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3anpononosano cucmemy, 00 AKOI 6x00UMb 6A3a 3HAHb, MEXAHIZM TOSIUHO20 GUCHOBKY, NiOCUCMeMa HAOYmms.
3HaHb I 0ianoeosull imep@eic Kopucmysaud, wo 0ae 3M02y 0OHOUACHO 3 0eMePMIHOBAHOIO [HHOPMAYIEIO UKOPU-
CMogysamu HewimKy J02iKy i nPOGOOUMU PAHICY BAHHSL 0ONAOHAHHS.

Kitro4oRi citoBa: ekcrepTHa cucTeMa, TeXHIYHHN CTaH, HeYiTKa JIOTiKa.

Ipeonooicena cucmema, exnouarowas 6a3zy 3HAHULL, MEXAHUZM JIOZUYECKO20 6b1600d, NOOCUCIEMY Npuodpe-
MeHUs 3HAHUL U OUANI0208bLI UHMEPQelC NONb308AMENs, YMO NO3605eN OOHOBPEMEHHO C OeMePMUHUPOBAHHOT
unpopmayueti UcnoIb306ams HEHemKYIo T02UKY U NPOBOOUMb PAHICUPOBAHIE 0OOPYOOBAHUSL.

KitroueBble cioBa: 3KcIepTHast CUCTEMA, TEXHUYECKOE COCTOSTHUE, HeUeTKasl JIOTUKA.

The proposed system that allows simultaneous use of information from deterministic and fuzzy logic to rank-

ings equipment.
Keywords: expert system, fuzzy-logic.

3araioM TeXHIYHWI CTaH BH3HAYAIOTh Ha OC-
HOBIi JIarHOCTUYHHUX O3HAK, BHOIp SKUX MOBHHEH
OyTH pallioHaJTbHUM. 3 METOI JIarHOCTYBaHHS
MOBHHHI BUOMPATHCH HAHOLIBIN iCTOTHI, HAKOUTBII
3HaYywi Ta iHpopmaThBHi 3 HuUX [1]. TOMy, Ha OcC-
HOBI TIPOBE/ICHOTO AHANI3y METO/IB TEXHIYHOTO
JiarHOCTYBaHHsI, sIKi BUKOpHCTOBYIOThcs Ha KC,
BHUOpaHi Taki MOKa3HUKU TEXHIYHOIO CTaHy ra3o-
NepeKkayyBaJIbHOTO 00JIaIHAHHS:

* 32 pe3yNIbTaTaMu TPUOOIarHOCTUKH

- IMBUJKICTh HAaKOMHMYECHHS MPOAYKTIB cCIpa-

LIOBaHHs Nap TepTs B MoTopHiii onuBi C, ;

* 3a pe3ylbTaTaMH TapaMeTPU4HOI JiarHOC-
TUKH

- koedimieHT TtexHiuHOTrO cTany BIIH 3a mo-
JITPOITHUM K.K.JI. Kl.(”);

- koediuieHT TexHiuHoro crany I'T/l 3a mo-
TYXKHICTIO Kl.(r);

- IHJEKC KOHIIEHTpAIIii Si(v)
BYIJICIIO Y BUKU/IHUX Ta3ax;

* 3a pe3yJIbTaTaMH BiOPOIiarHOCTHUKH

- cepeIHbOKBAIpaTUIHE 3HAYCHHS BiOPOIIBU-
JIKOCTI K(V).

CyKynHICTh BKa3aHHX MapaMeTpiB IOBHOIO
MIpOIO XapaKTepu3ye TEXHIYHUH CTaH HarHiTaya Ta
I'TY. Ilpore »opeH mapaMerp HE BUMIPIOETHCS
OesrocepelHbO. [X 3HAYEHHS MOXKHA OTPHMATH
TUIBKY IIJISIXOM MPOBEICHHS PO3PaxyHKIB.

BpaxoByrouu 00’€KTHBHO iCHYIOUY HEUITKICTh
iHpopManii mpo 00’€KT, MOIIILHO BHUKOPHCTATH
amapar HEYiTKOI JIOTiKH [2], SIKHi 1a€ MOXIIUBICTb
00’€KTHBHO 1 OUTHII e()EeKTHUBHO OI[IHUTH TEXHiY-
HUH CTaH, BUKOPHCTOBYIOUW HEIiHIHHI MPUHIAIH
(hopMyBaHHsI BUCHOBKIB, 3MOJIC/TIOBATH MIPKyBaH-
Hsl EKCIIePTiB Y Til MpenMeTHiil obnacti, mo po3-
TS IA€THCA.

