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BBEJAEHME

HenpepsiBHoe mnoBpimeHue TpeGopaHMi K KauecTBY (YHKUHOHHPOBaHUA
CIIOXHBIX TIPOMBIIIJIEHHBIX CHCTEM TpebyeT COBEPLICHCTBOBAHHA H Pa3BUTHS CHC-
TeM aBTOMATHYECKOI'O YIPaBIeHHS, KOTOPbIE ABISIOTCA HEOTHEMIEMOH YacThIO Ta-
Kkux cucteM. PoSoToTexHMuecKie CHCTEMB, BIIIOYaloIie COBpeMeHHOoe 00opyio-
BaHHe (IPOMBIILTEHHbIE pOGOTHI, CTAHKA C YACIOBBIM NIPOTPaMMHBIM YUpPaBIeHH-
€M, aBTOMaTH3UPOBaHHbIEe CKAAJICKHE KOMILIEKCHI), COAEepkKaT BONBILIOE YUCIO CHC-
TeM aBTOMAaTHYecKOro ynpasienus. K cucreMaM yrpaBineHus IPOMBUIICHHbLIX PO-
60TOB M CTAHKOR C YHCIIOBEIM TIPOrPaMMHBIM YIIPABICHHEM HPebABISIOTCS BEICO-
KHe TpeGOBaHMA K CKOPOCTH MEPEMEILCHUS HCIIOMHUTENbHBIX MEXaHH3MOB U TOY-
HOCTH OTpaboTKU 3afaHHBIX Tpaexropuil. Takue cucTeMbl HOCTPOEHBI C IPHMEHE-
HYeM CIeIAIINX CHCTEM pasIMIHoro Ha3sHaueHMs M UcIoTHeHus. [1oaToMy Bompo-
Chl MaTEMaTHYECKOr0 ONHMCAHMS W HPOEKTHPOBAHUA CIEHAIIMX CHCTEM ABJAIOTCA
axTyasbHOH 3afaueit.

B npeacrasnensoM yge6HOM Ioco6MH pacCMaTPHBAIOTCH BONPOCH! MaTeMa-
TUYCCKOTC OIIMCAHUA, aHAIHU32 ¥ CHHTE3a CAe X CHCTeM Ha npuMepe CHC,II}IHICﬁ
CHCTEMEI IPOMBIIIIEHHOTO poboTa.

Bo BTOpOit m1aBe npuBeneHB! KPaTKME METOLUYECKHE YKa3aHHA O CoJepiKa-
HHH KYPCOBOM PabOTHI U NOCNENOBATC/ILHOCTH €€ BEIIOJIHEHUS,

B TpeTbeif rnaBe paccMOTPEHBI METOAbI MATEMATHYECKOTO OIIMCAHMS CHCTEM
aBTOMATHYECKOTO YIpaplieHHs. B HacTosinee Bpems, B 3aBUCHMOCTH OT THIIA pe-
2eMOH 3a/1avH, A7 IIPSACTABICHHS MaTeMaTHYECKUX MOJENER TIPUMEHSETCS Me-
TOJ NEPelaTOYHbIX GYHKUMA H CTPYKTYPHBIX CXEM, @ TaloKe MeTOJl YpaBHEeHHi
IPOCTPAHCTBA COCTOSHHMA. PaccMOTpeHs! OCHOBHBIE HOJIOKEHHUA I3THX METOOB.

YeTBepras rnaBa NMoOCBsAlieHa MpoblieMe MccleJOBaHHUs YCTOMYMBOCTH CHC-
TeM ynpapiieHus. PaccMoTper meTon norapudMHYECKMX YaCTOTHBIX XapaKTepH-
CTHK M OTpefeNicHHe YCTOHIMBOCTH CHCTEM C ET0 IMOMOIIBIO.

B nsArolt rnaBe paccMoTpeHH! cocobbl BEIGOpa MOCEN0BATENLHBIX, TApa-
JeNBHBIX ¥ COBMECTHO BBOAHMMEIX MOCIEJOBATENBHOTO W NApALIEILHOTO KOPPEK-
THPYIOWIHKX YCTPOHCTB € LENBI0 JOCTHXKEHMS 3a7laHHBIX II0Ka3aTeleil KauyecTsa pa-
GOTBI CUCTEMBI.

[llecTas r71aBa nocBsiieHa BOIPOCAM aBTOMATH3WPOBAHHOIO ITPOEKTHPOBa-
HUsl AMHAMUYECKHX CHCTEM Ha OCHOBE IPOOIEMHO-OPHEHTHPOBAHHOI'O NIPOrpaMM-
Horo xomiuiekca Matlab., Cuctema Matlab u cBg3anssit ¢ el nmaker Simulink B
HacTOAIIEe BPEMA SBISIOTCA HaubolIee PasBUTHIMU M YOOOHBIME Ul PEMIEHHUS 3a-
Ja4 aHanu3a M CHHTE3a, HECMOTpS Ha 3HAYUTENBHOC KOJNMYECTBO M ADYTHX
HpOTPaMMHBIX IPOJYKTOR, NIPEAHA3HAYCHHBIX JUIA JTHX Uened. PaccMoTpeH
pacyer MNEpeXONHBIX IIPOLECCOB, IOCTPOEHHE JOTAPA(PMHUUECKHX YACTOTHBIX
XapaKTEPUCTUK U [IPUMEHECHHME ONTHMM3ALUHOHHBIX METOJ0B ISl ONpedeNeH s T1a-
PaMeTpOB CHCTEM, YIOBIETBOPAIONIUX 32JaHHOMY KPUTEPHIO KayecTsa.
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1. COJJEP)KAHUE KYPCOBOM PABOTHI
1.1. Hexs u 3aga4un KypcoBo# paGornl

Iensio KypcoBoi paboTh! ABISETCA CHHTE3 JHHEHHOMN HEMpepbIBHON CHCTE-
Mbl aBTOMATHUYCCKOI'O YIIpaBJIeHHs 110 3afaHHbIM II0Ka3aTe/sIM KadecTRa Ipouecca
yUpaBJeHAs. B YCTAHOBMBIIEMCS M IIEPEXOJHOM peXuMax pabotel. B kauecTse
CAY 3aaaércs HCIIOHUTENbHAS CleIsInas CHCTeMa IPOMBIIIEHHOTO poboTa, pa-
foTaromas B peXHME HACaTbHOTO X0J10cToro xona. Crensmas cuctema 31eKTpo-
MeXaHHYecKas ¢ HBHTATENeM MOCTOSHHOIO TOKA HE3aBHCHMOIO BO3OYXKOEHHS H
MOTEHIHOMETPUYECKIMH JaT9WKaMy yTiia IOBOpOTa. B KauecTBEe MCXOIHEIX JaH-
HBIX TPHHATBHL [1apaMeTpbl CHCTEMBl, 3aKOH IBIDKCHHA M IIOKA3aTE/TH KavecTBa
nponecca yupasnenns. OCHOBHBIMM 3a7auaMH KypcoBOH paGoTHl SBIAIOTCA: CO-
CTaBjieHHe CTPYKTYPHOH CXEMBl M YpaBHCHMH IBIDKCHHS; CHHTE3 M peaiu3alus
KOPPEKTHPYIOIKX YCTPOHCTB MO 3alaHHEIM [IOKa3aTes M Ka4ecTBa; pacueT Iepe-
XOJHBIX MPOLIECCOB JUIA aHAJIM3a KadecTBa CHHTE3UPOBAHHOW CHCTEMBI; MOAEIH-
poBaHEE TEePeXOIHEIX NpolieccoB Ha OBM 110 cTpykTypHOI cxeme u ypaBHEHUSIM
COCTOSIHHSL.

1.2. Cogepxanne KypcoBoi paGoTsI

1. CocraBiieHHe ypaBHEHUH AHHAMHAKH BCEX 3JIEMEHTOB ¥ CUCTEMBI B LIEJIOM.

2. CocTaBneHre CTPYKTYPHOH CXeMBI CHCTEMBI B ONpe/ICNCcHUE IepejaToy-
HO#M hYHKILMH HEU3MEHAEMOH JaCTH CHCTEMEL.

3. Onpenenenne xo3pPUUKMEHTA YCUNEHUS YCUTUTENS MOLIHOCTH, IOCTPOe-
HHE JTIOTapU(PMHUIECKIX YaCTOTHBIX XapaKTEPUCTHK HEKOPPEKTUPOBAHHON CHCTe-
MBI H OTIpeJielleHie YCTOMYUBOCTH CHCTEMBI.

4. INocTpoenue xenaeMoH Jorapu@MHUYecKolf JacTOTHON XapaKTepUCTHKH
CHCTEMB! 110 3aaHHBIM ITOKA3aTeNAM KadecTBa.

5. CupTe3s KOPPEKTHPYIOIMX YCTPOHCTB (IOCIeN0BaTeNBHOTO, Mapaieb-
HOT'O MJIM COBMECTHO BBOJUMBIX IIOCIEAOBATENBHOIO U ITAPAIIENTBHOIO KOPPEKTU-
PYIOLIXX YCTPOHCTB) B COOTBETCTBHH C 33/[aHUEM,

6. PaspaboTka cxeM TeXHHYEcKOi peaan3annu KOPPCKTUPYIOIMX YCT-
pOHCTB.

7. PacyeT NepEXOMHBIX MPOLECCOB CHHTE3NPOBAHHON CHCTEMBI TYTEM MO-
AeIUPOBaHAA 0 CTPYKTYPHO# cxeMe B cucreMe Matlab u oneHka xauectsa nepe-
XonHOro npouecca. Pacyer nepexonnoit dynkumu h(z). Uccnenosanue peaxiuu
CHUCTEMEI Ha BXOAHOM rapMOHUYCCKUit CHTHA.

8. CocTaprneRne ypasHEHHH COCTOSHMSA M PaciéT IePEXOIHbIX IIPONECCOB B
CHHTE3MpPOBAaHHOM chcTeMe Ha DBM Ha 0CHOBE YpaBHEHHH COCTOAHHA.

9. OnTuMH3aLMA DapaMeTpoB KOPPEKTHPYIOILHMX 3BEHEEB B ccTeMe Matlab.

10. 3axmovenue.


star
Карандаш
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11. OdopmneHne pacu8THO-MOSCHUTENHHON 3aITHCKH H HILTFOCTPALIMH.
1.3. Ucxoanble nannbie

OyHKMOHATREHAS CXeMa HCIOIHHATENBHOH Cledsimeil cHCTeMbl NMPOMBIII-
JeHHoro pobora npeacTaBneHa Ha puc. 1.1.
Ha cxeMe ucrnonbs3oBanbl 0603HaueHUS:
JIIT — gBuratens NOCTOSHHOTO TOKA C HE3aBUCHMBIM BO30YK/IEHHEM;
O3 — YTOJl HOBOPOTA IIOTEHIMOMETPA-3a1aTHHKA,
U, — yupasistomui curaarn;
AU — curHan paccoriacoBaHus Ha BBIXOJIE JIEMEHTa CpaBHEHUS;
Uy — HampsDkeHUE Ha BRIXOAE YCHIHTEA MOLIHOCTH,
Oly — Yroj HOBOPOTA Balla IBUTaTeNs;
Oy — YTOII TOBOpPOTa Baja PeAyKTOpa;
U, — HanpshxeHue oOpaTHO CBA3Y.

IloTennHOMETD-| InemeHT yIeKTpoHHbIHA an |Pesyx-l o 3BeHo
My AU U 1 H
ﬂ, 3a1aTYHK yIiia _‘ cpaBHesms | )| ycwanTenn 4 JOT [ ] Top po6o-
HOBOPOTA MOIIHOCTH T4
U,
IloTenunomeTp

Puc. 1.1
o3 € AU Ug ay N . an R
Wel(p) Wy(p) Wil(p) Weea(p) >

Puc. 1.2

B xadecTBe MCXOOHBIX JAHHBIX I KaXIOTO BapHaHTa IIpeJiararorcs Ia-
paMeTpsl HemsmenseMoil yactu CAY u mokasaTenu xagecTBa Ipolecca ynpaeie-
HHA, Mlcxo/Hble JaHHble IPUBEIEHS! B IpHI. 1, I/le IPHHATH cemyiomue o603Ha-
YeHUS:

K = K1y = Ko7 — K03 OUUHEHTS Iepejau IOTEHITHOMETPHYECKHUX NATYHKOB;
Kj— xoaduImenT nepeauu ABUraresis;
i — epeaTOMHOe YHCIIO PENYKTODA;
Ty — NOCTOAHHAA BPEMEHH 3JIEKTPOHHOTO YCHUIIUTENS MOIHOCTH;
Ty~ 3MeKTpOMeXaHH4eCKas IOCTOsHHAS BpEMEHH JBATATES;
Ty — 371eKTPOMArHUTHAs [TOCTOSHHAS BPEMCHH JBUTaTE/IA.
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3agaHs! clexyOMmHe OCHOBHBIE [10KA3aTeNH KavyecTBa:
BpeMsi MIEPEXOAHOr0 mpouecca fp,

[EpepPEryTMPOBAHKE O

TOYHOCTE, ONpeenseMas JoIyCTUMOH omuOkoH £,,,,;
MaKCUMAJIBHO JOITyCTHMAs CKOPOCTh @, . ;

MaKCHMAJBHO JOIyCTHMOE YCKOPCHHE @, . -

1.4. OdopMiieHHe pacyeTHO-NOSICHUTETLHO 3aMIHCKH M
HIUIIOCTpanMii

PacdeTHO-TIOSICHUTENbHAS 3an0McKa NOJDKHA ObITh quopMneHa Ha JIMCTax

tdopmara A4 U coxepxars:

THTYABHBIA IUCT (TpHiL. 2);

coJlepKaHue;

3afaH#e Ha KypcoByio pabory;

GYHKUHOHATBHYIO H CTPYKTYPHYIO CX€MbI CHCTeMBl, BHITOJIHEHHbIE B COOT-
serctBun ¢ ECKJ (ITOCT 2.702-75, 2.703-63, 2.728-74, 2.3336-78);
Torapu(pMH9YecKre YaCTOTHBIE XAPAKTEPUCTHKH;

BBIOpaHHOE 3Ha4YeHUe K03 bHuMeHTa yCHIIeHnsT MOITHOCTH Ky
HepCIIaTO‘IHBIC (byHKHHH ¥ CXEeMbl TeXHHYeCcKOH peam3anuy KOpPpPEKTH-
PYIOLIHX YCTPOHCTB;

pe3yIhTaThl paciéra mepexoHbIX IPOLECCOB N0 CTPYKTYPHOM cXeMe B CHC-
TeMe Matlab;

YpaBHEHUS COCTOSHUS CHHTE3HPOBAHHON CHCTEMEI,

pesynbrarhl pacuéra NepeXOHBIX IPOLECCOB IT0 YPABHEHHAM COCTOSHHA B
cucteMe Matlab;

pe3yIbTaThl ONTUMH3AIMH I1APaMETPOB KOPPEKTHPYIOUMX 3BCHBEB B CH-
creMe Matlab;

3aKITIO4YesHe 0 KaYeCTBe CHHTE3HPOBAHHOM CHCTEMSI;

nepeucHb UCIIONb3YeMO THTEPATYPHI.

2.METOAWYECKHE YKA3JAHHNA K BbIITOJHEHUIO
3ANAHUSA

2.1. CocTaBjleHHe YpaBHeHH JHHAMHKH BCeX 3J1eMEHTOB H CHCTeMbI B
neJioM

HpPI COCTABJICHHUHN ypaBHEHPIﬁ JWHAMHUKH CIeaYeT IIPHUHATDH CICAYIOIHME J0-

NyweHus:
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® BCE JJIEMEHTBl CHCTEMB! HE COAEPKaT CYMIECTBEHHBIX HEIMHEHHOCTEH,
II03TOMY MOI'YT OBITH ONIMCAHBI TUHEHHBIMH YPaBHEHUAMH,;
® MOMEHT HHEPIHH 3BeHa poboTa J MOCTOSHHBIN;
®  PacCMaTPHBAETCs PEKUM X0JIOCTOTO X0/1a, TO €CTh BHEIIHNH MOMEHT Ha-
Tpy3ki Mpy paBeH Hymo;
e K.IIL.A. pexykropa 77 = 1.
Heo6x01uM0 cOCTaBUTh YpaBHEHHS CIELYIOIHMX 3JIEMEHTOB: [OTEHIHO-
METPOB, CPAaBHUBAIOIIETO S/IEMEHTA, YCHIHTEIA MOIIHOCTH, JBHIaTelA IIOCTOSH-
HOTO TOKa ¢ He3aBHCHMBIM BO30YX/AeHEM B peayKTopa.

2.2. CocTaB/ieHHe CTPYKTYPHO#H cXeMBI CHCTEMBI
N onpejeeHue MepeaaTouHoll QYHKIHH HeH3MeHAeMOoll TaCTH CHCTeMBI

CocrtapneHne CTPYKTYpHOR CXeMsI clleyeT HPOBECTH B YEThIpE JTara.

1. 3ancaTh ypaBHCHHS 3BCHECB CUCTEMEI B OllepaTopHO# dopMe.

2. ITocTpoUTh CTPYKTYPHYIO CX€MY C YMCIOM 3BEHBEB, PABHBIM UHCITY Olle-
PaTOPHBIX ypaBHEHHI.

3. Tlpeo6paszoBaTh CTPYKTYPHYIO CXEMY W NPHUBECTH €€ K BUIY, N300paKeH-
HOMY Ha puc. 1.2, rae &= 03— 0y — omubKa clnexeHus.

B crpykrypHOH cXeme 0003HaueHbl HepeAaToyHble (GYHKUMH 3BEHBEB:
We(p) — cpaBHuBatolMi snemeHT, Wy(p) — ycunurens, Wy(p) — RBUratens,
Weea(p) — pesyxrop.

4. OnipenieTMTh TIEPEATOYHYIO (GYHKIHIO HEM3MEHAEMON YacTH CUCTEMBI
Wo(p) = Welp) WlD) WalD) Wesa(®).

2.3, Onpeneaenne ko3¢pPHINEHT2 YCHICHHS YCHANTEI MOIHOCTH.
HocTpoenne sorapapmMuyecKnX 9acCTOTHBIX XapaKTePHETHK
HECKOPPEKTHPOBAHHOH CHCTEMBbI
H onpeJesIeRHe YCTOHIHBOCTH CHCTEMBI

KOB(X)Q)I/ILIHCHT ycHunuTesisl MOIHOCTH ONPEACIBICTCA Ha OCHOBE 3a/IaHHBIX
napaMeTpoB: MaKCUMallbHOMU AMILTATY OBl ﬂOHyCTHMOﬁ OIIMOKM CrleXeHus Esons

MaKCHMaJIbHOM CKOPOCTH CIEXKEHUS @ H MaKCHMaJbHOTO YCKOPEHHS @ .
M@ P max

Ha ocHoBe 3aiaHHBIX TIAPAMETPOB CTPOUTCH «3aNpeTHas 30Ha» (naparpad 5.2).

IMonaras, 9o KOYPOUIHEHT YCHIHUTEIIS MOLIHOCTH PaBeH eIHHUIE, CTPO-
UTCA NOrapu(pMHYECKast YAaCTOTHASA XapaKTepUCTHKA HEM3MEHIEMOR JacTH cHCTe-
M Ly (@) 1o nepenaTouHoit pynxmmu Wy (p). YroOsl MaxcuManbhas J0MyCTHMAS
omubKa He IIpeBbIIIANa 331aRHYI0, HeoOXOIMMO MOXHATH XapaKTepucTHKY Ly(w)
BBHIIIE 3alIPETHOH 30HKI C HEKOTOPLIM 3anacoM, HanpuMep, Ha 6 1B, Iloctpous sty
XapaKTepUCTHKY, HAXOAUM HEeOOXOZUMBIN KO3GQHIHEHT yCHIEHHS Heu3MeHse-
Moif gacti K, 13 rpaduka, a 3aTeM TpebyeMblil KO3DGHIUMECHT YCHIHTENS MOLII-
HocTH Ky.
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Ha cnemyromeM srane cTposTcs jlorapupMrUEecKne JaCTOTHEIC XapaKTepH-
CTHKH Pa3OMKHYTOH HECKOPPEKTHPOBAHHOH CHCTEMBI M Olpe/ieiseTCs ee YCTOMH-
YUBOCTS (7. 4).

2.4, llocTpoenne xenaeMoif aMILIATY AHO-42CTOTHO
XAPAKTEPHCTHKH CHCTEMbI

Tlon Xenaemol IOHMMaeTcs Takas JorapudMudYeckas aMILTHTYAHO-
9acToTHAY xapakTepucTika JIAUX pa3soMkHyTOH CHCTeMBI, KOTopas obecredu-
BAET 3aJ(AHHEIE IOKA3ATENA KAYECTBA CHCTEMEl B 3aMKHYTOM COCTOSHHMH. enae-
My10 JIAUX crefyeT mocTpoRTh B BHAE KyCOYHO-JHHEHHOTo rpaduka, cocTos-
mero u3 HEakouacroTrol HY, cpegnevactorroit CU, sricokoyacTorHOR BY wac-
Telf B couparalonmx ux acamuror. [Ipu sroM pexoMeHayetcs xenaeMyio JIAUX
MAKCHMRIBHO NpBEGmIsETs X JJATX wenamenseMoll 9acTH CHCTEMEL.

Iocmpoenue nusxovacmomnoti acumnmomut sicenaemoi JIAYX

HY-acuMIIToTa ompeaciseT TOYHOCTh CHCTEMBI M CTPOMTCA IO 33JaHHBIM
3HAYCHHAM JONYCTHMOM aMILTHTYxs! ommbku &,,,, MaKCHMAJIbHOH CKOPOCTH

@, ¥ MBKCHMATIEHOTO YCKOPEHHA @, ;. -

ITosromy HY—acummrora xenaemoit JIAUX pomkHa cCOBHANaTh C HU3KO-
gactoTHOH acuMnroroit JIAUX reckoppekTMpOBaHHOH CHCTEMB! U pacrosaraTh-
s BRILIE «3allpeTHOM 30HBI» (11aparpad 5.2).

Iocmpoenue cpednevacmomnou acumnmomsl sxceraemon JIA9IX

CY-acummrora xenaemofi JIAUX onpefenser KauecTBO IEPEXOAHOTO Hpo-
Iiecca ¥ 3aMachkl YCTOHYHBOCTH CHCTEME] M CTPOMTCH HAa OCHOBE 3ajIaHHBIX IT0Ka3a-
Tenel Ka4ecTBa MEPEXONHOrO MPOLECcca: BPEMEHH PEryIHPOBAHMA {p ¥ BEHUMHE]
MaKCHMAJIBHOTO [lepepery1upoBanus o (maparpad 5.1).

TIpu 3TOM ONpPENENAIOTCA Y4CTOTA CPE3d @We ¢ MCIONB30BAHUEM 3aBHCHMO-
cteit (puc. 5.4), conpsraromue 4acTorel @; A @3 CU-acuMITOTE M3 YCIOBUA
-L; S L¢ (w) <+ L;, rhe semuuuHa L, MoxeT Ohith npubinbkeHHO HaliieHa W3
rpadmka (puc. 5.5), mi6o mo Homorpamme [1], a Takke HaXOXMTCA 3HAYEHHE He-
obxoammoro 3anaca no dase y (puc. 5.5).

Iocmpoenue goicokouacmomnot vacmu sxcenaemoi JIAYX

BricokodacToTHAs 4acTs xenaemoii JIAUX He okassiBaeT CymecTBEHHOTo
BIMSHKA HA JHHAMUYECKHE CBOMCTBA CHCTEMBI Ha paboucii yacrore. TToaTomy s

YIPOLIEHUSA KOPPEKTUPYOWEero ycmoﬁCTBa PEKOMEHYCTCA BBIGHpaTb HaKJIOHB!
BY-acuMIITOTH ¥ CONpATalOIIHe JacTOThI 10 BO3MOXXHOCTH TaKUMH Xe, KaK B Xa-

PaKTEPHCTHKE HEH3MeHAeMol JacTi cucTeMsl Ly (@) (maparpad 5.1).
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Conpasicenue HU3KOUACMOMHbBIX U CPEOHEYACMOMHBIX ACUMNMOM
axcenaemou JIAYX

Jns conpsxenus HU-acumntoTe! 1 CU-acCHMNTOTH! CIIENYET HCTIOIb30BATh
pekoMeHaauuu naparpada 5.1.

Tlocie moctpoenus xenaemoil xapakTepucTHku Lo (w) Heobxomumo mo-
CTpOUTh (Hha3oByI0 XapaKTEPHCTHKY (@) M ompelenuTs 3anac no pase 4g, xoro-
PblIii JODKEH YAOBNETBOPATh YCIOBHIO A@2 .

2.5. CHHTe3 KOpPEKTHPYIOIIHX YCTPOHCTB

B pa6ote Bo3MOXHBI JiBa criocofa CHHTE3a KOPPEKTHPYIOUIMX YCTPOHACTB,

1. CuHTe3 OTHEIBbHO BBOAUMBIX MOCEA0BATENbHBIX ¥ AapajiesbHbIX KOp-
PEKTHPYIOUX YCTPONHCTB H UX CPABHUTENBHEIN aHamH3.

2. CuHres COBMECTHO BBOIMMBIX IIOC/IEAOBATEIBHOIO H MNapallIebHOTO

KOPPEKTHPYIOIIMX YCTPOHCTB.
Bribop crioco6a kOppeKLUUH COrnacoBbIBaETCA C NPENOJaBATENEM.

Cunmes nociedo8amenvpHo20 KOpPexmupyIOwe20 yempoucmea

Ipu nocrpoennoit JIAUX HeckoppeKTHpOBaHHOM CHCTEMEI Ly (@) u cdop-
MHUpoBaHHO# xenaemoit JTAUX L. (w), onpenensiorcs napaMeTpsl U cxema pea-
JH3ALMHU N10CIIEeI0BATEIBHOTO KOPPEKTHPYIOUIEro yCTPOMCTBa.

CHHTe3 pexoMeHyeTcs NPOBOIUTH B Ba dTana:

1. Onpenenenue JIAUX koppektupytolero ycrpoiictsa Ly(@).

2. OnpegeneHue nepeJaTouHOM (YHKUMH KOPPEKTHPYIOLIEro yCTpOMCTBa
Wy (p) u ee napametpos (naparpad 5.3).

Cunme3s napannensrozo Koppexmupyiowezo ycmpoticmea

B paboTte pekoMEHIYeTCs CHHTE3HPOBaThb KOPPEKTHpYIOllee YCTPOHCTBO,
KOTOpOE OXBaThiBaeT BCIO HEM3MEHSEMYHO YaCcTh CHUCTEMBL.

Pexomenayetcs ciieyroluit NOpAIOK CHHTE3a:

1. OnpeneneHne THanasoHa CYLIECTBEHHbIX 4acTOT (@, , &), TA€ XapakTe-
puCTHKH Ly(@) 1 Lo(@w) BMEIOT pa3Hble HaKJIOHEI.

2. TTocTpoeHHe XapaKTEpHCTHKH KOppeKTHpywlowero 3seda Lm | 1/ Z(jw)| ,
rae Z(jw) — 4acToTHas XapaKkTepPHCTHKA KOPPEKTHPYIOUIETO 3BEHa.

3. Ipopepxka BoinosIHEHUs yeoBus | Wy(jw) - Z(jw) | >> 1 mnd ananasoua
CYLIECTBEHHBIX 4acTOT M W3MEHEHHe NpH HeoOXOAMMOCTH KoadduuneHTa ycune-
HHS KOPPEKTHPYIOIIEro YCTPOHcTBa Kz

4. Onpenenenye nepeaaToyHoi QyHKUHH Z(p) 110 BUIY XapaKTEPUCTHKY
Lm | I/ Z(jw) | » npw n#alinensom xoddbhumente k.
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5. IIposepxa YCTOHHYHBOCTH BHYTPEHHETO KOHTYpa.

IIpoBepsieTcsi 3anac yCTOMYMBOCTH 10 (ase Y Ha YAaCTOTe Cpesa XapaKTepH-
ctuxku  Lm | Wolja)-Z(ia) |

ITpumeuanue. B cTyyae HeyCTOHYMBOrO BHYTPEHHETO KOHTYpa HeOOXOXMMO
H3MeHUTH MecTo BKmodendsa KV,

Cunmes cOBMECMHO 8600UMBIX NOCNE006AMENLHOZ0 U NAPALNENbHOZ0
KOPPEXmupyIowux ycmpoucms

KoppeKTHpoBaTh CHCTEMY ¢ HOMOIIBIO COBMECTHO BBOTHMMABIX IIOC/IEAOBa-
TEJBLHOTO K NAPAIUIENBHOTO KOPPEKTHPYIONIUX 3BEHRER IenecoobpasHo, Koraa Ha-
KJIOHBI M CONPATAIONIME YaCTOTHI XapaKTEPHCTHK Ly (@) M Lc (@) coBnamaroT AJs
HH3KHX ¥ BBICOKHX YaCTOT ¥ OTIHYAXOTCS TOJILKO B 00JACTH CPeHUX 4acTOT.

PexoMeHIyeTCA IPOBOAMTE CHHTE3 B CIIEAYIONIEM NOPSIKE:

1. Onpenenesre nepegaToynodt QyHKUHHE N(p) 10CIeNOBAaTENBHOTO YCT-
poHcTBa.

Mepenarounyto ¢yrxumo N(p) BeiOUpatoT TakuM 06pa3oM, 9To6b1 coBMec-
TATE BU-acHMIITOTEI XapakTepucTHK Ly(@w) u Lo(w).

2. Onpenenende NepeflaTOYHOR QyHKIMA Z(p) NapanienbHOro yCTpoicT-
Ba.

[MapamnenpHoe YCTpOMCTBO HOMKHO obecneduTh KOPPEKIMIO CHCTEMBI Ha
CPEeIHUX 4acToTax.

PexoMeHIyeTCs CleAylOmuit MOPANOK oNpelenecHus NepenaTodnoi QyHk-
1 Z(p):

a) OIpeleNdTh [Hana3’oH CYMECTBCHHBIX YacTOT, T€ XapaKTePHUCTHKH
Lofw) v Lm |[N(jw)-Wo(j@)| BMeroT pasHhie HaKIOHBI;

6) moctpouts JIAUX Lm | Njw)/Z(jw) |,

B) npH BeIOparRo#t JIAUYX Lm | Njw)/Z(j®) | nocTpONTE XapakTepucTuKy
Lm | Wolja) - Z(ia) |

I') OpOBEPUTH BhINONHEHNE yeiosus | Wo(fw) - Z(jw) | >> 1 nns untepBana
CYLIECTBEHHEIX 4acTOT M OLPEICTHTh HEOOXOMMMBIH Koohdunment ycunenus k;
TIApaIVIENIBHOTO YCTPOHCTBRA,

I} IPOBEPHTH YCTOHYMBOCTS BHYTPEHHETO KOHTYPa CHCTEMEI 110 XapaKTepH-
cruxe Lm | W) - Z(jw) |;

e) noctpouts JJAYX Lm |Z(jw)| 1 1o €€ BULy ONpe/ennTE NepenaTouHyo
bynxumo Z(p).

