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BbICOKMI YypOBEHb ONTUYECKUX TEXHOJIOT UM
AOCTUXUM TONbKO B TOM C/ly4ae, Korga
npousBoAUTE/Ib ONTUYECKUX AeTanel TOUHO
co61I0A3aeT KOHCTPYKTOPCKUe Tpe6oBaHUS.

Be3 COOTBETCTBYIOLLEr0 METPOJIOrMYEeCKoro
obecnevyeHus yrnoBbiX M3MepeHuii 3Ta 3aga4a He
MMeeT pewieHus. MoBbilleHMe TOYHOCTU Yr/10BbIX
M3MepeHUIi BCKPbIZIO Cepbe3Hyto NOTpPe6HOCTb
npouvsBoauTesiei B BbICOKOTOUHbIX LUGPOBbIX
M3MepuTensax yrna. B ctatbe AaH CpaBHUTENbHbIM
aHanu3 Mojesne rOHNOMETPOB, NPeACTaB/eHHbIX HA
OTe4yeCcTBEHHOM pbIHKe.

HacTosllee BpeMs, KOTJa HayKa M TeXHHKa
Pa3BHBAIOTCS TMTFaHTCKMMM TeMIIaMH, BO3-
HHKaeT O4YeHb Cepbe3HBIM BOIPOC O TOYHO-

CTH Pa3IUYHBIX BHUJOB H3MepeHHUM, 6e3 KOTOPBIX

HEBO3MOKHO ITPOBOAUTH 3KCIIEPUMEHTHI, a 3HA4YUT

OBUIaThCS Oajibllle II0 HeM3BeJAHHOL TpoIle Hayd-

HBIX HCC/IelOBAHHUM. B IociefHHe HECKOIBKO JIeT

BO3HHUKJ/IA Cepbe3Has IIOTPeOHOCTh B BBICOKOTOY-

HBIX LIMQPOBBIX HM3MepUTeNsAX yriaa. Iis u3mepe-

HHUSI Pa3/JIMYHBIX ONTHUYeCKHUX [JeTajeld KU IOBepKHU

YIJIOBBIX Mep IIpe[Ha3HAaYeHbl TOHMOMETPHI 1, 2 u 3

paspsza. Ha poccuMCKOM pBIHKe Ha CerofHSIIIHUM

JeHb IIMPOKHUM CIIPOCOM IIOIB3YIOTCS yCTapeBIIHe

MOJeIH -~ BH3ya/IbHble TOHHOMETPHI IIPOM3BOACTBA

KueBckoro 3aBoma "ApceHan" (momenu I'C2, I'SM

u I'C-5) u coBpeMeHHble - LIHM)POBble [OHHUOMETPHI

npou3sBoactBa "HIIK "MuarHoctuka’ (Momenu CI-11]

u CI-3L) (puc.l,2), a TakKe psifi UMIOPTHBIX aHAJIO-

ros (puc.3, 4).

HamoMHUM IIpoLienypy MeTPOJOrHYecKoro
obecrieyeHHUsT eNMHCTBA YIJIOBBIX HK3MepeHUH.
CorjlacHO TrOCYJapCTBeHHOM IIOBEPOUYHOU CXeMe
onsi cpeacts usMepenun (CH) mlockoro yria
T'OCT 8.016-81 Mephl IJIOCKOTO yIrja MpH3MaTHYe-
CKHe SB/ISIOTCSI OCHOBHBIMM PabodyMMH 3Tajo-
HaMHU [ Iepefadyy pa3mMepa OT 3TaJOHa eQMHHUIIEI
IIJIOCKOTO yriaa Ao pabodyux CpeicTB H3MepeHHH.
Kpome ToOro, ¢ momoIubio YIJIOBBIX Mep ITPOM3BOAAT
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REVIEW OF MODERN
ANGLE MEASURING
TECHNIQUE

N.Goncharov, PhD in Technical Sciences,
Research-and-production company "Diagnostika”, LLC,
St.-Petersburg, info@diagnostika-spb.ru

High level of optical technologies is achievable only

in that case when the manufacturer of optical details
precisely observes engineering requirements. This

task will be not completed without corresponding
metrological supervision of angular measurements.
Improvement of accuracy of angular measurements has
revealed serious manufacturers’ needs in high-precision
digital measuring instruments of an angle. In the article
there is the comparative analysis of goniometer models
presented on the domestic market.

ow, when science and technics develop by

high rates, there is a very serious question on

accuracy of various kinds of measurements,
without which it is impossible to make experiments,
so to move further on a novel track of scientific
researches. In the last several years a serious demand
in high-precision digital measuring instruments of
an angle has arisen. For measurement of various
optical details and calibration of angular measures
the goniometers of the 1st, 2nd and 3rd grades are
intended. Today the out-of-date models - visual
goniometers of Kiev factory "Arsenal" manufacturing
(models GS-2, G5M and GS-5) and modern - digital
goniometers of "NPK "Diagnostika" manufacturing
(models SG-1D and SG-3D) (fig. 1,2), and also a number
of import analogues (fig. 3,4) have a great run in the
Russian market.

Let’s remind the procedure of metrological
supervision of the unity of angular measurements.
According to the state calibration scheme for
measuring equipment (SI) of a plane angle GOST of
8.016-81, the prismatic measures of a plane angle
are the basic working standards for transfer of the
size, from the standard of unit of a plane angle to the
working measuring equipment. Besides, by means
of angular measures the installation and graduation
of measuring devices and tools, and also direct
measurement and marking of products, adjustment of
machine tools and devices etc are carried out. Therefore
the measures of a plane angle are the most important
elements of metrological provision of the enterprises.
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Puc.1. Lugposoli zoHuomemp CI-1L (HMK "AuazHocmuxa")
Fig. 1. Digital Goniometer SG-1D (NPK "Diagnostika")
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Puc.2. Lugpoesoli 20Huomemp Cr-31 (HMK "AuazHocmuxa”)
Fig. 2. Digital Goniometer SG-3D (RPK "Diagnostika")

YCTAaHOBKY M TPaJyHMpPOBKy HM3MepHTebHBIX IPHUOO-
POB ¥ MHCTPYMEHTOB, a TaKyKe HeIOoCpeaCTBeHHOe
H3MepeHHe U pa3sMeTKy M3Ae/lHl, HaJlafKy CTAaHKOB
Y IIPUCIIOCOONIEHUN U T.[. I109TOMy Mepsl IIOCKOTO
yIya Harbosee BaXKHBIM 37IeMeHT METPOJIOTHYeCKOro
obecrieueHU S IIpeAIIPUSTHH.

