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BBenenue

VYyebHnoe nocobue «Teopuss aBTOMaTHUECKOTO yNPaBIEHU» PEIHA3HAYEHO
1U1sl CTyeHTOB HarpasiieHHs 13.03.02. «DmeKTposHepreTuka U 31EKTPOTEXHUKAY,
«ONEKTPOIHEPTETUUECKAE  CUCTEMBI U CETH»,  «ABTOMAaTU3HPOBAHHBIE
ANIEKTPUUECKHE paclpele/uTeNbHble CeTW» pa3HbiX GopM o0ydeHus s
JUCUUIUIMH «Teoprsi aBTOMaTUYECKOrO YIIPaBICHUS», « TeopHsi aBTOMaTUYECKOTO
yOpaBjieHuss B DJHeprocucremax», «Teopus aBTOMAaTHYECKOTO YHPABIEHUS B
cuctemMax 3JeKTpocHabxeHus». OOuas TpyJOEMKOCTh JAUCIUIUIMHBI COCTABIISIET
144 gaca (4 3.e.).

YueOHoe mocooue COCTOUT U3 8 Tas.



Jleknusa 1 O6mmue npuHunbl nocrpoenust ACY

[lepBble ynomuHanusi 00 aBTOMATHYECKHX CHCTEMax CBS3aHbl C UMEHEM
I'epona Anexcanaputickoro (2000 net Hazam). OH onucan aBTOMATHI JJIS IPOJIAXKU
CBATOM BOJIbI, TeaTPAIM30BAHHBIC IIOCTAHOBKH, YIpaBIsieMble MPU IMOMOIIU
MporpaMMHBIX 0OapabaHOB, CTPEJIOMETHl U JIPYTU€ CHUCTEMBI, 3aMEHSIOIINE
NOJIHOCTBIO WJIM YacTUYHO yenoBeka. CaM TEpMHUH «aBTOMAaTHKa» B IMEPEBOJE C
JOPEBHETPEUYECKOIO 03HAYAET «CAMOIEHCTBYIOIIHI.

[Togq aBTOMATMKOI TOHUMAIOT OTPAC]Ib HAYKH U TEXHUKH, H3YUYaIOIIYIO
TEOPUI0 W  TPUHIUIBI  MOCTPOEHUS  YCTPOMCTB,  JCHCTByrOmHUX  0e€3
HEMOCPEICTBEHHOT O yUaCTHs YEJIOBEKa.

[TonsiTue TEOpHS aBTOMATUUYECKOTO YMPABICHUS OOBEAUHSAECT TEOPHUIO U
aBTOMAaTHUYECKOE YIPaBJICHHE.

Teopusi — COBOKYNHOCTh 3HAHUW, MO3BOJAIONIMX MPU OINPEIEIECHHBIX
YCIJIOBHSIX MOJy4YaTh JOCTOBEPHBINA PE3yJIbTaT;

YnpaBienne — BO3CHCTBUE, OKa3bIBa€MOE Ha OOBEKT, JJISl OMpeeieHUs
W/WITH TIOJICPXKAHUS 3aIaHHOTO PEXKHUMA.

Ecnun uenpto ymnpaBieHHs SBISIETCS TOJBKO MOJJEpKAHUE 3aJaHHOTO
pexuMa, TO yIpaBJICHUE HA3bIBAETCS PeryJMpoOBaHNEM.

Paznuuaror pydyHoe, aBTOMaTU3UPOBAHHOE M aBTOMATUUYECKOE YIpPaBJICHUE.

Py4Hoe ynpaBieHue — ynpaBjieHUE, KOTOPOE MOJHOCTHIO OCYIIECTBISETCS
YEJIOBEKOM.

ABTOMATH3MPOBAaHHOE  yNpaBJIeHMe  —  YIpaBJI€HUE,  KOTOPOE
OCYULIECTBIISIETCS] YEIIOBEKOM C MOMOIBIO TEXHUYECKUX CPEACTB.

ABTOMaTHYeCKOe YIIPaBJIeHHe — YIIPABICHUE O€3 BMEIATeIbCTBA YeTTOBEKA
C IOMOIIIb TEXHUYECKUX CPE/ICTB.

Teopuss aBTomatudyeckoro ynpasiaenusi (TAY) — cOBOKYNHOCTh 3HaHUH,
MO3BOJIAIOIIMX CO3/]aBaTh M BBOJUTH B JEHUCTBHE aBTOMATUYECKUE CHUCTEMBbI

YIpaBJICHUA TCXHOJOIMYCCKUMU IIPOLCCCaMU C 3aJaHHBIMHA XaPaKTCPHUCTHUKAMMU.



[Ipu wu3ydyenun mnpouneccoB ynpasieHus B TAY aOctparupyrorcs ot
(u3nuecknux U KOHCTPYKTUBHBIX ocobeHHocTeld ACY u BMecTo peanbHbiXx ACY
paccMaTpuBalOT UX aJeKBaTHbIE MaTemaTuyeckue Mojeiau. [loaTomy OCHOBHBIM
MeTonoM ucciaenoBanus B TAY sBisieTcss MaTeMaTH4ecKoe MO/IeJTUPOBAHME.

TAY BmecTe ¢ Teopueld (yHKIHMOHUPOBAHUS JIEMEHTOB CUCTEM YIIpaBICHUS
(1aTUYUKOB, PETYJISATOPOB, MCIOJHUTEIBHBIX MEXaHU3MOB) oOpaszyer Ooiiee
IIMPOKYIO OTPACIIb HAYKH — AaBTOMATHKY. ABTOMATHKa, B CBOKO OUEPElb, SBIISICTCS
OJIHUM U3 Pa3/iesIOB TEXHUUECKON KUOCPHETHKH.

TexHuueckasi KuUOEepHETHKA WU3ydaeT CJIOXKHBICE aBTOMATU3UPOBAHHBIC
CHUCTEMBbl  yMpaBjieHUs  TexHoyiormueckumu  mpoueccamu  (ACYTII) w
npeanpustusiMu  (ACYII), mocTpoeHHBIMH C HCIOJIb30BAHUEM YIIPABIISIONTAX
AIIEKTPOHHBIX BBIUYMCIUTEILHBIX MAIIIUH.

Haubonee 3HaunTenbHBIA BKIJIAJl B CTAHOBJICHHE TEOPUU ABTOMATHUYECKOTO
yIpaBJeHUsT BHECIH aHriauickuii ¢pusuk, nmpodeccop KemOpumxa Jxemc Kiepk
Makcsenn (1831—1879), pycckuit unkenep - nmpodeccop CII6 TexHomornueckoro
uHcTuTyTa MBan AnekceeBnu Beimnerpaackuii (1831—1895) u  croBarkuii
uHxenep - npodeccop Ilropuxckoro Iomurexaukyma Aypens Cromona (1859—
1942), dbynnameHTanbHble pabOTBI KOTOPBIX CO37add TO, YTO MBI Ha3bIBaEM
KJIACCHYeCKOM JTMHEeAPU30BAHHOU TeOpHUed ABTOMATHYECKOI0 PeryJIMpOBaHuAA.

IIpeameToM M3y4eHHs] TEOPUH ABTOMATHYECKOI0 YIIPaBJICHUS SBIISAIOTCS
cucteMbl aBToMatnueckoro ympanieHus (CAY), cocTosiiye H3 MHOXECTBa
B3aMMOJICUCTBYIONINX JJIEMEHTOB, NPHHAMICKAININX OOBEKTY YNpABICHUS W
KOMILIEKCY YNPAaBIISIIOIIUX YCTPOUCTB.

Texnonornvyeckuit mpouecc (TII) — 3T0 COBOKYMHOCTh B OMNPEACIECHHOMN
MOCJICTIOBATEILHOCTH  BBITIOJIHSIEMBIX OTEpauii 1o TmepeBoay (mepepaboTke)
HCXOAHOTO MaTepuasa (MpoaykTa) B TpedyeMoe coctosinue. Tpedyemoe cocTosiHue
(kauecTBO)  MPOAYKTa  OMPENENeT  MOCIEI0BATEIbHOCTh  BBINOJIHEHUS
TEXHOJIOTUYECKUX OMEePALNi U PEKUMBI PAOOTHI TEXHOJIOTUYECKOT0 000PY10BAHUS.
Hnsa TII onpenensercss aiaroput™ (QYHKIHMOHUPOBAHHUS — COBOKYIIHOCTH

MPEINKUCAaHNN, BEAYIIYIO K TPAaBUILHOMY BhINOJHEHNIO TTI.



ANTOPUTM YIPABIECHHUS — COBOKYIIHOCTb MPEINHUCAHUM, ONpPENEIIAIoNas
XapakTep YIPABISIOLIETO BO3JECUCTBUA C IENbI0 BBIIOJHEHUS AJITOpPUTMA
(GYyHKIMOHUPOBAHMUS.

Yunpasiienne — MNpouecc OCyIECTBICHUS BO3AECUCTBUS, COOTBETCTBYIOIIETO
ANrOPUTMY YIPABICHUS.

ABTOMATHYECKHUI TpoLecc - TMPOIECC, OCYIIECTBISIEMbI 0e3 ydacTus
YEJI0BEKA.

ABTOMATH3MPOBAHHBIA TMpPolECC - TIPOILECC, OCYLIECTBISIEMbIN IpHU
COBMECTHOM YYacCTHHU YEJIOBEKA U CPEICTB aBTOMATH3ALIUH.

ABTOMATH3aIMsl — IMEPEHOC YAaCTH WJIM BCEX OMNEpaluid MO YIPaBICHUIO
IPOU3BOJCTBEHHBIM IIPOLIECCOM HAa TEXHUYECKUE CPEICTBA.

Heab nm3yuenuss TAY — yder npuOOpeTeHHBIX 3HAHUN B MPAKTHUECKOU
NEATEIbHOCTH TIPU  IPOECKTUPOBAHUM, MPOU3BOJCTBE, MOHTAXE, HAIAAKE U
skcruryatanuu ACY.

YcrpoiicTBO (MalivHa, anmapar, TeXHOJOTHMYECKHH Mpoliecc), B KOTOPOM
HEOOXOIMMO MOJJEPKUBATH HEKOTOPOE 3HAYEHUE TIEPEMEHHOW WM MOKa3aTes,
Ha3bIBaeTCs 00beKTOM ynpasiaeHus (OY).

OObexTaMu ynpapleHUs ABISIOTCS, HAPUMEp, KaK OTJEIbHbIC YCTPOUCTBA
ANEKTPUUECKOW  CUCTEeMBbl  (TypOOreHepaTopbl, CHJIOBBIE IpeoOpa3oBaTENH
ANEKTPUYECKON SHEPIUHU, HATPY3KH ), TaK U SJEKTPUYECKAsI CUCTEMA B LIEJIOM.

Yrapasasioinee (BxoaHoe) Bozaeiicteue (U) — Bo3ieiicTBue, 1o1aBaeMoe Ha
BXOJl 00bEKTa yIIpaBICHUS.

BoixonHasi (ympaBiasiemasi) BeaumuuHa (Y) — miepeMeHHas (CHTHAI),
ABJIAIOIIASICS TOKA3aTeNEM, AJI1 KOTOPOIO ONPENEsSeTCs Leilb YIpaBIeHUS.

Bosmymarwimee Bo3aeiictBue (F) — Bo3zaciicTBHE BHEIIHEH Cpeabl Ha

CUCTCMY, COBOKYITHOCTb HAarpy3Ku U IIOMCX.



PI/IcyHOK 1 — CxemaTtuuHoe NpCaACTaBJICHUC 00BEKTa YHOPABJICHUSA

Ecnum BXonHBIE W BBIXOJIHAsI BEJIWYWHA TPEACTaBICHbI B €IWHCTBEHHOM
YHUCJIe, TO TAKON OOBEKT SABJISIETCS OJTHOMEPHBIM (PUCYHOK 2, a). B obmem ciydae
OOBEKT  ympaBieHUS  MOXET  ObITh  MPEJCTaBIeH  MHOTOMEpPHBIM,  a
COOTBETCTBYIOIIIUE BEJIMUMHBI - MHOXECTBaMU (pUCYHOK 2, 0). MHoromepusie OY
94acTO Ha3bIBAIOTCS TEXHOJOTMYECKUMH oObekTamu yrpasieHus (TOVY), koTopsie
XapaKTepHbI JJIsI aBTOMAaTU3UPOBAHHBIX CUCTEM YIIPABICHHS TEXHOJIOIMYECKHUMHU
IPOLIECCAMHU.

AJroput™M (yHKUMOHUPOBAHNSA YCTPOICTBA (CHCTEMBbI) — COBOKYITHOCTb
OpeANUCaHN, BEAYIIUX K IPABUILHOMY BBIIIOJIHEHUIO TEXHUYECKOTO Mpoliecca B
KaKOM-JIH0O YCTPOMCTBE WU B COBOKYITHOCTH YCTPOMCTB (CHCTEME).

Anzopumm ynpaenenus — COB0KYNHOCMb NPEONUCAHUL, ONPeOetsitouas
xapaxmep 6030eUcmeull U3eHe Ha 00beKm YNpasieHus, 00ecneyusaruux e2o
aneopumm QyHKYUOHUPOBAHUS.

[IpuMepaMu anropuTMOB YIPABICHUS SIBISIIOTCA AJITOPUTMbI W3MEHEHHS
BO30Y)KJICHUSI CHHXPOHHOTO T€HEpaTopa W pacxoja mapa B UX TypOMHAX C IENbIO
KOMIIEHCAIlUU HEXEIATEIbHOIO BIUSHUS MU3MEHEHUS Harpy3Kud NoTpeOuTtesei Ha
YPOBHH HAIPSKEHUS B Y3JIOBBIX TOYKAX 3JIEKTPUUECKON CUCTEMBI U YaCTOTY 3TOTO
HaIpPSKEHUS.

Yempoiicmeo ynpaenenua (YY) — ycmpoticmeo, ocywecmenawowee 6

coomeemcmeuu ¢ ajacopunmom ynpaesileHusl 6030elicmeue Ha 00beKm yYnpaeJjeHusl.



IIprumepaMu yCTpPOUCTB YIIPaBIICHUS SBIAIOTCS aBTOMATUYECKUU PETYIISTOP
B0o30yxneHusa (APB) u aBroMartuueckuil perynstop yactoTsl BpamieHus (APUYB)
CUHXPOHHOT'O r€HepaTopa.

Aemomamuueckaa cucmema ynpaenenus (ACY) — cosokynHocmos
83aUMO0CUCBYIOUUX  MedHcd)Y CcoO0l 00vbeKma YnpasieHus U YCmpoucmed
VNPAaGIeHus.

TakoBoil, Hampumep, SBISIETCS aBTOMAaTHuYeCKash CHUCTEMa BO30YKIEHUS
CUHXPOHHOT'O T€HepaTopa, coaepkaliasi B3auMoJIelcTByolure Mexay coooi APB

1 COOCTBEHHO CHHXpOHHBIﬁ reHeparop.

Zo(1) | Zo(t)

ACY

y(t) . X(0)
NERAY% | OY >

w

k 4

XS(t).

A 4

Xk(t)=x(t)

Pucynok 2 - O60061menHas cTpykTypHas cxema ACY

X(t) — ynpasnseman senununa — usuneckas seudUnA, XAPAKMePU3VIOUast
cocmosnue oovexma.

zo(t), 70(t) — coomeemcmeeHHO OCHOGHOe (Oelicmsyloujee HA 00bEKMm
Ynpaenienusi) u O0OROIHUMmMENbHOe (Oelicmeyioujee HA YCMPOUCMBO YNPAGICHUS)
eo3mywarouiue 6030eicmaeust.

[IpumepaMu OCHOBHOTO BO3MYILIAIOLIETO BO3ACUCTBUS ZO(¥) SBISIIOTCS
W3MEHEHUE HAarpy3Ku CUHXPOHHOTO T€HEPATOPa, TEMIIEPATYPHI OXJIAXKIAKOLIEH €ro
Cpelibl U T.M., @ JOTMOJHUTEIBHOTO BO3MYIIIAIOIIET0 BO3ACUCTBUSA Z0(1) — USMEHEHHE
yCJIOBUH oxaxaeHus: ¥V, HecTaOUIbHOCTh HANPSHKEHUSI UICTOYHUKOB MUTaHUsl YV
U T.IL

y(t) — ynpasnaiowee 6o30eitcmeue.



