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Abstract

Rafikov G.S., Chernishov N.N. Automation synthesis robust regulator. In article the algorithm of
search of the decision of matrix square-law equations Lure - Riccati is presented. Presented
synthesis algorithm H” - suboptimum regulator on the basis of the received decisions of equations
Lure - Riccati for "management" and "supervision". In Matlab program modules are developed for
carrying out of the automated synthesis robust regulator.

OO0mas mocranoBka mpodsaembl. PeanpHbple CUCTEMBl aBTOMAaTHYECKOTO YIIPaBJICHUS, B
OOJIBIIMHCTBE CIIy4aeB, GYHKIMOHHUPYIOT B YCIOBHIX YaCTHYHOM HEONPEAEICHHOCTH PU HATUYUU
BHEIIHUX BO3MYIIEHHUH, KOTOpbIE BIUSAIOT HAa OTKIOHEHUE PETYIUPYEMBIX IEPEMEHHBIX OT
KEMaeMbIX WM TpeOyeMbIX 3HAYEHHH U TOSTOMY pa3palaThbIBa€Mblii PETYIATOP JIOJDKEH
oOecrieunBaTh 3aJJaHHbIE JOMMYCKH HA 3TU OTKIOHEHHS.

3amaua CHHTE3a PErynaropa M HaOMoJaTeNlss COCTOSHHS, OOECIeYMBAIOMIMX 3aJaHHYIO
TOYHOCTh YIPABJICHUS B YCJIOBUAX HEOIPEIENEHHOCTE B MaTeMaTH4YEeCKOH MoOJAenn OOBeKTa
YIPABJICHUS U JEHUCTBYIOLIUX HA HErO BHEIIHUX BO3MYILECHHUMU, SBJIAECTCS OJHOU M3 LIEHTPAIbHOU B
COBPEMEHHOM TEOPHUH aBTOMATUUYECKOTO YIPABIEHUS.

OcHOBHass W TMPUHUUIHAILHO HOBas HAEs IO CHHTe3y poOacTHOTO YIIpaBlICHUS
3aKIII0YAETCsl B TOM, YTOOBI €TUHCTBEHHBIM PETYIATOPOM rapaHTHUPOBATH YCTOWYMBOCTh 3aMKHYTON
CHCTEMBI HE TOJIbKO JJIi HOMHHAJIBHOTO (0e3 ydeTa OmMOOK MOoJenn) 00BbeKTa, HO M AJIS Cilydas
“BO3MYIIIEHHOTO” 00BEKTa (C yU4ETOM HEOMpeAeNeHHOCTEH MO U BO3MYIICHUMN, TEHCTBYIOIINX
Ha 00BEKT ympaBieHus) [1].

Leas pabGoTbl. ABTOMaTH3alMsi CHUHTE3a CYOONTHMAJIbHOrO pOOACTHOTO peryiasTopa Ha
ocHoBe mojxo1a H”— teopuu yrpasieHus.

ITocTtanoBka 3agaum cuHTe3a podacTHOro peryasitropa. B Hacrosmeil crarbe
IpeJUIaraeTcsi OJIMH U3 MOAX00B Ul MOCTPOEHUS poOacTHON (TpyOOii K BHEITHUM BO3MYILCHHSIM)
cucrembl yrpasieHus. OH OCHOBBIBaeTCs Ha ammapate H™— Teopuw ympaBieHHs, B KOTOPOif
yJlaeTcsi coueTaThb IPEUMYILIECTBA KaK KJIAaCCHUECKUX METOJOB aHalW3a M CHHTE3a, TaK H
COBPEMEHHBIX METOJIOB MPOCTPAaHCTBA COCTOsSHUA. H” — Teopus ympaBieHHS TO3BOJISET
CHHTE3UPOBAThH PETYJATOP, 00ECIIEUYNBAIOIININ YCTOHUYNBOCTD 3aMKHYTONH CHCTEMBI JIJIsl MHOXKECTBA
00OBEKTOB, OIpeNeNIIeMBbIX KJIaccaMH HeompeneneHHocTd [2]. B oTeuecTBeHHOU muTeparype
HambOoJee MOJTHOE U3JI0KEHHE ITa TeopHsl Hanuta B padoTe [3].

