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ÏÐÎ ÎÄÈÍ Ï²ÄÕ²Ä ÄÎ ÇÍÀÕÎÄÆÅÍÍß ÎÖ²ÍÎÊ ÄÎÑÒÎÂ²ÐÍÎÑÒ²
ÇÀ ÓÌÎÂ ÍÅ×²ÒÊÎÃÎ ÌÎÄÅËÞÂÀÍÍß

Àíîòàö³ÿ. Çàïðîïîíîâàíî ï³äõ³ä äî çíàõîäæåííÿ ÷èñåëüíèõ îö³íîê äîñòîâ³ðíîñò³ íå÷³òêèõ
çíàíü ó ñèñòåìàõ íå÷³òêîãî ëîã³÷íîãî âèâåäåííÿ. Ìîäåëü ñèñòåìè òèïó «âõ³ä–âèõ³ä» ïî-
áóäîâàíî çàñîáàìè íå÷³òêî¿ ëîã³êè. Çà ïðàâèëîì Ìàìäàí³ çíàéäåíî âèõ³ä òàêî¿ ñèñòåìè
ó âèãëÿä³ íå÷³òêèõ çíàíü ç ïîäàëüøèì îá÷èñëåííÿì ¿õíüî¿ äîñòîâ³ðíîñò³. Äëÿ îá÷èñëåííÿ
äîñòîâ³ðíîñò³ íå÷³òêèõ çíàíü âèêîðèñòàíî åëåìåíòè òåîð³¿ éìîâ³ðíîñòåé íå÷³òêèõ ïîä³é.
Íàâåäåíî ïðèêëàä îá÷èñëåííÿ äîñòîâ³ðíîñò³ íå÷³òêèõ çíàíü.

Êëþ÷îâ³ ñëîâà: íå÷³òêà ìíîæèíà, óìîâíà éìîâ³ðí³ñòü íå÷³òêî¿ ïîä³¿, íå÷³òêå ïðàâèëî.

ÂÑÒÓÏ

Â³äîìî, ùî íå÷³òê³ ìíîæèíè [1–5] º çðó÷íèì ³íñòðóìåíòîì äëÿ ïðåäñòàâëåí-

íÿ çíàíü â ³íôîðìàö³éíèõ ñèñòåìàõ. ßê ïîêàçàâ B. Kosko [6] ó ñâî¿é â³äîì³é

òåîðåì³ ïðî íå÷³òêó àïðîêñèìàö³þ, çà äîïîìîãîþ íå÷³òêî¿ ëîã³êè ìîæíà òî÷-

íî îïèñàòè äîâ³ëüíèé âçàºìîçâ’ÿçîê «âõ³ä–âèõ³ä» äëÿ áóäü-ÿêî¿ ìàòåìàòè÷íî¿

ñèñòåìè. Çîêðåìà, âèêîðèñòîâóþ÷è íå÷³òêó ëîã³êó, ìîæíà ôîðìàëüíî îïèñà-

òè, íàïðèêëàä, ñèìïòîìè õâîðîáè ïàö³ºíòà ³ çàõâîðþâàííÿ (ÿêå ñïðè÷èíÿº

òàêó ñèìïòîìàòèêó), à òàêîæ âçàºìîçâ’ÿçîê «ñèìïòîìàòèêà–ä³àãíîç». Ï³äõ³ä

äî ïîáóäîâè íå÷³òêèõ ìîäåëåé ìàòåìàòè÷íèõ ñèñòåì ç âõîäàìè òà âèõîäàìè

âèêîðèñòîâóºòüñÿ â åêñïåðòíèõ ä³àãíîñòè÷íèõ ñèñòåìàõ, äëÿ ïðîºêòóâàííÿ

êîíòðîëåð³â, ðîçðîáëåííÿ êåðóâàëüíèõ ïðèñòðî¿â ïîáóòîâî¿ òåõí³êè òîùî.

Âèíèêàº çàêîíîì³ðíå ïèòàííÿ ïðî äîñòîâ³ðí³ñòü âèõîäó òàêèõ íå÷³òêèõ ìî-

äåëåé. Âîíî º äîñèòü àêòóàëüíèì îñîáëèâî äëÿ ä³àãíîñòè÷íèõ ñèñòåì. Ùîá äàòè

â³äïîâ³äü íà öå çàïèòàííÿ, çàïðîïîíóºìî ï³äõ³ä, ÿêèé äàº çìîãó îòðèìàòè ÷èñ-

ëîâó õàðàêòåðèñòèêó âèõîäó ñèñòåìè íå÷³òêîãî âèâåäåííÿ. Öþ ÷èñëîâó õàðàêòå-

ðèñòèêó íàçèâàòèìåìî äîñòîâ³ðí³ñòþ âèõîäó íå÷³òêî¿ ñèñòåìè ëîã³÷íîãî âèâå-

äåííÿ àáî ïðîñòî äîñòîâ³ðí³ñòþ âèõîäó ñèñòåìè íå÷³òêèõ ïðàâèë.

