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 9FB8<K9E><9 G>4;4A<S CD98A4;A4K9AO 8?S EFG89AFB6 A4CD46?9A<S 15.04.04 3 «�6FB@4F<;4-

J<S F9IAB?B7<K9E><I CDBJ9EEB6» < 8DG7<I F9IA<K9E><I EC9J<4?PABEF9= < A4CD46?9A<=. "A< EB-

89D:4F BEAB6O F9BD<<, BC<E4A<9 BCOFAOI GEF4AB6B>, CBDS8B> CDB6989A<S ?45BD4FBDAOI D45BF < 

B5D45BF>< Q>EC9D<@9AF4?PAOI 84AAOI, C9D9K9AP >BAFDB?PAOI 6BCDBEB6 8?S E4@BCB87BFB6>< < 

EC<EB> D9>B@9A8G9@B= ?<F9D4FGDO. $45BFO CB8B5D4AO < D4ECB?B:9AO 6 EBBF69FEF6<< E @9FB8<-

>B= <;GK9A<S 8<EJ<C?<AO «�AF9??9>FG4?PAO9 E<EF9@O GCD46?9A<S». "5N9@ < CBE?98B64F9?PABEFP 

6OCB?A9A<S D45BF BCD989?SRFES CD9CB8464F9?9@ 6 ;46<E<@BEF< BF >B?<K9EF64 K4EB6, CD98GE@BF-

D9AAOI GK95AO@ C?4AB@ 8<EJ<C?<A. 

 9FB8<K9E><9 G>4;4A<S D4;D45BF4AO 6 EBBF69FEF6<< E FD95B64A<S@< (�"% �" 6 K4EF< EB-

89D:4A<S < GDB6AS CB87BFB6>< 6OCGE>A<>B6 A4CD46?9A<S 15.04.04 3 «�6FB@4F<;4J<S F9IAB?B7<-

K9E><I CDBJ9EEB6». 
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*9?PR >GDE4 "�AF9??9>FG4?PAO9 E<EF9@O GCD46?9A<S" S6?S9FES B;A4>B@?9A<9 EFG-
89AFB6 E CDB5?9@4F<>B= CD98EF46?9A<S ;A4A<= 6 <AHBD@4J<BAAOI E<EF9@4I, B5?4EFS@< 
<ECB?P;B64A<S E<EF9@ <E>GEEF69AAB7B <AF9??9>F4, CD<@9A9A<9 <AF9??9>FG4?PAOI E<EF9@ 
6 E<EF9@4I GCD46?9A<S, BE69M9A<9 F9BD9F<K9E><I < BD74A<;4J<BAAB-@9FB8<K9E><I 6BCDB-
EB6 CBEFDB9A<S < HGA>J<BA<DB64A<S E<EF9@ B5D45BF>< ;A4A<=, CD<6<F<9 A46O>B6 CD4>F<-
K9E><I D45BF CB CDB9>F<DB64A<R <AF9??9>FG4?PAOI E<EF9@ GCD46?9A<S. 

�484K< <;GK9A<S 8<EJ<C?<AO: 
 - CD<B5D9F9A<9 EFG89AF4@< ;A4A<= < CD4>F<K9E><I A46O>B6 6 B5?4EF<, BCD989?S9-

@B= BEAB6AB= J9?PR 8<EJ<C?<AO; 
- BE6B<FP @9FB8O @B89DA<;4J<< < 46FB@4F<;4J<< 89=EF6GRM<I < CDB9>F<DB64A<9 

AB6OI 46FB@4F<;<DB64AAOI < 46FB@4F<K9E><I CDB<;6B8EF69AAOI < F9IAB?B7<K9E><I CDB-
J9EEB6 E <ECB?P;B64A<9@ 46FB@4F<;<DB64AAOI E<EF9@ A4 54;9 <AF9??9>FG4?PAOI F9IAB?B-
7<=; 

- EB69DL9AEF6B64A<9 ECBEB5ABEF< > 45EFD4>FAB@G @OL?9A<R, 4A4?<;G < E<AF9;G; 
- A4GK<FPES CDB6B8<FP @4F9@4F<K9E>B9 @B89?<DB64A<9 CDBJ9EEB6, B5BDG8B64A<S, 

ED98EF6 < E<EF9@ 46FB@4F<;4J<<, >BAFDB?S, 8<47ABEF<>< < GCD46?9A<S E <ECB?P;B64A<9@ 
EB6D9@9AAOI <AF9??9>FG4?PAOI E<EF9@ < F9IAB?B7<=. 

 

�B8, HBD@G?<DB6>4 
>B@C9F9AJ<< �B8, HBD@G?<DB6>4 <A8<>4FBD4 

#?4A<DG9@O9 D9;G?PF4FO 
B5GK9A<S CB 8<EJ<C?<A9 
(@B8G?R), I4D4>F9D<;GR-
M<9 QF4CO HBD@<DB64A<S 
>B@C9F9AJ<=, <A8<>4FBDB6 

"#�-5. %CBEB59A D4;D4-
54FO64FP 4A4?<F<K9E><9 
< K<E?9AAO9 @9FB8O CD< 
EB;84A<< @4F9@4F<K9-
E><I @B89?9= @4L<A, 
CD<6B8B6, B5BDG8B64A<S, 
E<EF9@, F9IAB?B7<K9E><I 
CDBJ9EEB6 

��-1"#�-5 

�ECB?P;G9F 4A4?<F<K9E><9 < K<E-
?9AAO9 @9FB8O 8?S CB?GK9A<S 
@4F9@4F<K9E><I @B89?9= @4L<A, 
CD<6B8B6, B5BDG8B64A<S, E<EF9@, 
F9IAB?B7<K9E><I CDBJ9EEB6  

�ECB?P;G9F EB6D9@9AAB9 
CDB7D4@@AB9 < 4CC4D4FAB9 
B59EC9K9A<9 46FB@4F<;<-
DB64AAOI E<EF9@, 4A4?<F<-
K9E><9 < K<E?9AAO9 @9FB-
8O <89AF<H<>4J<< @4L<A, 
CD<6B8B6, B5BDG8B64A<S, 
E<EF9@, F9IAB?B7<K9E><I 
CDBJ9EEB6. 

��-2"#�-5 

%B;849F @4F9@4F<K9E><9 @B89?< 
@4L<A, CD<6B8B6, B5BDG8B64A<S, 
E<EF9@, F9IAB?B7<K9E><I CDBJ9E-
EB6  

#D<@9AS9F 4A4?<F<>B-
K<E?9AAO9 @9FB8O < >B@-
C?9>EO CDB7D4@@ 8?S CB-
?GK9A<S @4F9@4F<K9E><I 
@B89?9= < <EE?98B64A<S 
@4L<A, CD<6B8B6, B5BDG-
8B64A<S, E<EF9@, F9IAB?B-
7<K9E><I CDBJ9EEB6 
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�45BD4FBDA4S D45BF4 №1. Ч4EFP 1. %9@4AF<K9E><9 E9F< 

 

*5;L @01>BK: !4GK<FPES <ECB?P;B64FP E9@4AF<K9E><9 E9F< 8?S CD98EF46?9A<S ;A4-
A<= 6 <AF9??9>FG4?PAOI E<EF9@4I. 

 

1. &5>@5B8G5A:0O G0ABL 
%9@4AF<K9E>4S E9FP 3 QFB B8<A <; ECBEB5B6 CD98EF46?9A<S ;A4A<=. �;A4K4?PAB E9-

@4AF<K9E>4S E9FP 5O?4 ;48G@4A4 >4> @B89?P CD98EF46?9A<S 8B?7B6D9@9AAB= C4@SF< 6 CE<-
IB?B7<<, AB 6CBE?98EF6<< EF4?4 B8A<@ <; ECBEB5B6 CD98EF46?9A<S ;A4A<= 6 1%. 

%9@4AF<>4 3 B;A4K49F B5M<9 BFABL9A<S @9:8G E<@6B?4@< < B5N9>F4@< <; QF<I 
E<@6B?B6. 

 

 

 

 

 

 

 

 

 

 

 

 

 <E.1. �DBEF9=L<= B5D4;9J E9@4AF<K9E>B= E9F<. 
 

�9DL<AO 3 QFB B5N9>FO, 8G7< 3 QFB BFABL9A<S. %9@4AF<K9E>4S @B89?P A9 D4E>DO-
649F E4@4 CB E959 >4><@ B5D4;B@ BEGM9EF6?S9FES CD98EF46?9A<9 ;A4A<=. #BQFB@G E9@4A-
F<K9E>4S E9FP D4EE@4FD<649FES >4> @9FB8 CD98EF46?9A<S ;A4A<= < EFDG>FGD<DB64A<S ;A4-
A<=. #D< D4EL<D9A<< E9@4AF<K9E>B= E9F< 6 A9= 6B;A<>4RF 8DG7<9 BFABL9A<S: 

IS 3A (CD<A48?9:<F) < PART OF (S6?S9FES K4EFPR) BFABL9A<9: 
J9?B9 → K4EFP. 
�4EFBK>4 IS 3 A CF<J4, «ABE» PART OF «F9?B». !4CD<@9D: 
 

 

 

 

 

 

 

 

 

 

 

 <E.2.  4EL<D9A<9 E9@4AF<K9E>B= E9F< 

 B7GF 5OFP < 8DG7<9 BFABL9A<S: 6?4899F. &B784 E9@4AF<K9E>4S E9FP D4EL<DS9FES 
<9D4DI<K9E>< (69DL<A4 <@99F 869 69F6<). �DB@9 FB7B, @B:AB D4EL<D<FP E9FP < 8DG7<@ BF-
ABL9A<9@:  

C9D<B8 → «69EA4 3 ?9FB». 
#B?GK49FES <9D4DI<K9E>4S EFDG>FGD4 CBASF<S 2�".  B:AB D4;5<FP A4 CB8EI9@O. 

�B?PLB= CDB5?9@B= 8?S E9@4AF<K9E><I E9F9= S6?S9FES FB, KFB D9;G?PF4F 6O6B84 A9 74D4A-
F<DG9F 8BEFB69DABEF<, F4> >4> 6O6B8 9EFP CDBEFB A4E?98B64A<9 E6B=EF6 69F6< is-a. 

>?4EE 

E6B=EF6B 

CD<@9D 

K4=A<> 
@9F4??<K9E><=, 
H4DHBDB6O= < F. 8. 

9@>BEFP 

H4DHBDB6O= 

6?4899F 
part of 

2�� ?4EFBK>4 CF<J4 

A4K4?B 
>BA9J 

7A9;8B 
69EA4 
BE9AP 

>DO?PS 



 

 

�?S BFB5D4:9A<S <9D4DI<K9E><I BFABL9A<= @9:8G B5N9>F4@< < 66989A<S 98<AB= 
E9@4AF<>< 6 E9@4AF<K9E><9 E9F< 5O?B CD98?B:9AB <ECB?P;B64FP CDBJ98GDAO9 E9F<. %9FP 
EFDB<FES A4 BEAB69 >?4EE4 (CBASF<S); 69DL<AO, 8G7< < CDBJ98GDO CD98EF46?9AO >4> B5N-
9>FO. 

 

�0@80=BK ;01>@0B>@=>9 @01>BK №1 
 

�4D<4AF 1 
 

�B@C4A<S, 6 >BFBDB= �O D45BF49F9, CB?GK<?4 ;484A<9 A4 D4;D45BF>G ECD46BKAB= 
E<EF9@O CB :GDA4?4@ <;84F9?PEF64 «�;84F9?PEF6B  9KFO». �4AA4S >B@C4A<S 6OCGE>49F 
D4;?<KAO9 CB J9?96B= 4G8<FBD<<, J9AB6B= >4F97BD<< < B5N9@G EFD4A<J :GDA4?O. 

�4@ A9B5IB8<@B CBEFDB<FP @B8G?P A4 BEAB69 E9@4AF<K9E>B= E9F<, CB;6B?SRM<= 
BCD989?<FP J9?96GR 4G8<FBD<R 8?S D4;?<KAOI :GDA4?B6, 4 F4>:9 8?S >B7B CD98A4;A4K9AB 
<;84A<9 < 97B EFB<@BEFP. �4L4 ;484K4 CBEFDB<FP E9@4AF<K9E>GR E9FP A4 BEAB69 <AHBD@4-
J<<, CD98EF46?9AAB= 6 F45?<J9 1. 

 

&45?<J4 1 
!0720=85 
6C@=0;0 

"A=>2=0O 
F5;520O 

0C48B>@8O 

%B>8<>ABL 
>4=>3> =><5-
@0, @C1. 

"1J5< AB@0=8F 
6C@=0;0 

�0:0O 8=D>@<0-
F8O ?@54AB02;5=0 
2 6C@=0;5 

�>7<>6=0 
;8 ?>4?8A:0 
=0 6C@=0; 

&RA<7 46FB@B-
5<?9= 

 G:K<AO 140 170 %B6D9@9AAO9 F9I-
AB?B7<< FRA<A74 
46FB@B5<?9= 

A9F 

 B84 �9AM<AO 90 90 !B69=L<9 F9A89A-
J<< @B8O 

84 

�B@CPRF9DAO9 
< 6<89B <7DO 

 G:K<AO < 
:9AM<AO 

65 60 �E9 B >B@CPRF9D-
AOI < 6<89B <7D4I 

A9F 

$G>B89?<9 �9AM<AO 45 50 1>E>?R;<6AO9 69-
M< E6B<@< DG>4@< 

84 

(BFB7D4H<S  G:K<AO < 
:9AM<AO 

100 95 "EAB6O < E9>D9FO 
HBFB7D4H<< 

84 

�<AB < @G;O>4  G:K<AO < 
:9AM<AO 

30 30 &B?P>B 4>FG4?PA4S 
<AHBD@4J<S < ><AB 

< @G;O>9 

A9F 

 

� CBEFDB9AAB= E9@4AF<K9E>B= E9F< BCD989?<FP: 
1. �4>B= :GDA4? CD98BEF46?S9F <AHBD@4J<R B EB6D9@9AAOI F9IAB?B7<< FR-

A<A74 46FB@B5<?9=? 
2. �4><9 :GDA4?O CD98A4;A4K9AO 8?S @G:K<A? 
3. �4><9 :GDA4?O EFBSF 100 DG5?9=? 
4. !4 >4><9 :GDA4?O @B:AB BHBD@<FP CB8C<E>G? 
 

�4D<4AF 2 
 

�4L4 ;484K4 EBEFB<F 6 EB;84A<< Q>EC9DFAB= E<EF9@O �%' CD98CD<SF<S, 46FB@4F<-
;<DGRM9= >BAFDB?P ;4 6OCB?A9A<9@ ;484K >B??9>F<6B@ CD98CD<SF<S. �%' E?98G9F CB-
EFDB<FP 6 6<89 E9@4AF<K9E>B= E9F<. 

%<EF9@4 8B?:A4 BC<EO64FP EFDG>FGDG CD98CD<SF<S, 6 FB@ K<E?9 DG>B6B8EF6B < 
EFDG>FGDG BF89?B6. 

%<EF9@4 F4> :9 8B?:A4 BC<EO64FP 6OCB?AS9@O9 CD98CD<SF<9@ ;484A<S, 6 FB@ K<E-
?9: 

1. !4<@9AB64A<9 ;484A<S. 
2. %DB>< 97B 6OCB?A9A<S. 
3. 1F4CO 6OCB?A9A<S ;484A<S < <I BK9D98ABEFP. 



 

 

�?S >4:8B7B QF4C4 BC<EO649FES: 
1. "F89?, 6OCB?ASRM<= QF4C. 
2. "F69FEF69AAB9 ?<JB, B5OKAB 3 DG>B6B8<F9?P BF89?4 <?< CB8D4;89?9A<S. 
3. %DB>< A4K4?4 < B>BAK4A<S QF4C4. 
#D98CD<SF<9, 8?S >BFBDB7B EFDB<FES E<EF9@4 3 """ «%B;69;8<9»: 
�<D9>FBD: �64AB6 �.�. 
"F89? D4;D45BF><, A4K. BF89?4 3 #9DB6 #.#. 
� EBEF469 BF89?4 D4;D45BF><: 
 �RDB CBEF4AB6>< ;484K, A4K. 5RDB 3 %<8BDB6 %.%. 
 �RDB CDB7D4@@<DB64A<S, A4K. 5RDB 3 �D4=4A �9DA<74A 

 �RDB EBCDB6B:89A<S, A4K. 5RDB 3 �<?? �9=FE 
"F89? @4D>9F<A74, A4K. BF89?4 3 &BL<>B 3@484 
 

�484A<S 6 D45BF9: 
1. $4;D45BF>4 F9>EFB6B7B D984>FBD4 «%B;69;8<9», QF4CO 3 CBEF4AB6>4 ;484K<, 

CDB7D4@@<DB64A<9, CDB86<:9A<9 A4 DOAB>,  CB889D:>4. 
2. $4;D45BF>4 �AF9DA9F - 5D4G;9D4 «%B;69;8<9», QF4CO 3 CBEF4AB6>4 ;484K<, 

CDB7D4@@<DB64A<9, CDB86<:9A<9 A4 DOAB>,  CB889D:>4. 
 

� CBEFDB9AAB= E9@4AF<K9E>B= E9F< BCD989?<FP: 
1. �FB S6?S9FES A4K4?PA<>B@ BF89?4 @4D>9F<A74? 
2. �4><9 ;484A<S 6OCB?AS9F """ «%B;69;8<9»? 
3. +9@ ;4A<@49FES �64AB6 �.�.? 
4. �4><9 EDB>< 6OCB?A9A<S ;484AO 8?S D4;D45BF>< �AF9DA9F - 5D4G;9D4? 
 

�>=B@>;L=K5 2>?@>AK 

 

1.  +FB F4>B9 E9@4AF<K9E>4S E9FP < 8?S K97B 99 CD<@9ASRF? 
2.  � K9@ EBEFB<F <89S EB;84A<S E9@4AF<K9E>B= E9F<? 
3.  �4><@ B5D4;B@ CD98EF46?SRFES 84AAO9 6 E9@4AF<K9E>B= E9F<? 
4.  %GM9EF6GRF ?< B7D4A<K9A<S A4 K<E?B E6S;9= Q?9@9AFB6, E6B=EF6 < E?B:ABEFP 

CD< CBEFDB9A<< E9@4AF<K9E>B= E9F<? 
5.  �4><9 BFABL9A<S CD98?B:9AO 6 >4K9EF69 BC9D4FBDB6 BFABL9A<S 8?S 7DGCC<DB6-

>< 69DL<A? 
 

 

�45BD4FBDA4S D45BF4 №1 Ч4EFP 2. ИECB?P;B64A<9 HD9=@B6 8?S CD98EF46?9-
A<S ;A4A<= 

 

*5;L @01>BK: !4GK<FPES <ECB?P;B64FP HD9=@O 8?S CD98EF46?9A<S ;A4A<= 6 <AF9?-
?9>FG4?PAOI E<EF9@4I 

  

1. &5>@5B8G5A:0O G0ABL 
(@59<K - B8<A <; D4ECDBEFD4A9AAOI HBD@4?<;@B6 CD98EF46?9A<S ;A4A<= 6 1%. 

(D9=@ @B:AB CD98EF46<FP E959 >4> EFDG>FGDG, EBEFBSMGR <; A45BD4 SK99> - E?BFB6. �4:-
8O= E?BF EBEFB<F <; <@9A< < 4EEBJ<<DG9@OI E A<@ ;A4K9A<=. �A4K9A<S @B7GF CD98EF46-
?SFP EB5B= 84AAO9, CDBJ98GDO, EEO?>< A4 8DG7<9 HD9=@O <?< 5OFP CGEFO@<. &4>B9 CB-
EFDB9A<9 B>4;O649FES BK9AP G8B5AO@ 8?S @B89?<DB64A<S 4A4?B7<=, BC<E4A<S B5?4EF9= E 
DB8B6<8B6O@< E6S;S@< CBASF<= < F.C. 

�R5B= HD9=@ EBEFB<F <; A9>BFBDOI EBEF46?SRM<I, <@9A4 < EB89D:4A<9 >BFBDOI 
BC<E4AB A<:9: 



 

 

1. �@S HD9=@4. 1FB <89AF<H<>4FBD, CD<E64<649@O= HD9=@G, HD9=@ 8B?:9A <@9FP 
<@S GA<>4?PAB9 6 84AAB= HD9=@B6B= E<EF9@9. 

2. �@S E?BF4. 1FB <89AF<H<>4FBD, CD<E64<649@O= E?BFG; E?BF 8B?:9A <@9FP GA<-
>4?PAB9 <@S 6B HD9=@9, > >BFBDB@G BA CD<A48?9:<F. "5OKAB <@S E?BF4 A9 A9E9F A<>4>B= 
E@OE?B6B= A47DG;>< < S6?S9FES ?<LP <89AF<H<>4FBDB@ 84AAB7B E?BF4. 

3. '>4;4F9?< A4E?98B64A<S. 1F< G>4;4F9?< >4E4RFES FB?P>B HD9=@B6OI E<EF9@ 
<9D4DI<K9E>B7B F<C4, BEAB64AAO9 A4 BFABL9A<SI <45EFD4>FAB9->BA>D9FAB9=, BA< CB>4;O-
64RF, >4>GR <AHBD@4J<R B5 4FD<5GF4I E?BFB6 6B HD9=@9 69DIA97B GDB6AS A4E?98GRF E?B-
FO E F4><@< :9 <@9A4@< 6B HD9=@9 A<:A97B GDB6AS. &<C<KAO9 G>4;4F9?< A4E?98B64A<S 
Unique (U: - GA<>4?PAO=), Same (S: F4>B= :9), Range (R: GEF4AB6?9A<9 7D4A<J), Override 

(O: <7ABD<DB64FP) < F.C. U CB>4;O649F, KFB HD9=@ @B:9F <@9FP E?BFO E D4;AO@< ;A4K9A<-
S@<: S - 6E9 E?BFO 8B?:AO <@9FP B8<A4>B6O9 ;A4K9A<S, R - ;A4K9A<9 E?BFB6 HD9=@4 A<:-
A97B GDB6AS 8B?:AO A4IB8<FPES 6 CD989?4I, G>4;4AAOI ;A4K9A<S@< E?BFB6 HD9=@4 69DI-
A97B GDB6AS, " - CD< BFEGFEF6<< G>4;4A<S ;A4K9A<9 E?BF4 HD9=@4 69DIA97B GDB6AS EF4AB-
6<FES ;A4K9A<9@ E?BF4 HD9=@4 A<:A97B GDB6AS, AB 6 E?GK49 BCD989?9A<S AB6B7B ;A4K9A<S 
E?BFB6 HD9=@B6 A<:A<I GDB6A9= G>4;O64RFES 6 >4K9EF69 ;A4K9A<= E?BFB6. 

4. '>4;4A<9 F<C4 84AAOI. G>4;O649FES, KFB E?BF <@99F K<E?9AAB9 ;A4K9A<9, ?<5B 
E?G:<F G>4;4F9?9@ 8DG7B7B HD9=@4. � F<C4@ 84AAOI BFABESFES: 

FRAME (G>4;4F9?P), INTEGER (J9?O=), REAL (89=EF6<F9?PAO=), BOOL (5G?96),  
LISP (CD<EB98<A9AA4S CDBJ98GD4), TEXT (F9>EF), LIST (EC<EB>), TABLE (F45?<J4), 
EXPRESSION (6OD4:9A<9) < 8D. 

5. �A4K9A<9 E?BF4. #GA>F 66B84 ;A4K9A<S E?BF4. �A4K9A<9 E?BF4 8B?:AB EB6C484FP E 
G>4;4AAO@ F<CB@ 84AAOI QFB7B E?BF4, >DB@9 FB7B 8B?:AB 6OCB?ASFPES GE?B6<9 A4E?98B-
64A<S. 

6. �9@BA. �89EP 849FES BCD989?9A<9 89@BAB6 F<C4 IF-NEEDED, IF-ADDED, IF-

REMOVED < F.8. �9@BAB@ A4;O649FES CDBJ98GD4, 46FB@4F<K9E>< ;4CGE>49@4S CD< 6OCB?-
A9A<< A9>BFBDB7B GE?B6<S. 89@BAO ;4CGE>4RFES CD< B5D4M9A<< > EBBF69FEF6GRM9@G E?B-
FG. �DB@9 FB7B, 89@BA S6?S9FES D4;AB6<8ABEFPR CD<EB98<A9AAB= CDBJ98GDO. 

7. #D<EB98<A9AA4S CDBJ98GD4. � >4K9EF69 ;A4K9A<S E?BF4 @B:AB <ECB?P;B64FP CDB-
7D4@@G CDBJ98GDAB7B F<C4. �B784 @O 7B6BD<@, KFB 6 @B89?SI CD98EF46?9A<S ;A4A<= 
HD9=@4@< B5N98<ASRFES CDBJ98GDAO9 < 89>?4D4F<6AO9 ;A4A<S, FB EK<F49@ 89@BAO < CD<-
EB98<A9AAO9 CDBJ98GDO CDBJ98GDAO@< ;A4A<S@<. 

"EB59AABEFPR <9D4DI<K9E>B= EFDG>FGDO S6?S9FES FB, KFB <AHBD@4J<S B5 4FD<5G-
F4I HD9=@4 A4 69DIA9@ GDB6A9 EB6@9EFAB <ECB?P;G9FES 6E9@< HD9=@4@< A<:A<I GDB6A9=, 
E6S;4AAOI E A<@. 

!4CD<@9D: (D9=@B6B9 CD98EF46?9A<9 >BAH9D9AJ<<. 
�9D4DI<K9E><9 HD9=@B6O9 EFDG>FGDO 54;<DGRFES A4 BFABL9A<SI IS 3 A @9:8G 

HD9=@4@<, BC<EO64RM<@< A9>BFBDGR >BAH9D9AJ<R. �E9 HD9=@O 8B?:AO EB89D:4FP <A-
HBD@4J<R B ��&�,  �%&�, !����!�� &� /, �"����+���. &4><@ B5D4;B@, A4 E4-
@B@ 69DIA9@ GDB6A9 BCD989?9A HD9=@ �"!(�$�!*�3. 

�BAH9D9AJ<< D4;89?SRFES A4 >B@@9DK9E><9 < CB D4;6<F<R. "A< EBEF46?SRF 8B-
K9DA<9 HD9=@O. � A<I @B7GF 5OFP 8B546?9AO E?BFO: B5N9@ FBD7B6?< < 5R8:9F. 



 

 

 
 

 <E.3. �D<@9D HD9=@B6B= @B89?< 

 

2. #>@O4>: 2K?>;=5=8O @01>BK: 
 

1.  �;GK<FP F9BD9F<K9E>GR K4EFP CB CD<6989AAO@ 6OL9 84AAO@ < 8BCB?A<F9?PAB= 
?<F9D4FGD9. 

2.  #DBE@BFD9FP 89@BAEFD4J<BAAO= CD<@9D. 
3.  #B?GK<FP G CD9CB8464F9?S 64D<4AF ;484A<S 8?S 6OCB?A9A<S. 
4.  #BEFDB<FP HD9=@B6GR  @B89?P ;484AAB7B B5N9>F4; 
5.  $94?<;B64FP CDB7D4@@G E <ECB?P;B64A<9@ HD9=@B6B= @B89?< 

 

3. �0@80=BK 7040=89 

�ECB?P;GS HD9=@B6GR @B89?P CD98EF46?9A<S ;A4A<= D94?<;B64FP EFDG>FGDG BFAB-
L9A<=, BC<EO64RM<9 E?98GRM<9 E<FG4J<<: 

1. Q>;4@9A CB 8<EJ<C?<A9 ;4 E9@9EFD G CD9CB8464F9?S CD< EBEF46?SRM<I: E9-
@9EFD, Q>;4@9A, CD9CB8464F9?P, BJ9A>4, EFG89AF, CB?GK4FP. 

2. 698B@BEFP CD< EBEF46?SRM<I: 8<EJ<C?<A4, EFG89AF, Q>;4@9A, E9@9EFD, CD9-
CB8464F9?P, BJ9A>4. 

3. >BAH9D9AJ<S CB >B@@9DK9E><@ 6BCDBE4@ CD< EBEF46?SRM<I: 84F4, @9EFB 
CDB6989A<S, F9@4, J9?P 6OEFGC4RM<9. 

4. CB?GK9A<9 BJ9A>< CD< EBEF46?SRM<I: CD9CB8464F9?P, EFG89AF, BJ9A>4, CB-
?GK4FP. 

5. <ECB?P;B64A<S <;89?<S CD< EBEF46?SRM<I: BD74A<;4J<S, D4;D45BF>4 F9IAB-
?B7<K9E>B7B D9L9A<S, <EE?98B64A<9 «H<;<K9E>B7B QHH9>F4», @9FB8O EB;84A<S <;89?<S. 

6. <AHBD@4J<BAA4S EFDG>FGD4 �� 6 @4L<ABEFDB9A<< CD< EBEF46?SRM<I: H<-
;<K9E><9 QHH9>FO, F9IA<K9E><9 D9L9A<S, <;89?<S, B5N9>F CBEF46>< <;89?<S, CD<5BDO < 
EF9A8O, ABD@4F<6O. 

7. >?4EE<H<>4J<S CDB8G>F4 CD< EBEF46?SRM<I: A4;64A<9, B5?4EFP CD<@9A9A<S, 
ECBEB5 ID4A9A<S, ECBEB5 FD4AECBDF<DB6><. 

8. 4G8<FBD<S (BC<E4A<9) CD< EBEF46?SRM<I: 6@9EF<@BEFP, A4;A4K9A<9, EBEF46-
?SRM<9, @9EFBA4IB:89A<9. 

