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BUKOPUCTAHHSA “EJIEKTPOHHOI'O HOCY” IJIsA EKCITPECHOI'O
BUSABJIEHHS ®AJbCUPIKALIII KOBBACHUX BUPOBIB COEBUMU
IMPOAYKTAMU

Anomauyia. B cmammi po3ensioacmvca MONCIUBICIND GUKOPUCMAHHA “‘eleKMPOHH020 HOCY ™ O BUABTEHHS
Ganvcugixayii kosdacHux eupobie coesumu nPooykmamu. JJocaionceHo 8 CmamudhHux yMoeax 3MiHu AKICHO20 ma
KIIbKICHO20 CKA0Y JIEMKUX CNONYK 8APEHUX K0BOAC Ma COEBUX NPOOYKMIE NPOMsA2oM 30epieanHs Macugom n’e€30-
ceHcopis. 3anpononosano 3a KinemuuHumu ‘“‘@izyanvHumu iooumxamu’” ma “izyanvHumu giooumxamu” maxcu-
MATbHUX CUSHANIE NPOBOOUMU PAHICYBAHHS 3PA3KI6 (HAAGHICMb aD0 GIOCYMHICMb COEGUX NPOOYKMIG V 8aAPEHUX
kogbacax). ObpobaenHs napamempis n’c30K8apyYOB020 MIKPO36aNCYBAHHS NPOGOOUIU IMOGIDHICHOIO HEUpOHHOIO
Mepedicero. Aneopumm 06pobenHs niow ni0 XPOHOUACMOMOSPAMAMU CEMU CEHCOPI8 MACUBY 3 BUKOPUCTNAHHAM
IMOGIDHICHOI HEUPOHHOL MEPEICT MOICHA PEKOMEHOYBamu OISl HAOIIIHO20 GUSHAYEHHS 6MICILY COEBUX NPOOYKMIG Y
sapeHux KosbacHux eupobax. 3minu 2azoeoi gasu 6 npoyeci 3depicanis NPoOyKyYii 6YIU BPAXOBAHI 8 ANCOPUMMI
00po06NEeHHS IMOBIPHICHON HEUPOHHOK MEPENCETO.

KarouoBi cioBa: “eiekTpoHHWH Hic”, BapeHi KOBOACH, COEBHI 130T, (abCcU(iKaIlisi, JETKI CIIOIYKH,
“Bi3yasbHi BIAOUTKH’, IMOBIpHICHA HEHPOHHA Mepexa.
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“ELECTRONIC NOSE” FOR EXPRESS DETECTION OF
ADULTERATION OF COOKED SAUSAGES BY SOY PRODUCTS

Abstract. This paper reports the possibility of using an “electronic nose” for detection of soy products
adulteration in sausages. A system based on a quartz microbalance sensor array and static headspace sampling
was used for the injection of the volatile compounds coming from the sausages and soy products during the
storage. This paper presents a novel approach to ranking samples (presence or absence of soy products in cooked
sausages) by kinetic “visual fingerprints” and “visual fingerprints” of sensors peak signals. Data analysis was
performed by probabilistic neuronal network (PNN). The model for determining of soy products in sausages built
by means of probabilistic neuronal network gave a great classification performance by considering just the
intrinsic area under responses of seven sensors. Changes in the gas phase during storage were included in the
algorithm processing by probabilistic neural network.

Keywords: “electronic nose”, cooked sausages, Soy-protein isolate, adulteration, volatiles, “visual finger-
prints”, probabilistic neural network.
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IMocranoBka mpodaemn. B peuentypi BapeHux
KOBOACHUX BHpPOOIB BHINOTO COPTY, BIIMOBIAHO JO
crarmapty [1, c. 12], He TOBHMHHI MICTHTUCS COEBI
npoxyktu. KoBOacu HIKYMX COPTIB MOXKYTH MICTHTH
Bix 10 mo 20% coeBux mpoaykriB. Uepe3 BUCOKY Bap-
TICTb SIKICHOI M’SICHOI CHPOBHMHH, BHUKOPHUCTAaHHS He-
KOHJWIIITHOT CHPOBHHH, [UIS MOJINIICHHS PEONIOTITHUX
XapaKTepUCTHK Ta 3JCMIEBICHHS co0iBapTOCTI TOBapy
BHPOOHHK 3aMIHIOE M’SICHY CHPOBHHY CO€BHUMH IIPO-
IyKTaMH, MacKyIO9H 3aMiHy ITiACHIIOBaYaMHl CMaKy Ta
apomary. [Ipu 1IpoMy, B SKHX CITiBBiTHOIICHHSAX LiHHI
KOMIIOHEHTH CHPOBHHHU 3aMiHIOIOTHCS Ha MAJIOLiHHI,
BUPOOHHMKH HE BKa3yIOTh.

