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YIIPABJIEHVE JUHAMNYECKNIMUNW CUCTEMAMMI
ITP1 OTPAHNYEHNAX HA BXOJHBIE
" BBIXOJHBIE CUTHAJIbI!

PaceMoTpeHo pasBuTHE METOJIA, MPEJIOKEHHOTo B ybsmKanmmn 1], Ha cn-
CTE€MbI C MPOU3BOJILHBIM COOTHOIIEHHEM KOJIMYIECTBA BXOJHBIX M BBIXOIHBIX
curnaJioB. [lojrydeno perenne, rapaHTUPYONIEe HAXOXKICHE JTAHHBIX CUTHA-
JIOB B 33J]AHHOM pa3paboOTUYMKOM MHOXKecTBe. s perneHust 3ajlaqu Mpe/i-
JIOXKEHBI J[Be TIOCJIeI0OBATEIbHBIE 3aMeHbI KOOpAuHAT. [lepBast 3ameHa cBOIUT
BBIXO/IHYIO TIEPEMEHHY 0 00beKTa K HOBOU ITEPEMEHHON, PA3MEPHOCTDb KOTOPOit
HE IIPEBOCXO/INT PA3MEPHOCTH BEKTOPA yIIPaBJeHNs. BTopas 3aMeHa M03BOJIs-
er IepeiiTh OT 3aJa9n yIPABJICHUS C OIPAHUYEHUSIMU K 3aJade YIPaBJICHUsT
6e3 orpannvenunit. B kadecrBe mimrocTpanun paboTOCIOCOOHOCTH METOIA PAC-
CMOTpPEHO perieHue JAByX 3aja4. [lepsas 3a/1a4a — yrpapiieHne 0 COCTOSTHUIO
JIMHEHHBIMU CUCTEMaMU C OI'PaHUYCHUAMUN Ha CUTI'HAJI YIIPDaBJIEHUA U @aBOBbIe
IIepeMeHHbIE. BTOpaH 3a/lavda — ylpaBJIEHUE II0 BbIXO/LY JUHENHBIMU CHUCTe-
MaMU C OTpaHUYEHHEeM Ha BBIXOJIHOIl CUI'HAJ W CUTHAJ yIpaBjeHus. B obe-
X 3aJla9ax [IPOBEPKA YCTOWYMBOCTH 3aMKHYTOM CUCTEMBI (DOPMYJIMPYETCST B
TEePMUHAX Pa3pPEeNIMMOCTH JIMHEHHBIX MATPUIHBIX HepapeHCTB. [loydeHHble
pe3yJIbTaThl COMPOBOXKJIAIOTCS IIPUMEPAMU MOJIEJIUPOBAHUSI, ULIIOCTPUPYIO-
My 3 hEKTUBHOCTD PEIJIOKEHHOIO0 METO/IA.

Karuesnvie crosa: muHaMudeckas CHCTEMa, 3aMeHa KOOPINHAT, YCTONINBOCTD,
yIIpaBJICHUE.
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1. BBenenue

B [1, 2] mpuBeien 0630p METOIOB yIpaBJICHUS ¢ 0OECIICUCHIEM BBIXO/HOTO CHT-
HaJsia 00beKTa B 33J]aHHOM MHOXKecTBe. Takxke B |1, 2| npesyioxkeHo HOBoe perienne
JAHHOM 3aJla4M, KOTOPOE COCTOUT B MCIIOJB30BAHUU CIIEIMAJIBLHON 3aMEHbl KOOD-
JIMHAT, TIO3BOJISIONIEH TTepeiiT OT 381841 YIIPaBJICHU C OTPAHUYEHUSIME K 3a/1a9e
yIpaBjeHus 6e3 orpaHnvIeHnii.

! Uccnenosanne Boimonneno npu dbuHAHCOBOH TMozep:KKe Poccmiickoro nay«wnoro Goma
(npoext Ne 18-79-10104-I1, https://rscf.ru/project/18-79-10104/).

45



Onnako n pemenue |1, 2|, u Gosbias JacTh omucaHHOI jmTeparypsl B [1, 2|
OTPAHNYEHBI PACCMOTPEHUEM OOBEKTORB, ¥ KOTOPBIX:

1) pasmepeHHOCTDb CUrHAJIA yIIPABIEHUs GOJIbIIE MU PABHA PA3MEPHOCTH pe-
IYJUPYEMOTO CUTHAJIA;

2) He HAKJIQIBIBAIOTCSI OTPAHMYECHUST HA CUTHAJI YIIPABJICHMUSI.

KacarebHO 11epBOro orpaHudeHns Ha IPaKTHKE CYIIeCTBYeT JOCTATOIHO MHO-
o 3a/1a9, KOIyla Pa3MEpHOCTH CUTHAJIA YIIPABICHUS MEHBIIIE PA3MEPHOCTH PErYJIH-
PYEMOro CUTrHAJA, HAIPUMED YIIPABJICHUE HEIOJHOIPUBOJIHBIMI CUCTEMAMHU: IIla-
raforme podboThl, CTAHKK C IIPOrPAMMHBIM yIIPABJIEHUEM, JieTaTeIbHbIE allllapaThl,
BOJIHBIE Cy/I&, HEKOTOPbIE MagTHUKOBBIE CUCTEMBI U T.7. JIjis pemenus Takux 3a-
Jlad TIPeJIIIOZKeHO0 MHOTO METOJIOB, B YacTHOCTHU [3—6], 0nHAKO OHU HE rapaHTUPYIOT
3aJIAHHOTO KAYECTBA PEryJIUPOBaHUs B JIIOOOH MOMEHT BPEMEHH, a JIUIIL B yCTa-
HOBUBIIIEMCST PEXKUIME.

OTHOCHUTEJIBHO BTOPOTO OIPAHUYEHUs JIOTUYECKU BO3HUKAET BOIPOC O BEJIH-
YUHE CUTHAJA YIPABJICHUS, HEOOXOIUMOTO JIJIsi 0OECIIeUeHsT BBIXOJHOTO CUTHAJIA
B 3aJIaHHOM MHOXKECTBE B JIIOOOH MOMEHT BPEMEHHU.

B nannoit pabore 1oxox |1, 2| 6yer pasBuT JIst PEIIeHNsT CJIe/IyOIINX 3a,1ad:

1) yupasiierne o6beKTaMu, y KOTOPBIX PA3MEPHOCTh CUTHAJIA YIIPABJICHUS MO-
JKeT ObITh MeHbIIe Pa3MEPHOCTH PEryINpPyeMOro CUTHAJIA,

2) obecrieyeHne peryJimpyeMoro 1 yrpas/sioero CUIHAJIOB B 3aJIaHHOM MHO-
JKECTBE B JIIOOOI MOMEHT BpEMEHH;

3) UCIOJIb30BaHKE AlllapaTa JIMHEHHBIX MATPUYHBIX HEPDABEHCTB JIIsl aHAJIN3a
YCTOMIMBOCTH 3aMKHYTOI CHCTEMBI U CHHTE3a IapaMETPOB PEryJIsaTOPA.

