >ВF 

F ÿĀ3 BF>DOF<9 HD4@G7 [0,1] 
W �ă3 <AF9AE<6ABEFP E<EF9@O CB?<64 @3 7 G 

H ��3 <AF9AE<6ABEFP E<EF9@O BFBC?9A<S  >ВF 

L �ÿ3 <AF9AE<6ABEFP E<EF9@O 8BE69K<64A<S  �R>E 

 4FD<J4 E@9:ABEF< ýý 8?S B>D9EFABEFAB= EFDG>FGDO @B89?< 

@<>DB>?<@4F4 F9C?<JO <@99F 6<8: 

 

(BD@4?PAO9 GD46A9A<S B>D9EFABEFAB= E<EF9@O, BFD4:4RM<9 

6B;@B:AO9 ;46<E<@BEF< @9:8G C9D9@9AAO@<, BCD989?S9@O9 8G74@< 

B>D9EFABEFAB= EFDG>FGDO, @B:AB ;4C<E4FP E?98GRM<@ B5D4;B@ (8?S 

GCDBM9A<S B5B;A4K9A<= E<EF9@4 CD98EF46?9A4 6 EF4F<K9E>B= 69DE<<; 6 

8<A4@<K9E>B= 69DE<< 6E9 C9D9@9AAO9 A9B5IB8<@B 8BCB?A<FP <A89>E4@<, 

G>4;O64RM<@< A4 ;46<E<@BEFP BF 8<E>D9FAB7B 6D9@9A<): 
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{  
  
   
 āĀ = ĂĀā(āĀ , ăĀ , ĂĀ , ĀĀ , ĂĀ, ĀĀ, ĀĀ , �Ă , �ă , �� , �ÿ , ÿā)ĂĀ = ĂĀý(āĀ , ăĀ , ĂĀ , ĀĀ , āĀ , ĀĀ, ĀĀ, �Ă , �ă, �� , �ÿ , ÿā)ĀĀ = ĂĀĀ(āĀ , ăĀ , ĂĀ , ĀĀ , ĂĀ, āĀ , ĀĀ , �Ă , �ă , �� , �ÿ , ÿā)ĀĀ = ĂĀā(āĀ , ăĀ , ĂĀ , ĀĀ , ĂĀ , ĀĀ , āĀ , �Ă , �ă , �� , �ÿ , ÿā)�Ă = ĂĀĂ(āĀ , ăĀ , ĂĀ , ĀĀ , Ăā , Āā , āā , Āā , ĂĀ, ĀĀ , āĀ , ĀĀ, ÿā)�ă = ĂĀă(Ăā , Āā , āā , Āā , ĂĀ, ĀĀ, āĀ , ĀĀ)�� = ĂĀ�(Ăā , Āā , āā , Āā , ĂĀ, ĀĀ, āĀ , ĀĀ)�ÿ = ĂĀÿ(Ăā , Āā , āā , Āā , ĂĀ, ĀĀ , āĀ , ĀĀ)ÿā = ĂĀĂ(āĀ , ăĀ , ĂĀ , ĀĀ , Ăā , Āā , āā , Āā , ĂĀ , ĀĀ , āĀ , ĀĀ, �Ă)

 (4.1) 

� ?<A9=AB= D94?<;4J<< E<EF9@O (4.1) EB89D:<FES 98 >BQHH<J<9AFB6, 

6OK<E?9AAOI CB HBD@G?9 (*), 8?S >BFBDOI FD95G9FES C4D4@9FD<K9E>4S 

<89AF<H<>4J<S. �?S G@9APL9A<S K<E?4 >BQHH<J<9AFB6 @B:AB CD<@9A<FP 

4?7BD<F@ E>4?SDAB= 89>B@CB;<J<<. 

">D9EFABEFAGR @B89?P @B:AB EK<F4FP B>D9EFABEFAB= @G?PF<@B89?PR 

F4> >4> A4 B>D9EFABEFAB= EFDG>FGD9 (D<EGAB> 4.1) BCD989?SRFES CSFP 

CB8E<EF9@: 69AF<?SJ<S(V), CB?<64(W), BFBC?9A<S(H), BE69M9A<S(L) < 

HD4@G7(F).  4FD<J4 CD<A48?9:ABEF< C9D9@9AAOI > CB8E<EF9@4@ <@99F 

E?98GRM<= 6<8:  āÿ Ăÿ ăÿ Āÿ Āā Āā āā Ăā āĀ ĂĀ ĀĀ ĀĀ ÿā �Ă �� �ÿ �ă

 4.2. %:0;O@=0O 45:><?>78F8O >:@5AB=>AB=>9 <>45;8 B5?;8FK 

#D<@9A<@ CDB7D4@@G 4?7BD<F@4 E>4?SDAB= 89>B@CB;<J<< 8?S 

B>D9EFABEFAB= @G?PF<@B89?<. � EBBF69FEF6<9 E CGA>FB@ 4.1 ;4CB?A<@ K9D9; 

8<4?B7B6O9 B>A4 <AHBD@4J<R B B>D9EFABEFAB= @B89?< < CD<A48?9:ABEFP 

C9D9@9AAOI > CB8E<EF9@4@. 
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� D9;G?PF4F9 6OCB?A9A<S CDB7D4@@O CB?GK<@ @4FD<JG 6<DFG4?PAOI 

E6S;9= (D<EGAB> 4.2), BFB5D4:4RMGR E6S;< @9:8G C9D9@9AAO@< 

B>D9EFABEFAB= @B89?< @<>DB>?<@4F4 F9C?<JO. 

 

$<EGAB> 4.2 3 @4FD<J4 6<DFG4?PAOI E6S;9= C9D9@9AAOI @<>DB>?<@4F4 

F9C?<JO  

!4 QF4C9 89>?4EF9D<;4J<< CB?GK<@ @4FD<JG 89>?4EF9D<;B64AAB= 

B>D9EFABEFAB= EFDG>FGDO (D<EGAB> 4.3). �4?99, A4 QF4C9 D98G>J<<, 

CDB<;6B8<FES CBQ?9@9AFAB9 G@AB:9A<9 89>?4EF9D<;B64AAB= @4FD<JO 

E@9:ABEF< A4 @4FD<JG 6<DFG4?PAOI E6S;9=. � D9;G?PF4F9 CB?GK49FES @4FD<J4 

E>4?SDAB= 89>B@CB;<J<<, >BFBD4S CD98EF46?9A4 A4 D<EGA>9 4.4. 



