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1921- 1981




H.C. Panbmax poauncs 4 despans 1921r. Ha YkpauHe B 1. Memknbox
XMenbHULKON obnacTu.

C 1943 r. nocne y4yebbl B MOCKOBCKOM CTaHKOWHCTPYMEHTANbHOM
WHCTUTYTE HECKOJIbKO NET paboTas TEXHONOrOM 1 3aMeCTUTENEM HavarbHKKa
Liexa 0fIHOro 13 HOBOCUOMPCKMX 3aBOAOB.

1946 — 50 rr. - 0by4eHne B acnupaHType, ¥ nocne 3aLiuTbl anccepTaumm -
pabota B MockoBCKOM aBMaLMOHHOM TEXHOMOMMYECKOM WHCTUTYTE, a NOTOM
npenogaeaHue B YPUMCKOM aBUALMOHHOM UHCTUTYTE.

B 1959 r. BepHynca B MockBy, roe pykoBogwn rpynnosn B OOHOM W3
oTpacnesbix HAW.

B 1959 1. — M.H.c. VIHCTUTYTa aBTOMATUKM U TENEMEXaHMUKH.




nPUKAS

110 MHCTUTYTY ABTOMATHMKM N TEAEMEXAHMKM
( TEXHWYECKOU KUBKPHETHKH)

r.Moorsa N 188 or IS5 anpens 1968r,

B neasx pasnuTis TOMaTMKM, BXOZAAUSH B TOMH-TIPOGIEMH MAI@IR;
i NOBHUGHMA OTBETCTBGHHOCTH 3a BHNOIHGHME KOHKPETHHX 3a7aY
npukaaou AMpexnnd k IO9 or 9 Mmapra 1967 yoZa OHJM OPraHMBOBAHH
CSMOCTORTOABHNGE IPYIUH. : -
Ha ocHoBaHUM npoBEAEHHOrO ZUpEKIUWER aHamusa HAywHOM M
OpPraHuS8LqHOEHOH® A6 ATEABHOCTH CAMCOTOATEUBHHX TPYIN W C LONED
A8UBHE RUETO NOBLWGHUA 3PHE KTUBHOCTH pado?u ‘UHCPUTyZE
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Anocther thing: Thank you very much also for the photos of Naum Rajbman from the 1960's. Very nice! | enclose two pictures that | found among my bunch of
photos from Moscow 1972. They are taken in April 1972 when Rajbman and his daughter and grandson took me and my wife and our son Johan (then 2 yeas
old) to the Moscow zoo.
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IFA

Internatlonal Federatlon of Automatlc Control

tariat: SchloBplatz 12, A-2361 Laxenbu Aus! — Pho

Newsletter

Contents: November '83: IFAC Council to Meet in Laxenburg

In November this auFC ounnd A signifi
ials will assemble ag

6th IFAC Symposium on Identification and System
Parameter Estimation

e Symposium and its Proceedings are
dedicated to the memory of Professor Naum
Rajbman of the USSR the organizer of the

. part of the Congress progeam

IFAC Council

Joint IFAC/ESA Symposium
on Automatic Control in Space

. [IFACsigns New Agreement
with Austrian Government

the other prewous symposca His presence
was missed by his many friends and
colleagues.

Forthcoming Events

IFAC Workshop on
Distributed Computer
Control Systems

6th IFAC Symposium
on Identification and
System Parameter Estimation

George A. Bekey, George N. Saridis

Special Issue of Automatica —
Santamhar 1084 —

Professor Lennart Ljung
«Cumnosuym u e2o mpyok! Department of Electrical Engineering
rnocesauweHbl namsamu Linkoping University

npogeccopa Hayma S-581 LINKOPING, SWEDEN
PatibmaHa, npucymcmeus

Professor Brian D. O. Anderson
Department of Systems Engineering
Research School of Physical Sciences
Australian National University

P.O. Box 4

CANBERRA, ACT 2600, AUSTRALIA

KOmopoco OYeHb He xeamalJio
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N. S. RAJBMAN: A MEMORIAL

A. V. Balakrishnan
Department of System Science, School of Engineering, UCLA, Los A ngeles, CA 90024, USA

Naum Samoylovich Rajbman was born in February He was a loyal friend, always eager to help,

4, 1921 in a small town near Lvov (formerly sparing no effort, whatever the personal in-

Lemberg) on the Hungarian border in a large convenience. His charming style, easy man-

Jewish family. ners, his friendly humor, will be missed by
all who have knowm-his

His university studies were interrupted by
the War. After a brief stint at the Front,
he was sent to work in a defense-factory,
where he continued his studies at night. He
received his Ph.D. in 1950.

His untimely death leaves a void -- a seriouM
loss for science and an even greater loss fg




SOME PERSONAL REMINISCENCES

Naum was easily the most popular Soviet col-
league for all of us from the West. Always
frank and honest, cheerful and with a "will-
do" attitude whatever the problems, he made
us feel at home immediately. A kind and
self-effacing host, he would be the first

one to greet you at the airport and constant-
ly looked after your welfare from them on,
overwhelming you with his hospitality.

«Haym 011 camvim nonyaapHbvim cO8emCKUM Ko0J11€201l 015 8cex

o o o/




HIGHL;GHTS

+ | gl O m th-

H I 8 T ORr v & & £ om

Imntermational
Feder ation of
Automatic

Comtr ol

E§ndhoven, Netherlands

Sketches: M.Cuenod

Text: P.Eykhoft

ay / Vienna, Austria

/ spring 19
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and y leiography -

Fal pir Kaldo Escrfon

“CoocmeeHHo

ucmopuu Hem -
moJ1bKo ouozpaguu”.

Panvgh Yonoo Imepcon




K.J. Astrom and T. Bohlin.
Numerical identification of linear
dynamic systems from normal
operating records. —

Proc. IFAC Symp. Self-Adaptive
System, 1965.

K.A. Octpem. NyHa, LBeums, 2019

K.KO. Ocmpem, H.C. PalubmaH. BBegoeHune B CTOXaCTUYECKYID TEOPUIO
ynpasneHud. M.: Mup, 1973.




H.C. PaiioOMaH cTajJ1 0CHOBONMOJO0KHUKOM
UICHTH(PUKAINU CUCTEM KaK
CTATUCTUYECKON TEOPHUH, OTACJIHLHOI0
HAYYHOI'0 HANPaBJICHUSA

ITOMY CIIOCOOCTBOBAJIA €I0 AKTHUBHAS

NEeATEJbHOCTDH 10 OPTrHU3ALUH HAYYHBIX
MEPONPUATHI, B YACTHOCTH —
CUMIIO3UYMOB U KOH(pepeHuun UPAK

Ero ujaeu pasBuBaeT CO31aHHAA UM
Jaodoparopusi UaneHTuUKALMU CUCTEM




NnenTudguxkanmusa cucrem, T.e.
IOCTPOCHUE MOJeIeH Ha OCHOBE
Ha0/I101aeMbIX BXOJAHBIX H BBIXOJIHbBIX
JAHHBIX - PYHAAMEHTAJIBbHBIN 3JIEMEHT
HAyKH.

TepMuH «MaeHTHGUKAUAT TPETT0KUIT




«Hoenmugpukayusa cucmem - 3mo
uunmepgeuc medxcoy peanbHbim Mupom
NPUSIONHCEHUT U MAMEMAMUULECKUM MUDPOM
meopuu ynpaeieHus u MooeabHblX
aocmpaxkuyuiy.

JLJIbrone




«Hoenmugpuxkauua e0ooxuyna ¢ npooiemy
HOCMPOCHUA MOOENU HOBYIO HCU3HD,
8b10GUHYIA MPEOOBAHUA, KOMODbIE

HenocpeoCcCmeeHHO 8bIMEKalU U3 3a0a4u
YRPasa1eHus ).

