«OCcHO8bL asmomamu3auuu
MEXHO02UUECKUX
npoueccoe Hegmezaz06020
npouU36800CMEa»




1. BBegeHue B AUCLUUNINHY

Paspenbl ancuynnuHbl

1.06WME CBEOEHVA OB ABTOMATUYECKOM YTPABJITIEHN NMPOU3BOACTBEHHBLIMA
NMPOLECCAMU, KNACCUNDOUKALIMA CUCTEM ABTOMATUHECKOTIO PETYIIMPOBAHWUA (CAP)

2.METPOJIOMMYECKME XAPAKTEPUCTUKN TEXHUYECKUNX N3MEPEHUI
3.9JIEKTPUHECKHME OATHMKUN MEXAHUYECKMX BEJTMYNH

4 METOObI N CPEACTBA NBMEPEHUA OCHOBHbIX TEXHOJIOIM'MYECKNX NMAPAMETPOB
5.METOAbI N CPEOCTBA NSMEPEHNA BUBPALIA

6.M"BMEPEHMUE ®UN3NKO-XMMNYECKMX CBONCTB XXNOKOCTEWN 1 FA30B

7.PENENHBLIE SNEMEHTHI

8. MEPEOAYA NHOOPMALINN B CUCTEMAX ABTOMATU3ALNU

9. MMKPOTIPOLECCOPbI



1. BBegeHue B AUCLUUNINHY

PacnpeneneHne 6annos no Bngam y4ebHbIX 3aHATUIN
6 cemecTp
INexkunn 9 3aHaTum (18 vyacos) x 2 6anna = 18 6annos
M3 — 2 3aHaTusa (8 yacos) x 10 6annos = 20 6annos
JIP — 4 3aHaTtusa (16 wacos) x 10 6bannos. = 40 6annos
pedepart - 2 banna
Oud. 3avet — 20 6annos Bcero 100 6annos

CooTBeTcTBME NATUDANBHOW LUKasbI KOJIN4HECTBY H86paHHbIX oannos

«5» 91-100
«4» 78-90
«3» 61-77

YyebHo-meToam4yeckne matepumansl No ANCUUNIMHE pa3MeLLIEHbI NO aapecy:
https://cloud.mail.ru/public/LjioP/Q8UypniYf




Jlekumnsa 1.
«ObWWME CBEAEHUA Ob ABTOMATUYHECKOM
YIPABJIEHUN TTPON3BOACTBEHHLIMA INMPOLECCAMMWN,

KMACCUOUKALMA CUCTEM ABTOMATUYECKOIO
PEMYIMPOBAHUSA (CAP)»

1.1. OcHOBHBIEC MOHATHUS U ONPEIEJCHUA TCOPUH ABTOMATHYECKOI0
peryJiMpoBaHus

1.2. Ilepenarounbie PyHKUUMN JUHEHHON cUcTeMbl. CTPYKTYpPHbIE CXeMBbI U
UX Npeodpa3oBaHuA

1.3. Craruka cucreM aBTOMATHYECKOI0 PeryJupoOBaHus

1.4. IlonsaiTHEe 00 YCTOMYHUBOCTU CUCTEM ABTOMATHYECKOI0 PeryJIUpPOBaHUA



1. OCHOBHbIE NOHATUA U onpeAeneHusl TeOpMu aBTOMaTU4YeCKoro
perynmpoBaHus

COBOKYITHOCTb OTIepalidi 4151 MycKa, OCTAaHOBKM TpolLiecca, MOAAepKaHUs
MOCTOSIHCTBA TOKAa3aTesIed MpoLecca Uik U3MEHEHHUS UX IO 33IJaHHOMY 3aKOHY
Ha3bIBACTCS YHPAGTICHUCM.

YcTpolicTBO, OCYIIECTRISIONICE TEXHOJIOTHUESCKUM MPOoLIecC, TOKa3aTeIh KOTOPOTro
HY>KHO YMPaBJsTh WM PETryJIUPOBaTh, HA3bIBACTCS 00bEKMOM YRPAGICHUA, U
YRpasisieMolM 00beKmOoM.

TexHudeckoe ycTpONMCTBO, OCYIIECCTBIISIONICE YIIPABJICHUE B COOTBETCTBUU C
nporpaMMoii  (aIrOpUTMOM), HA3bIBACTCS  AGMIOMAMUUECKUM  YAPAGIAIOULUM
yCmpOoUuUCmeom.

COBOKYIIHOCTh O0OBbEKTA YIPABJICHUS U YIIPABIISIONICTO YCTPOMCTBA HA3bIBACTCS
cucmemoit asmomamuueckozo ynpaeienus (CAY).



1. OCHOBHbIE NOHATUA U onpeAeneHusl TeOpMu aBTOMaTU4YeCKoro
perynmpoBaHus

PaccMoTpuM TipuMEp peryaUpOBaHUA MO 3aMKHYTOMY IIUKIY € KOHTPOJEM
pesynprara — pacxoxa (J). Ha puc. 1.1 npuBencHa CTpyKTypHaAs cxXeMa peryiaropa
(crabunmuzaTtopa) pacxoda MOPOMBIBOYHOM skuakoctu (). 3mech pacxox ()
KOHTPOJIUPYCTCS AaTaukoM pacxoxa JP. 3amatamkom 3 mocpeacTBOM PeryHpPOBKH
HanpspkeHus U.,,, ycTaHaBmuBaeTcs Tpebyembrii pacxoa Q. Hactora o6opoTos Bana
aBHUrateys # (crnexoBaTeapHO U pacxon Q) ompeaenseTcs Harpy3KOH B HATPSIKCHUCM
U}, KOTOpOE 3aBUCHT OT 3HaucHUA AU.

AU = U3ad - Uocl:
rie U,.1— HanpshkeHne Ha BeIxojie garauka (U,), IponoplHoHalIbHOE pacXoay (J, W Ha3bIBaeTCs
HaIIpAXKCHHUEM O6paTHOI>JI cBsI3u. U »Ta ¢BI3b B JAaHHOM CJIy4dac OTpHUIAaTCIIbHAAd (yCJIOBHO
o0o03HavaeTCs 3aKpallIuBaHHUCM CGKTOpa)Z YMCHBIIACT 3HAYCHHC U 2a0- HpI/I OTKJIOHCHHWH 110 KaKUM

100 IIPUYHUHaM pacxoga Q OT 3aJaHHOTO 3HAUCHIA H3MCIHCTCA U U, ocl, UTO IIPUBOJUT K
HU3MCHCHHUIO 72 1 TCM CaMbIM K BOCCTaHOBJICHHIO pacxojJa Q .
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Puc. 1.1. Cmpykmypuas cxema u agmomamuieckozo pe2yusmopa
(cmabunuzamopa) pacxooa NPoOMuvI8OUHOU HCUOKOCHIU.
3 — 3a0amuuk, Y— ycunumens, 1I'— cenepamop, /[ — osueamenv, bH — 6ypoesoii
Hacoc, J[P — oamyuk pacxooa (36ero oopamuoii cessu), () — npoussooumebHOCHb
Hacoca (WHMEHCUBHOCHb NPOMBIGKL)



1. OCHOBHbIE NOHATUA U onpeAeneHusl TeOpMu aBTOMaTU4YeCKoro
perynmpoBaHus

ABTOMATUYECKOE NMOAAECPKAHKUE 3aTAHHOTO 3aKOHA U3MEHEHHUSI MTOKA3aTeei mpouecca ¢
MOMOIIBI0 OOPaTHOM CBS3U HA3bIBACTCS AGHIOMAMUYECKUM pezyauposanuem. B
PacCMOTPEHHOM MpUMEPE OJUH nokazarelsib — Q. 1 OH Ha3bIBaCTCsA peyiupyemoun 6eTuduUHOu.

aBTOMATUYECKOE yCTPOUCTBO, OCYLIECTBJIAIOLIEE aBTOMAaTUYECKOE
pPeryJIMPOBAaHUE, HA3BIBACTCS A6HIOMAMUUECKUM PeCY/IAMOPOM.

B cBowo ouepedab, yOpaBIsIeMbI PEryJIsiTOPOM OOBEKT, Ha3bIBAETCS
pezyiupyemovim 00beKmom.

COBOKYITHOCTb PEryJupyeMoro OOBeKTa W aBTOMATUYECKOTO peryjsTopa
COCTABIISIFOT CUCHeEMY asmomamuieckozo pezyiuposarnus (CAP).

llo @ynkyuonanvnomy HazHauenul0 aBTOMATUYECKHUE CHUCTEMbl MOTYT OBITh
MOJApa3AeJieHbl Ha Pa3OMKHYTbIE CHUCTEMBl aBTOMATHYECKOIO  YIPaBJICHUS,
3aMKHYTBIE CUCTEMBbI ABTOMAaTUYECKOIO YIPABJIEHUS U CUCTEMBbI aBTOMATHYECKOI'O
KOHTPOJISL.



1. OCHOBHbIE NOHATUA U onpeAeneHusl TeOpMu aBTOMaTU4YeCKoro
perynmpoBaHus

1. Ipumep. CxemMa cTabwinzaropa TOKa HaKajla JIEKTPOHHBIX J1aMil (pyuc.1.2) —
PETYIUPOBAHUE 110 PA3OMKHYTOMY IIMKILY.
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Puc.1.2. Dnexmpuueckas cxema cmaounuzamopa mokxa (a)
U HelUHelHas  xapaxmepucmuxa oapemmepa (0):
b — oapemmep, IJI — snexmponnvle 1amnul

Ho,u)lepma}me ITOCTOAHCTBA TOKa HaKalla IH ITPOUCXOJUT oe3 YUHACTIIA
oIIcpaTopa, T.¢. KOHTPOJIA HET.



1. OCHOBHbIE NOHATUA U onpeAeneHusl TeOpMu aBTOMaTU4YeCKoro
perynmpoBaHus

2. Ilpumep cHUCTEMBl PYUYHOTO PETYIHPOBaHWS YacTOTHI BpallleHWS  Baja
SIEKTPUYECKOTO ABUTaTes (puc.1.3).

Faset,

Puc. 1.3. Dnexmpuuecxkasn cxema pyuHo2o pezyiuposaniis 4acmombl
spaujenus 8aua 08UAMEN.
I — eenepamop, OBI" — obomomxka 6030yoicoenusn 2enepamopa, B/ —
gcnomoamenvuslil  osueamenv, /I — oOsucamenv, OBJ[ — obmomxka
8030yorcoenua osueamens, 11 — maxocenepamop, V — sonvmmemp, P —
peocmam.




