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BBE/JIEHHUE

JlanHbI 1a00paTOPHBIN MPAKTUKYM BKJIIOYAET MATh BUPTYAIbHBIX paldOT U
OCHOBAH Ha UCIOJIb30BAHUU CUCTEMBI Hay4YHBIX M UHXKEHEpPHBIX pacueToB MATLAB.

AHanu3 U cCUHTE3 cucTeM aBTomMaTudeckoro ympasieHus (CAY) conpskeHsl ¢
OOJBIIMM 00bEMOM TEOPETUUECKUX U IKCIIEPUMEHTAIBHBIX paboT MO UCCIEI0BAHUIO
nx guHamMukd U TouHocTh. Cucrema MATLAB saBiasgercd omHuMm u3 HauOoliee
(G ()EKTUBHBIX  IKCIIEPUMEHTAIBHBIX CPEACTB, TO3BOJIIONIMX CTYJAEHTaM B
JTMAJIOTOBOM PEKUME OBICTPO M HATJISAIHO MOTydaTh HEOOXOAMMBIC OIICHKH KadeCcTBa
CAY xak BO BPEMEHHOW, TaK M B YacCTOTHOW 00NacTsIX. YKa3aHHas CHUCTEMA
MTO3BOJISIET 32 KOPOTKUHM MPOMEKYTOK BPEMEHU HA BUPTYAIbHONW MOJICTH BBITOJTHHUTH
00Jb1I0I1 00bEM SKCIEPUMEHTOB C MIMPOKMM H3MEHEHHEM mapaMeTpoB. Takum
o0pa3oM, y CTYJIEHTOB TOSBISICTCS BO3MOXKHOCTh BCECTOPOHHE M3YYHTh JTUHAMUKY
tunoBbix CAY (crnensdmux, CUCTEM CTaOWIM3alliU), JTUHAMHYECKHE HCIIBITaHUS
KOTOPBIX C TIOMOIIBIO pEalTbHBIX CTEHJIOB JIOPOTH, CIOXHBI U TPeOYIOT
3HAYUTETHFHOTO BPEMEHU Ha MOJydeHHE U 00pab0TKy U3MEPUTENbHON HH(OPMAITUH.

JIsi MMUTAlIMOHHOTO MOJICJIUPOBAHUS KAaK JIMHEWHBIX, TaK M HEJIMHEHHBIX
muHamuaeckux cucreM MATLAB wucnonp3yeT cnenualu3upoBaHHOE CPEACTBO
monenupoBanus — SimuLink. Co3ganue BUPTyalbHBIX MOJCIUPYIOIIMX CTCHIOB B
nakete SimMuLink ocHOBaHO Ha HCHOJB30BaHMU TexHonorun Drag-and-Drop
(mepetam U ocTaBb). B KauecTBe “KUPHOUYUKOB” [JIi TOCTPOEHHUSI MOeieit
NPUMEHSIOTCS OJIOKHM, XpaHsmmecs B OubOmmoTeke SimuLink. Bron xapakrepuctuk
ucciaenyemoir CAY mnpou3BOOUTCS B JIUAJIOTOBOM pEXKUME IMyTeM TIpaduuecKkon
COOpPKHM CXEMbI COEIMHEHUH JJIEMEHTAPHBIX CTAaHIAAPTHBIX 3BEHbEB. [lomydeHHas
MOJIeNIb XpaHHUTCs B ¢aitne ¢ pacmupenuem .mdl.

B xome momenupoBaHHs MMEETCSs BO3MOXKHOCTh HaOMIOAaTh 3a TpaduKkamu
MPOIIECCOB, TMPOUCXOIAIUX B cUCTeMe. [l 9TOro HMCHONB3YIOTCS CIelUalbHbIC
CMOTpPOBBIE OKHA, BXOAsIIMe B OMOaroTeky SimuLink.

[TocTpoeHue OCHOBHBIX 4acTOTHbIX XapakTepuctuk (UX) CAY, Takux kak
rogorpad amrmuTynHo-dazoBor UX, nporapupmMudeckue aMILTUTYIHbIE U (Pa30BbIe
YX, mpou3BOIUTCS C TIOMOIIBIO TTAKeTa MPUKIaAHbIX mporpamMm Control ToolBox.

Jlst mocTpoeHus JorapuMUYECKUX aMIUTUTYIHBIX U (a3oBbix UX peneitHbIx
CHUCTEM II0 TEpPBOM TapMOHUKE BBIXOJHOTO CHUTHAJIA HCHOJB3YETCS CIEIUaIbHO
pa3paboTaHHBIN OJI0K, BKJIFOUEHHBIN B makeT SimuLink. biok peanusyer cpencrsamu
SimuLink crioco0 pacuera mepBOd rapMOHHMKH IMOYTH MEPHOAUYCCKOTO BBIXOIHOTO
CUTHajJa pEJEeHHOM CHUCTEMBI, OCHOBAHHBIM Ha pasyioxeHun B psag Dypee. ITOT
Ccroco0 HE BHOCUT JIOMOJIHUTEIBHBIX aMIUIMTYIHBIX M (Pa30BbIX HCKAKCHUU B
OTJIMYME OT U3BECTHOI'O METOJ]a 00paOOTKH BBIXOJHOTO CUTHAJIa aBTOKOJIEOATEIbHOM
CUCTEMBI C MOMOUIBI0 (PHIIbTpa HU3KOM 4YacTOoThl. [IpuMeHeHHe yka3zaHHOro OJioKa
MO3BOJISIET 3aMETHO CHU3HUTH TPYJIOEMKOCTh TIOCTPOCHHS OSKCIEPUMEHTAIBHBIX
JIAOUYX peneitHbIX aBTOKOJCOATEIBHBIX CHUCTEM M OOJBIIE BPEMEHU CTyACHTaM
YACIUTDH MPAKTUYECKOMY OCBOCHHIO METOJIOB aHAN3a TUHAMUKHI CHCTEM.



1. llesn u 3agaun MccjaeI0BaHUA.

[lenp uccienoBaHusi — NPaKTHIECKOE U3yYCHUE TUHAMHUYECKUX BO3MOKHOCTEH
nuHerHou cnensmei cucteMbl (CC) ¢ MponopHuoOHAIBHBIM YIIPABICHUEM; aHAIU3
BIIMSIHUS JOTIOJTHUTENIbHBIX OOpATHBIX CBsA3eH Ha TMHAMUKY U ToUHOCTH CC.

JlocTrxkeHre MoCTaBICHHOM eI CBA3aHO C HEOOXOAUMOCTBIO PEIICHUS
CICAYIOITUX 3aJ1ay:

- orieHku yctoiunBoctu CC,

- OLICHKY TOYHOCTH CJICKCHUSI B YCTAHOBUBIIIEMCSI PEKUME;

- OLICHKU Ka4eCTBa PEryJMPOBAHUS B IIEPEXOTHOM PEKUME.

2. TeopeTuveckue cBeIeHMSI.

2.1. Omnpenenenue nokasareneit TOUHOCTH U ycroiunBoctu CC.

Paccmorpum  CC  06a3ze  2JIEKTPUYECKMX MAIllMH  TOCTOSIHHOTO — TOKa,
IIPUHIMIKAIBHAS CXeMa KOTOPOU IpecTaBieHa Ha puc. 1.
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Puc. 1. [IpunnunuansHas cxema caensment cucremol: C/[ — cenbcun-narunk; CII —
CEJIbCUH-TIPUEMHUK; DY — DJIEKTPOHHBIM YCWIHTENb;, OMY — 3JIeKTpOMalIuHHBIN
ycunurens; /| — nBurarens; P — pexykrop.
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3necy o0o03HaueHo: 6@

ex’!

M_,J, - yrom moBopoTa BXOJHOTO Baya, yroil

II0BOPOTa BBIXOJHOI'O BaJla, MOMEHT CWJI CONPOTUBIICHUS, MOMEHT HWHEPLHH
Harpy3ku COOTBETCTBEHHO.

MareMaTtuyeckoMy ONUCaHWI0 (YHKIMOHUPOBAHUS JaHHOM  clieasuiei
CUCTEMBI C MOMOILBIO JUHEHHBIX AU (epeHInanbHbIX YpaBHEHUNH COOTBETCTBYIOT
CIIeIyIOIKe CTPYKTYpHas cxema (puc.2) U cxema MoJeupoBanus B makere Simulink

(puc 3).
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Puc. 2. CtpykTypHas cxema clnesiieil CHCTEMBI.

3mece  obosnHaweHo: ¢ - ommbka paccormacosanus; K, K, K, K,

Kod(puIMeHTs TIepenaun celbcUHHOW mapsl, JY, OMYVY, JI cooTBEeTCTBEHHO; (-
IepeiaToyHoe OTHOWICHHE peaykropa; T, T, - mocrosHHbIE BpemeHn DMV u /[
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Manual Switch4

P

Manual Switch3  Ground

Puc. 3. Cxema monenupoBanus CC.

CrpykrypHoit cxeme CC  COOTBETCTBYIOT  CJHEAYIOIIME  OCHOBHBIC
nepenatoynbie ¢GyHkiuu (I[1D), koTopble HEOOXOMUMBI JiS aHAIU3a JAUHAMUKH
CUCTEMBI:

- [1® pa3oMKHYTON CUCTEMBI

® K
w(p)= el P _ , @
o(p) (Tp+H(T,p+p
rie K=K;-K, K, -K, q
- I1® 3amxnyTOM cucteMsl ipu M, =0 (ryiaBHas 11D)
® W K
CD( p) — 8blx( p) — ( p) _ . (2)

®,(p) 1+W(p) (T,p+L(T,p+Yp+K’



-I1® 3amxnyToit CC mist ommbku (mpu M, =0)
) 1 (Tap+D(Tp+1)p
Dy(p)=2P). S e U NC)
0,(p) 1+W(p) Tp+)T,p+)p+K
PaccmatpuBaemas CC sBIseTCSs acTaTHMYECKOH (C acTaTH3MOM IIEPBOIO

MOpsI/IKA) 10 OTHOIICHHIO K BXOJHOMY CHUTHAITy. BXOAHOH CTyneHuYaThlii CUTHA TIpU
OTCYTCTBUM Bo3Mymatomero momeHta (M, =0) orpabaTbiBaeTcs cHCTEMON C

HyJleBoM ycraHoBuBIIeics ommOkoil. Ilpy M_ #0 wumeer MecTo mNOCTOSHHAsA

OLIMOKa.
B ycraHoBuBIIEMCS pekuUMe OTPAaOOTKM PABHOMEPHOIO BXOJHOIO CUTHANA
0, =Qt, xorga BxogHOW M BeIXOAHOM Banbl CC BpamarwTcs C IMOCTOSHHON

ckopocTeio Q2= pé, , u3 (1) umeem

Q=K@ wmu Q/0 =K. 4)

CootHotienue (4) MOXXeT ObITh OJYYEHO U U3 aHalu3a (3) B yCTaHOBUBIIIEMCS
pexuMe.

OTHOLIEHUE CKOPOCTU BpaiieHus BbixoAHOTo Baa (CC K yCTaHOBUBIIEHCA
ommnOKe 6 Ha3bpIBACTCsS TOOPOTHOCTBIO IO CKOPOCTH, KOTOpas YHCICHHO paBHA

bLx 0

KO3 PHUIMEHTY YCHUIICHUS Pa30MKHYTOM CUCTEMBI 1 UMeeT pa3mepHocTs [ 1/C]:
D=Q/0 =K . (5)

OTtcroa ciaeayer, 4To 3HaY€HUE YCTAHOBUBILICUCS OIIMOKU CIEKEHUSI 00paTHO
MPONOPIIMOHANIBHO BEIWYUHE J00poTHOCTU. Takum 00pa3om, sl TOBBIIICHUS
touHocTH CC cieayeT MoBbIIATh €€ J00POTHOCTD.

B cootBetrcTBUU ¢ (2) MMeeM ClEAyIOlIee XapaKTEPUCTUUECKOE YpPaBHEHHUE
3aMKHYTOW CHCTEMBI

T.T,p°+(T, +T,)p’+p+D=0. (6)

AnreOpanyeckuid kputepuid Payca-I'ypBuiia mno3Bosiger, He mnpubOeras K
pacueTy KopHel ypaBHeHus (6), onpenenuts ycronunBocTh CC ¥ MOTyYuTh B 0011IEM
BUJIC COOTHOIIEHHWE MEXIy IMapaMeTpaMu CHUCTEeMbl (MIOCTOSHHBIMU BpPEMEHH,
JTO0OPOTHOCTHIO) MIPU KOTOPOM MPOIECCHI B HEM OyAyT yCTOMUHBBIMH.

B paccmarpuBaeMoM cilyda€ CHUCTEMBI TPETHErO MOPSAKA 3TOT KPUTEPHUI
dbopMupyeT HEOOXOJUMBbIE W JOCTATOYHBIE YCIOBUS YCTOWYMBOCTH B BHJIE
MOJIOKUTEIBHOCTH  KOX(PIUIIMEHTOB ypaBHeHUs (6), a TakKe HEpPaBEHCTRBA,
CBSI3BIBAIOIIETO BHYTPEHHHUE M BHEITHUE KOA(PDUIIUESHTHI 3TOTO YPaBHEHUS:

T, +T,
(T +T)>D-T T, umu D<—=—. (7)

g d g d T

g d
[TpakTnuecku BenuuumHa D momikHa OBITH BbIOpaHAa 3HAYUTENIBHO MEHBIIE
npaBoil yactu HepaBeHCTBA (7), YTOOBI MOJYYUTh TpEOyEeMbli 3amac yCTOMYMBOCTH,
KOTOpbI OyJleT KOMIIEHCHPOBATh BIMSHUE HEYYTCHHBIX IOCTOSIHHBIX BpPEMEHH
(Hanpumep, SJIEKTPOMATHUTHOM MOCTOSIHHOW BpeMeHH sikops asuratens). M3 (7)
CJelyeT, YTO JJIA yBeJMuYeHHus 3amacoB ycronuuBoctd CC (WM A yBelUYeHUs
JO0OPOTHOCTHU NPU COXPAHEHUM TEX K€ 3allaCOB) HYKHO CTPEMHUTHCS K YMEHBIICHHIO

MOCTOSTHHBIX BPEMEHU Tg Ty
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Opnnako koppekTupoBaTh napameTpbl CC He Bcerja BO3MOXKHO HIIM BO3MOXKHO,
HO B Y3KHUX IMpejenax. B TakoM ciiydae ynpapisiiOIIMA CUTHANl CUCTEMbI JIOJDKEH
U3MEHATBCS MO JIPYroMy 3aKOHy; JJIA 4Yero, Hampumep, B CHUCTEMY BBOJSTCS
BHYTPEHHHUE CBSI3H, TO €CTh KOppeKkTupyercs ctpykrypa CC.

2.2. Ucnonb30BaHUE AOMOJIHUTENbHON 00paTHOM CBSI3U MO CKOPOCTH.

PaccmoTpum Kak BIMSIET HA TOYHOCTh M ycToMuuBOCcTh CC AOMOMHUTENBHAS
oTpullaTebHas OoOpaTHas CBS3b MO CKOPOCTU BBIXOJHOTO Baia (puc.4, pa3soOMKHYT
KJIFOY 2, 3aMKHYT KJIt0Y 4).

=

Vhod

— | L N
S

Math Integrator2 Display
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=D
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Sine Wave Gain2

Switch2 Ground2
-’_
t&*@—* > ! +»
= = 0.05s+1

Constantl Swnch:llnput Point A Gain Transfer Fcn
2 Switch 0
./ Switch 1

Ramp o< : }"—
—*\4——@

Switch4 Groundl

(i

Output Point

Integrator4 Vyhod

Rampl Integratorl

Switch3 Ground

Puc. 4. Cxema monenupoBanusi CC ¢ OTMOTHUTEIbHBIMA OOpPaTHBIMU CBSI3SIMHU.

OtpuiarenbHas oOpaTHasi CBA3b IO CKOPOCTH B COBOKYIHOCTH C TJIaBHOM
0o0paTHOM CBSA3BIO MO3BOJIAIOT (OPMHUPOBATH YIPABIECHUE HA HCIOIHUTEIHHOM
JBUTATEJIE HE TOJBKO C YYETOM TEKYIIEro yrjoBOrO IOJOKEHUs HArpy3Ku, HO U C
Y4E€TOM TEHACHIMU K €r0 M3MEHEHUIO. YKa3aHHas CBA3b PEAJTU3YETCS C MOMOIIBIO
TaxOreHepaTopa, YCTAHOBJIEHHOI'O Ha BBIXOJHOM Baixy cucreMbl. CHrHanm ¢ ero
BBIX0/Ia NIOJIA€TCS Ha MHBEPTUPYIOIIHNM BXOJ 3JIEKTPOHHOTO YCHUIIUTEISL.

[1®D pa3oMKHYTOM CUCTEMBI B JAHHOM CJIy4ae NPUHUMAET BUJ:

W(p) =~ , ®
T, TP +(T, +Ty)p” + L+ k,K)p
rae K, - koadduiment, xapakTepu3yIomuil BIUSIHAE CUTHAJA, TPOIOPIIMOHAIBHOTO
CKOPOCTHU BBIXOJTHOTO BaJja.

B ycTaHoBuBIIEMCS pEXUME CIEKEHUS 32 PABHOMEPHBIM BXOJIHBIM CUTHAJIOM
B COOTBETCTBUHU C (8) umeeM

1+kK)-Q=K-0, nmu D, =

K
—<
1+k,K
OTtcrofa cieayer, 4To MPU BBEACHUHM JOMOJHUTEIHHOW OOpaTHOW CBS3HM IO

CKOPOCTU JOOPOTHOCTh CKOPPEKTUPOBAHHOW CHCTEMBI YMEHBIIIACTCS TI0 CPAaBHEHUIO
¢ noopoTHOCThIO HcxoaHoM CC.

D. 9)



XapakTepucTUYECKOE YpPaBHEHUE CKOPPEKTHUPOBAHHON 3aMKHYTOW CHCTEMBI
PUHUMAET BUA

T.T,p°+(T, +T,)p° +(@+k K)p+K=0. (10)
[Ipumensia anreOpanyeckuil KpUTEpUld yCTOMYMBOCTH, mnomy4yaeMm, 4yto CC
OyJleT yCTOMYMBOM, eCiIu
K - T, +T, |
1+k,K T,-T,
HepaBenctBo (11) mokaseiBaeT, uto BBeaeHne B CC  [10NOJHUTETHLHOU

OTPHUIIATEILHOW OOpaTHON CBSI3W MO CKOPOCTH YBEIWYHMBACT 3arachl YCTOWYHMBOCTH
cucreMbl. Pexomennyercst koapduuueHt K, BpIOMpaTh Tak, 4ToOBl 0OeCHEeUnBaICs

(11)

3amnac 1o ¢aze Ap = 30° + 40° u 3amac o amrutyae AA=3+410.

