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1. BeedeHue

B pabote u3yuaercs 3agaua cieKeHHS 3a 3aJaHHBIMU CHUTHANa-
MU BBIXOJHBIX MIEPEMEHHBIX HETMHEHHOTO 00BEKTa aBTOMATHIECKO-
ro YIOpaBleHHUS CO MHOTMMH BBIXOJaMH M MHOTHMH BBIXOJaMHU
(MIMO cuctema) npu ASHCTBUHM BHEIIHUX BO3MYILCHUI. ABTOHOM-
HOE yNpaBlieHHE MOHUMAETCS] KaK BO3MOXKHOCTh YIIPABIATH BBIXO/I-
HBIMHU [IEPEMEHHBIMHA HE3aBHCUMO JIPYT OT ApYyra ¢ MOMOIIBIO COOT-
BETCTBYIOIIUX YIPABIAIONUX Bo3aercTBuil [5, 6]. Takas 3amgada, B
YaCTHOCTH, BO3HUKAET B Clly4yae, KOT/ia YIpaBJICHHE MHOTOCBS3HBIM
00BEKTOM BelETCS HECKOJIBKUMH OIepaTopamMH, MPUYEeM KaxKIblIi
perynupyeT HEKOTOPBIH OTAENbHBIN mapaMeTp (TpyIIy Hapamer-
poB). CuHTE3 aBTOHOMHOI'O VIPABJICHUS TO3BOJSET HCKIIOYUTH
TIEPEKPECTHBIE CBA3M MeEXIy omeparopamu. [pyras gacto BcTpe-
Yarolasics MpakTHYecKasi CUTyalusl BO3HUKAET P HEOOXOJUMOCTH
o0ecreynTh He3aBUCHUMBIE MEPEXOIHBIE MPOLECCH MO OTACITBHBIM
BBIXOJIHBIM ITIEPEMECHHBIM.

B nannoif paboTe paccmaTpuBaeTCs KJIacC HEIMHEWHBIX CHUC-
TEM, 7151 KOTOPBIX YCIIOBUS COTJIACOBAHMS U PA3PEUINMOCTH «Y3KOM»
3aJ]auyi aBTOHOMHOTO YIpaBJICHUs HE BBINIOJHEHBI. B pamkax Onou-
HOT'O TOJX0JIa pa3paboTaHbl KOHUENINS W MPUHIUITEI OpraHnu3al[ii
050uHON (POPMBI «BXOJ—BBIXOJ» C yYETOM BHEIIHHX, HECOTJIaco-
BaHHBIX Bo3myuleHuid (B®BB), ¢opmannzoBanbl HeoOXoaUMBIE H
JIOCTaTOYHBIC YCIIOBHS €€ cylecTBoBaHms. [JanHas (opma sBisieTcs
OCHOBOW IIJIs1 AEKOMITO3UIIIOHHOTO CHHTE3a aBTOHOMHOTO YIIpaBJie-
HUSI TPYINIAaMU BBIXOJIHBIX TIEPEMEHHBIX, MMEIOIINX OJMHAKOBYIO
OTHOCHUTEIIFHYIO CTeleHb. [IpUHIMIHATBHONH OCOOEHHOCTHIO Ipe/l-
JIaraeMoro IMoJAX0/1a SIBISAETCS CHHTE3 0OpaTHOM CBSI3M U IO COCTOSA-
HUIO, U IO BHEITHUM BO3JICHCTBUSAM, KOTOPBIA HE TIPeyCMaTpUBAET
WHON BO3MOXKHOCTH PACIIMPEHUS MIPOCTPAHCTBA COCTOSIHUM U JHHA-
MHYECKON KOMIIEHCALIUH, KPOME TOM, KOTOpas 3aj0KE€Ha B MOJCHUC-
TeMe HaOII0ACHHUS.

Ha ocunose b®BB pa3paborana cTpyKkTypa cHCTeMBI HaOJr0Ie-
HUSI HEM3MEPSIEMBIX MEPEMEHHBIX M BHEIIHUX Bo3necTBuid. Iloka-
3aHO, YTO WCIOJB30BAaHNE HAONIONATENeH Ha CKOJB3SIMNX PEKUMaX
SIBIISIETCS] aIbTEPHATUBOM IO OTHOIIEHUIO K PAaCHIMPEHHBIM IMOCTa-
HOBKaM 3a]1a4 aBTOHOMHOT'O YIIPaBJIeHH, TaK Kak He TpeOyeT BBOAA
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JUHAMAYECKUX IE€HEPATOPOB BHEUIHUX Bo3zaciicTBuil. IlomydeHHbIE
pe3ynbTaThl SBISIFOTCSI Pa3BUTHEM JEKOMIIO3HIMOHHBIX METOJOB
anammsa u cunresa it MIMO cucreM B muHeliHO# moctanoske [1].

2. OnucaHue npo6nemsi. [locmaHoeka 3aday

PaccmarpuBaeTca maTeMatuueckas MoOJeNib HEJIUHEWHOW HUHa-
MHUYECKOW CHCTEMBI aBTOMATHYECKOTO YIIPABIECHUS CO MHOTHMH
BBIXO/IaM{ ¥ MHOTHIMH BBIXOJIaMHU BUIA

(1) x=f(x)+a(x)7+b0u, y; =h(x),
rne Xe X < R" — Bekrop cocrosnusa, U< R™ — BekTOp ympasie-

uus, Y, € R™ — BEKTOP BBIXOAHBIX (PETYIHMPYEMBIX) TIEPEMEHHBIX;

n(t) € R® — BeKTOp BHEIIHUX BO3MYIIEHHM, KOTOPHIE MOJIArAKOTCS
HEM3BECTHBIMU OIPAaHMUYCHHBIMH (DYHKIMSAMU BPEMEHH C OTPaHU-

YEHHBIMH TPOU3BOTHBIMH “77(i)(t)H <N, vt>0,i=0n-1, N, -

usBecTHble  KoHctantel;  f(X)=col(f,....f,), b(x)=(b,...b, ),
h(x)=col(h,....h,,),  aq(X)=(¢,..4;), B obmem ciydae
f.,0.,b; € cht, h; €eC". Anamurmueckuii Bux s1ementoB h(X),

b(x) wm3Becren u l<rank(ch/ox)=rankb(x)=m, <n. 3necs u

Jasee BBOJUMBIC PAaHTOBBIC YCIOBHSA M JTU(PPeoMopdHBIE 3aMEHEI
MEPEMEHHBIX MMEIOT JIOKAIBHBIA XapaKTep W CUUTAIOTCS CIIpaBe/l-
JTUBBIMA B HEKOTOPOH OTKpBITOW paboueil oOnacT W3MEHEHUsI

nepemennbix X € X < R", koropas ompenensercss u3 NpeaMETHBIX
COOOpaXKCHHIA.