9. :<6BFAO= @<D CD< EBEF46?SRM<I: 6<8, F<C, ED984 B5<F4A<S, BEB59AABEF< 
CB6989A<S. 



 

 

 

4. �>=B@>;L=K5 2>?@>AK 

 

1.  +FB CD98EF46?S9F <; E95S HD9=@, 97B EBEF46AO9 K4EF<? 
2.  +FB F4>B9 E?BF < <; >4><I K4EF9= BA EBEFB<F? 
3.  �?S K97B E?G:4F <@S HD9=@4 < <@S E?BF4? 
4.  �?S K97B E?G:4F G>4;4F9?< A4E?98B64A<S? 
5.  8?S K97B E?G:4F G>4;4A<9 F<C4 84AAOI, 89@BA? 

6.  �?S K97B E?G:4F CD<EB98<A9AA4S CDBJ98GD4 < ;A4K9A<9 E?BF4? 
 

 

�45BD4FBDA4S D45BF4 № 1. Ч4EFP 3. "C<E4A<9 CD98@9FAB= B5?4EF<. $4;D4-
5BF>4 54;O H4>FB6 < CD46<? <AF9??9>FG4?PAB= E<EF9@O 

 

*5;L @01>BK: !4GK<FPES EFDB<FP @B89?P CD98@9FAB= B5?4EF<, BC<EO64FP D9L49-
@GR ;484KG CD46<?4@< CDB8G>J<BAAB= E<EF9@O < HBD@4?<;B64FP <ECB?P;G9@O9 ;A4A<S. 

 

1. &5>@5B8G5A:0O G0ABL 
� 84AAB= D45BF9 @O D4EE@BFD<@ CBEFDB9A<9 54;O ;A4A<= A4 BEAB69 E6989A<=, CB-

?GK9AAOI BF Q>EC9DF4. #DBJ9EE 99 CBEFDB9A<9 EBEFB<F <; 86GI QF4CB6: 
• BC<E4A<9 CD98@9FAB= B5?4EF<; 
• 6O5BD @9FB84 < @B89?< CD98EF46?9A<S ;A4A<=;  
�A:9A9D ;A4A<= 8B?:9A >BDD9>FAB EHBD@G?<DB64FP ;484KG. � FB :9 6D9@S BA 8B?-

:9A G@9FP D4ECB;A4FP, KFB ;484K4 A9 EFDG>FGD<DB64A4, < 6 QFB@ E?GK49 6B;89D:4FPES BF 
CBCOFB> 99 HBD@4?<;B64FP <?< CD<@9A<FP E<EF9@4F<K9E><9 @9FB8O D9L9A<S. �?46A4S 
J9?P A4K4?PAB7B QF4C4 CBEFDB9A<S 54;O ;A4A<= - BCD989?<FP, >4> 5G89F 6O7?S89FP BC<E4-
A<9 CD98@9FAB= B5?4EF< A4 D4;?<KAOI GDB6ASI 45EFD4>J<<.  1>EC9DFA4S E<EF9@4 6>?RK49F 
54;G ;A4A<=, >BFBD4S EB;849FES CGF9@ HBD@4?<;4J<< A9>BFBDB= CD98@9FAB= B5?4EF<, 4 F4 6 
E6BR BK9D98P S6?S9FES D9;G?PF4FB@ 45EFD47<DB64A<S BCD989?9AAOI EGMABEF9= D94?PAB7B 
@<D4. 

#BE?9 FB7B >4> CD98@9FA4S B5?4EFP 6O89?9A4, <A:9A9D ;A4A<= 8B?:9A 99 HBD@4?P-
AB BC<E4FP. �?S QFB7B 9@G A9B5IB8<@B 6O5D4FP >4>B=-?<5B ECBEB5 CD98EF46?9A<S ;A4A<= 
B A9= (@B89?P CD98EF46?9A<S ;A4A<=). �. A4EFBSM99 6D9@S BFEGFEF6G9F B5M<= ECBEB5 
CD98EF46?9A<S ;A4A<=, >BFBDO= 5O 7B8<?ES 8?S HBD@4?<;4J<< CD98@9FAOI B5?4EF9= ?R-
5B= CD<DB8O. �A:9A9D ;A4A<= 8B?:9A 6BECB?P;B64FPES FB= @B89?PR, E CB@BMPR >BFBDB= 
@B:AB ?GKL9 6E97B BFB5D4;<FP EC9J<H<>G CD98@9FAB= B5?4EF<. �B784 5G89F EB;84A4 B5-
M4S F9BD<S CD98EF46?9A<S ;A4A<= (9E?< QFB 6BB5M9 >B784-A<5G8P CDB<;B=89F), 99 @B:AB 
5G89F CD<@9ASFP 8?S HBD@4?<;4J<< AB6OI CD98@9FAOI B5?4EF9= 59; GK9F4 <I BEB59AAB-
EF9=. 

"?@545;5=85 E0@0:B5@0 @5H05<KE 7040G 

"5D4F<@ES > CD<@9DG <; @98<J<AE>B= CD4>F<><. #D98CB?B:<@, KFB @O IBF<@ CB-
EFDB<FP Q>EC9DFAGR E<EF9@G, CD98A4;A4K9AAGR 8?S B5D45BF>< D9;G?PF4FB6 I<@<K9E>B7B 
4A4?<;4 >DB6<, 6OCB?A9AAB7B 6 ?45BD4FBD<<. �A:9A9D ;A4A<= CD9:89 6E97B B5S;4A CDB69-
EF< BCDBE Q>EC9DF4 < FB?P>B CBFB@ CD<EFGC4FP > CBEFDB9A<R E<EF9@O. 1>EC9DF, 59;GE?B6-
AB, 8B?:9A 5OFP EC9J<4?<EFB@ 6 FB= B5?4EF<, 6 >BFBDB= 5G89F D45BF4FP E<EF9@4. #9D6O@ 
89?B@ A9B5IB8<@B BCD989?<FP J9?96B9 A4;A4K9A<9 E<EF9@O. �4><9, EB5EF69AAB ';484K< 
CD98EFB<F D9L4FP E<EF9@9, BEAB64AAB= A4 ;A4A<SI? *9?< D4;D45BF>< E<EF9@O E?98G9F 
EHBD@G?<DB64FP FBKAB, CB?AB < A9CDBF<6BD9K<6B. !4CD<@9D, 8?S 8<47ABEF<K9E>B= E<EF9-
@O QFB @B:9F 5OFP CB?GK9A<9 BF69FB6 A4 F4><9 6BCDBEO: 

1. �8BDB6 ?< C4J<9AF (<ECD46A4 ?< E<EF9@4)? �E?< A9F, FB >4>B9 <@9AAB G A97B ;4-
5B?964A<9? �E?< <@99F9» A9E>B?P>B ;45B?964A<=, FB >4>B9 <; A<I A4<5B?99 BC4EAB? 



 

 

2. �4><9 <;@9A9A<S 6 8<9F9 < D4J<BA9 C<F4A<S E?98G9F D9>B@9A8B64FP <, >4><9 <; 
A<I EK<F4RFES BEB59AAB 64:AO@<? 

3. �4><9 ?45BD4FBDAO9 <EE?98B64A<S A9B5IB8<@B CDB69EF< 8BCB?A<F9?PAB <, >4><9 
<; A<I S6?SRFES C9D6BBK9D98AO@<? 

4. �4> AG:AB <;@9A<FP B5D4; :<;A< C4J<9AF4 <?< >?<@4F<K9E><9 GE?B6<S, 6 >BFB-
DOI BA A4IB8<FES? 

5. !G:AB ?< A4CD46<FP C4J<9AF4 8?S B5E?98B64A<S > 6D4K4@-EC9J<4?<EF4@ < 9E?< 
84, FB > >4><@ <@9AAB? #B8G@4=F9, A4 >4><9 9M9 6BCDBEO 8B?:A4 G@9FP BF69K4FP   A4L4 
8<47ABEF<K9E>4S E<EF9@4? 

#BE?9 FB7B >4> J9?P D4;D45BF>< E<EF9@O BCD989?9A4, <A:9A9D ;A4A<= CD<EFGC49F > 
HBD@G?<DB64A<R CB8J9?9=. 1FB CB@B:9F 9@G GEF4AB6<FP <9D4DI<K9E>GR EFDG>FGDG E<-
EF9@O < D4;5<FP 99 A4 @B8G?<. �6989A<9 F9I <?< <AOI CB8J9?9= B5GE?B6?<649FES A4?<K<-
9@ E6S;9= @9:8G BF89?PAO@< HD47@9AF4@< ;A4A<=. #DB5?9@4 E6B8<FES > D4;5<9A<R ;484-
K< A4 869 <?< A9E>B?P>B CB8;484K @9APL9= E?B:ABEF< < CBE?98GRM9@G CB<E>G <I D9L9-
A<=. #D< A9B5IB8<@BEF<, CB?GK9AAO9 6 D9;G?PF4F9 D4;5<9A<S CB8;484K< @B7GF 8DB5<FPES 
< 84?PL9. 

 

�KO2;5=85 >1J5:B>2 ?@54<5B=>9 >1;0AB8 

%?98GRM<@ L47B@ CBEFDB9A<S 54;O ;A4A<= S6?S9FES 6O89?9A<9 B5N9>FB6 CD98-
@9FAB= B5?4EF<, <?< 6 F9D@<A4I F9BD<< E<EF9@ GEF4AB6?9A<9 7D4A<J E<EF9@O. �4> < HBD-
@4?PA4S E<EF9@4, EB6B>GCABEFP 6O89?9AAOI CBASF<= 8B?:A4 5OFP FBKAB=, CB?AB= < A9-
CDBF<6BD9K<6B=. �F4>, >4><9 >BA>D9FAB ?45BD4FBDAO9 4A4?<;O A9B5IB8<@B CDB69EF<? 
%?98G9F ?< B5D4F<FPES > <EFBD<< 5B?9;A< C4J<9AF4 < 9E?< 84, FB >4><9 84AAO9 6 A9= 
A4<5B?99 64:AO? �4><9 9M9 E6989A<S B C4J<9AF9 @B7GF CD98EF46?SFP <AF9D9E (A4CD<@9D, 
BF@9K4?<EP ?< D4>B6O9 ;45B?964A<S G DB8EF69AA<>B6)? !G:AB ?< GK<FO64FP ?9>4DEF64, 
>BFBDO9 5B?PAB= CD<A<@4? D4A99, 4 F4>:9 CD98O8GM<9 A4;A4K9A<S 6D4K9=? �7D49F ?< >4-
>GR-A<5G8P DB?P DB8 ;4ASF<= < B5D4; :<;A< 5B?PAB7B, >?<@4F<K9E><9 GE?B6<S < D9:<@ 
C<F4A<S? �4><9 E<@CFB@O G A97B A45?R84RFES (7B?B6AO9 5B?<, :4D < F.8.)? 

 

'AB0=>2;5=85 2708<>A2O759 <564C >1J5:B0<8 

#BE?9 6OS6?9A<S B5N9>FB6 CD98@9FAB= B5?4EF< A9B5IB8<@B GEF4AB6<FP, >4><9 
@9:8G A<@< <@9RFES E6S;<. !4CD<@9D, A<;>B9 EB89D:4A<9 F<D9BFDBCAB7B 7BD@BA4 6 >DB-
6< @B:9F E6<89F9?PEF6B64FP B CB6OL9AAB= 4>F<6ABEF< CB8:9?G8BKAB= :9?9;O, AB @B:9F 
B;A4K4FP < A9KFB 8DG7B9. %?98G9F EFD9@<FPES > 6OS6?9A<R >4> @B:AB 5B?PL97B >B?<K9-
EF64 E6S;9=, 6 <894?9 - 6E9I, >BFBDO9 EGM9EF6GRF 6 CD98@9FAB= B5?4EF<. 

(>@<0;870F8O 7=0=89 

#B?GK9AAB9 >4K9EF69AAB9 BC<E4A<9 CD98@9FAB= B5?4EF< 8B?:AB 5OFP CD98EF46?9-
AB ED98EF64@< >4>B7B-?<5B HBD@4?PAB7B S;O>4, KFB5O CD<69EF< QFB BC<E4A<9 > 6<8G, CB;-
6B?SRM9@G CB@9EF<FP 97B 6 54;G ;A4A<= E<EF9@O. �?S D9L9A<S QFB= ;484K< 6O5<D49FES 
CB8IB8SM4S @B89?P CD98EF46?9A<S ;A4A<=, E CB@BMPR >BFBDB= E6989A<S B CD98@9FAB= 
B5?4EF< @B:AB 6OD4;<FP HBD@4?PAB. 

$4EE@BFD<@ CD<@9D. 
#B8IB8SM9= ;484K9=, CD< D9L9A<< >BFBDB= @B:AB <ECB?P;B64FP CDB8G>J<BAAGR 

@B89?P, @B:9F 5OFP ;484K4, 6OF9>4RM4S <; E?98GRM9= E<FG4J<<: > 8<D9>FBDG >DGCAB= 
F9IA<K9E>B= H<D@O CD<Lё? K9?B69>, :9?4RM<= GEFDB<FPES A4 D45BFG. �<D9>FBD D4ECB?4-
749F E6989A<S@< B 97B >64?<H<>4J<<, B CBFD95ABEFSI H<D@O 6 EC9J<4?<EF4I < B5M9@ CB-
?B:9A<< 89? 6 H<D@9. �@G AG:AB D9L<FP, >4>GR 8B?:ABEFP 6 H<D@9 @B:9F ;4ASFP CBE9-
F<F9?P. 

        $4EE@BFD<@ @B89?P «#BE9F<F9?P», 6OS6<@ A9B5IB8<@O9 4FD<5GFO 8?S CD<AS-
F<S D9L9A<S B CD<9@9 A4 D45BFG. 

"5N9>F: CBE9F<F9?P. 
�FD<5GFO: 



 

 

1. A4?<K<9 GK9AB7B ;64A<S 
2. EF4: D45BFO CB EC9J<4?PABEF< 

3. CBE9F<F9?P E89?4? 64:AB9 BF>DOF<9 
4. ED98A<= 54? CBE9F<F9?S ;4 6D9@S GK95O 

 
 <E.4. �B89?P CD98@9FAB= B5?4EF< 

 

2. #>@O4>: 2K?>;=5=8O @01>BK 

1. #DB4A4?<;<DB64FP CB?GK9AAB9 ;484A<9 
2.  "CD989?<FP I4D4>F9D D9L49@B= ;484K<. 
3.  �O89?<FP B5N9>FO CD98@9FAB= B5?4EF<. 
4.  �O5D4FP 4FD<5GFO, E6B=EF64 I4D4>F9D<;GRM<9 B5N9>FO. 
5.  'EF4AB6<FP E6S;< @9:8G B5N9>F4@< 6 6<89 CD46<? CDB8G>J<BAAB= E<EF9@O 

 

3. �0@80=BK 7040=89 

"C<E4FP CD98@9FAGR B5?4EFP 8?S E?98GRM<I ;484K: 
1. 8<47ABEF<>4 A9<ECD46ABEF9= Q?9>FDBAAB= 4CC4D4FGDO 

2. 8<47ABEF<>4 A9<ECD46ABEF9= 46FB@B5<?S 
3. 8<47ABEF<>4 ;45B?964A<= (CB 6O5BDG) 
4. CDB7AB;<DB64A<9 (CB 6O5BDG) 
a. ECBDF<6AOI @9DBCD<SF<= 

b. F9?9C9D984K 
c. CD<DB8AOI >4F4>?<;@B6 
< F.C. 
5. >?4EE<H<>4J<S B5N9>FB6 (CB 6O5BDG) 
6. ;484K< <AHBD@4J<BAAB-EB69FGRM97B I4D4>F9D4 (CB 6O5BDG) 
a. CB@BMA<> ;4698GRM97B E>?484 
b. CB@BMA<> 4CF9>4DS 
c. CB@BMA<> BC9D4FBD4 ECD46BKAB= E?G:5O 

d. 6O5BD 8B?:ABEF< 

e. CDB6989A<9 BFCGE>4 
< F.C. 
4.  �>=B@>;L=K5 2>?@>AK 

1.  �4><9 @B89?< CD98EF46?9A<S ;A4A<= <ECB?P;GRFES?  
2. &<CO ;484K Q>EC9DFAOI E<EF9@? 
3. +9@ I4D4>F9D<;GRFES B5N9>FO CD98@9FAB= B5?4EF<? 
4. �4> @B7GF 5OFP CD98EF46?9AO H4>FO 6 1%? 
 

 

GK9A4S EF9C9AP 

 

BF>DOF<S 
 

ED98A<= 54? 

 

EF4: 

 

CBE9F<F9?P 

<@99F 
E89?4? 

<@99F 
D45BF4? 



 

 

�45BD4FBDA4S D45BF4 № 2. Ч4EFP 1. ИECB?P;B64A<9 CD46<? CDB8G>J<< 8?S 
CD98EF46?9A<S ;A4A<=. CDS@4S J9CBK>4 D4EEG:89A<= 

*5;L @01>BK: !4GK<FPES <ECB?P;B64FP @9FB8 CD46<? CDB8G>J<< 8?S CD98EF46?9A<S 
;A4A<= A4 BEAB69 CDS@B= J9CBK>< D4EEG:89A<=. 

 

1. &5>@5B8G5A:0O G0ABL 
#D98EF46?9A<9 ;A4A<= E CB@BMPR CD46<? CDB8G>J<< 3 E4@4S D4ECDBEFD4A9AA4S 

HBD@4 D94?<;4J<< ��. % CB@BMPR CDB8G>J<< @B:AB BC<E4FP CD4>F<K9E>< ?R5GR E<EF9@G 
;A4A<=. 

#D46<?4 CDB8G>J<= CD98EF46?9AO 6 6<89 <@C?<>4J<<: 
pi : si  → di ,  

789   pi - CD46<?B CDB8G>J<<, 
si  - GE?B6<9 CD<@9A9A<S CD46<?4, 
di  - D9;G?PF4F CD<@9A9A<S CD46<?4. 

 
 <E.5. �D<@9D <ECB?P;B64A<я CD46<? CDB8G>J<<: 

 

1.  �E?< 9EFP J9AO A4 6OCGE>49@O9 <;89?<S (A) - ;46B8 BFCGE>49F CDB8G>J<R (D). 

2.  �E?< ;46B8 6OCGE>49F CDB8G>J<R < 6OCB?AS9F C?4A CB 99 D94?<;4J<< (C) - D45B-
K<9 CB?GK4RF CD9@<R (F). 

3.  �E?< D45BK<9 CB?GK4RF CD9@<R < D4EF9F CDB<;6B8<F9?PABEFP CDB<;6B8EF64  (B)- 

;46B8 CDB<;6B8<F CDB8G>J<R E69DI C?4A4 (Z). 

 

$4EE@BFD<@ J9CBK>< 6O6B8B6. 
#DS@B= ECBEB5 D4EEG:89A<S. 
#B <;69EFAO@ H4>F4@ BFOE><649FES ;4>?RK9A<9, >BFBDB9 E?98G9F <; QF<I H4>FB6 < 

A4>4C?<649FES D45BK4S C4@SFP. 
1FB CD<6B8<F > 6OCB?A9A<R 2 CD46<?4.  
C  D→ F, < H4>F «F» CB@9M49FES 6 D45BKGR C4@SFP. &B784 BCSFP CDB69DSRFES 

CD46<?4 <; 54;O. #9D6B9 CD46<?B 6OCB?AS9FES              F  B → Z , 6E?98EF6<9 QFB7B Z ;4-
ABE<FES 6 D45BKGR C4@SFP. � F4> >4> Z S6?S9FES J9?PR, FB CB<E> ;4>4AK<649FES.  1FBF @9-
FB8 A4;O649FES CDS@B= J9CBK>B= D4EEG:89A<=, CBE>B?P>G CB<E> AB6B= <AHBD@4J<< CDB-
<EIB8<F 6 A4CD46?9A<< EFD9?B>, D4;89?SRM<I ?96O9 < CD46O9 K4EF< CD46<?. 

 



 

 

 
 <E.6. �D<@9D D94?<;4J<< CDя@B= J9CBK>< D4EEG:89A<= 

 

"1>1Iё==K9 0;3>@8B< @01>BK A8AB5<K, @50;87CNI89 ?@O<CN F5?>G:C @0A-
AC645=89, <>6=> A25AB8 : A;54CNI5<C : 

1. "CD989?<FP <EIB8AB9 EBEFBSA<9. 
2. �4A9EF< C9D9@9AAGR GE?B6<S 6 BK9D98P C9D9@9AAOI ?B7<K9E>B7B 6O6B84, 4 9ё 

;A4K9A<9 - 6 EC<EB> C9D9@9AAOI. 
3. #DBE@BFD9FP EC<EB> C9D9@9AAOI < A4=F< FG C9D9@9AAGR, <@S >BFBDB= EFB<F 6 

A4K4?9 BK9D98< C9D9@9AAOI ?B7<K9E>B7B 6O6B84. �E?< C9D9@9AA4S A4=89A4, ;4C<E4FP 6 
G>4;4F9?P C9D9@9AAOI GE?B6<S AB@9D CD46<?4 < K<E?B 1. �E?< C9D9@9AA4S A9 A4=89A4, C9-
D9=F< > L47G 6. 

4. #D<E6B<FP ;A4K9A<S A9 CDB<A<J<4?<;<DB64AAO@ C9D9@9AAO@ GE?B6AB= K4EF< 
A4=89AAB7B CD46<?4 (9E?< F4><9 9EFP). �@9A4 C9D9@9AAOI EB89D:4FES 6 EC<E>9 C9D9@9A-
AOI GE?B6<S. #DB69D<FP 6E9 GE?B6<S CD46<?4 < 6 E?GK49 <I <EF<AABEF< B5D4F<FPES > K4EF< 
&" CD46<?4. 

5. #D<E6B<FP ;A4K9A<9 C9D9@9AAB=, 6IB8SM9= 6 K4EFP &" CD46<?4, < CB@9EF<FP 9ё 6 
>BA9J BK9D98< C9D9@9AAOI ?B7<K9E>B7B 6O6B84. 

6. '84?<FP C9D9@9AAGR, EFBSMGR 6 A4K4?9 BK9D98< C9D9@9AAOI ?B7<K9E>B7B 6O-
6B84, 9E?< BA4 5B?PL9 A9 6EFD9K49FES 6 GE?B6AB= K4EF< >4>B7B-?<5B CD46<?4. 

�4>BAK<FP CDBJ9EE D4EEG:89A<=, >4> FB?P>B BCGEF99F BK9D98P C9D9@9AAOI ?B7<K9-
E>B7B 6O6B84. �E?< :9 6 BK9D98< 9Mё 9EFP C9D9@9AAO9, 69DAGFPES > L47G 3. 

 

2. #>@O4>: 2K?>;=5=8O @01>BK: 
1.  �;GK<FP F9BD9F<K9E>GR K4EFP CB CD<6989AAO@ 6OL9 84AAO@ < 8BCB?A<F9?PAB= 

?<F9D4FGD9. 
2.  #DBE@BFD9FP 89@BAEFD4J<BAAO= CD<@9D. 
3.  #B?GK<FP G CD9CB8464F9?S 64D<4AF ;484A<S 8?S 6OCB?A9A<S. 
4.  #BEFDB<FP CDS@GR J9CBK>G D4EEG:89A<= 

5.  $94?<;B64FP CDB7D4@@G 8?S CDS@B= J9CBK>< D4EEG:89A<= 

 

3. �0@80=BK 7040=89 

$94?<;B64FP CDS@GR J9CBK>G D4EEG:89A<=  8?S E?98GRM<I ;484K: 
1. CDB7AB;<DB64A<9 A9<ECD46ABEF9= Q?9>FDBAAB= 4CC4D4FGDO 

2. CDB7AB;<DB64A<9 A9<ECD46ABEF9= 46FB@B5<?S 
3. CDB7AB;<DB64A<9 ;45B?964A<= (CB 6O5BDG) 
4. CDB7AB;<DB64A<9 (CB 6O5BDG) 
a. ECBDF<6AOI @9DBCD<SF<= 



 

 

b. F9?9C9D984K 
c. CD<DB8AOI >4F4>?<;@B6 
< F.C. 
5. >?4EE<H<>4J<S B5N9>FB6 (CB 6O5BDG) 
6. ;484K< <AHBD@4J<BAAB-EB69FGRM97B I4D4>F9D4 (CB 6O5BDG) 
a. CB@BMA<> ;4698GRM97B E>?484 
b. CB@BMA<> 4CF9>4DS 
c. CB@BMA<> BC9D4FBD4 ECD46BKAB= E?G:5O 

d. 6O5BD 8B?:ABEF< 

e. CDB6989A<9 BFCGE>4 
< F.C. 
 

4. �>=B@>;L=K5 2>?@>AK 

1.  +FB F4>B9 CD46<?4 CDB8G>J<< < 6 K9@ <I EGMABEFP? 
2.  � K9@ BF?<K<9 CDS@B= J9CBK>< D4EEG:89A<= BF B5D4FAB= J9CBK>< D4EEG:89A<=? 
3.  �; >4><I K4EF9= EBEFB<F CDB8G>J<BAA4S E<EF9@4? 
4.  �A4K9A<9 < CD<@9A9A<9 K4EF9= CDB8G>J<BAAB= E<EF9@O 8?S CD98EF46?9A<S ;A4-

A<=? 
 

 

�45BD4FBDA4S D45BF4 № 2. Ч4EFP 2. ИECB?P;B64A<9 CD46<? CDB8G>J<< 8?S 
CD98EF46?9A<S ;A4A<= B5D4FA4S  J9CBK>4 D4EEG:89A<= 

 

*5;L @01>BK: !4GK<FPES EFDB<FP 89D96B J9?9= < D4;D454FO64FP 4?7BD<F@  
$9L9A<= A4 BEAB69 B5D4FAB= J9CBK>< D4EEG:89A<=. 
 

1. &5>@5B8G5A:0O G0ABL 
 

#DS@B= @9FB8 D4EEG:89A<= <@99F E?98GRM<= A98BEF4FB>. #D< 5B?PLB@ >B?<K9-
EF69 CD46<?, KFB5O A4=F< <AHBD@4J<R, E6S;4AAGR E Z, AG:AB 6OCB?A<FP @AB7B CD46<?, 
A9 E6S;4AAOI E Z. #D< QFB@ @9FB8 B>4;O649FES A4CD4EAB= FD4FB= 6D9@9A< < 89A97.  

� F4><I E<FG4J<SI 5B?99 D9AF459?PAB= S6?S9FES B5D4FA4S J9CBK>4 D4EEG:89A<=. 

 
 <E.7 �D<@9D D94?<;4J<< B5D4FAB= J9CBK>< D4EEG:89A<= 

#D< QFB@ @9FB89 E<EF9@4 A4K<A49F E FB7B, KFB AG:AB 8B>4;4FP, A4CD<@9D, KFB E<FG-
4J<S Z EGM9EF6G9F, < AG:AB 6OCB?A<FP FB?P>B F9 CD46<?4, >BFBDO9 BFABESFES > GEF4AB6-
?9A<R QFB7B H4>F4. 



 

 

!4 L479 1 E<EF9@9 7B6BD<FES, KFB5O BA4 GEF4AB6<?4, KFB E<FG4J<S Z EGM9EF6G9F. 
"A4 <M9F Z 6 54;9, 4 9E?< 97B A9F, 5G89F <E>4FP CD46<?B, CD<6B8SM99 > GEF4AB6?9A<R Z. 

"A4 A4IB8<F CD46<?B 
F  B → Z 

< D9L49F, KFB A48B GEF4AB6<FP F < B. 

!4 L479 2 E<EF9@4 COF49FES A4=F< H4>F F  <?< 6 54;9 84AAOI <?< ED98< CD46<?. 
!4IB8<F CD46<?B C  D→ F < D9L49F, KFB A9B5IB8<@B GEF4AB6<FP EGM9EF6B64A<9 H4>FB6 
C < D. 

!4 L474I 3-5 E<EF9@4 A4IB8<F C, ;4F9@ A4IB8<F � CD9:89, K9@ CB?GK<F ;4>?RK9A<9 
B D. 

!4 L474I 6-8 E<EF9@4 6OCB?AS9F FD9FP9 CD46<?B, KFB5O GEF4AB6<FP D, ;4F9@ <ECB?-
AS9F 6FBDB9 CD46<?B, KFB5O GEF4AB6<FP F < A4>BA9J 3 C9D6B9 CD46<?B, KFB5O GEF4AB6<FP 
BEAB6AGR J9?P 3 H4>F EGM9EF6B64A<S Z. 

 &9C9DP AG:AB A47?S8AB 9ё CD98EF46<FP. �?S BC<E4A<S CB8B5AOI ;484K B5OKAB <E-
CB?P;GRFES 8<47D4@@O, >BFBDO9 A4;O64RFES 89@96Pя<8 @9H9=89. �9D96PS D9L9A<= 84RF 
A9B5IB8<@GR A47?S8ABEFP < CB;6B?SRF CDBE?98<FP IB8 D4EEG:89A<=. 

 �<47D4@@O A4;O64RFES 89D96PS@< D9L9A<= CBFB@G, KFB, CB8B5AB A4EFBSM9@G 89-
D96G, <@9RF 69F6<. �9F6< 89D96P96 D9L9A<= ;4>4AK<64RFES ?B7<K9E><@< 6O6B84@<. �?S 
D4EE@4FD<649@B7B CD<@9D4 6O6B8 ;4>?RK49FES 6 FB@, CD98?B:<F ?< 8<D9>FBD 8B?:ABEFP 
CBEFGC4RM9@G A4 D45BFG, < 9E?< 84, FB >4>GR.  AB7<9 ;484K< E?B:AO, < <I A9CDBEFB 
CD98EF46<FP (<?< 8?S <I D9L9A<S A9 EB5<D4RFES <ECB?P;B64FP 1%). �9D96B D9L9A<= CB-
@B749F CD9B8B?9FP QF< FDG8ABEF<. 

