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OF QUESTIONNAIRES

Mopeni NpUiHATTS pillieHh Ha OCHOBI HEYITKOTO BUBEIACHHS OTPHMAIIH 3HAYHE PO3NOBCIOIKCHHS IIPH
VOpaBIiHHI CKIagHAMH cUcTeMaMu. [IpW 3pocTaHHI KITBKOCTI  HEUITKUX MPOAYKLiH y 0a3ax 3HaHb
aKTyaJbHUM TIIOCTAa€ 3aBJaHHS MiIBUINCHHA S(PEKTHBHOCTI MPOIEAYpP HEYITKOTO BHBEOCHHA. Y pOOOTI
3aIPONOHOBAHO JUIS IPOBEICHHS HEYITKOTO JIOTIYHOTO BUBEICHHS 3aCTOCOBYBAaTH MOOYAOBY BIAINIOBIIHOTO
MUTAJbHUKA HAa OCHOBI METOJIB Teopil muTanbHUKIB. [loka3zaHa BiAMOBIAHICTH CTPYKTYpH HEUITKOI Oa3u
3HaHb 0a30BUM XapaKTEPUCTHKaM IHTAIBHHKIB, HABEACHO peaji3alilo MpoLeIyp HEHiTKOTO BUBEJICHHS Ha
ocHOBiI 00poOku rpada nuranpHuKa. PesynpraT poOOTH MOXYTh OYTH BHKOPUCTaHI IIpH po3poOi
iHpOpMaLiHHUX TEXHOJIOTIH ISl yIpaBIiHHS CKIIQJIHUIMU CHCTEMaMy Ha OCHOBI HEYiTKO{ JIOTIKH.

KoarouoBi cioBa: HewiTke JIOriuHe BHUBEICHHS, 0a3a 3HaHb, TEOpis MUTAIBHUKIB, iH(opMmauiiini
TEXHOJIOTI1

Decision-making models based on fuzzy output have become widespread in the control of complex
systems. With the increasing in the number of fuzzy products in knowledge bases, the task of increasing the
effectiveness of fuzzy inference procedures is urgent. In the paper, it is proposed to use the construction of
the corresponding questionnaire based on the methods of the questionnaire theory for carrying out the fuzzy
logical inference. The correspondence of the structure of the fuzzy knowledge base to the basic
characteristics of the questioners is shown, and the implementation of fuzzy output procedures is based on
the processing of the questionnaire graph. The results of work can be used in the development of information
technology to manage complex systems based on fuzzy logic.

Keywords: fuzzy logic inference, knowledge base, theory of questionnaires, information technology

Beryn

MeTtou Ta 3acO0M MITYYHOTO 1HTEJIEKTY, 10 CKJIaay KX BXOJAUTH 1 HEUITKA JIOTIKa,
OTPUMYIOTH Jefaili OUIbII IIMPOKE 3aCTOCYBAaHHS NPU PO3B’SA3KY 3ajjad yNpaBlliHHS
CKJIQIHUMU cUcTeMaMU. [IpuHHATTA pillleHb Ha OCHOBI MOJENIeW yIpaBiIiHHS,
noOyJ0BaHUX 3 BHUKOPHUCTaHHAM HEUITKOI JIOTIKM, Mependavyae peasizalilo HediTKOro
BUBEJICHHS, AK€ IPYHTY€TbCs Ha 0O0poOui 0a3u 3HaHb y BUIJISAI HEUITKUX MPOIYKIIIH.
3pocTaHHs po3Mipy Ta CKJIAAHOCTI CTPYKTYpH 0a3 3HaHb POOJATH aKTyaJlbHOIO 33134y
MIBUIEHHS €(QEKTUBHOCTI BUKOHAHHS €TalliB HEYITKOTO BUBeACHHs. KiacuuHi meronu
HEUYITKOTO BHMBEJIEHHS, 1O SKHMX HalexaTtb Meroau Mawmnani, Jlapcena ta iHmm,
BUKOPHCTOBYIOTh QITOPUTMHU TIPSMOTO HEYITKOro JIOTidHOro BuBeaeHHs [1]. Ommak y
3BHUYAIHUX EKCHEepPTHUX CHCTEMax XOpOIll pe3yiabTaTh Ja€ 3aCTOCYBaHHS OOEPHEHOTO
noriyHoro BuBeneHHs [2,3]. HeuiTke oOepHeHe JOriuHE BUBEICHHS, MPEICTABICHE SK
peamizaniss Merogy modus tollens, He orpuMaio IUPOKOrO 3aCTOCYBaHHS 4Yepe3 CBOIO
CKJIQJHICTh. Y poOOTI 3alpOIIOHOBAHO ISl TTPOBEICHHS HEYITKOTO JIOTTYHOTO BUBEIACHHS
3aCTOCOBYBAaTH MOOYIOBY BIANOBIAHOIO MUTAJbHUKA HA OCHOBI METOIIB Teopii
ONnUTYyBaNbHUKIB. [lokazaHa BiAMOBIAHICTH CTPYKTYpPH HEUITKOi Oa3u 3HaHb 0a30BUM
XapaKTepUCTHKaM NMUTAIBHUKIB, HABEIEHO peali3allilo Mpolelyp HeUiTKOro BUBEICHHS Ha
OCHOBI1 00poOKHM rpada muTanbHUKA.
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IMocTanoBka npoodaemMu

