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pool, increasing heat input into the pool side edges. This increases electrical resistance, reduces
current flow, and creates downward magnetic pressure in the area of the side edges, preventing
undercut formation.

A mathematical model of the heat source was developed, representing the composite electrode
as a complex heat source. The arc burning in the area of the wire electrode and ensuring complete
penetration during single-sided welding is a linear heat source. An arc burning in the straight
sections of the strip and melting approximately 30% of the base metal thickness is, according to the
dimensionless criteria, a surface heat source of finite width. The composite electrode can be
represented as a combination of three heat sources: one linear heat source along the axis and two
surface heat sources of finite width at the weld pool side edges.

A method for one-sided high-speed welding has been developed by regulating the energy and
magnetic field with a composite electrode consisting of a wire inside a U-shaped strip. The straight
sections of the strip are positioned ahead of the wire in the welding direction. The arc increases heat
input into the weld pool side edges, preventing undercuts. A rotating arc is formed on the wire and
adjacent sections of the curved strip according to the law of least resistance. The arc's travel area
increases, and the arc pressure decreases, ensuring high-quality weld formation one-sided flux-bed
welding, regardless of the welding gap in the joint and an increase in the welded joints impact
toughness by 2—-2.5 times.

Keywords: the one-sided high-speed composite electrode welding, mathematical model of the
heat source, undercut, welded joints impact toughness.
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MIIBUILIIEHHS HAJIMHOCTI ILETéJIEﬁ TEILIOBO3HUX JU3EJIIB LIJISIXOM
YAOCKOHAJIEHHS TEXHOJIOI'TA BIZTHOBJIEHHSI B YMOBAX BIIBYJIOBH
YKPAIHUA

OOHUM i3 OCHOBHUX HANPAMIE PO3BUMKY CYYACHO20 MeENN080300Y0V8AHHS € NIOBUUEHHS DIBHS
dopcyseanna mennogosnux ouszenis, wo 0ae 3mMo2y 3MeHwumuy ix macy ma 2abapumu, a maxKoxtc
RIOBUUUMU eKOHOMIYHICMb 34 PAXYHOK 3DOCMAHHS MEXAHIuHo20 Koeghiyienma kopuchoi 0ii. YV
38 A3KY 3 Yum 0eodani Oinbul aKkmyaibHUM CMae NUMAaHHs Ha0lUHOCMI, OCKIIbKU NIOBUWYEHHS PIBHSL
Gopcysanus ouzens 06 €EKMUBHO NPU3BOOUMb OO0 il BHUINCEHHSL.

Ha simuusnanux mennogosax y oanuti yac ecmanosnoomuocs ouzeni muny /[49, oopcosani sa
epexmusHum muckom 00 pisns oausvko 2,0 Mlla. 'V eucoxogopcosanux ousensix yboco muny
cnocmepieaemuvcs  3HAYHA  MENNo8a HANpyjiceHicmos Odemanell YUliHOPO-NOPUIHE8oi  2pynu,
HAOTUHICMb KO0 3HAYHOI0 MIPOIO BU3HAYAE 3A2AIbHY HAOIUHICIb OU3E.

3oxkpema, 0OHUMU 3 HAUIMEHW 008208IYHUX I BOOHOYAC OOPO2OBAPMICHUX BY3I1i8 3ANUULAIOMbCS
KPUWIKU YUTIHOPIS, OCHOGHOIO HEeCNpABHICMI0 SKUX € MPIyunl 602He6020 OHuwa. Ix euHuKHenus
3yMo6ieHe  Oi€l0  GUCOKUX — MeMNepamypHux 2paoi€eHmis,  YUKIIUHUX — MepPMOMEXAHIYHUX
HABAHMANCEeHb, KOHYEHMPAYIEI0 HANPYIHCEHb Y 30HAX KAANAHI8 | POPCYHKU, a MAKOA#C Npoyecamu
MepPMIYHOI 6MOMU MA PENaK cayli HanpPyHCeHb.
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YV cyuacnux ymosax sionoenenna Yxpainu numauus nioguWeHHs HAOIUHOCMI ma pecypcy
makux 8y3nie Habysae ocobiugoi akmyanvHocmi. Lle nog’szano 3 HeobOXiowicmio 3a6e3neyeHHs
besnepedilinoi pobomu mpancnopmuoi iH@dpacmpykmypu, 30Kpema 3ani3HUYHO20 MPAHCHOPMY,
AKull 8idiepae  Kaouo8y poib y NepeGe3eHHi eanmadicis, mamepianie i mexuiku. Boowouac
BUCOMOBIICHHS HOBUX KPULULOK YUNIHOPIE € CKIAOHUM i 00PO208APMICHUM NPOYECOM, WO nompedye
SHAYHUX MAmMepIiaibHUx i eHep2emuyHux pecypcis.

