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OCHOBHBIE CBOUCTBA ACY TO

CoBpeMEHHBIE CHCTEMBI YIPABICHUS CIIOKHBIMH TEXHUYECKUMHU OOBEKTAMH
(ACY TO), HecMOTpss Ha CYHIECTBEHHOE pa3JIMuM€ C TOYKH 3PEHHSI KOHKPETHOM
HAIPaBIEHHOCTH, 00Ja1al0T PSAOM OOIIMX CBOMCTB, YTO M MO3BOJSET MX paccMmar-
pUBATh C €QUHBIX MO3UIMI. DTUMH CBONCTBAMHU SIBISIOTCS: IPraTUYHOCTb, CIIOXK-
HOCTb, HEPAPXUYHOCTh U HEONPEAEIEHHOCTh. [[0sICHUM yKa3aHHbBIE CBOMCTBA.

JPraTU4YHOCTh CUCTEMBI ONPEIEISAETCS TEM, UTO B HEM HApsSAYy C TEXHUYECKOM
4acThlO, K KOTOPOM OTHOCATCS M BBIYMCIATEIBHBIE MAalIUHBI, IPUCYTCTBYET Kak
00s13aTENbHBIA AJIEMEHT M YEJOBEK — CIEUUAINCT OMNPENCIEHHOTO MNPOPUIISL.
Hanuuue mnu BBeAcHHE YeJOBEKA NMPUIAET COBOKYIHOCTH YEJIOBEK — TEXHUYECKAs
4acThb YEpPThl €IMHOIO0 OpraHU3Ma, KOTOPBIM CTAHOBUTCSA NPHUHAIICKAIAM
HAuBBICIIEMY YPOBHIO CHUCTEM yrpasiieHUs [6]. DyHKIMOHUPOBAHUE IPraTHUECKON
CUCTEMbI HAIIPAaBJIEHHO Ha MOJyYyeHUE MPOAYKTa TPyHa, MOJA KOTOPHIM, B OOILEM,
MTOHUMAIOTCSI HE TOJIBKO MaTepHaJIbHbIE, HO U MH(POPMAMOHHbIE OOBEKTHI, a TAKXKE
M3MEHEHUE COCTOSIHUSA MAaTE€pUajIbHBIX W UH(OPMAIMOHHBIX 00BEKTOB [2]. Takas
TPaKTOBKA 3PraTMYECKOW CHUCTEMbl OXBaTbIBA€T BCE BHJIbI MPOU3BOJUTEIBLHOU
nesTenbHoCTH crennanuctoB. Crola OTHOCUTCA W ONEepaTtopckas JesTEeIbHOCTb
YEeJIOBEKa, OCOOEHHOCTBIO KOTOPOW SABIISETCS OCYUIECTBICHUE YIPABICHUS C
MOMOIIBI0 HMHpOpMAIIMOHHON Mojnenu. B Tom ciiyyae oOpasyercs Henenumas
COBOKYIMHOCTb: YCTPOWCTBA OTOOpaKEHUS WM MpeAbsBICHUS UH(GOpMALUU —
orepaTop — OpraHbl WM yCTpoHcTBa ynpasieHus (puc.l). YcrpoiicTBa oToOpakeHus
CO31al0T MH(GOPMALMOHHBIE IIOTOKH, BOCIpUHUMaeMble U 0OpabaTbIiBacMble
orepaTopoM, jaajiee npeoOpazyemble UM B OTKJIOHEHMs OpraHoB ymnpasiieHus. Ilof
JCMCTBUEM CHUTHAJIOB OT OpPraHOB YIPABJIEHUS H3MEHSETCS COCTOSHHE OOBEKTa
YIPABJICHHUS.
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Puc. 1. CtpykTypa cucTemMsl ¢ onepaTopom



TunuuHBEIM TIPUMEPOM  OIEPATOPCKON NIEATEIBHOCTH CIYXHUT paboTa pydHOH
CHUCTEMBI TOYHOM OopueHTauu kocMuueckoro ammapara (KA) (puc 2.) .

Puc. 2 . Cucrtema pyunoi opueHtaunu KA

3amaua ornepaTopa 3aKJIIOYaeTCsl B MPUBEICHUU U YACP>KUBAHUM BBHIOPAHHBIX
3BE3/IHBIX OPUEHTUPOB BHYTPH 3aJaHHBIX 00JIACTEH - MapKEPHBIX METOK - (yKa3a-Hbl
Ha puUC.2 KPY>KOYKaMH) — ONTHYECKOro mpuoOopa. VYrioBoe mnojoxeHnue KA
ONpENeNsieTCs YIJIaMH TOCJEA0BATEIbHBIX IOBOPOTOB (W,L,y) OTHOCUTEIBHO
BBIOpAaHHON HMHEpUUAIbHON (3BE3/IHOM) CHUCTEMBbI KOOPIMHAT X) Yo Zg. Ha skpane
ONTHYECKOT0 Mpudopa yrioBoe nonoxenue KA otoOpaxaercss HaOOpOM KOOpIUHAT
(a,b,§), KOTOpbBIE CBSI3aHHBI OMpPENEIEHHBIM OTHOIIEHUEM MpPeoOpa-30BaHUs C
UCXOMHBIMH (Y,0,Y), 3aBUCSIIUM OT PACIOJOXKEHHUs] ONTHYECKOTO TMpu-0opa Ha
oopty. Omnepatop, HaOdOasi BUAMMOE HA DJKpaHE paccorjacoBaHUE, CO3/aeT
YIIPABJISIONIEE BO3/ICUCTBUE, OTKIIOHSSI OPraH YIIPaBJIEHUS — TPEX- CTEIEHHYIO PYUKY
OpUEHTAllMM — MO TEM WIM HWHBIM HampaBjieHUsM. Tem cambiM o0Opasyercs
3aMKHYTBI KOHTYp yIPaBJIEHUS CO CTPYKTypoil puc.l.

Opnako oOmias CTpyKTypa CHUCTEMbI Ha puc. | coxpaHseTcs W TMpHU JPYrux
BUJIAX JICSITEIBHOCTH YEJIOBEKA, XOTSI KOHKPETHOE HAa3HAYEHUE M MPEICTABIICHHE
OTJEJIbHBIX YacTel CYHIECTBEHHO OTIMYAETCA OT CIydasl OMEepaTOPCKOU NesTeNb-
HOCTU. Tak, NeSITeNbHOCTh MPOECKTUPOBIIMKA OTJIMYAECTCS OT JAESTEIbHOCTH OT
oreparopa T€M, YTO HOCHUT YHCTO MH(OPMAIMOHHBIA Xapaktep. Ponbp maTtepuaiib-
HOTO 00BEKTA YIIPABIICHUS UTPAET €ro MO/JIEb, peain3yeMas B TOH Wiu HHOU popme:
B BHJIC IPOrPaMMBbI BEIYUCIUTEILHON MallIUHbI, KOMILJIEKTa JOKYMEH-TallUH U T.]I.

Ca0:kHOCTh cucTeMbl. OHO U3 KapIMHAIBHBIX MMOHATUN U CBOMCTB, COTJIACHO
V.P.Oubu «10CTOMHCTBO KMOEPHETUKU COCTOUT B TOM, YTO OHA MPEAJIaraeT METO]
HAy4yHOTO HCCJIEJOBAHUSI CHCTEM, CJOKHOCTh KOTOPBIX CJIMII-KOM BEJIUKAa W
CYIIIECTBEHHA, YTOObI &€& MOXXHO OBLIO WUTHOPHUPOBaThHY». WHTY-UTHBHO SICHO, YTO
MMEETCS B BHJY IO/ CJIOXHOW CHUCTEMOM, M 371eCh TAaKK€ YMECTHO OOpaTUThCS K
V.P.Omibu, KOoTOphlii Pa3bsCHAET COJAEpPKAHUE 3TOTO TEP-MHHA C TOUYKH 3PCHHUS
OTHOIIEHUS MEXIy CHUCTEeMONW W KakuM — JIM0O OIpeAesieH-HbIM, 3aJaHHBIM
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HaOmrofaTeneM, cOOMparomUMCS H3ydaTh CHUCTEMY M YOPABIATH €10. [losTomy
«CHCTEMa» OYeHb OOoJIbIlIash), €CIM OHA B YeM — JIM00 nmoOuBaeT HaOI01aTeNsl CBOUM
o6orarcTBomM». CHCTeMa CTAaHOBUTCS CIOKHOW HE TOJBKO MO MPUYMHE Pa3MEpPOB WU
YHCJia YCTAHABIMBAEMbBIX Pa3UYMi, HO M O KOJMYECTBY CBsI3€l, MHOr000pa3uio
3¢ (}PeKTOoB U, B YACTHOCTH, OT TOr0, YTO OTHOCUTCA K Kiaccy spraruueckux. M kak
CJIEICTBHE, IO MEpPE BO3PACTAHUS CIIOKHOCTU CUCTEMbI CIOCOOHOCTH JIeJaTh TOYHOE
YMO3aKJIIOUCHUE O €€ TOBEACHUHU PE3KO OCJIa0IseTCsl, BOBHUKAET HEKOTOPBIN MOpOT
MTOHUMAaHMUSL.

[lepBble TOMBITKA YYECTh W BBIPA3UTh CIIOXKHOCTh KOJUYECTBEHHO OBLIN
cAesanbl B caMoM Hadajie 50 — X ToJIoB IpH pa3padOTKE 4YaCTOTHOTO METOJ1a CUH-TE3a
KOPPEKTUPYIOIIUX YCTPOMCTB. Mepa CIOXKHOCTH MpPHU 3TOM XapaKTEpH30Ba-Jach
MOPSIIKAMU YHCIIUTENISI U 3HAMEHATEIIS TTepeaTOuYHON (PYHKITHH.

MaTteMaTuyeckoe OIpEeAeICeHHE IMOHATUS CIOXHOCTH, OTHOCSIIEECs K
KOHEYHBIM aBTOMAaTaM, COCTOSAIIUM M3 JIEMEHTOB, PEATU3YIOMUX (PYHKIIMHU anreOpbl
JOTUKH, ObUIO AaHO B 1959 r., mpuyem MOJ CJIOKHOCTHIO IMOHUMAJIOCh YHCIIO
AJIEMEHTApHBIX OJIOKOB, U3 KOTOPHIX COCTOUT CUCTEMA.

B 60 — x romax B paborax A.H. KommoropoBa ObLIO N1aHO oOmpeeicHue
NOHATUS MH(GOPMAIIMOHHON CJIOKHOCTH KOHEYHOTro OOBbeKTa (Harpumep, cioBa B
HEKOTOpOM ai(aBUTE) KakK JJIMHBI CaMOTO KOPOTKOTO JBOMYHOTO CJIOBA, COJEP-
kKamero BCHO HMHGOpMAIMIO, HEOOXOIMMYIO [IJIi BOCCTAHOBJICHHS paccMmar-
pUBAEMOI0 TEKCTA.

OpHako cucTeMa Kak IeJIo€ HE CBOJAUTCS K MPOCTOM COBOKYIHOCTH CBOUX
yacTteid. E€ oTnenbHble TEPBUYHBIE 3JIEMEHTHI MOTYT OBITh HECYIIECTBEHHBIMU,
BAXXHOE 3HAUCHUE MPUOOpETaeT UX KOMOWHAIMS, MOPOXKAAIONIAsl CIIOKHBIC SIBICHUS
1 3¢ dektol. [TorTOMy 17151 ynpaBiaeHUs] BaKHO MOHITUE CTPYKTYPHOU CIIOKHOCTH, K
KOTOpOMY OJIMKEONpPEEICHHE CI0KHOCTH, MpejioxkeHHoe B 1956 1. u cBA3aHHOE C
MOHSATUEM IIMPOTHI KJacca, ¢ KOHCTPYMPOBAHUEM IIKAJ CJIOKHOCTA JUJISl TE€X WIH
UHBIX TexHudyecknx cucteM [7]. Tem cambpiMm 00 ypOBHE CIIOKHOCTH U €€
CPaBHUTEJIbHOW OLIEHKE MOXHO TOBOPUTH JIMIIb IOCJIE TOr0, KaK YCTAaHOBJIEHBI
HEKOTOpbIE MCXOJHBIC TMPEANOCHUIKA W BBIIENEH KJIAacC OOBEKTOB U CUCTEM, MJIS
KOTOPBIX HEOOXOMMO MPOU3BECTH AHAIU3 CJIOKHOCTH .

HNepapXu4HOCTHL BO3HUKACT KaK CPEJACTBO pa3penieHus: KOHQIMKTHBIX
OTHOILIEHUI MEXKJYy CIOXHOCTBIO UM CTEIEHbIO TOHUMAHHS CHUCTEMbBI, MEXKIY
TpeOyeMbIM BpPEMEHEM TMPUHITUS PEIICHUS W OrPaHUYEHHBIMU BO3MOXKHOCTSIMHU
AJIEMEHTOB; MEXAY OTACIbHBIMU TMOACUCTEMAaMH, HMEIOIIUMHU, B O0OIIEM, CBOU
cOOCTBEHHEIE 1IEIIH.

