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ABTOKO/JIMMATOPDI
W TOHUOMETPDI.
0b30P COBPEMEHHbIX MOAEJIEN

I1.A. Msaros, k. m. H., Cankm-Tlemepbypackuii 20cy-
dapcmeeHHbLil 3AeKkmpomexHU4eckuil yHusepcumern
CII6IATY "JISTH", ka. Jla3epHblx u3mepumenbHblx
U HaBU2aUUOHHbIX cucmem, Cankm-ITemepbype

HenpepbiBHOE pa3BUTUE ONTUYECKOrO
npmnbopocTpoeHus BeveT 3a co60M He06X0AUMOCTb
NOCTOSIHHO COBEpLUEHCTBOBAaTb MeTO/AbI U CPeACcTBa
KOHTPO/S U3/ HA BCEM TEXHOJIOTMYEeCKOM LiuK/ie
nponsBoOACTBa. He TO/IbkO NpUMEHEeHne COBPeMEHHbIX
MaTepuasnoB U KOMIMIEKTYIOLWMX 06ecneymBaeT BbICOKOe
Ka4yecTBO NPOAYKLUMK, HO U UCMOJIb30BaHME NpU ee
pa3paboTke NporpeccuBHbIX METOAO0B U KOHTPOJIbHO-
M3MepuTenbHbIX NPU60pPOB. B cTaTbe AaH KpaTKUn
0630p coBpeMeHHbIX 06pa3L,0B aBTOKO/I/IMMATOPOB

M FOHUOMETPOB U NPOBEAEH UX METPOJIOrNYECKUMN

M 3KCMJIyaTaLMOHHbIN aHaNns.

BBEAEHWE

MHorue H3MepeHH s OIITHUYeCKUX feTajIel U IprbopoB
CBOISITCS K OIpefie/ieHUI0 JIMH U yIioB [1]. H3Mmepe-
HUSI B 3aBUCHUMOCTH OT cIocoba IONy4YeHHUs 3Haue-
HUH HM3MepseMOM BeJIMYMHBI Pa3elIsioT Ha IIpSMBIe,
KOCBEHHBIe M COBOKYIIHBIe H3MepeHHs. Kpome Toro,
B 3aBUCHMOCTH OT Ha/IMYHSI HJIU OTCYTCTBHSI IIPSIMOTO
KOHTaKTa MeXAY CPefCTBAMHU HU3MEPeHHH U CAMHM
06BeKTOM K3MepeHHM Pa3/IN4aioT KOHTAKTHbIE U bec-
KOHTAaKTHBIE CIIOCOOBI. B 3aavyax, CBS3aHHBIX C yIJIO-
BBIMHM H3MepeHHUSIMH, IIHPOKOe PaCIpPOCTPaHEHHe
IOJIYYMJIM aBTOKOJJTMMATOPhl M TOHHOMETPHI. JTH
pubopel 06ecreYrBalOT HEMOCPeACTBEHHOe H3Me-
peHHe yrna OeCKOHTaKTHBIM crocobom. C MeTpo-
JIOTHYeCKOM TOYKH 3peHHs O6eCKOHTAKTHBIH CII0CO0
IIpeaIlouTHUTeIeH, TaK KaK HCK/II04YdeT BO3MOXXHOCTDb
IOBPE>KIEHHSI [I0BEPXHOCTH KOHTPOIHPYEMOro HIIU
Hu3MepseMoro obbpekrTa, ob1amaeT IMOBBIIIEHHOM TOY-
HOCTBIO, TII03BOJISIET KOHTPOJIHPOBAaTh He TOJIBKO
OTZHe/IbHBIE JIOKAJIBHBIE 30HBI, HO M BCIO ITOBEPXHOCTb
HeTau.

ABTOKOJIV/TUMATOPDI

ABTOKO/UIMMATOPEL (pHC.1) IIPUMEHSIOTCS JJIs H3Me-
PeHHS MaJIbIX YITIOBBIX OTKJIOHEHHI CBETOOTPasKalo-
IIUX [TIOBEPXHOCTEN OT M3MEPUTENBHON OCH mpubopa.
Ha npoMblllJIeHHBIX HpefIpUSTHUSX ABTOKOJLIHMMa-
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AUTOCOLLIMATORS AND
GONIOMETERS.
REVIEW OF MODERN MODELS

P.A.Ivanov, Candidate of technical sciences,

St. Petersburg State Electrotechnical University,
"LETI", department of Laser Measuring and Navigation
Systems, St. Petersburg

The development of optical instrument making
entails the need to continuously improve and develop
methods and means of controlling products at all
technological stages of production. High quality
products are ensured not only through the use

of modern materials and components, but also
through the development of progressive control and
measurement methods implemented in the devices.
A brief review of modern samples of autocollimators
and goniometers is given in the article and their brief
metrological analysis is carried out.

INTRODUCTION

Numerous measurements of optical parts and devices
are reduced to determining the lengths and angles
(1]. The measurements, depending on the method of
obtaining thevalues of the measured value, aredivided
into direct, indirect and cumulative measurements.
Furthermore, depending on the presence or absence
of direct contact between the measuring instruments
and the object of measurement itself, there are
contact and non-contact methods. In problems
related to angular measurements, autocollimators
and goniometers are widely used. These devices
provide direct angle measurement in a non-contact
way. From the metrological point of view, the non-
contact method is preferable, since it excludes the
possibility of damage to the surface of the monitored
or measured object, has increased accuracy, allows
monitoring not only individual local zones but also
the entire surface of the part.

