3.2 AHani3 CTIMKOCTI NiHIMHUX cucTem

3.2.1 AHani3 CTIMKOCTI 3a po3TallyBaHHAM KOpPEHiB
XapPaKTepPUCTUYHOrO PiBHAHHA

CTiMKy cucTemMy BM3HA4aloTb IK CUCTEMY, LLLO MAE OOMeEXKEHY peakKL,ito.
IHaKLWe KaXKy4yun, AKLO CMCTEMA NiAAAETLCA Ail 0bmeXKeHOoro BXxiaHoro
cUrHany abo 36ypeHHs, i ii peakL,ifa TaKoXK € 0OMeKeHOo No Moayto,
TO TaKy CUCTEMY HA3UBAOTb CTIMKOIO. AKLLO peaKkLia HeobmexXeHo
30iNbLIYETHCA MO MOAYNHO, CUCTEMA € HECTIMKOIO.

CuctemMa Ha Mexi
CTIMKOCTI
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MaTemaTU4HO NiHiMHa CUCTEMA € CTIMKOIO TOAi | TIIbKK TOAi, AKLWO
iHTErpan B HECKIHYEHHUX MerKax Bif, abCoNOTHOro 3Ha4YeHHA i
IMNYNbCHOT NepexiaHol GYHKLT

[ le@lar

€ KIHLUEBUM.
Pyx AMHAMIYHOT CMCTEMM BU3HAYAETLCA AndepeHLuiaNbHUM
PIBHAHHAM, AAKe B onepaTopHin dopmi 3a Jlananacom mae Burnaa;:
(a,s"+a, s"+...+a;s +a,)Y(s) = (b, s™+ b, s™+...+b,s +b,)U(s)
[MpaBa YacCTUHA PIBHAHHA BU3HA4Ya€ BUMYLLUEHUIN PYX CUCTEMM Mg,
BNAMBOM BXigHOI BennumHu U(s), niBa 4acTMHa onucye noBeaiHKy
BUXiaHOi BenndumHu Y(s). Tomy MHOMKHUK
(a,s"+a, s"+...+a;p +a,)

Ha3MBAlOTb XapPaKTEPUCTUYHUM PIBHAHHAM cnctemn. Came KopeHi
XapPaAKTEPUCTUYHOTO PIBHAHHA, OTPUMAHOrO 3i 3HAMEHHMKA
nepenaTtHoi GYHKLiT, BA3HAYatoTb BAACHUIN pyx cuctemu. Li KopeHi, wo
Ha3MBalOTbCA NOJIFDCAMM, 3HAXOAATb, NPUPIBHABLUM 3HAMEHHUK A0
HYNA.



[nAa aHanizy cuctemun po3rnaaatoTb NOJIOKEHHA NOAOCIB HA
S-NAOLWMNHI, AKa rpadivyHO NpeacTaBsiE KOMNAEKCHI Ynucna. Montocu
MOXYTb OYyTU AINCHUMM, LLO /IeXKaTb HA AiNCHIN OCi, i KOMMAEKCHO-
CMNPAKEHMMMN, PO3TALLOBAHUMM CUMETPUYHO BiAHOCHO AiNCHOI OCi.
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[Montocn, po3TalloBaHi B NiBiK MONOBUHI S-NAOWMUHK, AAOTb
3aTyXatouy peakLuito Ha BXiAHY Aito, a NOJIFOCU Ha YABHIN OCi —
HEWUTPAIbHY peaKLito, NOAOCK B NPaBiv NOJIOBUHI S-NJIOLWMHN, AatOTb
peakKLuito, WO po3XoaAnTbCA.

