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KwuiBcbkuii HamioHATFHANA YHIBEPCHTET TEXHOIIOTIH Ta AU3alHy

CUHTE3 IU®POBUX PEI'YJIATOPIB LIJIAXOM 3ATAHHSA CTEITEHIB
CTIMKOCTI I KOJUBAJBHOCTI ABTOMATHU30BAHUX CUCTEM
KEPYBAHHA

Posenanymo cunmes yugposux pecynamopis, aAxi xapaxmepuzyiomscs Koe@iyieHmom
NIOCUNeHHL MA MAOMb 00UH HYIb | 00Ul noaoc. Ha npuxnadi munogoeco 06 ’ekma kepysamHsi
0py2020 NOPAOKY NOKA3AHO, WO MAKI pe2yisimopu MOMCHA CUHIME3Y8AMU MAKUM YUHOM, W00
pe3yibmyroda  asmomMamu308anHa  CUCMEMA KepY8aHuHs Maid CmeneHi cmitkocmi 1
KonuganbHocmi He c2ipute 3adanux. Lle Oocsaeacmvca  posmMiwjeHHAM MPbOX KOPEHi8
XapaxkmepucmuiHo2o pieHAHHA MAKoi cucmemu Ha Z-NAOWUHI MAKUM YUHOM, Wob 60HU He
BUXOOUNU 34 MENHCI 30H, 0OMEHCEHUX NIHIAMU NOCMINUH020 CMeneHs CMIUKOCMI i NOCMIIHO20
cmeneHsi KOIUBANIbHOCHI.

Ilepexionuu npoyec 6 makii cucmemi, OMpPUMAHUll 8 pe3yibmami MOOent08aHHs 8
naxkemi Simulink, noxazae ceow GiONoOGIOHICMbL 3a0aHUM CMEneHAM CmIUKocmi 1
KOUBAIbHOCMI.

Meowca 30HU, sKaQ € JNIHICHO NOCMIUHO20 CMeEneHs CMIUKOCmi Ha Z-NaOWUHI,
npeocmasisie cooorw Koao — i3 30IIbUWEHHAM CmeneHs CmItuKkocmi paodiyc makozo Koia
3menutyemucs. Meowa 30Hu, AKa € AiHIEI0 NOCMIUHO20 CMeneHs KOAUGANbHOCMI HA Z-NIOWUHI,
nPeocmasiic cooow Cnipans — i3 3MEHWEHHAM CMeneHs KOAUBANbHOCMI po3Mipu maxoi
cnipani maxkoc 3meHuyomoca. Takum yunom, Z-nI0WuUHA YMOBHO PO3OLNAEMbCA HA YOMUPU
30HU: 30HY |, 8 AKill He BUKOHYIOMbCA YMOBU HI 3A0AH020 CMeneHs CMIUKOCMI, Hi 3a0aH020
cmenens koauganvHocmiy 301y |1, 6 AKill 6UKOHYEMbCA YMOBA 3a0aH020 CMeneHs CmiuKocmi;
sony I, 6 saxii euxonyemvcsa ymosa 3adanoeo cmenens xoauganrvHocmi; 30ny |V, 6 saxii
BUKOHYIOMbCS YMOBU | 30AH020 CMeNeHs. CMIUKOCMI, I 3a0aH020 CeneHs KOJIUBANIbHOCHI.

Take po3miujenHs KOpenié XapakmepucmuiHo20 pi6HAHHA O00CA2AN0CA PO38 A3AHHAM
cucmemu 3 mMpvboOX PIGHAHL, 8 5KV 6 AKOCMI HeBi0OMUX 6X00Unu KoepiyieHm nioCuieHHs.
Yuppoeozo pe2ynamopa, to2o 00UH Hyb i 1020 OOUH NOIIOC.

Heobxiono 3aysasxcumu, wo, 3 00H020 60KY, HAAGHICMb 3A0AHUX CMENEHI8 CMIUKOCMI
I KOMUBANbHOCMI He BUKIIOYAE, HANPUKIAO, HAAGHOCMI Y A8MOMAMU308aHOI cucmemu
Kepy8aHHa cmamuyHoi noxubxu. Ane npu yvomy, 3 IiHW020 OOKy, MOJHCHA nidibpamu
yugposuii pe2ynamop 3 Oinbl CKIAOHOI0 CMPYKMYPOIO i, BUKOHABWIU AHANO2IYHI 0OUUCTIEHHS,
3pobumu maxKy cucmemy acmamuyHol, BHACIIOOK 4020 CMamuyHa noxubka Oyoe Oyoice
manow abo 83azani 6yoe 8i0CymHbvo10.

