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increasing, the deposited metal peeled off along the line of fusion with the base metal. With an
increase in the carbon content in the deposited metal to 5.3% when surfacing the charging apparatus
cones, the permissible thickness is limited to 0.012 — 0.017 m, which is controlled by turning the
groove before surfacing.

The regularity of increasing welding stresses and decreasing crack resistance with increasing
of the deposited metal thickness confirms the minimum energy law, according to which minimum
energy — maximum quality With a decrease in energy during high-speed welding, the beads width,
heat input, and welding stresses are reduced, the microstructure is refined, the interatomic distance
IS reduced, interatomic bonds increase, which ensures the impact toughness, the deposited metal
crack resistance and wear resistance an increase, The high-speed surfacing on low energy energy-
saving process by reducing the deposited metal thickness, which reduces energy and heat input,
reduces the crystal lattice microdistortions, microstresses, dislocation density, welding stresses,
reduces interatomic distances, increases interatomic bonds, crack resistance strength, wear
resistance and corrosion resistance has been developed. Minimum energy — maximum crack
resistance, wear resistance and corrosion resistance.

Keywords: high speed surfacing on low energy, deposited metal thickness, superposition
principle, crystal lattice microdistortions, microstresses, dislocation density, welding stresses,
interatomic distance, interatomic bonds, crack resistance, wear resistance, corrosion resistance.
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EHEPI'O-1 MATEPIAJIO3BEPITAIOUYHH MPOIIEC OJJTHOCTOPOHHBOI'O
BUCOKOHIBUIAKICHOI'O 3BAPIOBAHHS

Eunepeo- i mamepianosbepicaiouuti  npoyec  0OHOCMOPOHHBLO2O — BUCOKOULBUOKICHO20
36apIOBAHHS  OOMENCEHO BUMIKAHHAM pPIOK020 Memany 3 6aHHU Ma YMEOPEeHHAM Nniopi3ie, uo
NpU3800UMb 00 3HUNHCEHHS YOAPHOI 8 SA3KOCMI 36apHUX 3 €OHaHb. Tomy, po3podOKa 0OHOCMOPOHHLO2O
BUCOKOUBUOKICHOR0 36aPIOBAHHS, WO 3a0e3neyye nio8UWeH s YOapHoi 8 I3K0CmI 36apHUX 3 €OHAHD,
€ BAJCIUBOI0 HAYKOBO-MEXHIUHOIW npobaemoro. Egexmenum cnocobom  niosuwenus yoaphoi
8’sA3KOCMI 38aPHUX 3 €OHAHbL € 3POCMAHHA WBUOKOCMI 38APIOGAHHSA mMa Kpucmanizayii, uo
00MedHceno YMeopeHHAM niopizie, Npupooa AKUX NOGHICMIO He 6CIMAHOBIIEHA.

Ha ocnosi 0ocnidocennss MacHimHo20 Nosa 36apio8aibHO20 CIMPYMY Npu 0OHOCIOPOHHLOMY
36aprOGAHHI 6CMAHOBNIEHO, WO 3 NIOBUUEHHAM WEUOKOCHI 36apI0BAHH IHOYKYIsl nonepedy O0y2u He
3a0excums 6i0 WEUOKOCMI, no3ady O0yeu 3MEeHULYEMbCS, d 8 30HI CHIABNIeHHs, 0e YMBOPHIOMbC sl
niopisu, 30inbuyemscs. Bcmanosneno, wo iHOVKYisE MACHIMHO20 MO 6 30HI CHAAGNIEHHS, NpU
38apIOBAHHI 3POCMAE, 6HACNIOOK 3MEHWIEHHS KIIbKOCMI Menaiomu 8 60KO8UX KPOMKAX, 3HUNCEHHS
eleKMpU4HO20 onopy i 30iIbUleHHs cmpyMy, Wo mede KpomKamu 6anuu. IHOykyis eusnauae
MacHImHUL MUCK HA Memai 8 30Hi cnaagnenus. Ilpu 30inbuenHi weuoKocmi 36apo8anHsl, 3p0cmac
CNPAMOBAHUL BHU3 MACHIMHUL MUCK, NIO OI€I0 AK020 PIOKUU Memal CMIKAE 3 KPOMOK 8AHHU, WO
npu3e00ums 00 ymeoperHs niopizie.

