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CII6FYH u IIT

The experimental data of strengh, ductility and toughness properties of
austenitic corrosion resistance steels are presented. The paper details the
data priorities for the components of these alloys; most essential are Ni,
Mn, N, Mo, Cr. The data are represented analytically in order to facilitate
calculation of strength, yield and impact strength limits for steels under
investigation.Asan example an schematics diagram for the steel composition
was developed. On the basis of the measurements new austenitic steel has
been investigated for the designof efficient highloadingcryogenicequipment.

IIlHpoKoe pacnpocTPaHeHHe B TeXHHKe HH3KHX TeM-

nepaTyp nOJIyqHJIH XpoMOHHKeJIeBbIe aycTeHHTHbIe

CTaJIH, COJI.ep:lKamHe 17 - 25 % xpOMa H 10 - 20 %
HHKeJUI, KOTopbIe npHMemlIOTCH ~e JI.aBHO [4, 6]. OHH

coxpaHHIOT BbICOKyIO llJIaCTHtIHOCTb H BH3KOCTb B llIH-

pOKOM TeMnepaTypHoM JI.Hana30He, KOPP03HHHYIO

CTOHKOCTb, 06JIa,uaIOT XOPOllIHMH TeXHOJIOrHqeCKHMH

CBOHCTBaMH H B HaCTomuee BpeMH HaH60JIee pacnpo-

CTPaHeHbI B KaqeCTBe KOHCTPYKIIHOHHbIX MaTepHaJIOB

B KpHoreHHoH TeXHHKe.

XpoMOHHKeJIeBbIe aycTeHHTHbIe CTaJIH npHMeHHIOT

LVIH H3rOTOBJIeHHH CBapHbIX :::)JIeMeHTOB annapaTOB,

eMKocTeH, Tpy6onpOBOJI.OB (o6eqaeK, JI.HHm, naTPy6-

KOB, <l>JIaHIIeB), JI.eTaJIeH apMaTYPbI (lliTOKOB, KJIana-

HOB, ceJI.eJI) H T.JI.. PeKOMeHJJ.yeMaH TeMnepaTYPa 3Kcn-

JIyaTaIIHH CBapHbIX COeJI.HHeHHH 6e3 OrpaHHqeHHH

JI.aBJIeHHH 4,..870 K.
HeJI.OCTaTKH 3TOH rpynnbI CTaJIeH - HH3KaH npoq-

HOCTb npH KOMHaTHOH TeMnepaTYPe, oco6eHHo no npe-

JI.eJIy TeKyqeCTH (OKOJIO 250 MIla), a TaK)l(e cpaBHH-

TeJIbHO BbICOKaH CTOHMOCTb, o6yCJIOBJIeHHaH 60JIbllIHM

COJI.ep:lKaHHeM JI.opororo HHKeJIH. B nOCJIeJI.HHe rOJI.bI

Ha6JIIOJI.aeTCH TeHJJ.eHIIHH K npHMeHeHHIO B KpHoreH-

HOH TeXHHKe aycTeHHTHbIX CTaJIeH, B KOTOpbIX HHKeJIb

nOJIHOCTbIO HJIH qaCffiqRO 3aMeHeH MapraHIIeM [3].

3HaqHTeJIbHOe nOBbIllIeHHe npOqHOCTH XpOMOHH-

KeJIbMapraHIIeBbIX cTa6HJIbHbIX aycTeHHTHbIX CTaJIeH

MO:lKeT 6bITb JI.OCTHrHYTO 3a CqeT JIempOBaHHH a30TOM,

06pa3yIDmHM, KaK H ymepoJI., TBepJJ.bIe paCTBopbI BHe-

JI.peHHH. PacTBOpHMOCTb a30Ta B y- :lKeJIe3e npH TeMne-

paTYPe 830°C COCTaBJIHeT Bcero 0,027 %. IlpHCYTCTBHe

xpOMa H oco6eHHo MapraHIIa cnoco6cTByeT yaeJIHqe-

HHIO ero paCTBOpHMOCTH B CTaJIH.

