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PaccmarpuBaercss rimobanpHass poOacTHas MpaKTHUECKas 3ajada yIpaBlICHUS (OTCIC)KHBa-
HUS1) BBIXOJHBIX TAHHBIX C MCIIOIB30BAHMEM KOHTPOJUIEPA TUHAMHYECKOW OOpaTHOHN CBSI3U IO BBI-
X0Jy (BBIXOJIHOTO KOMITEHCATOPA) JUIS KJIacca HEOIPEIEICHHBIX HEIMHEHHBIX CUCTEM, Ybs SIKOOU-
aHHas JIMHeapu3als MOXKET ObITh HECTaOWIBHOM U / WK HeonpeaeasieMoi. [lokazaHo, 4To B He-
KOTOPBIX MSTKHX YCIIOBHSIX Ha JaHHON CHCTEME MMeEeTcs BBIXOJHOW KOoMIeHcaTop, obecredn-
BaIOIMI TII00aIhbHOE YCTOWYHMBOE MPAKTUYECKOE OTCIC)KMBAHWE BBIXOTHBIX JAHHBIX, M TaKOU
KOMIICHCATOP OCTPOSH METOJIOM «CBSI3aHHOTO KOHTPOJLICpa-HAOFOIaTeNs.

Kniouegvle cnoea: Teopus ympaBieHHs, POOACTHOE MPAKTHUECKOE YIPABICHHE, OMOPHBIN
CUTHAJ, CHTHAJI ONIMOKH, MPAKTHYECKOE CIEKEHHE BBIXOJa, 0OpaTHAs CBS3b IO BBIXOMIY, METOX
KOHTPOJIUIep-HaOII01aTeNb, HEOIPE IeIeHHbIC HETMHEHHBIE CHCTEMBI

BBenenue. IlpakTrueckoe ympaBlieHUE CIEKEHUEM SIBISETCS OJHOW M3 HauOoliee BaXKHBIX
mpoGsieM B 00JIaCTU HENWHEHHOTO KOHTPOJS, M B TEUEHHUE MOCICAHUX TpeX NECATUICTUH ObLIOo
MIPEANPUHITO HECKOIBKO YCUIIMM Ui peleHus 3Toi mpodnemsl. [1o cpaBHEHUIO C KOHTPOJIEM CO-
CTOSIHUA C OOpaTHOM CBSA3BIO TEOPHs YIPABIECHUS OOPAaTHOM CBS3BI0 HAa BBIXOJE Pa3BUBAIACh MEJ-
JICHHEe, TOTOMY 4TO HeT o0miero u 3¢(GeKTUBHOTO MeToaa s pa3paboTKy HENWHEHHOTo HaOIIo-
narenst. CpaBHUTENbHO HelaBH:AA padota [1] u MoHorpadus [2] AaroT noaHblil 0030p U NOAPOOHBIN
OTYEeT 00 OCHOBHBIX COOBITUSIX M JIOCTH)KEHUAX B 00JIACTH TEOPUH PETYISATOPA BHIXOAHOTO CUTHAIIA
JUISL TUHEHHBIX M HETUHEHHBIX cucTteM. B [3-6] paccmarpuBaeTcsi TOIBKO MPOCTOM CiIydaid, Koraa
OTIOPHBIE CUTHAJIBI, CO3/1aBaEMbI€ IK30CHCTEMOM, ABIAIOTCS KOHCTaHTaMu. [lo3mHee mpobnema amns
HEJTMHEWHBIX CHCTEM C U3MEHSIOIIMMUCS BO BPEMEHU OINOPHBIMH CUTHalaMH Oblla pacCMOTpPEHa
Ucunopu u bupucom [7]. BonbIIMHCTBO YyIIOMSHYTHIX BbIIIE BKIAJ0B B TEOPHIO HEIMHEHHOTO pe-
ryasitopa TpeboBanu, 4ToObl sikoOMaHHas JTMHeapu3aIus ypaBisieMol HeTMHEWHOM crucTeMbl Obliia
cTabunm3upoBaHa u obHapyxkuBaeMa [2]. CTaOMIM3HPyeMOCTh U OOHAPYKUBAEMOCTh JIMHEAPU30-
BAaHHOM CHCTEMBI SIBISIOTCS ABYMS KIIOYEBBIMH MPEATNOIOKEHUSIMU Ui pElIeHUs MpoOIeMbl He-
JUHEWHOTO PEryJIMpPOBaHMs BBIXOJHOTO CHUTHAlla C MOMOIIBI0 JIMOO COCTOSIHMSI, TMOO OOpaTHOM
CBsI3M C omuOKamMu. XOTs paccMaTpuBaeMasi CUCTeMa M0 CBOEH CyTH HEeNlHWHEeHHa, mpobiieMa CTaHo-
BUTCS O0Jiee CI0KHOU U TPYAHON AJISl pEeIIeHUsI.