H.C. Paiioman




Henonnoma u nemounocmo anpuopnoi
uHpopmauyuu, a makxrce He0OX00UMOCHLb
yuema peanvHblX YC106U
¢ynkyuonuposanus u usmeHeHull 60
8peMeHU KaK XapaKkmepucmuk camux
00beKmoes, makK u ycjiloeuil ux

(ynkuuonuposanus evizeanu
HOMPEOHOCMb 8 CO30AHUU HOBBIX
NPUHUUNOE U MEMOO08 ROCMPOCHUA
Mooeneil 00beKmoe ynpasieHus 0
peuteHusn 3a0au anaau3a u CuHmesa




A.3. Upinkun, b.T. Ioask, 3./1. ABenbsH, FO.C. Ilonkos, b. H.
Ilerpos, I. M. Yaanos, U.U. Ilepeabman, K. b. Hopkun, M. E.
Ilayikun, JI. I1. CeicoeB, A.B. JloopoBuaos, C. K.KopoBuH,
B.U.YTKkHuH, A. M. lllyoaaase, FO. M. IltaaxoB, U. b. SAabIkuH,
C.A. Buaenxkun, T. U. Iy6enxko, A.U. SAuun




*féy WpeHtudmkauma: 70-e. UMY

= MeTtoabl perynsapusaumm B 3aadyax HaxoxaeH1s OLeHKN BECOBOW
(OYHKLIMM NMUHENHBIX U OnepaTopa HeSIMHENHbBIX aBTOKoNnebaTenbHbIX
CTOXaCTUYECKMX CUCTEM

* AganTuBHbIE anropuTMbl UAEHTUUKALIMK, NX CKOPOCTb CXOOUMOCTH,
noTeHuuansHbIe BO3MOXHOCTH

= PobacTHble MeToAbl OLeHMBaHUSA NO3BOMNSIOLLME ONTUMANLHO (B
ornpeaeneHHoOM CMbICIE) UCMOSb30BaTb UMELOLLYIOCS anpUOPHYIHO
nHdopmaLuio

= MeToabl HenapameTpU4ecKon naeHTUdUKaLmnm.

= MeToabl nageHTU(MKaALMN HENMUHEUHbIX BUHAMUYECKUX CUCTEM,

npeacrasngaemblix QYHKLUMOHaMNbLHbIM pagom Bonbteppa

CTpykTypHaa naeHtTudukaumsa -3agayun Bbioopa onepaTopos Uim CUCTEM




70-e. NITY. WpeHTUPMKaLUA

rOpUTMbI becrnonckoBoU MAEHTU(DUKAL MK, NoMyYaemble MeTogamu
HacTpanBaeMou MOAENK

*  ANropuTMmbl YCITIOBHOIO NPOrHO3UPOBaHMA BbIXOAHOW peakLm 0O bEKTOB
ynpasneHud. Metoabl guHammnyeckon onTUMmU3aLMM TEXHOIOTMYECKMX
npoueccos — W.W. TepenbmaH

* llccnegosaHwe  MOeHTUOMLMPYEMOCTM KAk 3adayM  OOHO3HAYHOW
BOCCTaAHABMBAEMOCTM NapaMeTPUYECcKoro onmcaHus.
b.H. lNeTpoB: ycnosusa napameTpu4eckon naeHTUdULUMpyeMocTy

00EKTOB yNpaBneHns B 3aMKHYTbIX aBTOMaTUYECKMUX CUCTEMAX.

= MeTodbl MOEHTU(MKALMN OOLEKTOB € pacnpeaeneHHbIMU napameTpamm




= ApanTuBHbIE anropuTmbl. BnnsHue koppensauun B nomexax
N3MEPEHWIN Ha CTPYKTYPY ONTUMAnbHbIX anropuTMOB, a TakKe
NOrpeLLHOCTEN BbIYNCIIEHNIA HA CXOAUMOCTbL anropyUTMOB.

= NlucnepcuoHHasa Teopus CTaTUCTUYECKU ONTUMANbHbIX CUCTEM, B
pamKkax KOTOPON XapaKTEPUCTUKN ONTUMAnbHOW CUCTEMbI HAXOASTCA MO
CMOXHOMY KpUTEpUIo, NpeacTaBnfaowemy cooon hyHKUMOHAN OT
BUCNEPCUOHHbIX (hYHKLMW Pa3fNYHbIX TUMOB.

= MeToabl naEHTUMDMKALMN MHOTOMEPHbIX, HENTUHENHbIX,
HeCTaUuMOHapPHbIX 00 LEKTOB.

= MeToqbl, OCHOBaAHHbIE Ha UAEE KYyCOYHOWN annpoKCMMaLK:

da3oBoe NPOCTPAHCTBO BXOHOIO CMrHana pa3bnBaeTcs Ha HECKOMbKO

7 ~




= MeTodbl MAEHTUMPUKaLUNN reTepoCKeaaCTU4eCKUX OO BLEKTOB

Koraa pasbpoc Tovek HabnaeHUN BOOSb JIMHUN PErpeccun aBnseTcs HepaBHOMEPHBIM Ha
BCEM [uana3oHe N3MEeHEHNS He3aBUCMOWN NEPEMEHHOMN.

= Mopgenu 061LeKTOB ¢ pacnpeaeneHHbIMY napameTpamu

= MeToab! M MOZENW YNIPABNIEHUs 3anacamm




= ApanTuMBHbIe CUCTEMbI C
naeHTUhUKaTOpoOM B Lienn obpaTHOM

CBAI3U y =
B cepeavHe 70-x ronos XX Beka fi )
COTPYAHuKKM [epBoyparbCKoro w S ——
HosoTpy6Horo 3asoaa (IMHT3) coBMeCTHO i ﬂ "
c nab. 41 Y PAH paspabotanu u [ e ||,

yCMeLUHO peanu3oBanu cuctemy
ynpaBneHusa TPyoonpokaTHbIM CTaHOM |
160 Ha MMHT3 ¢ ncnonb3oBaHMeM )
COBETCKOW BbIYUCINUTENBHON MALLNHbI
YM1-HX.

o



bié MPUNTOXEeHWUS
Cucrema aBTOMaTU3aLUMmn NPOM3BOACTB
bopa - [lanbHeropck . YCcTbKaMeHoropcek:
Ha TUTaHOMarH1eBom KOMOUHaTe
co3faBanacb CUCTEMA YNPaBNEHUS OS]
M3rOTOBMEHMS TUTAHOBOW ryoKM.
PaboTbl B 0brnact npon3BoacTBa

MarHia n ap.

T
"

AfanTUBHbIE CUCTEMbI C
WOEHTUUKATOPOM NS yrpaBrieHus
TOYHOCTbIO ropsyen NpokaTku

= RABREE |
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%.4?@* H.C. PanbmaH. 20 neT naeHtTudumkaymm

@

CTanu BKOYaTh pasaen, NoCBALWEHHbIN nAeHTUdUKaLUK.

= KoopauHupoBaHWe HanpasneHuem naeHTUMKaLmMm Ha KOHPEPEHLUAX U
cumnoanymax, nposoanmMbix MOAK, CoBeTOM SKOHOMUYECKON
B3ammonomolmn (CIOB), EBponenckomn akoHomnueckoin kommccuen (ESK);

= [Iposeaenue IV cumnosnyma UDAK no naeHtudpmnkalmm, Kotopoin
npowen 8 CCCP B Téunucn B 1976 T.

= OpraHu3aumus BCECOK3HbIX CUMMO3MYMOB NO CTaTUCTUYECKUM
MeToAam B ynpaBneHuu, nposoaumblx B Mockee, TallkeHTe, OpyH3e,
Bunbtoce;

* OpraHu3aums BCeCOH3HbIX eXeroaHblX CEeMUHAPOB Mo

uaeHTuchukauum B pamkax nporpammbl «KnbepHeTtukay.