3<l><l>eKTHBHoCTb a30Ta KaK 3JIeMeHTa BHeJI.peHHH,

6JIOKHpYIOmerO JI.BH:lKeHHe ,ll;HCJIOKaIIHH H nOBbIllIa-

IOmero npeJI.eJI TeKyqecTH, C nOHH:lKeHHeM TeMnepa-

TYPbI B03paCTaeT. IlOBbIlliaH cTa6HJIbHOCTb aycTeHH-

Ta, a30T npellHTcTByeT TaK)l(e o6pa30BaHHIO ~-<l>eppH-

Ta npH BbICOKHX TeMnepaTYPax.

BBeJI.eHHe a30Ta B XpOMOHHKeJIbMapraHIIeBbIe CTa-

JIH n03BOJIHeT 60JIee qeM B 1,5 pa3a yaeJIHqHTb npeJI.eJI

TeKyqeCTH npH KOMHaTHOH TeMrrepaTYPe. XPOM, HH-

KeJIb H MapraHeII KaK 3JIeMeHTbI 3aMemeHHH MeHbllIe

BJIHHIOT Ha npOqHOCTHbIe CBOHCTBa, 06eCneqHBaH 3a-

JI.aHHYIO aycTeHHTHyID CTPyKTYPy.

K HeJI.OCTaTKaM a30Ta KaK JIerHpYIOmero 3JIeMeHTa

OTHOCHTCH CKJIOHHOCTb ero K JIHKBaIIHH npH KpHC-

TaJIJIH3aIIHH CTaJIbHOrO CJIHTKa H HeKOTopoe OCJIO:lK-

HeHHe npOIIeCCOB CBapKH. IlpHCYTCTBHe a30Ta B CTa-

JIH Tpe6yeT onpeJI.eJIeHHOrO OrpaHHqeHHH norOHHOH

3HeprHH LVIH H36e:lKaHHH Bbma,ueHHH Kap6oHHJI.OB no

rpaHHIIaM 3epeH, qTO MO:lKeT npHBOJI.HTb K CHH:lKeHHIO

nJIaCTHqHOCTH H BH3Koro CBapHoro llIBa, nOBbIllIe-

HHIO qyacTBHTeJIbHOCTH K KOHIIeHTpaTaM HanpH:lKe-

HHH [5].

B CBapHBaeMbIX CTaJIHX C a30TOM Heo6xoJI.HMO 60JIee

cTPoro OrpaHHqHBaTb KOHIIeHTPaIIHIO ymepOJI.a. Co-

JI.ep:lKaHHe ymepOJI.a JI.OJI)l(HO rrpH6JIH:lKaTbCH K npeJI.e-



JIy ero paCTBopHMOCTH B aycTeHHTe, T.e. COCTaBJI5lTb
He 60JIee 0,03 - 0,04 %. HH3KaH KOHlleHTpallH5l yrJIe-
po,n:a B CTaJIH C03,n:aeT onpe,n:eJIeHHble TPy,n:HOCTHnpH
BbITIJIaBKe. ,ll.H<P<pY3HIOyrJIepo,n:a B TBep,n:OMpaCTBope
3aMe,n:JI5leTnpHCYTCTBHe MOJIH6,n:eHa.
JIernpoBaHHe MOJIH6,n:eHoMCTaJIeH He3Ha'IHTeJIbHO

