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U. I'. XaHbIKo8 — MarucTpaHT Kadepbl BbIYUCIIUTENBHBIX CUCTEM U CETEN
J1. A. MupoHoecku (4-p TeXH. Hayk, MPod.) — HayYHbI PYKOBOAUTESb

METOA JIOKAJIU3ALIMN NAPAMETPUHECKUX NEDEKTOB
B IMHEWUHbIX AUHAMUYECKUX CUCTEMAX

3BeCTHbI pa3nuuHble MeToAbl OBHAPYXEHUS 1 NoKanu3auny napameTpuieckmx 4edekToB AuHammye-
CKX CUCTEM, Hanpumep meTog Ay6nmpoBaHus, MeTOA U3BbITOYHBIX NEPEMEHHBIX, TECTOBbIE METOALI. B aTOM
paboTe paccmMaTpuUBaKOTCH KOHCTAHTHbIE NapaMeTpuyeckne AedeKTbl AUHAMUYECKUX CUCTEM, MPUBOASLLME K
N3MEHEHWIO KOIPULMEHTOB NepesaTOMHON (DYHKLMW CUCTEMBI HA MOCTOSHHYO BenuymnHy [1]. Ctasutes 3a-
[laya nokanusaLluu OJHOKPaTHbIX NapameTpuyeckux AedeKToB NyTeM COCTaBMEHUS CUCTEMbI AMarHOCTUYe-
CKMX YPaBHEHMM.
[ins onarHocTMpOBaHUS UCMONb3yEeTCs NOAXOA K NIoKanu3auuy napameTpuyeckux aeeKToB, U3NOXeH-
HbI B paboTe [2]. MyCTb NMHENHas cucteMa ¢ OAHUM BXOAOM U OAHWUM BbIXOAOM OMKUCLIBAETCS YpaBHEHNEM:
y(p) =W(p)-u(p), (1)
roe W(p) — nepegatoyHas dyHkums (M) cuctemsl nopsgka m; y(p), u(p) — u3obpaxeHue no Jlannacy

BXOZHOTO U BbIXOAHOIO CUTHamMOB.
Mpegnonaraetcs, YTo CUCTEMA COCTOUT M3 HECKOMbKUX OGIOKOB C M3BECTHBIMK NEPEAATONHBIMU (YHK-
uusammn W, (p), ..., W, (p) . Toraa obuas nepeaatouHast pyHKLMS CxeMbl MOXeT ObITb anrebpanyecky Bbipa-

KeHa uyepes HUX W (p)=FW,,...,W,). KoathduumeHtbl yncnutens u 3Hamexarens obwen MNd «,, f

(k=0,...,m, I<k) 6ygyT 9BnaTbCH PYHKLMAMU aHANOTMYHbIX KOIPPULNEHTOB 6MOKOB.
CB#3b k0ahhrLMeHTOB 6MI0KOB M K03GhULMEHTOB 0bLLen MNP MOXHO 3anucaTb B MAaTPUYHOM BUAIE:
A-rh=R, i=1..n, (2)
rae R — BexTop koapdpuumenTos M cuctemsl, r, — Bektop koapduumentos MNP bnoka W,, A, — matpuua
CBAA31 KO3 NLIMEHTOB | -ro Brioka ¢ KoadduumeHtamn «, , f, .

B cnyyae opHOKpaTHOrO Aedpekta ypaBHEHWS MOyYatoTCs NIMHEMHBIMW NO KaXOoMy W3 napameTpos.
JTO CnpaBeanMBo Kak 515 CUCTEM aBTOMATUYECKOTO YNPaBEHUS, Tak U 41151 ANEKTPUYECKUX Lenei.

