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METO/] PO3PAXYHKY TAPAMETPIB PETI'YJISITOPA J1JI5S1 KEPYBAHHA ACTATUYHUM
OB’€EKTOM TPETHOI'O IIOPAJKY

Pozenanymo eubip pecynamopa ma Mmemoo po3paxyHKié 1020 naApamempié Ons  KepyGaHH:
acmamuynum 06’ €KMomM mpemvo20 NOpAOKY 3 ACMAMUIMOM NePuLo2o nopsaoxy. [lposedeno ananiz AKicHux
Xapaxmepucmuk ompumMaHoi cucmemu

Knrouosi cnosa: acmamuunuii 06’exm, pe2yiamop, acmamusm, agmomamuyne Harawmyeanns, 111/]-
pezyamop.

Beryn. IloctanoBka mpoOJemu. Ilepen THM, SK po3paxoBYBaTH MapaMETpH PETYISITOpa, HEOOXITHO
c(OpMYITIOBATH METY i KpUTEpii IKOCTI perymoBaHHs. TpaauIiifHO OCHOBHI SKiCHI MIOKa3HUKH (POPMYITIOIOTHCS,
BUXOJSIYM 3 BHMOT JIO PEaKIii 3aMKHYTOI CHCTEMH Ha CTYIICHEBHIl BXIJHWH CHTHaJ. Y 3aralbHOMY BHIIAIKYy
BUOIp MOKAa3HMKIB SKOCTI HE MOXke OyTH (hopMasi30BaHMH MOBHICTIO i MOBUHEH 3iMCHIOBATUCS, BUXOISYHU 3i
3MICTy 3ajadi, 0 PO3B’A3YETHC.

3riIHO 3 TEOpi€I0 aBTOMATHYHOTO KEepyBaHHS, CTPYKTypa PEryiisiTopa oOUpacThCs, BUXOASYHM 3 MOZEII
00’exta kepyBanus (OK). IIpu ripomy 6ibin cxnagaum OK BiAmOBIAar0Th OB CKIaHI PETyISATOPH.

Anauni3 gocaimkens Ta myoaikamii. Y nepeBakHid OLIBIIOCTI B MPOMMCIOBOCTI 3aCTOCOBYIOThCs [11/1-
PEryJsATOpH, OJHAK X CTPYKTypa He 3aBXIU MOXXE JaTH HEOOXiJHY SIKICTh peryiroBaHHs. Brepiie mMeronuky
po3paxysky mapametpiB I1I/I-perymsaropiB 3anpomnonyBamu 3iraep i Hikomsc y 1942 pomi [1]. g meronuka €
MPOCTOIO 1 HE 1a€ HEOOXiMHUX pe3ynbTaTiB. OHAK BOHA i 10 FOTO Yacy YacTO BUKOPHCTOBYETHCS HA MPAKTHIIL.
OcTraHHIM YacoM 3’SIBIIOCS 0arato OLIbII TOYHHX MeTomiB [2, 3].

[Ticng po3paxyHKY mapaMeTpiB peryisropa MmoTpiOHO Takok HOTo pydHE MiJACTPOIOBaHHS JJIS MOJIMIICHHS
AKOCTI perymioBaHHsA. JIJIi 1bOTO BHKOPHCTOBYETHCS PS TPaBmi, JOOpe OOIPYHTOBAaHMX TeOpeTWHHO. Jlys
HanmamtyBaHHs [I[J]-perymsaTopiB MOXHa BHKOPHCTOBYBaTH 1 3araibHi anreOpaigHi Meromu Teopii
aBTOMaTHYHOro KepyBauHus [4, 5]. V [6-9] onyOsikoBano Gararto iHIIMX METOAIB, SIKi MAlOTh HEPEBaru MpH
KOHKPETHOMY 3aCTOCYBAaHHI.

Bci Buau aBTOMAaTHYHOI HAaCTPOWKH SIBISIFOTH TPH NPUHIMIOBO BaxwimBi eranu: inentudikamis OK,
PO3paxyHOK HapaMeTpiB peryiisitopa, OLIbII TOYHA HACTPOHKA peryisitopa. YacTo KiHIEBUI eTarl BKIIOYae eTan
MIICTPOIOBAHHS (3aK/II0YHA ONTUMI3allis HacTpoiiku). OnTUMi3allis HalalITyBaHHS HEOOXilHA B 3B 3Ky 3 THM,
[I0 METOAM PO3PaxXyHKY MapaMeTpiB PeryssaTopa 3a TPamuIiftHUMU (GOpMyITaMH HE BPaxXxOBYIOTh HEIIHIHHOCTI
OK, 30Kpema, 3aBKAM NPUCYTHIO HEJIHIHHICTH THITy «OOMEXCHHs», a ifeHTH]ikamis mapamerpiB OK
BUKOHYETHCSI HAOIMKEHO.

