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MopTaTuBHbIN HaHoronorpaduveckun nnockomep (MHITIN) OTHOCUTCS K U3MepUTesIbHOM
TexHuKe, To4yHee K 06/1aCTU U3SMEpeHUs U KOHTPO/IS KayecTBa ONTUYECKUX NMOBEPXHOCTEN, UX
OTK/IOHEHUS OT 3aAaHHON POpMbl MOBEPXHOCTU, OMNpeAesIEHNS LWepPOXOBATOCTU NOBEPXHOCTH,
B TOM YuUC/ie CBepX r1aAKMUX MOBEPXHOCTEeMr, Hanpumep MJIOCKUX 3epKaJ, MOJIMPOBAHHbBIX
nognoxek wu T.n. MHIMA npuBoAUT K YyBEe/JIMYEHUIOD TOYHOCTU U3MEPEHUsl, CHATUI
OorpaHM4yeHUn Mo BeJIMYNHE U3MEpPSeMON NOBEPXHOCTU, YCKOPEHUIO NpoLecca UsMepeHuin 1 K
yBenunyeHuto pa6oyero TemnepaTypHoro guanasoHa. OCHOBHbIM U3MepPUTEJIbHbIM 3/IEME@HTOM
MHIMn, o6ecneymBalOWMUM €ro BbICOKME XapaKTepUCTUKU, SABAsieTCca rosiorpaduyeckum
AnvHowmep AOT.

Portable NANO holographic plane meter (PNHP,,) refers to measuring technology, more
precisely to the field of measuring and controlling the quality of optical surfaces, their
deviation from a given surface shape, determining surface roughness, including super
smooth surfaces, such as flat mirrors, polished substrates, etc. PNHP, leads to an increase
in the measurement accuracy, removal of restrictions on the size of the measured surface,
acceleration of the measurement process and with an increase in the operating temperature
range. The main measuring element of PNHP,,, which ensures its high characteristics, is the
holographic length meter

BBEAEHUE

I[THITIx - oTo ronorpaduvyeckas U3MepUTeIbHAS
cucteMma. OH npeaHa3HAYeH /IS IPELM3UOHHBIX
H3MepeHUI B peaJibHOM MacluTabe BpeMeHH,
06paboTKM U COXPaHEHMU S Pe3yJbTaTOB HU3Mepe-
HUS IpU paboTe, Kak B aBTOHOMHOM pPe>XXHMe, TaK
U C aBTOMAaTH3HUPOBAHHBIMU CHCTEMaMH HU3Mepe-
HHS B COCTaBe M3MEPHUTEJIbHO-BEIUHCIUTEIBHOTO
KOMIIJIeKCa. DTa CHCTeMA XapaKTePH3yeTCs BBICO-
KOM HaJeXHOCTbI0. MHpopMaLILus 0 BeJIMUHHe
OTK/JIOHEHUS OT MJOCKOCTHOCTH oTobpaskaercs

B IUpOBOM BH[E Tabnuu u rpaduros. ITHITIx
MOXeT 6BITh UCIIO0B30BAH B MAIIMHOCTPOEHUH,
OIITHKO-MeXaHHNYeCKOH IIPOMBIIIJIEHHOCTH, CAMO-
JIETOCTPOEHMH, BO BCeX BBICOKOTE@XHOJIOTMYECKHX
OTPACISX IPOMBIIIJIEHHOCTH, OJIsI KalHUOPOBKHU
IIPOMBIIIJIEHHBIX H3MEPHUTEJbHbBIX CTAHLAPTOB,
a TaK>Ke B HayKe U TeXHHUKe.

KOHCTPYKTHBHOEe BBIIIOTHEeHHE YCTPOHCTBA
ITHITII m03BoOJIsIeT OIIPee/IUTh C BBICOKOKM HAaHOTOY-
HOCTBIO OTKJIOHEHHE OT IIJIOCKOCTHOCTH IIOBEePXHO-
CTH, CHSITh OTpaHUUYeHMe I10 BeJIMYHHe U3MepsieMON

NTMNC—Nabopatopus ronorpadpuyeckmx MHGOpPMaLMOHHbIX U U3MepUTENbHbIX cncTeM, HULL "KypyaToBCKunt MHCTUTYT" — MNAD, r. FaTtymnHa / LHIMS,
Laboratory of Holographic Information and Measurement Systems, NRC "Kurchatov Institute" — PYAF, Gatchina
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[IOBEPXHOCTH U OCYILeCTBUTb YCKOPeHHBIH I1POLiecc
M3MepeHHUH IIpH YBelNYeHUH paboyero remiepa-
TypHOIO AHala30Ha. B mpoliecce U3MepeHUS OTCYT-
CTBYeT CyObeKTUBHBIN Ye/I0BeUeCKHUH paKkTop.

JIJ1s1 KOHTPOJIS IIJIOCKOCTHOCTH TOPHU30HTAIbHO
PacCIIONIO>KeHHBIX IIOBePXHOCTEeM HNPHUMEHSIOT
IIOBepoOUYHBble JUHEeHNKH (K HpUMePY, THHeMNKa
orntuueckas OJI-800 [1], IIUTHI, IIJIOCKHE CTe-
KJISIHHBIE IIJIACTUHBI, HHTepdepoMeTp, UM UHU
TOYHOCTH 10 0,5 MKM).

VI3BeCTHO yCTPOMCTBO A5l OIlpefie/leHU s OTKJIO-
HeHHUS OT IJIOCKOCTHOCTH IIOBePXHOCTEHM, BKJIIO-
4Jalolllee aBTOKOJIJIMMATOP [2] B KaueCcTBe U3MepHU-
Te/JBHOIO 37IeMeHTa U 3epKaJio, pacIoyiokeHHOe
Ha H3MepsieMOM MOBEPXHOCTH C BO3MOXKHOCTBIO
IepeMeIlleHHUS 10 Hell.

HepocTaToK SJAHHOTO MeTO4a CBA3aH C 60/b-
IIMM pa3MepoM M BeCOM aBTOKOJIMMaTopa (9 Kr)
M3-3a 4Yero ero ycTaHaBJIMBAalOT, KaK IIPaBUIIO,
He Ha U3MepsieMYI0 [I0OBePXHOCTb [JIS TOI0 YTOOBI
He BHOCHUTb UCKa>XeHHUS B 3Ty TOBEPXHOCTH, I103-
TOMY CeKyHJHas MIKajaa aBTOKOJIMMATOpPa U 3ep-
KaJlo, yCTAaHOBJIeHHOe Ha U3MepsieMOM II0BepXx-
HOCTH, HAaXOASTCS B Pa3HBIX CUCTeMaX KOOPAH-
HaT (HeIoJBHKHOM U IOABUXHOMN) U Pa3Bs3aHBbI
MeXXIy coboil, I03TOMY Ilepenada HHGOPMaALIUHU
OCYIIeCTBJISIeTCS C OIlpe/ie/IeHHOMN IO PeIIHOCTEIO

H3-3a U3MeHEeHH S BO BpeMeHH U B IIPDOCTPAHCTBE
HX B3aHMMHBIX paCHOHO}I(EHHfI.