YV 36’a3Ky 3 yum 3mauHo20 NMPAKMUYUHO20 3HAYEHH HAOY8AE po3pobKaA Ma BNPOBAOIHCEHHS.
eheKkmusHUX MexHON02il BIOHOBIeHHs demalell, 5KI 00360/AI0Mb ICMOMHO 3HUSUMU SUMPAMU,
CKOpOmMuUmMuy mepMmiHu peMoHmy ma ni08UWUMuU eKCyamayitiHuil pecypc 8y3iis.

Hoyinbnum € 3acmocy8ants Cy4acHux mMemooieé MOOeMOBAHHI HANPYHCEHO-0ehopMOBAHO20
cmauny, onmumizayis Menjiosux pexicumie pobomu, a MaKo#C BNPOBAONCEHHS epeKmUBHUX
MexXHON02i BGIOHOBNIEHHS, 30KpeMAa HAaNIA8IeHHs, eleKmMpoOy208020 HANUNEHHS MepMOCMIUKUMU
mamepianamu OJisi pEMOHNMY 3A3HAYEHOI KOHCMPYKYIL.

Taxum yurom, nioguwjeHHs 008208IYHOCMI KPUWLOK YUNIHOPIE € He Juule MexXHIiuHUM, a U
BANCIUBUM EKOHOMIYHUM | CIMPpameiuHUM 3a80aHHAM Y KOHMEKCMI GIOHOGNIEHHSA NPOMUCTIOBO20
nomenyiany Yxpainu.

Knrouoei cnosa: mennogosnuii ousenb, 6I0HOBNIEHHS, eeKmpooy208e HANUIeHHS, HAOIHICMb,
pecypc, memanizayiune nOKpummisi.

IlocranoBka mnpodiaemu: Kpuiika nuiiHipa OpaLioe B yMOBAaX CKJIAJHOTO LUKJIIYHOIO
TEPMOMEXaHIYHOTO HABAaHTAXXECHHS, J€ OJHOYACHO JMil0Th TICTEPE3UCHI mporecu (MUKIIYHA
MJTACTUYHICTB); peslakcallisi HanpykeHb; epekt baymmHrepa; manonukiosa BToma.Came i mporecu
BU3HAYAIOTh JIOBIOBIUHICTh JETalli, XapakTep pyHHYBaHHS, HEOOXITHICTh BITHOBJIECHHS
(3BaproBaHHsI, HAIUIaBJICHHS, HAITUJICHHS).

AHaJI3 oCTaHHIX J0CTiTKeHb i myoJtikanriii.

BcraHoBiieHO, IO OCHOBHUM MOHIKO/PKYBJIBHUM (aKTOPOM JUIsl KPHILOK ILMIIHJIPIB €
TEPMIUHI HaNpPYXXEHHs, TOJI SIK MOHTa)XHI1 3yCHJIIS Ta 3yCHJUIS BiJl TUCKY T'a3iB MalOTh HE3HAYHHUN
BIUIMB Ha HAaIIPY>XKEHUM CTaH IXHIX BOrHeBUX nHul [1,3,4].

VY BHCOKO(OPCOBAHUX JU3ENAX poOoTa MarepianiB JeTaieid LUIIHAPO-IOPLUIHEBOI I'PyNU B
YMOBAaX LMKJIIYHOTO HAaBAHTAXXECHHSI BIIOYBAETHCSA B PEOJIOTTYHIX YMOBAX, TOOTO B yMOBAxX:

e IIUKJIIYHOTO TIJIACTHYHOTO Je(OPMYBaHHS;

e IIUKJIIYHOT penakcallii HampyXeHb.

Taki yMOBHM 3yMOBJIEHI 3HAUHHMH TETNIOBUMH HaBAaHTAKEHHSMH, 110 BUHUKAIOTH y MPOIIECi
po0OOTH JBUTYHA.

