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Abstract: The paper is devoted to the analysis of
the modern base of goniometers, and also to
perspectives of their using as a basis of precise
goniometric complex. The advantages and
disadvantages of the devices are marked by
authors. Special attention is paid to the necessity
of measuring data automated processing. To
realize mentioned is proposed to use artificial
intelligent. The scheme structure of the
Automated Technological Complex To Precise
Angles Measurement Based on Goniometer is
presented by authors. It allows to realize
mentioned approaches.
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INTRODUCTION

Intensive progress of up-to-date manufacturing;
developing of automation control systems, naviga-
tions and orientation, large engineering buildings
and a number of other modern scientific and econo-
mic problems causes the necessity angular measu-
rements substantial improvement, which play an
important role in the general complex of all
metrology measurements.

Despite the fact that in field of practical applying
of contactless goniometric tools and systems signi-
ficant progress has been achieved, the needs of
science and industry in precise angular measure-
ments are still rising, in particular more stringent
requirements are imposed to the angular measure-
ment accuracy in accordance with international
quality standards. Therefore the necessity of
research and newest development in field of
precise technological complexes and systems for
angles measurement is obvious.

PROBLEM STATEMENT

Requirements  rising  concerning  angles
measurements accuracy causes the actuality of
precise  technological complexes building,
production, and applying for angles measurements.
Particularly acute is the problem for Ukraine,
because despite presentation of a large volume of
theoretical information concerning known methods
and features for angles measurements in domestic

AHomayis: Cmamms rnpucesiyeHa aHarsisy Cy4acHoi
6a3u eoHiomempie ma nepcriekmueam ix euKopucmaH-
Hs y cknadi 8UCOKOMOYHUX KymO8UMIPH8aTbHUX KOMII-
nekcie. Aemopamu 8udineHo nepesasu ma HeOOsiKU
KOxHO20 i3 npunadis. Ocobrniugy yeazy npudineHo
HeobxiOHocmi asmomamu3oeaHoi 06pobKu  euMipto-
easibHOI iHghopmauii 8 pexumi peanbHo20 Yacy. [nsa
peanisauyii ekazaHo20 3arnporoHO8aHO BUKOPUCMAaHHS
wmy4Ho20 iHmenekmy. Aemopamu HagedeHO CmpyK-
mypHy cxemy po3pobriogaHo20 asmomMamu308aHO20
MEeXHOI02i4HO020 KOMITIIEKCY 8UCOKOMOYHO20 8UMIpHO-
8aHHs1 Kymie Ha 6asi 2coHiomempa, wo do3eornsie pearii-
3ysamu eKa3aHi rnioxodu.

Knroyoei crnoea: mexHonoaidHuti KoMriniekc Orisi UMIpHo-
8aHHs1 Kymig, 20HIoOMemp, asmomamu3auisi 8UMIPHOBaHHS,
wmyyHUU IHMesIeKkm, MOYHICMb.

BCTYN

[HTEHCMBHUIA  PO3BMTOK  Cy4acHOro  BUPOBHMLTBA;
CTBOPEHHS aBTOMAaTU30BaHUX CUCTEM KepyBaHHS, HaBiravji
Ta OPIEHTYBaHHSA, KPYNHUX iHXEHEepHUX cropyd Ta uina
HM3Ka IHLUMX Cy4aCHMX HayKOBO-rocrnogapChbknx 3agay
0BYMOBMIOIOTb  HEODXIQHICT CYTTEBOMO  YAOCKOHANEHHS
MPOLIECIB KYTOBUX BUMIPIOBaHb, SKi 3aiMaloTb BaXxnvee
Micle B 3aranbHOMy KOMMIEKCi BCIX METPONOrivYHNX
BUMIpIOBaHb.

Hesgaxatoum Ha Te, WO B rany3i MNpaKTU4HOro
BUKOPUCTaHHs1 BGE3KOHTaKTHUX KYTOMIpHUX npunagis i
CUCTEM [OOCSTHYTWA 3HAYHWUIA MpOrpec, NoTpebn Hayku Ta
BUPOOHNLTBA Y BWCOKOTOYHMX KyTOBUX BMMIpHOBAHHSIX
MOCTIHO 3POCTalThb, 30KPEMa BUCYBalOTLCH BCE OinbLu
XOPCTKi BMMOMM LUOAO TOYHOCTI KYTOBMX BUMIPIOBaHb
BiONOBIAHO OO0 MPKHApPOO4HWX CTaHaapTiB gaKocTi. Tomy
HeOobXiOHICTb AOCNMKEHb Ta HOBITHIX PO3pPOOOK Yy ranyai
BMCOKOTOYHMX TEXHOSIOMYHNX KOMMMEKCIB i cuctem and
BUMIPIOBAHHS KyTiB € O4EBUAHOMO.

NMOCTAHOBKA NMPOBINEMU

MigBuULLEHHA BUMOT OO TOYHOCTI KYyTOBMX BUMIPIO-
BaHb OOYMOBIOE akTyamnbHiCTb npobnemu nobyaoswu,
BUPOGHULITBA Ta 3aCTOCYBaHHS BUCOKOTOYHUX TEXHOIONiY-
HUX KOMMIEKCIB | MpuMnagoBuX CUCTEM ANs  KyTOBUX
BUMiptoBaHb. OcobnmBo rocTpoto Usi npobrnema € Ans
YkpaiHu, TOMy, LU0 He 3BaXalun Ha MpeacTaBlieHHs
3Ha4YHOro 06’eMy TEOPETUYHOMO MaTepiany Loao BiJoMMX
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and foreign information sources, the complex
technological complexes and instrumentation
systems for precise angles measurement
development in Ukraine is still unlearned, difficult
and at the same time important problem. As
analysis of information sources shows, despite both
rising necessity of precise goniometers and
measuring  accuracy, portability, universality
requirements, etc. the most national labs and
manufactures uses technically outdated visual
angles measurement features. This may be caused
by the expensiveness of a modern high-precision
goniometric systems and complexes especially
foreign production. That is why the development,
investigation and implementation of its own new
competitive precise technological complexes of
goniometric systems and features to meet the
needs of domestic production, to improve its
accuracy, quality and competitiveness in general
are the most important and urgent.