CraBuTcs 3a7ada CHHTE3a OOpaTHOW CBsA3U (10 COCTOSHHIO U
BHEIIHUM BO3JCHCTBHSAM), 0OCCIEUMBAIOIICH CIIC)KECHHE 33 3a/aH-

HBIMH (momycTuMbiMu) TpaekTopusmu ¢(t) € R™ BeIXomHbIX TEpe-
MEHHBIX Y; WHBAapHAaHTHO B aCHMIITOTHKE K JIEHCTBHMIO BHEHIHUX
BO3MYIICHUIA:
@) limy,()=9(t).

t—>o

Texymme 3nauenus ¢(t) HaOIIOMAIOTCSH, aHATUTHYECKHH BT
JIaHHBIX DyHKIH HEU3BECTEH. Ilpennonaraerc4, 4TO
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“g(i)(t)“SGi, i =ﬁ, Vt>0, rne G, — wu3BeCTHBIC KOHCTAHTHI.

Tpe6GoBanue IIAJKOCTH Ha KOMIIOHEHTBHI BEKTOPOB BHEIIHUX BO3-
neiicreuit 77(t), g(t) He maknmanpiBaercs. JIocTaTOYHO, YTOOBI OHH U

UX MIPOU3BOJHBIC YKA3aHHBIX ITOPSAAKOB OBUIN KyCOYHO-HETIPEPHIBHEI
Y OIpaHHUYCHBL.

Knaccuueckuil moaxoa K pelICHUI0 YKAa3aHHON 3aJa4d COCTOUT
B IIPEACTAaBICHUM Mojenu oObekTa ympasieHus (1) B Bume m;

CBSI3aHHBIX OJJHOKAHAIBHBIX KAHOHMYECKUX TIOJICUCTEM «BXOJ—
BBIXO/1», B K&XJIOW U3 KOTOPBIX HE3aBUCHMO PElIAeTCs 3a7a4ya aBTo-
HOMHOTO YIIPaBJICHUS BBIXOJHBIMH TiepeMeHHbIME [7]. [Ipu 3TOM | -

s moacucrtemMa (i=1m ) wuMeer  pa3MEpPHOCTb p,eN,
P+ P, +.t Py <N, mre ( Py Py, ) — BEKTOP OTHOCHTEIBHBIX

creneHed. B ciydae, korjga JaHHOE HEPABEHCTBO CTPOroe, JOMOIHU-
TEJIbHBIM TpeOOBaHHEM SIBJISIETCS OIPAaHUYCHHOCTh PELICHUH IOA-
CHCTEMBbl BHYTPEHHEH ANHAMUKH.

VYcnoBus CymiecTBOBaHMS 3KBHUBAJICHTHOM MOKOMIIOHEHTHOM
MOJIENIN «BXOJ—BBIXOI» B «y3KOi» MocTaHOBKe (T.e. 0e3 pacumpe-
HUSI TPOCTPAHCTBA COCTOSHUM 3a CYET IMHAMUYECKHX MOJENeid,
MOPOXKIAIOMIMX IPOU3BOJHBIC YIPABIAIOMIMX W BO3MYLIAIOIIUX
BO3/ICHCTBUIN) BKJIIOYAIOT COBOKYIHOCTH CIIEAYIOIIMX TpPeOOBaHHM

[7]:
3) Ly LTh() =Ly Lsh; () =...= L, LF *hy () =0,i, j =1 m,,
e Ly;LSh; =(ah; /éx)b (x), L, Lh; = (@L5h; /ax)b(X) ;

(4) detB(x)#0, B(X)=(B;(x), B;() = (L, L} hy), i,j=1m;;

(5) det %(X) #0, H=(h'), j=Lm, h' =(L/"), i

1p;;
(6) rankb(x)=rank(b(x) q(x)) <
) . — . —
<L Lihy ==L, LY "h;=0,i=1s,j=1m,.
Brmmonnenne YCIOBUA (6) O3Ha4acT, 4TO HWHBAPUAHTHOCTL B

ACUMIITOTHUKC BBIXOAHBIX MNCEPECMCHHBLIX K BHCIIHUM BO3MYIICHUAM
MOKHO 00ECIIEUUTE C IIOMOIIIBIO KOM6I/IHI/Ip0BaHHOI‘O YHIpaBJICHUA,
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€CJIH UMEIOTCS TEKYyIIHe OIEHKH BHEUTHHX BO3MyIneHui. CtaHmapT-
Helil moaxox [4, 5, 7] 3akmodaercs B pacUIMpeHHH IIPOCTPAHCTBA
COCTOSTHHII 3a CYeT BBOJA ABTOHOMHBIX JUHAMHYECKHX MOJETEH,
UMUTHPYIOIINX ACHCTBHE BHEUTHNX BO3MYIIEHWH, a TaKXKe TeHepa-
TOpa 3aJar0lnX BO3JCUCTBUN MPU PEIICHUH 3aaud CJIEKEHHUs 3a
He3aTyxalomuMA (YHKIMSIMA BPEMEHH. 3aMEeTHM, YTO JIOIOJHH-

-1
TEJBbHO K (6) BbINONHEHKE ycnoBus L L% h j =0 osHavaer monHyro
1

WHBAapUAHTHOCTh BBIXOAHBIX NEPEMEHHBIX K BHEIIHHM BO3MYILEHU-
SIM.

Ecnu ycnoBue (4) He BBINOJHSETCS, TO «y3Kas» 3agada aBTO-
HOMHOTO YMpaBJ€HHs BBIXOJHBIMU IEPEMEHHBIMH HE MMEET pelie-
Hus. Toraa mpocTpaHCTBO COCTOSIHMM PACIIUPSAETCS TAKXKE 3a CYET
JUHAMHUYECKUX KOMIIEHCAaTOPOB, TOPOXKJIAIOUIUX MPOU3BOJHBIE
yIpaBIoOMKX Bo3aeucTBuil [5—7]. Ha BXox JaHHBIX KOMIIEHCATO-
pOB TOAAIOTCSI «HOBBIE» YIPaBJIEHUS, OTHOCHUTENBHO KOTOPBIX
nposepsercs yciaosus (3)—(4), u ycmosue (5), il pacuIupeHHOTO
BeKTOpa cocTossHMM. OHAKO Ciiydail «pacIIupeHHOI» 3a/1a4i aBTO-
HOMHOTO YIpaBJIeHHUs HEIWHEHHBIMH CHUCTEMaMH TpH JeHCTBUU
BHEITHUX BO3MYILEHHN Ha CETOMHSIIHUI MOMEHT (QyHIaMEHTAIbHO
He pa3paboraH. J[OMONHUTENBHBIC OIPaHUYCHUS U MPOOJIEMBbI BO3-
HUKalOT B CiIy4ae, KOrJla He BECh BEKTOP COCTOSIHUS TOJIEKHT
MIPSIMBIM U3MEPEHUSIM.