CraTbs oprannzoBaHa CaeAyonuM obpaszom. B paszjerne 2 crapurcs obIas 3a-
Jlava yIpaBJIeHus ¢ TapaHTHel HaXOXKJEHUs] BXOQHOI'O M BBIXOJHOI'O CUTHAJIOB B
3aJIaHHOM MHOXKECTBe B JII0OOH MOMEHT BpeMeHU. B pasmese 3 mpeiioXKeHbl JIBe
3aMeHbl KoopAuHaT. [lepBasi 3aMeHa CBOJUT BLIXOAHYIO TEPEMEHHYIO O0ObheKTa K
HOBOIT IEPEMEHHO, Pa3MEPHOCTh KOTOPO HE MPEBOCXOJIUT PA3MEPHOCTH BEKTOPA
ylIpaBJieHus. Bropasi 3aMeHa MO3BOJIAET MEPERTH OT 3aJ[a9l YIIPABJIECHUS C OTpa-
HAYEHUSIMU K 3aJade yIpabjeHus: 0e3 orpanHumdenuii. B pasmene 4 paccMOTpeHO
[IpUMeHeHne pe3y/ibraTa U3 pasjesa 3 K 3ajade yIpaBJIeHUs] 110 COCTOSTHUIO JIU-
HEHHBIMU CHCTEMaMU ¢ yYeTOM OIPAHUYEHNH Ha CUTHAJ yIpaBJCHUSA U (Pa3s0OBbIe
nepeMeHHbIe. B pasiese b pelieHa 3a1a4a yIIpaBIeHUsI 10 BHIXOLY JTUHEHHBIME CH-
cTeMaMU ¢ OrpaHUYEHNEM Ha BBIXOMHON 1 ympasisomuii curaassl. [Tosydernbie
PE3YIIBTATHI COMPOBOXKJIAIOTCS TPUMEPAME MOJICTUPOBAHNS, UJTIOCTPUPYIOIINMU
3 PEKTUBHOCTD TPEIIOKEHHOTO METOIA.

B crarpe mcnonb3yiores ciaemyiomme 0603Havenus u onpedesernus. R™ — en-
KJIMJIOBO TMPOCTPAHCTBO PA3MEPHOCTH 71 ¢ HOpMOit |- |; R™™ — mHOXKeCTBO
BCEX T X M BEIIECTBEHHBIX MaTpuiy; P >0 — MOJOKUTEIHLHO OIpeIeIeHHast
CHUMMETPHYIHAST MATPUIA; Amin (P) — HamMeHbIee COOCTBEHHOE YUCJIO MATPHIIBI
P > 0; p = d/dt; cumBon «*» 0603HAYAET CUMMETPHIHBIH GJIOK B CHMMETPHIHOMN
MaTpHIIE.

Onpegenenune 1 |[3,7|. Henpepwsnan dyrnxuyus o : [0,a) — [0;00) npunad-
aestcum kaacey IC, ecau ona aeasemes cmpozo sozpacmaroweti u «(0) = 0.
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2. IlocTanoBka 3aga4yu

PaCCMOTpI/IM JAMHaAMHUYIECKYIO CUCTEMY BUIa

(1) 33 = F(.’E,u,t),

y = H('I‘? u? t)?
rme t >0, € R® — Bekrop cocrogums, u € U C R™ — curnan yupas/eHns,
y=col{yi,...,y} €Y CR' — Buixommoit curnan, byukrmm F u H onpe/enens

Jts Beex x, u u t, F' KycouHo-HenpepbIiBHA 1 orpanndena 1o t, pyukius H werpe-
pbIBHO ubdepeHIupyeMast 0 BCeM apryMeHTaM U orpaHutveHHasi mo t. OObekT
yupasjenus (1) yupasisiembiii u Hab/r0gaeMblii 1ist jiroboro x € R™.

B omimune or [1] B Hacrosieil crarbe He TPEOYIOTCS OIDAHUYEHUs] BHUIA
dimwu > dimy, a BO3MOYXKHO IIPOU3BOJILHOE COOTHOIIEHIE MEXK/Iy PAa3MEPHOCTIMU
CUTHAJIOB U U Y. DTO JOCTUTACTCS 3a CUET 3aMEHBbI BHJIA

(2) §= G(yvuvt)a

rJe pa3sMepHOCTb & He MPEBOCXOUT PA3MEPHOCTH YIIPABJISAIONIEIO CUTHAJA, T.e.
& =col{&,..., &}, v < m, G — menpepsiBao nuddepenimpyemas YHKIHS 10
BCEM apryMeHTaM M OI'paHMYeHHas 110 t.

Samedganne 1. Ha camom mesre MOKHO HE OTPaHUINBATHCS TOJTBKO KJIACCOM
HelnpepbiBHO JuddepeHnupyeMbix GyHKIHA G, HO U paccMOTperhb OoJiee OOt
KJtace pyHKImii. st 9T0ro paccMOTpUM CJIeyIOINee OIpeIe/IeHne U KOMMEHTa-
PHUM K HEMY.

Onpegenenne 2 [8]. Qynrkyua u — G(y,u,t) nasweaemcs Jugpgeperyu-
pyemoti 6 mouxe u € R™ no nanpassernuio v € R™, ecau cywecmeyem konewrwit
npeden

Gy u,tiv) = lim CWutant) ZGlyut)
a—+0 o

Ecau ¢pynruun v — G(y, u,t) duddepernyupyema 6 mouke u no a06omy Hanpas-
aeruro v € R™, mo ona naszweaemes duddepernuyupyemoti no nanpasAeHUAM 6
mouke u, a gynkyus v — G (y,u,t;v) Hazweaemes npoussodnoli Gyrryuu u —
— G(y,u,t) no nanpasienusm.

