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KJIACCU®UKAIIUS TUIIA CTEKJIA HA OCHOBE HEMPOHEYETKOM MOJEJIHA

Knrouesvie criosa: Heuemkas HEUPOHHAsL CeMb, HEUPOHEUEMKAs MOOeb, MOOEeTUPOBAaHUe, HeuemKas 6a3a 3HAHUL, mun cmekid,
HelipoHeyemKas Kiaccupurayus.

Jlannas cmamovs nocéawena pewieHuro 3a0ay¥u NOCMPOEHUs. HeUpOHeuemKou Modenu OaA Kiaccugurayuu muna
cmekna. Pewenue smoil 3a0auu  axmyanbHo 6 KPUMUHONOSUYECKUX PACCIEO006AHUSX, 6 MeOuyuHe, OKOHHOU
NPOMBIUNIEHHOCY, AGMOMOOUIECMpPOeHUY U  Opyeux npeomemuvix obnacmsx. s ee pewenus 060cHO8aHA
Yenecoo6pazHocmy NOCMPOEHUsL U UCNOIb308AHUsI HeUpoHeuemKoll moodeau. [Jisi nocmpoenus. Mooenu nompebosaics
6b100p U NOO2OMOBKA HAOOPA OAHHBIX, XAPAKMEPUZVIOWUX PAIUYHbLE MUNbL CIEKOI, d MAKdice 8bl00p U NpUMeHeHue
UHCIPYMEHMANbHOU CPeObl HEUPOHEUenKO20 MOOenuposanus. [is peutenus nOCMAGIEeHHOU 3a0aiu NPou36e0eH NoUCK
Habopog oannvix ¢ penosumopuu UCI u naiioen nabop «Glass identificationy, npednasnauennviii 015 pacno3HA8aAHUs.
CeOYIouUX Muno8 CmeKkaa. mepmonoIUPoOBaAHHOe CMEKI0 30aHuUll, 00bIYHOe CMEKI0 30aHUll, MepPMONOIUPOBAHHOE
CmeKio asmomoobunell, CmeKIsiHHAS mapa, Cmekio Oas nocyosl, cmekio gap asmomodbuns. Ilooeomoexka Habopa
OaHHbIX K AHAIU3Y bINONHEHA Ha base anarumuyeckol niamgopmol Deductor. /s smoeo paspaboman cyenapuil,
npeoycmMampusaowull 6binoIHeHUe CAeOVIOWUX dIMAN08: 3a2pPy3Ka OAHHbIX, HACMPOUKA HAOOPA OAHHBIX, BLINOIHEHUE
KOPPENSAYUOHHO20 AHANU3A, OYEHKA KA4ecmea OAHHbIX, PeOaKMUpOSAHUe GblOPOCO8 U IKCMPEMANbHbIX 3HAYEHUI,
aKcnopm daunwix. Ha smane Hacmpoiiku 0aHHbIX 300A8a1UC, MUNbl (Yevlil Uil 8eujecmeeHHblll) U 81obl (OUCKPemHblll
UNU HenpepvIBHbIIL) OAHHBIX 05l COOMEEMCMBYIOWUX BXOOHBIX U BbIXOOH020 cmonbyos. Koppersyuounvii anaius
NO360UN BbISIGUNMb CMENEHU GAUAHUS KANCO020 6XOOH020 CMOAOYA HA BLIXOOHOU U 6bIOpamsv UHDOPMAMUBHbLE
npusnaku O0nai ananuza. Peanuzoeamvl makoice 3manvl OYeHKU Kauyecmea OAHHbIX, peOaKmupo8anusi 8blbpocos u
aKcmpemanvhuix 3navenuil. Ilocie 8bInoaHeHUs YKa3aHHulx npoyeoyp OanHvle Obliu IKCHOPMUPOBAHbI 8 MEKCMOBblil
aiin 0na OoanvHellwe20 aHaiu3a U NOCMpPOeHUs Heliporeuemkoll mooenu. Mmozo6as 6vlbopka OaHHLIX 0N AHANU3A
sxmouana 214 cmpox, 4 6xoouwix cmonoya (Na, Mg, Al, Ba) u 1 eévixoonoii (Type of glass) ¢ 6 kiaccamu muna cmexia.
Ha ocnose no02omognennvix 0aHHbIX NPOU38e0eHO 0OVueHIe HeYemKOl HEeUPOHHOU cemu 8 NPOSPAMMHOM KOMNJIeKCe
«Hetiponeuemkas cucmema (popmuposanusi Heuemxux Mooeiell OYyeHKu OUCKPEmHO20 COCMOosHUsL 06bekmosy. Bpems
nocmpoerusi Mooenu cocmasuno 6 munym u 42 ceKyHOul. 3a 3mo épeMs peanu308aHo 6 NOIHLIX YUKI08 0OyUeHUs
HeuemKol HeUpOHHOU cemu. B kadcoom yuxie eenemuuecKkull aneopumm Hacmpauean 3navenus 20-mu napamempos
@yuryuil npunaonexcrocmu. B xode o6yuenus yoanoce docmuub mounocmu xkiaccugpuxayuu 93,62% na odyuaiowei
