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Annomauyus.

B nacmosuyeii pabome npedcmagienvl pe3yibmanivl UCCIE008AHUL CEAPHBIX
coedunenutl uz sacomosox cmanu 12X18HI0T 6 30ne aunuu cniasienus Kaxk co
cmopoHvl ocnosnozo memania (3TB), max u co cmopomsl memania wed
(HannaeieHnvlil.  Memann) nocie pyunou  odyeoeoti  ceapku (PAC) no
CManOapmHoll MexHoI02Ull, NOCIe MEXAHUBUPOBAHNOU CBAPKU 8 Cpede ap2oHA U
nocrne nazepuoll ceapku. B peanvnuix ycnosuax sxcnayamayuu 601uuds 4acme
CBAPHLIX ~ COCOUHEHUTl,  GbINONHEHMbIX U3  KOPPO3UOHHOCMOUKUX — cmanet
aycmenumnozo Kiacca, pabomaem 6 azpecCugHbix cpeoax u npu NOGblUeHHbIX
HA2py3Kax, 4mo MoJicem Npugecmu K HAKONJIEHUIO NospedtcoaemMocmu u K
ynpyeonaacmuueckou degpopmayuu. Kpome moeo, ceapnvie coedunenus
MEeXHUYEeCKUX YCMpOUCME ONACHBIX Npous3soocmeenHvix 06vekmos (TYOIIO)
nocne  MOHmMAdNCA  (PeMOHmMA),  COSNACHO — OUPEKMUBHBLIM — OOKYMEHMAM
Pocmexnaosopa, neped mnyckom 6 3Kcnayamayuio 00a3aHbl N00GEP2ambCs
2UOPABIUYECKUM  UCNBIMAHUAM NOBLIUEHHBIM OAGIeHUEM UTU  HASPY3KAMU,
npesvliarowumu pacyemuvie 00 25%. KoppozuoHHocmoukue cmanu Xopouio
nodOaomcst  céapke, HO Ol OMOEIbHbIX MApPOK mpebyemcsi paspabomka
cheyuanvbHuix mexuono2uil. B pesynemame mepmuieckozo yukia céapku 6 30He
mepmuueckozo enusnus (3TB) npoucxoosm crodchvie GuU3UKO-XumMuieckue
npoyeccuvl,  C6A3AHHbIC ¢ (PA30BLIMU  NPESPAWJEHUAMU U  JOKANbHOU
nepecmpouxou cmpykmypvl Mmemania. Hacmo smu npoyeccvl npugoosm K
HedIcenamenvHulM — pe3yIbmamam, makum KAk pocm 3epHa, cezpe2ayus
JeUPYIOUUX dNIeMEHMOs, 00pa308anue UHMEPMemaiiudo8 u, KaKk cieocmeue,
CHUDICEHUe — IKCHIyamayuouuvlx  xapaxmepucmux. Ilo  pe3ynbmamam
uccnedosanuli  00pa3yo8 CEAPHBLIX COCOUHEHUN, NPOUIGEOCHHLIX PA3HLIMU
cnocobamu, MOJICHO coenamyv 3aKmoueHue, 4mo Haubosee CcoGepuieHHble
COeOUHeHUs. NOLYYAIOMCsL NpU UCNOIb306AHUU KAK DPYUHOU 0Yy2080l, MAK u
MEXAHU3UPOBAHHOU — AP2OHOOY2060U  CAPKU  NAABAWUMCA  DAEKIMPOOOM.
Ilepcnekmugvl  noayyenusi  YOO61eMBOPUMENbHBIX — IKCNIYAMAYUOHHBIX
Xapaxmepucmux c6apHvlx cOeOUHeHUll ¢ NPUMeHeHUueM a1a3epa ecmbv, HO HYICHO
noobUpams pesicum ceapKu.
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Beenenue
KopposuonHocToiikue cranu — 3T0 Ba)KHEUIIUI
KJIACC TEXHUYECKHX MAaTEepUajioB, KOTOPHIE HAIUIN

HIMPOKOE NIPUMEHEHHE B XHUMHUUYECKOI,
aBHUAIMOHHOM, aBTOMOOUILHOMU u MMUILEBON
MPOMBIIIJIEHHOCTH, B  TEIUIOBOM MW  aTOMHOM