B nanHoii paboTe paccMaTpuBaroTCs ciucteMsl (1), 7151 KOTOPBIX
JIOIYCKAeTCsI HEBBITIOJIHEHNUE YCIIOBUH coriiacoBanus (6) U «y3Kas»
3a/1adya aBTOHOMHOTO YITPaBJIEHUS] HE MMEET PEIICHHs, T.€. YCIOBHUE

(3) BeImONHSIETCS, a (4) — HE BBHITOJHAETCS, §(X) =0, det §(X) =0.

Cy1iecTBeHHOE OTIWYHE TPEIIaraéMoro moaxoja OT KIIacCh-
YECKOTO PEIICHHUsT PACIIMPEHHOHN 3a/1adyi aBTOHOMHOI'O YIIPaBJICHUS
[5-7] 3akmto4yaeTcs B TOM, YTO B TOCTPOCHHUSI BBOJSTCS TIPOU3BO/I-
HbIE 33/1al0IKUX, BO3MYILAIOUIMX U YIPAaBJISIONIMX BO3JIECUCTBUN KaK
(GYHKIIMM BPEMEHH, HO HE BBOMASATCS MOPOXKIAIONINE WX JHUHAMUYEC-
CKHE MOJECIH, T.C. BBOJUMBIC NMPON3BOAHBIC TPAKTYIOTCS KaK HEH3-
BECTHBIC OTpaHMYCHHBIC BHEIIHUE Bo3zaeicTBus. [Ipodiema uHdOp-
MaIlMOHHOTO OOeCcTedYeHHsI 0a30BBIX 3aKOHOB KOMOWHHPOBAHHOTO
VIOPaBJICHHUS] PENIacTCsl ¢ IOMOIIBI0 HaOMIoAaTeNield COCTOSHUS C
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PaspbIBHBIMH KOPPEKTUPYIOIIMMH BO3AEHCTBUSIMH, (DYHKIIMOHH-
PYIOIIUX B CKOJB3sIeM peskume [3].

Paborta nmeet crenyromryro cTpykTypy. s cuctemst (1) B pas-
nene 3 BBOAWTCS OJOYHAs SKBHBAJICHTHAs (oOpMa «BXOA—BBIXOI»
(b®BB) ¢ yueTom HecoTrIacOBaHHBIX BO3MYIICHHH, KOTOPAst COCTO-
UT W3 CBS3aHHBIX KBAIPAaTHBIX MOJACHCTEM OTHOCHUTENIBHO TIPYIHII
BBIXOJHBIX NEPEMEHHBIX, UMEIOIIUX OAMHAKOBYIO OTHOCHUTEIIBHYIO
creneHsb. [lomyueHbl HEOOXOAUMbIE U JOCTATOYHBIE YCIOBUS CyIle-
ctoBaanss bOHH. Ha ocHoBe B®BB B pamkax 6109HOTrO moaxoma
[1, 3, 6] paspaborana mporeypa CHHTE3a aBTOHOMHOTO YIIPABJICHHS
B Ka)KI0M TocHcTeMe, 00eceunBaromero (2).

B paznmene 4 pematorcst mpoOieMbl HHGOPMAITMOHHOTO o0ecte-
yeHHs1 0a30BBIX 3aKOHOB YIPABICHHUS C IOMOIIbIO HaOmromaTenei
COCTOSIHUSI Ha CKOJNB3SILIUX pekuMax. PaccmaTpuBaroTcs citydaw,
KOTJa MPSIMBIM U3MEPEHUSM AOCTYIHBI: 1) BCe mepeMeHHbIE COCTOS-
HU X; 2) TONBKO BBIXOAHBIE IEpeMEHHbIE Y,. B mepBom ciydae

HaOIOAaTeNb CIIYXUT JJIS TOJIYYEHHUS OIEHOK CMEIIaHHBIX Iepe-
MEHHBIX (KOMOWHAIIMN TIEPEMEHHBIX COCTOSHUS, BHEITHUX BO3JEH-
CTBMH M WX MPOM3BOIHBIX), HEMOCPEACTBEHHO (PHUTYPHUPYIOIINX B
3aKOHaX KOMOWHHPOBAHHOTO YIIPABJICHHS, YTO CYIIECTBEHHO YIPO-
IaeT CTPYKTYpy peryisropa. Bo Bropom ciiyuae (GopManu3yroTcs
JIOTIOJTHUTEIBHBIE YCIIOBUS, NPU BBIINOJHEHUM KOTOPBIX 3ajada
HAOJIIOJICHUSI HEU3MEPSEMbIX U TPeOYEMBIX JIJIsi CUHTE3a 00paTHOM
CBSI3U TEPEMEHHBIX BEKTOpAa COCTOSIHUM HMMEET PEIICHUE WHBApH-
AHTHO K aCUMNTOTHKE K JIEMCTBUIO BHEIIHWX HEU3BECTHBIX BO3MY-
IIEHUH.