1.

OCHOBHbIE NMOHATUA U onpepgesrieHnsa TeopmMn aBToMaTnN4eCKoro

perynupoBaHus

1.1.1. llpuHyunbI pe2ynupoesaHusi

PasnuyatoT cneayrolme OCHOBHbIE NPUHLUMBI PEFYNIMPOBAHUS:

MO OTKIOHEHWUIO;
MO BO3MYLLEHMIO;
KOMMeHcaunu;
KOMOUHMPOBaHHbIN

Ha puc.1.4 npuBegeHa cxema aBTOMaTUYECKOro perynmpoBaHus
(cTabunusayum) 4actoTbl 060POTOB Bana ABuratens ¢ UCNofNb30BaHMEM
OOHOrO AaTyuka (TaxoreHepatopa) KOHTPOrSt OTKNOHEHNS YacToTbl
060pOTOB OT 3a4aHHOMO 3HAYEHWUS.
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Puc.1.4. ITpeobpazoeaHie CXemst pYUHO20 Pe2yiipo6aHis &
GEMOMAIMULECKYIO CUCIMEMY PEYIUPO8AHUS Yacmomst 0b0pomos eand



1. OCHOBHbIe NOHATUA U onpeaerieHNs TeOpUU aBTOMaTU4YeCKoro
perynupoBaHus

1.1.1. lNpuHyunesI peaynuposaHusi

ITpyHMT peryivpoBaHUs, KOTOPBIM 3aJIOKEH B PAaCCMOTPEHHOM CXEMeE,
1a3bIBACTCS MPUHUUNOM PeZY/IUPOSAHUA RO OMKTIOHEeHUI0. CUCTEMBI, BBITIOJTHEHHBIE
10 DTOMY HPHHIMITY, BCEra CoJiepsKaT OoOpaTHYIO CBi3b, T. €. padoTaroT Mo
3AMKHY TOMY ITHKITY.

Cucmemoil aemomamuiecKozo Ppecy/iupoeanusl no OmMK/IOHEHUI0 HAa3bIBACTCA TaKas CHUCTEMaA, IIPHU

padoTe KOTOPOi N3MePSAEeTCs OTKIIOHEHHUE PETYJIMPYEMON BEJIMYUHBI OT 3aaHHOTO 3HAYEHUS U B

dbyHKOIUM OT 3HAYEHMS OTKJIOHEHUS BRIPAOATHIBASTCS TAKOE PETYINPYIONIEe BO3ASUCTBUE, KOTOPOE
CBOJIMT ITO OTKJIOHEHHE K MUHUMYMY .



1.

OCHOBHbIe NOHATUA U onpeaerieHNs TeOpUn aBTOMaTU4YeCKoro
perynupoBaHus

1.1.1. lNpuHyunesI peaynuposaHus

Ha puc. 1.5 nmpejcrapieHa cxemMa reHepaTtopa MOCTOSHHOTO ToKa K MOSCHEHHIO
IpUHIIMIIA  PETYJUPOBaHUS 1O  BO3MYINEHHIO  (reHepaTop  paboTaeT  Ha
I3MEHSIIONTYIOCS Harpy3ky R). PerynupyemMoit BennuuHoM siisercs Hanpsbkenue U.
2JIC reHepaTopa mpornoplyoHalibHa MOTOKY Bo30yxkaeHUs P E. = &k &,

CuutaeM, 4TO U3MEHEHUE HAMPSKEHUS Ha 3aKMMax reHepaTopa 0OyCIOBICHO
TOJILKO BHYTPEHHUM COIIPOTHBIICHUEM SIKOPHOM 1IETIH:

U=E-I,R, (1.1)
E=U+1,R,=I,R,+1,R,=1,R,+R,) (1.2)

. {% U [R,
. &

Puc.1.5. [Ipunyunuaneras cxema pe2yiamopa, UCNOoNb3YIoueco NPUHYUN pecyiuposaniis no
B03MYU{EHUIO




1.

OCHOBHbIe NOHATUA U onpeaerieHNs TeOpUn aBTOMaTU4YeCKoro
perynupoBaHus

1.1.1. lNpuHyunesI peaynuposaHus

Heo0xommmo, 9T00kI 1pyu U3MeHEHUH Toka /, Hanpsxkenue U = U, = const. Jlja

3TOTO JIOJZKHO OBITH BBIIIOJIHEHO YCIOBUE
E=U,+4E=U,+ LR, =k (D,, +4D,),
T.e. AE U3MEHseTCs 3a CUET
O, U,=k D, uldd,= (Rak)l,=cl,

T. €. U3MEHCHUE PEryJUpyeMOr BeIWYMHbI AP JIOIKHO OBITH IPOMOPIIUOHAILHO
TOKY HArpy3Ku /,. JTO yCIIOBUE BBIIOIHACTCS MOCTAHOBKOW KOMIIAyHIHOM OOMOTKH,
JAKOIMIEH  JOTOJHUTENbHBIA IMOTOK BO30YKIeHUA Pror, MNPONOPIUOHAIBHBIN
Harpy3ke (BO3MYIIEHHUIO) - TOKY [y Takum oOpa3oM, OCHOBHasA 0OOMOTKa (OCHOBHOM
IIOTOK BO30YKIACHUS Docy) CIYKUT Ui CO3JAaHUA HAYAJIBHOTO HanpsokeHus Up, a
AE ompenensercss KOMIAyHIHOW OOMOTKONH. O0e OOMOTKM CO3al0T CyMMAapHBIN

MarHUTHBIN TOTOK Py

[Ipu n3MeHeHUM TOKa HATPY3KU [y U3MEHSISTCS CyMMapHbIN MTOTOK Ppo, U HampsikeHue Uo
0CTaeTCs MMOCTOSHHBIM. DTO U €CTh MPUMED peaTnu3allid NPUHUUNA KOMNEHCAUUU 8
pezyiuposanuu: N3MepsIeTcs Harpy3Kka (BO3MYIIAOIIee BO3IeHCTBIE) U B (PYHKIIUN OT
M3MEPEHHOT0 3HAUSHUS BBIpAaOaThIBACTCS TaKOE PETYIUPYIOIIee BO3ASHCTBIE, UTOORI
peryiaupyemasi BeIMUMHA 0cTallach Obl MTOCTOSIHHOM. CUCTEMBI, paboTaIONIMe 110 IPUHITAILY
KOMIICHCAIIUH, OTHOCSTCS K CUCTEMaM pa30MKHYTOTO THIIA, T. €. He UMEIOT 00paTHOM CBA3H.



1.

OCHOBHbIe NOHATUA 1 onpeaerieHUsa Teopun aBTOMaTNUYEeCKOro
perynupoBaHus

1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

Ilo 3akoHy BoCHpoOW3BEeJcHHUS (M3MEHEHUS) PEryJIupyeMoil  BeJIWUNHEI
3aMKHYTHIE CUCTEMBI PETIyIUPOBaHMS JCIITCS Ha TP BU/IA!

® CHUCTEMBI CTAaOWIM3aIlAN,
® CHCTEMBI IPOIPAMMHOTO PEryIHPOBAaHMUS,
e CJIeIIIIUE CUCTEMEL

OTIugaroTes OHU JPYT OT ApyTra He IPUHITAIHAIBHO, a JIUIIH PEKUMOM paboTHI
U KOHCTPYKTHBHO. OHH HMEIOT OONIYyI0 TEOPHIO W HCCIEAYIOTCS OJIMHAKOBHIMHU
METOJaMH.

Cucmema cmabuauzayuu —  STO CUCTEMa IIOJJEPKaHUS IOCTOSHCTBA
peryupyeMoil BeTMUWHBL. PacCMOTpeHHBIE BBINE CUCTEMBI OTHOCATCS K CHUCTeMaM
cTadWIIU3aITiy.

B cucTemMax mporpaMMHOTO PeTyJIHpOBaHUS peryiupyeMasl BelIWdHWHa JOJDKHA

U3MCHATHC 110 3apaHeC W3BECTHOU IporpaMme BO BpEMCHH.

Cheosmasn cucmema. 371€Ch peryjiapyeMasi BEJIMUMHA U3MEHSIETCA 10 HEU3BECTHOMY
IIPOU3BOJILHOMY 3aKOHY. 3aKOH OIPECIICTCS HEKOTOPHIM BHEIIHUM 3aal0IUM BO3JACHCTBUEM
(IpOU3BOJILHO).



1. OcCHOBHbIe MOHATUNA n onpepgerneHus Teopuun aBTOMaTun4eckoro
perynupoBaHusi
1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

B sasucumocmu om  xapaxmepa  pezyiupyioujeeo — 6o3oeticmeus  Ha
HUCTIOJTHUTCIBHBIM ~ BJIEMCHT  CHCTEMBI  aBTOMATHUYCCKOTO  PETYJIHPOBAHUS
IO IPA3ACIIAOTCA Ha.

® CHCTEMBI HEMPEPHIBHOTIO,

® HMIIYJIbCHOI'O H

® DPEICUHOTO PETYJIUPOBAHUAL.

B cucremax wenpepwvl6Ho20 PETYIUPOBAHUA CUTHAIBI HA BBIXOAE BCEX
SJICMCHTOB CHCTCMBI ABJ/LIKOTCA HCIIPCPBIBHBIMH (1)YHK]_[I/I}IMI/I CHUTHAJIOB Had BXOJIC

SJICMCHTOB.