2.6. TexHn4eckas peaH3adAst KOPPEKTHPYIOLIHX YCTPOHCTR

K cxeme peanmusanum koppekTHpyiomiero ycrpolicTBa IpemBABISeTCs TpH
OCHOBHBIX TPeOOBAHNA: pUIMYECKas peaATH3YeMOCTh, YCIOBHE rpyGOCTH (MK He-


star
Карандаш
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YYBCTBUTENILHOCTH K MabIM U3MEHEHUSIM I1apaMeTPOB) U IIPOCTOTA PeajIu3attu.

CxeMma peanu3alyHd BHIOJHSAETCS M3 THIOBRIX cxeM. Ecim koatduimest
ycHuieHus ycrpolictBa ky </ , To B KauecTBe KOPPEKTHPYIOLIEro YCTpOHCTBa pe-
KOMEHIyeTCsl TPUMEHATH THIIOBBIE IIACCHBHBIE YETHIPEXIIONIOCHUKH, COCTOMIINE
u3 RC-ueneii [3,4]. Ecrun koppekTHpymolIee yeTpoHCTBO HE YOAETCs pearu3oBaTh
OJIHHM 3BEHOM, TO COEQHHSIOT NOCTENOBATENLHO HECKONBKO 3BEHbEB, KaK MpaBH-
710, "yepe3 pazjgenuTenbHble yCHIUTeNM. IIpu 3ToM JTUX OTAENBHEIX 3BEHBEB CYM-
MHpYIOTCS.

B cnyqae kp > | pekoMeHIyeTcsi HCIONB30BaTh aKTHBHOE YCTPOHCTBO Ha
Hase onmepaupondoro ycumrens [3,4]. Tlpu paspaCorke cxeMmsbl 3HadeHus eMKO-
creif M CONPOTHBNCHKH Heo6X0AuMMO BHIOMpPATh M3 HOMMHaIbHOTrO paja [3]. Cxe-
MB! THIIOBBIX KOPPEKTHPYIOIINX YCTPOHCTB NPHBEACHE! B IPWI. 4.

2.7. Pac4éT nepexoHbBIX IPONeccoB
B CHHTE3HPOBaHHOI cAcTeme Ha DBM

PacCYMTHIBAIOTCA TIEPEXORHBIE TIPOIECCHl B CKOPPEKTHPOBAHHOM cHCTEME
IpM BO3AEHCTBMH Ha BXOJ CHTHAJIOB THIA eIMHUYHON cTyneHdYarod GYHKIMH M
rapMOHUYECKOTO BO3NEHCTBHA.

Pacuem nepexoonoii gynrxyuu. OcymecTBiseTcs JByMs METORAMH;

1. IlyTeM MOAETHPOBAaHUA TIO CTPYKTYDHOH CXeMe CHCTEMBI B cucteme Mat-
lab.

2. Ha ocHOBe ypaBHEHHMI COCTOSIHMS, KOTOPBIC COCTABIAIOT IO CTPYKTYPHOi
CXeMe OJ CHHTE3HPOBaHHOH CHCTEMBI C KOPPEKTHDYIOIIEM 3BEHOM, 4 3aTeM
TaK¥kKe OCYIECTBIAETCA MOJeTMpoBanye B cucreMe Matlab.

Meroavka ¥ XIpEMepbI pacyeTOB PACCMOTPEHE! B TJ1. 6.

IMepeperynnpoBaHye H BpeMs IEPEXOAHOTO IPOLECca ONPEESIOT 0 Ipa-
¢uKy nepexogHod GYHKIMH A(?) , CDABHABAIOT C 3alaHHBIMM [I0OKA3aTENSIMH O H
tp ¥ IENAOT 3aKIIIOUEHHE O Ka9eCTBE CHHTE3HPOBAHHOM CHCTEMEL.

IlepexoaHpie IPOLECCH PACCYUTHIBAIOTCS 110 YIIPABIAIOLIEMY BO3ACHCTBHIO.

Pacuem peaxyuu cucmemvr na 5KeUSANEHMHbBIU 2APMOHUNECKUL] 8XOOHOU
cuenan. B xauecTBe BXOAHOIO 3a/la0INET0 BO3eHCTBHS pacCMATPHUBAETCA IKBUBA-
JICHTHBIA TapMOHHYECKWIl CUTHAL

03 = Oy ™ sin (@ 1),

TO€ Qg — AMIVIMTYNA M @y —9acToTa onpefeNensl B maparpade 2.3.

PacueT npoBoONTCA MyTeM MOJIENMPOBAHUA IO CTPYKTYPHOM CXEME CHCTe-
MBI ¢ IOMOTIBIO cucTeMEl Matlab.

Ilo pesynbraraM MOJETHPOBAaHMS ONPEIEIHTh, MAaKCHMANbHOE 3HAYCHHE
OIMOKH CIeXEHUs £ ¥ CPABHHTE C 3aJaHHBIM JIONYCTHMBEIM 3HAYECHHUEM.

Onmumusayus napamempoé cucmembt. JiIsi cCKOPPEKTUPOBAHHOM CHCTEMBI
TIPOBECTH YTOYHEHUE [TAPAMETPOB KOPPEKTHUPYIOLINX YCTPOMCTR, IIPUMEHSS OTIMH-
3aLMOHHEIE TIpoLeypH cucteMbl Matlab (maparpad 6.4.1).
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3. MATEMATHYECKOE ONIMCAHHUE CHCTEM
ABTOMATHYECKOI'O YIIPABJIEHUS

Jns npeactaBneHust MateMaTydeckux mozened CAY B 3aBHCHMOCTH OT Xa-
paKTepa pelaeMbIX 3a/1a4 IPUMEHAIOT ABE OCHOBHBIE (POPMEBI: CTPYKTYPHBIE CXeME]
M NepefaToyHble (YHKIUH, a TAKKe MOJENU B BUAE ypaBHEHHH HPOCTPAHCTBA CO-
CTOSHHI.

3.1. TunoBLIe THHAMHYCCKHE 3BEHbR

Jro6yro CAY MOXHO pas/e/uTs Ha psjl 3IEMEHTOB, KOTOPhIE OMACKIBAIOTCS
ompeaeneHHEME I depeHIatbHEIME ypaBHEHUIMH. TIpudeM ofHUM Kiaccom
IuQ(epeHIMaNbHbIX YPaBHEHHH MOTYT ONMCHIBATECA O3JIEMEHTHl Pa3siHIHOM
du3ngeckoil IpHpoMsl (3EeKTpHYecKye, MEXaHNYECKHe, TEIUIOBble M T.4.). JTOT
¢akT MO3BOJAET BCE MHOroo0pasHe 3JIEMEHTOB DPEANBHBIX CHCTEM H3y4aTh Ha
OCHOBe OPaHHYEHHOTO YHCIIa THIIOBBIX THHAMWYECKHX 3BEHBEB.

IloaToMy Knacubukauus 3BeHbEB OCYHIECTBIAETCS HMMEHHO IO THIY
anddepeHIMaTEHOTO YPaBHEHNS WM 110 BHUAY TepedaToyHoN QYHKUMM U Takue
3BeHbS HAa3bIBAXOTCH TUIIOBLIMH.

JlunaMHYeckye CBOMCTBA THIIOBBIX 3BEHBEB IIOJHOCTBIO ONPEIEIAIOTCS
CIIETYIONIMMH XapaKTepUCTHKaMu: i pepeHIHaILHOe ypaBHeH)e, IepeJaToqHas
byuxuus  W(p), nepexoqHas ¢yHKIMS A(7); YacTOTHAs MepeaaTouHas QyHKIMA
W(jw), norapudMuyueckue 4aCTOTHhIE XapaKTEPUCTHKH L{w) U ¢ w).

PaccMoTpuM XapakTepHCTHKH Haubollee YacTO BCTPEYAIOLIMXCH THIOBBIX
3BEHbBEB.

besvinepyuonnoe unu nponopyuoHansHoe 36eHo

DTO 3BEHO HE TOJIBKO B CTaTHKE, HO H AAHAMHKE OIINCBHIBAETCS aJII‘e6paH-
YE€CKHM YpaBHEHHUEM

JC2=KX/,

rae K - ko3QOMUMCHT YCHIEHHS WM NIEpe/ladd 3BEHA, X; - BXOAHAA BETHUMHA,
X; - BBIXOIHAS BeJIU4HHA,

IlepenatouHast GyHKIINA 3BSHA PaBHA IIOCTOSHHON BeTMYHHE:

Wp)=K.
x4 h(t) Tlepexoanas QyHKUMS 3BeHAa  npeAcTaBIAeT
cobolt cTynenuaryo ¢yuxumo (puc. 3.1), To
ecTh ,eciid x; = I(1), To

I Xt = h(t)=K-I(t).

Puc. 3.1
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JlorapudMuueckue 4acTOTHRIE XapaKTEPUCTHKH 3BEHA IIPUBEJIEHB] HA

puc. 3.2,
¢© 44 L,1b L(w)
R;
201gK u
/p(m) Ry
0° »
Puc. 3.2 o Puc. 3.3
IlpumepoMm Ge3bIHEPLUMOHHOIO 3BeHa ABJIAETCA JIENMTENh HAIPIKeHUS
R
(puc. 3.3). ins 3eHa cnpasennuBo UU; = KU, rae K = -z
Rl + Rz

TlpuMmepaMy 3BeHa TAKIKE MOTYT CIYKUTHh MEXAHUYECKUH pemyKTop, Gesnl-
HEpPUUOHHBIA (IIHPOKOMONOCHEIH) YCHIIUTENIb M MHOIHE H3MEpPHTENIbHBIE NATUYHKH
CHTHAIIOB.

Anepuoduueckoe 36eHO NepeO20 NOPAOKA

ArepHoIMYecKOoe HIH HHEpIUOHHOE 3BeHO sABJIAETCA Haubonee pacrpo-
CTPaHEHHBIM B CHCTEMaX aBTOMATHUCCKOro peryimpoBanus. OHO ONHMCHIBaeTCs
naddepeHIMaTEHBIM ypaBHEHHEM NTEPBOro NOops/iKa:

dx

T'—+x,=Kx

dt
rae K- xoaddunment ycunenns, 7 — IOCTOSHHAs BPEMEHH.

IlepenaTounas ¢pyHKUHS 3BeHa

K
W(p)=—o:.
Tp+1

IepexonHas GYHKUUS 3BeHa, NONYYSHHASA pemieHueM JuddepeHUHaNBHOTO

ypaBHEHUs IIPH x; = [(1 ), nMeeT B

1!

x,=h(t)=K(l-e T )-I(t).

Xapaxreprcruka n3obpaxeHa Ha puc. 3.4.

Xzﬁ—T—ﬂ/
— K

h(®) K

Puc. 3.4 t

Jlorapudmuieckie 9acTOTHBIE XapaKTepUCTHKH, IPUBEIEHHbIE HA PHC. 3.5,
CTPOATCS 10 BBIPAXKEHUIM
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L(w)=20lgK -20lg T\Jo’ +1/T?;

o(w)=~arctgTw.

el
¢ L.ab o=T Tpubaiwkensas (aCUMITOTHYECKAS)
1140 Tounas
“““ ]
4 -20nb/nex
201gK] 720
l 1 ;(\),C-l
'l 10 100 A
L (0)
~
-45°
¢ (@)
-90°
Puc. 3.5

Tpumeps! 3mena.
. RC-uens, u3obpaxenHas Ha puc. 3.6.

R Hpusenennas RC-uens onmmcsl-
O——E Py —O BaCTCH YpaBHEHHEM
_L RC -d—-lfi ‘U =u,
u C uz dt
T rie T=RC - mnocTosHHas Bpe-
o > —0 MEHH 3BEHa.
Puc. 3.6

2. T'eHepaToOp MOCTOSAHHOrO TOKA, IIPUBEAEHHBIN Ha puc. 3.7,
CholictBa reHeparopa oOmMChI-
BAIOTCA rnepenaTo4HOH (QYHK-

o -0 ueit
(p)=El‘(p)=___K_r_'
Ui, % Ex, Us(p) Typ+1
rae Up— HanpsokeHHe 06MOTKU
Bo36yxaenus; E-— 3.1.c. rede-
° - patopa; Ty — 31eKTpOMArHuTHas

nocTosiHHan obmoTky BO36YX-
Puc. 3.7 zenust; K — xoapduument ne-
penayu resepaTopa.
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3serno emopozo nopaoka

Ero nuHamMHueckye CBOMCTBA OLHMCHIBaOTCA AuddepeHnmansHbIM ypaBHe-
HUEM BTOpOFO nopslm(a
d’x dx
I —2+T,—2+x,=Kx,.
dt dt

3BeHy COOTBETCTBYET IlepeAaTouHas GYHKIIUS:

K
W(p)=———.
(p) Ip"+Tp+1

XapaKTepHUCTHYECKOE YPaBHEHHE 3BEHA | €r0 KOPHU HMEIOT BHJI

~T, 417 41}

21}

2

Tir'+Tr+1=0;, r,=

Bo3MOXHEI Ba CiTydas:
1. T} —4T] <0 — KOpHH KOMIITIEKCHBIE, 2 3BeHO Ha3bIBaeTC KoneGaTelbHbIM;

2. T} —4T} >0 — xopHu HeiCTBHTENbLHBIE OTPULATENLHEIE, @ 3BEHO ABIAETCH
anepuoJMIeCKUM BTOPOTO NOPSJIKA.

Konebamenvrnoe 3eeno

Hepenarouryro GyHKIHMIO 3BeHA B 3TOM CIydae IPHUHATO 3alIACHIBATh B Clle-
JAYIOIIEM BHAE
K

w =,
P = e+
rne I=Ty; 2ET=T\.
Otxyza onpemenmum & = ETI; < ] - mokazartess KoneOaTeNHEHOCTH.

KopHu xapaxTeprcTHIecKOro ypaBHeHHs 6yIyT PaBHb!

28T + 48T — 4T ,
= 2T =a*jb,
£

. 1]
rje a = 7" BEIIECTBEHHAA YacTh KOpHEH; f = T J—.fz ~ MHHMast 4acTh KOp-

12

Hel.
Ecnu Ha BXOn mocrymaer BosjelicTBHe x,=/(?), TO mepexomHas QyHKIMs
OIIPELICIACTCSA BBIPAXKEHHEM

X, =h(t)= K[I——e“”(cosﬂt—%sin /)] -t).
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[Nepexomuelit npoliece u3oGpaxkeH Ha puc. 3.8. Ha ocHose nomydennoit me-
pexoaHoH QYHKIHK MOXHO ONPEJIENIUTh NapaMeTpbl IEpeIaTOYHOH QyHKIHHY.

W3 puc. 3.8 cnepyer:

A 2 1,4
2 ~ < _—K(1+e*) p=T a=;lnA—i;
y hit) =~
1 2 T 1
\/ Y HO va2+ﬂ2 =7 TOT /12
T HoTyaHM
T ke S
> ot + p

=27/B t

Puc. 3.8

JlorapupMuyecKue YacTOTHBIE XApaKTEPHCTUKH IpHBeJCHH Ha puc. 3.9

Hpy pasTHYHBIX 3HadeRHAX &,

o=T"
® AL.ab b 870,01
4 A -
40 _ /7 e\;:*g 0,1
420 —7— ~ -40nb/nex
201gK =1 L(w)
L il -
T —»
: ! 10 o’
1
! E=
ggoA—mmO(@F 2 S
| =0,1 £=0,01
-180° L

Puc. 3.9

Tpumepsr koeHaTeLHBIX 3BEHEER.
1. JlBHraTeib IOCTOSHHOTO TOKA ¢ HE3aBUCHMBIM Ro30YykaeHneM (puc. 3.10),

[ S——

Uy

Puc. 3.10

U,=x 1

=X

OrmuceiBaeTcs
TOpHO# hopme
(TuTap’+ Typ+1) =K, Us,

rae Ty=Lg/Rq — 37MeKTpOMarduTHas I10-
crosHnas  sxops, Ty =(Rg)/(CeCh) -

YDAaBHEHHEM B orepa-

3IeKTPOMEXaHNYeCcKas MIOCTOSHHAS;
Kp=1/Cy — xoadduument nepenaun
ABHIaTels.
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2. RLC—nens (puc. 3.11)
R L

OnucpiBaeTcst ypaBHEHHEM
: 1 (LCP*+RCp+1)U, =U,.
3BeHO sBAsLETCH KonebaTesbHBIM TTpH
DY C U2 L
T BBITIOJTHCHMH yCIOBHS R < Z\E .
—O C

Anepuoduueckoe 36erHo 8mopozo nopaoka

O

Puc. 3.11

B oToM ciiyuae mepenarounas (GYHKIUMS 3BeHa BTOPOro IIOPAIKA

K
W = =
(r)= Tip'+Tp+1
3aIIUCHIBAETCA B 6onee yno6Ho# dopme
K

Wip)= :
(Tp+I)NT,p+1)
ITocrostaneie BpeMeHH T3 u T, ONpefielITIOT U3 PELIeHUs CHCTEMBl YpaBHECHHH

r?=nn,

T,=T,+T,,
U UX 3Ha4CHUS PaBHEI
T T}
T,,=—% V—
Anepnozmqecxoe 3BEHO BTOPOro IIOpsJKa SKBMBAJNICHTHO [BYM allepHOU-
4eCKHM 3BEHBSIM MEPBOTO MOPSA/IXA, BKIIOYEHHEIM [OCHENOBATEARHO ¢ OBIIMM KO-
adduuuedToM K M NOCTOAHHBIMA BpeMeHH I3 U T
[lepexognas ¢yHxuMs HaXOOHTCA HyTeM peuleHHs RUdhepeHIMalbHOro
ypaBHeHus H u3obpaxeHa Ha puc. 3.12.

_T2

Ts+T,
A | |
X2 -~
R S v
et
t wy (K
7 |
7 | R
t
T,

Puc. 3.12
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JlorapudMuyeckne yacTOTHbIE XapaKTePHCTUKH (pHC 3 13), mocTpoeHs! no

BBIPAXCHUAM

Liw)=20lg A(w)=20lg K

JTT’w’ + 1T} +1

o(w)=9,(0)+¢,(w)=-arctgl,w - arctgT,®

oA L ab 1/T3 1T,
—4 i
40 L(w) 208b/nex
T20

\ 401b/nex
.

-90°7]

W
-180°
Puc 313

ITpuMeps! anepuoANYECKUX 3BEHBEB BTOPOIo NOPsIKA
1 /lBurarens NOCTOSHHOTO TOKA ITPH BBINOTHEHHHU ycnoBus Ty, >4Tg

2 RLC-uens OpH BHIIOMHEHUH ycnoBus R 2 2./L/C

Hoeanvroe unmezpupyiowjee 36€rHo

OOfmiee CBOMCTBO HMHTETPUPYIOIIMX 3BEHBCB COCTOHT B TOM, 4TO  HX
BEIXO/[HAS BENHYMHA HEOTPAHUYEHHO BO3pAcTaeT IPH IIOCTOSHHON BeIHMYMHE
BXO;IHOTO CHTHANa

I/I,uea.m,Hoe I/IHTCI‘pI/IpyIOHICC 3BEHO ONUCHIBACTCH YpPaBHECHHEM

dx,/dt = Kx,
¥ eMy COOTBETCTBYET YIepeaTodHas QyHKIHs
W(p)=K/p

Ilepexonnas  GyHkuua  HHTEIpUpYyrOilero 3seHa mpu x, =1(t)
t

x,=h(t)=K [I(t)dr=Kt-1(1)
0

Ilepexonnas ¢yHkuusa H300paxeHa Ha puc 3 14
Jlorapudmudeckne 4acTOTHBIE XapakTepucTHKH (puc 3.15) cTposTcs Mo
BBIpaXEHUSM

L(w)=20lgK ~20lgw, o(w)=-90°
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oA L 1b

L(w)

X3 T20 -20ub/nex
h(t) 3 201gKk v 10
teo=K pr t o, c#
]
;t _gge of{o)
Puc. 3.14 Puc. 3.15

IIpuMepb! 3BCHbBEB.

1. dsurarens nocrosHuoro Toka (puc. 3.16), ecnu gonycruts, uto  Tg=0,
T3=0 1 B Ka4ecTBe BLIXOJIHO} BETUYMHE] PACCMATPHBATE YIO:I IIOBOPOTA AKODS, a
B K449eCTBE BXOAHOM — HallpsDKeHUe SIKOPHOMH LIETH.

Us U=, RN

a=x, H=x;

Puc. 3.16 Pnc. 3.17

2.l'uppapnuueckuid pesepsyap (puc. 3.17). BxoasslM Bo3zeiicTBHEM sBIACTCA
pacxon Boab! G, MOCTYNAlOWHA B pe3epByap, a BHIXOAHON BEIHYHMHON YPOBEHB
BOIBI B pesepByape H. BXOjHas U BBIXOJHAS BEIVYHMHB! CBA3AHBI 3aBHCHMOCTBIO
SdH/dt =G, rae S~ nnomap nouepEHOro CeYeHNs pe3epByapa.

Hoeanvnoe dugpdpepenyupyrowyee 38eno

OcHoBHOE CBOHCTBO Beex AntipepeliupyOmuX 38eHReB 3aKTIOUAETCS B TOM,
4TO OHY PEATUPYIOT TOJBKO HA M3MEHCHHME BXOMHOIO CHTHAIA M €C/IM BXOJIHOM
CHIHAJ IOCTOSHHBIM, TO BRIXO[HAS BETUYNHA PaBHA HYIIO,

Hneanenoe muddepennupyomee 3BeHO OMACHIBAETCH YpaBHeHUEM
x,=Kdx,/dt.

[lepenaTtounas dbysxuus 3pena

W(p)=Kp.

Ilepexomuas QyHKIHA 3BeHa IMEET BH)[
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X, =p(t)=Kd[I(t)]/dt=KS(t)
u u3o6paxeHa Ha puc. 3.18.
Jlorapudmurdeckue 4acTOTHbIC XapaKTEPHCTHKH IPUBEAEHK! Ha puc. 3.19.

o4 LB
+40
+90°
X2 +20
h(t)
t i
Puc. 3.18 Puc. 3.19

IIpumepoM 3BEHA ABNAETCA TaXOreHepaTop HOCTOSHHOIO Toka (puc. 3.20) B
pexume xonocroro xoma (I,=0). Ilpu 3TOM B KayecTBe BXOJHOH BEIHMIAHBI
paccMaTpyBaeTcs yrol OBOpoTa AKOps, a B Ka4ectBe BHIXOIHOM — 3.71.¢. AKOpA €.
o 0 IIpubarxeRHo B KadecTBE HACAIBHO-
ro auddepeHIHATPHOTO 3BEHA MOXET
% x=e=K da PacCMATPUBATHCH OTlepAIHOHHELA

dt YCHIUTENb B pexXume audodepenun-
pOBaHHS.
HeobxozumMo OTMETHTB, MTO OCYyILE-
CTBHTh AuddepentpoBanue Curx€ana
B PEAIbHBIX CHCTEMax J0BOJBHO
COMHO ¥3-32 HATHYMS TIOMEX.

U,

=Xy

O—-—.———.
Puc. 3.20

3.2. CTpykTypHBle CcXEMbl CHCTEM aBTOMATHYECKOTO ynpaB/ieHns

Jns rpadideckoro n306paeHus aBTOMATHIECKUX CHCTEM 1 X MaTeMaTH-
9eCKUX Mofiened HCIONB3YIOTCH CXEMbl PA3NMUYHEIX THIOB: NPWHIMIMANBHBIE,
crpykrypHsie H ¢ynkunoHansHble (IOCT 791-68). CTpykTypHas cxeMa ompene-
7T OCHOBEBIC  (GYHKLHOHAIbHBIE YacCTH CHCTEMBI, UX Ha3HAYEHHE H B3aUMO-
cBs3b. Boe amemeHTH Ha Hell W300paxatorcs B Bune Hnokos. Coiictsa Giiokon
MOTYT OBITh PACKDBITE! Pa3THYHBIM 00Pa30M, B CBA3H C YeM CYIIECTBYET HECKOIb-
KO pa3sHOBMIHOCTEH CTPYKTYPHBIX CX€M: aJrOPMTMHYECKHe, KOHCTPYKTHMBHbIE M
1.A4. Hanbonee pacnpocTpaHeHHO# HopMoii MaTeMaTHIECKOI'O ONMHCAHUA B TEOPHU
aRTOMATHYECKOTO YTIPARJICHNS CTANH ANTOPHTMHYECKAC CTPYKTYDHBIE CXEMBI, OT-
paxarolue JuHamMudeckue cBofcrsa CAY.
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CTpyKTypHas cxema — 3To rpapuyeckoe n3obpaxenue sneMenTa unu CAY,
otobpaxatonee cucteMy HudhepeHIHANBHEIX YPaBHEHHH, KOTOPBIE OINCHIBAIOT
HpOLECChl YIPaBIeHHUs B 3THX BIIEMEHTaX.

CTPYKTYpHBle CXeMBl COOEPXAT 3/MEMEHTH], KOTOpble M300paxaroTcs cie-
nyroium obpaszom.

1. JuuaMudeckue 3BeHbs (puc. 3.21).

X X X X

Tp+1 |

Puc. 3.21

2. DneMeHTHI CPaBHEHUS MITH CYyMMATOPHI.
Jns cymMmupoBaHus cuUrHanoB X;+X,=X; CyIIecTBYCT ABa BapHaHTa H30-
6paxenus (puc. 3.22):

X] X3 X1 X3

Puc. 3.22

Hns BerauTanvs curiatoB  X,—X,=X; HPUMEHSIOT H300paXKeHNs
(puc. 3.23).

X X X X3
—()—

Xz XZ
Puc. 3.23

3. Vann! pasBerBieHMA CHIHanoB (pHC. 3.24), st KOTOPBIX CHPaBEITHBO
paBerctBo X, =X;=X;.

X X
5
X3

Puc. 3.24

B cTpyx1ypHEIX CXeMax TpeANolaralor, STo BCe 3BeHbS NpeoOpalyloT CUr-
Hall B OJHOM HallPaBIeHUM H NepefaTouHble QYHKIUMH OTHENbHBIX 3BEHbER HE 3a-
BHCAT OT cIl0co0a UX CoeMHEHNS.
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3.2.1. TunoBsie COeTMHEHHUS 3BEHBEB
IlocnedosamenvHoe coeduHerue 36eHbEE
Ilepenarounas GYHKUWA MOCICAOBATENBHO COCAMHEHHBIX 3BEHBCB DaBHa

ITPOM3BEACHHIO HepeaTOYHBK QYHKIHA OTHENBHEIX 3BEHbEB. JKBUBANICHTHAS Jie-
penatounas GyHKUHS 3BEHBEB, IIPEACTABIEHHBIX Ha pHC. 3.25, Gyer papHa:

X px(p) X pprx1(P) X perx(p)

———— Wy(p) W,(p)

Puc. 3.25

W = JTBRX F/ W /4 .

Hapannenvroe coedunenue 36eHves

Hepenarounas ¢yHKIUHA TapAUIETEHO COSTHHEHHBIX 3BEHLEB PaBHa CyMMe
IepenaToyHsx (YHKUMH OTHENBHBIX 3BEHBEB. OKBHB&ICHTHAs IlepeJaToyHas
¢$yHKUHS 3BeHbEB, IPMBEIEHHBIX Ha pHc. 3.26, 6yaeT paBHa:

Xpxi(p) Kpuxi(p)

/4
Xax(p) i(p) ; Xpux(p)
—

Xax2(p) XowoP) 1+
¥ W,(p)

Puc. 3.26

=2ml2) )iy (p)

114 =
)=y (o)

3eeno ¢ obpamnoi ceszvio unu
(scmpeuno-napannenvroe coeduHeHle 36enbes)

Cxema coenHeHHs 3BCHBECB N300paXxxeHa Ha puc. 3.27.

IlepenatouHas (GYHKUMS 3BEHa, OXBAYEHHOTO OTPHUATENLHON (TIONOXKH-
TespHO)) 0OpaTHOH CBA3BIO, PaBHA NepeaTOUHON QYHKUMK NpPAMOit Ueny, ZeneH-
HOit Ha eAMHUIY IIOC (MUHYC) IPOU3RE/ICHNE MepelaTOdHON GyHKUMH IpAMOit
LeNH H nepenaToynoil GyHKIMH Hermu o6paTHOi cBA3N.
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XBX(E 2 ) X (p% WI (p) XBBI“((p) »

L—‘ Woc(p) ¢

Puc. 3.27

Xppx(P) _ Wi(p) .
Xex(p) 1+W(pWocl(p)

W(p)=

3.2.2. paBuna npeobpazoBanus CTPYKTYPHEIX CXEM
ITpeobGpaszoBanue CTPYKTYPHBIX CXeM NPUMEHAETCS 11 ONpe/e;1eHus nepe-
JaTOYHBIX GYHKIMH CIOKHBIX CTPYKTYPHBIX CX€M, K KOTODBIM HeNb3s HENOCpe-
CTBEHHO NIPMMEHHUTD IIPABUIIA I TUIIOBBIX COEIHHEHHI 3BEHBEB.

Ilpasuna neperoca y3n06 pazeemenenus

1. [leperoc y3na pa3BeTBICHUA ¢ BEIXOLA 3BEHa Ha ero Bxoj (puc. 3.28) Tpe-
OyeT BKJIIOYCHHUS COMIACYIOIEro 3BeHa ¢ repeaTouHoi QyHkuuei W(p).

Xi(p) X X X
Xa(p)
Xa(p) « W(p)
Puc. 3.28

2. Ilepenoc y311a pa3BeTBIEHNH ¢ BX0/1a 3BeHa Ha BeIXoJ (puc. 3.29) tpebyer
BKITIOUEHHUS COTTIACYIOIETro 3BeHa ¢ Nepegatounol byuxumeit 1/W(p).

Xi(p) | W(p) Xa(p) Xi(p) I W(p) ‘Xz(D)
X X,(p)
@) 1 w(p)

Puc. 3.29
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Tlpasuna neperoca yanoe Cymmuposanus

1. ITeperoc cymmaropa ¢ BhIXOJla 3BeHa Ha ero Bxol (puc. 3.30) Tpebyer
BIUTIOUEHHS COTNAacyIOMIero 3BeHa ¢ nepegaTodnoil gpynkuned I/W(p).

Xi(p) Xi(p) Xa(p) X3(p)
—» W(p) W(ip) [—>

+ 1Xa(p) +

~, Xax(p)
W (p) [

Puc. 3.30

2. Tlepenoc cymmartopa ¢ BXoJa 3BeHa Ha ero Beixoj (puc. 3.31) Tpebyer
BKJIIOYEHHA COITIACYIOLIETO 3BEHA C fepeAaToqHoM dyHkume W(p).