99 

 

$<EGAB> 4.3 3 89>?4EF9D<;B64AA4S @4FD<J4 E@9:ABEF< @<>DB>?<@4F4 

F9C?<JO 

 

$<EGAB> 4.4 3 @4FD<J4 E@9:ABEF< 89>B@CB;<J<< @<>DB>?<@4F4 F9C?<JO 

(BD@4?PA4S B>D9EFABEFA4S E<EF9@4 CBE?9 CD<@9A9A<S 4?7BD<F@4 

E>4?SDAB= 89>B@CB;<J<< 5G89F <@9FP 6<8: 
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{  
  
   
 āĀ = ĂĀā(āĀ , ăĀ , ĂĀ , ĂĀ, ĀĀ , �Ă , �ă, �� , ÿā)ĂĀ = ĂĀý(āĀ , ăĀ , ĂĀ , āĀ , ĀĀ, �Ă , �ă , �� , ÿā)ĀĀ = ĂĀĀ(ĂĀ, āĀ , �ă)ĀĀ = ĂĀā(ĀĀ , �ÿ)�Ă = ĂĀĂ(ăĀ , ĂĀ , Ăā , ĂĀ , āĀ , ÿā)�ă = ĂĀă(Āā , āĀ , ĂĀ, ĀĀ)�� = ĂĀ�(āā , ĂĀ , āĀ)�ÿ = ĂĀÿ(Āā , ĀĀ)ÿā = ĂĀĂ(ăĀ , ĂĀ , Ăā , ĂĀ , āĀ , �Ă)

 (4.2) 

� ?<A9=AB= D94?<;4J<< E<EF9@O (4.2) EB89D:<FES 6E97B ?<LP 44 

>BQHH<J<9AFB6, 8?S >BFBDOI CBFD95G9FES C4D4@9FD<K9E>4S <89AF<H<>4J<S, 

KFB ;A4K<F9?PAB @9APL9, K9@ ?<A9=AB= D94?<;4J<< E<EF9@O (4.1), >BFBD4S 

EB89D:<F 98 >BQHH<J<9AFB6. 1FB EGM9EF69AAB G@9APL49F B5N9@ 

C4D4@9FD<K9E>B= <89AF<H<>4J<< < GCDBM49F 84?PA9=LGR D45BFG E @B89?PR. 

4.3 '@02=5=8O <>45;8 <8:@>:;8<0B0 B5?;8FK  

�4?99 6 84AAB@ CGA>F9 6 ;4C<E< GD46A9A<= @<>DB>?<@4F4 F9C?<JO 8?S 

CB8E<EF9@ BFBC?9A<S, CB?<64, HD4@G7< < 69AF<?SJ<< 5G8GF <ECB?P;B64AO 

8BCB?A<F9?PAO9 H<;<K9E><9 EBB5D4:9A<S < HGA>J<S 4>F<64J<< (4.3), 7D4H<> 

>BFBDB= <;B5D4:9A A4 D<EGA>9 4.5.  

 ÿ(ą) = ýĊĀĂ(ą) = ÿĆą(0, ą) (4.3) 

y

x

( )r x

 

$<EGAB> 4.5 3 HGA>J<S 4>F<64J<< ÿ(ą) = ÿĆą(0, ą) 
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4.3.1 '@02=5=85 A8AB5<K >B>?;5=8O  

%<EF9@4 BFBC?9A<S F9C?<JO D97G?<DG9F F9@C9D4FGDG 6B;8GI4 6AGFD< 

F9C?<JO āĀ F4><@ B5D4;B@, KFB5O BA4 BEF464?4EP 6 ;484AAOI CD989?4I, 

A9E@BFDS A4 F9C?BCBF9D< K9D9; EF9AO < >DOLG, 4 F4>:9 <;@9A9A<S 6A9LA9= 

F9@C9D4FGDO āÿ. �?S BC<E4A<S D45BFO E<EF9@O BFBC?9A<S <ECB?P;GRFES 

E?98GRM<9 C4D4@9FDO: 

• ā�1  (>ВF ∙ GаE/℃) 3 D4EIB8 QA9D7<< 8?S A47D964 F9C?<JO A4 B8<A 
7D48GE ;4 K4E 59; GK9F4 F9C?BCBF9DP CD< @4>E<@4?PAB= @BMABEF< B5B7D964; 

• ā�2  (>ВF/℃) 3 >BQHH<J<9AF F9C?BCBF9DP, ;46<ESM<= BF D4;A<JO 
F9@C9D4FGD @9:8G 6AGFD9AA9= < 6A9LA9= F9@C9D4FGDO. 1FBF >BQHH<J<9AF 

6OK<E?S9FES >4>: ā�2 = 3600 7 āĀā, 789 āĀā 3 >BQHH<J<9AF F9C?BCBF9DP 6 
E<EF9@9 %�); 

• ý�  * {0,1} 3 59;D4;@9DA4S >BQHH<J<9AF, I4D4>F9D<;GRM<= D45BFG 

E<EF9@O BFBC?9A<S: ý� = 1, >B784 E<EF9@4 BFBC?9A<S 6>?RK9A4, < ý� = 0, 

>B784 E<EF9@4 BF>?RK9A4 

�AF9AE<6ABEFP B5B7D964 ��(>ВF) BCD989?S9FES D4EIB8B@ QA9D7<< ;4 
6D9@S Δÿ, A9B5IB8<@O@ 8?S CB889D:4A<S F9@C9D4FGDO 6 F9C?<J9. �?S 
;484AAOI F9@C9D4FGD āĀ, āÿ, āÿ  < <AF9D64?4 6D9@9A< Δÿ <AF9AE<6ABEFP 

B5B7D964 @B:AB 6OD4;<FP K9D9; GE?B6<9 F9C?B6B7B 54?4AE4: 

 ��Δÿ j ā�1 ÿý�(āĀ 2 āÿ) + [ā�2  ÿý� (āÿ+āĀ22ā�2 )] Δÿ (4.4) 

;89EP GKF9AB, KFB  

• C9D6O= K?9A ā�1 ÿý�(āĀ 2 āÿ) BC<EO649F QA9D7<R, A9B5IB8<@GR 8?S 
A47D964 6B;8GI4 6 F9C?<J9 8B ;484AAB= F9@C9D4FGDO āĀ. 

• 6FBDB= K?9A ā�2  ÿý� (āÿ+āĀ22ā�2 ) BC<EO649F CBF9D< F9C?4 K9D9; 

B7D4:84RM<9 >BAEFDG>J<< F9C?<JO, >BFBDO9 ;46<ESF BF D4;ABEF< ED98A9= 

F9@C9D4FGDO 6 F9C?<J9 < 6A9LA9= F9@C9D4FGDO. 
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� CD<5?<:9AAB= HBD@G?9 (4.4) F9C?BCBF9D< EK<F49@ 

CDBCBDJ<BA4?PAO@< D4;ABEF< ED98A9= F9@C9D4FGDO 6 F9C?<J9 < 

F9@C9D4FGDO B>DG:4RM9= ED98O. &4><@ B5D4;B@ 

 �� j 1�Ā ā�1 ÿ(āĀ 2 āÿ) + ā�2  ÿ (āÿ+āĀ22ā�2 ). 

