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Annomayus. Ilpusedenvt pesyibmamsl anaiuza UOPOAKYCMUYECKUX XAPAKMEPUCMUK, (QOPMUPYIOWUXCs
npu pabome 060pPYO08aANUSL IKCKABGAMOPOS Muna opaziaiin u kiaccuguxayus oeghexmos ux obopyoosanus, Ha
0CHOBE KOMOpOoU 0OOCHOGHIBACMCA UCHONb308AHUE MEMO008 GUOPOAHAIU3A U HEPA3PYUIAIOWe20 KOHMPOT.
Ilposedennsbie uccredoganus no36OAUI CO30aAMb KOMNIEKC U3 Oonee yem 60 duazHocmuyeckux npasut 01 ae-
MOMamu3uPOGAHHO20 GbIAGIEHUA OCHOBHBIX HOBPENCOeHULl 000PYO08aHa HA 6a3e ceNeKmMUEHbIX epynn npedy-
NPEANCOAIOUUX HACMOM O CUCHEM UHIETIEKIYAAbHo20 00cayHcueanus copuvix mawun. Obocnosana spghex-
musHocms npmueitemm KOMRAEKCHO20 dl{aEllOC'mu‘!eC’KU?() I’IOdXOaa dﬁ'}l OUYEHKU MEXHUHYECKO20 COCMOAHUS Me-
XaHU3ZMO8 nO napamempam enepupyemoti umi gubpayuu. Iloxazano, ¥mo monbko ¢ WUPOKUM UCHOTB3OGAHUEM
COBPEMEHHBIX MeM0008 BUOPAYUOHHON OUASHOCMUKI U Hepaspyularoujec0 KOHMpOIs npeodocmasiiemes 603-
MONCHOCINb C80EBPEMEHN020 BblAGIEeHUA 0eheKmos azpezamos KapbepHuix IKCKA8amopos. Buinonnennsie uc-
C,r'leﬁ)O(iaHl»lH HO360AUIU 6bLAGUNE OCHOGHbBIE SAKOHOMEPHOCMU USMEHEHUA MEXHUYECKOSO COCMOAHUSA OGOpy()O(j’Q-
HUSL IKCKABAMOPOE Muna Opaziatin no pe3vibmamam aHaiu3a napamempos MexaHuieckux konebanuil. Pezyio-
manvl NRPOBEOEHHBIX UCCIE008AHUL De3anelIAYUOHHO OOKA3bI8AIOM HE0DX00UMOCHb NEPex00d PeMOHMHBIX U
o00CayHCUBATOWUX NOOPAZOENEeHUL RPOMBIULIEHHIX RPEORPUAMULL HA CUCTNEMY 0DCAVICUBAHUS MEXHUKU NO eé
pakmuyeckomy mexHuveckomy cocmoanuio, HaAam@opmou 011 pearuzayuu 6A306bIX INEMEHINOE KOHYEnYul
Komap()ﬁ nocuayacum pa3pa50mamthzﬂ' Komniekc 0uae;tocmulzecxux npaecul GblAGACHUA deqﬁercmog no pesyib-
mamam ananuza napamempos MexaHuyecKux Koaeb aHuil.

Abstract. This paper presents results of analysis characteristics of vibroacoustic wawes of the dynamic
equipment of mining shovels and classification of defects of rotating equipment on which is substantiated the use
of methods of vibration control and non-destructive testing. A set of more than 60 diagnostic rules for automated
detection of major damage to property on the basis of selective frequency bands warning systems for predictive
maintenance of mining machines. The efficiency of an integrated diagnostic approach for evaluating the tech-
nical condition of the mechanisms in the parameters of mechanical vibrations. It is proved that only the wide-
spread use of modern methods of vibration diagnostics and non-destructive testing allows early detection of
equipment defects of mining shovels. This research revealed the basic laws of the changes in the technical state
of the dynamic equipment such as draglines from the analysis of parameters of mechanical vibrations. The re-
sults of these researches demonstrate the need to move categorically repair and maintenance departments of
industrial enterprises in the service system technology on its actual technical condition, a platform for the im-
plementation of the basic elements of the concept which will serve as a designed complex of diagnostic rules
detecting defects on the analysis of the parameters of mechanical vibrations.

Knrwueswie enoga: 8ubpoouazHocmuKa, KapbepHullli IKCKABAMOP, IHep2o-Mexanuieckoe obopyoosatiie,
CNEeKmpanbHblll aHAIU3, YNpascienue mexHuv4ecKum 00cayicueanuem.

Keywords: vibration analysis, mining shovel, energomechanical equipment, spectral analysis, maintenance
management.

