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[lpednoxeH anzopumm 3aNOJIHEHUS AYeeK 3KCNepmHOU Mampuysl KOMNiaexc-
HbIX UHGOPMAYUOHHO-AHANUMUYECKUX UCCIe008aHUL, NOCMPOeHHbIl Ha 0CHOBe me-
opuu Heyémkux MHoxecms. B kayecmse uHcmpymeHma obyyeHus ¢haszumooesnu
npeosioxeHo ucnoas3os8ams HelipoHHsie cemu (ANFIS) npu 3mom 6110 onpo60o8aHo
HeCKOJIbKO U3BeCMHbIX a/120pUMMOB C Uesblo Bblibopa Haubosee 3¢exmusHo20 8
0aHHoM npunoxenuu. lpusedeH npumep cCUHMe3a MaxKol 3KCNepmMHoOU cucmemsl.

Kntoyesbie cnosa: ¢aszsunoeuxka, Mampuya 3KCnepmHsbix 8180008, HedemKue
MHOXecmsa, Kpumepud, UHOyKmuBHas npoyedypa.

BBenenue

IIpumeHeHMEe B KOMILJIEKCHBIX WH(M)OPMAIMOHHO-aHAJUTUUECKUX WC-
caenoBaHuax (MAW) mHAYKTUBHBIX TPUHIIUIIOB METOAA I'PYIIIIOBOTO yUeTa
aprymenToB (MI'VA) mnpexmosaraer KOHCTPYHMPOBAHUWE U MCIIOJIb30BaHUE
CIeI[MAJIbHBIX BHENIHUX KPUTEePUEeB KOMILJIEKCHOTO OIleHUBAHUA OOIIero
pesyabTaTta [1], KOTOpBINI CKJAAbIBaeTCs M3 Pe3yJabTAaTOB 0ojiee HUBKOTO
nmopAaKka (Ha3oBeM HX <«dJIEMEHTapHbBIMM»). B maHHOM ciiyuae oOIIuil pe-
3yJbTaT yOOOHO IIPEACTABJATHL B BUJIE HEKOTOPOA MATPHUIIBI, BJIEMEHTHI
KOTOPOH — OIIeHKHU dJEeMEeHTapHBLIX pe3ysbTaToB. Ilockoabky B MAU Taxkme
OIleHKHU IIOJIYYalOT IIPU TOMOIIM BKCIIEPTOB, TO AJIA UX IIOCTPOEHUS, IIO
HaIlleMy MHEHWIO, JOCTATOUYHO aJeKBaTHO U 3(PPEKTUBHO MOYKET OBITH HC-
IMOJIb30OBAH amnmapaT HeueTKuX MHOKecTB JI. 3azxe (ammapar GhassmaoruKu)
[2-7]. HeficTBUTENIBbHO, 3TOT ammapaT OKal3bIBaeTCA OCOOEHHO IIOJIE3HBIM B
caydasix, KOTJa IIPOIlecChl M O00beKThI CUCTEeMHO-aHAJUTUUYECKUX HCCJIE0-
BaHUY ABJIAIOTCA CJIUIIKOM CJIOMKHBIMU JJIsT aHAJIM3a C MOMOIIBIO OOIIel-
PUHATHIX KOJWUYECTBEHHBIX METOJOB WJIM KOTAA JOCTYIIHbIE HCTOUHUKU
HpOPMAIIUY HWHTEPIIPETUPYIOTCI KaueCTBEHHO, HETOYHO U /UM HeoIlpe-
IleJIeHHO, a caMa IIPoIle/lypa aHaJu3a He IMOANAETCSA CTPOrod MaTeMaTuye-
CKOM TpakToBKe. Kpome TOTro, cremuaJbHBIN Pa3BUTOM MaTeMaTHUYECKUHA
ammapar (Gass3suJIOTUKM MO3BOJAET CKOHCTPYUPOBATh aAeKBATHYIO DPeasb-

HOMY OOBEKTY MOJE€JIb U CIAeJIATh BHIBOMIHI.
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IdxcneprHaa marpunia B KHAU
BBegem monsaTue «obpasa» pesyaprara MAWU — R(I,), tme I, —

OoIlpe ieJIeHHBIN (HAYaJbHBIA MM CHOPMUPOBAHHBIN € MOMOIILI0O HHQOP-

MAaITMOHHOTO MOHUTOpPUHTra [1]) mH(popMannoHHbIN 0a3uc, HA OCHOBE KOTO-

poro u cuHTe3mpoBaH pedysabraT R(/,). OO6pas pesyabpTaTa — 3TO IIPAMOY-
roqpHasa marpuna £ =(e;) pasmeproctsio n 4 m, i-A CTPOKa KOTOPOi, i =