Cucremsl UMNYT6CHO2O PCIYJIMPOBAHUA OTJIMHAKOTCA TCM, HTO B HUX HCPC3 OIIPCACIICHHLIC
IMPOMCIKYTKHW BPCMCHHU IMPOUCXOJHNUT PAa3MBIKAHUC U 3aMBIKAHUC KOHTYpPaA PCryJIMPOBaHUA
CIICHIHAJIBHBIM YCTpOﬁCTBOM. BpeMﬂ PEryJInpOBaHUA JCIIUTCA HA UMITYJIBCHI, B TCUCHHUC KOTOPBIX
IMPOLCCChI ITPOTCKAIOT TaK KC, KAK H B CUCTCMAaX HCIIPCPBIBHOI'O PCr'YJIMPOBaHHWs, U HA HHTCPBAJIbI,
B TCUCHUC KOTOPLIX BO3JICUCTBUE PEryjisATOpa HA CUCTCMY IIPCKpalacTCl.



1.

OCHOBHble TMOHATUA WU  onpegdeneHNss Teopuu  aBTOMaTU4YECKOro
perynupoBaHus

1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

B cucremax peneiinoco peryadpoBaHUs PA3MBIKAHUE KOHTYPA PETYIAPOBAHUS
MPOU3BOAUTCS OJHUM €3 DJCMCHTOB CHCTEMBI (PEIICHHBIM 3JCMCHTOM) B
3aBUCUMOCTH OT BHCIIIHETO BO3ACUCTBHS.

B 3aBUCHMOCTH OT PE3yabTaTOB, MNOJAYYACMBIX MOPH aABTOMATHUYCCKOM
PETYIUPOBAHUH, PA3TUYAOT ABA BUAA ABTOMATHYCCKOTO PETYIUPOBAHUS .

® CTAaTHYCCKOC U
® ACTAaTUICCKOC.

Cmamuueckum Ha3bIBACTCA TaKOEC aBTOMATHYCCKOC PETYIHPOBAHUEC, IIPH
KOTOPOM PEryaupyeMas BEIAYMHA IIPU  PA3TAYHBIX MOCTOSIHHBIX BHEIITHHX
BO3ACHUCTBUAX HA OOBEKT PETYIHPOBAHHUS MPUHUMACT MO OKOHYAHHUH TICPEXOTHOTO
MPOLICCCa PA3TUUHBIC 3HAYCHUS, 3aBUCAIINE OT BCIMYHMHBI BHEITHETO BO3ACUCTBUSI

(HanpuMep, HATPY3KHU).



1. OCHOBHble TMNOHATMA W  onpenerieHUs Teopunm  aBTOMaTUYECKOro
perynupoBaHus

1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis
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Puc. 1.6, Cmamiiye CKuil pe2y namop yPoeH 800 bl RPAMOZ0 Oelicmeus.
G} — cxema peeyasmopa, 0) — Xapakmepucmuka pe2yasmopa; 1 — 3006UXKa,

-~



1. OcCHOBHbIe MOHATUNA n onpepgerneHus Teopuun aBTOMaTun4eckoro
perynupoBaHusi
1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

PETYJIATOP YPOBHS BOJBI B Oake. B peryisirope ypoBHS BOJIBI IIPH YBEIUICHUAN
pacxoja BOJALI ¢ VPOBEHb CHUXKACTCs, Y€pe3 MOINIABOK W phlYal OTKPHIBACTCS
3aJ[BUXKKA, IIPUTOK ¢ BO3pacTaeT ¥ HA0OOPOT.

CucreMa CTaTUYECKOTO PETVIAPOBAHUS MMEET CICAVIOIMHUE XapaKTEPHBIC
CBOIHCTBA:

— PABHOBECUE CUCTEMBI BO3MOKHO MPHU PA3IAYHBIX 3HAYCHUAX PETYVIMPYEMOU
BCJIMYHUHEI,

— KaXJIOMY 3HAQYECHUIO PETYVIIMPYEMOU BEIMYUHBI COOTBETCTBYET €AUHCTBEHHOE

OIIPCACICHHOC ITOJIOKCHUC PCTYJIMPYIOIICTO OpraHa.
Z[JIH OCYHICCTBJICHUA TakoOU CBS3U MCKAY AATUUMKOM H HUCITIOJHUTCIIBHBIM 3JICMCHTOM KOHTYP
peryJimpoBaHuAa AOJDKCH COCTOATE U3 TaK Ha3bIBACMBIX CTATHUYCCKHX 3BCHLCB, ¥V KOTOPLIX B

COCTOAHHUH PpaBHOBCCHA BbIXOJHAA BCJIIMUHWHA OJJHO3HAYHO 3aBHCHUT OT BXOI[HOﬁZ x@blx = f(xgx). K

MIpHUBEACHHOMY MPUMEPY peryisitopa oObsICHEHHEe CBOMCTB ClIeAYIONee: pacxo ] BOJbI ¢ paBeH
MIPUTOKY ¢ TIPU KAKOM-TO CTPOTO OIpeaeSICHHOM, CBOEM YPOBHE 1, U3MEHUTCS pacxo,
W3MEHHUTCS YPOBEHD, IIPUTOK OY/IeT paBeH pacXoay — U OISITh HACTYIIUT paBHOBECHE.



1. OcCHOBHbIe MOHATUNA n onpepgerneHus Teopuun aBTOMaTun4eckoro
perynupoBaHusi
1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

PETYJIATOP YPOBHS BOJBI B Oake. B peryisirope ypoBHS BOJIBI IIPH YBEIUICHUAN
pacxoja BOJALI ¢ VPOBEHb CHUXKACTCs, Y€pe3 MOINIABOK W phlYal OTKPHIBACTCS
3aJ[BUXKKA, IIPUTOK ¢ BO3pacTaeT ¥ HA0OOPOT.

CucreMa CTaTUYECKOTO PETVIAPOBAHUS MMEET CICAVIOIMHUE XapaKTEPHBIC
CBOIHCTBA:

— PABHOBECUE CUCTEMBI BO3MOKHO MPHU PA3IAYHBIX 3HAYCHUAX PETYVIMPYEMOU
BCJIMYHUHEI,

— KaXJIOMY 3HAQYECHUIO PETYVIIMPYEMOU BEIMYUHBI COOTBETCTBYET €AUHCTBEHHOE

OIIPCACICHHOC ITOJIOKCHUC PCTYJIMPYIOIICTO OpraHa.
Z[JIH OCYHICCTBJICHUA TakoOU CBS3U MCKAY AATUUMKOM H HUCITIOJHUTCIIBHBIM 3JICMCHTOM KOHTYP
peryJimpoBaHuAa AOJDKCH COCTOATE U3 TaK Ha3bIBACMBIX CTATHUYCCKHX 3BCHLCB, ¥V KOTOPLIX B

COCTOAHHUH PpaBHOBCCHA BbIXOJHAA BCJIIMUHWHA OJJHO3HAYHO 3aBHCHUT OT BXOI[HOﬁZ x@blx = f(xgx). K

MIpHUBEACHHOMY MPUMEPY peryisitopa oObsICHEHHEe CBOMCTB ClIeAYIONee: pacxo ] BOJbI ¢ paBeH
MIPUTOKY ¢ TIPU KAKOM-TO CTPOTO OIpeaeSICHHOM, CBOEM YPOBHE 1, U3MEHUTCS pacxo,
W3MEHHUTCS YPOBEHD, IIPUTOK OY/IeT paBeH pacXoay — U OISITh HACTYIIUT paBHOBECHE.



1. OcCHOBHbIe MOHATUNA n onpepgerneHus Teopuun aBTOMaTun4eckoro
perynupoBaHusi
1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

PETYJIATOP YPOBHS BOJBI B Oake. B peryisirope ypoBHS BOJIBI IIPH YBEIUICHUAN
pacxoja BOJALI ¢ VPOBEHb CHUXKACTCs, Y€pe3 MOINIABOK W phlYal OTKPHIBACTCS
3aJ[BUXKKA, IIPUTOK ¢ BO3pacTaeT ¥ HA0OOPOT.

CucreMa CTaTUYECKOTO PETVIAPOBAHUS MMEET CICAVIOIMHUE XapaKTEPHBIC
CBOIHCTBA:

— PABHOBECUE CUCTEMBI BO3MOKHO MPHU PA3IAYHBIX 3HAYCHUAX PETYVIMPYEMOU
BCJIMYHUHEI,

— KaXJIOMY 3HAQYECHUIO PETYVIIMPYEMOU BEIMYUHBI COOTBETCTBYET €AUHCTBEHHOE

OIIPCACICHHOC ITOJIOKCHUC PCTYJIMPYIOIICTO OpraHa.
Z[JIH OCYHICCTBJICHUA TakoOU CBS3U MCKAY AATUUMKOM H HUCITIOJHUTCIIBHBIM 3JICMCHTOM KOHTYP
peryJimpoBaHuAa AOJDKCH COCTOATE U3 TaK Ha3bIBACMBIX CTATHUYCCKHX 3BCHLCB, ¥V KOTOPLIX B

COCTOAHHUH PpaBHOBCCHA BbIXOJHAA BCJIIMUHWHA OJJHO3HAYHO 3aBHCHUT OT BXOI[HOﬁZ x@blx = f(xgx). K

MIpHUBEACHHOMY MPUMEPY peryisitopa oObsICHEHHEe CBOMCTB ClIeAYIONee: pacxo ] BOJbI ¢ paBeH
MIPUTOKY ¢ TIPU KAKOM-TO CTPOTO OIpeaeSICHHOM, CBOEM YPOBHE 1, U3MEHUTCS pacxo,
W3MEHHUTCS YPOBEHD, IIPUTOK OY/IeT paBeH pacXoay — U OISITh HACTYIIUT paBHOBECHE.



1. OcHOBHbIe MOHATUNA n onpepgerneHus Teopuun aBTOMaTun4eckoro
perynupoBaHusi
1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

Perynsarop, OCYMECTBIAIOMNI CTaTUYECKOe peryjiupOoBaHME, Ha3bIBAeTCs
CMamuiecKkuM peryiasiTopoM.

JIIs1 XapaKTepHUCTHUKN CTEMNeHM 3aBHCHUMOCTHU OTKIOHEHHS peryiupyeMoil
BEeJIMUVMHBL OT HAIPy3KH B TEOpPHH PeryJupOBaHMS MNONB3VIOTCSA HNOHATHEM
HepaGHOMEepPHOCMU, UAU CIMamu3Mda PeryapOBaHsL.

