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BeepeHue.
TpeboBaHUsA K CUCTEeMe MOHUTOPUHra
U ANaATHOCTUKMH.

BONbLWMHCTBO TEXHOMOMMYECKMX MPOLECCOB B XMMUYeE-
CKOM MPOMBILUNEHHOCTU OTHOCATCS K pa3psgy MOTeHuM-
anbHo onacHeix (MOTIM). OTclopa BO3HWMKAET Heobxoam-
MOCTb HenpepbiBHOro MoHuTopuHra NMOTM n anarHOCTUKK
ero coctosiHusi. OcTpoTa npobnembl 06bACHIETCS TeM, UTO
CcTpeMneHne K uHTeHcudmkaumm MOTI YacTo NpUBOAUT K
HeobxoanMMoCcT paboTbl y rpaHuL AOMyCTUMbIX 6e3omnac-
HbIX 30H WU Aaxe B MnpejaBapuiHbIX 30HaX, rae, Kak npa-
BW/O, BbIE MHTEHCUBHOCTL M CTeneHb KoHBepcuu. B To
Xe BpeMsi 0bsi3aTenbHble B TaKUX CTy4asix CUCTEMbI 3alLlm-

, YXYOLAOT Ka4yeCTBEHHble W KOMYecTBEHHble (B TOM
4YUCe 3KOHOMUYECKME) nokaslaTenu npouecca, T.K. WX
cpabaTbiBaHMe 0O6bIYHO COMPOBOXAAETCSI COPOCOM peak-
LIMOHHOM Macchl, HeobpaTUMbIM MOAAB/IEHWEM peaKUUK U
T.N. AEUCTBUSIMM, NPUBOAALLMMU K CYLLECTBEHHLIM MOTe-
pam [1-3]. Mo3ToMy BaxkHO OBHAPYXUTb OTKIOHEHWUS MpPO-
Lecca OT HOPManbHOr0 peXumMa Ha paHHUX CTaausiX pas-
BMTUS, KOrda OHW elle obpaTuMbl, U He AOBOAWTL A0 MO-
pora cpabaTbiBaHWs1 CUCTEMbI 3aLLMTHI.

Mpobnema anarHocTmku coctoaHus MOTT ycyrybnset-
ca TeM, yTo Kak npasuno, NMOTI xapakTepu3yoTcs BbICO-
KM ypOBHEM HeonpeaenieHHOCTeN, BoMbWUMN HEKOHTPO-
MPYEMbIMU  BO3MYILLIEHUSIMWA, CYLIECTBEHHOW BHYTPEHHEN
HENMHEMHOCTBIO U YacTo NIOXOW HabNoAAEMOCTLIO (pUCY-
HOK 1). O4eHb 4acTo OHM He UMeoT MaTeMaTUYECKUX OMnn-
caHuit, Ha pucyHke 1 nokaszaHo Takxke pacrnonoXxeHue cu-
CT€Mbl MOHWTOPUHIa M AMarHOCTUKW B MEepapxvMn aBTOMa-
TU3MPOBAHHON CUCTEMbI yripasneHus MOTI.

J1.A.PycuHoB!, W.B.PynakoBa?, B.B.KypkuHa®

MOHUTOPWHI

N IMATHOCTUKA COCTOAHUA
TEXHOJIOTMYECKUMNX
NMPOLIECCOB

CaHkT-MeTepbyprckuii rocyaapCTBEHHbIN
TEXHOMOTUYECKUIA UHCTUTYT (TEXHUYECKUIA YHUBEPCUTET)
190013, CankT-TeTepbypr, MockoBckuit np., 4. 26

PaccMOTpeHbl METOLbI HEMPEPLIBHOIrO MOHUTOPUHIE U AHSMHOCTUKH COCTO-
AHUS CIIOXKHBIX MHOTOM3PAMETPUYECKUX XUMUKO-TEXHOSOMMYECKUX POLEC-
COB € HUCIIONBI0BaHMEM METOAE [/13BHbIX KOMIOHEHT (MIK). brarogaps
ripumereHno MIK gocTuraeTcsa OpToroHam3anms 1 yMeHbLIeHHe pamep-
HOCTH MCXOLHOM 38434941, OBHAPYKEHME DIKT BOIHHKHOBEHMNS HELITITHOMH
cuTyaLmm npom3BoanTca Ha basze MIK-mogesm npoLyecca KOHTPoEM AByX
crarucrux TP u Q. OnpegeneHme npuamH BOIHUKHOBEHNS HELUTATHOW CUTy-
Lt MPEAIONEHO rPOH3BOAUTS 10 ABYXYPOBHEBbIM AU HOCTHYECKIM MO~
[EAM; (DPEIAMOBO-TIPOLYKLMOHHON, CUHTEIUPYEMON HA 633 IKCIIePTHOMH
UHGBOPMALIK, WM HEHPOCETEBOK. [IpHBOLATCS npMMEpL! PabtoTsl Npea/Io-
KEHHBIX METOROB.

KnioueBble cnoBa: TexHM4yeckas AMarHocTuKa; CTaTUCTUYECKUH
KOHTPONb Mpouecca; 3KCNEPTHble CUCTEMbI B AWMArHOCTUKE; HeﬁDOHHbIe
CceTn
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PucyHoK 1. Pacrionoxenme cucremMsl MOHUTOPHUHIA U ANErHO-
cruku B nepapxm ACYTI.

uaﬁmonaemn

He3aBncvMO OT MpUMEHSIEMbIX METOAOB MOXHO CpOpMy/n-
poBaTb OCHOBHble TpebOBaHWS, KOTOPbIM AO/MKHa YAOB/IETBO-
pATb cuCTeMa auarHocTvky [1]. Tpexxae BCero, 310 BO3MOX-
HOCTb paHHEro OBHapy)XeHUS HapylweHus, YTO Heobxoammo,
BO-NEPBbIX, 415 BO3BPaTa KOHTPOMPYEMOro NMpoLecca B perna-
MEHTHbIE PaMKW, T.K. HA PaHHWX CTaaMsIX BOBHUKAOLLME He-
LUTaTHbIE CATYaLMK, KaK MpaBwio, 0bpatvMbl. Bo-BTOpbIX, one-
paTopy NpeacTaenseTcs 6onblue BpeMeHn 41 MPUHSTASE Co0T-
BETCTBYIOLLMX [EVACTBUM MO MPeceyeHmnio pasBiTvs HELLTATHOM
QATYaLUMK W, TaknuM 06pasoM, BO3MOXHOCTb He JOMyCTUTb pas-
BUTYIE CUTYaLMM A0 NOPOroB CpabaTblBaHWs CUCTEMbI 3aLUMTDI.

OueHb BaXXHO 06eCneYUTb BLICOKYHO CTEMeHb rybuHbI ava-
FHOCTVIKM, TIOf KOTOPOW MOHUMAETCS! CrocOBHOCTb AMarHOCTY-
YECKON CUCTEMB! PaznuyaTh MpUYMHbl BAM3KUX MO XapakTepy
NPOSIBNIEHUs] HapylleHnA (Tak HasblBAeMble KOHKYpUpyloLLMe
cuTyaLmm).

