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NABOPATOPHAA PABOTA Ne 1

OCHOBABI UCIIOJIB30OBAHHUA TITAKETA MATLAB IIPH PELIIEHUH
3A4A/JAY9 OIITHMAJIBHOI O YIIPABJIEHUA

1. HEJIb U 3AZTAYN PABOTDEI

[MpensaputensHoe 3HAKOMCTBO ¢ makeroM SimuLink cpemer Matlab ams
pelIeHus 3a/1a4 ONITUMAJIBHOTO YIIPABICHUSI.

2. TEOPETUYECKUWE CBEJIEHI .
Oouue ceenenus o makere SimulLink.

[Taker SimuLink  mo3BoJsSeT OCYIIECTBIATH  HCCACIOBaHUE (MOACIHUPOBA-
HUE) TMOBEJCHUS JUHAMHUYECKUX JIMHCHHBIX W HETMHEHHBIX cucTeM. BBoa xapak-
TEPUCTUK CHCTEM IPOM3BOJUTCSA B JIHAJIOTOBOM PEKHME, IMyTeM rpapuiecKon
COOPKHM CXEeMBI COSIMHCHHI JICMEHTAPHBIX CTAHJAPTHHIX 3BEHBEB. B pe3ynbpraTe
TaKoOH COOpPKH 0OpaszyeTcss MOJEb HCCICIYeMOW CHCTEMbI, KOTOPYIO B JaJIbHEH-
mieM OyaeM Ha3bsIBaTh S- MoJeibio. Mojienb XpaHuTcs B (aiie ¢ paciiupeHueM
.mdl.

Co3nanue mojeneii B makere SimuLink ocHOBaHO Ha MCITOJIB30BAaHUH TEXHOJIOTHUN
Drag-and-Drop (tamu u otmyckaii). B kauecTBe «KUPIIHYUKOBY JIJIsI TTOCTPOCHUS
S- MozenH MPUMEHSIOTCS MOAYJIN (MK OJIOKH), XpaHsinuecs B Oubanorexe Sim-
uLink. JTroGast S- MosiesIb MOKET UMETh HEPAPXUUECKYIO CTPYKTYPY, T.€. COCTOSTh
U3 MoJiesei 0ojiee HU3KOro YPOBHS, IIPUYEM YHCIIO YPOBHEH HEepapXuM MPaKTHYC-
CKH HE OrpaHu4eHo. B Xoje MoaenupoBaHHs UMEETCS BO3MOKHOCTH HAOJIOIAThH
3a TMpoleccaMu, MPOUCXOMSIIUMU B cUcTeMe. J[JIsl 3TOT0 MCTOJB3YIOTCS CICIH-
aJlbHbIC CMOTPOBBIC OKHA, BXOAsIIHMe B OnbaroTeky SimuLink.

CocraB Oubnrorexku SimuLink moskeT OBITH IMOMOJHEH I0Jh30BATEIEM 3a CUCT
pa3pabOTKU COOCTBEHHBIX OJIOKOB.

Bamyck makera SimuLink mo)xHO mpom3BecTd M3 KoMaHgHoro oxHa Matlab,
HaAIpUMep, MPH MTOMOIIH COOTBETCTBYIOIICH MAKTOIPaMMBbI B TIaHEJIM MHCTPYMEH-
ToB(puc. 1).
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O0a oKHa UMEIOT CXOHYIO CTPYKTYPY M COAEPIKAT CTPOKY MEHIO, TIaHeIh MH-
CTPYMEHTOB U pabouee moJe.

bubnrorexa momyieit (6mokoB) SimuLink mpencrasiser coboit Habop BU3Y-
QJIbHBIX OOBEKTOB, SIBISIONINXCS CTATUYCCKUMH WU JHHAMUYECKUMHU 3BCHBSIMH
CHCTEM YIIPABJICHUS, NCTOYHUKAMH WU NPHEMHHUKAMH CHTHAIOB M T.1. Ilpm mo-
MoIy Moayiaei SimuLink MoKHO COCTaBIATH OJIOK CXeMy JH00Oro yCTPOMCTBA,
IyTEM IMEepeHoca WX B pabouee 1mosie U COeAUHEHHsI MeXITy co00i (QpyHKIIMOHATE-
HBIMH CBSI35IMHU.

Hanpumep, ctpykrypHoil cxeme nuneitHoit CAY, oToOpaskeHHOW Ha pHC.3
COOTBETCTBYET MoJielb B cpeae SimuLink ( S- Mmoaens), npeacTaBiienHas Ha puc.4.

Lad L 2 Lad —_ »
- 0.001a +0O.1a+1 a

Puc. 3
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Transfer Fen Integrator Scope

Puc 4.

bubnuoTeka 6;10k0B pazduTa Ha cemMb pazzaenoB. lllecTs U3 HUX SABIISI-
I0TCSI OCHOBHBIMH U HE MOTYT U3MEHSATHCSA MOJIb30BATEIIEM:

e SOUICeS - HICTOYHHKH;

* Sinks - npueMHKKWY;

* Discrete-aucKkpeTHbIE SJIEMEHTHI,

* Math — maremaruka;

* Nonlinear - HenMHENHBIE DIIEMEHTEI,

» Connections - cBsi3u (COCTMHEHUS).

Cenbmoii paznen Blockets & Toolboxes (Habopsl 610KOB M UHCTPYMEHTHI) -
COZIEPKUT OJIOKH, CO3/TaHHBIC TTOJIH30BATEIEM M BKIIOUCHHBIE B Pab0dyt0 KOH(U-
TYpaIuio MmaKeTa.

OoOmwmii Bua OnokoB OmbOamoreku Library: simuLink mokaszano nHa puc.2.
Kaxnpiii 6710k OMONMOTEKH PACKPBIBACTCS JIBOWHBIM ILETYKOM IMPABOM KHONKHU
«MBIIITKW TIOCJIC YCTAHOBKH €€ yKa3aTessl Ha COOTBETCTBYIONIHM 010K, PackpbiToe
nosie 0JIOKOB SOUICEeS (MCTOYHHMKHM) TTOKA3aHO Ha PUC.S.

AHAJIOTHYHO PaCKPBIBAIOTCS MOJI U IPYTHX paszesioB oudanoreku Library:



simuLink. O6mmit Bux moserr Sinks, Discrete m Math mokasanbsl Ha puc.6
(a, 0 ¥ B) COOTBETCTBEHHO.
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[Ipu BEIMOMHEHHMH NA0OPATOPHBIX PpabOT o Kypcy «KommbroTepHoe
yIpaBicHUE» MOTPeOyIOTCs cieayromre O1oku u3 oubmmoreku Library: sim-
uLink:

Paznen Sources.
Constant - cryneHuyaThlii CUTHAJ C YCTaHABJIMBAEMOMN aMILTUTYI0M;
Sine Wave - rapMOHUYECKHUI CUTHAII C 33]]aBAEMBbIMU MapaMeTPaMHU.

Pasgen Sinks:
Scope - Moxyis «ocuuuIorpady UCIONb3YETCs TSI OTOOpaKeHHs pe-
3yJITaTOB PACUYCTOB.



Paznen Math:
Gain - nuHEelHOe TIepeIaTOuHOE 3BEHO;
Transfer Fen - onpenenenue nepeaaToyHon GyHKIUHU
JTUHAMHYECKOTO 3BCHA;
Integrator - uneanpbHOE UHTETPHUPYIOIIEE 3BCHO;
Sum - 3BeHo-cymmarop. Pa3aen Discrete:
Zero-Order Hold - skctpanonstop HyaeBoro nopsaka. Kaxkmnoe 3Be-
HO TIEPEHOCUTCS Ha paboyee MoJie MyTeM BBITIOJTHEHUS CIICAYIONINX Onepa-
1105078
PaCKPBITHSI COOTBETCTBYIOIIETO pa3/iea ONOINOTEKH;
YCTaHOBKH YKa3aTesl «MBIIIKI» Ha TPEOyEeMbIii MOTYJIb;
3axBaT MOJIYJISL OCYIIECTBIISIETCS HAKATHEM Ha MPaBYI0 KHOTIKH
«MBIIIKNY;
MepeHOC MOYJIsl Ha paboyee noJjie U (PpUKCcalMs ero MyTeM OTIyCKa-
HUS TIPABON KHOIIKH «MBIIIIKH;
KOPPEKITHS IMapaMeTpoOB MOTYJISL.

Koppekuuss napameTpoB MOAYJsl OCYIIECTBIIETCS IIyTEM JBOWHOIO IIEIIYKA
Ha IIPaBYIO0 KHOIKY «MBIIIKW» IOCIIE YCTAHOBKM YKa3aTellsl HA COOTBETCTBYIOIIUI
Monyib. IIpu 3ToM packpsiBaeTcs mojie mapaMeTpoB MOAYJsL, B KOTOPOM M HEOO-
XOJIMMO MPOU3BECTH COOTBETCTBYIOIIE H3MEHEHMUS.

[Tocne pazMmenienuss Ha HAOOPHOM I0JI€ HEOOXOUMBIX MOJIyJIEH U YCTAHOBKH
[IapaMeTPOB, OCYLIECTBIIETCA COCIMHEHUE BXOJIOB M BBIXOJOB MOAYJEH B COOT-
BETCTBUHU CO CXEMOHN MOACIUPYEMON CUCTEMBI.

3amyck Iporecca pacuera TMHAMUYECKOTO COCTOSIHUSL MOJENN OCYIECTBIIS-
eTcs BeIOOpoM B MeHto Simulation komanner Start. JIias mpocMoTpa pe3ysibTaToB
MOJICTTUPOBAHUS HEOOXOUMO MPEABAPUTEIHHO BBECTH B MOJIEIh MOy SCOpE.
B mporiecce BhIUMCICHUS OKHA MOJYyJIeH SCOPE pacKphIBAIOTCS TakKyKe JABOWHBIM
HIETYKOM ITPABOM KHONKH «MBILIKM» IOCJIE YCTAHOBKHU €€ yKas3aTess Ha COOTBET-
CTBYIOIINI MoyJsb. [Ipumep HaOOpHOTrO TOJIA CO CXEMOM MOJEIN CUCTEMBI, 3a-
JTAHHOM CBOEW CTPYKTYpHOH cxeMo# (puc.3) W pacKpbITBIMM OKHAMH MOJYJIeH
Scope npuBeaeHb! Ha puc.’.
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Beixon u3 cpensr SimuLink ocyriecTrisiercst myTeM 3aKpbITHS TIIABHOTO OKHA

nakera MatLab.

CoxpaHeHre MOJIETH BBITIOJIHACTCS MIyTEM BBIOOpA KOMaHIbI Save as... B Me-
uito File. TIpu 3TOM HE00XOAMMO TPEIBAPHUTEIILHO YCTAHOBHUTH MAIKY JUIS COXpa-

HEHUS S-MOJEJIEN.

3. 3AJAHUE HA BBIITOJIHEHHUE.

CmopnennpoBath paboTy CUCTEMBI, CTPYKTYpHAsi CXxeMa KOTOpOil MpUBE/IeHA Ha

puc.3.



NABOPATOPHAA PABOTA Ne2

OITTHUMAJIBHAS 110 EBICTPOJEHCTBHIO CHCTEMA BTOPOTI O I10-
PATIKA

Llenb paGoOThI: 3HAKOMCTBO C CHHTE30M OINTHMAJIbHON CHCTEMBI, MOJCIUPOBAHUE
ontuMaibHOl CAP Ha DBM.