3. Cmpykmypa 65104HOU hOopMbI «8X00—8bIX00»
HesluHeUHOU cucmeMbl C y4emoM 803MyWw,eHuUU.
Ba3soenlili 3aKOH ynpaesieHusi

B oTnuume OT MOKOMIOHEHTHBIX JIEIEHTPaIM30BaHHBIX (HOpPM
[4, 7] B manmoii pabote mns cucremsl (1) BBoguTCs O109Has Gopma
(b®BB), xoTOpas COCTOWT W3 CBS3aHHBIX KBAAPATHBIX IMOACHUCTEM
«BXOJI—BBIXOM» Pa3MUYHON Pa3MEPHOCTH C Y4YETOM HECOTJIacOBaH-
HbIX Bo3myineHuil. Konuenius bB®BB 3akntouaercs B TOM, 4TO B
KOKIOW TOACHCTEME TPYHIBl KOMIIOHEHT BBIXOAHOTO BEKTOPA,
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UMEIONINX OAWHAKOBYIO OTHOCHUTENBHYIO CTENEHb, PEerylIHpyloTCs
«CBOMMM» YHPABISIONIMMHA BO3/JICUCTBUSAMH, HE BIUSAIOIMIMAMU Ha
MOBEICHNE APYTUX BBIXOJHBIX KOOPAWHAT 3a CYET KOMITCHCAIHH
MIEPEKPECTHBIX CBS3€H C MOMOIIBI0 KOMOWHHPOBAHHOTO YIIpaBlie-
Hus. CHHTE3 aBTOHOMHOTO YIIPaBJICHUS, 00ECIIeUYNBAIOIIETO Kelae-
MBIE TIEPEXOTHBIE TTPOIIECCHI TIPH CIIEKEHUH BBHIXOIHBIX TIEPEMEHHBIX
32 HE3aTyXaloIUMH CHUTHAJIaMH, OCHOBAH Ha IMPHUBEIECHUN KaXKIOW
MOJICUCTEMBl K KaHOHHYECKOMY BHIY OTHOCHUTEIBHO OIMMOOK clie-
JKeHus. JlomyCTUMBIMEH CYHTAIOTCS 3aKOHBI KOMOWHHPOBAaHHOTO
yIpaBIeHHs, B KOTOPBIX CTaOMIM3HPYIOMIAs COCTABISIONIAS — JIH-
HeltHas (QyHKITUS OT MePEeMEHHBIX COCTOSIHUS M BHEUTHUX BO3JIEHCT-
BUH, KOMIICHCHPYIOMIAas COCTABIAOMAs — (PYHKIUHM W CHTHAIBL,
MIpUHAJUIeKAIINAE TPOCTPAHCTBY ympaBineHus. Ecim B cucreme (1)
ycioBus (4), (6) He BBIMIOTHEHBI, STOT MPOILECC MOPOXKIAET MPOU3-
BOJHBIC «UYXHUX» YIOPABISIIOIINX BO3ACHCTBUI M BHELIHUX BO3IECH-
CTBUH, KOTOPBIE B «y3KOI» IMOCTAHOBKE TPAKTYIOTCS KaK HEM3BECT-
HbIE OTpaHWUYeHHbIe (QYHKOMKH BpemeHn. g coxpaHeHHA
CTPYKTYPHBIX CBOWMCTB YIPAaBISEMOCTH B KaXKIOU IMOJICHUCTEME (UTO
03HAYaeT OTCYTCTBHE IMPOU3BEICHHUIA «CBOHMX» YITPABISIONUX BO3-
JNEUCTBUI HA «4y)XHe» YIPABIIIONNE BO3JACHCTBUS W BHEITHHE
BO3MYIIIEHUS, & TaKKe€ WX TNPOU3BOJHEIE), K COCTaBy apryMEHTOB
MaTpUIl Tiepe]] BHEITHUMH BO3MYIIECHUSMHU ¥ YIPABISIFOIIUMA BO3-
neiicteusimu B BOBB npenbsBistores crienuanbHble TpeOOBaHMUS.

B cuny manHo# konnernmuu mis HenwHerHOW MIMO cucremsr
(1) BBogutcst BOBB Buaa

Vi = Vi +Q (Ve YW+ Bi(y, X, U, i=1, 11,
Vi = (Y, x,) +Q (Y, X, )m + By(y, X, )u, i =1
©) %, =f,(¥,%,)+Q,(¥,x,)7+B, (¥, x,)u,

KOTOpast IOoJIydeHa B pesyibraTte 1uddeoMopdHOil 3aMeHBI JIOKaIb-
HBIX [TEPEMEHHBIX

9) H(Xx,)=y=col(y,...y,1.¥,)eR', rank@H(x)/ox) =1,

()

IJIc C TOYHOCTBIO JI0 TEPECTAaHOBOK X=COI()_(,XH), XeR',

H(X,x,) —Bextop-bynkums u3 | snementos, y; =col(y;,y;) e R™,
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i=1u-1, Vﬂ =Y,, #<N — MakcHUMalbHas OTHOCHTEJbHAs CTe-
nenb, M +...+m, =I, I+dimx,=n, dmy, =dimy, , =m, #0,

i+1
(10) dimy; =rank|§i =P, =M =My, Pp+..+p,=m, p,=m,
B,
=rankI§i rankB(y, X, ) xm, =M, B=| ... |,
B

"

ran

o o)

BB =B (Y i), m2m,,,
T.€. MOTYT OTCYTCTBOBATh KAKUE-TMOO yPABHEHHSI OTHOCUTEIBHO Y
(i=1x-1) no mpusnaky p, =0, p,#0.Ecim I <n u dimx, =0,

to (7) — moacucTeMa BHEIIHEW AUHAMUKH, (8) — mojcucremMa BHYT-
peHHell THHAMHKH, K KOTOPO#l IPU BBIOPAHHOM 3aKOHE YIPaBICHHUS
IpeIbsIBISETCS TpeOOBaHKE OrPAHUYCHHOCTH pelieHuit. Perymupo-
BaHWE BHYTPEHHEH JAWHAMHKH — CaMOCTOSTEIbHAs, OCTATOYHO
CIIOXHasi mpobsieMa, KOTopas 3/1eCh He paccmarpuBaercs. OrpaHu-
YUMCSI KITACCOM CHCTEM C YCTOWYMBBIMH COOCTBECHHBIMH JIBUKEHHSI-
MU BHYTPEHHEW TUHAMUKOM.

B cuy (10) BBIIOJHAM HEBBIPOKICHHYIO 3aMEHY TTEPEMEHHBIX
BEKTOpA yIpaBICHHU

B(y,x,)u=0=col(u,...,u,), dmu; = p;,
(1) det B(y, x,) =0, T, =col(u,,...,u;),
c yquOM KOoTOpoii cuctema (7) mpuUMeT BUJT
= Vi + Qi Y + Bi (Y V)G, 1 =L =1,
Y =hi(y,x#)+Qi(y,xy)n+ui, i=1u.
s dopmanusanuu yciaoBuit cymectoBanus BOBB (12) co-

CTaBUM H30BITOUHYIO cucTeMy auddepeHInanbHbIX YpaBHEHUHA
OTHOCHUTEJIBHO NMPOU3BOAHBIX BBIXOJAHBIX IEPEMEHHBIX

(13) Vi = A () +Q (¥)n + B, (Yu, Wy = A(x),i=1n,

e W, =Yy, =h(x), w, e R™,

A =@h/ox)f(x), A=(©A_,/0x)f(x) — BexTop-QyHKIHH,
Q =(6h/ax)q(x), B, = (6h/ox)b(x) , Q = (oA /X)q(x),

(12)
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B, =(0A_,/0X)b(X) — HenmuHelHBIe MaTpUIBl COOTBETCTBYIOLIHMX
pa3mepoB. B o6o3nauenusx cucremsl (13) chopmymnupyem
Heo0xoqumbie ycioBusi cymecrsoBanuss b®BB. Ecnu mis
omeparopa  HenuHeiHoit cucrembr (1), rTme Vxe X <R"
rank(ch/ox) = rankb(x) =m, <n cymiecTByeT HaTypaJbHOE YHCIIO
M 1< <N, 9T0 BBINOJHSIOTCS YCIOBHUS:

B,

rankB, = p, <m,, B, :(B J rankB, = p,+ p, <My, ...,

2

. B . .