Taknm 4YnHom, HeobXigHa i A4OCTaTHA YMOBaA TOro, Wwob aAnHamiyHa
cuctema byna ctiika, nonarae B Tomy, Wwob yci nontocu nepeaaTtHoi
PYHKUiT cMUCTeMU Mann HEeraTUBHY AiINCHY YaCTUHY.
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AKLLO XapaKTepuUcTuyHe PIBHAHHA CUCTEMU MAE HEKPATHI
KOpEeHi, pO3TalloBaHi Ha YABHIW OCi, a YCi iHLWIi KOPEeHi
3HAX0AUTbCA B NiBiN NONOBUHI S-NNOWUHU, TO CUCTEMY
NPUMUHATO HA3MBATM TAKOIO, LLLO 3HAXOAMUTLCA HA MEXKi CTIMKOCTI,
OCKi/IbKU Ti/IbKN OKPEMI BXiAAHI CUTHANM (FAPMOHINHI CUTHANW,
4acToTa AKUX BU3HAYETLCA NOIIOCAMM CUCTEMUN) OOYMOBIOOTb
HeobmexKeHe HapOoCTaHHA peakL|ii cucTemm.

Y HecTinKoT cuctemum NPMHANMHI OANH KOPiHb
XapaKTePUCTUYHOTIO PiBHAHHA 3HAXO0AMUTbCA B NPaBi NONOBUHI
S-NIOWMHN. B ubomy BMNaaKy BuxiaHa 3MiHHa HEOOMeEKEHO
HapoCTaTMMeE NPn byab-AKOMY BXiAHOMY CUTHaNI.

Mun moXxemo nepeBipUTU CTIMKICTb ANHMIYHUX CUCTEM Y
MATLAB , 6e3nocepeHbO BUMUCANBLLN KOPEHI
XapaKTEPUCTUYHOIO PiBHAHHSA, BUKOPUCTOBYHOUYM DYHKLLIHO
roots.



Mpuknaa. [1aHO XapaKTePUCTUYHE PiIBHAHHA:
p(s) = s>+2s*+2s3+4s52+11s+10 = 0.
PileHHA:

>p=[1 2 2 4 11 10];

>> r=roots (p)

r -

0.8950 + 1.4561i
0.8950 - 1.4561i
-1.2407 + 1.03751i
-1.2407 - 1.03751i
-1.3087

Ma€emo ABa KOMMJIEKCHO-CMPAXEHI KOpPeHi, WO MatoTb NO3UTUBHY
AinchHy YactnHy 0.8950. OTKe cuctema € HECTIKMKOLO.

AKLWO 3aaaHa nepegaTHa PyHKLiA OAHOBMMIPHOT abo BaraToBMMIpPHOI
cuctemu y surnagi LTI-mopgeni sys, ToO MOXXHa 064NCAUTH T MONOCH,
BUKOpPUCTOBYOYM PyHKLUitO pole(sys).



3.2.2 MeTtop, KopeHeBoro rogorpada
MeToa KopeHeBoro rogorpada € rpadpiyHmm, a cam rogorpad
N03BONAE OTPMUMATU AKICHY IHOPOPMALLItO NPO CTINKICTb | AMHAMIYHI
NOKa3HUKU CUCTEMM NO NepeaaTHIN PyHKLUIT pO3iMKHEHOT YaCTUHMW.
AKLWLO NONOXKEHHA KOPEHIB XapaKTEPUCTUYHOIO PIBHAHHA YNM-
Hebyab He BNALLUTOBYE NMPOEKTYBa/ibHUKA, TO MO KOPEHEBOMY
rogorpady BiH JIETKO MOXe BU3HAYNTU, AK HEODXiAHO 3MiHUTU
NEeAKNUN BapinoBaHUM NapameTp.
na npoctol OAHOKOHTYPHOI CUCTEMMU

R(s)

K

B

G(s)

T’ Y(S)

XapaKTepUCTUYHE PiIBHAHHA MA€E BUMNAA,:

1 + KW(s)=0,

ne K — BapioBaHM napameTp.



