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A.A. Bo6uos, B.O. Hukndopos

OB30OPHAA CTATbA

YK 681.51.015
AJJAIITUBHOE YIIPABJIEHHUE I10 BBIXOY: ITIPOBJIEMATHKA,

MNPUKJIA/IHBIE 3AJIAYHA 1 PELLHEHUS'
A.A. boouos, B.O. Hukudopos

BobuoB Anexceii AjlekceeBHY, JOKTOp TEXHHIECKHX Hayk, npodeccop HIY NTMO,
JekaH (aKyypTeTa KOMIBIOTEPHBIX TEXHOJIOTHH U ympasieHus. CrenuanucT 0 CHC-
TEMHOMY aHaIM3y, YIPaBJICHUIO ¥ 00paboTKe MHPOPMALUH B TEXHHYECKHX CHCTEMaXx.
Agtop 6osee 200 neyatHbIX paboT, U3 KOTOPHIX Oonee 80 — B MEXIyHapOIHBIX JKypHa-
nax. ABTOp neBiTH MoHOrpaduii U y4eOHbIX MOCOOHIA, 00JafaTenb IBYX IAaTCHTOB.
JleficTBUTENbHBIN WiIeH AKaJleMUU HAaBUTALlUU U yNpaBJlIeHUs ABWXKeHHeM, uieH Hayu-
Horo coBeta PAH mo Teopun ynpaBiisieMbIX MPOIECCOB M aBTOMAaTH3aUuu. YieH Hayd-
HO-TEXHHYECKOTO COBETa acCOLMAIMU aBHAIPHOOPOCTPOUTEINICH, WiIEH ABYX TEXHUUE-
CKHX KOMHTETOB MexIyHaponHOH (exepanuy 1Mo aBTOMAaTHYECKOMY YHPaBICHHIO.
IMpencenarens CoBeTa MONOJBIX YYEHBIX M crenuanncToB npu [IpaBurensctBe CaHKT-
IMerepOypra. Unen peaxoiuternu xypHana «HaydHo-TeXHHYECKMH BECTHHK MH(pOpMa-
IIHOHHBIX TEXHOIOTHI, MEXaHUKH U ONITUKIY.

Huxudopos Baagumup OJieroBud, I0KTOp TEXHUYECKUX HAYK, Ipodeccop, mpopex-
top HIIY UTMO, 3amecTuTeNb I'€HEPAIBHOIO AUPEKTOPa — TEXHUUECKHH IUPEKTOp
OAO «JIOMOy. O6nacTh Hay4YHBIX HHTEPECOB — HEIMHEIHBIC U aalTHBHbBIC CHCTEMBI
aBTOMATHYECKOT0 YIIPaBJICHUs, METO/bl KOMIIEHCAIIMH BHEUIHUX BO3MYIIEHUH, ajar-
TuBHBIE HabmromaTenn. ABtop Oosee 120 mewaTHbIX padot, B ToM uucie Gonee 40 — B
3apyOeKHBIX M3JaHUIX. JleHCTBUTENBHBIN 4IeH AKaIeMHN HaBUTAIMU M yIPABICHHS
IBIDKEHHEM. ABTOp IsiTH MoHorpadumii m mectn ydeOHbIX mocobuii. Ilpencenarens
muccepranonHoro cosera. Unen Cankt-IlerepOyprckoil pernoHaabHON TpyNIBI Ha-
LIMOHAJILHOI'O KOMUTETA 110 aBTOMaTHuyeckoMmy ympasieHuto PAH. I'maBHbIil pepakrop
xypHaia «HayuyHo-TeXHHYeCKH BECTHUK HH(POPMALIOHHBIX TEXHOJIOTHH, MEXaHUKH H
ONTHKW» U poccuiickoro n3nanus xxyprana «Control Engineeringy.

PaccmarpuBaeTcst mpoGiieMa alaniTHBHOTO YIIPABJICHHUS IO BBIXOJY NMapaMeTPHUYECKH M (yHKIHOHAIEHO HEONpeeIeHHBIMI
obbekTamu. Hapsimy ¢ mMaTemaTHueckol NMOCTAaHOBKOW 3aJaud MPEICTaBIICHbl MPHKIAJHBIE NPUMEPHI, WLTIOCTPUPYIOMINE
MpaKTU4ecKue MpUMEHeHHs 00CyxIaeMoll B cTathe Teopuu. IIpuBesieH kpaTkuii 0630p METOOB aJaNTHBHOTO YIPABICHUS
10 BBIXOJY KaK JIMHEHHBIMU, TaK M HEIMHEHHBIMU CHCTEMaMH, IIPeACTaBlIeHa oOmupHas Oubmmorpadus, B KOTOpOil 4nTa-
TEJb CMOXET HAlTH JeTalbHOE OMUCAaHNEe KOHKPETHBIX alTOPUTMOB U UX CBOHMCTB. [10ApoOHO paccMOTpeH HOBBIM MOAXOM K
3aJaue yIpaBJICHHs 10 BBIXOLY — METO/ IIOCJIEA0BATEIBHOIO KOMIICHCATOPA.

KnioueBble c10Ba: aganTHBHOE yIpaBieHHE, pOOACTHOE YIIPABIICHUE, YNPABICHHUE IO BBIXOJY, CIOXXHBIC JTUHAMHYECKHE
CHUCTEMBbI, HEeJINHEHHBIC CUCTEMBL.

BBenenune

3amaya aJanTHBHOIO M pOOACTHOTO YIIPABICHUS NIApaMEeTPUIECKU M (YHKIIMOHAIBHO HEONIPEAEICHHBIMU
00bEKTaMHU B YCIIOBHSAX BO3MYIICHHH W 3aa3/(bIBaHKsI OTHOCUTCS K (DyHAaMEHTAIBHBIM U aKTyalIbHBIM ITpo0IIe-
MaM COBPEMEHHOW TEOpUH M MPAaKTUKH aBTOMATHYECKOro yIpapieHHs. Vaeanusupyronue MpearoyioxkeHus o
JIMHEHHOCTH 00BEKTa YNpaBIIeHHUS], CTAIIMOHAPHOCTH €ro MapaMeTpoOB, BO3MOKHOCTH U3MEPEHUS BCEX IEPEMEH-
HBIX COCTOSIHUS, OTCYTCTBHUHM 3ala3/AbIBaHUs U BO3MYIIAIOIINX BO3AEHCTBUNA MOCTENECHHO YXOASAT U3 PacCMOTpe-
HUS B paMKaX COBPEMEHHOU Teopuu ynpasnenus [1-41].

B crathe ocoboe BHUMaHHE yaAeNsSeTCS METO/aM aJalTHBHOTO M pOOACTHOTO YIPABICHHS MO BBIXOIY,
T.e. 0€3 N3MepEeHNs MPOU3BOJHBIX BHIXOIHOM IMEPEMEHHOMN MM BCEX MEPEMEHHBIX COCTOSHUS 00BbekTa. MoTHBa-
UL TaHHBIX MCCJIE0BaHNUH 00YCIIOBIICHA TEM, YTO YIPABJIECHHE 1O BBIXOAY MO3BOJSIET YMEHBIIUTh 3aTPAThl Ha
MPOEKTUPOBAHKE, Pa3pabOTKy U M3rOTOBJICHHE AATYNKOB, KOTOPHIE, B CBOIO OYEPE/b, MOTYT BHOCUTD JIOTIOIHHU-
TeJIbHBIC TIOTPEIIHOCTH, CBsI3aHHBIE ¢ OIMOKaMu u3MepeHuil. Kpome Toro, s psna peanbHbIX CHCTEM HE yla-
eTcsi 00eceYnTh HEOCPEICTBEHHOE N3MEPEHUE BCEX IEPEMEHHBIX COCTOSHHS O0BEKTa YIPaBICHUS.

! PaGora BbimonHena npu ¢puHaHcoBoH moanepkke DL «MccnemoBanust 1 pa3pabOTKH IO MPUOPUTETHBIM HAIIPABJICHHUSAM Pa3BH-
THS HAyYHO-TeXHOJIOrn4yeckoro komuiekca Poccun va 20072013 roapn» (rocyaapctBeHHbIi KoHTpakT Ne 11.519.11.4007)

Hay‘-IHO-TEXHVI‘-IECKVIVI BECTHUK MH(bOpMaLI,VIOHHbIX TeXHOJ'IOFVIVl, MeXaHUKU N OMNTUKN, 1
2013, Ne 1 (83)



AOANTUBHOE YMNMPABJIEHUE MO BbIXOAY ...