 

 
 

 <E. 8. �9D96B D9L9A<= 8?я 6O5BD4 8B?:ABEF<. 

 

!4 D<E.8 CB>4;4AB 89D96B D9L9A<= 8?S CD<@9D4 E CD<ё@B@ A4 D45BFG. �<8AB, KFB 
8<47D4@@4 EBEFB<F <; >DG:>B6 < CDS@BG7B?PA<>B6, >BFBDO9 A4;O64RFES 69DL<A4@<. 
�4:8B= 69DL<A9 CD<E64<649FES AB@9D. !4 69DL<AO @B:AB EEO?4FPES CB QF<@ AB@9D4@. 



 

 

�<A<<, EB98<ASRM<9 69DL<AO, A4;O64RFES 8G74@< <?< 69F6S@<. �DG:><, EB89D:4M<9 
6BCDBEO, A4;O64RFES 69DL<A4@< D9L9A<=. #DS@BG7B?PA<>< EB89D:4F J9?< 8<47D4@@O < 
B;A4K4RF ?B7<K9E><9 6O6B8O. �<A<< CB>4;O64RF A4CD46?9A<9 8<47D4@@O.  AB7<9 69D-
L<AO <@9RF ED4;G CB A9E>B?P>B 69F69=, E6S;O64RM<I <I E 8DG7<@< 69DL<A4@<. �O5BD 
6OIB8SM9= <; 69DL<AO 69F6< BCD989?S9FES CDB69D>B= GE?B6<S, EB89D:4M97BES 6 69D-
L<A9. 

!4CD<@9D, 69DL<A4 5 (E@. $<E.8) EB89D:<F 6BCDBE, A4 >BFBDO= 9EFP 864 6B;@B:AOI 
BF69F4, < CBQFB@G G A9ё 864 CGF< 6 ;46<E<@BEF< BF ED98A97B 54??4 CBE9F<F9?S ;4 6D9@S 
GKё5O, FB 9EFP 6B;@B:9A 6O5BD B8AB= <; 86GI 69F69=. �E?< ED98A<= 54?? D469A 3.1, FB 5G-
89F 6O5D4A C9D6O= CGFP, F4> >4> 3.1 @9APL9 3.5. � CDB7D4@@9 CB8 ED98A<= 54?? EA4K4?4 
BF6B8<FES C9D9@9AA4S, 4 ;4F9@ 9= CD<E64<649FES ;A4K9A<9.  B:AB E>4;4FP, KFB 69DL<AO 
EB89D:4F C9D9@9AAO9, 4 CGF< - QFB GE?B6<S, 6 EBBF69FEF6<< E >BFBDO@< C9D9@9AAO@ CD<-
E64<64RFES ;A4K9A<S. #BE?9 FB7B >4> 8?S CDB5?9@AB= B5?4EF< EHBD@G?<DB64AO CD46<?4, 
QF< GE?B6<S EF4AB6SFES GE?B6AO@< K4EFS@< (�%��) CD46<?4. #DS@BG7B?PA<>< EB89D:4F 
K4EFAO9 <?< B5M<9 6O6B8O. !4CD<@9D, CDS@BG7B?PA<> A4 D<E.1 @B:9F EB89D:4FP BF69F A4 
6BCDBE, 5G89F ?< CBE9F<F9?R CD98?B:9A4 D45BF4. "5M4S J9?P E<EF9@O, 6 >BFBDB= D94?<-
;B64AO B5D4FAO9 D4EEG:89A<S, - CB?GK<FP B>BAK4F9?PAO= BF69F. �B>4?PAB= J9?PR @B:9F 
5OFP EB89D:4M<=ES 6 CDS@BG7B?PA<>9 A4 D<E.8 BF69F A4 6BCDBE, 5G89F ?< CBE9F<F9?R 
CD98?B:9A4 8B?:ABEFP. "8A4>B QF4 69DL<A4 <@99F < <EIB8SM<9 69F6<, <, E?98B64F9?PAB, 
K9D9; A9ё @B:9F CDBIB8<FP CGFP > E?98GRM9@G ?B7<K9E>B@G 6O6B8G. � CBE?98A9@ E?GK49, 
CBE>B?P>G <EIB8SM4S 69F6P A9 EB89D:<F GE?B6<S < BA4 FB?P>B B8A4, 7B6BDSF, KFB 69DL<A4 
EB89D:<F ?B>4?PAO= 6O6B8 8?S 8DG7B= J9?<. �B>4?PAO= 6O6B8 - QFB F4>:9 EBEF46?SRM4S 
GE?B6AB= K4EF< CD46<?4.  

 

"1>1Iё==K9 0;3>@8B< @01>BK A8AB5<K A  
>1@0B=>9 F5?>G:>9 2K2>4>2.         

 

    %<EF9@4, D94?<;GRM4S B5D4FAGR J9CBK>G D4EEG:89A<=, 8B?:A4 6OCB?ASFP E?9-
8GRM<9 L47< : 

1. "CD989?<FP C9D9@9AAGR ?B7<K9E>B7B 6O6B84. 
2. � EC<E>9 ?B7<K9E><I 6O6B8B6 <E>4FP C9D6B9 6IB:89A<9 QFB= C9D9@9AAB=. �E?< 

C9D9@9AA4S A4=89A4, 6 EF9> ?B7<K9E><I 6O6B8B6 CB@9EF<FP AB@9D EBBF69FEF6GRM97B CD4-
6<?4 < GEF4AB6<FP AB@9D GE?B6<S D46AO@ 1. �E?< C9D9@9AA4S A9 A4=89A4, EBB5M<FP CB?P-
;B64F9?R, KFB BF69F A4=F< A96B;@B:AB. 

3. #D<E6B<FP ;A4K9A<S 6E9@ C9D9@9AAO@ GE?B6<S <; 84AAB7B CD46<?4. 
4. �E?< 6 EC<E>9 C9D9@9AAOI G>4;4AB, KFB >4>B=-?<5B C9D9@9AAB= GE?B6<S A9 CD<-

E6B9AB ;A4K9A<9 < 9ё A9F ED98< C9D9@9AAOI ?B7<K9E>B7B 6O6B84 (9ё A9F 6 EC<E>9 ?B7<K9-
E><I 6O6B8B6), ;4CDBE<FP 9ё ;A4K9A<9 G CB?P;B64F9?S. 

5. �E?< >4>4S-?<5B C9D9@9AA4S GE?B6<S 6IB8<F 6 C9D9@9AAO9 ?B7<K9E>B7B 6O6B84, 
CB@9EF<FP 6 EF9> AB@9D CD46<?4, 6 ?B7<K9E><= 6O6B8 >BFBDB7B BA4 6IB8<F, < 69DAGFPES > 
L47G 3. 

6. �E?< <; CD46<?4 A9?P;S BCD989?<FP ;A4K9A<9 C9D9@9AAB=, G84?<FP EBBF69FEF6G-
RM<= 9@G Q?9@9AF <; EF9>4 < 6 EC<E>9 ?B7<K9E><I 6O6B8B6 CDB8B?:<FP CB<E> CD46<?4 E 
QFB= C9D9@9AAB= ?B7<K9E>B7B 6O6B84. 

7. �E?< F4>B9 CD46<?B A4=89AB, C9D9=F< > L47G 3.  
8. �E?< C9D9@9AA4S A9 A4=89A4 A< 6 B8AB@ <; BEF46L<IES CD46<? 6 ?B7<K9E>B@ 6O-

6B89, CD46<?B 8?S CD98O8GM97B 6O6B84 A9 69DAB. �E?< CD98O8GM97B 6O6B84 A9 EGM9EF6G-
9F, EBB5M<FP CB?P;B64F9?R, KFB BF69F CB?GK<FP A96B;@B:AB. �E?< CD98O8GM<= 6O6B8 
EGM9EF6G9F, 69DAGFPES > L47G 6. 

9. "CD989?<FP ;A4K9A<9 C9D9@9AAB= <; CD46<?4, D4ECB?B:9AAB7B 6 A4K4?9 EF9>4; 
CD46<?B <; EF9>4 G84?<FP. �E?< 9EFP 9Mё C9D9@9AAO9 ?B7<K9E>B7B 6O6B84, G69?<K<FP ;A4-
K9A<9 AB@9D4 GE?B6<S < 8?S CDB69D>< BEF46L<IES C9D9@9AAOI 69DAGFPES > L47G 3. �E?< 



 

 

5B?PL9 A9F C9D9@9AAOI ?B7<K9E>B7B 6O6B84, EBB5M<FP CB?P;B64F9?R B>BAK4F9?PAO= 6O-
6B8.   

 

2. #>@O4>: 2K?>;=5=8O @01>BK: 

1. �O5D4FP CB ;484AAB= F9@9 15-20 CD46<? CD<ASF<S D9L9A<S; 
2. 'CBDS8BK<FP <I CB EF9C9A< 64:ABEF<; 
3. #BEFDB<FP 89D96B CD<ASF<S D9L9A<S; 
4. #BEFDB<FP EC<EB> C9D9@9AAOI ?B7<K9E><I 6O6B8B6; 
5. !4C<E4FP CDB7D4@@G 8?S D94?<;4J<< B5D4FAB= J9CBK>< D4EEG:89A<= 

 

3. �0@80=BK 7040=89 

$94?<;B64FP CDS@GR J9CBK>G D4EEG:89A<=  8?S E?98GRM<I ;484K: 
1. 8<47ABEF<>4 A9<ECD46ABEF9= Q?9>FDBAAB= 4CC4D4FGDO 

2. 8<47ABEF<>4 A9<ECD46ABEF9= 46FB@B5<?S 
3. 8<47ABEF<>4 ;45B?964A<= (CB 6O5BDG) 
4. �A4?<; B5N9>F4 (CB 6O5BDG) 
a. ECBDF<6AOI @9DBCD<SF<= 

b. F9?9C9D984K 
c. CD<DB8AOI >4F4>?<;@B6 
< F.C. 
5. ;484K< <AHBD@4J<BAAB-EB69FGRM97B I4D4>F9D4 (CB 6O5BDG) 
a. CB@BMA<> ;4698GRM97B E>?484 
b. CB@BMA<> 4CF9>4DS 
c. CB@BMA<> BC9D4FBD4 ECD46BKAB= E?G:5O 

d. 6O5BD 8B?:ABEF< 

e. CDB6989A<9 BFCGE>4 
< F.C. 
 

4. �>=B@>;L=K5 2>?@>AK 

1. +9@ BF?<K4RFES «CDS@4S» < «B5D4FA4S» J9CBK>< D4EEG:89A<=? 
2. �4><9 6<8O CD46<? EGM9EF6GRF? 
3. �4> >BAFDB?<DG9FES 6O6B8 CD46<? <; ��? 
4. �4> GK<FO649FES 8BEFB69DABEFP ;4>?RK<F9?PAB= K4EF< CD46<?4? 
 

 

�45BD4FBDA4S D45BF4  № 3. ИECB?P;B64A<9 Simulink CD< CBEFDB9A<< A9=DBA-
AOI E9F9=. 

 

*9?PR D45BFO S6?S9FES <;GK9A<9 BEAB6AOI 5?B>B6 6<;G4?PAB7B CD<?B:9A<S Sim-

ulink CDB7D4@@AB= ED989 MATLAB 6.0, <ECB?P;G9@OI CD< CBEFDB9A<< A9=DBAAOI E9F9=, 
CD<B5D9F9A<9 BCOF4 @B89?<DB64A<S A9=DBE9F96OI E<EF9@ GCD46?9A<S ED98O MATLAB 

6.0. 

 

 &5>@5B8G5A:0O G0ABL 
 

�<5?<BF9>4 5?B>B6 CBEFDB9A<S A9=DBAAOI E9F9= 6 Simulink. 

 

#4>9F Neural Network Toolbox EB89D:<F DS8 5?B>B6, >BFBDO9 @B7GF 5OFP A9CBED98-
EF69AAB <ECB?P;B64AO 8?S CBEFDB9A<S A9=DBAAOI E9F9= 6 ED989 Simulink, ?<5B CD<@9-
ASFPES 6@9EF9 E HGA>J<9= gensim [1]. 



 

 

�?S 6O;B64 A45BD4 5?B>B6, 6 >B@4A8AB= EFDB>9 A9B5IB8<@B A45D4FP >B@4A8G neu-

ral, CBE?9 6OCB?A9A<S >BFBDB= CBS6?S9FES B>AB 6<84 D<E. 1.  
 

 
$<E. 1. "EAB6AO9 A9=DBE9F96O9 5?B>< Simulink 

 

�4:8O= <; CD98EF46?9AAOI A4 D<E. 1 5?B>B6 6 E6BR BK9D98P S6?S9FES A45BDB@ 
(5<5?<BF9>B=) A9>BFBDOI 5?B>B6. $4EE@BFD<@ <I. 

 

 
$<E. 2. �<5?<BF9>4 HGA>J<= 4>F<64J<< 

 

�?B>< HGA>J<< 4>F<64J<< (Transfer Functions). �6B=AB= M9?KB> >ABC>< @OL< A4 
5?B>9 Transfer Functions CD<6B8<F > CBS6?9A<R 5<5?<BF9>< HGA>J<= 4>F<64J<< (D<E. 2). 
�4:8O= <; QF<I 5?B>B6 84AAB= 5<5?<BF9>< CD9B5D4;G9F CB84649@O= A4 A97B 69>FBD 6 EB-
BF69FEF6GRM<= 69>FBD FB= :9 D4;@9DABEF< (F45?. 1). 

&45?<J4 1. #9D9K9AP HGA>J<= 4>F<64J<< A9=DBAB6 
!4;64A<9 (BD@G?4 "5?4EFP ;A4K9A<= 

#BDB7B64S 
0, s ,

f (x)

1, s

ü
ü ÿ= ý

ÿ  þ

 

 

0,1 

�A4>B64S  
(E<7A4FGDA4S) 1, s ,

f (x)

1, s

ü
þ ÿ= ý

ÿ−  þ

 

 

-1,1 

%<7@B<84?PA4S 
(?B7<EF<A<KAE>4S) s

1
f (x)

1 e−
=

+
 

 

(0,1) 

#B?G?<A9=A4S 
s, s ,

f (x)

0, s

ü
þ ÿ= ý

ÿ  þ

 

 

(0,) 



 

 

�<A9=A4S f (x) s=   

(-,) 

$48<4?PA4S 
54;<EA4S (74GEEB64) 

2sf (x) e−=  
 

(0,1) 

#B?G?<A9=A4S E A4EOM9-
A<9@ 0, s 0,

f (x) s, 0 s 1,

1, s 1

ü
ÿ

ÿÿ= ü üý
ÿ
ÿ 
ÿþ

 

 

(0,1) 

�<A9=A4S  
E A4EOM9A<9@ 1, s 1,

f (x) s, 1 s 1,

1, s 1

ü
−  −ÿ

ÿÿ= − ü üý
ÿ
ÿ 
ÿþ

 

 

(-1,1) 

�<C9D5B?<K9E><= F4A79AE  
(E<7@B<84?PA4S) 

s s

s s

e e
f (x)

e e

−

−
−

=
+

 

 

(-1,1) 

&D9G7B?PA4S 
1 | s |, | s | ,

f (x)

1, | s | 1

ü
−  ÿ= ý

ÿ þþ

 

 

(0,1) 

 

�?B>< CD9B5D4;B64A<S 6IB8B6 E9F<. #DB6B8S 4A4?B7<KAGR D4EE@BFD9AAB= BC9D4-
J<R, AB E 5?B>B@ Net Input Functions, CD<8ё@ > 5<5?<BF9>9 5?B>B6 6<84, CD98EF46?9AAB7B 
A4 D<E. 3 [1]. 

 

 
$<E. 3. �<5?<BF9>4 5?B>B6 CD9B5D4;B64A<= E<7A4?B6  

�?B><  84AAB=  5<5?<BF9><  D94?<;GRF  D4EE@BFD9AAO9  6OL9 HGA>J<< CD9B5D4;B-
64A<S 6IB8B6 E9F<. 

 

 
$<E. 4. �<5?<BF9>4 5?B>B6 69EB6OI >BQHH<J<9AFB6 

�?B><   69EB6OI   >BQHH<J<9AFB6.    &BKAB F4> :9 (AB M9?>4S ?96B= >ABC>B= @OL< 
CB <>BA>9 E A48C<EPR Weight Functions) CD<89@ > 5<5?<BF9>9 5?B>B6 (D<E. 4), D94?<;GR-
M<I A9>BFBDO9 HGA>J<< 69EB6 < D4EEFBSA<=. 



 

 

"F@9F<@, KFB CD< ;484A<< >BA>D9FAOI K<E?B6OI ;A4K9A<=, CD< BC9D4J<< EB 6E9@< 
CD<6989AAO@< 5?B>4@< 66<8G BEB59AABEF9= Simulink 69>FBDO A9B5IB8<@B CD98EF46?SFP 
>4> EFB?5JO, 4 A9 >4> EFDB>< (>4> QFB 5O?B 8B E<I CBD). 

 

 
$<E. 5. %B;84AA4S A9=DBE9F964S @B89?P Simulink 

(BD@<DB64A<9 A9=DBE9F96OI @B89?9=. "EAB6AB= HGA>J<9= 8?S HBD@<DB64A<9 
A9=DBE9F96OI @B89?9= 6 Simulink S6?S9FES HGA>J<S gensim, ;4C<EO649@4S 6 HBD@9  

gensim(net,st), 

789 net – <@S EB;84AAB= !%, st – <AF9D64? 8<E>D9F<;4J<< (9E?< !% A9 <@99F ;489D-
:9>, 4EEBJ<<DB64AAOI E 99 6IB84@< <?< E?BS@<, ;A4K9A<9 84AAB7B 4D7G@9AF4 GEF4A46?<-
649FES D46AO@ -1) [2]. 

 

#@8<5@ 1. %B;84A<9 CBEF9=L9= A9=DBAAB= E9F<. 
#GEFP 6IB8AB= < J9?96B= 69>FBDO <@9RF 6<8 
D = [1 2 3 4 5]; 
t = [1 3 5 7 9]. 

%B;848<@ ?<A9=AGR !% < CDBF9EF<DG9@ 99: 
» @ = [1 2 3 4 5]; 

» t = [1 3 5 7 9]; 

» net = newlind(p,t); 
» C =sim(net,p) 

y = 1.0000     3.0000     5.0000     7.0000     9.0000 

�4F9@ ;4CGEF<@ Simulink >B@4A8B= 
» gensim(net,-1) 

1FB CD<6989F > BF>DOF<R 5?B>-8<47D4@@O (D<E. 5). 

�?S CDB6989A<S F9EF<DB64A<S @B89?< M9?>A9@ 864:8O CB ?96B= <>BA>9 (E A48C<-
EPR Input 1, F. 9. �IB8 1), KFB CD<6989F > BF>DOF<R 8<4?B7B6B7B B>A4 (D<E. 6). 

 



 

 

 
$<E. 6. �<4?B7B6B9 B>AB ;484A<S 6IB84 !% 

� 84AAB@ E?GK49 5?B> Input 1 S6?S9FES EF4A84DFAO@ 5?B>B@ ;484A<S >BAEF4AFO 
(Constant). �;@9A<@ ;A4K9A<9 CB G@B?K4A<R A4 2 < A4:@9@ >ABC>G "�. �4F9@ A4:@9@ 
>ABC>G Start 6 @9AR @B89?<DB64A<S. $4EK9F AB6B7B ;A4K9A<S E9FPR CDB<;6B8<FES CD4>-
F<K9E>< @7AB69AAB. �?S 97B 6O6B84 A9B5IB8<@B 864:8O M9?>AGFP @OLPR CB CD46B= 
<>BA>9 (5?B>G G(1)). $9;G?PF4F 6OK<E?9A<= BFB5D4:49FES D<E. 7 3 BA D469A 3, >4> < FD95G-
9FES. 

 
$<E. 7. ">AB E 6OIB8B@ !% 

"F@9F<@, KFB, 864:8O M9?>4S ?96B= >ABC>B= @OL< CB 5?B>G Neural Network, ;4F9@ 
3 CB 5?B>G Layer 1, @B:AB CB?GK<FP 89F4?PAGR 7D4H<K9E>GR <AHBD@4J<R B EFDG>FGD9 
E9F< (D<E. 8). 

 

 
$<E. 8. %FDG>FGD4 EB;84AAB= !% 

% EB;84AAB= E9FPR @B:AB CDB6B8<FP D4;?<KAO9 Q>EC9D<@9AFO, 6B;@B:AO9 6 ED989 
Simulink; 6BB5M9 E CB@BMPR >B@4A8O gensim BEGM9EF6?S9FES <AF97D4J<S EB;84AAOI 
A9=DBE9F9= 6 5?B>-8<47D4@@O QFB7B C4>9F4 3 E <ECB?P;B64A<9@ <@9RM<IES CD< QFB@ <A-
EFDG@9AFB6 @B89?<DB64A<S D4;?<KAOI E<EF9@ (A4CD<@9D, 6EFD4<64A<9 A9=DBE9F96B7B D9-
7G?SFBD4 6 E<EF9@G GCD46?9A<S < @B89?<DB64A<9 CBE?98A9= < F. C.). 

 

1?9@9AFO @4F9@4F<K9E>B7B @B89?<DB64A<S A9<DBE9F96OI  



 

 

E<EF9@ GCD46?9A<S 6 CDB7D4@@AB= ED989 MATLAB 6.0 

 

�<5?<BF9>4 <AEFDG@9AFB6 C4>9F4 MATLAB 6.0 CB;6B?S9F @B89?<DB64FP EGC9D6<-
;BDAO= D9:<@ D45BFO @AB7BE?B=AB= A9=DBE9F< 6 EBEF469 E<EF9@O 8<A4@<K9E><@ B5N9>-
FB@, ;484AAO@ GD46A9A<S@< EBEFBSA<S. $94?<;4J<S QFB7B D9:<@4 B59EC9K<649FES A9=DBE9-
F96O@ >BAFDB??9DB@ Model Reference Control, CD98EF46?SRM<@ EB5B= EFDG>FGDG, >BFB-
D4S 6>?RK49F 869 @AB7BE?B=AO9 A9=DBAAO9 E9F<: GCD46?SRMGR < <89AF<H<>4J<BAAGR. 

�4:84S E9FP 5?B>4 EB89D:<F B8<A E>DOFO= E?B=, >B?<K9EF6B A9=DBAB6 6 >BFBDB@ 6O5<D4-
9FES 6 ;46<E<@BEF< BF E?B:ABEF< ;484K< GCD46?9A<S [2]. 

�?B> Model Reference Control A4IB8<FES 6 5<5?<BF9>9 <AEFDG@9AFB6 MATLAB 6 
C4C>9 Neural Network Blockset/Control Systems. 

!4EFDB=>4 >BAFDB??9D4 BEGM9EF6?S9FES 6 864 QF4C4. !4 C9D6B@ QF4C9 CDB6B8<FES 
<89AF<H<>4J<S B5N9>F4 GCD46?9A<S (B5GK9A<9 <89AF<H<>4J<BAAB= @AB7BE?B=AB= 
A9=DBAAB= E9F< ( !%)), 4 A4 6FBDB@ 3 B5GK9A<9 GCD46?SRM9=  !% F4>, KFB5O CB6989A<9 
;4@>AGFB= E<EF9@O «>BAFDB??9D 3 B5N9>F» GCD46?9A<S 5O?B 5O <89AF<KAO@ CB6989A<R 
;4D4A99 6O5D4AAB= @B89?< (reference-@B89?<). &4><@ B5D4;B@, 6 84AAB@ >BAFDB??9D9 D94-
?<;G9FES EFD4F97<S B5GK9A<S «E GK<F9?9@». � CDBJ9EE9 B5GK9A<S CBQF4CAB CDB<;6B8<FES 
A4EFDB=>4 69EB6OI >BQHH<J<9AFB6 A9=DBAB6 E9F< CB 6O5D4AAB@G 4?7BD<F@G. #B8 B8A<@ 
GDB>B@ B5GK9A<S CBA<@49FES C9D9A4EFDB=>4 6E9I 69EB6OI >BQHH<J<9AFB6 E9F<. 

#D< BF>DOF<< 5?B>4 Model Reference Controller CBS6?S9FES B>AB A4EFDB=>< 
GCD46?SRM9= E9F<. �?S FB7B KFB5O C9D9=F< > <89AF<H<>4J<< "', A9B5IB8<@B A4:4FP A4 
>ABC>G Plant Identification, D4ECB?B:9AAGR 6 ?96B@ A<:A9@ G7?G B>A4. #D< QFB@ CBS6<FES 
AB6B9 B>AB Plant Identification (D<E. 9), 6 >BFBDB@ @B:AB 5G89F ;484FP C4D4@9FDO, A9B5-
IB8<@O9 8?S A4EFDB=>< <89AF<H<>4J<BAAB= E9F<. 

�89AF<H<>4J<S B5N9>F4 GCD46?9A<S CDB<EIB8<F 6 FD< EF48<<. 
#5@20O AB048O 3 6O5BD EFDG>FGDO <89AF<H<>4J<BAAB=  !% (5?B> Network Ar-

chitecture A4 D<E. 9). "A4 6>?RK49F 6 E95S 6O5BD E?98GRM<I C4D4@9FDB6: 
Size of Hidden Layer – >B?<K9EF6B A9=DBAB6 6 E>DOFB@ E?B9 (<ECB?P;G9FES  !% E 

B8A<@ E>DOFO@ E?B9@). 1FBF C4D4@9FD E?98G9F 6O5<D4FP E GK9FB@ E?B:ABEF< B5N9>F4 
GCD46?9A<S. %?98G9F GK9EFP, KFB E9FP E 5B?PL<@ >B?<K9EF6B@ A9=DBAB6 6 E>DOFB@ E?B9 
5G89F B59EC9K<64FP 5B?99 6OEB><9 >4K9EF69AAO9 CB>4;4F9?< ;4 @9APL99 >B?<K9EF6B GDB-
>B6, AB CD< QFB@ 6B;D4EF9F E?B:ABEFP 6OK<E?9A<=, F. 9. B8<A GDB> 5G89F ;4A<@4FP 5B?PL99 
6D9@S. 

Sampling Interval – C9D<B8 8<E>D9F<;4J<< (6 E9>GA84I). 
NB. Delayed Plan! Inputs – >B?<K9EF6B Q?9@9AFB6 ;489D:>< A4 6IB84I <89A-

F<H<>4J<BAAB= E9F<. 
No. Delayed Plant Outputs – >B?<K9EF6B  Q?9@9AFB6 ;489D:>< A4 6OIB84I <89AF<H<-

>4J<BAAB= E9F<. 
Normalize Training Data – ABD@4?<;4J<S  84AAOI 6 CDBJ9EE9 B5GK9A<S. #D< 6O5BD9 

QFB7B C4D4@9FD4 84AAO9, <ECB?P;G9@O9 6 CDBJ9EE9 B5GK9A<S, 5G8GF CD<6989AO > BFD9;>G 
[0; 1]. 

�B>@0O AB048O 3 QFB CB?GK9A<9 84AAOI 8?S B5GK9A<S <89AF<H<>4J<BAAB= E9F< 
(5?B> Training Data A4 D<E. 9). !4 QFB@ QF4C9 6B;@B:AB <@CBDF<DB64A<9 84AAOI <;  �&-

H4=?4 <?< A9CBED98EF69AAB <; D45BK97B CDBEFD4AEF64 MATLAB, 4 F4>:9 HBD@<DB64A<9 
84AAOI A4 BEAB69 ;4D4A99 CB87BFB6?9AAB= @B89?< B5N9>F4 GCD46?9A<S. 

 B89?P B5N9>F4 GCD46?9A<S 6OCB?AS9FES 6 6<89 BF89?PAB7B H4=?4 SIMULINK < 
BHBD@?S9FES E CB@BMPR 6O89?9AAOI 6IB84 < 6OIB84 B5N9>F4 (<ECB?P;B64FP 5?B>< Input 

Port < Output Port). 

� CDBJ9EE9 HBD@<DB64A<S 84AAOI A4 BEAB69 CD98EF46?9AAB= @B89?< B5N9>F4 
GCD46?9A<S CDB6B8<FES Q>EC9D<@9AF, 6 >BFBDB@ A4 6IB8 QFB= @B89?< CB849FES CBE?98B64-
F9?PABEFP CDS@BG7B?PAOI <@CG?PEB6 (6 84?PA9=L9@ 5G89@ A4;O64FP 99 F9EFB6O@ E<7A4-
?B@), C4D4@9FDO >BFBDB= ;484RFES E?98GRM<@< ;A4K9A<S@<:                                     



 

 

 

 
$<E. 9. !4EFDB=>4 CDBJ9EE4 <89AF<H<>4J<< B5N9>F4 GCD46?9A<S 

 

Training Samples – >B?<K9EF6B 8<E>D9FAOI BFEK9FB6 6 F9EFB6B= CBE?98B64F9-
?PABEF<. �A4K9A<9 QFB7B C4D4@9FD4 E?98G9F 6O5<D4FP <EIB8S <; E?B:ABEF< B5N9>F4 GCD46-
?9A<S. 