CoeBi npoayKTH (130JI51T, KOHIIEHTPAT), sSIKI HE Mic-
TATH y CBOEMY CKJIaJli KPOXMAJIO, 11€HTU(IKYIOTh Tic-
ToNMOTiYHUM MeToioM [2, ¢. 1-11], TIJIP-anamizom moc-
JIOBHOCTI mpomoTopa 35S, NMPUCYTHICTH SKOI CBiA-
YHUThH MPO HASBHICTh TEHETHYHOI Moaupikamii TeHOMYy
coi [3, c. 1-30], meTonom ernexrpodopesy [4, c. 1-12],
imyHOXpOMartorpadiuanM anamizoM [5]. Hemomikamu
OUX METOMIB € OararocTafiifHa MiATOTOBKa MpooOwH,
CKJIaJHE amapaTypHe o(OpPMIICHHS, KOIITOBHI PEaKkTH-
B a00 HEMOXIMBICTh BH3HAYEHHS MAacOBOTO BMICTy
CO€BUX KOMITOHEHTIB. BificyTHICTh ekcnpec-crnocobiB i
METOJIUK BUSBJICHHS Ta BU3HAYCHHS BMICTY COEBHX
MPOAYKTIB y M’SICHHX BHPOOaX POOHTH HEMOXKIUBUM
e(eKTUBHUH MOHITOPUHI PHHKY TOBapiB IpPOTArOM
YCBOTO IX )KUTTEBOTO LIUKITY.

AHaJii3 ocTaHHIX Aocaigxenb i myOaikanii. (s
BCTaHOBJICHHS IJICHTUYHOCTI Ta BiIMIHHOCTEH y CKiIami
Xap4YOBUX MPOAYKTIB IITUPOKO 3aCTOCOBYIOTHCS IHTE-
JIEKTYalbHI CHCTEMH 3 METOJOJIOTIE€I0 “‘elleKTPOHHHN
HIC”, “eNeKTPOHHUH sA3UK’. METOHONOTIS MUX CHCTEM
— iHTerpajbHa OIlIHKAa CKJIagy 00’€kTa aHamizy 0e3
MOTIEPEeIHHOT0 PO3/IICHHS CyMillli 3 BUKOPHCTAHHSIM
MacHBY CEHCODIB 13 MEPEeXPECHOI YYTIUBICTIO JI0
OKpPEMHX CTHOJYK ab0 KJ1aciB pEYOBHH.

Ha choromni ra3oaHamizaTopd 3 METOOJIOTIE0
“eNeKTPOHHMI HIC” OyJaH 3aCTOCOBaHI Ui aCOPTH-
MeHTHOI ineHTudikanii muaku [6, c. 418-422] ta mo-
XOJDKEHHS M’SICHOI CHPOBUHH (IudepeHmialis BUpoOiB
i3 i0epilicbkux cBUHEH Bin iHmmx)[7, c.279-287],
MOHITOPUHTY TEXHOJIOTIYHHX TPOIIECIiB, a caMe: BH3HA-
YEHHsI CTyNEHs B’SUIGHHA Ta IMICyBaHHS XaMOHY [8,
c. 537-540], o0’exTHBI3aIil OPraHOJENTHYHOI OIIHKU
M’SICHAX BHPOOIB, JOCIIKEHHsI BIUTUBY PEIENTYPHHUX
KoMOiHamiii Ha QopMmyBaHHA 3amaxy BHpOOy, BH3HA-
YeHHs [ICYBaHHsA KoBOacHUX BUpoOiB [9, c. 313-323],
OIIIHKH SKOCTI Ta 0€3MeYHOCTI M ICHOI CHPOBHHH (S1J10-
BUYWHHU, CBUHUHH, M’sica OBEIlb, M sica 1HAWYKH) ITiJ|
yac 30epiranHs B pi3Hux ymosax [10, c. 142-156; 11,
c. 99-103; 12, c. 381-389; 13, c. 1612-1618], B Tomy
qucii 3aMopoxeHoro M’sica [ 14, c. 78-84].

“EnexTpoHHHU Hic” Ha 06a3i MaTPUIl CETEKTUBHUX
JIO JIETKOJIETKUX CIIOJYK Xap4OBOTO IPOJIYKTY MOXKE
IU(epeHINIOBAaTH HAWMEHIII 3MIHU SKICHOTO Ta KiTb-
KICHOTO CKJIaay ra3oBoi (a3u MopiBHSAHO 3 0a3oro eTa-
JIOHHHUX 3pa3KiB. JI0 OCHOBHHX JIETKHX MapKepiB CO€-
BHX TIPOIYKTIB, 5Ki (hOpMYIOTH crenuidHui COE€BHU
3amax, BITHOCSTBCS: METAHTION, AUMETHITPUCYIb(I,
TeKCaHalb, |-TeKcaHo, 2-TeHTWIQypaH, 2-TeHTHIITY-
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piouH, 2,3-0ytaHmioH, l-okTeH-3-o1, TpaHc-2-4-1cKa-
Ji€Ha b, TpaHC-2-4-HOHAJIEHAb, TpPaHC-2-HOHCHAJb,
arierodenoH [15, c. 39-40; 16, c. 819-821]. Bimburicth
i3 KX CIIOJYK € MeTaboJIiTaMU MiKpOOpraHi3MiB, IpH-
TaMaHHHUX COEBUM mpoaykram [17, c. 1113-1124].