Bupimiennss 3ajmad ynpaBiiHHS CKJIaJHUMHU CHCTEMaMU Ha OCHOBI 0a3 3HaHb Y
BUTJISIAI HEWITKMX TMPOAYKLIA NoTpedye ePeKTHMBHHX MPOLEAYp HEUiTKOTO BHBEICHHS.
[IpssMi MEeTOAM HEYITKOTO BUBEICHHS HE MAlOTh PAIliOHAIBHHMX 3aC00IB 3aCTOCYBAaHHS Y
BUIAJKaX HAsBHOCTI MPOMDKHUX 3MIHHHX BUBEJCHHS YU HEOOXITHOCTI MOIIYKY JIUIIIE
YAaCTUHU 3HAY€Hb BHUXITHUX 3MIHHHUX. Y MOJIOHMX BHUMNAAKax y 0a3ax 3HaHb 3BHYAMHHX
NPOAYKIi XOpOoII pe3yibTaTH Ja€ 3aCTOCYBaHHS OOCPHEHOTO JIOTIYHOTO BUBEACHHS, 110
3YMOBIIIOE€ TIPOBEJICHHS aHAJI3Yy HASBHUX MPOLEAYP HEYITKOrO 0OEpHEHOTO BUBEACHHS Ta
PO3poOKy, 32 HEOOX1THOCTI, HOBUX IMiIXOIB J0 iX peaizarii.

AHaJIi3 OCTAHHIX J0CTiIKeHb | myOJaikanii

Maitke BCl peaqbHO MpaIIOl0Yi HEYITKI CUCTEeMH — II€ CHCTEMH, 3aCHOBaHI Ha
HEYITKUX MPOAYKIIHHUX MpaBuiax, ado pessiiifHi CUCTeMHU, U0 BUKOPUCTOBYIOTh HEUITK1
BifHOMmIEHHsI. (DYHKIIIOHYBaHHS 1 THX, 1 IHIIMX CHUCTEM ONHCYETHCS 3a JOMOMOIOIO
KOMIO3UI[INHMX MpPaBUI HEYITKOTO BHMBOJY, B OCHOBI fKHX JIeXaTh KJIacu4yHi modus
ponens i modus tollens [1,4]. Merox 0OEpHEHOTr0 HEUYITKOTO JIOTIYHOTO BHBEICHHS
BUKOpHCTOBYe mnpaBuno modus tollens. Moro 3aBaHHAM € BM3HAUCHHSA IIPH BiZOMHX
3HAYEHHSIX BUXIJAHUX 3MIHHMX BIAMOBITHI 3HAUEHHS BXIJHUX 3MIHHHUX. 3aCTOCYBAaHHSA
npaBmwia modus tollens mpU3BOAUTE 10 HEOOXIAHOCTI PO3B’A3KY CHUCTEMH PIBHSHB IS
BU3HAUEHHS 3HAa4YeHb (YHKIIH HaAIEKHOCTI BXIJHUX 3MIHHHX, a TOTIM JUIsi HHUX
i0UPAIOTHCS BiMOBIAHI 3HAYCHHS 3BUYAMHUX BXITHHUX 3MiHHUX [4,5]. OOUuCIOBaIbHI
OpOLEAYpPH € JOCUTh CKJIQJHMMHU 1 B TaKOMy BapiaHTi HEYITKE OOepHEHE JIOTiYHe
BUBEJICHHS HE 3HAMIIIIO MOMUPEHHS Y MPAKTUIHKIX 33a9aXx.