[Tycrs dbyuximsa G(y,u,t) JOKAJIBLHO JMIINANEBA, HENPEPBIBHO fudddepenin-
pyema no y u t u audpepeHnupyeMa Mo HAIPABIEHUAM TI0 . 1Orga /It JTI00bIX
abcourroTHO HenpepblBHBIX dyHKImi y(t) u u(t) dyuxmus G(y(t),u(t),t) rakxke
Oy1eT abCOTIOTHO HEMPEPLIBHON. Bostee TOTo, 10 TPaBUTy BHITUCIEHUS TIPOM3BO/I-
HOM [0 HAIIPABJICHUAM CJIOXKHOI dbyHukuun [8] Gymer

d 0G , G
SG0.u(0.) = G20 + 00 t5i(0) + 5
Juist nourn Beex t > 0. 3uecy G, (y(t), u(t), t; u(t)) — npoussoguas dbyHKIMI U —
t

— G(y(t),u,t) B Touke u(t) mo HanpasaeHuio U(t).
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Taxum obpaszom, Koria paccMarpuBaeMas B crarbe (yHKIus (G He sBJIsSIeT-

ca muddepennupyeMoii Mo u, HO sBigeTca auddepeHnupyeMoil Mo HalpaBJie-
OG(y(t),u(t),t) -

HUSIM II0 U, BO BCEX BBIKJIAJIKAX BEJIUUHHY 5 4(t) MOXKHO 3aMEHUTH Ha

Gru(y(t), u(t), t;u(t)).
Tpebyercst paspaboraTh 3aKOH yIIPaBJIEHNA, KOTOPBII 00ECIIeTNT BBIIOJTHEHIE
YCJIOBUST

(3) g.,(t) <&(t) <gi(t), i=1,...,v

Juis Beex t. Oynkiust G u HenpepbiBHO Jindbepennupyembie DyHKII g Z(t) u
7;(t) BeIOUparoTCcs Tak, 9T00B ObLIN yuTeHBI orpanndeHus u € U ny € Y. Takum
obpasom, orpanndenusi (3) BMecTe ¢ peobpasoBaHueM (2) JIOJKHBI BKIIOYATH B
cebst OrpaHUYeHHs Ha BXOJIHBIE U BBIXOJHBIE CUI'HAJIbI 0ObekTa (1). JonosmHure b
HO, BBIOOPOM (PYHKIIHT gi(t) u g,;(t) MOXKHO 3a/aBaTh PA3IMIHYIO0 «KOH(MUTYpa-
10> 00JIACTH, B KOTOPOii OCYIIECTBIISIETCS TIEPEXOHOMN Tiporiece 1o &;(t).

Pestomupyem: B craTbe TpeOyeTCsl CHHTE3UPOBATD 3aKOH YIIPABJICHUSI, KOTOPBIi
obecrieanT BhIOTHEHNE ycaoBus (3). C apyroif cTOPOHBI, ONpe/ie/eHIe TIEPEMeH-
Hoit & 00yCIOB/INBAET MOBEJIEHIE CUTHAIOB y 1 u. Tak, B pazmenax 4 u b GpyHK-
st G OyzieT 3aaHa B KBaJAPATUIHON (hopme, uro BMecTe ¢ (3) Tpebyer HaXOXkK-
JIEHUST TTEPEMEHHBIX 4 W % B HEKOTOPOI O0JIACTH, TPOEKINSMI Ha KOODIMHATHBIE
IJIOCKOCTH KOTOPOIl SIBJISTFOTCST KOJIBIIA C MIEPEMEHHBIMU PAJINYCAMU, 3aBUCSIIIAME
or g .(t) ng;(t) (monpoGuee cu. HizKe). B samevanusx 5 u 7 npuBeJeHbl IPUMEpDL
JIPYTHX BUJIOB 3aMeH (2), 910 obyciioBauBaer apyrue hbopMbl 0bacTeit, rie 6yayT
HAXOJUTCS Y U U.

3. Metoa peiienus

Canenys [1], BBesiem 3ameny mepemeHHoit £ B Buie

(4) §(t) = @(e(t), 1),
e e(t) € RY — menpepwiBro muddepennupyemas dyukmus mo t, P(e,t) =
= col{®i(e,t),...,Py(e,t)} yIOBIETBOPSIET CIIEAYIOMMM YCIOBUAM:

(a) g,(t) < ®i(e,t) <g;(t),i=1,...,v i mobbix ¢t > 0 m e € RY;

(6) cymecTByer obparHoe oTobpakenne £ = ®1(£,t) maa mobbx € s (3) u

t>0;
(B) dyukuus ®(e,t) mempepbiBHO muddepeHnupyeMas Mo € u t, a TaKkKe
0P (e,t
det % % 0 ayst 00bIx € € RY u t > 0;
3
0D (e, t)
(r) o <7, 7> 0 maa mobeix € € RY u t > 0. Bermunna v ussectHa,

MOCKOJIBKY (4) ompeesnsieTcst pa3paboTInKOM.
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st cuaTesa 3akoHa yrpasieHus norpedyercs suanne auHamuku (t). Haitaem
HOJIHBIE IPOU3BOIHBIE 110 BpeMennu or y(t) u &(t) Broab Tpaekropuii (1), (2), (4)
U IpUpaBHSAEM MOJIyYeHHbIe pe3yabraTel s (2) u (4). B urore momy«amm

,_ OH, OH  O0H
Y= 8z T

8(19(5,t)€, . 0®(e,t)  0G . g+ 26 oG . i 8_G
Oe ot Oy ou ot

()

[TpunuMasi BO BHUMaHUE ycJIoBUe B), BbipasuM & u3 (5) B Buje

—1
© é= (a@;,t)> [zj%I;IF+ <8G8H . aa> it
0GOH 9G  9D(e, t)}

wor Tt ot

SaMe qJqaHMHe 2. ECJII/I II0 YCJIOBHUIO 3aJlavdMd HE JOCTYITHO U3MEPEHHNIO COCTOA-
HEE T, TO Il CHHTe3a 3aKOHA yIpasieHus BMecTo (6) yg00HO MCIOIB30BATH
BbIDasKeHUe, MOJIyYeHHOe U3 BTOPOTO BbipakeHust B (5) B BHUjIE

0b(e,t)\ ' [0G . OG . 0G 0P(e,t
7 PN oGy, 00 90 eD ]
Oe oy ou ot ot

B ciienyrormux passesnax seipazkenust (6) u (7) OyLyT UCIIOIB30BATHCS JIJIsI CHH-
Te3a 3aKOHOB yIlpaBjeHus. Terephb chopMyImpyeM OCHOBHON pe3ysbTaT HaCTOs-
IIero paszesa.

Teopema 1. Ilyecmv das npeobpazosanus (4) evinoanerv ycaosus (a)—(r),
gi(O) < &(0) <g;(0), i=1,...,v, cywecmeyem cmabuAUSUPYIOWULT 3AKOH
ynpasaenus w = u(t,y, ) daa cucmemovr (6) uau (7), kycouno-nenpepovisHuit no t
U AOKGADHO AUNWUYESHT N0 Y U €, a makdce cyuecmeyem dynryua Janynosa
V(t,e) makaa, wmo

ar(le]) < V(te) < az(le]),

Sy _ov v oeenT oG, oG, 0 oeen]
T ot T 9 \ oe oy’ T e T Bt ar | S ~osllel;
20e aq, ag u ag — K-gynrkyuu. Tozda 6ydem svinoaneno ycaosue (3).

