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Pa3paboTka CTPyKTYpbl aBTOMATU3MPOBAHHOI0 ANINAPATHOr0 KOMILIEKCA
JJI51 HCCJIEIOBAHUS TeOMETPUYECKMX XapPaAKTePUCTUK MOBEPXHOCTHOIO CJIOS

KOMOMHHMPOBAHHOW HUTH HA KOPOTKHX OTPe3Kax

[TorioB B.H., benoycos M.C.

KocTpomckoii rocy1apcTBEeHHbIH TEXHOJIOTHYEeCKH YHUBEPCUTET

Paccmompena cmpykmypunas cxema u  npunyun pabomsel 31eMEHMO8
KOHCMPYKYUU AnnapamHo20 KOMNIeKca Ol UCCIe008aHUsL  2e0MeMPUYECKUX
Xapakxmepucmux HOBEPXHOCMHO20 Cl0Sl  KOMOUHUPOBAHHOU HUMU  HA

KOpOmKux ompesKkax.

N3BecTHBl KOMOMHHMpPOBAHHBIE HUTH  MOPAIUIBHO-KPYTUIBHOTO crioco0a
IPOU3BOJICTBA C BBICOKUMHU aMOPTHU3UPYIOIIMMU CBOMCTBAMHU HAPYKHOTO
MOKPBITUS B paIUaJIbHOM HarpaBjieHuu [1].

OCc0OEHHOCTBIO CTPYKTYPHI TAKUX HUTEH SBISETCS HATHMYUE CEPACYHUKOBOM
MOHOHHUTH C BHICOKUM MOJIYJIEM YIIPYTOCTH B OCEBOM HAIpaBIICHUU.

Bricokue aMmopTH3MpyOIIKEe CBOWCTBA TOBEPXHOCTHOTO CJIOS HUTH
o0ecneunBalOTCs  OCOOCHHOCTSIMHM ~ TEXHOJOTMYECKOro  Ipoliecca ee
npousBozacTBa [2...3].

CymiecTBylOT  pa3iM4YHbIE  CHOCOOBI  OMpENENICHHS T€OMETPUUYECKUX
MapaMeTpoB HUTEW U HUTEBUIHBIX MPOAYKTOB. BOJBIIMHCTBO U 3THX CIIOCOOOB
OTBEYAIOT LEJMAM M 3ajJadaM  OMpEJEJeHUS CTAaTUCTUYECKUX  OIEHOK

HGOI[HOpOI[HOCTGﬁ B OCCBOM HaAIIPAaBJICHUU.



KomOunupoBanHass HUTh NPSIAMIBHO-KPYTHJIBHOTO CcIioco0a MpOHM3BOJICTBA
MMEET MEPUOAUYECKYI0 CTPYKTYypy BHEIIHEW moBepxHocTu. Ilepuon
ompenensaeTcsl IaroM BUTKa oOOkpyuuBatomeid Hutu. Illar BuTka 0OBIYHO
COM3MEpPUM C JUAMETPOM BHHTOBOM JIMHUU W JJi1 OOJIBIIMHCTBA BapUAHTOB
KOMOMHUPOBAHHBIX HUTEW MNPSAWIBHO-KPYTHIHBHOTO CIoco0a MPOU3BOJCTBA
Huten nexut B npenenax K = 0,2...5 , rae K — oTHomeHue mara BUHTOBOM
JUHUU OOKPYYHMBAIOIICH HUTH K €€ IUaMETPY.

Jlnst momydeHuss HEOOXOAUMBIX aMOPTHU3UPYIOUIMX CBOWCTB B paJMaIbHOM
HarnpasyiieHuu 3HaueHue K qoimkHo HaxoauThes B mpegenax 1...3.

['eoMeTpuueckue mapameTpbl M XapaKTEPUCTUKH HAPYKHOM TMOBEPXHOCTH
KOMOMHMPOBAHHOM HHUTH MOTYT OBITh HU3MEPEHBI TOJIBKO  METOJaMH
HEpa3pylIalonero KOHTPOJIs, TaK Kak JIOOble MEXaHHMYECKHUE BO3JICHUCTBUS
U3MEPUTENIBHBIX MTpeoOpazoBaTeeil Hen30€KHO U3MEHSIOT UX TEOMETPHIO.