Tpeda 3ayBakuTH, 110 CBIXi COEBI MPOIYKTH, Ha-
BiTh HAWOINBII OYMWIIEHI, Taki SK KOHIEHTpPAT Ta i30-
JISIT, MICTATH ¥ CBOEMY CKJIaJli OKUCHEHI TpaHC-aJIbICTiaN,
SIKi YMHATH TOKCHYHY [if0 HA OpraHisM romuHH. [laHi
CTIoyKu OynW ineHTH(iKOBaHI B 3HAUYHMX KiIBKOCTAX B
okncHeHux onisix [18, ¢. 1093-1101], a Takox npucyTHi
B OKHCHEHHMX TBapHHHUX xwupax [19, c. 18-25]. V coe-
BUX TPOJYKTaxX TpaHC-aJIbJEri, HWMOBIPHO, YTBOPIO-
I0ThCA i1 4aC TEXHOJIOTIYHOTO OOpOOJIEHHSI CUPOBHHU
(cimpTOBOi, JTYXKHOI, COJNBOBOI EKCTPAaKIIii, KHCIOTHOT
MIPOMHUBKH, Tapsidoi MPOMHBKH Ta JeHaTypauil npoTeiny
toio) [20, ¢. 213-224].

IlocranoBKka 3aBaaHHsd. MeTa JOCHIIKEHHS: 10C-
JIATH CKIaa PiBHOBaXKHOI Ta3zoBoi (asm Hax Bape-
HUMH KOBOAacaMH Ta COEBUMH IPOIYKTAaMH, B TOMY
yuchi Mg 4Yac 30epiraHHs, i OIIHUTH MOJKJIHMBICTh
BHUSBIICHHS (anbcudikarii BapeHHX KoBOAC COEBHMHU
NPOJYKTaMHU 3a CHIHAJaMH Pi3HOCEIEKTHBHUX CEHCO-
PiB “€NEeKTPOHHOrO HOCY”’; OOIPYHTYBaTH BUKOPUCTAH-
Hsl eKCIIEpUMEHTAJbHUX MapameTpiB copOIiifHOi B3ae-
MOJI{ JIETKMX PEYOBHH 13 TOHKMMH ILTIBKAMH CEHCOPIB
3a pe3ysibTaTaMy I’€30KBapLIOBOTO MiKpPO3Ba)XKyBaHH:
Ui imeHTHdikamii KOBOACHUX BHPOOIB i3 BHKOPHC-
TaHHSAM IMOBIpHICHOI MITY4HOI HEHPOHHOI Mepexi
(Probabilistic neural network, PNN).

Bukiag oCHOBHOrO Martepiajny [IOCJIiIKeHHs.
JocmimkeHHs IPOBOIMIIN Ha aHami3aTopi rasis “MAI -
8” (TOB “CenTex”, M. BopoHek) 3a METOIOJIOTIE0
“m’e30eNeKTpOHHUN  HIic”. SIK copOuiliHI TOKPUTTS
1’ €30CEHCOpPIB 00paHi XxpomaTorpadiuni ¢as3u, pi3Hi 3a
TPUPOJIO0, CEJICKTHUBHI IO BiIHOIICHHIO 0 1HIUBI-
JQYaJIbHUX TECT-PEYOBHH Ta TPYI JIETKHX CIIOIYK CO€-
BUX Ta M’SICHUX IPOJYKTIB: MOJIETUJICHIIIKONb ceba-
muHat (PEGseb), momierunenriikons aguminat (PEGad),
nunukinorekcan-18-kpayn-6  (DCG18k6), tputon X-
100 (TX-100), momiermienriaikons 2000 (PEG-2000),
moiaueTieHrTikons cyknuHat (PDEGsuc), momiBi-
Himmiponigon (PVP).

JocmimkyBand THHAMIKY 3MiHH SIKICHOTO Ta KiJlb-
KICHOTO CKJIaJy PiBHOBaXXHOI ra3oBoi dazu (PT' D) nazg
MOJIETBHUMH 3pa3KaMu BapeHoi koBbacu “Jlikapchkoi”
BHIIOTO COpPTYy (B.C.) Ta CIEMiaJbHO BHTOTOBIICHHX
(danscudikariB i3 BMicTom coeBoro izossaty (CI) 10,
20, 30, 100 % mac. 3pa3ku 30epiraau 3a TeMIEpaTypu
20 + 1 °C mpotsarom 4 ni6. Binbupanu piBHOBaXkHi ma-
pu Haj cepenHiMu npobamu Macoro 5+ 0,1 r metonom
JUCKPETHOT Ta30BOI eKCTpakii KoxkHi 6 roi. Iumm-
BifyanbHEM mmpuueM BigGupamu 3 cm® PI'® 3 mpo6o-
BinGipHnKa 06’eMom 60 cM® Ta BBOHMIM B KOMIpKY
JETEKTyBaHHA “‘€IEKTPOHHOIO HOCY”, 4ac JETEKTyBaH-
HA — 60 c. B xoMmipmi AeTeKTyBaHHS JIETKI Hapu po3-
6aBstoThest B 60 pa3. B Takmx ymoBax IETEKTYIOTBCS
MIKpOKOHIIEHTpaIlii JeTkux pedoBuH y PI'®, macoma
YYTJIMBICTh II’€30KBapLIOBOTO MIKPO3BAKYBAaHHS IS



JIOCHIZPKYBAaHUX CHCTEM 3aJIMIIAETHCS TIOCTIHHOIO B
LIMPOKOMY Jiana3oHi po30aBiIeHHs.

