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JJABOPATOPHASA PABOTA Nel

OITTHMAJIBHAS 110 BBICTPOJEHCTBHIO CHCTEMA BTOPOTI O I10-
PAIKA

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

3ananue: [l oobekTa

®u ; |u<A=20 (1)
OCYLIECTBUTh CHUHTE3 ONTUMAJIBHON MO OBICTPOJIEHUCTBUIO CUCTEMbI ABTOMATHYE-
CKOTO PEryJIMPOBaHMs IO OTHOIICHHIO K BXOJHBIM CUTHAJIaM JIMHEWHOTO TUIA, TO
€CTh IpeArnoaras, YTo CUCTEMa OTpadaThIBAE€T MPOU3BOJIBHBIE BXOJHBIE CUTHAJIBI
U3 KJIacca JIMHEHHBIX:

Yo(t) =01t + 9y,
rae §; U g, — IPOU3BOJIBHBIE YHCTA.

[Tony4yeHHyt0 aHaMIUTUYECKH (B BUAE (DOPMYJIbI) CUHTE3UPYIOUIYIO (PYHK-

L0 HEOOXOJAMMO BBECTH B IU(POBYIO MOJIENb CUCTEMBI PETYJINPOBAHUS U 3aTEM
IPOMOJIETTUPOBATH MPOLIECC OTPAOOTKH JIMHEWMHOIO BXOJHOIO CUTHAJIa B MOJIyY€H-
HOW MOJIENTU ONITUMAJIBHOM 1O OBICTPOAECHCTBUIO CUCTEMBI PErYIHMPOBAHUS.

Teopernueckue CBeICHNU.

CuHTE3 ONTUMAJBHOIO YIPABICHUS TPAAUIIMOHHO OCYIIECTBISETCA B TIPO-
cTpancTBe omuOoK. [ToaToMy, cHavyana BBeeM B PacCMOTPEHUE OIMIMOKY CIIexke-
HUSL:

X=Yo—Y=t+0, Y.

OueBunHO, uTo =g — B &= —§.

B ommbxkax ypaBuenue (1) mpumet Bu:

&=—u ; |u[<A . (2)

B cooTBeTcTBUM € MaTeMaTUYECKOM TEOPUEN ONTHUMAJBHBIX IPOLIECCOB
(KOHKPETHO, C TEOPEMOM O YHUCIIEe MEPEKIIOUYCHHM, KOTOpasi MpUMEHUMa JJIsl CHC-
TEeMBI (2), XapaKTEPUCTHUECKUI MOTUHOM, KOTOPBIA UMEET KPaTHBIN HYJIEBOM KO-
pEHb — JACHUCTBUTEIBHBIN) ONTUMAIBHOE TIO OBICTPOACHCTBUIO YIIPABJICHUE CUCTE-
MOH (2) sIBIISIETCSl PEJIEHHBIM, MPUYEM JIOMYCKAETCS JIMIIb OJHO MEPEKII0YEHUE
peneliHoro curHania yrnpasiienus (¢ +4 Ha —A4 unu ¢ —4 Ha +4). OTcrona cinenyer,
YTO B KAHOHUYECKOM (Pa30BOM IMPOCTPAHCTBE, KOOPJIMHATAMHU KOTOPOTO SIBJISIFOTCS
X ¥ X, CyIecTBYET JTUHUS TIEPEKITI0YeHUS Ly, O 0JIHYy CTOpPOHY OT KOTOPOH OMNTH-
MaJbHOe ympasiieHue U = +A , a mo apyryto U = — A. Jlunausa Ly =L e L; mpen-
CTaBJISIET COOOM BO3MOXKHBIM TMOCJHEIHUNM ydacTOK ABWKeHus (puc. 1) dazoBoit
TOYKHU cucTeMbl (2). OHa HAXOAUTCS B PE3YJIbTATE PEIICHUS] B OOpaTHOM BpEMEHU
ypaBHEHUS (2) OpH HYJIEBBIX HAYAJIbHBIX YCIOBHUSX, T.C. x‘rzo =0; J&T:O =0.

[Ipu U = +A ypaBHeHue (2) onpenensier JUHUIO Iigf, a npu U = — A — tuHHIO Q‘



|
Puc. 1.

[Tycts nuHust L; onuceiBaeTcs ypaBHEHHUEM f)zgo(@). Torma oueBuAHO,

ONTHMAaIbHBIN 3aKOH YIIPaBJICHUA 3a1aCTCA PAaBCHCTBOM:

u=Asin(x- ()

(Ha TMHHIO Iigf (azoBas TOUKa NOMAAAET NPU yIpaBieHUH U = — A, a Ha JTMHUIO Q‘
— MY ynpaBieHuu U = +A).

[Hopsagok BbIIOJHEHHS PA0OTEL.

PacueTrHad yactnb

1. PaccuuTaTh TUHUIO IEpEKITIOUeHUs L.
2. PazpaboTaTh CTpYKTYpHYIO CXeMY ONTUMAJIbLHON CUCTEMBI aBTOMAaTHYe-
CKOTO PeryJIHpOBaHUSI.

MO}ICJ’IHpOBaHI/le I/ICCJ'IeIlyeMOﬁ CUCTEMBbI

1. Paspaborarth TUHAMUYECKYIO MOJENIb UCCIENYEMON CUCTEMBI B Cpelie
SIMULINK.
2. TlpoBecTtn MoaeIMpPOBAHUE JIsl UICXOAHBIX JTAHHBIX:
A4 =10;
11 00BEKTa Y, (t) = g4t + g, - caeayromue BapuaHThl I 3HAYEHUU (; U
02
1) 01— 0 y U2 = +10
2)g.= 0, g,=-10;
3) 01= +10, 0= -10;
4) g,= +10, g, = +10;
5) g,=-10, g, =-10;
6) g;=-10, g, = +10.



3. CHsaTh rpaduKu MEepeXOHBIX MPOLECCOB B ONTUMATILHON CHCTEME aB-
ToMaTHIecKoro perynuposanms y(t), Yo(t), ¥t); ¥(t); u(t), a Tacke dasossre
TPAaeKTOPUH B TIPOCTPAHCTBE OIIHOOK.

OTYET 110 JIABOPATOPHOW PABOTE JOJDKEH COAEPXKATD:

1. Pacuet nuHuM nepexaoueHus L.

2. CTpYKTYpHYIO CXEMY ONTHMAaJIbHOW CHUCTEMBl aBTOMATHUYECKOTO pery-
JVPOBAHUS.

3. Cxemy mogemupoBanus B cuctreme SIMULINK.

4. T'padvku TIEPEXOMHBIX MPOIECCOB B ONTUMAIBLHON CHCTEME aBTOMATHU-
geckoro perymmuposanns: y(t), Yo(t), ¥&t); ¥(t); u(t), a Taxke dasoBsie Tpa-

EKTOPHUH B MPOCTPAHCTBE OLITUOOK.

KOHTPOJIbHBIE BOITPOCHI:

1. ChopmynupyiiTe TEOpEMY O YUCIIE MEPEKITIOUECHU.
2. B 4yem mpuumHAa JOMOJHUTEIHHOTO MEPEKIIOUEHUSI PETICHHOTO IIEMEH-
Ta IpU HUPPOBOM MOAECIUPOBAHUN ONTHMAIBHON CUCTEMBI?

BUBJIMOI' PA®UYECKMIT CTUCOK:

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

2. ®anaua H.B. Koncmekrt nekmuii mo kypcam: «OnTuMU3amusi CHCTEM
ynpasieHus», «ONTUManbHOE YyNPABIEHUE U ONTHUMAJIbHBIE MEXAaTPOHHBIE CHCTE-
MBD».



JJABOPATOPHASA PABOTA Ne 2

CKOJIB3ALIUH PEXXHM JIBHKEHHUA. PEXKHM CAEXXEHHA B OIITH-
MAJIBHBIX I10 BBICTPOJEHCTBHIO CHCTEMAX ABTOMATHYECKO-
I'O PEI'YJIHPOBAHUA

Llenp paboThl: U3YYEHUE CKOJIB3SIIETO PEeXUMa JBUKEHUSI, UCCIECTOBAHUE
pexuMa CIeKEHUS B ONTUMAJIbHBIX MO OBICTPOJEHCTBUIO CUCTEMAax aBTOMaTHYe-
CKOT'O PETyJIMPOBAHMUS.

TeopeTnueckue CBEJIEHUS.

OHpeI[CJ'ICHI/Ie CKOJb3AMCECIo pexKuma.

B cucremax, uMerOmux paspbIBHBIE HEIMHEHHOCTH, MOKET BO3HUKHYTH
O0COOBIN BUJT JBUKECHUS, HA3bIBAEMbIN CKOJIB3SIIUM PEKUMOM. Tak Kak HAC UHTE-
pPECYET CKOJIB3AIIMN PEXUM ABHKECHUS B ONTUMAIBHOW CHUCTEME, TO Mbl AaguM
OIPEJICIICHAE CKOJB3AIIET0 PEKUMA U PACCMOTPHUM YCJIOBUS €0 BO3ZHUKHOBEHUS
IIPUMEHUTEIIBHO K PEIICUHON CUCTEME.

PaccmoTprM aBTOHOMHYIO PEJICHHYIO CUCTEMY BTOPOTO MOPSIKA, CTPYK-
TypHasi cxeMa KOTOpou u3o0pakeHa Ha puc. 1.

A

u k X
] p’+a,p+a,

\4
v
A 4

2008 5

HII

=]
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l

Puc. 1.

JIBM>KEHHE TaKOW CUCTEMBI 33]1a€TCSI YPABHEHUSIMU
#e a8+ agx =ku ;
u = Asigng(&x)
WUJIM CUCTEMOW YPaBHEHHU:
{w«b&—@, | o
& =Kku—apX; — X, ;
u=Asigne(x,X,). (2)
YpaBHeHne
(%, %) =0 3)

ornpenenseT B (ha30BOM MPOCTPAHCTBE CUCTEMBI HEKOTOPYIO JIMHUIO, KOTOPYIO Oy-
JIeM Ha3bIBaTh JIUHUEH MepekiatoueHus. [[elicTBUTeNnbHO, Kak cieayer u3 (2), mo
OJIHY CTOPOHY OT 3TOH JIMHUM yrpaBieHue U=+A, a o apyryto U=—A (puc. 2).



vP(x,xy) |1
L—l—
X Jx,-A4)
fe.A4) u=+d
u=-A Xy =X
/-
Q’(xl !x2)
Puc. 2.

IIpeamonoKuM, 4TO BBIIIC JMHHH IepeKitodeHns GyHKums @ (X, %,)>0,
a HibKe THHUA (X, X, ) < 0. Jlunus (3), Takum oGpasoM, paszuenset (asoBoe mpo-
CTPaHCTBO Ha JBe OOJACTH, OJIHA W3 KOTOPBIX XapaKTEpU3YETCA YIIPaBICHHEM
U=+A, a apyras — ynpapieHueM U=-—A. O0603HayuM 3TU 0OJACTH COOTBETCT-
BenHo L™ m L.

[lycth (azoBast Touka X:(Xl,xz) cucteMbl (1) JEXUT HaA JUHUM TIEpe-
kimoueHus (3). Ha nmuaun (3) 3Hauenuwe ynpasieHus U He ompeneneHo. OaHako

JIeXKAILYI0 Ha JIMHUU MEPEKII0YEHUS TOUKY X MOKHO paccMaTpHUBaTh KakK Mpeaeib-
HYIO CBepXy Jub0 cHu3y. [Ipenmnonoxxum, uTo BeKTOp PazoBoil CKOPOCTH (TOUKa X

JSXKUT Ha TUHUH (3))
f(xu)=(%%) =X, ku—ax, —agx,)
npu U=—A nampasieH u3 oonactu L~ B o6macts L™ (puc. 2), a Bextop (azosoii

CKOpOCTH TIpu U =+A HanpasiieH n3 obnactu L™ B o6nacte L. HamoMHuM, uTO
BEKTOp (ha30BOI CKOPOCTH YKa3bIBaeT HaIpaBJICHHE JBMKEHHUS (H)a30BOM TOYKHU.
Ecin ykazaHHOE BbIIIE CBOMCTBO BBIIIOJHSIETCS B KaXJI0W TOYKE JIMHUU TEPEKITIO-
YyeHusl, To (pa3oBas TOUKa, OJHAXK/bI MOIMAB HA JUHUIO MEPEKIIIOUCHUS, HE MOXKET
ee MOKUHYyTh. [leficTBuTEbHO, yIpaBieHue U =—A BbDKUMaeT (a3oBYyIO TOUKY U3

obmactu L~ B ob6macts L', a ympasnenue U =+A, Hao6opoT, u3 obnactu L™ B 06-

nacTh L.

