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UTEPATUBHBIN CUHTE3 POBACTHBIX PETYJISITOPOB
MPY HEM3BECTHBIX HOPMAX OT'PAHUYEHHBIX BO3MYIIIEHIIT!

PaccmarpuBaercs 3amaua cuaTe3a CyOOMITHMAIHFHOTO POOACTHOTO PETY/IATOPA, /TS
MHOTOMEPHOTO JIMHEHHOTO CTAIMOHAPHOTO HOMIHAJIHLHOTO 00BEKTa C OIePATOPHBIMU
BO3MYIIEHUSIMA TIO BBIXOIY U YIPABICHUIO W OrPAHMYEHHBIM BHEITHUM BO3MYIIe-
muem. Hopwmbr (Beca) Bcex BO3MYIIEHHH MPEIONIATalOTCA HEM3BECTHBIMU W TIOJITIe-
JKAIUMU OTIEHUBAHUIO 110 TAHHBIM m3Mepenwuii. [lokazaresem kadecTBa 3aMKHYTON
CHCTEeMBI YIIPABJIEHUS CIyKUT HAUXYIIIee B KIaCCe MOMYCTUMBIX BO3MYIIEHUN 3HaA-
qerne {o, HOPMBI BBIXO/Ia OObEKTa. JHAUYEHME TIOKA3aTe s KAYeCTBa /s PACCMaTPU-
BaeMbIX 00BEKTOB B KJIacCe JIMHEHHDBIX CTAIMOHAPHBIX CTAOMIN3UPYIOMUX DPeryJis-
TOPOB OKAa3BbIBAECTCS APOOHO-TUHENHON ByHKITHEH KaK WH/IYIIMPOBAHHBIX HOPM TIepe-
JATOYHBIX MATPWI] 3aMKHYTOU CHCTEMBbI, TAK ¥ HOPM BO3MymieHuil. B srom ciydae
KJIACCHUYIecKas 33Java CHHTe3a CyOOINTHMAIHHOTO POOACTHOTO PEryasaTopa MPU W3-
BECTHBIX HOPMAaX BO3MYINEHUN CBOAUTCHA K CTAHAAPTHON 3ajade {1 ONTUMU3AIINU,
a 3a/[a9a ONTHUMAJIHLHOTO OTEHMBAHUS HEM3BECTHHIX HOPM BO3MYIIEHUN — K 3a/1a9e
JIMHEHOTO MPOrPaMMUPOBaHUsA. DTO MMO3BOJILET MPEJIOKUTH UTEPATUBHOE MO0Ye-
pellHOe peleHne 3a7a9 CHHTe3a PEeryasaTopa W OIEHWBAHWSA HOPM BO3MYIIEHUN B
KadeCcTBe IBPUCTUIECKOTO METOA MTOCTPOEHUs CyOOITUMAIHHOTO POOACTHOTO PEry-
JIATOpA TIPU HEM3BECTHBIX HOPMaxX BO3MyIneHui. Pe3ybTarsl MomIeMpoBaHus CBU-
[eTeIbCTBYIOT 00 3hdEKTUBHOCTH STOTO METOA.

1. Beenenue

Kuraccnueckast moCTaHOBKA 33149 ONMTHMAJIBHOTO WM CyOONTHMAIBHOTO (T.€. GIN3KO-
ro K ONTUMAJbLHOMY C 3aJaHHON TOYHOCTBHIO) YIIPABICHUS MPEINOJAraeT HATMINE allpH-
OpHOIT mHMOPMAINKT O MOJIETN HOMUHAJIHHOTO O0ObEKTa U MHOXKECTBAX JOMYCTUMbIX OIle-
PATOPHBIX ¥ BHEITHUX BO3MYIIEHUN. DTU MHOKECTBA OOBITHO OMUCHIBAIOTCS TOCPEICTBOM
TexX WJIM MHBIX OUDAHUYEHUI Ha HOPMBI BO3MYIIEHUH M IOPOXKIAIOT COOTBETCTBYIOIEe
UM HampaBJieHHe TeOpnu pobACTHOTO ympaBieHus. B crarhe 3amava cuHTe3a CyOONTH-
MaJILHOTO PODACTHOTO PEryIsaTOpa PACCMaTPUBAETCs B {1 TTOCTAHOBKE, COOTBETCTBYIOIIEH
OCHOBHOMY CHTHAJILHOMY TIPOCTPAHCTBY {oy OTPAHNYIEHHBIX 110 MOJYJIIO TTOCIEI0BATETh-
mocreii. [Tokazarerem kKadecTBa 3aMKHYTOH CHCTEMbI YIIPABJIEHUs CJIYXKUAT HAUXY/IIIEe
3Hadenne ., HOPMbI BBIXO/IA JTHHEHHON CTAIMOHAPHON CUCTEMBI C OIIEPATOPHBIMEA BO3MY-
MIEHUAME 110 BBIXOJY U YIPABJIEHUIO U C OIPAHUYEHHBIM BHEIIHUM BO3MYIIEHHEM.

CrangapTHbIil TOAXOJ, K NPUOJMIKEHHOMY PEIIEHUI0 CI0YKHBIX HEBBITYKIIBIX 33134
CHUHTE3a ONTUMAJIBHBIX POOACTHBIX PEryIATOPOB 3aKJIIOYAETCH B PACCMOTPEHUU BCIIOMO-
raTeJbHON 337341 MOCTPOEHHUS PEryIaTOPOB, TAPAHTUPYIOINIUX 3apaHee MPEeJINUCAHHYIO

I PaBora BhImoNHeHa mpu (bHHAHCOBOM mommep:kke Poccuiickoro donma dbyHmaMeHTATBHEIX HCCIe-
nosanuit (mpoekt Ne 02-01-00474).

110



BEPXHIOK OIEHKY MOKA3aTeIsd KAauecTBa. 10raa MpuOINKeHHOe DEIeHre UCXOIHOM OTl-
TUMAJbHON 3a/1a49U JOCTUrAeTCA MOMCKOM HAMMEHbIel BepXHel rpaHulbl C 3aJaHHONI
rounocrbio. B [1] 6bw10 nmokasano, 4ro s obecrieveHus 33 aHHON BEPXHEH OLEHKH 110~
KazaTess KadecTBa B paMKax {1-TEOPUH HEOOXOMMMO M JTOCTATOTHO, ITOOBI CIEKTPATb-
HBIH PAINYC OMPEIEIEHHON MATPHUIILI, COCTABJIEHHON 13 {1 HOPM UMITYJILCHBIX OTKJIMKOB
BAMKHYTON CHCTEMBI, OBLJI MEHBIIE eIUHUILI (Mpu 3ToM uHMOpMAaIus 00 OrpaHTIEHUTX
HA HOPMbI BO3MYIIEHUIi UCTIOB3YETCS TIPU BIYUCICHUN YKA3AHHONH MaTpuIlsl). Ha ocHO-
BaHUM 3TOrO B [2] ObLIO MPEJIOKEHO PELIeHNe BCIOMOraTeIbHOl 3312491, OCHOBAHHOE Ha,
CEeTOYHOM IOMCKE B MPOCTPAHCTBE CIEMUATBHBIX IMKAJTUPYIONNX THATOHATLHBIX Belre-
CTBEHHBIX MaTput. [lpm 3ToM my1a mosydenns TPpUOIMKEHHOTO PEIMIeHHS ¢ TOYHOCTHIO

n+1
0 € H€O6XOAI/IMO PeImunuTh nopdaKa (—) 337149 JIUHEHHOTO IIpOrpaMMHUPOBaHUA, T
S

7N — YHUCJI0 HE3aBUCHUMBIX OIePATOPHBIX BO3MYIIIEHUIA.

HenanexkHoCTh, HEMOTHOTA WM OTCYTCTBHE AMPUOPHON MHMOPMAIWH, TPEOYIOIeii-
Cso JIJIsi CHHTE3a PEryJsaTOPOB B PAMKAaX TOH WM WHOW TEOPUH POOACTHOIO YIPABJIEHUS,
BJIeYeT HEOOXOIMMOCTh MMPOBEPKU UJIN oboramieHus nadOopMaIun 00 yupaBaseMoMm 00b-
€KTe Ha OCHOBE JAHHBIX m3MepeHuil. [Ipin 3TOM BO3HUKAET Psi HOBBIX BCITOMOTATETHHBIX
337124, K KOTOPBIM, B IMOPSIIKE BO3PACTAHUS CJIOYKHOCTH, OTHOCATCS:

— 331292 BepU(MUKAIMH MOJIE/IN, 3aKII0YAIONIASCST B IIPOBEPKE HEITPOTUBOPEIHMBOCTH
ApUOPHO HHGMOPMAINY U JAHHBIX U3MEPEHUIl;

— OIEHWBAHUE HOPM BO3MYIIEHU IO JAHHBIM U3MEPEHUl Mpu 3aIaHHOW MOIEIN HO-
MHUHAJIBHOTO 00HEKTA;

— uaeHTUuUKAINS, T.e. TOCTPOEHNE MOJIE]N HOMUHAJIHLHOTO OOBEKTa W OIEHUBAHUE
HOPM BO3MYIIEHUI MO JAHHBIM U3MEPEeHHUId.

AxryagpHOCTH 3THX 33724 ObLIa Tpu3HaHa erme B Hadaje 90-X IT. MpOIIJIOrO CTO-
aerus (cM., nanpumep, crensbinycku Automatica u IEEE Transactions on Automatic
Control [3, 4]) u Bo3pocsia K HacrogdiEeMy BpeMeHu (AHOHCUPOBAHDI CIELBBILYCKU ITUX
xKypuasios B 2004-2005 rr., nocesiiennbie npobiaeMamM uaeHTuduKaym). 3a1a4u Bepu-
dukanmmm MOIENN W OINEHWBAHUS HOPM BO3MYINEHHWI PACCMATPUBAINCH B OCHOBHOM B
pamkax Hoo-Teopun pobactHoro ympapienns [5, 6]. OnHako mayke Gosee mpocrasi 3a-
Jada BepudUKaINT MOJEIN OCTaeTcs Jajiekoii or mosHoro permenns [7, 8]. B orimune
or H,.-Teopun, 3amada BepuUKAIIT MOIEIN B PAMKaX {1-TEOPHH OKA3BIBAETCS TOCTa-
TOYHO TIPOCTO, W ee pelieHue JJjisd JTUHEHHBIX CTAHOHAPHBIX HOMUHAJIBHBIX MOJIEIei
CO CTPYKTYPUPOBAHHBIMU BO3MYIIEHUSMHU CBOJWUTCS K MPOBEPKE CHUCTEMbI HEPABEHCTB,
MOPOYKIEHHBIX APUOPHOiT nHbOpManneil  TaHHbBIMI H3MepeHnit [9].