B TekCTUIBHOM MaTepuajoBEICHUU MIMPOKOE PACIpPOCTPAHCHUE MOIYyUHIU
ONTUYECKHWE METOJbl M3MEPEHHUS TONEpeYHUKAa HUTEH U BOJIOKOH, KOTOPBIE
OTHOCSITCSI K KJIACCYy METOJI0OB HEpa3pyILIAOLIETO KOHTPOJISI M MPEIYyCMOTPEHBI
I'OCT 18353.

Kpome uzmepeHus nmonepeyHUKa HUTEH C MOMOIIBIO ONTHYECKUX METOO0B
MOYKHO OILICHUBaTh HEPOBHOTY JIMHEWHOW MJIOTHOCTH HAPY>KHOT'O MOKPBHITHS B
OCEBOM HAIMpABJICHUH, HEPABHOMEPHOCTh YKJIAIKH OOKPY4YHBAIONIEH HHTH,
CMENICHUE BOJIOKHUCTOIO IMOKPBITUS OTHOCUTEIIBHO OCH CEpPJICYHUKOBOW HHTH,
HaJIMIUe JTOKAITBHBIX Ie(PEKTOB HAPYKHOTO IMOKPHITUS HUTH | JIP.

Hawnbonee pa3BepHyTas kinaccuuKaus ONTHYSCKUX METOJIOB M JCTAIBHOEC
OIMCaHME MPOIIECCOB U METOAMK U3MEPEHHH MpeCTaBIeHBI B padoTax [4...5].

JlocTOMHCTBaMM  ONTHYECKUX METOHOB  SBJISIOTCS: YHUBEPCAIBHOCTD,
OTHOCHUTEJIBHO BBICOKAas CTENEHb TOYHOCTH, OBICTPOACHCTBHE, OTHOCHTEIbHAs

IpoCTOoTa pCaIU3alHuu. K HCOOCTaTKaM CJICAYET OTHCCTH OI'PAHUYCHUA,



CBSI3aHHBIE C pa3MepaMH U3MEPSIEMbIX BEIWYUH (MHUHUMAJbHBIE pa3MeEpPhI
O0OBEKTOB HM3MEPECHHUS] TECOPETHUUYECKU HE [OJDKHBI OBITh MEHBIIE IOJOBUHBI
JUIMHBI BOJIHBI MCTOYHHMKA OCBEIICHUS B COOTBETCTBUU C MpaBujoMm Penes).
Kpome Toro — Bocmpusatrhe cBeTa riia3oM 4YeJIOBEKA U ONTUYECKUMH CEHCOpaMu
(IT3C unu apyrux TUIIOB) MOTYT CYIIECTBEHHO Pa3inyaThbCsl MPU U3MEHEHUU
JUTMHBI BOJIHBI U UHTEHCUBHOCTH, YTO CO3/1a€T JOMOJHUTEIbHBIC TPYIHOCTH TIPU
pa3paboTKe U peain3aluu anmnapaTyphl.