B mporpamHomy 3abesneuenHi MAG-Soft peect-
pyBaJIM NapaMeTpu COpOMLii: Momli MiJ XpOHOYacTo-
TOrpaMaMi OJIMHUYHUX CEHCOPIB, sIKi BKa3ylOTh Ha
3aJIe)KHICTD 3MiHHM YaCTOTH KOJIUBAaHb 11" €30CEHCOPA Bij
gacy 3 KpOKOM peecTpamii | ¢ Ta po3ainbHOIO 37at-
HicTio 3a yactoToro 1 I'm (S;, ['m*c); MmakcuMabHi 3Mi-
HHU YacTOT KOJMBAaHHS KBapIOBUX IIACTHH Y PE3YJIb-
TaTi copbuii kommnoHeHTiB PI'® Hanm mocmimkyBaHuM
00’€KTOM Ha TOHKHX IUTiBKax cOpOeHTIB (AFyu, ['m);
KiHeTHYHI “Bi3yanbHi Binoutkwm” (BB), sxi ¢popmyroTs-
csl 3 OJJMHUYHMX BIITYKIB CEHCODIB y NMEBHUHA MOMEHT
4yacy, Ta MaKCUMajbHI “Bi3yasbHi BinOuTKH”, Qop-
MYIOThCS 32 MAaKCUMaJbHUMH CHT'HaJaMH CEHCOpIB, Ta
ix miom (S,,, I'i®). Bei BuKOpuCTOBYBaHI mapameTpu
Ta aHAJITUYHI CUTHAJIM TEpeBipeHl Ha CTaTHYHY Ha-
nivHicTs (P = 0,95, N = 3).

[ig gac amamizy ckmamy PI'® B mpomeci 36epi-
raHHs KOBOACHMX BHpPOOIB OTpUMATd MaKCHMAalbHI
(puc. 1) Ta kiHeTwuHi “Bi3yajbHi BinOuTKu” (puc. 2).
3a “Bi3yaJlbHUMH BiIOMTKaMK~’ OIIIHIOBAIN HasBHICTh
a00 BIJICYTHICTh CO€BHX KOMIIOHEHTIB y KOBOACHHX
BupoOGax. J{ist 301bIIeHHs iHPOPMAaTHBHOCTI CEHCOPIB
Ta HAOYHOCTI CyMapHOI MaTpHIl AaHUX BiIKIIOYMIN
YHIBEpCAJIbHUN TOJSIPHUN I1'€30CEHCOP 3 MOKPHUTTIM
PVP, siknil akTHBHO pearye Ha BOJIOTICTh KOBOACHHX
BUPOOIB.

3pasKa — CTYIiHb 1JICHTUYHOCTI, PO3PaXx0OBaHUH y MpOT-
pamHoMmy 3abe3neueHHi MAG-Soft Big 55 mo 65 %.
Jani 3pa3zku MaloTh cXoxy reomerpito BB 3 coeBnm
3paskoM 3 100 % BMicTOM coeBoro i3ossiTy. Busna-
YUTH TPUTHITH COEBOTO 130JTY, HounHao4du 3 20 %
3aMiHM M’SICHOI CUDOBUHH 32 “Bi3yaJIbHUM BiOMTKOM”
MaKkCHUMyMiB MOXJIMBO $K Yy CBDKIH mpomykmii
(puc.1, a), Tak i mig wac 3miam PI'® mpotsarom 30e-
piraHHs, a TaKOX y MPOAYKIii, MiKpOOiOIOTiYHI TOKa3-
HUKHU 5KOi 3a Mexamu HopMmu (puc. 1, 6). 'eomerpis
“Bi3yalbHOTO BigOWTKY” KOHTPOJBHOTO Ta (hanbCh-
(ikoBaHMX MOZIETHHUX 3pa3KiB CTAa€ OLIBII BUPAKECHOIO
MPOTATOM 30epiraHHs MpPOAYKLIl, a/pke 3a CyMapHUM
BMICTOM JIETKUX PEYOBHMH MOXKHA 3 BHUCOKUM CTYIICHEM
JIMCKPETHOCTI CITIIKYBaTH 3a nepebiroM MikpoOioIoriaHux
Ta XIMIYHHX peakiiil y npomykri [21, c. 7-22].

OcoOnuBocTi  B3a€MOJIl OKpPEMHX CIOIYyK i3
IUTiIBKAMH TIOKPHUTTIB CEHCOPIB OLTBIIOI0 MipOIO MPOSIB-
JSIOTHCA MPOTATOM cOpOIii B Yaci, BimoOpaxaroTbcs B
XpOHOYacTOTOrpaMax i, K HACHiJOK, HAa KiHCTHYHHUX
“BizyampHEX Bimourtkax” (puc. 2). KoBOacHi BmpoOH
XapaKTepU3yIOThCS IBUIKIUM PO3BUTKOM COPOLITl po-
Tairom 30 ¢ micns imkeknii PI® B xomipky merek-
TYBaHHS Ta MOJAJBIION, OB MOBITHHOK, HAKOIIH-
YqyBaJbHOI COPOI€I0 JIETKUX CIOJNYK CEHCOPaMH,
TOoMy KiHeTHuHHH BB mo0OynoBaHo i yacy akTUBHOT
copOuii.

] TS

Bapena xoBbaca Bapena xoBbaca

“Jlikapcbka” (10 mac.% CI)
B.C.
S.=1511 T S.=1371 I'?