_| w2 —

Bﬂ_l_[ , rankBy,l_rankBy,2+ P,1<m
u-1

A

) Bufl ) 5 .
Bﬂz 3 , rankB, =rankB, ; +p,=m;, p,=#0;

7

(AB), = (8h/ox O),rank(AB), =m, (AB), = [%(/AaxBE);:] |

rank(AL%)l =m +(m,+p), M+ p,=m,

(A é»:( (A é>l],
oA, /ox B,

rank(A B), =rank(A B), + (M, + p,), My + P, =M, ;...

s o [(AB),,
(A B)"_[o it J

7
rank(A B),, =rank(A B), ,+p,=m+l, m <l<n,

u-1
rae 1= (m,+p)+p,, Mmy+p=m, p,=m, =0, 10 Torna
i=L
cyniectBytot audheomopdHbIie 3aMeHbI epeMeHHbIX (9) u (11).
Hoxa3zarenbcTBo. [Ipy BBINOJIHEHNN yKa3aHHBIX YCIOBUM CHC-
temy (13) myTem mepecTaHOBOK U OTOPACHIBAHHUS IHITHHUX» CTPOK
MOKHO MPEACTABUTH B YKOPOUEHHOM BUJE
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(14) y, = Y. _ §(X)+(§(X)ﬂ+ %(X)U |

i) (AM)+Q(x)7+B;(x)u
Y, = A,00+Q,(07+B,(u,

rae dimy, =dimy, ; =rank(@A/ox) =m

Vir=A),i=1u-1

i+1

~ ~ B
dimy, =rankB;, =ran _ = pi=Mm —M, P +..+p,=m,
i
m +...+4m, =I. Torna B (11) detB=0, a | snemenramn H(x)
ABISAIOTCS  BekTOp-hyHkmuun  h(X), Kl, ooy K#_l, u

rank(@H (x)/X) =1, rae x =col(X,x,), XeR'.
B tepmunax cuctemsi (14) ¢ yuetom (9) chopmymupyem
JocraTtounsie yciaoBus cymecrsopanuss bB®BB. B cucreme
(14) mocne 3amenbl (9) U 0OpaTHOM MOACTAHOBKU X = Hfl(y,Xﬂ)

s Beex i=1u—1 marpuust Q;, BB =B, nubo nocrosHHbIe,
anb0 MX apryMeHThl HE BKIIOYAIOT MHBIX IIE€PEMEHHBIX, KpOMe
yKa3aHHBIX:

(15) Qi(Yu-¥i)» BB =Bi(yy,- i)

Hust cuctemsr (1) cymectBytor Heckoibko BPBB (12), (8)
OJIMHAKOBO# cTpyKTypsl [1], ompenensembix HabopamMu OGa3HUCHBIX
MHHOpPOB MAaTPHI[ YaCTHBIX MPOM3BOIHBIX. BBIBOJI O HEBBIOIHEHUH
yenoBuid (15) memaercs TONmbKO TmMocie mepedopa BceX BO3MOMKHBIX
BApHAHTOB.

B uvactHOM cnydae, korna ycnosusi (4) Beimonustores, B (12)

B, =0 Vi=1u—1. Eciu npu 3TOM BBINONHAIOTCSA yci1oBus (6), TO

u (j, =0 Vi=1 pu—1. 3a cuer cucrem, B KOTOPHIX JaHHbIC MaTPHIIBI

HeHyneBsle (15), pacumpsiercs: Kjacc CUCTEM, I KOTOPBIX «y3Kash
3aJadya aBTOHOMHOI'O YIPABJICHUS MMEET pPELICHHE B paMKax HC-
HOJIb3yEMOro GJIOYHOT0 NOAXOJA.

s Toro 4toOBl BBIBUTH CBsA3U Mexay Oiaokamu BOBB (12),
BBITIOJTHUM JIOTIOJIHUTEIbHOE paciueruieHne Bekropa Y. C TouyHo-

CTBIO OO IMCPECTAHOBOK UMCCM!
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Yi =C0l(Yi st Vipas Vi) dim Yy = py, j=i+L g, =1 -2,

TAC IO IMMPU3HAKYy pj =0 MOT'YT OTCYTCTBOBATH I'pYyIIIbl KOMIIOHCHT

Yij, 1=1 u—2. Tlpencraum cucremy (12) B BHme 4 OnouHo-

JELEHTPAIM30BaHHbIX TIOJCUCTEM BXOI—BBIXO]
(16) ¥ =hi(y,x,) +Qi(Y, X, )17 + Uy
Yio = Vo + Qua(¥)7 + Bio(y)uy, ¥ = o (y, X,)+Qu(Y, X, )n +Uy;

)71j =Yy +61j(Y1)77+§1j(Y1)U1:

Y2i = Yaj +62j(y1’ Y2)n+ §2j(y1' Y2)Ups-.,

);/i—z,j =VYiaj +c§i—2,j(y1""’yi—2)77 + §i—2,j(y1”""yj—2)lji—2’

?i—l,j =V +6i—1(y1!"'!yi—1)77 + By (Voo Vi )Ty g,

Vi =h(yx) +Qyx)n+u, =1, j=3.u,
OJIOKK | -Wi TIOJICHCTEMBI HUMEIOT OJMHAKOBYK) Pa3’MEPHOCTDH P,
I=p +2p, +..+p, <N,

Ha ocHoBe moncuctem (16) ocymiecTBisieTCs HE3aBUCHMBII

CHHTE3 «CBOMX» yNpaBieHHid, obecrieunBatomux (2). [Tyrem mnepe-
CTaHOBOK pAacCIIENUM BEKTOpP 3aJalolIMX BO3JEHCTBHI Takke Kak U

Bektop Y;: g =col(gy, 9,,--,9,), rae dimg; = p;, j=1 x.
BanuiieM mepByo mojacucteMy (16) OTHOCHTEIBHO OIIHOKH
ClekeHus €, =Y, — 0y
€1 =@+ U, o =0y, X,) + QY. X, )7 — Gy
ba3oBblii (T.€. B YCIOBUSX MOJTHOM OMPEICIICHHOCTH M JTOCTYITHOCTH
JUISL U3MEPEHUI BCEX CHIHAJIOB) 3aKOH KOMOMHHPOBAHHOTO YIIPaB-

JeHus ¢  JMHEHHOH  CTa0MIM3UpyOLled  COCTaBISIOLICH
U, =—(K, € +¢;) TPUBOAUT K 3aMKHYTO# yCTOHYMBOH MOJICHCTEME

€, =—Ky €y, 31€ch u nanee kBanpatHbie Marpunbl (—Kj;) BeIOMpa-
I0TCsI TypBUIIEBBIMU. Jlasiee U; TpaKTyeTcs KaK H3BECTHAs BEKTOp-

(GYHKIHMSA BpEMEHH C HEW3BECTHBIMH, OTPAaHHUYCHHBIMH IPOU3BOI-
apimu Uy (1), Gy (t),...,u“ 2 (t).
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Jlinst cuHTe3a yIpaBieHHs HAa OCHOBE OCTANBHBIX MOICHCTEM
(16) wmcmonb3yem Omounblii moaxon [1, 3, 6]. Bamumem mepBoe
ypaBHeHHEe BTOPOM mojacucTeMbl (16) OTHOCHTENBHO OMIMOKH Clie-

