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PosriignyTo quaaMivny cucremy, mo CK/IAJAETHCA 3 ABOX IiacucreM. JLOC/TiKeHO BILIUB BU-
6opy 3HateHb mapaMeTpiB (GYHKINT HAJEKHOCTI HA AKICHI Ta KIIBKICHI MOKA3HUKN (DYHKILOHY-
BaHHYA CHCTeMHU. Bu3Ha4YeHO onTUMasibHe 3HAYEHHS MuX rnapaMeTpiB. [IopiBHSIHO cuHTE30BaHMI
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Bceryn

Yacro B HU3MI pO3IiiB Teopil KEpyBaHHA BUHUKAE
3a/aua cuHTe3y (PYHKINT KepyBaHHsI, KOTpa 6 Moria 3a-
GesmeunTy DaykaHy MOBEMIHKY cucTemu. /[0 Takoi mocra-
HOBKU TIPUBO/SITh, 30KPEMA, 331349l ONTHMAJBHOTO Ke-
pysaung [10], 3anaui pobacTHoro kepysanusg [9] Torro.

ITTe ommmm i3 cmocobiB 3abe3medennsa HEOOXiTHOTO
HAJIAINITYBAHHS CUCTEMH € 3aCTOCYBAHHSI CHCTEMU MOJIE-
i Taxari-CyreHo qyisi cHHTe3y Kepylounx BIUIHBIB [8].
OpHuM 3 OCHOBHUX NMUTAHBb, SKi BUHUKAIOTH il 9ac BU-
KOPHUCTAHHS TAKOTO IiIXOAy, € BHOIp BHIY Ta mapame-
TpiB PyHKIIT HATEKHOCTI, 33 JOMOMOIOI0 SIKOi 3ifICHIO-
erbea pasuikariis TOTPIOHNX 3MIHHAX.

Y poboTi mOCTIIIKEHO 3araJbHAN BUMAIOK, KOJH
obpasi HYHKITT HAJEKHOCTI HE 33 T0BOJIbHSIOTH BJIACTH-
BocTi oAty onuuuni (partition of unity), Ta Busnadeno
BILINB BHOOPY MapaMeTpiB Takux (PYHKIIH Ha XapakTe-
PHUCTHKHU JIMHAMIYHOI CHCTEMU.

I. TIlocranoska 3amaui

OpHuM i3 cryneHiB ¢BoOOM HEYITKOIO PErysisaropa
€ BubIp mapameTpiB (DYHKINI HaJeKHOCTI. 3amada BU-
3HAYEHHS] ONTUMAJIBHUX 3HAYEHB TApPAMETPiB (QYHKITT
HAJIE?KHOCT] 9acTO BUHUKAE TiJl 9aC CHHTE3Y PeryssiTo-
piB eslekTpoMexaHivyHKUX cucTeM. 30KpeMa B [4] 3anpono-
HOBAHO IIi/1XiJ] /IO CUHTE3Y HEHPO-HEUITKOIO PEryIdTopa
tuny Takari-Cyreno. OmgHak B I[bOMY BUMAIKY V 3B’s13-
Ky 3 0cobauBOCTSMU (DOPMYBAHHS MEpEKi BUHUKAIOTH
TpyaHOIi 3 hopMyBaHHAM Oa3u mpaBu Ta GYHKIT Ha-
nexuocti. Ille omnum 3 MeroniB (GOpMyBaHHA peryJis-
topa cucremu € meron ‘backpropagation”; y askomy mpa-
BUJIBHUI BUOIp mapamMeTpiB QyHKIIT HAJEKHOCTI MOXKE
iCTOTHO TMPUIIBUNIUTH Yac HaBuaHHA Mepexi. [Ipo Ba-
KJIWBICTH BUOODPY mapamMerpiB (DYHKITI HAJEKHOCTI Ha-
TOJIOIIIEHO TAKOXK Y TPAIAX IHIIUX aBTOPiIB, 30KpeMa,