Ó ö³é ñòàòò³ çàïðîïîíîâàíî ï³äõ³ä äî çíàõîäæåííÿ ÷èñåëüíèõ îö³íîê äîñ-

òîâ³ðíîñò³ íå÷³òêèõ çíàíü ó ñèñòåìàõ íå÷³òêîãî âèâåäåííÿ. Îðèã³íàëüí³ñòü ñòàòò³

ïîëÿãàº â òîìó, ùî äîâ³ëüíó ìàòåìàòè÷íó ñèñòåìó òèïó âõ³ä–âèõ³ä çìîäåëüîâàíî

çàñîáàìè íå÷³òêî¿ ëîã³êè, çà ïðàâèëîì Ìàìäàí³ çíàéäåíî âèõ³ä òàêî¿ ñèñòåìè ³ îá-

÷èñëåíî éîãî äîñòîâ³ðí³ñòü. Íàâåäåíî ïðèêëàä îá÷èñëåííÿ äîñòîâ³ðíîñò³ äëÿ ñèñ-

òåìè ç³ ñê³í÷åííèìè ïðîñòîðàìè äëÿ ìîäåëþâàííÿ íå÷³òêîñò³.

ÏÎÁÓÄÎÂÀ ÍÅ×²ÒÊÈÕ ÏÐÀÂÈË

Ðîçãëÿíåìî îäèí ³ç ï³äõîä³â äî ïîáóäîâè íå÷³òêèõ ïðàâèë, çàïðîïîíîâàíèé

ó [4]. Ïîáóäóºìî ñèñòåìó íå÷³òêèõ ïðàâèë ç òðüîìà âõîäàìè òà îäíèì âèõî-

äîì íà îñíîâ³ íàâ÷àëüíèõ äàíèõ, ÿê³ çàäàíî ìíîæèíîþ

( ( ), ( ), ( ); ( )), , , ,x i x i x i d i i m1 2 3 1 2� � ,

äå x i1 ( ), x i2 ( ), x i3 ( ) — âõîäè, d i( ) — âèõ³ä ïðàâèë íå÷³òêî¿ ñèñòåìè ëîã³÷íîãî

âèâåäåííÿ.
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Àëãîðèòì ðîçâ’ÿçàííÿ ö³º¿ çàäà÷³ ïîëÿãàº ó âèêîíàíí³ òàêî¿ ïîñë³äîâíîñò³

êðîê³â.

1. Äëÿ âõîä³â òà âèõîäó âèçíà÷àºìî îáëàñò³ äîïóñòèìèõ çíà÷åíü — ïðîñòî-

ðè X1, X 2 , X 3 òà Y â³äïîâ³äíî. Ðîçáèâàºìî ïðîñòîðè âõîä³â ³ âèõîäó íà òðè îá-

ëàñò³ ³ äëÿ êîæíî¿ ç íèõ çàäàºìî ôóíêö³¿ íàëåæíîñò³ íå÷³òêèõ âåëè÷èí Àij , Bi .

Ïðèêëàä òàêîãî ðîçáèòòÿ ïðîñòîð³â ³ëþñòðóº ðèñ. 1. Çðîçóì³ëî, ùî çîáðàæåíå

òóò ðîçáèòòÿ ïðîñòîð³â º îäíèì ³ç ïðèêëàä³â òàêîãî ðîçáèòòÿ. Òå ñàìå ñòîñóºòüñÿ

³ ôóíêö³é íàëåæíîñò³. Òîáòî ìîæíà çàïðîïîíóâàòè ³íø³ ñïîñîáè ðîçáèòòÿ ïðî-

ñòîð³â òà ³íø³ ôóíêö³¿ íàëåæíîñò³. Êð³ì òîãî, íàâåäåíå ðîçáèòòÿ âèçíà÷àº òàê

çâàí³ òåðì-ïðîñòîðè T1, T2 , T3 , T4 , åëåìåíòàìè ÿêèõ º íå÷³òê³ ïîíÿòòÿ â ïðîñòî-

ðàõ X1, X 2 , X 3 òà Y . Çîêðåìà,

T1 11 21 31� { }A A A, , , T2 21 22 23� { }A A A, , , T3 31 32 33� { }A A A, , , T4 1 2 3� { }B B B, , .

2. Áóäóºìî íå÷³òê³ ïðàâèëà çà íàâ÷àëüíèìè äàíèìè (ðèñ. 1):

( ( ), ( ), ( ); ( ))x x x d1 2 31 1 1 1 , (1)

( ( ), ( ), ( ); ( ))x x x d1 2 32 2 2 2 , (2)

( ( ), ( ), ( ); ( ))x x x d1 2 33 3 3 3 . (3)

Ö³ ïðàâèëà ìàþòü âèãëÿä

R1: if x1 is A11 and x2 is A21 and x3 is A31 then y is B1,

R2 : if x1 is A13 and x2 is A23 and x3 is A32 then y is B3 ,

R3 : if x1 is A13 and x2 is A23 and x3 is A33 then y is B3 .
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Çàçíà÷èìî, ùî áóäóþ÷è ïðàâèëà, âðàõîâóºìî ð³âí³ñòü x x1 12 3( ) ( )� . Êð³ì

òîãî, ÿêùî çíà÷åííÿ x ji ( ) íàëåæèòü ê³ëüêîì îáëàñòÿì, òî òàêîìó çíà÷åííþ

â³äïîâ³äàº íå÷³òêà ìíîæèíà, ôóíêö³ÿ íàëåæíîñò³ ÿêî¿ íàáóâàº íà öüîìó åëå-

ìåíò³ ïðîñòîðó ìàêñèìàëüíîãî çíà÷åííÿ.

3. Âèëó÷àºìî ñóïåðå÷íîñò³. Ïîòðåáà â öüîìó êðîö³ âèíèêàº, êîëè ñåðåä ïîáó-

äîâàíèõ ïðàâèë º òàê³, ùî ìàþòü îäíàêîâ³ ïîñèëàííÿ (óìîâè), àëå ð³çí³ íàñë³äêè.