[lepeBaskHa OLUIBIIICTD EKCIIEPTHUX CUCTEM, MOOYAOBAaHMX HAa OCHOBI 3BHUYANHMX
NPOAYKIIMHUX TIPaBWJI, SK MAUIMHU BHUBEICHHS BHUKOPHUCTOBYE MeEXaHI3M OOEpHEHOTO
JIOTIYHOTO BHUCHOBKY [6].Y cuctemMax 3 OOEpHEHUM JIOTIYHMM BHCHOBKOM CIIOYAaTKY
BHCYBA€ETKCS JIesIKa TiMOTe3a MPOo KIiHIEBE Cy/PKEHHS (IIJIh), a TIOTIM MEXaHi3M BHBEICHHS
HaMaraeTbcsl 3HAWTH B poOouiil mam'saTi (pakTH, siki MorM O MiATBEpIUTH ab0 CHPOCTYBATH
BUCYHYTY Tinote3y. SIKINO Tirmore3a MiATBEPKYEThCS, TO BOHA HATAETHCS SIK BIIMOBIIb,
1HaKIIe BHUCYBaeTbcsl 1HIIA rimore3a. Ilpouec BimmrykaHHs HEOOXITHUX (DAaKTIB MoxKe
BKJTIFOYATH JIOCUTH BEJIMKE YHWCIIO KPOKIB, TPH I[hOMY MOXIIMBO y BHIIQJIKy HAsSBHOCTI
NPOMDKHHMX 3MIHHUX BHBEICHHS BHCYBaHHS HOBHX Timote3 (Iiiei). 3BOpPOTHI BUCHOBKHU
yhpaBisitoTbess LusMH [2]. Hailfuacrimie BUTpaTH Ha MPOBEIEHHS 3BOPOTHOIO JIOTIUHOTO
BUCHOBKY HabaraTo MeHII B MOPIBHSHHI 3 BapTICTIO, L0 JIHIHHO 3aJIEKUTh Bl po3Mipy 0asu
3HaHb, OCKUIBKM B IIbOMY IIPOLIECI 3auilaloThCs TUIBKM Ti (DakTH, sKI Oe3mocepesHbo
CTOCYIOThCS BU3HAUCHHS IIUTl. TakuM 4MHOM, y 3BUYAHUX €KCIIEPTHHUX CUCTeMaX oOepHEeHe
BUBEJ/ICHHS HalpaB/IieHE HE Ha MOMIYK 3HAu€Hb BXIJHUX 3MIHHHUX, a Ha OUIbLI e(eKTHBHE
MiATBEpKEHHS 3HaUeHHS MU, DaKTUYHO 3HAXOIUTHCS 3HAYSHHS BUX1THUX 3MIHHUX IIIIIXOM
TIOCTTIIOBHOI MEpeBIpKU rinore3. Y poOoTi [7] moka3aHo, 0 B I[bOMY PO3YMIHHI OOEpHEHE
JIOTIYHE BUBEJICHHSI MOXKe OYTH pealti3oBaHo 3a JOTTOMOTOI0 METO/IiB TeOpii MUTATHHHUKIB.

Teopis NUTAIBHUKIB 3aCTOCOBYETHCA Y TAKUX Taly3sIX JISUIBHOCTI, 1€ 3yCTPIUaloThCs
3aB/JIaHHS, BUPIIIEHHS SKUX MOXHA 1 JOLUIGHO WIYKaTH Y BHUIJISII Jeskoro rpada
CIEIIaIbHOTO BUY, 1 TUM CaMUM PO3TJISIATH IIi 3aBAaHHS 3 JCSKOI CHUTBHOI TOUKH 30DY.
Sk mpukiIand Takux 3aBJaHb, MOXKHA HABECTH 3aBJaHHS COPTYBaHHS IMPEAMETIB 3a
MPUTAMAaHHAMHU 1M O3HaKaMH, BUINIYKaHHS CJIIB Y MAalIMHHOMY CJIOBHHKY, IOOYIOBH
porpaM NepeBipKu 00'€KTiB KOHTPOJIIO, TEXHIYHOI AiarHOCTHKH 1 T.1. [8-10]. HeobxinHo
PO3TJISSHYTH MOXJIMBICTh 3aCTOCYBAaHHSI TEOpii MUTANBHUKIB U1 pealizalii Mmpouemayp
HEYITKOTO JIOTIYHOTO BUBEICHHSI.
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Merta nocJtiizKeHHs