The proposed technological complex for precise
angles measuring with automated data processing
in real-time mode is a promising product that is
under construction.

The scientific and practical meaning of the
development is to provide possibility of precise
angles measuring, automated processing of the
measurement data in real-time mode at the
expense of using goniometer and artificial
intelligent. The mentioned is a significant difference
from the known hardware.

So, the aim is to define advantages and
disadvantages of existing hardware and on the
basis of modern precise goniometers base analysis
for detection the most perspective decision of its
using as a part of the proposed technological
complex.

MAIN ARTICLE

The structure of proposed technological
complex for precise angles measuring with
automated data processing in real-time mode can
be predefined and presented as some multilevel
structure (Fig. 1), lower level (O-level) of the last
one is formed by precise facilities of angles
measurement (FAM), which will contact with the
object of measuring, and form some input signal an.

Upper level can be presented by the next
subsystems such as:

1-level — by subsystem of signal preparation
(SSP), which is intended for preprocessing input
analog signal an® from precise goniometric device,
i.e. harmonization, amplification, and bandpass
filtering (limitation of band signals to correct their
conversion into digital form), and also analog-digital
conversion in ADC;

2-level — by subsystem of signal transfer (SST),
which is intended for antinoise coding and decoding
measuring information to its additional noise
protection in communication channel;

2-level — by subsystem of signal processing and
displaying (SSPD) which is intended for processing

Ha CbOrofHi METOAiB Ta 3acobiB KyTOBMX BMMIpHOBaHb Y
BITYM3HAHNX Ta 3apyGiKHMX iHOPMALLHKX Hrepenax, Lwe
" poci nobyaosa CknagHUX TEXHOMOMYHMX KOMMIEKCIB Ta
NpWnNagoBmnx CUCTEM ANt NPELM3IIHOMO BUMIPIOBAHHS Ky-
TiB, B HalWill Aepxasi, € Janeko He BMBYEHOK, AOCUTb
CKIMagHo Ta BOAHOYAC BaXKNMBOO npobnemoto. Ak noka-
3ye aHanis iHpopMaLinHKX [HKepern, He 3BaXarouum Ha 3poc-
Tarody noTpeby y npeuusiiHMX BUMipOBadYax Kyta Ta
BiANOBIAHO MiABWLLEHHS BUMOT LLOAO TOYMHOCTI BUMIpHOBaH-
Hs, MOPTaTUBHOCTI, YHIBEPCanbLHOCTI, NPOCTOTU eKcniyaTa-
Ui TOLWO, Ha CbOroAHi GiNbLLICTb BITYM3HAHMX NabopaTopil
Ta NiANPMEMCTB BUKOPUCTOBYE TEXHIYHO 3acTapini Bidyarnb-
Hi 3acobu KyToBKX BUMIptoBaHb. Lle moxe Oyt obymosre-
HO BMCOKOIO BapTiCTHO BinbLLI Cy4aCHWMX BUCOKOTOYHMX KyTO-
BUMIpIOBarbHUX CUCTEM Ta KOMMIEKCiB 0cobnmeo iMnopT-
Horo BMpobHuuTBa. Came ToMy AN YkpaiHn Haa3Bu4anHo
Ba)KMUBOIO Ta aKTyarbHOI € 3aava po3pobku, AOCNiMKEH-
HS1 T2 BNPOBADKEHHSI BMACHMX HOBUX KOHKYPEHTOCTPOMOX-
HMX BMCOKOTOYHMX TEXHOMOMYHMX KOMMMEKCIB, npunago-
BUX CWUCTEM Ta 3acobiB BMMIpIOBaHHSA KyTiB Ons 3abes-
neyveHHs NnoTped BITYA3HAHOMO BMPOOHWULTBA, NiABULLEHHSI
MOr0 TOYHOCTI, SKOCTI Ta KOHKYPEHTOCMPOMOXHOCTI B
uinomy.

[MponoHOBaHMI TEXHOMOMYHUA KOMMSEKC OIS BUCOKO-
TOYHOTO BMMIPIOBAHHS KyTiB 3 aBTOMaTu3oBaHOK 06po6-
KO [aHMX B PeXMMi peanbHOro 4Yacy € nepcrekTMBHOK
po3pobkoto, LU0 NepebyBae Ha cTagii 4OCTiMKEHHS.

HaykoBo-npakTnyHe 3Ha4YeHHA AaHoi po3pobku nons-
rae y 3abesaneyeHHi MOXNMBOCTI BMCOKOTOYHOTO BUMIpIO-
BaHHA KyTiB, aBTOMaTV30BaHOi OBpOOKM BMMIpOBaNbHOI
iHbopMaLii B pexuMi peanbHOro Yacy 3a paxyHOK BUKOPUC-
TaHHA TOHIOMETPY Ta LWTYYHOro iHTenekTy. BkasaHe €
CYTTEBOIO BiAMITHICTIO BiJ BiJOMUX HA CbOrOAHI anapaTHux
piLLEHb.

Omxe, METOI € BUSBINIEHHS Nepesar Ta HeJonikiB iCHy-
IO4MX anapaTHVX peanisauii Ha OCHOBiI aHanisy cydacHol
6asn NpeumnsiNnHUX rOHIOMETPUYHKX 3acobiB AN1st BU3HAYEH-
HS HaWGINbLL NEPCNEKTUBHUX PILLEHb LLIOAO 3acTOCYBaHHS
Y CKIlafli MPOMNOHOBAHOIO TEXHOMOMYHOIO KOMIIEKCY.

OCHOBHWW TEKCT CTATTI

CTpyKTypa NpornoHOBaHOM TEXHOIOMYHOMO KOMMIIEKCY Ans
BVICOKOTOYHOTO BUMIPIOBaHHS! KyTiB 3 MOXIMBICTIO aBTOMaTu-
30BaHOi 0OPOOKY AaHNX B PEXVIMI pearibHOro Yacy Moxe byt
nornepeaHLO BY3HaYeHa Ta mpeacTaeneHa sk aesika Garato-
piBHEBa CTpykTypa (pucC. 1), HWkHI piBeHb (O-pigeHb) AKol
OpraHi3oBaHWiA MPEUMsiHMK 3acobamm BUMIPIOBaHHS KyTiB
(3BK), Lo koHTaKTyBaTVMyTb 3 06'EKTOM BUMIpIOBaHHS!, hop-
MYHOYN OeSKUA BXIOHUIA CUrHan cin.