1, 2, ..., m, oTroOpakaeT OAUH 13 0OECIPEKOCJTOBHLIX BHIOB TPeOOBAHUI K
«HAUJIy4NnieMy» (BO3ZEP:KUMCS OT TEePMHHA «UAEaJbHOMY») Pe3yJbTaTy
HUCCJIEIOBAHUSA C MO3UIIUA 9DKCIEPTOB M/WJAM 3aKa3uMKa WCCJIeTOBAHUS
(Hanmpumep, OAMH 13 HEOOXOAMMBIX pas3iejoB OyAYyIero MAOKYMeHTa C
OoIpeZleJIEHHBIMU TPeOOBAaHUAMU K €TI0 CYyTH), a j -ii cTOJIOEI] COOTBETCTBYET
MMO3UITNU j-TO 9KcmepTa, j = 1, 2, ... , n, Toe n — KOJUYECTBO SKCIIEPTOB.
OTMeTuM, YTO SKCIEPTHI JOIMYCKAIOT OIIPeJeeHHbIe OTKJIOHEHUS OymyIie-
ro pesyJbTaTa OT «HAeajia», HO IPHU ITOM OIEHMBAIOT TaKHe «HeCcOBep-
meHcTBa». Takas marpuna GopMHUPYeTCs 9KCIEPTHBIM 00pa3oM Ha CTaauu
IIOCTAHOBKY MH(OPMAIIMOHHO-aHAJUTUYECKOTO IIPOEKTA.

C mosmunuii Teopuu HEYETKNX MHOMKECTB KakJas CTPOKa MaTpuIlbl K
MOJKeT TPaKTOBaThCA KaK JMHTBUCTHUUYECKAs IIepeMeHHasi, TO eCTh TepM A,

& COCTABJIAIOIIVE YACTU JTOU CTPOKM — KAK JJIEMEHTBl ¢, W3 MHOXKeCTBa
BO3MOXKHBIX 3HaYeHW#, o€ 4. Hanpumep, B yKe CTaBIIEM KJIACCUYECKOM

npumepe [2], sKcmepTHas OIleHKAa OTBeTa HA BOIPOC OYEHb JU ropsuas

BOJa MOKeT mMeTh 1mpu n = 10 Tarkyro dopmy:

0,0 0,0 0,0 0,1 02 05 08 09 1.0 10
107207 307 40" 50" 60 70" 80 90 100" 1)

E={

3necs B 3HameHnarese — temieparypa Bogel ('C), B umcauTeae — Ko-
JIMYECTBO IIOJIOMKUTEJbHBLIX OIEHOK B TOM CMBICJIE, UTO 3TO AEHCTBUTEIIHHO
OUYeHb ropsuas Boja. To ecTb MHOCJEeOHUN 1, BO3MOXKHO, IIPEANOCJeIHUMN
9JIEMEHTBI JeliCTBUTEJIbHO OTBEUAIOT TEPMUHY «KUIATOK», XOTSA OJIS KOTO-
TO BOJA yiKe MOXKeT Ka3aTbCs «0ueHb ropsueii» u mpu 40°C.

CiaenoBaTesibHO, SKCIIEPTHAA MaTPHUIlA JOJKHA MMETh BUJ:
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E={e; v},

(2)
rfe: U;; — BCe BO3MOKHBIe 3HAUYEHHUs OIeHOK I'DaJalluii SKCIIePTHBIX
BBIBOJIOB, B KOTOPBIX MOJKET HAXOAUTHLCA PE3yJIbTAT IO i-My 3JeMeHTY (B
Hamem npumepe o =10, ..., 100 °C).
OOpaTuM BHUMAaHME Ha OUEBUIHBIN (paKT, UTO JJIs BCEX IIO3UTUBHBIX
pe3yJIbTaTOB MCCJIEJOBaHUA 3HaAMeHaTeJN BCeX 3JIEMEHTOB OJHOU CTPOKU
MaTpunlbl £ OyayT OOMHAKOBBIMHU M, TAKUM 00pPa3oM, CTPOKA SKCIEPTHBIX

OIIEHOK M3 IIPUBEAEHHOI'0 IpUMepa MOXKeT UMeTh BU/I:
E={0,0; 0,0; 0,0; 0,1, 0,2; 0,5; 0,8; 0,9; 1,0; 1,0} (3)
b

3JIEMEHTBI KOTOPOH SABJIAIOTCS OpAMHATAMN (PYHKIMU IPHUHAAIEIKHOC-
™ g (x) [3] (x — BXOmHOII CUTHAJI), a YKCHEPTHasA MaTpPHUIlAa TPUOOPETET

0oJiee IPOCTOI BUI:

e, ... ¢

E=(e;)=

eml T mn /. (4)

IIpouexypsl co3gaHuA 3KCIEPTHON MATPHUIIBI HA OCHOBE CHCTEM
HEUYETKOI0 BBIBOIA

IIpuBeneHHBINI HUMKE aJTOPUTM CO3JaHUA U IMPAKTUUYECKOTO MCIOJIb-
30BaHUA HEUETKON CHCTEeMbl KOHCTPYUPOBAHUSA BOKCIEPTHON MAaTPUILI
OIleHUBAHMUSA Pe3yJIbTATOB OPMEHTHUPOBAH HA PACu€T OJHOTO 3HAYEHUS €;;
0000meénHo MmaTpulibl £ B nuanasone 3Hauenui [0, 1].