I[Iycts rpadmk 23aBHCHUMOCTH VCTAHOBUBIIMXCS 3HAUYEHUN peryiupyemoit
BEIMYMHBI X OT HAIPY3KH ¢ (XapaKTepUCTHUKA peryiIHupOBaHIsI) WHMeeT BH/,
n300pakKeHHBI Ha puc. 1.6, 6 (XapakTepucTHKa peryInpoBaHusa AaHa B KOHKPETHBIX
KOOPAVHATAX A PeryATopa YPOBHS BOABI B OaKe, HIKe KOOPAMHATHI NPUBOSITCS
B o0meM BHe, IS JIOOBIX CTAaTHUECKHUX PeryysaTopoB). MakcuManbHOE 3HAUYEHIE

PETYINPYEMOM BEIINMYMHBI Xpax COOTBETCTBYET XOJOCTOMY XOAY OOBLeKkTa (Harpyszka
OTCYTCTBYET), MUHIMAJIbHOE 3HAUSHIE Xin HOMHWHATBHOM HATPY3KE — Jyom-

I[JISI OIIpCACIICHII CTAaTHU3Ma PCIVIIMPOBAHNMIA BOCIIOJIB3YCSMCH OTHOCHUTCIIBEHBIMI

KOOpANMHATAMII!
p=—r (1.3)
X .
min
a=—2_ (1.4)
qHOM

e ¢ — OTHOCUTENBHOE 3HaUeHEe peryJINpyeMOl BeJINYHEL,
X — caMa peryiaupyemMasi BeJIN4YNHa,

X .. — MUHHMAJbHOE 3HAYeHNEe PEeryinpyeMoil BeIanHbL (Ip1 HOMHUHAJIBPHOM
peKUME ),
X in A Guon — GA3OBHIC 3HAUESHISA BEJIMINH,

A — OTHOCHTENLHOE SHAUCHHE HAIr'py3KH.



1. OcCHOBHbIe MOHATUNA n onpepgerneHus Teopuun aBTOMaTun4eckoro
perynupoBaHusi
1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

a 0
) g, O
1
Hinax
ql /2
rl=—<
H :__ Hmin \
v |- — e q 0 .

qu:w q

Puc. 1.6. Cmamuueckuti pe2ynamop ypoeHsa 8006l NPAMO20 OetiCneu:
a) — cxema pe2ynamopa, 0) — xapaxmepucmuka pe2yiamopa; 1 — 3aosuicka,
2 — HONAABOK

Torma HepaBHOMEpPHOCTH 0 (HMJIM CTAaTH3M) CHUCTeMbI B OOINEM cliydae ecThb
yacTHas TIPOU3BOJIHAS B JIaHHOM Touke (MJM OTHOCHTEJIbHAas KpyTH3HA
XapaKTePUCTHUKH PETYIMPOBAHUS B 3TOM TOUKE ):

5—_2% (1.5)



1. OCHOBHble TMOHATUA U  oOMnpeJerieHUss TeopuuM  aBTOMaTU4eCKOro
perynupoBaHus

1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

Ecnmu xapakrepucThka peryJimpoBaHUsS JUHEHHas, TO CTaTu3M OyJer
IIOCTOSTHHOM BETTMUMHOM JIJISI BCEX 3HA4YeHUM Harpy3ku. M oH MokeT OBITH OIIpeIeIICH
CIIEYIOIITAM 00pa3oM:

X —-X .
max  min
Ap X . X —-X__. X —X_.
_ max _ min _ max min _ max min 1.6
§=- = o= : 5 = (1.6)
AL q - x . x .
max _HOM min min
QHO,M

CTaTHYECKUHA PEerysTop IOJEPKUBACT HE CTPOrO MOCTOSHHOE 3HAYCHUE
PEeTYIMPYEMOM BEIMYHUHBL, a C OIMMOKOM, KOTOpas Ha3bIBaeTCs CTaTHYEeCKOH
OIMMOKON CHCTeMBL. TakuMm oOpa3oM, CHamusm pezyauposanuss - 53TO
OTHOCHUTEJIbHAS CTaTHYECKas OIMMOKa IIpH M3MEHEHWH HArpy3KH OT XOJOCTOIO XOJa
J10 HOMHUHAJILHOU.

B HCKOTOPBIX CUCTCMaX CTAaTHUYCCKAa:A OHJH6Ka (I[a}KG CCJIM U COTEIC TOJIH HpOI_[eHTa) HCKCJIATCJIbHA,
TOraa IEpCxoJ4AT K pCeryIHpOBaHHUIO, ITPH KOTOPOM OHA paBHa HYJIIO - K aCTATHUYCCKOMY

PEryJIMPOBaHHIO. XapaKTePUCTHKA PETYIUPOBAHHS TAKOW CUCTEMBI IPEICTABIISIETCS JMHUEH,
napauieibHON OCH Harpy3KHy.



1. OCHOBHbIe MOHATUNA n onpegeneHvs Teopuun aBTOMaTun4eckoro
perynupoBaHusi
1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

6)

=*q 0 —

Fuc. 1.7, Acmamuieckuil pecynamop ypPosHa 800 bl HENPAMO20 OlCIMEUS.!
G} — CXema peeyiasmopa, O} — XapakmepucmuKa pezyiaamopa; 1—3006uxKa,

2 —Nonnaeok, 3 — 31ekmpodauzamesis HOCMO[/HH020 MoKa, 4 — peocmam,



1. OcCHOBHbIe MOHATUNA n onpepgerneHus Teopuun aBTOMaTun4eckoro
perynupoBaHusi
1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

B 3aBHCHMOCTH OT HCTOUHHKA JHCPI'UH, HOquaGMOﬁ PEIYJEATOPOM, pas3inydaroT
¢ [IPpAMOC H

® HEIPSAMOE PETYJIUPOBaHUE.

B cucremax mpamozo pezynaupoearHuss SHEPrUs JUISL  IIEPECTaHOBKH
VIIPaBISIIOIIETO JIEMEHTA IOJIYYaeTCS OT JlaTuhKa (Kak MpHMEp — CTaTHUYCCKUH
PETYJISITOP YPOBHS BOJIbI).

B cucremax Hempsamozo pezyaupoearus SHEPrud UL  IIEpEeCTaHOBKH
VIIPaBJISIIOIMIETO DJIEMEHTA IOJIYYAaeTCAd OT MOCTOPOHHETO HCTOUYHHMKA (IIPUMEP —
aCTATUUYCCKHUU PETYIIATOP YPOBHS BOBI).

CHCTEMBI aBTOMAaTHUECKOTO PETYJIMPOBAHUA C HECKOJIBKUMH PETYJIHPYESMbIMU
BSJIMUMHAMH (HAIlpUMEp, JTABJICHUE Ilapa B KOTIE, IOjlaya BOABI B KOTEN, Iojaya
TOIUIMBA W BO3JlyXa B TOIIKY) IIOAPA3JC/ISIIOTCd HAa CHUCTEMbl HECBSI3aHHOTO H
CBSI3aHHOI'O PETYJIMPOBaHUA.

Cucmemamu HeCs3AHHO20 peyiposanisi Ha3bIBAlOTCI TaKUE, B KOTOPBIX
PETYJIATOPBI, TPEAHA3HAUCHHBIC ISl PETYJIMPOBaHUSA  Pa3JIMUHbIX BEJIMUUH, HE
CBSI3aHBI JIPYT ¢ APYTOM M MOTYT B3aHMMOJICHCTBOBAaTh TOJILKO Uepe3 OOIMMM I HUX
OOBEKT peryJupoBaHus. ECIIM B CHCTEME HECBSI3aHHOTO PETYJIMPOBAHHS W3MCHEHHE
OJIHOW W3 PEryJUPYEMbIX BEJIHUYMH BJICUYET 3a COOOH H3MEHEHHE JpYrux
PETYJIHUPYEMBIX BEJIMUYMH, TO TaKasd CHUCTEMa HAa3bIBACTCH 3a6UCUMOU, W €CIU HE

BJICUET, TO CUCTEMA HA3LIBACTCS HE3A6UCUMOTU.
Cucmemamu C6A3AHHO20 PeyIUPOSaAHIA HA3BIBAIOTCA Takle, B KOTOPBIX PeTyIIATOPH Pa3InUHBIX
PEryIUPYEMBLIX BETUUNH CBA3aHHI JIPYT ¢ APYTOM U MMOMUMO O0OBEKTa peryIupOBaHU.



1. OcCHOBHbIe MOHATUNA n onpepgerneHus Teopuun aBTOMaTun4eckoro
perynupoBaHusi
1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

Cucrtema CBSI3aHHOIO PETYJIMPOBAHUS HA3BIBACTCA AGMOHOMHOU, €CIIU CBS3H
MEXJIY BXOJAIIMMHU B €€ COCTaB PEryJIATOpPAMH TaKOBBI, YTO U3MEHEHUE OJIHOU W3
PETYJIMPYEMBIX BEJIMYMH B MPOIECCE PETYJIMPOBAHWSA HE BBI3BIBACT HW3MEHCHUS
OCTaJIbHBIX PETYJIMPYEMBbIX BEJIMUHH.

3aMKHYTBIE CUCTEMbI ABTOHOMHOTO PETYJIMPOBAHUSA, UMEIOIIUE TOJILKO OJIHY
(raBHYKO)  OOpaTHYKO  CBSI3b,  HAa3bIBAKOTCA  OOHOKOHmypHuiMu.  CHCTEMBI
aBTOMATHUYECKOT'O PErYJUPOBaHUS, UMECIOIME IMOMMMO OJHOW TJIaBHOH oOpaTHOM
CBSI3M €ITNE OJIHY WJIM HECKOJIbKO TIJIaBHBIX WJIA MECTHBIX OOpaTHBIX CBSI3EH,
Ha3bIBAIOTCS MHO2OKOHIMYPHBIMU.

B 3aBucMMocTH OT BHJA XapaKTEPUCTHK SJIEMEHTOB, U3 KOTOPBIX COCTOST
CHUCTEMBI, BCE CUCTEMBI JICIIATCS Ha:

® JIMHEUHLIC U
® HCIIMHCUHLIC.