Po3pobnena enexmpomaenimuna meopis ymeopeHHs niopizie, 32i0HO AKOI npu Ni0BUWEHHI
WBUOKOCTI 36APIOBAHHA NOCUNIOEMbCA OXONOO0NCEHHS, AKMUBHUX NJIAM, KOHYEHMPYEMbCA 0yea i
3MEHUYEMbCST MENN0BKIA0EHHS. 8 DOKOBI KDOMKU BAHHU, eNeKMPUYHULL ONIp AKUX 3HUNCYEMbCS. B
pesyibmami 3poCmac  GeIuYUHa CMpymy, wo meue  OOKOBUMU KPOMKAMU 6AHHU, IHOYKYIs
MA2HIMHO20 NOA © 8 KBAOPAMUYHIL 3A/IEHCHOCIE MACHIMHUL MUCK, NIO 0I€0 K020 PIOKUL MemaJl
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CMiKae 3 KPpOMOK GAHHU, 4MO NPU3800ums 00 YMEOpeHHs niopizie.EnexmpomacHimua meopis
VMBOpeHHs Niopi3ie niomeepolCyeEmvbcs Mmum, Wo Npu 36apro6AHHI MOHKO2O0 Memany niopizu He
VMBOPIOIOMbCA, NpU 30INbWEHHT MOBUWUHU 368APIOBATLHO20 Memany CXUNbHICMb 00 YMEOPEeHHs
niopiszie 3pocmae, wo € pe3yibmamom 3pOCManHs hepomacHimHoi macu, IHOYKYii MaeHimHO20 NoJis
36apl06ANILHOC0 CIMPYMY I MACHIMHO20 MUCKY, MAKCUMATbHE 3HAYEHHS SAKO20 PO3MAUL08)EMbCA HA
N0BEPXHi, Oe YMEopIomvCs Niopizu.

Pospobneno enepeo- i mamepianozbepicarouuti npoyec 00HOCMOPOHHLO20 BUCOKOUBUOKICHO2O
36APIOBAHHSL  CKIAOOBUM  eleKMPOoOoOM, wo ckradacmovcs 3 Opomy i U-nodibnoi cmpiuku,
NPAMONIHIUHT OLIAHKU AKOL pO3MAUL08YI0OmbCs nonepedy 0pomy, no HanpsamKy 38apiosants. /yea, ujo
20pums HA NPAMOITHIUHUX OLIAHKAX CMPIYKU, 30i1bULYE MENTIOBKIAOEHHS 8 OOK08I KDOMKU 8aHHU. B
pe3yiomami, eleKmpudHull Onip 3poCmac, 3MeHULYEMbCs CMPYM, Wo mede OOKOBUMU KPOMKAMU, 1
CHPAMOBAHUL 6HU3 MASHIMHUL MUCK, WO 3anobieae ymeopeHHio niopizie ma 3abe3neyye nio8uieHHs
yOapHoi 8 ’a3Kkocmi 36apHux 3’ €OHans 8 2—2,5 pasu.

Knrouoei cnosa: 00nocmopoHHE 8UCOKOUWBUOKICHE 36apOGAHHS, NIOPI3U, eleKMPOMACHIMHA
meopisi ymeopeHHs niopizie, MacHime noJie 36apro8aibHO20 CMPYMY, MACHIMHA IHOYKYISA, MACHIMHUL
MUCK, 30HA CNIABNIEHHS, CKIAO08ULL eJIeKMPOo0, YOAPHA 8 A3KICMb 36APHUX 3 €OHAHD.

