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JEUCTBYIOIUN MAKET YCTPOMCTBA JJIS1 AETEKTUPOBAHMUS
MOBEPXHOCTHBIX U IPUIIOBEPXHOCTHBIX JIEGEKTOB MAJIbIX PABMEPOB
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B cootBerctBuu ¢ 3ananuem 5.4. OKP "Jlyu" Hamu
Ob1  pazpaboraH, coOpaH W  NPOTECTUPOBaH
JeHCTBYIOIIUI MaKer ycTpoiicTBa JUIsL
JETCKTUPOBAHUS MOBEPXHOCTHBIX u
MIPUIIOBEPXHOCTHBIX JI€(EKTOB MalbIX pPa3MEPOB,
TIO3BOJIAIOLINM, TO3BOJISIOIINN CKAHUPOBATh KPYIIIYIO
miacTuHy auamerpoM 10 200 MM B CKOPOCTHOM
pexnMe u (GOpPMHUPOBATH HUPPOBOE KaueCTBEHHOE
n300pakeHHE e MMOBEPXHOCTHU C Pa3peIICHIEM MEHEE
50 MKM.

OyHKIMOHAIBHAS CXeMa MOJYJIS INpHBEJicHa Ha
pucyHke 1.
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Pucynok 1 -  Maker  ycTpoiictBa A
nerektrpoBaHus gedexron: [IBII — momyBomHOBast
minactuHka, [11 — nuueilHslil nonspuzarop, M1,2 —
3epkana, JI1—- mmaza, [IC— moBopotHsIi crom, JIT—
JUHEWHBIA  TpaHcusaTop, IIK—  mepcoHanbHbI
kommeioTep, @J — dortommon, ALl — anamoro-
udpoBoii mpeodpazoBaTes

JlureitHo monspu3oBaHHOe m3MydeHue He-Ne
Jazepa MpH TOMOIIN IBYX 3€PKall, 3aKPETUICHHBIX B
KUHEMaTHYeCKHX JIep)KaTeNsiX, HampabisieTcss MOJ
yrinoMm 45 rpaaycoB Ha obOpasell, NMOMEIIEHHbI Ha
CKaHHUPYIOILYIO wiarhopmy. CxaHupyomas
mwiaTopmMa COCTOUT U3 TOBOPOTHOrO crojia, RSMR-
T-36-115-25-KF-AM (PyxcepBOMOTOp), U INHEHHOTO
TpaHciaropa, 8T167-100 (Standa). Ilepememenue
CKaHUPYIOIEH IUIaThOpMbl OCYIIECTBISIETCS TIPH
TIOMOIIM CEpBOKOHTpoJuiepa. st  perymupoBKH
MOIIHOCTH M3JTy4EHUS OT JIa3epa ¢ MAKC. MOITHOCTBIO
5 MBT Ha BBIXOJIE JTa3epa MOMENIASTCs TOTYBOJIHOBAS
IJIACTUHKA W JIMHEWHbIM nossipuzatop. W3nmydenue
nazepa (okycupyeTcsi Ha TOBEPXHOCTh 0Opasia
chepudeckoit TMH30# ¢ GOKyCHBIM paccTostHreM 150
MM. OTpakeHHOE OT TOBEPXHOCTH 00pasla Ja3epHoe
m3nydeHus nonagaer Ha ¢oronpuemuuk (PD101,
Thorlabs), curHam c¢ KoTOporo OIU(PPOBHIBACTCS
aHaJoro-IMQPOBHIM Mpeodpa3oBareieM, B KauecTBe
KOTOPOM MCTIOJIB3YyeTCsl MHOTO(YHKIMOHAIBHAS KapTa
NI DAQ6221USB (National Instruments). Ilpu
HoNaaHuM (POKYCHOTO IISITHA Ha JIeheKT MPOUCXOUT

N3MCHCHHUEC MOIMHOCTH PACCCAHHOTO M3JIYUCHUA,
Omaromapst dYeMy MOXeT ObITh 3aUKCHpPOBaHO
HaJIT4IHE 3TOTO0 JedeKTa.