BJIH5leTHa np0'IHOCTHble H B5l3KOCTHble xapaKTepHC-
THKH, HO nOBbIlliaeT Tpell(HHOCTOHKOCTb CBapHbIX
llIBOB. B npOllecce HarpeBa no,n: CBapKYBMHKpOCTPYK-
TYpe CTaJIeH, JIernpOBaHHbIX MOJIH6,n:eHoM, npOHCXO-
,n:HT BbI,n:eJIeHHe MeJIKo,n:HcnepCHbIX 'IaCTHU THna
M06C. MOJIH6,n:eH TaIOKe nOHH)I(aeT TepMo,n:HHaMH-
'IecKYIO aKTHBHOCThyrJIepo,n:a H a30Ta B aycTeHHTe, 'ITO
npHBo,n:HT K H3MeHeHHlO THna H MOP<POJIOrHHH36bI-
TO'IHbIX <pa3. BMecTo Kap6HJJ:a Me23C6 TepMo,n:HHaMH-
'IeCKH 60JIee Bblro,n:eH npouecc ·06pa30BaHlUl HHTPH-
,n:OBxpOMa Cr 2N, paBHOMepHO pacnpe,n:eJI5llOll(HX~51 no
3epHY [2].
,ll.JI5lHCCJIe,n:OBaHH5lBJIH51HH5l COCTaBa Ha CBOHCTBa
aycTeHHTHbIX XpOMOHHKeJIbMapraHueBbIX CTaneH C
a30TOM npOBeJIH cepHIO nJIaBOK C HCnOJIb30BaHHeM
MeTo,n:OBnJIaHHpOBaHH51 3KcnepHMeHTa H MaTeMam-
KO-CTaTHCTH'IeCKOH06pa60TKH 3KcnepHMeHTaJIbHbIX
,n:aHHbIX [3]. Ilpe,n:eJIbI BapbHpOBaHH5l OCHOBHbIXJIe-
rnpYIOll(HX 3JIeMeHTOB OXBaTbIBaJIHnpaKTH'IeCKH BeCb
cneKTP aycTeHHTHbIX CTaJIeH, HCnOJIb3yeMblx B KpHO-
reHHOH TeXHHKe.
3a OCHOBynpHH5lThI MaJIoyrJIepoJJ:HCThle «0,04 % C),

KOPP03HOHHO-cToHKHe (> 13 % Cr), HHKeJIbco,n:ep)l(a-
IllHe (> 10 % Ni) CTaJIH, ,n:onOJIHHTeJIbHO JIernpOBaH-
Hble MOJIH6,n:eHoM(01' 0 ,n:o 2,5 %), MapraHueM (01' 0
,n:o 10 %) H a30TOM (01' 0,15,n:0 0,45 %). MeTaJIJI onbIT-
HbIX TIJIaBOKKOBaJIH npH TeMnepaTYPe 1000 ... 1200 ·C
Ha npYTKH ,n:HaMeTPOM15 MMH nO;:J:BepraJIH aycTeHH-
TH3aUHH npH 1050 ·C C OXJIIDK,lleHHeMB Bo,n:e. Ilo pe-
3YJIbTaTaM HcnblTaHHH 06pa3uoB npH TeMnepaTypax
293, 77,20 H 4 K C nOMOll(blO MeTo,n:a TIJIaHHpOBaHH51
3KcnepHMeHTa nOJIy'IeHbI CJIe,n:ylOll(He ypaBHeHH5l
perpeCCHH:
cr~~~K= 376 +33(N) - 10(N)(Mo) - 5(Mn)(N) -
- 16(Ni)(Mn) + 13(Cr)(Mn); (1)
cr293K=686 + 60(N) + 46(Ni)(N) - 21(Cr)(N) +
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+ 18(Cr); (2)
8;93K =52 - 6(Ni) + 5(Ni)(Mn) -
- 1,6(Cr)(N); (3)
cr~~2K=1000 + 74(N) + 40(Cr) - 16(Ni) -
- 104(Cr)(N); (4)

cr20K =1574 + 89(N) + 29(Cr) -
B

- 103(Ni)(Mn); (5)
O~OK =35,2 - 3,9(N) + 2,7(Ni)(N) -
- 2,8(Cr)(Ni); (6)

KCy20 K = 193 - 30(N) + IO(Cr) + 23(N)(Mn) +
+ 15(Ni)(Mn); (7)
KCy4K=121- 14(N) + 71(Ni)(Mn) +
+ 54(Mn)(N). (8)
B cK06Kax ,n:aHa npHBe,n:eHHaH KOHueHTPaUH5l 3JIe-

MeHTa, onpe,n:eJI5leMaH no <poPMYJIe
X - (X - X )/(X - X )npUBe.l\ - <paKT cp MaKC cp'

r,n:e X<I>aJcr - <paKTH'IeCKaH KOHueHTPaUH51 3JIeMeHTa, %;
x - MaKCHMaJIbHaH KOHueHTPaUH51 no MaTPH-

