3akiniouenue. TT0CKObKY, B JIECOMPOMBIIIIICHHOM KOMIUICKCE HA pabOTy pasUuHBIX arperaTtoB
BITHSICT OOJIBIIIOE KOMMYECTBO CIAyYalHBIX (JaKTOPOB M MOCTPOUTH ICTEPMHUHHUPOBAHHBIC MATEMATHICCKUC
MOJICJIH YaIlle BCEr0 HEBO3MOXKHO, TO HY)KHO CTPOUTh M MCCIICIOBATh CTOXAaCTHYECKHUEC MOJICIIH.

Hcnonb30BaHne MaTEeMaTHIECKUX MOJIENEil UTpaeT GONBIIYIO POJb B COBPEMEHHON SKOHOMHKE.
ITosToMy IpH MPENoaBaHNUK BBICIICH MAaTEMAaTHKH, OCOOCHHO B TEXHUUYECKUX U SKOHOMUYCCKUX YHH-
BEpCUTETAX, OOJIbIIIE BHUMAHHS HY)KHO YICISTH MOCTPOCHHUIO MAaTEMATHUYCCKUX MOJIENCH, peabHBIX
MPOU3BOJICTBEHHBIX 337a4. YMECTHO BCIIOMHHTh BhICKa3bIBaHME akagemuka B.W. ApHombia, “ymeHne
COCTaBJIATh a7ICKBATHbIC MaTEMATHUYECKHE MOJICIM PEATbHBIX CUTYAIMH JODKHO COCTaBIIATH HEOTHEM-
JIEMYIO 9acTh MaTeMaTH4ecKoro oopaszosanus’ [3.c. 28].
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YIIPABJJEHHE ACUMIITOTUYECKHUMH HHBAPUAHTAMU
JABYMEPHBIX IMHEUHBIX HECTAIIMOHAPHBIX CUCTEM C HABJIIOJATEJIEM

A.A. Koznos, A./l. Bypak
Hoeononoyx, III'Y

CeromHst OHOHM 13 aKTUBHO pa3BHBAIOMIMXCS Kak B PecyOnmuke bemapyce, Tak u 3a pyoexom,
oOnacTell MaTeMaTHYECKUX UCCIEIOBAHUN ABISIETCS TEOPHsI yIPABICHUS aCUMITOTHYECKHMHU Xapak-
TEpPUCTHKaMU (MHBapUAHTAMH) JIMHEWHBIX CHUCTEM OOBIKHOBEHHBIX AW (EpEeHIHANbHBIX YpaBHEHUH
[1]. DTO cBsI3aHO C TeM, YTO MOIYYCHHBIC B 3TOM TEOPUH PE3yIbTAThI MO3BOJSIOT ISl YIIPaBISIEMOM
JMUHAMHYECKON CHCTEMBI (MEXaHWYeCKOH, (PH3MIecKoi, TEXHHYECKOW) CTPOUTH TaKWe YIPaBICHUS,
KOTOpBIEC OBI BO3/ICHCTBOBAIIN Ha €€ yCTOMUMBOCTD. [Ipl 3TOM yCTOMYMBOCTE 37€Ch IOHUMAETCS B Ca-
MOM IIUPOKOM CMBICIIE — 3TO U YCTOMYUBOCTD IO JIAMyHOBY, U aCUMOTOTHYECKas YCTOWYMBOCTH, U
paBHOMEpHasi aCUMITOTHYECKasi yCTOWIMBOCTh, U OpOMTaJIbHAsA YCTOHYMBOCTH U Op. Bce 3aBucur
JHIIB OT BBIOOPA TEX aCHMOTOTHYECKUX MHBAPUAHTOB [ 1], MOUIeXKAKX YIPABICHHIO, KOTOPBIE OTBE-
YaroT 3a TpeOyeMbIil TUI YCTOWYMBOCTH. [laHHAsS 0COOEHHOCTh PacCMaTPUBAEMOUN TEOPUH OTpeIEisieT
ee TMPUKJIIAJHOIN XapaKTep, MOCKOJIbKY, pe3yJIbTaThl, OJdydaeMble B HEW, MOTYT HaXOAWTh HEMOCpe-
CTBEHHOE NPHMEHEHHE NPU PELICHUH Pa3IM4HbIX 3a7ad CTaOWIN3alUK YIpaBisieMOro oOBbeKTa, SB-
JISTIOIICHCS BaYKHOW XapaKTEPUCTUKON (PU3MUSCKON I MEXAaHUIECKON CUCTEMBI.

