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ONTUKO-MEXAHWYECKOE YCTPOUCTBO ANA IMHEUHO-YINMOBbIX U3MEPEHUN
Uyrynosa 1.A., Cxauko H.IO.
MOoOCKOBCKH TOCYAapCTBEHHBIN HHCTUTYT IEKTPOHUKN B MaTeMaTHKH (TeXHUUecKuii yHIBEPCHUTET)

Pabota npenHasHaueHa M1 Pa3BUTHS ONTUYECKUX METOJIOB JIMHEHHO — YITIOBBIX M3MEPEHHH Ha 0a3e HOBBIX
uH(popMaMOHHBIX TexHOJorHH. OCHOBY pa3pabaThiBaeMbIX METOJIOB COCTABISAET ONTHKO-MEXaHUUECKOE YCTPOUCT-
BO, CKaHUPYIOIee KOHTPOJIUpYeMblii 00bekT. M3mepurenbHas nHdopmanus nepeaaercs B KOMIBIOTED € LEIbI0
MHTEJUIEKTYaJIN3allMi METPOJIornieckoro odbecrnedenus [1].

OTnMuuTEEHON OCOOEHHOCTBIO SIBJISIETCS] MCIOJIB30BAHNE CUCTEMBI aBTOMATH3UPOBAHHOTO MPOEKTHPOBAHUS
AutoCAD, MoanpuunpoBaHHOH C IEJbI0 pean3alul  OeCKOHTAaKTHOTO M3MEPEHHUS Pa3MEepOB IJIOCKHX AeTalleld —
00BEKTOB 3JIEKTPOHHOW IPOMBIIIIEHHOCTH, MAaIIMHOCTPOCHUS U TPUOOpOCTpOoeHUs. Pa3mMepbl TOHKOCTEHHBIX 00b-
€KTOB HE MOTYT OBITh M3MEPEHbI TPAANIIMOHHBIMI KOHTAKTHBIMU CPEICTBAMH U3-3a Ae(OPMAIN OT N3MEPHUTENb-
HOTO YCHJIMSI MJIM M3-3a OTCYTCTBHS MEXaHHYECKOTO JOCTYyIa K MOBEPXHOCTSIM, OIPaHWYMBAIOIINM KOHTPOJIUpPYE-
MBbI€ pa3Mmepsl [2].

B Hacrosiee BpeMs K OCHOBHBIM CPEACTBaM OECKOHTAKTHOTO M3MEPEHUs JIMHEHHO-YIIOBBIX Pa3MepOB OTHO-
CSITCSL MHCTPYMEHTAJIbHBIEC U YHHUBEpCallbHble MUKpOCKOIb! (Puc.1,crieBa), BEIIOIHEHHBIE IO OJHOM cXeMe, B KOTO-
PYIO BXOJST OCBETUTENh, OCHOBAHME, CTOJ MPEAMETHBIIN ¢ ABYMS KapeTKaMM Ha B3aMMHO-NEPIEHIUKYIAPHBIX Ha-
npasisitomnx [3]. Kaxnas kaperka cHaO)keHa JIMHEWHOH LIKaloW, OTCYETHBIM YCTPOWCTBOM WIIM JIATUYUKOM IIepe-
MelneHui. M3MepsieMyro aetajib HaOMI0Aal0T B YBEJIMUYCHHOM BHUJIC B MUKPOCKOII C OKYJIIPHOH royioBkoit. [Tepeme-
LIEHUEM KapeTOK MOABOAAT BU3MPHYIO JHUHMIO, BUIUMYIO B OKYJIIp, K MOBEPXHOCTSM, OTPaHUUUBAIOIIAM H3MeE-
psieMBblIii pa3Mep U (PUKCUPYIOT MOKa3aHUsI 0 MUKPOMETPUYECKUM BUHTaM (MHUKpOIIapaMm) IepeMenIeHuUs KapeToK.

JI71st N3MepeHHsl yIIOBBIX PAa3MEPOB MPEIMETHBII CTON CHAGKEH MCKOM CO IIKAJIOH ¢ neHoit nenenns 1°.

OpHOW M3 OCHOBHBIX SIBIISIETCS TOTPEIIHOCTh HABEJACHUS BU3WPHOW JIMHUHU-IITPHUXA CETKH Ha KOHTYp JIETaH.
3OTa MOTPEenrHOCTh CBSA3aHa C YBEIMYEHNEM OOBEKTHBA M HaXOAWTCS B mpenenax 0,5-2,5 MrwM.

