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OPTIMIZATION OF POWDER WIRE COMPOSITION THROUGH MATHEMATICAL
MODELING OF THE INFLUENCE OF CHEMICAL ELEMENTS ON THE
OPERATIONAL PROPERTIES OF THE WELDED METAL

The problem of resource conservation is one of the most important, as tens of thousands of tons
of metal are used annually in various industries to manufacture spare parts and replace rapidly worn
components. This requires significant labor costs, leads to increased downtime of equipment, the
need for replacing worn-out parts, and a reduction in the productivity of machines and devices.
Increasing the wear resistance and service life of equipment is an important task in production. One
effective way to address this issue is through the restoration of machine parts and tools and extending
their service life by means of arc welding. In many cases, scarce alloying materials are used for this
purpose, making the process costly. A solution is the development of new cost-effective alloyed
welding materials that improve operational properties. In this context, the study investigates the
possibilities of creating wear-resistant welding materials that provide the welded metal with the
property of dynamic self-strengthening during operation, which emphasizes the relevance and
importance of this direction for various industries. Research methods: the study employed
metallographic analysis, chemical and X-ray spectral analysis of the welded metal, hardness
measurements, comprehensive wear resistance tests under dry friction, abrasive, and impact-
abrasive wear conditions, as well as mathematical modeling of the Fe-Cr-Mn-Ni-N welding metal
system.
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BIIJIMB MPOLECIB TEPMOOBPOBKHU HA XAPAKTEPUCTUKU 3BAPHUX
3'€IHAHBb Y BUPOBHUILTBI TPYB 3A1JIA BA’KJINBUX CEPEJOBMUII]

Tpyb6onposodu € 0OHUM 3 OCHOBHUX elleMeHmis IHhpacmpyKmypu amomHoi e1eKkmpocmanyii
(AEC), ockinvku 6oHu 3abe3neyyroms mpaHCnopmy8aHHs Pi3HOMAHIMHUX cepedosuly (600U, napu,
napo8oOsIHUX Cymiwiell, NOGIMps mowjo) mixc pisHumu yacmunamu cmanyii [3,4].

s mpybonpoeodis nacuuenoz2o napa, Axi udymes 00 mypoOiH, BUKOPUCMOBYIOMb CIALL MUNY
12XIM®, ockinbku 60HU 30aMHI BUMPUMYEAMU BUCOKI MeMNepamypu ma Mucku, a maxKoic Maoms
sucoxy xoposiuny cmitkicme [1]. Cmane 12XIM® ¢ onmumanvuum eubopom Onsi cucmem, ujo
MPAHCNOPMYIOMb 8ANHCIUBE CePedosULya.

s susnauenns poni mepmoodOpoOKuU nicisi 36apro8aHHs NPOBEOEHO cepilo eKCNEPUMEHMIB, U0
BKNIOUANU 36API0BATIbHI BUNPOOYBANHS, BUNPOOYEAHHS 3 MEPMOOOPOOKU NICIS 36APIOBAHHS.

Ompumani  pesyromamu  00360J510Mb  OeMANbHIWE OYIHUMU 6NJIUE PI3HUX PENCUMIB
mepmoobpoOKU HA CMPYKMYPHI Ma MeXaHiuHi 61aCmMuoCcmi 36apHUX 3'€OHAHb, WO € BANCTUBUM 05
niosuweH s HAOIUHOCMI Mma 0068208IYHOCMI NPOOYKYIi 3 yiei cmaii.

Hasgnicmv 3anumko6ux Hanpyjicenvb, wjo GUHUKAIOMb NICIA NPOYecy 36aApIO6AHHA, CHPUAE
VMBOPEHHIO KOPO3IUHUX MPIWUH Ma 3HUNCYE CIMINUKICMb Memany 00 8MOMHO20 NOUKOOJCeHHA. V
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38 "A3KY 3 YUM, BAACIUBO OOCTIONCYBAMU MEMOOU 3MEHULEHHS 3ANUUUKOBUX HANPYICEHb, Ceped AKUX
Hauobinbw ehexmueHUM € MmepmMooOpPoOKaA Nicis 36apPIOBAHHSL.