2.3. Mcnonb3oBaHKe JOMOIHUTEIBHOW OOPaTHOM CBS3U MO YCKOPEHUIO.

BmecTo pomonHUTENbHONM OOpaTHOM CBSI3W O CKOPOCTH, JUISl YIIYYIICHHS
ycrounBoctd CC MOXKET BBOJMUTHCS JOMOJIHHUTENbHAsI OTpUIlaTeIbHas OOpaTHas
CBSI3b 10 YCKOPEHUIO BBIXOJIHOTO Bayia (puc.4, 3aMKHYT KJTt04 2, pa30MKHYT KIt0Y 4).
Ee MOXHO OCyIIECTBUTh, HallpuMep, ¢ NOMOLIBIO AU(P(HEPEHIUPYIOMIETO KOHTYpa
RC, BKIIIOYEHHOTO MOCJIEOBATENFHO B IIEMb SKOPsI TaxoreHeparopa. Beixoa 3Toro
KOHTYpa ITOAAETCS Ha NHBEPTUPYIOIIUI BXO 3JIEKTPOHHOTO YCHIIUTEIIA.

[Mpumeuanue: B cxeme SimuLink (puc. 4) i ynpolieHusT MOJEITHPOBAHUS
CUTHAJIBI 10 YCKOPEHHI0 M CKOpocTH BbIxoaHoro Bama CC OepyTcs co BXOJOB
UHTErpaTopoB 3,4 coorBeTcTBEHHO. OTMeTnM, urO0 B peanbHOM CC yka3aHHbIE
MIPOU3BOJIHBIE PETYIMPYEMOM BEIMYMHBI MOJy4alOTCs HE B “UUCTOM’ BHJIE, a C
HEKOTOpPOH Majioil MHEPIMOHHOCTHI0. B wactHocTH, 1enb RC Gonee moiHO MOXeT
ObITb ~ ONWCaHa,  HANpUMep, C  TMOMOIIBI0  THUIOBOTO  WHEPIMOHHOIO
muddepennupyromniero 3BeHa. [lpu 3tom sdpdext nuddepeHnnpoBanrs CUTHAIOB
HECKOJIBKO CHUYKAETCsl, HO KAYECTBEHHO OH COXPAaHSETCH.

[1®D pa3oMKHYTOM CUCTEMBI B JAHHOM CJIy4ae NPUHUMAET BUJ:

K
W.(p) = ,
(P TT,p*+(T, +T, +k,K)p*+ p

rae K, - ko9hpHuIueHT, XapaKTepu3yIOIUi BIUSIHAE CUTHAJA, TPOTIOPIIHOHAIEHOTO

(12)

YCKOPEHUIO BBIXOJIHOTO Baja.
B ycTaHoBuBIIEMCS peXUME CIEKEHHUS 32 PABHOMEPHBIM BXOJIHBIM CUTHAJIOM
B COOTBETCTBUHU C (12) umeem

Q=K-0, (13)
Otkyma Q/6 =K=D, To ectb JM00pPOTHOCTH  paccMaTpUBaEMOH

ckoppektupoBanHoi CC paBHa JOOPOTHOCTH UCXOJTHOU CUCTEMBI.
B panHOM cimydyae uMeeM CIEAyOIIEe XapaKTEPUCTUYECKOE YPaBHEHHUE
3aMKHYTOM CHUCTEMBI

T.T,p° + (T, + T, +k,K)p*+ p+K=0. (14)
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[Tpumensist anreOpanueckuil KpuTepuil ycTOWYMBOCTH, mosydaeM, uro CC
OyAeT yCTOMYMBOM, €CIIU €€ JOOPOTHOCTh YIOBIIETBOPSIET HEPABEHCTBY
T, + Ty +k,K

T, Ty

Beipaskenne (15) mokaseiBaer, uro BBemeHne B CC JIOMONHUTEIBHOM
OTpHULATENILHOM 0OpaTHOM CBSA3M MO YCKOPEHUIO YBEITUYMBAET 3a11achl YCTOWYUBOCTH
U TO3BOJISIET MOBBICUTH AOOPOTHOCTH CUCTEMBI, a, CIEIOBATEIbHO, U €€ TOYHOCTD.

Takum 06p330M, 9TOT BAPHAHT KOPPCKIHUH Hauooce IMPCAIIOYTHUTCIICH, XOTA U
CJIOXKHCC IIPCAbIAYIICTO B pCaIn3alliu.

D< (15)

2.4. AHaAJIIN3 TOYHOCTH CJIEKEHHUS 32 TUIIOBBIMHU BXOJHBIMU CUTHAJIAMHU.

Tounocts oTpaboTk CC THUNOBBIX BXOJHBIX CHTHAJIOB ONPEIEIACTCS
BEJIMYMHOW yCTAaHOBHUBIIEHCS OomMOKU. Omnpenenum ee B 00IIEeM BUIE C MOMOIIbIO
MeToJ1a KOd(PGUIIMEHTOB OMHUOOK.

Paznoxum [1® (3) mist ommOKH UCXOAHOM CUCTEMBI B CTEIICHHOM Psii MyTEM
JICTICHUS YMCIIMTENS Ha 3HAMEHATEb.

: 1 . 1 Ao
@, (p) :COG)gx(p)+c1®6x(p)+§c2®6x(p)+...+mcn®( ) (p)=
. 0 L | ) (16)
=—p+—(T,+T, ——) +...
D p D ( g d D)
OrpannynMcs NepBbIMU IBYMs WieHamMu paga. Torma nmomydaem, 4ro C, =0;

2 1
c1:5; CZ:B(I'9+Td —B).

Takum oOpa3om, IJis pacueTa yCTaHOBUBIIECHCS OMIMOKHU CIEKEHUS MOJydaeM
CJIEIYIOLYIO TPUOIMAKEHHYIO (OPMYITY

0, ~—pl +—(T +T,—=)p°0 (17)

[loacraBnsist B 3aBUcUMOCTh (17) BbIpakeHHE nJisi HUCCIEAYEMOIO THUIa
BXOJIHOTO CHUTHAaJa, OLIEHUBAEM 3HAUCHHE YCTAHOBUBILIEHCS OIIMOKH.

3. O0beKT uccjae10BaHNA.
OOBEKTOM HCCNEOBAHUS SIBISCTCS IMHEWHBINA KOHTYP YIpaBJICHUS CICISAIIEH
CHUCTEMBI Ha 0a3e AJIEKTPUUCCKUX MAIIIMH MOCTOSHHOTO TOKA.

4. 3axaHue Ha UCCJIEI0BAHME.

1. Onpenenuts ycroitunBocTh CC C MOMOIIBIO aNreOpandecKoro KpUTEpUs
P 3aJaHHBIX 3HAYEHUAX MapaMeTpoB. IIpoaHanu3upoBatb € MHOMOIIBIO
ITOJIyYEHHOTO HEPABEHCTBA BIMSHHUE Ha yCTOMYMBOCTH CC M3MEHEHUS MOCTOSHHBIX
BPEMEHU U JOOPOTHOCTU CUCTEMBI.

2. OueHuTh 3amachl YCTOMYMBOCTH IO aMIUIMTYJE W MO (ha3e C MOMOILBIO
YaCTOTHBIX XapaKTepUCTUK M roaorpadga HalikBucta 1uisi pa3inuyuHbIX 3HAYECHHM
OCTOSIHHOW BpeMeHH T .
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3. OmnpenenuTs ¢ TOMOIIbI0 MeTo1a KO3 (DUIIMEHTOB OMIMOOK BBIPAKESHUS TS
YCTAaHOBMBIIUXCS 3HAYeHUH € AN TUNOBBIX BXOAHBIX CUTHAJOB: €IWHHUYHOTO
crynenuaroro 6 _=1(t); paBHomepHoro 6, _=Q-t, Q=const; paBHOYCKOPEHHOTO

2
0. =a- > a=const ; cuaycounaisHoro 6, = A-sinat.

68X

4. OueHduTh yCTaHOBUBIIYIOCS OIIMOKY OTpaboTkn CC THUIIOBBIX BXOJHBIX
CUTHAJOB MyTEM  MOJETUPOBaHUS  pabOThl  cuUCTEeMBbl (IIPH  OTCYTCTBHHU
BO3MymIaromero Momenta M.). OmpenenuTs COCTABIAIOUIYIO OIIMOKM CIIEXKEHHS,

O6YCJIOBJI€HHYIO BO3MyIIaromuM MOMCHTOM Mc Inpu CTYIICH4YaTOM BXOIHOM

BO3JIEUCTBUH.
5. OueHHUTHh KadyecTBO MEPEXOJHOrO MPOIecca B CUCTEME MPU CTYNEHYATOM
BXOJTHOM CUTHAJIE 0. =1(t). OnpenenuTs  BpeMsi  PEryJHUPOBaHUS u

[NCpeperyjaiupoBanuc IyTcM  MOJACIHPOBAHUA pa6OTI>I CHCTCMBEI. HOHY‘IHTL
KOCBCHHYIO OLICHKY Kad€CTBa IICPCXOAHOI0 IIponccca € IIOMOINbIO HMHTCTPAaJIbHOIO

%
KBaJPaTUIHOTO KpUTepus J = I 6°(t)dt . ComocTaBUTh MONTyYeHHBIE PE3YTIBTATHL.
0

6. [Ipoananu3upoBaTh pa3inyHbIe BapUAHTHI KOPPEKIIMH UCXOMHON CHUCTEMBI:
C TOMOILIBIO BBEIEHHUS JOIMOJHHUTEIbHBIX OTPUIATENbHBIX OOpPATHBIX CBS3EU IO
CKOPOCTH U YCKOPEHHIO BBIXOAHOTO BaJa.

[Ipy BBITONHEHWH 3aJaHUM OPUHATH CIEAYIOIIME 3HAYCHHs MapameTpOB:
KOd(hUIIMEHT MO0 KOHTYpY (I0OpoTHOCTH cucTeMbl To ckopoctn) K =20 ;

MOCTOSIHHBIC BPEMEHH . Tg =0.05c; T, =0.2c; Bo3mymatouiuiit MomeHT M_ =1 H - m.

5. Ilopsinok BHINMOJTHEHHST PAadOTHI.

1. Ha ocHOBe HCXOIHBIX JAHHBIX, HCIOJIb3Yys anreOpanyecKuili KpUTepui,
OTpENEINTh YCTOMUYMBOCTh 3aJlaHHON cucTteMbl. Crenath BBIBOABI OTHOCUTEIHHO
BIIUSTHUSI U3MEHEHUS ITApaMETPOB CUCTEMBI Ha €€ YCTOHIHBOCTb.

2. Tloctpouth norapuMuueckre YaCTOTHBIE XapaKTEPUCTHKU U romorpad
HaiikBucra, ¢ ucnons3oBanueM nmakera Control ToolBox:

a) 3amyctuTh cuctemy Matlab;

0) 3amyctuth Simulink (Ha)xaTh COOTBETCTBYIOIIYK) KHOIKY Ha IaHEIH
MHCTPYMEHTOB);

B) OTKPBITH (Pailsl ¢ UCXOHOM MOJEbIO (YKa3bIBAETCA MPENOIABATEIIEM);

r) BBIOpaTh B INIABHOM MeHIO MyHKT T00lIs— Linear analysis. B oTtkpsiBiiemMcst OkHe
BeIOpath Simulink— Get linearized model;

1) JJI TIOCTPOCHHS YaCTOTHBIX XapaKTEPUCTUK B KOHTEKCTHOM MeHI0 BbiOpath Plot
types —Bode

€) Ul BBIBOJA HWH(OpPMAIMKM O 3amacax yCTOWYMBOCTH BHIOpaTh B KOHTEKCTHOM
mento Characteristics — Stability(All crossing)

) 11 ocTpoenus rogorpacda Hatiksucra Beiopats Plot types — Niquist.

[Mpumeuanue: st yaoOcTBa mepexoaa MEXIy 3aMKHYTOW M Pa3OMKHYTOU
CHUCTEeMaMH B 00paTHYIO CBSI3b BBEJICH IMepekittouaTensb 3 (puc. 3).
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3. C nomompio Meroga  kod(dduumeHToB  OomMOOK  OmpeAenuTh
YCTaHOBUBIITUECS 3HAUYCHHUS OIUOKHU CIICKEHUS 33 TUMIOBBIMU BXOAHBIMU CUTHAJIAMH.

4. TloaTBepauTh TOJYYCHHBIC PE3yJdbTaThl IMyTEM MOJCIUPOBAHUS (CXema
SimuLink , puc.3). BxoaHo# curHan 3amaeTcsi MEPEKIIOYCHUEM COOTBETCTBYIOIIUX
kmtodeit 0, 1, 2. 3amyck MOJEeTMpPOBaHUS OCYIIECTBISETCS HaKaTUeM KHOMKHU “Start
simulation ” Ha maHeIu UHCTPYMEHTOB.

5. Tlomath eAWMHWUYHBIM CTyNEHYAThI BXOJHOM CHTHAI. BbIMOJHUTH
MOZEIUPOBaHUE NIPU OTCYTCTBUH BO3MyInaromero Momenra M. (cxema SimuLink ,

puc.3). Ilo rpaduky mnepexoIHOro mpolecca ONPeNeIUTh 3HAUYEHUs IOKazaTeseu
KauyecTBa: BPEMsI peryJupoBaHus U nepeperyinuposanue. [lomydeHHoe B pesynbrare
MOJICJIMPOBaHUSl 3HAYEHUE WHTEIPAIBHOIO KBAJPATHUYHOTO KPUTEPHUS KadecTBa
perucTpupyercs ¢ moMolipio 0oka Display.

6. Omnpenenuts COCTaBIAIOLIYI0 OHIMOKM —CIEXKEHUS, OOYCIOBICHHYIO
HaJIM4MeM MOMeHTa M, mpu cTyneH4aToM BXOJHOM BO3JIEHCTBHHU (BKIIOUUTH KIIIOY
4).

7.  OtkpeITh  (dailn, comepkammii  MOAENb C  JOMOJHUTEIbHBIMU
OTpHULATEIbHBIMU OOpAaTHBIMU CBA3SIMU (pHC.4).

8. BBecTu JOMOJHUTENBbHYIO OTPULATENbHYIO CBSI3b IO CKOPOCTU (3aMKHYTb
Koy 4, pa3oMkHyTh kimou 2). IloctpouTs norapupmuueckue YacTOTHBIE
XapaKTEPUCTUKH, OINPEAEIUTh 3arachl YCTOMYMBOCTH IO aMIUIUTylIe U 1o (ase.
[IpoMonenpoBaTh CUCTEMY, ONPEAEIUTh XapAKTEPUCTUKU IEPEXOJHOTO IIpolecca
(BpeMst peryaupoBaHuUs, MEPEPeryIupoBaHuEe) IMpU E€AUHUYHOM CTYIEHYaTOM
BXOJIHOM curHajue. OnpenenuTb 3HaueHWe YCTAaHOBMBIIEHCS OLIMOKHU MPH TUIIOBBIX
BXOJ/IHBIX CUTHAaJIaX.

9. BBecTH JOMOJHUTENbHYIO OTPULIATENBHYIO CBS3b 110 YCKOPEHUIO (3aMKHYTh
K04 2, pa3oMkHyTh kimou 4). Iloctpoutrh mnorapuMuyueckue YacTOTHBIC
XapaKTEPUCTHKHU, ONPENETUTh 3amachl YCTOMYMBOCTH MO aMIUIUTyne U 1o (ase.
[IpomMoaenpoBaTh CUCTEMY, ONPEAEIUTh XapAKTEPUCTHKU MEPEXOJHOro Mpolecca
(Bpemsi perynupoBaHus, MEpPEPEryIUpOBAHUE) TPU EIUHUYHOM CTYIEHYATOM
BXOJHOM curHaje. OnpenenuTh 3Hau€HHEe YCTAaHOBMBILENCS OMIMOKH IMPU THUIIOBBIX
BXOJIHBIX CUTHAJIaX.

10. Ha ocHOBE NOJIy4EeHHBIX PE3YyJIbTAaTOB CAEJIATh BBIBOABI O JOCTOMHCTBAX U
HEJ0CTATKaX PaCCMOTPEHHBIX TUIIOB KOPPEKLIUU.

6. TpedboBanus kK 0pOPMJIEHHIO OTYETA.

OTyer MAOMKEH COAEpXKaTh MNPUHLUIHAIBHYI0O M CTPYKTYPHYKO CXEMBI
CUCTEMBI; Pe3yJIbTaThl TEOPETUUYECKOrO aHalM3a JAMHAMUKA U TOYHOCTH HCXOIHOU
CC u CC c [0OnOJHMUTENbHBIMU OOpAaTHBIMU CBSI3AMM; TpadUKud YaCTOTHBIX
XapaKTEPUCTUK M 3HAYEHUS 3alacoB YCTOMYMBOCTH; PE3yibTaThl MOIECIUPOBAHUS
MPOLIECCOB CIEKEHUSI.

7. KoHTpOJILHBIE BONPOCHI
1. Yro takoe noopoTHOCcTs CC MO ckopocTu?
2. Kak Bnusier nsmenenue n06potHoctu CC Ha ee TOYHOCTh U YCTOMYUBOCTh?
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3. Kak BnusieT uameHenue noctosiHHbiX BpeMenn CC Ha ee 3amachl yCTOMYMBOCTH?

4. Kak Bnuser BBeaeHue B CC JOMONHUTENBHON 00pAaTHOW CBSI3U 110 CKOPOCTH Ha €€
TOYHOCTb U YCTONYHUBOCTH?

5. Kak Bimusier BBesieHue B CC AONOJHUTENBHON 00paTHOW CBSA3M M0 YCKOPEHMIO Ha
€€ TOYHOCTh M ycToHuMBOcTh? Kakas M3 JONOJHUTENBHBIX OOpPATHBIX CBS3EH
IpEaNOYTUTENbHEE?

7. SABnsgercsa mu CC CTaTUYECKON MM acTaTUYECKOW MO OTHOLIEHUIO K BXOJHOMY
curHany?

8. B uem cyTh MeTona K03 HUITHEHTOB OMHO0K?

9. Uemy paBHa yCTaHOBHBIIAsCS OIIMOKAa MPU CTYNEHYATOM BXOJHOM CHUTHAJE U
Hanumuuy Bo3Myaromero MomeHta (M, =const)? IIpu oTCyTCTBUM MOMEHTa
(M, =0)?

10. KakoBa Oyner ommOKa B yCTAaHOBUBILIEMCS PEKUME TP PABHOMEPHOM BXOJHOM
curHane?

11. KakoBa Oyner ommuOKka B YCTAaHOBHUBILIEMCS PEXKHUME MPU PABHOYCKOPEHHOM
BXOJHOM cUTHaJe?

12. KakoBa Oyaer ommOKa B YCTaHOBUBLIEMCSI PEXUME MPU CHUHYCOUAAIBHOM
BXOJIHOM CUTHaJIe?

bubanorpadguyeckuii cnucox

I. DBecekepckuii B.A., IlomoB E.II. Teopus cucreM aBTOMaTHYECKOTO
perynupoBanus. — M.: Hayka, 1975. — 767 c.

2. Teopus aBTOMaTHYECKOro yrpaBiieHHs: Y4eO. s By3oB. B 2 4. Teopus
JMHEWHBIX cucTeM aBToMarudeckoro ympasneHust/ [Tox pen. A.A. Boponosa.-M.-
Bric.iik., 1986.— 303 c.