B m10060i1 peanbHOM (pU3MYECcKoil cCHCTEME UMEET MECTO OIpEIeSICHHOE 3a-
Ma3/bIBaHNE B MEPEKIIOUCHUN YIPABJICHUS. JTO MPUBOJUT K TOMY, YTO TOJ BO3-
nercTBueM ympasieHus U=—A ¢a3zoBas Touka nepecekaeT JuHuto (3) u BHeAPSI-

erca B obnacts L. Ilo McTeyeHMH BpeMeHHU 3ama3/ibIBaHUsl MPOMCXOIMUT Iepe-
KJIFOUEHHUE YIIPABJICHUS] ¢ MUHYCA Ha TUTIOC, a ynpaBjeHue U =-+A BbIBOIUT ¢azo-

BYIO TOYKy M3 obnactu L. B cuiy 3ama3siplBanus B NIEPEKIIOYEHUH YIIPABICHHUS

MIPOUCXOINUT BHEApEeHHUE (Ha30BOM TOUKU B 00acTh L u T.1. [IBrKeHue mpu 3TOM
HOCHT KOJIeOaTEIbHBINA XapaKTeP BOKPYT JIMHUU TIepekitoueHus (puc. 3).



PUC. 3.

Ecnu cumrtarh, 4TO 3ama3gblBaHUE OTCYTCTBYET, TO YAaCTOTa 3THUX KoyeOa-
HUM OyJeT OECKOHEYHOM, a aMIIUTY/1a — paBHOW HYIt0. Takoi uaeanbHbIN ciydan
JBUKEHUSI, KOTOPBIN XapaKTepu3yeTcs OECKOHEUHOM YacTOTOW MEPEKIIIOYEHUS pe-
JIEUHOTI'O DJIEMEHTA, HA3BIBACTCS CKOAb3AUUM PEHCUMOM.

Taxum oOpa3om, eci UMEET MECTO CKOJIB3SAIIUN PEKUM ABMXKEHHUS, TO (a-
30BbI€ TPAEKTOPUM CUCTEMbI IPUMBIKAIOT K JIMHUU MEPEKIIOYEHUs (JIMHUU pa3phl-
Ba), KaKk MOKa3aHo Ha puc. 4.

1

X2

go (xl :x2) :0

Puc. 4.

OcTaHoBUMCS Ha TOJYYCHUH YCJIOBUHN CYIIIECTBOBAHHS CKOJB3SIIETO pe-
)KrMa B aHaiauTudecko Qopwme. IIpoBesem B Touke X (puc. 2) BEKTOpP, OPTOroO-
HaJIbHBIN K JIMHUU NIepektoueHus (3). TakuM BEKTOPOM SIBISIETCS BEKTOP

8(0(X1,X2) 5(p(X1,X2)
ox 0%,

VCD(Xi’Xz):



HanmomanMm, 4TO BEKTOp V(p(xl, X2) BCer/Ia HarpasiieH u3 obnactu ¢ <0 B
obmactb ¢ >0. O4eBUAHO, VI TOTO, YTOOBI B TOYKE X CYIIECTBOBAJ CKOJIB3SIINN
peKHM, HEOOX0auMO, YTOOBI BeKTOp (ha3oBoit ckopoctu f (X, —A) COCTaBJISJI C
BekTopoM V(X X,) octplil yron, a Bekrop f(X,+A) — Tynoii yrox. Ilepemuo-
KUB BEKTOPHI CKAISIPHO, HAHIEM:

Vo(x,%)- f(x,—A)=0;
Vo (X, %) f(x,+A)<0.

B ycnoBusx (4) mosiBiieHHe 3HaKa PaBEHCTBA OOBSICHICTCS TEM, YTO MEXKITY

KaXI0W Mapoi MepeMHOKAEMBIX BEKTOPOB JOMMYCKAETCS B KAUECTBE MPEACIBHOTO

npsiMoii yroii. Micnomne3yst onpeziesieHne CKaIsIpHOTO TPOU3BEICHUS, HEPABEHCTBA
(4) MOXHO TIepenucaTh B BUJIE:

(4)

0 0
a—¢x2+a—¢(—kA—a1x2—aox1)20;
op op

—/x, +—(kA—-ax, —a.x,)<0.
axl 2 axz( ai 2 0 l)

Wrak, ayig Toro, 4roObl Ha JIMHUU NEpeKtoueHus (3) uMen MecTo CKOJIb-
3SIMIANA PEXUM JABUKEHUS, HEOOXOJIMMO, YTOOBI B KaXK/I0M TOYKE 3TON JIMHUU BbI-
MOJHSTUCH ycaoBus (5). YcioBus (5) sSBIAIOTCS HEOOXOAUMBIMU YCIOBUSIMU CY-
IIECTBOBAHUS CKOJb3AIIEro pexxuma. HerpynHo BuUaeTh, 4yTo eciu B (5) HCKIIO-
YUTh 3HAKU PABEHCTBA, T.€. MEPEUTU K CTPOTMM HEPABEHCTBAM, TO MbI MOJIYyYUM
JIOCTATOYHBIE YCIOBHSI CYIIECTBOBAHUS CKOJIB3SIIETO PEKUMA.

OTMeTUM, 4TO YCIIOBHUS CYIIECTBOBAHUS CKOJB3AIIEIO pexxkuma (5) MOKHO
NOJIYYHUTh 1O CTPYKTYpHOU cxeme puc. 1 wiu no cucreme ypaBHenui (1), (2), He
npulerasi K IPUBEIEHHOW BbILIE TeOMETpUUeckod uHTepnpeTanuu. OuyeBUAHO,
¢dazoBas Touka X :(Xl,xz) HE MOXET MOKUHYTh JIMHUU TepekitoueHus (3), ecnu

IIPOU3BOIHAS
0 op O

at¢(x17xz) ox, + o, (ku a, X, aoxl)’

BBIYHCIICHHAS] B CUJTy ypaBHEHUN ABMkeHUs (1), OyAeT monoKuTeabHOu (HEOTpH-

1aTeIbHON) TIpH U =—A U OTpHIIATeNIbHOHN (HeMoJMoXUTenbHOM) npu U =+A. Eciu

c(opMyJIMPOBAHHOE YCIIOBUE 3aMucaTh B BUJE (GOPMYJI, TO Mbl TIOJTYYUM COOTHO-

meHue (5).

[Ipeanonoxum, 4To Ha JMHUM NEPEKIIOYeHUs (3) BBITOIHSIOTCS YCIOBUS
CYILLECTBOBAHMSI CKOJIB3SIIIETO peKuMa. ITO O3Ha4YaeT, 4Tto (a3oBasi TOUKA, MOMAB
Ha JUHUIO (3), HE MOXKET MOKUHYTh 3TOM JIUHUH, T.€. B IPOLIECCE TBUKEHUS 10K~
HO BbINOJHATHCS ycnoBue (3). Ho pasenctBo (3), yuutsiBas ypaBHeHus (1), (2),
MO>KHO TIepenucaTh B BUJE:

go( X, )@ =0. (7)

VYpasuenue (7) npencrasiser cobor auddepeHimansHoe ypaBHeHHe. ITO
ypaBHEHUE U OTPEAEIISIeT IBIKEHUE CUCTEMBI B CKOJIB3SIIeM pexkume. aTepecHo
OTMETHUTH, YTO B YpaBHeHUE (7) HE BXOJAT MapaMeTpbl 00beKkTa (1), T.€. IBUIKECHHE



B CKOJIB3SIIEM PEXHME (710 TE€X IMOp, MOKa OH CYIIECTBYET) HHBAPUAHTHO K M3MeE-
HEHUIO TTapaMeTpoB oOobekTa (1).

PaccMoTpuM HeaBTOHOMHYIO cucTeMy N-ro mopsiaka. [IycTs qBukeHHE Ta-
KOH CHCTEMBI 33/1a€TCsl yPAaBHEHHUSIMHU:

y"+a v+ ray +ay=ku; (8)
u :Asign[yo—y—go (y', y”,...,y(”_l))] 9)

IZIe Y — BBIXO/IHAs KOOPJMHATA, & ) — BXOJIHOE BO3/ICHCTBUE.

B dopme (8), (9) MmoryT 3amaBaThcsl, HAMPUMEDP, YPABHEHHS JIBHYKEHUS OTI-
TUMAJIBHON TIO OBICTPOJACUCTBUIO CHUCTEMBI aBTOMATHUECKOTO PEryIHMpPOBaHUS, €C-
J¥M OHAa CHHTE3MPOBAaHAa Ha CTyNEeHYaToe BXOoAHOE Bo3zaeicTBue. [IpencraBum
ypaBHeHue (8) B Buje cuctembl AuddepeHInaibHbIX YPAaBHEHUH IEPBOTO MOPSII-
ka. Torga cucrema (8), (9) npumeT BU:

dy dy2 dyn—l _

=y, —== £ = .y =y
V=Yu b= Yar E =Y e — =Y o
Yo puav —av. .
dt =Ku aOyl a1y2 an—lyn’
U=Asign[ Yo — Y1 =@ (Y2 Y3, ¥n) | (12)

Bocrnonb3yemcsi BTOpbIM CITOCOOOM TOJYYE€HHsI YCIOBUHM CYIIECTBOBAHMUS
cKoyb3diero pexuma. OueBugHo, B cucreMe (8), (9) cyiiecTByeT CKOJb3SIIHIMA
PEXKUM, €CIIA B KaXKJ0M TOUKE OBEPXHOCTH

Yo=Y1=® (Y2, Y3 ¥n) =0

(WJI1 B HEKOTOPOU 00JIaCTH ATOM MOBEPXHOCTHU) BBITIOJHSAIOTCS HEPABEHCTBA!

d
a[)’o —“Y1—@ (Y2’Y3’---’ Yn)] |u:—A>0;

d
E[YO_Yl—CD (yz,y3,...,yn)] |u:+A<0.

Boimonaum nuddepeniupoBanue o t, moayunm:

0 0 0 0
%_yZ _ngy3_5¢y4 _---_ayw yn _8y¢ [_kA_aOyl_aly2 _..._an_lyn]>o;
2 3 n-1 n
0 0 0 0
w— Y, _ﬁ(p%—ﬁ(pﬂ —---—ay(p Yn _8y(p [+kA—aOY1_31Y2 _"'_an—lyn]<0'
2 3 n-1 n

(13)

Hepasencta (13) 3amar0T 10CTaTOYHBIE YCJIOBUS CYIIECTBOBAHMS CKOJIb-

3smiero pexxuma. Eciu B (13) mepeiiTé K HeCTpOruM HEepaBEHCTBaM, TO MOJIYYUM

HEOOXOIMMbIC YCIIOBUSI CYIIECTBOBAHUS CKOJIB3SIIETO pekuma. SICHO, 4TO JBUXKE-
HUE B CKOJIB3SIIIIEM PEKUME OMTUCHIBACTCS] YPABHECHUEM:

y+ o R,y Y )= yo (1), (14



[Ipeamnonoxxum, 4TO UMEET MECTO JBHKEHUE B CKOJIB3SIIEM pekumMe. Boi-
pasum ¥y u3 (14) n moxacraum B (13). Torna ycnoBus cymecTBOBaHUS CKOJIB3S-

ero peKuMa MOKHO 3aIIMCaThb B BU/IC:

d n- n
——(p[—kA—aoy—alx&—---—an_ly( Yoyt )}0:

Y 15
op (n-1) _ \(n) o
—a[kA—aoy—alygb---—an_ly -y }<0-

OtmeTnM, yTO HepaBeHCTBA (15) MpOBEPSIOTCS HA TPAEKTOPUSIX, KOTOPHIE
ABJIAIOTCS perieHnreM ypaBHeHus (14). Ycenosus (15), kak nerko BUAETh, SKBUBA-
JIEHTHBI CIEAYIOIINM HEPAaBEHCTBAM:

‘y(") + an_ly(“_l) +o.tagy + aoy‘ <kA;

oo (16)
W > 0 .