�E?< @BMABEFP BFBC<F9?PAB= E<EF9@O CBEFBSAA4, �� = ĈāĀĀā, FB 6@9EFB 
<AF9AE<6ABEF< 6OK<E?S9@ A9B5IB8<@B9 6D9@S D45BFO E<EF9@O BFBC?9A<S: 

 ��Δÿ 2 [ā�2  ÿ (āÿ+āĀ22ā�2 )] �ÿ j ā�1 ÿ(āĀ 2 āÿ) 
BF>G84 6OD4:49FES 6D9@S D45BFO E<EF9@O BFBC?9A<S: 

 �ÿ j ā�1 ÿ(āĀ 2 āÿ) 7 [�� 2 [ā�2  ÿ (āÿ+āĀ22ā�2 )]]21. 
#B?GK9AAO9 GD46A9A<S @B7GF 5OFP <ECB?P;B64AO 8?S 4A4?<;4 

QHH9>F<6ABEF< E<EF9@O BFBC?9A<S, BCF<@<;4J<< QA9D7BCBFD95?9A<S < 

CDB9>F<DB64A<S E<EF9@ @<>DB>?<@4F4 8?S F9C?<J. 

4.3.2 '@02=5=85 A8AB5<K ?>;820 

%<EF9@4 CB?<64 F9C?<JO CD98A4;A4K9A4 8?S CB889D:4A<S 

BCF<@4?PAB7B GDB6AS 6?4:ABEF< CBK6O < D4EF9A<=, B59EC9K<64S <I 

ABD@4?PAO= DBEF < D4;6<F<9. $45BF4 E<EF9@O CB?<64 BC<EO649FES 

E?98GRM<@< C4D4@9FD4@<: 

• āă (@3/GаE) ‒ >BQHH<J<9AF, I4D4>F9D<;GRM<= D4EIB8 6B8O A4 
98<A<JG C?BM48< ;4 K4E. "A ;46<E<F BF >BAEFDG>J<< E<EF9@O CB?<64, F<C4 

D4EF9A<= < I4D4>F9D<EF<> CBK6O. 

• ýă  * {0,1} 3 59;D4;@9DA4S >BQHH<J<9AF, BCD989?SRM<= EBEFBSA<9 

E<EF9@O CB?<64: ýă = 1, 9E?< E<EF9@4 CB?<64 6>?RK9A4, < ý� = 0, 9E?< 

E<EF9@4 BF>?RK9A4. 

�AF9AE<6ABEFP CB84K< 6B8O E<EF9@B= CB?<64 @B:AB 6OD4;<FP 

E?98GRM<@ GD46A9A<9@: 

 �ă = ýăāăÿ(ĀĀ 2 Āÿ) (4.5) 
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4.3.3 '@02=5=85 A8AB5<K 4>A25G820=8O  

%<EF9@4 8BE69K<64A<S CD98A4;A4K9A4 8?S B59EC9K9A<S D4EF9A<= 6 

F9C?<J9 A9B5IB8<@O@ >B?<K9EF6B@ E69F4, BEB59AAB 6 C9D<B8O 

A98BEF4FBKAB= 9EF9EF69AAB= BE69M9AABEF<. $45BF4 E<EF9@O 8BE69K<64A<S 

D97G?<DG9FES F4><@ B5D4;B@, KFB5O CB889D:<64FP BCF<@4?PAO= GDB69AP 

BE69M9AABEF< 6 F9C?<J9, B59EC9K<64S ABD@4?PAO9 GE?B6<S 8?S HBFBE<AF9;4. 

�?S BC<E4A<S D45BFO E<EF9@O 8BE69K<64A<S <ECB?P;GRFES E?98GRM<9 

C4D4@9FDO: 

• āĀ(>ВF/?ю>E) 3 >BQHH<J<9AF, I4D4>F9D<;GRM<= @BMABEFP E<EF9@O 
8BE69K<64A<S A4 98<A<JG BE69M9AABEF<. 1FBF C4D4@9FD ;46<E<F BF F<C4 

<ECB?P;G9@OI <EFBKA<>B6 E69F4 < <I QHH9>F<6ABEF<. 

• ýÿ  * {0,1} 3 59;D4;@9DAO= >BQHH<J<9AF, BCD989?SRM<= EBEFBSA<9 

E<EF9@O 8BE69K<64A<S: ýÿ = 1, 9E?< E<EF9@4 6>?RK9A4, < ýÿ = 0, 9E?< 

E<EF9@4 6O>?RK9A4. 

�AF9AE<6ABEFP D45BFO E<EF9@O 8BE69K<64A<S �ÿ(>ВF) BCD989?S9FES 
GD46A9A<9@: 

 �ÿ = ýÿāÿÿ(ĀĀ 2 Āÿ) (4.6) 

�E?< GDB69AP 9EF9EF69AAB= BE69M9AABEF< Āÿ A<:9 ;484AAB7B GDB6AS ĀĀ, E<EF9@4 8BE69K<64A<S 6>?RK49FES (ýÿ = 1) < >B@C9AE<DG9F A98BEF4FB> 
E69F4. �E?< GDB69AP 9EF9EF69AAB= BE69M9AABEF< 8BEF4FBK9A, FB E<EF9@4 A9 

6>?RK49FES (ýÿ = 0), KFB5O <;59:4FP <;?<LA97B CBFD95?9A<S 

Q?9>FDBQA9D7<<. 

#B?GK9AAO9 GD46A9A<S CB;6B?SRF 4A4?<;<DB64FP QHH9>F<6ABEFP 

E<EF9@O 8BE69K<64A<S, BCF<@<;<DB64FP QA9D7BCBFD95?9A<9 < CDB9>F<DB64FP 

E<EF9@O <E>GEEF69AAB7B BE69M9A<S 8?S F9C?<J. 
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4.3.4 '@02=5=85 A8AB5<K 25=B8;OF88  

%<EF9@4 69AF<?SJ<< CD98A4;A4K9A4 8?S CB889D:4A<S BCF<@4?PAB7B 

@<>DB>?<@4F4 6 F9C?<J9, 6>?RK4S D97G?<DB64A<9 F9@C9D4FGDO, 6?4:ABEF<. 

1HH9>F<6A4S D45BF4 E<EF9@O 69AF<?SJ<< ECBEB5EF6G9F G?GKL9A<R GE?B6<= 

8?S DBEF4 D4EF9A<= < CD98BF6D4M49F <I C9D97D96 <?< C9D9G6?4:A9A<9. $45BF4 

E<EF9@O 69AF<?SJ<< BC<EO649FES E <ECB?P;B64A<9@ E?98GRM<I C4D4@9FDB6: 

• āā = āā(ă) * [0,∞] (1/GаE) 3 >D4FABEFP 6B;8GIBB5@9A4 K9D9; 
HD4@G7< CD< CB?AB@ BF>DOF<< 6 ;46<E<@BEF< BF A4CD46?9A<S < E<?O 69FD4. 