Il1ss mpaKTUYeCcKON peayin3aliuy TaKOM HEUETKOM CHUCTeMbl HAMU pPa-
ccMaTpuBaJICA PAN M3BECTHBIX aJropuTmoB [5-7]: Mamdani, Tsukamoto,
Sugeno, Larsen, yIpOIEHHBIN aJTOPUTM HEUYETKOTro BbIBoga. OmHAKO, C
YYETOM CYINECTBYIOINX AaIPOOMPOBAHHBIX ITPOTPAMMHBIX MPOAYKTOB U TO-
ro, uto skcuepTsl AW nipu mocTpoeHMM 0a3bl IIPABUJ HEUETKUX IIPOAYK-
U OyAyT BBbIAABATh UYKUCJIOBbIe 3HAUEHUS OIEHOK, JJIA IIOCTPOEHUS COOT-
BETCTBYIOIIEe CHUCTEeMBbI ITPEIBAPUTEIbHO HNPUHAJIU BO3MOXKHOCTH HCIIOJb-
30BaHMA aJTOPUTMOB SuUgeno WJINU YIIPOIIEHHOTO AaJITOPUTMa HEYETKOTO

BBIBOIA.
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IIpu ympoiméHHOM aJiIroOpuTMe IIpaBHJja Hallleil 3agauu OyayT 3aja-

BaThCA B BUJE:

II,: ECJIH xe A TOIJ]A z, =c¢,
11, : ECJIH xe A, TOTJIA z,, =c,
rIe: X, Z — COOTBETCTBEHHO BXOJHAsS W BBLIXOAHAA IHepe-
MeHHBIE;
A — 3amaHHBIE TepM-MHOKecTBa (3apaHee HeOOXOAMMO COTJIACOBATH CO
BCEMU SKCIIePTaMM);
C; U Cy — OIIEHKU BKCIIEPTOB (UETKME UMCIa U3 auallasoHa
[0, 1]);
N — KoJyimuecTBO IIpaBuJ (PaBHO KOJUUECTBY SKCIEPTOB YMHOXKEHHOMY
Ha KOJHUYECTBO TEPM-MHOYKECTB, OJHAKO, IPU PABEHCTBE OIIEHOK JKCIIEp-
TOB OIIPeJeJIEHHOTO TapaMeTpa — OCTaBJdAeM OJHO IIPaBUJIO).
YupoiiieHHBIN aarOpUTM HEUYETKOTO BBIBOJA ITPUMET BUJL:
IlepBBIii sTam — HaXOOATCA CTEell€EHW WCTUHHOCTU MJIA IIPEAIIOCHIIOK
Ka’KJ0ro ImpaBUJIa.

2.BTopoit aTan — HaXoAATCsS BCIIOMOraTeJbHbIe YMCJIa:

..................... (5)

3. Tperuii stanm — HaXOAUTCA UETKOE 3HAUEHUE OIeHKU XapaKTEepUCTU-

KM o0beKTa HcciefoBaHusA (IIporecca, ABJICHU):
N

2.,
— =l

Zy=—x

Sa
(6)

IIpaBusa mpu UCIOJIB30BAHUU AJTOpPUTMa Sugeno IPUMYT BUI:

II,:ECIN xT A, TOI'IDA z =a x,

I, :ECIIN x 1 A, TOTIIA z, =0 \x
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rae: o, o, — CTelleHU MCTUHHOCTU IJIA COOTBETCTBYIOIINX
ITPaBUII.
Torma anroputMm Sugeno IJs pelleHud HaIlled 3aJauyl MOXKHO IIpej-
CTaBUTH B BUJEe cJeAyIOIleil Ipoleayphl.
1. IlepBBIit 5Tan — KaK B YIIPOIIIEHHOM aJITOPUTME.
Bropoit saTan — cHauajia, aHAJOTMYHO YIIPOIIEHHOMY aJI'OPUTMY, BBI-
YUCJSAIOTCSA BCIOMOTraTeJIibHbIE YHCJa O, IIOTOM WHIWBUAYaAJIbHBIE

BBIXOABI IIPABUJI:

................... (7

Tperuil sTanm — BbIUUCJIEHNE YETKOTO BBIXOA:

_ 0,z . tazg
a,+..+ay

(8)

Zy

Ncnonb3ysa co3maHHYI0 HEUETKYIO cucTeMy (YIPOIIMEHHBIN aJTOPUTM
WJIX aJropuTM Sugeno), MOXKHO MOJydYaTh OKOHUATEJbHYIO OIEHKY MIJid
OJTHOTO 3JIeMeHTa MaTpuIlbl K.