PykoBoAcTBO COBMECTHbIMM Hay4YHbIMU UCCeAOBaHUSAMM C




ITabopaTtopus Ne 40
«MHTennekTyanbHbIX CUCTEM
ynpaBfieHUA 1 MOAENUPOBAHNAY

ITabopatopus Ne 44 «dkcnepTHO-

CTAaTUCTUHYECKUX CUCTEM YINPaBJIEHUA»







WpeHnTudukaumna: 80-e +

NnPpeacTaBfneHWe CUrHamoB B 4aCTOTHOM M BPEMEHHOM obnactax) -
HanpaeneHHbIX Ha MOMyYeHne ONUCaHUA MaKCUMManbHO «TOYHOrO» OMUCaHKS
(MYHKUMOHUPOBAHNS CUCTEMDI.

rpaLI,I/IeHTHbIe U ncesao-rpagueHTHbl€ METOAbI, NMOUCKOBbLIE, allfOPUTMbI CJ'W‘-IHI?IHOFO NMOWUCKa,
METOAblI KOOPAMHATHOTIO CMNYyCKa,....

An FTOPUTMbI CTOXACTU 4yecKou ann POKCUMaL UK

MeTton noanpocTpaHCTB - MOMCK Mogenn OObekta B NPOCTPaHCTBE
COCTOSIHWIW, UMetoLLEeN HanMEHbLUMIA NOPSLOK BEKTOPA COCTOSHWUM, HA OCHOBE
MMMNYNbCHOW NEPEXOOHON XapaKTEPUCTUKN




WpeHnTudukaumna: 80-e +

UaeHTudnumpyeMoctb cuctem

UccnepoBaHne CMELEHHOCTM OLIEHOK W OWMOKM aucnepcun ans
OLIEHMBaHUA NepeaaToYHbIX PYHKLWA 0OHLEKTOB

WpeHTndmnkauma Kkak npobnema cuHTesa




WpeHnTudbumkaumna: 80-e +

1986 r. A.3. UbinkuH: nHdopmaumoHHaa Teopus
WaeHTUUKaLMK, onpepensowas anropuTMbl
WaeHTU(MKaLMK, ONTUManbHbIe ANA Pa3fnYHbIX
KrnaccoB 00BLEKTOB, AN Yero BBOAMTCS MOHSITHE
onmumarnbHbIX Ha Knacce yHKYulU nomepb.

ACUMNTOTMYECKM OMTUManbHbIE aJITOPUTMbI VI,CIGHTI/I(#)VIK&LIVIVI :
aJTTOPUTMbl, o6nanarom,v|e MaKCUMaribHOW CKOPOCTbHO CXOAUMOCTK NpKn




Waentndukayusa: 80-e +

WpeHTUpMKaumna B ycnoBusx
HeonpeaeneHHOCT!.

MeToqbl Ha OCHOBE UHTEPBaJIbHOIo aHalunaa,
OCHOBAHHOIO Ha MeTOoA€E OMUCaHHbIX 3NJINNCONAOB -
nnst 06bEKTOB C MHTepBaJ'IbHOVI HEoNnpeaeneHHoCTbiO

[pn orpaHNYEeHHbIX BO3MYLLEHAX B CUCTEME M B OTCYTCTBUW MHOopMaLM O
3aKOHax WX pacnpegeneHnn - MeTon rapaHTMpPoBaHHOro oueHMBaHuA (HasuH
n Monsik, 2007).

[Ins oueHnBaHWS NapaMeTPOB NIMHENHbIX CTALMOHAPHBIX CUCTEM B YCMOBUSAX
HeonpeaeneHHOCTH - TEXHMKA NMUHEWHbIX MaTPUYHbLIX HEPaBEHCTB




Waentndukayusa: 80-e +

HeonpeaeneHHOCTH.

MeToa noactaHoBKM U ero moauchukaum

[lpn cTaTUCTUYECKOM ONUCAHUN HeonpeaeneHHOCTH (DYHKLMOHASbI OT
AMMUPUYECKOro pacnpedeneHnst ¢ yBenmyeHnem oobema BbIbOpKM HabnogeHui
CONMXAKTCA C COOTBETCTBYHOLLUMMU «TEOPETUYECKUMMY 3HAYEHUAMMU, YTO
NO3BONSIET MONyYaTb COCTOATENbHbIE OLIEHKN XapaKTepucTuk obbekTa

MeToab! Teopumn pobacTHoro oueHuBanmsa OnTuManbHas yHKLMS noTepb
NS HauMeHee OMaronpuATHOW NMNOTHOCTW pacnpefeneHns
W3 3a[]aHHOro Knacca




WpeHnTudukaumna: 80-e +

OLleHMBaHUS (hYHKLMH perpeccuu " uoeHTUdmnKauum
aBTOPErpeccmoHHbIX cUCTEM npw HenapameTpPU4eCcKou
HeonpeaeneHHOCTH




WpeHnTudukaumna: 80-e +

(akTMBHas naeHTUdukaums). MNpobHbIM curHan npeacTaBnseT cobon cymmy
rapMOHMK, YUCNO KOTOPbIX He MPEeBbILAET BENUYMHY BEKTOPA COCTOSHMS
obbekTa. AMNIMTYObl M YacTOThbl 3TOr0 CUrHana B 3HAYUTENIbHOWM Mepe
BMMSIOT HA TOYHOCTb MAEHTUMUKALINN.

Pa3pabotaHbl anroputmbl (A.I'. AnekcaHapoB), KoTopble obecrnevnsaioT
Manoe BNMSIHWE WCMbITATENLHOrO CUrHama Ha Bbixog 00bekTa, Mo
CPaBHEHUIO C BIIMSIHUEM BO3MYLLEHWI U MOMEX




Waentndukayusa: 80-e +

HenapameTpuyeckue mMetoAabl

MeToabl Ha OCHOBE OLIEHMBAHUS: MEPEXOAHBLIX U UMMYIbCHbIX
nepexoAHbIX XapaKTePUCTUK, YaCTOTHbIX U CMEKTPanbHbIX
XapaKTepUCTHK.

UHdropmaLMoHHO-TeopeTUYeCKne NOAX0AbI K CTPYKTYPHOMU,
napaMeTpUYeCKon 1 HemapameTpuyeckon naeHTudmKaLmm
CTOXaCTUYECKUX CUCTEM — MpeanonaratT NpUMeHeHue
COrMacoBaHHbIX MeP 3aBUCUMOCTH CIyYalHbIX BEMNYMH U Mep
PacxoamMMOCTH BEPOATHOCTHbIX pacrnpeneneHuit.




WpeHntudumkaumna: 80-e +

Cratunyeckue:

" MeToAbl IMHeapn3aLun: rapMOHNYECKOW, CTaTUCTUYECKOMN, MarbIX NpUpaLLEHNNA —
NPenMyLLECTBEHHO A1 0OBEKTOB C rMagKnuMu XapakTepUCTUKaMM 1 Ans Cryvaes
HeBOMbLUMX OTKIIOHEHUN U BO3MYLLIEHNN OTHOCUTENBHO HOMUHATBHBIX PEXUMOB;

* OCHOBaHHble Ha anMpPOKCUMaLUKU MoAeNn 00BLEKTa, eCrN CTPYKTYpa MOLESM TOYHO
He n3BecTHa. MNonuHomel Yebbiwesa, Ipmuta, Jlareppa.

[OnHamnyeckue:

MeTOA bl MaTPUYHbLIX OMEepPaTopoB, C MOMOLLI KOTOPbIX CTPOATCA (PYHKLUMOHAmMbHbBIE

MOSIMHOMbI, OPTOrOHasbHbIE ANs 3a4aHHOr0 Kracca BXO4HbIX curHasos. [Npouecc

naeHTUduKaLmum 3aKni4aeTcs B onpeaeneHun Saep Ha 0OCHOBe CTaTUcTMyeckon 0bpaboTku

NaHHbIX HAaOMNAEHNN.