Tepmin "mepmoobpodra (DHT)" 3azeuuaii poswugposyemocs sx Dehydrogenation Heat
Treatment (oeziopoecenizayitina mepmoobpobka). Lleti npoyec suxopucmo8yemocs 0iisi 6UOANEHHS
BOOHIO 31 36apHO20 3'€0HaNHA a0 Memanesoi Oemaini nicis 386aprosants. Booens mooice nponukamu
8 Memai nio 4ac 36aprOGAHHsL | CNPUYUHAMU OedheKmu, MAaKi K mpiuHu, 0COOIUBO 8 30HAX 36APHUX
weis. Tomy OeziOpocenizayitina mepmooopodKa nposooumvcss Oas 3an00ieanHs Kpuxkocmi ma
PVIUHYBAHHS 36APHUX 3'€OHAHD.

Jooamkoso npoananizosano 6naué pIisHUX napamempie npoyecy mepmooopoOKu nicis
36apIOBAHHS HA eheKMUBHICTb ZHUICEHHS 3ANUUUKOBUX HANPYIHCEHD.

Buseneno, wo niosuwennss memnepamypu mepmooopoOKu cnpusic OiIbUoMy 3MEHULEHHIO
3ANUUKOBUX HANPYICEHb, OCOOIUBO 8 30HAX MAKCUMATILHUX HANPYICEHD, 13 NIKOBOIO MeMNepamypoio
6 mexcax 650-750 °C.

Knrouoei cnoea: 3anuwikosi HanpyosiceHus, mepmooobpodbka, mpyoHi cmaii, pyuHy8anHs.

IlocTranoBka npodaemu. Ctans mapku 12X 1M® — 11e HU3bKOJIErOBaHa XpPOMO-MOJTI0ICHOBA
CTajib, sIKAa BUKOPUCTOBYETHCS JJISi BUTOTOBJICHHS TPYOOIPOBOJIB Ta 00JaTHAHHS, IO MPALIOIOThH
IIPY BUCOKMX TEMIEpaTypax i THCKax. [i OCHOBHE 3aCTOCYBaHHsS — Il€ KOTJIU, TEIII00OMIHHUKH Ta
MapoNPOBOAM B €HEPreTHIll, XiMiuHIA mpoMucioBocTi Ta HadToximii. [Tompu ii moOpi MexaHiuHi
BJIACTUBOCTI Ta YKapOCTIMKICTh, pOOOTA 3 IIEI0 CTAILIIO MOB'SA3aHa 3 PSIOM MPOOIEeM, 0COOIMBO i
Yac 3BapIOBaHHS Ta MOAAJIBINOI eKCIUTyaTalii 3BapHUX 3'€THAHb.

OcHoBHI npo6sieMu 3BaproBaHHs ctaii 12X1M®

1. Ilix vac 3BaproBanHs 12X1M® icHye BHUCOKMH PU3MK YTBOPEHHS rapsiuux TPILIUH Y
3BapHOMY IIIBi Ta 30HI TepMiyHoro BBy (3TB). Lle 3ymoBieHO BucOkUM BMicToM xpomy (1%) 1
mouioneny (0,5%), K1 301TBIIYIOTh )KOPCTKICTh 30HH 3BapioBaHHs. [Ipy MIBHIKOMY OXOJIOIKEHHI
MOXKYTbh YTBOPIOBATUCS KPUXKIi (a3u, 10 CIPUSIIOTH TPILIMHOYTBOPEHHIO.

2. Ilicns 3BaproBaHHs B craisix 12X1IM® BUHUKAIOTH 3HAYHI 3aJIMIIKOBI HaNpy>KEHHS,
0c00JIMBO TpH 3BaplOBaHHI TOBCTOCTIHHMUX TpyO. Lle mpu3BoauTh 10 yTBOpeHHs aedopmariil ta
3HMKEHHS TPIIIMHOCTINKOCTI, 0COOIUBO IMiJ] Yac eKCIIIyaTalii Mpyu BUCOKUX TEMIIEpPATypax 1 TUCKaX.

3. Cranp 12X1IM® cxuibHa 10 YTBOPEHHsS OKCHAHUX IUIIBOK NP TPUBAJIiM eKCIUTyaTarii B
ymoBax BHcOkMX Temneparyp (moHax 500°C). OxcuaHi IUIIBKM MOXYTh 3MEHIIYBaTH
TEIUIONPOBIIHICTh T BUKJIMKATH KOPO3i0 MiJ] HAIIPYTOIO.