!4CD<@9D, 9E?< āā(ă) = 0.5, QFB B;A4K49F, KFB ;4 B8<A K4E K9D9; HD4@G7< 6 
F9C?<JG CBEFGC49F B5N9@ 6B;8GI4, D46AO= CB?B6<A9 B5N9@4 F9C?<JO.; 

• āĂ * [0,∞] (1/K4E) 3 >D4FABEFP 6B;8GIBB5@9A4 CD< @4>E<@4?PAB= 

@BMABEF< D45BFO E<EF9@O 69AF<?SJ<< (6OFS:><). !4CD<@9D, 9E?<  āĂ(ă) = 2, FB ;4 B8<A K4E 6 F9C?<JG CBEFGC49F B5N9@ 6B;8GI4, D46AO= 
G86B9AAB@G B5N9@G F9C?<JO (CB?AO= 6B;8GIBB5@9A 864:8O); 

• Ăÿ� = Ăÿ�(Ăÿ , āÿ) 3 45EB?RFA4S 6?4:ABEFP A4DG:AB7B 6B;8GI4 6 
;46<E<@BEF< BF BFABE<F9?PAB= 6?4:ABEF< < F9@C9D4FGDO; 

• Ăÿ� = Ăÿ� (Ăÿ, āÿ) ‒ 45EB?RFA4S 6?4:ABEFP 6B;8GI4 6 F9C?<J9 6 
;46<E<@BEF< BF BFABE<F9?PAB= 6?4:ABEF< < F9@C9D4FGDO; 

• ĂĀ� = ĂĀ�(ĂĀ, āÿ) 3 ABD@4F<6A4S 45EB?RFA4S 6?4:ABEFP 6B;8GI4 6 
F9C?<J9 6 ;46<E<@BEF< BF BFABE<F9?PAB= 6?4:ABEF< < F9@C9D4FGDO 6 

CD98CB?B:9A<<, KFB F9@C9D4FGD4 6 F9C?<J9 6 CDBJ9EE9 69AF<?SJ<< A9 

<;@9AS9FES (<;@9AS9FES A9;A4K<F9?PAB). 

�D9@S 8BEF<:9A<S ABD@4F<6AB= 6?4:ABEF< CD< CB?ABEFPR BF>DOFOI 

HD4@G74I BCD989?S9FES E?98GRM<@ EBBFABL9A<9@: āā�minÿā = Ăÿ� 2 ĂĀ�Ăÿ� 2 Ăÿ� . 
#D< QFB@ CD98CB?4749FES, KFB Ăÿ� > ĂĀ� > Ăÿ� < CBFB@G 0 < Ăÿ� 2 ĂĀ�Ăÿ� 2 Ăÿ� < 1. 
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&4><@ B5D4;B@, �minÿā = Ăÿ� 2 ĂĀ�āā(Ăÿ� 2 Ăÿ�). 
� K4EFABEF<, 9E?< ĂĀ = Ăÿ, FB �minÿā = 1/āā . &4><@ B5D4;B@, 

8BEF<:9A<9 ABD@4F<6AB= 6?4:ABEF< CD< 9EF9EF69AAB= 69AF<?SJ<< CBFD95G9F �minÿā 6D9@9A< CD< @4>E<@4?PAB@ BF>DOF<< HD4@G7 < 6B;@B:AB CD< 

GE?B6<< �minÿā f Δÿ =3 K4E4. #D< 6OCB?A9A<< QFB7B GE?B6<S 8?S 
8BEF<:9A<S ABD@4F<6AB= 6?4:ABEF< ;4 6D9@S �ÿā, 789 Δÿ g �ÿā g �minÿā, 

EF9C9AP BF>DOF<S HD4@G7 �ā = �minÿāΔāÿ  

�?S 6OFS:>< (CD<AG8<F9?PAB= 69AF<?SJ<<) 6D9@S 8BEF<:9A<S 

ABD@4F<6AB= 6?4:ABEF< CD< @4>E<@4?PAB= @BMABEF< 6OFS:>< A4IB8<@ <; 

EBBFABL9A<S  āĂ�minÿĂ = Ăÿ� 2 ĂĀ�Ăÿ� 2 Ăÿ�  . 
%?98B64F9?PAB �minÿĂ = Ăÿ� 2 ĂĀ�āĂ(Ăÿ� 2 Ăÿ�) 
� K4EFABEF<, 9E?< ĂĀ = Ăÿ, FB �minÿĂ = 1/āĂ . �BEF<:9A<9 

ABD@4F<6AB= 6?4:ABEF< CBFD95G9F �minÿĂ  6D9@9A< CD< @4>E<@4?PAB= 
@BMABEF< < 6B;@B:AB CD< GE?B6<< �minÿĂ f Δÿ =3 K4E4. #D98CB?4749FES, 
KFB @BMABEFP 6OFS:>< 8BEF4FBKAB 5B?PL4S < CBFB@G QFB GE?B6<9 6E9784 

6OCB?A9AB. �?S 8BEF<:9A<S ABD@4F<6AB= 6?4:ABEF< ;4 6D9@S �ÿĂ, 789  Δÿ g �ÿĂ g �minÿĂ  <AF9AE<6ABEFP (BFABE<F9?PAB @4>E<@4?PAB=) D46A4 �Ă = �minÿĂΔĂÿ  

'D46A9A<9 CB;6B?S9F QHH9>F<6AB BC<EO64FP D45BFG E<EF9@O 

69AF<?SJ<< F9C?<JO E GK9FB@ >B@5<A4J<< 9EF9EF69AAB= 69AF<?SJ<< K9D9; 

HD4@G7< < @9I4A<K9E>B= 6OFS:><. �ECB?P;B64A<9 QF<I @B89?9= CB;6B?S9F 
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@<A<@<;<DB64FP QA9D7B;4FD4FO A4 CB889D:4A<9 ABD@4F<6AB7B @<>DB>?<@4F4 

< B59EC9K<649F BCF<@4?PAO9 GE?B6<S 8?S DBEF4 D4EF9A<=. 

4.3.5 #0@0<5B@8G5A:0O 845=B8D8:0F8O 

�?S (D97D9EE<BAAB=) C4D4@9FD<K9E>B= <89AF<H<>4J<< >BQHH<J<9AFB6 

@4F9@4F<K9E><I GD46A9A<=, BC<EO64RM<I D45BFG E<EF9@ BFBC?9A<S, CB?<64, 

8BE69K<64A<S < 69AF<?SJ<< <ECB?P;B64?<EP 84AAO9, CD98BEF46?9AAO9  '# 

«�9?9AIB;», ;4 6D9@9AAB= C9D<B8 E A4K4?4 @4DF4 CB >BA9J 4CD9?S.  

� D9;G?PF4F9 CDB698ёAAB= C4D4@9FD<K9E>B= <89AF<H<>4J<< 5O?< 

CB?GK9AO GD46A9A<S, BC<EO64RM99 D45BFG E<EF9@O BFBC?9A<S, CB?<64, 

8BE69K<64A<S < 69AF<?SJ<< (CD< GE?B6<< �ÿā g Δÿ), >BFBDO9 CD<A<@4RF, 
EBBF69FEF69AAB, E?98GRM<= 6<8: �� j 4,83 7 1�ÿ ÿ(āĀ 2 āÿ) + 12.41 7 ÿ (āÿ + āĀ 2 2āÿ2 ), �ă = 98.57ýăÿ(ĀĀ 2 Āÿ), �ÿ = 0.036 7 ýÿÿ(ĀĀ 2 Āÿ) 
< { �Ă = 1,�Ă = 0.0910.002  (ΔÿĂ2Δÿ)Δÿ , 9E?< �ÿā g Δÿ. 