OKCHJIB a30Ty i

Mero/ BU3HAYCHHS y3araaneHoro Koediie-
HTa TEXHIYHOTO CTaHy k [ -TO arperary IpyHTY-

€THCSl Ha PaH)KYBaHHI arperariB 3a iX TEXHIYHUMH
ctanoM [2]. [Ins paHxKyBaHHS NPOIOHYETHCS 3a-
CTOCOBYBATH METO]] HEYITKOTO BHCHOBKY.

[ndopmariiero, sika HA/[XOJIUTh Ha BXiJ cucre-
MM HEYITKOTO BHCHOBKY, € BUMIpsHI y IEBHUM
crioci6 Bxinui 3minHi. Lli 3MiHHI BiMOBIIAOTH pe-
aNbHUM 3MIHHUM mpouecy KepyBauus. Inpopma-
11ist, IKa (POPMYETHCSA HA BUXOJIi CHCTEMHU HEYITKO-
T'O BHCHOBKY, BIJIIOBiZIa€ BUXITHUM 3MIHHHUM IIPO-
1ecy KepyBaHHSI.

Ha panmii yac 3ampornoHOBaHO JEKiIbKa ai-
TOPUTMIB HEYITKOTO BHUCHOBKY. HaiibinbIimoro
MOUIMPEHHSI B CHCTEMaX HEYITKOro BHCHOBKY Ha-
Oymu anroputmu Mamaani (Mamdani), Llykamoro
(Tsukamoto) Ta Cyreno (Sugeno).

Mix OCHOBHHUMH TapaMerpamH, siKi BU3HA4a-

. o . . T
FOTh TeXHIYHUU cTaH [ -To I'TIA, 1 BenmMUnHOIO ki
iCHy€ MeBHUH (QYHKIIOHATBHUH 3B'SI30K:

K = f£(c k", K0yt s0).
xl~(4) =y, xi(s) = S(V) Toni

b B

K = (P 100 1 ), i = T,

1 1 1 1 1

ne m - kinpkicts T'TIA.

O6nacri 3MiHH MapaMerpiB, sIKi XapaKTepH-
3yIOTh TexHiuHUH cTaH ['TIA, BU3HAYarOThCS Y BU-
IJIA/0 Jiara3oHiB:

(k) (k) . (k)
X el x; X

i,min % “"i,max

}k:l,_d,dzs,

ne d — KiUIbKICTH TapaMerpiB, IO XapakTepH3y-
I0Th TEXHIYHUHN CTaH.
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U, =10,0.1)[0.1,0.3)]0.3,0.5)]0.5,0.7),[0.7,1)} ,

U
U

={[0.7,0.76)]0.76,0.82)]0.82,0.88
={[0.7,0.76)]0.76,0.82)]0.82,0.88

),[0.88,0.94).[0.94,1)},
).[0.88,0.94).[0.94,1)} ,

U, =1{0,2)[2,4)[4,7)[7.10)[10,12)},
Us =1{0,0.5).[0.5,1.0)[1.0,1.5)[1.5,2.0),[2.0,2.3)},
Uq =10.5,0.6)[0.6,0.7)]0.7,0.8),[0.8,0.9).[0.9,1)}

Pucynoxk 1 — YHiBepcaibHi MHOKMHU apaMeTpiB

AHaoriugo a1 BUX1AHOI 3MIHHOI kl,

T T (min) . T (max)
<[y
Iie HIeKCaMH min , max MO3HauYeH]1 HUXKHI Ta Bep-

()

XHI 3Ha4eHHsS BXITHUX X;

HUX.