Paabl Bonbteppa, MNammepwrtenHa, BuHepa, HenpepbIBHbIX U AUCKP. NOSIMHOMOB

KonmoropoBa — abopa




WpeHntudumkaumna: 80-e +

AnnpoKcMMaLuMoHHbIe MeToAbl: TEM UMK UHbIM CMOCO60OM OCYLLECTBASAETCS
nepexoq oT 6€CKOHEYHOMEPHOIO K KOHEYHOMEPHOMY NapamMeTpU4eCKOMY
NPOCTPaHCTBY, a 3aTeM UCMNONb3YHTCA METOAbI UOEHTU(MKALMN ONA CTalUOHAPHbIX
00bEKTOB

AnnpoKkcumaumusa HEU3BECTHbLIX NEPEMEHHbLIX NapaMeTpPOB:

- MOSIMHOMaMW KOHEYHOW CTEMNeHN Ha BCEM NHTepBarne;

-cnonb3oBaHWe pasnoXeHusi BXoada v Bbixoda obbekTa B psabl N0 3KCNOHEHUMANbHbLIM
JYHKUMAM NO3BONSAET peayunmpoBaTh 3agadvy K ctTaH4apTHOM JIMHENHON.

- lcxogHoe ypaBHeHMe ¢ NofMHOMManNbHbIMU KO3 PULMEHTaMU C MOMOLLLIO Pa3fioKeHUS
BXOA4a - Bbixo4a B psdbl N0 6M04YHO-MMNYNbLCHBIM OYHKUMAM npeobpasyeTca B CUCTEMY
NNHENHBbIX anrebpanyecknx ypaBHEHN

- OpToroHanbHbIMU PYHKUUSMUA

METO[, OLIEHKM KOO PULIMEHTOB B Pa3fioXXeHUM NepeMeHHbIX NapamMeTpoB Mo
OpTOroHanbHOMYy 6a3sncy B NPOCTpaHCTBE (PYHKUNN, CYMMUPYEMbIX C KBagpaToMm, C
ncnonb3oBaHnem pekyppeHTtHoro MHK

K npambim metogam ngeHtudpunkaunm HO, B KOTOPLIX HE NPOM3BOAUTCS




WpeHnTudumkaumna: 80-e +

napameTpamm

OuHamuka CPI1 onunckiBaetca andpdpepeHumanbHbIMU YpaBHEHNAMU B HaCTHbIX
NPON3BOAHbLIX, UHTErparbHbIMU N MHTErPO-AnddepeHLnanbbHbIMU
YpaBHEHNAMMU

MeToabl cBegeHusa moaeneun CPI1 Kk moaensam cuctem ¢
cocpenoToYeHHbIMU NapamMeTpamMum.

MeToq [anepkuHa, MeToq XxapakTepUCTMK, METOA KOHEYHbIX 9fIEMEHTOB,
OVUCKpeTU3auns, MeToq MOMEHTOB, pasrnoXeHne no opToHopMarbHOMY basucy,
MCMOJS1b30BaHMEe CrnianHoB.




WpeHnTudumkaumna: 80-e +

napameTpamm

MeToabl cBegeHusa moaeneun CPI1 Kk moaensam cuctem ¢
cocpenoToYeHHbIMU NapaMeTpamMmm

OnTumusauums:

pagaeHTHble MeToAabl: [aycca — HbloTOHa n HbtoToHa — PadhcoHa, dnetyepa —
PuBca, ctoxactnyeckasi annpokcumaunsi, MeETO rno-aroBoro crnycka, MeTtog
HauMCKopeunLlero cnycka n metod npMcoeanHeHHOro COCTOSHUSL.

MeToabl KanMaHOBCKOM (hunbTpaun U HeriuHeMHOU ounbTpauum.
BapuauunoHHble MeToAabl 4al0T BO3MOXHOCTb HaTU COCTOSHME CUCTEMbI U/UNK
3aBuUcsALLME OT COCTOSAHUS, BPEMEHN U KOOpAMHAT NapaMeTpbl Kak 9KCTPEMYMbI
dyHKUMOHana kayecTBa (Kputepus).

MeToabl TeopuM ONTUMaANbLHOIO ynpaBrieHUA UCMoNb3yTcs 0O6bIYHO B 3ada4vax

OUEeHKN COCTOAHNA.

~




CneKkTpanbHas Teopua Ans CUCTEM C pacnpeaerieHHbIMU nNapamMeTpamMmu
BBeneHo noHATHE cnekTpanbHOW XapaKTepPUCTUKU MO NPOCTPaHCTBEHHOW
nepemMeHHoNn.

OnddepeHumanbHoe ypaBHeEHNE C YHaCTHbIMU NPOU3BOAHLIMW HA OCHOBaHUN
CBOWCTB CMNeKTparnbHbIX XapakTEPUCTUK MOXET BbITb NpeacTaBneHo
6eCKOHEYHOMEPHOM CMCTEMOWN OBbLIKHOBEHHBLIX AU depeHuUnarnbHbIX
ypaBHeHUN B popme KoLumn, npaBas YacTb KOTOPLIX COOAEPXUT YSEHbl,
YyUYUTbIBaKOLLME rPaHNYHbIE YCIOBUS N BHELLUHUE BO3MYLLEHUA.

HenpoceteBbie mogenu. lNpumeHeHue k CPI1 obycrnoBneHo 3aTpyaHeEHNEM
NPUMEHEHNA CTaHOAaPTHbLIX METOAOB naeHTUdmKaunm scrieacremne
HENMMHENHOCTN Moaenen, donbLoro oobema AaHHbIX, HETOYHOCTU UX
N3MEpPEHUN, a TaKKe BbICOKOW BbIYUCIIUTENIBHOW CNOXHOCTBLIO KNacCU4YeCKux




MIPOIECCHI B UCCIIEAYEMOU CUCTEME

OuneHuBaHHE MOPSIAKA MOJEJIH.
CnekmpanvHo-anaiumuueckue ouenku. Henapamerpuueckas

v = i Y w
OlLlEHKA - IepefdaToyHor QyHkumu W (e)= #)) OCHOBaHa
0,

Ha aHaJIu3€ JAaHHbIX O BXxonae u(f) W BbIXojae (/) Ha MHTEpBaje
t e [1, 10t € [1,T]. Ecnu W (e”)We'®) comepsur uHbOPMALHIO 0
cnenuduke TUHAMUKH OO0BEKTa (BEJIIMYMHE PE30HAHCHBIX ITHKOB,
BBICOKOYACTOTHBIX CPe30B ¥ ()a30BBIX CIBUTOB), TO HAa OCHOBE

aHamusa W(e'”) We'®) MokHO BBIOpaTh MOPSIIOK MOJIEIH, YTOOBI

aJICKBATHO 0T06p&3HTB AUHAMHUKY CHUCTCMBI.

OueHnka pazmepHocmu 00beKma 6 yCi08uUsax HeonpeoeleHHOCmuU




CerogHs

L MeToabl Ha 0CHOBe perynsapusauumn — ans aCUMNTOTUYECKOTO
YMEHbLLEHNA CMELLIEeHNS OLIeHOK

1 Metoab! hopmMmpoBaHuA BbINYKNbIX npoueayp naeHTudgmrkaymm
(NpenoTepalleHne nonagaHus OLEeHOK B fIoKanbHbIe MUHUMYMbI)

«K coxaneHuto, BbIOOP KpUTEPUS ONTUMAnNbLHOCTM Donee unu mexHee
CYOBEKTUBEH, a MOMyYaloLLMecs anropuTMbl CYLLECTBEHHO 3aBUCAT OT

3TOro BblOOpay
Atikxogp 1. OcHosbl udeHmugukauuu cucmem ynpasneHus. M.: Mup,

1975




CerogHs

 MeTogbl, OCHOBaHHbIE Ha TEOPUN
cTaTUcTuyeckoro obyyenus (Statistical
Learning Theory, SLT), nsyyatowien metoapl
NOCTPOEHMS 1 aHann3a anropuTMoB,
0by4yaeMbIX MO npeLieeHTam.

