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Pedepar:

1. O6’ekTOM OCTIIKEHHS € TPOLieC BUMipIOBaHHS TEOMETPUYHUX IIapaMETPIB JleTaseil eHEPreTUIHOTO
obnagHaHHs. [IpegMeToM JOCaimKeHHS MeTOAM, MOZeJIi Ta 3aco0U MigBUIeHHSI TOYHOCTi BUMipIOBaHb
reoOMeTPUYHUX [IapaMeTPiB eTajeil eHepreTUYHOro ob6J1agHaHHS Ha 6a3i HeMPOHHOI Mepeski. MeTa mocmimkeHHs
oJIArae y MiIBUIIEHHI TOYHOCTI ITPOLECY BUMiPIOBaHb T€OMETPUYHUX [IAPAMETPIB [ €TaJIENl EHEPTETUYHOTO

06J1alHaHHS HJISIXOM PO3POOKY ITPOTpamMHoO - iHpopMaLliiHOro KOMIIJIEKCY Ha 6a3i HelipoHHOi Mepexi. [IporpamMHO



- inpopMaLiiHUI KOMILIEKC iHTErpoBaHuM y iH(pOpMaLiliHO BUMiPIOBAJILHY CUCTEMY Mae 3a06e31e4yBaTu
KOMITeHCallilo fecTabini3younx ¢pakTopis, aganTalio 4o 3MiH yMOB eKCIIyaTalii Ta BUCOKY IIPOLYKTUBHICTD
CKJIaJHAX BUPOOHUYMX YMOBaX. Y po6OTi 6yJI0 BUKOPUCTAHO TaKi HAYKOBi METOAU NOCIiIKEHHSI: METOIM
CHACTEMHOTO aHaJli3y; MaTeMaTUYHE MOJEJII0BAHHS KiHEMAaTUKMA KOOPAUHATHO-BUMIipPIOBAJIbHUX MIPUCTPOIB;
CTaTUCTUYHI MeTOAM 0O6POOKU JaHUX; aJITOPUTMU MALIMHHOTO HaBYaHHS, 30KpeMa IIIMOMHHOTO HaBUYaHHS
HEPOHHUX MEPEeX; MOJIeJII0OBaHHS BILJIMBY AeCTabii3yl0unMxX YNHHUKIB Ha TOYHICTh BUMIPIOBAHb;
€KCIIEPMMEHTAaJIbHI METOAY NE€PEBIPKY TOYHOCTI; METPOJIOTiYHMI aHami3. TeopeTnyHe Ta NPaKTUYHE 3HAUYE€HHS
OZlEpKaHUX pe3yybTaTiB. 3alIpONIOHOBAHO CTPYKTYpPY iHPOPMaLifiHO-BUMIipIOBaIbHOI CUCTEMH, KA 6a3yeThCs Ha
noeHaHHi iHPpopMaliiiHO-BUMIPIOBAJIbHOI CUCTEMU Ta IIPOTPAMHO — iHPOPMALITHOTO KOMILJIEKCY 3 iHTEIrPOBAaHOIO
HEVPOHHOIO MEPEXEIO, J1S MiIBUILLEHHS TOYHOCTI BUMIpIOBaHb FEOMETPUYHMX [1APAMETPIB JeTajlel
€HEepPreTUYHOro obJafgHaHHA. Po3p0o6yieHO MporpaMHo-iH(pOpMaLifiHAY KOMILJIEKC 3 iHTETPOBAaHOIO HEMPOHHOIO
MepeXKelo, 0 Jae 3MOTy BUKOHYBATH KaslibpyBaHHs1, 00POOKY IJaHMX, HABYAHHS HEMPOHHOI MEPEeXi Ta
aBTOMaTuM3alliio MpoleciB KoMieHcalii gecrabinizytounx ¢paxkropis. CTBopeHo 432 Mmoaudikallii HEHPOHHUX MepeK
L7151 aHaJi3y NOTOYHMX JAaHUX NIPOLECY BUMIPIOBaHHSI TeOMETPUYHUX [TApaMETPiB I€Tajlell EeHepreTUYHOro
o6J1aHaHHS, 10 4O3BOJIMJIO BpPaXyBaTy 3MiHHI yMOBU BUMIipPIOBaHb Ta KOMIIEHCYBATHU BIIJIMB AECTA0ii3yI0unX
daxTopiB. HaykoBa HOBM3HA OZlep>KaHUX Pe3yJIbTaTiB. 3aIIPOIIOHOBAHO YHiBEpCaJIbHUI METOJ, KaliOpyBaHHS, 110
II0JISITa€ Yy BUKOPUCTAHHI TPbOX KajlibpyBasIbHUX €TaJIOHIB B MeXKax OfHiel mpouenypH, 110 Aa€ 3MOTy BpaxyBaTu
CHACTEMaTH4Hi IOXUOKU [IpY 30HlyBaHHI IOBEPXHIi, OLIiHUTU 34ATHICTb KOOPAUHATHO-BUMIipPIOBAJILHOI PYKU
cTabiNbHO BiTBOPIOBATU OJIHY i TY 3K TOUKY B IPOCTOPi Ta BUBHAYUTHU MIapaMETPH BiITBOPIOBAHOCTI JIiHITHOTO
nepemilleHHs KOOPAUHATHO-BUMIpIOBaJIbHOI pyku. PO3p06s1eHO MeTo KOMITeHC allii 3a/IMIIKOBO] KiHeMaTU4HOI
IIOXMOKU 3 BUKOPUCTAHHSIM OQHOTOYKOBOI MOZIEJIi KOPEKLii 3a/IMIIKOBUAX [TOXUOOK, 10 JajI0 3MOT'Y 3MEHIIUTH
KiHEMaTW4HY CKJIQJIOBY 3aJIMIIKOBOI TOXUOKU y 4 pa3u. HabyJsa nofanboro po3BUTKY TeOopist HABYaHHSI HEPOHHUX
MEPEX, 10 NO3BOJIUJIO aBTOMATUYHO BPaXOBYBAaTH 3MiHHI yMOBM BUMIipIOBaHb Ta KOMIIEHCYBATH BILJIUB

IecTabinisyrounx (pakTopis, 1110 a0 3MOTY 3MEHIIMTU HEKIHEMAaTUYHY CKJIaJlOBY 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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