TIPUKJIAZTHA MATEMATHUKA T MEXAHIKA

J.Dombi [6], Y. Filev [12], D. Driankov [7], A.Piegat
[11] Tormo

BazosuM mOHATTSAM Teopii HEHITKOI JIOTIKM € JIHTBI-
cruyna 3minHa. Tpamnuiitao |7, 11] BRaxkaeThes, o i3
30LIBINIEHHAM KJIBKOCTI TEPMIiB Ii€l 3MIHHOI, TiIBHUIITY-
eTbest TouHiCTh Mogeni. Oanak, 3 iHmoro 60Ky, BEIUKa
KIIBKICTh TEPMiB IPU3BOIUTD /10 BEJUKOI KIJTBKOCTI ITpa-
BWJI, IO POOUTH 3aCTOCYBAHHST HEUITKOT MO Maiixke
HeMOKJIMBUM (Y BUMNAJAKY TPHOX JIHIBICTUYHUX 3MIHHUX
T I'SITU TEPMIB Y KOXKHOI KiJIbKICTh TTPABUJI CTAHOBUTH
125). ¥ pobori [5] 3amporoHOBAHO ONUH 3 MOMKJINBHX
HLIsxiB BupimeHHs miel npobseMu. A came, IPOBOIUTH
dazudikario jmire 3a MOXUOKOIO perysroBaHHs. [HIm
KOODAWHATH BEKTOPA CTAHY CHCTEMHU TIPU BOMY He (ha-
3UDIKYIOTHCS.

YV takomy pasi 6a3a mpaBUI MaTUME BUTJIS

)

IF (ein B) THEN u(t) = f5(
IF (ein S) THEN u(t) = fs (

55

K

)

qe fp (%) ma fs (T) — Biamosinui GyHKIHT BEKTOPA cTaHiB
CUCTEMU.

Icaye Gararo GyHKINT HANEKHOCTI, sIKi MOKHA PO3-
GuTu Ha aBa TunU JiHiiHI (TpanenienomnibHa, TPUKYTHA
ToIo) Ta Hexiuiitui (curmoinanbha, [aycca, a3BoHONO-
ni6ua roro). Bubip dyHkuii HaIeKHOCTI € He POCTO0
3aJa%€10 1 9aCTO 3aJ€XKUTH Bi 06’€KTa PeryIiOBaHHI T,
MTOCTaBJIEHOT 3a7adi. Y IMbOMY BHUIMAIKY IJIs JIHTBICTH-
YHOT 3MiHHOI “nOXMbKa peryJioBaHHs” Ta JIBOX il TepMiB
“Big”(B, Besmka) ta "Small”’(S, mana) 3acrocyemo ¢yH-
Kuil HajekHOCTI S Ta Z THIHIB, 10 300pakeHo Ha, puc.l.
[11]. Ha 3unauenns napamerpis (byHKuil Hasi€KHOCTL Ha-
KJIAJIEHO TIPUPOIHI OOMEYKEHHST

ap < fBp,ap < fs,as < By
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Oewmkis J1. I

Puc. 1. ®ynxnii manexnocti S ta Z Tumy

Ilicaa HOopMyBaHHS BiAIOBiAHI PYHKINT HATEKHOCTI
MaTUMYTh BUDJIS,

* . . .
/Lj(e;aﬁﬂj)zwv i,jE{B,S}
> 1 (e aq, Bi)

3miHA 3HAYEHB mApaMeTpis o, B, i € {B, S} 3minto-
BaTHUME€ TOYKY IMEPEMHUKAHHSA Ta IMUPHUHY ‘BiKHA Iepe-
MukaHHsg’ (QYHKIIT HAJIEKHOCTI, & OTXKE, 3MIHIOBATHME
BUXIJIHAI CHUTHAJI PEryJAsiTOPA T4 XAPAKTEPUCTUKY JI¥-
HaMiYHOI cucTemu, 3arajoMm. Bubip onTumajpbHUX 3HA-
JeHb mapaMeTpiB GpyHKII HaIeKHOCTI, mo 6 3a6e3medy-
BaJsin DakaHi mepexiaHi mporecn B cucreMi 6e3 cyMHIBY
€ akTyaJbHO 3ajaveto. Cirif 3ayBaskKWTH, IO 3rajaHi
mapaMeTpyu He € E€IUHUM JKEPEOM BILUIMBY HA TIOBe-
JIHKY CUCTEMHU. 30KPEMa, BaXKJUBUM € BUOIp 3HAUEHHS
CepeTHbOreOMEeTPUIHOrO KOPEHs, OIHAK 1€ BUXOIUTDH 33
Mexi 1iei craTTi Ta Oyme mpeaMeToM MOJAIBINNHX JOCTi-
JI2KEHb.

