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BBepeHue

MHorve coBpeMeHHble CIOXHble TEXHUYecKne obbekTbl codeTaloT B cebe Kak AWCKpeTHble, Tak
N HenpepbIBHbIE KOMMNOHEHTbI. NS X MoAennpoBaHNA UCNONb3yoTca rmbpuaHbie aBTomMaTbl, NO3BO-
nawowme pabotatb C cMcTeMaMu, NPOCTPAHCTBO COCTOSIHUMI KOTOPbIX BKMoYaeT B cebsa kak NoAMHO-
XeCTBa eBKIMAO0BOr0 METPUYECKOro NPOCTPAHCTBA, TaK U KOHEYHble MHOXeCTBa 3Ha4YeHun Ans auc-
KPETHbIX MepeMeHHbIX COCTOSIHUA. BOMbLMHCTBO COBPEMEHHbIX METOAOB YNpaBrieHUs rmépuaHbIMm
CUCTEMaMM OCHOBAHO Ha BbIYUCIIEHUN MHOXECTB LOCTMXKMMOCTM PasnUYHOro poga B rmbpuaHom
NPOCTPaHCTBE COCTOAHNSA. BO3MOXHOCTb NPUMEHEHNST 3TUX METOAOB CYLLECTBEHHO 3aBUCUT OT CIIOX-
HOCTM M nopsgka mogenun obbekta. [1oaToOMy BO MHOIMX criydaax ansa rmbpugHbix o6bekToB adhdek-
TMBHbIM ABMSETCA UCMOSb30BaHNE MepapXnYeckmnx cnocoboB ynpaBreHus, OCHOBAHHbIX Ha 4EKOMMO-
31MUMN UCXOAHOW 3adaun. B nepapxmyeckmx cuctemax BbINOMHAETCA arpermpoBaHue nHdopmaumu,
nepegaBaemMon Ha BEPXHUM ypoBeHb ynpaBreHusi [1]. DnemeHT BepxHero ypoBHsi (KoopawnHaTop)
WHTepecyeT He JeNCTBUTENBbHOE TeKyLlee COCTOSHNE BCEX 3NTIEMEHTOB HMXXHErO YPOBHS, a HEKOTOpPbIE
nokasatenun mx paboTbl Ha ONpedeneHHOM WHTepBasnie BPEMEHW, MO3TOMY peELUeHUE Ha BEPXHEM
YPOBHE MPMHUMAaETCS C MUCMOSIb30BaHNEM HEKOTOPbIX YNPOLLEHHbIX MoAernen, oTpaxarowmx nosege-
HUE 3MIEMEHTOB HWKHErO YPOBHS. 3TM MOAENM OOMKHbI ONUChIBaTb HE TONMbKO cam OOBLEKT yrnpasne-
HUSl, HO W uWChNonb3yemble nokanbHble perynatopbl. B gaHHom paboTte Oygem paccmaTpuBaThb
OBYXYPOBHEBYHO MepapXmMyecKyto CUCTEMY, KOTOpasa MMeET OAWH 3rIeMEHT BEPXHEro ypoBHS (Koopau-
HUPYIOLLYIO CMCTEMY) U [Ba 3dfNeMeHTa HWXKHEro YpoBHS. OTa CTPyKTypa COOTBETCTBYET CUCTeME
ynpaBneHns ynbTpa3ByKOBOW TEXHOSOMMYECKON YCTAaHOBKOW, B KOTOPOM NOKarbHbIE PerynaTopbl OCy-
LWeCTBNAIT ynpaBneHne cuctemon nogadn matepmana (CMM) n ynbTpasByKOBbIM reHepaTopoM
(Y3I). B [2] BblgeneHbl rpynnbl KPUTEPUEB U NPUBEAEHbI anNropuTMbl KOOPAWHALMK, NCNOSNb3yeMble
ONs BXO4a B YCTAHOBMBLUMNCA PEXUM U Ans paboTbl B 3TOM pexume. 34ecb Mbl pacCMOTPUM KOOpP-
OWHaUUWIO B nMepexoHOM pexunme, Korga COCTOsiHME CUCTeMbl MepeBoaUTCA B npefonpeneneHHyto
obnacTb NPOCTpaHCTBA COCTOSIHWI, B KOTOPOW BO3MOXHO NPUMEHEHWE anropmuTMOB [2].