JIABOPATOPHASA PABOTA Ne 2
AHaI3 TMHEHHOM CIeAsIIed CUCTEMBI MIPU PA3JIMYHBIX 3aKOHAX YIIPABIICHHS

1. Ieau 1 3a5a4M UccJIeI0BaAHMSA.

Ilenp wnccienoBaHus — NPAKTHYECKOE 3HAKOMCTBO C OCHOBHBIMM 3aKOHAMH
YIPaBICHUs JIMHEWHOW CHEAAIIEed CUCTEMOW; W3YyYEHHME BIMSHUSA CTPYKTYpbl H
[1apaMeTPOB PEryJIATOpa Ha JUHAMHUKY U TOUHOCTh CUCTEMBI.

JlocTKeHHE MOCTAaBIEHHOM LENM CBA3aHO C HEOOXOIMMOCTBIO PEIICHUs
CJIEYIOIIUX 3aa4:

- U3y4YCHUS TUIIOBBIX JIMHENHBIX 3aKOHOB YIIPABJICHMUS;

- CpPaBHHUTEIBHOTO  aHAJIM3a  3aKOHOB  YINPABICHHA  Ha  OCHOBE
DKCIIEPUMEHTAIIBHBIX JAHHBIX O MOKA3aTEAX JUHAMUKN U TOYHOCTH CUCTEMBI.

2. TeopeTnueckue cBeIeHHSI.
2. 1. Obmue cBeneHusI.
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Ecmm CC ¢ mponopiimoHaIbHBIM 3aKOHOM ympaBiieHus (cM. a0, pa6.Nel) e
YIOBIETBOPSIET  MPEABSIBICHHBIM  TpeOOBaHUSIM, HaNpuMep, IO BpPEMEHHU
PEryJIMpOBaHUsl, EPEePEryIUPOBAHUIO, TOUHOCTH B YCTAHOBUBIIEMCS PEXUME U JIp.
MoKazareisiM, TO HEOOXOJAMMO TPOBECTH KOPPEKIHUI0 (MU3MEHEHHUE C LEJbIo
YIIYYIlIEHUs]) TMHAMAYECKUX CBOMCTB. 3/1€Ch BO3MOXKHO JBa IMyTH. [IepBbIil COCTOUT B
TOM, YTOOBI JOCTUTHYTH KejaemMoro uaMeHeHus nuHamMukd CC myTeM H3MEHEHHUs
napamMeTpoB cucteMbl. C U3MEHEHHEM MapaMeTpoOB MEHSIOTCS COOTBETCTBEHHO
KO3 (UIIMEHTHl YpaBHEHUI W YaCTOTHBIC XapaKTEPUCTHKH, a 3HAYUT U KadeCTBO
npouecca. OJTHaKO KOPPEKTUPOBATh NapaMETPbl UCIOJHUTEIbHBIX OJIOKOB CHCTEMBI
MBIl HE MOXEM WJIA MOXEM B JIOBOJIBHO Y3KHUX INpenenax. bornee panumoHalIbHBIM
CIIOCOOOM  KOPpEKIMH, KakK TMPaBWIO, SBJISETCA Crmoco0, OCHOBaHHBIA Ha
peoOpa3oBaHUM CUTHAJIA OITUOKH.

C touku 3penust Teopun ynpasieHuss B CAY MOXKHO BBIIEIUTh OOBEKT
ynpaBieHus: U peryiastop. OOBEKT yIpaBlieHHs OOBIYHO IIPENCTaBISET COOOMH
YCTPOMCTBO, CTPYKTypa M HIapaMeTpbl KOTOPOTO JKECTKO 3aJaHbl. Perymsatop
(ynpasisioliee YCTpOHCTBO) BBOJAWUTCA B CUCTEMY JJIs NMPUAAHMUS €l KelaeMbIX
kauecTB. Ero cTpykTypa u napameTrpsl OpMUPYIOTCS CIIELUATNCTOM - YIPABICHIIEM
M MOTYT BapbUpOBaTbCS B JOCTATOYHO INMPOKUX IMpeaesax. BpIXOAHOW curHai
YIPaBJISAIOUIETO YCTPONCTBA — YHPABIIAIOIIEE BO3ACUCTBHE — BbIPAOATBHIBAECTCS C
YYETOM IOJIE3HBIX M BO3MYILAIOIINX BO3JEHCTBUI, a TAKKE C YUETOM TOrO B KaKOM
MOJIOKEHUU PEATbHO HAXOJUTCS CUCTEMA B JaHHBII MOMEHT. [Ipu 3ToM noj 3aKkoHOM
YIPABJICHUS MOHUMAIOT (YHKIMOHAJIBHYIO 3aBUCUMOCTb, B COOTBETCTBUU C KOTOPOM

VIPABJISIIOIIEE YCTPOMCTBO (POPMUPYET YIIPABIISIONIEE BO3ICHCTBUE u(t) .
OrpaHuunMcs pPacCMOTPEHUEM JIMHEMHBIX 3aKOHOB, KOTJla YIIPaBIISIIOLIEE

YCTPOMCTBO BbIPAOATHIBAET BEIUUYHUHY u(t) B QYHKIMH OIITHOKH X :
u=W_.(p)-x

B COOTBETCTBHUU C JIMHEHHOU (popmoit

K,

u:(kO+—+k—§+...+k3p+k4p2+...)x

Takum oOpa3zoM, B 00leM ciydae yrnpaBjieHue GOpMUPYETCS PEryIITOPOM HE
TOJBKO B 3aBUCMMOCTU OT CHUTHaJla OIIMOKU, HO U B 3aBUCUMOCTU OT MHTETPAJIOB U
MIPOU3BOJIHBIX ATOTO CUTHAJIA.

BBeneHnue nHTErpajioB SBJISIETCS METOJIOM CO3JaHUS WIIA TIOBBIIICHUS MOPSIKA
acTaTh3Ma CHUCTEMbI, a 3HAYUT JOJDKHO OOecredyuBaTh IOBBIIICHHE TOYHOCTH B
YCTaHOBUBIIEMCS pe)KUMeE. B 4aCTHOCTH, TaKOM PETYIATOP, BBEACHHBIW B UCXOJHYIO
actatnueckyro CC, mogHUMaeT ee MOpsSA0K acTaTU3Ma JI0 BTOPOTO. DTO MO3BOJISET
0e3 omunbKu 0TpadaThIBATh PABHOMEPHBINM BXOHOW CUTHAIT; C TIOCTOSIHHOM OIMIMOKON
oTpabaThIBacTCs PABHOYCKOPEHHBIM cHrHain. [lpuueM, TMOCKONBKY acTaTHU3M

BBOJIUTCS B PEryJsATOp (T.€. 10 TOYKH MPUIIOKEHHS BO3MYIIAIOIIETO0 MOMEHTA MC),
TO 3TO TMO3BOJSET YCTPAHUTh YCTAHOBUBIIYIOCS OIIMOKY CIIEKEHHUS MCXOJHOM
CUCTEMbI, OOYCIIOBJICHHYIO 3TUM MOMeHTOM. OjHaKo, HaJ0 MUMETb B BHUAY, YTO
BBEJICHUE HMHTETPAaTOpa B PETYJSATOP SBISIETCS JECTAOMIM3UPYIOUINM (PaKTOpOM,
YMEHBIIAKOLIMM 3aI1aChl YCTOMYUBOCTH CUCTEMBI.
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BBenenue npon3BOAHBIX, HAPOTHUB, SBISETCS CTAOMIM3UPYIOIINM (DaKTOpPOM,
YBEJIMYMBAKOIIMM 3alachl YCTOWYMBOCTH CHCTEMBI M TMOBBIIIAIONIUM Kade€CTBO
NEPEeXOAHOro Mpollecca 3a CYEeT YycuJieHus 3aryxaHus (aemndupoBanus). I[lpu
yIOPaBJICHUH TO MPOU3BOJHON TMOKa3aTeid TOYHOCTH CHUCTEMbl HE MOTYT OBITb
yIIYYILIEHbI, T. K. YCTAHOBUBIIUECS 3HAYEHUSI OITMOKH OCTAIOTCSI TAKUMH e, KaK U B
cuctemMe 0e3 mauddepenuupyromero peryiastopa. OmHAKO pPEryJIMpOBaHUE TIO
IPOU3BOJHON UMEET OOJIbIIIOE 3HAUCHHUE B KAUECTBE BCIIOMOTaTeIbHOTO CPEJICTBA, T.
K. OHO YYUTBHIBAET HE TOJBKO HAJIMYME OIMOKH, HO U TEHJECHLUHUIO K €€ POCTy WIH
YMEHBUIEHUIO.

2. 2. TUIOBbIE 3aKOHBI YIIPABJIECHUS JTUHEUHBIMA CUCTEMAMHU.

PaccmoTpuM TNpUMEHUTENBHO K TpeACcTaBieHHOW B Jab. pab. Nel
actatuueckoil CC HEKOTOPbIE BaKHBIE TUIIOBBIEC JIMHENHBIE 3aKOHBI YIIPABIEHUSA. DTU
3aKOHBI UMEIOT CBOM Ha3BaHUS.

1. [IponoprimonanbHbIi 3akoH ynpasienus (“I17)

U:ko'e(t)’ (1)

rie U - yrpasisomee Boszeiictsue; O - curaan ommoK.
2. NnTterpanbHblii 3aK0H yripaBieHus (“U1”)

u= klje(t)dt
0 (2)

3. [IponopiimoHanbHO-UHTErPAJIbHBIN 3aKOH yrpaBieHus (“T11™)

u=k,-0(t)+ kljé?(t)dt
0 (3)

4. TIponopunoHaIbHO-UHTETPpATbHO- AU hepeHmanbabiii 3akoH (“TI/L”)

t
u=k,-60(t)+k, j o(t)dt +k, - 6(t)
0 (4)

[IpencraBieHHbIE 3aKOHBI YIIPABJIEHUS B ONIEPATOPHOM BHUAE WILTFOCTPUPYIOTCS
CTPYKTYpPHOM cXemoii Ha puc. 1.

OTMetrnM, YTO 3aKOH YympaBieHHs (3) Ha3bIBaeTCAd TaKXKe 3aKOHOM
M30JIPOMHOTO PETYJIMPOBaHUA. JTO HA3BAHUE CBS3aHO C TEM, YTO B ATOM 3aKOHE
CUTHAJI OMmMMUOKH TpeoOpa3yeTcss TaKk >Ke, KaK BXOJHOW CHUTHAlT W30JPOMHBIM
KOPPEKTUPYIOIIUM 3BEHOM:
U(p) =W, (p)-©(p). W, (p) = P+

()

N3oapoMHOE  KOPPEKTUPYIOIIEE YCTPOWCTBO OOECTeUnBaeT COYETAHUE
TOYHOCTH WHTETPATLHOTO U OBICTPOACHCTBUS MPOMOPIIMOHATIEHOTO PETYIUPOBAHMUS.
C TOUYKM 3pEeHHs] YACTOTHBIX CBOWCTB OHO KOPPEKTUPYET HHU3KOYACTOTHYIO 4YacTh
ammutyaHoit UX CC, Biusionie Ha TOYHOCTh CUCTeMBI (TToBbIIaeT ee). [Ipu aTom
OTpUIIATENBHBIN cIBUT a3kl B CPEAHEHYACTOTHOM 0OJIACTH, CYIIECTBEHHOW IS
YCTOWYHUBOCTHA CUCTEMBI, MaJl.

2. 3. Koppekuus ¢ ucrnoib3oBaHueM auddepeHiupyromero Gpuibrpa.
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Ha npaktuke vacto 3amaua mpoekTupoBanusi auHerHod CAY mo 3agaHHBIM
TpeOOBaHUAM K €€ JUHAMUKE M TOYHOCTH CBOAMTCS K CHHTE3Yy IOCIIeI0BATEIHLHOTO
KoppekTupyromero ¢uibrpa MetogoMm xemaemoit JIAUX. Bmemenne B KOHTYD
ynpasienuss CC, nampumep, auddepeHupyromero ¢GuibTpa C NEpeIaToYHON

dbyHKIHIEH
T,p+1
m@_k¢k¢$ 1
o (6)
k, T k, <1
(rme %, ¢ — ko>(pPUIMEHT Tepenayn U MOCTOSIHHAS BpeMEHU GWibTpa, ¢ )

IMMO3BOJBICT YBCIMYUTL YaCTOTY CpE3a @, CUCTCMBI M paCHIMPUTL €€ II0JIOCY

MpOIyCKaHUsI TpU OOecTeuyeHNH HEOOXOAMMBIX 3alacoB YCTOWYMBOCTU. Takas

KOPPEKIHs MO3BOJIACT Honyunth HakioH JIAUX BGmu3u wactotsl “c paBubiM -20

n0/mek, dYTro COOTBETCTBYET CBOMCTBaM amepuoaudeckoro 3BeHa. [lpu sToMm
o0OecrieunBaeTCs HaWMEHbBIIass KoJeOaTeIbHOCTh MEPEXOJHOTO  Mpolecca B
3amkHyTOoM CC.

Jnsa paccmarpuBaemort CC ¢ acTaTU3MOM NEPBOTO MOPSIKA, KOTZA BXOJHOU
BaJ PaBHOMEpPHO Bpamaercs co ckopocThio €2, xoadduuument mepenaun K 1o
CKOPPEKTUPOBAHHOMY KOHTYPY JOJDKEH BBIOMPAThCS M3 YCIOBHUS OOECTeueHUs

0 K=Q/o,,
3aJJaHHOTO 3HAUEHMsI 7°" yCTAHOBMBILEHCS OIINOKYU CICKEHUS:

3BeHo (7), Kak MPaBUJIO, PEaTU3yeTCsl B BUJI€ MACCUBHOTO KOHTYpa RC . [Ipn

k, <1
TOM HAJ0 HMMETh B BHUJy, YTO €ro Ko3(p(UUUEHT mepeaadu ¢ "7, TO ecCTh

KO3 GULMEHT Tepeaadu dJIEKTPOHHOTO YCHIIMTENS JOJDKEH OBITh COOTBETCTBEHHO
YBEJIMYEH C LENbI0 00ecreyeH s PacCUMTaHHOro 3HaueHus K .

Onpenenenue 3Ha4YEHUSA Ty OCYIIECTBIISIETCA C Y4YE€TOM 3aJaHHBIX BpPEMEHU
PETYJIMPOBAHMUS U 3aI1aCOB YCTOMYMUBOCTH.

[Ipu BeIMOTHEHUU PabOTHI CPABHUTEIBHBIM aHATU3 PACCMOTPEHHBIX 3aKOHOB
yopasienuss (1) — (6) ciemyeT NpPOBOAWTh HAa OCHOBE 3HAYEHUW MoOKa3arenein
YaCTOTHBIX XapaKTEPUCTHUK (3aMacoB YCTOMYMBOCTH, YACTOTHI cpe3a, HakiIoHa AUX
Ha OTOW YAaCTOTE), 3HAYEHUW YCTAHOBHBIICHCS OIMMOKUA CICKEHHS, a TaKKe
MOJYYEHHBIX IyTEM MOJCIIMPOBAHUS 3HAYEHHUM TMOKAa3aTeIeld KauyeCTBA MEPEXOIHBIX
IIPOLIECCOB.

ComnocTaBiieHHE EPEXOAHBIX MPOIECCOB CIEAYET MPOBOAUTH KaK MO MPSIMbIM
MOKa3aTeNsIM KadecTBa MPOLIECCOB (BpeMsl PEryJIMpOBaHMs, NEpPEeperyInpoBaHuUE),
TaKk ¥ TI0 KOCBEHHBIM OIICHKaM. B kauecTBe mocieaHed yI00HO HCIOJIb30BATh
MHTETPAIBHYIO KBAAPATUUHYIO OLICHKY

J:T@%Qm
0 : (7)

3HAYCHUE KOTOPOUW PACCUUTHIBACTCS HETMOCPEACTBEHHO B MPOIECCE MOJCTHUPOBAHUS
(cMm. cxemsl puc.1,2).
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3. O0beKT uccjaeaIoBaHud.
OOBEKTOM HCCIICIOBAHUS SIBJISICTCS JIMHEHHAs cliefsias cuctemMa (omucanHas
B 1a0. pad. Nel) ¢ peryaaropom, UMEIOIIMM IIepeHaCTPaUuBAEMYIO CTPYKTYPY.

4. 3aganue HaA HCCJIeI0OBAHHUE.

1. IIpoBecTn C HCNONB30BAHUEM CXEMBl Ha PHUC.l CpaBHHUTENIbHBIN aHAIU3
BIWSHUS pa3auuyHbIX 3akoHoB ympaBinenus (11, W, TIM, TIMJ]) wa 3amacel
YCTOMYMBOCTA U HAa BEJIMYMHY YCTAHOBUBILIEUCS OIMIMOKK (IIPU THUIIOBBIX BXOJHBIX
CUTHAJaX B YCJIOBHUSIX HaJIMYWs BO3MYIIAIOIIETO MOMEHTA), a TAKXE BIUSHUS Ha
Ka4eCTBO MEPEXOIHBIX MPOLIECCOB.

>

C

Math Integrator2 Display

Function |:|
kD

oshibka

-
% Derivative
Switcl

Sine Wave

h5
Ground3

’ —»:S—»@ :{>—>\_,—>
Gain
Ej—->:mtch6

1

0.05s+1
Gain Transfer Fen

._I—»-
Constant g

Switch4

. —> —>$_—>
0.2s+1 s )
TranderFoni Integrator| OutPut Point

Constantl switchz MPUt Point
Switch 0

Vyhod

Ground2

!

Switch 1
Ly =

Ramp L
s 3
Transfer Fcn4
L Switch2
s

Ramp1 Integratorl Ground1

J:

Switch3 Ground

Puc. 1. Cxema monenupoBanus ¢ [ /] perymnsitopom.

2. I3yunTh C UCNIOJIB30BAHUEM CXEMBI HA PUC. 2 BIMSHUE HA XAPAKTEPUCTUKHU
CUCTEMBbI BBEJICHUS B KOHTYpP yIpaBieHus auddepeHupyromero Gpuibrpa.
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>

=

Vhod

s

.——P »
Math Integrator2 Display

E % Function :l

#D
Sine Wave 0.2s+1

oshibka
0.01s+1

——p-o Transfer Fcn4 1 1
&l SN NN
3 - . 0.05s+1 0.2s+1 s

Input Point n
Constantl Switchl " 4 Switch2 Gain Transfer Fcn Transfer Fen1  Integrator

Switch 0

Switch 1
Constant

Output PomtVthd

:

Ramp
L Switch4
S

Rampl Integratorl

Constant2

<
%

Manual Switch3 Ground

Puc. 2. Cxema monenupoBanus ¢ qudGepeHuupyronmum GuibTpoM.

5. ITopsiiOK BHINOJIHEHUS PA0OTHI.

1. Banyctuthk cucremy Matlab. 3anycture Simulink. OtkpeiTh (aiin ¢ Momenbo,
peanu3ytonieit [IU]] - perynstop (puc.1).

2. Bxumrouuts II - perynstop (nmepexmtouatens 6). Iloctpouts norapupmMuyeckue
YaCTOTHBIE XapaKTEPUCTUKHU, ONIPEACIIUTH 3alachl yCTOMYMBOCTH 0 aMILUIUTYJIEC U TI0
daze.