IIpouenypa co3maHuA IKCIHEPTHON MATPHUIIHI HA OCHOBE HEYETKHX
HEWPOHHBIX ceTeil

OpHaxo OJHMM M3 TJIABHBIX HEJOCTATKOB CHCTEM HEUYETKOT'O BBIBOIA
€CTh MX HECIOCOOHOCTHL caMooOydaThbesA [2-5] U aad mMX HMOACTPOMKU HeoO-
XOANMO TIOBTOPHOE MPUBJEUEHNE YKCIEPTOB HPU IIOJHOU (PYHKIIMOHAJIb-
HOU ocTaHoBKe. [lis perieHusA HaIlell 3amadyu HEOOXOAMMOI SABJISETCSA
CIIOCOOHOCTh K caMoaallTalluy IIPY U3MEHEHUU JdKCIEePTHBIX OIeHOK WJIN
IIOJIYYeHUW JOIOJHUTEJIHbHON mopHuy MHMOPMAIIUN.

IlosToMy mMeeT CMBICJI HCHOJb30BATh amnmnapaT HEYETKUX HENWPOH-
HBIX CeTell — HEeMPOHHBLIX CceTell ¢ YETKMMM CUTHAJlaMU, BecaMMW M aKTHBa-
IMNOHHOU (PyHKIMEl, HO u3 O0beIWHEHHEeM HuX C HCIOJb30BaHUEM I-
HOPMBI, {-KOHOPMBI UJIX APYrux omeparuii [6].

IIpu sTomM BXOABI, BHIXOABI M Beca HEUETKOM HEMPOHHOU CeTU — Jel-

CTBUTEJbHBIE UHncJa ¢ Heobxommmoro Ham auamnasoHa [0, 1]. MHTerpupo-
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BaHHBII B IPUKJAAHBIE IIPOTPaAMMHBIE IIPOAYKTHI (Hampumep, MatLAB)
aJITOPUTM OOyUYeHHsS HEUETKON CHUCTEeMBbI JOCTATOYHO IIPOCT B MCIIOJIH30Ba-
Huu [6].

OcHoBHBIE pacuéTHBIe (POPMYJIBLI aJITOPHUTMAa HACTPOUKM HEUETKOU
CHUCTEeMBI C IIOMOINbI0 HEHMPOHHOM ceTUu IIpPeIcTaBMM Ha CHUCTeMe C ABY-
MsA npasmiaamMu (popma 3amucH COOTBETCTBYET YIPOIIEHHOMY aJITOPUT-
MY HeUYe€TKOro BbIBoza) [7]:

II,:ECJIU x1 A,, TOTOA y=z,,
II,:ECJIX x1 A,, TOTOA y=z,
IIpumem, uTO HeuéTKUe MOHATUA A; i Ay UMeOT curMougHbIe (DYH-

KUY IIPUHALIEKHOCTH:

1 1
A (x)= T4 ohta” A, (x) = T4 ot 9)

KOTOpbIe XapaKTepusyoTcsa KoapunueHramu a, ds, by, bo.

Tor,ua CTeII€eHN HWMCTHMHHOCTH IIPaBMJI OIIPEemEJATCA COOTHOIIIEHWNA-

MMHM.

1 1

a:Ax:—,a:szip
! () 1+ehta)” 72 () 1+ e"te) (10)
1 BBIXOJ CHUCTEMBI:
o= X1zt A7, =A1(X)Z1+A2(X)Z2 . (11)
a,*+a, AL (x)+A,(x)

DyHKIUA OMUOKKM B 00IIleM BHUIe MMeeT BUI:
1 2
A, =A, (a,b,,a,b,z,2,)= E(ok(al, b.a,,b,,2,,2,)-y") . (12)

roe: k=1,...,N.
Hcmonp3yss mogxoabl ajropuTMa OOpPAaTHOTO pacIpoCTPaHEHUA
omubKu [7], monyuuMm TpeOyemMble KOPPEKTUPOBOUHBIE (POPMYJIBI IJISA

YaCTUYHBIX BBIBOJOB:

—y onJE _ k_yky__ 91 Kk Al(xk)
i m oy Es n (o y)01+02 z,-n (o y)Al(xk)+A2(xk)

, (13)
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1E, _ a, _
Zy i< Zy-N “_Z;{_ Z,-N (Ok'yk>ﬁzaz_ Z,-N (Ok'yk>

A, (=)

: _, (14)
Al(x )+A2<X )

rje 77 — KOHCTaHTa CKOPOCTU OOyUeHUH.

PesynbraTom pabotbl mporpammuoii peanusarnuu ANFIS (adaptive
neuro-fuzzy inference system) B cucreme MatLAB, Oymer mocTpoeHme
O0yuYeHHOU Ha SKCIEePTHBIX OIleHKAaX HEYETKOM CHUCTEeMbl BBIBOAA HH(MOP-
Manuu (aJaroputMm Sugeno).