Xi(p) Xi(p) Xi(p) Xs(p)
—»?* W(p) —» W(p) j——»
+ +
Xa(p) Xi(p_), W(p)
Puc. 3.31

3. Tlepemena MecTaMH y3ia pa3BeTBICHHS U cymmaropa (puc. 3.32)
Xl X3 X] X3
—
1 X, X, i 1 X,
X3

Puc. 3.32

Ilpumep 3.1. Ilana cTpykTypHas cxema cucrems! (puc. 3.33). Onpenennurs
nepeRaTouIHy o (BYRKUHIO MEXAY HepeMeHHMMHU Xgy(p) U Xpsdp)-

sz(P) —_— () Xnux(p)
—’g—ﬁ Wi(p) A?_—» Wy(p) Wy(p) >

X2

Puc. 3.33

Tonoxum F = 0 u MEepeHECEM y3€eN pa3BeTBIEHMA C BXO/1a 3BeHa Wi(p) Ha
€ro BEIXOA M MOMy4MM TpeobpasoRanHyIo cXeMy Ha puc. 3.34 .
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Xo(p) w;'(p) Xoun(p)
—> Wi(p) W(p) Ws(p) >

_’?_—'

A

Puc. 3.34

HaiineM nepenarodHyto GyHKITHIO 3aMKHYTOTO KOHTYpa ¢ eAMHHYIHON 06-
parHO#l CBA3BIO

_ WZ(P)Ws(P)
W ) = W)

TOTAa cxeMa [IpuMeT BUJA Ha puc. 3.35.

wiltp) |
XaD) { — Xu(P)
—» Wi(p) W,s(p) >

Puc. 3.35

Hckomas nepenarouHas ¢pyHkuus OyzneT paBHa:

— Xebxx(p) — Wl(p) Wg,j(P) -
Xax(p) ] + VVI(p) W2,3@) W3_1(P)
_ TUIWy(p)Wy(p)  _ W(pWa(pWi(p)
, WopWi(p) -1 1+W,(p)W;(p)+W,(p)W,(p)
P Sy P

W)

3.2.3. IlpaBuao MesoHa

CIpyKTYpHYIO CXxeMy CHCTEMBI MOXHO paccMaTpUBaTh KaK O/IMH U3 BHIOB
HanpaBieHHBIX IpaOB, IIOOTOMY K Helf IpUMEHMMBI METOABI TEOPUM Ipados.

®opmyna Mesona saBiseTcs o6muM cnocoboM, No3BoNsIoONMM ORICTPO Or-
peLeUTh TIEPENaTOYHYI0 QYHKIMIO MeXIy ABYMS JIFOOBIMH TIEPEMEHHBIMH CTPYK-
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TYPHOI CXeMbl, He HCIIONB3Ys CTPYKTYPHBIC npeobpasopadia. MeTon a¢GeKTHBHO
IIPMMEHSEeTCS U1 CIOXKHBIX CTPYKTYPHBIX CXeM C TIEPEKPECTHEIMHU CBAAMH.
[lp¥MeHeHHe IpaBHiIa CBA3AHO C NOHATHAMHE IIYTH ¥ KOHTYPa.
ITymb — HeNPepPHIBHAA TIOCIEA0BATENBHOCTE HAPARICHHBIX 3BEHBEB MEXKITY
IBYMS [IEpEMEHHBIMH, T7I€ HY OXHA M3 HUX HE BCTPEIaeTCs Gonee ogHOro pasa.

Koumyp — 3aMKHYThIi 11y Th.
Hexacaroujuiics KOMmyp — 3T0 KOHTYp, He HMCIONMMH HH 0jiHOH obied ko-

OpAMHATHI C APYTUM KOHTYPOM HIIH ITyTEM.
Ha ocroBe npaBuia Me3oHa nepegaToutas GyHKIHMA MEXTY JOGBIM BXO-

10M X ¥ EOBEIM BRIXOJOM X, CTPYKTYPHOR CXEMEBI MOXET OBITEL COCTABIECHA

2 Wimp(P)A;(P)]
W(p)= Xguax (P) _ i
Xex(P) A(p)
e A(p)=1-XWu(p)+XWa(p)-XWs(p);
Y. Wii( p) — cyMma nepenad BCeX Pa3OMKHYTBIX KOHTYPOB;
> W;,( p) —cyMMa npousBeIcHAit Iepe/iad HEXACAIOIUXCS 1ap KOHTYPOB!
Y W;3( p)— cymMmmMa npomu3BeeHuil Tiepe/iad HEKAacaloUMXCS TPOeK KOHTY-

>

POB;
Y. W,p( p) ~ Nepenaya i-ro NpAMOro MyTH OT Xox K Xopux;

A(P)=1-2Wi(p)+ X Wur(P)-ZWys(p) - w10 dynxuns
A(p) by TOM 4acTH CTPYKTypHO# CXeMbl, KOTOpas He CONPHKAcaercs ¢ i-M Ips-
MBIM DyTEM.

Ilpumep 3.2. 1na npuBejeHHOH Ha puc. 3.32 CTPYKTYpHO# CxeMBl Haiftu
nepenaTounsle GyHKIMN MEXTY Xo U X, @ TaKOke Mexny F u X,.

Iepenatoussie HYHKIMH OTPENIENSIOTCS HPOCTO, TAK KaK B 060MX Clyyasx
HMEeTCH TONLKO OAMH IPAMOH IyTh, H BCE KOHTYPHI KacaloTcs 3Toro nyrd. B pe-
3yNBTATe HEMOCPEACTBERHO U3 CTPYKTYPHOH CXeMBI NONTYy4YHM:

Wip)=Kax(P)___ W(pWo(pWy(p)
Xe(P) 1+W (p)W,(p)+W,(p)Ws(p)
wip)=22(P)_ Wa p)Wy(p)

F(p) 1+W,(p)W,(p)+W,(p)Ws(p)

3.2.4. Tunosse nepenatodnsie dyukimu CAY

BonbumueTBO cHCTeM ynipaBieHus, IPUMEHSAA METOA CTPYKTYDHBIX IIpeo6-
Pa3oBaHMi, MOXKHO NPEJCTABUTL B BUIE CXEMbI HA puc. 3.36.  Tns cxeMsl
(puc. 3.36) MmoxHO onpenenuTs CHIEAYIOLIHE THIIOBBIC IEPEAATOUHbIE HYHKLNH.
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|
W/(I’)

Xax(p) AX(p)

WPEF ( p ) U(p) - WO (p ) XBH;X(p)

Puc. 3.36. TunoBas cTpyKTypHas cxema: Xpy(p) — ynpapisioilee Bo3IeHCT-
Bue, AX(p) — ommbka peryimupoBanus, U(p) — perynupymolnee BO3IeiCTBHE,
f(p) — BO3MyLatolee BO3NEHCTBUE, Xpry(p) — peryupyeMas BeIHUHHA

1. TlepearouHast pyHKUMS PA3OMKHYTOH CHCTEMEI IO YIIPaBISIOMIEMY BO3-
IeicTBrIo (Ionaraem, 4to obparHas cBA3b Pa3OMKHyTa u f = ()

Xyl
W,(p)= —Xi;’:(—pp} = Wper(pW(D).

2. Tlepenatounas GYHKIMA 3aMKHYTOH CHCTEMBI TIO YIIPaBISIOIEMY BO3-
neiicrauto (f = 0)

)= Xosx (P) _ Wy(p)
Xpx(p) 1+W,(p)

3. lepeaatounas GyHKUHA OOBEKTa PETYIUPOBAHHA TIO PEryIHPYIOMEMY
BosaedicTeuio (f = 0)

X ppx (P)
W, ): BbIX
ol P Ulp)

4. Tlepenatounas GyHxiMA 00BeKTa PETYIUPOBAHUSA N[O BOIMYIIAIOWIEMY
Bosaeictauio (U = 0)

Ww(p)i%#”ﬂwf(p)wm.

S. Ilepenatodnas QyHKIMS 3aMKHYTOH CHCTEMBI IO BO3MYINAIOMIEMY BO3-

IEHCTBHIO
d(p)= Xppre (P) - W, (p)Wyp) '
f(p)  1+W,(p)
6. Ilepenatounas QyHKI(Ms 3aMKHYTOH CHCTEMEI 10 OMHUOKe

Wip

AP L wp).

Hep) = o) T+W (p)
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3.3. Onucanyue CHCTEM B BH/Ie YPABHEHMIl IPOCTPaBCTBA COCTORMMIA

Knaccuueckas TeOpHst UCTIONB3YeT, MIaBHBIM 06pa3oM, anmapart 1epe/atod-
HbIX (QyHKIHH M YaCTOTHRIX XapakTepucTHX. B mocnennue pecatunerus chopmu-
poBaics pasfiel, NONYIMBLIMH Ha3BaHHE «COBPEMEHHas TEOPHS YIIPaBICHUS).

Ee ritaBnoi 0COGEHHOCTBIO SBISETCA PACCMOTPEHHE CHCTEM BO BpEMEHHO
obnacTi Ha OCHOBE ITOHATHSA [IPOCTPaHCTBa cocTosHU. [Ipn aTOoM paccMaTpuBaroT-
cq B o6IIEM CTydyae MHOTOMEPHBIE CHCTEMBI CO MHOTHMM BXOJaM¥ H BBIXOJaMH, B
CBSI3M C YeM UIHPOKO HCIIOJIb3YeTCs #3bIK BEKTOPHO-MATPUYHBIX YPaBHEHUH U arl-
niapat JimHelHOH anmre6pel. DyHIaMEHTAILHBIM TIOHSTHEM COBPEMCHHON TCOPHH
yIpaBIeHHs ABIAETCS NOHATHE COCTOSHHA.

Cocmosnue cucmemst 8 MOMEHM 8PEMEHU by, eChb MAK s MUHUMALbHAA CO-
80KYNHOCMb C8e0eHUl O Hell, KOmopas emecme ¢ 6XOOHbIM 8030etcmauem, 3a0an-
HbIM Ha uHmepsane 8pemenu 1<t <t;, nozseonsiem NPOSHOIUPOBAMb NOBEOEHUE
cucmembt 8 n11060U mouke 3mozo uwmepsana [1].

CAY MokHO onmcaTh B ofiiemM ciydae CHCTEMOM HeNMHeHHbIX JuddepeH-
I{HaTBHBIX YpaBHEeHUH nepBoro nopsiaka B dopme Komn.

Jl1s nuHeHHBIX CTaliMOHAPHBIX CUCTEM YPABHEHHS COCTOSHUA MOXHO 3alli-
caTh B BEKTOPHO-MaTpHYHO# dopme:

X(t)= Ax(t)+ Bu(t), (3.1)
y(t)=Cx(t)+ Du(t), (3.2)
x,(1)
roe x(t)= ) — 71~ MEPHBI{ BEKTOP COCTOSHHUS;
x,(1)
[u,()
u(t ) = ' — K~ BEKTOp BXOZHBIX BO3JEHCTBHI;
L4 (1)
[ (1)
yt)= . — M- BEKTOP BBIXOJHBIX BEIUYHH;
[ V(1)
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7 a;,
A= — MaTpHLIa CHCTEMBI pasMepa #1.x n, Xapak-
TEpUsyeT JMHAMHYECKHE CBOHCTBA
a a CHCTEMBI;
L “*ni nn
(b/ 1 bIk
L — MaTpHIa YIpaBJIeHHs pasMepa nx k, xapak-
B= TEPH3YeT BO3/EACTRIE BXOAHEIX BETMYHH #, Ha
’ T nepeMeHHbIe COCTOAHHSA X, |
_bnl bnk .
€y - - G
— MaTpHIla H3MEPEHHS pa3Mepa mx 1, Xapak-
C= TepHU3yeT CBA3b BEIXOMHBIX KOOPAMHAT Vi C Iie-
PEMEHHBIMH COCTOSIHUA X,
Cot + + Com

Martpuna D uMeeT pasMEPHOCTb mX k H B 3JIEKTPOMEXaHMYECKUX CHCTEMaX
00LIYHO paBHA HY:TIO.
YpaBHEHHS COCTOAHHUS MOTYT GBITh COCTABIEHbI:
e 110 CTPYKTYPHOH CXEME CHCTEMEI,
® IO U3BECTHOH NMepenaTOUHON QYHKIIMH CHCTEME.

3anucv ypagHeHuit cocmosanus O CMPYKMYpHOU cxeme

TIpu cocTaBneHUH YpaBHEHHH COCTOMHUS IO CTPYKTYPHOH CXeMe B KauecTBe
IEPEMEHHBIX COCTOSIHMSA 4allle BCEro BBHIOMpatoTCs peanbHble QuandecKde fepe-
MeHHbIe (HalpsDKeHHE, TOK, CKOpPOCTh U T.4.). FlHorna nenecooOpasHO B KayecTBe
IIepeMEeHHBIX COCTOSIHHAS BBIOpATh HEKOTOphIe (DHUKTHBHBIEC NIEPEMEHHBIE, OTIHYAIO-
LIMecs OT BRIXOAHBIX BEIHYMH pealbHBIX 3BEHBEB. JI/Is yIIpONIEHHs 3aliCH ypaB-
HEeHHU COCTOSHHMS XKesaTelhHO Npeolpa3oBaTh cXeMy Tak, YTo6HI OHa cocrosia U3
HHTETPUPYIONIMX U YCHIITMTENHHEIX 3BEHHEB.

PaccMoTpuM B KagecTBe puMepa ABUraTeiIb ITOCTOSHHOIO TOKa, MMEIOIMIA
CTPYKTYPHYIO cxeMy (puc. 3.37).

Bxomuwic Bemmuunbl: Uy — ynpasisgonice BO3JIEACTBHE U M — Bo3aMymIaio-
niee Bo3aelicTere. B kauecTBe BBIX0/1a paCCMOTPHM CKOPOCTE (.

B xayecTBe NepeMeHHBIX COCTOSHHA BhIOEPEM INEPEMEHHBIE Ha BBIXOLAX
HHEPHMOHHBIX 3BEHBEB TOK SIKOPA — [ H YaCTOTY BpauIeHUs BaJsia SKOps — @.


star
Карандаш
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Mc
Uy Xbxz 1 I . B ECRAEAR R
e e “ Jpl |
— 7P
Rﬂ
kg
Puc. 3.37

IIpeo6pa3oBaHue NePeaaTOIHEIX QYHKUHI ITEMERTOB CTPYKTYPHBIX CXEM B
IuddepeHIHANBHEE YpaBHeHU B hopme Koy npuseseno B npui. 3.

3anumrem JudepeHnuaNbHble YpaBHEHUs A HHTErPUPYIOLIEro H anlepyo-
IWYECKOTO 3BEHLEB, HCIIONA3Ys BCIIOMOTATENIbHEIE TIEPEMEHHBIE Xpy, U Xpyp !

-1
@=J Xgxi;
I=Lg(xpx; —Rgl).
JUist NCKITIOUEHHS BCIIOMOTraTENbHBIX IEPEMEHHBIX Xpy; ¥ X gy, BBIPA3UM HX

9epe3 IepeMeHHbIe COCTOAHAA H BXOAHEIC BENHYHHBI HENNOCPEACTBEHHO U3 CTPYK-
TypHO# cxeMsI Ha puc. 3.37:
xpyy =kl =M

(3.4
xsz =U}I —kEQ).
Iloxcrasnm (3.4) B Hexonuyto cucreMy (3.3):
o=bup_p L
J J (3.5)
bokiy Rey g |
L}I L}I A

YpaBHeHHe BRIXOAA
y=w. (3.6)
Ocobennocmu nomyuennvix ypasHeHutl COCMOAHUA:
WX JIBa — 10 YHCIY NIepEMEHHBIX COCTOSHMA B CHCTEME BTOPOTO NMOPSAJIKA,
OHH ABIAIOTCA TUPDepeHMATEHBIMY, B JIEBRIX YaCTAX, KOTOPHIX HAXOHATCA
TPOM3BOJIHEIE IEPEMEHHBIX COCTOSHHA,

¢ TMpaBble YaCTH 3aBHUCHAT TOJNBKO OT NEPEMEHHRIX COCTOSHMS M OT BXOJHBIX
BO3EHCTBHY;
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* ypaBHEHHMe BBIXO,1a aredpandeckoe.

[epenumem ypasHeHHA (3.5), n06aBHB A1 HAISAIHOCTH HYJCBBHIC ciarac-
MBIE!

a'):0~a)+—k—}‘—1+0-U,,—§Mc,

3.7
1’=—k—5m—£il+iU,,+o-MC. 7
L}I q A
3anumem ypaBaenus (3.7) u (3.6) B BeKTOpHO-MaTpH4HOH dopme
k 1
ol | © el ? Tuus
e RO .
A Lﬂ L}l

y=[1 0]-[(;} (3.9)

U3 ypasrenuit (3.8) u (3.9) monyyuM MaTpHIbl, BXOAAIIUE B ypPaBHEHHS
cocrosinpa (3.1) u (3.2):

0 k7M 0 _%
. ke Ry B=11 ; , C=[1 a], D=[0 0]
Lﬂ L,q Lﬂ

[lpumep cocrasiienys YpaBHEHHH COCTOAHMS Il CHCTEMBI ABTOMATHYECKO~
ro YIIpaBJeHUs pacCMOTpeH B naparpage 6.2.

3.4. Tlpamep cocTaB/JIeHHS MATEMATHYECKOH MOJEIH B BHje CTPYKTYp-
HOH CXEMBbI

PaccMoTpuM cocTaBiieHne MaTeMaTHdecKod MojelH B BHUAE CTPYKTYPHOH
CXeMBI Ha IpuUMepe ciaenamel cucreMsl (puc. 3.38).

o IMoTtesuuomerp- 3eMeHT AU InexTpounbiik Penyx-| g | 3meno
3

[od
——3p{ 3anaTUNK yria _l_J‘ cpaBHENMst T__” YCHIHTENR F{‘ AT ﬁ Top poGo-

11I0BOpOTa MOIIHOCTH Ta

U;

Motenumoverp

Puc. 3.38. OyHKIHOHaIbHAA CXeMa HCHOJHUTENBHOU clefauiedl CHCTEeMBI
NIPOMBILLTEHHOTO poGoTa
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B cxeme Ha puc. 3.38 Hucrob30BaHbl 0603HAYEHHNS:
JITIT — aBuraTesh DOCTOSHHOTO TOKA C HE3ABUCHMBIM BO3GYXIEHHEM;
@3 — YTOJ1 IOBOPOTA TIOTEHIMOMETPA- 32/1aTIHKa;
U, — ynipaBIsioIxi CHIHAT,
AU — CHrHa paccoriJacoBaHMA Ha BRIXOJE JJIEMEHTa CpaBHEeHHS;
Uy— HanpsXxeHH€e Ha BRIXOAE YCRIINTENI MOIIHOCTH;
ay ¥ 0 — YIIIBl IOBOPOTa Balla JIBUTATENsS B PEYKTOPA COOTBETCTBEHHO;
U, — HanpsbkeHue Ha BBIXOJe IOTEHIIMOMETpa 0OpaTHOI CBA3H.

CocraBienrie CTPYKTYPHOH CXEMbI HAQYMHAETCH C OIpEeReNeHUs MareMaTu-
4ECKOr'o OTMCAHMs B BHJIE NEPeJaTOYHBIX QYHKIHHA OTIENBHBIX 3IeMEeHTOB, TIpej-
CTABJIEHHRIX Ha QYHKIIHOHATBLHOM CXeMe.

DlleMEHTB! CHCTEMBI OIHCBIBAIOTCA CHEAYIOUMMH MU bepeHIHaNbHBIMH
YpaBHEHHSMM M IepeJaTouHbMM PyHKiMaMy. BHauane sanmuchiBaeM audoepeH-
UHAILHOC YPaBHEHHE 3BEHa, 3aTeM, NIpHMeHAS npeobpaszopanue Jlamnaca, mepe-
XOHM K OII€EpATOPHOMY YpPaBHEHUIO, U3 KOTOPOT'0 HAX0/IAM neperaTo4Hyo (t)y}ll(-

ITHIO.
1. TloTeHmoMeTp—3aaTanK yriia noBopoTa

u)(t)= Kppjas(t)
UI(P) =Kp,a4 (P)
Wm(P)= U,(p) =Ky,

a;(p)
2. Tlloresumomerp 06parTHOil CBA3N

uy(t)= Ky (t)
U, (P)= Koy (P)
an(p)= U;(P) =K,

a,(p)
3. DnemenT cpaBHeHHS

Au(t)=u,(t)—u,(t);
AU(p)=U,(p)-U,(p).

4. DNEeKTPOHHLINA YCHINTEN: MOIHOCTH

duy,(t
T, —";Vlt(—) +uy(t) = KyAule)

Ty PUy(P)'*'Uy(P):KyAU(P)i

Uy(p) K
W =Y = y
v(p) AU(p) Ty p+1
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5. JIuratens IOCTOSHHOI'O TOKA C HE3aBUCHMEBIM BO30YXICHUEM

Ly di);t(t) +Ryig(1)=Uy(t)=kpw,(t),
do,(t
J j,( = kuia(1) - Me(1),

Laplg(p)+Rglg(p)=Uy(p)=kpw,(p)
Jpo, (p)=kylg(p)—Mc(p)
ITo nONyYeHHRIM YPaBHEHHIM COCTABUM CTPYKTYPHYIO CXeMy Ha pHc. 3.39.

Mc
Uy 1 Ig - 1 O
s —f—>

— L,p+R, Jp

ke

Puc. 3.39

TepeneceM y3en CyMMHpOBaHHS CHTHaNa M Ha BXOJ CXEMBI M ONIPENIENUM
IepeJaTOuHbIe QYHKIHA ABUTATEIS 10 YIPABITIOMEMY Wi(p) ¥ BO3MYILAIOMIEMY
BO3feHCTBHIO Wia(p):

ky
w (p)zw,;r(p)= (Lgp+Rg)p  _ ky _
A Uy(p) 1+ kM ok L}]Jp2+R;]Jp+kEkM
(Lgp+Rg)Jp
K

= a .
T,T,p" +T,p+1
w,(p) K;KyRy(Typ+1)

W..(p)= = ,
alP) Mc(p) TTup +Typ+1
1
rae TE=L—”, T, = IR, , Kp=—.
R, kiky ke

5. Pexyxrop



34

an(’)=§aﬂ(‘)f
ay (p)= %aﬂ (p)
Wolp) =)L

ag(P) i

C yJeroM Hal/IeHHBIX TiepeNaTtoYHBIX QYHKIHH 3BEHLEB UCIOIHUTENLHOKR
cremsmelt cHCTEMEI po6oTa, CTPYKTYpHas cXxeMa IIpUMeT BUA Ha pHC. 3.40.

Tinsl YIPOILEHHs CXEMBl IIEPEHECEM Y3€Nl CyMMHUPOBHMs CUTHANOB C BBIXO-
[ia 38eHa ¢ nepenaTodnoi gyuxuueir Kjj; Ha ero BXoj M ¢ yueToM paBeHcTsa Ky, =
Kp,= Ky nmomyumm cxemy Ha puc. 3.41. HoBas nepemenHas ¢ Ba puc. 3.41 coor-

BETCTBYET omndke CIIeXEHUs, KOTopas paBHa £= O3 — Oly.

M
—5 WﬂE(P)
03 AU U —v ® o oy
K Wy(p) —>{ Wy(p) | - i—gf >
K, [«
Puc. 3.40
Mc
—™ Wn(p)
o3 € AU U v o 1 |ent oy
Ky Wy(p) ™ We(p) > — < >
Puc. 3.41

Orpenensm nepenaTounyro GyHKIMIO pa3oMKHYTOH HeCKOPPEXTHPOBAHHON
CHCTEMBI 110 YIIpaB/ISIOLIEMY BO3/eHCTBHIO, nTonaras, uto Mc =0 u obparHas cBs3b
Pa3soOMKHYTa:

1
_Kyi K, Ky
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4. HCCJENOBAHUE YCTOMYUBOCTH JUHEWHBIX
CUCTEM ABTOMATHUYECKOIO YIIPABJIEHHS

HeobxonuMbIM H AOCTaTOYHEIM ycioBHeM ycroituusoct# CAY sBisercs
OTPHLATENEHOCTE NeHCTBUTENBHBIX YacTel KOpHeH XapakTepHCTHHECKOTo ypaB-
Henus. Jlns HecnenoBaHus YCTORYHBOCTH pa3paboTaH pAg METOAOB, KOTOphIE Ha-
3BIBAIOTCS KPUTEPHAMH YCTOMYMBOCTH M He TPeOYIOT pelueHus XapaKTepHCTHYe-
CKOrO YpaBHEHHS.

PaccMOTpuM aHanu3 yCTORYHBOCTH 1O STOrapuMUYECKHM JacTOTHEIM Xa-
PaKTepHCTHKaM Ha ocHOBaHMHM kputepus Haitksucra. [Toctpoennsie norapud-
MHYeCKHEe YaCTOTHBIE XapaKTEPUCTHKN MOTYT GBITh HCIIOIB30BaHbl jiajiee JUIS Bbl-
fopa KOppeKTUPYIOILHNX YCTPOHCTB.

4.1. Jlorapudmuadeckue HaCTOTHbIE XaPAKTEPHCTHKH

HyCTB 3aJjaHa JYacToTHas neperaroyHas d)yHKI.IH}I CHCTEMBI.

W(jo)=A(w)ed P 4.1)

Hponorapudpmupyem (4.1)

nW(jow)=lnA(o)+ jo(w),

TO ecTh JiorapupM W(j@) — 3TO KOMILIEKCHOE BBIpaXEHHE, IJie JIeHCTBHTEIbHAs
4acTh — In MOZY1A, @ MHUMAs 9acThb — (asa.

Jia npaktuyeckux uene# ynoOHO MONB30BATECS NECATHYHBIMM JIOrapud-
MaMH ¥ CTPOHTH OTHENbHO JOrapUpMHYeCKy0 aMIUTHTY/JHYIO YaCTOTHYIO Xapak-
tepuctiky (JIAUX) # norapupmMmieckyio $azoByio 4aCTOTHYIO XapaKTEpHCTHKY
(JI®YX). Ing noctpoenust JAUX HaxomuTcs BeIdIHHA

Liw)=200gW(jw)=20lgA(w).

L(w) mamepsercs B neuubenax [Ab] v oTknamsiBaeTes 0O OCH OpAHHAT Ha
KOTOpO#l HAaHOCHTCS PaBHOMEPHEIH Mmactrab.

Bex — sro Takoe ycmienye, KoT4a MOIMHOCTE CUTHAA yBenuynBaercs B 10
pas. Jleunben paBen oanol gecsitoid yactu bena. Eciw 661 A @) 66110 oTHOUIE-
HHEM MOIHOCTelH, TO Iepex JorapudMoM B IIpaBoi 4acTH JOJDKEH OBITH MHOXH-
tems 10. Tak kak A( @) npencrasinser coboii OTHOEHHE HE MOILHOCTEH, a CHI-
HaI0B (HaNpPHKCHAN, TOKOB U T.1.), TO YBESIHYEHUE 3TOI'0 OTHOIIEHUS B JECATH pa3
OyOeT COOTBETCTBOBATH YBEIMYEHUIO OTHOMECHHA MOIIHOCTEH B CTO pas, 4To CO-
oreercTByeT ABYM Benam mnm asapuatk meumbenam. Ilostomy B mpasoid wactu
CTOUT MHOXHUTETE 20,

Tlo ocu aberpce OTKIA/{BIBAETCS YacTOTa @ B TOrapudMIdeckoM Macirabe,
TO €CTh HAHOCATCA OTMETKH, COOTBETCTBYIOIIME /g, & OKOJIO HUX 3allHCHIBAETCA
caMo 3Ha4YeHue JacToThl @ paj/cek.

EnvnvnaMy u3MepeHus @ SBJIsIOTCS OKTaba U JleKana.
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Jexada — 3T0 HHTEPBAJ YaCTOT, 3aKITIOUEHHBI! MEXIY IPOM3BOJILHBIM 3Ha-

yenneM w4 0w
Jlnvna nexanmst pasHa Ig 10w -lgw = lg10=1, To ecTh OTPe30K MeXAY @ ¥ /0w

HE 3aBHCHT OT abCOFOTHOrO 3HAYCHAS @.
Oxmasa — HHTEpPBAI YacToT, 3aKTIOYEHHBIH MeXIy NMPOHU3BOJIBHBIM 3HAYC-

HHEM ® ¥ 2.
JInuHEBl OTPE3KOB, COOTBETCTBYIOLIMX ACKAJ€ U OKTaBe, OCTAIOTCH IIOCTOSH-
HBIMH M HE 3aBHCAT OT abCOMOTHOM BEMMYMHB! yKcna @ (puc. 4.1).
TTpakTHyecKH Ui HAHECEHHA Jorapu(pMuYecKoro Macmraba MOXHO I1OJb-
30BaThECA BHIPAKCHUEM:
My [Mm] = Moer[Mrm] lgw,
[Jie @ — YIJIOBas HacToOTa; Mg — AJTAHA JEKalsl B MHLIUMETPAX; m, — JLIHHA
oTpe3ka OT Hayana JAeKalbl 0 3aJaHHON YacTOThL.
HeobxoauMo ydecTs, 910 To4Ka @ = () JEXHT Ha OCH 9acTOT cileBa B GECKOHEYHO-
¢TH, Tak Kak /g0 =—o. Ifo3TOMy OChb OpAMHAT MOXKET epeceKaTh ochb abclce
(och 4acToT) B IPOU3BOIBEHOM MeEcTe TakK, Yro6sI Best JIAUX pacmonaranacs cupa-
Ba OT OCH.
JlocToMHCTBA NTOrapupMauecKoro Macmraba:
o MoryT 6ITh HaHeceHs Ha rpadydK HECOW3MEPHMBIE 3HAYCHHS aMITHTY Bl 1
4acTOTH;
o JIAUX aB1AIOTCA NPAMOIHHEHHBIMH;
¢ OcHoBroe nocTouHcTBO JIAYX B TOM, YTO MX OCTPOEHME [IOYTH HE Tpe-
Oyer BRIUMCHUTEbHON paboTsl. IT0 ocobenHo 3aMetHO, koraa W(jo) mMo-
xeT OBITH NpeIcTaBlIena B BUIAC IPOU3BEACHUA COMHOXHUTENCH.

©° 4L,nb
60°+ 30
o+ 20
40 Jexaaa JieKaaa
2001 10
l 1 -

- 1] [2 4 " 10 |20 [40 100 O pamcex
-40° OKTaBa OKTaBa
-60°

Puc. 4.1

YacToTHyIO NepenaTouHy o PyHKIMIO CHCTEMbI, NPENCTABIAIONLYIO IPOH3-
BCICHNE OTAENBHbIX IIEpeAaTOUHBIX QYHKIMH, MOXKHO Mpeobpa3oBaTs:
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W(jw)=W,(jo) Wy ja);
W(jo)= A](a))e””(w) ,Az(w)eﬂp‘(a’) -
- I(Q))Az(a))ej[(ol(w)+¢2(w)]

To ecTs norapu¢MHYECKHE HACTOTHLIE XAPAKTEPUCTHKM CHCTEMB! MOXHO
nOSY4YHTs CyMMHpoBanueM opauHat JIAUX u JIOUX oTHeNbHEIX 3BEHLER!