AUTOCOLLIMATORS

Autocollimators (Fig. 1) are used to measure small
angular deviations of normals to the reflective
surfaces from the measuring axis of the instrument.
At industrial enterprises, autocollimators are used
in various methods for controlling the angular
parameters of parts and machines. In the field
of optical production, these devices are used to
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TOPBl IIPUMEHSIOT B PA3JMYHBIX CXeMaX KOHTPOJIS
YIJIOBBIX [IApaMeTPOB [leTallell U CTAHKOB. B oTpaciu
OIITHYeCKOro IIPOM3BOACTBA 3TH IIPUOOPBI HCIIONB-
3YIOTCSL IJISI KOHTPO/ISi QOPMBI IIOBEPXHOCTH JeTa-
JIel, COOTBETCTBHUSI Pa3MepoB U APYIHX TeOMEeTPH-
YeCcKHX I1apaMeTpPOB H3rOTaBJIMBAaeMBbIX 3JI€MEHTOB.
KpoMme TOro, aBTOKOJIZIMMATOPHI IIPHMEHSIOT B MeTPO-
JIOTUYeCKUX 1ab0paTopHsIX U LIeHTPax CePTUPUKALIMHI
M MEeTPOJIOTHUH /Il KaJIMOPOBKH M IIOBepKU obpaslio-
BBIX YIJIOBBIX Mep M Pa3IHUYHBIX CHCTeM, CO3JAHHBIX
Ha UX OCHOBe. YIJIOBble M3MepeHHs B II0C/eJHEM CIIy-
Yyae XapaKTepU3yIOTCS BEICOKOM TOYHOCTBIO, JOCTHUIAT0-
ITIeH COTBIX /I0JIeH YITIOBOK CEKYH/IBL.

ITo criocoby 06paboTKM U IIpefCTaBleHUs U3MEpPH-
TeJIPHOM MHOOPMAIIMK BCe 3TH IIPUOOPBI MOSKHO Pas-
JeJIUTh Ha BU3yasIbHble U IIUQPOBEIE.

B BH3ya/IbHOM aBTOKOJLIIMATOPeE OIIEPATOP C IIOMO-
IIBIO OKYJISIpa OIIpefierisieT CMellleHHe H3006paskeHUs
CBeTSILEeHNCsT MapKH, IOJTy4eHHOe OT OTpPasKaloller
[IOBepXHOCTH 00BeKTa HM3MepeHHH, OTHOCHTEIbHO
HM3MepHTeIbHON CeTKH. Ha oTeuyeCTBEHHOM pBIHKE
JAHHas IpyIIa IpUbOPOB IIpeCTaBlIeHa MOJEISIMH
AKY-0.2, AKY-0.5 ¥ HEKOTOPBIMU IPYIMMH, IITPOM3-
BeleHHBIMH B HoBocubupcke kommaHuer AO "HoBo-
CUOUPCRUI TPUOOPOCTPOUTENBHEIH 3aBof" (puc.2) [2].
B cuy cBOeM OTHOCHTENBHO HeDOJIBIION CTOMMOCTH
BH3Ya/IbHBIE aBTOKOJIJIIMATOPBI II0KA OCTAIOTCS BeChMa
BOCTpe6OBaHHBIMHU ITpUbOpaMu. XOTsI, HAJI0 OTMETHUTH,
OHM 067afaloT PSAIOM CYIIeCTBEHHBIX HeJOCTATKOB,
OCHOBHBIMHU H3 KOTODPBIX SIBJISIIOTCSI HEBBICOKAS TOY-
HOCTb U3MePeHU I U HU3KasI 3QeKTUBHOCTb.

Bu3yasipHble aBTOKO/UIMMATOPBL BBIITYCKAIOT KPYII-
Hble 3apybe>kKHbIe ITPOKM3BOAUTENH, TAKHe Kak Trioptics
1 Moller Wedel (puc. 3) [3, 4]. OgHako mpenaraeMsle
3TUMH KOMIIAHHUSMH MOJENTH PACCUMTAHBI CKOpee Ha

il

Puc.1. Asmokoanumamop
Fig. 1. Autocollimator

control the shape of the surface of parts, the
correspondence of dimensions and other geometric
parameters of the elements being manufactured.
Furthermore, autocollimators are wused in
metrological laboratories and certification and
metrology centers for calibration and verification
of angle standards and various associated
systems. Angular measurements in the latter
case are characterized by high accuracy, reaching
hundredths of an angular second.

According to the manner of processing and
presentation of measuring information, all these
devices can be visual or digital.

Puc.2. Bu3syanbHbil asmokonaumamop AKY-0.5
Fig. 2. Visual autocollimator AKU-0.5

Puc.3. BusyanbHble asmokoanumamops Moller Wedel
(csepxy) u Trioptics (cHu3y)

Fig. 3. Visual autocollimators Moller Wedel (top) and
Trioptics (bottom)

PHOTONICS N21/69/2018 67



i1

CIIelIMaJIBHOIO II0TpebuTenst co crenudUIecKUMU
3agadaMH. [Ipubopel UMEIOT BBICOKYIO CTOMMOCTD U He
JHIIeHBl BCeX TeX He[JlOCTaTKOB, KOTOPEIe COIYTCTBYIOT
IIpOLle;yPaM BH3ya/IbHOIO CYUTBHIBAHUS M3MepHTeIIb-
HoU NHQOpMALIMH.

C pasBUTHEM KOMIIBIOTEDHOH M BBIYMCIHUTE/bHOU
TeXHUKH HaWOONBLIYIO MOIYASPHOCTh CTAJIN IIPU-
obpetaTh 1HpPOBble MPHOOPbI. B HUX H300paskeHUe
MapK{ PeTruCTPUpYyeTcs € moMomipio I13C-MaTpHUIIBI
WA JIMHEeHKH. M3MepHuTenbHass MHPOPMaLKs oLub-
POBBEIBaeTCA M Jajiee IOCTyIaeT Ha IIepCOHAJIbHBIM
KOMIIBIOTED.