Ó öüîìó ðàç³ äëÿ êîæíîãî ïðàâèëà çàäàþòü ì³ðó éîãî ³ñòèííîñò³. Íàïðèêëàä, äëÿ

ïåðøîãî ïðàâèëà ì³ðà ³ñòèííîñò³ îá÷èñëþºòüñÿ çà ôîðìóëîþ

� � � �( ) ( ) ( ) ( )R x x xA A A1 1 2 311 21 31
� � � .

Ó ñèñòåì³ íå÷³òêèõ ïðàâèë çàëèøàºìî ïðàâèëî ç íàéá³ëüøîþ ì³ðîþ ³ñòèí-

íîñò³.

ÂÈÕ²Ä ÑÈÑÒÅÌÈ ÍÅ×²ÒÊÈÕ ÏÐÀÂÈË

Äëÿ çíàõîäæåííÿ âèõîäó ñèñòåìè íå÷³òêèõ ïðàâèë ³ç çàäàíèìè âõîäàìè �A1,

�A2 , �A3 âèêîðèñòàºìî àëãîðèòì ëîã³÷íîãî âèâåäåííÿ Ìàìäàí³ [4], ÿêèé ïîëÿ-

ãàº ó âèêîíàíí³ òàêèõ êðîê³â.

1. Äëÿ êîæíîãî ïðàâèëà Ri îá÷èñëþºìî éîãî ð³âí³ ³ñòèííîñò³, çîêðåìà

�1 �

� �

��
� � � �min max( ( ) ( )), max( ( ) (

X X1 2

1 1 11 1 2 2 21 2A x A x A x A x )), max( ( ) ( ))
X3

3 3 31 3� � 	


�
A x A x ,

� 2 �

� �

��
� � � �min max( ( ) ( )), max( ( ) (

X X1 2

1 1 13 1 2 2 23 2A x A x A x A x )), max( ( ) ( ))
X3

3 3 32 3� � 	


�
A x A x ,

� 3 �

� �

��
� � � �min max( ( ) ( )), max( ( ) (

X X1 2

1 1 13 1 2 2 23 2A x A x A x A x )), max( ( ) ( ))
X3

3 3 33 3� � 	


�
A x A x .

2. Îá÷èñëþºìî ³íäèâ³äóàëüí³ âèõîäè êîæíîãî ïðàâèëà, çîêðåìà

� �B y B y1 1 1( ) min ( , ( ))� ,

� �B y B y2 2 2( ) min ( , ( ))� ,

� �B y B y3 3 3( ) min ( , ( ))� .

3. Îá÷èñëþºìî àãðåãàòíèé âèõ³ä

� � � � �B y B y B y B y( ) max ( ( ), ( ), ( ))1 2 3 .

ÅËÅÌÅÍÒÈ ÒÅÎÐ²¯ ÉÌÎÂ²ÐÍÎÑÒÅÉ ÍÅ×²ÒÊÈÕ ÏÎÄ²É

×èñëîâ³ îö³íêè âèõîäó ñèñòåìè íå÷³òêèõ ïðàâèë îá÷èñëþþòüñÿ çà äîïîìîãîþ

³ìîâ³ðí³ñíèõ õàðàêòåðèñòèê íå÷³òêèõ ïîä³é. Íå÷³òêîþ ïîä³ºþ A â ïðîñòîð³ X

íàçèâàòèìåìî íå÷³òêó ìíîæèíó

A x x xA� �{( }, ( )),� X ,

äå �A : [ , ]X 
 0 1 º ôóíêö³ºþ íàëåæíîñò³ íå÷³òêî¿ ìíîæèíè À. Ôîðìóëó äëÿ

îá÷èñëåííÿ éìîâ³ðíîñò³ ïîä³¿ À ìîæíà çíàéòè â [9]. Çà ö³ºþ ôîðìóëîþ îá÷èñ-

ëþþòü éìîâ³ðíîñò³ áóäü-ÿêèõ íå÷³òêèõ ïîä³é äëÿ çàäàíî¿ ì³ðè éìîâ³ðíîñò³.

Óìîâíà éìîâ³ðí³ñòü íå÷³òêî¿ ïîä³¿ A çà óìîâè âèêîíàííÿ íå÷³òêî¿ ïîä³¿ B

âèçíà÷àºòüñÿ çà Äåìïñòåðîì [7–9]. ²íàêøå êàæó÷è, ôóíêö³ÿ ðîçïîä³ëó P A B( | )

óìîâíî¿ éìîâ³ðíîñò³ íå÷³òêî¿ ïîä³¿ A çà óìîâè, ùî âèêîíóºòüñÿ íå÷³òêà ïîä³ÿ B,
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âèçíà÷àºòüñÿ çà äîïîìîãîþ ôóíêö³¿ ðîçïîä³ëó P A B( , ) á³íàðíî¿ éìîâ³ðíîñò³ äå-

êàðòîâîãî äîáóòêó A B� ³ ôóíêö³¿ ðîçïîä³ëó PB éìîâ³ðíîñò³ íå÷³òêî¿ ïîä³¿ Â çà

óìîâè, ùî âîíà íå äîð³âíþº íóëþ. Îòæå,

Q x y

P x y

P y
P y

P y

A B

A B

B
B

B

( )

( , )

( , )

( , )

( )
, ( ) ,

, ( ) ;

� �
�

�

�

�
� 0

1 0��

P x y
Q x y

Q x y
A B

A B

A B

x y

( | )

,

( , )
( , )

( , )
� �

��
.