MaKe

ue nJIaHHpOBaHH5l;
X - Cpe,n:H5l51KOHueHTpaUH51 no MaTpHue nJIa-cp

HHpOBaHH5l;
crO,2 H crB, MIla;
os, %;
KCY, ,1:QK/CM2•

AHaJIH3 ypaBHeHHH perpeCCHH n03BOJIlfJI cnporHO-
3HpOBaTh HOBbIHCOCTaBcTa6lfJIbHOH aycTeHHTHoH CTa-
JIH JJ:JI5lpa60ThI npH TeMnepaTYPe ,n:o4 K [1].
CocTaB CTaJIH BbI6HPaJIH C yqeToM CJIe,n:YIOll(HXor-

paHH'IeHHH::
HeMarHHTHaH aycTeHHTHaH cTPYKTYPa ,n:OJDKHa6bITb

yCTOH'IHBOH:B JJ:Hana30He TeMnepaTYP ,n:o 4 K;
npO'IHOCTHble xapaKTepHCTHKH npH KOMHaTHOH:

TeMnepaType ,n:OJI)l(HbI6bITb He HH)I(e 500 MIla JJ:JI5l
npe,n:eJIa TeKyqecTH H 850 MIla - JJ:JI5lBpeMeHHoro
conpOTHBJIeHH51;
npO'IHOCTb npH TeMnepaTypax 20 H 4 K ,n:OJI)I(Ha

6bITh Bblille 1200 H 1800 MIla JJ:JI5lnpe,n:eJIa TeKyqeCTH
H BpeMeHHoro COnpOmBJIeHH51 COOTBeTCTBeHHO;
TIJIaCTH'IHOCTh° npH TeMnepaTYPe 4 K ,n:OJDKHaco-

CTaBJI5lTbHe MeHee 20 %, a y,n:apHa5l B513KOCThHa 06-
pa3Uax llIapnH - 80 ,1:QK/CM2;
MaTepHaJI ,n:OJI)l(eH06JIa,n:aTb BbICOKOH:KOPP03HH:HOH:

CTOH:KOCTblOB B03,n:YIIIHOH:cpe,n:e npH H3MeH51IOIllHXC51
TeMnepaTYPHbIX yCJIOBH5lXpa60TbI, 6bITb TeXHOJIOrH'I-
HbIM H XOpOillO CBapHBaThC5l.
YCTaHOBJIeHO, 'ITO yBeJIHlfeHHe co,n:ep)l(aHH5l a30Ta B

CTaJIH n03BOJI5leT nOJIyqHTb HaH60JIbIlIHH: POCT npo'I-
Hocm npH KOMHaTHOH:TeMnepaTYPe. AHaJIH3 ypaBHe-
HHMperpeCCHH (1) H (2) nOKa3aJI, 'ITO 3a,n:aHHbIH:ypo-
BeHb npO'IHOCTH 06ecnelfHBaeTC5l npH co,n:ep)l(aHHH He
MeHee 0,4 % N.
113 ypaBHeHHH: (7) H (8) CJIe,n:yeT,'ITO ypoBeHb y,n:ap-
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lI,eJIeC006pa3HO RCnOJIb30BaTb COCTa-

Bbl, OTHOCHIIIReCH K ueHTpaJIbHOM 1JaCTH

OnTRMR3HpOBaHHOM 06JIaCTH, paC1JeTbl

n;JIH KOTOpblX HaH60JIee n;OCTOBepHbI. B
Ka1JeCTBe O)J,HOrO H3 B03MO)I(HbIX COCTa-

BOB MO)J(eT 6blTb npe)J,JIO)J(eHa CTaJIb

04X21H 16Af8M2<1>,U, paC1JeTHble H <!>aK-

TH1JeCKHe XapaKTepHCTRKH KOTOpOM npH-

Be)J,eHbl B Ta6JIHue.

MexaHullecKue c8oucm8a cmaJIu

HOMep T~, 0'0,2' a,. ll,. KeY.
OJIaBKH K MIla MIla % JlJK,ICM'

1 293 500/512 860/878 55/45 360/294
2 500/510 890/883 54/49 3901302
1 77 1180/1195 1995/1962 24/22 110/124
2 1205/1164 2000/1980 24/23 160/120

11pIoIeuHHe. B 'lHCJUrreJle npHBeAeHbI ¢aKTH'leCKHe. B
3HaMeHaTeJle - paC'leTHble AaHHble.
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AYCTeHHTHbIe XpOMOHHKeJIbMapraHue-

