Yeaxaemble konneau u dpy3bs!

3akaHumBaeTcs 2024 rof, a 3HaumT, NPULLO BPEMS TPAAWLIMOHHOIO NOABELEHNS UTOTOB NPOAenaHHoN paboThb.

Yxopawmi rog 6bin He NPOCTLIM, HO NNOLOTBOPHBIM, YCMEWHbIM W, 6€3yCrnoBHO, 3Ha4MMbIM. OH Bbin HanoNHeH
cambIMn pa3HoobpasHbIMu cobbITUAMM B AedTenbHocTM HaumoHanbHoro AreHtctea Kontpons Ceapku (HAKC), Ho, camoe
rnaBHOe, OTMEYEH TOMbKO NOCTynaTesbHbIM ABWKeHWeM Breped! Mbl MOKOPSNM HOBbIE BEPLUMHBI, YKPENMsAnM UMetoLwmuecs
no3uLmMK, yCnewHo CnpaBnsuncL CO BCEMM 3aaadamu, pafoBarnmch ycnexam 1 JOCTUKEHUAM.

Ha npoTskeHuM nocnegHWX NeT Mbl MOCTOSIHHO HAaxoAWMCS B PasBUTUM: aTTeCTaUMOHHbIE LEHTPbl, He
nepectaBas, paboTaloT Hag MOBbLILEHMEM KayeCTBa OKasblBAEMbIX YCMyr, aKTMBHO paboTalT LEHTPbl OLEHKM
kBanudpukaumm, a HAKC coBeplueHCTBYeT HopmaTuBHyl 6asy M paclumpsieT cdepy OesTenbHOCTH, OcBamBas M
COBEPLUEHCTBYS HOBbIE HaNpaBneHUs AeATENbLHOCTY.

Moutn fBa roga HeT psagoMm Hukonas [aenoBuya AnélumMHa — WAEWHOTO BOOXHOBWUTENS WM KoopawHaTtopa
[EATENbHOCTM BCEI CUCTEMbI aTTecTalu CBapOYHOTO MPOW3BOACTBA, HO COOBLITUS MOCMEAHEro BpeMeHn ybeantenbHo
rOBOPST O TOM, YTO €ro 4eno, MeyTa ero XmsHu — NPoMbILLNeHHas 6e30nacHoCTb Halei PoguHbl B 06nacTit npuMeHeHus
CBApOYHbIX PaboT — HaxoAsaTCs B HAEXHbIX pykax €ro MpeemHWKOB, Konmner u copaTtHukoB. B 2024 rogy Ha cTeHax
kacbeopel «CBapka, AnarHocTUka W cneuuancHas poboToTexHuka» Bbin OTKpbIT Bapenbed B yecTb Hukonas AnéwwHa,
0eCCMEHHOrO PYKOBOAMTENS 3TOM Kadedpbl HA NPOTSKEHMM NouTk 35 NET, ero MMEHeM Ha3BaHa oaHa u3 nabopatopuii
kadedpbl, OCHaLleHHast Mo nocnegHemy CrioBy TexHukW, npowna [lepsas Bcepoccuitckasi Hay4HO-TEXHUYecKast
koHdbepeHums umenn H.M. AnéwmHa n coctosncs lNepsbin GecnpeleaeHTHbI N0 CBOMM MacluTabam KOHKYpPC «Jlyuiumii
cBapLumk Poccumy.

O pesynbTatax aToit paboTbl Bonee coaepaTenbHbIi Pa3roBop NPOAAET B pamkax NPEACTOSILLEr0 SHBAPCKOro
Cwesna HAKC, a noka xouetcst npueectu crioea Hukonas lNaenosuya AnéwnHa:

«LleneycTpemneHHOCTb, OTBETCTBEHHOCTb M CaMOOTAAYa — BOT rMaBHble COCTaBASIOLME HALUMX YCrexoB. MMyCTb
Kaxabl AeHb OyaeT MHTepecHbIM W NoA0TBOPHBLIM. [yCTh B Balwem foMe Beerga byaet Tenno 1 ylTHO, YToObl Ha paboTy
Bbl NPUXOAUIN C PagoCTbio 1 Brieckom B rnasax. OT Bceil AyLun Kenat Kpenkoro 3a0poBbs, Mypa, nobem 1 6narononyuns
BaM 1 BaLWMM 6rm3kmm!y