[Tomate Ha BXOJ CHUCTEMBI €IMHUYHBIA CTyNEeHYaTbld curHai. [IpomonennpoBaThb
CUCTEMY, MOJYYUTh rpadUKu MEPEXOIHBIX MPOILIECCOB MO BBIXOAHOW KOOpAMHATE U
no ommuoOke. OmnpeAenuTb BpeMsl pPEryJupOBaHUs, MEPEPEryUpoOBaHUE, 3HAUCHHE
¢ynkunonana (7), 3HaUeHHE YCTAHOBUBILEWCS OMIMOKM TPHU THUIIOBBIX BXOJHBIX
CUTHaJax.

3. Bxuitounts [1U - perynstop (nepexitouarenu 2,6).

[TocTpouts norapupMuyuecKre YaCTOTHBIE XaPAKTEPUCTUKH, OIPEACIUTH 3arachl
YCTOMYMBOCTH IO aMIUTATY/IE U 110 (a3ze.

[IpomonenupoBath CUCTEMY, TOJY4YUTh TpauKd TMEPEXOJHBIX MPOILECCOB TIO
BBIXOJTHOM KoopAuHaTe © 1o omubke. Omnpenaenutb BpeMs peryIupoBaHMUs,
nepeperyiupoBanue, 3HadyeHue ¢yHkiuoHana (7), 3HaYeHUE YCTAHOBUBIICHUCS
OIIMOKY TIPU TUIIOBBIX BXOJHBIX CUTHAIaX.

4. Bxorouuts [TU]] - perynsarop (nepexitouarenu 2,5,6).

[Toctpouts norapudgmMuyuecKkue YacTOTHBIE XapaKTEPUCTHUKH, OIPEIACTUTH 3arachl
YCTOMUYMBOCTHU MO aMIUIATY/E U 10 (a3ze.

[IpomogenupoBath CUCTEMY, TOJYYUTh TpaUKW NEPEXOJHBIX MPOLECCOB IO
BBIXOJIHOM KOOpJWMHAaTe M 1o omuoke. Onpeaenutrh BpeMs peryJIupoBaHMUS,
nepeperyivpoBanue, 3HadyeHue (QyHknuonana (7), 3HAYE€HHWE YCTAHOBUBIIICHUCS
OIIUOKH MPU TUTIOBBIX BXOJIHBIX CUTHAaX.

[Mpumeuanue: B cBsi3u ¢ TeM, uto maker Control ToolBox He mnpemycmarpuBaet

paboTy CcO 3BEHOM BHJA «du/dt» g MpOLIECCE TOCTPOCHUSI YAaCTOTHBIX
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XapaKTEPUCTHK 3TO 3BEHO CJIEAYEeT 3aMEHUTh MHEPIUOHHBIM AU((HEepeHIUPYIOMNUM

P
Wo(p) =

T,p+1

3BCHOM 0 ,
T, T, =10"*

rje 0 - I0CTaTOYHO Majiasi MOCTOsSTHHAsI BpeMeHHU (Harpumep, c).
5. PaccmoTperp  BIMAHME TMOCTOSIHHOTO  BO3MYIIAOIIEr0  MOMEHTA M.
(mepexiouaresib 4) Ha YCTAaHOBUBIINYIOCS OIMMOKY TIpHM Pa3IMYHBIX 3aKOHaX

yIPaBJIEHUS.
6. Ha ocHOBe MOJIy4YEHHBIX JAHHBIX MPOBECTH CPABHEHUE U CHENATh BBIBOJBI O
JOCTOMHCTBAX M HEJJOCTATKAaX PACCMOTPEHHBIX 3aKOHOB YIIPABJICHUS.

7.0TKpbITh (aili ¢ MOJENbIo, peanu3yrouiell Koppekuuo auddepeHIupyomum
¢bunsTpoM (puc.2).

[Toctpouth norapudmMuyUecKue YacTOTHBIE XapaKTEPUCTUKHU, OIMPEIACIUThH 3arachl
YCTOMYMBOCTU MO aMIUIMTYyJe M 1o ¢a3e, a TakKe 3HAYEHHUSI YaCTOThl cpe3a U
HakJoHa JIAYUX B OKpECTHOCTH 3TOM YaCTOTHI.

[IpoMoaenupoBaTh CHUCTEMY, MOAYyYUTh TpadUKd TEPEXOJHBIX MPOIECCOB IO
BBIXOJIHOM KoOOpJMHAaTe M 1o omuoke. Onpeaenutb BpeMs peryJHupOoBaHUS,
nepeperyiupoBanue, 3HadeHue ¢yHkiuoHana (7), 3HAYCHUE YCTAaHOBUBIIEHCS
OIIUOKH MPHU TUTIOBBIX BXOJIHBIX CUTHAaX.

6. TpeboBanus kK 0pOpMJICHHIO OTYETA.

OTtuer nomkeH coaepxkaTb CTpyKTypHble cxembl CC ¢ pa3HbIMU BapuaHTaMU
perysaropa; pe3ysibTaTbl SKCIEPUMEHTAIIBHOTO aHaln3a AUHAMUKA M TOYHOCTH
PACCMOTPEHHBIX CHUCTEM; TpaUKU YaCTOTHBIX XapaKTEPUCTUK M 3HAUYCHHS 3aIacoB
YCTOMYMBOCTH; PE3YJbTAaThl MOJACIUPOBAHUS TEPEXOJHBIX M YCTAaHOBHUBIIUXCS
MPOLIECCOB.

7. KoHTpOJIbHBIE BONIPOCHI

1. Uto coboit mpeAcTaBisieT 3aKOH yIIpaBJlieHUsl B 001eM cirydae?

2. Ha 4r0 BIMsIET BBEIEHUE UHTErPAJIA B 3aKOH YIIPABIICHUSA?

3. B 4eM coCTOUT HEIOCTAaTOK BBEIEHUS MHTErparopa B peryisTop? 3a CYET 4ero
MO>KHO KOMIIEHCUPOBATh 3TOT HEJOCTATOK?

4. Kak BiuseT Ha 3amacbl yCTOMYMBOCTH CHCTEMBI BBEJICHHE B 3aKOH YIPABIICHUS
MIPOU3BOHBIX OLTHOKHU?

5. Kak BIMsIET Ha TOYHOCTh M Ka4€CTBO PETYJIMPOBAHUS CUCTEMBI BBEJECHUE B 3aKOH
yIpaBieHUs] MPOU3BOJAHBIX OMIUOKN?

6. YKa)XHUT€ MOJOKUTENbHBIE OTIINYUS U30POMHOI0 3aKOHA PEryJIUPOBAHUS.

7. YKaXXuTe MOJ0KUTEIbHbIE OTIIMUKS KOPPEKIUHU C TOMOIIBIO MU PuibTpa.

Bbubanorpadguyeckuii cnucoxk
I. Dbecekepcknii B.A., IlomoB E.II. Teopus cucreM aBTOMaTHYECKOTO
perynupoBanus. — M.: Hayka, 1975. — 767 c.
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2. Teopust aBTOMAaTU4YECKOTO ympaBieHus: Yued. s By3oB. B 2 u. Teopus
JUHENHBIX cHCTeM aBToMartumdeckoro ympanieHus/ Ilox pea. A.A. Boponosa.-M.-
Bricir.mk., 1986.- 303 c.

JIABOPATOPHA PABOTA Ne 3
Oco0eHHOCTH IPOLECCOB YIPABICHUS B HEIMHEHHBIX aBTOMAaTHYECKUX CUCTEMAaX

1. Hean u 3a1a4u uccjieI0BAHUS.

[IpakTnueckoe  3HAKOMCTBO C  MNPOCTEUIIMMH  MOJEIAMU  HEJIWHEUHBIX
ABTOMATUYECKUX CHCTEM; BBISBIIEHHE OCOOCHHOCTEW TPOTEKAOIMX B HHX
MPOIIECCOB B CpaBHEHUU ¢ TUHEUHBIMU CAY.

2. TeopeTrnueckue cBeIeHHSI.
PaccMoTprM NOHSATHE HEIMHEWHOM CHUCTEMBI ABTOMATHUYECKOTO YIPABICHUS U
OCHOBHBIE OCOOEHHOCTHU TaKUX CUCTEM.
Eciu Bce (QyHkmoHanbHble 37eMeHThI, Bxoasmme B CAY, omnuceiBaroTcs
JTUHEHHBIMU U PEepeHIIMATIbHBIMA YPABHEHUSIMHU, TO U BCS CUCTEMa OMHUCHIBACTCS
TUHEHHBIM uddepeHnaIbHbBIM ypaBHEHHEM U €€ MPUHITO Ha3bIBaTh JIMHEHHOM.
CBoiicTBa TaKMX CHUCTEM M3y4YalIuCch B 1epBoll 4actu Kypca «Teopusd
ABTOMATUYECKOIO YIIPABIICHUS.
C TOYKM 3pEHHs] HCCIIEIOBAHUS JIMHEMHBIE CHCTEMBI HMEIOT Psi NPEUMYLIECTB,
MO3BOJISIONIMX JOCTaTOYHO MPOCTO OMHUCATh UX MoBeAeHHe. OCOOEHHO BaXKHO TO, YTO
JUIS. HUAX BBITIOJHACTCS MPHUHIMIT CYNEPIO3UIUAN, MPEANOIararoiuid BbINOJIHEHUE
CBOWMCTB aJAJAUTHBHOCTA W OJHOPOJHOCTH KakK MO BXOJHBIM CHUTHallaM, TaK U IO
HAYAJIbHBIM YCJIOBHUSIM.
BaxHbIM MOJKIACCOM JIMHEWHBIX CHUCTEM SIBJISIFOTCA JIMHEWHBIE CTAlMOHAPHBIC
CUCTEMBI, T.€. CHCTEMBI, OIKCHIBAEMbIE JIMHEWHBIMU JU(PepeHIINATBHBIMA
YpaBHEHUSIMU C TIOCTOSIHHBIMU Kod(dduimentamu. X cBoiicTBa MOTyT OBIThH
JOCTaTOYHO MPOCTO MpPOAHAIM3HPOBAHBI C IMOMOIIBI0 TIpeoOpazoBaHus Jlamiaca,
YaCTOTHBIMU METOJIAMU U T.II.
HenunerHot cucreMoll aBTOMATUYECKOrO YIPABICHHUS HA3bIBACTCA CHUCTEMA,
KOTOpasi COAEPKUT XOTsI ObI OJIHO 3BEHO, ONMHCHIBAEMOE HEMHEHHBIM YPABHEHHEM.
HccnenoBanne Takux CUCTEM 3HAYMTENBHO CIOKHEE, YeM JUMHEWHBIX. CyIecTBYET
MHOI'O CJIy4aeB, KOTJla MOBEACHUE HEIMHEWHOW CHUCTEMBI CHJIBHO OTJIMYAETCA OT
MOBEJEHUS JIMHEWHBIX CHUCTEM B aHAJOTMYHOM CHUTyalluu, cUCTeMa BeaeT cedsi "He
TaK, Kak Hajo . [lepeuncirm HEKOTOPBIE TAKME BO3MOKHBIE CIIyYau ITOBEJICHHUS.
2.1. HeorpaHnyeHHOCTh pEaKIIMy Ha KOHEUHOM MHTEPBAJIE BPEMEHH.

BpIxogHOM CUTHAJI HEYCTOMYMBOM JIMHEMHON CUCTEMbI HEOTPAHUYECHHO PACTET,
JUIIH KOT/Ia BPEMsSI CTPEMHUTCS K OCCKOHEUHOCTH, B TO BpeMs KaK B HEJIMHEHHON
CUCTEME BBIXOJHASI PEAKIUS MOXKET CTPEMUTHCS K OCCKOHEUHOCTH Ha KOHEYHOM
WHTEPBAJIC BPEMEHU.

2.2. CocTosiHME PAaBHOBECHS B HEJIMHEUHbBIX CUCTEMAaX.

BrIxogHOW CUrHan yCTOMYMBOM JIMHEMHOM CHUCTEMBI B OTCYTCTBHE BXOJHBIX
BO3JICHCTBUI HEM30€KHO CTPEMHUTCS K HYII0. DTO HE 0053aTeNbHO JIJIsl HETMHEWHBIX




20

cucteM. llonmoxkeHue paBHOBECHS MOKET BOOOIIE OTCYTCTBOBAaTb, MOXET OBITH
€IMHCTBEHHBIM, a TAK)KE€ MOKET CYIIECTBOBATH 11€J1asi 30HA PABHOBECHBIX COCTOSTHUM,
U CHCTEMa MOXKET HaXOQUTHLCS B JIIOOOM U3 HHX.

2.3. Hamnuue aBTOKO/ICOQHHIA.
Jlns  Toro, droObl B JIMHEHHOW CTAllMOHAPHOM CHUCTEME  CYIIECTBOBAIH
He3aTyXawIue aBTOKOJeOaHus, NepeaaToyHas (yHKIUS CHUCTEMbl JOJDKHA HMETh
*jow,

[Ipu »TOM HaOmomaeMble B CHCTEME

KOJIeOaHUs U3MEHSIOTCS 10 TapMOHHMYECKOMY 3aKOHYy O YacTOTOM @o [1/C].
AMIuMTya Kojie0aHWM HE 3aBUCUT OT TMapaMeTpPOB JIMHEHMHOM CHCTEMBI H
OIPENICIISAETCSA HaYaJIbHBIMU YCIOBUSIMH.

B HenMHEWHBIX aBTOMAaTUYECKUX CUCTEMaxX B OTCYTCTBHE BXOJHOTO CUTHAJA TAKKE
MOTYT BO3HUKAaTh YCTOWYWBBIC MEPUOAUYECKHE [BIXKCHUSI — aBTOKOJICOaHUSI.
Oco0eHHO CKJIOHHBI K aBTOKOJEOAHUSM CHUCTEMBI C Pa3pbIBHBIMH HEJIWHEWHBIMU
XapaKTEPUCTUKAMU, HAIPUMEP, PEIECHHOTO TUMa. [Ipy 3TOM B HETMHENHBIX CUCTEMAX
BEJIMYMHBI AMIUTUTYIBI U YaCTOTHI KOJICOAHUM OMPEAEIISIIOTCS TOJIBKO MapaMeTpaMu
CHUCTEMBI U HE 3aBUCAT OT HAYAJIBbHBIX yCJIOBUU. POpma MEPUOINYECKUX JBUKEHUN B
HEJIMHEWMHOM CHCTeME HE SBISIETCS TapMOHHMYecKod. B ¢azoBom mnpocTpaHCTBeE
CHUCTEMBI aBTOKOJICOAHUSM COOTBETCTBYET U30JUPOBAHHBIN MIPEACTbHBIN ITUKIL.

2.4. CyOrapMOHHMYECKHE, TapMOHUYECKUE WJIW IMOYTH IEPUOTUYSCKUE KOJIeOaHHUsI
[pU TAPMOHUYECKOM BXOJTHOM CHUTHAJIE.

B ycrolumBOoM JIMHEWHOW CUCTEME CHUHYCOMJAJIBHBIA BXOJHOW CHUTHAJ
OIPEICNISICT BBIXOJIHOM CUTHAJI TOM K€ 4acToThl. [loBeaeHME HEITMHEWHON CUCTEMBI
P CUHYCOUJIAJIbHOM BXOJIHOM CHTHAaJIe MOKET OBITh COBEPIIEHHO MHBIM. Tak Kak
Ha BBIXOJIC HEJIMHEWMHOTO 3JIEMEHTA BO3HUKAIOT JIOMOJHUTEIbHBIE TaPMOHHUKH, TO
4acTOTa BBIXOJHOTO CHUTHAjJa MOXET OBbITh KpaTHa 4YacTOT€ BXOJHOTO CHUTHAaja.
NHoraa B Takux cucTeMax BOZHUKAIOT CyOTapMOHUYECKUE KOJIEOaHMs, TOTIa MEPUO/]
BBIXO/IHOTO CUTHajIa KpaTeH MepUOy BXOJHOIO (T.e. YaCTOTa CUTHaja Ha BHIXOJIC B
HECKOJIbKO pa3 MEHbIlIe YacToThl Ha BXoje). OcoOblii HHTEpec MNpenCcTaBiseT
BO3MOKHOCTh BO3HMKHOBEHHUSI B HEKOTOPBIX HEJIMHEWHBIX CHUCTEMax IIOYTH
MEePUOANYECKUX  JIBIDKEHUM  TpU  MEpUOJUYECKOM (B YacTHOM  cllydae
CHHYCOHUAJIbHOM) CUTHAJIC Ha BXOJIC.

2.5. HeonHo03HAYHOCTh MOBEICHMSL.

B nuHeNHOW cucTeéMe IpU OTCYTCTBHM BXOJHBIX CHUTHAJIOB Kauye€CTBECHHBIN
XapaKTep MPOTEKAIOMIMX B CUCTEME MPOIIECCOB HE 3aBUCUT OT BEJIIMYMHBI HA4aIbHBIX
ycioBuid. B 4acTHOCTH, ycTOWYMBas JIMHEWHAsI CUCTEMa Bcerja OyneT 3aKaH4YuBaTh
CBO€ JIBUYKCHHUE B €IMHCTBEHHO BO3MOKHOM HYJIEBOM MOJIOKEHUU PABHOBECHSL.

B HEKOTOpBIX K€ HEJIMHEHHBIX CHCTEMAaxX IMPU OTCYTCTBUHM BXOJHOIO
BO3JICHCTBHUS BBIXOAHOW CUTHAI B 3aBUCUMOCTHU OT HAYaJbHBIX YCIIOBUN CTPEMUTCS K
OJHOMY WJIM HECKOJbKUM YCTOWYUBBIM COCTOSIHUSAM IIOKOSI WJIM K MPENCIbHOMY
uukiy. Kpome Toro, B cucremMe MOXKET CYIIECTBOBATH HECKOJBKO TMPEIEIbHBIX
LIMKJIOB.

s cucrem, Ha BXOAE KOTOPBIX ACHCTBYET FTaPMOHUYECKUM CUTHAII, BBIXOHOU
CUTHAJ MOXET TMPEeJCTABIATh TapMOHUYECKHUE, CYOTapMOHHMYECKHWE WM TOYTH
MEepUOANYECKHE KOJIeOaHWsI B 3aBUCHUMOCTH OT AaMIUIMTYJIbl BXOJIHOIO CHUTHAaja.

YUCTO MHHUMYIO Tapy IMOJIOCOB
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HeoHO3HAYHOCTh TOBEJICHUS MPOSBIISACTCS TAaKKe 3a CUET SBJICHUH, YKa3aHHBIX B
IL.I. 6-8 .

2.6. CuHxXpoHH3aIMs] WU SIBJICHHE 3aXBaTa YaCTOTHL.
Korma HenwHeiHash cucTeMa yMpaBlsIeTCS IEPHOIUYCCKUM BXOJIHBIM CHTHAJIOM
MaJlol aMIUTATY/IbI, Ha BBIXOAC MOTYT BO3HUKATh KOJICOAHUS KPATHON YacTOTHI MU
MIOYTH MEepUoANYecKue KojieOanus. [Ipy yBeIUUCHUN aMILTUTY 16l BXOAHOTO CUTHAJIA
CYIIECTBYET MOMEHT, KOTJIa YacTOTa BBIXOJHOTO CHTHaja CTAaHOBHTCS paBHOU
JacTOTE BXOJHOI'O BO3JCUCTBHSA. DTO SIBJICHUE HA3bIBACTCS CHUHXPOHM3AIMCH WIIH
sBiieHueM 3axBaTa. OHO WCHOJB3yeTCsS, HAlpUMEp, B PAaaU0 H TEICBHU3MOHHBIX
MIPHEMHHKAX.