1 " ; .
PycuHoB JleoH ABpaMOBUM, A4-p TeXH. Hayk, npodeccop, kadeapa aBToMaTU3aLUMKU NPOLIECCOB XMMUHECKOIM NPOMBILLTEHHOCTH, e-mail: Irusinov@yandex.ru
PynakoBa UpuHa BUKTOPOBHa, KaHa. TeXH. HayK, AOUEHT, kadenpa asToMaTM3aLUmMu NPOLECCOB XMMUHECKOM NMPOMBILLIEHHOCTH, e-mail:
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CTPAHCTBO HEBSI30K. TOT TUM COBLITUMA MOXET BbITb OBHa-
PYXXE€H C MOMOLUbID Q-CTaTUCTUKM (MHOrAa ee HasbiBaloT
CTaHAapTHOW OWU6KOW npeackasanus — SPE), uaMepsio-
e BapvauMu B 3TOM nognpocTpaHcTee. Ctatuctvka Q
npeacrasnsieT cobont EBKIMAOBO paccTosHue oT pabouyeit
TOYKM Mpouecca A0 TMNeprsiockocT, copMUpPOBAHHON
y4uTbIBaEMbIMU B Moaenu /K:

Q:eTez(mﬂm)T(x—x)=Z;’=l(xj—)c,»)2 (8),
rA€ e=(I-P,PT)x - HEBA3KM BHIGOPKM X, J — MHAEKC
q

nepemMeHHoW B BbIOOpKe.

BbipaxkeHue (8) noaTBepxkaaeT yKasaHHbIN Bbille GakT
BO3MOXHOCTU 0OHapY>XeHUs1 CTaTUCTUKON Q HOBbIX CO6bI-
TWIM, KOTOPbLIX He 6bII0 B MaccuBe, Mo KOTOPOMY Obina
CMHTE3upoBaHa Moagenb MIK. OgHako, ecan uncno /K B
mMoaenu byaeT BesMKo, TO, Kak creayeT u3 (8), cTatucTu-
ka Q He cMOXeT 6biTb 3(hdEKTUBHBLIM KpUTEPUEM ANd 06-
HapyXeHUs HelTaTHBIX cuTyauui [11].

YyuTbIBasi, YTO YN0 COBCTBEHHLIX BEKTOPOB MATpU-
LUb! S, Y4MTbIBAEMbIX B MOAEM W CBA3AHHLIX C MOAMPO-
CTPaHCTBOM /K, paBHO g, TO COBCTBEHHbIX BEKTOPOB, CBS-
3aHHbLIX C MOAMPOCTPAHCTBOM HeBsizok 6yaeT (p-g). CooT-
BETCTBEHHO K HUM 6yayT oTHOCUTLCS (P-q) MeHbLUMX COb-
CTBEHHbIX 4ucen Aj matpuubl S, j = g+1, .., p. Toraa
KOHTPO/bHbIM MOPOr ANA CTaTUCTUKKM Q MOXET BbITh onpe-
AefieH no Beipaxeruto {4, 12]:

CQ :a(b+cza)d 9),

a=y" N b =1+ &0l —%2);

1- 208,
rae 0, =37 32 hy=" %G:;

3 20,4,

Z, = 3HA4eHVe G-NPOLIEHTHON TOYKW HOPMAsbHOrO pacrpe-
nenenusi, A i= g+1,..., p - cCOBCTBEHHbIE 3HaYeHus], KOTopble
OOBLACHSIIOT BapyaLMK OMOPHBIX AaHHBLIX B MOANPOCTPaHCTBE
HEBSI30K, BMECTO BCeX 0 COBCTBEHHBIX 3HAUEHWNA.

Ecam npu nocTynaeHuy HOBOWM BbIGOPKK M3MEPERWI X;
BbIYMCIIEHHOE 3HAYeHWe CTaTUCTUKKM Q MpeBbICUT MOPOro-
BOe 3HayeHue Cq, T.€. HapYLUMTCS HEPaBEHCTBO:

Q= G (10)

TO Tak Xe, Kak U B CSlydae CO CTaTUCTMKoM T? (Hepa-
BeHCTBO (7)), dukcupyeTca $haKT BO3HUKHOBEHWUSA HeluTaT-
HOM cUTyauun.

Cramuctvikn Q v T? B3aMMHO AONONHSIOT APYr Apyra:
ecm XoTa 6bl OAHAa W3 HWX MPEBLICUT CBOE MOPOroBOE
3HayeHWe, TO 3TO CBUAETENbCTBYET O HapyLIEHWU HOp-
MasibHOro NpoTeKaHns KOHTPO/IMPYEMOro npouecca.

PaznuuHble MeToAbl OBHapYXXEHWUsI HeWcnpaBHOCTEW,
OCHOBaHHble Ha MIK, oTinyaloTca MoaxoAaMu K CUHTE3Y
moaenn. B obbluHOM BapuaHTe MIK-Mopens co3gaeTtcs no
BbIOOpKE AaHHbIX, COOTBETCTBYIOLMX HOPMAnbHOMY XoAdy
npouecca, chopMUMpPOBaHHOM OAHAX/bi M WUCMNOMb3YEMON
panee 6e3 maMmeHeHusi [1, 11]. IToT BapwaHT MOAXOAUT
ANS CTaUMOHapHBIX HenpepbiBHbIX MPOLECCoB C napaMeT-
paMK, HeM3MeHHbIMW BO BpeMeHW. bonbluas 4acTb XuMu-
YeCKWUX MPOLECCOB HE YAOBNETBOPSIET 3TUM TPebOBaHUSM.
MNo3ToMy 6blnn paspaboTaHbl Apyrve BapvaHTbl METOA0B
MOHUTOpPUHra Takue, kak "aBwxywmica" MIK (moving
PCA). 3pecs dopmupyeTcs HadyanbHOe BpPEMEHHOE OKHO
13 N “3MepeHWUin [aHHBIX Npouecca, He coaepxauix Ha-
pyWeHWs, Ha OCHOBe 3TOM WHdOpMaumu cTpoutcs MIK-
MoZesb W BbIYUCNAKOTCS NOPOroBble 3HaYeHUst ANa cratu-
cvk T? 1 Q. 3aTeM hopMUpYETCs Cleayiolliee OKHO W T.A.
[1, 4, 12, 13].

lNpoueaypa MOHUTOPWUHIA B ClIyYae NPUMEHEHUS «ZBU-
Xylerocs» MIK 6yaet umeThb cneayolwmnin Bua:

1.®opMupoBaHue HayanbHOM MaTpuubl AaHHbIX X%
(k=0) n3 N cTpok (M3Mepenuit) n p CToNBLOB (3HaYEHMIA
nepeMeHHbIX) Npu HOPManbHbIX YCIOBUSIX paboTkl Npouec-
ca. HopMupoBaHWe MaTpuUbl Ha Hynegoe CpeaHee U eaun-

HWYHYlO aucnepcuio. poBepka Ha Hanuuue BblI6pPOCOB,
HanpvMep, C UCMoMb30BaHWEM MeaNaHHOro GuabTpa.
.®opmuposanne MIK-MoAenn BbLIMUCIIEHWEM Harpy-

30K Py 1 cyeToB Ty, anroputmom NIPALS mnu HaxoxaeHu-
€M COBCTBEHHbIX BEKTOPOB KOPPENSIUMOHHOW MaTpuLbl UC-
XOAHOr0 MaccuBa U OrMpedesieHne uncia KOMMOHEHT g,
YUYUTBIBAaEMBIX MOAENbIO (Hanpumep, Mo Aofle AUcrnepcun
MCXOAHBIX AAHHBIX, OOBSCHAEMbIX 3TUMWU G KOMMOHEHTaMMU,
YUYUTHIBAEMBIMK B MOZenn). BbluMcneHre noporoBbiX 3Ha-
yeHuin Cq n Cr ansa cratucTuk Q v T2 no (6) v (9).

3.Mony4eHne HOBOrO BEKTOPa HABAIOAEHWUM Xi.;, €ro
LIeHTPUpOBaHWe Ha CTapoe 3HaYeHue CpeaHero, HopMMpo-
BaHWe Ha crapoe CKO w 3anoMuHaHuve. [lanee BblHuCie-
HWe ctatucTuk Q 1 T2 no (5) 1 (8) M cpaBHEHWE UX C Mo-
POroBbIMU 3HAYEHUSIMU, BBIYMCNEHHBIMU B M.2.