ITocTanoBka npodiaemu. ONHOCTOPOHHE BUCOKOIIBHU/KICHE 3BapIOBAaHHS, SIKE € €HEpro- i
MaTepiano30eperarmnuM IpoIecoM, 0OMEKEHO YTBOPSHHSM ITiIPi3iB, M0 MIPU3BOIUTH JI0 3HIKCHHS
yIapHOI B’A3KOCTI 3BapHMX 3’€qHaHb. ToMmy, po3poOka OJHOCTOPOHHBOTO BHCOKOILBUIKICHOTO
3BapIOBaHHS, [0 3a0e3reuye MiIBUINCHHS YIapHOI B’SI3KOCTI 3BapHUX 3’€HAHb, € BAXKIUBOIO
HAYKOBO-TE€XHIYHOIO IPOOIEMOI0.

AHaJii3 ocTaHHIX JocaikeHb i myOJaikanii. ITigpizu 0OMeXyroTh MIABUIIEHHS MIBUIKOCTI
3BapIOBaHH 1 JOCHIKeHl B focTaTtHii Mipi [1-9]. Ilpupoaa yrBopeHHs miipi3iB pyHAaAMEHTAIBHO
BuBueHa b.€. [Tatonom, B.K.JlebeneBum, 1.B.ITeateroBum i C.JI.Mannens6eprom. OH1 BBaXKaIOTh,
0 TiAPI3H YTBOPIOIOTHCS BHACTINOK 301TBIICHHS MOBEPXHEBOTO HATATY, IHINI BHACHIJIOK
BIIXWJICHHS TyTHU Ha3aJ, TPETi, B Pe3ybTaTl MiABUIEHHS TUCKY Ayru. OMHaK, IpUpoaa YTBOPEHHS
HiJIpi3iB P BUCOKOIIBUIKICHOMY 3BapIOBaHHI MOBHICTIO He BcTaHOBJIeHa [1-9].

Mera pocaixkeHb. BcTaHOBIEHHS NpUPOIM YTBOPEHHS MiJpi3iB 1 po3poOKa eHepro- 1
MaTepiaio30epiraroyoro Mpouecy OJHOCTOPOHHBOI'O — BHCOKOIIBHMJKICHOTO 3BaplOBaHHA, IO
3a0e3rneuye NiABUIIECHHS KOCTI (OpMyBaHHS 1IBIB 1 yAApHOI B I3KOCT1 3BapHUX 3’ €/IHAHb..

OcHoBHHUIT MaTepiaa gociimxkeHHs. CTpyMm B 3BaploBajbHIA BaHHI BiJi aKTUBHOI IUISIMU
po3TiKaeThea piakum MeTanoM. Pifkuit MeTan 3BaproBanbHOI BaHHH, 3 TeMnepatyporo 1700 —18000°
C Bumie Touku Kropi, HemarHiTHHI. MarsiTHe nose 3BaploBajIbHOIO CTPYMY Ji€ Ha PiAKUIA MeTall
BaHHU SIK Ha MPOBIAHMK 31 CTPYMOM., III0 BU3HAYAE PyX METaly, MarHiTOrIpoJIMHAaMI4HI1 SBHILA B
BaHHI, (POpMYBaHHS LIBIB 1 KpUTUYHY HIBUJIKICTh 3BaploBaHHs. B 06acTi 60KOBMX KPOMOK BaHHH Ha
3BapIOBAILHUM CTPYM 1 PIAKUIA MeTas i€ MarHiTHe moyie ayru. [1i aie€ro MarHiTHOTO TOJIS IyTH, Ha
PiAKMIA MeTa BAaHHU B 00J1aCTi OOKOBUX KPOMOK Jli€ CIIPSIMOBAaHUI BHU3 MarHiTHUM TUCK.

Jly1 BU3HAUEHHS MPUPOJIN YTBOPEHHS MiAPI3iB MPOBOIWIN JOCTIIKEHHS BIUIMBY IIBHIKOCTI
3BapIOBaHHS HAa MarHiTHE I0JI€ 3BapIOBAJILHOIO CTPyMy MOIEpeny AYTH, 1M03aay Iyrd Ta B 30HI
CIUTaBJICHHS, JI€ YTBOPIOIOTHCS MiAPIi3H..