VYHachiiok 1bOro B Matepiaii BiOyBaeThCsl HAKONHWYCHHS 3aIHUIIKOBUX HANpyKeHb, SKi €
OCHOBHOIO IPUYNHOIO PYWHYBAHHS A€TaJIeH IIWIIHIPO-TIOPITHEBOT IPYIIH.

CBo€r0 4Yeproro, IMKIIYHA 3MiHa HaNpyXeHb 1 IMOBTOPIOBAHI IUIACTUYHI jAedopmartii
NPU3BOJAATH O PO3BUTKY MAJOLMKIOBOI BTOMHU MaTepially, II0 € XapaKTepHUM MeXaHi3MOM
pYHHYBaHHS AJIs TETJIOHATIPYKEHUX €JIEMEHTIB, 30KpeMa KPUIIOK LIUJIIH/PIB.

PazoM 3 TUM BCTaHOBJIEHO, L0 y BUIAJAKY NPHUKIAJAaHHSA 10 KOHCTPYKLII HHKJIIYHUX
HABaHTA)XXEHb, K1 MEPEBUIIYIOTh MEXY TEKYyYOCTi, ajleé He BUXOJATH 32 MEXi MOBEPXHI TEKY4YOCTi,
BiJ] UKy /IO IUKJTY BHACHIZOK MJIACTUYHOI eopmaltii BitOyBaeThcs 3MIlTHEHHS MaTepiany [4].

VY pesynbTaTi BOIo Mpoliecy MaTepiall NepexoaAnuTh 10 poOOTH MepeBakHO B 00J1aCTi MPY>KHUX
nedopmairiii, TOOTO BimOyBa€eThCs HOTO afamnTailis 10 TOBTOPHUX HABAHTAXKEHb.

3MILHEHHS CYIPOBOJKYETHCS 3MIILIEHHAM KpUBOI AepopMyBaHHS MaTepially B KOOpJAMHATaX
«HanpyxeHHs—aedopmaltis», 1110 IPUBOAUTD J0 3MIHU:

e MEXI1 TEeKy4OCTi;

e MEXI1 MIITHOCTI MaTepiaiy.

Jane sBuie BigoMme sk edext baymmHurepa.
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Boanowac xapakTep 1 CTymiHb IIbOT0 €(peKTy 3HAYHOIO MIpOI0 3aiexarb Bil mepemicTopil
HaBaHTa)XCHHS, a caMe:

* AMILJITY/IM HaBAHTAXKEHb;
e 1X 3HAKONEPEMIHHOCTI;
e PIBHS IUIACTUYHUX JledopMalliil y MOYaTKOBUX LIMKJIaX.

I'padiuno mporec UHUKIIYHOTO AehOpMyBaHHS OMHUCYETHCS 3aNEKHICTIO «HAIPYKEHHS—
nedopmartis», sKa Mae BUTJIS TICTEPE3UCHOT METIi.
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Pucynox — I'icrepesucHa netis

[icTepesncHa meTis BimoOpaXkae eHepreTHIHi Ta aedopMalliiiHi mpolecu B MaTepiai:
o ii MMpUHA XapaKTEepU3ye BEINUNHY IJIACTUYHOI Aeopmartii;
« IIJIOIIA TTETII BIATIOBIIA€ €HEPTil, 0 PO3CIFETHCS 3a IUKIT;
e 3MIIICHHS TIETJTI CBITYUTH MTPO HAKOIMMYCHHS 3IUIIIKOBHX JiehopMaIliil 1 HarpyKeHb.
VY mportieci 6araTopazoBoro MUKIIYHOTO HABAaHTAXKCHHS B1IOYBaIOThCS TaKi CTAIIl:
1. TlowarkoBa mpyXHO-ILUIACTHYHA AedOpMaLlis;
2. Cra6imizaniss MUKIIYHOTO TPOLIeCy;
3. HaxonuueHHS MOMKOKEHB (MIKPOTPIIIKH);
4. PyiinyBaHHs Marepiaiy.
Jns KpUIIOK IUIIHAPIB AM3ediB 11 Ipouecu OOyMOBJIEHI NEpIOAUYHUMH 3MIHAMHU
TEeMIepaTypu Ta TUCKY, 110 MPU3BOJIUTH 0 YepPTryBaHHS PO3MIMPEHHS 1 CTUCKaHHS MaTepiany.
TakuM YMHOM, OCHOBHMM MEXaHi3MOM pYyWHYBAaHHS KPUIIOK LMJIIHAPIB € MAaJlOIUKIOBA
TepMiyHa BTOMa, Ka (POPMYy€eThCS BHACIIIOK:
e BUCOKHX TEMIIEPaTypHUX IPaIIEHTIB;
e IIUKJIIYHOTO TUTACTHYHOTO 1e()OPMYBaHHS;
e HAKOTTMYCHHS 3TUIIKOBUX HAIIPYKEHB;
e CTPYKTYPHHX 3MiH y MaTepiai.
PisHuMu aBTOpamMM JOCHIIKYBaJdHCS OKpemi (pakTopu, IIO BIUIMBAIOTh HA IHTCHCHUBHICTH
MpoIIeCy peslaKcallii HampyxeHsb [2,6].
Jlo ocHOBHUX (haKTOPIB HAJIEKATh:
e TPUBAJIICTH ITUKITy HABAHTAXKCHHS,
e TEMIIEPATYpa HUKITY;
e IOYATKOBE HAIMPYKEHHS LIUKITY.
Jis mporiecy penakcarlii HarpyXeHb XapakTepHa HasiBHICTh JIBOX TEPIOIiB.
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[Tepumii mepio xapakTepu3yeThCs PI3KOIO 3MIHOIO HANPYKEHb, HE3HAUHOIO TPUBATICTIO.