(1 Situational Awareness - CutyaunoHHas
0CBEeOMIIEHHOCTb — Y4ET NPU NMOCTPOEHNUU
MoZernen MHopMaLIM O COCTOSHUN
BHELLUHEWN Cpedbl, Hapaay C yxe
CyLLlecTByHLLeN nHdopmaLuen

1 Reinforcement learning — 00y4yeHus ¢ nogkpennexHuem, Koraa cuctema
0byyaeTcs, B3aMMOIENCTBYS C HEKOTOPOW CPEeaoMN.




MaLLMHHOIO 0BYyYeHust, NPy KOTOPOM MOAESb HE UMEET CBEAEHNI O CUCTEME,
HO MMEET BO3MOXHOCTb NMPOM3BOANTL Kakune-nnbo aencteus B Hewn. [encTeums
NnepeBodAT CUCTEMY B HOBOE COCTOSHWE W MoOAenb MoSlyYyaeT OT CUCTEMb
HEKOTOpPOe BO3HarpaxaeHue.

Ponb 00BLEKTOB MrpaldT napbl «CUTyauusi, NPUHATOE peLieHuey,
OTBETaMM  SABNAKTCA  3HAYeHUA  (PyHKUMOHana Ka4yecTBa,

XapaKTepU3ywLwero MnpPaBUIILHOCTL MPUHATBLIX PELIeHNA (peakuuio
cpenbl).

“Cpepna” 00bI4HO hopmanmnsyeTcs Kak MapKOBCKUMA NpoLiecC NPUHATUSA
peweHun (MIMP) ¢ KOHeYHbIM MHOXECTBOM COCTOSIHUW. BeposaTHoCTH

e




— cneumdukaLmsa 3afayun nocnegoBaTenbHOro NPUHATIAS PELLeHN Ans
NMOMHOCTbIO HAbII0AaeMolt cpeabl C MapKOBCKOM MOAENbto nepexoaa
[I0TNOMHUTESbHBIMY BO3HArPaXXaeHUAMMU.

Mpy 06y4eHUM ¢ NOAKPENneHNeM, B OTNIMYME OT 0DYYEHMS C yUnTENEM, He
NPeaoCTaBNATCS BepHble Napbl ,BXOAHbIE AaHHbIE-0TBET", @ NPUHATHE
cybonTUManbHX PeLLEHNI (OatoLLyX NIOKANbHbIN SKCTPEMYM) peanuayeT
KOMNPOMKUCC MeXAY UCCNeAOBaHMEM HEU3YYEHHbIX obnacTeu U
NPUMEHEHMEM UMEIOLLUXCSA 3HAHMA.




CerogHs

dMeTtoab! naeHTUhUKaumm Ha OCHOBE MALUMHHOTO 00Yy4YeHus
O anroputMmbl naeHTU(MKaLMm, OCHOBaHHbIE HA HEUPOHHbIX
ceTax
L anropuTmbl, Ucnonb3yLWwmne UHAYKTUBHbIE 3HAHUSA —
3aKOHOMEPHOCTH, U3BfIeKaeMble U3 BCeN COBOKYMHOCTH
BaHHbIX 06 00BLEKTe U ero PyHKLUMOHUPOBAHMM HA OCHOBE MX
aHanu3a, U NOCTOSIHHO NMOMOJIHAEeMbIle

Bo3MoXHOCTb ObICTPON 00pabOTKM OONbLINX 00BLEMOB AAHHBLIX U
pa3paboTka HOBbLIX METOAOB aHanu3a faHHbIX NO3BONAET cO3AaBaTh
anroputMbl nAeHTUUKaLMUK, UCNONb3YIOLWNE B peanibHOM BPEMEHM




TeHaeHUUH

Will Machine Learning Change the Paradigm of System Idantification?
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TeHOgeHUUH
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K.J. Astrom and P. Eykhoff System identification — A survey. Automatica,
vol. 7, pp. 123—162, 1971.




Kourpecc IFAC, bepnun 2020

ITnenapnoe 3aceoanue Learning and Control

Reflections on the Learning-to-Control Renaissance (Benjamin
Recht)

Juckyccua: "Control and learning — is there really a divide?”

Ilnenapnoe 3aceoanue Reinforcement Learning for Process Control
and Beyond

Reinforcement Learning for Process Control and Beyond (Jay H.
Lee)
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O PeKkyppeHTHble MeTOAbl U anroOpUTMbl MAEHTU(UKaLUK

O Mpobnema cxoaMMOCTH OLIEHOK B 3aMKHYTOM KOHTYpe - Mpu
KOPPenupoBaHHOCTN BO3MYLLEHMIN Ha BbIXoAde 00 beKTa U B CUrHane
ynpaBfeHus.

d UpeHTudukauma obbekTa B
3aMKHYTbIX CMCTEMaX B YCIOBUAX o
LUWYMOB M NapaMeTpUyecKux it
BO3MYLUEHUN

O Anroputmbi nony4eHns ;
COCTOSATENbHbIX OLEHOK NapameTpPoB |

KOHTVDE 4 '
e~
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MeTtogonorus oueHUBaHUA UHOPMaALMOHHbIX
BO3MOXHOCTEN anropMTMOB CTPYKTYPHOM
uaeHTU(PMKaLMM B YCNOBUAX anpuoOPHOU
CTPYKTYPHON HeonpeaeneHHOCTH!.

Pa3paboTka meToaoB uaeHTUchukauum
CTOXaCTMYECKUX CUCTEM HA OCHOBE TEOPETUKO-

AFRUDODMA A0FHRbBIX VIeU AV AMVU f



L. Ljung. Perspectives on system identification.

Annu. Rev. Control. 34(1): 1-12 (2010)

«Let me end with a personal IFAC reflection. When | was IFAC
Vice President and chairman of the Technical Board (1987-1993)
there was a discussion if it was not time to abolish the long
running (since 1967) Symposium series on System Identification,
since the topic had lost its luster.

In the end we did not do so. | hope | have convinced the readers
that that was a wise decisiony.

«Koeda s1 6b1n Buye-npe3udeHmom NPAK u npedcedamenem
TexHuyecko20 koMumema, npoxoduna (1987-1993) 6bina
duckyccusi, He npuwJio /U epemsi

omMeHums onsiwyrocs ¢ 1967 2. cepuro cumno3uymos no




3.2) is in many respects the “mother”
Identification, see e.g. Deistler (2002). Here
basic results of Section 2 were developed.
clearly a very broad field, and it is not meaningf
terse summary of recent trends.

Among developments with relevance to System Identifica-
tion are for example the bootstrap, see e.g. Efron and Tib-
shirani (1993), and the EM algorithm, (Dempster et al.,
1977). Other results of relevance to order selection are new
techniques for regularization (variants of (5b)), such as
Lars, Lasso, NN-garotte, see e.g. Hastie et al. (2001).

3.2 Econometrics and Time Series Analysis

Econometrics is a science that has grown out of statistics
for extracting information from economic data, taking
into account both the special features of such data and
the a priori information coming from economic theory.
Econometrics has a long tradition of giving inspiration
to time series and difference equation modeling and its
roots coincide with developments in statistics. The work
on time series dates back to Jevons (1884), Yule (1927),
and Wold (1938). The classic paper Mann and Wald (1943)
developed the asymptotic theory for the LS estimator
for stochastic linear difference equations (AR systems).
The results were extended to simultaneous (multivari-
ate) systems, where LS is not consistent, in Koopmans
et al. (1950), where also central identifiability issues were
sorted out and Gaussian Maximum Likelihood estimates
were proposed and analyzed. Important extensions to the
ARMA(X) case have been proposed by Anderson (1971)
Hannan (1970) later on. The problem of errors-in-variables
modeling (when there are disturbances on both input and
output measurements) also has its origins in econometrics,
(Frisch, 1934).