BuMiproBaHHs MpOBOAWJIM TpPU OJHOCTOPOHHBOMY 3BapIOBaHHI BHMIpIOBAaYeM MarHiTHOI
iHaykuii EM4305, B sikomy BukopucTOBYeTbes edekT Xosuta. Hlyn, s BUMIpIOBaHHS 1HIYKINT
MAarHiTHOTO IOJIsl, BCTAHOBIIIOBAJIM B KOPCTKO 3aKPiIUIEHUI Ha 3BaplOBajbHINA TOJIBII KBapleBUN
13051TOp, B opMi MpoOIpKH, SKHUM, BHACIIIOK HM3bKOI TEIUIOMPOBIIHOCTI KBaplly, 3abe3rnedye
HE3HAYHUI HarpiB 30HJa 1 MAaKCUMaJIbHO MOYJIMBE HAOIMKEHHS AaTyuka XoJa 10 AyTH 1 piIKoro
MeTany BaHHH. [Ipu HaOmMKeHHI 0 MyTd 1 OCHOBHOTO MeTayury, Ha Bifactanb MeHm 0,016 w,
KBapIIEBH 130JIATOP 1 30H]] PO3IIABIISIIUCS.
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Ha ocHOBI mpoBeAeHUX [OCTI/PKEHHb MAarHiTHOTO TIIOJIS 3BaplOBAJIBHOTO CTPyMy MpU
OJTHOCTOPOHHBOMY 3BapIOBaHHI BCTAHOBJICHO, 10 3 MiIBUIIEHHSM IIBUIKOCTI 3BapIOBaHHS 1HIYKIIis
Ta MarHiTHUM TUCK momepeny nyrd Ba , Pa He 3amexxuTs Bix mBHAKOCTI, mo3any ayru Bg, Pg
3MEHIIIYETHCS, a B 30HI cIutaBiieHHs Be ,Pc 3011bmmyeTses (puc.1). [HayKITisE MarHiTHOTO OIS B 30H1
criaBieHHsT Be, TpW MiABMIIEHHI MIBHJIKOCTI 3BaplOBaHHS 3pOCTAa€, BHACTIIOK 3MEHIICHHS

KUTBKOCT1 TEIJIOTH B OOKOBHX KPOMKaX, 3HWKEHHS €JICKTPUYHOTO OMOPY 1 30LIBIIICHHS CTPYMY, IO
2

Te4Ye KpPOMKaMH BaHHHU. [HIIyKIlisl BU3HAYa€ MarHiTHUM THCK P = — Ha MeTas B 30Hi CIJIaBJICHHS.
2p

[Tpu 36i7bIIEHH] IIBUIKOCTI 3BapIOBaHHS, 3pOCTAE CIPSIMOBAHUN BHU3 MarHiTHUHA THCK Pc, mifg aieto
SIKOTO PIJAKUN METas CTiKae 3 KPOMOK BaHHH, 10 MPU3BOAMTH 10 YTBOPEHHS ITiIPi3iB.

BcraHoBneHa 3aKOHOMIPHICTh BIUIMBY IIBHJIKOCTI 3BaplOBaHHS Ha MAarHiTHE TI0JIe
3BapIOBAJBHOTO CTPYMY Ta Ha yJapHY B’S3KiCTh 3BapHUX 3’ €HAHb.

Ha ocHOBI oTpuMaHMX JaHHHX O BO3[il IIBMAKOCTI 3BapiOBaHHS Ha MarHiTHE IOJie
3BapIOBAILHOTO CTPYMY, PO3POOJICHO €IEKTPOMArHITHY TEOPit0 YTBOPEHHS MiApi3iB.

