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HEYITKA MOJEJIb PEI'YJIATOPA ITPUBOJA
31 SMIHHUM MOMEHTOM IHEPIIII

Beryn. YV cyuacHux ymoBax Oe3lepepBHOTO pOCTY  BapTOCTi €HepropecypciB 0Oararto pawuimie
CTBOPCHUX TEXHOJIOTiIH CTAlOTh HEpEeHTAOENFHUMH a00 MallOpEeHTAO0EeIHHUMH, 110 HETaTUBHO BiIOMBA€THCS Ha
KOHKYPEHTOCIIPOMOXKHOCTI BHpoOIeHoi mpoxykiii. Lle ocoOmMBO CTOCYeThCS HAHOUIBII €HEPTOBUTPATHUX
TEXHOJIOT1H, AKi MICTATh €NCKTPONPUBOIM, apaMeTPH HABAHTa)KCHHS SKMX 3aIHUIIAIOTHCS HEBU3HAYCHUMH Ta
3MIHIOIOTECA y Yaci. Hampukmaz, y TeKCTHIIBHIN IPOMHUCIIOBOCTI, TP PiAWHHIA 00pOoOIi HUTOK y IMaKyBaHHIX
pO3IOAIT  THOTOKY pO3YMHY MDK COTHSMH IIaKyBaHb, YCTaHOBJICHHX YCEPEIWHI aBTOKJIABa, HOCHUTH
HEBM3HAUCHHUH XapakTep, IO YCKIAJHIOE KOHTPOIb Ipolecy OOpoOKHM Ta HE JO3BOJSIE 3aBEPIIMTH HOTO 3a
MiHIMaJIFHO HEOOX1THUH MPoMikoK dacy [1].

AHaJi3 ocraHHIX Aociaimxkens i myOmikaumiii. Y npuBogax 31 3MIHHEMM MOMEHTOM iHepIii 3MiHa
BBE/ICHOI'O MOMEHTY 3HAYHO BIUIMBA€ HA IEPEXiJHI MPOIECH B €JIEKTPONPHUBOI, IO NPUBOJHUTH A0 3HAYHOTO
HEJIOBUKOPHCTAaHHS HOTO MOXKIIMBOCTEH.

3MEHILIeHHS! BIUIMBY 3MiH BBEJCHOTO MOMEHTY IHEpLii MOXJMBE 32 PaxyHOK BBOJIY IO3UTHBHOTO
3BOPOTHOTO 3BSI3KY 3a IIBHJKICTIO Ha BXin peryistopy crpymy [2]. [Ipote, cTpykTypa cucTeMu KepyBaHHS
3aBISIKM TIO3UTHBHOMY 3BOPOTHOMY 3B’SI3Ky MOXKJIMBI Pi3Ki 3MIHM 3aBAaHHS 3 BHXOAY PETYIATOPA CTPYMY, SIKi
crcTeMa KepyBaHHS pPa3oM i3 CHIIOBHM II€PETBOPIOBAYEM ITOBHHHI OTIEPAaTHBHO BiANPaNbOBYBATH.

[HmuM HampsIMKOM  BHpIMICHHA MpoOieMu e(eKTHBHOrO KepyBaHHS NP 3MiHI MapaMeTpiB
HAaBaHTAXXCHHS [BUTYHAa € 3aCTOCYBAaHHA CHCTEM OE3I0CEpEeIHbOTO BHMIpYy KPYTHOTO MOMEHTY Ha OCHOBI
ONTHYHUX Ta IHAYKTUBHUX NaT4uKiB [3]. Asie, 6araTOKOHTYpHI CUCTEMH KepyBaHHSI i3 JTIHIHHUMH PerysTopaMu
MOXKYTh 3a0e3meunTy eheKTUBHE KEPYBAHHS JIUIIC B ICBHOMY Jiala30Hi 3MiHU [TapaMeTPiB HABAHTAXKCHHSL.