B coorBercTBHM ¢ T'OCT 2875-88 cCymiecTBYIOT
JeThIpe THIIA Mep IUIOCKOrO yrjaa: THUII 1 U 2 - 3To
MepBl C OMHUM PaboyuMM yIJIOM, THII 3 - C YeTBIPbMSI
PaboOYKMHU yIJIaMH U THII 4 - 3TO IIPaBU/IbHASI MHOTO-
CpaHHasg IIpH3Ma. Mepsl IJIOCKOTO yriaa Thma 1, 2 1 3
M3rOTaBAMBAIOT M3 cTaJd MapKu IIX15 mo TOCT 801~
78, MepBl THIIA 4 - M3 OIITHYECKOr0 CHUTa//Ia MapKH
COI15M MM OIITHYECKOro CTeKJia Mapok K8 unu JIK7
o 'OCT 3514-76.

CrmenpaanucTaM XOPOIIO H3BECTHO, 4YTO Iiepe-
Jladyy pasmepa IIJIOCKOTO YIVIa OT BBICIIETO paspsia
(pabounx 3TaJOHOB) K HU3IIeMY (00pa3LlOBBIM Cpef-
CTBAM H3MepeHMM) obecredyrBaeT MeTO[, IIPSIMOIO
H3MepeHHsl C IIOMOLIbI0 MHOTOIPAaHHOM IIPH3MEL.
CKO OTK/IOHEHUI pe3y/IbTaTOB CAMYeHUH Pabodux

According to GOST 2875-88 there are 4 types of
measures of a plane angle: type 1 and 2 are the
measures with one working angle, type 3 - with
four working angles and type 4 is a regular polygon.
The measures of a plane angle of type 1, 2 and 3 are
made of a steel in accordance with GOST 801-78,
the measures of the 4th type are made of optical
zerodur product or of optical glass in accordance with
GOST 3514-76.

It is well-known to the experts that transfer of
the size of a plane angle from the higher category
(working standards) to the lowest (to reference gage)
is provided by the method of direct measurement by
means of a polygon. RMS deviations of comparison
results of working standards with the primary standard
constitute 0,03"- 0,08".

The working standards are applied for calibration of a
standard polygon and reference gage of the 15t grade.

Confidence absolute deviations of reference measuring
equipment of the 15t grade at confidence coefficient 0,99
constitute 0,1'- 0,4". They are applied for calibration of
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Puc.3. Cmamuueckuli zoHuomemp Prism Master PRO (komna-
Hug Trioptics GmbH)

Fig. 3. Static Goniometer Prism Master PRO (company
Trioptics GmbH)

Puc.4. Cmamuueckuti 2oHuomemp Goniometer Il Standard
(komnaHus Moeller-Wedel GmbH)

Fig. 4. Static goniometer Goniometer Il Standard (company
Moeller-Wedel GmbH)

3TAJIOHOB C [IEPBUYHBIM 3TAJIOHOM coCcTaBisieT oT 0,03"
o 0,08".

Paboume 3TajJOHBl IPHUMEHSIOT [JISI IIOBEPKH
06pasmoBEIX MHOTOTPAaHHBIX MPHU3M H 06pasI[OBBIX
CpeACTB U3MePeHUH 1 pa3psija.

JloBepuTenbHble abCOMIOTHBIE IIOTPENIHOCTH
8 06pa3LoBBIX CPeACTB M3MepeHHuN 1 paspsiga mpu
JOBEPUTENBbHON BeposiTHOCTH 0,99 COCTaBIAIOT OT 0,1"
no 0,4". X IpUMeHSIOT AJIsI IIOBepPKU 06pa3IioBBIX
YIJIOBBIX Mep THIIOB 1, 2 U 3, 06pa3u0131>1X MHOTIO-
TPaHHBIX IIPU3M, pabodMX TOHHOMETPOB ¢ A=1-2",
BU3yanpHBIX AK ¢ A=0,6-6" 1 ypoBHer ¢ A=0,2-0,8"
MeTOIOM IIPSMBIX H3MepeHHM. IloBepky paboumx
TEOMONHTOB, OITHUYECKUX [eIHUTeNbHBIX TOJIOBOK,
ONTHYEeCKHUX KBAJPAaHTOB M H3MEPHUTEJbHBIX IIpe-
obpasoBarenenn ¢ A=1-3" OCyIIeCTBISIOT HeIOCPen-
CTBEHHBIM CJINYEHHEM.