3rifHO eNeKTPOMArHiTHOI Teopii YTBOPEHHS MiApi3iB, NpH MiABHINCHHI NIBHIKOCTI
3BapIOBAHHS TTOCHJIIOETHCS OXOJIOKEHHSI aKTHBHUX IUISIM, KOHICHTPYETHCS Oyra i 3MEHIIYEThCS
TEIUIOBKJIAJICHHS] B OOKOBI KPOMKH BaHHHM, €JICKTPHYHHUI OIp SKUX 3HIDKYEThCS. B pesymnbrarti
3pOCTa€ BEIMYMHA CTPYMy, IO Te4e OOKOBMMH KPOMKaMH BaHHH, HIYKIisS MarHiTHOTO IOJS i
MarHiTHUA THCK, TIiJ] JI€l0 SIKOTO PIAKHIA METaJ CTiKae 3 KPOMOK BAaHHHU, YTO TPHU3BOAUTH IO
YTBOPEHHS MiApi3iB.
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Pucynok 1 — 3anexHicTh 1HIYKIIT MarHiTHOTo noJjist B 1 marniTHOrO THCKY P Ha piakuit metan
BaHHM BiJl IIBUJIKOCTI 3BapIOBaHHA Ha cTpyMoriasia: ctpym 2700 — 2800 A, nanpyra 28- 30 B;
nonepeny ayru Ba Pa, nmo3any nayru Bg P, B 30Hi1 crutaBiiennst Be Pc
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EnextpomarHiTHa Teopis yTBOPEHHS MiAPI3iB MiATBEP/PKYETHCS THUM, IO NPH 3BAPIOBaHHI
TOHKOTO METajly IMJIpi3H HE YTBOPIOIOTHCS, MPH 30UIBIICHHI TOBIIMHU 3BAapIOBAIBHOTO METAITy
CXWJIBHICTB JI0 YTBOPEHHS MiJPi3iB 3pOCTaE, 110 3 pe3yabTaToM 301UIbIIeHHS (hepoMarHiTHOI MacH,
IHAYKIIT MardiTHOrO MOJIsl 3BapOBAJILHOTO CTPYMY 1 MarHiTHOIO THUCKY, MaKCUMaJIbHE 3HAUY€HHS
SKOTO PO3TAIlIOBYETHCS Ha MOBEPXHI, € YyTBOPIOIOTHCS MiAPi3n

Ha migcraBi eleKTpOMarHiTHOI Teopii yTBOPEHHS TiApi3iB, PO3pOOJCHUN mMpoIec
OJTHOCTOPOOHHBOTO BHCOKOIIBUAKICHOTO 3BAapIOBAHHS CKJIAJOBHM E€JIEKTPOJOM, IO CKIIAJAETHCS 3
apoty i U-mogiOHOI cTpiuku, MPSMOJIIHIAHI IIJISTHKH SKOi PO3TAIIOBYIOThECS MONEPEay APOTY, IO
HampsSMKy 3BapioBaHHS. Jlyra, o0 TOpUTh Ha NPAMOJIIHIHHUX JOUISTHKaxX CTPIiuKW, 301IbIIye
TEIUIOBKJIAICHHs] B OOKOB1 KPOMKHM BaHHU. B pe3yibTari, eIeKTpUYHHUM Omip 3pocTae, 3MEHUIYEThCS
CTpyM, II0 Te4e OOKOBHMMH KPOMKAaMH 1 CHpPSMOBaHHMW BHHM3 MAarHiTHHA THCK, IO 3amo0irae
YTBOPEHHIO MiAPi3iB.

[Ipy  OOHOCTOOPPOHHHOMY BHCOKOIIBUIKICHOMY 3BapiOBaHHI CKJIQJOBUM EJIEKTPOJOM
BHACHIIOK oOepTaHHs ayru TopueM U-moaiOHOi cTpiukH 301MbIIyeThCs IO, 3HUKYETHCS THUCK
IOyTH, 0 3a0e3medye sikicHe GOopMyBaHHS 3BOPOTHOTO BAIMKA Ha (DIFOCOBIN MOYIIII HE3AIEHKHO
BiJl 3a30DY.