B nacrosmeit pabore 3agada cunTe3a cCyoonTHMaIbHOrO POOACTHOTO PETyIsiTOPa Pac-
CMATPUBACTCA B MPEINOIOKEHUH, 9TO MOJE/]b HOMUHAJIHHOTO OOBLEKTa M3BECTHA (BbI-
OpaHa KOHCTPYKTOPOM CHCTEMBI YIPABJICHU), 8 BEPXHUE TPAHUIILI HOPM BO3MYIICHUI
HEU3BECTHBI WM ABJISIOTCS CIUMIKOM rpybbiMu. BermomoraresnbHas 3a1a9a ONEHUBAHUS
BEPXHUX T'PAHUI] HOPM BO3MYIIEHUI 110 JAHHBIM U3MEDPEHUN PerIaeTcss B KOHTEKCTE 3a/1a-
YU ONTUMAJIBHOIO ynpasieHus (IIPU 3TOM MOJIYYEHHBIE ONTUMAJIbHBIE OLEHKU BEPXHUX
PAHUI, MOKHO CIATATH POCTO HOPMAaMU Bo3MyIHenuii). CrangapTHbIe TTOIXOIbI K UJIEH-
THOUKAINN U, B YACTHOCTH, K OIEHUBAHUIO HOPM BO3MYINEHUI OA3UPYIOTCA HA UIEHTH-
bUKAIMOHHBIX KPUTEPHUSIX, IKCIIYATHPYIOIINX U0 MUHUMU3AINN HOPM BO3MYIIEHUH B
TOM WJIH WHOM CMBICTIE. XOPOIIO M3BECTHOH MPOOIEMOH B 331a9aX UACHTU(PUKAIIAN J1Ts
pPOBACTHOTO yIpaBIeHUS ABIAECTCA MPOoOIeMa BhIOOPA UACHTH(MUKAIIMOHHOTO KPUTEPHS,
MIPOUCTEKAIOIAs U3 HEOOXOIUMOCTH OIEHKH OTHOCHTEIHBHOTO BKJIA/IA PA3IUIHBIX BO3MY-
meHuit. TUMUIHbBE TTOIXOMBI K PEITEHUI0 STOM MPOOIEMbI COCTOAT B MUHUMHI3AIINN HOPMBI
BHEIITHErO BO3MYINEHUS TPYU HAJIOXKEHUN (DUKCHPOBAHHBIX OTDAHIYEHWI HA OTIEPATOPHBIE
BO3MYIIEHUS It COOJIIOMEHNS YCIOBUAST PODACTHON yCTOWYMBOCTH 3aMKHYTON CHCTEMBI
WM B MUHUMH3AIMU MAKCUMyMa HODM BHEIIHErO U ONEPATOPHBbIX Bo3Myluenuii [5, 6].
3aMeTuM, 9TO BO BTOPOM CIydae ONEHKH HOPM BO3MYIIEHHN MOTYT OKA3aThCs HEIPH-
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e€MJIEMBIMHU, €CJIU JIJIT HUX OKAYKyTCsS HAPYIIEHHBIMU YCIOBUS POOACTHON yCTONINBOCTH.
C cepemunbl 90-X IT. IPeANPUHUMAIUCH 3HAYUTEIbHBIE YCUIUS JJIsl IPEOJIOIEHUsT Pas3-
PbIBa MEXKJIy MEeTOJAMU CHHTE3a POOACTHBIX PEryJsiTOPOB M TPAJUIMOHHBIMUA METOLAMU
naeHTH(DUKALIUNA CUCTEM. DTU YCUIUs ObLIM CBA3aHbI B OCHOBHOM C H,o-T€OpHUsAMH PO-
GacTHOro ynpasjenus u chOpMUPOBAIN HOBbIE Hampasjenus B unentuduxammn (“iden-
tification for robust control”, “control-oriented identification”) [10]. B wacrosmeii pabore
HCIOIB3YeTCs “9KCTPEMATHHBIN MOIX0/ K 3841 ONEHUBAHUS, IIPU KOTOPOM TIOKA3aTE b
KauecTBa 3a/a4y yIPaBJIEHHs BLICTYIIAET B POJIM UAEHTU(PUKAIMOHHOIO KPUTEPUs 1)1
OIlEHMBAHM HOPM BO3MyIleHuii. B obiiem ciydae Takoi IMOIXO0, CYUTAETCS Hepean3ye-
MBbIM, IIOCKOJIbKY BEJET K CJIMIIKOM CJIOXKHBIM HEBBIIYKJIBIM 3a/a4aM ONTHMU3ALUN U K
HEPA3PEIUMBIM 33 TIPUEMJIEMOE BPEMS BHIYUCIUTEILHBIM TTPOOIEMAaM.

JI71 MOy YeHns MO IAIONINXCSA PEMICHAIO BBIYACIATEIBHBIX IPOOIEeM MBI PACCMATPH-
BaeM JIMHEHHYIO CTAIIMOHAPHYIO MOIEIh HOMUHAIBHOTO OOBEKTa ¢ BOSMYIICHUSIMA HECO-
KPATUMBIX MHOKATEEH MepeJaTOIHOl MATPUIBI W C OTPAHWYEHHBIM BHEMTHAM BO3MY-
menneM. JI1g Takux OObEKTOB BO3MYIIEHHS HECOKPATHMBIX MHOXKHATENEH Imepe aToIHoOM
MATPHIBI MOKHO HHTEPIPETHPOBATEL KAK OIEPATOPHBIE BO3MYIIEHHUS [0 BLIXOLY U YIIPAB-
nernio. IIpenmonararoTcsa Hen3BECTHLIMHE £ o, HOPMAa BHEITHEIO BO3MYIICHHS U HH LY IIIPO-
BaHHBIE HOPMbI (BeCa) IUATOHAJILHO B3BEIIEHHBIX HA CBOUX BXOJAX OMEPATOPHBIX BO3MY-
mennii. Takas Mozenb 0ObeKTa yIpaBIeHUs O0IATAET CICAYIOMNAMHA BAXKHBIMH JTOCTO-
nacreamu. [Tokasarenh KagecTBa B 3a7a9€ YITPABICHAS OKA3BIBAETCS IPOOHO-TWHEHHON
yHKIME KAK HHIyTIPOBAHHBIX HOPM IIE€PEeJATOYHBIX MATPHIL, 3AMKHYTONH CHCTEMBI, TaK
u sopwm (Becos) Bosmyiuenuii. Kpome Toro, nepasencrsa, K npoBepke KOTOPbIX CBOJIUT-
¢ 3a7a49a BepU(DUKAIME MOIETH, OKA3LIBAIOTCA JIMHEAHBIMA OTHOCHTEJILHO HOPM BO3-
mytennii. Biarogaps 1poOHO-TMHENHHON 3aBUCUMOCTH TMOKA3ATEIs KAYeCTBA OT HOPM
MepeJATOYHBIX MATPHIL Perienne 3aJa9i CHHTE3a, CybOmTHMATRHOTO poOACTHOTO pery-
JIATOpA, TIPU W3BECTHBIX HOPMAaX BO3MYIIEHUIT CBOIUTCA K CTAHIAPTHON 3amade £ OmTH-
MU3AIUHA, U g DOJYy9IeHUd PEeIleHUsS C TOYHOCTBIO 0 £ NOCTATOYHO PElIUTh IOPSAIKA,
In(1/¢) 3amau juneiinoro nporpammupoBadusd. QOTMETHM, YTO IPU STOM CTAHOBUTCS U3-
JIUIIHAM PelIeHre BCIIOMOraTeIbLHON 3aIa9) CHHTE3a, PETYIATOPA, ¢ MOMOMIBIO 3aTpaTHO-
rO C BBIYMCJINTEIHHON TOYKN 3PEHUsT CeTOUHOTo mouncka [2]. CromuMocTh 3a1au CHHTE3a
CyOONITHMANILHBIX POBACTHBIX PEryIATOPOB K 3aJadaM JWHEHHOTO MpOrpaMMUPOBAHWS
pW IPOOHO-JTMHEHHBIX MOKA3ATEIAX KAadeCTBA MCIOIB30BAIACh B 3a0a9aX PEryJInpoBa-
Hus i onHOMepHbIX cucreM [11, 12], B cuenmasbHoit 3a1a4e ciuexenns [13] u B 3a1auax
CHHTE3a CO CIelHaJbHbIM [I0Ka3areseM Kadecrsa [14].

B cuny apobHO-THHEHHOE 3aBUCHMOCTH MOKA3ATEMsT KAIeCTBA OT HOPM BO3MYIIIEHMH
3a/1a9a ONTUMAIHFHOTO OIEHUBAHUS HOPM BO3MYIIEHUI TPy (PUKCUPOBAHHOM PEryIsaTOpe
TaKzKe CBOJUTCS K 33Jia49e JIMHEHHOrO MPOrpaMMUPOBAHUS. DTO MO3BOJSET TPEIJIOKUTD
METO/T UTEPATUBHOIO TTOOYEPETHOTO PEIIeHN 3a/1a9 CUHTE3a W OIEHUBAHNSA 171 TTOCTPO-
eHust cybonTIMAaIhHOTO POOACTHOTO PEryJISITOPA /15T H3BECTHOTO HOMUHAIHLHOTO O0HEeKTa
C alpUOPY HEM3BECTHBIMU WJIK IPyObIMU BEPXHUMH OIEHKAMU HOPM BO3MYINEHUH. XOTs
TEOPeTUYeCKN UTepaTuBHALA [T00Yepe Had MUHUMHU3AIUA 110 Pa3/INYHbIM [IepEMEeHHBIM He
rapaHTUpyeT JOCTHKEHUE [JI0DATbHOIO0 MUHHMYMa IOKA3aTelsd KadecTBa, Pe3y/IbTaThl
MOJIE/TUPOBAHNS CBUIETEIHCTBYIOT 00 dderTuBnocTn merona. IIpemsmaraembrii mrepa-
TUBHBIN AJICOPUTM CHHTE3d, PODACTHOTO PEryJIsaTOPa TMOMYTHO PEIAeT IBE BayKHBIE J0-
TIOJTHUTEJIbHBIE 33/1a9M: BBIUUCAAET ONTHMAJIbHBIE OIIEHKW HOPM BO3MYIIEHWIl, HE MPO-
THBOpEYaIlye anpuopHOil nHGOPMAIMY U JAHHBIM U3MEDPEHU!, U 3HAYCHNE MOKA3ATeIs
Ka4yecTBa, COOTBETCTBYIOIIEe ITIOCTPOEHHOMY PeryadaTopy U HOJTyYeHHBIM OIEeHKaM.

