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OUIHKA AKOCTI CEHCOPA HA OCHOBI ABULLA NOBEPXHEBOIO
NJIASMOHHOIO PESOHAHCY I3 3AXUCHAM HAHOLWWAPOM
oKCcnay UMHKY 3A METOAUKOIO HEYITKOI JIOI'IKM

SIBuIIE TOBEPXHEBOTO MJIA3MOHHOTO PE30HAHCY IIMPOKO 3aCTOCOBYIOTH JJIsi BUBYCHHS O10JOTIUHUX, XIMIYHUX
Ta (HI3MYHUX MPOLECIB, AKI BHHUKAIOTH HA TPAHUIl MeTal-IieJeKTprK. BOHO 3acHOBaHE Ha PE30HAHCHUX KOJHMBAHHSIX
€JIEKTPOHIB Tpu 30y/KEHHI MOBEPXHEBOTO IUIa3MOHY Ha PE30HAHCHIM YacTOTI 30BHINIHBOIO EJIEKTPOMATrHITHOIO
xBusiero. UytnuBuii enement [II1P-cencopa ckiamaeTrbest 3 TOHKOI TUIACTMHKU 3 ONTUYHOTO CKJla, HA SIKYy HaHECEHUH
aJre3uBHUM map XpoMy TOBIIMHOIO 5 HM Ta YyTJIMBHH IIap 30i10Ta ToBIIMHOIO 50 HM. HaHormmap 30510Ta HAHOCUTHCS
IUIAXOM BaKyyMHOTO pO3MWICHHS. [Ipy mbOMy HECSATh CKISHHUX IUIACTHHOK PO3MIIIYIOTHCS HAa CTOJHKY YCTaHOBKU
BVTI-5M, 3070T0 pO3MIIIOETHCS 3 MillleHI KOHycoM. Yepes Iie TOBIIMHA IUTIBKH 30J10Ta 3MIHIOETHCS B MeXax 1-2 HM
JUIsl PI3HUX CEHCOpIB HaBiTh 3 oxHiei maprtii. Taka pi3HMLS B TOBIIMHI YyTJIMBOIO LIAPy CHPHYMHAE 3CYB MIHIMyMY
KPHUBOi MOBEPXHEBOIO IUIA3MOHHOTO pe3oHaHCy. UyTIMBHUII map 3070Ta HECTIMKUIl 1 Jerpaaye Mpu JOBTOTPHBATIHX
OCTIJKCHHAX PiIMH a00 CYCIEeH3iH, M0 MPHU3BOIAUTH J0 HEOOXITHOCTI 3aMiHM CEHCOpa B IPOIECi TOCIIIKCHHS 1
BUHUKHCHHS JTOJATKOBUX MOXUOOK, OOYMOBJICHMX PI3HOIO TOBIIUHOK YyTIHUBOro mapy. CyTT€BO Kpamuidl pe3yabTar
30UIBIICHHS YYTJIMBOCTI B 1,5 pa3u Ta 3MEHIICHHS MOXUOKH B JIECATKH Pa3iB JOCATAETHCS HAHCCCHHSM JIOJATKOBOTO
3aXHCHOTO 30JIb-TeJIb MIapy OKCHAY IIMHKY 3a paxyHOK pekopaHoro 3MeHmeHHs (£=0,005%) BHyTpilIHIX HAIPY>KEHb B
mapi 30J10Ta Ta 3MEHIICHHS HIOPCTKOCTI IOBEPXHEBOIO HIapy. 3a 0OMEXEHOIO KUIBKICTIO BHUTOTOBJIEHHX 3pasKiB i3
3aXMCHUM IIIApOM Ta TPOBEJACHUX EKCIIEPUMEHTAILHUX BUMIPIOBaHbh MOXKHA OIIIHUTH TakKi CEHCOPM Ha OCHOBI
HEYITKOTO MOJEIIOBaHHA. B mili poOoTi Oyno OIiHEHO €(QEeKTHUBHICTh YIOCKOHAJIEHOTO CEHCOpa Ha OCHOBI SIBUIINA
MTOBEPXHEBOTO TUIA3MOHHOTO PE30HAHCY i3 3aXMCHUM HAaHOIIAPOM OKCHIY IIHKY 32 METOJUKOIO HEUIiTKOI JIOTIKH.