Hanee Mpl paccMatpuBaeM cieayromue padotel: YenukoBckuit u Xyad [8]; Jluaes u Lsgas [9];
u b u JIun [10], KoTOpble TECHO CBSI3aHBI C HACTOSIIIUM HCCle0BaHUEM. YeIUKOBCKUN U XyaH
[8] mpencTaBumm cierka pacciabieHHYI0 KOHIICTIIIHIO «IPAKTHYECKOE OTCIICKMBAHUE BBIXOIHBIX
JAHHBIX» W U3YUYWJIH ATy MPAKTHUYECKYIO MPOOJIeMy OTCICKUBAHUS BBIXOIHBIX JaHHBIX JIJIS Kjacca
TPEYTOJIBHBIX CHCTEM, JTUHEAPU30BAHHBIE CHCTEMBI KOTOPBIX MOTYT OBITh HECTAOWIJIBHBI U TOTYYH-
JIY JIOKQJIBHBIA KOHTPOJIJIEP OOpAaTHOM CBSI3W C HEMPEPHIBHBIM COCTOSTHUEM JJIS PEIICHUST ATOU 3a-

20



nauu orcnexuBanusa. Kpome toro, JIune u Lgub [9] paccmoTpenu npobiemMy rinodaibHOro podact-
HOT'O OTCJIC)KMBAHUS BBIXOJIHBIX JAHHBIX Ul CIIELHUAIBHOIO KJlacca OJHOMOTOYHBIX HEIMHEHHBIX
CHCTEM C OJIHUM BXOJIOM U C OJHUM BBIXOJIOM CJIEAYIOLIETO BUAA:

X; = xffrl +¢,(txu), i=1..,n-1
X, = uPn + ¢ (t,x,u) (1.1)
Yy =X

Cucremsl Buaa (1.1) oOpasyror crnennanbHbIil Kilacc BHYTPEHHE HEJIMHEHHBIX CHUCTEM, KOTO-
pBIi KaXeTCs HE TOJIBKO MAaTeMaTHYECKH OYCHb MHTEPECHBIM, HO M NMPAKTHYECKH 3HAYUMBIM JUTS
nzydenus, u JIunp u Lsgap [9] mokazanm, 4To MpH HEKOTOPHIX MOAXOSAIINX PEATIOIOKEHHUIX CHUC-
teme (1.1) mpobiiema r7106aIbHOT0 PpOOACTHOTO ACUMIITOTHYECKOTO OTCIIC)KHUBAHUS BBIXOJAHBIX CHUT-
HaJIOB B MIOCTOSIHHOM OIIOPHOM CHMTHAJI€ pa3peliuMma IMOCpeICTBOM OOpaTHON CBSI3U C IJIaJIKUM CO-
ctosHreM. OJTHAaKO COOTBETCTBYIOIIAs MpodeMa JUIsi U3MEHSIOLIErocsi BO BPEMEHU OIOPHOTO CHUT-
Haja, KaKk MpaBUIo, HE pa3pellirMa MOCPeICTBOM 00paTHOW CBSI3U C INIaJKUM coctosiHueM. [1oaro-
My, 9TOOBI MPEOI0JIETh 3Ty cutTyanuto, Llsap u JIuae [10] paccMoTpenn mpakTHYECKYIO TpodiemMy
OTCIIC)KMBAHMS BBIXOJIa JIJII CUCTEM, HECKOJIbKO OoJiee obmmx, yem (1.1), u mokaszanu, 4To npu He-
KOTOPBIX MOIXOASAIINX YCIOBUSAX UIS TaKUX CHUCTEM TJo0aibHas poOacTHas MpaKTU4ecKas Mpo-
0JieMa OTCJIEKMBAHUS BBIXOAHBIX JAaHHBIX Uepe3 0OpaTHYIO CBsA3b COCTOsAHUSA pa3pemuma [10].