�4?99 CB?GK9AAO9 GD46A9A<S 5O?< <AF97D<DB64A4 6 CDB7D4@@AGR 

D94?<;4J<R B>D9EFABEFAB= @B89?< D97G?<DB64A<S @<>DB>?<@4F4, E@. C. 4.5.  

4.3.6  8=8<870F8O @0AE>40 M=5@3>@5AC@A>2  

% J9?PR @<A<@<;4J<< D4EIB84 QA9D7BD9EGDEB6 A4 BEAB69 CB?GK9AAOI 

GD46A9A<= @B89?< D9L4?4EP ;484K4 @<A<@<;4J<< HGA>J<BA4?4 ā� + āĂ + āÿ → min 

789 ā�, āĂ , āÿ 3 D4EIB8O QA9D7<< A4 BFBC?9A<9, 69AF<?SJ<R < CB8E69K<64A<9. 

 <A<@<;4J<S E?4749@B7B ā� 8BEF<749FES ;4 EK9F 4E<AIDBA<;4J<< @B89?< 
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(E<EF9@4 BFBC?9A<S A9 D45BF49F B8AB6D9@9AAB E 69AF<?SJ<9=, FB 9EFP QA9D7<S 

A9 D4EIB8G9FES A4 B5B7D96 4F@BEH9DO), @<A<@<;4J<S E?4749@B7B āÿ 

8BEF<749FES ;4 EK9F @4>E<@4?PAB7B <ECB?P;B64A<S 9EF9EF69AAB7B BE69M9A<S. 

�484KG @<A<@<;4J<< HGA>J<BA4?4 āĂ = �Ă�Ăÿ → min 

D9L49@ CD< GE?B6<< >B@5<A<DB64AAB7B <ECB?P;B64A<S 9EF9EF69AAB= < 

CD<AG8<F9?PAB= 69AF<?SJ<< 6 @4>E<@4?PAOI D9:<@4I, F. 9. �ā = 1, �Ă = 1.  

#D< QFB@ CD98CB?B:9A<< 8BEF4FBKAB @<A<@<;<DB64FP 6D9@S D45BFO 

6OFS:><, �Ăÿ → min, CD< GE?B6<SI �āÿ + �Ăÿ f �ÿ (�ÿ = 3 GаEа) < 
 �āÿāā + �ĂÿāĂ = ýÿ� 2ýĀ�ýÿ� 2ý�� = ÿ (4.7)  

$9L4S ;484KG GE?B6AB= BCF<@<;4J<<, CB?GK49@:  

1) �Ăÿ = 0 , 9E?< �minÿā f Δÿ (FB 9EFP 6 QFB@ E?GK49 8BEF4FBKAB 

9EF9EF69AAB= 69AF<?SJ<<) 

2) �E?< �minÿā > Δÿ, FB 8?S 8BEF<:9A<S @<A<@G@4 �Ăÿ → min 

69AF<?SJ<S K9D9; HD4@G7< 8B?:A4 CDB8B?:4FPES 6E9 BEF46L99ES 6D9@S 

<AF9D64?4 �ÿ CBE?9 6O>?RK9A<S CD<AG8<F9?PAB= 69AF<?SJ<<, FB 9EFP �āÿ =�ÿ 2 �Ăÿ. #B8EF46?SS �āÿ 6 (4.7), CB?GK49@ (�ÿ 2 �Ăÿ)āā + �ĂÿāĂ = ÿ <, 

E?98B64F9?PAB, �Ăÿ = (ÿ 2 �ÿāā)āĂ 2 āā . 
4.4 �<8B0F8>==>5 <>45;8@>20=85 <8:@>:;8<0B0 B5?;8FK 

!4 BEAB69 CBEFDB9AAB= @B89?< < D4;D45BF4AAB= CDB7D4@@AB= 

D94?<;4J<< (E@. 84?99 C. 4.5) CDB6989AB <@<F4J<BAAB9 @B89?<DB64A<9 

CDBJ9EE4 D97G?<DB64A<S @<>DB>?<@4F4 F9C?<JO E C?BM48PR 80 000 @² < 

6OEBFB= 6 @. $4EE@4FD<64?ES 6D9@9AAB= C9D<B8 E 22 @4DF4 2023 7B84 CB 10 

4CD9?S 2023 7B84.  
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�?S <@<F4J<BAAB7B @B89?<DB64A<S <ECB?P;B64?<EP E?98GRM<9 

6IB8AO9 84AAO9: 

• C9D9@9AAO9 6A9LA<I H4>FBDB6 (āÿ, Ăÿ, ăÿ ); 

• C9D9@9AAO9 47DBAB@<K9E>B7B D97?4@9AF4 (āā, Ăā, Āā, Āā ). 

#D<@9AS9FES 4E<AIDBA<;4J<S CB G;?4@ <AF9AE<6ABEF9= CB8E<EF9@: 

BFBC?9A<S (�Ă), CB?<64 (�ă,), 8BE69K<64A<S (�ÿ), HD4@G7 (�ā) < 
CD<AG8<F9?PAB= 69AF<?SJ<< (�Ă). "EF4?PAO9 GD46A9A<S, BC<EO64RM<9 
<;@9A9A<9 C4D4@9FDB6 @<>DB>?<@4F4, ;4@9AS?<EP 84AAO@<, CB?GK9AAO@< E 

84FK<>B6 6 D94?PAB@ 6D9@9A<. �?S QFB7B 6 @4FD<JG 4 × ∞ F9>GM<I 

AB@<A4?PAOI D9:<@B6 Ăā , āā , Āā , Āā, ;484AAOI 8?S >4:8B7B <AF9D64?4 
6D9@9A< Δÿ = 3 K4E4, 8B546?S9@ EFDB>< 8?S >4:8B7B <; @AB:<F9?9= 
4>F<6ABEF< CB8E<EF9@ ýĂ , ýā , ý�, ýÿ, ýă * {0,1}, >BFBDO9 G>4;O649F A4 
6>?RK9A<9 <?< 6O>?RK9A<9 EBBF69FEF6GRM9= E<EF9@O GCD46?9A<S. 

�>F<6ABEFP >4:8B= CB8E<EF9@O BCD989?S?4EP ?<5B 46FB@4F<K9E>< 6 

EBBF69FEF6<< E 47DBAB@<K9E><@ D97?4@9AFB@, ?<5B 6DGKAGR CD< 

A9B5IB8<@BEF<. &4><@ B5D4;B@, ;484K4 EF45<?<;4J<< AB@<A4?PAB7B D9:<@4 

D9L4?4EP E GKёFB@ 6D9@9AAB= ;46<E<@BEF< C4D4@9FDB6. 