Jlns pa3paboOTKM METOAMK HU3MEPEHHUS TE€OMETPHUUYECKUX XapaKTEPUCTUK
HUTEH HEOOXOIMMO TMOJYYUTh TEOPETHUUYECKYIO MOJIEeNb, KOTOpas OIMCHIBACT
¢bu3uKy mpoliecca B3aUMOJEHCTBUSI MOTOKA HM3IydeHHs] (MOHOXPOMATHYECKOTO
WM TIOJIMXPOMATUUECKOT0) ¢ 00bekToM. C MpuOIMmKEeHUEM K MUHUMAIBHOMY
npeleapHOMY pa3Mepy OO0BbEeKTa U3MEpPEeHHsS CYIIECTBEHHO  BO3pPACTalOT
TPYJIHOCTH B OIMCAHUM TEOPHUH ONTHYECKHUX METOJOB — MaTeMaTUYeCKUi
anmapar CBsi3aH C pEIICHWEM ypaBHEHUWM MakcBesia, ONUCHIBAIOIIUX
aneKkTpoMarHuTHoe mnosie. CTaHOAapTHBIE YHUCIEHHBIE METOAbI MX PEIICHUS HE
BCErJa Jar0T YAOBIETBOPHUTENIbHBIE pE3YyJIbTAThl, MO3TOMY B HPAKTUYECKOM
TEKCTUJILHOM  MaTepHAIOBEJICHUU TP  HUCHOJB30BAaHUHM  JTU(PPAKIIMOHHBIX
METO/IOB 4acTo MOJIB3YIOTCS AMITUPUYECKUMU KOPPEISIUUOHHBIMHU
3aBUCUMOCTSMH, KOTOPbIE IPUMEHUMBI TOJIBKO [JIi OJHOTO KOHKPETHOTO
oOpa31a 1ubo Jj1s1 OTpaHUYCHHOTO UX KOJINYECTBA.

PaccmarpuBaembiii B TpemiaraeMoid paboTe aBTOMATHU3MPOBAHHBIN
KOMILIEKC JJISI HCCIIEIOBAHUSI TEOMETPUUECKUX XAPAKTEPUCTUK MOBEPXHOCTHOTO
CIOsT KOMOWHHPOBAHHOW HHUTH  OOECTEYMBACT BO3MOXHOCThH peallh3alliu
MHTETPAIIbHOTO TEHEBOTO OINTHYECKOIO0 METOJa M METOJa W3MEpPEeHHUl B
oTpakeHHOM cBeTe. Ju(ppakimoHHBI METOJ UCIOJIb30BaTh HE MPEANoIaraeTcs
B BHJIY TOTO, 4YTO pa3Mepbl OOBEKTOB H3MEPEHHUS CYIIECTBEHHO OOJbIIe
MOJIOBUHBI CpEJHEN /JIMHBI BOJHBI MOTOKAa OCBEUICHUS W HEIMHEHHOCTAMU

ONTUYECKUX SBJICHUI MOXHO MPEHEOPEUb.



Ha ocHoBe  wuH(poOpManuu, NOJY4EHHOM B pe3ynbTaTe o00pabOTKU
(GOTOCHUMKOB W BHIE0(AilIOB H300paKEHUS YYaCTKOB MOBEPXHOCTH HUTH,
BBIMIOJTHEHHBIX B HAIMpaBICHUH 00pa3yIolleil mpu BpalleHUH o0pasia 3a OJuH
MOJTHBIA 000POT BOKPYT €ro OCH, MOTYT OBITH MOCTPOCHBI KOMIBIOTEPHBIC
MOJIETT KOPOTKHUX YYaCTKOB HUTH C BO3MOXKHOCTHIO aHAJIM3a MOBEPXHOCTH B
BUJIE pa3BepTKW HUIWHApA. [log KOPOTKMMH y4YacTKaMHu CIeAyeT MOHUMATh
OTpPEe3KH HUTH, JUIMHA KOTOPBIX COCTABIISET HECKOJIBKO JECSITKOB OT pa3Mepa

MOoNCpCYHUKAa HUTH.

CtpykTypHass cxema anmnaparHoro KOMILIEKCa JUIE  WCCIICIOBAHMUS
FCOMETPUYECKUX XapaKTEPUCTUK IMOBEPXHOCTHOTO CJIOSI  KOMOMHHPOBAHHOM
HUTH TPSIUIBHO-KPYTHIBHOTO CIIOc00a MPOU3BOICTBA MpuBecHa Ha Puc. 1.