3ananue: [l oobekTa

y=u; |u<A=20 (1)
OCYIIECTBUTh CHUHTE3 ONTUMAIbHON MO OBICTPOACHCTBUIO CHCTEMBI aBTOMAaTHYE-
CKOI'O PEryJIMPOBaHUs MO OTHOUIEHUIO K BXOJIHBIM CHTHAajaM JIMHEWHOTO THUIA, TO
€CTh MPEJIoJIaras, 4YTo CUCTEMa OTPadaThHIBAET MIPOU3BOJILHBIE BXOJHBIE CUTHAJIBI
U3 KJIacca JIMHEHHBIX:

Yo(t)=0it+ 95,
rae g1 U g2 — IPOU3BOJIbHBIE YHCTIA.

[Tony4yeHHyr0 aHAMIUTUYECKU (B BUAE (DOPMYJIbI) CUHTE3UPYIOUIYIO (PYHK-
L0 HEOOXOAMMO BBECTH B IU(POBYIO MOJIENb CUCTEMBI PETYJINPOBAHUS U 3aTEM
IIPOMOJIEIMPOBATH MPOLECC OTPAOOTKH JIMHEHHOTO BXOAHOTO CUTHANA B TOJyYEH-
HOM MOJIEIH ONTUMAJIBHOM MO OBICTPOIEUCTBUIO CUCTEMBI PETYJINPOBAHUS.
1. Teopernyeckue CBEICHHUS.

CuHTE3 ONTUMAJBLHOIO YIPABICHUS TPAAUIIMOHHO OCYIIECTBISETCA B IIPO-
cTpancTBe omuOoK. [ToaToMy, cHayana BBeeM B PacCMOTPEHUE OMIMOKY CIIexkKe-
HUSL:

X=Yo—Y=0t+0g, Y.
OueBunHO, YTO X=0; —Y; X=-V.

B ommbxkax ypaBuenue (1) mpumet Bu:
X=-u; |u|<A . (2)
B cooTBeTcTBMM ¢ MaTeMaTUYECKONW TEOPUEH ONTHUMAJbHBIX IMPOLIECCOB
(KOHKpPETHO, C TEOPEMOU O YMCIIe MEePEKITIOYEHUN, KOTopas MpUMEHHMA JJI CU-
CTEMBI (2), XapaKTepUCTUIECKUN TTOJTMHOM, KOTOPBI UMEET KPaTHBIM HYJIEBOM KO-
pEHb — JACUCTBUTEBHBIN) ONTUMAIBHOE TI0 OBICTPOACHCTBUIO YIIPABJICHUE CUCTE-
MOH (2) sIBIISIETCSl PEJIEHHBIM, MPUYEM JIOMYCKAETCS JIMIIb OJHO MEPEKII0YEHUE
peneniHoro curHania ynpasiienus (¢ +4 Ha —A4 uiu ¢ —4 Ha +4). OTcrona cinenyer,
YTO B KAHOHMYECKOM (ha30BOM MPOCTPAHCTBE, KOOPAMHATAMH KOTOPOTO SIBISIOTCS
XU X, CYyUIECTBYET JIMHUS MEPEKIoUeHUs L1, O 0HY CTOPOHY OT KOTOPOW ONTH-
MaJlbHOE yrpaBiieHne U = +A , a mo apyryto U = — A, Jluausa Ly =L w L; npen-
CTaBJIsIeT cO0OM BO3MOXKHBIM MOCHEIHUNA ydacToK ABMkeHUs (puc. 1) dazoBoit
TOYKHU cucTeMbl (2). OHa HAXOAUTCS B PE3YJIbTATE PEIICHUS] B 0OpaTHOM BpEMEHU

ypaBHEHUS (2) OpH HYJIEBBIX HAYAJIbHBIX YCIOBHUSX, T.C. x‘z‘:O =0; )'c‘rzo =0.

[Ipu U = +A ypaBHeHue (2) onpeaesieT JIUHUIO Ll, anpu U = — A — TiuHUIO I:l.



|
Puc. 1.

[Tycts nuHus L; onuceiBaeTcs ypaBHEHUEM X = go(x) Torpa oueBuaHO,
ONTUMAJIBHBIN 3aKOH YIIPABJICHMS 33a€TCSI PABEHCTBOM:
u = Asin(x—g(x))
(Ha muHMIo Ly dasoBas Touka nomanaer mpu ympasieHuu U = — A, a Ha uHMIO L4
— MY yIpaBiaeHuu U = +A).

2. ITopsinoK BBITIOJIHEHUST PAOOTHI.

PacueTrHas yactnb

1. PaccuuTaTh TUHUIO IEpEKITIOUeHUs L.
2. PazpaboTaTh CTPpYyKTYypHYIO CXEMY ONTUMAIbLHON CHCTEMbI aBTOMaTHYe-
CKOTO PeryJIHpOBaHUSI.

MO}ICJ’IHpOBﬂHI/le uccne)lyeMoﬁ CUCTEMBbI

1. Paspaborarth JUHAMUYECKYIO MOJENIb UCCIIENYEMON CUCTEMBI B Cpelie
SIMULINK.
2. TlpoBecTtn MoaeIMpPOBAHUE JIsl UICXOAHBIX JTAHHBIX:
A4 =10;
i1 00beKTa Y, (t) =Qgit + 0, - caenyrolye BApUAHTHI 1JIA 3HAYECHUU (1 U
02
l) g1= 0 y J2 = +10
2) 1= 0, g, =-10;
3) 01= +10, 02 = -10;
4) 9= +10, g, = +10;
5)9:=-10, g» =-10;
6) 01= -10, 02 = +10.



3. Cuatb rpadQuKu MepexoAHbIX NPOLECCOB B ONTUMAILHOI CHCTEME aB-
ToMatndeckoro perynuposanns y(t), Yo(t), y(t); Yo(t); u(t), a Takxe dasossre

TPACKTOPHUH B MMPOCTPAHCTBE OMIMOOK.
3. Oruer mo 1abopaTopHOi paboTe NOHKEH COAEPIKATH:

1. Pacuer nuHuM nepekiroueHus L.

2. CTPYKTYpHYIO CXeMY ONTHMAaJbHOW CHUCTEMBI aBTOMATUYECKOTO pery-
JMPOBAHMUS.

3. Cxemy mogenupoBanus B cucteme SIMULINK.

4. I'paduku mepexoaHBIX MPOIECCOB B ONTHUMAJILHOM CHCTEME aBTOMAaTH-
geckoro perymuposanns: y(t), Yo(t), y(t); Yo(t); u(t), a Taxke dasoBsie Tpa-
EKTOpPUH B TIPOCTPAHCTBE OIINOOK.

4. KoHTpOJIbHBIE BOITPOCHI:

1. Chopmynupyiite TeOpEMY O YHCIIE IEPEKITIOUCHUH.

2. B 4yem mpuumMHa JOMOJHUTEIHHOTO NMEPEKIIOUEHUS PETICHHOTO dJIEMEeH-
Ta IpU HUPPOBOM MOAECIUPOBAHUN ONTHMAIBHON CUCTEMBI?

5. bubnmorpaduueckuii CHUCOK:
1. Ueanos B.A., ®anaun H.B. Teopus onTUManbHbIX CUCTEM aBTOMaTUYe-
ckoro ymnpasienus. — M.: Hayka. 1981. — 331 c.

@anaun H.B. Koncrnekt neknuil mo kypcam: «OnTuMu3anus CUCTEM

yhapasiaeHus», «ONTUMalbHOE YIPABICHUE U ONTUMAJIbHBIE MEXaTPOHHBIE

CUCTEMBD».

JNJABOPATOPHAA PABOTA Ne 3

CKOJIB3ALIHUH PEXXHM JIBHKEHHUA. PEXKHM CAEXKEHHA B OIITH-
MAJIBHBIX I10 BBICTPOJEHCTBHIO CHCTEMAX ABTOMATHYECKO-
I'O PEI'YJIHPOBAHHUA

Llenp paboThI: U3YYEHUE CKOJIB3AIIECTO PEXUMA JBUKEHUS, UCCIEIOBAHHUE
peXuMa CJIEXKEHUSI B ONTUMAJIBHBIX MO OBICTPOJCUCTBUIO CHUCTEMaX aBTOMAaTH4e-
CKOT'O PETyJIHPOBAHMUS.

1. Teopernyeckue CBEICHHUS.
OnpeneneHue CKONb3SIU[ET0 peXUMA.

B cucremax, umeromux pa3pbIBHbIC HEIUHEWHOCTH, MOXKET BO3HUKHYTH
0COOBII BHU]I JBMIKEHUS, HA3bIBAEMBIN CKOIB3AIIAM PEKUMOM. Tak Kak HAC WHTE-
PECYET CKOJIB3SIIUNA PEKUM JBUKEHUS B ONTUMAIBHOW CHUCTEME, TO Mbl JaIuM
OMPEICJICHHE CKOJB3SIIIET0 PEKUMa U PACCMOTPUM YCIOBUSL €r0 BO3ZHHUKHOBEHHS
IIPUMEHUTEIIBHO K PEIIEUHON CUCTEME.

PaccMoTpyM aBTOHOMHYIO pENIEUHYIO0 CUCTEMY BTOPOTO MOPSIKA, CTPYK-
TypHasi cxeMa KOTOpoi n300pakeHa Ha puc. 1.



k X

\ 4

v

:go(X,X)

HII

A 4
A 4

p2+a1p+a0

Puc. 1.

I[BI/I)KCHI/IG TaKOW CHCTEMBI 3a1aCTCs YpaBHCHHUAMMU:
X+ayX+agX=Kku;

YpaBHeHHne

u=Asigng(x,x)
WUJIM CUCTEMOW YPaBHEHUM:
X=X X =Xy ;

. _ 1)
u=Asigne(x,X,). (2)
(0(X1’X2):0 (3)

ornpeensieT B (ha30BOM MPOCTPAHCTBE CUCTEMBI HEKOTOPYIO JIMHHUIO, KOTOPYIO Oy-
JIeM Ha3bIBaTh JUHHUEH nepeximoueHus. [leficTBurensHo, kak cieayer u3 (2), mo
OJIHYy CTOPOHY OT 9TOH JIMHUM yIpaBieHue U =+A, a o apyryto U=—A (puc. 2).

vP(x),xp) 1Y
L-!—
X Jx,-4)
AA) u=+d
1=-A X7
/-
Q)(xl !x2)
Puc. 2.

[Ipeanonoxum, 4YTO BBILIE JTUHUU NEPEKITIOUCHUS (HYHKIUS (p(xl, X2) >0,

a HibKe THHUN (X, X, ) < 0. Jlunus (3), Takum oGpasoM, pasuenset (asooe mpo-

CTPaHCTBO Ha JBe OOJaCTH, OJHA U3 KOTOPHIX XapaKTEPU3YETCS YIPABJICHHUEM
U=+A, a apyras — ynpasieHueM U=-—A. OO003Ha4uM 3TH 0O0JaCTH COOTBET-

ctBenno L™ u L .