IIpumep

IleMOHCTpaIMi0o CUHTe3a TaKOM CHUCTEeMBbI IPUBEJIEM Ha IIpuUMepe dKC-
neptHOt ANFIS-cucTrembl onpeneseHnsaA BBEIXOOHOW KOHIIEHTPAIIMU B3Becem
B BOJie IIOCJIE€ 3JIEKTPOKOATYJISITOPa IIPW OYMCTKE CTOYHBIX BOJ mTuIledao-
puku [8]. Ilogo6HbBIE 3aauy YacTO BCTPEUYAIOTCA B KOMILIEKCHBIX HWHQOP-
MAaIlMOHHO-aHAJIUTUUYECKNX MCCJIeSOBAHUAX OIEHKM BO3MOKHBIX OTIaJIeH-
HBIX IIOCJEINCTBUHA BJIUAHUSA arpONPOMBINLIEHHLIX IIepepadaThIBAIOIIIX
KOMIILJIEKCOB Ha OKPY’KAIOIIYI0 Cpely M 3J0POBbe UejioBeKa. B mammx Te-
pMHHAX pPe3yJbTaT TAKOT'0 MCCJEeJOBAHUS OyJAeT HOCUTH «dJIeMeHTAPHBIN »
(uacTHBIIT) XapaKTep, T.e. BXOAUTH B CHCTEMHYIO 3SKCIIEPTHYIO MAaTPUILY
Kak ayieMeHT. Ho Harmra 3agaya — Ha 9TOM YaCTHOM IIpuMepe yOeauThCA B
3¢ PHeKTUBHOCTY IIPEAJIOKEHHOMN BBIIIE IIPOIEeAYPHhI.

3ajauya SKCIEPTHOM CHCTEMBI — PACCUMTAThL 3HAUEHUS KOHIEHTPA-
1 B3BelIeHHBIX B Bome uacturl (C, Mr/Jj) mpu BO3MOYKHBIX KOMOMHAIIM-
AX BBIOPAHHBIX TEXHOJIOTMYECKUX IIapaMeTPOB B YCTAHOBJIEHHBIX IHAalla-
30HAaX WX 3HAUEHWH: IIOTHOCTh TOKAa Ha ajekTpoxax (i) — 0,1-1,2 A/,IIMZ;
pH moparomeiica Ha OYMCTKY BOABI — 3-7; CKOPOCTh IIOTOKA B MEXKIY3JIEK-
TpomHOM IpocTpaHcTBe (V) — 2-6 M/4ac; KOHIIEHTpAIusd B3BEIIEeHHBIX 4Ya-
ctull, B Bojme moxamiieiica Ha ouucTtry (C) — 0,5-7 r/n. TexHOIOTUUECKHE
ImapaMeTphbl M IHAIIA30HLI UX M3MEHEHUSA BBIOMPAJINCHh HMCXOAS U3 PeKoMe-
HIAIIUN DKCIEepPTOB (TEeXHOJIOT, TJIABHBIII 9HEPreTukK, IJIABHBIII MeXaHUK,
WHKeHep C KOHTPOJIbHO-U3MEPUTEJbHBIX HPUOOPOB M aBTOMATU3AITUU).

CraTuctuueckue JaHHBbIEe ObLIN IIOJIYyUYE€HBbI O9KCII€EPpHMMEHTAJIbHBIM IIYTéM

[9].
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Taobauma 1
IOKcIepuMeHTaJbHbIE JaHHbBIE 3JIeKTPOKOATYISIIMOHHONR OUMCTKU CTOUHBIX
Boj nrunedabpukmu: A — yuedbubie, B — KouTpoabHbIe, C — IIPOBEPOYHBIE

i, Agmke | pH N, wac )€, rin| €, Moin i, Algke | pH |V, wwac| C,rin | €, Mrin i, Aigm.ke | pH IV, wagC, rin|C, Mrfn
02 7 FERE R 02 [ 31| 21 |06 | 6B 12 3 2 |05 454
03 B9 | o1 | 3 | 2140 03 1821 22 |07 |7 I 1 2 |05 013
04 B8 | 22 [174[ 1259 04 133 23 | 08 [ 7.8 0 3 6 105 1369
05 67 | 24 | 2 [ 1581 05 | 34| 24 | 09 | 859 12 1 6 |05 [F818
05 86 | 24 173 1506 06 | 35| 25 1| 941 12 i 2 | 3 |24
07 65 | 25 | 1781301 07 [ 36| 26 [ 11 [ 1029 I\ 7 2 |3 [0
03 84 | 26 172 1959 08 1371 27 [ 12 [1492 I 3 6 | 3 [4186
03 53 | 27 179 1469 09 381 28 | 13 ['1291 12 7 6 | 3 [4454
1 62 | 28 |17 [ 14008 i 39 | 29 | 14 [71898 065 § 4 175 [ 1897
11 B1 | 29 |14 (1539 1 4 3 15 | 1484 055 1 2 |3 [21%
12 6 317|145 12 lat] 31 | 15 1549 0 § 2 |05 278
1,2 59 | a1 181|166 12 7 6| 29 | 4084 12 § 6 | 3 | 4348
11 58 | 32 169 1520 1681 59 | 29 4281 0 1 2 175 1
i 57 | 33 182 [ 1708 I 67 | 58 | 28 [ 4095 I\ § 6 | 3 [4358
0J 56 | 34 | 168 1580 09 | 68| 57 | 27 [3824 058 1 6 |05 [ 872
03 55 | 35 | 183 1800 08 [ 67 ] 56 [ 26 | 3625 12 3 6 |175] 2584
07 56 | 36 | 2 (2030 07 [ 66| 55 | 25 | 8430 12 3 4 | 3 [ 3288
05 54 | 37 184 1888 06 |65 | 54 | 24 | 3240 065 3 6 105 131
0,1 53 | 38 | 3 (3373 05 | 64| 53 | 23 | 3069 1 4 3 |08 [F130
02 52 | 39 | 189 1986 04 |63 1 52 | 22 [ 2881 17 6 5 | 2 (2518