Jpyruii nepiox XapakTepu3yeThCs BITHOCHOIO CTAICTIO MPOIIECY, MIHIMATBHOIO MIBUAKICTIO
penakcarlii Harnpy>KeHb.

[Tpu ubOMy TpUBAJICTh MEPIIOTO MEPioy pelaKcallii, MOPIBHIHO 3 IPYTHM, € TyXkKe MaJIOIo.
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Pucynok 2 — KpuBa penakcaiii HanpyxeHb

Meta gocaimkenHsi. MeToro poOOTH € OOTPYHTYBaHHSI CIIOCO0Y BiTHOBJICHHS (DEMOHTY) Ta
MIJBUIIECHHS HAAIHHOCTI IeTallell TEeTJIOBO3HUX JMU3EIIB UITXOM yIOCKOHAIICHHSI TEXHOJOTIH.

OcHoBHuil MaTtepian gociaimxenHs I[Ipu po3poOui TEXHONOTIi BIIHOBIEHHS KPHUIIOK
IIJTIHJIPIB TU3€IiB HEOOXiTHO BPaXxOBYBAaTH, IO KOXKEH POOOUYNHA ITUKII ABUTYHA CYTPOBOIKYETHCS
[UKJTIYHUM TEPMIYHUM HaBaHTAKEHHSIM, ke OOyMOBIIIOE€ CKIIATHUN HAmpyKeHo-nehopMoBaHUI
CTaH MaTepiany. Y TMpoleci eKciulyaTarii B JeTalsX BHUHUKAIOTH IUIACTHYHI aedopmariii,
BiIOYBa€ThCS peliakcalliss Hampy»KeHb, a TaKOXK pealli3yeTbCs MOBTOPHE HABAHTAXKEHHS, IO Mae
UKJTIYHUNA XapakTep.

OOpaHa TeXHOJIOTiA Ma€ 3a0e3MEeUUTH: BITHOBICHHS MIITHOCTI, BITHOBJICHHS T€pPMETUYHOCTI,
BITHOBJICHHSI T€OMETPUYHHUX PO3MIpPIB, BITHOBJIEHHS MOCAJOYHHUX MICIb, 30€pEKEHHS CTPYKTYpPH
Marepiaity, MiHIMI3aI[il0 3aJHIIKOBUX HAMPYKEHb, HEJOMYIICHHS HOBUX TPIIMH IIiCIS PEMOHTY.

[lepcieKTHBHUM HaIIPSMOM 3HUKEHHSI BTPAT € MOKPALIEHHS BJIACTUBOCTEH MOBEPXHI, LI0
KOHTAaKTYE€ 13 30BHIIIHIM CepeoBHINEM. Pe3ynpTaT HAyKOBHUX TOCIKEHD 1 TPAKTUYHUX PO3POOOK
MOKAa3yIOTh, IO 1€ MOKE 30UTBIIIMTH CTPOK CITykOu BUPOOIB y 2—3 pasm.