K HacTosimieMy BpeMEHH IOJy4eHbI PEIICHNs] MHOTUX BaKHBIX 33]a4 aJallTUBHOIO U POOACTHOrO ynpas-
JIeHHs 110 BBIXOAY, YacTh M3 KOTOPBIX JOBEACHA IO MHXKEHEPHBIX METONOB cuHTe3a. OfHAKO OOJBLIMHCTBO H3-
BECTHBIX METOJOB aIalITUBHOTO M POOACTHOIO YIPaBICHHS OTINYACTCS CIOKHOCTBIO IPOLEAYp CHHTE3a, a TaK-
XK€ CIIOKHOCTBIO CTPYKTYPBHI M BEICOKUM TMHAMUYECKUM IOPSIKOM IOJIy4aeMoro peryiaropa. Takum oOpasom,
pa3pa60T1<a HOBBIX MCTOAO0B aJJalITUBHOI'O U pO6aCTHOFO YyiipaBJI€HUA, MTO3BOJIAIOIIHNX MOJTYUYUTH 60.]'166 IMPOCThIC
U MQJIOPA3MEPHBIE PETrYJISATOPBL, SBJISETCS aKTYalbHOU 3a1aueld COBPEMEHHOM TEOPUHU YIIPABIICHMUSL.

Llenbto JaHHOM CTAaTBH SBJISETCS NMPEACTABICHHE IIMPOKOMY KPYTy CIIELHAIMCTOB MPOOJIEMaTHKU ajarl-
THUBHOT'O M POOACTHOTO yIPaBJIEHH 110 BBIXOJY MapaMeTpHUecKH U (PYHKIIMOHAIBHO HEONPEIEIeHHBIMU 00beK-
tamu. bynyt cdopmynupoBaHbl CTporne NMOCTaHOBKM 337ad YIPABICHHS, a TAaKXKe NMPEATI0KEHBI pa3InvHbIC
MIPUMEPBI CUCTEM YIIpaBJIEHHs, B KOTOPBIX aKTyalbHa JaHHas npodieMarnka. Takxke umtarento Oymer mpea-
CTaBJICH KpaTKuil 0030p METOAOB aJAlTHBHOTO YIIPABJICHHUS MO BBIXOAY W IIPEUIOKEH Iuisi Gosee moapoOHOro
3HAKOMCTBA OJIMH U3 COBPEMEHHBIX MOJXO/0B — «METOJ IOCIEI0BATEIBHOIO KOMIICHCATOPAY, 0a3UpPYIOIINIACS
Ha Teopeme o maccudurannu A.Jl. @pagxosa [42—45], koTopas, B CBOIO O4epellb, paciupseT GpyHaaMeHTa b-
HBIA Pe3yIbTaT TEOPUH aBTOMAaTHUECKOTO yIpaBieHus — leMMy SkyboBnua—Kanmana [4, 46].

3agauy aJaNTHBHOTO M POOACTHOI0 YNIPABJICHHUS 10 BBIXOAY JUHEHHBIMH 00beKTAMH

[TpeacTaBUM MaTeMaTHYECKYIO ITOCTAHOBKY 3aad aJalTHBHOTO W poOACTHOTO YIpaBIICHUS O BBIXOMY
JIMHEHHBIMU O0BEKTAMH B YCIIOBUSX BO3MYILICHUI.

IMocranoBka 3agaun. PaccmarpuBaercst TMHEHHBIH CTallMOHAPHBIA OOBEKT YIPABJICHHS, TPE/ICTABICH-
HBII MaTeMaTHYECKOH MOJIENBIO B POpMe «BXOA—BBIXO

a(p)y(0) =b,B(p)u(®)+3(1)], M
rae p=d/dt — onepatop nuddepennupoBanns; u(t) — ynpasieHue; y(¢) — BbIXOTHAs epeMeHHas U O(f) —

OrpaHMYCHHOE BO3MYILAIOIIee BO3JCHCTBUE; b

m

— MOCTOSTHHBIN k03¢ durnent; a(p) u PB(p) — HOpMUPOBaH-

HBIC ITOJIMHOMBI C HCU3BCCTHBIMU ITOCTOSIHHBIMA KOBq)(bl/IL[l/IeHTaMI/I a n bj , TAKUEC YTO
n n-1 n-2
a’(p):p +an71p +a1172p +“‘+a1p+a09
m m—1

b,B(p)=b,p" +b, ,p" +...+bp+b,.

Kak npasuio, 3afadya aganTHBHOIO YHPABJIEHUS IO BBIXOAY pELIAeTCs MPH CIEAYIOUIMX JOMYIIEHHUIX
(cm. Hammpumep, [4-6, 9]).

Honymenue J[1. [Momurom B(p) rypsuues.

HJonymenue /2. 3nak koddduuuenrta b, sBIsLeTC U3BECTHBIM (6€3 IOTEpU 0OIHOCTY OyaeM cuu-
TaTh, 4to b, >0).

HJonymenue 3. IIpsSMbIM n3MepeHHsSM IOCTyIHA TOJNBKO BBIXOJIHAs IepeMeHHas )(f), HO HE ee

MPOU3BOJIHBIE.
Honymenue 4. M3BecTHHI cTeneHH NOTHHOMOB o(p) u B(p) — n B m , COOTBETCTBEHHO.
Jonymenust (J11)—~(/I4) mupoko UCHOIB3YIOTCS B JUTEPAType U MO3TOMY MONYYMIH HA3BAHUE CIMAH-
oapmuuix oonywenuil. PelieHne 3ai1aun aJaTUBHOTO YIPaBIICHUS MO BBIXOAY IPH HapyLICHUH CTaHIApPTHBIX
JOIyLIeHUH (HampuMmep, IpU HEU3BECTHOM 3Hake Kod(duuuenta b, , HEU3BECTHBIX CTEIEHIX IIOJMHOMOB

a(p) u B(p), IOCTYHHOCTH HU3MEPEHUSM 3alIyMJICHHOTO BBIXOIHOTO CHTHANA WM T.II.) SIBISIETCS MPEIMETOM

COBPEMEHHBIX UCCIIEOBAaHHH.
Hapsiny ¢ 00beKTOM yIpaBieHHs pacCMOTPUM 3TaJIOHHBIM cUTHAN Y * (¢) , 3aal01Ini KenaeMblil Xapak-

Tep U3MEHEHUS! PeTyINpyeMOi IepeMeHHOH ) (f) W yJOBIETBOPSIOIIUNA YCIOBHIO

|d'y*/dr'| < C, <0, 2

rne i=0,p, p=n—m— OTHOCUTENbHAS CTeNeHb 00beKkTa ynpasineHus (1). O0bruHO y*(¢f) Qopmupyercs B
BUJIE BBIXOJA DMAIOHHOU MOOenU
« k
yrO)=——=80), 3)
a*(p)
rae k — TOCTOSHHBIN KodduumeHT; o *(p) — TYpBHIIEB IMOIMHOM CTeNeHH p; g(f) — OrpaHHMYEHHBIN KO-
MaHIHBIA curHaid. OTMETHM, YTO HCIIONB30BAHME STATIOHHOW MOAenH (3) rapaHTHpyeT BBHITOIHEHHE YCIOBHU

Q).

Tenepb chopMynupyeM 1eIH YIpaBIeHHS.
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Henb ynpasiaenus 1 (agantuBHoe ynpasieHue). [Ipu ycrosuu, umo eHeuiHee HeusMepsaemoe 803my-
wenue omcymcmeyem (m.e. npu 8(t) =0), mpebyemcs Halmu maxoll 3aKOH YNpaeieHusi 8 gopme o0opamHoil

C853U N0 8bIXOOHOU nepemernnou u =u(y,y*), umobsi 01 obvexma (1) svinonuanoce yenegoe yciosue

lime(r) =0,

0

20e

&e(t) = y* () - y(1) 4)
— OWUOKA CTLeHCEHUSL.

JpyruMu clioBamu, MpH OTCYTCTBHU BHEIITHETO BO3MYILEHHUSI MOXET OBITh ITOCTABIICHA U PElIeHa 3a/1aua
ACHMITTOTUYIECKOTO CIICKEHHS 3a STAJIOHHBIM CHUTHAJIOM. Hanmmune Hem3mepseMoro Bo3MyIneHus O(f) B oOIeM

Cllyyae He TO3BOJISIET PEINTh 33a4y aCUMITOTHYECKOTO cliekeHus1. [Ipu aToM naske obecrieyeHue yCToNunBo-
CTH 3aMKHYTOM NHapaMeTpUUYECKU HEONPEIECIICHHON CUCTEMBl CTAaHOBMUTCS HETPUBUAIBHOM 3ajadel, pelieHue
KOTOPOW MOXET OBITh JOCTUIHYTO C HWCIOJIb30BAHUEM CHELHAIBHBIX METONOB poOACMHO20 YHPAGILeHUs.
[4,9,17].

Hear ynpaBaenus 2 (podacTHoe ynpasiieHue). [lpu naiuuuu ozpanuiennoz2o eosmywenus d(t) mpe-
Oyemcs Hatimu mMaxoll 3aKOH YnpaeieHus 6 popme oOpamuoll cesa3u no 6bix0OHOU nepemernou u =u(y,y*),
umo6wi 0151 ob6vexma (1) gvlnonusALOCH Yenesoe yciogue

|y*(t) —y(t)| <Aonaecex txt, 5

2de A — 3a0annas paspabomuukomM moyHOCMb YIPAGIEHUSL.
OcHoBHbIe IPO0JIeMBI ATANITHBHOIO YNPABJIEHUS M0 BBIXOAHOH nmepeMeHHOM. /[ake B yCIOBUSAX OT-

CYTCTBHS BHEIIHHMX BO3MYLICHHH 3aJja4a CHHTE3a aJallTUBHOTO YIIPABICHUS 10 BBIXOJHOW IIEPEMEHHOMN SBIISET-
Csl HETPUBHAIIBHOM, YTO CBS3aHO C IBYMsI IPHHIMIHAIBEHBIMI IPOOIeMaMH.

