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COBPEMEHHOE COCTOAHHE BOIIPOCA O JUATHOCTHKE
COCTOAHMA PEXYIIET'O HHCTPYMEHTA ITIPH ®PE3EPOBAHHUHN

VY Oanitt cmammi  posensnymo numanHs OiaeHOCTHIUKU CHIAHY Pi3aNbHO20 THCHIPYMEHmY Tpu
Gpesepyeanni. Bemanoenerno, ujo i3 ycix cucmem OlQZHOCHIUKYU CHIAHY PI3aNbHO20 THCMPYMEHMY, AKi €
Ha Oanuti 4ac, HAUGLbUL NEPCREKNUSHUMI € CUucmeMil NoOyO06ani HA OCHOGI HeNPAMUX Memodié, V
36 "A3KY 3 MONKTUGICIIO NPOSEOSHHA DE3NEPEPEHOZO KOHMPOIIO CMAHY PDI3QNbHOZ0 [THCIPYMEHY
npoyeci pisanna. Taxkoxc Mano yeazu npuoAECMbCA OlQZHOCIY8AHNIO CIMAHY PI3ANbHOZO THCIPYMEHINY
npu YUCMOBOMY MA MOHKOMY (pesepyeanti. Ilokazano, wo ochosHuMu npobremamu npu nobyoosi
CYHACHUX cucmeM OiQZHOCHIUKI CIAHY PI3ANbHUX THCHIPYMEHINIE pu pesepyeanti, € 6Ubip NepeuHHux
oasauie, AKI MaiOMb WUPOKUL Oianason GUMIPIO6ANb | GUCOKY UYPLIUGICHIb, 4 MAKONC 1nobyoosa
WEUOKOOHIOUUX CUCTIEM TIPURHAIMMSA DIlenb 1O OYinyi CHIAHY SHOWEHOCHI i3 OOCHAMHLO GUCOKOI)
docmogipricmio

B Oannoii  cmamee  paccmompenvl  npobnemvl  OUASHOCHUKYU — COCTNOAHUA — PENCYUeo
UHCMPYMEHTA NpU. peseposanu. YCmanosaeHo, umo us 6cex Cyujecmsyouux Cucmem OUazHOCuKu
COCMOAHUA PEdCYUec0 UHCMPYMEHMA HaUboee NepenekmueHuIMU A6ASIOMCA CUCIEMbL NOCTPOEHHbIE
HQ OCHOBE KOCEEHHbIX MEMOO08, 6CLe0CNEUE 60SMONCHOCTNU OCYUECBNEHUA HENPEPLISHOZO KOHMPOILA
COCTOAHUA PEXHCYUeeo UHCIMPYMEHMA 6 npoyecce pesanud. 1akice Mano 6HUMAHUA YOeneHo
QUasHOCIIUKE COCMOAHUA PEHCYUEZO UHCIPYMEHMA NPU  HYUCHOSOM U MOHKOM Dpe3eposaHii.
Toxasano, uwmo OCHOSHGIMU NPODIEMAMU NPU ROCHPOEHUU COSPEMEHHbIX CUCTEM OUACHOCHIUKY
COCTNOAHUA PENHCYUE2O UHCIPYMEHMA NpU Ppe3eposanuu A6NA0Mes suiD0p NepeutHbiX OamuuKos,
Komopuie 06aa0aom WUpoKUM OUARASOHOM USMEPEHUS Il 6bICOKOT UYECIEUMENLHOCTNDIO, A MAKHE
nocmpoenie GoicmpoOeiicmEYIOujUX CUCTEM NPUHAMUA DEUEHUs N0 OYeHKe COCMOAHUA USHOCA C
00CMAMOUHO 6bICOKON OOCHOBEPHOCIIBIO.

This article describes the cutting tool diagnosing problems during milling. Found that, all the
existing systems of tool diagnosing are the most promising system constructed based on indirect
methods, due to the possibility of continuous monitoring of cutting tool during cutting. Also, little
attention is paid to the diagnosis of the state of the cutting tool during finishing and fine milling. It is
shown that, the main problems in the construction of modern systems of cutting tools diagnostics for
milling are the choice of the primary sensors, which have a wide measurement range and high
sensitivity, as well as the construction of high-speed systems, the decision on the evaluation of wear
with high reliability.