�IB8AO9 84AAO9, D4EKёFO <AF9AE<6ABEF9= D45BFO CB8E<EF9@ < 

CB8DB5AO9 D9;G?PF4FO @B89?<DB64A<S CD98EF46?9AO 6 CD<?B:9A<< �, 789 

<AHBD@4J<S EFDG>FGD<DB64A4 CB 8AS@ B8AB= A989?< <EE?98G9@B7B C9D<B84, E 

22 @4DF4 2023 7B84 CB 28 @4DF4 2023 7B84. 

1A9D7B;4FD4FO E 10 @4DF4 2023 7B84 CB 10 4CD9?S 2023 7B84 

6OK<E?9AAO9 E CB@BMPR <@<F4J<BAAB7B @B89?<DB64A<S CB ;484AAB@G 

47DBD97?4@9AFG EBEF46<?< 88% BF 84AAOI  '# «�9?9AIB;» (29867 >�F 

6@9EFB 33989 >�F), KFB EBBF69FEF6G9F Q>BAB@<< QA9D7<< 12%. 1FB 

E6<89F9?PEF6G9F B CB6OL9A<< QHH9>F<6ABEF< GCD46?9A<S @<>DB>?<@4FB@ ;4 

EKёF <ECB?P;B64A<S CD98?B:9AAB7B CB8IB84. 

�D4H<> QA9D7BCBFD95?9A<S CB <@<F4J<BAAB= @B89?< < H4>F<K9E>B7B 

QA9D7BCBFD95?9A<S CD98EF46?9A A4 D<EGAB> 4.6. 
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$<EGAB> 4.6 ‒ %D46A9A<9 D4EK9FB6 CB <@<F4J<BAAB= @B89?< < 

H4>F<K9E>B7B QA9D7BCBFD95?9A<S 

$4;D45BF4AAO= 4?7BD<F@ CB;6B?S9F QHH9>F<6AB GCD46?SFP 

@<>DB>?<@4FB@ F9C?<JO 6 GE?B6<SI <;@9ASRM<IES 6A9LA<I H4>FBDB6. 

�@<F4J<BAAB9 @B89?<DB64A<9 CB>4;4?B, KFB CD98?B:9AAO= CB8IB8 

B59EC9K<649F: 

• EF45<?<;4J<R C4D4@9FDB6 @<>DB>?<@4F4 6 CD989?4I ;484AAB7B 

47DBAB@<K9E>B7B D97?4@9AF4; 

• @<A<@<;4J<R QA9D7B;4FD4F; 

• 484CF4J<R > <;@9ASRM<@ES 6A9LA<@ GE?B6<S@. 

$4;D45BF4AA4S @B89?P @B:9F 5OFP <ECB?P;B64A4 >4> K4EFP E<EF9@O 

46FB@4F<;4J<< GCD46?9A<S @<>DB>?<@4FB@ 6 EB6D9@9AAOI F9C?<KAOI 

>B@C?9>E4I. 

И<итацио==ая <одель Фактические
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4.4.1 �45:20B=>ABL <>45;8 

#DB69D>4 @B89?< A4 489>64FABEFP BEGM9EF6?S?4EP CGF9@ ED46A9A<S 

9:9EGFBKAOI QA9D7B;4FD4F E 10 @4DF4 2023 7B84 CB 10 4CD9?S 2023 7B84 (32 

EGFB>) < QA9D7B;4FD4F, 6OK<E?9AAO9 E CB@BMPR <@<F4J<BAAB7B 

@B89?<DB64A<S.  

 

$<EGAB> 4.7 ‒ 8<47D4@@4 D4EE9SA<S 

!4 D<EGA>9 4.7 CD<6989AB GD46A9A<9 ?<A9=AB= D97D9EE<< Var2 A4 Var1, 

789 Var1 3 QA9D7B;4FD4FO, D4EEK<F4AAO9 CB <@<F4J<BAAB= @B89?< < Var2 3

D94?PAO9 QA9D7B;4FD4FO. �BQHH<J<9AF 89F9D@<A4J<< @B89?< ý2 = 0.87. 

�4?99, A4 D<EGA>9 4.8 CD98EF46?9A 4A4?<; BEF4F>B6 D97D9EE<BAAB= @B89?< A4 

ABD@4?PABEFP CB >D<F9D<R ,4C<DB-'<?>< (C9D9@9AA4S Var4 3 QFB D4;ABEFP 

Var2 < 84AAOI, 6OK<E?9AAOI E CB@BMPR GD46A9A<S D97D9EE<<). 

�OK<E?9AAB9 ;A4K9A<9 p-GDB6AS CB >D<F9D<R ,4C<DB-'<?><  Ă6ыG = 0.69 > Ă>D<F = 0.05, FB 9EFP 7<CBF9;4 ABD@4?PABEF< CD<A<@49FES. 
�A4K9A<9 >D<F9D<S �B?@B7BDB64 Ā6ыG = 0.701 < Ā0.05 = 0.895, FB 9EFP 
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#DB7D4@@A4S D94?<;4J<S <@<F4J<BAAB= @B89?< @<>DB>?<@4F4 

F9C?<JO D4;D45BF4A4 A4 S;O>9 CDB7D4@@<DB64A<S MATLAB. #D< ;4CGE>9 

CDB7D4@@O BF>DO649FES 7D4H<K9E><= <AF9DH9=E CB?P;B64F9?S (D<EGAB> 4.9), 
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• %BEFBSA<9 E<EF9@ GCD46?9A<S: D45BF4 E<EF9@ 6<;G4?<;<DG9FES E 

CB@BMPR ;9?ёAB7B <A8<>4FBD4, 4 <I A94>F<6AB9 EBEFBSA<9 4 59?O@ 

<A8<>4FBDB@. 1FB CB;6B?S9F CB?P;B64F9?R 6 D94?PAB@ 6D9@9A< BFE?9:<64FP, 

>4><9 CB8E<EF9@O (A4CD<@9D, BFBC?9A<9, 69AF<?SJ<S, CB?<6) 

HGA>J<BA<DGRF 6 84AAO= @B@9AF. 

• �A9LA<9 H4>FBDO 
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@<>DB>?<@4F4 F9C?<JO 

• #4D4@9FDO @<>DB>?<@4F4 F9C?<JO: F9>GM<9 ;A4K9A<S F9@C9D4FGDO, 
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J69FB@ 8?S >D<F<K9E><I BF>?BA9A<=. #D< >D<F<K9E>B@ EBEFBSA<< CDB7D4@@4 

46FB@4F<K9E>< CD98?4749F CB?P;B64F9?R C9D9=F< 6 D9:<@ DGKAB7B 

GCD46?9A<S 8?S GEFD4A9A<S 6B;A<>L<I CDB5?9@. 