KopeHeBun rogorpad — Lie TPaEKTOPIT KOPEHIB XapaKTePUCTUYHOIO
PIBHAHHA CUCTEMM HA S-MJIOWMHI NPU 3MIHI NapameTpa cuctemu K.
[o cknaay Control System Toolbox BkAtoyeHi rpynu KomaHg, i
GYHKUIN, NPU3HAYeHi AN NiATPUMKM MEeToay KOPEHEBOTO

rogorpada.

[pyna komaHg, i dyHKUiM rlocus npu3HavyeHa ANa PO3pPaxyHKY i
nobyanoBun KopeHeBoro rogorpada A/ NPoCcToi OAHOKOHTYPHOI
cuctemu. lNpu 3BepHEHHI A0 KOMaHA, | PYHKLIN LIET rpynu
BMMAra€eTbCcsa oOAuH BXiAHUN aprymeHT — aeckpuntop lti-mogenm
OAHOBUMIPHOI PO3iMKHEHOI CUCTEMMU, 3a4aHOI B Oyab-AKOMY 3
niaknacis ss, tf abo zpk.

Mo komaHai rlocus(sys) aBTomaTMyHO GOPMYETLCA TaKUM Habip
NO3UTUBHUX 3HAYEHb KoedilieHTa nepenadi K, wob nobyaysatu
rnagknmn rpadik KopeHeBoro rogorpada.



KomaHpaa rlocus(sys, k) no3Bonae kopmuctyBauyeBi BKa3aTu barkaHui
BeKTop k 3HayeHb KoediuieHTa nepeaadi A1 NnobyaoBM KOPEHEBOTO

rogorpada.

®dyHKUii [r, k] - rlocus(sys), r = rlocus(sys, k) nosepTatoTb macus r
NOJIFOCIB 3aMKHYTOro KOHTYpa i BekTop k BignoBiaHMX KoedilieHTIB
nepegavi y surnagi suxigHoro abo BxigHoro aprymeHTiB. Macus r
mae length(k) ctoBnuis i Moro j-1 ctoBneub MiCTUTb YCi NOAOCK
3aMKHYTOI cuctemm, sianosigHi 3Ha4eHHto k(j).

IHwa rpyna ¢yHKUin rlocfind npnsHaueHa ans BKasiBKkM HeobxigHOro
PO3TallyBaHHA MOIOCIB Ha KOpeHeBOMY roaorpadi i BU3Ha4eHHA
BiANOBiAHOro Koe@ilieHTa nepeaaui.

Komangu sgrid i zgrid, AKki 403BONAOTb HAHECTU HA KOPEHEBUM
rogorpad CiTKM KOOpPAMHAT, WO crnpoLyoTb BUbip 6barkaHoro
PO3TallyBaHHA MOJOCIB.



OcobaunBo cnig 3ynnHUTUCA Ha cneuianbHomy 3acobi Root Locus
Design GUI, 3acHoBaHY Ha rpadiyHomy iHTepdenci KopmuctyBaya npwu
nobyaoBi KopeHeBux rogorpadis. BUKAUK Ui€l niacncremm
BUKOHYETbCA KOMaHAaoto rltool.

OKpim nobynosu KopeHeBoro rogorpada Lemn 3acidb no3BoONSE
Ha/1aWTOBYBATM NAapamMeTpPU KOPUTYHOYOro NpuUcTpolo,
KOHTPO/OBATU IHLWI AUHAMIYHI XapaKTEPUCTUKU 3aMKHYTOI CUCTEMU
(nepexigHy GyHKLitO, norapudmivyHi YaCTOTHI XapaKTEPUCTUKMY,
rogorpadu Hamksicta i HMKonbca) wnaxom BUKAUKY NigcucTtemm
nepernaay LTIViewer, a Takox 3BepTatmnca go niacuctemm Simulink
ANA MOAEeNtOBAHHA ANMHAMIKM 3aMKHYTOMO KOHTYpA.



