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[NepcnekmugHUM HarnpsiIMOM BIOHOB/IEHHST 3HOWEHUX ma 3MIYHEHHST HOBUX demasiell € (hopMyBaHHST NoBepXx-
HEBO20 Wapy 3 HEOBXIOHUMU ekcri/lyamauiliHumu saacmusocmsiMu. OOHUM i3 Halibi/ibW MOWUPEHUX MEeXHO/102iy-
HUX rpoyecis € dy208e Har/1as/IeHHS, a/le BOHO Mae psi0 HEOOIKIB, SIKi BK/IOHAOMb CYMmMEBY 3MiHY 04amKoB020
hazoso020 cmaHy mamepiasy nokpummsi i 3Ha4Hull mepmiyHUl 8rUB Ha Mamepias oemavii. 3arnobizmu ymseopeH-
HIO 30HU MEPMIYHO20 Br1/1UBY 3HAYHUX PO3MIpIB 003B0/1S1I0Mb MEXHO/I02i HAHECEHHS MOKPpUMMIB, WO 6a3ymbcsi
Ha Kopomko4acHiti menosili Oil. Jo makux Mpoyecis Ha/IEXUMb €/1EKMPOKOHMaKmHul crnoci6, Wo xapakmepu3y-
E€MbCS Cri/IbHOK M1aCMUYHO0 deghopMayiero MPUKOHMaKmHo20 06’eMy MOBEPXHI ma rnpucadkoso2o mamepiany
3 YMBOPEHHSIM 3'€0HaHHSI MOKPUMMS 3 OCHOBHUM MemasioM. 3 0271510y Ha KOpomko4yacHicmbs nepebiey npoyecy
€/1eKMPOKOHMAaKMHO20 Har/1as/1eHHs1, ICHYHMb MEBHI CKIa0HOCMI B NPO2HO3YBaHHI 00epXXyBaHOI IKOCMI NoKpuMm-
msi ma 8iornosioHocmi (io20 OCHOBHUM eKcri/lyamayiliHuM gnacmusocmsiM. TOMY BUHUKAE HEOOXIOHICMb YOOCKOHa-
JIEHHS1 MexXHOs102il BIOHOB/IEHHST 3HOWEHUX MOBEPXOHb €/1eKMPOKOHMAaKMHUM MEMOAOM 3a paxyHOK OOC/TIOKEHHS
hopMyBaHHSI CMPYKMypU Har/ias/ieHo20 wapy ma po3pobku Memoois 3abe3rneyeHHs npo2pamMmosaHo20 po3noodi-
7Ty CMPYKMYPHUX CK/a0HUKIB 0 U020 NepemuHy, a makox 3a paxyHOK yOOCKOHa/IEHHSI MEXHO/102il BU20MOB/IEH-
HS1 pucaokoBux Mamepiasis i3 2padieHmHUM Po3rodisioM sracmusocmell. Y npedcmassneHil pobomi nposede-
HO OOC/TIOXEHHS BI/IUBY BMICMY By2/1€yt0 y WUXMOBOMY Mamepia/ii cepoeyHUKY MOpPOWKOBOI CMpIYKU Ha npoyec
CMPYKMYypPOymsOpPEeHHS Har/aas/1eHo2o wapy, spaxosyrodu MexHO/I02i4HI napamempu npoyecy e/1ekmpoKoHmax-
MHO20 Har/1as/IeHHs ma rnooasibWoi es1iekKmpomepMiyHOI 06pOBKU.

Knrouosi cnosa: esiekmpokoHmMakmHe Har/ias/ieHHs, NidBUWEHHS 3HOCOCMIUKOCMI, MOPOWKOBa CMPIyKa.

Berezshna Olena, Kassov Valeriy, Turchanin Dmytro. Study of structure formation of composite
wear-resistant layer during electric contact surfacing with powder tapes

A promising direction for restoring worn and strengthening new parts is the formation of a surface layer
with the necessary operational properties. One of the most common technological processes is arc surfacing,
but it has a number of disadvantages, which include a significant change in the initial phase state of the coating
material and a significant thermal effect on the part material. Coating application technologies based on short-term
thermal action allow preventing the formation of a thermally affected zone of significant size. Such processes include
the electrocontact method, which is characterized by the joint plastic deformation of the contact volume of the surface
and the filler material with the formation of a connection of the coating with the base metal. Given the short duration
of the electrocontact surfacing process, there are certain difficulties in predicting the resulting coating quality
and compliance with its main operational properties. Therefore, there is a need to improve the technology of restoring
worn surfaces by the electrocontact method by studying the formation of the structure of the deposited layer
and developing methods for ensuring the programmed distribution of structural components along its cross section,
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as well as by improving the technology for manufacturing additive materials with a gradient distribution of properties.
In the presented work, a study was conducted of the influence of the carbon content in the charge material of the core
of the powder ribbon on the process of structure formation of the deposited layer, taking into account the technological
parameters of the electrocontact deposition process and subsequent electrothermal treatment.