Jlunetinoimu Ha3bIBaIOTCS CUCTEMBI, KOTOPBIE COCTOAT TOJILKO W3 DIIEMEHTOB,
UMEIOIUX JIMHEUHBIE XapaKTEPUCTUKHU, MEPEXOAHBIEC MPOLECCHl B TAKAX DIIEMEHTAX

OTHUCHIBAIOTCS JTUHEHHBIMU JU(DPepeHIIMATILHEIMUA YPABHEHU SIMU.

Henuneitnoimu Ha3pIBaIOTCA CHCTCMBI, KOTOPBIC HMCIOT OJJHH HJIH HCCKOJIBKO 3JICMCHTOB C
HEJIMHCHHBIMH XapaKTCPHCTHKAMHU, IICPCXOAHBIC IIPOLCCCHI B TAKHX CHCTCMaX OITHCBIBAarO TCA
HEITHUHEHHBIMHU AU PepeHIIHATPHHIMH YPaBHCHHUSIMH.



1. OcCHOBHbIe MOHATUNA n onpepgerneHus Teopuun aBTOMaTun4eckoro
perynupoBaHusi
1.1.2. Knaccugpurxayus cucmem agmomamuieckozo pe2yiuposaHuis

[lpu xnaccudukariu #o 6uoy UCNONL3YEeMOIl SHepeuu BCe CHUCTEMBI MOXHO
10 Ipa3/Ie]IUTh Ha:

® DIEKTPUUECKUE,

® THUJ[paBINYECKUE,

® ITHEBMAaTHUYECKUE,

® BIEKTPOTH/PaBINUECKUE,

® SJIEKTPOITHEBMATHYECKHE U T. ]I.

B 3aBUCHMOCTH om uucia pe2yiupyemuix @eu4iH CACTEMbl aBTOMaTHUYECKOTO
peryinupoBanus (CAP):

® OJ[HOMEpHBbIE,

® JIByXMEpHHIE,

® MHOTOMEpPHHIE.

Muoromepubie CAP mMoryT ObITH cicTeMaMH HECBSI3AHHOTO W CBSI3AHHOIO

perympoBanusi. CHcTeMa CBSI3AHHOI'O  PeryJIHPOBAHHS MOJKeT ObITh
ABTOHOMHOIL.



1.

OCHOBHble TMOHATUA WU  onpegdeneHNss Teopuu  aBTOMaTU4YECKOro
perynupoBaHus

1.1.3. Aneopumm (3axoH) pecynruposanus

BCHKyIO CUCTCMY aBTOMAaTHUYCCKOI'O PCryJIMpOBaHusA MOXHO paCcCMaTpHUBaTh Kak
BbIUYHUCJIUTCIILHOC YCTpOﬁCTBO, KOTOPOC Bpra6aTbIBaeT PETYJIUPYIOLICC BO3JICHCTBHUE
B (byHKI_II/II/I OT BCJIMYHUHLBI pacCoOrjaCcoBaHusid € , HAIrpy3kKHu ( U JJpyrux BCJIUYKUH.

A cama (bYHKHHOHaHbHaH CBA3b, Q)YHK]_[HOHaHbHaﬂ 3aBUCHUMOCTDH, MCKAY KCJIACMbIM

PETYJIUPYIOIIUM BO3/ICMCTBUEM Ha OOBEKT V, BEJIUUMHOW paccorjacoBaHus &,
Harpy3Kou ¢ , IPOU3BOJHBIX U MHTEIPAJIOB JABYX IIOCJIEIHUX BEJIUYUH, HA3bIBACTCS
AN2OPUMMOM PECYAAMOPaA UL 3AKOHOM PeCyiupoeaniisl.

AHanuTHUUYecKH B 00IIeM BUE

t

v, =f(e, €, &, ... I edt,...q, q,q",...) (1.7)
0
[lo Buay »Tol (QYHKIMOHAJLHOM 3aBUCHMOCTH W pPazjMualoT IPUHIIUIIBI
peryJupoBaHusl.
HaHpHMep, AJITOPUTM PCryJiATOpa 1o OTKJIOHCHHU IO 6yz[eT HUMCTE 3aBUCUMOCTD.
t
y = f(e g, e j e dt) (1.8)
0
AJNTOpPUTM peTyJIsITOpa MO HArpy3Ke:
¥, = 1@ q.9"%) (1.9)



1. OcHOBHbIe MOHATUNA n onpepgerneHus Teopuun aBTOMaTun4eckKkoro
perynupoBaHus
1.1.3. Aneopumm (3axoH) pecynruposanus

Ypasueuue (1.7) — anroputM KOMOUHHPOBAHHOTO PETYIHPOBAHUSI.

HeckonbKo KOHKPETHBIX aNTOPUTMOB PETYIIHPOBAHUSL:

— aNroOpUTM MPONOPLHHOHAIBHOTO PETYJIHPOBaHHUS

y = ag- &, (1.10)

0
PETYIHPYIOIIECE BO3ACHCTBHE MPOMOPLHOHAIIBHO €, H CaAMH PETYIBITOPBI HAa3bIBAFOTCSI
I-pezynamopamu,

— anropuTM PETYJIMPOBAaHHS NPONOPLHOHAJIBHBIM C BO3JACHCTBHEM IO NEPBOH
IPOU3BOTHOM:

yo=ao'8+a1~8‘, (1.11)

— aJITOPHTM PETYIHPOBaHH NPONMOPLHOHAIBHEIN ¢ BO3JICHCTBHEM IO NEPBOH
U BTOPOH IPOU3BOTHOM:
Y, = ap-eta; e +a, €, (1.12)

— HHTETPAIbHBIH 3aKOH perymupoBanust — H-pezyaamop:
t
=bof e dt, (1.13)
O
— aJITOPHTM PETYIUPOBAHUSI MPOMOPIHOHAIBHBIH ¢ BO3JEHCTBHEM IIO
unrterpany — IlH-pezynamop:
t
y, =ac.e+ by | edt (1.14)
0

Yo



1. OcCHOBHbIe MOHATUNA n onpepgerneHus Teopuun aBTOMaTun4eckoro
perynupoBaHusi
1.1.4. OcHogHble mpehoB8anUs K A8MOMAMUYECKUM CUCMEMAM YIPAGIeHUS

Hemnocpeacteenno k camoii CAY Bce mpedosanuss MOXKHO Pa30OUTh Ha
CIEAYIOIIUE YETHIPE KATETOPUU:

— TpeOOBaHUA K BEJIMYMHE 3araca yCTOMYUBOCTH;

— TpeOOBaHUS K BEJIUYMHE OTKIIOHEHUA PETYJIUPYEMOro TapaMeTpa B
YCTAHOBUBIIEMCS PEKUME (CTaTUUECKAsA TOUHOCTD );

— TpeOOBaHHUA K TMOBEACHUIO CHUCTEMBI B MEPEXOJHOM TMpPoIEcCe (KAYECTBO

MEPEXOTHOTO MPOIIECCa);
— TpeOOBaHMS K AUHAMHUYICCKON TOYHOCTH CHCTEMBL, T.€. K BEIMUYUHE OTKJIOHCHUS TTPU HATHIHUH
HETIPEPBIBHO U3MEHSIOIMUXCS BO3ACUCTBUM.



1.2. MNMepepaToyHble (PYHKUMM FIMHEUHbIX cuUcteM. CTPYKTYpHble CXeMbl U UX
npeob6paszoBaHuA

JeThIpe OCHOBHBIX THHa JuddepeHImalIbHbX YpaBHEHUH U UX Tpadudeckoe
n3o0paxxeHue.
1. 3BeHO ¢ 0J1HOI BXOHOU U OTHOU BBIXOMHOU BemuuHOU (puc.1.8);
ypaBHEHUEM H300pakeHHs STOTO 3BeHa Oy JIeT:

X(5)=W(s)F(s), (1.15)
a rpadudgeckoe n300pakeHue:
f < Puc. 1.8. 3s6ero ¢ 00Hoiti 6xX00HOTI U
—> W) pP—» OOHOII 8bIXOOHOI 8ETIUUUHOII

1. besuneprmonnoe 3BeHO ¢ Koadpdurmenrom nepegaan K (puc.1.9):

x(t) = KF (1) (1.16)

/ ; K Gl Puc. 1.9. besunepyuonnoe 36eHo




1.2. MNMepepaToyHble (PYHKUMM FIMHEUHbIX cuUcteM. CTPYKTYpHble CXeMbl U UX
npeob6paszoBaHuA

3.  3BEHO C ABYMS BXOJHBIMH U OJIHOM BBIXOJHOU BEIUUYUHOMU (pHuc.1.10):
X () =W (s)E(s) =15 (s)]

fi i X
f —— WO > W(s) ~—
Puc.1.10. [lse hopmer npedcmasnenus 36ena ¢ 08yMsa 6XOOHLIMU U
OOHOTU  8bIXOOHOT 6ENUNUHOT]
4, 3BCHO ¢ JBYMS MEpeaaTOUHBIMH (PYHKIUSIMH W JBYMSI BXOJHBIMH
cur"aiamu (puc.1.11):
X (5) =W (F () + W, ()F,(s) (1.17)

f2 i owie |

ARZSHE §9 X,
— WI(S) — fZ_. WZ(S)

Puc.1.11. J[se hopmer npedcmasnenus 36eHa ¢ 08yMa nepeoamouvlMi
QDYHKYUAMU U OBYMSA BXOOHIMU CUSHATLAMU



1.2. MNMepepaToyHble (PYHKUMM FIMHEUHbIX cuUcteM. CTPYKTYpHble CXeMbl U UX
npeob6paszoBaHuA

Hcnonb3ys 3TH M300pakeHus, COCTaBJISIFOTCS CTPYKTYPHBIE cXembl. Harprumep,
CTPYKTYpHasi cxema OMY B BHUJE JBYX 3BE€HbEB IIEPBOTO MOPSIIKA:

!