2.7. CkaukooOpa3HbIi pe30HAHC.
Bo3HHKHOBEHHE  CKAa4yKOOOpa3HOrO  pe30HAHCA  XapaKTepHO  JUId  Cciydas,
KOI'/Ia B HEJIMHEMHONW CUCTEME C BXOJHBIM CUTHAJIOM HAOIIONAETCS SBJICHHUE 3axBaTa
(t.e. Koraa YaCTOTEI TIEPUOTNICCKUX CUTHAJIOB Ha BXOJIE
U BbIXOJIe coBmagaroT). Kaszajgoce OB, 4YTO TPH IIOCTOSHHOW aMILIUTY]IC
BXOJHOI'O CHTHaJla M IUIaBHOM M3MEHEHHHM 4YacTOThl aMIUIUTYyJa BBIXOJHOTO
MEPUOJINYSCKOIO CHTHAJIa TakXe JIOJDKHAa MEHATBCS JOCTaTOYHO  IUIABHO.
OpgHako B HEKOTOPBIX CiIydasX IIpH IIEPEXOJC YacTOTHI 4Yepe3 HEKOTOpoe
IPaHMYHOC 3HAYCHHE HAOI0AaeTCsd CKAYOK aMIUIUTYIbl BBIXOJHOTO CHTHAaJA.
DTO SsBJIICHHE Ha3bIBACTCA CKAYKOOOpa3HBIM PpPE30HAHCOM. THUIWYHBIA IS
CHUCTEMBl CO CKa4yKOOOpa3HBIM PE30HAHCOM TpauK 3aBUCUMOCTH aMILIMTY/IbI
BBIXOJHOTO CHTHaJa OT 4YacTOThl MpHuBeAcH Ha pwuc.l. Jlerko BuAETh, 4YTO
JUTSL OJTHOTO M TOT'O JK€ 3HAYCHUS YaCTOTHI, YIOBJICTBOPSIONIETO COOTHOIICHHUIO

flep <f< fzgp,
| A,
D
4 £
F
P™~e
Jop.  Jasp, f
Puc.1.

aMIUTATYJa BBIXOJIHOIO CHTHAJIa MOXET MPUHUMATh ABa Pa3IMYHbIX 3HAYEHUS, B
3aBUCUMOCTH OT TOToO, Kakas BeTBb rpaduka — ABC umu JIEF — peanusyercs B
JTaHHBIM MOMEHT.

2.8. Ckauko0Opa3HbIi PE30HAHC 10 AMILIMTYJIE M YaCTOTE.

B HenmHeNHHbIX cucTeMax MpH YCIOBUSX, OMTMCAHHBIX B MPEABLIYIIEM MTYHKTE, MOXKET
HaOJII0/1aThCs SBJICHUE CKAUKOOOPA3HOTO M3MEHEHMSI KaK aMIUIUTYIbI, TaK U YaCTOThI
BBIXOJIHOI'O CHUTHAJIA.
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3. O0BbeKTHI HCCIeI0BAHUS
Mogenu HEIWHEWHBIX CHCTEM BTOPOIO M TPETHErO MOPSAKOB C PA3IUYHBIMU
TUMOBBIMU CTATUYECKUMU HEJTMHEUHOCTSIMHU.
4, 3ajaHue HA HCCIe0BaHHE
[IpoBecTH  3KCIEPUMEHTAIBHOE  MCCIEIOBAaHUE  IPOLIECCOB  YNPABJIECHUS B
HEJIMHEWHBIX CHCTEMAxX C PAa3JIMYHbBIMU THUIOBBIMA HEJIWHEWHOCTAMH, BBISIBUTH
O0COOEHHOCTH MEPEXOIHBIX U YCTAHOBUBIINXCS PEKUMOB B HEJIMHEHHBIX CHUCTEMAX.
S. IHopsinok BbINOIHEHHS PAadOTHI

5.1. Heoepanuuennocms peaxyuu HeIUHEUHOU CUCEMbl HA KOHEYHOM
unmepeaie 8pemeHu.
[Iycts HenmHEWHass cucTeMa omuchbiBaeTcs au(depeHITNaTbHBIM YPaBHCHHEM
IIEPBOTO MOpsAJIKa
dt _
1) Haiitu oOiee pelieHre 3TOro YpaBHEHHUS, COOTBETCTBYIOIIEE HayaIbHOMY

YCIIOBHIO X(t=1)=X% (XO . O) (pemieHue ypaBHEHUS HaXOAUTCS METOIOM
pa3/ielieHHs IEPEMEHHBIX ).

2) HWccnenoBarh MOJYYEHHOE PELIEHUE U MOKA3aTh , YTO BBIXOJAHOW CHTHAJ X(t)
1

t—>—
X, .

OyIeT CTPEeMUTHCS K OECKOHEYHOCTH TIPH
5.2. CocmosiHue pasrosecus 8 HeUHEUHbIX CUCEMAX.
CrpyKTypHas cxema HCCIeIyeMOU CUCTEMBI IIPUBEICHA Ha pUC.2.

Puc.2.

1) 3anyctuts cucremy Matlab. 3anmyctute Simulink. OtkpbeiTh (aiin ¢ Mozelnbio,

COOTBETCTBYIOILLEH CTPYKType pHC.2.

2) 3anucath cucteMy au@depeHIMaNbHbIX YPAaBHEHH, ONMUCHIBAIOIIUX MOBEICHUE
dx, dx,

CUCTCMBI, pa3pClInB NX OTHOCHUTCIBHO ITPOU3BOAHBIX dt n dt .

o o

3) llpupaBHuBasi HydI0 3HAYEHHUS MPOU3BOIHBIX (dt dt ), ONpEeneInTh
aHAIUTUYECKH O0JacTh BO3MOXHBIX MOJIOKEHUI pPABHOBECHS ATOW CHUCTEMbl Ha

(ha30BO MJIOCKOCTH XX
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4) 3apaBasch pazIUYHBIMU HadaJIbHBIMM 3HAYEHUSMHU (DAa30BBIX KOOpPAMHAT %o,
MIPOBECTH HA MOJENIM HCCleoBaHUE (Ha30BOro MOPTPETa CUCTEMBI (BapbHpPOBAHUE
HayaJlbHBIX  YCIOBHM MPOMU3BOAMTCS M3  AUAIOIOBBIX OKOH  “CBoiicTBa”
COOTBETCTBYIOIIMX 3BEHbEB “INntegrator”, BeI3pIBa€MBIX C TOMOLIBIO MPABOM KHOIKU
MaHUMYJATOPa (MBIIIIH)):

a)  ONpPENeNUTh  HKCIHEPUMEHTaIbHO  00JacTb  BO3MOXHBIX  IIOJIOXKEHHUN
paBHOBECHsSI CUCTEMBI M CpaBHUTb €€ C noiydeHHol B 1.3). OOGnacte
BO3MOXKHBIX [IOJIO)KEHUH PAaBHOBECHUS ONPENENUTCA Kak o0JacTh HayallbHBIX

3HAYECHUU %101 Xa0 ) npu JABHXKCHUM u3 KOTOPBIX cucTema
OCTAETCsl B UCXOAHOM COCTOSIHUH, T.€.

X, (1) =Xy, X, (1) = Xop;

0) yOemuTbcs, YTO B TIpolecce JBIDKCHHS W3  Pa3HBIX  HayaJdbHBIX
IIOJIOKEHUN  CUCTEMA IPUXOAUT B  pa3IM4yHbIE IIOJOKEHHUS  PAaBHOBECHS.
3apucoBatb €  O9KpaHa  MOHUTOpa  (a3oBble  TPACKTOPUU  CUCTEMBI,
COOTBETCTBYIOIIHE JIFOOBIM IBYM Pa3IMYHBIM KOHEUHBIM IMOJIOKEHUSM PAaBHOBECHS.

5.3. Agmokonebanus 6 HeIUHEUHbIX CUCEMAX.
- CTpyKkTypHas cXxeMa UCCIEyeMON CUCTEMBI IPUBEICHA HA PHC.3.

A

Lgx F .1
| Tip+{

Puc.3
1) OTKpBITH (haiisl ¢ MOAENBIO, COOTBETCTBYIOIIEH CTPYKTYpE pHUcC.3.

2) Uccnenyst ABUKEHUE CUCTEMBI MIPU PA3IMYHBIX HAYAJIbHBIX YCIOBUSIX %101 X201 %50

paccMaTpuBasi MPOEKIUU (Ha30BBIX TPACKTOPUN Ha MIIOCKOCTH X3OX1, X,0%, (puc 4)
Ha ’KpaHe ocuusuiorpada, yoenuThes, 4YTO YCTAHOBUBIIUMCS JIBUKEHUSM CHCTEMBI
COOTBETCTBYET OJMH U TOT K€ MPEICTbHBINA UK.

A @,
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Puc 4.
3) Ompenenuth HapaMeTpbl MPEICILHOTO IIMKIIA HEJITUHEHHON CHUCTEMBI (YacTOTY

aBTOKOJICOAHMI, AaMIUTMTYIbl CHUTHAJIOB X (1), %, (1), X3(t)) U yOemuThcsi B WX
HC3aBHMCHUMOCTH OT Ha4aJIbHBIX yCJIOBI/Iﬁ.

4) 3apI/ICOBaTI> IMPOCKIHUHU IMPCACIBHOTO IUKJIIA HEJIMHEWHOW CUCTEMBI Ha IJIOCKOCTH
x3Ox17 x20x1’ X,0X,

5.4. Heoonosnaunocms noeeoeHus.
CTpyKTypHas cxeMa HUCCIIeAyeMOi CUCTEMBI IIPUBE/ICHA Ha PHC.S.

A

P,

| I P A
et | 1ot | (P[]

Puc. 5.
1) OTKpBITH (haiiil ¢ MOACIBIO, COOTBETCTBYIOIIEH CTPYKTYpPE PHC.5.
2) 3amaBasch pa3IWYHBIMH HAYaJbHBIMH 3HAYCHUSIMU (PA30BBIX KOOPAHMHAT

XXXy paccMmaTpuBas Ha ocuwiorpade mpoekius (Pa3oBbIX TPACKTOPHUM Ha
X,0X,
2

mockoctn 0%z OMPEIEIUTh BO3MOXHBIE YCTAHOBUBILIMECA JBH)KECHUS
CUCTEMBI; YOEOUThCS, YTO W3MEHEHHE HAYaJbHBIX YCIOBHM MOXET MPHUBECTH K
KaueCTBEHHBIM U3MEHEHUSIM MTOBEJECHUSI CUCTEMBI.

3) 3apucoBaTh MNpPOEKUUU (PA30BbIX TPACKTOPUH, COOTBETCTBYIOLIUX
pa3IMYHBIM THUIIAM YCTAaHOBUBLIETOCS JBUKEHUS CUCTEMBI.

5.5. CunxpoHuzayus unu s8leHue 3axeama 4acmomai.
CrpykTypHas cxema UCCIeayeMOoil CUCTEMbI PUBEAEHA HA pUC.3, T.€. OHA COBIAIAET
CO CXEMOM, paccMaTpUBaBIIICHCS MPU U3YYCHUH aBTOKOJICOAHUH.

1) OTKpBITH haiiia ¢ MOJENBbIO, COOTBETCTBYIOIICH CTPYKTYpeE pHcC.3.

2) ITogaTh Ha BXOJ CUCTEMBI TAPMOHUYECKUM CUTHAI

x.=Asinot ©=628[1/c|.
N3menss aM’HJ'II/ITy;Iy BXOJHOTO CHUTHala, MPOCMOTPETH IMPOLECCHl B CUCTEME
(mepemeHHbIE u(t), % (1), %, (t), X, (t)). VY6enuTbcs B BOBHUKHOBEHUU SIBJICHUS 3aXBaTa
IIPY MIPEBBIIEHNN AMIUIUTY0M A HEKOTOPOU KPUTUYECKON BEITUUUHBI A“P.

3) Jlns psina 3HadeHuii @ B mpexemax O 3.14+314[1/c]

A, =A, (@)

4) 3apucoBarh OPOLIECCHI B CUCTEME u(t) u X (1) npu

A
omnpeaenauTt, ¥

Y TIOCTPOUTH TpadUK — KPUBYIO 3aXBaTa
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5.6. Cxauxkoobpa3Hwllli pe30HaHuC.

OTO sBJIEHHE MOXET BO3HUKATh B JOCTATOYHO MPOCTHIX HEJIWHEWHBIX
CUCTEMax, HallpuMep, B CHUCTEMe, CTPYKTypHas cxeMa KOTOpO#l MpejcTaBjicHa Ha
puc.6.

Puc.6.
1) OTKpBITH (haiisl ¢ MOAENBIO, COOTBETCTBYIOIIEH CTPYKTYpE pHucC.0.

2) Ilonats Ha BXOJI CUCTEMBI TAPMOHUYECKU BXOHOM CUTHAI
X, =Asin2zft, A=3+4B, f >0.17y

3) U3meHsas  4acTOTy BXOJHOTO  CHUTHajla, OMNPEACNINTh,  HaOJI0JaeTCs
JU  CKAayKooOpa3HbIH  pE30HAHC B  CHUCTEME;  IOCTPOUTH  3aBUCHUMOCTD
AMIUIUTY bl BBIXOJTHOTO CUTHAJIA OT YaCTOTHI.

6. Odpopmiienne oTuera

B oryere nomkHBI OBITH MPUBEIAEHBI CTPYKTYPHBIE CXEMbl UCCIEAYEMBIX CHUCTEM;
pe3yJbTaThl AHAIMTHUYECKOTO U DKCIEPUMEHTAJIBHOTO OIMNpeeieHus o0JacTu
BO3MOXHBIX TIOJIOKEHUN paBHOBECUS U (Da30BbIE TPAEKTOPUHU, COOTBETCTBYIOIINE
Pa3JIMYHBIM TOJIOKEHUSIM paBHOBeCHS (I1. 5.2); mapaMeTpbl MPEAEIbHOTO LIUKIIA U €T0
Bun (1.5.3); ¢a3zoBble TPaeKTOpPUM, COOTBETCTBYIOIIUE PA3JIUYHBIM THUIIAM
YCTAaHOBUBINUXCS JBIKEHUA (11.5.4); TpaduKH YCTAaHOBUBIIUXCS TIPOIECCOB H
KpuBas 3axBata (1.5.5); 3aBUCUMOCTb aMIUIUTYAbl BBIXOJHOTO CUTHalIa OT YaCTOTHI

(1.5.6).

7. KoHTpOJIbHBIE BONIPOCHI

1. Hasosure OCHOBHBIC 0COOEHHOCTH IIOBEJICHMS, KOTOpBIE MOTYT
HaOJIOaThCSI B HEJTMHEHHBIX aBTOMAaTHYECKUX CHCTEMaX.

2. CKONIbKO U Kakue TIOJIOKECHHMS PABHOBECHUS MOXXET MMETh YyCTOMYMBas
aBTOHOMHa JHUHEHHas cucTema?

3. Kakwne nBmxkeHUs HEJIMHEHMHBIX CHCTEM HA3BIBAIOTCS aBTOKOJICOaHUSIMH? B uem
nx OTJINYHE OT MEPUOIUYECKUX JIBHKEHUH JIMHEHHBIX
cucreM?
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0]
4. Tunu4yHas 3aBUCUMOCTb aMIUIUTY/bI 3aXBaTa OT YaCTOTHI Ay (@) IIPEACTABIICHA
Ha puc.7.

Puc.7.
YacToTy KakuX JIBM)KCHUN CHCTEMBI OIpeeseT Touka 4 rpaduka?
5. BO3MOXHO 1M MOJIO)KEHUE PABHOBECHSA B CUCTEME, CTPYKTYpPHAs cXeMa KOTOpOM

A

1F | X x
Tp+1

Puc. 8

bubanorpadguyeckuii cnucox

1. Dbecekepcknii B.A., IlomoB E.II. Teopus cucreM aBTOMaTHYECKOTO
perynupoBanus. — M.: Hayka, 1975. - 767 c.

2. BoponoB A. A. OcCHOBBl TEOpHUM aBTOMAaTHuYecKoro ympasieHus: OcoObie
JMHEWHBIC U HEJIMHEHHBIE cucTeMbl. —M.: DHeprouzaar, 1981.— 304 c.

JIABOPATOPHAA PABOTA Ne4

AHalIM3 HEIMHEWHOW AUHAMHUYECKON CHCTEMBI BTOPOTO IOPSAKAa METOJOM (ha30BOM
TUIOCKOCTH.

1. Heab u 3a1aum padoThl.

ITpakTH4eckoe 3HAKOMCTBO C METOI0OM (Da30BOM IIIOCKOCTH; IPHOOPETEHNE HABBIKOB
TEOPETUYSCKOTO M SKCIEPUMEHTAIBLHOTO TMOCTPOCHUS (Ha30BOI0O MOPTpETa peleHHON
CUCTEMBI, pabOTaIIe B CKOJB3AMIEM PEXKHUME, TOJYyYeHHWE HarJISITHOTO
npeAcTaBieHUus] 00 0COOEHHOCTSX MOBEICHUS HEJIMHEHHBIX CUCTEM TI0 CPABHEHUIO C
JIMHEUHBIMH.
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2. TeopeTuueckue cBeIeHUS.

2.1. BBoansie 3ameuanus. MeToa ¢pa30Boro mpocTpaHCTBA.

PaccmoTpuMm auHAMHUYECKYHO CHCTEMY, OINHUChIBaeMyto Tu(depeHInaIbHBIMU
ypaBHEHHUSIMHU BHUIQ

Xt %% )i =1
dt 1)
HJIK, B YaCTHOM CJIy4ac, aBTOHOMHYIO CUCTCMY

dx; i
—L = £, (X, X000, X, )i =110
” X X (2)

[IpocTpaHCTBO MEPEMEHHBIX %1 X0 %0 HaspiBaeres (ha30BBIM MPOCTPAHCTBOM

X, a camu iepeMeHHbIE — (ha30BBIMH IIEPEMEHHBIME WU (ha30BBIMH KOOPIHHATAMH.

COBOKYITHOCTh 3Hau€HUN (PA30BBIX MEPEMEHHBIX X 1=1n 4 HEKOTOPBII MOMEHT

Bpemern | ompezenser B ($a3oBOM IMPOCTpaHCTBE X HEKOTOPYIO TOUKY, KOTOpas
HazbIBaeTcs n3oOpaxatouieil. Tpaekropus, onuceiBaemasi B (a30BOM IMPOCTPAHCTBE
n300paxarolie TOUKo! B pOLECCe IBUKEHMSI, Ha3bIBAETCs (pa30BOM TpaeKTOpHUEH.