More recently, important focus has been on describing
volatility clustering, i.e. more careful modeling of con-
ditional variances for modeling and forecasting of risk
(GARCH models, (Engle, 1982)), as well as on describ-
ing non-stationary behavior of interesting wvariables in
terms of a common stationary 1 combination (“co-
integration”), (Engle and Grang which gives
the long run equilibrium relation betw® variables.
These two subjects were in focus for the Riks-
banks Prize in Economic Sciences in memory O s

Nobel in 2003.

Statistical Learning Theory

The coining of the term Statistical learning, e.g. Vap-
nik (1998), Hastie et al. (2001), has moved the fields
of statistics and Machine learning closer together. M

i AT ey CAL CULL COBULILIAL TULC, T
Bartlett et al. (2006).
3.4 Machine Learning

The term mu.ch.iﬂ.e Iearm'ng Wi

orga AN maps, (Kohonen 1984)
Quinlan’s tree-learmng for binary data, (Quinlan, 1986)
and the early work on perceptrons, (Ruaenblatt 1962),
that later led to neural networks. More recent efforts,
include Gaussian Process Regression (kriging), e.g. Ras-
mussen and Williams (2006), which in turn can be traced
back to general nonlinear regression. Overall, the fields
on machine learning and statistical learning appear to be
converging.

3.5 Manifold Learning

Another “learning topic” is manifold learning, which really
is the important area of dimension reduction of high-
dimensional data to nonlinear manifolds. This is a non-
linear counterpart of multivariate data analysis, such as
Principal Component Analysis (PCA). Some techniques,
like kernel PCA, (Schélkopf et al., 1999), are such exten-
sions. Other methods are based on developing proximity
matrices, often with nonparametric techniques, such as
isomaps and variance unfolding. A special such technique
that has been frequently used is LLE (Local Linear Em-
bedding), (Roweis and Saul, 2000). It can be described as
a way to determine a coordinate system in the manifold
that inherits neighborhoods and closeness properties of
the original data. Manifold learning has evolved into a
community of its own, essentially because of its importance
for computer vision and object recognition.

3.6 Statistical Process Control and Chemometrics

The term chemometrics is primarily used in process indus-
try and stands for statistical methods for extracting infor-
mation from data sets that often consist of many measured
variables. The techniques are various forms of Multivariate
data analysis, such as PCA. but in Chemometrics the use
of Partial Least Squares (PLS), (Wold et al., 1984), has
been a predominant way of projecting data onto linear
subspaces. For a recent survey, see MacGregor (2003). The
PLS methods are conceptually related to mbspar‘e method.i

evant mformatlon Data mmmg, ha.s been applied to a




ITabopatopus 41: 2000+

BeuBreT-aHann3a u HeYeTKoW NIOMMKU - UHTeNNEKTyanbHbIM MeXaHU3M
UCMONb30BaHMA 0a3bl TEXHONOrMYECKUX 3HAHUN U UHTENNEKTYanbHOro
aHanu3a AaHHbIX B CUCTEMaX YNpaBneHus peanbHOro BPeMeHHM.

MapameTp "10% Tou4ka

KpMTepMM _ Buunanua’

NPUONMXKeHUS — e
K rpaHuuam | B D P —
TeXHONOrn4yecKoro e :
pernameHTa

U noTepu

Ne ucnbiTaHnsa



Ilaboparopusa 41: 2000-e+

&

WHTennekTyanbHble anropuTMbl MAEHTUUKALIUM:

= WpeHTUpMKaumna TeXHONOrM4yeckmxX npoLeccoB HenpepbIBHbIX U NOnYy-
HenpepbIBHbIX NPOMbILLIEHHbIX MPOM3BOACTB (B YaCTHOCTH,
XUMUYecknx n HedptenepepadboTKu),

= [IporpammMHO-anropuTMmMyeckme KOMNEeKCbl aBTOMaTu3aumm
ynpaBneHns TeXHONOrM4ecKMMM npoLeccamm XMMn4YecKnx
nPou3BoACTB U HedhTenepepaboOTKM Ha Oa3e anropuTMoB
uaeHTurKauum.,

= MeToabl aBTOMaTU4E€CKOU AUCTAHLMOHHOWN ANArHOCTUKN rOTOBHOCTHU K
obuemy nepsuyHOMy perynupoBaHuio 4yactoTbl (OINPY)
reHepupyrLero ooopyaoBaHusa 3NeKTPOCTaHLUN B XO4e peanbHOM
aKcnnyaraumm
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= [lporHo3upoBaHue gUHaAMMUKK CpoOcCa,

= [lporHo3upoBaHue AMHAMUKKU POHAOBOrO
PbIHKa Ha OCHOBE UHTENMNEKTYanbHbIX
anropuTMoB ANA NPOLEeCcCOB TPEUANHra U
CTPecC-TeCTUHra,

* WpeHTndukaums n nporHosupoBaHue
cocTosiHua arperatoB bll aBTomobunen B
aBTOMaTU3MPOBaHHOW BOPTOBOM CUCTEME
ynpaBneHus, ¢ UCNONb30BaHMEM
UHmMesiekmyasnbHO20 aHanu3a
MeXHONOrMYeCKUX faHHbIX peanbHoro

H.E. MakcumoBa
U.B. Hvu(ynm-la

= MeToab! naeHTuduKauum B
NMPOM3BOACTBEHHON N TPAHCMOPTHOM
NOrUCTUKE: METOAbI MPOrHO3MPOBaHUSA

obbema aBTONEpPeBO3OK W NOKa3aTenen,
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(1 MeTopb! pa3paboTKu MHTErPUPOBaHHbLIX CUCTEM YNpaBeHUs
NPOU3BOACTBEHHbLIM NpoLieccoM (NPeaNPUATUIA U KOMMNAHUK)
Ha OCHOBE MAEHTU(UKALMOHHLIX MoAenen peanbHOro

BpeMeHU
 UHdhopmaLMoOHHO- aHanUTU4YeCKme CUCTEMbI KOMMEpPUYeCKNX
komnauuu -floroBA3, OAO «Aapochnot — mexayHapoAaHble
aBManuH1Umn

] MeToabl co3gaHust HeNMHEUHbIX Moaenen COCTOSAHUSA
3HeprocucTeMbl Ha OCHOBE MAEHTU(DMKALMOHHOrO aHanusa c
NCMNOJIb30BaHMEM MYJIbTUAreHTHbIX TeXHOJIOrUM - BKITHOYEeHbI B
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WHTennekTyanbHble UHPOPMALIMOHHO-
ynpaBnfawLlme CUCTeMbl NOLAEPKKH
ynpaBrneHus Ha OCHOBe npeacKasaTenbHOro
MAeHTUPMKaLUOHHO-CUMYNALUOHHOIO
MoAenupoBaHus C UCMOSIb30BAHWEM CUCTEM
aBTOMaTM3aLUnn MMUTALMOHHBIX UCCREOOBaHMY
obnayHoro Tmna




MeToabl pa3paboTKn MHTErPUPOBaHHbLIX CUCTEM ynpaBreHus
MPOM3BOACTBEHHbLIM NpoLieccoM (NpeanpPUATUA U KOMNAHUK) Ha
OCHOBE MAEHTU(PMKALMOHHBIX MoAeneun peanbHOro BpeMeHu

1 MeToabl ynpaBneHus npou3BoACTBEHHbIMM NpoLieccaMy Ha OCHOBE
LUMhpOoBbIX NPEeOUKTUBHLIX Moenen peanbHOro BpemMeHu ¢
npumeHeHnem ba3s 3HaHun — uudposbie MPC

d Uudposbie MeToabl naeHTUdMKALMK CUTYaLIUN.

