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CUHTE3 KOMBUHUPOBAHHBIX CUCTEM POBACTHOI'O
YIIPABJIEHU S

l[pononyeTbest MeTon CcUHTE3y KOuGIHOBaHMX cHcTeM poOacTHOTO YNpaBIliHHA, SKHH 103BOMAE
AKHAMNIOBHILIE BHKOPHUCTOBYBAaTH iH(popMaIlilo, npo 3agaioqy Ta 30yprorody Aii Ias IMijJBHICHHA
FOYHOCTI yNpaBiaiHHA. 3pobiieHi BHCHOBKHM [P0 eKBIBAJICHTHICTH KITACHYHOI 3ajadi koMOiHOBaHOro
YITPABJIIHHS 1 3a/{a4i CHHTE3y pobacTHOrO YNPaBIiHHA.

Kuawuosi ciosa: koMmObiHOBaHe YlpaBiliHHA, pobacTHE YNpPaBIiHHA, CTPYKTypa pobacTHoi
KOMOIHOBAHOI CHCTEMHU.

|lpeanaraercs MeTojl CHHTe3a KOMOWHHPOBAHHBIX CHCTeM poDAacTHOTO YMNpPAaBJIEHHA, MO3BOJIAIOILUA
Hauboslee MONHO WCHONB30BATH MMEIOMIYIOCH WHQOPMAlLMI0O O 3a[alolieM M BO3MYLHAIOHIEM
BO3/1EACTBUM 1% MOBBILIEHNSA BBICOKOH TOYHOCTH YiipaBieHHs. Clenansl BEIBOAB! 06 9KBHBAIIEHTHOCTH
KJIACCHYECKOI 3a1auM KOMOUHHPOBAHHOIO YIIPaBIIEHUS W 3384 CHHTe3a pOOACTHOTO YIIPABJIEHN)S .

Kawuersle cJa0Ba: KOMOWHMPOBAHHOE YNpaBieHHE, pPOOAaCTHOE YIIPAaBICHWE, CTPYKTypa
pobacTHOH KOMOHHUPOBAHHOM| CHCTEMBL.

A method is offered of synthesis of the combined systems of robust control, allowing to use most
complete present information about the referent and disturbance influence for the rise of high exactness
of control. Conclusions are done about the equivalence of classic task of the combined control and task
of synthesis of robust control. " ’

Key words: combined control, robust control, structure of the robust combined system.

Beenenne. Haes noctpoeHUs cUCTeM KOMOHMHHUPOBAHHOTO YIIPaBIEHHS
Gnarosiapst ycwiuaM ydueHuX ObiBuiero Cosetckoro Coro3a Obuia YHUCTO PYCCKHM
u3obperennem [1-4]. Teopus HHBapUAHTHOCTH AOCTATOYHO OYpHO pa3BHBAIaCh B
30-50 romm! POHUIOTO CTOJNETHS, O YEM CBUAETEILCTBYET MHOIOYUCICHHBIC
BCECOIO3HBIE KOH(epeHUMH [0 Teopuu uuBapuaHTHoctH [1-2]. OpHako B
[OCJIE[IHEE BpEMs B DA€ OTEUECTBEHHBIX U 3apy0exHBIX paboT MOABMIOCH
HalpasjieHUE [0 CO3/aHHI0 CHCTEM KOMOWHHPOBAHHOIO YIPABJICHHMSA Ha OCHOBE
CHHTE3a CHUCTEM pOBACTHOTO yNpaBieHHS, B KOTOPHIX HCIOJBL3YETCA YIpPaBIeHHE
KaK [0 pa3OMKHYTOMY, TaK d [0 3aMKHYTOMY KOHTYpy — T.., IO CyTH -
KOMOUHUpOBaHHOE ylipanieHue. Takoe ynpaBiicHHE B aHITIOA3BIYHOM JIMTEPATYpE
HasblBaeTca  «2-degree-of-freedom H_  design» — pobacTHoe ympasjeHue
yIBOCHHOM pa3MepHOCTH cTerleHH cBobokl [5-8].