Key words: electrocontact surfacing, increasing wear resistance, powder tape.

BcTtyn. [JOBroBiYHICTb Ta HagiliHiCTb po60oTH
BIHOBMEHNX AeTasleil MallnH 3a/1eXUTb Bif yYnc-
NeHHNX hakTopiB, OOHVM 3 AKX € NpPaBW/IbHUI
BMOIp ckagy HannasneHoro MeTasy, Lo 3abesne-
Yyye He TiNIbKN HeobXigHY 3HOCOCTINKICTb MeTasy,
ase 1 BUCOKY Npaue3faTHICTb AeTasiei 3a1exHo
Bif, yMOB ekcnnyartauii. LUMpoki MOX/IMBOCTI KOH-
CTPYHOBaHHSA KOMMNO3ULiHUX NpUcagKoBMX MaTtepi-
aniB y BUIMALI NOPOLLKOBUX CTPIYOK [03BOMAKTb
MOBHOK MIpOK 3a40BOMILHUTU YCIM eKcnsyara-
LiiHUM BUMOraM, siki YaCoOM € HECYMICHMMM Y pasi
BVKOPUCTAHHA €eNIeKTPOAHUX MaTtepiasiiB Cyuinb-
HOro nepetuHy. Taka nepeBara nepeg iHWUMK
npucagkoBuMn  Matepianamy  3abe3nevyeTbcs
3aBASAKN CMOJSYYEHHIO KOMMOHEHTIB cepaevHuka
LUMXTOBOI KOMNO3WLUIT 3 LIMPOKAM [Aiana3oHoM
BapitoBaHHA cknagy Ta marepiany 060/10HKM, Lo
[lae MOXNMBICTb OAEePXYBaTV Ha NOBEPXHI BUPOOY
MiLUHWIA Ta NNACTUYHWIA HanjaBNeHUin wap i3
BK/TIOUYEHHAMW TYronjaBknux YacTUHOK, SKi 3abes-
neyvytTb BMCOKY 3HOCOCTIlKICTb MeTany [1-4].

MpoTe cknagHicTb BMOOPY Cckagy MNOKPUTTA
nonsirae He TiNlbKM B HEOOXiAHOCTI BiAMNOBIAHOCTI
XapakTepuCTUK HanaBAeHoro Wwapy BCIM eKcny-
aTtauiiHiM BUMOram, asie i y BUpILLEHH] NUTaHHSA
B3a€EMOAii KOMMOHEHTIB Martepiany Mk cobot Ta
3 MET&/IOM OCHOBWU, WO € BaXX/MBUM UYMHHUKOM,
OCKINIbKM YTBOPEHHS B MPOLECi eNeKTPOKOHTak-
THOIO HamnaaBfiEHHA B CTPYKTYpi MOKPUTTA Heba-
XaHUX XiMIYHUX NO€fHaHb Ta gediekTiB (Takux
K HITPUAW, rigpuan, a Takox rasoBa NopUCTICTb)
MOXe ICTOTHO 3HU3WUTK SKICTb BIAHOBMNHOBAHOIO
BMPOOY Ta TepMiH noro ekcnayarauii [5].

MeToau Ta MeTOAMKN [OCNIfKEHHSA. 3 METOH
BCTAHOB/IEHHS MPUHUMUMNOBOI  MOXJ/IMBOCTI  YTBO-
PEHHS AKICHOTO 3HOCOCTIKOrO Lapy Npu enexkTpo-
KOHTaKTHOMY Hanias/ieHHi MOPOLLUKOBUMU CTpIY-
Kamu 6yno nposefeHo nonepegHi AoCNiKEHHA Ha
MoZeNbHUX 3paskax. B AKoCTi 06010HKN 3aCcTOCO-
ByBa/IN CTPiuKy Mapku 08 k. B AKocCTi WwWmnxtn cep-
[JeyHuKa BUKOPUCTOBYBa/IM MeETaNIEBI MOPOLLKM,
ofepXaHi LNsAXoM nepenasBneHHs Fe-nopoLuky