B mpaxkTuueckoil cUTyaluu, OJHAKO, >KEJATENIbHO MCIIOJIb30BaTh TOJIBKO BBIXOJHBIE JTAaHHBIE
JUISL TIOCTPOEHMSI TAKOIO0 KOHTpPOJUIEpa, HO 3TO, KaXKeTcs, HaMHOro cioxkHee. Ha camom nene mpo-
omema crabmm3anuu cucteMbl (1.1) gepe3 oOpaTHYIO CBS3b IO BBIXOY €IIe HE pellieHa, U, CIIeI0-
BaTeJIbHO, COOTBETCTBYIOIIAS 3a/laya OTCJIEKUBAHUS €II€ OUYEHb Jajieka oT ee pemieHus. [loaromy
Aun u Jlune [11] paccmarpuBanu 6osee paccinabieHHyto cuctemy, yem (1.1), cmenaB npenmonoxe-
miep; =p(i=1,...n—Dup, =1,

X; = xfﬂ + ¢i(t,x,u), i=1..,n—-1
X, =u-+ gbn(t, X, 1) (1.2)
y=x1
U NOKa3aju, MPEJICTaBUB HOBYIO HJICI0 «CBSA3aHHOTIO KOMIIEHcaTopa — HaOJIofaTens U KOHTpOJLIe-
pa», 9TO MPHU HEKOTOPHIX MOAXOSAIINX OJHOPOIHBIX YCIOBUSIX pocTa B cucteme (1.2), rimobanbHas
yCTOMUYMBAs CTAaOMIN3AIS MOKET OBITh JIOCTUTHYTA TIIAJIKOW 00PAaTHON CBS3BIO MO BBIXOIY.

B 3T0i cTaTthe MBI pacCCMOTPUM NPAKTUYECKYIO TMPOOIEeMy OTCIICKHBAHUS, HCIIONB3Ys 00paT-
HYIO CBSI3b 115l CUCTEeMBI (1.2), B OCHOBHOM (DOKYCHPYSICh HAa MATEMaTHYECKOM aCIEKTe TPOOIEMBI,
KOTOPBIM MOKET OBITh MOJIE3€H I PELICHHs] COOTBETCTBYIOIIEH 3aaun OTCIICKUBAHUS Il Oosee
obmeit cucremsl (1.1). dakTHuyecku, UCHONB3Ys Ty *e uAeto, uto U B SH u Jlunp [11], MbI noka-
KEM, 4TO MPU HEKOTOPBIX MATKUX YCJIOBMSIX Ha CUCTEME, UMEIOLIEH CJIerKa N3MEHEHHYIO CTPYKTY-
py u3 (1.2), rnobaibHOE yCTONYMBOE MPAKTUUYECKOE OTCIIEKUBAHUE BBIXOJHBIX IaHHBIX HAa OIpaHu-
YEHHOE 110 BPEMEHU OINOPHBIM CUTHAJI MOXKET OBITh JOCTUTHYT MOCPEICTBOM IUIABHOHN JHHaMUYe-
CKOW oOpaTHOM CBsi3U (Ha3bIBa€MOM BBIXOAHBIM KOMIIEHCATOPOM). B KOHIle, 4TOOBI yBUIETH 3(-
(EeKTUBHOCTH pe3yJIbTaTa, MPEACTaBICH POCTON YMCICHHBIH TPUMeED.

1. llocTanoBka 3amxaun. Hama koHedHas 1ieb - U3YYUTh MPOOJIEMy OTCIICKUBAHHS BBIBOJA
qutst cuctemsl (1.1), HO, Kak YITOMHUHAJIOCh BO BBEJICHUHU, 3Ta TIpo0ieMa MoKa emie Jajieka OT pelie-
Hus. Takum 0Opa3om, ObUTO OBl €CTECTBEHHO HAa4YaTh C MPOOJIEMBI OTCIICKHBAHUS BBIBOAA ISl 00-
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nee npoctoil cuctemsl (1.2). [TosTtoMy MbI paccMaTpuBaeM HpoOiIeMy OTCIIEKHMBAHUS BBIBOAA IS
KJ1acca HeJIMHeHHbIX cucteM (1.2) ¢ BBIXOJI0M, clIeTka U3MEHEHHBIM CIIEIYIOLMM 00pa3oM:

'x.l = x?—l—l + ¢i(t1xlu)) = 1' e, = 1
X, =u-+ ¢n(t,x, u) (2.1)
y=x - yr(t)