4. Ecnm B TedeHme r (1<r</N) nocnenoBaTeNbHbIX LAroB
Kakas-mbo U3 CTaTUCTUK MpeBbillaeT MOPOroBOE 3HAYEHWE,
TO HapylleHWe cuuTaeTcst obHapy>keHHbIM. Ecin B Tevenne N
LLIAroB MpeBbILLEHUS! MOPOroBbIX 3HAYEHWIA HE MPOUCXOAUT, TO
U3 3aNOMHeHHbIX N BEKTOPOB {Xixs, ..., Xksn) DOPMUPYETCH
HOBas MaTpvua X M Npou3BOAUTCS BO3BPAT K Lary 2.

Jlokanu3saums HapyLueHUH

Kak y>xe 0TMeYanocs, ecnv KOHTPOSIMPYEMbIW MpoLEecc
[IOCTATOYHO CIIOXKHBIN, XapaKTepU3yeTcs AecsaTKaMu nepe-
MEHHbIX, TO ANS 06MlerYeHns flokanusaumm HapylweHus
(onpegeneHust ydactka npouecca, rae npouvsowsio Hapy-
leHune), uenecoobpasHo NpPoBECTU AEKOMMO3MLMIO Npo-
uecca. 3TO MO3BOMSIET BblAeNUThb 60siee NpocTble CTPyK-
TYpHblE €4WHMULLI, YTO YNPOLWAeT MNOCTPOEHUE MOAENM.
MpW 3TOM OCHOBHbIM TpeboBaHWeM Mpuv BbIAETEHUN TaKUX
CTPYKTYPHbBIX eMHUL sBAseTCs obecneveHne Makcumasb-
HOM UX aBTOHOMHOCTM.

[ekoMnosuLmIo MOXXHO NMPOBOAUTb, UCTMOME3YS PA3TUYHbIE
noaxoasb! /151 BbIAENEHUs CTPYKTYPHbIX eanHn [14]:

eDYHKLUMOHANbHBIA MOAXOA — BblAENeHWe A0CTaTOYHO
HEe3aBMCUMMbIX ApYr OT Apyra CTpykTyp (y4acTkos, rpynn,
eanHUL  000py0BaHUst), BBIMOMHSIIOWKUX OMNpeaeneHHble
(YHKUMKM, HE3ABKCUMO OT UX TOMOSIOMMU U BpEMEHN (dYHK-
LIMOHMPOBAHUSA.

eTeppuTOpUasnbHbIA NOAXOA — BblAENeHUe Y4acTKoB
npoLecca no ux pacrnosoXeHUO B MPOCTPAHCTBE C yYeTOM
TOMNOMOMMK NpoLecca.

eBpeMeHHOW noaxoa — uenecoobpaseH ans nepuoau-
YeCcKMX TEXHOMOrMYECKMX MPOLEeccoB. [ANs HenpepbiBHBIX
MPOLIECCOB Taloke MOXHO WUCMONL30BaTh BPEMEHHOW NPUH-
uMn B CNydae, Korfa B HUX NpUMEHSeTCS pe3epBMpoBaHue
WU M3MeHeHWe KoMbuHauwuwn paboTatollero obopynosa-
HWS B 3aBMCMMOCTM OT Harpy3ku.

Ans pocTuxenns 3PeKTUBHOCTU AEKOMNOo3nUmMK ee
uenecoobpasHo MpPOM3BOAWTb, TMPUMEHAS  KOMBUHALMIO
YKa3aHHbIX MeTogoB. B pesynbTaTe TakoW AekoMno3uuuun
BbISIBSIETCS MHOrOYPOBHEBasi CTPYKTypa 0ObekTa, KOTOo-
pas uCrosb3ayeTcss Npu nocTpoeHun M v BBOAUT uepap-
XWYHOCTb B €€ CTPYKTYpY.

dakTUyeckn Torda oBHapy)XeHuWe aHoMasnbHOW CuTya-
UMW NPOU3BOAUTCS AN KaXAOM CTPYKTYPHON eAWHWLb
OTAEBHO.

MaeHTuUKaLuma HewWTaTHbIX CUTyaLUin
vgeHTuguKayns HewTaTHbIx cutyaymi 8 MIK-npo-
cTpaHcree. COBCTBEHHO WAEHTUMMUKAUMA HapyleHud B
cnyyae mcnonb3osBaHus MIK BbINOAHSIETCS MO BeNUYMHE
BK/1aAa MepeMeHHon B AedeKTHYIO CTaTWUCTUKY, CpaBHM-
Basi €ro C BK/IA/I0M 3TOWN NepeMeHHOW B Ty Xe CTaTUCTUKY
npu HOpManbHOM Xxoge npouecca [4,11, 15]. B cnydae
0TKa3a AaTyvKka WU perysvpytoulero opraHa 3ToT MeToa
paboTaeT 3PPeKTUBHO, HO ECNN CUTYaALUS YCIIOXKHSAETCA U
COMPOBOX/AAETCS U3MEHEHUEM MHOTUX MepeMeHHbIX, 3d-
(bekTMBHOCTE METOAa CTaHOBMTCH HEOYEBWAHOW. ITO
MOXHO BWAETHL MO rpadvkaM pucyHKka 3, rae npeacraene-
Hb! AMHAMWKa W3MEHEHMS! BK/1aA0B MEpPEMEHHbIX Mpu pas-
BUTUM OJJHOW M3 HELWITATHLIX CUTYaUUi Ha npolecce nupo-
nm3a [16].
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PucyHok 3. [lpuMep AuHaMuKy H3MEHEHUS BKIIGH0B
MEPEMEHHBIX B AEPEKTHYIO CTATUCTHKY NPy Pa3BUTHN He-
LITATHON cUTYaLm (TIDOLECC MUPOSIN3a).

2,5 4 S AAOMHMY BT ATAN COOTRSTRTBENRO

B [13] npeanaraeTcs NpoBOAWUTL MAEHTUMUKALMIO, Bbl-
4ymcnsas MHAekC Ai, XapaKTepwsyrowmi U3MeHeHust i-Toro
rMaBHOrO KOMMoHeHTa. HegoctaTkoM 3TOro Metoaa waeH-
Tudukaumm B MIK-npocTpaHcTBe siBAsieTcss Heobxoaw-
MOCTb UMeTb B 6a3e anarHocTuyeckoin Mogenm (AM) MHo-
xectBo MIK Mogenelt ans aHoMasnbHbIX cuTyaumin. K co-
XaneHuio 370 peako AOCTYMHO, TakK Kak BO3MOXHOCTU Bbi-
MOSIHEHUS! aKTUBHOTO 3KCMEPUMEHTA Ha peasibHbIX Mpo-
Leccax oveHb NpobneMaTuyHbl, a XAaTb NOKa B XoAe nac-
CMBHOrO 3KCMepuUMeHTa NpoM30oMAeT Ta MM Apyrast He-
WTaTHas cuTyaumst 1 cobpatb HEOOXOAUMYID CTAaTUCTUKY —
euwle 6onee NpobneMaTUyHo, T.K. 3TO MOXET NoTpeboBaTh
HeonpeaeneHHo H60MbLIOro BpeMeHH!.