Obosnavenus
|z]oo := max; |x;| ans BekTOpa T = (1,...,%,)" € R™
(™ — TPOCTPAHCTBO BEIECTBEHHBIX BEKTOPHBIX MocienoBareabrocteil @ = (2(0),

x(1),...) ¢ amemenramu z(k) € R™; zf := (2(0),z(1),...,z(t)).
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{7 — HOPMHPOBAHHOE TPOCTPAHCTBO OIPAHWYEHHBIX BEIECTBEHHBIX BEKTOPHBIX MO-
csieioBaTesbHOCTEl ¢ HOPMOI ||z 0o 1= sup |z(k)|so-
k

{1 — HOPMHUPOBAHHOE MTPOCTPAHCTBO BEIECTBEHHBIX OCJIEI0BATETLHOCTEH C HOPMOI

lzlly =2 k)]

Orobpaxkenue H: (P — (9 naspiBaercs {oo-yCTORYUBbIM (UM, sl KPATKOCTH, yCTOI-
YMBBIM), €CJIM OHO MPUYNHHOE, oTobpaxKaer (£ B (1 n

[1H ()] o0

< 400
[EAPS

(1) [H| = sup

z#0
(|H|| wmaspiBaerca kodddunuenrom ycunenus H B ciaydae HesuneiiHOro orobpazke-
uus H). Tepmunbl orobpazkenue u cUCTeMa CUUTAIOTCH IKBUBAJIEHTHbIMU. Jl0bas su-
HeliHAs CTalMOHapHAs TpPUYWHHAA cucrema H : (P — (9 mMoxeT OBITH MpPEICTABIEHA B
BW/I€ CBEPTKH

Ha(t) = S H(k)elt — k), H(k) = (Hy (k).
k=0

B KOTOPO# TO ke obo3uadenune H uCHOIB30BAHO /Uit ¢ X p MATPHUIIBI, COCTABIEHHON U3
UMTTYTBCHBIX OTKIAWKOB H;; € £ OT j-TO BXOIA K i-My BbIxony. JInmeitnaa crammonapras
cncrema H {oo-ycTOiMBa TOTIA W TOILKO TOTHA, KoTha H;; € {1 nmas Beex 4, j. Mngymm-
poBaHHasg HOpMa yCToitunBoil cucrembr H onpenenserca ¢popmynoit (1) u pasua

P
171 = g 3 1l
Jj=

[ee]
Marpuunas dbyuxiua H()\) := Y H(k)A*, X\ € C, nasbiBaercs nepejarounoii Mmarpuieii
k=0

cucrembt H. Yucao || H(N)|| := ||I;T || Ha3BIBaETCS MHIYIMPOBAHHON HOPMOIA MepeIaTOTHO
MAaTPHIIBL.

2. IlocranoBKa 3aa4n

Paccmorpum cucreMy ympaBieHWs € JIUCKPETHBIM BpeMeHeM, W300pParKeHHYIO Ha,
puc. 1. Cucrema G Ha pucyHKe 0003HAYAET JIMHEHHBIN CTAIMOHAPHBIN OOBEKT yIIpaBIe-
HUS, Ha3bIBAEMbBI HOMUHAIHHBIM, K — TUHEHHBIN CTAIMOHAPHDBINA PETYISITOD, 2 — YIIPaB-
JITEMBIl BBIXOJ O0BEKTa, Y — U3MEPSIEMbIil BBIXO, U — YIPABICHNE W W — HEH3BECTHOE

A ~—
W,
w —+ Z
W, G
u y
K

Puc. 1. Cucrema ¢ oneparoOpHLIM BO3MyNICHHEM (HEONPEIETeHHOCTHIO) U
BHEITHUM BO3MYIIIEHHUEM.
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BHEITHEE BO3MYITIEHUE, YAOBIETBOPSIONIEE OrPAHIICHUIO
[wlloe < 1.

HeonpenenennocTs BHyTPEeHHErO ONUCAHUS OOBEKTA YIIPABICHUS XaPAKTEPU3YeTCs Hen3-
BECTHBIM OTEPATOPHBIM Bo3MmyInenneMm A, mHdOpMaIus O KOTOPOM OTPAHUYIHUBAELTCS
BKJTIOYEHUEM

AeA:={A=diag (A, -+ ,A,) | A;: % — (P! — crporo mpuunHHBH, ||A;]] < 1}.

OrMernM, 9T0 MHOKECTBO A BKITIOYAET HEJIMHENHBIE HECTAIIMOHAPHBIE OIIEPATOPHBIE BO3-
MYIIEHUS, HO Bee C(hOPMYTHPOBAHHBIE JIAJI€E YTBEPKICHUS OCTAIOTCS CIIPABEJIUBBIMU U
B CJIydYasiX, KOUJIA BO3MYINEHUS CYUTAIOTCSI HEJIMHEHHBIMU CTAIMOHAPHBIMU WJIN JIMHEl-
HBbIMK HecrarmoHapHbivu [15]. Orobpaskennst A; pasmeprocTeit p; X ¢;, ¢ = 1,...,n, onu-
CHIBAIOT HE3aBUCHUMBIE OITEPATOPHBIE BO3MYIIEHUS, U PACCMOTPEHHAS HEONPEIEIEHHOCTh
Ha3bIBACTCA CTPYKTypupoBaHHOil. JInneitabie crammonapuble cuctemsr W, 1 W), xapak-
TEPU3YIOT BECA BHEITHErO U OMEPATOPHOTO BO3MYINEHUN U B KJIACCHIECKUX MTOCTAHOBKAX
3a/1a49 YIIPABJIEHUs CIUTAIOTCS U3BECTHBIMU.

Banaueii £1-0nmumasbHo20 pobACMHO20 YNPABAEHUS 1)1 3aJaHHOr0 00bekTa G OyneM
Ha3BIBATH 337a9Ty

(2) I%f J(Ka Ga Wwva)a

J(K,G, Wy, W) :=sup  sup  [|z]co-
A€A  wleo<1

Eciu undumym mocruraercs, TO COOTBETCTBYIONIUI PEryasiTOp Ha3biBaercs {1-onmu-
MANBHBLM POOACTIHBLM. PE2YAANOPOM.

Paccmorpennasi cucrema ympaBiieHusT HA3BIBACTCS POOACTHO YCTONIUBON, €CTH 3HA-
Jenne nokasarens kadecrsa J (K, G, W,,, W),) xoueuno. Ecin oneparopuoe Bo3myIenne
B cucreme orcyrcreyer (A = 0), pacCMOTPEHHAs ONTUMAJbHAA 33/]a4a M3BECTHA KAK
3a/a4a {1-ONTHMANBHOrO yrpasmenus [16, 17].

Bamaua (2) gBisiercsa CIOKHON 3ajadell HEBBITYKJIOrO mporpamMupoBanus. Cram-
JAPTHBINA MOIXOJ, K PENTeHIIO MOTO0HBIX 382 3aK/II09AeTCs B PEIeHNN CeMelCcTBa BCIo-
MOTATETbHBIX 3a/1a%

(3) J(K,G,Ww,Wp)S’Y

C TeJIBI0 HAXOXKICHUS C 33/]AHHON TOYHOCTHIO HAanMeHbIIeil Bepxueii onenku . Kak orme-
TaJI0Ch BO BBEJICHUI, pelleHre 33724 (3) mpu H3BECTHBIX Becax Bo3Mmymienuit W, u W,

n+1
IpeaJjIozKEeHo B [2] n Tpe6yeT JIJI9 CBOEH pean3anun perieHusa mopaaKa (—) 330249
€

JIMTHEWHHOTO MPOTrPAMMUPOBAHUS.

Paccmorpum Tenepsb 3a1atty (2) B mpeanonokennu, 9to seca W, u W), Hem3BeCTHHI,
HO M3BECTHBI JaHHBIE M3MEpEeHuii

(20, Y0, o),

HoJyYeHHble Ha npomexkyrke spemenu [0, t]. IIpu onenuBanuu BecoB BO3MyIIEHUI BO3HU-
KaeT IHPOKO M3BeCTHas MpodeMa BBIOOpa MACHTU(MUKAIMOHHOTO KpuTepus. Hanbomaee
TOCJIeIOBATEIBHBIN MOAXOI K 3334 OIEHWBAHUS B KOHTEKCTE 33/Ia9W YIPABJICHUS 3a-
KJII0YAeTCsa B BBIOOpE MOKa3aTe/sa KauecTsa J 3amaun (2) B KauecTse uieHTH(DUKAINOH-
Horo kpurepus. O6o3unadnm depe3 Wy e muoxectso nap (W, W),), He IpOTHBOpETAIINX

114



anpuopHoii uHdOpMAIMK U JaHHLIM u3Mepenuii (cum. dopmanbHoe omnpeseieHne B pas-
nesie 4). Torna sadawa onmumasvrozo pobacmmo20 YnpasACHUAL NPU HEUBECTNHBIT BECAT
803 MYULLHUT, MOKET OBITH C(OOPMYTUPOBAHA CIELYIOMUM 00Pa30M:

4 inf inf J(K,G, Wy, W,).
(4) RORL (K,G, Wy, W)

ITo cpaBuenuio ¢ (2) 3ana4a (4) yciioKHeHa JA0NOJHUTEIbHON MUHUMU3ALKEN 110 Becam
BO3MYIIEHWIT ¥ HE PACCMATPUBAJIACH B JIUTEPATYPE MO POOACTHOMY YIIPABIEHWUIO B CHIIY
ee CJI0KHOCTH. JIOTIOTHEHNE CETOUHOTO MOVMCKA, MCIIOIB30BAHHOTO B [2] 17151 perenns 3a-
Jtadu (2), CeTOTHBIM MOMCKOM B IPOCTPANCTBE MapaMeTpos Becos W, u W, MHOTOKpATHO
YBEIUIUBAET OObEM BBIYUCIEHUI U MOKET OKA3ATHCs MPAKTHYECKH HEIIPUEMIEMbIM.

