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[TpoGnema u mocTaHoBKa 3a/a4.

COBpEMEHHBIM  POCCHMCKMM MAIIMHOCTPOCHMEM, B TOM 4YHCIE —
apMaTypOCTpOEHHUEM, KpailHe BOCTpPeOOBaHBI SKOHOMHO JIETHPOBAaHHBIE HUKEIEM
KOPPO3HOHHO-CTOMKHE MaTepuansl B3ameH crajeir 18Cr-10Ni (mapku THma
12X18H10T), 17Cr — 13-15Ni- 2-3Mo (mapku 10X17H13M2T u 08X17H15M3T),
o0iajaromuye 3HAYUTENBHO OoJiee BBICOKOM CTaTHYEeCKOM M HUKIMYECKOU
MIPOYHOCTBHIO TPU CONOCTAaBUMOI MM 00Jiee BBICOKOM KOPPO3MOHHOMN CTOWKOCTH,
obecrieunBaromue 0ojiee BBICOKYIO JOJITOBEYHOCTh HM3Aenuii. OZHUM U3 TyTel
peleHust npoOsieMbl MOJYYEHHUs MaTepualla C YKa3aHHBIM KOMILIEKCOM CBOMCTB
SIBJISICTCS] CIIOJIb30BaHHE CTaJICH, JISTMPOBaHHbBIX a30ToM [1-3].

B 2000-e rr. Obuia paspaborana nedopMupyeMas CTalb ayCTEHHTHOTO
kinacca 05X22AT'ISHEM2® ¢ ~0,5 macc. %N [4]. T'opsuekoBaHble U
ropsiueKaTaHble 3aroTOBKH, JINCTOBOW MPOKAT M3 ATOM cTaiu o0JaiaioT YpOBHEM
MIPOYHOCTH, MPEBOCXOAIINM, B 3aBUCUMOCTH OT BUAa 00pabOTKHU (TepMuyecKas,
TEPMOMEXaHUYECKas), yPOBEHb MPOYHOCTH TPAJUILIMOHHBIX HEPKABEIOLIUX CTaslel
B 2 - 5 pa3. Takue XxapakTepUCTHUKU MPOYHOCTH 3Ta CTAJb COYETAET C BBICOKOM
IUIACTHYHOCTBIO, YIAPHOM BA3KOCTHIO, KOPPO3HOHHON U U3HOCOCTOMKOCTBIO [4-9].
OTO MNpUBIEKIO BHMMAHHME K JIaHHOMY MaTrepuainy KoOHCTpykropoB @OI'VII
HHUUTC (B u.B. OAO «IITCC»), yBHAEBIINX BO3MOKHOCTh M3TOTOBJICHUS W3
JAHHOW CTaJM DJIEMEHTOB CYJOBOW apMmarypbl, IPUYEM H3rOTABIMBAEMBIX HE
TOJIBKO M3 TopsueneOpMUPOBAHHOIO MeETajjla, HO ¥ U3 JIUTBIX 3aroTOBOK
CIIOKHOU (OopMBI JUIsl CYZOBOM 3allOPHON U 3allOPHO-PETYIUPYIOLIEH apMarypsl,
CIIOCOOHBIX KOHKYpHUpOBAaTh IO KOPPO3MOHHOM CTOMKOCTM ¢ OpoH3aMH, IO
MIPOYHOCTH — C TUTAHOBBIMU CIUIABaMHM, BBIIEP’KUBATh 0o0Jiee BBHICOKHE HarpysKw,
4eM TPaJULIMOHHBIE JIUTEUHBIE CTAIN AyCTEHUTHOIO KJlacca (He JIETMPOBaHHBIE a30TOM
U uMeronme npenen tekydectd He Boiie ~200 MIla [10]). Ananu3 nmreparypHbIX
JIAHHBIX, KACAIOIIMXCS JIETUPOBAaHMs a30TOM JIMTEHHBIX CTalell ayCTEHHTHOIO KJiacca
nokazan [11], 4ro 3apyOeXHBIMH CTaHZApTaAMH MPEAYCMOTPEHO HPOU3BOJCTBO IO
KpaliHel Mepe IISITM MapoK CTajlell ayCTEHUTHOro Kiacca ¢ coiepykanuem asora 0,1-

570

n

a
n



MMETAR 8onerT (U TIAA

0,4%. 2710 Cr-Mn-Ni, Cr-Mn-Ni-Mo, Cr-Ni-Mo craqu ¢ BBICOKHM COJEpKaHHEM
Hukenst (ot 9 1o 25%), B CTPYKType KOTOphIX nomyckaercs mo 20% deppura, ¢
BeIMUMHONW 3KBHUBaNieHTa nHUTTUHrOCcTOMKOCTH DCII=%Cr+3.3-%Mo0+16-%N no
30-34. Onu crocoOHBI oOOecreunTh TMpeAena TeKydecTH Spz ¢ 290 MIla.
JlomomHUTEeNbHOE MOBBIIIEHHE MPOYHOCTH 3THX CTajieill 00ecrieyrBaeTcsl MOBBIIIEHHEM
nom (epputa B CTpyKType cramu. B Hareii crpane Obum m3BectHbl [12] Cr-Ni-Mn
nmTelHbIe Mapku aycteHuTHoro kinacca 0X20H4AI'10 (HH-3) u 0X18['11H4AD
(HH-3®), xapakrepusyromuecs Oojiee HHU3KOW BEIMYMHON  3KBUBAJECHTA
nutrtuarocrorikoctn DCII © 26, Ho, Omaromapsi 60jee BBICOKOH KOHIIEHTPAITUH
azota (0,4-0,55%) cocoOHble obecrieunTsb npeaen tekydectu ot 345 Mlla. Ognaxo
B ctannapt P® [10] Ha iuTeiliHbIE CTAJIM, PAaBHO KaK U B W3BECTHBIC OTPACIICBBIE
CTaHJIapThl, IaHHBIE MAPKHU CTallell HE BKIIOYCHBI.