[TepBoe u3 HepaBeHCTB (16) mpencTaBisieT co00i OrpaHUYEHUE HA BBIXOJHOMN CUT-

Hau y(t). lHTepecHO OTMETUTh, YTO 3TO OTPAHUYCHHUE COBIAIACT C TUHAMHYCCKU-

MH BO3MOKHOCTSMH 00BEKTa (8).

Hanee u3 (14) cnegyer, 4To, KaKk U B Cllydae aBTOHOMHON CUCTEMBI BTOPOTO
NOpsIJIKa, IBM)KEHUE B CKOJIB3SIIEM PEXHME HE 3aBUCUT OT MapaMeTpOB OOBEKTa
(8). OnHako 3TO CBOMCTBO CIpaBeJIMBO, KOTJIa B 3aKOH ympaBiieHHs (9) BXOIAT
TOJILKO YaCTHBIE MPOU3BOHBIC, MTOJTydaeMble TyTeM nuddepeHIHpOBaHIS BbIXO/I-
HOro curHaia. Ecnu jxe 3aKoH ymnpaBieHUs] (OPMUPYETCs] HA OCHOBE "eCTECTBEH-
HBIX" KOOpJWHAT CUCTEMBI (TOK, JaBJICHHUE M T.II.), TO YePe3 €CTECTBEHHBIE KOOP-
JIMHATHI TTapaMeTphbl CUCTEMBbI BXOJIAT B YpaBHEHHUE, OINMCHIBAIOINICE JBUKEHUE B
CKOJIB3AILIEM PEXHUME.

ONITUMAJNBHASA IO BEICTPOJEUCTBUIO CUCTEMA
ABTOMATHUYECKOI'O PEI'YJIUPOBAHUI.

B ontuManbHON MO OBICTPOAECUCTBUIO CHUCTEME PETYIHPOBAHUS, CTPOTO
TOBOPS, CKOJB3SIINAN PEXUM JABUKECHUS B TOM BHUJE, KAK OH OIPEIEIISUICS BBIIIE,
OTCYTCTBYET. J{€MCTBUTENBHO, XOTA B ONITUMAJILHON CUCTEME U UMEET MECTO JIBU-
»keHne (a30BOM TOUKH MO MOBEPXHOCTU MEPEKIIOUCHHS, OJTHAKO 3TO JBHKCHUE HE
COTPOBOKIa€TCsI OECKOHEUHON YacCTOTON MEPeKIIOUeHUs pesieHHoro sjeMeHTa. B
ONTUMAJIBHOM CUCTEME Mbl UMEEM ITPEIIECIIbHBIN CITy4ald CKOJB3SAIIETO PEXKUMA, KO-
Ir/1a TOBEPXHOCTh MEPEKIIIOUCHNsSI 00pa30BaHa COBOKYITHOCTHIO TPAEKTOPUI CHUCTE-
MBI TIpH U=+A, U=—A. OOmue HETOYHOCTH B 3aJJaHUU MMAPAMETPOB CHUCTEMBI,
HETOYHOCTU B alIPOKCUMAIIMU MOBEPXHOCTHU MEPEKIIOUECHUS YACTO IMPUBOIIT K
TOMY, YTO B ONITUMAIIBHON CUCTEME MUMEET MECTO TUITMYHBIN CKOJIB3SAIINN PEKUM
JBIDKEHUS TI0 TIOBEPXHOCTU TepeKitoueHuss. Kpome Toro, B oNTUMaNbHON MO ObI-
CTPOAECUCTBUIO CHUCTEME ABTOMATHYECKOTO PETYJIMPOBAHUS PEXKUM CIEKEHUS 3a
BXOJIHBIM BO3JICICTBHUEM BCETA ABISETCS CKOJIb3SIIHNM.



Jlnst nuHEiHOTO 00BekTa (8) ONTHMANBHBIN MO OBICTPOACHCTBUIO 3aKOH
YIOPABJICHUS TPATUIIMOHHO (POPMUPYETCS B MPOCTPAHCTBE OIIMOOK U UMEET BU/I:

u= ASigh[X—gp()&&..X(n_l))] (17)

rae X=Yg—Y — omuoKa.
CrnenoBaTenbHO, IS ONTUMAJIBHON MO OBICTPOJEHCTBUIO CUCTEMbI aBTOMATHYE-

CKOT'O pCryjiupoBaHusd CKOJ'IBSSIHII/Iﬁ PCKHUM IBUKCHHA OIIUCBIBACTCA COOTHOIICHU-
CM:

x—q)(&&..x(“‘”):o. (18)
Tak kax
(p(0,0,0,...,O) =0,
TO ypaBHeHue (18) umeer peienue:
x(t)=0, (19)

T.€. ONTHUMAaJIbHASI CUCTEMA HJICATBHO BOCIPOU3BOIUT 000 BXOJIHOM CUTHAI, €C-
JI, KOHEYHO, CYIIECTBYET CKOIB3SIINN PEXXUM JBUKCHHUS.

Beimumem npumenutensHo k cucteme (8), (17) ycioBus cyiiecTBOBaHUs
CKOJIB3siIIIero pexuma B popme (16).91u yciaoBus NpUHUMAIOT BU:

yWra .y ray ragy|<kA;

20
o0 _o (20)

aX(n—l)
Kak moka3pIBalOT UYMCJIEHHBIE pacyeThl ONTUMAJIbHBIX CHCTEM, BTOPOE YCIIOBUE
(20) B OKpECTHOCTH PEILLICHHUS x(t) = 0 Bceraa BeimonHsercs. [lepBoe ycnosue (20),
npuHUMasi Bo BHUManue (19), MoxxHO nepenucars B BUJE:

‘yo(”) + an_lyo(”_l) oYy +ayYo| <KA. (21)

Takum oOpa3om, onTUMalibHAs IO OBICTPOJEHCTBUIO CUCTEMA aBTOMaTHYe-
CKOTO PETYJIHPOBAHUS HJICATHHO BOCIPOU3BOJIUT JTHO00€ BXOJHOE BO3JICHUCTBHE
Yo(t), koTOopoe ymoBaerBopsier HepaBeHCTBY (21). Ho, ¢ apyroit ctopoHsl, Hepa-
BEHCTBO (21) BbIAENSIET KIacC OOMYCTUMBIX BXOJHBIX BO3JEHCTBUM, KOTOpbIE
MPUHIUIHAIBFHO MOTYT OBITH BOCHPOM3BEICHBI 00BEKTOM (8), eciu Ha ympaB-
TSI TapaMeTp U HAJIOKEHO OTPaHUYCHHUE:!

|u|<A.

BrimuceiBas 3akoH ymnpasieHust (17), Mbl YMBIIUIEHHO HE OrOBapUBaIU
KJIaCC BXOJHBIX BO3JECHUCTBUM, HA KOTOPBIM CUCTEMBbI PACCUUTHIBAIIACH KAK OINTHU-
MajibHas. OT 3TOTO Kjlacca 3aBUCHUT JIUIIb, MPU KAKUX BXOJHBIX CUTHAJIaX B CUCTE-
M€ UMEIOT MECTO ONTUMAaJIbHbIE MEPEX0AHbIC MpoIlecchl. UTO jKe KacaeTcs pexxuma
CJIC)KEHUS, TO HE3aBUCUMO OT PAcCUYETHOTO Kjacca BXOJIHBIX CHUTHAJIOB B CHCTEME
MMEET MECTO HJIealTbHOE CIICKEHHE, €CITH TOJIBKO ONTUMAJIBHBIA PETYJISITOpP pealiu-
3yeTcsl B COOTBETCTBUHU € 3aKOHOM (17), T.e. B CHCTEME UCIOIb3YIOTCSI TPOU3BOI-
HbIE BXOJHOTO curHaja 10 (N—1)-ro mopsiika BKIIOYUTEILHO.



Ecan JKC, HAIIPUMCP, CUCTEMA PACCUUTHIBAJIACH KAK OIITUMAJIbHAs Ha CTYy-
INCHYAaTbIC BXOOHBIC CUTHAJIbI, U ONTUMAJIbHBIN PEeryJATOp, YUYUTHIBAA, 9YTO IIPOU3-
BOJHBLIC BXOAHOI'O CUT'HAJIA PaBHBI HYJIIO, PCAJIN30BBIBAJICA B COOTBCTCTBHUH C pa-
BCHCTBOM.:

. n-1
u=Asign| yo- y- o~ f-ey") | 22)
TO PCIKHUM CIICKCHHA B TaKOM CHUCTEME HE MOXET OBITH nacajaibHbIM, T.K. COOTHO-

ILIEHHE
X(t)=Yo(t)-y(t)
mpH Y (t)# const He MOKET GbITh PEIICHHEM YPABHCHHS:

yo—y—co(—x&—s&--,—y(”‘l))=0- (23)

ToYHOCTE ClIeKEeHUSI B DTOM ClIy4ac MOKHO OLCHHBATH C IIOMOIIbIO YPABHCHUA
(23).

SATAYA NCCIENJOBAHUWA.

3az[aqel71 HUCCIICAOBAHUA ABJICTCA TCOPECTHYCCKOC H IKCIICPUMCHTAJIBHOC
HN3Y4YCHHUC PCIKHUMa CIIC)KCHUA B ONTUMAaIbHOM CHUCTEMC, BBIIBIICHHUC yCJ'IOBI/Iﬁ Cy-
IMCCTBOBAHUS CKOJIB3AIICTO PCKHUMA U CT'O CBOMCTB.

OOBEKT UCCIETOBAHNUS.

B xauecTBe 00BEKTa HCCIEOBAHUS PACCMATPUBACTCS ONITUMAJIbHAS 110 OBICT-
POJIEUCTBHUIO CHCTEMa BTOPOTO TMOPSIKA, U3ydaBIIascs B JIaOOpaTOpHOU paboTe
Nel. JIBuxkeHre Takoil CUCTEMBI OITUCHIBAECTCS] YPABHEHUSIMU:

e ku ;
u=Asign(x—o(&),
rie X=Yy—Y; 4=20; k=1wmwm k=5.

(24)

OyHKIMSA (p(x?) 3aJ1aeT JIMHHIO TIEPEKITFOYSHUS Ha (pa30BOM IIOCKOCTH (x, JS) 51
Obl1a paccuuTana B 1abopatopHoii padote Ne 1

HOPAAOK BHITOJIHEHW A PABOTBI:

1. VSCHUTH CYIIHOCTb CKOJB3SIIEIO PeKuMa U pa3odpaThCs € YCIOBUIMU
€ro BO3HUKHOBEHHUS.

2. DKCIIEpUMEHTANIBHO, MyTeM LHU(PPOBOr0 MOJCIUPOBAHUS B Cpele
SIMULINK, yb6enutbcsi, 9TO Py BO3SHUKHOBEHHH CKOJIB3SIIETO pekuMa (a3zoBast
TOYKA CUCTEMBI IBUXKETCS TI0 IUHUM MepeKtoueHus. [ 3Toro Heooxoaumo npo-
BECTH MOJICIIMPOBAHUE CUCTEMBI IS IBYX Pa3IHUHBIX 3HaucHHU K B (24) u CHSTH
COOTBETCTBYIOIIME (Pa30Bble TPACKTOPUMU CHUCTEMbI, HayaJbHbIE TOUYKH KOTOPBIX
COBNAJAIOT W MPHUHAIICKAT JIMHUU MEepeKIItoueHrs. BXoqHoil curnain yg, Kak u B
nabopaTtopHoil pabote Ne 1, aBisieTcst TMHEUHBIM.