VYpasnstoniee BO3/IeCTBUE BhIpa0ATHIBAETCSA B YNPABIISIIONIEM YCTPOMCTBE
B COOTBETCTBUM C QJITOPUTMOM YIIPaBICHUS B 3aBUCUMOCTH OT HCTUHHOTO U
MPEANKMCAHHOIO 3HAYEHUHN YIIPABIAEMOU BEJIMYHUHBI.

XK(1) = Xx(t) — KOHmpobHOe 8030elicmeue — uHGopmayusi 06 UCMUHHOM
3HAYeHUU YNpasasemou 8eIU4UHbL.

X3(t) — 3a0arouiee 6030elicmeue — npeonucanHoe (JHceraemoe) 3HaueHue
YNPaeisaemou eUUUHbL.

Anzopumm ynpaenenusn (anzopumm QYHKUUOHUPOBAHUS YNPAGNAAIOUE20
ycmpoicmea) — 3a8UCUMOCMb  YNPAsiAloue20 6030eucmseus om 3a0aruezo
8030elicmeusl, YNpasiiemMou 6eluyuHbl U OONOJHUMENbHO20 BO3MYUAIOULe2O
8030elicmaBUsL.

Anzopumm @ynkyuonupoeanus 00veKkma ynpaeieHus — 3a6UCUMOCHb
VNpaensaemMou  GeIUdUHbl  OMm  YNpAaeialouje20 U OCHOBHO20  BO3ZMYWAIOUE20
6030elicmauli.

ANroput™ (QYHKIIMOHUPOBAHUS OOBEKTA U AQITOPUTM YIpaBIEHUS B
COBOKYITHOCTH 00pa3yroT anroput™ ¢pyHkuuonupoanus ACY.

Bozneiicteust z(t) u x3(1) sABIAIOTCS 6HewHumMu JUIS  paccMaTpHBaeMOU
cucTteMbl, a BosuedcTBus xx(¢2) u Y() — euympennumu. Ilepemava BHEIIHUX U
BHYTPEHHUX BO3JICUCTBUU MPOUCXOIUT uepe3 daeMeHTbl ACY, KOoTopbie B
COBOKYITHOCTH 00pa3yioT HECKOJIbKO memned BosmeicTBuil. Ha puc.l1.1 MoxHO
yKa3aTh, HAIPUMED, [IEITH BO3ICUCTBUH OT BEIMUUHBI X3(?) K BeiamunHe Y(t) u manee
K X(t), oT zo(?) K X(t).

Paznuyaror Tpu CTOpOHBI J11000T0 BO3AECHCTBHUSL:

*  JHepzemuueckas — CHMOPOHA, NPOAGIAOWAACI 6  HpPOYeccax
npeobpazo8anus u nepeoayu SHepeull;

*  Memabonuueckas — CMOPOHA, NPOAGIAIOWAAC 6  NpPoOYeccax
npeodpazoeanusl hopmul U COCMABA 8euiecmea;

* UHQOPpMAUUOHHAA — CMOPOHA, CBA3AHHASL C NEPEHOCOM KaHCObIM

8030eticmeuem onpeoeieHHoU UHGOPMAyULL.



NupopmarmonHass cropoHa HaumOojee BakKHA ISl M3yYEHHUs IPOLECCOB,
npoucxoagamux B ACY. DT nmpouecchl 3aKI04alTcs B MpeoOpa30BaHUK CUTHAJIOB.
Cucnan 6 aemomamuke — onpedeleHHAs (usuyeckas GeIUYUHA,
omobpadxcaowas 8 COOMEEMCmMeuU ¢ NPUHAMOU YCIO8HOCMbIO UHGOpMayuro,
cooeporcawyiocss 8 6ozoeticmseuu. IIponsuniocTpupyeM BBEIEHHbIE MOHSTHS Ha
npumepe konkpeTHot ACY. Ha puc.1.2 u3zobpaxkeHa CTpyKTypa aBTOMaTHUECKOMN

CUCTCMBI YIIPABJICHUA B036y)KI[€HI/I€M CUHXPOHHOI'O TCHEPATOpa.

Mumaxue

Uil_.' }.FC up - PH

Puc. 1.2. CtpyKkTypa aBTOMaTH4€CKOW CUCTEMBI YIPABIICHUS BO30YXKICHUEM
CUHXPOHHOI'0 T'eHepaTopa

Ha3nauenue cuctemMbl — MOAAEpP)KAHHE TOCTOSHHBIM HAIpPSIKEHUS Ha
BBIBOJIaX CTATOPHOM OOMOTKHM T€HepaTopa IyTeM H3MEHEHHUS TOKa B €ro 0OMOTKe
BO30Y)KJIeHHS. YTIPaBIsIeMON BEIMUUHON X(t) B CHCTEME SIBIISCTCA HANPSKEHHE Ur
reHepaTopa. CurHan ux (KOHTPOJIbHOE BO3AeHCTBHE XK(t)), IpOMOPIUOHATBHBIN
HaIpsDKEHHUIO Ur, BblpaOaThiBaeTca JaTuuMkoM Hamnpsbkenus [IH u nepenmaercsa B
ycTpoiicTBO cpaBHeHUs1 YC, e OH CpaBHUBAeTcs ¢ 3aJaHueM Ur3 (3aJarolium
Bo3AelcTBHeM Xx3(t)). B 3aBucuMocTM OT 3Haka W BEJIWYMHBI CHUTHaJIA
paccoriacoBaHus up peryistop Hanpsokenust PH dopmupyer curnan ympasneHus
uy (ympapisitoniee Bo3JeHcTBUE Y(t)) HAa yBEIMYEHUE WIM YMEHbBIICHUE TOKa
B030yxneHus if Ha BbIxozie BO30yauTenst B. OTOT Tok BO30YKI€HUS U ONpeeNseT
HampsbkeHre ur re”eparopa. OCHOBHBIM BO3MYIIAIOIIMM BO3AeHCTBHEM ZO(t)

SBJISIETCS. TOK Harpy3kd Ir T€HepaTopa B LIEMH CBSI3U C AJIEKTPUUYECKONW CUCTEMOM

9C.



B kauectBe oObekTa ympaBienus OY B JaHHOM CHCTEME MOKHO
paccmaTpuBaTh CUHXpOHHBIN reHepatop CI' ¢ Bo30yautenem B. K ynpasnstomemy
YCTPOUCTBY Y'Y OTHOCATCS YCTPOMCTBO cpaBHEHMS YC M PETYIATOp HANPSLKEHUS

PH.

KoHTponbsHBIE BOTPOCHI



Jeknusa 2 Martemarnueckoe onucanune CAY
YpaBHeHHUs 3BeHbEB. JIMHeapu3auus

OCHOBHas CJIO0XHOCTb, KOTOpasi CYIIECTBYET IpPU BBIBOAE YpPaBHEHUM
3BEHBEB, 3aKJIIOYACTCS] B HEOOXOAUMOCTH YCTAHOBIICHHS JIONMYCTUMOMN CTENEHU
UJICIN3alli U YIIPOLICHUS 3BEHbEB. [ TaBHBIM YIIPOIIEHUEM, K KOTOPOMY CIIEIYET
CTPEMUTHCS, SBISIETCS UX JIMHEApU3alMs, TO €CTh ONUCAHUE 3BCHBEB JTUHEMHBIMU
nudepeHIanTbHBIMIA YPaBHEHUSIMU.

BooO6mie, nuHeapuzaius HEIMHEWHOCTEW, COJEpIKAIUXCS B YpPaBHCHUH,
3aKJTIOYAeTCsl B 3aMEHE OSTUX HEIMHEWHOCTeH MNpUOIMKEHHBIMU JIMHEHHBIMU
3aBUCUMOCTSIMH.

PaccmoTpum mpoctedminii  METOJ JIMHEAPU3AUWH, 3aKJIFOYAIOIIUNCS B
pasznoxenuu B psjg Teunmopa. [lycts, HanpuMep, ypaBHEHUE 3BEHA BTOPOTO MOPSAIKA,

N300pa)KeHHOT0 Ha puc. 2.1, UMeeT BUJI;

F(i'zni'pxz:ihxl):(P(f’f)’  (2.2.1)

rae F u ¢[J- HekoTopbie HeNMMHEHHBIE (DYHKIIMM CBOUX apTyMEHTOB.

/
x(7) x(7)

> >

Pucynok 2.1 —

JlomycTM, 4TO B 3TOM 3BEHE YCTAHOBUBIIMMKCS NIPOLECC HMEET MECTO

xlzx:,xzzx;,f:fa

Torna ypaBHEHHE YCTAaHOBHUBIIETOCS pexXuMa OyJieT

IIpyu HCKOTOPLIX ITIOCTOAHHBIX 3HAYCHHUAX:



=] =] L=}
F(0.0.x,,0,x,)=0(0. /7).
B ocHoBe MHEapu3aLy HEIMHENHBIX YPAaBHEHUMN JIEKUT IPEANIOI0KEHUE O
TOM, YTO B HCCIIEyEeMOM JTMHAMHYECKOM Ipoliecce nepeMeHHsbie X X 1 2, MmeHsitorcs
TaK, YTO UX OTKJIOHEHHA OT YCTAHOBUBIIMXCS 3HAYEHUN OCTAIOTCS JOCTATOYHO
ManbiMu. OO6o03HauMM 3TU OTKJIOHEeHHs uepe3 ALALX x 1 2

, . Torma B

AUHAMHUYICCKOM PCIKUMC IMOJTYyUUM!:

VYcoBUs 10CTaTOYHON MAJIOCTA AUHAMUYECKUX OTKIIOHEHUU IEPEMEHHBIX OT
HEKOTOPBIX  YCTAaHOBMBIIMXCS 3HAYEHHH I CUCTEM  aBTOMATUYECKOTO
PETYIMPOBAHUS U CIEASIIUX CUCTEM OOBIYHO BBIMOIHSIOTCA. ITOTO TpeOyeT cam
npuHIUn padotel 3amkHyTONH CAP. BHemHee Bo3neiicTue f He 3aBucHT 0T paboTHI
CAP, ero m3MeHeHHE MOXXET OBITb NPOW3BOJBHBIM M TOITOMY IpaBas 4YacTh
ypaBHeHUs (2.2.1) 0OBIYHO JWMHEApU3alMM HE TOJICKUT. [lepsuvlii cnocob
nuneapusayuu. Paznoxum Qysnkmuio F B psag Teitmopa mo creneHsM yKa3aHHBIX

MaJlbIX OTKJIOHCHUH B TOUKE YCTAaHOBHUBHICTOCA PCIKUMaA:

F(ityiryiyon )= F(0.0.x3.0.57 )+ 2| Ay + X0 iy + ) awy + | Ay 4
-0 7 B OxX,| = oOx,|. T Oxy|, ~ Ox|
OF |
x] .

rac O[] - 4JIeHBI BRICIIETO mopsaaKa MaJIOCTH 11O OTKIIOHCHHAM, a4 BCC YaCTHEIC

IIPOU3BOAHBIC BEIYUCIIAKOTCA B TOYKE YCTAHOBUBILICTOCA PCKKUMA, TO €CTh IIPHU



X, =0,%,=0, x, =x5, %, =0, x, =x,.
VYuuteiBas cooTHoiienue (2.2.2.) v npeneOperasi WieHaMu BBICIIETO HOpsIKa

MaJIOCTH, ITOJTYYHUM

F(f,,x,,x,,xl,xl):—a{: CAill S W i
-7 OX, - ox, - ox, T ox
2l 2le 2le : (2.2.3)
OF
+ = Ay =olf.f)- ( )

Oox,

[Tonyuennoe ypaBuenue (2.2.3) Tak xe, Kak ¥ ypaBHeHue (2.2.1), onucsiBaeT
TOT K€ IMHAMUYECKHUM MPOIIECC B TOM K€ 3BEHE, HO OTIMYACTCS CIACAYIOITUM:

- ypaBHeHue (2.2.3) sBusercs NpUOIMKEHHBIM, TMPUYEM TOUYHOCTH
npUOIIDKEHUST TeM OOJIbIlle, YeM MEHbBIIE OTKJIOHEHUS OT YCTAHOBHUBIIETOCS
pexuma,

- Heu3BecTHble (YHKIIMU BpeMeHH He X1, X2 , a uX OTKIOHEHUS OT
YCTaHOBHBIIIETOCS PEKUMA,

- IOJIy4YeHHOE YpaBHEHUE JIMHEWMHOE OTHOCUTEIHLHO OTKIIOHEHUH.

[IpuBeném rpaduyecKkyr0 WIUTIOCTPALMIO 3TOW JIMHeapu3anuu. M3o0pazum

rpaduyecku 3aBucumMocTth F, Hanmpumep, ot X1 (puc.2.2, a)

F-F°

a O

4 Fpa(i)I/IKa BHUAHO, 4YTO JIMHCApHU3aAlUA MOKCT TPAKTOBATHBCA KAK 3aMCHaA

KpUBOM Ha KacaTeIbHYIO B TOUKE YCTaHOBUBIIErocs pexxuma (puc. 2.3.6). YactHas



oF

ox

MIPOU3BOIHASA 1 c| npeAcTaBisieT coOO0M TaHIeHC yTiia HakiIoHa [ [lkacaTenbHON
. OF| _,
R
1o

K 3aBUCHUMOCTH F o1 X1 B TOUuke

Ota 3aMeHa TeM TOYHEE, YeM MEHbIIIC 1. I'paHuupl OTKIOHEHHH 1
MOTYT OBITH TeM OoJibllie, yeM Oimke KpuBas K KacatenbHOU. I[locrnennum
00CTOATENILCTBOM M OMPEEISIOTCS T€ TPaHUIIbl, BHYTPU KOTOPBIX OTKJIOHEHUS
MOKHO CYHUTaTh <«JIOCTATOYHO MaJbIMU». Bmopoii cnoco6 nuneapuzayuu. W3
npuBeAEHHON  rpadUuecKodl  WJUIIOCTpAlldd  BBITEKAeT  BTOPOH  CIOCOO
JWHEeapu3alui, KOTOPhI BechMa 4acTO MPUMEHSETCS Ha MPaKTUKE. DTOT CIoco0
3aKJII0YAeTCs] B TOM, YTO BCE KPHUBOJIMHEWHBIE 3aBUCUMOCTH, MCIOJIb3yEeMBbIE IS
COCTaBJIECHUS YPAaBHEHHUW 3BEHBEB, 3aMEHSIOTCS  MPSMOJUHEUHBIMH (110
KacaTeJIbHOM K COOTBETCTBYIOLIEH KpHuBOil). Toraa ypaBHeHUs cpa3y MOJIydaroTCs
JIMHEWHBIMU.

3ameuanus.

1. JanHblil BUA TMHEapu3anuu (pasiioxkenue B psan Teitopa) gonyctum npu
MaJbIX OTKJIOHEHUSIX OT YCTAaHOBUBIIETOCs pexkuma. [Ipyu 3TOM TOUHOCTH PacTET C
YMEHBIIIEHUEM 3TUX OTKIOHEHUH.

2. Takyro nuHeapu3alHMI0 MOXHO TPUMEHSATH TOJBKO K HEMNPEPHIBHO
muddepeHnupyeMbIM  HETUHEWHOCTSIM. Takue HEIMHEHHOCTH Ha3bIBAIOTCS
nuHeapuzyeMmbiMU. HenuHeiliHble  3BeHbA, HE  YAOBIECTBOPSIOUIUE ITOMY
TpeOOBaHNIO, HA3BIBAIOT CYIIECTBEHHO HENMMHEHHBIMUA. K HUM OTHOCSTCS 3BEHBS C
MPEPHIBUCTHIMU  XapaKTEPUCTUKAMHM THUIA PENEHHBIX WIM MHOIOCTYIEHYAThIX
XapaKTEPUCTUK, MU C HEOJHO3HAYHBIMM XapaKTepUCTHUKAMH THIA METIU
ructepesuca. Hy)kHO MOMHUTB, YTO JUHEAPU3AIUIO HEJb3sl MPOBOJUTH TOJIBKO B
TOYKaX pa3puléa TPEPHIBUCTBIX  XApPAKTEPUCTHK, B  OCTAJIBHBIX TOYKAX

JMHEapU3alui0 MPOBOASAT KaK OOBIYHO. 3a JIONTYI0 UCTOpHUIO pa3BuTus B TAY



CIIOKUITUCH OTIpeAeIEHHbIC TPAAUIINN TPY 3aIUCH JIMHEHHBIX (JTMHEapU30BaHHBIX )
YpPaBHEHUH.

llepsas cmanoapmnas ¢opma 3anucu auddepeHnanTbHOr0 ypaBHEHUs
MIOJTYYUTCS, €CTIM BBIXO/HAS BEJIMUMHA M BCE €€ MPOM3BOIHBIC HAXOMSITCS B JIEBOU
YacTW ypaBHEHUS, a BXOJHBIE BEIMYHHBI — B MpaBoil yacTu. Kpome Toro, cama
BbIXOJ[HAs BeauunHa Oepércs ¢ koapduuuentom 1. [TocmoTpum, kak 3To nenaercs,

HanpuMmep, B ciydyae ypaBHeHus (2.2.3). BBeaém B 3TOM ypaBHEHUU ClEAYIOIINE

0003HaUYECHUS:
ol oF| o oF
Tz_ajc-on_&"zoK_ ajcloK_ 6x10K_ 1 f (ff) (Of)
”_S_FDI_GF"_a_F”_aF”_a_F’l_(P’ e
Ox, . ox, . ox, . 0x, . Ox, .