[TepBas mpoOnemMa — MaTeMaTHYecKass MOJEIb OOBEKTa YNpaBICHHS JIOJDKHA OBITH COOTBETCTBYIOILMM
00pa3zoM mapaMeTpu30BaHa, T.€. MPUBEACHA K CHENNAILHOMY BHLY, IIO3BOJISIFOIIIEMY HCIIOJIB30BATh YHUBEPCAIIb-
HBI€ AITOPUTMBI aAaNTAINH, pa3paOd0oTaHHbIE ISl IIMPOKUX KJIACCOB KAHOHMYECKUX MOJIETICH.

Hanpuwmep (mmonpobuee — cM. [4, 9, 23]), ¢ ©cnonb30BaHNEM BCIIOMOTATEIBHBIX (DHUIIBTPOB

v, =Av, +e, u, ()

v, =Av, +e, ), @)
rae v, u v, — (n—1) -MepHble BeKTOpbI cocTosiHUs QuiIbTpoB (6), (7); A — CONPOBOXKAAIOIIAs MaTPULIA IPOU3-
BOJIHOTO TYPBHIIEBA MOJIMHOMA CTeTleHH (n—1); e, — eAMHUYHBII BEKTOp C CAWHHUIICH HA i -M MecTe, MOJIENb
omuOku cinexenns (4) (mpu 8(¢) = 0) MoxeT OBITH MpeJCTaBICHA B BUJC

b, r
8(t) =——(¢" ()8 +u), )
a*(p)
T T . T . X .
rae ¢ =[v,,v,,»,g] — BEeKTOp U3BeCTHHIX (yHKUUi (perpeccop); 0 — 2n -MepHBIl BEKTOP HEU3BECTHBIX I1a-
pamerpos. Torna, BeIOMpas ynpasieHHe
oA

u=-¢ (0@),
rae 0(f) — BeKTOp HacTpaMBaeMbIX MapaMETPOB, TEHEPHPYEMBI aIrOPUTMOM alanTaluy, Ul ypaBHEHUS ()
NOJTy4aeM 3aMKHYTYIO TapaMeTPU30BAaHHYIO MOJIENb BHIA

b ~
_ m T
e(t) =—2—¢ (V8(), ®
a*(p)
KOTOpast IIPEACTaBIseT CO00H JIMHEHHYIO PErPEeCCHOHHYIO MOJIENb, XOPOIIO M3YUYEeHHYIO B 3a1adax MIACHTH(HU-
Kalliy ¥ aJanTallid JIMHEHHBIX cucTeM (31ech (1) = 0 —0(f) — BekTop mapaMeTpHYeCKIX OMIHOOK).

AJ'II:TepHaTHBHLIfI MoAxXoJ nmpeaycMaTpuBacT UCIIOJIb30BAHNUEC BCIIOMOTaTEIbHBIX (1)I/IJ'II>Tp0BI

gn = AZ&n +Ky ’
gn :Azgn_’—enfiy’ < Sl’l—l,
v, =A;v,+e, _u, 0<i<m,
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rae §,, § U Vv, — n-MepHbIe BEKTOPbI COCTOSHUS (PUIBTPOB, a BEKTOP KOI(P(UINEHTOB 00paTHBIX CBA3CH K

BLIOpaH Tak, uto MaTpuna A, = E—Ke/ sBIsercs rypBUIEBOA.

Tornma BEIXOZHASI IEpEMEHHAS MOXKET OBITH MIPEICTaBICHA B BIIE

y=§,,+0 (v, (10)
rae () =o¢(,,v,) — (n+m+1)-MepHbIil BEKTOp U3BECTHBIX (DYHKIMI, a Y — BEKTOP HEM3BECTHBIX IapaMer-

poB (mogpobuee — cM. [4, 9, 17]). YopaBneHnue B SBHOM BHJE HE mpeacTaBieHo B Monenu (10) u mosBiseTcs
TOJIbKO B BBIPDAXXCHUM YISl P -OW MPOM3BOJHON BBIXOJHOM mepeMeHHOW. B cBsi3u ¢ atum mist monenu (10) He

MOT'YT OBITH HCIIOJIb30BAHBI YHHUBEPCAIbHBIE aJTOPUTMBI aJ[alTalliy, YTO MOTPEOOBAIO Pa3pabOTKU CIIEIHAIIb-
HBIX WTEPATUBHBIX MPOLELYP CHHTE3a aJTOPUTMOB 3JANTHBHOTO YIPABJICHHUS — TaK HAa3bIBAEMOI'0 METOAA 00-
pamuoeo 0bxoda unmezpamopa [4, 9, 14, 16, 17, 27].

Bropas mpobneMa aganTHBHOTO YIPaBJICHHUS IO BBIXOIY — BBICOKas OTHOCHTENIBHASI CTEIIEHb OOBEKTa
YIpaBJIeHUS], YTO CBSI3aHO C U3MEPEHHEM TOJILKO BBIXOIHOHN NMEPEMEHHOM, a He BCETO BEKTOpa COCTOSHUS (MIIN
MIPOU3BOIHBIX BBIXOIHOM EPEMEHHOI).

st mosicHeHus1 Tpo0JIeMbl BHICOKOW OTHOCHUTENILHOW CTENEHHW IMPEACTaBHM 3aMKHYTYIO MapaMeTph30-
BaHHYIO MOJIeIb OIHOKY (9) B IPOCTPAHCTBE COCTOSTHHA:

i=Tn+e, (N0(1), (11)
e=en,

b,
a*(p)

BCKTOP COCTOAHUA 1| AOCTYIICH NPSAMBIM U3MEPCHUAM, BI)I6epeM CTaHI[apTHLIﬁ AJITOPUTM a]laHTI/IBHoﬁ HaC’I’pOﬁ-

re N — P -MepHbIil BeKTop cocTosHus mozenu (11), =e (p1-T)" e, . [Ipeanonaras BpeMeHHO, 4TO

KU [IapaMeTpoB PeryJsaTopa:

0 = vpe’ P, (12)
T7ie Y — MPOW3BOJIGHBIN MOJIOKUTENBHBIN KO3 PuIreHT (KOd(pPUIMEHT afanTalnn), a CAMMETPpAYECKas TIOJIO0-
JKUTEJILHO ONpe/iesieHHast MaTpuna P siBisieTcs peleHneM ypaBHEeHHs

I'P+Pr=-Q (13)
C TPOHM3BOJBHOM CHMMETPUYECKON IOJOKUTEIBHO ompeneneHHON Marpuieil Q . CBolicTBa yCTOHYHMBOCTU

3aMKHYTOH CHCTEMBI TOKa3bIBAIOTCS C HCHOIb30BaHNEeM (yHKIMHK JIsmyHoBa Buaa

~ 1 1
V(n,0)=—n"Pn+_—-00,
2 2y
TIPOM3BOIHAS KOTOPOIA 110 BPEMEHH B CHITY yPaBHEHHi 3aMKHYTOM CUCTEMEI yIOBJIETBOPSET HEPABEHCTBY
a1 - 1oz 1
V(1,0) = EnT(FTP +PI)N+6"¢e, Pn——0"0 = —EnTQn <0.
Y

W3 mocreHero BBIpaKCHUS CIIEAYET YCTOHUMBOCTD 10 JISITyHOBY 3aMKHYTOW CHCTEMBI M BBHITTOJTHEHHUE
1eseBoro ycmosus 1 — 0 mpu ¢ — © .

Hccnenyem tenepb yciaoBHs IPUMEHMMOCTH 0a30BOTO ainroputMa agantanuu (12) B ciydae HemocTyI-
HOCTH TIPSIMBIM W3MEPEHUSIM BEKTOPA COCTOSIHUSI MTapaMETPU30BaHHON Monenu 1). JIerko BHAETh, YTO AAHHBIA

ITOPUTM IPUMEHHM, €CIIN YAacTcsl BBIOpaTh MaTpuiy P takum oGpazom, 4To

eP=ef . (14)
B 5TOM Cilydae alrOpUTM aJaNTalluy IPUHAMAET BHJL
0 = yoe (15)

U sBIsieTCS (PU3UYECKU peatn3yeMbIM, TaK Kak B HEM HUCIIOJIB3YIOTCS TOJIBKO H3MepsieMble CUTHAJIBL.