[Toka)keM BO3HUKHOBEHHE HEPAPXUUYECKONM CTPYKTYpbl Ha CIEIYIOIIEM
nmpuMmepe.

ITycte M — MHOXkECTBO 11esie. BBeEM HAa 3TOM MHOKECTBE LIEJIEM OTHOLICHUE
nopsiiika X<y (i1 JOCTWKEHUS LEeTH Y He0OOXOAMMO JOCTIKEHUE TN X ), KOTOPOe
OTIpeIeNIsIeTCS. MHOYKECTBOM BCeX Map (X,y), TAe X He Ooblie y. OTHOIIEHUE TOPsIKa
obnamaet cBoiicTBamu: (1) pedIeKTUBHOCTH, X=X; (2) TPAaH-3UTUBHOCTU, €CIIA X<y H
y<z, TO X<z; (3) aHTUCUMMETPUYHOCTH, ECIIH X<y U Y<X, TO X=Y.




[ToaTOMy ymopsiIOYeHHOE MHOXECTBO Iiejeii M MOXHO M300pa3uTh B BUJC
OTIPEICIEHHON TPEYroJIbHOM CTPYKTYpbI, MPUBEAEHHON Ha pHC.3. KOTOpas oOIiieM
ciydae OTJIM4aeTcs oT aepena [8].
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Puc. 3. Mepapxuueckas CTpyKTypa HEICOPUEHTUPOBAHHON CUCTEMBI

3mech A — TiaBHas, WM TJoOanbHas ek BCEH cucTembl, a,b,c,a,B,y,0 -
[IOTYMHEHHBIE LIEIN, KOTOPBIE BBICTYIIAIOT B KAYECTBE CPEICTB JOCTHKECHUS TJIABHOU
nend. OnHako 00 yHOpSAOYEHHOM MHOXECTBE LEJIe MOKHO TOBOPHUTH TOJIBKO
TOrJa, KOrja BbIpaOOTaHa TOYHAs MporpaMMa JOCTHIKEHMsI TJIaBHOW UENH, T.e.
3a/1aH0 HEKOTOPOE€ MUHUMAJIBHO JOCTaTOYHOE MHOKECTBO LI€JIEH, YTO U JIEJaeTCs Ha
ATane NpPOEeKTUPOBAHUS 3TON CUCTEMBI.

TUNUYHBIM ~ TIPUMEPOM MOKET CIYXKUTh HEPAPXUUECKAs pacnpeaciaeéHHass
ctpykrypa ACY TII. BepxHuii ypoBEeHb HEPAPXUU BKIFOYAET MOLIHBIN MPOLECCOD,
KOTOpPBI HUCIOJIB3YyEeTCSl Ha YPOBHE PYKOBOJCTBA MPEANPUSITHEM. 31€Ch BbIYHC-
JISFOTCSI TapaMeTPhl TPOU3BOACTBA U BeAETCS 00U OaHK AaHHBIX. DTOT MPOLIECCOP
COEIMHSIETCS. ¢ HEKOTOPBIM YHCIOM JAPYTHMX INPOLECCOPOB HMXKEJIEkKA-LIETO YPOBHS,
pemarnmx 3aJa4d TPOU3BOACTBEHHOIO IIJIAHUPOBAHMS JUISI PA3JIMYHBIX yYaCTKOB
OPEANPUATHS, a TaKKE BBIIOJHIIOUNME HE KPUTUYHBIE IO BPEMEHH Ollepaluu
ONTHUMM3ALAH, YIPABICHUS U KOHTPOJI, MEIJIEHHO MEHSIO-IIUXCS MEPEMEHHBIX U
B3aMMOJICHCTBYIOIIME C  [EPCOHAJIOM,  OTBETCTBEHHBIM 32  IPOTEKaHHE
TEXHOJIOTHYecKoro mnpouecca. CaMblil HHKHUN YPOBEHb COCTOUT W3 NapaJlIeIbHO
paboTaIMIMX JIOKAIbHBIX IapOIECCOPOB HEMOCPEJACTBEHHO Ha yIpaBiIsieMOM
npolecce, peanu3yroumx (UIbTPALMI0 CUTHAJIOB, OLEHKY MapaMeTpoB U T.I. AJIA
nesen ontuMuzanuu (puc.4).

Ormernm em€ oauH MOMEHT. [IoMHMMO MepapXuU4ecKOM CTPYKTYypbl B BHJIE
TpeyroJyibHuKa, 4To XapakrepHo aig ACY TO, umeronux oOLIyo ro0anbHyIO 1Elb,
CYIIIECTBYET OOUIMPHBIN KJIacC KUOEPHETUYECKUX CHUCTEM, B KOTOPBIX BCE OOBEKTHI



pPaBHONIPaBHBI U MEpPapXHsl OTCYTCTBYET B IpuHIMNE. Croga OTHOCSTCS, HalpUMED,
AKOJIOTMYECKHE CHUCTEeMbl. DYHKIMOHUPOBAHUE IOJOOHBIX CHUCTEM CBA3aHO C
IPUHATHEM KOJUIEKTUBHBIX PEIICHM [5].
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Puc.4. Uepapxus B ACY TII

HeonpeneaéHHOCTL CUCTEMBI BKIIOYAET B CE0S1 HECKOJIBKO Pa3HOBUA-HOCTEH.
B Tteopum wuccienoBaHus omnepanuil OPUHATO MX pa3leisTh Ha CIEAYIOIIUE:
HEOIPEAECIEHHOCTD Cpenbl; HEOIPEAEITIEHHOCTD neyen 1581071 OLICHKU,;
HEONpeNenEHHOCTh JAecTBUi mapTHEpa. [lepBwiii Tum CBs3aH C TeM, YTO (PYHK-
IIMOHUPOBAHKE PEATLHOTO OOBEKTAa MPOUCXOJUT B YCIOBUAX AKTHBHOTO JCHCTBUS
BHEIIHEW Cpenbl, a OTCIJa HEONMPEACIEHHOCTh MM HEOJHO3HAYHOCTh PEAKIIMU Ha
OJIHU U T€ K€ BXOJHBIC BO3/eicTBUA. K 3TOM M00aBisieTCs U HaTM4Iue 4eJIoBeKa, JUIs
KOTOPOT0 HEONPEAEIEHHOCTh OTBETHOM PEAKIIMU SIBJIAETCS XapAKTEPHBIM CBOKWCTBOM.
[To »TOM mnpuyMHE BCE€ UMPKYJIUPYIOIIME B CHUCTEME CHUTHAlbBl Hapamy C
JNETEPMUHUPOBAHHON COCTABJISAIOLIEH COAEPKAT U CIYyYalHYI, YPOBEHb KOTOPOH
MOKET OBITh BBICOKHUM.




Jpyroil TuI CBsi3aH CO MHOYKE€CTBEHHOCTBIO ITOKA3aTEIEH, OUECHUBAOIINX WUJIU
XapaKTEepU3yIOIIUX BCHO cucremy. JlpyrumMu cloBamu, HEONPEAEIEHHOCTD
3aKJII0YAETCS B OTCYTCTBHHM KAaKOTro — JIMOO OJIHOTO TOKa3zaTens, 3HaHHUE KOTOPOTO
XapaKTepu3yeT BCIO CHUCTEMY, M, KakK CJEJCTBHE, HEOOXOJIWMO BBOJUTH HAOOP
IoKa3aTeJjeH.

Tak, OlICHKE MOMJIEKAT Pa3IUYHbIC MOKA3aTEeIM CUCTEMbl: TOYHOCTh, PACXO],
OBICTpOJICHCTBHE, - MOKa3aTeIM HaAEKHOCTH U T.J. Bce 3TH mokazarenu sBIISIIOTCS
Pa3HOPOJHBIMU U HE CBOJATCS K KAKOMY — JIUOO OJTHOMY.

[TocienHUI TUIT HEONPENEIEHHOCTH CBSI3aH C HAJIWMYUMEM B CHCTEME 4YacTEu
(mapTHEPOB), MMeEIOIUX COOCTBEHHBIE lienu. [loaToMy mpuHATHE Kakux — JKMOO
O00OOCHOBAHHBIX  PEIICHUH  MPUBOJUT K  HEOOXOJAMMOCTH  HCIOJIb30BaHUS
MPEANOJIOKEHUNA O XapaKTepe ACUCTBUI OTJEIbHBIX YacTel (MapTHEPOB).

OCHOBBI CHCTEMHOI0 MOAX0Aa K NpoeKkTupoBanuio ACY TO

CucTeMHBI TOAXOJ K TMPOEKTUPOBAHUID CHUCTEM BO3HHUK CPaBHHUTEIBHO
HEJABHO U, MO — BUIUMOMY, €TO MEPBBIM MPAKTUYECKUM MNPHUMEHEHHUEM CTaJH
BOCHHBIE Pa3paOO0TKH, BBHITTOJHEHHBIE BO BpEeMsI BTOPOl MUPOBOM BOMHBI. [IpuunHoi
CHUCTEMHOTO TMOAX0/a MOCIYKHUJIa MOTPEOHOCTh U3YUYEHUS U MOCTPOE-HUS CIIOKHBIX
(6ompIIMX) cuCcTEM, OCOOCHHOCTH KOTOPBIX ObUIM OTMEUEHBI BBIIIIE, KOT/Ia 0Ka3a10Ch
HEOOXOJIMMBIM YacTh BOCIIPUHUMATh KakK IIEJI0€, a I[EJI0€ — KaK YacTh; MPOCIICKUBATh
BJIUSIHUE OJTHOTO SIBJICHUSI Ha MHOYECTBO JIPYyTUX; OObEIU-HATH U PACCMATPUBATH
BOEJIMHO 3JIEMEHTHI PA3IMYHON (pusnueckoil npupoasl. [loaToMy cucTeMHBIN TOAXO0A
MOXHO OIpEAENUTh KaKk OOIMK NMpUEM WIA NPUH-LIMIN, OOBEAUHSIONMNA B cede
METOJIOJIOTHYECKYI0 YacTh, U MPUKIAJAHYI0, HEMO-CPEACTBEHHO MpPEeAHA3HAYCHHYIO
JUTSL UCCTICZIOBAHUSI M pacueTa CIOKHBIX CUCTEM.

B pamkax cHCTEMHOro MOAXO0/a HMCXOAA W3 ULEIOCTHOTO MPEICTABICHUS
APraTUYEeCKOM CHUCTEMBI BO3MOKHBI CIIEYIOIUE BapUaHTBl €€ pPacCMOTPEHHS:
YEJIOBEKOCUCTEMHBIN, CUCTEMOTEXHUYECKUI, PABHOAJIEMEHTHBIH [2].

JIns 4denoBeka CHUCTEMHOTO BapHaHTa XapaKTE€pHA TJIABEHCTBYIOIIAS POJb
YeJoBeKa IMepell TEXHUKOM, KOrjJa TEXHUKa SBISAETCS OpyAHeM Tpyaa; i
PABHOZJIEMEHTHOTO — YEJIOBEK M TEXHUKA SIBJIAIOTCA PABHO3HAYHBIMH 3JIEMEHTaAMU
CUCTEMBI; JJIsI CUCTEMOTEXHHYECKOTO — TEXHHUKA SIBJIETCSI OCHOBHBIM 3BEHOM, a
YeJI0BEK — BCTIOMOTATEIbHBIM.

Hawnbonee pacnpocTpaH€HHBIM U pa3pabOTaHHBIM CLIOCOOOM MPOEKTUPO-BAHUS
SIBJISIETCS CUCTEMOTEXHUUYECKoe. B 3ToM cityuae, OCyIiecTBUB BBIOOP HepapXUUECKOM
CTPYKTYPbI U BBIJICIUB TOMY WJIM HHOMY 3B€HY CUCTEMBbI, IPUHUMAIOIIEMY PEIICHHUE,
HEKOTOPBIM pecypc, OJHOBPEMEHHO OIpeaenseTcss W CHocod U alrOpUTM
UCIIOIB30BaHusl 3TOro pecypca. [lodToMy CHCTEMOTEXHHYEC-KO€ MPOEKTHUPOBAHHUE
XOTSI M PAacCMATPUBAET YEJIIOBEKAa KAaK OJIMH W3 CYLIECTBEH-HBIX, HO BHEIIHUX
(haKkTOpOB, OKA3BIBAIOIINX 3HAYNTEIHLHOE BIUSHUE, B CBOCH OCHOBE BCE K€ OCTAIOCH
TEXHUYECKUM MTPOCKTUPOBAHUEM .