[TpakTHuecku OYEeHb BaXXKHBIM KJIACCOM HEJIMHEMHBIX CHUCTEM SIBIISIOTCA
KyCOYHO-IMHEMHbIE ~ CHCTEMbI, KOTOpPbIE  MOYKHO  HHTEPIPETHUPOBATH  Kak
COBOKYITHOCTb JIMHEHHBIX CHUCTEM, KaXK[as U3 KOTOPBIX OIpejesieHa B HEKOTOPOM
ob0nactu  (¢azoBoro mpocrtpaHcTBa. Da3oBble  TPACKTOPUM TaKUX CHCTEM
CKJIQ/IBIBAIOTCS U3 OTNIEIBHBIX KYyCKOB, MPEICTABISIONNX CO00 peleHne ypaBHEeHUN
CUCTEMBI TI0 yJacTKaM.

Jl5is vccnenoBaHusl KyCOYHO-TMHEHHBIX CHCTEM BeChbMa IMIMPOKO MCITIONb3yeTCs
MeToa (a30BOro MpOCTPAHCTBA. DTO OOBICHAETCA TEM, UTO pacCMOTpeHHe (a30BOro
MPOCTPAHCTBA CHUCTEMBI (IJIsI CHUCTEM BTOPOTO mopsiika (a3oBOE MPOCTPAHCTBO
BBIPOXKJIA€TCS B TUIOCKOCTH) IMO3BOJISIET HATJSAHO MPEACTABUTH TEOMETPHUUECKYIO
MHTEPIPETALNIO TPOUCXOASIINX B HEW MpoueccoB. TOMONOTMYECKYIO CTPYKTYpPY
pazOuenus ¢$a3oBOro MPOCTpaHCTBA Ha (Da30BbIE TPACKTOPUHU HA3BIBAIOT (PAa30BHIM
MOPTPETOM.

2.2. YpaBHeHUs ABIKECHUS cucTeMbl. [locTpoenue dha3zoBoro moprpera.
PaccmoTpum peneiiHyro CUCTEMY aBTOMAaTHYECKOTO PETYJIUPOBAHUS BTOPOTO
nopsiika, GyHKITMOHUPOBAHUE KOTOPOW OMMCHIBACTCS YPABHCHUSIMU BUJIA:

b

dt

% = k ) (_C ) Slgn(xl + kocXZ) + W)

dt (3)

3nech 0Go3HaueHo: K — Ko pULIMEHT Tepeaadyn JUHEHHOTO0 O0BEKTa yIpaBJICHUS;

Kpe _ Kod(hurmeHT o0paTHON CBSI3M MO CKOPOCTH HM3MEHEHHUS PETyIUPyeMOM
BEJIMYMHBI, € — BelW4YMHA MOJIKU pene; W — BHelIHee BO3MYIICHUE 10 YCKOPEHHIO,
w=const>0: w<c
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Cucremoii (3) omuchIBaeTcs, Hampumep, (QYHKIHMOHUPOBAHUE ILIOCKOTO
KOHTypa YIpaBi€HUs MajorabapuTHOM pakeTOM C peNeHHBIM PEryIsITOPOM B
IPEANOJ0KEHNN OE3bIHEPIIMOHHOCTH COCTABJISIOLUINX KOHTYpP 3BEHBEB, JIMHEHHOCTH
UX CTAaTUYECKUX XapaKTEPUCTUK M MOCTOSHCTBA KOA(p(ULUMEHTOB Nepeadyud 1o

BpemeHu. [Ipu stom %1% orknonenne u CKOPOCTh PAKEThl OTHOCUTEIBHO JIMHUHU
MPUIICIIUBAHUS COOTBETCTBEHHO.
Cucreme (3) COOTBETCTBYET cCleAayromiasi CTPYKTypHas cxema (Ipu HYyJIEBOU

IMUPUHC b IICTJIM TUCTCPE3HUCA peﬂeﬁﬂoro 3JI€M€HT8,).

W
Constant

u — X2 x1
e >l >@—>D—> > > = >

Relay Gainl Integrator Integratorl
du/dt (¢ koc }(
+< Derivative Gain
+¢

Puc. 1. CtpykrypHas cxema penerinoid CAP.

OtMetum, uto CAP comepXuT iBa MHTErpaTopa U 0€3 peleiHOTo perynsTopa
C OJIHOM >KECTKOW OTpHIIATEIbHOM O0OpaTHOM CBSA3bI0 OYAET SBISATHCA CTPYKTYPHO
HEYCTONYMBOM (HEYCTOMYMBOM MIPH JIFOOBIX 3HAUCHUSX TTapaMEeTPOB).
JuddepenunansHoe ypaBHeHHE (DA30BBIX TPACKTOPHUI:

D _ K Cesignex k. x,) +w)

™% (4)

Jlunust mepexioueHuss Ha (Pa30BOM MIIOCKOCTH (%, %,) (cm. puc. 2)
OTHMCHIBACTCS YPaBHEHUEM

S(X%,) =X, + KX, =0 wnu x, = _ixl
oc (5)

ChopaBa OT dTOM JMHUU X+ KocXy >0, [loaToMy ypaBHeHuE (Ha30BBIX
TpaekTopuii (4) MpuHUMAET BU]L

X, - dX, =K - (—C+w)-dx (6)
OTKYyJa
X, =2-K-(—c+w)-x +C, 7

Takum 00pa3om, ¢a3oBble TPACKTOPUU — HTO MapabOJbl, BETBH KOTOPHIX
HaIpaBJeHbl B OTPUIIATEILHYIO CTOPOHY OCH X1 TlonoxeHne BepLIMHBI MapaboILI
OTIpEIENSIETCS MPOU3BOIHLHOM TIOCTOSIHHOM Cl, TO €CTh HauYaJbHBIMHU YCIOBUSIMHU

MepexXoJHOro Ipolecca % (&), X, (tO). Ot napaboibel U300pakeHbl HA puc.2. CIpaBa
OT JIMHUH NIECPECKIIOYCHHUS.
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X +Kk, X, <0

CneBa OT IJIMHUM TEPEKIIOYEHUS U ypaBHEHHE (Pa30BbIX

TpaeKkTopHii (4) MpUHUMAET BHU]T

X, - dX, =K - (C+Ww)-dx 8)
OTKyJa
X, =2-k-(c+w)-x +C, 9)

Ot mapaboisl M300pakeHBI HA PHIC. 2 ClIeBa OT JIMHUU TEPEKITIOYCHUS.
BugHo, 4ro Ha oTpe3ske JuHMM Tepekmouenus AB  (asoseie Tpaexropum
BCTPEYAIOTCS, YIIUPASCHh B 3TOT OTPE3OK.

ar
Ai=g7

~N

AN

Puc. 2. ®a30BbIil TOPTPET.

31ech ocu a6CL[I/ICC COOTBCTCTBYCT ICPCMCHHAs Xl; OCH OpAHHAT — MCPEMCHHAA X5 .

Hanpapnenue JBWXKEHMs wu3o0paxkaromeil Toukn M mo mapaGosnam
oTpesieNisieTcsl cleaymuM oopa3omM. B BepxHell momymiockocTH, cripaBa OT JIMHUU

MECPCKIOYCHHA — JABUKCHUC CJICBA HAIIpaBO, TO €CTh B CTOPOHY YBCIMUYCHUSA Xl, TakK

Kak TaM CKOpOCTb =% >O; B HIWKHEW MOJYIUIOCKOCTH, CJ€Ba OT JIMHUHU

% nepecekaercs (pazoBbIMU

X, =0

MepeKIIoueHus, Haobopor, — cmpaBa HaieBo. Och

TPACKTOPUSIMU O MPSIMBIM YTJIOM, TaK KaK CKOPOCTb , TO €CTb UIMEET MECTO

Max uam Min BeamanHbL L.

2.3. CKONB3S1MIMI pEXUM U YCIOBUS €r0 CyIIECTBOBAHUS.

HenpepriBHbIN Tiepexo (Ha30BOl TOUKH Yepe3 MPSIMYI0 MEPEKITIOUeHUsS BHE
oTpe3ka AB u3 oaHOW 00JIaCTU JTUHEHHOCTH B JAPYTYIO COOTBETCTBYET *CIIMBAHUIO"
pemeHnii ypaBHenus (4) no HempepslBHOCTH. Ilpu monamaHuu Ha otpesok AB
M300pakaromiasi TOYKa BBIHYXJAEHA ABUTAThCS IO HEMY 10 HEMY JI0 T€X MOp, MOKa HE
JOCTUTHET COCTOSIHMSI paBHOBECHMs B Hawaje KkoopauHar. Ilepemenenue
u3o0paskaromieii Touku o orpesky AB naspiBaerca ckombzsumm pexumom (CP).
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[TonmyurmM B aHaIUTUYECKOM BHE ycioBus cymectBoBanus CP. Jlns storo
paccMOTpUM TMOBeZeHHE (PA30BBIX TPACKTOPUH B MalOM OKPECTHOCTHU MpPSIMOU
nepexiitoueHusi. OueBHIHO, M300pakarolias TOYKA HE MOXET IMOKHUHYTh JIMHHUIO
nepekiitoueHus (5), eciau Npou3BoiHas

d oS . oS,

—S(X %) =—— X+ X% =X, + Ky - K- (U +w)

BBIUKMCIICHHAs B CUJy ypaBHeHUM aBwxkeHUs (3), OyAeT MOJOXKUTEIbHOU
(meorpunarenpnoit) npu U=—C  u orpunarensHoii (HemonoxuTeapHoi) mpu U=C,
TO €CTh

%] < kkoo (€ — W) (11)

B cnyuae 3Haka paBeHcTBa BbIpaxkeHus (11) u (5) ompenensroT MONOKEHUS
KOHIIOB oTpe3ka AB. CnenoBatenbHo, oTpe3ok CP TeM Oosbliie, yeM OOJbIIe MoJiKa
pene 1 Ko3(pPUIUEHThl YCUIEHUS IPSIMOA U 00paTHOM CBSI3H.

N3 (11) cnenyet, uto cymiectBoBanue CP 3aBUCHUT OT BHEIIHETO BO3JECUCTBUS

W. B ciyuae napymienust yciaosusi (11) mpu w>C (dazoBble TPAEKTOPUU, KOTOPHIE
NpUHAJJIEKAT 00JACTH, PACIOJIOKEHHOM CIpaBa OT JUHUM NEPEKIIOUEHUus, OyIayT
MPEACTABIATh COOOM Mapadosbl, BETBM KOTOPBIX HANPABJIECHBI B IOJIOKHUTEIBHYIO

CTOPOHY OCH % (cm. ypaBuenue (7)). Ilpu sToM (ha3oBbIi TOPTPET HMCXOMAHOU
CUCTEMBI (pHC. 2) Ka4yeCTBEHHO H3MEHSETCA U TMpPEACTaBIseT CO0O0M MHOXKECTBO
TPAEKTOPHUH, BCIOAY IEPECEKAOIINX NPSAMYIO IIEPEKIOUECHUS B OJJHOM HAIIPABJICHUH.

B ycranoBuBIIEMcs pexuMe TpH X, =0
w<cC, (12)

Ha ocnose (11) — (12) moxHO caenath BbIBOJ, uTo B CAP, npennasHaueHHON
JUIsi paOOThl B CKOJB3AIIEM pEKUME, BEIUYMHA TOJKH pelie JOJDKHA C 3armacoM
NPEBBILIATH 33/IaHHOE BO3MYIICHHE.

N3 ycnoBusi (11) BwITekaeT yctoWuuBOCTH “B Maniom” CP. ®aktuueckas
peanuzanusa CP 3aBuUCHT OT TOTO, SABJISIETCS JIU paccMaTpuBaeMas pesieitHasi cuctema
YCTOMUYMBOU “B OOJBIIIOM”, TO €CTh BO3MOKeH Ji BbixoJ Ha CP mpu “koHeuHBbIX
OTKJIOHEHHSIX BeKTOpa cocTostHus. [locnennee MokeT OBITh YyCTaHOBJICHO, HAIPUMED,
MyTeM MOJEIMPOBAaHUs pabOTBl CHUCTEMBbI C TIOMOIIBIO makera SimuLink.
MonenupoBaHue, KpoMe TOTO, JAaET BO3MOXKHOCTh OIICHUTH KAa4€CTBO MEPEXOTHOTO
npoiecca (ObICTpOJIECTBHE, BEIUYMHY TNepeperyaupoBaHuss W T.1.). Jpyroi
AHATUTUYECKUI CIMOCO0 MOXKET OBITh OCHOBaH, HANpUMeEp, Ha WCCIEAOBaHUU
TOYEYHOTO OTOOpaKEHHUS JIMHUM TepeKItoueHust B ceos [1].

ycnosue (11) mpeobpasyeTcst kK BUIY

2.4. YpaBHEeHUE ABUKEHHUS B CKOJb3sieM pexume. Cporicta CP.

JIvHUs MEepEeKITIOYEHNsl SBIISIETCA JIMHUEW pa3pbiBa MPABOM YaCTH YPaBHEHUU
(3), mO3TOMY PTHMHU ypaBHEHHSAMM JBUKeHHUE BHoJb oTpeska AB me ompenensercs.
[Tonyunm ypaBHeHue CP.

[Ipennonoxkum, uro Ha ortpeske AB  prmonnsercs ycmosue (11). Dto
O3HayaeT, 4yro (a3oBas TOUKA, MOMAB Ha JIMHUIO TEpeKiatodeHus (5), HE MOXKET
NOKUHYTh 3TOW JMHUU, TO €CTh B NPOLIECCE IBMKECHUS JIOJHKHO BBITOJIHATHCA
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ycioBue (5). Ho 310 paBeHCTBO, yuuThIBasi ypaBHEHHs (3), MOXKHO IEepenucarb B
BUJIE

d_X1 + i X1 =0

dt kOC ) (13)
Pemennem storo YPaBHCHUSA ABJIACTCA

X =X - EXP(-1/ky). (14)

rae suagenns (=0 u %= %0 cupratorcs B MomenT momamanus n300paxaroiieu
Toukn Ha oTpesok AB. Takum o6pasom, nepexomubiii CP  mpowcxXomur 1o
AKCIOHEHIIMAIbHOMY 3aKOHY, MPUYEM BPEMS PETyIUPOBAHUS ONPEIEIACTCS TOJIbKO

Kod(ppumeHTOM 00paTHOM CBSI3U Koc (HAKJIOHOM JIMHUH TIEPEKIIFOUCHUS ).
N3 (13) cnenyet, 4To equHCTBEHHOE cocTosiHue paBHOBecust CAP HaxoauTcs B

Ha4daJIC KOOpAWHAT X1=X2 :O, TO C€CTb B YCTAHOBHBIICMCS PCKHMC pPaKCTa

JABUKETCS 10 JIMHUU NPULIEIUBAHUS C HYJIEBOI OIIMOKOM.

Takum o6paszom, Henuuerinas CAP Brtoporo mopsiaka (3) Ha ywactke CP
BBIPOKIAETCS B JIMHEWHYI0 cHcTeMy nepBoro mnopsaka (13) (ckomp3simas
JIMHEapU3aIys CUCTEMbl). DTO CYIIECTBEHHO YIPOILAET aHAIU3 U CUHTE3 peleHHON
CUCTEMBI. YIIPaBIICHUE TPATUTCA Julb Ha co3manue CP, a kemaemplil Xapakrep
JBIKEHUN 00€CTIeUnBAETCSI COOTBETCTBYIOLIMM BHIOOPOM YpaBHEHUN MOBEPXHOCTEH
pa3peiBa. [IpakTHuecKn BaKHBIM SIBIISIETCS TO, 4TO JABMWKEHHS B CP He 3aBUCAT OT

c,k

MapaMeTPOB MPAMOM LEMH U OTPENIEIIAIOTCS TOJIBKO KOdhPuimeHToM o0paTHOM

CBSI3U kOC. Kpome TOro, mmeer mecto He3aBUCHUMOCThH (MHBapuaHTHocTh) CP 1o
OTHOIIEHHIO K BHEIIHEMY Bo3MylmeHH0 W  TIpd  BBIOJHEHHH  YCIIOBHS
CYILIECTBOBAaHMS 3TOTO peskuma (11).

[Ipu yuere rucrepesnca B PEIEUHOM DJIEMEHTE (b;tO) uneansHbii CP
npeoOpa3yeTcsi B KBA3WUCKOJB3SIIUA PEXKHUM, XapaKTEPHUIYIONIUICS OBICTPHIMU
NepeKIroYeHusMHu peie. B gpa3zoBoM mpocTpaHCTBE 3TOMY PEXKUMY COOTBETCTBYIOT
BBICOKOUACTOTHBIE KOJICOAHUS M300pakaroled TOYKHM OTHOCUTEIBHO MPsIMOit

nepekiaoueHus. [lpu b—0 yacrora kone6aruii YBEIIMUMBAETCSA, & UX AMIUIMTYJA
CTpEMUTCS K HyJM0. OTMEUEHHBIE IOJIOKUTEIBHBIE OTIMYUSA KBA3UCKOJIB3AIIETO
peXrMa MPU STOM Ka4ECTBEHHO COXPAHSIOTCS.

3. O0BbeKT uccaeaoBaHus.

OOBEKTOM  UCCJENOBAaHUS  SIBISICTCA  IUIOCKUNA  KOHTYpP  yIPAaBIICHUS
MaJjiorabapuTHONW PAKETOW C PENEHHBIM PETYJISTOPOM, PAOOTAIOIINI B CKOJB3SIIEM
pexume.

4. 3axanue Ha HCCIIEIOBAHME.

1. UccnenoBath cTpyKTypy pa3douenus dazopoii maockoctu CAP Ha ¢azoBbie
TpaekTopuu ((pa3zoBbIil MOPTPET) NPH PA3TMYHBIX HAYAIBHBIX YCIOBUSX.

2. OnpenenuTh MOKAa3aTed KayecTBA MEPEXOAHBIX NpoueccoB. OLEHHUTHh
YCTaHOBUBIIYIOCS] OUIMOKY PETyJIMPOBAaHUS IPU OTCYTCTBUM U HAJIMUUU BO3MYILEHUS
10 YCKOPEHHUIO.
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3. HccnenoBarh NOBEAEHUE CHCTEMBI B CKOJIB3SLIEM PEXUME M IMPOBEPHUTH €0
MHBAapUAHTHOCTh K U3MEHEHUIO NTapaMETPOB MPSAMOI LIETIH.

4. UWccnenoBaTh CpbIB CKOJIB3SILEIO peXuUMa IpU JMHEMHO HapacTarolleM
BO3MYILAIOLIEM BO3AEUCTBUU IO YCKOPEHHUIO.

5. UccnenoBarh KBa3UCKOMIB3AIIMM PEXKUM ITPU HAJIMUUU THCTEPE3UCA peTIe.

[Ipu BBINIOJIHEHUU 3aJaHUN MPUHATH CIEIYIOIINE HCXOJHBIE 3HAUYEHUS [TapaMETPOB:

ko>(Q(UIMEHT Iepenaun o6bekTa ympaBieHms K=40; BenmumHa MOIKH pene

2
¢ :1[M/C }; ructepesuc pene P=0; kosdduument obpatHoii cas3m Koe =0.3 [C];

w=0 [M / CZ}
BO3MYILIEHHUE 10 YeKopenuo W= .

