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Íå÷åòêèå ìíîæåñòâà (ÍÌ) (Zadeh, 1965) ÿâëÿþòñÿ îäíèì
èç ìàòåìàòè÷åñêèõ àïïàðàòîâ, êîòîðûé èñïîëüçóþò äëÿ çà-
äà÷ êëàññèôèêàöèè è îáíàðóæåíèÿ îáúåêòîâ. Â 30-õ ãîäàõ
ïðîøëîãî âåêà Ëîôòè Çàäå äëÿ îïèñàíèÿ èíòóèòèâíîé ëîãè-
êè ÷åëîâåêà ïðåäëîæèë ðàçðàáîòàííóþ èì òåîðèþ íå÷åòêèõ
ìíîæåñòâ, â êîòîðîé ïðèíàäëåæíîñòü ýëåìåíòà ìíîæåñòâó
îïðåäåëÿåòñÿ ôóíêöèåé ïðèíàäëåæíîñòè (ÔÏ), êîòîðàÿ ìî-
æåò ïðèíèìàòü çíà÷åíèÿ íà íåïðåðûâíîì èíòåðâàëå [0; 1].
Ýòî ðàñøèðèëî òðàäèöèîííóþ äâîè÷íóþ ëîãèêó. Òðàäèöè-
îííî ÔÏ ñòðîÿò êàê àïïðîêñèìàöèþ ìíåíèé ýêñïåðòîâ, à
ñàìè ÔÏ çàäàþòñÿ ýâðèñòè÷åñêè. Â ýòîé ñòàòüå ïðåäëàãàåò-
ñÿ àïïðîêñèìèðîâàòü ôóíêöèÿìè ïðèíàäëåæíîñòè ðåàëüíûå
äàííûå, êîòîðûå áûëè ïîëó÷åíû â ðåçóëüòàòå íàáëþäåíèé
èëè ýêñïåðèìåíòîâ, ÷òîáû îáîéòè îãðàíè÷åíèÿ, êîòîðûå âîç-
íèêàþò äëÿ íåïîëíûõ äàííûõ èëè âûáîðîê, êîòîðûå èìåþò
íèçêóþ ñòàòèñòè÷åñêóþ äîñòîâåðíîñòü.