U3MEPEHWSA U PE3YJIbTATDI
JlazepHble UHTeppepeHLIUOHHbBIEe U3MEpEeHUS
B nHamasoHax aavH 200 mMm, 20 M ¥ 1 KM ocCy-
IIEeCTBJISIOT C IIOMOIILIO TeTHUN-HEOHOBHIX Ja3e-
poB, obecrednBaIONIKNX BBICOKYI0O MOHOXpOMa-
TUYHOCTb, MaJIyI0 PaCXOOHUMOCTb JTydyel U 60b-
Y10 MHTeHCUBHOCTb M3/JIy4eHHUS. B ma3epHOU
HHTepbepoMeTpPHUHU paspemarnas cCrIocobHOCTh
B METPOBOM JHalla3oHe MoOXeT 65ITh 10 0,1 MKM/M
U INPOINOPLIMOHAJLHO IIepeMelleHUI0 U3Ielusl.
[TorpelIHOCTh 1a3ePHBIX U3MEPHUTE/IBHBIX UHTepP-
depomeTrpoB JIH cocTtaBisieT He 6ojee NIHHBEI
BonHEBL cBeTa (0,6 MKM). JIM 06BIUHO CTpOATCS
[0 ABYX/Jy4eBOU CUCTeMe MaHnKeabCOHA, BKJIIO-
Jallley jasep, CBeTOLeNUTeNbHOe 3epKajo
U OBa OTpa’kaTejsl, OOUH U3 KOTOPBIX HEIIOL-
BHJKEH, a APYTOM — >KeCTKO CBSI3aH C H3Je/lHeM.
OTpa3uBIIHUCH OT 3TAJIOHHOTO U 00beKTHOIO 3ePp-
KaJjl, My4YKH CBeTa COeIUHAIOTCI U UHTepdepu-
pyioT. Ha BeIxoze npubopa c moMoInbo0 poToMe-
TPUYECKOI0 CUeTYMKa IIOACUHUTBIBACTCS YHUCJIO
I10710C UHTepdepeHHHU.

HepocTtaToK JIM - OTHOCHUTE/IBHO BBICOKAS YYB-
CTBUTEJIbHOCTh K BHEIIHHM MeEXaHHUYECKUM

INTRODUCTION

Portable nanoholographic plan-
meter is a holographic measur-
ing system. It is designed for
precision measurements in real
time, processing and main-
taining measurement results
when working, both in auton-
omous mode and with auto-
mated measurement systems
as a measuring and computing
complex; this system is char-
acterized by high reliability.
Information on the magnitude
of the deviation from flatness
is displayed in digital tables
and graphs. The PNHPm can be
used in mechanical engineer-
ing, optical-mechanical indus-
try, aircraft construction, in all
high-tech industries, for cali-
bration of industrial measuring

standards, as well as in science
and technology.

The design of the PNHPm
device makes it possible to deter-
mine with a high nano accuracy
deviation from flatness of the
surface, remove the limit on the
size of the measured surface and
perform an accelerated measure-
ment process with an increase
in the operating temperature
range. In the process of mea-
surement there is no subjective
human factor.

To control flatness of horizon-
tally located surfaces, calibration
rules are used (for example, the
01-800 optic line [1], plates, flat
glass plates, an interferometer,
which has accuracy to 0.5 pm).

A device is known to determine
the deviation from flatness of the

surfaces, which includes an auto-
matic collimator [2] as a measur-
ing element and a mirror located
on the measured surface with the
possibility of moving along it.
The main disadvantage of
this method is associated with
a large size and weight of the
autocollimator (9 kg) which
needs to install it, as a rule, not
on the surface to be measured
so as to avoid distortions, due
to which it is established, as a
rule, not on the measured sur-
face in order not to make dis-
tortion in this surface there-
fore the second-scale autocolli-
mator scale and the mirror are
installed on the measured sur-
face. They are in the different
coordinate systems (fixed and
mobile) and do not depend on
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Puc.1. lonozpaguueckull naockomep

Puc.2. ®omozpagus zonozpaduyeckozo naockomepa

Fig.1. Holographic planmeter

U TeMIIepaTyPHBIM BO3JEHCTBHUSAM, UTO OTPaHU-
4yHUBaeT UX IPUMeHeHHe. ABTOKO/JIMMAIMOHHBIN
MeTOJ, MCIIOJIb3yeTCs JJIS KOHTPOJIsI OTKIOHeHHUH
OT INPSIMOJIMHEMHOCTU U IIJIOCKOCTHOCTHU I1OBEPX-
HOCTel 60JIbIION IPOTS>KEHHOCTHIO (mo 40+50 Mm).
HepmocTtaTkaMu cItocoba IBISIOTCS HEeLOCTATOY-
Hasl TOYHOCTb U3MepeHHUH, CBI3aHHas C cybbek-
THBHOM IOTPEIIHOCTBIO IIPH BU3yaJIbHOM OIIpefe-
JIEHHH LIeHTPa KOJIJTMMUPOBAHHOIO JIy4a U COBMe-
LIeHUU ero ¢ IepeKpecTbeM BU3HPYIOIeH MapKH,
a TaK>Ke C IOTPelIHOCThI0, KOTOpPAsl MOXKeT OBITH

Fig.2. Image of a holographic planmeter

BbI3BaHA CeMCMHUUYECKHMMHU KoleOaHUSIMU HIHU
BUbOpaliKell OT TeXHOJIOTUUeCKOTo 060pyoBaHU S
U CTPOUTE/NbHOM TeXHUKH, YCTPOUCTBO IPUTOLHO
TUIIb IPU HeOONBIINX M3MEeHEHHUSIX OTKJIOHE-
HHS OT IIJIOCKOCTHOCTH M TOJIBKO /IS ONITUYECKUX
MIOBePXHOCTeH. F3MepeHUs OTKJIOHEHHUS OT IJIO-
CKOCTHOCTHU OCYLIECTB/IsSETCS BPYYHYIO oIlepa-
TOpoM. YCTPOMCTBO MOKeT OIpefeaTh He IIJIO-
CKOCTHOCTb He6OJIBIIMX ITIOBEPXHOCTEH.

ITHTTIn mo3BoIsieT IMOBBICUTh TOYHOCTh H3Mepe-
HUS OTKJIOHEHH I [I0BePXHOCTH OT IIJIOCKOCTHOCTH,

each other, therefore the trans-
fer of information is carried
out with a certain error due to
changes in time and in space of
their mutual locations.

MEASUREMENTS AND RESULTS

Laser interference measure-
ments in the length ranges of
200 mm, 20 m and 1 km are car-
ried out using helium-neon
lasers providing high mono-
chromatics, low rays and greater
radiation intensity. In laser
interferometry, the resolution
in the meter range can be up to
0.1 pm / m and in proportion to
the movement of the product.

The error of the laser measur-
ing measurement interferome-
ters is no longer than the wave-
length of the light (0.6 pm).
Laser measurements are usu-
ally built according to the two-
beam Michelson system, includ-
ing a laser, a lightweight mirror
and two reflectors, one of which
is fixed, and the other is rigidly
associated with the product.
Reflected from the reference and
object mirrors, light bundles are
connected and interfered. At the
output of the device, the num-
ber of interference bands is cal-
culated using a photometric
meter.
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The disadvantage lacks of
laser measurements is due to
a relatively high sensitivity to
external mechanical and tem-
perature effects, which limits
their application. The auto-col-
limation method is used to con-
trol deviations from straight-
ness and flatness of surfaces
with a large length (up to 40 +
50 m).

The disadvantages of this
method are due to insufficient
accuracy of measurements
associated with a subjective
error in visual determination
of the center of the collimated
beam and combining it with
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CHSTb OTPAHHYEHUM 10 BeJIMYHMHe U3MepsieMOU
IIOBepPXHOCTH M aBTOMATHU3UPOBATh IIpoliecca
H3MepeHHs, YeM CylleCTBeHHO YIIPoIllaeTcs AaH-
HBIU ITpoliecc.

