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COBPEMEHHOE COCTOSIHHUE BOITPOCA O JUATHOCTHUKE
COCTOSIHUSA PEXXYIMEI'O MHCTPYMEHTA TP ®PESEPOBAHUN

YV Oaniti cmammi posensmymo numanms O0iA2HOCMUKYU CMAHY DPI3AIbHO20 THCMPYMEHmY npu
@pesepysanni. Bemanoeneno, wo i3 ycix cucmem OiaeHOCIMUKU CMARY Pi3aIbHO20 [HCMPYMEHNY, SKI €
Ha Oanuil 4ac, HAuOiIbW NEPCREeKMUSHUMU € cUCmeMU NOOYOOBAHI HA OCHOBI HENpAMUX Memooie, y
36’A13KY 3 MOOICTUBICMIO NpOGedeHHs 0e3nepepeHo20 KOHMPONO CMAHY Pi3anbHO20 [HCMPYMEHmy y
npoyeci pizanua. Takodc mano yeazu npuoiiaemvcsa 0iaeHOCMYBAHHIO CIAHY PI3ATbHO20 IHCMPYMeHm)
npu Yucmosomy ma mouxkomy ¢ppesepyeanti. Ilokasano, wjo OCHOGHUMU npobIeMamu npu no6y0osi
cyvacnux cucmem OlA2HOCMUKY CIMAKY PI3ATbHUX THCIPYMEHMI npu (pe3epyeanti, € 6UOIp NEPEUHHUX
0asayie, AKI Mawmov WUPOKULL 0iana3oH 6UMIPIOBAHb | BUCOKY YYMAUBICMb, d MAKONMC Nobydosa
WBUOKOOIIOHUX CUCTEM NPULHAMMS PilleHb O OYIHYI CMAHY 3HOWEHOCMI i3 00CMAMHbO BUCOKOK)
docmosipricmio

B oannou cmamve paccmompenvl  npoOieMbl  OUACHOCMUKU — COCMOSIHUSL — Pedcyujeco
uHCmMpyMeHma npu pe3eposanuu. Ycmanogieno, umo uz 6cex CyueCmeylowux cCucmem OUa2HOCmUKY
COCMOSAHUSL PeCYe20 UHCPYMEHMA Hauboee NEPCREeKMUSHLIMU AGTSIOMCS CUCTEMbL NOCIPOEHHbLE
HA OCHOBE KOCBEHHBIX MEMO008, BCIeOCMBUE B03MOICHOCU OCYWeCMELeHUsT HENPEPLIBHO20 KOHMPOJIsL
COCMOsAIHUSL  pedicywje20 UHCMpYyMeHma 6 npoyecce pesanus. Takdce Mano GHUMAHUsL YOeNeHo
OuazcHOCmuKe COCMOSHUSL PEdNCYuleco UHCMPYMEHMA Npu 4uUcCmo8oM U MOHKOM (ppe3eposanuiL.
Ilokazano, umo OCHOSHLIMU NPOOIEMAMU NPU ROCMPOCHUU COBPEMEHHBIX CUCTEM OUASHOCTUKU
COCMOSIHUSL PedCYWe20 UHCIMPYMENma npu Qpe3eposanuu sesiomesi bloop NEPeUtHbIX OamuuKos,
Komopbie 061a0aiom WUpoKUM OUANA30HOM UBMEPEHUsT U BbICOKOU 4YECMEUMETbHOCIbIO, d MAKICe
nocmpoenue 0bicmpoOeicmayIowux CUcCmeM NPUHAMUs peulenusi no OyeHKe COCMOAHUA UBHOCA C
00CMAamo4Ho 8bICOKOU 00CMOBEPHOCIBIO.

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.