B HacTofmiee Bpemsi JOCTaTOYHO XOPOIIO M3YyYEHBI 3a/la4M YIPABICHUS aCUMITOTHUYECKUMU
MHBapHAHTAMH B JIMIIb KIdCCe JUHEUHbIX cucmem 6e3 Habmodamens: C TIAAIKAMH HIM KyCOYHO-
rnaakumu kospduuuentamu (IMadimyn W.B, Cmupnos E.A., bopyxos B.T, Tonkos E.JI.), ¢ paBHO-
MEpPHO HENPEPHIBHBIMU U KyCOYHO-TIOCTOSTHHBIMU Ko duumentamu (Tonkos E.JI, [Tonosa C.H., Ma-
kapoB E.K., 3aiines B.A), a Takke BO MHOXXECTBE JIMHEHHBIX CHCTEM MAaJBIX pa3MepHOCTEH 0Oe3
HaOJroaTeNsl C JIOKAUIBHO HMHTETPUPYEMBIMH M HMHTETPajibHO OTPaHUYEHHBIMH KO3 GHUIHEHTaMHU
(A.A. Kosnos, A.Jl. bypak, U.B. Uum). [ToaToMy pe3ynbTaThl JaHHOH paboThI, MTOCBSIIICHHBIE pellie-
HUIO 33/1a4aM TII00ANBHOTO YNpaBlIeHHS aCUMITOTHYECKUMH MHBAPHAHTAMH JBYMEPHBIX JIMHEHHBIX
cucTeM ¢ HabmoaareneM, KoO3QQUIUEHTH KOTOPBIX HE YIOBIETBOPAIOT HU YCJIIOBHUSIM TJIaJIKOCTH, HU
YCIIOBUSIM PaBHOMEPHOW HEPEPHIBHOCTH, SIBISAIOTCA HOBBIMHU M aKTYaJIbHBIMH.

Matepuan u Metoabl. B npeacraBnenHoi padote 00BEKTOM IS U3yUEHUs ABISAIOTCS JIMHEH-
HBIE YNpaBIIiEeMblE CHUCTEMBI C Pa3pbIBHBIMH M OBICTPO OCHMJUTUPYIOIIUMH KO3 GHUIHEHTaMU W
HaOmronateneM. Ilpu mccnenoBaHuu TI0OATBFHON YNPaBJIIEMOCTH ACHUMITOTHYECKHMX HMHBAPHUAHTOB
TaKUX CHCTEM MPHUMEHSIOTCS METOJIbl MATPUYHOTO U (DYHKIIMOHAJILHOTO aHAIH3a, TEOPHH TU(depeH-
LUAIBHBIX YPaBHEHUH, TEOPHH YIIPABJICHUS CHCTEMAaMH, a TaKXKe TEOPUH YIPABICHHsI aCUMITOTHYE-
CKMMH MHBapUaHTaMH HECTALIMOHAPHBIX CHCTEM.

n
Pe3yabTaThl u uX obcy:xnenne. O6o3naunm uepes R eBKINIOBO BEKTOPHOE MPOCTPAHCTBO
pasmepHOCTH N, a yepes M — mpocTpaHCTBO BemecTBeHHBIX (IM X N)-MaTPHIl CO CHEKTPaIbHOM

(onepaTopHOii) HOpMO. PaccMoTpuM NTHMHENHHYIO HECTALIMOHAPHYIO YIPABIIEMYIO CUCTEMY

x=A(lt)x+B(t)u, xeR", ueR"™, t..0. (1)
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¢ HaOJroIaTeneM
y=C'(t)x, yeR¥, t..0. )
Bynem cunrats, uro koddduimentsr A(-), B(-) 1 C(-) mpuHagmexaT Knaccy JIOKaIbHO HHTE-

rpupyeMbix 1o JleGery U WHTErpanbHO OTPAaHMYCHHBIX MAaTPUYHBIX (DYHKIHH, T.€. TaKUX, KOTOpPBIE
YIIOBJIETBOPSIIOT COOTHOLLICHUSIM

supIt+1PA(r)Pdr<a<w, supjt+lPB(r)Pdr<b<m, SUpIt+1PC(T)PdT<C<oo_
t.0 %t ¢ oot g

Bynewm nanee npemmnonarartk, 4To
1) cucrema (1) SBISETCS pPAGHOMEPHO 6NOJHE YNPAGIAEMOlU, T.C. CYIIECTBYIOT TaKHE 4YHCIa

o>0u y>0, uro npu mob6bIX t,...0 n X, € R" HaiifeTcs M3MEPUMOE M OTPAHMYEHHOE yIIpaBIIe-
mme  U:[t,,t,+0]—>R™, nmpm Bcex telt,,t,+o] YIOBIETBOPSIONMEE HEPABEHCTBY
Pu(t)R, yPXx,P unepeponsiiee Bexrop HauanbHOro coctostuus X(t,) = X, cucremsi (1) B HONb HA

3TOM OTpE3KE.
2) cuctema (1), (2) c HyJleBBIM yIpaBIeHHEM, T.€.

x=A{t)x, xeR", t..0, (3)

y=CT(t)x, yeR* t..0 4

0o0naaeT ceolCcmeoM pagHOMEPHOU NOMHOU Habawoaemocmu, T.e. HalaeTcs Takoe ¢ > (0, 4To

npu mo6oM t,...0 Beskoe HadanbHoe coctosmue cucteMsl X(f)e R Moxer GbiTh onHO3HAUHO
onpezeneHo no Habmoznennio (4) na [t,,t, + ol.