BbIe CTaJIIf C a30TOM If MOJIlf6)J,eHOM, 06JIa-

n;aH n01JTH B)J,BOe60JIee BbICOKOM np01JHO-

CTbIO no CpaBHeHlflO C 06bI'lHbIMH XpOMO-

HlfKeJIeBblMIf CTaJIHMlf, nepcneKTlfBHbI)J,JIH

R3rOTOBJIeHlfH BbICOKOHarpy)J(eHHbIX )J,eTa-

JIeM MallIIfH H KOHCTPYKUIfM KpHoreHHOM

TeXHRKR. OHH TeXHOJIOrH1JHbI, XOpOlliO

CBaplfBaIOTCH, KOPP03IfOHHO-CTOMKH, XapaKTepH3yIOT-

CH BbICOKHMH BH3KOCTblO If TIJIaCTlf'IHOCTbIO, BTIJIOTb)J,O

TeMnepaTYPbI )J(H)J,Koro reJIlfH. CTaJIIf 3TOM CHCTeMbI JIe-

rnpOBaHHH coxpaHHIOT BbICOKYIO cTa6lfJIbHOCTb aycTe-

HIfTHOM CTPYKTYPbl B KpIforeHHbIX yCJIOBHHX.

BAWlHue COaep:JICaHWlMapzaHl~a, HUKeAJlU xpoMa cma6UAbHbIX
aycmeHumHbIX cmaJIeu c 0,4 % N U 2 % Mo Ha cAei)yIOUI,Ue

xapaKmepucmUKU:
a - cmpyKmypy OnlJlmHbIXcocma808 nOCAepaCmJ/:JICeHWlnpu meMnepamype

77K; 6 - yaapHylO 8R3Kocmb KCV npu meMnepamype 4 K; 8 - npeaeA
meKyllecmu npu meMnepamype 293 K; z- o6Aocmb cocma808 c

mpe6yeMbtMU C80UCm8aMU(CnAoUJHbleAUHUU- CmaJIbc 22 % Cr,
nyHKmupHble AUHUU- c 17% Cry

HOM BH3KOCTH npH TeMnepaTYPe 20 H 4 K MO)J(eT 6bITb

)J,OCTHrHYT npH YBeJIH1JeHHH CO)J,ep~HHH MapraHua H

HHKeJIH B CTaJIHX. IlOBbIllIeHHIO 3Ha1JeHHM y)J,apHoM

BH3KOCTH npH KpHoreHHbIX TeMnepaTypax cnoc06-

cTByeT TaK)J(e YBeJIH1JeHHe cO)J,ep)J(aHlfH xpOMa. Il03To-

My npH BbI60pe COCTaBa 6bIJIa nOCTaBJIeHa 3a)J,a1Jaon-

THMH3aUHH cO)J,ep)J(aHHH MapraHua, HHKeJIH H xpOMa

B CTaJIHX C 0,4 % N H 2 % Mo (CM. pRCYHOK).

MH pellIeHHH 3TOM MHoro<!>aKTopHoM 3a)J,a1JR RC-

nOJIb30BaJIH rpa<!>H1JeCKHe HHTepnpeTaUHH ypaBHe-

HHM perpeCCHH B BH)J,e npOeKl(HM nOBepXHOCTH OT-

KJIHKa Ha OCH C Koop)J,HHaTaMH HHKeJIb - MapraHeu

)J,JIHTPex paCCMaTPHBaeMbIX xapaKTepHCTHK npH MH-

HHMaJIbHOM H MaKCHMaJIbHOM cO)J,ep)J(aHHR xpOMa

(CM. pHCYHOK a,6,6). 06JIacTb COCTaBOB, OTBe1JaIOIIIHX

3a,naHHbIM TPe60BaHHHM, npe)J,CTaBJIeHa Ha pHCYHKe 2.

MH CTaneM C MaKCHMaJIbHOM KOHueHTPaUHeM XpOMa

)J,Hana30H JIerHpOBaHHH HHKeJIeM H MapraHueM, no-

3BOJIHlOIIIHM nOJIyqHTb He06xon;HMbIe XapaKTepHCTH-

KH, 60JIee llIHpOK, 1JeM )J,JIHCTaJIeM C MHHHMaJIbHOM

KOHueHTpaUHeM xpOMa.
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