[lepcrieKTHBHUM HAampsSIMKOM BHUpIIICHHS 3a3HA4€HOi NpoOJeMH € BIOPOBAKEHHIO HEYITKHX
ITOPUTMIB KepyBaHHs NpHBoaoM [4]. TexHika HE4iTKOI JIOTIKH € BUTPAIIHOIO B TUX BUIIAJKaX, KOJH B MpOLECi
poboTu BuHHKae nedinut iHGopMalii Npo eleMEHTH BEKTOPY CTaHy CHCTEMH, IO XapaKTEPHO Ul PEKUMIB
poOOTH ENEeKTPOIPUBO/A, HANPHUKIIAJA, TKABKUX [1aKyBaHb, KOJIU aJrOPUTM POOOTH Ta 30BHILIHI BIUIMBH Ha
HaBaHTAXXCHHS € HEJIETCPMIHOBAHUMH Y 4aci Ta B IIPOCTOPI.

Metoio podoTH € po3poOka Ta IOCHI/DKEHHS HEYITKOI MOJENi PeryisTopa CHCTEMH KepyBaHHS
MPHUBOJIOM 31 3MIHHEM MOMEHTOM iHEpIli Ha MPUKJIaJli TEXHOJIOTIYHOTO MPOIECy PiIAMHHOT 0OpOOKH TKAIBKIX
MaKyBaHb.

OcHoBHuUIi MaTepiaJ.

Cucrema ynpaBiIiHHS IIBUAKICTIO 00EPTaHHS TEKCTHJILHOTO MAaKyBaHHS 3 ypaxyBaHHSAM 3MiHH HOTO CTPYKTYpH
MOBHUHHA aHAII3yBaTH HACTYIIHY iH(OpMAITio:

- BIIXMJICHHS BXIJIHOTO CTPYMY aCHHXPOHHOTO JBUTYHA BiJl HOMIHAJBHOTO IS 3aro0iraHHs
NepeBaHTAXKESHHS [IPUBO/JI;

- BIJIXMJICHHS KyTOBOI IIBUIKOCTI OOCPTaHHS Bifl 331aHOT;

- BIZIXMJICHHS] MOMEHTY Ha BaJly JIBUTYHA BiJ| 33JJaHOTO.
3ayBa)XMMO, 110 BUXIHUMH I1apaMeTpaMy CUCTEMHU YIPaBJIiHHS aCHHXPOHHUM JBHT'YHOM €:

- YacTOTa HAIIPYTH Ha BUXO/Ii YaCTOTHOTO NEPETBOPIOBAYA;

- BEJIMYMHA HANIPYTH HA BUXO/Ii YACTOTHOTO NIEPETBOPIOBAYA.

PosrsHeMo peatizaliio anropuTMy ONTUMAaIbHOTO YIPaBIiHHS Ha OCHOBI CHCTEMH HEYITKOTO BUBOJY.

OCHOBOIO TSI TIPOBEEHHS OMepalii HEeJiTKOro JOTiYHOTO BUBOAY € 0a3a MpaBWII, IO MICTHTh HEYiTKi
BuciosneHHs y gopmi "SAKIIO-TO" i ¢pyHKUiT HaJIEKHOCTI A1 BIITOBITHUX JITHIBICTHYHUX TEpMiB [S].

VY 3aranbHOMY BHIAJKy MEXaHi3M JIOTIYHOTO BHBOAY BKJIIOYA€ YOTHPH €TAIH: BBEICHHS HEUiTKOCTI
(da3udikarmiss), HeUiTKUI BHUBiN, KOMITO3MIis W MPHUBEICHHS A0 UITKOCTi, abo nedasmdikamis. ArroputMmu
HEUITKOTO BHBOZY PO3Pi3HAIOTHCS TOJIOBHUM YMHOM BHIOM BHUKOPHCTOBYBAHUX INPABWJI, JIOTIYHUX OMeparii i
pizHOBHIOM MeToay nedasudikarii. s po3poOku cucTeMH MOLITHHO BHKOPHCTOBYBATH MOJETH HEWITKOTO
BuBOoAYy Mampasi [20].

