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1. B Hau1 yac y pi3HMX rajayssx IPOMUCJIOBOCTI 3aCTOCOBYIOThCS 3BapHi KOHCTPYKLi. PiBeHb nedeKTHOCTI 3BapHUX
3’eJHaHb 3HAYHOIO MipOIo BIJIMBAE HA iX JOBroBiyHicTh. HasgBHiCTh MOBepxHEBUX AedeKTiB, cepel, IKUX TPilllHY,
ra3oBi IIOpH, IIPOXKOTH i MiZpi3y NPU3BOIATE 4O KOHLIEHTpaLii HAIIPYKE€Hb, 3HUKEHHS MIIJHOCTI i K pe3yJbTaT —
neperyacHOro pyMHYBaHHS 3BapHOi KOHCTPYKLi. [TocnseHoMy KOHTPOIIIO IepeKTHOCTI HifIAraloTh 3BapHi
KOHCTPYKLi BiflTOBifabHOrO IpM3HAa4Y€eHHS. B 1aHOMy IOCIIIIKEHHI OCHOBHA yBara puiijeHa 3BapHii
KOHCTPYKIii 60KOBOi paMU Bi3Ka BaHTaKHOT'O BaroHa, OCKiJIbKY JOBrOBIYHICTb Liji€i KOHCTPYKLii HaNIpsIMy 3aJIEXXKUThb
BiJl SIKOCTi BUKOHAHHS 3BaPHUX 3'€[IHaHb. A CKJIaJiHa IPOCTOPOBA OPi€HTAallisl i NPOTSDKHICTh 3BAPHUX HIBiB POOJISTH

KOHCTPYKIIi10 60KOBOI paMy [TOKa30BUM 00’€KTOM [JIs BiflpaliloBaHHsI MiJIX0iB aBTOMaTU30BaHOTO Bi3yasbHO-



ONITMYHOTO KOHTpoJ10. [1if1 yac ekcnyartallii 60koBa pama MifaeTbCsd 3HAYHUM ITUHAMIYHUM, Oi9YHUM i
BEPTUKAIbHUM HAaBaHTKEHHSIM, 110 NTOTpedye BUCOKOI HAAiMHOCTiI KOHCTPYKLi, Bif SKOCTi BUTOTOBJI€HHS SIKOi
3aJ1eKUTh Oe3reKa 3ai3HNYHUX NlepeBe3eHb. OCHOBHOIO TEXHOJIOTIEI0 BUTOTOBJIEHHS] 60KOBUX paM B YKpaiHi Ha
IQHWI MOMEHT € JIMBapHEe BUPOOHUIITBO, 10 HEPIIKO CYIIPOBOMAXYEThCSI yTBOPEHHSIM BHYTPIIIHIX fe(eKTiB i
BiJXWJIEHHAM Bifl 3aKJIaleHOI FEOMETPIi BUTOTOBJIEHOI JeTai. [IpoMuCI0BO pO3BUHYTI KpaiHM BUTOTOBJISAIOThH 3BApHI
OOKOBi pamH Bi3KiB BAHTa)KHUX BaroHis, 1110 IPU3BOJUTH 10 3MEHIIEHHS Macu KOHCTPYKLUi Ha 5...10% i joTpruMaHHs
6a30BUX reOMETPUYHUX PO3MIpiB 3 10X16KOI0 1 MM. MeHIIa Maca CylibHO3BapHOi 60k0BOi pamu (PB) y
MOPIiBHSIHHI 3 INTOI0 OOYMOBJIEHA 3MEHILIEHHSIM 3arajbHUX BUTpAT MeTany 1o 30%. Tomy, 6epydu 10 yBaru
MigBUIIIEHHS] BUMOT 10 €(PEKTUBHOCTI Ta 6€3MeKU 3aIi3HIYHUX [IepeBe3eHb, IOLJIbHO MePeX0IuT came Ha 3BapHi
KOHCTPYKIlii 00KOBUX paM Bi3KiB BAHTR)KHUX BaroHiB. BpaxoByrouu Toi axT, 110 KOHCTPYKLisi 60KOBOI paMu
XapaKTEPU3Y€EThCS SIK BiANIOBiAIbHA, @ TOMY HE JOLIJILHO 3aCTOCOBYBAaT/ MEXaHi30BaHe 3BapIOBAHHS, PE3YyJIbTaT
SIKOTO HaIpsIMy 3aJI€XKUTb Bifl KBasidikalii 3BaproBajibHMKA. MexaHi3oBaHe 3BapIOBaHHSI, BUKOHAHE POGITHUKOM 3
HEeJIOCTaTHIM piBHeM KBasidikallii 4acTo CyIIpOBOIKYETHCSI YTBOPEHHSM JlePEeKTiB y MeTaJli 3BapHOro 1Ba. Tomy
IOLIiJIbHIIIE 3aCTOCYBAaTH aBTOMAaTUYHE 3BapIOBaHHs Ha 6a3i pOGOTOTEXHIYHOTO KOMILJIEKCY. 3BaplOBaIbHUN POOOT
3abesrnevye aaliTUBHE PEryJI0BAHHS IapaMETPiB PEKMMY 3BapIOBaHHSI, THYUKiCTb IPOTPaMyBaHHSI, @ TAKOXK
TOYHICTb BiITBOPIOBAHHSI 3aIIpPOrpamMoBaHoi TpaekTopii 3 moxuokoio +0.03 MMm. OnHaK, SIK BitoMo, He OyBae
6e31eeKTHYX 3BapIoOBajibHUX BUPOOHULTB. BuH1Kae norpeba y HaflifiHiN cucTeMi KOHTPOJIIO AedeKTiB Micis
3aBEPILIEHHS 3BAPIOBAHHS KOKHOTO mBa. OCOOGIMBO rOCTPO CTOITh MUTAHHS KOHTPOJIIO 1e(EeKTHOCTI IPU
6araTonpoxifiHOMy 3BapIOBaHHi, KOJIM [IPONYLIeHUI 1ePeKT y KOPEHEBOMY LIBi IPU3BOLUTH IO 6araTOKPaTHOro
3MEHIIEHHS 3arajbHOi JOBrOBIYHOCTI KOHCTPYKLIi. /17151 aBTOMaTU30BaHOTO BUSIBJIEHHS JePeKTiB 3BapHOro 1IBa IIpU
poOOTM30BaHOMY 3BapIOBaHHi HalKpalle MiAXOIUTh Bi3yaJbHO-ONTUYHUN MeTo, HepyiiHiBHOro KoHTposIo (HK).
Takum 4MHOM 3a6€31e4yeThCsl 3BOPOTHIN 3B'SI30K BiJj CUCTEMU KOHTPOJIIO Ne(eKTiB 10 3Bapl0BajbHOTO poboTa, M0
MIPU3BOIUTD OO MiBULEHHS JOBrOBIYHOCTI KOHCTPYKIi B LIiToMy. BomHO4YacC BpaxoByl0YM Cy4aCHi MOKJIUBOCTI
TEXHOJIOTI} ITY4YHOIO iHTEeJIEKTY i KOMITIOTEPHOIO 30PYy MOKJIMBO CTBOPUTHU HAZiliHY Ta €(peKTUBHY CUCTEMY
BUSBJIEHHS i Kilacudikauii nedeKTiB 3BapHUX 3'€JHaHb, a TAKOX iHTerpalii ii y poboTuzoBaHuil Kominekc. Tomy
IucepTaliiHa po6oTa PUCBsYeHa PO3PaXyHKOBOMY BU3HAYEHHIO MAKCUMAaJIbHO JOIyCTUMUX PO3MIpiB
[IOBepXHEeBUX AedeKTiB [1py 3BaplOBaHHI, a TAKOX yIOCKOHaJIEHHIO METO/y Bi3yaJIbHO-ONTUYHOTIO KOHTPOJIIO 1715
CBO€YACHOTO BUSIBJIEHHS i BUBHAUEHHSI PiBHS HEOE3II€YHOCTI IOBEPXHEBUX e(EKTiB HA OCHOBI IITYYHOT'O iHTEJIEKTY