IMocraHoBka mnpoGiemMbl, CBSA3b € HAaYYHBIMH M MPAKTHYECKHMM
3agagyamu. CuHTE3 CHUCTeM KOMOHMHHMPOBARHHOIO YMNpaBieHHs, Y KOTOPBIX
COYCTAaeTCA [PUHLMI YIIPAaBJICHUS [O PAa30MKHYTOMY U 3aMKHYTOMY KOHTYPY,
cXeMa KOTOpOH [10Ka3aHa Ha puC. |, B psjc lIPAKTHYCCKHUX CIyYaeB 1103BOJIAET
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1oJtyyaTh TOYHOCTB, HEJOCTHKHMYK) B KIACCMUCCKMX CHUCTEMAX TOJBKO C
00paTHOI CBA3LIO.

Woc

Woc

Puc.1 — Cxema KOMOMHHPOBAHHOM CHCTEMBI YIIPABJIEHHS.

Ilpu osTOM cHHTE3 KOHTypa OCDaTHOH CBA3M ,  BBINOJNHACTCA A
obecrieuenns yCTOHYHBOCTH U 33JaHHEIX [OKA3aTeSell KAYECTBA PEry/MPOBaHHS.
CuHTe3 pasOMKHYTOr0 KOHTYpa pPETyIMpOBaHMS v 1O 33/aHHIO 7,
OCYUIECTBJIAETCA M3 YCJNOBMsA, 4TOOBI MHepegarouHas (QYHKUUS OT 3aJaHHOrO

_ BO3/IEHCTBUA ' 10 BBIXOJHOW KOOPAMHATHL CHCTEMBI y ObLia Obl paBHA XKeJaeMol
1epeJaToYHol QYHKIUMY, B YaCTHOCTH, [UIS CACAAILMX CUCTEM, PABHON eIAMHHLE,
T.C.

w =1, (N

YTO  COOTBETCTBYET KOMOWHHPOBAHHOMY  YIHPABICHHIO [0  33JAlOLIEMY
BO3JICHCTBHIO.
CuHTe3 pa3sOMKHYTOrO KOHTYpa pEUYIHMPOBAHUS W, [0 BO3MYILICHUIO

BRIMOJHAECTCA M3 YCJIOBMsS, 4TOOBI NepefaTo4Has (YHKUHS OT BO3MYILAKOLIETO
Bo3JeicTBUS [ 10 BLIXOJAHOH KOOPAHHATEI CUCTEMBbI } ObLIa OBI TOXIECTBEHHO

paBHa HYJIIO, T.€.

wle. 2)

B

Venosus (1) u (2) SBIAIOTCS YCIOBUSMU UHBAPUAHTHOCTH OHMIMOKM CHCTEMBI
OTHOCUTEJIbHO 33Aa01UEr0 BO3ACHCTBUSA 7, BO3MYLLAIOLIEr0 BO3ASHCTBUS F (r)

3aMeTUM, YTO YCJIOBHE WHBApPHAHTHOCTH MO 3ajawolieMy BosaeHcTeuio (1)
MOXET OBITh 3aIIUCaHO B GOPME TOXKASCTBEHHOTO PABEHCTB2 HYIO [IEpeAaTOYHOI
GyHKUMKH W, OWHMOKU a(t) OTPabOTKH CUCTEMOH 3ajaroLero BO3ASHCTBUs r(t)
Tak, uro (r)=r(r)- y(t), a elr)= wsrr(t). [Tpu sTOM yciioBHE UHBapHaHTHOCTH (1)
IPHHUMAET BUJ

W, =0, 3)
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ITO 3KBHUBAJIEHTHO BBIpOXEHHIO (2) YCIOBMH WHBAPUAHTHOCTH CHCTEMBI . IIO
HO3MYLLAlOLEMY Bo3aeiHcTBHIO F (t)

Peanuzauus yciaoBuii uHBapuanTHOCTH (1) U (2) IpUBOAKT XK He0OXOJUMOCTH
peasyIM3aliiil peryJiiTOpoB wz(p) U wﬁ(p) B BUAE MepefaTO4YHbIX (YHKLHH,