U, 1 By oy E, - U, K 9 K, E,
— 7. > ' > b > >
L+ T s+1 1 s+1 T s+1

- K3 ¥ K3
Puc.1.12. Cmpyxmypuasa cxema MY
VlCOy vza)q
31ech: KI: ; : K2: ; U K3My:1<1-1<2
¥ q

Jl1s uccaenoBaHusa CUCTEMBI HEOOXOAMMO 3HATH €€ MepedaTouHyIo (hYHKITHIO,
JUUI 4ero Heo OXOIMMO TTO3HAKOMMTLCS ¢ IPeoOpa30BaHUSIMU CTPYKTYPHBIX CXEM.

1. Ilocnedosamenvroe coedunenue 36eHbes. BXON KaXKJIOTO IOCIEAYIOIIETO
3BE€HA COEJIMHSIETCS ¢ BBIXOJIOM IIpeabiayiero (puc.1.13).

Puc. 1.13. HHocneoosamenvroe coeounene 36eHbe8



1.2. MNMepepaToyHble (PYHKUMM FIMHEUHbIX cuUcteM. CTPYKTYpHble CXeMbl U UX
npeob6paszoBaHuA

X2(S):W1(S)X1(S)a X3(S):W2(S)X2(S)a X4(S):W3(S)X3(S) H

X () =W ()T (5)-W,(s)- X, (s) = W(s)- X, (5) (1.18)

I/ITaK, nepcaaTouHas q)yHKI[I/ISI MOCJICAOBATCIIBHO COCJHHCHHBIX 3BCHBCB paBHa
IMPOHU3BCACHHIO IICPCAATOYHBIX (I)yHKI_[I/Iﬁ OTACJIbHBIX 3BCHLCB!

W(S):Wl(s)-Wz(s)-W3(s) (1.19)

2. Illapannenvroe coeounenue 36eHves: BXOJHAs BEIMYMHA OJIMHAKOBa IS
3BEHBEB, a BBIXOAHBIC BEJIMUUHBI cyMMUpPYIOTCA (puc.1.14):

X, @=m()X_(s), X,)=W()X_(s),  X)=W;(s)X_(s) (1.20)
YpaBHEHHE cyMMaTOpa:
nglx(s) = Xl(s)+X2(s)+X3(s) = [Wl(s)+W2(S)+W3(S)]-X6r(S) : (1.21)
— er (s) XI
Ag X2 Xevix
A N w,(s)
| e [

Puc.1.14. IlapannenvHoe coeounerue mpex 36eHves



1.2. MNMepepaToyHble (PYHKUMM FIMHEUHbIX cuUcteM. CTPYKTYpHble CXeMbl U UX
npeob6paszoBaHuA

IlepenaTounas pyHKITHS:
W (5) =W (5)+ W (5) + W (s) (1.22)

Ilepenarounast ¢pyHKIHS MapaLieJbHO COEIHHEHHBIX 3BEHBEB paBHA CYMME
nepeaTOUHbIX (PYHKIHH 3BEHLEB.

3. Oxsam 36ena obpamuoii ceazvio (puc.1.15). McxonHble ypaBHEHUS:

JIJI OXBATbIBA€MOTI'0 3BeHA X gblx(s) = Wo(s) - X'(s), (1.23)
JUISI 3BeHa OOpaTHOM CBSI3U X Oc(s) = Woc(s) X Gblx(s) (1.24)
JUIL cyMMaTopa X'(s)=X 6x(s) +X Oc(s) , (1.25)

3gech 3HaK “+7 g I1OC, 3mak “—" mima OOC.

X X — 14X,
ax b WO (S) 8biX ’

W (5) le—

Puc.1.15. Oxeam 38ena obpamuoii cea3vio



1.2. MNMepepaToyHble (PYHKUMM FIMHEUHbIX cuUcteM. CTPYKTYpHble CXeMbl U UX
npeob6paszoBaHuA

B ypaBHEHUSIX HCKITIOYAEM TPOMEKYTOUHBIC BEJIMYNHBI
W (s)

— o .
(s) = T ACE 0 Xex(S) (1.26)
0 oc

W (s)
W _ 0
W TIepeiaToyHas PyHKIus () LW (s)-W_ (5)

6blX

(1.27)



1.2. MNMepepaToyHble (PYHKUMM FIMHEUHbIX cuUcteM. CTPYKTYpHble CXeMbl U UX
npeob6paszoBaHuA
OcHosHble npasuia Npeocbpazo8aHus CMPYKMYPHLIX cCXeM
1. I'pynmy mociieoBaTeIbHOTO, NapaJuIeIbHOTO COCJHHEHHSI 3BEHBEB HIIH
OXBAUCHHBIX OOPATHOW CBA3BIO COCJAUHCHHS 3BECHBEB MOJXKHO 3aMCHHUTH OJHUM
3BEHOM ¢ COOTBETCTBYIONICH TepeaToUHON (DYHKIHEH.
2. Touky IPUIIOKEHHS HIIH CbeMAa BO3JACHCTBHS MOKHO IIEPEHOCUTH YEPE3 OJHO
UJIH HECKOJbKO 3BEHBEB, J00aBiIsida B MpeodpasyeMyio I€Nb 3BECHO ¢ TaKoOM
nepeaTouHon (PpyHKIHEH, YTOOBI BHIXOJHON CUTHAM STOH IIEH HE H3MCEHHIICS.
[Ipumep mpeoOpazoBaHUS CTPYKTYPHOH CXEMBI CHCTEMBI ¢ TEPEKPECTHOH
oOpaTHOM ¢BA3BIO (OMYIIEH ONEpaTop §) Moka3aH Ha puc. 1.16:
— I OCBOOOXKJCHHS OT TEPEKPESCTHOU CBA3H TOUYKAa cbheMa Bo3jchcTBHS 1
MICPEHOCHTCS B TOUKY 2 ¢ JOOAaBJICHHEM B Iielb oOpaTHOW cBs3H (W), 3BEHO ¢
nepenatouHon pyukiuen ; (B COOTBETCTBHH ¢ MPABUIIOM 2);
— HaxoJuTcd TepeaaTouyHass (QYHKIHSA 3BeHa W (moce10BaTENBLHOE
COCTUHEHHUE 3BEHBEB ¢ MEPEJaTOUHBIMH (PYHKIUIMU W3 u W),
— HaXOJUTCs mepeaaTouHas (GpyHKIUSA 3BeHa JJ/; (OXBaT 3BEHA ¢ NMEPEJATOUYHOU

dbyukmuer /¥, oOpaTHOH CBA3BIO — 3BEHO OOpPATHOH CBS3H ¢ IEPEJaTOUHOM
dbyukmuen Wy );
— HaxoJuTcs TepefaToyHasi (PYHKIUA 3BeHa W (mocyefoBaTEIBHOE

COCIHHCHHE 3BEHBEB C MEePEAATOUHBIMU PyHKIHIME 1V ; 0 W7);
- HaXOJUTes mepeaaTouHas pyHKusg 3BeHA Wy (OXBaT 3BEHA C MepeaTOYHOH

dbyukmnuen Vg oOpaTHOH CBA3BIO — 3BEHO OOpaTHOM CBSI3H C© MEPEAaTOUHOU
dyuxumeit W, );
—  HaxoJuTcs  mepeAaTouHas — (yHKUus  3BeHa W,y  —  CHCTEMBI

(mocsIeJoBaTEIbHOE COSAHHEHUE 3BEHBEB ¢ NIEpEeJaTOUHBIMH (PYHKIHAMU Wou W3).



1.2. MNepepaTto4yHble (HYHKUUMN JIMHEUHbIX cucteM. CTPYKTYpHble CXeMbl U UX
npeod6pa3oBaHuA

8X A(i Wy < W P W3 > Aanix
Wy < Wi
2 L
Xex wW; |—» (?—» ) ‘J w3 P Xaux
W3 1 Ws
Wa <
Xeax Wy —»{%—» W > W3 > Xeux
— WG <+

Wa <

W3 mm—A T

A4

Y

Wy

v

Wg W3 > Xaux

|8
|8

D
|8

W <

X'Jbl)(

Xax > Wy > W3

Xax > Wip > Xobix

Puc.1.16. Mpumep npeobpa3osaHuUs CMpPyKMypPHOU cxemol



1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

Cmamuka pezynupoeanusa n3y4aeT paBHOBECHbBIE, YCTAHOBUBIINECS COCTOSIHUS, KOTOPBIE UMEIOT
MECTO MPH MOCTOSHHBIX 3HAUCHUAX BO3MYIIAONIMX U YIIPABIISIIOMINX BO3ICHCTBUI HA CUCTEMY.

[.3.1. Cmamuueckue xapaxmepucmuxu 3jemetmos u 36eHvee CAP
Beaxkuit  31€MEHT CHCTEMBI  PETYIHPOBAHUS MOXKCT  XapPaKTSPU30BATHCS
HECKOJIBKMMH BXOIHBIMHU M BBIXOIHBIMH KoopauHaTaMmu (puc.1.17).

Xax]

YVY

Xoxm

e Puc. 1.17. 3eero
: ABMOMAMUYECKOT
Xez;mf cucmembsl

I[Jm 3BCHA B LICJIOM MOJKHO 3anucaTh | ypaBHCHUU:

6bzx1 fl (Xaxla .o -Xex m) )
6bzx2 f2 (X&C2a . ~)(6x m)
Xebzxﬁz fE(Xax{a X&cm) y

(1.28)
JTa cUCTEMa YPaBHCHHM, OTHCHIBAOIIAS
YCTAHOBUBILHMUCA MPOLIECC, HA3BIBACTCS
YPAGHEHUSIMU CIMAMUKU 36€HA.



1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

YpaBHEeHHsI CTATHUKA MOTYT OBITh IIOJYUYCHBbI W3 YpaBHCHUM JUHAMHKH TIpH
IIPUPABHUBAHUHA HYJIIO BCEX IPOU3BOJHBIX OT KOOPAUHAT M OT BO3MYINAIOIIUX
BO3JICUCTBHUH, IMOCKOJIbKY 3HAUYCHHSI T€X W JIPYTHX B YCTAHOBHUBIIEMCS PEXKHUME
MTOCTOSIHHBL.