B xadecTBe 00pa3lOBBIX CPeICTB H3MepeHUM 2
paspsna IPUMEHSIOT: TOHHOMETPhI, YIJIOBble MepPHI
TUIIOB 1, 2 ¥ 3, MHOTOTPaHHbIe ITPU3MBI, ABTOKOJLJIH-
MaTOpBI, YPOBHHU K 3K3aMeHATOPHl. [JoBepHUTe/IbHbIe
abCcoMIOTHBIE TIOIPeIIHOCTH O06Pa3lOBBIX CPeACTB
M3MepeHHUH 2 pa3psfa IpH HOBEPUTEIBHON BepOSIT-
HocTH 0,99 coctaBnsioT ot 0,4" mo 2,0". ObpasLoBLle
CpencTBa H3MepeHUM 2 pa3psfia NPUMEHSIOT s
IIOBEPKH YIJIOBBIX Mep THUIIOB 1, 2 u 3, pabouux MHO-
TOTPAaHHBIX IIPU3M KJacca ToYHOCcTH 00 u 0, TOHHO-
MeTpoB ¢ A=3-5", BH3yaJbHBIX AaBTOKO/UIMMATOPOB
AK ¢ A=5-30" ¥ 3K3aMeHAToOpoOB 3 pa3psiga MeTo-
IOM MPSMBIX H3MepeHHN. [loBepKy paboumux Teo-
INOTUTOB, OINTUYECKHUX [eIUTENbHBIX TOJIOBOK,
ONTHYECKUX KBAaJPAHTOB U HU3MEPUTENbHBIX I1Pe0b-
pasoBatenei ¢ A=5-7", U3MepHUTeNbHBIX ITpeobpaso-
BaTesIeH yIla moBopoTa ¢ A=5-10" - HerocpeACTBeH-
HBIM CIMYEHHEM.
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angular standards of types 1, 2 and 3, standard polygons,
working goniometers with A=1-2", visual autocollimator
(AC) with A=0,6-6" and levels with A=0,2-0,8" by means
of the method of direct measurements. Calibration of
working theodolites, optical dividing heads, optical
azimuth dials and measuring converters with A=1-3" are
carried out by direct comparison.

As reference measuring equipment of the 2nd
grade the following things are applied: goniometers,
angular measures of types 1, 2 and 3, polygons,
autocollimators, echelons and checkers. Confidence
absolute deviations of reference measuring equipment
of the 2nd grade at confidence coefficient 0,99
constitute 0,4 - 2,0". Reference measuring equipment
of the 2nd grade is applied for calibration of angular
measures of types 1, 2 and 3, working polygons of an
accuracy class 00 and 0, goniometers with A=3-5"
visual autocollimators AK with A=5-30" and checkers
of the 3 grade by means of the method of direct
measurements. Calibration of working theodolites,
optical dividing heads, optical azimuth dials and
measuring converters with A=5-7", measuring
converters of an angle of rotation with A=5-10" - are
carried out by direct comparison.

As reference measuring equipment of the 3 grade
the following things are applied: goniometers, angular
measures of types 1, 2 and 3, polygons, autocollimators,
echelons and checkers. Confidence absolute deviations
of reference measuring equipment of the 3 grade at
confidence coefficient 0,99 constitute 2"-8". They are
applied for calibration of angular standards of types1, 2,
3 and polygons of the 4th category, working SI: angular
measures of types 1,2 and 3 of 1 and 2 accuracy class,
polygons of the 15t and 27 class of accuracy - by means of
amethod of direct measurements.
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B KauecTBe 06pa3sLOBBIX CPEACTB HM3MEPeHUH 3
Paspsia IpUMEHSIOTCS: TOHUOMEeTPEL, YI/IOBble MepEI
THIIOB 1, 2 ¥ 3, MHOTOIPaHHBbIe [IPU3MBI, aBTOKOJI/IH-
MaTOphl, yPOBHHU WM 3K3aMeHATOpHL. JJoBepUTe/IbHbIe
abconIoTHEIE IOTPEIIHOCTH O6Pa3L[OBBIX CPEeJCTB
H3MepeHUH 3 paspsiia IPU JOBEPUTENbHON BepOosT-
HocTH 0,99 cocTtaBnsioT oT 2" mo 8". X IPUMEHSIOT
OIS II0BepKH 0OpasLlOBBIX YIJIOBEIX Mep THIIOB 1, 2,
3 ¥ MHOTOTPAaHHBIX IIPU3M 4 paspsiia, pabounx CH:
YIJIOBBIX Mep THIIOB 1,2 M 3 KJjlacca TOYHOCTH 1 U 2,
MHOIOIPaHHBIX IIPHU3M KjacCa TOYHOCTH 1 U 2 - MeTo-
JIOM IIPSIMBIX H3MepeHHH.

HokymeHT MM 1758-87 ompepnenseT MOpoLemypy
II0BePKU YIJIOBBIX Mep. IloBepKa YIJIOBBIX Mep BH3Y-
QJIBHBIMHY FOHHUOMEeTPaMHU COIIPSI)KeHA C HeKOTOPBIMH
TPYAHOCTSIMH, OHHM OTPaHUYHBAIOT yAOOCTBO IIpoBe-
JleHHU s OIlepaliiil I0BepKH yITIOBBIX Mep. Bo-mepBbhIX,
HeoOXOLUMa IIpefBapHTe/bHAs IOATOTOBKA K K3Me-
peHUsM (HacTpoMKa IIOCKOCTH IIOBOPOTHOI'O CTO-
JIMKa C YCTAaHOBJIEHHOHM MePOM C OIITHUYeCKOH OChIO
BHM3yQJIPHOTO ABTOKOJIJIMMATOpa). BO-BTOPHIX, HeIIO-
CpeACTBeHHOe H3MepeHHe BH3yaJbHbBIMHU TOHHO-
MeTPaMH CBS33aHO C HeOOXOZHMMOCTBIO BBIIIOTHSITh
bomnblIOe KOMUYECTBO AeHCTBUHM U U3MEePeHUMN, NpU
3TOM HaJ0 YYHTBIBAaTh TPYLO0eMKOCTb BH3ya/IbHOLO
CYUTHIBAHUS U 06paboTKM pe3ysnbTaTa HM3MepeHHH.
B-TpeThux, KpOMe PYUYHBIX U3MepPeHUN HeobXoarumo
Bpy4HYI0 CHOPMHUPOBATh IPOTOKOJIBI H3MEPEHHUU
M MaTeMaTH4YeCcKH UX 06paboTaTs.