] MeTtoab! u apxutekTypa cosgaHus Lindposbix akocucrem

I ARIIEH NS 1IN RIR() ] =()\1 V 4 \/ 1 ARIIEH NS =0 I(]
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uaeHTUUKaLmm
HeWTaTHbIX CUTYyaLUN
npu uccnepoBaHUu
AWHAMUKH
TeXHOJTOrMYyecKux
npoLeccos,
OCHOBaHHbIN Ha
aHanu3e oLeHOoK L ot oe 05 1 1a
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LincppoBbie meToabl uaeHTUMKauum
CUTyaLuKn U NPOrHO3UPOBaHNA COCTOSAHMSA
KOMMJieKca pecypcoB NPeanpuATIN 1
KOMMNaHWUMN.

YN «POCKOCMOC»

i ﬂpOFHO3MpOBaHMe HeWTaTHbIX CUTYaLUN
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— CNOXHble YenoBeKOo-MallUHHbIe CUCTEMbI C Pa3BUTOU
MH(OPMaLIMOHHON MHPACTPYKTYPOU,

ucnonb3yrLme obwmne cMCTeMbl XpaHeHUsa U 06paboTKu
OaHHbIX W pa3nnyHble CepBUCHI,
peanusyrowmne npuHuMn “win-win” — Bbiroabl Ans

KaXaoro areHta B oTAeJibHOCTU U
yCTOVI‘IMBOCTM " YCTOVI‘IMBOFO Pa3BUTUA AJid CUCTeMbl B
LHeJsioM




O Apxutektypa LincbpoBbix 3kocucteM ynpaBneHus Npou3BoACTBOM U
Cuctem ynpaBneHus Lenovykamy noctaBoK — B YCNOBUAX OONbLINX
BaHHbIX. YnpaBneHuve L3C Ha ocHoBe UM(PPOBLIX NPEeANKTUBHbIX
mozJerneun peanbHOro BpemMeHu

o g
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WHd opMaLMOHHO-aHanMTMyeckas cuctema ans
aHanu3a napameTpoB KayecTBa 3NeKTPOIHeprum u
anropuTMbI onpeaeneHnst CHHXPOHN3NPOBaHHbIX

BEKTOPHbIX U3MEPEeHUN Ha UMPPOBLIX NOACTAHLIUAX.
[TpeanoxeH MeTO4 CUMMETPUYHbLIX COCTaBNAOLLMX MO NPSMOW,
obpaTHOW 1 HYNEeBOW NOCNea0BaTENBHOCTM, KOTOPbIV LUMPOKO
Ucnonb3yeTcs Ang onpeneneHns TOKOB KOPOTKOrO 3aMblKaHus

— ONs1 ANarHOCTUKK 3NeKTPoobopyaoBaHMs LMPOBON NOACTAHLMN.

Co3paHue aganTUBHX M «YMHbIX» LUhpOBbIX
ABOVHUKOB CNOXHbIX 00BHEKTOB Ha OCHOBE
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& =

NMPOrHo3a ANns HecTauUOHaPHbIX NPOLIECCOB HA OCHOBE
00paboTkn Konu4yecTBEHHOW MH(pOPMALIUK U IKCMEPTHOrO
aHanu3a cobbITUN BHELWHEeN cpeabl, OKasblBaKOLLIMX BIUSHNE
Ha U3MEHEHMS B 3TUX NpoLieccax. AKTyarlbHO, B YaCTHOCTH,
07151 NOBbILWEHNS 3PMEKTUBHOCTY MNAHOB NMPOU3BOACTBEHHbIX
CUCTEM.

AHanu3 Tekylen cuTyauum Ha KorHutueHou kapte (KKC) &
ONA BbISABIEHUA 3KCNEPTHO - 3HAYMMbIX COObITUN, S
CNOCOOHbIX BbI3BaTb U3MEHEHUA B NPOrHO3MPYEeMOM L
npoLecce; R
OGHapyxeHune B peanbHOM BPeMEHU «HeSIBHbIX»

Al
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WccnepnoBaHue ocobeHHOCTEN BbIOOpPa
BapMaHTOB MaTPUUHbIX CTPYKTYP Moaeneu
npeacTaBneHus 3HaHUW B 3aavax
OLIeHUBaHUSA KNOYEBbIX NOKa3aTenen
HenpepbIBHbIX TEXHONOrMYEeCKMX NPOLECCOB B
peanbHOM BPEeMEHHM.

UccnegoBaHusa npumeHeHuUs
AUCKPUMUHAHTHOWN (DYHKLUMKN AHAOEepCOHa
ANA pelleHns 3agay Knaccudukaumm u




Ilabopatopus 41: 2010-e+

U UaeHTudmkaumnsa napameTpoB Moaenu pa3BUTus
HedhTenepepabaThbIBaOLLEro 3aBaa N0 HEMOJHbLIM AAHHbLIM
10.M. UoaukoB

 MeToAbl oNnTMMKU3aLMK NPOU3BOACTBEHHOrO MNaHUPOBaHMS,
ynpaBneHus pecypcamu n opMmpoBaHus TMOKMX
NPON3BOACTBEHHbIX pacnucaHum

E.H. XoboToB

E.E. [lyaHukos
O.B. Bonoauxa
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J ®opmanun3oBaHHble METOAbI
OLIeHUBAHUA KOHCTPYKLIUW
U3genun Ha TeXHONMOrMYHOCTb
Ha 3Tane TeXHONOorn4yecKou
NOAroTOBKN NPOU3BOACTBA C
y4€TOM BEPOATHOCTHbIX
XapaKTepuCcTUK CpeacTB

aBTOMaTU3aLuK
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\J 2 Vie v VAW \4 v \J 1 4

(KoHuenuuu) pa3BuTMA aBToOMaTU3aumu/
uHdopmaTtusaumu/ uncposmsaumm
npeanpuaTMA NOOON TEXHONOrMYeCKOW
OTPAaCNN C LieNbi [OCTUKEHUA YPOBHS
Industry 4.0. Obcyxpatorcs u

OLIEHMBAKTCS BO3MOXHbIEe pa3pabdoTymKm
aTOro nnaxa. MpuBoautcs Heobxoanmoe
cofepxaHue paspabartbiBaeMon
KOHLLenuum, ABNALLENCA JOPOXHON
KapToMn LMIPOBOU TpaHC(opmaLmy
npeanpuaTus.
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Pa3paboTka MeToAoB U anropuTtmMoB
WAEHTU(PMKaLMK U YynpaBneHus nna3mon
B TOKaMaKax

MeToAabl Ha OCHOBE KONUYECTBEHHOWN TEOPUU

obpaTtHom cBA3u (QFT), Kapues H.M.
MeToa noanpocTpaHCTB, Kopenes I1.C.
[laBnoBa E.A.
etc.
1 U y KonbkoB A.E.
pumep: NUaeHTndpukaums nepeaaToyHomn Kpykos B.M.

HKLMW, CBA3bIBAKOLLEN YCTAaBKY TOKa B
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\NOJTNYE BeHHAA TeODPUA O0PDATHbLIX CBA3en (U — ME OLbl,
MCMonb3yloLLKe YacTOTHOE NpeAcTaBneHne Mogeneun ang
V0BIIETBOPEHNSA KPUTEPWNEB KaYeCTBa NPU Hanu4mu
HeonpeaeneHHOCTEN.

HeonpeaeneHHOCTH: B XapakTepucTukax 0obekTa u/nnmm Ha ero
BXOZ NMOAat0TCA HEM3BECTHbIE BO3MYLLIEHUS
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WHTennekTyanbHble anropuTMbl nAeHTUUKaLMK:

C.A. Oguukum

HOPMAJTU3ALUA UHTEPBANOB NMAPAMETPOB U NPUMEHEHUE
JINHENHBIX OUATPAMM B CIIOXHbIX TEXHONOMMYECKUX
CUCTEMAX

MNPOBNEMbI U3YHEHWA OBPASHOIO MbILUNEHWA YENOBEKA C
Nno3nunun HEUPOMNCUXonornm U KOrHUTUBHOU CEMAHTUKW

 Heiiponcuxonornyeckune NpuHLMNLI paboTbl MO3ra U 3aKOHOMEPHOCTM €50

CUCTEMHOIO (byHKLI,VIOHVIpOBaHI/IFI B ripouecce uccriegoBaHnAa MexaHn3moB
=~ H /14 =iz \/l I = |/14- .l,A ~ - — 1/
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WHTennekTyanbHbIe anropuTMbl MAEHTU(DUKALUMK:
NPUNOXeHUs 7 4

UpeHTnduKauma TeXHU4ECKOro COCTOAHUA  ~<
NPOTSXEHHbIX 00BHEKTOB (TPYyOONpoBOAOB, t\
XemnexHbIX Aopor) MeToaaMu MalWHHOIO
oby4yeHus.