W3HOC HMHCTpYMEHTa — OAMH H3 CAMBIX BAJKHBIX NAPAMETPOB, KOTOPBIH
BIMSICT HA KAYECTBO M CKOPOCTh 00padoTku aeramu. Cpeau BCeX MOTPEIHOCTEH U
OTKA30B, KOTOPBIC MOTYT HMCTh MECTO B MPOILCCCE 00pabOTKH, 0CO00 BBIICIACTCS
OTKAa3 HHCTPYMCHTA H MOTPSINHOCTH, BHOCHMBIC €T0 H3HOCOM, YTO OOYCIIOBICHO
TOBBIICHHBIMU  HATPY3KAMH H pa60T0171, BBITIOTHACMOM H3HAITHBAFOIITHM
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(M3HOILICHHBIM) HMHCTPYMEHTOM. Kak H3BECTHO, HA AOMK0 OTKA30B PEXKYIIETO
uHCTpyMeHTa (PU) mpuxoanTCs MOAaBILIOINEEe OONBIIUHCTBO CIY4acB OT OOMIETO
Yypcaa OTKAa30B oOpadarbiBaromich cucteMbl. MI3HOC HWHCTPYMEHTA, KOTOPBIH B
mporecce 00pabOTKH TOCTOSHHO YBCJIHYHBACTCA BIDIOTH OO0 Cro  IOJHOH
HENIPUTOHOCTH, B 3HAYMTCIBHOM MEpPE ONPENCILICT TOYHOCTHBIC ITOKA3AaTENIH
mpouecca 00paboTKH M KAYSCTBO 00PadOTaHHOH MOBCPXHOCTH (MAKPO-, MHKPO- H
CYOMHKPOTCOMETPHIO, (DPH3HKO-XHMHKO-MCXAHHICCKOS COCTOSHHC W OCTATOYHBIC
HANPsDKCHUSL B TMOBEPXHOCTHOM CJI0€). ECIU M3HOC PEXYILEro MHCTPYMEHTA MO
3aJHCH TOBCPXHOCTH, B NMPHHIMIC, MOKHO paccumTars [1] m mpu oOpabotke
JeTajedi C OTHOCHTEIBHO TPOCTHIMH ()OPMAaMH TOBEPXHOCTEH (IIJIOCKHMH,
IUIHHAPHYCCKAMY H T.I1.) OAHOJC3BHHHBIM HHCTPYMEHTOM (PE3LOM) €r0 MOKHO
VU4eCThb W B KAKOH-TO MEpE KOMIICHCHPOBATH C TOMOIIBI0 YK€ CPABHUTEIHHO
HEIJIOXO pa3pabOTaHHBIX CYHICCTBYIOIIMX CHCTEM, TO TpH 00padoTke
TMOBCPXHOCTCH CIIOKHOM (hOopMBI ((PACOHHBIX) M UCTIOTB30BAHHH MHOTOJIC3BHHHBIX
HHCTPYMEHTOB ((hpe3, CBEpI W Ip.), KOTAA IPOLECC PE3aHHUS X3aPAKTECPH3YCTCS
OONBIION CTENCHBIO HECTAIMOHAPHOCTH M CONPOBOXKJACTCS TCPEMEHHBIMH
SHAYCHUAMH TCOMCTPHUHA JIC3BUA (KI/IHeMaTI/I‘{eCKI/IX YTJIOB KaK B OCHOBHOI\/'I, TaK H B
TJIABHOH CEKyIIeH MNIOCKOCTAX) H MAPAMETPOB PEKHMA Pe3aHua (CKOPOCTH
pe3aHusd, TOJMWHBI U NIMPHUHBI CPE3a, AAKEC MPU MOCTOAHHBIX 3HAYUCHAX MOOJAYTH U
TIyOHHBI PE3aHMA) COCTOAHHC TCOMCTPHH JIC3BHA H CAMOHM POKYIICH KPOMKH
HHCTPYMEHTA B (JOPMHPOBAHMH BBIXOJHBIX IIOKA3aTelcH Iponecca pe3aHust
HTPACT 3HAYMTEIHHO OOJBINYIO POJb, TAKHE CHCTEMBI MPAKTHUCCKA OTCYTCTBYIOT.
[Mpobmema co3maHma CHCTEM i1 OUCHKH (KOHTPOJA) CTCICHH H3HOCA
HHCTPYMCHTA H €I0 BO3MOKHOH KOMIICHCAIUN NPH HCCTATMOHAPHOM PC3aHHUHA
MyTEM KOPPEKTHPOBAHMS JTHO0 PEKUMA PE3aHMs, OO0 MOJIOKCHH MHCTPYMEHTA
CIIC HCAOCTATOUMHO pa3paboTaHa, X0Td Takue paboTsl U Beayted [2]. Eme oxHOH
CYIICCTBCHHON MPOOICMOH IIPH MEXAHHICCKOH 00pab0OTKe ABIACTCA OMPCSACICHHC
MOMEHTA «OCTAHOBKM» (JMArHOCTHUKA COCTOSIHUA PEKYIIETO0 HHCTPYMEHTA)
MpoIIecCca PE3aHms C LENBE0 3aMEHBI MHCTPYMCHTA WM €0 PEKyIneH [acTy,
HalpUMEP, PSKYIIEH KPOMKH MHOTOTPAHHON HEMEPETAYUBACMOM IIIACTHHBI, MPH
JOCTHKCHHH TIPHHATBIM KPATCPUCM H3HOCA SBL[aHHOfI BCIIMYHUHBIL
(XpaKTCPHCTHKH).