HWcnons3oBanne H*— Teopuu TMO3BOJISET CHHTE3UPOBATH PETYISATOP, OOCCIEUNUBAIOIIHIA
YCTOMYUBOCTh 3aMKHYTOH CHCTEMBI KaK JJIi MHOXKECTBa OOBEKTOB, ONPEACISIEMbIX KIIacCaMu
HEOTIPEIeNIEHHOCTH, TaK U JUIS Clly4asi, KOTJla apaMeTpbl 00BEKTa YIPABICHUS U XapaKTEPUCTUKU
BHEIIHUX BO3MYILEHUH U3BECTHBI HETOYHO.

OpHoli w3 3ajgad, pelwlaeMoW JaHHOM TEOpHUEH, SBISETCS 3ajada MHUHHUMAJIbHOU
YyBCTBUTEIBHOCTH, MUHUMHU3UPYIOLIasl 3HEPTUIO NIOMEXH, MPOXOASIIEH HA BBIXOJ CUCTEMBI IS
HAauXyALIEro Cciaydas BEIIHEro BO3MYILIEHUSA. OHEprus IIOMEXH, IPOXOAALIEd Ha BbBIXOJ,
onpenensercss H*— HOpMOW MaTpu4HON TepeqaTtovHoil (QyHKIHUH 3aMKHYTOH CHCTEMBI OT
BHEIIHETO BXOJa K KOHTPOJHMPYEMOMY BBIXOJAY, KOTOpBI OOBIYHO SIBJISIETCS OIIMOKOM
ciexxenus [4].



Peanuzanust aBTOMaTU3MPOBAHHOTO CHHTE3a pOOACTHOTO PEryNsATOpa B HACTOSAIICH CTaThe
OCYIIECTBIICHA HAa OCHOBE pa3pabOTaHHBIX MPOTPAMMHBIX MOJYJEH C HCIOJIb30BAHHUEM IIaKeTa
npuknaaaeix nporpamm  (IIIIIT) Matlab. C momomplo yka3aHHBIX MPOTPAMMHBIX MOJYJEH
BBITIOJIHACTCS TpoOLeypa pemeHus anreOpandyeckux ypaBHeHud Jlypbe — Pukkaté u cuHTe3a
pobactHoro perynstopa. Crenyer OTMETHTb, YTO OIHMCAHHBIA BBIIIE CIIOCOO ABTOMAaTH3AIMH
CHHTE3a pPOOACTHOIO pEryjsITopa pemaer 3anady CcyOONTHMajbHOTO, a HE ONTUMAJIBHOTO
yIIpaBJICHUS, HO MOJIy4aeMO€ PELICHHE aCUMIITOTHUECKH MPUOIIIIKACTCS K ONTUMAIBHOMY.

B pa6orax [1,2] cuHTe3 poOACTHOTO peryasTopa IMPOBOAUTCS Ha OCHOBE ‘2-Pukkatu
[0AX0/1a” C MCHOJB30BAaHUEM HUTEPALMOHHON NPOLEAYphl pElIeHUs ABYX ypaBHeHui Jlypbe —
PukkaTtu. OTa yroMuTenbHas UTEpAlMOHHAs MIPOLEAypa PEIICHNUs YKa3aHHbIX YPAaBHEHUH 3aHUMAET
MHOTO BPEMEHH, OSTOMY IpeJIaraeéMblii alrTOPUTM CHHTE3a POOACTHOTO PETYJISATOPa 3HAYUTEIHLHO
YIOPOIIAET MPOLEAYPY PELIEHUS ITUX yPaBHEHUIA.