BCEX BAC C HOBbIM, 2025-M rOJOM U POXXOECTBOM XPUCTOBbIM!
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CTPYKTYPA U CBOMUCTBA HAMNABJIEHHbIX HUKENWIOB TUTAHA

YHukaneHble  ceolicmea  UHmMepMemarnnudHbIX Cniagog  CUCmeMbl  HUKelb-mumaH — onpedenunu  ux
nepcnekmueHOCMb UCNOb308aHUs 018 Hannasku usdenuli pabomarowux npu NosbILEHHbIX mMeMnepamypax 8 ycrosusix
usHoca, 8 psde azpeccusHbix cped. [ns popmuposaHus Ha mumaHe Hukenudoe mumaHa npednoxeHa apaoHody2oeas
Hannagka Hukenesol anekmpodHoOL NPOBOIOKOU. YCmaHOBMEHO 8MIUSHUE PEXUMO8 Hannagku Ha Xumuyeckul u ¢pa3oebil
cocmas cnnaeos. Moka3aHO BUSHUE XUMUYECKO20 CoCmaea HanniaeneHHbIX HUKenudog mumaHa Ha ux meepdocms,
Xapocmolkocmb U OMHOCUMESTbHYH USHOCOCMOUKOCMb.

KnioueBble cnoBa: Hvkenb, TUTaH, HUKENWUA TUTaHA, AyroBas Hanmaeka, XMMUYEeCKUA cocTas, dasa, TBEpAoCTb,
OTHOCUTENbHAs N3HOCOCTOMKOCTb

Unique properties of intermetallic alloys of the nickel-titanium system determined their potential for use in surfacing
products operating at elevated temperatures under wear conditions, in a number of aggressive environments. Argon-arc
surfacing with a nickel electrode wire was proposed for forming titanium nickelides on titanium. The influence of surfacing
modes on the chemical and phase composition of the alloys was established. The influence of the chemical composition of
the deposited titanium nickelides on their hardness, heat resistance and relative wear resistance was shown.

Keywords: Nickel, titanium, titanium nickelide, arc surfacing, chemical composition, phase, hardness, relative wear
resistance
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AHANWU3 OE®EKTOB CBAPHbIX COEOWHEHWA MELb-CTANb NPU APFOHOAYrOBOW CBAPKE

B pabome npugedeHnb! pesynbmamsi ucciedogaHuli Memodom 37EKMPOHHOU MUKPOCKONUU 0eheKmHbIX C8apHbIX
coeduHeHull meOb-cmarib, NOMy4eHHbIX Npu npoussodcmee MeOHO-CmasbHbIX OOMEHHbIX bypM. [loka3aHbl OCHOBHbIE
OehekmbI, 8bISIBNIEHBI NPUYUHBI UX 00pa3osaHus. Yka3aHbl OCHOSHbIE npueMb! Orist Ux npedynpexoeHUs..

KnioueBble cnoBa: CBapHOe COEAMHEHWE Mefb-CTanb, AeeKTbl, aproHo4yroBas CBapka, AOMEHHas (ypma,
9NEKTPOHHAs MUKPOCKOMNUS, CBapka pasHOPOAHbIX MaTepuarnos

The paper presents the results of electron microscopy studies of defective copper-steel welded joints obtained in
the production of copper-steel lances. The main defects are shown, the causes of their formation are revealed. The main
techniques for their prevention are indicated.

Keywords: copper-steel welded joint, defects, argon arc welding, blast furnace tuyere, electron microscopy,
welding of dissimilar materials
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METOAUKA KOMNNEKCHOW OLEHKWU TEXHONOMMYECKOW NMPOYHOCTU CBAPHbIX COEONHEHWUI NPU