B nactosiiee BpeMs tpyaHocTu npoektupoBanusi ACY TII cBsi3aHbI HE TOJIBKO
C TEXHUYECKUM, MATEMAaTUYECKUM ¢ TMPOTPAMMHBIM OOECIEYeHHEM, HO U C
HPrOHOMHYECKUM OOECIeYEeHUEM, KOTOPOE TauT B ceOe OoibIinne pe3epBbl MOBHI-
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meHust 3QPEKTUBHOCTH U HAZIEKHOCTH BCel cucteMbl. Kak mpumep, eciii HECKOJIBKO
JIET Ha3aJ COOTHOILIECHWE YHCJIa aBapuil B aBHUAIIMM, CBSI3aHHBIX C OIIMOKAMHU
omepaTopa U C HEHUCHPABHOCTSAMH TEXHUYECKUX CpeACTB, coctaBuiio 60% u 40%
COOTBETCTBEHHO, TO ceituac 6osiee 90% aBapuii MPOUCXOAUT MO BUHE YEIOBEKA .

Otcrofa W BO3HHMKAeT HEOOXOAUMOCTh OJHOBPEMEHHOIO Yyuera Bcel
COBOKYMHOCTU (pAaKTOPOB: BHEIIHEH Cpeibl, YEJIOBEKa, TEXHUUYECKUX CPENICTB — MPH
BBITIOJIHEHUU TPOCKTUPOBAHUSI IPraTUYECKUX CHUCTEM, T.€. O JACHCTBUTEIBHO
CHUCTEMHOM MOJIX0/€ MPOCKTUPOBAHUS, OXBATHIBAIOIIUM BCE ATAIIBI.

Taxkum 00pa3oM, CHCTEMHOE MTPOCKTUPOBAHNE MOXKHO CUHTATH COCTOSIIIAM W3
JIBYX BUJIOB (PHUC.S5): 3prOHOMUYECKOTO U CUCTEMOTEXHUUYECKOTO, -
BBITIOJTHSAEMBIX COBMECTHO.

CucreMHOE
Puc.5. CocraB MIPOCKTUPOBAHKE
CUCTCMHOI'O
IIPOCKTUPOBAHUA
DPproHoMHUYECKOe CHUCTEMOTEXHHUECKOE
MIPOCKTUPOBAHHUE MIPOCKTUPOBAHHE

B 3aBucMMOCTH OT YpOBHS 3PrOHOMHYECKOTO TMPOCKTHUPOBAHMSI CHUCTEMHOE
MPOEKTUPOBAHUE CBOAMTCA K UEJIOBEKOCHCTEMHOMY, PaBHORJIEMEHTHOMY WU
CUCTEMOTEXHHUYECKOMY. K CHCTEMOTEXHHYECKOMY NPOSKTHPOBAHUIO OTHOCHUTCS
CO37]aHUE BHENTHUX YCIIOBHH M CPEJCTB, YUUTHIBAIONIINX HATMYNE U B3aMMO-/ICHCTBHEC
C HUMH 4enoBeka. K sproHoMuyeckomMy mpoeKTHPOBAHUIO OTHOCUTCS 0OOCHOBAHHE U
BBIOOP BHUJOB JEATEIHLHOCTH YEJIOBEKa M BBIPAOOTKA TPEOOBaHUN K TEXHUYECKOU
YacTH, YYMTHIBAIONIMX BbIOpaHHbIE BUABI JAesATenbHOCTU. OAHUM W3 TIABHBIX
MOMEHTOB B JPrOHOMHYECKOM MPOCKTUPOBAHUU SIBISETCS (PYHKIIMO-HAIBHO —
MH(OPMAIITMOHHOE COTJIaCOBAaHME BCEX YacTeW CHUCTEMbI, MMEIOIIME PE3YJIbTaTOM
onpenenEHHbI HaOop BUIOB ACSATEIHHOCTH.

VYka3zaHHOE cO/IepKaHUE CHCTEMHOTO MPOEKTUPOBAHUS OMpPENEIseT MPEeaMET
cooTBeTcTBYIOIIEeH Teopuu. IlogoOHBIM oOpasom kak TAY sBuiace u sIBIsSETCA
METOJIOJIOTUYECKON OCHOBOW CHCTEMOTEXHHYECKOTO TPOCKTHUPOBAHUS, TEOPHUS
ABTOMATU3MPOBAHHOTO MPOCKTUPOBAHUS WM TEOPHUS JPraTUYCCKUX CHCTEM Kak
Oosnee BBICOKMI ATam pa3BuTus TAY Clly)KUT METOIUYECKON OCHOBON CHCTEMHOIO
npoekTupoBanusa. C MOMOIIBIO0 STOW TEOPHH PEIIAIOTCS 3a/adil aHaIM3a U CHHTE3a
CTPYKTYp, BUAOB JIEATEIHHOCTH, COTJIACOBAHMSI XapaKTEPUCTUK YEIOBEYECKOTO 3BEHA
C TEXHHYECKHM, TaK, YTOOBI yIOBJICTBOPUTH LIETIOMY PSAIY TPCOOBAHMIA.

Ha mpakTudeckyto BO3MOXKHOCTh TIOCTPOCHHS TaKOW TEOPUHM YKa3bIBaeT HE
TOJIbKO TaKOW BaXXHBIM (aKT, KaK €IWHAasl JOMyCTHUMAasi TOYHOCTh JICTaIU3aIlNH
MPOIIECCOB B JIPraTUYECKON CHUCTEME, HO M KOHKPETHBIC MOAXOABl U METOAbl. B
4aCTHOCTH, (YHKIIMOHAJIBLHO — CTPYKTYPHBIM MOAXOMA JJIsi OIKCAHUS Iporiecca
dbyaknuonupoBanuss IC U OIEHKM Ha €ro OCHOBE MoOKaszaTene s(dexTuBHOCTH,
KadyecTBa W HaA&XHOCTH (YHKIUOHUPOBaHUS [2,4] WM «OPTraHU3MHYECKHUI)
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MOIX0/, OOBEIUHSIONINI OCHOBHBIC TOJIOKEHHUS KaK TEOPUU YIPABJICHHS, KaK H
TEOPHUH >KUBBIX OPTraHU3MOB [6], WK HUHPOPMAITMOHHO — JUHAMHYECKUN MOAXOJ K
ucciaenoBanuio U cuHTe3y OC, CBS3BIBAIOIIMK (PYHKIIMOHUPOBAHHE YeJIOBEKa, T.C.
BBHIOpDAHHBIN BHUJ JCITCIBHOCTH B KOHTYpe C HH(DPOPMAIIMOHHBIMH XapaKTepHC-
TUKaMH TTPOTEKAIOIIMX Mpo1ieccos [1].

Peanuzanust cUCTEMHOTO TOJAXOJa CBs3aHa, IPEXKAEC BCEro, C CO3JaHHUEM
MOJIENIeH CIIOXKHBIX cUcTeM. [103ToMy Tak Ba)KHO MMETh COOTBETCTBYIOIINUE TTPUE-MBI
MIOCTPOCHUSI, OITMCAHUS MOJIENIA U CPEJICTB MPOBEACHUS MOJCIUPOBAHUS.

MOJAEJINX U MOAEJIMPOBAHUE CJOKHbBIX CUCTEM

Omnpenenum MoJeNb M KaKk HEKOTOPOE MHOXKECTBO 0COOOTO pojia, Kak Habop
OTHOIIICHUH, 3aJJaHHBIX HA HEKOTOPOM HUCXOAHOM MHOXKECTBE M T.e.

M= <M{r, 1o, ..., 1,}>,

TAE Iy, Ipy o . . . . I, — OTHOIIEHUS (pa3HOM MECTHOCTH), 3aJlaHHbIC HA MCXOHOM
MHO)€eCTBE M.

Takoe ompeseneHre MOJENM SABJISETCS MpeAeTbHO oOmuUM U Haubosee
NOAXOMSIIUM [l TIPEACTABJICHHUS CUCTEMBI, TaK KaK CHUCTeMa, OOIeM ciydae,
SIBJISICTCSI OTHOIIIEHUEM [6,8].

Jnst pusnueckux OOBEKTOB (CHCTEM) HAa MCXOJHOM MHOXKECTBE My — MHO-
KecTBe O00JacTell 3HAYEHUH NEPEMEHHBIX, - CYIIECTBYIOT HEKOTOPbIE YHCIIOBBIE
GYHKIIMU 3THX TIEPEMEHHBIX, KOTOPBIE YAOBJIETBOPSIOT OTHOIICHUSIM, KOHKPETH-
3UpYEeMbIM B BUJIC PA3HOOOPA3HBIX OTOOpaXKEHW: TaOJWYHBIX, MATPUYHBIX, AU(Q-
dbepeHIUATBbHBIX, (YHKIIMOHATBHBIX, - 3aJAI0IINX TPUIUHHO — CJICJCTBEHHBIC CBS3U
MEK]ly IEPEMEHHBIMH.

HcxonmHoe omnucaHue CUCTEMBI MOXKET OBITh 3aJ]aHO U B BHJIE KaKuUX — JIHOO
TeKCTOB. Torga MCXoJHOE MHOXECTBO M, — MHOYKECTBO CHMBOJIOB, HA KOTOPBIM
3aJlaHbl OTHOLIEHUS B BHJE OINPEICIEHHBIX MpaBWJI TMOCTPOEHUS WM BBIBOJA
PaBUIBHBIX MPEATIOKEHUI. Mo1ebio (TEKCTOBOM) MOKHO CUUTATh U (hOpMalIb-HYIO
MaTEMaTUYECKYIO 3alHUCh KAKUX — JMOO COOTHOIICHWH Ha 3aJJaHHOM MHO-KECTBE
CUMBOJIOB (HarpuMep, 3aruch ypaBHEHUH Ha si3bike «DopTan»).

Beibop cmocoba omucaHus 3aBUCHT OT MHOTUX (DaKTOpPOB: KOHKPETHO
pemaeMon 3ajlaud, CBOMCTB OTAEJIBHBIX DJIEMEHTOB W T.J. — M MPUBOJIUT JIHOO K
VCTIOJIb30BAHUIO  MOJEJEH, HaANpPaBJIEHHBIX Ha TIOJYyYCHUE KOJHUYECTBEHHOMN
uHpopManu, Wi MoJened, MpeAHA3HAUYCHHBIX IS TOJYYEHUsS KadeCTBEHHOU
uHpopManu. DTU J1Ba BUJA MOJIeJIe MMEIOT M COOCTBEHHBIC HAa3BAHUS: BBIYMC-
JUTENIbHBIE MOJIEIHU U JIOTUKO — JIMHTBUCTUYeckue Mmozenu (JIJIM).

Hanbonee pacnpocTpaHeHHBIM CIIOCOOOM OINHCAHHUS CHUCTEM  SIBIISIETCS
MPEJCTABICHHE WX B BUJE BBIUUCIUTENIBHBIX MOJEJNCH, KOTOpbIE AAIOT KOJUYECT-
BEHHBIC TTOKA3aTeIN, XapaKTepU3yomue PyHKITMOHNPOBAHUE CUCTEMBI.

[IpakTueckass HEBO3MOKHOCTh IMOJYyYEHHS] MAaTEMATHYECKOTO KOPPEKTHOTO
OMHCAHUS U3 — 3a OTCYTCTBHS JIOCTOBEPHOW HMH(POPMAIUM WIH KAaTacTPOPUUIECKU
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YBEJIIMYUBAIOIINICA PAa3MEPHOCTH — BCE OTO TMPUBEIO K BO3HUKHOBEHUIO
ONpPENEIEHHON HJIEOJOTHM M pealv3aluyd MOJIEIUPOBAHUSA, W3BECTHOTO Kak
MMUTAIMOHHOE [5].

OCHOBY 3TOW HJAEOJOTHH COCTABIISIIOT: JUCKPETHOCTh CHUCTEMBI IO €€
CTPOCHMIO; TUCKPETHOCTh CHUCTEMBI MO B3aUMOICHCTBUIO; €IMHAS MaTeMaTHYeCKas
cxema OINucaHus U (PyHKIIMOHUPOBAHUS PIIEMEHTOB — arperar.

AHanu3 QyHKIIMOHUPOBAHUS U MOCTPOCHUSI CUCTEM IOKa3bIBACT, YTO CUCTEMA
MOKET OBITh pasiesicHa Ha OOJBIIOE YHUCIO 3JIEMEHTOB Pa3IMYHON (HHU3UIECKOM
MPUPOJIBI, KaXKIbI M3 KOTOPBIX XapaKTEPU3YyeTCS CBOMM HAOOpOM MapamMeTpoB U
(GYHKIIMOHATBHBIMA ~ 3aBUCUMOCTSIMH, BKJIIOYAET pa3IMYHbIE THIBI CBS3CH U
B3aMMOJECHUCTBUNA MEXKIY JIEMEHTAMMU.