3aBUCHT JIK BpeMsl JBIKEHUS (Pa30BOM TOUKHU (x,x?) 710 Hayajga KOOpJAuHAT

ot ko3¢ duruenta k? ITouemy?

3. [IpoepuTh ¢ MOMOIIBIO MUGPPOBOTO MOACTUPOBAHUS, YTO JBI)KCHHE B
CKOJIB3AIIEM PEKUME MHBAPUAHTHO K M3MCHECHHIO NAapaMeTpOB OOBEKTa (IKCIIe-
PUMEHTATIBHO YOSAUTHCS, YTO B CKOJIB3AIIEM PEKUME JBMKCHUS aMIUTUTYyIHAS U
¢da3oBasi YaCTOTHBIC XaPAKTEPUCTUKNA CUCTEMBI HE 3aBHCST OT 3HAUYCHHS KOIPhH-
nueHTa ycuiaeHus K). BxomHoit curnan yo — CHHYCOMTAIBHBIN: Y, (t) =5sin10t.

4. Ilpennonarast BXOAHbIE BO3ACHCTBUS TAPMOHUYECKUMH Y, (t) =Bsinwt,

TCOPECTUUCCKU IMOCTPONUTH B KOOpAMHATAX (B,a)) 00J1aCTh AOIMYCTUMBIX BXOIHBIX

CUTHAJIOB, T.€. 00JIACTh BXOHBIX CHTHAJIOB, KOTOPBIC MPUHIIMITHAILHO MOTYT OBIThH
BOCIPOU3BeIeHBI cucTemoi (24) (pu K = 1).
5. TlocTpouTh JKCIEPUMEHTANbHO B KoopauHatax (B,w) obmacts Bxon-

HBIX CUTHAJIOB, KOTOpPbIE HIE€AJIBLHO BOCIPOU3BOIATCS cucteMoin (24). Jlns storo,
3aJIaBIIMCh HEKOTOPOW aMIUTUTYIOM B, 4acTOTy @ CIELYyeT ILNIABHO U3MEHSTH J10
TeX 0P, IT0OKA HE IPOU30MIET CPBIB UACAIBHOIO cliexkeHus. MccnenoBaB HECKOIIb-
KO TaKUX aMIUIUTYJ, MOKHO MIOCTPOUTH YKa3aHHYIO 00JIaCTh.

6. CpaBHUTH 00aCTH, MOTYYCHHBIE B 1.4 1 5.

OTYET I10 JIABOPATOPHOW PABOTE JOJDKEH COIEPXKATD:

1. Kparkoe onucanue ycaoBUil BOSHUKHOBEHUSI CKOJIb3AILIETO pexKUMa.

2. YpaBHEHUE BBEJICHHOW BaMU JIMHUY TIEPEKITIOYCHUS ISl CUCTEMBI (24) u
TEOPETHUUYECKOE JOKA3aTEIbCTBO, YTO HA HEM CYHIECTBYET CKOJIB3SIIUN PEKHUM.

3. ®azoBbIe TPAaCKTOPHH CUCTEMBI (24) TTpH OTPaOOTKE TMHEHHOTO BXOIHO-
rO CUTHAJIA JUIsI IBYX Pa3jIMuYHBIX 3Ha4YeHUi ko3dduumenta K (mpu oqHMX Havab-
HBIX YCJIOBHSIX), & TAK)XKE TEOPETUUECKUI PACUET U Pe3yJIbTaT IKCIEPUMEHTAIbLHON
MIPOBEPKHU BPEMEHU MEPEXOAHOIO MPOIIEcca B CUCTEME.

4. TeopeTHUeCKU pacyeT rpaHulbl 00JIaCTU AOMYCTUMBIX BXOJHBIX BO3-
NEHCTBUN U ee TpaduK, a Tak ke "IKCIepUMEHTAIbHBIN" rpaguK rpaHuLbl oOac-
TH UJI€aTHHO BOCTIPOM3BOIMMBIX BXOJHBIX BO3/IEUCTBHM (00a rpaduka n300pa3uth
Ha OJTHOM PHUCYHKE).

KOHTPOJIBHBIE BOITPOCBI.

1. Yto Takoe CKONB3SIINN PEKUM IBUKEHUSA?
2. YCTaHOBUTH, BOBMOXHO JIM JBMKEHUE B CKOJIB3SIIEM PEKUME B CHUCTE-
Me:

W= Y, B=u—-2y, +4y,;
u=Asign[y, +2y,] ?
3. Kakoii BXOJIHOW CUTHAJ Ha3bIBAETCS JTOMYyCTUMBIM?



4. Ilouemy mpu BbIOOpe B M @ H3 30HBI CPbIBA CKOJB3AIIEIO PEXHUMA,
CpbIB IIPOMCXO/INT HE Cpa3y MOcje Hayaia OTPaOOTKHA CUHYCOUbI?

5. Kak cnenyer peann3oBbIBaTh ONTHUMAJIBHYIO 110 OBICTPOJEHCTBUIO CHC-
TEMY, 4TOObI OHa 0OecIeurBaa UICaJIbHOE CIEKEHUE 3a JIFOOBIMU JOIYCTUMBIMU
BXOJIHBIMU CUTHAJIAMH?

6. Kakoii BXOJJHOW CUTHAJ Ha3bIBAE€TCS JOIYCTUMBIM?

buoimmorpaddeckuii CIIMCoK.

1. YVtkun B.U. Ckonb3diiye pexxuMbl B 3a7ja4aX ONTUMH3ALUUA U YTIpaBIie-
Hus. — M.: Hayka, 1981. — 368 c.

2. ®anaun H.B. CuHTE3 ONTUMANIBHBIX MO OBICTPOACHCTBHIO 3aMKHYTBIX
cucreMm ympasienus. — Tyna, TTIW, - 1990, 100 c.



JJABOPATOPHASA PABOTA Ne 3
OIITUMAJIbHAA 110 EBICTPOJEHCTBHIO CUCTEMA YITPABJIEHUA

OBBEKTOM TPETBEI O IIOPA/IKA. AIIITPOKCUMAIIUA IIOBEPXHO-
CTHU IIEPEK/TIOYEHHUAL.

Lenn Da6OTBI. HpaKTI/I‘IeCKOG 3HAKOMCTBO C CUHTE€30M ONTHUMAaJIbHON CHCTEMBI.

TeopeTnueckue CBEJICHUS.

PaccmoTpum nuHeHHBIH 00BEKT, UMEIOIIHIA MepeIaTOuHyI0 (QYHKIHIO

W(p)=——
P(Tp+1(T,p+1)

Takyto nepenaTouHyro QyHKIHMIO UMEET, HaIpUMEp, JIETAaTEeNIbHbIN amnmapar
10 KaHAJIy KpEHAa, €CJIM ONMCHIBATH IIPUBOJL AJIEPOHOB ANEPUOJAUUYECKUM 3BEHOM.
AHaJOTMYHYIO0 NEPEAATOUHYIO (PYHKIIUIO UMEET 3JIEKTPOIIPUBOJI, pabOoTaOIUi Ha
WHEPIIMOHHYIO HArpy3Ky, €ClId B KaY€CTBE YCWJIMTENI MOLIHOCTH HCHOJb3YyEeTCs
SMYV.

Wtak, mycTh JBUKEHUE OOBEKTa OMHCHIBaeTCS AU PepeHInanbHbIM ypaB-
HEHHUEM B Oe3pa3zmepHoil hopme

T, y+ (T, +T,)y+y=ku 1)
37IECh Yy - yIpaBisieMasl KOOpAnHaTa; U - ynpasiisiionuil napamerp. bynem npeamno-
jaraTh, 4YTO Ha YIPaBISAIONIMN TapaMeTp U HaJI0KEHO OrpaHUYCHUE

u<A 2)
PaccmoTpum crieyroiyro 3aady: OCYIIECTBUTh CUHTE3 ONTUMAIBHOM MO OBICT-
poaeiictBuro CAP, cunrtas, 4To BXOJHOE BO3JIEUCTBUE Yo = {o , T/I€ Jo - JIEOOOE
JICUCTBUTEIBHOE YHCIIO.
Pemenue mocraBiieHHON 3a7aud MOXHO Pa30MTh Ha JBa drtana. [lepBbrit
JTal BKIIOYAET B ceOsl pelieHune 3aa4i CUHTE3a ONTUMAIBHOTO YIIPABJICHHUS, T.C.
TpeOyeTcs HAaWTU ONTUMAJILHOE YIIpaBJICHUE, KOTOPOE JOHKHO 3a71aBaThCsl B BHUJIC
(GYHKIMK TEKYIIUX KOOPAWHAT CHCTEMbI M BXOIHOTO Bo3aeicTBus Yo(t). Bropoii
JTall CBS3aH C peajv3alre ONTHUMAaJIbHOrO perynsropa. B wacTtHocTH, 3/1€Ch He-
00XO0JIMMO TIOJIYYHUTh YJOBJICTBOPUTEIHHYIO alllIPOKCUMAITUIO MTOBEPXHOCTH TIepe-
KJIFOUCHUSL.
Beeaem ommbky X = Yo —Y = (o - Y. Toraa ynpasnenue (1) MOXXHO nepenu-
caTh B BUJIC

TT, x+ (T, +T,)x+ x=ku (3)
PaccMOTpHM TPOCTPAHCTBO OMIMOOK C JEKApTOBBIMH KoopamHatamu X, X #. B
NPOCTPAHCTBE OIMUOOK uaeaabHOMy peskumy ciexenus (Yo(t) = y(t)) coorBeTCcTBY-
eT Hayajao KoopauHar. ONTHMaJIbHBIM SBISICTCS TaKOe JBKIKCHHE, IIPU KOTOPOM
uzo0paxaroras Touka {X}= (X, ¥ (puc. 1) nepeBoauTcs B HAYAIO KOOPAMHAT 32
MHHHAMAIILHO BO3MOKHOE BPEMSI.



Puc. 1.

B cooTBeTCTBUM C TEOPEMOM O YUCIIE TEPEKIIOYEHUN (CM. KOHCIIEKT JICKIIUA
i [1]) onTUMalIbHOE TI0 BpeMEHH YIIPABICHUE PEICHHO, U JIOMYCKAIOTCS JIBa TIe-
pexntoueHus pene. B ¢gazoBom mpocTpaHCcTBe cucTeMBbI (3) CyIIECTBYET MOBEPX-
HOCTh TIEPEKIIIOUEHHUS TaKas, 4TO MO OJHY CTOPOHY OT 3TOH IMOBEPXHOCTH OITH-
MajbHOE yIpaBjieHue U = A, a 1o APyTyIO - ONTUMaIbHOE yrpaBieane U = -A. J{ms
o0bekTa (3) MOBEPXHOCTDH MEPEKITIOUEHUS MPEICTABIAET COO0OM COBOKYIMHOCTH L.,
T.€. COBOKYITHOCTh BCEX BO3MOXKHBIX IMOCJEIHUX U MPEANOCICIHUX y4aCTKOB OTI-
TUMaJIbHOM TpaekTopuu (puc.2).

ﬁ X

4
‘(:4
- SE— Q:A ~ '
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‘(e_4 U=4 —_L .
u N 0: X T
L: 1ot
e D l(‘_‘ B
- 1¥ .
‘ ln'
P £
-X

Puc. 2.

Mo>kHO, TakuM 00pa3oM, YTBEPKIaTh, YTO MTOBEPXHOCTH MEPEKIIOUCHUS CO-
ctout u3 "0coObIx" Touek (ha30BOro MpoCTpaHCTBA. Eciin Takyr TOYKY paccMart-
pHUBaTh B Ka4eCTBE HaYaJIbHOW TOYKH ONTUMAaIbHOU TpackTopuu X(t), TO Ha Tpack-



topuu X(t) ontumanbpHOE yrpaBieHue U(t) MoxkeT H3MEHSATh 3HaK He 00JIee OJHOTO
paza.