Cunte3 H*- cyGonTumanbHoro peryasrtopa. Jlns npoBemeHust cuHTe3a H —
CyOONTHMANILHOTO ~ pEryisiTopa HEOoOXOJUMO HMETh ONucaHhue OOBEKTa YIpaBJICHUS B
MPOCTpaHCTBE cocTosiHuA Buaa (1)

X = AX + B{W + B,it;
z=Cyx+ Dy yw+ Dyu; (1)
v=CyX+ Dyw+ Dy,

rae X € R" — BEKTOp COCTOSIHUSA OOBEKTA,;

ZeR™M- BEKTOP PETYIUPYEMBIX IEPEMEHHBIX;

ye R™ - BEKTOP U3MEPSIEMBIX IIEPEMEHHBIX;

u € R™ — BexTOp ynpasieHus;

W € R”— BEKTOp BHELIHUX BO3MYIIEHHUH.

IIpr 5TOM IOJIKHBI BBIOJIHATHCS ClAEAyIOLIMe ycuoBus [3]:

1. (A, By, Cl) SIBJISIETCS] CTAOUITM3UPYEMO U AETEKTUPYEMOIA;
2. (A,32 ,C 2) SIBJISIETCS] CTAOUITM3UPYEMOM U TETEKTUPYEMOIA;
T .
3. Dpley Dhl=lo 1f;
B |+ |0
4. D 21 = 1
21

H”- Hopma mnepenatounoit dyukuum H(s) ompexmensiercss cleayrommm oOpazom (st
MHOTOMEPHOM cucTeMsl) [S]:
|H], = sup e (H(j®)), 2)
wel0,0)

TAC O ax () — MAaKCUMAJIbHOC CUHTYJIAPHOC 3HAYCHHUC MATPHILIBI.

Jlns oObekra ympaBineHuss (1) B TpEANONIOKEHHM BBIMOJHEHHS ycinoBud 1 — 4
CHHTE3UPYETCS PETYIATOP, KOTOPBIH 00eCreunBaeT BHIOTHEHNUE YCIOBUS
., <7 3
rie W — MarpuyHas mnepeparouHas (YHKIMSA, XapaKTepH3yrolas YyBCTBUTEIHHOCTH

YIPABJISIEMBIX U YIPABJISIOLIUX IEPEMEHHBIX 3aMKHYTONW CUCTEMBI K BHEIIHUM BO3MYIIECHUSM;
¥ — YPOBEHb HEUYBCTBUTEJIBHOCTH (YPOBEHb TOJIEPAHTHOCTH) K MU3MEHEHUSM MapaMeTpOB
JUHAMHAYECKOW CHUCTEMBI, CKaJIsipHasl BEJIMYMHA.



Brruncnenue maTtpui; oOpaTHON CBSI3U PEryisaTopa M HaOMronaTenss COOTBETCTBEHHO K U

L, a TaK e BEKTOpa W , KOTOPBIl MOXKET TPAKTOBATHCS KAK OLCHKA HAMOOJIee HEOIarompHsTHOTO
BO3JICHCTBUS, OCHOBAHbI Ha PELICHUH MAaTPUUHBIX KBapaTU4YHbIX ypaBHeHUN Jypse — Puxkatu [6].
Haunbosiee ynoOHBI B BBIYUCIMTEIBHOM OTHOLICHUM SBISETCS aJITOPUTM CHHTE32
CyOONITUMAIIHOTO PETYIIATOPA, MpeACTaBIeHHbIN B padoTe [1]:
1. 3agath HEKOTOpPOE 3HAUYEHUE } .
2. Haiitu crabunusupyromee pemenne P >0 ypaBHenus ynpasieHus (Generalized Control
Algebraic Equation — GCARE)
ATP+PA—P(BZBZT —;/_ZBIBIT)P+C1TC1 =0, 4)
€CIIU PELLICHUE HE CYLLECTBYET, IIEPEUTH K ITyHKTY 7.