Criupato9rch Ha aITOPUTM il CHCTEMH YIIPaBIiHHS Ta HA YHCEIbHI JJaHi, HA OCHOBI HEYITKIX MHOXHH
copMyemo 0azy MpaBWII PO NapaMeTpPH >KUBJICHHS aCHHXPOHHOTO JBUTYHA NPHUBOAA JJISI piiMHHOI 00poOKn
TEKCTWJIBHOTO NaKyBaHHS.

3amamo JIIHTBICTUYHI TEPMU i 0a3y HMpaBWII IS BXiJHUX 1 BUXIJTHUX 3MiHHUX

JliHrBicTHYHI TepMHU:

- Herarusne: low
- Bbummsbke no Hominamy: mid
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- Tlosurushe: high
TepM-MHOXXUHY BXITHUX HEUITKUX JIHTBICTHYHUX 3MIHHHUX Ta OOMEKCHHS JJI1 HUX MAIOTh BUTJISLI;
- Al - BigxXwiIeHHS BXiTHOTO CTPYMY aCHHXPOHHOTO ABUTYHA BiJ HOMiHAJIBbHOTO:

dI ={«low», «mid», «high»}, Al € [-Alyux.. - Alnax]-

Hnst tepmy dI oOmexeHHs * Alyx  O3Ha4a€ MaKCUMaJbHO MOXKJIMBY PI3HHUIIO MiX HOMIHAJIBHUM
CTPYMOM Ta MaKCHMAJILHO MIPUITYCTHMHM UL IEBHOTO THITY aCHHXPOHHOTO JIBHTYHA.
- A® - BiIXHJICHHS KyTOBOI MIBHIKOCTI OOSPTaHHA BiJ] 3a1aHOI:

do ={«low», «mid», «high»}, Ao € [-AOpax.. - A®max]

Jlist tepmy dw OOMEKEHHS T A®p,, O03HAYAE MAKCHUMAIBHO MOXJIMBE PO3Y3TOKEHHS 3a IIBHAKICTIO
o0epTaHHs ABUI'YHA Ta 331aHOI0 YaCTOTOI0 0OEpPTaHHS.
- dM - BinxuJIEHHSI MOMEHTY Ha BaJly IBHI'YHA Bij 33/1aHOTO:

dM={«low», «midy», «high»}, AM € [-AM .. - AMpax]-

s tepmy dM obmexenuss + AM,,, O3HauYae MaKCHMAJBHO MOKIIHMBY PIi3HHIIO MK 3aJaHAM
MOMEHTOM Ta MAKCUMAaJIbHO MPHUITYCTHMHUM.
TepM-MHOXUHY BUX1THUX HEUITKUX JIHIBICTHYHHUX 3MIHHHMX Ta OOMEKCHHS T HUX MAIOTh BULJISLI

- f— gacToTa Ha BUXO/Ii MepeTBOpIOBayYa:

f={«low», «mid», «high»}, f € [0...f ]

Jusa tepmy f oOMexxeHHs f,, O3HaUaE MaKCHMMAaJIbHO MPUITYCTUMY YACTOTY JKHUBJICHHS IS TIEBHOTO
THUITY ACHHXPOHHOTO JBUT'YHA.

- U — nirove 3HaYCHHS HANPYTH Ha BUXOJIl EPETBOPIOBAYA:

U ={«low», «mid», «high»}, U € [0... U ]

Hast tepmy U obmexxennst U, O3Ha4ae MaKCHMaJIbHO MPHUITYCTUMY HANpyTy XUBJIECHHS IS IIEBHOTO
TUILy aCHHXPOHHOTO JIBUT'yHA.
EBpuctuuHi npaBuiia-npoaykuii (popMyJIrOIOTECS TAKUM YHHOM:

If (dw is low) and (dM is low) and (dl is low) then (fis high) and (U is high)
If (dw is low) and (dM is low) and (dI is mid) then (f is high) and (U is mid)
If (dw is low) and (dM is low) and (dl is high) then (f is high) and (U is low)
If (dw is low) and (dM is mid) and (dl is low) then (f is high) and (U is mid)
If (dw is low) and (dM is mid) and (dl is mid) then (f is high) and (U is mid)
If (dw is low) and (dM is mid) and (dl is high) then (f is high) and (U is low)
If (dw is low) and (dM is high) and (dlI is low) then (f is high) and (U is low)
If (dw is low) and (dM is high) and (dl is mid) then (f is high) and (U is low)
If (dw is low) and (dM is high) and (dl is high) then (f is high) and (U is low)
. If (dw is mid) and (dM is low) and (dl is low) then (f'is high) and (U is high)
. If (dw is mid) and (dM is low) and (dl is mid) then (f is mid) and (U is high)
. If (dw is mid) and (dM is low) and (dl is high) then (f'is high) and (U is mid)
. If (dw is mid) and (dM is mid) and (dl is low) then (f is mid) and (U is high)
. If (dw is mid) and (dM is mid) and (dl is mid) then (f is mid) and (U is mid)
. If (dw is mid) and (dM is mid) and (dl is high) then (f is mid) and (U is low)
. If (dw is mid) and (dM is high) and (dl is low) then (f is low) and (U is low)
. If (dw is mid) and (dM is high) and (dl is high) then (f is low) and (U is low)
. If (dw is high) and (dM is low) and (dl is low) then (f is low) and (U is high)
. If (dw is high) and (dM is low) and (dl is mid) then (f'is low) and (U is high)
. If (dw is high) and (dM is mid) and (dl is mid) then (f is low) and (U is mid)
. If (dw is high) and (dM is mid) and (dl is high) then (f is low) and (U is low)
. If (dw is high) and (dM is high) and (dl is low) then (f'is low) and (U is low)
. If (dw is high) and (dM is high) and (dI is mid) then (f is low) and (U is low)
. If (dw is high) and (dM is high) and (dl is high) then (f'is low) and (U is low)
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Crnuparourch Ha Li NpaBUiia, MOXKJIMBE CTBOPECHHs HEYiTKOI Moneni Bu3HaueHHs mapametpiB (U, f)
JKMBJICHHS] aCHHXPOHHOTO JIBUT'YHA.
I'pacdiyne 300paskeHHs1 MO HEHITKOTO BUBOAY 110 MamaHi HaBeJeHO Ha puc.4.3.
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- \
Fuzzy regulator f
(mamdani)
- /
U
di

Puc. 1 Heuitka mozens BusHauenns napametpis (U, f) sxxuBneHns
ACHHXPOHHOTO IBHT'YHA

OyHKIIIT HATICKHOCTI TSI KOXKHOTO TepMy KOKHOT JIIHTBICTHYHOI 3MiHHOI HaBeIeHO Ha puc. 2, 3.

T T
T T T T T i i
low mid high 9 mid hign
i 1
05 - 05 i
0 ! ; ; ; " 0 0 T ; 0 i ; ; 2 ; ; ; ; !
1 -08 -06 04 02 0 02 0.4 06 08 1 1 -08 -06 04 -02 0 02 04 06 08 1
input variable "dw" input variable "dM"
a)
T T T T T T T T
low mid high
1
o5k 4
0 1 1 1 1 1 L 1 1
-1 -0.8 -0.6 0.4 -0.2 0 0.2 04 0.6 0.8 1

input variable "dI"

B)

Puc. 2 OyHK1ii HAIGKHOCTI TEPM-MHOXKHH BXITHUX 3MIHHAX HEUiTKOI MOJIENI BH3HAYCHHS

nmapameTpiB xuBIeHHT A/l
a) BIIXIWJICHHS 3a MBUAKICTIO do;
0) BinxuieHHs MoMeHTy dM;
B) BiaxwmieHHS cTpymy dI

T T T T T T T T T T T T T T T T T T
low mid high
0 n n n N L n n N 0 N n n T — n n I N
0 02 04 06 0.8 1 12 14 16 18 2 0 02 04 06 08 1 12 14 16 18 2
output variable "f* output variable "U"
a) 0)

Puc. 3 OyHKIIT HANEKHOCTI TEPM-MHOKHUH BUXITHUX 3MIHHHAX HEYITKOT MOJEII
BHU3HAYCHHS MapaMeTpiB xuBieHHS AJl:
a) yacrora f; 6) Hanpyra U
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Ko>xHOMy BBEJICHOMY MPaBUITy IPUBIIACHIOETHCS BaroBUi Koe(illieHT, piBHUH 1.