0OpaTHBIX mepeJaToyHoW ¢GyHKUUM oOBeKTa YyHpaBJICHHS wo(p), 3aMKHYTOIO
0oOpaTHON CBA3BIO wm,(p). Ot yenoBus (1) u (2) He MoryT OBITH TOYHO

pCIM30BAaHBl M OOBIYHO BHIIOJHAKOTCS B BHAE Da3IOkKEHHs NO CTEleHIM
olepaTopa p B BUIE

w,(p)=o, +a,p+a,p’ +... 4)

Peanu3anus pa3oMKHYTBIX KOHTYpoB B Buic psaaa (3) tpebyer 3HaHUA HE
TOJBKO 3a3Jal0LIMX M BO3MYLIAIOIIHX BO3ACHCTBUil, HO M MX NPOU3BOIHBIX, YTO
PealbHO [MO3BOJIAET BBIIOJHHTE YCJIOBUA uHBapuaHtHocTH (1) M (2) amme g0
OlIpe/IeIEHHOM CTelIeHH OIEpaTopa p W Pealn3oBaTh YCIOBMS MHBapHMaHTHOCTH

upubmamxenHo no €. OgHako, naxe Takoe [pUOIMKeHHOE BBINOJIHEHHE YCIOBHH
MHBAapHMAHTHOCTH JAO € pEAIbHO II03BOJSET I0JYy4aThb CHUCTEMBI ¢ aCTATH3MOM
KTOpOrO, TPETLEr0 M T.A. MOPAAKOB M, [0 MeHbllel Mepe obecHednBaTh
[I0BBILICHHYIO TOMHOCTD YIPABJICHUSI B yCTAHOBMBUIMXCA PEXMMAX.

Kpome Toro, cuHTe3 3aMKHYTOrO W, U Pa3OMKHYTBIX W, M W, KOHTYpPOB

pCryJIMpPOBaHUS MOXET OCYIIECTBIATECA Pa3fle/IbHO, TAK KAK CHHTE3 PA3OMKHYTBIX
KOHTYPOB DEryIHpOBaHMS HE BJIMAET HAa YCTOMYHMBOCTH CHCTEMBI, 3aMKHYTOH
obpatHoii ce3bo W, (p).

OnHako, MPOEKTHPOBaHHWE M OIKCIUIyaTallys KOMOMHHPOBAHHBIX CUCTEM
YIIpaBJACHUA BCKPhUIA M HMX OMNpEACiCHHBIE HEAOCTATKU. BO-NEpBBIX, YCIOBHSA
1HBapUaHTHOCTH (1) U (2) He YYHTBIBAIOT HAJIMYHE TIOMEX U3MEPEHHUs 3a1atollero
r(t) U BO3Mywamuero F (t) BO3JACHCTBUNA, HUMEKOIMX MECTO B PEAIbHBIX

cicremax ympasnenus. DakTuyecku, ycnosus uHBapuaHTHOcTH (1) M (2)
[1PEICTaBIIAIOT YCJIOBUS GECKOHEUHO OONBUION IOJIOCH! [TPONYCKAHHS CHCTEMBI U,
CJICIOBATENIBHO, IIOMEXH HaMepeHus OyayT OecnperaTCTBEHHO yCHIIMBATLCA TaKOH
cuctemoii. OOHUM W3 [OAXOMOB pelleHHs OJTOH HpoGIeMBl  ABIAETCS
Ipe/BapUTelIbHas (QUILTPALMS CHUTHAJIOB C [IOMOILBIO ONpPEAENEeHHbIX (QHIBTPOB,
O/IHAKO 3TOT IOAXOA HE [03BOJMET peWaTh I[OJHOCTBIO 3TOT HEAOCTATOK
KOMIIEHCHPOBAHHBIX CHCTEM.

