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E. B. 0006psiee — MarucTpaHT kadeapbl BbIYUCIUTENBHBIX CUCTEM U CETEN
J1. A. MupoHoeckul (4-p TeXH. HayK, MPod.) — HayYHbI PYKOBOAUTENb

OWATHOCTUPOBAHWE MMAPABNUYECKON CUCTEMbI METOAOM U3BbITOYHbIX MEPEMEHHbIX

B TexHW4Yeckoi anarHOCTUKE M3BECTHbI pasnnyHble METOAbI noucka AedekToB. Huxe onucaH cnocob
ANarHoCTMPOBaHWS TMAPABNNYECKON CUCTEMBI, OCHOBAHHbIN HA MeToAe M3ObITOYHbIX NEPEMEHHBIX [1] .

Ha pucyHke 1 npuBeaeHa cxema obbekTa, COCTOSILLErO U3 TPEX NOCNe0BaTenbHO COeANHEHHbIX 6akoB
C NNOLLaAAMI NONEPeYHOro CeYeHns a,, a,, a;. bakn coeguHeHbl Mexay coborn Tpybamu ¢ nnowaasmu no-

NEpeYHoro ceyeHnst a, U as. B nepBblit Gak BTEkaeT XWUAKOCTb, @ U3 TpeTbero Yepea Tpyby nonepeyHoro
CEYEHUs a5 Ha BbICOTE a,— BbITEKAET. YPOBHU KUAKOCTM B 6akax COOTBETCTBEHHO PaBHbI X;, X,, X3 .
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Puc. 1. Cxema 06bekTa 13 Tpex CMexHbIX 6akoB

MaTematuyeckas Mogesnb 06bekTa UMeeT cnegyrowwmmn sug, [2]:

Xy =ail— P1y/ X1 — X2,
Xy = Pry/ X1 — Xg — Pay/X2 — X3,
X3 = Paq/X2 — X3 — P34/X3 — a7, (1)

aV2G a;vV2G
rae C Lerblo COKpaLLieHns 3annucy BBeeHbl napameTpbl P, =———, P, =———, P,
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rpaBMTaLMOHHAsA NOCTOSHHAS.
B 4aHHbIX YpaBHEHWSX BbIpaXXEHUs NOA KOPHEM MOTYT MPUHUMATL OTpULATENbHbIE 3Ha4YeHuns. [oaTomy
NpW KOMNbOTEPHOM peanu3auun Bygem nenonb3oBaTtb YHKLMK Sign (DYHKLMS 3HaKa) 1 abs ((hyHKUMS Moay-

ns). Hanpumep: /X, — X, =sign(x, — X, ) - y/abs(x, — X, ) .
Takxe HeoBX0ANMO y4YeCTb, YTO B YpaBHEHUM Ans TpeTbero baka npu X, < a, XuaKkocTb B Bak He BTe-
KaeT W He BblTekaeT. [ns  9TOr0  M3MeHUM  (byHKUMIO  3Haka  crnegylowmum  obpasom

X3 — 8, =%(sign(x3 —-a,)+1)-Jabs(x, —a,).

Tenepb npn X, < a,Bce crnaraemoe 6y,qu PaBHATLCA HYNIO.

[ins MopenupoBaHWs JaHHOW CUCTEMbI, YCTPOWCTBA KOHTPONSA U AedeKToB BOCMONb3yeMCs NakeToM
Simulink, koTopbii BxoanT B coctaB MATLAB. Simulink no3sonsiet MoaenvpoBaTth ANHAMUYECKNE CUCTEMBI B
BMAE CTPYKTYPHbIX CXEM, COBPaHHbIX 13 (hYHKLMOHANbHbIX BII0KOB.



Cxema MoJenu COCTOUT M3 TPEX UHTErpaTopoB, OXBaYeHHbIX 0OpaTHbIMK CBA3AMM C YYETOM KO3 GU-
LIMEHTOB — napaMeTpoB 0bbekTa (BbicoTa, AnameTp 6akoB 1 ap.). OrpaHnyeHne MakCMMarbHOMO YpOBHS BO-
Obl B 6akax obecneumBaeTcs YCTaHOBKOW Ha MHTErpaTopax BEPXHEro Nnpeaena HachILLEeHs.