[IpUHILINII JelCTBUS LHUPPOBOro aBTOKO/IMMATOPa
3aK/o4daercs: B ciaenymoomem (puc.4). CBeTOBOH IIOTOK
OT UCTOYHMKA 1 IPOXOAMT Yepe3 MapKy 2, OTpa’kaeTcsl
OT CBeTOJe/NUTeNbHOro Kybuka 3 M momajaeT B 06b-
eKTUB 4. MapKa HaxogWUTCsl B GOKaIBHOU IIJIOCKO-
CTH 0OBEeKTHBA, C IIOMOIIBIO KOTOPOTo ee H306paske-
HUe IIpoeLiupyeTcsi Ha 6eCKoHeYHOCTh. OTPa3HBIIMChH
OT IIOBEPXHOCTH CBeTOOTpa’kKalollell II0BePXHOCTHU
5, n3obpaskeHHe MapKH IONaJaeT Ha CBeTOYYBCTBU-
TeJbHBIM 3/IeMeHT 06, KOTOPBIL, TaKXe HaXOLUTCA
B (OKAJIPHOM IUIOCKOCTH 06BeKTHBA. B caydae, Korga
CBeTOOTPAa’KAIAs [IOBEPXHOCTD 5 IeprIeH UKy pHa
OCH aBTOKO/UTHMaTtopa (x=0), m3obpaskeHHe GOpMU-
PYyeTcsl 1o LIeHTPy CBETOUYBCTBUTE/IBHOIO 37IeMeHTa b,
1 JJaHHOe I0JI0’KeHHe K300paskeHUsl CUUTAETCS HyJle-
BbIM. Korga cBeTooTpaskaroljasi IIOBEPXHOCTb OTKJIO-
HUTCS Ha Yol o, M306paskeHHe MapKH B IJIOCKOCTH
CBETOYYBCTBUTE/ILHOTO 3/IeMEHTa IIONYy4YUT HEKOTO-
poe JIMHeIHOe CMelleHHe X, KOTOpPOe OIlpefe/seTcs
BBIpa’keHHEeM:

x=ftg2a,

rae f - ¢okycHoe paccTosiHHe 06BEKTHBA ABTOKOJLIH-
maropa.

LimdpoBble aBTOKOJIMMATOPHl 0OIAfAIOT PSIOM
HeOCIIOPUMBIX IIPeHMYINeCTB Ilepes BH3YaJIbHBIMH
npubopaMu: BBICOKAs TOYHOCTh HM3MEpPeHHH, IIpo-
CTOTA 3KCIUIYaTallUK U OOCTY>KMBaHMS, KOMIIAKTHBIE
rabapuThel U BeC, aBTOMATH3alUsl U3MepeHUH U T.[.
C TOYKU 3peHUs IPOH3BOUTENS pa3paboTka KOH-
CTPYKLIMHU TaKUX IIPHOOPOB He HaKJIa[bIBAeT SKECTKUX
OrpaHHYEHUH Ha OITHYeCKHe U MeXaHHYeCcKHe Y3JIbl,
YTO II03BOJISIET CO3[aBaTh HeJOPOrye IIpUbOPHl C OTHO-
CHUTEJILHO BBICOKOM TOYHOCTHIO.

AHa/N3 COBPeMEHHBIX LIKMOPOBLIX aBTOKOIIHMMa-
TOPOB 3apybe>kKHBIX ITpor3BoauTener - Moller Wedel
(mozens Elcomat 3000), Taylor Hobson (mozens Ultra)
u Trioptics (Momenb TA 1000-140) (pmc.5) [5] - moxka-
3aJ, 4To Hambosee BoCcTpebOBaHHBIMU IIpHbOpamMu
Ha CeTOOHAIIHHNA [OeHb ABASIOTCS aBTOKO/IMMa-
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In the visual autocollimator, the operator uses
the eyepiece to determine the displacement of the
image of the luminous mark, obtained from the
reflecting surface of the measurement object, relative
to the measuring grid. In the domestic market, this
group of devices is represented by models AKU-0.2,
AKU-0.5 and some other produced by Novosibirsk-
based company JSC "Novosibirsk Instrument-Making
Plant" (Fig. 2) [2]. Due to their relatively low cost,
visual autocollimators are still very popular devices.
Although, it should be noted, they have a number
of significant drawbacks, the main of which is low
measurement accuracy and low efficiency.

Visual autocollimators are still produced by large
foreign producers, such as Trioptics and Moller Wedel
(Fig. 3) [3, 4]. However, the models proposed by these
companies are designed rather for a special consumer
with specific tasks. Devices are of high cost and
also have all those disadvantages that accompany
the procedures of visual reading of the measuring
information.

With the development of computer and
computation technology, the digital instruments
began to acquire greatest popularity. The image of the
mark is registered using a CCD array or matrix there.
Measuring information is digitized and then fed to a
personal computer.

The operation principle of the digital
autocollimator is as follows (Fig. 4). The light flux
from the source 1 passes through the mark 2, gets
reflected from the beam splitting cube 3 and falls on
the lens 4. The mark is placed in the focal plane of the
lens, with which its image is projected to infinity.
Reflecting from the surface of the lightreflecting
surface 5, the mark image falls on the photosensitive
element 6, which is also in the focal plane of the
lens. In the case where the light-reflecting surface
5 is perpendicular to the axis of the autocollimator
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Puc.4. Onmuueckas cxema Uu$poso20 asmokoAuMamopa
Fig. 4. Optical scheme of digital autocollimator
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TOPBI C MOIPeLIHOCTBI0 M3MepeHUI 0,2-0,25 yITI0BOM
cekyHIpl. Cpefu OTeueCTBEHHBIX MPOH3BOAMTENEH
IIpU60pPEI TAKOTIO YPOBHS TOUHOCTH ITPe/i/IaraeT TONBKO
komnaHus "MHEPTEX". IIOrpemHOCTH H3MepeHHH
ABTOKO/LITUMATOpoB Mofenen AK-0.1 u AK-0.25, mpous-
BOZUMBIX KoMmmanuell "MHEPTEX" (puc.6), He IIpeBBHI-
IMIal0T COOTBeTCTBeHHO 0,1 1 0,25 yIrmoBoH cekKyHAB! (6]
(cM. Tabu. 1).