4. IIpu Tepmoo6po0O1i 3BapHUX 3'eAHaHb 12X 1M® icHye pu3HUK YTBOPEHHS KPYITHO3EPHUCTHX
CTPYKTYD, LII0 3HWXKY€ yIapHy B'S3KICTb 1 MilHICcTh. HenpaBuibHa TepMOOOpOOKa MOXKE PU3BECTH
710 TIepeTY4acHOTO PYHHYBAaHHS B YMOBAX IIUKJIIYHOTO HABAHTAKECHHS.

3BaproBaHHs Ta TepMo0oOpoOKa Tpyo 31 ctani 12X 1 MO BuMararoTh crieliaibHUX 3aX0/1iB uepes3
BHUCOKY CXWIBHICTh /10 YTBOPEHHS TPILIMH, 3MIHY MIKPOCTPYKTYpU Ta YTBOPEHHS 3aJIUIIKOBHX
HanpykeHb. [IpaBunbHUI BHOIp 3BaplOBaJIbHUX MarepiajiiB, ONTUMI3aIlisl peXHMIB 3BaplOBaHHS,
BUKOPHUCTAHHS TOTEPEIHBOTO TMIAITPIBY Ta MICHIS 3BaprOBaJIbHOI TEPMOOOPOOKH € KIHOUOBUMH
dakxTopamu 1151 3a0€3MeUSHHS IKOCT1 3BapHUX 3'€/IHAHb.

AHaJi3 oCcTaHHIX AocaiIKeHb i nmyduaikanii. Y nmpoMucioBoMy BUPOOHHUITBI ICHY€E KIJTbKa
MPOILIECiB TEPMOOOPOOKHU TICHsI 3BaprOBaHHS, TAaKUX SIK JAETiAporeHizaiiiina tepmoodpodka (DHT),
HOpMaTi3allis, BIAMyCTKa TOmO. BuOIp BIAMOBIIHUX TMPOIECIB TEPMOOOPOOKH 3aJeKHO Bif
BJIACTUBOCTEH MaTepialy Ta XapaKTEPUCTHK 3BapIOBAHHS € BAXJIMBUM IMHUTAHHSAM JUI1 BUPOOHUKIB.
Hamnpukman, nocmimkenns mokazanu, mo DHT Moxe nwine HE3HAYHO 3MEHIIWTH 3aJIAITKOBI
HanpyskeHHs y craii Bucokoi MirHocTi. Khalaj Ta iH. mpoBenn mopiBHSUIBHE JTOCTIIKEHHS PI3HUX
nporueciB TepMooOpooku crani API X60, BusBuBIIY, 110 ABOCTyIEHEBA TEPMOOOpPOOKa "rapTyBaHHs
+ BigmycTka" € OuTblI eEeKTHBHOIO, HIK TpajuIliiiHa OJHOCTyNeHeBa Hopmamizaiis [2]. Bapto
3a3HAYMTH, 1110 HETPaBUWIBHO CIIPOEKTOBAHUI IPOLIEC TEPMOOOPOOKH MOKE HE JIMIIIE HE 3MEHIINUTH
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3aJIMIIKOBI HANpY)KEHHs, ajie ¥ 3aBIaTH MIKOAW. BUsBWMIM, 110 HEHaJeKHA TEPMOOOpoOKa miciis
3BapIOBAaHHS MPU3BOAMTH JI0 HEPIBHOMIPHOTO PO3IMOALTY TemIeparypu y Tpyoomnpososai 12Cr1MoV,
10 MO’K€ BUKIIMKATH TPIIIUHU B 3BAPHUX 3’ €THAHHSX.

Merta gocaigaxenHsi. MeToro CTarTi € AOCTIIUTH BIUIUB PI3HUX IMPOIIECIB TEPMOOOPOOKH Ha
3aJIUIIKOB] HAMPYKEHHS y 3BapHUX 3’€IHAHHSAX, IO JO3BOJIMTH BU3HAYUTH ONTHUMAJIbHI METOIU
ITiIBUILICHHS IOBMOBIYHOCTI Ta HAJIHHOCTI 3BapHUX KOHCTPYKITiH.