Ing nu3MepeHHS Pas/IUYHBIX ONTHYeCKHUX JeTa-
7ey, IJIOCKOM MHKPO- M MaKPOOIITHKHM, a TaKXKe
[UISL IIOBEPKHU YIJIOBBIX MEP THIIOB 1-4 UCIIONB3YIOTCS
TOHUOMETPBI. [IpHHIUII U3MepeHU sl Ha TOHHOMeTpe
3aKJI0YaeTCs B TOM, 4YTO IIPH COBIIAJeHHM OITHYe-
CKOHM OCH aBTOKO/UIMMAaTOPa M OTPaKeHHOIO H30-
bpaskeHHs aBTOKOJIMMALIMOHHON MapK{ OT I'PaHU
KOHTPOJIMPYeMOH [eTa/ll BBIIIONHSETCS II0CIefoBa-
Te/IbHas QUKCALIUS IOJOKEHHUS IVIOCKUX IIOBEPXHO-
CTeH HM3MepseMOro yIja C OTCYeTOM MX IT0JIOKeHHS
10 OTCUEeTHOMY YCTPOMCTBY TOHHOMeTPpaA.

Ha cerogHsAIIHUN OeHb GOMBUIMHCTBO Jabopa-
TOPHH KM ONTHYeCKMX NpeANpHATHN PoccHH IJd
[IOBEPKH yIJIOBBIX Mep M H3MepeHHM s BBHIIIYCKaeMBIX
OIITUYeCKHX JleTajlel HCII0Nb3yI0T TeXHUUeCKH yCTa-
peBlliMie BH3yaJIbHble MOJe/IM TOHHOMETPOB, TaKHe
Kak I'C-2 (cooTBeTcTByeT CH 2 paspsiga) u I'C-5 unu
I'5M (cooTBeTcTByeT CH 3 paspsia).

OnucaHHBIe MOfieNTH 06/1a1al0T TUIIMYHBIMU JJISI
BHU3ya/IbHEIX TOHHOMETPOB HeJOCTaTKaMM: HH3Kasd
3dderTUBHOCTSH (06yCIOBIEHA TPYLOEMKOCTBIO IOCTH-
POBKHU M KCII0JIb30BAHKMEM BH3Ya/IbHOIO MeTO[a CUH-
TBIBAHMUS); OoJbIIas BepOSITHOCTh CYOBEKTHBHBIX
omuboK ormeparopa (yTOMJISIEMOCTB); BH3YaJbHBIN

Document MI 1758-87 defines the procedure of
calibration of angular measures. Calibration of
angular measures by visual goniometers is linked to
some difficulties, as they restrict the convenience of
carrying out of calibration of angular measures. First
of all, the preliminary preparation for measurements
(axis adjustments of a rotary table of the specified
measure with an optical axis of visual autocollimator) is
necessary. Secondly, the direct measurement by visual
goniometers is connected with the necessity to carry out
a considerable quantity of actions and measurements,
thus it is necessary to consider labor input of visual
reading and processing of the result of measurements.
Thirdly, except manual measurements, it is necessary
to generate manually reports of measurements and to
process them mathematically.

For measurement of various optical details, plane
micro- and macro optics, and also for calibration of
angular measures of types 1-4 the goniometers are used.
The measurement principle by goniometer is what at
coincidence of an optical axis of autocollimator and
the reflected image of auto collimating mark, starting
from the facet of the controllable detail, the consecutive
fixing of facet surfaces position of the measured angle
with readout of their position upon readout unit of
goniometer is carried out.

For today the most of laboratories and the optical
plants of Russia use technically out-of-date visual
models of goniometers for calibration of angular
measures and measurement of the output optical
details such as GS2 (corresponds to SI of the 2"d grade)
and GS5 or G5M (corresponds to SI of the 3 grade).

The described models possess typical for visual
goniometers lacks: low efficiency (it is caused by labor

Puc.5. CospemerHbili uudposol 20HUomemp cepuu Cr-L|
(HMK "Auazsocmuxa”)

Fig. 5. Modern digital goniometer of series SG-D (NPK
"Diagnostika")
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Fig. 6. The interface of the software "Goniometer"

Puc.6. Viumepdelic npozpammHo20 obecneyeHus "oHuUomemp"

METOJ, CYMTHIBAHHUS HEraTHBHO B/IMsET Ha 3peHHe
omeparopa.

YUHUTBEIBasl, YTO BCe HENOCTATKH PabOTHI C BHU3Y-
AJIbHBIMU FTOHHOMEeTPaMU TEeCHO CBS3aHBI C UX 3aBH-
CHMOCTBIO 0T GHM3HONIOTHYeCKHX CBOKCTB OIlepaTopa,
a COBpeMeHHBIH YPOBeHb Pa3sBUTHUS TeXHHUKHU IIpef-
I1oj1araeT MK POKOe UCIIOAb30BaHHEe KOMITbIOTepa [IJis
IIpoBeJleHHSI U 00paboTKM Pa3THUYHBIX HU3MEPeHHH,
npennpusTthe HIIK "[uarxHoctuka' paspaboraio
CepHUI0 TOHHOMETPOB, OCYLIEeCTBJISIOUIHUX YIJIOBbIE
HM3MepeHHs B aBTOMAaTHYeCKOM peskuMe. DTO COBpe-
MeHHBbIe IIM$poBble TOHHOMeTPHI cepuu CI-1I (puc.5).
Tonnrometpsrl CI-1l BHeceHsl B ['ocPeecTtp CH, UMeIOT
3Hak KavectBa CH. ToHMOMETpBHI, BBIIIyCKaeMbie
HIIK "luarHocTUKa" C yCIIeXOM HCIIONB3YIOT, HaIllpH-
Mep, Takhe HPOoPHU/IbHBIE ONTHUYECKHE ITPeaIIpHs-
THsa, Kak OAO "IOMO", OAO "HHUH '"TIOJIFOC", OAO
"PII3", OAO "TIO "YOM3", a TaksKke LeJNBIH PSL KOM-
MepUeCcKHX OpraHH3alUH. [OHHMOMeTpaMH CepHH
CI-Il Tak>Ke OCHaIEHBl LEHTPHl CTAHAAPTHU3ALMU
u metposnoruu: ®BY PoctecT-MockBa, ®BY Tect-CII6,
®BY Kuposckui LICM 1 MHOrHe Apyrue MeTpOJIOrH-
YecKHe LIeHTPHL.