JpyruM HeZOCTaTKOM CHHTE3HPOBaHHBIX CHCTEM KOMOMHHPOBAHHOIO
ylpaBjieHus, ciledylolemM u3 ycnoBuit BelojHeHus (1) u (2), aABaercs
UFHOPMPOBAHME  OrPaHMYCHHUM,  peanbHO  MPUCYTCTBYIOLUIMX  BO  BCEX
MCIIOJIHUTEJIbHBIX ~ yCTpOHCTB  0oOBekroB  yupasierus. Ilpy  cuHTese
KOMOWHMPOBAHHBIX CHCTEM afnpHopud MpeArnosaraeTcs, HTO «IIOABHKHOCTH»
00bekTa — T.€. €ro JHEPreTH4YeCKMX BO3MOXHOCTCH AOCTATOYHO /UL TOYHOH
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00paboTKy 3a/4aroLero BO3AEHCTBMS r(t) U TOUHOH KOMIICHCALMK BO3MYILLIAKOLICTO
Bo3aeicTrus F (t), 4TO peajlbHO HEe UMeET MeCTo, jubo TpcOyeT HCMOJIB30BaAHUS
3aBe10MO 00Jiee MOHIHBIX M ObICTPOAEHCTBYOLIMX UCIIOIHUTECIILHBIX YCTPOUCTB.

Eme oAHUM CyIECTBEHHBIM HEIOCTATKOM KOMOUHHPOBAHHBIX CHCTEM
yIpaBJIeHHs SIBJIAETCA UX BBICOKAS YYBCTBUTCIBHOCTDH K M3MEHEHHIO [1APAMETPOB M
CTPYKTYPhl OOBEKTa YIpaBJeHHH, TaK Kak ycioBus uHBapuantHoctd (1) u (2)
MOTYT ObITh BBINOJHEHB! (TCOPETHYECKH TOYHO, a MPaKTHYECKH MPUOJIMKEHHO)
JMIOb Ul OjHOH eJMHCTBEHHOH TOYKM MPOCTPAaHCTBA [apaMeTpoB 0ObBEKTa
yIpaBiieHUsl, U3MEHSIOLUXCS B X01e paboThl.

OnHako 3TO HE 3HAYMT, YTO B CHUCTEME YIIPABICHUSA HE HY)XKHO UCIIONb30BATH
uHpopMaLHM0 0 33jaloleM M BO3MYUIAFOLEM BO3[AEHCTBUAX, & TAKKE O JPYrUX
[IEPEMEHHBIX  COCTOSHMA.  PaccMOTpMM  IOCTaHOBKY — 3ajayd  CHHTE3a
KOMOMHHPOBAaHHOI'O YIIPABJIEHHS Ha OCHOBE COBPEMEHHBIX METOHOB poOACTHOIO
yHpaBJICHUS.

Heap cratbu. lensio crateu sBiasgercs pa3paboTka METOAHMKM CHHTE3a
cucTeM poOacTHOro yIpaBieHHs, Y KOTOPBIX MCIOJB3yeTcs HHQOpMauus o
3aJalleM M BO3MYLIAIOIIEM BO3IEUCTBHAX JUIL IOBBILEHUS TOYHOCTH
YIPaBJ€HUsA, T.€. MCTOUMKM CHHTE3a KOMOHHHUDOBAHHBIX CHCTEM pOOAaCTHOrO
yHpaBJIeHUS.

Metox  pelueHud. CMbIcnOBass ~ [OCT@HOBKAa  33/a4yd  CHUHTE3a
KOMOMHHPOBAHHOTO YIpaBleHUA B BUe ycnoBuil nHBapuantHoctd (1) m (2)
nojpasymMeBaeT HYJIEBYK, a M[PAaKTHYECKH MATYI0 OMMOKY s(t) oTpaboTKH

CHCTEMOH 32jJAIOWero BO3ZEHCTBUA () 1NpM  HamMumu  BO3MYIIAIOWIErO

BO3JeHCTBUS F (t) TaK, 4TO

e(r)=r(r)-(0).

EcTecTBeHHO, 4TO NpH CHHTe3¢ KOMOMHHPOBAHHOM! CHCTEMBI /Ul BoIPabOTKH
YIPaBISIOUIETO CUTHAA u(t) HEeoOXOAMMO YYHMTBIBATh HH(POPMALHUIO O 3ajarollem
BO3JEHCTBUU r(t) ¥ O BO3MYWIAIOWIEM BO3ACHCTBUH F (t), a TaKKe O JAPYTUX
KOMIIOHEHTaX  BEKTOpa  COCTOSHUS  CHUCTEMbl xo(t), H3MEPEHHBIX  C
COOTBETCTBYIOIIMMU  [IOMEXaMU f,(t) TaKk, 410 7, (t) = r(t)+ FAGR
El(t)z F(t)+-f‘l‘(t)’ you (t): yz) (t)+fo(t)