Maximum Plant Input – @4>E<@4?PA4S 69?<K<A4 E<7A4?4. 
Minimum Plant Input – @<A<@4?PA4S 69?<K<A4 E<7A4?4. 
Maximum Interval Value – @4>E<@4?PA4S 8?<F9?PABEFP B8AB7B <@CG?PE4 (6 E9>GA-

84I). 
Minimum Interval Value – @<A<@4?PA4S 8?<F9?PABEFP B8AB7B <@CG?PE4 (6 E9>GA84I). 
1F< ;A4K9A<S E?98G9F 6O5<D4FP F4><@<, KFB5O F9EFB6O= E<7A4? CD98BEF46?S? 5O 

>4> @B:AB 5B?PLGR <AHBD@4J<R B5 B5N9>F9, F. 9. 5O? 5O 8BEF4FBKAB D4;ABB5D4;AO@. 
Limit Output Data – B7D4A<K9A<9 6OIB84 @B89?<. #D< <ECB?P;B64A<< QFB7B C4D4-

@9FD4 5G89F CD98?B:9AB 6O5D4FP @<A<@4?PAB9 < @4>E<@4?PAB9 ;A4K9A<S, >BFBDO@< 5G89F 
B7D4A<K9A4 D94>J<S B5N9>F4 GCD46?9A<S A4 F9EFB6O= E<7A4?. 

Simulink Plant Model – ;89EP A9B5IB8<@B G>4;4FP A4;64A<9 @B89?< SIMULINK. #D< 
A4:4F<< A4 >ABC>G Browse 5G89F CD98?B:9AB G>4;4FP D4ECB?B:9A<9 ;4D4A99 CB87BFB6?9A-
AB7B H4=?4 E @B89?PR (8?S >BDD9>FAB= D45BFO CGFP, CB >BFBDB@G A4IB8<FES H4=?, A9 8B?-
:9A EB89D:4FP DGEE><I E<@6B?B6). 

#BE?9 6O5BD4 6E9I ;A4K9A<= A9B5IB8<@B A4:4FP >ABC>G Generate Training Data. 

#D< QFB@ CDBJ9EE 6OD45BF>4 CBE?98B64F9?PABEF< 5G89F BFB5D4:9A 6 7D4H<K9E>B@ B>A9 
Plant Input-Output Data. #DBJ9EE @B:AB CD9D64FP, A4:46 A4 >ABC>G Stop Simulation. 



 

 

#BE?9 B>BAK4A<S 5G89F CD98?B:9AB ?<5B CD<ASFP 84AAO9 (Accept Data), ?<5B BF-
>?BA<FP <I (Reject Data). 

�E?< CB >4><@-FB CD<K<A4@ CB?GK9AAO9 84AAO9 A9 CB8IB8SF, FB CD< A4:4F<< A4 
>ABC>G Reject Data B>AB ;4>DB9FES, < @B:AB 5G89F ;484FP 8DG7<9 C4D4@9FDO F9EFB6B= CB-
E?98B64F9?PABEF<, 8DG7GR @B89?P <?< <@CBDF<DB64FP 84AAO9 <;  �&-H4=?4 <?< <; D45B-
K97B CDBEFD4AEF64 MATLAB. 

#D< CD<ASF<< 84AAOI >ABC>4 Generate Training Data ;4@9AS9FES A4 Erase Generated 

Data. &4><@ B5D4;B@, A4 ?R5B@ QF4C9 @B:AB BEF4AB6<FPES < EHBD@<DB64FP F9EFB6GR CB-
E?98B64F9?PABEFP ;4AB6B. 

�ABC>4 Import Data E?G:<F 8?S <@CBDF4 F9EFB6OI 84AAOI <; EBID4A9AAB7B D4A99 
 �&-H4=?4 <?< <; D45BK97B CDBEFD4AEF64 MATLAB. �ABC>4 Export Data CD98A4;A4K9A4 
8?S Q>ECBDF4 F9EFB6OI 84AAOI 6  �&-H4=? <?< 6 D45BK99 CDBEFD4AEF6B MATLAB 6 6<89 
EFDG>FGDO 84AAOI <?< @4EE<64. 

#BE?9 CB?GK9A<S F9EFB6B= CBE?98B64F9?PABEF< A9B5IB8<@B C9D9=F< > ;4>?R-

K<F9?PAB= EF48<< – B5GK9A<R <89AF<H<>4J<BAAB=  !%. 
�?S QFB7B A9B5IB8<@B BCD989?<FP E?98GRM<9 C4D4@9FDO: 
Training Epochs – >B?<K9EF6B GDB>B6 B5GK9A<S. �A4K9A<9 QFB7B C4D4@9FD4 A9B5IB-

8<@B 6O5<D4FP 8BEF4FBKAB 5B?PL<@, KFB5O BL<5>4 B5GK9A<S 5O?4 5O 8BEF4FBKAB @4?4. 
"8A4>B, A4K<A46 E A9>BFBDB7B @B@9AF4 6D9@9A<, 84?PA9=L99 B5GK9A<9 E9F< EF4AB6<FES 
CD4>F<K9E>< 59ECB?9;AO@, < CBQFB@G >B?<K9EF6B GDB>B6 A9 8B?:AB 5OFP E?<L>B@ 5B?P-
L<@. �?S 84AAB7B CD<@9D4 B5GK9A<9 @B:AB CD9>D4F<FP, >B784 7D4H<> BL<5>< 6O=89F A4 
8?<AAO= CB?B7<= GK4EFB>. 

Training Function – 6O5BD 4?7BD<F@4 B5GK9A<S. �?S 84AAB7B CD<@9D4 D9>B-
@9A8G9FES <ECB?P;B64FP 4?7BD<F@ trainlm. 

Use Current Weights – <ECB?P;B64FP G:9 CB?GK9AAO9 69EB6O9 >BQHH<J<9AFO. 1FBF 
C4D4@9FD @B:AB 6O5<D4FP CD< CB6FBDAB@ B5GK9A<< E9F<. 

Use Validation Testing Data – CD< 6O5BD9 QF<I C4D4@9FDB6 25% F9EFB6OI 84AAOI 
5G89F <ECB?P;B64AB 8?S D4AA97B ;469DL9A<S B5GK9A<S </<?< CDB69D>< E9F<. � A<:A9= K4-
EF< B>A4 E<A<@ J69FB@ BFB5D4:49FES CB8E>4;>4. 

#BE?9 6O5BD4 6E9I C4D4@9FDB6 A9B5IB8<@B A4:4FP A4 >ABC>G Train Network (B5G-
K9A<9 E9F<). #D< QFB@ CBS6<FES AB6B9 B>AB, 6 >BFBDB@ 5G89F A47?S8AB BFB5D4:4FPES IB8 
B5GK9A<S, F. 9. 5G89F CB>4;4A4 BL<5>4 B5GK9A<S 8?S >4:8B7B GDB>4. #DBJ9EE B5GK9A<S 
@B:AB CD9D64FP, A4:46 A4 >ABC>G Stop Training. 

#BE?9 ;469DL9A<S CDBJ9EE4 B5GK9A<S 5G89F CB>4;4AB 864 AB6OI B>A4 – Training 

data for NN Model Reference Control < Testing data for NN Model Reference Control (9E-
?< 5O? 6O5D4A C4D4@9FD Use Testing Data). 

#BE?9 GEC9LAB7B B5GK9A<S <89AF<H<>4J<BAAB= E9F< A9B5IB8<@B C9D9=F< > B5GK9-
A<R GCD46?SRM9= E9F<. �?S QFB7B 6 B>A9 Plant Identification AG:AB A4:4FP A4 >ABC>G "K. 

�?S A4EFDB=>< CDBJ9EE4 B5GK9A<S GCD46?SRM9= E9F< CD98A4;A4K9AB B>AB Model 

Reference Control (D<E. 10). 
 



 

 

 
$<E. 10. !4EFDB=>4 CDBJ9EE4 B5GK9A<S GCD46?SRM9= E9F< 

 

#DBJ9EE B5GK9A<S >BAFDB??9D4 F4>:9 @B:AB D4;5<FP A4 FD< EF48<<. 
#5@20O AB048O – 6O5BD >BAH<7GD4J<< GCD46?SRM9= E9F< 

�89EP C4D4@9FDO Sampling Interval < Normalize Training Data 6O5<D4RFES F4><@< 
:9, >4> < CD< B5GK9A<< <89AF<H<>4J<BAAB= E9F< 46FB@4F<K9E><. 

No. Delayed Reference Inputs – >B?<K9EF6B Q?9@9AFB6 ;489D:>< A4 6IB89, A4 >BFBDO= 
CB849FES F9EFB6O= E<7A4?. 

No. Delayed Controller Outputs – >B?<K9EF6B Q?9@9AFB6 ;489D:>< A4 6OIB89 GCD46-
?SRM9= E9F<. 

No. Delayed Plant Outputs  – >B?<K9EF6B Q?9@9AFB6 ;489D:>< A4 6OIB89 <89A-

F<H<>4J<BAAB= E9F<. 
�B>@0O AB048O – CB?GK9A<9 84AAOI 8?S B5GK9A<S. 
!4 QFB= EF48<<, >4> < CD< B5GK9A<< <89AF<H<>4J<BAAB= E9F<, 6B;@B:AB <@CBDF<-

DB64A<9 84AAOI <;  �&-H4=?4 <?< A9CBED98EF69AAB <; D45BK97B CDBEFD4AEF64 MATLAB, 

4 F4>:9 HBD@<DB64A<9 84AAOI A4 BEAB69 ;4D4A99 CB87BFB6?9AAB= QF4?BAAB= (reference) 

@B89?<. 
Reference-@B89?P – QFB @B89?P, >BFBD4S, BC<EO649F :9?49@B9 CB6989A<9 ;4@>AGFB= 

E<EF9@O >BAFDB??9D-B5N9>F GCD46?9A<S. "A4 ;4849FES F4> :9, >4> < @B89?P B5N9>F4 GCD46-
?9A<S A4 QF4C9 <89AF<H<>4J<<, F. 9. 6 6<89 H4=?4 A4 7D4H<K9E>B@ S;O>9 SIMULINK. 

Controller Training Samples – >B?<K9EF6B 8<E>D9FAOI BFEK9FB6 4 F9EFB6B@ E<7A4?9. 
"AB 8B?:AB 5OFP, >4> < CD< <89AF<H<>4J<< B5N9>F4, 8BEF4FBKAB 5B?PL<@. 

�E9 C4D4@9FDO, >4> < E4@ CDBJ9EE HBD@<DB64A<S F9EFB6B= CBE?98B64F9?PABEF<, 
4A4?B7<KAO <ECB?P;G9@O@ A4 QF4C9 <89AF<H<>4J<< B5N9>F4 GCD46?9A<S. 



 

 

&@5BLO AB048O – B5GK9A<9 >BAFDB??9D4 (GCD46?SRM9= E9F<). �?S B5GK9A<S A9B5-
IB8<@B ;484FP E?98GRM<9 C4D4@9FDO: 

Controller Training Epochs – >B?<K9EF6B GDB>B6. �A4K9A<9 QFB7B C4D4@9FD4 A9?P;S 
BCD989?<FP ;4D4A99, CBQFB@G 97B A9B5IB8<@B CB8B5D4FP 6 CDBJ9EE9 B5GK9A<S. 

Controller Training Segments – >B?<K9EF6B E97@9AFB6, A4 >BFBDO9 5G8GF D4;89?9AO 
F9EFB6O9 84AAO9. #D< QFB@ 8?S >4:8B7B E97@9AF4 5G89F CDB6989AB G>4;4AAB9 >B?<K9EF6B 
GDB>B6. �9?4F9?PAB D4;5<64FP 84AAO9 A4 E97@9AFO F4><@ B5D4;B@, KFB5O >4:8O= E97@9AF 
EB89D:4? IBFS 5O B8<A C9D9IB8AO= CDBJ9EE. 

Use Current Weights – <ECB?P;B64FP F9>GM<9 69EB6O9 >BQHH<J<9AFO. � CDBF<6AB@ 
E?GK49 69EB6O9 >BQHH<J<9AFO 5G8GF 6O5D4AO E?GK4=AO@ B5D4;B@. 1FBF C4D4@9FD E?98G9F 
CD<@9ASFP CD< CB6FBDAB@ B5GK9A<<. 

Use Cumulative Training – CD< 6O5BD9 QFB7B C4D4@9FD4 C9D6BA4K4?PAB9 B5GK9A<9 
5G89F 6OCB?A9AB E C9D6O@ E97@9AFB@ F9EFB6OI 84AAOI, 4 CD< CBE?98GRM9@ B5GK9A<< 
BEF4?PAO9 E97@9AFO 5G8GF 8B546?SFPES > 84AAO@, <ECB?P;G9@O@ A4 CD98O8GM9@ QF4C9 
B5GK9A<S. &4><@ B5D4;B@, A4 H<A4?PAB= EF48<< B5GK9A<S 5G89F <ECB?P;B64A 69EP A45BD 
F9EFB6OI 84AAOI. 1FBF C4D4@9FD E?98G9F <ECB?P;B64FP E BEFBDB:ABEFPR, F4> >4> BA G69-
?<K<649F 6D9@S B5GK9A<S. 

#BE?9 ;484A<S 6E9I C4D4@9FDB6 A9B5IB8<@B CD<EFGC<FP > B5GK9A<R GCD46?SRM9= 
E9F<, 8?S K97B AG:AB A4:4FP A4 >ABC>G Train Controller. #D< QFB@ BF>DB9FES B>AB, 6 >BFB-
DB@ 5G89F A47?S8AB BFB5D4:4FPES CDBJ9EE B5GK9A<S (F4> :9, >4> < CD< B5GK9A<< <89AF<-
H<>4J<BAAB= E9F<). #DBJ9EE B5GK9A<S @B:AB CD9D64FP, A4:46 A4 >ABC>G Stop Training. 

�=8<0=85! #DBJ9EE B5GK9A<S @B:9F ;4A<@4FP 8?<F9?PAB9 6D9@S (8B A9E>B?P><I 
K4EB6), < CD< QFB@ CDB7D4@@4 @B:9F A9 D947<DB64FP A4 A4:4F<9 >ABC>< Stop Training. 

 

#BE?9 ;469DL9A<S B5GK9A<S BF>DO649FES B>AB Plant Response for NN Model Refer-

ence Control, 6 >BFBDB@ BFB5D4:4RFES D9;G?PF4FO B5GK9A<S. �I @B:AB CDBE@BFD9FP 5B-
?99 89F4?PAB, 6O5D46 6 @9AR CGA>F View/Figure Toolbar. #D< QFB@ CB8 EFDB>B= @9AR CB-
S6<FES C4A9?P <AEFDG@9AFB6, E CB@BMPR >BFBDB= @B:AB @4A<CG?<DB64FP <;B5D4:9A<9@. 

#BE?9 GEC9LAB7B ;469DL9A<S CDBJ9EE4 B5GK9A<S GCD46?SRM9= E9F< >BAFDB??9D 
7BFB6 > <ECB?P;B64A<R 6 EBEF469 E<EF9@O GCD46?9A<S. 

 

�B;@B:AO9 CDB5?9@O 6 CDBJ9EE9 @B89?<DB64A<S. 
 

1. #DBJ9EE B5GK9A<S <89AF<H<>4J<BAAB= E9F< <89F @98?9AAB <?< CD9>D4M49FES 
E4@BCDB<;6B?PAB, KFB BCD989?S9FES CB FB@G, KFB BL<5>4 B5GK9A<S A9 G@9APL49FES E >4>B-
7B-?<5B GDB>4. 

1FB @B:9F CDB<EIB8<FP 6 E?98GRM<I E?GK4SI: 
•  A969DAB 6O5D4A4 >BAH<7GD4J<S  !%2 – A9B5IB8<@B ;484FP 5B?PL99 K<E?B 

A9=DBAB6 6 E>DOFB@ E?B9; 
•  A969DAB ;484A A45BD F9EFB6OI 84AAOI, A9 «6B;5G:84RM<I» "', – E?98G9F 6O-

5D4FP 8DG7<9 ;A4K9A<S C4D4@9FDB6 6 5?B>9 training data; 

•  6O5D4AB E?<L>B@ @4?B9 K<E?B GDB>B6 B5GK9A<S < 97B A9B5IB8<@B G69?<K<FP. 
 

2. #DBJ9EE B5GK9A<S GCD46?SRM97B >BAFDB??9D4 (E9F<  !%1) <89F >D4=A9 @98?9A-
AB < BL<5>4 B5GK9A<S CD4>F<K9E>< A9 G@9APL49FES. 

1FB @B:9F CDB<EIB8<FP 6 E?98GRM<I E?GK4SI: 
•  A9G84KAB ;484AO C4D4@9FDO F9EFB6B= CBE?98B64F9?PABEF< CD< <89AF<H<>4J<< 

B5N9>F4 < A9B5IB8<@B CB6FBD<FP CDBJ9EE B5GK9A<S E9F<  !%2 E 8DG7<@< C4D4@9FD4@< 6  
5?B>9  training data;   E?98G9F <ECB?P;B64FP 5?<;><9 CB HBD@9 < C4D4@9FD4@ F9EFB6O9 E<7-
A4?O CD< B5GK9A<< B59<I  !%; 

•  6O5D4AB E?<L>B@ @4?B9 K<E?B Q?9@9AFB6 6 E>DOFB@ E?B9 < 97B A9B5IB8<@B G69-
?<K<FP. 



 

 

 

3. #DS@O9 CB>4;4F9?< >4K9EF64 @B89?<DG9@B= E<EF9@O EGM9EF69AAB BF?<K4RFES BF 
4A4?B7<KAOI CB>4;4F9?9= 8?S QF4?BAAB= @B89?<. 

1FB 6B;@B:AB 6 E?98GRM<I E?GK4SI: 
•  <89AF<H<>4J<S B5N9>F4 CDB<;6989A4 A9G84KAB, CBQFB@G E?98G9F CB6FBD<FP 

A4EFDB=>G  !%2, GK<FO64S D4A99 8BCGM9AAO9 BL<5>< Q>EC9D<@9AF4, A4CD<@9D, 6O5BD 
A98BEF4FBKAB7B K<E?4 GDB>B6 B5GK9A<S  !%2, K<E?4 A9=DBAB6 6 E>DOFB@ E?B9 E9F<; 

•  >BAH<7GD4J<S GCD46?SRM9= E9F<  !%1 A9 CB;6B?S9F D9L4FP 6B;?B:9AAGR A4 
A99 ;484KG GCD46?9A<S < A9B5IB8<@B CB6FBD<FP B5GK9A<9 E G69?<K9AAO@ >B?<K9EF6B@ 
Q?9@9AFB6 6 E>DOFB@ E?B9 [2].    

 

#@8<5@ 2. %<EF9@4 46FB@4F<K9E>B7B GCD46?9A<S E A9=DBE9F96O@ D97G?SFBDB@ A4 
BEAB69 QF4?BAAB= @B89?< [3]. 

� >4K9EF69 CD<@9D4 @B89?<DB64A<S 6 ED989 Simulink E<EF9@ GCD46?9A<S E <ECB?P-
;B64A<9@ A9=DBE9F96OI D97G?SFBDB6 <ECB?P;G9@ 89@BAEFD4J<BAAO= CD<@9D C4>9F4, <?-
?REFD<DGRM<= E<EF9@G GCD46?9A<S E QF4?BAAB= @B89?PR ;69AB@ («DG>B=») DB5BF4 < 6O-
;O649@O= E CB@BMPR CGA>FB6 Help/Demos @9AR MATLAB (E@. D<E. 11). 

 

 
$<E. 11. ">AB ECD46>< MATLAB 

 

#D< BF>DOF<< @B89?< (E CB@BMPR @OL>< CGA>F4 Open this model ("FDOFP QFG @B-
89?P)) 6 CD46B= K4EF< B>A4, BF>DO649FES B>AB Simulink E A4;64A<9@ mrefrobotarm (D<E. 
12). 

 



 

 

 
$<E. 12. %FDG>FGD4 A9=DBE9F96B= E<EF9@O GCD46?9A<S 6 ED989 Simulink 

 

#D< D94?<;4J<< E<EF9@O <ECB?P;B64AO 2 A9=DBAAO9 E9F< 3 8?S D97G?SFBD4 < 8?S 
@B89?< B5N9>F4 GCD46?9A<S. 

� QFB@ 89@BAEFD4J<BAAB@ CD<@9D9 J9?P ;4>?RK49FES 6 GCD46?9A<< 86<:9A<9@ B8-
AB7B ;69A4 DB5BF4, EI9@4F<KAB CB>4;4AAB7B A4 D<E. 13. 

 

$<E. 13. %I9@4F<KAB9 <;B5D4:9A<9 86<:9A<S ;69A4 DB5BF4 
 

'CD46?9A<9 86<:9A<S ;69A4 CD98EF46?9AB EBBFABL9A<9@: 

u
dt

d

dt

d
+−−=


2sin10

2

2

, 

789 φ 3 G7B? CB6BDBF4 ;69A4, u 3 @B@9AF, D4;6<649@O= 86<74F9?9@ CBEFBSAAB7B FB-
>4. 

%BBF69FEF6GRM4S 8<A4@<K9E>4S @B89?P, D94?<;464AA4S 6 ED989 Simulink, CD<6989-
A4 A4 D<E. 14. 

 



 

 

 
$<E. 14. %FDG>FGDA4S 8<A4@<K9E>4S @B89?P ;69A4 DB5BF4 

 

*9?P B5GK9A<S D97G?SFBD4 EBEFB<F 6 FB@, KFB5O 86<:9A<9 ;69A4 EBBF69FEF6B64?B 
6OIB8G QF4?BAAB= @B89?<: 

r
dt

dy
y

dt

yd r
r

r 96sin9
2

2

+−−= , 

789 ry 3 6OIB8 QF4?BAAB= @B89?<, r 3 ;484RM<= E<7A4? A4 6IB89 @B89?<. 
%FDG>FGDA4S EI9@4, CBSEASRM4S CD<AJ<C CBEFDB9A<S E<EF9@O GCD46?9A<S E QF4-

?BAAB= @B89?PR, CB>4;4A4 A4 D<E. 15. 
 

$<E. 15. %<EF9@4 GCD46?9A<S E QF4?BAAB= @B89?PR 

 

!4 D<EGA>9: 
Command Input 3 ;484RM<= E<7A4?, 
Reference Model 3 QF4?BAA4S @B89?P, 
NN Controller 3 A9=DBE9F96B= D97G?SFBD, 
NN Plant Model 3 A9=DBAA4S E9FP @B89?< B5N9>F4, 
Plant 3 B5N9>F GCD46?9A<S, 
Model Error 3 BL<5>4 @B89?<, 
Control Error 3 BL<5>4 GCD46?9A<S, 
Plant Output 3 6OIB8 B5N9>F4. 
� CD<6989AAB= EFDG>FGD9 E?98G9F 6O89?<FP QF4?BAAGR @B89?P, >BFBD4S ;4849F :9-

?49@GR FD49>FBD<R 86<:9A<S ;69A4 DB5BF4, G8B6?9F6BDSRM9@G 6FBDB@G <; CD<6989AAOI 
8<HH9D9AJ<4?PAOI GD46A9A<=, 4 F4>:9 A9=DBAAO9 E9F<, D94?<;GRM<9 D97G?SFBD < B5N9>F 
GCD46?9A<S. 

� 84AAB@ E?GK49 4DI<F9>FGD4 !% D97G?SFBD4 BC<EO649FES CDBH<?9@ 531331 

(56IB8B6, 13 A9=DBAB6 E>DOFB7B E?BS < B8<A 6OIB8), F. 9. EB89D:<F 864 E?BS A9=DBAB6. �; 
86GI E?B96 EBEFB<F < A9=DBAA4S E9FP @B89?< B5N9>F4. �<A<< ;489D:><, <ECB?P;G9@O9 8?S 
HBD@<DB64A<S 6IB8B6 !%, <@9RF F4>F 8<E>D9FABEF< 0.05 E. 

�?S A4K4?4 D45BFO E 89@BAEFD4J<BAAO@ CD<@9DB@ A9B5IB8<@B 4>F<6<;<DB64FP 
5?B> Model Reference Controller (E@. D<E. 12) 86B=AO@ M9?K>B@ ?96B= >ABC>< @OL<. #B-
S6<FES B>AB, CB>4;4AAB9 A4 D<E. 16. 

 



 

 

           

 
           $<E. 16. ">AB A4EFDB9>                                           $<E. 17. ">AB 8?S CBEFDB9A<S                 
           A9=DBE9F96OI @B89?9=                                            A9=DBE9F96B= @B89?< "' 

 

"EB59AABEFP D4EE@4FD<649@B= E<EF9@O GCD46?9A<S EBEFB<F 6 FB@, KFB E?98G9F CB-
EFDB<FP 869 A9=DBAAO9 E9F< 3 @B89?P B5N9>F4 GCD46?9A<S < E4@B7B D97G?SFBD4. !4KA9@ E 
CBEFDB9A<S @B89?< B5N9>F4 GCD46?9A<S, 6O5D46 6 B>A9 A4EFDB9> >ABC>G Plant 

Identification. #D< QFB@ BF>DB9FES B>AB Plant Identification, >BFBDB9 CB>4;4AB A4 D<E. 17. 



 

 

   

 
           $<E. 18. %<7A4? "'                                          $<E. 19.  B8<H<J<DB64AAB9 B>AB                                         
   6 D9:<@9 97B <89AF<H<>4J<<                                  8?S CBEFDB9A<S @B89?< "' 

 

�?S CBEFDB9A<S A9=DBE9F96B= @B89?< "' E?98G9F 6O5D4FP >ABC>G Generate Training 

Data. 1FB CD<6989F > FB@G, KFB 5G89F ;4CGM9A4 CDB7D4@@4 79A9D4J<< B5GK4RM9= CBE?98B-
64F9?PABEF< A4 <AF9D64?9 500 E 8?S @B89?< D4EE@4FD<649@B7B B5N9>F4 GCD46?9A<S. #DB-
7D4@@4 79A9D<DG9F B5GK4RM<9 84AAO9 CGF9@ 6B;89=EF6<S DS84 E?GK4=AOI EFGC9AK4FOI 
E<7A4?B6 A4 @B89?P  Simulink B5N9>F4. �D4H<>< 6IB8AB7B < 6OIB8AB7B E<7A4?4 B5N9>F4 
6O6B8SFES A4 Q>D4A (D<E. 18). 

#B ;469DL9A<< 79A9D4J<< B5GK4RM9= CBE?98B64F9?PABEF< CB?P;B64F9?R CD98?474-
9FES ?<5B CD<ASFP 84AAO9 (Accept Data), ?<5B BF>4;4FPES BF A<I (Reject Data). 

#D<@9@ 84AAO9, CBE?9 K97B CD<?B:9A<9 6B;6D4F<F A4E > A9E>B?P>B <;@9A9AAB@G 
B>AG Plant Identification (D<E. 19). �89EP K4EFP B>A4 A98BEFGCA4, 4 >ABC>4 Generate Training 

Data ;4@9A9A4 A4 >ABC>G Erase Generated Data, KFB CB;6B?S9F G84?<FP E79A9D<DB64AAO9 
84AAO9. 

&9C9DP @B:AB A4K4FP B5GK9A<9 A9=DBAAB= E9F<. 



 

 

�?S QFB7B E?98G9F 6BECB?P;B64FPES >ABC>B= Train Network ("5GK<FP E9FP). !4KA9F-
ES B5GK9A<9 A9=DBE9F96B= @B89?<. #BE?9 ;469DL9A<S B5GK9A<S 97B D9;G?PF4FO BFB5D4:4-
RFES A4 7D4H<>4I, >4> QFB CB>4;4AB A4 D<E. 20 < 21, 789 CBEFDB9AO EBBF69FEF6GRM<9 D9-
;G?PF4FO B5GK9A<S < F9EF<DB64A<S A4 >BAFDB?PAB@ @AB:9EF69. 

 

    

 
$<E. 20. $9;G?PF4F B5GK9A<S @B89?<                      $<E. 21. $9;G?PF4F F9EF<DB64A<S  
  A4 B5GK4RM9@ @AB:9EF69                                    @B89?< A4 >BAFDB?PAB@ @AB:9EF69 
 

&9>GM99 EBEFBSA<9 BF@9K9AB 6 B>A9 Plant Identification (D<E. 22) EBB5M9A<9@ 
«"5GK9A<9 ;469DL9AB». �O @B:9F9 E79A9D<DB64FP <?< <@CBDF<DB64FP AB6O9 84AAO9, CDB-
8B?:<FP B5GK9A<9 <?< EBID4A<FP CB?GK9AAO9 D9;G?PF4FO, 6O5D46 >ABC>< OK <?< Apply. 

 



 

 

  

 
$<E. 22. ">AB <89AF<H<>4J<< B5N9>F4                $<E. 23. �OIB8 QF4?BAAB= @B89?<    
    E EBB5M9A<9@ B5 B>BAK4A<< CDBJ98GDO                < B5N9>F4 GCD46?9A<S 
 

�O59D9@ >ABC>G OK. � D9;G?PF4F9 C4D4@9FDO A9=DBE9F96B= @B89?< B5N9>F4 GCD46-
?9A<S 5G8GF 66989AO 6 5?B> Model Reference Controller E<EF9@O Simulik, CBE?9 K97B CDB-
<;B=89F 6B;6D4F 6 B>AB Model Reference Controller (D<E. 23). 