BepxHi piBHi MOXyTb OyTV npeacTaBneHi HacTynmHUMK
nigcMctemMamm, 3okpemMa:

1-pigeHb — nidcucmemoro nidzomosku cueHany (11C),
Lo Npu3HaveHa ansi nonepeaHLoi 00pobku aHaroroBoro
BXIAHOTO cUTHany oiS. Bif, MPeUM3IHOMO KyTOBMMIpIOBarlb-
Horo 3aco0y, TOOTO Y3rofKeHHsI, NiACWUIIEHHA Ta CcMyroBa
GinbTpauin (OBMEXEHHA CMyrM 4acTOT CurHamie gns ix
KOPEKTHOrO MepeTBOPeHHsT y LmdpoBy OpMY), @ Takox
aHaroroeo-LUngpoBe nepeTBopeHHst B AL,

2-pigeHb — nidcucmeMoro 38’93Ky ma riepedadi cusHarny
(M3r1C), wo npusHaveHa ANa 3aBafoCTIMKOrO KOOyBaHHS
Ta JexkodyBaHHA BUMIptoBanbHOI iHdopmalii 3 MeToro i
[0OATKOBOTO 3aXVCTY Bif, 3aBaf, B kaHani 383Ky,

3-pigeHb — niidcucmemoto 06pobku ma ei0obpaxkeHHs
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of measuring information in digital form and its
displaying in convenient for the next visualization,
transferring and perception and/or for the next
automated processing, e.g. by computer form in
real-time mode by using of artificial intelligent, i.e.
neural networks.

It is assumed that structure of technological
complex which is shown at Fig.1 will provide
contactless high accuracy angles measuring in
automated mode and process data in real-time
mode too.

It is obvious that the basic element of proposed
technological complex to provide high accuracy of
angles measuring needs to be some precise FAM.

For today the list of used contactless precise
FAM is quite significant, analyzing the principles of
construction and working are obvious that they
have different accuracy, and are based on the
usage of different technologies and physical
principles of measurement. Between known FAM
separately can be distinguished goniometers which
are the most precise optic device for contactless
angles measuring.

Goniometers and technological complexes on
their basis which composes the base of goniometric
technique and the main metrological parameters
are presented in the table 1.

g
1

3-pisens | level

&l

2-pigens [ level

MNiacuctema o6po6ku Ta BigoGpaxeHHs curHany (MOBC) /
Subsystem of Signal Processing and Displaying (SSPD)

Miacucrema 3B’A3Ky Ta nepeaadi curHany (M3MC) /
Subsystem of Communication and Signal Transfer (SCST)

cuerarty (lMOBC), wo npusHaveHa ansi obpobkM BUMIPHO-
BasibHOI iHdbopMaLii B LdpoBin hopmi ans npeacrasreH-
HA iy dopMi 3pyyHii AnNa nopanbluoi Bidyanisauii Ta
CNIPUIAHATTS criocTepiradyeM Ta / abo noganbLIoi aBTomMaTh-
3o0BaHoi 06pobky, Hanpuknag, Ha EOM B pexxvmi peansHo-
ro Yacy 3 3aCTOCYBaHHAM LUTYYHOrO iHTENEKTY, HanpvKnag,
LUTYYHUIA HENPOHHNX MEPEX.

MepenbayaeTbes, WO TEXHOMOMYHWUA KOMMIEKC CTPYK-
Typa AKoro npviBefeHa Ha puvc. 1 J03BOMUTH MPOBOAUTM
6e3KOHTaKTHe BUMIPIOBAHHS KyTiB 3 BUCOKOIO TOYHICTIO B
aBTOMaT30BaHOMY PexvMi Ta 00pobnATV OaHi B pesxvmi
peanbHoro yacy.

OueBuaHo, 6a30BMM erieMeHToM Ans 3abesneyeHHs
BMCOKOI TOYHOCTI BMMIPIOBaHHSA KyTiB B NPOMNOHOBaHOMY
TEXHOMOMYHOMY  KOMMIeKCi MoBWMHEH Oyt  Jaeskui
npeumsininn 3BK. Ha cborogHi nepenik 3acTocoByBaHWX
OeskoHTakTHUX npeumsiiix 3BK € pgocutb  3HauHMM,
aHaniaytoun nNpyHUMNM nodbyaosu 1a poboTn SIKUX oveBma-
HO, LLIO BCi BOHM MatoTb Pi3HY TOYHICTb, a Takox 6asytoTbes
Ha 3aCTOCYBaHHI Pi3HWUX TEXHOMONN i (Pi3NYHMX MPUHLMNIB
BuMiptoBaHHs. Cepep sBinomux 3BK okpemo MoxxHa Buainu-
TV TOHIOMETPMW, SIKi 3@ TBEPDKEHHAM OaraTboX BiTYM3HAHMX
Ta 3apyOKHNX HAYKOBLLB, € HANBINbLL TOYHUMM ONTUYHMM
npynagamm anst 6e3koHTaKTHOrO BUMIPIOBaHHS KyTiB.

[OHIOMETPWN Ta BMMIpPLOBasibHI KOMMMEKCKM Ha X OCHOBI,
LLIO CKMafakoTb CydacHy 6a3y KyTOBMMIPIOBArbHOI TEXHIKK, iX
OCHOBHI METPOIONYHI NapaMeTpu NpMBeAeHi B Tabn. 1.