Bosiee Toro, o6bMHO HMeeTcs HH(POPMALMA O XapaKTepe H3MCHEHHUSA

3aJaOlEro ¥ BO3MYLIAIOWETOo BO3AEHCTBUN, TaK 4TO MOrYT ObITh 3ajaHbl
(ecTecTBEHHO, NPHOIMKEHHO) MOJENH ITHX BO3ACHCTBUEM, Halpumep, B BHAE

flepeJaTouHblX  QyHKUKIA dopMupyOWKX QUILTPOB w,/,,,(p) u w(/,“(p), c
MOMOWIBI0 KOTOPBIX 3ajaiowmee (1) u Bosmywaromee F(r) BosaeiicTaus
(GOPMHUPYIOTCS OT [CHEPATOPOB CIlyHalHBIX CUIHAI0B T4KUM 00pa3oM, 4TOBEI
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NAPAKTCPUCTHKU OTHUX 34aF0IIHMX I’(I) W BO3MYIIAOHIUX F(I) BO3/ICUCTBHI ObpLIM
UV IM3KHU K XapaKTCPUCTUKAM PEAJIbHBIX 32/Ial0IHX M BO3MYNIAOIIUX BO3/JICHCTBHUIA.
Breaem BEKTOP COCTOAHHA pacumpeHHoﬁ CUCTEMEI x(t) , KOMIIOHCHTaMH

KOTOPOrO  ABJISIOTCS BEKTOPHl COCTOAHHMS MCXOJHOM  CHUCTEMBI xo(t) u
(OPMHPYIOIIHUX (DWIBTPOB x,/”,(p) u x:pe(P) 33Ja0MIer0 U BO3MYIIAKOLIETO
13O3ICHCTBUM.

BeeneM BekTOp BHEMIHUX BO3jeHCTBHI w(t), KOMIIOHEHTaMH KOTOPOTO

AmISIOTCA CUrHan Tma Genoro wyma w, (1), w,,,(t), noctynatomue Ha Bxomst
(dpopmupyromyx GUIETPOB 3aJaK0MIET0 r(t) ¥ BO3MyLUaromero F (t) BO3/CHCTBHUI,
1IoKe TMOMexH u3Mmepermst f,(t) — 3amaromero BosmeficTsus Ht), f.lt) -

HO3MyWIalomero BosjelcTeus  F (t) u f(t) — Bexropa cocrosHus xo(t)
CXOJHOr0 00bEKTa YIIPaBICHHUS

W)= W00 () W 0. 1.0). £, 1)

Torma paccmarpuBaeMas cHCTeMa MOXeT OBITh 3allMCaHa B CTaHAApTHOH
Jopme, npUHATOH B Teopuu pobacTHoro ynpasiedus [1-2].

Ilpu TakoMm moaxone AMA (GOPMUPOBAHUS YIIPABIICHHUS u(t) HCIIOJIB3YETCS
HHGOpMALUL O 3afalolleM r(t) 4 BO3MyulaoolleM F (t) BO3ACUCTBUAX [
HOJYyUEHUsST MHUHUMaIbHOH H, HOpMBI OLIMOKH s(t) 0oTpaboTKU CHUCTeMOH
{2 JAI0IET0 BO3AEHCTBUA r(t) H KOMIICHCAIMM BO3MYIIAIOMEro BO3aeHcTBHs F (t)
llpu atom ycnoeus unBapuantHoctd (1) U (3) dakTHuecku dopMymupyroTCs B

BUZC MHHAMM3aLMK H  HOPMBI HepejaTOYHOH (QYHKLHUH lw

e ||on

OLIHOKH s(t)

0TpabOTKM CHCTEMOH 3aJalOILero BO3JAEHCTBHUA r(t) u H_ HOpMBI “W"Fﬂ
- £

liepesiaToOuHod  (PYHKIMH  KOMHIEHCALMHM  CHCTEMOH y(t) BO3MYILAIOLIEr0

Bo3jiekicTeus F (t)

w — min.