SHEpreTUKe U BO MHOTHMX APYTUX NPOU3BOACTBAX.
Baxseiimed 0COOEHHOCTBIO 3TUX CTaJeil sSBIAETCA
CIIOCOOHOCTh ~ COIIPOTHBIIATHCSI ~ KOPPO3HOHHBIM
paspyuieHusM. B 3THX cTamsix conep)kaHue Xpoma
He nomkHO ObITh Hke 10,5% [1]. MmenHo mpum
TaKOM COJIEpKaHHH XpOMa Ha OBEPXHOCTH METalIa
0o0pa3yloTCsl ~ MAacCUBHBIE  IIGHKM  OKCHJIOB,
IPeOTBPAIIAIONINE  OKUCJIEHHE, KOPPO3HUI0 U
paspyiieHue Merania. HepxkaBeromue cTaay UMEOT
XOPOUIYI0 CTOMKOCTh K OKHCIICHHMIO HE TOJIKO IpHU
KOMHATHBIX, HO U IIPU BBICOKHX TeMIleparypax, U
MO3TOMY MX 4aCTO OTHOCST K JKapOCTOMKHUM CTalsM.
Temneparypa Hayajga OKHCICHHS 3aBHUCHT OT
conepxxkanus xpoma [2]. Tak, Hampumep, cTaiu ¢
comepxanneM xpoma oT 25 mo 30% cmocoOHBI
HaJIe)KHO paboTaTh M0 Temnepatyp cBeime 1000°C.
Eme o1HO TOCTOMHCTBO 3THX CTAJEH 3aKJIIOYaeTCs B
175 CIIOCOOHOCTH K COIPOTHUBIICHHIO
HaYTJICPOJKUBAHUIO TIPH BBICOKHX TeMIIepaTypax
(cramu ¢ coxepxaHueM xpoma 16% M HUKeIs 10
35%) [3].

Koppo3uonHocroiikue CTau XOpOIIO
MOJIAIOTCS CBapKe, HO U1 OTAEIBHBIX Mapok
TpebyeTcst pa3pabOTKa CHCIHMATBHBIX TEXHOJOTHN
[21]. B pe3ynbraTe TEpMHUECKOIO LMKJIAa CBAapKU B
30He Tepmuueckoro BiusHUA (3TB) mpowmcxopsar
CJIOKHBIE (PU3UKO-XUMHIECKHUE MIPOLIECCHI,
CBsi3aHHBIE C (ha30BBIMH  IIPEBPAICHUAMH U
JIOKAJIbHOM MEepecTpOMKOW CTPYKTYphl MeETalia.
YacTo 3TH MpoIecch MPUBOIAT K HEXENaTeJIbHBIM
pe3ynbpTaTaM, TakuM KaK pOCT 3€pHa, cerperaunus
JIETUPYIOIINX 3JIEMEHTOB, oOpa3oBaHHe
MHTEPMETAUTNIOB M, KaK CIEICTBHE, CHIDKCHHE
9KCIUTYyaTaI[HOHHBIX XapaKTepucTuk [4—7].

B peanpHBIX yCIOBHAX SKCIUTyaTallMy OOJbIIast
YacThb CBapHBIX COEAMHEHUH, BBHIIOIHEHHBIX U3
KOPPO3HMOHHOCTOHKHX CTaJIel ayCTeHUTHOTO Kilacca,
paboTaeT B  arpeccHMBHBIX Cpefax H  IpH
MOBBIIIEHHBIX HArpy3kax, 4TO MOXET IPHBECTH K

HaKOIUICHHIO MOBPEXKIaEMOCTH " K
ynpyromiactudeckoi aepopmanuu [8—11]. Kpome
TOr0, CBapHbIE COCTUHEHUS TEXHUYECKHUX YCTPOIlCTB
OMAaCHBIX MPOM3BOACTBeHHBIX 00bekToB (TYOIIO)
Hocje MOHTaXa (PEMOHTa), COTIaCHO TUPEKTUBHBIM
JokyMeHTaM PocrexHaazopa, mepes IyCKOM B
9KCIUTyaTaIHIo 00s13aHEI MoJIBEpraThecs
THIPABIMYECKIM  HCHBITAHUSIM  TOBBIIICHHBIM
JAaBICHWEM WIM Harpy3KaMH, MpPEBBIIAIOIIMA
pacuetnsie 10 25% [10, 11].