ITycth ¢azoBas Touka X:(Xl,xz) cuctembl (1) JeXUT HaA JTMHUU TEepe-

kimoueHus (3). Ha muaun (3) 3HaueHue ynpasieHus U He ompeneneHo. OaHako
JISKAIIYIO Ha JIMHAH TIEPEKITIOYCHUS TOUYKY X MOKHO pacCCMaTpUBAaTh KaK MPe/eib-
HYIO CBepXy Jub0 cHm3y. [Ipenmonoxkum, 9To BeKTOp Pa3oBoil CKOPOCTH (TOUKa X
JeXUT Ha JTuHuU (3))

npu U=—A HampapieH u3 oonactu L~ B o6macts L™ (puc. 2), a Bextop (ha3oBoii

CKOpOCTH IIpu U =+A HampasiieH u3 obnactu L B 06macts L. Hamomuaum, uTo
BEKTOp (Da30BOM CKOPOCTH yKa3bIBaCT HAMPABJICHUE NBIKCHHUS (a30BOM TOYKH.
Ecnu yka3zaHHOE BBIIIE CBOMCTBO BBIMIOJHACTCS B KaXKJAOW TOYKE JIMHUU MEPEKITIO-
4yeHus, TO (pa3oBasi TOUKA, OJTHAXKJIBI TIONIAB HA JIMHUIO MEPEKIIOUCHHS, HE MOXKET
ee MOKUHYTh. [leficTBUTEIbHO, yIpaBieHue U =—A BbDKHUMaeT (a30ByIO TOUKY U3

obnactu L~ B obnacts L™, a ynpaBnenue U=+A, HaoGopor, u3 obmactu L™ B 06-

jacth L .

B m1000i1 peanbHOI (pU3MYECKO CHCTEME UMEET MECTO OIPEAEIIEHHOE 3a-
Na3/IbIBaHUE B MEPEKIIOUYECHUN YIPABICHUS. JTO NPUBOJIUT K TOMY, YTO MOJ BO3-
nericTBueM ynpasieHus U=—A (a3oBas Touka nepecekaet JUHUIO (3) U BHeAPS-

erca B obmacte L. Ilo McTeueHMM BpeMEHHM 3ama3/bIBaHUS MPOUCXOIMT Iepe-
KJIFOUCHHUE YIPaBJIEHUs C MUHYCa Ha TUTIOC, a yrpaBlieHne U =+A BBIBOAUT (ha3zo-

BYIO TOUKy U3 obnactu L. B cuiy 3amasqplBanus B HEPEKIIOUEHHH YIIPABJICHHS
MPOUCXOUT BHepeHUe (a30Boil TOUKU B 001acTh L u T.4. J[BUXkeHUe mpu 3TOM
HOCHT KoJieOaTeIbHBIA XapaKTep BOKPYT JIMHUU NepekitoueHus (puc. 3).

X9

PUC. 3.

Ecnu cuurtarh, 4TO 3ama3gbiBaHHE OTCYTCTBYET, TO YAacTOTa ATHX KoyeOa-
HUM OyJeT OECKOHEYHOMW, a aMILJIUTY/1a — paBHOUW HYt0. Takoi uaeanbHbIN ciayyai
JBIDKEHUS, KOTOPBIA XapaKTepu3yeTcsi 0ECKOHEUHON YacTOTON MEePEKITIOUYCHHUS pe-
JIEUHOT'O DJIEMEHTA, HA3BIBACTCS CKOAb3AUUM PEHCUMOM.



Takum 006pa3om, eciii UMEET MECTO CKOJIB3SIINUNA PEXKUM ABUKEHUS, TO (a-
30BbI€ TPAEKTOPUHU CUCTEMbI MPUMBIKAIOT K JMHUU MEpPEeKItoueHust (JIMHUK pa3phbl-
Ba), KaK MOKa3aHo Ha puc. 4.

X1

X2

go (xl :x2) :0
Puc. 4.

OcTaHOBUMCS Ha TIOJYYCHUH YCJIOBHH CYIIECCTBOBAHHS CKOJIB3SIIETO pe-
)KrMa B aHainuTudeckoi Qopwme. IIpoBenem B Touke X (puiC. 2) BEKTOp, OPTOro-
HaJIbHBIN K JIMHUM TIepekItoueHus (3). TakuM BEKTOPOM SIBISICTCS BEKTOP

a(”(xl’xz) 8(0(X1,X2)
ox, 0,

Haromunm, aro Bektop V¢ (X, X,) Beeraa Hampasien u3 obnacti ¢ <0 B

V¢(X1’X2):

obnacth ¢ >0. O4eBUIHO, JIs1 TOTO, YTOOBI B TOUKE X CYIIECTBOBAJ CKOJIB3SIIUN

pexRHM, HEOOX0AMMO, 4To0bI BekTOp (asoBoil ckopoctu f(X,—A) cocrasmsia ¢

BEKTOPOM V(p(xl, X2) OCTpBIi yroj, a Bektop f (X,+A) — Tynou yroi. IlepemHo-
JKUB BEKTOPBI CKAIIPHO, HAWJEM:

Vo(x, %) f(x,—A)=0;

Vo (X, %) f(x,+A)<0.

B ycnoBusx (4) nosiBieHue 3Haka paBeHCTBa OOBSICHSIETCS TEM, UTO MEXKIY

KaXXIO0W Mapoil MepeMHOKAEMBIX BEKTOPOB JOMYCKAETCS B KAUeCTBE MPEACIBHOTO

npsiMoii yroii. Micnosnip3yst onpezesieHue CKalsipHOTO IPOU3BEICHUS, HEPABEHCTBA
(4) MoxHO TIepenucaTb B BUJE:

(4)

OX, OX, 5)
op op

—/x, +—(kA—-ax, —a.x, )<0.

8X1 2 8X2( al 2 0 1)

Nrak, qis Toro, 4ToObl Ha JIMHUU MEpEKItoYeHust (3) UMea MeCTO CKOJIb-
3SIIIAA PEXKUM JTBUKCHUS, HEOOXOIUMO, YTOOBI B Ka)KJIOH TOUYKE 3TOM JIMHWH BBI-
NOJHSIUCH yeiaoBus (5). YcioBus (5) sSBIAIOTCS HEOOXOAUMBIMU YCIOBUSIMU CY-



IIECTBOBAHUS CKOJB3AIIECT0 peknma. HeTpynHo BUAETh, 94TO eciu B (5) HCKIIO-
YUTh 3HAKU PAaBEHCTBA, T.€. IEPEUTH K CTPOTHM HEPABEHCTBaM, TO MbI TOJYyYUM
JIOCTATOYHBIC YCIIOBUS CYIIECTBOBAHMSI CKOJB3SIIETO PEKUMA.

OTMeTHM, 9TO YCJIOBHSI CYIIECTBOBAHUS CKOJIB3SIIETO PekUMa (5) MOKHO
MOJIYYUTh MO CTPYKTYpPHOM cxeme puc. | mwiam no cucteme ypaBHenuit (1), (2), He
npuberass K NPUBEACHHOW BBIIIE N€OMETPUYECKOM HHTepnperanuu. O4YeBHUIIHO,

dazoBas Touka X :(Xl,xz) HE MOKET NMOKUHYTbH JIMHUU nepekiatoueHus (3), ecnu

MTPOU3BOJHAS

o¢ , 9¢
ot ¢(X11X2) ox, + ox, (ku X, aoxl)’
BBIYMCIICHHAS] B CHJTy ypaBHEHUU ABWXKeHUS (1), OyAeT monoxuTenbHOl (HEOTpH-
HaTeabHON) Ipu U =—A U OTpUIIATENIbHOMN (HEMOJIO0XKUTENIbHOW) pu U =+A. Eciu
c(OpMYIMPOBAHHOE YCIOBUE 3aMHUCATh B BUAE (POPMYJI, TO MBI MOJTYYUM COOTHO-
menue (5).

[Ipeanonoxum, 4To Ha JIMHUM NEPEKITIOYeHUS (3) BBITOIHSIOTCS YCIOBHS
CYILLECTBOBAHHMSI CKOJIB3SIIIET0 peKuMa. ITO O3HA4YaeT, 4To (a3oBasi TOUKA, MOIMAB
Ha JUHUIO (3), HE MOXKET MOKUHYTh 3TOM JIMHUH, T.€. B TIPOIECCE JBUIKEHUS JTOJIXK-
HO BbIIOJIHATHCS ycnoBue (3). Ho paBenctBo (3), yuutsiBas ypaBHeHus (1), (2),
MOYHO MEPENUCATh B BUE:

@(x,x)=0. (7)

VYpaBuenue (7) npeacrapnseTr codoi auddepeHimansHoe ypaBHeHUEe. ITO
YpaBHEHUE U ONPEAEIISET IBHXKEHHE CUCTEMBI B CKOJIB3sIIEM pexxkume. HTepecHo
OTMETHUTh, YTO B YpaBHeHUE (7) HE BXOJAT MapaMeTpbl 00bekTa (1), T.€. JBUKEHHE
B CKOJIB3SIILIEM PEXHUME (0 TE€X MOp, MOKA OH CYUIECTBYET) MHBAPUAHTHO K U3Me-
HEHUIO mapaMeTpoB o0bekTa (1).

PaccmoTpum HeaBTOHOMHYIO cucTeMy N-ro mopsiaka. [lycTs nBuxeHue ta-
KOW CHCTEMBI 337a€TCsl YPAaBHCHUSIMHU:

y"+a Y +ay +ay=ku; (8)
u= Asign[y0 o (y’, Y. y(”_l))} : 9)

I'JI€ y — BBIXO/IHAsI KOOPAWHATA, & Yo — BXOJHOE BO3JIEHCTBHE.

B dopwme (8), (9) moryt 3amaBaThCsi, HapUMEpP, YPaBHEHUS IBHXKCHUS OTI-
TUMaJIbHON MO OBICTPOACUCTBUIO CHUCTEMbl aBTOMAaTHYECKOTO PEryJIHUpPOBaHUS, €C-
JU OHA CHUHTE3MpOBaHA Ha CTyleH4YaToe BXOJHOe Bo3aeicTBue. [IpeacraBum
ypaBHeHue (8) B Bue cuctembl quddepeHnanbHbIX YpaBHEHUI epBOro Mopsij-
ka. Torga cucrema (8), (9) npumer BUI:

d d dy,_
y:yl,ﬂ:yz’ i:yg e L:yn;

dt dt dt (11)
Mo iy —ave .
qt U—QoY —&Yy ==y 1Yn >

u=Asign| Yo — Y1 =@ (Y2 Y3, Yn) | (12)



Bocrnonp3yemcsi BTOpbIM CITOCOOOM TIOJYYEHHsI YCIOBUHM CYIIECTBOBAHMUS
CKoJp3siiero pexkuma. OueBuaHo, B cucteme (8), (9) cyiiecTByeT CKOJMB3SIIUN
PEXHM, €CITH B KOKIOU TOUKE MTOBEPXHOCTH

Yo=Y1=@ (Y21 Y3, ¥ ) =0

(W11 B HEKOTOPOW 00JIACTH ATOW MOBEPXHOCTHU) BBINOJIHSAIOTCS HEPABEHCTBA!

d
E[YO —“Y1—@ (Y2’Y3’---: Yn)] |u:—A>O;

d
E[YO ~Y1=¢ (Y2, Y30 Yn )] |u—a<0.
BoinoaauM quddepeHiupoBatme o t, moayuum:

0 0
. Yn— z [-kA-agy; —ay, —...= 8, 1Yn]>0;

) 0 0
YO_Yz_—gDY3_—(pY4_---

oy, O3 Yn oy
. 5 5 5 5
Yo — Yo _£Y3 ——ay(i Vo= m ay:p_l Yo - 8;’; [+kA—agY; — 81y, —...— @, 1Yn ] <O.