BosbpMeM 4acTHBIN CIydai, KOTJa 3BEHO XapaKTePU3YETCsl OJHOU KOOPAUHATOU
(omHO yrpaBisitoniee Bo3AeucTBUe, pUuc.1.18). Crtartnueckast XapaKTepUCTHUKA TaKOTO

3BeHA: X = f(X o)

Puc.1.18. 36eno ¢ ooHum

)(gx E— —> 4}(ebzx o
yrpasiaoiuM go30eticmesuem

TakuMH NPOCTEUIIMMH CTATHYSCKUMH XapaKTepUCTHUKAMHU  OIIUCHIBAIOTCS
MHOTHE M3MEpHUTEIbHbIE, NpeoOpa3oBaTe/ibHbIS, YCHUJIUTENIbHBIC, VIIPABIISAIONINES
AJIEMEHTHI CUCTEM PErYJIMPOBAHUSI.

B zapucumocTH oT BuUAa GyHKIMHA f(X,,) 3BESHBS pa3aelisitoTCa Ha CTATHUYECKHE,
obnaalomue CTaTHYSCKOM XapakKTepUCTHKOM, W acTaTHUYESCKHE, HE HMCIOIIHNES
CTATHYECKOU XapakTepUCTHKU. CTaTHYeCKHE XapaKTepUCTHUKHU JSJLITCS  Ha
nuHeliHbvle, Y KOTOpbIX QyHKIUA f(X,) B paccMaTpUBacMOM JIHalla30HE MU3MECHEHUS

Xy U Xy €CTH JIMHEHHAS (QYHKITUS
Xeex = @ + X, (1.29)

A€ a U b — OCTOSIHHBIC, U HEJIMHEHHbIC, Y KOTOPhIX PyHKIHU f(X,,) uMeeT Oojee
CJIOKHBIN BH/I.



1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

I'paprueckn crarnueckas XapakTepuCTHKa JIMHEWHOro 3BeHA IIipsMas -
puc.1.19. IlpumepoM cTaTHUECKOM XapaKTepPUCTUKH JIMHEMHOTO 3BEHA SIBJISETCS
XapaKTepUCTHKa HeHArpyKeHHOTo TaxoreHepartopa: £ = k @ (kod>ddunvent a = 0),

rne £ — DJIC rtaxoreHeparopapa, @ — VIJIOBas CKOPOCTh, K — Ko>(pduimeHt
repeJiaun TaxoreHeparopa.
A
Xewc
arc tgb
e Y Puc. 1.19. Cmamuueckas
ex ~
> XAPaKmepucnmka JUHetiHo20 36eHda

YacTo ypaBHeHHE CTATHUKH JIMHEHHOIO 3BE€HA IIPUBOJST K BHIY, UTOOBI BMECTO
TEKYIINX 3HAUCHWM KOOpAWHAT (DUTYPHPOBAIH HMX OTKJOHEHHS OT HEKOTOpPOTO
HAUAILHOTO 3HAUYEHUS:

AX, =X, — X, o (1.30)
rne X, ., — HavaJbHOE 3HAUCHUE,
X — TeKylllee 3HaUCHHE.
AHaJOTHUHO

AX g = Xear — Xo o (1.31)



1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

[TojcTaBUM B IIEPBOHAYAILHOE YPABHEHUE CTATHKH:
XO@bHJ’_Anglx :a_i_bavongf_Ang)

O‘IGBI/I)_IHO, I HAYAJIBHOTI'O COCTOsHUA
Koo =a + DXy g5 (1.32)

Beratem u3 (1.30) (1.31), moay4yuM ypaBHEHUE CTATUKU B OTKIIOHCHUSIX |
AXgon = b AX g, (1.33)

BuauM, BeIObUT KO3(GPUITUEHT @, T. €. XapaKTePUCTUKA 10 YPABHEHUIO CTATHKU
B OTKJIOHEHUSIX BCer/ia MPOXOUT Yepes HAYaI0 KOOPAUHAT ¢ TeM K€ YIJIOM HAKJIOHA
(puc.1.20):

A
X, gb1x

arc tgb x.. Puc. 1.20. Cmamuueckasn
€x <
> Xapakxmepucmuxa JNuHeliHo20 36eHA 6




1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

B CAP ecTb 3BeHbsI, XapaKTepU3YIOIHECS JIBYMSI BXOJIHBIMM KOOPJMHATAMH M
OJIHOM BBIXOAHOM. K TakuM 3BEHBSIM OTHOCATCS BC€ OOBEKThI PETYJIHPOBAHMS:
BXOJHBIMH KOOpJMHATAMU OOBEKTa peryJMpoOBaHUs SIBJSIETCS peryJupyrolee
BO3/CHCTBME W BosMmyIleHHe. Crarndeckas XapaKTepUCTHKa B JaHHOM CJIyyae
BBITJISITUT:

o =f q) (1.34)

IJie @ — peryJupyemMas BeJIMUHHa 00beKTa;
{ — peryJIMpylolee Bo3IeHCTBHE,
¢ — HarpyskKa.
['paduuecku B TpeyrosibHOH CUcTeMe KOOpAWHAT (YHKITHS H300paxkaeTcs B
BU/JI€ MMOBepXHOCTH (puc.1.21).

@

Puc. 1.21. H306paxcenue gynxyuu 6
mpey2onvbHOl cucmeme KoOpOUuHAamn



1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

[lomoOHoe  m3oOpakeHHE BechbMa  HeyaoOHO. [losTomy  craTumueckme

XAPAKTCPUCTHKH OOBECKTOB MPEACTABIAIOTCS HA IUIOCKOCTH B BHIC CEMEHCTBA
XapakTepucTHk (puc.1.22):

¢ =f1 (W) , oo ¢ = f2(q)
g=const = const
= const
? a N
(2 = const
= const

- Pue. 1.22, Cmamuyeckue
Xapaxmepucmuxiu,
npeocmaeieHHble 8 suoe

1)
>

cemelicmea KpUesvix



1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

1.3.2. Cmamuueckue xapaxmepucmuxit COeouHerull 36eHbes

Mpmuorue 3BeHbsi CAP 1o cBocH KOHCTPYKIHH SIBISIOTCS HATIPABJIICHHBIMH, T.C.
BO3JICHCTBHS B HHX TIICPEJAlOTCS TOJBKO B OJHOM HampapiceHHH. Hike
paccMaTPHBAIOTCS 3BSHBS HATIPABJIICHHOTO JICHCTBHUSL.

HauGosnee ynoTpeOUTETbHBIME COCHHEHUSIMH 3BSHBEB SIBIISIOTCS:

e TapauICIIbHOE,
® TIOCJICAOBATEIIPHOC H
® 0XBAT 3BCHA >KECTKOH 0OpaTHOH CBS3BIO.

Ilapannensroe coedurenie 36embes.
IIpu mapajuleIbBHOM COCUHEHHHU 3BEHBEB BXO/HBIE KOOP/HHATHI BCEX 3BCHBEB
PaBHBL, a BBIXOJHBIC CyMMUpYIOTCA (pHc.1.23):

A;ﬁ :4¥%2::A;ﬂ::}Zx’ A;ux:4¥%uf%_ﬁ;uﬁ_+jguﬁ

Xaxl 5 1 Xsbxxl
Ko Koo
ng —PL‘b 2 == Xsbzx
Xz X3 r Puc.1.23. llapannenvroe
» 3 CO@O%H@HU@ 36EHbBEB




1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

I[J'[SI IMOCTPOCHHA CTATHYCCKOM XapaKTCpUCTHKH IIAapaJUICJIBHBIX 3BCHLCB
H606X0,HI/IMO B O,[[HOﬁ CHCTCMC KOOpAHHAT C OJHHAKOBBIM MacIITaOOM IOCTPOHUTD

CTATUYECKUE XapaKTePUCTUKH OTACJIbHBIX 3BEHBEB M HUX OPJHUHATHI CIIOKHUTH
(puc.1.24).

=-ed

Puc.1.24. llocmpoenue
CIMAamU4YecKo xapaxme-
PUCTMUKU CUCIMEMbL U3 MPEX
nApanierbHO  COEOUHEHHBIX
36€HLEE € HEUHEUHbIMU

FXex

xapaxmepucmuxamu
HpH HHHeﬁHbIX CTATHUCCKHUX XapaKTepHCTHKaXZ
_ . ~
“Yepixd T k] “Yexls
Aepx2 — K2 Agx
Agax3 = K3~ Agxs > (135)

Xebzx = (kj + k2 + k3+--- +



1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

IocneoosamenvHoe coeouHeHue 36eHbes.
HpI/I MoCJacaA0BATCIIbBHOM COCAMHCHHUUN HAIIPABJICHHBLIX 3BCHLCB BbIXOJHBLIC

KOOPpAHWHATBI  HIPCALIAYIICIO  3BCHA  ABJIAIOTCA  BXOAHBIMU  KOOpAMHATAMHU

MOCJICAYIOIICTO.
JIJ1 MOCTpOEHUS PE3y b TUPYIOMIEH XapaKTEPUCTHKH CTPOSATCS OTACIbHBIE XaPAKTEPUCTHKHU B
pa3HbIX KBagpaHTax. Hanboee mpocThIM ABIAETCS MOCTPOSHHUE B CIIyYae TPEX 3BEHHEB
(puc.1.25).

a)

)(ex} 1 )( @yt 2 X 8x3 > 3 X Bu1x3 >
X 8x2 X GyIx2
6)
4 )(ex2 =X, guixl

)(ebzx2:Xex3 l/'
A
Puc.1.25. Ilocneoosamenvroe coeOuHeHUe 36eHbEE — (), NOCMPOEHUE

CAamMUYEeCcKoll XapaxKmepucmuKky CUCIEMbL U3 MPex NoCle008amelbHO
COCOUHEHHBIX HENUHETIHBIX 368HbEE — O).

Xawix3
y




1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

B mepBoM KBaApaHTC MOCTPOCHA CTATHUCCKASA XapaKTCPUCTHKA X,= [ (Xewt)
MEPBOrO 3BCHA, BO BTOPOM KBAAPAHTE MOCTPOCHA XapPaKTCPUCTHUKA BTOPOTO 3BCHA, B
TPETBEM — TPETHETO. 3aTaAUMCS HEKOTOPBIM 3HAUCHUEM X,; (Touka 1), emy
COOTBETCTBYET Xgix1, KOTOPOE PaBHO X2 M T 1.