M3HOC MHCTpyMEHTa — OJMH M3 CaMbIX BaKHbIX IIapaMeTpOB, KOTOPBIH
BJIHSIET HA Ka9eCTBO M CKOPOCTh 00paboTKu Aetann. Cpenu BceX MOTPENIHOCTEH U
OTKa30B, KOTOPbIE MOTYT UMETh MECTO B TpoIiecce 00paboTKH, 0c000 BBIICTSAETCS
OTKa3 MHCTPYMEHTA U MOTPEIIHOCTH, BHOCUMbIE €r0 M3HOCOM, YTO OOYCIJIOBJIEHO
NOBBIIIEHHBIMA Harpy3kaMd W paOOTOW, BBHINMOJHIEMONH H3HAIIUBAIONIMS
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(M3HOLIEHHBIM) WHCTPYMEHTOM. Kak H3BECTHO, Ha JOJIO OTKAa30B PEXYIIETO
nacTpyMmenTa (PM) mpuxogurces noxapmsiomee OOMBIIMHCTBO CIyYaeB OT 0OIIEero
YHhcla OTKa30B oOpabaTwiBarommieil cucTembl. V3HOC HHCTpYMEHTa, KOTOpPBHIA B
npouecce 0OpabOTKM TIOCTOSIHHO YBEIMUYMBACTCA BIUIOTH A0 €ro  MOJHOH
HETIPUTOHOCTH, B 3HAYMTEIBHOW MEpE OMNpeneNsieT TOYHOCTHBIC ITOKa3aTeNn
nporiecca 00paboTku M KauecTBO 00pabOTaHHOM MOBEPXHOCTH (MaKpo-, MUKPO- U
CyOMHUKPOTEOMETPHIO, (PU3MKO-XUMHUKO-MEXaHUUECKOE COCTOSHHE M OCTAaTOYHBIE
HaNpsKEHUS B MOBEPXHOCTHOM ciioe). Eciau M3HOC pexylero MHCTpyMEHTa IO
3aJHed MOBEPXHOCTH, B IPUHIMIE, MOXHO paccuuTath [1] m mpu oOpadotke
JeTajieil ¢ OTHOCUTENBHO MPOCTHIMH (OpPMaMH IOBEPXHOCTEH (TUIOCKHMH,
MWJIMHAPUYECKUMH U T.I1.) OJTHOJIE3BUIHBIM MHCTPYMEHTOM (PE3LI0M) €ro MOXHO
y4ecTb M B KaKOW-TO Mepe KOMIIEHCHpPOBATh C IMOMOIIBIO YK€ CPaBHUTEIHHO
HEIJIOXO  pa3pabdOTaHHBIX CYMIECTBYIOIIMX CHUCTEM, TO TpH 00paboTke
MOBEPXHOCTEH CcI0KHON (popMBbI ((haCOHHBIX) M MCIIOIB30BAHUH MHOTOJIE3BHIHBIX
MHCTPYMEHTOB ((pe3, CBepa M Ip.), KOT/a MPOLECC PE3aHHs X3apaKTEepPHU3yeTCs
OOJIBIION CTENEHBIO HECTAIMOHAPHOCTH M COIPOBOXKIAETCS MEPEMEHHBIMHU
3HAYEHMAMH T€OMETPHH JIe3BHs (KHHEMAaTHUECKHUX YTJIOB KAK B OCHOBHOM, Tak U B
TJIaBHOM CEKyIIeH IIOCKOCTAX) M IapaMeTpoOB peXuMa pe3aHust (CKOPOCTH
pe3aHus, TOJIIMHBI U HIMPUHEI cpe3a, AaXKe IPU MOCTOSHHBIX 3HAYCHIX MOJadu U
TIIyOMHBl PE3aHMsl) COCTOSIHUE TEOMETPUH JIE3BUSI M CaMoOil pexyiied KpOMKH
MHCTpyMeHTa B (OPMUPOBAHUM BBIXOJHBIX IIOKa3aTeleil Ipolecca pe3aHus
UTpaeT 3HAUYUTEIHFHO OOJIBIIYIO POJIb, TAKUE CUCTEMBI MIPAKTUYECKH OTCYTCTBYIOT.
IIpobnema co3maHust cHCTEM M OLEHKM (KOHTPOJIA) CTENEeHH H3HOca
MHCTPYMEHTA M €r0 BO3MOXKHOM KOMIIEHCAIlMM IPH HECTAIMOHAPHOM pE3aHHU
MyTeM KOPPEKTHPOBAHHMS JINOO PEeKMMa pe3aHusl, JTMOO0 MOJIOKEHHS MHCTPYMEHTA
elIe HeJIOCTaTOYHO pa3paboTaHa, XOTsA Takue paboTel U Beayres [2]. Eme omHO#M
CYIIECTBEHHO MPOOIEeMO TP MEXaHWYeCKOW 00paboTKe SIBISIETCSI OIpe/IeIeHHe
MOMEHTa «OCTaHOBKM» (JIMarHOCTHKA COCTOSIHHS PEXKYILEro HHCTPYMEHTA)
mporecca pe3aHus ¢ LENbI0 3aMEHbl MHCTPYMEHTa WIIM €ro peylied dacTw,
HarpuMmep, pexylieid KpOMKH MHOIOTPaHHOM HelepeTayMBaeMOW IUIACTUHBI, [IPU
JOCTIDKEHHM  TIPUHATBIM  KpUTEPHEM  HW3HOCAa  3aJaHHOM  BEIMYUHBI
(XpaKTepUCTUKH).

Takum o00pa3oM, TpH KOHTPOJIE M JHATHOCTHKE COCTOSIHHS PEXYIIEro
WHCTPYMEHTa  HEOOXOAWMO  pemaTh  CIAeAyIoIIHWe  3aJadd:  KOHTPOJb
paboTOCTIOCOOHOCTH WHCTPYMEHTA, T.€. MPHUTOACH eIle WHCTPYMEHT WM HET
(aBapuiiHBIE CUTYyallMM); KOHTPOJIb Pa3MEPHOr0 M3HOCA MHCTPYMEHTa; KOHTDPOIb
COCTOSIHUS PEXKYILEH KPOMKH, YTO OCOOCHHO aKTyaJIbHO IIPH YHUCTOBOH 00paboTKe
MOBEpXHOCTEH ©  00paboTKe IOBEPXHOCTEH CIOXHOW  (QOpMBl  (mOTeps
HEoOX0oMMOl reoMeTpuiyeckoil (opMbl MHCTPYMEHTa, M3MEHEHHE ITIEPEIHEro U
33JHEr0 yIJIOB M T.II.), OCOOEHHO NpH o00padoTke Ha crankax c YIIY,
MHOTOLIEJIEBBIX (00padaThIBAIOIINX IEHTPAx) U JIp.
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Heanb padoThI: aHaJIN3 COBPEMEHHOTO COCTOSIHUS BOIpoCa