BuxopuctaHHsa 3aXHCHOI 307Ib-TeNIb HAHOIUIIBKY OKCHAY IWHKY TOBIIMHOIO 5 HM MPHU3BOIUTH J0 MOXKIHBOCTI
oTpuMaTtu skicHo kpamuii cercop IIITP. HeuwiTka yiorika Ta HEUYiTKE MOJICIIOBAHHS € OJHUM 3 HaWMOIIUPEHIIINX
METOZIB JJIs BU3HAUCHHS IOMHJIOK Ta THIy NMOMWIOK y DPI3HHX cHCTeMax. Taka cxema € JOCTaTHhO JIOTi9HOK0 Ta
3a0e3mneuye 3pyYHHUl METOJl 3iCTABJIICHHS BXOAY 3 BHXOJOM 32 JIOTIOMOTOIO JIIHIBICTUYHHUX TpPaBWI, c)OPMOBAHUX HA
OCHOBI JIFOJICBKOTO pPO3yMiHHS (IJaHUX EKCIIEPTiB), a HE TUIPKM MAaTEeMAaTUYHUX Mopeneil. HediTka norika Mosxe
MOEHYBATH NaHI Pi3HUX MIarHOCTHYHHMX TECTIB 1 MPAKTUYHI 3HAHHS CKCHCPTIB 3 MPOBEICHHS JiarHOCTUKU. HewiTke
MOJICJTFOBAHHS JTO3BOJIIJIO OLIHUTH MOKPAIICHHS CYKYITHOCTI €KCIUTyaTaliiHUX MapaMeTpiB CeHcopa Y MOMaTKoOBi 24,9
0aiB BiTHOCHO KOHTPOJIHOTO 3pa3ka 3a CTOOAJNLHOK INKAJIOK OI[IHIOBAHHS, a caMe: KOCQIIl€HT SKOCTI CeHcopa
nigBuIeHo 3 50 s TpaguniitHoro cencopa a0 74,9 6aiiB Ui yAOCKOHAICHOTO 3aXUCHUM HAHOIIAPOM OKCHUY IIHHKY
IIPH MOXKJINBOMY MaKCUMaJILHOMY 3Ha4eHHi 85,4 Oaiu s «iJleaTbHOTO» CEHCOopa.

Ku1104oBi c10Ba: TOBepXHEBHIA MJIA3MOHHHIA PE30HAHC, OKCHUJT IIMHKY, HEUITKA JIOTiKa, 30JIb-Te€JIb TEXHOJIOT1s1.

SIBUILlE NMOBEPXHEBOIO IUIA3MOHHOIO PE30HAHCY ILIMPOKO 3aCTOCOBYIOTh JJIsl BUBUCHHS
010JIOTIYHMX, XIMIYHUX Ta (PI3UUHUX MPOIIECIB, SKI BUHUKAIOTh HAa TPaHMII MeTaj-aiesnekTpuk [1].
BoHo 3acHOBaHe Ha pE30HAHCHUX KOJWBAHHSX EJICKTPOHIB MpU 30y/HKEHHI IOBEPXHEBOTO
IUIA3MOHY HAa PE30HAHCHIA YacTOTi 30BHIIIHBOIO €JIEKTPOMArHiTHOw xBuieo [2]. YyrnuBuid
enement IIITP-cencopa cknagaeTbest 3 TOHKOI IUIACTUHKHM 3 ONTUYHOTO CKJia, Ha SIKY HAaHECEHUU
aAre3VBHMI IIap XpoMy TOBLUIMHOIO 5 HM Ta YyTIMBUM map 3o0j0Ta ToBHIMHOIO 50 HM [3].
Hanomap 30510Ta HaHOCHUTBCSI IIISIXOM BaKyyMHOro HaHeceHHs. IIpu nmpomy gecarh CKISHUX
IUTACTUHOK PO3MILIYIOTBCS Ha CTONMKY ycTaHOBKH BYII-5M, 30510TO pO3NMIIOETHCS 3 MIIIEHI
KoHycoM. Yepe3 1€ TOBIIMHA TUTIBKA 3MIHIOETHCS B MeXax 1-2 HM I pi3HHX 3pa3KiB HaBITh 3
onuiei maptii. Taka pi3HMLA B TOBIIMHI YYTJIUBOTO IIApy CIPUYUHIE 3CYB MIHIMyMY KpPHUBOI
MMOBEPXHEBOTO IUIA3MOHHOTO pe30HaHCy. UyTnuBuWil map 300Ta HECTIHKMA 1 Jerpaaye mpu
JOBIOTPUBAIMX JOCTIDKCHHSAX DPITUH a00 CyCHeHsii, 0 MpU3BOAUTH JO HEOOXiIHOCTI 3aMiHU
CEHCOpa B MpOIECl MOCTIDKCHHS 1 BUHUKHEHHS OJAATKOBUX IMOXHMOOK, OOYMOBJICHHX PI3HOIO
TOBILMHOIO YyTIMBOro mapy. CyTTeBo Kpammid pe3yibTar 30UIbIICHHS YyTIMBOCTI B 1,5 pa3u Ta
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3MEHIICHHS TTOXUOKHU B JIECATKH pa3iB JOCATAETHCS HAHECEHHSM J0AaTKOBOT'O 3aXHCHOTO 30JIb-TeJlb
iapy OKCHAY IMHKY 3a paxyHOK pekopaHoro 3MeHiieHHs (€=0,005%) BHYTpIIIHIX HANpyXEeHb B
mapi 30J10Ta, 3MEHIICHHS HIOPCTKOCTI MOBEPXHEBOTO MIApy Ta MiJABMIICHHSA CTIMKOCTI J0 3HOCY
HaBITh B YMOBaX CyXOI'o TepPTsl OAaBOBHSHOIO CEPBETKOIO [4,5].