OcHoBHHUIT MaTepiag gocjigxkeHHsl. Y naHiii po6oTi Oynu mpoBeneHi eKCIepUMEHTaNbHI
3BaprOBalIbHI BUNPOOYBaHHA Il TpyO 31 ctam 12XM®DI, ski BKIOYaIM MiATOTOBKY 3pPa3KiB,
3BapIOBaHHS, a TaKOX TEepMOOOpOOKy Tmicis 3BapioBaHHA. /[l TpoBeneHHS 3BaprOBaHHS
BUKOPUCTOBYBAJIM CTaHAAPTHI METOAM 3BaploBaHHsS, a 3pa3ku (QopMyBaau y BUIISAOl TpyO 3
BiJIMOBIJHAMH T€OMETPHYHUMH XaPaKTEPUCTUKAMH.

BunpoOyBanus npoBo v Ha 3pa3kax ctanu 12X1M® y Burisiii TpyOHUX 3ar0TOBOK 273 MM,
TOBXHUHOIO 150 MM 1 TOBHIMHOIO CTiHKH 26 MM. Ha HuUX OyJa mpoBefeHa V-noaioHa oOpoOIeHHS
Kpaiok mia kyrom 30° 3 mpuTyIuieHHSIM Topus 2 MM (puc. 1).

TEXHOJIOI'TYHA KAPTA HA 3BAPIOBAHHSA
KOHTPOJIBHOI'O 3'€IHAHHA

Crioci6 3BaprOBaHHS: 111 - py4He AyroBe 3BaprOBaHHA NOKPHTHUM €/1eKTPOJIOM
Bu miBa: BW s nb

InacTuHa abo Tpy6a mpy6a

IMosioxeHHs NpU 3BaplOBaHHI PF (BepTHKa/IbHE 3HH3Y-BBEPX.

Marepias 3pa3ka:

MapKa MeTaJy i rpyna 12XM1®

TOBLIMHA (MM) 27

30BHilIHIH AiaMeTp Tpy6u (MM) 277
3BaproBasIbHI MaTepianu:
eJIeKTpoJ abo npucagHui

ApiT (Mapka i Tun AWS) TMI1-3Y-d3-T/1 ISO 3580 T1 CrMoV1 20 AWS A5.5 E7015-G
3axXMCHUH ras -
06po6sIeHHs Kpailok KOHCTPYKTHBHI eJleMeHTH 11Ba
30° 162 5

o

2%

3aranbHi pekoMeHAaLlii WoA0 3BaPOBaHHA: 308HIWHI0 Ma 8HYMPIWHIO MOBEPXHIO KDOMOK 3a4ucmumu
Memanesor WimKoK Ha WupuHy 20MM, npumynneHHs Kpatku nidcomysamu Hanunkom. [Ipuxgamku
8UKOHamU Ha KiHusix cmuky 0oexuHot 10-15mm, enekmpod 3anamoeamu 8 06pobneri cmuky.
3arnogHeHHs 06pobIeHHs 8aIKOBUMU WeaMU, KinbKicmb wapie He MeHwe 3-X. Kpamep 3arnogHUmu Ha Wei.

Hopma vacy: 1 cmuk - 2 - 2,5 200.

TexHonoriyHi napameTpu 3BaproBaHHSA

[iametpi
fiametp | . | Butpavanns| MaPka | [Mlopar-
lWos | Mapxa |npucaaroro| PiA cTpymy/ CSMT: Hanpyra 3;5]51%“;31; saxucoro | BOMe®Pa- | - kosi
enekTpoda | martepiany, | MONSiPHICTL pX Y B 4 o | ™Y e | mape-
MM nixe Mz A3, mepn
1-n
copens| OK76.16 | 3.2 DC+ | 7585 | 1820 | 50-70 | - . -
2-n OK 76.16 3,2 DC + 80-100| 22-24 | 50-70 - - -
3-n OK 76.16 3,2 DC + 80-120| 22-24 | 50-70 - - -

Pexum nonepeaHboro / cynyTHbOro nigirpisy:  6e3 nidizpisy

Pexum Tepmoobpobku: 740°C, eidnan 1000°C

O6csrv Ta MeToaM KoHTponio  Yiiempa3asykosull konmpons JCTY EN 13925-1:2022 EN 13925-1:2003,IDT
HepyiiHiBHWIA KOHTPOMNb Juchbpakuyis peHeeHieCbKo20 8UNMPOMIHI8aHHS

Pucynoxk 1 — XapakTepucTUKH 3BapHOTO 3’ €THAHHS Ta TEXHOJIOTIYHI TapaMeTpH
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Tpy6a 3i crani 12X1M® Burorosiena BignosigHo TY 143p-55-2001 i BUKOpUCTOBY€ETHCS U
MOHTaK1 TApPOIIPOBOY.