Òîë÷êîì ê ýòîé èäåå ïîñëóæèë ìåòîä íå÷åòêîé êëàñòåðè-
çàöèè C — ñðåäíèõ Dunn, (Dunn, 1973), îäíàêî â ýòîì ìåòî-
äå åäèíñòâåííûì ïàðàìåòðîì ÔÏ, êîòîðûé èçìåíÿåòñÿ, åñòü
ñìåùåíèå ìíîãîìåðíîé ôóíêöèè (öåíòð êëàñòåðà) â ïðî-
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Àïïðîêñèìàöèÿ ðåàëüíûõ äàííûõ íå÷åòêèìè ìíîæåñòâàìè äëÿ çàäà÷è
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Â ñòàòüå ðàññìîòðåí ìåòîä êëàññèôèêàöèè ðåàëüíûõ äàííûõ ñ èñïîëüçîâàíèåì àïïàðàòà íå÷åòêèõ ìíîæåñòâ è íå÷åòêîé ëîãèêè êàê ãèáêîãî
èíñòðóìåíòà îáó÷åíèÿ è ðàñïîçíàâàíèÿ ïðèðîäíûõ îáúåêòîâ íà ïðèìåðå íåôòåãàçîïåðñïåêòèâíûõ ó÷àñòêîâ Äíåïðîâñêî-Äîíåöêîé âïàäèíû.
Ðåàëüíûìè äàííûìè â äàííîì ïîäõîäå íàçâàíû çíà÷åíèÿ äëÿ ôóíêöèè ïðèíàäëåæíîñòè, êîòîðûå ïîëó÷åíû íå â ðåçóëüòàòå ñóáúåêòèâíûõ
ýêñïåðòíûõ îöåíîê, à â ðåçóëüòàòå îáúåêòèâíûõ èçìåðåíèé. Ïðåäëîæåíî àïïðîêñèìèðîâàòü ôóíêöèÿìè ïðèíàäëåæíîñòè íå÷åòêèõ ìíîæåñòâ
îáó÷àþùèå äàííûå, ÷òîáû íà ýòàïå îïðåäåëåíèÿ íåèçâåñòíûõ îáúåêòîâ èñïîëüçîâàòü ðåçóëüòàòû àïïðîêñèìàöèè, êîòîðûå áûëè ïîëó÷åíû
íà ýòàïå îáó÷åíèÿ. Íà ïåðâîì øàãå îáó÷åíèÿ êàæäîìó ïðèçíàêó îáó÷àþùèõ äàííûõ ñòàâèòüñÿ â ñîîòâåòñòâèå ïåðâè÷íîå òðàäèöèîííîå
îäíîìåðíîå ìíîæåñòâî, ôóíêöèÿ ïðèíàäëåæíîñòè êîòîðîãî ìîæåò ïðèíèìàòü çíà÷åíèÿ òîëüêî èç áèíàðíîãî íàáîðà — 0, åñëè îáó÷àþùèé
îáúåêò íå ïðèíàäëåæèò ìíîæåñòâó, è 1, åñëè îáó÷àþùèé îáúåêò ïðèíàäëåæèò ìíîæåñòâó. Íà âòîðîì øàãå îáó÷åíèÿ ïåðâè÷íîå ìíîæåñòâî
îòîáðàæàåòñÿ íà íå÷åòêîå ìíîæåñòâî, à ïàðàìåòðû ôóíêöèè ïðèíàäëåæíîñòè ýòîãî íå÷åòêîãî ìíîæåñòâà îïðåäåëÿåòñÿ â ðåçóëüòàòå
àïïðîêñèìàöèè ýòîé ôóíêöèåé ïðèíàäëåæíîñòè òðàäèöèîííîãî ìíîæåñòâà. Íà òðåòüåì øàãå ñîâîêóïíîñòü îäíîìåðíûõ íå÷åòêèõ ìíîæåñòâ,
êîòîðûå ñîîòâåòñòâóþò îòäåëüíîìó ïðèçíàêó îáúåêòà, îòîáðàæàåòñÿ íà íå÷åòêîå ìíîæåñòâî, êîòîðîå ñîîòâåòñòâóåò âñåì ïðèçíàêàì îáúåêòà
èç íàáîðà îáó÷àþùèõ äàííûõ. Òàêîå ìíîæåñòâî ïðåäñòàâëÿåò ñîáîé ïåðåñå÷åíèå íå÷åòêèõ ìíîæåñòâ îòäåëüíûõ ïðèçíàêîâ, ê êîòîðûì íà
ïîñëåäíåì øàãå ïðèìåíÿþò îïåðàöèè ðàçìûòèÿ è êîíöåíòðèðîâàíèÿ èç òåîðèè íå÷åòêèõ ìíîæåñòâ. Òàêèì îáðàçîì, ôóíêöèÿ ïðèíàäëåæíîñòè
ê íå÷åòêîìó ìíîæåñòâó êëàññà ÿâëÿåòñÿ îïåðàöèåé âûáîðà ìèíèìàëüíîãî çíà÷åíèÿ èç ôóíêöèé ïðèíàäëåæíîñòåé íå÷åòêèõ ìíîæåñòâ
îòäåëüíûõ ïðèçíàêîâ îáúåêòîâ, êîòîðûå âîçâåäåíû â íåêîòîðóþ ñòåïåíü, êîòîðàÿ ñîîòâåòñòâóåò îïåðàöèè ðàçìûòèÿ èëè êîíöåíòðèðîâàíèÿ.
Çàäà÷à îòíåñåíèÿ èññëåäóåìîãî îáúåêòà ê òîìó èëè èíîìó êëàññó ñâîäèòñÿ ê ñðàâíåíèþ çíà÷åíèé ôóíêöèé ïðèíàäëåæíîñòè ìíîãîìåðíîãî
íå÷åòêîãî ìíîæåñòâà è âûáîðà êëàññà, ó êîòîðîãî ôóíêöèÿ ïðèíàäëåæíîñòè ïðèíèìàåò íàèáîëüøåå çíà÷åíèå. Äîïîëíèòåëüíî ïîñëå ýòàïà
îáó÷åíèÿ ìîæíî îïðåäåëèòü ñòåïåíü çíà÷èìîñòè ïðèçíàêà îáúåêòà, êîòîðàÿ ÿâëÿåòñÿ èíäåêñîì íå÷åòêîñòè, ÷òîáû èñêëþ÷èòü èç àíàëèçà
íåñóùåñòâåííûå äàííûå (ïðèçíàêè îáúåêòà).
Êëþ÷åâûå ñëîâà:íå÷åòêàÿ ëîãèêà, íå÷åòêèå ìíîæåñòâà, êëàññèôèêàöèÿ, ðàñïîçíàâàíèå îáðàçîâ, àïïðîêñèìàöèÿ
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ñòðàíñòâå ïðèçíàêîâ. Â îòëè÷èå îò ìåòîäà C  ñðåäíèõ ïðåä-
ëàãàåòñÿ èñêàòü êàæäûé ïàðàìåòð ÔÏ, à â ïåðñïåêòèâå âû-
áèðàòü ôóíêöèþ ïðèíàäëåæíîñòè èç çàäàííîãî íàáîðà, êî-
òîðàÿ áû îïòèìàëüíî àïïðîêñèìèðîâàëà äàííûå èç íàáîðà
ôóíêöèé. Àâòîìàòè÷åñêàÿ íàñòðîéêà ïàðàìåòðîâ ÔÏ, â îò-
ëè÷èå îò ìåòîäà C — ñðåäíèõ, èñïîëüçóåòñÿ â íå÷åòêèõ íåé-
ðîííûõ ñèñòåìàõ (Fuller, 1995), íî äëÿ íèõ õàðàêòåðíî èñ-
ïîëüçîâàíèå ÔÏ ñ æåñòêî çàäàííûìè ôîðìàìè.