B cepeanne 2000-x ObLTH MPOBEACHBI MEPBBIE SKCIIEPUMEHTHI 110 OI[CHKE
JuTerHplx cBouctB ctaau 05X22AT'1SH8M2®, ¢ wuCHOIB30BaHHEM CIUTKOB,
MOJTyYSHHBIX MPH PA3IMBKE B THIJIH PACIUIABICHHOTO MeTailIa J1e()OPMHUPOBAHHBIX
3aroToBOK. bblla TOKa3aHa BO3MOYKHOCTh TOJYYEHHUS XOPOIIMX MEXaHWYECKHX
CBOMCTB JIMTOTO MeTaya [9].

B MUMET PAH Obutn mocrtaBiieHbl 3aiaud: 1) mo pa3paboTke (u3HKO-
XUMHUYECKUX OCHOB CO3[aHUS KOPPO3HMOHHOCTOMKON ayCTEHUTHOW JHUTEiHON
CTalld, VIPOYHEHHOM 3a CYEeT JIETUPOBAaHUS a30TOM; 2) MO HU3YYCHHUIO
TEXHOJIOTHIECKUX, MEXaHUIECKUX U KOPPO3HOHHBIX CBOWCTB; 3) IO MCCIIEIOBAHUIO
CBOMCTB CBAPHBIX COCAMHEHUMN TaKON CTaJIH.

Hwxe n3moskeHsl pe3ynbTaThl yKa3aHHBIX paboT. PabOThI BBITTOIHSIN TIPH
noaaepkke: rpanta POOU  08-03-00950-a (2008-2010), rocymapcTBEHHOTO
koHTpakta NellI772 (2009-2010), norosopoB ¢ ®I'VII [THUUTC (B H.B. OAO
«TCC») (2008-2011), B 2012-2017 71r. 3a CcYeT TOCOIOIKETHOTO
(buHaHCUPOBAHUS.

[Toaxomp! kK BBIOOPY cOCTaBa JIMTEHHOM CTaNH.

ITpu BbIOOpe mpenenoB serupoBanust [13, 14] ana 1260 BapuaHTOB
KOMITO3ULNI B cucTeMe Fe-Cr-Ni-Mn-N-Mo-JID OCYIIECTBIISUIH
TePMOJAMHAMUYECKUE PACUETHI MPEICIbHON pacTBOPUMOCTH a30Ta [N] B >KHUIKOM
(daze B CTaHIAPTHBIX YCJOBUSIX C MCIOJIB30BaHHEM IapaMETPOB B3aUMOJICHCTBUS
@onxTuHrepa. BapbupoBamu cozmepkaHWE OCHOBHBIX JIETMPYIOIUMX — JIEMEHTOB.
Pacuets! ocytiecTBIsIM ¢ Bcnonk3oBaHueM (Gopmyisr [ 14]:

Ig [N] =-560/T — 1,06 —2600/T- [0,39-{-0,048 ([Cr]+0,5[Mn]-2,45[C] -0,9[Si]-
-0,23[Ni]+0,27[Mo]+2,04[V]-0,12[Cu]-0,15[S]-[P] +0,41[W]) + 3,5x10°
*([Cr]+0,5[Mn]-2,45[C]-0,9[Si] --0,23[Ni]+ +0,27[Mo]+2,04[V]-0,12[Cu]-0,15[S]-[P] +
0,41[W])*} + (700/T-0,37)].

571



WMMETAR 80nerT (T TN

[Tocne pacyeroB KOMMO3WMIIMOHHO-YCTOMYMBOTO COAEpPKaHMUS — a30Ta
(koTOpoe MOKHO BBECTH B COCTaB cTaiii Oe3 mosryuenus aedexrHoro ciaurka) [N,
= [N]-Ky (rme Ky = 0,78 nust Cr-Ni craneit) Ob111 BEIOpaHBI IPEAEIIBI ICTHPOBAHUS
C UCIIOJIb30BAaHUEM KPUTEPUEB OOCCIICUCHHUS:

- Beicokoii mpo4HOCTH 32 cueT noydeHust MakcuMaibHbIX [N]k.

- @a3zoBoro cocraBa CTajd, MaKCUMaJbHO OJM3KOTO K MOJHOCTHIO
ayCTEHUTHOMY.