PA3PABOTKE TEXHONOIUA CBAPKU ANA FOPHOAOBbLIBAIOLLEN TEXHUKK*

B daHHoU cmambe npedcmasneHbl pe3ynbmambl 3KCNnepUMeHmarbHbIx pabom no OUEHKE MeXHOM02u4ecKull
NPOYHOCMU C8apHbIX coeQUHEeHUU U3 cmasnel nosbIeHHOU U 8bicokol npoyHocmu. ObocHosaHa Memoduka KOMNIeKcHoU
OUEHKU MEeXHOMo2u4eckoll  NPOYHOCMU  c8apHbIX coeQuHeHull npu  paspabomke mexHonoeull  ceapku 0ns
20pHOA06bIBaKOWEl MEXHUKU, CHOPMUPOBaHHAs Ha Hay4HO-3KCNEPUMEHMATbHbIX UCCe008aHUSIX, KOmOpbIie HE0bX0AUMO
nposodums 0711 NOMY4YeHUs Ka4eCmeeHH020 C8apHO20 CoedUHeHUs! Ons cmarnell No8bIWEHHOU U 8bICOKOU NPOYHOCMU.



[Moka3zaHa u packpbima uenecoobpa3Hocmb NpUMeHeHUs memoda akycmudeckol amuccuu Ofsi yco8epWeHCmeo8aHus
cywecmsyrowux MemoOuK OUEHKU MexXHOM02u4eckoli NPOYHOCMU C8apPHbIX COEOUHEHUU.

KnioueBble cnoBa: CTanu MOBLIWEHHOW W BbICOKOW MPOYHOCTW, TEXHOMOrMYeckas MPOYHOCTb CBAPHbIX
COeMHEeHMI, NpeABapUTENbHbIN NOLOMPEB, akycTMYeckas SMUCCUs

This article presents the results of experimental work on the assessing of the technological strength of welded
joints made of high- and high-strength steels. A complex methodology has been substantiated for assessing the
technological strength of welded joints in the development of welding technologies for mining equipment, formed on the
basis of scientific and experimental studies that must be carried out to obtain a high-quality welded joint for high- and high-
strength steels. It's shown and disclosed the feasibility of using the acoustic emission method to improve existing methods
for assessing the technological strength of welded joints.

Keywords: high- and high-strength steels, technological strength of welded joints, preheating, acoustic emission
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PACYETHOE UCCNIEQOBAHWUE TEMNEPATYPHbIX NOJNEN NMPU CBAPKE TPEHWEM C MEPEMELLUMBAHUEM
[MpedcmasneHbl pe3ynbmamsl pacdemHbix uccredosaHull meMnepamypHbIX nofel npu ceapke MPeHueMm ¢
nepemelugaHueM niacmuHbl U3 amoMuHUego2o cnnaga AMe3. [ns paspabomanHOU Memoduku UCNOfb308aHb!
aKcnepuMeHmarbHble daHHbIe no yOenbHOMY mennogbiOeneHuto 8 Mamepuane nod UHCMPYMEHMOM 8 3agucuMocmu om
€20 OKDYXHOU CKOpOCMU 8paljeHusi U JIUHelUHo20 nepemeweHus. PacyemHble OaHHble conocmasneHbl ¢
aKcnepuMeHmarnbHbIMu uccredogaHusmMu memnepamypHbix noned, nocrne 88edeHUsi NONPaBoYHbIX KOIGPPUUUEHMO8 K