Takum 00pa3om, ycIOBHEM HNPUMEHHMOCTH aIropuTMa ajantanuy Buna (15) sBusercs cyiiecTBoBaHHUE
CUMMETPHYECKOH MOJI0XKUTEIBHO OTpeeNIeHHON MaTpullbl P, ymoBieTBopsiiomeil oHOBPEMEHHO IBYM ypaB-
HenusiM (13) u (14). B cBoro ouepenp, Takasi MaTpuIla MOXKET OBITh HaliieHa He JUIsl BceX Mojenel ommoku (9), a
TOJILKO TS MOJIENICH CO crmpoeo nonodicumenvho sewecmeennou (CIIB) nepedamounoii ¢pyrryueil.
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Jlemma SIkyooBuua-Kanmana [46]. Cummempuueckas nonoxcumensHo onpedenennas mampuya P, a6-
aarowanca peuieHuem ooHospemento 08yx ypaenenuti (13) u (14), cywecmseyem monvko 6 mom ciyuae, eciu
nepedamounas Gyuxyus mooeau ouwuodbxu (9) aersemca CIIB.

PaccMoTprM NMpou3BONBEHYIO IEpEeNaTOYHY 0 (DYHKIIUIO BUA

m m—1
b,s" +b, 8" +---+b,

H(s) =
s"+a, "+ ta,

rae s — KOMIUIeKCHas mepemeHHas. llepenatounas ¢yukuus H(s) ssmsercs CIIB ¢yHKImEH TOTBKO B TOM
ciry4ae, ecllu:

(V1) ona He umeeT momocoB B obmactu Re[s]>0;

(V2) Re[H(jw)] >0 mist Bcex —0<®< 0 ;

(V3) limo” Re[H(j®)] >0 npu o —> .

Jst TOsICHeHHS TPUBEICHHOTO KPUTEPHSI PACCMOTPUM IEPEIaTOYHY0 (QYHKIMIO allepUOANYECKOrO 3Be-
Ha IIEPBOTO TOpsIIKa

k

Ts+1’

rne k>0 — koaddunuent ycunenus, a 7 >0 — nocrosiHHas BpeMeHH. [lokakeM, 4To nepenaroynas GpyHKus

H,(s)=

(16)

(16) ynoBnerBopsier ycioBusMm (Y 1)—(Y2). [JelicTBuTensHO, eAMHCTBEHHBIH Tomoc QyHkuuu (16) s=-1/T
nexut BHe obmacti Re[s] > 0. Kak u3BecTHO, yacTOTHBIHM rojorpad aneproanveckoro 38eHa MepBoro MmopsiIka

IMOJIHOCTBIO JIC)KUT B YCTBEPTOM KBAJpPaHTC KOMILJIEKCHOM IJIOCKOCTH, YTO I'apaHTUPYET BBINIOJTHECHHUE YCJIOBUA
(Y2). Hakoner, pacCMOTPHM 9aCTOTHYIO MEPEAATOYHYIO (DYHKIIHIO 3BEHA

k k kTo
H,(jo)= = -Jj ,
(o) jTo+1 T’o* +1 I e 11

rae o — yriaosas yacrora. Torma
. k k
lim 0)2 5 3 | T >0 .

®—> 0 T o +1 T
YTO O3HAYaeT BBHINOJHEHUE ycioBus (VY 3).

Takum 00pa3om, MOKHO cenath BbiBoj, uto CIIB ¢yHKuIMM 00/1a1aI0T OYTH TAKMMH KE YaCTOTHBIMH
CBOWMCTBaMH, YTO M 3B€HO MEPBOTO MOpAIKa. Tak, MX 4aCTOTHBIEC TOAOTrpadbl JIEkKAT B MPABON MOTYIUIOCKOCTH (a
3HAYWT, (Pa30BbIA CIBUT, BHOCUMBIN TUHAMUYECKUM 3BEHOM C TaKOW MepeNaToYHOl (yHKIHEH, He TPeBhIImacT
90°). Kpome TOro, ckopocTh yObIBaHHsI BEIIECTBEHHOI YaCTH YaCTOTHOW HepeNaTouHON (QYHKIMU IIPH  —> o0

He 6bicTpee, ueMy 1/ o .

Hackompko orpaHUYHTENFHBIM SIBIISIETCS TpeOOBaHME CTPOTOH ITOJIOKUTEIHHOH BerecTBeHHOCTH? J[is
OTBeTa Ha 3TOT Bompoc yureM, uto CIIB nepenarouHas ¢yHKuus HE MOXKET MMETh OTHOCHTENIBHYIO CTETEHb
BBIIIIE €IWHUIIBI (YTO ompeensercs TpeboBaHneM npeaensHoro ¢a3zosoro casura B 90°). OueBuaHO, YTO KiIacce
JUHAMUYECKUX CHCTEM C €IMHUYHONW OTHOCHUTEIBHOW CTEIEHBIO SIBIAETCSA JOCTATOYHO Y3KUM, M B HEro He Mo-
MaIal0T MaTeMaTHYeCKHEe MOJETH OONBIIMHCTBA PEabHBIX TEXHHYECKHX yCTpOWCTB. TakmMm oOpa3om, cTaH-
JApTHBIA QJITOPUTM aJanTaliy Mo BEIXoAy (15) MoXkeT OBITh HCIOIB30BaH TOIBKO B YACTHBIX CIydasX, U HEOO-
XOMMO TIOJTyYeHNE YHUBEPCAIBHBIX aJITOPUTMOB aJlalTalliy, IPUMEHHUMBIX KO BCeMy Kitaccy Mojenei Buaa (9).
st 00bEKTOB ¢ NPOM3BOJBHOM OTHOCHUTEIBHOW CTEIICHBIO JOJDKHBI MCHOJIB30BATHCS CIIEIMAIBHBIE METOIbI
CHHTE3a aJITOPUTMOB aIaITalliK WU aIallTHBHOTO YIPABJICHUS B LIEJIOM.

MeTtoabl aanTHBHOTO U POGACTHOrO YNPABJIEHUS JUHEHHBIMU CTAIIMOHAPHBIMU 00BEKTaMH MO
BbIX0Ay. Ha ceronHsmHuil 1eHb MOKHO yBEPEHHO T'OBOPHUTH O TOM, YTO 3aJlaud aJlallTUBHOTO M POOACTHOTO
yIIpaBJIeHUs TMHEHHBIMU CTAlMOHAPHBIME OOBEKTAMHU B YCJIOBHUIX HEOIPEAEIEHHOCTH IapaMeTpoB MaTeMaTH-
YeCcKOM MOJENN M AeHCTBUM HEM3BECTHBIX BO3MYIIEHHH pemeHsl. 3a mocneanue 30 jgeT omyOaMKOBaHO JOCTa-
TOYHOE YHCIIO PadoT, B KOTOPBIX MPEICTaBICHBI Pa3HOOOpa3HBIE METOMBI, O3BOJISIIOIINE PelIaTh 3aJaqy aJar-
TUBHOTO YIIPaBJICHUS 10 BBHIXOAY. BONBIIMHCTBO METOMOB OOCYX)manuch B 0030pe [5], psa HOBBIX IMOAXOIOB
paccMmoTpeH B MoHOTpadusx [4, 9]. Cpenrt OCHOBHBIX METOJIOB YIPABJICHUS JTHHEHHBIMHU CTAIlHOHAPHBIMH He-
OIIpe/IeNICHHBIMU 00BEKTaMH 110 BEIXOY MOYKHO BBIIEIUT!

— METOJI pacIIMpeHHOH ook uinu cxema Monomnonu [5, 21, 47];
— aJTrOpHUTM BBICOKOTO MOpsiaka wim Meron Mop3a [22];

Hay‘-IHO-TEXHVI‘-IeCKVIVI BECTHUK MH(bOpMaLI,VIOHHbIX TEXHOJ'IOFMVI, MeXaHUKN U ONTUKHU, 5
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— JHCTIONIb30BaHME UTEPATHBHBIX MpoLeayp cuaTesa [9, 14, 16, 17, 27, 30];
— METOJ IIyHTHpOBaHU [2];
— pobacTHas MOTU(HKALIKS AJITOPUTMA BEICOKOTO mopsiaka [4, 9, 26];
— pobacTHas MOIU(UKALMS UTEPATUBHBIX MPOLEAYp cuHTe3a [4, 9].

Kaxp1if U3 yka3aHHBIX METOJIOB UMEET MPEHMYINECTBA U HEOCTATKHU MO0 CpaBHEHMIO ¢ aHamoramu. O0-
1ee JOCTOMHCTBO JaHHBIX METOJIOB 3aKJIFOYAETCS B TOM, YTO OHM IO3BOJIAIOT CHHTE3UPOBATH YIIpPaBIICHHE B
ciydae, KOrJa OTHOCUTENbHAs CTENeHb MCXOMHOH Mogmend (1) Oonpme enuHunpl. OMHAKO AaHHBIE METOJBI
HMMEIOT JIBa CYIIECTBCHHBIX HEJIOCTATKA:
— BBICOKAs pa3MEpPHOCTH PETYIIATOPA;
—  CJIO)KHOCTh MPAKTHYECKOM peaiu3ain.