EnemMeHTM WTy4HOro iHTenekty /
The elements of artificial

intelligence ! a
ﬁ ! out
1
\,
a

KOOEPU /
CODERS

OEKOOEPW /
DECODERS

KAHAIU 3B'A3KY /
COMMUNICATION CHANELS

1-pisens | level

Niacuctema nigroroBku curHany (MNMC) /
Subsystem of Signal Preparation (SSP)

nPC ol NIACUNIOBAMI / DINbTPU / AUN/
Y3rOMKEHHA /
MATCHING AMPLIFIER FILTERS ADC
DEVICE
s
(04

0-pisens [ level

L]

3BK: TOHIOMETP / GONIOMETER

p\ S n/‘

Fig. 1 — The scheem of technological complex for precise angles measuring with automated data processing in real-time mode
based on goniometer / Cxema mexHonoz2idyHo20 KoMriiekcy Orisi BUCOKOMOYHO20 8UMIPHO8aHHS Kymie 3 agmomamu308aHO0
06p0obKot0 OaHux 8 pexuMi peasibHO20 Yacy Ha ocHo8i 2oHiomempa: 1 — 06’ekm sumiptosaHHsi | the object of measuring, 2 —

npedmemHuti cmin | sample stage, 3 — mogsopomnuti npucmpiti / rotation device, 4 — kinbyesuti nasep / ring laser, 5 — npugod

obepmanHs | rotary actuator, 6 — asmokoniMmamop / autocollimator
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Table 1

Goniometers and measuring complexes on their basis which are the modern base of goniometric technique /
oHioMmempu ma eumiprogasibHi KOMIUIEKCU Ha iX OCHOBI, W0 cKkiladaromb cy4YacHy 6a3y KymoeuMiproeasibHol mexHiKu

OcHoeHi MemporioziyHi napamempu, nepesazu ma

HesucoKa sapmicme.

Advantages: simple design, rather low price.
Hedoniku: HemMoxrueicmb MOYHO20 MiOCMPO8aHHS
Kymie 8 asmoMamuyHOMy Pexumi, 8i0CymHicmb
yughposoi  0b6pobku  sumiptogaribHOI  iHghopmaui' 8
pexumi pearnbHo20 vacy, HeMOoXrusicme
suKopucmaHHsi y  ckiadi  asmomamu308aHUX
KYmosUMIpro8asibHUX MEeXHOT02I4HUX KOMIITEKCI8.
Disadvantages: impossibility of angles precise tuning in
automatic mode, the absence of automatic settings of
angles, the absence of digital processing of measuring
information in real-time mode, impossibility of using in
automated goniometric technological complexes.

rpouecie 3apodkoymeopeHHsi. | The features of
light scattering definiion on the fixed or
changeable angles in range from 8° to 155° in
time of definition of molecular weight, rotary
weight, etc. in leaning of microemulsion
technology, behaviour of colloidal systems,
general characteristics of fluids, polymerization
of emulsions, particle enlargement, nucleation.

Modens | Model Hedoniku | Main metrological parameters, lMpusHayeHHs1 | Destination /Blgr’())%i’:::’r(
advantages and disadvantages
oHiomempu | Goniometers
ToHiomemp-criekmpomemp | LliHa nodinku wkanu / division value: 0,5" BumiprosaHHsi criekmpa Kymie Mix Hopmansmu Pocisi;
C-2/ Goniometer- [paHu4Ha noxubka 0OHOPa308020 BUMIpriepesalo8aHHs | 00 IIOCKUX ofjposaHux epaHeli meepdux | YkpaiHa KI1
spectrometer GS-2 / one-shot measurement limiting error: 2"; PO30PUX | HEMPO3opUX Mir, nipamidarnsHocmi cric
= [iana3soH sumiptogaHHs | measurement range: 0-360 © ix 2paHel, OnA BUMIPIOBaHHA MOKa3HUKa "ApceHan”,
Mepeeazu: rpocmoma  KOHCMPYKUi, — GIOHOCHO | 3anomiieHHs1 i ducriepcii rpo3opux meepoux M. Kuig |
HeasuCcOoKa 8apmicme. min | Ons 00CriOKeHHs SKOCMIi  ONMUYHUX Russia;
Advantages: simple design, rather low price. cucmem. | Measuring of spectrum angles | Ukraine, KP
Hedoniku: 1OPIGHSIHO HesucoKa moyHicmb, | between normmals to plane polished edges of |SPS “Arsenal”,
8idcymHicmb aemomMamu4yHo20 HanawmyeaHHsi Kymig, | rigid transparent and non-transparent bodies, Kyiv [5]
eidcymHicmb  yughpoeoi  0B6pobku  eumiprosasibHoi | measuring of  edges pyramidal, for refractive
iHgbopmai 8 pexumi pearibHo2o Yacy, Hemoxiusicms | index and dispersion of rigid bodies measuring,
sukopucmaHHsi  y  ckrnadi  aesmomamusosaHux | for optical systems’ quality investigation