B mnacrosmiee Bpemst Ha Oa3e MHCTHTyTa yrns — TEPUCTHK JOMYCTHMOTO COCTOSIHHS 3KCKaBaTOPHOTO
Cubupckoro otmenenus PAH ocymectasiercss mukn — mapka Kysbacca, co3naHHIO MaTeMaTHYeCKMX MoJe-
HCCIICIOBAHUI 110 ONPEACICHHUIO MIPENCIBHBIX XapaK-  Jieil pa3BUTHA THIIOBBIX MOBPEKICHHH y37I0B H arpe-
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raToB FOpPHOI TEXHHKH, a TaKke pa3padoTke crerya-
JIM3HPOBAHHOTO KOMIUIEKCA IHATHOCTHYECKHX IIpa-
BWJI JUIS BBISBICHHS JIe)EKTOB yHHKaJIBHOTO 00OpYy-
JIOBAaHHS YTONbHOW MPOMBINUIEHHOCTH. [l BBIMON-
HEeHHUs 3a/1a4, chOPMYIMPOBAHHBIX B HACTOSIUEM HC-
CIeI0BaHUH, HAUTYYIIHM 00pa3oM MOAXOAHT METO.
KOHTPOJIS TI0 MapamMeTpaM MEeXaHMYECKHX KouebaHuil,
Kak HanGonee >(peKTHBHBIIA U3 BCEX CYIIECTBYIONHUX
METOJIOB HEpa3pyLIAIOMEero KOHTpoJs M (yHKUHO-
HallbHOH JMAarHOCTHKH JJIsl BBLIIOJIHEHUS OLEHKH U
MPOTHO3MPOBAHUA U3MEHEHHS TEXHHYECKOTO COCTOs-
HUsl MallIMHHBIX arperatos [1, 2, 3].

ITouck OCHOBHBIX 3aKOHOMEPHOCTEH H3MEHEHHs
TEXHUYECKOIO COCTOSHHS O0OpYIOBaHHUS BIIEKTpHYE-
CKHX KapbepHBIX HKCKAaBaTOPOB IO pe3yNbTaTaM aHa-
JIM3a TeHepUpyeMoii pu ero padoTe BHOpaIMH M co-
BEPIICHCTBOBAHHE HA HX OCHOBE MOJX0I0B K HOPMH-
POBaHHI0 TIAPAaMETPOB MEXaHHYECKHX KoJseDaHui
ABJISIOTCS HEOTHEMJIEMOH COCTABIAIOMIEH JaHHOTO
HCCIIeI0BaHUA.

Ha mpumepe ananusza napameTrpoB BHOpOaKycTH-
4eCKHUX BOJH, (JOPMHUPYIOMUXCA MpH paboTe dHEpro-
MeXaHHYEeCKOro 00OpyIOBaHHSA 3KCKAaBaTOPOB THIIA
JpariaifH B HacTosAleH paboTe pacCMOTPEHBI BOIPO-
Chl COBEPILEHCTBOBAHHMA METOAOIIOTHH HOPMHPOBa-
HHS ApaMEeTPOB MEXaHHYECKHX KOJIeOaHHH.

ABTOMAaTH3UPOBAHHOE  BBIABIEHHE  J1e(EKTOB
000pyZIOBaHHUS ¢ TIOMOIIBIO TaK Ha3bIBAEMBIX «CeJeK-
THBHBIX TPYNI WHPOPMATHBHBIX TPEIYTIPEIKIAFOIHIX
HacTOT», MPUMEHSEMBIX B CHCTEMAaX WHTEILIEKTYalhb-
HOro OOCIIyKMBAaHUS TOPHOH TEXHHUKH, SABIAETCA
HauOoJee MepCNeKTHBHBIM HAMpPAaBICHHEM pPa3BHTHA
JUATHOCTHYECKHX METOIO0B U CUCTEM KOHTpoJs [4, 5].
ITorcK OCHOBHBIX 3aKOHOMEPHOCTCH M3MEHCHHS TCX-
HHYECKOTO COCTOSIHUSI 000PY/IOBAaHHS IMEKTPHIECKUX
KapbepHBIX 9KCKABaTOPOB NOTpeOyeT cO3IaHHS KOM-
MIeKca JHMarHOCTHYECKHX MPHU3HAKOB M TPaBHI s
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BBITIOJIHEHHS AHATH3a U COBEPIICHCTBOBAHHA HOPMHU-
poBaHus MmapameTpoB BHOpalMu, s 4ero HeoOXxo-
JIMMO PAacCMOTPETh BCK COBOKYITHOCTh NPH3HAKOB B
OﬁﬂaCTH Bﬂﬁp()aHaHI/BH OTACIBHO A KaXa0ro H3
OCHOBHBIX Ae()eKTOB, COOTBETCTBYIONIHX ITOMY THILY
MAIIWHHBIX arperaTos.

Tak, HampuMep, IHEPrO-MEXaHHUECKOMY 000py-
JIOBAaHHUIO JAparjaifHOB MPUCYIIN CIEIYIOIIHE OCHOB-
HbI¢ THIIBI Ae()eKTOB: IUCcOaIaHC POTOPA IEKTPOABH-
rateid/TeHepaTopa; paclEeHTPOBKA BaJoONpoOBOJAa B
PA3IHYHBIX Y3/1aX U MEXaHH3MaX; Ae(eKThl MOIIIHNII-
HUKOBBIX Y3JI0B (TIEPEKOCHI, OCJIablIeHus MOCanok,
yBEJIMYEHHE 3a30POB, H3HOCH! OETOBBIX JOPOKEK, TEl
KauyeHHs M CelaparopoB, HapyLIEHHe pexHMa cMmas-
KH); Ae(EeKTbl 3IeMEHTOB COEAMHHUTENBHBIX MY(]T;
H3HOC 3y0YaThIX 3alCIUICHUI, HAPYIICHHE COOCHOCTH
H MepeKOChl BAJIOB B PelyKTOpax; pa3iHyHble Jedek-
Thl I[BHFaTCJ'[eﬁ JJIEKTPOMArHUTHOI'O ITPOUCXOXKACHUA
(MarHUTHAsA acHMMETpPHs AKOps, mepekoc ¢a3, cMme-
IIeHWEe B MAarHUTHOM MOJI€ U T.[.); HApYLICHHUE JKECT-
KOCTH CHCTEMBI, CTPYKTYPHBIH pe30HaHC.