svibopre Oannvix u 92,21% — na mecmosoii. Dmo ykasvieaem HA A0EK6AMHOCHb NOCMPOCHHOU MOOelU U Ha
B03MOACHOCHb e IPPEKMUSHO20 NPAKMUYECKO2O UCHONb30BAHUSL.
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This article is devoted to the solution of the problem of constructing a neuro-fuzzy model for classifying the type of
glass. The solution of this problem is relevant in criminological investigations, in medicine, the window industry, the
automotive industry and other subject areas. To solve it, the feasibility of constructing and using a neuro-fuzzy model is
substantiated. To build the model, it was necessary to select and prepare a data set characterizing various types of
glass, as well as select and use the tool environment of neuro-fuzzy modeling. To solve the problem, a search for data
sets was performed in the UCI repository and the "Glass identification" set was found, designed to recognize the
following types of glass: heat-polished glass of buildings, ordinary glass of buildings, heat-polished glass of cars, glass
containers, glass for dishes, glass of car headlights. The data set for analysis was prepared on the basis of the
Deductor analytical platform. For this, a scenario was developed that provides for the following steps: loading data,
setting up a data set, performing correlation analysis, assessing the quality of data, editing outliers and extreme values,
exporting data. At the data setup stage, the data types (integer or real) and types (discrete or continuous) were set for
the corresponding input and output columns. Correlation analysis allowed us to identify the degrees of influence of
each input column on the output column and select informative features for analysis. The data quality assessment
stages, editing of outliers and extreme values were also implemented. After completing the specified procedures, the
data were exported to a text file for further analysis and building a neuro-fuzzy model. The final data sample for
analysis included 214 rows, 4 input columns (Na, Mg, Al, Ba) and 1 output (Type of glass) with 6 classes of glass type.
Based on the prepared data, the fuzzy neural network was trained in the Neuro-Fuzzy System for Forming Fuzzy
Models for Assessing the Discrete State of Objects software package. The model construction time was 6 minutes and
42 seconds. During this time, 6 full cycles of fuzzy neural network training were implemented. In each cycle, the genetic
algorithm adjusted the values of 20 parameters of the membership functions. During training, it was possible to
achieve classification accuracy of 93.62% on the training data sample and 92.21% on the test sample. This indicates
the adequacy of the constructed model and the possibility of its effective practical use.