Pacunenenue cuctemsl B 0OLIEM CIy4yae HEOJAHO3HAYHO M YacTO YCJIOBHO, HO
MPOJOJKAETCS 10 TOJYYCHHMSI TaKUX DJIEMEHTOB, KOTOpPBIE IPU HMEIOIIECHCA
uH(bopMaIu HanboJsee MoJIHO 0TOOpaKaroT CBONCTBA PeaIbHON CUCTEMBI.

Tem caMbIM JHCKpETHasi CTPYKTypa CHUCTEMbl BO3HHMKAET €CTECTBEHHBIM
00pa3oM U 03HAYAET, UTO CHUCTEMa MPEJICTABIISAETCS MHOTOYPOBHEBOM KOHCTPYK-IIHEH
U3 OMpenenéHHbIM 00pa3oM B3aUMOJCHCTBYIOMIMX SJEMEHTOB, OOBEAMHEH-HBIX B
IIOJCUCTEMBI PA3JIMYHBIX YPOBHEH, IPUYEM DJIEMEHT — HEAEIMMAs Jajee CUCTEMA.
Kaxaplil 371eMEHT OTHOCUTCS K ONpPEAEIEHHON MaTeMaTuueckoil cxeme. s cioydas
duznueckux  OOBEKTOB, OOJAJAIONUX  MPOCTPAHCTBEHHO —  BPEMEHHBIMU
CBOMCTBaMHM, MOKHO JaTh TaKylO KJIACCU(PHUKALUIO ONMCAHUM.

BpiaenstoTcss CUCTEMBI C  HENPEPBIBHBIM  BPEMEHEM H  HENPEPBIBHOU
npoctpancTBeHHOM koopauHaToit (HBHK); cucteMbl ¢ HenpepbIBHBIM BPEMEHEM U
JTUCKpEeTHOW mpocTpaHcTBeHHOW koopauHatod (HBJ/IK), B KOTOpBIX OTCYTCTBYET
JTUCKPETHOE COOBITHE WIM CYHIECTBYET, CHCTEMbI C JIUCKPETHBIM BpPEMEHEM U
JTUCKPETHOM mpocTpaHcTBeHHOW koopauHaToi (JIKJIB), Takke ¢ oTCyTCTBHEM WU
HAJIMYUEM JTUCKPETHBIX COOBITUH.

Cuctembl Tnma HBHK yunThIBatoT MpOCTpaHCTBEHHO — BPEMEHHBIE CBOMCTBA
COCTaBHBIX YaCTE€W CUCTEMBI, a OTCIOJA UX ONKWCAHUE - YPABHEHUSIMU B YaCTHBIX
IIPOM3BOAHBIX, COAECPXKAIIMMHU  IPOU3BOAHBIE [0 MHOTMM  HE3aBHUCHUMBIM
IIEPEMEHHBIM.

Hoctarouno mmpokuit kinacc cucreM thuna HBHK, 3aBucsamux ot aByx
IIEPEMEHHBIX, OXBATHIBAETCS CIEAYIOLIUM BBIPAXKECHUEM:

2 2 2
ad ?er du +cd ?:e:aUﬂerUW%chW =e
dx dxdy dy ’

A€ X,y - HE3aBUCHMBIC IEPEMEHHBIE;
U - 3aBucumas nepeMeHHas ;

du du
a,b,c.e - byHKIMH X,y,U, —,—
dx dy

Tak a1 MasbIX IPOJOJBbHBIX KOJI€OaHU YIIPYroro CTepakHs, KOTOPbIA MOYXKHO
CUMTaTh (PU3NYECKON MOAeIbI0 JIA, uMeeM ypaBHEHUE
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P, (x,1) = [K()U, (x,0) |, + f(x.0),

r€ X - IEPEMEHHAs IJINHA;

p(X) - MIIOTHOCTb CTEP>KHS MO JUIMHE;

K(X) - KOOQPUIIUEHT YyIPYTOCTH CTEPIKHS;

U(x,t) - cMelIeHue CeueHUs CTEpXKHS, HMEIOMIET0 B Hene(OpPMUPOBAHHOM
COCTOSIHHH KOOpJIMHATY X;

f(X,t) - WIOTHOCTH pacHpeneNeHrs] BHEIIHUX BO3EHCTBUM 10 JJIUHE.

Cucrembl tunma HBJIK B ornuune or HBHK 3ameHs0T mpocTpaHCTBEHHBIE
CBOKCTBAa KOMIIOHEHT CHUCTEMBI COCPEJOTOYECHHBIMHM, a OTCIOJd, B YACTHOCTH, HX
onvcaHue  OOBIKHOBEHHbIMU  nuddepeHunanbubiMu  ypaBHeHusimu — (O1Y),
COJICPKAIIMMH TPOU3BOAHBIE TOJBKO IO OJHOM HE3aBUCUMOM NIEPEMEHHOW —
BPEMEHU.

O6mas gopma 3amucu O1Y
F(t’ 'x’ 'x) = O’
- dx
rjae x = [Xy, Xo, . . . , Xp,] — BEKTOP 3aBUCUMBIX IIEPEMEHHBIX; x = —;

dt
F — BekTop — pyHKIIMS.

OpHako ycrnoBusi HempepbBHOCTH F(f, X, x) MO COBOKYHMHOCTH apryMEHTOB

BMECTE C YaCTHBIM MPOU3BOJIHBIMU d—F u 9 qacro me mumommsercs. Hapymenue
dx X

HETPEPHIBHOCTU MPOUCXOJUT B OINpeAesIEHHbIE MOMEHTHI BpeMenu t, (k = 1, 2, ...),
KOTOpbIE MOTYT OBITb M3BECTHBI 3apaHee (COOBITHS, 3aBUCSIIME OT BPEMEHH), HO
yaIie BCEro 3apaHee HE U3BECTHHI U OOBIYHO 3aBHUCST OT BBIYHC-JISIEMOTO PEIICHUS
(coObITHs, 3aBucsmMe OT cocTosiHus). I[loatomy wmHOxkecTtBo cucrem HBJIK
pa3aenaTcs Ha Ba MOAMHOXECTBA, B OJHOM W3 KOTOPBIX OTCYTCTBYET IHCKPETHHIE
COOBITHS, @ B IPYTOM — JIUCKPETHBIE COOBITHS CYIECTBYIOT.

Cucrema tuna /JABJIK B omimmunme or HBJIK xapakrepusyercss Tem, 4YTO
IPOTEKAIOIIME B HEH MPOLIECChl MPOUCXOASIT TOJBKO B JHUCKPETHBIE MOMEHTHI
BPEMEHU, U3BECTHBIE 3apaHee.

Tak xe xak mia JABJK, dyHKIuOHambHBIE 3aBUCUMOCTH COJIEpKAT WM HE
COJIEpKaT JAUCKPETHBIE COOBITHS, UTO OMpEACIseT JBa MOJAMHOKECTBA CUCTEM THIA
JBJK. CymectByer Oosbinoe pasHooOpaszue cucteM tumna JIBJIK, wampumep,
KOHEUHbIE W BEPOSTHOCTHBIE aBTOMAaThl. Tak, QUIbTP, (PYHKIMOHU-PYIOIIUA B
JTHUCKPETHOM BpeMEHHU t, = K - At, ot = const u 3a1aBaemMbli pa3HOCTHBIM YPABHEHUEM
L(ty) = av( t.1) + bU(ty 1), UMEET HENPEPHIBHYIO MO COCTOSIHUIO MEPEMEHHYIO L(ty).

Takum oOpa3zoM, 00IIee MaTEMAaTUYECKOE OMMCAHUE BCEH CUCTEMBI BHICTYIIAET
KaK COBOKYITHOCTh ONUCAHUMN OT/ACJIbHBIX TUIIOB (OCHOBHBIX ).
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JIMCKpPETHOCTh CHUCTEMBI MO B3aMMOJCHCTBHIO O3HAYaeT, YTO OOMEH CHUTHa-
JaMU MEXAYy OTIEIbHBIMM JJIEMEHTAaMU IMPOUCXOJUT MIHOBEHHO B HEKOTOPBIC
YIOPSI0YNBAEMbIE MOMEHTHI BPEMEHHU.

Arperat paccMaTpuBaeTcsd Kak aOCTpakTHas MaTeMaTudeckas CXema, K
KOTOpPOM TNPHUBOIATCA KOHKPETHBIE MAaTEMaTUYECKHE OIMCAaHUE OTHAEIBHBIX
AJIEMEHTOB, MPEIACTABISAEMbIX B BHUJE: KOHEYHBIX M BEPOSTHOCTHBIX ABTOMATOB;
CHCTEM MacCOBOI'O OOCIIy>)KMBaHMsI; KOHEYHO — Pa3HOCTHBIX ypaBHeHui. Toraa Bcs
CUCTEMA MPEACTABISIETCS KAK COBOKYITHOCTb arperaTroB, B3aMMOACHCTBYIOIIUX JIPYT
C JpyroM B JAWCKPETHbIE MOMEHTBI BPEMEHM IO BXOoAy — Bbixoay. Ha pwuc.6
MIPUBEJEHO CTPYKTYpHOE H300paKEHUE CHCTEMBI, COCTOAIEH H3 4 OTAEIbHBIX

31eMEHTOB {D;}; = 1,4, Ha KOTOPYIO BO3JIEHCTBYET BHEIIHSS CPEla, M KOTopas, B
CBOI0 O4YEpEelb, BO3JEHCTBYET Ha BHEIIHIOW cpeny. Omeparop coobOpakeHHs
yCTAHABIMBAECT OJHO3HAYHBIE CBSA3M MEXAY BXOJAMH U BBIXOJAMM OTHENHHBIX
51eMeHTOB. [IpOHYMEpPOBAB BXOABI M BBIXOABI KaKAOTO DJJIEMEHTA, CUYHMTAas |
BHEIIHIOK CPENy Kak 3J€MEHT ¢ MHAEKCOM i = 0, HETPYOHO MOJYy4YMThH TaOJIHUILY,
3AII0MHEHHYI0 €AUMHUIAMH, O003HAYAIOIMMHU CYLIECTBOBAHME CBS3E€H MEXIy
COOTBETCTBYIOLIMMH BXogaMu (puc.6).

2 > ’
3
B X O /I bl

~ 0 1 2 3 4
B 1 2| 1 1 2] 1 |12 3
bl 0] ! |
X 11 1
O 1
i 21 1
bl 31 1
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41 1

Puc.6. 3aganue CTpyKTypbl CHCTEMBI, TUCKPETHOM MO CTPOEHUIO

Takum oOpa3zom, uMuTaIUs Tporecca GYHKIIMOHUPOBAHUS UCXOTHOU CUCTEMBI
BKJIIOYAET B ce0s CJIEIYIONIME OCHOBHBIE MOMEHTBI: UMUTAIIMIO (DYHKIITMOHMPOBAHUS
AJIEMEHTA CUCTEMBI, BBINOJHAEMYIO €IUHCTBEHHON MPOrpamM-MON UMUTALIUA MO,
HACTPAMBAaEMOTO Ha BBIOPAHHBIM SJIEMEHT; WMUTAIMIO B3aUMOJCUCTBUS MEXKIY
AJIEMEHTAMH, T.€. Iepe/laya CUTHAJIOB OT JAHHOTO 3JIEMEHTA K APYTUM; YIIPABIICHHE
OUepEAHOCThIO  CUCTEMHBIX  COOBITHMI, T.e. BBIOOp W  HacTpoilka Ha
(GYHKIMOHUPOBAHUE TOTO DJJIEMEHTA CHUCTEMbl, KOTOpbIM Haubosiee OJIU30K K
«OIIOPHOMY» MOMEHTY BPEMEHH OTHOCHUTEIBHO pPAacCMAaTpUBAEMOIO MOMEHTA
MOJEJIBHOTO BpeMeHU. «ONOpHBIN» MOMEHT BPEMEHHM XapaKTEpHU3yeTCs CKauKOM
COCTOSIHUS DJIEMEHTA.

Takoe mocTpoeHue IMpolecca MOAECIUPOBAaHUS OOECIEYMBAET U 3KOHOMUIO
ONEPAaTUBHOM MaMATH, HO 3a CYET BPEMEHH, KOTOPOE TPATUTCA HA HACTPOMKY
YHUBEPCAIBHOTO MOJYJII HA BBIOPAHHBIN JIEMEHT.

OO0Js1acTb TPUMEHEHUS TAKOTO MOAXO0AA ONPEEIAETCS TEMH MPEII0KEHHS-MHU,
O KOTOPBIX Pe€dYb IIJIA BBIIIE, T.€. JUCKPETHOCTBIO IOCTPOEHUS M JIHUCKPET-HOCTBHIO
B3aMMOJICUCTBU. B ciyuae HENpepbIBHBIX CHCTEM, KOTOPBIE TaKKE MOTYT OBITh
IpPEACTaBIEHbI CXEMOW, MPUBEAEHHON Ha pUC. 6, OIOPHBIE MOMEHTBI HACTYNAIOT JJIS
BCEX 3JIEMEHTOB OJHOBPEMEHHO U ITO3TOMY HX HEJIb3sl yHOpsAI04uTh. HenpepbiBHYIO
CUCTEMY BCIO CIEAYET CUMTATh OJHUM JJIEMEHTOM.