Liw)=20lgA;(w)+201g 45(w);
p(o)=9(0)+py(0).

4.2. MeToauka HOCTPOCHAS
JorapuMHYeCKHX YACTOTHBIX XapPaAKTEPHCTHK

Jlorapndmuaeckne 4acTOTHble XapakTepucTukd JIUX moryr OvITh mO-
CTPOEHBI IByMs ClIOCOOaMH.

1. ITepenarounas dyHKUMs pa3OuBaeTcs Ha OTJAEIBHBIE COMHOXHTEIH, CO-
OTBETCTBYIOIIME THIIOBRIM JMHAMHYECKUM 3BEHBSIM, JIS KOTOPLIX CTPOATCS THIIO-
Bble AMILTMTYIHbIC K (a30Bble JorapH(PpMEIeCKHe YaCTOTHBIE XapaKTepHCTHKH, a
3areM pesynsrapytoue JTUX onpenensior IyreM CyMMHPOBaHMS OpOMHAT OT-
JEeTBbHBIX XapaKTEePUCTHK.

2. Bonee sdexTHBHBIM ABILETCA CIEXYIOMMIA IOIXON AIs IIOCTPOEHUS JI0-
rapu(MUYecKuX aMILTMTYAHO-YAaCTOTHBIE XapaKTEpUCTHK.

2.1. Ha ocu abcmucc OTMEYarOTCS CONPATAIONIME YacTOTh! A1 THIIOBBIX
3BEHBEB NepeAaTOYHON QYHKI[MM 1 Yyepes MOTy4deHHbIe TOYKH IIPOBOJATCA BEPTH-
KaNbHbIE IpAMBIE.

2.2. Crpourtcs Touka ¢ KoopauHataMd @ = [, L =201g K,
rae K - obumit ko3 hHnUeHT nepeaaTodHo QyHKIMH.

2.3. Yepes nomyueHHYI0 TOUKY NPOBORHTCA:

a) rOpU30HTAILHAS NIpSMas, eClIM IepefaTodHas GYHKIUUA KMEeT BUI

K TIW.(p)
W(p)=—7-==L—-o, (4.2)
HIW,(p)
-

e W,(p)uWj(p)— nepenarounsiec GyHKIMHE THIOBEIX JUHAMHYECKMX 3BEHb-
€B;

6) npsmas ¢ HaxoHoM -20N ab/nek, ecnu nepefarouHas GYHKUHS UMeeT
BHJI
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s

K

Wy(p)= i
pY

(p)

I
[

; 4.3)

—

IWj(p)

I

J

B) IpsAMast ¢ HakioHoM +20M nb/zex, eciu niepefiaTounas QGyHKIMA MMeeT
BHJ

Kp¥ TI¥(p)
Wy(p)=——"7" . (4.4)
HIW,»(p)
i

2.4. TIpu mepece4eHHN C KaxI0# BepTHKAIbHOM OpAMOI HAKJIOH acUMIITO-
THYECKOM XapaKTepuCTUKM u3Mensercs Ha —20 nb mns 3ena nepBoro nopsaxa
Ha —40 B js 38eHA BTOPOTO NOPSJIKA, ECJIM COOTBETCTBYIOIIMH COMHOXUTEN, Ha-
XKOIHUTCA B 3HAMeHaTene. U181 COMEOKHTENEH IHUCIMTENS HAKIOH COOTBETCTBEHHO
mamensercs Ha +20 nbu  +40 nb.

IIpoeepra. Haxnon JIAUX B BBICOKOYACTOTHOH 4HacTH OIpejesseTcs 1O
srIpaxeryio 20+(m -»n) 05/dex,

TJ€e 1 — NOPSALOK TIOJIXHOMa 3HAMEHaTeNs!, m — HOPSANOK NOJMHOMA TUCTUTEIS.
3. Jlorapudmudeckas ¢azo-4acTOTHaA XapaKTepHCTHKA CTPOUTCH 110 BhIpa-
KEHUAM:

¢ s nepenarounoit yHxumy (4.2):
”m n
p(w)=Y argW( jw)-Y.argW;(jw);
i=] j=1
¢ 14 nepeparouHol dpyHkman (4.3):
@,(w)=-N-90°"+¢,(®).;
® s nepenatoqHoi GpyHkiuu (4.4):
p3(@)=+M-90° + ¢,(w).
To ecth cmaraemsie (a3o-9acTOTHONX XapaKTEPHCTHKH 3BEHBEB, PAcroNo-

XEHHBIX B YHCIHKTENe NEPefaTouMHOM QYHKINM, AMEIOT TIONOKHUTEbHbIH 3HaK, a
3BEHbEB, HAXOZAINHUXCA B 3HAMCHATENe, OTPUIIATENEHEIH 3HaK.

4.3. Kpurepnii ycroiiunBoctn HaiixBucra

Kpurepuit ycroitansocti HalikrcTa, IPUMEHHTENLHO K IOrapuMUEecKnm

JaCTOTHBIM XapaKTePHCTHKAM pa3OMKHYTOH cucteMnl L{w) 1 p(w), MoxeT OpITh
copmymuposaH cresyrommm 06pazomM.
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3amkuymasn cucmema agMOMAMUUECKO20 PeZYRUPOBAHUA YCMOTINUBA, eClu
PasHoCmb MeNCOy YUCIAMU NONONCUMENLHBIX U OMPUYAMENbHBIX Hepexodos ga-
30801 XAPAKMEPUCTIUKU PASOMKHYMOT cucmemsl o(w) uepes nunuto ¢ = -180° ¢
duanazone yacmom, 20e L(w)>0, pasna q/2, 20e q — wucno kopHeil ¢ noRoX*CU-
MENbHOU 6eUecMBEHHON Yacmbl0  XAPAKMEPUCIMUYECKO20 YPAGHEHUSL PASOMKHY-
mot cucmemvil.

[NomoxHTENpHBIM TICPEXOJOM CUUTAETCA TEPEXOA XapaKTePUCTHKH ¢(w)
CHH3Y BBEPX Uepes JIMHMIO ¢ = -/80°, a oTpUIaTeNsHBIM CBEPXY BHU3.

Ynpowennas popmynupoexa xkpumepus ona cayiad g = 0.

DNeXTpOMEXaHHYECKHE CHCTEMBI, KaK IIPaBHUIIO, COCTOSAT W3 YCTOHYMBBIX
3BEHLEB, NOYTOMY YMCIIO KOPHEH ¢ MONOXKHUTENbHOW BEIECTBEHHOH YacThio Xa-
PAKTEpHCTHYECKOTO YPaBHEHHs pa3OMKHYTOH CHCTEMEI paBHO HyO. B sToMm city-
gae MOXHO HUCIONB30BATH YIPOMEHHYI0 GOPMYTHPOBKY KPHTEPHS.

Cucmema 8 3aMKHYMOM COCMOAHUY YCPIOUYUBA, eCU HA Hacmome cpesd
wc JIPYUX pasomxnymoi cucmemst npoxodum eviwe wunuu ¢ = — 180°. Yacmo-
ma cpesa w¢ - Mo 3rAYeHUe yacmomel w, npu xomopoii L (we) = 0.

Hpumep 4.1. Onpenenuth YCTOHYMBOCTL CHUCTEMBl, H300pakeHHOH Ha
puc. 3.21, mepenarognas GpyHKUHS KOTOpoil B pasoMKHYTOM COCTOAHHH HMEeT
BHI!

K” 1.—1' Ky . Kﬂ
Typ+1 TyTyp’ +Typ+1

WH(P)=

[Napametprr cucrems! umeroT 3Hadenud: Iy =0.02 ¢, Tg=0.13¢, Tyy= 03¢,
Kn=0.08, Ky= 659, Ky= 320, i = 300.

Jlns onpeneieHHs yCTONIMBOCTH BOCIIONB3yeMcs Kputepuem Haitksucra, B
COOTBETCTBHH € KOTOPBIM HEOOXOIMMO MTOCTPOUTE JIOTapUbMHUYECKHe HACTOTHBIE
XapaKTepPUCTHKY Pa3OMKHYTOH cHCTeMbl. PAacCMOTPHM HX 110CTPOEHHE.

Hajtnem o6uinit kooQGHIMEHT YCUTIEHUA CHCTEMEL:

KpKyKy;  0.08-659-320
g m—————=———" ———=356.2.
i 300

PaccmoTpuM nepeaTouHyo QyHKIEIO 3B€Ha BTOPOTO NOpsAKa

Ty Typ’ +Typ+1

OnpenennM KOPHH XapaKTepHCTUYECKOrO YPaBHEHHMS 3Be€Ha BTOPOTO TIO-
psnKa:

TaTyp’ +Typ+1=0,

Ty +JT;—4-T,,TM_

2T, T, 2.T,T,

Pi2=
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Tax xax IUCKPUMMHAHT:
2 —n322_403.
TO KOPHH KOMILIEKCHBIE, CJIeIOBATENBHO, 3BEHO ABNAETCS KojeOaTe bHBIM H €70
HepeJaTOYHYI0 GYHKUMIO MOXHO 3allMCaTh B BUAC:

K
w(p)= 4 ,
(») T p? +2eTyp+ 1

20e T, =\TqTy =+013-03=0198c,
Ty 03

&= = =076
2yT 4Ty, 2-0198
Hocmpoenue JIAHYX.
OupeaenuM 4acTOThI CONPHKEHHA:
P SN By Y NP S Ny Y P}
Ty 002 r, 0198

Ha ocm afcuucc OTMETMM CONPATarOIINe 4acTOThl M depe3 IOIydeHHBIE
TOYKH TIPOBEJieM BEPTUKAIbHBIE IIPAMEIE.
HaifieM BeIHYHHY:

Lig=201g Ky =201g 56.2=35 0b.

Crpoum ToUKy «A» ¢ KoopauHataMu: w=1, Lk = 35 05 (puc. 4.2,2).

Uepes nomy4eHHYIO TOUKY «A» [IPOBOAMM IIpAMYIO ¢ HakIoHOM —20 ab/nexk,
TaK KaK IepenaTodHas QyHKIMS COAEPKHUT COMHOXHTENb p B 3HaMeHaTelle nepe-
IaTOYHOM GYHKIMM.

Ilpu mepeceueHHM ¢ NepBOR BEPTHKAILHOM HpAMOM, COOTBETCTBYIOILEH
9acTOTE CONPSIKEHMS 7, HAKIIOH ACHMITOTHYECKOH XapaKTepUCTHKH U3MEHSAETCS
Ha — 40 1B, Tak KaX ; COOTBETCTRYET 3BeHY BTOPOI'O IIOPAIKA, HAXOLAEMYCH B
3HameHarene. I103ToMy HaKJIOH XapaKTEpUCTHKM Ha 3TOM yyacTke OyJIeT paBeH
—60 nb/nex. IlpaBee YacTOTHI CONMPAKEHHS 0, HAKIOH H3MeHHTCH eme Ha —20 1B,
TaK Kak 3Ta 9acToTa OTHOCHUTCS K 3BEHY NEpBOTO IIOPAAKA, HAXOAAIIEMYCS B 3Ha~
MeHaTese. PesynpTupyronii HaKJIOH XapaKTepUCTUKN L(w) B BHICOKOYACTOTHOM
yactd cocrasur -80 nb/nek.

Hocmpoenue JIOUYX.

Cymmapras (a3oBasi XapaKTCpUCTHKa PA3OMKHYTOH CHCTEMbI CTPOMTCS all-
rebpayecKiM CIOXKEHHEM OpAMHAT (Ha30BhIX XapaKTEPHCTHK OTHENBHBIX 3BEHb~
esn:

p(w)= g1 (w)+ 92 (0)+ 93 (w),
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0 {
B0 4N o P2
: 3 :
1 1 : ;
-20 ab/aex | ;
B0 Ao e N - B S . s
{ f ;
| ! :
T L
P a
0 et o, ¢
0 | 100
] ' ;
]
)
L SO,
-2o+ s pe
1
1
T -60 nb/nex |
1
J

-80 ab/nex
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rue
¢1(a))=—90°,
‘Pz(a)) =—arctiglyo,
2eT 0
W ) =-—arctg ———.
¢3( ) g]—*lea)z

Da3zoBbIe XapaKTEPHCTHKY OTACILHBIX 3BEHLEB MOTYT OBITh ITOCTPOEHBI ITy-
TeM BBIMHCIICHUS KOOPANUHAT TOUEK, €CITH [T0/ICTaBHTh 3HaueHus @. Pa3oBble Xa-
PaKTEPHCTHKM OTHEIIBHBIX 3BEHbEB H Pa3OMKHYTOH CHCTEMBI ¢(() 10Ka3aHb! Ha
puc. 4.2,6.

[py BBIYHCIIEHHH XapaKTEPHCTHKM @3 () Ha KaJbKYJATOPE HIM B CHCTEME
Mathcad HeoOX0RHUMO ydecTh epexXox ¢ ORHOH BeTBH GYHKIIMH arctg Ha ApYyTylo
[IpY U3MEHEHHH 3HaKa 3HAMEHATelI1 ¥ IPOBOJMTE BEIYHCIICHHS 110 BRIPAXKEHUAM:

arctg N npu o < L.
1-Tio?’ T,

ps(w)=
. 2eT 0 1
—180° —arctg———, npu @ > —.
1-Tio’ T,

Tak KaKk pasOMKHYTas CHCTEMa COCTOMT H3 YCTOHYMBBIX 3BEHBEB, TO Xapak-
TEPUCTAYECKOE YPABHEHHE PA3OMKHYTOMH CHCTEMBI

C(r)=r(Tyr+I)(TgTyyr’ +Tyyr +1)=0
He COZepXUT KOpHedl ¢ MONOXKUTENbHOM BelleCTBeHHOH 4acThIo, TO ecTh g = 0.

M3 puc. 4.2 cienyeT, 4T0 B AHaniazoHe 4acTOT, B KoTopoM L(w) Gosble Hy-
74, Pa3sHOCTh MEXIY YHCIAMH IOJIOXUTENbHBIX U OTPHIATENBbHBIX HEPEXOJ0B
p(w) depe3 muHWO @ = -/80° paBHa eguHUNE (UMeeTcs ONHUH OTPUIATENBHBINA
nepexon), TO ecTh He paBHa Hy/o (g/2 = (). CnenoBaTenpHO, 3aMKHyTasi CHCTEMa
HEYCTOH4HMBaA.

ITpumennM ynpouieHHyo GOpMyITHPOBKY KPUTEDHA.

Tak kak 9YMCIO KOpHeH XapaKTepHCTHYECKOTO YPaBHEHHS Pa3OMKHYTOM
CHCTEMBI € IIOJOXHTENHOH BELIECTBEHHOM YacThIO PAaBHO HYMIO, TO MOXHO HC-
N0JIB30BATh YIPOIEHHYIO (OPMYIHUPOBKY KDHTEPHS.

o noraputmueckoil aMIIUTY IHO-9aCTOTHOM XapaKTEPUCTUKS PA3OMKHY-
TO# cHCTeMBI L(mw) B TOUKe HepecedeHUs XapaKTEpUCTHKOH ocu abcuuce onpene-
nseM gacToTy cpesa w.=12 ¢’ (puc. 4.2,a).

ITpoBoa¥M BepTHKATBHYIO JIHHUIO JO [IepeceYeHus ¢ JorapudpmMuueckoi pa-
309aCTOTHOM XapakTepUCTHKOR ¢(w) ¥ onpenenseM 3HayeHHe (a3pl, KoTOpoe
paBro -240°. TaxuM 06pa3oM, Ha 4acTOTe cpesa (pa30yacTOTHAS XapaKTePUCTHKA
pacrosoXeHa HHkKe JIMHHKE ¢ = -/80°.

CnenopaTensHO, CHCTEMa B 3aMKHYTOM COCTOSHHH HeycToi4uBa,
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5. CHHTE3 CHCTEM PEI'YJIHPOBAHUA

Ecmu CAVY HeycTOMYMBA MM ee rrokaszaresd Ka4ecTha HE COOTBETCTBYIOT
TpeOyeMbIM 3HaYEHUAM, TO MPOBOASAT CHHTE3 CHCTEMBL. ByleM paccMaTpuBaTh 3a-
Iauy 4acTuyHOro cuHTe3a. [Tpu srom 3amaH 0GBEKT perynupoBaHHs ¥ TpeGyertcs
ono0paTh CTPYKTYPY M NapaMerphl PeryisTopa WM IapaMeTphl KOppeKTHpYyIo-
IIero yCcTpo#cTBa TaK, 4To6bl 06ecmeunTs 3afaHHbIe TOKa3aTENU Ka9ecTBa.

KoppekTypytonme 3BeHbs CYIIEeCTBYIOT TpeX THIIOB!

" pocnenoBaTelbHEIE,

* mapannebHble KOPPEKTHPYIOIIHEe YCTpoHCTBAa B BHAE MECTHBIX 00par-

HEIX CBsI3eid,

"  COracHO-IIapaieNbHble KOPPEKTHPYIOIMHE YCTPOKHCTBA.

3ajlaya CHHTE3a CHCTEM YTPaBICHUS 3aHHMAET IEHTPAIbHOE MECTO B T€0-
pUM aBTOMaTHYecKoro ympasneHus. [loaToMy It ee pellleHHa pa3paboTaHo
fonpIIoe KOMHYECTBO METOAOB, OCHOBAHHBIX KaK Ha MAaTeMaTHIeCKOM OIIMCaHHH B
BUJE MepeJaTouHbIX (YHKUHA M CTPYKTYPHBIX CXEM, TaK M Ha YpaBHEHHAX HpO-
cTpaHcTBa cocrosHui. OgHUM U3 Hanbonee yIOOHBIX H pacpOCTPaHEHHEIX
rpadoaHaTUTHYECKUX METOHOB SBIACTCS METOJ JOrapU(MMYECKAX YaCTOTHBIX
XapaKTEPHCTHK.

B nociemHye rojisl B CBA3U ¢ JOCTYNHOCTEIO OBM H nporpaMMHBIX Ipo-
JIYKTOR OIMPOKO HPHUMEHSIOTCS OITMMH3AIHOHHbBIE NIPONEIYPH! AT PelleHHd 3a-
a4 cuHTe3a. [Ipu 3TOM NpOoM3BOIUTCS HaIpaBiIeHHbIH nepebop napameTpoB Kop-
PEKTHPYIOLIUX YCTPOHCTB C LENBIO AOCTHIKEHHSA 3aJAHHOIO KPHTEPUSA KA4eCTBa
paboTsl IPOEKTUPYeMOH CHCTEMBI. DTH METOJBl MOr'YT B3aHMHO JOIOMHATE APYT
apyra 1 obecrieunBarth 3¢ peKTHBHOE pelIeHre 3a1ayH.

5.1.ITocTpoenne weaemoi JorapipMUYecKod aMIUIMTYAHO-
YACTOTHOMH XapAKTEPHCTHKH CKOPPEKTHPOB2aHHON CHCTEMbI

Ilpn npuMeHeHMH MeTola NOrapuMUYECKUX YaCTOTHEIX XapaKTepHCTHK
IJIsT CHHTe3a CHCTEMBI HEepBBIM JTalloM ABNACTCA IIOCTPOEHHE XelaeMOH Jora-
pHOMHIECKOH aMMIUTYHO-4aCTOTHOH XapaKTEPHCTHKH CKOPPEKTHMPOBAHHOM
cucTeMsl L. (w), xoTOpas CTPOMTCSA Ha OCHOBE 3aJaHHBIX IIOKa3aTelell kadecTBa
IIPOEKTUPYeMO# CHCTeMBL. JasatoTces HoKa3aTeny KayecTna:

1. Benuumna nepeperyIupoBasus — o % .

2. Bpems pery:apoBasus — ¢p C.

3. KoadpdunmeHT nepemayu pasoMKHyTOH cucTeMsl K, KOTOpEIM 3alaercs
WM PAcCYMTHIBACTCS M3 YCIOBMH TpeGyeMoH TOYHOCTH CHCTEMBI B YCTAHOBHB-
HeMCS PeXUMe.

Tlepexonuriit nporiecc A(t) onpenensieTcss BeLECTBEHHOM YacTOTHOW Xa-
PaKTepHCTHKOM 3aMKHYTO#M cucteMsl P(w). IloaToMy npu noctpoesnn xenaeMoit


star
Карандаш
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JIAYUX HCcrone3yioT TUTIOBYIO BELIECTBEHHYIO XapakTEPHCTHKY BMeCTO THII0BOIO

MepexoHOro Ipoliecca.
THROBaA BEIIECTBEHHAA XapakTePHCTHKA HMeCT Cnenyiomuit sux (puc. 5.1)

¥ XapakTepH3yeTcs YIOKazarenamu: P . . — MaKCHMalbHOE 3HaYeHMe BEMECTBEH-
HOi YaCTOTHOM XapaKTepHCTHKH; Py, — MHHUMAJIBLHOE 3HAYEHHUE;, B =wp /0w, —
xo3(durHenT bopMe;; Vv, =@, /0, UV, =@, /@), — x03bdHuIMEnTs OCHOBHO-

O M JOTIOJIHUTEISHOTO HAKJIOHOB.
Ecmm v, <08, v,204, £, 205, To B 3TOM Clydae flepeperyInpoBaHac

0% 3aBucuT B ocHoBHOM OT P, .. Ilpy 3ToM HepexoxHsie IpoUecchl B CHCTe-
Me HMEIOT TprUeMIeMbLil Buj. 3ateM, ucnoassys P, ., MOXHO ONpeReTATS CBS3b
MeXay o, H I,

Ecim P(w)<0, TO nosBlseTCA MNONMOMHHTENBHOE I[IepeperyiHpoBaHie
AT < 0.3|P,yyyp| - 100%.

PA

P(0)

I
!
1
1
¢
[
i
1
1
|
|
1
!

)y 4

e
[
g
o
e
o

Puc. 5.1

Kenaemas norapupMudecKas aMIUIMTY[HO-9aCTOTHAS —XapaKTePUCTHKA
L.(w) moxer ObITh pa3bWTa Ha TPH XapaKTePHHIX YYacTKa: HH3KOYacCTOTHBII,

cpe}meqacrorﬂmﬁ n BBICOKO‘I&CTOTHHﬁ, NpU4eM BUI XapaKTCpUCTHUKH 3aBUCHT OT

THIIa CHCTEMBL.
Hepenarounas ¢yHKnus pasoMKHYTOH cmamuueckoti CHCTEMBI UMECT BU:

K ﬁWI(p)
Wp(p)=—"Tt, .1)
I'[IW,(p)
o

a acmamuyeckol CHCTEMBL:
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K ﬁVK(p)
Wp(p)=——"0—. (5.2)
Py H{W,(p)
i

Hocrpoenne L.(®) Dpou3sBOIUTCS B CIEAYIOLIEM TOPSIIKE:
1. Jlnsg cTaTHYeCKUX CHCTeM HM3KOYacToTHhIH yuacrox HU umeeT BHA ro-
PU3OHTATBHOH JIMHUM ¥ OTCTOUT OT OcH abcuuce Ha 20Ig K (puc. 5.2).
Jlina acrarnueckux cucteM HY yvacTox uMmeer HakioH — 20 N nb/nex,
rae N — YHCJIO MHTErpUpYIOILMX 3BeHbeB. 11pH HacToTe @ =1 HaxoZuUM OPAUHATY
20lg K u yepe3s noNy4eHHYIO TOYKY «A» IPOBOAKM NPAMYIO JTHHHIO {pHc. 5.3).

HusxovacToThBIH Y4acTOK OIpeAesifAeT TOUHOCTh BOCHPOU3IBLACHUA CUCTE-
MO MeIeHHO MEHSIIOTHMXCS BO3eHCTBHH.

}!{ Lo(w) Cc4y

-1

W3 (i)’.c
L,
-40 1b/nex
B‘-I\Jm b/ xex
Puc. 5.2
4L, b HI  Lo(w) Conpsramomas npsaMas
-20 N nb/aex
lE \\\\\ 201gK
3 cu
b Ly -20 nb/nex -1
| v 3 (i)ic
) o0 o=l Wc L,
-40 nb/nex
Puc.5.3
BY -60 nb/nex
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2. CpenHe4acTOTHEI! y4acTOK paciionaraeTces no 0fe CTOpOHBI 0T TOMKH
HepeceyeHus XapakTePHCTHKOM ocl dacToT. Touka nepecedeHHs COOTBETCTBYET
qactore cpe3a &.. CPenHeyacTOTHEIH y4acTOK AOMkeH 06A3aTeNbHO UMETH Ha-
ki1on 20 15/1eK ¥ IpoJIoiDKaThes OT @, AC Opo¥Bar L, u L,.

2.1. Onpenenenue @, .

JId 3TOTO HCIIOJIB3YIOT 3ABHCHMOCTH, IIPUBEICHHEIE Ha pHC. 5.4,
Tlo 3anaHHOMY 3HA9eHHIO O % ONpEAeNfeTcs MakCHMaybHas OPIHHATA BELIECT-

BEHHOH JaCTOTHON XapaKTepucTHKH Py, 3aTeM, Hcnonssys P, ., Haxoaurtes

wn
opauHarta !¢ P= OTKYJa ¢ Y4E€TOM 3aJaHHOIO 3Ha4CHWA /p HaAXOHHM 7acToTy

cpesa:

0. =", (5:3)

2.2. Onpenensiercst MUHEMABHOE 3HAYSHIE THIIOBOW BEIICCTBEHHNOR Xapak-
TEePHCTHKY M3 cooTHOmEHUt P, =1-P, 4. <0.

2.3. Onpenenenue 3anacoB yCTOXIWBOCTH MO aMIMTyAe L, n L,.

3a1ackl YCTOWYHBOCTH HAXOMATCA 110 rpadukam, pUBeJIeHHBIM Ha pHc. 5.5,
Kpussie Ha pucysxe IpeJcTaBisIOT co60i 3aBUCHMOCTH 3aliaca yCTOHIMBOCTH TIO

aMmTyAe L; ¥ 3anaca ycToWduBOCTH 110 dase y OT BENHIHHE P, . .

Yro6sl onpexennTh L,, HaxoaUM Ha rpaduke 3HaueHue pasHoe P, ..
[poBess BEPTHKATLHYIO OpPAMYI0O BBEPX J0 II€pecedeHHs ¢ KPHRO#H

Li = f(Puaxc J» @ 38TEM TOPH3OHTAIBHYIO IIPIMYIO JIO OCH OPIAWHAT, HAXOINM Be-
maunny L, nb. Benuunwy L, onpepenseM u3 ycnosusa L,=-L,. AHaIOIMYHBIM
00pa3soM, HCTIONB3YS KPABYIO ¥ = f( Pynnc /. HaltmeM 3HadeHHe 3amaca yCTONYH-
BOCTH Ilo daze y.

3. Bricoxo4acToTHE Y9acTOK O4eHb Mano BIHMAEeT Ha IepeXOUHbI Ipo-
Hecc ¥ CTPOUTCH NMPAMBIMM ¢ HaiioHOM —40 wix —-60 ab/mex wiH ¢ HakIOHOM
meHpmnM Ha 20 nb/aex, yem JIAUX HecKOPPCKTHPOBAHHOM CHCTEMBI Ha 3TOM
yHacTKe.

4. CpeQIHeaCTOTHBIH YIACTOK CONPAraeTCs C COCEAHUMH JHO0 HEMOCPENCT-
Benno nmyteM mponoipkenus CU ygactka (Hanpumep, Ha puc. 5.2), nubo ¢ nomo-
HIBKO CONPATANOIIMX IPAMBIX, KMeroIInX HakIoH ~40 anu —60 gb/mex (puc. 5.3).

Kenaemas xapakrepucTixa L. (@) cTpoutcd Tax, YTOGH OHA 110 BOIMOXHO-
CTH MeHbIe oThKHyanacs ot JIAYX Heckoppexrupopannoit cucteMsl L, (@) . llpn
9TOM NONyYaercs KOPPeKTUpyIollee YCTpoicTBO Haubonee mpocroro Tuma. Jns
9TOrO JOIyCTHMO YBENMYMTH 3allachl YCTOAYHBOCTH L, B L,, H3MEHUTh HaKJIOH
COTPATAIOIMNX TIPAMBIX ¥ Hakion BU—vactu.
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G, %
60 :
[ [ | for €
) e e s s s
I L = —
40 f tp f[ 4rjw,
L 14, 3nfw,

20 e
10

30 ]
‘/;—%4*/47r4r%r o P /w
M
|

1 1.1 1.2 1.3 14  Pumc

Puc. 5.4. KpuBrle A71s ONpeacIeHUs 3aBHCHMOCTH Hiepepery/IMpoBaHus ©
1 BPEMEHH Pery.;HpOBaHHA !, OT MaKCHMAalEHOTO
3HAYEHHUS BEIECTBCHHOH XapaKTePUCTUKH

Lla IIE

Y, rpal
60

[
50
~ 7

B m—

-

40

390

L,

20

/

T
SIS B
Ll

Z

10

LTL/
T

1.1 12 1.3 1.4 Praxc

Puc. 5.5. KpuBble a1 onpeAeneHHs 3amaca 110 aMniantyge Ly u
3araca 1o ¢ase y
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5.2. Ilocrpoenne xeaaemoli JiorapupmMuadecKod aMIIHTY AHO-
YACTOTHOH XapaKTepHCTHKH /ISl CJIeAAIIHX CHCTEM

le’l CHHTE3¢ CICOAInX CHUCTEM OOBIYHO HEU3BECTEH 3aKOH W3MEHEHHS
BXOJHOTO CHMIHajla ¥ IIPHU ONpCHAECICHHUU yCHOBHﬂ pa60TBI CHCTEM OTOBApHBAIOT
TONBKO MAaKCHMAJIBHYXO CKOPOCTH CHeXEHUs o, , U MakKCUMallbHOE YCKOpCHHE

@,z - B 9TOM CITyYae MOXHO IoA0OPaTE 3KBHBATEHTHEIH rapMOHMYECKHH BXOA-
HOM CHTHAT 3 = Qg * Sin (@, t). HaitieM pexuM, IpH KOTOPOM aMILTATYIbI

CKOPOCTH M YCKOPEHHA JKBHBAJICHTHOrO CHUTHANA DABHBI MaKCMMANbHBIM 341aH-
HbIM 3HaYcHUAM. /1 3TOro HeoOXOARMO BEHIOIHEHHE YCIOBHHA:

@
=X, (4
wuax
2
@ ax
amax = ~'L— . (5.5)
a)Mﬂx
Janee BBOAUTCS MOHATHE KOHTPOJILHON TOUKH Ag € KOOpAMHATAMM!
[+4
o =0l )=200g—2% (56)
Eoon

TIe &4,, — AOMYCTUMOE 3HaueHNe OMOKH OTpabOTKY BXOZHOTO CHIHAJIA.