SRR

N

Puc. 1. MikpocTpyKTypu 3paskis, Wwo Mictatb 1,0 % C, nicns
HanaB/eHHA (@) Ta nicna eNeKTPoTepMOOGPOGKM 3a TeMnepatypu
400 °C (6), 500 °C (8), 600 °C (2), (x300)
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IMX1M, ki BIigpi3HAOTLCA OAVH Bif O4HOIO BMICTOM
Y HUX BYI/IELIHO, L0 AOPIBHIOE Y KOXHIIA CYMiLLli noC/i-
boBHo 1,0 % (cknag A); 1,5 % (cknag B). Hannas-
NIEHHSA NPOBOAW/IN HAa pexumax, Lo [03BONSATb
nigTpyMaTy MNOCTIiMHUMK NapameTpyu TepMiYHOro
UMKy Harpiey, 30KpemMa Takux, K MakcuMasibHa
Temneparypa HarpiBy Ta yac ii JOCATHEHHS.

Linkn HannaBneHHs BK/IOYAE Taki onepawii:
nigBeAeHHA dpopMytodoro enektpogy ta oopmy-
BaHHA LIapy, WO HanIaBNsAETbCA 3 eKCnepuMeH-
Ta/lbHMX MOPOLLKOBMX CTPIYOK (WmpuHa 20 MM,
ToBWMHA 1,8 MM, K, = 35—38) Ha oKpeMiii AinsHLi,
pO3Mipy AKOT BM3HAYalOTbCA pPO3MipamMu  enek-
TpoAy; HarpiB martepiasy cepgeyvHmka nopoLLKoBOI
ctpivkn (I, = 10-12 kA, P = 1,1-2,3 kH) go tem-
nepatypu CnaaBOyTBOPEHHS; BUTPUMKA NpPY Hil,
OXOJIO[PKEHHA HamnjaB/feHol [AiI/IAHKA 3 HacTyn-
HOKO €/IeKTPOTEPMOOBPOBKOID A1 BUK/HOYEHHS
HeoOXigHOCTI HacTynHOI NiYHOT TepMOOOpPOOKM.
OUiHKY SIKOCTI HanMaB/EeHHS1 34iiCHIOBa/IM  Ha
KOHTPOJIbHUX 3paskax LWIAXOM NPOBeAEHHA MeTa-
norpadiyuHnx gocnigxeHb. 3paskn cknagy A nicns
HannasneHHsa (puc. 1, a) matoTb pepuTo-nepniTHy
CTPYKTYPY, NEPAIT — N1aCTUHYACTUIA.

Mpadit —y BUrNAAi ApibHMX BKNHOYEHb HEBU3HA-
yeHoi hopmun. MikpoTBepaicTb nepnity —2900 MMMa,

heputy — 2230-2540 Mlla. MNMpn enekTpotepmo-
06po6neHHi go 600 °C (puc. 1, 6-2) CTpyKTypa
€ aHaJ/10r4yHOoI0.

Mpn enekTpotepmoobpobneHHi go 800 °C
(pwnc. 2, a) nepniT — 3epHUCTUIA, CTPYKTYPHI CcKnag-
HWKM PO3NOAiNeHi piBHOMIPHO, rpadiT — y BUrNAA]
OPiGHMX BKNKOYEHb HEBU3HAYEHO! hopMu, MIKpPO-
TBEpAiCTb — 1700-1770 MMa. lNpu HarpiBaHHI
Ao Temneparypu 900 °C (puc. 2, 6) 3'ABASOTLCSA
oKpeMi NepniTHi 3epHsa, rpadit y Burnagi apio-
HUX BK/IOYEHb HEBM3HA4YeHoi hopMu, MIKpOTBEpP-
4icTb — 2290-2390 MMa. Mpw Harpisi go Temnepa-
Typu 1000 °C (puc. 2, B) CTPYKTypa He 3MIHIOETbCA,
a MikpoTBepaicTb cTaHoBMTb 2390-2540 MIa.
Mpwn Harpisi #o 1300 °C (puc. 2, 2) CTpyKTypa cTae
nepniTo-PepuTHO, rpaddiToBi BK/IKOYEHHA MatoTb
HeBM3HauyeHy )opMy, MIKPOTBEPAICTb CTAHOBUTb
1420-1700 MMa.