[TosiBnenue JIJIM o0s3aHO HE TOJIBKO TE€M MPUYMHAM, KOTOPBIE, KaK yXKe ObLIO
CKa3aHO BbIII€, CBOMCTBEHHBI UCCIEAOBAHUIO OOJIBIIUX CUCTEM, HO U MOTPEOHOCTHIO
ydyera uH(MOpMamuMu O CHCTEME B BHJI€ TEKCTOB, BBEIEHUU MPEI-METHO —
OpPUEHTHUPOBAHHBIX CITOCOOOB B3aMMOJIEHCTBHS YETIOBEKA C CUCTEMOM.

JUIM parmT onucaHue pacCMAaTPUBAEMOM CIO0KHOM CUCTEMBbI Ha €CTECTBEH-
HBIX TIOHSATUSIX W TPUHSITOM TEPMHUHOJOTHUU, BBIPAKAEMBIX B BHUJEC S3BIKOBBIX
KOHCTpyKIMH. [losToMy riaBHoe HazHaueHue JIJIM u 3akirouaercss B ONMUCAHUU U
00pabOTKe TaKUX CHUTYyalMi, KOTOpble TPeOYIOT MOATOTOBKH WM MPUHATUA
pelIeHus, INIAHUPOBAHUS JEUCTBUAN U T.I1.

OnHoll W3 mepBbIX MNONBITOK HOpuMeHeHus: JIJIM ciyXduT cuTyalmoHHOE
ynpasienue [3]. Mcnonb3ysi TUCKPETHOCTh CHUCTEMBI MO €€ CTPOCHHIO, BBIICISIOT
KOHCTPYKIIMM  JBYX BHJOB: OOBEKTHI ¥  OTHOIICHHS, XapaKTepPU3YIOIINe
MIPOCTPAHCTBEHHO — BPEMEHHBIC WJIH JIPYTHE CBI3U MEX Iy oObekTamu [3].

CocrosiHre (cuTyalusi) CIOXHOM CHUCTEMbI OIpPENEseTCs KaK MHOYKECTBO
OTHOLIEHUH, 3aJJaHHBIX Ha TUCKPETHON COBOKYIMTHOCTU OOBEKTOB, a 1€J1b YIIPABICHUS
— YCTaHOBJICHUE OIPEACNIEHHBIX KOHKPETHBIX OTHOILIECHUW Mexay oObekramu. U3
ATOr0 BBITEKAET BO3MOXKHOCTH BECTH SI3bIKOBBIE CPEJCTBA M CIIOCOOBI ONMUCAHUA, a,
cleloBaTeIbHO, U HAaOOp MpaBWJI MPeoOpa3oBaHMsS ONMUCAHUS B COOTBETCTBUM C
LEJBI0 YIIPaBICHUS. B OCHOBE TEKCTOB f3bIKA MUKDPO- OINKCAHMS CUTyalUd JIEKHUT
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WCHOJIb30BAaHUE CIEAYIOIINX MHOYECTB: MOHATHUH, UMEH, OTHOLIEHWUW, PEUICHUN WU
OIICHOK. M3 3JIEMEHTOB 3TUX MHOXECTB CO3JAIOTCS MPEIJIOKEHHS, ONUCHIBAIOIINE
KOHKPETHYIO CUTYAIHUIO.

VYrpaiieHHUE CUCTEMHOMN MO CUTYaIlUsIM OCYIIECTBIISCTCS MyTEM OTOOpaKeHHS
B MOJIEJIM TEKYIIETO COCTOSIHUS CUCTEMbl W TOCTPOCHHUS IO MOJEIM CHCTEMBbI
AKCTPAIOISALIMOHHOTO JiepeBa BBIBO/JIOB, T.C. pa3IUYHBIX BAPUAHTOB
MIOCJICIOBATEILHOCTH  YIPABJISAIOMIMX JCUCTBUNA, W3 KOTOPOTO BBIOHMPAIOT OITH-
MaJbHBIM BBIBOJ TIPH 33JIaHHON ()YHKIIMHM OIEHKH HAa MHOXXECTBE BBIBOJIOB. [loiy-
YEHHBIA Ha MOJICJIM ONTUMAIBHBINA 3aKOH J1ajliee Peain3yeTcs Ha peaTbHOM OOBEKTE.

DKCTpanoJisiius CUTyalluii MPUBSI3bIBAETCS K COCTOSIHUIO CUCTEMbl HA MOMEHT
Hayaja mpolecca BbBIPAOOTKU PEMICHUS, U BPEMsl SKCTPANOJSIUUA CUTya-UHUA He
JOJKHO TMPEBBIIATh OTPE3Ka BPEMEHHM, B TE€YEHHE KOTOPOTO COCTOSIHUE CHUCTEMBI
CUMTACTCA HEW3MEHHBIM. B MNpPOTHBHOM Ciydae BBINOJHSACTCS KOPPEKLUHS IO
HaO0JII0/ITaeMbIM CUTYaIIHSM.

ScHo, uto JIJIM, cHabGXeHHBIE COOTBETCTBYIOIIUMH IIpoIeaypaMu o0padoT-
KM, TIO3BOJIAIOT CMOJICTMPOBAaTh HEKOTOPhIE Hanboyiee BaXKHBIC BUIIBI JEATCIBHOCTH
YEJIOBEKa, CBA3aHHBIC C TIPUHATHEM peuieHud. llodTomy B KOMIUIEKcE ISt
MOJICJIMPOBAHUSI JPraTUYECKUX CHUCTEM CJEAYEeT HWMETh JIBa THUIIA MOJCIIECH:
BbIUMCIUTENBHBIE U JIJIM — HEMOCPEACTBEHHO B3aUMOICUCTBYIOIIUE APYT C IPYTOM.

OLIEHKA CBOMCTB YIIPABJIIEMOCTHU U
UH®OPMAILIMOHHON YCTOMYNUBOCTU OTKPBITHIX
JANHAMUNYECKUX CUCTEM

Ucnonb3oBanue MHGOPMAIMOHHO — JUHAMUYECKUX CHUCTEM MOJENIEeH mnpu
ONMCAHUU  OTKPBITBIX CHCTEM TMO3BOJISIET C €AWHBIX TMO3WIMKA  OMNHCATh
JNETEPMUHUPOBAHHBIE M CTOXAaCTUYECKUE JIMHAMUYECKUE CHUCTEMBI, ITO3BOJISET
COCIMHUTD PE3YJIbTaThl, CBSI3AHHBIE C YCTOMYUBOCTHIO HEJIMHEUHBIX JUHAMUYECKUX
CUCTEM, METOJbl TEOPUU OIMUCHIBAIOIMINUX (YHKIMA ¢ TEOPUU CTOXACTUYECKHX
CHCTEM YIIPABJICHUA.

Takoe 00beIMHEHNE TIPEKE BCETO HEOOXOAUMO MPHU UCCIICTOBAHUU YEIOBEKO
— MAIUMHHBIX CHUCTEM VyIOPAaBIECHUSA, T.€. CHUCTEM, BKIIOYAIOUIMX B KOHTYpE

yIpaBJIEHUs 4eJIOBeKa — oreparopa. Iloctpoenune Mozaenen, MO3BOJISIOIINX
OOBEUHUTH pE3yNbTaTbl TEOPUM YCTOWYMBOCTH, YINPABIIEMOCTH H  TEOPHUH
CTOXACTMYECKUX  IPOLECCOB, BAKHO  IPU  ABTOMATH3allMM  MPOLIECCOB

CTaTUCTUYECKOTO MOJEIIMPOBAHMS CIIOKHBIX JAUHAMHUYECKUX cucteM. [lomydeHHbie
pe3yabTaTbl MOTYT HCIOJB30BaThbCd NPU  ABTOMATH3ALMM  MPOEKTHUPOBAHMS
ABTOMATU3UPOBAHHBIX CUCTEM YIIPABJICHUS TEXHOJIOTHYECKUMU MTPOLIECCAMH.

ITokaxxem, kKak wuHTepnperupoBars B kinacc M — D mopenel CBOWCTBO
YIPaBIIEMOCTH U YCTOWYHUBOCTH.

[Tpu ucnonab30BaHUM KOHEUHOMEPHBIX MPUOIMKEHHUM 17151 OECKOHEUHOMEPHBIX
OIIEepaToOpOB, OINHUCHIBAIOIIMX OOBEKTOB YIPABICHUS, B3aUMOJCHCTBYIOIIUNA CO
CpeIoif, OCTaTOK OT KOHEUYHOMEPHOTO NPUOIMKEHUS MOKHO paccMaTpUBaTh Kak
BO3MYILAIOLIEE BO3ACUCTBHE.
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[TogoOGHBIM TIpHEMOM B TEOPHH ABTOMATHYECKOTO YIPABJICHHS MOJIB3yETCS
JNOBOJIBHO JABHO IIPU OINHCAHUU CIIOKHBIX HEJIMHEUHBIX AUHAMUYECKUX CHCTEM.
OTOT NpUeM MOTYYUI HA3BAHUE METOIa ONUCHIBAIOIMINX ()YHKIIHM.

Meton onuchiBarommx (QyHKIMH MO3BOJIAET IMOCTPOUTH JIMHEAPU30BAHHYIO
MOJENb U1 HEJIMHEMHON CUCTEMBI, UCITOJIb3YS MOHATHE OCTATOYHOT'O CUTHAJIA.

I[IlycTp Ha JWMHAMHUYECKYIO CHUCTEMY JCWCTBYET CIy4YaWHBIM CHUTHAl C
KoppekimoHHo  ¢yHkuued R (t). JuHamuyeckas cucreMa  ONMHUCHIBACTCS
CIIEIYIONMMHU YPaBHEHUSIMH, B 00IIIEM ClTydae HEeTMHCHHBIMHA:

x =1f(x) + Bm(t),
rjae e=D;x+D,m, (1)
€ - CKaJIsIpHas BEJIMYMHA.
PaccmarpuBas  koppemsiiiionHyto  QyHKIu0 Ry, o(T), MOXHO ONpeaenuThb
JIMHEMHBIN OIEPaTOop, CBA3BIBAOIIMN € U M KaK

S
W (jw) = ﬁjjgj 2)

rae Sy, — B3aUMOCIEKTpajbHasl IUIOTHOCTh MEXIYy BXOJHBIM CHTHajgoM m(t) u
OImHOKOH O(t);

S - CHEeKTpasibHAsI INIOCKOCTh BXOJIHOI'O CUTHAJA.

Ecaun Ttemepp paccMOTpeTh Ppa3HOCTh MEXKAY BBIXOAHBIM  CHUTHAJIOM,
ONpeseNsieMbIM  MOJENbIO,  3a/JaBaeMoil  mepeparoyHod  ¢yHkuuedl (2) wu
audepeHnraabHbIM ypaBHEHHEM (1), TO 3Ty pa3HOCTh MOYXKHO CUUTATh OCTATOYHBIM
CUTHAJIOM WIH IIYMOM, YYUTBIBAIOIIHUM BIUSHUE HEIIMHEHHOCTH.

PaccMoTpum  yciioBus, MpU KOTOPBIX JAMHAMUYECKOE MpeoOpa3oBaHuE,
ONMCBHIBAEMOE JIMHEWHBIM OINEPATOPOM, TEPSET CBOM JIMHEMHBIE CBOMCTBA.
Jlunamuueckoe TmpeoOpa3oBaHUEe, peaTu3yeMoe OTKPBITOM CUCTEMOM, MOXKHO
OIMCATh B CIIEYIOLIEM BUJE:

y = H(p)q + n(t) (3)

rae H(p) — nunelinslii oneparop;
q= ZA[sin(a)it+}/1), (4)
i=1

31€Ch Aj, ©f, Y1 — CIyYaillHbIE YUCTIA;
n(t) — OCTaTOYHBIN CIyYalHBIN CUTHAJ, ONPEAEIISIEMbIN TeM, YTO B (5) NPUCYTCTBYET
KOHEYHOE YUCIIO COCTABJISIFOIINX.

Jlunamuyeckasi CucTeMa, OnmuchiBaeMasi cooTHomeHusmH (3), (4), MmoxkeT ObITh
npejcTaBiieHa B BUje ypaBHeHui B ¢popme Komu:

X = Ax + Bu + Sq, &)
y = Cx + n(t), u = Fx,
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riae A—n-n Marpuia;
B —n - m wmarpuna;
S —n'l wmarpuna;
C—-1-"n Marpuna;
F —m ' n marpuna;

XxeMcR", ue UcR".