Ecnu B pesynbTate naeHTudmkauum 66110 YCTaHOBEHO, YTO NO NMPUYMHE M3MEHEHMS KOS(DULIMEHTOB
ofHoro u3 6nokos, uaMeHunack M Bcel cxembl, TO YTOOLI ONPeSenUTL HOMEP HeucnpaBHOro 6oka, Ans
KaXgoro M3 N MaTpUYHbIX YPaBHEHUI (2) BbIMOMHAETCS NMPOBEPKa PaHTOBOMO KpUTEPUS

rank[A, R]=rankA, i=1...,n, (3)
roe B kayecTBe BekTopa R MCMOMb3yeTcs BEKTOP MAEHTU(MLMPOBaHHBIX Ko3thduumenTos M W (p).

PaHroBbIil KpUTepUi UMeeT HegocTaTki. BeneacTsne aonycTUMbIX MOrPELIHOCTEN paBeHCTBO (3) Mo-
KET He BbINONHMTLCS. BMecTo Hero Byaem noacunTbiBaTh HOPMbI BEKTOPOB HEBS3KM N0 hopMyne:

l51=A% -R|=[aA ~E)R]
rae 5, — BeKTOp HeBsi3kM, A" — nceBaooBpaTHas MaTpuLa CBsian KoadhuumeHToB pasHas (AT A) A",

HeucnpaBHbIM cunTaeTcs ToT 610K, Ybsi HOpMa BEKTOPA HEBA3KM MUHUMAbHA.
Mpumep 1. MycTb AaHa cxema 13 Tpex BOKOB CO CBOUMM NepeaaToYHbIMU (YHKLMAMM (CM. PUCYHOK 1).



x , 1 + 2 }’h
p+2 | 25" +1
!
2ip

Puc. 1. Cxema ¢ Tpemsi nepefaTouHbIMM Griokamu

2p
2p* +4p° +p?+6p+8
[MpoBeaeHHas npouenypa UaeHTUdMKaLmMm nokasana, Yto Tekywas MNd otnmyHa ot HOMUHATBHOM:
* P
WPy = 2p* +4p* + p° +4p+4
[ins Toro 4TOBLI YCTAHOBUTH, KaKoW OOK HeucnpaseH, COCTaBUM BEKTOPbl KO3(MULMEHTOB I; AN
610K0B CXeMbl
= (blO’ a, a’lO) =112); r, = (b2013'22’ azo) =(2,2,1; ;= (bso’ a31) =(2,1).
KoadhdomumeHTbl 06weit NP cea3aHbl ¢ koadhduumeHTamm 6110Kk0B ypaBHEHUSIMU:
Ry =B =bibyds =1 R, =, =a,8,85 =2, Ry =y = a,a3,3,, =4,
R, =@, =2,,8,08;; =2, Rs = a; =8,083,8;, +Dyghs0ay, =4, Ry =y =bybya,, =4.
CocTaBnsieM Tpu CUCTEMbI CUMBOMBHBIX 1 YUCTIEHHbIX YPaBHEHUI (2) N0 KONWUYECTBY GMOKOB:

HomuHanbHas Mo cxemel W (p) paBHa

cmp.\ cmo. ~ by, a,;,; Qo o bl_O 8 &, _
R, b, O 0 oA 2 00 1
R, 0 a, O b, a, 0 20 by, 2
(cuet 1) R, 0 0 85 |-l Ay, |=| X3 |, 00 2. a, |= 41,
R, 0 48,3, O a,, a, 0 1 0| |a, 1
Rs 0 Dbyby, a8y a, 0 41 4
R, 0 0 b,g0s, | | | 0 0 4] 4]
cmp\emb. Dy, @, @y by Ay, Ay o
Rl b10a31 0 0 ﬁl 100 1
R, 0 a@a,; O by, a, 010 by, 2
(cuct.2) R, 0 ap@a,; 0 8y, |=| % |, 020 8y |=(4];
R, 0 0 a,a; " a, 0 01 Ay, 1
R bspay; 0 ayay, o, 2 0 2 4
R, b, O 0 | | | 14 0 0] 4]