THO TH M

Bapena xoBbaca
“Jlikapcpka”
B. C.
S,,=1500 '’

Bapena koBbaca
(10 mac.% CI)

S,.=1730 I'’®
0)

TS

Bapena xoBb6aca
(20 mac.% CI)

S,,=1649 I'

i

Bapena koBbaca
(20 mac.% CI)

S,.=1926 T'i?

Bapena xoBbaca CoeBuit 3pa3zox
(30 mac.% CI) (100 mac.% CI)

S,,=1891 I'’® S,,=1774 I'i?

Bapena xoBbaca
(30 mac.% CI)

CoeBuit 3pa3zox
(100 mac.% CI)

S,,=1944 T S,,=2258 I'ii®

Puc. 1. “BisyajbHi BiTOUTKH” MaKCHMAJILHUX CHTHAJIB MacHBY ceHcopiB y PI'® nax xoB6acHuMu BUpo6amMu Ha nmepury (a) Ta
4yeTBepTy (0) 100y 30epiranns 3a Tremneparypu 20 = 1 °C ta ix miomi

Bcranosneno, mo 3a ¢opmoro “BizyanbHHX Bin-
OMTKIB” MaKCHMyMiB HEMOJIHBO BHSBUTH IIPHUCYT-
HICTB CO€BOTO i30Ty Ha piBHI 10 % 3aMiHN M’SICHOIO
cupoBuHU. J{ms mpo6 3 20 ta 30 % coeBoro i30mATY
reoMeTpis “Bi3yaJbHOrO BiAOMTKY’ MaKCHUMaJIbHHUX
CHUTHANIB 3HAYHO BiAPI3HAETBCA BiJl KOHTPOJIHHOTO
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BcraHoBn€HO, 110 KOHTPOJIIBHUM 3pa3KaM BapeHOi
kxoBOacu “Jlikapchkoi” mpuTamMaHHi “Bi3yanbHi BiIOHWT-
K1~ 3 PO3ABOEHMMH TOCTPHUMH IIKAMH SK Yy HEpIIHH
JIeHb 30epiraHHs, KOJU MiKpOOiOJOoTiyHI MOKAa3HUKH B
Mexax HOpM (puc. 2, a), Tak i npu 3miHi PI'® mix gac
ncyBaHHS (puc. 2, 6). Lle HOSACHIOETBCS aKTHBHOIO



copOuiero aBox ceHcopiB i3 mokpurtsimu PDEGsuc ta
TX-100, Ha BiAMiHY BijJ iHIIMX CEHCOpiB MacuBy. Ilix
yac 30epiraHHs BiJKJIHMKH CEHCOpa 3 MOKpHUTTIM TX-
100 36inpLIyETHCS, HA BIIMIHY BiJl 3pa3KiB i3 3aMiHOIO
M’SICHOT CUPOBHHH Ha COEBHIA i30JaT. Binbin BUpasHO
IIe TIOMITHO B IOYaTKOBI MOMEHTH copOuii Ha 10, 12 ta
14 ¢ 3 momenty imxekmii PI'® B xoMipKy HeTexTy-
BaHHS.

BMICTY COEBOTO 130J14TYy: 1 Ki1ac — 3pa3ky BapeHOi KOB-
6acu “Jlikapcekoi” B. c., 2 kiac — 3pasku 3 10 mac. %
co€eBoOro i30iTy, 3 Kiac — 3pasku 3 20 mac. % CI, 4
xiac — 3pasku 3 30 % CI, 5 xknac — 3pasku 3 100 % coe-
BOTO 130JI4TY.

[epen TuM, SK ommCyBaTH KiNBKICHI JaHi, OLIHIO-
IOTh CTYHiHb HAOJMIKEHOCTI PO3MOAUTYy EKCIEepHUMEH-
TaJbHUX JaHUX O HOPMAJIBHOrO po3noxinay. Hopmans-

Bapena xoBbaca
“Jlikapchka” B.C.

Bapena xoBb6aca
(10 mac.% CI)

Bapena xoBbaca
(20 mac.% CI)

Bapena xoBbaca
(30 mac.% CI)

CoeBuil 3pa3ok
(100 mac.% CI)

Bapena xoBbGaca
“Jlikapcbka” B.c.

Bapena xoBbaca
(10 mac.% CI)
0)

Bapena xoBbaca
(20 mac.% CI)

Bapena xoBbaca
(30 mac.% CI)

CoeBuil 3pa3ok
(100 mac.% CI)

Puc. 2. Kinernuni “BizyaJibHi Bii0UTKH” KOBOACHHX BUPOOIB i3 pi3HUM BMiCTOM CO€BOIO i30Ty Ha nepuly (a) Ta yeTBepTy (0)
100y 30epiranHs

3pa3ku 3 MacoBHM BMICTOM cCO€BOTO i30isty 10,
20, 30 % maroTh mpuTaMaHHI coeBoMYy 3pasky 3 100 %
BmictoM CI ckoIleHi MiKH, IO IMOSCHIOETHCS CEJIeK-
TUBHICTIO ceHcopiB i3 mokputTsimu PDEGsuc, PEGseb
ta PEG-2000 1m0 JeTKWX CIOIYK MAapKepiB COEBHX
cronyk. CKOMIGHICTh IKIiB “Bi3yallbHUX BiIOWUTKIB”
cTae OUIBLI BMPA3HOKO IIiJ Yac IICyBaHHS KOBOACHHMX
BUPOOIB i3 COEBUM 130JI1TOM 32 paxyHOK 30iIbLICHHS
BiArykiB ceHcopa 3 mokpurtsiMm PDEGsuc. CrymiHb
IIGHTHYHOCTI MPo0 3a KIHETUYHUMHU “‘Bi3yaJIbHUMH
BigOuTKaMu” 3HaXOAUTHECA B Mexax 61-70 %.

