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AHHoOTanusl. B pasnuuHbIX 0Tpacisx COBPEMEHHOTO MAIIMHOCTPOCHMS B KaueCTBE KOHCTPYKIHMOHHBIX MATEPUAJIOB LIMPOKO HCIONB3YIOT
KOPPO3HOHHO-CTOMKHE CTalld U TUTAHOBBIE CIUIaBBI. [Ipy 3TOM BO3MOXKHO COCIMHEHHE ACTANCi U3 OTEUECTBEHHBIX U UMIIOPTHBIX CILIABOB
[PH ITIOMOILIM aBTOMAaTHYECKOIl aprOHOAYTOBOM JIEKTPOCBAPKH, YTO MPUBOIAUT K 0OPa30BAHMIO B CBAPHOM IIIBE MaTEpHaIa C HEH3yYCHHBIMH
coiicTBamu. CBapHbIC COCIWHCHHUs SIBISIFOTCS KOHLIGHTPATOpaMH HANpsOKCHHH M B HACTOSIIEE BPEMs OTCYTCTBYIOT CBEACHHS O
MAJIOIMKIOBOM YCTAaJIOCTH CBAapHBIX COCAMHCHHM, IONYYCHHBIX CIUIABJICHHEM OTEUYECTBEHHBIX M HMMIIOPTHBIX MarepuaioB. B xome
NPOBEJICHHBIX UCCIIEI0BAaHMT 0TPAaOOTaHbI PEXKUMBI CBapPKU U TEPMOOOPAOOTKH CTHIKOBBIX CBAPHBIX COSTMHEHUM, TOTYyYECHHBIX M3 JIUCTOBBIX
THTAHOBBIX CIUIABOB U KOPPO3HOHHO-CTOMKHX CTalell OTEYECTBEHHOTO M MMIIOPTHOTO MPOM3BO/CTBA. IIpOBEICHEI pECYPCHBIC HCTIBITAHNS Ha
MAJIOLMKIOBYIO YCTAJIOCTh OIBITHBIX OOpa3LOB CBapHBIX COCAMHEHMIl. VCHBITAHWS Ha MAaJOLMKIOBYIO YCTAlOCTh MPOBOAMIM Ha
MOJICPHU3UPOBAHHOM HUCIIBITATEIBHON MatiHe YMM-10 mpu MOBTOPHO-CTATHIECKOM PaCTsKeHHH ¢ Kodhduimenrom acummerpuu +0,1 u
npu yactote 0,6-0,8 I'u. MakcumanbHOE pacTaruBarolee HanpsbkeHue cocTaisiiio 80% oT BpeMEHHOT'0 CONPOTUBIICHHS pa3phiBy HAMEHee
HPOYHOro ciuiaBa B mape. Och MIIABHBIX HANPSDKECHUH OT BHELIHETO HArPY)KCHHUS BO BCEX CIydyasx OblLia MEpreHINKYIIPHA CBAPHOMY ILBY.
HcnpiTanus nmpoBOJWIN A0 paspyllieHust oopasia. B pesyibrate uccieoBaHui yCTAHOBICHO, YTO BCE CBApHbIC COSIMHEHUS paspyIlaluch
TI0 JINHHH CIUIABJICHUSL, YTO OOBSICHACTCS OJJHOBPEMEHHBIM JICHCTBUEM T€OMETPHYECKUX U CTPYKTYPHBIX KOHIICHTPATOPOB HampsikeHuit. [Ipu
9TOM paspyIleHHe 00pa3uoB, KaK MPaBUII0, HAYHHAIOCH OKOJIO LIBA CO CTOPOHBI HAMMEHEE MPOYHOro CIUIaBa B mape. Tak jke yCTaHOBIIECHO,
4TO MPUMEHEHHE TEMIIEPATypP HEMOJIHOTO OT)KUIa B CPABHEHUH C MOJIHBIM IT03BOJISET MOBBICHTH LIMKIMYECKYIO OJITOBEYHOCTD UIS CBAPHBIX
COCIMHEHUI TUTAHOBBIX CIUIAaBOB B 1,3-2 pa3za. U3 pe3ynbTaToB CpaBHUTENBHBIX UCIBITAHHN 0Opa3loB U3 KOPPO3HOHHO-CTOHKHX CTaeiH
CJIeIIyeT, YTO OTEUECTBEHHAsl K IMIIOPTHASI CTaJIH, 4 TAKKE UX CBApHbIC COCAUHEHNUS, 00Iaal0T OJIN3KUMH CBOMCTBAMH — KaK T10 POYHOCTH,
TaK M 110 IIOBTOPHO-CTATHYECKOM T0OJIrOBEYHOCTH.