IIpn cOopke Makera TpeOOBAIOCH YIEIHThH
BHMMaHHE TOYHOH IocTHpoBKe. [IATHO wH3My4YeHus
nazepa B pazMmepe cocTaBisuio okosio 100 mxm. st
JIOCTVDKEHUSI TPEOYEMOT0 Pa3pelIeHUs U UCKITIOUCHUS
MCKa)KEHUS n300paxeHus obecre4nBaIoch
COBMEIIICHHUE TI0JIOXKEHHS JIa3ePHOTO IISITHA C IIEHTPOM
BPAIllCHUs] IUIACTHHBI, YCTAHOBICHHOW JIMHEHHBIM
TPAHCJIITOPOM B HYJEBOM TOYKE, C TOYHOCTBIO HE
xyxe 50 wmxM. [lng  TOYHOTO  COBMEIICHUS
HCIIONB30BaNIach madposast Kamepa c
[IAPOKOYTOJBHBIM OOBEKTUBOM, PacHOJIOKEHHBIMU
Ha  HEKOTOPOM  BBICOTE  HaJ  CKaHHUPYIOLIEH
wiatopMoOi, U METO/, OCHOBaHHBIH Ha 00pabOTKe
MOCJIEZIOBATEIFHOCTH CHHUMKOB MOBEPXHOCTH
MOBOPOTHOTO CTOJIA, CHATBIX MU MoJIoxkeHusX B 0, 90
u 270 rpamycoB. Ilocine 00pabOTKM CHUMKOB
OlpeNessuics MUKCEJ KaMepbl, COOTBETCTBYIOIIUM
LEHTPY BpalleHHs1 CTONA. 3aT€M B PEKUME PEaTbHOTO
BPEMEHH II0 Kamepe INpPOHM3BOJWIOCH COBMEIICHHUE
Ja3epHOTO TISATHA C IIEHTPOM BpAIIEHUS, KOTOPBII
MOACBCUNBAICS  HAa  HM300pQXCHHUH  BH3HPOM.
[TockombKy HEHTp BpalleHHs PACIIONOXKEH B ITOJIOH
YacTH POTOpa MOTOpa, ISl MOIyHdEeHHsT H300paskeHUs
ISITHA Jla3epa Ha KaMepe MOTOp IIOCPEACTBOM
JIMHEWHOrO TPAHCIATOpA NepeMellalics TaK, 4TOObI
Jlazep OcBelllayl MeTajulMueckuii 0bon poropa. s
HOJTyYeHHs YETKOT'O n300paxeHus TaKKe
HE00X0AUMO OBIJIO TOYHO COKYCHpOBATH Ja3ep Ha
TMOBCPXHOCTh INUIACTUHBI C TOYHOCTBIO HE XYKC
10 mxM. [Inst aToro (hoKycHpyOIIas JIMH3a KPeuiach
B Jep)KaTele C MIECThI0 CTENCHSIMH CBOOOIbI,
o0ecreunBaeMbIMI MUKPOMETPUIECKIMH BUHTAMH.

