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PO3PAXYHOK 3A/IMIIKOBOI'O PECYPCY
EJIEKTPOJABUI'YHA 3 BUKOPUCTAHHAM FUZZY-JIOTIKU

PosBomrox M.II.
TOLIEHT, KaH[MJAaT TeXHIYHMX HayK
BinHMIbKMIT HallioHa/IbHMI TEXHIYHMIA YHIBEpCUTET

Ocamgumit C.B.
acrmipaHT (aKyIbTeTy eeKTPOEHePreTUKY Ta eeKTPOMEeXaHiKI
BinHMIbKMIT HallilOHATbHUIL TeXHIYHUI YHIBEPCUTET

Kmrouosi croBa / Keywords: enexrpuannit npuryH / electric motor, 3anuuxoBui
pecypc / residual life, newiTka morika / fuzzy logic.

Beryn. [l HapiitHOI po6OTH €1eKTPUYHOTO ABUTYHA ITOTPIOHO 3HATH JIOTO TeX-
HIYHWIT CTaH, 30KpeMa ifeHTH(IKyBaTH 0ro 3anmuImKoBuit pecypc. Icuyroui maxomu
[0 pO3B’sI3aHHs 1Ii€l 3afadui BMKOPKUCTOBYIOTh KIACHYHUIT MAaTeMAaTUYHUIT amapar
[1] - [3]. OgHak mpy HETOYHMX BXIHNX TAHII IPUCYTHsI JesiKa MOXMOKa PV BI3HA-
YEeHH] 3a7IMIIKOBOTrO pecypcy. I i SMeHIIeHHA MPOMIOHYEThCA BUKOPUCTATH TEOPiI0
HEYITKMX MHOXXVH Ta HEYiTKOI JIOTiKM.

Tabnuusa 1
[iana3oHn 3MiHK BXiOHUX 3MiHHMX Ta iX MiIHFBICTUYHI OLIiHKK
Mapa- |Hasea BxigHOro Aiana3oH 3MiHun TepmMmn
MeTp |napameTpy
X, C1pym, wo npotikae |0 ... Imax HU3bknn (H)
no obmorui

cepegHin (C)
BUCOKMI (B)
Buwe gonyctumoro (M)

X, TemnepaTtypa Han- to6_min ... to6_max Hu3bka (H)
OinbLy HarpiToOi TOYKM c
06MOTKM cepepts (C)
Bucoka (B)
Buwe gonyctumoro (M)
X, LLIBnAaKicTb 3MiHK to6_min/dt ... to6_max/dt |Hu3bka (H)
TemnepaTypu obmMoT-
K cepegHs (C)
Bucoka (B)
BuLLe gonyctumoro (M)
X, TemnepaTtypa nia- tn_min ... tn_max Hu3bka (H)
LUMMHUKOBUX BY3MiB cepents (C)
Bucoka (B)
Buwe gonyctumoro (M)
Xy PiBeHb Bibpauii Lmin ... Lmax HM3bkui (H)
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Tabnuus 2
HeuiTka 6a3a 3HaHb OS] CUCTEMW HEYITKOrO BUBEAEHHS

BxigHi napameTpu BuxigHun napametp R
d
d

1

To|O0|m|lw|w|lw|z|=(=|=[Xx
T|Oo00|m|m|m|o|=z|=z|==(x

T(O[O|O|W|W|W W W w| w X
T|T|O0|00|m|lw|o|w|=z|= X
I T|(T|O|T|O|0|m|O|w|m|i=Z]x

Fuzzy Logic Designer: Resurs_Electric motor

File Edit View

=1 Resurs_Flactic motor

didt (mamdani)
Resounce
Adiheatiogn
FIS Name: Resurs_Electric FIS Type: mamdani
mintnr
And method min 1 Current Variable
Or method T | || Mame Current
s Type input
Implication min o
. Range [01.2]
Aggregation — A
Defuzzification centroid v Help Close
System "Resurs_Electric motor™ 5 inputs, 1 output, and 12 rules