i Cy4acHMX TE€XHOJIOTi KOMITIOTEPHOTO 30PY.

2. Nowadays, welded structures are widely used in various branches of industry. The defectiveness level of welded
joints significantly affects their durability. The presence of surface defects, including cracks, gas pores, burn-
throughs, and undercuts, leads to stress concentration, reduction in strength, and consequently premature failure
of welded structures. Welded structures of critical purpose are subject to enhanced quality control. In this study,
particular attention is paid to the welded side frame of a freight wagon bogie, since the durability of this structure
directly depends on the quality of welded joints. The complex spatial orientation and considerable length of weld
seams make the side frame a representative object for developing approaches to automated visual-optical
inspection. During operation, the side frame is subjected to significant dynamic, lateral, and vertical loads, which
requires high structural reliability, since the manufacturing quality directly affects railway transportation safety.
Currently, the main manufacturing technology for side frames in Ukraine is casting production, which is often
accompanied by the formation of internal defects and deviations from the specified geometry of the manufactured
part. Industrially developed countries manufacture welded side frames for freight wagon bogies, which reduces
the structural weight by 5-10% and ensures compliance with the basic geometric dimensions with an accuracy of
+]1 mm. The lower weight of the fully welded side frame compared to the cast one is caused by a reduction in total
metal consumption of up to 30%. Therefore, considering the increasing requirements for the efficiency and safety
of railway transportation, it is advisable to switch specifically to welded side frame structures for freight wagon
bogies. Considering that the side frame structure is classified as critical, the use of mechanized welding is
impractical because its result directly depends on the welder’s qualification. Mechanized welding performed by a
worker with insufficient qualification is often accompanied by the formation of defects in the weld metal.



Therefore, it is more reasonable to use automatic welding based on a robotic complex. A welding robot provides
adaptive adjustment of welding mode parameters, programming flexibility, and accurate reproduction of the
programmed trajectory with an error of +0.03 mm. However, as is known, defect-free welding production does not
exist. Therefore, there is a need for a reliable defect inspection system after the completion of each weld seam.
The issue of defect inspection is especially critical in multi-pass welding, where an undetected defect in the root
weld can lead to a multiple reduction in the overall durability of the structure. For automated defect detection in
robotic welding, the visual-optical non-destructive testing method is the most suitable. In this way, feedback from
the defect inspection system to the welding robot is ensured, which increases the overall durability of the
structure. At the same time, considering the modern capabilities of artificial intelligence and computer vision
technologies, it is possible to create a reliable and efficient system for the detection and classification of weld
defects and its integration into a robotic complex. Therefore, the dissertation is devoted to the computational
determination of the maximum permissible sizes of surface welding defects, as well as to the improvement of the
visual-optical inspection method for timely detection and assessment of the hazard level of surface defects based
on artificial intelligence and modern computer vision technologies.
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