- Beicokoii KOpp0o3HMOHHOM cTOMKOCTU. B TOM unce:

- IS CTOMKOCTM K MEXKKPHUCTAUIUTHON KOPPO3UH ClieAyeT u30erarb
COCTaBOB C TIOBBIIICHHON KOHIEHTpAaLMe yriepojaa, B KOTOPBIX BO3MOXKHO
oOpazoBanue kapoumoB xpoma tuma Cry3Ce.

- IS CTOWKOCTH K TUTTUHTOBOM KOPPO3HMH JKEJIATEIbHBI MaKCHMAaJIbHBIC
srayenus JCII (2 31), u, cooTBeTcTBEHHO BhICOKHE KoHIIeHTparmu Cr, Mo, N.

OxcnepuMeHT. Da3oBbIl COCTaB OLIEHUBAIU MO MOAU(DHUIIMPOBAHHON
muarpamme Illedduaepa ¢ Bemnunnamu skBuBaneHToB: Cry, = Cr + 1,5Mo + 0,48Si
+ 2,3V + 1,75Nb; Nivg = Ni + 0,1Mn - 0,01Mn? + 18N + 30C, e %N = [N]x. Ero
COIIOCTABJISLIIN C:

- OKCHEPUMEHTAJbHO TIIOJIYYEHHBIM B HMCXOJHOM JIMTOM COCTOSIHUH
(ha30BBIM COCTAaBOM MOJICILHBIX TUTABOK cocTaBoB NeNe 1-3 (tabmnwuma 1);

- pacuetHbiM (ThermoCale, P = 1 atm, t = 600...1200°C) ¢da3zoBbiM
COCTaBOM JJIi TEPMOJMHAMHYECKH PABHOBECHOTO (Pa30BOrO COCTOSHHUSA CTaIH
coctaBoB 1-3 u BapuanToB 4-7, (Tabnuua 1). Komnosurun 4-7 uMeroT npeaenbHbIe
JUIs  33JlaHHOTO MapoO4YHOIO COCTaBa 3HAYEHMsI OJJIEMEHTOB ayCTEHUTO- U
(heppuTooOpazoBaTeNCii.

Cranu BBIUIABISUIM B OTKPBHITOW HMHIYKIIMOHHOH TIE€YH METOAOM
CIUIABJICHUSI YHCTBIX IIMXTOBBIX KOMIIOHEHTOB. A30T BBOIWJIM B METAI C
MOMOUIBI0 A30THPOBAHHOIO (eppoxpoma. 3aluBKy NPOBOAMIU B (GOPMBI U3
xononHo-TBepaeomeil cmecu (XTC). Cranp mn.l (komus aedopMuUpyeMOro
MIPOTOTHUIA) MMeJIa BUJ MHOTOCTYNEHUATON OTIMBKU CEUYEHUSMH TOJIIUHON OT 1
10 50 mm (puc.l, a). Ctanu cocraBoB NeNe2 m 3 3anuBanu B HPSMOYTOJIbHBIE
(bopMBI.

Hcnonp30BaHHbIE METOABl ONTHYECKOM, mpocBeunBaromeid ([I1OM) u
CKaHMpYIOLIEH AIEKTPOHHON MHKPOCKOIINH, (bepppuTOoMeTpUH,
PEHTTE€HOCTPYKTYPHOTO (B T.4. - CEJIEKTUBHOTO) aHanusa u
MUKpopeHTreHocnekrpaiapHoro ananmza (MPCA). OmnpeneneHuss MeXaHUYECKUX
CBOWCTB, KOPPO3MOHHON- U M3HOCOCTOMKOCTH MOJPOOHO omHcaHbl B paborax [15-
21]. UcmbiTanust Ha MexKprcTauHTHYIO Kopposuto (MKK) mpoBomam no 'OCT
6032-2003 meronom AMY. UcnbiTanus Ha CTOMKOCTh K MUTTUHroBOM kopposun (I1K)
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TIPOBOJIUIIH, OIICHUBAsI ToTepro Macchl B 10% pactBope F eCl;6H,0, mo TOCT 9.912-89

u 'OCT 9.908-85.
vsOBdZdyo 1.
XUMUUECKUN COCTAaB AKCIIEPUMEHTAIBHBIX JIUTHIX a30TUCTHIX CTallel U UCTIONBb30BaHHBIX
qutst pacueros (Thermo Calc)
XuMHUeCKHH cocTaB, % macc
C Mn  Si Cr Ni Mo V S P N B Nb

11,

3KCHepI/IMeHTaHLHHe IJIaBKH

1 0,04 144 024 22 76 112 0,22 0,01 0,011 047 0,004 -
2* 002 155 023 203 71 09 017 0,008 0,01 047 - 0,12
3 003 148 02 20 78 083 02 0,008 0,01 062 - 0,01

PacueTHbIe cocTaBbl ¢ IPEETBHBIMA 3HAYCHUSIMA 3JIEMEHTOB ayCTEHUTO-H (eppUTOOOpasoBareneit

4 001 14 01 19 7 05 01 o001 0,01 045 - 0.1
5 0,06 16 05 21 9 15 03 o001 0,01 0,67 - 0,2
6 0,06 16 01 19 9 05 01 001 0,01 0,67 - 0,1
7 001 14 05 21 7 15 03 001 0,01 045 - 0,2

* JIutyro cTanb OTMEYEHHOTO COCTaBa B JJAIbHEHIIIEM CBApUBAJIH JIa3€PHON CBAPKOii.