Takum oOpa3oMm, IIeb HacTosmeH paboTHI
3aKII0YaNach B CpaBHEHUH pE3yIbTaTOoB
HCCIIEIOBAHUI CBAPHBIX COCOUHEHUIl M3 3arOTOBOK
cranmu 12X18H10T B 30He JMHUM CIIABIEHUS Kak
€O CTOpOHBI ocHOBHOro meramia (3TB), Tak u co
CTOpPOHBI MeTajjla IIBa (HalJIaBJICHHBIH MeTaJln)
nociae pyuHoil gyrosoit cBapku (PIC) mo
CTaHJapTHOMN TEXHOJIOTUH, nocie
MEXaHU3UPOBAHHOM CBapKu B cpejie aproHa U Iocie
JIa3epHON CBapKH.

Matepuajbl H METOAMKH IKCIIePUMEHTA

Jns MPOBEICHUS 9KCIEPUMEHTAIBHBIX
WCCIIEIOBaHUH OBUTH TOJIyYEeHBI IIIOCKHE 00pasIibl
THIa «IBOMHAs JIOMAaTKa» C pa3MepamMu padouei
gactd 3X7x55 MM. Marepuan o6pa3oB — craib
Mapku 12X18HI10T. B cepeaune paboueit uactu
oOpa3la NEepHeHIUKYISIPHO K OCH pacTsKECHUS
pacnionarazics cBapHoi moB (Puc. 1).

B mnepBoM o6pasiie cBapHOW IIOB BBINOJHEH
BCTBIK C pa3lelIkol KpPOMOK pYy4YHOM IyroBou
cBapko#i, cmma Toka 80 A. Bo BTOpoM oOpasme
CBapHOH IIOB TAaKXX€ BBINOIHEH BCTHIK C Pa3EIKON
KPOMOK MEXaHU3UPOBAHHON JyroBoil cBapkod B
aprose, cuna Toka 140 A, Hanpsbxkenue ayru 16 B.
CaapHble BBl B 00pa3max TPH M YeThIpe ObUIN
BBITIOJTHEHBI JIa3epHOM CBapKoOil € MOIIHOCTHIO
ucrouynuka 700 Bt u ¢ momHocTtsio 500 Br.

Merannorpadguueckue  HUCCIENOBAHUS  OBLIN
BBIIIOJIHCHBI Ha mnmbax, napajijiCJIbHBIX ocHu
obOpasma. M3b6uparenbHoe TpaBieHHE IIIH(OB
MPOBOJINIIOCH CMEChIO KOHIEHTPUPOBAHHBIX
A30THOM U COJITHOM KHCIIOT B COOTHOIICHUH IO
ooremy 1:3  («mapckas  Bomka»)  [12-14].

ATTecTanys MHUKPOCTPYKTYpPHI OCYIIECTBIISUIACH C
MOMOIIBI0 ONTHYECKOTO MHKpockomna Neophot-21 ¢

20

Puc. 1. Pasmepul u ¢hopma 0bpasya; monwuna 3 mm, wmpuxosblmu TUHUSMU OMMeYeHd 30Hd CAPHO20 WEd
Fig. 1. Dimensions and shape of the sample; thickness 3 mm, the weld zone is marked with dashed lines
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1 poBoi TEXHUYECKOH BHJICOKaMEPOi paccesTHHBIX AJIEKTPOHOB (EBSD) c
UCMOSO03100KPA. UCTIONB30BAaHUEM CKAHUPYIOLIETO  3JEKTPOHHOIO

HccnenoBanust  TEKCTypbl  IMPOBOJWINCH  C mukpockona Thermo Fisher Scientific Apreo S
OOMONIBIO  METOAMKH _ nudpakiuu  oOpaTHO LoVac ¢ ananutinyeckuM EDS+EBSD kommiaekcomM.

Puc. 2. Makpocmpyxkmypa ceéaprozo coedunenus, guitnonnennozo P/[C:
1, 2 — ocnosHoti memann, 3 — HANIAGNEHHbIU 8ANUK, 4 — KOpeHb wea
Fig. 2. Macrostructure of a welded joint made by MMA:

1, 2 — base metal, 3 — deposited bead, 4 — weld root

Puc. 3. Muxpocmpykmypa 0CHOBHbIX 30H C8APHO20 COCOUHEHUSL:
a — memann wea, 6 u 8 — 30Ha MEPMULECKO20 GIUAHUSA, 2 — OCHOBHOU MEMA
Fig. 3. Microstructure of the main zones of a welded joint:
a — weld metal, b and ¢ — heat-affected zone, d — base metal