Jlyis pacueTta MOBEPXHOCTH MEPEKITIOUCHUsT yI0OHO HCIIOIh30BAaTh MPUHITHUI
"momsitHOTO" MBHKeHUS A.A.Denpnbdayma. HazoBem TpaeKTOpHIO ABUKCHHSI CHC-
temsl (3) mpu U = const mosyrpaekTopueii. [Tycts X(t), 0 <t <t; - momyrpaekropus
cucremsl (3). BBenem oOpatHoe Bpemsi 7 = t; — t. Ecau B ipssMmoM Bpemenn t (0 <t
<1;) nzo0paxkaromias Touka X MPOXOJUT MosyTpackTopurto X(t) OT Havaga K KOHITY,
TO B 0OpaTHOM BpeMeHH 7 (0 <7 <t;) n3o0pakaroias To4YKa IPOXOINT 3Ty TpacK-
TOPHIO OT KOHIIA K Havaly. JIETKO yCTaHOBUTH CIEAYIOIIEE COOTHOIICHHUE:

d"x d"x
n

= (-1)"
dt" 1) dr

(4)

[Tpumensia cootHomeHue (4) K ypaBHEHHIO (3), HOJIydUM

d>x d’x dx
) s T,)— —— =k
1°2 dt3 +(T1+ 2) dtz dt u

NI

d’x d’x dx
TT,———(T,+T ===
1°2 de (T1+ Z)d’Z'z + d’Z'

[Tomaras U = const, BeinuiLeM 0011Iee pelIeHre ypaBHEHUS (5):
2 T, T
d )2( = CleA + Czeﬁz + ku;
dr
%:&e%w&e%ﬂ (6)
dr T T

1 2

X = ClTle%l + CZTZe%Z +kur +C,
[lepeiinem B ypaBHEeHUsIX (6) K MPOM3BOHBIM B TIPSIMOM BPEMEHH
dzz( _ &e%l _|_ &e%Z;
dt® T

1 2

ku (5)

% = —Cle%l = Cze%z —ku; (7)

X = ClTle%l + CZTZe%Z +kur +C,.

[TocTostaabie MHTErpUpoBanus Cq, C,, C3 HaXoasATCS U3 YCIOBHIMA
d?x ~dx
at? ' dt

VYpaBuenus (7) Toraa npuMyT BU

= X500 X

7=0

=0 = X]-O'

=0



T1 Tl T1 _Tz B T1

(32(2{ xzo_(X30+x20+ku) T, k_u}e%l+{x30+xzo+ku} T, e%Z'

f Tz T1 _Tz ,
dx _ %o +| %, + X0 + KU | T,T, o A X, + Xpo + KU | T,T, o Sy ku: ®)
dt T, T,-T, T, T,-T,
X=T,| —Xpo —| Xq + X tKU ) ToTy ku e%1 +| Xy + Xp tKU )Ty e +kur +
T1 T1 _Tz T1 T1 _Tz
X, +Ku | T,T? X, +KU | T/,
T1 T1 - T2 T1 T1 - T2 .

+Xg + Xpo T, + (xgo + +kuT, — [xso +

Onupasch Ha ypaBHEHHUS (8), MOXKHO IMOCTPOUTH MOBEPXHOCTh MEPEKIIOUCHUS.
[pu U=A, X190 = X20 = X30 = 0 ypaBHeHus (8) 3amarot (B GyHKIMK TapaMeTpa 7) J-
auro L/ (cm. puc. 2). [Tonyrpaekroputo DB, nmpuHannexanryro COBOKynHocTH L',
MOXHO HaWTH, MOJIOKUB B ypaBHEHUsX (8) U = -A u BbIOpaB B KauecTBE Hadallb-
HBIX 3HAYEHUH X19, X0, X30 KOOPAUHATHI TOUKU B. AHAJIOTHYHBIM 00pa3oM CTPOSAT-
Cs APYTU€ MOJYyTPACKTOPUU COBOKYITHOCTH L,". COBOKYITHOCTH L, CUMMETPUYHA
OTHOCHTEIILHO Havasa KOOPAHHAT coBOKymHocTH Ly,
[Tomoxum K =20, T; =10, T, = 2, A = 200.

Ha puc.3 u 4 mnpeacTaBieHbl MPOCKIUMU OOpa3yIOMMUX MMOBEPXHOCTEH Iie-
PEeKIIIOUeHUS TpaeKTOpuil Ha mockocT X3 = 0, X3 = 0.

X
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-120 -80 -—40 0
Puc. 3.




Puc. 4.
O06o3naunMm uepes X = f (& ypaBHeHHE MOBEPXHOCTH MEPEKITIOYCHHS.
Torna onTuManbHOE yIpaBicHHE OYET 3aaBaThCs PABCHCTBOM

u=A- sign[x— f(x xﬂ 9

Jns peanuzauuy ONTHMAJIBHOIO 3aKOHa ymnpasieHHs (9) TpeOyercs MOCTPOUTH
(GyHKUHMOHATIBHBIA MpeoOpa3oBaTesb C ABYMsI BXOJaMH, PEaTU3yomui (yHKIHIO
f (&%#&. Crenenp CI0XXKHOCTH ONTHMAIBHOTO PETYJISATOPA B CYIIECTBEHHOM CTere-
HU 3aBUCUT OT TOTO, HAaCKOJBbKO YJAayHO BbIOpaHa ammpokcumanus (QyHKIUU
f (5.

Ha puc.5 npuBoaarcs cedeHHs] NTOBEPXHOCTH MEPEKIIOUEHUS TUIOCKOCTIMHA
Xe= const .

Puc. 5.
O0o3HaunM yepe3 X =@(# ypaBHeHHEe “HYJIEBOr0” CEYCHHUs, T.C. CEUCHHUS IIO-



BEPXHOCTH MEPEKIIOYeHHs TI0CKOCThI0 X&=0. U3 puc.5 cienyer, 4ro moboe ce-
YeHUE MOBEPXHOCTH TEPEKIIOYCHUS IIIOCKOCThIO X&= CONSt MOKeT OBITh MOJTy4e-
HO (C M3BECTHBIMH MPUOIIDKEHUSIMH) MYTEM CJABHUTa "HYJIEBOTO" CEYCHUS BIOJb
ocu a0cIuce ¥ BAalIbh OCH OpauHAT. TakuM 00pa3oM, MOBEPXHOCTh MEPEKIIIOYCHUS
TPUOIIMKEHHO MOKET OBITh 3aITUCaHa B BUIC

x = p(x+ a(x)) + f(X)
Oynkmun (X u L& cHUMaroTCs Tpaduuecku ¢ puc. S.
Ha puc. 6 n3o6paxkeHna cTpykTypHasi cxema onTuMaibHoi o Bpemenu CAP.

9
T . — | U K
— pOp+1 (1,0 H)|
-
i
K, p
P +K)|
P
- Ke
L -

Puc. 6.

OOBEKT UCCIETOBAHN.

OOBeKTOM HCCIICAOBAHUA ABJICTCA CHUCTECMA, HMMCHOIIAA IMCPEAaTOYHYIO

GyHKLHIO
k

W = )
)= T pDTp=D)

JIBMOKEHHE TAaKOM CHCTEMBbI OmHUChiBacTCs ypaBHeHueM (1). 3amaueit mposo-
JMMOTO UCCIEOBAaHUS SBJISIEMCS OBJIAJICHUE MPAKTUYECKUMU HABBIKAMU CHUHTE3a
ONTUMAJIBHBIX TI0 OBICTPOJICHCTBUIO CUCTEM TPETHETO MOpsAKa. Tak Kak MOJIHBIN
CHHTE3 ONTHUMAJIbBHOM CHUCTEMBI SIBJISICTCS TPYAOEMKOM 3aJadyerd, TO B IPOLECCE
BBITIOJIHEHUS 1a00paTOpHOIl pabOThl HAa CTYJIEHTOB BO3JIaraeTcsi CaMOCTOSITENIbHOE
BBITIOJIHEHUE JIMIIb HEKOTOPBIX, HAMOO0JIEE CII0KHBIX ()ParMEeHTOB CUHTE3A.

CuHTe3 OoNTUMAaNbHON MO OBICTPOJAEHCTBUIO CUCTEMBI TPEOYET anpoKCUMa-
MU TIOBEPXHOCTU MEPEKITIOYEHUs. ITO, B KOHEUHOM CUeTe, IPUBOJUT K MPUOIIH-
KEHHOM pealin3aliiy ONTHUMAJIBHOIO 3aKOHA ynpaBieHus. MojaenupoBaHUe ONTH-
MajbHOM cuctembl HAa ABM mno3BosisieT o1ieHUuTh 3QGEKTUBHOCTh TAKOTO MPUOIIH-




JKCHHOI'O OIITUMAJIbHOT'O 3aKOHA YIIPaBJICHUA.

[lopsigoK BEINOJHEHUS Da6OTLI.

1. YCBOUTH ONMUCAHHBIN BBIIIE METOJ CHUHTE3a ONTHUMAJILHOTO YIpaBICHUS
JUTSL CUCTEMBI TPETHETO MOPSJIKA.

2. TlpousBecTy anmpoOKCHUMAIIMIO MOBEPXHOCTU MEPEKIIIOUEHUS] MO0 METOIY
"ceuenus".

3. CoCcTaBUTH CTPYKTYPHYIO CXEMY ONTHUMAJIBHOW CUCTEMBI C YYETOM IOJY-
YEHHOU aIllpOKCUMALIHH.

4. CHATh OCHMJUIOTPAMMBI C ONTHMAJILHOW CHUCTEMBI (MOJCITUPOBAaHUE OIl-
TAMAJIbHOM cHUCTeMBbI TpoBecTH ¢ momomipio maketa SIMULINK  cuctemsr
MATLAB) 1o BBIXOJHOW KOOPJIHWHATE, CKOPOCTH, YCKOPCHHIO, YIIPABJICHUIO Ha
CTYNEHYATOE BXOJIHOE BO3AECHCTBHUE.

5. [locTpouts ¢ mpuMeHeHueM mporpaMmHbIxX cpencts cucremsl MATLAB

npoekiuu (Ha3oBoit TpaekTopuu B kKoopauHartax: (X, X, (X, 8, (K.

OdopmiieHne oTyeTa.

OTUeT I0MKEH COIEPKATh:

1. KpaTkoe nosicHeHue MeToa pacuyera NOBEPXHOCTH IEPEKITIOYCHHUS.

2. KpaTtkoe mosicCHEeHHE METOjla amnmpOKCUMAIMN U TpaduKH anmpoKCHMH-
pYIOImMX (QyHKIIHIA.

3. OcuuiIorpaMMsbl 1O BBIXOJHOM KOOpAMHATE, CKOPOCTH, YCKOPEHHIO, YII-
PaBJIEHUIO HA CTYNIEHYATOE BXOIHOE BO3JCHCTBHUE.

4. ITpoexkiuu (a3oBoit TpaekTopun B kKoopauHatax: (X, X, (X, &, (&&.

KOHTPOJIBLHBIE BOIIPOCHI.

1. Kak paccunTthIBaeTCs MpUHAIISKAIIAS TOBEPXHOCTH MEPEKITIOYCHHS OII-
TUManbHas nomyTtpaekropust CD (puc.2)?

2. Kak cTposiTcsi ce4eHHsI TOBEPXHOCTH TIEPEKITIOUCHNUS, N300paKEHHbBIE Ha
puc. 5?

3. B dem 3axmouaercs reomerpudeckuii cmbici pynkimuit a( u S8
(cTp.6)?

bubanorpadyecKuil CIIMCOK.

1. BanoB B.A., ®anaun H.B. Teopusi onTuManbHbIX CUCTEM aBTOMAaTH4e-
ckoro yrnpasiyenus. - M.: Hayxka, 1981, 331 c.

2. @angua H.B. CuHTe3 ONTUMAaNbHBIX MO OBICTPOAECHCTBUIO 3aMKHYTBIX
cucreM ympasienus. — Tyna, TIIN, - 1990, 100 c.