BcraHoBneHO, 110 3a KiHETMYHUMH 0COOJIMBOC-
TAMHU COpPOIl JIETKUX CHOJIYK MapKepiB M SICHHUX Ta
CO€BHX MPOAYKTIB Ha TOHKHX IUTIBKAaX CEHCOPIB i3 IIe-
PEXPECHOI0 YYTJIMBICTIO MOXHA BUSIBUTH TPHUCYTHICTh
CO€BUX KOMITOHEHTIB Ha piBHI 10% 3a dopmoro KiHe-
THUYHOTO “Bi3yalIbHOTO BiIOMTKY .

Jnst BU3HA4YEHHS! BMICTY CO€BHUX KOMIIOHEHTIB Yy
BapeHHX KOBOACHMX BHpoOax Ta kiacuikamii 3pa3kiB
3a X O3HaKaMH BHKOPHCTOBYB&JIM INTYYHI HEHPOHHI
Mepexi, 1[0 XapaKTepU3yIThCs aJalTHBHOI apXiTeK-
TYpOIO Ta 3JaTHICTIO /0 HABYAHHSI.

Jls OLiHKM KUTbKiCHHX 3MiH y ckiaai PI'® min
Yac 3aMiHU M SICHOI CHDOBHUHH Ha COEBHH 130JI5IT 3aCTO-
COBYBAJIM MakCUMaJbHI CUTHAIN ceHCOPIiB (AF pay, ')
Ta TIUIOMI IIiJ XPOHOYACTOTOrpaMaMH CEHCOpiB
(S, T'r*c), sixi mpomopuiiiHi Maci pe4oBHH, aacopOyIo-
YMX Ha IDTIBKax 3a 4ac BUMiproBaHHs. JlociiuKyBaHHi
MacHB JIaHMX MICTHB 35 3pa3KiB BapeHHX KOBOACHHMX
BHpOOiB, MOAUIEHNX HAa 5 KiaciB (TPyI) 3ajJeKHO Bif

100

muil (FaycoBmif) po3mofin maHuUX € 00O0B’S3KOBOIO
YMOBOIO JJIsl BAKOPUCTaHHS ITapaMeTPUIHUX KPUTEPiiB
ta MeromiB. I1i HOpMaNEHUM PO3IMOIIIOM PO3YMIIOTh
CHUMETPHYHHH pO3MOAIT (OpMH [3BOHY, B SIKOMY
6m3pko 68 % Binpi3HAETHCS Bil cepeAHbOro apud-
METHYHOTO He OUTBIIe HiXK Ha OJIHE, a MpUOIu3HO 95 %
— He Oulpllle HDK Ha JIBa CTAHJAPTHUX BIJAXWICHHS B
KOXHY cTOpoHy. 3a kpurepiem Konmoroposa-Cwmip-
HOBa IUIOIII ITiJi XPOHOYACTOTOTPaMaMu CEHCOPIB S;
BIAINOBIJAI0OTh HOPMAJIbHOMY PpO3IMOJALTY [aHWX, Ha
BIZIMiIHY BiJ MAKCUMaJIbHUAX CHTHAIIB CEHCOPIB AF .
XapakTepHOIO PUCOI0 PO3MOALTY, BiIMIHHOTO BiJ HOp-
MaJIBHOTO, € HECHMETPHYHI MO BiJHOIIEHHIO 10 ce-
PEeIHBOTO 3HAYEHHS PO3IMOMALT 03HAaKH (“‘CKOIICHICTH”
a0o HasBHICTH, BOYCBHIb, 3HAYCHD, 1[0 BUOWBAIOTHCS
i3 3aranbHOI KapTuHU. Po3monin, BigMiHHHMK BiJ HOp-
MaJIHOTO, PUIHATO OITMCYBATH 3a JOMIOMOT0I0 Me/lia-
HU Ta IHTEpKBapTWIBLHOrO po3Mmaxy [22, c.59-61].
Hefiponni Mepexi BiTHOCATBCS IO METOMIB 00poOIIeH-
HS JIaHUX, JJISI SIKUX HE € KPUTHYHUM PO3HOALT JAaHHX,
BiZIMiHHHH BiJi HOPMJILHOTO.

s 06poOeHHsT 0araTOBUMiPHOTO MacHBY JaHUX
BiJI ceMU CEHCOPiB 3 MeTOIO ineHTHdiKallii kiaciB 3pas-
KiB 3aCTOCYB&JIM IMOBIpDHICHY HEHPOHHY MeEpexy
(Probabilistic neural network, PNN). dns peanizamii
ITOPUTMIB BUKOPHCTAIM NporpaMHuii nmaker Matlab
R2014b.