B macrosieit pabore paccMaTpuBaeTCs CIEIUATBHBIN, HO TOCTATOYHO MUPOKUI KIIACC
00BEKTOB, JIJIsi KOTOPBIX IPUOJIMKEHHOe perienue 3a1a49u (4) npejjiaraercs uCKaTh ure-
paruBHOil moouepenuoit MunuMu3anueit mo K u mo (W, W), kakgas u3 KOTOPBIX CBO-
JIATCS K JIMHEITHOMY MPOTPAMMUPOBAHUIO U TIOITOMY JIEMKO Peasim3yeMa COBPEMEHHBIMEI
BBIUNCIUTEILHBIMU CPEICTBAMU. A UMEHHO, MBI PACCMATPUBAEM HOMUHAJILHBIE O0HEKThI
C BO3BMYIIEHUSIMU HECOKPATHMBIX MHOXKWTEJEH MepeIaTOvIHONl MATPUIBI U CO CTATHIE-
CKUMHU JTUATOHAJTBHBIMU BECAME, KOTOPbBIE B 3TOM Ciydae (haKTHIECKH XapaKTePU3YIOT
HOPMbI COOTBETCTBYIONIMX BO3Mymlenuii. [lokazaresnb kadecTBa B 3aaue (4) 1is TaKux
0OBEKTOB OKA3BIBAETCS APOOHO-THHEHHON (DyHKIHMEl KaK WHIYIMPOBAHHBIX HOPM Tepe-
JIATOYHBIX MATPUI] 3AMKHYTOW CHCTEMbI, TAaK W HOPM BoO3MmyInenuit. Kpome toro, mepa-
BEHCTBA, 33/IaI0IIHe MHOKECTBO Wiy BECOB BO3MYIIEHUH, HE TTPOTHBOPEIAIIIX AITPUOP-
HOU MHMOPMAINY U TAHHBIM U3MEPEHUI, OKa3hIBAIOTCS JTHHEHHBIMA OTHOCUTEIHHO BECOB
BO3MyIeHuit. Biraromaps romy, 9o modasa 3agata IpOOHO-THHEHHON ONTUMHU3AINANA TPH
JIMHEHHBbIX OIPAHUYEHUSIX CBOAUTCS K JinHeiiHOMy mnporpammuposanuto [18, 19|, urepa-
THBHAs moodepenuas MuHuMusanus oo K u oo (W,,, W),) B 3agate (4) cBoguTcs K pette-
HUIO CeMeHCTBa 3339 JIMHEHHOTO MPOrPAMMUPOBAHUSA. XOTsI TEOPETUIECKH OMACAHHBIH
MEeTOJ] He TapaHTHPYET CXOAMMOCTH K uHbuMyMy B 3amade (4), pe3yJbraTbl MOIETHpPO-
BaHUs, TPUBEJIEHHBIE B PA3ese 5, CBUIETEILCTBYIOT 00 3(b(DEeKTUBHOCTH MTpe/IIaraeMoro
METO/Ia CHHTE3a PODACTHBIX PEryasaToOpOB /Iisd OObEKTOB ¢ HEM3BECTHBIMU HOPMAaMU BO3-
MYIIIEHUA.

3. MHOroMepHFPIii 00BEKT ¢ BO3MYIIIEHUIMU HECOKPATAMBIX
MHOXWUTeJeil TlepeJaTOYHOil MaTPUIhI

PaccMoTpum 3aMKHYTYIO CUCTEMY YIIpaBICHUS
(5) M(g My =N Yu+d, u=Ky,

rie M(q¢~1) u N(g~ ') — HecokpaTumble ciesa [17] moMHHOMIATLHBIC MATPHIIBI, PA3MEPOB
Ty X Ty U My X Ny, COOTBETCTBEHHO, OT olepaTopa capura nazan ¢ (¢ tz(t) == z(t—1)), n
K — panmonaibHas iepearognas Marpuria peryasropa. Obo3nadum depe3 P nepegarod-
HYIO MaTPUILy OT yHpaB/IeHus K BuIxoay obobekta: P(\) = M ~1(A)N(X) (det M(0) # 0).
Cymmapuoe Bo3myItnenne d B 00bekTe P umeer Bus,

(6) d = A Wyy + AsWyu + d,w,

e A u Ay — HOpMUPOBAHHBIE OMEPATOPHBIE BO3MYIIEHHUS IO BBIXOIY U YIIPABICHUIO CO
CTATUYECKUMU BeCaMU, 3aaBAEMbIMU TNATOHAJIbHBIMU MaTPUIIAMHT

W, = diag (6,,...,0,7), W, =diag (3,...,00").

12
BerrecTBernnbie uncia, dy,, 5;, ey 0yY 0L L 0 Ge3 yMeHbITIeHUsT OGIITHOCTH TPE/Ioia-
TafOTCsT HEOTPUIATEHHBIMHA U TI0 CYIIECTBY XapaKTEPU3YIOT HOPMBI BHEITHErO U OMepa-
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TOpPHBIX BO3MyIenwit. Omeparoprsie Bo3mymenns AW, w Ay W, Ha3wsiBaoTca BO3MY-
HIEHUSIMU HECOKPATUMbBIX MHOMKUTEJIEH IIepeIaToYHOil MaTpUIlbl HOMHHAILHOIO OOBEKTa
yupapiaenuss P B Culy HPeICTaBIeHUS

(7) (M — AW,y = (N 4 AW )+ Syw.

PaccMoTpuM 1Ba pasaMIHBIX THTA OTIEPATOPHBIX BO3MYIIEHHWIA:
a) CTPYKTYPHPOBAHHOE BO3MyIeHue (CTPYKTYPUPOBAHHAS HEOIPEIEJIeHHOCT)

A 0
A=A 2] s A <

6) HECTPYKTYPUPOBAHHOE BO3MYIIECHUE (HeCprKTypI/IpOBaHHaH HeOHpeﬂeJIeHHOCTB)
A:[AlaAQ]) || [AlaAQ] || Sl

B smreparype mo pofacTHOMY yIPAaBIEHUIO OOBEKTHI (7) OOLIYHO PacCMaTPUBAIOTCS C
HECTPYKTYPUPOBAHHON HeompeaeaeHHoCThio. CTPyKTYpUpOBAHHAS HEONPEIETEHHOCTD
COOTBETCTBYET HE3aBUCUMBIM OINEPATOPHBIM BO3MYIIEHUAM IO BBIXOAY W YIPABICHUIO
U TIPEJICTABJISETCs OOJIee PEATTMCTUYIHON U JAroIeil 60Iee TOTHYI0 MOIEb YIIPABIISEMO
CHUCTEMBI.

BBemem mapamMeTpu3aIiio BCeX YCTOWIMBBIX MepeaTOIHBIX MATpHI Gyq n Gyug OT
CYMMapHOTO BO3MYITEHNS d K BBIXONIY Y W YIPABJIEHWIO U COOTBETCTBeHHO. Ilycth P =
= NM~! - mpaBas HOIHMHOMPAJLHAS HECOKPATHMas (baKTOpH3anusa obbexTa P, u 1mo-
JIMHOMHAJIbHBIE MATPUTIBI X 1 Y ABIAIOTCSA PEIIeHnAMHA ypaBHeHns be3y

MX - NY = 1.

Torma Bce ycrofranseie nepenarodnble MaTpurpl Gyq 1 Gyg, COOTBETCTBYIONAE CTAON-
JIU3UPYIOMUM peryaaropaM K (T.e. peryaaropam, 00eCednBaoNUM aCUMITOTHYECKY IO
YCTONUUBOCTE 3aMKHYTON CHCTEMbI 6€3 BO3MYIIECHWI), UMEIOT BUJT

Gya=X—-NQ, Gu=Y-MQ,

rae (Q — TpOoM3BOJbHAS yCTOHUMBas (T.e. HE MMEMOIMAS MOTIOCOB B 3AMKHYTOM €IHHAY-
HOM KPyTe KOMILIEKCHOM TJIOCKOCTH) PATTMOHATBHAS MATPHUIIA COOTBETCTBYOIIETO PA3Me-
pa [17]. Bamerum, 4To npu HPUGIUKEHHOM PEIIEHUH 334249 CUHTEe3a OUTUMAJIbLHBIX DEery-
JISITOPOB € MTOMOIITHIO IMHEHHOTO MPOrPAMMUPOBaHNS [2] HCMONB3YIOTCS TOMNHOMHUAIILHBIE
mpubMKeHns pannoHaabHbIx MaTpul Q(N). Cucrema yrnpasiennst (5) TpUHAMAET BHUI,
M300pasKeHHBII HA PUC. 1, €CIM MOTOKATH

=y, W i=6ul, W,,:[ng " ]

Teopema 1. Jlas cucmemovs (5) ¢ HYACEBLMU HAUAALHOLMU YCAOBUAMU

5.,1Gul
) J(KG W W) = y
( D) = T WGl — [WaG]

6 cayuae cmpymnypupoeannoﬂ Heonpede/zemwcmu u

du || Gyall
(9) J(K,G, Wy, W,) = .
p 1 — max{ [|W,Gyall, [WuGuall }

8 CAYUAE HECMPYKMYPUPosantol neonpedeaennocmu. Cucmema (5) pobacmmo yemotwu-
64 M020a U MOALKO M020a, K020G NOAOHCUTNEAEH SHAMEHAMEAL 68 HOPMYAE, COOMEEM-
cmeywel muny HeonpedeseHHoCmu.
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Teopema 1 ciemyer u3 obmieit Teopembl 6 B [20], MpUMEHEHHO! K paccMaTprBaeMoit
cucreMe. 3aMeTHM, 9TO OTHOCUTEIBHO MPOCTHIE APOOHO-THHEHHbIE BhIPDAYKEHUS IJIs 10~
Kazaresd KadecTsa J moaydaiorcs O1aromaps JMaroHAJIbHOMY B3BEIIMBAHUIO OIIEPATOD-
HBIX BO3MYINIEHHWI Ha WX BXOmax. Ecanm Obl AHAroHATLHO B3BEITEHHBIME OBLIA BBIXOIbI
OTIEPATOPHBIX BO3MYIIEHUH UM BHEITHEE BO3MYIIEHUE w, TO (GOPMYIIBI [JIs TIOKa3aTeel
KA4IeCcTBa CTaju Obl 60JIee CJIOKHBIME, U CBEJIEHNE 339N CyOONTUMATLHOTO POOACTHOTO
praBJIeHI/IH K JII/IHeIL/'IHOMy HpOFpaMMI/IpOBaHI/IIO OKa3aJIOCh 6BI HEBO3MOXKHBIM.