CBAPKA, POACTBEHHBIE ITPOLIECCHI U TEXHOJIOI' M
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MukpoTBepAOCTh 30HBI CBAPHOTO ITBA M OCHOBHOTO
MeTajula HCCJEIoBajach Ha MHKPOTBEpIOMEpE
IIMT-3 (marpyska Ha ungentop 1 H) [15].
Pe3ysbTaThI HCC/IETOBAHAS M HX 00CYKIEHNE
Csapubie wi6bl, 6bINOIHEHHbIE DYUHOU 0Y2080U
c8apKou
Ha Pwuc. 2 mnpencraBieHa MaKpOCTPYKTypa
CBapHOTO COCIWHEHHWS, BBITOJHEHHOTO pYyYHOH

Puc. 4. Maxpocmpyxmypa céapro2o coeOunenus, GbINOIHEHHO20 MEXAHUSUPOBAHHOU 0Y2080L C8APKOIL:
1, 2 — ocnosnoti memann, 3 — KOpeHb wiea, 4 — HANAAGNEHHbIU 8ANUK
Fig. 4. Macrostructure of a weld joint produced by mechanized arc welding:
1, 2 — base metal, 3 — weld root, 4 — weld bead

Puc. 5. Muxpocmpykmypa 0CHOBHbIX 30H CBAPHO20 COCOUHEHUSL!
a, 6 — OCHOBHOU Memain, 8, 2 — Memalll Wea
Fig. 5. Microstructure of the main zones of a welded joint:
a, b — base metal, ¢, d — weld metal

nyroBoit cBapkoit (PJIC). BumHo, 4TO CTPYKTYpHI
HAIIaBJIEHHOIO M OCHOBHOTO METaJIOB 3aMETHO
OTJINYAIOTCA.

IMpoduns HaIJIaBJICHHOTO
NPe/ICTaBISIET coboit

MeTasuia
HEIpPaBUIbHBIN

YEeTBIPEXYTroJbHUK CO CTOpPOHOH =~ 8 MM. 30Ha
tepmuyeckoro BiausHus (3TB) cmabo BbIpaxkeHa u
no mupure < 1 Mm. HenpoBapsl, HeMeTauinueckue

WELDING, RELATED PROCESSES AND TECHNOLOGIES
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BKITIOYEHUS M MTOPHI OTCYTCTBYIOT.
MukpocTpyKTypa MeTaia I[IBa IOKa3aHa Ha
Puc. 3, a. BuaHo, 4TO OHa HMeEET IEHAPUTHOE
ctpoenue. TommuHa neHApUTOB 7—15 MKM, a IMHA
coM3MepHMa C pa3MepOM HAIUIABICHHOTO METallia.
JIeHIpUTHl TPEUMYIIECTBCHHO OPHCHTHPOBAHBI B
HATPaBJICHUU TPAHUIIBI 30HBI CIUIABJICHUS.
MukpocTpyKTypa OCHOBHOTO METaUla  Ha
yaajgeHud 6—15 MM OT 30HBI TEPMHUYECKOTO BIMSTHUS
MpeCTaBICHa PaBHOOCHBIMH CJIa00 CIBOCHHBIMU
ayCTEHUTHBIMHU 3€pHAMH, CPEIHUN pa3Mep KOTOPBIX
4248 wmxm (Pumc. 2, 2). B 30He Tepmuueckoro
BiaustHUA (Puc. 3, 6 W 8) MPOUCXOIUT Mepexo] OT

Puc. 6. Maxpocmpyxmypa ceapnozo coeounenusi, 8bINOJIHEHHO20 CHOCOOOM NIA3EPHOU CBAPKIL, MOWHOCHLb
usnyyenusn 700 Bm: 1 —wos, 2 — ocHosHou memainn
Fig. 6. Macrostructure of a laser-welded joint; 700 W laser power: 1 —weld, 2 — base metal

3epeHHON CTPYKTYpbl OCHOBHOTO MeTawmia (1) k
JICHAPUTHOH CTPYKType HAIUIABICHHOTO MeTaia
(2). BOnm3um rpaHMIBl CIUIABIEHHS B 3€pHax
aycTeHuTa oOpa3oBaiach BTOPHYHAs IUIACTHHYATAs
(aza — o-eppur. [llupuna 3TB He npesbimaer 900
MKM.