VYnpaBieHHe MaKeTOM OCYIIECTBISUIOCH NP
nomouw IepcoHansHoro kommeiotepa  (I1K),
KOTOpOMY OBUIM TIO/IKITIOUEHHI /IBa CEPBOKOHTPOJIIEPA
cKaHupyromeil miarpopmel u  kapta ALl NI
DAQG6221USB. TloaxmodeHue MOBOPOTHOTO CTOJA
MPOU3BOJIMIIOCH TO cienyronieil cxeme. [lutanue ot
IByx(ha3HOW CeTH MOABOJIMIOCH Ha KOHTPOJUIEP
Kollmorgen S300, KOTOPBIi OCYIIIECTRIISLIT
npeoOpa3oBaHWE TOKA M THTal  MOBOPOTHBIH
IBUraTeib.  JIOTMONHUTENPHO K KOHTPOJUIEPY
nojaBasioch nutanue 24 B ans  ocyiiecTBieHUe
NPOrPaMMHOT0 ympaBieHus. KieMMbl OJOKMPOBKH
meuratens STO u  Enable Obutn  3aKopodeHBI.
KoHTpomep ObUI MOJKIIOYEH K IEPCOHAIBLHOMY
KoMnbploTepy 1o wuHTepdeiicy RS232. Cunxpo-
UMITyJIbC HyJIEBOH METKH JHKozepa (pazseM X5)
nojaBajics Ha ocHwUiorpad Uil KOHTPOJIS M Ha
mudposoit Bxox PFIO xapter NI DAQ6221USB.
Ynpasnenue JIMHEWHBIM TPaHCISITOPOM
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OCYIIECTBIISIIOCH Yepe3 KOHTPOJUIEP, MOKIIOUSHHBIH
k IIK no unrepdeiicy USB. Curnan c ¢oroauona
mocine  yCWICHHS (BCTpOCHHBIIT  YCHIJIHTENH
¢doronuona), MmomaBayics Ha aHAIOTOBBIA Bxoj a0
kapTbl NI DAQ6221USB. Kapra moakirodanack k [TK
Takoke depe3 wuHTepdeiic USB. s ympaBneHus
MaKeTOM CHCTeMBI pPerHCTpaluy ObIIO pa3zpaboTaHo
mporpamMmmHOe  obecmewennme Ha < C++  mia
MOAKJIFOYEHHs] yKa3aHHBIX aIllapaTHbIX CPEACTB B
cpene Matlab. Takxe ObL1 pa3paboTaH MPOrpaMMHBIH
CKPHIIT, PEATM3YIOIMH JIOTHKY CHHXPOHU3ALUH
KOMIIOHCHT CHUCTEMBEI. OTMCTI/IM, 4TO 1L
npeoOpa3oBanus popmara H300paKEHHUS U3 IOJISPHOM
CHCTEMBl KOOpDAMHAT B JEKapTOBY HCIIOJIb3YETCs
JIByMepHast MHTEPIOJIALNS Ha HEOHOPOIHOM CETKE.

MakeT TeCcTHpOBAJICSI B PEKUME CKOPOCTHOTO
CKaHHpOBaHMA. B KadecTBe HcCieayeMoro OOBEKTa
HCTIONIB30BaJaCh ~ BHYTPEHHSS ~ 4YacTh  poTOpa
MOBOPOTHOTO ~ CTOJNA, TIPEICTABIAIONIETO  COOOM
MeTaJuIMdeckuit auck  guamerpom 100 mm ¢ 8
OTBECPCTUAMU JUAMETPOM 5 MM, PAacCIIOJIOKE€HHBIX I10
OKpY)XHOCTH jucka. J[lus obecrieueHus: TOYHOM
CUHXPOHU3AIMU CUCTEMBI pErUCTPpallUN C BpALICHUEM
CTOJIa TIPEJBAPUTEIHLHO OBUTH IPOM3BEICHBI 3aMephbl
pealbHOI CKOPOCTH BpalleHHsl TOBOPOTHOTO CTONA U
TakToBOM wacToThl KapThl NI DAQ6221USB. s
sToro Ha ociputorpade Tetronix u3Mepsics EpUOA
OIOPHOTO CHTHAJIA C HSHKOAEPAa W CPaBHUBAICS C
HOMHUHAJBHBIM. [[JI1 TOBOPOTHOTO CTOJA aOCONMFOTHAS
MOTPEITHOCTh  BOCTIPOM3BEIICHHST HOMUHATBHOW H
peaJbHOW  CKOPOCTH  BpAlleHHs  COCTaBHIIA
5.10% cexl. DTO MOCTATOYHO 3HAYMMAsl BEJIMUYMHA,
MTOCKOJIBKY C YY€TOM TOTO, YTO BpeMs MpoJjieTa Jryda
HaJl OJHOM TOYKOM cocTaBiseT okojo 50 MKc, 3a
BpeMsl CKAHHMPOBAaHMS  3ala3iblBaHWE  COCTaBUT
NOJHBIA 000poT. [yt KOMIeHcaluy 3aras3/bIBaHus
OblTa BBEJCHA KOPPEKIMS CKOPOCTH BpalleHHs
MOCPEJICTBOM ~ WHTEPNOJLILUK,  YTO  YJIYHIIWIO
TOYHOCTh BOCIIPOU3BeACHNUS YacToThl B 102 paza. J{ist
JOCTIDKCHUSI ONTHMAIBHOTO PEXHMa CKaHUPOBAHUS
CKOpPOCTh BpAIleHHWs CTOJNAa M YacToTa OUU(pPOBKH
AIJI cormacoBRIBAMCH MEXIy COO0OW, MCXOAS W3
MaKCHMAJIFHO JOCTHKAMON CKOPOCTH TEepEeMEIICHHS
JTUHEHHOTO TpaHcisATopa. OnTHManbHas CKOPOCTh
BpaiueHus cocrasuiia 200 06/MuH, 4acToTa BEIOOPKH —
10 kBri6/cex.