3amernm Tak¥ke, 9T0 (HOPMYIIBI U3 TEOPEMBI 1 OCTAIOTCS CHPABEIINBBIMU JIJIS CHCTe-
MBI ¢ HEHYJIEBBIMHM HAYaJILHBIMK YCIOBHUSIMHU, €CIM B TTOKa3aTese Kadecrsa B (2) BMECTO
HOPMBI ||z|| ucnosb3yercs mosyHopma

limsup [2(t)]so,
t—+o00

U MHOXKECTBO JIOIMYCTUMBIX HOPMHPOBAHHBIX OMEPATOPHBIX BO3MYIIEHHN A BKIIOYaeT
TOJILKO BO3MYIIEHUs C KOHEYHOl 1 3aTyxatomeii namsarsio [20, 21].

4. NreparuBHBI cUHTE3 POOACTHOTO PEryiIsiropa

Paccmorpum cuavarna 3amady (2), cauras seca W, u W, ussectueivu. B cumy teo-
pembl 1 BCoMorarenbHas 3a1a49a (3) misa cucrembr (5) €O CTPYKTYpPUPOBAHHON HEOTIPE-
JIETEHHOCTHIO TPUHNMAET BHI

5w||Gyd||
1- ||WyGyd|| - ||WuGud|

| <7

W MOKeT ObITH Iepenucana B (popMe HepaBeHCTBA
1)

(10) VwIIGydII + Wy Gyall + [WuGual < 1.

Awnasioruyno, ajisg cucrembl (5) ¢ HECTPYKTYPUPOBAHHON HEOIPEIEJIEHHOCTHIO BCIIOMOIa-
TesibHAs 3a7a4a (3) mpeacTaBUMa B BUZE

Suw
(11) 7||Gyd|| + max{ [|[W,Gyal|, [WuGual } <1.

Bagauu (10) u (11) cBogMMBI K CTAHAAPTHOH 3a/a4e CMEIIAHHOW YyBCTBUTEIHLHOC-
tu [11, 12], upexncrasisionieii coboii GECKOHEUHOMEDHYIO 3ajady JUHEHHOro mporpam-
MUPOBaHUsST OTHOCUTENbHO KoadbdunnenTor (k) ycroiunpoil mepesaTodHoi MaTpHIIH-

o0
mapamerpa Q = Y. Q(k)\*. [pubnmxkennoe pemrenne 3Toi 3a7a4m ¢ M06OIT HamepeT
k=0

3a/IAHHOI TOYHOCTBHIO MOCPECTBOM CBEICHUS K KOHEYHOMEPHOM 3a1a4e (HCIOIb3y s HOTH-
HOMMAJIbHBIE MATPULBL ()) MOKET ObITh IOJIyYEeHO METOAOM (Q-MacmITabupOBaHUs, IIPEi-
noxendbiM B [22]. Torma npubiuzkeHHoe pelienne UCXOAaHON 3a1a4du onTuMusanuu (2) ¢
TOYHOCTHIO JI0 € TpebyeT perneHusi mopsizika In(1/e) KOHEUHOMEPHBIX 3a/ad JHHEHHOTO
nporpammupoBanus [12]. Bamernm, 9TO st TPUOINKEHHOTO PEIIEHNsT BCITOMOTATEh-
HbIx 33129 (10) u (11) cerounsim Meromom [2] TpebGyercst permmTh Topsaka 1/e™ 3amaq
JMHEHHOrO MPOrPaAMMEUPOBAHNUS, TJIe 1 = 3 /I CHCTEMBI CO CTPYKTYPHPOBAHHOI Heompe-
JIGJIEHHOCTBIO W 1 = 2 I CHCTEMBI ¢ HECTPYKTYDPHPOBAHHOI HEOIIPe/IeIeHHOCTHIO.

BepremMca K cucreme ¢ HemsBecTHBIME Becamu W, n Wy, u paccMOTpUM BCIIOMOTA-
TEbHYIO 3a/1a9y

12 i J(K,G, Wy, W,
( ) (Ww,I/IIgl)IéWNc ( , Gy, Wa, p)a
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KOTOPYIO Oy/IeM Ha3bIBATD 381a9eil 0NMmuMasbH020 0UEeHUSAHUA 603Mywernud (pu GhuK-

cuposanuoM peryiarope K) [9]. TTokazkem, uro sra 3a1a49a CBOAUTCH K 33,1a9€ JIMHEHHOrO
T

IPOrPAMMHEPOBAHMS OTHOCHTEBHO CKATAPHBIX BECOB Gy, Opy .oy Oy Opyo o, Gyt

Haunem ¢ dopmanbuoro onpenenenns muoxectsa Wye. [yers (yh, ul) — nanmubre
M3MEpEeHuil, oy deHHble Ha nmpomexkyTke Bpemenn [0, ¢] (manomuum, uro yi = (y(0), ...

S y())-

Onpexenenne. Beca (W, W,) bydem naswsamv ne onposeperymvimu 0aHHOLMU
usmepenuts (y§,ub), ecau cywecmeyrom enewmnee sosmywenve w, |wl|w < 1, u onepa-
mopnoe soamywenue A, A € A, maxue, wmo ypasuenue (7) cnpasedauso na npome-
orcymre epemenu [0,t]. Wxe 06031anwaem mHosicecmseo 6cer makur 6€cos.

Jemma 1. Beca (W, W,) ne onposepenymu dannvmu usmepenud (yh, uh) mozda
U MoAbKo mozda, koz2da dan ecex T =0,1,--- |t

(13)  (My)(r) — (Vu)() e < G+ max [Wyy(s)] + max [Wu(s)]
6 CAYNAE CMPYEMYPUPOBAHHOT HEONPEJEACHHOCTNU U
|(3Ty)(7) = (Nu)(7) oo < 6+ max max{|Wyy(s) e, [Wot(5)]c

6 CAYNAE HECMPYKMYPUPOBAHHOT HEONPEICAEHHOCTU.

Joka3zarenscrBo JeMMbl 1 cieayer u3 ypasuenus (7) u jgeMms! 4 B [15].

HOCKO.HBKy HEpaBEHCTBA B YTBEPXKACHUUN JIEMMbI 1 IuHEeHHBI OTHOCUTEILHO BECOB 51117

. o

Oyrev oy 0y”, Oy, 00, TO MHOKeCTBO BecoB Wi B 3amade (12) 3amaercs cucreMoit
JIMHENHBIX HEPABEHCTB.

Jevmma 2. 3adawa onmumasvrozo ouenusanua sosmywernud (12) daa cucmemw (5)
. o n

ABAAEMCA 30004€l AUHETHOZ0 NPOZPAMMUPOBAHUA OTHOCUMEADHO 6€C08 Oy, Oy, ..., Oy,
1 Ny
Opyeny Ol

JlokazarenbcTBo. B cury Teopemsr 1 nenesas dbyuxnus 3agauun (12) 1pobHO-

JIMHEHHA OTHOCUTETLHO BECOB, & OTPAHNIEHUs (MHOKECTBO W) JTMHEHHDI B CHITY JIeM-

e+ a

dTx + 3

pu IMHEHHBIX orpaHudeHusx Axr < b mocpencTBOM BBEIEHNS HOBBIX MEPEMEHHBIX { =

mbl 1. Hakownen, 3azada MunuMusanuu apobHo-juHeiinoil dyukiuuu f(x) =

= m n Yy = tx CBOAWTCA K 3ajiade JUHEHHOTO TTPOTPpaAMMUPOBAHUS mitn 'y + at
T Y,

npu orpanmdenuax Ay — bt <0, dTy + Bt =1, >0 [18, 19].

Bepuemca k ucxomnoit 3amaue (4) mpu Hem3BeCTHBIX Becax Bo3MyInenuii. Oua mpes-
craBnsier coDOI HEBBIMYKIYIO 33Ja9y JIPOOHO-KBAIPATUIHOTO MPOrPAMMHUPOBAHKS MPH
TUHERHBIX orpanndeHusax. C yderoM Toro o6CTOATENbLCTBA, UTO 3339 MAHUMU3AIAN
[OKa3aTess KadecTBa oTaeabuo mo K u no secam (W, W,) cBOASATCS K IHHEHHOMY IPO-
IPaAMMHUPOBAHNIO, ECTECTBEHHO BOCTIONIB30BATHCSA AJITOPATMOM MHOTOKPATHON TTOOYEpe]I-
HOIl MUHWMU3AIAN 1O 3TUM TEPEMEHHBIM C IEIBIO IOy YeHUsT TIPUOINKEHHOTO PETeHNsT
MCXOMHOM 3amaqn. Toraa aIropuT™ HTEPATUBHOTO CHATE3a, CybONTUMAIBLHOTO POOACTHOTO
Perynaropa nNpuMer CJIeAyIOImni By/I.

[Iycre (y§, ul) nanmble n3vepennii Ha npomexKyTke Bpemenn [0, t], TOTyIeHHbIE TPH

(mpowsBosIbHOM) ympaBsienun obbekToM (7) ¢ Tepemarounoit marpumeit P = M ~IN.
Bribepem unciio € > 0, 3a1a10mee OTHOCHTENBHYIO TOYHOCTh MUHUMU3AIUN MOKA3ATE s
KadecTsa 1pu perienuu 3agaqdu (2).