Takum 00pa3oMm, HpPH KOHTPOJC W JUATHOCTHKE COCTOSHUS PEXKYILETO
HHCTPYMEHTA  HEOOXOJMMO  pemars  CICAVIOIHE  337Ja4d:  KOHTPOJIb
paboOTOCIIOCOOHOCTH WHCTPYMEHTA, T.€. HPUTOJCH CINC WHCTPYMEHT WM HET
(aBapuifHBIC CHTYALNH), KOHTPOJb PA3MEPHOTO M3HOCA HHCTPYMEHTA, KOHTPOJb
COCTOSIHHS PEXYIIEH KPOMKH, YTO OCOOCHHO aKTyalIbHO NMPH YHCTOBOH 00paboOTKe
MOBCPXHOCTCH W  00pabOTKC TOBCPXHOCTCH CIOKHOH  (hOpMBI  (TOTEPS
HEOOXOAMMOHN TEOMETPHICCKOH (POPMBI MHCTPYMEHTA, M3MCHCHHE IICPEIHETO H
33QHCTO VYTIOB H T.OL), OCOOCHHO mpH o00paboTke HaA craHkax ¢ UITY,
MHOTOICJICBBIX (00Pa0aTHIBAIOIIMX LICHTPAX) H Ap.
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Llens paboThbl: aHanu3 COBPEMEHHOTO COCTOSAHMA Bonpoca

[ONArHOCTMPOBaHUA PEXYLLEro MWHCTpyMeHTa B npouecce (pe3epoBaHus c
BbISIBIEHNEM WX JOCTOMHCTB U HEA0CTaTKOB.
Mpn 06paboTKe AeTaneil BbICOKOM CMOXHOCTU BOMPOCHI €ro AMarHOCTUPOBaHUS
O0COOEHHO akTyafibHbl. Ha cerogHsWHWA JeHb pa3paboTaHO OTHOCUTENbHO
60nbLIOE YMCNO CUCTEM AN KOHTPONS CTEMEeHW WM3HALLMBAHWS W OMpeaeneHus
MOMEHTa BbIXoga M3 CTpos (MOAOMKM) WHCTpymeHTa [2 - 10]. 9Tu cucTemsl
KnaccupuumpyoTcs no pasfMyHbIM NoKasaTensaM (PUCYHOK 1), onpeAensolium
CTpaTervio AMarHocTMpoBaHWS MHCTPYMEHTOB, Hanpumep, cune pesaHus [7, 11],
MOLLHOCTK pe3aHna [11] v gp.

MeTobl KOHTPONA COCTOAHUA PEXYLLEr0o MHCTPYMeHTa

Mpamble KocBeHHble |
i |
Paf0aKTUBHBINA M3mepeHue napameTpoB 3aroTOBKM
1
OnTUYeCKunia 4

Vi3mepeHmne TENNOBLIX U 3NEKTPU-
YECKNX XapaKTepUCTUK NHCTPYMEHTa

MHeBMaTUYECKNIA
|
1r
5 . M3mepeHve AUHaAMUYECKUX
NEKTPOMEXAHNHECKUN napamMeTpoB CUCTEMbI MPU Pe3aHUm
4 4
YnbTpasBykK Cunosble WMepeLin

PrcyHok 1- MeToabl KOHTposA cocTosHua PU

B 3aBMCMMOCTM OT BpeMeHW HabnaeHUs 3a WHCTPYMEHTOM, CUCTEMbI
MOXHO pa3fieNnTb Ha HeMpPEepPbIBHO MOMyYaroLLMe MHpopMaLMio npm 06paboTke [6,
10] n nonyvarowme MHOOpPMaLM0 B nepepbiBax npouecca 0bpaboTkn (Hanpumep,
C UCMO/b30BaHMEM KOHTaKTHbIX M3MepPUTENIbHbIX CUCTEM KommaHuu Renishaw
[12]). 1 B TOM, 1 B gpyrom cnyvasx TpebyeTcs onpefeneHHoe BpeMms ans cbopa
[JaHHbIX O pe3ynbTaTax W3MEpeHWid, Hampumep, Mociae 06paboTKM HEKOTOPOro
yuncra 3aroToBOK.