Knrouosi cnosa: asmomamuszosana cucmema Kepy8awHs, IHmMepean Ouckpemusayii,
Kopenegutl 20002pag, cmeninb CMIIKOCHI, CMeniHb KOIUBAbHOCHI, YUDPOosull pe2yisimop.

C.H. JIMCOBEIL], N.JI. KUBA, E.1. 3YBAY

KueBcknii HAaIMOHATIBHBIN YHUBEPCUTET TEXHOJIOTHI 1 AW3aliHA

CHUHTE3 IIU®POBLBIX PET'YJIATOPOB IIYTEM 3AJIAHUSI CTEIIEHEN
YCTOUYMUBOCTHU U KOJIEBATEJIbHOCTH ABTOMATHU3UPOBAHHBIX
CUCTEM YIIPABJIEHUA

Paccmompeno  cunmes yugposvix pezynsimopos, Komopwvie XaApakmepuzyiomcs
KO2Ghhuyuenmom ycuneHusi u umerom 0O0uH Hyab u o0un noawoc. Ha npumepe munosozo
obvekma Ynpasnenus 6mopoco NOpAOKA MNOKA3AHO, YMO mMaKue pezyusimopvl MONCHO
CUHMEe3UPOBAMb  MAKUM — 00paA30OM, YMOObL  pPe3yIbMUpyIowds —agmoMamusuposanHias
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cucmema YnpaeieHus umend CmeneHu YCMOUdUBOCmu U KoieOamerbHOCmu He Xyce
3a0auHblx. Omo oocmueaemcsi pasmewjeHuem mpéx KOpHeu XapakKmepucmuieckoeo
VPABHEHUsT MAKOU CUCMEMbL HA Z-NIOCKOCMU MAKUM 00pazom, ymobbl OHU He 8bIXOOUTU 3a
npeoenvl 30H, 02PAHUYEHHBIX TUHUAMU NOCMOAHHOU CIMeneHu YCMOouyu8oCcmu U noCMosHHOU
cmeneHu KoiebamenbHOCHu.

Ilepexoounwiti npoyecc 6 makoii cucmeme, NOJIYUEHHbI 8 pe3yIbmame MOOeIUPOBaAHUsL
6 naxeme Simulink, nokazan ceoé coomeemcmeue 3a0aAHHbIM CMENEHAM YCMOUYUBOCIU U
KonebamenbHOCmu.

I'panuya 301, KOMOPAs A6AAEMCS TUHUEU NOCOSHHOU CMENneHU YCMOou4UgoCcmu Ha
Z-naockocmu, npedcmasisaem coboll Kpy2 — € yeeaudeHuem cmeneHu YCmoudyueocmu paouyc
makoz2o Kpyea ymeHvuwiaemcs. Ipanuya 30mbl, Komopas Aeusiemcs Junuell NOCMOAHHOU
cmeneHu  KoieOamenbHOCmMu HA  Z-NAOCKOCMU, Hnpeocmasisiem cobou cnupaib — ¢
YMeHbUleHUeM CmeneHu KoiebameibHOCIU pasmepsbl MAaKoll CRUPaid maxkice YMeHbULAOMCsL.
Takum obpazom, z-n10CKOCMb YCIOBHO PA30eNAemcsl Ha Yemblpe 30HbL. 301y I, 6 Komopoui ne
BbINOTHAIOMCS. YCI08USL HU 3A0AHHOU CMENeHu YCMOUYUBOCmu, HU 3A0AHHOU CmeneHu
KonebamenvHocmu, 30ny II, 6 KOMOpOU GbINOIHAEMCA YCI08Ue 3A0AHHOU CMeneHu
yemouyugocmu,;  30ny  Ill, 6 Komopoi evinoaHsemcs yciosue 3A0aHHOU — CMeneHu
KonebamenvHocmu, 30Hy IV, 6 KOmMOpoU BbINOAHAIOMCA YCI08UA U 3A0AHHOU CMeneHu
YCMOoUYU80Ccmu, U 3a0aHHOU Cmenenu Ko1ebamenbHOCiL.

Takoe pasmeweHue KoOpHell XaAPAKMepUucmuiecko2o YpaeHeHus O0CMuU2aioch
peuwieHuem cucmemvl U3 mpéx YpasHeHull, 8 KOMOpyl 8 Kauecmee Heu38eCmHbIX 8X0O0UU
K03 puyuenm ycunenus yupposoeo pe2yiamopa, e2o 00UH HOlb U €20 00UH NOJIOC.