B [3] 3a3HaueHo, II0 HEYITKI MHOKHHH, 3
AKAMH JIOBOJIUTBCS OIEPYBATH TMPH PO3B’s3aHHI
MPAaKTUYHUX 3a]la4, € YHIMOJAIbHUMH 1 HOpMAallb-
uumu. Tomy mocrae nutanus noOyaoBu (yHKUIl
HAJIEKHOCTI B YMOBaxX MiHIMyMYy BHXITHUX JaHHX,
JI0 SIKMX BiJIHOCSTHCSI:

. . T .
1 BUXiIHUX K, 3MiH-

— Ha3Ba Mapamerpy xff), f= Ld,i=lm;

— Jiama3oH [;(f) )_c(jf )

().

i 2

} 3MIHU TIapaMerpy

X

— KUIBKICTB TepMIB ¢, , 11O BHKOPUCTOBY-
IOTBCSI JUIS OI[IHM MTapaMeTpiB xf/ ) ;

— Ha3Ba KOXKHOTO JITHTBICTHYHOTO TEPMY.

B mirepatypi cCTOCOBHO BU3HAUCHHS KUIBKOCTI
TEpMIiB HE JIAaHO KOHKPETHHX peKOMeHJarii. Ix
KUIBKICTb BHOMpA€ThCsl 3 IHTEpBAiy 5+2 [4].
Kinbkicts Tepmis, sika notpibna mist dasudikamii
TEXHOJIOTTYHMX TapaMeTpiB y Mexax JIOMYyCKY,
HaBezleH1 y Ta0uuii 1.

Tab6auusa 1 — Kinbkicts TepmiB, sika notTpiona
s pazudikanii napameTpiB y Meskax 10NMycKy

Kinbkicth
Haza napamerpa :
TEepMiB
IBuAKiCT, HAKOMMYEHHS MTPOIYK- 4
TIB CIIpAIFOBaHHS B MOTOPHIH OJTMBI
KoeilieHT TeXHIYHOrO CTaHy 5
HarHiTaya 3a MOJITPOITHUM K.K.]I.
KoeilieHT TeXHIYHOrO CTaHy 5
I'T/] 3a HOTYXHICTIO
BiopomBuakicts 5
[Hekc KOHIIGHTpAIlil OKCHIIB a30Ty 5
1 BYIJICIIO Y BUKUHHMX Ta3ax

Ak BUIHO 13 TAOMUIN JjIs OUIBIIOCTI mapame-
TpiB HEOOXiJHA KUTBbKiCTh TepMiB piBHa 5. Tomy,
JUISL OTMMTYBAaHHS EKCIEPTIB OYyJIO BHKOPUCTAHO
PO3OHTTS YCiX TapaMeTpiB Ha 11’ ATh TEPMiB:

- «low» (HM3bKHE) — L;

- «middlelow» (cepennbo-HU3bKUI) — ML;

- «middle» (cepenniit) — M;

- «middlehigh» (cepennbo-Bucokuii) — MH;

- «highy» (Bucokmii) — H.

Oynkii HaJIeKHOCTEH
x(l),x(z),x(3),x(4),x(5), Ta BuxigHOro k' mapame-
TpiB MOOYJ0BaHO 3 BHKOPHUCTAHHSM TaKUX METO-
JIB: CTATUCTHYHA OOpOOKa TBEPPKEHb KIIBKOX
EKCIIepTiB; METOJ] TAPHHUX TOPIBHSHB, SIKHH BUKO-
HYETbCS OJHUM EKCIIEPTOM; METOJ] HEHiTKOI KIiac-
tepu3ariii. [Ipu 11bOMy JaHiI MHOXHHH: MHOXXHHA
TepMiB L = L,ML,M,MH,H} Ta yHIBEepCaabHI
MHOKHHH TlapamerpiB (puc. 1).

Sk ekcriepTd BUKOPHCTOBYBAIIUCH TEXHOIOTH-
OlepaTopu KOMITpecOpHHX craHmid. KoxeH ekc-
MEepT 3aOBHUB aHKETY, B SIKiil BKa3yBaB CBOKO Jy-
MKy TpO HasBHICTh Yy €JEMEHTIB BIACTUBOCTEH
HEUITKOT MHOXXHHHU.

Ha ocnosi mux janux Gynu nobynosati GpyH-
KIii HANeKHOCTI TEPMIB BXIIHHX Ta BHUXiZHOTO
napamerpiB. CTBOpeHi BiIIMOBIAHOCTI Mk (YHKITi-
SIMH HAJISKHOCTI Li;, 1 TpaBUIaMU KepyBaHHS Pj; ,
Ta c(hopMyJIbOBAHO MPABWIIA 3TIIHO 3 MPaBUIAMHU
JI. 3ane [4].