XapaKkTepUCTUKU BBICOKOA30THCTOM CTalM KakK JIMTEMHOrO Marepuaa.
KavecTBO OTIIMBOK.

Cranp 05X22AI'15SH8M2®JI umeer unTepBan kpuctamusauuu Dt ©
50 C, xapakrepusyercs Temmneparypamu juksuayc tp =1385 C u comupyc ts =
1330- 1340 C (ts - Temmeparypa HymeBoii »xuakotekydectu) [22]. Ha ocHoBe
U3MEpPEHUN TeMIIepaTyphl METajIa B IPOLIECCE €0 KPUCTAIUIN3ALUN U OXJIAXKICHUS
B popme 3 XTC 6t ompenenen € 54 W W  yd j dzls  LTGB A5 Mmiemg g O dzd W
paccuMTaHO BpeMsl 3aTBEpJCBaHUS MeTalla B CEUYEHMSIX JIMTEHHOW (opMbl pazHOU
TOJILIMHBI, MMOCTPOEHA Tpaduyeckas 3aBUCUMOCTb, MO3BOJIAIOLIAs IMpU pa3paboTke
TEXHOJIOTUH JIMThSl OLIEHUBATh BpEMs 3aTBEPIACBAHUS MPUOBUILHON YacTH, CTEHOK U
y3lI0B  OTIMBOK. IIpomeMoOHCTpHpoBaHa  BBICOKAs  KUIKOTEKY4YECTb  CTalH,
00yCIIOBJIEHHAs! HAJTMYMEM B €€ COCTaBe MapraHiia 1 a3oTa.

OTnuBKM UMeNU B NPUOBUIBHON YacTH KOHLIEHTPUPOBAHHYIO YCaJ0YHYIO
PaKOBHMHY; B HUX OTCYTCTBOBAIM JE(EKThI TUIMA MOP, PAKOBUH U TPELIUH (PUCYHOK
1, 6). Bce nccnenoBannbie OTIUBKH ¢ coaepkanuem azora 0,47 u 0,62%N umenn
OOBIUHYIO JUIS JINThS MAaKpOCTPYKTYpYy: KOPKOBas 30HA MEJIKUX KPHUCTaNIOB Yy
MOBEPXHOCTH OTJIMBKH, Jlajiee pacroyiarajiach 30Ha BBITSHYTHIX B HAalpaBICHUH
TEIJIO0TBO/Ia CTOJIOYATHIX KPpUCTAILIOB [15, 22].

[TpoBeneHO  cHCTEMaTHYECKOE  OKCIIEPUMEHTAIIBHOE M PACUETHOE
UCCIIe/IOBAaHNE MEXaHWU3Ma KpPUCTAJUIM3ALMU, XMMHYECKOro, (pa3oBOro cocrasa,
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MOp(}oIOruK, MEXaHUYECKUX CBONCTB JUTOW MHUKPOCTPYKTYpPHI IOTYYEHHBIX
BBICOKOA30TUCTHIX OTIMBOK [16, 17, 23].

Xumudeckuii u (a3oBBId COCTaB JIMTOTO MeETallla, €ro CTPYKTypa.
CooTHolIeHNE PacUueTHOTO M SKCIIEPUMEHTAIBHO MOIY4eHHOTr0 (ha30BOr0 COCTaBa.