B (5) Bo3gelictBue q (t) MOXXHO MNpPEACTaBUTh B BHJIE COBOKYMHOCTH JIMHEUHBIX
aCUUJIATOPOB:

éi + wiq; =0, (6)

rae o; - ciaydyadssle uncna i = 1,2, . .. K , cnydaitaeie a3bl y; onpenaenstorcs

HavaJibHBIMU yciaoBusMHU (;(0), qi(0).
Torna, nepenuceiBas (6) B popme Komru u o0beaunsis ux ¢ (7), norydum:

Z =Az+ Bu, (7)
y =Cz + n(t),
X
Z=\¢;
q,
u = Fx. (8)

[IpenmosioxkuMm, 4YTO  CHCTEMA  MOJEJIEH  BXOJHOTO  BO3JICUCTBHS,
OTIPENICNISIEMOTO COOTHOIIICHHUEM (4), MPEICTABIISIETCS B BUJIE KOMIIO3UITMOHHOTO Psijia
CIIEKTPAJIbHBIX INIOTHOCTEM:

Sic Sy ... < Si(u). 9)

KoMImo3unuoHHbI# psifi CIEKTPATBHBIX INIOTHOCTEH KOHCTPYHPYETCS TAKUM 00pa3oM,
YTO 1 — S CHEKTpajibHasi IUJIOTHOCTh HAaXOAWTCSA moA 1 + 1 — il T.e. ecnu BBEIEH
napaMeTp, XapakTepU3yIOIIUH IIUPUHY CHEKTPaJbHOM TIIJIOTHOCTH, TO BHE
3aBUCHUMOCTH OT TOTO, KaK KOHKPETHO OIpPENETEH MapaMeTp, XapaKTepHU3YIOIIUM
IIMPUHBI CHEKTPAILHON IJIOTHOCTH, YJIOBJIETBOPSAETCS] COOTHOIIEHHUE:

Ais1> A . (10)
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Onpenenum 1t TMHaAMUYECKON cucTeMsbl (8) mwiu (5) ommOKy OTCIeKUBAHUS
BHEIIHETr0 BO3/ICUCTBHUS:

e=Dx+D,q+n (1), (11)

rae  D;— 1 e n maTpuua;

D, — 1 * n maTpuna.

Kputepuem kadectBa, xapakrepusyronmum moaenu (5), (7), (8) MoxeT ObITh
OTHOUIECHUE CUTHAJ — IIIyM:

o

&

= K = const. (12)
o

n

Ecnu B cucreme noaiep:KUBaeTcsi NOCTOSSHHOE 3HAYEHUE OTHOIIEHUS! CUTHAJI-
myMm (12), To MUHMMH3aLKs CPETHEKBAAPATUYECKOrO 3HaueHus omnOKkH (11) Biueuer
Y MUHHUMHU3AIUIO CPEAHEKBAIPATUUECKOr0 3HAYEHUSI OCTATOYHOTO CUTHAJIA.

[Tokaxkem, 4TO JISI ONTUMAJIBHOW JIMHEMHOW CHUCTEMBI CYIIECTBYET TaKOE
BXOJIHO€ BO3JCHCTBHE U3 pPsAa BXOJHBIX BO3AeUCTBUU (9), KOTOpoe ompeaesseT
IIPENEIbHBIE CBOMCTBA CUCTEMBI, B TOM CMBICIIE, YTO IIPU JAJbHEHIIEM YBEJIHYECHUN
CIEKTpa HAYMHAET YBEIMYMBATBHCS CPEIHEKBAAPATUYECKOE 3HAYEHUE OCTATOYHOIO
curHaa. IlpexenbHas  cnekTpanbHas  IUIOTHOCTH — BXOJHOIO  BO3ACHCTBUSA
COOTBETCTBYET TOYKE HKCTPEMyMa B3aUMHOW HH(OpMALMM MEXIy BXOIHBIM U
BBIXO/IHBIM CUTHAJIaMU CUCTEMBI (5), MOCTPOEHHOM B (DYHKIIUU OT LIMPHUHBI CIIEKTpa
BXOJHOT'O BO3JIEUCTBHUS.

[TycTh 3a1aHO CpETHEKBAAPATUYECKOE 3HAYEHUE OCTATOYHOIO CUT'HAJIA, TOTJa
onTUMalibHas cuctema yrnpasieHus (7), (8) B cmbiciie

. 2
min © ¢

ONPENEIIAET ONITUMAIBHOE 3HAUYCHUE G g onp -
[Ipn M3MEeHEHHH CIEKTpa BXOAHOTO BO3ACHCTBUS B COOTBETCTBUM C (9) mis
TOTO, YTOOBI COXPAHUTh YCIOBUE ONTUMAIBHOCTH

O £ onr = CONSE, (13)

HEOOXOAMMO I KaXXJ0TO HOBOTO 3HAYCHHS A; MEHSTHh 3aKOH yMHpaBJICHHS. Takum
00pa3om o0pasyeTcst psii ONTUMATBHBIX MOJIEJIEH CUCTEMbI YIIPaBICHUS.
VYcnosue (13) MOKHO pacKpbITh B CIIEIYIONIEM BU/IE:

~+00
2

1
oi= L]

—00

8, (jo)|' S, (@)do +o} = const, (14)
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rae Si(®m) — crnekTpaiabHas IIOTHOCTh BXOAHOTO BO3JACHCTBUSI U3 KOMIIO3UIIMOHHOTO
pana (9);

¢ijo) —  mepematouHas QyHKIUS 3aMKHYTOU cucTeMbI (7), (8) mo ommobke
cnexxenus (11).

JIunertnocts Mojenu (3) o3HAyaeT, YTO MEPEXOIHBIE IMPOIIECCHl 3aMKHYTOMN
cuctemsl (7) — (8) mpuHaaIe)KaT OrpaHUICHHOMY MHOKECTBY:

7z eKcM, (15)

U CIICKTPAJIbHBIA COCTaB MpPeoOpa3oBaHUs, 3aJ1aBAcMOTO JTUHAMHYCCKOW CHUCTEMOM
(7) — (8), Takke OrpaHUYEH 3aJJaHHBIM JTUATTA30HOM:

o(A + BF) c o, (16)

r7e G - ClekTp npeodpazoBanus (A + BF);
G — 3aJlaHHBIN CIIEKTP.

CeMeiCTBO HMHBApUAHTHBIX TMOJIPOCTPAHCTB, OMNPEICIIEMBbIX TPACKTOPUU
cuctemsl (7), (8), ynosnerBopsitomux yciaousim (15), (16), umeer MakcUMaIbHBIN
AJIEMEHT:

Vic Viyyc...cV, (17)
V =sup V;

[Ipu n3MeHeHnH BXOJHOTO BO3JEHCTBUSA B COOTBETCTBHH C pAsIoM (9) pelieHus
cucteMsl (7) — (8) OyayT 0Opa3oBaTh BIOKEHHBIN psi/i MOANPOCTPAHCTB:

MiCMiHC CM,
Z eM; c M, (18)
M_eMcR"i=12 ...

Jlns BeimoniHeHus ycioBuit (14) u (15), (16) Heo6xoaumMo 4To0bI
McV; . (19)

Ho psn (17) orpanuuen, a psa (18) He orpaHuyeH, T.K. ONpENeNi€H B
OeckoHeYHOMEpHOM TpocTpaHcTBe. CleaoBaTeNibHO, HAUWHAS C HEKOTOporo i > N,
ycnoBue (19) Oyaer mapymarbes. Ho 910 03Ha4aeT, 4to OyaeT HapymaThCs YCIOBHE
(14), a crenoBarenbHO, B COOTBETCTBUU C (12) OyeT yBeIMIUBATLCS o, .

[Tokaxkxem, 4TO BO3JCHCTBUE, C KOTOPOTrO HAYMHAETCS HapylieHun ycimoBus (19),
COOTBETCTBYET TOUYKE IKCTpEMyMa B3auMHOM MH(GOPMAILIUU MEXTY BO3JACHCTBHEM ( U
BBIXOJIHBIM CUTHAJIOM Y, TTIOCTPOCHHOM Kak (DYHKIIMS IIUPUHBI CIIEKTPa BO3JACUCTBUS

Ai
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I(y,q) = F(A).

JleiictButensHo, B3auMHas uHpopMmarus [ (y,q) ompenensieTcst Ciexyrolum
o0Opazom:

I(y.q) = H(y) — H(y/q), (20)

rae H(y) — 2HTponus BBIXOJJHOTO CUTHAJIA;
H(y/q) — ycnoBHas SHTpOmNUs BBIXOAHOTO CUTHajA y(t) OTHOCUTEIBLHO BXOAHOTO ((t).
B cootBetcTBUM € (3)

H(y/q) = H(n),

rae H(n) — sHTpomnus octaToyHasi CUTHAIA.
[Toka psin (17) HE TOCTUTHET CBOETO MpeleiabHOro 3HaueHus, sHTponusa H(y) Oyaer
pacTu ¢ pOCTOM A, :

H(y) = H(V)). 21
Ho, naunnag c 1 > N, BenuuuHa sHTponus (21) cTaHEeT MOCTOSHHOM:
H(V) = const.

byaem paccmarpuBaTh HapyuieHue ycinoBuid (19) B cuily OrpaHMYe€HHOCTH
psna (17), T.e. B CHly OrpaHUYECHHM JTIMHEHHOCTH.
Torma mpu i > N He Oyner BbimonHATcs ycioBue (14), mpuuem o) .Oynet

BO3pacTaTh B cuiy Bo3pacrtanus (9,10).
Ho torma Oyaer yBenuuuBaThes o, . a ciefoBarenbHo, u H(y/q) = H(n).

Takum o6pazom ¢ i > N, (20) yOuBaet, HO mipu 1 > N BeaM4MHA B3aUMHOUN
unpopmanuu (20) Bospactaer. Otcroma cieayer, 4to B Touke A N B3auMHas
uHpopmarus (20)0yaeT UMETh IKCTPEMYM.

B3auMuyto mHGOpMAIMI0O MOXKHO BBIYUCISATH MO YUCICHHBIM DPealld3alusiM,
UCIIONb3YSl JJISI 3TOTO BBIPAKEHHUE ISl € - DHTPONHHU. DTO NAET BO3MOKHOCTH IO
YUCJIEHHBIM pealu3alusM ONpeAenuTh, MOXXHO JIM JAaHHYIO OTKPBITYIO CHCTEMY
OTHUCHIBATH JIMHEUHBIM orepatopom (3).

PaccmoTpum Temeph, Kak, UCMOJB3Ysl B3aUMHYI0 HMH(OpPMAIIHUIO, ONMPEACTUTh
TPaHUIIBI PUMEHUMOCTH METO/Ia OTMCHIBAOIINX (PYHKITUN U 00JIaCTh YCTONYMBOCTH
HEJIMHEWHBIX CUCTEM.

Meton onuchiBaOmMX (PYHKIUN MPUMEHSETCS K HEIMHEWHBIM CHCTEMaM, Ha
BXOJ] KOTOPBIX MOAAETCS CIy4yailHOE BO3ECHCTBUE.

[Ipy mnOpuMeHEeHHH HITOr0 METOoJla JAMHAMUYECKOE OMNHCAHUE CTPOUTCS
CJIeIYIONUM 00pazoM:
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S
(=00 (22)

rae Spx — B3aUMOCHEKTPAIbHAS IUIOTHOCTh MEXAY BXOJHBIM M BBIXOJHBIM
CUTHaJIaMM;
Sme — B3aUMOCHEKTpajbHAs IUIOTHOCTh MEXKAY BXOJHBIM CHUTHAJIOM M
OIIIMOKOI, BOBHHUKAIOIIIEH B CHCTEME.
CnekTpanbHas TJIOTHOCTh BBIXOJHOTO CHUTHAJIA OMPEACISETCS CIEAYIOIIAM
obpazom:

Sx(®) = [®(jw)|’S,, (@) +5,, (23)

rje S, — CeKTpalibHasl INIOCKOCTh OCTATOYHOTO CUTHaja (1Iyma).
st cuctembl, 3ajjaBaeMoOi cooTHOIIeHHeM (22) u (23), 3anuiieM BbIpaKeHUs
JUTSI B3aUMHOW WH(MOPMAIIUU MEXITY BXOJIHBIM U BBIXOJHBIM CUTHAJIOM.

B3aumuas uHdopMaius MeXIy BXOAHBIM U BBIXOJHBIM CUTHAJIAMU MOMKET
OBITH BhIpaKEeHa B popMe € - sHTponuu Konmoroposa:

S. (@)

92

H () =inf I(x,m)= Tmax( 0,In Yo, (24)

rac - 92 — OonpcaAciACTCA U3 CICAYIOMCTO COOTHOIIICHMA:
o’ =l+fmin( 6%,S ()
"2 T ’

2
31eCb G©, — JAUCHEpPCUs OCTATOYHOIO IIyMa, ONPEHEISAIONIEro & -
HEPA3JNYNMOCTh CUTHAJIOB.
B3aumnas undopmaiius onpenensercs Kaxk

I(m,x) = H(x) — H(x/m),
rae H(X) — 3HTponus BXOJHOTO CUTHAJIA;

H(x/n) - ycnoBHas SHTpOMNUS BXOJITHOTO CUTHAJIA TP 33JJaHHOM BXOJTHOM.