ABTOKOJIZIMMaTOpbl cepun AK pa3paboraHsbl
U BBITIOJTHEHBI Ha COBCTBEHHOM COBPeMEHHOM ITPOH3-
BOZCTBe Ha 6a3e CaHKT-IleTepbyprcKoro rocygapCTBeH-
HOTO 3JIeKTPOTeXHHUYeCKoro yHuBepcureTa CII6IITY
"JISTH" ¢ yueTOM COBpeMeHHBIX TeHEHLIUI Pa3BUTUS
MHpPOBOro mpubopocTpoeHus. [IpuMeHeHHe B aBTO-
KommuMaTtopax AK 4yBCTBUTeNbHBIX [13C-MaTpHIj
1 BBICOKOTOUHBIX ONTHYECKHX 3/IeMEHTOB I103BOJISIeT
CO3[aBaTh HAJleXKHBIe U yHOOHBIE NPHUOOPHI BBICOKOM
TOYHOCTH. TakK, OOUH M3 aBTOKO/IMMATOpoB AK-0.25
BHECEH B peeCTpP YTBEPKAEHHBIX 3TAJIOHOB eIHHMUI]
BeJIMUMH KaK pabounri 3TajioH I paspsima BeTHUYMHBL
IIJIOCKOTO yTJIa.

CrenyuanbpHO pa3paboTaHHOe IporpaMMHoe obe-
creyeHre GonioScan AC (puc.7) IO3BONSIET peasu-
30BBIBAaTb KaK eJUHHUYHBIE, TaK K MHOI'OKDaTHBIE
KM3MEpeHHs, CO3[aBaTb CLEHApHUHU C PA3THUYHBIMU
podUIIMU HAaCTPOeK, COXPAHSATh pe3y/lIbTaThl H3Me-
PeHHUI B Pa3saHUuHBIX dopMarax U T.I. MHTYUTHUBHO
IOHSITHBIN HHTepdeiic IIO He TpebyeT oT omepa-
TOpa CIeLHaJIbHOM MOATrOTOBKU. MHTepdenc cospmaH
TaKMM o06pa3oMm, uTOObl MaKCHMaJbHO IIOBBICUTH
3$PeKTUBHOCTD IIPOLIeYPHl IIPOBEIeHUS U3MePeHU
ABTOKOJI/IMATOPOM.

CTOUT OTMETHUTb, YTO B POCCHMU CyIeCTByeT
HECKOJIbKO JPYTHX ITPOM3BOJUTENeH IOJOOHBIX IIPH-
60D0OB 6osee HU3KOrO KjIacca TOUHOCTH. HUke mpuBe-
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Puc.5. 3apybexxHbie uupposbie asmoKoAAuMamopsl
Fig. 5. Foreign digital autocollimators

(a=0), the image is formed at the center of the
photosensitive element 6, and this position of the
image is considered to be zero. When the light-
reflecting surface is inclined by an angle a, the mark
image in the plane of the photosensitive element
will receive a certain linear displacement x, which is
determined bv the expression:

Tabnuua 1. XapakTepucTnkm udpoBbiX aBTOKOIIMMATOPOB pa3/INYHbIX NPOU3BOANTENEN
Table 1. Characteristics of digital autocollimators of various manufacturers

fapamerp AK-0.25 AK-03L} Elcomat 3000 TA1000-115
Parameter

M3roTtoBuTens MHEPTEX HMNK AnarHoctnka | Moeller Wedel | Taylor Hobson Trioptics
Manufacturer INERTECH NPK Diagnostika Moeller Wedel | Taylor Hobson Trioptics
MpenenbHas norpeL-

HOCTb M3MEpeHUs +0,1" +0,25" +0,3" +0,25" +0,2" +0,2"
Measuring error limit

AnanasoH n3mepeHni 40 40 40 33 30 17
Measuring range

SRR IS 0,001" 0,01" 01" 0,01" 0,001" 0,01"
Resolution

rabapuel, mm 340%x90x120  340x90x120 330x80x120 420x95x135 - -
Dimensions, mm

Bec, Mm _ _
Weight, mm 35 3.5 4 S
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Puc.6. Liugpposbie asmokoanumamopsl AK-0.25, AK-0.1
("MIHEPTEX", 2. Caukm-Tlemep6ypz)

Fig. 6. Digital autocollimators AK-0.25, AK-0.1 (INERTECH,
St. Petersburg)

IeHa CBOAHAsS TabIHIIa TeXHUYECKUX U IKCIUIyaTal[y-
OHHBIX XapaKTePUCTHUK [[HPPOBBIX aBTOKO/UIMATOPOB
BCEX OCHOBHBIX IIPOM3BOIUTENIEH, [TPEeACTABIEHHBIX Ha
OTe4eCcTBEHHOM pPbIHKe (Tabn.1).