ITar 1. Tlomoxwuth ¢ := 1. Ecan wavaabHbIE ONEHKN (WB,WS) JAHbl, UATH Ha,
mar 2. B mpoTuBHOM ciydae HawadbHBIH peryiaarop KO ompenensderca Kak pelrenue c
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OTHOCHUTEIHHON TOYHOCTHIO € CTAHIAPTHON 3a7a49n £1 ONMTHMUBAINN

inf [|Gyall =1nf [|X —NQ.

Perynarop K° maer npubamxkennoe permenne 3a1a49u (2) TPH OTCYTCTBHE OIEPATOPHBIX
Boamymiennit (A = 0) u nHazwiBaercs £1-(cyd)onmumarvroim. HadaabHbe ONEHKN BECOB
OTIPENIENIAIOTCS KaK PeIeHne 33 a9u JIMHEHHOTO MPOrpaMMUPOBAHUS

(Wa, W) := argmin  J(K°,G, W, W,).
(WwaWp)eWNC

IMTar 2. Ha i-% urepanum perynarop K' gBageTca pereHneM € OTHOCHUTETbHOIT
TOYHOCTBIO £ 332491

inf J(K,G,Wi Wit
u Beca W, W} onpezensiorcs dopmyiioit
(WE, W;) :=  argmin J(K', G, Wy, Wp).
(W ,Wp)EWnNC
ITar 3. Ecmm
J(K' G, W W) < (1—2e)J(K™ G Wr L W),
TO TMOJOXKUTD ¢ := 1 + 1 u uaTH Ha mar 2. B mpoTuBHOM Cydae OCTAHOBUTH AJTOPUTM.

BaMernm, UTO ecam GBI 3aJaYM CHHTE3a peryaaTopos K' pemmammch ¢ abCOMIOTHOLN
rounocTbio (¢ = 0), To Gblau Obl CLIPABE/JIUBbI HEPABEHCTBA

J(K', G, Wy, W) < J(K'™GWi Wit

[IpaBwio ocranoBa asropuTMa Ha Iare 3 yYUTLIBAET, YTO ONTUMAIHHOE 3HAYEHHE I10-
Ka3aTessd KadecTBA BBIYUCIISAETCH C OTHOCHTEHHOW TOYHOCThIO €. Bompoc o cxommmo-
cti cHOPMYINPOBAHHOTO AJITOPUTMA WTEPATHBHOIO CHHTE3a POOACTHOTO PEryasTopa B
OKPECTHOCTD IJI00AIBHONO MUHUMYMa, 3a7a4u (4) saBjsgerca oTKpbIThiM. OIHAKO Tpej-
CTaBJIEHHBIE B CJEIVIOMIEM pasfesie pPe3yabTaThl MOAETHPOBAHWS CBUIECTEIHCTBYIOT 00
3P PEKTUBHOCTH ATTOPUTMA.

5. [Ipumep: 00beKT ympaBieHUs CO CKAISPHBIMU BXOJOM M BBIXOIOM

5.1. Onucanue sKcnepumenmos
Paccmorpum o0bekT yrpasienns
(14) (1-315¢ ' +34¢7 2 -12¢7°)y(t) = (¢ — Lbg > — %) u(t) +d(t),

B KotopoM dyukmuasa a(\)/b()\) ¢ mommHomMavu a(\) = 1 — 3,15\ + 3,402 — 12\3 u
b(A\) = A —1,5\2 — \? apgerca nepegarounoil byHKIEel HOMEHATLHOTO 06bekTa. [Tomm-

4 1 3 1
HOM a(\) MMeeT KOpHH: 3%y + ZZ’ nosmaoM b(\) — Kopum: 0, —2 u 3 Takum obpazom,

HOMUHAJIbHBIA OObEKT SIBJISIeTCS HeyCTOfI‘{HBbIM n HeMI/IHI/IMaJ[bHO-(baSOBbIM BBUY HaJIA-
qusd KOpHefI 000UX MOJITHOMOB B OTKPBITOM €IUHUYIHOM KpYyre KOMTILJIEKCHOM TIJIOCKOCTH.

[Iycrs cymmapmoe Bo3mytnerue d B HOMHHATLHOM OOBEKTE MMEET B

(15) e = B a(t) + 2lylt ~2) + Oyt~ 3] + 2fult —2) + E(Dult - 3]

rae &1, &9, £3 — TOCTEIOBATEILHOCTH HE3aBUCUMBIX PABHOMEPHO PACIPEIEIEHHBIX HA OT-
peske [—1, 1] cayuaitabix Besmunn. Takum obpasom, Bo3MyIneHne d CKIAIbIBAETCS W3
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Puc. 2. Hopmbr niepemaTodnbix GyHKIHN, COOTBETCTBYONNX ONTUMAJIb-
HBIM POOACTHBIM PEryasaTOPaM MPU PA3IUIHBIX JIOMYCTUMBIX BECaX BO3MY-
IeHW.

BHEITHErO OrPAHUYEHHOrO BO3MYIIEHUS ¢ HOPMOi (BeCOM) 0y, U HE3aBUCUMBIX OIEPATOP-
HBIX BO3MYIIEHMIT IO BLIXOY U YIPABIEHUIO ¢ HOpMaMmu (Becamu) 0, U 0, COOTBETCTBEH-

0. HemspecTHbie KOHCTPYKTOPY Beca BO3MYIIEHUN B OMUCHIBAEMbBIX HIKE SKCIIEPUMEHTAX
UMeJIH CIe1yIoIe 3HaYeHN:

0w =0,1, 6,=0,02, &, =0,025.
OTMeTI/IM, 9TO OonepaToOpHbIe BOSMYMIEHNA BKIIIOYAIOT CTOXACTUYECKYIO U JIeTEePMUHUPO-
BaHHYIO HEMOAE/JIUPYEMYIO IUHAMUKY, MPUYEM TOCJIEIHIOIO MOXKHO TPAaKTOBATh W KakK
HETOYHOCTHh HOMUHAJIBLHOI MOJeJIn.

13 dbopmynuposku BermomorareabHoii 3amaun (10) ciaeayer, 9ro perieHue 3aJ1a49u or-

TUMAJILHOIO pobacTHOro yupasienus (2) mig oobekra (14) co crpyKTypUPOBAHHOI He-
OIIPEJEICHHOCTBIO CBOJUTCA K PEIEHUTO 331891 CMENIAHHON 9yBCTBHTEIHLHOCTH

(16) V[|Gya(@)] + 0u [|[Gua(@)] < 1

C MaKCUMAJIbHO BO3MOYKHBIM 3HAYEHUEM TapaMerTpa v (MUHUMHU3AIMS TI0 TapaMeTpy 7y
B 3aga4de (10) cBoAUTCS K MakCHMHU3AIMU O mapaMerpy v B 3agade (16); cm. moapos-
HBIIl KOMMEHTAPHUil U TEOMETPUIECKYI0 HHTEPIPETAINIO 33149l ONTUMATBHOTO POOACTHO-
ro ynpassenus B [11, 12]). Orciona, B 4acTHOCTH, CJIE/yeT, 9TO ONTUMAJIbHBINA POOACTHBII
PerysgaTop Jjisd PACCMOTPEHHOIO CKAJISIPHOrO OOBEKTA CO CTPYKTYPUPOBAHHOM Heopeie-
JIEHHOCTBHIO 3aBMCUT TOJILKO OT Beca d, ¥ He 3aBUCHT OT BECOB 0y, W dy,. MHOXKeCTBO BCex
ONITUMAJIBHBIX (C OTHOCUTEBHOH TOUHOCTHIO 0,001) POBACTHBIX PEryIsaTOpPOB s BCEX
JIOMyCTHUMBIX BECOB 0, HU300paykeHO Ha, puc. 2 15 MAJEHbKUMHU OKPYZKHOCTSIMU, U KayK-
JIBIA OMTUMATBHDBINA POOACTHBIA PErymIsaTop XapaKTepu3yeTcs COOTBETCTBYIONIEH eMy Ia-
poit (||Gydll, ||Gudll). lapa, cooTBeTCcTBYIOMAs OUTUMAILHOMY POOACTHOMY PEryIsATOpY
JITsl UCTIOJIB30BAHHOIO B KcrmepuMmenTax Beca d, = 0,025, cnabkena Ha Ha puc. 2 HAJ-
MUCHIO “OnTUMAaJIbHBIN pobacTHbri”. [lapa, coorBeTcTByOMAas £1-0OMTUMATIHLHOMY PEryJIs-
Topy (8, = 0), cuabxkena HaAmUCHIO “¢1 onTuMaabubIil”. I[lyHKTUpHAS KpUBasd HA PUC. 2
SIBJISIETCS IPUOJIMKEHHBIM N300paskeHIeM MHOKECTBA ONTUMATLHBIX Tap (||Gydll, |Guadll)
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B 3aJJa49aX CMeITanHoi YYBCTBUTEJILHOCTHU

(17) inf V]| Gya(@ + 0ull Gua(Q)]

JIJTsT BCEBOBMOYKHBIX HEOTPUIIATEIHHBIX BECOB U U O, W TOJYYeHa TTOCPEICTBOM DEITeHus
cemeiicTra 3a1a4 (17) ¢ orHocuTesbHOI TouHOCTHIO 0,001 117151 BEKTOPOB BecoB (v, d,,) e/~
HUYHOI JyiuHbl ¢ yryioBbiM marom 0,5° (perienue He 3aBUCHT OT JJIMHBL BEKTOPA BECOB).
VKazaHHOE MHOXKECTBO ONTUMAJbHBIX I1ap MOXKHO Ha3Barb “Kpusoil Beibopa’ (“tradeoff
curve” B repMuHOTOrAN [23]).