A) B) C)

WUcnonb3ysa pesyabrarbl wuccaenoBanuii ANFIS-cucrem [7], mamum
Ob1710 B3ATO Tpu OJsioka mo 20 HAOOPOB AKCIIEPUMEHTAJBHBIX JaHHBIX: yUe-
ouniii (Training data), xourposabubiii (Testing data), mnpoBepouHBbIH
(Checking data) (Ta6s. 1). IIpoBepouHBIii O0JOK HTAE€T BO3MOKHOCTH yOe-
IUTHCA B OTCYTCTBUU “‘mepeobyueHms’”. Takoii ke IMOAXOJ XapaKTepeH U B
MI'VA.

IIpu oboyuernunm B ANFIS-Editor (mporpammuas cpema MatLAB) skc-
MIePTHOI cucTeMbl M3 yueOHOU BbIOOPKH mauHHBIX (Training data) mamm
OBLIN BBIOPAHBI HACTPOMKM IO YMOJUYAHUIO M OIPEAeJeHO “IIPOTOHOUYHBIX’
30 mukJioB (Epochs). B pesyabrare OBLIO IIOJYUYEHO TEXHOJOTUUYECKU ITPU-
eMJIeMOoe CpedHeKBaJpaTudyecKkoe OTKJIOHeHue — 3,9788e-005 mr/n (pumc.
1).
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[ 1 _Anfir Fofifor Koncaniracps =] N
File  Edit Wiew
FTraimime mdata o o~ AT Aniteaad = P A | b
iralming oats o o FiS oulpdl — ANFIS infe —
=t
. ® @ i of inputs: 4
40 ¢ * o ﬁﬁﬁut‘s =
= # of irout mfe:
= 30t - _ N 3333
= &= e _
= ® = & k7
= L2
o 20F @
. .
10k _ = -
2 L it & = > i
& o~ 7 Sciure I
= S . |
0= - s i ol = EiEepae=—=
i o [AE] i=] P
index
Load data [ Generate FIS = 1 TranFIS —1 I TestFis =
- LAY Distirn B athad:
i e Fiomm: Sl
I T omimoim .k
TisinE =
£+ eiiate
P £+ dizk
+ § ST
' Checking 1 warksp
(" Demo
Lood Data. j _ Cheal Dat i
1. = 11 A -
1 Average testing ermoe: 5. 11 Heln ] Claza i1
! 1 - 1 S 11

Pucynox 1 — Hacrpoiixa ANFIS Ha yu4eOHBIX 9KCIePUMEHTAJIbHBIX JaHHBIX

Ho mocie BBojma 3HaueHuii KOHTpoJibHOI BBIOOPKH (Testing data)

KayecTBO pabOThI, IMOJYyUYeHHOE MPU MCIOJb30BAHUN HACTPOEK IO yMOJIYa-

HNIO, OKa3aJIOChb HEYAOBJIETBO-PUTEJIBHBIM — CPeJHEKBaApaTH4YeCKas OIIIM-

O0xa cocraBiasana 12,6569 mr/a (puc. 2).

- ) Antie Folitor: Konconlraciys
Testing data: . FIS output : ™ — AMNFIS Info. =
50 -
= " . # of inputs: 4
40 ) - # of outputs: 1
* ., 1t of input mfs:
= 30 . . 3333
= +
=00 "
. .
- - + *
10 . as " - *
a = ; + 4+ ko Shucture
o * F 1 n L i Clear Plot
o 5 10 18 20 —-—-—-—-—-—-—I
Index
Load data - 1 Generate FIS Tran FIS [ TestFS
Tupe: Eroen: Optim. Method:
™ Trairing " Load from disk hybiid ~] | | Piot aganst:
& Testing i+ disk T Load from worksp. Enor Talerance:  Tramng data
* Gnid partitiol 0 & Testing dat
" Checking ¢ worksp, = e n . = : !_i 2
~ Demo Sub. clustering 100 Checking data
Losd Diats... | _ ClearData | Genetate FIS .. | TraiiMow | || i L
Avesage testing emos: 126569 | | Help I Close

Pucynork 2 — Hacrpoiika ANFIS Ha KOHTpPOJbHBIE SKCIePUMEHTaJIbHbIE JaHHBIE

(o ymoJryaHUIO)