Torna ypaBuenue (2.2.3) npuMeT CIASAYIONIUN BUT
Tf.&t’z + T Ax, + Ax, = K Ax; + K\ Axy + K f; . (2.2.4)

VYpaBHenue (2.2.4) ynoOHO 3aNUChIBaTh B CUMBOJUYECKOM BHJIe, 0003HAUYMNB

d
P= ;
oneparop auddepeHIUpOBaHUs Yepe3 I [, Takum o0Opa3omMm, mojay4yaem
nepsyio ¢hopmy 3anucu ypaBHCHHS 3BEHa:
(T22p2 +Ip+ I)AYE ()= (K,p+ K )Ax, (1) + K, £; (). (2.2.5)

Cragmaptayro ¢opmy 3anucu (2.2.5) MOXKHO HCIIOJIB30BaTh KakK IS
pa3MEepHBIX OTKJIOHEHUM peasIbHbIX BEJIMYMH Ha BXOJI€ U BHIXOJE 3B€HBEB, TaK U JJIS

JIFOOBIX OMHOCUMENbHBIX OI’I’IKJZOHBHI/IIZ, BBOJHMMBIX MHOrJZa AJId YIIPOIOCHHA BHAA

YpPaBHEHUM:
Ax, Ax,
X, = , X, =—= HT.L.
[+] = 0
Xy X,

Koadbdunmentsr 71, 72 HOCAT Ha3BaHHE IMOCTOSHHBIX BPEMEHHM 3BEHA W
UMEIOT pa3MepHOCTh BpeMeHH (c), a kodhdumuentsr K1, K2, K3 Ha3bBaroTcs

KOS(i)(i)HHHeHTaMI/I nepcaadu. Ecau BXOOAHAasd W BbIXOAHAasA BCIWYHUHBI HMCIOT



OJIMHAKOBYIO pa3MepHocTh, TO K1 — Oe3pa3mepHas BenuuuMHa. TepMuUH

«KO3(1)(1)I/II_[I/I€HT nepeaadm» MOXHO IMOSACHHUTL TaK: €CJIM Ha BXOJ 3BCHA IIOJAThb

Ax;

ITIOCTOSITHHOC BOSI[GfICTBHC &Tl 1 HAUTH YCTAaHOBUBIICCCA 3HAUCHUEC BbIXOAA -

(pu 3TOM OOHYJIAIOTCS BCE MPOU3BOAHBIE BXOAHOTO U BBIXOJHOI'O CUTHAJIOB), TO U3

Ax; = K Axy.

ypaBHeHus (2.2.5) noayduum TO ecTb K03 ¢uuueHt nepeaaun Kl-
ATO OTHOIIEHHE BBIXOJAHONW BEIWYMHBI K BXOJHOH B YCMAHOBUBUEMCS
cmamuyeckom pedcume. Takum odpazoM, K1 - 3To HaksoH (¢ yuéToM MaciiTada rno
OCSIM KOOPJIMHAT) JIMHEHHOW CTaTHYECKON XapaKTEepHCTUKH 3BeHA. B pa3mMepHOCTH
ko3 uIeHTa TMepeaadyd  MOXKET BXOIWUTh Bpems, Hampumep, K2 wumeer
pa3MEepHOCTh BPEMEHH.

Bmopas ¢popma 3anucu. Cauraem ycinoBHO onepaTtop auddepeHmpoBaHus

p anreOpanvecKoi BeTUYUHON U U3 ypaBHeHUs (2.2.5) Haligem AX2

K,p+K, K,
Ax, (t) = ——2 A . _
=) Lp~+Ip+1 Tl{r)+3’gp‘+ﬂp+1fl{r) (2.2.6)
=m (P)&Tl(f)“L w,(p)fi(t)
K.p+K i} K
W(p)=—"2""1 W, (p)=—73—2
BrIpakeHus Lp~+TIip+1 Ip~+Tp+1

HA3bIBAIOTCS TepeaaToOYHbIMH  (QYHKIUAMH. BooOmie roops, 0Oosiee CTpOro
nepenaroynbple  (PYHKIMM  OmpenersitoTcs depe3 mnpeoOpasoBanue Jlarumaca.
N3BecTHO, uTO TIpeodOpa3oBanue Jlamnaca (0HOCTOpOHHEE) HEKOTOPOH (YHKIHH

Bpemenu f(t) onpenensercs cienyroiei mapoit GopmMyir:

L{f(t)=F(s)= If (t)e™"dt.

f'+_j':!3

LH{F(s)y = f(t)= IF s Je”'ds.

c— _}T-C
[IpeoOpazoBanue Jlammaca HaXOAUT HIMPOKOE MPUMEHEHUE MPU PEIICHUU
nudpepeHnanbHbIX YPaBHEHUM U CMBICI €r0 TPUMEHEHHUSI 3aKJIF0YAeTCsl B TOM, YTO

oughgepenyuanvrvle ypaBHEHU OTHOCUTENBHO (DYHKIIUI BpEMEHH MPeoOpa3yroTcs



B aneebpauyeckue ypaBHEHUS OTHOCUTENIBHO COOTBETCTBYIOLIUX M300paKeHUI 110
Jlannacy. IlpumenuB npeo6pazoBanue Jlamnaca k ypaBHeHuto (2.2.5) nmpu HyJIeBbIX

HAYaJbHBIX YCIOBUSX, OTYyYUM
(7257 + Tys + 1JAX, (s) = (K,s + K, JAX, (s) + K, Fy(s). (2.2.7)
Pemum ypaBuenue (2.2.7) otHocutenbHo AX 2010

AX,(s)= Bos + & AX,(s)+
B s +Iis+1

:W?(S)'&Xl(ﬂJr WE(‘S]FI(‘S)

T,s> +Ts+1 (2.2.8)

N3 ypaBuenus (2.2.8) BuUgHO, UYTO mepeAaToyHass (QYHKUOHSA eCTh
OTHOLIeHHE u300paxeHnid mo Jlamiacy BBIXOAHOW BeJMYUHBI K BXOJAHOM

BCJIMYHUHE IIPU HYJEBLIX HAYAJIBHBIX YC/IOBUAX M HYJICBBIX OCTAJbHbBIX

BO31CHCTBUAX:
i AX, (s K,s+ K AX, (s K
W, (s)= ) ): 2 L w,(s)= _( ): - 3 _
AX,(s) T,s*+Tis+1 F(s) T,s>+Tis+1

CpaBHuBas ypaBHeHus (2.2.6) u (2.2.8), 3aMedaeM, 4TO BUJI STUX YPaBHEHUM

COBIIQJIa€T, HO HYXHO TOMHHUTb, 4YTO B OughpepenuyuanvHom ypaBHEHUU
d
P= 0t
(2.2.6) p — 3T0 onmepaTop AudppepeHIHPOBAHUS [, a B ancebpauueckom
ypaBHeHun (2.2.8) S — 310 KOMIJIeKCHasi mepemenHasi S [/[1¢c [1[jo.

B o6miem cnyuae nuHeitHOe auddepeHmanbHoe ypaBHEHHEe N-r0 TOPsIKa C

MOCTOSIHHBIMU K02 PUITIEHTAaMU UMEET BU/T
(I”Hg(f) dm_lg(f)

du _}f’(f) aﬂ?-] }"(f)
——taq, ——>+...+a ylt)=b, —=—~+b —=2~+ ... +b 1),
df” 1 df”_l i ( ) 0 dfm 1 d}‘"’_] mg( )

d,

riae g(t) — curran Ha Bxoje, a Y(t) — curHanm Ha BBIXOJIC 3BEHA.

COKpaIHeHHaSI CUMBOJIMUCCKAA 3aIIUCh DTOTrO ypaBHeHI/IH
agp" y(t)+a,p" " y(t)+ ..+ a,v(t)=byp" g(t)+ bp" ' glt)+..+ b,glt)  (2.2.9)

FITH (aop" +ap" T+ a”) (t)= (bgp”’ +bs" . +b, ]g(f)



Hpyras (hopMa 3a1ucu 3TOT0 K€ YpaBHEHHUS

m—1

byp" +bp" +...+b,

¥(t)= g(t)=w(p) g(t)

n -1
a,p +ap " +..+a,
VYpaBHEeHHE OTHOCUTENIBHO U300pakeHuit o Jlamnacy

(aos” +as" +..+a, )Y(.s*) = (bos"' +bs" "+ .+b, )R(s)

m—1

P p(s) = T (5)R(s). (2.2.10)
+ ...+ .‘.’1”

i ¥(s) = bys™ + bys

n n

ay,s +a,s

[lonsiTue mnepenatouHod GyHKUMM BechbMa YIAOOHO TMpHU  aHAJIU3e
CTPYKTYpHBIX cxeM. Tak, 3B€HO, NMpuBEeAEHHOE Ha puc.2.l, mocne mpoBeAEHHON

JIMHCAPU3allu MOKHO IIPCACTABUTL B BUJIC CXCMBbI pI/1022

Ax, (1)

" Wi(p)

Ax, (2)

r

L (f) > w, (P)

Puc.2.2. CTpyKkTypHasi cxeMa 3BeHa

[lepenarounsie (GyHKIMHA 3BEHBEB WM OTACIBHBIX YYaCTKOB CTPYKTYPHOU
CXEMBI TTO3BOJISIIOT JIETKO MOJYYUTh 00Iiee YpaBHEHUE BCEH CHCTEMBI.

[lepBass w BTOpas QoOpMBI 3amUCH YpaBHEHUW UCIHOJB3YIOTCS TIPH

KJIacCu4eckoM (4acToTHOM) onucanuu CAY.

KonTposibHbIE BOIPOCHI



Jlekuuda 3 TunoBbie THHAMHAYECKHE 3BeHLSA

JIrobast CTpyKTypHast cXema C IOCTaTOYHOM JJ1sl HPAKTHUKU TOYHOCTBHIO MOYKET
OBITh MpPEACTABIICHA COYCTAHUEM THUIIOBBIX 3BEHBEB.

PaccmoTpum mpocTeiiiie TUIIOBBIC 3BEHbS:

1) Ycunumenvroe 3BEHO (craTuueckoe, OE3MHEPIIMOHHOE,
IPOMOPLHUOHATIBHOE).

VYpaBHenue 3BeHa y = kx, mepenmatounas ¢yukuus W(p) = k. 3BeHo
YCUJIUBAET BXOJIHOM cUrHai B k pa3. BbIXOJHON cUTHaMI TaKOTro 3B€Ha B TOYHOCTH
NIOBTOPSIET BXOJHON CHUTHaJd, YCWICHHbIH k pa3. Ilpumepamu Takux 3BEHHEB
SBIISIIOTCS:  MEXaHWYECKHE  PEIyKTOPBI, pbIYard, HEKOTOPbIE  JATYUKH,
O€3bIHEPIIMOHHBIC YCUITUTENH U JP.

2) Unumeepupyrowee 3BeHO

Brixonnas BEJIMYMHA UJ1€AJIHOTO UHTETPUPYIOLLErO 3BEHa
PONOPIMOHATIbHA UHTErPaly BXOJHOW BETUYHHBI.

-

Pucynox 1 - Ilepexomnas xapakTepucTHKa UACAITBHOTO HHTETPHUPYIOIIETO

3BCHA

t k
y= KIX(t)dt : Wp)=—
0 P

[Ipy momadye Ha BXOJ 3BEHA BO3JCUCTBUS BBIXOJHOM CHUTHAJ MOCTOSIHHO
BO3pacTacr.

DTO 3BEHO AacTaTMYecKoe, T.€. HE HMEET YCTAHOBUBIIETOCS peXHMA.
[IprumMepoM HHTErpUPYIONIMX 3BEHBEB SIBISIOTCS MEXAHUYECKUE U DIJICKTPUYECKHE
CYETYUKH, DJICKTPOJABUTATENH (€CJIM B Ka4ECTBE BXOJHOTO BO3JACUCTBHUS NMPUHSTH

HAIIPSAKCHUC IIMTAHHWA, 4 BEIXOJHOT'O - YIOJI IIOBOPOTa Baﬂa) u ap.



g 1 @ » '®)
r—'__\\\
T —  Um
N 5
=
_________ :—rx 1 — BXOJHAA BeTHIHHA,

h — BeIXOgHAdA BeIHYHHA, Ugwx — BBIXOJHAA
AQ=Q;-Q, —BXoaHaA

Pucynok 2 - [Ipumepbl HHTETPUPYIOIINX 3BEHHEB

3) ugphepenyupyrousee 38eHO

3.1) Hoeanvroe oughghepenyupyiouiee 3B€HO

BbIxogHass BeIMYMHA MPOMOPIIMOHANIBHA IPOM3BOJHONW IO BPEMEHU OT

BXOJ/JJHOM:
y= %’E
dr - W(p)=kp

NneanbupiM auddepeHIupyomuM 3B€HOM ¢ HEKOTOPBIM TMPUOIMKEHUEM
ABJISIETCS TAXOT€HEPATOP (F€HEPATOP MOCTOSIHHOTO TOKA), BXOJIHBIM BO3J€HCTBUEM
CIIY’KUT YTroJl TOBOPOTA (YACTOTa BPAIEHUS ), @ BBIXOJIHBIM — HAMNPSHKCHUE.

3.2) Peanvnoe oughghepenyupyiouiee 38€HO

dy dx W (p) = —P_
dt ! dt Ip+l

Uneanbupie auddepeHupyomue 3BeHbsI (U3NUECKH HE peaTu3yeMbl.
BonbmMHCTBO O00BEKTOB, KOTOPBIE MPEACTABISAIOT co00 muddepeHnupyromnme
3BEHBsSI, OTHOCATCS K peanbHbIM auddepeHpyomuM 3BeHbsIM. [lepexonnas

xapaktepuctuka u AOUYX 3Toro 3seHa UMEIOT BU/I, TOKa3aHHbIA HAa PUCYHKE 3.

y Q)

(=an

k > R(®m)

M
v




Pucynok 3 - [Ilepexomgnas xapakrepuctuka u ADYUYX peanbHOro
mudpepeHIUpyOIEro 3BeHa
4) Anepuoouueckoe (unepyuonHoe) 3BEHO nepeo2o nopsioKa

dy k
7Yy . o) =
ar T Vo =7, 7

Kosdpdumument T HazpiBaeTCsd MOCTOSHHOW BpeMEHHU. ANEPUOAMYECKUMU
3BEHBAMU SIBISIOTCS TEPMOPE3UCTOPHI, TEPMONAPBI U APYTrUe MajJOMHEPLUUOHHBIE
npeoOpazoBatenu. Hanpumep, BogoHarpeBaTesib OOIBIION MOIIHOCTA C TOHKUM
KOpIyCOM HarpeBaTelii (COBPEMEHHBIM JJIEKTPUUYECKUM YalHHUK) MOXET OBITh
MIPEACTABIIEH allEpUOAUYECKUM 3BEHOM NIEPBOTO MOPSAIAKA.

Ilepexonnas xapakrepuctuka 1 AOYX nokas3aHbl Ha pUCYHKE 4.