(13)

Hepasenctpa (13) 3a1ar0T J1OCTaTOYHBIE YCIOBUS CYIIECTBOBAHMS CKOJIb-

3simiero peskuma. Ecnu B (13) mepelTé K HECTPOTMM HEPaBEHCTBAM, TO TMOJIYYUM

HEOOXOIMMbIC YCIIOBUSI CYIIECTBOBAHUS CKOJB3SIIETO pekuma. SICHO, YTO JBUXKE-
HUE B CKOJIB3SIIIIEM PEKUME OMUCHIBACTCS YPABHECHUEM:

o e ees -1
y+(p(y,y,y,..-,y(” ))=yo(t)- (14)
HpeI[HOJ'IO)KI/IM, YTO UMECT MECTO ABHUXKXCHHUEC B CKOJIB3AIIIEM pe>KI/IMC. BBI—

pasum Y, u3 (14) u noacrasum B (13). Torna ycnoBust CyniecTBOBaHMs CKOJIb3s-
HIEro PEeXMUMa MOKHO 3alUCaTh B BUJIE:

-

0 . - n
__(”[_kA_aOy—alyl—...—an_ly(n 1)—y( )J>O;

8yn 15

Gl : (n-1) _ ,(n) =

OtmeruM, yTO HepaBeHCTBA (15) mpoBepsitOTCS Ha TPACKTOPHUAX, KOTOPHIE
ABJISIIOTCS perieHueM ypaBHeHus (14). Ycmosus (15), kak jierko BUAETh, SKBUBa-
JICHTHBI CIEAYIOIIMM HEPABEHCTBAM:

‘y(“) +a YV ray+ aoy‘ <kA;

Y (16)

>0.
ay(n—l)

ITepBoe u3 HepaBeHCTB (16) mpencTaBnseT co00i OrpaHMYCHUE HA BHIXOIHOM CHT-

Hau y(t). IHTepecHO OTMETHUTh, YTO 3TO OTPAHUYCHUE COBMAIACT C JTUHAMUYCCKH-
MU BO3MOXHOCTSIMH 00BeKTa (8).

Hanee u3 (14) cnenyer, 4To, KaK ¥ B cliydae aBTOHOMHOW CUCTEMbI BTOPOTO

NOpsiJiKa, IBM)KEHUE B CKOJIB3SIIIEM PEXKHUME HE 3aBUCUT OT MapaMeTpoOB OOBEKTa




(8). OnHako 3TO CBOMCTBO CHpaBeIJIMBO, KOT/Ia B 3aKOH ympaBieHus (9) BXxoasT
TOJILKO YaCTHBIE MTPOU3BOIHBIC, MTOJTydaeMble TyTeM nuddepeHIMpOBaHUS BbIXO/I-
HOTO curHana. Eciu jke 3aKoH ympaBieHUS GOPMUPYETCS Ha OCHOBE "eCTECTBEH-
HBIX" KOOpJIWHAT CHCTEMBI (TOK, JaBIICHUE W T.II.), TO YePe3 €CTECTBEHHBIE KOOP-
JUHATHI TIApaMEeTPhl CHCTEMbI BXOJAT B ypaBHEHHWE, ONMUCHIBAIOIIEE JBIKCHUE B
CKOJIB3SIIIIEM PEeKUME.

ONITUMAJNBHASA TTO BEHICTPOJEUCTBUIO CUCTEMA
ABTOMATHUYECKOI'O PEI'YJIUPOBAHMNUI.

B ontumansHON 1O OBICTPOAECHCTBHUIO CHUCTEME PETYIUPOBAHMUS, CTPOTO
TOBOPS, CKOJB3SIINN PEXUM JABHKEHUS B TOM BUJE, KAK OH OIPEIEIISUICS BBIIIIE,
OTCYTCTBYET. [[€ICTBUTENBHO, XOTS B ONTUMAJIbHOW CUCTEME U UMEET MECTO JBU-
»keHue (a30BOI TOUKH MO MOBEPXHOCTU MEPEKITIOUCHUS, OJJHAKO 3TO JBUKCHUE HE
COMPOBOXK/Ia€TCSI OECKOHEYHOM YacTOTON MEPEKITIOUEHHUsT PeJICHHOro deMeHTa. B
ONTUMAJIbHOM CUCTEME MBI UMEEM ITPEICIIbHBIN CIIydall CKOIB3SIIIEr0 pexnuma, Ko-
Ir/1a TIOBEPXHOCTh MEPEKIIIOUeHNs] 00pa30BaHa COBOKYIMHOCThIO TPAEKTOPUI CHUCTE-
MBI TIpH U=+A, U=—A. OOmue HETOYHOCTH B 33JJaHUU MAPaMETPOB CUCTEMBI,
HETOYHOCTU B alIIPOKCUMALIMU MOBEPXHOCTU MHEPEKIFOYECHUS YaCTO MPUBOIAT K
TOMY, YTO B ONITUMAJIBHON CUCTEME UMEET MECTO THUIIMYHBIN CKOJIB3SIIUN PEKUM
JBM)KCHUSI MO TMOBEPXHOCTH MepekitoueHus. Kpome Toro, B ONTUMaIbHOM MO
OBICTPOJEHCTBUIO CUCTEME aBTOMATUYECKOTO PETYIUPOBAHUS PEKUM CIICKEHUS 32
BXOJIHBIM BO3JICMICTBUEM BCETA SABISETCS CKOJIB3SIIIUM.

Jlns nuHeHoro oO0bekTa (8) ONTUMANBbHBIA MO OBICTPOJICUCTBUIO 3aKOH
yIpaBJieHuUs TPAJIULMOHHO (POPMUPYETCS B MPOCTPAHCTBE OMIUOOK U UMEET BU/I;

u= Asign[x—(p(x,X....x(”_l))}, (17)

rae X=\Yg—Y — omuoKa.

CnenoBaTenbHO, Uil ONTHUMAlIbHOW IO OBICTPOAEHCTBHUIO CHCTEMBI aBTOMATHYE-
CKOT'O PETYJIIMPOBaHMs CKOJIB3ALIMN PEKUM JIBUKEHHS OIUCHIBAETCS. COOTHOLIEHHU-
eM:

x—(p(x,x....x(“‘l))zo. (18)
Tak kak
go(0,0,0,...,O) =0,
TO ypaBHeHue (18) umeer peuieHue:
X(t)E 0, (19)

T.€. ONITUMAJIbHAS CUCTEMA UJeaIbHO BOCIIPOU3BOIUT JIHOOOW BXOIHOI CUTHAJ, ec-
JIM, KOHEYHO, CYIECTBYET CKOJIB3SAIIUN PEKUM JIBHIKECHHUS.

Brimumem npumenutenbHo K cucteme (8), (17) yclioBus CcyliecTBOBaHUS
CKOJIB341Eero pexxuma B popme (16).9Tu ycinoBHs IPUHUMAIOT BUJL:



‘y(”) +a, Y "V ray +a,y <KA;

20

ox" Y
Kak mokaspIBalOT YMCICHHBIE pPAcUeThl ONTHMAIBHBIX CHCTEM, BTOPOE YCIOBHE
(20) B OKpECTHOCTH pELICHUS x(t) = 0 Bcerna Beimonusercs. [lepsoe ycinosue (20),

npuHuMas Bo BHUMaHue (19), MoxHO nepenucarth B BUJIE:
-1 '
‘yo(”) +ay Yo" .+ agyh + agYg| < KA. (21)

Takum 00pa3oM, onTUMaIbHAs 10 OBICTPOJICHCTBUIO CUCTEMa aBTOMAaTHYe-
CKOT'O PEryJMpOBaHUS HJI€AIbHO BOCIPOM3BOIUT JIH000€ BXOJHOE BO3/IECHCTBHUE
Yo(t), xoTopoe ymopieTBopsier HepaBeHCTBY (21). Ho, ¢ apyroii cTOpoHBI, Hepa-
BEHCTBO (21) BBIACISET KacC IOMYyCTUMBIX BXOJHBIX BO3JEHCTBUH, KOTOPHIC
MPUHIUIHAIBFHO MOTYT OBITh BOCIPOM3BEIECHBI 00BEKTOM (8), €ciIu Ha ymnpaBiis-
FOIIMH MTapamMeTp U HAJT0KEHO OTPAHUYECHHUE:

|ul<A.

BrimuceiBas 3akoH ymnpaBieHust (17), Mbl YMBIIUIEHHO HE OrOBapUBav
KJIACC BXOJHBIX BO3JCHCTBHI, HA KOTOPBIM CHCTEMBI PACCUMUTHIBAIACH KaK OITH-
MasibHasg. OT 3TOro Kjiacca 3aBUCHUT JIUIIb, IPU KAKUX BXOJHBIX CUTHAJIaX B CUCTE-
M€ UMEIOT MECTO ONTUMAJIbHBIE IEPEXOAHBIE MTPOLECCHI. UTO )K€ KacaeTcs pexnma
CJIEXKEHHS, TO HE3aBUCUMO OT PACUETHOTO KJIACCA BXOJHBIX CHUTHAJIOB B CHCTEME
MMEET MECTO MJCAIIBHOE CIICKEHUE, €CIIU TOJIBKO ONTUMAJIBHBINA PETYIISITOP peau-
3yeTcsl B COOTBETCTBUH ¢ 3aKOHOM (17), T.e. B CHCTEME HCIIOIb3YIOTCS TTPOU3BO/I-
HbIE BXOIHOTO curHaia a0 (N—1)-ro mopsaka BKIFOUYHUTEIBHO.

Ecnu xe, Hanmpumep, cCUCTEMA pACCUUTHIBAIACH KAK ONTUMAJIbHAA HA CTY-
MEHYAThIE€ BXOAHBIE CUTHAJIBI, U ONTUMAJIbHBIA PETYIISITOP, YUYUTHIBAs, YTO MIPOU3-
BOJIHBIE BXOJHOT'O CUTHAJIa PABHBI HYJIIO, PEATU30BBIBAICS B COOTBETCTBHUM C pa-
BCHCTBOM:

u=Asign| Y- y=o(~9,—5.-y" ) | (22)

TO PCKHUM CJICKCHHA B TaKOM CHCTEME HE MOXKET OBITh nacajabHbIM, T.K. COOTHO-

LICHUE
X(t)=Yo(t)-y(t)
npu Y (t) # CONSt HEe MOXKET OBbITh PEIICHUEM YPaBHCHUS:

yo—y—co(—y,—y,---,—y(”‘l))=0- (23)
TOYHOCTB CIIEKEHHUS B 3TOM CIIydac MOKHO OIICHMBATh C TIOMOIIBIO YPaBHEHUS
(23).
2. 3amaya ucclie10BaHusl.
3amaueli MCCIENOBAHUS SBISICTCS TEOPETHYECKOE M DKCIIEPUMEHTAIBLHOEC
U3YYCHHE PEXUMa CICKCHUS B ONTHUMAILHON CHUCTEME, BBISBICHHUE YCIOBHMA CY-
IIIECTBOBAHUS CKOJIB3AIIET0 PEKUMa M €TI0 CBOMCTB.