Heobxooumo 3amemums, umo, ¢ O0OHOU CMOPOHbI, HANUYUE 3AOAHHLIX CHENneHell
ycmouyugocmuy U KoieoamenbHOCmu  He  UCKIIoYdem, — HAnpumep,  HAIUYUsL Y
A8MOMAMU3UPOBAHHON CUCHEMbL YNpagieHus cmamudeckou owubdku. Ho npu smom, ¢
Opyeoll CMOPOHbL, MONACHO NOO0OPamMsb YUPpPoBoll pe2yasimop ¢ 6ojee CLONCHOU CIMPYKMYpoul
U, GLINOIHUE AHANIOSUYHbBIE BbIYUCTEHUs, COelamb MAaKylo CUCmeMy acmamuyeckoll,
gceocmsue yYee0 cmamudeckds owubka Oydem OyYeHb MAlou uiu 80odwe 0Oyoem
OMCymcmeo8ams.

Kniouesvie  cnosa: aemomamuzuposannas —cucmema — YnpagieHus,  UHMep8all
ouckpemuzayuu, KOpHegou 20002pagh, cmeneHb YCmouyueoCmu, cmenetsb Ko1edameibHoCmu,

yugposou pe2ynamop.

S.M. LISOVETS, I.L. KIVA, O.l. ZUBACH
Kyiv National University of Technologies and Design

SYNTHESIS OF DIGITAL CONTROLS BY SETTING THE STABILITY AND
OSCILLATION DEGREES OF AUTOMATED CONTROL SYSTEMS

The synthesis of digital controllers, which are characterized by a gain and have one
zero and one pole, is considered. Using the example of a typical second-order control object,
it is shown that such controllers can be synthesized in such a way that the resulting automated
control system has degrees of stability and oscillation no worse than the specified ones. This
is achieved by placing the three roots of the characteristic equation of such a system on the z-
plane so that they do not go beyond the zones bounded by the lines of constant degree of
stability and constant degree of oscillation.

The transient process in such a system, obtained as a result of modeling in the
Simulink package, showed its compliance with the specified degrees of stability and
oscillation.

The border of the zone, which is a line of constant degree of stability on the z-plane, is
a circle — with an increase in the degree of stability, the radius of such a circle decreases. The
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border of the zone, which is a line of constant degree of oscillation on the z-plane, is a spiral
— with a decrease in the degree of oscillation, the dimensions of such a spiral also decrease.
Thus, the z-plane is conventionally divided into four zones: zone I, in which the conditions of
neither a given degree of stability, nor a given degree of oscillation are satisfied; zone Il, in
which the condition of a given degree of stability is satisfied; zone 11, in which the condition
of a given degree of oscillation is satisfied; zone 1V, in which the conditions of both a given
degree of stability and a given degree of oscillation are satisfied.

Such an arrangement of the roots of the characteristic equation was achieved by
solving a system of three equations, which included the gain of the digital controller, its one
zero and its one pole as unknowns.

It should be noted that, on the one hand, the presence of specified degrees of stability
and oscillation does not exclude, for example, the presence of a static error in the automated
control system. But at the same time, on the other hand, it is possible to choose a digital
controller with a more complex structure and, having performed similar calculations, make
such a system astatic, as a result of which the static error will be very small or absent
altogether.

Keywords: automated control system, sampling interval, root hodograph, degree of
stability, degree of oscillation, digital controller.

IMocTanoBKa MpodJeMu

CHHTE3 peryysTopiB, ki 0 3a0e3rmedyBaiiy Il aBTOMAaTU30BAaHUX CUCTEM KEPyBaHHS
CTEMeHi CTIMKOCTI 1 KOJNMBAaIbHOCTI HE TipIIe 3aJlaHuX, € HEMpOoCToI0 3amavero. Yacto s
TAKOTO CHHTE3y BHKOPHCTOBYIOTHCS KopeHeBi rojorpadu [1]. Kopenesi rogorpadu sk Ha s-
TUTOIIHHI JJI1 HEeTIEPEPBHUX aBTOMATH30BAHMX CHUCTEM KepyBaHHS, TaK 1 Ha Z-TUIOIIMHI IS
JTUCKPETHUX aBTOMATH30BaHMX CHCTEM KEPYBaHHS MOXXHAa BUKOPHUCTOBYBATH SIK JUIS aHAITI3Y,
Tak 1 And cuHTe3y Takux cucteM. CyThb KOpeHeBoro rojorpada moisrae B TOMY, IO
OTPUMYIOTh XapPaKTEPUCTHYHE DPIBHSIHHS aBTOMATH30BAHOI CHCTEMH KEpPyBaHHS, B SKOMY
OIMH 3 TapaMeTpiB Takoi cHCTeMU (HampHuKiIaa, Koe(dillieHT MiJCUICHHS IH(PPOBOTO
peryJsaTopa) BUCTYIIA€ B IKOCT1 HE3AIEKHOI 3MIHHOI.