B TO e BpeMs 3KCMepTbl Ha OCHOBE WX OMbiTa M 3Ha-
HWSI NMpoLecca MOryT ONUCbIBaTb CUTyaLMM Aaxe Ha rnapa-
METPUYECKOM YPOBHE W, TakmMM 06pa3oM, paHXMpoBaTb
CMMMTOMbI MO MX Ba)XHOCTW, UTO MO3BOSIAET YBETMUMBATD
rny6uHy AMarHoCTUKMK,

NaeHTuukaymns HeWwTaTHbIX cutTyaymsi Ha 6as3e 3Kkc-
neprHov [JM. OCHOBHasi CNOXHOCTb MPW UCMOSb30BaHWM
3KCNepTHbIX M COCTOWT B TOM, UTO MapaMeTpbl HewTaT-
HbIX CUTYaUMi MpU pasfiMuHbIX peanvsaumsix He coBrnaga-
10T B TOYHOCTM M MOXHO OLeHMBATb fINWb CTEMeHb WX
6nu3ocTu. Mpu 3TOM 3KCNEpPTHI BCe-Taku valle onpeaesns-
0T 3HAYeHWs MapaMeTpoB HEYETKMMM 3HAYEHUSAMU Tuna
«0YeHb 6OMbLIOW», «CpeaHU» U T.M.

Ans dopmanmsaumn Takon WHGOPMaLUMW MpPOBOANTCS
daz3nbduKaums  NapaMeTpoB  HewTaTHbIX  CUTyauun,
Hanpumep, CpaBHEHMEM UX 3HAYEHWI C HEKOTOPBIMM LKa-
namu. MpwuMep TakoM LKanbi NpueeeH B Tabnuue. Be-
NMdMHa OYHKUMKM NPUHAANEXHOCTN us(l;) onpeaenseTcs
CPaBHEHWEM 3HayeHus cuMnToMa (Hanpumep, NapaMeTpoB
TEXHO/OrMYECKOro npoLecca, 3apaHee NpeobpasoBaHHbIX
B 6e3pasmMepHyto GopMy M MacITabupyeMbix B MHTepBase
[0,17) c 37O Wwkanoin [16].

Tabnmya. Twiosas wkana
1A KOMIMHECTBEHHOID TPEACTaB/IEHNA HEHETKOCTH

| HeyeTkoe 3HaueHue WHTepean

1 OueHb CUNBHO BbICOKMIA 0.90 - 1.00

’ CUAbHO BBLICOKMIA 0.80 - 0.89

I Bbicokuit 0.70 - 0.79
NOBbILIEHHbIN R 0.55 - 0.69
CpeaHuid (HOPManbHOo) 0.45 - 0.54
MOHMKEHHbIN 0.30 - 0.44
Huzkwit 0.20 - 0.29
CUABHO HU3KMIA 0.10-0.19
OyeHb CUbHO HM3KI;V1 0.00 - 0.09

CuTyaumst B 3TOM Clydae MpeAcTaBseTcsl HeYeTkKMM MHO-
XECTBOM A(11;), SBNSIOLLMMCS NMOAMHOXKECTBOM YHUBEPCANBHOTO
MHOXECTBa U, BK/TIOYAIOLIErO B KaUecTBe 3MEMEHTOB BCE BO3-
MOXHble ycnosust v, (Ue U), CTeneHn NposiBIeHns KOTOpbIX B
AaHHON cuTyauum (byHKLMIA NPUHAANEXHOCTY us(L);)) BXOOST B
neBble YacTv 6asbl Npaswn B M. Toraa ciTyalums A71si KaKaoro
NPOAYKLMOHHOMO NpaBuia GyaeT onucbiBaTeCs B [IM BEKTOPOM

S* =(5,% S;%... 5;%), 3NEeMeHTbl KOTOPOrO S *=us«(1*) oTpa-
XAKOT, MO MHEHUIKO 3KAEPTOB, «kaeanbHoe» A1t AaHHOTO Ha-
pyLLEHWs NposiBneHne cumrromMoB. HabniogaeMas Ha npouecce
Tekylias (peanbHas) CUTyaumst ONMCHIBAETCS BEKTOPOM S= (5,
Sy,... Sz), 06Pa30BaHHLIM HAbMOAAEMBIMWA 3HAYEHWUSIMA CUMITTO-
MOB. [Py BbIMOHEHMM BCEX YCIIOBUW SIEBOM YacTVt (Ha My Ha
obbeKTe BCEX CUMITIOMOB, YYMTLIBAEMbIX AaHHBIM MPaBUIOM),
npaBWio cpabaTbiBaeT. Torda CHUTAETCS, YTO CUTyaumst, onu-
CbIBaeMasi MPaBWIOM, UMEET MeCTO U A0MKHbI BbITb peanusosa-
Hbl YMpaBNeHUs], coaepX aLimMecs B NpaBo YacTy 3TOro Npasu-
na. Ha npakTvike 4acTo COOTBETCTBME BEKTOPOB S* 1 S Henon-
HOE M MOXXHO FOBOPUTL O KaKOM-TO CTEMNeHW YBepeHHOCTU B Bbl-
Boae (1.

Anst uoeHTMdMKaLMM CUTYaLMK HYKHO NPOM3BECTU CPaBHe-
HWe BeKTopa CUTyaumy, HabnoaaeMon B AaHHLIM MOMEHT Ha
MpoLIecce, C BEKTOPaMM  OMMCaHWM  aHOMANbHBLIX  CUTYaLMiA,
BK/TFOYEHHBIX B YCI0BHbIE YacTy npaswi M.

Ansa onpepeneHns crenexdn 6aM30CTU CUTyaunini MoryT
MCMNOMb30BaTbCA pa3nunyHble kputepun [17, 18]. U3 HuKX
nocne CpaBHUTENBHOrO MCCnefoBaHus Obinv BblAeseHb
ABa Haunbonee 3¢ dekTUBHBLIX[19].

1 Kputepuit SM1. MoanduLMPOBaHHBIA KPUTEPUI C
EBKANAOBBLIM pacCTOAHMEM.

%
SM(S,5%) = L _d(S,S ) (11),
1+d(S,8%) 2
A&,  a(s,s*)= \Z"’Zs"__s"ﬁ J - uncno napameTpos B
’ \' JZY/

npeaycroBuM npaewfia, ), — BeCoBble KOIMDMULMEHTL,
onpepensiemMble, HanpuMep, U3 paHXWPOBOK CUMITOMOB,
npeacTasieHHbIX 3kcnepTamu [18].

2 .Kputepuit SM4. CkansipHoe Npou3BeAeH1e BEKTOPOB

Sn S*%
Z(‘/ 'S*J)W’
SM(S,5%)=——L 5 (12)

max[; 6, )726 ' )»v/]

BecoBble k03(pdULMEHTbI )y MO3BONSIOT MOAYEPKHYTH
3HAYMMOCTb TOFO WM MHOrO CMMMTOMa ANsi Pacno3HaBa-
HWSI AaHHOW CUTYaLMK.,

3kcnepTHyro AM npeanaraeTcs CTpPOMTb B BuAe ABYX
YPOBHEBON (PeNMOBO-NPOAYKLUMOHHON CTPYKTYpbl [14,
18]. Kaxpas BblgeneHHas npu AeKOMNOo3uuUMK CTPYKTYP-
Has eanHWLA NpoLecca B AMArHOCTMYECKOW MOAenWn onu-
CbIBAETCS OTAENbHBIM KOPHEBBIM (DpeinMoM (pUCYHOK 4),
o6beanHSIOWMM  06LLYI0 MHGOPMaLMKD O CUTyauusx Ha
3TOM y4YacTKe CMOXHOro rnpouecca.

KopHesvte  gpetinst Aoueprue  Gpetirnsl

NeE i -% vt l.:;exuexue
[N [ERE ‘ Jvor FiDsa
E A ,wmuL 3nanenue E; NRf Fris
| M7 e L M ar | AwDFa= ()
A (A =(Q) :j S Stz
E__l Nor | Nors = (s} 1= LF LF:2= {yy;)
i { CF Chaz
il i 1T om Rl
St . Stz :— T T
NDf | FiDsy - i
x FrKq4 J | Prog |Pgam

PucyHok 4. CTDYKTYpa BpevimoB 3KCEPTHOU
ANATHOCTUHECKOM MOAESH.