YcrporcTtBo ITHITIN npencTtaBieHo Ha puc.l.
OHO COep>KUT U3MePUTEIbHBIN y3es 1, BKIo4a-
IOIKUK My 2, J1aTGOPMy CO CKBO3HBIM OTBep-
CThUeM 3, B KOTOPOM YCTaHOBJIEH HU3MepHUTeNlb-
HBIH y3es. Ilyn MMeeT BO3MOXKHOCTb KacaHHUS
C U3MepsgeMOU IMOBEPXHOCTbIO U MepeMelleHHU s
B IJIOCKOCTH, MepHeHAUKYISIPHOHN H3MepsIieMOU
IIOBePXHOCTH M BAOJIb HAallpaBJIeHUS H3Mepe-
HUS, a I1aTbopMa cHab>keHA TpeMsI OIIOPaMH A,
B u C 17151 yCTAaHOBKM yCTPOMCTBA Ha M3MepsieMOU
IIOBEpPXHOCTHU. B KauecTBe U3MepUTeIbHOIO y3/a
HCII0Nb3yeTCsl JAaTUUK JINHENHBIX IlepeMelleHU N
(nnmHOMep ronorpadudeckuu - [II), BKI0OUYAIO-
M1 UCTOYHHUK CBeTa, OCBeIaloM MU ABe fudpaK-
LIHMOHHBIEe pelleTKH, OJHAa U3 KOTOPBIX H3MepHU-
TeJIbHAs, XeCTKO CBsI3aHHAs CO IIyIIOM, a Apyras
BCIIOMOTraTe/lbHas, U GOTONPUEeMHUKU. OMOPHI
A, B, C BBIIIOJIHEHBl U3 MaTepHaoB C HU3KUM
K03QPUILIMEeHTOM TeMIIepaTypHOI0 pacIIupeHHU s
U obecrednBaloOIe TPEXTOYEUHYO YyCTAHOBKY
n1aTGOPMBI Ha IOBEPXHOCTh. OHH PaCIIONI0>KeHBI
B BepIIMHAX TpPeyroJlbHHKA TakUM obpa3om,
4YTO OLHUH K3 KaTeTOB TpeyrojJibHUKaA Iapasie-
JleH OJHOM U3 CTOpoH muatdopMbl. KpoMe 3TOTO,
K YCTPOMCTBY IIpUjaaraercs npobHoe CTeKIO,
HeobxoaMMoe IJisl ero KanubpoBku (puc.2).

AT-1mpencTaBisieT cob0M MpeU3HOHHOE H3Me-
pHTenbHOE YCTPOMCTBO C IIMPPOBBIM BEIXOJLOM

HHPOPMALIMHU U C U3MEPUTEJIbHBIM 3JIEMEHTOM
B BU/Jle TMHeHNHOM rosorpaduyueckor fudpaKkLu-
OHHOH pemeTKH. B [IT KCIIOAB3yeTCs COMpsIKe-
HUe IBYyX JUPAKIMOHHBIX pelleTok 3 1 4 (puc.3),
M3 KOTOPBEIX OJJHA ~ U3MepHTeIbHas C NIHUHOH,
He MeHbIIle YeM OXKHJaeMoe OTK/JIOHeHHE OT I1JI0-
CKOCTHOCTH HM3MepsieMOU IIOBePXHOCTH, U KeCTKO
cBsI3aHa co mymnom 2 (puc.lu 2), a agpyras - He6oIb-
mas, BCIloMorarTejabHasd.

IIpiMeHeHHe PAaCTPOBBIX CONPSKEHUH JBYX
ronorpapuyecKkux AHUPPaKLHOHHBIX pelre-
TOK, o6pa3yromux KOMOMHAIIMOHHBIE Myapo-
BbI€ IIOJIOCHI, AJIs UPPOBOro M3MepeHUs Imepe-
MelleHUK MeTOLOM IIOC/eJOoBaTeJIbHOIO cUeTa
OCHOBBIBAETCH Ha CleAyolleM siBJIeHUH. Ecinu
O Ha pelleTKa ABUXETCSI B COOCTBEHHOM IJI0CKO-
CTH MHEePHEeHAHUKYISIPHO CBOUM IITPHUXAM, a APY-
ras HeIOABH)XHa 10 OTHOIIEHHIO K Habmaroma-
TeJI0, TO MyapoOBble II0JIOCEl TAKKe IlepeMelra-
I0TCs, IIpUYeM YMCJIO I10JI0C, KOTOphble IIPOX0-
OSIT depes 1106yl TOUKY PaCTPOBOTO I10JIsI, PAaBHO
YHCIY IITPHUXOB ABMKYIIEHCS PelleTKH, KOTOPhIe
IIPOIIJIM 3TY JKe CAMYI0 TOUKY. Eciiu omHa 13 pelie-
TOK KeCTKO 3aKpeleHa K myny 2 (puc.l u 2) gau-
HOMepa, KOTOPHIM AOJIKEH M3MepPUTh OTKJIO-
HeHHe OT IIJIOCKOCTHU IIOBePXHOCTH, a Apyras
HeIoABU>XHA OTHOCHUTEJIbHO HEro, To, CYUTasd
YHC/I0 I0JIOC, MNPOXOASIUX N1I00yI0 GUKCUPO-
BAaHHYIO TOYKY, MOXHO OIpefeltUTh JTHHEHNHOe
mepemMelneHue IMONABUIKHOTO IIyIla, BhIpa’skeH-
HOe Yyepes3 YHCJ/IO IIePHOL0B MITPUXOB JUPPAKIIH-
OHHOMU pelleTKH. B faHHOM ciy4ae, KaK BUIHO

the crossing of the brand, as
well as the error, which can be
caused by seismic fluctuations
or vibration from technologi-
cal equipment and construction
equipment. The device is suit-
able only for measuring small
changes in deviation from flat-
ness and only for optical sur-
faces. Measurements of devia-
tions from flatness are carried
out manually by the operator.
The device can define non-flat-
ness of small surfaces.

The PNHPm allows to increase
the accuracy of measurement
of surface deviations from flat-
ness, remove restrictions on the

size of the measured surface and
automate the measurement pro-
cess, which substantially sim-
plifies measurements.

The PNHPm device is rep-
resented in Fig.l. It contains
a measuring unit 1, compris-
ing a probe 2, a cross-cutting
hole platform 3, in which the
measuring unit is installed.
The probe has the possibility of
touching the measured surface
and moving in the plane per-
pendicular to the measured sur-
face and along the measurement
direction, and the platform is
equipped with three supports
A, B and C to install the device

on the measured surface. As a
measuring unit, a linear dis-
placement sensor (holographic
length meter, HLM) is used as
a source of light, illuminating
two diffraction gratings, one
of which is measurable, rigidly
related to the dipstick, and the
other auxiliary, and photodetec-
tors. Supports A, B, C are made
of materials with a low temper-
ature expansion coefficient and
provide for a three-point plat-
form installation to the surface.
They are located in the vertices
of the triangle in such a way
that one of the sides of the tri-
angle is parallel to one of the
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Puc.3. Mpeobpa3osaHue CUHYcOUAdAbHbIX CU2HAN08 1VSS
8 TTL-umnyAbcbl
Fig.3. Converting 1Vss signals to TTL pulses

u3 Tabnul, 3TOT Iepuok paBeH 1 MKM. Kpome
3TOrO0 AJISI TOro YTOOBI 06eCIIednuTh peBepCUBHBIA
CcueT, pacCTPOBOe MyapoBOe 3BEHO JO/I’KHO BBILA-
BaTh ABAa CHUTHAaJa, CABHHYTBIX II0 IPOCTPaH-
CTBeHHOM ¢asze Ha T/2, TO eCTbh HAXOASIIUXCS
B KBazpaTtype. CHHycOUAaIbHbIe KBaAPaTypHBbIe
CHUTHAJIBl MOTYT O6BITH IPe06pa3oBaHEL B IIPSIMO-
yroJbHBle CUTHAJBL (pHC.3). B pe3ynbrare u3Me-
psieMoe IepeMelleHHe IIPeACTAB/sSETCS IIOCe-
Jl0BATe/JIbHOCTBIO OJHOPOAHBIX UMIIYJIbCOB, IIPH-
YeM Ka>KIbIH UMIIYJIbC COOTBETCTBYeT IlepeMelle-
HUIO pelleTKH Ha OAMH mar. YUCcI0 UMIIYIbCOB
MNOACYHHUTBIBAETCS 3JIEKTPOHHBIM PEBEPCHUBHBIM
CUYeTYHKOM IIPU UX OCBEIleHHUH CBETOBBIM IIOTO-
KOM OT CBETOBOTO MCTOYHHUKA 1, comepsKaIerocs

Puc.4. Onmuyeckas cxema 20102pagu4eckozo dAuHomepa
Fig.4. Optical scheme of a holographic length meter