KymosuMIptogasibHUX MEeXHOSI02iHHUX KOMITIIEKCI8.
Disadvantages: rather low accuracy, the absence of
automatic settings of angles, the absence of digital
processing of measuring information in real-time mode,
impossibility of using in automated goniometric
technological complexes.
loHiomemp 'C-5/ LliHa nodinku wkanu / division value: 1" BumiptosaHHs  Kymie Mk Hopmarnsamu 0o Pocis;
Goniometer GS-5 IpaHu4Ha rnoxubka 00HOPa308020 BUMIPIOBaHHS | one- | ryIockux — MosijposaHux — epaHell  meepoux YkpaiHa,
shot measurement limiting error: 10" po30opux i Hernpo3opux min ma Kricric
lMepesazu: npocmoma  KOHCMpYyKuj, — 8iOHocHO | nipamidansHocmi mpusm. | Measuring of angles | "ApceHan”,
HeasucoKa sapmicme. between normals to plane polished edges of m. Kuig /
Advantages: simple design, rather low price. rigid transparent and non-transparent bodies Russia;
Hedoniku: 1OPIGHSIHO HesucoKa moyHicmb, | and also prism pyramidal. Ukraine, KP
8i0CymHicmb agmomMamu4yHO20 HanalumyeaHHs Kymis, SPS “Arsenal’”,
ei0cymHicmb  Yughposoi  06pobKU  8UMIpPIOBasIbHOI Kyiv
iHGbopMaUjii 8 pexxumi pearbHo20 Yacy, HeMOXIIUBICITIb
euKOpUCMaHHA Yy  ckialdi  aemoMamu308aHUX
KymosuMIptosasibHUX MEeXHOSI02IHHUX KOMITIIEKCI8.
Disadvantages: rather low accuracy, the absence of
automatic settings of angles, the absence of digital
processing of measuring information in real-time mode,
impossibility of using in automated goniometric
technological complexes.
ToHiomemp '5M [ i IpaHu4Ha rnoxubka 0OHOPa308020 8UMIPO8aHHS | one- | BumiptogaHHs Kymie MK Hopmarsmu 00 binopycs,
Goniometer G5M shot measurement limiting error: +5" MI0CKUX  rosiposaHUx — epaHeli  meepoux Pocis;
[ianasoH euMiprogaHHsi 20puU3OHMasbHUX Kymig | | Mpo30pux | HEerposopux min, a makox Ykpaitia,
deflection measurement range:: 0..360° nipamiOansHocmi rpuam. | Measuring of angles Kricric
LiiHa nodinku wrkanu | division value: 1" between normals to plane polished edges of "ApceHan",
Mepesazu: rpocmoma  KOHCMpyKui, — eidHocHo | figid transparent and non-transparent bodies m. Kuig /
HesuCcoKa eapmicme. and also prism pyramidal. Belorussia,
Advantages: simple design, rather low price. Russia;
Hedoniku:  nopieHsHO ~ Heeucoka  MOYHICb, Ukraine, KP
6I0CYMHICMb a8MOMamU4YHO20 HaaLIMmyeaHHs! Kymis, SPS “Arsenal’,
sidcymHicmb  Uughposoi  0bpobKu  8UMIPHO8arIbHOT Kyiv
iHGbopMaUii 8 pexxumi pearnbHO20 Yacy, HeMOXIUSICITIb
euKkopucmaHHsi y  ckiadi  asmomMamu308aHUX
KymosUMIpIo8asibHUX MEXHOSI02iHHUX KOMITIIEKCI8.
Disadvantages: rather low accuracy, the absence of
automatic settings of angles, the absence of digital
processing of measuring information in real-time mode,
impossibility of using in automated goniometric
technological complexes.
Hocnioruupkuti 2oHiomemp Bl-| Kpok asmomamu4Hoi ma py4HOi ycmaHosku Kymig | | BusHadeHHs Xapakmepucmuk CLUA,
200SM / Research goniometer| Tuning interval of automatic and manual angles setting: | ceimmoposcitosaHHs Ha  ¢bikcosaHux abo | Brookhaven
BI-200SM 0,01° 3MiHHUX Kymax 8 Oiana3oHi 6id 8° do 155° npu | Instruments
[HianasoH kymie poscisHHst. | Range of angle of | eusHadyeHHi MONEKYSPHOT macu, | Corporation /
dispersion: 8°— 155° 3 ktogemoro | cavity 25mmm i 15°— | obepmaribHo20 padiycy mowo rfpu BUBYEHHI USA,
155° 3 klogemoto / cavity 12 mm. mexHoroail MiKpOeMyIbCitl, rosediHku | Brookhaven
ToyHe nIOCMPOKOBaHHA Kyma 8 Py4YHOMYy pexumi | | KomoidHux cucmem, 3aeanbHux | Instruments
Manual accurate adjustment of angle: 0,07° Xapakmepucmuk PIOUH, ronimepusayii | Corporation
lMepesacu: npocmoma  KOHCMPYKUj, ~ BIOHOCHO | emyrnbCil,  3pOCmaHHs — PO3MIpi8  4acmok, 1]
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Continuation of Table 1