Tyr cimin 3ayBaxkuTw, MO y BUNAAKY, Koau & =
w* (as;ﬁ’B
CTi He 3aJIeXKUTH Bl BUOOpyY &, a JuIle Bif mapamMerpis
ag Ta Bg , aJKe B TAKOMY BUIIAIKY

), 3HAYEHHST HOPMOBAHOI (DYHKINT HAJIEKHO-

1—(143

1-Bs l-ap
Bs —ap

, up=2
E up =2¢

ps = —2¢

Pozrnsimemo BB mapameTpis ¢yHKIIiT HaTeKHOCT

Ha, JIBOMACOBY €JIEKTPOMEXaHiuHy cucteMy. /ljis mopis-

HSHHSA I[HOTO BIINBY BH3HAYUMO iHTerpajbHi ITOKa3HU-
KH AKOCTi [4, 6]

1:/0 He (1) dt, (1)

TOOTO, (PAKTUUIHO, 3ABIAHHIM POOOTH € 3HAXOIIKEHHS
3HAYEHHS MapaMeTpiB MYHKINI HAJEKHOCTI, 38 TKUX [0~
Ka3HUKKA HAOYBaIOTh MiHIMAJIbHUX 3HAUEHbD.

1I. PesyabraTu mociiigKeHHS

BinbimicTs erTeKTpoMexaHiIHX MPHUCTOIB MOKHA, 3MO-
JeI0BaTH 3a JOTIOMOTOI0 ABOMAacoBoi cuctemu. Jocoti-
JIZKEHHIO TAKOI CUCTEMHU TTPUCBIYEHO, 30KpeMa, podboTy
[3], a ¥ [2] moka3zaHo, 10 TPEMACOBY CHCTEMY MOXKHA
3BECTH A0 JIBOMACOBOI.

Posrasgaemo kmacw4ny 3a7ady Teopii KepyBaHHS B
3araJibHOMY BUTJISIIL

O _ i)+ Ba,
dt o 3 (2)
Yeux (1) = CZ (t) + Du (t),

z(0) =0,

ne T(t) = [x1(t), 22 (t),... 2, (t)]" Bexrop cramis cu-
cremu, U (t) — BekTOp Kepyrodux rambis, A, B, C ta D
— ¢Tasl MaTPUIl BIAMOBIAHUX po3MIpiB, ¥ (t) — BUXigHWIIH
curuas cucremu. [puiimemo C' = [0,0,...0,1], D =0.

Hexait B cuctemi BimOyBa€ThbCsi KEPYBAHHA 33 ITOB-
HUM BEKTOPOM CTaHY, TO/Il B KJIACHYHii Teopil KepyBaH-
Hsl U (t) BUSHAUAETHCS SIK

a(t)=Kz(t),

ne K — marpuns 3 HeBigoMuMu KoediltieHTaMu, sIKi MO-
2KHA BU3HAYUTH, HATIPUKJIIA, METOIOM MOJAIBHOIO Ke-
pyBanHs [3].

OpHaK 9acTO B peaJbHUX €IEKTPOMEXAHITHUX CUCTE-
Max JOIMIBbHO, 00 (BDYHKIlS KEePYBAHHS 3AJI€XKAJIA, Ta-
KO BiJ] BEJTMIMHY TOXUOKY € (t) = T3a, — Z (t). Hampn-
KJIaJ, B 33/1a9aX KEPYBaHHS MOBOPOTHUMH MEXaHi3Ma-
MH, JIe BUMATra€ThCA TOYHICTD MO3UITIOHYBAHHSA B 001aCTi
BEJINKUX BiJXWJIeHb (MOXuOKa € (1) BesnKa), HaJIalToBy-
BATH CHCTEMY Ha, OLIBIINY MIBUIKO/II0, & MPH 3MEHITIEH-
Hi mOXuOKHU, TOOTO Tpu HAOIMKEHH] /10 KiHIEBOI TOYKH,
3MEHIIYBATH MBUIKOMII0 CACTEMHU, 100 YHUKHYTH Me-
XaHIYHUX TOIMIKOIKEHb, KOJUBAHb TOIIIQ.

OaHuM 3 MOXKJIMBUX IAXOMIB [ HAJTAHHS CHCTEMI
TAKUX BJIACTUBOCTEHN € 3aCTOCYBAHHS AllapaTa HEIITKUX
MHOXKMH Ta HEYITKOI JIOTIKU JIJI CUHTE3Y PEryJISTOpa
cucremu (yHKIil KepyBaHH:1).

YV TakoMy BHUOAJIKY CHCTEMY MOXKHA, 3aITUCATH V BU-
TJISAT1

d:’iiit) = AT()+ By pi (e 0 i) Kz (1) =
= (A4+B Y, pi (Taan3—23 (1) 504, Bi) Ki) 2 (1), (3)
y(t) =as(t),
z(0)=0, ie{B,S},

ne p; (e; a4, Bi), 1 € {B,S} — Bigmosimai byExmil HATE-
2KHOCTI 3 puc. 1.