Yy

s somanliie o e
h
//‘yl

Y A

7 3

Pucynok 4— Ilepexoanas xapaktepuctruka 1 AOYX aneproanyeckoro 3seHa
MIEPBOro MOPSIKA
5) Unepyuonnoe 3BEHO 6mopo2o nopsoka

2,, k
AV D ke W(R)= = _
dt ' I p +Ip+1

Iy —
P

NHepimoHHBIM 3BEHOM BTOPOT'O TOPSIKA SIBISIETCS OOBEKT, UMEIONUN J1BE
€MKOCTH JJISI HAKOIUIEHHUSI SHEPrHuH. DTO MOTYT ObITh BOJOHArpeBaTElIbHBIC
YCTAHOBKM (CHauajla B3Heprus HAET Ha HarpeB CcaMoro HarpeBaTess, 3aTeM
MEePEXOUT B BOJY), OTONUTEIbHbIE I€YH, CYUIWIbHBIE arperarbl, TEIUIULIbI,
o0orpeBaeMble MMOMEMICHUS, MICKTPUIECKUN KOJIeOATETbHBIA KOHTYD, MPYKUHHBIH
MASITHUK.

Bupa nepexonHol XapakTEpUCTUKU TaKOTO 3BEHA 3aBUCHUT OT COOTHOLICHUS

Mexay nocrosHHbiMA BpeMeHu T1 m T2. Ilpm momade Ha BXOI CTYNEHYaTOTO



BO3JICUCTBUS MEpexoHasi XapaKTePUCTUKa OyJeT UMETh OJWH U3 JABYX BHUJOB: | -
anepuoanueckuid (nmpu T1 >=2T2) wnu 2 - xonebatensubil (mpu T1 < 2T2) (cm.
pucyHOK  5).  BONBHIMHCTBO  TEMJIOTEXHUYECKUX  OOBEKTOB  SIBISIOTCA
anepuoJMYEeCKUMHU 3BEHBSIMU BTOPOTO TMOpPSAKA, a MPYKUHHBIM MasTHUK H

AIEKTPUUECKUI KOJIeOaTeNbHBIA KOHTYP — KOJIeOaTeNIbHbIE 3BEHbSI.

x|y

W=7~

Pucynok 5 — Ilepexomnas xapakrepuctuka (a) 1 AOUX (0) MHEPIIMOHHOTO
3BeHa BTOPOTO MOPSIKA

6) 3anazoviearoujee 3BEHO.

y(t) = x(t - 7). Wi(p)=e™.

BrixogHasi BenmWuMHA y B TOYHOCTH TOBTOPSIET BXOJHYIO BEIUYMHY X C
HEKOTOPBIM 3ana3apiBaHueM. [I[pumMepsl: ABMKEHUE IPy3a IO KOHBEUEPY, NIBUKCHHE

KHUJIKOCTH 110 TPYOOTPOBOAY, TEIUIOMPOBOIBI.

KonTpoJsibHBIE BOIIPOCHI



Jleknus 4 XapakTepuCTUKHM M MOJIeJIM TUIIOBBIX TMHAMHNYECKUX 3BeHbeB ACY

PaboTy cucreMbl peryivpoBaHUsi MOXKHO OIHKCaTh ciaoBecHO. ClioBecHOE
OMMCAHUE TIOMOTaeT TMOHATh NPUHLMI JACHCTBUS CHCTEMBI, €€ Ha3HAuYCHHUE,
oco0eHHOCTU (DYHKIIMOHWpOBaHUS U T.J. OAHAKO OHO HE JAeT KOJIMYECTBEHHBIX
OIICHOK KayecTBa PEryJupoOBaHUs, MO3TOMY HE TMPUTOAHO [JIA HW3YyUYCHUS
XapaKTEePUCTUK CUCTEM U MOCTPOCHUSI CUCTEM aBTOMATU3UPOBAHHOT'O YIIPABJICHHUS.
Bmecto nHero B TAY wucnonb3ytorcs 0oJjiee TOYHBIE MAaTEeMaTUYECKHE METOJIbI
OIMMCAHMs CBOMCTB CUCTEM:

- CTATUYECKHUE XapPaAKTEPUCTUKH,

- IMTHAMHWYECKHUE XapaKTEPUCTUKH,

- mudpepeHnmnanbuble ypaBHEHUS,

- IepeIaTOYHbIC (PYHKIINH,

- YaCTOTHBIE XapAKTEPUCTUKH.

B 106011 13 3THX MOJIesel cucTeMa MOXKeT OBITh IIPE/ICTaBJICHA B BHJIEC 3BEHA,
MMEIOIIEr0 BXOIHBIE BO3JEUCTBUA X, BOBMYIICHUS F U BBIXOJHBIC BO3JAECHUCTBUS Y .
Ilon BAMSTHUEM STHX BO3JCHCTBUM BBIXOIHAS BEIMUYMHA MOKET H3MEHITHCS.

Yemanosuswiuiics pesxcum - 3TO PEKUM, IIPU KOTOPOM PACXOKICHUE MEKITY
WMCTUHHBIM 3HAYCHUEM PETyJIUPYyEeMOH BEJIMUMHBI U €€ 3aJaHHBIM 3HauYeHUEM OyIeT

IIOCTOAHHBIM BO BPCMCHHM.

CraTtuveckue XapaKTepUCTUKH

Cmamuueckoti xapaxmepucmukoﬁ 9JICMCHTA HAa3bIBACTCA 3aBHCHMOCTD

YCTAaHOBHUBHINXCA 3HAYCHUH BBIXOHHOﬁ BCJIWYMHBI OT 3HAYCHUA BEIMYKWHBI HA BXOAC

CUCTEMBI YYCT =0 (X).



YETET A YFET A

> X > X

Pucynok 1 — [Ipumep cTaTuuecKuX XapaKTePUCTHK:

a - HeJIMHEUHBIX, 0 — TMHCHHBIX

Cmamuyeckum HA3bIBAETCA DJIEMEHT, Y KOTOPOT'O IIPU MOCTOSSHHOM BXOJHOM
BO3JICHCTBUM C TEYEHUEM BpPEMEHHM YCTAHABIMBAECTCS IOCTOSIHHAS BBIXOJHAs
BEJINUMHA.

Acmamuueckum Ha3bIBACTCS DJIEMEHT, y KOTOPOrO MPH HEU3MEHHOM
BXOJHOM BO3JICMICTBUM CHUTHAJl HAa BBIXOJE HEMPEPBIBHO PACTET C MOCTOSIHHOM
CKOPOCTBIO, YCKOPEHUEM H T.[I.

Jlunetinoim cmamuueckum 271emMeHmoM Ha3bIBaeTCs OE3WHEPIMOHHBIN
AJIEMEHT, 00JIaIafOIINi JTMHEHHON CTaTHYECKOM XapaKTePUCTUKOM

yyeT =k x + a0.

Kaxk BuaHO, cTaTnyeckasi XapakTEpUCTUKA 3JIEMEHTA B JAHHOM CITy4ae UMEET
BUI TpsAsMod ¢ koddduimenTom HakimoHa K. JluHelHBle cTaTHYECKHE
XapaKTepUCTUKH, B OTJIMYME OT HEIUHEHHBIX, Ooyiee YIOOHBI JUIsI U3YYCHHUS
Omaromapsi cBoeil mpocrote. Eciam Mozens oO0bekTa HenWHEHHA, TO OOBIYHO €€
mpeo0pa3yroT K JUHEHHOMY BHUJY MyTEM JIMHEAPU3ALUU (3aMEHsI TPUOIUKECHHOM
TuHEeHHOW (GyHKIMeW nuOo pa30uBasg HAa YYaCTKH M ONPEAENsis Ui KaKII0TO
ydacTKa IpuOIMKeHHbIC TUHEHHBIC (DYHKITUN).

ACP Ha3bIBaeTCsi cmamuyeckol, €clld TpU HEU3MEHHOM BXOJHOM
BO3JICHCTBUM OIIMOKA YIPABICHUS CTPEMHUTCS K TMOCTOSHHOMY 3HAYCHHIO,
3aBUCAIIEMY OT BelMM4MHBI Bo3aencTBus. ACP HasblBaeTcs acmamuueckou, €Cln
MIPU TIOCTOSIHHOM BXOJIHOM BO3JICMCTBUM OIIMOKA YIPABICHUS CTPEMUTCS K HYIIIO

BHC 3aBUCHUMOCTH OT BCJIMYMHBI BOSI[GI‘/'ICTBI/IH.



JluHaMHuYecKHe XapaKTepUuCTHKH

Ilepexon cuCTEMBI OT OJHOIO YCTAHOBHUBIIETOCS PEXMMaA K IPYromMy IpHU
KAKUX-TMOO BXOAHBIX BO3JEHUCTBUSX HA3bIBACTCS MEPEXOJHBIM MPOLECCOM.
[lepexoansle mpolecchl MOTYT H300paxaThCs rpaduiuecku B BUae KpuBoi y(t).

JIro6sie npouecchl B ACP Takxke NpUHATO ONUCHIBATh (P epeHInaIbHbIMU
YPaBHEHUSAMH, KOTOPBIE OINPEACISAIOT CYIHOCTh NPOUCXOASUIUX B CHCTEME
IIPOLIECCOB HE3aBUCUMO OT €€ KOHCTpyKuuHU. PemuB JIY, MOXXHO HallTH XapakTep
M3MEHEHHUS] PEeryJupyeMod TMEepeMEHHOW B TNEPEXOJHbIX U YCTAHOBHUBIIMXCS
peXUMaXx MpHU Pa3IMYHbIX BO3JICUCTBUSX HA CUCTEMY.

UccnenoBanne ACP CcymecTBEHHO yOpoIlaeTcs IMpU  HMCIOJIb30BAHUU
OPUKIAJHBIX MAaTEMAaTHUYECKUX METOJOB ONEPALMOHHOIO ucuucieHus. Jusa 3amau
aBTOMATUYECKOTO YIpaBiieHUss HauOosiee YIOOHBIM SBISETCS OINEpallMOHHBIN
METOJ] pelIeHMs], OCHOBAaHHBIN Ha IpeoOpazoBaHuu Jlamnaca.

Hanpumep, nycts (QyHKIMOHMpPOBaHME HEKOTOPON CUCTEMBI OIHCHIBAECTCS

J1Y Buna:

4%y dv dx
—+a,—+ =b,—+b,x. 1.1
as 2 aq dt ao¥ 14 oX (1.1)

rac X Uy - BXOOHAA U BbIXOAHAA BCIINYHWHBI.

Ecnu B JaHHOe ypaBHeHHe BMecTo X(t) H y(t) moacTaBHTh QyHKIHH X(p) H
Y (p) KOMILTEKCHOTO TIepeMeHHOTO0 p=6+j® ( 6 H ( - BEIIeCTBEHHEIE IICPEMEeHHEIE,
a j=+[-1 - MHHMaA eJHHALIA) TAKHE, YTO

X(p)= Ix(r}e‘*‘”dr u Y(p)= J‘}"(f)g_p:df__ (1.2)
0 0

TO ucxogHoe JIY mnpu HyJeBbIX HAYaldbHBIX YCJIOBUAX PABHOCHIBHO

JIMHEMHOMY anreOpanyeckomMy ypaBHEHHUIO
a, p’ Y(p) +a; p Y(p) +a, Y(p) =b; pX(p) + by X(p). (1.3)

Takoit mepexon ot Y k anreOpandeckoMy ypaBHEHUIO Ha3bIBaeTCs

npeobpazoeanuem Jlannaca, dopmynbl (1.2) COOTBETCTBEHHO ¢hopmynamu



npeobpaszosanus Jlaniaca, a moIy4eHHOE YPABHEHUE - ONEPAMOPHbLIM YPABHEHUEM.
Hogseie dynkumu X(p) u Y(p) Ha3sIBalOTCS uzoopaxcenuamu x(t) u y(t) mo Jlamnacy,

Tornaa kak x(t) u y(t) sBastoTcst opueunaiamu no otHomeHuto Kk X(p) u Y(p).

[Tepexon oT ogHOH MOIENH K APYIOH JOCTATOYHO IPOCT H 3aKIH0YAETCA B
n

3aMeHe 3HaKoB IH(¢epeHIHAIoB —, Ha OIepaTopsl p’. 3HAKOB HHTETPATIOB
dt

|
j...dt Ha MHOKHTEeIH ; a camux X(t) 1 y(t) - m3obpaxenmavu X(p) 1 Y(p).
J51st oOpaTHOTrO nepexo/ia OT ONepaTOPHOTo YpaBHEHUS K PYHKIMSAM OT
BPEMEHHM HCIIOIB3YETCS METOJ] O0paTHOTO npeobpazosanus Jlanaaca. OO6mas
dopmyna oOpaTHoro mpeoOpa3zoBanusa Jlamnaca JOCTATOYHO CIIOXKHA, MOATOMY
ObLTM pa3palboTaHbl ClielMaIbHbIe TaONHIIbI, B KOTOPHIE CBEICHBI HAaubOJEe YacTo
BcTpeuaromuecs pyHkiuu F(p) u ux opurunansi f(t).

[Ipeobpazosanue JIY mo Jlammacy gaeT BO3MOXKHOCTH BBECTH YJIOOHOE
MOHSITHE TEePEeaTOYHON (PYHKIMHU, XapaKTepU3YIOIIeH ITWHAMUYECKHE CBOWCTBA
CUCTEMBI.

Hampumep, oneparoproe ypaBuenue (1.3) MoxHO mpeoOpa3oBaTh, BHIHECS
X(p) u Y(p) 3a CKOOKHM U MOJEIUB IPYT Ha Japyra:

Y(p) (a2 p” +a; p+ag)=X(p) (byp + by)

W(p): }(p) — ?1P+Z?o ]
X(p) a,p”+ap+a,

(1.4)

Ilepedamounou ¢ynkyueii Ha3pIBACTCSI OTHOIICHUE N300paKEHUST BBIXOTHOMN
BEJIMYMHBI Y(P) K M300pa)keHUI0 BXOAHOro BozaencTtBus X(p) mo Jlamnmacy mpu

HYJICBBIX HAYAJIbHBIX YCJIOBHUAX:

_Y(p)

W(p)= X(2)

(1.5)

[lepenarounas ¢GyHkmmst sBIsSETCS APOOHO-pAMOHATBHON  (QyHKIIHEH
KOMILUIEKCHOM MEPEMEHHOM:

w(p)= 3@ _bthp +b,p’ +..+b,p"
A(p) a,+ap+a,p’ +..+ap"’

(1.6)

rae B(p) =bg + byp +byp> + ... + by, p™ - HOTHHOM THCIHTEA.
A(p)=ap+a;p+a;p’ +... +a, p" - NOIHHOM 3HAMEHATEILL.



[lepenaTounas pyHKIMS UMEET MOPSAIOK, KOTOPBIA ONPEEseTCs TOPSIAKOM
MOJIMHOMA 3HaMeHaTtels (n).

N3 (1.5) cnenyert, 4to n300paxeHUe BBIXOAHOTO CUTHAA MOXKHO HANUTH KaK

Y(p) = W(p)X(p). (1.7)

Taxk kak mnepemarouHas (YHKIUS CHUCTEMbI TOJHOCTBIO OIpeessieT ee
JMHAMUYECKUE CBOMCTBA, TO MEpBOHayaldbHas 3amaya pacuera ACP cBoautcs K
onpeneneHuro ee nepeaatTounor ¢pyukuuu. [Ipu momomu npeodpazoanus Jlamiaca
MOXHO pemuTh auddepeHimaibHoe ypaBHEHUE, OJHAKO B HACTOSIIEE BpeMs
HanboJiee YacTO UCTOJB3YIOT MepelaTOuHble (DYHKIIUU NMPU 3aJJaHUU CTPYKTYPHBIX
MoJieNield B MPUKIIAJAHBIX porpamMmax st [I9BM.

HNuddepennmansuble ypaBHEHUST W TepeJaTOuHble (YHKIMH SBISIIOTCS
OCHOBHBIMM JTMHAMUYECKUMHU XapAKTEPUCTUKAMU, HO HE €IUHCTBEHHBbIMU. B psije
CJIy4aeB MCMOJIb3YIOTCS UHBIC TMHAMUYECKUE XapAKTEPUCTUKH, OIIPEIECIAEMbIE KaK

pC€aKknynAa 3BC€HA WUJIN CUCTCMbI Ha TUIIOBOC BXOJHOC BOSﬂGﬁCTBHG.

X X X X
o0
1
t
> . >
t t L
a) eMTHHAYHOE §) HMITyTIbCHOE B) IHHEHHOE T) CHHYCOHTAaTBHOE
CTYyIIEHYATOS (6-dbyrKIIHA) (rapMOHHYECKOE)

Pucynok 2 — TumnoBbie BXOAHBIE BO3ACHCTBUS

Ilepexoonou xapaxmepucmuxoiu h(t) Ha3bIBaeTCS peakius OObeKTa Ha
€MHUYHOE CTYNIEHYaTOE BO3JAEHCTBUE MIPU HYJIEBBIX HaYaJIbHBIX YCIOBUSX, T.€. IPU
x(0)=0wuy(0)=0.