3a 00MEXEHOI0 KITBbKICTIO BHUTOTOBJIEHHX 3pa3KiB 13 3aXMCHHM IIapOM Ta IPOBEICHHUX
EKCIICPUMEHTAJIbHUX BHUMIPIOBaHb MOXHA OIIIHUTH TaKi CEHCOPHM HAa OCHOBI HEYITKOTO
MojieTroBaHHs. HediTke MoenoBaHHs — 1€ MiXiJ 0 MOJCIIOBaHHSI, SKHi BUKOPHCTOBYE TEOPiIO
HEYITKMX MHOXWH, 00 YIOpaTHCs 3 HEBU3HAYCHICTIO Ta HEUITKICTIO 1H(OpMaIlii, KOJIH KIaCHYHI
JOTiYHI METOAM BHABISAIOTHCS HemocTaTHIMU [6]. Metoto poGotu Oyna oOIiHKAa SKOCTI
YIIOCKOHAJICHOTO CEHCOpa Ha OCHOBI SIBHINA TIOBEPXHEBOTO IJIA3MOHHOTO PE30HAHCY i3 3aXHCHUM
HAHOIIAPOM OKCHJY IIMHKY 32 METOJUKOIO HEUITKO JIOTIKH.

HeudiTke MoemoBaHHSI B YMOBaxX HEBEIMKOI CTATHCTUYHOI BHOIPKH JTO3BOJISIE CTBOPIOBATH
mrTydHi HewiTki HedpoHHi Mepexi (ANFIS), B SKuX MOMXIJIMBO MPOTHO3YBATH IapameTpu
CTBOPIOBAaHMX HaHOMaTepiams [7].

HeuiTke MopemtoBaHHS [103BOJISIE OTPUMYBATH KOMIUIEKCHY EKCIEPTHY OajbHYy OIIHKY
00’€KTa MOCTIDKCHHs] TPH HASBHOCTI KUIBKOX BXIAHHX (AKTOpiB 13 PI3HUMU BEIMYHHAMHU
BUMiproBaHHA. [IpH 11bOMY BHUXiJHY OILIIHKY 3a3BUYall OTPUMYIOTh B YMOBaX Majoi BUOIPKH, 110 HE
J03BOJISIE OE3MOCEPEAHBO 3aCTOCYBATH METOIM MaTEMATUYHOT CTATUCTHKH.

HeuiTki Mojeni 3acTOCOBYIOTH TIpM TMOPIBHSJIBHOMY aHali3i HaHOMAaTepiamliB, sKi
OTPUMYIOTh 3a PI3HUMH TEXHOJOTIYHUMH yMOBaMU. B poOoTi [8] oTpuMaHO pEeUTHHTOBI OIlIHKH
JUI MarHiTHUX HaHOMATepialliB B MeXaxX HEYiTKOi MOJeNi i3 I’ aTbMa BXigHUMH mapamerpamu. Lli
HaHOMaTepianu OyJau OTpUMaHl 3 METOIO BH3HAYCHHS ONTHMAJIBLHOTO TEXHOJIOTIYHOTO JIAHITIOXKKA
TUTsi BUPOOHUIITBA.

B pobGoti [9] HaHOMaTepianu OIHIOIOTh HEYITKUM MOJICTIOBAaHHAM 3a (I3UYHUMU
napaMeTrpamu ONTUYHHX, XIMIYHUX, MEXaHIYHUX, CIICKTPUIHUX, MATHITHUX BIIACTUBOCTEH.