KeHuA €, =Y,— 0,0 €,=Y,+Qu(Y)7—0, +B(Y)u. B pe-
3yJibTaTe BBEIOOpA (DUKTHBHOTO YIpaBIeHUS
Yo = (K, +Qu(¥1)7 =0, +Bp(¥1)W)  m HeBeIpoxeHHOi
3AMEHBI TIEPEMEHHBIX €5, = Y, + Q15 (¥1)77 = G, + Bio (V1)U + Ky,
umeeM €, =-K,.6,+€,,. ChopMUpOBaHHYIO JIOKAJIHHYIO CBS3b
obecrieunM BHIOOPOM YIIpaBJIEHHS B MOACUCTEME €,, = ¢,, + U, , T1€e
0y =0y + Qo — G, + K8y, + %(612()/1)77 + g12()/1)Ul)- basosbrii
3aKOH KOMOWHHUPOBAHHOTO YIpPAaBICHHUS C JIMHEHHOW CTaOMIN3U-
pyromei cocrapisromed U, = —(K,.e,, + ¢,,) TPUBOAUT K 3aMKHY-
Toil ycToiunBoil moxcucreme €, =—K,€, +€5, €, =—K,e,,.
Janee U, TpaKTyeTcsl KaKk M3BECTHAsi BEKTOP-(OYHKIUS BPEMEHH C
HEWU3BECTHBIMH, OrpaHUYEHHBIMHU HPOU3BOTHBIMU
U, (1), i, (t),...,us“ 2 (t).

Ananoruyso, 1 | -i ( j = ?:l) mocucremsl (16)
(A7) & =—Kyej+e,, =1 -1 &5 =0;+u;, g € R™,
e € =Y, — 9, &; =5 + Fj(ymu) — g + Kyjey,

Fj= 611' (y)n+ Elj (Y,

i-1 i-k-1
- i-1
& =Vi+tF.1;— g+ > Ky —edti_k_l Ko
k=1

Fi :(jij()ﬁv--vyi)’?"‘§ij(y1n---’)’i)ai +%Fi—l,jv
™ S d wm S 47
@ @) =h;(y,x,)+Q; (Y, X, )n+4Fji1j—9 +|<Z=:1Kkj dtTekj'

0a30BBI 3aKOH YIIPaBICHUS
(18) uj =—(Ke; + ;)

NIPUBOJWT K 3aMKHYTOH yCTOH4MBOH noncucreme € =—K e

XI BCEPOCCUMCKAS IIKOJIA-KOH®EPEHLIUA MOJIOJIbIX YUEHBIX
“YIIPABJIEHUE BOJIbIIMMU CUCTEMAMW”



122

B cuny (11) dopmupoBanme 6a30BOr0 3aKOHa YIpaBICHUS B
UCXOJTHBIX KOOpJAWHATAX

(19) u=B7(y,x,)u

peuraeT 3amayuy ciexeHus (2) MHBapUAHTHO B aCUMIITOTHKE K BHEIII-
HUM BO3MymlIeHUsM. CyYIIECTBEHHO, YTO MpPU 3TOM peaH3yeTcs
ABTOHOMHOE YNPABJICHUE TPYMIAaMH BBIXOJHBIX MEPEMEHHBIX,
UMEIOIINX OJJMHAKOBYIO OTHOCHTEIILHYIO CTCTICHb.

B cnenyromiem paszene pemaroTcs mpodaeMbl HHHOPMAIMOHHO-
ro o0OecriedyeHus: 0a30BOr0 3aKOHA YIIPABJICHHUS C MOMOIIBIO HAOIIO-
JaTeNieil COCTOSIHUSL ¢ Pa3pbIBHBIMH KOPPEKTHPYIOIIUMH BO3JICHUCT-
BUSIMHU, (DYHKIIHOHUPYIOIIMX B CKOJIB3siieM pexxume [1, 3, 6].

4. Cmpykmypa nodcucmemsbl HabnrooeHusi

Buayane paccMoTpuM ciydail, Korja MpPSMBIM H3MEpPEHUSIM
noCTynHbI Bee nepeMennbie coctostaust X(t) . D1o o3mawaer, uro

obpatHas 3amena (19) peamusyema, HO it GOPMHUPOBAHHS KOMOH-
HupoBaHHOTrO yrpasienus (18) tpebyercs uHboOpMamus O mpous-
BOJIHBIX 3aJJafOIINX, BOSMYIIAIOMINX U YIPABISAIOMINX BO3JICHCTBUH,
KOTOpBIE TPAKTYIOTCS KaK HEW3BECTHBIC OTpaHMYCHHBbIE (DYHKIUH
BpPEMEHHU. B OTHENBHOCTH MONYYNTh MX OLEHKH 0€3 pacIIMpeHus
HPOCTPAHCTBA COCTOSHHSA 33 CUET BBOJIA X aBTOHOMHBIX JJHHAMHYE-
CKUX MOJEJIel He NMpPEeACTaBIseTCS BOSMOXHBIM. B naHHOW pabote
UCIIOJNIB3YEeTCS KOMIUICKCHBI TOAXOA K MpoOieMe OICHUBAHUS
HEM3MEPSIEMbIX CUTHAJIOB C MOMOIIbIO HAOMIONATENs! COCTOSHUS Ha
CKOJIB3SIIMX PEKUMAX, KOTOPBIH CTPOHUTCS HA OCHOBE KaXIOW | -i

(J=21, ) noncucremsr (16), 3ammcaHHON OTHOCHUTEIBHO OLIMOOK
crnexxeHns B Buzie (17), 1 MMeeT TaKkyro jKe pa3MEepHOCTb:

e Zj; € R" — mepeMeHHbBIE COCTOSHUS, Vi € R" — BekTopsr Kop-

peKTHPYIOMHKX Bo3aeiicTBuii Habmomarens. Iens nadmogarens (20)
COCTOWT B TOJYYEHHH TEKYIIMX OIIEHOK COCTaBISIONINX 0a30BOrO
3akoHa ynpasinenns (18) — cmemannbix nepemennbix € (t), wj;(t),
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KOTOpBIC B CHIIy allpUOPHBIX IPEIIONIOKCHNI OrpaHUYeHbl, CUTHA-
nbl g(t) HabmromaroTcs.

3ammmeM CHCTEMY OTHOCHUTENBHO OIMMOOK  HAOIIONEHUS

_ Pj.

