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[TonyueHrne MeNKO3epHUCTON CTPYKTYphbl METajljla CBAPHOIO LIBA, OKOJIOMIOBHOMN 30HBI
ABJIAETCS  B@)XHBIM  YCJIOBHEM  TMOBBIIICHUS €ro  TEXHOJOTMYECKMX CBOWCTB U
HKCILTyaTallMOHHOM HAJIE)KHOCTH M3rOTABIMBAEMOTO U3EUs B 1ieioM. Pemmenne aToii 3agaun
aKTyaJIbHO TPU OCYILECTBIEHHUM pPabOT TMpU U3rOTOBIEHUH, MOHTaXXKE€ M PEMOHTE
METAIJIMYECKUX KOHCTPYKUMM u obopynoBanus OnoxoB ADC ¢ mnpuUMEHEHUEM pPY4YHOU
JyTOBOM CBAPKHU MOKPBITHIMU AJIEKTPOJIAMH.

K uucny naunbonee >pGeKTUBHBIX CIMOCOOOB M3MENBUYCHUS CTPYKTYphl METallja IIBa
OTHOCHTCSI BBeJcHHWE KoJieOaHWK B CBapouHyl BaHHy kak HU3KuX (1-100 1), Tak wm
yABTPa3BYKOBbIX 4acToT [1,2]. IlpuduemM wu3MenbueHUE CTPYKTYpbl MeETaJUIa IlIBa
HabJr01aeTcs MpU KoJeOaHMUsIX KakK jKUJKOro MeTajlla B CBApOYHOM BaHHE, TaK U UCTOYHMKA
CBAPOYHOIO TeIUIa. BBeleHHE KPaTKOBPEMEHHBIX HMITYJIBCOB TEIIa B XBOCTOBYIO YacTb
CBAPOYHOM BaHHBI JA€T AHAJIOTMYHbIE pe3ysbTaTtbl. KpoMe Toro, mpu KpUCTaNIM3aLUHU C
KOJIeOaHUSMH CILIaBbI 00JIee CKJIOHHBI K U3MEIBbUCHHUIO 36pHA, YeM YHCThIE METaILIHI [3].

N3BecTHO MOJIOKHUTEIBbHOE JICWCTBUE YJIbTPa3ByKa M BUOpAIMii HU3KOW YacTOTHl Ha
U3MeJbYeHHE CTPYKTyphl ImBa. OIHAKO M3-32 OTCYTCTBHUS HAJEXKHBIX CIOCOOOB BBEICHUS
yJIBTPa3BYKOBBIX KOJIEOaHMH B CBAPOUYHYIO BaHHY M OOJIBIINX MMOTEPH MPHU Mepeade SHEPTun
3TOT METOJ] HE HAallleJ LIMPOKOr0 IPAaKTUYECKOTO IPUMEHEHUS IIPU CBapKe METaJIOB [4].

bonee nepcriekTuBeH OECKOHTAKTHBIN METO IEpeadu KojJeOaHUi B CBAPOUYHYIO BaHHY
OyTEM HAJIOXEHUS MMILYJbCHOIO IPOJOJIBHOIO MAarHUTHOTO II0JISl, BBI3BIBAIOLLIETO
BCTPSIXMBAHHUE JKUJKOTO METalljla U M3MEIb4YeHHE CTPYKTYypbl. OHaKO NPUMEHEHHUE 3TOTO

HanmonaneHblit HccnenoBaTenbekuil siaepabiil yausepeurer « MUADN», 2021



BYPJIAKOB u fp. 39

METOJa IpPU CBapKe KOHCTPYKIMH CIIOKHON KOHQUIypalM{d OIPaHUYEHO M3-3a OOJBIINX
rabapuTOB CBApOYHOTO 000py0BaHUs [4].