Bceroro 6a3za 3nanb Moke micta 3125 npaBuit.
I1pore 3 posrisiny Oymnu BUTy4eHI PaBUIIa, B SIKHX
xo4a 6 O/IMH i3 BXiIHMX TIAPaMETPiB MpuiiMae 3Ha-
4yeHHs L (s mapameTpiB «KoedilieHT TEXHIYHOTO
CTaHy HarHiTaua» Ta «KOe(illieHT TeXHIYHOTO CTa-
uy I'T/l») 4 suavenns H (a1 mapamerpis «uBu-
JKICTh HAKOIMWYEHHs MPOAYKTIB CIPAIIOBaHHS B
MOTOpPHIH OJHBI», «BIOPOIIBUAKICTE) Ta «KOHIICH-
Tpaiis»). Ilpu 1bOMy BBa)KaeThCs, 110 TEXHIYHUN
cTaH OOJaJHAaHHS € HE3aJOBUIBHHM, 1 MMOJANbIIi
pO3paxyHKH He MPOBOJAThCs. [licist IUX BUITY4eHb
0a3a mpaBuI MicTUTh Or3bk0 300 mpaBwui.

CuHTE30BaHO CTPYKTYpY THITY MaM/aHi B cu-
cremi MATLAB (puc. 2) i 3a pe3ynbraTamu ii po-
00TH C(OPMOBAHO MACHB 3HAUCHb y3arajbHEHOrO
KOoe(iI[IEHTa TEXHIYHOTO CTaHY.

BHUKOpHCTOBYI0UH PO3POOIIEHY HEUITKY CTPYK-
Typy pamkyBaHHi [TIA 3a TEXHIYHHM CTaHOM,
PO3IISIHEMO MPUKIAL {i BAKOPUCTAHHS il 9ac Po3-
paxyHKy KoedillieHTa TEXHIYHOTO CTaHy Ui BH-
NajaKy, KOJWA MIBUJKICTh HAKOMUYEHHS MPOIYKTiB
CTIpaIlOBaHHs B MOTOPHIl oJuBi piBHa 3,15 Mr/mo0;
Koe(ilieHT TexXHIYHOro crany HarHitada — (,95;
xoedinient Texuiynoro crany I'TI( — 0,95; B16p0-
MBUAKICTh — 2,3 MM/C; iHAEKC KOHIIeHTpawii — 1,4.

BXIITHUX
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Pucynok 2 — Fuzzy moaear Mamaani y nporpamuomy cepenoBuini Matlab

_ I {C 15 ML) and (Kn is ML) and (Kgq is 5 then (K is out1mfl) (1) A
M(Cis ML) and (Kn is ML) and (Kg is ML) and (Vv is ML) and (Sv is M) then (K is out1mf2) (1)
LI (C is ML) and (Knis ML) and (Kg is ML) and (Vv is ML) and (Sv is MH) then (K is out1mf3) (1)
If (C is ML) and (Kn is ML) and (Kg is ML) and (Vv is M) and (Sv is ML) then (K is out1mfd) (1)
LI (C is ML) and (Kn is ML) and (Kg is ML) and (Vv is M) and (Sv is M) then (K is out1mfE) (1)

If (C is ML) and (Kn is ML) and (Kg is ML) and (Vv is M) and (Sv is MH) then (K is out1mfB) (1)
I (T is ML) and (Knis ML) and (Kg is ML) and (Vv is MH) and (Sv is ML) then (K is out1mf7) (1)
If (C is ML) and (Kn is ML) and (Kg is ML) and (Vv is MH) and (Sv is M) then (K is out1miB) (1)
(T is ML) and (Kn is ML) and (Kg is ML) and (Vv is MH) and (Sv is MH) then (K is out1m@) (1)
0. If (C is ML) and (Kn is ML) and (Kg is M) and (Vv is ML) and (Sv is ML) then (K is out1mfl10) (1)
1 (Cis ML) and (Kn is ML) and (Kg is M) and (Vv is ML) and (Sv is M) then (K is outTmf11) (1)
12, If (Cis ML) and (Kn is ML) and (Kg is M) and (Vv is ML) and (Sv is MH) then (K is out1mf12) (1)
13, I (C is ML) and (Kn is ML) and (Kg is M) and (Vv is M) and (Sv is ML) then (K is out1mf13) (1)