Mpun 06paboTKe feTanein Ha CTaHKax - aBToMatax Maum ctaHkax ¢ UMy, rae
onepaTop NpakTUYeckn He MPUHMMaET HENOCPEACTBEHHOIO yyacTues B 06paboTke
feTann, CUCTEMbl aKTUBHOrO (HerpepbiBHOrO) KOHTPONSA COCTOSHUS PeXyLlero
WHCTPYMEHTa BASIOTCS 0COGEHHO HEO6X0AUMbIMU. MpU NPOEKTUPOBAHUN CUCTEM
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aKTUBHOFO KOHTPO/IS, OCHOBaHHbIX Ha MpPsSIMbIX METOAax KOHTPONs (PUCYHOK 1)
cocTosHMA PW, cyWecTBYIOT (aKTOpbl, KOTOPble CHUXAOT 3(M(EKTUBHOCTD
paboTbl cucTeMbl. Hampumep, MpW ONTMYECKOM CMOCOGE KOHTPOAS, CMOXHO
[OBUTLCA «XOPOLUE BUAMMOCTM» pexylleii KpoMKU npu BosgelicTeun COX u
CTPYXKW,  MHEBMaTWUYeCKUiA 1 PafnoaKTUBHbI  MeToAbl  OrpaHWuMBaloT
1CMONMb30BaHWe CTaHAAPTHO ocHAcTK 6e3 ONOHUTENLHON UX fgoaenku [13].

Lns BpallatoLLerocs MHCTPyMeHTa npobaema KOHTPOAs BCTaeT 6oniee ocTpo.
Pa3BWTUE  MHCTPYMEHTaNbHbIX MaTepuanoB U  MOKPLITUA  NPUBOAMT K
3HAUYNTENbHOMY YBE/IMYEHUIO CKOPOCTU 06paboTKM, UTO OYeHb YCMOXKHSeT
KOHTPO/Ib COCTOSAHWS KPOMOK MHCTPYMEHTA, W NPaKTUYeCKM fieflaéT HEBO3SMOXHbIM
MPOLIECC €ro HemnpepbIBHOFO MPSMOr0 KOHTPOns. MpepbIBUCTOE pesaHue Takke
HaknagbiBaeT  OMpedeneHHble  OrpaHWuYeHUs  Ha  BbIGOp  MPUHLWMOB
AVNarHOCTMPOBAHMS COCTOSIHUS PEXYLLEr0 UHCTPYMEHTa.

Hanbonee  «3nacCTMUYHbIM»  HampaBfieHWeM B KOHTPONie  pexyLiux
VHCTPYMEHTOB sBnseTCcs MOHUTOPUHT (HenpepbIBHbIi KOHTPO/b)
HermocpeACcTBEHHO B npouecce 06paboTkM. Bce MeToAbl AMArHOCTUKK TeKyLuei
paboToOCNOCOGHOCTY PEXYLLMX WHCTPYMEHTOB MOXHO YCMOBHO Pa3fieNnTb Ha
ueTbipe rpynnbl [13], a WX, B CBOW Ouepefb, Ha METOAbl MPSMOF0 KOHTPONS,
OCHOBaHHbIe Ha HEMoCpPeACTBEHHOM perucTpaLymn BeIMUMHbl M3HOCA MHCTPYMEHTA,
M KOCBEHHOTO KOHTPONS (PUCYHOK 2), MCMOMb3ylolwue (u3nuyeckue sBieHus,
KOTOpPbIE COMPOBOXAAT MPOLECChI PE3aHMS U U3HALLMBAHUSA UHCTPYMeHTa[12].

PI/IcyHOK 2 - KocBeHHble MeTofpbl KOHTPO/1A COCTOAHUA PEXKYLLIEr0 NHCTPYMEHTA
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IIpn mpAMOM KOHTPOJE MAPAMETPBI HM3HOCA (XAPAKTCPUCTHKH JIyHOK H
JCHTOYCK W3HOCA) HA KOHTAKTHBIX IUIOMIAZKAX HWHCTPYMEHTA H3MEPSIOTCS
HEMOCPEACTBEHHO B mpomecce o00paboTtkm. [IpsMble m3MepeHms H3HOCA
HHCTPYMEHTA BBI3BIBAIOT HEKOTOPBIC 3aTPYIHCHUS, UTO CBS3aHO B OCHOBHOM CO
CIIO’KHOCTBIO KOHCTPYKIMH [JATYHKOB M3HOCA. lIpH BBHIMOJHEHUH MPSMBIX
H3MEPCHUH HCIONB3YIOT, KaK MPABHJIO, BCIIOMOTATENIBHBIC HIIM XOJOCTBIC XObI
HHCTPYMEHTA, BBIXOJ WHCTPYMEHTA WM PESKYIIUX KPOMOK (3yObEB) W3 Ipomecca
00paboTKH.