CpykTypa dpeliMa F7K], ONWCHIBALOLLETO A0 CTaawio, Mo-
XET BbiTb NpeAcTaBieHa CiedyoWwmnM 06pasoM:

FrK={ NKF, Atr, Nor, I, St,NDf. Next} (13),

rae B CkoBkax npuBedeHbl HasBaHus CnoToB: VKT — vMs
peiMa (ydacTka npouecca, K KOTOpoMy OH oTHocuTest); Al —
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CMCOK AMArHOCTUHECKUX MapaMeTpoB (aTpubyToB), UCoNb3ye-
MbiX AN AMArHOCTVKW HEWTaTHbIX CUTYalUun Ha  JjaHHOM
ydacTke npouecc; Nor — HabnoaaeMblil BEKTOP AvarHoCTU4e-
CKVIX MoKa3aTeren, paccMTLIBAEMBIN MO AaHHBIM M3 6asbl AaH-
HbiX SCADA-a1CTEMbI; [, — MaTpyL@a CO 3HAYEHUSIMU SKCTUTyTa-
LIMOHHBIX MOPOroB Ay.i 41151 OCHOBHbBIX AMArHOCTUHECKMX MOKa3a-
Teneit (MConb3yeTcs 4ns BbICTPOro OBHAPYXXEHUs MPyNnbl C1-
TyaLui, KOTOpble UMEIOT OBLLME OCHOBHBIE CUMITTOMbI — KOHKY -
PUPYIOLUMX CUTYaUWi, U BbIXOAa Ha AOuEpHU (peiiM, rae
CrpynnpoBaHbl NPOAYKLUMOHHbIE MpaBWna A4St pacrio3HaBaHms
KOHKPETHOM NpWumHbI); St - CTaTyc KopHeBOro dpeima (ycio-
BVE MHMUMaM3aLmMK dpeliMa: St=1, ecnn XoTst Bbl 0AuH M3 No-
KazaTenen Ss, B MaTpuLe cnoTa Jim BeIXOAWT 3a NOpPOroBoe 3Ha-
yeHne Ay;), NVDf - Cincok BOSMOXHBIX MPyNn cuTyauwin (MMeHa
AouepHUX peMoB FrD;); Next, - ykasatenb Ha hpeiM FRK ..y
nepexofia Mo CeTu (pacCMOTPEHVE CUTYaUMi Ha CrieaytoLleM
y4acTKe rpouecca).

HeluTaTHbIE CATYaLMW, KOTOPEIE MOFYT BO3HWKHYTL B Bbiae-
NEHHBIX MPY AEKOMMO3ULIMM YHaCTKax MPoLIECca ONMCHIBAKOTCS
AOHEPHMMU (DperMaMK, NMOAYMHEHHBIM KOPHEBOMY. Jo4EpHIUIA
bpeiM NpeaCcTarnseTcs ceayolmM obpasom:

FrD={ NDf;, NRF;, Atr, St, LFy, CFy,

Drmy, Diagy, Rec;, Progy, Conty (14),

roe, Kak 1 paHee, B Ckobkax NpvBeeHbl Ha3BaHusl CIOTOB
bpeima FrDy

B crotax dperiMa copgepxuTcs cneflyrollas MHopMaLws:
NDf; - Ha3BaHWe ¥ pynnbl KOHKYPUPYIOLWMX HELUTATHBIX CUTY-
aLWM, MMEIOLLMX HECKOBKO OBLUMX CUMITTOMOB, WM OAHOW He-
LUTATHOW CUTYaLWK, HO Bbi3bIBAEMOM PaznMuHbIMA NpUYMHaMY;
NRF; - ykasatenb UMeHn KopHeBOro dpeniMa FRK), C KOTOPLIM
CBSI3aH faHHbIA (peiM 1 3Ha4eHUst aTpMBYTOB KOTOPOro OH Ha-
alenyet; Afry - COBOKYNMHOCTU CMMITTOMOB (AMiarHOCTUYECKMX
nokasarenen), obycnaBMMBAIOLLMX aKTUBM3ALMIO HaCTOsILLEro
(ppeiiMa (COOTBETCTBYET CTPOKE MaTpWLbl B CloTe 77, KopHe-
BOro peiiMa FRK7), v AONONHATENbHBIX CMITTOMOB, CBSI3aH-
HbIX C BbI3bIBAIOWLMMM AAHHYIO CUTYaLMIO KOHKPETHLIMU Hapy-
LIEHMAMM 1N MO3BOMSIOLLUMX UX MaeHTMdMUMPOBaTh. CraTyc
paccMaTpuBaeMoro dpeitMa Sty onpeaenseTcs No pesynbTatam
CKaHMPOBaHWS MaTpULb! A4N1s MOMCKa HELUTaTHbIX CUTYaLWiA, Ha-
XOOsilleNcs B CnoTe [, COOTBETCTBYIOLUETO  KOPHEBOrO
dpeima. CraTyC MOXET UMETb CNIEAYIOLME 3HAYEHUS: St=8b/-
SIBIIEHHbIV], BO3MOXHBI 11 HEBBISB/IEHHBIV,

LF ~ MaTpumua BecoBbX KOIPMOUUMEHTOR ANarHOCTUHECKMX
rnokasarenei Vi, OLEHMBAIOWMX MX 3HAYMMOCTb (MO MHEHWMIO
3KCMEPTOB) NPU MAEHTUDUKALMU AaHHOW NpuunHbl; CA— Mpo-
Leaypa pacdeTa CTemneHn YBEPeHHOCTM B auarHose (oLeHka
cTeneHn 6aM30CTv TekyLueh ciTyaumy, HabniogaemMol Ha npo-
uecce, K ee obpasy, AexnapypoBaHHOMY B MpaBunax auarHo-
CTV4eckon Mopenm); Dmy- 6a3a NPOAYKUMOHHbIX NpaBun Rl
CBA3bIBAIOLLMX HAPYLLEHWSI C OCHOBHBIMU M IONO/HUTENBHBIMM
CMMITTOMaMM B paMKax HeLUTaTHOM MakpocuTyaumm, onpeaens-
emoit dpeiiMom AS;. Crotel Diagy, Rec; v Progy dpeiva FrD;
coAepXKaT COOTBETCTBEHHO MPUYMHBI CATYaUMA Dgy, PeKOMeH-
AauMn Mo UX YCTPaHeHUIo Reg M NporHo3bl Pgx pasBuTuS;
Sp— BEKTOP CTENEHEV OMAcHOCTU HaPYLLIEHWIA,

B pesynbTaTe npoueaypa naeHTUdMKaLUMM HapyLleHuiA By-
AET BHINISYIET CleaytoLM 06pasoMm:

1.MNocne obHapyxeHus dakTa HapyleHs akTvsuMpyeTcs
KOpHEBOW peiiM DM, B CTPYKTYPHOW €IMHWULE KOTOPOro
MPOV30LLLNO HapylLeHWe. Mpy 3TOM HEYETKUIA BEKTOP CUMITTO-
MOB, COOTBETCTBYIOLUMX TEKYLUIEM CUTyaUuMM, CPaBHMBAETCH C
BEKTOpaMu Tabnnubl MPUYMHHO-CNEACTBEHHBIX CBS3EM W aKTu-
BVPYETCS COOTBETCTBYIOLUMIA A0HEPHUIA bpeiiM DM,

2.MNo oaHOMYy M3 BbILUENPUBEAEHHBIX KPUTEPUEB OLIEHKM
61130CTV CUTYaLMIA MPOM3BOAMTCS CPaBHEHME TEKYLLIENA 1 orop-
HbIX CUTYaLMI U3 MpaBuN B AOYEPHEM DpeiMe C YHETOM BECD-
BbIX KOIDMOULMEHTOB M3 COOTBETCTBYIOLLIEN MaTpULbI.