Jlyis mpoBeieHHs BUIPOOYBaHb 31 3BaproBaHHs TPYOHI 3arOTOBKH pO3pi3aiu Ha cerMeHTH. Jlami
MIPOBOJIMIIM 3BAPIOBAHHS CETMEHTIB MK COOOIO TIO Py TEXHOJIOTTYHHX PEKHUMIB.

Jlnst 3BaprOBaHHS JaHUX CETMEHTIB BUKOPHUCTOBYBaIU enekTpoau mapku TMJI -3y @O3wmwm,
MPU3HAYCHI U1 3BapIOBaHHS MaponpoBoaiB 3 craieid Mapok 12X1IM®, 15XIM®, 20XMDJI,
I5X1MI1®JI, mo npamiooTh Ipu Temmneparypi 10 570 °3, i e1eMeHTIB OBEPXOHb HArpiBYy 3 cTallei
Mapok 12XIM®, 12X2M®CP,12X2M®b He3anexxHO Bijg poO0O4Yoi TeMIiepaTypH, a TaKOX IJIs
3aBapKu JIe(EKTiB B €JIeMEHTaxX 3 THX JK€ CTajel. 3BapioBaHHA MAHUMH E€JEKTPOJaMH MOKHA
MIPOBOMTH Y BCIX MPOCTOPOBUX MOJOKEHHSIX, KPIM BEPTUKAIBHOTO «3BEPXY BHH3», HA IOCTIHHOMY
CTpyMi 3BOPOTHOI MOJIIPHOCTI.

Jl7is BUMIpPIOBaHHS OKPYXKHUX Ta OCbOBUX HAIPYXKEHb Y PI3HUX TOUKAX B3JIOBXK IEPETHHY
3BapHOTO MIBa, OYJI0 MPOBEACHO TECT 3 BUKOPHCTAHHIM iHCTPYMEHTAJIBHOTO BAaBIIOBaHHS. Llei
METO/]I Ma€ TepeBaru Maiixke 6e3 pyHHIBHOTO XapakTepy Ta 3pyYHOCTI B eKcIUTyaraiii. BumiproBanHs
3aJIMIIKOBUX HANpPYyK€Hb MPOBOJMIIOCS 3a JOMOMOTrOI iHauKaTopHoro Ttecrepa KIJS-3, mo
UTIocTpoBaHUi Ha pucyHKy. CrHo4aTKy MOBEpXHS 3BapHOIO 3 €IHAHHA MEXaHIYHO MOJipyBaacs.
[ToTiMm 10 KOHTPOJBHHX TOYOK Oynu TpuKiIeeH] aedopMamiiiHi JaTYMKH 3a JIOTIOMOTOIO
CHEIIaIbHOTO KJIEI0, 1 TeCTep HampykeHb OyB MIAKIIOYEHHH 10 AaT4yukiB. TperiM ertamom Oyio
PO3MIIIIEHHS YAapHOTO BAABIIOBAIBHOTO NMPHUCTPOIO HA 3BAPHOMY 3 €HAHHI 3 BHUPIBHIOBAaHHAM
chepuyHOro iHAEHTOpA 3 AedopMalliiHUM JaT4ukoM. Hapemiri, ygapHa cuiia NpUKIAAa€eThes 10
3BapHOTO 3’€THAHHS [UIIXOM PO3IYCKY MPYKUHU YIapHOTO MmpucTporo. [3-5].

BrasmoBaasHIIT IPHCTpIi

PI/ICYHOK 2-— BI/IHpO6y'BaHH$I SAJIMIIKOBUX HAITPYKCHB 3a JOIIOMOT'OIO iHI[I/IKaTOpHOFO TCCTCPa
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Jis po3TasiAy MiKpOCTPYKTYpH OyJiv MiATOTOBIIEH] 3pa3Ku 3BapHUX 3’ €THAHB

(a) (b)

(e (d)
Pucynok 3 — MikpocTpykTypu 3BapHOro 3'eHanss 12X 1M® micns neirigarmii:
(a) OcnoBHa MeTaneBa yactuHa; (b) 30Ha TepMidHOTO BILTUBY; () 30Ha 37auTTs; (d) MeTan miBa