Y 1pomMy HampsiMi IHTEHCUBHO PO3BHBAETHCSA T'PyIla METOJIB Ta30TEPMIUHOTO HANMJICHHS
(I'TH) mokpuTtTiB. Jlo HEX HalleXKaTh Ta30MOJIyMEHEBe, JIa3MOBE, ACTOHAI[IHE HAMMMJICHHS, a TAKOXK
enexktpoayrosa metanizaunis (EJIM). Ilpu ['TH moBepxHs gerani, Ha SKy HaHOCHUTBCS MOKPHUTTS,
3aJIMIIAETHCS Y TBEpAOMY cTaHil. BHaciinok 1iei ocodmuBocti as npoueciB ['TH xapakTepHi mati
TEIUIOBI Jedopmariii i, y 6araTboxX BUIAJKaX, BIACYTHICTh CTPYKTYpHHUX 3MiH Yy neTaini. Kpim toro,
TYT HE3HAYH1 OOMEKEHHSI IIIOJI0 CKJIa Ty HAIMMITFOBAHUX MaTepialiiB. Y ce e 3yMOBITIOE TPUBAOIHBICTh
MeroaiB I'TH s mokpalieHHs eKcIuTyaTal[iiHIX XapaKTePUCTUK BUPOOIB.

I3 cnoco0iB HaHEeceHHs Ta30TePMIUHUX MOKPHUTTIB MEPCIEKTUBHUM € BUBYECHHS MPOIIECY
enexktpoayrosoi meramizanii (EJAM), skuii BuUrismae OuLIbIl JONUIBHUM IOPIBHSIHO 3 IHIIMMH
crocobaMH 3a TEIIOBOK e(GEeKTUBHICTIO, BAPTICTIO HAMMIIOBAHUX MarepialliB Ta MPOCTOTOIO
oOciyroByBaHHs. TexHIKO-eKOHOMIYHA OIliHKa IOKa3ye, IO 3a BigHOcHOIO BapricTio EJ[M-
nokputTs y 3—10 pasiB gemeBur 3a MOKPUTTS, OTPUMAaH1 IHIIMMHU CIIOCOOaMHU Tra30TEPMIUHOIO
HaIMUJICHHS, TIPU 3a0e3MeueHH1 iX BUCOKOT MilTHOCTI (puc. 3).
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Pucynok 3 — BigHocHa BapTICTh MOKPUTTIB, HAHECEHUX PI3HUMH MeToAaMu HanuyeHHs: 11 —
rasornonymeneBe HanumoBanHs; EJIM — enexktpoayrosa meranizauis; [TH — nonym'sHe Ha
Bimkpuromy noBitpi; J{H — neronaniiine nanmienns; [ TIC — razononymenese Haa3Bykose; [1B —
nonym'siHe BucokomBukicHe; [1/]IB — mima3MoBe HamueHHS B AMHAMIYHOMY BaKyyMi.

BidHocHa eapmicmb nokpummsi

[Tpu EJIM mokputTst GOpMy€eThCSI 3 Kpamlesib PiIKoro MeTally, IO PYXaroThCsS y CTPYMEHi
TpaHcHopTytouororasy. HarpiBanHs ta niaBJieHHs HallUITIOBAHOT O METally B1I0YBa€ThCs 32 PAXyHOK
TEIJIa eNeKTPUYHOI Iyru, sKa TOpPUTh MDK BUTPATHUMH APOTAMH-CIEKTPOAAMH, 3 SKHX 1
YTBOPIOEThCS HANMWJIIOBAaHWW Marepian. Pimkuid wmeran 3mMyBaeTbCs 3 TOPIIB  EIEKTPOZIB,
MOAPIOHIOETHCA i NI€I0 Ta30JUHAMIYHHUX Ta €ICKTPOMArHITHUX CHJI 1y BUTJISIL Kparielb pyXa€eThCs
y HanpsAMKY Aii uux cui [7].

Buano, mo ans EJIM xapaktepHi pucu sik razotepmigaoro HanuienHs (I'TH), Tak 1 myrosoro
3BaptoBaHHs. CniteHUM 13 I'TH € BHKOpPUCTaHHS BHCOKOIIBHIKICHOI'O T'a30BOIO CTPYMEHS 3
BEJIMKOI0 MacoBOIO BHUTPATOlO, MPU3HAYEHOro A (POpMyBaHHS Ta TPAaHCHOPTYBAHHS IMOTOKY
HaIMJTIOBAaHUX KPaIleb.