[lepexoiHyI0 XapaKTEpUCTUKY MOKHO TMOJYYUTh KaK IYTEM pPEIICHUS
g depeHnmaTbHBIX YpaBHEHHUI UCCIIETyeMOTO 00BbEKTAa, TaKk u
AKCHEPUMEHTAJIBHO.

Hmnynovcnotui xapaxkmepucmukot (t) Ha3bIBaeTCA peakius O0O0BbEeKTa Ha
HMMITYJIbCHOE BO3/ICHICTBUE MPU HYJIEBbIX HAYAIbHBIX YCIOBUSX.

BaxHpIM CBOWMCTBOM 3TOW XapaKTEPUCTUKH SIBISAETCS TO, YTO €€

n3o0paxenue no Jlamacy ectb nepenarounasi GyHKIHSI CUCTEMBI



Jlexkuuda 5 CoeanHenue THHAMHAYECKHX 3BeHLEB

CrpykrypHee cxembl ACP MOryr MMeTh pas3IM4YHBIE THUIIBI COCIWHEHUU
3BeHbEB. 711 NMpUMEHEHHs] KJIACCMYECKHMX METOJOB aHajliu3a 4acTto Tpedyercs
IIPUBECTHU CTPYKTYPHYIO CXEMY K OJHOKOHTYPHOMY BHUAY, YTO JOCTUTAETCS IIyTEM
3aMEHbI TAIMYHBIX YYaCTKOB Ha YKBUBAJIEHTHBIE B TNHAMUYECKOM CMBICIIC 3BEHbSI.
IIpn Mcnonp30BaHWM COBPEMEHHBIX MAKETOB NPUKIAAHBIX nporpamm s [I9BM
3Ta ornepaunusi HeobOs3aTenbHa. PaccMOTpuM BHJIbI COEIMHEHU 3BEHBEB.

1) IHocneoosamenvroe coedunenue

X Xy X X3 Xn
- Wip) > Wa(p) Wilp) [ - — W) —

W

PI/IcyHOK 6 — HOCJ’IGJIOB&TGJIBHOG COCAMHCHHUC 3BCHLBCB

X = YW;(P) X, =5 (p) = xW (p)W,(p) .
x3 =X, Ws5(p) = xW ()W, (p)W3(p). x, =x, W,(p)

"
x, = x[ [W(p)
CHGHOB&TGHBHO, i=1 a OKBUBAJICHTHAA IICPCAATOYHAA (bYHKHHH
HpI/I IMOCJICA0BATCIbHOM COCOANHCHUU 3BCHBCB paBHa HpOI/ISBeI[eHI/HO nux

MepeaTOYHbBIX () YHKITHI:

7)== W (p)

2) Ilapannenvrhoe coedurnerue
—> W
1(P) }*1
> W
2(P) ¥ %

¥a Y
—>| W,(p) —*@—»

Pucynok 7 — IlapannenbHoe COeIUHEHUE 3BEHbEB

W=X(P), ¥, =X (D), ¥, =W, (D)

V= D+ Y, + 9y = X (D) + X (D) + X W (D) + .. XW, (D) =Xy W,(P)

=1



Takum oGpazoM, Mpu NapajvieIbHOM COEMHEHUN 3BEHBbEB UX MEPEIaTOUHbIE

(YHKIMU CKIIAJbIBAIOTCS:
Wy = 2 W (P)
i=1

3) Obpammnuas ceésa3v

X Y
—>X)—>Wi(p)

LW: () [<

Pucynoxk 8 — O6partHast cBsi3b

W

DOKBUBaJICHTHAs MepeIaToYHast QyHKIUS:

w(p)
1+W, (p)W,(p)

W..(p)=

«+» cooTBeTcTBYET oTpraresnbHoi OC,

«-» COOTBETCTBYET MosoxkutesnbHo OC

st ompeneneHus: nepeaaTOYHbIX (PYHKIIUN OOBEKTOB, MMEIIIUX Oolee
CJIOKHBIE COEJUHEHUSI 3BEHBEB, MCIOJIB3YIOT IOCIEI0BATEIIBHOE YKPYIHEHUE
CXEMBI.
Ilpasuna rkeusanenmuvlx npeodpazoeanuii. ' 1aBHOE MPABUIIO YKBUBAJECHTHBIX
npeoOpa3oBaHUl — ATO COXpaHEHHWE HEM3MEHHBIMU BXOJHBIX U BBIXOJHBIX
CUTHAJIOB TIPEOOPA3yeMOro y4acTKa CXEMBbl.

[To cyTtu, mpocreiimie mpaBuiia SKBUBAJICHTHBIX TPEOOPa30BaHUM YKe ObLITH
pa3o0paHbl, KOTJa pedyb IIJIa O Pa3IMYHBIX COCTUHEHUSX 3BEHbEB. OCTanbHBIC

MpaBUiia MOXHO CBECTH B Tabiuiy 2.1.

Taoa. 2.1
Ha3zBanue HcxoaHas cxemMa | DKBUBAJIEHTHAA CXeMa
7
I[TepecTtanoBKa y3 L2 . 2 1 .
D S A G
JIOB




ITepecranoBka
X1 1 2 x5 1 x5
CyMMaToOpoOB X2 X3 X
IlepecranoBka IE N e N e £ BTN gy IR -
3BEHBEB
ITepenoc y3I1a c
BBIXO/1a Ha BXOJ
cymMmaTropa
ITepenoc y3J1a c
BXOJ1a Ha BBIXO/I
cymMmaropa
ITepenoc y3J1a c
BBIXO/1a Ha BXOJ
3BEHA
ITepenoc y3ia Cc
BX0Ja Ha BBIXOJ
3BEHA
ITepenoc cyMma
TOpa C BBIXOJAa Ha
BXOJI 3B€HA
ITepenoc cyMMma
TOpa € BXOJa Ha

BbIXO/J 3BCHA

3ameHa 3BEHBLEB

npsIMOi u obpat

HOU CBS3U




MEH BEH ,
3aMeHa 3BEHA 00 w, —— -,
o X1 X2 X 2 X2
paTHOI CBS3HU Ha
eUHUYHYIO 00 g

pPaTHYIO CBSI3b

HenocratkoM MeTola 3KBUBAJIEHTHBIX NPeoOpa3oBaHUM SABISETCS TO,
YTO HE BCErJa IOHATHO, KAKME HMEHHO IpaBWia CIEAYET MNPUMEHATh IS
YIOPOILIEHUSI CTPYKTYPHOM CXEMBI, TO €CTh B CJIOKHBIX CIIy4asiX HESICHO, IPUBEIAET
JIY IPUMEHEHHUE KaKOro-1100 3KBUBAJIEHTHOI'O MPE0Opa30BaHUs K YIPOIICHUIO TN
K YCJIIOKHEHHUIO CXEMBI.

Dopmyna Meiicona. [pyroi myTb yIPOUIEHUS CTPYKTYPHBIX CXEM
3aKJIIOYaeTCsl B TNpUMEHEHHM (opMyibl MeiicoHa, KOoTOpas IO3BOJISIET cpasy
HOJYYUTh MEPENATOUHYI0 (QYHKIMIO JIIOOOr0 CKOJb YTrOJHO CIOKHOTO Y4acTKa

CXEMBbI UJIM BCEU CUCTEMBbI B OeJIIOM:

1
A(s)

W(s)= -Zan(s)-af (s). (2.3.1)

B dopmyne (2.3.1) Wnpi(S) — nepenaToyHbie QYHKIUU OTACIBHBIX MPSIMBIX
nyTeid OT BXOJAHOTO BO3JCWUCTBUS /IO BBIXOJHOW BEJIMYUHBI. 3HaAMEHATEJb

A(S) IMOACYUTHIBACTCA I10 BBIpa}KeHI/IIOZ
Als)=1=-YW,(s)+ > W (s)-W,(s)— XW,(s)-W,;(s) W (s)+.... (2.3.2)
i =] i=j=k
rae Wi(S) B IIEPBOI CyMMe — IepeaTouHbie (yHKITUU 3aMKHYTHIX KOHTYPOB

oOpaTHOM CBSI3U, BO BTOPOW CyMMeE MPHUCYTCTBYIOT MPOU3BEICHUS MEPEIATOUHBIX
GyHKIIMA JBYX HemepeceKkarmuxcs (To eCTh He HUMEKMUX OOIUX TOYeK)
KOHTYpPOB, B TpEThE€ CyYMME — MPOU3BEIICHUS NEPEeAaTOYHBIX (PYHKIHMI TpEX

HelepeceKarmmuxes KoHTypoB, U T.A. llpucyrcrByromas B ¢opmyne (2.3.1)

nepenatoyHas QyHKIIHS Ai(s) — 3TO TO, YTO OCTAETCS OT A(S) MOCJIC U3BATHUS U3

PaccMOTpPEHUS I-r0 MPSMOTO ITyTH (IIPX TOM Pa3pyIIaAlOTCs BCE KOHTYPBI 00paTHBIX

CBSI3€l, UMEIOIIME O0IIUEe TOYKU C 3TUM NPsIMbIM IyTéM). B Beipakenusx (2.3.1) u



(2.3.2) Bce nepenaTouHbie (GYHKIMU OEPYTCS CO 3HAKOM, COBIAIAIOIINM CO 3HAKOM

COOTBETCTBYIOIIEH MPSIMON WJIK OOpaTHOM CBSI3U.



Jleknusi 6 AHAJIM3 yCTOMYMBOCTH JIMHEHHBIX ABTOMATHYECKHX CHCTEM

ylpaBJieHUs

Baxxnsim nokazarenem ACP sBisieTcsl yCTOMYHUBOCTD, TOCKOJIBKY OCHOBHOE
€€ Ha3Ha4YCHME 3aKJII0YACTCAd B MOIJCPKAHUU 3aJaHHOTO IOCTOSIHHOTO 3HAYCHHUS
pPEryNnUpyeMOro napaMeTpa Uil U3MEHEHHE €r0 10 OIpeleIcHHOMY 3aKoHy. IIpu
OTKJIOHEHUHU pETYJIMPYEMOIr0 NapaMerpa OT 3aJaHHOW BEJIIMYMHBI PETYJIATOP
BO3/ICHCTBYET HA CUCTEMY TaKUM 00pa30oM, 4YTOOBI INKBUAUPOBATH ITO OTKJIOHEHUE.
Ecnmu cucrema B pe3ysbrare 3TOro BO3JACHCTBHS BO3BpALIACTCS B HCXOJHOE
COCTOSIHHE MJIM NEPEXOJUT B JIPYrO€ PaBHOBECHOE COCTOSHHME, TO Takash CHCTEMa
Ha3bIBAETCS ycmouyusou. B 3aBUCUMOCTH OT CBOMCTB 3JIEMEHTOB ycTOUnBON ACP
NEPEXOIHBIA TPOLIeCC MOXKET HMETh KoJiebaTenbHbI (pUcyHOK 6.1, a) wim
anepuoguueckuit (pucyHok 6.1, 0) xapaxrtep. Ecnu e BO3HUKAIOT KojieOaHUs C
BCEBO3pACTAIOLIEH aMIUTUTYI0M (pUCYHOK 6.2, a) WM HPOMCXOAUT MOHOTOHHOE
yBEJIMYEHHE OIIMOKU PEryaupoBaHus (pUCYHOK 6.2, 0), TO cucTeMa Ha3blBaeTcs

HEYyCMoUYUBOU.

i VA Yom

Y

| |
| MoMeHT H3MeHeHHS BO3MY- |
| maromero Bo3geHcTBEHI |
|
|

v
fy
a) 0)

Pucynok 6.1 — Ilepexoanbie XxapakTepucTUKH ycToluuBbiX ACP
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Yaan
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t t



a) 0)

PucyHnok 6.2 - IlepexonHbie xapakTepucTuku HeycTonunBeix ACP

HeycToliuuBas cuctema HE MOXET CKOJbKO-HUOYIb JIOIC0 HAXOJUTCS B
COCTOSIHUM PAaBHOBECHS — JIOCTaTOYHO HE3HAYMUTEIBHOIO BO3MYLIEHHUS I TOTO,
4YTOOBl OHA MpHUIIIA B CAMOCTOSITENbHOE JBUXKEHHUE. YcToHunBOCTE ACP Moxer
OpOSIBIIATBCSI B PA3HOM CTENEHM M 3aBUCUT OT BEJIWYUH KOADPUIMEHTOB
nepenaroyHblx  QyHKUMM  snemeHTOoB. OOBIUHO HM3MEHEHHE OJIHOTO U3
K03()PUIIMEHTOB B OMPEICIICHHBIX IPaHUIIaX (FPaHUIlAX YCTOWYUBOCTH) MIPUBOJAUT
K U3BMEHEHUIO JUHAMHYECKUX CBOMCTB CUCTEMBI, OJHAKO OHA OCTAETCS YCTOMYUBOM.
[IpeBbillieHUe Kpumuuecko2o 3HAYEHUS HTOro Kod(d@uImeHTa MNPUBOIUT K
HEYCTOMYHMBOCTH, a MPU KPUTHUYECKOM 3HAYEHUU CHCTEMA HAXOAUTCSA Ha cpaHuye
ycmouuugocmuy. 3anac yCTOMYHMBOCTH TOKAa3bIBAET, HACKOJBKO JAJEKO CHCTEMA
HaXOAMUTCS OT TPaHUIIbl yCTOWYMBOCTH. B citydae, eciiu usmenenue ko3 PuimeHToB
NepeaTOuYHbIX (PYHKIIMH HE TO3BOJISIET JOOUTHhCS ycToWuyuBocTH, Takas ACP
SIBJISIETCSL CIMPYKMYPHO HEYCMOUUUBOU.

Onpenenuts ycrounBocTh ACP MOXXHO ABYyMs criocob6amMu — MpH MOMOIIH
NEPEXOAHBIX XapPaKTEPUCTUK (TOJYYEHHBIX SKCIEPUMEHTAIBHO WJIM PACUYETHBIM
IyTEM) U IIPU OMOILLU Kpumepues yCmouiugoCcmu.

Knaccuueckue kputepun YCTOMYMBOCTH JETSATCA Ha anreOpandeckue u
YaCTOTHBIE U MMEIOT Pa3IMyHyl0 IpuMeHumocTs. Hanpumep, kpurepuii ['ypBuna
ABIIACTCS QIreOpanyeckuM U TPUMEHSIETCS JJIS OMNpeAeNieHUs YCTOWYUBOCTH
3aMKHYTBIX JIMHENHBIX cucteM. Kputepun Muxainosa n HailkBrucra oTHOCATCS K
IPYIIIE YaCTOTHBIX KPUTEPHUEB, ITOCKOJIBKY ONPEIEIISIIOT YCTOMYUBOCTD 3aMKHYThIX
CUCTEM MO HX YaCTOTHBIM XapaKTEPUCTHUKAM; HX OCOOCHHOCTBHIO SBISETCS
BO3MOXHOCTh MPUMEHEHUS K 3aMKHYTBIM CUCTEMAaM C 3aIa3JbIBaHUEM, KOTOPBIMU

ABJIACTCA IIOJABJIAIOIIICC OOJBIIMHCTBO CHCTEM YIpaBJICHHA.

Kpurepuii I'ypBuia



Kpurepnii ['ypBuna wucnosb3yer xapakrepuctuueckoe ypaBHeHue ACP,
KOTOPOE MOXET OBITh MOJY4EHO M3 MEepeJaTOuYHON (DYHKIMH pPa3oOMKHYTON
cuctemsbl. [lo xkoapduLMEeHTaM XapaKTEpUCTUUYECKOTO YpPABHEHMSI COCTaBIIACTCA
IJIaBHBIN ONPEAEIUTENb CUCTEMbI, U3 KOTOPOT0 HaXOATCA AUAroHalbHbIE MUHOPBI.
s moeo, umobwvrt ACP 6vi1a ycmouuugou, Heobxo0umo u 00Cmamodto, 4moovl ece
KO3 uyuenmovl Xapaxmepucmuiecko2o ypagHeHUus U 6ce OUaA2OHAIbHble MUHOPDbL
OvLIU nonodxcumenvusl. 1Ipu paBeHCTBE OJTHOTO U3 JUATOHAIBHBIX MUHOPOB HYIIIO
ACP HaxoauTcs Ha TpaHULE YCTOMYUBOCTH.