&9C9DP 8?S B5GK9A<S D97G?SFBD4 E?98G9F 6O5D4FP >ABC>G Generate Training Data, 

KFB5O E79A9D<DB64FP B5GK4RM<9 84AAO9. 1F< 84AAO9 6 6<89 7D4H<>B6 CBS6SFES 6 B>A9 
Input-Output Data for NN Model Reference Controller < EAB64 A9B5IB8<@B CB8F69D8<FP 
<?< BCDB69D7AGFP QF< 84AAO9. �E?< 84AAO9 CD<9@?9@O, FB 6 B>A9 Model Reference Con-

troller E?98G9F 6O5D4FP >ABC>G Train Controller ("5GK<FP D97G?SFBD). #BE?9 FB7B >4> B5G-
K9A<9 ;4>BAK<FES, 7D4H<>< 6OIB8B6 QF4?BAAB= @B89?< < B5N9>F4 GCD46?9A<S 6O6B8SFES A4 
Q>D4A (D<E. 24). �4@9F<@, KFB B5GK9A<9 D97G?SFBD4 ;4A<@49F, 6 E<?G CD<@9AS9@B7B 4?7B-
D<F@4 B5GK9A<S (8<A4@<K9E>B7B 64D<4AF4 @9FB84 B5D4FAB7B D4ECDBEFD4A9A<S BL<5><), 
69EP@4 ;A4K<F9?PAB9 6D9@S. 



 

 

#B B>BAK4A<< B5GK9A<S D97G?SFBD4 A9B5IB8<@B A4:4FP A4 >ABC>G OK, 69DAGFPES > 
@B89?< Simulik (D<E. 12) < A4K4FP @B89?<DB64A<9, 6O5D46 BCJ<R Start <; @9AR Simulation. 

�D4H<>< QF4?BAAB7B E<7A4?4 < 6OIB84 B5N9>F4 GCD46?9A<S CB>4;4AO A4 D<E. 25. 
 

 
$<E. 25. �D4H<>< QF4?BAAB7B E<7A4?4 (EFGC9AK4FO= CDBJ9EE)  

< 6OIB84 B5N9>F4 
 

�; 4A4?<;4 CB?GK9AAOI 84AAOI E?98G9F, KFB D94>J<S E<EF9@O A4 EFGC9AK4FO9 6B;-
89=EF6<S EB E?GK4=AB= 4@C?<FG8B= ABE<F @BABFBAAO= I4D4>F9D < B5D454FO649FES 6 CD9-
89?4I 3&4 E. 1FB E6<89F9?PEF6G9F B IBDBL9@ >4K9EF69 D97G?SFBD4 Model Reference Con-

troller 8?S GCD46?9A<S ;69AB@ DB5BF4-@4A<CG?SFBD4. 
 

#@>3@0<<0 @01>BK 8 <5B>48G5A:85 C:070=8O 

1) �OCB?A<F9 6E9 CD<@9DO, CD98?4749@O9 6 F9BD9F<K9E>B= K4EF<. 
2) �?S CD<@9D4 2 <EE?98G=F9 6 @B89?<DG9@B= EI9@9 A9=DBE9F96B= 484CF<6AB= 

E<EF9@O 6?<SA<9 C4D4@9FDB6 A9=DBE9F< < K<E?4 GDB>B6 B5GK9A<S A4 CB>4;4F9?< >4K9EF64 
CDBJ9EE4 <89AF<H<>4J<< B5N9>F4 (C9D6O= QF4C 484CF<6AB7B GCD46?9A<S) < CDBJ9EE4 B5G-
K9A<S E9F<  !%1 (6FBDB= QF4C 484CF<6AB7B GCD46?9A<S). 

3) "FB5D4;<F9 D9;G?PF4FO B5GK9A<S (8?S CD<@9D4 2) 8?S D4;?<KAB7B K<E?4 
A9=DBAB6 6 E>DOFB@ E?B9. 

 

 

�45BD4FBDA4S D45BF4 № 4. �D4H<K9E><= <AF9DH9=E 7<5D<8AOI E<EF9@ 

*5;L @01>BK. %B;84FP 7<5D<8AGR E<EF9@G CB D4A99 6OCB?A9AAB= ;46<E<@BEF< C = 

E2. 

 

�D4H<K9E><= <AF9DH9=E 7<5D<8AOI (A9K9F><I) A9=DBAAOI E<EF9@ 6O;O649FES 
HGA>J<9= anfisedit (<; D9:<@4 >B@4A8AB= EFDB><). �ECB?P;B64A<9 HGA>J<< CD<6B8<F > 
CBS6?9A<R B>A4 D984>FBD4 7<5D<8AOI E<EF9@ (ANFIS Editor, ANFIS-D984>FBD). 

% CB@BMPR 84AAB7B D984>FBD4 BEGM9EF6?SRFES EB;84A<9 <?< ;47DG;>4 EFDG>FGDO 



 

 

7<5D<8AB= E<EF9@O, CDBE@BFD EFDG>FGDO, A4EFDB=>4 99 C4D4@9FDB6, CDB69D>4 >4K9EF64 
HGA>J<BA<DB64A<S F4>B= E<EF9@O. %B;84A<9 EFDG>FGDO, A4EFDB=>4 C4D4@9FDB6 < CDB-
69D>4 BEGM9EF6?SRFES CB 6O5BD>4@ (A45BD4@ 84AAOI) 4 B5GK4RM9= (Training data), 

CDB69DBKAB= (Checking data) < F9EF<DGRM9= (Testing data). #D9864D<F9?PAB BA< 8B?:AO 

5OFP CD98EF46?9AO 6 6<89 F9>EFB6OI H4=?B6 (E D4EL<D9A<9@ dat < D4;89?<F9?S@<-

F45G?SJ<S@<), C9D6O9 EFB?5JO >BFBDOI EBBF69FEF6GRF 6IB8AO@ C9D9@9AAO@, 4 CBE?98-
A<= (CD46O=) 4 98<AEF69AAB= 6OIB8AB= C9D9@9AAB=; >B?<K9EF6B EFDB> 6 F4><I H4=-
?4I D46AB >B?<K9EF6G B5D4;JB6 (CD<@9DB6). &4>, B5GK4RM4S 6O5BD>4, EHBD@<DB64AA4S 
CB F45?. 1, CD98EF46?S9FES 6 6<89 $rBb4. dat 

%FDB7<I D9>B@9A84J<= CB B5N9@4@ G>4;4AAOI 6O5BDB> A9 EGM9EF6G9F; CB-
6<8<@B@G, ?GKL9 6E97B <EIB8<FP <; CD<AJ<C4 «K9@ 5B?PL9, F9@ ?GKL9». 

"5GK4RM4S < CDB69DBKA4S 6O5BD>< A9CBED98EF69AAB ;489=EF6GRFES 6 CDBJ9EE9 
A4EFDB=>< C4D4@9FDB6 7<5D<8AB= E9F<. #DB69DBKA4S 4 8?S 6OSEA9A<S E<FG4J<<, A9 
CDB<EIB8<F ?< F4> A4;O649@B7B C9D9B5GK9A<я E9F<, CD< >BFBDB@ BL<5>4 8?S B5GK4RM9= 
CBE?98B64F9?PABEF< EFD9@<FES > AG?R. �?S CDB69DBKAB= 4 6B;D4EF49F; 6CDBK9@, A4?<-
K<9 CDB69DBKAB= 6O5BD>< A9  S6?S9FES EFDB7B A9B5IB8<@O@, BAB ?<LP >D4=A9  :9?4-
F9?PAB. &9EFB64S (<?< F9EF<DGRM4S) 6O5BD>4 CD<@9AS9FES 8?S CDB69D>< >4K9EF64 HGA>-
J<BA<DB64A<S A4EFDB9AAB= (B5GK9AAB=) E9F<. #BSEA<@ CGA>FO @9AR < BCJ<< D984>FBD4. 

 9AR File < View 6 B5M9@ <89AF<KAO 4A4?B7<KAO@ @9AR FIS-D984>FBD4 ;4 F9@ 

<E>?RK9A<9@, KFB ;89EP D45BF4 @B:9F CDB<EIB8<FP FB?P>B E 4?7BD<F@B@ A9K9F>B7B 6O6B84 
Sugeno.  9AR Edit EB89D:<F 98<AEF69AAGR >B@4A8G 4 Undo ("F@9A<FP 6OCB?A9AAB9 89=-
EF6<9). !45BD BCJ<= Load data (�47DG;>4 84AAOI) 6 A<:A9= ?96B= K4EF< B>A4 D984>FBD4 
6>?RK49F 6 E95S: 

•  F<C (&GD9) ;47DG:49@OI 84AAOI (8?S B5GK9A<S 4 Training, 8?S F9EF<DB64A<S 
4 Testing, 8?S CDB69D>< 4 Checking, 89@BAEFD4J<BAAO9 4 Demo); 

• @9EFB, BF>G84 8B?:AO ;47DG:4FPES 84AAO9: E 8<E>4 (disk) <?< <; D45BK9= B5?4EF< 

MATLAB (workspace). 

� 84AAO@ BCJ<S@ BFABESFES 869 >ABC><, A4:4F<9 A4 >BFBDO9 CD<6B8<F > FD95G9-
@O@ 89=EF6<S@ Load Data (�47DG;<FP 84AAO9) < Clear Data (%F9D9FP 84AAO9). 

%?98GRM4S 7DGCC4 BCJ<= (6 E9D98<A9 A<:A9= K4EF< B>A4 ANFISD984>FBD4) 
B5N98<A9A4 CB8 <@9A9@ Generate FIS (%B;84A<9 A9K9F>B= E<EF9@O 6O6B84). �4AA4S 
7DGCC4 6>?RK49F 6 E95S E?98GRM<9 BCJ<<: 

• ;47DG;>G EFDG>FGDO E<EF9@O E 8<E>4 (from disk); 

• ;47DG;>G EFDG>FGDO E<EF9@O <; D45BK9= B5?4EF< MATLAB (from 

worksp.); 

• D4;5<9A<9 (89?9A<9) B5?4EF9= BCD989?9A<S 6IB8AOI C9D9@9AAOI (4D7G@9A-
FB6) A4 CB8B5?4EF< 4 A9;46<E<@B 8?S >4:8B7B 4D7G@9AF4 (Grid partition); 

• D4;5<9A<9 6E9= B5?4EF< BCD989?9A<S 4D7G@9AFB6 (6IB8AOI C9D9@9AAOI) A4 
CB8B5?4EF< 4 6 >B@C?9>E9 8?S 6E9I 4D7G@9AFB6 (Sub.clustering), 

�DB@9 FB7B, <@99FES F4>:9 >ABC>4 Generate FIS, A4:4F<9 >BFBDB= CD<6B8<F > 
CDBJ9EEG EB;84A<S 7<5D<8AB= E<EF9@O E FBKABEFPR 8B DS84 C4D4@9FDB6. 

%?98GRM4S 7DGCC4 BCJ<= 4 Train FIS ("5GK9A<9 A9K9F>B= E<EF9@O 6O6B84) 4 

CB;6B?S9F BCD989?<FP @9FB8 «B5GK9A<S» (Optim.Method) E<EF9@O (F. 9. @9FB8 A4EFDB=>< 99 
C4D4@9FDB6) 4 7<5D<8AO= (hybrid) <?< B5D4FAB7B D4ECDBEFD4A9A<S BL<5>< (backproba), 4 
F4>:9 GEF4AB6<FP GDB69AP F9>GM9= EG@@4DAB= (CB 6E9@ B5D4;J4@) BL<5>< B5GK9A<S (�r-

ror &B19r4nE9), CD< 8BEF<:9A<< >BFBDB7B CDBJ9EE B5GK9A<S ;4>4AK<649FES < >B?<K9EF6B 
J<>?B6 B5GK9A<S (Epochs), F.9. >B?<K9EF6B «CDB7BAB6» 6E9I B5D4;JB6 (<?< CD<@9DB6) 
B5GK4RM9= 6O5BD><. #DBJ9EE B5GK9A<S, F4><@ B5D4;B@, ;4>4AK<649FES ?<5B CD< 8BEF<-
:9A<< BF@9K9AAB7B GDB6AS BL<5>< B5GK9A<S, ?<5B CBE?9 CDB6989A<S ;484AAB7B >B?<K9-
EF64 J<>?B6. 

�ABC>4 &r0in Now (!4K4FP B5GK9A<9) ;4CGE>49F CDBJ9EE B5GK9A<S, F.9. CDBJ9EE 



 

 

A4EFDB=>< C4D4@9FDB6 7<5D<8AB= E9F<. 

� CD46B@ 69DIA9@ G7?G B>A4 ANFIS-D984>FBD4 6O849FES <AHBD@4J<S (ANFIS 

Info) B CDB9>F<DG9@B= E<EF9@9: >B?<K9EF6B 6IB8B6, 6OIB8B6, HGA>J<= CD<A48?9:ABEF< 

6IB8B6. !4:4F<9 >ABC>< Structure (%FDG>FGD4) CB;6B?S9F G6<89FP EFDG>FGDG E9F<. 
�ABC>4 %150r ("K<EF<FP) CB;6B?S9F EF9D9FP 6E9 D9;G?PF4FO. 

"CJ<< &5st FIS 6 CD46B@ A<:A9@ G7?G B>A4 CB;6B?SRF CDB69EF< CDB69D>G < F9-
EF<DB64A<9 EB;84AAB= < B5GK9AAB= E<EF9@O E 6O6B8B@ D9;G?PF4FB6 6 6<89 7D4H<>B6. 
%BBF69FEF6GRM<9 7D4H<>< 8?S B5GK4RM9= 6O5BD>< 4 Training data, F9EF<DGRM9= 6O-
5BD>< 4 Testing data < CDB69DBKAB= 6O5BD>< 4 Checking data. �ABC>4 &5st Now CB;-
6B?S9F ;4CGEF<FP G>4;4AAO9 CDBJ9EEO. 

 

 

 З484A<9 > ?45BD4FBDAB= D45BF9 2 

$45BFG E D984>FBDB@ D4EE@BFD<@ A4 CD<@9D9 6BEEF4AB6?9A<S ;46<E<@BEF< C = E2 

CB 84AAO@ F45?. 1. #D98CB?B:<@, KFB QF< 84AAO9 CB87BFB6?9AO 6 H4=?9 $rBb4. dat. %B-
;84A<9 < CDB69D>G E<EF9@O, >4> < D4APL9, CDB6989@ CB QF4C4@: 

1. � B>A9 �NFIS-D984>FBD4 6O59D9@ F<C ;47DG:49@OI 84AAOI Training < A4:@9@ 

>ABC>G Load data. � CBE?98GRM9@ EF4A84DFAB@ B>A9 8<4?B74 G>4:9@ @9EFBCB?B:9A<9 
< <@S H4=?4. �7B BF>DOF<9 CD<6B8<F > CBS6?9A<R 6 7D4H<K9E>B= K4EF< B>A4 D984>FBD4 
A45BD4 FBK9>, EBBF69FEF6GRM<I 66989AAO@ 84AAO@. 

2. � 7DGCC9 BCJ<= Generate FIS CB G@B?K4A<R 4>F<6<;<DB64A 64D<4AF Grid parti-

tion. !9 5G89@ <;@9ASFP < A4:@9@ >ABC>G Generate FIS, CBE?9 K97B CBS6<FES 8<4?B7B-
6B9 B>AB 8?S ;484A<S K<E?4 < F<CB6 HGA>J<= CD<A48?9:ABEF<. %BID4A<@ 6c9 GEF4AB6>< 

CB G@B?K4A<R, EB7?4E<6L<EP E A<@< A4:4F<9@ >ABC>< "�. #DB<;B=89F 6B;6D4F 6 BEAB6-
AB9 B>AB �NFIS D984>FBD4. &9C9DP EFDG>FGD4 7<5D<8AB= E9F< EB;84A4, < 99 7D4H<K9E><= 

6<8 @B:AB CDBE@BFD9FP E CB@BMPR >ABC>< Structure. 

3. #9D9=89@ > BCJ<S@ Train FIS. !9 5G89@ @9ASFP ;484649@O9 CB G@B?K4A<R 

@9FB8 A4EFDB=>< C4D4@9FDB6 (hybrid 4 7<5D<8AO=) < GDB69AP BL<5>< (0), AB >B?<K9EF6B 
J<>?B6 B5GK9A<S <;@9A<@ A4 40, CBE?9 K97B A4:@9@ >ABC>G ;4CGE>4 CDBJ9EE4 B5GK9A<S 
(Train Now). #B?GK<?ES D9;G?PF4F 6 6<89 7D4H<>4 BL<5>< E9F< 6 ;46<E<@BEF< BF K<E?4 
CDB6989AAOI J<>?B6 B5GK9A<S (<; >BFBDB7B E?98G9F, KFB H4>F<K9E>< B5GK9A<9 ;4>BAK<-
?BEP CBE?9 CSFB7B J<>?4). 

4. &9C9DP A4:4F<9@ >ABC>< Test Now @B:AB A4K4FP CDBJ9EE F9EF<DB64A<S B5G-
K9AAB= E9F<, AB, CBE>B?P>G <ECB?P;B64?4EP FB?P>B B8A4 (B5GK4RM4S) 6O5BD>4, A<K97B 
BEB59AAB <AF9D9EAB7B B:<84FP A9 CD<IB8<FES. �9=EF6<F9?PAB, 6OIB8 B5GK9AAB= E<-
EF9@O CD4>F<K9E>< EB6C4849F E FBK>4@< B5GK4RM9= 6O5BD><. 

5. %BID4A<@  D4;D45BF4AAGR  E<EF9@G  A4  8<E>9  6  H4=?9  E  <@9A9@ $rBb41 (E 
D4EL<D9A<9@ fis) < 8?S <EE?98B64A<S D4;D45BF4AAB= E<EF9@O ED98EF64@< FIS-

D984>FBD4 <; >B@4A8AB= EFDB><  �&LA� 6OCB?A<@ >B@4A8G Fuzzy, 4 ;4F9@ K9D9; 
CGA>FO @9AR File | "@5n FIS from disk BF>DB9@ EB;84AAO= H4=?. % EB;84AAB= E<EF9@B= 

@B:AB F9C9DP 6OCB?ASFP 6E9 CD<9@O D984>F<DB64A<S (<;@9A9A<9 <@9A C9D9@9AAOI < F. 
C.) < <EE?98B64A<S, >BFBDO9 5O?< D4EE@BFD9AO 6OL9. � D9;G?PF4F9 G59:849@ES, KFB >4K9-
EF6B 4CCDB>E<@4J<< EGM9EF69AAB A9 G?GKL<?BEP 3 E?<L>B@ @4?B 84AAOI. +FB @B:AB E>4-
;4FP CDB QHH9>F<6ABEFP <ECB?P;B64A<S 7<5D<8AOI E<EF9@ < ANFIS-D984>FBD4? 

� 84AAB@ E?GK49 <ECB?P;G9FES FB?P>B B8<A 4?7BD<F@ A9K9F>B7B 6O6B84 4 Sugeno 

(AG?96B7B <?< C9D6B7B CBDS8>B6), @B:9F 5OFP FB?P>B B8A4 6OIB8A4S C9D9@9AA4S, 6E9@ 

CD46<?4@ CD<C<EO649FES B8<A < FBF :9 98<A<KAO=  69E.  �BB5M9  7B6BDS,  6B;A<>4RF  
;A4K<F9?PAO9  CDB5?9@O  CD<  5B?PLB@ (5B?99 5-6) >B?<K9EF69 6IB8AOI C9D9@9AAOI. 1FB 
4 B7D4A<K9A<S < A98BEF4F>< CB8IB84. 

�7B A9EB@A9AAO9 8BEFB<AEF64: CD4>F<K9E>< CB?A4S 46FB@4F<;4J<S CDBJ9EE4 
EB;84A<S A9K9F>B= (7<5D<8AB=) E<EF9@O, 6B;@B:ABEFP CDBE@BFD4 EHBD@<DB64AAOI 



 

 

CD46<? < CD<84A<S <@ EB89D:4F9?PAB= (?<A76<EF<K9E>B=) <AF9DCD9F4J<<, KFB CB;-
6B?S9F, >EF4F< 7B6BDS, D4EE@4FD<64FP 4CC4D4F 7<5D<8AOI E9F9= >4> ED98EF6B <;6?9-
K9A<S ;A4A<= <; 54; 84AAOI < EGM9EF69AAB BF?<K49F 84AAO9 E9F< BF >?4EE<K9E><I 
A9=DBAAOI. 

$9>B@9A8G9@4S B5?4EFP CD<@9A9A<S: CBEFDB9A<9 4CCDB>E<@4FBDB6 ;46<E<@BEF9= CB 
Q>EC9D<@9AF4?PAO@ 84AAO@, CBEFDB9A<9 E<EF9@ >?4EE<H<>4J<< (6 E?GK49 5<A4DAB= <?< 

8<E>D9FAB= 6OIB8AB= C9D9@9AAB=), <;GK9A<9 @9I4A<;@4 S6?9A<=. 
�4F9@ D45BFG E D984>FBDB@ D4EE@BFD<@ A4 CD<@9D9 ;46<E<@BEF< y BF x, ;484AAB= CB 

64D<4AF4@. 
 

�45BD4FBDA4S D45BF4 № 5. Ч4EFP 1. ИECB?P;B64A<9 7D4H<K9E>B7B <AF9DH9=E4 
8?S CBEFDB9A<S A9K9F>B= 4CCDB>E<@<DGRщ9= E<EF9@O 

 

*5;L @01>BK. #BEFDB9A<9 A9K9F>B= Q>EC9DFAB= E<EF9@O. 
$4EE@BFD<@ @9FB8<>G CBEFDB9A<S A9K9F>B= Q>EC9DFAB= E<EF9@O, >BFBD4S 8B?:A4 

CB@BKP CB?P;B64F9?R E BF69FB@ A4 6BCDBE: E>B?P>B 84FP A4 K4= BH<J<4AFG ;4 B5E?G:<-
64A<9 6 D9EFBD4A9? 

 !4 BEAB64A<< >4><I-FB GEFBS6L<IES B5OK496 < <AFG<F<6AOI CD98EF46?9A<= 

CD98CB?B:<@, KFB ;484K4 B K496OI @B:9F 5OFP BC<E4A4 E?98GRM<@< CD98?B:9A<S@<. 
1. �E?< B5E?G:<64A<9 C?BIB9 <?< 984 CB87BD96L4S, FB K496O9 3 @4?9AP><9. 
2. �E?< B5E?G:<64A<9 IBDBL99, FB K496O9 3 ED98A<9. 
3. �E?< B5E?G:<64A<9 BF?<KAB9 <?< 984 CD96BEIB8A4S, FB K496O9 M98DO9. 
�4K9EF6B B5E?G:<64A<S < 98O 5G89@ BJ9A<64FP CB 10-54??PAB= E<EF9@9 (0 3 

A4<IG8L4S BJ9A>4, 10 A4<?GKL4S). 
�G89@ CD98CB?474FP 84?99, KFB @4?O9 K496O9 EBEF46?SRF B>B?B 5% BF EFB<@BEF< 

B5984, ED98A<9 3 B>B?B 15 % < M98DO9 3 CD<@9DAB 25 %. 

�4@9F<@, KFB CD98EF46?9AAB= <AHBD@4J<<, 6 CD<AJ<C9, 8BEF4FBKAB 8?S CDB9>-
F<DB64A<S A9K9F>B= Q>EC9DFAB= E<EF9@O. &4>4S E<EF9@4 5G89F <@9FP 2 6IB84 ( >BFB-
DO9 @B:AB GE?B6AB A4;64FP «E9D6<E» < «984»), B8<A 6OIB8 («K496O9»), FD< CD46<?4 
F<C4 9E?<&.FB (6 EBBF69FEF6<< E FD9@S CD<6989AAO@< CD98?B:9A<S@<) < CB FD< ;A4-
K9A<S (EBBF69FEF69AAB 0 54??B6, 5 54??B6, 10 54??B6 < 5%, 15%, 25%) 8?S J9AFDB6 
HGA>J<= CD<A48?9:ABEF< 6IB8B6 < 6OIB8B6. #BEFDB<@ 84AAGR E<EF9@G, <ECB?P;GS 4?-
7BD<F@  0<40=8, BC<EO64S FD95G9@O9 89=EF6<S CB CGA>F4@. 

З484A<9 > ?45BD4FBDAB= D45BF9 4 

1. �B@4A8B= Fuzzy ;4CGE>49@ FIS-D984>FBD. #B G@B?K4A<R CD98?4749FES 4?7BD<F@ 

 0<40=8 (B K9@ 7B6BD<F A48C<EP 6 J9AFD4?PAB@ 59?B@ 5?B>9), ;89EP A<>4><I <;@9A9A<= 
A9 FD95G9FES, AB 6 E<EF9@9 8B?:AB 5OFP 864 6IB84, CBQFB@G K9D9; CGA>F @9AR Edit> 

Add Variable Input 8B546?S9@ 6 E<EF9@9 QFBF 6FBDB= 6IB8 (6 B>A9 D984>FBD4 CBS6?S9FES 
6FBDB= :9?FO= 5?B> E <@9A9@ Input 2). �9?4S 84?99 B8AB>D4FAO= M9?KB> A4 5?B>9 Input 

1, @9AS9@ 97B <@S A4 «E9D6<E», ;469DL4S 66B8 AB6B7B <@9A< A4:4F<9@ >?46<L<. 
�A4?B7<KAO@ B5D4;B@ GEF4A46?<649@ <@S «984» 5?B>G Input 2 < «K496O9» 

- 6OIB8AB@G 5?B>G Output 1(ECD464 669DIG). #D<E6B<@ ED4;G :9 < <@S 
6E9= E<EF9@9, A4CD<@9D TIP_ FIO. �4848<@ F9C9DP HGA>J<< CD<A48?9:ABEF< C9D9@9A-
AOI. #DB7D4@@G 3 D984>FBD HGA>J<< CD<A48?9:ABEF< @B:AB BF>DOFP FD9@S ECBEB54@<: 
6O59D9@ C9D6O= K9D9; CGA>F @9AR View> Edit membership function. �484A<9 < D9-
84>F<DB64A<9 HGA>J<= CD<A48?9:ABEF< A4KA9@ E C9D9@9AAB= «E9D6<E». %A4K4?4 6 CB?SI 
Range < Display Range GEF4AB6<@ 8<4C4;BA <;@9A9A<S < BFB5D4:9A<S QFB= C9D9@9AAB= 
3 BF 0 8B 10 (54??B6), CB8F69D:84S 66B8 A4:4F<9@ >?46<L< Enter. �4F9@ K9D9; CGA>F @9-
AR Edit/Add MFs C9D9=89@ > 8<4?B7B6B@G B>AG A4 D<E. 2. 

  



 

 

 
$<E. 2. �<8 B>A4 FIS Editor 

 

�4> CB>4;4AB A4 D<E. 3, ;4848<@ FD< HGA>J<< CD<A48?9:ABEF< 74GEEB64 F<C4 
(gaussmf). !4:@9@ >ABC>G "� < 6B;6D4F<@ES 6 B>AB D984>FBD4 HGA>J<= CD<A48?9:-
ABEF<. !9 <;@9ASS D4;@4I < CB?B:9A<9 ;484AAOI HGA>J<=, ;4@9A<@ FB?P>B <I <@9A4 
A4 «C?BIB=», «IBDBL<=» < «BF?<KAO=». Щ9?K>B@ A4 ;A4K>9 «984» 6B=89@ 6 B>AB D9-
84>F<DB64A<S HGA>J<= CD<A48?9:ABEF< 8?S QFB= C9D9@9AAB=. �4848<@ EA4K4?4 8<4C4;BA 
99 <;@9A9A<S BF 0 8B 10, 4 ;4F9@, CBEFGC4S >4> D4A99, ;4848<@ 869 HGA>J<< CD<A48?9:-
ABEF< FD4C9J9<84?PAB= HBD@O   E  C4D4@9FD4@<  EBBF69FEF69AAB [0 0 1 3] < [7 9 10 10] < 

<@9A4@< «CB87BD96L4S» < «CD96BEIB8A4S». 
 

 

 
 

$<E. 3. ">AB ;484A<S HGA>J<< CD<A48?9:ABEF< CB?P;B64F9?S 
 

�?S 6OIB8AB= C9D9@9AAB= «K496O9» G>4:9@ EA4K4?4 8<4C4;BA <;@9A9A<S (BF 0 8B 
30), CBFB@ ;4848<@ FD< HGA>J<< CD<A48?9:ABEF< FD9G7B?PAB= HBD@O E <@9A4@< «@4-
?O9», «ED98A<9» < « M98DO9» F4>, >4> CD98EF46?9AB A4 D<E.4. �4@9F<@, KFB @B:AB, D4;G-
@99FES, ;484FP < >4><9-?<5B 8DG7<9 HGA>J<< <?< 6O5D4FP 8DG7<9 C4D4@9FDO. 

 #9D9=89@ > >BAEFDG<DB64A<R CD46<?. �?S QFB7B 6O59D9@ CGA>F @9AR View>Edit 

rules. �4?99 66B8 CD46<? CDB<;6B8<FES 6 EBBF69FEF6<< E CD98?B:9A<S@<, BC<EO64RM<-
@< ;484KG. �4@9F<@, KFB 6 C9D6B@ < FD9FP9@ CD46<?4I 6 >4K9EF69 «E6S;><» 6 CD98CBEO?-
>4I CD46<?4 A9B5IB8<@B <ECB?P;B64FP A9 «�» (and), 4 «���» (or); CD< 66B89 6FBDB7B CD4-
6<?4, 789 BFEGFEF6G9F C9D9@9AA4S «984», 8?S A99 6O5<D49FES BCJ<S none. � D9;G?PF4F9 
HBD@<DG9FES <FB7B6O= A45BD CD46<?. 