Kpucrawnpammst cram 05X22AI'TSHSM2DJT ¢ 0,47% N cornacHo gaHHBIM
Thermocalc npoucxoauT uepe3 00IaCTh BHICOKOTEMIIEPATYPHOTO JeibTa-heppura
(puc.2). IIpu 600°C, cornacHO pacueTHbIM JAHHBIM, B CTPYKType JTOM CTaiu
JIOJDKHBI TIPUCYTCTBOBATh: aycTeHuT, HUTpuasl CrN, xapouasl MysCs u S-¢asa.
HccaenoBanus Meramia cinutkoB ctamu 05X22A1'15SH8M2®JI mokas3sIBaioT, 4To B
OCHOBHOM (haze — a30THCTOM ayCTEHHTHOM TBEpIOM pacTtBope (puc. 2 u 3a, Bpe3ka 1) —
NPUCYTCTBYIOT HaHOpa3MmepHble (4-6 um) mutprasl CrN u S-¢aza B konauuecTse oT ~6-
17% no 1 00.% (puc. 3a, Bpeska 1). MuaTepmerammuanas S-dasza (tuma FeCr, ¢
TETParoHaJbHON KPHUCTALIMYECKON pereTkon, coaepkameir 30 aroMoB B
AIIEMEHTApHOMN SYelike) B HCCICIOBAHHOW CTaM XapaKTepU3yercsl rapameTrpamu
dJIEMEHTapHOU SYeHKU a=8,52 A, c=443 A n conepxut ~28,5 %Cr, ~2,4 %Mo,
~12% Mn, ~ 3,5% Ni. B cTpykType H3y4eHHOH CTalu OTCYTCTBYIOT KapOHIbI
Me,3Cs, BcTpeuaroTcs HemHorounciennsle (<0,5%) cBetnble 3epHa anuHoi 10-15
MKM, HaeHTUHIMpoBaHHbIe Kak O-deppur (puc.2a, Bpeska 2). HccnemoBanus
CTPYKTYpBl U (pa30BOro cocraBa CTajaM COCTaBOB 1-3 mokaszanmu, 4To COONIIOACHHE
kputepust 1.17% Cryg - Niyg ¢ 11,16 obecrieurBaeT OTCYTCTBHE B CTPYKTYpE
cmutkoB O-¢pepputa. Bomonnenue ycnoBus [C]/[N] ¢ 0,15 mo3Bomser u3bexarb
oOpaszoBanusi kapounoB MexsCs KommuecTBo S-(ha3pl 3aBUCUT OT COOTHOLICHUS
3JIEMEHTOB - cTa0MWIn3aTopoB (eppura U aycreHurta. EE€ mosiBeHHe B CTPYKType
JUTOW CTald C BBICOKOM KOHIIEHTpAIIMA XpoMa W MOJIMOJIEHA OTPaHUYUIIO
CTpeMJICHUE TIPU BBIOOpE MPEIEIIOB JIETUPOBAHUS JTUTEHHOTO BapuaHTa 00ECTIeYUTh
OoJiee BBICOKYIO KOPPO3HOHHYIO CTOMKOCTH 32 CUET MOBBIIICHHS COJCPIKAHUS ITHUX
JIETUPYIONIUX JIEMEHTOB. J[J1s1 MCClieIOBaHHBIX TIABOK 1-3 HAOIIOAAIN KOPPESAIIUIO
MEX/1y pacdeTHOM o0beMHOM noneil S-aspl, 1 noneit 3Toit (aspl, onpeaeneHHON
DKCIIEPUMEHTANEHO: %0 Si ¢ fy j o 4 Guso i y20 (cM. Tab1.2 1 puCyHOK 3).

vsOBdZdyo 2.
Oo0bemHas nonst S ¢asbl (%) B cranu miaBok 1-3

Pacuer/Okcnepument |HJ1.1 |HJ'I.2 |HJ'I.3
Pacuer (ThermoCalc, TepmogrHaMHIECKH PABHOBECHBIE YCIIOBHS) 32 29 21
DkcniepuMeHT (YCIOBUSI HEPABHOBECHOM KpucTamm3aimu B (hopme n3 XTC) 12 9 1
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i, C |
1400 — i L + Austenite -
I+ Ferite ————— |
Ligmid + Ferrite + Ausienite
1300 -
Ferrite + Austenite
1200 — -

Ferrite + Austenite + Cri¥ Austenite + Criv

Ferrite + Austenite +

+ GV + M,,C,

900 — —
Ferrile + Austenite + | Austenite + CriN+ o-phase

800 — + CriV + M,,C, + o-phase | -

Austenite +
200 f CPN + M,,C, + o-phase
Austenite + CriV+ M,,.C, + o-phase + z-plhase

600 T T T — T T
025 030 035 040 045 050 055 N, mass %0

Puc.2. PacueTHoe ceyeHne TepMOANHAMUYECKH PABHOBECHOH (ha30BOI qUarpaMMBl ATt CTAIH
05X22AT'1SHEM2® mnpu nepeMEHHOM COJEP>KaHUU a30Ta.

MexaHu4eckrue CBOMCTBA JUTON M TEPMUYECKH O00paOOTaHHOM JTUTEHHON
CTaJIu.

Crarnyeckass npoyHocTh. VcbITaHUsS Ha pacTsDKEHHE M yNapHbIM U3rud
npu 20°C, TBEPAOCTS.

S-¢asa onuceiBaercs B padote [23] kak sxecTkas u xpymnkas. [lo gaHHBIM
MIPOBEJICHHBIX B IPEJICTaBICHHON paboTe W3MEpPEeHHH MUKpPOTBEPAOCTH, OHa
obmagaer TtBepaocTtbio ~900 Hy, cymiecTBeHHO Oojee BBICOKOW, YeM TBEpAOCTb
aycteHuTHOW Marpuubl = 400 H, Hamuume B aycreHurte muToi ctamu S-¢asbl
CHIDKAeT BSA3KOCTh W IUIACTUYHOCTh METala OTIMBOK (Tabimua 3): MpOTSKEHHBIE
BKJTFOUEHUS JKECTKOW M TBEPAOU O-(ha3bl CITOCOOCTBYIOT 3apOKJICHUIO TPEIIMH Ha
Mexda3Hoil rpaHule curma-dasza / ayCTeHUT U OBICTPOMY HX PacHpOCTpPaHEHHUIO
IIPU yJApHOM Harpy>keHHUHU CTaJIH.
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1.0 ‘ 1
Aycrenn
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0 = \d T T T T — 0 = 1§ T T T T
A 600 700 500 200 1000 1100 1200 @ 600 700 300 900 1000 1100 1200
Temperature, °C Temperature, °C

Puc.3. Pacuernas nons (a3, Bo3MoxkHbIX 11pu 600-1200°C B ycIOBUSX TEPMOAUHAMUYECKOTO

pasrosecus W OLT, 4Gy jteddsi dzls Odhdst® dzaizd B ¢

B ssHEsE sflsdyuyd M2 dd Cdpfdmddfisctalz ¢(lsolzdg)) L
a — i 1, cranb ¢ noBeimeHHbIM % Cr, MO, MOHMKEHHBIM COJIEPKAHHEM
Mn; N=0,47%.
6 — 1. 3, crane ¢ noHmwkeHHbIM % Cr, MO, NOBBIIICHHBIM COJIEPKAHIEM
asora (N=0,62%).