PaccMoTpHM 3aady 0 MOCTpOeHHH JIMHEHHO#H obpatHoii ceasu U =U (t)x B cucreme (1), (2),

MO3BOJISAIONICH YNPaBIATh ACHMIITOTUYCCKUMH XapaKTEPUCTHUKAMU 3TOW cucTeMbl. s ee peuieHus
BOCTIOJIB3yEMCSI TIOJIX0/I0M, OCHOBAaHHBIM Ha MTOCTPOSHUH CHUCTEMBI aCHMITOTHYECKON OIEHKH COCTO-
sans. Takol moaxo/ u3HadanbHO OBUT MaH B pabore P. Kanmana [2] mis cranmoHapHBIX cucteM (1),
(2), a 3aTem ycrenrHo 0000IIEeH Ha HecTallMOHApHBIE cucTeM B.A. 3aiinieBbiM [3] 1 UM ke pUMEHEH
JUTSL PelieHus 3a/lauul CTaOWIM3aliy JIMHEHHOW HecTallmoHapHOW ympaisiemoir cucteMsl (1), (2) c
HaOMOJaTeNleM W JIOKAbHO HMHTETPUPYEMBIMH ¢ K8AOpamom MAaTPUYHBIMH KO3 QUIHeHTaMu
A BuC.
[Moctponm 1o cucreme (1), (2) ¥ BBIXOAY aCUMNTOTHYECKUH HICHTUPHUKATOP

X = At)Xx+V (t)(y(t)-C"(t)x) +B(t)u, xeR", t..0, (5)
riae X(t) — ouenxa cocrosuus cucremsi (1), (2). Bossmem ynpasnenne B (5)

u=U()x (6)
Marpuuansie ynpasnenust U () u V() B cucreme (5) Gynem cu4uTaTh HU3MEPHMbBIMH H OTPaHHU-
YEHHBIMU Ha TIOJIOXKHUTEIBHON MOJYOCH MATPUYHBIMHU (DYHKIIMSAMHU CO 3HAYCHHUSIMH B IPOCTPAHCTBAX
M., # M, COOTBETCTBEHHO.
Ioxcrasus ynpasiaenue (6) B cucremy (1), (2), (5), momyunm (2N)-MepHYIO JHHEHHYO
CUCTEMY
X\ (A B(t)U (t) e o
x) \WVOCT®) AD+BOUO-VOC )\ x)

Beenem Bektop orkinonenns X(t) = X(t) — x(t) cocrostHus x(t) cucremsi (1), (2) oT oueHkH

o X E 0 )\X
COCTOSIHUS X(t). C mOMOIITEI0 HEBBIPOXKICHHON 3aMEHBI MTePEMEHHBIX - CHCTEMY
X E —-E)x

(7) nmpuBeneM K cucteme

% :(A(t)+B(t)U(t) -B(U (1) jx (®)
y 0 A®)-VOCT(®) )\ x)
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yIpaBisas aCUMITOTHYSCKUMU WHBapUAaHTAMH KOTOPOM, MBI, TEM CaMbIM, OyJleM YIIPaBJIATh U
ACUMNTOTHYECKHMHU XapaKTepuUCTHKamu cucTeMsl (1), (2), 3aMKHYTOH JTWHEHHONH OOpaTHOW CBS3BIO
u=U(t)x. Torna umeer mecTo

Teopema. [lycms n=2. Eciu cucmema (1) pasnomepno enonne ynpasisiema, cucmema (3), (4)
pasHomepHo enonne nabaooaema, mo cucmema (8) obnadaem ceoticmeamu

1) enobanvHoll ynpasnsemocmu 6epxHe2o YyeHmpaibHo2o nokazamens (a, 3Ha4um, oHa pPagHO-
MepHO cmabunuzupyema);

2) enobanvHoll ynpasisiemocmu xapakmepucmuyeckux noxaszamenei Jlanynosa (u nosmomy,
OHA ACUMNMOMUYECKU YCMOUYUBA);

3) enobanbHOU JIANYHOBCKOU NPUBOOUMOCIU, M.e. Ol NPOU3BOAbHOU Hanepeod 3a0aHHOU
(2n) ~Meproil MuHelHOTl cuCmeMbl ¢ TOKATbHO UHMeZPUPYeMbIMU U UHMESPATbHO 02PAHUYEHHbIMU KO-

appuyuenmamu naiioymes maxue oonycmumvie ynpaenenus U (-) u 'V (-), umo cucmema (8) c amumu

yupasnenuamu 6yoem acumMnmomuiecki IKGUBANEHMHA 8bIOPAHHOU cUCTneMe.