JIuHeiHOE NepeMeleHne ¢ OMOIIBI0 MUKPOIIaphl HMEET MOTPELIHOCTh Mopsiaka 3 MM IlorpenrHocts oTcue-
Ta 1o Mukpomnape He 6oinee 1,4 mxm. [Ipu ncnonbp30BaHNN KOHLEBBIX MEP JUIMHBI ITOTPEIIHOCTD NEPEMELICHUS Ha-
XOAUTCA B TIpeJernax 2-5 MKM.

B coBpeMeHHBIX MEKPOCKOIIaX yCTPOICTBA OTCUETa JMHEHHBIX MTepeMeIIeHIH MoIKIo9aoT K OBM.

["abapuTHbIe pa3Mepbl HHCTPYMeHTaIbHBIX MUKpockoroB 1000x1000x700 MM, Bec 6omnee 80 kI

PesynbraThl paboThI MO3BOJISIOT MOBBICHTH TOYHOCTh M aBTOMaTH3MPOBATh MPOLECC JIMHEHHO-YTIIOBBIX H3Me-
peHUii MyTeM 3aMeHbl HHCTPYMEHTAJIBHBIX U YHUBEPCAIBHBIX MUKPOCKOIIOB Ha YCTPOICTBAa TEXHHUECKOTO 3PEHHUS.

amepurensHas
cucTema

Puc.1. Bmecto Mukpockona u3MepuTeabHas cucTeMa AJisl TMHEWHO-YIJIOBBIX U3MEPEHUN.

Perennem npo0OiieMbl aBTOMATH3aIWN JIMHEHHO-YTIIOBBIX U3MEPEHUIA SBISCTCS CO3AHHE WHTETPUPOBAHHOTO
mpou3BoacTBeHHOTO Komiuiekca (UIIK), 00beIUHSOMEro CHCTEMBl HHTEIUICKTYaTU3aIH BCEX ITAMOB POCKTHPO-
BaHMS U U3TOTOBJICHHS B €IMHOE 1IEJI0€.

OmHUM W3 OCHOBHBIX OOBEKTOB HCCIENOBAaHUI B MaHHOH padOTe SBIIETCS MOJCPHU3UPOBAHHBIA OINTHKO-
MEXaHWYeCKHUH CKaHep (YHKIHOHUPYIOMHN B HeTPAAUIMOHHOM ISl HETO pesKMMe JUHEIHO-YIJIOBBIX u3Mepe-
nuii (Puc.2).

VcTouHuk cBeTa MOJICBEYMBACT y3KHI y4acTOK n3MepsieMoro o0bekra. OTpakeHHBINH OT TOBEPXHOCTEH 00beK-
Ta CBET MPOXOIMT Yepe3 CUCTeMy JHH3 U nonanaeT Ha auHeiHyto [13C — matpuity. Uadopmanus uz [13C — matpu-
LBl uepe3 TOT wiK uHoi unHrepdeiic nepenaercs B [IK. Onruueckas cucremMa ckaHepa — MOJBHXKHAS, OHA MepeMe-
IIaeTcst BAOJIb 00BEKTa Pa3MEPHOr0 KOHTpOJIs (CKaHUPYeT), rocienoBaresibHo nepeaanas B [TK ctpoku nzobpaxe-
HUA.

JIJ1s MOBBITIIEHUS] TOYHOCTH M YIPOILCHHSI METOJUKH BBIIOJTHEHUS U3MEPEHHI UCTIOIB3YETCSI METOJ] CPABHCHHS
n3MepsieMoro pasMepa X ¢ pazmMepoM X,, 00pa3LoBOii AeTaIU-MEPHI JUINHEI.

Paspermenne ckanepa, onpeaensieMoe KOJMYECTBOM Todek Ha JroiM — dpi (dot per inch), sBrnsieTcs omHON U3
OCHOBHBIX COCTABIIIIONINX MOTPEITHOCTH M3MepeHni. Pa3pernenne mo koopanaare X o0BeKTa, CBA3aHHOE C YUCIOM
TOYEK B CTPOKE, 3aBUCHT, B 0OCHOBHOM, OT [13C — marpuisl u Haxoautcs B npeaenax 300-2400 dpi. Paspemrenne mo
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O6paboTka 1 nepepgaya MsMepuTenbLHOM NHopMaLumn