1. OuCKpeTHble abcTpakumMmn 3N1eMEeHTOB HUXKHEro YpoBHSA

Mcnonb3oBaHne abcTpakuuin pasnuyHoro poda HaxoauT LUMPOKOEe NPUMEHEHUEe B COBPEMEHHON
TEopUM rMbpuaHbIX cuctem ynpaeneHusi. OgHako B GONbLUMHCTBE CryvaeB BBOAUMbIE abCTpakumm
ABMNSAOTCS BCEro NULLb YNPOLEHHbIMU MoAensiMmM o6bekTa ynpaBfeHns 1 HUKOUM 0Bpa3om He yuYnThbl-
BalOT HU LIENU ynpaeneHus, HU umetowmecs perynatopsl [3]. B pabote [4] paccmaTpuBaeTtca ynpas-
neHne HenpepbIBHbIMU U TMOPUAHBIMM 06 bEeKTaMM C NOMOLLIbIO AUCKPETHbIX abCTpakunn, OCHOBAHHbIX
Ha KoHuenuuun «nosedeHus». MNoa noBegeHUAMU nogpasymMeBaloTCs NocneoBaTeNibHOCTU BXOOHbIX
N BbIXOAHbIX cMMBOMOB. K npenmyliectBam noBegeH4Yeckmx abCcTpakLumim OTHOCATCA Ny4dllas TOYHOCTb
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Mo cpaBHEHWUO C abCTpakuMsiMU, OCHOBaHHbLIMK Ha NPSIMOW  AUCKPETU3auuyM NpoCTpaHCTBa COCTOS-
HUI, a Takke 3Ha4YUTENbHas r’MOKOCTb, Tak Kak MOAENMPOBaHME Ha MOBeOEHYECKOM YpOBHE NO3BO-
NAET perynmpoBaTtb TOYHOCTb AUCKPETHON abCcTpakumm (annpokcMmaumm) ncxogHoro obbekTa, Bapbu-
pyst ANNHY CTPOK 3anNOMUHaAEMbIX BXOAHbLIX U BbIXOOHbLIX CUMBOJSIOB.

Kaxxgas auckpeTHasi abCcTpakumsi arieMeHTa HDKHEro YPOBHS AOMKHA onuncbiBaTb paboTy HEKOTo-
poro rnbpuaHoro obbekTa ynpaBneHusl (arperata) COBMECTHO C OnpeaerieHHbIM MHOXECTBOM J10-
KanbHbIX perynstopoB. B cOOTBETCTBUM C peLUeHUsMU 3afay CUHTe3a HavMeHee OrpaHuYMBaloLLMX
CTabMnNU3MpyoLWMX PerynaTopoB B NPOCTPAHCTBE COCTOSIHUIA KaXKAOro arperaTta BblOensoTCs Makcu-
ManbHble yrpaBnsieMble MHBApUaHTbI, KOTOPbIE OnpeaeneHHbIM 06pa3oM COOTHOCATCSI C BbIXOAHLIMU
cumBonamu. Mop ynpaBneHnsmMmn (BXOAHbIMM CUMBONIAMM) NOHUMAKOTCS 3aKOHbI yripaBneHus (perynsi-
TOpbI), KOTOPbIE UCMONL3YIOTCA AN Nepexofa M3 O4HOro MHBapuaHTa B Apyrov. BmelwaTenscTBo ko-
opAvHaTopa NPOUCXOAMT B MOMEHTbI BPEMEHW, COOTBETCTBYET CMEHE COCTOSIHUSI AUCKPETHOW abCT-
paKkuMM KaKoro—nmbo aremMeHTa HWKHEro ypoBHsS. [McKpeTHyt abcTpakuuio, nonyyYaemyi nytem

COCTaBIIeHUs LIeNOYEK «MOBeAeHNI», onpeaennum Kak koptex snga A :{Xd, R FW CRT, B>.
R= {r“), r(z), r(NR)} — KOHEYHOE MHOXECTBO 3aKOHOB YMpaBrieHus1 (PErynsaTopoB), KOTOpblIE MO-

XET UCMOoMb30BaTb CUCTEMA YNPABINEHUSI HXKHETO YPOBHS. OTU perynstopbl po6acTHbl B TOM CMbICHE,
4YTO OHWM 0oGecneymBaloT 3a4aHHOE BEPXHUM YPOBHEM KayecTBO YMpaBfieHUs NPV YCHOBUWU, YTO Ha
HWXKXHEM YpPOBHE MOMEXW U HeonpeaeneHHOCTM NpuHaanexaT onpeaeneHHsbIM MHOXECTBaM, UCMOSb-
3yeMbIM MPU peLLEHNN NOKarbHbIX TEOPETUKO—UIPOBbLIX 3a[a4y ynpaBreHus.