FrOHUOMETPbDI

TOHHMOMETpPHl IIPUMEHSIOTCSL [JIsl U3MEPeHUI YIJIOB,
06pa30BaHHBIX IIJIOCKMMHU IIOBEPXHOCTSIMH Pa3iny-
HBIX 00BEKTOB, CIIOCOOHBIX OTPa’kaTh CBETOBBIE JIyUH.
rOHI/IOMeprI — 3TO COBpPeMEHHble IIpellM3HOHHbIe
YIJIOU3MEPUTe/bHble ITPUOOPEI, KOTOPBIE HKCIIONb3Y-
IOTCSL B HACTOsiIllee BpeMsl B psifie KPYIIHBIX OITHYe-
CKUX W NPHOOPOCTPOUTENBHBIX IIPefNpUsITHH Poc-
CHH, a TAKKEe B METPOIOTMYeCKUX HHCTUTYTaX APYyTHUX
CTpaH.

Kak ¥ aBTOKOJIJIMMAaTOPbI, BCe TOHUOMETPBI I10 CIIO0-
coby 06paboTKM M IpeACTABIEHHUS H3MepHUTelIbHOU
I/IHCI)OpMaL[I/II/I IIPUHATO [AE€JIHMTb Ha4 BH3YydJ/IbHBIE
U OUPPOBEIe.

B BH3ya/bHOM TOHHOMETPe M3MepeHHe YIJIOB
OCYIIeCTB/ISIeTCS abCOMIOTHBIM METOZIOM, T.e. IIyTeM
CPaBHEHHUSI C TOYHO I'PafyHPOBAaHHBIM JTUMOOM (Kpy-
TOBOM IIKAJIOM), SKeCTKO CBS3aHHBIM C IIpeIMeTHBIM
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x=ftg2a,

where f is the focal length of the autocollimator
lens.

Digital autocollimators have a number of
undeniable advantages over visual instruments:
high measurement accuracy, ease of operation and
maintenance, compact dimensions and weight,
automation of measurements, etc. From the
manufacturer’s point of view, the design of such
devices does not impose strict restrictions on optical
and mechanical components, which allows the
creation of inexpensive devices with relatively high
accuracy.

Analysis of modern digital autocollimators of
foreign manufacturers, Moller Wedel (Elcomat 3000),
Taylor Hobson (Ultra) and Trioptics (TA 1000-140)
(Fig. 5) [5], showed that the most popular devices
today are autocollimators with a measurement
error of 0.2-0.25 angular seconds. Among domestic
manufacturers, the devices of this level of accuracy
are offered only by INERTECH. The errors in
measurements of the autocollimators AK-0.1 and
AK-0.25 produced by INERTECH (Fig.6) do not exceed
0.1 and 0.25 angular seconds, respectively [6] (see
Table 1).

Autocollimators of AK series are designed and
manufactured in our own modern enterprise at the
St. Petersburg State Electrotechnical University "LETI",
taking into account modern trends in the development
of the world instrument making industry. The use
of sensitive CCD arrays and high-precision optical
elements in the AK autocollimators allows the
creation of reliable and convenient high precision
instruments. Thus, one of autocollimators, AK-0.25,
is included in the register of approved measurement
standards as the I echelon working standard of the
plane angle unit.

Specially developed software GonioScan AC
(Fig. 7) allows to implement both single and multiple
measurements, create scripts with different profiles
of settings, save measurement results in various
formats, etc. The intuitive interface of the software
does not require special training from the operator.
The interface is designed in such a way as to maximize
the efficiency of the measurement procedure with an
autocollimator.

It should be noted that there are several other
manufacturers of similar devices of lower accuracy
class in Russia. Table 2 is a summary table of
technical and operational characteristics of digital
autocollimators of all major manufacturers,
represented in the domestic market.
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CTOIMKOM, Ha KOTOPBIHM YCTaHAaB/IHBAETCs OITHYeCKas
neTasb. [IorpelHOCTh IPUOOPOB Takoro THIa 06ycIoB-
JIeHa B OCHOBHOM 0COOeHHOCTSIMU H3TOTOBJIEHHUS T M-
60B, a UMEHHO HePAaBHOMEPHOCTBIO HAHeCeHH I Ha HUX
KPYTOBOK IMIKaIbl. JIOTIOTHUTEIBHBIHN BK/IAJ B IIOTpell-
HOCTb M3MepeHHUs yIJIa BU3yalIbHBIM IIPUOOPOM HaeT
omubKa ormeparopa, CBsI3aHHasl C CyObeKTHUBHBIM OLITY-
IeHHeM omepaTopa (IpHeMHHKOM HHpopMaluu 06
YIJIOBOM OTCYeTe OT OTpaskaeMOM II0BEPXHOCTH JIeTaIH
CTY>KUT I71a3 Ye/loBeKa).

Ha oTeuecTBEHHOM pBIHKe BH3yaJIbHble FOHHOMe-
TPHI ITpefcTaBaeHbl MogensiMu ['C2 u I'5 (puc.8) pous-
BOJCTBA 3aBofa 'ApceHan" (r. KueB), IpeKpaTHUBILIETO
CBOe CyIeCTBOBAaHHE HECKO/IbKO JIeT HasaJ; HecMmo-
TpS Ha JHKBHUAALMIO 3aBoAa OONBIIMHCTBO IIpes:-
IIPUSATHI, J1abOPaTOPUN U LIEHTPOB CePTHHKALIMU
M METPOJIOTHHU A0 CHX II0P MacCOBO KCIIONB3YIOT IIPH-
OOpbl MAaHHBIX Mojenel. 3apybekHble KOMIIAHHUH
TaK>Ke CEPUIHO BBIITYCKA/IK BHU3yaJIbHbIe TOHHOMETPBI
(Hanpumep npubopsl Gonio II-VIS kommanHuu Moller
Wedel) (prc.9), omHako Ha CerofHSIIIHUM JeHb IIpak-
TUYeCKU BCe KPYIHBIE ITPOM3BOJUTETH BBIITYCKAIOT
TOJIBKO LIIGPOBBIE TOHHOMETPHI.