Ha pucyHke 2 nokasaH pesynbTaT MOAenMpoBaHus cuctembl B Simulink npu 3agaHHbIX HayvanbHbIX
YPOBHSIX XXMAKOCTM B Bakax 1 HyNeBOM BHELUHEM BO3AENCTBUM.
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Puc. 2. PesynbTaT Mofen1poBaHus CUCTEMbI Tpex Gakos

[Inst KOHTPONSA 1 AUArHOCTUKM CUCTEMbI BOCMOMb3YEMCS METOAOM U3BbITOYHbIX NepeMeHHbIX. CyTb Me-
TO[a 3aKMK4YaeTcs B TOM, YT0Bbl CO3AaTh MOAENb 06bEKTA MUHUMASTBHON Pa3MEPHOCTH, a 3aTeM, CPaBHUBAS
BbIXOAHbIE CUrHasbl MOAENM U peanbHoro 06bekTa, AenaTh BbIBOL O HANMYMKM HEUCNpaBHOCTEN B 0BbekTe —
AeekToB.
[Ins nony4eHunsi n36bITOYHON NEPEMEHHO CNIOXUM YpaBHEHNS cucTembl (1):
: . . . _u
x4:x1+x2+x3:a——p3\,x3—a7, (2)
1
roe X, — u3bbIToYHas nepemeHHas.
KOHTPONbHbIA CUrHan A MOMy4nM, CPaBHIBAA 3HAYEHMe WN3BLITOYHON NEPEMEHHOI C CYMMON peartb-
HbIX U3MEPSEMbIX 3HAYEHNIA:
A=X +X,+X;,—X%, =0. (3)
[laHHbIA KOHTPOMbLHBINA CUrHAM NpU UcnpaBHOW cucTeme ByaeT Bcerga paBeH Hyso HE3aBUCMMO OT Buaa
BXOZHOW CUrHana u. Hanmuume HeHyneBOro KOHTPOSbHOMO curHana Byget CBMAeTeNnbCTBOBaTL O TOM, YTO B
cucteme nossunca aedekt. OgHako 4ns nokanusauun fedekta u onpefeneHus ero napameTpos Heobxoau-
Mbl JOMOSHUTENbHbIE BbIYMCTIEHMS.
MycTb BO BTOpOM Bake Ha BbicoTe h 06pa30Banock 0TBepCTUe AWaMeTpoM S, Torda ypaBHEHWe AN

BTOpOro 6aka GyaeT creqymliee X, = P/ X; — X, — Poa/X, — X3 — P,S4/X, —h, roe p, == 26

2
I'Ip|/| 3TOM, KaK B Cliydae Anda TpeTbero baka, npn X, < h Heobxoaumo, YTobbl q)yHKLJ,I/IFI 3HaKa BO3Bpa-

lara Hynb, T.e. /X, —h = %(sign(x2 —h)+1)-/abs(x, —h).
Tenepb, NPy BbIMUCAEHUN KOHTPOMBHOTO c1rHana no gopmyne (3) nonyymm curHan smaa:

A=-p,S\x,—h, (4)

rae S U h — HeusBecTHbIE MapameTpbl npeanonaraeMoro ne(beKTa, noanexatiue onpegeneHuto.




B obLiem crnyyae 3T HEW3BECTHBLIE MOXHO HaTK, UCMONb3YS 3HAYEHUS B PA3NNYHbIE MOMEHTbI Bpe-
MEHM 1 peLuas cUCcTeMy HeNMHEeNHbIX anrebpanveckux ypasHeHuin. OgHako Ans KOHTPONS U AMArHOCTUKMA NO-
ne3HbIM SBMSETCS HeNpepbiBHOE HAbNIAEHe 3@ KOHTPOSbHBIMI CUrHaNamy.