B sxocTi pecypco30epirarounx TEXHOJIOTIH y HAlll Yac Mae MiCIle 3aCTOCYBAaHHSI OPOIIKOBUX
JPOTiB, SIKi JO3BOJIIOTH 3HAYHO PO3IIUPUTH Jialla30H XIMIYHOTO CKJIQAy MOKPHUTTIB MPH AYTOBOMY
HaIUJICHHI.

[TpoBenenuii anani3 A03BOJNIMB BCTAHOBUTH, LIO U OTPUMAHHS 3HOCOCTIMKUX MOKPHUTTIB
ra30TepMIYHUM HAMHMJICHHSIM IIUPOKO BUKOPHCTOBYIOTHCS MOPOIIKH 3 JISTOBAHUX CTAJICH 1 CIIaBiB
Ha OCHOBI HIKEJI0, KOOAJIbTY, MOIOJICHY 1 1H., @ TAKOXK KOMITO3UI[IIHI MaTepiain, M0 CKIATAr0ThCs
3 BUIIE3a3HAYCHUX CTaJICH, KapOiliB MeTajiB, OopuIiB 1 HITpHAIB (puc.4)[8].
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Pucynok 4 — 3Hoc MeTanizaniifHUX MOKPUTTIB 3a JaHUMHU [9]: | — HU3BKOBYTJIELIEBA CTaNb; 2 —
KOpo3iitHocTilKa cTtanb Tuny 18-8 3 BMicToM MomibeHy; 3 — XpoMoMoJIibieHOBa cTaib; 4 —
cremunit Ne 66; 5 — cremmit Ne33; 6 — cremmit Nell; 7 — criyiaB Ha XpOMOHIKENIEBOi OCHOBI, 8 —
konmoHoM Ne 4; 9 — konmonoi Ne 5; 10 — konmonoi Ne 6
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Jis oTpuMaHHSI 3HOCOCTIHKMX MOKPHUTTIB 3aCTOCOBYIOTH KapOiiM KpEMHIiI0, THUTaHy Ta
BoJib(pamy. HaiOimeIm mMpPOKOro 3acTOCyBaHHS OTpUMaB KapOim Bodbdpamy. 3HAXOAITh
3aCTOCYBAHHsI MaTepiajiy, o 3a0e3Meuy0Th HU3bKUN KOS(DIIIEHT TepTs METAIEBUX Map KOMIO3MIIIT
HiKenb-rpaditT, KepamiyHi Martepianu. s oTpuMaHHS NOKPHUTTIB 13 3a3HAYEHUX MarepiaiiB, 5K
IPaBUJIO, 3aCTOCOBYIOTh IOJyM'sHE a0o JeTOHalliliHe HamujeHHs. ToMy IO HpU JTyroBOMY
HaIMJICHHI Ma€ Miclleé BUTOPaHHs 0araTo KOIITYIOYMX KOMIIOHEHTIB MOPOIIKOBUX JIPOTIB Mif AI€I0
KHCHIO PO3NMJIIOBAJIBHOTO MOBITPSL.

Ha miacraBi po3paxyHKIiB 1 3 ypaxyBaHHSM BHUCIIOBJIEHHMX IepeyMoB Oyja 3alporloHOBaHa
cepist CKIIaIB MOPOIIKOBUX JAPOTIB, IO MICTATh OOIPYHTOBAHI BHIIE KOMITIOHEHTH 1 CKIIQIAlOThCS 3
bepoxpoMy, aIFOMiIHIEBOT'O MOPOILIKY, (PTOPUCTOTO KalblLlil0, TEMATUTY, 3aJ1I3HOTO MOPOUIKY (Tal.

1.).

Tabmus 1 - Ckaaau mMOpOIIKOBHX €JIEKTPO/IIB

No ' _ BincoTkoBuil cki1aj KOMIIOHEHTIB _
BapiaHTIB ;?)J;lj;ii Amrominiin Al Fe Cr q’iﬁfﬁfgﬂ CT. 000JIOHKA
1 19 5,0 5,0 1,0 3ail.
2 22 8,0 7,0 2,0 3ail.
3 20,5 6,5 6,0 1,5 3al.
4 17 3,0 4,0 0,5 3aJ.
5 23 10,0 8,0 2,5 3ail.
BUCHOBKHA

Y po06oTi pO3riIsSHYTO YMOBH €KCIUTyaTarii KPHIIOK ITUJIHAPIB TEMJIOBO3HHUX JU3EIIB,
0COOJIMBOCTI iX HaIMpPyXeHO-1e(OPMOBAHOTO CTaHy Ta (PaKTOPH, 10 BU3HAYAIOTHh JOBTOBIYHICTH 1
HaIIMHICTb.