JJABOPATOPHAS PABOTA Ne 4-6

ITPHBIHKEHHBIH YYET B OIITHMAJ/IBHOH I10 BBICTPO/JIEHCT-
BHIO BA30BOM 34AKOHE MAJIBIX IOCTOAHHBIX BPEMEHH:
cunmes 6(1306’020 3AKOHa ynpaeJjiernus,; yuem MAa0i NOCMOAHHOU 6peMERU npu
CUHme3e onmumajibHo2co ynpaejilenus 0./1}1 A6MOHOMHOIU cucmemasly yuem mManou
NOCMOAHHOU 6pEMERU npu CuHmese onmumMalbHoO20 ynpaejleHus 0]1}1 Heaemo-
HOMHOU CUCHIEMDbl

[{eap paboThl: U3ydeHHE CIToco0a MPUOIMKEHHOTO yUeTa B ONTUMAIBHOM I10 OBbI-
CTPOJICHCTBHIO 0A30BOM 3aKOHE YIPABIICHUS MAJIbIX TOCTOSHHBIX BPEMEHH C I10-
MOIIBI0 SKBUBAJICHTHOTO 3ama3/bIBaHusI.

TeopeTnueckue CBEJICHUS.

N3BecTHO, 4YTO mNpU CHUHTE3€ ONTUMAIBHOTO TIO OBICTPOACHCTBUIO
ynpaBiaeHUs OO0BEM  BBIUMCICHUH C  yBEJIMYEHHEM MOpSAKA  CUCTEMBbI
KaracTpopuyecku Bo3pactaeT. M neno 37ech, COOCTBEHHO, HE CTOJBKO B
YHCJIEHHOM ONPEJIEICHUH CaMOMl TOBEPXHOCTH TMEPEKIIOYEHUs (XOTS U 3TO
COIPSKEHO C HEKOTOPBIMU TPYAHOCTSIMH), CKOJIBKO B OOpabOTKE OrpOMHOTO
MacCHBa 4YMCEJ, TUCKPETHO 33JAI0IIUX MOBEPXHOCTh NEPEKIIOYECHUS, a TAKKE B
NOJyYEHUU MOAXOJAIIed anmpokcumanuu. [[ns cucteM HHM3KOro (BTOpOro
TPETbETO) TOPSAIAKOB  BBIYUCICHHE IIOBEPXHOCTH MEpPEKItoueHuss u  eé
anmnpoKCUMaluu OOBIYHO HE COCTaBIJISIET OOJIBIIOrO Tpynaa. B cooTBeTCTBHM €O
CKa3aHHBIM BBIII€ JUIsI CHUCTEM BBICOKOTO TMOpsiAKa OOJbIIOE 3HAYCHHE
npuoOpeTatoT OpUOIMKEHHBIE  CHOCOOBI, TPUEMBI W METOABl  CHHTE3a
ONTUMAJIBHOTO YIPABIICHHUS.

B Hacrosiieit mabopaTopHoil paboTe HEOOXOAMMO U3YUYHUTh CIIOCOO CHHTE3a
ONTUMAJIBHOTO MO OBICTPOACHCTBUIO YIPABICHUS, MO3BOJIOMIMN TpPH CUHTE3€
ONTUMAIBHOIO YINpaBICHUs MPUOIMHKEHHO YUYECTh BIUSHUE MaJIbIX MOCTOSHHBIX
BpeMeHU. OT Jpyrux H3BECTHBIX B JINTEPAType METONOB JaHHBIM BBITOJHO
OTJIMYAETCS TeM, 4TO Ojaroaapsi amnmnpoKCUMAalMM CUCTEMbl BBICOKOTO MOpsaKa
CUCTEMOM HU3KOro MOpsAJKa C 3ama3fblBAHUEM OH JOCTATOYHO TOYHO YUUTHIBAET
“BKJIaZl” MaJbIX IIOCTOSIHHBIX BPEMEHH B ONITUMAJIbHBIN 3aKOH YIIPaBIICHHUS.

B nmnepemarouHbX (YHKIUSAX TEXHUYECKHMX CHCTEM MOXHO BBIICTUTH
Oonblllie M Majble TOCTOSHHbIE BPEMEHU. 3BEHbs, COJEpKalue OoJIbIINe
MOCTOSIHHbIE BPEMEHHU, OOBIYHO OMHUCHIBAIOT CHJIOBYIO YacTh CUCTEMBbI, a 3BEHbB,
coliepKalllie Majible IOCTOSTHHBIE BpPEMEHM, - YIPABISIONIYIO YacTb. bynem
UCXOJIUTh W3 CJEAYIOLIEro: Majble MOCTOSHHbIE BPEMEHU MPHUBOAIT K MallbIM
M3MEHEHUSIM B MOBEPXHOCTHU MEPEKITIOUEHUSI.

[lepenaTounyo (QYHKIUIO CUCTEMBI, TMOJYYEHHYIO U3 HMCXOJHOM NYyTEM
UCKIIIOUEHUS 3BEHBEB, COJEpPKALIUX Majble MOCTOSHHbIE BPEMEHHU, HAa30BEM
0a30BOI1, a COOTBETCTBYIOIINNA €W ONTUMAJIBHBIA 1O OBICTPOJICHCTBUIO 3aKOH
ynpaBieHus: - 0a30BbIM 3aKOHOM. COBOKYIHOCTb 3BEHBEB, HE BXOJAIIUX B
0a30ByI0 nepeaaTouHy0 (PyHKIHIO, 00pa3yeT cucteMmy, KOTOpyro OyaemM Ha3bIBaTh



nononHuTenbHOW. CrocoObl  ToMy4eHHs: 0a30BOTO0  3aKOHA  YIpaBICHUS
paccMoTpeHsI Bbilie. OCTAaHOBUMCS HA T€X MU3MEHEHHMSX, KOTOPBIE CIENYET BHECTU
B 0a30BbIN 3aKOH YIPaBJICHUS (CIIOCOOBI MOTyUYeHUs 0a30BOr0 3aKOHA YIpaBiICHUS
pacCMOTPEHbl Ha JICKIIMOHHBIX 3aHATUAX), YTOOBl YYECTh BIHUSHHE MaJbIX
MTOCTOSTHHBIX BPEMEHH.

N3noxeHne ykazaHHOTO MOJIX0Jla I€J1ecOo00pa3HO HayaTh C PacCMOTPEHHUS
KOHKpeTHOro npumepa. [Ipu 3ToM B 1enx yrpoieHus: OyieM mpeanosararb, 4To
OTPaHUYEHUE HAKIIABIBACTCS TOJBKO HAa YIIPABIICHUE.

Ha puc. 1 uzobpakeHa CTpyKkTypHas cxema oObeKTa, IPUYEM MYHKTUPOM
BbIIeNIeHa 0a3oBas nepenarounas GpyHkmnus. [IycTs Ha ynpaBmistomuii mapamerp U
HAJIOKEHO OrPaHUYCHUE

Y3

v

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

Puc. 1. CtpykrypHas cxema o0beKTa

HckmounB  3BEHO € MAUIOW IIOCTOSIHHOM BpPEMEHH, JIErKO  OIPEICIUTb
ONTUMAJIbHBIN TIO OBICTPOACHCTBUIO 3aKOH yripaBieHus. OH 3a7a€TCsl paBEHCTBOM

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

OnTuMansHOE MO OBICTPOACHCTBUIO YIPABJICHHE pENCHHO Kak B 0a30BOM,
TaKk U B UCXOAHOW cucrteMax. OJHAKO B MCXOAHOW cuUCTeME Ha BXOj 0a30BOH
nepenaToyHol (QyHKIMK mocTynaer koopauHaTta Y1 (), koTopas “criaxuBaer”

peneitabiii curaan U(t) (puc. 2).

A u’ yl

Y1

| — 1 Q

v

c
—

Puc. 2.



Tak xak 71 <<Tp, T0 6a3oBas cucrema 00NagaET CYLIECTBEHHO OOJbLIEH

“MHEPLUMOHHOCTBIO”, 4YEM JIOMOJHUTEIBHOE 3BEHO, T.¢. 0a3oBas cucreMa
NPaKTHYECKH HE pearupyeT Ha GopMy OBICTPBIX M3MEeHeHH kKoopauHatel Y1 (1), a

“OTCIeKMBACT’ WX CpeAHEe 3HaueHHe. OJTO TMO3BOJSET MNPUONMKEHHO YUECTh
BJIMSIHUE JOINOJIHUTENBHOIO 3B€HA, 3aMEHUB €0 3B€HOM 3amnas3zbiBanus. Ha puc. 2
OYHKTUPOM  M300pak€Hbl  3ama3[bplBalOIIME€  MOMEHTBl  IEPEKIIOYEHUS,
KOMIICHCUPYIOIINE BIUSHUE MAJION MOCTOSHHO BpeMeHUu. ClelyeT OTMETUTh, U4TO
BBEJICHUE 3ala3/iblBaHUsl SBJSIETCS PACIPOCTPAHEHHBIM TMPUEMOM, KOTOPBIN
UCIOJIB3YETCSl TPU  aNMpPOKCUMAlMM CHCTEM BBICOKOTO TOPSAAKAa MOJAEISAMU
HU3KOTO MOPAIKA.

Bocnonb3yemcst U3BECTHBIM CIIOCOOOM CHHTE3a CUCTEM C 3amla3blBAHUEM,
KOTOPBIN 3aKJII0YAETCS B TOM, UTO B 3aKOHE yrpasiieHus (1) TeKylne KOopANHATHI
Y3 ¥ Yo 3aMEHSIOTCS YNPEXKIEHHBIMH Ha 3amas3abiBaHue 7. OIHAaKo BMECTO

TPAOULIMOHHOM JUIA TaKuX 3a7ad CXEMbl YIPEKICHHs, OCHOBAHHOW Ha
UCIIOJIb30BaHUU (bopMyIibI Komm  pemienus CUCTEMBl  JIMHEHHBIX
nuddepeHIMATbHBIX YpaBHEHUM, OyieM UCIIONb30BaTh psaf Teinopa (Tpaekropus
peNeHOll CUCTeMBbl HE SIBISETCS aHAJIUTUYECKOW (PyHKLIMEW, U, CTpPOTro TrOBODS,
OHa HE MOXeT ObITh HpeAcTaBieHa psjaoM Teilsopa; onHAakKO HUXE OyIyT
WCIIOJIB30BaThCA TOJBKO TAKUE NPOWU3BOAHBIE, KOTOPBIE I JAHHOM CHUCTEMBI
CYILIECTBYIOT M HenpepbiBHBI). OrpaHUYMBasCh NMEPBBIM WICHOM psna Teisopa,
MOYHO 3aIlliCaTh

y3(t+7)=y3(t) + >(;3t(t) :

d Y2(t)
dt

W3 nepenaTounoit GyHKIIMK CUCTEMBI CIIEYET, YTO

dysz dy, 1
a1 V2 4y —TZ(Y1 y2).

3amensis B 3akoHe (1) Texyine KOOpAUHATHI Ha YIIPEXKAEHHBIE, TOIYYHUM

Yot+7) =y (t) + —=—

i 1
u=—Asign| yz3 + Yo7 —¢| Y2 +€(Y1—Y2)T : (2)

OTtMeTuM, 4TO B 3aKOH ympaBiieHUs (2) BXOIAT Bce (Ha30BbIE KOOPIUHATHI
oObekTa. M3 mpuBENEHHBIX BbBIIIE PACCYKACHUM CIEAyeT, 4TO NpPHU MPABUIBHO
NoJ00paHHOM 3HAYEHUU 3ana3[bIBaHUs 7 3aKOH yIpaBieHus (2) AOCTaTO4YHO
TOYHO YYHUTHIBAECT BIUSHUE MAaJON INOCTOSSHHOW BpEMEHU [1, T.€. €r0 MOYKHO

paccMaTpuBaTh B Ka4eCTBE MPUOIMKEHHOTO ONTHMAILHOTO 3aKOHA YIIPaBJICHUS
00BEKTOM, N300paKEHHOM Ha puc. 1.