Ilo 3TAM BenHYWHAM MOXHO [IOCTPOHTH KOHTPOJNBHYIO TOUKY Ay (pHC. 5 6)
C ydeToM ee B 0bIUeM cirydac CTPOUTCA 3ampeTHas obnacTb, B KOTOPYIO He
gomxHa 3axomuts JIAUX pasomkayToif crepameit cucreMsl. ITIpu 3T0M cieBa oT
TOYKH Ay CTpOHICA NpsMas ¢ HakmoHoM —20 nb/mek, a crpasa ¢ HaxToHOM —40
nb/nek.

Ecnm cxopoctr B yckope-

L, nb HUS HE HPEBHILAOT @
-20 nb/nex P wa

A e @4z » T0 upH JIAUX, pac-
NOJOXEHHON BhIIE  3a-
npeTHOH o00nacTH, MaKcH-
MasbHas ommbKa CaexeHus
He OyZeT IpeBBIIIATE £yox

-40 nb/nex
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Takum obpazoM, JJAUX ckoppeKTHpoBaHHON CHCTEMBI HE IOIDKHA 33aX0-
IUTH B 3alPeTHYIO 00NacTh, 3TO YCJI0BHE HEOOXOAHMO YYHTBIBATH IIPH HOCTPOE-
HUH HU3KOYAaCTOTHOM 4YacTH XxapakTepHCTMKH. [locTpoeHHE CPERHEUACTOTHOTO H
BBICOKOYACTOTHOTO YYAaCTKOB OCYLICCTRBIISETCA Takxke kak B maparpade 5.1. Bun
XeJNaeMoH XapakTepHCTHKH COOTBETCIBYeT pHC. 5.3.

5.3. Buibop nocnenoBaTeNbHBIX KOPPEKTHPYIOIIHX YCTPOHCTR

Ilycts 3amana HeckoppexTHpoBanHas CAY ¢ mepenaTounod Qynxkumei
W (p).

Xox(p)
s | W) i) |

Puc. 5.7

JomnyctiM, 4TO IOCTEeZOBATENBHO B CHCTEMY BKJIIOUAETCS KOPPEKTHPYIO-
ulee 3BCHO C IlepedarTouHoit ¢ymkmueit W, (p), crepoBaTenbHO, CTPYKTypHas

cxema OyneT WMeTh BHI, 1I0Ka3auHbIi Ha puc. 5.7. [Nepenarounas dyHKnus pa-
30MKHYTOH CKOPPEeKTHPOBAaHHOH cHcTeMbl OyneT paBHa:

We(p)=Wy(p) Wx(p). (5.7
Iepeitnem x JIUX:

201gWe( jo )= 20IgWy(jo )+ 201gWy(jw) (5.8)
NIIH

Le(w)=Ly(w)+Li(w),

OTKYJa 1101y UM

Ly(w)=Le(w)-Ly(w), (5.9
M, COOTBETCTBEHHO,

Px(@)=@c(O)~py(w). (5.10)

Bripaxenne (5.9) sBnserca ucxoausIM 1 BelGopa KOPPEKTUPYIOLIUX YCT-
poicTB.

ITopsodok ebibopa nocredo8amenbHOZ0 KOPPEKMUPYIOWE20 Yempoucmea

1. Crpourcs norapudmuyeckas aMIUIHTYIHO-YaCTOTHAS XapaKTepHUCTHKA
HECKOPPEKTHpOBaHHOR cucteMs! Ly (@ ).

2. Crpoutcs norapupmudeckas aMILIATYTHO-4aCTOTHAS XapaKTepUCTHKa
CKOPPCKTHPOBaHHOM cHCTeMbl L (@), KOTOpas Ha3blBAeTCA XenaeMoil.
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3. TTyreM rpa¢uieckoro BRMMTaHMs, cornacHo (5.9), nomydaem norapug-
MHYECKYI0 aMIUTMTYIHO-YACTOTHYIO XapaKTepHCTHKY KOPPEKTHPYIOWEero 3Bena
Ly(w).

4, Tlo suay Ly (@) BeIOMpaloT THN KOPPEKTHPYIOLIEro YCTPOHCTBA, €ro
11epeIaTOYHYIO (GYHKIIHIO, 3 3aTEM CXeMY YCTPOHCTBa.

Ilpumep 5.1. Bribpatek mocnegoBaTelsHOE KOPPEKTHPYIOLIEE YCTPOHCTBO
IJI CHCTEMbl ABTOMAaTHYECKOI'O peryJHpOBaHHUs, CTPYKTYpHas cXeMa KOTOpOH
npuBesicHa Ha puc. 5.8.

X K, K, K K, 1
— Tip+1 T,p+1 Iip+1 TI,p+1 p

Y(p)

Puc. 5.8

IocTtosnnsie Bpemenn 1,=0.1 c¢; T,=0.02 ¢; T3=0.01 ¢; T,=0.005 c.

Koadbuuuent yeunenns cucremnt K = 200.

Jomxwel 65T obecredeHs! clnefyIomue HoKa3aTen| KauecTRa IepeX0AHOH
¢yukuM: DepeperyaupoBanne o % <30 %, Bpems perymapoBanus ¢ < 0.8 c.

Pewenue. [lepenatoynass ¢yHKUMA pPa3OMKHYTOH HECKODPEKTHPOBAHHOMN
CHCTEMBI UMeeT BUJ:

Wy(p)= K

P(Tp+ I (Tp+I)(Tp+I)NTyp+1)

Ioctpoum norapHpMHUYECKYI0 aMIUTHTYJHO-YaCTOTHYIO XapaKTepHUCTHKY
HEeCKOPPEKTHPOBAHHOMK CHCTEMBL.
OrnpenennM 9acToThl CONPSOKEHUS:

oy=t=Lotoc, o=t t Zs0c7;
T, 0.1 T, 0.02

3=—1— L _100c7; m4=i=—l—=200c—’.
T, 0.01 T, 0.005

OTnoxuM NONyYeHHBIE YaCTOTE! Ha ocH abenucc (puc. 5.9).

Tak xax #MeeTcs COMHOXHTENDb p B 3HAMEHaTelNe [IepefaToOYHON HYHKIMH,
TO HU3KOTaCTOTHas YacTh NMpeAcTaBiser coboit npsmyio ¢ HakioHoM —20 ab/nek,
IPOXOIAIYIO Yepe3 TouKy «A» ¢ koopauHaramu w =] u L=20lg K= 20lg200=46
0b. Yepes TouKy npoBoAuM TpamMyro ¢ HakioHoMm —20 AB/mex 10 nepBoit 4acTOTH
CONPAXKEHHUS, a 3aTeM YBEIMIMBaeM HAKJIOHbLI npameix Ha —20 nb/mex nocne nepe-
X0ola 4Yepe3 KaXAYIo dYacToTy compskeHus.  [lodydaeM XapakTepHUCTHKY
L, (w)(puc. 5.9).
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B aroil Xe KOOPAMHATHOH CHCTEMe CTPOHUTCA XeNMaeMas JorapuMHiecKas
XapaKTePUCTHKA CKOPPEKTHPOBAHHOH CHCTEMEL. CucreMa aBTOMaTHYECKOTO pPeTy-
NAPOBAHUs SABIACTCA ACTaTHYECKOM C HHCIOM MHTETPHpYIOIIMX 3BeHbeB N = I,
[I03TOMY HM3KOYACTOTHBIH Y4aCTOK XapaKkTepUCTHKH L (@) MOMXeH UMETh Ha-

knon —20 nb/xaex u npu yactore o = | opansaty L = 20igK. B nanxoM ciyqae
HHM3KOYACTOTHBIA YYaCTOK XapakTepHCTHKH L .(®)coBNagaeT ¢ XapaKTepHCTHKOM
L,(w).

Ilo 3anaHdoMy 3Hauesmo o = 30 % no kxpusoit o = f( P, ) (puc. 5.4)

HaXOIUM P =1.28. JIns  Pyax=1.28 1o kpuBo# (p = f(Pyuy ) momyya-

3.7%
eMitp =, OTKyAa C y4€TOM 3a/JaHHOTO 3HAYCHUA /p HAXOIMM HacTOTy cpesa
¢

Yepes TOUKY (U NPOBOIMM IIPAMYIO € HaxmoHoM 20 ab/nex.

Haxommm P,y 1o gopmyne Py, =1-Pyaue =1—1.28=~0.28.

Tlo rpadmukam Ha puc. 5.5 onpesensieM opauHathl L, M L, , a TaxKe 3anac 1o
dase:

L,=130b; L,=-1305; y=38".

ITpoBoauM CpeqHeyacTOTHBIH Y4aCTOK XapaKTEPHCTHKH BIIEBO J(0 OPAMHATHI
L;, aBnpaBo 710 opauHatsl L;.

ConpsoxkeHse CpeHedacTOTHOIO Y4acTKA XapaKTEPUCTHUKY ¢ HHU3KOYACTOT-
HBIM TPOU3BOOUTCA psMoit ¢ HakioHoM —40 nb/mex. [pu 3TOM noy4aeM dacTo-
THI CONPsKEHUA @5 =0.15 cu wg =2.5 e

BBICOKOYACTOTHBIH yHYACTOK XaPaKTEPHCTHKH L. (@) NpH @ > @, BBUIOI-
HAETCH NPAMBIMH JIMHAAMH, MMEIONMMHA HaKNoR Ha —20 ab/nex Menviue, yeM co-
OTBETCTBYIOIIHE IIPAMBbIe XapaKkrepuctuku Ly (@ ), a npaBee (0, XapaKTepPHCTUKH
COBDAJAIOT. BpluMTasd Op/MHATE XapakTIepHCTHKM L, () n3 XapakTepuCTHKH
L. (), nomyyaeM ucKOMYy!O JIOrapu(pMHUYECKYIO0 aMILTHTYJHO-4aCTOTHYIO Xapak-
TEPUCTHKY Ly (@ ) KOppeKTHPYIOLIETro YCTPoiicTBa.

Mo xapaktepucruxe Ly (@), ucnons3ys mnpui. 4, BeIOMpaeTcs yupyroe
MHTETpo- U depeHImpyoNiee KOPPEKTHPYIoiliee 3BeHO, MMEIOIIEE IEpeaaToy-

HYI0 QYHKLIO
(T,p+1)(Typ+1)
Wy(p)="— , .
8 (Typ+1)(T,p+1)

TTocTosHuLIe BPEMEHH 3BC€HA ONPCACIIOTCA 110 CONPATAIONMM YacTOTaM:




7}'=l~=i=04c, ]§=_L=—]—~=666c,
o, 25 o, 015
a)l 10 a)7 170

YacToTHas nepefarounas QYHKIHMA CKOPPCKTUPOBAHHOH CHCTEMBI, yIUTHI-
Bas HAaKJIOHBI YYaCTKOB XapakTepHcTHkn L.(w), byner uMeTh BHI:

K(T,p+1)
PTp+INT, p+INT p+I)(T,p+I)Typ+1)

We(p)=

Torna norapudmurdeckas ¢pazouacToTHas XapakTepuCTHKa GyaeT paBHa:
Pe(®)=-90" +arctgT,0 — arctgTyo — arctgT, 0 — arctgT; & -
—arctgT, o — arctgT,o.

KpuBas ¢a30B0it XapaKTEpUCTHKH @ (@ ) mocTpoeHa Ha puc. 5.9. CpaBHH-

Bas xapaxrepuctukd L (@) ¥ @o( @), BUIAM, YTO CKOPPEKTHPOBaHHAA CHCTEMA

yCTOWUMBA ¥ 3amac No ¢ase cocrasnser 40°.

Bsi6op mapaMeTpoB KOpPEXTHPYIOLIEro YCTPOHCTBa MOXKET OBITh IPOH3BeE-
JleH, UCTIONB3ys COOTHOLIeHHs npuit, 4. g paccMaTpuBaeMoi CXeMbl KOPPEKTH-
PYIOLIErO 3BeHa CTIPABEJUINBH! COOTHOILECHHS!

T, =CR;; T,=C,R,; Ty +T, =T, +T, +R,C,.
Tpusmmaem C; = 0. Imxd =107 D,

Torna momyqamM:
R1=Il—=—'0~i7—=4'1060}“;
Cr 10
C,= T3 +T4-T1—T2___6.66+0.006;0.4—0.1=1.510_6=1.5MK¢’_
R, 4-10
C> 15-107

Koppexrupytommee 38eHO BiIoYaeTcs OOKMHO IOCNE CyMMaTtopa, rie Cy-
IECTBYIOT C1afOTOYHAE CHTHANEL, TAK KaK YACTh CHCTEMBI, PacHoNoXeHHas 6nu-
Xe K BRIXOJJHOMY CHMTHIy, Hpexcrapiser coOoli MOITHbIE YHEpreTHyeckue ycr-
poiicTBa, HAPUMED, BIEKTPHYEeCKHe JBHIaTCIH M OOBEKTHI yIIpaBIeHUS.
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5.4. Buifop napanjeabHbIX KOPPeKTHPYIOIEX YCTPOHCTE B BHAE
o0paTHbIX cBu3ed

[TapanenpHble KOPPEKTHPYIOIIME yCTPOHCTBA MPEACTaBNAIOT coboii obpat-
HblE CBA3H, OXBATHIBAIOLHE 4aCTh 3BeHbEB cUcTeMbl. OOpaTHble CBA3H MOTYT OBITH
sxecTkue W TuOKHe, Hamle Bcero oTpHuareibHsie. IIpu BhIGOpe mapannensHOro
KOPPEKTHPYIOLIEro 3BeHa HeoGXOMHMO OIPEelEHTh TOUKY H3MEPeHHA CHIHala M
TOUKy BBOZa obpaTHOH CBg3u. IlapaienbHble KOPPEKTHPYIOIIHE YCTPOUCTRA 13-
MEHSIOT JMHAMHIYECKHE, 4 HHOTAA U CTaTHICCKHE CBOMCTBA CHCTEMEL.

O6sr4HO 06paTHAs CBA3H JIOJDKHA OXBATHIBATH YaCTh CUCTEMBI PErYIMPOBa-
HIs, IMCIOITYIO HaROOIBHIHIA KO3 PULIMEHT YCHIEHMS.

Ha puc. 5.10 npejcrapiiena HecKOPpeKTHPOBaHHAsA CHCTeMa H BbIOpan Ba-
pHaAHT BKIIIOYEHUS KOPPEKTUPYIOIIETro 3BeHa C lepe/laTo4HOi hyHkuued Wi(p).

Xax(p) Xpbix(p)
W.(p) |20 W,(p) t» Wi(p) Wyp) >

Puc. 5.10

A4

llepenaTodnas QyHKIHS pa3OMKHYTOH CKOPPEKTUPOBAHHON CHCTEMEL HMeEeT
BHI

We(p)= WHo(P)‘WOXB(PL, (5.11)

I1+Wy(p)-Woxs(p)

rae Wyof p)=W,(p)-W,(p) — nepenarounas GpyHKIHMs 3BeHbEB, HEOXBAUYEHHbIX
obpatnoli cpaasto, Wygg( jw)=W,(j®) -Wi( jw) — neperarounas Qyrxuns
3BEHBEB, OXBaYEHHBIX 00paTHO CBA3BIO.

Tlepeitnem K 9acTOTHOH nepenatoyHoi GyHKIIHHA

Wel joo)= WHO(jC.‘))'WOXB(ja')) ’ (5.12)
I+Wi(jo ) Woxp(jo)
OBbI4HO KOPPEKTHPYIOUIMM 3BEHOM OXBATHIBAIOTCS 3BEHBA C OOIBIIMM KO-

3(QPULEEHTOM YCHIICHUS, MOITOMY PaCCMOTPMM AHMATIA30H YACTOT, F€ BHIIONHSA-
€TCs1 YCIIOBHE:

[WK(ja))-WOXB(ja)){ >> .
Toraa (5.11) MoxHO 3anucars

} w ]
Wc'(Jw)=;—o((jj-;’—)). (5.13)
K
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Ecnu nepeiityt k JTIX, To moxyuum

201g[WL( j@ )| = 201glW o jo )| - 201gWy ( jo ),

OTKYJia Haiijjem

Ly(w)=Lys(w)~Li(w). (5.14)

B jwaniasose 9actor, rae (W (jo) - Wy (jo)| << 1

Weljo)=Wyo(jo) Woxg(jo)=Wy(jo).

B nuanaszore w[actoTr, Ine [WK (jo) - Wop(jo )‘ >> [, mepenaTouHas
(QYHKLMA CHCTEMBE UMeeT BuJ (5.13) M He 3aBHCHT oT Wyyp( jw). IT0 cBoicTBO

ABNISETCS GONBIIAM JOCTOMHCTBOM NapalleNbHOrO KOPPEKTUPYIOLIEro yCTPOHCT-
Ba, TaK KakK I1apaMeTphl YacTH CHCTEeMBl ¢ fepefaTouHol dyHkuueit Wiygs(jw)

HE BIIHAXOT HA XapaKTEePUCTHKH CUCTEMEI.

Topsadok ewbopa napamensHozo KOppeKmupywez0 36eHa

1. 3aparoTcs BApUAHTOM BKIIIOYEHHS KOPPEKTUPYIOIIErO 3BEHA.
2. Crpourcs norapudmMudeckas aMIUVIATYIHO-4aCTOTHas XapaKTePHCTHKA He-
OXBa4€HHOM YaCTH CHCTEMBI L, (w).

3. Crpourcs Kemaemas  Jorapupmudeckas — aMIUIMTYAHO-4acTOTHAs
XapaKTEepHCTUKA CKOPPEKTUPOBaHHOM chucTeMsl L. (w).

4. I'paduuecku omnpenensercss XapakTepHCTHKa KOPPEKTHPYIOIMIEro 3BeHa
L, (@) 1o sripaxenuo (5.14).

5.Tlo By xapakrepuctukd Ly (@) BBIOMpaeTcs TMO M TiepenaTodHas QyHK-
IIMI0 3BCHA, & 3aTEM CXEMa peanuaannn KoppeKTnpylomem 3BCHA.

Yuem nemounocmeii

Tocne BEIGOpa KOPPEKTHPYIOINEro YCTpoHCTBa OBBIYHO CTPOST TOYHBIE Xa-
PaKTEpUCTHKHM CKOPPEKTHPOBaHHOM cUcTeMEl L. (@) U ¢ (®).

IlpeactaBum (5.11) cienyrommm ofpasom
Wio(jo©) Wiljo) Wom(jo)

W-ljiow)= . 5.15
)= o) T+We(j0) Woml jo) &1

Ilepeiigem x JTUX u nomywum

Lc(fO)=LHo(a))‘LK(w)+AL(w)} (5.16)

Pl D)= Ppo(@)~ox(@)+Ap(w)] '

Panee nonpasxu AL u A@ He YUHTHIBAIHCH M MX MOXHO OIPEENMTD 10
BRIpOKEHHAM:
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| Wors(j@)-Wy(jo) |
[+ Wom( i)Wy (jo)
| Woxg(J@) Wi (jo®) I (5.18)
1+ Woxs( j@) Wl jo)
e AL(w) 1 Ap(w) - 3ro JTUX 3aMKkHyTOro BHYTPEHHEro KOHTYpa. M nx npocro
y1afiTH, HCHIONE3Ys HOMOIPaMMy 3aMbikanus [2].

1. CTpouM XapaKTepPHCTHKH JUI% Pa30MKHYTOTO BHYTPEHHETO KOHTYpa

Lpg(@)=Logg(o)+ Ly(@),

Pux (@)= Poxs(@)+ P (@).

2. Ucnone3yss Ly (@) ¥ @up (@), 10 BHOMOTpaMMe 3aMbIKaHHS HaXOAHM
AL(w) n Ap(®).
3. 3ateMm 1o BeipaxeHNaM (5.16) onpenensem L. (@) u ¢ (w).

DTH XapaKTepUCTHKH HMCHONB3YIOT M IPOBEPKH CUCTEMbl Ha YCTOHUM-
BOCTE M JUTA MIOCTPOCHUS IIEPEXOTHOTO Npolecca.

ToyHsle XapaKTepHCTUKHM BHYTPEHHEr0 KOHTYPa M CKOPPEKTHPOBaHHON
CHCTEMBI 1le7eco00pa3HO pacCYMTHIBaTh, IPUMEHsN cHcremy Matlab, ITopsimok
IOCTPOEHHUA onucaH B pasaene 6.3.

Ipumep 5.2. CHHTE3UpOBAThH MapajuIeIbHOE KOPPEKTHPYIOIEE yCTPOHCTRBO
JINIS CHCTEMB] aBTOMATHHYCCKOTO YIIPABNCHUS, KOTOPask UMeeT CTPYKTYPHYIO CXEMY,
n300paxeHHyo Ha puc. 5.11.

(5.17)

AL(w)=201g

Ap(w)=arg

XQ@ [ » N K,
K
— ST ™ Tip+1 Typ+1 T4Tsp

K || x|y
2+T5p+1

Puc. 5.11

CHcTeMa XapakTepu3yeTcs IIapaMeTpaMy.
Iloctostanrie Bpemenu T, = 0.077 ¢; T3=0.022¢; T,= 0.041 ¢, Ts= 0.036 c.
Koa¢drmmentsr ycunenus cuctemur Ky = 3; K> = 0.97; K;= 3; K, = 25.4;
=0.09.
Homxubl 6pITh 0fecredensl CleyIOlMe TTOKA3ATENN Ka4eCTRa [1epexoAHOM
$byHKumy: nepeperynuposanue o % <25 %, BpeMs perymupoBanus tp < 1.5 c.
Pewenue. TlepemaTodynas (QyHKUMS pa3sOMKHYTOM HeCKOPPEKTHPOBAHHOM
CHCTEMBI UIMEET BHA:
K, K,K,K ,K;

(Tip+INTyp+ I(TTsp+Tsp+1)

Wu(p)=
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IocTponM nOTapUPMHUIECKYIO aMIUTHTYIHO-YACTOTHYIO XapaKTepPHCTHKY
HECKOPPEKTHPOBAHHOM CHCTEMEL

OHpelIeHHM KOPHH XapakTepHCTHYECKOTO YpPaBHEHHMSA 3B€HA BTOPOro Io-
pAsIKa:

T,Tsp" +Tsp+1=0.

Tax xak ZUCKpUMHHAHT

T{ ~4T,T5 =0.0367 —4.0.041.0.022 <0, TO KOPHM KOMIUIEKCHBIE, CIICAOBA-

TEJIbHO, 3BE€HO xosebaTensHOe U ero XapaKTepUCTHYEeCKOe YpPaBHCHUE MOXHO 3a-
IICaTh:

Tip? +26T,p+1=0,
T, =\T,T; =~/0.041-0.022 =0.0384 c;
roe: T 0.036
&= = ={
2JT,T,  230.041-0.022

OnpenenauM 9acTOThI CONPHKEHMS:

1 1

1 1

o,=—=——=13¢"; w,=—=—"—=26c"";
T, 0077 T, 0.0384

PR N Y
T, 0.022

OrkitazbiBaeM 5TH YAaCTOTHL Ha OCH aCIMCC M CTPOHM JIOrapUpMHUUYECKYIO
aMIUIMTY IHYIO 9acTOTHYIO XapaKTepUCTHKY Ly(w) Ha puc. 5.12.

TlocTpouM XapaXTepUCTHKY CKOPPEKTMPOBAHHON CHCTEMEI L'C( ). o 3a-
NaHHOMY 3HadeHMio 0 =25 % mno xpusoit o = f( Py, ) HaxomuM P,g.=1.2

w
, OTKyIa c yue-

Anst Pyaxe=1.2 10 XpUBOR 1), = f( Pypy. ) MONyHaCM: 1t p =

@c
TOM 3a/IaHHOTO 3HAYEHHS /p HAXOMUM YACTOTY cpesa
wp = 3 7% - 3.7 —6250.—1
t P 1
Yepes TOUKY @ TMPOBOAUM NPAMYIO ¢ HaloHOM —20 ib/mexk.
Haxomum P,,,, mo popmyne P, =1-P,,. =1-1.2=-0.2.

Ilo rpaduxam (puc. 5.5) onpenenseM opauHatsl L; u L, , a Takxe 3amac 1o
dasze:

L, =1505; L,=-1505; y=45".

TlporoauM cpeaHe4acTOTHBIN YIACTOK XapaKTEPHCTHKA BIEBO JI0 OPIAMHATHI
L,, a snpaso o opruHate! L;. ConpsxeHHe CPeRHEYacTOTHOIO Y4aCTKA Xapak-
TEPUCTHKY C HU3KOYACTOTHLIM IIPOH3BOAMTCS HEIOCPEACTBEHHO, TO €CTh CpelHe-
YaCTOTHBIH y4acTOK NpOJOIKACTCS JO IIEPECEeUeHWs ¢ HH3IKOYACTOTHBIM.
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BricokouacTOTHRL y9acTOK XapaKTepPUCTUKH L'C( @) o1 @ > @, BBIION-
HAETCA IPAMBIMU JIMHMSMH, UMEIOLINMHE HAKIOH Ha —20 ab/nex MeHbllle, 4eM co-
OTBETCTBYIOIIME NPSIMBIE XAapaKTEPHCTHKH Ly (@ ).

Jins BeIGOpa MeCTa BKIIOUEHHMS KOPPEKTHPYIOLIETO 3B€Ha PACCMOTPHM CXe-
My Ha puc. 5.11. Haubonee nenecoofpa3Ho OXBAaTHTL 06paTHOM CBA3LIO 3BCHBA,
uMetolMe cample Gosblne KO3QGHINEHTH yCHICHHSA, II0OITOMY OXBaTHM 06paT-
HOU CBA3LIO BTOPOE, TPEThE M UeTBEpTOE 3BeHbs. Torna CTpyKTypHas cXeMa IIpH-
MET BUJI, TOKa3aHHKIA Ha puc. 5.13.

X(p) 3 1 Y (p)
X [« K K3 K,
_ 2 ‘ Tip+1 Tsp+1 T?p? + 2eTyp+1
4
2
Wx(p)
Puc. 5.13

CrpouM snorapudMHUECKyl0 aMIUVIUTYJHO-YaCTOTHYIO XapaKTEPUCTUKY
3BCHBEB, HE OXBa4eHHBIX 00paTHOH CBA3KIO, Lyo(w) MO mepenaTtoyHol QyHKuum:

WHO (p ) = 2 K2K5 .
(T p+2eT,p+1)

Ora xapaxkrepHcTUKa H300paxkeHa Ha puc. 5.12.

Jlorapudmueckas aMIUIMTYAHO-4YaCTOTHAd XapaKTEPUCTHKAa KOPPEeKTH-
PYIOIIETO 3BeHa Ly (@) ONPENENIETCS BRIPAKEHUEM:

Ly(w)=Lyy(w)—-Lo(@).

TlosyqeHHBIA BUI XapaKTEPUCTHKH Ly (w) TOKa3hIBAET HEBO3MOXKHOCTH €€
pean3alye IPOCTHIM 1aCCHBHBIM KOPPEKTHpYIOIUM 3BeHOM. Haubonee 61m3kyro
K Lg(w) norapuMUYECKyi0 XapaKTepHCTHKY UMeeT CTabHUIM3upyrommit TpaHc-
dopmaTop ¢ nepenaToIHoH QyHKIMeH:

114 — K6T 6P
x(p)="T———"—1-.
(T,p+1)
6P

IIpn 3TOM B HM3KOYACTOTHOM 9acTH XapaKTEpHCTHKA M300paXeHa ITyHKTH-
pPOM, HO, YYHTHIBas TO, YTO HHM3IKOYACTOTHBIA YYacTOK XapakTEPUCTHKH Malio
BIMACT Ha BHA TEPEXOAHOTO Ipouecca, NpPHHMMaeM JaHHBIA BapHaHT
KoppexTupylomero 3seHa. OnpememuM ero napamerpsl. Ilo xapakrepuctuke
Ly(w) (puc. 5.12) HaxommMm 20lgKs =12, OTKyna KO3QQUUHMEHT YCHICHHS

K4 =3.98. TlocTosaHHas BpeMeH Ty = %) =T,=0.0385 c.
2
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Tpu BEIGOPE LAPALIETBHOIO KOPPEKTAPYIOLIEro 3BeHa HEOGXOMMMO TpOBe-
PATH YCTOMYMBOCT BHYTPEHHETO KOHTYPA, TaK OH TOXE MOXET 6bITh HEyCTONYH-
BBIM, ¥ 3amac ero YCTOHYMBOCTH. JIIf 3TOTO HOCTPOUM Jorapudmuveckue Jac-
TOTHBIC XaPAKTEPUCTHKH PA3OMKHYTOTO BHYTPEHHETO KOHTYpa

Lyg(@)=Logg(w)+Lg(w),

Ppx(®)=Poxp(@)+ Px(@).

TIocTPOUM XapaKTEpHCTHKH, TpHMEHAs cuctemy Matlab, no Mertonuke,
onucaHHolf B maparpade 6.3. PasoMmxHeM ofe oOpaTHbIe CBA3M M YCT3HOBMM B
touxu | u 2 (puc. 5.13) cxemsl, peann3oBaHHO} B cucteMe Simulink, snemeHTHl,
npuBefieHHBle Ha pUC. 6.5. B peaympTare pacyera NOCTPOEHE! XapaKTEPHCTHKU
Lpx(®) v @pg (@), w3obpaxennsie Ha puc. 5.12. W3 xapakTepucTHK 10 KpH-
tepuro HaiiksucTa cieayer, 9TO 3aMKHYTEIH BHYTPEHHHH KOHTYP YCTOHYHB.

Tak xak BBIGOp HapalIebHOIO KOPPEKTAPYIOIMETO YCTPOACTBA IPOBE/IEH C
NOIYIEHUAMH, TO HEOGXOMMO MOCTPOHT TOYHEIE XapaKTEPHCTHKM Pa3OMKHY-
Toif cKOppexTHpoBanHo# cucTeMbl L (@) u ¢.(®).

TlocTpouM mx, npAMeHsA cHcTeMy Matlab. Jlis 3Toro pa3oMKHeM TOJBKO
INIaBHYIO O6paTHYIO CBA3b M YCTAHOBHM 3JIEMEHTHI «BXOJ» W «BRIXOI» (pHC. 6.5)
B Toukd 3 u 4 cxemsl (puc. 5.12). B pesynsTtate pacyera IIOCTPOCHK! Jorapudmu-
YecKHe YaCTOTHBIE XapaKTCPHCTHKH Pa3OMKHYTOH CKOPPEKTUPOBaHHONH CHCTEMBI

L.(®) B ¢ .(w) (puc. 5.12). Jlorapudmudeckas aMILTATYHO-4aCTOTHAS Xapak-
Tepuctuka L.(®) MMeeT IIaBHBIA XapakTep H Majlo OTJIMYAeTCA OT MCXORHOH

*eJJaeMOH XapaKTepUCTHKH Le(®). D10 TOKa3bIBAET, 9TO BEIGOP KOPPEKTHPYIO-
II€ro 3B€Ha NPOBEIEH NIPaBHIBHO.