Hcnonb3yeM TEXHUKY KacKaJHOTO CHHTE3a HaOIIOJATeNsl COo-
CTOSIHUSL Ha CKOJB3sIIMX pexkumax [1, 3, 6]. PaspeiBHOE KOppeKTH-
pytomee  BosnedctBue  Vy; =Mj;sgng;  (smeck  m nanee

M;; =const>0, sgne&; =col(sgn & ,,...,sgn &1jp, )) TpH BBIMOJTHE-
HMH JIOCTAaTOYHBIX YCJIOBHUH ngjg'lj <0= My, >ng JH NpUBEIET K
BO3HMKHOBEHHIO 32 KOHeuHoe Bpems t; >0 ckomb3sinero pexuma
na muoroobpasun S;; ={&; =0} = z;; =€;. U3 ypaBnenus craru-
ki npu  t>t; UMEEM  OKBMBAJIEGHTHOE  yIpaBlIEHHUE
1) = &) —Vijeg = 0 = Vyjeq = &2 » 3HAUEHHE KOTOPOIO MOIYIHM
c BBIXOJ1a ¢bunbTpa Ty = —Ty; + V), n;eR™Y,

#Iig’lw 7;(t) =Vyjeq (1) = &,;(t) w wmcnombsyem nnst hopmuposanmust
iy
Vy; =My sgnzy; . Tpu ggjézj <0= My, >H£3jH 3a TEOPETHYECKH

KOHEYHOE BpeMst ty; >1,; BOSHUKHCT CKOJB3SIIHI PEKUM HA MHOTO-

obpasun Sy; ={S;;N&,; =0} = z,; =€,;. U3 ypaHeHus CTaTHKH

nMeeM SKBUBAJIEHTHOE yIpaBJIeHHE

&2) = &35 —Vajeqg =0= Vpjoq =&, 3HAYEHHE KOTOPOIO INONYYHM C
. _ pJ

BBIXOJa bunbTpa HpjTaj =—Tyj +Vyj, 7;€RY,

IjiT+0 75 (t) =V,jeq (1) = &5;(t) u mcnombsyem s popmuposanus

Ha

V3; =Mg3;sgn 7,;. [Ipomomkas ykasaHHbIE MOCTPOEHHSA, B TOCIE-
Hell mozxcucreme cucrembl (21) chopmupyem v =Mjsgnz; i,

Hija,j—>+0 )
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=M i > H(pﬂH 3a TCOPETUYCCKU KOHEYHOE BpeMs tj; >1; ; ; BO3HUK-

HET CKOJIB3SIINI peKIM Ha MHOT000pa3uu
S;j=1{S;1;Ne; =0}=z; =e;. V3 ypaBHEHHS CTaTHKH HMEeM
OKBUBAJIICHTHOC YIPABICHUE &} = @) —Vjjoqg = 0= Vjjeq =@}, 3Ha-
YEHHE KOTOPOrO MOJYYHM C BbIXOAA (UIBTPA LT} =—Tj +Vj,
r;€R Pi ﬂjljianT” () =Vjjeq (1) = ;; (). Peanusarms ympasnenus
(18) B Bume U; =—(K;;z;; +7;;) pemaer 3amauy acCHMITOTHIECKOH
CTaOMIM3alUU OLIMOKHU CIIEKEHNUS €); C MOKA3ATENSAMH IEPEXOIHOTO
npouecca, onpenensembiva Ky, i =1,_j v :171.

OTtmeTnM, 49TO cymMMmapHas pa3MepHOcTb HaOmomartens (20)
paBHa | <N W cymecTBEHHO MEHbBIIE CYMMapHOW pa3MEepHOCTH
TpeOyeMbIX aBTOHOMHBIX TUHAMHUYECKUX MOJeNeH, MOPOKAAIOIINX
MIPOM3BOAHBIE BHENIHMX Bo3aeiicTBuil. Kpome Toro, ¢ momorisio
Habmogatens (20) omeHWBAIOTCS CMEIIaHHBIC TEPEMEHHBIE, KOTO-
pble HENOCPEJACTBEHHO QUTYPHPYIOT B 0a30BOM 3aKOHE YIpaBIICHUSI
(18), uro He TpeOyeT MOMOIHUTENHHBIX BBIYUCICHUN U TpeoOpa3o-
BaHUI B peaJbHOM BPEMEHHU M CYIIECTBEHHO YIPOINAET CTPYKTYpY
perynsaropa.

N3BecTtHas mpoOiemMa KadecTBa YCTAaHOBHBIIUXCS IPOIIECCOB
CUCTEeMBI, (HYHKI[HOHUPYIOIICH B CKOJB3SIIEM pexume (mpobiema
«JaTTEpUHTa») BO MHOTOM CHHMAETCS TIPH peayu3alui Habo1aTe-
7S COCTOSHHSI Ha CKOJB3AIINX PEXHMax B BUPTYyaJbHOW cpene
MOIIIHOTO TIporieccopa. B ciywae, xorga ObicTpoaeiicTBre mporiec-
copa OTpaHHUYEHO, MHUKPOIIPOIECCOPHAs peasu3alus pa3phIBHBIX
KOPPEKTHPYIOIINX BO3JICHCTBUI ¢ OOJBIION, HO KOHEYHOW YacTOTOU
MIEPEKIIIOUEHNH, MOXKET TPUBECTH K HEYIOBIETBOPUTEIHHOMY Kade-
CTBY olleHMBaHUs. [Ipo0iieMbl «9aTTepuHray MOXHO U30eXaTh MpH
CHHTE3€ HAOIIOAATENs] COCTOSHHUS C KOPPEKTHPYIOIIUMH BO3JIEHCT-
BHSMH U3 Ki1acca S-00pa3HbIXx (QyHKIMIT ¢ HackleHneM (Sat, curma-
¢yHKkws, apkTaHreHc u 1ap.) [2]. OnHako miaToil 3a «IrIagKoCTh»
BOCCTAHOBJICHHBIX CHUTHAJIOB OyJET OLEHMBAaHHE C HEKOTOPOH TOdY-
HOCTBIO M3-32 HAJIM4YUS HEWU3BECTHBIX HE3aTyXaroUMX (QYHKIUHA
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BpemeHH. Kak cneicTBre, BBIXOJHBIE IEpEMEHHBIE OYAYyT OTCIICKH-
BaTh 3aJIal0I1E BO3/ICHCTBUS C HEKOTOPOU TOUHOCTHIO.
Teneps paccMOTpUM ciy4ai, KOrga NpsMbIM U3MEPEHUSIM 10C-

TYIHBI  TOJBKO  BbIXOAHbIC Iepemennble Y, (t).  Curnans
&;=Y;-09;, a;=6;-2; (] =1,_/1) W3BECTHbI M HabIromaTelb
CMeNIaHHBIX TepeMeHHbIX (20) dusndeckn peannzyem. s BeImon-
HeHust 00patHO# 3amenbl (19) momonHuTenBEHO TpebyeTes nudopma-
1y 06 aprymenrax marpumsl B (Y, X,), COCTaB KOTOPBIX OMpEe-
JSET ~ CTPYKTYpPY  TOJCHUCTEMBI  HAOJIIOJEHUS U yCJIOBUS

peain3yeMoCTH CciefsIeil CUCTEMBl B «y3KOW» mocTaHoBKe. Bo3-
MO>KHBI CIIEAYIOIINE BAPUAHTHI.