3mech X = (X4, ...,%,)T € R™ — cocTosiHMe cHCTeMBI, U € R — BXO/HbIC JaHHbIC YIPABICHUs, Y €
R — Beixoaubie Aanuble, ¢;(t,x,u), i = 1, ... ,n - HEU3BECTHBIC HENPEPHIBHBIC (DYHKIIUH U CTEIICHb

p; € RZ}, = {S € [0,00) : p U q — HedeTHBIE LieJible YUCIA, TJE P = q} (i=1,..,n—1) noka-

3bIBACT BBICOKYIO CTEIEHBb CHCTEMBI U Y, (t),t € [0, ) mpencrasisier co00# OMOPHBIN CHTHAI TS
OTCIIE)KHUBaHUS. XOTs B OOBIYHOM 33a7a4ue OTCICKMBAHUS OMIOPHBINA CUTHATY, (t) a TaKKe ero mpous3-
BOJHBIE CYMTAIOTCS M3BECTHBIMHU, B HAIICH 3a/1aye MBI IIPEANOIAracM, 9T0 €IMHCTBEHHBIM U3MEPH-
MBIM CHTHaJIOM B cucteMe (2.1) saBnsiercs ommbka Yy = x; — V,-(t) MeXIy BBIXOIHBIMU JaHHBI-
MU X; ¥ OIIOPHBIM CUTHAJIOM Y, (t). Takum 00pazom, B CTPYKType KOHTpoJiepa (Tak Ha3bIBaeMOTO
KOMIIEHCATOpa MO BBIXOAY) JOMycKaeTcs ToJbko Y. Lleab cocTouT B TOM, 4TOOBI OTpEryInpoBaTh
BBIXOJl Y JJOCTATOYHO HEOOJBIINM, HCIIONB3YS TOJIBKO U3MEPUMYIO WH(POPMAIINIO, a TOYHEE, CIPO-
€KTUPOBATh BBIXOJHOM KOMIIEHCATOP JUIsl yIPABICHUS U JUIS JOCTHKEHHS «IIPAKTHYECKOTO OTCIIe-
KUBAHUS BbIXOJa». ECTh 1BE MPUYHMHBI OTPAHUYUTH €IMHCTBEHHOE U3MEPEHHE CUTHAIOM OIIHOKH.
Bo-niepBbIX, B HEKOTOPBIX MPAKTUYECKUX MPUIIOKEHUSX YMpaBICHHUS HEU30€KHO, YTO CHUTHAI
OLIMOKY SABIISETCS MPSAMBIM HU3MepeHueM. Hampumep, B cucteMe ynpaBlieHUsl pakeTaMu BMECTO U3-
MepeHHs a0COIFOTHOTO TOJIOKEHUS ABMKYIIEHCS MUILIEHH, TO €CTh Y;-(t), O0OpPTOBOW painoIoKaTop
MIPOJIOIKAET U3MEPATh PACCTOSHUE / IOTPEIIHOCTh MEXy paKkeTo u muileHbio [12]. Bo-BTOphIX,
MPUHSITHE TOJIHKO CHTHAJIA OIMIMOKH TAKXKE JCNAeT CTPYKTYPY BO3ICHCTBYIOMIETO YCTPOHCTBA MPO-
CTBIM, TTOCKOJIBKY KOHTPOJIJIEp HE 3aBHCUT OT CHUTHAJIA, KOTOPBIA OYJIEeT OTCIe)KUBAThCS 4eTKo. Ta-
KUM 00pa3oM KOHTpoJIiep OoJiee alanTUBEH K Pa3IUYHbIM OTIOPHBIM cUrHaiam [13].

3n1ech, MBI, BHA4YaJIe BHOCHM TOYHOE OMpPE/IEICHHUEe HaIlIel MpooieMbl oTciexxuBanus [8, 10].