Taxum obpazomM, MPUOTHKEHHOE PEIeHne 3aJa4UN ONMTHMATLHOTO POOACTHOTO YIIPaB-
nenus (4) nug obbekra (14) ¢ HeU3BECTHBIME BECAMU BO3MYIIEHUI (PAKTUUECKU CBOJAUTCS
K HAXOXKIEHUIO TIO JAHHBIM U3MEPEHUil OMHOro n3 15 BO3MOKHBIX ONTUMAJILHBIX pOOACT-
HBIX perysaTopos. OnucanubIii B pa3aese 4 aaropuTM uTepaTuBHONO poOACTHOTO CHHTE3a,
MpeIHA3HAYEH I TIONCKA CyOONMTUMAILHOTO POOACTHOTO peryasTopa 0e3 mepebopa o
CeTKe B MPOCTPAHCTBE BECOB C MEIBI0 3HAYUTETLHOIO COKPAIIEHUsT 00beMa BbIYUCIeHUH.
[Ipu uccienoBanuu paboTOCIOCOOHOCTH ANTOPUTMA BEIYUCICHIS TPOBOIUIIUCE I 5 Pa3-
JINYHBIX HAYATHHBIX OIEHOK BECA Oy

507’?_Eg E=1 5.5 _L
u - maxy - yrtt ) max — .
tin [ Gual Q)]

5
[IpaBu0 OCTAHOBKM AJTOPUTMa Ha, TIare 3 UMeIo BU,

i i i i—1 1—1 1—1
J(K',GLWE, W) <099 J(KY G WE L wish,

= 0,1866.

5.2. Pe3yavmamot 9KCNEPUMEHMOB

Dxcnepument 1. Jamuwe mzmepennit yi%, ui wa mpomexytke [0, 100] momry-

9eHBI C UCIOMb30BAHIEM B KAIeCTBE OOPATHON CBA3M {1-ONTUMAILHOTO peryaaropa. Boi-
X01 00beKTa Yy TpeACTaB/ieH Ha, BepxHeMm rpadwuke puc. 3. Ha mmkuem rpaduke mis

_8 L L L L L L L L L

0 10 20 30 40 50 60 70 80 90 100 ¢

Puc. 3. 9kcnepnment 1: y — BBIXO, 00beKTA TP {1-ONTHUMAILHOM PEryJIs-
TOPE; Yopt — BBIXOZ OOHEKTA ITPU ONTUMAILHOM POGACTHOM DPEryJIsiTope.
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Puc. 4. 9kcnepnment 2: y — BBIXO, 00bEKTA TP {1-ONTHUMAILHOM PEryJIs-
TOPE; Yopt — BBIXOZ OOHEKTA ITPU ONTHMAILHOM POGACTHOM DPEryJIsiTope.

CpaBHEHMSs IIPeCTaBJIeH BbIXOJ, 00bEeKTa, 3aMKHYTOrO ONTHMAJbHBIM POOACTHBIM Pery-
sgropoM. Hamomuum, 910 Beca BO3MYIIEHHI B 9KCIIEPUMEHTAaX CYUTAIOTCS HEM3BECTHBIMU
KOHCTPYKTOPY, TaK UTO €My HEM3BECTEH W ONMTUMAJBHBIN pOOACTHBIH perysTop. [Ipmve-
HEHUE aJITOPUTMA UTEPATUBHOTO POOACTHOTO CHHTE3A AT PE3YJIbTATHI, IPEICTABICHHBIE
B TaOJI. 1.

U3 TabIuIIBT BUTHO, 9TO [T BCEX HATATBHBIX OTIEHOK 00°F Kpome HyaeBoit moryaaroTes
OJIMHAKOBBIE KOHEYHBIE OIEHKU BECOB M PEKOMEH/IyeMbIil POOACTHBIN PeryasTop. 3ame-
THM, 9TO PEKOMEHIYeMbIii POOACTHBIN PEryasTop, COOTBETCTBYOMIMI KOHEIHON OIEHKe
0, = 0,013, ormugaercst OT ONTUMAJBHOTO PEryIsaTopa I “uctuaaoro” seca d, = 0,025,
xapaxTepusyemoro mapoit (||Gyqll, [|Gyall) = (23,4573, 13,1397 ). TeM He MeHEe PEKOMEH-
JyeMblit peryasaTop haKTHYIecKn rapaHTHpPyeT BBIMTOJHEHHe YCIOBUsT PODACTHON yCTOM-
YUBOCTH 3aMKHYTON CHCTEMBI:

Oy ||Gyall 4 0ul|Guall = 0,02 - 20,5656 + 0,025 - 17,0756 = 0,8382 < 1.

[TomuepkHeM, 9TO 3TO YCIOBHE HE MOXKET OBITH MPOBEPEHO KOHCTPYKTOPOM, TTOCKOIHKY

€My HEM3BECTHBI “DeasibHbIe” (T.e. UCIOIb30BAHHBIE B 9KCIIEPUMEHTAX ) BECA BO3MY ICHUIA.
OrcmepumenTt 2. Vcnosb30BaHHBIN B KQUECTBE 00PATHOM CBA3U £1-OMTUMATBHBII

perynsaTop (hakTHIecKy He rapaHTUPyeT YCTONIHBOCTh 3aMKHYTO# CHCTEMBI 15T “‘peath-
b))

HBIX BECOB:

0,02 - 15,0001 + 0,025 - 76,4994 = 2,2125 > 1.

JL71s MAIIOCTpAI BO3MOYKHOCTH HEY/IOBJIETBOPUTEILHOTO TIOBEIEHUsT 3aMKHYTOM CHCTe-
MBI TPUBEJIEM DEe3YJIbTaThl MOJEINPOBaHNs Ha Gosee mmHHOM nHTepBase [0, 150]. Borxon
00BEKTA, 3AMKHYTOrO {1-ONTUMAIBHBIM PETYIATOPOM, M300paskeH Ha BepXHEM rpaduke
puc. 4. Boixos 00bekTa, 3aMKHYTOrO OIMTAMAJIBHBIM POOACTHBIM PEryIaTOPOM, MPEICTaB-
JIEH /TS CPaBHEHNS Ha HIKHeM rpaduke. [Ipnvenenne aaropurMa nTepaTuBHOTO POOACT-

HOTO CHHTE3a K HOBLIM JaHHBIM m3Meperwit y4°°, ul®? naer pesyabTaTsl, mpeacraBaeHabe

Tabauna 1. Pe3ysnbrarsr skcnepumvenTa 1

HaganbabIE Beca 5ot 592 _ 505
Komeunoe 3nagenne J 2,9089 2,6597
KomewHnie ONeHKH BecoB (0,0930; 0,0347; 0) (0,0997; 0,0003; 0,013)
(6w 6y; Ou)
Pexomenmyemprii perymsitop: {1 -0OnTUMAJIHHBIIA: 20.5656: 17.0756
(1 Gyl Gl (15.0001; 76,4994) (20,5656; 170750)
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Puc. 5. Dkcnepument 3: y — BbIXOJ 00BEKTA IIPU PErYIATOPE, PEKOMEH/ 10~
BAHHOM II0C/IE SKCIIEPUMEHTA 15 Yopt — BBIXOM] OOBEKTA IIPU OIITUMAIBHOM
pOBACTHOM peryasTope.

B 1abi. 2. OrMeruM, 9TO ONTUMANBHOE, ¢ OTHOCHTETHHON TouHoCTbIO 0,001, 3HaUeHUME
MOKa3aTe/Is KAUYeCTBA B 33/1a49e ONTUMAIBHOIO POOACTHOTO yIpaBaeHus (2) 1Jisd UCIOb-
30BAHHBIX MTPU MOJETNPOBAHNH BeCOB BO3MYyIIeHuit paBHo 11,5918, n urepaTtuBHbBII aj-
ropuTM pobACTHOIO CHHTE3a IPHUBE K Oojiee TOYHOI OIeHKe Beca J, U, KaK CIeICTBUE,
K ONTUMAJILHOMY POOACTHOMY PEryaaTopy Oaromaps 3HAIUTETHLHOMY MPEBBIIIEHIIO BhI-
XOJ/IOM Y ONTUMAJBHOIO 3HAYEHUS.

Orkcmepumernt 3. HamoMuuM, 9T0 SKCIIEPUMEHT 2 WILTIOCTPUPOBAT BO3MOXKHOCTH
HEYIOBJIETBOPUTETHLHOIO MOBEJIECHUs CHCTEMbI ¢ {1-ONTUMATBHBIM PEryJsiTOPOM B Kade-
cTBe 0OpaTHOil cBsa3u. B skcrnepumvente 3 B KadecTBe OOpPATHON CBSI3W WCIOIB30BAH Pe-
TyJISITOP, PEKOMEHIOBAHHBIN MO pe3yiabraraMm dKcrnepumMenTta 1. COOTBETCTBYIONIHiT 9TO-
My PEryJIsSTOpPY BBIXOM OOBEKTa MpEICTABIeH Ha BepxHeM rpaduke puc. 5. Ha mmxuem
rpaduKe, KaK W paHee, I CpABHEHHs M300ParKeH BBIXOM, OObHEKTa IMPU ONTHMAILHOM
pobacTHOM peryasaTrope B Ienn oOpaTHOit cBa3u. [IpuMenenne aaropuTMa UTEPATHBHOTO
poBACTHOIO CHHTE3a KO BCEM JaHHBIM W3MEPEHUil, MOy YeHHbIM B dKCIiepuMenTax 1 u 3,
JTIAeT CJemyolne pe3yabrarsl. OUHAILHBIE OINEHKHA BECOB PDABHBI

8w = 0,997, 6, =0,0003, 6, =0,01302.