Anmaparypa Ams  KOHTPONS HWM3HOCA PEXYIIUX HHCTPYMECHTOB IIOCTC
OKOHYAHHSA MPOLECCA PE3aHUSA MOKST OBITh PA3MCIICHA TAKHM O0pa3oM, YTO HA
Hee HE OyAyT OKa3bIBaTh BPECIHOC BIMSHHC PA3IMIHBIC (PAKTOPHL, NPHCYIIHC
MPOLECCY MATepHanoo0padoTku. Takue W3MCPCHHS OOJAJAFOT TOBBIMICHHON
HAJCKHOCTBI0. OMHAKO WM3MEPEHHSI OCYUICCTBIDIOTCA TEPHOAMYCCKH, HUTO HE
MO3BO/IET CBOCBPEMEHHO OOHAPYKHTh OTKA3bl PEKYHIETO HHCTPYMCHTA.
Heob6xoaumast nepro IHOCTh KOHTPOIILT MOKET OBITH OIIPEICICHA HA OCHOBAHHHU
OTIBITA HCIOJIB30BAHMS COOTBETCTBYIOMIETO PEKYIIECTO MHCTPYMEHTA HA JAHHBIX
TEXHOJIOTHYECKHIX OTEPALIIX M HA OCHOBAHUH BEPOSTHOCTHBIX PACUETOB C YUCTOM
TIPEATONIAracMOro IEPHOA CTOMKOCTH PEKYIIEr0 HHCTPYMCHTA.

KocBeHHbIE METOABI UCTIONB3YIOTCS BCe B Oompmmx Macmrabax. [Ipm atmx
METOJaX KOHTPOJMPYIOTCS PA3TMYHBIC XAapPAKTEPHUCTHKH IPOIECCA PE3aHMS
(puCyHOK 2), KOTOpBIE HMEIOT OINPEACICHHBIC KOPPEIMINUOHHBIE CBA3H C
BEIMYMHON WM3HOCA W HHTCHCHBHOCTBIO W3HAINMBAHUS PEKYIHX KPOMOK
mHCTpyMEHTa. [IpWHIMIBI M TEXHHKA H3MEPEHHS IIPH KOCBEHHBIX METOJAX
CPaBHHUTENBHO TPOCTHL. OHH TO3BOLIIOT HENPEPHIBHO IIOJIYYaTh B IPOLECCE
00paboTkH HHPOPMALIHIO 00 H3HOCE PSKYIICH KPOMKH. [IPHTOAHBI OHU TAKKE I
PETHCTPAIMH PE3KHUX MM CKAYKOOOPA3HBIX M3MCHCHHH M3HOCA WM Pa3pyIICHHUS
PEXYLIIMX KPOMOK HHCTPYMEHTA B TCUCHUE KOPOTKUX UHTEPBATIOB BpeMeHH [11].

OCHOBHOM HEJOCTAaTOK KOCBCHHBIX METOJOB COCTOHT B TOM, 4TO
KOPPEJLIIHOHHAS CBA3b MEXKIY M3MEPEHHBIM (DAKTOPOM M M3HOCOM HHCTPYMEHTA
JIOIDKHA OBITH OTIPE/ICIICHA IKCTICPHMEHTAIBHBIM Iy TEM 11 KAKA0TO KOHKPETHOTO
ciay4yas oOpabOTKH C TeM, YTOOBI HA €6 OCHOBE MOXXHO OBLIO KOHTPOIHPOBATH C
MOMOIIBI0 COOTBETCTBYIOIIETO JATYMKA W3HOCA HMHCTPYMEHTa B IIpoOIEcce
00paboTKH.

OmHUM W3 CIIOXKHBIX, C TOYKH 3PCHHS AMATHOCTHKH COCTOSHHS PEXKYILETO
HHCTPYMEHTA, SIBJSICTCS TpoIiecc (PPE3EPOBAHILL, KOTOPHIM HA CETONHAIIHUNA JCHb
3aHAMAIOTCSl MHOTHE VueHble. Hambosiee MOIMyIIPHBEIMH KOCBEHHBIMH METOAAMH
OTIPEACTICHHUS M3HOCA TPU (PPE3CPOBAHMM B HACTOANICE BPEMS SIBISIFOTCS METO.BI
aHaMM3a CHTHAJOB AaKyCTHUCCKOM smuccmu [8, 10], BHOpaumil 3IEMCHTOB
TEXHOJIOTHYECKOM CHCTeMBI [3, 7], a Taike H3MEPEHHE MOIIHOCTH HPUBOJA
TJIABHOTO JBIYKCHMA PE3AHUA WU yCumus nogauu[11].
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JlmarHocTuka WM3HOCA PEXYMIET0 HMHCTPYMEHTA METOJOM aHAJIHM3a CHTHANA
pHOpoakycrmueckor ammuccmu (BAD) [2, 3, 8, 10] Hapsmy ¢ MHOTUMH
JOCTOMHCTBAMH HWMCCT H  PAA  HCOOCTATKOB.  bBOIBIIOC  KOHMYMCCTBO
IIyMOM3IYYAIOMNX «BKIFOUCHUI», BXOMIMUX B CHTHAN BAD W 3aBHCImMEUX OT
VIOPYTHX, TEIUIOBBIX M APYTHX MPOLECCOB, BOZHUKAIOIMX HA BCEM IYTH OT 30HBI
pe3aHuA 10 MECTA PCTHCTPALHH CHTHATA BHOPOAKYCTHUCCKOH SMHCCHH, 4 TAKKC
JIOTIOTHUTCIPHOC BOSHHKHOBCHHC COCTABJLFOIMUX CHTHAIa BAD OT 3;1¢MCHTOB U
Y3JI0B CTAHKA, HANTIPUMCED, MOAIMUITHUKOB. B HACTOAMES BPEMA BCC 3TH MPOUCCCHI
H UX COCTABJLIIOIIHUE CJOMKHO C JOMYyCTHMOW (IMPHEMIIEMOiT) TOUHOCTBE) ONHUCATh
MATCMATHICCKH, U, KAK CJICACTBHUC, CJI0KHO, IO MPUHUMACMOMY CHTHATTy CYAUTh O
MPOLECCaX, MPOUCXOIAMIX B 30HC PC3aHUA, B T.U. H H3HAITHBAHNA.