« (ObpaboTka MCXOAHBIX AAHHbIX PA3IMYHON (PM3NYECKON MPUPOALI
(reoTexHuyeckne, AedeKTockonmyeckne, HopMaTUBHbLIE U Op.);

* aHanu3 CUCTEM XPaHEHUS U Nepeaayn AaHHbIX;

 paspaboTka METOAOB ayauTa 1 NOArOTOBKM MCXOAHbIX AAHHbIX;
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WHTennekTyanbHble anropuTMbl MAEHTUUKALINM:

vieToAbl UAEHTUPUKALUN N MPOrHO3NPOBAHUA
XadPaKTepPHbIX TEXHOJIOTr'MYeCKNX cmyau,uﬁ
AOMEHHOro npouecca Ha oCHOBe
UHTENJ1eKTYalIbHOIro aHasfiu3a BUAEOMNOTOKa

OaHHbIX C BuAeoKamep Ha hypMax 4OMEHHOM
nevn B peXxmme peanbHOro BpeMeHHM.

O.M. QonyaH, U.WU. T'payeBa

MoaenupoBaHue NpoLeccoB ropsiyeit NPoKaTku

nosoc And nosbilLeHNA I'IpOI'IyCKHOl7I CNOCODHOCTY
1V

OIDORATHOT O VY ORDc O HVI A 11CJ IDHDIX



Ilaboparopusa 41: 2000-e+

&

MHTGHHGKTyaHbeIe aJITOPUTMbI M,D,EHTMCbMKaUMM:

MeToab! MHhOPMALMOHHBLIX CUCTEM ANA UMPpPoBOro
3emnenenus Ha 6ase MHPOPMALIMOHHBLIX TEXHONOMUN U
WHTENNeKTyanbHbIX NPOrHO3MPYHLWMX Moaenen

E.M. Makcumos, H.E. Makcumosa, [1.M. doHuaH, [J.C.Ky3HeuLo0B,

3.A. 3axapoB

Cuctembl nomoratoT 6osiee paumroHansHO NnaHMpoBaTh UCMONMb30BAHME
3EeMErb, PacxoaoBaTb yOobpeHMs 1 roptoyee, YTo CHUKaeT cebecToMMoCTb
Npou3BOAMMON NPOAYKLMM 1 NOBbILLAET 3PPEKTUBHOCTD
CeNbCKOX03AMCTBEHHOMO NPOKU3BOACTBA.
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WHTennekTyanbHble anropuTMbl MAEHTUUKALUN:

baza paHHLIX OTyeTsl, pekoMeHAaLMM, KOpPeKLMA
ATK Unxrerpauus TEXHONOrMYECKUX KapT

ans LWIq)pO BOro emMmnenenuvs CucTema nopaaepXKu NPUHATUS PeLLeHui no

ynpaBneHuto

[.C.Ky3HeuoB

[ j —:' Y ‘
_,a_, _,Q% - ,>’ ‘ ' h— AHanus, nporuos,
‘ (OpMUPOBaHHe yNpaBNSIoLMX
/R ! ' i i & &
| BanonHeH¥e AaHHLIX M‘L"::::z Baozxmuma me;;ammxxama 6yaywero BH?‘OP MO, AeHcTeuid u TK
npoWAOro NepHona nepHona pogax
‘ T ann HENpOTMBOPEYMBOCTS K noceay ‘ ep!
| BbIGPaHHOro NoAA .
|y ‘ PeaynsTart| pacyeTos
| ) i .O W BU3ya/u3aumum
‘ ' TexHonor

‘ Texxapra o oeasasasEEREe
npourioro nepuoa : SadrmrzItTT I'Ipoooiomu
‘ Bui60p rpadikos
Mons3osarens |
‘ E rpadmk Hle BbIGpaH
] D< W(— " rpaduK BbIGpaH o

Baaa Texkapt Texkapra ¢ KaneHapHeim |
MINGHOM TEXHONOTMYECKWX OnepaLlti
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MHTEHHQKTyaHbeIe aJITOPUTMbI I/IJJ,EHTVI(bVIKaLII/IVI:

Agpireitckoro HUUCX ¢ 2008 no 2017 rr.

[porHo3upyowme mogenu
NOKanbHbIX LieH

KMK = 0.86 Ha CeNbCKOXO03AUCTBEHHYIO
NPOAYKLMIO
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WHTennekTyanbHble anropuTMbl MAEHTUUKaALINM:

Man OKTa6pL Hekabpb
.L)-

Mopenu
onpeneneHuns
nepuoaa seretayum
MO MHOTONIETHUM
XPOHONOrM4YecKum
OaHHbIM
ANCTaHLMOHHOTO
30HAUPOBaHUSA
3eMnu

3eNieHbI KaHan rmcTorpamMmmel

S
by

‘1

CUHUI KaHan rmcrtorpaMmmel




* EXerogHasa mexpgyHapogHas
KoHdepeHuuns «CnuctemHas!
naeHTUuKaLms n npobnemsi
ynpasneHus» - SICPRO, cTtaBLuas
rnaBHbIM (DOPYMOM
uccnegoBatenei B Hallen cTpaHe
onmxHeMm 3apybexbe.

 Bcepoccuinckas Hay4Ho-npakTuyeckas KoHPepeHUnsa& BbiCTaBka
«CoBpeMeHHbIe MeTobl M CPEACTBA aBTOMATU3ALMM 1 YTIPaBNEHNS]
NPOW3BOACTBOM M NepcnekTusbl ux passutusa» Mocksa, AITA’ 2016

- BCIY’2014, BCI1Y’2018. Cekuum: «aeHTdmKaLms cuctemy,
«YnpaBneHne TeXHONOrMYecKUmm npoLeccammy B



13- cumnosnym IFAC no npobnemam
WHdOpMaLMOHHOrO ynpaBeHns Ha
npoussoacTee - «INCOM '09» (Mocksa, 2009 r.)

MIM 2013 - KoHdbepeHums IFAC no
NPOU3BOACTBEHHOMY MOAENNPOBAHMUIO,
ynpasneHuo 1 koHTponto (CankT-lNeTepbypr,

2013)




L e = =4 * SYSTEM IDENTIFICATION for
S MANUFACTURING CONTROL
APPLICATIONS - cekuumn Ha
KoHdepeHuuax nkoHrpeccax IFAC —
«oeHTnmKaLms cucteM ans
yrpaBieHns B NPOMbILLIIEHHOCTUY

IDENTIFICATION 2.0 AND
MODELING FOR INDUSTRY
KES’'2017, Mapcenb WoS
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N. S. RAJBMAN: A MEMORIAL

A. V. Balakrishnan
Department of System Science, School of Engineering, UCLA, Los Angeles, CA 90024, USA

I shall always cherish his memory, and feel
rich for having known him. I can best sum

up by paraphrasing Nabokov's words on Chekov's
heroes: ''the mere fact of such men, full of
such fervor, fire of abnegation, pureness of
spirit, moral elevantion, this mere fact of
such men having lived ... is a promise of
better things to come for the world at large."




«Cam gpbakm Hanu4usi makux
Jirooel, NMoJsiHbIX MaKo20 P8eHUsl,
O2HS1 ompeyYyeHusi, yucmomal
dyxa, MmopaJsibHOU
8038bIWEHHOCMU, 3mom

A