F= {F(1),F(2),..., F(NF)} — [AOMyCTUMblE MHOXeCTBa B rMOpuMaHOM NPOCTPaAHCTBE COCTOSIHUMA arpe-

rata, F(I) c Qx X . 3T MHOXecTBa CTPOATCA B COOTBETCTBMMN C TUMNaAaMWN 3adad, oA peleHnAa KOTo-

pPbIX 6y,1:|,eT ncnosib30BaTbCA ONCKPETHaA aGCTpaKLI,VIFl. Hanpmmep, OHU MOTYT 3aaBaTb obnactu, 4ye-
pe3 KOoTopble AOJMKHO NpoXoAUTb COCTOAHUE CUCTEMbI B onpefesieHHble MOMEHTbl BpeMeHMU,
CBsi3aHHble C 6e30MacHOCTbIO orpaHn4yeHmna n 1. a.

W = {W“), W(z), W(NF)} — MakcumarnbHble yrnpaBnsiemMble MHBApUaHTbl arperata, COOTBETCT-

ByIOLLME ONYCTUMBIM MHOXecTBaM F . Kaxaoe mHoxectso W) crpontest B xone peluenus teope-
TUKO—MIPOBOM 3afayn CMHTE3a HaMMeHee OrpaHuYMBAalOLLErO perynsaTtopa, obecnedvBaroLLlero yaep-

)aHue coctosHus cuctembl B FU). Ecnn B MomeHT BPEMeHN tj,; rmMbpuaHoe cocTosiHue arperaTa
NpUHaANexuT onpeaeneHHoMy WHBapUaHTy, TO eCTb (q(t,-,,,-t), X(tinit ))eW(’), TO CyLLecTByeT Takoe

ynpasrieHue, npu KoTopom Vi >ty rapaHTUpyeTcs BbINOSTHEHWE BKIOYEHUS (q(t), X(t))eF(i). [an-

Hasl rapaHTKs BbINONHAETCSA NPU YCNOBUM, YTO NMOMEXW U HEONPEOENeHHOCTN NpUHaanexaT MHOXeCT-
BaM, KOTOPbIE UCMNOSIb30BaNUCh NPU peLLleHn TEOPEeTUKO—MIPOBON 3a4aun CUHTe3a ynpaBreHus.

d )
abctpakumm A B MOMEHT BPeMeHU f, onpeaensieTcs crneayowmm obpasom:

Xg = {x“) xff), ngX)} — KOHEYHOE MHOXECTBO COCTOSIHUIM AMCKpeTHown abcTtpakuun. CocTosdHne

[W(ty)], k=0,
Xg(ti) =3 (W(to), .. W(te)], [r(to)s .. r(te—1)]), k=1 ... 1,
(W(te—p), s W) [r(tior)s oo r(tea)])s K> 1

Kaxablh MOMEHT BpemeHn t; COOTBETCTBYET OKOHYaHWUIO peLlleHusl HEeKOTOPOW 3ajauyn, nocTtas-