B 1mporecce »skcrepTHON KOPPEKTUPOBKU B CTPYKType HEUETKOM

HEPOHHOM CEeTH KOJIMUYECTBO HEMPOHOB B KaKJOM IIape OBLIO YMEHBIIIEHO

Ha eIUHUIIY ¥ BapbUpPOBAJIUCH IIapaMeTpbl (GYHKIUN IIpUHAIJIEeKHOCTU. B
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pesyibTaTe 64 3TAarioB MTEpaIMOHHOTO 00yueHUA (puc. 3), ObLIa IIOJIyUYeHA

cpemHeKBagpaTtudeckasa ommuoxa — 0,28268 mr/in. Takoe 3HaueHue, corJa-
CHO TEXHOJIOTMUYECKUX AaCIEeKTOB JJIEKTPOKOATYIAIMOHHON OYMCTKH CTOY-
HBIX BOJ HTHUIe(paOpPUK OT B3BEIIEHHBLIX BEIEeCTB MPUHUMAETCSI KaK yI0B-

JIETBOPHUTEJIBHOE.

Owmnbka,
mr/n Vi

30 + \

20 - * -

i i s

10 i dtas oo oY

© N o A® A o B o P
3Tanbl

Pucynor 3 — 9kcuepTHOe uTepamuoHHoe ooyuenue ANFIS

KauectBo pab6orel ANFIS-cucTeMbl OKOHUYATEIBHO OIEHMBAJIOCH IIOCJIE
momauu Ha Bxoj mpoBepouHbIXx maHHBIX (Checking data). CpemmekBasmpa-
TUYeCKasa oImmOKa mpu aTom coctaBiasaaa — 0,34339 mr/i. 9To cBHIETEIH-
CTBOBAJIO O TOM, UTO CHCTeMa He “IepeoOyueHa” M MOKET MCIIOJIb30BATBHCS
I8 DaJbHEUIIUX wucceaemoBaHuii. Takum obpasoMm, Obljaa IIOJIydeHa IIPO-
rpaMMHAasI peajusalusd HEeUETKOH CHCTeMbl OIpeaesieHNs KauyecTBa 9JIEKT-
POKOAryJIAIIMOHHON OYMCTKU CTOYHBIX BOJ ITUIle()abpUKM OT B3Becel
(puc. 4).

CuHTe3npoBaHHAA HEUETKAas CHCTEMAa COIJIACHO IIPEeIJIOKEeHHOU IIPOo-
Iegype MOJKeT OBITh MCIIOJIb30BaHA MAJIs HCCJIEJOBAHUS IIPOILECCOB 3JIEKT-
poKoaryaanuu 0e3 HPOBeNeHUSA CJIOMKHBIX JKCIEPUMEHTOB MHPU HPOEKTHU-
POBaHNK ABTOMATHU3MPOBAHHLIX CHCTEM YIIPAaBJIEHUSA OUYNCTHBIMH KOMILIE-
KcaMu. Basuc ee — HeuéTKas cucTeMa, a HelipoceTeBOH ITOAXOM MCIIOJIb30-
BaJICA TOJBKO JIJISI €e HACTPOUKMU.

OmHMM 13 IPEeMMYIIeCTB HaIllero IIOAXO0Ja SABJSETCS TO, UTO, HaKall-
JuBas 0a3y MaHHBIX (3HAHUN) W/WJIM UCIOJb3YsS CHUCTEeMY MH(POPMAIUOH-

HOro moHuTopumHra [1], MOXHO IepwmOAWUYECKN WJIU 3a YCTAaHOBJIEHHBIM
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KPUTEPHEM KauecTBa (HaIpuMep, M3MeHEHHsS 3aKOHOJATeJbHBIX HOPM U
T.II.) B IPOTrPaMMHOM peXuMe “moo0ydaTrsh”’ HEUETKYIO CUCTEMY, 0e3 MOIK-
JIIOUEHUSA K STOMY IIPOIECCY SKCIEePTOB. ITO BaKHO IIPU HCIIOJH30BAHUU
TaKoOil HEUYEeTKOM CHCTeMbI B KaueCTBe MHCTPYMEHTAPUSA B MHAYKTUBHBIX

mporienypax MAMN.

File Edit Wiew

P d
-

j -~

d
ﬂ [ "==~~ail] Bectrocoagustion
e — e —_ “\

. ()

Eé 25 L ommm==""] (sugenc)
-
; ; : ; L= Cwyh

FIS Name: Electrocoagulation FIS Type: SuUgeno

Pucynork 4 — IIporpamMMHBINT nHTEpP(deic 00yYeHHON HEUYETKOU CUCTEeMBbI (aJro-
puTM Sugeno) OIeHKHN KauecTBa 3JeKTPOKOATYJAIUA CTOUHBIX BOJ nTuiledad-
puxu FIS-Editor (cpema MatLAB)

OrMeTuM, 4TO IpPU (POPMHUPOBAHUU JOCTATOUHO CJOKHON MATPHUILBI
KOMILJIEKCHBIX HMH(POPMAaIIMOHHO-aHAJNTUUYECKUX MCCJIEIOBAHUII BEPOSTHO
HeoOxoamMa OyIeT HeKOTopas KOMIWJIAIIUSA CHUCTeM, HMOJAOOHBIX TOHM, KO-
TOpas MCIOJb30BajJach B IPHUMEPe OIeHKU JJEKTPOKOATryJaANNN. JTO CBA-
3aHO ¢ pasHomjJaaHoBocTbio MAW, HeoOXOAMMOCTHIO MCIIOJB30BAHUSA 3HA-
HUHM 9KCIEPTOB M3 Pa3JMUYHBIX NIPEIMETHBIX 00JIacTell U 3TO HEeO0XOIMMO
VUUTBHIBATL IIPU CO3JAHWN KOHKPETHBLIX MH(POPMAaIMOHHO-aHAJIUTIYECKUX

CHUCTEM.