MeToro A0CTiIKEHHS € po3poOKa Ha OCHOBI METO/IIB TEOPii MUTAIBHUKIB ITIIXOIB /10
MIPOBE/ICHHS HEYITKOTO JIOTTYHOTO BUBEICHHS, 3aB/IaHHSM SIKOTO € €(DeKTHBHE BCTAHOBIICHHS
3HA4YeHb BUXITHUX 3MIHHUX Mojeneil. Jlyisi JOCSATHEHHs IMOCTaBJIeHOI METH HEOOX1THO
MPEJCTaBUTH MOJIETh MOOYIOBU MUTAITBHUKA s 0231 HEUITKUX MPOAYKIIHHUX TPaBUI Ta
PO3POOUTH MPOLETYPU HEUITKOTO BUBEICHHS Ha OCHOBI rpada muTaabHUKa.

Moaenb no0y10BU NUTATBHUKA 1J151 0231 HEYITKUX MPOAYKUIIHUX MPaBUJI

Mopenp 1oOynoBM THUTaIbHUKA I  0a3u  HEWITKUX TNPOAYKIIHA MICTUTH
dbopMaizaliito CTpYKTypH MPaBWI, OMKUC 0a30BUX CKIIAJIOBHX MUTAIBHUKA, BCTAHOBIICHHS
BIJIMOBIAHOCTI CTPYKTYpU MpaBUJI Ta OCHOBHUX CKJIQJOBUX MUTAIbHUKA, MPOLENYPY
dbopMyBaHHS MUTATHFHUKA HA OCHOBI 0230BHX JaHUX.

Hexalt a1, 02...0m — BXiIHI JIHTBICTUYHI 3MiHHI HEUITKOi Mojem, f — BUXITHA
JIHrBiCTHYHA 3MiHHA. [/ KOXKHOT JIHTBICTHYHOI 3MIHHOI 0 BA3HAYEHO MHO>KMHHU TE€PMIiB
{sij}. AHanori4Ho /15 JTIHTBICTHYHOT 3MiHHOI £ 3a1aHa MHOXHHA TepMiB {dj}.

CrpykTypy 0a3u HEHITKHX MPOIYKIIHHUX MTPABHII IPEICTABIMO Y BUTJIISII:

1) AAKIIO a1=S11 Ta 02=S12 Ta... om =S1m, TO f =d1 (Bara py);
2) SAKHIO a1=S21 Ta 02=S22 Ta... am =S2m, TO S =d2 (Bara p2); 1)

n) ﬂKH_IO 01=Sn1 TA 0l2=Sn2 TA... Om =Snm, TO IB =dn (Bara pn)

BBaxxaemo, 110 y cucremi (1) B aHTeneIeHTax MpaBuil y 3arajbHOMY BHUIIQJIKy MOXKE
OyTu pi3Ha KUIBKICTh CKJIaJI0OBUX, 00 pi3HI BXiJHI JIHI'BICTUYHI 3MiHHI MOKYTh MaTH Pi3HY
KUTBKICTh TEpMiB. Y BHIAJKY, KOJIM MOJENb Ma€ KiJlbKa BHUXIJHUX 3MIHHUX, IpaBUia
HEUITKUX NPOAYKLiM po30uBaroThcsi Ha Onoku Burisgy (1). Jng cuctemu mnpaBui
PO3TIISTHEMO BiJMOBIIHI CTPYKTYpPHY MHUTATbHUKA.