OOBEKT UCCIETOBAHNUS.




B xauecTBe 00BEKTa HCCIEIOBAHUS PACCMATPUBACTCS ONTUMAJILHAS 110 OBICT-
POIECHUCTBUIO CHCTEMa BTOPOTO MOPSJIKA, M3ydaBIlascs B JIAOOpaTOpHOU pabote
Nel. JIBuskeHre TakOM CUCTEMBI OMUCHIBAETCS YPABHEHUSIMU:

y=ku;
u=Asign(x—¢(x)),
rie X=Yy—Y; 4=20; kK=1wmwm k=5.

(24)

OyHKIUSA go(x) 3a/1aeT JUHUIO MEePEKIIoueHUs Ha (Da30BOM IITOCKOCTH (x, x) u

ObL1a paccuuTana B 1abopatopHoit padote Ne 1
3. Tlopsinok BeIMOJHEHUS PaOOTHI:

1. VSCHUTBH CYIIHOCTh CKOJB3SIIETO PEKUMa U Pa3o0paThbcs C YCIOBUSIMU
€ro BOBHUKHOBEHHUSI.

2. DKCNIEPUMEHTAIBHO, MyTeM IU(POBOr0 MOACIUPOBAHUS B Cpele
SIMULINK, ybenutbcsi, 4TO P BO3SHUKHOBEHHH CKOJIB3SILEr0 pexuma (azoBast
TOYKA CUCTEMBI ABMXKETCS 0 JIMHUU MEePEKITIoUeHus. [ 3Toro HeooxoaumMo mnpo-
BECTH MOJICIIMPOBAHHUE CUCTEMBI JIUIS JIBYX Pa3IMYHBIX 3HaueHui K B (24) U CHATH
COOTBETCTBYIOIINE (Da30BbI€ TPACKTOPUHU CUCTEMBI, HayalbHbIE TOYKH KOTOPBIX
COBIAJAIOT M MPHUHAIJICKAT JIMHUU MEPEKIIOUeHUs. BX0qHOI cUrHal )o, Kak U B
naboparopHoii padote Ne 1, siBisieTCs TUHEUHBIM.

3aBHCHT JI1 BpeMst ABIDKEHHs! (PasoBON TOUKM (X, X) 10 Hadana KOOpAMHAT

ot k03 Punmenta k? [Touemy?

3. [IpoBepuTh ¢ MOMOIIBI0 MUPPOBOTO MOJCIHPOBAHUS, UTO TBHUKCHHE B
CKOJIB3SIIIIEM PEKMME WHBAPHAHTHO K M3MEHEHHUIO MapaMeTpoB OO0BEKTa (dKCIie-
PUMEHTAIILHO YOEIUTHCS, UTO B CKOJB3AIIEM PEXKHUME JBIDKCHUS aMIUTUTYAHAS U
¢dazoBasi 4aCTOTHBIE XaPAKTEPUCTUKH CUCTEMBI HE 3aBHCSAT OT 3HaueHUs KOdpu-
neHTa ycuieHus K). BxomHoit curaai yo — CHHYCOMIANBHBIN: Y, (t) =5sin10t.

4. Ilpennonarast BXOAHbIE BO3AECHCTBUS TAPMOHUYECKUMU Y, (t) =Bsinwt,

TEOPETUYECKHU MTOCTPOUTHh B KOOPAMHATAX (B,a)) 00J1aCTh JOMYCTUMBIX BXOJHBIX

CUTHAJIOB, T.€. 00JIACTh BXOJHBIX CUTHAJIOB, KOTOPHIC MMPUHITUITHATIBEHO MOTYT OBIThH
BOCIPOM3BeIcHBI cucTemoi (24) (pu K = 1).
5. [TocTpouTh 3KCHEPUMEHTAIBHO B KOOPJMHATAX (B, a)) 00JacTh BXOJ-

HBIX CUTHAJIOB, KOTOPBIE MACATILHO BOCIPOU3BOAATCS cucteMoit (24). ns atoro,
3aJaBIIKCh HEKOTOPON aMIUIMTYIOW B, 4aCTOTy @ CIEAYET IJIABHO U3MEHATH 10
T€X NOp, IMOKa HE NPOU30MIET CPBIB UACAIBHOIO cliexkeHus. MccnenoBaB HECKOIIb-
KO TaKUX aMIUIUTY[, MOKHO MIOCTPOUTH YKa3aHHYIO 00JIaCTh.

6. CpaBHUTH 001aCTH, TOTYYEHHBIE B 1.4 U 5.

4. OtyeTt 1o J1abopaTOpHOU pabOTe NOKEH CONCPKATh:

1. KpaTkoe onvcanue yciaoBUil BOSHUKHOBEHHS CKOJIB3SIIETO PEXKUMA.

2. YpaBHEHUE BBEACHHOW BaMU JIMHUM NEPEKITIOYEHUS ISl CUCTEMBI (24) u
TEOPETUYECKOE JTI0KA3aTEIBCTBO, YTO Ha HEU CYLLIECTBYET CKOJIB3SIUN PEKUM.

3. ®a3oBbie TPAaCKTOPHUH CUCTEMBI (24) TTpu OTPaOOTKE JTMHEHHOTO BXOHO-
r'0 CUTHAJIA JUIsl IBYX pa3jMuHbIX 3HauYeHUi Kodddununenta K (mpu oqHMX HaYaIb-



HBIX YCIJIOBHSIX), a TAK)KE€ TEOPETUUECKUN pacueT U pe3ysibTaT HIKCIEPUMEHTAIbHON
MIPOBEPKHU BPEMEHH MEPEXOTHOTO MPOIIECCA B CUCTEME.

4. TeopeTHUeCKU pacyeT rpaHUIbl 00JIACTU JOMYCTUMBIX BXOJHBIX BO3-
JelcTBul U ee rpaduk, a Tak ke "IKCIepuMeHTaIbHbIN" Tpaduk rpaHuibl 001a-
CTH HJI€aJIbHO BOCIIPOM3BOJMMBIX BXOJHBIX BO37AeicTBUM (00a rpaduka nzobpa-
3UTh Ha OJJHOM PUCYHKE).

5. KoHTposbHBIE BOITPOCHI.

1. Yto Takoe CKONB3SIIHUN PEKUM IBUKEHUSA?

2. YCTaHOBUTH, BO3MOKHO JIU JIBIDKEHHE B CKOJIB3SIIEM PEXKHME B CHCTE-
Me:

Yi="Yo5 Y, =U—2Y, +4Y,;
u=Asign[y, +2y,]?

3. Kakoit BX01HO# CHTHAJ Ha3bIBACTCS JTOTTYCTUMBIM?

4. Tlouemy mipu BbIOOpEe B M @ W3 30HBI CpbIBa CKOJIB3SIIETO PEXKUMA,
CpPbIB ITPOUCXOAUT HE Cpa3y Mocie Hauajla OTPaOOTKU CUHYCOUIbI?

5. Kak crnenyer peasi30BbIBaTh ONTUMAIBHYIO MO OBICTPOACHCTBUIO CH-
cTeMy, YTOOBI OHA 0OecrieunBaa HI€aJbHOE CIEKEHUE 3a JIIOOBIMU JOITYCTUMBIMU
BXOJIHBIMU CUTHAJIAMH?

6. Kakoiif BXOJJHOW CUTHAJI HAa3bIBAECTCA JOIIYCTUMbIM?

6. bubnuorpaduyueckuii CMCoK.
1. Ytkun B.U. Ckonp3simue pekuMbl B 3a7a4aX ONTHMM3AIUKA U YIIPaBIIe-
Hus. — M.: Hayka, 1981. — 368 c.
2. ®anmua H.B. CuHTe3 onTUMaIbHBIX MO OBICTPOJCHCTBUIO 3aMKHYTHIX
cucreM ympasiienus. — Tyna, TIIN, - 1990, 100 c.



NNABOPATOPHAA PABOTA Ne 4

IPUBJIH)KEHHBIH YYET B OIITUMAJIbHOM I10 EbICTPO/JEH-
CTBUHIO BA3OBOM 3AKOHE YIIPABJIEHUA MAJIBIX IIOCTOAHHBIX
BPEMEHH

[{eap paGoThL: U3ydeHHE CrIoco0a MPUOIMIKEHHOTO yueTa B ONTUMATHHOM I10
OBICTPOJICHCTBHIO OA30BOM 3aKOHE YIPABIICHUS MAJIBIX IOCTOSIHHBIX BPEMEHHU C
MIOMOIIIBIO YKBUBAJICHTHOTO 3aIa3/IbIBaHUS.

1. TeopeTuyeckue CBEICHUS.

N3BecTHO, YTO MPHU CHHTE3€ ONTHUMAJIBHOIO MO OBICTPOACUCTBUIO yIpaBiie-
HUSL OOBEM BBIUMCICHUNA C YBEIMUYEHUEM MOpSAIKAa CUCTEMBI KaTracTpoduuecku
Bo3pactaer. M neno 31ech, COOCTBEHHO, HE CTOJIBKO B YMCIIEHHOM ONPEICIIEHUU
camMoi MOBEPXHOCTH MEPEKITIOYEHHS (XOTSI M 3TO CONPSKEHO C HEKOTOPBIMU TPYII-
HOCTSIMH), CKOJIbKO B 00pabOTKE OrpOMHOT0 MacCuBa UYHMCEN, AUCKPETHO 3aJlato-
X MOBEPXHOCTh NEPEKIIOUEHUS, a TAKKE B MOJYUCHUH MOAXOASIIEH allpOKCH-
Maiuu. [[ns cucteM HU3KOro (BTOPOTO M TPETHEr0) MOPSAKOB BBIYMCIECHHUE IIO-
BEPXHOCTH NEPEKIIIOUEHUS U €€ allllPOKCUMAaLUU OOBIYHO HE COCTABIIAET OOJIBLIO-
ro Tpyaa. B cOOTBETCTBUM CO CKa3aHHBIM BBIIIE JJII CHCTEM BBICOKOTO IMOPSAKa
00JIbIIIOE 3HAYCHHE MPUOOPETAOT MPUOIMKEHHBIE CIIOCOOBI, MPUEMBI U METOIbI
CUHTE3a ONTUMAJIBHOTO YIIPaBJICHUS.

B Hacrosieit mabopaTopHoil paboTe HEOOXOAUMO U3YUYHUTh CIIOCOO CUHTE3a
ONTUMAJIBHOTO MO OBICTPOICUCTBUIO YIIPABICHHUS, TO3BOJISIOLIUI TP CUHTE3E OI-
TUMAJIbHOTO YIPABJIEHUS NPUOIMAKEHHO YYECTh BIMSHUE MAaJbIX MOCTOSHHBIX
BpeMeHU. OT Qpyrux M3BECTHBIX B JINTEPAType METOAOB JAHHBINA BBINOJHO OTJIH-
yaeTcs TeM, 4TO Oyiarojaps anmpoKCHUMAalMd CHUCTEMBI BBICOKOTO MOpPSIKA CUCTeE-
MOM HH3KOIO MOpSAKAa C 3ama3JblBAaHUEM OH JOCTATOYHO TOYHO YYUTHIBAET
“BKJIal” MaJIbIX MMOCTOSTHHBIX BPEMEHHU B ONTHUMAaJIbHBII 3aKOH YIPABJICHUS.