Jns omepkaHHS SIKICHOTO pETyNIIOBaHHS, B TOMY YHCHII INCJIS aBTOMAaTHYHOTO HanmamTyBaHHs I[11/1-
perynsTopa, HeoOXigHa HasBHICTH iH(popmMmarii npo mquHamidHy noBeminky OK. Imentudikamis OK moxe Oyt
CTPYKTYPHOIO, KOJIM TPOBOJHUTHCS IOLIYK CTPYKTYpPH MaTeMaTHYHOTrO Omucy o0’ekra, abo MapaMeTpH4HOIO,
KOJIM JUIsi BIJIOMOT CTPYKTYpH 3HaxOHsTh 3HAUYEHHsS NapaMmeTpiB, W0 BXOJATh 10 piBHsAHHA Mojeni. Komu
MIPOBOIUTHCS MOITYK MapaMeTpiB MOJEINI 3 BiJOMOIO CTPYKTYPOIO, TO TOBOPATH IPO iAeHTU]IKAIII0 TapaMeTpiB
MOJI€JIi, a He 00’ €KTa.

HesBakaroun Ha pi3HOMaHITHICTH 1 ckIaaHicTh peanbHux OK, mpum cuaTe3i mapamerpi [1I/]-perynstopa
BUKOPHCTOBYIOThCS, SIK NPAaBWIIO, TUJIBKH JIBI CTPYKTypu MartemarndHux wmozeneit OK: mopens mepuioro
MOPSZIKY i3 3aTPUMKOIO, Ta MOJIENb IPYTOTO TIOPSIKY i3 3aTpumMkoro [10].

OCHOBHOIO TIPHYMHOIO, SIKa OOMEXYE 3acCTOCYBaHHS OUIBII CKJIAJHUX MOJIENIeH, € HEeMOXJIMBICTH abo
TPYJIOMICTKICTh aHAIITHYHOTO BHPILICHHS CHCTEMH piBHSAHB, 10 omucyioTh [IIJ[-perynstop 3 Mmoznemto
BHCOKOT'O TIOPAAKY (camMe aHaJiTH4HI pileHHs HaOynu HalOibmoro nomupenHs npu cuntesi [1/1-perymnsaropis
3 AaBTOMATHYHHMM HaJIAIITYBaHHAM). Mopeni OLIbII BHCOKMX IOPSAKIB BUKOPHCTOBYIOTHCS 3HAUHO MEHIIIE.
Buxonsun ¢ 11p0r0, 3aBIaHHS PO3POOKH METOJy PO3paxyHKy IapaMeTpiB peryysitopa Juiss KepyBaHHS OiibII
CKJIQJIHUMH 00’€KTaMH BHCOKOTO TOPSAKY SIK CTATUYHMMH, TaK 1 aCTATHYHUMHM, € aKTyaJbHOIO IH)KCHEPHOIO
poo6IIeMOIO.

BukiiageHHsT O0CHOBHOro Marepiajgy. Po3paxyHOK mapameTpiB perysstopa 3a METOAOM, IO
pO3TIIANAETECA HIKYE, € HAOMMKEHHM, ajie J03BOJIIE OTPUMATH SKICHI XapaKTepUCTHKH TPH KepyBaHHI
aCTaTHYHUM 00’ €EKTOM TPETHOTO MOPSAKY 3 MIEPEAATHOIO QYHKITIEIO BUAY:

K
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ne T, ta T, — nocriitni wacy OK; K — koedinient nepenaui OK.
B3araui cTpykTypHa cXxeMa CHCTeMH KepyBaHHS Ma€ BUTIIA, HABEJCHUH HA PUCYHKY 1.

s . W s € > W, € Y

— -

Puc. 1. Cmpykmypna cxema cucmemu Kepysanms

Mertoro nanHoi 3amadi € BUOip CTPYKTYPH Ta MapaMeTpiB PeryiasaTopa, SKUH MepeTBOPUTH 3aMKHYTHIA KOHTYP
CHCTEMM y KOJMBajJbHY JIaHKY 3 MAaJIOI0 IOCTiiiHOI0 (OakaHoo) dacy T,, Ta KoedillieHTOM mepenadi, 1o
JTIOPIBHIOE OJTUHHUIII:

W e:: 2.2 : '
Tis™ +2Tz65+1
ne & — KoedimieHT 3aracaHHs KOJIMBAHb.

@

Jist 3a6e31edeH s TIABHOTO TIEPEXiHOTO MPOIECy, OIM3BKOT0 J0 alepioAnIHOT0, HeoOXiaHo, mob & > 1.