KioueBble ciioBa: CBApPHBIC COCAMHECHUS, YCTAJIOCTHA IPOYHOCTh, TUTAHOBLIC CILJIABBI, KOppOSMOHHOCTOﬁKMe CTaJInu
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Abstract. In various branches of modern engineering, corrosion-resistant steels and titanium alloys are widely used as structural materials.
At the same time, it is possible to connect parts made from domestic and imported alloys using automatic argon-arc electric welding, which
leads to the formation of a material with unexplored properties in the weld. Welded joints are stress concentrators and currently there is
no information about low-cycle fatigue of welded joints obtained by fusing domestic and imported materials. In the course of the research,
the modes of welding and heat treatment of butt welded joints obtained from sheet titanium alloys and corrosion-resistant steel of domestic
and foreign production have been developed. Resource tests for low-cycle fatigue of samples of welded joints were carried out. Tests on
low-cycle fatigue were carried out on the upgraded testing machine UMM-10 with repeated static stretching with an asymmetry factor of
+0.1 and at a frequency of 0.6-0.8 Hz. The maximum tensile stress was 80% of the temporary tensile strength of the weakest alloy in the
pair. The main stress axis from external loading in all cases was perpendicular to the weld. The tests were carried out until the destruction
of the sample. As a result of research, it was established that all welded joints were destroyed along the fusion line, which is explained by
the simultaneous action of geometric and structural stress concentrators. In this case, the destruction of the samples, as a rule, began near
the seam from the side of the weakest alloy in the pair. It was also established that the use of temperatures of incomplete annealing in
comparison with the full one allows to increase the cyclic durability for welded joints of titanium alloys by 1.3-2 times. From the results
of comparative tests of samples of corrosion-resistant steels, it follows that domestic and imported steels, as well as their welded joints,
have similar properties, both in strength and in re-static durability.
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BBenenne

B pa3nu4HBIX OTpacisx COBPEMEHHOTO
MAaIIMHOCTPOCHHS B Ka4eCTBE KOHCTPYKIIMOHHBIX
MaTepuasoB MIMPOKO HCIIONB3YIOT KOPPO3WOHHO-
CTOMKHE CTaJM U TUTAHOBBIE CIUIaBbI. B yacTHOCTH,
B KOHCTPYKIIUIO TPYOONPOBOJOB COBPEMEHHBIX
W37IeNUN aBUAITMOHHOW TEXHUKH 3aJI0KCHBI YHHU(DU-
LMPOBAHHBIC JJIEMEHTHI, MaTepualaMH KOTOPBIX
SIBJISIFOTCSL. MMIIOPTHBIE TUTAHOBBIE CIUIABBI U
KOPPO3UOHHO-CTOMKHME cTaiu. B To ke Bpems
MPSIMOJIMHEWHBIC YYACTKU TPYOOIIPOBOAHBIX KOM-
MYHHUKallUd HM3rOTABIUBAIOT U3 OTEYECTBEHHBIX
CILIaBOB U cTajeil. B HacTosee Bpemsi yCTaHOB-
JIEHBI CJIeIYIOIINE BO3MOXKHBIE TMaphl COYETAaHUI
Pa3HOPOJHBIX  OTEYECTBEHHBIX ¥ MMITOPTHBIX
TUTAHOBBIX CIUIABOB M KOPPO3MOHHO-CTOMKHUX CTaJIei
npu cOopke TpyOorpoBooB B Tpaccy [1-3]:

OT4 + Ti-6Al-4V,

BT1-0 + Ti-6Al-4V;

IIT-7M + Ti-6Al-4V;

OT4 + T40;

BT1 -0 + T40;

IIT-7M + T40;

cranb 12xX18H10T + crams AISI 321.