Tunel AMarHOCTHPYEMBIX HEHCIPABHOCTEN H Jie-
(dexToB 000pyAOBaHHS MISHTHYHB! [UIS Pa3HbIX MO-
naenei aparnainos (D1 6/45, DL 13/50, D11 10/70,
DI 20/90 u T.1.), OHAKO COOTBETCTBYIOLIHE UM Xa-
paKTepHbIC THATHOCTHYECKHE TIPU3HAKHA MOTYT CYIlle-
cTBeHHO oTan4aTthcsa. OObsAcHeHHe AaHHOMY (axTy
3aKJII0YAeTCs B PA3NHYHON KMHEMAaTHKE MEXaHH3MOB
pa3HBIX MOJIC/CH KaphepHBIX 3KCKABATOPOB, M KaK
CJIEICTBHE 3TOTO — YACTOTHI MPOSBIEHUS JIe(eKTOB
000py/10BaHusI MOTYT ObITh Pa3/IH4HBI.

Cpean aedexToB 2HEpro-MexaHH4eckoro odopy-
JI0BaHHA YKCKABAaTOPOB - ApariaiHoB Hanboiee Bcero
pPacnpoCTpaHEHO HapYIICHHE JKECTKOCTH CHCTEMBI
(cM. pucyHOK 1), B HEKOTOPBIX CIydasXx MOXKHO
HaOnoaaTh Takoe sIBIEHUE, KaK CTPYKTYpHBIH pe3o-
HaHC.
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Puc. 1. Hapymenue xectkocTr cuctemel. CeTenoil asuratens 3kckasaropa D1 11/70.



12 [L.b. I'epuxe

Ve, mm/c

6,0

4,0

2,0/

100 200 300

400 500

f,Iy

Puc. 2. GnykTyanus aMIuInTy ] 3HaYanIX TAPMOHHK M YPOBHS IIYMOB IIPH HAPYIIEHHH KECTKOCTU CHCTEMBI.

Ha ceroausmnuii nens gopmannszoBano Gosee 16
MPU3HAKOB BBIABICHMA HApPYIICHHA MKECTKOCTH IpU
MOMOIIX METOJIOB KOHTPOIIS MO TTapamMeTpaM MeXaHH-
yecKUX KoneOaHHi (CHeKkTpallbHBIA aHaNU3, BpeMeH-
Hasl peanu3alus, TPAeKTOPHA JBIDKEHHs pOoTOpa, KOH-
TypHas XapaKTepUCTHKa), a0COMOTHOE OONBITHHCTBO
KOTOPBIX COCPEJOTOYEHO B 00JacCTH CHEKTPaIbHOTO
aHanusa BUOpoakycTHYECKHX XapakrepucTuk [6]. Ha
MPaKkTHKEe, B JOMOJHEHHE K pe3ynbTaTaM BHOpoaHa-
FHOCTHKH, YacTO HCHONB3YIOT METOJ BH3YalbHO-
H3MEPHTENIBHOTO KOHTPOJIs, KOTOPBIH IpeiocTaBiIsieT
BO3MOXKHOCTE OBICTPO BBISBUTH Ie()eKThl Kperexa
y3J0B H arperaTtoB ropHoil texHuku. Takoe couera-
HHE METOJOB HEPA3PYLIAOIIEro KOHTPONSA ABIAETCA
oueHb YO (PEKTUBHBIM U BBIABJICHHUS 1€()EKTOB ITO-
ro THMAa, TaK KaK NPH3HAKH HApYIICHHS KECTKOCTH
CHCTEMBI B YaCTOTHOH IUIOCKOCTH YacTO YHCIEHHO
COBMAAAOT ¢ APYTHMH 3HAYALUIMMH TapMOHHKAMH,
OTBEUAIOIIMMH 33 HAJH4YUE MOBPEKIECHUN COBEpPIICH-
HO HHOH TpHPOAB! (HanpHMep, MOBPEKJICHHS 3ie-
MEHTOB COETHHHTEIbHBIX MY(T, HAPYIIEHHE COOCHO-
CTH arperaToB WiH Ae(eKTbl MOILUITHUKOB).

OueBHIHO, YTO TONBKO Pe3yIbTaThl KOMILIEKCHOIO
aHaau3a M[apaMeTpoB IOJHUTAPMOHUYECKOH BOJHBI
MO3BOJIIIOT  C(HOPMYJIUPOBATH HCKOMYK COBOKYII-
HOCTh IMAaTHOCTHYECKHX MPaBHII, B MOJTHOH Mepe 0T-
BEYAIOI[YI0 aJeKBATHOMY NPECTABICHHIO O HAIHYHU
TEX WJIM HHBIX JIeeKTOB 0OOPY/MOBAHMS IKCKABAaTO-
poB Tuna japarnaitn. Kpome T0r0, MHOTHE MPOINECCHI
HEeoOX0MMO paccMarpuBaTh B JMHAMHMKE HX pa3BH-
THA MO NPUYHHE 3HAUYHTENBHOH QIYKTyaluH aMIlIH-
TY[ 3Ha4aIlluX FapPMOHHK.