Jlnist BU3HAYEHHSI CTPYKTYPH peryJsiTopa, HeoOXiIHO MPUPIBHATH BUpa3 sl IepeaaTHol GyHKIIT 3aMKHYTOT
CUCTEeMH 10 BHpasy (2):
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3 piBHsIHHSA (4) OTpUMAEMO TiepeaTHy QYHKINIO PerysTopa:
N TS+ € +T,5+s
Waéée/: : (5)

KT 28 + 2T ;&Ks
Poskimagemo Bupaz (5) y psnm Teimopa. Ilepuri Tpu ckiaamoBi psay OyayTh BIAMOBIZATH MapameTpam
perynsaropa, o mae I11J[-3akoH kepyBaHHs:

K
Waéa‘::TAS+ Ki + 82 , (6)
Je nudepeHniiHa CKIaoBa Ma€ BUIIIS.
TT
TA = 12 ) (7)
KT 2
nporopiiiHa —
-
K, = (1 +T, T4 —28T0T, 8
[ KTA3 ’ ( )
iHTeTpajJbHA —

2 ) B
K. = TA _ 25 ) kl +T2 /TA — ZéTlTZ — (9)
2 4 .
KT 4
3amady MOKHa PO3TIIIIATH SK TepPMiHAIBHY 3a7ady KepyBaHHS, MPH SKil 00 €KT 3 OJHOTO CTaHy B iHIIHHA
MIePEeBOIUTHCA 32 3aaHUI MPOMIXKOK Jacy:
toaa < 2NT4, (10

ne tss; — 3amaHMIl 4ac peryiloBaHHA BUXIJHOI KOOpAMHATH; 2N — eMIIipUYHA CKJIAJ0Ba, L0 BU3HAYAETHCS 32

EPEXiIHOI0 XapAKTEPUCTUKOIO KOJIUBAILHOT IaHKH (2):
N 4
h(t) =1- (/1—52/8 %Asin(\/1—§2;+acrcos§j, (1§
A

3aJIC)KUTh BiJl BEIMYMHU ¢ , Ta BPAXOBYE HAOIMKEHUH METO]] pO3paxyHKy I1apaMeTpiB peryisTopa.
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25T T .

L\ 3HHUKae IponopliitHa ckiagosa K , 1o mpussene 10 3aTAryBaHHA

+T,
~

npolecy KepyBaHHS B nitomy. ToMy aisi OTpUMAaHHs SIKICHAX XapaKTepUCTHUK MNPOLECY KepyBaHHS, s

BUnmajaky, komu K; >1, mpu Bu3HaueHHI OaxkaHOoI MHOCTifHOI uyacy KONUBAJbHOI JIAHKU T, HEOOXigHO

Sk Bumuo 3 (8), mpu T4 =

BPaxoBYBaTH eMIipuaHui koedimiear m=13...14:

26T, (12
CH+T, )
Amnanis Bupasy (9) 3 ypaxyBaHHs peKOMEHAALIN 100 BU3HAYCHHS BeNUYUHHU T 4 3a BUpasoM (12), mokasye,

TAZm

10 y AaHOMY BHINAJKY iHTerpanbHa ckianoBa K, Oyne maru Bix’eMHe 3Ha4YeHHs. J[15 OTpUMaHHS JOAATHOTO
3HadeHHs K, , emmipmaHmii Koe(ilieHT M ITOBHMHEH OYyTH Ha MOPSAOK OiNbIe 3a3HAYEHOTO, IO, BUXOIIIH 3

Bupazy (10), mpu3Bene TakoX 0 3aTATYBaHHS IPOLeCy KepyBaHHI. ToMy Uit KepyBaHHS acTaTHIHUM 00’ €KTOM
TPETHOTO MOPSIIKY 3 acCTaTH3MOM MEPIIOro TMOPSAKY JAOUIIBHO BWIIYYUTH IHTETrPajbHO CKIAJ0BY, TOOTO
BUKOPHCTOBYBATH IPONOPLIHHO-TU(EPEHIIHUI 3aKOH KepyBaHHS.

Po3B’sA30K 3a7a4i )i KOHKPETHOI0 TeXHOJOTi4YHOI0 00’ €KTa

IIpoBemeMo MopenmroBaHHS 3 HacTynmHumHu mapamerpamu OK: K =05, T,=01A, T,=1d, Ta

Koe]ilieHTOM 3aracaHHs KonuBaHb: & =1,2.

3a Bupaszom (12) b6axana nocriiina gacy 6yae nopisaioBatu T4 = 0,3 fi. Toxi BukopucroBytoun Bupasu (7)
Ta (8), oTpuMaeMo mapameTpu HacTpoiiku [1/I-perymaropa: Ky =6,67, Tz = 2,22 ii.

Ha pucynky 2 HaBeJeHa MOJIENb CHCTEMH KepyBaHHs, cTBopeHa B Moy Simulink MATLAB.