Âîäíî÷àñ ôóíêö³ÿ ðîçïîä³ëó á³íàðíî¿ éìîâ³ðíîñò³ P A B( , ) äåêàðòîâîãî äîáóòêó

A B� îá÷èñëþºòüñÿ çà ôîðìóëîþ

P x y P x P yA B A B( , ) ( , ) min ( ( ), ( )),�

ÿêó ìîæíà çíàéòè â [9].

Ôîðìóëà îá÷èñëåííÿ óìîâíî¿ éìîâ³ðíîñò³ óçàãàëüíþºòüñÿ äëÿ ôóíêö³é ç

áóäü-ÿêîþ ñê³í÷åííîþ ê³ëüê³ñòþ àðãóìåíò³â. Äëÿ öüîãî çàïðîïîíîâàíî ôóíêö³þ

Q x y zA B C D( ) ( , , , )� � � � îá÷èñëþâàòè çà ôîðìóëîþ

Q x y z Q x y Q x z QA B Ñ D A B A Ñ A D( ) ( ) ( ) ( )( , , , ) ( , ) ( , )� � � � � �� � �� ( , )x � .

Îòæå, óìîâíà éìîâ³ðí³ñòü íå÷³òêî¿ ïîä³¿ A ó ðàç³ âèêîíàííÿ íå÷³òêèõ ïîä³é

B, Ñ, D âèçíà÷àºòüñÿ ó òàêèé ñïîñ³á:

Q x y zA B C D( ) ( , , , )� � � ��

�
� �

P x y

P y

P x z

P z

P x

P

A B

B

A C

C

A D

D

( , ) ( , ) ( , )( , )

( )

( , )

( )

( , )

(

�

�)
, ( ) ( ) ( ) ,

, ( ) ( ) ( ) ;

P y P z P

P y P z P

B C D

B C D

� � �

� � �

�

�
�

��

�

�

0

1 0

P x y z
Q x y z

Q
A B C D

A B C D

x y z

A B
( | , , )

, , ,

( , , , )
( , , , )

�
�

�

� � � �

� �� C D x y z� ( , , , )�
.

Äàë³, âèêîðèñòîâóþ÷è àíàëîã ôîðìóëè ïîâíî¿ éìîâ³ðíîñò³

P B P B A A A P B A A Ai i i im m

i

n

( ) ( | , , ..., ) ( | , , )� � � � � �
�
� 1 2 1 2

1

� ,

ìîæíà îá÷èñëèòè éìîâ³ðí³ñòü âèõîäó �B ñèñòåìè íå÷³òêèõ ïðàâèë çà âõîäàìè

� � �A A Am1 2, , ,� .

ÀËÃÎÐÈÒÌ ÇÍÀÕÎÄÆÅÍÍß ÄÎÑÒÎÂ²ÐÍÎÑÒ² ÂÈÕÎÄÓ

Íåõàé ìàºìî ñèñòåìó íå÷³òêîãî ëîã³÷íîãî âèâåäåííÿ, ÿêà ì³ñòèòü ïðàâèëà R1–R3 .

Äëÿ ñïðîùåííÿ ðîçðàõóíê³â ïðèïóñòèìî, ùî ïðîñòîðè X1, X 2 , X 3 îäíàêîâ³,

à âõîäè �A1, �A2 , �A3 çàäàíî íå÷³òêèìè ìíîæèíàìè

� � � � � �A A A A A A1 12 2 22 3 12, , .

Ïðèïóñòèìî òàêîæ, ùî A A A B11 21 31 1� � � , A A12 22� , A A A B13 23 33 3� � � .

Çíàõîäèìî âèõ³ä ñèñòåìè íå÷³òêèõ ïðàâèë çà íàâåäåíèì âèùå àëãîðèòìîì.

Îòæå, äëÿ ð³âí³â ³ñòèííîñò³ ïðàâèë ìàºìî

ISSN 1019-5262. Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç, 2023, òîì 59, ¹ 6 33



max ( ( ) ( )) max ( )
X1

1 111 1 11 1 1� � � ��A x A x xA A� ' 0.5,

max ( ( ) ( )) max ( )
X2

2 212 2 21 2 2� � � ��A x A x xA A� ' 0.5,

max ( ( ) ( )) max ( )
X3

3 313 3 31 3 3� � � ��A x A x xA A� ' 0.5,

òîìó �1 � 0.5;

max ( ( ) ( )) max ( )
X1

1 131 1 13 1 1� � � ��A x A x xA A� ' 0.5,

max ( ( ) ( )) max ( )
X2

2 232 2 23 2 2� � � ��A x A x xA A� ' 0.5,

max ( ( ) ( )) max ( )
X3

3 323 3 32 3 3 1� � � ��A x A x xA A� ' ,

òîìó � 2 � 0.5;

max ( ( ) ( )) max ( )
X1

1 131 1 13 1 1� � � ��A x A x xA A� ' 0.5,

max ( ( ) ( )) max ( )
X2

2 232 2 23 2 2� � � ��A x A x xA A� ' 0.5,

max ( ( ) ( )) max ( )
X3

3 333 3 33 3 3� � � ��A x A x xA A� ' 0.5,

òîìó � 3 � 0.5.