5. IlopsiiOK BHINOJIHEHUS PadOTHI.
1. 3anyctuth cuctemy Matlab. 3amycrutes Simulink. OtkpeiTe daitn ¢ Momenbro
HCXOJHOM cuCTeMBI (puc.2).

|

n |-

->< — -
Relay

Manual Switch 1

»BL ;

Integratorl | Integrato

N

Scope?2

i g —
Gain Conaaml[::::]
Ramp l

Puc. 2. Cxema monenupoBaHus.

2. BBINoiHUATH MOICTTUPOBAHUE CUCTEMBI U TIONYyYUTh Tpaduku (a3zoBbIX TPACKTOPHUU
IpU Pa3NUYHBIX HAYaJbHBIX YCIOBHUSIX MO CKOPOCTH M KoopauHate. Jlnis 3amaHus
HavaJbHBIX YCIIOBHH clieayeT m3MeHaTh 3Hadenue Initial condition B mapamerpax
omokoB Integratorl u Integrator2. M3meHsTh HauyadbHbIE YCIOBHS CIEOYyeT B
nuarazone ot -10 1o 10 equHUIl Kak MO CKOPOCTH, TaK U MO KoopAuHaTe. B34Th He
MEHee YeThIpeX pa3INyHbIX 3HAYCHUI HayalbHbBIX YCIOBUH.

OKClepuMEHTAIbHO yOeauThesi, 4To mnpu Bo3HUKHOBeHMH CP  (das3oBas Touka
JABUKETCS IO JIMHUY MEPEKITI0YSHHsI B HaYaJl0 KOOPAUHAT.

3. Honyunts rpaduku NEPexXOIHBIX MPOLECCOB MO KOOPAUHATE MPHU Pa3TUMYHBIX
HAYaJbHBIX  ycioBusX.  OmpemenuTs  BpeMs  PEryJUpOBaHUSA,  BEIMYUHY
MepeperymupoBaHisl W 3HA4CHHWE yCTaHOBUBIIeHcs ommOku. MccrnenoBanus
MPOBECTH TIPU OTCYTCTBHM M HAJWMYMM BO3MYIICHHUS MO YCKOPEHHIO (IIpOBEpKa

w=0.5|m/c?
nHBapuanTHOCTH CP k Bo3MymieHuto). [IpunsaTh [M ¢ ] .

4. Tlomyunth TpaduK TEPEXOJHOTO CKONB3sIIEero pexuma. Jas  sToro

3apEerucTpupoBaTb MOMCHT thoz[a CHUCTEMBI B CKOJII)S}IHII/Iﬁ PCKUM IIYTEM
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KOHTPOJIMPOBAHUS TIEPEKITFOUeHNH peneiftHoro smemenTa (cMm. Scopel) (B MomeHT !
yacToTa MEPEKIIIOUEHUI pelie pe3Ko Bo3pacTaeT). PaccMOTpeTs BBIXOJHOW CHUTHAI

CHCTCMBI (SCOpGZ), HadynHasjg ¢ MOMCHTA t . OHCHI/ITB €ro COOTBCTCTBUC 3aBUCHMMOCTH

(13). HauanbHbIe yCIOBUS IOIOKHTb 10 — S, xp =10mlc

OKCIEpUMEHTAIBHO MPOBEPUTH, UTO JABMkKeHHE B CP MHBapHMaHTHO K M3MEHEHUIO
napaMeTpoB MPSMOI LIeTIH.

5. IlogaTh NMHEWHO HapacTalollee BO3MYIIAIONIEE BO3JCUCTBHE MO YCKOPEHUIO
(nepeximounTh K04 1).  3aperucTpupoBaTh CPbIB  CKOJB3AIIECTO  PEXHUMA.
Teopernyecku 0OBICHUTH MOTYYEHHBIE PE3YIIbTATHI.

6. 3amare rucrepesuc peneiinoro omementa P=0.4 (8 mapamerpax Groxa,
OIMMCHIBAIONICTO peiie mpucBouTh SWitch on point=0.4 u Switch off point= -0.4).
[Monyunth Tpaduk H3MEHEHUS BBIXOJHOM KOOPAMHATHI CHCTEMbI BO BPEMEHH
(Scope2). OOBACHUTD OTYyYCHHBIC PE3yIbTATHI.

6. TpeOoBanus Kk opopmiIeHUIO OTUETA.

OTYeT NOMKEH COJIepPKATh YPABHEHHUS JIBUDKEHUSI CUCTEMBI U €€ CTPYKTYPHYIO
CXeMy; ypaBHEHHS (a30BbIX TPACKTOPUM U TEOPETHUUECKUN (Pa30BbIN IMOPTPET;
ycioBusi cyuiectBoBanus CP; pe3ynbTaTbl SKCHEPUMEHTAIBHOTO HWCCIIEIOBAHMS
($a30BOro MpOCTpPAHCTBA U TMEPEXOJHBIX IMPOIECCOB B CHUCTEME, BKJIIOYAs KapTUHY
cpbiBa CP 1 KBa3UCKOIB3SIINI PEKHUM.

7. KoHTpO/1bHBIE BONIPOCHI

1. B yem 3akmrouaercst MeToa a30BOro MpocTpaHcTBa’?

2. Kak Tteopetuuecku CTposTCcs (ha3oBble TPACKTOPUM, M KaK OIpeAeIeTcs
HaIlpaBJCHUE ABWKEHUS Ha HUX?

3. CKOJIBKO COCTOSIHUM pPaBHOBECHUS y cUCTeMBI? Kakomy pexkuMy MOJIeTa PaKEThI

COOTBETCTBYET COCTOSHUE 1 — X2 = 05

4. Yto Ha3bIBAECTCS UAECATBHBIM CKOJIB3SAIUM PEKUMOM?

5. Kak oneHmBaercs yCTOMYMBOCTB CKOJIB3AIIETO peXHMa ‘B MaioM U B
OompIOM”?

6. UTo Takoe CKOJIb3s111asi JUHEeapu3alus peseitHoi cucrembl? Uto oHa maet?

7. B 4eM 3aKkir04aeTCsd HWHBAPHUAHTHOCTH CKOJIB3SIIET0 PEXUMA K HU3MEHECHUIO
MapaMeTpPOB U K BHEIIHEMY BO3JEHCTBUIO?

8. Kakoil ypoBeHb BHEIIIHETO BO3JEHUCTBUS MPUBOAUT K CPBIBY YCTAaHOBUBILIETOCS
CKOJB3sMIero pexnma? Kak mpu 3ToM Ka4eCTBEHHO u3MeHseTcs (Pa3oBbiii mopTpet?
9. 13-3a yero BO3ZHUKAET KBa3UCKOJIb3AIINUNA PEKUM?

bubanorpadguyeckuii cnucox

I. Becekepckuit B.A., IlonmoB E.II. Teopuss cucreM aBTOMaTHYECKOTO
perynupoBanus. — M.: Hayka, 1975. — 767 c.

2. BoponoB A. A. OcCHOBBl TeOpHUM aBTOMaTHuYecKoro ympasieHus: OcoObie
JIMHENHBIC U HEIMHEWHbIE cucTeMbl. —M.: DHeprousznar, 1981.— 304 c.
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JIABOPATOPHAA PABOTA Ne5
AHanu3 NporeccoB yNpaBIeHNs B aBTOKOJI€0aTENbHBIX CUCTEMAX.

1. eab u 3a1aun padoThI

N3ydenune ocoOeHHOCTEH MPOIIECCOB yIPaBJICHUS B aBTOKOJEOATEIbHBIX CHUCTEMaX;
PaKTHYECKOE 3HAKOMCTBO C METOJaMM pacueTa JUHAMHUYECKUX XapaKTePUCTHK
aBTOKOJICOATENIbHBIX  CHUCTEM; TMPHUOOPETEHHE HABBIKOB AKCIEPUMEHTAIBHOTO
HCCJIEIOBAaHMs MOJIEIEH aBTOK0JIe0aTEIbHBIX CHCTEM.

2. TeopeTuuyeckue cBeIeHU

2.1. O0wue cBeaeHus

Ha mpaktrke Bo Bcex 00JacTSX MPUMEHEHHS aBTOMATHYECKUX CHCTEM Pa3IMIHOU
(GU3UYECKOW TPUPOABI W Pa3HOOOPA3HBIX KOHCTPYKIHHA JTOBOJIBHO  YacTo
BCTPEYAIOTCS TaKH€ CHUCTEMbI, B KOTOPHIX OCHOBHOW pabOYMil peKUM SIBISETCA
aBTOKO0JIE0ATENBHBIM (C JOCTATOYHO MAJOW aMIUIUTY0M U 3HAYUTEIbHON 4acTOTOM,
JIeKallel B IOMyCTUMOM T10 YCIIOBUSAM dKCIUTyaTalluy AUana3oHe).

B otux cucremax aBTOKOJieOaHWS HAaKJIAJbIBAIOTCS HA OCHOBHOW IIpoliecc
yIpaBJICHUs, MEJUICHHO B CPaBHEHUU C HUMH IMpOTEKAIoOmui. ABTOKOJIeOATEIbHbIC
CUCTEMBI 00JIaJIal0T PSIOM MPEUMYIIIECTB.

ABTOKOJICOaHUS, COMPOBOXKIAIOIINE MPOIECC YIPABJICHUS, CBOMCTBEHHB MHOTUM
pENeHHBIM CHUCTEMaM, CHCTEMaM C JIOTHYECKUM YIIpaBieHUEM M T.M. Bo Bcex aTmx
Clly4asiX B CaMOW CHCTEME YNPABICHHS 3aJI0KEHbI aBTOKOJIeOaTeIbHbIE CBOMCTBA. B
IPYTUX CIydasx aBTOKOJICOAHHWsS 3aJIal0TCsl CBOMCTBAMHU OOBEKTa, HAPHUMED, NPH
YIPABJICHUH HEYCTONYMBBIMU OOBEKTAMH, TTPH HATHYNU B O0BEKTE TOTIOJTHUTEIBHBIX
(mapa3uTHBIX) KOHTYPOB, FTEHEPUPYIOUIUX aBTOKOJIEOaHus, U T.1. B olHUX cucTemax
XOTEIIOCh OBl M30aBUTHCS OT aBTOKOJICOAHMI, HO OTO OKa3bhIBACTCSI HE BCEria
BO3MOXKHBIM, U TIPUXOJUTCS C TOMOIIBIO KOPPEKTUPYIOMIMX YCTPOUCTB WX
orpaHu4MBaTh. B Apyrux cucremax Ha aBTOKOJEOATENbHBIA PEXUM PabOTHI UIYT
CO3HATEIBHO, 3aKJIa/IbIBAS 3TO B CTPYKTYPY CUCTEMBI YIIPABICHUS.

HarmoMuuM Bkpatiie OCHOBHBIE MOJIOKEHUS UCCIIEIOBAHUSI MIPOIIECCOB YIPABIICHUS B
aBTOKO0JIE0ATENBHBIX CHCTEMaX METOJIOM TApMOHUYECKOH JIMHEAPU3AIIIH.

2.2. Onpenenenue napaMeTpoOB CHMMETPUIHBIX aBTOKOJICOaHUH.
Paccmorpum  BHauasie, Kak  ONPENEIANOTCA  NapaMeTpbl  CHUMMETPUYHBIX
aBTOKOJieOaHui. [lycTh ypaBHEHHE TWHAMUKH HEJIUHEHMHOW CUCTEMBI B OTCYTCTBHE
BXOJHOT'O CUTHAJIa UMEET BU/

Q(P)x-+R(p)F(x, px) =0 M
(HamOMHUM, YTO TIPU HCIOJIB30BAHUM METOJA TapMOHUYECKON JIMHEapU3aluu
yYpaBHEHHUSI BCEIJa COCTABJIAIOTCS OTHOCHUTEIBHO IepeMeHHOM X — aprymenra

HenuHelHoW — (yHkumu). [lomaras mepeMeHHy0 X HM3MEHSIOIIEHCS 110
rapMOHUYECKOMY 3aKOHY
X=asin a)t’

BBITIOJIHUM FapMOHUYECKYIO JIMHEAPU3aLIMI0 HEIMHEWHOCTHU TI0 (popmyiie



35

F(x, px) = [q(a,a)) 4 M}x
@
[ToncraBug (2) B (1), momydaem

Q(p)x+ R(D)[%%p}x:O

()

©)

XapaKTepI/ICTI/IquKoe ypaBHEHHUE CUCTEMBI (3) UMEET BU]T

Q(p) + R(p)[ +— p} 0
@ 1 (4)
IToacrasnss B (4) P=Joy BBIJCIASA JEHUCTBUTENBHYI0 U MHUMYIO 4acCTH, IOJIYYUM
X(a,w)=0;

Y (a,w)=0. 5)

Takum o00pa3zoMm, HMEEM CHUCTEMY JIBYX aireOpandyeckux YypaBHEHUH C JByMs
HEM3BECTHBIMH - & u @, Pemas (5), HAXOMUM BEIUYUHBI AMILIMTYABI U YaCTOTHI
CUMMETPUYHBIX aBTOKOJICOAHUN.

2.3. MeniieHHO MEHSIONINECS CUTHAJIBI B aBTOKOJI€0AaTEILHBIX CUCTEMAX.
PaccmoTpum mpomeccsl B cUCTEME IPU JEWCTBMM BXOJHOIO CHrHaila, Torma
YPaBHEHHUE TMHAMUKU HEJIMHEHHON CHCTEMBI UMEET BUJ

Q(p)x+R(P)F(x, px) =S(p) f (t) (6)

PaccMoTpuM BakHBIM U1 MPAKTUKU CIy4dad, KOrJa BHEIIHEE BO3ICHCTBUE f(t),
KOTOpO€ MOXKET ObITh JMOO0 BO3MYIIAIONIUM, JTUOO YIPaBJISIONIUM (33[1al0IIKUM), B
aBTOKO0JIE0ATENTFHOM CHUCTEME SBIISIETCS HE MOCTOSIHHBIM, & MEJICHHO MEHSIOIIUMCS.
MeieHHo MeHstoleicss Oy/neM Ha3bIBaTh Takylo (QYHKIHUIO BpPEMEHHU, KOTOpas
CPaBHUTEIBHO Mall0 H3MEHSETCS 3a MEpPUOJl aBTOKOJIeOaHWM, T.€. coOJroIaeTcs
YCIIOBUE B BUJIEC OJHOTO U3 HEPABCHCTB

dfm |f(t)|

[ft+T)— ()0 ()

T:Z—E;

PI(S Do @Da _ yacrora aBrokonebanuii. COOTBETCTBEHHO IS ACTATHYECKUX

501041

!
CUCTEM MEIJICHHO MEHSIOLENHCS CKOPOCThIO () Oynmer Takas, sl KOTOPOWM
BBITIOJTHSIETCSI YCIIOBUE

df Srolro

e+ - o0 o

YKa3aHHBIMH CBOMCTBAMHU IIOYTHU Bcema o0iamaroT 'mosie3Hble"  CUTHAJBI
yIpaBJieHUs], MPOXOSIIHE Yepe3 aBTOMAaTUUECKYI0 aBTOK0JIE0ATEIIbHYIO CUCTEMY.

VYcaoBue MeIEHHOTO HM3MEHEHUs J000i (YHKIMH BPEMEHHM MOYKHO BBIPA3UTh
TaKKe M B 4aCTOTHOH (popme, a UIMEHHO: MEJIJICHHO MCHSIOIICICS CUMTACTCS TaKas
GbyHKIHSI, BO3MOXXHBIC YACTOTHI MU3MEHEHUSI KOTOPOW BO BPEMEHH 3HAYUTEIHHO HIDKE
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BO3MOXKHOM 4YacTOThl BO3HUKAIOMIETO B CHCTEME IMEPUOJUYECKOTO PEIICHUS
(aBTOKOJICOAHU).

CrenanHble MPEANOIOKEHHS TTO3BOJISIIOT BETMUUHY F() o coorsercraenno P
CUMTATh MOCTOSIHHOM 3a BpeMsl KaXKI0ro NMEpHOJia UCCIEIyEMbIX aBTOKOJIEOAaHUN U
UCKaTh pelieHue ypasHeHus (6) B popme

x=x"+Xx, X =asinat/,

0
!
rae U oTcumThIBacTCS OTHENBHO BHYTPU Ka)XJOTO Mepuojia, u0O Tenephb X, a,0

6y,ZIYT HC IIOCTOJAHHBIMH, a IICPCMCHHBIMH BO BPCMCHH BMCCTC O HW3MCHCHUCM

0
BHEIIIHETO BO3JICUCTBUS F(t) . IIpu sTom X(1) OyJIeT MEIJIEHHO MEHSIOIUMCS
CUTHAJIOM Ha BXOJE€ HEIMHEUHOCTH.
Torna rapmoHuYeckas JIMHEapU3alus HEIMHEHHOCTEW MPOU3BOAUTCS 110 hopmyJie

(0
F(x, px)=F°(X",a,0) + Q(Xo,a,w)+w X

(7)
Jlamee mocTymaeM aHaJOTHYHO OTHICKAHHIO HECMMMETPHUYHBIX aBTOKojeOaHuii [1].
[Toacrasus (7) B (6) , morydaem
!/
QP +X)+R(P)| FO+0x + - px |=S(p) (1)
w
[Ipr nmoctaroyHO MEIJIGHHOM H3MEHEHUU (YHKIIUU () (a B acraTMYecKux
0 0 '
cucTeMax pf (t)) ¥ BeauuuH X ,a,a)’ BXOISIIUX B KOIPDUITUEHTHI F.a.q , TaHHOE
ypaBHEHHE MOXKET OBITh pa3/IeJICHO Ha JIBa OTACIBHBIX YPAaBHCHHUS

Q(p)x° +R(p)F° =S(p) f (t); @
Q(p)X" +R(p)(q+ - p)x" =0
@ (9)

COOTBETCTBEHHO [JISI MEIJICHHO MEHSIONIEICA COCTABIISIOIIEN U UIT KOJeOaTeIbHON
cocTtaBisironied. [Ipu 3TOM pasneneHun ypaBHEHHM, KaK U TPEKIE, COXPAHSAIOTCS
CYIIECTBEHHO HEJIMHEWHBIE CBOMCTBA CHCTEMBI.

YroObsl HaAWTH mporecc ynpaBieHHus U3 (9) MOJydyuM XapaKTepUCTUUYECKOE
ypaBHEHUE

Q(p)+R(p)(Q+%p)=0

3amenne P wa J? u Bomenus BEIIICCTBEHHYIO U MHUMYIO YacTH, MOJYYHUM JIBa
anreOpanyecKkux YpaBHEHUS C TPEMSI HEM3BECTHBIMU

X(x%,a,0)=0; Y(x°,a,0)=0 (10)

OTH ypaBHEHHs AAIOT BO3MOXHOCTH OMPEICIATh aMILINTYAy @ u wactory “a

aBTOKOJICOAHHH KaK ()yHKIMH X’
a(x’), @,(x") _ (11)
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[Tocne Ttoro, xak w3 ypaBHenuit (10) ompegenensl 3aBucumoctu (11), MOXkHO,
07,0

BOCIIOJIb30BABIIUCH BEIPAKEHUEM JIJIS F(x",a o)

FO ICD(XO), (12)

0 o o
rIe B JAaHHOM ciy4ae X  sBISCTCS BCIMYMHOM HE IMOCTOSHHOH, a MEIICHHO
MEHSIOIIEHCS.
[TonctaBuB (12) B (8), Haiaém muddepeHnranIbHOE YpaBHEHUE IS

, HATH (QYHKITUIO CMEIICHUS

0
OIIPE/IeIICHHS MEUICHHO MEHSIOLIEHCS COCTABISIONICH (CHIHANA YIIPaBICHHS) ®
(Ha doHe aBTOKOJICOAHHI CUCTEMBI) B BUJIC

Q(P)X +R(P)D(X) =S(P) F (1) 13)
Taxkum oOpa3oM, MOJydYaeTcs, YTO JJIsS ONpPEIeICHUS MEIJICHHO MCHSIOIIUXCS
MIPOIECCOB (PYHKITUIO CMEIIICHUS
F°=d(x°)
CJIeIyeT MOACTaBUTh B YPaBHCHUE aBTOMATHYCCKOH CHCTEMBI (6) BMECTO 3aJaHHOM

HEJIMHEMHOCTH F(x, pX).