Íà äàííîì ýòàïå èññëåäîâàíèé â êà÷åñòâå ÔÏ èñïîëüçî-
âàëàñü ôóíêöèÿ (3), êîòîðàÿ ÿâëÿåòñÿ ïðîèçâåäåíèåì S–ôóí-
êöèè (1) è Z–ôóíêöèè (2).

1
1),;( )( +

= − bxae
baxS , (1)

1
1),;( )( +

= − dcxe
dcxZ , (2)

),;(),;(),,,;( dcxZbaxSdcbax ⋅=µ , (3)

ãäå  — ôóíêöèÿ ïðèíàäëåæíîñòè; x — àðãóìåíò ôóíêöèè
ïðèíàäëåæíîñòè; a, b, c, d — ïàðàìåòðû ôóíêöèè ïðèíàä-
ëåæíîñòè.

DOI:https://doi.org.10.36023/ujrs.2019.22.154

µ



23

Online  ISSN 2313-2132

Ê. Þ. Ñóõàíîâ  /  Óêðà¿íñüêèé æóðíàë äèñòàíö³éíîãî çîíäóâàííÿ Çåìë³ 21 (2019)  22–26

Êàê âèäíî íà ðèñ.1, èçìåíåíèÿ ïàðàìåòðîâ ìîãóò ïðèâî-
äèòü ê çíà÷èòåëüíîìó èçìåíåíèþ ôîðìû ôóíêöèè: ñêîøåí-
íûé êîëîêîë (µ1), ñèãìîèäàëüíàÿ ôóíêöèÿ (µ3), “îáðåçàííàÿ”
ñèãìîèäàëüíàÿ ôóíêöèÿ (µ2).

Ñàìà àïïðîêñèìàöèÿ çàêëþ÷àåòñÿ â ñëåäóþùåì. Â ïðî-
ñòðàíñòâå ïðèçíàêîâ X ìíîæåñòâó îáúåêòîâ ïîñòàâèì â ñî-

îòâåòñòâèå ÍÌ A òàêîå, ÷òî { })(| xA Ai µ  , ãäå µ À— ôóíêöèÿ

ïðèíàäëåæíîñòè A, x  — âåêòîð ïðèçíàêîâ îáúåêòà. Â ñâîþ
î÷åðåäü êàæäîìó ïðèçíàêó ïîñòàâèì â ñîîòâåòñòâèå ÍÌ Si
òàêîå, ÷òî { })(| iSii xS µ  , ãäå i — íîìåð ïðèçíàêà. Òîãäà îïðå-

äåëèì A êàê ïåðåñå÷åíèå ìíîæåñòâ ïðèçíàêîâ I iSA = . Òîã-

äà ôóíêöèÿ ïðèíàäëåæíîñòè ê íå÷åòêîìó ìíîæåñòâó A áó-
äåò (4)

{ }ip
iSii

xx )(min)( µµ = , (4)

ãäå pi — ñòåïåíü êîíöåíòðàöèè-ðàçìûòîñòè ìíîæåñòâà.
Äëÿ êàæäîãî ïðèçíàêà îáó÷àþùèõ äàííûõ íåîáõîäèìî

ïîñòðîèòü òàáëè÷íóþ ôóíêöèþ Li(xi), àðãóìåíòàìè êîòîðîé
áóäóò çíà÷åíèÿ ïðèçíàêà, à çíà÷åíèÿìè ñàìîé ôóíêöèè ïðè-
ñâîèòü òðàäèöèîííûå ëîãè÷åñêèå 0 è 1. 1 — åñëè çíà÷åíèå
ñîîòâåòñòâóåò îáúåêòó è 0 — åñëè íå ñîîòâåòñòâóåò. À îá-

ùåé òàáëè÷íîé ôóíêöèåé îò âåêòîðà ïðèçíàêîâ áóäåò )(xLA
.

Òàêèì îáðàçîì çàäà÷à àïïðîêñèìàöèè îòäåëüíîãî ïðèçíàêà
ñâîäèòñÿ ê àïïðîêñèìàöèè ôóíêöèè Li(xi) ôóíêöèåé

),,,;( dcbaxiSiµ , èñïîëüçóÿ ìåòîä íàèìåíüøèõ êâàäðàòîâ äëÿ
îïðåäåëåíèÿ ïàðàìåòðîâ a,b,c,d. Ñëåäóþùèé ýòàï àïïðîêñè-
ìàöèè çàêëþ÷àåòñÿ â îïðåäåëåíèè ñòåïåíåé pi, ïðè êîòîðûõ
ñðåäíåêâàäðàòè÷íîå îòêëîíåíèå ÔÏ µÀ îò LA áóäåò íàèìåíü-
øåé. Î÷åâèäíî, ÷òî çíà÷åíèÿ LA ðàâíû çíà÷åíèÿì Li, ïîýòî-
ìó â äàëüíåéøåì èõ îáîçíà÷èì êàê L.