 



 

 

 
$<E. 4. (GA>J<< CD<A48?9:ABEF< C9D9@9AAB= «K496O9» 

&4>4S CB8DB5A4S (verbose) ;4C<EP CD98EF46?S9FES 8BEF4FBKAB CBASFAB=; 98<A<J4 
6 E>B5>4I CBE?9 >4:8B7B CD46<?4 G>4;O649F 97B «69E» (Weight), F.9. ;A4K<@BEFP CD46<-
?4. �4AAO= 69E @B:AB @9ASFP, <ECB?P;GS EBBF69FEF6GRM99 CB?9 6 ?96B= A<:A9= K4EF< 
B>A4 D984>FBD4 CD46<?. #D46<?4 CD98EF46?9AO < 6 8DG7<I HBD@4I 3 E<@6B?<K9E>B= 

(symbolic) < <A89>EAB= (indexed), CD< QFB@ C9D9IB8 BF B8AB= HBD@O > 8DG7B= CDB<EIB8<F 
E CB@BMPR @9AR Options> Format D984>FBD4 CD46<?. �BF >4> 6O7?S8SF D4EE@BFD9AAO9 
CD46<?4 6 E<@6B?<K9E>B= HBD@9: 

1) (E9D6<E==C?BIB=)I(984==CB87BD96L4S)=>(K496O9==@4?O9)(1); 
2) (E9D6<E==IBDBL<=)=>(K496O9==ED98A<9)(1); 

3) (E9D6<E==BF?<KAO=)I(984==CD96BEIB8A4S)=>(K496O9==M98DO9)(1). #D46<?4 
CBASFAO. 

!4>BA9J, E4@O= E:4FO= HBD@4F CD98EF46?9A<S CD46<? 3 <A89>EAO= 3 S6?S9FES 
F9@ HBD@4FB@, >BFBDO= 6 89=EF6<F9?PABEF< <ECB?P;G9FES CDB7D4@@B=. � QFB@ HBD@4F9 
CD<6989AAO9 CD46<?4 6O7?S8SF F4>: 

o 1 1, 1 (1):2 

o 2 0, 2 (1):2 

o 3 2, 3 (1):2 

 �89EP C9D64S >B?BA>4 BFABE<FES > C9D6B= 6IB8AB= C9D9@9AAB= (EBBF69FEF69AAB 
C9D6B9, 6FBDB9 <?< FD9FP9 6B;@B:AB9 ;A4K9A<9), 6FBD4S 3 >B 6FBDB=, FD9FPS (CBE?9 
;4CSFB=) 3 > 6OIB8AB= C9D9@9AAB=, J<HD4 (CBE?9 86B9FBK<S) G>4;O649F F<C «E6S;><» (1 

8?S «�», 2 8?S «���»). 
!4 QFB@ EBBF69FEF69AAB >BAEFDG<DB64A<9 Q>EC9DFAB= E<EF9@O ;4>BAK9AB. %BID4-

A<@ 99 A4 8<E>9 CB8 6O5D4AAO@ <@9A9@ TIP. 

&9C9DP E4@B9 6D9@S CDB69D<FP E<EF9@G 6 89=EF6<<. "F>DB9@ (K9D9; CGA>F @9AR 

View > View rules) B>AB CDBE@BFD4 CD46<? < GEF4AB6<@ ;A4K9A<S C9D9@9AAOI: E9D6<E = 0 

(FB 9EFP A<>G84 A9 7B8AO=), 984 = 10 (FB 9EFP CD96BEIB8A4S). '6<8<@ BF69F: K496O9 = 

15 (FB 9EFP ED98A<9). !G KFB :, E E<EF9@B= A9 CBECBD<LP, A48B C?4F<FP. 
 B:AB CDB69D<FP < 8DG7<9 64D<4AFO. � K4EFABEF< (@B:9F 5OFP, A9 59; G8<6?9A<S), 

6OSEA<FES, KFB A4L9= E<EF9@B= B5E?G:<64A<9 J9A<FES 5B?PL9, K9@ >4K9EF6B 98O: CD< 

A45BD9 «E9D6<E = 10, 984 = 3» E<EF9@4 EB69FG9F BCD989?<FP D4;@9D K496OI 6 23,9 %, 6 
FB 6D9@S >4> A45BDG «E9D6<E = 3, 984 = 10» D4;@9D K496OI CB D9>B@9A84J<< E<EF9@O 

4 16,6 % (BF EFB<@BEF< B5984). �CDBK9@, A<K97B G8<6<F9?PAB7B ;89EP A9F: QFB @O E4@< 

(A9 BEB59AAB CB8B;D964S B5 QFB@) ;4?B:<?< 6 E<EF9@G EBBF69FEF6GRM<9 ;A4A<S 6 6<89 
EB6B>GCABEF< CD<6989AAOI CD46<?. 



 

 

#B8F69D:89A<9@ BF@9K9AAB= ;46<E<@BEF< 6OIB8AB= C9D9@9AAB= BF 6IB8AOI 
@B:9F E?G:<FP 6<8 CB69DIABEF< BF>?<>4, >BFBDO= CD98EF46?S9FES CD< 6O5BD9 CGA>F4 
@9AR View/View surface; B5D4F<F9 6A<@4A<9, KFB E CB@BMPR @OL>< 7D4H<> @B:AB CB-
6BD4K<64FP 6B 6E9 EFBDBAO. 

� BF>DO6L9@ES B>A9, @9ASS <@9A4 C9D9@9AAOI 6 CB?SI 66B84 (X (input) < Y 

(input)), @B:AB ;484FP < CDBE@BFD B8AB@9DAOI ;46<E<@BEF9=, A4CD<@9D «K496OI» BF 
«98O». 

#B CD<6989AAB@G 6OL9 CD<@9DG CB87BFB6<@ A2>N M:A?5@B=CN A8AB5<C, CDBF9-
EF<DG9@ 99 < EBID4A<@ CB8 <@9A9@ ECFio, BHBD@<6 BFK9F 6 6<89, CD98EF46?9AAB@ 6 A4K4?9 
?45BD4FBDAB= D45BFO 4. 

 

�45BD4FBDA4S D45BF4 № 5. Ч4EFP 2. %B;84A<9 CB?P;B64F9?PE><I HGA>J<= CD<-
A48?9:ABEF< 

*5;L @01>BK. $45BF4 E Fuzzy Logic &>>lboE 6 D9:<@9 >B@4A8AB= EFDB><. �B;-
@B:ABEF< D45BFO 6 D9:<@9 >B@4A8AB= EFDB><. (GA>J<< E<EF9@ A9K9F>B7B 6O6B84. 
(GA>J<< EBID4A9A<S, BF>DOF<S < <ECB?P;B64A<S EB;84AAB= E<EF9@O. 

#4>9F Fuzzy Logic &>>lboE D4ECB?4749F 5B?PL<@ A45BDB@ HGA>J<=, <ECB?AS9-
@OI <; >B@4A8AB= EFDB><  �&L�� < CB;6B?SRM<I A9 <ECB?P;B64FP CD< D45BF9 E E<EF9-
@4@< A9K9F>B7B 6O6B84 D4EE@BFD9AAO9 CDB7D4@@O 7D4H<K9E>B7B <AF9DH9=E4. �E9 
HGA>J<< 89?SFES A4 E?98GRM<9 7DGCCO: 

1)  6O;B6 CDB7D4@@ 7D4H<K9E>B7B <AF9DH9=E4; 
2) ;484A<S HGA>J<= CD<A48?9:ABEF<; 
3) EB;84A<9, D984>F<DB64A<9, CDBE@BFD, BF>DOF<9 < EBID4A9A<9 E<EF9@ A9-

K9F>B7B 6O6B84; 
4) 8BCB?A<F9?PAO9; 
5) E9D6<EAO9; 
6) 6O;B6 8<4?B7B6OI B>BA <AF9DH9=E4; 
7) 5?B>< Simulink; 

8) 89@BAEFD4J<< 6B;@B:ABEF9= C4>9F4. 
ФC=:F88 6O7>64 ?@>7@4<< 7@4D8G9A:>7> 8=B9@D99A4 

� QFB= 7DGCC9 BFABESFES E?98GRM<9 HGA>J<<: 
• fuzzy 4 6O;B6 FIS-D984>FBD4; 
• mfedit 4 6O;B6 D984>FBD4 HGA>J<= CD<A48?9:ABEF<; 
• ruleedit 4 6O;B6 D984>FBD4 CD46<?; 
• ruleview 4 6O;B6 CDB7D4@@O CDBE@BFD4 CD46<?; 
• surfview 4 6O;B6 CDB7D4@@O CDBE@BFD4 CB69DIABEF< BF>?<>4; 
• anfisedit 4 6O;B6 FIS-D984>FBD4 (FB?P>B 8?S E<EF9@, <ECB?P;GRM<I 4?7BD<F@ 

Sugeno < <@9RM<I B8AG 6OIB8AGR C9D9@9AAGR); 
• findcluster 4 6O;B6 CDB7D4@@O >?4EF9D<;4J<<. 
�ECB?P;B64A<9 C9D6OI L9EF< HGA>J<= E 4D7G@9AFB@ (A4CD<@9D, fuzzy(4), 789 0 

4 <@S C9D9@9AAB= D45BK97B CDBEFD4AEF64, CD<E6B9AAB9 E<EF9@9 A9K9F>B7B 6O6B84) 
BF>DO649F EBBF69FEF6GRMGR CDB7D4@@G E B8AB6D9@9AAB= ;47DG;>B= 6 A99 D4EE@4FD<64-
9@B= E<EF9@O. (GA>J<S findcluster (<@S_H4=?4) BF>DO649F CDB7D4@@G >?4EF9D<;4J<< 
E B8AB6D9@9AAB= ;47DG;>B= G>4;4AAB7B H4=?4 84AAOI. 

+F9A<9, <ECB?P;B64A<9 < EBID4A9A<9 A4 8<E> EB;84AAB= E<EF9@O A9K9F>B7B 6O6B-
84 6 D9:<@9 >B@4A8AB= EFDB>< BEGM9EF6?S9FES E?98GRM<@< HGA>J<S@<: 

readfis (8<@S_H4=?49) 
evalfis (69>FBD_C4D4@9FDB6, <@S) 
writefis (<@S) <?< writefis (<@S.'<@S_H4=?4' ) 



 

 

�89EP <@S_H4=?4 4 A4<@9AB64A<9 H4=?4 E A4C<E4AAB= E<EF9@B= (59; G>4;4A<S 
D4EL<D9A<S), <@S 4 <89AF<H<>4FBD, >BFBDO= 84A E<EF9@9 6 D45BK9= ED989  �&L��. 
�9>FBD_C4D4@9FDB6 4 A45BD ;A4K9A<= 6IB8B6, 8?S >BFBDOI FD95G9FES D4EEK<F4FP 6OIB8 
(6B;@B:A4 < @4FD<J4 C4D4@9FDB6, FB784 D9;G?PF4F D4EK9FB6 4 69>FBD 6 E?GK49 B8AB= 6O-
IB8AB= C9D9@9AAB= <?< @4FD<J4 CD< A9E>B?P><I F4><I C9D9@9AAOI). 

З484A<я > ?45BD4FBDAB= D45BF9  
1. !4 CD<@9D9 D4A99 EB;84AAB= < EBID4A9AAB= A4 8<E>9 6 6<89 H4=?4 E <@9A9@ Tip 

Q>EC9DFAB= E<EF9@O 8?S ;484K< B K496OI <ECB?P;B64FP E<EF9@O A9K9F>B7B 6O6B84 E CB-
@BMPR 7D4H<K9E>B7B <AF9DH9=E4, CD<6989AAB7B 6OL9: 

 >>a = readfis ('Tip'); 

>>out = evalfis ([1 2],a) out = 

<D9;G?PF4F> 

>>writefis (a, 8Tip9) 
�O5D4FP E?98GRM<9 HGA>J<< <ECB?P;B64A<S 7D4H<K9E>B7B B>A4, >BFBDO9 CB;6B-

?SRF <ECB?P;B64FP Q?9@9AFO 7D4H<K9E><I <;B5D4:9A<= 6A9 CDB7D4@@ E 7D4H<K9E><@ 

<AF9DH9=EB@. 
�B@4A84 (HGA>J<S) plotfis (0) 6O;B69F CBS6?9A<9 7D4H<K9E>B7B B>A4  �&L�� E @A9-

@BA<K9E><@ CD98EF46?9A<9@ D4;D45BF4AAB= E<EF9@O (D<E. 5.1). 

 

 

 
 

$<E 5.1.  A9@BA<K9E>B9 CD98EF46?9A<9 E<EF9@O A9K9F>B7B 6O6B84 �B@4A84 (HGA>-
J<S) gensurf (a) 89?49F FB :9 E4@B9, AB CD<@9A<F9?PAB > CB69DIABEF< BF>?<>4 (D<E. 5.2). 

 



 

 

 
 

$<E.5.2. $9;G?PF4F 6OCB?A9A<S HGA>J<< gensurf (<@S) 
2.  �4?99 6OCB?A<FP CD<@9D CBEFDB9A<S Q>EC9DFAB= E<EF9@O 8?S ;484K< B K496OI, 

<ECB?P;GS HGA>J<< EB;84A<S, CDBE@BFD4 EFDG>FGDO < D984>F<DB64A<S E<EF9@ A9K9F>B7B 
6O6B84: HGA>J<< newfis (AB64S E<EF9@4), addvar (8B546<FP C9D9@9AAGR), addmf (8B54-
6<FP HGA>J<R CD<A48?9:ABEF<) < addrule (8B546<FP CD46<?B). 

 

3. %>BAEFDG<DB64FP E<EF9@G A9K9F>B7B 6O6B84 J9?<>B@ 6 D9:<@9 >B@4A8AB= 

EFDB><  �&L��. 
 

 
�4F9@ FBKAB F4> :9 G>4;4FP 6E9 8?S «98O» < 8?S «K496OI», FB?P>B ;4@9A<FP 8input9 

A4 8output9. 
ruleList=[ 1 1 1 1 1 

1 2 2 1 1]; 

a = addrule(a,ruleList). 

�4?99 CD< A9B5IB8<@BEF< CDBE@BFD4 Q?9@9AFB6 EFDG>FGDO (E<EF9@O E <89AF<H<-
>4FBDB@ 4) 6 D9:<@9 >B@4A8AB= EFDB>< E?98G9F 669EF< >B@4A8G 6<84 4. #4D4@9FD, 



 

 

A4CD<@9D 
>> a.type #B?GK<@ BF69F: ans = mamdani. 

#B?GK9A<9 <AHBD@4J<< CB 6E9@ Q?9@9AF4@ EFDG>FGDO B59EC9K<649FES HGA>J<9= 

getfis (4). 
 (GA>J<S setfis (a) 6 BCD989?9AAB@ E@OE?9 CDBF<6BCB?B:A4 HGA>J<< 
getfis (4) < CB;6B?S9F <;@9ASFP C4D4@9FDO. 
#B?AO= CDBE@BFD EFDG>FGDO E<EF9@O A9K9F>B7B 6O6B84 BEGM9EF6?S9FES HGA>J<-

9= showfis (4). 
#DBE@BFD CD46<?, 6>?RK9AAOI 6 E<EF9@G A9K9F>B7B 6O6B84, BEGM9EF6?S9FES E CB-

@BMPR HGA>J<< showrule (a). 

a = readfis ('tipper'); showrule (a,1) 

ans = 

1. If (service is poor) or (food is rancid) then (tip is cheap) (1) showrule (a,2) 

ans = 

2. If (service is good) then (tip is average) (1) Showrule (a,[3 1],'symbolic') 

ans = 

3. (service==excellent) | (food==delicious) => (tip=generous) (1) 

1. (service==poor) | (food==rancid) => (tip=cheap) (1) Showrule (a,1:3,'indexed') 

ans = 

1 1, 1 (1) : 2 

2 0, 2 (1) : 1 

3 2, 3 (1) : 2. 

4. #B6FBD<FP 69EP CDBJ9EE E CD<@9A9A<9@ G>4;4AAOI CDB7D4@@ 8?S E6B9= Q>E-
C9DFAB= E<EF9@O, EB;84AAB= 6 ?45BD4FBDAB= D45BF9 4, A4 CD<@9D9 CBEFDB9A<S E<EF9@O 6 
;484K9 B K496OI. 

 

�45BD4FBDA4S D45BF4 № 6. Ч4EFP 1. !9K9F><9 @AB:9EF64. BC9D4J<< A48 A9-
K9F><@< @AB:9EF64@< 
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�45BD4FBDA4S D45BF4 №6. Ч4EFP 2. CDB9>F<DB64A<9 E<EF9@O A9K9F>B7B 6O6B-
84 

 

Ц9;P @45>BO: BE6B<FP CDB9>F<DB64A<9 A9K9F><I E<EF9@ 6 C4>9F9 Fuzzy Logic Toolbox 

< Symbolic Math Toolbox 6OK<E?<F9?PAB= ED98O MATLAB. 

 

#BDS8B> 6OCB?A9A<S D45BFO 
1. #B?GK<FP ;484A<9 CB B8AB@G <; 64D<4AFB6 F45?<JO (C. 4). 

2. #B87BFB6<FP A9K9F><9 CD46<?4 6 EBBF69FEF6<< E 7D4H<K9E><@ CD98-
EF46?9A<9@ HGA>J<= ;484A<S. 

3. &D9I@9DAB9 <;B5D4:9A<9 6O5D4AAB= ;46<E<@BEF< CBEFDB<FP, 6BECB?P;B-
646L<EP CDB7D4@@AO@< ED98EF64@< MATLAB. 

 

#D< QFB@ @B:AB DG>B6B8EF6B64FPES CDB7D4@@B= A<:9CD<6989AAB7B CD<@9D4, >BFB-

D4S @B89?<DG9F ;46<E<@BEFP y=x 
2·sin(x -1). 

% #>AB@>5=85 3@0D8:0 DC=:F88 y=x1^2*sin(x2-1) 

% 2 >1;0AB8 x1 =[-6, 4], x2=[-4.4, 1.7]. 

n=15; % :>;8G5AB2> B>G5: 48A:@5B870F88 x1=linspace(-6, 4, n); x2=linspace(-4.4, 

1.7, n); y=zeros(n, n);for j=1:n 

y(j,:)=x1.^2*sin(x2(j)-1); end surf(x1, x2, y) 

xlabel('x_1'); ylabel('x_2'); zlabel('y'); title('�A:><0O 7028A8<>ABL') 
%HBD@<DG9@ A9K9F><9 CD46<?4, EBBF69FEF6GRM<9 ;46<E<@BEF< 6OIB8AB= C9D9@9AAB= BF 

6IB8AOI CB CB?GK9AAB= CB69DIABEF< D<E. 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

$<E. 1. �D4H<K9E>B9 CD98EF46?9A<9 HGA>J<< y=x1  sin(x2-1) 

  B:AB 6BECB?P;B64FPES < 6B;@B:ABEFS@< C4>9F4 Symbolic Math Toolbox, 6698S, 
A4CD<@9D, E?98GRM<9 >B@4A8O: 

syms x y % A>7405< A8<2>;L=K5 ?5@5<5==K5 
z=x^2*sin(y-1); ezsurf(z,[-2,2]) 



 

 

�?S ?<A76<EF<K9E>B= BJ9A>< 6IB8AOI C9D9@9AAOI I1 < I2 6O59D9@ CB FD< F9D@4 - A<;><=, 
ED98A<=, 6OEB><=; 8?S 6OIB8AB= y CSFP F9D@B6 A<;><=, A<:9 ED98A97B, ED98A<=, 6OL9 
ED98A97B, 6OEB><=. 

#B?GK<@, A4CD<@9D, E?98GRM<9 CD46<?4: 
1) �%�� I1 = A<;><= � I2 = A<;><=, &" y = 6OEB><=; 

2) �%�� I1 = A<;><= � I2 = ED98A<=, &" y = A<;><=; 

3) �%�� I1 = A<;><= � I2 = 6OEB><=, &" y = 6OEB><=; 

4) �%�� I1 = ED98A<=, &" y = ED98A<=; 

5) �%�� I1 = 6OEB><= � I2 = A<;><=, &" y = 6OL9 ED98A97B; 

6) �%�� I1 = 6OEB><= � I2 = ED98A<=, &" y = A<:9 ED98A97B; 

7) �%�� I1 = 6OEB><= � I2 = 6OEB><=, &" y = 6OL9 ED98A97B. 

4. %CDB9>F<DB64FP A9K9F>GR E<EF9@G, 6OCB?A<6 E?98GRMGR CBE?98B64F9?P-
ABEFP L47B6. 

1. "F>DOFP FIS3D984>FBD, A4C9K4F46 E?B6B fuzzy 6 >B@4A8AB= EFDB>9. 
2. � CBS6<6L9@ES 7D4H<K9E>B@ B>A9 FIS Editor 8B546<@ 6FBDGR 6IB8AGR C9D9@9AAGR. �?S 

QFB7B 6 @9AR Edit 6O5<D49@ >B@4A8G Add input. 

3. #9D9<@9AG9@ C9D6GR 6IB8AGR C9D9@9AAGR. �?S QFB7B E89?49@ M9?KB> ?96B= 
>ABC>B= @OL< A4 5?B>9 Input 1, 66989@ AB6B9 B5B;A4K9A<9 I1 6 CB?9 D984>F<DB64A<S 
<@9A< F9>GM9= C9D9@9AAB= < A4:@9@ <Enter>. 

4. #9D9<@9AG9@ 6FBDGR 6IB8AGR C9D9@9AAGR, 6698S I2 A4 5?B>9 Input 2. 

5. #9D9<@9AG9@  6OIB8AGR  C9D9@9AAGR.  �?S  QFB7B  M9?>A9@ 

@OL>B= A4 5?B>9 �utput 1. �6989@ AB6B9 B5B;A4K9A<9 G 6 CB?9 D984>F<DB64A<S 
<@9A< F9>GM9= C9D9@9AAB=; A4:@9@ <Enter>. 

6. �4848<@ <@S E<EF9@O. �?S QFB7B 6 @9AR File 6O59D9@ 6 CB8@9AR Export >B-
@4A8G To File < 66989@ <@S H4=?4, A4CD<@9D, Lab_2. 

7. #9D9=89@ 6 D984>FBD HGA>J<= CD<A48?9:ABEF<. �?S QFB7B E89?49@ 86B=AB= 
M9?KB> ?96B= >ABC>B= @OL< A4 5?B>9 x1 < ;4848<@ 8<4C4;BA <;@9A9A<S C9D9@9AAB= I1, 

A4C9K4F46 -6 4 6 CB?9 Range (D<E. 2). 

8. �4848<@ HGA>J<< CD<A48?9:ABEF< C9D9@9AAB= I1. �?S ?<A76<EF<K9E>B= 

BJ9A>< QFB= C9D9@9AAB= 5G89@ <ECB?P;B64FP FD< F9D@4 
E FD9G7B?PAO@< HGA>J<S@< CD<A48?9:ABEF<. 1F< HGA>J<< GEF4AB6?9AO CB G@B?-

K4A<R, CBQFB@G C9D9IB8<@ > E?98GRM9@G L47G. 
  



 

 

 
 

$<E. 2. (GA>J<< CD<A48?9:ABEF< C9D9@9AAB= I1 

9. �4848<@ A4<@9AB64A<S F9D@B6 C9D9@9AAB= E1. �?S QFB7B M9?>A9@ @OL>B= 
CB 7D4H<>G C9D6B= HGA>J<< CD<A48?9:ABEF< (E@. D<E. 2). �D4H<> 4>F<6AB= HGA>J<< 
CD<A48?9:ABEF< 6O89?S9FES >D4EAB= :<DAB= ?<A<9=. �4F9@ 66989@ A4<@9AB64A<9 F9D@4 
!<;><= 6 CB?9 Name < A4:@9@ <Enter>. Щ9?>A9@ @OL>B= CB 7D4H<>G 6FBDB= HGA>J<< 
CD<A48?9:ABEF<, 66989@ A4<@9AB64A<9 F9D@4 %D98A<= 6 CB?9 Name < A4:@9@ 

<Enter>. Щ9?>A9@ @OL>B= CB 7D4H<>G FD9FP9= HGA>J<< CD<A48?9:ABEF<, 66989@ 

A4<@9AB64A<9 F9D@4 �OEB><= 6 CB?9 Name < A4:@9@ <Enter>. 

10. �4848<@ HGA>J<< CD<A48?9:ABEF< C9D9@9AAB= I2. �?S QFB7B 4>F<6<;<DG9@ 

C9D9@9AAGR I2 M9?K>B@ @OL>B= CB 5?B>G I2. �4848<@ 8<4C4;BA <;@9A9A<S C9D9@9AAB= 
E2. �?S QFB7B A4C9K4F49@ -4.4 1.7 6 CB?9 Range < A4:@9@ <Enter>. �?S ?<A76<EF<K9E>B= 
BJ9A>< QFB= C9D9@9AAB= 5G89@ <ECB?P;B64FP, >4> < D4A99, FD< F9D@4 E FD9G7B?PAO@< 
HGA>J<S@< CD<A48?9:ABEF<. "A< GEF4AB6?9AO CB G@B?K4A<R, CBQFB@G C9D9IB8<@ > E?98G-
RM9@G L47G. 

11. #B 4A4?B7<< E L47B@ 9 ;4848<@ E?98GRM<9 A4<@9AB64A<S F9D@B6 C9D9-
@9AAB= I2: !<;><=, %D98A<=, �OEB><=. 

12. �4848<@ HGA>J<< CD<A48?9:ABEF< C9D9@9AAB= G. �?S ?<A76<EF<K9E>B= BJ9A>< 
QFB= C9D9@9AAB= 5G89@ <ECB?P;B64FP CSFP F9D@B6 E 74GEEB6O@< HGA>J<S@< CD<A48?9:ABEF<. 
�?S QFB7B M9?K>B@ @OL< CB 5?B>G G 4>F<6<;<DG9@ C9D9@9AAGR G. �4848<@ 8<4C4;BA <;-
@9A9A<S C9- 

 D9@9AAB= G. �?S QFB7B A4C9K4F49@ -50 50 6 CB?9 Range (D<E. 1.3) < A4:@9@ <Enter>. 

�4F9@ 6 @9AR Edit 6O59D9@ >B@4A8G Remove All MFs 8?S G84?9A<S GEF4AB6?9AAOI CB G@B?-
K4A<R HGA>J<= CD<A48?9:ABEF<. #BE?9 QFB7B 6 @9AR Edit 6O59D9@ >B@4A8G Add MF � CB-
S6<6L9@ES 8<4?B7B6B@ B>A9 6O59D9@ F<C HGA>J<< CD<A48?9:ABEF< gaussmf 6 CB?9 �F tGD9 
< CSFP F9D@B6 6 CB?9 Number �Fs. #BE?9 66B84 HGA>J<= CD<A48?9:ABEF< D984>FBD 4>F<6<-
;<DG9F C9D6GR 6IB8AGR C9D9@9AAGR, CBQFB@G 8?S CDB8B?:9A<S D45BFO M9?>A9@ @OL>B= CB 
C<>FB7D4@@9 C. 

13. #B 4A4?B7<< E L47B@ 9 ;4848<@ E?98GRM<9 A4<@9AB64A<S F9D@B6 C9D9@9AAB= G: 



 

 

�<;><=, �<:9 ED98A97B, !D98A<=, ВOL9 ED98A97B, ВOEB><=. � D9;G?PF4F9 CB?GK<@ 7D4H<K9E>B9 
B>AB, <;B5D4:9AAB9 A4 D<E. 1.3. 

 

 
$<E.3. (GA>J<< CD<A48?9:ABEF< C9D9@9AAB= G 

14. #9D9=89@ 6 D984>FBD 54;O ;A4A<= Rule Editor. �?S QFB7B 6 @9AR Edit 6O-
59D9@ >B@4A8G Rules... �?S 66B84 CD46<?4 6O5<D49@ 6 @9AR EBBF69FEF6GRMGR >B@5<-
A4J<R F9D@B6 < A4:<@49@ >ABC>G Add rule. !4 D<E. 1.4 <;B5D4:9AB B>AB D984>FBD4 54;O 

;A4A<= CBE?9 66B84 6E9I E9@< CD46<?. � >BAJ9 CD46<? 6 E>B5>4I G>4;4AO 69EB6O9 >B-
QHH<J<9AFO. 

  



 

 

 
$<E. 4. !9K9F>4S 54;4 ;A4A<= Mamdani 

!4 D<E. 5 CD<6989AB B>AB 6<;G4?<;4J<< A9K9F>B7B 6O6B84. ">AB 4>F<6<;<DG9FES 
>B@4A8B= Rules @9AR View. � CB?9 Input G>4;O64RFES ;A4K9A<S 6IB8AOI C9D9@9AAOI, 
8?S >BFBDOI 6OCB?AS9FES A9K9F><= ?B7<K9E><= 6O6B8. 

 

 
$<E. 5. �<;G4?<;4J<S A9K9F>B7B 6O6B84 Mamdani 

!4 D<E. 6 CD<6989A4 CB69DIABEFP «6IB8O 6OIB8», EBBF69FEF6GRM4S E<AF9;<DB-
64AAB= A9K9F>B= E<EF9@9. ">AB 6O6B8<FES CB >B@4A89 Surface @9AR View. 

  



 

 

 
$<E. 6. #B69DIABEFP «6IB8O 6OIB8» 8?S 54;O ;A4A<= 6 Surface Viewer 

15. %BID4A<@ EB;84AAGR E<EF9@G. �?S QFB7B 6 @9AR File 6O59D9@ 6 CB8@9AR 

�IDBrt >B@4A8G "B File. 

#D< ED46A9A<< CB69DIABEF9= A4 D<E. 1 < 6 @B:AB E89?4FP 6O6B8O BFABE<F9?PAB 
>4K9EF64 BC<E4A<S A9K9F><@< CD46<?4@< @B89?<DG9@B= A9?<A9=AB= ;46<E<@BEF<. 

  

�4D<4AFO ;484A<= 
 

 
 &45?<J4 
1.№ 

�<8 ;46<E<@BEF< �<4C4;BA <;@. 