OI[HI/IM U3 OTHOCHUTCIIBHO KAYCCTBCHHBIX MCTOAOB KOHTPOJIA POKYIIHX
CBOMCTB HHCTPYMCHTA ABJLICTCA MCTOA U3MCPCHWA MOIMHOCTH PC3aHMA U yCHIIUA
TMOTAYH, OMHCAHHBIN, HampuMmep, B [11]. Ota cucrtema pa3paboTaHa W BHCAPCHA
(upmoit Omative systems. DICKTPOHHBIC CHCTEMBI COBPEMEHHBIX CTAaHKOB ¢ UITY
TMO3BOJIIOT O€3 BMCIIATSIHCTBA B CHCTEMY CTAHKA MCPSIABATh B H3MCPHTCIBHY IO
CHCTEMY CHTHAJIbI O CHJIOBBIX XAPAKTCPHUCTHKAX KAK TJIABHOTO NPUBOAA, TAK H
OCCBBIX TPHBOAOB CTaHKA. [IpeamoskcHHAs B padoTe CHCTECMA JHATHOCTHKH
HCTMOCPCACTBCHHO AHAM3HPYCT IOJYUCHHBIC CHTHAJMBI W TOCTATOYHO XOPOIMIO
padoTaCT MPH YCPHOBHIX W MOJYYHCTOBBIX PeKHMAX 00padoTku. CyIIeCTBEHHBIM
HEJOCTATKOM JAHHOTO METOJAa KOHTPOJSI IIPOLECCa PE3aHUsS ABIBICTCA €Tro
HCCTIOCOOHOCTD THATHOCTHKH COCTOSHHS POKYIICTO HHCTPYMCHTA MPH YHCTOBOH
00padoTke.

OI[I/IH U3 KOCBCHHBIX MCTOA0B IOUATHOCTUKH COCTOAHHA BPAIAOIICTOCA
PSXYLIEr0O MHCTPYMEHTA, ONMUCAHHBIA MaTeHTOM [14], OCHOBaH Ha TOM, YTO BO
BpPEMS PE3aHMs ONPEACILIFOT HANPABICHHE TOJIETA CTPYKKH, 3aBUCAMICTO OT €€
BECA, W CYIAT O CTCNCHH HW3HOCA HWHCTPYMCHTA 10 H3MCHCHHIO YTJA MCKIY
HATIPABJICHHCMH TMOJAYH M moJieTa CTPYKKH. (OOHAKO €r0 NPHMCHCHHC
CYIICCTBCHHO OTPAHHUYCHO TEM, YTO B PCANTGHOM BPCMCHH CJIOJKHO H3MCPATH BEC
CTPY’KKH BO BCCX TOUKAX €¢ BO3MOKHOTO CXO/IA.

OI[HI/IM 13 TMCPCHCKTUBHBIX METOAOB JUATHOCTHKH COCTOAHHA WHCTPYMCHTA
MpPH CBCPICHUH ABIICTCA MCETOZA, omucaHHed B [9]. Tlpeamaracmerii cmocod
JHATHOCTHKH OCHOBAH HA AHAM3C HU3KOYACTOTHBIX KOJCOATCIBHBIX MPOLECCOB
yOpyroit CHCTEMBI CTaHKAa. OCOOCHHOCTh METOJA 3aKIIFOYACTCH B HCTOYHHKC
JUAarHOCTHYECKOH HWH(pOpManuy, B KauecTBE KOTOPOTO HCIOJNb3yeTcsl Bpems T
MOBOPOTA HHCTPYMCHTA HA OTUH 000poT. [IpH MHOTOKPATHBIX MOCICAOBATCITEHBIX
W3MEpeHuAX BpeMsa T mperepneBacT CIOy4YalHbIC H3MCHCHHA, CBA3AHHBIC C
H3MCHCHHCM TAPAMCTPOB KPYTHJIBHBIX KONCOAHHH CBEpiIa TOA ICHCTBHCM
HM3MCHAIOIICTOCA KpPYTAIIEro MOMEHTA. JIaHHBIM METOA B «HYHUCTOM» BHAC (B
MPEATIOKEHHOH TPAKTOBKE) AOCTATOYHO CJIOYKHO NMPUMEHUTbH AL AUATHOCTHKH
COCTOSIHHSA HMHCTPYMEHTa mpu (pe3epoBanun. OTHAKO, MOCIC HEKOTOPOTO
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YCOBEPHICHCTBOBAHMS BO3MOXKHO €TO IIPHMEHEHHUE M UL JHATHOCTUKH COCTOSHUS
MHOTOJIC3BHHHOTO MHCTPYMEHTA, JIE3BHUS KOTOPOTO pabOTArOT IO CXEME «PE3aHHe-
oraprx». Jlna 31oro HeoOXoaMMa Pa3padOTKA CHCTEMBI C JOCTATOYHO BBICOKHM
OBICTPOICHCTBHCM.