KOOpauHaTe Y NU3MEPSAEMOT O O6’bCKTa, CBA3aHHOE C IMEPEMEUICHUEM ONTHUYECKOTO AaT4yuKa, 3aBUCHUT OT TOYHOCTH
TMMO3UITUOHUPOBAHUA ONTHYECKON CHCTEMBI.
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Puc.2 Onruko-MexaHHYecKoe yCTPOHCTBO I U3MEPEHUs IMHEHHO-YTIIOBBIX Pa3MepOB

MeroiKa HCCIIeIOBaHHIA MTPEATIOaraeT peain3annio a0COII0THOIO M OTHOCHTEIBHOTO H3MEPEHHUS U BKIIIOYA-
€T CJIEAYIOLIHE Ollepalny:

® OIIEHKAa METPOJOTHYECKHX XapaKTEePHCTHK ONTHKO-MEXaHNYECKOT0 CKaHepa — XapaKTEPUCTUKN U3MEPHUTEIb-
HOTO TIPeoOpa30oBaHUs, CIyYaHHOH, CHCTEMAaTHYECKOH MOTPENIHOCTH, MOTPEITHOCTH OT JApeida, MOTPerrHOCTA OT
Bapuanumy;

® ajanTanys MPOTrPaMMHOrO oOecIieueHHs Il CKaHUPOBAHMS M IPEABAPUTEIHHOW 0OpabOTKH pacTpOBOTO
M300pakeHusI BLIOOPOM HEOOXOIMMOTO pa3pelieHus, SPKOCTH U KOHTPACTHOCTH U300paKeHUS

e arTecTanus Mep JUIMHBI JUI OTHOCUTEIBHOTO METO/Ia N3MEPEHNUH;

® CKaHMPOBAaHHE MEPHI JUIMHBI M 00BEKTa H3MEPEHHH;

® peoOpa3oBaHUE PACTPOBOrO M300pPaXKCHHSI B BEKTOPHYIO (POPMY C MOCIEIYIOUMM H3MEPCHHEM JIHHEHHO-
yrnoBeix pazmepoB B CAITP AutoCAD;

® [porpaMMHasi KOPPEKLHs COCTABILIFONINX ITOTPEIIHOCTH U OIIpeeIeHUEe CYMMapHOH NOTrpenIHoCTH[2];

® OKOHUaTenbHast 00paboTKa Pe3yIbTaTOB N3MEPEHHH.

OmnpeneneH NpenBapUTENbHBIN COCTaB 000PYIOBaHMS ITO3BOJISIIONIETO 3aMEHUTh MHCTPYMEHTAIBHBIE U yHU-
BepcalbHbIC MEKPOCKOITBI Ha aBTOMAaTHU3HMpoBaHHOE pabodee mecto (APM). APM BKIto4aeT MOIepHU3UPOBAHHBIH
ONITHKO-MEXaHWYECKUI CKaHEp M IIMPOKO HCIIOJIB3YyEMBIX CPEICTBA COBPEMEHHBIX MH(OPMAMOHHBIX TEXHOJIOTHI
HOYTOYK, KapMaHHBII ITepCOHANBHBIN KOMIBIOTEp U Ip. BriOpano mporpammuoe obecrnieueHne Ha 6aze Imaging u
AutoCAD. JIng KoppeKIuy NOrPeIHOCTH JINHEHHO-YTIIOBBIX H3MEpeHnH ucnoibs3oBaics Excel,

[Moydens! mpeaBapUTENIbHBIE PE3YIbTaThl U3MEPEHHH, TOATBEPKAAIOIINE BO3MOKHOCTh OECKOHTAKTHBIX JIH-
HEWHO-YTTIOBBIX M3MEPEHHH Ha IJIOCKMX OOBEKTaX, B YACTHOCTH, Ha JETANAX 3JIEKTPOHHO-ONTHYECKOW CHCTEMBI
JJIEKTPOHHO-JIy4YEBbIX TPYOOK.

MeTposoruueckue XapakTepUCTUKU TpeiaraeMoil U3MEepUTENbHON CUCTEMBI: Auana3oH u3MmepeHuit 200 MM,
4qyBCTBUTEIbHOCTH 0,64 e1./MKM, cTaHJapTHas Cly4aiiHas morperrHocts He npebimaer 0,06 MKM, cucTeMaTnie-
CKasl IIOTPEIIHOCTh HaXOMUTCS B MIPeAeax 3,5 MKM M MOXET ObITh yMEHbIIIEHA IPOTPaMMHBIMH CPEJCTBAMH BBIOO-
POM HOMMHAJIBHOM XapaKTEPUCTHKN M3MEPHUTEIBLHOTO MPeoO0pa3oBaHMs M0 METONY KyCOYHO-JIMHEHHOTO MpHOIIH-
JKEHUSI.