Tak Kak BbINOJIHEHBI yeyoBust (8), To £(t) — mpejesbHo orpanndeHHas dhyHK-
must. Torga n3 yemoBus (a) ciaemyer, 9To Oy/eT BBIIOIHEHO YCJIOBHE (3).

Samedanne 3. YCJIOBUS TeOpeMbl 1 OCTAIOTCsI CIPABEIIUBBIMU IIPU OCTIa0-
JICHHBIX [IPEoIozkeHnsIx o quddepennupyemoctn dyskmmu G [9], a mmeHHo, ec-
s (G JIOKAJIBHO JIUIIIUIEBA 110 BCEM TIePEeMEHHBIM, HEeIIPEPBIBHO nuddepeHtmpye-
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Ma 110 y ¥ t, u puddepeHnupyema 1o HalpaBIeHusIM 110 u. B aToM cirydae B npa-
BOIl wacTu Broporo pasencrsa (5) Bropoe ciaaraemoe 3amenurcs ua G (y,u, t;v)
(cM. onpenesierne 2). 3uaunt, paBercTsa (5)—(7) GyiLyT BBIIOTHEHBI TOJBKO JIsI
nourn Bcex t. B pesynbrare B (6) n (7) HeobxonnMo 3aMeHHTD g—ga Ha COOTBET-
CTBYIOIIYIO IIPOU3BOIHYIO 110 HAIIPABJICHHUSIM ¥ PACCMATPHBATE BCE BBIKJIAKH st
nourn Beex t. [JosToMy HEKe B JJOKa3aTeIbCTBAX T€OPEM 2 U 3 COOTBETCTBYIOIINE

(He-)paBeHCTBa [IJIsT TIPOU3BO/THBIX BBITOIHAIOTCS st TOYUTH BCEX T.

B [1] npeiozkenbl pa3indHble YacTHBIC BH/IBI 3aMEHbI KOOpIUHAT (4), He CBs-
3aHHBIC APYT ¢ ApyroM. Huzke mpuBememM HOBLIN BUJ 3aMEHBI KOOP/IMHAT, KOTOPbIi
[O3BOJIMT CBSI3aTh NpeobpasoBanust u3 1| u moayInTh psij HOBBIX BHUJIOB 3aMEH.

IIpumep 1. Ilycte ®(e,t) € R B (4) 3agana B Buie

(©) Blet) = g(t) g(t)T(E) L) -2%9(75)’
rie € € R, T'(e) — crporo MmonoroHHast (yHkIims takas, uro —1 < T'(g) < 1 pys
JIIOOBIX €.

Hocrouncrso 3amennl koopausar (9) mo cpasaenuto ¢ [1| cocrout B TOM, UTO
OHA IO3BOJISIET OTAEIBHO BhLAeauTh pyuKIiwn g(t), g(t) u T'(e). Pyukmun g(t) u
g(t) OIpeesIoT JKeIaeMy0 06/IACTE J/Isl PEryIHPYEMOil IePEMEHHOM I 3a1a10TCs
paspaborankom. Oyukiust T' (€) ompenenser 3ameny koopaunar. Hampmvep, T'(¢)
MOXKeT ObITb BhIOpaHA B BHUJIE

€ ef —1
= TE‘ =
1+ |e] ©) ef+1

T(e) =th(0,5¢), T(e) = %arctg(s) U T.IL

Hwuxe paceMoTpum mpuMeHeHHe TPEJIOYKEHHOTO MOJIXOa JIJIsi TeX Ke THUIIOB
mozesieit, uro u B [1]. O6obrienne Moy 9eHHBIX Pe3yJIbTaATOB Ha CIIyvail Hen3BeCT-
HBIX [1aPAMETPOB MOJIEIH MOXKET ObITh HEIIOCPEJICTBEHHO MOJIyUeHO Kak B [2].

4. praBJ’IeHI/Ie IIO0 COCTOAHUWIO C OrpaHNvYeHnueM Ha d)aBOBI)Ie
IIepeMeHHbIE€ 1 CUTI'HaJI yIIpaBJICHUA

Pacemorpum 06bekT yIipaBieHus
(10) T =Ax+ Bu+ Df,

ez EXCRY ueclUUCR, f€Rul|f(t)] < f ana seex t, marpumst A, B u D
U3BECTHBI U UMEIOT COOTBETCTBYIONIME pasdmepHoctu. [lapa (A, B) yupasisema.
B namnoMm ciaydae y = x. MuOokecTtBa X 1 U 3a/1aHBI Kak

(11) X:{$ERnI$TPx$<1}, U={ueR: pylul <1},

rae P, > 0 u p, > 0 3amatorcst pa3spabOTIHKOM.

Jtst cpaBHEHUsT OrpaHUYEHUN MO & W U BBEJIEM 3aMEHBbI ITePEMEHHBIX I =
= \/Anmin(FPr)x 1 @ = p,u, KOTOPbIE TIO3BOJIAT MPOMOPIMOHAIBHO TPEOOPA30BATD
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2T P,z < 1 K HOBOMY 3JUIHTICOMJTY ¢ HAMOOIBITIE TTOTYOChIO eIMHIYHOM JI/THHbI I
pulul <1 x HOBOMy OTpe3Ky munbl 2. C ydIeToM JaHHON 3aMeHbI IpeodpasyeM
ypasHenne obbekTa (10) u MHOKecTBa X, U K BUy

= Ai+ Bu+ Df,

(12) . 1

@Bnbz )\min{Pw}D'

[IpencraBuM HOBBIN CHTHAJ YIPABICHUS U B BUJE CJACIYIONIEH CYyMMBL:

r;LeB:

(13) i = @y + 1y,

rae 41 6yJer MCHoIb30BaThes s crabuimsanuu (12), 4y — s obecriedeHmst
3a/IAHHBIX OIPDAHUYCHUN Ha T U U.

C yuerom nepasenctsoM FOmra (2a7h < ua a+ u 1Ty e J'IIO6bIX a,beR”
1 41 > 0) PACCMOTPUM CIIEIYIONIYIO ONEHKY: U2 = U + 201ts + 43 < (1 + r)a? +
+ (1 +r~YHYa3, r > 0. Yanromsas, aro y = z B (10), onpeseanm mepeMennyto &
B (2) B BUJIE

o
)\min{P }

rae BenmauHa § > 0 3amaercd pa3spaboTInKoM 1 HOTPEOyeTes I PEAJTu3aIlil 3a-
KOHA YIIPABJICHUS Uy C YIETOM TOTO, UTO |Ug|+0 # 0. O6o3nauus P = )\%{P}Px,
min xT

(14) €= TP+ (1 + )82 + (14 Y (|ag| + 6)2,

po=1+7rup3=1+r"' nepemmmem (14) B BuIe
(15) ¢ = 7" Pui + paiif + ps(|a| + 6)*.
B cuity Toro, uto § — cKaJsisipHas BeJIMYHHA, HpecTaBuM (3) Kak
(16) g(t) < &(t) <g(t).
Tax kak
FYP 4 0% < Y P& 4 poiid 4 p3ti < L PLE + potis + ps(|ia| + 6)2,

To, BbIOpaB §(t) < 1, mosmyuanm, aro B (16) yurensr orpanndenus (12).