I & i

BuiBoabI M3 NpOBEIEHHOT0 MCCIeIOBAHMS, MEPCHEKTHBbLI JTOTO
HanpaBJeHHUS. [pu CUHTE3e pobacTHoro YIpaBiIEHUSA abdext
KOMOMHHPOBAHHOTO YIIPAaBICHMS OIpeieIaeTcs TeM, YTO MCHONbL3YIOTCS BCA
uMeroascs uHGOpMaLusa O 3a/aloleM M Bo3MylualoleM BosaekcTeun. [Tpuuenm,
LpU CUHTe3e pOGACTHOIO YIPaBIEHUS YYWTBIBAIOTCS [OMEXH HM3MEPEHHMS JTHX
CHIHAJIOB, C [OMOIB) COOTBETCTBYIOIIUX TEXHHYECKUX ycrpoiicts. OuHako, B
OTJIMYHME OT KJIACCHUYECKOTO KOMOUHUPOBAHHOIO YIIPABJICHHA, KOTAA Pa3OMKHYThIC
KOHTYpBl YIPaBieHus [0 33]al0WeMy M BO3MYIUAIOLIEMY BO3ACHCTBUAM

—>min,‘
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CHHTE3UPYHOTCA OTACIBHO, HE3aBHCHMMO APYT OT ApYra M, Kak [paBuiIo, HOCie
CHHTE3a KOHTYpa 00paTHO CBs3M, HPU POOACTHOM YIIPABICHUM CUHTE3 KOHTYPOB
Pa30MKHYTOIO M 3aMKHYTOIO YIIPaBJICHHH BBINONHACTCS ONHOBPEMEHHO I
MHHUMM3aIMK H | HOPMBI BEKTOpA Lleu z(t) pobacTHOro yrpasieHus.

Jina pacCMOTPEHHBIX CHCTEM [OCTPOeHb! PyHKUMM ['aMUILTOHA M MOKa3aHa
3KBUBAJIEHTHOCTh CTPYKTYP CHCTEM KOMOMHHPOBAaHHOTO YIPAaBIEHUA M CHCTEM
po6acTHOTO yIpaBJIeHHUs, Y KOTOPBIX BEKTOP BHELIHUX BO3EHCTBUN HCIIONB3yeTCH
[UIA BOCCTAHOBJICHMS BEKTOPA COCTOSHHUS PACIIMPEHHOH CHMCTEMBI, BKIIOYaKOLIEH
BEKTOp COCTOAHHA COOTBETCTBEHHO OOBEKTa YIPABIEHUS M BEKTOP COCTOAHMA
BHEIIHUX BO3ACHCTBUIM, 3aJal0lUX M BO3MYILIAKOUIMX C IIOMOIIBK POGAcTHOrO
Habmoaatena. Ha ocHoBaHuu aHamu3a ypaBHeuuit I'amunpToHa-SIko6u-beMana-
AM3eKca MOKa3aHO, YTO HHMKaKHe APYTHe aITOPHUTMbl CHHTE3a DPa3OoMKHYTOTO
KOHTYP2 PETyIHpOBaHMs B CTPYKTYPE CHCTEMbl KOMOUHHPOBAHHOTO YIPABIICHHUA
HE MOrYT MNPHUBECTH K MOBBIINEHUIO TOYHOCTH YIPABJICHUS 1O CPAaBHEHHIO C
CHCTEMOH poBaCTHOTO yIIpaBICHHS M, CIeJOBATENbHO, HE MOIYT CHENaTh CUCTEMY
KOMOHMHMPOBAHHOTO YIpaBieHHs «Bojiee ONTUMATBHON» [0 CPaBHEHMIO C
ONTUMAJIBHOH cUcTeMol po6acTHOTO yNpaBIeHuUS.

PesynbTaThl JKCIIEpUMEHTATBHBIX UCCIEAOBAHUM HA CTEHIE JBYX MAacCOBOM
JNEKTPOMEXAHUYICCKOM CHUCTEMB! MOATBEPIMIN 3PPEKTHBHOCTS TAKOTO MOAX0Aa
TpU CHHTE3€¢ KOMOUHUPOBAHHOM CUCTEMBI POGACTHOTO YIPABIICHHUA.
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