Bonpocsl HOpMHpOBaHMS BKJIala OTACIBHBIX
CHEKTPATbHBIX COCTABISIONINX, MPUYHHA BO3HHKHO-
BEHHsl KOTOPBIX 00yCIIOBJIeHa HapyLIEHHEM JKeCTKO-
CTH CHUCTEMBI, B O0IIHI YpOBeHb BHOpOAKyCTHYECKO-
ro CHIHalla, B HACTOsAIIEe BPeMs H3y4EHbI HEIOCTa-

ToyHO [7, 8)]. PazinyHble MOAX0OABI K HOPMHPOBAHHUIO
mapamMeTpoOB MEXaHHYECKUX KoleOaHUH OLIeHUBAIOT, B
OCHOBHOM, 1060 0OmMHA YpOBEHb CHUrHala B CTaH-
JIapTHOH MOJNoce 4YacToT, JHOO OpPHEHTHPOBAaHBI HA
OLICHKY JIOBOJIBHO Y3KHUX YAaCTOTHBIX I10JIOC CHEKTpa.
3Havanme TapMOHMKH MOTYT M3MEHSTHCS HE TOIBKO
M0 aMIUIUTY/E, HO U 0 YAcTOTE (ITO SBICHUE MOMKET
OBITH BBI3BAHO M3MEHEHHEM Harpys3Kd, 4acTOTHl IH-
TaloIIeld CeTH, 4YacTOTHl BpallleHHs H TOMY NOJ00HBI-
MU OpuduHamu). Takum o0pa3oM, CTAaHOBUTCA Ode-
BHUIHBIM, YTO IMOAXOJABl M METOJBl HOPMHPOBAHUSA
napaMeTpoB BHOpalMu HeoOXOIMMO COBEpIIEHCTBO-
BaTb. OCyLIECTBISITh HOPMUPOBAHHE HE TOJIBKO
YPOBHEH B HaCTOTHBIX I0J0CaX, HO U OOMBLIOrO YHC-
Jla OT/EJbHBIX COCTABJIIOLIMX CIEKTPa C YYETOM HX
¢nykryanuu. Tak, mpencTaBIeHHOE Ha pPHCYHKe 2
CPaBHEHHME CHEKTPOB HJUIKOCTPUPYET 3HAUHUTEIbHYIO
(hIyKTyanuio aMILIUTY ], TapMOHHK 000POTHOI 4acTo-
Thl, @ TaKK€ YPOBHA LIYMOB INpPH OCIabIeHUU Kpe-
Ieska reHeparopa nojabema skckaparopa I 13/50.
HMHauBuayanbHbBIE CHEKTPalIbHBIC MACKH, paspa-
0oTaHHBIE B paMKaXx BBIMIOJHEHHUS HACTOSILETO HCCIle-
JIOBaHHA 1715 OONBLIOTO YHCIAa MOJeNeil OJHOKOBIIO-
BbIX KapbepHBIX OKCKABaTOPOB, 00NAJAl0T 3HAYM-
TEIbHOH CTENEeHbIO JETANM3ALMH M MOTYT OBITh HC-
MOJIb30BAHbI JUIA OIEHKH TEXHHYECKOTO COCTOSHUS
obopynosanus. Kpome TOro, ¢ Mx MOMOIIBI0 MOIXKET
OBITH OMpeJe/ieH MOMEHT M3MEHEHHS TEXHMYECKOro
COCTOSIHUSI CIIOAHOM MEXaHWYeCcKOW CHCTeMBl U
onpejeneHa [NIABEHCTBYIOIIAsl IPUYHHA BO3HHKHOBE-
HHS Takoro MomeHrta. Takasg HHGOpMaLUs MOXKET
OBITH OYEHb IOJIe3HA JUIA BBISABICHHA 3aKOHOMEpPHO-
CTel M3MCHEHHsS TEXHMYECKOrO COCTOSIHUS 000pya0-
BaHUS MO pe3ylbTaTaM aHaln3a napaMeTpoB MeXaHH-
YEeCKHX KoJieOaHMii, OIHAKO, TJaBHBIH HEI0CTATOK
TAaKOTO MOAX0Ja K HOPMHPOBAHHIO BUOpALIHH 3aKIIO0-
4yaercss B HEKOTOPOH 3aTpyIHEHHOCTH I0Jy4eHHUs
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Ka4eCTBEHHBIX aJEKBAaTHBIX PE3YIbTATOB HOPMHPO-
BAHHS, BBI3BIBAEMOI OTrpaHHYEHHAMH, HAKJIaJbIBae-
MBIMH Ha 00JlacTh NpPUMEHEHus pa3padoTaHHBIX
cnekTpanbHelXx Macok. CyllecTByeT ABa OCHOBHBIX
THIIa TAKHX OTPaHHY€HHH.

Bo-nepBbIX, H3MeHAWLIIHecs TIpu paboTe arpera-
Ta YaCTOTHI MPOSABICHUS ASPEKTOB MOTYT BBIXOAMTH
3a IPaHHLbl YACTOTHBIX MOJOC CNEKTPAILHOH MACKH,
I JKe IIHPHHA 3THX [O0JIOC J0JIKHA BbIOMpaThCs
Ype3MepHO O0NBLIOH, YTO CBOAUT HA HeT HH(pOpMa-
THBHOCTb I10J1y4aeMbIX XapaKTePUCTHK.