[Ipr BUCOKOMIBHIKICHOMY 3BaplOBaHHI BHACIIJOK OXOJO/DKEHHS 3MEHIIYEThCA IiaMeTp i
301BIIYETHCS IIBUACICTH OOEpTaHHS JYyrH Ta KpHUCTali3amlii, MOCHIIOEThCS MiHY-E]EeKT,
3PIOHIOETBCS MIKPOCTPYKTYpPa, CKOPOYYETHCS MiKATOMHA BiJICTaHb, IMiJBUIIYIOTHCS MIXATOMHI
3B’SI3KHM Ta yAapHa B’SI3KICTh 3BAPHUX 3’ €/IHAHb.

Po3pobiero enepro- i MaTepiaio30epiraroumii MpoIec 0JHOCTOPOHHLOTO BUCOKOIIIBUIKICHOTO
3BapIOBaHH CKIIQJ0OBUM €IIEKTPOIOM, 110 CKIaAaeThes 3 ApoTy 1 U-moaiOHOT CTpiuKH, MPsSMOITiHIiHI
TUISTHKA SIKOT PO3TAIIOBYIOTHCS TIOTIEPEAY APOTY, IO HANPSIMKY 3BaproBaHHA. Jlyra, 10 rOpuTh Ha
NPSIMOJIIHIMHUX JIISTHKaX CTPIYKM, 30UIbIIyE TEIJIOBKJIAZCHHS B OOKOBI KPOMKM BaHHU. B
pe3ybTaTi, €NEeKTPUYHUN OIip 3POCTa€, 3MEHIIYEThCS CTPYM, IO Teue OOKOBHUMH KPOMKaMH 1
CIPSIMOBAHUIM BHU3 MarHiTHUM TUCK, KU 3amo0irae yTBOPEHHIO Mipi3iB. Ta MiABULIEHHS ylapHOi
B’SI3KOCTI 3BapHUX 3’€JIHAHb B 22,5 pa3u.

BcraHoBieHHI 3aKOHOMIPHOCTI 1 po3po0IieHuit crnocid 0{HOCTOPOHHBOTO BUCOKOIIBHUIKICHOTO
3BapIOBAaHHS CKJIAZIOBUM EIIEKTPOJAOM  MOXYTh OYTH BHKOPHCTaHI TPU OJHOCTOPOH-HBOMY
BHCOKOIIBHJIKICHOMY 3BaploBaHHI TPyO AJ1s Ta30- 1 HAQTONPOBIAHUX MaricTpaneil.

[Momampmni JOCTIIKEHHST B JAaHOMY HAmpsIMKy € TEPCIEeKTUBHUMH, TaK SK JIO03BOJIATH
PO3pOOUTH HOBI MPOLIECH OJAHOCTOPOHHBOTO BHCOKOIIBUAKICHOTO 3BAapIOBAaHHS, SIKI 3a0€3MeuyloTh
MIJBUIIEHHS YAAPHOI B A3KOCT1 3BapHUX 3’ €/IHAHb.

BUCHOBKHA

Enepro- 1 wMarepiano30epirarounii  Mmporec OJHOCTOPOHHBOTO  BHCOKOIIBHJIKICHOTO
3BapIOBaHHS OOMEXKEHO BUTIKAHHSIM PIJKOTO MeTaly 3 BaHHM Ta YTBOPEHHSIM Mifpi3iB, IO
MPUBOJIUTH 10 3HWKEHHS y/IapHOi B’SI3KOCTI 3BapHUX 3’€HaHb. ToMy po3poOka 0JHOCTOPOHHBOTO
BHCOKOIIBHJIKICHOTO 3BaplOBaHHs, IO 3a0e3redye MiJBUIIEHHS YJIAapHOI B’SA3KOCTI 3BapHHUX
3’€lHaHb, € BaXJIMBOIO HAYKOBO-TEXHIYHOIO Mpodiemoro. EdexkTBHUM crocoOoM MiBUIIEHHS
yIlapHOi B’SI3KOCT1 3BapHUX 3’€JHaHb € 3pOCTAaHHS IIBHIKOCTI 3BApIOBAHHS Ta KpUCTai3alii, 110
00MeKeHO YTBOPEHHSIM M1JIpi31B, MPUPO/Ia SIKUX MOBHICTIO HE BCTAHOBJICHA.