B nepenatouHbX QyHKIMSIX TEXHUYECKUX CHCTEM MOKHO BBIIECIUTH OO0JIb-
[IM€ ¥ MaJible MOCTOSHHBIE BPEMEHU. 3BEHbs, COJIEprKalie OOJIbIINE MTOCTOSTHHbIC
BPEMEHHU, OOBIYHO OMMCHIBAIOT CHUJIOBYIO YacTh CHUCTEMBI, a 3BEHbS, COAEpIKAIIUE
MaJjible TIOCTOSIHHBIE BPEMEHH, - YIPaBISIOUIYI0 YacTh. byneM MCXOIUTh U3 clie-
JYIOIIET0: MaJible MOCTOSIHHbIE BPEMEHHU MPHUBOMAST K MajblM M3MEHEHUSIM B TO-
BEPXHOCTHU MEPEKITIOUEHUS.

[lepenaTounyto QYHKIIMIO CUCTEMBI, MOJIYYEHHYIO U3 UCXOJHOM MYTEM HcC-
KJIFOUEHHUS 3BEHBEB, COJEPKAIMX MaJIble TOCTOSIHHBIE BPEMEHHU, HA30BEM 0a30BOMH,
a COOTBETCTBYIOLIMN € ONTUMAJIbHBIA IO OBICTPOACUCTBUIO 3aKOH YIIpaBiie-
HUS - 0a30BbIM 3aKOHOM. COBOKYITHOCTh 3BEHbEB, HE BXOJSIIMX B 0a30BYIO Iepe-
JATOYHYI0 (YHKIHMIO, 00pa3yeT CHUCTEMY, KOTOPYIO OyJeM Ha3bIBaTh JIOMOJIHU-
TenbHON. CriocoObl oyueHus: 6a30BOr0 3aKOHA YIPABIEHUS pACCMOTPEHBI BHIIIIE.



OcTaHOBUMCSI Ha T€X M3MEHEHHSIX, KOTOpPbIE CIIEIyET BHECTHM B 0a30BbI 3aKOH
ynpaBieHus (CocoObl MoJydyeHusi 6a30BOT0 3aKOHA YIIPABJICHHS] PACCMOTPEHBI Ha
JICKIIMOHHBIX 3aHATHUSX ), YTOOBI YYECTh BIUSHUE MaJIbIX TOCTOSIHHBIX BPEMEHH.

N3noxeHne ykazaHHOTO MOJIX0Jla I€J1ecOo00pa3HO HayaTh C PacCMOTPEHUS
KOHKpETHOTo npumepa. [Ipu 3ToM B 1esX yIpoieHus OyieM Mperoiaratb, 4ro
OTpaHUYCHHE HAKJIAJBIBAECTCS TOJBKO HA YIIPABIICHHE.

Ha puc. 1 u3zobpaxkeHa cTpykTypHasi cxema OObEeKTa, MPUUEM MYHKTUPOM
BbIIeNIeHa 0a3oBas nepenaroudas GpyHknus. [lycTs Ha yrpaBistomuid mapamerp U
HAJIOKEHO OrPaHUYCHUE

|
|
|
I
Tip+1 ! T,p+1
|
|
|

Puc. 1. CtpykrypHas cxema o0beKTa

W cKk0uMB 3B€HO C MaJIOW MOCTOSIHHOM BPEMEHH, JIETKO OINPEAEIUTh ONTUMAJIb-
HBIN 10 OBICTPOICUCTBHIO 3aKOH yrpaBieHus. OH 3a7aETCsl paBEHCTBOM

u=—Asign (y3 —¢(y2)), 1)
rae Y3 =@(Yo) - ypaBHEHHE IMHUN TIEPEKITIOYCHUSI.

OnTuMansHOE MO OBICTPOACHCTBUIO YIPABJICHHE pPENCHHO Kak B 0a30BOM,
Tak U B UCXOAHOU cucTteMax. OqHaKO B UCXOJHOM cHcTeMe Ha BXOj 0a30BOi Iie-
penarouHo (yHKIUM mocTymaeT koopauHata Yi(t), kortopas “criaxuBaer” pe-

aevHbId curnan u(t) (puc. 2).

A u’ yl

Y1

——— 1o

v

c
—

Puc. 2.
Tak xak 77 <<Tp, To 6a3oBas cucrema oONagaeT CyIIECTBEHHO OOJbIIEH

“UHEPIIMOHHOCTHIO”, YeM JOMOJHUTEIbHOE 3BEHO, T.€. 0a30Basi cUCTEMa IPaKTH-



YeCcKH He pearupyer Ha (opMy OBICTPBIX M3MEHEHHMH KoopauHaThl Yq(t), a “oT-

CJIe)KUBACT MX CpeHEE 3HAUCHHE. DTO MO3BOJISIET NPUOIMKEHHO YUECTh BIUSHUE
JOTIOJTHUTENBHOTO 3B€HA, 3AMEHUB €r0 3BEHOM 3amas3abiBanus. Ha puc. 2 myHKTH-
POM M300pa)KEHBI 3ama3bIBalOIIME MOMEHThI NEPEKIIOYEHUSI, KOMIIEHCUPYIOIINE
BJIMSIHAE MAJIOM MOCTOSTHHO BpeMeHU. ClenyeT OTMETUTh, YTO BBEICHHE 3aIa3/bl-
BaHHUS SIBJISIETCSl PACIIPOCTPAHEHHBIM MPUEMOM, KOTOPBIA HCIONB3YETCS IpPH arl-
IMPOKCUMAIMU CUCTEM BBICOKOTO MOPSAAKA MOAEIISIMU HU3KOTO MOPSAIKA.
Bocnonbezyemcsi u3BeCTHBIM CIOCOOOM CHHTE3a CHCTEM C 3ama3blBaHUEM,
KOTOPBIN 3aKJII0YAEeTCs] B TOM, UTO B 3aKOHE yrpaniieHus (1) TeKyine KoopAuHaTHI
Y3 U Yo 3aMEHAIOTCA YIPEKIEHHBIMU Ha 3amasabiBaHue 7. OIHAKO BMECTO Tpa-

JUIMOHHOM ISl TAKKX 3a]1a4 CXEMBbI YIIPEXKAEHHUS, OCHOBAHHOM Ha MCIOJIb30BaHUU
dopmynel Komm pemienns cucteMsl JIMHEHHBIX AU(depeHInaIbHbIX YpaBHEHUH,
OyneM ucnosib30Bath psia Teitnopa (TpackTopus peneiHON CUCTEMBbI HE SIBIISACTCS
aHAIMTHYECKOW (DYHKLMEH, U, CTPOro TOBOPS, OHA HE MOXKET OBITh MpECTaBICHA
psaom Telnopa; olHaKO HUXE OyAyT MCIOJIb30BAaThCS TOJIBKO TaKue MPOU3BOJ-
HbI€, KOTOPBIE ISl JAHHOW CHUCTEMBI CYIIECTBYIOT U HeNpepbiBHBI). OrpaHuynBa-
SCh IIEPBBIM WICHOM psiia Telnopa, MOKHO 3aIncarhb

d t

y3(t) .
dt
dys (t)
dt

W3 nepenaTouHoi GyHKIUKA CUCTEMBI CIIEIYET, UYTO

dysz dy, 1
a1 V2 4y —TZ(Y1 y2).

3ameHnsis B 3aKoHe (1) Tekyiiue KOOpAUHATHI Ha ynpex(aéHHHe, MOJIy4YUM

y3(t+7)=y3(t) +

Yot+ )=y (1) +—=—

=—Asign| y3 + Y27 -9 Y2 +—(y1 —y2)7 || (2)

T2
OtmeTnM, 4TO B 3aKOH ympaBieHus (2) BXOAAT Bce (ha30BbIE KOOPAMHATHI
oObekTa. 13 npuBenEHHBIX BBIIIE PACCYKIAECHUM CIEAYET, UTO MPHU MPABUIIBLHO I0-
T0OpaHHOM 3HAYEHWH 3ama3JbIBaHUs 7 3aKOH yHpaBlieHUs (2) A0CTaTOYHO TOYHO
YUUTBIBAET BIMSHUE MAJION MOCTOSSHHOM BPEMEHH 1, T.€. €T0 MOYKHO paccMaTpu-

BaTh B KauecTBE MPHUOIMKEHHOTO ONTHUMAJIBLHOTO 3aKOHA YIPABIIEHUS OOBEKTOM,
n300pak€HHOM Ha puc. 1.

OctanoBuMCs Ha criocoOe ompeseneHus 3ana3apiBanusi 7. M3BeCTHO, 4TO
JUIST pacCMaTpUBAEMOro OOBEKTa MOBEPXHOCTH MEPEKITIOYCHUS TPEICTABISIET CO-
00l COBOKYIMHOCTh MAYIIMX B Ha4ajJo KOOPAWHAT ONTHMAJIbHBIX TPACKTOPHUH, Ha
KOTOPBIX JIOMYCKAeTCs OJHO TMepeKiIoveHre yrpasieHus. C Apyroi CTOpOHBI, B
peneitHoil cucteMe (HeoOsA3aTeNbHO ONTHUMAJIbHOM) NIBHXKEHHE IO MOBEPXHOCTU
MIEPEKITIOUEHHUST BOBMOXHO B CKOJIB3SIIIIEM pekrMe. Tak Kak ONnTUMaTbHAs TIOBEPX-
HOCTb MEPEKIIIOUEHUSI COCTOUT U3 TPACKTOPUI JABIKEHHUS, TO €€ MOXHO paccMmart-
pHUBaTh KakK MpeAeSbHYI0 MOBEPXHOCTh CKOJIbKEHUS. 3HAUCHHE 3ara3/bIBaHUs T
OyzemM BBIOMpaTh TaK, YTOOBI MMOBEPXHOCTh MEPEKIIOUCHUS, PEeATM3yIoas 3aK0H



ynpasienus (2), Takke Obuta TIpeaebHON (B pamMKax 3aJaHHOW CTPYKTYpPHI) TO-
BEPXHOCTBIO CKOJIbXKEHUS. DTO SIBJISETCS KOCBEHHBIM KpHUTEpUeM OJIM30CTU TO-
BEPXHOCTU MEPEKIIOUEHHUS, BXOAAIIEH B 3aKOH (2), K CTPOro ONTUMAJIBHOM TO-
BepxHocTU. [Ipu TakoM BBIOOpE 7 TPAaEeKTOPHUH, MOPOKIAEMbIE 3aKOHOM (2), UMe-
I0T XapakTep CTPOTO ONTHUMAaNbHBIX: (ha30Basi TOUKA 0OBEKTAa CHayasla BHIBOJIUTCS
Ha MOBEPXHOCTh MEPEKIIOYEHUS, a 3aTeM M0 MOBEPXHOCTH IMEPEKIIOUEHHUs Tepe-
BOJMUTCS] B HAYAJIO KOOPMHAT.
B cooTBetcTBHM ¢ paboToii [1] Ha MOBEPXHOCTH MEPEKITIOYCHUS

1

YBJFYZT_(”[YZ +T—(Y1—Y2)7]=0 (3)
2

YCHOBI/Iﬂ CYIHCCTBOBEIHI/IH CKOJIB34A1ICIO pe)KI/IMa 3a1a0TCA HepaBeHCTBaMI/I

d 1
Y3 +Y2r—9| Y2 +g(¥1—Y2)T >0,

Jlu=A

at|
d| 1

—| Y3 +Yor—0| Yo +—(y1 —Y2)7 <0.
dt T,

- Ju=-—A
Bremonuus nuddepeniupoBanme, moayIiuM COOTHOIICHUS

: 1 dp r 1
-(1—Ti]yz +=y ——gp(l—ij—(yl ~Y2) - S0 (A-y1) 20,

2 T2 0z T2 T2 oz T2 Tl

T T o )1 op v 1
1-— Yo +—y ———|1—— | = (y1 - Y9)+ ———(A+y;)<0,0 (4
[ ]yz Y1 Z( TzJTz (Yy1-Y2) 517, T1( y1)<0,0 (4

1
Z=Y> +T—(Y1—Y2)- (5)
2

OTtmeTnM, 4TO HEpaBeHCTBA (4) MOKHBI BBHITIOJHATHCS B KaXKIIOM TOYKE MOBEPX-
HoctH (3).