IIpu coenrHEHUU KOJBIEBBIX CTHIKOB TPYO
U3 OTEYECTBEHHBIX U UMIIOPTHBIX CIUIABOB apTOHO-
JIyTOBOW CBapKOW B CBapHOM IIIBE OOpaszyeTcs
MaTepual ¢ HeM3y4eHHBIMI CBOHCTBAMIL.

Panee s mpencCTaBIEHHBIX  COYETAHUN
OTEUYECTBEHHBIX ¥ UMITOPTHBIX MaTePHUAIIOB, OBLIH
MPOBEJICHBl JKCIIEPUMEHTAIBHBIE HCCIIEIOBAHMS
TI0 OIICHKE BPEMEHHOTO COMPOTHBIICHUS Pa3pHIBY.
ITo pe3ynbraTam SKCIIEpIMEHTATBHBIX UCCIIEA0Ba-
HUi ycTaHoBieHo [1, 4]:

— Ppa3pyllcHUE OMBITHBIX OOPa3LOB IPOHC-
XOJIUT [0 OCHOBHOMY METaJLITy, HAUMEHEE POYHOMY
U3 Mapbl CBAPUBAEMBIX MAaTEpPUAJIOB;

— MPUMEHHUTENBHO K CBAPHBIM COCAUHCHUSIM
W3 THTAaHOBBIX CIUIABOB HAMOOJIBIIAS MPOYHOCTH

COOTBETCTBYET 00pa3iiaM, OTIKUT KOTOPHIX MPOBO-
IWICS TpU TEMIEPAType HEMOJIHOIO0 OTKHUra
HanboJiee TPOYHOTO Marepuana B HCCIETyeMOM
CBapHOM COEAMHEHUH.

OnHako 1Mo OZJHOMY BPEMEHHOMY COTPOTHBIIE-
HUIO Pa3pbIBy HEBO3MOXKHO CYIUTH O JOJTOBEYHOCTH
CBapHBIX COSAMHEHUH, ABJISIONINXCS TeOMETpHYe-
CKUIMH ¥ CTPYKTYpPHBIMH KOHIICHTPaTOpaMH
Hanpspkenuit [7-10].

B nacTosimiee BpeMst OTCyTCTBYIOT CBEACHUS
0 MaJIOLMKIIOBOM YCTaJOCTH CBapHBIX COEIMHEHUI
OTEUYECTBEHHBIX M UMIOPTHBIX TUTAHOBBIX CILIABOB
Y KOPPO3UOHHO-CTOMKMX cTanie. He ycraHoBieHbI
TEXHOJIOTUYECKAE PEKUMBI  IIpPOLIecca  CBApKH,
a TAaKKE€ ONTHUMAJIbHBIE TEMIIEPATypHbIE PEKUMBI
OTKUTOB, CIIOCOOCTBYIOIIMX MOBBIMICHUIO JKCILTya-
TAlIMOHHBIX XapaKTEPUCTUK CBAPHBIX COCTMHEHUM.

MaTepua.nbl H METOAbI

B xome mpoBeneHHBIX — HCCICIOBAHUIA
OTpabaThIBAIACh TEXHOJIOTHS CBApPKHA M TEPMOOO-
pabOTKM  CTBIKOBBIX  CBapHBIX  COEIMHEHUH
13 JIMCTOBBIX TUTAHOBBIX CILJIABOB ¥ KOPPO3UOHHO-
CTOMKHX CTaJled OTEYECTBEHHOI'O0 U MMIIOPTHOIO
MPOU3BOJACTBA  C MOCICAYIONIMM  IPOBEICHUEM
PECYPCHBIX HCIBITAHUN Ha MAJIOIUKIOBYIO YyCTa-
JIOCTh OTIBITHBIX 00Pa3I[0B CBAPHBIX COETMHEHHH.

OnbiTHBIE  00pasibl  W3TOTABIUBAINCH
Y3 JIMCTOBBIX 3arOTOBOK TOJIIMHON 1 MM, KOTOpBIE
cBapuBaiuch BCThIK 110 ['OCT 14771-76 «JlyroBas
cBapka B 3amuTHOM rasze. COeTMHCHHS CBapHEIC.
OCHOBHBIE THIMBI, KOHCTPYKTHBHBIE JJIEMEHTHI H
pa3MepbD» PH MOMOIIH YCTAHOBKH aBTOMATHYECKON
apronoxyrosoii cBapku AJICB-2. Pexxumer aBToma-
TUYECKONW aproHOAYTOBOWM CBapKH MPEACTABIICHbI
B Tabmurie 1. IlomydeHHBIE IIJIOCKHE CBapHBIC
3arOTOBKH Pa3pe3aliuch MO CXEMe, MPUBEIACHHON
Ha puCcyHKe 1, coOMpanuch B makeT u Pppe3epona-
JIUCHh B pa3Mepbl, YKa3aHHbIC HA PUCYHKE 2.