B H3MepHUTe/IbHOM y3J/Ie, Ha BbIXOJle PelIeTOK I10SIB-
NS0TCSI UHTepdepeHIIMOHHbIe KOMOKMHAIIMOHHbIE
MyapoBble MOJIOCHI, BO3HHUKAIOI[He B pe3ylbTaTe
HHTepdepeHIMH Iy4YKOB Pa3/JTUYHBIX IIOPSIIKOB
AUPpPaKkI MU 3THUX pelleTOK. BHauase Ha U3Me-
PHUTeNbHYIO peleTKy 3 HaK/a/blBaeTCsl BCIIOMO-
ratejnbHas pemeTka 4 (puc.4), 3aTeM KOpoTKas
pellleTKa paccorjacoBbBIBAeTCs IO YLy C H3Me-
PHTe/NbHOM pelleTKOH (BepTHKalIbHbIe CTPENKH
(puc.5) mo mojiydyeHHS IHUPOKHX MYyapOBBIX
rosnoc. Ilepruos MyapoBEIX I10JIOC B BePTHKAJIEHOM
HaIlpaB/JIeHUU IPUHHMaeM 3a 360°. Eciu ycTaHoO-
BUTb OLUH GOTONPUEeMHHK 1 U HauaTb JBUTATh
H3MepHUTe/IbHYIO pellleTKy 3 BIIPaBO-BIeBO (FOpU-
30HTa/IbHbIE CTPEJIKH) MyapOBbIe IOJ0CH HAUHYT

sides of the platform. In addi-
tion, the device comes complete
with a test glass is attached to
the device, which is necessary
for its calibration (Fig.2).

HLM 1 is a precision mea-
suring device with digital out-
put of information and it has
the measuring element in the
form of a linear holographic dif-
fraction lattice. The HLM uses
the interface of two diffraction
gratings 3 and 4 (Fig.3), of which
one - measuring with a length,
not less than the expected devi-
ation from the flatness of the
measured surface, and is rigidly
connected to the probe 2 (Fig.1

and Fig.2), and the other auxil-
iary one is a small.

The use of raster conjugates
of two holographic diffrac-
tion lattices forming combina-
tional moire bands, for digital
measurement of displacements
by the method of a sequential
account is based on the next
phenomenon. If one lattice
moves in its own plane perpen-
dicular to its strokes, and the
other is fixed in relation to the
observer, then the moire stripes
are also moved, and the num-
ber of bands that pass through
any point of the raster field is
equal to the number of strokes

HAHO MHOVCTPHA Tom 14 Ne3-4 2021

of the moving lattice, which
have passed the same point.
If one of the lattice are rigidly
fixed to Fig.2 (Fig.1l and Fig.2)
of the length, which must mea-
sure the deviation from the
plane of the surface, and the
other is still relative to it, then,
counting the number of bands
passing any fixed point, you
can define a linear movement
of mobile moving the probe,
expressed in the number of
periods of the diffraction lattice
strokes. In this case, as can be
seen from the tables, this period
is 1 pm. In addition, in order to
ensure a reversing count, the
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Puc.5. lHmepdepeHuUoHHbIe Myaposeble N0AOCbl OM 83aumo-
delicmeaus 08yx 20/02papuyeckux pewemok

Fig.5. Interference moire bands as a result of interaction of two
holographic gratings

CMeIaThCs BBePX M BHU3 U QOTOIIPUEeMHUKU Ha4-
HYT UX CYHUTBIBATD.

[is ompeneneHUs HallpaBIeHUS CMeIIeHUS
HM3MepHUTeJIbHON pellleTKH YyCTaHaBJIHBaeTCs
BTOpOoX GOTONPHUEMHHK, FeHEPHUPYSI CHHYCOM-
JajJbHBIe CUTHAJIEL 2 B I10JIe MYapOBBIX II0JIOC CO
CABUIOM IIO I10JIoCaM Ha 90° OTHOCHTEJIbHO IIep-
Boro ¢poronpueMHHUKA (KaK YyCTAaHOBIeHBHI besble
KBajpaTel 5 U 6, UMUTHUpYIOIIHe GOTONPHEM-
HUKH 1 u 2 (Puc.4).

Termepb, eCnIM CMellaTh H3MePUTENLHYIO
peueTky, ABa GOTONpPHUEMHMKA HAYHYT FeHepUPo-
BaTh ABEe CHUHYCOUABI, CMeIleHHEIe Ha 90°, TO eCTh
CHUHYC ¥ KOCUHYC. IIpy CMeIeHU U B OAHY CTOPOHY
CMellleHHe 6y/:[eT Ha +90°, a B gpyryrwo Ha -90°.
Ecnu poTonpreMHUKU 5 U 6 COeIUHUTD IIOIIAPHO,

Puc.6. AAI-30 ¢ 6nokom uHOUKauuu
Fig.6. HLM-30 with a display unit

Cco caBUIoM B 180° (UTo 1o3BOJIsSIeT KOMIIEHCHPO-
BaTh IOCTOSIHHYIO COCTAB/ISIIONIYI0 CUTHAA), TO
Ha BBIXOJe GOTONPHEeMHHUKOB 06pa3yoTCs ABaA
CHTHaJja sin U cos, CABHHYTHIe Ha 90°.

ITpu nony4yeHUH UHGOPMALIUH O [IepeMelleHU U
JaTYMKa BO BpeMs CYMTBIBAHU S [IPOUCXONMT IIpe-
obpa3oBaHMe CUTHAJIOB Sin U cos B cUTHaibl TTL
(MeaHAPSHI) (CM. pHUc.6), ecnu 3T0 TpebyeT UIIY. lllar
1 popMa MyapoOBBIX II0JIOC 3ABHCHUT OT IIapame-
TPOB pelIeTOK ¥ OT UX B3AMMHOI'0 PaCIIOIOKeHU .
B OCHOBHOM OHH IIPeCTaBISIOT COOOM CeMerCTBO
NPSIMBIX IMHUH. [lepeMellleHHe OJHOH U3 PelleToK,

raster moire link must produce
two signals shifted in the spa-
tial phase by m / 2. Sinusoidal
quadrature signals can be con-
verted to rectangular signals
(Fig.3). As a result, the mea-
sured movement is represented
by a sequence of homogeneous
pulses, and each pulse corre-
sponds to the movement of the
grille one step. The number of
pulses is calculated by an elec-
tron reverse counter when they
are illuminated by a light flux
from the light source 1 con-
tained in the measuring unit,
interference combinational
moire bands appear at the

lattice outlet, resulting from
the interference of the beams
of various orders of diffraction
of these gratings. Initially, an
auxiliary lattice 4 is superim-
posed on the measuring lattice
3 (Fig.4), then the short lattice
will be dispelled over the cor-
ner with the measuring lattice
(vertical arrows (Fig.5) before
receiving wide moire strips. The
period of moire bands in the ver-
tical direction are taken in 360°.
Set one photodetector 1 and
start moving the measuring
lattice 3 to the right - left (hor-
izontal arrows), moire bands
will start shifting up and down

and photodetectors will begin to
read them.

To determine the displace-
ment direction of the measur-
ing lattice, a second photode-
tector is established to gener-
ate sinusoidal signals 2 in the
field of moire bands with a shift
by bands 90° relative to the first
photodetector (as white squares
5and 6 are installed, imitating
photodetectors 1 and 2 (Fig.4).