3pas3ky nicna  HannaefeHHSA cknagom B
(puc. 3, a) malTb hepuTo-nepniTHy CTPYKTYPY,
nepnit — naacTUHYacTUin, rpadit — y BUrNAL;
OPiBHMX BKNOYEHb HeBU3Ha4yeHol copmun. lMopgi-
OGHY CTPYKTYpy MalTb Hannas/eHi 3pasku nicns
enekTpoTepmoobpobkn go 400 ta 600 °C. Mpu
Harpisi o 900 °C (puc. 3, 8) 3'ABNAIOTLCA OKPEMI
nepniTHi 3epHa, a Npu enekTpoTeEPMOO6PO6EHHI

Puc. 2. MikpocTpyKTypu 3paskKiB, Wwo Mictatb 1,0 % C,
nicns enekTpoTepmoo6po6Ku 3a Temnepatypu 800 °C (a), 900 °C (6),
1000 °C (8) Ta 1300 °C (2), (x300)
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Puc. 3. MikpocTpyKTypmu 3paskiB, Wwo Mictatb 1,5 % C, nicnsa
HannaBfieHHs (a) Ta nicna eNneKTpPoTepMoOOOPOOKM 3a TemnepaTypu
800 °C (6), 900 °C (8), 1000 °C (2), (x300)

00 1000 °C HasiBHI OKpemi nepniTHi 3epHa, rpa-
QiT — y BUrNAAI APIGHMX BKOYEHb HEBU3HAYEHOI
hopmu, 3epHO Bignoeigae 7—8 6asny.

3paskun, Hansae/ieHi NOPOLUKOBOK CTPIYKOH
cknagy B Ha gBoiMnyibCHOMY peXxumi (4ac ogHoOro
iMNyfibCy HannaeneHHsa 2,12 c¢), (puc. 4, a) maroTb
nepniTHy CTPYKTypy. Mepnit — gpibHonaacTnuH4ac-
TWiIA, CNOCTepiratTbCA OAWHWUYHI APIOHI  AiNAHKN
heputy. Mpadit — nnacTUHYacTUii, po3TalloBa-
HUIA K Y BUINSALI OKPEMUX CKyN4YeHb, TakK i OKpe-
MUMW NnacTUHKamu. Teepgictb — 109-112 HB.
Mo rpaHnLAX 3epeH — HEMETa/EBI BK/THOUEHHS, SKi
noTpanssalTs A0 po3niaBy 3 060/I0HKM NOPOLL-
KOBOI CTpiykK. Mpn enekTpoTepMo0OpobeHHI A0
600 °C (puc. 4, 6) CTpyKTypa nepnitHa, nepnit —
nNacTMHYacTUiA, OQNHUYHI APIOHI OiNSHKKA depuTy.
Mpadhit — nmnacTuHYacTuii. MikpoTBepAicTb nep-
nity — 2600-3300 MMa.

Mpw Harpisi go Temnepatypun 800 °C (puc. 4, 8)
nepnit — ApibHOMIACTMHYACTU, Ha OKpPeMux
AOinsiHKax 3epHucTuii. [padit — niacTuH4Yac-
Tnin. Teepgictb 95 HB. MikpoTBepaicTb nep-
nity — 2100-2500 MMa. Mpwu Harpisi go 900 °C
(puc. 4, 2) cnocTepiraeTbCca nepnito-gpepuTHa
CTpyKTypa. MepniT — 3epHUCTUIA, PEPUTHI AiNSHKN
YTBOPIOKOTLCA NO rpaHnLsax 3epeH. Mpadit — nnac-
TMHYaCTMil. MIKpPOTBEPAICTb MEpiTy CTaHOBUTb
2330-2540 MMMa, a teputy — 2190-2240 MMa.

Mpwn Harpisi 4o 1000 °C (puc. 4, d) cTpyKTypa—nep-
nito-cheputHa. Mepnit — ApiBHONAACTUHYACTUIA.
depuTHI AiNSHKM po3TalloBaHi No rpaHuLsIX 3epeH.
MpachiT — nnacTuHYacTnin. MikpoTBepAICTb NepniTy
2610-2650 MIMa, ceputy — 2200-2240 Mrla, no
rpaHnLAX 3epeH MatoTbCA HEMETAIEBI BK/THOUYEHHS.
Mpwn Harpisi go 1300 °C (puc. 4, €) cTpyKTypa nep-
niTo-chepuTHa, NepniT — NAAaCTUHYACTUIA, PEPUTHI
OiNsHKN po3TalloBaHi No rpaHuusix 3epeH, rpa-
iT — nnacTuHYacTuin. Teepgictb — 116-146 HB.
Mo rpaHMusAX 3epeH CnocTepiraloTbCa HeMeTaseBi
BKJ/THOUEHHS.