3anuiuem ypaBHeHue (4) kak (yHKLUMIO OT BPEMEHW 1 CABUHEM 3TOT CUrHan BO BpeMeHM Ha nepuog T:

A(t) =_p4S Xz(t)_h )
At+T)=—p,S+/X,(t-T)—h.
Pa3fenum aTn curHanbl OAUH Ha APYrow, 1 BbipasM 3HaueHne h
.A(t) _ —PSY%®-h o Q% (=T)=X,(t)
At+T) —p,S{x,(t-T)-h" Q-1

roe Q :(ﬂJ .
A(t-T)

Mopcrasnss h B ypaBHEHWE (3), MOXHO HalTK S :

g A (6)

— PaX; — h

Ycnosue Toro, YTo AedoekT Npom3oLLen UMEHHO B AaHHOM Hake — NOCTOSHHOE 3HayeHue S. 3TO0 MOXHO
onpesenuTb Heckonbkumm crnocobamu: nubo HenocpefcTBeHHO HabnodaTth 3a 3HaveHuweM S, nubo npose-
PATb NPOMNOPLMOHANBHOCTL CUrHANOB B YMCUTENE W 3HaMeHaTene. ECnv OTNOXMTL CUrHasbl Ha 0CsSX O4HOrO
rpachumka, To rpacmk BygeT UMETb BUA NPSIMON, HAKMOH KOTOPOW ByaeT onpeaensTb BENUYMHY napameTpa S.
Takke 0 NPONOPLMOHAIBHOCTM [4BYX CUTHASIOB MOXHO CYAWUTb NO 3HAYEHUIO KOS(hPULMEHTa KOppensaLmum.

MogenupoBaHue CpeacTB KOHTPOMNS M AuarHoCTMKM B Simulink BbINonHEHO cnegyowmm obpasom.
Bnok, peanuaytoLmin BbIMUCNEHNS N0 opMyre (2), reHepupyeT 3HaveHne U3ObITOYHON NEPEMEHHON, KOTOpas
3aTem noctynaet Ha 6noK CpaBHEHUS N5 NOMYyYEHUS KOHTPOMBHOIO curHana. Ha pucyHke 3 nokasaH npumep
rpacuka KOHTPOMNBHOMO curHana A(t) npw Hanuuum B cucteme aedekra.

, (5)
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Puc. 3. KoHTponbHbIi curHan npu Hanuumm B cucteme aedekta

B cnyyae HeucnpaBHOCTW MPOWU3BOAWUTCA NOKaNU3aLUs W onpefenieHne napameTpoB fedekra. Kow-
TPOMbHLIA CUrHanM noaaeTtcs Ha 650K onpeaeneHns BbICOTbl MPeanonaraeMoro OTBEPCTUS, peanuayroLLmi
BbluMcreHns no copmyne (5). MonyyeHHbIn curHan nogaeTcs Ha Grok onpegenexHns gnameTpa OTBEpCTUS,
peanuayLLmin BoluncneHus no gopmyne (6). Ha pucyHke 4 nokasaHbl rpadvki pe3ynbTaToB AMarHoCTMpoBa-
HW Ans 4Byx 6akoB CUCTEMbI, OAMH U3 KOTOPbIX UMEET AedIeKT.
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Puc. 4. I'pachuk pe3ynbTaToB AMarHOCTMKM Ans AByx 6akos

Kak BMgHO 13 rpachvkoB, napa 3HauyeHuid h-S B OTNMYME OT Mapbl h'-S' SABNSOTCS KOHCTAHTaMM, cre-
[0BaTENbHO, MOXHO CAEnaTh BbIBOA O Hanuuuu oTBepcTust Ha BbicoTe 0.2 u anameTpom 0.1 B COOTBETCTBY-

foem Bake. Takum 06p830M, 3aflavya KOHTpoNA U ANarHOCTUKM OKa3dbIiBaeTCA BbIMOMHEHHOW B NOMHOM 00be-
me.
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