Ha ocHOBiI JOCHiIPKEHHST MarHiTHOTO TOJIS 3BapIOBAJILHOIO CTPYMY HPU OAHOCTOPOHHBOMY
3BaplOBaHHI BCTAHOBJICHO, 1110 3 MIABUIIEHHAM HIBUAKOCTI 3BapIOBaHHS 1HIYKIIS MIOTIEpeay AyTH He
3aJIe)KUTh BiJ] MIBUJKOCTI, 10331y AYI'M 3MEHIIYEThCS, a B 30HI CIUIABJICHHS, J€ YTBOPIOIOTHCS
Miapi3y, 30UIbLIyeThCs. BeTaHOBIEHO, IO IHAYKIS MAarHiTHOrO MOJIS B 30HI CIUIABIIEHHS, IHpU
IIBUIIICHHI IIIBUAKOCTI 3BapIOBAHHS 3POCTA€ BHACIHIIOK 3MEHIICHHS KUTHKOCTI TEIUIOTH B OIYHHX
KpOMKaX, 3HIKEHHS E€JICKTPUYHOTO OMOpYy 1 30UIbIIEHHS CTpyMy uepe3 OiuHI KpOMKH BaHHH.
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[anykiiss BU3HAYa€ MAarHITHUN THCK HA METall B 30HI CruiaBieHHS. [Ipu 30UIbIICHH] MIBHIKOCTI
3BapIOBaHHSI, 3pOCTA€ CIPSIMOBAHHUI BHH3 MAarHITHUH THCK, ITiJ{ €0 SKOTO PIIKUI METaj CTiKae 3
KPOMOK BaHHH, 1110 IPU3BOJUTH IO YTBOPEHHS Mipi3iB.

Po3pobiiena enekTpoMarHiTHa TeOpis YTBOPEHHS MiApPi3iB, 3TITHO SKOI TPH ITiABUIICHHI
IIBUIKOCTI 3BaprOBaHHS IMOCHIIIOETHCS OXOJIOMKCHHS AaKTHBHHUX IUISIM, KOHIICHTPYEThCS Iyra i
3MEHIIYEThCSl TEIJIOBKIIAJICHHSI B OiYHI KPOMKH BaHHH, CJICKTPHYHHUH OIIp SIKUX 3HUKYEThCs. B
pe3yabTaTi 3pOCTa€ BEeMUYMHA CTPyMy OiYHI KPOMKM BaHHHM, IHAYKIisS MarHiTHOro Iojisi i B
KBaJpaTUYHIN 3a7I€KHOCTI MAarHITHUM TUCK, I JII€I0 SKOTO PIIKHN METal CTIKAa€ 3 KPOMOK BaHHH,
YTO MPUBOIUTH JJO YTBOPEHHS IiIPi3iB.

EnextpomarniTHa Teopis YTBOPEHHS MiApI3iB MIATBEPKYETHCS THUM, IO NPH 3BapIOBaHHI
TOHKOT'O METally MiJpi3¥ HE YTBOPIOIOTHCS, MPU 30UIBIICHHI TOBIIMHHU 3BApIOBATBHOTO METATY
CXWJIBHICTB JI0 YTBOPEHHS MiJpi3iB 3pOCTaE, 110 3 pesysbTaToM 30i1bIIeHHS ()epPOMArHiTHOI MacH,
THAYKIIT MarHiTHOTO TIOJISl 3BapIOBAIILHOTO CTPYMY 1 MarHiTHOTO THCKY, MaKCHMAaJbHE 3HAYCHHS
SIKOTO PO3TAIlIOBYEThCS HA MOBEPXHI, I YTBOPIOKOTHCS MiAPi3n