AesmomamuyHuti [Hiana3oH sumiprosarHs kymis / Range of angle 0..360 ° BumiprosaHHs1 8 aemomMamusosaHoMy PexumMi Pocis,
(OuHamiyHuL) eoHioMemp lpaHuyHa roxubka 0dHOPa3neo20 eUMipIoaHHs | one- | Kymie — Mix — Hopmanamu — 00  M/IOCKUX Haykoeo-
nasepHut A4r-03/1, shot measurement limiting error: #0,3" 8i06UBalOHUX MOBEPXOHb MPUMaMUYHUX Mip | 8upobHuUHUl
[uHamiyHut eoHiomemp Mepesazu: 8ucoKa MOYHICMB, MoXnugicme | T/10CKo20 Kyma, Wwo Maromb  KoegiujeHm KOMITIEKC
Ar-03 / Automatic (dynamic) | asmomamu3sogaHo20 UMIDIO8EHHSI. giobumms He MeHwe 20%, KanibpysaHHs |'[iacHocmuka”|
laser goniometer DG-03 9/ | Advantages: high accuracy, possibility for automatic | Kyrmoeux mip; KaniopyeaHHs repemeopiogavie / Russia,
measurement. Kyma; 6e3KOHMAaKMHO20 8UMIpIOBaHHS scientific
Hedoriku: 8ucoKa sapmicme, cKkradHicmes | Kymosux repemiieHb 06'€Kmig; 8UMIpto8aHHs! production
KOHCMpYKUj, 8idcymHicmpb yugbposoi  06pobku | MOKasHUKa  reperioMyieHHs  3a crocobom association
8UMIpro8aribHOI IHGbopMauii 8 pexxuMi peasibHo20 vacy, HalMeHWO020 IOXUNEHHS ﬂpOMfHuﬂ / Measuring “Diagnostic”
eumazae doonpauosanHs Orisi euKopucmanks y cknadi | in automated mode of angles between normals [9]
asmomamu3o8aHuUX KymoesumiptogarnsHUX to plane reflecting surface of prism measure with
MEeXHOIO2IYHUX KOMITIEKCI8. reflection index not less then 20%, calibration of
Disadvantages: expensiveness, structural complexity, | angle measures, calibration of angle’s
the absence of digital processing of measuring | transducers contactless measuring of objects
information in real-time mode, must be modificated to | angles movements, measuring of reflective
use in automated goniometric technological complexes. | index by the method of minimum reflection of
ray /Error! Reference source not found. /.
ToHiomemp Ar-1J11 HianasoH sumiptosaHHs Kymie | Range of angle 0..360 ° Amecmaujsi pi3HUX Kymoeux Mip i KaribpyeaHHs! Pocis,
Goniometer DG-1L /97 IpaHu4Ha noxubka 0OHOPa308020 8UMIPKOBaHHS | one- | nepemesoprosadie Kyma 8 3adadax Haykoso-
ToHiomemp A-1®/ shot measurement limiting error: KariopysaHHsl Pi3HUX Kymosux Mip, PIi3HUX | 6UpObHUYUL
Goniometer DG-1F 9/ #0,2" (dns Ar-1/1/ for DG-1L) nepemeoprogayie  Kyma;  6e3KOHMaKMHUX KOMIIieKc
0,1" (Ona [r-1®/ for DG-1F) sumiptogaHb ~ Kymogo2o  pyxy  obekma, |"HiacHocmuka'"
Mepesazu:  eucoka  MOYHICMb, Moxnugicmb | MMOKasHUKa — 3a/lloMiieHHs — 3a  criocobom / Russia,
ae8MmoMamu306aH020 BUMIPIOBaHHS. HaliMeHwoz20 eidxurieHHs. |  Examination of scientific
o Advantages: high accuracy, possibility for automatic | different angular measures, and calibration of production
a measurement. angles transducers, in tasks of calibration of | association
!‘ Hedoniku:  eucoka  eapmicme, cknadmicms | different  angular  measures,  contactless | “Diagnostic”
d KOHCMpYKUi,  eidcymHicmb  uughposoi  ofpobku | Measurements angular movements of objects, [9]
8UMIpIo8arbHOI iHGhopMaUi 8 pexxumi pearnbHoeo yacy, | reflection characteristic by the method of minimal
8uMazae GoorpauosaHHs Ons BUKOPUCMaHHs y ckriadi | deviation
asmomamu308aHUX KymosUMIptogarbHUX
MEeXHO02i4HUX KOMIIIEKCI8.
Disadvantages: expensiveness, structural complexity,
the absence of digital processing of measuring
information in real-time mode, must be modificated to
use in automated goniometric technological complexes.
Ljughposuti 2oHiomemp HianasoH sumiptosaHHs Kymie | Range of angle 0 —360° | BumiptogaHHss y 080X nriowjuHax —Kymis, Pocis,
cr-14; cr-3uy; cr-sy/ IpaHu4Ha rnoxubka 0OHOPa308020 BUMIPIOBaHHS | ONe- | YMEOPEHUX MIOCKUMU MO8EPXHSMU meepdo2o Haykoeo-
Digital goniometer shot measurement limiting error: mina. osipka Mip rIocKko2o Kyma, Kymoeux | eupobHuyuli
SG-1C; SG-3C; SG-5C cr-14+1,0" KruHie, 6azamoepaHHux npusm. | Measuring in KOMIIEKC
Cr-34 30" two surfaces formed by plane surfaces of rigid |"HiaeHocmuka”
Cr-s51+5,0" body. Examination of multisided prisms. / Russia,
LiHa nodinku wekanu / division value: 0,01" scientific
lMepesazu: Moxnusicms asmomamu308aHo20 production
BUMIPIOBaHHSI, MOXITUBICMb 8UKOpUCMaHHs1 Y cKnadi association
asmomMamu308aHUX KYMOBUMIPHO8asTbHUX “Diagnostic”
MEeXHOMO2IYHUX KOMIIEKCI8, MOXIusicmb  Uughposoi 9]
06pO6KU iHghopMmauyi.
Advantages: automated measurement, possible to use
in automated goniometric technological complexes,
digital processing of information.
Hedoniku: 8ucoKa 8apmicma, cKmaoHicmb
KOHCMpYKUii; HeeucoKa  MOYHICMb, sumazae
doonpauyrosaHHsi  Onisi  asmomamu308aHoi  0b6pobKuU
iHGbopMauii 8 pexxuMi peariHo20 Yacy.
Disadvantages: expensiveness, structural complexity,
low accuracy, must be modificated to data processing in
real-ime mode.
loHiomemp cmamuyHull lpaHu4Ha noxubka 0OHOPa3o8020 8UMIPIOBaHHS | one- | BumiptogaHHs Kymig onmuyHux Oemanel 8 Pocis,
Cr-1, GonioScan SG-1/ shot measurement limiting error: +7,2" asmomamu3sosaHomy pexumi | Measuring of 000
Static Goniometer SG-1, lepesazu: eucoka  MOYHICMb, moxrusicme | optic parts angles in automated mode «IHEPTEX» |
GonioScan SG-1 [4/ aemomMamu308aH020  BUMIDHOBaHHS,  MOXITUSICITb Russia, JSC
| gukopucmaHHsi y  ckiadi  asmomMamu308aHUX “INERTECH”
KYmosuMIprogasibHUX — MEXHOO2IHHUX — KOMITIIEKCi8, 4
MOXxITusicmb yughposoi 06pobKu iHgbopmauji.
Advantages: high accuracy, automated measurement,
possible to use in automated goniometric technological
complexes, digital processing of information.
Hedoniku: 8UCoKa 8apmicma, CcKmaoHicmb
KOHCMPYKUJi.
Disadvantages: expensiveness, structural complexity.
loHiomempu IpaHu4Ha rnoxubka 00HOpPa308020 8uMiptogaHHs | one- | BumiprosaHHs Kymig npu3sm, nipamidansHoi | HiveyduHa,
PrismMaster ®150; shot measurement limiting error: #1,0" MoXUbKU, @ MmakoX MOXUBKU Haxury epaHi Trioptics /
PrismMaster®300 / lMepeegazu: rnpocmoma KOHCMPYKUii, Moxnueicms | npuamu 0o ocHosu. | Measuring of prism angles, Germany,
Goniometers aemomamu308aH020 eUMIpIO8aHHs, asmomamuyHozo | pyramidal error, and also error's of slope prism Trioptics
PrismMaster®150; HanawmysaHHsi Kymis, uughposa obpobka iHghopmaui. edge’s to the basis. [6]
PrismMaster®300 Advantages:  structural  simplicity,  automated
/6] measurement, automated settings of angles, digital