Comnoctassas xapakrepuctuku L. (@) B @ (@), BUOUM, YTO 3aMKHyTas
CHCTEMA YCTOHYMBA 1 MIMEET JOCTATOYHBIH 3a1ac yCTORYHUBOCTH.

5.5. CHHTEe3 COBMECTHO BBOAMMbIX NOCEA0BATEIbHOI0 H
napanae/ibHOro KOPPEKTHPYIOUIHX YCTPOHCTB

Ilp HEXOTOPBIX COYETAHHSAX IIApaAMETPOB CHCTEMB! BBEAEHME OJHOIO Ma-
paIEnEHOro KOPPEKTHPYIOMIETO YCTpoiicTBa He MOXeT obecneynTs TpebyeMyto
KOPPEKIMIO cACTeMbI. [IpUYHHEL 3aKIIOYAIOTCS B NPOTHBOPEYHH MeX Iy NapaMer-
paMH MCXOJHOM CHCTEMBI H BBHICOKMMH TpeOOBaHHAMHK K AHHAMUYECKHM M CTaTH-
4ECKUM XapaKTepHCTHKaM IPOEKTHPYEMOIl CHCTEMBL.

B sTOoM ciydae HeoOXOUMMO BBOJMTH COBMECTHO TIOCJAENOBATEILHOC M Na-
paLIENbHOE  KOPPEKTHPYIONIHE 3BeHbA. BEIOOp 3BEeHbEB OCYIECTBASETCH B Cile-
Jyrollei ocnexoBaTeNhHOCTH.

1. Tlposepka ycnoBus BO3MOXHOCTH KOPPEKUHH TOIBKO IMapaijielbHBIM KOp-
PEKTHPYIOIIMM 3BECHOM.
2. Brifop nocieoBaTelbHOr0 KOPPEKTUPYIOIIEro 3BEHa.
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3. BrIGop napasmiensHOro KOppeKTHPYIOLIETo 3BeHa.

Hpoeepka YC06UsL BO3MONCHOCMU KOPPEKYUU CUCTMEMbL OOHUM napaniens-
HbIM KOPDPEKMUPYIOUIUM 36€HOM

PaCCMOTpPlM CHCTeMy C napajjieiibHbIM KOPPEKTHPYIOINHMM 3BEHOM HA pHC.

5.14.
Xpx(P) Xarix(P)
Wi(p) |—> Woa(P) >
Z(p) |«
Puc. 5.14
Ilepenarounas GYHKIHS pa30MKHYTOR CKOPPEKTHPOBAHHON CHCTEMBI AMEET
BHJ:

_ Wi(p) Woxs(P) _ Wyp)

Welp)= = >

I1+Z(p)-Woxg(p) 1+Wp(p)

rae Wy(p)=W,(p) Wow( p) — nepenarodnas QyHKUHA HECKOPPEKTHPOBaHHOM
cucremst, W, (p)=2Z(p) Wyn(p) — mnepenatodHas QyHKIMA PasoMKHYTOIO
BHYTPCHHEI'0 KOHTYpa.

IMepefinemM k wacroTHo# nepeparouHod ¢yskiud. Ilpu BrIGope napan-
JIENBHOrO0 KOPPEKTHPYIOLIETro 3BeHa HEOOXOMHMO 06eCIIedHTh B CPEAHEYaCTOTHOM
9acTH BHITIOTHEHHE YCIIOBHS:

Wax(jo) [>> 1. (5.20)

(5.19)

[Tycts ycnosue (5.20) BeimomnseTcs, Toraa seipaxkenue (5.19) MoxHo 3anm-

caTh:
oo Wy(jo
We(jo)=anl12). (5.21)
Wek(j@)
Ilepefinem x norapudMUYEeCKUM YaCTOTHBIM XapaKTEPHCTHKAM ¥ HOLYYUM:
Lpg(w)=Ly(w)~Lc (@). (5.22)

IlyteM rpadudeckoro BEMHTAHWS B COOTBETCTBHH ¢ (5.22) HaXomum
Ly (®). Oas semonsenns ycnosus (5.20) Heobxoaumo, YToObl B paiioHe YacTOTH!

Cpe3& a)c BBINTOJIHAJIOCH YCJIOBHE!
La(@)>15 0. (5.23)
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Ecmu ycnosue (5.23) HE BRIMONHAETCA, TO NAPAIENHEHOE KOPPEKTHPYIOLilee
3peHo He obecriednuT TpebyeMOoro KauecTsa peryIMpoBaHHs.

Buibop nocnedosamensHozo KOPPEKMUPYIOue20 36ena

HocneoBaTeNbHOE KOPPEKTUPYIOLIeEe 3BEHO JOUKHO UMCETh TAKYIO Xapak-
TEpPUCTHKY, YTOObI 00ECTIEYNTD BBINIONHEHHE YCII0BHA (5.23), 13 KOTOPOTO Cleny-
eT, yTo HeobxomuMo «IoRHATE» JIAUX L, (@) B 061acTyt HacTOTH cpe3a @..
Takoif IOABEM XaPaKTEPUCTHKH MOXKHO obeceduTh, BIUTIOYUB MOCNE0BATENBHO
3BEHO C NepenaTtouHon GpyHKIuei:

Tip+1
N| = upu T>T,.
(p) T,p+1 pu 1> 1
Ecnnm ycnosre (5.23), no-npexueMy, He BEINONHIETCS, TO CIeAyeT pacCMOTPETh

BapHaHT 3BeHa
(T,p+1)
N(p)= T o
(T,p+1)
Ilocrosanble BpemeHn 1;> T, BHIOMpPalOT, HCXOAS H3 MOCTOSHHBIX BpEeMEHH
HECKOPPEKTHPOBAHHON CHCTEMBEI, a B Ka4eCTBE NMPEABAPHTENLHOW PEKOMEHTAIMH
MoxHo NpuHATs 1) =I/w; T> =1/w;, THe Wz~ 4aCTOTa, COOTRETCTBYIOINAs JIEBOMH
rpaHulie CPEeNHEYACTOTHOIO Y4YacTKa, ; - JacTOTa, COOTBETCTBYIOWIAS NpPaBOM
IPaHMIle Cpe/IHEYacTOTHOTO yuacTka xenaeMoif JJAUX cxoppeKTHpoBaHHOHR CHC-
TEMBI.

npu 7> T,.

Beibop napannensnozo xoppexmupyrowezo 3eena

IlapannensHoe KOppeKTHpYyIOIIee 3BEHO B BHAE 00paTHO# CBA3M BBIOHpaeT-
€A B COOTBETCTBHMH C METOJHKOM, pacCMOTpeHHO# B nlaparpade 5.4. Iocie BeiGopa
IMOCTIENIOBATENILHOTO KOPPEKTHPYIOIIETO 3BEHa CTPYKTYPHas CXeMa TIPHHUMAaeT
BUJ Ha pHc. 5.15.

Xpx( X
2B W) N(p) 7o p) )

Puc. 5.15

3auiieM YacTOTHYIO IEPEATOYHYIO (YHKIIMIO pa3OMKHYTOH CHCTEMBI:
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Wyoljo)-Woxs(j®) (5.24)

WC(Ja))=]+Z(Ja))-WOXB(Ja)),

rae W(jo)=W,(jw)-N(jo) - nepenaroqnas GYHKIHS HEOXBAUCHHON YacTH
CHCTEMBI.

OOBr4HO KOPPEKTHPYIOIMM 3BCHOM OXBaThIBAIOTCSA 3BEHbA C OONBIIMM KO-

3(‘1)(1)PIIIHCHTOM ycHiIeHMs, [OJ9TOMY paCcCMOTPHM AMAIIa3OH YaCTOT, FAC BBIIIONHSA-
eTCH YCJIOBHE!

|Z(j07)'W0XB(ja))| >>1.
Torpa (5.24) MoxHoO 3anucars

L Wao(jo)
Wc(ja))=——~HO—('J——. (5.25)
Z(jo)
Ecnu nepefita k JIUX, TO nomyunm
201glWe( jo )| = 201glWyo( jo ) - 201g)Z( jw ),
oTKyza noxyyrM JIAYX napanneqbHOro KOppeKTHPYIOIIEro 3BeHa
Ly(w)=Lyy(w)-Lo(w). (5.26)
ITo xapakrepucTike Lz{®) cocraBnsercs nepenarodgnas (pyHKUMS KOppeK-

THPYIOILIEro 3BE€HA, II0 KOTOpOH 3aTeM MOAOHpaeTCs CXeMa KOPPEKTHPYIOLIEro
ycTpolicTBa.

Ilpumep 5.3. CunTe3nupoBaTh COBMECTHO BBOJHMEIE MOCIEAOBATENBLHOE U

HapajulenlbHOe KOPPEKTHPYIOMIME YCTPOMCTBA A Clensmedl cCMCTeMbl aBTOMATH-
9ecKOro ynpasieHus, u3obpaxennoil Ha puc. 5.16.

Q3
—

Ky -l Kﬂ 0)11‘ _1_ -9 _L ai‘
Kq [» T,p+1 TyTyp' +Typ+! i p "
Puc. 5.16

IlapamMeTpsl CHCTEMEIL.

Tocrosuusie spemenu Ty=0.05 ¢; T3=0.2 ¢; T)=0.6 c.
Koadbduments yeunenns cucremst: Ky=0.01 B/zpad; Ky=2138;
K=200 zpao/B*c; i=100.

JomkHb! OEITE 06ECHEYCHBI CIICAYIOLINE TOKA3aTeN Ka4ecTBa epexoaHoM

dynxumn: nepeperyiuposanne o % <26 %, BpeMs perynuposanus tp < 1.2 c,
AOIyCTHMAs BEIMYHHA OMMOKHA £,,,<2.6 rpaf.

Pewenue. 1lepenatounast ¢yHKIMS Pa3OMKHYTOH HecKOPPEKTHpPOBAHHOM

CHCTEMEbI UMEET BHI:
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K”i_l. Ky . Kﬂ )
p Typ+l T, T, p* +Typ+1

WH(P):

ITocmpoum nozapugpmudeckue yacmonuvie XapaKxmMepUCMuKu pazoMKHymos

HECKODPEKMUPOBANHOU CUCTEMBL.
HaiineM ko3 PUIHMEHT YCHICHAS CHCTEMBL.

_ KpKyK _0.01-2138.200

0 = 43 .
i 100
PaccMOTpUM IepeNaTouHylo GYHKIIMIO 3BeHa BTOPOTo NOpsAKa
K
A

TyTyp? +Typ+1
OmnpenennM KOpHM XapakTepHCTHECKOTO YpaBHEHHA 3BeHA BTOPOIO IIO-
psnka:
TgTyp* +Tyyp+1=0,
T i\/T,%l —4-TyTy
2T 4Ty, 2-TgT)y,
Tak xaK JUCKpUMHHAHT:
Ty ~4-T;T,, =06°-402-06<0
TO KOPHM KOMILIEKCHBIE, CIIe/JOBATeNbHO, 3BEHO SBIAETCH KOJeOaTe bHEIM U €ro
MIepeIaTOUHYIO QYHKIUMIO MOXHO 3alHcaTh B BUAC:

Ky
w(p)=———2—
() T2p* + 26T p+1

20e Ty =TT, =/02-0.6=035c,
Ty 0,3

P12 =~

g=—M__ -~ 087
2JT,;T, 2-0.198
Ilocmpoum JIAYX.
OnpenenuM 4acTOThI COMPSIKEHHA:
SN By P S S S Y Y
T T, 035 '

Ha ocu abcrmcc OTMETHM cOmpsraloliye YacTOThl M depe3 IIONydeHHbIe
TOYKH IIPOBOIM BEPTHKAIBHBIC IPAMBLE.

Haiinem Benuauny: Ly = 20 lg Ky =20 Ig 43=35 05.

Crpoum 104Ky «A» ¢ xoopiuHaramu: w=1I, Ly = 35 o5 (puc. 5.17).

UYepes noyueHRYIO TOUKY «A» MPOBOAMM NMPAMYIO ¢ HaknoroM —20 gb/nek,
TaK KaK MepeaTodnas QYHKIEA CONePKMT COMHOXHTEND p B 3HAMEHATENIE,
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IIpn nepecedeHuM c IepBoit BEPTHKAILHOH IIPAMON, COOTBETCTIBYIOLICH
4acTOTE CONPSIKEHHS @7, HAKJIOH aCHMIITOTHYECKOH XapakTepHCTHKH H3MEHAETCS
Ha — 40 ab, Tak KaK @; COOTBETCTBYET 3BEHY BTOPOIO NOPS/IKa, HAXOMAIEMYCS B
sHaMeHaTesne. 1103TOMy HakJIOH XapakTEpHCTHKH Ha 3TOM y4acTKe OyIeT paBeH
—60 nb/nex. IIpaBee HacTOTHI CONpSOKEHUS (v, HAKITOH M3MeHHTCA emne Ha —20 ab u
cranet paBHsiM —80 nb/nex

TlocTpoeHHas XapakTepHCTHKAa HECKOPPEKTHPOBaHHOM CHCcTeMBl Ly(w)
npuBesieHa Ha pHc. 5.17.

Ilocmpoum xapaxmepucmuxy CKOPPEKXMupO8aHHON cucmembl L'C( w)

Ilo 3anansomy 3Havenmio o =26 % no XpuBo# o = f(Pyg..) HAXOHHUM
2z

. 3
Poaxe=1 22. Ins Pyp =122 1o xpuBo#t 0 = f(Pyg¢c) NOMydaeM ¢ p= , OT-
D
KyA2 C YY4eToM 3alaHHOTO 3Ha4YeHHs /p HAXOLUM 4acTOTy cpes3a

327 32x -]
= = ¢

Yepes TOYKY @ NPOBOAHM NpAMYIO ¢ HaknoHoM —20 nb/gexk.

HaxomuM P, no popmyne P, =1—-P, . =1-1.2=-02

Ilo rpadmxam (puc. 5.5) ompemensem opauHaThl L; u L, , a Taioke 3amac mo
daze:

L, =1505, L,=-150F; y=45".

ITpoBomuM CpeHEHACTOTHBIH y9aCTOK XapaKTEpHCTHKM BIIEBO JI0 OPAHHATEHI
L;, a BpaBO 10 OpAMHATHI Lj;, KOTOPBIM COOTBETCTBYIOT YacCTOTHI w;=1 44 c'n
w;=4365¢’

ConpsxeHne cpegHeYacTOTHOTO YJacTKa XapaKTePHCTHKM C HU3KOYaCTOT-
HBIM IPOM3BOAUTCS NpAMO# ¢ HaxitonoM —40 nb/nex.

BpicokOYacTOTHBI y4acTOK XapaKTepUCTHKH L'C( w)(puc. 5.17) npu
@ > (@, BHINONHAETCS NPAMBIMA JMHUAMH, KMEIOIMMH HaklIoH Ha —20 nb/mek
MEHBIIE, YeM COOTBETCTBYIOMHE MPAMEIC XapaKTCPHCTHKH Ly (@ ).

IIposepxa ycno6us 603MOMCHOCHIU KOPDEKYUU CUCmeMbl OOHUM HAPALENb-
HbIM KOPPEKMUPYIOUUM 36EHOM

Jns nposepkn  HeobxoamMo noctpouts JIAUX BHYTpEHHErO KOHTYpa B CO-
OTBETCTBHH C YCIOBHEM

Ly(0)=Ly(o)-Le (o).

[Tyrem rpadudeckoro BRMMTAHHS B COOTBETCTBHH ¢ (5.22) HAXOmMM
Ly (w), xotopas npuBeaeHa Ha puc 5.17. V3 xapakTepucTHXH ClIedyer, 9To B
obnacTH 4acTOTBl cpe3a . He BLINONHAETCS  yCnoBHe: Lpx(w)>15 OB
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Puc. 5.17
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CHC}IOB&TCHLHO, HEJb3 BBINNOJHHTE KOPPEKUHK CHCTEMBI C NOMOUIBIO
TOJIBKO NAPANIEIBHOI'O KOPPEKTUPYIOIIETro 3B€Ha,

Buibop nocnedosamenvrozo koppexmupyroujezo ycmpoicmsa

Jins TOro 9TOOB! «IOAHATEY XapakTEPUCTUKY Ly (@) BKIIOMHM IOCICAO-
BaTENHHO KOPPEKTUPYIOIIEe 3BEHO ¢ MepefaToYHoM dyHKuneH

N(p)=T*L

T,p+1

[TocTosHHBIE BpeMeHy NpumeM pasubiMi T, = I/, = 1/1.44 =0.69¢,
T,=1lfw,=1/43.65=0.023 c. [Mocrosunyio Bpemenu 7> uenecoobpasHo
YMEHBIIUTH 10 3Ha4eHUs paBHoro 7, = 1/ w, =1/200=0.005 c.
JorapudMuteckas aMILTHTYAHO-4aCTOTHas XapaKTEPUCTHKA 110CTIEeN0BATEILHOTO
3BeHa L, (w ) noc1poeHa Ha puc. 5.17.

CyMMRpys XapaKTepUCTHKH HMCXOIHOM HECKOPPEKTHPOBaHHOH CHCTEMBI
L, (@) % XapaKTCpHCTHKY TOCIENOBATEILHOrO 3BeHAaL, (@), TMOIydnM HOBYH
XapaKTEPHCTHKY HECKOPPeKTHpoBaHHOMN cHctemsl Ly, (@) (puc. 5.17).

[TocTpouM HOBYIO XapaKTepUCTHKY BHYTPEHHErO KOHTYPA B COOTBETCTBHH C
soipaerueM Ly, (w)=L', (w)~L. (@). s xapaxrepuctuxu L p{w) BaaHO,
4yro B 00J1aCTH YacTOTHI CPE3a &), BBIIIONHAETCS YCIOBHE: L sx{w)>15 0B, cre-
HOBaTEILHO, MOXHO CHHTE3MPOBATh MApaIeNbHOe KOPPEKTUPYIOMEee 3BEHO.

Bui6op napannensHoz20 KOppekmupyowezo ycmpoicmaa

Jis BEIOOpa BApHAHTA BKIIKOYEHHS [ApPAIIIENBEHOIO KOPPEKTHPYIOIEro 3Be-
Ha paccMOTpUM cxeMy Ha puc. 5.16. Haubo:iee nenecoofpasro oxsaTuts ofpart-
HOH CBSA3BIO 3BCHBA, 006pasylouIne HCH3IMEHAEMYIO 4acTh CHCTEMbI, TO3TOMY OX-
BaTHM 00paTHO# CBA3BIO Bce 3BeHbs 32 uckmoueHueM Kp. Torma cTpykTypHas
CXeMa IIpUMeET BUJ, IIOKa3aHHBIA Ha puc. 5.19.

az an ay
K Tlp+1 Ky N K/] ;I— >
— I Lp+l ’_’ Typ+1 (T22p2+26‘T2p+1)p i
Z(p)

Puc. 5.19
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U3 CTPYKTypHO# cxeMbl Ha puc. 5.19 cienyer, 4ro nepefatounas GpyHKIMs

HeoxXBaueHHOM YaCTH CHCTEME! paBHa:
Tip+!

Wuo(P)=Kp T2p+].

B COOTBETCTBMH ¢ METOAHKOH CHHTe3a MapallieBHOT0 KOPPEKTHPYIOLIEero
3BeHa Z(p), paccMOTpeHHO} B maparpade 5.5, moctponM JIAUX HeoxBaueHHOM
yacty cHcTeMBl Ly () (puc. 5.18). 3necs xe msobpaxena JIAUX ckoppekTHpo-
BAHHOH CHCTEMBI L'C(a)). Jlnst yripoieHns TeXHHYECKOH pealn3alu¥ KOPPEeKTH-
pyroniero 3BeHa H3MEHHM HakJIoH L'c(w) Ha BY ydactke u crenaem ero ~201b/nex
Bmecto —40 1b/nexk.

Jlorapudmuieckas aMIUTUTYHO-9aCTOTHASL XAPAKTEPHUCTHKA IapalliebHO-
r'0 KOPPEeKTHpPYIOIIEro 3BeHa L,( @) ompesenseTcs BeIpaXeHUeM:

Ly(®)=Lyo(®)—Leo(w).
Ilo xapaxTepdcTHKe 3BeHa L,(® ), NOCTpoeHHOH Ha puc, 5.18, onpenenum
€ro nepeaToyHyro GyHKUHIO:
Z(p)=K TFPQP—H .
T,p+1
KoppexTupyrolliee 3B€HO MOXKHO MPENCTABUTE B BUAE IBYX 3BCHBEB. Wpe-
anbHOro auddepeHIMpYOLIEro 38eHa C IIePERaTOYHON QYHKIHEeH

Z(p)=Kyp
U yupyroro xup¢epeHIMpyIOUIero 3BeHa ¢ nepexaToyHoi QyHxumei
T, p+1
Z,(p)=—E=
T.,p+1

[NapameTph! 3BEHBEB OMpPECITHM [0 XapaKTepucTHke L, (@),
TposomxuM HU3IKOYACTOTHYIO0 9acTh XapakTEPUCTHKM ¢ HakjoHoM 120
ob/nex. B rouxe «B» crpaseamuBo: 20/g K - = —730F , otxyna K, = 0.00022.

Jls 3Bewa ¢ nepenatounoi Gynxumei Z,( p) onpenemum:

=—]—=-i—=4c; T,=0.005c.
w, 025

Tak Kak cHHTe3 napanellbHOrO KOPPEKTUPYIOWEro 3BeHa BBUIONHACTCT ¢
AONYIMEHUAMH, TO cIeyeT MOCTPOUTh TOUHEIE JIOrapU(PMHUIECKIe YacTOTHBIE Xa-
PaKTEPUCTUKH Pa3OMKHYTOT'O BHYTPEHHErO KOHTypa H HpPOBEPHTH €r0 yCTOHYH-
BOCTb. OTH XapaKTepHCTHKH TIOCTPOEHBI ¢ HCIIOJIF30BaHMEM cucTeMbl Matlab u
npHBEAEHs! Ha puc. 5.20, rne Lag(w) — aMIUTATYHO-4ACTOTHASA, @pi(w) — ba3o-
4aCTOTHAS XaPaKTEPUCTHKH Pa3OMKHYTOTO BHYTPEHHETO KOHTYpa.

M3 xapaktepucTHk cnepyer mo kpuTepumro HalKBHCTa, YTO 3aMKHYTBIHK
BHYTPEHHHH KOHTYD YCTONYHMB 1 NMeeT HOCTATOYHBIH 3aMAC YCTORYMBOCTH NO tha-
3e pasuslif 60 rpaz.

K
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Ha puc. 5.20 npuBefiens! TaKxke TOYHBIE JIOTapAPMHYECKHE YACTOTHBIE Xa-

AKTEPUCTHKH Pa3OMKHYTOH CKOPPEKTHPOBaHHOM cHCTeMEl Lo(w) U ¢c(w), xoTO-

p

daze y

60 rpax.

pBIC MOKA3bIBAKOT, UTO CHCTEMA UMEET 3ar1ac yCTOUYHBOCTH 11O

[ESUNIED QUUNNY SUPIY U
Tl bRt &
Illl,.l |||||||||||| d_o__LY
O SR T
lvn:wlntlnﬂ ||||||||
o
B IEeE
R
B e Sy Qg
,
T
S -
;
:
:
;
: ;
. g -
hhiuiell Ao Suindingl; St -
DOt g S alet S S K
IIniniziiniIoyiic
_
DITnTIDIIpII
|..1lw llllll Lo Ja_ .. 4
R S R AR SR
b
:
S SR U 48 74 SO
;
:
_
S SRR N/ 45 SR S
'
! ,
3
b - O ¥ -femaota. —
[ R & R defuab 107
UG- B 45 R SN 3
............... ]
i
B - Ak k B T D P -
:
:
SN SN TS SN S ]
;
S S5 -
i
:
-
:
]
T G R Y S R S 1
:
P i R I S A
B B T T LR T TR
< g e
. Y [T R SUpRN -
i booeed
Lo L]
!
I RS S
o e S A V
S U Y
T (T A SRt [ 500 N SRR S NP
LY R SRR IR B
O N
w4 o Y A
..... B R s [ £ (S REESLS EEEL SRR
A A B
T A
S A
A A
IR VR | S S A | A S
o
s R 8§ ¥ g8 ° § 8 § g
: A
Led o oL
LHRd YO 0L
(a0} worpow (5ap) e

10

10°

Puc. 5.20

10'
Frequancy (rad/sec)

10

Peanuzayus koppexmupylowux ycmpoicms

Hepenarounas QyHKUUA nAPALIeNbHO20 KOPPEKTHPYIOIIErO 3BEHA MOXET
6bITh peanu3oBaHa ¢ TIOMOLIBIO CXEMbI, COCTOAIIEHf M3 JABYX 3BEHBEB, HA DWC.

5.21,a:

R

Ci

R2

Ky

a)

Puc. 5.21
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1. Iepnoe 3peHo — HaeansHOE TUPPHEpeHIAPYIONiee 3BeHO, KOTOPOE Peann-
3yeTcs ¢ IOMOIIIBIO TaXOTEHEPATOPa C NepeNaTounoM dyHKumei:

Z,(p)=Kyp.
2. BTopoe 3BEHO COOTBETCTBYET IIE€peNaTOIHOMN QyrKIMM

+1
Z ( )_ I( p
T,p+ 1
Ona peann3yeTcs YeTHPEXNOMOCHIKOM, N300paXeHHBIM Ha pic. 5.21,a u eMy co-
OTBETCTBYET llepefaTodHas QyHKIIS:
k,(Tp +1)
)= e
Ip+1
e T=T,=4¢c; k,T=T,.
Orkyna saitnem k, =T, /T = 0.005/4=0.00125.
Npumem C=4 ux®, torna R, =T/C=4/4-10"° = ImOnm.
W3 ycnosma K =(R, + R, )/R, onpenemam
Ry= BB QD02 T o5 wom.
1-K, 1-000125
Yro6yl He U3MEHMTH oDITHH KodQQUIMEHT ycHleHUs, 1I0CTe0OBATE IbHO CO 3BE-
HOM HYXXHO BKIIIOYHTH YCHIMTENb C KOIGPUIMEHTOM YCHIeRUs
K,,=1/k,=1/0.00125= 800 .
Torna pesyarTHpylomas nepesaroynas gpyaxnus Gyner pasna:

kAT . p+1
Z(p): Z,(P)Ky1ﬂ/:,(p)= Kreryi J{F&L—)
,p+1

JomxHo Brmonusarses pasencrso Kk, = 1.
IocnedosamenvHoe KOPPeKTUpPYIOINee 3BEHO peaiu3yercd YeTHIPeXTOmoc-
HUKOM, TIpe/iCTaBNeHHBIM Ha puc. 5.21,6. EMy cooTmerctmyer mepeparoysas

bynxuus

k,\Ip+1
)= 22 1)
EIp+1
roe
1 1 T,
I'=T,=—=—~=069¢; k,T=T,=0.005c;k, =—L=0fgg£—00072
o, 144 r, 069

[TapaMeTphl 4eTHIPEXIIONFOCHUKA ONMPEIEAOTCS AHANOTHIHBIM 06pasoM u
TaKXe MOCNEeNIOBATENLHO CO 3BEHOM ANIA COXPAHEHHMS KoaGGhUIIMEHTa yCHIEHHA
KOHTYpa BKIIIOYAeTCs YCHITHTENb ¢ Koaduuuentom yerenns K, = I/K, .

Torna pesynstupylomas nepefatousas GyHKIMS HOC/IE0BATENRHOIO KOP-
PEKTHPYIOIIEro 3BeHa OyJieT pasHa:
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T,p+1
JIo/DKHO BRITIONHATECS PABEHCTBO K,k =1

N(p)=K,W,(p)=K,,

5.6. KoppeKkTupyiouime 3BeHbst

B pesyabTaTe CHHTE3a KOPPEKTHPYIOMIMX YCTPOHCTB MOMYYaloT IepenaToy-
gele QOYBKIMM 3BeHbeB, KOTOphIE HeoOXoquMo peamusoBarh. B obmeM ciydae
KOPPEKTUDYIOIIHE YCTPOKCTBA MPEJICTABIAIOT 3EMEHTHI, OCYIIECTBIAIONINE TO
Wi HHOE pecOpa3oBaHKue CHTHANA YIIPABICHHS.

Jlna sTo#t uenu mpuMeHsoT npeolpazoBaTensHEIE YCTPORCTRA Pa3IHYHON
$U3UIECKOH IPHPOJIEL: IEKTPUYECKHE, MEXAHMYECKHE, TMAPABINYECKHE, THEB-
MaTHIeCKHe M MHble deMeHTH. Haubonee mMMpoOKo pactpocTpaHeHbl deKTpHUie-
cxue npeobpaioraTensHble IEMEHTH TOCTOAHHOTO TOKA.

Takue KOppeKTUPYIOLIHE 3BEHbA MOXKHO pa3fendTh Ha ABEC OCHOBHbIE IPYII-
124

® [IaCCHBHBIE YETHIPEXIIONIOCHUKH,
® aKTHBHbIC YCTHIPEXITOMIOCHHKH.

B nocregHne TONBI B Ka4ECTBE PEryJisTOPOB M KOPPEKTHUPYIOLMX 3BEHbLEB
TAaloKe BCE Jalle MPHMEHSIOT IPOMBIIUICHHEIE KOHTPOJUIEPH], B KOTOPHIX IIpO-
TPAMMHEIM CIIOCOOOM PEani3yIOTCA Pa3UMHbIE 3aKOHb! YIIPaBIECHHS.

Haccusnvie uem bIPEXNONIIOCHUKU

3TH 9eTHIPEXTIONIOCHUKA MPEACTABIAIOT cO00M 3NEeKTpUYECKUe LENnH, Co-
CTOSIIME M3 PE3UCTOPOB, KOHACHCATOPOB M MHAYKTHBHOCTEH, TO ecTh M3 R—, 1—
B C-anementoB. Takue 3BeHbS HA3BIBAIOT NMACCUBHLIMH KOPPEKTHPYIOIIMMH YCT-
POHCTBAMMU, TAK KaK OHU He CONEPIKAT MCTOUHUKOR INCKTPOABIACYIIHX CHIL

IaccuBHBIE YETHIPEXTIONIOCHMKHA MOTYT OBITH TIPECTABIeHE! B BUle 0606-
IMEeHHOH PKBHBATEHTHOH cxeMsl, H3o6paxeHHoR Ha puc, 5.22.