IIpn mocnexoBaTeIbHOM COCAMHCHHUH OO0JICE TPEX 3BCHBECB CHAYAJIA ITPOBOIUTCS
WX KOMOWHALUS MO TPH, HAXOAATCS XapPaKTCPUCTHUKH TPYINI MO TPH 3BCHA B KAXKAOU
W QHAJIOTHYHBIM CIIOCOOOM HAXOIUTCS 3aTEM YIKE XapPAKTCPUCTHKA COCTUHCHUS.

IIpn mocae0BaTEIBHOM COCAUHCHHUH JTMHCHHBIX 3BCHBCB (YACTHBIN CITyUa):

X@ble — k] Xex],
XebzxZ — k2X6x > (137)
XGblx3 — kj’ X6x3:

PE3YIbTUPYIONIAs XapaKTePUCTUKA X g3 = KikoksXexs

Takum o0pa3oM, B cilydae MOCIEI0BATEIbHOTO COCAUHEHUS JIMHEMHBIX 3BEHBEB
KO3 PUUMEHT nepenayud cucteMbl K paBeH MNPOMU3BEIECHUIO KO3(DPUIIMEHTOB
nepenay OTAEIbHBIX 3BEHBEB!

K = k1k2k3 (138)



1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

Oxeam 36eHa rceCMKOU 0OpamHoil ces3vio

3BCHOM C OOpaTHOW CBSI3BK0 HA3bIBACTCS TAKOC YCTPOWCTBO, MPU TMOMOIIH
KOTOPOT0 4acTh BBIXOJHOTO CHTHAIa TCPEaacTCcs Ha BXOA JAHHOTO 3BCHA (W
OJHOTO M3 MPCIbIIYIIHX 3BCHLCB).

Korma mepemaBacMoe oOpaTHOM CBS3BIO BO3JACHCTBHUC 3aBHCUT TOJBKO OT
BBIXOJHOM BCIMYMHBI M HC 3aBHCHUT OT BpPCMCHHM, OOpaTHas CBSI3b HAa3bIBACTCS
xectkor. Cxema umeet Buz (puc.1.26):

Puc.1.26. Cxema 36ena,

el Ao o 1 Koo y OX6a4eHH020 00pamHoil
CEA3bI0:
Xoc I — oxeamvieaemoe 36¢eHo,
II |4 Il — 36en0 obpammoii céa3u




1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

CornacHO cxeMme: 4YacThb BBIXOJHOIO CHTHaJIa 3BeHa | momaercss Ha ero BXO.
yepe3 3BeHO II. IlycTe cratmyeckas XapakTepuCTHKa OXBaThIBAeMOro 3BeHa (0e3
oOpatHOU CBA3N) X, = f(Xs) W CTaTHUECKas XapaKTepUCTHKA OOpaTHOM CBS3H X,
= ¢ (X, Torma craTmueckas XapaKTEPUCTUKA CHCTEMBI OyaeT

Xebzx - f [Xex’ :|: ¢ (‘)(Gbl.x,‘)] (139)

3HaK «+— IPH MOJOKUTEIbHON OOPATHOM CBSI3H, «—» — IPH OTPHUIIATEIIEHOM.
B cucremax peryJIupOBaHU MO OTKJIOHCHUIO PETYJLTOP, MOJKIFOUCHHBIA K OOBEKTY, 00pa3yeT
OTPHLATEIbHYIO OOPATHYIO CBSI3b, MOCKOJIBKY OH CTPEMHTCS MPOTHBOACHCTBOBAT
BO3MYILIAKOINEMY BO3ICHCTBHIO.



1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

Ha pwuc. 1.27 mnokazaHo IIOCTPOEHHE CTATHUECKOM XapaKTePUCTHUKH IIpH
OTPHLIATEILHOM 0OpaTHON CBSI3H.

B niepBoM KBajipaHTe CTPOHUTCS cTaTHMUecKas XapaKTePUCTHKA OXBaThIBAEMOIO
3BeHa [, BO BTOpOM- XapaKTepHCTHKa 3BeHa obOpaTHoi cBszH II. Pesyiabrupyioias
xapakrepucThka III ctpouTcs B mepBoM KBajipaHTeE.

SN T

Puc. 1.27. Ilocmpoenue cmamuueckoil Xapaxmepucmuku CUcnembol
(36€H), OXBAUEHHO20 JHCECKOT OMPUYAMENbHON 0OPAMHOL C8A3bI0

JIJI TIOCTPOECHUSA CTaTUYECKOU XapaKTEPUCTUKH 3aIUIIEM YPaBHEHHUE cyMmMaropa: X, = X' — X,
W X" = Xgx + X,o. OTCIO/Ia BEITEKAET U MIPABUIIO MOCTPOSHUA CYMMaPHOU XapaKTEPUC TUKH :
3a1a6MCS BBIXO/HOM BEJIHYHMHOM CHCTEMBI — TOUYKa 1, 1m0 Hel HaXouM X, — Touyka 2 Hu X,. —
TOYKa 3; K OTPE3KY 1-2 MPUKJIaABIBAEM OTPE30K 2— 4, paBHBIU 1-3 — ToUuKa 4 4BJIgETCA

PE3VIABTHPYIOMICH U T. 1.



1.3. Ctatuka cuctemM aBTOMaTU4Ye€CKOro perynvpoBaHus

Ha puc. 1.28 mokazaHO INOCTpOEHHE CTaTUYECKON XapaKTEPUCTUKU CHUCTEMEI
mpu [IOC. XapakTepUCTHUKH OXBaThEIBaeMOTo | 3BeHa U 3BeHa oOpaTHOU cBasm 11
pucyroTca B ogHoM (mepBoM ) kBaapante. g [TOC ypaBHeHUe cyMmmaTopa X, = Xe, '
+ X, wmm X' = X — X, OTcrofla IIOUTH aHaAJIOTMYHOE, KaK W IpHU
OTpUllaTeNbHONM oOpaTHOW CBA3M, M IIOCTPOEHHE XapaKTepUCTHUKHU: Touka 2
pe3yILTUPYIONIEel XapaKTepUCTUKH OIpeAerdeTcd Kak pasHocTh oTpeskoB (0 — 3)
munyc (0 -1)u 1. 1.

II Puc.1.28. llocmpoenue
CMamu4ecKol Xapakmepucmuxy
cucmemvl (36eHa), OX8AUEHHO20

HCECMKOU NONOHCUMENbHOU

oOpamHotl c643b10
XG}C'
,é/ >
012 3 sz; Xoc

[TonmoxuTensHasa oOpaTHad CBA3b JAeNaeT Pe3yIbTUPYIOMYIO XapaKTepUCTUKY
Oolee KpyToi, yBenmmunBaeT ko3 GPUIMEHT MMepeIaum.
PaccMoTpum npuBeZieHHBIX JBa CIyUasa A1 TMHEHHBIX 3BeHBLEB:

Kover = ko Xex 1 Xor = KoeXouzo

rjie ko — ko3 ULKeHT repeadnl OXBaTEIBAa€MOI'0 3BeHa.
PesyneTupytonias xapakTepUCTUKA

X@bzx = kOsz = kO (ng, + kOC'Xew:)-

k
o .y (1.40)

evix 10k k x
o oc¢



1.4. NoHATHe 006 YCTOMUYNBOCTU CUCTEM aBTOMATUYECKOIro peryrimpoBaHus

Ipumep 1— puc.1.29, a. llog pgelicTBHeM BO3MYIAIOIMIUX CHJI  IHAp
MepeMeCTHIICS U3 TOUKH A, B Touky A llocie aelicTBUs 3TUX CHUJI 1Iap BEPHETCS B
TOUKY A, — TIOJIO)KEHUE IIapa Ha BOTHYTOM TIJIOCKOCTH YCTOMYMBO. [[ocKONbKY €cTh
TPEHUE, TO, KOHEUHO, I1ap BEPHETCS HE TOUYHO B TOUKY A, a OCTAHOBUTCS PSJOM.
Cuctema OyJieT YCTOMUMBOM, €CJIM OHa OT BO3MYIIIEHHOTO COCTOSIHUS TEpeUjieT B
HEKOTOPYIO KOHEUHYI0O OO0JIacTh, OKPYKAKIIYI0 HEBO3MYIIEHHOE COCTOSIHUE
paBHOBECHS.

31ech U Jlajiee Touka A, — HEBO3MYIIIEHHOE COCTOSIHUE PABHOBECHUSI CUCTEMBI,
TOUuKa A — BO3MYIIIEHHOE COCTOSSHHE CUCTEMBI.

Ipumep 2 - puc.1.29, 6. 3xech 11ap He BEPHETCS B CBOE COCTOSIHHE PaBHOBECHSI
B TOUKY Ao — CJIyudail HEYCTOMUYMBOTO TOJIOKEHHMS IIapa Ha TJIOCKOCTH.

a) 6) 6) 2) 9)

Puc. 1.29. Hamocmpayua noHamusa ycmoundusocmu Ha npumepe niockocmu U apa.

Ectb u npyrue Buapl cucTeMm.

Ilpumep 3 — puc.1.43, 6. Cucrema ycroilumBa B MajoOM, HO HEYCTOMYMBA B
OOJIBIIOM.

Ipumep 4 —puc. 1.29, 2. TlonyycroiiuuBoe COCTOSTHUE PABHOBECHS.

Ilpumep 5 —puc. 1.29, 0. be3pazimiyHoe COCTOSIHUE PaBHOBECHUSL.



29 g2 o/ e

a o B r a
[IpruMeprl HA PACKPBHITHE HOHATUA YCTOMYHMBOCTH CUCTEM:

l-ycTOM4YMBOE  MOJOXKEHWE  Iapa;  2-HEYCTOMYMBOE
MOJOKEHUE IIapa; 3-CUCTeMa YCTOMYMBA B MajoM H
HEYCTOMYHBA B OO0JBIIOM; 4-TIOJYYCTOMYHUBOE COCTOSHHE
PAaBHOBECHS  CHCTEMBI,  5-0€3pa3iIW4HOE  COCTOSHHUE
PaBHOBECHS