3amauu aIanTUBHOTO U poGacrnoro YupaBJicHUSA 1O BBIXOOAY HeJJMHEeHHBIMHA 00beKTAMH

B nanHoM paszpene Oyner chopMmynupoBaHa MaTeMaTHYecKas IIOCTAHOBKA 3alaud aJallTUBHOTO U poba-
CTHOTO YTIPABJICHUSI 110 BBIXOJYy HEJIMHEHHBIMH OOBEKTaMH B YCJIOBHSIX BO3MYIICHWH W 3amasabiBaHus. byner
JlaH KpaTKUi 0030p METOJIOB aIallTUBHOTO YIIPABJICHUS 110 BBIXO/TY HETMHEHHBIMU OO BEKTaMH.

ITocranoBka 3axaun. Paccmotpum HenmuHelHy0 cuctemy (puc. 1) Buga

x=A4x+) G, +Bu+Bw, (17)
i=1

y=Hx, (18)
rae X € R" — BekTop nepeMeHHbIX coctosHus; A, B, G,, H — Heu3BecTHbIe MaTpHIa U BEKTOPbI COOTBETCTBEH-
HO; W(t) — HEW3BECTHOE TJIaJKOE OTPAHWYCHHOE BO3MYIIECHHE, T.C. |w(t)| <w,<o; ¢, =¢,(¥(—1)) — Hems-
BecTHas QyHKLWsL, T1e T >0 — HEeM3BECTHOE MOCTOSIHHOE 3amna3apiBanue, y(3) = ¢(3) mia VI €[-,0].

[Ipexne ueM GpopMynHpOBaTh LIEb YIPaBICHHUs, PACCMOTPUM P IOMyIIeHHH (Harpumep, [4, 9]).

Jonymenue J15. Tlepenarounas ¢ymkuus W(p)=H(pIl-A)'B=b(p)/a(p) — MUHUMAIBHO-
(azoBas, T.e. HOJUMHOM b(p) TYpPBHUIICB.

HJonymenue J[6. OTHOCHTENbHO HEN3BECTHON HEJIMHEHHOCTH ¢, OyIeM IoyiaraTh, 4TO OHa:

— 100 orpaHMuYeHa Ui MOOBIX 3HAYCHUH ) (f —T), T.C.

[.]<C,, (19)
- JII/I6O BBIITOJIHCHO ceKTopHoe orpaHquHHe BUIa

3,/ < G |ye-), (20)
- J'II/I60 OTHOCUTCIILHO HCHHHeﬁHOCTH 3alaHa Ma)KOpaHTa BHUaa

9, < Cowr(t -, 1)

rae ancno C, >0 s Bcex CaydaeB HEM3BECTHO, a (Y (f — 1)) — M3BecTHASI (QyHKIUSL.

9,() ha—

l— 0 lg—

w(t) y

—PO—D JIuHeiHbIi 010K >

Perynatop juegp—

Puc. 1. CTpykTypHas cxema cuctembl ynpasnenus (17), (18)

Tenepp 1 NpeACTaBICHHBIX AOMYIIEHUH CHOPMYITHPYEM LIETH yIIPABICHUS.
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Hear ynpasienus 3 (axanTuBHOe ynpasiaenue). [Iycts HenzsecTHOE Bo3MymieHne w(¢) =0 u BbINON-

HeHbl ycnosust (20), (21). s cucremst (17), (18) TpeOyeTcst HalTH 3aK0H ynpaBieHus B hopme o0OpaTHOI cBs-
3W 110 BEIXOMY u = u()), 0OECTICUMBAFOIIII BHITIOTHEHHE [[EJIEBOTO YCIOBHS

lim|y(#)|=0. (22)
Heas ynpasienus 4 (po6acTHoe ynpasiaeHue). [Iycte Hem3BecTHOE BO3MYIIEHHE W(f) SBISIETCS TIaj-

KO orpaHMYeHHOHN QyHKIMeH 1 (1) BeinosHeHo yciosue (19). TpeOyercst HailTH 3aKkOH yripaBieHus B Gopme
00paTHOM CBS3U 1O BRIXOAY # = u(y), obecreunBalomuii BEITIOJHEHNE 1IEJICBOI0 HEPaBeHCTBA

[y()|<A mpn 21, (23)

rze yucao A 3amaercs pa3pabOTIMKOM CHCTEMBbI yIIPABICHUS.

Kpartkmuii 0630p MeT0/10B a1aniTHBHOTO M POOACTHOTO yNPaBJEHHs M0 BHIXOAY HeJIMHEHHBIMH He-
onpeae/ieHHbIMH 00beKTaMH B YCJIOBHSIX BO3MYIICHMIl M 3ana3abiBaHus. OTINYUTEIbHOH 0COOEHHOCTBIO
3aJa4 yIpaBJCHUS HEIMHEHHBIMU CHCTEMaMHU SIBJIAETCS HEBO3MOXKHOCTh yKa3aTh YHHBEPCAJIbHBIE ITyTH UX pe-
mreHus. FIMeHHO 3TUM BBI3BaH Heyracaloluil pocT MyOyiuKaruil B o01acTé HEMWHEHHOTo yrpasieHus. bomib-
IIMHCTBO METOJIOB 00CYXIanuch B 0030ope [48] u pabotax [2, 4,9, 10, 17]. Ocobyro HuUIly 3aHUMAIOT 3aJa4d
aIaNTHBHOTO U POOACTHOTO YIPaBIICHUS 110 BBIXO/IY HEJMHEHHBIMU HeompenesieHHBIMU o0bekTamu. Cpenau oc-
HOBHBIX METOJIOB YIIPaBJICHHS HETMHEHHBIMU 00 BEKTaMH MOYKHO BBIJICIIUTH!

— MeTobl, IpexycMaTpuBatomue nouck Gynknun Jlsmynosa [3, 4, 10, 49, 50];

— TeOMETPUYECKHE METOJIbI, CBSI3aHHbIE C TOYHOH JHHeapu3alueld 1 MouckoM nuddeomoppHoro mpeodpaszo-
BaHUA KoopauHar [3, 4, 9, 14, 37-40, 48];

— YacTOTHBIE METOABI, MPEAyCMaTPHBAIOIINE HCIOIb30BaHNe KpuTepus [lomoBa, KpyroBoro Kpurepust u T.J.
[2, 35, 36, 48, 50, 517];

— METOJBI, MPeIyCMAaTPUBAIOIINE ITOMCK TaK Ha3pIBaeMOH yrpapisttomiel ¢pyukiun JlsamyHosa [48, 52];

— MEeTO/bI TEOPHH MACCUBHBIX cucTeM [4, 44, 48, 53, 54];

— WTepaTHBHBIC IPOLEAYPHI cuHTe3a [3, 16, 28, 48, 55].

EcrecTBeHHO, UTO NEpevnCIeHHBIMH METOJaMU aHaji3a M CHHTE3a He OrpaHHYMBAETCS COBPEMEHHBIH
YpOBEHb pa3BUTHUS HelMHeWHOW Teopun. OTHAKO yKa3aHHbIE METO/IBI SIBISIOTCS HanboJjee pacpoCTpaHeHHBIMU
NPY PEIIEHNH MHOTUX TEOPETUYECKUX M MPAKTHYECKUX 33/1a4 YIIPaBJICHHs HETMHEHHBIMU 00 BEKTaMHt.

Taroke Kak W IpU aHAJIM3€ METOAOB AJANTHBHOTO M POOACTHOTO YNPABJICHUS IO BHIXOAY JMHEWHBIMH
CTalMOHAPHBIMU HEOTIPEICTICHHBIMA 00BEKTaMH, MO’KHO TOBOPUTH O TOM, YTO PACCMOTPEHHBIC BBIIIE METO/BI
aHaJIM3a ¥ CHHTE3a HEIMHEHHBIX CHCTEM MMEIOT /IBa CYIIECTBEHHBIX HEIOCTaTKa!

— BBICOKas Pa3MEPHOCTH U CI0KHOCTH MTOCTPOEHHUS PETYIISTOPOB;
—  CJOXXHOCTH MPAKTHIECKON pearn3annm.

HeKOTOpre MNPUKJIATHBIC 3aJa4Yd AJANITUBHOI'0 U pOﬁaCTHOFO YupasJjieHUus

JIjist IIMPOKOTO Kpyra 4YMTaTeliei, He SIBISIOIIUXCS CIeHaINCTaMy B 00JIACTH MaTeMaTHIeCKOH TEOpUU
YIOPaBJICHUS, aBTOPHI MPEIAraroT psjl MPaKTHYSCKAX MPUMEPOB aJalTUBHOTO YIPABJICHUS MO BXOIY pa3jiHy-
HBIMH KJTACCAMH TEXHUYECKUX U (PU3UUCCKUX CHCTEM.

AanTHBHOE yNpaBJieHHE MO BBIXOAY JABHUTATeJIeM NMOCTOSTHHOIO TOKA. 3aluileM MaTeMaTHUYCCKYIO
MOJIENb IBUTATEIIS IOCTOSTHHOTO ToKa B Buje [19, 20, 56]
do
— =

dt
J[fi—cto=—F(t)co+K,i—T(t) ,

di .
L—=-K,0—-R(t)i+u,
dt
IZle O — YroJ HOBOPOTa BBIXOAHOTO Baja (peryiaupyemasi IepeMeHHas);  — yIJIoBas CKOPOCTh BpAICHUS
BBIXOJHOTO Baja; { — TOK OOMOTKHM BO30OY>KIEHMS; ¥ — HampsDKEHHE SIKOps (CHUTHaJ yIpaBleHHUs), BCE WIH
HeKoTopble du3nuueckue mapamerpsl L, R(¢), J, T(t), F(t) u K, U3MEHAIOTCS BO BpeMEHH U MOT'YT OBITH

HETOYHO 33/1aHbl. BO MHOTHX 3JIEKTPONPUBOAAX MEPEMEHHbBIC (© U [ HE U3MEPSIIOTCS.