OaHMM M3 OCHOBHBIX TEXHOJIOTUYECKUX (PAKTOPOB, BIMSIOMIMM Ha Kaue€CTBO CBAapHBIX
IIBOB SBJISIETCSI YCTOWYMBOCTb TOPEHMsS] AYroBOro paspsna [5]. M3BecTHO, 4TO KadecTBO
MeTalljla, €ro CTPYKTypa, HPOYHOCTHBIE XapaKTEPUCTUKH CBapHOTO IIBA BO MHOI'OM
omnpenensercss CTaOUJIBHOCTbIO U CTENEHBIO 3aBEPIIEHHOCTH TUAPOAMHAMHUUYECKHX U
MeTaJLITypru4ecKux IIPOLIECCOB. ['maBHBIM HUCTOYHUKOM HECTaOUJIbHOCTU
TUAPOJMHAMUYECKUX IIPOLIECCOB SIBISAETCA M3MEHEHUE CHIIOBOIO BO3JIEHCTBUS AYTrH Ha
CBApOYHYIO BaHHY IMOJ JEWCTBHEM BHEIIHUX ()aKTOPOB B MOHTa)KHBIX YCIOBUAX [, 6].
Pemenune 310it mpoOaemMbl BO3MOKHO 33 CUET yIPABISIEMOTO, JIEKTPHUIECKOT0, UMITYJIbCHOTO
BO3JCHCTBUS TMOBBIIMIEHHON YacTOThl Ha JYyrOBOM paspsia OT CHEUHAITU3HUPOBAHHOTO
MaJIOMOIIHOTO TIpeobpasoBarens [5, 6, 7].

Crnenyer OTMETHTb, YTO IPOLECCHI, MPOTEKAIOLIME B 3TOM Clydyae, U3y4EeHbl Mao.
[ToaTomy 11eNBbIO TaHHOU PabOTHI SBISETCS UCCIEAOBAHUE CTPYKTYPBI CBAPHBIX COCTUHEHUM,
IIPU UCIIOJIb30BAHUU JAYTOBOTO pa3psia ¢ KOMOMHUPOBAHHON CUCTEMOM MUTAHMUS.

MoXHO cKa3zaTh, 4YTO OSIEKTpoMarHuTHoe mone uyactoroil 40kl obecrneunBaer
(dbopMupoBaHHE CTPYKTYypbl MeTajljla CBapHOro IIBa C 0Oojiee BBICOKHMH IOKa3aTeasiMU
yaapHoi Bsi3kocTH [8]. HanoxeHwe Ha IOyry HMMIYJBCHOIO BO3JAEHCTBUS IMOBBIIIEHHOMN
YacTOThl MPUBOJUT K MOBBIIIEHUIO €€ YCTOWYMBOCTU, U3MEHEHUIO TAaKUX TEXHOJIOIMYECKHX
XapaKTepUCTUK Tpoliecca, Kak (GOpMUPOBAHUE IIBA, YCIOBUS MEPBHYHON KPUCTAIIU3ALNN
MeTajuia cBapoyHod BaHHbI [9, 10]. st olleHKM BIUSIHUS HU3KOBOJIBTHOTO HUMITYJIBCHOTO
HamnpspbkeHus 4actoto 40kl Ha CTpyKTypy MeTamla IIBa NpPH CBAapKe MOKPBHITHIMU
JNEeKTpoAaMH ObUT TMPOBEACH pAJ IKCIHEPUMEHTOB, C IENbI0 BBISBICHUS OCOOEHHOCTEH
CTPYKTYpbI CBApHOTO IIBA.

Mertannorpadudeckiue HUCCIeI0BaHUS NPOBOAWIM Ha 00paslax, BbIPE3aHHBIX W3
CpelHEH YacTM E€AMHMYHBIX BAJIMKOB, BBIIOJHEHHBIX MO 0a30BOM TEXHOJIOIMM pPY4YHOMU
NYyroBOM cBapku HOKpbITHIMHU 3ekTponaMu (TMJI-3V [11]) u npennaraemoil TexHosoruu
IPpU UMITyJIbCHOM KBa3MUIrapMOHHYECKOM Bo3aeiicTBuM HampspbkeHueM 80B uacrotoit 40kI'1g
(Ice=100A) Ha myroBoi pa3ps.