Z(p)

u Z,(p) uz Zu(p)

o} *

Puc. 5.22

Oyuxuuu Z(p) U Z,(p) NpeAcTaBIfoT coboit CONPOTUBICHMA YIACTKOB Lie-
M B oneparopHoit popme. BrusHue mocneayomero 38eqa y4TeHO BBEACHHEM CO-



72

[POTUBNEHHS Harpy3ku Zy(p). Bxomnoe ¥ BHIXOJHOC HANPSDKEHHs NOCTOSHHOIO

ToKa 0003Ha4YeHBI COOTBETCTBEHHO Yepes u; U Uy
C yueToM BBeIEHHBIX 00O3HaueHM# mepenaTodHas QYHKUHSA HaCCHBHOTO

4eTHIPEXIIONIOCHHKA Oy IeT paBHa

Zy(p)Z,(p)
_Us(p)__ Zy(p)*+2Z:(p) )
) 0) ™ )4 Zal PIECPT 527
' Zu(p)+2,(p)

Ecnu HanpsXeBue 4, NPHIOXEHO K Harpyske ¢ 6eckoHeYHO OOMBIIEM cO-
TpoTUBIEHNEM Zy(p), TO BEpaxeHue (5.27) mprobperaeT BuA

wip)<Uap)_ _ Zi(p) 528)

Ulp) Z(p)+Z,(p)

IMepeparounas dyHkous (5.27), Kax NpaBUNo, COOTBETCTBYET 3BEHbAM ¢ 6o-
Jiee IUIOXMMU KOPPEKTHPYIOIIUMH CBOHCTBAMH 110 cpaBHEHH!IO ¢ (5.28).

Bapsupys BAX ONIepaTOPOB CONPOTHBIEHUH Z/(p) U Z(p) MOXKHO HONYYHTh
6oNbIIOe KOMHYECTBO 4HETHIPEXIIONIOCHHKOB C Pa3THYHBEIMK [epelaTOYHBIMA
oysxnusvy. CTOHMOCTE NAaCCHBHBIX JETHIPEXIIOIIOCHHKOB HH3Kasg, a CTabuib-
HOCTh I1apaMeTPOB MOCTATOYHO BBICOKAf, [IOITOMY OTH 3BEHbS HIMPOKO HCHOIb-
3yIOTCA B CHCTEMaX aBTOMAaTHYECKOTO yIpaBieHHs. HelocTaTkoM MacCHBHBIX 'e-
THIPEXMIOTIOCHUKOB SBISETCH TO, YTO OHH TONBKO OCNabIAI0T CUTHAT.

Hexoropsle Hanbosee XapakTepHble CXEMBI HaCCHMBHBIX YeThIPEXNOTIOCHH-
KOB TIpeJCTaBICHbl B IPHIL. 4, B KOTOPOM IPUBEACHE! UX I1epCAATOYHbIe QYHKIIHH
¥ JOTapHpMIYECKIe JaCTOTHBIE XapaKTEPHCTHKY.

INaccuBHBIE YETHIPEXIONIOCHUKY TIPUHATO pasjieliaTh Ha aubdepeHiu-
pyIOlliNe, MHTCIPHPYIOMMEe ¥ HHTerpo-auddepeHuupytomue. JuddepeHunpyro-
IMe YeThIPeXNOMOCHUKH OCYIIECTBIAIT AuddepeHmpoBaHie CHrHANA B OIpe-
JeNIEHHOM JMania3oHe 4acTOT U CO3JAOT IOJIOXMTENbHBIA caBur 1o daze. HHTer-
pHpYIOIYe HETBIPEXIIONIOCHHKY B HEKOTOPOM JHMana3oHe 9acToT 00eCneYMBaIOT
HHTEIPHPOBAHUE CHrHANA M CO3Jal0T OTpHIATENbHBIM caBur no d¢gase. HMurerpo-
IuddepeHIUPYIOIHe YETHPEXIOMIOCHUKE B OJHOM JMANa3oHe OCYLIECTBIAIOT
anddepeHIMpoBaHHe CUIHaNA, a B APYTOM [JHaNa30He eTo MHTErPUPYIOT.

Peanuzayun cnoxcnvix xoppexmupyowux 3éenves

HpI/I npaxmllecxoﬁ peali3allid KOPPEKTHPYIONIUX 3BE€HBEB C XapaKTepH-
CTHKaMH, KOTOPEIC HE yaeTCs peand3oBaTk C INOMOIIBIO OJHOTO 3BCHA MHOrZaA
uenecooﬁpaaﬂo COEMHMUTH TOCJIE0BaTebHO IBa HiId 00jIee YETBHIPEXIIONIOCHUKA.

TlepenaTounas GyHKIHS TaKkMX HOCHECHAOBATEIBHO COEAMHEHHBIX 3BEHBEB
(puc. 5.23) paBHa

Walp)=Wgi(p) Wy, (P), (5.29)



73

MdopmMyna (5.29) cnpaBeiMBa [IPH yCIIOBHM, YTO CyMMa IIONHOIO COTpO-
TUBIICHUS BTOPOTO YETHIPEXIOMOCHUKA Ziy(p)+Z2x(p) 3HAYUTENBHO, N0 KpaitHei

Z1(p) i ““le(p)‘ :
o ]
l |
W Z(p) i Za(p) j Uz
f |
o- Lo o0
T W) T Wiap)

Puc. 5.23
Mepe, Ha TIOPSIOK, GONbIUe IOTHOrO CONPOTHBIEHHS Z;;(p) MePBOro HeTLIpEXTo-
JIOCHUKA, TO €CTh
Zo(p)+Zaxp)>> Z2(p)
JIns yCTpaHeHus B3aHMHOTO BIMSHMA YETHIPEXIIOMOCHHKOB MX COCIMHSIOT
qepe3 PasaeIMTCIBHbLA YCHTHTED ¢ GONBIIMM BXOMHLIM COTIPOTHBIEHHEM.

A | Zu) 3
| |
; y } Zy(p IE U
I Jl ©
Wxi(p) Wxa(p)
Puc. 5.24

Ecau BXogHOE CONPOTHBIEHHME YCHIMTENS HE BIUAET HA IepefaTouyHYyo
dyrxwmo Wy, (p), To nepenatodHas GyHKIMA TAKOTO COSTMHEHUS

Ws(p)=Wgi(p)-Ky -Wyi(p), (5.30)
rae K, — nepenaTousblil Ko3dHIMEHT yCHIHTENS.

TIpenMyiecTBO TAKOH CXEMBI M B TOM, 9TO Pe3yAbTHPYIOWKH Ko3duuu-
€HT yCuJIeHUsI MOXKeT ObITh GOJIbIIe efUHHUIIBL,

AxmusgHvle HemblpeXnoNtOCHUKU NOCMOAKHO20 MOKA

OTO KOPPEKTHPYIOUIE 3BEHBS, PEaTH30BAHHLIC HA OCHOBE OTlepariOHHbIX
Yeunureneit. Obimas cxeMa TaKoro YeTHIPEXIIOMIOCHHUKE MMeeT BUJ (pUc. 5.25).

B cxeme ucionb3yloTcst oNnepandoHHsIe YCHAUTENU ¢ KO3QPUIMEHTOM YCH-
nenns K, 2 5-10°.
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Torga TNepenarouHas OQYHKUMA ¢ JOCTAaTOYHOH TOYHOCTLIO paBHa

Z,(p)
14 =227
(p) Z,(p)
Z(p)
Z(p)
o Uz
(o] 4 —O
Puc. 5.25

3HaK MHHYC YKa3BIBaeT Ha TO, 9T0 YCHITHTE/s HHBEPTHPYET 3HAK BXOJHOIO
HaTpsDKeHUs.

AKTHBHBIE YETBIPEXTIONIOCHUKH TIO3BOJIIIOT OCYIIECTBHTD HOYTH HAEATbHOE
HHTETpUpOBaHNe WM AuddepeHIHpoBaHHEe CHTHANA, OCOGCHHO B OTPaHMYEHHOM
0JI0CE YacToT.

AXTHBHBIC YETHIPEXIIOMFOCHUKY 001a/1at0T CHERYIOUIMMH CBOACTBAMHU:
OCYINECTBIAIOT MOUTH HACAIBHOE HHTETPHPOBAHKE,

IIEPEeAATOUHBIN KOaGUIIHEHT MOXeT OBITh BETHK,

NeTKO CYMMHPYIOTCS HECKOJIBKO CHIHAJIOB,

JacTO MMEIOT MEHBIIME rabapUTHI 10 CPABHEHUIO ¢ ITACCHBHBIMA.
HenocraTok: mopoxe H CII0XHee ITaCCHBHBIX YCTHIPCXITONIOCHHKOB,
Ipumepot axmusHvIX 4emblPeXNOTIOCHUKOS.

1. PeanbHoe ouddeperuupyroniee 38eHo (puc. 5.26).

R,
C R,
Wy Uy
o— - o
Puc. 5.26

3BEHO ONMMCHIBACTCS NMepefaTOUHON ByHKIMelH
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kT p
WP ==

rne kT =R,C; T=RC,; k=R,/R,.
JlorapuMUHecKue HACTOTHAIC XapaKTEPUCTHKY IPHBENIEHH! Ha PHC. 5.27.

B4

gL e
(ﬁ P
L T! @
20 nb/nex

Puc. 5.27
2. IlponopuymoHanpHO-MHTErpaNbHEI perynstop (pHc. 5.28).

C R,
R
m uy
O - O
Puc. 5.28
3BEHO OMUCHIBAETCS TTepeaTOTHON dyHKIHeH
Ip+1
W(p)=-K-EZ,
Ip

R
rae K=—%; T=R,C.
R,
JlorapnpMudeckne JaCTOTHEIE XapaKTePUCTHKA IPUBeIeHs! Ba puc. 5.29.

PAML LT
-20 nb/mex !

P o~

Puc. 5.29

3. Unrerpo-nuddepeHnupyroniee 38eH0
3BCHO ONMHCHIBAaETCS NEpenaTOuHON QyHKIHeR
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W(p) - - EEH DT+
G+ DT+ 1)’

pre K =22, Ti= R+ R)Cs £, =BG T, =R, + R)C T, =RC,

G, R4

C R, @
M= NS L

o) + O

Puc 530

JlorapudMuueckue 4aCTOTHRIE XapaKTEPHCTHUKH NPHBeIeHb] Ha pHc 5 3]

L
-20 nb/nex +20 ob/nex
i A
L] E LZ
1 1 ©
T,! T, T, T
Puc 5.31

TlapaMeTpe! TorapuMUYecKol aMIUINTY AHO-4aCTOTHOH XapaKTEPUCTHKH

OyIyT paBHEI
L,=201gK; L, = 201g£M

RIR2 (RJ + RA)

6. IPUMEHEHHUE CHCTEMbBI MATLAB JJISI AHAJIU3A H
CHUHTE3A CAY

Cucrema Matlab sapnsercs 30GeKTHBHEIM MPOTPAMMHEIM MPOIAYKTOM IJIst
pelnenusa 3a1aq aHanu3a u cuHtesa CAY. [TakeT sBisgercs o4eHb 00bEMHBIM K TTO-

3BOJIIET peliaTh IHHpOKHﬁ Kpyr 3apa4 PaCCMOTpPIM TIPAMEHEHNE CHACTEMBL 15
PeLICHN HCKOTOPLIX 387124 aHau3a U CHHTE3a
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6.1. Pacyer mepexoaHbIX nponeccos B cicTeme Matlab

MogzenupopaHKe NPOLECCOB B AMHAMHYCCKMX CHCTEMAaX SBISETCH BRXKHOM
sajauedl. IlepexoqHEle mMpolecch! NO3BONAIOT OLEHUTE Ka4eCTBO PaboThl CHCTEMBI
H TIPMHESATB PEIIEHHE O TOM, BLITIONHEHO 3a/laHUE Ha MPOEKTHPOBAHUE HIIH HET.
JIns MOJETHPOBAHUA [POLIECCOB B AMHAMUYECKHX CHCTEMAX [PUMEHSETCS, BXO-
Aot B cocTaB cuctemsl Matlab, maxer pacmmpenns Simulink  mpo6nemno-
OpHEHTHPOBAHHbIH Ha pemieHHe 3a7a4 uccnenoBannd CAY. B HeM pealrn3oBaHkl
DpPHHIAIE]  BU3YaIbHO-OPUEHTHPOBAHHOTO IIPOrPAMMMPOBAHHUS, 9TO MO3BONSET
Jierko BuIOUpaTh HyXXHBIE O0KH U3 6UOTMOTEKM U COEJMHSATEH UX C LENBK  CO-
CTABIEHUA MOJETH aHAIM3UPyeMoi cucTeMsl. JIpH 3TOM CIOXHBIE YpaBHEHHS CO-
CTOAHHA, ONHUCHIBaolIe paboTy Mozeneit, GopMHUPYXOTCA aBTOMaTd4eckd. I[lo
yRo6CcTBY rpadMecKoro Nons30BaTeNsCKoro uuTepdeiica, pasnoobpasuio mMoze-
neil ¥ 2NEMEHTOB B 6M6IIMOTeKaX, BOSMOXKHOCTH PELIEHHs pa3siMyHbIX 3afay B Ila-
KeTax pacumpenus cucrema Simulink sBnseTcs B HacTOAMMIT MOMECHT Haubonee
COBEPIIEHHOM.

IHpumep 6.1/. PaccMOTpUM MOICIHPOBAHHEC CHCTEMBI ABTOMATHYECKOI'O
yIpaBleHHs, TOXYUEHHOH B pe3ylbTaTe CHHTE3a NApalIelbHOIO KOPPEKTHPYIO-
mero 38eHa, U u306paxkenHo# Ha puc. 6.1. L

F

K2
X4=Xexs
Xex] X]=Xgx2
U ' - | %
3 Kl KZ . K3 _]h K4 o ad KS _'. i >
— _ Typ+1 T,p+! Tsp+1 P
x3 ) Tip+l! X2 X g3
T,p+1
Puc. 6.1

UncneHHsle 3Ha4YeHHS MapaMeTpoOB cucTeMbl pasHbl K;=0.06;, K,=15;
K3=3,' K=3.5; K5=1’5,' K6=2.2,' K7=0.008,' T]=125 c, T2:0.7 C, T3=02 C;
T=0.092 c; T5=0.04 c.

HUcrronssys 6ubmuorexy 6:10k08 nogcucteMsl Simulink a1s THIOBBIX JdHa-
MHYEeCKHX 3BEHBEB, PacosiaraeM UX B TOM e IOpAAKe KaK Ha CTPYKTYPHOI cxe-
Me § coefnHAeM Mex Iy coboil. 3aTeM B 610KM BBOIMM YHUCICHHBIE 3HAYEHAS Nla-
paMeTpoB. McTouHnKOM BHelHero cMrHaia #BusieTcs 0ok Step, ofGecrieumnBaio-
it Ha BBIXOZE CHTHAI THIIA €IMHEMMHOM cTynmeHyaToi GpyHxkimu. J{nsg Habmone-
HMJl CHTHAJIOB Ha BHIXOJie CHCTEMB! YCTaHABIMBAETCS BUPTYaNBHbIN ociuorpad
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Scope. B pe3ynsraTe moiaydaeM cXeMy MOJEIMpOBaHMA B cucTeMe Matlab

(puc. 6.2).
T}

Step1 Ké
5 N 1.
+ K- + K- § = 3 P> § -PE}
- - 0.25+1 0.0925+1 0.045+1
Step K1 K2 Wi(p) W2(p) Ww3(p) Integrator Scope
1.255+1
-K
0.75+1
KT Z)
Puc. 6.2

Jl1s mosyueHus: nmepexoIHOTO mpolecca [0 YIIPaBISiomeMy BO3/1eHCTBHIO
6ok Step moAKMIO9aeTCS Ha BXOJ CXeMBI Kak Ha puc. 6.2, a UM pacyeTa mepe-
XOIHOTO [Iporecca 10 Bo3MyIIaomeMy Bo3aeicTBio 6ok Stepl nojxrodaercs K
TOYKE NPHIOKEHUS BOIMYIAIOINEr0 BO3ACHCTBYA (Ha puc. 6.2 OH OTK/II09eH).

B pesynpTate MOAETHPOBAHUA HONYYEHB! IIEPEXOLHBIE TTPOLIECCH] TIO YIIPaB-
asonteMy (puc. 6.3,a) ¥ Bo3MymaromeMy BosgercTBusM (puc. 6.3,6). ITo xpusoii
Ha pHc. 6.3,a MOXKHO OIIpeRENHTE TTOKa3aTeNN Ka1ecTBa paboThl CUCTEMEL.

. 0 ; ; i
a1 ; '

82
03

83:% =8

0B}

04

02

0

02 i ; ; g - i
g 05 1 15 . SVBAAREEY 1 D] CLTAB
Time offset: 0 t,c 3 Lt S t,.c

Puc. 6.3
6.2. Pacuer mepexoaHbIx PONUECCOB N0 YPABHEHUAM COCTOSHUS

Jlns cocTaBneHHst ypaBHEHHH COCTOSHHSA PAaCCMOTPUM IEPEXOf OT CTPYK-
TYPHOH cxXeMBl K CHCTeMe N (epeHIaIbHbIX YPaBHEHHI IIEPBOro MOPSIIKA B
dopme Komm.

Hna nepexona x cucTeMe ypaBHeHui! B ¢opme Konm Brinenum Ha CTpyk-
TYPHOHM CXeMe 3BEHbsl, IEpeAaToHEIe QYHKIMH KOTOPBIX COAEPKAT B 3HAMEHATe-
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JI9X ONEPATOPE! «p», U 0003HAYHM BEIXOAHEIE BEIMIMHbBL STHX 3JIEMEHTOB YEpe3 X,
a BXOJHbIE YEPE3 X, C YHUCHOBEIMH MHJCKCaMH. BBIXOOHOH BejMHMHE NEPBOro
3J7IeMEeHTa, C KOTOPOr'O HaYMHAEM HMHICKCALMIO, TIPHCBAHBAEM MHACKC, PaBHBIA
CTereHH NOMHMHOMA 3HAMEHATeNs IepejlaToYHOM GYHKUHMM 3Toro siemeHra. Ha-
MPHMEpP, €CNIH JJIEMEHT SBJIAETCS anepHojJU4ecKMM 3BEHOM IIEpBOTO NOpAIKa,
NpHCBaUBaeM HHJIEKC !, TO eCTh BRIXOAHYIO BENHIWHY IIEpBOTO 3lleMeHTa 0003Ha-
gHM 4epe3 X;. BBIXOAHBIM BEIHYHHAM KaXIOTO CICAYIOLIETO 3IeMeHTa IPHCBau-
BaeM HHAEKC, GOJIBIMA HH/IEKCA BRIXOAHOM BETHYMHBI [PEABIAYLIEro JJIEMEHTa
Ha 4YHCJIO, PAaBHOE CTENCHH NONHMHOMAa B 3HAMEHATelle NepeAaTOdHOH (yHKIUH
sneMeHTa. Hanpumep, eciy BBIXOgHAA BeIMYKHA BTOPOTO 3/eMeHTa 0603HaueHa
yepes X;, a 3HaMeHaTe/lb HepefRaTo4Hoid GyHKIIUY CIeIyIOmero 3a HUM JI€MeHTa
ABNIAETCA TIOJIMHOMOM BTOpPO¥ CTENeHH, TO BRIXOJHYIO BEJIHYMHY oDO3HaYaeM ye-
pe3 x4 (IOCKONBKY 2+2=4).

IIpoBeieHMe yKa3aHHOM HWHAEKCAllMd O3BOJIAET ONpPEENHTh KOJNMYECTBO
nuddepenManbHEIX YPABHEHHMN, KOTOpOE paBHO IOPAAKY cucTeMbl. s 3BeHnen
€ TNONMEOMOM 3HAMEHATENs NEePBOro NOpANKa WHICKC BXOMHOM BENWYWHE! paBeH
HMHIEKCY BBIXOJHOH BENW4YHHBI. Eci 3HaMeHaTells WMEET BTOPYIO CTeTleHb, TO
MHJIEKC BXOAHON BETMYHHEI Ha ¢IUHUITY MeHBIIE HHAEKCA BRIXOXHON BETMUMHBL.

CocraBUM ypaBHEHUsS COCTOSHHS IJI CHCTEMSEI, CTPYKTYPHAs cXeMa KOTO-
po# mpescTasiieda Ha puc. 6.1. BoigenuM Ha CTpyKTYpHOH cxeMe 3BeHbs, mepeaa-
TouHbIe QYHKIMM KOTOPBIX COAEpXaT B 3HaMeHarelle ollepaTop p, U 0603HauuM
BBIXOJHBIC U BXOJHBIC BEIWYMHBI TAKHX 3BEHHEB COOTBETCTBEHHO X H X, C 4Yd-
cloBBIME MHAeKCaMH. O003HaYeHdss BBIXOAHBIX M BXOAHBIX BENHYUH NPUBEACHBI
Ha puc. 6.1.

Ha ocHoBaHMM CTPYKTYpHOH CXeMBI ¥ TaOIUIBI COOTBETCTBHA IepeaaToy-
HBIX GyHKuMi 1 auddepeHnnanbHbIX YpaBHEHHH, IPHBEASHHON B IpMIL 3, 3amyi-
meM JudgepeHiianbHble ypaBHEHUs [EPBOTC NMOPAAKA U KaXAOTO THIIOBOTO
3BeHa:

( X = E-l('KzKﬂm ~X),

. -1
X, =17 (KyXes = x5),

 ws =Ty (2, —x3), (6.1)
Xy = T5_1(K5xax4 - X4),
\ x5 = xaxS'

OcobeHroCcTEIO CHCTEMBI ypaBHeHuil (6.1) SBIsgeTCS TO, YTO, TPETHE ypaB-
HEHHe 3aNMCaHO OTHOCHTENLHO (PUKTHBHOM NMEepeMEHHOH xj, a pealbHas BBIXOA-
Has BeminHa 3BeHA X3 ONIPeeIILETCA Yepe3 YpaBHEHHE CBA3Y:

T, T,
X, =K, [Lx ,+(1-L)x:]. 6.2
3 7[T2 ex3 ( Tz)X3] ( )
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HOﬂOGHaﬂ 3a0ACHh IPHMEHACTCH IJIA 3BCHBER, Y KOTOPBIX TIOPA[OK YUCITHTESA pa-
BEH MOPSAKY 3HAMEHATESI.

BBIpa3PIM BXOOHBIC BCIUYMUHBI 3BEHBEB Xgy; Hqe€pe3 BBIXOAHBIC BCJIHYHUHBI
3BE€HHEB U BHCIITHHUC BO3}IeﬁCTBHﬂ HEMIOCPEACTBEHHO M3 CprKTypHOﬁ CXEMBI:

Xexl = K](Us - x5)_ X3,

Xox2 =Xy

X3 =X, (6.3)

Xy =X, + K F,

Xys =Xy

IloncraBum ypasHenus (6.2) u (6.3) B (6.1) u monyyum cucremy gudde-
PEHLMANBHBIX YPaBHEHHUI NIEpBOro nopgaxa:

(X =T3"1[—x1 —K2K3K7T,T;1x2 —K2K3K7(1"T1T2—1)x3 -
~K,K,Kxs + K, K,KU, ],
< X) =7:,_1(K4x, -x3), (6.4)

x3=Ty (x,~x3),

=T (Ksx; = x, + KK F ),

\_Xs5 =Xq.
3anmnieM cucteMy (6.4) B BEKTOpHO-MAaTpH4HOM dopMe:

{x(t)zAx(t)+Bu(t),

y(t)=Cx(t)+Du(t), (6.5)

I'JIe MATPHUIB! ¥ BEKTOPBI MMEIOT CIeIYIOIHUI BH/T

[-17"  -K.KKTTIT K KKT(1-TT) 0 -KKKTI ]
KT/ -1 0 0 0
A=|0 T -1 0 0

0 KT/ 0 o 0
0 0 0 ] 0
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KK KT 0 ] 7
0 0 x;
B= 0 0 ;C=[pooo1); D=[o]; x=|x; ;y=x5;U=B3].
0 KK Ty! x4
0 0 s

INoncTaBuB 3Ha4deHHs napaMeTpoB cucrembl: K;=0.06; K,=15; K;=3;
K=3.5, Ks=15;5 Ks=2.2; K;=0.008; T)=1.25; T,=0.7; T3=0.2; T,=0.092;
T5=0.04, MOXyYAM YUCIICHHBIE 3HAUCHUA MATPHLL

-5 =326 141 0 —135

135 0

38.04 -1087 0 0 0 0 0

A= 0 143 -143 0 0 |;B=lo0 0
0 37.5 0 -25 0 0 825

0 0 0 1 0 0 0

Bgrenem HaiinenHnie Marpuipt B 610k cucremst Simulink Ha puc. 6.4 u 110-
JAyauM TIepeXOIHLIA Ipolecck! Mo ynparisiomeMy posfeiictsmo Us (BBoas nep-
BhIit cronben Matpus! B) (prc. 6.3,a) 1 Bo3MymatomeMy BozgeicTeuio F (BBoas
Bropo#i ctonben Marpuuel B) (puc. 6.3,6).

x=Ax+ Bu E

y=Cx+Du

Step Scope

Puc. 6.4
IepexoHkie MpOLECCH! ECTECTBEHHO COBIANAIOT C MPOLECCaMu, MONy4eH-
HEIMH B maparpade 6.1, Tak Kak COOTBETCTBYIOT OJHOM CHCTEME.

6.3. Pacuer 1orapHpMHYECKHX YACTOTHBIX XaPAKTEPHCTUK
B cucreme Matlab

IlpuMensa cucremy Matlab, Moxi0 GbicTpo ¥ 3h(PEKTHBHO paccuMTarh U

NIOCTPONTH JorapuMUIecKie YacTOTHBIE XapaKTEPUCTUKH MEXIy MOOBIMM TOY-
XaMy CTpYKTYpHOM CXEMEL,

IocenoBaTenbHOCTD ONIEpaNHil CrieMyroas.
OrkpriBaercs cucrema Simulink K mo cTpyxTYpHO# cxeMe cobupaercs Mo-
ACTb uCeneyeMol CHCTeMBI, TaK e KaK AJIf Ipollecca MOAETUPOBaHMs, a 3aTeM
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oTkpeiBaeTcs Bknanka: Tools/Linear analysis. B pesynprare TOABISETCS OKHO
«Model_Inputs_and_Quiputs» ¢ IByMs 31ieMEHTaMH (pHC. 6.5):

& s -

Input Point Puc. 6.5 Output Point

JTH JNEMEHTHI YCTAHABIMBAIOTCH B TOYKAX CTPYKTYPHOR CXEMBI, MEXTY
KOTOpBIMH TpeGyeTcs pacCyHTaTh JOrapuMHUYecKie YaCTOTHBIC XapaKTepHCTHKH,
IIpHYEM 3IEMEHTH! MOIYT YCTaHaB/IMBATLCH IIOBEPX YK€ HaHECEHHbIX JNMHHH CBA-
3.

Tossnserca oxdo: LTI Viewer, B OkHe OTKphIBaeTcsA BKIagka: Simulink/Get
Linearized Model u B pe3ynbTaTe B OKHE ITOSBIIsSeTCH Ipaduk mepexoaHoit GpyHK-
mun, Jlasee Haxumaem INPaBYIO KHOIKY MbIII M BeiGupaeM xoMaHpuwl: Plot
Type/Bode n noxyuaem JIAUYX u JIQUX.

Ipumep 6.2. B xadecTBe IpMMepa PacCMOTPHM IIOCTPOECHHE jlorapupmMuye-
CKHMX YaCTOTHBIX XapaKTCPHCTHK JUIS CHCTEMBI epeiaToqHas QyHKLHA, KOTOPOH
B Pa30MKHYTOM COCTOSIHHH HMEET BUI:

/4 (p):KH i . Ky . K

H p Iyp+1 T,ITMp2+TMp+1

ITapamerps! cucteMbl uMmeroT 3Haderus: Ty=0.02 ¢, Tg=0.13 ¢, Ty=0.32 ¢,
Kp=0.08, Ky=059, Kz=320, i=300.

Ha puc. 6.6 npuseneHa MateMaTudeckas MOJCHE CHCTEMB, PealM30BaHHAs
B cucreme Matlab, ¢ ycTaHOBIEHHBIMH 3TIEMEHTAMH «BXOI» U «BBIXO/N.

- 1 56 2 . 1 3
s "1 002s+1 00452 +0 325+1
Input Point Integrator ~ Transfer Fen Transfer Fcnl Cutput Pointt
Puc. 6.6

Ha puc. 6.7 uzobpaxensl norapagMudecKe 4acToIHEE XapaKTCPUCTHKH
CHCTEMEIL.

6.4. Hacrpoiika napamMeTpoB KOPPEKTHPYIOIIAX 3BEHLEB CHCTEMBI C
IpHMeHeHHeM ONTHMH3AUHOHHLIX METOLOB

CuHTe3 mapaMeTpoB KOPPEKTHPYIOIINX YCIPOHCTB M PEryIsTOPOB CHCTEM
ABTOMATHYECKOT'O peryMpOBaHHS MOXET GBITh BHUIONHEH C MPHMEHEHHEM OITH-
MM3aMOHHBIX nponeayp. IIpy 5ToM npennosnaraercs, 4TO CTPYKTYPHBIA CHHTE3
CHCTEMBI BBLIMOJIHEH, TO €CTh M3BECTEH BHJ NEpeaTOuHOM (YHKIMH KOPPEKTH-
PYIOLUETo 3BeHa WM perynaropa M TpebyeTcs HaliTU YUCTICHHbIC 3HAYEHHS Tlapa-
METpOB, YHOBIETBOPAIOLINE 3aJaHHBIM NOKa3aTenaM Kadecrsa. Heobxoqumo Tak-
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e OMpEAC/MTh HJIH 331aTbCA HAYaIbHBIMHM 3HAYCHHAMM TIapaMeTpPOB. Hponene-

g@e ONTUMH3AINN NTO3BONACT YIYYUUIHTE ITOKA3ATEIHN Ka4YeCcTBa paﬁOThI CHUCTCMbI

1
« o
P A ° m,un g
© =
...... ~ O 1
,,,,,, 2 B = .
...... [ ==
Q [~ =] nwwn
= R & .
...... ) w @Hp R
H § Zgs8 T3~
|||||||||| = [3Y Wam + +
w = eHa _ p+
5 S =3 F A
S ' o B 5 Q|| e
m Q 5 P o M~
s 3 2382 +1 %
=
g 2 8Bs& ~ %
Q ] = ~
51 S mea '
.............. =4 E 52 ~
~ Q © aoe
“, S E i ii o
L 9 2
: s § § 829 ~
: A~ m > o >
: g 9 WHW AR
‘ E & 9 >
| = N (SR, &~
' ) ¥ 58 »
m E z BEE m
T o S
: = 9 =
s ¥ BAg ¥
............. = i
Y 56 ~ ™~
i3 S9E |33
g CEE SIS
g ELE =
h S - : EE:
: : : p nMum &
| I ! - - %vﬂe
] = 23 2 2 2 < A B &
. = 8 8 =) D.m.
@) spraGon (Bop) s mK _
(3]
g2 B

Puc. 6.8
Hocrosmusie Bpemeru Ty=0.05 ¢; Tq=0.2 ¢; Ty=0.6 c.