Tpebyercst cuHTE3WPOBATH 3aKOH YIIPABJICHUsI, KOTOPBI 00€CIIeINT BBITTOJIHE-
ure (16). Torga dasoBble epeMeHHbIE U CUTHAJ YIIPABJICHUs OY/LyT HAXOIUTHCS
B 3a/IAHHBIX MHOXKeCTBaX X U U C JOIOJHATEILHBIM BBIIOIHEHIEM yeaoBus (16).

Ormernm, aro MeTof [1] mis o6bekra (10) mMO3BOJISAET PEUTH TOIBKO 3a/1ady
HAXOJKJIEHUSI OJHOM KOMIIOHEHTBI BEKTOPA & B 3aJaHHOM MHOXKECTBe 6€3 orpaHu-
YeHUl Ha CUTHAJI YIIPABJICHHUS.

CdopmymupyeM OCHOBHO# pe3yJibraT pasjena 4.
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Teopema 2. Ilycmv das npeobpazosanus (2) evinoanerv ycaosus (a)—(r),
% > 0 daa mobwiw € u t, a maxorce g(0) < £(0) < g(0). Ecau das sadarmoviw
0>0, u>0, PL>0,py>0, p3>0, >0, ¢c>0 u KgRlX” cywecmesyrom
H>0,a>0,7>0,i=1,...,6 maxue, umo npu v = L[ paspewumvt caedyro-

wue AUHeTHbLe HepaceHcMmea.:!

—a + 0,57 0,57)/1,_1DT1~) —0,5
* —T2 0 < O,
(17) " N oy

ey = fPro 4+ 4273,

ATH+ HA+pBH HB HD

* -4 0 | <0,
B3 % _T5
H 2 -Pla
(18) KTK < TﬁH,
inf{g(t)} , _ inf{g(t)} S
= ﬁ > T. +f T5,
)\min{Pl} P3 4 5
G
n {g(f)}TG < 1 ’
)\min{Pl} 1+r
mozda 3aKOH YNPasAEHUA
1 (8 + )
U= —\u U ,
pa
(19) w = Kz,
. 1 o o )
S 97T P A7 + 95T P, Bi ) T B2
v 2p3(|ﬁ2|+5)81gn(u2) [as—l— T Py AT+ 2% Py Blig + psign(e)z” P T

obecnevum evinoanenue (16), ede A = A + BK u P, =P, +p2KTK.

Bameuanue 4. s paspemmmvoctu (18) Heobxoaumo BeiOupars K u3 ycjio-
BUsT TYPBUIEBOCTH MATPUTIHI A.

HokaszarenbcrBo. OTMeTHM, 9TO B CTAThe PEIICHNs YPABHEHMUIT C PA3PbIB-
HOM 1IpaBOil 4acThIO paccMaTpuBaloTcs B cMblicsie Pumnmosa. [Tosromy B goka-
3aTeIbCTBAX TEOPeM 2 1 3 COOTBETCTBYIOIIHE (He-)paBEHCTBA JJIs IPOU3BO/HBIX
Oy/yT BBINOJHEHDI [Tt To4ITH Beex t. [Ipuammas Bo Banmanue (13) u (19), mpe-
obpasyem (12) u (15) k BHIY

A% + Bug + DY,

T
(20) re _
£ = TP133+p3(|uQ| +(5)2.
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C yuerom (20) nepenmimem (6) kax
0 - _ - -
(21) &= <%> [QiTPlAi’ + 25T Py Bay + 25T PLDf +
0P (e, t)

+ 2p3(\&2| + 5)sign(ﬂ2)&2 — 8t

Mg anammsa ycroitausocru perennit (21) pacemorpum dbyukimo JIsmyrosa
BUIA

(22) Vi = 0,5¢2.

B3siB 10JIHYI0 TPOM3BOJHYIO 110 BpeMeHn oT (22) Biosb pemienuii (21), moy-
qHM:

dD(z, 1)

—1
5 > £ {25:TP1A5: + 22T P, Biiy + 28" PDf +
€

(23) V= <

2] + Opsenin)ia — P20
BocrionbzoBasimch HepasencTBoMm FOHra jijist

208" PIDf < ple|it PEi + pte| DT D f?
U yUIUTHIBas TpeThe BbIpakenue B (19), orennm (23) B Buze

-1
(8@&;’0) (—a52 +u e DTDf? - 58@(E’t)> .

24 /
(24) Vi 5

N

[Torpebyem tipu V| > ¢ BBINIOJIHEHNE YCJIOBUST Vi < 0, mpuHUMasi BO BHUMAaHUE

_ 2
orpannvenns f2 < f2u (M) < 7?2 (eM. mocTaHoBKY 3a7aum U ycosne (T)).

0D (e,t
Tax kak (5 ) > 0 e pimser Ha 3HAK BbIpaskeHusi (24), TO TEpEeIuIeM BbIIe-

Ha3BaHHBIC yC.HOBI/IH KaK

ORI P o
—ae? 4+ p Lesign(e) DY D f? — 68 éi’t) <0 Vv (5, f, 0 é?t)> :

2
052>, < (%) <2

(25)

8<I>5t

Ob6ozHauus z = col {E 1, }, nepenuieM (25) B MATPUIHOM BHJIE:

—a 0,5u tsign(e) fDTD —0,5

* * 0
(26)
-0,5 0 0 000 000
2T * 0 0fz< —¢ ZTls 10 z<f2, 2V l% 00 z<72.
* * 0 * % 0 * % 1
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Coracuo S-nporiesype [10-12], HepaBercTBa (26) Gy1yT BBIIOIHEHBI, €CJIH OY-
JIyT BBINOJHEHB! CJIe/lyIoNye yCIOBHA:

—a+ 0,57 O,5sign(5)u_ll~?TD -0,5
* —Ty 0 <0,
(27) N . o

ety = 2o+ 4273,

Tak kax sign(e)f € [—f, f], To mmeem mommTONHYIO HeompeieIeHHOCTL B (27) ¢
JBYMs1 BepimuHamMu nojuTona v = —f u v = f. Cormacuo [13, 14], ecim cymectsy-
0T permenus o, 7;, i = 1,2,3 mepsoro JIMH B (17) B Bepimnax v = —f w v = f,
To niepsoe JIMH B (27) 6yzner umers pemenne. 3Hauut, cucrema (21) ycroiiunsa
10 BXOJI-COCTOSTHUIO. B cnity 3amenst koopauHat (4) u cBoiicTBa (&) mepemennast &
B (20) 6yuer orpanndena. Torja curHasbl T, © U Uy OyayT orpanuyenbl. V3 Tpe-
Thero BepazkeHus (19) ciieyeT orpaHmIeHHOCTD ils.