YuuteiBass € - HEPa3IUUYMMOCTh CHUTHAJIOB, OMPEACIIEMYI) OCTATOYHBIM
CUTHAJIOM, COOTHOIIEHUE (24) MOXKHO 3anucaTh B BUJE:

inf T (m,x) = Hy(x),

e oce =0,
G, — JIMCIIEPCHs OCTATOYHOTO IIYMa.

N3BecTHO, 4TO MpHU paCUIMPEHUH IIUPHUHBI CIIEKTPa BO3IECUCTBUS S, BEJIMUYHUHA
YpOBHS IlIyMa yBenuuuBaercs, npu 3toM BennuuHa H(x) m H(x/m) B (24) taxxke
yBenmuuuBaercs. Ecim Benmmumna H(x/m) HaumHaeT yBenuMuuBaThcs ObICTpee YeM
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H(x), To ¢pynkmus [(x,m) kak ¢yHKIHS BXOJHOTO CHTHAJIa UMEET dKCTpeMyM. Touka
ATOrO  JKCTpEMyMa OMpeleisieT MNPUMEHHMMOCTb OMNMUCHIBAIOIIMX  (DYHKIIHA,
ONpeesIEMbIX COOTHOIICHUSMU JJI TUHEHHBIX TUHAMUYECKUX CUCTEM.

INPUMEHEHUE HWHO®OPMANIMOHHO - IMHAMHUYECKHX
MOJAEJIEM ITPU UCCJIEJOBAHUHN YEJOBEKO - MAIINHHBIX
CUCTEM YIIPABJIEHUA

TunoBasi CTpyKTypa 4eJIOBeKa — MAIIMHHON (py4YHOM) CUCTEMBI YIPaBICHUS
noka3aHa Ha puc.l u puc.2.

Takas cTpyKTypa COOTBETCTBYET, HAIIPUMED, CUCTEME YIPABICHUS CaMOJIETOM
WIM PYYHOU CHCTEME CTa0MIM3aIM KOCMUYECKOTO armapara u T.1I.

MaremaTtnyeckast MOJI€JIb, COOTBETCTBYIOIIAs OTOM CUCTEME, UMEET BUI:

x1 = fi(xq, X, m(1)), (25)
X2 = fZ(Xb X29 U)’

I7i€ X| — KOOPJIMHATHI 00bEKTA YIIPaBICHUS;
X, — KOOPJIMHATHI YIPABJISIIONIETO YCTPOMCTBA, BKIIIOYAIOIIETO JTUHAMUYECKYIO
MOJIEb OMepaTopa;
m(t) — BHEIIHee BO3JACHCTBUC;
u(t) -  ympaBlI€HHE, pEAUTU3YEMOE YEJIOBEKOM — OTIEPaTOPOM.
Bynem cunTtath, 4TO YEJIOBEK — ONEPaTOp, BKIFOUYECHHBINM B KOHTYP YIpPaBJICHHUS,
BBITIOJIHSIET 11€J1b YIIPABJICHUS, €CIIU JOCTUTAIOTCA CJICAYIONINE COOTHOIICHUS:

S(t) = D]X] + D2X2 + l'l(t), (26)
& (t) = D1X1 + D2X2—) O,

t—w

n(t) - ciy4dailHbIA OCTATOYHBIA CUTHAI.

JIeCTBUTENBHO, MPU BBITOJIHEHUH COOTHOILIEHUS (26) cpeaHuil KBajapar
OLIMOKU BOCIIPOU3BEACHUS KOOpAUHATAMU MOJIETH ONepaTtopa KOOPAMHAT OOBEKTa
ynpaBjieHHs Oy/1eT KOHEUEH U paBeH AUCIEPCUU OUINOOK:

2 2 2
G <®,0 =0,

M(e (1)) =0.

[Ipu BBHIMOJHEHUU COOTHOIIEHU HAa MOJEINb ONEpPATOpa MOKHO CMOTPETh Kak
Ha YCTOMYMBBIN TMHAMUYECKUI OLIEHUBATENIb KOOPAUHAT OOBbEKTA YIIPABICHUS.

OpnHako, €Clli & - SHTPOIUS BXOJAHOIO MPOLECCa WIM HUKHSAS TPaHb B3aMMHOM
MH(pOPMaLUU UMEET SKCTpeMyM (MakCHMyM), TO B TOYKE 3KCTpEMyMa 3aBEIOMO
Hapymaercs ycioBue (26). ITo ciaemayeT W3 CTPYKTYpbl (OPMYIbl JIJisi B3aMMHOMN
uHpopmanuu:
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H, (xy) = inf I(x,,x,,)=H(x,)—H(x,/x,), 27)

rae H(x,) — sHTpomus mporiecca X;
H(x,/x,) — ycioBHast 3HTpOIHS.
B (27) amxHss rpaHb 6€pETCS MO BCEM X;, YAOBIETBOPSIONIEM YCIOBHIO:
M(x; — X,)° < 6%,
Ecnmm paccmoTpeTs MHOKECTBO MPOIECCOB X1, X12, X3, « - - » X1j, JUISI KOTOPBIX
CTIPaBEIJIABO

H (x1i-1) > HXyi-2),

TO OKCTPEMYM B 3aBUCUMOCTH H(X;;) MOKET CyIecTBOBATh TOJIBKO TOI/A,
KOrzia

H(x1/x2) > H(n(1)), (28)

rae n(t) — OCTaTOYHBIN CIIyYalHbIA CUTHAI.
Ho ecnu BeimonHsieTcs (28), TO He MOXKET BBITIOJIHATCS COOTHOIIEHUE (26).
3navyenue Hi(x;) BRIUUCIAETCS IO CIEKTPATIbHBIM INIOTHOCTSIM:

1 S (@)
H, (x1)=4— f log, (192 do,

S (0)>0°

rae Sx;(®w) — cHOekTpaidbHas IUIOTHOCTh CUTHalla X; (B JAHHOM Cliy4ae
paccMaTpuBaeTCs  CKaSIPHBIA ~ CHUTHAJN,  XOTA  MPUHIMIIKAIBHO  MOXET
paccMaTpuUBaThCS U BEKTOPHBIA CUTHA).

2
Bemnuuna 6 OIIPCACIIACTCA N3 CIACAYIOIICTO COOTHOIICHU !
1% .
— [min( 07,5, (@)do =0
27, ‘

ITycts Sy (®) onmpenensercs:
Sa(@) = | Do) |*Sp(w). (29)
B cootHomenuun (29) nuHamuka cuctemsbl (25) mpeacTaBieHa MepeIaToyHon
¢yskiueit d(jo) .

Ota mnepepaTouHas (YHKIUS SBISETCS TOYHBIM ONHCAaHUEM JIUHAMUYECKOM
cucteMmsl (25) B cllydae JIMHEapU30BaHHOTO OMUCAHUS TMHAMUKHN CUCTEMBbI
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X, +— |m+ X
1 2
df dm dxz
X, =X
1 1 10
1=—|%1 = X X =Xy
dx, X, = Xy
X2 X20 X2 xz()
m =m m; =my,
1= 10 m] - m10
df df
x, + ==, +—=U
i dm du
. X, =X
1 _ _ 1 10
X2 =——|X = Xy [X1 = Xy
dx, _ _ Xy = Xy
Xy = Xpg|Xy = Xyg
U, =u
1 10
Up = Uy Uy = Uy

WM KBa3WJIMHEWHON OMNUCHIBAOMIECH (DYHKIMEH JUIsi UCXOMHOW HEJIMHEWHON
MOJIETIN.
3agaaumMcs BIOKEHHBIM PSIOM MOJENIEH BXOIHBIX BO3JICUCTBUN

Smi(®) € Spp(®) < Sps() <. .. < Syi(w). (30)

Torpa BenuuuHa (27) UMEET SKCTPEMYM Ha psly BXOJIHBIX BozaencTBuii (30).
B Touke skcTpeMyma 3aBeIOMO HE BBITIOJHAETCS YCIOBHE (26). DTO 03HAYAET, UTO HE
BBITIOJIHACTCS 1I€JIb YIOPABJICHUS] M TPU OSTOM CTAHOBHUTCS HECIPABEIJIUBBIM
KBa3WJIMHEHHOE OMMCAaHNUE TUHAMUKH.

OTmeTuM, 4TO B TOUKE IKCTPEMYyMa 3aBUCUMOCTHU

H ¢ (Smin(®)) (D

ycioBue (26) 00s13aTeIbHO HApYIIAETCs, HO OHO MOXET HapyliaTbCs M
paHblIIIE.

Hcxons u3 Buaa 3apucumoct (31) MOKHO, 33/1aBIIUCh HEKOTOPHIM 3HAYCHUEM
H,(Sim(w)), nmms KOoToporo W3BECTHO, 4YTO yclioBue (26) HapymIMTCs, WCKATh
napaMeTpbl 00bEKTA YIPABJICHUS BMECTE C JOMOJHUTEIBbHBIMU OOPATHBIMU CBSI3SIMU,
IIpU KOTOPBIX BennuunHa (31) qocturaer 3Toro npeaeinbHOro 3Ha4eHUs.

J1J1s1 BETBH 3aBUCUMOCTH

H ¢ (Smin(®))
O)IHO?)Ha‘IHBI, IIO9TOMY  MOJXKHO HalTH TakKue napamMeTpbl  CHUCTCMbI

ynpaBiieHus, kotopble omnpenenstor 3HaueHus Ho(K)(K; — mapamerpsl cuctemsl
YIpPaBJIEHUs) CI€BA OT SKCTpPEMyMa:

H.(K;) =Q, (32)
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rae Q — 3aJaHHOE 3HAUYCHHUE.

[TocTpouM cHoekTpajibHble TUIOTHOCTH Sy(®). s 3Toro HeoOXoIumo
HCIIOJIb30BaTh  MOJENb JUHAMUKH ONeparopa. YMOPSAOYMM  CHEKTpPaJbHBIE
IJIOTHOCTH:

Sxi-1(®) < Syi1(®) < Si jis1(w). (33)

Torpa mapameTpsl, COOTBETCTBYIOIIME IIEpBOMYy wieHy psga (33) Oyayr
ONPENENATh NPEIETbHO BO3MOKHOCTH CUCTEMBI YIIPABICHHUS.

Benmnuuna H,(K;), npyu KOTOpoil MpOMCXOAUT HapylIeHUE ycIoBUs (32), MOKET
ObITh HaWJEHA OSKCIEPUMEHTAIBHO MyTEM MOJCIMPOBAHUA Ha CTEHIAE C
MOJKIIOYEHUEM YEJIOBEKA — OIEepaTopa.

Takum oOpaszom, ycrmoBue (32) ompenensier o01acte HHGOPMAIMOHHON
YCTONYUBOCTH PYYHOU CHCTEMBI YIIPABIICHHUS.

[IpoaHanu3upyemM Tenepp MPUMEHEHHE IIOJIYYEHHBIX pe3yJbTaTOB U
pa3pabOTKU METOJOB OLICHKH CJIOKHBIX JUHAMHUYECKHUX CHCTEM.

Bo3moxxHOCTH  MH(GOPMALMOHHBIX JUHAMUYECKUX MOJENEH OIpeeiIeHbl
IpPEXkE BCET0 TEM, YTO OHU MOTYT OBITh IOCTPOEHBI /7151 HarOoJiee MMPOKOTo Kilacca
JUHAMUYECKHM CHCTEM, a HWMEHHO, JUI CHUCTEM, 3aJaroluX JIUHAMHYECKOE
npeobpazoBaHue, coxpaHsouiee Mepy. s Takux cucreM B KauecTBE MHBapHUaHTa
MO>KHO MCII0JIB30BaTh SHTPOIHUIO.

[IpuBeneM mnpuMepsl MOCTPOEHUS TAaKMX HH(POPMALMOHHBIX MOJENEH s
OLICHKH JESATENIbHOCTH ONEPATOPA.

PaccMoTpuMm 3aauy OLIGHKM JEATEIbHOCTH OlepaTopa IpU YIPaBICHUU
MHOTOMEPHBIM 00BEKTOM.

B xauectBe Mozenu OyeT pacCMaTpUBAThCS OTOOpaXKEHUE

M : Dx; — Dr;, (34)

rae Dxi — omnpenensieT MHOXXECTBO KOMOWHAIIMNA KaHAJIOB, MO0 KOTOPBIM OIEpPaTop
bukcupyer uHGOPMAIIMOHHOE U3MEHEHMS, HA OCHOBAHMM TOCJIECIHUX BBIJCISIOTCS
YIIPABJISIONINE CUTHAJIBI.