TobTo B KJacWYHIM MOCTAHOBIN OTPUMYEMO MPOCTO
JiHIMHY cucTeMy audepeHIiaIbHuX PIBHSIHL MEPIIOro
MOPSAIKY, PO3B’SA30K KOl MOYKHA OIIEPXKATH OJHUM 3 Bi-
JOMUX YUCEJIBHUX METOJIB 1 TPYIHOII MOXKYTh BUHUKA-
TH JIUIIE y BHIAJKY KOpCKoi 3aja4i. OgHak, B JaHO-
My BUMJKY, CHCTeMA AUQEPEHIAJIbHUX PIBHSHD € He-
JIHIHOIO Ta 3aJIEXKUTH BiJl HEBITOMHUX TTapaMeTpiB o; Ta
ﬁiv 1€ {B7 S} .

3acrocyeMo 3ajady [0 JOCJIIXKEHHS JIBOMACOBOI
eTeKTpoMexXaHivHol cucremMu. it 3ammucy HOpMOBaHOT
JIBOMACOBOI CUCTEMY y BUIJISAII TOTPIOHO 3a1aTw 3radaHi
TaM MATPUII Ta BEKTOPH. ¥ 3arajJbHOMY BUMAIKY TaKi
MaTPHUIl MATHMYTh BULIAT [3]
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HocnipxeHHs Bnnney Bubopy napameTpiB pyHKLii HANEXXHOCTi, K CTyneHiB CBOBOAMN HEYITKOrO perynaTopa, Ha XapakTepucTuku ...

_ketkspn 1 kc
Tt T T
ko 1 _ kctkgo
Thr2 T2 Tz
1
T 0 0
=0 0o o |, (5)
1
0 0 " T
z(p) = (wi(p), Miz(p), wi(p)), (6)

u(p) = (M7 (p),

ne uaseseni B (4)—(5) 3miuni — e HopMoBaHi BenUYMHY,
dizuuHe 3HAYEHHS SKUX 3AJIE€KUTH BiJ THUIY IBOMACO-
BOI CHCTEMH: 3 MPYXKHUMH IeDOPMAIIMA CKPYIYBaH-
Hsl, PO3TATY YU 3TUHY. 30KpeMa, Y BUIAIKY JIBOMACO-
BOI cucreMu 3 IPyKHUME J1ePOPMALISMEI CKPY1yBAHHA
kf1, kfo — mponopmiitHi MOMeHTaM 30BHIITHBOTO B’ A3KO-
TO TepTs B MANIAITHAKAX 31 3Ma3K00, ko — IPOMOPITiii-
HU KOeili€HTy BHYTPIIIHBOTO B’SI3KOIO TEPTS y MPY-
KHOoMy Bagi, Thr1, Thre — cTami gacy meprmoi Ta gpyroi
Mac, BiamosigHo, a T — craiga 9acy mpyzKHOIO eJIeMeH-
Ta, wi (p) Ta wj (p) — KyTOBI MBUAKOCTI HA KIHIAX MPY-
2KHOro Basa, M{, — MOMEHT IPYKHOTO eleMeHTa, M| —
HOPMOBaHHMH MOMEHT nBuryHa, M — HOpMOBaHMiT MO-
MeHT 30BHimHIX 30ypenb. Hagami cumamu reprs OymeMo
HexTyBaru, 0010 npuiimemo kf1 = ko = ko =0.

O UM 3 MOXKJIMBUX METOJIIB YUCEJILHOIO PO3B’A3KY
(2),(4) - (7) e mobynoBa BiAMOBLIHO CTPYKTYPHOI CXeMH
B cepemopuini Simulink. Y makoMy BHTIAIKY PO3B’sa3aH-
Hs IpoBoJUThCs Merogom Bogacki-Shampine 3 kpokom
0,001.

0, Mz (p)), (7)

Puc. 2. Banexuicrs Bij 9acy BUXIJHOIO CHrHAJYy CHCTEMU
y BUIQIKAX KOJIM PEryJISATOP CHCTEMU HAJIANITOBAHUIM
Ha 1 — BarepsopT; 2 — 6irOM;
3—-ap=07,886=09,as =038,85 =1.0;
4—-ap=05,=09as=04,85s=1.0;

5— ap = 0.1,55 = 043,045 = O.Q,ﬂs =04 ;

6 — ap = as = 0.48,8p = Bs = 0.5 (napamerpu 2);
7—-ap=0.57,6 =0.7,as = 0.21, 85 = 0.58
(mapamerpm 1)

[IpoBeneni mocmimyKeHHSA 3aCBIAIAIN, IO IJIA OOCITi-
JPKYBAHOI CHCTEMH ONTUMAJIbHUM € BHMOIp mapamerpis
ag = 0.57, 8 = 0.7,as = 0.21, 85 = 0.58 (mani — na-
pamerpu 1). 3 inmmoro 60Ky, B [1] mokazaHo, 10 y BUNA-
Ky KOJIM g = ap = «, g = fp = [ onTuMajJbHUME
sHaveHHaMu napamerpis € o = 0.48, 8 = 0.5 (#ani — na-
pamerpu 2). s NOPIBHAHHS OJEPXKAHUX PE3yJbTATiB
HA PUC. 2 HABEJIEHO TPAEKTOPIl PyXy CUCTEM IIPU PI3HUX
3HAYEHHSX MAPAMETPIB (DYHKIT HAJIEXKHOCTI.