Bo-BTOpHBIX, CrIEKTpaNbHbIE MAaCKH 00J1aJal0T BbI-
COKOH CTENeHbH HMHIAMBHYANM3aLMH M HE MOTYT
ObiTh yHUHUUpPOBaHbl. Takum 00pasoMm, NpH cMeHe
THNA (MM XOTS OBl MapKW, MOJIENH) AWarHOCTHPYe-
Moro obopynoaHuss paboTy MO CO3JaHHIO MAaCOK
HeoOX0IMMO HaYMHATh 3aHOBO.

Kpome Toro, BEICOTY MOJIOC CHIEKTPaIbHBIX MacoOK
HeoOX0QUMO BBHIOHpATh C Y4eToM (pIyKTyauud 3Ha-
YallMX rapMOHHK, KOTOpas MOXKET TOCTUraTh B HEKO-
TopeiX cay4asx A0 300% oT aMIUIMTYABl FapMOHHKH
OazoBoil Hecymeit gactoTl [9]. Takum obpazom, WH-
(OpPMaTHBHOCTbL WH/IMBHYAJILHBIX YaCTOTHBIX I10JIOC
CIIEKTPaJIbHBIX MACOK 3aMETHO I1aJaeT, YTO HE [103BO-
naeT 3(p@QeKTHBHO MPOBECTH HOPMHPOBAHHME CICK-
TPaTBHBIX KOMIOHEHT. B aTOoM ciydae, mpH oneHke
MapaMeTpoB MeXaHW4YecKHX KoyedaHnui HeoOX0IUMO
ompenenuTh npupony GaykTyaunu, NpPHYHHY BO3-
HUKHOBEHUS e(PEKTOB M CTENEHb MX PA3BUTHS, YTO
MO3BOJIMT TIpeHeOpeds QIYKTYHPYIOIHMH COCTABIIs-
IOIIMMU TIPH NPOBEJICHHH JalbHeiero aHammusa (1o
KpaifHeil mepe, 10 OnpeAeNneHHOH CTeNeHH Pa3BHTHA
sToro mpouecca). Ecinu npuunnoi uykTyanuu rap-
MOHMK SIBNISETCS HApyIIEHHE >XECTKOCTH OINOPHOM
CHCTEMBI, Takoe Kak ocjableHHe HJIN OTCYTCTBHE
BHEIIHEr0 Kpemelka arperara, KOTOpOe MOXKET OBITh
YCTAaHOBJIEHO IIPH TOMOLIM METOJa BH3yallbHO-
usMepurensHoro koutpons (BHUK), To uMeer cmbicn
nepej MpoOBEACHHEM INOJTHOMAacITabHOro BUOpogHa-
FHOCTMYECKOT0 HMCCIEJ0BaHHA MO pe3ylbTaraM IIpo-
BegeHHoro BHMK ycTaHOBHTBH cocTosiHHE Kpemexka
KOHCTPYKLIHMH, YTO [MO3BOJIUT 3HAYHUTEILHO YIPOCTHTD
JanbHeHIMi aHanu3 mnapameTpoB BHOpoakycTHYe-
CKOH BONIHBI, HCIIOJIb30BATH BBICOKOTOYHBIE CITEK-
TpPaJbHBIE MACKH C HMHIMBHIYaJIbHBIMH I'PaHMLAMH
YacTOTHBIX I10J10C.

Takum o0Opazom, Ui ocyliecTBaeHUs d(PHEKTHB-
HOTO BBISBJICHHS! OCHOBHBIX 3aKOHOMEPHOCTEH u3Me-
HEHUSA TEXHUYECKOI'O COCTOSIHMS MAlUMHHBIX arpera-
TOB 110 pe3yJbTaTaM aHajlu3a [apaMeTpoB MexaHHYe-
CKMX KOJeOaHHi, BBIMOIHIEMOTO HA OCHOBE JHATHO-
CTHKH 000py/10BaHMS IKCKaBATOPOB TUMNA JpariaiiH, B
paMKax HacTOSIIEro MCCIEJOBaHHA TpeaIaraeTcs
HCIIONB30BATh CIEAYIOUIHH aNrOPUTM ACHCTBHH.

1. Ouenka creneHu BKJIaja OTACNBHBIX COCTaB-
JIMIOUIMX CIEKTpa B OOMMH YpOBEGHb CUTHANA MNpPH
MOMOIIM WHIHBHJYANbHBIX CINEKTPAILHBIX MAacok,
pa3paboTaHHBIX AN MIHPOKOTO THIIOBOTO H MOJENb-
HOT'0 psAJia TOPHOH TEXHHUKH.

2. Hcnonp3oBaHWe KOMIIJIEKCHOTO JHArHOCTH-
YEeCKOro IO0JX0Ja, COCTOSLIEro, Kak MHUHUMYM M3
Tpex BHOPOAMATHOCTHYECKHX METOAOB  (IPSIMOIi
CIIEKTPANIbHBIH aHamu3, aHalau3 orudaromeid U sKc-
L[ECC) ¥ BU3YaJIbHO-H3MEPHTENEHOTO KOHTPOJIA.

3. IlpuMeHeHue aBTOMAaTH3UPOBAHHOIO KOH-
TpOJisi, OCHOBAHHOTO Ha pe3yJbTaTax o0padoTKH Mmo-
JIMTapMOHHYECKUX BOJH € HCHOJb30BaHHeM Oolnee
yeM 60 OHAarHOCTMYECKHX IPAaBHJ IS BBIABICHUA
0a30BbIX 1e(heKTOoB.