3.Pe3ynbTathl CpaBHeHMs (3HAUEHWs! KPUTEPWER) CPaBHM-
BAOTCA C NOPOrOBLIMU 3HAYEHWSIMK, ONPenenseMbIMA SMMIMPU-
yeckn. W Lmkn NoBTOPSIETCH A0 TEX MOp, Moka He NPOVBOUaAET
MPeBbILUEHNS NOPOra B HECKONBKMX NOCNEA0BATENBHBIX UMKITAX.

3HaueHNs OLEHOK 6nM30CTV KOHKYPUPYIOLMX CUTYaLWiA,
CrpynnNpOBaHHble B AOYEpHeM dpeliMe, XapaKTepusyroT cre-
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neHb yBepeHHOCTU CF c1cTeMbl AMarHOCTMKM B TOM, YTO AaH-
HOE HapyLLeH1e MMEET MeCTo. DTV 3HaueHWs! BbIAAIOTCA orepa-
TOpY C PEKOMEHAALIMSIMM NO AEVNCTBMAM AN1S YCTPaHEHUS pacro-
3HaHHOM HeLTATHON CUTYaLWM M3 MpaBbIX YacTei NpaBun.
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PucyHOK 5. [lpumep 06HaPyXeHus 1 naeHTuguKaLm
HELUTATHON CUTYAL C UCIIONIL30BAHNEM IKCEPTHOMU M.

Ha pucyHke 5 npueegeH nNpyMep MOAEMPOBaHUS HeLLTaT-
HOW CUTYyaLMK, BO3HMKAIOLIEN B XoAe npoluecca nvuponusa, a
WMEHHO «MEperpeB NepBOr0 PaAMaHTHOMO 3MeeBMKa». 3Ta -
Tyauusi MOXET BbI3biBaTbCA CIeAYIOWMMA MpUdMHamMn: Prl —
KOKCOO6Pa30BaHme B paavaHTHON CexLmmM; Pr2 — CHUDKEHWe Ko-
nnuecTBa BeH3nHa B 3MeeBuvke; Pr3 — kokcoobpasoBaHue B
TPYOHOM NMPOCTPaHCTBE 3aKa/Io4HOro annapata; Pr4 — Hapywe-
HWe pexuma paboTa KoTiia ytwimsaTtopa. Pa3suTie cuTyaumu
Havanock Ha 100-M ware. U3 aByXx, NOKa3aHHbIX Ha PUCYHKe
TPEHOOB CTATUCTUK, MOPOTOBOrO 3HaYeHue MepBOW AOCTUMIa
T2- cTaMCTVKa Ha 134 Lware v ¢ 3Toro MOMEHTa HaJasicsl aHa-
N3 TPEHOOB MBMEHEHMS KpUTEpUER BnM30CTU TekyLUeh aaTya-
UMM K obpasamM 3TON CUTYyaLMW Mpu BO3HWKHOBEHWM ee OT
Pa3HbIX YKa3aHHbIX MPUYMH., 3anNUCaHHBIM B MPOAYKUMOHHBIX
npaBunax gouepHero dpeiiva. Ha 743 wware npeHtMdurumposa-
Ha npuumHa Pr2. Takoe 3ana3dbiBaHye Mo OTHOWEHWIO K MO-
MeHTy oBHapyxeHusi 0BbsCHSETCH MedieHHbIM pasBUTHEM OA-
HOro 13 CUMITTOMOB, ONpeaeSOLLMX CUTYaLMIO.

VReHTUgMKaLIMS HELLITATHBIX CUTYaLWW Ha 6a3e HevpoceTe-
Bovi /M. VizydeHvie UCronb30BaHWst SKCATIEPTHBIX CUCTEM B Avia-
rHOCTVKE, MPOBOAMBLUEECS B TEYEHME A0CTATONHO ANUTENBHOTO
BPEMEHW, BbISBWIO Psil HEAOCTATKOB. B 4acTHOCTH, BO3HMKAKOT
NPobnembl C Ha3HAYEHMEM 3HAYEHWI AMArHOCTMMECKMX Mapa-
METPOB B YC/IOBHOM HYacTy NpaBu, BECOBbIX KO3MMOUUMEHTOB U
Moporoe An1st paboTbl kputepues 6113ocTv U T.4. [6,12-14].

B TO e BpeMs OT Takux NpobneM ceBoboaeH HeMpoCeTeBOM
noaxon [1, 16, 17]. HelpoHHbIE CETU HEeMHENHB! Mo CBOEM
rpypoae. HelpoceTeBoM noaxoa OCOBGEHHO MPUIOXMM Ans
MPOLIeCCOB, Y KOTOPbIX TOYHbIE MaTeMaTudeckmMe MoAeU siB-
NISHOTCA NIMB0 CIMLLKOM CTTOXKHBIMU UM UX MOJTyHYEHME CIULLIKOM
TPYAOEMKO, B HYaCTHOCTV MPW AMAarHOCTUKe coctosiimiA MOTTT [1,
6, 8]. HegocraTkoM 3TOro NMoaxoaa SBMSIETCS TPYAHOCTbL MAEH-
TUDUKALMM HOBbIX CUTYaLIWK, KOTOpbIe He Bbuth yuTeHb! B 00Y-
YaloLLeM MaccvBe WM ANst KOTOPbIX He 6bi1o NpeayaMoTpeHo
BbIXOAHOrO HEMpOHa B CTPYKTYpe CeTW. pyrMK HeaocTatkamm
SABASHOTCA  TPYAHOCTM € MHOXECTBEHHbIMM  HapyLLEHUSIMY,
HeJonMyCTUMble BpeMeHa obydenust 1 T.n. Janee oboyxaatores
METOAbI NPEOAOTEHNS STUX TRYAHOCTEM.

CnocobHOCTb HEMPOHHBIX CeTeW K KnaccudmKkaumm MHbOp-
MaLmK MO3BOIMIA MCMONL30BATL UX NS AMArHOCTUKWU COCTOS-
HWS TEXHONOMMYECKMX NpoueccoB. Miccnenosanus no npyMeHe-
HUIO HEMPOHHBIX CETEl B AMArHOCTUKE LM MO ABYM Hanpaene-
HvaM. MepBoe OTHOCWIOCh K BbIBOPY Hanbonee yaauHoN apxu-
TEKTYPbl CETW, YTO B OCHOBHOM KaCa/I0Ch OLEHKM BO3MOXHO-
CTel ceTelt € pasiMuHbIMK NpecbpasytoLLmMMn yHKUMSMA: onr-
MOWMaAbHOM, TMNEPBONMUECKOro TaHreHaa, CeTel C paavanb-
HbIMW DYHKLMSIMK W T.N. 3aecs onybnmnkoBaHo Hanborbluee Ko-
MYECTBO paboT, B TOM YiTIE U A8 AVArHOCTUKM XUMUKO-TEX -
HonorMueckmnx npoueccor [1, 8, 20, 21]. Bropoe HanpasieHue



Kacanocb IropuTMOB 0byueHus. 3aeck Hamborbluee pacrpo-
CTpaHeHWe MOJTySWTW NTOPUTMbl 00YUEHNS C yuUTENEM.