3MIHIOIOYM TaKHi MapamMeTp B JOMYCTUMHUX MeEXax, OyIyroTh PpO3MOJIT KOpEHIB
XapaKTePUCTHUYHOTO PIBHSHHS HA Z-TUIOIIHMHI: TaKUH PO3MOIT 1 € KOPEHEBUM TroJIorpad)oM.
Kopenesi rogorpadgu Ha Z-maomuHi OyAyIOTBCS TaKHUM K€ CaMHUM YHWHOM, SIK 1 KOpPEHEBi
rogorpadu Ha S-TUIOIIMHI. BigmoBiMHICTE MK S- 1 Z-IJIONUHAMH 3IIHCHIOETHCS IIITXOM
B3a€MHOTO TIEPETBOPEHHS

z=¢", 1)
ne T — iHTepBal JUCKpETU3aIlil.

Age, SKILIO MEXEI0 CTIMKOCTI Ha S-IJIOLIUHI € BICh OpJUHAT, TO MEXKEI0 CTIMKOCTI Ha
Z-TUIOIIMHI € OJVUHHUYHE KOJO, AJIA SKOrO BUKOHYEThCS BMMOTa |Z| =1. CuHre3 uu¢ppoBux

PEryJsITOpiB Ha Z-TUIOUIMHI 32 JOMOMOTOI0 KOPEHEBHX ToaorpadiB 3BOAUTHCS, MO CYTi, A0
TOTO, 00 OTPUMATH CTPYKTYPY 1 HAJAIITYBaHHS U(PPOBOTO PETYIATOPA TAKAM YUHOM, 100
KOpeHi 1 HyJi 3aMKHEHOi aBTOMAaTH30BaHOI CHUCTEMH KEpyBaHHs Ha Z-IUIOIIMHI 3aiManu
noTpiOHE MOJIOKEHHS BiAMOBIIHO IO OTPiOHOT AKOCTI MEPEXiTHUX MPOIIECIB.

SIkmo Ha Z-rulomuHI MoOyAoBaHMM KOpeHeBUil rojgorpad AMCKPETHOI CHCTEMH
KEpYBaHHs, TO IO TPAEKTOPIAX KOPEHIB ii XapaKTEPUCTHUYHOTO PIBHSIHHS MOXHA POOUTH
BHUCHOBKM HE€ TIJIbKU TPO CTIWKICTh, ajie 1 MpO 3amac CTIMKOCTI aBTOMAaTH30BAHHX CHUCTEM
kepyBaHHs. OTxe, CHHTE3 NU(PPOBUX PETYITOPIB 3 BUKOPUCTAHHSAM KOPEHEBHX rojorpadis
3BOJAMTHCSA 10 JOCHTIJDKEHHS IOJIOKEHHS KOPEHIB XapaKTEpUCTUYHOIO PIBHSHHS BiJHOCHO
HACTYITHHX JIHIM: CTEeNEeHs CTIMKOCTI 1 cTeneHs KonmuBaibHOCTI [1-3].
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AHaTI3 OCTaHHIX JOCTiTAKeHb | myOaikanii
3rifiHO 13 BU3HAYCHHSM, CTCIiHb CTIMKOCTI h BiamoBimae HaiMEHIIOMY 332 MOJYJIEM
BIJI’€MHOMY MIMCHOMY KOpeHI0O ab0 HaWMEHIIIi 3a MOAYJEeM B €MHIA MIMCHIN YacTHHI
KOMIUIEKCHO-CIIPSDKEHUX  KOPEHIB  XapaKTePUCTHYHOTO PIBHSHHS JUCKPETHOI CHUCTEMU
KepyBaHHs. SIKIIO HA S-TUTOIIMHI 3aJiaHa JIiHiS MOCTIMHOTO CTeNeHs cTiiikocti h, To Ha Z-
IUTOIMHI BOHA Oy/ie BiZoOpakaTUCs K KOJIO 3 paJiycoM

z=¢" (2)

1 IIGHTPOM B MOYATKY KOOPAMHAT (IUB. pHC. 1).

Skmo 3amarucs KiUIbKOMa CTEIEHSMHU criiikocti h, TO JHIT MOCTIMHOIO cremeHs
cTifikocTi h OyayTh MaTH BUIIISIT KOHIICHTPHYHHUX KU 13 IICHTPaMHU B TIOYAaTKy KOOPJAMUHAT Z-
TUTOTIIHH.