JVarHOCTHPOBAaHMUS PEXYLIETO MHCTPYMEHTa B mponecce (pe3epoBaHusi ¢
BBISIBJICHHEM HX JOCTOMHCTB U HEZOCTATKOB.
IIpu o6paboTke meranell BBICOKOW CIIOKHOCTH BOMPOCH €TO JHATHOCTHPOBAHUS
0CcOOCHHO akTyanbHbl. Ha cerogHAmHWIl JeHb pa3paboTaHO OTHOCHTENHHO
6oJIpIIOE YHCIO CHCTEM I KOHTPOJS CTENECHH H3HALIMBAHWUSA WM OIPEICIICHHS
MOMEHTa BBIXOa M3 CTpOs (MONOMKH) HHCTpyMmeHTa [2 - 10]. DTu cuctemsr
KIacCU(UIMPYIOTCS O Pa3IMYHBIM ITI0Ka3aTessiM (PUCYHOK 1), ompeiensiomum
CTpaTeTUI0 JUAarHOCTUPOBAHUS MHCTPYMEHTOB, Hampumep, cuie pesanus [7, 11],
MoIHocTH pe3anus [11] u ap.

I MeToEI KOHTPOJIS COCTOSHHSA PEXKYILETro HHCTPYMEHTA I
| |

Y Y
I IIpamere I I Kocpennsie I
| PaIHOaKTHBHBIH | l3mepenHe apaMeTpoB 3aroTOBKH
| OnrHIecKHi | ‘

¢ HM3MepeHHe TEMNOBAIX H YIEKTPH-

N YECKHX XapaKTEPHCTHK HHC fCHTA
| IIHeBMaTHUECKHH | PaKIcp ¢ TPy™
H3MepeHHe THHAMHISCKHX
IapaMeTPOB CHCTEMEI IIDH DE3aHHH

v v

| YieTpa3syk | CHITOBEIE H3MEPEHHI

DNEKTPOMEXAHHUESCKHIT

Pucynok 1 — Metonsl koHTpoJ1s coctosHust PU

B 3aBuCHMMOCTH OT BpEeMEHM HAOJIIOACHHS 32 HHCTPYMEHTOM, CHCTEMBI
MOXKHO pa3JIelIuTh Ha HENPEPHIBHO MOJy4aronire HHpopMaImio pu oopaboTke [0,
10] u nmosryyaromue nHGOpMaNUIo B IEpepbIBax npouecca 00padoTku (HanpuMep,
C HCIIOJb30BAHHEM KOHTAKTHBIX H3MEPHUTENIBHBIX CHUCTeM Kommanuu Renishaw
[12]). 1 B ToM, U B OpyroM ciydasx TpeOyeTcs ompeleleHHOe Bpems ajis cbopa
JAHHBIX O pe3ylbTaTaXx H3MEPEeHWH, Halpumep, rocie oO0pabOoTKH HEKOTOPOTro
YHCIIa 3ar0TOBOK.

IIpu o6paboTke neraneil Ha CTaHKax - aBToMarax M ctaHkax ¢ UIIY, raoe
orepaTop MPaKTHYeCKH He MPUHUMAET HeMOCPECTBEHHOrO yJacTHes B 00paboTke
JIeTaJli, CHUCTeMbl aKTHBHOTO (HEMPEPHIBHOIO) KOHTPOJSL COCTOSIHUSI PEXYILIEro
MHCTPYMEHTA SIBJISIIOTCS 0COOEHHO HE0OX0AUMbIMU. [IpH POEKTUPOBAHUU CUCTEM
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AKTHBHOI'O KOHTPOJIS, OCHOBaHHBIX Ha HPSAMBIX METOAAX KOHTPOJS (PUCYHOK 1)
cocrossauss P, cymecTtByloT (akTopsl, KOTOpBIE CHIDKAIOT 3(QPEKTHBHOCTD
paboTel cucTeMbl. Hampumep, NpH ONTHYECKOM CIIOCOOE KOHTPOIS, CIIOXKHO
JOOUTBCS «XOPOIIeH BHAMMOCTIY pexymiei kpoMku mpu Bodzaeiicteruum COX u
CTPY)KKHM, NHCBMAaTHYECKMH M  PAAHOAKTUBHBIH METOABl  OIPaHUYHMBAIOT
HCIIONIB30BaHNE CTAHIAPTHON OCHACTH 6e3 JMOTOTHATENBHOM X momenk [13].