Hapeneni Ha pUCYHKY pe3yabTaTH CBiaIaTh, IO TPa-
€KTOPIi pyXy CUCTEM, Y BUIA/IKAX KOJIM CUHTE30BAHO He-
TITKUN peryassTop, MYHKIlsS HAJEKHOCTI TKOTO MAg Ma-
pamerpamu 1 Ta 2, BiAmoOBiIar0Th OAXKAHOMY HAJTAIITY-
BaHHIO. 30KpeMa y pa3i 3acTOCYBaHHS PEryjsaTopa 3 ma-
paMerpaMu 1, mepeMUKaHHS 3 BiATHHKY TPAEKTOPil cu-
cTeMu, IO HAJAIITOBAHA JIHIIE HA, CTAHAAPTHY (DOPMY
BarepBopra, 10 BiATHHKY TPaEKTOPii, MO HAJIAIITOBA-
Ha JINIIe Ha CTaHmapTHY OiHomianmbHy dhopmy, BincyTHi
nepeperysoBanig (xoda, st 060X HAGOpiB mapamerpin
MaKCHMAJIbHE [TEPEPEryIIOBAHHS JIEXKUTH Y JOMYCTUMUX
MeXKax), a BUXiJ Ha 3aiaHuii piBeHb (DyHKUIIOHYBaHHI
BiIOyBa€THCA IIBHAIIE.

Ilin gac cHUHTE3y pEeryaaTopa BaK/IUBUM € TAKOXK
3HAYEHHS TPOMIXKHUX KOOpAmHAT cucremu. Ha puc. 3
HaBeieHO rpadiky 3MiHK BiAMOBIIHUX KOOPIHAT y 9aCi.

PezynbraTu mocmimkens, Mo 300pakeHi Ha, IUX PU-
CYHKaX, TA0Th 3MOTY CTBEPIXKYBATH, IO NEePEMUKAHHA
MixK IigcucTeMaMu BiaOyBalOThCA IIABHO, 6e3 cTpubKin
Ta [ePeperyTioBaHb.

[lig gac cunTE3y CUCTEMU CJTiT HE TITbKU BPaXOBYyBa-
TU 3HAYEHHsI IHTErpasbHOrO nokasHuka gkocri (1), a it
3BaKATH HA JIONYCTHMICTh 3HAYEHb MPOMIXKHUX T, BH-
XimHOI KoOp/mHAT cucremu. s MOPiBHSHHS 3HAYECHD
MPOMIZKHUX KOODAWHAT CUCTEMU MDY PISHUX 3HAUEHHIX
napaMerpiB QyHKIINT HAJEKHOCTI OOUUCIUMO 3HAUEHHS
PYHKIIT TTOKapaHHs

Fpenatty =V /OTH(% (t) — Tmax) (ml (t)>2

xIIlaX

e (29)

xmax

+H (x5 (t)

e H () — dyuxunis Xesicaitna, v = 0.1 — Barosuii koedi-
nienT. Toxai 3aranbHUl iHTErpaJbHUN TOKA3HUK SKOCTI
maruMe Buraan I = I + Fpenairy - Pyuxuia Xesicaitna
BBEJEHA TYT [JIsl TOro, 00 BPaXOBYBATH JIUIIE 3HAYECH-
Hsl KOOD/JMHAT CUCTEMH, 110 IIEPEBUILYIOTh 3a/aHi.

PezynbraTu ob649nc/ieHb [y BUMAIKY, KOJMU Tmax =
= 0.95 - ZinpuW (0) (tyr W (p) — nepenasanbua byH-
Kiig pocnipkysanol cucremu (2),(4) — (7), 0.95 — vHu-
JKHs Mexka 5% 30HM) HaBEAEHO B TabJUI, JI€ MOTAHO
TOPIBHAHHS IHTErPAJbHUX 3HAYEHb MOKA3HUKIB TKOCTI 1
BUIAIKY JOCTIIKYBAHUX 3HAYEHD (DYHKITIT HAJTEHKHOCTI,
a TaKOXK BIATOBiAHI 3HaUeHHS (PYHKII MOKAPAHHA.
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Oewmkis J1. I

a)