Tak kak 3ama3gblBaHUE T BXOIUT B YCIOBHUS CYIIECTBOBAHUS CKOIB3AIIETO
pexuma (4), To A1 onpeaesieHus NpeaeabHON MOBEPXHOCTH CKOJIbKEHUSI HEO0XO-
JUMO HANTH TaKoe 3ama3jbIBaHue T , IF000E Majoe M3MEHEHHe KOTOPOro IPUBO-
JIUT K CPBIBY CKOJIB3SIIIIETO PEKUMA TBUKCHHSL.

O06o03HaunM JieByto 4acTh cooTHomeHuid (4) W(yq, Yo,U,7) (ans cratuue-

CKOTO 00BEKTa KOOpJAMHATa Y3 TaK)Ke BXOJIUT B YCJIOBHS CYIIECTBOBAHUS CKOJIb-
3s11ero pexunma; npu onpeneneanu pynkuun W (yq, Yo,U,7) €€ HeoOX0aUMO BBI-
pasuth U3 ypaBHeHus (3) uepes yq u Yp). U3 nepenarounoil pyHkunum o0ObeKTa
CIIEyET, UTO (pa30BbIe NEPEMEHHBIE Y1 U Y9 M3MEHSIOTCA B IPEEIax

- A<y; <A, -A<y, <A. (6)
OO6nacTs, BbIIEIsIEMYIO0 HepaBeHCTBaMU (6), o6o3HauuM D . [TycTh

R(z)= min  W(yq,Yy2,7,A),
(Y1,¥2)eD



R (T) = max W(y]_’ Y2,T,—A)-
(Y1.y2)eD
Herpynno Buners, 4o
R (z) =—R(z).

BenuunHa 3amasbBaHus 7°, TIPU KOTOPOH TOBEPXHOCTH (3) ABJIAETCS mpe-
JIETBHOM MOBEPXHOCTHIO CKOJIBKEHHUSI, YAOBIECTBOPSET YPABHEHHUIO

R(z°)=0.
Ha puc. 3 nzo06paxén rpapux pynakuuu R(7r) npu T; =0,02, To =1, A=1.
Tak kak 0@/0z=0 B Touke z=0, To mpu z=0 HepaBeHCTBa (4) HE 3aBUCAT OT
3HaKa yrnpasieHus. J{i1s COOTBETCTBYIONMX Y1, Y7, KaAK HETIOCPEACTBEHHO CIeNYy-

eT u3 (4) u (5), NeBble YACTH COOTHOIICHUM (4) Mpu J000M 7 paBHbBI HYJIO. DTUM
U o0BsICHAEeTCA Hanmuuyue Ha rpaduke ynkiuu R(7) ydacTka, Jexariero Ha

OCH 7.
R
0,5
0
0 0,01 0,02 T,C

Puc. 3.
pyroi#t coco0 omnpesneneHus 3ama3/ibIBaHUs T OCHOBBIBACTCS Ha MPHUpPaB-
HUBAaHUHU TUIOIIAJCH KPUBOJUHEHHOIO TpeyrojbHUKa acl u mpsamMoyrojbHUKa
acdb (cm. puc. 2). JIerko yoenuThCs, YTO 3ama3bIBaHUE 7, €CIIH €r0 ONPEICIIATh
yKa3aHHBIM CII0cOOOM, paBHO T1. boisiee Toro, eciiv 1ONOJHUTENbHAs CUCTEMA CO-

CTOUT U3 K ameprmoauyeckux 3BEHbEB, BKIIOUEHHBIX IOCIEIOBATEIBHO U HMEIO-
IUX IOCTOSIHHBIE Bpemenn 11, To, ..., Ty, TO 3ana3gpiBaHue

7=T1 +To +...4+ Ti. OT™MeTHM, UTO JIJIs pacCMaTpuBaeMOro oobekTa obda croco-

0a ar0T MPUMEpPHO OJAMHAKOBBIN pe3ysIbTarT.

Ha puc. 4 u3obpaxena ocuuiuiorpaMma OTpabOTKH CHCTEMOH (C 3aKOHOM
ynpaBiieHus (2) HadajabHOI'O paccorjlacoBaHus 1o koopauHare Y3. W3 pucyHka
BUJIHO, YTO KoopauHata Y1 (t) mMeer nBa m3noma, 4TO COOTBETCTBYET JBYM Iepe-
KJIFOUEHUSIM YIpaBlieHUs. JJIMTEIbHOCTh MEPEXOJHOTO MPOIEcca MPU ATOM MpakK-
TUYECKU HE OTJIMYAETCSl OT CTporo ontuManbHoi. MccnenoBanue Ha D1[BM 3ako-
Ha ynpaBJieHUs (2) IpU pa3IUYHbIX 3HAYCHUX IOCTOSHHBIX BpeMeHU 11 U To mo-

Ka3bIBa€T, 4TO YKaSaHHBIﬁ nmoaxoa MOXHO YCIICIIHO HCIIOJb30BAThH IIPHU PAa3HOCE



IMOCTOSSHHBIX BPCMCHHU B IISITh U Oonee pas.
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Puc. 4.

N3noxeHHbli Ha KOHKPETHOM MpUMEpe crocod y4yéTa Mpu CUHTE3€ ONTH-
MaJIbHOTO yTPABJICHHS MAJIBIX TOCTOSTHHBIX BPEMEHU MPAKTHUECKH 0€3 N3MEHEHU
NEePEeHOCUTCsl Ha ciydaid J1to0oM 0a30BOM mepenaTouyHoM (PYHKIMHM, a TaKXkKe Ha
cilydail J1r000ro mopsjika BCIoMoraTrenbHoi cucteMsbl. [Ipu 3ToM, ynpexaas Koop-
JIMHATBl 00BEKTA, MOKHO MCIOJIb30BaTh TAKOE YKCIIO WICHOB psaa Telnopa, KOTo-
pO€ COOTBETCTBYET IMOPSIKY BCIOMOIaTEIIbHONW CUCTEMBI. DTO MO3BOJISIET BKJIIO-
YUTh B 3aKOH yIpaBlieHus Bce (pa3zoBbie kKoopauHathl oObekTa. Ecnu npu dhopmu-
pPOBaHHMHU YIPEXKICHUS HCHOJB3YIOTCs K uieHoB psima Teiiopa, To Takoe ympe-
XKeHue OyJeM Ha3bIBaTh YIpexkIeHHeM K -ro mopsiaka.

Ha puc. 5 nzo0OpakeHa CTpyKTypHasi cxema 00beKTa, y KOTOporo 0a3zoBas
nepenaTo4Has QyHKUMs ocTaérca npexkHen, 1.e. T <<Tp, Tg <<T,. Bocnomas3o-
BaBILKCH JIJISl YIPEXKACHUS KOOPAMHAT ABYMs 4jieHaMu psiaa Teitnopa, mo aHano-

I'u C I[Gf/iCTBHHMPI, HpOB@)IéHHBIMI/I BBIIIC, ITOJIYYUM 3aKOH YIIPABJICHHUSA
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3ana3apiBaHUE 7 OMPENEIUM PacCMOTPEHHBIMU BbIlIe criocobamu. HeoOxommmo
TOJIKO UMETh B BHJY, UTO HE BCErJla BEHIOOPOM 7 MOXHO OOECHEeYHUTh CYIIECTBO-
BaHME CKOJIB3SIIEro pexuMa Ha BCel MOBEPXHOCTH nepekiitoueHus. Ha nmpaktuke
CYLIECTBOBAHME CKOJB3SIIET0 peXXUMa Ha BCEH MOBEPXHOCTH MEPEKIIOYEHMS], BO-



o0111e roBOpsi, HE TpeOyeTcs.

Ecnu mononHuTENBHAS CUCTEMa COCTOMT M3 alepUOIUYECKUX 3BEHBEB, KaK
Ha pHC. 5, TO BMECTO yHpexIeHus: K -ro mopsaka MOXKHO HCIIONb30BaTh K yrpe-
KJIeHUH nepBoro nopsiaka. CHavana y4uThIBAa€TCS TOJBKO OJHO allepHOANYECcKOe
3BeHO0. C MOMOUIBbIO YNIPEXKISHHS TIEPBOTO MOPSAKA AJISl TAKOH CUCTEMBI CTPOHUTCS
ONITUMAJIbHBIN 3aKOH yIpaBJIeHUS. DTOT 3aKOH 3aTeM paccMaTpuBaeTcs Kak 6a3o-
BBIU JIJI1 HOBOW CHCTEMBI, B KOTOPYIO BKITFOYAETCSI IPYTroe arepruoIHuecKoe 3BEHO,
U T.1.

|
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Puc. 5.

Ha puc. 6 uzobpakeHa ocmuuiorpaMma oTpabOTKH CHUCTEMOM YETBEPTOTO
nopsaka (Tg =0,01, T4 =0,02) HavasnpHOrO paccoriacoBaHMUsL.

Y 0.1,2,3

0 0,5 {vo ‘-5 tl,c

Puc. 6.
OnTuManbHBIN 3aKOH YMPaBIECHUS CTPOUJICS MYTEM JBYKPATHOTO MPUMEHE-
HUS YOPEXKIEHUS MepBoro nopsiaka. CiaeayeT OTMETUTh, YTO TOJTydaeMblid TaKHM
00pa3oM 3aKOH yIpaBJeHUsI OKa3bIBaeTCs Oojiee OJU3KUM K ONTHUMAIbHOMY, YeM
3aKkoH ynpasieHus (7).
Ha puc. 7 u3obpaxkeHa ocuuisiorpaMMa OTpaOOTKH HAdaJIbHOT'O paccoriia-
COBaHHS ONTUMAJBLHOW CUCTEMOM, 0a3oBas mepenaTouHas GyHKIHsS KOTOPOH COB-



NaJaeT ¢ PAaCCMOTPEHHOI BBIIIE, a BCIIOMOTaTENbHAS MPEACTABIsAET cO00i Koneba-
TenbHOE 3BeHO ¢ mapamerpamu T =0,02 (¢), £=0,5. [Ipu nocrpoeHun onrtu-
MaJIbHOTO 3aKOHA YTMpaBJeHHs ObLIO MCIIOJIB30BAHO YNPEXKIEHUE BTOPOTO MOPSII-

Ka.
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Puc. 7.