[Tpumep. Ilycth nana crpykrypHas cxema ACP

W.(p)=10
2
— 1p) = Wa(pd) |  Wa(p) > p_|_6
5
A W _ _
(P) 4p> +2p+1
W, <
v W,(p)=4

Pucynok 6.3 —CtpykrypHasa cxema ACP
PaszomkHeM yclioBHO oOOpaTHYI0 CBf3b B TOYKE A U  ONpEIeIuM

nepeIaTouHyo QyHKIuo pazoMkayToit ACP:

2 5
W, (p)=W,(p)-W,(p)-W,(p) -W,(p)=10" — 4 =
s (2) =W (p)-W5(p)-Wi(p)-W,(p) 516 ap 1 2p i1

B 400
4p> +26p° +13p+6

XapaKkTepUCTUUECKOE YPABHEHHE UMEET BUI:

1+W,,,(p)=0

pasz

400
1+ — - =0
4p* +26p* +13p+6
4p3+26p3+13p+406_0
4p° +26p° +13p +6
4p° +26p° +13p +406 =0

3anuiiemM XapakTepUCTUYECKOE YpaBHEHUE B OOIIEM BUIE:




a,p’ +a,p’+a,p+a, =0

rae a,=4.,a,=26, a, =13, a, =406.

Jna  onpeneneHuss yCcTOMUMBOCTH 1O ['ypBuIly CTpPOWTCA TIJIaBHBIN
OTpEeJENUTENb TAKUM 00pa30M, YTOOBI IO IIIaBHOM TUAroHadu ObLIN PACIIONIOKEHBI
KO3 (PUIIMEHTHI XapaKTepuCTUYECKOTro ypaBHeHus ¢ al mo an. CnpaBa u cieBa OT
HEee
3aMMUChIBAIOTCS KO PUIMEHTH ¢ HHAEKcaMu uepe3 2. Jlns modydeHHOro

XAPAKTCPUCTHYCCKOI'O YPABHCHUA IJIABHBIN ONIPCACIUTCIIb UMCCT BU:

a a; 0
A=la, a, 0
0 a a,

I[I/IaI’OHaHBHBIC MHUHOPBI HaxXoaAaATCs n3 I'’'TaBHOT'O OIIPCACIIUTCIIA
MOoCJICAOBATCIBbHBIM OTYCPKUBAHUCM J3JICMCHTOB II0 TOPU3O0HTAJIIM W BCPTHKAJIH,
Ha4dMHas ¢ BEPXHETO JICBOI'O yIJia:

A =a,=26>0
a

A= Cl=aa,—a,a, =26-13-4-406 = 1286

a, a,
Jlyiss pacCMOTPEHHOro MpuMepa Bce KOIDOHUIMEHTHI XapaKTePUCTUIECKOTO
YpaBHCHUS TIOJIOKHMTEIIbHBI, a BTOPOM JHUArOHAJIbHBIH MHHOpP — OTPHUIATCIICH,

cnenoBatenbHo, ACP HeycToiiunBa.
Kpurepuit Muxainosa

Kpurepuii I'ypBuna ne moxer npumenathscs, eciiu ACP conep ut 3BeHO
3ana3npiBanus. Kpome TOro, Juisi BBICOKMX TMOPSJAKOB XapaKTEPUCTUUECKOTO
yYpaBHEHHSI TPUMEHEHUE alredpandyeckux KpuTepueB TpeOyeT OOJbLIOTo
KOJIMYECTBOM BBIYUCJICHUN, B JTOM ciydae Oosiee yAOOHBIM OKa3bIBa€TCS

MIPUMEHEHHE YaCTOTHOTO KpuTepus Muxaiinona.



s ycmotiuugoti ACP Heobxo0umo u oOdocmamoyHo, umobOwl 20002pag
Muxaiinosa, nauunasce npu = 0 Ha NONOACUMENLHOU BEUeCMBEHHOU NOTYOCU,
00xX00U NOCIe008amMeNbHO NPOMUE YACOB0U CmpeaKu npu eospacmarnuu om ) 0o n
K8AOpaHmos, 2oe n - CMmeneHb Xapakmepucmuyecko20 NoIuHoOMA.

[lopssnox npumeHenuss kputepus MuxaiioBa paccmorpuM s ACP,
MIPUBEJICHHON HAa pUCYHKE 6.3:

- onpenensieTcd xapakrepuctuueckuit noauHom ACP, Hanpumep

G =4p° +26p* +13p+ 406

- IO/ICTABIISIETCS P~ J(”0:

G(j@)=4 jo " +26 jo  +13jo+406=—4j0° — 260" +13jo + 406 =
= 406-260° +j 130 40" = R(®)+ jO(0):

- ctpouTcs rogorpad MuxaiioBa Ha KOMIUIEKCHOH MIIOCKOCTH (pUCYHOK 6.4);

- 00 ycroitunBocti ACP cynum no Buay roporpada.

1Q(®)

=0
T T T ﬂ T T M—R(m)
-300 -200 100 gp o 100 2 300 400 500

(—»o0

Pucynok 39 — I'omorpad MuxaiinoBa ais pacCCMOTPEHHOTO TIpUMeEpa

1Q(®)

VCT. R(m)

HEeyCT.
3 Y

IPAaHHIIA YCT. 4




Pucynok 6.4 — Bapuantsl rogorpados npu n=3

Ecnu rogorpad MuxaiinoBa npoXoauT 4epe3 Hayano KOOPAUHAT, TO TOBOPSIT,
YTO CHCTEMa HaXOJUTCs Ha TpaHuue ycroWuumBoctu. Cyns mo Buay rojorpada
paccMmoTpenHoro npumepa (pucyHok 39), mannas ACP HeycroifuumBa, Tak Kak
rogorpad mepexoauT u3 1 kBagpanta B 4, a 3ateM B 3. (st ACP ¢ mopsimkom
XapaKTepUCTUYECKOTO YpPaBHEHUS, PaBHOM TpeM ToAorpad AOKEH MPOXOAMTH

KBaJIpaHThl B mopsiake 1 - 2 - 3).
Kpurepuii Haliksucra

JlaHHbI KpUTEpUN OTHOCUTCA K YACTOTHBIM KPUTEPUSIM M HCIOIb3YyeT
A®UYX pazoMKHYTOU cucTEMBI. [[puMEHUM Mpy HATMYUU 3ana3/IbIBAHMS.

s yemouuueocmu ACP  neobxooumo u oOocmamoyno, umobvl npu
yeenuyenuu om 0 0o ADYX pazomkHymoil cucmemvl He 0X8amvl8ald MOUKY C
koopounamamu (-1; j0). Ecau A®X npoxoaut yepe3 Touky (-1; jO), To 3aMKHyTas
CHUCTEMA HAXOAUTCS HAa TPAHULIE YCTOMYMBOCTH.

[TociieqoBaTenbHOCTh MPUMEHEHUA KpuTepus HailkBHCTa paccMOTpuM Ha
npuMepe ACP, npuBeieHHOM Ha pUCYHKE 6.3:

- ompenersieM TMepefaTouHyr0 (YHKIMIO Pa30OMKHYTOM CHCTEMBl W TOJCTABIISAEM

p=Jo.

o 400 - 400 N
pa: 4jo’ +260° +13jo +406  6+260° +j 13w —40°
B 2 3 _ g ¥
1600— 104000 L 1600w° — 52000 = R(@)+ jO(@),

160°%+ 5720" —143w* + 36 j16m5+5?3m4—143m3+3
1600—10400am>

160°%+572m" —1430° + 36
1600e° — 5200@ |

160° + 572" —1430* + 36

rne R(w)=

Ow) =

- CTPOUM Ha KOMIUIEKCHOU TiockocTu ADUX pazoMKHYTOM crcTeMBbI (PUCYHKH 6.5,

6.6).



- 00 ycrortunBoct ACP cynum no Buay rogorpada.

1Q(w)

®=0 R(w)

-60

60

Pucynoxk 6.5 - Hauanpusiil yuactok ADYX pazoMKHYTOM cUCTEMBI (IPU M3MEHEHU U

© ot 0 1o 1,2)

Pucynok 42 — A®UX pa3oMKHYTOIl C

KoHnTtponbHbIE BOTPOCHI

1Q(®)

®—>0

—_

R(®)

HCTCMBI ITPpU N3MCHCHUU

oT 1,5 1o =



Jleknusa 7/ Ouenka kayectBa ynpanjienusi ACY

IIpsamble TOKa3aTeNn KayecTBa

Ecmn uccnenyemas ACP yctoiiumBa, TO MOXET BOBHUKHYTH BOIPOC O TOM,
HACKOJIBKO KA4Y€CTBEHHO MPOUCXOJUT PEryJIMPOBAaHHE B JOTOM CHUCTEME H
yIOBJICTBOPSIET JIU OHO TEXHOJOTMYECKUM TpeOoBaHusM. Ha mpakTuke KadyecTBO
pPEryJIUpPOBaHUSI MOXKET OBITh OINpejeeHO Mo IpaduKy MEpPeXOoHON KPUBOU WU
KOCBEHHO I10 YaCTOTHBIM XapaKTE€PUCTUKAM.

OnHa U3 OCHOBHBIX XapaKTEPUCTHUK KayecTBa Mpoliecca pPerynupoBaHUs —
MOYHOCMb, OTICHUBAaEMasi 3HAUCHUEM CTaTHYECKOM omuOku YcT =Y3an — YycrT, T.€.
OCTaTOYHBIM OTKJIOHEHHUEM PETYJIUPYEMON BEIMYUHBI OT 3aJaHHOTO 3HAYEHHUS TI0

OKOHYAHHUH MEePEXOTHOTO Tpoiiecca (pUCYHOK 1).

/|

J a0

T —

)i Uom

Pucynok 1 — Onpeznenenue nokaszaTeneil KayecTBa Mo MEPEXOAHON XapaKTEPUCTUKE

Bpemsa  pecynuposanus (6vicmpooeticmsue) OIEHUBACTCS Kak BpeMs,
MPOIIEIIee OT MOMEHTAa T0JIadyi BO3MYIICHHUS JO MOMEHTA, KOT/Ia OTKJIOHCHHE
YIIpaBIseMOi BeTMUUHBI BOHAET B IOMyCTHMbIE mpeaensl +AY o

tb=t-1

Ilepepeeynuposanue XapaKTepu3yeT MaKCHUMaJIbHOE OTKJIOHEHUE

YHpaBHHCMOﬁ BCIIMYMWHBI OT €€ YCTAHOBUBIICTOCA 3HAYCHMA!



Ym B Ywm AV,
0 =——"—100%=—""5100%
yem yom

[Ipu U3MeHeHnn napaMeTpOB HACTOMKM aBTOMATUYECKOTO peryistopa (0uH
WIN HECKOJBbKO KOA((UIMEHTOB NEPEeNaTOUYHbIX (YHKIMI) MOXKHO MOJYYHUTh
pa3nuYHbIE 3HAUCHUS ITepeperynupoBanus: ot 0 npu anepuoanueckoM NepPeXoJHOM
nporiecce 10 100% mnpu ycTaHOBUBIIEMCS He3aTyxaroueM KojaedaTeabHOM
npouiecca (ACP Ha rpaHuile yCTOWYMBOCTH). B mpakTuke aBTOMAaTHU3allUU
HauOOJbIIee PACIPOCTPAHEHHE MOJYYWUIM  ANEpPUOJUYECKUE  MEPEXOHbIE
nporeccsl U npouecchl ¢ 20% nepeperyainpoBaHUuEM.

Konuuecmeo nepepezynuposanuii 1OKa3bIBaET, CKOJBKO pa3 ympaBisgeMas
BEJIMYMHA MPEBBICUIIA IOYCTUMOE 3HAUCHHE.

Cmenenv  3amyxauvusi ~ XapaKTepU3yeT  MHTCHCUBHOCTb  3aTyXaHHS

Kos1Ie0aTeIbHOr0 MEPEXO0IHOTO Mpoliecca:
o= V_ —AY,
AV,

W3mensis mapaMeTpbl HACTPOUKH PETYIISITOPA, MOKHO MOJYYUTh PA3IUUHYIO
CTeTIeHb 3aTyXaHWs OT HyJsd (He3aryxalolue KojieOaHus, CUCTeMa Ha TPaHMUIIC
YCTOWYMBOCTH) 10 1 AJig anepuoJuyYecKux MEePeXOoJHbIX MpoieccoB. OOBIUHO
NpUeMIIEMbIE C TMPAKTUYECKOM TOUYKH 3pEHUs 3HAYCHMsI CTETNEeHH 3aTyXaHUs
0,75..0,9.

[lepeyucnennple TMOKa3aTeNW XapaKTEPU3YIOT TOJIBKO OJWH MpPHU3HAK
nepexogHoro mnpouecca. OOIIyI0 XapakKTEpPUCTUKY MEPEXOJHOro IMpolecca AarT
WHTETpaJibHbIE  TOKa3aTeIM KAauyecTBa, YYMUTHIBAIOIIME OJHOBPEMEHHO U

MEepEePEryIUPOBAHUE U BPEMS PETYIUPOBAHMUS.

Jluneunwviii unmeepaibHblli TOKA3aTEIb:

F

J, = j Ay(r)dt
0

rne Y- pasHOCTH MeXTy TEKyIIMM M 3aJaHHBIM 3HAUEHHMSIMH YIPAaBISEMOi

BCIINYUHBEI.



JIuHEeHbI WHTErpajbHbII MOKa3aTeIb KAYECTBA MOKET OBITh MCIIOJIB30BaH
TOJIBKO JJIsl anepuoJMYECKUX MEepPEeXOJHbIX mporeccoB. s KomebaTenbHbIX
[EPEXOJHBIX IIPOLECCOB, KOIAa IOJOXKUTEIBHOE OTKIOHEHHE YIPABIAEMOU
BEJIMUYMHBI YEpeayeTCs C OTpHUIATENbHbIM, ajredpandeckas cymma IUIOLIAfei
IIOJIYBOJIH HE MOXKET XapaKTEPU30BaTh Ka4ECTBO IIEPEXOAHOrO Ipouecca. B atom

cllydae IPUMEHSIOT UHME2PalbHO-KEaOpamuyHblil IOKa3aTelNb:

T, = [ Ay (1)
0

KocBenHble mokazarenu KauecTBa

3anac ycroiuuBocth ACP MOXHO OLEHUTh N0 BEJIWYUHE CHEneHu
yemouuueocmu, KOTOPbIA OTIPEICIISIETCS. PACCTOSTHUEM OT OJIM KaNIero KOpHsi (Uiu
napbl KOpHEN) XapaKTepUCTUUYECKOTO YpaBHEHHUSI 3aMKHYTON CHUCTEMbl OT MHUMOM
ocu. IMEHHO 3TH KOpPHHU JAIOT B MEPEXOAHOM IMPOLIECCE COCTABIAIONIYI0, KOTOpas
3aTyxaeT MeJIJIEHHEE OCTAbHBIX.

[lepexoansie mpouecchl B ACP MOryT UMETh anepuoAndecKuil XapakTep Win
koseOarenbHbI. Kak BugHO MX pucyHka 45, 0 cTeneHu KoyiedaTeIbHOCTH MOKHO
cymutb mo AUX: uyem Oosee BbIpakeHa KoJie0aTeIbHOCTh, TEM OOJIBIIE

MAKCHMAJIBHOC 3HAUYCHHMC OTHOIICHHA aMIUIMTYIbl BbIXOAHOI'O CHI'HAJIa K

(Dp.

Ay A

i ~
A/w/[- ; \

aMIUIMTY/I€ BXOJHOTO IPU PE30HAHCHOM 4acTOTe

Pucynok 45 — IlepexoHble XapaKTepUCTHKU (a) U COOTBETCTBYIOIIHE UM
AYX (0)
lloxazamenw xonebamenvrocmu onpenessitor mo AUX (pucyHok 45, 6):

_ Aw,)
o Alwy)’




Yem panblile cucTeMa OT TPaHUIbl YCTOMYMBOCTH, TEM MEHBLIE BBIpaKeHA
K0J1e0aTenbHOCTh M MeHbIIe M. OObI4HO 3HaUeHHsI M 11l IpaBUIIBHO HACTPOECHHBIX
ACP cocrasnser 1,2...1,4. Bpems nepexoaHOro npouecca MoKeT ObITh ONPEAEIIEHO

o ¢hopmyie:

'}

rje O _ yacrora cpes3a (cM. pucyHoK 45, 0)

KOHTpOJ'II)HI)IG BOIIPOCHI



Jlexuus 8 Peryasitopsl

Aemomamuueckue peeynamopul (AP) mnpencraBisioT coOoi  OONBIIYIO
Ipynny aBTOMAaTUYECKUX YIPABISIOIUX YCTPOMCTB, KOTOpbIE BbIPAOATHIBAIOT
perynupytouiee Bo3aerctaue B CAP, eciii perynupyemasi BETMYMHA OTKIIOHUTCS OT
3aJIaHHOTO 3HAYEHHS] WM HU3MEHSIOT peryjiupyeMblil mapameTp MO 3aJaHHOU
nporpaMme.