Îá÷èñëþºìî ³íäèâ³äóàëüí³ âèõîäè êîæíîãî ïðàâèëà. Äëÿ öüîãî ââåäåìî

íå÷³òê³ ìíîæèíè A�1
, A�2

, A�3
ç ôóíêö³ÿìè íàëåæíîñò³, ùî äîð³âíþþòü êîí-

ñòàíò³ 0.5. Òîä³ ³íäèâ³äóàëüí³ âèõîäè ïðàâèë — öå íå÷³òê³ ìíîæèíè:

� � �B A B1 11� ,

� � �B A B2 22� ,

� � �B A B3 33� ,

ç ä³àãðàìàìè Çàäå, çîáðàæåíèìè íà ðèñ. 2.

Àãðåãàòíèé âèõ³ä (âèõ³ä ñèñòåìè ïðàâèë) — öå íå÷³òêà ìíîæèíà

B B B B' ' ' '� � �1 2 3

ç ä³àãðàìîþ Çàäå, çîáðàæåíîþ íà ðèñ. 3.

Îòæå, îòðèìàëè ùå îäíå ïðàâèëî ñèñòåìè, ÿêå ïîçíà÷àòèìåìî R4 .

Íàì ïîòð³áíî çíàéòè éìîâ³ðí³ñòü íå÷³òêî¿ ïîä³¿ �B ç âõîäàìè �A1, �A2 , �A3 .

Íåõàé P xX1
( ), P xX2

( ), P xX3
( ), P xY ( ) — ôóíêö³¿ ðîçïîä³ëó éìîâ³ðíîñòåé ó ïðî-

ñòîðàõ X1, X 2 , X 3 , Y â³äïîâ³äíî. Îá÷èñëèìî éìîâ³ðíîñò³ íå÷³òêèõ ïðàâèë ñèñ-

òåìè òà éìîâ³ðí³ñòü âèõîäó ñèñòåìè ç âõîäàìè �A1, �A2 , �A3 . Äëÿ öüîãî ñïî÷àòêó

îá÷èñëþºìî éìîâ³ðíîñò³ íå÷³òêèõ ïîä³é ó ïðàâèëàõ R1–R4 . Îòæå, ìàºìî

P A A x P x( ) ( ) ( )11 11

1

1
� ��

X

X , P A A x P x( ) ( ) ( )21 21

2

2
� ��

X

X , P A A x P x( ) ( ) ( )31 31

3

3
� ��

X

X ,
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0.5

0

Y

B1
' B2

' B3
'

Ðèñ. 2

0.5

0

Y

B'

Ðèñ. 3



P A A x P x( ) ( ) ( )12 12

1

1
� ��

X

X , P A A x P x( ) ( ) ( )22 22

2

2
� ��

X

X , P A A x P x( ) ( ) ( )32 32

3

3
� ��

X

X ,

P A A x P x( ) ( ) ( )13 13

1

1
� ��

X

X , P A A x P x( ) ( ) ( )23 23

2

2
� ��

X

X , P A A x P x( ) ( ) ( )33 33

3

3
� ��

X

X ,

P A A x P x( ) ( ) ( )� � � ��1 1

1

1

X

X , P A A x P x( ) ( ) ( )� � � ��2 2

2

2

X

X , P A A x P x( ) ( ) ( )� � � ��3 3

3

3

X

X ,

P B B x P x( ) ( ) ( )1 1� ��
Y

Y , P B B x P x( ) ( ) ( )2 2� ��
Y

Y , P B B x P x( ) ( ) ( )3 3� ��
Y

Y .

Òîä³ éìîâ³ðí³ñòü ïðàâèë R1–R4 îá÷èñëþºìî ÿê óìîâí³ éìîâ³ðíîñò³. Çîêðåìà,

éìîâ³ðí³ñòü ïðàâèëà R1 îá÷èñëþºìî ÿê ³ìîâ³ðí³ñòü íå÷³òêî¿ ïîä³¿ B1 çà óìîâè,

ùî â³äáóëèñÿ íå÷³òê³ ïîä³¿ A11, A21, A31. Äëÿ öüîãî îá÷èñëþºìî ôóíêö³¿ ðîç-

ïîä³ëó á³íàðíèõ ³ìîâ³ðíîñòåé äåêàðòîâèõ äîáóòê³â T T1 4� , T T2 4� , T T3 4� .

Çîêðåìà, äëÿ ïðàâèëà R1 ìàºìî

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T1 4 11 1 11 1� , P A B P A P B( , ) ( , ) min ( ( ), ( ))T T2 4 21 1 21 2� ,

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T3 4 31 1 31 1� ;

äëÿ ïðàâèëà R2 ìàºìî

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T1 4 13 2 13 2� , P A B P A P B( , ) ( , ) min ( ( ), ( ))T T2 4 23 2 23 2� ,

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T3 4 32 2 32 2� ;

äëÿ ïðàâèëà R3 ìàºìî

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T3 4 13 3 13 3� , P A B P A P B( , ) ( , ) min ( ( ), ( ))T T2 4 23 3 23 3� ,

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T3 4 33 3 33 3� ;

äëÿ ïðàâèëà R4 ìàºìî

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T1 4 1 1� � � � � , P A B P A P B( , ) ( , ) min ( ( ), ( ))T T2 4 2 2� � � � � ,

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T3 4 3� � � � � .

Äëÿ êîæíîãî ïðàâèëà R1–R4 çíàõîäèìî çíà÷åííÿ ôóíêö³é

Q x y z Q x y z Q x y z Q x y zR R R R1 2 3 4
( , , , ), ( , , , ), ( , , , ), ( , , ,� � � �)

íà åëåìåíòàõ ïðîñòîðó T T T T1 2 3 4� � � , ÿê³ â³äïîâ³äàþòü íå÷³òêèì ïðàâèëàì.

