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Pedepar:

1. O6’exTOM [IOCTII>KEHHSI € IIPOoLieC BUMipIOBaHHS reOMeTPUYHMX I1apaMeTpiB JieTaseil eHepreTUyHOro
obsanHaHHs. [IpenmeToM qoCimKeHHs MeTOU, MOIeJli Ta 3aco6U MifIBUILIeHHS TOYHOCTI BUMipIOBaHb
reOMETPUYHUX [IAPAMETPIB AeTajlell €eHepreTUYHOro o61aHaHHs Ha 6a3i HeMPOHHOI Mepexi. MeTa JoCiIKeHH
MoJIsArae y MiiBUIEHHI TOYHOCTI IPOLI€CY BUMipIOBaHb T€OMETPUYHUX [1APAMETPIB J€TaJIell EHEPTETUYHOTO
00J1aJHaHHS IJIIXOM PO3POOKM TPOrpaMHoO - iHdpopMalLliffiHOro KoMIjieKkcy Ha 6a3i HelipoHHOiI mepexi. [IporpamHo
- indopmMaLifiHUI KOMILJIEKC IHTErpoBaHuM y iHpOpMaliliHO BUMipIOBaJIbHY CUCTEMY Mae 3a0€e311e4yBaTu
KOMIIEHCAL{I0 fecTabinisyrounx (pakTopis, afanTalilo 40 3MiH YMOB €KCIyaTallii Ta BUCOKY NPOAYKTUBHICTb y

CKJIaJHUX BUPOOHUYMX YMOBax. Y po6OTi 6yJI0 BUKOPUCTAHO TaKi HAYKOBi METOAM OCIIiI>KEHHS: METOIM



CHCTEMHOTO aHaJi3y; MaTeMaTUYHE MOJEJIIOBAHHSA KiHEMATUKY KOOPAVMHATHO-BUMIPIOBaJIbLHUX IIPUCTPOIB;
CTaTUCTUYHI ME€TOM 0O6POOKU JAaHUX; aJITOPUTMHU MALIMHHOTO HaBYaHHS, 30KpeMa IIIMOMHHOTO HaBYaHHS
HEPOHHUX MEPEX; MOJIEJIIOBaHHS BIIJIMBY AE€CTa0ii3yl0uMX YUHHUKIB Ha TOUHICTh BUMIPIOBAHb;
€KCIIEPMMEHTAJIbHI METOAY NE€PEBIPKY TOYHOCTI; METPOJIOTiYHUI aHai3. TeopeTnyHe Ta NPAKTUYHE 3HAUYEHHS
oJlep>KaHMX pe3yJIbTaTiB. 3alIPOIIOHOBAHO CTPYKTYPY iHPOpMaLiiHO-BUMIPIOBAJILHOI CUCTEMH, KA 6a3yeThCs HA
noeHaHHi iHPpopMaliiiHO-BUMIpIOBaJIbHOI CUCTEMU Ta IIPOrPaMHO — iHPOPMALITHOTO KOMILJIEKCY 3 iHTErPOBAaHOIO
HEPOHHOIO MepeXKelo, NJ1s MiIBULLIEHHS TOYHOCTI BUMIPIOBaHb F€OMETPUYHUX 1apaMeTpiB JieTanen
€HepreTUYHOro o6s1afHaHHs. Po3pobieHo nporpamHo-iHpOpMaLiiHNI KOMILJIEKC 3 iHTETPOBAHOIO HEMPOHHOIO
MepeXelo, 0 Jae 3MOTY BUKOHYBATH KaslibpyBaHHs1, 06POOKY JaHMX, HABYAHHS HEMPOHHOI MEPEXi Ta
aBTOMaTuU3allilo poleciB KoMreHcalii gecrabinizytounx ¢paxkropis. CTBopeHo 432 Mmoaudikallii HEHPOHHUX MepPeK
IJ1s1 aHaJIi3y IOTOYHMX JAHUX NIPOLECY BUMIPIOBaHHSI TeOMETPUYHUX [TAapaMeTpiB AeTajlell eHepreTUYHOrO
006J1a[IHAaHHS, 10 O3BOJIMJIO BPAaXyBaTH 3MiHHI YMOBM BUMipIOBaHb Ta KOMIIEHCYBATHU BIUIUB JeCTabili3ylounx
¢daxTopiB. HaykoBa HOBM3HA OZleP>KaHUX pe3yJIbTaTiB. 3aIIPOIIOHOBAHO YHiBEpCAJIbHUI METOJ, KaliopyBaHHS, 110
II0JISITa€ Yy BUKOPUCTAHHI TPbOX KaJlibpyBasJbHUX €TaJIOHIB B MEXKax OfHiel mpouenypu, 1o fAae 3MOTy BpaxyBaTu
CHUCTEMATH4Hi IOXUOKU [TPY 30HIyBAaHHI IOBEPXHi, OLIHUTU 31aTHICTb KOOPAMHATHO-BUMIPIOBAJIbHOI PyKU
CTabiJIbHO BiTBOPIOBATU OJHY i TY 5K TOUKY B IIPOCTOPi Ta BUBHAYMTH IapaMeTpH BiITBOPIOBAHOCTI JIiHIITHOTO
nepemilleHHs KOOPAUHATHO-BUMIpIOBaJIbHOI pyku. PO3p0o6s1€HO MeTo/ KOMIIeHcallii 3a/IMIIKOBO] KiHeMaTUYHOI
IIOXMOKU 3 BUKOPUCTAHHSIM OGHOTOYKOBOI MOZIEJIi KOPEKLi 3aJIMIIKOBUAX [TOXUOOK, 10 JAJI0 3MOTY 3MEHIIUTH
KiHEMaTW4HY CKJIQJOBY 3aJIMIIKOBOI TIOXUOKU y 4 pa3u. Habysa nonanbmoro po3BUTKY TeOpisi HABYaHHSI HEPOHHUX
MepEeX, 110 AO3BOJIMJIO aBTOMATUYHO BPAaXOBYBATH 3MiHHI YMOBY BMMipPIOBaHb Ta KOMIIEHCYBATH BILJIVB