CTOUT OTMETHUTb, UYTO BHU3ya/IbHbIe IPHUOOPHI, KaK
IIPaBUJIO, SIB/ISIETCSI TOHUOMeTPaMU-CIIeKTpOMeTpaMu
M, IIOMHMO CBOeH Ile/leBOM OYHKIIUM, MOLYT H3Me-
pATh IOKa3aTelb IPeJOM/IEHHS MPO3PadHbIX TBEp-
OBIX MaTepuasoB. Ho umes 6onee mIupokue QyHKIIH-
OHaJ/IbHBIE BO3MOXKHOCTH, 3TH MOPAJIPHO yCTapeBIIHe
M3JIeJIUS SIBJISIOTCS. BeCbMa FabapUTHBIMU, CIIOKHBIMHU
B 9KCIUIyaTallMU YCTaHOBKaMH, UTO He YIOBJIETBO-
psieT coBpeMeHHoro norpeburesns. [I03ToMy Ha CMeHY
BH3ya/JIbHBIM NpH6OpaM M NPUILIH HX ILHPOBbIE
aHaJIOTH.

B LHQpOBBIX TOHHOMETPAaX B KadeCTBe 3PHUTeEJb-
HOIM TPyObl HCIIONB3yeTCsl LHUPOBOM aBTOKOIIHMMA-
TOpP, KOTOPBIK obecrieunBaeT ONTUYECKYIO IIPUBSI3KY

Puc.8. Bu3yanbHbili 20Huomemp I'5 ("ApceHan", 2. Kues)
Fig. 8. Visual goniometer G5 (Arsenal, Kiev)

i g

Puc.7. inmepdelic npozpammHozo obecnedeHust GonioScan
AC
Fig. 7. Software interface GonioScan AC

GONIOMETERS

Goniometers are used to measure the angles formed by
the flat surfaces of various objects capable of reflecting
light rays. Goniometers are modern precision angle
measuring devices, which are currently used in a
number of large optical and instrument-making
enterprises in Russia, as well as in metrological
institutes of other countries.

Like autocollimators, all goniometers are divided
into visual and digital according to the manner
of processing and presentation of measuring
information.

In a visual goniometer, angles are measured by an
absolute method, i.e. by comparison with a precisely
graduated arc (circular scale), rigidly connected to
the stage where the optical part is mounted. The
error of the instruments of this type is due mainly to
the features of manufacturing the arcs, namely, the
uneven application of a circular scale. An additional
contribution to the error in measuring the angle
by a visual instrument is the error of the operator
associated with the subjective sensing of the operator
(the person’s eye serves as the receiver of information
on the angular readout).

In the domestic market, visual goniometers are
represented by GS2 and C5 (Fig. 8) produced by plant
"Arsenal” (Kiev), which ceased to exist several years ago;
despite the liquidation of the plant, most enterprises,
laboratories and certification and metrology centers
still use mass devices of these models. Foreign
companies also produced visual goniometers (e.g.,
Moller Wedel devices Gonio II-VIS) (Fig. 9), however,
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K OTPa’KAOIIMM TIPaHSIM o0OBeKTa II0CPeACTBOM
M3MepeHHs yIJIa MeXAy COOCTBeHHOM OITHYeCKOH
OCBI0 M HOPMAaJIbl0 K OTpaskalollel IpaHHU. B Kade-
cTBe TMM6a, YCTAHOBJIEHHOTO HA OCh BpAIlleHHs I10BO-
POTHOIO CTOJIKMKA, HCIIONB3YIOT POTO3/TeKTPUIECKUH
IOATYUK Ipeobpa3oBarens yIrjia, a caM CTOJIHUK CHab-
>KeH, Kak IIPaBUJIO, IIPHBO/IOM, OCYIIECTBIISIONIUM ero
BpallleHHe B COOTBETCTBUU C TPebyeMBIM ClLieHapHeM
HM3MepeHHUH.

IIprMeHeHHe TAaKUX TeXHUUeCKHX PelleHHU  [103B0-
JeT MPAaKTHYeCKH HCKIIOYHUTH IIOrPEIIHOCTH, CBOM-
CTBeHHBble BH3yaJIbHBIM IIpubopaM. COBpeMeHHBIH
YPOBEHb Pa3BUTHUS 3/1eKTPOHHO-BBIUNC/IUTETbHOM
TeXHUKU obecrieqrBaeT CyLIeCTBEeHHOE yBeJlHYeHHe
TOYHOCTH H3MEepEeHMH 3a cueT INPHUMEHeHHUS pasiud-
HBIX QJITOPUTMOB KOMIIEHCAIIMH OMKOOK, CBS3aHHBIX
C TeXHOJIOTHUYECKUMHU 0COOEHHOCTSIMHU HM3TOTOBJIEHUS
OATYHKOB yIJIa (3HKoAepoB). HakoHel], 3a cueT [1O/THON
aBTOMaTH3alM U IIpoliecca H3MepeHHH, COBpeMeHHEbIe
LMbpoBble TOHHOMETPBL ITOJTHOCTBIO YIOBJIETBOPSIOT
TpeGOBAaHMSIM I10Ib30BaTe/Iel KaK YCTPOMCTBA ynob-
HBIE U [IPOCTOTBIE B 3KCIITyaTallHH.