PucyHok 1 — Fuzzy-perynarop Ansi BUSHa4YEHHs 3anvLIKOBOTO Pecypcy enekTpoasuryHa
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Marepian i pesynpratu gocmimxenns. [IpoananisyBaBim ¢axTopy, sAKi Hail-
6i/IBIII CYyTTEBO BIUIMBAIOTh Ha 3MiHY 3a/IMIIKOBOIO PeCypCy R eeKTPUIHOTO IBUTY-
Ha, SIK TiarHOCTUYHI 03HAaKM 0OpaHO TaKi MapaMeTpu: CTPYM, 1110 MPOTiKae Mo 06MOT-
mi (x,); TeMmeparypy Hai6inbIl HarpiToi TOYKM OOMOTKM (X,); MIBUAKICTb 3MiHM
TemIepaTypyu oOMOTKH (x,); TeMIepaTypy MiIIIMITHIUKOBUX BY3IiB (X,); piBeHb Bi6pa-
it (x,) [4].

JliarmasoHu 3MiHM KOXKHOI 3 BXiTHMX 3MiHHUX Ta iX TiHTBICTMYHI OL[iHKY 3aIIpOIIO-
HOBaHi B Tabm. 1, B AKill mpuBefeHi Mo3HayeHHA: I — MaKCMMATbHO MOXKTUBIUI
CTPyM B OOMOTKaX; ¢ t - MiHiMaJIbHa Ta MKCHMaJbHa TeMIIepaTypu 06Mo-

06_min’ “06_max

Jdt, t  /dt - MiHIManbHa MaKCUMajIbHa LIBUAKOCTI 3MiHM TemIleparyp
06_min’ 06_max

06MOTKY; ¢ t — MiHiMasIbHA Ta MaKCMMaJIbHA TEMIIEPATYPU IiJIINITHUKOBUX

n_min’ n_max

BysmiB; L ., L - MiHiMa/JbHMIT Ta MaKCHMaJIbHMII piBeHDb Bibpamii.
min max

TOK; f

3agaeMo piBHI 3MiHN 3aIMIIKOBOTO pecypcy (TepMu) eIeKTPUYHOTO ABUTYHA (Ha
CKiJTbKM IIBUJIKO 3MEHIIYEThCA 3aTMIIKOBUII Pecypc): yxke HusbKuit (d,); HU3bKMit
(d,); cepeniit (d,); Bucoxmii (d,). Tepmu BUXifHOT 3MiHHOI 3a/1eXaTh Bifl O€THAHHS
BXigHux sminaux: d; = d(x), mo nossonse chopmysaT HediTKy 6asy 3HaHb, IPe-
CTaBJIeHy B Taom. 2.

HediTki TepMy mpencTaBUMO Y BUIJIAJ] JIOTIYHUX PiBHAHD:

u () = [ ) -1V Ge) - 1™ Ge) -1 Geg) - M () v
v @) e () 1B 0n) 1M () P () v )
v (M ) M () P ) B () - P () v
v M) M) P ) - nS () - ()

w2 (d) = [(1° () - 1B 0ry) 1P () 1P () - B () v
v (P o) 1P () - nB () 1B () -1 (x5) v
v (P o) 1P 06) - 1B () 1 () -1 (x5) v (2)
v (P ) P o) 1P () () i () ;

1B (@) = [ () 1) - nC () - pE () - pE () v
V) 1) 1 () n S () () v 3)
v (o) 1) 1 ) - 1w () -1 ()]s

(@) = " () 1 0n) - 1 () -1 () - 1 (xs). @)
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File Edit View Options

Rule Editor: Resurs_Electric motor

1. If (Current i= M) and (t w is M) and (dt wdidti= M) and (t b is M) and (\Vibration is M) then (Resource iz @
2. If (Current iz M) and (t_w iz M) and (dt_wdl/dt i= B) and (t_b iz M) and (Vibration iz B) then (Resource is ¢
3. If (Current is M) and (t_w is M) and (dt_wd/dt is B) and (t_b i= B) and (Vibration is B) then (Resource is d
4. If (Current is M) and (t_w is M) and (dt_wd/dt is B} and (t_b iz C) and (Vibration is C) then (Resource is d
5. If (Current iz B) and (t_w is B) and (dt_wd/dt iz B) and (t b iz B) and (Vibration iz B) then (Resource iz d
. If (Current is B) and (t_w is B) and (dt_wd/dt is B) and (t_b i= B) and (Vibration i= C) then (Resource is d
7. If (Current is: B) and (t_w is B) and (dt_wd/dt is B) and (t_b is C} and (Vibration is C) then (Resource is d
8. If (Current iz B) and (t_w is B) and (dt_wd/dt iz B} and (t b iz C)and (Vibration iz H) then (Resource iz d
9. If (Current is C) and (t_w is C) and (dt_wd/dt is C) and (t_b is C) and (Vibration is C) then (Resource isd v
£ >
I and and and and Th
Current is t wis dt_wdidtis this Vibration iz
H ~ H - H ~ H ~ H - H
C. o C C C d:
dé
B B B B B da
none none none nong none n
W W W
[ not [ ot [ not [ not [ not [
~ Connection Weight:
Jor
(®) and 1 Delete rule ‘ Addrule | Changeru]el «J =