Takox, 3rigHO 13 BHU3HAYCHHSIM, CTEIMiHb KOJMBAJIBHOCTI 4  BIATOBigae

MaKCUMaJIbHOMY 32 MOJYJIEM BIJIHOIICHHIO YSBHOI YaCTMHU KOMIUIEKCHO-CIIPSKEHUX
KOPEHIB XapaKTePUCTUYHOTO PIBHSIHHS aBTOMAaTU30BaHOI CHCTEMHU KePYBaHHS JI0 1X BiJ’ €MHOT
nificHOT YacTUHY (TIPY HASIBHOCTI TITBKY BiJl’ EMHHX JTIHCHUX KOPEHIB CTEMiHb KOJUBAIBHOCTI

u=0).
] ] Im(z)

-1 —
~

e
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/ efm

N s
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a) 0)

Puc. 1. BignosiguicTe Mixk crenenamu criiikocti h Ha s- i Z-nuomunax.

Skmo Ha S-TJIOLIMHI 3a/JaHa JiHis MOCTIMHOTO CTENeHs KOJMBAIBHOCTI /4, TO Ha

Z-TlonuHI BOHA Oyne BimoOpaxkaTucs sK JorapudmidHa cmoipanb (auB. puc. 2), sKa

OMUCYETHCA HACTYIITHUMHA piBH}IHHHMI/I:
ol

Re(z)=e * cos(aT);
Im(z)=e * sin(aT),

©)

A€ @ — KOJIOBA 4aCTOTa.
] jIm(z)

- -~

N AN
t Re(z)

) |
B \
~ —

a) 6)

Puc. 2. BinnoBigHicTh Mizk cTeNeHSIMH KOJMBAJIBHOCTI £/ HA S- i Z-TJIOIIMHAX.

Skio 3amaTrcs KiabKoMa CTEMEHSIMH KOJMBAIBHOCTI £/, TO JIiHI{ TIOCTIMHOTO CTETICHS
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KOJIMBAJIBHOCT1 4 OyayTh MaTH BUIJISIZ, HABEACHUN Ha puc. 3.
ITpu npoMy KyT £ NOB’sI3aHMH 13 CTETIEHEM KOJIMBAJIBHOCTI 4 HACTYMHUM YHHOM:

p=arctg(u). @

jlm(z)

Puc. 3. Jlinii mocriiiHoro cremenst kosmBaibHocti 11— p=114 (,[;’=85 °); 2— pu=5,67 (,b’=80 °);
3- u=373 (ﬂ=75°);4— H=275 (ﬂ=70°);5— u=173 (ﬂ=60°);6— u=119 (ﬁ=50°);
7- p4=0,839 (B=40°).

Meta pocJaimkeHHs
barato TexHomoriyHMX 00’€KTIB KEpyBaHHsS B MPOMHUCIOBOCTI, 3 TOYKH 30py Teopii

aBTOMAaTUYHOTO KEpyBaHHS, MAaIOTh HEMEPEpBHY MepenaTHy (yHKIIIIO W(s) abo mepIoro

HOPSIIKY Y BUTTISAAL

= 5
(5) Ts+1 ®)
a0o JPyroro MopsiIKy y BULIISL
K
W(s)= : 6
S R MR RPEY ©)

ne K —koediuienr migcunenns; T, T, — crai yacy.

Takum 4nrHOM, CTOITH 3a/1aya JUIsl TAKMX 00 €KTIB KepYBaHHS CHHTE3yBaTH LU(POBI
PEryJIATOPH TAaKUM YHWHOM, 1100 BOHHU 3a0e3MedyBain CTENEHI CTINKOCTI N 1 KONMMBaIbHOCTI
AL HE TipIIe 3aJJaHuX.

BukiageHHsi 0CHOBHOI0O MaTepiajty X0CTiKeHHS
Hexaii B aBTOMaTH30BaHId CHUCTeMi KepyBaHHS BHUKOPHUCTOBYETbCS NHU(POBUI

peryistop 3 Koedimientom miacwieHHs K, Skuil Mae oguH mificHUNA Hymb Z, 1 OIUH
mivicanit momoc P, [1]. Takum yrHOM, IepenaTHa QYHKIIs HU(PPOBOTO PEryJIsSTOpa MaTHME

HaCTyrIHI/Iﬁ BUIJIAA:

(7)
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B 3anexxHoCTi Bl CHIBBIJHOIIEHHS MK BEJIMYMHAMH Z, 1 Pp LU(POBUIH perymisrop