TaOnuua 1.

Pexxumbl aBTOMATHUYECKOM aprOHOIYTOBOM CBAPKH HA MIOCTOSSHHOM TOKE 0€3 MPUCaIKU
JUTSL U3TOTOBIICHHS OIIBITHOM MapTUu 00pasioB

Table 1.

Modes of automatic argon arc welding with direct current without additives for the manufacture of an
experimental batch of samples

CBapI/IBaeMble MaTepuaJibl
ITapameTp peKMa aBTOMATHIECKOM aproOHOIyTOBOM CBApKH Welded materials
Parameter of automatic argon-arc welding TuraHoBbIe clulaBbl | KOppo3MOHHO-CTONKHE CTaIn
Titanium Alloys Corrosion resistant Steel

Caapounslii Tk, A | Welding current, a 70-75 65-75
Ckopoctb cBapku, M/4 | Welding speed, m / h 20-22 18-20
Hanpspkenue ayru, B | Arc voltage, V 8-9 8-9
YcranoBounast anuHa ayru, MM | Installation arc length, mm 1,0-1,5 1,0-1,5
Z[{/IaMeTp BOJIL()PAMOBOTO 3JIEKTPOIA, MM 20-25 20-25
Diameter of tungsten electrode, mm
Pacxon aprona, 1/MuH, JJIs 3aIATHI
(Argon consumption, L/min, for protection):

— nyru u mBa (Arc and seam); 5-7 6-7

— obpatHoii cropons! miBa (reverse side of the seam). 1-2 1-2
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Pucynox 1. Cxema TOJy4eHHS 3aroTOBOK IS
W3rOTOBJICHHSI ONBITHBIX 00pasnoB. 1-— mjucToBas
3aroToBKa u3 Marepuana Ne 1; 2 — yucroBasi 3aroToBKa
n3 marepuana Ne 2

Figure 1. The scheme of obtaining blanks for the
manufacture of samples: 1 — sheet blank of material Ne 1;
2 — sheet blank of material Ne 2

OnbITHBIC 00PA3IIBl M3 TUTAHOBEIX CIUIABOB
TOJIBEPTAITN BO3IYITHOMY OTXKHUTY B JTJAOOPATOPHBIX
My(QeNbHBIX IeYaX C BBIJICPKKON B TeueHue 1 4.
Temneparypy omkura T, BbIOMpaM B 3aBUCHMOCTU

OT TeMIepaTypbl HEMOJIHOTO OTXKHUIa JJisi Hanbo-
Jee TPOYHOTO CIJIaBa B M3ydaeMoOil mape, 4To
CBSI3aHO  C HEOOXOJMMOCTBIO  BOCCTAHOBJICHHS
IUTACTHYHOCTH M CHATHS OCTaTOYHBIX HAIPSDKCHHIA,
B IIEPBYIO Ouepe/ib, JJIsi HanboJee BBICOKOMPOU-
moro cruasa [1, 5]. JIinst yaameHus HoBepXHOCTHBIX
OKCHJIOB TIOCJIC OT)KHMTa THUTAHOBBIX OOpasIOB IPH
T, =650-750 °C  npuMeHsAIM  TIECKOCTPYHHYIO