1 Z = x.^2-y.^2 x,y [-1 1] 

2 Z = x.^3+y.^2 x,y [-1 1] 

3 Z = exp(-x.^2-y.^2) x,y [-1 1] 

4 Z = exp(-x.^2+y.^2) x,y [-2 2] 

5 Z = x*y*sin(x^2+y^2) x,y [-2 2] 

6 Z = x.^2*sin(y-1) x,y [-2 2] 

7 Z = y.^2*sin(x) x,y [-2 2] 

8 Z = y.^2*cos(x) x,y [-2 2] 

9 Z = y.^2*cos(x)^2 x,y [-1, 1] 

10 Z = 4*cos(x)/y x,y [0.5 3.14] 

11 Z = (x-y)/(x+y) x,y [1 10] 

12 Z = exp(-x.^2)+exp(-y.^2) x,y [-1 1] 

 

 

 



 

 

%B89D:4A<9 BFK9F4 
1. �EIB8A4S HGA>J<S 64D<4AF4 ;484A<S < 99 7D4H<K9E>B9 CD98EF46?9A<9. 
2. �<A76<EF<K9E><9 CD46<?4 D9L9A<=. 
3. "C<E4A<9 CBE?98B64F9?PABEF< 89=EF6<= CD< CDB9>F<DB64A<< A9K9F>B= E<EF9@O. 
4. �A4?<; D9;G?PF4FB6 A9K9F>B7B 6O6B84. 
5. "J9A>4 >4K9EF64  BC<E4A<S A9K9F><@< CD46<?4@< @B89?<DG9@B= A9?<A9=AB= 
;46<E<@BEF<. 
 

�45BD4FBDA4S D45BF4 № 7. #BEFDB9A<9 A9K9F>B= 4CCDB>E<@<DGRщ9= E<EF9@O 6 
C4>9F9 Fuzzy Logic Toolbox 

 

Ц9;P @45>BO: <;GK9A<9 BEAB6AOI HGA>J<= C4>9F4 Fuzzy Logic Toolbox CDB-
7D4@@AB= ED98O MATLAB, 4 F4>:9 CD<B5D9F9A<9 A46O>B6 CBEFDB9A<S A9K9F>B= 4CCDB>E<-
@<DGRM9= E<EF9@O. 

 

#BDS8B> 6OCB?A9A<S D45BFO 

�B@4A8B= (HGA>J<9=) Fuzzy <; D9:<@4 >B@4A8AB= EFDB>< ;4CGE>49FES BEAB6A4S <A-
F9DH9=EA4S CDB7D4@@4 C4>9F4 Fuzzy Logic 3 D984>FBD A9K9F>B= E<EF9@O 6O6B84 (Fuzzy 

Inference System Editor, FIS Editor, FIS-D984>FBD). 
�<8 BF>DO64RM97BES CD< QFB@ B>A4 CD<6989A A4 D<E.1. �?46AB9 @9AR D984>FBD4 EB-

89D:<F CB;<J<<: 
File 3 D45BF4 E H4=?4@< @B89?9= (<I EB;84A<9, EBID4A9A<9, EK<FO64A<9 < C9K4FP); 
Edit – BC9D4J<< D984>F<DB64A<S (8B546?9A<9 < <E>?RK9A<9 6IB8AOI < 6OIB8AOI 

C9D9@9AAOI); 
View – C9D9IB8 > 8BCB?A<F9?PAB@G <AEFDG@9AF4D<R. 

  

 
$<E. 1. �<8 B>A4 Fis Editor 

#BCDB5G9@ E>BAEFDG<DB64FP A9K9F>GR E<EF9@G, BFB5D4:4RMGR ;46<E<@BEFP @9:-



 

 

8G C9D9@9AAO@< x < G, ;484AAGR E CB@BMPR F45?. 1 (?97>B 6<89FP, KFB CD98EF46?9AAO9 6 

F45?<J9 84AAO9 BFD4:4RF ;46<E<@BEFP G = x
2
). 

  

&45?<J4 1. �A4K9A<S I < G 
 

x -1 0.6 0 0.4 1 

y 1 0.36 0 0.16 1 

&D95G9@O9 89=EF6<S BFB5D4;<@ E?98GRM<@< CGA>F4@<. 
1. � CB;<J<< @9AR File 6O5<D49@ BCJ<R New Sugeno FIS (AB64S E<EF9@4 F<C4 Sugeno), CD< 

QFB@ 6 5?B>9, BFB5D4:49@B@ 59?O@ >648D4FB@, 6 69DIA9= K4EF< B>A4 D984>FBD4 CBS6<FES A48C<EP 
Untitled2 (Sugeno). 

2. Щ9?>A9@ ?96B= >ABC>B= @OL< CB 5?B>G, B;47?46?9AAB@G input l (6IB8 1). �4F9@ 

6 CD46B= K4EF< D984>FBD4 6 CB?9, B;47?46?9AAB@ Name (�@S), 6@9EFB input l 66989@ B5B;A4-
K9A<9 A4L97B 4D7G@9AF4, F.9. I. "5D4F<@ 6A<@4A<9, KFB 9E?< F9C9DP E89?4FP 789-A<5G8P (6A9 
5?B>B6 D984>FBD4) B8AB>D4FAO= M9?KB> @OL<, FB <@S BF@9K9AAB7B 5?B>4 <;@9A<FES A4 I; FB 
:9 8BEF<749FES A4:4F<9@ CBE?9 66B84 >?46<L< Enter. 

3. �64:8O M9?>A9@ CB QFB@G 5?B>G. #9D98 A4@< BF>DB9FES B>AB D984>FBD4  
HGA>J<=  CD<A48?9:ABEF<  –  Membership  Function  Editor 

 (E@. D<E. 2.2). �B=89@ 6 CB;<J<R @9AR Edit 84AAB7B D984>FBD4 < 6O59D9@ 6 A9@ 

BCJ<R Add MFs (Add Membership Funcions – �B546<FP HGA>J<= CD<A48?9:ABEF<). #D< 
QFB@ CBS6<FES 8<4?B7B6B9 B>AB (D<E. 2.3), CB;6B?SRM99 ;484FP F<C (MF type) < >B?<K9EF6B 
(Number of MFs) HGA>J<= CD<A48?9:ABEF< (6 84AAB@ E?GK49 6E9 BFABE<FES > 6IB8AB@G 
E<7A4?G, F. 9. > C9D9@9AAB= I). �O59D9@ 74GEEB6O HGA>J<< CD<A48?9:ABEF< (gaussmf), 

4 <I >B?<K9EF6B ;4848<@ D46AO@ CSF< – CB K<E?G ;A4K9A<= 4D7G@9AF4 6 F45?. 1. #B8F69D-
8<@ 66B8 <AHBD@4J<< A4:4F<9@ >ABC>< "�, CBE?9 K97B CDB<;B=89F 6B;6D4F > B>AG D984>-
FBD4 HGA>J<= CD<A48?9:ABEF<. 



 

 

 
$<E. 2. ">AB D984>FBD4 HGA>J<= CD<A48?9:ABEF< 

4. � CB?9 Range (�<4C4;BA) GEF4AB6<@ 8<4C4;BA <;@9A9A<S I BF -1 8B +1, F.9. 8<4-
C4;BA, EBBF69FEF6GRM<= F45?. 1. Щ9?>A9@ ;4F9@ ?96B= >ABC>B= @OL< 789-A<5G8P 6 CB?9 
D984>FBD4 (<?< A4:@9@ >?46<LG 66B84 Enter). "5D4F<@ 6A<@4A<9, KFB CBE?9 QFB7B CDB-
<;B=89F EBBF69FEF6GRM99 <;@9A9A<9 8<4C4;BA4 6 CB?9 Display Range (�<4C4;BA 8<EC?9S). 

5. "5D4F<@ES > 7D4H<>4@ ;484AAOI A4@< HGA>J<= CD<A48?9:ABEF<, <;B5D4:9AAO@ 6 
69DIA9= K4EF< B>A4 D984>FBD4 HGA>J<= CD<A48?9:ABEF<. �4@9F<@, KFB 8?S GEC9LAB7B D9L9-
A<S CBEF46?9AAB= ;484K< A9B5IB8<@B KFB5O BD8<A4FO @4>E<@G@B6 QF<I HGA>J<= EB6C484?< E 
;484AAO@< ;A4K9A<S@< 4D7G@9AF4 I. �?S ?96B=, J9AFD4?PAB= < CD46B= HGA>J<= F4>B9 GE?B6<9 
6OCB?A9AB, AB 869 8DG7<9 A9B5IB8<@B «CB86<AGFP» 68B?P BE< 45EJ<EE. «#9D986<:>4» 89?4-
9FES 69EP@4 CDBEFB: CB86B8<@ >GDEBD > AG:AB= >D<6B= < M9?>49@ ?96B= >ABC>B= @OL<. �D<-
64S 6O5<D49FES, B>D4L<64SEP 6 >D4EAO= J69F, CBE?9 K97B E CB@BMPR >GDEBD4 99 < @B:AB CB-
86<AGFP 6 AG:AGR EFBDBAG (5B?99 FBKAGR GEF4AB6>G @B:AB CDB69EF<, <;@9ASS K<E?B6O9 ;A4K9-
A<S 6 CB?9 Params (#4D4@9FDO) – 6 84AAB@ E?GK49 >4:8B= HGA>J<< CD<A48?9:ABEF< EBBF69F-
EF6GRF 864 C4D4@9FD4, CD< QFB@ C9D6O= BCD989?S9F D4;@4I >D<6B=, 4 6FBDB= – CB?B:9A<9 99 
J9AFD4). �?S 6O5D4AAB= >D<6B=, >DB@9 QFB7B, 6 CB?9 Name @B:AB <;@9ASFP <@S (;469DL4S 
66B8 >4:8B7B <@9A< A4:4F<9@ >?46<L< Enter). 



 

 

 
$<E.3. �<4?B7B6B9 B>AB ;484A<S F<C4 < >B?<K9EF64 HGA>J<= CD<A48?9:ABEF< 
#DB89?49@ FD95G9@O9 C9D9@9M9A<S >D<6OI < ;4848<@ 6E9@ CSF< >D<6O@ AB6O9 

<@9A4, A4CD<@9D: 
3 E4@B= ?96B= – bn, 

3 E?98GRM9= – n, 

3 J9AFD4?PAB= – z, 

3 E?98GRM9= ;4 A9= ECD464 – D, 

3 E4@B= ?96B= – bD. 

!4:@9@ >ABC>G Close < 6O=89@ <; D984>FBD4 HGA>J<= CD<A48?9:ABEF<, 6B;6D4-
F<6L<EP CD< QFB@ 6 B>AB D984>FBD4 A9K9F>B= E<EF9@O (FIS Editor). 

6. %89?49@ B8AB>D4FAO= M9?KB> ?96B= >ABC>B= @OL< CB 7B?G5B@G >648D4FG 
(5?B>G), B;47?46?9AAB@G output l (6OIB8 1). � B>BL>9 Name ;4@9A<@ <@S output l A4 G 
(>4> 6 CGA>F9 2). 

7. �64:8O M9?>A9@ CB BF@9K9AAB@G 5?B>G < C9D9=89@ > CDB7D4@@9 – D984>FBDG 
HGA>J<= CD<A48?9:ABEF<. � CB;<J<< @9AR Edit 6O59D9@ BCJ<R Add MFs. #BS6?SRM99ES 
8<4?B7B6B9 B>AB 6<84 D<E. 3 CB;6B?S9F ;484FP F9C9DP 6 >4K9EF69 HGA>J<= CD<A48?9:ABEF< 
FB?P>B ?<A9=AO9 (linear) <?< CBEFBSAAO9 (constant) – 6 ;46<E<@BEF< BF FB7B, >4>B= 4?7BD<F@ 

 Sugeno (1-7B <?< 0-7B CBDS8>4) @O 6O5<D49@. �E?< 6 64L9@ >B@CPRF9D9 GEF4AB6?9A4 
69DE<S, 6 >BFBDB= A9F 84AAOI HGA>J<= CD<A48?9:ABEF9=, FB @B:AB BEF46<FP CB G@B?K4A<R 

3 trimf. 1FB, >BA9KAB, CB6?<S9F A4 D9;G?PF4F, CBQFB@G @B:AB CBQ>EC9D<@9AF<DB64FP, <;@9ASS 
F<C HGA>J<= CD<A48?9:ABEF<. 

� D4EE@4FD<649@B= ;484K9 A9B5IB8<@B 6O5D4FP CBEFBSAAO9 HGA>J<< CD<A48-
?9:ABEF< E B5M<@ K<E?B@ 4 (CB K<E?G D4;?<KAOI ;A4K9A<= G 6 F45?. 2.1). #B8F69D-
8<@ 66989AAO9 84AAO9 A4:4F<9@ >ABC>< "�, CBE?9 K97B CDB<;B=89F 6B;6D4F 6 B>AB D9-
84>FBD4 HGA>J<= CD<A48?9:AEF<. 



 

 

 
$<E. 2.4. #4D4@9FDO HGA>J<= CD<A48?9:ABEF< C9D9@9AAB= y 

8. "5D4F<@ 6A<@4A<9, KFB ;89EP 8<4C4;BA (Range) <;@9A9A<S, GEF4A46?<649@O= 

CB G@B?K4A<R – [0, 1], @9ASFP A9 AG:AB. �;@9A<@ ?<LP <@9A4 HGA>J<= CD<A48?9:-
ABEF< (<I 7D4H<>< CD< <ECB?P;B64A<< 4?7BD<F@4 Sugeno 8?S 6OIB8AOI C9D9@9AAOI A9 
CD<6B8SFES), A4CD<@9D, ;4846 <I >4> EBBF69FEF6GRM<9 K<E?B6O9 ;A4K9A<S G, F.9. 0, 

0.16, 0.36, 1; B8AB6D9@9AAB QF< :9 K<E?B6O9 ;A4K9A<9 66989@ 6 CB?9 Params (D<E. 2.4). 

�4F9@ ;4>DB9@ B>AB A4:4F<9@ >ABC>< Close < 69DA9@ES 6 B>AB FIS-D984>FBD4. 
9.  �64:8O M9?>A9@ ?96B= >ABC>B= @OL< CB ED98A9@G (59?B@G) 5?B>G, CD< QFB@ 

D4E>DB9FES B>AB 9M9 B8AB= CDB7D4@@O – D984>FBD4 CD46<? (Rule Editor). �6989@ EBBF69FEF6G-
RM<9 CD46<?4. #D< 66B89 >4:8B7B CD46<?4 A9B5IB8<@B B5B;A4K<FP EBBF69FEF6<9 @9:8G >4:-
8B= HGA>J<9= CD<A48?9:ABEF< 4D7G@9AF4 I < K<E?B6O@ ;A4K9A<9@ G. �D<64S, B5B;A4K9AA4S 
A4@< bn, EBBF69FEF6G9F I = -1, F.9. G = 1. �O59D9@, CBQFB@G 6 ?96B@ CB?9 (E ;47B?B6>B@ x is 

bn), 4 6 CD46B@ 1 < A4:@9@ >ABC>G Add rule (�B546<FP CD46<?B). �6989AAB9 CD46<?B CBS6<FES 
6 B>A9 CD46<? < 5G89F CD98EF46?SFP EB5B= ;4C<EP: 

If (x is bn) then (G is 1) 

�A4?B7<KAB CBEFGC<@ 8?S 6E9I 8DG7<I ;A4K9A<= I, 6 D9;G?PF4F9 K97B EHBD@<DG9FES A45BD 
<; 5 CD46<? (E@. D<E. 2.5). �4>DB9@ B>AB D984>FBD4 CD46<? < 6B;6D4F<@ES 6 B>AB FIS-D984>FBD4. 
#BEFDB9A<9 E<EF9@O ;4>BAK9AB < @B:AB A4K4FP Q>EC9D<@9AFO CB 99 <EE?98B64A<R. �4@9F<@, KFB 
5B?PL<AEF6B BCJ<= 6O5<D4?BEP A4@< CB G@B?K4A<R. 



 

 

 
$<E. 2.5. ">AB D984>FBD4 CD46<? 
10. #D9864D<F9?PAB EBID4A<@ A4 8<E>9 (<ECB?P;GS CGA>FO @9AR File/Save to disk as...) EB;84AAGR 

E<EF9@G CB8 >4><@-?<5B <@9A9@, A4CD<@9D, Proba. 

11. �O59D9@ CB;<J<R @9AR View. �4> 6<8AB <; 6OC484RM97B CD< QFB@ CB8-
@9AR, E CB@BMPR CGA>FB6 Edit membership functions < Edit rules @B:AB EB69DL<FP 
C9D9IB8 > 86G@ 6OL9 D4EE@BFD9AAO@ CDB7D4@@4@ 3 D984>FBD4@ HGA>J<= CD<A48?9:-
ABEF< < CD46<? (FB :9 

 @B:AB E89?4FP < A4:4F<9@ >?46<L Ctrl+2 <?< Ctrl+3). !B E9=K4E A4E 5G8GF <AF9-
D9EB64FP 864 8DG7<I CGA>F4 3 View rules (#DBE@BFD CD46<?) < View surface (#DBE@BFD CB-
69DIABEF<). �O59D9@ CGA>F View rules, CD< QFB@ BF>DB9FES B>AB (E@. D<E. 2.6) 9M9 B8-
AB= CDB7D4@@O 3 CDBE@BFD4 CD46<? (Rule Viewer). 

 



 

 

 
$<E. 2.6. ">AB CDBE@BFD4 CD46<? 

12. � CD46B= K4EF< B>A4 6 7D4H<K9E>B= HBD@9 CD98EF46?9AO HGA>J<< CD<-
A48?9:ABEF< 4D7G@9AF4 :, 6 ?96B= 3 C9D9@9AAB= 6OIB84 G E CBSEA9A<9@ @9I4A<;@4 CD<-
ASF<S D9L9A<S. �D4EA4S 69DF<>4?PA4S K9DF4, C9D9E9>4RM4S 7D4H<>< 6 CD46B= K4EF< B>-
A4, >BFBDGR @B:AB C9D9@9M4FP E CB@BMPR >GDEBD4, CB;6B?S9F <;@9ASFP ;A4K9A<S C9-
D9@9AAB= 6IB84 (QFB :9 @B:AB 89?4FP, ;48464S K<E?B6O9 ;A4K9A<S 6 CB?9 Input (�IB8)), 
CD< QFB@ EBBF69FEF69AAB <;@9ASRFES ;A4K9A<S G 6 CD46B= 69DIA9= K4EF< B>A4. �4848<@, 
A4CD<@9D, I 3 0.5 6 CB?9 Input < A4:@9@ ;4F9@ >?46<LG 66B84 (Enter). �A4K9A<9 G ED4;G 
<;@9A<FES < EF4A9F D46AO@ 0.202. &4><@ B5D4;B@, E CB@BMPR CBEFDB9AAB= @B89?< < B>A4 
CDBE@BFD4 CD46<? @B:AB D9L4FP ;484KG <AF9DCB?SJ<<, F.9. ;484KG, D9L9A<9 >BFBDB= < 
FD95B64?BEP A4=F<. �;@9A9A<9 4D7G@9AF4 CGF9@ C9D9@9M9A<S >D4EAB= 69DF<>4?PAB= 
?<A<< BK9AP A47?S8AB 89@BAEFD<DG9F, >4> E<EF9@4 BCD989?S9F ;A4K9A<S 6OIB84. 

�4>DB9@ B>AB CDBE@BFD4 CD46<? < 6O5BDB@ CGA>F4 @9AR 

 View/View surface C9D9=89@ > B>AG CDBE@BFD4 CB69DIABEF< BF>?<>4 (6OIB84), 6 A4L9@ 

E?GK49 3 > CDBE@BFDG >D<6B= G(I) (E@. D<E. 2.7). �<8AB, KFB E@B89?<DB64AAB9 E<EF9@B= CB F45-

?<J9 84AAOI (F45?. 2.1) BFB5D4:9A<9 A9 BK9AP-FB A4CB@<A49F HGA>J<R x
2
. !G KFB :, A<K97B G8<-

6<F9?PAB7B 6 QFB@ 

A9F: K<E?B Q>EC9D<@9AF4?PAOI FBK9> A969?<>B, 84 < C4D4@9FDO HGA>J<= CD<A48?9:AB-
EF< (8?S I) 6O5D4AO, E>BD99 6E97B, A9BCF<@4?PAO@ B5D4;B@. !<:9 @O D4EE@BFD<@ 6B;@B:ABEFP 
G?GKL9A<S >4K9EF64 CB8B5AB= @B89?<. 

 



 

 

 
$<E. 2.7. ">AB CDBE@BFD4 CB69DIABEF< BF>?<>4 

� ;4>?RK9A<9 D4EE@BFD9A<S CD<@9D4 BF@9F<@, KFB E CB@BMPR 6OL9G>4;4AAOI 
CDB7D4@@ D984>FBDB6 A4 ?R5B@ QF4C9 CDB9>F<DB64A<S A9K9F>B= @B89?< 6 A99 @B:AB 
6A9EF< A9B5IB8<@O9 >BDD9>F<6O, 6C?BFP 8B ;484A<S >4>B=-?<5B BEB59AAB= CB?P;B64-
F9?PE>B= HGA>J<< CD<A48?9:ABEF<. �; BCJ<=, GEF4A46?<649@OI 6 FIS-D984>FBD9 CB 
G@B?K4A<R CD< <ECB?P;B64A<< 4?7BD<F@4 Sugeno, @B:AB BF@9F<FP: 

3 ?B7<K9E><= 6O6B8 BD74A<;G9FES E CB@BMPR BC9D4J<< G@AB:9A<S (prod); 

3 >B@CB;<J<S  3  E  CB@BMPR  BC9D4J<<  ?B7<K9E>B=  EG@@O  (69- 
DBSFABEFAB7B ���, probor); 

3  CD<6989A<9 > K9F>BEF< 3 8<E>D9FAO@ 64D<4AFB@ J9AFDB<8AB7B @9FB84 (6;69L9AAO@ 

ED98A<@, wtaver). �ECB?P;GS EBBF69FEF6GRM<9 CB?S 6 ?96B= A<:A9= K4EF< B>A4 FIS-D984>FBD4, 84AAO9 BCJ<< 
@B:AB, CD< :9?4A<<, <;@9A<FP. 

 

 

�A8<6<8G4?PAB9 ;484A<9 
%>BAEFDG<DG=F9 A9K9F>GR E<EF9@G, BFB5D4:4RMGR ;46<E<@BEFP @9:8G C9D9@9A-

AO@< x < G, ;484AAGR E CB@BMPR F45?. 2. #B D9;G?PF4F4@ D45BFO BCD989?<FP F<C >D<-
6B=. 

  

�4D<4AFO ;484A<= 
 &45?<J4 2. 

 

 

�4D<4AFO 

�A4K9A<9 4D7G@9AF4 < HGA>J<< 

1 x -1 -0.5 0 0.2 1 

y 1 0.25 0 0.4 1 



 

 

2 x -1 -0.6 0.2 0.4 1 

y -1 -1.67 5 2.5 1 

3 x -1 -0.5 0 0.3 1 

y -1 -0.13 0 0.27 1 

4 x -1 -0.6 0 0.3 1 

y 0 0.8 1 0.95 0 

5 x -1 -0.5 0 0.2 1 

y 1 -0.125 0 0.008 1 

6 x -1 -0.6 0.2 0.4 1 

y 0 -0.64 -0.96 -0.84 0 

7 x -1 -0.5 0 0.3 1 

y -3 -2 -1 -0.4 1 

8 x -1 -0.6 0 0.3 1 

y 0.5 0.09 0 0.0225 0.5 

9 x -1 -0.5 0 0.2 1 

y 0.5 0.03125 0 0.0008 0.5 

10 x -1 -0.6 0.2 0.4 1 

y -1 2.78 25 6.25 1 

11 x -1 -0.5 0 0.3 1 

y -1 1.8 3 3.6 5 

12 x -1 -0.6 0 0.3 1 

y -1 -0.216 0 0.027 1 

13 x -1 -0.5 0 0.2 1 

y -2 -1.5 -1 -0.8 0 

14 x -1 -0.6 0.2 0.4 1 

y -2 -1.2 0.4 2.5 1 

15 x -1 -0.5 0 0.3 1 

y 0 0.25 0.5 0.65 1 

16 x -1 -0.5 0 0.3 1 

y -1 -1.75 -1 -0.31 0 
 

 

�45BD4FBDA4S  D45BF4 №8. Ч4EFP 1.   B89?<DB64A<9 A9K9F>B= E<EF9@O GCD46-
?9A<S 69AF<?SFBDB@ 

 

*5;L @01>BK: 

3 <;GK9A<9 BEAB6AOI BCD989?9A<= F9BD<< A9K9F><I @AB:9EF6 < F9BD<< A9-
K9F>B7B ?B7<K9E>B7B 6O6B84; 

3 B;A4>B@?9A<9 E EBEF46B@ < 6B;@B:ABEFS@< <AEFDG@9AF4D<S A9K9F>B= 
?B7<>< Fuzzy Logic Toolbox, 6IB8SM97B 6 C4>9F CDB7D4@@ MATLAB; 

3 CD<B5D9F9A<9 CD4>F<K9E><I A46O>B6 D45BFO 6 C4>9F9 Fuzzy Logic Toolbox < 

EB;84A<9 A9K9F>B= @B89?< GCD46?9A<S. 
)>4 @01>BK 

1. П>AB4=>6:4 7484G8 



 

 

"CD989?<FPES E >B?<K9EF6B@ 6IB8AOI, 6OIB8AOI C4D4@9FDB6, CB?GK<FP EFDG>-
FGDAGR EI9@G E<EF9@O GCD46?9A<S. $94?<;B64FP @B89?P GCD46?9A<S. 

2. П>AB@>9=89 <>89;8 

%B;848<@ 86G@9DAGR @B89?P >BA8<J<BA9D4: 
  

 
 

�IB8AO9 C4D4@9FDO: F9@C9D4FGD4 6AGFD< CB@9M9A<S < E>BDBEFP <;@9A9A<S F9@-
C9D4FGDO 6 CB@9M9A<9 

�OIB8AO9 C4D4@9FDO: E>BDBEFP 6D4M9A<S 69AF<?SFBD4 < D4EIB8 BI?4:84RM9= 

:<8>BEF<. 
3. С>784=89 B9@<>6 

�?S >4:8B7B C4D4@9FD4 EB;848<@ F9D@O: 
!4 84AAB@ 7D4H<>9 G>4;4A 6IB8AB= E<7A4? «F9@C9D4FGD4 6AGFD< CB@9M9A<S» 
 



 

 

 
 !4 84AAB@ 7D4H<>9 G>4;4A 6IB8AB= E<7A4? «E>BDBEFP <;@9A9A<S F9@C9D4FGDO 6 

CB@9M9A<9» 

 
!4 84AAB@ 7D4H<>9 G>4;4A 6OIB8AB= E<7A4? «E>BDBEFP 6D4M9A<S 69AF<?SFBD4» 



 

 

 
!4 84AAB@ 7D4H<>9 G>4;4A 6OIB8AB= E<7A4? «D4EIB8 BI?4:84RM9= :<8>BEF<» 
  

 
4. С>784=89 ?@468; 

�?S D4;?<KAOI E<FG4J<= EB;848<@ CD46<?4 ;484A<S D9:<@4 D45BFO 



 

 

 
1F< CD46<?4 @B:AB CD98EF46<FP 7D4H<K9E><: 
  

 
!4 QFB@ 7D4H<>9 @O <;@9A<?< 6IB8AO9 E<7A4?O 



 

 

 
5. А=4;87 ?>;CG9==>9 <>89;8 

#BEFDB<@ 7D4H<>< ;46<E<@BEF< E>BDBEF< 6D4M9A<S 69AF<?SFBD4, F9@C9D4FGDO 6 
CB@9M9A<9 < E>BDBEF< <;@9A9A<S F9@C9D4FGDO. 

  



 

 

 
 

 %>45@60=85 >BG5B0 
1. *9?P D45BFO. 

 

2. "C<E4A<9 A9K9F>B= @B89?< GCD46?9A<S (L47< D94?<;4J<<, D9;G?PF<DGRM<9 7D4-
H<><) 

3. #DB69EF< <EE?98B64A<S D9;G?PF4FB6 @B89?<DB64A<S CD< D4;?<KAOI 6IB8AOI GE?B6<SI 
(#D<69EF< F45?<JO ;A4K9A<=, CB69DIABEF< BF>?<>4). 

4. �O6B8O CB D45BF9. 
 

 



 

 

 

 

�45BD4FBDA4S  D45BF4 № 8. Ч4EFP 2. !9K9F>4S Q>EC9DFA4S E<EF9@4 E 4?7B-
D<F@B@ 6O6B84 Mamdani 

 

*5;8 8 7040G8 @01>BK: #BEFDB9A<9 A9K9F>B= Q>EC9DFAB= E<EF9@O E 4?7BD<F@B@ 
6O6B84 Mamdani. 

 

�040=85 
1. %B;84FP A9K9F>GR Q>EC9DFAGR E<EF9@G E 4?7BD<F@B@ 6O6B84 Mamdani, >BFB-

D4S 8B?:A4 BJ9A<FP GDB69AP D45BFO CD98CD<SF<S B5M9EF69AAB7B C<F4A<S. �ECB?P;B64FP 
2 6IB84, 1 6OIB8, 3 CD46<?4 F<C4 «9E?<... FB», «9E?<... <?<&FB». 