BceraHoBiieHO, IO OCHOBHMM UYMHHHMKOM IOUIKO/DKEHHS KPHINOK LUIIHJAPIB € TepMiuHI
HAIpyKEeHHs, SKI BUHMKAIOTh YHACHIJOK BHUCOKHX TEMIIEPATypHUX TPATIEHTIB Ta LHUKIIYHOTO
XapakTepy HaBaHTakeHHs. [loka3aHo, IO KOXEH pOOOYMH IUKI U3 CYHpPOBOIKYETHCS
TEPMOMEXAHIYHUMH IIpollecaMy, SKI BKJIIOYAIOTh IUIACTHYHE JAe(OpPMYBaHHsS, peaKcalliio
HaIpyKeHb 1 IOBTOPHE HABAaHTAKCHHSI.

JloBeneHo, M0 i MUKIIYHUX HABAaHTAXEHb MPU3BOAMWTH 10 HAKOIMHMYEHHS 3aJTHIIKOBUX
HalpyXeHb, CTPYKTYPHHUX 3MiH MaTepialy Ta PO3BUTKY MAJOIUKIOBOI BTOMM, SIKa € OCHOBHUM
MEXaHI3MOM pyHHYBaHHS KPUIIOK LUIIHAPIB. BuzHaueHo, 1o HailOoLIb HeOe3MeYHUMH 30HAMH €
JIUITHKY OUTst GOPCYHKH Ta BUITYCKHOTO KJalaHa, Ie CIIOCTEePIraeThCsl KOHIIEHTpAllisl Hallpy>KeHb 1
MaKCHUMaJlbH1 TeMIepaTypH.

OOrpyHTOBaHO [JOUUIBHICTH 3aCTOCYBAaHHS CY4YacCHHUX TEXHOJIOTIH BiIHOBJIEGHHS —
EJIEKTPOYTOBOI MeTami3allii - sKa JO03BOJISIE MIIBUIIMTH JOBTOBIYHICTh KPHIIOK IHIIHAPIB,
3MEHIIUTH BUTPATU HA PEMOHT 13a0€3MeYUTH TOBTOPHE BUKOPUCTAHHS I0POTrOBAPTICHUX J€TaleH.

[TokazaHo, 1110 B yMOBaX BiTHOBJICHHS YKpaiHH MiABUIIEHHS HAIIITHOCTI Ta pecypey Aeraneit
TEIUIOBO3HUX [JM3EJIIB MA€ BaKJIMBE €KOHOMIUHE Ta CTpAaTEriyHe 3HAYEHHs, OCKUIBKHM JO3BOJISIE
3a0e3neyuTH CTalblIbHY poOOOTY TPaHCHIOPTHOI IH(QPACTPYKTYpPH Ta 3HU3UTH 3aIEKHICTH BiX
BHUTOTOBJICHHSI HOBUX KOMILJICKTYIOUHUX.
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Zakharova L.V., Spesivtsev Ya.l.

ENHANCING THE RELIABILITY OF LOCOMOTIVE DIESEL ENGINE COMPONENTS
THROUGH THE IMPROVEMENT OF RESTORATION TECHNOLOGIES UNDER THE
CONDITIONS OF UKRAINE’S RECONSTRUCTION

One of the main directions in the development of modern locomotive engineering is the increase
in the boosting level of locomotive diesel engines, which makes it possible to reduce their weight and
dimensions, as well as to improve efficiency due to an increase in the mechanical efficiency
coefficient. In this regard, the issue of reliability becomes increasingly relevant, since increasing the
boosting level of a diesel engine objectively leads to its reduction.

At present, domestic locomotives are equipped with D49-type diesel engines, boosted in terms
of effective pressure to a level of about 2.0 MPa. In highly boosted diesel engines of this type,
significant thermal stress is observed in the components of the cylinder-piston group, the reliability
of which largely determines the overall reliability of the diesel engine.

In particular, cylinder heads remain among the least durable and at the same time the most
expensive components, with the main failure mode being cracks in the fire deck. Their occurrence is
caused by the action of high temperature gradients, cyclic thermomechanical loads, stress
concentration in the areas of valves and the injector, as well as processes of thermal fatigue and
stress relaxation.
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Under modern conditions of Ukraine’s recovery, the issue of increasing the reliability and
service life of such components is of particular importance. This is associated with the need to ensure
the uninterrupted operation of transport infrastructure, in particular railway transport, which plays
a key role in the transportation of goods, materials, and equipment. At the same time, the manufacture
of new cylinder heads is a complex and costly process that requires significant material and energy
resources.