Tenepb MOJIyYUM JIONOHATEIbHbIE YCIOBHsI, HAKJIA/BIBAIOIINE OIPAHIICHHS
Ha U B (19). Pacemorpum dynknmio Jlamyrosa

(28) Vo =& Hi
inf{g(t)}

Amin{pl}
Hee o3HadaeT, ITo amncon i L HT = inf{g(t)} conep:xures BHyTpH 3/ammconia

u norpedyem mpu Vo > BBINIOJTHEHNUE yCJIOBU V<ouHz>P (mociei-

~TD ~ . _ ~ inf{g(t

#T P& = inf{g(t)}), mpuHNMas BO BHUMaHWE OTDAaHUTCHUS U3 < % n f?<
< f2. To ectb norpebyen, YTOOB 3aKOH YIIPABIEHNS (] FaPAHTUPOBAJ HAXOXKIE-
Hue (a30BBbIX TPACKTOPH B MEHBIIIEM MHOXKeCTBe 110 cpaBHenuto ¢ (16). Tleperu-
IIeM JIAHHBIE YCJIOBUST KAK

Vo =3 (ATH + HA)z + 28" HBiip + 28" HDf <0 V(Z, 4, f) :

(29) SN 30} S 1) S

/\min{Pl} ' p3
O6osnauns s = col{Z,ug, f}, mpeobpasyem (29) kK BuIy

AYTH+HA HB HD

st * 0 0 |s<0,
* * 0
H 00 .o
(30) st % 0 0|s> —M,
x % 0 /\min{Pl}
0 0 _ 00 O
ST 10 < lnf{g(t)}7 T x 0 0 s < fT
* 0 b3 |

o4



C yuerom @2 < 1usz (12) u @ < (1+7)a3 + (147~ 1)a3 us nepasencrsa FOura mo-
tpebyem Boimosnenne (1 + r)a? + (1477143 < 1. Bunaunt, 47 < ﬁ Ucnonb3yst
S-nporiestypy [13] u Bropoe Bhipakernue B (19), B pesynbrare nHepasencrsa (30) n

FTKTKi < ﬁ npu i HE < % OY/IyT BBLIIOJTHEHBI OJHOBPEMEHHO, €CJIH

GyyT BBIOHEHDBI yeaosus (18). Teopema 2 mokazaHa.

3ameuvanue 5. B crarbe pacCMOTPEHbBI OTPAHUYEHUS IO COCTOSTHUIO B KBa/I-
paruanoit popme. ITomobuble orpannvenns paccmarpuasuch tTakxke B [15]. Ecan
OrpaHUYeHMs 33J[aHbl B BHJE Iapajulesieluliesia, To, Hapumep Kak B [16, 17],
MOKHO BBECTHU HOBBIE OIPDaHUYEHUsI B (pOpME 3JLIUIICOU A, BIMCAHHOTO B JAHHBIN
nmapaJiiesenuie, u jJajee pelaTbh 3aJady ¢ OIPaHUYEeHUsIMUA B KBAJIPaTHIHOIM
dopwme.

C npyroit cTOpoHBI, He 00sI3aTEIbHO PaCCMATPUBATE TIEPEMEHHYIO £ B KBaJIpa-
TuaHOM hopMme. Tak, ecanm ampropn 3aJaHbl OTPAHUYIEHUS] B KBAIPATHIHONR (Hop-
Me (11), TO MOXKHO BOCIOJIB30BAThCS TaKyKe 3aMEHOHl B KBaJpaTHUHOI dhopme
(15) mwm B KauecTBe ambrepHATHBH & = 1 P& + (|| + §)%. Ecm ke Bee orpa-
HUYEHUs 3aaHbl B HHTEPBAJIbLHOI (popMe Ha KOOPAUHATHI BEKTOPA COCTOSIHUS U
yIIpaBJIeHne, TO MOXKHO BOCIIOJIb30BaThCs 3aMeHaMu Bujia § = |Z| + |ty | + |uo| nim
&€ =>" 1 pulTi| + |a1| + |az|, p1; >0, i=1,...,n 1 T.I., JONONTHATEILHO OCTIa-
6uB Tpestosiozkennst o juddepentupyemoctu GyHKImn G 10 T U U, CM. 3aMeda-
ure 3 u [9]. OueBnHO, YTO JUIst KAK/10i 3aMeHbI Oy Ly T HOJIyYeHBI IpyTue (POPMBbI
3aKOHA yIPABJIEHUS U YCJIOBUS X PabOTOCIIOCOOHOCTH, OTIMIHBIE OT IIPEIJIOXKEH-
HLIX B CTATLE.

IIpumep 2. Pacemorpum HeycroiamBbiii 00bekT (10) co coemyronumvu mapa-
MeTpaMU:

A=
1 2

—-0,4
(0) = [ o4 ] ,  f(t) =0,01[sign(sin(1,7t)) + sin(0,3t) + sat{d(t)}],

e sat{-} — dbyukusa naceimenns, d(t) — GeJIbIil IIIyM ¢ OrpAHIYEHHON MOJI0COi
npornyckanusd u mojesupyembrii B Matlab Simulink ¢ momombio 6isioka «Band-
Limited White Noise» co chemyrommuMu mapaMeTpaMu: MOITHOCTE TyMa 0,3 u
Bpemst BbIGopkn 0,2 coorsercrienno. Torma f = 0,03.

10
IIycrs P, = 0,81 [O 1] u p, = 1 onpenenenst B (11).

Bagamm § =001 B (15), K=[-2 —4] u 5 =0,01 5 (19), T(c) = &,
7=089 %" 101 n g=0,01 B (16), a Taxxe r = 0,01 B (14). Boramcmmm:
Pr=1 p,=101, p3=101 u v= ?w;_—g = 1,475. Eciu 3amate ¢c=1 u § =0,1,
To HepasencTBa (17), (18) umeror pemenns, Hanpuvep, npu « = 37,9.
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1,0F LOF
0,5F 0,5F
< 0F s 0F
0,51 =0,5
-1,0F -1,0 -
1 1 1 1 1 1 1 1 1 1
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X1 up

Puc. 1. ®azosble TpaeKkTOpun B 3aMKHYTOI cucreme 1o (z1,2) — a u (ug,us) — 6.

1,0

0,8

0,6

0]

0,4

0,21

0 20 40 60 80 100
t

Puc. 2. Tlepexonnoii npornece o £(t) B 3aMKHYTOl cucTeMe.