Dr; — koMOUHAaIMU yIPaBISIOMINX CUTHAJIOB.

B kadectBe WH(POPMAIMOHHBIX W3MEHEHUMN, OMNPEACTSIONINX BXOIHBIC
CUTHAJIbI, MOKHO pPacCMaTpUBATh JBE CUTYAllMd — HAJIMYUE JIBMKCHUE MO KaHAJIAaM U
OTCYTCTBHE TaKkoro JABrKeHHs. Tormaa DX; paBHo 2", Tie n — YUCIIO0 KaHAJIOB.

B kadectBe »snemeHToB Dr MOXHO paccMaTpuBaTh YHCIO KOMOWHAIUH
VOPABJISIIONTUX CUTHAJIOB, TIPH 3TOM B Ka4yeCTBE (DUKCHUPYEMBIX CHUTYallMi TaKKe
MOXXHO pPaccMaTpuBaTh JBE CUTyallUM — HAJIHW4YKWE YIPABISIOUIETO CHTHaAlIa W
OTCYTCTBHUE YIPABIISIOLIETO CUTHAJIA.

OrnpeneneHue Takux CUTyalui IpeaycMaTPUBAET BBEJICHUE € - PA3TUUYUMOCTH.
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[Ipeo6pazoBanue (33) ompexpensercs Kak mpeoOpa3oBaHUE IUCKPETHOTO
MHOYECTBA CUTYalHii B ceO4.

D10 mpeoOpa3oBaHUE MOXKET OBbITh ONpPEAENEHO KaK BepHylIMeBCKUI CHBUT.
[Tycte B pe3sysibrare HKCHEPUMEHTA, KOTOPBIM MOXET OBITh U MOJCIUPOBAHHE
JTMHAMUYECKONM CHCTEMBI, MOJydeHa IOCIeI0BaTeIbHOCTh uucen Py . . . P,
OTIpeIeIIIONIasl BEPOSITHOCTHOE MTpeodpa3zoBaHue.

Pi (Y) . DXi —> Dri, (35)
ij=12,...2"
y = X; A I} — Iapa: JIB>KEHHUE — YTPABIISIOMIUA CUTHA.
Torna suTponus npeodpazoBanus (35) onpenensercs cieayomum oopa3om:
o
HM) = ZR log P.

i=1

st mpeoOpazoBanust (35) MOKHO OMNPEACIIUTh MOKa3aTelb KauecTBa
.
Q=2 CIP().
i=1

rae C(y;) — pynkuus mrpadoB, mOCTpoeHHAs HAa COOBITUSX V; .

Ora (QyHKIUS MOXKET ONpENeisaTcs KaK COBOKYIMHOCTh IITpadHBIX
KO3((DUIIMEHTOB, COOTBETCTBYIOIIAsS COBOKYITHOCTH KOMOHWHAIIMAM KaHajoB, IIO
KOTOPBIM BBITIOJHSIOTCS YIIPABJISIONINE CUTHAIIBI.

Hampumep, ais Tpex KaHajioB BO3MOXKHbBI kKoMOuHanuu O, 1y, 15, T3, A
Iy, Iy A I3, T] A T3 A I3, 9TO O3HAYACT OTCYTCTBUE PEAKIUH, BBIJAYH YITPABJISIONICTO
CUTHAJIa, pEeakius MO OJHOMY KaHally (COOTBETCTBEHHO NEPBOMY, BTOPOMY WIIU
TPEThEMY), PEAKIIUA 110 ABYM KaHAIOM, PEaKIUs 10 TPEM KaHaIaM.

[lycth  peakmusi MO  KaXJAOMY  KaHaly  OIICHMBAeTCA  BECOBBIMU
Kod(dpUIIeHTaMi COOTBETCTBEHHO A1, Ay, A3. Torma mrpaduas hyHKIUS:

C(y) =[O, A, A0,A3, Aay + Aoy Az, + A3, A, + Ag, Ay, + A, +A3,].

Haiinem ontumanbHoe (3TalloHHOE) TIpeoOpa3zoBaHUE (34), pemas
CJICYIOIIYIO BAPHAIIMOHHYIO 33/1a4y:

min Q, (36)
H=Q,

riae Q — 3ajmaHHas KOHCTaHTA.
OTa 3a7ja4a UMEET aHAUTUTUYECKOE PEIICHUE

Q= Z : (37)

1+Z
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WA
1+z%’

H= Yin(1+2%)-hzy (38)

rne Z=e?, B - HeompeneneHHbI MHOXUTEND Jlarpanxka.

3aBucumoctu (36), (37) 3amatror Ha miockoctd Q, H o6Gmactu, xotopas

OTpaHUYECHA JIByMsI KPUBBIMHU:
mnQupuH=Q; max QupuH=Q.

HwxHsisi BETBb CUMTAETCS JTAJOHHOM W OTKJIOHEHHE OT HEE SABISACTCS
MIPU3HAKOM HEONTUMAJIBHOCTH npeoOpa3oBaHus, peanu3yeMoro
YEJI0BEKOM — OIIEPATOPOM.

Bemnunna H(M) MoxkeT paccMaTpuBaTbCsl Kak SHTPOMUS, OmpejaeisieMas B
¢$a30BOM MPOCTPAHCTBE X, KOTOpas B CBOIO OYEpPEIb MOYKET BBIUMCIATHCA Kak
HUKHSIS TpaHb B3aMMHOW HMH(QOpMAlUU MEXAY ONTUMAIBHBIM U pPealli3yeMbIM
npeoOpa3zoBaHUEM:

HZ(X /\x) =infI (TonTa Tpean) = inf [H(Xom /\).C OHT) - H(Xom /\X OHT/ Xpean A\ Xpean)]
IIpu

P[(XonT/\xonT - Xpean/\xpean) < &] =1,
y=XAx,

I'AC Xopr A X opr — OITHMAJIBHOC 3HAYCHUC I1aPbI, OIIPCACIIICMOC KOOpI[HHElTOﬁ 51
CKOPOCTBIO,

Xpean AXpean — PEATU3YEMOE 3HAYEHHUE Iaphl, ONPEAEIIEMOE 3HAYECHUAMU
KOOPAUHATBI U CKOPOCTBIO.

Hcnonb3zoBanne HMHPOPMALMOHHO — JAMHAMUYECKOM MOJEIU IMO3BOJSET
[IPOAHAIU3UPOBATh IPUYMHBI  OTKJIOHEHUS pEANM3YEMBIX COOTHOLIEHUH  OT
ATaJIOHHBIX.

[Ipn peanu3anuy 3aKOHOB yNIPaBJIEHUS YEIOBEKOM — ONEPATOPOM BO3MOKHBI
NBE MPUYMHBI OTKJIOHEHNUS PEAJIN3yEMBIX ITPOLIECCOB OT ATAIOHHBIX.

[lepBass mpuurMHa — 3TO HEOOYYEHHOCTh 4YEJIOBEKa — ollepaTopa, BTOpas
OpUYMHA — 3TO OIPAHUYEHHOCTb MPOMYCKHOW CIIOCOOHOCTH CHCTEMBI YEJOBEKa —
aBTOMaTa, 4YTO MPUHUUIIAAJIBHO HE IO03BOJSET peaJu30BaTh ONTHUMAJIbHBIC
AITOPUTMBI.

Pemwars 3amady otraeneHus ONHOW NPUYMHBI HEONTUMAIBHOCTH OT APYIoOM
MO>KHO HCIOJIB3YSl HEBEPOATHOCTHBIE CITOCOOBI BHIYMCIICHUS B3aMMHON MH(pOpManu
MEX/1y peaanu3yeMbIMU U ONTUMAJIbHBIMU IIPE0OPa30BaAHUSIMH.

[Iycts  peanmuzyemMoe  npeoOpa3oBaHHE  OMPEAENAeTCS  MHOMXECTBOM
NopoXAaeMblx (GYHKUMA (paccCMaTpPUBAETCS CKAJIAPHBIA BBIXOA, XOTS 3TO HE
NPUHIIMIINAIBHO, MOXET paccMaTpuBaTbcsi M BeKTOpHbIM Bbixon) Tp = {fi(t)}.
OonrtruManbHOe NpeoOpa3oBaHUE OMPENENAETCS TaKKe MHOKECTBOM IOPOXKIAEMbIX
UM nipeodpazoBanueM GyHkuid Ty = {y;(t)}.
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Boeruncnum A 3TUX npeoOpa3oBaHMl MaKCHUMallbHOE 3HAYEHHE B3aUMHOU
uHboOpMaIIMM  MEXIYy ONTHUMAJIbHBIM W  pEAM3yeMbIM U  peallu3yeMbIM
npeoOpa3oBaHUSMU:

SUP I (Torm Tpean) =H (TOHT)'

MakcumanbHOE 3HAYCHHE CKOpPOCTH B3aMHOU I/IH(i)OpMaHI/II/I OIIPCACIIACTCA
TOJIBKO ITPH YCJIOBHUHU

H(Tonr/ Tpean) = 0. (39)
s mpeoOpazoBaHus

Tp =/ (40)

Tomr = | \Vi(t) |

VYcnosue (39) Bemonnsercs, ecinu Lp® > Loy,”

rie L¢p — nummmieBa KOHCTaHTa I pPealu3yeMblX (GyHKIMH, 3aJaHHBIX C
TOYHOCTBIO &, TJI€ ¢ - JIFOOAsi CKOJIb YTOJTHO MaJias BEJINYMHA,

L¢,,, — JUITIIAIeBa KOHCTAHTA TS OMTHMATBHBIX byukiuit (40), 3a1aHHBIX C
TOYHOCTBIO & .

Ecnu Beimonusercs ycnosue (39), To peannzyeMble PYyHKIHMH C JUMIIALIEBOI
Lp MOTYT CO CKOJb YTOJHO BBICOKOH TOYHOCTBIO alMPOKCUMHPOBATH ONTHUMAJIbHBIE
(GYyHKUMM C JIMNIIAIEBOM KOHCTAHTOM Lgn;. AJTOPUTM amnmpoKCHMALIMM JIFOOOH
(GYyHKUMM JUHEHHBIMHM CIUIAHAaMHU C 3aJlaHHOMN TOYHOCTBIO £, @ TAKKE C
MUHHMAaJIbHOMN JIMIIIHUIIEBOM KOHCTAHTON (OPMYIUPYETCS CASTYIOITUM 00pa3oM.

B kaxaplii MOMEHT BPEMEHH CTPOUTCSA Takas JIMHEWHas (PyHKIUs, KoTopas
MMEET MaKCUMAJIbHYIO MPOEKIHI0 Ha OCh BPEMEHHM M MPU 3TOM HAXOIUTCS B
3aJIaHHOM € - TPYOKE OTHOCUTEJIBHO allPOKCUMUPYEMO (DYHKIIUH.

B pe3ynbrare MOCTPOCHHMS TaKMX JIMHEHMHBIX CIUIAWHOB  oOpa3yeTcs
MOCJIEIOBATEILHOCTD YHCEN, ONPENEISIOMNX HAKJIOHbI TMHEHHBIX Y4aCTKOB.

Boibupast cpenu yucen 3TOW MOCIEAOBATENHOCTH MAaKCHUMAaJIbHOE, MOJIYYUM
3HAYEHHUE JIMIIIUMIEBOM KOHCTAHTBI, MO3BOJISIIOLIEE MPEACTABUTH 3a/IaHHYIO
(GYHKIIHIO C 33IaHHON TOYHOCTBIO.

[TonyynB Takum o0Opa3oM JUMIIMIIEBbIE KOHCTAHTHI [IJISI PEAM3yeMOro H
ONTUMAJIBHOTO Kjiacca (GYHKUIUNA, MOXKHO TPOU3BECTH OIICHKY MPEAeNIbHBIX
BO3MOXHOCTEW TMHAMHYECKUX CUCTEM.

Ecnun

L > Lom

TO OIIMOKA YEJIOBEKA — OIleparopa, onpeaeisitonie oTkioneHue oneHok H(M)
1 Q OT PTAJIOHHBIX 3HAYCHHM, MOTYT OBITh YCTPAHEHBI ITyTEM 00yUCHHUS.
Ecin

LOHT > Lp,
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TO  OTKJIOHEHUSI  OT  d3TallOHA  ONPEACNSIIOTCA  NPUHIUIUAIBHON
OTrpaHUYEHHOCTHIO MPOMYCKHON CIOCOOHOCTU CUCTEMBI YEJTOBEK — aBTOMAT.

[Tony4yeHHble pe3yNbTaTbl MOTYT ObITh MPUMEHEHBl K IIUPOKOMY KIIACCY
JTUHAMUYECKUX CUCTEM M MOTYT XapaKTepU30BaTh aJaNTAllMOHHBIE BO3MOXHOCTU
JTUHAMUYECKUX CUCTEM.
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