Ipu B™'=(const) wm B7'(y,) mnomcucrema HaGmoeHus

BKJIFOYAeT ToJibKo HaOmogarens (20). Bo Bcex ocTanbHBIX Citydasx
noTpeOyeTcs NOMOIHUTEIbHBIN HaOII01aTeNb.

B ciyuae B7'(y) wu npu Bemonsenmu (4), (6) (r.e.
B =0, (3, =0Vi=1u—-1) mnepBoe ypaBHeHue cuctembr (12)
TPUHAMAET KaHOHWYECKHi B Y, =Y., i=Lu—1, Ha ocHOBe

KOTOpPOTO TIOCTPOMM YKOPOYEHHBIH HaOMI0aTeNlb Pa3MEPHOCTH

(I-=m):

i=Lu-2, Ey—l =Y,.4—Z,, UMEeM CUCTEMY

&1 =81V & = Vi Vi, i =L u-2, &y = yﬂ -V,

IpuMeHsst yKa3aHHYIO BBIIIE TEXHUKY KaCKaJHOTO CHHTE3a pa3pbiB-
HBIX KOPPEKTHUPYIOLIMX BO3JICHCTBHI, 32 TEOPETHYECKH KOHEYHOE
BpeMsi MMEeM OIICHKH KOMIIOHEHT Bektopa Y: Y; =co0l(Z,,Z;,),

lim 7, (t) = Vigeq (1) = Vi1, KOTOPBIEC HCIIONB3yeM VISl peau3aiui
Hipg >

(19).
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B npoMexyTouHO# cHTyauuu, koraa B~ 3aBHCHT TONBKO OT
94acTH KOMIIOHEHT BekTopa Y u rankQ, <m,, mepsas moucucrema

cucreMbl (12) mpuBoamTcst K O0OYHON (hopMe HAOIIOTAEMOCTH C
yaetom Bo3mymienuii (B@HB) [3], B koTOpOii B SBHOM BHE BbIZE-
JsieTcst HaOJII0[aeMoe  TIOIPOCTPAHCTBO TIEPEMEHHBIX Y, WHBAPH-

AHTHOC K BHCIIHUM BO3MYUICHUSIM. Ecnmm oHO BKIIOYaeT Bce apry-

MeHTHl B™', To Ha ocmoBe B®HB crpountcs YKOPOYEHHBIH
HaOOIaTeNlh COCTOSHUMN, aHanoruuHerid (22). Eciom He Bce apry-

MeHTHl B! BKIIOUEHBI B HaGIHOIaEMOE MOMIPOCTPAHCTBO, TO
JIeTaeTcsl BHIBOJ O HEPEaTU3yeMOCTH CIEASIIeH CHCTEMBI TIPH He-
MOJTHBIX U3MEPEHHAX B «y3KOI» MOCTaHOBKE. AHAJIOTHYHO, B 00IIEM

ciydae B‘l(y,xﬂ) < B™(X) ucxonmas cucrema (1) mpuBomuTCS K
B®HB. Ecin nabmogaeMoe HHBAPHUAHTHO K BO3MYIIICHUSIM TIOIIPO-

CTPaHCTBO MEPEMEHHBIX X BKJIIOYAET BCE apryMeHTHl B, To Ha
ocHoBe bOHB cTpontcs yKOpOUYeHHBIH HAONIOIAaTENh COCTOSHUM, B
NPOTUBHOM CJIydae JeJIaeTCs BBIBOJA O HEPEAIN3yeMOCTH Cleasen
CHCTEMBI IIPY HEMOJIHBIX U3MEPEHHUSX B «y3KOW» MOCTAHOBKE.

5. 3aknroyeHue

[IpencraBinenue MaTeMaTHYECKOW MOJENN HEIHMHEHHOro 00b-
€KTa yNpaBJIeHHs CO MHOTMMH BXOJaMH M MHOTHMH BBIXOJaMHU B
OJIOYHOM HKBUBAJIECHTHOW (POpMe BXOA—BBIXOJ SIBIAETCS OCHOBOM
U AEKOMIO3UIIMOHHOTO CHHTE3a 0a30BBIX 3aKOHOB aBTOHOMHOTO
yhpaBiieHHs 1 HaOIroaTeneil COCTOsIHNS M BHEITHUX BO3JEHCTBUI B
TEpMHUHAX MEPEMEHHBIX HOBOTO KOOPAWHATHOTO Oa3uca.

Hcnonb3oBanue Habmogareneil ¢ pa3pblBHBIMU KOPPEKTHPYIO-
IIMMHU BO3ACUCTBUSIMU (WM MX JONPEACIbHON peaan3anuy ¢ moMo-
b0 S-00pa3HbIX (YHKIMH) B 3aMKHYTOM KOHTYpPE CHUCTEMBI Clie-
JKEHHs1 He TpeOyeT AONOJIHHUTENFHOIO PACIIMPEHHs] MPOCTPaHCTBA
COCTOSIHMI 3a CYET BBOAA JMHAMUYECKUX TCHEPATOPOB BXOJHBIX
BO3/ICHCTBUH, YIPOIIAET BBIYMCIUTEIBHBIA ACHEKT MPOLEIypHI
CHHTE3a U CHIDKAeT TpeOoBaHUS K 00beMy alnpuOpHOl nH(opMamn
00 00beKTe ynpaBieHus U cpee ero QyHKIMOHUPOBAHHUS.

PesynpTaThl MOAENMpPOBAaHUS YHCIEHHBIX MPUMEPOB MOATBEP-
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mua 3G GEeKTUBHOCTh Pa3padOTaHHOTO IMOAXO0Na K CHHTE3Y aBTO-
HOMHOTO YIpAaBJICHUS B HEIUHEWHBIX CHCTEMax MpH JCUCTBHUH
BHEIITHUX, HECOTJIACOBAHHBIX BO3MYILICHHIA.
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SYNTHESIS OF NONINTERACTING CONTROL IN
NONLINEAR SYSTEMS UNDER EXTERNAL
DISTURBANCES

Vladimir V. Dik, Bauman Moscow State Technical University,
Moscow, teacher, graduate student (dikvladim@yandex.ru).
Svetlana A. Krasnova, Institute of Control Sciences of RAS, Mos-
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Abstract: The paper deals with tracking problem for multiple-input
multiple-output nonlinear systems under unmatched external dis-
turbances. Principles of organization and existence conditions of
the input—output block form taking into account the external
disturbances are obtained. This form is the basis for the
noninteracting control design of output variables without the
extension of the state space by dynamic compensators generating
derivative control actions. Principles of observers construction for
estimation of mixed variables of the new coordinate are developed
to avoid using dynamic models of specified and disturbance signals.

Keywords:  nonlinear  systems, external  disturbances,
noninteracting control, block approach, sliding mode observer.
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