Csapnule U6bI, 6bINOJIHEHHbLE
MEXAHUUPOBAHHOU OY2080U C8APKOLL 8 AP2OHe

Ha Puc. 4 mnpencraBimeHa MaKpOCTPYKTypa
CBapHOTO COCMHEHNS, BBINTOJTHEHHOTO

MEXaHU3UPOBAaHHOW nyroBoi cBapkoil. Kak u B
ciyqae ¢ PJIIC, CTpyKTypbl HaIUIaBJICHHOTO U
OCHOBHOTO METa/UIOB  CYIIECTBEHHO Pa3IHYHBI

r)
Puc. 7. Muxpocmpyxmypa ceaprozo coedunenus, 8bin0JIHEHHO20 JA3ePHOU C8APKOll; a — Memal wmed,; o u 6
— Meman wea u spanuya cniaeieHus, & — OCHOGHOU Memal
Fig. 7. Microstructure of a welded joint produced by laser welding; a — weld metal; b and c — weld metal
and fusion boundary, d — base metal

CBAPKA, POJCTBEHHBIE ITPOLECCBHI M TEXHOJIOT N
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HamnaBneHHBI ~ METaul  TPaBUTCA  CHJIBHEE.
CTpyKTypHBIE 3JIEMEHTBl B HEM HUMEIOT BHITAHYTYIO
MOpdoIIOTHIO. B OCHOBHOM MeTajuie
IpOoCMaTpUBaeTCsl 3€peHHas  CTPyKTypa. 30Ha
TEPMUYECKOTO BIUSHMSA HE BBIIENSETCS, I'paHHIA
CIUIaBJICHUS pe3Kasi. BOMM3K rpaHuIpl crulaBieHus B
HEKOTOPBIX CIydasx BUAHBI KpynHble (> 200 MxM)
TIOPBI.

MHUKpOCTPYKTypa OCHOBHOTO  METa/ula  Ha
yaaneHud 5-10 MM OT TIpaHulbl CIJIaBJICHUA
MPE/ICTaBICHA PABHOOCHBIMH C YETKUMH TPaHULIAMA
ayCTCHUTHBIMH 3€PHaMH, CPEIHUI pa3Mep KOTOPBIX
3748 mxm (Puc. 5, a). Ha paccrosanm < 200 MKM OT
JVHUH CIUIABJICHHUS pa3Mepbl ayCTEHUTHBIX 3€pEH
MoryT gocturatb 70 MKM, a MeXAy HHMMH 4YacTo
HaOmomaeTcss  TemHas  ¢asa  (d-peppur) ¢
Mopdostoruer, 61au3Koi k uronsuaroii (Puc. 5, 6).

Mertann mBa (HaIUIaBICHHBIH MeETallI) HMMeEET
YeTKoe JEeHAPUTHOE cTpoeHue. JleHIputel B
OTIIMYHE OT CBApHOIO COEAMHEHHs, MOIy4EeHHOTO
PIC, cunpHO pa3BeTBiIeHHBIE. MeEXIEHAPUTHBIE
MPOMEXYTKHU 3aI0JIHEHBI ¢1abo Tpassieics da3oi
aycrenura [16-20].

Csapnbvie uigbl, 8bINOIHEHHbIE AA3EPHOU CBAPKOU

MakpocTpyKTypHbIE HCCIEIOBaHMS 00pasIoB,
M3TOTOBJICHHBIX ~ CIIOCOOOM  JIa3epHOM  CBapKH,
MOKa3aJIi, 4TO O0JIaCTh MEpEeIUIaBICHHOTO MeTajula
(HermocpeICTBEHHO IIIOB) MMEET YeTKHE I'paHHUIbI U
mmpuHy = 1 MM (Puc. 6). 30Ha TepMHUYECKOro
BIMSIHUA He BBIABIsIeTcA. lleperaBieHHBIH MeTau
CHJIBHO TPaBHUTCS M HMeeT TIpy00 IUIaCTUHYATOE
CcTpoeHue. [I3MeHeHHe MOIIHOCTH  Ja3epHOro
m3nydeHuss ot 500 Bt no 700 Bt cymiectBeHHOro
BIIMSTHHS HA CTPYKTYpPY HE OKa3ao.

MukpocTpyKTypa CBapHOTO COEIMHEHUS,
BBIIIOJJTHEHHOTO ~ CIIOCOOOM  JIa3epHOM  CBapKH,
npexacraBieHa Ha  Puc. 7. Bugno, 4ro
HETIOCPEJICTBEHHO B MeTajuie mBa (opmupyercs
CTPYKTypa nAByX TumoB: stueuctas (Puc. 7, a) m
miactunyaras (Puc. 7, 6 u ). 9T0 00yciOBIEHO,
MO-BUAMMOMY, BBICOKUMH CKOPOCTSIMH HarpeBa MU
oxXJaxnaeHus. [paHuma chjaBieHHs pe3kas 0e3
nepexoaHoro cyos. OCHOBHON MeTaJll IpeACTaBIeH
MOJM3IPUYECKUMH 3€pHAMH  ayCTEHUTa, CpPEIHMI
pasMep KOTopbIX cocTaBiseT 54,75+19,71 Mxm.