M3BecTHO, YTO Q30T CHWKAE€T CKJIOHHOCTb ayCTEHWTHBIX CTajledl K
oOpazoBanuto S-daspl. B pabore Obla yCTaHOBJIEHA CTENEHb BIMSHHUS a30Ta Ha
nojiaBfieHne 00pa3oBaHMs S-(a3bl B CTPYKTYpE HCCIECAOBAHHBIX JIMTBHIX CTaled U
TMIOBBIILIEHUE UX XapaKTEPUCTUK BSI3KOCTH U IIACTUYHOCTU. YBEIMUYEHHE COJIEpKaHUs
azota B craim Ha 0,15%, ¢ 0,47 1o 0,62 % cHmkaet coneprkanue S-hasbl B cramm ~ B 10
paz, ¢ 10-12 o ~1%, nprBOAs K MOBBILEHUIO YIAPHOW BSA3KOCTH JIMTOW CTalnu— B 5-7
pa3, IIacTUYHOCTH cTanu Oonee yem B 10 pa3; COOTBETCTBEHHO, pean3yeTcs
6onee Bwicokuit (Ha 230 MIla) ypoBeHb mpenena MPOYHOCTH CTaIUd B JUTOM
COCTOSIHUH.

[IpoBenenre Tepmuueckoi o6paborku (omkur mpu  1100-1200°C ¢
MOCTEAYIONMM  OXJIAK/ICHHEM B BOJIE) IMO3BOJSET TOMOIEHU3HPOBATH JIUTYIO
CTPYKTYpY, peaan30BaTh MNPHCYIIYIO a30THCTOMY ayCTEHHUTY BBICOKYIO MPOYHOCTb,
TUIACTUYHOCTh U BSIBKOCTH (Tabnmia 3). Cranu-Bapualui Ha OCHOBE CTaIU-IIPOTOTHIIA
(1. 1) nmerot Gonee BBICOKUI MpeiesT TeKY4eCcTH, YeM craib-ripotorurn. Cranb i3 ¢
TIOBBIIIICHHOW KOHIIEHTpAIMeld a30Ta MMeeT W 0oJiee BBICOKHI TIperen MPOYHOCTH.
Hwxe Bonpoc BiusiHHS TepMUYECKOM 0OpabOTKM Ha CTPYKTypy U (ha3oBbI cOCTaB
CTaJIM 00CYKIAeTCsl OTJIEIBHO.
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v OB dzd yo 3.
MexaHngecKie CBOICTBA JIUTOTO METaJlIa B OTCyTCTBHE TepMooOpaboTku (1) 1 mocie
Tepmudeckoii oopabotku (11).

y Oy 0 ., |KCU, 0 0 KCU,
Ne|og2,MIla MIIa 5, % |w,% M I Go2,Mlla [0, MIla 0, % v, % Mk I
LI T

| 1
1 394 449 2,7 1 0,11 399 °28691 °44 44 °7 53 °122,38°0,3 ?
2 388 471 5 10 0,15 432 °32678 °32 34 °8 52 °12210°04
3 380 681 34 30 0,55 432 °31 707 °30 40 °5 48 °4 2,10°0,3

1V kazanst CpeIHMe 3HaYEeHUs], 10 TaHHBIM OT 11 10 42 vcnbITaHui TS KAXKIOM ITaBKU.
2 Tlo mammeiM 13 penmimanmii, 1 O SBt6OL YyOR ) 68fdessdnds) ndp@ends j L S d3
cpemree 3naucHne KCV=2,27° 0,25, M /M2,

Teepnocts. UccnenoBanusi TBepmoctu cranu 1.l mo bpunemto mnocne
sakaikn oT 1200°C (1 4, BOma) MOKaszaau, uTO OAarogaps TBEPAOPACTBOPHOMY
YIIPOUHEHUIO a30TOM HCCJIEJOBaHHAs JIUTEHHAs CTaldb TBEPXKE TPaATUIIMOHHBIX
ayCTEHUTHBIX JMTeiHbIX craneil: HB=204 (180-213), Torma kak Uit craiei
12X18H9TJT u 12X18H12M3TJI HB,, = 156 (129- 183).

YyBCTBUTENBHOCTD K HA/APE3Y U XJIaJOCTOUKOCTD. TemIoCTONKOCTbD.

Tepmuuecku oOpaboTaHHasi JHTas CTajdb MPAKTHUYECKH HE MPOSBISET
YYBCTBUTEIBLHOCTH K OCTpOMY Haape3y (cMm. Tabmuiry 3), pa3HHMIIA B 3HAUCHHUSX
mexny KCU (2,38 °0,3) u KCV 2,27° 0,25 M]Ix/M> He npeBbIaeT pazdpoca
3HAYEHUH, XapaKTePHOTO JJIsl TUTOU CTPYKTYPHI.