Uccnenyemsiii obpazer; HUTH 1 3akpenisieTcs B 3aKuMax 2, KOTOPbIE UMEIOT
BO3MOHOCTh CUHXPOHHO MTOBOPAUYUBATHCS OTHOCUTEIILHO OCH HUTH Ha yTOJI JI0
360° ¢ AMCKPETHBIM MIATOM [TOBOPOTA. DIEKTPOIPUBOILI 3 3a5KUMOB BBIITOJIHEHEI
Ha IIAaroBbIX OJJIEKTPOJBUTATEISAX W PEAYKTOpaX, UYTO IMO3BOJSET MOJYUYUTh
MUHUMAJIBHBIN yTOJ1 TIOBOPOTA JI0 J0JIEH Tpaayca.

3akMMBI  CO3/IAIOT HayajJbHOE HATsHKEHHE oOpasna s  pachpsMIICHUs
CEepPJACYHUKOBOM HHUTH, a TAaKKe€ 00ECIIEUMBAIOT COOCHOCTh €€ C OChIO BpaIlCHUS
3aKMMOB. 3aKUMbl  3aKPEIUIAIOTCS HEMOCPEJACTBEHHO Ha TMOBEPXHOCTH
CEepPJACYHUKOBOM HHUTH, KOTOpas OCBOOOXKTACTCS OT HAPYKHOTO BOJOKHHUCTOTO

nokpeITUs Ha JumuHe 10...15 MM OT KoHITa oOpa3sia.
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Puc.1. CtpyKTypHasi cxeMa anmnapaTHoro KoMIieKca Jis

UICCIIEIOBaHUs T€OMETPUUYECKUX XAPAKTEPUCTUK
MOBEPXHOCTHOT'O CJIOSI KOMOWHUPOBAHHOW HUTHU
IPSIAMIIBHO-KPYTHIIBHOTO crioco0a

IPOU3BOICTBA

CHHXPOHHOCTH MOBOPOTa 3aKHMOB 0O0ECTIeunBaeTCsl OJIOKOM YIpPaBICHUS
ANeKTponpuBoAamMu 4, KOTOPBIM MOJydyaeT KOMaHAbl OT ympasistomeid OBM
(mepconanbHbId KOMMTBIOTEP). LludpoBas doTokamepa (wiau BUAEOKamepa) S
MO3BOJIIET MOJIYYUTh H300pa)K€HHE YydacTKa [OBEpXHOCTH HUTH. [lpu
UCIOIb30BaHUU (oTOKaMepbl TpeOyeTcs cepus (POTOCHUMKOB MPHU IOBOPOTE
o0Opasua Ha yroa 360° ¢ HEKOTOPBHIM JUCKPETHBIM IIArOM 110 OTHOLIEHHIO K €r0

OCH, a IPHU HCIIOJIIB30BAHHMHN BHIACOKAMCPBI IIPOUCXOAUT HCIIPCPBIBHAA CbHbCMKa



MOBEPXHOCTH 3a MOJHBIN ero 000poT. Pe3ynabTaToM B 000MX cliydasx sIBIsSETCS
MOJTyYeHHEe U300pakeHus Pa3BEPTKHU MOBEPXHOCTU oOpasia. [ cBs3u Kamepbl

5 ¢ ynpasnsromeid 9BM uncnonb3zoBaH 010K ynpaBieHus 6.

13380: 100105

1. PaspaboraHa CTpyKTypHass cXeMa aBTOMAaTHM3MPOBAHHOIO amNMapaTHOIo
KOMILIEKCa ISt UCCJIeI0BaHUS TreOMETPUUYECKUX XapaKTepUCTUK
MOBEPXHOCTHOIO CJIOSi KOPOTKUX 00pa3lioB KOMOMHUPOBAHHOW HUTH MPSIAUIBHO-
KPYTUIIBHOTO CItoco0a MpOU3BOJICTBA.