BBeneHune [4]. TTo xuMuUeckOMy COCTaBy MOKHO HICHTH(MHIUPO-
BaTh CTEKJIO M ONPEIENUTh €r0 UCTOYHUK. DTO aKTy-
albHO, HAIIPUMED, [JIsI KPUMUHOJIOTHUECKUX PACCIIENO-
BaHUU: OCTABIIEECS HA MECTE IPECTYIUIEHHSA CTEKJIO

B nacTosiiiee Bpemsi u3aenus U3 CTEKJIa MPUMEHS-
I0TCS B Pa3IMUHBIX Cepax YeIOBEUECKOH aesaTeIbHO-
cru [1-3]. B 3aBucuMOCTH OT 00JaCTH MPUMEHEHUS
CTEKJI0 MOXXET MMETh Pa3JIHYHbIi XUMUYECKHI COCTaB
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MOJKET OBITh HCIIOJIb30BAaHO KaK JOKa3aTeNbCTBO, CCIH
OHO MPABHWIBHO KJIACCUPUIIMPOBAHO.

Hpyrumu cepamu, Tae BakHA Kiaccu(pUKaIUsI TH-
ma CTEKJIAa, SIBJISETCS MEIUIIMHA, OKOHHAS MPOMBIIUICH-
HOCTh, OBITOBBIC M31eNus U np. Tak, HampuUMep, B Me-
IUIMHE aKTHBHO IPHUMEHSIOTCS pa3HBIE THITBI CTEKON:
XUMHUYECKH U TEPMUUYECKU CTOMKHE, HEUTpaJIbHbIE, CBE-
TO3AIIUTHEIE, Ieno4Hble. HeoOxommMocTs kiaccuu-
Kalliil MEAWIIMHCKOTO CTEKJa CBSA3aHa C TeM, YTO W3
Pa3HOTO THIIA CTEKOJI M3TOTABIMBAIOT PA3HbBIC M3ICIUS:
IITIPHIBI, aMITYJbl, TPOOUPKH, AETaNIX A MEIWIIHNH-
CKUX MPHUOOPOB, MPEMETHI YX0/1a 332 OOJNbHBIMU. Takxke
CTEKJIa aKTUBHO MPUMEHSIOTCS B aBTOMOOWILHOU TPO-
MBIIICHHOCTH: JJOOOBBIC CTECKJIa, OOKOBEIC CTCKIa, (ha-
pHL ¥ T.I. 37eCh TaKKe BaKHA UX MPAaBHIbHAS KIACCH-
¢dukarus. CreoBaTeNbHO, 3a7a4a KITaCCU(PUKAIIMN TH-
ma CTeKJIa ABJIAETCS aKTyasbHoi [5, 6].

AxTyanusauma knaccudukaumm Tuna ctekna
Ha OCHOBEe HEMPOHe4YeTKON Mogenu

Pa3zBuTre TexHONOTHH CIIOCOOCTBYET pa3paboTke
UHTEINICKTyalbHEIX  cucteM [7, 8]. Takue cuctemsl
OpUMEHSIOTCS BO MHOTUX obnactsx [9, 10]. Hampumep,
B KPUMUHAJIHMCTHKE OHU MOTYT OIPEAENSTh THII CTEKIIa,
nomorasi B poLecce pacKphIThs npectyruieHuii [11].

JInist mOCTpOEHHSI TAKUX CHCTEM YacTO HCIOJb3YIOT-
Csl METOJIbI, OCHOBAaHHBIC Ha HEYETKHX MpaBmiax [12-
14], a Taxxe Heuetkue [15-17] u HelipoHeueTkre MoIe-
mau [18-20], mo3BONSIONIME OMHCHIBATH HEOMpPEICIICH-
HyI0 MH(OpPMAILUIO 110 3JEMEHTaM CTEKJIa, HalJICHHBIM
Ha Mecrte mnpectymieHus [21]. [lomMuMO HedeTKHX |
HEWPOHEYETKNX MOETEH, NpH CO3JaHWU HHTEIUICKTY-
QIBHBIX CHCTEM JUII KPUMHHAINCTOB-XMMHKOB TaKXKe
NPUMEHSIOTCS HeHpoHHbIe cetn [22-24], meron Onu-
KaWImuX coceneit [25], TeHeTHUeCKue alropuTMBI [26-
28]. OnHako WX KCIOJB30BAHHUE HE MO3BOJIAET OOBsIC-
HATh ChOPMHUPOBAHHBIE PEILICHUSI.

KpuMmuHOIOrHYEeCKUE MCCIIeI0BaHUS OCHOBBIBAIOTCS
B OoJbIIeli cTeTleHH Ha 00paboTKe HEOoNpeIeIeHHOCTEH
[29]. TIpumeHenue HelipoHEUESTKONW MOJETH TIPH OTpe-
JISNIEHNH THIIA CTEeKJIa IT03BOJIUT obecrieunBaTh Ooiiee
THOKAN ¥ aaNTHBHEIA ITOIX0] K IPUHATHIO PEIICHHUHA B
9TOl 00JacTH, ynaydmas TOYHOCTh M HAIEXKHOCTh pe-
3yIbTAaTOB KJIACCH(UKALINH.