ImMoBipHicHA HelpOHHA Mepeka XapaKTepH3YEThCs
MPOCTOI0 aAPXITEKTYPOIO 1 3a0e3redye BUCOKY HaIiii-
HicTh Kiacupikamii 3paskiB  “3 HaBuaHHAM® [23,



c. 1318-1327]. Bximuuii map Mepexki HE BHKOHYE
PO3paxyHKiB i CIyrye Jjsi IpUHOMY Ta mepenadi BXij-
HHUX BEKTOPIB (JOCIIDKYBaHOTO MacHBY JTaHUX 13 CEMHU
CEHCOPIB) HACTYIMHOMY (IIPMXOBAaHOMY 200 IPOMIKHO-
My) mapy HeiipoHiB. KinbkicTh HEHpOHIB BXiJHOTO
HIapy BU3HAYAETHCS KUIBKICTIO ITapaMeTpiB copOuiiHo1
B3a€MO/Iii JIETKUX PEYOBHH i3 TOHKMMH IUTIBKAMH CEH-
COpiB 3a pe3yabTaTaMH I’ €30KBapPIIOBOTO MiKPO3BaXKYy-
BaHH:. [IpoMiKXHHI map HEHPOHIB MICTUTH IO OHOMY
HEHpPOHY U KOXHOTO 3pa3ka 3 HaBYAIBHOI BHOIPKH.
Buxinauit KOHKYpYIOUHMH [Iap MiCTHTH II'SITh HEHpO-
HiB, IO JOPIBHIOE KITBKOCTI KJIAaciB, Ha SIKi ITOIUTSITH
JIOCHIKYBaHUH MacuB JaHuX i3 35 3paskiB. KoHky-
PYIOUHI map miJpaxoBy€e iMOBIPHICTh HPUHAIEKHOCTI
BXIIHOTO BEKTOpa JI0 TOrO YH IHIIOTO Kjiacy. IMoBip-
HiCHa HEWpOHHA Mepeka Mae TPUXOBAaHMH Iap HeHpo-
HIB 13 paJiaIbHO-CUMETPUYHOIO (DYHKIII€I0 aKTUBALi:

2
\ _%“i Wi E
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F=e , (1)

ne X; — 4HCIOBi XapaKTepHCTHKH 00’€KTa (BXiz-
w,
KOe(QIIiEHTH HEUPOHIB, KINBKICTh SKUX BH3HAYAETHCS
KUTBKICTIO 3pa3KiB y HaBYambHiM BuOipmi. s peai-
3aii PNN HeoOXiZHO BHU3HAYUTH JIMIIE ONTHMAJbHE
3HaueHHs BiAXwieHHs ['aycoBoi ¢yHKLiI, a00 cTyneHs

HUIl BEKTOP), O - Bigxunenns ¢byHKil, — Barosi

3rapKyBanHs ( 0).

JociipKyBaHi MAaCHBH JaHHX BHIIAJKOBHM YHHOM
MOIUISIIA HAa HAaBYAIBHY Ta TECTOBY BHOIPKH pi3HOT
KUTbKOCTI 3paskiB. Ilin ontumampHHUM 00’€MOM HaB-
4arbHOI BUOIPKH PO3YMIITH TaKe YHCIIO 3pa3KiB, sSKe 3a-
oesneuyBano 100 % HnaniiiHicTh Kiacudikanii 3paskiB
tecroBoi BuOipku. Koedinienr T, % mnokasye, sika
YyacTKa 3pa3KiB BiJ| IX 3arajibHOTO YHCIIa 3HAXOAUTHCS B
HaBYAJIbHINA BUOIPII:

T-H

-100 %
: @
Je M — zaranbHe 4ucio 3paskiB, H — umcio 3paskiB
HaBYAJTLHOT BUOIPKH.
B po6oti HeHajiiHicTh Kiacudikauii OuiHIOBAIN
SIK YacTKy HENpPaBWIBHO KJIaCH(pIKOBaHHUX 3pa3KiB
TECTOBOI BHOIPKH:

P="".100 %
N ®3)
Jie N — YNCII0 HENPaBWILHO KiIacH(]iKOBaHMX 3pa3-
KiB TecToBOi Bubipku, N — 3arajbHe YuciIo 3pa3KiB Tec-
ToBoi Bubipku. Haniitnicts (Reliability) kiacugikarii:

Reliabilit y =100 -P

Hani ming HeHanifHicTIO KIacu(ikamii po3yMieTbes
cepeIHe 3HAYEHHS HEHaAIHHOCTI Kiacudikamii s
TPBHOX PI3HHUX ITap HABYAJIHHOI Ta TECTOBOI BUOIpOK.

s anexBaTHOI imeHTHIKaIii 3pa3KiB BapeHUX
KoBOAc 13 BHUKOPHUCTAHHSM IUIOINI TiJ XPOHOYACTOTO-
rpaMaM¥ pPi3HOCEIEKTHBHUX CEHCOPIB Sj, 3HaUYCHHSIM
SIKUX MNpPUTAMAHHUN BEJIMKUN pPO3Max, MHONEPEeIHbO
MIPOBO/MIIM aBTOMACIITa0HE NEPETBOPEHHS JaHHX:

norm Xi _)_(
i YR
S€_

(5)
Xnorm

e ! — 0e3po3MipHe 3HAYEHHS XapaKTepHC-
THKH IS i-TO 3pa3ka, OTpUMaHe BHACIIIOK aBTOMACIII-

TaOHOTO TIEPETBOPEHHS, X; — BUXiJHE 3HAUCHHS Xapak-

1=12,..,N,

TEPUCTHKM JUISl i-r0 3paska, X — cepeiHe 3HaYeHHs
XapaKTepUCTHKH B 3pa3kaxX, S(X) — CTaHAapTHE BiA-
XWJICHHS 3HAUCHb XapaKTePUCTHKHU B 3pa3kax, N — dnc-
JI0 3pas3KiB.