14, If (C is ML) and (Kn is ML) and (Kg is M) and (Vv is M) and (Sv is M) then (K is out1mf14) (1)
)
1
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Cis ML) and (Kn is ML) and (Kg is M) and (Vv is M) and (Sv is MH) then (K is out1mfi5) (1
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Cis ML) and (Kn is ML) and (Kg is M) and (Vv is MH) and (Sv is M) then (K is out1mf17) (1)
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FIS Name: anfis_243

‘ Help

Pucynok 3 — ba3a npaBuJj1 HeuiTKuX npoaykuiii y cepexoui Matlab
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Pucynok 4 — 3navyenns y3araibHeHOro koedinienta rexuiynoro crany I'TTA

AKTHBHHMH BBQ)XKalOThCSI TpaBHiIa, B SKHX
BHUKOPHUCTOBYIOThCS BiAMOBiAHI migymoBu. Li mpa-
BUJIa 3aCTOCOBYIOTHCSI B HEYITKOMY BHCHOBKY
(puc. 3).

PesynbraToM po3B’si3aHHS 3a/a4i HEUYITKOTO
BHUCHOBKY € unciio (.96, ske Bkasye Ha Te, IO 3Ha-
YeHHS y3arajbHEHOrO KoeQillieHTa TEXHIYHOTO

crany I'TIA pisre k; =0,96 (puc. 4).

AHANOTiYHy TIPOLENYPY PAaHKYBaHHS MOXHA
3MIACHATH 1 VISl IHIIMX ra3onepeKkadyBalbHUX ar-
perartiB npupoaHoro ra3zy. B mogansimoMmy Hamarm-
TyBaHHSI HEUITKOI CTPYKTYpH MoOxe OyTH BHKOHa-
HE KUTbKOMa MOXUJIMBUMH criocobamu. HaitOurbin
MPUAHSATHAMH 3 HUX € TaKi.

1 TligroroBka i 3aBaHTakxeHHsI Qaiiny BHOIpKH
3 HOBUMH 3HAYCHHSMHU BXITHUX JIaHMX, SIKI BIACY-
THI y BHOIpIi HaBYaJIbHUX JTaHUX, 110 Oyne dop-
MYBaTUCh B TIPOIIECi eKCcIuTyaTallii ra3ornepekady-
BaJILHOTO O0JIaJTHAHHSI.

2 PenaryBaHHsI THIB 1 3Ha4YeHb MapaMeTpiB
(GYHKIIH HaleKHOCTI TEpPMIB BXIIHOI 1 BUXIiTHOI
3MIHHHMX 3a JIOIIOMOTOK penakropa (QyHKIH Ha-
JIEKHOCTI CHCTEMH.

3anpornoHoBaHui MeTox pamxyBaHHS [TIA
JIa€ 3MOT'Yy BU3HAYMTH: TOKAa3HUKH €(EeKTUBHOCTI
(YHKIIOHYBaHHS Ta JIIarHOCTHYHI MMOKa3HUKU CTa-
ny ['TIA; nokasHuku Texniuynoro crany ['TIA; mo-
Ka3HUKH e(QEeKTUBHOCTI POOOTH KOMIIPECOPHUX
nexiB. Bin Moxe OyTH BHKOPUCTaHUH Y KepyBaHHI
peKUMaMU TPAHCIOPTY Tra3y, B PEKHMHO-TEXHO-
JIOTTYHHX PO3paxyHKax Ta JUTs BU3HAYCHHS 3aJUIII-
koBoro pecypcy ['TIA.

BcebiuHa 1 OBHA OLIIHKA MPOOJIEMHOI CHUTYa-
it JIacTh 3MOry po3poOUTH ALIEKBATHY MOJCIB
PO3B'A3aHHS KOHKPETHOI 3aJadi HEYiTKOro Kepy-
BaHHS Y MPUAHATTS PillICHb.
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