2. Pe3ynbraThl HccieoBaHUN TMOBEPXHOCTHOTO CJIOSI KOPOTKUX 00Opas3IoB
KOMOMHUPOBAHHOW HUTHM  HA allapaTHOM KOMIUIEKCE MO3BOJISAT YTOUYHUTH

reomeTpudeckue (KoMmmnbroTepHbie) Moaenu Hutu B 2D u 3D — popmarax.
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HpI/I AHAJIN3€ U OLCHKEC CBOMCTB HapYKHBIX BOJIOKHHUCTBIX HOKpI)ITI/Iﬁ TaKUX HUTEU HeO6XOZ[I/IMO 3HAaTh UX
TCOMCTPUUYCCKHUE XapPAKTCPUCTUKH, HCIIOJIB3YSA KOTOPBIE MOXHO OICHHUTH  pa3MCpbl IMOIMNEPEHYHOro CCUCHMA,
HEPOBHOTY €ro, HCPABHOMECPHOCTD 11ara 06pr‘lHBaIOHIefI HUTH, CTCIICHb BOPCUCTOCTU IMOKPLITHA U IPYTHUC.

Z[J'IH U3MCPCHUA T'COMETPUUCCKUX XAPAKTCPUCTUK HAPYKHOI'0 MOKPBITUA KOM6HHHpOBaHHOﬁ HUTH
IpAAUIBHO-KPYTHUIIBHOT'O criocoba MIPpOMU3BOJCTBA B KOCTpOMCKOM TOCYyAapCTBEHHOM TEXHOJIOTHYCCKOM
YHUBCPCUTCTC pa3pa60TaH aHHapaTHLIﬁ I/I3MepI/IT€HLHLIﬁ KOMIIJICKC, BKJ'IIO‘Ia}OHII/Iﬁ B cebs U3MCPUTCIIbHYIO
YCTaHOBKY, OJIOK HCTOYHHMKOB ITHTAaHHS QJICKTPOINIPUBOJAOB OTJACJIbHBIX Y3JIOB YCTAaHOBKH, OJIOK aHaJoro-

urQpoBBIX peodpazoBaTesel 1 NEPCOHANBHBIN KOMITBIOTED.

Knaccudukanus onTodieKTPOHHBIX METON0B KOHTPOsi. ONTO3JIEKTPOHHBIE METOJbl M3MEPEHHUS,
MpEACTABJIAOIIHNEC UHTEPEC C TOUYKU 3PCHUA BO3ZMOKHOCTU UX NPHUMCHEHUA, MOXHO KJ'IaCCI/Iq)I/IIlI/IpOBaTB 1o AByM
MpU3HaKaM: METOAbI, OCHOBAHHBIC Ha H3BJICHCHUU I/IH(bOpMaIlI/II/I U3 COOTHOLICHUSA ITOTOKOB M3JIYYCHHUSA H
METO/Ibl, OCHOBAHHLIC Ha WUCIIOJIB30BaHHUN Pa3BEPTKU. HepBbIe Ha3bIBAOT MHTEIrpaJIbHbIMU METOJJaMU, BTOPBIC —
CKaHUPYIOIUMH.

Takum 00pa3oM, ¢ OHOM CTOPOHBI ONTOAIEKTPOHHOE U3MepUTeNnbHOE ycTpoiicTBo (OOUY) Moxer paboTaTh
B TpOXOJSIEM WIM OTPaXEHHOM CBeTe. B CIOXHBIX yCTpOHCTBaX, B KOTOPBIX HCIOJIB3YIOTCS
MHOIOIapaMeTpoOBble METOJbl M3MEPEHUs, BO3MOXKHO cOBMecTHOe mnpumeHenne ODOUY B oTpakeHHOM H
npoxozduieM csere. C Opyroil CTOPOHbI, MOXKHO HCIONB30BaTh YPOBEHb IOTOKA M3ITy4EHUs], MOCTYNHBIIErO Ha
(oTOonpueMHHK, B Ka4eCTBE HOCUTEISI HH(POpMALK 00 U3MepseMOM IapaMeTpe KOHTPOIUPYEMOro 00beKTa HiIn
OCYLIECTBIISITh PAa3BEPTKY M300paXKEHUsI, HAXOAAIIErOCs B I0J€ 3peHust onrodiekTpoHHou mnapel CJ1-OIl,
u3BJIeKast HHPOPMALHUIO U3 PACIIPEACIICHUS ONTHYECKUX HEOJHOPOIHOCTEH B Ipeenax 3TOro Mois 3peHusL.