JanpHeimme uccineaoBaHus MPEIoaraoT BEIIOIHEHHE CIESIYIOMNX 3TANOB paboThI.

® pa3paboTKa mporpaMMHOTo odecrieueHus Ha 6a3e MmakpocoB B Excel n AutoCAD;

e BHIOOP HaWydlIedl SPKOCTH W KOHTPACTHOCTH PAacTPOBOTO M300pakE€HMS MO KPUTEPHUIO HauMeHbLIeH mo-
IPELIHOCTH IIPH Paclo3HABaHUH OOBEKTOB U3MEPEHUIA;

® peanu3alys aBTOMaTHYECKOM KOPPEKIMH HMOTPELIHOCTH METOAOM OOpa3OBBIX CUTHAJIOB U METOAOM BCIIO-
MOT'aTCJIbHBIX 1/13MepeH14171;

® [PUMEHEHHE WHIMKATOPOB KOHTAKTa C MallbIM U3MEPHUTENILHBIM YCHIEeM Ha 0a3e CTPyHHBIX NpeoOpa3oBa-
TeJiell TMHENHBIX epemeleHut [4].

BrinonHeHue pabOTHI MO3BOJIMT CO3/1aTh OSCKOHTAKTHBIE CPENICTBA JIMHEHHO-YIJTIOBBIX M3MEPEHUI BBICOKOH
TOYHOCTH, NPH 3HAYNTEIHHO MEHBIIEM Bece, radapurax M CTOMMOCTH, a 10 YPOBHIO aBTOMAaTH3allMH yJIOBJIETBO-
pstroriiie TpeOGOBaHUAM COBPEMEHHBIX MH(OPMAIIMOHHBIX TEXHOIOTHH.
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THE OPTICAL- MECHANICAL DEVICE FOR LINEAR - ANGULAR MEASUREMENTS
Chugunova I. (vip-400@mail.ru), Skachko N. (columbia@hotbox.ru)
The Moscow State institute of electronics and mathematics

Work is intended for development of optical methods linearly - angular measurements on the basis of new in-
formation technologies. The basis of developed methods is made with the optical-mechanical device scanning con-
trollable object. The measuring information is transferred in the computer with the purpose of intellectualization of
metrological maintenance [1].

Distinctive feature is use of system of the automated designing AutoCAD modified with the purpose of realiza-
tion of contactless measurement of the sizes of flat details - objects of electronic industry, mechanical engineering
and instrument making. The sizes of thin-walled objects may not be measured by traditional contact means because
of deformation from measuring effort or because of absence of mechanical access to the surfaces limiting the con-
trollable sizes. The technique of researches assumes realization of absolute and relative measurement and includes
the following operations:

o cstimation of metrological characteristics of the optical -mechanical scanner - characteristics of measuring
transformation, a casual, regular error, an error from drift, errors from a variation;

o adaptation of the software for scanning and preliminary processing of the raster image by a choice of the nec-
essary sanction, brightness and picture contrast

e certification of linear measures for a relative method of measurements;

¢ scanning of a linear measure and object of measurements;

o transformation of the raster image to the vector form with the subsequent measurement of the linear - angular
sizes in AutoCAD;

e program correction making errors and definition of a total error [2];

e final processing of results of measurements.

The preliminary structure of the equipment allowing determined to replace tool and universal microscopes with
automated workplace .Workplace includes the modernized optical -mechanical scanner and modern information
technologies widely used the portable computer, the pocket personal computer etc. The software on base Imaging
and AutoCAD is chosen. For correction of an error of linear - angular measurements it was used Excel,

The sanction of the scanner determined by quantity (amount) of points on inch - dpi (dot per inch), is one of the
basic measurements making error. The sanction on coordinate of X object, connected with number of points in a
line, depends, basically, from CCS - matrixes and is within the limits of 300-2400 dpi. The sanction on coordinate Y
of object of measurements, connected with moving the optical gauge, depends on accuracy of positioning of optical
system

Metrological characteristics of offered measuring system: the range of measurements of 200 mm, sensitivity
0,64 unit./microns, a standard casual error does not exceed 0,06 microns, the regular error is within the limits of 3,5
microns and may be reduced software a choice of rating data of measuring transformation on a method of ap-
proach(approximation) by linear pieces .

Performance of work will allow creating contactless means of linear - angular measurements of high accuracy,
at much smaller weight, dimensions and cost, and on a level of automation meeting the requirements of modern in-
formation technologies.
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