Ïðè îáó÷åíèè êîëè÷åñòâî îáúåêòîâ, êîòîðûå ïðèíàäëå-
æàò ìíîæåñòâó, ìîæåò íå ñîâïàäàòü ñ ÷èñëîì îáúåêòîâ, êî-
òîðûå íå ïðèíàäëåæàò ìíîæåñòâó. ×òîáû óìåíüøèòü âëèÿ-
íèå ñëó÷àéíûõ îòêëîíåíèé ïðè ìàëûõ îáúåìàõ äàííûõ êðè-
òåðèé àïïðîêñèìàöèè (5) ïðåäñòàâèì â âèäå ñðåäíåãî îò äâóõ
ñðåäíåêâàäðàòè÷íûõ îøèáîê — îòêëîíåíèé ÔÏ äëÿ çíà÷å-
íèé ïðèíàäëåæíîñòè ìíîæåñòâó (èñòèííûõ çíà÷åíèé, ðàâ-

Ðèñ.1. Ãðàôèêè ôóíêöèè ïðèíàäëåæíîñòè

µ1(x)= µ (x;– 0,5; 0,1; – 0,4; 0,05), µ2(x)= µ (x; – 0,25; 0,05;– 0,4; 0,0001), µ3(x)= µ ( x; 0; 0,05; – 0,8; – 0,0001)

íûõ 1) è îòêëîíåíèé ÔÏ äëÿ çíà÷åíèé íå ïðèíàäëåæíîñòè
ìíîæåñòâó (ëîæíûõ çíà÷åíèé, ðàâíûõ 0).

ãäå 2
Aσ  — ñðåäíåêâàäðàòè÷íàÿ îøèáêà; NT — ÷èñëî îáúåê-

òîâ, êîòîðûå ïðèíàäëåæàò ÷åòêîìó ìíîæåñòâó; NF — ÷èñëî
îáúåêòîâ, êîòîðûå íå ïðèíàäëåæàò ÷åòêîìó ìíîæåñòâó; k —
íîìåð îáúåêòà, êîòîðûé ïðèíàäëåæèò ìíîæåñòâó; j — íîìåð
îáúåêòà, êîòîðûé íå ïðèíàäëåæèò ìíîæåñòâó.

Äëÿ ÔÏ ïðèçíàêîâ òîæå íå äåëàåòñÿ íèêàêèõ äîïóùå-
íèé î ðàñïðåäåëåíèè, ïîýòîìó îäèíàêîâûå çíà÷åíèÿ äëÿ
ïðèçíàêà îáúåäèíÿþòñÿ â îäíó òî÷êó. Ñëåäóåò îòìåòèòü, ÷òî
ïðè äîñòàòî÷íîì îáúåìå äàííûõ, êîãäà ìîæíî äåëàòü çàê-
ëþ÷åíèå î ñòàòèñòè÷åñêîé äîñòîâåðíîñòè, îáúåäèíÿòü òî÷-
êè íå ñëåäóåò. Òîãäà çíà÷åíèÿ ôóíêöèè ïðèíàäëåæíîñòè
áóäóò àïïðîêñèìèðîâàòü ÷àñòîòó ïîïàäàíèÿ îáúåêòà â îá-
ëàñòü ÷åòêîãî ìíîæåñòâà. Îòìåòèì, ÷òî óñëîâèåì ðåøåíèÿ
çàäà÷è àïïðîêñèìàöèè åñòü ïîèñê ìèíèìóìà çíà÷åíèÿ êðè-
òåðèÿ (5).

Áûëà èññëåäîâàíà àïïðîêñèìàöèÿ çíà÷åíèé òðîè÷íîé ëî-
ãèêè, ïðè êîòîðîé çíà÷åíèå ïðèçíàêà îäíîâðåìåííî ïðè-
ñóòñòâîâàëî äëÿ îáúåêòîâ ïðèíàäëåæàùèì è íå ïðèíàäëå-
æàùèì ìíîæåñòâó. Â ýòîì ñëó÷àå ôóíêöèè Li ïðèñâàèâà-
ëîñü çíà÷åíèå 0.5 (íå îïðåäåëåíî). Áûëè ïîëó÷åíû
ðåçóëüòàòû òàêèå æå, êàê è äëÿ äâîè÷íîé ëîãèêè, íî îò èäåè
èñïîëüçîâàíèÿ òðîè÷íîé ëîãèêè ïðèøëîñü îòêàçàòüñÿ èç-
çà ñëîæíîñòè, êîòîðàÿ âîçíèêëà â ñâÿçè ñ ôîðìàëüíîé îöåí-
êîé èíäåêñà íå÷åòêîñòè. Ïî îïðåäåëåíèþ èíäåêñ íå÷åòêîñ-
òè åñòü ðàññòîÿíèåì ìåæäó íå÷åòêèì è ÷åòêèì ìíîæåñòâà-
ìè, ïðèíàäëåæíîñòü ê êîòîðûì çàäàíà çíà÷åíèÿìè äâîè÷íîé
ëîãèêè.

Ниже приведены результаты исследований нефтегазо-
перспективных участков (объектов) в Днепровско-Донец-
кой впадине.