Onpeoenenue (npobiema npaKmuyecko2o pooacmmuo2o omciexicusanus 6vixooa): Paccmorpum
cuctemy (2.1) U IPeIoNa0KNUM, 4TO ONOPHKINA curHan Y, (t)saBaserca orpaHnueHHoi C1-pyHkiueit
Ha [0, 0], mpousBogHast KOTOpPOH Y, (t) Takke orpaHudYeHa. 3aTeM 3aaada MPaKTHYECKOro podacT-
HOT'O OTCJICKMBAHUS BbIXOJa YEPe3 KOMIIEHCATOPOM BBIX0J/1a, PACCMOTPEHHAsi B 3TOM HCCIE0Ba-
HUH, ONPEIEIISETCS CIEAYIONIMM 00pa3oM: Juis JII000To 3aaHHoro € > 0, CTPYKTypa KOMITEHCATO-
pa umeet hopmy:

f=aCn ser 22
u=p¢y)
rIie ¢, § HeKOTOpbIe TiIaKue QYHKIUH, a M — MOIXOAIIee HATyPaTbHOE YUCIIO, TAKOE, YTO

1. Kaxmoe cocrosHue 3aMKHyTOM cuctemsl (2.1) - (2.2) xopomio ompenenero Ha [0,0], u
I00aTbHO OTPAHUYCHO;

2. Jlocturaercsi MPaKTUYECKOE OTCIC)KHUBAHHUE, T. €. CYNICCTBYEeT KOHeuHOoe Bpems T :=
T(&,x(0)) > 0, B 3aBUCHUMOCTH OT € M HadaubHOTO cocTosiHUA X (0) € R, Tak 4TO BBIXOJ (BBIXO/-
HBIE JIaHHBIC) 3aMKHYTOU cucteMsbl (2.1) - (2.2) ynoBneTBopsieT
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YOI = 218 -y, (O <& VE>T >0 23)

B nmanpHEeM pyu HCIIOJIB30BAHUH METO/IA «I00aBJICHHS CTEIIEHU HHTEerpaTopay [14] u unen
«CBSI3aHHOTO KOHTpOJUIepa-Hadmoaatens» [11], Mbl mokaxem, 9TO IPY MOIXOASAIINX MPEIIOT0XKE-
HusX (2.1) mpakTuyaeckas mpo0iaeMa OTCIIeKHBAHUS BEIXOTHBIX JAHHBIX B OMPEICIICHUH pa3peninma
KoMrieHcaTopoMm (2.2). U, Mbl enaem cienyromye npeanoioKeHHs] OTHOCUTENBHO cucTeMbl (2.1).

Ilpeononosxcenue 1: nna HeNUHEWMHOW cucTeMbl (2.1) CyIIECTBYET BEIIECTBEHHOE YHCIIO
C; =0, C; = 0 Takoe, uTo

lp:(tx, W < Gy |P + -+ [xP)+ G i=1,.,n (2.4)

IIpeononooicenue 2: onopHblii curnai y,.(t) seagerca Cl-orpaHuyeHHBIM, T. €. aBusercs C1-
(GyHKIMER TakoH, YTO CyIIECTBYET U3BECTHast KOHCTaHTa D > 0, yJJOBIETBOPSIONIAs

ly-@®1 <D, |y, ()| =D, vt € [0,c0) (2.5)

3ameuanue: ipeAnonaoxkenne 1 HECKOJIBbKO Oosee ollee, YeM MPEANOI0KEHNE, BBEICHHOE B
Su u Jlunom [11], B KOTOpOM HET MOCTOSIHHOrO uieHa C,. dDakTHU4ecKku, MpeAnoyiokKeHne 1 c
C, = 0 cTaHOBUTCS MpeanoioxKeHueM, BBeJAeHHbIM B [11]. Hanpumep, paccMOTpuM HETUHEHHYIO
CUCTEMY BHUJA

X, =x3+ax;+b(t), X,=u, y=x; (2.6)
I7ie @ — HEOIpPECICHHBIN MOCTOSIHHBIN mapametp ¢ |a| < A, u b(t)- HeonpeaeaCHHBIA U3MEHSIO-
muiicst Bo Bpemenu mapametp ¢ |b(t)| < B(t € [0,0)). Toraa HETPYIHO YBHIETH, YTO JINHEAPU3O-
BaHHas CHUCTEMa B Hayaje KOOpJAMHAT HE CTaOMIM3UPYETCs U HE OOHapy>KUBAETCs, U, KPOME TOTO,
CUCTEMa y/OBJIETBOPSET MPEANOIOKEHUIO 1, HO HE YAOBIETBOPSET TO, YTO BBeJEHO B fH u JIuHb
[11]. ITosTOMy B KJlacC HEIMHEHHBIX CHUCTEM, PACCMATPUBAEMBIX B ATOU CTaTh€, BXOJAT TE, KOTO-
peie paccMoTpensbl B SIH u Jluns [11].