4. PaspaboTka M BHEJpEHHE EIMHBIX IHATHO-
ctuuecknx kputepues (EJIK) nns oueHkH ¥ mporHo-
3MPOBAaHUS M3MEHEHUS MapaMETPOB TEXHUYECKOIro
COCTOSIHUS CIIOAHOI0 000pyA0BaHHA.

Pe3ynapTarel aBTOMAaTH3MPOBAHHOIO  KOHTPOJIS
nmapaMmeTpoB BHOpanuu Hanodosee 3P(HEKTHBHBIM 00-
pa3oM MOTYT OBITh HCMOIB30BaHBI JUIS BBISBICHUS
HEHCIIPaBHOCTEH M TOBPEMXACHHI y3JI0B U MEXaHH3-
MOB, padOTAIOIIUX C MOCTOSHHBIMH YacTOTAMH Bpa-
IIeHUs (Hampumep — AedeKThl TeHepaTOPHBIX TPy
9KCKaBaTOPOB — JpariaifHOB, CM. PUCYHOK 3).

OnHako peanH3alus M MPAaKTHYECKOE MpPHUMEHe-
HHE aJTOPUTMOB aBTOMAaTH3HPOBAHHOTO KOHTPOJIS
TpeOyeT HaNW4YHs NMPEICTABUTENbHBIX 0a3 TaHHBIX 1O
nmapameTpaM BHOPOAKYCTHUECKOTO CHTHala U aedek-
TaM KOHKPETHOTO OJHOTHITHOTO 00opymoBaHus. -
(EeKTHBHOCTb M TOYHOCTH JAAHHOIO METoJd, [OMHMO
[IPOYEro, CHIbHO 3aBHCUT OT XapakTepa Hccielye-
MBIX MOJMIrapMOHUYECKHX BOJH, TOUYHOTO CoOIHOfe-
HHSI METOJ0IOrMH c0opa THATHOCTHYECKHX aHHBIX,
HallMyus LIYMOB W/WJIM MCKA)KEHMH HCXOJHOIO CHI-
Hana [10].

Tak, ciekTp Ha pUCYHKEe 3 WIUTIOCTPUPYET HalH-
YHEe MHOKECTBEHHBIX NC(EKTOB MOAMIUITHHKA Masoii
FeHEPATOPHON TPYMNIIB], BHISBICHHBIX MPH MOMOLIH
4BTOMAaTH3HPOBAHHOI'O0 KOHTPOJIA NapaMeTpoB BHOpoO-
aKyCTHYeCKOIl BOJTHBI, OCHOBAHHOTO Ha NMPHMEHEHHH
pa3paboTaHHBIX B XOJIc BBIMOJIHEGHUsI HACTOsALICH pa-
OOTBI IMATHOCTHYECKHX MPAaBUI (Pa3BUTHE TPECIUIMHBI
cemaparopa M H3MeHeHHe (OPMEBI Tl KadeHHs IMOoj-
LIMITHHKA).

Pa3paborka yuuBepcanbubix EK, npuromHbix
JiNsl BBIMOJHEHHSI OIEHKH TEXHUYECKOr0 COCTOSHUS
000OpyIOBaHUS TO MapaMeTpaM TeHepUpPYeMol mpH
ero padore BUOpalMH ABISETCS aKTyaJIbHOH Hay4dHOMH
3agaueil. Habop nuarHocTHYeCKUX KpHTEpHEB, HEOO-
xonuMblit aus paspaborku EJK kaxmoro u3 saemeH-
TOB KOHCTPYKLMHU JKCKaBaTOpa, OYIAeT YHHKaJCH U3-
3@ CYLWECTBEHHOH OIpaHHYE€HHOCTH BO3MOKHOCTEH
NPHMEHEHUsA KaKIOTO0 W3 METOJOB BHOpPAI[MOHHOIO
aHanu3a. EnMHBI  OUMarHOCTMYECKUH  KpUTEpHil
(EJK), moaxonsiiuii 1yl OLEHKH COCTOSIHHUSA HJCH-
THYHBIX 00BEKTOB JAMArHOCTHPOBaHMs, Haubosee -
(heKTHBHO MOKET OBITH OMHCAaH B MHOTOMEPHOM IpO-
CTPAHCTBE JHATHOCTHYCCKUX IPU3HAKOB C [1OMOILBIO
anropuT™MoB ckamspusanuu [11] npu obs3aTensHOM
HCIONB30BaHUM MPUHIMNA pasjeseHus 00BLeKTOR Ha
pasnauyHble IPYNNBL, B 3aBHCHMOCTH OT CTajWH pa3s-
BHTHA TPHCYTCTBYIOIIMX AedeKTOB. 3amada HacTos-
LIET0 HCCJICOBAHMS YCIOKHSETCA TeM, YTO TaKHUX
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KPHTEPHEB JOKHO OBITH PACCYMTAHO HECKOIBKO, MO
OJIHOMY Ha KaXK[AYyI TPYINy Ae(eKTOB THATHOCTHPY-
emMoro 00opy1oBaHusl.