Beimyckaemble roHuomeTpsl CI-1 obecmevn-
BalOT aBTOMAaTH4YeCKHH PeXHM YIJOBBIX H3Me-
peHuIl o06beKkTa B CTaTH4YeCKOM IIOJIOXKEHHH.
[Ipy 3TOM B OCHOBe HM3MepeHHUI Npubopa JIeKUT
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input of an adjustment and use of the visual method
of reading); a high probability of subjective errors of
the operator (fatigue); the visual method of reading
negatively influences the operator’s sense of vision.

Considering that all lacks of work with visual
goniometers are closely connected with their
dependence on physiological feelings of the operator,
and the modern level of techniques development
assumes the wide use of the computer for carrying
out and processing of various measurements, the
enterprise NPK "Diagnostika" has developed a series
of goniometers, carrying out angular measurements
in an automatic mode. These are modern digital
goniometers of series SG-D (fig. 5). Goniometers
SG-D are added into the SI State registry, have the
SI Quality symbol. Goniometers, that are produced
by NPK "Diagnostika" are used successfully, for
example, by such profile optical enterprises as OJSC
"LOMO", OJSC "Scientific Research Institute" the
POLUS", OJSC "RPZ", OJSC" PO "UOMZ", and also
by a variety of the commercial organizations. The
standardization and metrology centers: FSFI Rostest-
Moscow, FSFI Test-Spb, FSFI Kirovskyy MC and many
other metrological centers are also equipped with
goniometers of series SG-D.

The produced goniometers SG-D provide the
automatic mode of angular measurements of object in
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AHanm3 mofenen roHMoOMeTPOB, NPeACTABNEHHbIX HA OTEYECTBEHHOM PbIHKE
The analysis of goniometers models, presented in the domestic market

Goniometer Il
Standard

PrismMaster
COMPACT

MapameTpbl
Parameters

Cr=,
SG-1D

cr-3u,
SG-3D

Goniomat M

M3roToBuTeNb ApceHan AnarHocTunka A -

The manufacturer Arsenal Diagnostika Trioptics Moeller-Wedel
G)OKyCI-!OE paccTosiHMe 06BLEKTUBA, MM 400 674 250 250 200 500 300
Focal distance of lens, mm

CBeTOBOM ANaMeTp 06BbEKTMBA, MM 50 70 50 50 30 )8 78
Clear aperture of lens, mm

YBennyeHune 3putenbsHOM Tpy6bl 40% 63x 30x 30x _ _ _
Telescope zoom

yrnosoenone 50° 32 40 40’ 1° 20° 13,8
Angular field of view

LieHa geneHns numoa /

paspeLueHue npeoGpa3OBaTenq yrna 20" 10 0.036" 0.036" 0.36" 0.036" 0.036"
The scale length of circle / the

resolution of the angle converter

LleHa ageneHns oTCHeTHOro yCTPOMCTBA 1" 01" 001" 0.01" 01" 001" 0.1"

The scale length of reading device

MpeaenbHas NorpeLwwHoCcTb Npu
M3MepeHn yrna o 4HUM NpuemMom 5" 2" 1" 3" 2,5" 2,5" 2"
Signle measurement accuracy

MpefenbHas NOrpewHoCTb Npu
M3MEPEHNM yr1a MHOFOKPATHO 5" 2" 0,6" 1" 15" 1,5" 0,6"
Muti measurements accuracy

PaccTosHue mexay 06bekTUBaMM 3pun-

TeIbHOW TPYy6bl U KONNMATOPA, MM 300 570 Het Het Het Het Het
Distance between lens of a telescope No No No No No
and collimator, mm
no Hert PycndununposaHo He pycnéduumposaHo
Software N/A Russified Not russified
Tnn roHnomeTpa Bu3yanbHbIN Lndposon Lndposon
Goniometer type Visual Digital Digital
Tun aBToKONIMMATOPA Bu3ayanbHbIN Lndposon Lndposon Bur3yanbHbIN
Autocollimator type Visual Digital Digital Visual
Macca nsmepsieMoro o6beKkTa, Kr
Weight of the measured object, kg E e 12 e L 2y 2y
[26apUThl NDMGODA. MM 610x 1150x% 610x 355x 570x 490x 600x
P R oPa, T 260x | 685x | 300x | 355x 300x 250x 230x

' 370 650 350 420 250 200 470
I RRLIARLIE 2, (47 30 190 35 35 25 19 170
Weight of goniometer, kg

paboTa ABYXKOOPAHMHATHOrO IIHMPOBOro aBTOKOJ- || static position. Thus the device measurements are based

JTUMATOPA M BBICOKOTOYHOIO LIUPPOBOrO yITIOBOTO
npeobpa3oBaTes.

Ha onTu4eckoMm pbIHKe H3BeCTHBI M IHUQPOBHIE
TOHHOMETPBbI, BBIITyCKaeMble HeMeLIKUMHU GUpMaMHU:
Moeller-Wedel GmbH u Trioptics CmbH.

OLleHUM pacCMOTpPeHHBIe BbILe MOZETH TOHHO-
METPOB I10 TPEM OCHOBHBIM I1apaMeTpaM: TOUHOCTH,
3$PeKTUBHOCTH U 3KOHOMHUYHOCTH (CM.TabIUILy).

on the work of two-co-ordinate digital autocollimator
and the high-precision digital angular encoder.