Çîêðåìà,

Q A A A B

P A B

P A

P

R1

1 4 2 4

11 21 31 1

11 1

11
( , , , )

( , )

( )

( , ) ( ,

�
�

T T T T ) ( , )( , )

( )

( , )

( )
,

;

A B

P A

P A B

P A

21 1

21

31 1

31

3 4

1

�
�

�
�

�
�

T T

Q A A A B

P A B

P A

P

R2

1 4 2 4

13 23 32 2

13 2

13
( , , , )

( , )

( )

( , ) ( ,

�
�

T T T T ) ( , )( , )

( )

( , )

( )
,

;

A B

P A

P A B

P A

23 2

23

32 2

32

3 4

1

�
�

�
�

�
�

T T

Q A A A B

P A B

P A

P

R3

1 4 2 4

13 23 33 3

13 3

13
( , , , )

( , )

( )

( , ) ( ,

�
�

T T T T ) ( , )( , )

( )

( , )

( )
,

;

A B

P A

P A B

P A

23 3

23

33 3

33

3 4

1

�
�

�
�

�
�

T T

Q A A A B

P A B

P A

P

R4

1 4 2 4

1 2 3

1

1
( , , , )

( , )

( )

( , ) ( ,

� � � � �

� �

�
�

T T T T ) ( , )( , )

( )

( , )

( )
,

.

� �

�
�

� �

�

�

�
�

�
�

A B

P A

P A B

P A

2

2

3

3

3 4

1

T T
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Çàóâàæèìî, ùî çíà÷åííÿ ôóíêö³¿ QRi
äîð³âíþº îäèíèö³, êîëè õî÷à á îäèí ³ç

çíàìåííèê³â äîð³âíþº íóëþ.

Íà íàñòóïíîìó êðîö³ çíàõîäèìî óìîâí³ éìîâ³ðíîñò³ íå÷³òêèõ ïðàâèë:

P A A A B
Q A A A B

Q x y z
R

R

R

i
i

1

1
11 21 31 1

11 21 31 1
( , , | )

( , , , )

( , ,
�

� , )�
,

P A A A B
Q A A A B

Q x y z
R

R

R

i
i

2

2
13 23 32 2

13 23 32 2
( , , | )

( , , , )

( , ,
�

� , )�
,

P A A A B
Q A A A B

Q x y z
R

R

R

i
i

3

3
13 23 33 3

13 23 33 3
( , , | )

( , , , )

( , ,
�

� , )�
,

P A A A B
Q A A A B

Q x y z
R

R

R

i
i

4

4
1 2 3

1 2
( , , | )

( , , , )

( , , ,
� � � � �

� � � �

� �)
.

Çà óçàãàëüíåíîþ ôîðìóëîþ ïîâíî¿ éìîâ³ðíîñò³ çíàõîäèìî éìîâ³ðí³ñòü âè-

õîäó ñèñòåìè íå÷³òêèõ ïðàâèë ç âõîäàìè A11, A21, A31. Îòæå, ìàºìî

P B P A A A B P A A A BR R( ) ( , , | ) ( , , | )� � � � � � � �
1 411 21 31 1 1 2 3

� � � � � � �P A A A B P A A A BR R2 413 23 32 2 1 2 3( , , | ) ( , , | )

� � � � � �P A A A B P A A A BR R3 413 23 33 3 1 2 3( , , | ) ( , , | ) .

Ïðèêëàä 1 (ñê³í÷åíí³ ïðîñòîðè). Íåõàé X X X1 2 3� � � { }K V S E G I, , , , , ,

Y � { }a b c, , . ßê ³ â íåïåðåðâíîìó âèïàäêó, ðîçáèâàºìî êîæåí ïðîñò³ð íà òðè ÷àñ-

òèíè ³ çàäàºìî â³äïîâ³äí³ ôóíêö³¿ íàëåæíîñò³. Çîêðåìà, íå÷³òê³ ìíîæèíè Aij òà

Bk çàäàìî ó âèãëÿä³

A K V A S E A G I11 12 131 0 5 0 5 0 5 1 0 5� � � � � �/ . / , . / . / , / . / ,

A K V A S E A G I21 22 231 05 05 05 1 05� � � � � �/ . / , . / . / , / . / ,

A G I A S E A G I31 32 331 0 5 0 8 0 8 1 0 5� � � � � �/ . / , . / . / , / . / ,

B a B b B c1 2 31 0 5 1� � �/ , . / , / .

Íåõàé íà âõ³ä ñèñòåìè íå÷³òêèõ ïðàâèë

R1: if x1 is A11 and x2 is A21 and x3 is A31 then y is B1,

R2 : if x1 is A13 and x2 is A23 and x3 is A32 then y is B3 ,

R3 : if x1 is A13 and x2 is A23 and x3 is A33 then y is B3

ïîäàþòüñÿ çíà÷åííÿ

� � � � � � � � �A K V A S E A G I1 2 30 8 0 5 0 5 0 5 0 6 0 5. / . / , . / . / , . / . / .