Jlns mociimpkeHHs perynsaTopa i3 HediTKOI0 MOJICIUTIO OYII0 BUKOPHUCTAHO MPHUKIAIHy nporpamy MatLab
FIS Editor.

OyHKIii HameXHOCTI OyIyrOTbCA 3TiAHO BKa3aHUM BHIIE Tpadikam, 0a3a TpaBWII 3aJa€ThCA 3a
JOTIOMOT0}0 BOYIOBAHOT'O PEIaKTOpa.

[Ticnsa mpoBeneHNX MPOLEAYP OTPUMYEMO IIOBEPXHI PIICHHS IS pi3HUX KOMOiHAIliil 3SMiHHUX.
[ToBepxHs pilleHHS HaBeleHA Ha pHC. 4. Pe3ynpTaTH MOAETIOBaHHS NPOLEAYPH HEUITKOTO BUBOLY IS
BU3HAYCHHS [TapaMeTpiB )KUBJICHHS JABUT'YHA HAaBEIEHO Ha pucC. 5.

VY Bumaaky, 300pakeHOMYy Ha puc. 5.3 cuTyamis 3MOJENbOBaHA Uil BXiTHMX 3MiHHUX: do =
0.3 A(DmaX ,dM =-0.4 AM rax * di=-02Al rax - BuxinHi 3MiHHI TOKa3yOTh, MO IJIS JAHOTO 3aIUTY 9acTOTa
noBunHa ckiaagaru f=1,07f,,, , Hanpyra U=1,12U,,,, .

Puc. 4 IToBepxHi pimeHHs
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n
o
w

aM=-04 dl=-

o

dv 2 f=107 U=112
N | [ | L | | ] | 1
2 [\ | e | | | | ] L7~
3 [ | e | | /] | ] (> |
N | | | [N | | ] L~
5 [\ | | | | | | ] L~
6 [\ | | | | /] | ] N |
N | | 1 L | | ] (> |
8 [\ | | 1 | | | 1 N |
9 [\ | | ] | /] | 1 N |
10 | | (N | L | | — | —
1 | ] N | Y | L | e
2 | | e | | | | ] L~
13 | | | | | | | | | |
u | I | Iz | - L |
15 | | | | | | L~ 1 | |
1 | | | 1 | o | N |
17 | | | 1 | | N | | |
18 | | [ | | | o | | |
19 | /] O | | | o~ | | 1
2 | /] | | | | o~ | L7~
2 | /] | | | /] o~ | N |
2 | /] | 1 | o~ | N |
23 | /] | 1 | | o~ | N |
4 | /] | 1 | /] o~ | N |

’ - 1 I o e

o
N
o
N

Puc. 5 Pe3ynbTaTi MOJIeNItOBaHHS HEUITKOIO BUBOJLY

Sk mokasainu monepeHi pe3ysibTaTH KOMIT I0TEPHOTO MOJIEIIOBAHHS CUCTEMH KepYBaHHS MIPUBOJIOM 13
HEYITKMM PETYJIATOPOM, 3MiHa MapaMeTpiB mepeaaTHol (QyHKIIl MaKkyBaHHS BIUIMBAE B MEHIIOMY CTYIEHI Ha
SKICTh TIEPEXITHOTO MPOIECY CUCTEMH 3 HEYITKHM PETyIATOPOM Yy TOPIBHSHHI 13 0araTOKOHTYPHOK CHCTEMOKO
KepyBaHHS

Busoan.