Hawbonbluee pacnpocTpaHeHue Monyuw v ABa TvMma Hel-
POHHbIX CeTel: CeTM NpsAMOro pacripocTpaHenms  (feedforward
networks - FFN) 1 ceT ¢ paguanbHbiMu 6asmncHbIMK yHKLUMS -
M RBFN. Mcnonbsyemble B ancrteMax AmarHocTvkn cetm FFN
06bI4HO MMEIOT TPM Criost. B kadyecTBe yHKUMIA akTBaLmm ans
BXOAHOMO 1 (peXe) BbIXOAHOMO C0eB MPUMEHSIOT CUrMondy U
mNepboMyYecknin TaHreHc. Bo BXOAHOM WM MHOMA@ BbIXOAHOM
CI0SIX UCTIONB3YIOT IMHEVHBIE HEMPOHbI.

Cetvt RBFN - TpexciofHble € HENMMHENHBIMU YHKLMSMM aK-
TMBALMK TOMBKO B CKPbITOM Crioe. CeTU UCTONb3yoT yHKUMK
akTVBaLMM Buga @(77)=exp(—/7"), U3 KOTOpbIX Haubonee nomny-
nspHa aycoosa. LieHTpbl 6a3ncHbix dhyHKUMIA 06bIMHO HasHaya-
I0TCA NMPU KTaCTepu3aLMM COCTOSIHWI Npolecca. B To e BpeMs
B CTaHAapTHeIx FFN dyHKLMM crrMonabl Win ryunepbonmyecko-
ro TaHreHca onpeaesieHbl BO BCEM AMana3oHe.

Xotst RBFN nokazanm Heckonbko nyullme pesynbTaTsl No
CpaBHEHMIO € FFN, 3TOT BEMMPbILL HE Tak 3HauuTeneH, ocobeH-
HO €C/IM YyYeCTb CyLEeCTBEHHO BO3pacTatolpme TPyAHOCTU Mpuy
YBEeNMYEHNN pa3MepHOCTV npobnemel (22, 23].

KayectBo 1 BpeMst 0bydeHUs CETU 3aBUCVT OT CJIOXKHOCTM
npobnemel. BonblwmnHcTeo MOTT] ONUCHIBAKOTCA COTHAMU Mepe-
MEHHbIX. 3TO MPUBOAMT K HeaonyCcTuMo 6onbluMM BpeMeHaM
06y4eHVs U HU3KOWM HAZEXHOCTM paboTsl camoi cetv [8]. Mo-
CKOJbKY, KaK MPaBWIO, KOHTPONMpYeMble MpoLeccs! apeidytoT
BO BpeMeHy, TpebyeTcs nepuoandeckoe nepecbydeHne Hei-
POHHOM CeTW. ECTECTBEHHO, YTO AAKE C YHETOM 3HAYMTESNBHOIO
noBbILLEHUsI BbICTPOAESMCTBIS COBPEMEHHbIX KOMIBIOTEPOB Ta-
Kve 3aTpaTbl BPeMeHW Ha obyudeHne CeTu HedomyCTVMBL.

CHvKeHWe pasMepHOCTV MOXET OblTb AOCTUMHYTO paznivy-
HbIMK Cr1ocobamu. Npexae Bcero, 310 Nepexoa B NPOCTPaHCTBO
rNaBHbIX KOMMOHEHT. [Pyroil MEeToA CHYDKEHWSI pasMepHOCTU
ceTen - BBedeHVe vepapxvu. JTo TpebyeT npoBegeHus fe-
KOMMO3VLMM NPOLecca, HO 3aTO BbIMMPbILL BecbMa CyliecTBe-
HeH. OcobeHHo adbeKTBHO NpuMeHeHWe 0boMx METOLOB Oa-
HOBpEMEHHO.

CTpyKTypa TaKoM ABYX YPOBHEBOM HelpoceTeBo OM npu-
BeAeHa Ha pucyHKe 6. 3aaqa oKkaM3aumy HapyLweHyst Bona-
raeTcs Ha ceTb BepxHero ypoeHst (NN-HL). Ha ee Bxoabl noga-
HOTCA TOMBKO Te NEPEMEHHbIE, KOTOPbIE XapaKTepHb! 4715t cuTya-
UMM IRHHOTO CTPYKTYPHOTO 610Ka WK, Kak MOKas3aHo Ha pycyH-
Ke 6, NpoeKkUMM NepeMeHHbIX MPOLIECCa HA BEKTOPbI MMaBHbIX
KOMIMOHEHT.

Texnonorusecxuil npouecc
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PucyHok 6. llpegrnaraemas CTpyKkTypa
Hevpoceresov [IM.

NoeHTudukaums cuTyaumm  NpouM3BOAWUTCS  CETSAMM
HWkHero ypoBHs (NN-Si). Kaxgas ceTb HWKHEro ypoBHS
onpeaenseT NpUYnHL, BbiI3BaBLUME TY WM MHYIO HelTaT-
HYI0 cuTyaumio. Mx pasMepHOCTU ONpeaensiioTCsl TObKO

TEMW NEepeMeHHLIMWU, KOTOpble CBA3aHbl C AaHHbIM CTPYK-
TYPHbIM 6710KOM, BbISIBIEHHBIM NpK gekomnodunumm MOTI,
N, eCTECTBEHHO, HE BEJINKM.

3TOT NOAXOA NO3BOMAET CYWECTBEHHO CHU3WUTL BpeMsi
nepeobydenus, kotopoe notpebosanoch 6bl AN eanHOM
60onblLoN ceTU. T.K. NepeobyveHne B OCHOBHOM KacaeTcs
TONbKO CETEW HWKHErO YPOBHS, @ PAa3MEPHOCTb Y HUX 3Ha-
YUTENbHO MeHbLUEe MO CPABHEHMUIO C CETbIO BEPXHErO YPOB-
HSl, 3TO MpPUBOAUT K AOMNOMHUTENBHOMY CHUMXKEHUIO Bpe-
MeHHbIX 3aTpaT. KpoMe Toro, ecnn BO3HUKHET HOBas CUTY-
aumsi, ceTb BepxHero ypoBHsa nokanusyet ee. M xots NN-
Si MOryT He CyMeTb AMAarHOCTMPOBaTb €€ MPUYNHY, HEKO-
Topas NonesHasi MHPoOpMauns O MecTe ee BO3HUKHOBE-
Hus ByaeT nonydena [23, 24].

TpeTuiA Moaxod K CHWKEHUIO pa3MEpHOCTU CBA3aH C
AVHAMUYECKUMM CeTSIMW, Ha BXOAbl KOTOPbIX NOAAIOTCA He
TOMbKO TEKYyLUME 3HAYEHUsI NEePEMEHHbIX, HO U UX Mpeabl-
Ayuime 3HadeHusi. B a3ToM ciydae nexogHble nepemMeHHble
3aMeHsalTC  KO3hdUUMEHTaMN perpecCUoHHbIX MOAMHO-
MOB, KOTOPLIE aNMPOKCUMUPYIOT TPEHAbLI MCXOAHBIX Mepe-
MEHHbIX. [JONO/THUTENBHBIM NPENMYLLECTBOM 3TOr0 METOAa
ABMAETCS CriaXuBaHWE WCXOAHbIX AAHHBIX U HEKOTOpoe
CHWXeHWe ypoBHs WwyMoB [25].