BaxneimuM cBOWCTBOM J1I000TO perynsTopa sBISIETCS aneopumm (3aKOH)
pEryiIMpoBaHMUs:

YP=f(XP;1)(1)

rae YP — BBIXOAHOM cUTHAN peryssiTopa;

XP — BXOIIUMU CHUTHAJ pPEryjsiTopa, 3aBUCALIUM OT  BEJIMYMHBI
paccorjacoBaHUs;

t — Bpems.

B Hacrosimiee Bpemsi HaxXOQuUT NpUMEHEHUE OOJIbIIOE pa3HOooOpasue
ABTOMATHUYECKUX PEryJsATOpPOB, KOTOPhIE MOXKHO KJIacCH(UIUPOBATH IO
Pa3JIMYHBIM MIPU3HAKAM:

1) B 3aBucumoctu OT TpeOyeMbIX 3HAUEHHUI pPErylIupyeMoro mnapamerpa
pa3IyalOT PETYISTOPHI:

a) cmabunuzupyrowue — TOAJAEPKUBAIOIINE TIOCTOSIHHOE 3HAYCHHUE
PEryNIHpyEMOT0 apameTpa;

0) npoepammusle — 00eCIIEUUBAOIINE 33JaHHOE U3MEHEHHUE PETYIUPYEMOTO
rapameTpa BO BPEMEHHU C NOMOIIBIO CHELUAIBHO 33JaHHOW IPOrpaMMbl (CTaHKH
qIry);

8) cnedswue —  OOECIEUMBAIONIME  3aKOHOMEPHOE  HM3MEHEHHUE
pErylIMpyeMoro napaMerpa B 3aBUCUMOCTH OT HEU3BECTHOM 3apaHee MEePEMEHHOU
BEJIMYMHBI (KOMUPOBAIbHBIE CTAHKH).

2) Ilo cnocoOy MCHOIb30BaHUS YIHEPTUH PA3TUYAIOT PETYISATOPHI:

a) npamozo Oeucmeus, KOTIa PpEryjasTop M PeryJupyroluil opraH

HCMOJIB3YIOT S3HEPTHUIO TOJBKO OT U3MEPUTEIBHOTO YCTPOUCTBA;



0) Hempsamoeo Oelicmeus, KOTAA PETYIATOP WM PEryIUpPYIOLUNA OpraH
MCTIONB3YIOT SHEPTUIO BHEITHETO NCTOYHHKA.

3) Ilo Buay WHCHOAB3yeMOM BCIIOMOTaTEIbHON 3HEPIUM PEryJsTOPbI
HENPSAMOTO ACHCTBUS JENATCA Ha!

a) a7ekmpuyieckue,

0) euopasnuueckue,

8) nHeemamuyueckue

2) KOMOUHUPOBAHHbLE.

4) Ilo xapakTepy OKa3aHHUsS BO3JCUCTBUN C TEYCHHEM BPEMEHH PETYISTOPHI
OBIBAIOT:

a) HenpepvieHO20 OelicmaBUs

0) npepwvisucmoeo (Ouckpemnozo) NENUCTBUS.

5) Tlo ycTaHOBUBIIEMYCS 3HAYEHHUIO PETYIMPYEMOrO TapamMeTpa IOcie
OKOHYAHHUS MEPEXOTHOTO MPOIIECCa PETYISITOPHI ObIBAIOT

a) cmamuveckue — B TAaKUX PETyJsTOpax B YCTAHOBHUBIIEMCS COCTOSHUU
MUMEETCSI TIOTPEIIHOCTh , KOTOPAasi 3aBUCUT OT BEJIMYHMHBI HATPY3KH Ha OOBEKT, T.€.
pPaBHOBECHOE 3HAYEHUE PETyIUPYEMOro IapamMerpa BCerja OTIUYaeTcss OT
3aJlaHHOM BEJIMYMHBI, U TOJBKO TIPU HOMHUHAIBHOM Harpy3ke (aKTUYECKOe

3HAYCHUC CTAaHOBUTCA PABHBIM HOMHUHAJIBHOMY.



6) acmamuuyeckue - TaKU€ PETyIATOPHI MOCIE BO3MYILECHHUS MPUBOMIST
peryaupyemMblii mapameTp K 3aJlaHHOMY 3HAQYEHUI0 HE3aBUCUMO OT BEJIIMYUHBI
Harpy3Kd U MOJIOKEHUS PEryJIUPYIOLIEro OpraHa.

6) [1o uncny GpukcUpoOBaHHBIX MOJOKEHUM (MO3UIIUI) pa3IMYaOT:

08yx-, mpex- W MHO20NO3UYUOHHble pecynamopsl. Hampumep, vy
JBYXTO3UIIMOHHOTO PEryJsaTopa JIB€ BO3MOXKHBIC TMO3UIMU PETYIHPYIOIIETO
opraHa:; «BKJIIOUYEHO — BBIKITIOUEHOY.

7) Ilo ckopocTH mepeMmenieHns peryJupyromero opraHa pas3jindaror
PEerysTOPHI:

a) nNo3UYUOHHBIE pe2yNAmOopbl pelelHo20 Oelucmeuss C MIHOBEHHBIM
MPAKTUYECKHU TIEPEMEIIICHUEM;

0) pecynramopwl peneiinoco Oelicmeus € TIOCTOSHHOW  CKOPOCTBIO
nepeMenieHusi, He 3aBUCSIICH OT aOCOFOTHON BEJIMUUHBI paccoriacoBaHus (JIUIIb
HaIpaBJICHUE MePEMEIICHUS 3aBUCUT OT 3HaKa PacCOrIacoBaHUs);

B) C TEPEeMEHHOW CKOpPOCTBIO, 3aBUCAILIEH OT 3HaKa M BEJIUYHHBI
paccorjacoBaHHUs;

2) ubpayuoHusle pe2ynsimopsvl ¢ BUOPAITMOHHBIM (CKOJIB3SIIINM) PEKUMOM Y
PETYISATOPOB PEICUHOIO JECUCTBHS.

8) 1o komu4ecTBYy peryaupyeMbIX MapaMeTpOB Pa3inyatoT PETryIsTOPHI:

@) 0OHOMEPHO20 pe2yIupo6aHnusl - PETyINPOBAHUE IO OJJHOMY IIapaMeTpy;

0) MHO2OMEpPHO20 pe2ylupoéaHus - PETYIUpOBaHUE JBYX U Oonee
apaMeTpoB.

9) 1o obmacTu cBOETO MPUMEHEHHUS PETYISTOPHI ACIATCS Ha:

a) UHOUBUOYAlbHbLE,

0) cneyuanuzuposanHvle

8) YHUBEpCabHbIe.

2. ITIO3NIUOHHBIE PET'YJIATOPHI

2.1. JIByXnO3ULIMOHHBIE PETYIISTOPBI

B npocreiiiiem ciyyae (6e3 0OpaTHO CBSI31) JBYXIO3ULIMOHHBIA PETYIISITOP

paboTaeT Kak JIBYXIIO3UIIMOHHBIM mepekitouaresb. Hampumep, MOUIHOCTS,



nojaBaeMasi Ha HarpeBarellb, UMEET TOJbKO JIBa 3HAUCHHS] - MaKCUMAJIbHOE U
MUHHMaJbHOE (HYJIEBOE), JIB€ MO3UIUU (OTCIOJIa W Ha3BaHUE peryiaropa -
JIBYXTO3UIIMOHHBIN) - HarpeBaTesib MOJHOCThIO BKJIOUYEH WM MOJHOCTHIO
BBIKJTFOUECH.

JIByXTO3UIIMOHHBIE ~ PETYJISITOPbl  HCHOJIB3YIOTCS  JJIsi  YIPaBIICHUS
MEePEKIII0YATEIHHBIMU JIEMEHTAMU :

1) sneKTpUUEeCKUMHU YCTPOMCTBAMH - pelie, KOHTAKTOpaMH, TPaH3UCTOPHBIMU
KJIFOYaMH, CHMUCTOPHBIMU HJIM TUPUCTOPHBIMH YCTPOWCTBAMU, TBEPAOTEIbHBIMU
pene u 1p.;

2) THAPABIMYECKUMU M TTHEBMATUYECKHUMHU YCTPOMCTBAMHM — KJarlaHAMU,
3aCJIOHKaMHU.

JIByXTO3UIIMOHHBIE ~ PETYJISATOPHl  OOECIEUYMBAIOT  XOPOIIEe  KayeCTBO
peryJaupoBaHusl JJIsI WHEPIMOHHBIX OOBEKTOB C MajbIM 3ama3/bIBAaHUEM, HE
TpeOyIOT HACTPOMKHU M MPOCTHI B AKCIUTyaTallud. DTU PETYJISTOPHI MPEICTABISIOT
OOBIYHBIN U HanbOoJIee MHUPOKO PACIIPOCTPAHEHHBIN METO] PETYIMPOBAHUS.

CtpykTypHas cxeMa JIBYXIO3UIIMOHHOM CUCTEMBI PETYIMPOBAHUS IPUBEICHA
Ha puc. 1.

Jns  npuMepa TpuBeIEeM — ONMUcaHue  pabOThl  JBYXITO3UIIMOHHOTO
PETYIHPOBAHUS TEMIIEPATYPHI B AJIEKTPOIICYH TICUHU:

1) ® < O©3]] - HarpeBaresb BKIIOYEH, MOKAa TeMmreparypa B meun Y = O
MECHBIIIC 3aJaHHOTO 3HaYeHUs SP = ®3/].

2) ©® > O3] - HarpeBatellb OTKJIIOYAETCs, €CIU Temmeparypa ® Bblie
3aganHon O3]1.

3) IloBTOpHOE BKJIIOUEHHME HArpeBaTelisl MPOUCXOJIUT IMOCJIE YMEHBIICHUs
TeMmnepaTtypsl 10 3HadeHus ©® = SP — H c¢ yuerom rucrtepesuca H
MEPEKIIIOYATENLHOTO AJIEMEHTA.

I'ucrepesuc H mnpenycMoTpeH Juisi  NpeaOTBpalleHuss — «apedesray
YOPaBJISIIONIETO BBIXOJHOTO YCTPOMCTBa (Hampumep, pelie) U UCHOJIHUTEIBHOTO
MexaHu3Ma (HalpuMep, HArpeBaTelbHOrO JJIEMEHTA), T.€. CIMIIKOM YacTOro

BKJIIOUEHUS (OTKJIFOUEHUS) HarpeBartens BOu3u 3aganust SP.



Perynartop

Puc. 1 CtpykrypHas cxema JBYXMO3UIIMOHHOW CUCTEMbI PEeryIupOBaHUs

YV — ynpasnstoniee ycrpoiictBo; OY — o0bekT ympasienus; SP — yzen
dbopmMupoBaHusl 3aJlaHHOW TOYKHU (3amaHusi); Z — paccoryiacoBaHUE PEryisaTopa;
PV=Y — perynupyemas Benuuuna; X1 = YP — ympasnsromee Bo3neiictsue; P —
BO3MYIIAIOIIEE BO3/ICHCTBUE.

Tunel CcTaTUYECKUX XapaKTEPUCTUK JIBYXITO3UIIMOHHBIX PETYJIATOPOB

ITOKa3aHbI Ha PUC. 2.
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Puc. 2 Cratnueckue XapakKTepUCTUKH JIBYXITO3UIIMOHHBIX PETYIATOPOB

Bun cratudeckoil XxapakTepUCTHUKH, MPEICTABICHHBIM HA puC. 2,a 0OBIYHO
MIPUMEHSIETCS. B Pa3JIMUHBIX Mpolieccax yNpaBi€HUsI HAIPEBOM - HArpeBaTENIbHBIX
npubopax, medax, TepMmomkadax, TEMIOOOMEHHHKaX U T.m. JlaHHBIA THO
perymnsiTopa Ha3blBaeTcsi OOpaTHBIM peryisiTopoM. [Ipu ucnonb3oBaHuu B cucTeMax
CUTHAJIM3allMKM JaHHas JIOTMKA pabOThl BBIXOJHOTO YCTPOMCTBA HOCUT Ha3BaHHE
«MEHBIIE YCTAHOBJIECHHOTO 3HAUCHUSD UIU «MEHBIIE MUHUMYMa).

Bun cratuyeckoid XapaKTepUCTUKH, MPEICTABICHHBIN HA puc. 2,0: 00BIYHO

IMPHUMCHSCTCA B Pa3/IMYHBIX HPOHCCCAX YIPABJICHUS OXJIAKACHUCM — B CUCTCMaAX



BEHTWIALIMM, B XOJOJWIBHBIX YCTaHOBKaXx M T.N. JlaHHBIM TUI peryaaropa
Ha3bIBACTCA NOPSMBIM  perynsatopoM. Ilpm  ucnosnp3oBaHMM B CUCTEMAX
CUTHAJIM3ALMKM JaHHAasl JOTMKa padOThl BBIXOJHOIO YCTPOMCTBA HOCUT Ha3BaHHE
«00JIbllIE YCTAHOBJIEHHOTO 3HAYEHUSD WIH «OOJIbIIE MAKCUMYMa.

Bunsl cratmyecknx XapakTEpUCTHK, NPEICTABICHHbIE HAa pUC. 2,B U 2T
MPUMEHSIOTCA ISl CUTHAJIM3AIMU BBIXOJA CHCTEMBbl YIPABICHHUS Ha pabouuid
pPEXKUM. DTHU PETYISTOPHI €€ HA3bIBAIOT KOMIAPATOPAMH.

XapaKkTepUCTUKA HA PUC.2,B UCMOJB3YETCS JJI CUTHAIM3ALUUU BXOXKICHUS
napamerpa B HopMy. JlaHHas Joruka paboThl BBIXOAHBIX YCTPOWCTB HMEET
HAaMMEHOBAaHUE «B 30HE YCTAHOBIICHHBIX 3HAYEHUW» WIM «B 30HE MHUHHMYM-
MaKCUMYyM».

XapaKkTepUCTUKA HAa pHUC.2,T HCHOJB3YEeTCA [JIsl CUTHAJIU3AMU BbIXOJA
napaMmeTpa 3a ompejaesieHHble mnpenensl. JlaHHas Jjoruka padoThl BBIXOJIHBIX
YCTPOWCTB UMEET HAUMEHOBAHHUE «BHE 30HBI YCTAHOBJICHHBIX 3HAYCHHUI» WM «BHE
30HBl MUHIMYM-MaKCUMYM».

2.2. Tpexmno3uLMOHHbIE PETYIATOPHI

Tpexno3ulnoHHBIE  PETYIATOPhl  00ECIEUMBAIOT  XOPOIIEEe KaueCTBO
PETYIHPOBAHUS JIJISI MHEPIIMOHHBIX 0OBEKTOB C MAJIBIM 3aIa3bIBAHUEM.

TpeXno3uuoHHbIE PETYISITOPHI MPUMEHSIOTCS KaK U JBYXIO3ULIUOHHbBIE JJIS
yIPaBJIEHUs NEPEKII0YATEIbHBIMUA dJIEMEHTAMM.