1lapameTpsl CUCTEMBI PABHEL:
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KosdpuunenTs! ycunenns cucremst: Kp=0.0/B/zpad,; Ky=2138;
K7=200 zpao/B*c; i=100.
TlocTOSAHHBIE BpPEMEHH TMOCICIOBATEILHOIO KOPPEKTHPYIOLIEro 3BEHa!
7,=0.69 ¢, T,=0.005 c. llapamMeTpel NapaiNenbHOTO KOPPEKTHPYIOMETO 3BEHA!
Ti=4 ¢, T,=0.005 ¢, K1=0.00022.
BeinossaM Mo/IeJIMPOBaHKE HIpolieccoB B cucteMe Matlab. Ha puc. 6.9 n3o-
OpaxeHa cxeMa MOJIe/M, peald3oBanHas B cHcteMe Simulink. JIns MCKIFOYEHHAS
IHGdEpeHIMPYIOILCTO 3BeHa TOYKA CheMa CHTHAJA Ui NapaJulebHOrO KOPPEKTH-
pYIOLIEro 3BeHa TIEPEHECEHa Ha BXO)| 3BeHa ¢ NepeaaTouHoi GpyHKuuel //5.

_.F]

Scopet

0695+ 4778 i _E]__.EI
D 00055+ 1 0o5set | \Li2sZigsel]] e
Step Kn N(p) YeHnuTenb [Jeuratens Integratar| ~ Scope
4s+1
H  0.0055+1 | 'K
Sine Wave S
7(0) KTG
Puc. 6.9
Jlist aTOM CXeMbl pacCcUMTaHa IepexoaHas GyHKIHsA CUCTEMBIL, IPABEAEHHAsA
Ha puc. 6.10.
12 T T T T T T T 1
an T T —
1 —_— ]
/
/
98} 4
06k 1
G4 -
B2k f _1
o/ i
1, ¢
1 1 i 1 i L 1 L

02 ‘
0 02

o4

e

5e
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Tloka3arenu xadecTBa NEpexoaHoro npouecca paBHBIZ MepeperynampoBaHue
=10 %, Bpems perynnpoBaHus t,=1.2 ¢, 4TO He MpEBBILACT 3a[AaHHbIC 3HAUCHHSA
(maparpad 5.5).

Taxke paccunTaHa peakis CHCTEMbl Ha 3KBWBAIEHTHBI rapMOHHYECKUi
CHTHAN O3 = Oy Sin (@, t), AMeroIuii napamerps! o, =2402pao, w, =025 ¢,
KOTOpBIE OTIpe/ieNIenbl B Taparpage 5.5. Ha puc. 6.11 u306paxkeH CUrHa OMHOKH
CIIEXCHHUS, U3MEPCHHBIH IOCIC CyMMaTOopa.

3 T T T T T T T

€. roal

K 1 1 ] 1 1
QZD 130 140 150 160 170 180 130

Puc. 6.11
W3 puc. 6.11 cnemyer, 4To MakCHMaJibHash BEIWYMHA OLIMOKH CIIEXEHHS
paBHa 26 rpai, TO eCTh He IIpeBHIAT MaKCHMAJbHO HOHYCTHMMYHO OmubKy
€30r=2.6 Tpaj.
Taxum obpaszoM, IOKazaTeNy KadecTsa CHHTE3NPOBAHHOM CHCTEMBI YROBIIe-
TBOPSIOT 33/IaHUIO.

Onmumusayus npoyeccos 8 credsueli cucmeme

Mertoanl napaMeTpH4ecKoit onTrMHU3aLMHE CHCTEM aBTOMAaTHIECKOTO YIIPaB-
JeHUS N03BOJIIOT IIPOBECTH CHHETE3 CHCTEMBI B COOTBETCTBHH C 3aJIAHHBIM KpHTe-
pueM kavecTBa paboThi CMcTeMBl. [IpH 3TOM NMPOM3BOAUTCH LeJl€HAIpaBleHHbIR
HepeGop napaMeTPOB PETYJIATOPOB MK KOPPEKTHPYIOLIMX YCTPOUCTB IO HEKO [O-
poMmy anropur™My. ITpEMEHHTENbHO K CHCTEMaM aBTOMAaTHHYECKOIO YIpaBieHHS
UpexnonaracTcs, 9T0 CTPYKTYDHBINA CUHTE3 CHCTEME! BRINTOIHEH, TO €CTh H3BECTEH
BAX 11epeaTOUHON QYHKIHH KOPPEKTHPYIOLIECro 3BeHa HIH PeTYITopa M Tpedy-
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eTCs HaliTH YMCIeHHEIEe 3HAYEHHA TIapaMeTPOB, yIOBIETBOPSIOLIME 3JaHHBIM 110~
KasaTeNsiM kauecTBa. Heobxomumo takke onpenenuTs WM 3aJaThCs HadalbHEIMH
3HAYEeHHSMH N1apaMeTPOB, IpH KOTOPBIX CHCTeMa BYAET yeToHYHBa.

Iposenenne ONTUMH3aLMH IIO3BONISET YIYJIIHTE NOKA3aTENH KaYecTBa pa-
6O0TBI CHCTEMBI, TIONy4YEHHEIE B Pe3y/IbTaTe CHHTE3a, IPOBEIEHHOTO C JI0MyIIEeHHS-
MHU.

Jns pemenns 3a1a4uy npuMeHsercs naxket nporpamMm NCD, Bxosumit B cO-
cras Simulink. Jlna pelenns 3azasn ucnossyercs 6ok NCD Qutport, HAXOAA-
HIUHACH BO BKIIAAKE:

Library: Simulink / Blocksets&Toolboxes / NCD Blockset .

Bbrox NCD Outport noaxmodaeTcs K BEIXOAY CHCTEMbI, B pe3yiIbTaTe 110~
yd4aeM cxXeMy Ha puc. 6.12,

4276 1 [
P 1/5
0 055+1 0 125240 Bs+1 [ NCD
Step Kn YCUIUTENb JIBUraTenb Integrator OutPort 1
NCD Qutpart

TK s+1 j
T2 541

2Z(p) KIG

Puc. 6.12

B naHHOM Cily4ae KOHTPOIHPYEMBIM NapaMeTpOM SIBISIETCS TiepexofHas QyHK-
uua cucTeMsl. HacTpamsaeMbIMM (ONTHMHM3HDYEMEBIMIE) IapaMETPaMH SBISIOTCSH
I1apaMeTphl NapamienbHoro koppekTupyromero 3peHa Krr, Tk # T, (konwuectso
ONTHMH3HPYEMBIX NIAPAMETPOB MOXKET GBITH BHIGpPaHO M IPYTHM), 3 OrPaHHYCHUA,
HaKJIaJpIBacMEIe Ha Tiepexoanyto yrkmmo, 3anatorest B NCD Outport - 610ke.

ITycts 3a7aHbl [IOKa3aTell KavecTBa MEPEXOJHOIO MPOLECCa: NepeperynH-
poanue — 26 %; BpeMs perynupoBaHus — He Gonee 1.2 ¢ (Ipu BeMMYMHE 30HBI
5%).

Hanee HEO6XOAUMO BBITIONHATE CIIEAYIOIIHE 3TAIIEL.

1) 3aoanue ozpanuyenuii na nepexoduyto @yHxkyuo.

bonpnuM TOCTOMHETBOM paccCMaTpHBaEMOro IaKeTa ABAAETCA TO, YTO KPH-
Tepuil KayecTBa 3aJaeTCA BU3YATLHO IyTeM IIepeMeIieH A I'PaHHIl 30HE], B KOTO-
poil [I0JDKHA pACIIOIAraThesi repexonHas GyHKIHUS CHCTEMEI MOCIE 3aBepIIeHNs
poLiecca ONTHMU3ALIHH.

J{BOiHBIM HIETIKOM MBILIH OTKpoeM pabodee okno 6noxa NCD Outport. B
rpadyecKkoii yacTH OKHA MTOKA3aHbl [PAaHMIB! KOHTPOIHUPYEMOTO CHIHANA, yCTa-
HaBIHMBaeMble TI0 YMOM4YaHmo. OHYE 0OBIYHO HE COOTBETCTBYIOT 3aJaHMIO, II0ITO-
My H3MeHMM uX. JInd 3Toro, ucmonb3ys ykasaTelb MBIIH, EPEMECTHM BEPTH-
KaJlIbHBIE H TOPH3OHTAIbHAIE JIHHAN orpaHH4eHHi (3, 4, 5, 6) Ko NonoxeHwii, co-
OTBETCTBYIOLMX TpeboBanuam (puc. 6.13).
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TouHple 3HaYEHUs TPAHHUL MOXHO YCTaHOBHTB, UCNONB3YA BKIaaky: Edit /
Edit constraint, rii¢ MOXXHO YCTaHOBHTE YHCJICHHBIC 3HAUCHUS N1apaMETPOB.

INpu HeoGXOAMMOCTH 3Ha4YEHMs NapaMeTPOB MOXHO COXPAaHHTHL B ¢aiiie, a
py>XaTh €ro, HCIONb3YS BIJIAJAK m(naux lee B 6noxe NCD Outport.
g el A 3 SRS 55 IR SERLIH

3

Puc. 6.13

2) Bsoo napamempoe onmumuzayuu.

OrxpsiBaeM Bknaaky: Optimization / Parameters v B nepBo#t cTpoke BBO-
UM CUMBOJIbHBIE 0003HaUEeHHA ONTHMH3HpYeMbIX napametpoB (KTG T1 T2) ue-
pe3 npobe.

3) Beoo0 uucnennsix 3HAYEHUN NAPAMEMPOS ONMUMU3AYUYU 8 KOMAHOHOM

oxne Matlab

Bsenem B koMangHoM oxxe Matlab cnemyromue uncnenHbie 3naueHus, no-
JIyueHHble B pesynsTate cunresa: Tx=4 ¢, T,=0.005 ¢, K7~0.000!. Ilpu 3toM Ko-
sdduument nepenaun raxoreneparopa Krr M3MEHEH, YTOGBI NONTYUHTh HAYANbHYIO
KPHBYIO, BBIXO/IALIYIO 32 [PaHHI{bl BEIeeHHOMN 061acTH.

4) Onpedenenue euda nepexoOHO20 NPOYECCA MPU HAYAILHLIX 3HAYEHUAX
napamempos onmumuzayuu.

s aToro otkpeiBaeM Bkianky: Options / Initial response u nony4aeM Ha
3KpaHe xpuByo 6enoro nBeta (Ha puc. 6.13 kpusas 1). Kpusas 1 Bhixoaur 3a rpa-
HULB o6nacTH, clefoBaTENbHO, NEPEPEry;INpOBaHHE [PEBHINAECT 3afaHHOE 3Ha-
YeHue.
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5) IIpoyecc onmumuzayuu.

3anyckaercs HaXaTHeM KHomku Start. IIponecc onTHMH3AIMH 3aBEpIaeTCs
TIocIie TIOSBJIEHAS KPUBOH 3€TeHOro IIBeTa, KOTOpas paclioyaraeTcs BHYTPH Orpa-
HU4eHHOH obyiacty (Ha puc. 6.13 xpusas 2).

6) Honyuenue 3nauenusi ONMUMUIUDYEMBIX RADAMEMPOE

[Tocne 3aBepilieHHA Mpolecca ONTHMU3ALMH HEOOXO0INMO [IOTYYHTh HOBEIC
3HaYeHHs ONTHMMHM3UPYEMBIX apaMeTpoB, KOTOPhIE COOTBETCTBYIOT Kpuso¥ 2. Jlns
3TOro OTKphIBacTCA KoManHoe okHo Matlab 1 noouepesnno nabupaercs 3HaueHne
napametpa, HanpuMep K7G, u BaxuMmaeTcs xiaBuma Enter, 1ocie 3Toro B OKHE
NOABIIAETCS YUCIEHHOE 3HadeHMe IlapaMerpa. B pesyiprare onTUMM3anMU IOTY-
yensl 3HadeHus: K7G=0.00016, TK=4.004 ¢, T2=0.0066 ¢, koTOpble OTIHYAIOTCH
OT UCXOJHBIX.

U3 xpuBoit 2 crnegyer, 4TO MoOKasaTenM KadecTBa IEpeXOAHOro Ipolecca
GyZyT paBHBI: MepeperynupoBanue 0=23 %, Bpems perymupoBanus  1,=0.67 c,
9TO He MpeBBIIaeT 3aJaHHble 3HaYeHns. CpaBHUBas KpHBYIO 2 Ha puc. 6.13 u ne-
pexonHyio GyHEKIuio Ha puc. 6.11 BUHO, UTO BeNMUUUHA HepeperynupoBaHus BO3-
pocita, a BpeMs peryJINpOBaHHs CYIMEeCTBEHHO YMEHbIIMIIOCE.

6.4.2. OnTUMH3aIUA CHCTEMEL C
NPONOPLHOHATIBHO-HHTEIPAITBHO- (D EPEHINATHHEIM PETyISTOPOM

B NpoMBIIIEHHBIX CHCTEMAX ABTOMATHUYECKOTO YIPaBJICHHS IIHPOKO NpH-
MEHSIIOTCA THIIOBBIC IPOIOPUHOHAIBHO-HHTErpaTbHO-I1bPpepeHIHaNbHbIE  HIH
[T I-3aKOHB! peryaupoBaHus, KOTOpble CPABHUTEILHO NPOCTEl M ABJIOTCA THIIO-
BEIMH, HO 00eCIIeYnBalOT TpeOyeMbIc TEXHIYECKIE XapaKTEPHCTUKH Tporecca pe-
rysavpoBaHus. Takue 3aKOHBI perylIHpOBaHHs YacTO Peanu3yloTCHd B POMBIIIEH-
HBIX KOHTPOJUIEpaXx.

IlepenaTouHas QYHKIUMSA aHANIOMOBOrO MPOINOPLHOHANBHO-HHTEIPAILHO-
It depeHIIHaNBHOTO peTysiTopa HMEET B

W(p)=£(£—)-=K(]+—£—+TDP),
X(p) Tip

rie Ulp) — BEIXORHASA BeIMYMHA perynaropa; X(p) — BXOJHAaA BEJHUMHA PErylsTo-
pa; K — xoadduuneHT nepenaun perynsrtopa; I; — NOCTOSHHASA BpeMEHH HHTe-
rpajikHOM cocTaBnsromei; Tp — MOcTOsSHHAA BpeMeHH AuddepeHIHalbHOl  co-
CTaBJIAIOIEH.

W3 TIN/I- perynstopa MOXKHO NMONYYHTh YaCTHBIE CIyJad TUIIOB PETynsTo-
pa, KOTOPBIE TAKXE YaCTO BCTPEYAIOTCH B PEATIBHBIX cucreMax.

B cucreme Matlab nepenarounas ¢dyukuus ITM]I-perymsaropa npeacrabieHa
B BHJIC
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Us) _pilyps,
X(s) s
roe P, I, D — nponopliMoHansHas, HHTeTpanbHas U JuddepeHnranpHas cocTas-

nsrornde [TU/1- 3akoHa peryaMpoBaHus.
Bnox PID-peryisitopa B cucreMe Matlab Haxogutces Bo BKIIQJIKe:

Library: Simulink / Block sets & Toolboxes /Simulink Extras / Additional
Linear.

W(s)=

Modenv cucmemul

PaccmoTpuM cucTeMy perylMpoBaHHS TeMIepaTyphl EperpeToro napa na-
pOTEHEPATOpa JNEKTPOCTAHIINH, B KOTOPOH 0OBEKTOM pEryTHpOBaHMS SBIAETCA
BIPBICKHBAOLIHI NIapooxnaauTens (puc. 6.14).

B obwexTe perynupoBanus pezyrupyioujum BO3LeHCTBHEM ABIAETCS HU3Me-
HeHHe DacXofia BOIb! Ha BIPHICKMBAIOMMH TapoOXIaUTENb, KOTOPOE OCYIECTB-
nseTcs IepeMellCHIEM KlaraHa Ha BIPBICKE, 8 603MYWAOWUMY BO3REHCTBHAMMU:
U3MeHeHHe Harpysku 6110ka, W3MEHeHMe TeIIOBBIAENEHMS B TOIKE, U3MEHEHHE
JHaBJICHUS OXJIAX/IAIOIIEH BOIBI U T.1.

ll'[ap
Pacxon y
Bogel | Tlapooxnanu- Iapomneper- lap x Typbune
g TENb peBaTens — >
Perynupyemas

BeJMYHHA - t,
Puc. 6.14 fpad

B pesynpTare annpoxcuMalUy 3KCTIEpHMEHTATEHOR NepexoHoN XapakTe-
pucTury o6bekta (610K 300 MBT ¢ rasomasyTHeiM KomiioM ITK-41), koTopas xa-
paKTepu3yeT H3MEHEHUE TeMIIepaTyps! I1apa 3a HapoleperpeBarelieM Ipyu u3MeHe-
HH¥ pacXoja BOAB! Ha BIIPEICK, IIONy4eHa nepenaTodHas QyHkius obbexTa pery-

JHPOBAHHA
3.32

Wip)= —— .
(5Sp+1)(22p+1)(22p+1)(22p+1)
Ecun B KadecTBe perynaropa npuMmensercs 1TAI-peryasTop, 10 CTpyKTyp-
Hasi CXeMa CHCTEMBI PETYIMpOBaHMs IPUHUMAET BK| Ha pHC. 6.15.

X - 3.32 Y{p)
perynsTop (S5p+1)(22p+1)(22p+1)(22p+1)

Puc. 6.15
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Hacmpoixa napamempos ITH][-pezyramopa

B ofmeM ciydyae Mus OIpPEAENeHUs] HACTPOCK peryisropa HeoOXOauMoO
IPOBOUTE CHHTE3 IApaMETPOB PeryiaTopa, Hamp¥Mep, METONOM Jorapumuye-
CKHMX JaCTOTHBIX Xapakrepuctuk. Ho ¢ yueToM panbHe#inero mpHMeHEHHS ONTH-
MH3aIMOHHEIX METOIOB, MOXKHO BOCIOJIB3OBAaThCH 6oONee MNPOCTHIM alroOpHTMOM
onpexeneHus napamerpoB IIMJI-perynaropa s onpeencHus Ha4alsHBIX 3HAde-
HUii napameTpos onrEMum3anmd [5]. Tlapamerpsr perymatopa ompemensioTcs B
CIeIONIEe TOCeA0BATEIBHOCTH, IPHMEHAS MOJICTHpOBaHHe B cucreme Matlab:

1. Kosddurments! perymstopa /, D ycraHasnWBarOTCH paBHbIMU HYIO, &
kooQpHIHCHT P yBeIHYNBAeTCS X0 TEX HOD, [IOKa CHCTEMA He OKKETCA HA IDa-
HMIle YCTOHYMBOCTH, TO €CTh B Helt OyiyT CyllecTBOBAThH KoJle6aHus C IIOCTOSHHOM
ammuTyRoit. KospduuuenT P MOKHO onpeleluTs MeTOJ0M oaGopa Wil JUist yc-
KOPEHHS HPOIecca METOIOM HOJIOBUHHOTO AEICHUS.

2. HaiinenHoe B myskTe 1 3HaveHne obo3HauaeTcs xak Pxp (TO eCTh KPHTH-
YecKoe), a epro aBToKoneOanuit - kak Tkp.

3. PaccuuTHIBalOTCA 3HAYEeHUT KOO QPUIHEHTOB peryiIsTopa:

p3Pe. ;6P p_3PeTe
5 ST 40

Hcnons3ys cxeMy Ha pHc. 6.16 ¥ NOCTENEHHO YBEIMUYMBas BeNWYUHY P,
BEIBOAMM CHCTEMY Ha IPaHHIy YCTOWYHBOCTH M HaXOMUM 3Ha4eHHS HEepEMEeHHBIX

Pyp=1.44; Txp=160.

PID Controller ODbeKT ynaBnent & Scope |
332 1 1 1
— » — > — >
Step 55541 225+1 225+1 225+ NCD
Sum Transfer Fcnt Transfer Fcn2 Transfer Fen3  Transfer Fend 2
NCD Outport
Puc. 6.16
Haree onpenennM 3sHadeHUs IapaMeTPOB peryuiaTopa:
3P, 3-1.44 6P, 6-1.44
P=""K == =084, ="K - """ =001
b) 5 STyp 5-160
3P, -1.44.160
D= KPTKP=3 1.44-16 ~ 168
40 40

BeeneM HaiijieHHBIe 3HaYeHMs mapaMeTpoB B 610k PID-perynsropa H nio-
Ty4HM KPHBYIO TIEpeXoaHOro mponecca Ha puc. 6.17. Tlepexonnas GyHKuUS ume-
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eT CIIe/lyIolINe MOKa3aTeNu KauecTBa: [epeperyIMpoBanne paBHo 44 %, a BpeMs
peryJMpoBaHus coctasnset 260 c.

15— T , T T y T I

a5

i i i |
0 50 100 150 200 250 300 350 400
Puc. 6.17

Hacmpoiixa napamempoe PID-pezynamopa c npumeHeHuem onmumusayuoH-
HbIX MEMoO08

PaccMOTpHM NMapaMeTpU4ecKy0 ONTHMM3ALMIO CHCTEMBI ABTOMATHYECKOTO
perynnpoBaHus, IpUBEAcHHON Ha pHc. 6.15.

Meroauxa onTUMHE3aMK coOTBETCTBYeT naparpady 6.4.1. biox NCD
Outport noxxIOYaeTCs X BEIXOLY CHCTEMEI, B pe3yibTaTe HOJydaeM cXeMy Ha
puc. 6.16.

B paHHOM ciiydae KOHTPOIHMpYEMbIM [apaMeTpoM ABIAETCA [EPEXOJHAs
$yrxuns cucremsl. HacTpanBaeMsIMH (ONTHUME3HPYEMBIMH) [IAPAMETPaMH SBIIS-
IoTcs mapametpel P, I, D PID-pezynamopa, a orpaHuveHMs, HAKIIa[BIBAEMBIE Ha
nepexoHyio ¢yHKIuHIo, 3agaotcs B NCD Outport - Gnoke.

3a1aHbI TOKa3aTeIM KauyecTBa ePEXOIHOrO IPOIIecca:
nepeperynmuposasue — 20 %;

Bpems HapacTaHus — He Gonee 75 c;
BpeMsi peryupoBanHus — He 6onee 120 ¢ (1pu BenuuwHe 30HBI -- 5%).


star
Карандаш


92
3adanue ozpanudenuii Ha nepexoOHYI0 QYHKYUWIo

JIBOMHBIM IEITYKOM MBILIIH OTKpoeM pafouee okro 6iroka NCD Qutport.
Hcnons3ys yxasarelsib MBILIH, IEPEMECTUM BEPTHKAILHBIE U TOPU3OHTAIBHbIE IH-
HMH OrpaHHuyeHHH NO NONOKEHNH, COOTBETCTBYIOINX TpeboBaHusIM (puc. 6.18).

Beod napamempog onmumuzayuu

OtxpripaeM Bknanxy: Optimization / Parameters w B NepBOH CTpOXe BBO-
MM CHMBOJIBHEIC 0603Ha4YeHHs ONMTHMHU3MPYeMBIX napamerpos ( P I D) 4epes
npoGen. CaMBONbHbIC 0003HaueHUS NapaMeTPOR ONTHMH3ALMH JOIKHBI OBITh
BBeIcHB! TakKe B Giiok PID-perynstopa.

Bs00 uucnennvix 3nauenuti napamMempos OnMuUMUIAYUY 8 KOMAHOHOM OKHE
Matlab
BBeneM uMceHHbIE 3HAUEHHS TapaMEeTPOB PeryJsTopa, onpe/eneHHLIe pa-
Hee, B KoMaugHOM okHe P=0.84; [=0.01; D=16.8.

Onpedenenue 8uoa nepexooH020 NPOYECCa NPU HAYANbHLIX IHAYEHUSX Na-
pamempog onmumu3ayuy

Jns atoro oTkpeiBaeM Bkaanky: Options / Initial response u nony4aem Ha
3KpaHe kpuBylo Gesoro useta (Ha puc. 6.18 kpupas 1).

Puc. 6.18
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Hpouecc onmumuzayuu

3ammyckaercs HaxaTHeM KHoIKH Start. [Ipouecc ONTHMH3AIMH 3aBepIIAeTCs
gocie TIOSBIEHHS Ha JKpaHe KPHBOM 3eEHOr0 1BETa, KOTOpas paclojiaraercs
BHYTDH orpaHudeHHoi obnacra (Ha puc. 6.18 xpupas 2).

IMapamerps! HacTpoitkn PID-perynstopa mocie 3aBepliieBMs nponecca oOfl-
THUMH3AIMH MOXKHO CYMTATh B KOMAHIHOM OKHE, HaGupas mociegoBatenbto P, I u
D u maxxumasn xnasuury Enter. B pesyneTarte nomydeHsl 3Ha9eHHS:

P=1.22; 1=0.0066, D=39.25.

W3 xpuBoii 2 cremyer, 4TO MOKa3aTeNd Ka4ecTBa PeryJIHPOBAaHHA CYLIECT-
BEHHO YITyQIITHIIHCH MO CPAaBHEHMIO C KPHBOW 1: mepeperyiMpoBaHHE COCTABISIET
10 % BMmecTO 44 %, a BpeMs perynupoBanus yMeHsaminocs ¢ 260 ¢ no 120 c.

Bbubnuorpapudeckuii cmucox

1. Conongosuuxos, B.B. Teopus aBToMarmdyeckoro ynpaBjleHUs TeXHHte-
ckumH cucremamu: Ydeb. nocobue / B.B. Conomosuuxor, B.H. ITioraukos, A.B.
Axosnes. M.: Hzn-so MI'TVY, 1993. 492 c.

2. becexepckuil, B.A. Teopus cucTeM aBTOMAaTHYECKOrO YIpaBICHUS:
Yap.4-e, nepepab. u momn. / B.A. Becexepckuit, E.I1 Ilonos. CII6- U3n-Bo «Ilpo-
deccusn, 2003. 752 c.

3. PykoBOACTBO IO NPOEKTHPOBAHHUIO CHCTEM aBTOMATHYECKOro yupasle-
Hus / [lox pen. B.A Becexepcexoro. M.: Bricmas mkoma, 1983, 310 c.

4. C60pHHK 3a/iad [I0 TEOPHH aBTOMATHYECKOTO YTIPaBIECHUS M PEryiupo-
panui / Iloj pen. B.A.Becexkepckoro M.: Hayka, 1978. 510 c.

5. Hesaxonos, B. MATLAB. Ananus, uaeHTHHKANHS H MOAEIHpPOBaHNHE
cucreM. Crienmanpeii cnpaBourux. / B. [Ipaxonos, B. Kpyrnos. CII6: IluTep,
2002. 448 ¢.
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TIpunoxennue 1
Hecxoannie 1aHHbIE

IapameTph! Hen3MEHREMOIi YacTH IToka3aTenn KagecTB2

Ne CHCTEMBI ynpas.eHust

Ba-

pu- | Ky Ky i Ty | Tx | Ta| &oom tr O | Dy | P i
ap- | B rpag c ¢ | c|rpax | ¢ % |rpaa Ipaa
Ta | rpan B¢ [ c
1 25 25 50 10
2 0,01 100 2,6 26 60 15
3 200 0,05 | 0,6 | 0,2 2,7 27 70 20
4 2,8 28 | 80 25
5 0,02 110 2,9 29 90 30
6 3 30 100 35
7 2,5 25 50 10
8 0,03 120 2,6 26 60 15
9 240 0,04 | 0,5 |06} 27 27 | 70 | 20
10 2,8 28 80 25
11 0,04 140 2,9 29 90 30
12 3 30 100 35
13 25 25 50 10
14 | 0,05 160 2,6 26 | 60 15
15 280 0,03 | 0,4 |0,15| 2,7 27 70 20
16 2,8 28 80 25
17 0,06 200 8,9 1,2 29 90 30
18 3 30 100 35
19 2,5 25 50 10
20 | 0,07 250 2,6 26 | 60 15
21 320 0,02 | 03 |03} 27 27 70 20
22 28 28 80 25
23 0,08 300 29 29 90 30
24 3 30 100 35
25 2,5 25 50 10
26 0,09 500 2,6 26 60 15
27 360 0,01 | 0,2 | 0,1 2,7 27 70 20
28 2,8 28 80 25
29 0,1 100 29 29 90 30
30 3 30 | 100 35
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ITpunoxenue 2

MHWHUCTEPCTBO OBPA30OBAHUA U HAVKHU PO

KPACHOSIPCKHI TOCY IAPCTBEHHBIN
TEXHUYECKUN YHUBEPCUTET

Kagenpa PuTK

IIOJACHUTEJIBHAS 3AIIMCKA

K Kypcogou pabome no meopuu
aemomMamudecKo20 ynpaeneHus
«Cunre3 cnepsmedl CHCTEMbl IPOMBILIUIEHHOTO po6oTan

Buinoanun cmyoenm
zpynner OM 30 -1
Bamenxo B. C.

Pykogooumens
Tlerpos A. Tl

Kpacrnospcek , 2005 r.
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Ilpunoxenne 3

Ilepenarounas DKBUBaNECHTHAs Juddeperunansroe
GyHKIHA 3BeHA CTPYKTYpHas cxema YDaBHEHHE
k X 1
e X, X X x= kx
p =k - > ox
Kl b
k Yor gl 1] 5= 2k - %)
Tp+1 — P
bo i'=ay (x, —a;x')
bop +b; Xex JBIEA RN VpaBHeHHeE CBA3H
L — — b
agp+a; _ ap D ! bo
x=-Lyx +
aj ay
b,a
+(b, - 2071 )x!
i

bop” +byp +by
aopz +ayp+ay

-
X =ay (X —ayx, ~
—axX2),

» | Ypasuenue cBsa3u
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Ipunoxenne 4

CxeMbl THIIOBBIX KOPPEKTHPYIOMUX YCTPOHCTB

I3+T, =T+ T,+ R,C,

TleperaTounas JlorapuMu4€eCKHe GaCTOTHBIC
Cxema GyHaK1mus XapaKTEPUCTHKH
o] Wp)=r2— AL LR
Ip+1 7 90
C P~
w R w T =RC .
[
L
T! ! 3
R, w(p) =K+l e (K—T) ------- S~
C KTp+1 _//\j\
u Ry w T=R,C ®
__ R L
- R, +R,
T KT)" A
R, W(p)= Ip+l ! KT 9
KTp +1 j
= d —
. ko RitR e N -90
o—=T .5 R, !
Tip+1)(T,p+1
W(p)=;T1p+1j;T21 +1j L 1 -1 1
3P yi4 ‘} T3 T] Tz '[“4 , (QPD‘}
I,=RC, T,=RGC T 1
LT, =TT, ‘DB/E/\ (o

Us(p)_ g

a7y
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[ = NV NN SN R

~
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