HccnenoBany Makpo M MUKPOCTPYKTYpy o0Opas3ioB. TpaBieHue Ha MakKpOCTPYKTYpy
BBIMONHSTH 15% BOAHBIM PacTBOPOM a30THOW KUCHOTHL. OOLMII BUJI MakpOTOMILIETOB
00pa3loB, BBIMNOJHEHHBIX 10 Pa3IMYHbIM TEXHOJIOTHSM, NMPEACTaBIEH Ha pucyHke 1 a, ©
COOTBETCTBEHHO. BUHO, 4TO MmiIoma b ce4eHus Hal1aBI€HHOTO0 METAJIIa, BHIIIOJHEHHOTO 110
npeajaraeéMoi TeXHOJIOTHH, O0JbIlIe, YeM B 6a30BoM BapuaHTe. B 00oux ciayuasx B Makpo- u
MUKPOCTPYKTYPE BAIHKOB MPUCYTCTBYET 30HA CTOJIOUYATHIX IEHIPHUTOB, MEPIIECHIUKYIIPHBIX
JUHUM cIuiaBineHus (puc. 2 a, 6), ¥ 30Ha PaBHOOCHBIX NEHAPUTOB B BEPXHEH UacTH BajuKa
(puc. 3 a,06). MaxkpocTpykrypa 30HBI Tepmuyeckoro BiusHHs (3TB)  o00pasios,
BBITIOJITHEHHBIX 10 0a30BOM TEXHOJIOTHH, TEMHas, CWJIbHO TpaBsmasics. Ha oOpasmax,
BBIMIOJIHEHHBIX IO IpeiaraéMoi TeXHOJOTHH, 3TOT 3((EKT BhIpa)keH 3HAYUTENbHO cialee
(puc. 1 a, 6).

Pucynok 1 — Makpounud cBapHoro 1Ba, 1o 6a30Boii (a) 1 npeiaraeMoil TeXHOJIOTUH CBapKH (0)
[Macrosection of the welded seam, according to the basic (a) and the proposed welding technology (b)]
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PucyHok 2 — 3oHa cTos104aThIX ISHIPUTOB CBAPHOTIO 111Ba, 110 0a30BOi1 (a), U MpeIaraeMoii TEXHOJIOT MU CBapKH
(0), yBenmuuenue ctpyktypsl X50; To xe ¢ yBeaudeHueM cTpyktypbl X500 (B), (r) [The zone of columnar
dendrites of the weld, according to the basic (a), and the proposed welding technology (b), an increase in the
structure x50; the same with an increase in the structure x500 (¢), (d)]

s 2

PucyHnok 3 — 30Ha paBHOOCHBIX JICHIPUTOB CBAPHOT'O I1Ba, 110 0a30BOi (&), 1 pe/IaraeMoi TeXHOJIOT U CBapKH
(0), yBenmueHue ctpykTyphl X50; TO ke ¢ yBennueHueM cTpyktypsl X500 (B), (1) [The zone of equiaxed
dendrites of the weld, according to the basic (a), and the proposed welding technology (b), an increase in the
structure x50; the same with an increase in the structure x500 (¢), (d)]