Jlns Bpammaromerocss ”THCTpyMeHTa MpodjieMa KOHTPOJIsl BCTaeT 0ojiee ocTpo.
PazBuTHe WMHCTpYMEHTAIBHBIX MAaTEpPUAIIOB M MNOKPBHITHH NPUBOAWUT K
3HAYUTEIHHOMY YBEJIMYEHUIO CKOPOCTH 00pabOTKM, YTO OYEHb YCIIOKHSIET
KOHTPOJIb COCTOSTHHUS KPOMOK MHCTPYMEHTA, M IPAaKTHYECKH JIeJIacT HEBO3MOXKHBIM
MpOLIECC €r0 HENPEPBHIBHOTO NPSIMOTO KOHTPOJs. [IpephIBHCTOE pe3aHHe Takke

HaKJIaJbpIBaCT  ONpEACNICHHbIE  OrpaHMYEHHS  HA  BBIOOp  NPHUHLMUIIOB
JUArHOCTUPOBAHUS COCTOSHHS PEXYIETO HHCTPYMEHTA.

Haubonee  «371acTHYHBIM»  HAlPaBIEHHEM B  KOHTPOJE  PEXYIIHX
UHCTPYMEHTOB SIBIIETCA MOHHUTOPHHT (HenpephIBHBII KOHTPOJIb)

HETIOCPEACTBEHHO B Tporecce 00paboTku. Bce MeTOmBl NHAarHOCTUKU TEKYIIEH
paboTOCTIOCOOHOCTH PEXYIINX HHCTPYMEHTOB MOKHO YCIOBHO pa3feiiUTh Ha
yersipe rpymmsl [13], a ux, B CBOIO ouepenpb, Ha METOABI HPSAMOTO KOHTPOJIS,
OCHOBaHHBIE Ha HEMOCPEICTBEHHON PETHUCTPALMU BEJIMYUHBI H3HOCA HHCTPYMEHTA,
U KOCBEHHOTO KOHTPOJIA (PUCYHOK 2), HCHOJb3yIONUe (DU3NICCKHE SBICHUS,
KOTOPBIE COMPOBOXKIAIOT MPOLIECCHI PE3aHKs M M3HANIMBAHUS HHCTpyMeHTa[12].

KoceeHHBIe METOIBI KOHTPOIA COCTOSHHA DEKVINET0 HHCTPVMEHTa
]

v v v v
HameperHe mapaMeTpoe HzMepeHHe TEITOEEX H HamepenHe JHHaMH- CHIOEEIE HIMEPEHHS
33TOTOEKH IMEKTPHIECKHX XapaK- 9eCKHX [TapaMeTpoE
TEePHCTHE HHCTPYMEHTa CHCTEMEI TIPH PE3aHHH
- H3MepeHHe - HIMEPEeHHE - H3MepeHHe KoTeDaHHE - HIMEPEHHE
TeOMETPHIECKHEX TEMIEPATYPEL TEeXHOTOTHIECKOH COCTABTAIONIAX CHIT
paIMEPOR CHCTEMEI pesaHH
- HIMEPEHHE HIMEHEHHA
- HIMEpEeHHE 31cC - HIMEPEHHE AMILTHTV], - HIMEpEHHE
MEPOXOBATOCTH CHIHATA 3KyCTHIECKOH MOITHOCTH [MIAEHOTO
- H3MepeHHe IMHCCHH JBICKEHHT pe3aHHA
COMPOTHETEHHT KOHTAKTA
HHCTPYMEHT-JTATE - KOHTPOINE HAlpaEIeHAT - H3MepEHHE YCHIHA
CXOJA CTPVAKH nogaTH

Pucynok 2 — KocBeHHbIe METOIbI KOHTPOJISI COCTOSIHUS PEXKYIIEro HHCTPYMEHTA
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I[Ipz mpsMoM KOHTpOJIE TapaMeTpbl H3HOCAa (XapaKTepUCTHKH JIYHOK H
JICHTOYEK W3HOCA) Ha KOHTAKTHBIX IUTOMIAJIKaX WHCTPYMEHTAa M3MEPSIOTCS
HETIOCPEACTBEHHO B mporecce o0padotku. [IpsimMple wu3MepeHHs M3HOCA
WHCTPYMEHTA BBI3BIBAIOT HEKOTOPHIC 3aTPYyAHEHHS, YTO CBA3aHO B OCHOBHOM CO
CIIO)KHOCTBIO KOHCTPYKIIMH [aTYUKOB W3HOCA. lIpM BBIOJHEHUW TIPSMBIX
W3MEPEHUI HCIONB3YIOT, KaK MPABHIJIO, BCIIOMOTATENbHBIC WM XOJOCTBIE XOJBI
MHCTPYMEHTA, BBIXOJ MHCTPYMEHTa MM PEeXYIIMX KPOMOK (3yObeB) M3 mpolecca
00paboTKH.