MO’KHA XapaKTepH3yBaTH HACTYITHUM YHHOM.
AGO 5K GIIBTp BEPXHIX YaCTOT MPHU

Pp <Zp, (8)
SIK HABEJICHO Ha puc. 4.
A00 sk DUTBTp HUKHIX YACTOT MPH

Z, < Pp . (9)
SK HaBEJEHO Ha puC. 5.
] lm(z) ] [m(z) ] lm(z)
A / A
/// \\\ /// \\\ /// \\\
Z 1 z 1
e B S Re(z) ——a 5 Re(z) — * 25 Re(2)
\ / \ / \ /
N ~ ~ - ~ 7 N -] - ~

Puc. 4. Po3ramryBanHs HyJIiB i moaiociB mepegaTHoi pyHkuii uudposoro peryasropa C(Z)

(sk QpinbTpa BepPXHiX YacToT).

PosrnsineMo 00’€KT KepyBaHHS 3 HEMEPEPBHOIO MEPEeNaTHOK (YHKIEH Ipyroro
HOPSIIKY
1

wis)= (10s+1)(20s+1) '

(10)

Hexait intepBan T KBaHTyBaHHsS CTaHOBHUTH 2 C (I€ BiANOBiZa€ THIIOBOMY Yacy
OMUTYBaHHS MPOrPaMOBAHUX JIOTTYHUX KOHTPOJIEPIB 1 1HIIOTO aHATOTIYHOTO 00JIaIHAHHS).

jIm(z) jIm(z) jIm(z)
A A /
. o \ . o \ " o \
1 / 1 / 1
L7257) IV 2 LG S 1. LG
\ / N / \ /
N - 7 N - | s N -~ | b

Puc. 5. Po3ramyBanHs HyiB i noJirociB nepenarioi ¢pyukuii ungposoro peryiasitopa C (Z)

(s pinbTpa HUXKHIX YacTOT).

HpI/I BI/IKOpI/ICTaHHi CKCTPANoJJIATOpAa HYJILOBOI'O MOPAAKY 3 IICPECAATHOIO (1)yHKH1€IO
1_ e—ZS
H(s)=——

S

nepeaatHa (yHKI[S aHAJIOTOBOiI YaCTHHHM aBTOMATH30BaHOI CHCTEMH KEepyBaHHS OyJlie MaTH
HACTYITHUM BUTJISAL:

(11)
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1-e>
H(s)W(s)= 5(10s+1)(20s+1)

(12)

Posknanaroun 110 nepenatHy (QyHKIIIO Ha eIeMEHTapHI po0u 1 BAKOHYIOUH 3BOPOTHE
Z-TIEpETBOPEHHS, OTPUMAEMO HACTYITHE:

—Ts _@2s -2s
—z{H(s)W(S)}=Z_1Z{ 1-¢ }_2_12{2(1 e”) e }_
z z s(10s+1)(20s+1) z s(20s+1) s(10s+1) (13)
~0,19032516 0,18126925  0,009055927 +0,00819413
2z —0,90483742 - z-0,81873075 2 —1,72356817z +0,74081822

OTtxe, nepenatHa (yHKLIsS aBTOMAaTH30BaHOI CUCTEMHU KEpPYyBaHHS B PO3IMKHEHOMY
CTaHi MaTHUMe HACTYIHUN BHUIJISM:

C(Z)Z—_]'Z {H (S)W (S)} _Kk 1% 0,00905592z +0,00819413

z P 72— p, 72 -1,723568172 +0,74081822

(14)

BianosigHo 10 1poro, mepeaatHa (PyHKIliSE aBTOMAaTH30BaHOI CHCTEMH KEpyBaHHS B
3aMKHEHOMY CTaHi MaTUME HACTYITHUH BUTIIS;

z—z, 0,00905592z +0,00819413
" 72— p, 22 —1,72356817z +0,74081822
z—z, 0,00905592z+0,00819413
z—p, 2% —1,72356817z +0, 74081822 (15)
K (2 -2, )(0,009055927 +0,00819413)

(z-py)(2° —1,723568172 +0,74081822) + K,, (2 - 2, ) (0,009055927 + 0,00819413)

c(2)* z{H(sw(s)) K

1+C(z)zz_12{H (s)W(s)} 14 Ke

XapaKTepuCTUYHE PIBHSHHS TaKO1 CHCTEMH MAaTUME HACTYITHUNA BUTIIS:

z° +(0,00905592K , —1,72356817 - p,, ) z* +
+(0,74081822+0,00819413K, +1,72356817 p, —0,00905592K ,Z, ) 2 + (16)
+(-0,74081822p, —0,00819413K .z, ) =0.