Jlis ydera pa3NUYHBIX TEMIEPATYPHBIX YCIOBUM JKCIUTyaTalldH JIUTBIX
U3JIENNH, OT HU3KHUX KIMMaTHYECKUX TEMIIepaTyp A0 TeMIepaTyp Meperperoro mnapa,

B MepeUeHb UCTIBITAHUNA CTAIM OBLUTH BKITFOYCHBI MCTIBITAHHUS HA YJIApHBIA H3THO U
pacTskenue npu Temmneparypax -40 u -70°C, a TakKe UCTILITAHNS HA PACTSHKEHHE TIPU
temmeparypax ot -70 10 350°C (cm. Tabnuny 4).

W3 panubix B Tabmuie 4 BUAHO, YTO JIMTEHHAs CTajlb HE TMOJBEp)KEHA
XJIQJHOJIOMKOCTH M Tipu oxnaxaenun 10 -7/0°C. Bombliyro pois B 9TOM HIPaeT
TIOBBIIIIEHHAS IPOYHOCTH YIIPOUYHEHHOTO a30TOM ayCTEHUTa, 00eCIIEYNBAIOIIETo MpeieN
tekyuyectu 400-430 MIa, BBoe Gosiee BBICOKHM, YeM Y TPaJULMOHHBIX ayCTEHUTHBIX
mateinpix  craneil. ¢ [ § Isd 30 dz dz" d3( , m stsy€¢ d L to g
nOHtsMIss2CsMisd d Ibtejhddshiss2Csmisd weo dzwt
fojrnjd jc&UQY NSHO300dlsj2de § MisOdzd <80 A 6
10 dzf WBsekzls BT Is! dmf sdz' L s9 Odz o CO0OyJ ml
nOttOCIsjtedmisd S OB ( tetsydesmisd e
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v OB d&zd yOoO
Mexanmueckue ceorictsa rpu -70 - 350°C cramu 05X22AT'15H8M2DJT (.1, 1200°C, 1 4, Boxa) 1 cram
12X18H12M3TJ
. Temnepatypa ucnbiranus, °C
Crainb CaoiicTBa
-70 |40 [20  [100 [200 {300 350
602 MIla 558 506 427 - 229 214 211
o,,MIla 841 851 739 - 575 547 542
05X22AT'1 SH8M2®DJ1
&y, % 24/25 47/50 36/53 - 55/57 45/39 47/52
KCU, M[x/M®> 231 246 259 - - - -
602 Mlla 220 170 160 150 140
12X18H12M3TJI o,,MIla 450 450 400 360 340
&y, % 25/30 27 23 18 16

M3BecTHO, YTO MpH TeMIeparypax TeIIOBBIX Bblaepikek 10 ~550°C
neopmupyemasi cranmb  cramb-iporotunt 05X22AI'ISHE8M2® ¢ 0,5% asora He
TIPOSIBIISIET TIPU3HAKOB CTapeHus. JlaHHble TaOiuIbl 3 M PUCYHKA 4 CBHICTEIBCTBYIOT,
yro jureiiHag ctanbk 05X22AI'15SHEM2DJI ¢ 0,47%N MoXeT HCIIONB30BaThcs Kak
TEIUIOCTOMKUI Marepuan mo kpaiineil mepe mo 350°C. IlpumedaresbHO, 9TO HOBas
JIUTEHHAs! CTalb MPEBOCXOIUT IO XapaKTEPUCTUKAaM MPOYHOCTH U TIO TUIACTUYHOCTH HE
TOJIbKO OOBIYHBIC JIMTEHHBIC CTalM, HO U JAedOpMHUpYEMbIE, C CYILECTBEHHO Oosee
MEJKUM pa3MepoM 3epHa.

G, 5, O, MIa
0.2 B‘ 8, % (nna{:mquocrL)
700 [—* 70
ol
M
600 \ Ty 60
ny L LE T e,
50 * *> nuTedHble
500 - >
O (npezen ~ hAN 12X18H9T/, 10X18H116/1, 12X18H12M3TN
400 |-%5 \npouHocTH) —| 40 3¢ \ u u s 05X22Ar15H8M20N"
* ‘ [ 4
200 fb - 30 " | o gegopmupyemsie AlSI316
. (07X18H13M2), AISI 316 Ti (10X17H13M2T)
Oo,2
200 <02 Tery ey 20
100 10 |
0 0

0 100 200 300 ¢te°c O 100 200 300 t°C

Puc.4. IIpounocts m mmactmaHocTh cTamum 05X22AT'1SHE8M2®JI npu temmepaTypax o
3500C B cpaBHEHHHM CO CBOWCTBAMH TPAJWIIMOHHBIX 0€3a30THUCTBIX ayCTEHUTHBIX
CTajeli-aHaorOB.