Ðàññìîòðèì ïðîìåæóòî÷íûå ðåçóëüòàòû âû÷èñëåíèé
èç òàáëèöû 1, â êîòîðîé ïðåäñòàâëåíû çíà÷åíèÿ ÔÏ ïðè-
çíàêîâ (µÀ) è ÔÏ âåêòîðà ïðèçíàêîâ (µi) äî âòîðîé àïï-
ðîêñèìàöèè îïåðàöèÿìè êîíöåíòðàöèè-ðàçìûòîñòè. Êàê
âèäíî èç òàáëèöû çíà÷åíèÿ (µÀ) äëÿ îáó÷àþùèõ îáúåê-
òîâ, êîòîðûå ïðèíàäëåæàò ìíîæåñòâó, ðåçóëüòàò íåóäîâ-
ëåòâîðèòåëüíûé, ò. ê. áîëüøèíñòâî ýòèõ çíà÷åíèé íå ïðå-
âûøàåò 0.5 (íåîïðåäåëåííîñòü). Íî óæå ïî íåêîòîðûì
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Òàáëèöà 1.
Àïïðîêñèìàöèÿ ÔÏ êàæäîãî ïðèçíàêà

ãäå Npt — íîìåð òî÷êè

Òàáëèöà 2.
Àïïðîêñèìàöèÿ ÔÏ âåêòîðà ïðèçíàêîâ

çíà÷åíèÿì (µi) , êîòîðûå ðàâíû èëè íåçíà÷èòåëüíî îòêëîíÿþòñÿ îò 0.5, âèäíî, ÷òî ýòè ïðèçíàêè i ÿâëÿþòñÿ íåèíôîð-
ìàòèâíûìè.

Ïîñëå àïïðîêñèìàöèè, ïðèìåíÿÿ îïåðàöèè êîíöåíòðèðîâàíèÿ-ðàçìûòèÿ, áûëè ïîëó÷åíû ðåçóëüòàòû, ïðåäñòàâëåííûå â
òàáëèöå 2 è òàáëèöå 3.

iµ  
Npt L Aµ  

i = 1 i  = 2 i = 3  i = 4 i  = 5 i  = 6 i = 7  i = 8 i  = 9 

14 1 0.50 0.79 0.64 0.50 0.59 0.50 0.50 0.50 1.00 0.50 
15 1 0.50 0.72 0.64 0.50 0.62 0.50 0.50 0.50 1.00 1.00 
16 1 0.50 0.65 0.61 0.50 0.65 0.50 0.50 0.50 1.00 1.00 
17 1 0.50 0.57 0.60 0.50 0.66 0.50 0.50 0.50 1.00 1.00 
18 1 0.50 0.57 0.56 0.50 0.59 0.50 0.50 0.50 1.00 1.00 
21 1 0.46 0.65 0.51 0.50 0.46 0.50 0.50 0.50 0.50 0.50 
29 1 0.38 0.48 0.42 0.50 0.38 0.50 0.50 0.50 0.50 0.50 
5 0 0.00 0.00 0.00 0.50 0.57 0.50 0.50 0.50 0.00 0.50 
6 0 0.00 0.72 0.62 0.50 0.59 0.50 0.50 0.50 0.00 0.50 
8 0 0.00 0.48 0.59 0.50 0.62 0.50 0.50 0.50 0.00 0.50 
9 0 0.50 0.57 0.57 0.50 0.62 0.50 0.50 0.50 0.50 0.50 
10 0 0.43 0.57 0.46 0.50 0.43 0.50 0.50 0.50 0.50 0.50 
28 0 0.38 0.48 0.42 0.50 0.38 0.50 0.50 0.50 0.50 0.50 

 

iµ  
Npt L Aµ  

i=1 i=2  i=3 i=4 i=5  i=6 i=7 i=8 i=9  

14 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
15 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
16 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
17 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
18 1 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 
21 1 0.25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25 1.00 
 
29 1 0.25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25 1.00 
5 0 0.00 1.00 0.99 1.00 1.00 1.00 1.00 1.00 0.00 1.00 
6 0 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 
8 0 0.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.00 1.00 
9 0 0.25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25 1.00 
10 0 0.25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25 1.00 
28 0 0.25 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.25 1.00 

 
Ðàññìîòðèì òàáëèöó 3 ðåçóëüòàòîâ àïïðîêñèìàöèè. Àá-

ñîëþòíûå çíà÷åíèÿ ôóíêöèè log2(pi) ñîîòâåòñòâóþò ÷èñëó
îïåðàöèé êîíöåíòðèðîâàíèÿ èëè ðàçìûòèÿ ìíîæåñòâà. Îò-
ðèöàòåëüíûå çíà÷åíèÿ ñîîòâåòñòâóþò ðàçìûâàíèþ ìíîæå-
ñòâà, à ïîëîæèòåëüíûå — êîíöåíòðèðîâàíèþ. Ýòè çíà÷å-
íèÿ ìîæíî ðàññìàòðèâàòü â êà÷åñòâå ïîêàçàòåëÿ èíôîðìà-
òèâíîñòè èëè íåèíôîðìàòèâíîñòè ïðèçíàêà. Çíà÷åíèÿ
îïåðàöèé ðàçìûâàíèÿ ìíîæåñòâà ñîîòâåòñòâóþò ñòåïåíè
íåèíôîðìàòèâíîñòè ïðèçíàêà, ÷òî ìîæåò ñëóæèòü îñíî-
âàíèåì äëÿ åãî èãíîðèðîâàíèÿ ïðè èññëåäîâàíèÿõ ïîñëå
ïðîöåäóðû îáó÷åíèÿ. Â òî æå âðåìÿ, çíà÷åíèÿ êîíöåíòðà-