‘ FIS Name: Resurs_Electric motor | ‘

Help]

PucyHok 2 — lNpasuna fuzzy-logic perynatopa

Surface Viewer: Resurs_Electric motor

File Edit View Options
w05
g
S04
g
03
o 1 ;
Curent dtwd"dt
X (input): Current -~ (InPULE ot wdl... ~ Zioutput)  pesour
X grids: 15 Y grids: 15 Evaluate
[Retmput: | ianosnanoso fPot 101 || Hew | ciose ||
=y |

PucyHok 3 — 30BHiwWHin Burnag 3anexHocti R = f(x1, x3)
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Surface Viewer: Resurs_Electric motor

File Edit Wiew Options

@

&

b

&

i

Vibration 1 1 gs 08 04 B

Caerrmnt

KOput):  eyrrent ~ Y 00U \ipeation ~ Z0OUIBULE  pecoe
Korids: 15 ¥ grids: 15 _ Evaluate |
[Ref mput:  mianogosoene [Pt o1 || Hep | ciose ||
[Fescy |

PucyHok 4 — 3oBHiwHin Burnsg 3anexHocti R = f(x1, x5)

Rule Viewer: Resurs_Electric motor

File Edit View Options

Current= 0753  tw=0744 dtwddi=0.264 tb=0382 Vibration=0.194 Rocoreo = 0,527
a0 A L ] | ]

2 4 [4d A LA QN | |
A EaN I ErAY S BZEN RN

s 4 [ [N Al @& D]

5 4 L N [~ N | AN

8 4 LN LN, [ L
7] | | L | | U | N

8| I I HZAN [ W VAN
ol ] L] | A1 B Ll
el | (O] ] IA] O] LA
ne=l] L] N - AN
12| T N s ] /]

0 12 0 12 0 10 120 1 i g

0 1

““Wli [0.7527,0.7444,0.2636,0.3818;0.19 Hmmts: 104 Hh‘mi teft | right | down| up ]‘
‘ Opened system Resurs_Electric motor, 12 rules H Help ‘ Close ] ‘

PucyHok 7 — Po3paxyHOK 3anuLLIKOBOro pecypcy enekrpoasuryHa
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Jlna peanisallii 3aIrporIoHOBaHOI MOJieNi BUKOPUCTAHO PElAKTOP CUCTEMU HEUiTKOTO
BucHOBKY FIS B rpadiunomy pexxumi Maremariaroro naketry MATLAB (puc. 1).

[TpaBumna fuzzy-logic perynstopa mpuseneHi Ha puc. 2.

Pesynbrar po6otu fuzzy-logic perynsropa npuseneHo Ha puc. 3 ta puc. 4.

Bisyamisamis pesynbTary JIOriYHOrO BUBEIEHHS IPUBENEHO Ha puC. 7.

BucnHoBk1. Po3po6/1eHO MaTeMaT4HY MOJE/Ib BU3HAYEHH 3a/IUIIKOBOIO PeCypCy
€/IEKTPOJIBUTYHA 3 BUKOPUCTAHHAM TE€OPii HEYiTKMX MHOXKMH Ta HEYIiTKOI JIOTiKH, sKa
BPaxOBY€ CTPYM, IO MPOTIKa€e 0 0OMOTII, TeMIlepaTypy HailOinbI HarpiTol TOYKM
0OMOTKM, IMIBUAKICTb 3MIHU TeMIIepaTypu OOMOTKY, TeMIIepaTypy MifIINITHUKOBUX
BY3/1iB Ta piBeHb Bibpariii.
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