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Abstract:

This study focuses on the application of Data Science and Machine Learning
(ML) techniques to predict joint strength in electric resistance butt welding of steel
open-sections used in metal-plastic window systems. The main goal is to identify
and model the relationships between welding parameters (electrical current strength,
welding time, and strip thickness) and the resulting weld seam strength. Given the
sparse nature of the available experimental data, advanced data preprocessing was
performed using Python libraries such as Pandas and Scikit-learn, including noise
reduction and error correction. Several models were developed, including second-
and fourth-degree polynomial regressions and a multilayer perceptron (MLP), to
capture nonlinear dependencies between process variables. The fourth-degree
polynomial regression model proved to be the most accurate among traditional
approaches, while the MLP achieved even higher prediction performance. These
models enable not only accurate strength forecasting, but also support the intelligent
selection of welding parameters in production environments with constrained data.
The presented approach lays the groundwork for integrating adaptive ML systems
into welding process control, facilitating real-time decision-making and
technological optimization.
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AHoOTAaNifA:
JlocnipkeHHs 30cepeiPKeHe Ha 3acToCyBaHHI MeTo1B Data Science Ta MalllMHHOTO
HaByaHHs (ML) mms mporHo3yBaHHS MIITHOCTI 3’€IHaHb TPU EIEKTPUIHOMY
KOHTaKTHOMY CTHKOBOMY 3BapIOBaHHI CTaJleBUX BIAKPUTHX MpoQLIiB, IO
BUKOPHCTOBYIOTHCSI B METAJIOMJIACTUKOBUX BIKOHHUX cUcTeMax. OCHOBHOIO METOIO
€ BUSBJICHHA Ta MOJEJIOBAHHS 3aJ€KHOCTEM MIK MapaMeTpaMy 3BapIOBAHHS
(CWJIOI0 €JIEKTPUYHOTO CTPYyMY, YacOM 3BapiOBaHHS Ta TOBIIMHOK INTa0H) 1
MILHICTIO 3BapHOTO IIBa. 3 OIISAY Ha PO3PLLKEHUN XapakTep HasBHUX
EKCIIEpUMEHTAJIbHUX JIaHUX, OyJ0 BHKOHAHO MOMIMOJIEHY MOMNEPEeNIHI0 0O0pOOKy
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JaHuX 13 BUKopucTtaHHsAM Oi0miorek Python, 3okpema Pandas Tta Scikit-learn,
BKJIFOYHO 31 3MEHIICHHSM IIyMiB 1 KOpPEKIi€r MoxuOok. Po3pobmeHo aexingbka
MoJIeNiel, 30KpeMa MOJIIHOMIaJIbHI perpecii APYroro Ta 4YETBEPTOTo MOPSAIKIB 1
OaratomapoBy MepIenTpOHHY HelpoHHY Mepexy (MLP), mis ommcy HemiHIAHUX
3aJIe)KHOCTEH MK TEXHOJOTTYHMMHU 3MIHHUMU Tiporecy. [lomiHoMianeHa perpecis
YETBEPTOrO MOPSAKY MOKa3ajia HaWBHILY TOYHICTH Cepel TPAAULIMHUX MiIXOIIB,
Tomi sk wmojenb MLP 3abe3nmeunmna mie Kpamm TOKAa3HWKH IPOTHO3YBaHHS.
3anponoHOBaHi MOJENl JAal0Th 3MOTY HE JIMIE TOYHO MPOTHO3YBATU MIIHICTh
3BApHOrO 3’€IHAHHSA, a W MIATPUMYIOTh I1HTEJIEKTyaJdbHUM BHOIp IMapaMeTpiB
3BapIOBaHHS B yMOBaxX BHpPOOHMIITBA 3 OOMEXKEHHM OOCSITOM JIaHHX.
[IpeacraBieHuit miaxia 3aKaagae OCHOBY ISl 1HTErparlii aranTuBHUX ML-cuctem y
KEpYBaHHS TMpOIEcCaMH 3BapIOBaHHs, IO 3a0e3ledyye MPUIHATTS pIllleHb Yy
pealbHOMY Yaci Ta TEXHOJIOTTYHY ONTHMI3allilo.
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