öèè ïîêàçûâàåò õîðîøóþ ñòåïåíü èíôîðìàòèâíîñòè ïðè-
çíàêà.

Êðîìå ñòåïåíè êîíöåíòðàöèè-ðàçìûòîñòè ìíîæåñòâà îá
èíôîðìàòèâíîñòè ïðèçíàêà ìîæíî ñóäèòü ïî èíäåêñó íå÷åò-
êîñòè (ÈÍ) If, êîòîðûé â íàøåì ñëó÷àå ñîîòâåòñòâóåò ñðåä-
íåêâàäðàòè÷íîé îøèáêå àïïðîêñèìàöèè ÔÏ. Èç òàáëèöû 4
íàèìåíüøèé ÈÍ ó 8-ãî ïðèçíàêà, à ìàêñèìàëüíî âîçìîæíûå
çíà÷åíèÿ ó 3, 5, 6 è 7.

Äëÿ ïðîâåðêè ìåòîäà áûë èñïîëüçîâàí òåñò, â êîòîðîì èç
îáó÷àþùèõ äàííûõ èñêëþ÷àåòñÿ îäíà òî÷êà, à çàòåì ïðîõî-
äèò îáó÷åíèå ïî îñòàâøåéñÿ ñîâîêóïíîñòè. Ïîñëå îáó÷åíèÿ,
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Òàáëèöà 3.
Ïàðàìåòðû ÔÏ ïðèçíàêîâ

i a  b  c d pi Log2 (pi) 

1   –5.812     2.921     –1.152    0.003358 6.104 × 10–5 –14 
2   –8.353   11.11     –1.819    0.004268 6.104 × 10–5 –14 
3   28.85   19.34     58.59  14.62 6.104 × 10–5 –14 
4 238 –17.72 –222     8.57 6.104 × 10–5 –14 
5   90     1.013   100     1.024 6.104 ×  10–5 –14 
6   36.6 169.5   274 109.7 3.052 × 10–5 –15 
7   80     1   100     1 6.104 × 10–5 –14 
8    4     0.07071     19.87     0.4573 2      1 
9    0.9996     0.4654   –14.2   –1.974 6.104 × 10–5 –14 

 

Òàáëèöà 4.
Èíäåêñû íå÷åòêîñòè äëÿ ïðèçíàêîâ

Òàáëèöà 5.
Èñêëþ÷àþùèé òåñò

ïîëó÷åííûå çíà÷åíèÿ ïàðàìåòðîâ àïïðîêñèìàöèè ïðîâåðÿþòñÿ íà èñêëþ÷åííîé òî÷êå, êîòîðàÿ äîëæíà ïðèíàäëåæàòü èëè íå
ïðèíàäëåæàòü ìíîæåñòâó îáúåêòîâ. Ýòà îïåðàöèÿ áûëà ïîñëåäîâàòåëüíà ïðèìåíåíà äëÿ êàæäîé òî÷êè îáó÷àþùèõ äàííûõ, à
ðåçóëüòàòû òåñòà ïðåäñòàâëåíû â òàáëèöå 5.

Â íåé äëÿ ñðàâíåíèÿ ïðåäñòàâëåíû çíà÷åíèÿ ÔÏ èç ðåçóëüòàòîâ îáó÷åíèÿ µA è µ
i  äëÿ 8-ãî ïðèçíàêà (µ8), âçÿòûå èç òàáëè-

öû 2, è àíàëîãè÷íûå çíà÷åíèÿ èç èñêëþ÷àþùåãî òåñòà µÀ (èñê) è µ8(èñê). Çíà÷åíèÿ 0.50*, êîòîðûå ïîìå÷åíû çâåçäî÷êîé,
ÿâëÿþòñÿ çíà÷åíèÿìè íåêîíöåíòðèðîâàííîãî ìíîæåñòâà, ò.å. ïîñëå êîíöåíòðàöèè îíè äîëæíû áûòü ðàâíû 0.502 = 0.25. Çà-
ôèêñèðîâàíî òîëüêî îäíî íåñîâïàäåíèå äëÿ âñåõ òî÷åê (7.69%), ïîýòîìó ìîæíî ãîâîðèòü î ïîëîæèòåëüíîì ðåçóëüòàòå.