HeuiTka Momenb Hajgae MOPSAKOBUNA HOMEpP y PEHTHHTY, IO JOCTAaTHHO ISl CTBOPEHHS
MOPIBHSUIBHOTO PSiy, IPOTE HE JI03BOJISIE BU3HAUNTH KOHKPETHY BEIMYHUHY, SIKa BiIPi3HSAE OLIHKY
OJIHOTO MaTepiajy BiJ 1HIIOTO.

2.METOJUKA OHIHIOBAHHA AKOCTI IIITP-CEHCOPA

PosrasiHeMo HEYITKy MOJENb SKOCTI HAHOIUTIBKM OKCHY IIMHKY JJIsi CEHCOpa Ha OCHOBI
MOBEPXHEBOTO I1a3MOHHOTr0 pe3onancy (I1I1P).
[Ipu cTBOpeHHI HEWITKOT MojIesl HaHOTUTIBKMA ZnO BU3HAYAEMO TPH BX1THI HEUITKI (QYHKIIII:
- Ftr (Transparency Factor) — koedimieHT mpo30pocTi;
- Limsr (Level of internal mechanical stresses reduction) — piBeHb pPO3BaHTAXKCHHS
BHYTPILIHIX MEXaHIYHUX HAIPY>KEHB;
- Lst (Level of Stability) — piBeHb CTIiiKOCTI ceHCOpa.

Jns koedimienta mposopocti Ftr miama3on 3Hadenp npusHauaemo Bif 0,7 (ue Tumosa
BEJIMYMHA I KOe(illi€eHTa TPO30POCTI MIKPOIUTIBOK OKCHUTY IIMHKY, B3ATO 3 IOBITHUKA) 110 1.

PiBeHp pO3BaHTa)KEHHsSI BHYTPIIIHIX MEXaHIYHMX HaNpyKeHb Limsr moka3ye, B CKUIbKU
JecATKiB a00 COTeHb pa3 3MEHINYETHhCS BEIMYMHA HATNPY)KeHb. TOMY TYyT, BUXOISYH 3 MacumTaldy
3MIHHO{, JIOIIILHO BUKOPUCTATHU JlorapuMiyHy mikany B aiana3zosi Bifg 0 geumben no 30 nermben
(3mMenmenHs HanpyxeHb B 1000 pas3).

s TpeThoi HeuiTKoi BXiJHOI 3MiHHOT — piBHS cTiiikocTi ITITP-cencopa Lst — Tex A0minbHO
3acTocyBaTtd JiorapudMivuHy Mmikamy B aiama3oHi Bim 0 menwmGen (OgHOKpaTHE BUKOPHCTAHHS
cercopa) 10 15 neruben (30-kpaTHe BUKOPUCTAHHS).

Koxna 13 BXigHMX GYHKIIA Mae mo Tpu HewiTkux (yHkmii HamexHocTi (Membership
Functions) i3 TakumMu Ha3BaMu (JIHTBICTHYHUMU TEPMaMH ):

- sufficient («gocTaTHBOY);
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- good («mobpe»);

- best («Haiikparmie»).

Heuitki QyHKIIIT HaeKHOCTI MOIUISIOTH Jiala30H KOKHOI 13 BXITHUX (YHKIINA HA TPH piBHI
YJaCTHHHU.

IIpu cTBOpeHHI HewiTKOi Mozeni BukopucTaHo anroputM Mampmani [10]. dns BXimHMX
(GyHKIIM HAIEKHOCTI 3aCTOCOBaHO ['aycoBy (hopMy CTAaTUCTHYHOTO PO3MOALTY, a JUIsl BUXITHUX —
TpUKYTHY ¢opmy. KinbKicTb mpaBui HEYITKOrO BUBEIEeHH (0a3a HEUITKUX 3HAHb) AOPIBHIOE 27.

Oninka epeKTUBHOCTI HAHOTUTIBKM Mae fiana3oH Bix 0 6amiB o 100 Gamis. JliHrBicTuuHi
TEPMHU BUXOAY TaKi:

- low («HU3BKHITY);

- average («cepenHiiy);

- high («Bucokwuii»).

Buxin mae na3zBy SensQI (Sensors Quality Index) — «KoedimieHnTt sikocti ceHcopay. Yum
BuMM € 3HaueHHs SensQl, Tum kpammm € [TTTP-cencop 13 HaHECEHOO 101aTKOBOIO HAHO-TTIBKOIO
OKCHUJy IIUHKY.