Ecnn paccMaTpHBaTh BeCh KOMIUIEKC JHEpro-
MEXaHMYECKOTO 000py/0BaHHs KaphepHBIX 3KCKaBa-
TOPOB, TO BCTaeT BOMPOC O HEOOXOAMMOCTH pa3pa-
ootk EJJK i OLeHKH U MOCTPOEHHS a/eKBATHOIO
MpPOTHO3a U3MEHEHHSI TEXHHUYECKOTO COCTOSHHS 3y0-
4aThIX Mepe/iad PeAyKTOPOB nepedOpHOro W IIaHe-
TApHOTO THTIOB, Ae()EKTOB CBA3aHHBIX C HCKPHBIICHH-
€M BaJloNpOBOAA W NPOSABIEHHAMH JucOalaHCOB (B
T.4. TEIJIOBBIX), N€(EKTOB COeIUHHUTENbHBIX MY(T H
T.1. B HacTOs1Iee BpeMs 00IacTh MPUMEHEHHS CYIIe-

cteytomux EJIK orpanuyena, npeuMylecTBEHHO,
MOIINIMTHHKAMH KaueHHsA, Kak Hanbosee M3ydeHHBIM
C TOYKH 3peHHs BHOpOAHAIM3a DJIEMEHTOM JHMHAMH-
4yeckH pabOTAIOLUX MALIMHHBIX arperaTos.

Jns pazpabotku EJIK anst xasxnoro u3 neekTos,
HpUCymuX 000pyJOBAHUIO TOPHBIX MAIMMH, HEO0OXO-
JIIMO YIAJIMTh M3 CHEKTPa «IHIIHIOW0» HH(pOpManuio
0 BceX (H3HYECKHX ABICHHAX HHOH IPHPOXBL, T.C.
OCYLIECTBHTh MIPOLCAYPY KIMONUpoBaHus. Pesynbra-
TOM pacyeTOB € HCMOIb30BAHMEM MOAXOAOB ajam-
THBHOTO MOJENMPOBAHMA M E€IMHBIX JHarHOCTHYE-
CKHMX KpHTEpHEB cTaHeT rpadHyecKoe IpeicTaBiIeHHe
MaTeMaTHYECKOH IPOrHO3HOH MOJIENH H3MEHEHMs
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TEXHHYECKOT0 COCTOSIHHA 00BEeKTa, MpU MOMOIIH KO-
TOpPOH MOKHO OINpPEeIeNHTh rapaHTHPOBAHHBIH MHHH-
ManbHBIH nepuoa Oe3aBapuiiHoil paboTsl arperara u
JOKHBIM  00pa3oM CKOPPEKTHPOBAaTh PEMOHTHBIE
MEpOTIPHSATHS.

OnHMM W3 OCHOBHBIX THUIIOB HEHCIPAaBHOCTEH,
OKa3bIBAIONIMX HanboJice 3aMETHOE BIMSHHE HA Xa-
pakTep BHOpallHOHHOI aKTHBHOCTH arperara, SBIs-
0TCs MOBpexkaeHus 3ybuareix nepepau [12, 13] B
cOCTaBe PeIyKTOPOB MOABEMHBIX U TATOBBIX Je0en0K
(cM. puCYHOK 4), a TaK;K€ MEXaHH3MOB IIOBOPOTA Ka-
PBEPHBIX 3KCKaBaTOPOB. JIBamnarh ceMb OCHOBHBIX
JMArHOCTHYECKHX TPaBHI BhISIBICHUS AedeKToR 3y0-
4aThIX Tepejad 10 pe3ylbTaTaM aHaIH3a IapaMeTpoB
BHOpany B OGOJBUIMHCTBE CBOEM COCpPEIOTOUEHBI B
001acTH NPAMOTo YaCTOTHOTO aHamu3a. MHTCHCHBHOE
pazBuTHE abpa3sMBHOTO W3HOCA 3yOYATHIX Map penyk-
TOPOB IOJBEMHOIH H TATOBOH J1e0eI0K IKCKaBaTOPOB
THMA JpariaifH HepeaKo COYEeTaeTCs ¢ HapylleHHeM
COOCHOCTH HJIH NIEPEKOCOM BallOB B 3THUX PENYKTOpax,
4TO M SBJACTCS OJTHOH W3 OCHOBHBIX MPHYHH BO3HHK-
HOBEHHUS Je(eKTOB 3yOuaThIX 3auemieHuii, 1t d¢-
(eKTHBHOro 0OHAapyXeHHs KOTOPBIX HeoOXOoIUMO
MNPOBOJNTEH J€TEKTHPOBAHHE MOAYIAHOHHBIX YaCTOT
nepeconpskeHus  3yOpeB. Tak Kak gaske 3aBeIOMO
HcmpaBHasg 3yOuatas mapa obmagaer 3aMeTHOH
BHOpPOAKTHBHOCTBIO, TO CTAHOBHTCS OYEBHIHBIM, YTO
OIIEHKA CTCICHH pAa3BUTHA IOBPESKICHHUH ABIAETCA
BEChbMa aKTyalnbHOM 3aja4eil.

HauOonpnime 3aTpyaHeHHs TpH aHaldM3e mapa-
METpOB BUOpalny 3y04aThiX Nap BbI3BIBAIOT H3MEHS-
ouecs B npouecce padboTel o0opyaoBaHus HHOP-
MatuBHble 4acTOThl [14]. YacToThl nposiBiacHUs Ie-
(hEKTOB MOTYT M3MCHATHCS HA COTHH TEpPIl B 3aBHCH-
MOCTH OT pexkuma padoThl 1ebenoK, BRIOPAaHHOTO MMO-
JIOKEHUS KOMaHIKOHTpPOJIJIepa, MOMEHTA [IPOBEACHHSA
H3MEpPEHHs, CTEMEeHH Pa3BUTHA JedeKTa, H3MEHEHHs
HAarpy3kd (HampuMep, LHKI [OAbEMa/OMyCKaHusa
KOBIIIA) U T.M., YTO KpaiiHe 3aTpyAHAET HMCIOIb30BA-
HHE aBTOMAaTH3HMPOBAHHOW AMArHOCTHKH MOIOOHBIX
¢u3nueckux nporeccos. CymiecTByOLIee MPorpaMm-
HOE odecreyeHHs I KOHTpOJ nedeKTOB 3y0UaThiX
nepesay Mo napamerpaM BHOpaiuu (Kak 0Te4eCTBEH-
HOe, Tak M 3apyOexkHoe) sBIseTCs KpaiiHe Manodd-
(eKkTHBHBIM ¥ B OONBIINHCTBE CIydaeB He MO3BOJIAET