NEeHHON nepen 9NeMEeHTOM HWXKHEro YPOBHSI KOOPAMHATOPOM, Hanpumep, MOMEHTY BxOAa arperarta
B onpefeneHHbIn Lieneson MHBapmaHT. B aTOT MOMEHT Ha BepXHUiN ypOBeHb nepenaeTca UHdopma-
LUWOHHBIA CUrHan, B KOTOPOM COAEepXMTCS Tekywee (OOHOBMEHHOE) COCTOSAHME COOTBETCTBYIOLLEN
OucKpeTHon abcTpakuun. Ha ocHoBaHUKM 3TOro curHana, a Takke mHdopMauum O TOM, B KakOM CO-
CTOSHUM npebbiBaloT abCcTpakumMm ocCTarnbHbIX 3NIEMEHTOB HWXKHEro YpPOBHA, CUCTeMa ynpaBreHus
BEPXHEro ypoBHS MpUMHMMAaeT pelleHne no BbiOOpy crnegylowlero perynstopa, Kotopbli byaet uc-
Nonb30BaTbCH AaHHbIM 3NIEMEHTOM HUXHEro ypoBHS. KOHeYHOCTb MHOXecTBa Xy creayeT u3 Toro,
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yto W, R 1 | kOHeuYHbl. B kKauyecTBe COCTOSAHUIN OUCKPETHOW abCcTpakuumn ganee Ucnonb3ytTcd TOMb-
KO Te CTPOKK, KOTOPbIE MOXET reHepupoBaThb UCXOQHas cUCTEMA.
Cc Xy x Xy — nepexogHoe OTHOLUEHUE MEXAY COCTOAHUAMM OUCKpeTHoW abcTpakuumu (Aanee

Takke obo3HavaeTcs kak — ). Ecnun nepexoa u3 i —ro COCTOSIHUA B j —€ BO3MOXEH, TO (x(’), xfjj)) eC
(x((j) - x(j)) . B npotnBHOM cnyyae (xg), x((jj)) ¢C.

R= (RU) — MaTpuula, onpegendtownand MHOXeCTBa perynaTopoB, C NOMOLLbK KOTOPbIX BbIMOJTHA-

eTcs nepexon W3 j—T0 COCTOSIHUS OUCKPETHOW abCTpakuMm B j—€ COCTOSHUE: R,-j cR;
(xg), gf))eC:R,-j;«t@,(xg), xg/))eC:R,-j-:@.
T=(T,--) — MaTtpuvua, onpegenswowias Bpemsi nepexoga W3 OAHOr0 COCTOSAHWUS B ApYyroe:

T,-j g(O, oo). MHoxecTBa T,-j BbIYMCNAOTCA B pesynbrate peleHns auddepeHumanbHbiX rmMopuaHbIX

nrp, NO3TOMY rapaHTupyeTcsd, 4To nencTBuTensHoe BpeMsA nepexoaa Xg) —)X((j‘l) 6y/:|,eT npunHaane-
XaTb COOTBETCTBYHOLLUEMY MHOXECTBY TU He3aBMCUMO OT OENCTBUM ONCKPETHbLIX N HEMPEPDbIBHbLIX MNO-

MeX W HeornpeaeneHHOCTen, KoTopble Obiny yYTeHbl NP peLleHn COOTBETCTBYIOLWEN TEOPETUKO—UT-
poBOM 3aa4n ynpaBneHus.

B Z(B,") — MaTpuua, onpepgendarad MHOXeCTBa B NPOCTPaHCTBE COCTOSIHUI arperarta, KoTo-

PbIM rapaHTMPOBAHHO NPUHAASEXUT COCTOSIHUE NMPU Nepexoae U3 i —To COCTOSIHUS AUCKPETHON abCT-
pakuMun B j —e npu YCrNoBUU UCNONb30BaHNsA perynstopos R .

MHoxecTBO T = {fg, t;, ...} BKMIOYAET BCE MOMEHTHLI BPEMEHW, B KOTOPbIE MPOUCXOAUT CMEHa Co-

CTOAAHWA OUCKPETHOM abCcTpaKkummn anemMeHTa HUXHero ypoBHsA. MHOXECTBO BCcex (DYHKLWI, 3adatoLmnx
T

oToGpaxeHne T — Ry x W, 0603Haunm kak (Ry x W)' . MoBefjeHMem aneMeHTa HKHero ypoBHsi Bg

Oyoem cuuTaTb HEKOTOPOE MOAMHOXECTBO AAHHOTO MHOXECTBa, COBMECTUMOE C AeNCTBUTENbHOM
rMépuaHOM Mopenbio arperata U WUCMosfb3yeMbIMU FOKamNbHbIMU perynsitopamu. Takum obpasom,

Bs c (Rd xW)T. OrpaHunyeHne noBeaeHNs ANCKPETHON abCcTpakumMm afieMeHTa HUXHEro ypoBHS On-
pegenseTtca cnegyrowmm obpasom:

B - {bk e (R W)k ‘Hb’” e(R W)Tks :[bk, b"*} c BG}.