Now, if you shift the mea-
suring lattice, two photodetec-
tors will begin to generate two
sinusoids, shifted by 90°, that
is, sinus and cosine. When off-
set in one direction, the offset
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XapaKkTepucTuku BenanumHa EavHuua
Ar-70 nsmMepeHms Unit of
Characteristics of Measuring measurement
HLM-70 value
TOYHOCTb +0,2 pm
Accuracy
[OVCKPeTHOCTb 1 nm
Resolution
M3mepsaemasn anvHa, L 0-70 mm
Measuring length
lMepuos WTpuxos 1 pm
Stroke period

Puc.7. Al-70 ¢ 6a0KoM UHOUKAUUu
Fig.7. HLM-70 with a display unit

>KeCTKO CBSI3aHHOK €O IIYIIOM 2, OTHOCHTEJIBHO BTO-
PO IIPHBOAMT K CHUHXPOHHOMY JBHUKeHHIO Mya-
POBBIX II0JIOC U B C/Iy4ae peBepca — K CAHXPOHHOMY
peBepcy. MOSKHO OLIeHUTH CBSI3b MeXKYy IlepeMelle-
HHeM HU3MEepUTeNbHON JUPPAKIHOHHOMN pPeleTKHU
10 U3MepseMOH IIOBEPXHOCTH U IlepeMellleHHeM
MyapoBOMU IOJIOCHl, TO eCTh O peAeaTuTb KO3Pu-
LIHeHT ONTU4YeCKOM peAyKUHUHU. B [T HCIIOIb3yeTCs
o HO GyHAaMeHTa/IbHOe CBOKCTBO MYapOBBIX I10JIOC,
IIOJIyYeHHBIX B pe3y/ibTaTe PACTPOBBIX CIIPSI>KEHU U
JIBYX pelleToK, a MMeHHO, YTO MaJIOMY IlepeMelie-
HHUIO MMOJBHKHOU M3MEePUTEe/bHOU PelIeTKH COOT-
BeTCTBYeT CylLleCTBeHHOe IIepeMellleHHe MyapOoBbIX

nosioc. TakuM 06pa3oM, KMeeT MeCTO MacuITabHoe
(yBenr4ueHHOe) Ipeobpa3oBaHUe MaJIblX IlepeMelie-
HUU H3MepHTe/bHOM pellleTKH B CyIleCTBeHHO 60J1b-
IIMe, IPOIIOPIIOHAIbHbIE [TIepeMelleH I MyapOBbIX
1os10c. UMeHHO 3T0 06CTOSTebCTBO [T03BOJISIET YCTa-
HOBHUTb B I10JIe MYapOBBIX I10JI0C QOTOIIPHEMHHUKH,
obnamaromye CyecTBeHHO 60/IBIIMMU pa3MepaMHu,
yeM IIPOH3BeJleHHOe IepeMelleHHe U3MepHUTesb-
HOM pemteTKH. POTONpHeMHUKHU YCTaHABIHBAIOTCS
B allepType MHAMKATOPHOM pelleTKH, YeM U oIlpe-
JenseTcs ee pa3sMmep. IlepemMelleHHsI MyapOBBIX
roJsioc rmpeobpasyorcs GoTonpreMHUKAMHU B JJIeK-
TpUUeCKHe CUTHaJIbl, KOTOpble 06pabaThIBAIOTCS

will be at + 90°, and in another
direction -90°. If the photode-
tectors 5 and 6 are connected
in pairs, with a shift of 180°
(which allows you to compen-
sate for the constant compo-
nent of the signal), then two sin
and cos signals shifted at 90°
are formed at the output of the
photodetectors.

When receiving information
about the sensor movement dur-
ing reading, the sin and cos sig-
nals are converted to TTL signals
(meander) if it requires CNC.
The step and shape of the moire
bands depends on the parame-
ters of the lattices and on their

mutual location. Basically, they
are a family of straight lines.
The movement of one of the
grids rigidly related to the dip-
stream 2, relative to the second
leads to the synchronous move-
ment of the moire bands and
in the case of the reverse to the
synchronous reverse. It is pos-
sible to estimate the relation-
ship between the movement of
the measuring diffraction lat-
tice along the measured sur-
face and the movement of the
moor band, i.e. determine the
coefficient of optical reduc-
tion. In HLM, one fundamen-
tal property of the moire bands
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obtained as a result of raster
hinge of two lattices is used,
namely, it is a significant move-
ment of a moving measuring
lattice. Thus, there is a large-
scale (enlarged) transforma-
tion of small movements of the
measuring lattice into substan-
tially large, proportional move-
ments of the moire bands. It is
this circumstance that allows
you to install photodetectors in
the field of moire bands, which
have significantly large sizes
than the movement of the mea-
suring lattice. Photodetectors
are installed in the aperture
of the indicator lattice than
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XapakTepucTtuku BenunuuHa EavHuua
Ar-30 nsmMepeHus Unit of
0,00012 Characteristics of Measuring value measurement
| HLM-70
0,00008 |
0,00004 | TOYHOCTb +0,05 pm
| Accuracy
0]
~0.00004 | [NCKPETHOCT 10 nm
' | Resolution
—0,00008
550 V3mepsiemas anvHa, L 0-30 mm
Measuring length
~200 gleng
Y % Mepyoz, LWTPUXOB 1 pm
X Period of strokes
it

Puc.8. OmKAOHeHUs 0om NAOCKOCMHOCMU U3Mepsemoli nogepxHoCmu
Fig.8. Deviations from the planeness of the measured surface

B 3JIeKTPOHHOM JIOrH4ecKoM 610Ke yrpaBieHus [T
unu B PC yepe3 nHTepderc RS-232 c Lenbko monyde-
HUS LUOPOBON HHPOPMALIKHU 06 H3MepsieMoM Iiepe-
MemeHHH. C Llelbl0 YCTPaHeHUS TeMIIlepaTypPHOU
3aBUCHMOCTH IaaTdopMa 3 (puc.l) U3roToBIeHa
M3 KBaplia, Iyl 2 ¥ OHOPhI 4 M3 MHBapa, a HAaKOHeY-
HUKH o11op 4 - u3 cannpupa. Kpome 3T0ro, [iHOMep
JIT-30 1MeeT BO3MOKHOCTD KaJTUOPOBKH B 60JIBIIIOM
HHTepBaJle TeMIlepaTyp (opsaka +10°C), 4To I103BO-
JI5IeT YyCTPOMCTBY paboTaTh IIPU PA3HBIX TEMIIEPATYP-
HBIX PeSKMMaX OKpYy>Kalolllel cpensl 6e3 moTepu Tou-
HOCTH. TOYHOCTB YCTPOKCTBA IIPH UCII0/Ib30BaHUU
pnuHoMepa [AI-30 mocTturaet paspemeHnue 0,01 MKM

(puc.7), a B ciayuae 70 (mpenen u3mepeHus 70 MM)
(puc.8) mocTUraeT pa3penieHHe 1 HM.

[IpuHIHKI paboTHl yCTPOMCTBA 3aKAIOYALTCS
B clejymomeM. BHadane MpOM3BOAMTCS Kallh-
O6poBKa YCTPOMCTBA C IOMOLIBIO 3TAJIOHHOMN ILJa-
CTUHBHL 6 (puc.2). IIpu 3Tom maaTdopma 3 mocpen-
CTBOM OIIOP C HAKOHEUHHUKaMH 4 1 H3MePUTeTbHbII
y3en 1 co mymoM 2 yCTaHAaBAMBAIOTCS Ha MOBEpX-
HOCTH 3Ta/IOHHOM IIJIACTHHBI 6. BIOK ympaBie-
HUS yCTAaHABIHUBAeTCs B IIOJIOKeHHe "KanubpoBKa'
Y 3aHYJIHBAIOTCA [I0KasaHus [II, B pe3yysbTaTe 4ero
B 0JI0Ke yIIpaB/IeHHsI aBTOMAaTUYeCKHU OIIpe/le/seTcs
Ko3QPUIIMeHT KanubpoBku k., U B ganpHeHIIeM

and the size is determined.
Movements of the moire bands
are converted by photodetec-
tors to electrical signals that
are processed in the electronic
logic control unit for HLM or in
PC via the RS-232 interface in
order to obtain digital informa-
tion about the measured move-
ment. In order to eliminate
the temperature dependence,
the Platform 3 (Fig.1) is made
of quartz, probe 2 and supports
4 of the invar, and the tips of
supports 4 of the sapphire. In
addition, the HLM-30 string
has the ability to calibrate in a
large temperature range (about

+10° C), which allows the device
to operate at different temper-
ature modes without loss of
accuracy. The accuracy of the
device when using the HLM-30
length, it reaches a resolution of
0.01 pM (Fig.6), and in the case
of HLM-70 (measurement limit
of 70 mm) (Fig.7) reaches 1 nm
resolution.