#DB7D4@@4 F4>:9 CD98BEF46?S9F 6B;@B:ABEFP C9D9>?RK9A<S A4 DGKAB9 

GCD46?9A<9 E<EF9@4@< F9C?<JO. �?S QFB7B A9B5IB8<@B A4:4FP >ABC>G 

«#9D9=F< 6 DGKAB9 GCD46?9A<9». #BE?9 A4:4F<S CBS6?S9FES 8<4?B7B6B9 B>AB 

(D<EGAB> 4.10), >BFBDB9 ;4CD4L<649F CB8F69D:89A<9 89=EF6<S. 1FB E89?4AB 

8?S CD98BF6D4M9A<S E?GK4=AB7B C9D9IB84 6 DGKAB= D9:<@.  
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$<EGAB> 4.10 3 �<4?B7B6B9 B>AB CB8F69D:89A<S C9D9IB84 6 DGKAB9 

GCD46?9A<9 

� D9:<@9 DGKAB7B GCD46?9A<S CB?P;B64F9?P CB?GK49F CB?AO= >BAFDB?P 

A48 6E9@< E<EF9@4@< F9C?<JO. % CB@BMPR EBBF69FEF6GRM<I Q?9@9AFB6 

GCD46?9A<S @B:AB 6DGKAGR 6>?RK4FP <?< 6O>?RK4FP E<EF9@O.  

&4><@ B5D4;B@, D4;D45BF4AA4S CDB7D4@@4 EBK9F49F G8B5AO= <AF9DH9=E 

E HGA>J<BA4?B@ 46FB@4F<K9E>B7B < DGKAB7B GCD46?9A<S, B59EC9K<64S 

7<5>BEFP < A48ё:ABEFP 6 CB889D:4A<< BCF<@4?PAB7B @<>DB>?<@4F4 F9C?<JO. 

4.6 �K2>4K ?> 3;025 4 

� 7?469 4 CB?GK9AO E?98GRM<9 D9;G?PF4FO: 

1. !4 BEAB64A<< @9FB8B6 < 4?7BD<F@B6, D4;D45BF4AAOI 6 CD98O8GM<I 

7?464I, CBEFDB9A4 B>D9EFABEFA4S @B89?P D97G?<DB64A<S @<>DB>?<@4F4 

F9C?<JO. 

2. $4;D45BF4A4 CDB7D4@@A4S D94?<;4J<S CBEFDB9AAB= @B89?< < 

CDB6989AB <@<F4J<BAAB9 @B89?<DB64A<9 CDBJ9EE4 D97G?<DB64A<S 

@<>DB>?<@4F4 F9C?<JO. 

3. #D98?B:9AB D9L9A<9 ;484K< @<A<@<;4J<< D4EIB84 QA9D7BD9EGDEB6. 

4. 1A9D7B;4FD4FO 6OK<E?9AAO9 E CB@BMPR <@<F4J<BAAB7B 

@B89?<DB64A<S CB ;484AAB@G 47DBD97?4@9AFG EBEF46<?< 88 BF 84AAOI  '# 

«�9?9AIB;» (29867 >�F 6@9EFB 33989 >�F), KFB EBBF69FEF6G9F Q>BAB@<< 

QA9D7<< 12%. 
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5. $4;D45BF4AAO9 @9FB8O < 4?7BD<F@O CD<@9A9AO 8?S CBEFDB9A<S 

B>D9EFABEFAB= @B89?< D97G?<DB64A<S @<>DB>?<@4F4 F9C?<JO. �A4?<; 

D9;G?PF4FB6 <@<F4J<BAAB7B @B89?<DB64A<S A4 BEAB69 D4;D45BF4AAB= @B89?< 

< 84AAOI, CD98EF46?9AAOI  '# «�9?9AIB;» CB>4;4? 6B;@B:ABEFP EA<:9A<S 

QA9D7B;4FD4F A4 12-20%. 

$4;D45BF4AAO= 6 IB89 6OCB?A9A<S 8<EE9DF4J<BAAB= D45BFO >B@C?9>E 

CDB7D4@@ J9?9EBB5D4;AB CD<@9ASFP 8?S B>D9EFABEFAB7B @B89?<DB64A<S 

A9E>B?P><I 6;4<@B89=EF6GRM<I CDBJ9EEB6. 
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#$��"��!�� � 

&45?<J4 �.1 

$4EK9FAO9 84AAO9 ;4 22.03.2023 

 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 āā 17 17 22 22 22 22 22 17 Ăā 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 Āā 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 Āā 0 0 0 0 0 0 0 15000 āÿ 2 2 1 4 7 9 8 6 Ăÿ 0,88 0,9 0,92 0,85 0,8 0,78 0,84 0,87 ăÿ 4 6 4 2 4 6 4 2 āĀ 16,7 17,5 17,2 22,5 20,2 21,7 20,5 21,1 ĂĀ 0,59 0,6 0,63 0,66 0,61 0,64 0,67 0,6 ĀĀ 0,64 0,63 0,62 0,61 0,6 0,59 0,7 0,68 ĀĀ 0 0 0 2500 4600 8100 12600 13400 ýĂ 0 0 0 1 0 0 1 0 ÿĀ 0,00 0,00 0,00 0,89 0,00 0,00 1,08 0,00 �Ă 0,00 0,00 0,00 0,00 0,00 0,00 3,61 0,00 ý� 1 1 1 0 1 1 0 1 �� 184,62 188,3 238,32 0 177,72 159,82 0 155,26 ýă 0 0 0 0 0 1 0 0 �ă 0 0 0 0 0 5,91 0 0 ýÿ 0 0 0 0 0 0 0 1 �ÿ 0 0 0 0 0 0 0 56 
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$4EK9FAO9 84AAO9 ;4 23.03.2023 

 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 āā 17 17 22 22 22 22 22 17 Ăā 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 Āā 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 Āā 0 0 0 0 0 0 0 15000 āÿ 4 4 3 6 13 14 12 8 Ăÿ 0,89 0,9 0,91 0,87 0,82 0,79 0,85 0,88 ăÿ 4 4 6 6 6 7 6 4 āĀ 16,5 16,9 17,1 22,1 20,9 22,3 22,5 21,8 ĂĀ 0,62 0,63 0,65 0,67 0,58 0,6 0,65 0,61 ĀĀ 0,66 0,65 0,64 0,63 0,62 0,61 0,72 0,7 ĀĀ 0 0 0 2700 5100 9100 12900 13900 ýĂ 0 0 0 1 0 0 1 0 ÿĀ 0,00 0,00 0,00 0,96 0,00 0,00 0,74 0,00 �Ă 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 ý� 1 1 1 0 1 1 0 1 �� 158,9 160,74 213,06 0 106,54 100,58 0 133,68 ýă 0 0 0 0 0 1 0 0 �ă 0 0 0 0 0 3,94 0 0 ýÿ 0 0 0 0 0 0 0 1 �ÿ 0 0 0 0 0 0 0 38,5 
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$4EK9FAO9 84AAO9 ;4 24.03.2023 