(a) (b)
Pucynox 4 — MikpocTpykTypu 3BapHoro 3'eiHanss 12X 1M® tepmiuHoi 00pobku: OcHOBHA
MeTasneBa yactuHa; (b) 30Ha TEpMIYHOTO BILIUBY;

MiKpoCTpyKTypH 3BapHOTO 3'€THAHHS cTaneBoi Tpyou 12X 1M® micns neirigarii Ta TepMidHOI
00poOKH NOKa3aHi Ha PUCYHKY. 3T1HO 3 MOP(}OJIOTIEI0 MIKPOCTPYKTYPH Ta pO3MipaMH 3€peH, 3BapHe
3'€THaHHS MOAUTIETHCS Ha YOTHUPH IMI30HU: OCHOBHA METaJIeBa YaCTHHA 30HA TEPMIYHOTO BILIUBY,
30HA 3JIUTTS Ta 3BAPIOBATILHUNA METal

O6uaBa ocHOBHI MeTanu, mo mignaBanucs DHT Ta repmiuniit 06po0iti, ckitanarThes 3 heputy
Ta nepinity. OIHaK KUIBKICTh MEPITy CYTTEBO BiAPI3HAETbCA. MIKpOCTPYKTYPHI CIOCTEPEKEHHS
BHUSIBUJIM, 11O BMICT mepiiTy B ocHoBHomy Metani 3 DHT (muB. Pucynok 3a) Bumuid, HIX y
OCHOBHOMY METajli 3 TEpMIYHOIO0 00poOKkoro (uB. Pucynok 4a). IlopiBHsHHS Mik Pucynkom 3b i
Pucynkom 4b nokasye, mo po3mip 3epen 3TB 3 DHT menmmii, Hixk y 3TB 3 Tepmiunoto 06poOKoro.
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BUCHOBKHA

B pesynbraTi BUKOHAHOI poOOTH OyNU OCHIIKEHI CTPYKTypU HAIIABICHOTO METAly IIBa,
3TB, a Tako MeXaHIYH1 BJaCTUBOCTI 3BapHUX 3'€IHaHb 3 TEIIOCTIHKOI cTani 12X 1M® BukoHaHi 1o
6 TEXHOJOTIYHUM pEeXUMaM (3a N'SITh MPOXOMAIB PYYHHUM JTYTOBHM 3BapIOBAHHSAM IOKPHUTUMHU
EJEKTPOJIaMU 1 3a3HAJM PI3HUX PEKUMIB MOIMEpeaHbOro mimirpiBy i noganbmoi TO). Ha ocHoBi
OTpPUMaHUX Pe3yJbTaTiB OyJin 3p00JIeHI HACTYITHI BACHOBKU:

1. 3BaproBanHs 6€3 MiAITPIBY NPU3BOAMTH J0 (DOPMyBaHHS TPIIIUH B HAILIABJIEHOMY METaTi
KOPEHEBOI YaCTHHH 3BapHOTO 3'eqHaHHA. [louaTkoM (popMyBaHHS TPIIIMH MOXKYTh CITY>KUTH Pi3HOTO
poay nedexTH, HaIPHUKIaA, TIOPU 1 BEIHMKI HE MeTalieBl BKItoueHHs. [lomanpima TepmiuHa oOpooOka
HE BHKJIIOYAE JAHOTO POy ChOPMOBAHOTO AC(PEKTYy.

2. BBeneHHs B TEXHOJIOTIYHUI MpoLleC 3BaploBaHHS TIAbKM MIAITPIBYy He 3abe3mnedye
3HIDKEHHS PIBHS TBEPJIOCTI 32 00CATOM HAIUIABJICHOTO MeTalry. MiKpOCTpyKTypa 0cOOIUBO B 00CsI31
KOpeHs IIBa 30epiraeTbCsi METacCTaOUIBPHOIO 3 HE3HAYHOIO KUTBKICTIO OKpeMHX (DepuTHHUX 3epeH. B
00Cs131 HAIUIaBJICHOTO METaly Jpyroro MPOXOIy JaHi CTPYKTYpHI CKIJIQJOBi 30epiraioTeCs B
craiBBiggomenHi 50:50.