In this regard, the development and implementation of effective repair technologies for
component restoration are of great practical importance, as they allow significant cost reduction,
shorter repair times, and increased service life of units.

1t is advisable to apply modern methods for modeling the stress-strain state, optimizing thermal
operating conditions, as well as implementing effective restoration technologies, in particular
cladding, electric arc spraying with heat-resistant materials for repairing the specified structure.

Thus, increasing the durability of cylinder heads is not only a technical issue but also an
important economic and strategic task in the context of restoring Ukraine’s industrial potential.

Keywords: locomotive diesel engine, restoration, electric arc spraying, reliability, service life,
metallization coating.
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®PETTIHI'-KOPO3Is5 OITOPHOI'O BAJIKA I BTYJIKH-HAII®OHU

Ilpupooa misicamomnux 36’s13xi6 enrexmpomacnimua. Enexkmponu, wjo obepmaromscsi HagKoo
A0pa, Cmeopiomsb MIKPOMOKU, HANPAMOK SAKUX 8 CYCIOHIX — amomié oOHakosuti. Mikpocmpymu
CMEOPI0I0Mb MACHIMHI NOJAA NPOMUNENHCHUX HANPAMKIG, AKI 63AEMHO 3HUWYIOMbCA, NOoJe Cmae
DIBHUM HYIO, AMOMU PYXAIOMbCA 6 CIMOPOHY MEHUI020 MACHIMHO20 NOJS | GUHUKAIOMb MIJHCATNOMHI
368 A3KU, SAKI NPU 3MEHWEHHI MIdCamomMHol eiocmani 3pocmaroms. [Ipu npomikauti no naacmuHax
HOCMINIHO20 CMPYMY OOHAKOBO20 HANPAMKY, NIACMUHU NPUMAYIOMbCA, WO NIOMEepoiCye
eeKMPOMACHIMHY NPUPOOY MINCAMOMHUX 38 'A3Ki6.. [Ipu nmpomikaHHi no NiacCmMuHax Ccmpymie
NPOMUNIEHCHUX HANPAMKIG, NIACMUHU GIOULN 08XYIOMbCS, WO NONEPEOHCYE hpemmine-Kopo3iio.

Dpemmine-Kopo3sis — npoyec 386apro8aHHsA KOHMAKMYIOUUX Memaieeux nogepxons, nio Oi€io
BUCOKUX NUMOMUX MUCKI@ [ 3CY8i8, W0 3a0e3neuye 30IUMNCeHHs amomis, GUOANEHHS OKCUOI8,
opienmayio MiKpocmpymie 0OHAK0B8020 HANPAMKY CYCIOHIX amomis, CMEOPEHHs MACHIMHUX NOJi8
NPOMUNEHCHUX HANPAMKIB, B3AEMHE 3HUWEHHS THOYKYIL MIdNC amomMamu, 8UHUKHEHHS MACHIMHO20
MUCKY MANACIHHS, CKOPOYEHHS MINCAMOMHUX I0CMaHel ma nio8UWeHHs MIXCamoMHUX 36'a3Kis. /s
nonepeodiCceH s (ppemmine-Kopo3sii, po3pobieHo Ccnocib enekmpomMacHimHuoi 06pooKU ONOPHO2O
8anKa i emynKu-yangu, npu sAKoMy KOHMAKMYWOUI NOGEPXHI HAMASHIUYIOMb, 3 NPOMUNEHCHUM
HANPSMKOM CUNLOBUX JIHILL MACHIMHO20 NOJIA, WO CMEOPIOE MASHIMHUL MUCK GIOUIMOBXYBAHHS |
nonepeoxcye Gpemmine-koposito. 3i 3MeHUleHHAM GIOCMAHI MIdC aAmMOMAMU KOHMAKMYIOUUX
NOBEPXOHb, Ni0 OI€I0 BUCOKUX NUMOMUX MUCKIB, N0 YAC NPOKAMKU Memaiy, iHOYKYis 3pocmae ma 8
KBAOPAMUYHIL 3ANeHCHOCMI 3pOCMAE MACHIMHUL MUCK.
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