Crnoco® AMATHOCTHKH, MPEITOKCHHBIH yueHbIMH T.Amin J., EM. Joo m
L.Xiang [15], mo3BOSICT C HCOIB30BAHHEM CHCTCMBI HCKYCCTBCHHOTO HHTCIICKTA
JOCTaTOYHO XOPOUIIO OCYIIECTBIITH MOHHTOPHHI COCTOsSHHMA (pe3. B kauectse
MIEPBUYHBIX JATYHKOB ABTOPAMH IIPEUIOKCHO HCIIOIB30BaTh U1 OIPEIACICHUS
CHII PE3aHHI THHAMOMETP, TPEXOCEBOH AKCEICPOMETP M JATYHK AKYCTHUYCCKOH
smuccud. KOHTPOJIb COCTOSHHS WHCTPYMEHTA OCYIIECTBIDIETCSI IMOCPEACTBOM
aHaM3a NHKOB CHTHAJOB JAaTYMKOB, KOTOPBIC BO3PACTAIOT B 3aBHCHMOCTH OT
CTECIICHH HM3HOCA HMHCTPYMCHTA. Bmecte ¢ TeM , METOA XOpOmO TMOKazald ceds
TOJBKO HA (PPe3axX ¢ OTMHAKOBOH reoMerpucH. [ OCYMICCTBACHUS THATHOCTHKH
CHCTEeMa JOKHA OBbITh OOy4ueHA XOTSI Obl HAa OZHOHW (hpese, AOBEACHHOH 0
KPHUTHICCKOTO W3HOCA. Taoke METOA IUOX0 padoTacT mpH 00padOTKE ACTANCH C
MAaJIBIMH 00BEMAMH CPE3aEMOTO METAILIA.

Eme ommH cnoco® aHamm3a COCTOSHHA HWHCTPYMEHTA Pa3pabOTaHHbBIA
yucHbiMu Azmi AL, Lin RJ.T. [16], a Tacke P. Fu, AD. Hope P.[17, 18] B
KAa4YeCTBE IICPBHUHBIX [JAHHBIX HCIIOJIB3YET WM3MEPCHHUE COCTABJLIIOINMX CHII
pe3aHus. /lmarHOCTHYECKAs CHCTEMa BBINOJHEHA HA 0a3e HHTEIICKTYaJIbHOH
HCYCTKOM JIOTMKM MOJCIM H3HOCA HMHCTpyMeHTa. I[IpOBEACHHBIE AaBTOPAMH
HCCICAOBAHMS TOKA3AIM, YTO TOYHOCTh IPOTHOZHPOBAHWS CHCTEMBI B OOIBHICH
CTCIICHH 3aBUCHT OT YCHJIMS IOJAYH, HEXKCTH OT APYTHX COCTABILIIOIIUX CHIIBI
pe3anus.  [IpuMEHATP TAaKyH0 JAMATHOCTHYCCKYED CHCTEMY B PCABHBIX
MPOM3BOJCTBCHHBIX  VCIOBHAX JOBOJBHO CIOXKHO H3-32  TPOMO3AKOCTH
JUHAMOMETPOB, A TaKKE M3-32 BHECCHHA B TEXHOJIOTHYCCKYIO CHCTEMY
OTHOCHTEJIFHO MAJIO’KECTKOTO 3BEHA.