cmp.\ cmé6. by, 8y b, as
R, 0 b,o0s0 b 0 2 1
R, 0 a,,a,, a, 0 2 2
(cuet.3) R, 0 ay,8,, .{b“}: o, 0 4. b3°}_ 4.
R, 0 aga,| L™l g 0 1| % |1
Rs bytu; B a, 2 2 4
R, | Dy, 0 | |, 14 0] | 4]

lMpoBepKka paHroBOro KpUTEpUs ANns Kaxgoro 13 GriokoB nokasana, YTo cucTema 2 SBRSETCS COBMECT-
HoW (cM. Tabnmuy 1). MpucoeanHeHHbIn ctonbel R paBeH NMHENHON KOMBUHALMM CTONBLOB MaTPULbl CBSI3M
A, . 3HauuT, B Brioke W, umeeTcs HencnpaeHbii anemeHT. C fobasneHneM HOBOro ctonbua paHrt npoynx
MaTpuL, KOS PULMEHTOB CBA3N YBENNYUITUCE.

HopMbl BEKTOPOB HEBSA30K NpeablayLLero npumepa Boiwnm pasHbiMu 1.693, 0, 0.871. Cneposatens-

HO, HeucrpaseH 6nok ¢ MNP W, (p) . [lononHuTenbHbIN aHann3 nokasbiBaeT, 4To YncnuTens 3toro Brok cran

PaBHbIM eauHULE.

PGSYJ'IbTaTbI paHroBoro Kputepua

Tabnuua 1

Briok W, Bnok W, Brok W,

>> rank(A1) >> rank(A2) >> rank(A3)
3 3 2

>> rank([A1,R]) >> rank([A2,R]) >> rank([A3,R])
4 3 3

OCHOBHOW HeJOCTaTOK M3MOXEHHOro MOAXoda K Jlokanusauum napameTpuyeckux AedeKToB CBSA3aH C
HeobX0AMMOCTbI0 MOMHON MAEHTU(MKALMM NEPeaaToOuHON (YHKLUMM 0BbekTa ANns onpeaeneHns Homepa He-
ucnpasHoro 6noka.

[ins npeogoneHus 3Toro HegocTaTka npeanaraeTcs 06oUTUCL YaCTUYHON MaeHTUMMKaLMen, onpeae-
N8 Tonbko Ko3adhduumeHTsl 3HameHaTens MNd obbekta. Ecnn aTn koapdUUMEHTLI 3aBUCAT HE OT BCEX (PU3n-
4eckux napameTpoB CUCTEMbI, TO €€ Ha BpeMs MPOBEPKA MOXHO OXBaTUTb 0BpaTHON CBA3bI0. Torga Koad-
(OULMEHTBI YUCAMTENS MONaAalT B 3HAMeHaTeNb XapakTepuctuyeckoro mnonnHoma ld. 3o cnepyet wu3
copmynbl ans Ne W_ (p) 3aMKHYTOM CXeMbI:

3am

B(p)
W (p)= W(p) _ A(p) _ B(P)Aoc (P) ,
T LW (PWoo (P) 1, B(P) Boc () A(P)Aoc () +B(P)Boc (P)
A(P) Aoc (P)

rae W, (p) — M® 3amkHyTon cuctemsl; A(p), B(p) — uucnutens, sHameHatens MO obvekraW (p);
A (P), By (p) —umcnurens, s3HameHatensb 1P obpatHoit ceasuW . (p) .

B pesynbTaTe CTaHOBUTCS BO3MOXHbLIM NOCTPOEHWE CUCTEM AMATrHOCTUYECKUX ypaBHEHWi (2) 6e3 Bbl-
NOSTHEHUS NOMHOW NAEHTUMKALMK.
Mpumep 2. MycTb gaHa cxema 13 Tpex BriokoBs, NokasaHHAs Ha PUCYHKe 2.
12p+6
5p° +56p2 +161p +30

lNocne oxBaTbIBaHWS €4MHNYHOW 06p8THOI?1 CBA3bI0 OHA NMPUHUMaAET BN,

Ee HomuHanbHas M pasHa

12p+6
5p® +56p* +173p + 36

BekTopbl k03(hpULIMEHTOB I, 6MOKOB CXEMbI PaBHbI
= (b10’ Ay, aio) = (—9,1, 2); r,= (b201 15 azo) = (11’1’ 6); = (bso' A3, aso) = (6’5’1)-
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Pwc. 2. MapannencHo-nocnegoBaTenbHas cxema