3akawuenue. [IpecraBicHHbIC pe3yNIbTaThl MO3BOJISIFOT CBOE 00OOIIEHUE HA CIIydall Mpowu3-
BOJILHOM pazMepHOCTH (Ha30BOTO MPOCTPAHCTBA

Paboma svinonnsnacey 6 pamkax npoexkma BPO®U @16M-006.
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BJIMSTHUE OIPEJIEJISIIOLIAX IAPAMETPOB
HA ITOTEPIO YCTOMYUBOCTH CJJOUCTON KOMITO3UTHOM OBOJIOUKHU
IMPU KOMBUHUPOBAHHOM HAT'PYKEHUU

E.A. Kopuesckasn
Bumebck, BI'Y umenu I[1.M. Maweposa

Crnouctble 000JOYKH M KOHCTPYKIIMU HIMPOKO HCIONB3YIOTCS B Pa3iIMYHBIX O0JAacTAX COBpe-
MEHHOM TeXHUKU. Vcrionp30BaHue C0eB €O CrIeUaIbHBIMUA CBOMCTBAMH ITO3BOJISIET CO3/1aBaTh BBICO-
KOTIPOYHBIE KOHCTPYKIIUH, KOTOpPBIE 00JIIal0T XOPOIIEH TEIUIO, - AJIEKTPO - ¥ 3BYKOM3OJIALIUEH, BbI-
COKOH CTOMKOCTBIO K arpecCHBHBIM cpeiaM. B coctaBe cloncTON KOHCTPYKLIMH CJIOW U3 BBICOKO-
IPOYHBIX MAaTEPUAIOB SIBIAIOTCS HECYIIMMH M BOCHPHMHHMMAIOT OCHOBHYIO YacTbh HAarpy3KH, a Majo-
JKECTKHE CIION CBSI3BIBAIOT MEX]Ly COOOH Hecylre U paboTaloT B OCHOBHOM Ha IONEPEYHBIN CJIBHT.

B pabote npeanaraercs UCIOJIb30BaTh YpPaBHEHUS CIIOUCTBHIX 00O0JIOUEK, YUHUTHIBAIOIINE Hapa-
METpbI TIONIEPEYHBIX CABHUIOB, nonydeHHsle J.M. ['puromrokom u I'.M. KynukossiM[ 1] ¢ ncnons3oBa-
HUEeM 00001IeHHON KHHEeMaTHYecKO! TuIoTe3sl TumoreHko. s ucciaeoBanusi CBOOOAHBIX KoJieOa-
HUH 311eck ucronb3yercst acumnrotudeckuit meron 11.LE. ToBctuka[2], cormacHo kotopomy, Oiarona-
ps nokanu3anuu GopM KoneGaHuid U GopM MOTEpH YCTOHYMBOCTH B OKPECTHOCTH HEKOTOPOH oOpa-
3yloIel ¢ = (g, IByMEpHBIE ypaBHEHUS, ONMCHIBAIOLINE COCTOSIHUE CIOUCTBIX 00O0JOYEK, MOXKHO
CBECTH K IOCJIEIOBATEIBHOCTH OTHOMEPHBIX KPAEBBIX 3ajad.

Henpio manHON pabOTHI SBISIETCS MCCIEIOBAHHME BIWSHUS MOMEPEYHBIX CABHUTOB Ha yCTOWYH-
BOCTB CJIOUCTON 000JIOUKM TPH KOMOMHUPOBAaHHOM HarpyXeHHUH.

Martepuana u Metoabl. PaccMoTpuM 3aiady O moTrepe YCTOWYMBOCTH CIIOMCTOM LMJIMHApPUYE-

CKOM 000JOYKM TpU KOMOWHUPOBAHHOM HArpyXEHHH, YYUTHIBAs YCHUIIME CIBUTa Tloz, BHYTpPCHHEE

JIaBJIEHUE, HaJTMYhe KOTOPOro MPUBOAUT K MOSIBICHUIO PACTATUBAIOLIUX YCUIIHMA Tg U OCEBbIE paCTsI-
0 _

TUBAIOIINE YCUIIUS Tlo- O003HaUYNM (TO,TO,T12 ):lEhg5(g 10 ,ag ,tg ) Kpas obonouku mpearmosnara-

FOTCS IIIAPHUPHO OTIEPTHIMHU.
Jis onucaHust TAaKOTO COCTOSTHUSL, UCIIOJIB3YEM CUCTEMY MOJTyOe3MOMEHTHBIX YPaBHEHHN CIIOU-
cThIX 000J04eK| 1], 3anucanHbie B Oe3pa3sMEepHOM BHE:
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