Pexkomenmyemblit pobaCTHBIN PEryIATOP W COOTBETCTBYIOIIEE STOMY PErYIATOPY 3HATCHIE
TOKA3aTeJIsT KAIeCTBa, J OCTAJNCH TEMU Ke, UTO U B SKCIepuMenTe 1. 3aMeTnM, 9To moBe-
JIeHUE BBIXOJA O0bEKTa, 3AMKHYTOT0 HEOTITUMAJILHBIM POOACTHBIM PErYJISTOPOM, HE XY IKe
MTOBEJIEHUST BBIXOIA O0HEKTA, 3aMKHYTOrO OMTUMAJILHBIM POOACTHBIM PETYIATOPOM, U J1a-
JKe JIydIlie B OTHOIIEHWH TEePEeXOJHOrO MPOIEecca. ITO He MPOTHBOPEUIUT OMTUMATLHOCTH
OIITUMAJTHEHOTO POOACTHOTO PEryasaTopa, MOCKOIbKY MOBEIeHNEe BBIX0/Ia 3aBUCUT OT KOH-
KPETHBIX peann3aruii Bo3Mymennit. [JTaBHBIM IBISETCA TO, ITO MOIY/Tb BBIXOIA OOHEKTa,

Tabauna 2. Pe3ysnbraTsr skcepumvenTa 2

HaganbabIE Beca 5ot 592 _ 505
Koneunoe 3nagenune J 37,318 3,3356
Koneunnie orenku Becos (2,4879; 0; 0) (0,0997; 0; 0,0227)
(w3 0y; 0u)
Pexomenmyemprii perymsitop: {1 -ONTUMATEHBIN: OITUMAJIBHBIN POOACTHBIN:
([1Gyall; 1Gyall) (15,0001; 76,4994) (23,4573; 13,1397)
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HE TIPEBBIACT MUHUMAIbLHOrO 3Hadenus 11,5918 B 3amaue (2) mus “uctuHHbIX” BECOB.
3aMeTnM TakKe, YTO €C/U AJTOPUTM MTEPATHBHOIO POOACTHOrO CHHTE3a MPUMEHUTH K
JTAHHBIM U3MEPEHNil, MOTyIeHHBIM TOIBKO B IKCIIEPUMEHTE 3, OTKA3ABINHACH TEM CAMBIM
OT JAHHBIX IKCIepuMeHTa 1 ¢ Gosee TIOXUM TTOBEIEHHEM BBIXOA, TO PEKOMEHIYEeMBIM
POGACTHEIM PEryIaTOPOM IS BCEX HAYATLHEIX OMeHOK 60K oxaskercst f1-OMTHMATBHDIIT
PErymsaTop.

5.8. Ocnosnvie 66,6000t

OcHOBHBIE BBIBOJBI, K KOTOPBIM MOYKHO MPUNATH HA OCHOBAHWY MPUBEIEHHBIX BBIIIE U
JIDYTHX, HE BKJIFOYEHHBIX B TEKCT CTATHH, PE3yTbTATOB MOJETUPOBAHUS, 3aKII0OYAIOTCS B
CJIETY FOTIEM.

1. IIpu mocrarodno ‘“xoporirem” MOBEIEHNN BBIXOAA 3aMKHYTON CHCTEMbBI YIIPABICHUS
AJITOPUTM UTEPATUBHOTO PODACTHOIO CHHTE3a UMeeT TEHIEHIIUI0 PEKOMEHIOBATHL B Ka-
qecTBe OOPATHON CBsA3U {1-ONTUMANBHBIN DPErYIATOD, SBIMIOMUNACT TaKXkKe ONTHMAh-
HBIM PODACTHBIM PETrYISTOPOM MPH OTCYTCTBUU OMEPATOPHOTO BO3MYIIEHUS MO yIPaB-
nennto (6, = 0). Ilpu HAIUYMU ONEPATOPHOTO BO3MYINEHUS MO YIPABICHUIO KIIOIEBAs
JIJIST CHHTE3a PODACTHOIO PEryIsiTOpa OIEHKA Beca 0, TeM OJinKe K UCTUHHOMY 3HAUE-
HUIO, 9eM “XyKe’ BBIXOJl 3aMKHYTOW cucTeMbl ynpapienus. OTKa3 OT DPEKOMEHJIAIN
£1-0MTUMATHLHOrO POOACTHOTO PEryadaTOpa MPOUCXOJAUT TP 3HAYEHUAX MOJIY/Is BBIXOJA
HOPsIZIKA ONTUMAJILHOIO 3HAYeHusd B 3a1a4e (2) s “UcTUHHBIX BECOB.

OObsicHenne BBIBOAY 1 JIEKUT, HO-BUINMOMY, B CJIEYIOMIEH B3aNMOCBA3H MEXKIY YII-
paBiieHnemM n naeHTH(UKAIME] HEM3BECTHBIX BECOB BO3MYILECHMIT, BBITEKAIOMIEH U3 CIie-
mdukn 3anaan (4). [Tokazarens kadecTBa (8) 1JIs pACCMOTPEHHOMN CKAJISIPHOI CHCTEMBI
CO CTPYKTYDPHPOBAHHON HEOMPEIEIEHHOCTHIO TPUHIMAET BH

5w||Gyd||
1 =0y Gyall = dullGuall’

J(K7G75w75y;5u) =

a nepasencrsa (13) B 3azaue Bepudukaluu MOJIEIU IPUHUMAIOT BUJ
(18)  algy(7) = blg™)ulr)loe < duw + dy max [y(s)loc + u max [u(s)|oc.

Herpymuao Bumers, 4To mokasaresb KadecTBa J ropaszo 60siee 1yBCTBUTENEH K yBeIrde-
HUIO 3Ha"eHnil BeCOB dy U ,, IeM JTHHeHHbIe OTHOCHTENBHO ITHX BECOB HepaBeHcTBa (18).
[TosTomy mpu HEOOMBITUX 3HAUECHUSX MOJIYJIEH BBIXOJA W YIIPABJIEHUs BHITOIHEE 00ectie-
YUTH CIIPABEIIMBOCTL HepaBeHCTs (18) 3a cueT yBeIMdYeHus ONEHKH BECA 0y, B TO BPEMst
KaK MpH OOJBIMNX MOJYJIX BBIXOJA U YIPABJIEHUS CIPABEIIUBOCTL HepaseHcTs (18)
MOZKHO O6eCHe‘II/ITb 3a CYeT OTHOCHUTEJIbHO MaJIOr0 YBe/JIndYeHUudA BECOB 5y n 5u

2. AJIrOpUTM UTEPATUBHOTO POOACTHOTO CUHTE3A JAaeT OJMHAKOBBIE PE3YJIbTAThI JIJIs
BCEX HEHYJIEBbIX Ha4aJIbHBIX OLEHOK BECa OLEPATOPHOIO BO3MYIIEHUS [10 YIIPABJICHUIO Oy, .
D10 mpexJe BCero O3HAYAeT, YTO HeT HeOOXOAMMOCTH 3aIyCKATh aJrOPUTM IS DA~
HBIX HaYaJbHBIX 3HAUYEHUI BECOB I JOCTATOYIHO OI'PAaHUYIUTHCA BbI60pOM OZJHOI'O Ha4vaJIb-
HOTO Beca d, # 0. Kpome TOro, HE3aBUCUMOCTD PE3y/IbTATOB OT BHIOOPA HAYATIHLHOTO BECA
O3HAYAET, MO-BUIVNMOMY, HAXOXKIEHNE C 33 TaHHON TOYHOCTHIO IJI00AJBHOTNO MIHIMYMA, B
3azade (4), XOTs 3T0 YTBEPKICHUE OCTACTCSA HEOOOCHOBAHHBIM TEOPETHUUECKH.

6. 3akirouenue

Paccmorpena 3amaga cuaTe3a CyOONITHMAILHONO POOACTHOTO PETYISITOPA /I CHCTEM
C OrpaHUYEHHBIMY BHEIIHUMHU M OII€PATOPHBIMK BO3MYIIeHusIMuU. Moie/ib HOMUHAILHOIO
JIMHEHHOTO CTAIMOHAPHOTO JUCKPETHOrO O0BEKTa MPEITOIaraeTCs 3aJaHHOM, a8 HOPMBI
BO3BMYIIEHUH HEU3BECTHBIMU U TMOJJICYKAIIUMHI OIEHUBAHUIO HA OCHOBE JTAHHBIX U3MEpe-
uuii. B obmem caydae 3a1a4da cuHTE3a CyOONTUMAILHOTO POOACTHOTO PErYISATOPA TarKe
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P W3BECTHBIX HOPMAaX BO3MYIIEHHUI SIBISETCS CIOXKHOIN 3a/adueil HEBBITYKJIOTO MPO-
IPAMMUPOBAHUS, HE JTOYCKAIONIEH WHBIX TPUOIMKEHHBIX PEIeH, KpoMe mepebopHbIX.
Jms monygenns 6omee 3pHEeKTUBHOrO pereHns HermepebOPHOro TUIIA PACCMOTPEHBI MHO-
roMepHbie OObEKTHI C BO3MYINEHUSIMI HECOKPATHMBIX MHOXKHUTENEH MepeTaToqaHol MaT-
PHUIIBI HOMHHAJIHLHOTO O0BEKTA C HEM3BECTHBIMU CTATHIECKUMU TUATOHATBHBIMI BECAMU
OTIEPATOPHBIX BO3MYIIEHU TIO BHIXOLY U YIIPABJIEHUIO U C HEN3BECTHON HOPMOI BHEIITHETO
Bo3MmyIenus. [Tokazarens KAIecTBa /11 TAKUX 00bEKTOB OKA3BIBAETCS JIPOOHO-THHENHOM
dyHKIMEH KAK WHIY TIPOBAHHBIX HOPM [T€PEJIATOYHBIX MATPHIL, 3AMKHYTOM CHCTEMBI, TaK
u Becos Bo3Mmytenuii. [loaromy 3aada cybonTHMATBEHONO CHHTE3a TPU U3BECTHBIX BECAX
BOBMYIIEHUH U 3a/Ja49a ONTUMAJIBHOIO OINEHUBAHUS BO3MYIIEHUI npu (HUKCHPOBAHHOM
PEryJIaTOpe CBOOATCS K 3aJa9aM JIMHEHHOTrO mporpamMMmupoBanus. Ha ocHOBaHUU 3TO-
TO TIPEJITIAraeTCs OCYIIECTRISATH CUHTE3 PODACTHOTO PEryIsTOPa MPU HEM3BECTHHIX BECax
BO3MYIIEHWIT TOCPEICTBOM UTEPATHBHOIO PEIIeHUsT 331a9 CHHTE3a, U OlleHnBanus. [Ipuse-
JIEHHBIE PEe3YIbTATHI MOICTHPOBAHUS JIJIsl O0HEKTA YIPABICHUS CO CKATSIPHBIME BBIXOJOM
U YIPABJIEHUEM CBUIETETHLCTBYIOT 00 3(D(MEKTUBHOCTH MPETIOKEHHONO METOA CUHTE3A.
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