BoiBoabI:

Ilo pesymbratam CTPYKTYPHBIX HCCIIEIOBAHHN
00pasIoB CBAapHBIX COCIMHEHWH, ITOJyYEeHHBIX

pasHBIMH  crmocobamMHM  CBapKH,  YCTaHOBJIEHO
cretyroniee:

—  MHKpOCTPYKTypa 00pasloB Iocie pydHOI
JyTOBOI CBapKH OTBEYaeT TEXHUYECKHM

TpeOoBaHUAM. 30HAa TEPMUYECKOTO BIHSHUS PE3KO
HC BBIACIIACTCA,

—  MHKPOCTPYKTypa 00pasmoB nocie
MEXaHU3UPOBAHHOH CBapKH B Cpele  aproHa
OTBEYaeT TEXHWYECKUM  TpeboBaHUsAM.  30HA
TEPMHYECKOTO BIMSHHS PE3KO HE BBIJEISIETCS;

— g o0pasloB TMOCiE JIa3epHOH CBApKH
UMEIOTCS ~ OCOOEHHOCTH,  3aKJIIovarolluecs B

HaJlMYUM  TPaHUNBl CIIIABICHUS  pe3kas  0e3
nepexoAgHoro cios. Pa3mep 3epHa B OCHOBHOM
MeTajle U y TPaHULbl CIUIaBJICHHS], M Ha Tepudepun
MPaKTUYECKU OJJMHAKOB.

ITo pesympratam wHccienoBaHMH  00pa3LOB
CBapHBIX COCIMHEHHUH, INPOU3BEICHHBIX Pa3HBIMU
croco0aMH CBapK{, MOXKHO cJelaTh BBIBOJ, YTO
Hanbonee COBEPIUICHHBIE COEAWHEHUS IMOIy4aroTCs
[P HCIIOJIb30BAHMM KaK PY4YHOW IYroBOH, Tak M

MEXaHU3UPOBAHHOM aproHOYTrOBOM CBapKu
TUIaBSIIUMCS NEKTPOJIOM. IlepcriekTHBEI
MOTyYeHHS YAOBIETBOPUTENBHBIX
SKCIUTyaTal[MOHHBIX ~ XapaKTEePHUCTHK  CBapHBIX

COEIUHEHUIl C NpPUMEHEHUEM Jlaepa €cTb, HO
HY’KHO NOAOUpATh PEXUM CBapKH.
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Abstract.
This paper presents the results of a study of welded joints made from 0.12C-
18Cr-10Ni-Ti steel blanks in the fusion line zone on both the base metal side
and the weld metal side (deposited metal) after manual arc welding (MMA)
using standard technology, after semiautomatic argon welding, and after
laser welding. Under real-world operating conditions, most welded joints
made from corrosion-resistant austenitic steels operate in aggressive
@ @ environments and under increased loads, which can lead to damage
accumulation and elastic-plastic deformation. Furthermore, welded joints of
technical devices of hazardous industrial facilities (TDHF) after installation

Article info (repair), according to Rostekhnadzor guidelines, must undergo hydraulic
Received: testing with elevated pressure or loads exceeding the design load by up to
16 March 2026 25% before being put into operation. Corrosion-resistant steels are readily

weldable, but specific grades require the development of specialized
Accepted for publication: technologies. The thermal cycle of welding results in complex physical and
15 June 2026 chemical processes associated with phase transformations and localized

structural changes in the metal's heat-affected zone (HAZ). These processes
Accepted: often lead to undesirable effects, such as grain growth, alloying element
01 July 2026 segregation, intermetallic  formation, and, consequently, reduced

performance. Based on studies of welded joint samples produced by various
Keywords: manual arc welding,  methods, it can be concluded that the most advanced joints are produced

laser welding, structural using both manual arc welding and semiautomatic argon-arc welding with a
condition, corrosion-resistant consumable electrode. Laser welding offers potential for achieving
steel, austenitic grade, satisfactory performance characteristics in welded joints, but careful
mechanized welding selection of the welding mode is necessary.
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