onpedeneHuro mennosbideneHull npoussedeHs pacyemsl noael u3omepm 8 Ouana3oHe USMEHEHUs ckopocmel 8paweHust
uHcmpymerma 40-100 pad/c u ckopocmeli nepemewerHus 0,4—1,7 mm/c. Pesynbmamei pacyemos nokasasnu Hanuyue gyx
MaKcumymos memnepamyp nod UHCMPYMEHMOM, HaubosblWee 3Ha4YeHue memnepamypbl NPOsIBNSEmMCs He 8 30He
nepemelugaHus, 8 obnacmu 3adHell KDOMKU UHCMPYMEHMa.
KnioueBble cnoBa: cBapka TPEHWEM C NEPEMELUMBAHMEM, amiOMWUHUEBbIA CMfaB, pacyeTHas MOAENb,
9KCnepyMeHTarnbHas NpoBepka, CKOPOCTM BPaLLEHWS W NepeMeLLEHNS, TeMnepaTypHbIe Nons, MakCUMyMbl
The article presents the results of calculation studies of temperature fields during friction stir welding of an
aluminum alloy plate AMg3. For the developed method of calculation modeling of temperature fields, experimental data on
specific heat generation in the material under the tool depending on its peripheral rotation speed and linear displacement
were used. The calculation data were compared with experimental studies of temperature fields; after introducing correction
factors for determining heat generation, calculations of isotherm fields were made in the range of tool rotation speeds of 40—
100 rad/s and travel speeds of 0,4-1,7 mm/s. The calculation results showed the presence of two temperature maxima
under the tool; the highest temperature value is not in the stirring zone, but in the area of the trailing edge of the tool.
Keywords: friction stir welding, aluminum alloy, calculation model, experimental verification, rotation and
displacement speeds, temperature fields, maxima
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OB OLIEHKE MPAHML OBNIACTU YCTOWYMBOIO AYrOBOro B3AMMOJENCTBUA B NPOLIECCE [IBYXAYrOBOW
HANNABKW NNABALLMMCA ANEKTPOOOM
M3gecmHo, ymo npu 08yx0y2080U Hannagke nnasswumMcs snekmpodom ¢ nodayeli mokosedyweli npucadoyHol
nposonoku 6 omauyue om Qy2080U ceapKku OOHUM 31eKkmpodoM CrOKHO Onpedenumb PEXuM, Ha KOmopom
obecnequgaemces ycmou4ugoe 20peHue Oye, mak Kak 803HUKaem psi0 O0ONOHUMESbHbIX MEXHOM02UYECKUX NapaMempos
pexuma. B pamkax peweHus npobrnembl 8bINOHEHO 3KCnepUMeHmarbHoe uccnedogaHue enusHUs ckopocmel nodayu
an1ekmpoOHol U npucaloyHOU NPOBOIOK, & MaKXKe HanpsXKEeHUs nUmMaHusi OCHOBHOU U OononHUmensHol dye Ha
ycmoliyugoe 0ya080e 83aumodelicmeue 0aHHO20 hpouecca. B kayecmee kpumepueg ycmolyueocmu npouyecca