BriBoasbl
IIpensoskeHHBI IIOAXON K IIOCTPOEHUIO MAaTPUIl SKCHEPTHBIX OIEHOK
pPe3yJIbTAaTOB B KOMILJIEKCHBIX MH(OPMAIIMOHHO-aHAJIUTUUYECKUX HCCJIeNO-
BAaHUAX C HCIIOJb30BAaHMEM HMHCTPYMEHTapus TEOPUU HEUEeTKHX MHOKECTB
C OOHO! CTOPOHBI AOCTATOYHO 3(h(PeKTUBEH, UTO II0KA3aHO B IIPOCTOM
MIPaKTUYECKOM NPUJOMKEHUHU, a C APYroil CTOPOHBI — AOCTATOUYHO ITPOCT B

peajsin3aimnm. ITO BaKHO C TOUKHU 3PpEeHuA HpI/IRJIaILHOﬁ peasin3danimy CHC-

164 ISSN 1562-9945



6 (71) 2010 «CucTeMHBIE TEXHOJOTHM »

TeMbI, PeaJU3yIOIleil IpPoIeaAypPhl MHAYKTUBHOTO CHCTEMHOI'O aHau3a 3a
METOJIOM T'PYIIIIOBOTO ydyeTa apryMeHTOB, IIOCKOJIBKY BO3MOYKHOCTBH «JI0O-
OyuaTbhb» Takoi OJIOK 0e3 yCHJIMiI HPO(PecCHOHAJbHBIX JKCIEPTOB MOMKET
CYIIIECTBEHHO IIOJIOMKUTEIhHO CKA3aThCAd HA CTOMMOCTU 1 BPEMEHM BBIIIOJI-

HeHUs pador.

JINTEPATYPA

1. Ocunenxo B.B. IlpuHiiunu mMmeToay rpynoBOTO ypaxyBaHHS apryMeHTiB
B KOHTYPi CUCTeMHOT'0 aHAJIITUYHOrO IPOeKTy. B KH.: IHAYyKTUBHE MO-
menoBanHsa cKaagHux cucteMm. — K.: MHHIIITiC AH Vkpaiau, 2010. —
C. 140 — 148.

2. Kevin M. Passino, Stephen Yurkovich. Fuzzy Control — Ohio State
University (OSU), 2001 — 572 p.

3.Ross T.dJ. Fuzzy logic with engineering applications. — McGraw-Hill,
1995. — 600 p.

4.Zadeh L.A. Fuzzy logiC. — IEEE Transactions on Computer, vol. 21,
no. 4 1988, pp. 83-93.

5. Pappis C.P.,Sugeno M. Fuzzy relations equalation and the inverse
problem // Fuzzy Sets Systems. — 1985. — V.15. — P.79-90.

6. PyrkoBckas II., Ilmmuabckuit M., PyrkoBckuii JI. HelipouHsbie ceTu,
reHeTUYeCcKUe aJrOpUTMbI 1 HeueTKue cucremsbl: Ilep ¢ moasck. — M.:
T'opsauasa auausa - Texexkom, 2004. — 452 c.

7. Kpyrios B.B. Bopucos B.B. ckyccTBeHHBIe HEHTPOHHEBIE ceTu. Teopus
u npaktuka — M.: I'opauaa auaua — Tenexkom, 2002. — 382 c.

8. IIltena B.M. CunTe3 Ta amapaTHO-IporpaMHa peaJiisallis iHTeJeKTya-
abHOI ACK eJeKTpoKoaryJasaiiiiHOI0 OYMCTKHU CTIiYHMX BOJ IITAXiBHUYO-
ro kommyekcy // Tesu momoBimeit MiskHApOAHOI HAYKOBO-IIPAKTUYHOIL
KoH(pepeH1ii “IarenexkryanpbHuil aHaxia ingopmarii”. — K.: HTY
“KIIT”. — 2007. — C. 368-373.

9. lonuenko M.U., Cpubnraa O.I'., 'omuapos ®@.N., Illtena B.H. Ouncrka
PacTBOPOB OT AUCIIEPCHBIX IIPUMeCcell MEeTOAOM 3JeKTPOoKoaryaanum //
Bicauxk HTY “XIII”. — Xapkis: HTY “XIII”. — 2009. — Ne 22. — C. 57-
65.

ISSN 1562-9945 165