CBOEBPEMEHHO BBIABIATH Ae(EKThbl, NMpHCYIIHE IaH-
HOMY OOBEKTY AHATHOCTHPOBAHHS.

Pe3ynbraThl NpoBeCHHBIX UCCIEAOBAHMI NO3BO-
JTUITH ABTOPY HacTosAme# paboThl pa3padoTaTh CrieIy-
AMTM3UPOBAHHBIN KOMIUIEKC THATHOCTHYECKHX MMPaBHII
s BeIABIEHHS JedeKkToB 000pyaoBaHHMA OIHOKOB-
HIOBBIX KaPbEPHBIX ANEKTPHUECKUX IKCKaBATOPOB MO
napaMeTpam BHOpPAIHH, I 4ero onMcaHo U ¢opma-
nu3oBaHo Oonee 60 nNpu3HAKOB 111 JUATHOCTHKH 1lie-
CTH OCHOBHBIX IpynI Ae(deKToB, NPUCYIIHX paccMaT-
puBaeMoMy THIy oOopynoBanusa. bonpmuncTBO qHa-
FHOCTHYECKMX MPHU3HAKOB HAXOMUTCS B obnacT 4va-
CTOTHOIO aHAJIN3a, YTO 3HAYMTENLHO YIPOIIAeT pas-
paboTKy cleHaTH3UPOBAHHOTO KOMIUIEKCa I OTle-
PaTUBHOI OLIGHKH TEXHHUYECKOTO COCTOSHHS MAaIlHH-
HBIX arperaToB. @opMmanM3anUM IMOABEPIIHCH Kak
MpPH3HAKKM B 0OJaCTH MPSIMOTO CHEKTPATBHOTO aHATH-
3a, TaK ¥ pe3yiabTaThl 00padOTKK MapaMeTpoB UCXOA-
HBIX BHOpPOAKYCTHYECKHX BOJTH METOAAMH YIAPHBIX
HMIIY/bCOB, JKCIecca, BeHBIET-peoOpa3oBaHus U
KemncTpanbHoro aHanusa. Kpome Toro, ynanocs paspa-
fotate U cOPMYIMPOBATL HOBBIE COBOKYITHOCTH [IHa-
THOCTHYECKHX MPaBHII U1 aBTOMATH3UPOBAHHOI'O aHATIH-
3a mapameTpoB curHaia. B HacTosiee BpeMs aKTUBHO
BeneTcs paboTa HaJ CO3AAHUEM IPOTHOCTHUESCKHX MOJIe-
neil pa3BHTHS Te(EKTOB TEXHHYECKHX YCTPOHCTB, KC-
IUTyaTHPYEMbIX Ha OMACHBIX MPOH3BOJACTBEHHBIX O0OBEK-
Tax, COBEPLICHCTBOBAHUEM METOJ0JIOIHH HOPMHPOBAHU:
NMapaMeTpoB MEXaHHUECKUX KOoJeOaHHil ¢ UCITOIb30BaAHH-
€M HMHIMBHIYaJdbHBIX CTIEKTPAILHBIX MAacoK M paspaba-
THIBAEMBIX €IMHBIX IUArHOCTHYECKUX KPUTEPHEB OLEHKH
TEXHHYECKOI'O COCTOSHHS.

YTrojbHas NPOMBIIIICHHOCTh SBJICTCS HCTOYHHKOM
MOBBIIICHHOM OMACHOCTH, M KaK CJEACTBHE 3TOro, 0e3-
OMAcHOCTH TPOBEICHUS TOPHBIX paboT OMKHO YAESTh-
cs ocoboe BHUMaHue [15]. Pe3ynbTarel HacToALMX HC-
CNeOBAaHMH YOeOUTENbHO AOKA3alnH, YTO TOJBKO KOM-
IUICKCHBIH CHCTEMHBIH MOJXOJ K MPUMEHEHUIO COBpE-
MEHHBIX JHATHOCTHYECKHX METOJIOB MPEIOCTABHT BO3-
MOXHOCTb 151 co34aHHs 0a30B0H MIaT)OpMbl CHCTEMEI
00CITyKUBAHHS TEXHHUKH 1O €€ (PaKTHUECKOMY COCTOS-
HHIO, 4TO, B CBOIO O4epe/Ib NO3BOJIMT MOBLICUTE Oe30mac-
HOCTh TOPHBIX pabOT M MOJHOCTBIO M30EkaTh HecuacT-
HBIX CIIy4aeB Ha MPOM3BOJICTBE, MPHYMHON KOTOPHIX SB-
JIAETCA HEJONYCTHMOE TEXHHMYECKHM COCTOSHMEM 3KC-
IUTyaTHPYEMbIX TOPHBIX MAIIHH H 000PYI0BAHNSL.
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