 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 āā 17 17 22 22 22 22 22 17 Ăā 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 Āā 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 Āā 0 0 0 0 0 0 0 15000 āÿ 9 9 8 10 12 10 12 8 Ăÿ 0,89 0,9 0,91 0,86 0,81 0,78 0,84 0,87 ăÿ 4 6 6 9 7 7 2 4 āĀ 17,2 17,4 17,5 22,5 20,9 22,1 20,9 21,5 ĂĀ 0,63 0,65 0,66 0,68 0,61 0,62 0,66 0,59 ĀĀ 0,66 0,65 0,64 0,62 0,61 0,6 0,69 0,67 ĀĀ 0 0 100 1600 3100 5800 10200 12700 ýĂ 0 0 0 1 0 0 1 0 ÿĀ 0,00 0,00 0,00 1,14 0,00 0,00 0,93 0,00 �Ă 0,00 0,00 0,00 6,28 0,00 0,00 0,00 0,00 ý� 1 1 1 0 1 1 0 1 �� 100,12 101,04 152,9 0 118,94 149,26 0 132,3 ýă 0 0 0 0 0 1 0 0 �ă 0 0 0 0 0 4,925 0 0 ýÿ 0 0 0 0 0 0 0 1 �ÿ 0 0 0 0 0 0 0 80,5 
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&45?<J4 �.4 

$4EK9FAO9 84AAO9 ;4 25.03.2023 

 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 āā 17 17 22 22 22 22 22 17 Ăā 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 Āā 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 Āā 0 0 0 0 0 0 0 15000 āÿ 6 5 6 9 13 14 11 9 Ăÿ 0,88 0,89 0,9 0,85 0,8 0,77 0,83 0,86 ăÿ 6 2 4 6 7 7 2 2 āĀ 19,1 18,5 17,9 22,1 21,1 22,3 22,3 21,7 ĂĀ 0,6 0,62 0,63 0,64 0,58 0,6 0,63 0,57 ĀĀ 0,65 0,64 0,62 0,61 0,59 0,58 0,68 0,66 ĀĀ 0 0 500 2300 3900 9200 12500 13100 ýĂ 0 0 0 1 0 0 1 0 ÿĀ 0,00 0,00 0,00 0,59 0,00 0,00 0,48 0,00 �Ă 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 ý� 1 1 1 0 1 1 0 1 �� 146,06 155,7 179,54 0 107,46 100,58 0 120,82 ýă 0 0 0 0 0 1 0 0 �ă 0 0 0 0 0 6,895 0 0 ýÿ 0 0 0 0 0 0 0 1 �ÿ 0 0 0 0 0 0 0 66,5 
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&45?<J4 �.5 

$4EK9FAO9 84AAO9 ;4 26.03.2023 

 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 āā 17 17 22 22 22 22 22 17 Ăā 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 Āā 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 Āā 0 0 0 0 0 0 0 15000 āÿ 10 9 7 9 11 12 10 8 Ăÿ 0,87 0,88 0,89 0,84 0,79 0,76 0,82 0,85 ăÿ 4 4 4 9 9 7 6 6 āĀ 18,3 17,1 17,3 23,2 21,4 22,6 21,1 22 ĂĀ 0,58 0,6 0,62 0,64 0,59 0,61 0,65 0,6 ĀĀ 0,64 0,62 0,61 0,59 0,58 0,57 0,72 0,71 ĀĀ 0 0 300 2900 5200 10500 13100 13500 ýĂ 0 0 0 1 0 0 1 0 ÿĀ 0,00 0,00 0,00 0,62 0,00 0,00 0,84 0,00 �Ă 0,00 0,00 0,00 0,00 0,00 0,00 0,00 0,00 ý� 1 1 1 0 1 1 0 1 �� 92,78 99,66 164,38 0 133,64 126,76 0 134,6 ýă 0 0 0 0 0 1 0 0 �ă 0 0 0 0 0 7,88 0 0 ýÿ 0 0 0 0 0 0 0 1 �ÿ 0 0 0 0 0 0 0 52,5 
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&45?<J4 �.6 

$4EK9FAO9 84AAO9 ;4 27.03.2023 

 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 āā 17 17 22 22 22 22 22 17 Ăā 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 Āā 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 Āā 0 0 0 0 0 0 0 15000 āÿ 7 6 6 6 8 12 12 7 Ăÿ 0,86 0,87 0,88 0,83 0,78 0,75 0,81 0,84 ăÿ 4 2 2 4 6 6 6 2 āĀ 17,4 16,7 17,2 23,7 19,9 21,8 22,3 21,4 ĂĀ 0,61 0,63 0,65 0,68 0,62 0,64 0,67 0,62 ĀĀ 0,69 0,67 0,65 0,63 0,62 0,6 0,68 0,67 ĀĀ 0 0 300 2600 4900 8200 11500 12800 ýĂ 0 0 0 1 0 0 1 0 ÿĀ 0,00 0,00 0,00 1,29 0,00 0,00 1,23 0,00 �Ă 0,00 0,00 0,00 12,97 0,00 0,00 10,56 0,00 ý� 1 1 1 0 1 1 0 1 �� 125,84 135,02 176,32 0 163,94 123,08 0 144,24 ýă 0 0 0 0 0 1 0 0 �ă 0 0 0 0 0 4,925 0 0 ýÿ 0 0 0 0 0 0 0 1 �ÿ 0 0 0 0 0 0 0 77 
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&45?<J4 �.7 

$4EK9FAO9 84AAO9 ;4 28.03.2023 

 00:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00 āā 17 17 22 22 22 22 22 17 Ăā 0,6 0,6 0,6 0,6 0,6 0,6 0,6 0,6 Āā 0,65 0,65 0,65 0,65 0,65 0,65 0,65 0,65 Āā 0 0 0 0 0 0 0 15000 āÿ 3 0 -1 6 11 14 12 10 Ăÿ 0,85 0,86 0,87 0,82 0,77 0,74 0,8 0,83 ăÿ 2 2 0 4 7 7 6 4 āĀ 17,2 17,2 17 22,3 20,5 22,1 19,7 21,1 ĂĀ 0,64 0,65 0,66 0,67 0,59 0,61 0,63 0,58 ĀĀ 0,65 0,62 0,61 0,6 0,58 0,57 0,72 0,7 ĀĀ 0 0 400 3400 5200 9200 12700 14000 ýĂ 0 0 0 1 0 0 1 0 ÿĀ 0,00 0,00 0,00 1,18 0,00 0,00 0,56 0,00 �Ă 0,00 0,00 0,00 8,03 0,00 0,00 0,00 0,00 ý� 1 1 1 0 1 1 0 1 �� 174,52 211,72 262,2 0 129,5 99,66 0 105,66 ýă 0 0 0 0 0 1 0 0 �ă 0 0 0 0 0 7,88 0 0 ýÿ 0 0 0 0 0 0 0 1 �ÿ 0 0 0 0 0 0 0 35 
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