VYuuteiBasg ABa PAacCMOTPEHHBIX KIACCH(HMKALMOHHBIX MNPUHIMIA, MOXHO BBIICIHUTH CIEAYIOIINe
IPYMIIbI ONTOIEKTPOHHBIX METOJIOB U3MEPEHUSL:

1) wuHTerpasbHBIC TCHEBHIC;

2) TeHeBbIE CO CKAHUPOBAHUEM;

3) wuHTerpanbHbBIEe HA TPOCBET;

4) Ha MPOCBET CO CKAHUPOBAHHEM;
5) uHTErpansHbIC HA OTPaKCHHCE;

6) MHOrOmapaMeTpOBHIC.

HuTerpanbHbie TeHeBble MeTOAbl. [IpWHIMI NeWCTBUS TIOOOTO ONTORIIEKTPOHHOTO YCTPOMCTBA,
M3MEPSIOIIEr0 WHTErpaTbHBIM TEHEBBIM METOIOM, MOXKHO TOSICHUTH Tak: MCTOYHMK cBera 1 (puc. 1.3, a) maer
MOTOK HW3JIY4EHUs, HEKOTOpas 4acTb KOTOPOro, paBHas Do, BBIPE3aeTCs OrPAaHMUYMBAIOIINM 3JEMEHTOM 2 U

Hampasisiercst Ha  ¢ortonpueMHHK 4. Poilbp  OrpaHMYMBAIONIETO 3JIEMEHTa MOTYT HWIpaTh TPaHHIBI

CBETOYYBCTBUTENBHON NOBEPXHOCTH (POTONPHEMHUKA WITH TPAHHUILBI OTBEPCTHUA C IIIOMAABI0 8, = d-hs



C moMOolIbI0 HMHTErpajbHOIO TEHEBOIO METOJa MOXHO HU3MEPSATh IUIOWAJb CEYEHHUs, IOINEpEeUHbIi
JIUHEWHBIN pa3Mep WM MTOJIOKEHUE Kpast KOHTPOJIUPYEMOTo 00BEKTa.

Berme mpenmonaraisoch, 4To OOBEKT M3MEPCHHs COBEPIICHHO HEIMPO3padeH UIS UCIONb3YeMbIX UTHH
BOJIH M3JIy4E€HHS, OJHAKO CIIEIyeT 3aMETUTh, YTO BCE PACCMOTPEHHBIE BBIIIE TEHEBBIE METOJbl MOYKHO
WCTONB30BaTh M B CIydae OOBEKTOB IONYNPO3PAYHBIX [UIS UCIONB3YeMBIX JUIMH BOJH. Ilpu 3TOM
YyBCTBUTEILHOCTH METOJIa COOTBETCTBEHHO YMEHBIIAETCSI, U BEChbMa CYILECTBEHHBIM UCTOUHUKOM TOrpeUuTHOCTEN
HU3MEPECHHUS MOXKET CIIYXKHUTh HEIOCTOSHCTBO KO3(HIMEHTa OTeph OTOKA M3JTYUEHHSI PH MPOXOXKIACHUH Uepes
00BEKT, T.C. HEMIOCTOSIHCTBO CTCIICHU MPO3PAYHOCTH TOCIIEIHETO.

TeHneBble MeTOObI €O CKAHHPOBaHMEeM. Pa3BepTKy JIOOOr0 IUIOCKOTO H300paKEHUS MOXKHO
OCYIIECTBUTh MO OJHOM WJIM JBYM OCSIM, T.€. TIO KaJIpy; COOTBETCTBEHHO TE€HEBbIE METOJIbI CO CKaHHUPOBAHUEM
MO/IPa3ACIIAOTCS HA METO/BI C JUHEIHBIM CKAHUPOBAHUEM U CO CKAHHMPOBAHHUEM 10 KaJpam.

TeneBoil MeTon C JNMHEHHBIM CKaHUPOBAHMEM [IO3BOJIAKOET OMNPEACNUTh TOJNOKEHUE Kpas TEHU

U3MEpSeMOro 0OBbeKTa.