Pesynbratu. TakuM 4YMHOM, aHasli3 pesysbra-
TiB MeTanorpadiyHnx [OC/ifpKeHb Mokasas, Lo
HannaeneHi 3paskn (puc. 1, a; puc. 3, a) mMatoTb
MPakTM4YHO  OOHAKOBY  CTPYKTYpy  MeTaneBol
ocHoBwu. Lllap, HannaeneHuii cknagom B, mMicTutb
i BiNbLUY KiNbKICTb BifIbHOrO DEPUTY B HANMAB/MEHHI.
Hannaska (puc. 4, a) He3Baxaroun Ha Te, WO LnX-
TOBWI CKNag MiCTUTb Takox 1,5 % C, Mmae nepnitHy
CTPYKTYpPY 3aMiCTb (heputo-nepnitHol. Lie nosicHio-
€TbCA TVM, L0 HaNMaB/eHHA NMPOBOAW/IN Y [BOIM-
My/IbCHOMY pPexXuMi. TOMy B 10ro CTPYKTYpi MeHLLe
BifIbHOTO cheputy. g Oi€0 BUCOKUX Temnepatyp
(Buwe 800 °C) y CTpyKTypi cnocTepiraeTbCs 36i/b-
LLIEHHS KINbKOCTI NepniTy, WO npuBoAMTL A0 nif-
BULEHHS TBepdocTi. Kpim Toro, Mae micue nesHe
3MEHLUEHHA BeNUYMHM 3epHa. MNpu Harpisi BuLle
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Puc. 4. MikpocTpyKTypu 3paskis, Wwo mictatb 1,5 % C, nicna
LBOIMNYJ/ILCHOTO HanJiaBneHHs (a) Ta Nicnsa eNeKTPoTepMoo6pPOsKM
npu Temneparypi 600 °C (6), 800 °C (8), 900 °C (2), 1000 °C (0)

i 1300 °C (e) (x300)

1100 °C pasom i3 TM, L0 BiAOyBaeTbLCA NogasblLue MeTanorpacpiyHuii aHasi3 30HM TEepMiYHOro
30iNbLIEHHA KINIbKOCTI NepniTy, crnoctepiraeTbca  BAAMBY (puc. 5) nokasasB i He3HauyHi po3mipu
neBHe 3pOCTaHHSA BEMYMHUN 3epHa. Npy HasABHOCTI BY3bKOI 3HEBYI/NELbOBAaHOI 30HU
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Puc. 5. MiKpoCTpyKTypa 30HU CM/IaBMIEHHS 3 OCHOBHUM MeTas/lIoM
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(enekTpoOKOHTaKTHe HanaaBfieHHs NPOBOAWIN Ha
3pasku 3i ctani C13).

Mpv HannaBfeHHi MOPOLLUKOBOK  CTPIYKOKO
cknagy A (puc. 5, a) CTpykTypa nepnitHa,
HasiBHi OKpeMi Tonkn uemMeHTuTy. MikpoTBep-

fictb — 3660-3780 Mla. [lMpu HannaBneHHI
CTpiuko cknagy B (puc. 5, 6) cTpykTypa nep-
NiTHa, OKPeMI rofikn LemMeHTuTy. MiKpoTBepaicTb —
3860-3940 MIa. MNpwn HaniaBnNeHHi TIEK X CTPiy-
KO0, asie Ha ABoiMMy/IbCHOMY pexuMi (puc. 5, B)
CTPyKTypa (hepuTo-nepnitHa, MIKpOTBEPAICTb —
1700-1770 MMMa.

Takum YMHOM, BNAWB BYI/IELO Ha BNacTu-
BOCTi Han/aB/leHOro Lapy Ha 3ai3Hii OCHOBI

NiAKOPAETLCA 3ara/ibHUM 3aKOHOMIPHOCTAM 3alli-
30BYyI/1eueBMX JIMTUX Cr/iasiB.