In the optical market there are known also digital
goniometers, produced by German companies: Moeller-
Wedel GmbH and Trioptics GmbH.

Let’s estimate the considered above models of
goniometers by three key parameters: accuracy,
efficiency and profitability (see the table).
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TOYHOCTb

Ludposort ronuomerp CI-1I] (HIIK "JuarHocTHKa"),
cooTBeTcTBYeT CH 2 pa3psia. Bbicokasi TOUHOCTb H3Me-
peHms 0becriednBaeTCs 3a CYeT COBMECTHOTO HCIIONb30-
BaHMUS BBICOKOTOYHOIO ITpeobpa3oBaTeris yIa C paspe-
meHKeM 0,036", TpUMeHsIeMBIX AJITOPUTMOB 06paboTku
MHOOPMALIMU U LIHPPOBOro aBTOKO/UIMMATOPA, UMeIo-
IL[eTO MOTPelTHOCTh U3MepeHHUs +0,3". B KOHCTPYKIIHIO
aBTOKO/UIMMATOpa BXOAUT  BBICOKOUYBCTBHUTe/IbHAS
[13C-MaTpuLa. ITO mo3BoisieT paboTath ¢ 06BEKTAMH,
HMEIIUIMHA Malylo IUIOMAfb OTPAsKAIOIEH IOBepX-
HOCTH, a TaKKe C IIOBePXHOCTSAMH, 061afaiomuMu
HU3KHUM KO03QOUIIHEHTOM OTPaskeHUs — Ha ypoBHe 4%.
CoBMeCTHOe HCII0/Ib30BaHHE U aBTOMAaTHYeCKHH Iepe-
CueT yria Io mpeobpa3oBaTenio yrjaa M BBICOKOYYB-
CTBUTeNBHOM [13C-MaTpuIle yCTpaHsieT CyObeKTHBHBIE
OIIKOKY oIlepaTopa ¥ MUHUMHU3HPYET BO3SMOSKHOE BITH-
SIHHe CIy4YalHBIX GaKTOPOB.

ABTOMATH3alUsg CTaTUCTH4YecKoH o06paboTKu
MHOTOKPAaTHBIX H3MepeHHUI obeclieueHa IIPOrpaMM-
HbIM obecrieueHreM "ToHHOMeTp" (pHrC.6). B maHHOM
roHnoMeTpe CKO HOrpemIHOCTh U3MEPeHUH He IIpe-
BeimaeT 0,6". IIo OKOHUYAHUH IIPOBeLEHUsS H3Mepe-
HUI Ha KOMIIBIOTepe BEIBOAUTCS TabnuLa C IIPOTOKO-
JIOM pe3y/IbTaTOB U3MEPeHUI.

Jlns MHUHHMH3ALUK MorpemHocTerl (abeppa-
IIUH), CO3OaBaeMbIX OITHYECKOM CHCTeMOM aBTO-
KOJ/IMMAToOpPa, OCBeTUTe/lb IIpefyCMOTPHUTEIbHO
CHab>)keH KpacHBIM MOHOXPOMAaTHYeCKHMM HCTOY-
HUKOM CBeTa. HICTOUHHMK CBeTa, CKOHCTPYHPOBAH-
HBII Ha OCHOBe CYIEepBSIPKOro CBETOAMOAA C [IJIH-
HOI BOJHBI 650 HM, CBOAUT K MUHUMYMY BHeIIHee
TeIlJI0BOe BO3/IeHCTBHe.

Pery1upoBKa COBMeIleHHS BH3HUPHOH OCH aBTO-
KOJUIMMAToOpa II0 BBICOTE OCYIIEeCTBISETCS Iepe-
MellleHHMeM BHHTA CTOMKH aBTOKOJJIMMAaTOPa
I10 BePTUKAJIH.

SOPEKTUBHOCTDb

XapakTepucTUKU LOupoBoro rouuomMerpa CI-1I1
(HIIK "IHarHocTHUKA") MO3BOJSIOT KOHTPOJIHPOBATH
KaK yIJTIOBble MepPbl U MPHU3MBI, TaK U BBICOKOTOUHBIE
onTHYeckue JeTanu (pUC.7) pa3sTM4YHOM KOHQUIY-
paluM, HaIlpUMep KOPIIyca Ja3epHBIX THPOCKOIIOB.
[Ipubop obecreyrBaeT KOHTPOIb COOPKU U CKIEHKHU
ONTHYECKUX AeTaslel, 3 KOMIIAKTHOCTb U HebompuIas
Macca mpubopa Io3BOISIOT CHU3UTD 3aTPaThl Ha IIOA-
rOTOBKY pabouero mecta omeparopa (puc.8).

[Ipolecc HACTPOMKM TOHHOMETPA [OBOJIBHO
IIPOCT. YIJIOBOE I10/Ie 3peHusl, T. €. JUalla30H u3Mepe-
HHSI aBTOKOJIIMMATOpa, ~ JOCTATOYHO IIHPOKOe 151
yAoOCTBAa HAda/IbHOM IOCTUPOBKU U IIOC/IEAYIOIIeH
paboTel. MHTYUTHBHOE PyCCKOSI3BIYHOE U HAI/ISILHOE
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Puc.7. BbicokomouHble onmuyeckue 0emanu pasAuyHol
KOHQU2ypauuu
Fig. 7. High-precision optical details of various configurations

ACCURACY

Digital goniometer SG-1D (RSC "Diagnostika"),
corresponds to SI of the 2nd grade. High accuracy
of measurement is provided by common use of the
high-precision optical encoder with the resolution
of 0,036", the applied algorithms of data processing
and digital autocollimator with accuracy about +0,3".
The high-sensitivity CCD- matrix is placed into the
autocollimator construction. It allows working with
the objects having the small area of the reflecting
surface, and also with the surfaces possessing low
coefficient of reflection - at level of 4%. Common use
and automatic recalculation of an angle encoder and
a high-sensitivity CCD- matrix eliminate subjective
errors of the operator and minimize possible influence
of random factors.