Teopema (ocnosnotii pezyromam). Ilo npeanonoxenusm 1-2 Ha cuctemy (2.1) rmodansHas yc-
TOMUMBas MpaKTUYECKasl 3aj7aya OTCJIEKMBAHUS BBIXOJHBIX JIAHHBIX, OIpENEICHHAsl B OIpeee-
HUH, pazpermmnma KOMIIeHcaTopoM Buza (2.2), u gaHa 3¢ ¢dexkTuBHas mporenypa MpoeKTHPOBAHUS
JUTsl TAKOTO KoMIieHcaropa [15, 16].

CrnenyeTr OTMETHUTD, UTO HAlllE 10KA3aTEIbCTBO B CIEAYIOIIEM pa3zelie 1aeT TaKKe KOHCTPYK-
TUBHYIO IPOLEAYPY IPOEKTUPOBAHUS KOMIIEHCATOPA JUIsl TOCTHXKEHUS HKETAEMOT0 OTCIICKUBAHUS.

2. Aaroputm peuieHusi 3aaaun. J[oxazaTenbCTBO TEOPEMBI JEIUM Ha JBE YacTu. B mepBoi
4yacTH (CTPYKTypa oOpaTHOH CBS3M IO COCTOSIHUIO), MPEAINoaras, YTo Bce IepeMEHHbIE COCTOSHUS
X1, Xy ..., X, U3MEPUMBI U C UCIOJB30BaHUEM METOAa NOOABJICHHS OJAHOIO MHTETPAaTOpa CTEHEHH
[10, 14], MBI CTpOUM KOHTPOJUIEP OOPAaTHOM CBSI3U MO COCTOSTHUIO 1Jis (2.1), KOTOpHI oOecreunBa-
eT riao0anbHOe MPAKTHYECKOE OTCIIEKMBAHNE BBIXOJAHBIX CUTHAJIOB I JTIOOOT0 OMOPHOTO CUTHAJIA,
YAOBIIETBOPSIIOIIETO TpeAnookeHnto 2. M 3areM BO BTOpo# 4YacTh (KOHCTPYKIIMS CBSI3aHHOTO
KOMIIEHCATOpa: KOHTPOJIIepa-HaOII01aTeNs), UCTIONB3Ys 3Ty OOpaTHYIO CBSI3b COCTOSTHUSI U CBS-
3aHHBIA METOJI KOHTpoJuepa-Habmonarens [11, 17], MbI cTpouM KOMIIEHCATOp, KOTOPBIA oOecte-
YUBaeT II00albHOE HAZCKHOE MPAKTUUECKOE OTCIICKUBAHNUE BHIXOIHBIX JAHHBIX, KaK 3TO TpeOyeT-
cs B Teopeme. B 310l cTaThe moapoOHee HAMKMIIIEM O BTOPOW YacTH JI0Ka3aTEIbCTBO TEOPEMBI.

BBoaum cregyromiee KOOpAMHALMOHHOE ITPeoOpa3oBaHue:
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— Xi —
Zi =Y, Z T, 1 L= 2,..,n
MP pi—1
e u (2.7)
T i1—1
M P p

rie M > 1 — koapduuueHT mMacmTabupoBaHus, KOTOPBIH OyAeT ompexaesneH no3aHee. Torna cuc-
Temy (2.1) MOXKHO omHcaTh B HOBBIX KOOPJMHATAX Z; KaK
Zi = lef+1 + zl)i(t, zv), i=1.,n-1
z, = Mv + l/)n(t, z, v) (2.8)
y = Zl'
31ech
lpl (t' Z, U) = ¢)1(t; X, u) - y‘r

(tx,u
lpi(t,Z,V) = M,l = 2, R (B

e —
Mp pl—l
Teneps, ucnonp3ys npeanonoxeHus 1-2 u Tot ¢pakt, uto M > 1, 1erko MOXHO MOKa3aTh, 4YTO

i =12,..n
[W;(t,z,v)| < Clz,|P + C

1
Witz )| < CM" Pz [P + - + |z]P) + —o— i = 2,..,m. (2.9)

Mpi—l
rae C == max{2P~1C,,2P~1C,D? + C, + D}. O6parure BHuMaHue, 4To ABe cucTeMbl (2.1) u (2.8)

SKBHUBAJICHTHBI JAPYT JIPYTY, U CIEI0OBATEILHO MBI OyaeM pabotath Haf (2.8) BMecTo (2.1) KaKIbIid
pas, xoraa 3to Oyzaer 6ojee yaoOHO.