OTtpumaHi pe3yibTaTH MPEICTABICHO Y TaOIHNII.

Tabauys

Pesyabrarn inenTudikanii 3paskis BapeHux xosdac 3a
J0TIOMOI0I0 NapaMeTpiB “eJIeKTPOHHOI0 HOcy” Ta
iMoBipHicHOY HeiipoHHOI Mepe:ki

Binxunenns ifini
HapaMet'pn T % a P % HaullngTb,
copouii Pynrmii o %o
AF rax cEMHI 77 0,3-1,0 25 75
CEHCOpiB
MaCHBY (2 3pazka)
Sicemu 83 05-09 0 100
CEHCOpiB
MacuBy
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BcraHoBneHO, 1110 Y BHIIAJIKy BHKOPUCTAHHS IS
imeHTH(iIKAIl 3pa3KiB MAKCHMAIBHUX CHUTHATIB (AF )
BiJI CEMHU CEHCOPIB MacuBYy HaJiiHICTh Kiacu(ikarii
craHoBUTb 75 %, PNN He po3piznse 3pasku 3 20 % Ta
30 % coeBoOro i30JATy, MO € JOMYCTUMHM ISl BUSB-
neHHs Qanmscudikaimii BapeHOI KOBOAacH B. C., alle HE
PO3B’s13y€ 3a7ady BU3HAUCHHS BMICTY COEBOTO i30JISTY
B BapeHHX KoBOacax 3 copty (20 % 3amiHnm M’sicHOI
CHPOBHHH Ha CO€BI MpOIyKTH) Ta (aipcudikoBaHiit
HPOIYKIII.

BukopucranHsi wiony Mmiji XpoOHOYacTOTOrpaMaMH
KOXKHOTO 3 CEMH CEHCOPIB MAacHBY JacThb 3MOTY Ha-
JIifHO ieHTH(IKyBaTH 3pa3Ku KOBOACHMX BHpPOOIB Ta
BU3HAYUTH BMICT COEBUX NPOJAYKTIB Y BapeHHX KOBOa-
cax.

BucHOBKM i mepcneKTUBM NOAAJBLIINX J0CJTiA-
JKeHb y AaHoMy Hampsimi. Po3pobineno croci6 exc-
IIPECHOTO BUSBJICHHS (anbcuikalii BapeHnx KoBOac-
HUX BHUPOOIB COEBMMH TPOAYKTAMH 3a OCHOBHHMH
rmapaMeTpaMHu COpOIifHOT B3a€EMOJIl JETKUX PEYOBHH
13 TOHKMMH TITIBKAMH CEHCOPIB “‘©IEKTPOHHOTO HOCY”’
3a pe3ysibTaTaMy I’ €30KBApIIOBOr0 MIKPO3BaXKYBaHHSI.
3anpornoHoBaHo 3a “Bi3yaJbHUMHU BiIOMTKaMK~ CHUTHA-
7B “@JeKTPOHHOT0 HOCY~ TPOBOAWTH pPaH)XyBAaHHS
npo0 Ha JIBi TPyIH, B SIKAX HasBHI a00 BiACYTHI COEBI
KOMITOHEHTH y BapeHHX KoBOacax, 32 MaKCHMaJIbHUMHU
“Bi3yanpHMMH BinOuTKamu” Ha piBHI 20% 3amiHM
M’SCHOI CHPOBHMHH, 32 KiHCTHYHUMH ‘‘Bi3yaJIbHUMHU
BinOuTkamMu” — nouynHaroyu 3 10% 3aminn M’ICHOI CH-
POBUHH.




3acTocyBaHHs IMOBIpHICHOI HEHpOHHOI Mepexi
Juisl 00OpOOJIeHHs KiJBbKICHUX IMapaMeTpiB “‘€lIeKTpOH-
HOTO HOCY” Ja€ 3MOTY MakCHMaJbHO AH(EepeHIIIOBaTH
mpobu 3a KiracaMu. AJITOPUTM OOpPOOIEHHS IUIOINI ITif
XPOHOYACTOTOTpaMaMK CEMH CEHCOPIB MacuBY 3 BHKO-
pUCTaHHAM IMOBIpHICHOI HEHPOHHOI Mepexi MO)KHa
PEKOMEHIyBaTH Uil BU3HAYCHHS BMICTY COEBHUX IpO-
IyKTiB y BapeHHMX KOBOACHWX BHPOOaX MPOTATOM
BCBHOT'O JKUTTEBOT'O LIUKITY TOBapy.

B mopanpmumx IOCHIiKEHHAX IUIAHYETHCS MIPOBEC-
TH XpomaTtorpadiyHuii Ta XpoMaTro-Mac-CIIEKTPOMET-
puuHHUil aHami3 razoBoi (asm BapeHHX KoBOac Ta
CO€BHUX MPOAYKTIB Yy IpoIIeci 30epiranus.
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