Jis mocTpoeHUsT HeMPOHEUETKOM MOJIeNH TpedyeTcs
BBIOOD M TOATOTOBKa HabOpa JIaHHBIX, XapaKTEepPH3YIO-
MIMX Pa3JIMYHbIC THIBI CTEKOJ, a TaK)ke BBIOOD M NpH-
MEHEHHE WHCTPYMEHTAIBHOW Cpelbl MOJEIUPOBAHHUS.
PaccMoTpHM peanu3aiuio 3TUX ITAIoB.

BbiGop U noaroToBKa AaHHbLIX AN
NoOCTPOeHUs HeMpoHeYeTKoON Moaenu

CymiecTByeT MHOXXECTBO HMCTOYHHMKOB IAHHBIX IS
aHalIM3a, OJHUM M3 KOTOPBIX SIBJISIETCS! PEIO3UTOPHH
UCI [30]. das peuieHdst NOCTABICHHOM 3a1a4l IPOU3-
BEJ/ICH TOMCK HAaOOpOB JaHHBIX B 3TOM PEINO3UTOPUH U
Haiiien Habop «Glass identification», npenxazHadeH-
HBII JU1s1 pacnio3HaBaHUs THIIOB cTekia. O0beM Habopa
JNaHHBIX coctaBisier 214 crpok. UneHtudukaTopsl
BXOJHBIX CTOJIOIIOB: MOKA3aTeib MPEIOMIICHHS CTEKIa,
HaTpui, MarHui, ajJlOMHHUI, KPEeMHHUH, Kalauil, Kajlb-
UK, Oapwuid, xkenne30. XMMHUUECKHE JJIEMEHTHI B Habope
JAHHBIX IPEICTABJICHBI B BHJE BECOBOTO IPOICHTA B
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COOTBETCTBYIOLIEM OKcHie. JlJisi pacro3HABaHUs HC-
[OJIb30BAHbI CJIEAYIOIINE THIIbI CTEKIA (3HAYCHUS BbI-
XOJIHOTO CTOJIONA):

- 1 (TepMOIOIMPOBAHHOE CTEKIIO 3/IAHUIA);

- 2 (0OBIYHOE CTEKIIO 3/1aHMUIA);

- 3 (TepMOTIOIMPOBAHHOE CTEKIIO aBTOMOGHIIEH);

- 4 (cTexisHHAS Tapa, KOHTCHHEPHI);

- 5 (cTexuto aust mocymel);

- 6 (cTexio ap aBTOMOOHIIS).

Hcmonesys nporpammy Deductor [31], mpoussenena
MTOITOTOBKA JaHHBIX K aHANU3Y (CM. puc. 1).

MorogHEle 08HHEIE
= 59 HacTpolika Hatopa faHHER

=} 222 F.OppEnAUHOHHEIR SHANKS
= [; K.a4eCTED AAHHENX

=i PefakTUpOBaHIME BRIGPOCOE U 3K CTPEMANEHET SHEHEHME

= n K.a4eCTEO AaHHEIH
= nmh PE,CLaKTMDDBaHMB BblﬁpDCDB M 3ECTPEMANEHBIX SHAYEH
= 5 K.a4ecTB0 0aHHEIX
Jkcnopr Test

Puc. 1 — Cuenapuii B Deductor nis noaroroBku
HA00pa JaHHBIX K aHAJIM3Y

Fig. 1 — Script in Deductor to prepare a dataset for
analysis

Ha pucyHnke Bblllle NpeacTaBleHa IOCIeI0BaTEb-
HOCTb 3TaroB IS IIOATOTOBKY JaHHBIX K aHATIH3Y.

Ha pucynke 2 npencrasieH (parMeHT 3arpykeH-
HBIX JJaHHBIX B aHAJUTHYECKOE NIPUIIOKECHHUE.