Ha pucyHke 7 npuBeaeHbl TPEHAbl BbIXOAHbLIX HeMpo-
HoB RBFN ceTn BepxHero ypoBHsi U FFN ceTun HuxHero
YPOBHSI MpY AWArHOCTMKE TOW JXE HEeLITaTHOW CWUTyauuu,
BbI3BAHHOM ONATL NPUYMHON Pr2, 4To M Ha puc.5. BuaHo,
4TO HeMpoceTeBas [IM NO3BOMSET TakKe YBEPEHHO MAEH-
TudUUMpoBaTL CUTyaumto, Kak 1 3kcnepTHas M. OaHako
No CKOPOCTM OBHapyxeHus Hapywenuss Takas [iM
NMPOWrpLIBAET, HO Ha 3Tane MAEHTUDWUKALMM YBEPEHHO B
[Ba pa3a 6biCTpee pacno3HaeT NpUYKUHY. TPeHabl n3MeHe-
HWUS! BbIXOAOB HEAPOHOB CETU HWKHEro YPOBHS MO KOHKY-
pupylowmM npuumHam 1,3,4 nexart B avanasoxe [-0,99 ,
-1] ¥ Ha pUCYHKe He noKa3aHbl.
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PuUcyHoK 7. TpeHas! BbIXOHbIX HEMPOHOB HevjpoceTe-

Bou [IM (06Hapyxerue HapylieHne — cetb RBFN BepxHe-

IO ypOBHS; MAEHTUGUKALMNSA cuTyaumm — ceTb FFN HiwkHe-
ro ypoBHs)

BbiBOAbI

. XeMoMeTpuyeckme MeToabl IPDEKTUBHBI A5 MO-
HUTOPUHIa W AMArHOCTUKM TEXHOMOrMYECKUX NMPOLECCoB B
XMMUYECKOW M POACTBEHHBLIX 061aCTSIX NPOMbILUAEHHOCTY.

. Mcnonb3oBaHMe MeToda r/1aBHbiX  KOMMOHEHT
(MrK) 3Ha4yMTEeNbHO YNPOLWLAET OpraHn3aumnio MOHUTOPUH-
ra, no3BoMss NPOBOAWTL €ro, KOHTPONMPYSl BCEro fAge
craTucTukmn: T2 n Q.

. NaeHTMdUKaumio HewTaTHeIX cuTyauui Hambo-
nee 3pdeKTNBHO NPOBOAWUTL C MOMOLBIO MepapXMUYeCcKmX
3KCNepTHON ¢ perMoBO-NPOAYKLUMOHHOW WK HelpoceTe-
BOW AMArHOCTUHYECKMUX MoAenen.

JinTepaTtypa

1. Venkatasubramanian V., Rengaswamy R., Yin K,

Kavuri S.N. A review of process fault detection and diag-

nosis // Computers and Chemical Engineering. 2003. V.
27. P. 293-311

86




2. Pycuros J1.A., KypkuHa B.B., Ceseprur M.B., berya
C.B. AnarHoCctnka 1 MOHWUTOPWHI MPOLECCOB XMMUYECKUX
TexHonorun // dkonoruyeckas xumms 1996. T. 5, N3. C.
210-216.

3. QianY., Li X.,, Jiang Y., Wen Y. An expert system for
real-time fault diagnosis of complex chemical processes //
Expert Systems with applications. 2003. V. 24. P. 425-432.

4. Yang Q. Model-based and data driven fault diagno-
sis methods with applications to process monitoring. The-
sis for the degree of Doctor of Philosophy, Case Western
Reserve University, 2004. 203 pp.

5. Kramer M.A., Fjellheim R. Fault diagnosis and com-
puter-aided diagnostic advisors // AIChE. 1996. V. 92. P.
12-24

6. Iserman R. Supervision, fault-detection and fault-di-
agnosis methods — an introduction. Control Eng. Practice.
1997. V. 5 N5. P. 639-652.

7. 3mmntposud A.4. UHTennekTyansHble MHPOpMaLnoH-
Hble cucTembl. MuHck: «TeTpaCucremc», 1997. 368 c.

8. Hoskins J.C., Kaliyur K.M., Himmelblau D.M. Fauit
diagnosis in complex chemical plants using artificial neural
networks // AIChE J. 1991. V. 37. P. 137-141.

9. Xummernisbnay /. ObHapyXeHne u AMarHocTuka He-
NonagoK B XUMWYECKUX U HEPTEXMMMUYECKUX MpoLieccax.
N.: Xvmnsg, 1983, 352 c.

10. £sbensen K.H.. Multivariate data analysis — in prac-
tice, CAMO, Oslo, 2000. 598 p.

11. Narasimhan S., Gudi R. Monitoring and fault diag-
nosis // Proc. CEP Workshop on Multivariate Data Analysis
Techniques & Applications. 2005 July 22 P. 13-26.

12. Luo R., Misra M., Himmelblau D.V. Sensor fault de-
tection via multiscale analysis and dynamic PCA.// Ind.En-
g.Chem.Res. 1999. V. 38. P. 1489-1495.

13. Segawa T., Kano M., Ohno H., Hasebe S.,
Hashimoto Ildentification of fault situations by using his-
torical data sets/ // Proc. of Int. Symp. on Design Opera-
tion and Control of Next Generation Chemical Plants, (PSE
Asia 2000), 6-8 Dec.2000, Kyoto, Japan. P. 345-350.

14. Pycuros J1.A., KypkuHa B.B., Ceseprud M.B., be-
Hya C.B. QnarHocTuka U MOHWTOPUHI MPOLIECCOB XMMUYe-
CKWX TEXHOMOrMK // Skonornyeckas xumus. 1996. T. 5,
Ne3. C. 210-216.

87

15. Wang S., Cui J. Sensor-fault detection, diagnosis
and estimation for centrifugal chiller systems using princi-
pal-component analysis method // Applied Energy. 2005.
V. 82 P. 197-213.

16. Rusinov L.A., Rudakova LV., Kurkina V.V. Real
time diagnostics of technological processes and field
equipment // Chemometrics and intelligent laboratory sys-
tems. 2007. V. 88. P. 18-25.

17. Yeung D.S., Tsang E.C. Weighted fuzzy production
rules // Fuzzy sets and systems. 1997. V. 88. P. 299-313.

18. PyauHos /1.A, Pygakosa /.B. OnepaTtuBHOE ynpas-
NeHNe NpoLEeccoM NOyYeHWs MOMUSTUNEHA BbICOKOrO
[aBneHns. //ABTOMaTU3aLMsl U COBPEMEHHbIE TEXHOIOMMN.
2003. N2 7. C. 30 —-36.

19. Pygaxosa U.B., KypkuHa B.B., PycuHos J1.A. Anro-
puTMUYeckoe obecneveHne cucTeM AMArHOCTUKW Ansi pe-
XMMa OBHapy>XXEeHWSi HeLTaTHLIX CUTYauuil Ha KOHTPONU-
pyeMoM obbekTe // XMX PAH. CN6., 2003. 17c. den. B
BUHWTU 06.02.03, N2 237-B2003.

20. Watanabe K., Matsura I., Abe M., Kubota M., Him-
melblau D.M. Incipient fault diagnosis of chemical process-
es via artificial neural networks. // 1. of American Institute
of Chemical Engineers.1989. V. 35. N211. P. 1803-1812.

21. Venkatasubramanian V., McAvoy T.J. Special issue
on neural network applications in chemical engineering. //
Computers and Chemical Engineering. 1992. V. 16. N24,
P. R5-R6.

22. Ruiz D. Fault diagnosis in chemical plants integrat-
ed to the information system. Thesis for the degree of
Doctor of the Universitat Politecnica de Catalunya.
Barcelona, 2001. 226 p.

23. Rusinov L.A., Rudakova 1.V., Remizova O.A., Kurki-
na V.V. Faults diagnosis in chemical processes with appli-
cation of hierarchical neural networks // Chemometrics
and Intelligent Laboratory Systems, 2009. V. 97. P. 98-
103.

24. Becraft W.R., Lee P.L. Integration of neural net-
works and expert systems for process fault diagnosis
Comput. and Chem Eng., 1993. V. 17. P. 1001-1014.

25. Zhou Y., Hahn J, Mannam M.S. Fault detection
and classification in chemical processes based on neural
networks with feature extraction // ISA Trans. 2003. V.
42. P. 651-664