Amnmaparypa Uis KOHTpPOJII U3HOCA PEXYIIUX MHCTPYMEHTOB IOCIEe
OKOHYaHHS IIPOIIeCCca pe3aHusi MOXKET OBITh pa3MelleHa TaKKMM 00pa3oM, 4TO Ha
Hee HE OyAyT OKa3bIBaTh BPEIHOC BIUSHHC pa3IMIHbIC (DAKTOPHI, MPUCYIIHE
mnporieccy marepuaioodpabotku. Takue u3MepeHUs 007aqar0T TOBBINICHHOM
HaJIeXKHOCTEI0. OMHAKO W3MEpPEHHS OCYMICCTBILIIOTCS IEPHOAMYECKH, YTO HE
MO3BOJSIET CBOCBPEMEHHO OOHApYXHTh OTKa3bl PEXYIIET0 HHCTPYMEHTA.
HeobxonnMmasi meproInIHOCTD KOHTPOJII MOKET OBITH OTpeieTicHa Ha OCHOBaHUHU
OTIBITa WCIOJIB30BAaHUS COOTBETCTBYIOIIECTO PEXKYIIETO WHCTPYMEHTAa HA JTAaHHBIX
TEXHOJIOTHYECKUX OTIEPALHAX U Ha OCHOBAaHUH BEPOSTHOCTHBIX PACUETOB C yIETOM
MPEII0IaraeMoro Mepruo/ia CTOMKOCTH PEXKYIIeT0 HHCTPYMEHTA.

KocBeHHbIE METOABI UCIOJB3YIOTCS BCEe B OONbIIMX MacmTabax. [Ipu sTux
METOAAaX KOHTPOJHUPYIOTCS pa3W4Hble XapaKTepHUCTUKU IIpoliecca pe3aHus
(pucyHox 2), KOTOpble HMEIOT OINpeNeNeHHbIE KOPPENALUOHHBIE CBSI3U C
BETMYMHON W3HOCA ¥ WHTEHCUBHOCTHIO W3HAIIUBAHUS PEXYIIUX KPOMOK
WHCTpyMeHTa. [IpUHIMOBI M TEXHUKA H3MEpPEHUs] MPU KOCBEHHBIX METOJaX
CpPaBHUTENBHO MPOCThl. OHH IO3BOJISIOT HETNPEPHIBHO MONYYaTh B IIPOIECCE
00paboTku nHPOpMAIHIO 00 H3HOCE PEXYIIeH KpOMKH. [IpUTOIHEI OHH TaKXKe IS
pEeTUCTpaliK PE3KUX HIIM CKAaYKOOOpPa3HBIX W3MEHEHHWH W3HOCA WIH pa3pyIIeHHUI
PEKYIINX KPOMOK HHCTPYMEHTA B T€UE€HHE KOPOTKHX MHTEPBaJIOB BpemeHu [11].

OCHOBHOW HEIOCTaTOK KOCBCHHBIX METOJOB COCTOMT B TOM, YTO
KOPPEISAIHOHHAS CBS3b MEXIy M3MEPCHHBIM (DaKTOPOM M M3HOCOM HWHCTPYMEHTA
JIOJDKHA OBITH OTIpejieNieHa SKCIIEPUMEHTAIBHBIM ITyTeM AJIS KaKI0T0 KOHKPETHOTO
ciydasi 00paboTKH ¢ TeM, YTOOBI Ha €€ OCHOBE MOXKHO OBIIO KOHTPOJIMPOBAThH C
MOMOIIIBI0  COOTBETCTBYIOIIETO JaT4MKa H3HOCA HMHCTPYMEHTa B IIpoLecce
00paboTKH.

OmHUM W3 CIIOXKHBIX, C TOYKH 3PEHUS JUATHOCTUKU COCTOSIHUS PEXYIIETo
MHCTPYMEHTA, SBIISETCA Ipolecc (pe3epoBaHusi, KOTOPBHIM Ha CETOAHALTHUN 1€Hb
3aHUMAKTCS MHOTHE y4eHble. Hambomnee MOMynspHBIMH KOCBEHHBIMH METOJAMHU
OIpeNeNIeHUs] U3HOca Npu (Ppe3epOBaHUU B HACTOSIIECE BPEMsI SIBIISTFOTCS METOIBI
aHaliM3a CHUTHAJIOB aKycTH4eckoil smuccum [8, 10], BHOpamuii 3JIeMEHTOB
TEXHOJIOTHYeCKoi cuctembl [3, 7], a Takke H3MepeHHE MOIIHOCTH HPHUBOAA
TJIaBHOTO JABM)KEHMSI pe3aHust Win ycunust nogaun[11].
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JlmarHocTrka W3HOCA PEXKYIIEro MHCTPYMEHTAa METOAOM aHalu3a CHTHaja
BuOpoakycrudeckoir smuccun (BAD) [2, 3, 8§, 10] mHapsmy ¢ MHOTUMH
JOCTOMHCTBaMH HMMEET W  pPsSg  HENOCTaTKOB.  bombmioe  KOIMYIECTBO
IIYMOM3IYYAIOINX «BKIIOYCHUI», BXOMIMMX B curHanl BAD m 3aBucsmmx ot
YIPYTHUX, TEIUIOBBIX M APYTHX MPOIECCOB, BOSHUKAIOUINX HA BCEM IIyTH OT 30HBI
pe3aHus 10 MECTa PErHCTPAllui CHTHaJa BUOPOAKyCTHYECKOW IMHCCHH, a TaKKe
JIOTIOJTHUTEIbHOE BOSHUKHOBEHHME COCTaBILIIOMUX CUrHada BAD oT aneMeHTOB u
y3JI0B CTaHKa, HaIlpUMep, MOALIMIHUKOB. B HacTosIee BpeMs Bce 3TU IPOLECCH
M UX COCTaBJIAIOLIME CIIOKHO C JOIyCTUMOH (IpHUEMIIEMON) TOUYHOCTBIO OIHCATh
MaTeMaTHUYECKH, U, KaK CIEJCTBHE, CI0KHO, 110 IPUHUMAEMOMY CUTHALY CYIUTh O
npolieccax, IPOUCXOAAIINX B 30HE pe3aHusl, B T.4U. U H3HAIIUBAHMUIL.