IecTabinisyrounx (pakTopis, 10 a0 3MOTY 3MEHIIMTH HEKIHEMAaTUUHY CKJIaJIOBY 3aJIMIIKOBOI IOXUOKHU Yy 6 pasib.

2. The object of research is the process of measuring the geometric parameters of power equipment parts. The
subject of the study is methods, models and means of improving the accuracy of measurements of geometric
parameters of power equipment parts based on a neural network. The aim of the study is to improve the accuracy
of the process of measuring the geometric parameters of power equipment parts by developing a software and
information complex based on a neural network. The software and information complex integrated into the
information and measurement system should provide compensation for destabilising factors, adaptation to
changes in operating conditions and high performance in difficult production conditions. The following scientific
research methods were used in the study: methods of system analysis; mathematical modelling of the kinematics
of coordinate measuring devices; statistical methods of data processing; machine learning algorithms, in particular
deep learning of neural networks; modelling the impact of destabilising factors on measurement accuracyj;
experimental methods of accuracy verification; metrological analysis. Theoretical and practical significance of the
results. The structure of the information-measuring system, based on the combination of the information-
measuring system and the software-information complex with an integrated neural network, is proposed to
improve the accuracy of measurements of geometric parameters of power equipment parts. A software and
information complex with an integrated neural network was developed, which allows for calibration, data
processing, neural network training and automation of the processes of compensating for destabilising factors. 432
modifications of neural networks were created to analyse the current data of the process of measuring the
geometric parameters of power equipment parts, which made it possible to take into account variable
measurement conditions and compensate for the influence of destabilising factors. Scientific novelty of the results.
A universal calibration method has been proposed, which consists in using three calibration standards within one
procedure, which makes it possible to take into account systematic errors in surface sensing, to assess the ability
of the coordinate measuring arm to stably reproduce the same point in space and to determine the parameters of
reproducibility of the linear movement of the coordinate measuring arm. A method of compensating for the
residual kinematic error using a single-point model of residual error correction was developed, which made it
possible to reduce the kinematic component of the residual error by 4 times. The theory of neural network training
was further developed, which allowed to automatically take into account variable measurement conditions and
compensate for the influence of destabilising factors, which made it possible to reduce the non-kinetic component



of the residual error by 6 times.
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