Tpexmo3uMOHHBIE PETyJISATOPbl MCIOJB3YIOTCS Ul CUCTEM YIIPaBJICHHUS
YPOBHEM  pa3IM4HBIX BEIIECTB, I CUCTEM YIPABJICHUSA HAarpeBaHUEM-
OXJIAXIECHUEM pPAa3JIMYHBbIX TEIUIOBBIX IIPOLIECCOB, XOJIOAUIIBHBIX YCTaHOBOK,
pEeryJaupoBaHMsl MUKDPOKIMMATa NOJOrPEBATENEM MW BEHTWISATOPOM, Uil CHUCTEM
pacrpeneneHuss W CMEIIMBAHUA PA3JIUYHBIX IIOTOKOB BEHIECTB € IIOMOIIBIO
TPEXXOAOBBIX KJIAIIAHOB, KPAaHOB, CMECHUTEJIEH, PEBEPCUBHBIX JJIEKTPOABUTATENCH,

CEpBOIPUBOIOB U JIP.
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Puc. 3 CrpyktypHas cxema TpeXno3uIMOHHON CUCTEMBI PETYJIUPOBAHUSL:

curdaiiel b-0osbi1e 1 M-MeHbliIe - YIpaBisolue BO31eHCTBUS

PaccmoTpuM paboTy TPEXMO3UIIMOHHOIO PEryisTopa AJis PeryiupoBaHUs
Temrneparypsl ® B mevax Tuma sJeKkTpoconpotuBienus. [Ipu sTom 3anaror nBa
3HaueHus temnepatypsl @3/][.MAX u O31.MIH.

1) Huxxauii ypoBenbp O@<O®3I.MUH — npu yMeHbIIEHUN TEMIIEPATYPbI HUKE
yctaBku O3][.MUH, curnamom b-0osbliie BKIFOYUTCS 3JICKTPOHArpeBaTesib Ha
«TPEyroJIbHUK» Ha JIMHENHHoe Hamnpskenue 380 B.

2) nopma O3/1.MH < OH < ©3][.MAX — eciu Temneparypa BOCCTAaHOBUTCS
10 HopMasibHOW OH, To curHanom M-MeHbIIE BKIOYUTCA 3JIEKTPOHATPEBATENb Ha
«3Be3y» Ha ¢azHoe HanpspkeHue 220 B.

3) Bepxuuii ypoenb © > O3] MAX — ecnu TemrepaTypa CTAaHET BBIIIE
yctaBku O31.MAX, To 3JIeKTpOHArpeBaTesib OTKIOYUTCS COBCEM.

Takum o0Opazom perynsarop padotaer mo 3akonHy: O3.MUH (amxHuit
ypoBeHb) - OH (Hopma-cpennuii ypoBeHb) - @31.MAX (BepXHUIl YPOBEHb).

[Ipu ynpaBieHUU SJIEKTPOJABUTATENEM UCIOJIHUTEIBHOTO MEXaHU3Ma
TPEXMO3ULUOHHBIA PETYISTOP BKJIKOYAET €ro MpU MOMOIIU NEPEKITI0YaTEeIbHbIX
AJIEMEHTOB Ha MpaBoe BpaieHue (1 mo3uumsi), ocraHaBiuBaeT (2 MO3ULMUA) WU
BKJIFOYAET Ha JIEBOE BpaleHue (3 mo3uLus).

bonee pacnpocTpaHCHHBIE COBPEMEHHBIE MPOLECCHI ABTOPETYJIMPOBAHUS
peanu3yroTCs ¢ MPUMEHEHUEM JIMHEWHBIX alrOPUTMOB.

3. JUHEWHBIE PET'YJISITOPEI

3.1. [IponopuuonansHbie peryastops ([I-perynsaropsr)

IIponopyuonanvnvimu, uau cmamuyeckumy HA3bIBAIOT ABTOMATHYECKHE

PETYJISITOPBI, Y KOTOPBIX NPU OTKIIOHEHUU PETYIUPYEMON BEJIUUYHUHBI OT 33IaHHOTO



3HAYCHUS] TPOUCXOJUT MEPEMEIIEHNE PETYIUPYIONIEro OpraHa mponopIuoHaIbHO
BEJIMYMHE ITOro OTKJIOHEHus (Statos -crosimuii). Yem Oofbliie OTKIOHEHUE, TEM
OoJibllle YMpaBISIONIEEe BO3JACHCTBHE, MPU ITOM 3HAYCHUIO CUTHAjJa Ha BXOJE
peryistopa  COOTBETCTBYET  TOJBKO  OJHO  OINpEJEICHHOE  IOJIOKEHUE
peryJIupyroniero oprasa.

[IponopimonansHas 3aBUCUMOCTb JOCTUTAETCS 34 CUET JIEMCTBUA KECTKON
oOpatHOl cBsi3u, MOATOMY [I-perynsiTopbl Ha3bIBAIOTCS TAKXKE PETYIATOpaMu C
XKECTKOU oOpaTHOU CBA3bI0. CKOPOCTh MEPEMEIICHUsT PETYIHPYIOIIET0 OopraHa
TaKUX PpEryJaTOPOB MPOMOPLIHMOHAIIBHA CKOPOCTH HM3MEHEHUS peryJupyeMoi
BEJTUYNHBI.

AnroputMm perynupoBanus [1-perynstopa:

AY, =K. X,

KP — ko3¢ duiueHT nepenayu;

AYP — nepeMeliieHue peryaupyroiero oprasa;

XP — curHai Ha BXOJE peryisaTopa.

B  Il-perymaropax Bcerma  NOpHUCYTCTBYET — CTaTHYecKas  OIIMOKa
PETYIHPOBaHMUS.

[IponopirioHanbHbIE PETYIATOPBl MOTYT TNPUMEHSATHCA I YIpaBICHUS
npoleccaMu, TMPOTEKAINIMMU B 00bEKTaX, Kak oOllajaronmx, Tak H He
oOnafaronmMx caMoBbIpaBHUBaHWEM. [Ipu 3TOM HYKHO HUMETh B BHIY, YTO
W3MEHEHHUS Harpy3Kd [OJDKHBI OBITh HEBEJIHMKH, YTOOBI CTaTHYECKas OIIHOKa

OCTaBajJacChb B JOIIYCTHUMBIX IIPpCACIaXxX.
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Puc. 4 Kpusas pasrona II-perynstopa

Takue perynsaTopbl NPUMEHSIOTCS B JIOOBIX OOBEKTaX, HamNpuUMeEp, B
CHUCTEMaX BEHTWJISIIMH JUIS MOJAEPKaHus TpeOyeMOoro TeMIepaTypHOTro pekxuma B
MOMEIIIEHUH U MOTYT BKJIIOYAaTh B ceOsl TailMep M JHMCTAHLIMOHHOE YIpaBJCHHE,
TaK)K€ B CHUCTEMax pETyJIUpOBaHUS JaBlieHUs B TpyOompoBoae. OHU HMEIOT
MaKcUMallbHOe ObIcTpojnelicTBue. HemocTaTok — 53TO HaldWuuMe CTATUYECKON
OIIUOKH.

3.2. UnaTerpanbHbie peryisitopsl (M-perynstopsr)

Humeepanvnoivu, umu acmamuyeckumy Ha3bIBAIOT aBTOMATHYECKHE
PETYISITOPBI, ¥ KOTOPBIX OJHOMY U TOMY € 3HAYCHHUIO BXOJHOW BEIHMYMHBI
perynstopa MOTYT COOTBETCTBOBATH PA3IUYHBIC IOJOKEHUS PETYIUPYIOLIETO
oprana (astatos — HeyCcTONYMBBIA, OECTTOKOHBIN).

CkopocTh mepeMenieHusl peryIupyrolero oprana 3TUX PEryysiTopoB, TEM
Oombiie, yeM OOJbIIE OTKIOHEHHWE PETYIHPYEMON BEIMYUHBI OT 3aJaHHOTO
3HAQUYEHMS, YIPaBIAIONIEE BO3JACUCTBUE MPOMOPIUOHAIBHO HHTETrpaly oOT
paccoriiaccoBaHus)

[TonHoe mepemenieHue peryaupytouiero oprana U-perynsitopa:

I

AY, =K, [ Xpdt
o
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Puc. 5 Kpusas pasrona U-perynstopa

B U-perymsatopax mnepeMelieHHe PeryIupyooIiero opraHa TakOBO, YTO
JUKBUIUPYETCS CTaTUUYeCKasi OIIMOKa, B oTiau4ue ot [I-perynstopos.

IIpu pabore H-perynstopa MOJIOKEHHE PETYJIMPYIOIMIETO OpraHa MOXET
U3MEHSTBCS TP OJHOM M TOM K€ CHrHajlé Ha BXOJE 10 TeX Iop, IOKa
peryiaupyemas BeJIMUMHA HE JOCTUTHET 3aJaHHOTO 3HAUCHUSI.

CgoiicTBa uneansHoro II-perynstopa aHaTOrHYHBI CBOHCTBAM CTAaTUYECKOTO
o0bekTa, He obnagaromero unepimen (T = 0), Torna kak M-perymnsatop mo cBoei
XapaKTepUCTUKE MOBTOPSIET CBOMCTBA aCTATHUECKOT0 0OBEKTa MEPBOTO MOPSIKA.

N-perynsatop MMeeT BBICOKYIO TOUHOCTb peryiaupoBaHud. [IpumeHseTcs Ha
JOOBIX CTATUYECKUX OOBEKTaX.

Henocratok - HE BO3MOKHO MPUMEHATh Ha aCTATUYECKUX OOBEKTaX.

N—perynsarop npuMeHsieTCs TOIBKO B CUCTEMAax C CaMOBBIPABHUBAHHEM, B
MIPOTUBHOM CITydae CUCTEMa OyJeT HEYCTOWIMBOMA.

3.3. [IponopuuoHanbHO — UHTErpalibHbIe perynaropsl (IIN-perynsaropsr)

CpaBnHenue Il-perynaropoB u HM-peryisiTopoB IMOKa3bIBAE€T, YTO IE€PBbIE
00Jagat0T MPEUMYIECTBOM IO JWHAMHUYECKUM CBOWMCTBaM H OOECIEYMBAIOT
JTy4YlIMA TEPEXOJHbIA MpoLecC PeryaupoBaHusi (BbILIE OBICTPOJECHCTBUE);
MPEUMYIIECTBO BTOPBIX — OTCYTCTBHUE CTATUYECKOM OLIMOKH (BbILIE TOYHOCTH
peryJIupoBaHusl)

[N — perynsitop coBmemaer o6a I1- u U- perynstopst

[T — perynsTop - U30APOMHBIN (OT IPEYECKOTO ISOS - PaBHBIH, IMOTO0HBIN;

dromos- Gerymuii).



IIpy OTKIOHEHUM pEryaupyeMON BEJIMYMHBI OT 3aJaHHOIO 3HAYECHUS OH
IIPONOPLUMOHAIBHO MEPEMECTUT PETYIUpPYONMN oprad kak Il-perymarop. 3atem
IIPOJOJIKUT MEPEMELICHUE PETYIUPYIOIIETO OpraHa 10 UCUE3HOBEHUs CTATHUECKON
OLIMOKH, T.€. NPHUBEAET PEryJIUpPyEeMYyI0 BEJIWYMHY K 3aJaHHOMY 3HAaY€HUIO
aHasioruyHo M-perynsaropy.

[T -perynaropsl ABISIIOTCA PETYISATOPAMU KOCBEHHOTO AeMCTBUsI. OHU MOTYT
OPUMEHSTBCS Ha JIOOBIX O0BEKTaX M O00ECHeYMBAIOT BBICOKYI0 TOYHOCTD

BBIITOJTHCHUA 3a1aHUA.

L (Yp)n
Xp Yp = (Yp)n + (Ypu

=~ W (Ypu

Puc. 6 Ctpykrypnas cxema [IN-perynstopa

3akoH [IU-perynupoBaHus:

WV p p 5

Avy = Ky %+ [yl
H o
K, - ycoBHasi TOCTOSIHHASI BPEMEHH UHTETPUPOBAHMUS.

TV — Bpems yaIBOEHHUS - 32 3TO BPEMSI IMOJHOE NEPEMELIEHUE PETYIUPYIOLIETO
oprana 4YP ynBauBaeTcsi, IO CPaBHEHHIO C TEM, KOTOPOE COBEPIIAET TOIBKO OJMH
- MPONOPLIMOHANIBHBIN KOMIIOHEHT peryisitopa (VP)II.

[locTosiHHast BpeMeHu MHTerpupoBaHusi B M-perynstope paBHa BpeMEHH, B
T€YEHUE KOTOPOrO0 C MOMEHTA MOCTYIUIEHUS HA BXOJ PEryJSATOpa MOCTOSHHOTO
CUTHaJa BBIXOJHOM CHUTHAJl PEryjsiTopa JOCTUTHET 3HAYEHHUS, PABHOTO 3HAYEHUIO

BXOAHOI'O CHMIrHajia.
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Puc. 7 Kpusas pasrona I[11 - perynstopa:

1 - mponopimoHaIbHbIN U 2 UHTETPATbHBI KOMIIOHEHTHI,

[IpakTrdyeckn BCTpPEUaArOTCs MPOMBIILUICHHBIE 00pa3Ibl aBTOMAaTHUYECKUX
PETrYJISITOPOB, KOTOPBIE MCIIOIB3YIOT HE TOJIBKO HENPEPHIBHBINA, HO M UMITYJILCHBIN
PEXKUM IEHUCTBUS.

B HenpepsiBHOM pexxnMe 00bIYHO paboTaeT MPONOPIIHMOHAIbHASI KOMIIOHEHTA
perymnsTopa, Tak Kak TpeOyeTcss 00ecedYuTh MaKCUMAaJIbHO BO3MOYKHYIO CKOPOCTh
UCITOTHUTEILHOTO MeXaHu3Ma. VIMITyIbCHBIN K€ PEXHM OKa3bIBaeTCs yIOOHBIM
JUISL HACTPOWKH TpeOyeMou cpeaHeld CKOPOCTH HCIOTHUTEIRHOTO MeXaHW3Ma
IIyTEM BKJIFOUYECHUS €r0 OTAECIBbHBIMUA UMITYJIbCAMH, CIEAYIOLUIMMHU APYT 32 APYTOM C
nepuogoM II. Bennumna II oka3piBaeTCcs B TakOM Ciydae JOMOJIHUTEIbHBIM
napamMeTpoM HAaCTPOUKH, UCTIOIB30BaHNE KOTOPOTO OKa3bIBACTCS 11€I€CO00pa3HBIM
JUISL KOMITCHCAITMHY 3ama3/IbIBaHus 00beKTa

3.4. luddepeHnmanbabie peryasTopbl

B cocraB nuWHEHHBIX pETyNATOPOB MOXKET OBITH BBEIEH OJIOK
nonoHUTEIbHOTO (Muddepenupyromiero - /[) Bo3aeicTBrs Ha 00BEKT MO MEPBOU
MPOU3BOJIHOM €ro BBIXOJHOTO MapaMerpa. ITO MO3BOJIAET ObICTpee MPUBOIAUTH
BBIXOJ1 00BEKTA K €ro 3a/IJaHHOMY 3HaU€HHUIO, 10 CPABHEHUIO C TEM, KOTJ]a PETYJIATOP

YyBCTBUTEJIEH TOJBKO K CUTHaIy Xxp. B  pe3ynbrare peanusyrorcs



npornopuroHanbHo-1udpepenuanbusie (11/1-) u nponopruuoHanbHO-UHTErpaIbHO-
muddepenunansusie (I1M/1-) 3akonbl perynupoBanus. OqHako oHU 3((PEKTUBHBI
JUIIb I MAJOUHEPLUUOHHBIX OOBEKTOB, TO €CTh 0OBEKTOB C MaJIOM MOCTOSHHOMN
BPEMEHHU U, CJIEIOBATENIbHO, BICOKOM CKOPOCTHIO U3MEHEHUS BbIXO/A.

Takue perynsTopsl LEIecoO0pa3HO MNPUMEHSATh B TeX CilyyasiX, KOrjaa
Harpy3ka 0ObEeKTOB PETYJIMPOBAHUS U3MEHSETCA YacTO U OBICTPO, a 3ama3bIBaHUs

BCJIUKH.
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Puc. 8 CtpykrypHas cxema [1J[-perynstopa
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Puc. 9 CrpykrypHas cxema [I1J[-perynsitopa

3akoH [1JI-perynupoBanus:

f‘.
Av, =K, +T, 22

P P o
dt

3akoHn [TN/]-perynupoBaHusi:

Av ax,

P

S
=K, 3P+Ej.~.Prfr+TH = ©

TII - BpeMeHneM mpeaBapeHust - MOCTOSIHHAS BpeMeHH (D PepeHIMPYIONIETO
YCTPOMCTBA, MOJAIOLIET0 HAa BXOJ PETYIUPYIOLIETO YCTPOWCTBA WMITYJIBC,

MIPONOPLMOHAIIBHBIN CKOPOCTH U3MEHECHUS PETYJIUPYEMOM BEJIMYMHBI, Ha3bIBACTCS

KonTposibHBIE BOITPOCHI
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