OmHUM U3 OTHOCHUTENBHO KadeCTBEHHBIX METOJOB KOHTPOJS PEXYIIUX
CBOHCTB MHCTPYMEHTA SBIISIETCS METOA M3MEPEHUSI MOLTHOCTH PE3aHUS M yCHIIUS
MoJjaum, ONHMCAHHBIN, HampuMmep, B [11]. Dta cucrema pa3paboTaHa M BHEIpEHA
¢dbupmoit Omative systems. DIeKTpOHHBIE CHCTEMbI COBPEMEHHBIX CTaHKOB ¢ UITY
MIO3BOJISIOT 0€3 BMEIIATENbCTBA B CHCTEMY CTAaHKa MEepeJaBaTh B M3MEPHUTEIbHYIO
CHCTEMY CHTHAJBI O CHJIOBBIX XapaKTEPHCTHKAaX KakK TJIABHOTO NPHBOJA, TaK U
OCEBBIX NPHBOAOB cTaHKa. [IpemnmoxeHHas B paboTe cHUCTEMa AWATHOCTHKH
HETOCPEACTBEHHO AaHAIM3UPYyeT IOJyuYeHHbIe CHUTHAJIBl U JOCTaTOYHO XOPOIIO
padoTaeT MpH YEPHOBBIX U MOJYUYHUCTOBBIX pekuMax 00paboTku. CyIecTBEHHBIM
HEIOCTaTKOM JaHHOTO METOAa KOHTPOJsS IIpoliecca pe3aHus SABISEeTCS ero
HECTIOCOOHOCTh TUarHOCTHUKH COCTOSIHUS PEXKYIIET0 MHCTPYMEHTa IPU YHCTOBOM
obpaboTke.

OnuH M3 KOCBEHHBIX METOJIOB IMATHOCTHKHM COCTOSHHMS BpPAalIalOIIErocs
PEXKYIIEro MHCTPYMEHTA, ONMCAHHBIN maTeHToM [14], ocHOBaH Ha TOM, YTO BO
BpeMS pe3aHMsl OIPEACIAIOT HallpaBJeHHE II0JeTa CTPY)KKH, 3aBHCAIIETO OT ee
BECa, W CYIIT O CTENEHH H3HOCA WHCTPYMEHTA II0 M3MEHEHMIO YIJIa MEXIY
HalpaBJIeHHEMH T[oJadyl W 1ojera CTpyXku. OJHAKO ero IpUMEHEHHE
CYIIECTBEHHO OIPaHMYEHO TE€M, YTO B PEalbHOM BPEMEHH CJIIOKHO M3MEpPSTH BEC
CTPY>KKH BO BCEX TOYKaX €€ BO3ZMOXKHOTO CXO/1a.

OmHUM U3 NEpCIEeKTUBHBIX METOJ0B JTHATHOCTHUKU COCTOSHUS MHCTPYMEHTa
MpU CBEPJICHUM SIBIsETCS MeToJl, ommcaHHblii B [9]. [lpemmaraemsrii crioco6
JUAarHOCTHKU OCHOBAaH Ha aHAJM3€ HU3KOYACTOTHBIX KOJEOATEIBHBIX IMPOIIECCOB
ynpyro cucteMbl crtaHka. OCOOGHHOCTP MeTOoJa 3aKII0YaeTcss B HCTOYHHKE
JTUarHOCTHYECKOW WH(OPMALNU, B KadyecTBE KOTOPOTO HCIONb3yeTcs Bpemst T
MOBOPOTa MHCTPYMEHTa Ha OJMH 000poT. [Ipy MHOTOKPATHBIX MOCIIEI0BATENBHBIX
u3MepeHusix BpeMs T TIperepreBaeT cilydailHble H3MEHEHHUS, CBSI3aHHBIE C
M3MEHEHHEM TIapaMeTpoOB KpPYTWJIBHBIX KoJieOaHMH cBepia I0J JieHcTBHEM
M3MEHSIOIErocss KpyTALIero MOMeHTa. JlaHHBIH MeTox B «4HMCTOM» BHJIE (B
NPE/I0KEHHOW TPAKTOBKE) JOCTATOYHO CIIOKHO NPHMEHHTH JUIS JWarHOCTHKU
COCTOSIHMSI HWHCTpyMeHTa 1pu ¢pesepoBannu. OJHaKo, IOCIE HEKOTOPOTO
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YCOBEPILEHCTBOBAHUSI BO3MOXKHO €r0 MPUMEHEHHE U ISl AUATHOCTUKU COCTOSHHUS
MHOT0JIE3BUHOTO HHCTPYMEHTA, JIE3BUSI KOTOPOTO paboTaIOT M0 CXeMe «pe3aHue-
otapix». Jliast aToro HeobXxoauMa pa3paboTKa CHCTEMbI C JOCTATOYHO BBICOKHM
OBICTpOICIICTBHEM.