The principle of operation
of the device is as follows.
Initially, the device is cali-
brated using the reference plate
6 (Fig.2). In this case, platform
3 is installed, on support tips
4 and measuring unit 1 with
probe 2 are mounted on the

surface of the reference plate
6. The control unit is set to the
"Calibration" position and the
HLM is set to zero; as a result
the k., calibration coefficient
is automatically accounted by
the control unit. The instru-
ment readings during all stages
of measurements will auto-
matically take this value into
account. Moreover, k.,;>0, if the
surface of the reference plate is
convex, and k<0, if its surface
is concave. Next, after calibra-
tion, the platform 3 and HLM-1
with the probe 2 is transferred
to the measured surface and
switch to the measurement of
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IoKa3aHHs npubopa Bo BpeMsi BceX aKTOB HU3Mepe-
HHUI aBTOMaTH4YeCKH OyoyT yYUTBIBATh 3Ty BeIH-
yuHy. [Ipudem k>0, ecIu MOBEPXHOCTH 3TAIOH-
HOM IJIACTHUHBI BBINTyKJIAs, U Kk ,1<0, eC/TH ee IToBepx-
HOCTb BOrHYTasl. [lasee, mocje KaJaubpoBKH, IJIAT-
¢opmy 3 1 [IT' 1 co myrnom 2 repeHocsAT Ha u3Mmepse-
MYIO [IOBEPXHOCTD U IePeXOAAT K U3MePEeHHIO OTKJIO-
HEeHMS OT IVIOCKOCTHOCTH IIOBEPXHOCTHU. BJIOK yIipaB-
JIeHU S YCTAaHABIUBAETCS B IIOJIOKeHHe "H3MepeHue"
U 3aHYIHBaOTCA nokasaHug I ITocsie yero MosKHO
HaYMHATh U3MepeHHe IIOBePXHOCTU. M3mepeHue
OTKJIOHEHH S OT IIJIOCKOCTHOCTH II0BEPXHOCTH OCHO-
BaHO Ha IIPUHIIMIIEe H3MEPEeHU S OTKJIOHEHMS OT I1J10~
CKOCTHOCTH IIOBEPXHOCTH IIPH M3MEPeHUIX B pa3-
JTUYHBIX HaIllpaBJIeHU X 3TOM IIOBEPXHOCTH (K IIPH-
Mepy, X 1 Y). 151 5TOr0 CBSI3bIBAIOT OPTOrOHAJIBHYIO
CHCTeMY KOOPAHHAT C U3MePsieMOH IOBEPXHOCTBIO
XOY u omrpenensioT Havyajio KOOpAHUHAT. KaTeT Tpey-
roJibHMKa AB IO/IKeH HaxoAUThCSA Ha M3MepPUTe/Ib
HOI JIMHUH, [1apaJlJIeJIbHOU HallpaBleHHI0 OX UIH
cooTBeTcTBeHHO OY, a [II' 1 fo/skeH ObITh pacmoiokeH
B CepefMHe 3TOro KaTeTa IIOCpeACTBOM PHUKCALIUU
B OTBEPCTHUHU 2. B 3ToM ciydae omubku A663 6yayT
MHUHHMaJIbHBL. [lepeMenaoT 60KOBYIO I'paHb IJIAT-
dopMBl, MapasenbHOM KaTeTy AB, BLOIb BEIOpaH-
HOTI'0 HaIlpaBjeHU tepeMeeHus OX miau OY, yepes
paBHBIe BEIOpaHHBIe HHTEPBAJIBI, CBSI3aHHBIE C KOH-
KpPeTHOH 3a/avell. B JaHHOM KOHKPeTHOM CJy4ae,
6bL1 BEIOpAaH MHTEPBAJ, PABHBIH II0JIOBHHE KaTeTa
AB. B KayecTBe HAaNPaBIAKIINX, BAOIb KOTOPHIX
HY>KHO [IepeMellaTh [1aTGopmy 3, MOXKHO HCII0Ib30-
BaTh JIMHEMNKY HJIH JIa3ePHBIM 1YY U T. 7.

the deviation from surface flat-

ITocsie Ka>ka0ro repeMelleH s KapeTKy OCTaHaB-
JHUBAIOT U CHUMAIOT UKUPPOBEIe 3HAUEHUS C 3JIeK-
TpoHHOro 670ka . B maMsTH KOMIIbIOTepa QHUK-
CHPYIOTCSI HHPPOBBIe 3HAaUEHH I BBICOT h;, maTunka
B JaHHOM HampasieHHUH OX. Te 5ke camble JeHCTBH S
OCYIIeCTBIISIOTCS A1 BCeX APYIUX JIMHUM, Iapal-
nenbHbIX ocH OX, IOKPHIBAIOIIKMX BCIO H3Mepse-
MYIO [I0BEPXHOCTb Uepe3 HeobXonMble HHTEPBaIbI.
B mamMsATH KOMIIbIOTEpPa QUKCHUPYIOTCS TaAKKe LHUPPO-
Bble 3HaYeHMs BBICOT h;, [aTunKa B HanpasieHun OY
U A1 BCeX APYTUX JIMHHUH, apa/lyIe/IbHEIX ocH OY.

ITporpaMma 110 U3MepeHHBIM BeJIUYMHAM CTPOUT
OTKJIOHEHHeE OT IIJIOCKOCTHOCTH IIOBEPXHOCTH B IIpe-
nenax XOY 1o TpeM KoopauHaTtam X, Y, Z.

ITpriyeM KOHCTPYKIHSI YCTPOUCTBA TaKOBa, YTO
HeT HUKaKHUX OTPAHHUYEHUH I10 KOTUYeCTBY TOYeK
M3MepeHHH, TeM CaMBIM I10 BeJIMYHHe H3Mepse-
MOI IIOBePXHOCTH. YcTporcTBo [I-30/100/200 6pL110
YyOOCTOEHO CBHUETENbCTBA 00 YTBepXKAeHUH THUIIA
CpencTB U3MepeHUH (3] 0T 2 okTa6ps 2018 rona.

Ha puc.7 u 8 mokasaum [JI-30 u [ArI-70.
Ha puc.9 BUIHO KOPULOP M3MeHEeHHS OTKJIOHEe-
HHS OT IIJIOCKOCTHOCTH IIOBEPXHOCTH B IIpejesax
oT -0,08 go +1,2 MKM, OIIpelesisgeMOoro C paspeiuie-
HueMm 0,01 MKM, a Ha pUC.9 JAHO pa3sBepHYTOe ceve-
HHe OTKJIOHeHHUS OT HeIJIOCKOCTHOCTH II0BePXHO-
CTH B HalIpaBJIeHUH M3MepeHHs BHOoIb ocu OX.
Takoe ke ceyeHHe MOKHO IIOJIy4YUTH BIOJIb ocH OY.
HHTepBasbl, Yepes KOTOPbIe OCYIeCTBIISIIUCh U3Me-
peHus, PaBHSIMCH [I0JIOBHHE IJIMHBI KaTeTa AB, To
eCTh PACCTOSIHUIO OT OJHOK K3 OIOP, PACIIOIOXKeH-
HOM Ha KaTeTe, o mymna JT.

ness. The control unit is set to
the "Measurement" position and
the testimony of HLM is set.
After that, the surface measure-
ment can be started. The mea-
surement of the deviation from
the surface flatness is based on
the principle of measurement of
the deviation from the surface
flatness during measurements
in various directions of this
surface (for example, x and y).
To do this, associate an orthog-
onal coordinate system with
the measured XOY surface and
determine the origin of coordi-
nates. The wheel triangle can

be on the measuring line, paral-
lel to the direction OX or respec-
tively, OY, and HLM-1 should
be located in the middle of this
category by fixing in hole 2. In
this case, the ABBE errors will
be minimal. Move the side line
of the platform parallel to the
sides along the selected direc-
tion of movement OX or OY,
through equal selected inter-
vals associated with a specific
task. In this particular case,
the interval was chosen equal
to half the sides AB. As guides
along which you need to move
platform 3, you can use a ruler
or a laser beam, etc.
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After each movement, the
carriage stops and the digital
values from the electronic HLM
unit are read-out. In the mem-
ory of the computer, the digi-
tal values of the h;, height of
the sensor are recorded in this
direction OX. The same actions
are carried out for all other lines
parallel to the OX axis, cover-
ing the entire measured surface
through the necessary inter-
vals. In the memory of the com-
puter, the digital values of the
h;, sensor heights are recorded
in the OY direction and for all
other lines parallel to the OY
axis.
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Puc.9. OmkaoHeHuUe om naockocmHocmu, UBMEPQEMOIJ nosepxHocmu, CKCJHUPOB(JHHO[] 8 00HOM U3 ee ceyeHul

Fig.9. Deviation from the planeness of the measured surface, scanned in one of cross sections

B HacTosmee BpeMsa B POCCHMHU BBIIIYCKAIOTCS
AL - nauHOMephl rojorpapuyeckue ¢ UsMepse-
MO JIJIMHOM 10 200 MM [4] 1 ¢ TOYHOCTBIO U3Mepe-
HHS I10 BepTUKaAH oT 0,05 10 +0,2 MKM K paspelie-
HueM 10 u 1 HM.