Npt L  Aµ (èñê) Aµ  8µ (èñê) 8µ  Npt L Aµ (èñê) Aµ  8µ (èñê) 8µ  

14 1 0.00 1.00 1.00 1.00 5 0 0.00 0.00 0.00 0.00 
15 1 1.00 1.00 1.00 1.00 6 0 0.00 0.00 0.00 0.00 
16 1 1.00 1.00 1.00 1.00 8 0 0.00 0.00 0.00 0.00 
17 1 1.00 1.00 1.00 1.00 9 0 0.50* 0.25 0.50* 0.25 
18 1 1.00 1.00 1.00 1.00 10 0 0.50* 0.25 0.50* 0.25 
21 1 0.00 0.25 0.00 0.25 28 0 0.50* 0.25 0.50* 0.25 
29 1 0.00 0.25 0.50* 0.25       

 

i 1  2 3 4 5  6 7 8  9 

If  0.44 0.47 0.5 0.49 0.5  0.5 0.5 0.27 0.41 

 

Ëèòåðàòóðà

Zadeh L. A. Fuzzy sets. Information and Control. 1965. Vol. 8. No. 3.
P. 338–353.

Dunn, J. C. A Fuzzy Relative of the ISODATA Process and Its Use in
Detecting Compact Well-Separated Clusters. Journal of Cybernetics.
1973. Vol. 3. No. 3. P. 32–57.

Series A:443 [ISBN 951-650-624-0, ISSN 0358-5654]. 1995.

ÀÏÏÐÎÊÑÈÌÀÖÈß ÐÅÀËÜÍÛÕ ÄÀÍÍÛÕ ÍÅ×ÅÒÊÈÌÈ ÌÍÎÆÅÑÒÂÀÌÈ ÄËß ÇÀÄÀ×È ÊËÀÑÑÈÔÈÊÀÖÈÈ
Ê. Þ. Ñóõàíîâ
ÄÓ “Íàóêîâèé öåíòð àåðîêîñì³÷íèõ äîñë³äæåíü Çåìë³ ²ÃÍ ÍÀÍ Óêðà¿íè”. E-mail: k.sukhanov@gmx.com, âóë. Î. Ãîí÷àðà 55-Á, Êè¿â, 01054,
Óêðà¿íà.  ORCID: 0000-0002-3518-3471
Ó ñòàòò³ ðîçãëÿíóòî ìåòîä êëàñèô³êàö³¿ ðåàëüíèõ äàíèõ ç âèêîðèñòàííÿì àïàðàòó íå÷³òêèõ ìíîæèí òà íå÷³òêî¿ ëîã³êè ÿê ãíó÷êîãî ³íñòðóìåíòó
íàâ÷àííÿ ³ ðîçï³çíàííÿ ïðèðîäíèõ îá’ºêò³â íà ïðèêëàä³ íàôòîãàçîïåðñïåêòèâíèõ ä³ëÿíîê Äí³ïðîâñüêî-Äîíåöüêî¿ çàïàäèíè. Ðåàëüíèìè äàíèìè
â äàíîìó ï³äõîä³ íàçâàí³ çíà÷åííÿ äëÿ ôóíêö³¿ ïðèíàëåæíîñò³, ÿê³ îòðèìàí³ íå â ðåçóëüòàò³ ñóá’ºêòèâíèõ åêñïåðòíèõ îö³íîê, à â ðåçóëüòàò³
îá’ºêòèâíèõ âèì³ð³â. Çàïðîïîíîâàíî àïðîêñèìóâàòè ôóíêö³ÿìè íàëåæíîñò³ íå÷³òêèõ ìíîæèí íàâ÷àëüí³ äàí³, ùîáè íà åòàï³ âèçíà÷åííÿ
íåâ³äîìèõ îá’ºêò³â âèêîðèñòîâóâàòè ðåçóëüòàòè àïðîêñèìàö³¿, ÿê³ áóëî îòðèìàíî íà åòàï³ íàâ÷àííÿ. Íà ïåðøîìó êðîö³ íàâ÷àííÿ êîæí³é
îçíàö³ íàâ÷àëüíèõ äàíèõ ñòàâèòèñÿ ó â³äïîâ³äí³ñòü ïåðâèííà òðàäèö³éíà îäíîì³ðíà ìíîæèíà, ôóíêö³ÿ íàëåæíîñò³ ÿêî¿ ìîæå ïðèéìàòè
çíà÷åííÿ ò³ëüêè ç á³íàðíîãî íàáîðó — 0, ÿêùî íàâ÷àëüíèé îá’ºêò íå íàëåæèòü ìíîæèí³, ³ 1, ÿêùî íàâ÷àëüíèé îá’ºêò íàëåæèòü ìíîæèí³. Íà
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äðóãîìó êðîö³ íàâ÷àííÿ ïåðâèííà ìíîæèíà â³äîáðàæàºòüñÿ íà íå÷³òêó ìíîæèíó, à ïàðàìåòðè ôóíêö³¿ ïðèíàëåæíîñò³ ö³º¿ íå÷³òêî¿ ìíîæèíè
âèçíà÷àþòüñÿ â ðåçóëüòàò³ àïðîêñèìàö³¿ ö³ºþ ôóíêö³ºþ ïðèíàëåæíîñò³ òðàäèö³éíî¿ ìíîæèíè. Íà òðåòüîìó êðîö³ ñóêóïí³ñòü îäíîâèì³ðíèõ
íå÷³òêèõ ìíîæèí, ÿê³ â³äïîâ³äàþòü îêðåì³é îçíàö³ îá’ºêòà, â³äîáðàæàºòüñÿ íà íå÷³òêó ìíîæèíó, ÿêà â³äïîâ³äàº âñ³ì îçíàêàì îá’ºêòà ç íàáîðó
íàâ÷àëüíèõ äàíèõ. Òàêà ìíîæèíà º ïåðåòèíîì íå÷³òêèõ ìíîæèí îêðåìèõ îçíàê, äî ÿêèõ íà îñòàííüîìó êðîö³ çàñòîñîâóþòü îïåðàö³¿ ðîçìèòòÿ
³ êîíöåíòðóâàííÿ ç òåîð³¿ íå÷³òêèõ ìíîæèí. Òàêèì ÷èíîì, ôóíêö³ÿ íàëåæíîñò³ äî íå÷³òê³é ìíîæèí³ êëàñó º îïåðàö³ºþ âèáîðó ì³í³ìàëüíîãî
çíà÷åííÿ ç ôóíêö³é íàëåæíîñò³ íå÷³òêèõ ìíîæèí îêðåìèõ îçíàê îá’ºêò³â, ÿê³ çâåäåí³ â ïåâíó ñòóï³íü, ÿêà â³äïîâ³äàº îïåðàö³¿ ðîçìèòòÿ àáî
êîíöåíòðóâàííÿ. Çàâäàííÿ â³äíåñåííÿ äîñë³äæóâàíîãî îá’ºêòà äî òîãî ÷è ³íøîãî êëàñó çâîäèòüñÿ äî ïîð³âíÿííÿ çíà÷åíü ôóíêö³é íàëåæíîñò³
áàãàòîâèì³ðíîãî íå÷³òêî¿ ìíîæèíè ³ âèáîðó êëàñó, ó ÿêîãî ôóíêö³ÿ íàëåæíîñò³ ïðèéìàº íàéá³ëüøå çíà÷åííÿ. Äîäàòêîâî ï³ñëÿ åòàïó íàâ÷àííÿ
ìîæíà âèçíà÷èòè ñòóï³íü çíà÷óùîñò³ îçíàêè îá’ºêòà, ÿêà º ³íäåêñîì íå÷³òêîñò³, ùîáè âèëó÷èòè ç àíàë³çó íåñóòòºâ³ äàí³ (îçíàêè îá’ºêòà).
Êëþ÷îâ³ ñëîâà: íå÷³òêàÿ ëîãèêà, íå÷³òê³ ìíîæèíè, êëàñèô³êàö³ÿ, ðîçï³çíàâàííÿ îáðàç³â, àïðîêñèìàö³ÿ