Cés3annblil KOMREHCAmMop: KOHmMpoiep-Haouiooamens. I10cKoIbKy coctostuust (Zy, ..., Z, ) Tie-
pemMaciTabupoBaHHONW CUCTeMbI (2.8) HEM3MEPUMBI, HO Y = Z; H3MEPUMO, HaM HYXHO TOJBKO
cpoektupoBath (n — 1)-mepHblii HabMIOAaTEeNs A (2.8). Bo-1epBBIX, BBO/IS HOBBIC IEPEMEHHBIE

;=2 —Lj..Lzy, i=2,..1n (2.10)
311ech napameTpsl L; = 1 saBustorcs kodpunuenramu Hadbmoaarend. Cucremy (2.8) MOKHO 3amu-
caTh B BUJIE

M, =Mzl + () — L. Ly{M25 + (D}, i=2,..,n—1
Nn = Mv + l/)n() - L, ...Lz{Mzg + lpl()}
rae Y;(+) oznauaet Y;(t, z, v). Teneps as cucremst (2.11) ¢ z; = y, ABIAIOMICHCS KaK U3MEPEHHE,

2.11)

MBI TTocTpouM (n — 1)-mepHsrii Habmoaarens i (2.11) Buga
fi; = M(fijyq + Ligq o Lpz)P — ML; . Ly (i, + Lyz)P,i = 2, ...,n—1
fin = Mv — MLy, ...L,(fi, + L,z,)P.
TaK YTO OIIEHKH U3 Z; MOTYT OBITh MOJIYYESHBI KaK
2i=Mi+Lj..Lyzy, i=2,...,mn (2.13)
Janee, onpenensisi OIMMOKK OUEHKHU & = Z; — 2; = 1; — N; WA [ = 2, ..., N, UX JAUHAMHKA Jia-

(2.12)

etcs hopmyIon
=M =20 )+ () =ML . Ly(25 —28) — Ly . Lypy (), i = 2, .. ,n — 1
€n = Pn() = MLy ... Lo (25 — 25) — Ly ... Ly, ()

Temneps moacTaBuM OIEHKU (25, ..., Z,) HEM3MEPUMBIX COCTOSHHUU (Zy, ...,Z,) B KOHTPOJUIED

(2.14)

v=2zy1=—(a,5)P = —(c121 + -=* + ¢, 2,)?, 94TOGOBI CHOPMUPOBATH CIIEAYIOMINI KOMIICHCATOP
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*

v = —(c121 + 325 + -+ ¢, 2,)P. (2.15)
DTO TMOKa3bIBAET, YTO €CIM BCE HEONPEACICHHBIC MapaMeTphbl MOAXOIAIINM 00pa3oM BBIOpa-
HBI, TO 3TOT KOMIICHCATOP IOCTHTACT JKEIAeMOTO OTCIIC)KUBAHHUS.
3. YUnucsennsple pacueTsl. PaccMoTpum cuctemy, npuBeieHHYO B (2.6), T. €.
X1=x3+ax;+b, X, =u, y=x,-y, 3.1
I7lc HEU3BECTHbIC @, b CUYHUTAIOTCSA HEONpEACICHHBIMA KOHCTAHTAMHM, yIOBJETBOpsIOMUME |a| <

1
A=1u|b|<B= 5 Hesib ynpaBlieHus 3aKII0YacTCs B TOM, YTOOBI 3aCTaBUTh COCTOSIHHE X1 (t)

OTCIIC)KUBATh 3aJaHHBIN W3MEHSIOIIUNCS 10 BPEMEHH OIMOPHBIN CUTHAN Y, (t), UCTIOIB3YS TOIBKO
n3Mepenue y,. Hamomuamm, 4to y,-(t) He TpeOyeTcs ObITh U3BECTHBIM B 3TOUW MPOOIEME OTCIICHKH-
BaHUA.