YUHUTBIBasg BCe IPeHMMYINeCTBa LHPPOBBIX T'OHHUO-
MeTpOB Ilepefl BH3ya/bHBIMM, KpPYIIHble KOMIIAHHUU
IIPOM3BOAUTENN OITHYECKOH YIJIOM3MEPHTe/IbHOU
TeXHUKM Ha CerofHSIIHUN AeHb OTAAIT IIpefIIo-
YTeHHe pa3paboTke M CO3MAHUIO ITPHOOPOB MMEHHO
nepBoro Tuma. Cpeny 3apybe>KHBIX KOMIIAHUH CTOUT
BeIeTUTD Trioptics (mpubopel cepum PrismMaster)
u Moller Wedel (mpubops! cepuu Goniomat) (prc.l0).
AHanU3 TOYHOCTHBIX XapaKTePUCTHK I'OHHUOMETPOB
3apybesKHOro IMPOM3BOACTBA IIOKAa3aJ, 4YTO BOCTpebo-
BAaHHBIMHU SIBJISIIOTCS ITPUOOPEI, 0brazaomye morpe-
HOCTBIO HM3MepeHHs yriaa He Oojee OmHOM YIJIOBOHM
CeKyH[BI (Tab. 2).

Cpenu oTedeCTBeHHBIX IIPOM3BOAUTENEH LHPPO-
Bble TOHHOMETPBI C TaKKUM yPOBHeM TOYHOCTH IIpO-
M3BOLUT U IIOCTABJISIET TOAbKO KoMItaHus "MHEPTEX"
(Mmomens CI-1) (pHC.ll). Tonrometp CI-1 ocHaIeH BBICO-
KOTOYHBIM IIUPPOBBIM aABTOKOJIMMATOPOM C IIHPO-
KHM [HaIlla30HOM M3MepeHHM, HedYyBCTBHUTeJIeH
K BO3MYILAIOLUIMM CBETOBBIM BO3IEHCTBUSM H SIBIIS-
€TCSI IOMTHOCTBIO aBTOMATHU3HUPOBAHHBIM MPUOOPOM
C MHOToQyHKIIHOHATbHBIM IIPOrPAaMMHBEIM obecIie-
yeHreM GonioScan SGC. IIporpaMMHoe obecreue-
Hue GonioScan SC (pumc.12) obnazmaeT ciaenyroUIMMH
BO3MOSKHOCTSIMH
e BBIBOJ Ha 3KPaH B PEaJIbHOM BpeMeHHU H306paske-

HMS C KaMepel - YIJIOBOI'O IIOJIO’KEHHSI OIIOPHOIO

KpecTa II0 IByM KOOpAHUHATaAM;

e peructpanusi abCONIOTHOIO M OTHOCHUTEIBHOIO

YIJIOBOTO IIOJIOKEHHS II0 HECKOJIBbKHM H3Mepe-

HUSIM;
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Puc.9. Bu3yanbHbili 20HUomemp Gonio I1-VIS (Moller Wedel)
Fig. 9. Visual goniometer Gonio I1-VIS (Moller Wedel)

to date almost all large manufacturers produce only
digital goniometers.

It should be noted that visual instruments, as a
rule, are goniometer-spectrometers and, in addition
to their objective function, can measure the refractive
index of transparent solid materials. But with more
extensive functionality, these obsolete products are
very large, difficult to operate, not satisfying the
modern consumer. Therefore, the digital devices
replaced the visual instruments.

In digital goniometers, a digital autocollimator
is used as a telescope, which provides optical
reference to the reflecting facets of the object by
measuring the angle between its own optical axis
and the normal to the reflecting face. As an arc
mounted on the axis of rotation of the rotating stage,
a photoelectric transducer of the angle converter is
used, and the stage itself is usually provided with a
drive that rotates it in accordance with the required
measurement scenario.

The use of such technical solutions makes it
possible to virtually eliminate errors inherent in
visual instruments. The current level of development
of electronic computers provides a significant
increase in the accuracy of measurements due to the
application of various error compensation algorithms
associated with the technological features of the
manufacture of angle sensors (encoders). Finally,
due to the complete automation of the measurement
process, modern digital goniometers fully satisfy the
user requirements in terms of usability and ease of
use.

Taking into account all the advantages of digital
goniometers comparing to visual ones, large
manufacturers of optical angle measuring equipment
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e perucTpauus YIJIOBOIO IOJIOXKEHMS IIOJBHKHOIO
o6BeKTa B peXXHMMe HeIIPepbIBHOM 3aIlMCH, IIPH
3TOM YacTOTa 3aIIMCH OIIpeie/isieTCs OIlepaToOpPoM;

e aBTOMAaTHYecKas WJIM pydHas HaCTPOMKA IlapaMe-
TPOB KaMephbl U CO3JaHKE PA3TIMYHBIX ITPOdHUIeH
HaCcTpPoeK s paboThl C Pa3IHMYHBIMU THUIIAMU
06'BEKTOB U OTPAKAIOLIN MU [TI0BEPXHOCTSIMU;

*  3aIMCh pe3y/IFTaTOB U3MePeHUH B Gal;

e yIpaBjeHHe CepBOIPUBOAOM CTOJHKA TOHHOMe-
Tpa;

e QJIrOpUTMHUYecKass 06paboTka H3MEPHUTETbHBIX
IAHHBIX;

+ dopMupoBaHUe dailIOB Pe3yIbTaTOB U3MEPEeHUH;

e (CO3maHUe CIieHapHUeB HUCIIBITAHUI, T.e. aBTOMATH-
YeCKOH I10C/IeI0BATe/IBHOCTH Pa3BOPOTOB CTOIKKA.
TonuoMeTp CI-1 - cOBpeMeHHBIN BBICOKOTOUYHBIM

IIpubOp, OTBEUAIOIINI BCeM TPebOBaHHUSIM MHPOBOTO

YIJIOM3MEPUTEIbHOr0 IIpubopocTpoeHUs. B Tabm. 2

IpUBeleHbl TeXHUYeCKHe M 3KCIUIyaTalluOHHBIe

XapaKTePHUCTHUKU [HPOBBIX TOHMOMETPOB BCEX OCHOB-

HBIX IIPOM3BOJUTENIeN, IIpefCTaBJIeHHBIX Ha OTede-

CTBEHHOM pBbIHKe.