3.2.3 AHani3 CTIMKOCTI MeToA0M HYaCTOTHMUX XapaKTePUCTUK

YacTOTHI XapaKTEPUCTUKU CUCTEMU MICTATb AOCUTb iIHPOPMaLLii AnS
BM3HAYEHHA ii CTIMKOCTI. LIi XapaKTepUCTUKN MOXKYTb OYTU OTPUMAHI
eKCMepmMmMeHTaNIbHO WNAXOM NoAaHHA Ha BXi4, CUCTEMMU
CUHYCOIAANbHOI AI1 | BapitoBAaHHA 11 YaCTOTMW.

[MobyaoBa YaCTOTHUX XapPaKTEPUCTUK NOAIOHMM MEeTOA0M €
TPYAOMICTKOIO npoueayporo | He 403BOJIAE OUIHUTY BNJIMB HA IX BUA
OKpemMmnx notocis abo Hynis.

PilweHHA 3a4a4i ICTOTHO CNPOLLYETLCA NPU BUKOPUCTAHHI
NorapnuPmiyHMX YaCTOTHUX XapPaKTEPUCTUK, YAaCTO 3BaAHUX
Aiarpamamu boae. NocnneHHa cmctemm 3a3Buyan
XapaKTepU3yeTbCA AecATKOBUM norapudmom moaynsa W(jw) i
BUMIpPIOETLCA B Aeumnbenax (ab) :

KoediuieHT nigcnnenHs = 20Ilg| W(jw)| .



AMNNITYAHO-4aCTOTHY XapPaKTEPUCTUKY, BUPAXKEHY B Aeumnbenay, i
$a30-4aCTOTHY XapaKTePUCTUKY @(®) 3a3BMYal 3006paXKylOTb Ha
okpemux rpadikax (giarpamm boae):
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AcmmnToTamm amnaiTyAHOT XapaKTEPUCTUKM € BIAPI3KN NPAMMUX:
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Haxunn npamoi niHii rpae BaXXnmey poab. BiactaHb MiXK ABOMA
4YacToTamm, WO BiApi3HAOTLCA B 10 pasiB, HA3MBAETLCA AEKaAA0H0.
|HOAi BUKOPUCTOBYIOTb iHLWWNIN iIHTEPBAA YAaCTOT — OKTaBY, MPU AKOMY
4aCTOTU BIiAPI3HAIOTLCA B 2 pa3un. 3MiHa amnAiTyaHOI
XapPaKTEPUCTUKU NPU 3MiHi YHaCTOTU Ha AeKaay abo OKTaBy €
OCHOBHMM NAapPaAMETPOM YAaCTOTHUX XapPaKTEPUCTUK.

Y MATLAB ¢yHKUia bode BukopuctoByeTbca ana nobynosu
Aiarpamu boae, a pyHKuUia logspace 3apa€ HeobXxigHMM ANA LbOrO
NorapnPmiyHMmn maclutab yacToTu.



YacToTHUM KpuTepin HankBeicTa WO A03BOAAE NO BMAY aMNAITYAHO-
$a30B0OI YAaCTOTHOI XapPaKTEPUCTUKM PO3IMKHEHOI CUCTEMM OLLIHUTH
CTiIMKICTb pOOOTU 3aMKHYTOI cUCTEMMU. AKLLO PO3IMKHEHA CUCTEMA
CTiMKa, TO ANA CTIMKOCTI 3aMKHYTOI cMCTEMUM HEODBXiAHO | AOCTATHbLO,
wob APYX po3iMmKHEHOI cuctemu Npu 3MmiHi YactoTu Big 0 A0 He
OXOonJitoBasia TOYKY 3 KoopanHatamu -1, jO. AKwo APYX po3imKHEHOI
CUCTEMM NPOXOAUTb YEPES L0 TOYKY, TO CUCTEMA byae HENTPAbHOILO.
Kputepin Hankeicta A03BONAE HAOYHO NPOCTEXKUTU BMNJIUB 3MiHU
napameTpiB nepeaaTtHol PyHKLIT Ha CTIMKICTb CUCTEMMN.

O (o) sz.' . I'ogorpad
HajikpicTa cHcTeM,
CTIHKHX ¥V poziME-

k' Py HYTOMY CTAHI.