Heuitky Monens 00’exkTa ouiHioBaHHS po3podwmn B makeri MATLAB 2016 (B momymi
KOHCTpPYKTOpa HewiTkuX Mozenei — FuzzyLogicToolBox).

[IpoexT otpumas Ha3By “SensorQuality-1”. CTpyKkTypy Mozeni HaBEAEHO Yy MEpIIOMY BiKHI
penakTopa HeuiTKoi Joriku (puc.1).

Fuzzy Logic Designer: SensorCuality-1

File Edit View

H Fir \
; : .; SensorQuality-1
 _— (mamdani)
Limsr /
| =t
FIS Name: Sensoriuality-1 FIS Type: mamdani
3 .
| And method - e Current Variable
Or method max « R Sensal
T utput
implication = - DI .
Range [0 100]
Aggregation e e
Defuzzification centroid = Help Close

Puc.1. Ctpykrypa HediTKOI MOZEi IKOCTI HAaHOCEHCOopa.

Ha puc.2 HaBeneHO peparyBaHHs HeUiTKHX (QyHKLIN HaneKHOCTI nepiioro Bxoxy — “Ftr”.
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Membership Function Editor: SensorCuality-1

File Edit View
5 ° lot points:
FIS Variablas Membership function plots “** ™ 181
sufficent good best
X
N
Fir SensQl
0.5
Lst =
0 0.75 0.8 0.B5 0.9 0.95 1
input vanable "Fir*
Current Variable Current Membership Function (click on MF to select)
Name Fitr Name
Type input Type trimf
Params
Range 0.71]
s [0.7 11 Help | Close

Puc.2.Bxinna ¢pynkuis “Ftr” mewitkoi mogeni “SensorQuality-17.

Buxinni ¢pyHKII{ HaTeKHOCTI MOKa3aHO Ha puc.3.

Membership Function Editor: SensorCuality-1

File Edit View
il Members hip function plots ®°' "= 181
low average high
XY
Ftr SensQil
—XX 0.5
Limsr
Lst "
0 0 20 30 40 50 60 70 80 90 100
outout variable "SensQ|[”
Current Wariable Current Membership Function {click on MF to select)
Mame Sensl Mame lowy
Type output Type trimf v
Params 40 0 40
Range [0 100] [ :
Dizplay Range [0 100] Help Close

Puc. 3. Buxiani ¢pyHKIii HaIEKHOCTI.
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Ha puc.4 nHaBemeHo mpaBuiIa HEYITKOTO BUBEACHHS (0a3u HEUWiTKMX 3HaHb). [IpaBuia
HEYITKOTO BUBEJICHHS € CHUMETPUYHHMH BITHOCHO YyCiX TPbOX BXOIB 1 MoOymoBaHi B 0aswuci
C‘AND’7.

Rule Editor: SensorCuality-1

File Edit Wiew Options

1. If (Fir is sufficent) and (Limsr is sufficent) and (Lst is sufficent) then (Sensill is low) (1)

2. If (Ftr is sufficent) and (Limzr is sufficent) and (Lst is good) then (SensQl is low) (1}

3. If (Ftr iz sufficent) and (Limsr iz sufficent) and (L=t iz best) then (Sensll iz average) (1)

4. If (Fir is sufficent) and (Limsr is good) and (Lst is sufficent) then (SensQlis low) (1)

5. If (Ftr is sufficent) and (Limsr is good) and (Lst is good) then (SensQl is average) (1)

G. If (Ftr is sufficent) and (Limsr is good) and (Lst is best) then (SensQl iz average) (1)

7. If (Ftr is sufficent) and (Limsr is best) and (Lst iz sufficent) then (SensQl iz average) (1)

2. If (Ftr iz sufficent) and (Limsr iz best) and (Lst i= good) then (SensQl iz average) (1}

9. If (Ftr is sufficent) and (Limsr iz best) and (Lst is best) then (SensQlis high) (1)

10, If (Ftr iz good) and (Limsr iz sufficent) and (Lst is sufficent) then (SensQlis low) (1) ¥

and

W W
[ ] not [ | not
1l - connection Weight:
() or
(® and 1 Delterule | Addrule | Change rue | =] =]
FIS Name: SensorQuality-1 ‘ | Hep |  Close |

Puc.4. IlpaBuna HEUiTKOTO BUBEACHHS MPOEKTY “SensorQuality-17.