Çíàéäåìî âèõ³ä �B ñèñòåìè íå÷³òêèõ ïðàâèë çà àëãîðèòìîì Ìàìäàí³. Îòæå,

äëÿ ð³âí³â ³ñòèííîñò³ ïðàâèë ìàºìî

max ( ( ) ( )) max ( . , . )
X1

1 1 11 1 0 8 0 5� � � �A x A x 0.8,

max( ( ) ( )) max ( . , . )
X2

2 2 12 2 0 5 0 5� � � �A x A x 0.5,

max ( ( ) ( )) max ( . , . )
X3

3 3 13 3 0 6 0 5� � � �A x A x 0.6,

òîìó �1 � 0.5;

max ( ( ) ( )) max ( . , . )
X1

1 1 21 1 0 8 0 5� � � �A x A x 0.8,
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max ( ( ) ( )) max( . , . )
X2

2 2 22 2 0 5 0 5� � � �A x A x 0.5,

max( ( ) ( )) max ( . , . )
X3

3 3 23 3 0 6 0 5� � � �A x A x 0.6,

òîìó � 2 � 0.5;

max ( ( ) ( )) max ( . , . )
X1

1 1 31 1 0 8 0 5� � � �A x A x 0.8,

max ( ( ) ( )) max ( . , . )
X2

2 2 32 2 0 5 0 5� � � �A x A x 0.5,

max ( ( ) ( )) max ( )
X3

3 333 3 33 3 3� � � ��A x A x xA A� ' 0.5,

òîìó � 3 � 0.5.

Îá÷èñëþºìî ³íäèâ³äóàëüí³ âèõîäè êîæíîãî ïðàâèëà:

� � �B a B1 10 5 1( ) min ( . , ( )) 0.5,

� � �B b B b2 20 5( ) min ( . , ( )) 0.5,

� � �B c B c3 30 5( ) min ( . , ( )) 0.5.

Àãðåãàòíèé âèõ³ä (âèõ³ä ñèñòåìè ïðàâèë) — öå íå÷³òêà ìíîæèíà

� � � �B a b c0 5 0 5 0 5. / . / . / .

Îòæå, ìàºìî ùå îäíå íå÷³òêå ïðàâèëî R4 , à ñàìå

R4 : if x1 is �A1 and x2 is �A2 and x3 is �A3 then y is �B .

Íåõàé P x1 ( ) — ôóíêö³ÿ ðîçïîä³ëó éìîâ³ðíîñòåé ó ïðîñòîðàõ X1, X 2 , X 3

â³äïîâ³äíî, à P x2 ( ) — ôóíêö³ÿ ðîçïîä³ëó éìîâ³ðíîñòåé ó ïðîñòîð³ Y . Äî òîãî æ

P K1 ( ) � 0.1, P V1 ( ) � 0.1, P S1 ( ) � 0.2, P E1 ( ) � 0.2, P G1 ( ) � 0.2, P I1 ( ) � 0.2,

P a2 ( ) � 0.4, P b2 ( ) � 0.4, P c2 ( ) � 0.2.

Îá÷èñëèìî éìîâ³ðíîñò³ íå÷³òêèõ ïîä³é ó â³äïîâ³äíèõ ïðàâèëàõ:

P A A x P x

x

( ) ( ) ( )11 11 1� � �� 0.15, P A A x P x

x

( ) ( ) ( )12 12 1� � �� 0.2,

P A A x P x

x

( ) ( ) ( )13 13 1� � �� 0.3, P A A x P x

x

( ) ( ) ( )21 21 1� � �� 0.15,

P A A x P x

x

( ) ( ) ( )22 22 1� � �� 0.2, P A A x P x

x

( ) ( ) ( )23 23 1� � �� 0.3,

P A A x P x

x

( ) ( ) ( )31 31 1� � �� 0.15, P A A x P x

x

( ) ( ) ( )32 32 1� � �� 0.32,

P A A x P x

x

( ) ( ) ( )33 33 1� � �� 0.3, P A A x P x

x

( ) ( ) ( )� � � � ��1 1 1 0.13,

P A A x P x

x

( ) ( ) ( )� � � � ��2 2 1 0.2, P A A x P x

x

( ) ( ) ( )� � � � ��3 3 1 0.22,

P B B x P x

x

( ) ( ) ( )1 1 2� � �� 0.4, P B B x P x

x

( ) ( ) ( )2 2 2� � �� 0.2,

P B B x P x

x

( ) ( ) ( )3 3 2� � �� 0.2, P B B x P x

x

( ) ( ) ( )� � � � �� 2 0.5.

Ñôîðìóºìî ïðîñòîðè òåðì-ìíîæèí T1 11 12 13� { }A A A, , , T2 21 22 23� { }A A A, , ,

T3 31 32 33� { }A A A, , , T4 1 2 3� { }B B B, , ³ îá÷èñëèìî ôóíêö³¿ ðîçïîä³ëó á³íàðíèõ

³ìîâ³ðíîñòåé äåêàðòîâèõ äîáóòê³â T T T T T T1 4 2 4 3 4� � �, , .

Çîêðåìà, äëÿ ïðàâèëà R1:

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T1 4 11 1 11 1� � 0.15,
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P A B P A P B( , ) ( , ) min ( ( ), ( ))T T2 4 12 1 12 1� � 0.2,

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T3 4 13 1 13 1� � 0.3;

äëÿ ïðàâèëà R2 :

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T1 4 21 2 21 2� � 0.15,

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T2 4 22 2 22 2� � 0.2,

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T3 4 23 2 23 2� � 0.2;

äëÿ ïðàâèëà R3 :

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T1 4 31 3 31 3� � 0.15,

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T2 4 32 3 32 3� � 0.2,

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T3 4 33 3 33 3� � 0.2;

äëÿ ïðàâèëà R4 :

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T1 4 1 1� � � � � � 0.13,

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T2 4 2 2� � � � � � 0.2,

P A B P A P B( , ) ( , ) min ( ( ), ( ))T T3 4 3 3� � � � � � 0.22.