OcTaHOBHMCSI Ha CHIoco0€ OmpesesieHus 3ara3abiBaHus 7. VM3BeCTHO, 4TO
JUISE  pacCMaTpUBAeMOTO OOBEKTa TOBEPXHOCTh IEPEKITFOUCHUS TPEACTABIISICT
c000if COBOKYITHOCTh MIYIIUX B HAYAJI0O KOOPIWHAT ONTUMAIBHBIX TPACKTOPUH, HA
KOTOPBIX JIOMYCKAETCsS OJHO INMepeKiIroueHue yrpasienus. C Apyroi CTOpOHBI, B
peneiiHoN cucteme (HeoOs3aTeIbHO ONTUMAIBHOM) JBHXKCHHE 10 MOBEPXHOCTH



NEPEKIIIOUEHUST BO3MOXKHO B CKOJIB3SIIEM pexuMe. Tak Kak OnTUManbHas
MOBEPXHOCTh TMEPEKITIOYCHHUS COCTOUT W3 TPACKTOPHH JBMKEHHUS, TO €€ MOXKHO
paccMaTpuBaTh Kak TPEICIBbHYI0 TOBEPXHOCTh CKOJBKCHHUA. 3HAYCHHE
3ama3plBaHus 7 OyneM BBIOMpaTh TaK, YTOOBI MOBEPXHOCTH MEPEKIIOYCHUS,
peanu3ymomias 3aKoH yIpaBiieHus (2), Takke Oblla IpeaeiapbHol (B paMkax
3aJJaHHOW CTPYKTYPHI) MOBEPXHOCTHIO CKOJBKCHHS. DTO SIBISACTCS KOCBEHHBIM
KpUTEprUEeM OJIM30CTH TIOBEPXHOCTH TEPEKIIIOUEHUs, BXOJAIICH B 3akoH (2), K
CTpPOTO ONTUMAJIbHON TOBEpXHOCTH. IIpm TakoMm BBIOOPE 7 TpPaEKTOpPHUH,
MOpOKJaeMble 3aKOHOM (2), MMEIOT XapakTep CTPOro ONTUMANbHBIX: (azoBas
TOYKAa O0BEKTa CHaydaja BBIBOJUTCS HA MOBEPXHOCTH MEPEKIIOYCHHS, a 3aTEM IO
MOBEPXHOCTHU MEPEKITIOYCHUS TIEPEBOAUTCSA B HAYAJIO KOOPIUHAT.
B cooTBetcTBUM ¢ paboToii [1] Ha MOBEPXHOCTH MEPEKITIOYCHHUS

1
Y3+ Y2r—9| Y2 +T—(Y1—Y2)T =0 3)
2
yCHOBI/IH CYHICCTBOBaHI/IH CKOJIB3AICIO pe)KI/IMa 3a4a0TCA HepaBeHCTBaMI/I
d 1
qr| Y3 T YT 9 V2 +—(y1 - Y2)7 >0,
t Tr
Jlu=A
d 1
| Y3+ Y2r—¢| Yo + —(Y1-VY2)7 <0.
dt T,
L Jy=—n
Beimonaus auddepeHnupoBanue, moJyduM COOTHOIICHHUS
T T o 7 |1 op v 1
m1- o+ Ly - Sy -y - 22 T (A—y) >0,
T Y2 T, Y1 5 T, (Y1 —Y2) 027, Tl( Y1)
T T op 11 op v 1
1-— + — - 1l——|— — + - — —(A+ <0,o 4
T, y2 T y1-7, . T (Y1 —y2) 51T, T1( y1) (4)
rac
1
Z=Yy +—(y1-Y2). (5)
Ty

OtmeTuM, 4TO HepaBeHCTBA (4) MOJDKHBI BBIMOJHITHCS B KaXKIOM TOUKe
noBepxHocTH (3).

Tak kak 3ama3gbIBaHUE 7 BXOOUT B YCIIOBUS CYILIECTBOBAHUS CKOJB3AIIEIO
pexuma (4), TO A ONpENENEHUS MNPENEIbHOW TMOBEPXHOCTH CKOJIbXKEHUS

HeoOXOIMMO HAWTH TaKoe 3aIa3ibIBaHUe 7°, JF000C Majgoe H3MEHEHHE KOTOPOTO
MIPUBOIUT K CPBIBY CKOJIB3SIICTO PEKAMA JTBUKCHHSL.
OG6o3HaunMm JeByro 4Yacth cooTHomeHui (4) W(yq,Yp,U,7) (mis

CTaTUYECKOTr0 00BEKTa KOOPAMHATA Y3 TAaK)Ke BXOAUT B YCJIOBHUS CYIIECTBOBAHUS
CKONB3AIIeT0 pexkuMma; mnpu  ompenenenun  ¢ynkumu  W(yq,Yo,uU,7) eé
HEO0OXOJUMO BBIpa3uTh U3 ypaBHeHMs (3) uepe3 Yyq u Yo). M3 mepenatounoi
(GyHKIMN 00BEKTa CleayeT, 4To (pa30Bble MEPEMEHHbIE Y1 M Yo H3MEHSIOTCS B
npenenax



- A<y <A, -A<y, <A. (6)
O6uacTb, BbIICISIEMYIO HepaBeHCTBaMU (6), 0003HauuM D . ITycthb
R(r)= min W(y1,y2,7,A),

(y1.¥2)eD
R (T) = max W(y]_’ y2,T,—A)-
(Y1.Y2)eD
Herpynno Buners, 4o
R™(r)=-R(z).

BenuuuHa 3amasiblBaHus 7, IPU KOTOPOH IIOBEPXHOCTb (3) sABJsAETCH
IIPENEIBHON IOBEPXHOCTBIO CKOJIBKEHUS, YOBIETBOPSAET YPABHEHUIO

R(z*)=0.
Ha puc. 3 nzo0paxén rpaduk pynxmmu R(zr) mpu 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 ympasieHus. JlJis COOTBETCTBYIOIIUX Y1, Y2, KaK HEMOCPEICTBEHHO

cienyet u3 (4) u (5), 1eBbIe YaCTU COOTHOIIEHUM (4) TpH 1I0OOM 7 paBHBI HYIIO.
OTuM U 00BsACHsETCS Hannuue Ha rpaduke pyHkuu R(7) ydacTka, Jexaiero Ha

OCH T.
R
0,5
0
-
0 0,01 0,02 T,C
Puc. 3.
Hpyroii cmoco0® ompeneneHus] 3ama3AblBaHUS 7 OCHOBBIBAeTCS Ha
NpUpPaBHUBAHWM  IUIOMIAZACH  KPUBOJMHEMHOTrO  TpeyroibHuka  acl u

npsiMmoyrosibarka acdb (cm. puc. 2). Jlerko yoenuThCs, 4TO 3amna3abIBaHUE 7, €CIIH
€ro ONpeAeNsATh YyKa3aHHbBIM CcIocoOoM, paBHO Tq. bomee Toro, ecau

JOTIOJIHUTEIbHAS CHCTEMA COCTOMT U3 K amepuoanyecKuX 3BEHBEB, BKIFOUEHHBIX
IOCJIEAOBATEIbHO W HMMEIOIIMX IIOCTOSHHBIE BpemMeHu 1[q, To, =~ , Ty, TO

3anazapiBaHue =11 +To +K +Tg. OrmeruMm, 4Yro 118 paccMaTpuBacMoOro

o0BekTa 06a crmocoba ar0T MPUMEPHO OJMHAKOBBIN pe3ybTarT.
Ha puc. 4 u3o0OpakeHa ocruuiorpaMma OTpaOOTKH CHUCTEMOW (C 3aKOHOM
yIrpaBiieHHs (2) HayaJbHOTO PaccoriiacoBaHUs Mo KoopauHate Y3. M3 pucynka

BU/IHO, 4YTO KoopnauHara Yq(t) mMeeT aBa M3IOMa, YTO COOTBETCTBYET JABYM



MEPEKIIIOUYECHUAM YIIPaBIeHUs. [IUTEIbHOCTh MEPEXOIHOTO MPOILECCa MPU ITOM
MPAKTUYECKUA HE OTIMYAETCS OT CTporo ontumaibHou. MccnenoBanue Ha J1[BM
3aKOHa ynpaBieHUs (2) IIpU pa3IMUHBIX 3HAYEHHSIX IIOCTOSHHBIX BpEMEHH 11 U 1)

MOKA3bIBAET, UTO YKAa3aHHBIN MMOJX0]I MOKHO YCIICIIHO UCTOJIb30BaTh MPU Pa3HOCE
MIOCTOSTHHBIX BPEMEHU B MSTh U OoJiee pas.
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Puc. 4.

W3noxeHHbII Ha KOHKPETHOM TIPUMEpPE Crmocod yuéTa TpU CHUHTE3E
ONTUMAJIBHOTO YIPABJICHUS MaJIbIX TOCTOSHHBIX BPEMEHH MPAKTUYECKU 0e3
W3MEHEHUI MEePEHOCHUTCS Ha ClIydail 1000 6a30BOMl mepeaatoyHo (yHKINH, a
TaKKe Ha Cciaydaid Jro00ro mopsiika BCIOMoOraTeiabHOM cucteMbl. [lpu 3ToMm,
yHOpexaas KOOpAUHAThl 00bEKTa, MOKHO MCIOJIb30BaTh TAKOE YMCIIO YWICHOB Psiia
Teisiopa, KOTOpOE COOTBETCTBYET MOPSANKY BCIOMOTATEIBHOW CHCTEMBI. JTO
MO3BOJISIET BKJIIOYHMTHh B 3aKOH YINpaBlieHUsd Bce (ha30Bble KOOPAMHATHI OOBEKTA.
Ecnmu nipu dhopmupoBanun yrnpexaeHus UCIoNb3yoTes K wieHoB psga Teitnopa,
TO TaKOE€ YNPEXKIeHUE OyJeM Ha3bIBATh YIPEXKICHHEM K -ro TopsiiKa.

Ha puc. 5 nzo0pakeHa CTpyKTypHas cxema 00beKTa, y KOTOporo 0a3zoBas
nepenarouyHas (QyHKuus ocraéred mpexHed, T.e. T1<<Tp, Tp<<Ts.

Bocnonb30BaBIIMCh Ui YIIPEXKACHUS KOOPAUHAT IBYMs 4dieHamu psnpa Teumnopa,
10 QHAJIOTUHU C IEUCTBUSAMHU, IPOBEIAEHHBIMU BBILLIE, [IOJIYYUM 3aKOH YIIPABIICHUS
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3ana3apiBaHUE 7 OMPENEIUM PAaCCMOTPEHHBIMU BhIlIEe criocobamu. HeoOxommmo
TOJIBKO HWMETh B BHJY, 4YTO HE BCerJa BBEIOOPOM 7 MOXKHO OOECIeUnTh
CYILIECTBOBAHHME CKOJIB3SIIETO PEKUMa Ha BCEH MOBEPXHOCTHU NepekiatoueHus. Ha
MPAaKTUKE CYIIECTBOBAHME CKOJIB3AIIECTO pEKUMa Ha BCEM IMOBEPXHOCTHU
MEPEKITIOYEHUS, BOOOIIE TOBOPSI, HE TpeOyeTCH.