BucHoBKu. [poBeeHi ekcneprMeHTU nokasasiv
3arasibHe, NepeBaXkHO AKICHE YAB/IEHHSA NPOo Mexa-
Hi3M CM/1aBOYTBOPEHHA MPU €/1eKTPOKOHTaKTHOMY
Han/aB/IEHHI MOPOLLKOBOK CTPIYKOK. MOX/MBICTb
(ha30BMX MEepeTBOPEHb LUMXTOBOI KOMNO3WLIT cep-
JeyHrKa B ocepegky aedopmadii 3a6esnevyetbcs
3aBASKN KOHUEHTpauii TensioBoro notoky y 3aja-
HOMY HanpsMKy. lNokazaHO MOX/IMBICTb OfepXaHHs
METOLAOM  €/IEKTPOKOHTaKTHOTO  HarsiaB/leHHA
MOPOLLKOBMMU CTPIYKaMK Han1aBeHoro wapy K i3
YiTKO BUPaXKeHOI HEPIBHOBAXKHOK CTPYKTYPOIO, Tak
i 3i CTPYKTYpOLO, 6/IM3bKOK0 4,0 PIBHOBEXKHOI.

NITEPATYPA:

1. Wear-resistant surfacing layer preparated by high efficiency twin-wire indirect arc welding / Dong T. W.,
YongZ.,GuanL.Z.,ChuanW.S. Materials Science Forum.—Trans Tech Publications Ltd.2020.T.985. P.229-2309.
https://doi.org/10.4028/www.scientific.net/MSF.985.229

2. Densification during the formation of WC-based coating prepared by electric contact strengthening /
SunZ.,ZhuS., Dong W., Ding H., Bai Y., Luo Y., Di P. Ceramics International. 2021. Vol. 47(12). P. 16441-16449.
https://doi.org/10.1016/j.ceramint.2021.01.122

3. Ponomarev A. I., Plakhov S. A. Research of surface hardness after electrical resistance deposition with
a wire. IOP Conference Series : Materials Science and Engineering. 2020. T. 709. Ne. 3. 7 p. https://doi.org/
10.1088/1757-899X/709/3/033023

4. Research of Electric Contact Welding by a Wire at Restoration of Details of Cars / Marchenko D. et al.
IEEE International Conference on Modern Electrical and Energy Systems (MEES). 2021. P. 1-5. https://doi.org/
10.1109/MEES52427.2021.9598625

5. Effects of a stainless steel interlayer on the interfacial microstructure and bonding strength of Cu/Al clad
sheets prepared via the powder-in-tube method / Haitao Gao, Lin Wang, Shilei Liu, Jing Li, Charlie Kong,
Hailiang Yu. Journal of Materials Research and Technology. 2021. Vol. 15. P. 3514-3524. https://doi.org/
10.1016/j.jmatprotec.2017.07.035

REFERENCES:

1. Dong, T. W,, Yong, Z., Guan, L. Z., & Chuan, W. S. (2020). Wear-resistant surfacing layer preparated by
high efficiency twin-wire indirect arc welding. Materials Science Forum. — Trans Tech Publications Ltd, 985,
229-239. https://doi.org/10.4028/www.scientific.net/MSF.985.229

2.Sun, Z., Zhu, S., Dong, W., Ding, H., Bai, Y., Luo, Y., & Di, P. (2021). Densification during the formation of
WC-based coating prepared by electric contact strengthening. Ceramics International, 47(12), 16441-16449.
https://doi.org/10.1016/j.ceramint.2021.01.122

3. Ponomarey, A. I., & Plakhov, S. A. (2020). Research of surface hardness after electrical resistance
deposition with a wire. IOP Conference Series: Materials Science and Engineering, 709(3), 7. https://doi.org/
10.1088/1757-899X/709/3/033023

4. Marchenko, D. et al. (2021). Research of Electric Contact Welding by a Wire at Restoration of Details of
Cars. IEEE International Conference on Modern Electrical and Energy Systems (MEES), 1-5. https://doi.org/
10.1109/MEES52427.2021.9598625

5. Haitao Gao, Lin Wang, Shilei Liu, Jing Li, Charlie Kong, & Hailiang Yu (2021). Effects of a stainless steel
interlayer on the interfacial microstructure and bonding strength of Cu/Al clad sheets prepared via the powder-
in-tube method. Journal of Materials Research and Technology, 15, 3514-3524. https://doi.org/10.1016/
j.jmatprotec.2017.07.035

Cmammsi Haoditiwna: 15.08.2025
Cmamms nputiHama: 10.09.2025
Ony6nikosaHa: 10.11.2025

(oMol

225