Jlerko BUETH, YTO JAHHASI MOJIEIb JABUTATENSI IOCTOSIHHOTO TOKA MPU HEKOTOPBIX OMYIICHHSIX COOTBET-
cTByeT MareMaTrdeckum moxaessiM (1) mwmm (17), (18). CnenoBatenpHO, 3a1a4H YIPABICHUS M METOMBI X pelIe-
HUsI, IPE/ICTABICHHBIC BBIIIE, MOTYT OBITh PACHIPOCTPAHEHbBI HA TAHHBIA TEXHUYECKHN OOBEKT.

A/anTHBHOE ynpaBjieHHe YIJIOM JUOpaluu cCNyTHUKA. B cOBpeMeHHOW OTeuecTBEHHOW U 3apyOex-

HOW JHTEpaType MOXXHO HAWTH JOBOJIBFHO MHOTO PaOOT MO HCCIEAOBAHHIO YITIOBBIX KOJIEOAHMH KOCMHYECKHX
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anmapatoB (CIOyTHHKOB) W yHpaBieHHI0O uMH [57-59]. B mocnenHee Bpems, MOMHMO TpPaIWIAOHHBIX 3a1ad
YIIPaBJICHAS] KOCMHYECKMMH KOHCTPYKLUSAMH, BHIMaHUE YYCHBIX CTAJIW NPHUBJIEKATh 3a1a4d, CBSI3aHHBIE C Xa0-
THYECKUMH KOJIeOaHUSIMH CITyTHHKOBBIX CHCTEM. B yacTHOCTH, SBIISETCS aKTyaJ IbHOM 3a/1a4a yIIpaBICHUS yIIIoM
nuOpaluu cryTHUKa (Hanpumep, [60, 61]). Maremarndeckast Mozielb yriia TuOpauuu ¢(¢) CIyTHHKA B IJIOCKO-

CTH OpOHTHI UMEET BUL

Co+ch+30. (B—A)sinpcosd+p,,ilr > (2sindsinw t+cosdeosw,t) =M (1),
rjie ¢ — KO3 QUIMEHT COOCTBEHHOTO IeMII(YUPOBAHUS CIlyTHHKA; (0, — 3HAUEHHE YIIIOBOM CKOPOCTH JBUKEHHS
CIyTHHKA 10 0pOuTE; A, B — IJIaBHBIE MOMEHTBI MHEPIIMH CIIYTHUKA ( B > A4 ); W, — MarHuTHas noctosHuas; [

— BeMYMHA MAarHUTHOTO MOMEHTA CITyTHHKA; »,[ — PaJNyC W HaKJIOHeHHe opOuTel; M, (f) — 3HaueHHWe yIpas-

JISIFOLIIETO MOMEHTA.

Jlerko mokasarb, 4TO JaHHas MaTeMaTHIECKasi MOAEIb COOTBETCTBYET, PACCMOTPEHHOI paHee 00001IeH-
HOI MatemaTtuueckoi mojenu (17), (18).

AnanTtuBHas cradmamzanuss xaoca B menm Yya. OnHMM U3 KIIACCHYECKHX IMPUMEPOB
muddepeHMaNbHBIX MOJIENeH, OMMCBHIBAIOIINX XaOTHYECKUE IPOLECCHl B DIEKTPHUYECKUX M DJIEKTPOHHBIX
cxeMax, asiserca cuctema Uya [60, 62—64], npeqnoskeHHas CIENUAINCTAMU 110 3JEKTPOHHbIM HensaM JI. Uya n
T. Magymoro. B Toxe BpemMs MaTemarndeckas MOJEIb XaOTHYeCKOW cuctemMbl UYya SKBUBaJCHTHA
MaTtematnaeckoit momenu (17), (18). Llems Uya onmcreiBaeTcst ypaBHSHUSIMA

dU, 1
—=—|G(U,-U,)-0oU,) |,
d C1|: ( 2 1) o( 1):|
du 1 .
d;::ZZ[G(U}—LQ)+z],

di 1 .
;;:Z[_Uz_ROZ]’

rae G :% u oU,)=G,U, +%(Gﬂ +G,)([U, + E|-|U, - E|) - xapaxrepucrika nenmneiinoro mona ya.
YupasjieHHe 0JHO3BEHHBIM POOGOTOM-MAHHITYJISATOPOM ¢ TMOKMMH CBSA3SIMH M HE3HAYHUTEJIbHBIM
Aemn¢upoBanneM. PaccMOTpUM NPOCTOI OJJHO3BEHHBIH POOOT-MaHUIYJSATOpP [65], KPYyroBoe OBIKEHUE BBI-
XOJHOTO 3B€Ha KOTOPOIO OCYIIECTBISIETCS] IOCPEACTBOM 3JACTHYHOTO COECAMHEHUS 3B€HA U HUCIOJIHUTEIBHOTO
MeXaHu3Ma (CHJIOBOTO MPUBOAA). DIACTUUHBIM COEIUHEHHEM MEXXIY UCIIOJHUTEIbHBIM MEXaHHU3MOM H 3B€HOM
BO MHOTHX INPAaKTHYECKHMX 3aJadax Helb3sl NMpeHeOpeub, U OMBIT MOKA3bIBACT, YTO POOOTHI-MAHUITYJISITOPEL, B
KOTOPBIX JBI)KEHHUE NEpeJaeTcs MOCPEACTBOM AIMHHBIX BaJIOB MM PEMEHHBIX Iepefad, B KOTOPhIX HCIIOIHU-
TENBHBI MEXaHN3M SIBIISIETCSI TAPMOHWYECKUM HPUBOIOM, 00JIaIal0T PE30HAHCHBIM TTOBEJCHUEM B TOW k€ 00-
JACTH YacTOT, YTO WM YacTOTHI, UCIIOJIB3yEeMbIC Ul ympaBieHUs. D(PQHEKTHl 3IaCTHYHOTO COSANHEHUS MEXIY
WCTIOTHUTEIBHBIMIA MEXaHN3MaMH1 U 3B€HbSMH, Ha KOTOPBIC OOBIYHO CCHIIAIOTCS KaK Ha 3JIACTUYHBIC CBSI3H, MO-
TyT OBITh CMOJEINPOBAHBI BKIIOYEHUEM JINHEHHON TOPCHOHHOM NMPY>KUHBI B KQKJOM COSIMHEHUH MEXIY BaJIOM
UCTIOJTHUTENIFHOTO MEXaHU3Ma M KOHILIOM 3B€Ha, BOKPYT KOTOPOTO OCYIIECTBIIsIETCs BpameHue (puc. 2). Mcnosns-

3yqa q, u q, JJI 0603HaquI/IH YTJIOBBIX MOJIOKEHUN Bajla UCHOJIHUTEILHOIO MeXaHu3Ma U PyKH pO6OTa—
MAHUITYJIATOPA COOTBECTCTBCHHO IO OTHOLICHUIO K (bI/IKCI/IpOBaHHOﬁ CUCTEME KOOPAWHAT, YPABHCHUEC HCIIOJIHHU-
TEJIBHOTO MEXaHN3Ma MOKHO 3a1icaTh B CJICAYIOIIEM BUIC:

1g, + MgLsing, +k(q, —¢,) =0,

JG, —k(q,—q,)=u,
rae ql u qZ — YTJIOBBIC MMO3UIIUU; U — MOMCHT, BO?)HI/IKaIOHII/Iﬁ Ha OCH MCIIOJITHUTCIBHOI'O MEXaHHU3Ma, k — I10-

CTOSIHHASI YTIPYTOCTH TOPCHOHHOW IPY>KHHBI, KOTOPasi MPEACTABISIET IACTUYHOE COCAMHEHUE, a (U3NIecKue
napametpsl [, M, g, L u J SABIAIOTCS NOJIOXKUTEIbHBIMYA U IOCTOSIHHBIMU.

Jlerko BUETH, YTO MPEACTABICHHAS BBIIIC MaTeMaTHYECKas MOJEIbh POOOTAa-MaHHUITYJISITOpA COOTBETCT-
ByeT 0000IIeHHON MaTeMaTHYeCKOH MOETH HennHeitHoTo o0bekTa Buaa (17), (18).