CnenoBarenbHO, (YHKIUSA CMEIICHUS ®(x°) NpeACTaBisieT coOOM Kak Obl
CTaTUYECKYIO0 XapaKTEPUCTUKY (OOBIYHO KPUBOJMHEMHYIO), KOTOpas OIpeaeiseT
3aBUCUMOCTh MEXKJY BBIXOJIHOM M BXOJHOW BEIWYMHAMH 3aJJaHHON HEJIMHEHHOCTH
JUISL TIOCTOSTHHBIX WJIM MEJJICHHO MEHSIIONIMXCS CHUTHAJIOB B aBTOKOJIEOATEIbHOU
CUCTEME.

[Tpu m0OBIX HEMUHEHHOCTSIX, B TOM YUCJIE U CKAYKOOOPa3HBIX, GYHKIIUS CMEIECHUS

0
O(x7) MOKET UMETh IMPHU OINPEACICHHBIX YCIOBHUSIX BHJ BEChbMa IUIABHOW KPUBOM.
OtoT 3(dext HazpiBaeTCss BUOPAIMOHHBIM CIVIAKMBAHHEM HEIWHEWHOCTEH mpu

0
MOMOIIIM  aBTOKOJIeOaHU#, a (QYHKIHIO CMEIIeHUs O(x7)

CIVIAKEHHOW HEIMHENHON XapaKTEPUCTUKOM.
Ha npakTuke 0OBIYHO MCIOJIB3YETCs JUHEeapu3auus (QYHKIMM CMEIIECHHS B Hayaie
KOOPJIMHAT, T.€.

FO—k Xk, =£%j
x°=0

MOXHO Ha3bIBATb

X

OtMmeTuM, 4TO, €CIIM HETUHEUHOCTh UMEET BU]T F=F(x) , T.€. ApTYMEHTOM SIBJISICTCS
TOJBKO TIEpEMEHHass X, TO O3TH BBIKIAJKA He 00s3arenbHbl. B 3TOM citydae

KO3(GUIIMEHT YCUJICHUS] MEIJICHHOW COCTaBJISIONICH K, (koadpuImeHT ycuieHus
HEJIMHEHHOCTH B MPOIECCE YNPABICHUS) ONPEEISAETCS COTIaCHO 3aBUCUMOCTH

oD
k =| — =k (a
" (8x°jxoo .(3)

(14)
07,0
F ' (x",a)
(HETOCPEICTBEHHO TI0  BBIPAXKEHUIO , 0e3 BwuMcIeHUs (QYHKIIUU
cmenienusi). Ilpu stom B (14) @ — aMIuIMTyAa CHMMETPHUYHBIX aBTOKOJIEOaHMIA,
M3BECTHAs U3 MPEAbIAYIIEro pacyeTa aBTOKOJIe0aTENbHBIX MPOIECCOB.
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Taxum o6pa3zom, ¢ moacranoBkoit (14) ypaBuenue (13) ans onpeneneHuss MeIJICHHO
IPOTEKAOILIUX [TPOLIECCOB CTAHOBUTCS] OOBIKHOBEHHBIM JINHEHHBIM YPaBHEHUEM

[Q(p) +k,R(P)]X° =S(p) f (t) (15)

1, KaK TaKOBOE, JIETKO pElIaeTCsl.

Wtak, BBEJACHHBIN MPHUHIMI pa3JeiCHUs YpaBHEHUUN Ui KoieOaTeNbHBIX H IS

MEJJIEHHO MEHSIOIIUXCSI COCTABIISIIOLINX, MPU KOTOPOM COXPaHSAIOTCS CYIIECTBEHHO

HEJIMHEHHbIE CBOWCTBA CUCTEMBI, IPUBOJAUT K BECbMa BAXKHBIM JUISI MPAKTHYECKUX

pacuyeToB pe3yibraraM. CyleCTBEHHbIM BBIBOJOM SIBJISETCS TO, YTO MEIJIEHHO

MEHSIOIIUECS] CUTHANIBI MPOXOJIAT Uepe3 HEMUHEHHOCTh C APYruM KO3(p(UIIUESHTOM
!

g+ 1 p

YCHJICHHUS K, , 4eM aBTOKOJeOaHus (q WIH @ ),

OcoOEHHO BaXXHO MCIOJB30BaTh CBOMCTBO  BHOpPALMOHHOTO  Cra)KUBaHUS

HEJIMHEWMHOCTeW C mocheayroneid ux OObIYHOM JMHeapu3alued Mpu pacuere

CJIOKHBIX aBTOMAaTUYECKUX CUCTEM.

3. O0beKT Huccjie0BaHNUA.

ABTOKOJEOaTeNbHASA ClEaAIas cucTeMa (CAeAsIui 3JIEKTPONPUBOJ) MOCTOSIHHOTO
TOKa C PEJCUHBIM AJIEKTPOHHBIM ycuiuTteneM. [IpuHIUNUanbpHas cXxeMa CUCTEMBI
npejcTaBieHa B 1ao. pad. Nel.

4. 3apaHune Ha MccJIeIOBaAHUeE.
[IpoBecTn uccienoBaHue MPOIECCOB YIPABIEHUS B PEIECHHON aBTOKOJIEOATEIHLHOM
CUCTEME, CTPYKTYpHas cXeMa KOTOpOM MpuBeIeHa Ha puc. 1.

f(t) X F(%) - Y1 - Y2 1 Vs
P - > > > — >
Tl.stl T2.s+1 S

Relay Transfer Fcn Transfer Fenl Transfer Fcn2

Puc.1. CtpykTypHas cxema pelieiiHOi CUCTEMBI.

HapaMeprl CUCTCMbI. BCJIMYMHA IIOJKHU PECIIC CZZOB, mruprHa IICTIH

rucrepesuca  0=0; napamerper  numeiinoit  wactm: K =10; T, =0.005c.

T, = 0'00150. BxonmHoit curHan () hoJjaraeTcss MEIJICHHO MEHSIONIMMCS B
CpPaBHECHHMH C aBTOKOJICOAHUSMHU.
1. TlomyunTh aHATUTUYECKHUE 3aBUCUMOCTH JJIsl pacueTa mapaMeTpoB aBTOKOJICOAHHIA

1 kKodhpurmenTa kH.
2.IToctpoutrs Teopernueckue JIADUYX -SKBUBaJICHTHOM JMHEWHOW CUCTEMBI B

npolecce ynpasieHus (110 MEAJICHHO MEHSIOIIEMYCSl BXOJHOMY CUTHAITY f(t) ).
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3. IlpoBecTH SKCHEPUMEHTAILHOE WCCIICIOBAHNE PENeHHON aBTOKOIeOaTeIhLHOM
CHUCTEMBI: OMpENCIUTh TapaMeTphbl aBTokoyieOanuil; cHiATh JIADUX cucrembl B
npolecce ynpasyieHus (1o NepBOil FTapMOHUKE BBIXOJHOTO CUTHAJA).

5. IlopsiaoK BbINOJIHEHUSI PA0OTHI.
1. 3anmcaTh ypaBHEHHE JAWHAMHKH CHUCTEMbI OTHOCHUTEIBHO MEpEeMEHHON X
(ypaBHeHUe (6) 1715 Hallleld KOHKPETHON CUCTEMBI).

0
2. Pa3buBas Bech mporece X(t) Ha MEIJICHHO MEHSIOMyIocs X H

aBTOKOJIe6aTCJIBHy}O X (t) CoCTaB/MIOmMKUC MW I10JIaras, 4To (i)YHKHI/ISI CMCIICHUA
MOJKET OBITH JIMHCApHU30BaHa, T.C.

d(x°) =k x°

MOJIYYUTh YPaBHEHUS 1T MEIJICHHO MEHSIOIIETOCS IpoIlecca YIpaBieHUs (aHAJIOT
ypaBHeHus (15)) u 11 aBTOKOI€0aTENBHOM COCTaBIIAIOMICH (aHAIOT ypaBHEHUS (9)).

3. Ins paccMaTpuBaeMoOll HEIMHEHMHOCTH F(x) TUIA UJACAIBHON pPEIEHHON
XapaKTEPUCTUKU I pacdera Kod()PUIIMEHTOB TapMOHMYECKOW JWHEapU3aluu
I/ICHOJIL3OBaTI> cnez[y}onme I/ISBGCTHLIG 3aBucUMOCTH [1]:

Fo(x° a)— € arcsin X ,q(a) ,q(a) 0
T

4. TeopeTquCKI/I HCCIIEI0BATh aBTOKOJI€0aTeIbHBIHI pexuM
dbyHKUIMOHUpOBaHUST cucTteMbl. Ha ocHOBe ypaBHEHUS i aBTOKOJeOaTEIbHOU

COCTABJIAIOLIEN CHUCTEMBI C YYETOM KOHKPETHOW 3aBHUCHUMOCTH IS a(a) MOJIyYUTh

AHAJIUTHYCCKNUC BBIPpAXKCHHUA OJII pacucTa aMILUIUTYAbI a gy H9aCTOThI @y

CUMMCTPHUYHBIX aBTOKOJICOAHHI B CHCTEME. HpO&HaHI/IBI/IpOBaTb 3aBUCUMOCTDb a’a)a

OT apaMEeTPOB JIMHEUHON YaCTHU CUCTEMBL.
5. Haiitu BenMurHy SKBUBAJIEHTHOTO KO3 (ULIMEHTA YCUIICHUS! HETUHEHHOCTH

10 MEJJICHHOM COCTaBJISIONICH K, , JUJIs 4ero:

K, , AICTIOJIBb3YsI hopMyITy

a) HOJ'IyIII/ITB AHAJIUTHUUYCCKOC BBIpa)KeHI/Ie JJIA
OF°
H 0
OX
x°=0 (16)
k

Hns  uccnegyemoro cimydas ¢ Oyner  SBIATBCS  (PYHKUMEH — aMIUIUTY/IbI
CUMMETPUYHBIX aBTOKOJICOAHUH.
0) moxacraBnsis B (16) modydeHHoe B M. 4a 3HAUCHHUE AMILIUTYIbI

CHMMETPUYHBIX aBTOKOJI€0aHU &, HaAlTH BETHMUHHY
6. Iloctpouts JIA®UX 3aMKHYTOM OKBHUBAJIEHTHOM TapMOHUYECKH
JINHEAPU30BAaHHOM CUCTEMBI. {7151 3TOTrO:



40

a) COCTaBUTL CTPYKTYPHYIO CXEMY CHUCTCMbI, COOTBCTCTBYIOIIYIO
HHHeﬁHOMy YPAaBHCHUIO i1 MCIJICHHO MCHSIOMIMXCA IPOLECCOB M OTPAXKAIOIIYIO
IMPOXOXKACHUC YCPE3 CUCTEMY IIOJIC3HOI'O CUIHaJIa (pI/IC. 2)
f (t) = ASln a)gxt ; (17)

0) ucnone3ys naker Control ToolBox, mocrpouts JIA®UX 3amkHyTOM
JMHEapU30BaHHOU CHCTEMBI.

s 1 1 10
>—3—> > Sy S S .
| t Point 0.005s+1 0.0015s+1 S Outbut Point
. nput Poin utput Poin
Sine Wave1 P Gain Transfer Fcn5 Transfer Fcn6 Trandfer Feng 0 Scopel

Puc. 2. Cxema MozenupoBaHHs HpoliecCa yOPaBICHHWA B TapMOHUYECKU
JIMHEAPU30BAaHHON CHCTEME.

7. IIpoBecTH 3KCHEPUMEHTAIBHOE HCCIEAOBAHUE IPOIECCOB B HCXOIHOU
peNeiHoN aBTOKOJIe0aTeIbHON CUCTEME:
a) myTeM MojeaupoBaHHs cxembl SimuLink (puc. 3) mpu oTCyTCTBUH
BXOJHOro curHaima (cM. Switch 1) skcrepUMEHTAIbHO OINPEISIUTh AMILTUTYAY H
4acTOTy AaBTOKOJICOAHWW BBIXOJHOM TMEPEMEHHONM CHUCTEMBI U MPOAHAIU3UPOBATH
COOTBETCTBHE MOJIYYEHHBIM B I1.4 TEOPETUUECKUM pE3yJIbTaTaM;

Sine Wave 1 1 10
> > > > > = [
_Jb—o = 0.005s+1 0.0015s+1 s
0 anual Switchl Relay Transfer Fen Transfer Fenl Transfer Fen2 Scope

Constant

4

\ 4

Puc. 3. Cxema monenupoBaHus.

0) 3apucoBaTh (OPMYy CUTHAIIOB u(t) , Y0, Y (1), y; (1) (o003HaYEHUS CM.
puc. 1);

B) IMMPOCMOTPETH TPa(UKH MPOIIECCOB YIPABICHUS B aBTOKOJIeOATEIILHOMN
cucteme (puc. 2 3aMKHYT K104 1); OnpenenuThb, Kak H3MEHSETCS TIPOIIECC CIICKEHUS

32 BXOJHbIM curHaiom (17) ¢ wW3MeHEeHWEM €ero 4YacTOTbl (Aex :3753,

@, :0+a)a[llc]).

[Ipumeuyanne. OOpaTuTh BHUMaHuWe Ha clenywrouiee sBiaeHue. [lpu
MPEBBIIICHUH aMIUIMTYJOM BXOJHOTO TapMOHHMYECKOrO CHUTHajla HEKOTOPOro
MOPOrOBOr0 3HAYEHMsSI COOCTBEHHBbIE KoJjieOaHusi (aBTOKOJIE€OaHUs) CPBIBAIOTCS, U
CUCTEMa TMEpPEeXOJUT Ha OJHOYACTOTHBIE BBIHYXKJIEHHBIE KOJEOAHHSI C YacTOTOU
BHEIIHEIO0  BO3JACHCTBUA. OTO  SBJICHHE Ha3bIBAC€TCA 3aXBaTbIBAHUEM  WIH
CUHXPOHHU3ALKNEN.
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8. IToctpouth JIAD®UYX HCXOAHOW 3aMKHYTOM pEIEWHON CUCTEMBI IO MEPBOU

rapMOHHKC BBIXOAHOTO CHUTHAJIa AJIA JABYX ypOBHeI\/’I BXOAHOIo0 CurbHaila A“x =35 u

A, =08 Jlnst aToro moxate Ha BXoA cxeMsl SimuLink (pumc.4) rapmoHmueckuii

w, =0+0.20,[1/c]

curHan (17) B jauama3oHe dYacToT — ¢ W CHATh 4YaCTOTHBIC
XapaKTEPUCTHKU CUCTEMBI TI0O MEIJICHHO - MEHSIOIIEMYCSI TApPMOHUYECKOMY CUTHAITY.
3meHeHne aMIumMTybl W YacTOThI BXOJHOTO CHTHajga TPOUZBOAMTCS U3

KoMaHaHOrO OkHa Matlab crpoxamm, Hampumep, Buma A=3 T=01 3pecs
2r

T=—
,

6x |

A

-1 » Ll Ll
0.005s+1 0.0015s+1 s Out chastota =P 0

Sine Wave Relay Transfer Fcn Transfer Fenl  Transfer Fen2 Scope

Y

#\/\# m— 1 » 1 o| 10 |:|

Chastota

»{in out A+ 0

Amplituda

out fi 0

Faza

Ahalizer

Puc. 4. Cxema nonyuenus JTIAOUX.

9. CpaBuuts JIADUX »HKBUBAJICHTHOW TapMOHWYECKH JIMHEAPU30BAHHOU
cucteMsl (11.6) u JIAOYUX ucxonHoi peneitHoi cuctemsl (11.8). CrenaTh BBIBOIBI O
TOYHOCTH METOJIa TAPMOHUYECKON JINHEAPU3ALIUH.

6. TpeOoBanus Kk opopmiIeHUIO OTUETA.

OTuer JOMKEH COAEPKAThb CTPYKTYPHYK) CXEMY CHCTEMBI, PE3YJIbTAThI
TEOPETHUYECKOTO0  pacdera TapamMeTpoB CHUMMETPUYHBIX  aBTOKOJICOAHUN WU
ko3 dunreHTa yCuiieHusl HeIMHeHHOCTH; TeopeTnueckue JIADYX skBHUBaICHTHOM
FapMOHUYECKH JIMHEAPU30BAHHON CHCTEMBI; PE3YyJbTaThl 3KCIEPUMEHTAIBHOIO
MCCJICIOBAaHMSI UCXOJHOM pelieiiHoN cucTteMbl (rpaduku HaOMIOJaEMBIX B CHUCTEME
nporieccoB, Tabnuiy 3HaueHud JIADUX M mocTpoeHHBIE MO TOYKAM YacCTOTHBIC
XapaKTEPUCTUKU CUCTEMBI).

7. KoHTpOJIbHBIE BONIPOCHI

1. Kaxkue JIBIKCHUS JTUHAMUYECKON CUCTEMBI HAa3bIBAIOTCS
aBTOKOJICOaHUSMHU?

2. Kak BIUsIIOT mapaMmeTpbl JUHEWHOM YacTHM CHUCTEMbl HAa aMIUIUTYAY H
YaCTOTY CUMMETPHUYHBIX aBTOKOJICOaHUH?

3. Uto Ha3biBaeTcs (PyHKIMEH CMEIIEHHWS W KakoOM XapakTep OHa HMeeT?
Bo3MoxHa nu ee nuHeapusanusi? B kakoil TOuke oHa MPOBOAUTCS?

4. UYro Takoe KOXGOUIMEHT YCWICHHS HEIMHEWHOCTH B TIpoliecce
ynpasierusi? OT 4ero 3aBUCUT ATOT KodhurmeHT?

5. Kak BmmseT W3MEHEHHE OSKBHUBAJICHTHOTO Kod(pduimeHTa ycuieHus
HEJIMHEMHOCTH HAa TOYHOCTh OTPA0OTKM MEJJIEHHO MEHSIOMIErocs IMOJIE3HOro
cursana’?
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6. 3aBUCHT JIM XapakTep 3kcnepuMeHTanbHbIX JIADYX peneiiHoil cucTeMbl OT
aMIUIUTY/bl BXOJHOTO TAPMOHUYECKOTO CUTHAJIA?
7. B ueM 3aKiIr04aeTCs SIBJICHUE 3aXBaTbIBaHUA?
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