Ecnu nepegatounas ¢pyHkKius oObeKTa CONEPKUT KojieOaTeIbHOE U KOH-
CEpPBATUBHOE 3BEHO, TO, KaK U3BECTHO, ONITUMAJIbHBIE TPACKTOPUHU 00Pa3yIOT TOJb-
KO YacTh MOBEPXHOCTH MEPEKII0YeHHs. B 3TOM cirydae mpu BbIOOpE BpeMEHU 3a-
Na3/bIBaHUs 7 IO MEPBOMY CIOCOOY HEOOXOIMMO OPUEHTUPOBATHCS UMEHHO Ha
ATy 4acTh HOBEPXHOCTH.

OnucaHHbIN BhIIE TPUEM MPUOIMKEHHOTO YUETA MAIBIX MMOCTOSIHHBIX Bpe-
MEHH MOXET 3((PEKTUBHO HCIIOIB30BAThCA M B 0O0JI€e CIOXKHBIX 3a/Jadax OITH-
MaJbHOTO YTPaBIICHUS, HAIPUMED, €CIIU TPeOyeTcs MOCTPOUTh ONTUMAJBHBIN 3a-
KOH yIpaBJieHUs MPU HAJUYUU OTpaHUYEHUM Ha (DA30BBIA BEKTOpP CHUCTEMbI WJIU
IIPU CUHTE3€ ONTUMAJILHOIO YIPABJICHUS sl OObEKTa C OTPAHUYUTENISIMU U T. TI.
Heo6xonumo, oHako, UMETh B BUY, UTO B 3aja4ax C OrpaHUYEHUSIMU Ha (azo-
BbIi BEKTOpP CHCTEMbI yKa3aHHbIA MPUEM MPUBOJIUT K HEOOJBIIOMY CMEIICHUIO
IPAHUYHOTO yYacTKa ONTUMAIBHOM TPACKTOPUHU. DTO MOXKET BbI3BaTh, B KOHEUHOM
cyeTe, HapylIeHue (IpaB/ia, HE3HAYNUTENIbHOE) 3aJaHHbIX orpaHudeHuil. C mpakTH-
YECKOUM TOUKH 3pEHUS TAKHUE HAPYIIECHUS BIOJIHE TIOITYCTUMBI.

2. 3agauu mabopaTOpHOI padOTHI.
® TEOPETUYECKOE M3YUCHHE CIIOco0a MPUOIMKEHHOTO y4eTa B 0a30BOM 3aKOHE
YOPaBJIEHUSI MaJIbIX MOCTOSIHHBIX BPEMEHU C MOMOIIbIO YKBUBAJEHTHOIO 3a-
na3bIBaHus,
® DKCIEPUMEHTAJIBHOE MCCIICIOBAaHUE ONTUMAJILHOW MO OBICTPOJAEHCTBHUIO CH-
CTEMBI yMpaBjeHUs 0e3 ydeTa U ¢ y4eTOM MaJIbIX TOCTOSTHHBIX BPEMEHHU



OOBEKT UCCIET0OBAHNUS.

B kauectBe 00beKTa UCCIENOBAHUS PACCMATPUBAETCS DJIEKTPOIPHUBO]I OCTO-
SHHOTO TOKa, CTPYKTYpHAasi CXema KOTOpOro NpUBE/IeHa Ha puC. .

U .
i [ | ® ¢
1/R ) cli 1
> D
T.p+1 P > P >
C
Puc. 8.
HcxoaHbie TaHHBIC:
R=0,7460Om - conpoTuBIeHNE OOMOTOK,
J,, =0, 01E - MOMEHT UHEPLUH ABUraTels,
M
H
J, =129 — - MOMEHT HHEpLMH HArPy3KH,
M
g =120 - nepenaTo4HOE YUCIIO PEAYKTOPA,
J=1J, +J—’2* =0,019— - oCHOBHOI MOMEHT MHEPIIUU, TPUBEIACHHBIA K JIBU-

M
raTelto,
T,=0,002C - anexTpoMexaHUyecKas IOCTOSTHHASL AJIEKTPOBUTATEIS,
C, - koappuuuent nporusoI/C,
C,, - K03 (UIMEHT MOMEHTA,
C,=C, =C=0,0337,
|u| <A=27B.

3. Tlopsamox BeIMONMHEHUS PabOTHI:
PacueTrHas yacthb

1. IlpuBecTH UCXOAHYIO CTPYKTYPHYIO CXEMY 3JIEKTPONPHUBOIA TOCTOSIHHOTO TOKA
K CTpYKType puc. 1. PaccunraTs 3Hau€HUs MOCTOSHHBIX BpeMeHu I,,T, U KO-
s¢duIMeHTa mepeaayn npsMoit menu K.

2. IlomyunTh ONTUMANbHBIN 3aKOH YIpaBJICHUS AJIi aBTOHOMHOM CHCTEMBI 0O€3
ydeTa MaJlod MOCTOSHHOW BpemeHH [,. [l 3TOro MCIosb30BaTh TEOPETHYE-

CKMM MaTepuall i1 pacyeTa JIMHUU NEPEKIIFOYEHUS (p(yz) Ha (ha3oBoif mIOC-

KOCTH U3 abopaTopHoit paboTsl Ne 1.

3. IlomyunTh ONTUMANBHBIN 3aKOH yNpaBICHUS 1Ji1 aBTOHOMHOW CHCTEMBI C y4e-
TOM MAJIOH ITIOCTOSIHHOM BPEMEHH 1 .



4. Tlomy4yuTh ONTUMAJBHBIN 3aKOH YIPABJICHUS JJI1 CUCTEMBI C YIETOM MAJIOH 1O-
CTOSHHOM BPEMEHHM [, TIpU JIMHEHMHO HApacTAIOIIEM BXOJHOM CHUTHAJEC

Yo(t)=0it+0,.

MoaeaupoBaHue UccJIeyeMOl CHCTEMbI

1. B cpene SIMULINK maketa MATLAB pa3paboTtats cxeMy MOACIUPOBA-
HUS, COOTBETCTBYIOIIYI0 AaBTOHOMHOW ONTHMAJIbHOM cHCTeMe 0e3 ydera Mayion
MOCTOSTHHOW BpeMeHH (171 1. 2 pacueTHoi yacTu). CHATH rpaduKu MEepexoTHbIX
IPOLECCOB B ONTHUMAJIBbHON CHCTEME aBTOMATHUYECKOTO PEryIMpOBaHUS a)(t),

o(t) u(t).

2. B cpene SIMULINK makera MATLAB paspaborats cxemy MOJeIHpoBa-
HUS1, COOTBETCTBYIOU[YI0 aBTOHOMHOM ONTUMAJIbHOM CUCTEME C YYETOM MaJjoi Mo-
CTOSIHHOWM BpemeHu (i m. 3 pacueTHOM yactu). CHATh rpaduKu NEepexOoqHbIX
IIPOLIECCOB B ONTHUMAJIBHOM CHUCTEME aBTOMATUYECKOTO PETYIMPOBAHUS a)(t),

e(t)u(t).

3. B cpene SIMULINK makera MATLAB pa3paborats cxemy MOJeTHpOBa-
HUSI, COOTBETCTBYIOLIYIO ONTUMAIBLHOM CHCTEME C YY4ETOM Maloil IOCTOSHHOI
BPEMCHH IIPH JINHEHHO HAPACTAIOLIEM BXOJXHOM CHrHaue Yo (t)=git+ g, (wms m. 4

pacyeTHOM 4acTH).
e CHATh rpadUKu NEPEXOHBIX MPOIECCOB B ONTUMAIBHON CHUCTEME aBTO-
MAaTHYECKOTO PEryJIHpPOBaHUS a)(t) gp(t) u(t), noinoxuB ¢, =0 u

g, =0. CpaBHUTB pe3ynbTaThl C pe3yJbTaTaMu II. 2.

e CHaTh TpadUKH MEPEXOTHBIX MPOIECCOB B OMTHUMAIBHONW CUCTEME aBTO-
Matndeckoro perymuposanms @(t), ¢(t)u(t), momoxus ¢, =10 u
g, =10.
4. Ortuer 1o J1abopaTopHO paboTe AOHKEH COAEPKATh:
1. OOBeKT HccleoBaHus, €r0 CTPYKTYPHBIE CXEMbl M HUCXOJHBIE JTAHHBIC
JUTS pacyeTa.
2. Pacuer nuHum mepexirodeHuss Ly U onTUMaIbHOTO 3aKOHA YIpaBICHUS
1U1s aBTOHOMHOM cHUCTEMBI 0€3 yueTa Majloil IOCTOSTHHOM BpEMEHH T, .

3. Pacuer ontumansHOTO 3aKOHA yIpaBieHUS JJIi aBTOHOMHOUM CHUCTEMBI C
Y4€TOM MaJIOH ITOCTOSIHHOM BpeMeHHU T, .

4. PacueT ONTUMAJIBHOTO 3aKOHA YIIPABJICHHUSI JIsI CUCTEMBI C YUETOM MaJion
IIOCTOSIHHOM BpEMEHM [, MNpU JHMHEHHO HAapacTalolUeM BXOIHOM CHUTHAle

Yo(t)=0it+95,.
5. Cxemsl monenupoBanus B cpeae SIMULINK makera MATLAB u rpagu-
KM TIEPEXOJIHBIX MPOIECCOB B ONTUMAIBHOM CUCTEME aBTOMATHYECKOTO PETYIUPO-
BaHUS a)(t) , (p(t) u(t) st Beex IMyHKTOB 9KCIIEPHUMEHTAIBHON YaCTH.
5. KoHTpoJbHBIE BOIIPOCHI.
1. CHOXHOCTh CHUHTE3a ONTHUMAJIBHBIX CHCTEM BBICOKOTO MOps]Ka (IIPOKISATHE
Pa3MEPHOCTH).



2. ba3oBble 1 BCIOMOTaTENbHBIE CUCTEMBI.
3. TlpubnumxeHHbIH y4eT B ONTHUMAJIBLHOM MO OBICTPOJICUCTBUIO 0a30BOM 3aKOHE
YIPaBJIECHUS MaJIbIX ITOCTOSTHHBIX BPEMEHH.
4. CrniocoObl BRIOOpA SKBUBAJIEHTHOTO 3aIla3/IbIBAHMUS.
6. bubnmorpaduueckuii CrMCoK.

1. Bpaiicon A., Xo-1O-Iu. [IpuknagHas Teopusi ONTUMAIBLHOTO yIpaBiie-
Hus. M: Mup, 1972. 544 c.

2. VBanoB B.A., ®angun H.B. Teopus onTuManabHBIX CUCTEM aBTOMaTHYe-
ckoro ynpasienus. — M.: Hayka. 1981. — 331 c.

3. ®anmun H.B. Koncnekrt nekuuii mo kypcam: «OnTUMHU3AIUS CHCTEM
yhapaBieHus», «ONTUMAIbHOE YIPABICHUE U ONTHMAJIbHBIE MEXaTPOHHBIE CHCTE-
MBI».
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