AnckpeTHble abCcTpakumm CTPoATCA OIS KaXKOoro dfeMeHTa HUXKHEro ypoBHsi. Hanpumep, ans
neporo anemeHta (CIMM + CAY CIlIM) onpegensitotcd Tpu  NokanbHbIX — perynsitropa

ri) ¢ {r“), r(z), r(3)} . 3oecb r') — Haumenee orpaHudmBaloLmii ctabunusmnpyrowmn perynatop. MNpu

paboTe 3TOro perynsatopa COCTOSHUE CUCTEMbl YAEPXMBaEeTCsl B ONpefefieHHOM MaKkCUMarbHOM
ynpaensiemMoM MHBapuaHTe W) < FO) | Tak kak aTOT pexvm SIBISIETCS HAMMEHEE OrPaHUYMBAIOLLIMM,
npu ero NCnosib30BaHNM MOXET BbIMOMHATLCA ONTUMM3ALUMSA COOCTBEHHON 3DEeKTMBHOCTM arperara.
r? @) _ nepexogHble perynstopbl, UCMoNb3yemMble ANsi NepeBoaa COCTOSIHUS CUCTEMbI U3 OOHOMO

MHBapuaHTa B ,El,pyFOIZ (Ha BCEM MHTepBane ABUXEHUA rapaHTUpPpyeTCA BKIHYEeHue FVI6pI/I,EI,HOFO Co-
CTOAHUA CUCTEMDBI B onpeaernieHHoe MHOXECTBO BU’ COOTBETCTBYyHOLlee nepexony mn3 i —r0 COCTOSAHUSA

2)

abcTpakuum B j—e COCTOsiHME). r ncnonb3yeTcs ANA ABWKEHUS B HAanpaBlieHUW yBeNUYeHus1 3Ha-

YeHUs NepeMeHHON COCTOSHNUS Xq, a r3) ncrnonb3yeTcs Ansl ABWKEHUS B HanpaBNeHUN yYMEHbLUEHWS
3HayeHusa Xx4q. [anee onpegenstoTca AOMYCTUMbIE MHOXECTBA, MHBapUaHTbl U BCE OCTallbHblE KOMMO-
HeHTbl abcTpakumn. UtoroBas abcTpakuus, MMmerowasa 22 CocTosiHUS, NMpeacTaBneHa Ha puc. [Ons

COCTOSIHUM xg), xés) B NPSIMOYrofibHUKax NpuBeaeH AnanasoH 3Ha4YeHUn NepeMeHHON COCTOSIHUS
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X1, OnpedensamwlWmMn COOTBETCTBYIOLUMIA WHBapWaHT. [nA ocTanbHbIX COCTOSIHUW WCMOMNb3yeTcs
3anucb BUOa «i j s», rae i, je{1, N,:} — HOMepa NpeLecTBYOLWErO U TEKYLLEro MHBApNaHTOB,

se{+ —} — perynaTop, KOTOpbIA WUCMOMbL30BaNCs Ans nepexoaa («+» COOTBETCTBYET r «—»

COOTBETCTBYET r3) ).

[1.0-1.4] [1.4-1.38] [1.8-2.2] [2.2-26] [2.6-3.0] [3.0-34| [3.4-338] [3.8-4.2]
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Puc. 1. QuckpeTHas abcTpakumsa anemeHTa HukHero yposHs 1 (CMM + CAY CIM).

2. KoopanHauma no AMCKpeTHbIM abcTpakuuam

C noMOLLbIO OUCKPETHLIX abCTpakumin MOXHO aHanNM3npoBaTh TPAeKTOpUM B MPOCTPAHCTBE NoKa-
3aTenen 9N1EMEHTOB HWXHErO YPOBHS, @ HE B MPOCTPAHCTBE COCTOSIHUMM obbekTa ynpaBrneHus. Ha-
npuMep, ecnn y KaXgoro U3 ABYX 3N1eMEeHTOB HUXKXHEro YPOBHA MMEETCs eQUHCTBEHHbIW nokasaTerb,
npu peLleHun 3agadnm KoopauvHaumm AOCTaTOYHO paccMaTtpuBaTb ABYMEpPHOEe MPOCTPaHCTBO, B TO
BpeMsi Kak obLiee KONMMYecTBO HENpepbiBHbIX M OUCKPETHbIX NepemeHHbiX cocTtosiiua CIMM un Y3I
A0CTaTOYHO BeNuKo. [pn aTOM Ha HWXHEM YpoBHe ByaeT peanv3oBbiBaTbCA ynpaBfeHne no nosHbIM
MOAensam arperaToB, YToO obecneynBaeT HeobXoANMOe Ka4yeCTBO peLLEeHUS fIoKasibHbIX 3a4au.