APPROXIMATION OF REAL DATA BY FUZZY SETS FOR THE CLASSIFICATION PROBLEM
K. Sukhanov
Scientific Centre for Aerospace Research of the Earth, National Academy of Sciences of Ukraine, E-mail: k.sukhanov@gmx.com, O. Gonchar st. 55-
B, 01054 Kyiv, Ukraine.  ORCID: 0000-0002-3518-3471
The article deals with the method of classification of real data using the apparatus of fuzzy sets and fuzzy logic as a flexible tool for learning and
recognition of natural objects on the example of oil and gas prospecting sections of the Dnieper-Donetsk basin. The real data in this approach are the
values for the membership function that are obtained not through subjective expert judgment but from objective measurements. It is suggested to
approximate the fuzzy set membership functions by using training data to use the approximation results obtained during the learning phase at the stage
of identifying unknown objects. In the first step of learning, each traditional future of a learning data is matched by a primary traditional one-
dimensional set whose membership function can only take values from a binary set — 0 if the learning object does not belong to the set, and 1 if the
learning object belongs to the set. In the second step, the primary set is mapped to a fuzzy set, and the parameters of the membership function of this
fuzzy set are determined by approximating this function of the traditional set membership. In the third step, the set of one-dimensional fuzzy sets that
correspond to a single feature of the object is mapped to a fuzzy set that corresponds to all the features of the object in the training data set. Such a set
is the intersection of fuzzy sets of individual features, to which the blurring and concentration operations of fuzzy set theory are applied in the last
step. Thus, the function of belonging to a fuzzy set of a class is the operation of choosing a minimum value from the functions of fuzzy sets of
individual features of objects, which are reduced to a certain degree corresponding to the operation of blurring or concentration. The task of assigning
the object under study to a particular class is to compare the values of the membership functions of a multidimensional fuzzy set and to select the class
in which the membership function takes the highest value. Additionally, after the training stage, it is possible to determine the degree of significance
of an object future, which is an indistinctness index, to remove non-essential data (object futures) from the analysis.
Keywords: fuzzy sets, fuzzy logic, classification, pattern recognation, approximation
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