IMomcxumu yuensiMu Bogdan Broel — Plater, Krzysztof Jaroszewski, Pawel
Waszczuk [19] paspabotaHa cucreMa JMATHOCTHKH HMHCTPYMEHTA TIPH
mukpodpesepoparun. [1loBogoM M pa3pabOTKH JAaHHOH CHCTCMBI THATHOCTHKH
MOCIY’KHJIA TPAKTHYICCKAasd HEBO3MOKHOCTh OIPEICICHHA M3HOCA i1 (pe3
muamerpoM MeHee 0,5 MM. B kadecTBe MEpBHYHBIX JATUHKOB OBUIO HCIIOJIB30BAHO
3 OZHOOCEBBIX IbE303ICKTPHUCCKAX AKCEJICPOMETPA, YCTAHOBICHHBIX BO3IC
INUHACAS. B KauecTBe AMArHOCTHUYECKOM CHCTEMBI HCIIOJIBb30BAHA HEHPOHHAS
CETh OMPEACICHHON CTPYKTYphl. CHCTEMa YKa3bIBACT HA HAJMYHNE MHCTPYMCHTA B
OIMAHACNE, a TAKKE PpACMO3HACT, IOBPEXICH HWHCTPYMEHT Wi HeT. K
HEJOCTAaTKAM  JAHHOW  JMATHOCTHYCCKOM  CHCTEMBI  MOXHO  OTHECTH
HEBOZMOXHOCTH ONPEACTCHH (PAKTHUECKOH BENMYHHBI H3HOCA, 4 TAKXKE TO, UTO
cucreMa paboTaeT XOPOIIO TOIBKO MPH OMPSACICHHBIX 000poTax (2400006/MuH).

MeToapI KOHTPOIISI COCTOSTHHS PEXKYINETO HHCTPYMEHTA TP (Ppe3epoBaHHUH,
Pa3pabOTAaHHBIC MHOTHMH VYCHBIMH [20-26] mOCTATOYHO CXOXKH MCKAY COOOH.
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OHM HCTIONB3YIOT NPHHIOUIHAILHO CXOXWE MJATYHKH M CHCTEMbI IPHHATHA
pemeHusl. Pa3Hunma MeKay HHMH COCTOMT B PA3IMYHBIX CHOCO0AX M YCIOBHSX
00paboTKH.

BoiBoabL

Ha ocHoBaHNE BRIOTHECHHOHW PAOOTHI MOXKHO CACJIATH CJICAYIOIIHIC BBIBOBI:

1) B HacTOosmee BpeMsd AWATHOCTHKA PEKYINETO HMHCTPYMEHTA IIPH
(pezepoBaHUM SBICTCS AKTYAIbHBIM BOIPOCAM, O YEM CBHACTCIBCTBYET
JOCTAaTOYHOE KOJIMYECTBO KAK OTHOCHTEIBHO «CTaphIX», TAK H HOBBIX PadoT,
MOCBAIMICHHBIX OJHAM HM TeM JKE€ METOJAAM JHATHOCTHPOBAHUS, UTO
CBUJICTEIBCTBYET O HENOCTATOYHON H3YUCHHOCTH W TICPCIECKTHBHOCTH JAHHOTO
BOTIPOCA;

2) U3 BCEX CYLIECCTBYIOIMX CHCTEM AMarHoCTuku PH, HaA Ham B3rimig
HamOoJee MEPCIEKTHBHBIMH SIBISIFOTCSI CHCTEMBI JTHATHOCTHKH, MOCTPOCHHBIC HA
OCHOBE KOCBCHHBIX METOJOB BCJICACTBHE BO3MOKHOCTH OCYHICCTBICHHS
HENPEPBIBHOTO KOHTPOJ cocTossHuA PU B mpouecce pezanus;

3) maske caMple COBPEMCHHBIC CHCTEMbI nuarHocTukd PU oOmamaror psiaom
HEJIOCTATKOB, KOTOPBIC 3aTPY IHIIOT HX WCIOJIb30BAHACE, MPHYECM OOJBIIMHCTBO U3
HUX JOJKHBI 0071a71aTh XOPOIICH 02301 JAHHBIX IJIT O0YYCHHS CHCTEMBI PHHATHS
peuenuii [17, 19].

4) HexoTOpbIe cHCTEMBI AmarHOCTHKH PH pa3paboTaHbl 111 y3KHX 3a1ad,
HanmpuMmep MuKpodpeseposanua [19], mibo ¢pe3epoBanms TopreBHIMH (Ppe3aMu
[25];

5) Mam0 BHUMAHHMA YJCICHO AHATHOCTHKE COCTOsAHMA PU mpu umcToBOM H
TOHKOM (ppe3epOBAHNH;

6). OCHOBHBIMH TNPOOIEMAaMH TIPH TOCTPOCHUHM COBPEMCHHBIX CHCTEM
MouuTopHHTa cocrostHmsl PU mpm (pesepoBanmm sABIAETCS BHIOOP NEPBHYHBIX
JATYMKOB, KOTOPBIC OBl 00IaNaNM IMHPOKAM JHAIA30HOM H3MEPCHHS W BBICOKOH
YYBCTBHTCIILHOCTREO I OOCCICUCHHA JOCTATOYHO BBICOKOH  (3amaHHOIM,
TpeOyeMOH) JOCTOBEPHOCTH IOJIYYAcMOTO PE3yIbTaTa OLECKH CTEICHH W3HOCA, a
TAKKEC TOCTPOCHUC OBICTPOACHCTBYIOIIMX CHCTCM MPHHATHA PEHOICHHA 00
HM3MCHCHHH TIOJIOKCHHUS HHCTPYMEHTA HIIH €TO 3aMCHE.
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