V 3aranbHOMY BHIQJIKY MUTAIbHUK BU3HAYAE KIHIIEBY MHOXKHHY Y, IO CKJIAJIA€ThCS 3
N eneMeHTiB Yj, 10 Ha3uBatOThcs noisiMu. KoxHilt moaii yj € Y npunucana Baroa (yHKIisA
® (Yj), fKa XapakTepu3ye 4acTOTy JaHoi mojii. TakoX BH3Haue€Ha MHOXHHA NMHUTaHb 1 3
33J]aHOI0 KIIBKICTIO BiamoBine a(ti) Ha kokHe nuTaHHs ti. Yucmo eneMeHTiB y MHOXKHHI T
nopiBHioe R. EnemenTtH ti MHOKMHM T Ha3MBalOTbCs NMUTaHHSAMH. SIK MPaBHIIO, KOXKHOMY
nutaHHo ti € T mpunucaHa Mo3uTHBHA BaroBa (QyHKIs C(li), sika Ha3UBAETHCS BAPTICTIO
nutaHHs. Onuc po30UTTS. MHOKMHHU MOJIN Y NUTaHHAMHU 3 T Ha MIAMHOXXHUHU MPUKHHSTO
IIPOBOJUTH 32 JOIOMOTOI0 aHKETU. AHKETa sIBJI€ COO0I0 MaTpuio A po3mipHOCTI R X N,
€JIEMEHTH sIKOi Zjj BU3HAYAIOTh BINOBII Ha MUTaHHA & U1 moxil yj. CyKynHICTh NUTaHb T 1
MOCITIZIOBHOCTI, B SIKUX 33/1at0ThCS 111 TUTAHHS /17151 TIOBHOI 11eHTU]iKaIT KokHOTO 3 N moii
MHOXUHH Y, YTBOPIOIOTh MUTAIBHUK Uit Y. [Ipy oaHuX 1 THX ke MHOXKHUHAX T 1 Y MOXYTb
OyTu 1moOymOBaHI MUTATBHUKHU, IO BIJIPI3HSAIOTHCSA SK TMOCIIIOBHICTIO TOCTAHOBKH, TaK 1
MHOKMHAMH MTOCTaBJIEHUX MUTaHb. TOMY TeOpisi MUTAIbHUKIB IPOMIOHYE METOIU NOOYI0BH
ONTUMAJIBHUX, Y AEIKOMY CEHCl, TUTaIbHUKIB [10].

Ha migcraBi ananmizy cTpykTypH 0a3u HEUITKHUX NMPOAYKLUIHHUX MpaBHI Ta 0a30BUX
CKJIaJIOBHX THTAJIBHHKAa MOXHA 3pOOMTH BHCHOBOK TIPO iX 3HAYHY CXOXKiCTh. KoxkHOMY
nuTaHHio ti € T mocTtaBUMO y BIAMOBIAHICTH BXIJHY JIIHTBICTUYHY 3MIHHY o, a KOXHIN
nofii yj — tepm 0j BUXiAHOI JTIHTBICTHYHOT 3MIHHOT 5. SIK BiAMOBiAI HA TUTAHHS Zij MOXKYTh
OyTH BUKOPHUCTaHI TEPMH S;j BX1THUX JIIHIBICTUYHUX 3MIHHUX. OJHAaK BaroBi Koe(illieHTH
Pj HEWITKUX TPOAYKIIIITHUX TPaBWII Yy 3arajJbHOMY BHIIQJKy HE MOXXYTh PO3TIISIIATHCS SIK
3HaueHHs BaroBux (yHKIIN monaid o (Yj), TOMy 110 BOHH MalOTh 30BCIM pi3HE 3HAYCHHS.

58 © O.M. llymypa



ISSN 1561-5359. llITtyunwnii inTesext, 2018, Ne 1

BaroBuii koedillieHT xapakTepu3ye BIIEBHEHICTh €KCIEepTa y MPaBHIBHOCTI NpaBuia, a
BaroBa ()yHKIIS TOJil Mo3Havae ii yactoTy. ToMy 3HaYeHHs BaroBoi (YHKIIT MOKJIaAeMO
piBaumu 1/|{d;}|. 3nauenns BaroBoi ¢ynkuii C(ti) mpuitMeMo piBHUMH 1 JUIsi BCiX MMUTAHb.
TakuM YMHOM, OCKIIBKHM KIJIBKICTh TEPMIB Yy BXIJHUX JIIHTBICTUYHHMX 3MIHHUX HE €
OJTHAKOBOIO, BiATMOBIAHNI MUTAIBHUK € HEOTHOPIAHUM 3 OJJHAKOBOIO IIHOIO MTUTAHHS.