00pabOTKy MOBEPXHOCTU C M30BITOYHBIM JIABIICHHEM
Bo3ayxa Bcerd He Oonmee 0,1 MIla. Ilpu omxkure
¢ Temneparypamu MeHee 600 °C oneparyro yianeHus
OKaJIMHBI Tiepejl TpPaBJICHUEM HE OCYIIECTBISIIN.
Ob6:aropaxvBaroIee TPapJICHHE 00pa3IioB MPON3BO-
i B cmecd HNOj3 (600—750 mur/i1, mI0THOCTEIO
1,40 r/cm®) mwHF (180-220 m/n, IIOTHOCTHIO
1,13 r/em®) mpu Temmeparype 20-23 °C B TeueHHe
BPEMEHH, HEOOXOIUMOTO JIJIsl OJHOTO yIAJICHHS
ra30HACHIILEHHOTO cJosi. [I0JTHOTY ynaneHus KOH-
TPOJMPOBAIM 10 MHUKPOTBEPIOCTH TOBEPXHOCTU
Ha oOpa3znax-cBuaeTessix [6].
FOCT 4771-76-02
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Pucynox 2. OmnwITHBIH oOpaszenm Ui IPOBEACHUS
PECYPCHBIX HCIIBITAHHUH Ha MAJIOIMKIIOBYIO YCTAJIOCTh

Figure 2. The prototype for endurance tests on low-cycle
fatigue

Jlnst cBsizu ¢ pepakuueii: post@vestnik-vsuet.ru

OnsITHBIE 00pa3IIBl 13 KOPPO3HOHHO-CTOMKIIX
CTaJIell He OTXKUTAITH.

HcnpiTanusi Ha MaJOIUKIOBYIO YCTallOCTh
TIPOBOIMIIA Ha MOJICPHU3MPOBAHHON UCTIHITATEIIHOM
MamuHe YMM-10 1pu TOBTOPHO-CTAaTHIECKOM
pacTsbkeHuu ¢ K03 (QHUIIMEHTOM — acUMMETpPUU
R=+0,1 u npu wacrore f=0,6-0,8 I'u. Makcu-
MaJTbHOE PACTSTHBAIOIICE HANPSHKEHHE TPUHUMAIH
paBHBIM G, ~0,80, (31€ch G, — BpEMEHHOE

8

CONPOTHUBJICHUE PAa3pbIBY HAUMEHEe MPOYHOTO
criaBa B Tape). OCh  TJIaBHBIX — HANPSHKCHUIN
OT BHEITHETO Harpy>KEHUs BO BCEX CIydasx Oblia
MEPIeHANKYSIpHa CBapHOMY IIBY. McrmbiTanus
MIPOBOJIMIIM JIO pa3pylIeHUs oOpasiia.

PesynbTaThl M 00cyxkIeHHe

Pesynbrate pecypCcHBIX UCIIBITAaHUH
Ha MaJIOIHUKIIOBYIO YCTAJIOCTh ONBITHBIX 00Pa3IloB
CBApHBIX COC,Z[I/IHGHI/Iﬁ MnpeaACTaBJICHBI B Ta6n1/1ue 2
Y Ha PHCYHKe 3.
Tabnuuna 2.
Pe3yJ'II>TaTBI HCHOBITAaHUN Ha MaJIOOUKJIOBYIO
YCTaJIOCTh OIBITHBIX 00Pa3IlOB CBAPHBIX
COEIMHEHUH W3 KOPPO3HMOHHO-CTOMKUX CTajei
Table 2.
The results of tests on low-cycle fatigue test samples
of welded joints of corrosion-resistant steel

Kommgectso ko 30Ha 1 THI
CBapuBaeMsbie
eTamm JI0 paspylieHus paspyluenus
Welded steel Number Cycles Zone and type of
to destruction destruction
; = 39785
=g 35318 VeranocTHoE
L % 12812 paspyleHue
3 & 18212 0 JTUHUH
-~ 23385 CIUIABJIEHUS
+ 17352 ¢ 0OpazoBaHHeM
Sy 31294 YCTaJIOCTHOH
°H 22281 TPEIIMHBI U 30HbI
22 20800 J07I0Ma
< 17396 Fatigue fracture
+ 25324 in the line of fusion
Ed 20278 with the formation
T2 21925 of fatigue crack and
% % 52055 the area of the scrap
a 17941

Ha pucyske 4 npecTaBieHbl IPUMEpPBI pa3-
pyILIEHHs TPH WCHBITAHUH OIBITHBIX 00Pa3IoB
CBApHBIX COEIMHEHHMI HAa MAIOIUKIIOBYIO YCTATIOCTb.