6)

Puc. 3. BamexxuicTh Bif 9acy TpOMiKHMX KOOpIMHAT cuctemu a) 1 (t); 6) x2 (t) y Bumagkax Koam
peryssTop cucTeMu HasamToBanuit Ha 1 — ctanmapray dopmy Barepsopra; 2 — Gimomiamasay dopmy;
3 — mediTkwmii perysaarop upu ap = as = 0.48, 6 = fs = 0.5 (uapamerpu 2);

4 — mewitkwmii perynarop npu ap = 0.57, g = 0.7,as = 0.21, Bs = 0.58 (mapamerpmu 1)

XapakTepUCTUKH AUHAMIYHUX CACTEM Yy pa3i PI3HUX KepyHUYWX BILUINBIB

Bun perymsaropa I Frenaity I* max tso , C.
qmrre HiHOM 0.3694 0.2927 0.6621 0.988 1.66
qumie BarepsopT 0.2346 0.6747 0.9093 1.069 1.42
HediTKHWil 3 mapaMerp. 1 0.2021 0.4231 0.6252 1.003 1.03
HEUITKHH 3 mapaMerp. 2 0.2109 0.4382 0.6491 1.017 0.97

3 pe3ysbTaTiB, IO HABEIEHI y TaOJWIN, BUILJIABAE,
IT[0 3aCTOCYBAHHSI HEYITKOI'O PerysTopa 3abe3redye Bu-
rpailil y MBUIKOIIl TOPIBHAHO 31 CTAHAAPTHUMH JiHIHU-
Mu popMamMu, 3a AOMYCTUMHUX [I€PEPEryaioBaHb. 1Ipudo-
MY, 3 TOUYKHW 30PY JIUIITE IHTErpaJbHOTO TTOKA3HUKA, KO-
cri (1), Ginomianbua dopMa € iIcTOTHO ripiion 3a iHiii,
OJIHAK TIPM BPaXyBaHHI (HYHKIIT TOKAPAHHS, KA TP~
dye 3a HAIBHICTD MTEPEPEryTIOBAHD, OiHOMiaabHA POPMa,
X049 1 BUXOIUTH iCTOTHO Kparomo 33 ¢popmy barepsopra,
O/IHAK 3HAYEHHS 3arajbHOIO IHTErPaJIbHOIO OKA3HUKA
AKOCTi y Hel € BibIINM 3a CHCTEMHU 3 HEYITKUMU PeryJisi-
TopaMu 3 mapamerpamu 1 Ta 2, a 9ac BXOMKeHHA B 5 %
30HY B CHCTEMHU 3 PETyIATOpa, IO HAJIAINTOBAHWUIA HA
crangapray 6inomianery dopmy € B 1.6 pasy Ginbrnimm
3a CHUCTEMH 3 MPOIIOHOBAHUM HEYITKUM PEryJISITOPOM.

SIKITI0 2K BUBHAYMUTH PYHKIIO IOKAPAHHS 9K Tmax =
1.05- Zinput W (0) , To 3HavenHs GyHKIIT y BUNAIKY BCix
PETYAATOPIB, KPIM PEryasaTOopa, IO HAJAIITOBAHUH Ha
cranmaprTHy JiHiiiny dopmy Barepsopra, OyayTh HyIbO-
BHUMH, IO JO3BOJSAE 3POONTH aHAIOTIIHI BUCHOBKH IIPO
JOIJIbHICTD 1X 3aCTOCYBaHHS.

ZIKIT0 K TOBOPHUTH PO BUOIp MiK CHCTEMaMH 3 He-
YiTKUMU PETyIATOpaMu 3 mapamerpamu 1 Ta 2, To, IK
BUILIMBAE 3 TAOJUIN, PETYASTOD 3 HapaMeTpaMu 2 Mae
BUITY BHUAKOMIIO. [le 3yMoBIeHO THM, TO HOTO MaKCH-
MaJIbHE TIePEPEeryIIOBAHHS € MEHIITNM, X0 HOTr0 9ac BXO-

JoKeHHsT B 5 % 30HY 1 € GlabIuM.