3. Haiitu crabunmusupyromiee pemenue X > 0 ypaBHenus ¢punbrpanuu (Generalized Filtering
Algebraic Equation — GFARE)

Az +347 —Z(C2TC2 —7‘2C1TC1)2+BIBIT =0, (5)
€CJI PELIEHNE HE CYLIECTBYET, IEPEUTH K ITYHKTY 7.

4. 4.Bpruucnute Matpuily 7' = PY 1 HallTH €€ MakCUMaJIbHOE CHUHTYJsIpHOE uucio. Ecimu oHO

GotblIie 72 , TO TIEPEiTH K IYHKTY 7.
5. BbluucnuTh MaTpHULIbl
K=BlP L=(-y2Py)'2Ct. (6)
6. Ompenemuts W 110 GopMyIIe
w=y"2BB Px. (7)
7. 3aukcupoBath, YTO 3aJaHHOE 3HAYCHUE KPUTEPUS HEIOCTUIKIMO, U BEPHYTHCS K ITYHKTY 2,
U3MEHUB ¥ Ha OOJIBLIYIO BEIIUYHHY.
AJITOpUTM OpPraHW30BaH IO CXEME MOCIEI0BATEIbHOIO MOMCKa Bce 0oJiee Majoro 3HaueHHS
KpUTEpUS U CTAOMITM3UPYIOIIeH 0OpaTHOM CBsI3U, 00ECTICUMBAIOIIECH €ro JIOCTH)KEHHE.
B IIIIIT Matlab cymectByer rpymnma (GyHKIMHA care, TIpeAHAa3HAYCHHAs Ui HAXOXKJICHHS
pelIeHNs] HEMPePbIBHBIX allreOpanyecKux ypaBHeHUH Prkkatu. B cBsi3u ¢ Tem, 4To B allropuT™Me MoMcKa

CYOOIITUMAIBHOTO PEryJIsATOpa UCTIONB3YIOTCS ClielMalibHble ypaBHeHus Jlyppe — Pukkati HeoO6xo1umo
npenctaBuTh (4) u (5) B popmate GpyHKIMU care, @ UMEHHO:

-2 T
ATP+pP4-P[B, B, ro BIT P+Clc =0, (8)
o 1|8
T —y2 C
(4 s x(ar)-sler Cg[ ~ ﬂ{;}wg;:o, ©
2

B kauecTtBe npuMmepa MpOrpaMMHOTO MOJYJS, NPUBEAEH JHUCTUHI MPOrPaMMbl OTHICKAaHMS
ycroiunBoro pemennst GCARE u GFARE:

% Peuwenue 0606uennozo anreebpauyecko2o ypasHenus Puxkkamu ynpasieHus
B=[B1 B2],

ml=size(B1l,2);

m2=size(B2,2);

RI=[-g"\(-2)*eye(m1) zeros(ml,m2),;zeros(m2,ml) eye(m2)];
[x]=care(4,B1,C1"*C1,RI)

% Peuwenue 0606uennozo aneebpauyecko2o ypastenus Puxkamu ¢purempayuu
B=[CI’C2];



m3=size(C1,1);

md4=size(C2,1);

R2=[-g"\(-2) *eye(m3) zeros(m3,m4),zeros(m4,m3) eye(m4)]
[y]=care(4’,B,BI*BI'R2)

MakcumanbHOE CUHTYIISIPHOE YMCJIO IPOM3BEICHUS PELIEHUM MATpUYHBIX KBaJpaTUYHBIX
ypaBHeHuii Jlypbe — PukkaTd MOXHO HaiiTh npu nomomu ¢GyHkuuu norm(7,2), KoTopas
BO3BpaIllaeT BTOPYIO HOPMY, T.€. caMoe OOJIBIIOE CHHTYIISIPHOE YMCIIO MATPUIIbl 1 WM, UCTIOJB3Ys
¢ynkuuio svd(T) — BO3BpallaeT BEKTOP CUHTYIISIPHBIX yKced MaTpulsl 7 [5,6].