Crioco6 IHarHOCTHKH, TPEIOKEHHBIH ydeHpiMH T.Amin J., E.M. Joo u
L.Xiang [15], mo3BOJISET ¢ UCTIONB30BAHUEM CHCTEMBI HCKYCCTBEHHOTO MHTEIEKTA
JIOCTaTOYHO XOPOIIO OCYIIECTBISITH MOHUTOPUHI cocTosiHus ¢pe3. B kauectse
MEePBUYHBIX JAaTYMKOB aBTOPAMHU IIPEUIOKECHO HCIIOIB30BATh [UIS ONPENENICHHs
CHJI pe3aHHs IUHaMOMETP, TPEXOCEBOH aKCeJepOMETp M JaTUUK aKyCTHUECKOH
smuccud. KOHTpOJIb COCTOSIHUSI WHCTPYMEHTA OCYIIECTBISIETCS ITOCPEICTBOM
aHaJM3a NHKOB CHUTHAJIOB JaTYUKOB, KOTOPHIE BO3PACTAalOT B 3aBHCUMOCTH OT
CTENeHN M3HOCAa HMHCTPYMEHTa. Bmecte ¢ TeM , METOA XOpomio mokaszai ceds
TOJIBKO Ha ()pe3ax ¢ OJMHAKOBOM reomerpueil. [y OCyIeCTBICHHUS TUATHOCTUKA
cUcTeMa JOJDKHA OBITH OOy4deHa XOTs Obl Ha OFHOHW (hpe3e, MOBEICHHOW M0
KPUTHUYECKOTO M3HOCA. Takke METOJ IUI0X0 paboTaeT mpu oOpaboTKe neTanei ¢
MalbIMH 00bEMaMH CPE3aeMOro METaIA.

Eumle omuH crmoco® aHanmM3a COCTOSIHHSI HMHCTPYMEHTA pa3pabOTaHHBIN
yuenbiMu Azmi A.l., Lin RJ.T. [16], a takke P. Fu, A.D. Hope P.[17, 18] B
KauecTBEe IEePBUYHBIX JAHHBIX HCIOJB3YeT HM3MEPEHHE COCTABIIOMINX CHII
pe3anust. JluarHocTuyeckass cUCTeMa BBINOJHEHa Ha 0a3e WHTEIUIEKTyaJbHOU
HEYeTKOH JIOTMKM MOJENM H3HOca WHCTpyMeHTa. IIpoBeneHHbIE aBTOpaMu
WCCJIEJIOBaHMS T10Ka3aJi, YTO TOYHOCTh IPOTHO3MPOBAHUSI CHCTEMBbI B OOJbIICH
CTENeHN 3aBHCUT OT YCHWIMS NOAAYM, HEXEIH OT JPYrHMX COCTABIISIOIINX CHIIBI
pe3anust. [IpuMeHSTh TaKkyl JAMATHOCTHYECKYHD CHCTEMY B  pealibHbIX
MPOU3BOJICTBEHHBIX  YCIIOBHUSX  JOBOJBHO  CIIOXKHO  HM3-32  TPOMO3IKOCTH
JMHAMOMETPOB, a TakXKe W3-3a BHECEHHS B TEXHOJOTMYECKYI0 CHCTEMY
OTHOCHTEIILHO MAaJI0KECTKOTO 3BEHA.