PesynbraT MoenfOBaHHS BUBOJSTH B IBOX (hopMax:

-y popmi nepepizy BuxinHoi GyHKIT (OTPUMYIOTh IIOBEPXHIO PIIICHB);

-y hopmi 4HCIIOBOTO OIIHIOBAaHHS B 0ajnax, MpH I[bOMY BX1JIHI TapaMeTpu MOJIEII 3a/1af0Th B
TabyuIli abo 3a JOIOMOTOK IBHKKIB.

Ha puc.5 naBeneno moBepxHio pimieHb B kKoopauHatax Ftr, Limsr. 3minna Lst mae mpu
[OMY CepeIUHHE 3HAYCHHS TS niana3zony [0 ... 15]— 7,5 nb.
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Surface Viewer: SensorQuality-1

File Edit View Options

SensCl

08
Limsr o o7 Fir

X (input): Ftr « Y (input): Limsr v Z (output): Sensql ~

X grids: 15 Y grids:

iy
n
m
)
=
]
i

Ref. Input: [NaN Nah 7.5] Plot points: 44 Help | Close

Puc.5.TToBepxHs pimeHs B koopanHarax Ftr, Limsr.

[ToBepxHs pimieHb HAOIMKEHA 10 TaKo1 POpMH, sIKa € BCIOAM OMYKJIOK0 (puc.5), 1o
CBITYUTH TIPO BIICYTHICTh TPYOUX MMOMUJIOK y MPaBHJIaX HEYITKOTO BUBEICHHS.

Taxox Oyso ouiHeHO MiHIMalIbHE (pHC.6) Ta MaKCUMalbHE (pUC.7) 3HAUEHHS 1HJIEKCY SKOCTI
CEeHcOopa.

.
File Edit View Options
Ftr= 0.7 Limsr =0 Lst=0 Sonsl =146
1 | e 1 B ]
Y I — [ ——1 — ]
1 6] ] e 1
i 71 —— e 1 C— — 1
(T e — L ] _—1 C—— —1
10 I —
11 e a1
& — ——
13 i — T i |
16  —1 o C—— 1
17 — —1 ——  —1
18 R T |
! N — | e 1 C——_ 1
| T ] e ] | I
L  —1 T C— ———— 1
i B I— —1 —— —1
2 ] I | I |
nput: | 1 7.0;0 Plot points: 44 Move:  |eft | right | du-wn‘ up |
Opened system Sensorualty-1, 27 rules Help | Cloze |

Puc.6. MiHiManbHa OIliHKa SKOCTI ceHcopa: 14,6 Gauis.
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MinimanipHe 3HaYCHHS 1IHACKCY SIKOCTI CeHCOpa BiAMOBiAa€e Takiii KoMOiHalLlli 3HaYeHb
BXIJIHUX TTApaMETPIB:

Ftr = 0,7;
Limsr= 0,
Lst = O;

SensQI (0,7;0;0) = 14,6 6auis.

Rule Viewer: SensorCuality-1

File Edit View Options

Ftr =1 Limsr = 30 Lst =15 SensQl =854
1 e 1
2 D e —
3 1] —— e/ —— 1]
4 e ]
il e ]
6 | |
7 C  _—1 L ]
8 C —1 L ]
9 —— 1  _—1 [ ———
10 | I B e —
11 1
12 L "1 L |
13 i
14 L ]
15 C —1 L e——]
16  —1 | |
17 — —] —— =—1
18 C _—1 C _——1
19 _—1 e e ]
o 1 L ]
| | — C —]
o _—1  —1 B — —— ]
b 1 I | — —1 |
4 1 C _—1 | | — |
a0 _—1 | i
26 _—1 C —1
2r —1 | E—— L —1
Input: [1;30:15] Plot points: |44 Move: left | right | duwn| up |
Opened system SensorQuality-1, 27 rules Help ‘ Close |

Puc.7. MakcumainbHa OIliHKa SKOCTi ceHcopa: 85,4 Oatis.

MaxkcumanbHe 3HaYeHHS 1HACKCY SIKOCTI CeHCOpa BiANOBiAA€ Takiii KOMOiHallli 3HaYeHb
BXIJIHUX TTApaMETPiB:

Ftr = 1,
Limsr= 30,
Lst = 15.

SensQI (1;30;15) = 85,4 Gamis.