PesyabTatsl. [IpommmtoctpupyeM pe3ynbTaTthl paboThl. PaccMOTpuM IBMKEHHE camolieTa
TY-154 1no KOHKpeTHOW TpaekTopuu riamccaipl. Llenp MOCTPOEHUS CUCTEMBl YIPABICHUS —
MUHMMU3ALKS BIMSHUSA BHEITHETO BETPOBOIO BO3MYIIEHHUS Ha OTKJIOHEHUE BO3YILIHOU CKOPOCTH U
BBICOTBI L[EHTpPa MacC caMmoJjieTa OT 3aJaHHbIX 3HayeHui. Ilo ommcaHHOMY BBIIIE AITOPUTMY B
coOoTBEeTCTBUHU ¢ (opmynamu (5) — (8) mpoBeneH cuHTE3 pOoOACTHOM CHUCTEMbI yrpaBieHus. B
pe3yibTaTe BBHIMOJHEHHS aJrOpUTMa CHHTE3a CyOONTUMAIBbHOTO PErylsTopa, BeNMYMHA ¥ Oblia

npunsta 9,87, a MaTPULbI PErylISTOpa U HaGJIIOAATENS UMCIOT PasMEPHOCTH K (o.6) M L(6x2)-

B kauecTBe BO3MyIeHUs! BEIOpaHO BHEIIHEE BETPOBOE BO3MYILEHUE (MUKPOTIOPHIB BETPa) B
(bopme BUXpEBOro KOJIbIIA.

Jlns mpoBeneHUs] OLEHKH KadecTBa pa3pabOTaHHOTO pErylsATOpa, CPaBHUM KauecTBO
[IEPEXOIHBIX IIPOLIECCOB B 3AMKHYTOH CHUCTEME 10 OTKJIOHEHUIO BO3YIIHONW CKOPOCTH V' U BBICOTHI
H ¢ temu e KOHTPOJIMPYEMBIMHU IIEPEMEHHBIMU 3aMKHYTOM CUCTEMBI, B KOTOPOH MCIIOJIb3YETCS
JIKI' — perynarop. B pesynbrare NIpOBENEHHOTO MOJEIMPOBAHUS IIOJYYEHBl CIEAYIOIINE
MePEXOIHbIE MpoIecchl (cM. puc.l u 2).

B pesynbrare aHanu3a NOJIY4EHHBIX IEPEXOJHBIX IPOLECCOB MOXKHO CHENaTh BBIBOJ, YTO
pOOACTHBIM  peryisaTop 3HAUUTENBHO  yAyYINAeT AaMIUIMUTYIbl  IMEPEeXOJHBIX  IPOLIECCOB
KOHTPOJMPYEMBIX KOOPAMHAT IIPU BO3JEHCTBUU BETPOBOIO BO3MYyIeHUs o cpaBHeHuto ¢ JIKI —
peryasTOpoOM.
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Pucynok 1 —I'paduk oTKIOHEHHS BO3AYIIHOM CKOpocTH V' mpu ucnosb3oBanuu JIKI u
H”- cybonTumManbHOro peryssropa
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Pucynok 2 —I'paduk otkiaonenus Bbicotsl H nipu ucnosib3oBanuu JIKI u
H”- cybonTuMaibHOro peryssropa

BriBOabI.
1. TlomydeH anropuT™M NOMCKA PELIEHUS MAaTPUYHBIX KBaJpaTUYHBIX ypaBHEHMH Jlypbe —
Puxkaru.
2. TlpencraBieH anroputM cuHTe3a H'— CyOONTUMANBHOTO pEryisTopa Ha OCHOBE
MOJIyYEeHHBIX pemieHuil ypaBHeHui Jlypbe — Pukkatu s “ynpaBnenus” u “HaOmroneHus” .
3. PazpabGoransl  mporpammuble  moxmynu B [IIIII  Matlab  nmns mpoBenenus
aBTOMATH3UPOBAHHOTO CHHTE3a pOOACTHOTO PEryisTopa.
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