~Ly

processing of data.

Hedorniku: MopieHsHO Heaucoka MOYHICMb, BUCOKa
8apmicmb.

Disadvantages: expensiveness, rather low accuracy.
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Continuation of Table 1

Semiautomatic goniometer with
digital image processing
GONIOMAT M5
GONIOMAT M10 /37

shot measurement limiting error:
+2,5" Onss GONIOMAT M5/ for GONIOMAT M5)
+5,0" (dnss GONIOMAT M10/ for GONIOMAT M10)
lMepesazau: MoOXrusicmb BUKOPUCMAaHHSI Yy  ckadi
asmomMamu308aHUX MEXHOO2IYHUX KOMITITEKCie
Advantages: possible to use in automated goniometric
technological complexes.
Hedoniku: eucoka eapmicmb, OPIBHSHO HEB8UCOKa
MoYHicmb.
Disadvantages: expensiveness, rather low accuracy.

KombiHosaHuti TeHsiomemp- | [iana3oH sumiprosaHHs | Range of measuring 0... 180° BumiprosaHHs 6 2anysi ximii noeepxi, rpu | DataPhysics
2oHiomemp (DCAT 11/DCAT | paHu4yHa roxubka oOHOPa308020 8uMiptosaHHs | one- | OUHaMIYHUX — BUMIDHOBaHHSIX  108epxHesoz2o | Instruments
11HR) / Combined tensiometer{ shot measurement limiting error: + 0.07° Hamsiey | OOCIIOXeHHs]  Xapakmepucmuk GmbH,
goniometer (DCAT 11/DCAT | [Mepesaau: eucoKka  MOYHICMb, MOXIIugicmb | 108epxHi  MopowikornodibHuX | sornokHucmux | HivewduHa |
11HR) /27 asmomamu308aH020  BUMIPIOBaHHS,  MOXIUSICMb | Mamepiarnie 3 mMemoro koHmponto | DataPhysics
guKkopucmaHHsi Y ckiadi  asmoMamu308aHUX | MEXHOIO02iYHUX rpouecis XiMigHUX | Instruments
MEeXHOIO2IYHUX KOMIIEKCI8, MOXIIUgicmb  YUGhposoi | 8UPOBHULMS i PO3POBKU HOBUX MPOMUCITOBUX GmbH,
06pobKu iHghopmaui. mexHoroeiti | Measuring in Surface Chemistry Germany
Advantages: high accuracy, automated measurement, | under dynamic measurements of surface 2]
possible to use in automated goniometric technological | tension and investigation of powdered and
complexes, digital processing of data. fibrous material characteristics for the purpose
Hedoniku: sucoka 8apmicma, cknadHicms | of technological processes of chemistry
KOHCMpYKUj. manufacturing checking and new technologies
Disadvantages: expensiveness, structural complexity. development
ToHiomemp-criekmpomemp | [paHuyHa noxubka 00HOPa308020 BUMIPHO8aHHS | one- | BuMmiprogaHHs Kymie MK epaHsamMu meepoux | HiveyduHa
Gonio II-VIS / Goniometer- shot measurement limiting error: +0,6" Oemariell, nokasHuka 3aromreHHs1 nposopux |Moeller-Wedel |
spectrometer Gonio II-VIS /3] | Hiana3oH sumiptosaHHs kymis | Range of angle: 0° ... meepdux Mamepiariis, Kyma nipamidarsHocmi. | Germany,
1 360°. Measuring of angles between of the rigid bodies | Moeller-Wedel
lMepesazu: eucoKka  MOYHICMb, moxrusicmb | edges, measuring of reflection coefficient of [3]
asmomMamu308aH020  eUMIipto8aHHs,  MOXrusicmb | transparent rigid materials and pyramidal angle.
euKOpUCMaHHA Yy  ckialdi  aemoMamu308aHUX
MEeXHOMO2IYHUX KOMIIEKCI8, MOXIusicmb  Uughposoi
06pO6KU iHghopMmaui.
Advantages: high accuracy, automated measurement,
possible to use in automated goniometric technological
complexes, digital processing of data.
Hedoniku: 8ucoKa 8apmicma, cKnadHicmeb
KOHCMPYKUji.
Disadvantages: expensiveness, structural complexity.
oHiomempuyHi komnnekcu | Goniometric complexes
HarligasmomamuyHuti HianasoH sumiptosaHHs 0... 360°% BumiprosaHHs ~ kymie  ma  mecmysaHHs1 | HivmeyduHa
20HioMemp lpaHu4Ha rnoxubka 00HOPa308020 BUMIPO8aHHS | one- | 6GazamoepaHHUX ONMUYHUX npusm, [Moeller-Wedel /,
3 e/1EKMPOHHOIO OUJHKOO shot measurement limiting error: KIMUHOBUOHUX MiiacmuH ma Kymoeux 0am4yukie Germany,
300paKeHHs1 +1,5" (dnss GONIOMAT M5/ for GONIOMAT M5) 8 s1abopamopHux ma 8upobHu4ux ymosax. |Moeller-Wedel
GONIOMAT M5 +2,5" (Anss GONIOMAT M10/ for GONIOMAT M10) | 3okpema  8uMIiptO8aHHS  Kymig  npusm, [3]
GONIOMAT M10/ IpaHu4Ha roxubka oOHOPa308020 8UMIPO8aHHS | Multi- | MiKporpu3m,  8UMIPIOBaHHST  Kymie  KIUHI8;

BU3HAYEHHSI KYmMoBUX GiOXUreHb, B8U3HaYeHHsI
nipamidanibHocmi mowjo. | Measuring of angles
and testing of multisided optic prisms, wedge-
like plates and angle sensors in labs and
industrial. In particular measurement of prism’s
angles, microprism’s, measurement of wedge’s
angles, angular deviation detection, pyramidal
detection.

with digital processing of data, possible to use in
automated goniometric technological complexes.
Hedoniku: eidcymHicmb  iHMeepauii 3 CcyYacHUMU
obyucrosanbHUMU cucmemamu, sumazae
doorpaurosaHHsi ma MoOepHi3auii Orsi BUKOPUCMaHHS1 Yy
CyYacHUX 8UMIPIOBaITbHUX MEXHOMO2IYHUX KOMIIeKcax
ma iHgbopmauiliHuUx cucmemax, rOpPIBHSIHO HU3bKa
HaditHicme.