Sk MoHa T1MO0AUMTH, XapaKTCPUCTHUYHE PIBHSIHHSI aBTOMATH30BaHOI CHCTEMH
KepyBaHHS Ma€ TPETiil MOPsIOK 1, BIAMIOBITHO 0 L[LOTO, MA€ TPU KOpEHs Z;, Z, 1 Z;. B sikocTi
MPHUKIIATy TPHUITYCTUMO, 110 HEOOXITHO OTPUMATH aBTOMATH30BAaHY CHCTEMY KEpyBaHHS, sKa
Mae cTemiHb cTiikocti h He ripme 0,3 1 cremiHb KOJIHMBaIbHOCTI | He Tipme 1,2.
BiamosigHo 10 mporo, Ha puc. 6 HaBeIeHi JiHII mocTiiiHOro cremens criiikocti h=0,3 B
BUTJIAII KOJIA 3 paAlycoM

e ?%% =0,5488 (17)

1 TOCTIHHOTO CTETeHs KOJIMBAIBHOCTI 4 =1,2 B BUIJISL CITipaTi.
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J Im(z)

Puc. 6. Jlinii mocTiitHoro cremens criiikocti h=0,3 i mocriliHoro crenens KoauBaabHocTi =12,

B somi | ymoBu h>0,3 i ¢£<1,2 ne Buxkonyrorscs. B 30Hi Il BUKOHY€ThCS yMOBa
h>0,3 i ne BuxoHyerbcss ymoBa W<1,2. B 3omi Illl He BuKOHyeThcs ymoBa h>0,3 i
BUKOHY€EThCs yMoBa 1 <1,2. B 30mi IV Bukonyotscs oxsodacHo i ymosa h>0,3, i ymoBa
1 <1,2. Takum umHOM, I 3a0€3M€UEHHS 3a0aHUX CTEIEHIB CTIMKOCTI i KOMMBANIBLHOCTI BCi
TPH KOpeHd Z,, Z, 1 Z, HE TOBUHHI BUXOAUTH 32 Mexi 30HU |V .

[TpunycTuMo, MO KOpeHi Z; 1 Z, KOMIUIEKCHO-CHPSDKEHI, a KOpiHb Z, — IIiHHI.
Po3mictTuMO Ha Z-TUIOMIMHI LI KOpPEHI HacTynHMM 4uHOM. Hexaill kopeni 2z, 1 Z,
pPO3MIIIYIOTECS B Toukax nepeTuHy mex 30H Il i Ill. Po3B’a30k piBHSHB, SIKi OMHUCYIOTH IIi
MeXKi, IToKasye, 1o 1e ToYKH 3 koopauHaramu (0,4126;0,3619j) i (0,4126;—0,3619j) . Kpim
LIEOT0, PO3MICTHMO KOpiHb Z, B Toutti (0,1;0).

TakuM 4YWHOM, B TEpEXiHUX TMpOIecaX aBTOMATU30BAHOI CHCTEMH KEpyBaHHS
CKJIaJIOBa, sIKa BU3HAYAETHCSI KOPEHEM Z, , OyJie ly’Ke IIBUJIKO 3aracaT, a CTEIeHl CTIHKOCTI 1

KOJMMBAJIBHOCTI TaKoi CHCTeMH OyAyTh BH3HAYAaTHUCS NEPEBAXKHO CKIAJOBUMH, SKi
BU3HAYAIOTHCS KOPEHSIMU Z, 1 Z,.

OTxe, XapaKTCpUCTHUYHE PIBHSIHHS aBTOMATHU30BAaHOI CHUCTEMH KEpyBaHHS MaTHMeE
HACTYITHUUN BUTJIA:

(z-0,1)(z-(0,4126+0,3619))(z-(0,4126-0,3619)) =0, (18)
abo x
z°—0,925199462° +0,383714162 —0,03011942 = 0. (19)

Takum 4MHOM, MOXHA OTPUMATH HACTYIIHY CUCTEMY PiBHSHb:

0,00905592K , —1, 72356817 — p, = —0,92519946 ;
0,74081822+0,00819413K , +1, 72356817 p, —0,00905592K .z, = 0,38371416;  (20)
—0,74081822p,, —0,00819413K 7, = —0,03011942 .