MmobanbHas uenesas dyHKUUs onpegenseTtcsa Kak Fy (F1, F, do), roe F, F, — nokasatenu Ka-

!
YecTBa 9NEMEHTOB HUXXHEIO YPOBHS, d° = (do, d,?/,) eD? — BEKTOP MOMEX U HeonpeaeneHHOCTEN

BEPXHEero ypoBHsi. 3afaveil ynpaBreHnss B NepexoqHOM pexume sIBRSieTCs NepeBo/ arperaTtos B Ta-
Kne MOoAMHOXEeCTBa MPOCTPAHCTB COCTOSIHWM, U3 KOTOPbLIX B AanbHeinwem OyaeT ocyLecTBRSThCS
BXO[ B YCTAHOBMBLUMICS pexuM. [eiicTBmsa koopauHaTopa A0MKHbI ObiTb HanpaBneHbl Ha ynydlleHne
HEKOTOPbIX CBOMCTB 3TUX MEPEexXoAoB, 3HAYMMbIX C TOYKU 3PEHUSI BEPXHENO YPOBHS MepapXM4ecKom
CUCTEMbI YNpaBleHus.

Ecnu onsa a6CTpaKLI,I/1I/I AneMeHTa HuMXXHero ypoBHA A1 M3BECTHbI Ha4valrbHoOe Xgé?) N KOHe4Hoe

ng” COCTOAHUA, TO cylleCTByeT MHOXECTBO TpaeKTopVIVI 51 , COEOUNHAKLLNX 3TN COCTOAHUA:

vk €{0, ..., f1} 1 xdik) e X,

=1_ xlio) 4 (i) (if1)
2 =1 Xail, ., X . .
" { }Vke{o,...,f1—1}:(x§;,k), X$Z‘*1))GC1.

1d 1d’ 1d

Bbl60p 3N1IeMEHTOB MHOXECTB 51 n 52 BbIMNOJIHAETCA KOOpAMHATOPOM B COOTBECTBUN C LESTAMU

BEpPXHEro ypoBHA MepapxmquKoPl CUCTEMBbI. TpaeKTOpI/II/I i»] COOTBETCTBYET nocrneanoBatesibHOCTb
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WHTepBaroB BpeMeHn Q= <0)g10), mg“), mg'f7*1)>, QeT) . xT) 1 [NaHHasi nocne-

fo. ™ Tigip T Nipg-a,dpg
AOBaTenbHOCTb HEOAHOPOAHa B TOM CMbICME, YTO OOHW €€ 3reMeHTbl COOTBETCTBYIOT nepexoaam
C yrnpaBernsieMbiM BpeMeHeM (TO ecTb paboTe B pexume ctabunusaumu), a gpyrme — nepexogam
C HeynpasnsemblM BpemeHeM. OB03HauYMM nepsble 3NeMeHTbl Kak Q1 U Q.o , a BTOpble Kak g4

n Qgo. Taknm 06pa3oM, C TOUKM 3peHUst BEPXHErO YPOBHS YNpaBnsieMbiMW NepeMeHHbIMU ABA0TCS
&1, &2, Qu1, Qu2. OHM nepepaloTCA Ha HUXHUIA YPOBEHb B COCTaBE KOOPAMHMPYIOLLMX CUTHAmOB.