Automation of statistical processing of multiple
measurements is provided by the software
"Goniometer" (fig. 6). In the given goniometer RMS
a measurement error does not exceed 0,6". Upon
termination of carrying out of measurements the
table with the report of results of measurements is
displayed on the computer

For minimization of the errors (aberrations) created
by the optical system of autocollimator, the illuminator
is providently supplied by a red monochromatic light
source. The light source reduces the external thermal
influence to a minimum, and is designed on the basis
of a super bright light-emitting diode with length of a
wave of 650 nanometers.

EFFICIENCY
Characteristics of digital goniometer SG-1D (RSC
"Diagnostika") allow to supervise both angular measures
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IIporpaMMHoOe obecrieueHHe U 3aJIOKEHHBIH B aJIrO-
puTMe PaboThl aBTOMAaTHM3HUPOBAHHBIM MPHUHIUII
Hu3MepeHHUs] He TpebyioT oT omepaTopa 6oibIIoro
OIBITA B paboTe C TOHHOMETPOM. 3a CYeT aBTOMAaTH-
3allMH IIPOLecca BIYHCAeHHUH U HelloCpeCTBeHHOU
BH3ya/IM3allMM IIpollecca M3MepeHHs obecredeHa
BBICOKAasl CKOPOCTb HM3MepeHHH (BpeMs, 3aTpauHBa-
eMoe Ha KOHTPOJIb OJHOIO yIJIa JeTajH, 3aHKMaeT
He bomee 10-15 CeKYH[L). ABTOMAaTU3allUsI MUHUMHU-
3UpyeT CyOBeKTHBHBIE OIIMOKM omepaTopa. A IIOA-
roToBKa Ipubopa K paboTe 3aHHMMaeT OYeHb MaJo
BpeMeHHU.

OKOHOMUYHOCTDb

Tonmometp CI-IL (HIIK "[HUarHocTHKA") — IOTHOCTHIO
oTeuecTBeHHBIN mpubop. KauvecTBeHHas MexaHU-
yeckasi cbopKa y3/10B mprubopa U TOUHASI IOCTHPOBKA
OITUYECKUX 3IEMEHTOB BBIIIOJHSIOTCSI BBICOKOKBAIH-
GULIMPOBAHHBIMM CIIELMAIUCTAMU IIPeIIIPUSATHS.
OTpaboTaHHBIE TEXHOJOTMH H3TOTOBJIEHHS U YHHU-
duKarys mporeccoB cOOPKU IO3BOMSIIOT YCTAHOBUTH
OTHOCHUTEIBHO HEeBBICOKYIO PBIHOYHYIO CTOMMOCTD ITPH-
6opa. KoHCTpyKIus pubopa TpedyeT MEUHHUMA/IBHOTO
TEeXHHYeCKOro OOCTYy>KMBaHHS, II03TOMY TeKYyIIHe
3aTpaThl Ha 06C/TysKUBaHKE TOHUOMETPa ITPaKTUYeCKH
OTCYTCTBYIOT. HecoskHast IIOAroTOBKA K paboTe C MpH-
6opoM, KOMITBIOTepHasl 06paboTKa U CheM ITOKA3aHU I
TpebyI0T MUHHMAaIBHOTIO 00yYeHH s OIlepaTopOB.

Kaxk mpaBujio, H3OeNHs, COAepyKalllHe OIITHYe-
CKHe JeTaJId, IepACTAB/ISIIOT COOOM IMPOMYKTHI BBICO-
KUX TeXHOJOTHH B ONTHKe. A TaKue TeXHOJIOIMHU
SIBIISIIOTCSL K/TIOYEBBIMU 111 MHOTHX ITPOMBIIIIEHHBIX
3ama4. TeXHOIOTHMYeCcKye HOBHUHKM, KOHEYHO >Ke, CBS-
3aHBl C KOHTPOJIBHO-U3MEPUTEIbHBIM 000pymoBa-
HUeM. YITIOM3MepUTe/lbHble ITPUOOPBl — FOHHOMETPBI
cepun CI-1L0 mpomsBomrMble mpernpusaTuem HIIK
"[MarHOCTUKA' IOMOTYT OTeYeCTBEHHBIM IIPeAIIpHs-
THSIM YBEIMYUTb BHIXOZ TOMHBIX U3[eTHI, [IOBBICUTh UX
Ka4ecTBO U CO3IATh IIOMCTHHE MHHOBAIIMOHHYI U KOH-
KYPEHTOCIIOCOOHYIO ITPOYKILIHIO.

i g

Puc.8. Pabouee mecmo onepamopa
Fig. 8. The Workplace of the operator

and prisms, and high-precision optical details of the
various configurations (fig.7). The device provides the
control of assembly and attaching of optical details,
and compactness and small weight of the device allow
decreasing the expenses for preparation of a workplace
of the operator (fig. 8).

Adjustment process of goniometer - is not
difficult but rather simple. The measurement
range of autocollimator (angular field of view) -
is wide enough for the convenience of an initial
adjustment and the subsequent work. The intuitive
English software and the automated principle of
measurement, fed into the algorithm of work do not
demand a great experience of work with goniometer
from the operator. At the expense of automation
of process of calculations and direct visualization
of process of measurement the high speed of
measurements is provided (time spent for control
of one angle of a detail, occupies not more than
10-15 seconds). Automation minimizes the subjective
errors of the operator. And preparation of the device
for work occupies little time.
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JIUTEPATYPA

* TOCT 8.016-81. I'CH. T'ocymapCcTBEHHBIH [TepBUY-
HBIM 3TaJIOH U TOCYAAPCTBeHHAs [I0BePOYHas
cxeMa ISl Cpe[ICTB M3MePeHHUH IIJIOCKOIO yIJia.