AlanTHBHOE ynpaBjeHne ABYXITANIHBIM XMMHUYECKHM peakTopoM. Ele oiMH He THIOBO# Ut 3a1a4
MEXaHUKH M MEXaTPOHHKH OOBEKT MPEJCTaBIeH B IAHHOM Mozpasienie. PaccMoTpum 3amady CTaOHIM3aLUu
JIByXATAITHOI'O XUMHUYECKOTO PEakTOpa, MOJEIh KOTOPOr0 MOXKET ObITh, HAPUMEP, HaiieHa B pabote [66]:

1-R
2 22(t)9

() =20 -v,5 () +
G 1

1 R R F,
() =——z,(0) -0z, () + Lz, (t—1) +—Fz,(t—1)+—Zu,
»(0) ] 2 (1) =0,2,(1) v, 1(t=1) v, (=1 v,
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y(O)=z(1),
rae z,(¢) u z,(¢f) —cocras pe3epByapos; R,, R,, ¢;, U; U F, — HEKOTOpbIE TapaMeTPbl, CBA3aHHBIE C XUMUYeE-
CKHMMH IIpolieccCaMU B pe3epByapax U V, — 00beM pesepByapa.

Pabotas ¢ maHHONH MaTeMaTH4ecKOW MOJIeNbI0, MOXKHO OOHApyXXHTh 3ala3/blBaHue, a Mocje psaa He-
CJIOKHBIX MaTeMaTHYECKNX IpeoOpa3oBaHmil MoaydnuTh cuctemy Buaa (17), (18).

Topcuonnast
MpYy>KHUHA

Penykrop

Puc. 2. OgHO3BEHHbIN POBOT-MaHUMNYNATOP C TMGKUMU CBS3SIMU

AanTHBHOE yNpaBJieHHE CHCTEMOiIl BIPBICKA JUIA WHXKEKTOPHBIX JBHraTelieil BHYTPEHHEr0 Cro-
paHusi. B cooTBeTCTBUU C pe3ynbTaTaMH, OMyOJMKOBAHHBIMU B pabotax [67—73], ycpenHeHHas MaTeMaThde-
CKasi MOJIeTb CUCTEMBbI BIIPBICKA UMEET CJICAYFOLIHI BHI:

X, =—a,x, +bu,,

» = (clx2 +d1u1) s

X, X5
T +4, =Mt ~1,),

IJ€ X, =® — CKOPOCTb BpalleHHs BBIXOJAHOTO Bajia [00/MHUH]; X, = P, — JaBJI€HUE BO BILyCKHOM KOJUIEKTOpE

m

[ITa]; x, =p, — Macca TOIUIMBHOM IUICHKH Ha CTEHKAX BILyCKHOTO KOJUIEKTOPA; ), =A — COOTHOLICHHE BO3-
MyX/TOIUIUBO; A, — 3HAYEHUE COOTHOLIEHHs BO3IYyX/TOILIMBO, BBIIABAEMOE NAaTYMKOM KHUCIOPOJA; U = |,

KOJIMYECTBO BIPBLICHYTOI'O B MWJIMHAP TOIJIMBA [KF]; T, — 3ala3abIBaHUC, CBA3aHHOC C PACIIOJIOXKCHHUCM JaT4HKa

KHCJIOPO/Jia B BBIITYCKHOM KOJIJICKTOPEC.
C(bopMmepyeM LECJIb YIPaBJICHUA KaK PEHICHHUC 3aJladv CHHTE3a PEryjsdaTopa, 06GCHC‘II/IBaIOHI€FO BbI-
IMMOJIHEHHUE HEPABCHCTBA

(- ()<, (24)
rae ¥ (¢)=1, a & — HEKOTOPOE, B OOILEM CITydae MaJOe, YUCIIO, KOTOPOE MOXKET OBITh YMEHBILIEHO 33 CYET BbI-

Oopa 3akoHa yripasieHuss. DU3NIECKUI CMBICIT LIENN yIpaBieHus (24) 3aKkiIovyaeTcs B MOJIepKaHIH 3a1aHHOTO
COOTHOLIEHHS BO3JYX/TOIUIMBO B TOPIOYEl cMecH, BIPHICKMBAEMON B HMIIMHAP. JIerko BUAETH, YTO Leb YIpaB-
neHns Buaa (24) COOTBETCTBYET NPEACTABICHHON paHee 3a/ade YIpaBICHHS MO BBIXOAY JTUHEWHBIMU CTAIIHO-
HAPHBIMU TTAPAMETPHYCCKH HEONPEICICHHBIMU 00beKkTamu (ycnoBue (5)).

Takum 00pa3oM, Bce IIECTh NPUKIAJHBIX MPUMEPOB YJOBJIETBOPSIOT 00OOLIEHHBIM MaTeMaTHYeCKUM
MOJICIISIM, PACCMOTPEHHBIM B IOCTAHOBOYHOMN YacTH.

Metoa nocjie10BaTeJIbHOT0 KOMIIeHCAaTOpa

BonpimmaCTBO M3 c(hOpMyIMPOBAHHBIX 3314 (M OTHOCSIIUXCSI K HUM MIPUIIOKEHNI) MOXKET OBITh pEelIeHO
C MCIOJIB30BAHUEM CTaBIINX yXK€ KJIACCHYECKUX METOJIOB aIallTUBHOTO YIIPABIECHUS, PACCMOTPEHHBIX TIOAPOOHO
B 0030pax [3, 5] u moHorpadumsx [2, 4, 9]. B nanHOI cTaThe aBTOPHI HE BUIAT CMEICTA IMOBTOPSTH pabOTHI [2—
5, 9] n mpeararoT YNTATEINIO TOCTATOYHO HOBBIM MOAXOA K aJJaliTUBHOMY YIIPABICHHUIO IO BBIXOAY — «METOJ
MTOCTIEIOBATEIHHOTO KOMIICHCATOPay, Oa3upyromuiics Ha TeopeMme o naccudukammu A.JI. @pagkosa [42—45].

Jlist IpOCTOTHI pacCMOTPEHHS. OTPaHUYMMCS 3a/aueil cTabuIn3ay HENMMHEHHOTO 00BEKTa yIpaBICHUS
Buga (17), (18) B oTcyTcTBHE BO3MYIICHHS W 3ama3fblBaHuA. boiee moapoOHO ¢ TaHHBIM METOIOM U Pa3iind-
HBIMH €T0 BapHalMsIMH MOXHO IMO3HAaKOMHUThbCsl B MoHorpaduu [61]. [IpeacraBum HenmHelnyto cucremy (17),
(18) B hopme BXOI—BBIXO

b(p)  c(p)_
y=——u+—-9(y), (25)
a(p) a(p)
HayHHO-TEXHMHeCKMVI BEeCTHUK MH(bOpMaLI,VIOHHbIX TeXHOJ'IOFMVI, MeXaHUKN U ONTUKHU, 9

2013, Ne 1 (83)






AOANTUBHOE YMNMPABJIEHUE MO BbIXOAY ...

3akaouenue

ABTOpBI HAZICIOTCSI, YTO UM yJAJIOCh XOTsl OBl YACTUYHO OCBETUTH MIPOOJIEMATHKY aIalTUBHOTO yIIpaBie-
HUS 110 BBIXOJY JUIS PA3IMYHOTO THIIA CIOXHBIX IUHAMUUYECKUX CHCTEM. TeopeTHuecKre METObl U alrOPUTMbI
yIpaBJieHus], IPEACTaBICHHBIE B paMKaxX JaHHOTO 0030pa, Ha B3IVIS aBTOPOB, UMEIOT LIMPOKHUE MEPCIIEKTHUBHI
JUISL MX MIPAKTUYECKOT0 UCTONb30BaHus. OJTHAKO COBPEMEHHBIE TEXHUUECKUE MPUIOKEHUS HE MO3BOJISIOT Orpa-
HUYUTHCS TIPEJICTABICHHBIMU B CTaThe METOAaMH yrpasieHus. OJHOM 13 Hanboee Cepbe3HBIX M HE NMEIOIINX,
Ha B3IV aBTOPOB, YCIEUIHBIX PELICHUN ABISETCS 3afada CHHTE3a aJalTUBHOIO PETyJIsTOpa B YCIOBUSIX, KOTAA
CUTHAJI YIPABJICHUS COAEPKMT 3ama3iblBaHue, T.e. u =u(¢f —t). [l TMHEHHBIX CTallMOHAPHBIX aCUMOTOTHYE-

CKH YCTOHYHUBBIX MapaMETPUYECKH HEONpeeJCHHbIX OOBEKTOB 3Ta 3a/lavya pelleHa, HO JJIsi HEyCTOWYMBBIX H
HEJIMHEIHBIX CUCTEM Mpo0biieMa B 11eJI0M OCTaeTCsl OTKPHITOW. JIpyrasi He MeHee BakHasl TPUKJIaHAs 3a/1a4a 3TO
aJIaTUBHOE U pOOACTHOE YIPABIICHHE B YCIOBHSX IMOMEX M3MEPECHUH BBIXOIHOW MEPEMEHHOM, T.€. paccMaTpH-
BaeTcst 00bekT B (17), (18)

X=AX+ZGi$i+Bu+BW, y=y+y=Hx+y,

i=1
B KOTOPOM H3MepseTcs He nepeMennas y = HX , a HeKOTOpbIH curdan y' = y + 7y , CoIepKaIlui IIOMEXH U3Me-
peHust .
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NMPABUIA NMPEOCTABNEHUA PYKOMUCEN

Penakuusi mpyuHUMaeT K pacCMOTPEHHIO OpUTHMHAJbHBIE (HHUIJE paHee He OIyOIMKOBAaHHbBIE, 32 UCKIIOUYCHUEM MaTepHajoB
Hay4YHbIX KOH(epeHNuii) paboThl 10 TeMaTHWKe XypHalla, IPEJICTABIAIONINE HOBbIE HAYYHBIC PE3YJbTaThl, NMOJTYYEHHbIC JIMYHO
aBTOpaMU cTaThu. [IlyOIuKyIOTCS Takke 0030pPbI, XapaKTEPU3YIOIINE COBPEMEHHOE COCTOSHIE aKTyaTbHBIX HAllPaBICHUH Pa3BUTHS
HayK{ ¥ TEXHUKHU, COOOIICHHUS O HAyYHBIX KOH(PEPSHINAK, MaTEpUaIbl HAYYHBIX IUCKYCCHI U PelieH3UHN HA HOBBIC KHUTH.