Kpim Toro, Oys1o mpoBejieHe TOCTIIXKEHHST TIOBETIHKH
CUCTEMH IIPU Jil 30BHINIHLONO HABAHTAXKCHHA. A came,
kou Beruuuua MY HaOysae 3uauenust 50% Bif Tsann
komu ¢ € [3.1;5]. 3 HABenEeHWX DPE3yJBTATIE BUILINBAE,
110 CUCTEMA HAJIEZKHO BiANMpaIpoBye 30ypPeHHs, IPH [[bO-
MY BiZICYTHI KOJMWBAaHHSA, & MPU 3HIMAHHI 30BHIITHHOTO
HABAHTAYKEHHS CHCTEMa IMOBEPTAETHCS B OKLT pOOOUOL
rouku. OQep:kani pe3yabTaTH, MO HABEJAEH! Ha puc. 4,
€ MUIKOM OYiKYBAHWMM, /1K€ ¥ BUMAJAKY KOJIU IMOXUOKA,
e (t) € MaIo, AKTUBHOIO € JIMIIE MiJICHCTEMa, 0 Hala-
IITOBAHA HA CTAHIAPTHY JiHilHY OiHOMiaNbHY (POpPMY.

I 3MEHIEeHHSA CTAaTUIHOl MOXUOKH CHCTEMMU, IO
nepebyBa€ minm Mi€f0 30BHIMIHIX 30ypeHb, MOXKJIHBAM €
3aCTOCYBAHHST KOMIIPOMICHOTO HAJIAIITYBAHHS TIapaMe-
TpiB HEYITKOrO perysaaropa (1us. puc. 4 TpaekTopis 5).

Y 1poMy BHUMAIKY MAaKCHUMAJIbHE TIEDEPEryJIIOBAHHS
B cucremi 6yae 1.035 (6iibmmm wa 3.2 %; Tyt i nasi no-
PIBHIOIOTH 3 CHCTEMOIO 3 HEYITKHM PEryJasiTOPOM 3 Ma-
pamerpamu 2), yac BxomxkenHa B 5 % zony — 0.93 c.
(menmmit Ha 10 %). 3HaYeHHS 3araJIbHOTO IHTErPATHHO-
O MOKa3HUKa, AKOCTI Oye Ginbmmm va 25 %, a craTudHa,
noxubka, 6yae mermow Ha 9 %, mo Moxke 6yTH iCTOTHIM
BUrpameM y poboTi IMHAMITHUX CHCTEM.
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HocnipxerHs Bnnney Bubopy napameTpiB pyHKLii HANEXXHOCTi, K CTyneHiB CBOBOAMN HEYITKOrO perynaTopa, Ha XapakTepucTukn ...

Puc. 4. Buxiguuit curaaJj cCUCTeMH y BUIIQIKY mil Ha Hel
30BHINIHIX BILUIMBIB, & PEry/IATOD CUCTEMU HAJIAIITOBAHMIL
na 1 — cranmapray ¢dopmy Barepsopra;

2— 6inomiasnbHy (hopMy; 3 — HEUITKUII PEryasaTop
upu ap = as = 0.48, B = Bs = 0.5 (mapamerpu 2);

4 — neuitkuii peryasrtop npu ap = 0.57, B = 0.7,
ag = 0.21, Bs = 0.58 (mapamerpum 1); 5 — HewiTKMIA
PeryaaTop 3 KOMIPOMICHUMHY HAJIAIITYBAaHHIMUI

ap =0,85 =0.7,as = 0.21, Bs = 0.58

BucuoBknu

3acTocyBaHHS anapaTa Teopii HeTITKUX MHOXKWH PO-
OUTH CHHTE3 AMHAMIYHOI CHCTEMH Ty 7Ke OAaraTorpaHHuM:
3 OHHOTO DOKY, 30iIbIIYETHCA CKIAAMHICTL B HAJIAIITY-
BaHHI 4uepe3 30i7blleHHs KiJIHKOCTI CTYIEeHIB cBOOOIH,
3 IHITIOTO DOKY, 32 PAXyHOK BEJUKOl KiJbKOCTI CTyTIe-

HiB cBOOOIN BOAETHCA TOYHIIIE 3iMCHUTH Oarkame Ha-
JIAIIITYBAHHS CUCTEMH T 3a0e31evnTH 11 BiAmOBigHY 110-
BEJIIHKY.

PesynbraTn, ogepxkani B poboTi, MOXKyTH OyTH 3a-
CTOCOBaHI TIPUW CHUHTE31 KEPYKUYMWX BILIUBIB IJIs MOBO-
poTHMX MexaHi3MmiB (kpaH, Gamra Gynbrozepa) abo Me-
XaHi3MiB TUIy pOOOTM30BaHA PYKa, a/>Ke CUTHE30BAHE
TAKUM YUHOM KEPYBaHH: 3a0e3rmedye MBHAKAN IIiaxif
710 obsracTi poboTI0l TOUKHM, MIaBHE HADIMAKEHHSA 10 HEl
Ta BiACYTHICTD nepeperynioBanb. [TaakicTs MpOMizKHIX
KOOPIWHAT Ta KEePyBaHHS ITiIBUIITYE 3HOCOCTIHKICTE efe-
MEHTIB JOCTIIAKYBAHNX €IEKTPOMEXaHIIHUX CHCTEM.