BukopucranHs Mopeneil HEWITKOrO BHBOAY JUIS HOOYIOBH pETyJSITOPIB CHCTEM KEpyBaHHHS
CJIIEKTPONPUBO/IIB TEXHOJOTIYHUX YCTAHOBOK, IapaMeTpu OO’€KTiB B SAKHX 3MIHIOIOTbCA y dYaci abo €
HEBHM3HAUEHHUMH, JJO3BOJISIE 3a0€3IIEUNTH 1HBAPIaHTHICTh B IIMPOKUX MEXKaX NPH BIIHOCHO NPOCTOMY aJITOPUTMI
KepyBaHHS.

JIITEPATYPA:

1. Cric B. b. Pa3BuTne Hay4YHBIX OCHOB CO3aHHS TMOKOW TEXHOJIOTHH KHJIKOCTHOW 00pabOTKM HUTEH B
MMaKOBKax: AWC. TOKTOpa TexH. Hayk: 27.05.2008/Cric Bsruecna bopucosuu. — Xepcon, 2008. — 327c.

2. [Mar. Ne 36098A, Ykpaina, MIIK GO05B13/02, G05B11/01. Cnigxyrouuii eleKTpOIPHUBOA 31 3MIHHUM
MoMeHTOoM iHepiii / ApkaaseB B.1O., Jlebenernko F0.0., [lekenic [.A., banin I'."M., Bospuyk B.I1.; 3asBHUK i
TIATEHTOBJIACHUK Xepc. JIepXkK. TeXHIYHMH yH-TeT. - Ne 99115980; 3assi. 02.11.1999; omy6a. 16.04.2001,
Bron. Ne3. -2 c.

3. Iomos A.I1. MukporporeccopHast CHcTeMa OECKOHTAKTHOTO KOHTPOJIS M U3MEPEHHS KPYTSIIET0 MOMEHTa /
A.IL. TTorio, M.P. BunokypoB, A.A. Mowuceenko //Bectank JII'TY, 2010. T.10. No2(45). — C. 243-248.

4. JleonenkoB A. FO. Heuerkoe monenuposanue B cpene MATLAB u fuzzyTech. Jleonenkos A. 1O. - C. -
[116.: BXB, 2003. - 720 c.

5. [ToB6a C.J. IlpoektrpoBanue HeueTknx cucteMm cpeactBamu MATLAB / Illtos6a C.JI. — M.: TI'opsyas
smnnst — Teaexom, 2007. — 288 c.

180



BECTHHUK XHTY Ne 2(47), 2013 2.

JIEBEJIEHKO IOpiit OnexcanapoBuy — K.T.H., JOUEHT Kadeapu TeXHIUYHOI KiOepHETHKH XEePCOHCHKOTO
HalliOHAJILHOTO TEXHIYHOTO YHIBEPCUTETY

Haykogi inTepecu:

- ONTHMaJIbHE YIIPABIIiHHS CKIAQJAHIMH CHCTEMaMH.

TUMO®EEB Kocrsautna BacwinpoBnd — K.T.H., [JOHEHT Kadeopn TEeXHIYHOI KiOepHETHKH
XepCcoHCHKOTO HAIlIOHATBHOTO TEXHIYHOTO YHIBEPCUTETY

Haykogi inTepecu:

- IUQPOBi Ta MIKPONPOLIECOPHI CHCTEMH KEPYBaHHS TEXHOJIOTTYHUMH MPOLIECAMH.

TUMO®EEB Jles KocrsHTHHOBMY — MaricTp kadeapu TeXHIYHOT KiOepHETHKH XepCOHCHKOTO
HalliOHAJILHOTO TEXHIYHOTO YHIBEPCUTETY

Hayxkogi inTepecu:

- nuQpPOBi Ta MIKPONPOLIECOPHI CUCTEMH KEPYBaHHS TEXHOJIOTTYHUMH HPOLIECAMH.

CUC B'staecnas BopucoBwd - AOKTOp TEXHIYHHX HayK, mpodeccop XepCOHCHKOTO HaIiOHATBHOTO
TEXHIYHOTO YHIBEPCHUTETY.

Haykogi inTepecu:

- MaTeMaTHYHE MOJICIIIOBaHHS CKJIAJHUX CUCTEM.
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