2. #BEFDB<FP GE?B:A9AAO= 64D<4AF A9K9F>B= Q>EC9DFAB= E<EF9@O 8?S BJ9A>< 

D45BFO CD98CD<SF<S <?< 8DG7B7B B5N9>F4 (K<E?B 6IB8B6 < CD46<? 8B?:AB EBBF69FEF6B64FP 
;484AAB@G 64D<4AFG). �ECB?P;B64FP CD46<?4 F<C4 «9E?<... FB», «9E?<... <?<&FB», «9E-
?<... <&FB». %4@BEFBSF9?PAB CD98?B:<FP 6IB8AO9 C9D9@9AAO9 < CD46<?4 6O6B84. 

�0@80=BK 7040=89: 
"J9A>4 >64DF<DO 8?S 5RDB B5@9A4 :<?PS: 5 6IB8B6, 7 CD46<?. 'DB69AP B5E?G:<64-

A<S 6 C4EE4:<DE>B@ CB9;89: 4 6IB84, 6 CD46<?. "J9A>4 GEC9649@BEF< EFG89AFB6: 3 6IB84, 5 

CD46<?. 
 5B>48G5A:85 C:070=8O 

#D< D9L9A<< C.1 @B7GF 5OFP ;484AO E?98GRM<9 <AEFDG>J<<. 
1. �E?< E9D6<E C?BIB= <?< 984 A9E69:4S, FB BJ9A>4 A<;>4S. 
2. �E?< B5E?G:<64A<9 IBDBL99, FB BJ9A>4 ED98ASS. 
3. �E?< E9D6<E BF?<KAO= <?< 984 6>GEA4S, FB BJ9A>4 6OEB>4S. 
#D< EB;84A<< AB6B= E<EF9@O A9K9F>B7B 6O6B84 CB G@B?K4A<R EB;849FES E<EF9@4 

E 4?7BD<F@B@ 6O6B84 Mamdani. �4K9EF6B B5E?G:<64A<S < 98O 5G89@ BJ9A<64FP CB 5-

54??PAB= E<EF9@9. 
� CGA>F9 @9AR EditVariable/Input 8B546<FP 6FBDB= 6IB8 (CBS6<FES 6FBDB= 5?B> E 

<@9A9@ input2). "8AB>D4FAO@ M9?K>B@ ?96B= >ABC>B= @OL< CB 5?B>G input1 ;4@9A<FP 
97B <@S A4 «service», input2 3 A4 «food», output1 3 A4 «grade». 

�484FP HGA>J<< CD<A48?9:ABEF<. �?S C9D9@9AAB= «service» 6 CB?SI Range < 
DisplayRange GEF4AB6<FP 8<4C4;BA <;@9A9A<S < BFB5D4:9A<S QFB= C9D9@9AAB= 3 BF 0 8B 
5 (CB8F69D:84S 66B8 A4:4F<9@ >?46<L< Enter). '84?<FP ;484AAO9 CB G@B?K4A<R HGA>-
J<< CD<A48?9:ABEF< E CB@BMPR @OL<. +9D9; CGA>F @9AR Edit/AddMFs ;484FP HGA>-
J<< CD<A48?9:ABEF< 74GEEB64 F<C4 (gaussmf) 6 >B?<K9EF69 3. �4@9A<FP <I <@9A4 A4 
«bad», «good» < «excellent». 

Щ9?K>B@ @OL< CB «food» ;484FP 8<4C4;BA <;@9A9A<S BF 0 8B 5. #BE?9 G84?9-
A<S ;484AAOI CB G@B?K4A<R HGA>J<= CD<A48?9:ABEF< ;484FP 869 HGA>J<< CD<A48?9:-
ABEF< FD4C9J9<84?PAB= HBD@O trapfm E C4D4@9FD4@< [0 0 1 3] < 

[2 4 5 5] < <@9A4@< «notfresh» < «nice». 
�?S 6OIB8AB= C9D9@9AAB= «grade» G>4;4FP 8<4C4;BA [0 5], ;484FP FD< HGA>J<< CD<-

A48?9:ABEF< FD9G7B?PAB= HBD@O E <@9A4@< «bad», «good», «excellent». 
 �BAEFDG<DB64A<9 CD46<? D94?<;B64AB 6 CGA>F9 @9AR Edit/Rules. � C9D6B@ < FD9FP-

9@ CD46<?4I <ECB?P;B64FP «or» (98<A<J4 6 E>B5>4I CBE?9 >4:8B7B CD46<?4 G>4;O649F 97B 
«69E», >BFBDO= AG:AB BEF46<FP D46AO@ 1). #D< 66B89 6FBDB7B CD46<?4, 789 BFEGFEF6G9F C9-
D9@9AA4S «food», 6O5D4FP BCJ<R none. 

�; CGA>F4 @9AR View/Rules 6O;O64FP B>AB 7D4H<K9E>B7B BFB5D4:9A<S HGA>J<-
BA<DB64A<S E<EF9@O, 789 @B:AB ;48464FP ;A4K9A<S 6IB8AOI C9D9@9AAOI 6 EBBF69F-
EF6GRM<I CB?SI, BF69F BFB5D4:49FES 6 CD46B= K4EF< B>A4.  B:AB F4>:9 C9D9@9M4FP BF-
@9F>G L>4?O E CB@BMPR @OL<. 



 

 

�; CGA>F4 @9AR View/Surface 6O;64FP BFB5D4:9A<9 86G@9DAB= HGA>J<< BJ9A>< 
D45BFO CD98CD<SF<S B5M9EF69AAB7B C<F4A<S. 

%BID4A<FP EB;84AAGR E<EF9@G A4 8<E>9: File/Export/Todisk. 

#D< 6OCB?A9A<< ;484A<S C.2 AG:AB GE?B:A<FP EB;84AAGR Q>EC9DFAGR E<EF9@G: 
669EF< ;484AAB9 K<E?B CD46<? < 6IB8B6. 1>EC9DFA4S E<EF9@4 8B?:A4 5OFP 8BEF4FBKAB 
CDB8G@4AAB= < <@9FP CD4>F<K9E>B9 ;A4K9A<9. 

�ECB?P;G9@O9 BC9D4FBDO < >B@4A8O: fuzzy 3 D984>FBD A9K9F>B= E<EF9@O 6O6B84. 
#DB7D4@@AB9 B59EC9K9A<9: MATLAB 

 

�45BD4FBDA4S D45BF4 № 9. Ч4EFP 1. $45BF4 Fuzzy Logic E 5?B>4@< Simulink 

 

*5;L @01>BK: CD<B5D9F9A<9 A46O>B6 $45BFO Fuzzy Logic E 5?B>4@< Simulink. 

&5>@5B8G5A:0O G0ABL 
%<EF9@4 A9KёF>B7B 6O6B84, EB;84AAO9 F9@ <?< <AO@ B5D4;B@ E CB@BMPR C4>9F4 

Fuzzy Logic Toolbox, 8BCGE>4RF <AF97D4J<R E <AEFDG@9AF4@< C4>9F4 Simulink, KFB 
CB;6B?S9F 6OCB?ASFP @B89?<DB64A<9 E<EF9@ 6 D4@>4I CBE?98A97B. $4EE@BFD<@ QFB A4 
CD<@9D9 >BAFDB?S GDB6AS 6B8O 6 54>9 [3]. 

#@8<5@ 1. �BAFDB?P GDB6AS 6B8O 6 54>9. 
!4 D<E. 1 <;B5D4:9A B5N9>F GCD46?9A<S 6 6<89 54>4 E 6B8B=, > >BFBDB@G CB8IB-

8SF 869 FDG5O: K9D9; B8AG FDG5G, EA45:9AAGR >D4AB@, 6B84 6F9>49F 6 54>, K9D9; 8DG7GR 3 
6OF9>49F. #B84KG 6B8O 6 54> @B:AB D97G?<DB64FP, 5B?PL9 <?< @9APL9 BF>DO64S >D4A. 
$4EIB8 6B8O S6?S9FES A9>BAFDB?<DG9@O@ < ;46<E<F BF 8<4@9FD4 6OIB8AB= FDG5O (BA 

H<>E<DB64A) < BF F9>GM97B GDB6AS 6B8O 6 54>9. �E?< CBA<@4FP CB8 6OIB8AB= (D97G?<-
DG9@B=) C9D9@9AAB= GDB69AP 6B8O, 4 CB8 D97G?<DGRM<@ Q?9@9AFB@ 3 >D4A, FB @B:AB 
BF@9F<FP, KFB CB8B5AO= B5N9>F D97G?<DB64A<S, E FBK>< ;D9A<S 97B @4F9@4F<K9E>B7B 
BC<E4A<S, S6?S9FES 8<A4@<K9E><@ < EGM9EF69AAB A9?<A9=AO@. 

"CD989?<@ J9?P GCD46?9A<S ;89EP >4> GEF4AB6?9A<9 GDB6AS 6B8O 6 54>9 A4 FD95G-
9@B@ (<;@9ASRM9@ES) GDB6A9 < CBCDB5G9@ D9L<FP EBBF69FEF6GRMGR ;484KG GCD46?9A<S 
ED98EF64@< A9K9F>B= ?B7<><. 

"K96<8AB, 6 D97G?SFBD, B59EC9K<64RM<= 8BEF<:9A<9 J9?< GCD46?9A<S, 8B?:A4 
CBEFGC4FP <AHBD@4J<S B A9EBBF69FEF6<< (D4;ABEF<) FD95G9@B7B < H4>F<K9E>B7B GDB6A9= 
6B8O, CD< QFB@ 84AAO= D97G?SFBD 8B?:9A 6OD454FO64FP GCD46?SRM<= E<7A4? A4 D97G?<-
DGRM<= Q?9@9AF (>D4A). 

  

 
$<E. 1. %I9@4F<K9E>B9 CD98EF46?9A<9 B5N9>F4 GCD46?9A<S 

(54>4 E 6B8B=). 



 

 

 

� C9D6B@ CD<5?<:9A<< HGA>J<BA<DB64A<9 D97G?SFBD4 @B:AB BC<E4FP A45BDB@ 
<; E?98GRM<I CD46<?: 

1. If (level is okay) then (valve is no_change) (1) 

2. If (level is low) then (valve is open_fast) (1) 

3. If (level is high) then (valve is closefast) (1) 

4. If (level is okay) and (rate is positive) then (valve is close_slow) (1) 

5. If (level is okay and (rate is negative) then (valve is openslow) (1), 

KFB 6 C9D96B89 B;A4K49F: 
1. �E?< (GDB69AP EBBF69FEF6G9F ;484AAB@G), FB (>D4A 59; <;@9A9A<S) (1) 
2. �E?< (GDB69AP A<;><=), FB (>D4A 5OEFDB BF>DOFP) (1) 
3. �E?< (GDB69AP 6OEB><=), FB (>D4A 5OEFDB ;4>DOFP) (1) 
4. �E?< (GDB69AP EBBF69FEF6G9F ;484AAB@G) < (97B CD<DBEF – CB?B:<F9?PAO=), FB 

(>D4A A48B @98?9AAB ;4>DO64FP) (1) 

5. �E?< (GDB69AP EBBF69FEF6G9F ;484AAB@G) < (97B CD<DBEF – BFD<J4F9?PAO=), FB 
(>D4A A48B @98?9AAB BF>DO64FP) (1) 

 B89?P E<EF9@O GCD46?9A<S GDB6A9@ 6B8O 6 54>9 E A9K9F><@ D97G?SFBDB@, BEAB-
64AAO@ A4 CD<6989AAOI CD46<?4I, S6?S9FES B8AB= <; 89@BAEFD4J<BAAOI @B89?9= C4>9-
FB6 Fuzzy Logic < Simulink. 

  

 
$<E. 2. �?B>-8<47D4@@4 @B89?< E<EF9@O GCD46?9A<S GDB6A9@ 6B8O 6 54>9 A9KёF><@ 

D97G?SFBDB@ 

 

�9 @B:AB 6O;64FP <; >B@4A8AB= EFDB>< >B@4A8B= sltank, KFB CD<6989F > BF>DOF<R 

B>A4 Simulink E 5?B>-8<47D4@@B= G>4;4AAB= @B89?< (D<E. 2). 

"8AB6D9@9AAB 5?B> Fuzzy Logic Controller 5G89F EBCBEF46?9A E E<EF9@B= A9K9F>B7B 
6O6B84, ;4C<E4AAB= 6 H4=?9 tank.fis. 

�?S <;GK9A<S CDBJ9EE4 HGA>J<BA<DB64A<S E<EF9@O A9B5IB8<@B A4:4FP >ABC>G 
Start C4A9?< <AEFDG@9AFB6 5?B>-8<47D4@@O @B89?< < 864:8O M9?>AGFP ?96B= >ABC>B= 
@OL< CB 5?B>G Comparison (%D46A9A<9). � CBS6<6L9@ES B>A9 QFB7B 5?B>4 5G8GF CB>4-
;4AO <;@9ASRM<9ES 6B 6D9@9A< E<7A4?O ;484AAB7B (CBE?98B64F9?PABEFP <@CG?PEB6 CDS-
@BG7B?PAB= HBD@O) < H4>F<K9E>B7B GDB6A9= 6B8O (D<E. 3). �4> 6<8AB, C9D9IB8AO= CDB-
J9EE 6 E<EF9@9 <@99F 4C9D<B8<K9E>GR HBD@G < ;4>4AK<649FES 8BEF4FBKAB 5OEFDB, F. 9. 
>4K9EF6B D97G?<DB64A<S E?98G9F CD<;A4FP IBDBL<@. 



 

 

#>AB@>5=85 =5G5B:>9 <>45;8 A 8A?>;L7>20=85< 1;>:>2 Simulink. 

�?S CBEFDB9A<S >4>B=-FB EB5EF69AAB= @B89?<DGRM9= E<EF9@O E <ECB?P;B64A<9@ 

ED98EF6 A9K9F>B= ?B7<>< < 5?B>B6 Simulink D9>B@9A8G9FES CDBEFB E>BC<DB64FP 5?B> 
Fuzzy Logic Controller <; D4EE@BFD9AAB= E<EF9@O sltank (<?< >4>B7B-?<5B 8DG7B7B 89@BA-
EFD4J<BAAB7B CD<@9D4 MATLAB) < CB@9EF<FP 97B 6 

5?B>-8<47D4@@G D4;D454FO649@B= E<EF9@O. �; >B@4A8AB= EFDB>< >B@4A8B= 

fuzblock @B:AB F4>:9 BF>DOFP 5<5?<BF9>G A9K9F><I 5?B>B6 C4>9F4 Simulink, >BFBDO9 @B-
7GF 5OFP <ECB?P;B64AO FBKAB F4> :9, CD< A9B5IB8<@BEF< 3 E 8BCB?A<F9?PAO@ D984>F<DB-

64A<9@. 
"F@9F<@, KFB HGA>J<BA<DB64A<9 G>4;4AAOI 5?B>B6 BEGM9EF6?S9FES E <ECB?P;B64-

A<9@ E<EF9@AB= S-HGA>J<< sffis.mex. �4C<EP QFB= HGA>J<< F4>B64: 
  

 
$<E. 3. $9;G?PF4FO @B89?<DB64A<S E<EF9@O GCD46?9A<S E A9KёF><@ D97G?SFBDB@. 

 

output = sffis(t,x,u,nag,nsmat), 

789 output – 6OIB8 A9K9F>B7B D97G?SFBD4, t, E < flag – EF4A84DFAO9 4D7G@9AFO 

E<EF9@AB= HGA>J<< Simulink, fismat 3 <89AF<H<>4FBD (<@S) A9K9F>B= E<EF9@O 6O6B84, 
< 6IB8AB= E<7A4? (69>FBD 6IB8AOI E<7A4?B6) D97G?SFBD4. 

#B  E@OE?G  84AA4S  HGA>J<S  4A4?B7<KA4  D4EE@BFD9AAB=  6OL9  HGA>J<< 
evalfis, AB BA4 BCF<@<;<DB64A4 8?S D45BFO 6 ED989 Simulink. 

�5<>=AB@0F8>==K5 ?@8<5@K @01>BK A ?0:5B>< 

Fuzzy Logic Toolbox. 

�?S B;A4>B@?9A<S E C4>9FB@ Fuzzy Logic Toolbox @B:AB <ECB?P;B64FP E?98GRM<9 
HGA>J<< (>B@4A8O) 6 D9:<@9 >B@4A8AB= EFDB><: 

defuzzdm – B5;BD @9FB8B6 CD<6989A<S > K9F>BEF< (89H4;<H<>4J<<), 
fcmdemo  –  89@BAEFD4J<S  4?7BD<F@4  >?4EF9D<;4J<<  Fuzzy  c-means  (2-D 

7D4H<>4), 
fuzdemos – 89@BAEFD4J<S 7D4H<K9E>B7B <AF9DH9=E4 C4>9F4 Fuzzy Logic, 

gasdemo – 89@BAEFD4J<S <ECB?P;B64A<S 4CC4D4F4 7<5D<8AOI E9F9= 8?S D9L9A<S ;484-
K< B 6O5BD9 46FB@B5<?S, A4<5B?99 Q>BAB@<KAB7B CB D4EIB8G FBC?<64, 



 

 

juggler 3 89@BAEFD4J<S E<EF9@O :BA7?<DB64A<S @SKB@ E <ECB?P;B64A<9@ A9K9F-
>B7B D97G?SFBD4, 

invkine 3 89@BAEFD4J<S A9K9F>B7B GCD46?9A<S 86<:9A<9@ DB5BF4@4A<CG?SFBD4, 
irisfcm 3 89@BAEFD4J<S 4?7BD<F@4 >?4EF9D<;4J<< Fuzzy c-means, 

noisedm 3 89@BAEFD4J<S D9L9A<S ;484K< H<?PFD4J<< A4 BEAB69 @9FB8B6 A9K9F-
>B= ?B7<><, 

 slbb – 89@BAEFD4J<S ;484K< «L4D A4 >4K9?SI», 
slcp – 89@BAEFD4J<S A9K9F>B= E<EF9@O GCD46?9A<S C9D969DAGFO@ @4SFA<>B@, 
sltank – 89@BAEFD4J<S E<EF9@O GCD46?9A<S GDB6A9@ 6B8O 6 54>9 E A9K9F><@ D9-

7G?SFBDB@, 
sltankrule 3 FB :9, KFB 6 CD98O8GM9@ E?GK49, AB E 8BCB?A<F9?PAO@ CDBE@BFDB@ 

A9K9F><I CD46<?, 
sltbu 3 89@BAEFD4J<S HGA>J<BA<DB64A<S A9K9F>B= E<EF9@O GCD46?9A<S 7DG;B6<-

>B@. 
% >4:8O@ <; QF<I CD<@9DB6 E6S;4A  -H4=?, fis-H4=? <?</< 5?B>-8<47D4@@4 

Simulink, ;4CGE> >BFBDOI CDB<;6B8<FES E CB@BMPR B8AB= <; G>4;4AAOI >B@4A8. &9>EF CB-
SEA9A<= 6 CD<@9D4I – A4 4A7?<=E>B@ S;O>9. �4AAO9 CD<@9DO 8BEFGCAO < K9D9; 7?46AB9 
@9AR MATLAB (CGA>F Help/Examples and Demos, D4;89? Toolboxes/Fuzzy Logic). �B-
CB?A<F9?PAGR <AHBD@4J<R @B:AB CB?GK<FP, <ECB?P;GS >B@4A8G help fuzzy. 

 

#@>3@0<<0 @01>BK 8 <5B>48G5A:85 C:070=8O 
"C<L<F9 A45BDB@ <; CD46<? HGA>J<BA<DB64A<9 D97G?SFBD4, CD98EF46?9AAB7B 6 EB-

BF69FEF6GRM9@ 89@BAEFD4J<BAAB@ CD<@9D9 (E@. F45?. 1), CD98- 
EF46PF9 D9;G?PF4F @B89?<DB64A<S. 

&45?<J4 1 

 
�4D<4AF �9@BAEFD4J<BAAO= CD<@9D 

1 juggler 

2 invkine 

3 slbb 

4 slcp 

5 sltbu 

 

%>45@60=85 >BG5B0 
 

− J9?P D45BFO; 
− ;484A<9; 
− >D4F>B9 BC<E4A<9 89=EF6<= CB CGA>F4@; 
− 7D4H<>< CB 6E9@ CGA>F4@ CDB7D4@@O; 
− 6O6B8O CB D45BF9. 
 

�45BD4FBDA4S D45BF4 № 9. Ч4EFP 2. $4;D45BF>4 7<5D<8AOI <AF9??9>FG4?PAOI 
E<EF9@ 6 ED989 Matlab 

 

*5;L @01>BK: �EE?98B64A<9 CDBJ9EE4 D4;D45BF>< 484CF<6AB= E<EF9@O A9=DB 
A9K9F>B7B 6O6B84 8?S 4CCDB>E<@4J<< ;46<E<@BEF<, BC<EO649@B= A9>BFBDB= @4F9@4F<K9-



 

 

E>B= HGA>J<9=. 
 

#BDS8B> 6OCB?A9A<S D45BFO 

 

% CB@BMPR 484CF<6AB= E9F< A9K9F>B7B 6O6B84 4CCDB>E<@<DB64FP HGA>J<R: y = 

2x
2
. 

(GA>J<S ;4849FES 6 6<89 C4D K<E9?, >BFBDO9 ;4C<EO64RFES 6 H4=? E D4EL<D9-
A<9@ .dat (D<E. 1.) 

�?S EB;84A<S 7<5D<8AB= @B89?<,  ;47DG:49@ CD<?B:9A<9 Fuzzy Logic Toolbox C4-
>9F4 MATLAB < EB;849@ @B89?P F<C4 Sugeno, <@9RM<= B8<A 6IB8 < B8<A 6OIB8, >4> CB>4;4AB 
A4 D<E. 2. 

�B 6>?48>9 Edit 6O5<D49@ D984>FBD Anfis, A4:<@49@ Load Data < G>4;O649@ CGFP > 
EB;84AAB@G H4=?G 84AAOI. $9;G?PF4F C9D9K<E?9AAOI 6OL9 89=EF6<= CD98EF46?9AO A4 D<E.2. 

 
$<E..1. �EIB8AO9 84AAO9 8?S B5GK9A<S A9=DBE9F< 

�4?99 6O5<D49@ Grid partition, CBS6?S9FES B>AB 66B84 C4D4@9FDB6 @9FB84 D9L9F>< 
(D<E. 3), 6 >BFBDB@ AG:AB G>4;4FP >B?<K9EF6B F9D@B6 8?S >4:8B= 6IB8AB= C9D9@9AAB= < 
F<C HGA>J<= CD<A48?9:ABEF< 8?S 6IB8AOI < 6OIB8AB= C9D9@9AAOI. �O59D9@ 6E9, >4> G>4;4-
AB A4 D<E.4.3. 

  



 

 

 
$<E. 2. "FB5D4:9A<9 84AAOI 

 
$<E.3. ">AB 66B84 C4D4@9FDB6 @9FB84 D9L9F>< %FDG>FGD4 A9=DBE9F< <@99F 6<8, 

CD98EF46?9AAO= A4 D<E.4. 
  



 

 

 
$<E.4. %FDG>FGD4 A9=DB A9K9F>B= E9F< 

#BE?9 QFB7B, FD9A<DG9@ E9FP, 8?S QFB7B 6 CB?9 Train FIS 66B8<@ BL<5>G, >B?<K9-
EF6B QCBI (D<E. 5) < A4:<@49@ >ABC>G Train Now. 

 
$<E. 5. #DBJ9EE B5GK9A<S A9=DBAAB= E9F< 

#BE?9 A4:4F<S >ABC>< Train Now, 6 B5?4EF< 6<;G4?<;4J<< BFB5D4:49FES CDBJ9EE B5GK9-
A<S: K<E?B QCBI 3 40, ;A4K9A<9 BL<5>< 3 0.34057. 

#B69DIABEFP  EBBF69FEF6GRM97B  A9K9F>B7B  6O6B84  <  CD46<?4, 
 E79A9D<DB64AAO9 6 CDBJ9EE9 B5GK9A<S 7<5D<8AB= E<EF9@O CD98EF46?9AO A4 D<E. 

6, 7. 



 

 

 
$<E.6. #B69DIABEFP E<EF9@O A9K9F>B7B 6O6B84 

 
$<E.7. !9K9F><9 CD46<?4, CB?GK9AAO9 CD< B5GK9A<< 

�=48284C0;L=>5 7040=85 
%B7?4EAB 64D<4AFG (F45?. 4.1), EB;84FP 7<5D<8AGR @B89?P 4CCDB>E<@4J<< HGA>J<<. #DB69EF< 999    

B5GK9A<9 < ED46A<F9?PAO= 4A4?<; D9;G?PF4FB6 B5GK9A<S. � E?GK49 A9B5IB8<@BEF< (9E?< BF>?BA9A<9 BF ;484A-
AB= HGA>J<< EBEF46?S9F 5B?999 5%) CDB69EF< >BDD9>J<R B5GK9A<S, ;4@9A<6 >B?<K9EF6B < F<C4 HGA>J<= CD<-
A48?9:ABEF<, 4 F4>:9 >B?<K9EF64 QCBI B5GK9A<S E9F<. #B?GK9AAO9 D9;G?PF4FO BHBD@<FP 6 HBD@9 F45?<J < 7D4-
H<>B6 BL<5B>. 

  

�4D<4AFO ;484A<= 
 &45?<J4 4.1. 
 

 
X(i) Y(i) 64D<4AF 

1 2 3 4 5 6 7 8 9 10 

0 3,323 0,62 1,249 3,466 5,926 3,599 1,796 4,333 1,821 1,024 



 

 

0.1 3,332 0,403 1,834 4,352 5,587 4,228 2,036 4,775 1,301 1,67 

0.2 3,714 0,981 2,108 4,29 6,68 4,521 1,533 5,251 1,834 0,97 

0.3 4,073 0,918 2,37 4,456 7,33 4,911 1,259 5,829 1,522 0,988 

0.4 4,057 1,248 1,542 5,588 7,877 5,497 1,766 6,655 1,571 1,873 

0.5 4,754 1,18 1,584 5,882 9,055 5,571 1,933 7,749 1,614 1,826 

0.6 5,389 0,606 1,808 6,129 9,821 6,255 1,692 7,761 2,212 1,6 

0.7 5,734 1,268 2,359 5,667 10,282 6,378 2,353 8,544 2,274 2,241 

0.8 5,279 1,128 1,888 6,832 11,054 7,37 2,43 10,423 2,079 1,972 

0.9 6,516 0,777 2,379 7,249 12,314 7,753 1,813 11,12 3,036 1,855 

1 6,652 1,159 2,9 7,148 13,465 9,055 2,299 12,024 2,565 1,872 

1.1 6,815 1,285 2,954 7,548 14,8 9,633 1,923 13,829 3,441 2,006 

1.2 6,966 1,332 2,093 7,253 16,087 11,102 2,059 14,581 3,611 2,035 

1.3 7,615 1,077 2,284 7,972 17,636 12,305 2,010 16,651 3,65 1,878 

1.4 8,321 1,359 2,597 8,344 20,35 12,845 2,873 18,157 3,942 2,611 

1.5 8,969 1,653 2,394 8,218 22,002 14,082 2,774 20,967 4,422 1,954 

1.6 9,734 1,395 2,988 8,248 24,146 15,769 2,75 22,352 5 2,642 

1.7 10,562 0,972 2,394 9,276 26,169 17,774 3,334 25,132 5,063 2,38 

1.8 10,929 1,328 2,815 9,228 29,249 20,072 3,044 27,685 5,016 2,696 

1.9 11,704 1,977 3,202 9,436 31,622 21,353 2,966 31,204 5,369 2,288 

#DB8B?:9A<9 F45?.4.1. 
X(i) Y(i) 64D<4AF 

11 12 13 14 15 16 17 18 19 20 

0 2,283 2,046 2,343 2,799 4,512 1,414 4,235 1,149 1,821 1,024 

0.1 2,949 2,072 2,677 2,468 4,481 1,134 5,024 1,389 1,301 1,67 

0.2 2,761 2,041 2,997 2,961 4,54 1,466 5,338 1,622 1,834 0,97 

0.3 3,471 2,411 2,754 3,217 5,309 0,879 5,856 1,805 1,522 0,988 

0.4 3,768 2,734 3,168 3,057 5,652 1,885 6,516 2,786 1,571 1,873 

0.5 4,667 3,422 2,9 3,402 5,765 1,378 7,392 2,988 1,614 1,826 

0.6 4,908 4,164 2,924 3,784 6,416 1,704 8,338 2,978 2,212 1,6 

0.7 5,896 3,673 3,729 3,626 5,989 1,463 9,008 2,535 2,274 2,241 

0.8 5,984 3,94 2,97 3,315 6,473 2,103 10,189 3,086 2,079 1,972 

0.9 7,467 4,565 3,973 4,118 6,682 1,728 10,883 3,192 3,036 1,855 

1 7,977 4,594 3,423 4,359 7,527 1,443 12,436 3,053 2,565 1,872 

1.1 9,184 4,541 3,899 3,871 7,439 1,779 13,47 3,785 3,441 2,006 

1.2 10,035 4,252 3,744 4,201 7,912 1,991 15,144 3,507 3,611 2,035 

1.3 11,0,29 4,269 3,991 4,799 9,113 2,172 16,796 3,275 3,65 1,878 

1.4 12,435 4,886 4,181 5,127 9,039 2,056 18,275 3,596 3,942 2,611 

1.5 14,496 4,568 4,494 5,081 10,078 2,452 20,166 3,746 4,422 1,954 

1.6 16,015 4,086 4,231 5,314 9,872 2,076 22,719 3,945 5 2,642 

1.7 18,504 4,004 4,281 5,426 10,533 1,913 24,82 3,238 5,063 2,38 

1.8 20,568 3,888 4,662 6,201 11,097 2,019 28,174 3,160 5,016 2,696 

1.9 21,457 3,34 4,592 7 12,557 2,783 30,512 3,002 5,369 2,288 
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