Monsckumu yuensimu Bogdan Broel — Plater, Krzysztof Jaroszewski, Pawet
Waszczuk [19] paspaborana cucreMa JHACHOCTHKH HMHCTPYMEHTA [pH
mukpodpesepoBanuu. [ToBogoM aist pa3paOOTKH JaHHOW CHUCTEMbI AMATHOCTHKU
MOCHYXKHJIa TpaKTHYecKass HEBO3MOXKHOCTh OIpelelieHuss Hu3Hoca Juisi  (pe3
nuamerpom mMeHee 0,5 MM. B kadecTBe mepBUYHBIX TaTYMKOB OBUIO MCIIOJIB30BAHO
3 OJHOOCEBBIX IbE30AIEKTPUUECKUX aKCEJIePOMETPa, YCTAHOBJICHHBIX BO3IIE
mnuHAes. B kadecTBe IMAarHOCTUYECKOW CHUCTEMBI HCIOJb30BaHa HEUpPOHHAas
CeTh OmpeleNieHHOW cTPYKTyphl. CrcTeMa yKa3plBaeT Ha HaJlM4YHe MHCTPYMEHTA B
IIIUHJENE, a TAaKKe pacllo3HaeT, NOBPEXICH HWHCTpyMeHT wmin Her. K
HEJOCTaTKaM  JIaHHOW  JMarHOCTMYECKOM  CHUCTEMBI ~ MOXXHO  OTHECTH
HEBO3MOXXKHOCTh ONpeaeneHus (pakTHUeCKOH BETMYMHBI M3HOCA, a TaKXKe TO, YTO
crcreMa paboTaeT XOpOUIO TOJIBKO IPU ONpeesIeHHBIX 00opoTax (2400006/MuH).

MeToibI KOHTPOJISI COCTOSTHHS PEXYILEro MHCTpyMEHTa TpH (hpe3epoBaHuH,
pazpaboTaHHble MHOTUMH ydeHbIMH [20-26] HOCTATOYHO CXOXKH MEKIy COOOI.

124



ISSN 2078-7405. Pesanue u uncmpymenm 6 mexuono2udeckux cucmemax, 2013, gvinyck 83

OHM UCTIONB3YIOT TNPHHIHUNUAIBHO CXO0XHE MNAaTYNKH W CHCTEMBI IHPUHATHSL
pemienust. PasHunma Mexay HEMH COCTOWT B Pa3IMYHBIX CIOCO0aX M YCIOBHSX
00paboTKH.

BriBoabI.

Ha ocHOBaHNM BBIIOTHEHHONW PaOOTHI MOXHO CAENATH CJIEAYIOLINE BHIBOBI:

1) B Hacrosmiee BpeMs [AHATHOCTHKA pEKYIIEr0 HHCTPYMCHTA IIPH
(pezepoBaHUM SBIISETCS AaKTyalbHBIM BOIPOCaM, O 4YEM CBHIETEILCTBYET
JIOCTaTOYHOE KOJIMYECTBO KaK OTHOCHTENBHO «CTapbiX», TaK M HOBBIX pPadoT,
MOCBSIIIEHHBIX ~OAHUM M TeM K€ METOAaM JHWarHOCTUPOBAaHUS, YTO
CBHJIETEIBCTBYET O HENOCTATOYHOH M3YYEHHOCTH U TEPCHEKTHBHOCTH JIaHHOTO
BOIIPOCA;

2) U3 BCEX CYHICCTBYIOLIMX CHCTeM JHarHoctuku PU, Ha Ham B3risia
HanOosee MEepCIeKTUBHBIMU SIBISIFOTCSI CUCTEMBI JHArHOCTHKH, MOCTPOCHHBIC HA
OCHOBE KOCBEHHBIX METOZOB BCIEICTBHE BO3MOXKHOCTH OCYIIECTBICHHUS
HETIPEepBIBHOTO KOHTPOJIs cocTosiHuA PU B mponecce pesanns;

3) naxxe camble COBPEMEHHBIC CHCTeMbl nuarHoctiku PU oGnanawor psagom
HEJIOCTATKOB, KOTOPBIE 3aTPYIHSIOT UX MCHOIB30BaHNE, IPUUEM OOJIBIINHCTBO U3
HHX JOJDKHBI 001a1aTh XOpomel 6a30i JaHHBIX U 00y4eHHs CHCTEMBI IPUHATHUS
perennii [17, 19].

4) HeKOTOpblE CHCTEMBI nuarHocThku P paspabotaHbl jis y3kux 3ajad,
Harpumep MukpodpesepoBanus [19], nu6o ¢pesepoBanusi TOpLEBBIMU (pe3amu
[25];

5) Mai0 BHUMaHHS YAEICHO JAUATHOCTHKE COCTOstHUS PU mpu 4mcToBOM M
TOHKOM (ppe3epOBaAHNH;

6). OCHOBHBIMH NpOOJEMaMH MpPU IIOCTPOCHUH COBPEMEHHBIX CHCTEM
MoHHTOpHHTa coctostHusl PU mpu ¢pesepoBaHum sBisieTCsT BBIOOP NEPBHUYHBIX
JATYNKOB, KOTOpPBIE OBl 00JaNagy IIHPOKUM JIHAlla30HOM HM3MEPEHUS M BBHICOKOH
YYBCTBUTEIBHOCTBIO Ui OOECIeYeHHUss JOCTATOYHO BBICOKOW  (3amaHHOM,
TpebyeMoii) JOCTOBEPHOCTH IOIY4aeMOro pe3yibTaTa OLEKH CTEIEeHH M3HOca, a
TaKKe IOCTPOCHUE OBICTPOMAECIHCTBYIOMINX CHCTEM NPHUHATHS pelieHus 00
M3MEHEHHH TOJIOKEHUsI MHCTPYMEHTA HJIH €ro 3aMeHe.
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