Crimparouuch Ha BCTAHOBIICHY BiJIMOBIIHICTH MK KOMIOHEHTaMH IMUTAILHUKA Ta
HEYITKUX TPOAYKLINH, mporenypa QOpMyBaHHS TUTAIBHUKA Ui 0a3d HEYITKUX
NPOAYKIITHUX MPaBHII MICTUTh €TaIlu:

¢ (opMyBaHHS AHKETH MMUTAITBHHKA;

¢ 100y/I0BY MUTAJILHUKA OJJHUM 13 METO/IIB T€OPil MUTAITHHUKIB.

dopMyBaHHS aHKETH MUTATBHUKA ISl 023U MPOAYKUIMHUX MPABUI €, K MOKA3aHO
BUIIIE, TPUBIAILHOKO 33Jaucto. Y BHITAJKY, KOJIHU IS TepMa JIHTBICTUYHOI 3MiHHOI HEMae
3HQUEHHS BXIJHOI JIHTBICTUYHOI 3MIHHOI, 3HAYEHHS BIAMOBIJIHOTO €JIEMEHTa MAaTpPHII
AQHKETH MUTAJbHUKA BBAKAETHCS PIBHUM .

[ToGynoBa muTanbHUKa MOJATae y (GOpPMYyBaHHI HABAHTAXKEHOTO OPIEHTOBAHOTO
rpada G(X,I) 3 oHi€I0 KOPEHEBOIO BEPIIMHOIO, Takoro 1o [10]:

X:{xe(TuY)};
x=y €eY =\l =4,
x=t eT =|It =a();
rny=4g.

SAx xpurepiii ¢dopmyBaHHs rpada NHUTATPHUKA BHKOPUCTOBYETHCS MiHIMalbHA
JOBXHUHA 1oro o6xony. [loOynoBa onTHManbHOTO NMHUTAIBHUKA MOXKE OyTH BHKOHaHA 3
3aCTOCYBAHHSAM JTUHAMIYHOTO TporpamyBaHHs abo anroputmy Ilikapa [8].

Ha ocHoBi moOynoBaHOro IIsi KOKHOI JIIHTBICTUYHOI 3MiHHOI rpada MuTaTbHUKA
(OPMYIOTBCS MPOLIEAYPU HEUITKOTO JIOTIYHOTO BUBEIICHHSI.

IIpoueaypa HewiTKOro BUBeIEHHS HA OCHOBI rpada muTaJIbHUKA

ETanu HEUiTKOrO JOTIYHOTO BHMBEJIEHHS Ha OCHOBI MHUTAbHUKA IMPEACTABICHO Ha

PUCYHKY 1.

FospasyHOK Ha OCHOBL 0GX0gy
rpada MHTATLEHKA O0KASHHKIE
HANE¥HOCT] I TEPMIE

AWYMYIIAINA €5pisammnsy QVHEINH
HANEFHOCTL TEp MIE oy

Aedazmudicans

Puc. 1. ETanu HEYITKOrO JIOTIYHOTO BUBCACHHS HA OCHOBI MUTAJILHHUKA

Jns npoBeneHHs o6xoay rpada nutagbHUKa OyJeMO BUKOPHUCTOBYBATH MPUHIUI
nomyky B rnubuny. I[loznaunmo Qj miAMHOXKMHY BeplIMH nuUTaHb ' rpada muTaabHUKA,
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SKI YTBOPIOIOTH LUIAX BiJl KOPEHEBOI BEPIIMHHM 0 BEpIIMHM moxii Y. Biamomigny
MHOXHHY YT, SIKi IOETHYIOTh BEPIIMHH, TO3HAYHMO V.