TakuM 4MHOM, TIPU CTOOATBHOMY Jiana30H1 BUX1IHOT IIKAK HEUITKOI MOJIEN1 OI[IHIOBaHHS
skocTi ceHcopa: SensQI € [0...100], Bci o1iHKY 3HAXOAATHCS B MEXaX MEHIIIOTO Jialla30Hy
[14,6...85,4]. [liana30H OIIHIOBaHHS € CAMETPUIHUM BITHOCHO CBO€T cepeannu B 50 OauiB, a s
«ieapHOrO» ceHcopa — 85,4 Ganm.

BxiaHi mapaMeTpu MOZEIi BCTAaHOBIIOIOTHCS Y CBOI cepenHHI 3HaueHHs. [Ipu npomy
OayibHA OITliIHKa Ha0yBa€ TaKOXK CBOT'O MEIaHHOTO 3HaYeHHs — 50 6ajiB 3a CTOOATBHOIO IIKAJIOH0.

3.PE3YJIbTATH OLIIHIOBAHHS TA iX OBI'OBOPEHHSI

st cencopa TP i3 nogatkoBoro HaHOMIIIBKOIO ZnO Oynu BU3HAUEHI Taki MapaMeTpu:
- Ftr=0,85;
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- Limsr = 20;

- Lst=13.

3a pe3ynbTaTaMM HEUiTKOTO MOJICTIOBAaHHS 0YyJI0 BU3HAYEHO KOS(IIIEHT SKOCTI CEHCopa 13
HaHOIUTiBKOIO ZnO y 74,9 GaniB 3a cTOOANBHOIO MIKAIOK0 (pHC. 8).

Rule Viewer: SensorCuality-1

File Edit View Options

Ftr = 0.B5 Limsr = 20 Lst =13 SonsQl=749
o~ 1 1 [ 1 e —— 1 ]
3 1 1 | B — =T ="
4 —_1 1 ] | B
5 — — | — L] e ]
6 C—_1 1 ] | o | [ = ]
e, [ ] [ =—/1 e ] e —— 1
9 ———1 1] —— 1 =—1 | " o | ——— —]
10 C=1"—"1 B e ——— 1
1M e 1] O 1] e ] ] e — 1
il ] | B | o | e ——_ 1
183 e ] - | L ——— ]
14 e ] —— |l e
15 —1"~_ 1 et ] | |  I———
16 C=——1T"~_"1 [ =—1 11 e |
17 =11 —— 1 =—1 e — 11 — —]
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Puc.8. Koeoiuienr sikocti cercopa I1I1P i3 HaHOIITIBKOIO OKCHY IMHKY (OCTaHHIN CTOBITYMK) JOpiBHIOE 74,9.

OniHMMO B paMKax HEYITKOTO MOJICIIOBAHHS HAHOCEHCOp 0e3 3aXMCHOI IUIIBKA OKCUAY
IUHKY (TUTBKH map 3010Ta). [ Takoro ceHcopa npuiiMaeMo Taki 3HAYCHHS BX1JHUX IMapaMeTpiB:

- Ftr=1;
- Limsr=0;
- Lst=0.

Busnauena oriHka sSKOCTI HaHOCEHCOpa AopiBHIOE S50 Oamam, 1o 30iraeThCs i3 cepeHbOIO
OIIIHKOIO SIKOCTI.

TakuM YHHOM, HAHECCHHS 3aXHUCHOTO 30JIb-TeJIb IIAPy OKCHAY IIMHKY TOBIIMHOI 5 HM
MPU3BOAUTH 10 MOJIMBOCTI OTpUMaTH siKicHO Kpammii cencop IIITP. Hewitke MopmemtoBaHHS
JT03BOJIMIIO OI[IHUTH TOKPAIIECHHS CYKYITHOCTI €KCIUTyaTallliHUX MapaMeTpiB CEHCopa Y J0JaTKOBI
24,9 OGaniB BITHOCHO KOHTPOJBHOTO 3pa3ka 3a CTOOAJBHOKO IIIKAJOI OIlIHIOBAHHS, a CaMe:
KOoe(iIieHT SKOCTI ceHcopa miaBuiieHO 3 50 nmus TpaauuiiHOoro ceHcopa no 74,9 OGamiB s
YIOCKOHAJICHOTO 3aXWCHUM HAHOIIAPOM OKCHJY IIMHKY TIPH MOXJIMBOMY MaKCHMaJIbHOMY
3Ha4YeHHI 85,4 Ganu 115 «i/1eabHOTOY» CEHCopa.
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4. BUCHOBKHA

3anpormoHoBaHa HEYITKAa MOJENIb /s OLIHIOBAaHHS SIKOCTI CEHCOPIB TMOBEPXHEBOTO
MJJa3MOHHOTO PE30HAHCY JO03BOJISE HE TIIBKM BCTAHOBIIIOBATH PEUTHHTOBI MICHS IJIsl PI3HUX
3pa3KiB CEHCOPIB, ajie 1 OTPUMATH a0COIOTHI OLIIHKH iXHBOT SIKOCTI 32 CTOOAIBHOIO IIKAJIOKO.