mailto:vladsta@mail.ru

Lcnonb30eanu 3Ha4YeHus ducnepculi MoKog U HanpskeHuli 0CHOBHOU U OononHUMenbHoU 0y2, a makkXe Komu4ecmeo ux
KOpOMKUX 3aMbikaHuli u 06pbigos. [lonyyeHHble pesynbmambl NO36OMUMU OUEHUMb epaHuubl obracmu ycmoliyugo2o
0y208020 83aumModelicmsus nepcnekmMusHo20 npouecca 08yx0y2080U Hannasku.
KnioueBble crnoBa: [AByxayroBas Hannaeka, YCTOMYMBOCTb [yroBOrO B3aUMOLENCTBMS Ayr, NNaBAWMACS
ANeKTPOf, NPUCcafoyHas NPOBOIIOKa, CKOPOCTb NOAAYM NPOBOIIOK, HANPSHKEHWE ayr
It is well known that during double-arc consumable electrode surfacing with the supply of current-carrying filler wire,
unlike arc welding with a single electrode, it is difficult to determine the operating mode, which provides stable arc burning,
as there is a number of additional technological parameters of the operating mode. As part of the solution of the problem, an
experimental study of the influence of the feed rates of electrode and filler wires, as well as the supply voltage of the main
and additional arcs on the stable arc interaction of the process was carried out. As criteria of process stability we used the
values of dispersions of currents and voltages of the main and additional arcs, as well as the number of their short circuits
and breaks. The obtained results allowed to estimate the boundaries of the stable arc interaction zone of the promising
process of double-arc surfacing.
Keywords: double-arc surfacing, stability of arc interaction between arcs, melting electrode, filler wire, wire feed
rate, arc voltage
YK 621.791.46
CrapoctuH H.M., A-p TexH. Hayk,
AmmocoBa O.A., KaHf. TeXH. HayK,
Metpos [.0., BeA. nHxeHep,
[aH3aHoBa E.B., kKaHA. TeXH. Hayk,
TuxoHoB P.C., kaHA. TEXH. HayK,
BotsuH I".B., KaHA. TEXH. HayK
®efepanbHblit CCNea0BaTENbCKUIA LIEHTD
«FAKyTCKMIA Hay4HbIN LeHTp Cubupckoro
OTAEeNeHnst POCCUIACKOM akageMmn HayK»
ammosova_o@mail.ru
CBAPKA MNOJNIUITUNEHOBbIX TPYE MY®TAMU C 3AKITAAHBIMU HATPEBATENAMWU NPU HA3KUX
TEMMNEPATYPAX. YACTb 1. PEANIU3ALMA YNPABNEHUA ®POHTOM KPUCTANNU3ALINKA*
PaspabomaHHbiM npomomunom annapama 051 cgapku 0emansamu C 3aKnadHbIMU Hazpesamesnsamu 8bINOHeHa
afekmpomygmosass  ceapka NOMUSMUNIEHOBbIX Mpy6 Ha OMKPbIMOM 8030yXe Npu memnepamypax HUxe
PeKoMeHA08aHHbIX HopMamugHbIMU O0KymeHmamu. [lpedsapumenbHbil nodozpes U OxnaxdeHue C ynpaeneHuem
dsuxeHuUeM hpoHMa Kpucmanausayuu Mamepuana 30H C8apHO20 Wea U MepMUYecKo20 B/IUSHUS OCYWEeCmsIsanuch
asmomMamuyecku C NOMOWbio 3aknadHo20 Hazpesamens. CpagHEHUeM 8PEMEHHbIX 3agucumocmeli memnepamyp 8
C8aPHbIX COEOUHEHUSIX, 8bINOIHEHHbIX 8 CMaHOaPMHbIX YCOBUAX U NPU HUSKUX meMnepamypax, nokadaHa KOppekmHas
paboma annapama u 3ghgheKmuHOCMb ynpasneHus MenosbIM NPOUECCOM C8apKLU.
KnioueBble cnoBa: cBapka, MONMaTWNEHoBas Tpyba, Hu3kWe TemnepaTypbl, TEMMOBOW  MpoLecc,
NpeABapuTENbHBI NOJOrPEB, OXNAXAEHUE, YNpaBeHne KpucTannmsawmei
The developed prototype of a machine for electrofusion welding performed welding of polyethylene pipes in the
open air at cold temperatures, which were below those recommended by regulatory documentation. The prototype
automatically executed preheating and cooling with control of the movement of the crystallization front of the material of the
weld zone and heat affected zone via an integrated heated metal coil. Comparing the time dependences of temperatures in
welded joints made under standard conditions and at low temperatures shows the correct operation of the prototype and the
effectiveness of controlling the thermal welding process.
Keywords: welding, polyethylene pipes, low temperatures, thermal process, preheating, cooling, crystallization
control
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MPUMEHEHWUE ®YHKLUUOHANBLHOIO NOKPLITUA NPU AYrOBOW HANMABKE NOPOLLUKOBOW NPOBOJIOKOW
CUCTEMbI Fe-C-Cr-Ni-Si-Mo-Mn-B-Ti



PaccmompeH akcnpecc-cnocob OueHKU pasHOMepHocmu pacnpedenieHus wuxmsl 8 obbeme nopowKoeol
npososnoku. MpusedeHb! pe3ynbmamsbl 3KChepuMeHmarnsHo20 onpedenieHuss pa3bpbidaugaHusi Npu Hannagke NPOBOIOKoU
cucmembi Fe-C-Cr-Ni-Si-Mo-Mn-B-Ti. [Toka3aHo, Ymo npuMeHeHue (hyHKUUOHaIbHO20 NOKPLIMUS 3Ha4yumesbHO CHUXaem
Konuyecmeo 6pbi3e, KOMopbie MOXHO y0anumb MOMbKO MeXaHU4eCcKUM nymem.

KnioyeBble crnoBa: NopoLLKOBas MPOBOSIOKa, (DYHKLMOHANbHbIE MOKPbITUS, CBapka, Hannaska, pasbpbiariBaHme

An express method for assessing the uniformity of charge distribution in the volume of flux-cored wire is
considered, given. The results of the experimental determination of spatter during surfacing with wire of the Fe-C-Cr-Ni-Si-
Mo-Mn-B-Ti system are presented. It has been shown that the use of a functional coating significantly reduces the amount
of splashes that can only be removed mechanically.