Temarnka )KypHaa BKIIOYACT PasZeibl, OTPAKAIOIINE JOCTIDKCHHUS HAyKH, TEXHUKH U TEXHOJIOTHH B OOIIACTH COBPEMEHHOTO
HpH60pOCTpO€HI/IH 10 HaIpaBJICHUAM: OIITUKA, ONTHYCCKHUEC CHUCTEMbBI M TEXHOJIOTMH, OINTHYCCKOC MATCPUATIOBEIACHUE U
HaHOTCXHOJIOT'UH, I/IH(l)OpMaIJ,l/IOHHI)Ie U KOMIIBIOTCPHBIC CUCTEMbI U TEXHOJIOTMH, MCTOABI U CHUCTEMbI 3alllUThI I/IH(l)OpMaIJ,l/Il/I,
CHCTEMHBIH aHaJN3, CUCTEMbl aBTOMAaTH4YECKOTO YIpaBICHUS, MEXaTPOHHKA, CHCTEMbl aBTOMaTU3MPOBAHHOTO MPOEKTHPOBAHMS,
MHUKPOIEKTPOHHKA, ONOMETUITMTHCKIE TEXHOIIOTHH. B KauecTBe JOMOTHATEIFHBIX PA3/ICIIOB Ky PHAT TaKKe MyOInKyeT paboThl IO
SKOHOMUKE U (hHHAHCAM.

Marepwuan cTaTbi JOJDKCH OBITh N3JIOKEH B COOTBETCTBUH CO CIICTYIONIEH CTPYKTYPOH.

B aHHOTammm, paccYMTaHHOW Ha caMblii MIMPOKUIN KPYT yuTareneil, HeooxoaumMo kpatko (o0bemoM 10 100 cI0B) M3IOKUTH
Hay4YHOE CO/ICPIKAHUE CTATHH.

Bo BBeieHMN HEOOX0AMMO MTPEACTABUTH COAEPIKATEILHYIO TOCTAaHOBKY pacCMaTpUBaEMOro BOIIPOCa, KpaTKU i aHAIM3 H3BECTHBIX
W3 HAyYHOW JINTEPATypPhl PCIICHUN, KPUTUKY UX HEIOCTATKOB U MIPEUMYIIECTBa (0COOCHHOCTH) IPEIaracMoro moxoia.

B 0oCcHOBHOM TeKcTe CTaThU AOJDKHA OBITH MPEJCTABICHA CTPOTasl IOCTAHOBKA PEIIaeMO 3a/1auH, M3JIOKEHBI U 00CTOSTEIHHO
Pa3bACHEHBI (JJOKAa3aHbI) MOTYYCHHBIC YTBEPKACHHUS W BEIBOABI, TPUBEICHBI PE3YNIbTAThl AKCIIEPUMEHTAIBHBIX HCCICAOBAaHUN MITH
MaTeMaTH4YeCKOTO MOICIIUPOBAHNS, HJUTFOCTPUPYIOIIHE ClC/IaHHbIC yTBep)KACHHI. OCHOBHOM TEKCT CTaThl MOXKET OBITH Pa30UT Ha
otnenbHble pazaensl: «llocTanoBka 3anaumn», « OCHOBHOI pe3yibTary, «Pe3ysbTarsl MOJETMPOBAHUS) U T.I1.

B 3axmoueHnn HEOOXOANMO KpaTko c(OpPMYIHpPOBATH OCHOBHBIC PE3YyNIbTaThl, TPOKOMMEHTHPOBATh MX U, €CIH BO3MOXKHO,
yKa3aTh HaMpaBJICHAUS JaTbHCHITIX HUCCICIOBAHMUH.

Bce cratbu mpoxonsT mporenypy peleH3upoBaHusA. [locie ee 3aBepIieHHs aBTOPY HAMPAaBISIETCS dK3EMIULIP PYKOIHCH C
3aMEYaHUSIMHU PEIICH3EHTA M HAYYHOTO pelakTopa Uit JopadoTku. [1pu ommyOmuKoBaHUM CTaThU YKA3BIBAIOTCS JaThl €€ MOCTYTIIICHNS
Y TIOCTIEAYIONUX MepepadoToK.

OCHOBHbIE TPEEOBAHUSA K ODOPMITEHUIO CTATEM ... ssss e s s ssssssssesesss s

O0BeM cTaTby, BKITIOYAS WILTIOCTPAINH, TAOIUIIB M CITUCOK JINTEPATypPhl, HE JOJDKEH MPEBHIMATh 6 CTPaHUIL.

OpuruHaja-MakeT cTaThy BoinosHsercst B penakrope Word for Windows. [pudt Times New Roman, pa3zmep mpudra 12 pt,
MEKCTPOUHBII MHTEPBAJ OIMHAPHBIH, 1TOJIst cBepXy 20 MM, OocTalbHbIE ToNst 25 MM. AG3anHbli otetyn 10 MM,

Amnnoranus nedaraercs mpudrom Times New Roman 10 0ObIMHBIH, MEKCTPOUHBIH HHTEPBAJ OJMHAPHBIN, BRIPABHUBAETCSI 11O
[IMPHUHE CTPAHMIBL. B aHHOTAIMK HE 10Ty CKAIOTCS CCHIIKM Ha IUTHPOBAHHYIO JINTEPATYPY M I'POMO3/KKE (POPMYIIBI.

Haspanme pasgena mewaraercss mpudrom Times New Roman 12 mONMyXKHpHBIA, MEXKCTPOUHBIH WHTEPBAI ONWHAPHBIH,
OTHEJISIETCS OT MPENBIAYIIETO pa3zesa MoJIyTOPHON IIyCTOM CTPOKOH, a OT NOCJIEAYIOLIEro TEKCTa OJHOW IIyCTOM CTPOKOM.

HasBanue noppasnena nedaraercst mpudrom Times New Roman 12 mosiyXupHbBIH, MEKXCTPOUHBIH HUHTEPBaAJI OJMHAPHBIN,
MYCTBIMU CTPOKaMH HE OT/IEIISIETCSI.

®opmynsl Habupatores B penaktope Microsoft Equation Ed. 3.0. [Tapamerpst ctrs: Tekcra — Times New Roman, npsimoii;
¢ynkmn — Times New Roman, npsimoii; nepemennoit — Times New Roman, HakIoHHSBIH; rpedecknx OykB — Symbol, npsimoii;
cuMBOJIOB — Symbol, mpsimoii; marpumbl-BekTopa — Times New Roman, npsmoit, momyxupHslif; grcen — Times New Roman,
npsaMoit. Pasmepsr: 00branbIi — 12 pt, kpynHbN naAeKe — 10 pt, Menknuii nHACKC — & pt, KPYIMHBIH CUMBOI — 16 pt, METKUIT CHMBOI
— 12 pt. OTenbHbIe TIEPEMEHHBIE B TEKCTE JIOIYCKASTCsl HAOUPATh B TEKCTOBOM PEKUME C COONIIOIEHHEM TPeOOBaHUl, YKa3aHHBIX
Jutst popmyi. PaznennTenbHbIN 3HAK AECATHYHBIX Ipo0ei — 3amsTasi.

[Tpn odopmiiernu pucyHkoB u rpadukoB ucnonbzyercs mpudt Times New Roman. Ctuite HarmmcaHnust IEpeMEHHBIX JIOJKEH
COOTBETCTBOBAaTh TPEOOBAHMSM K OCHOBHOMY TEKCTY.

Vcronb3yioTcs TOMBKO €ANHHIIBI U3MEPEHHs, COOTBETCTBYomMe cucreme CH.

Crmcok MCTONb30BaHHON nuTeparypsl oopmisercs B coorBerctsur ¢ 'OCT 7.0.5-2008. Hymepanus mo3umuii — coracHo
O4YEepPETHOCTH CCBUIOK B TEKCTE.

[Tnara c acnupaHTOB 3a MyONMKAINIO PYKOIIHCEH HE B3MMaeTCsl.

Bonee monpoduyio nugopmanuio cMoTpuTe Ha caiite http: //ntv.ifmo.ru
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