Disadvantages: the absence of interaction with modern
computer system, must be modificated and modernized
to use in automated goniometric technological

AsmomamuyHuti 2oHiomemp | [ianasoH sumiptosaHHsi | Range of measuring 0... 360°% | BumiptogaHHsi  Kymie  ma  mecmysaHHsi [Moeller-Wedel /|
GONIOMAT A/A-HR IpaHu4Ha rnoxubka 00HOpPa308020 8uMIpto8aHHs | one- | bGazamoepaHHUX OrMUYHUX pusm, Germany,
GONIOMAT A-HR/ shot measurement limiting error: KIUHOBUOHUX nriacmuH ma Kymosux dam4ukie | Moeller-Wedel
Automatic goniometer +0,7" (Ans1/ for GONIOMAT A/ A-HR) 8 nabopamopHux ma upobHu4ux ymosax. [ [3]
GONIOMAT A/A-HR +0,4" (dns1/ for GONIOMAT A-HR-S) Angles measuring and testing of multisided optic
GONIOMAT A-HR 3/ +1,5" (0ns1/ for GONIOMAT A5) prisms, wedge-like plates, and angle sensors in
»~ IpaHu4Ha oxubka oOHopa3oeo20 sumiptogaHHs | multi- | labs and industrials
{ "a shot measurement limiting error:
! . +1,5" (Ons1 / for GONIOMAT A/ A-HR)
[‘“‘Wv ] +0,6" (dn1s1/ for GONIOMAT A-HR-S)
+2,5" (Ons1/ for GONIOMAT A5)
GONIOMAT A5 3] ﬂepgeaeu: 8UCOKa  MOYHICMb, aemomamuqH?
-~ 8uMiptogaHHsI 3 Lughposoo 0bpobKoto  iHGhopmaui,
e MOXIIUSICIMb 8UKOpUCMaHHS1 y cknadi
’ %-. asmomMamu308aHUX BUMIPIOBATbHUX  MEXHOMOIHHUX
S 8 KoMmririexcie.
N ~r . Advantages: high accuracy, automatic measurement
v with digital processing of data, possible to use in
automated goniometric technological complexes.
Hedoniku: sucoka eapmicme.
Disadvantages: expensiveness
KymosumiprosarnsHa lpaHu4Ha roxubka 0OHOPa308020 BUMIPHO8aHHS | one- | BuMipiogsaHHs 8 asmoMamuyHOMy —PEXUMI Ykpaita,
cucmema "C1/1/ Goniometric | shot measurement limiting error: +0,5" Kymie MK M/IOCKUMU TOfTpO8aHUMU 2paHsiMu Kricric
system GS1L /10/ lepesazu:  8ucoka  MOYHICMb,  aemoMamu4He | meepdux mir, nipamidarbHocmi epaHell UM, "ApceHan”,
8UMIpIOBaHHS 3 UUGhpOsoI0  06POGKOIO  iHGhopMauUli, | nokasHuka 3arommenHs ckra. | Measuring of | m. Kuig/
MOXIIugICMb BUKOPUCMaHHST y cknadi | angles between plane polished edges of rigid | Ukraine, KP
@6MOoMaMmuU306aHUX  BUMIPIOBATIbHUX  MEXHOIOEIYHUX | hodies, pyramidal of prisms’ edges reflective |SPS “Arsenal”,
KoMriekcis. . index by glass in automatic mode Kyiv
Advantages: high accuracy, automatic measurement [100]

complexes and information systems, rather low reliability
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The end of Table 1

JlazepHuti iHmepghepomemp | [ianasoH sumiptosaHHsi Kymig | Range of angle + 10° Kymosi ma TUHICHI 8UMIpPIOBaHHS Renishaw,
XL-80/ Laser interferometer | paHuyHa rnoxubka 00HOPa3oe020 8UMIprO8aHHs | one- MO3ULOHY8aHHs1 KOOPOUHaMHUX ocell |Benukobpumat
XL-80 /87 shot measurement limiting error: + 0.6% + 0.5+ 0.1 MemarioobpobHUX sepcmaimie, Kymosi is/
- g —— MKM/M 8UMIPIOBaHHST 8IOXUIEHHS KOOPOUHaMHOI oci 8i0 Renishaw,
- L ! Po3dinsHa 30amHicms | Resolution 0.7 Mkm/m MPSIMOIHIGHOCMI, npsiMoriHitiHocmi, | Great Britain
. repreHOUKYISPHOCMI, nnowuHHoCMi [8]
e ’ lMpumimka: M — nepemiwieHHs1 830068 oci | obpobriosaHol 108EPXHi, Kymogozo
14 J 1 8UMIpIOBaHHS, M; % — 8IOCOIMOK 8i0 0OYUCIOBANTLHOZ0 | MO3UUIOHY8aHHS M08opomHoi  ocil cmony. |
'—Ll | Kyma Angular and linear measurement of coordinate
- ’ lMepesazu: sucoka moy4Hicmb, asmomamu3osaHe | axis pose for metal-cutting machines, angular

—

KoMmririexcie.

complexes.
Hedoniku: sucoka eapmicme.
Disadvantages: expensiveness.

BUMIPHOBAHHST, MOXIIUBICMb BUKOPUCMaHHST y cKnadi
asmoMamu308aHUX  8UMIPIO8aIbHUX  MEXHOO2IYHUX

Advantages: high accuracy, automated measurement,
possible to use in automated goniometric technological

measurements of coordinate axes of linearity
deviation, measuring of linearity,
perpendicularity, flatness of live parts, angular
positioning of rotation axis / rotary table

The mentioned allows to affirm that modern
worldwide base of goniometers for today is
presented by goniometers which works at the base
of lasers and allows to provide precise
measurements and processing of measuring data
in automayed and automatic modes. Excepts
goniometers which are produced by domestic [5]
and foreign industries [1, 2, 3, 4, 6, 7, 8, 9], also is
known an experience of making precise
goniometric systems at their basis which is used in
labs [10] and productions [2, 8].

CONCLUSIONS

Therefore, to provide high measuring accuracy
it is perspective to use goniometers as a basic
element of O-level structure of presented
technological complex of angles measuring.

But, at the basis of the analysis which is
presented above it conclude, that the majority of
known goniometers which can be used in
automated goniometric systems without additional
modernization have rather low accuracy. The last
one, naturally, restricts sphere of goniometer’s
using.

Among goniometers which have high accuracy
(laser, digital, etc.) the other ones which don’t need
additional modernization to use in mentioned tasks
are absent.

So, it might conclude that in our days it is
necessary and reasonable to modernize known and
development new devices which satisfy the
requirements of high accuracy, and possibility of
automated measuring with the next data processing
in real-time mode.
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