3AK/MTIOYEHUNE

0O630p COBPeMEHHOI'0 COCTOSIHHSI PBIHKA YIJIOHM3Me-
PUTeNBHBIX IIPUOOPOB ITOKA3aJI, YTO OTeYeCTBEHHOMY
IOTPebUTeN0 CerofHs AOCTYIIHBI He TOJIBKO IOPOro-
CTOSIIIMe MMIIOPTHBIE H3[eNHs, HO U OTHOCHTEIBHO
HeJIOpOTHe, HaJleKHble U He YCTyIalollHe 10 YPOBHIO
TOUHOCTH CBOMM 3apybe>KHBIM aHaJoraM aBTOKOJIIM-
MaTOpbl U TOHHOMETPBl POCCHHCKOTO ITPOM3BOACTBA.
Kommanus "MHEPTEX" cepuriHO BBIITyCKaeT LKQpo-
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Puc.10. MoHuomempsi PrismMaster 1SOHR (cgepxy)

u Goniomat A5 Plus (cHu3y)

Fig. 10. Goniometers PrismMaster 1ISOHR (top) and Goniomat
A5 Plus (bottom)

today prefer to develop and create devices of the
former type. Among foreign companies, it is worth
highlighting Trioptics (PrismMaster series devices)
and Moller Wedel (Coniomat series devices) (Fig.
10). The analysis of the accuracy characteristics
of goniometers of foreign production showed that

Tabnuua 2. XapakTepucTUKM LMPpPOBBLIX TOHMOMETPOB Pa3MYHbLIX MPON3BOANTENEN
Table 2. Characteristics of digital goniometers of various manufacturers

[MapameTtp

Parameter

Goniomat A5 . PrismMaster
Plus Goniomat A5 150 HR

MN3rotoBuTeNb NHEPTEX HMK AnarHoctuka Moeller Wedel Trioptics
Manufacturer INERTECH NPK Diagnostika P
MpefenbHas NOrpeLwHoCTb U3me-

peHns +0,8" +1,0" +0,6" +1,5" +1,0"
Measuring error limit

AmanaapH M3MepeHun 40’ 40 40’ 40’ 67"
Measuring range

CBETOBOM ANAMETP 06bEKTUBA, MM 40 40 28 28 30
Lens clear aperture, mm

POKYCHOe paccTosiHMe 06BLEKTMBA,

MM 250 250 200 200 -
Lens focal distance, mm

LRI (] 650x380%x370  610x300x350 610x 340 530x200 550x 330x 198
Dimensions, mm

Bec, kr _
Weight, kg 47 35 35 19
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Puc.11. MoHuomemp CI-1 ("MIHEPTEX", 2. CaHkm-Temep6ypz)
Fig. 1. Goniometer SG-1 (INERTECH, St. Petersburg)

Bble aBTOKOJIMMATOPhI (cepusi AK) M CTaTH4YecKue
roHroMeTpsl (cepusi CI), He HMMeIOIIHEe OTeYeCTBEH-
HBIX aHAJIOrOB. IIpH6OpHI, BBIIyLIeHHBIE IO, MApPKOK
"UHEPTEX", oTMe4YeHbl JUIJIOMAMH U MeJaIIMH pa3s-
JTUYHBIX CIEI[HAJIM3HPOBAHHBIX BBICTABOK M IIOJIB3Y-
10TCs1 GOBIIMM CIIPOCOM Ha PBIHKE HM3MEPHUTETbHBIX
1prubopoB Kak B Poccry, Tak U 3a pydeskoM.
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Puc. 12. iumepaelic npozpammHozo obecneyeHust GonioScan
SG
Fig. 12. Software interface GonioScan SG
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instruments with an error of measuring the angle

not more than one angular second are in demand

(Table 2).

Among domestic manufacturers, digital
goniometers with this level of accuracy are
produced and supplied only by INERTECH (SG-1)
(Fig. 11). Goniometer SG-1 is equipped with a high-
precision digital autocollimator with a wide range
of measurements, insensitive to disturbing light
effects and is a fully automated instrument with the
multifunctional software GonioScan SG. The software
GonioScan SG (Fig. 12) has the following features:

« display in real time of the image from the
camera - angular position of the reference cross in
two coordinates;

+ registration of absolute and relative angular
position in several dimensions;

 registration of the angular position of the mobile
object in the continuous recording mode, with the
recording frequency determined by the operator;

« automatic or manual adjustment of camera
parameters and creation of various settings
profiles for working with different types of objects
and reflective surfaces;

+ recording measurement results in a file;

« control of the servo drive of the goniometer table;

« algorithmic processing of measurement data;

+ formation of measurement results files;

 creation of test scenarios, i.e. automatic sequence
of table turns.

Goniometer SG-1 is a modern high-precision
device that meets all the requirements of the world’s
angle measuring instrumentation. Table 2 shows the
technical and operational characteristics of digital
goniometers of all major manufacturers represented
on the domestic market.

CONCLUSION

A review of the current state of the market of
angle measuring devices has shown that not
only expensive imported products are available
to domestic consumers today, but also relatively
inexpensive, reliable and not inferior in terms
of accuracy to their foreign counterpart
autocollimators and Russian-made goniometers.
INERTECH serially produces digital autocollimators
(AK series) and static goniometers (SG series),
which do not have domestic analogues. Devices
produced with INERTECH trademark are awarded
with diplomas and medals of various specialized
exhibitions and are in great demand both in the
Russian market of measuring instruments in
Russia and abroad.