Vi3sMepHUTe/JbHBIN y3eJl He MeHsieT CBOe I10JIO-
SJKeHHe OTHOCHUTE/JIbHO TOYeK OIIOp MIaTGOPMBEL.
I[IpryeM ero yCTaHOBKa B CepenHHe 6asel AB, TO
€CTh CHMMEeTPUYHO OTHOCHUTE/IBHO OIIOP, II03BOJISIeT
COXPaHATh OAHMHAKOBYIO TOYHOCTh B Ka>KJA0M aKTe
HM3MepeHHU .

Ha puc.9 maHa KapTHHA paclIpeeneHus OTKIOHe-
HUS OT IIJIOCKOCTHOCTH H3MePsieMO [TOBePXHOCTH,
a Ha pHC.9 OTKJIOHEHHeE OT IIJIOCKOCTHOCTH, CKAaHUPO-
BAHHOI B O[THOM M3 CeUeHUH 3TOH II0BEPXHOCTH.

BbIBO/bI

ITIpermyiecTBa gJaHHOro ITHIIII™:

¢ YBe/IHY€HHEe TOUYHOCTH M3MEPEHH . To4yHOCTB U3Me-
PUTEIbHOM pellleTKH JaHa GOPMYJIOH TOYHOCTH
BHHHUM um. [I.1.MeHzeneesa:(0,02+0,4L/1000) MKM,
rge L - IiMHa U3MePeHHUS B MM,

The program for measured
values builds a deviation from
surface flatness within XOY in
three coordinates X, Y, Z.

Moreover, the design of
the device is that there are no
restrictions on the number of
measurement points, thereby
large-scale the measured sur-
face. The HLM-30/100/200 device
was awarded a certificate of
approval of the type of measur-
ing instruments in 2018 [3].

Fig.7and Fig.8 show HLM-
30 and HLM-70. In Fig.8, a
range of changes to the devia-
tion from the surface flatness
ranging from -0.08 to +1.2 um,

determined with a resolution of
0.01 pm, and in Fig.9 there is a
detailed cross section of devia-
tion from non-flatness of the
surface in the measurement
direction along axis OX. The
same section can be obtained
along the OY axis. The intervals
through which measurements
were carried out were equal to
half the length of the AB cat-
egory, i.e. distance from one
of the supports located on the
sides, to the HLM probe.
Currently, HLM measuring
length up to 200 mm [4] and
with a measurement accuracy
of vertical from + 0.05 to + 0.2

pm and a resolution of 10 nm to
1nm.

The measuring node does not
change its position relative to
the platform support points.
Moreover, its installation in
the middle of the base AB, i.e.
symmetrically relative to the
supports, allows you to main-
tain the same accuracy in each
measurement.

In Fig.8, a pattern of the devi-
ation distribution from the flat-
ness of the measured surface is
given, and in Fig.9 the deviation
from the flatness scanned in
one of the cross section of this
surface.
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yCKOpeHHUe I1poLiecca M3MepeHUH,

yBeJHYeHHe IIpeJesia U3MepsieMbIX OTKIOHeHUH
OT IJIOCKOCTHOCTH,

yMeHbIIeHHe TabapyUTOB IJIATPOPMBI U U3MEpPH-
TeJIBHOTO y3/1a, CoflepskaHue HeboIbIIoro Yucia
ONTHUKO-MeXaHUYeCKHUX Y3JIOB,

dHKcalksg U3MEPUTEIbHOIO y3/1a B OTBEPCTHUHU
171aTGOPMBL OTHOCHUTEIBHO TOYEK OIOPHI,
n1aTGopMbl 3 U OMOPHl C HAKOHeUHHKaAMHU 4
C MaJIOM 3aBHCHMOCTBIO OT TeMIIEPATYPBHI,

CHSITHe OTPaHHYeHUHN 110 BeJIMUKHe U3MepsieMOHt
IIOBEPXHOCTH, KaK CO CTOPOHBI MaJIblX, TaK U CO
CTOPOHBI DONBIIKNX 3HAUEHU N (T.e. pacIIupeHHe
AraIa3oHa U3MepseMoll [I0BePXHOCTH,
HM3MepsieMoe OTKIOHeHHe IOBEePXHOCTH OT IIJIO-
CKOCTHOCTH IOBepXHOCTH h=+15 MM, 4TO CBsI3aHO
C XapaKTepHUCTHKAMHU H3MepUTeIbHOIO AJIMHOMEpa
IIT-30:

BO3MOXXHOCTb aBTOMAaTH3allUs IIpoliecca usme-
peHus,

YCTPOMCTBO BecHT He 6osee 300 T,

yBelI4eHHe pabouero TeMIiepaTypHOro AHUaIa3oHa,
BpeMs IpOBeJeHMs OJHOIO I[MKJa U3MepeHUH
MHHHMaJbHO, TaK KaK 3alloMUHaHUe 1 06paboTka
OAHHBIX OCYIIECTB/ISeTCS. aBTOMATH4eCKH 67I0KOM
yIIpaB/IeHUS UK Ha KOMIIBIOTEDe,

IOIyCKaeT M3MepeHHe He TOIbKO FOPHU30HTaMbHBIX
[IOBEPXHOCTeH,

yMeHblIIeHHe Beca H3MepHUTe/IbHOIO.
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Jexknapauus o KOH(PAUKMe uHmepecos. Asmopbl 3a98A10Mm 06
0MCyMcmauL KOHPAUKIMOB UHIMepPecos UAU AUHBLX OMHOWEHUL,
Komopble Mo2Au bbl nosauams Ha pabomy, npedcmasaeHHyio 8
daHHoli cmamee.

The advantages of this PNHPm:
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increase of the measure-
ment accuracy. The accu-
racy of the measuring lat-
tice is given by the formula:
(0.02+0.4L /1000) pm, where L
is the length of the measure-
ment in mm,

acceleration of the measure-
ment process,

increase of the limit of
measured deviations from
flatness,

reduction of the dimensions
of the platform and the mea-
suring node, the content of
a small number of optical-
mechanical nodes,

fixation of the measuring node

in the platform hole relative to
the poverty points,

platforms 3 and supports with
tips 4 with low temperature
dependence,

removal of restrictions on the
size of the measured surface,
both from small and from large
values (i.e., expanding the
range of the measured surface,
the measured deviation of the
surface from the surface flat-
ness H = + 15 mm, which is
associated with the character-
istics of the measuring length
of HLM-30,

ability to automate the mea-
surement process,

device weighs no more than

300g,

« increase of the working temper-
ature range,

« time of one measurement cycle
is minimal, because memori-
zation and data processing is
automatically controlled by the
control unit or on the computer,

« possibility to measure not only
horizontal surfaces,

« reduction of the weight of the

measuring unit. |
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B MITY UM. H.3.bAYMAHA PA3PABOTAH CAMOYNPABJ/ISEMbIA METOA
PACKAJIbIBAHUA KPEMHWUEBOW NJACTUHDI ANA XAPAKTEPU3ALIUN

BOSCH-MPOLIECCA

Komanpa HOLL "®yHKUMOHANbHbIE MUKPO/HAHOCUCTEMDI" NPeANnoKIAa camo-
YNpaB/sieMbli U XOpOLO KOHTPONMPYEMbIA METOZ CKAbIBAHUS KPeMHMEBON
MAACTUHLI 47151 ONMCAHWS NOMEPEYHOrO CeYeHNs NpoLecca ryboKoro TpaBneHuns
KpemHms.