~ioi
File Edit Wiew Simulation Format Tools Help
DID“E%IS&EH?Q PIINormaI 'I|$|Hﬁ}®
{+_ s ] 1 - 1
= } 0.452+1 s+1 =
Step Transfer Fen Integratort Soope
dufdt
Gain3 [rerivative

Ready 100% [ |ode4s v

Puc. 2. Mooenv cucmemu xepysanns

Ha pucynky 3 HaBeOeHO pe3ysbTaT MOICIIOBAHHSA Yy BHUIJISAI MEPEXiTHOI XapaKTEPUCTHKH BHXIiTHOI
KOOP/AWHATH CHUCTEMH Ta MEpPexXiTHOi XapakTePUCTUKH “KOJMBANBHOI  JAHKW, IO JISATJa B OCHOBY METOIY
po3paxyHkiB. Ha pucynky 4 naemeno JIAX Ta JI®X cuHTE30BaHOI cHCTeMU KepyBaHHs Ta 0a30BOi
“KONMBAILHOT” JIAHKH.
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Puc. 3. I[lepexioni xapakxmepucmuxuy CUHmMe308aHOL cucmemu KepyeanHs.
ma 6a3060i “KoauganvbHoi” 1aHKU

J Figure No. 1

Puc. 4. JIAX ma JIOX cunme308anoi cucmemu Kepy8aHHs
ma 6a3060i “xonusanvHol” ranKku

3 pucynky 3 BuOHO, MmO OOpaHWil perynsTop 3a0e3medye sKICHEC KEepyBaHHS 3 BIIHOCHUM
TepeperyJtoBaHHsIM BHXIJHOI KOOpPAMHATH y Mexax 16 %, Ta yacoMm peryiioBaHHs, SIKMM JIopiBHIOE 2,8 ¢ i
Biamosinae Bupasy (10) (smauennro & =12 Bimnosimae 3uauerns N = 6,21). Pucynok 4 mokasye mMpakTHUHY
IIGHTUYHICTh YaCTOTHUX XapaKTEPUCTHK 0a30BOi “KOJIMBAIBHOI” JIAHKHM Ta CHHTE30BaHOI CUCTEMH.

BucnoBku. Po3poOiieHO MeTon po3paxyHKy HapaMeTpiB peryjisropa sl KEepyBaHHS acTaTHYHHMU

97



ISSN 1728-4260 BICHUK KATY. 2013. Ne 3 (66)

00’eKTaMu TPEThOro IMOpsAKY. JloBeneHo, Mo sKICHMH Mpolec KepyBaHHsS 3a0e3MedYyeThbcsi BUKOPHCTaHHIM
MpoTopLiHHO-TUdEepeHLiifiHoro 3aKkoHy KepyBaHHs. [lokazaHo, mo po3paxoBaHi mapamerpu I1J[-perynstopa
3a0e3MeuyroTh Malke IUIaBHY 3MiHY BUXITHOI KOOpAWHATH 00’€KTa KepyBaHHA, IO BKa3ye Ha JAOIIBHICTH
BUKOPUCTAHHS PO3pOOJICHOTO MeToay. BimMiHHICTE 3aKOHY 3MiHHM BHXiTHOI KOOPAWHATH BiJl amepiogudHOTrO
3aKOHY € pe3yiabTaToM HAaOMIDKEHHX pPO3paxyHKIB IapaMeTpiB peryasTopa, IO € BiAMIHHOIO pHCOIO
3aIPOIIOHOBAHOT'O METOJY.
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C.C. CBucreabHuk, A.U. TroTIOHHUK
PaccMoTpeH BBIOOp perynsiTopa M METOJ pacdera €ro HapaMeTpoB Ui YIPaBJICHHS acTaTHYECKUM OOBEKTOM
TPETbEro MOpAAKa C AacTaTU3MOM IMepBoro mnopsaxa. IIpoBezeH aHamM3 KadyeCTBEHHBIX XapaKTEPHUCTHK
MOJIyYEHHON CUCTEMBI.

KnroueBrle cioBa: acTaTH4ecKUil OOBEKT, PEryisITOp, acTaTU3M, aBTOMAaTHYecKas HACTpOHKa,
IIUd-peryasarop.

VK 681.5.03

The method for calculation of controller parameters to control the third-order astatic object / S.S.

Svistelnyk, A.G. Tyutyunnyk

The selection of a controller and the method of its parameters’ calculation to control the third-order astatic object

with first-order astatism are considered. The qualitative characteristics of the resulting system are analyzed.
KnroueBrle cioBa: acTaTHYeCKHH 06’beKT, peryiadaTop, acTaTu3sM, aBTOMaTHUUYCCKadA HaCTpOfIKa,

[T I-perynsarop.
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