Id number BRI Ha Mg Al .5i K, Ca Ba.Fe Type of glass

1,1.52101,13.64,4.49,1.10,71.78.0.06,8.75.0.00.0.00,1
2.1.51761.13.89,3.60,1.36.72.73,0.48,7.83,0.00,0.00.1
3,1.51618,13 53,3 55,1 .54,72.99,0.39,7.78,0.00.0.00,1
4,1.51766,13.21,3.69,1.29,72.61,0.57,8.22,0.00.0.00,1
5,1.51742,13.27.,3.62,1.24,73.08,0.55,8.07,0.00.,0.00,1
6,1.51596,12.79,3.61.1.62,72.97,.0.64,8.07,0.00.0.26,1
7,1.51743,13.30,3.60,1.14,73.09,0.58,8.17,.0.00,0.00,1
8,1.51756,13.15,3.61,1.05,.73.24,0.57,8.24,0.00.0.00,1
9.1.51918,14.04,3.58,1.37,72.08,0.56.8.30,0.00,0.00.1
10,1 .51755,13.00,3.60,1.36,72.99,0.57,8.40,0.00,0.11,1
11,1 .51571,12 72,3 46,1 .56,73.20,0.67.8.09,0.00,0.24,1
12,1.51763,12.80,3 66,1 .27,73.0L,0.60,8.56,0.00,0.00,1
13,1.51589,12.88,3.43.1.40,73.28.0.69,8.05.0.00.0.24.1
14,1.51748,12 86,3 .56,1.27,73.21,0.54,8.38,0.00,0.17,1
15,1.51763,12.61,3.59,1.31,73.29,0.58,8.50,0.00,0.00,1
16.1.51%761.12.81,3.54,1.23,73.24,0.58,8.39.0.00.0.00.1
17,1.51784,12.68,3.67.1.16,73.11,0.61,8.70,0.00,0.00,1

Puc. 2 — ®parmeHT HCXOAHBIX JAHHBIX IS AHAJTU3A
Fig. 2 — A fragment of the initial data for analysis

Ha srane HacTpoiky 3a1aBaucCh TUMBI ¥ BUIBI JaH-
HbIx. Taxke n3 HabOpa JaHHBIX UCKIFOYeH croiber «ld
nUMbEry, MOCKONBKY OH SBISCTCS. HHPOPMAIIHOHHBIM K
HE BJIMSIET Ha PE3yJIbTaThl aHAJIM3a U MOJICIIUPOBAHHS.

Hanee B Deductor 6su1 mpoBenieH KOpPESIIUOHHBII
aHanu3 Juis otbopa MH(OPMATHBHBIX NPU3HAKOB [32,
33]. B kauecTBe MeTO/Ia aHAIW3a HCIOJIB30BaHA KOppe-
st [Iupcona. Tlopor 3HaunMmocTH Kod(duIMEeHTa
Koppensauuu BeiOpan paBHbIM 0,25. PesynbraTsl kKoppe-
JSIIMOHHOTO aHAJIN3a NPeJICTaBICHbl Ha PUCYHKeE 3.

KoppensioHHbIl aHaai3 HO3BOJMI BbISIBUTH BXO/I-
HBIE T0JIs, KOTOpBIE B NalibHelIeM ObUTH BKITFOUEHBI B
TaOIMIy TaHHBIX IS aHAJIH3a.

Kpowme Toro, npoBe/icHa OlleHKa Ka4yecTBa JaHHbIX, a
Takke ux pemaktupoBanue [34]. Tlocie BBHITONHEHUS
yKa3aHHBIX NPOLEYp JaHHbIE OBIIM SKCIIOPTHPOBAHEI B
TEKCTOBBIM (aitn (¢ pasnenurenssMu 1ojed «radyis-
LUsI») JUISL AaTbHEHIIEro aHajau3a U MOCTPOSHHUsT Helpo-
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HeueTKoW Mojenu. MTtoroBas BRIOOpKA AHHBIX BKIIIO-
yana 214 cTtpok, 4 BXOIHBIX cTONONA U 1 BBIXOIHOM C 6
KJIacCaMH PEIICHU.