AHajM3 pe3ysIbTaToB UCIBITAHUN 00pasioB
Y3 THTAHOBBIX CIUIABOB ITOKA3aJl, YTO MPAKTHYECKU
BCE Pa3pyIICHUS MMEIH YCTaJOCTHBIA Xapakrtep.
WCKIIOYEHHsT COCTABJISUIA  TOJBKO  OTJIENIBHBIE
clry4an KBa3UCTAaTHYECKOTO paspylieHus
(6e3 BBIpQKEHHOW YCTAJOCTHOW TPEIIMHBI) ISt
CBApPHBIX COEJMHEHHH CO CTOPOHBI HAMMEHEE
npounoro meramia (BT1-0, T40, IIT-7M), korma
TeMIlepaTypa OT)KHTA MPEBBIIIANA TEMIIEPATypy
Havaja peKpUCTAIIIN3AINH JAHHOTO METAJLIA.

7
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Pucynox 3. Cpennee kommyectBo N IMKIOB J10
pa3pylicHud  ONBbITHBIX 06pa3u013 U3 COoUYCTaHUus
TUTaHOBBIX cIu1aBoB: 1) OT4 + Ti-6Al-4V; 2) TIT-7TM +
Ti-6Al-4V; 3) BT1 - 0 + Ti-6Al-4V; 4) OT4 + T40; 5)
IIT-7M + T40; 6) BT1 -0 + T40

Figure 3. The average number of N cycles until the
destruction of prototypes of a combination of titanium
alloys: 1) OT4 + Ti-6Al-4V; 2) PT-7TM + Ti-6Al-4V; 3)
VT1 - 0 + Ti-6Al-4V; 4) OT4 + T40; 5) PT-7TM + T40;
6) VT1 -0 + T40
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Pucynox 4. Tunwunblil BHI pa3pylieHHA 00pa3moB
CBapHBIX COEIMHEHMH: (d) — U3 TUTAHOBBIX CILIABOB;
(b) — 13 KOPPO3UOHHO-CTOMKUX CTaIEH

Figure 4. A typical form of destruction of samples
of welded joints: (a) — of titanium alloys; (b) - of
corrosion-resistant steels
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Pazpymienue 1mo TuHUM CIUIABICHUS MOYXHO
OOBSICHUTD OJTHOBPEMEHHBIM JICHCTBUEM I'eOMETpHYC-
CKuX (TOmpe3bl) M CTPYKTYPHBIX (KPYITHO3EpHHUCTAS
[-mpeBpami€HHasl MUKPOCTPYKTYpa) KOHIIEHTPATO-
POB HAIPSDKEHUNA. YCTAIOCTHOE pa3pyLICHUE, Kak
NpaBWIO, HAYMHAIOCH OKOJO IIBa CO CTOPOHBI
HauMeHee MPOYHOTO CIJIaBa B mape.

MOXHO OTMETHTD, YTO IPUMEHEHHE TEMIIC-
paTyp HENOJTHOTO OTKUTA B CPAaBHEHUH C TIOJTHBIM
TIO3BOJISIET TIOBBICUTD IIUKIIMYECKYIO JIONTOBEYHOCTh
JUIS CBAPHBIX ~ COCJMHCHUH W3  OTCUCCTBEHHBIX
1 UIMIIOPTHBIX TUTAHOBBIX cIiiaBoB B 1,3-2,0 paza.

W3 pe3ynbTaToB CPaBHUTEIBLHBIX WCIIBLITAHUIA
00pa3LoB W3 KOPPO3UOHHOCTOMKHUX CTanel cie-
JIyeT, YTO TIOBTOPHO-CTATHYECKAasl JIOITOBEYHOCTh
CBapHbBIX coefuHeHnd u3 cramedt 12x18HI10T +
+AISI 321 HaxoauTcs NPUOTU3UTENBHO HA YPOBHE
JOATOBEYHOCTH 00Pa31OB, H3TOTOBIECHHBIX TOJIBKO
u3 cranu AlSI 321. Paspymenue Bo Bcex cirydasx
HOCWJIO YCTaJOCTHBIM XapakTep W HAYHHAIOCh
10 IUHUM  cIUTaBlieHus. [loBTOpHO-cTaTHdeckas
JIOJITOBEYHOCTH 0OPA3I0B, U3rOTOBIICHHBIX M3 OTEUe-
ctBeHHoi ctamu 12X18H10T, B cpemneM okazanach
nprOIM3UTENEHO Ha 17% BhIlIe, 4eM y 00pasioB u3
ctaim AlSI 321. 910 MOXXHO OOBSICHUTH HECKOIIBKO
OOJIBILIIIM UCXOIHBIM YPOBHEM TIpeielia e€ POYHOCTH
o, (683 kr/Mm? — pis ctamu 12xX18H10T mpotus