Po3pobero enepro- i MaTepiaio30epiraroumii MpoIec 0JHOCTOPOHHLOTO BUCOKOIIIBUIKICHOTO
3BapIOBaHHS CKIIQJ0OBUM €IIEKTPOIOM, 1110 CKIAAaeThes 3 ApoTy 1 U-moAiOHOT CTpiuKH, MPSMOITiHIiHI
TUISTHKY SIKOT PO3TAIIOBYIOTHCS MONIEPEy IPOTY, IO HANPSIMKY 3BaproBaHHs. Jlyra, 110 TOPUTH HA
MPSMOJIHIAHUX AUISHKAaX CTPIYKH, 30UIBIIY€ TEIJIOBKIAIeHHS B O14HI KPOMKHU BaHHH. B pe3ynbTari,
SJIEKTPUYHHUIA OIip 3pOCTa€, 3MEHIIYEThCS CTPYyM dYepe3 OiuHi KPOMKH, Ta CIPSMOBAHUI BHH3
Mar"iTHHHA TUCK, IO 3armobirae YTBOPEHHIO Mipi3iB 1 3abe3neuye MiABUILECHHS YIapHOi B A3KOCTI
3BapHUX 3’€IHaHb B 2—2,5 pa3u.
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Shchetynina V.1.

THE ENERGY- AND MATERIAL-SAVING ONE-SIDED HIGH-SPEED WELDING
PROCESS

The energy- and material-saving one-sided welding process is limited by the liquid metal
leakage from the pool and the undercuts formation, which leads to the welded joints impact strength
a decrease. Therefore, the one-sided high-speed welding development, which ensures the welded
joints impact toughness increase, is the important scientific and technical problem. The effective
way to increase the welded joints impact toughness is to increase the welding and crystallization
speed, which is limited by the undercuts formation, the nature of which has not been fully established.

Based on the welding current magnetic field during one-sided welding, a study it was
established that with increasing welding speed, the induction in the arc front does not depend on the
welding speed, the arc behind it decreases, and in the fusion zone, where undercuts are formed, it
increases. It has been established that the magnetic field induction in the fusion zone during welding
speed,increasing due to the heat amount in the side edges a decrease, electrical resistance a
decrease and the current flowing through the pool edges an increase. Induction determines the
magnetic pressure on the metal in the fusion zone. As the welding speed increases, the downward
magnetic pressure increases, under the influence of which liquid metal flows from the pool edges,
which leads to the undercuts formation.

The undercut formation electromagnetic theory has been developed, according to which, with
increasing welding speed, the active spots cooling increases, the arc is concentrated and the heat
input into the pool side edges, the electrical resistance of which decreases, is reduced. As a result,
the current, flowing through the pool side edges the magnitude, increases, the magnetic field
induction and, in a quadratic dependence, the magnetic pressure, under the influence of which the
liquid metal flows from the pool edges increases,which leads to the undercuts formation.

The undercuts formation electromagnetic theory is confirmed by the fact that when welding
thin metal, undercuts do not form; with the metal being welded thickness increasing, the tendency to
form undercuts increases, which is the ferromagnetic mass an increase the result, the welding current
magnetic field induction and magnetic pressure, the maximum value of which is located on the
surface, where the undercuts are formed.

The energy- and material-saving one-sided high-speed welding with a composite electrode,
consisting of a wire and a U-shaped tape, the straight sections of which are located in the welding
direction wire front, the process has been developed. arc burning in the tape straight sections
increases heat input into the pool side edges. As a result, the electrical resistance increases, the
current flowing through the side edges and the downward magnetic pressure decreases, which
prevents the undercuts formation and ensures the welded joints impact toughness increase by 2 — 2.5
times.

Keywords: one-sided high-speed welding, undercuts, electromagnetic theory of formation of
undercuts, magnetic field of welding current, magnetic induction, magnetic pressure, fusion zone,
component electrode, impact toughness of welded joints.

Cmamms naoiuwna 15.10.2023 p.

28