Po3spaxyHok nokasnuka Hanexnocti Wj s tepmy dj Ha OCHOBI 3aJjaHUX 3HA4YCHb
BXIJTHUX 3MIHHHX 3JIIHCHIOETHCS 32 POPMYIIOIO:

ne i — 3HaYeHHs IS 3aJaHUX BEJIMYMH BXiJHMX 3MIHHMX OJOKY HEYITKOIro
yhnpaBimiHHSA (QYHKIIl HaJIEKHOCTI TepMa S;j BXiIHOI JIHTBICTHYHOI 3MIHHOI o, IIO
BIJINOBia€ BIANOBIAI Zjj HA NMUTaHHS, 3 BEPLIMHHU SIKOTO BUXOAMUTH ayra V. Omneparlis
MIEPETUHY PEaTi3y€eThCsl OJTHUM 3 BapiaHTIB t-HOpMHU.

Axymymsnis (YHKIIH HaJIeKHOCTI TEPMIB BHXIJIHOI JIHIBICTUYHOI 3MIiHHOI f
BiZIOYBa€ThCS 32 (HOPMYIIOIO:

ulu) = U[(Hj- Tnu;(u)).
dj

Onepaittist 00’ €HAHHS peali3y€eThCs 3a OJTHUM 13 BapiaHTiB S-HOPMH.

Jlns oTpuMaHHS 3BHYAHMX 3HAYCHb BUXIAHUX 3MIHHUX U OJIOKY ympaBIiiHHA
BUKOPUCTOBYETHCS OJMH 3 METOIB nedaszudikarii.

BucHoBku

[TopiBHsUIBHUE aHAi3 CTPYKTYypH ©0a3M HEYITKMX MNPOAYKIIHHUX MpaBUI Ta
OCHOBHHUX CKJIQJIOBUX MMUTAJBbHUKIB MOKa3aB BIAMOBIAHICTh iX KIIOYOBHX KOMIIOHEHTIB.
3arponoHOBaHO MiJXOAW 10 MOOYAOBU MUTAIBHUKA JUIA 0a3W HEYITKUX MPOIYKLiA Ta
NpoLEAypy HEYITKOTO BHBEICHHS Ha OCHOBI rpada mutanbHuka. OCKUIBKH MOXKIIMBE
BUPINICHHS 33Jla4i MOOYJIOBH ONTHMAJIBHOTO IMMHUTAJThHUKA HA OCHOBI BIJOMHX METOMIB
Teopii MUTATBHUKIB, PO3POOJICHA MPOIEypa HEUITKOTO BHBEJCHHS Ma€ IEpeBard nepesn
BIJOMUMH aHajoramu. Pe3ynpTaté poOOTH MOXYTh OyTH BHUKOPHUCTaHI NPH IMOOYIOBI
1H(popMalifHUX TEXHOJOTIN JUIs BUPILIEHHI 3aJlady aBTOMAaTH3allli HEYITKOTO YIpaBIJIiHHSA
CKJIaTHUMH CUCTEMaMH.
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RESUME

O.M. Shushura

Fuzzy inference based on the theory of questionnaires

Models of decision-making based on fuzzy inference have become widespread in the
control of complex systems. With the increasing in the number of fuzzy products in knowledge
bases, the task of improving the efficiency of fuzzy inference procedures is urgent. In expert
systems, on the basis of the usual production rules good results are shown by the reverse
logical inference. The idea of inverse logical inference in many respects resembles the
construction of questionnaires, which have become widespread in diagnostic problems.

In the paper, it was proposed to apply the construction of an appropriate
questionnaire on the basis of the methods of the questionnaire theory for conducting a
fuzzy logical inference. The correspondence of its structure to the basic elements of the
questionnaires is shown based on the formal model of the base of fuzzy production rules.
The description of the construction of the questionnaire graph for the base of fuzzy
production rules is given. Procedures for fuzzy inference are developed based on
processing the questionnaire graph. The stages of fuzzy inference consist in traversing the
questionnaire graph to calculate the degree of belonging of each term to the output
linguistic variable for given values of input variables, accumulation of membership
functions of terms of output variables, and defuzzification. When carrying out
accumulation, one of the known variants of the s-norm can be used. To perform
defuzzification, one of the standard approaches can be used, for example, the center of
gravity method.

Since it is possible to solve the problem of constructing an optimal questionnaire on the
basis of known methods of questionnaire theory, the developed procedure for fuzzy inference
has advantages over known analogs. The results of the work can be used to build information
technologies for solving problems of automating fuzzy control of complex systems.
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