K.oppenaumMa ¢ BEMOaHBIRM MO
BrogHeE nona
Type of glazs
IRl 0164
Ma 0520
Mg 0,721
Al 0563
[T 5i 0150
K 0,015
M Ca 0mz
Ba 1,563
[IFe 0210

Puc. 3 — Pe3yabTaThl KOPPEJSAIMOHHOT0 AHATU3A
Fig. 3 — Results of correlation analysis
MocTpoeHune HeMpoHe4YeTKON Mogenu

Ha ocHOBe MNOATOTOBJICHHBIX JaHHBIX MOCTPOCHA
HelipoHedeTkas Mojenb [35] B mMporpaMMHOM KOMILIEK-
ce «HeiipoHeuerkas cucrema (OpMUPOBAHUS HEYETKUX
MOJIeNiel OIIEHKH TUCKPETHOTO COCTOSIHHS OOBEKTOBY
[36]. Ota nporpamma ctpout HeueTkre mMomenu [37-39]
C WCHOJIb30BAaHUEM PEAM30BaHHOTO B HEil IreHeTH4e-
ckoro anropurma [40]. Anroput™ Mo3BOJISAET UTEPALHU-
OHHO HaCTpaWBaTh 3HAUCHUS IapaMeTPOB TPEYTrOJIBbHBIX
(GYHKOMI TPUHAIICKHOCTH B CTPYKTYpE HEYETKOI
HEHUPOHHOMU CEeTH.

Ha pucyske 4 npencraBiieH rpaduk ee 00ydeHUs.
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Puc. 4 - TI'pagux mnocTpoeHUus HeHPOHEUETKOM
MO/eJIH

Fig. 4 — Graph of construction of neuro-fuzzy model

ITo ocu opauHAT MOKa3zaHa TOYHOCTH KiIAacCH(HKa-
UM, a TI0 OCH alcIyce — YuciIo 00paboTaHHBIX Hapa-
METPOB, COOTBETCTBYIOIINX YUCIY HTEpAllMU aJrOPHT-
Mma oOyueHus. ['paduk xapakTepusyer TUHAMHKY H3Me-
HEHUSI TOYHOCTH KJacCH(UKAIUU AaHHBIX M3 00yuaro-
1ieit BEIOOPKH.

Bpemst mocTpoeHusi MOJENM COCTaBWIIO 6 MHHYT H
42 cexyHnmpl. 3a 3TO BpeMsl peajM30BaHO 6 MOJHBIX
IIUKJIOB OOydYeHHs] HeuyeTKkoW HeWpoHHOH cetn. Tou-
HOCTb KJIaCCH(HUKAaINU 00yJalomNX JaHHBIX COCTaBHIIa
93,62%, a TectoBbIX — 92,21%, YTO SIBJIAETCS XOPOLIUM
mokazaresneM 0000ImIaromel crmocoOHOCTH HeWpoHedeT-
KOH MOJIENH.
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3aknio4yeHue

Takum 00pa3oM, MOCTPOCHHAsI HEHpOHEYETKAass MO-
JIeNTb TI03BOJISICT MPOU3BOIUTH KiIacCU(UKAIUIO THUIIA
CTEKJIa C BBICOKOH CTEMEeHbI0 TOYHOCTH. JJ1s ee mocTpo-
€HUS TIOJrOTOBJIEHBI COOTBETCTBYIOIIME JaHHBIE. B x0-
Jie WX TOITOTOBKM BBIABJICHBI 3HAYMMBIC HapaMeTpHl,
3HAYCHUS KOTOPBIX SIBISIOTCS BaKHBIMHU JJISI MOJCIH-
poBanus. Takke W3 TaHHBIX UCKITIOYEHBI IIYMBI M JKC-
TpeMaJbHbIE 3HAa4YeHHA. Bce 3TO MO3BONMMIO AOCTHYB
LIEJIM HCCJIENOBAHUS, CBSI3aHHOM C aHAJIM30M BO3MOXK-
HOCTH IIPUMEHEHUSI HEMPOHEUETKUX MOJENEN B JaHHOU
MPEIMETHOM 00JIACTH.
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