B nepexogHoM pexvnme OeNCTBUSE KoopAMHATOpPa HanpasfieHbl HA MakCUMU3auuMIio ABYX nokasaTtenem
KayecTBa BepxHero ypoBHsi: V¥4 (bblcTpoaencTeve — NPUOPUTETHLIN nokasaTtenb) u Wy (TOYHOCTb

CnexeHus).
Wy (&4, €2, Q, Q) =—Tg; Tg =max(Ty (&, @), T2 (&2, Q2)) — Bpems nepexoaa BCew CUCTEMBI

B LileneBoe MHOXecCTBO. 3aecb Ty (é';1, Q1) € [0, o) — BpeMs nepexona OUCKPETHOM abCcTpaKkumm Als ue-
neBON NMHBapPWAHT |/|/1(if7) c F1(if7), T, — Bpemsi nepexoga AUCKpeTHoW abcTpakumnm AZ. MapaHTng ‘I’g

onpepaensieTcs cneaytowmm o6pasom: WY (&1, &2, Quq, Q)= min Wy (&y, €2, Q1. Q2. Qg1 Qa2) -
Qq1, Qa2

¥, (§1, €2, 4, Qp) — nokasatenb 6IM30CTM K ONTUMANBLHOMY 3HAYEeHMIO rnoGanbHOI LieneBon
dyHkuun Fy Ha nHTtepsane spemeHn [0, Tg]. Byaem paccmatpuBaTh OCb BpeMeHU 7 Kak nocrnenosa-
TeNbHOCTL MHTEPBArNOB OCU PearbHOro BpeMeHu I, To ecTb t={/,}, ne{l, ..., Nr}. I =[t,, th] —

3aMKHYTble MHTepBanbel AnA Bcex n, Vn:it, <t,, Vn>1:t,=1,_4, Vn:l, c[0, Ts]. Kpome TOrO,
Nt

Ts = Z:(r;1 —rn). apaHTMpoBaHHOe 3Ha4yeHue rnobansHou ueneson dyHkuMn Fy paccuutbiBaeTcs
n=1

oTAesNlbHO ANnd KaXaoro uHtepsana BpeMeHU In, B Te4yeHMe KOTOpPOro COCTOAHUA OUCKPETHbIX

a6CTpaKLl,I/Il7I ANIEMEHTOB HWXHEro ypoBHA HE MEHANTCA, TO eCTb BbINONIHAETCA nepexon m3 oAHOro
COCTOAHNA B gpyroe. ‘Pz paccynTbiBaeTCca Kak cpeaHee 3HadyeHue, onpegerieHHoe Ha OCHOBaAaHUN UH-

TepBanbHbIX rapaHTuii ans Fy:

2
N
_ N : 0 + g 0
‘1’2(?21,iz,Qsz)—T—Z(Tn—Tn) , min o Fo(F, Fo, d7)=Fo(Fr, F2, dypy)
S FeBp,FpeBp,d"eD

3necs B!, B% — MHOXECTBa 3Ha4YeHWUi nokasaTenen KayecTBa 3NIEMEHTOB HUDKHErO YPOBHS Ha
MHTepBane BpeMeHU [,. OTU MHOXeCTBa OMNpedensiTcs TeMm, Kakve nepexoabl OUCKPETHbIX
abCcTpakuuii BbIMOMHATCA Ha TpaekTopuii MHTepBane /,. Takke onpeaenvm rapaHTuio nokasartens

Ans onpeaeneHHoro Bbibopa u yrnpaensieMblX NapamMeTpoB: ‘Pg (&1, €2, Qu1s Quz) = min Y.
Qq1,Qad2
PaccmoTtpum obLuyto cxemy anropytMa KoopavHauun. HavanbHble COCTOSAHUS ANCKPETHbIX abCT-
pakuUnin M3BECTHbI, TaK YTO 3aaya BEPXHEro ypOBHSA CBOAUTCH K BbIOOPY Takux TpaekTopun abcTpak-
LM SMNEMEHTOB HWXXHEro ypoBHA &1, & M UX napameTpoB 1, .2, KOTOPble MaKCUMU3NPYIOT

rapaHTum ‘Piq " \Pg. Mpouecc KoopAMHaLUKM SBMSETCA «CKBO3HbIMY», TO €CTb KOOPAMHUPYHOLLas

cucTeMa Bcerda onpenensieT MofHble TPaekTopuu abCTpakuMii, HO 3NeMEHTbl HUKHEro YPOBHS
BbIMOSHAIOT MWL MEPBbIV LAr 3TUX TPaekTopwuii, a 3aTeM obpallaloTcs K KOOPAMHATOPY, KOTOPbLIN
paccunTbiBaeT HoBble TpaekTopuu. Kaxpas nokanbHasi cuctema ynpasreHusi paboTaeT B TOM Wnu
MHOM peXume [0 Tex Mnop, rnoka He GyayT BbIMNOMHEHbl onpeAeneHHbIe YCrNoBUS Nepexoda B HOBOE