Äëÿ êîæíîãî ïðàâèëà R1–R4 çíàõîäèìî çíà÷åííÿ ôóíêö³é

Q x y z Q x y z Q x y z Q x y zR R R R1 2 3 4
( , , , ), ( , , , ), ( , , , ), ( , , ,� � � �)

íà åëåìåíòàõ ïðîñòîðó T T T T1 2 3 4� � � , ÿê³ â³äïîâ³äàþòü íå÷³òêèì ïðàâèëàì.

Çîêðåìà,

Q A A A B

P A B

P A

P

R1

1 4 2 4

11 12 13 1

11 1

11
( , , , )

( , )

( )

( , ) ( ,

�
�

T T T T ) ( , )( , )

( )

( , )

( )
,

;

A B

P A

P A B

P A

12 1

12

13 1

13

3 4 1

1

� �
�

�
�

�
�

T T

Q A A A B

P A B

P A

P

R2

1 4 2 4

21 22 23 2

21 2

21
( , , , )

( , )

( )

( , ) ( ,

�
�

T T T T ) ( , )( , )

( )

( , )

( )
,

;

A B

P A

P A B

P A

22 2

22

23 2

23

3 4 2

3

1

� �
�

�
�

�
�

T T

Q A A A B

P A B

P A

P

R3

1 4 2 4

31 32 33 3

31 3

31
( , , , )

( , )

( )

( , ) ( ,

�
�

T T T T ) ( , )( , )

( )

( , )
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Çà óçàãàëüíåíîþ ôîðìóëîþ ïîâíî¿ éìîâ³ðíîñò³ çíàõîäèìî éìîâ³ðí³ñòü âè-

õîäó �B ñèñòåìè íå÷³òêèõ ïðàâèë ç âõîäàìè A11, A21, A31. Îòæå, ìàºìî

P B P A A A B P A A A BR R( ) ( , , | ) ( , , | )� � � � � � � �
1 411 21 31 1 1 2 3

� � � � � � �P A A A B P A A A BR R2 413 23 32 2 1 2 3( , , | ) ( , , | )

� � � � � � �P A A A B P A A A BR R3 413 23 33 3 1 2 3( , , | ) ( , , | ) 0.06.

ÂÈÑÍÎÂÊÈ

Çàïðîïîíîâàíèé ï³äõ³ä íà îñíîâ³ íå÷³òêèõ ìîäåëåé äàº çìîãó îá÷èñëþâàòè

äîñòîâ³ðí³ñòü âèõîäó ñèñòåìè íå÷³òêèõ ïðàâèë. Âî÷åâèäü, ùî ö³ ðåçóëüòàòè

ïîòðåáóþòü ïîäàëüøèõ äîñë³äæåíü. Çîêðåìà, âèíèêàþòü ïèòàííÿ ùîäî ìåæ

îö³íîê äîñòîâ³ðíîñò³, ïîâíîòè ñèñòåìè ïðàâèë, çàëåæíîñò³ äîñòîâ³ðíîñò³ ðå-

çóëüòàò³â â³ä ê³ëüêîñò³ ïðàâèë. Â³äïîâ³ä³ íà äåÿê³ ç öèõ ïèòàíü äîñèòü ïðîñò³,

àëå â³äïîâ³ä³ íà ³íø³ ïîòðåáóþòü äîñèòü ñêëàäíèõ îá÷èñëåíü.

Öåé ï³äõ³ä äî ìîäåëþâàííÿ íå÷³òêèõ çíàíü âèêîðèñòàíî äëÿ ïîáóäîâè ãî-

ìåîïàòè÷íèõ ä³àãíîñòè÷íèõ åêñïåðòíèõ ñèñòåì. ª ñïîä³âàííÿ, ùî îòðèìàí³

ó ö³é ñòàòò³ ðåçóëüòàòè (ìîæëèâî, ç ïåâíèìè óòî÷íåííÿìè â çàïðîïîíîâàíèõ

ôîðìóëàõ) ìîæíà âèêîðèñòàòè â ïîäàëüøîìó äëÿ íàâ÷àííÿ òàêèõ ñèñòåì ç ìå-

òîþ îòðèìàííÿ íàéá³ëüø äîñòîâ³ðíèõ ðåçóëüòàò³â.
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O.I. Provotar, O.P. Ilkun
AN APPROACH TO FINDING CREDIBILITY ESTIMATES IN FUZZY MODELING

Abstract. The author proposes an approach to finding numerical estimates of the credibility of
fuzzy knowledge in fuzzy logical inference systems. The “input–output” type system is
modeled by means of fuzzy logic. According to Mamdani’s rule, the output of the system is
found in the form of fuzzy knowledge with subsequent calculation of its credibility. Elements
of the probability theory of fuzzy events are used to calculate the credibility of fuzzy
knowledge. An example of calculating the credibility of fuzzy knowledge is given.

Keywords: fuzzy set, conditional probability of a fuzzy event, fuzzy rule

Íàäiéøëà äî ðåäàêöi¿ 28.04.2023

ISSN 1019-5262. Ê³áåðíåòèêà òà ñèñòåìíèé àíàë³ç, 2023, òîì 59, ¹ 6 39