65,8 kr/mMmm? — s crarma AISI 321).
3akiaouenue

1. Pa3pymenne cBapHBIX COESAWHEHHMH pa3HO-
WUMEHHBIX CTUIABOB IMPAKTUYESCKU BO BCEX CITydastK HOCHT
YCTANOCTHBIA XapakTep W MPOHUCXOAUT IO JTMHUU
CIUIABJICHUS WJIH TI0 30HE TEPMUYECKOTO BIHSHUS
CO CTOPOHBI HAMMEHEE MPOYHOTO CIUIaBa B Mape.

2. IpuMeHeHre PEeKUMOB HETIONHOTO OTYKUTa
B CPaBHCHUU C MOJIHBIM OT)KHI'OM IO3BOJISICT TIOBbI-
CHUTh IHUKIHMYECKYIO JIOJITOBEYHOCTH JJIsl CBAPHBIX
COCIMHEHUI M3 Pa3HOMMEHHBIX TUTAHOBBIX CILIABOB
B 1,3-2,0 paza.

3. OreuectBeHHass craab 12xX18HI10T
u uMnopTHas ctanb AlSI 321, a Taxke ux cBapHbIe
COoeTMHEHMS 001a1af0T OJIM3KUMH CBOMCTBAMH KaK
MO IPOYHOCTH, TaK W 10 MOBTOPHO-CTATHUYECKOU
JIOJITOBEYHOCTH.

3 I'mazynoB C.I'., Scunckuit K.K. TuraHosslie
CIUIaBBI ]IS aBUAIOHHOM TEXHHKH WM JPYTUX OTpacieit
npoMbItieHHOCTH // TexHomoTHst Jerkux crumaBoB. 1993.
Ne 7-8. C. 47-54.

4 Baceukun M.A., Eropos C.B., Komomenckuit A.B.,
Yepros E.JI. BpeMeHHOE CONPOTHUBIIEHUE Pa3pbIBy CBapPHBIX
KOHCTPYKLIHH, M3TOTOBJICHHBIX M3 OTEYECTBECHHBIX U MMIIOPTHBIX
marepuanos // Becrauk BTYUT. 2015. Ne 4(66). C. 61 — 65.

5 IIpousBoactBenHas nHeTpykuums [IM 1.2.587-02.
Tepmuueckas o6paboTka nosrydabpukaToB U Jeraneil u3
TUTAHOBBIX crlaBoB. M.: BUAM. 29 c.
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6 TIpousBoacTBenHas uHeTpykiwms [T 1.2.132-79.
YZ[aJ'IeHI/Ie OKaJIMHBbI n aﬂb(l)I/IpOBaHHOFO CJI0s C
MMOBEPXHOCTH MOJy(HaOpUKaTOB U JIETaJCi U3 THTAHOBBIX
cmiaBoB. M.: BUAM. 13 c.

7 Bai R. et al. Study on welding sequence of butt-
welded structures based on equivalent heat source
parameter // International Journal of Pressure Vessels and
Piping. 2018. V. 163. P. 15-22.

& Liang W., Deng D. Investigating the influence of
external restraint on welding distortion in thin-plate welded
structures by means of numerical simulation technology //
Journal of Physics: Conference Series. 2018. V. 1063. Ne.
1. P. 012082. doi: 10.1088/1742-6596/1063/1/012082

9 Hector R., Naoki O., Hidekazu M., Sherif R.
Development of a Practical Straightening Simulation for Welded
Structures Using Inherent Strain Method // KnE Engineering.
2018. V. 3. Ne. 1. P. 332-343. doi: 10.18502/keg.v3i1.1438

10 Bhatti A.A., Barsoum Z., Khurshid M.
Development of a finite element simulation framework for the
prediction of residual stresses in large welded
structures //Computers & Structures. 2014. V. 133. P. 1-11.
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