Bukopucrana 305b-Telb TEXHOJIOTIS JO3BOJIMJIA TIAIATH 0 BHUPINICHHS HaraJlbHOL
poOJIeMH 3 MOIOBXKEHHS TEPMIHY €KCIUTyaTallil CEHCOPiB MOBEPXHEBOIO TNIA3MOHHOT'O PE30HAHCY 1
OTPUMATH CEHCOp 13 TIOKPAIICHHMMH XapakTEPUCTUKaMH YYTIMBOCTI Ta OaraTroKpaTHUM
301IBIICHHSIM TEPMIHY CITY>KOH.

HeuiTke MomemoBaHHS TO3BOJMJIO OIIIHUTH TOKPAIICHHS CYKYIMHOCTI €KCIUTyaTaIliiHUX
napamMeTpiB ceHcopa y aonaTkoBi 24,9 GayiB BiTHOCHO KOHTPOJBHOTO 3pa3ka 3a CTOOAIBHOIO
IITKAJIOK0 OITIHIOBAaHHS, a came: KOe(QiIlleHT SIKOCTI ceHcopa MiABUIEHO 3 50 i TpaauIiitHOTO
ceHcopa 110 74,9 6ainiB A yJOCKOHAJICHOTO 3aXUCHUM HAaHOIIAPOM OKCHJY IIUHKY.

K.M. Bozhko, N.V. Kachur, V.V. Maslov

SENSOR QUALITY ASSESSMENT BASED ON THE PHENOMENON
OF SURFACE PLASMON RESONANCE WITH A PROTECTIVE
ZINC OXIDE NANOLAYER USING THE FUZZY LOGIC METHOD

The phenomenon of surface plasmon resonance is widely used to study biological, chemical and physical
processes that occur at the metal-dielectric interface. It is based on the resonant oscillations of electrons when a surface
plasmon is excited at a resonant frequency by an external electromagnetic wave. The sensitive element of the SPR
sensor consists of a thin plate of optical glass on which an adhesive layer of chromium 5 nm thick and a sensitive layer
of gold 50 nm thick are applied. The gold nanolayer is applied by vacuum sputtering. In this case, ten glass plates are
placed on the table of the VUP-5M installation, and gold is sprayed from the target with a cone. Because of this, the
thickness of the gold film varies within 1-2 nm for different sensors even from the same batch. Such a difference in the
thickness of the sensitive layer causes a shift in the minimum of the surface plasmon resonance curve. The sensitive
gold layer is unstable and degrades during long-term studies of liquids or suspensions, which leads to the need to
replace the sensor during the study and the occurrence of additional errors due to the different thickness of the sensitive
layer. A significantly better result in increasing the sensitivity by 1.5 times and reducing the error by tens of times is
achieved by applying an additional protective sol-gel layer of zinc oxide due to a record reduction (¢=0.005%) of
internal stresses in the gold layer and reducing the roughness of the surface layer. Based on a limited number of
manufactured samples with a protective layer and experimental measurements, such sensors can be evaluated based on
fuzzy modeling. The article evaluated the effectiveness of an improved sensor based on the phenomenon of surface
plasmon resonance with a protective zinc oxide nanolayer using the fuzzy logic method.

The use of a protective sol-gel zinc oxide nanofilm with a thickness of 5 nm leads to the possibility of
obtaining a qualitatively better SPR sensor. Fuzzy logic and fuzzy modeling are one of the most common methods for
determining errors and types of errors in various systems. Such a scheme is quite logical and provides a convenient
method of matching input with output using linguistic rules formed on the basis of human understanding (expert data),
and not only mathematical models. Fuzzy logic can combine data from various diagnostic tests and practical knowledge
of experts in conducting diagnostics. Fuzzy modeling made it possible to estimate the improvement of the set of
operational parameters of the sensor by an additional 24.9 points relative to the control sample on a hundred-point
evaluation scale, namely the quality factor of the sensor increased from 50 for a traditional sensor to 74.9 points for a
zinc oxide nanolayer improved with a possible maximum value of 85.4 points for an "ideal" sensor.

Keywords: surface plasmon resonance, zinc oxide, fuzzy logic, sol-gel technology.
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