[IpoBenene mTOPIBHAHHS TOKa3ye, MO MPH 3aCTO-
CyBaHHI TPOMOHOBAHOIO B POOOTI perysisTopa MOXKHA
O/IEP’KATH BUT'PAI HE TLIbKHU MOPIBHAHO 3 HAJIAIITYBa-
HHAMHU Ha crangapthi ¢dopmm Barepsopra Ta Ginoma,
ajie it HOpiBHAHO 3 cucreMolo 3 perysusropom [1]. Ilpu
THOMY BEJTUYWHA MaKCUMAJbHOTO TIEPEPEeryTIOBaHHs Ta
3HavYeHHs (DYHKIN] TOKAPAHHS € MEHITUMHU.

Y Bumagky il Ha CHCTeMY 3O0BHIITHIX BILTUBIB MO-
KJIMBUM € KOMIIPOMICHE HAJIAINTYBAHHS, ske 3abe3re-
qye Kpalle BiampaioBanis 30ypennb. I xoda mpu mpoMy
3HAUEHHS 3arajJbHOTO IHTErpasbHOTO MOKA3HUKA SKOCTL
3017IbIIYETHCS, 3HAYEHHSI BUXiTHOI Ta IIPOMiXKHHX KOOP-
JWHAT CUCTEMU 3AJUIMAITHCA B TOMYCTUMUX MEYKAX.

Hezpaxkarouu na e, 1o HailyKMBaHIIIUMHA IPU 1IPa-
KTUIHOMY CHHTE3l CHCTeM € CTaHmapTHI JiHiiHl (Qop-
vu Barepeopra Ta OiHOMiasibHA, 3aCTOCYBAaHHS armapa-
Ta HEYITKUX MHOXKHH 33a0e31e49y€e MOKPAIEHHS TOKA3HY-
KiB JJUHAMIYHOI CHCTEMU 1 y BUIIaIKY 3aCTOCYBAHHS iH-
wux crasgapraux jainiinux dpopm (Beccess, Yebuuesa
TOIIO), IO 1 OyIe TPEAMETOM HOAAIBIIUX JTOCTIIKEHD.
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Oewmkis J1. I

NCCJIEAOBAHUNE BJINAHNA BBIBOPA ITAPAMETPOB ®YHKIINN
IMTPUHAOJIE2KHOCTHN, KAK CTVYIIEHEN CBOBO/JAbl HEHETKOTI'O
PEI'VJIATOPA, HA XAPAKTEPNUCTUNKUN JIMTHAMNYECKON CNCTEMBI

Hsvkus JI. 1.

Hayuonarvnot ynusepcumem “JIvsuscvka nosumarruxa”,
ya. C. Bandepuw, 12, JIveos, 79013, Yxpauna

Paccmorpeno auHAMUYECKYIO CHCTEMY, COCTOSMIYIO M3 JABYX moacucteM. VcciemoBaHo BJm-
fdHUe BBHIOOpPA 3HAYEHUIl MapaMeTpoB (DYHKIWH IPUHA/UIEKHOCTA HA KAUECTBEHHBIE U KOJIAIe-
CTBEHHBIE TIOKA3aTe/ N (PYHKIIMOHUPOBAHUS CUCTeMBI. OTpeeIeHbl ONTUMAJIbHBIE 3HATEHUST STUX
mapameTpoB. [IpoBeneHo cpaBHEHNE CHHTE3UPOBAHHOTO PErY/IsITOPA C M3BECTHBIMHU.

KiroueBble ciioBa: He4veTKast JIOrnKa, HEYEeTKUNNA perynaTtop, d)yHKLWIH APUHAQNEXHOCTU, ANHA-
Mun4yeckas cnctema.

YIOK: 007:681.516.4

STUDY OF INFLUENCE OF MEMBERSHIP FUNCTION’S PARAMETERS

SELECTION, AS FUZZY REGULATOR’S DEGREES OF FREEDOM,
ON THE CHARACTERISTICS OF DYNAMIC SYTEM

Demkiv L. I.

National University “Lvivska Politechnika”
12 S. Bandera Str., 79018, Lviv, Ukraine

A dynamic system that consists of two subsystems is considered. The influences of membership
function’s parameters on qualitative and quantitative indicators of the system is investigated.
The optimal values of these parameters are determined. A comparison of the synthesized
controller with the known ones is held.

Key words: fuzzy logic, fuzzy controller, membership function, dynamical system.
YIK: 007:681.516.4
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