Bo-miepBbIX, HETPYAHO MPOBEPHTH, UTO JTHMHEapu3oBaHHas cuctema (3.1) mpu x = 0 He cTabu-
JIM3UPYeTCss M He oOHapykuBaeTcs. Jlajee, Kak yIIOMHHAJIOCh B 3aMEUaHHH, 3Ta CUCTEMa YJIOBJIC-
TBOPSIET TMPEATOJIOKEHHUIO |, HO HE YIOBJICTBOPSET NMPEANOJIOKEHUIO, BBeACHHYO B [11]. JlelicTBu-

TEJIbHO, TIOCKOJIBKY HeonpeaeaeHHble GyHKIMU B (3.1) olieHUBaloTCs Kak
3

1 2A2
(@1 x W] < lallxi]| + [b] < Alxy| + B < Z1x, P + 5=+ B,
$2(txw)] =0,

3
1 242 11
tak uro C; = -u €, = — + B = —, npeAnonoxenue | BbIMOIHEHbI, HO IPEANOI0KEHNUE, BBEICH-
3 3 12

Hoe B [11], Hukoraa He BeimomHseTcs ¢ C, > 0. 3areM MbI BBIOUpacM U3MEHSIOIUICS BO BPEMEHHU

ONOPHBIA CUTHAN Y, = (sin(t))3. OueBUAHO, YTO OMOPHBIA CUTHAJ YJIOBJIETBOPSAET MPEATOJIONKE-
Huto 2. [lostomy cornmacHo (2.12), (2.13) u (2.15) npu nokas3arenbcTBE T€OpeMbl (OCHOBHOM pe-
3yJbTAT) Mbl MO’KEM ITOCTPOUTH BBHIXOAHON KOMIIEHCATOP CJEAYIOLUIMM 00pa3oM:
X, = il — MLy (%, + Lyy)?
{:’ 3 (3.2)
u=-M3{10(%, + L,y) + 16y}3

Torga Teopema (OCHOBHOM pe3ysIbTaT) TAPAHTUPYET, UTO OIIMOKA OTCIC)KUBAHUS MOKET OBITh
MaJIoi TOCIIe HEKOTOPOr0 KOHEYHOTO BPEMEHH, B 3aBHCUMOCTH OT HaYalbHBIX COCTOSHHUH (X, (0) =
2,x,(0) =5wu x,(0) = 3), ecnu M > 1 BbIOpaHo mA0cTaTO4HO OONBIINM. OIIHOKA OTCIACKUBAHUS
YCTOHYHMBOIO COCTOSIHUS cocTaisieT okoio 0,025 npu L, =3 u M = 729.

3akmouenue. bruta nccinenoBana riiodanbHas poOacTHas MpaKTHYeCcKas 3ajada OTCIIEKHBA-
HUS BBIXOJHBIX JaHHBIX JUISl KJlacca HEJIMHENWHBIX CUCTEM B BHJE (2.1), KOTOpble UMEIOT HECTAOH-
JTM3UPOBAHHOE W / WIHM HEOTpeaesieMoe JIMHEapU30BaHHOE NMPHOIIKEHNEe, U OblIa TpeCcTaBIcHa
€ro pa3peluMoCTb HapsiAy ¢ KOHCTPYKTUBHBIM METOJIOM MPOEKTUPOBAHUS KOMIIEHCATOpa AJIsl JJOC-
TUKEHMSI OTCIeKUBaHMsI. KIIl0OUeBBIM MOMEHTOM 3TOT0 MCCIIEN0BaHUs ABISETCS TO, YTO UHPOpMa-
IUs1, KOTOpasi MOXKET MCTIOIB30BATHCS VISl YIPABJICHUSI OOPATHOM CBS3BIO, SBISIETCS TOJBKO OIINO-
KO OTCIIeKHMBaHUs, TaK YTO BCs Apyras WH(OpMalus B CUCTEME, KOTOpas HE0O0XoauMa JIIsl OTCJIe-
KUBaHUS, JOJDKHA OBITH IMOJyd€Ha IyTeM O00paOOTKH 3TOH OIIMOKU OTciekHBaHUA. OCHOBHBIM
MO/IXOJIOM SIBJISIETCSI TaK HA3bIBAEMBIH «METOJl KOHTpOJUIEpa-HaOIIoAaTeNs», MPenIoKEHHbIH B
[11], xoTopBIii TIpeACTaBISIETCS HAaUOOJee MOAXOMSIIUM JJisi TPOOJIEMBI, PACCMOTPEHHONW B 3TOM
CTaThe, W MOJyuYeH METOJ NMOCTPOCHHS BBIXOAHOTO KOMIICHCATOpa, 00ecIednBaromuil Tpedyemoe
mo6anbHOE poOACTHOE MPAKTUYECKOE PETYIMPOBAHNUE BHIXOIHOTO CUTHAJIA.
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