3. [Migirpis i noganeima Tepmiyaa 06podka npu 740°C BHPIBHIOE PiBEHb MIKPOTBEPIOCTI MO
BcbOMy 00'eMy 3BapHOro 3'egHaHHs. CTpykTypa Mae JEHAPUTHY OyAOBYy IO MexaxX SKHX
3HAXOAUTHCS (PEPUTHHIA IPOIIAPOK.

4. JlogatkoBa TepMmiuHa oOpoOKa 3BapHOTO 3'€HAHHS y BUIJISAI BHCOKOI BIIMYCTKH NPHU
740°C mpusBomuTh 10 (HOpMyBaHHSA MPAKTHYHO OJHOPIAHOI (epuTO-NEpIITHOI CyMimn B 30HI
TEPMIYHOTO BILIUBY, MIKPOTBEPICTH SIKOI MPAKTUYHO HE MepeBullye piBeHb HV ocHOBHOrO MeTtany.
Ile no3BoJiie OTpUMATH PIBHOMIIIHE 3BapHE 3'€IHaHHSA 3 OCHOBHUM MeTanoM. PyiiHyBaHHS mpu
CTaTUYHOMY HaBaHTa)KEHH1 B1JI0YBA€ThCS M0 OCHOBHOMY MeTany. PiBeHb MIITHOCTI 1 TJIACTUYHOCTI
3HAXOJUTHCS B IHTEPBaJI 3HAYCHBb XapaKTepHUX Ui BuxigHoro marepiany (TY 14-3p-55-2001).

5. Ha ocHOBI BChOro KOMIUIEKCY pe3yJIbTaTiB PEKOMEHAYEThCS HAWOUIbII palioHabHOTO
TEXHOJIOTTYHOTO TPOIIECY 3BaproBaHHS TpyO 273 3 TOBIIMHOK CTIHKH 26 MM 31 cram 12X1M®:
niairpis 250°C nepen 3BaproBaHHM 1 OJalIbIIa TepMiuHa 00poOKa 3BapHOTO 3'€IHAHHS y BUIIIAI
BHUCOKOTO BiANMyCTKY 1pH 7400¢ 3 BATPUMKOIO 2 TOJIMHU 1 MOJIAJIbIIUM OXOJIOKEHHSI Ha CIIOKIHHOMY
HOBITPI.
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MamuHoOy1yBaHHs i 3BaproBajibHe BUPOOHHITBO

Zakharova 1.V., Studenikin D.A.

THE INFLUENCE OF HEAT TREATMENT PROCESSES ON THE CHARACTERISTICS
OF WELDED JOINTS IN THE PRODUCTION OF PIPES FOR CRITICAL
ENVIRONMENTS

Pipelines are one of the main elements of the infrastructure of a nuclear power plant (NPP), as
they provide transportation of various media (water, steam, steam-water mixtures, air, etc.) between
different parts of the plant [3,4].

For pipelines of saturated steam, which go to turbines, steel type 12Cr1MoV. is used, because
they can withstand high temperatures and pressures, and also have high corrosion resistance [1].
Steel 12Cr1MoV is the optimal choice for systems that transport important media.

To determine the role of heat treatment after welding, a series of experiments was conducted,
which included welding tests, tests on heat treatment after welding.

The obtained results allow for a more detailed assessment of the effect of different heat
treatment modes on the structural and mechanical properties of welded joints, which is important for
increasing the reliability and durability of products made of this steel.

The presence of residual stresses arising after the welding process contributes to the formation
of corrosion cracks and reduces the resistance of the metal to fatigue damage. In this regard, it is
important to investigate methods of reducing residual stresses, among which heat treatment after
welding is the most effective.

The term "heat treatment (DHT)" is usually deciphered as Dehydrogenation Heat Treatment
(dehydrogenation heat treatment). This process is used to remove hydrogen from a welded joint or
metal part after welding. Hydrogen can penetrate the metal during welding and cause defects such
as cracks, especially in weld areas. Therefore, dehydrogenation heat treatment is performed to
prevent brittleness and destruction of welded joints.

In addition, the influence of various parameters of the heat treatment process after welding on
the effectiveness of residual stress reduction was analyzed.

It was found that an increase in the temperature of the heat treatment contributes to a greater
reduction of the residual stresses, especially in the zones of maximum stresses, with a peak
temperature in the range of 650—-750 °C.

Keywords: residual stresses, heat treatment, pipe steel, destruction.
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