Ha puc. 1 msobpazkennl da3oBble mopTpersl 0 (21, 22) u (u1,u2), a Ha puc. 2
npuBejieH nepexoHoii nporecc 1o £(t). Ha puc. 1 6osbinme 3/1IUIcs COOTBETCTBY-
1ot BeIpazkennaM 1 Ppx = g(0) u (1+7)p,u? + (1 +7"Hp,u3 = 5(0), a Menbmue
smimest — 1 Pyr = inf{g(t) u (14+7)p,ul +(1+r"1)p,u3 = inf{g(t)}. s puc. 1
BUJIHO, 9TO (Pa30Bble TPACKTOPUN HAYNHAIOTCS B OOJIBITIOM 3JIIUICE, C TEYCHUEM
BpeMeHn (TpUMEpHO [epes 25 ¢ mocse Hadasaa pabOThl CHCTEMBbI, CM. PHC. 2) JI0-
CTUTAIOT MEHBINETO JIIUICA W OCTAIOTCA B HEM, HUKOTJIA HE TOKWJIAs €ro.

5. YmpaBJiieHUE O BBIXOIY

PaccmorpuMm 00beKT yrpaBjieHus BHIA

t=Ax+ Bu+ Df,

32
(32) y= Lz,

56



mer ER" ucUUCR, y € YCR, f € Ru |f(t)| < f s Beex t. Marpunst A, B,
D u L nmeror coorBercrByione pasmeproctu. [lapa (A, B) ynpasisema u mapa
(L, A) nabmonaema. O6bekT yrupasienus (32) crporo MuUHUMaJILHO-()a30BEI [3].
MuoxkectBa ) 1 U 3a7aHBI B BUIE

(33) Y={yeR: plyl <1}, U={uveR: pylu| <1},

rie py > 0 u p, > 0 3a1a10TCA pa3pabOTINKOM.

Jnsa cpaBHeHNs orpaHMYEHHII MO Y M ¥ BBEJCM 3aMEHBI § = P,y U U = DyU,
KOTOpbIE MO3BOJIAT Mpeobpa3oBaTh orpaHuveHus (33) K OTpe3KaM OJMHAKOBOIL
jumnbl. [Ipeobpasyem muoxkectBa Y u U K BULy

(34) Y={geR: [jl<1}, U={aeR: [al<1}.
[Ipencrasum 4 B Bugie cymmbl (13) u onpejesum nepementyio € B (2) Kak
(35) ¢ = 7% + paiii + p3(|diz| + 6)?,

rae 0, po U p3 oupefenaeHsl B paszene 4. Beibpas g(t) < 1, momyunm, aro (35)
BKJIIOUaeT B cebst orpanmdenns (33). Lesb ympasiennsi cOCTONT B TIONCKE 3aKOHA
yIIPaBJIeHNs], TapaHTUPYIONIEro BbIOHEHNE ycaosus (16) ¢ yuerom (35).

Merog [1] miist o6bexTa (32) rapaHTHPYET HAXOXKJICHUE TOJBKO BBIXOIHOTO CHT-
HaJIa B 38JJAaHHOM MHOXKecTBe. B orimmane or [1] npejioykenHblii MeTo1 I03BOIUT
obecreunTh HaX0XK IEHIe BBIXOJIHOIO U YIIPABJISIOIIEI0 CUIHAJIOB B 33 IAHHOM MHO-
JKECTBE.

IIpeobpasyem (32) x Bumy
(36) Qp)y(t) = Rp)u(t) + o(t).

311ech

Q(p) = det(pI — A), R(p) = ]’j—zL@I — A)*B,

(pI — A)* — npucoeauHEeHHAST MATPHIIA,
¢(t) = pyL(pI — A)*[2(0) + D f(t) + Bu(0) + Bf(0)].

B nasbHeiinem, paju MpocToThl BBIBOJIOB, HAIIpHMED, Kak B [3, 18, 19] u cebuikax
Ha JIITEpaTypy B HUX, OY/IEM HCIIOJIB30BaTh OJHOBPEMEHHO 3aIUCh B pOpPME BXOJI-
BBIXOJT (MJIH TIepeIaTOIHOM (DYHKIMN) U MPOCTPAHCTBA COCTOSTHHUIA.

CdopmynupyemMm OCHOBHOI pe3yJibTaT pasjesa b.

Teopema 3. Ilycmv das npeobpazosanus (2) evinoanerv ycaosus (a)—(r),
% > 0 daa mobvir € u t, a maxorce g(0) < £(0) < g(0). Ecau das sadarmovis
0>0,u>0,p>0,p2>0,p3>0,5>0,c>0ukeR cywecmsyrom H > 0,

a>0,7>0,i=1,...,6 maxue, wmo npu v = +f paspewumv, caedyrousue Au-
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netHve HepaseHcMmea.:!

—a+0,5m 05vu~!t —0,5

* —T9 0 < O,
(37) . .

o) 2
cTL = O Ty + T3,

ATH + QA+ BH iHB HD

Pu
—Ty4 0 <0,

* —T5
H=ppL'L,
LTKTKL < 14H,

inf{g(t)}ﬁ > inf{g(t)}m + ¢A5275
D1 - b3 ’
inf{:c_y(t)}T6 < 1 7
P1 1+r

(38)

mozda 3aKoH ynpasAeHUA

u = —(?7,1 + ’112),
Pu
(39) ﬂl - k?L
- 1 . _ _pR(p) . 9. )
Uy = ——————sign(ly) |ae + 2p1J =10 + upisign(e)y
S (PR ) W) "2t rrisien(e)

obecnevum evmoanenue (16), 2de A = A+ p%BL, 1 =1+ k*po.

Bameuanue 6. s pazpermmmoctu (38) HE0OXOAMMO BbIOMpATh k U3 yCI0-
BUSI T'YPBUIIEBOCTU MATPUITHI A.

Jlokaszareabcro. C yderom 1y B (39) nepermmiem (35) u (36) B Buse

Q(p)y(t) = R(p)ua(t) + ¢(t),

40
(40) &=y + p3|ia| +6)%

Bnech Q(p) = Q(p) — kR(p). Hoacrasus (36) B (6), momyanm

-1
(1) é:(%) {%@ﬁ?@wmwaw

_0%(e, 1)

+ 2p3(\&2| + 5)sign(ﬂ2)&2 8t s

rae ¢(t) = %gf)(t) — orpanmuennas dynkus. O6osnazum ¢ = sup{d(t)}.



st anamusa yeroitunsoctu (41) pacemorpum dbyukimio JIsmyrosa (22). Basis
IpOM3BOAHYIO OT (22) BAosb pernennit (41), momydanm

1
(42) V= <LI)6(? t)> 5 [22513?12—;;];) s + 2p1J¢ +

+ 2p3(|ug| + 5)Sign(ﬂ2)&2 —

Bocnosmszosasmichk mepasenctsoM FOwura s 2ep1id < |e|up?9? + ¢ + |e|u=' ¢
U YyUUTHIBas TpeThe Bbipakenue B (39), mosydnm

—1
(43) Vi = <%> [—as2 + p Y eled?® — 5%] _

Jampreiimme AeficTBUS I TOJYIeHUS yCJIOBUIT (37) AHAJIOTMYHBI, KaK B JIOKa-
3aTeIbCTBE TEOPEMBI 2.