Pa3paboTaHHbIA METOA CBOAUT K MUHUMYMY BAMSIHUE HA Pe3yNbTUPYHOLLNIA
npodunb rAyboKoro TpaBneHus.

Ipynna y4eHbix HOL, ®MH Ha 6a3e MI'TY um. H.3.5aymana n Oy "BHUUA
um. H..flyxoea", MI'Y um. M.B.JlomoHocosa, MP3 PAH 1 UTM3 PAH paspabotana
TEXHONOTMIO  INEKTPOHHO-Y4EBOr0  MCMAPeHIUs TOHKOMAEHOYHBIX MOKPLITHIA
1 3NeMEHTOB Fa30BbIX CEHCOPOB C KOHTPOAMPYEMbIMI MPY MOMOLLM NAMMCOME-
TPUYECKIX CMIEKTPOB 11 CEKTPOB MPONYCKAHNS ONTUYECKVMM NapaMeTpamm nie-
HOK Nannaaus, NAATUHLI M TPUOKCMAR BOAbOPaMA.

MepefoBble MUKPOCUCTEMbI, LWIMPOKO UCMOAb3yeMble B MHTErPUPOBAHHLIX
ONTO3/1EKTPOHHBIX YCTPOICTBAX, KOMMOHEHTAX MOMIOLIEHUS! 3HEPrN U MUKPO-
dntonpHLIX nabopatopusx-Ha-4une, TpebyioT NpUMeHeHIst KpeMHUeBLIX MUKPO-
CTPYKTYP BbICOKOrO KayectBa C TOYHO KOHTpoAMpyembiM npodunem. Takue
CTPYKTYPbl M3roTaBAMBAOTCA C MOMOLLbIO Bosch-mpouecca, KoTopblit SiBAsETCS
Kto4eBbIM 3Tanom u3rotoBaeHns MIMC-yCTpoicTB. [isi M3MepeHns napame-
TpOB Bosch-npoLiecca HeobxoaMMo 0CyLLeCTBASTL packasbiBaHue 06pasLa Ha Ase
YacTW, YTO SBASIETCA HEMpOCTLIM MPOLECCOM 1M3-3a HeynpaBnsemMocTv CKona.
MeTop nonyyeHns ckona BANSET Ha IGOEKTUBHOCTb packanbiBaHUs 1 HA Kade-
CTBO KOHTPO/ISt NONY4YeHHbIX CTPYKTYP. CTaHAAPTHAS TEXHNKA CKAbIBAHMS aIMa3-
HbIM CKpanbepoM He BCerfia CMPaBASeTCA C TeXHONOTMYECKMMM 3aia4amu.

Komanpa HOLL "®yHKUMOHANbHbIE MUKPO/HAHOCUCTEMbI" NPeANnoKIUAa camo-
YNpaB/sSieMbI W XOPOLIO KOHTPO/MPYEMbl METOA CKa/biBaHUS ANS OMMCAHUS
reoMeTpUYeCKIX XapaKTepuCTUK NONepeyHoro ceyeHns kaHana, KoTopbii CBOAUT
K MUHUMYMY BAWSIHWE BCMOMOraTeNbHbIX CTPYKTYP HA pe3ynbTUpYIoLymi ipoduab
rny60Koro TpaBneHus. VIHxeHepbl LEHTPa MPOBENM IKCNEPUMEHTAIbHOE CPaBHE-
Hue [BYX METOA0B CKa/bIBAHWS HA OCHOBE Pa3IMYHLIX BCIOMOraTeNbHbIX MUKPO-
CTPYKTYP: 1) BITPABNIEHHDIE MOMEPEYHbIE BCTIOMOTATeNbHbIE IMHUN Pa3NYHON

20 MKM | pm
[—,

Mpodunb nonepe4Hozo ceyeHus kaHanos nocae Bosch-npouecca

WupyHbI (0T 5 A0 100 MKM) 1 MONOXEHNS; 2) BbITPAB/IEHHbIE MPEPLIBUCTbIE BCMO-
MOraTe/IbHble IMHIK.

YyeHbIMI 11 MHXEeHepamu ObiNo NMpOaHAM3MPOBAHO BNNSHWE BCTIOMOrA-
Te/bHbIX IMHUIA HA XapaKkTep TPasaeHNs Ansl KAHaNOoB WNPUHOI OT 2 10 50 MKM
C aCMeKTHbIM OTHOLUEHMeM Bonee 10 Ans MAccuBa CTPYKTYP 1 ANSi OBMHOYHBIX
JMHWA. DKCMEpUMEHTAbHO MPOAEMOHCTPUPOBAHO, YTO HENpaBUbHLIA BbiGOP
napameTpoB BCMOMOTATeNbHOM MHIM MPUBOAUT K MOSiBNEHNIO AedekToB "Hapo-
CTa" KPEMHMS HA MEpeceyeHmsix LIeNeBbiX MUKPOCTPYKTYP, YTO CYLLECTBEHHO
BANSIET HA M3MepeHust NpoGuns nonepeyHoro ceyeHns. Takum 06pasom, Hauyy-
LWMM COcoboM CO3aHMS ynpaBsieMoro besfedeKTHOro ckona SBNSETCS Npepbi-
BUCTast JIMHMS C KOHLIEHTPATOPOM HanpsKeHus BBAM3N KaHana.

Pe3ynuTaTbl MCCNE[OBaHWIA NpeacTaBneHbl B nybavkauum Self-Controlled
Cleaving Method for Silicon DRIE Process Cross-Section Characterization xypHana
Micromachines.

HOL|, ®MH - coBMeCTHbIV TexHonornyeckuit LeHtp MITY um. H.3.baymaxa u Oy "BHUWA um. H.J1.lyxoa" TK "Pocatom’, obecneynBatoLLmin peanmsawinto nepeao-

BbIX MPAKTU4ECKNX NCCNEA0BAHMI B 0071aCTH 31EMEHTHON 633bl HA HOBLIX GM3NYECKNX MPUHLIMMAX, KBAHTOBLIX TEXHOMOTMIA, HAHODOTOHMKN 1 ONTIKK, BroaHANTIYE-

ckux naathopm Tvna “naboparopus Ha yune”, MIMC/MOIMC 1 TOHKONNEHOYHBIX TEXHONMOTMIA. MICCNe[0BaHMS B LiEHTPE BLIMOMHSIOTCS C UCMONb30BAHIEM KOMT/IEKCOB

060pyA0BaHMS BEAYLLMX MUPOBLIX PON3BOAMUTENEN, 06bEANHEHHLIX B €ANHDLINA TEXHONOrNYECKUA KnacTep.

MITY M. H.3.baymaHa — 0fMH U3 KpyMHEMwWMX rocyAapCTBEHHDIX TEXHUYECKUX YHWUBEPCUTETOB W HAy4HbIX LieHTpoB Poccum v Espombl. ObyyeHne B MITY

M. H.3.baymaHa BefieTcs Ha 19 hakysbTetax AHEBHOrO OTAeneHns. OTKpbIThl ABa duauana MITY B Kanyre u MbITuLax, a Takoke TeXHUKYM. OCHOBHBLIMYU CTPYKTYPHbIMM

MoApa3aeNeHNSIMI YHUBEPCUTETA ABASIOTCS HAY4HO-Y4ebHbIE KOMNAEKCHI, UMEtOLLME B CBOEM COCTaBe (aKYALTET W HAYYHO-UCCIEA0BATENLCKIN MHCTUTYT.

OrYN "BHUNA um. H.J1.lyxoBa" — co3faHHOe B 1954 rofy, 0fHA 13 BEAYLMX HAY4HO-UCCAeL0BATENLCKMX OPraHN3aLMi [0CyAapCTBEHHOIN KOPMOPALMY N0 aTOMHOM

3Hepruu "Pocatom".
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