COCTOSIHWE [AVCKPeTHO aBeTpakum. Mpu Ucronb3osaHuu crabunuanpytowero perynsitopa r'! Takum
YCNOBUEM SIBMISIETCS UCTEYEHNE BPEMEHW, ONpedeneHHOro KoopaMHaToOpoOM, a Npu UCMosfb30BaHUN Mne-

PexoAHbIX perynsaTopos r® w r® — Bxon B onpefeneHHble MHBapUaHTbl NPOCTPAHCTBA COCTOSIHUNA.
Takum 06pa3om, 3neMeHTbl HMXKHErO YPOBHSI 3HAUMTENbHYH YacTb BpeMeHU paboTatoT He3aBWCHMMO.
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Mo okoHYaHuu peweHna CBOUX NoKalibHbIX 3a4a4 3J1EMEHTbl HUXKHEro ypoBHA coobLwarT 06 3TOM KO-

opaunHaTopy € NOMOLbHO VIHCbOpMaLl,I/IOHHbIX curHanosB vy =<X$g<)> nyp= <X(2‘Ié()>, a B OTBeT nony4va-

* * * * * *
0T KOOpAMHUPYHOLLNE CUrHanbI B4 =<§1, Qu1> n Bo =<§2, Qu2>, onpeaensoline HOBble TpaekTopun

OVCKPETHbIX abCcTpakumMin 1 ANMTENbHOCTU NEepexodoB C ynpaensembiM BpemeHem. Oba anemeHTa
HIKHEro YPOBHS 06palllatoTCsl K KOOPAMHATOPY acUHXPOHHO. KoopauHaTop npu HeobXoaMmocTy Mo-
XeT npepBaTb paboTy OAHOr0 3NeMeHTa HKHEro YPOBHS B pedynbTaTe 00palleHnst Ha BEPXHUIA ypo-
BEHb JpPYroro arieMeHTa HUXKHEro YPOBHS.

3aknoyeHune

PaccmoTpeHHble gucKpeTHble noBeaeHYeckne abCTpakuum 3rIeMEHTOB HUKHETO YPOBHSA MO3BO-
NAT peanu3oBbiBaTb 3(EKTUBHbIE anropUTMbl KOOPAMHALMK NPU NEepapXMyYeckoMm ynpaBreHum
CNOXHbIMW TMOPUAHBIMK OO6bekTamu. ArpermpoBaHHble Mogenu (abcTpakumm) CTPOATCH C y4eToM
UMEIOLLNXCA B HanNMYMmM NoKanbHbIX pPerynsatopoB, NO3TOMY OHWM cogepaT MHOPMaLUIo O rapaHTu-
POBaHHbIX 3HAYEHUAX NOKa3aTenen KayecTBa HMWXKHEro ypoBHs. cnonb3oBaHne rapaHTui npyu obme-
HEe MHJopMaUVEn MeXOy dNEMEHTaMN Nepapxn4eckon CTPYKTYpbl MO3BOMSIET SloKann3oBaTb OAENCT-
BME MOMEX M HeonpeneneHHOCTEN, crneunduyHbIX ANna TOro MMM WMHOro anemMeHTa. AnroputM
KOOpAMHauun ¢ onpegeneHnem nosHblX TpaekTopuin obecnedmBaeT nepexon CUCTEMbl B 3afaHHOE
LeneBoe MHOXeCTBO Aaxe Toraa, Korda KoopAauHaTop He BMeluvMBaeTca B paboTy HMKHEro YpPOBHS
nocne 3aBepLUeHMs KaXaoro nepexoda OUCKPeTHbIX abCTpakuun, Tak Kak HavarnbHble TpaekTopuu
rapaHTUpYIOT BXOA B LleNieBOe MHOXECTBO 3a onpeaeneHHoe Bpemsi. Takum obpasom, npeanoxeHHas
nepapxmyeckas cxema ynpasneHus obnagaet onpegeneHHon pobacTHOCTbIO MO OTHOLUEHUIO KaK KO
BHELUMM NMoOMexaMm 1 HeonpeaeneHHOCsaM, Tak U KO BHYTPEHHUM HapyLUeHUSIM CTPYKTYPHbIX CBA3EN.
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