» TOCT 2875-88 .I'CH. Mepsl IUIOCKOIO yIjIa IpH3Ma-
TH4eckre. OblLIre TeXHUYeCKHe YCIOBUS.

* MM 1758-87. Mepel IJIOCKOTO yIjia IIpHU3MaTHYe-
cKHe. PeKOMeHJALIMH . MeTOAHKa IIOBEPKH.

* T'onuoMmeTpsl craTrvyeckue CI-1I. PykoBoAcTBO
110 3KkcITyatanuu. - C-I16: HIIK "luarHocTuka’,
AHATI.401235.002 P3.

« IIpuIokeHUe K CBUIETENbCTBY 00 yTBEPKAEHUH
TuIla N243297-09. TonroMeTpsI cTaTrvyeckue CI-11.

* be3BecinbHa O.M., Kupnuyk 10.B., TKa-
yeHKo C.C. AHaJIiTUYHUH OIJIs] pobiT y ranysi
BHCOKOTOYHHX BUMiproBauiB KyTa 3". - KueB: Apce-
Hai, 2001, c. 27.

» www.moeller-wedel.com

* www.trioptics.com

« www.arsenalcdb.com.ua

+ Prism Master. Kartanor komnanuu Trioptics

PROFITABILITY

Coniometer SG-1D (RSC '"Diagnostika") - is
completely national device. Qualitative mechanical
assembly of the device knots and an exact
adjustment of optical elements is carried out by
highly skilled experts of the enterprise. The fulfilled
manufacturing techniques and unification of the
assembly processes allow determining a rather
low market cost of the device. The design of the
device demands the minimum maintenance service;
therefore the current expenses for the maintenance
service of goniometers practically are absent. Simple
preparation for work with the device, computer
processing and reading of data demands the
minimum training of operators.

As a rule, the products containing optical
details are the products of high technologies in
optics. And such technologies are the essential
for many industrial problems. Technological
novelties, certainly, are connected with the control
and measuring equipment. Angle measuring

GmbH, c.12. devices - goniometers of series SG-1D, produced
+ Goniomat M. Kartanor komnanuu Moeller-Wedel by the enterprise NPK "Diagnostika” will help the
GmbH, c.10. national companies to increase an output of effective
 Goniometer. Katasor komnanuu Moeller-Wedel products, to improve their quality and to create
GmbH, c.12. really innovative and competitive product.

JNASEPHO-UH®OPMALMNOHHDIE
TEXHOJIOT'MN B MEAVULINHE,
BNOJIOTMN U TEODKOJIOITUA - 2013

Opranusatopbl  XXI  MexayHapogHoi — koHdepeHuun  “JlasepHo-
WHOOPMALMOHHBIE TEXHONMOTMM B MeAULMHE, 6MONorMM W reo3ko-

Perucrpaumst y4acTHUKOB W MpUeM Te3MCOB KOH(DEPEHLI,I/IVI OTKPbITbI

10 31 nions 2013 roga Ha cawte: http://www.abrauconf.novtelecom.net/
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norun" MpUrnalalT CNeuManncToB MPUHATL y4acTue B pabote Tpa-
LMUMOHHOTO Hay4HOro (opyma, MOAAEPXKY KOTOPOMY OKa3biBaioT
HoBopoccuitckue npepnpusitug — 000 "HMN® “"ABTIK" u 3A0 "HL3
“TopHbIn". ConpeaceaaTeny opraHu3aLMoHHOro komuteta: B.H. OukuH,
(DUMAH, Mocksa), B.T./lobaHos, (Ky6I'TY, KpacHomap), A. V. Pyackoi,
(cnerny, C.-Metepbypr). KondepeHuus bynet pabotath 10-14 ceHTs-
6ps 2013 roga B n. Abpay-[liopco, Hoopoccuidck, KpacHoaapckui kpai,
Poccnsi. TemaTuka Hay4YHbIX OBCYXAEHUIA OXBAaTbiBAET LINPOKUIA Kpyr
HaYYHbIX M MHXEHEepHbIX BOMPOCOB:

J1azepbl B MeAULMHE, HBUONOrMM M re03KoNoriK

CucteMbl 06pabOoTKM M aHaNM3a U306pKEHINA 1 CUTHANOB.
KomnbloTepHble TeXHONOTUM B MeMLIMHE, 6BUONOMUM U Fe03K0N0rK
HaHoTexHonoruu B MefMLmHe 1 bruonorum

[eoTexHONOrUMN

[03K0MI0TN4ECKMI MOHUTOPUHT

DoTOHUKA N22/38/2013

zayavka.php.

bonee noApOGHau UHpopmauus

= [IpuBanos Bagum EBreHbesny (I'IpeuceAaTenb OerOMMTeTa),
C.-MeTepbypr, 195251, yn. MoauTexHnyeckas, 29, CG-N6IMY, POO,
vaevpriv@yandex.ru.

m  [bg4eHKo Bragumup Buktoposuy,
Hoopoceuitck 353900, yn. K. Mapkca, 20, HITW Ky6rTY, 1. (8617)641915,
daxc (8617)641814, vdyachenko@nbkstu.org.ru.

= [lonosueHKo CBeTniaHa BacubesHa (y4eHbiit cekpeTapb),
Hosopoceuitck 353900, yn. K. Mapkca, 20, HIA Ky6ITY, Ten. (8617)613291,
polosveta@mail.ru.

m  [lleMaHuH Banepuit feHHaabesuy (3am. npeacenatens OprkomuTeTa),
Hoopocewitck 353900, yn. K. Mapkca, 20, HIN Ky6ITY, Ten. (8617)613291,
vshemanin@nbkstu.org.ru wv vshemanin@mail.ru