YactmyHas  wgeHTUdUMKaUMA  nokasana, YTO  3HaMeHaTenb  OTMMYEH OT  HOMWHASIbHOrO:
5p® +56p% +227p +360. YT0BbI BbISCHIUTL HOMEP HEMCTIPABHOTO BOKA, COCTABUM YPaBHEHNS CBSI3M (2)

6e3 yyeta k03hPULMEHTOB YMCIIUTENS:

cmp.\ cmo. by 8y 2T
R 0 8318, 0 a
(Cuct.1 ana W, ) R, 0 (a303-21+ a31a20) a3,8y; * Do = |,
R a0y (asobzo + bzobso) (a30a21 + a31a20) o o
Re a,eb3 0 (azobao + bzobao) ’ 2
cmp.\ cmb6. b, a, Ay
R, 0 A3:8; 0 a;
(Cuer.2 pns Wz) R, 0 (asoau + a31a10) Az, * azo =, |,
Rs IR (a31a10 + b10b30) (asoan + a31a10) a21 o
Re | 830b3 0 (a30a10 + b10b30) ? )
cmp.\ cm6. b, ay Az
R, | 0 a8y 0 b 2%
(Cucr.3 ana W,) R, 0 (a21a10 + a20a10) ay,ay, * 8.30 =1 |.
Rs (a21b10 + anbzo) Az080 (a21a10 + azoau) a31 o
Re _(azobm + alObZO) 0 (a30a10 + bwbso) ¥ %
B uncneHHom Buae cuctembl 1-3 uMetoT BuA
b &y ay by a; ay, by 8 Ay
0 5 O 5 0 5 0 5 1 0 [by, 5

o

- : 11 1 |.|a,|=|56 .

6 72 31| || |227| |6 -20 26 ||| |227 30 11| |a,, | |227

36 0 72| |360| [30 0 -—49| % |360| |1 0 30 360
PesynbTaTbl NPOBEPKK PAHroBOro kputepus (3) npueeaeHsl B Tabnuue 2.

b
0 31 5| °l=|5 |0 26 5 |.| °|=|56

o
N O O3

Tabnuua 2
PesynbTaTbl paHroBoro kpurepus npumepa 2

Briok W, Brok W, Briok W,
>>rank(A1) 3 >>rank(A2) 3 >>rank(A3) 3
>>rank([A1,R]) 3 >>rank([A2,R]) 4 >>rank([A3,R]) 4




C pnobasnexnem Hosoro cTonbua paHr Matpuubl cesasn bnoka W, (p) octancs npexHuM. Bektopbl He-
BA3KM Aanu pesynbtathl: 0, 0.6972, 1.0365. 3HauuT, UCKaxeH oaunH 13 koadduumeHTos brnoka W, (p).

3aknoyenue. MpeanoxeHa HoBas MoguukaLumMs MeToaa nokanusaumn napameTpuiecknx 4eekTos B
NIMHENHBIX CUCTEMaX, OCHOBaHHAs Ha 4acCTUYHOW maeHTUdmkauun Mo cuctembl U NPUMEHEHUM PAHTOBOTO
KpuTepus. [Ans peanusauun metoaa bbinn paspaboTaHbl Heobxoaumele yHKUMK Ha s3bike Matlab. Mokasa-
HO, 4TO Ans obecneyeHns NOSHOTLI KOHTPOMNS B TECTOBOM pexuMe CXeMy LienecoobpasHo oxBaTblBaTb [O-
MOMHUTENBHON 0BPATHOM CBA3LIO.
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