HccrnenoBanusi MUKPOCTPYKTYpPHI HPOBOAWIM HA METAJUIOrPauIeckoM MHUKPOCKOIE
MEF 2 ¢upmsr Reichert mpu yBenmuuenusx ot 50 go 500 pa3. TpaBiernne MUKpOHLIH(OB
BBINOJIHATIN B 4% CIMPTOBOM PAcTBOpE a30THOW KHUCIOTHL VcciemnoBalin MUKPOCTPYKTYpY
30H CTOJIOUATBHIX M PABHOOCHBIX JEHJIPHUTOB, a Takxke MHUKpOcTpykTypy 3TB u nuanMn
cruiaBieHus. Pasmep paBHoocHbIX 3epeH 3TB y nuHuum cruiaBiaeHus npu 6a30BOM BapuaHTe
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Ooxnbmie (3TanoHHbI HOMep 3epHa G=1, cpeanss mwiomans 3epHa a=0,0625mm?) [12], uem 110
nmpeajaraeMoil TeXHOJIOTUM (ITaloHHBIM HoMep 3epHa G=2, cpenHss IUIOLAAb 3€pHA
a=0,0312mm?) [12] nmo cpaBHEHHIO CTPYKTYp Ha pucyHke 4 a,0. B 6a3oBom BapuaHTe
TEXHOJIOTUU OoJiee BbIpaK€HAa BUIMAHIITETTOBOCTH MHUKPOCTPYKTYp IiBa (CM. pHC. 2 a).
Cpennnii pa3Mep MOMEPEYHOTO CEYCHUS OTACIBHBIX CTOJIOYATHIX JACHIPHUTOB, PACTYIIUX OT
30HBI CIUTABJIEHUS, 37€Ch TaKke OombIe (cM. puc. 2 a, B U puc. 2 6, T).

: G P30 3 e i) :
e ZARTSENY [ v o !
PucyHok 4 — 30Ha TEpPMUYECKOro BIHSHUSI B CBAPHOM IIBE, 110 0a30BOH (a), U TpeIaraeMoi TEXHOJIOT UK

cBapku (0), yBenudenue crpyktypsl x 100 [Heat-affected zone in the weld, according to the basic (a) and the
proposed welding technology (b), an increase in the structure x100]

CrpyKTypa 30H paBHOOCHBIX JIEHIPUTOB Majo oTiauyaercs (cM. puc. 3 a, 0). B o0oux
ClIy4yasix B MHUKPOCTPYKTyp€ IPHCYTCTBYET IOJUIOHAIbHBIA (EppUT B BUIE CIUIOLIHBIX
MacCCUBHBIX BBIJEJIEHUIN MO IpPaHUILIaM NEPBUYHBIX KpUCTAIOB (cM. puc. 2 B, r). OcTanbHas
4acTb MHKPOCTPYKTYpPBI MpeAcTaBisieT cOOOH YydyacTKM HUrojbpuaToro Qeppura B BUAE
IUTACTUHYATBIX WM UIOJbYaThIX 00pa30BaHUI B IIEHTPAIbHON 4acTH OBIBILET0 ayCTEHUTHOI'O
3epHa (AeHIpUTA).

[To BTOpOI# rUMOTE3€ paspylIeHHUE PACTYIIUX KPUCTALIOB MPU KOJIECOAHUAX KHUIKOU
(ha3bl MPOUCXOIUT 3@ CUET CHJI TPEHUS, BO3SHUKAIOIINX MEXKIY JBUKYIIEHCS )KUIKoi da3oil u
pacTylM KpHUCTaJIoM. Pe3yibTaThl pacueToB IOKa3aidd, YTO MPU YacTOTaxX KojeOaHWi
cBpime 9 k[’ cuibl TpeHUs AOCTUralOT 3HAUYEHUI MPEBBIMIAIOIIUX TPOYHOCTh KPUCTAJUIUTA
npu Temmeparype MmiuaBieHus. OOe rumore3bl MOTYT YIOBJIETBOPHUTENBHO OOBACHHUTH
U3MEJIbYECHUE KPUCTAJUIOB IO BJIMSHUEM HMMITYJIbCHOIO HanpsbkeHus yacrotoi 40kl npu
(hopMUpOBaHUM CTPYKTYpPBI MeTasuIa mBa [3].
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Abstract — The article presents the results of an experimental study of the effect of an additional
pulse-quasi-harmonic voltage with a frequency of 40 kHz on the structure of welded joints, the
technological properties of a DC arc discharge in manual arc welding with covered electrodes.
Obtaining a fine-grained structure of a welded joint is one of the conditions for increasing its
technological and strength properties, and the operational reliability of the manufactured product
as a whole.
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