Terepb MOJIyYUM JIONOJHATEIbHbIE YCIOBHsI, HAKJIA/BIBAIOIINE OIPAHIICHHS
Ha U B (39). Pacemorpum dynknmio Jlamynosa

(44) Vo =z Huz.

ITepernmmmenm (40) kax

- 1
(45) T =Axr+ p—B&g + D¢, §=pyLa.
u
[Torpebyem mpu Vo > inf{ﬁ% BBITIOJTHEHUE YCJIOBUIT Vo<Ou H> pgﬁlLTL

(mociemee osmagaer, uro Symncons x - Hx = inf{g(t)} comepxurca BHyT-
pU IMJIHHIPA przﬁlLTLa: = inf{g(¢)}), npuHEMas BO BHUMaHWe OrpaHUYECHUSI

- inf{g(t 5
w3 < % u ¢? < ¢?. Tlepenmuiier BblIeHA3BAHHBIE YCIOBHS B BHIE

: - - 1
Vo =aY(ATH + HA)x + 22T —HBuy + 22 THDp <0 V(x, 1y, p) :
Pu
(46) e L
T Hz > mf{_g(t)}’ 2 < 1nf{g(t)}7 & < 2.
b1 b3

C yuerow (14 1) < 1 sazammv 2 p2 LYK YK Ly <t npn o7 Ha < 2301
HasbHeitmue nefictBus [yt ostydeHusi yeyosuil (38) aHAJIOTMYHBI, KaK B JIOKa-

3aTenbcTBe TeopeMbl 2. Teopema 3 okazana.

3amedarnue 7. B pasngesie 5 MOryT ObITH TOJIy9eHBI JIpyTrue (DOPMbI 3aKOHA
YIPABJICHNs, €CJIN U3HAYAJIbHO TpeobpasoBanue (2) (B 4acTHOCTH, B pasjesie b
sajianHoe B Buje (35)) OyeT OIpejiesieHo TO-JApyroMy, HAlpuMep, B Buje & =
=72 + 4%, &= |g| + || + |az| m T (eM. 3amedanme 5).
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Puc. 3. Ilepexomuble nporeccsl 1o () — a u y(t) — 6 upu orpannyenusix (16),
3aJIAHHBIX IKCIIOHEHIMATBHBIMY (DYHKIUSIMH.

4 I I I I
0 20 40 60 80 100

Puc. 4. Ilepexouble nporeccet 1o u(t) nupu orpanudenusx (16), 3aJaHHBIX 9KCIIO-
HEHIUAJIbLHBIMEI (DYHKIIUAMHE.

IIpumep 3. Pacemorpum HeycTOWINBBIT 00BEKT (32) €O coreayfonMn mapa-
MeTpaMU:

010 0 0,1 1
A=100 1|, B=|0|, D= 02|, L=[1 2 1], =(0)=0,1 1],
351 1 1 1

curwan f(t) onpenenen B mpumepe 2. Torma R(p) = (p+1)%, Q(p) = (p+1)3 u
é=0,22.

ITycrs B (33) ompeneieHbl ciIemyomue mapaMerps: p, = 1 u p, = 0,3.

Bagamum 6 = 0,01, k = —2u p = 0,01 B (39), r = 0,01 B (35), a Takske T'(¢) u3s
npumepa 2. Ecim 3amars f = 0,1 u ¢ = 1, To HepasercTsa (37) OyyT pa3permmel,
Hanpumep, upu o = 374,3.

Ha puc. 3, 4 nzobpazkenst Tpaexropun 110 &(t), y(t) m u(t) mpu g = 0,79¢ =% 4
+02mng= 0,69¢=%1 40,01 B (3), na puc. 5, 6 — npu g = 0,45 cos(0,5t) + 0,54 n
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Puc. 5. Ilepexommsle nporeccer 1o &(t) — a u y(t) — 6 upu orpanmdenusx (16),
38/IAHHBIX CHHYCOUIAIBHBIMU (DYHKIUAMA.
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Puc. 6. Ilepexoaubie nporeccel 1o u(t) npu orpanndenusx (16), 3agaHHbIX CHHY-
COMJATBHBIMU (DYHKITUSIMU.

g = 0,3cos(0,5t) + 3,01 B (3). I3 puc. 3-6 BugHO, 9TO CUrHAJBL &, Y U U HUKOTIA
He TOKHUAIOT 3aAHHBIX OrpaHmYenuil (33) U MONOTHUTEIBHO 3aJaAHHEIX Pa3pa-
6orunkoMm orpanndenuii (16), Koropbie, HAIIPUMED, MOTI'YT ObIThH OIIPEIEJICHBI KC-
HMOHEHIMATBHBIME (CM. puc. 3, 4) min cuaycongaabubiMu (puc. 5, 6) dyHKImsaMn.

6. 3akJ/rroueHue

B crarbe npe/yiozkeno passutne MeTo/a [1]| Ha IHHAMEYECKHE CHCTEMBI C IIPO-
U3BOJIBHBIM COOTHOIIEHUEM YHCJa YIIPABJICHUII U BBIXOJAHBIX CUTHAJIOB U rapaH-
THEHl WX HAXOXKJICHUS B 33JIaHHBIX MHOXKECTBaX. Pa3paboTaHHDLIN METOJ IpUMe-
HSETCS JJId PENeHns 3a/0a49 yIIPABJIECHUS 110 COCTOSHUIO U 110 BBIXO/LY JIMHEHHBIMU
CHCTEeMaMU C y4eTOM OIpaHMYCeHUIl Ha CUTHAJI yIIPABJICHUS U BBIXOJHBIE IIepEMEH-
Hble, I PA3MEPHOCTH PEryJIMPYEeMbIX IMEPEMEHHBIX OO0JIbIlle Pa3MEPHOCTU CUTHA~
na ynpasienus. Takyke B oramaue or [1] yeroitumBocTh 3aMKHYTON CHCTEMBI 1
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CUHTE3 IIapaMeTPOB pPeryjasaTopa CCbOpMyJII/IpOBaHbI B TepMHHaX pPa3pelInMOCTU
JMHENHBIX MAaTPHUYIHBIX HEPaBCHCTB. Pe3yﬂbTaTbI MOZAE/IMPOBaHUA ITOATBEPANJIN
TeopeTudeCKre BbIBOJAbLI U ITOKa3aJIn SCI)(beKTI/IBHOCTb IpeJIOZKEHHOI'O MeTo/1a.

10.

11.

12.

13.

14.
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