®=0

1 — CAP cr1ilika B
FAMKHYTOMY CTaHi;

2 — CAP na mexi
CTIHKOCTI;

3 — CAP HecTilika B
TAMKHYTOMY CTAHI.




Konun po3iMKHYTa cucTema € HeCmilKoto, a Tl XapaKTePUCTUYHE
PIBHAHHA MICTUTb kK NPaBUX KOPEHiB, TO BOHA byade CTiMKOoto B
3aMKHYTOMY CTaHI, AKLWO Npn 3MiHI YyacToTh Bia 0 A0 +oc PISHULA MiIXK
KiZIbKICTIO A0A4aTHUX i Bia eMHUX nepexoaiB APX po3iMKHYTOI cuctemm
Yyepes Bigpi3oK aincHoi oci (—oc, —1) € piBHOO k/2. Bia'emHuUm (—1)
BBAXKAETbCA nepexia, npu akomy AGX nepeTMHAE BiCb 3HU3Y AOropw, i
HaBnaku — goaatHum (+1), AKwo APX nepeTUHaE BiCb 3BepXy BHU3.
AKWo npu ® = 0 AOX po3iMKHYTOI cuctemmn bepe NoYaTokK 3 Bigpi3Ky
(—oc, —1) TO Ue BignosiaaTume 1/2 nepexoay 3 BiANOBiAHUM 3HAKOM.
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KomaHaa MATLAB nyquist(sys) 6yaye Ha eKpaHi rpadik rogorpada
Hanksicta gna LTI-moaeni 3 geckpuntopom sys. Lla mogenb moxke
byt HenepepBHOO abo ANCKPETHOK, OAHOBUMIPHOI abo
baratoBuMmipHOtO0. Y pa3i baratoBMmipHOi moaeni byayetbca paj,
rogorpadiB A1 KOXKHOIO KaHany BXoay-Bmxoay.
[liana3oH 4YacToT BU3HAYAETLCA aBTOMATUYHO NO 3HAYEHHAX HYANIB |
NONtOCIB NepenaTtHol PyHKLIT cnctemm.

KomaHpaa nyquist(sys, w) 6yaye rogorpad Hamksicta B 3agaHomMmy
Aiana3oHi yactort. Len giana3oH mae 6yTn 3a4aHNIN BEKTOPOM
3Ha4YeHb YacToT W. [1na ctBOpeHHA norapudmiyHO po3noaineHoro
BEKTOPY YaCTOT BUKOPUCTOBYETbCA KOMaHaa logspace. OamnHunua
BMMipy YacToTn — paa/c.
dyHKUiT [re, im, w] =nyquist(sys), [re, im] = nyquist(sys, w)
BUKOHYIOTb PO3paxyHOK rogorpadiB HamKseicTa, AKi MOXKyTb byTH
nobyaoBaHi noTim 3a gonomorot ¢yHKLUii plot.



Ona Kputepito HanksicTa Baxkamea Touka (—1, jO) Ha KOMNJIEKCHIN
nnowmnHi. Ha aiarpami boge ue 3HayeHHAa 0 ob ana amnaityam i —180°
ana dasu.
3anac CTIMKOCTI N0 aMmnAiTyAi G AOPIBHIOE BiACTaHI BiJ TOYKMK
nepeTuHy AiNCHOI OCi amnNiTyaHO-Ga30BO0 XapPaKTEPUCTUKOLIO
PO3iIMKHYTOT cuctemu Ao Touku (—1, jO).
3anac CTiIMKOCTi 3a $a30t0 Y OLHIOETLCA 32 KYTOM MiX Bif EMHOIO
YACTUHOO AINCHOI OCi i NiHIElD, NpOBEeAEHOIO Yepe3 NOYaATOK
KOOpPAMHAT i TOUKY nepeTnHy ADX 3 KOIOM OAUHUYHOIO pajiyca.
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