Keywords: flux-cored wire, functional coatings, welding, surfacing, spattering
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MEXAHUYECKUE CBOWCTBA U CTPYKTYPA CBAPHOIO LBA NMASAHbIX OBONTOYEK U3 CTANK 12X18H10T
[MonyyeH payuoHanbHbIl PEXUM 371eKMPOHHO-TTy4e8ol c8apKu nasHbIX 0b60/I0YeK U3 XpoMO-HUKenesol cmanu
12X18H10T. UccnedosaHa cmpykmypa nofy4eHHbIX 00pa3y08-UMUMamopos ¢ NoMOWbLK ONMUYECKO20 MUKPOCKONa,
onpedenieH XUMUYecKuli cocmag Ce8apH020 wea MemodOoM ChnekmpanbHo20 aHanu3a, U3MepeHa MUKpomeepdocmb,
8bINOJTHEHbI UCnbiMaHusi 06pa3yos Ha pacmskeHue u u3aub. lpu ucnbiMaHuu Ha NPOYHOCMb C8aPHbIX W08 pPa3pbie
npousowen no 0cHogHoMy Mamepuany. [lpuduHol 0bpa3osaHusi MpewuH npu ceapke s8UMIOCL nonadaHue 3eMeHmos
npunosi 8 ceapHol Wos.
KnioueBble cnoBa: 3rneKkTPOHHO-Ny4yeBasi CBapka, XPOMO-HUKeNeBas CTanb, nasHble M3Aenusi, AedexTbl,
CTPYKTYpa, CBOWCTBa
A rational mode of electron beam welding of soldering shells of chromium-nickel steel 12Cr18Ni10Ti has been
obtained. The structure of the obtained simulator samples was studied using an optical microscope of the weld was
determined by spectral analysis, microhardness was measured, tensile, bending tests were performed on the samples.
When testing the strength of welded seams, a rupture occurred in the base material. The reason for the formation of cracks
during welding was the penetration of solder elements into the weld seam.
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BNUAHWUE NONOXEHUA ®OKYCA NPU F’MEPUAHOW NA3EPHO-AYFOBOW CBAPKE HA PACMONOXEHUE
OE®EKTOB B CBAPHOM LLUBE
Mcnonb30aHue MowHO20 1asepa npugodum K CywecmeeHHol mpaHcghopmayuu meMnepamypHo20 nons npu
U3MEHEeHUU nNoroXeHusi (hokyca. WM3yyeHue nomoxeHusi ¢hokyca npu 2ubpudHol nasepHo-Oyeosoli ceapke (IT14C)
Heobxo0umo 0nsi noucka onmuMasbHbIX Napamempos pexuma Cceapku, 0becneyusalowe2o nomy4eHUs C8apHo20
coeduHeHusi 6e3 eHympeHHux Oechekmos. Llenbto uccredosaHus A8ISeMCS OUeHKa 8MUSHUS 8eUYUHbI hoKyca npu
[M4C Ha pacnonoxeHue deghekmog 6 CeapHOM wee. B pe3ynbmame KOMNbHOMEPHO20 MOOENUPOBaHUsi U
aKcnepuMeHmarbHbIX uccrnedosaHull yCmaHO8IEHO, YMO 3HaK U 8eIUYUHa (hOKyca OKa3bigarom CyueCmeeHHOoe 8usHuUe
Ha Xxapakmep Hazpesa KpOMOK U pacnosioxeHusi deghekmos 8 C8apHOM LWGe.
KnioyeBble cnoBa: rubpugHas nasepHo-gyroBasi CBapka, [OedeKkTbl CBApHOro LUBa, MOfoXeHue okyca,
HW3KONerMpoBaHHas cTanb
The use of a powerful laser leads to a significant transformation of the temperature field when the focus position
changes. The study of the focus position at hybrid laser-arc welding (HLAW) is necessary to find the optimal parameters of
the welding mode, which ensures that the welded joint is obtained without internal defects. The aim of the study is to assess
the effect of the focus value in HLAW on the location of defects in the weld. As a result of computer modeling and
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experimental studies, it was found that the sign and the magnitude of the focus have a significant effect on the nature of
edge heating and the location of defects in the weld.
Keywords: focus position, laser-hybrid welding, HLAW, weld defects, steel