Ecnu nonosiHuTeNnbHAs CUCTEMA COCTOUT U3 alepUOJAMYECKUX 3BEHBEB, KaK
Ha puC. 5, TO BMeCTO YHPEKICHHS K-To TMOpsaka MOXKHO HCIOJIb30BaTh K
yOopexaeHud nepBoro mnopsaka. (CHayanma  yYMTBIBA€TCS  TOJBKO — OAHO
anepuoandeckoe 3BeHO. C MOMONIBI0 YIPEKACHUS MEPBOrO MOPSAKA Uil TaKOU
CUCTEMBl CTPOUTCS ONTUMAJbHBIA 3aKOH YNPABJIEHUA. ODTOT 3aKOH 3aTeM
paccMaTpuBaeTcs Kak 0a30BBIM JJII HOBOW CHCTEMBI, B KOTOPYIO BKJIIOYAETCS
JIpyroe arnepuoanveckoe 3B€HO, U T.J.
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Ha puc. 6 u3zobpaxkeHa ocuuyiorpaMMa OTpPaOOTKH CUCTEMOU 4ETBEPTOTO
nopsaka (Tg =0,01, T4 =0,02) HavasnpHOrO paccoriacoBaHMUsl.
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Puc. 6.
OnTuUMalbHBIA  3aKOH  yMOpaBlICHHUS CTPOWICA MYyTEM  ABYKPAaTHOTO
NPUMEHEHHUs yNOpPEeXACHUs TmepBoro mopsaka. Creayer OTMETUTh, dTO
MOJTy9aeMbIid TaKUM 00pa3oM 3aKOH YIpaBJIEHUS OKa3bIBaeTCs Oojiee OJIM3KUM K

ONTUMAJIBHOMY, YeM 3aKOH yrpaBieHus (7).
Ha puc. 7 wu3o0paxeHa ocuwuiorpaMMa OTpaOOTKH — HAYallbHOTO

paccorjacoBaHUsl ONTHUMAJIBHON CHUCTEMOW, Oa3oBas TmiepematodHas (QyHKITUS
KOTOPOM COBMNAJAET C PACCMOTPEHHOW BBIIIE, & BCIIOMOTAaTEIbHAS MPEACTABISACT
coboii kosiebOarenpbHOe 3BeHO ¢ mapamerpamu 1 =0,02(c), £=05. Ilpm
MOCTPOEHUU ONTUMAIBHOTO 3aKOHA YIIPABJICHUS ObLIO UCIIOIB30BAHO YIPEKICHUE

BTOPOI'O IIOPAAKA.
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Puc. 7.

Ecnu mepenatounass (yHKius oOBEKTa COAEPKUT KoJieOaTebHOE WU
KOHCEPBAaTUBHOE 3BEHO, TO, KAK M3BECTHO, ONTHUMAJIbHbIE TPAEKTOPUH OOpPa3yrOT
TOJILKO YacTh MMOBEPXHOCTU NEepekitoueHus. B aToM ciydae mpu BeIOOpE BpeMeHU
3arma3jbIBaHus 7 IO MEPBOMY CIIOCO0Y HEOOXOIUMO OPUEHTUPOBATHCSI UMEHHO Ha
3Ty 4aCTh MOBEPXHOCTH.

OnucaHHbIil BhIIE TPUEM TPHOTMKEHHOTO YYETAa MAaJbIX IMOCTOSHHBIX
BpEMEHH MOXET 3(D(PEKTUBHO HCIIOIB30BaThCI M B 0o0Jiee CIOXKHBIX 3ajJadax
ONTUMAJILHOTO YIIPaBJICHUS, HAIPUMED, €CITU TPEOYETCsl MOCTPOUTH ONITUMAITBLHBIH
3aKOH YMIPABJICHHS MPU HAIWNYUU OTPAaHUYEHUN Ha (Pa30BBIM BEKTOP CUCTEMBI WM
MIPU CHUHTE3€ ONTUMAIBHOTO YIPABICHUS JJII O0BEKTA C OTPAHUYHUTEISIMHA U T. TI.
Heobxonumo, oaHako, UMETh B BHUIY, YTO B 3ajlayax C OrpaHUYCHUSMH Ha
(Ga3oBbIii  BEKTOp CHUCTEMbl YKa3aHHBIM MPUEM MPUBOAUT K HEOOJBIIOMY
CMEIIEHUIO TPAHUYHOTO y4acTKa ONTUMAIIBHON TPACKTOPHUH. DTO MOKET BbI3BATh,



B KOHEYHOM cueTe, HapylieHue (MpaBaa, HE3HAYUTEIbHOE) 3aJaHHBIX
orpaHnueHuii. C TIPAaKTUYECKOM TOYKM 3pEHUS TaKUE HapYLICHUS BIIOJIHE
JIOITyCTUMBI.

Jajiaum 1a00paTOPHON PAOOTHI.

® TCOPCTHUYCCKOC M3YUYCHHC criocoba HpI/I6JII/I}KeHHOFO yucTa B 0a30BOM 3aKOHE

YHPAaBJIICHUSA MaJIbIX IMOCTOAHHBIX BPECMCHHU C IMOMOIIBIO 3KBHUBAJICHTHOIO 3a-
nasabIBaHUsA,

¢ DOKCIICPUMCHTAJIIBHOC MCCICOIOBAHUC ONTUMAILHOM 10 6BICTpOI[€I>iCTBHIO CHC-
TCMbI YIIPABJICHHA oe3 y4u€Ta U C YUCTOM MAJIBIX ITOCTOAHHBIX BPEMCHU

OOBEKT HCCJICAOBAHMS.

B kauectBe 00BeKTa UCCIENOBAHUS PACCMATPUBAETCS DJICKTPOIPUBO]I TOCTO-
SHHOT'O TOKa, CTPYKTypHasi CXeéMa KOTOpPOTO MPUBEICHA Ha puUC. §.
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Hcxonurie nanHbIe:

R=0,7461 i - compoTHBIcHHE OOMOTOK,
J,,=0,01 I
|

- MOMCHT MHCPIHUHU IBUIATCIIA,

-

I
J; =129 — - MOMEHT UHepLUH Harpy3KH,
|

=120 - mepegaToyHOE YNCIIO PEAYKTOPA,
J; I . y

J=J,,+—=0,019— - ocHOBHO/i MOMEHT MHEPLWH, NPUBEICHHbINA K JIBH-

|
raTelnto,

T, =0,002¢C - snexTpoMexaHU4eCKas MOCTOSIHHAS DIIEKTPOABUTATEIS,

C, - koappuuuent nporuBoI/C,

C,, - K03 UIMEHT MOMEHTA,

C,=C, =C=0,0337,

|u| <A=27B.



HOPAAOK BEIHTOJIHEHW A PABOTBI:

PacuerHast yacrhb

1. TlpuBecTH UCXOIHYIO CTPYKTYPHYIO CXEMY AJICKTPOIPHUBOA TOCTOSHHOTO TOKA
K CTpyKType puc. 1. Paccuurats 3HaueHUs NOCTOSHHBIX BpeMeHHu T, T, U Ko-
s¢duiMeHTa Mepeaayn npsMoit menu K.

2. IlomyunTh ONTUMANBHBIN 3aKOH YIPAaBJICHUS IJIs aBTOHOMHOW CHCTEMBI 0e3
ydyeTa Majoil MOCTOSHHOM BpemeHH T,. JIJIs 3TOro MCHosib30BaTh TEOpPETHUUE-

CKUW MaTepuai JJid pacyueTa JUHUHU MEepeKII0YeHUS (p(yz) Ha (ha3oBoil mioc-

KOCTH U3 JabopaTopHoit paboTsl Ne 1.

3. IoayuyuTh ONTUMANIbHBIN 3aKOH YIPABIEHUS /JI1 aBTOHOMHOW CUCTEMBI C yde-
TOM MaJIOW ITOCTOSIHHOM BpeMeHH T, .

4. Tlony4uTh ONTUMAJIBHBIN 3aKOH YIPABICHUS JIJIi CUCTEMBI C Y4€TOM MaJIol Io-
CTOSHHOM BPEMEHHM [, TpU JIMHEHHO HAapacTalOIIEM BXOJHOM CHUTHAJE

Yo(t)=0:t +9,.

MOI{CJ’IHpOBﬁHI/le HCCJ’IC)]yeMOﬁ CUCTEMbI

1. B cpene SIMULINK nakera MATLAB pa3zpaboTtats cxeMy MOAeIUpPOBa-
HUS, COOTBETCTBYIOIIYI0O aBTOHOMHOW ONTHMMAalbHOM cucTteMe 0e3 yuyera Majiou
MOCTOSIHHOM BpeMeHHU (U1 1. 2 pacyeTHOW yacTu). CHATh TpauKu MepexoHbIX
IIPOLIECCOB B ONTHMMAJIBHOM CHUCTEME aBTOMATHYECKOTO PETYJIHPOBAHUS a)(t),
o(t)u(t).

2. B cpene SIMULINK makera MATLAB paspaborats cxemy MOJeIHpOBa-
HUS1, COOTBETCTBYIOU[YI0 aBTOHOMHOM ONTUMAJIbHOM CUCTEME C y4E€TOM MaJloi mo-
CTOSIHHOW BpemeHHu (i m. 3 pacueTHOM yactu). CHATh rpaduKu NepexoqHbIX
IIPOLIECCOB B ONTHUMAJIBHOM CHUCTEME aBTOMATHYECKOTO PETyJIHPOBAHUS a)(t),
o(t)u(t).

3. B cpene SIMULINK nakera MATLAB paspaborats cxemy MOJeIHpoOBa-
HUS, COOTBETCTBYIOUIYI0 ONTUMAIBHONW CHCTEME C YYETOM MAaJiOM TMOCTOSIHHOMW
BPEMEHH IIPU JIMHEHHO HAPACTAIOIIEM BXOJIHOM CUTHalE Y, (t) =0t + 9, (must . 4

pPacyeTHOM 4acTH).
e CHATh TpadUKN NEPEXOIHBIX MPOIECCOB B ONTUMANILHOM cHCTeMe aBTo-
marudeckoro peryiuposanns o(t), @(t)u(t), nomoxus ¢, =0 u

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

e CHATh TpadWKH NMEPEXOIHBIX MPOIIECCOB B ONTUMAIHHON CHCTEME aBTO-
MaTUYECKOTI0 PEryJIUpOBaHUs a)(t), (p(t) u(t), nonoxuB Q; =10 u

OTYET 1O TABOPATOPHOU PABOTE JIOJDKEH COJIEPXKAT:

1. OOGBeKT HCCleoBaHusl, €r0 CTPYKTYPHBIE CXEMbl M HCXOJHBIE JTAHHBIC
JUTA pacyera.



2. Pacyer nuHUM mepeKIoYeHus L; ¥ ONTUMalbHOTO 3aKOHA YTMpaBJICHHS
11 aBTOHOMHOM CUCTEMBI 0€3 ydeTa MaJloil IOCTOSTHHOM BPEMEHHU T, .

3. Pacuer onTuMalbHOrO 3aKOHA YIpaBJIEHHs Al aBTOHOMHOM CHCTEMBI C
Y4ETOM MAaJIO¥ MOCTOSIHHOM BpEMEHH T, .

4. PacueT onTHMAJILHOT'O 3aKOHA YIpaBJICHUA OJISI CUCTCMBI C YICTOM MaJiou
MMOCTOSIHHOM BPpCMCHHU Tl IIpu JIMHEHHO HapaCTaromecM BXOAHOM CHIHAJIC

Yo(t)=0it+0,.
5. Cxembl monenupoBanus B cpeae SIMULINK makera MATLAB u rpadu-
KH TIEPEXOAHBIX TPOIIECCOB B ONITUMAJIBLHONW CHCTEME aBTOMATHUECKOTO PETYIINPO-

Bauus (1), ¢(t) u(t) Mt BeeX IMYHKTOB SKCIICPHMEHTANBHOI YacTH.

KOHTPOJIbHBIE BOITPOCHI.

1. Cno)XHOCTh CHHTE3a ONTHUMAJBHBIX CHCTEM BBICOKOTO TOpsaKa (TIPOKIISATHE

pa3MEpHOCTH).

ba3oBbIie 1 BCTIOMOTaTEeIIbHBIC CUCTEMBI.

3. [lpubnmxkeHHbIH y4eT B ONTHMAIBHOM IO OBICTPOJIEHCTBHUIO 0a30BOM 3aKOHE
YIPABJICHUS MAJIBIX MIOCTOSTHHBIX BPEMEHHU.

4. CrniocoObl BRIOOpA SKBUBAJIEHTHOTO 3aIla3/IbIBAHMUS.

N
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