B mpouecce TecToB ckaHMpoOBaJlaCh BHYTPEHHSS
yacTh o00oma poTopa MOBOpOTHOro croja. Ha
pHCYHKE 2 TpHBEICH THIMYHBIA OLM(PPOBAHHBIN
curHan ¢ ¢oroxuona. MakcumanbHas aMILIUTYyJa
YCHIICHHOTO CHTHAJIa COCTaBMIIa okoo 4 B. B curnane
MIPUCYTCTBYIOT TPOBAJBI, KOTOPBHIH COOTBETCTBYIOT
MIPOXOXKIICHHUIO JIA3€PHOTO JIyda IO OTBEPCTUSM B
qucke. OTHOCHUTENBHBI YPOBCHb IyMa CHUTHaja
coctaBmi okoio 1 %. M3pezanHslii mpoduib curHana
00YCIIOBIICH CIITHHOM MIEPOXOBATOCTHIO TIOBEPXHOCTH
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JIMCKa, KOTOPask NPUBOJMT K PACCEMBAHMIO JIA3EPHOTO
ayya. Ilpu HenonBHKHOM JIMHEMHOM TPaHCISATOPE
CHT'HAJI CTaOWjeH, YTO IEMOHCTPHPYET TOYHYIO
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Pucyrok 2 -  OumdpoBaHHBIA  CHUrHaI
¢ Qoroanona; ock X — HOMEp BBIOOPKH, OCb y —
aMITIUTYIa, IPOBAJbl COOTBETCTBYIOT OTBEPCTHSAM Ha
JIACKE

JJisi OTIEHKHM JTOCTHKMMOTO TPOCTPAHCTBEHHOTO
paspelierns Ha poTop ObUIa 3aKperuieH MaTTepH —
CTEKJISIHHAsl TUIACTUHKA C HAHECEHHOM peleTkon
nepuoioM B 1 MM ¢ TuHMAMU ToamuHoM 12 mxm. Ha
PUCYHKE 3 TPUBEICHO IIOJYYCHHOE M300paKeHUE
pemerku. YactoTta IUCKpeTH3almy ObLia BBIOpaHA
HCX0As U3 paspenieHus: B 50 MKM, IIpU 3TOM pa3Mep
IsITHA J1azepa cocTaisit okoso 100 mxm. Kak BuaHo,
JIMHUM JIOCTATOYHO JIETKO pa3pellaroTcsi, a 3TO
O3HA4yaeT, 4TO JOCTHUTHYTO pa3pelliecHHe HE MeHee
12 MxM.

Pucynok 3 — M3o0paskeHue naTrepHa

Ilpy  nOCTWXMMOW  CKOPOCTH  BpAICHUS
500 06/MuH NONHOE BpeMs CKaHUPOBAHUSI TUIACTHHBI
muamerpoM 100 MM ¢ paspemeHueM 50 MKM
cocraBisier 4 MuHyTHL. [Ipy 3TOM YacToTa IHMKIIOB
chema/o0paboTku naHHBIX paBHA 120 kKBrIOOpOK/MUH.