L1s cucrema piBHSIHb yTPUMY€E TpU PiBHSHHSA 1 Tpoe HeBinomux: K., z, 1 P, . OTxe,
il MO’KHA OJJTHO3HAYHO PO3B’s3aTH. PO3B 30K Jae€ HACTYIHI 3HAUEHHS HEBIIOMUX: KOe(illieHT
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nincunenns K, =54,6457 , uyns z, =0,5694 inomoc p, =-0,3035.

Omxe, mepenatHa QyHkiis nudpoBoro peryiastopa (mus. dhopmyny (7)) marume
HACTYITHUM BUTJISAL:

2-0,5694 54,6457z 31,1148
z+0,3035 z+0,3035 '

C(z)=54,6457 (21)

Ilepexinnuii mpouec B aBTOMAaTH30BaHIM CHUCTEMI KEpyBaHHS 3 HENEPEPBHUM
06’extom kepyBanHs (10) i mudpoBum peryastopom (21), moOymoBaHuii 3a JTOMOMOIOIO
naketa Simulink (puc. 7), HaBeneno Ha puc. 8 [4].

Ll - -1 1
54.64573818-31.114802427 J_I_L (]

_ 1+0.303501442-1 20052 + 30s + 1

Puc. 7. Moaenb aBTOMaTH30BaHOI cUcTeMHU KepyBanHsi B maketi Simulink.

h(t)

Puc. 8. Ilepexignuii mpouec B aBTOMaTH30BaHil cHcTeMi KepyBaHHS.

AHaJi3 TEepexigTHOTO TMPOIeCy IOKa3aB BIIHOCHO HEMOTaHy BiJMOBIIHICTh IIHOTO
MPOIECY 3a/IaHUM CTETICHSIM CTIMKOCTI 1 KOJIMBaJIbHOCTI.

Hampukman, SKOIO B3ATH THIIOBY ITOXHOKY pOOOTH aBTOMAaTH30BAaHOI CHCTEMU
kepyBaHHS A =5%, TO BIJIHOCHO YCTaJCHOT0 3HAYEHHS TWEPEXiTHOTO MPOIECY

Nyer =0,9475 mmpuna 30mm kepysanHs cranoButuMe 0,9001...0,9949. BigmosimHo mno
1IbOT0, Yac KepyBaHHs craHoBUTUME 1., =10,6c.

3rigHo 3 [5], cTeminp CTIMKOCTI MO MEpexiJHOMY MpoIecy MOKe OyTH BH3HAUYCHUIA

HaCTynHI/IM YUHOM.
100 % 100 %
In A In %,
h= = =0,2826,

terr 10,6 ¢

(22)
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110 Jla€ 3HAYCHHS, TyKe OJM3bKe 10 3aaaHoro crenens criiikocti h=0,3. [Ipu oMy Tpeda
nam’sITaTH, M0 Ha CTEHIHb CTIMKOCTI N BIUTMBAKOTH HE TUTBKU KOMIUIEKCHO-CIIPSDKEHI KOPEHi
Z, 1 1,,ane i TIICHUI KOPIHb Z,.

BucHoBku

B pesynpraTti po3paxyHKy MapaMeTpiB HACTPOIOBaHHS MHQPPOBOrO pEryssiTopa 3
TphbOMa HE3AJICKHUMH TapaMeTpamu s 00’€KTa KEepyBaHHs APYroro MOPSAKY IIISTXOM
PO3MIIIEHHS IEBHUM YMHOM TPhOX KOPEHIB XapaKTEPUCTHUYHOTO PIBHSIHHS aBTOMATH30BaHOI
CHUCTEeMH KEpYBaHHsI Ha Z-IUIONIMHI OyJio 3’SCOBaHO, M0 TAKUM YWHOM MOKHA JUIsI TakKol
CHUCTEMH BH3HAYATH CTEMEHI CTIHKOCTI 1 KOJMBAJIBHOCTI HE TipIie 3aJaHux. B Toi ke dac,
HAsBHICTh 3aJaHUX CTEIMEHIB CTIMKOCTI 1 KOJNWUBAJIBHOCTI HE BHUKIIOYAE HASBHOCTI Yy
ABTOMATH30BaHOI CHUCTEMH KEPYyBaHHS, HANPHUKJIAA, CTATHYHOI MOXUOKW. AJjie, MiaiOpaBIIn
UPPOBHI PEryIATOp 3 OLIBII CKIAIHOIO CTPYKTYPOIO 1 BUKOHABIIM aHAJIOTIYHI OOYUCIICHHS,
MOXKHa TaKy CHUCTEMY 3pOOUTH acTaTUYHOIO, BHACIIIOK YOTO CTaTHYHA TOXUOKa Oyjae Iyxe
MaJioro abo B3araii Oyjie BiJICy THBOIO.
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