YcranocTHas Mpo4YHOCTh
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N3ydena nukinnyeckass TpOYHOCTh B JIMAINIa30HE HANPSHKEHUM OT 225 10
600 MIla nuTOH, TepMUUecKH 00pabOTaHHOW KOPPO3MOHHOCTOWKOM —CTasu
05X21AT15H8M®JI B YCIOBHSIX MOBTOPHOTO pacTsukeHus, Ha 6ase 107 mukioB
HarpyxxeHus (puc. 5) [25]. B ycioBusix MajgouMKIOBON ycranoctu (10 ~N=6*10"
LMKJIOB) JuTas TepMooOpaboranHas cranb 05X21AT'1ISHEM®JI He ycrymaer
Gt Y Hj W B tc dyshtommmy @8EdemodsN=5%10° uukioB nmpesocxomut
KJIacCM4ecKHe aycteHuTHble aedopmupyembie ctamu SUS 304N u SUS 304. Ilpu
HanpspkeHun 225 MIlla cramp cmocoOHa BBIAEPKATH  OKOJIO 107 IIUKJIOB
Harpy>kKeHus IO BblllIEyKa3aHHOW cxeme. Hanuuue y JIMTOM cTanu TakoW IJIaBHOM
KPUBOW yCTaJIOCTU CBHJETEIBCTBYET 00 OTCYTCTBUU B €€ CTPYKTYpE KPYIHBIX
ne(eKToB, a TakKe O TOM, YTO B HEH HE MPOMUCXOJUT OOpa3oOBaHHE MapTEHCHUTA
nepopManuu 1oj BO3JAEHCTBUEM IMPHIOKEHHBIX HampshkeHuil. Ero orcyrcTBuE B
CTPYKType 00paslia, UCIBITAHHOIO MpU MakcuMaibHoM HampsbkeHun 600 Mlla,
ObUIO TMOATBEPXKACHO TPU HCCICNOBAHUM MHUKPOCTPYKTYpbl paboueld yacTu
00pa310B BOIU3U 30HBI Pa3pyIICHUS

700

600

Hanpsixenue, MlMa
H» [4.]
o (=]
o o
1 1

w

o

o
1

(12X18HITN: &0,=196 MMa)
RO v e nmeni v i i e v e ey i e g i e ey

10° 10* 10° 10° 10’

KonuyecTtso yuknos, N
Puc.5. KpuBast ycTajocTH IUIOCKHX JHTHIX 00pa3loB JIATOW TepMHUYECKH 00OpaboTaHHOU
cranu 05X21AT'1SHEMDJI

BiusHue Ttepmuueckoil 00paOOTKM Ha CTPYKTYpHO-(Da30BOE€ COCTOSIHUE
JIUTEWHOU CTalIu.

[TpuBeneHHBIC BBINIEC MaHHBIE JEMOHCTPHUPYIOT MOJIOKUTEIHLHOE BIIHMSHHE
TEPMUYECKOH OOpabOTKM Ha MEXaHHMUYECKHE CBOIMCTBA HM3yYCHHBIX JINTEHHBIX
craneii. [IpoBeneHHBII KOMIUIEKC HcCcienoBaHuii mokazan [17, 18], uro mpu
BBICOKOTEMITEPATYPHBIX TOMOTE€HU3UpYIomuX omkurax mpu 1100-1200 °C B nuroi
cramu  05X22AT'1SH8M2®JI,  conepkamieil  HEMOCPEICTBEHHO  IOCIE
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3aTBEplEBaHMs  KpUCTALIBI  S-(a3bl, NPOMCXOMAT  Hporecchl  (a3oBbIX
IIpEBPALLCHUM.

1. Ha mepBom atare, B COOTBETCTBHH C pacdyeTHOW (a30BOM JuarpaMMoin
(puc.2), mpu wHarpeBe B obmactu Temneparyp ~870-880°C s-dasza ¢
TETParoHaJbHOW KPUCTALTMYECKON pelIeTKoi mpeBpamaercs B 0- peppur ¢ OLIK
kpucrautndeckoil pemerkoi. (Ha npakruke mocie narpesa mpu 1100 °C B
TeyeHue | 4 B MeTajuie MOTYT OCTaBaThCs OTAENIbHBIC YacTULIBI S-(ha3bl pa3MepoM
He Oosee 1-4 MkM). DKCHepUMEHTalIbHbIE JaHHBIE 3TOI pabOThI U JIUTEPATypHBIE
naHHbIe [26-29] CBUIETENBCTBYIOT O OBICTPOM MPOTEKAHHUH ITOTO OOPATHMOTO
npesparieHussix 6 - 0. B0O3MOXHBIH MeXaHW3M 3TOr0 MPEBPAIICHUS ObLI
paccmotpeH B pabote [30]. O6pazoBaBimmiics pepput 61m30K Mo hopMme, pazmMepam
U XUMHYECKOMY COCTaBY K S-¢a3e, HO COIEPKUT MeHbIIe xpoMa (Ha 2-4 %) u
mosubaeHa (ot 0,3 10 1%) u 6osbine Hukens (Ha 2-3%).

2. Ha Bropom ostame, B pesynabrare muddy3un Xpoma, ayCTCHHT Ha
MexdazHoil rpaHuile «gd» odoramaercs XpoMoM 10 KOHIIEHTPAIlUH, P KOTOPOit
ayCTEHUT CTAHOBUTCS HEPAaBHOBECHBIM U TpeBpamiaerca B deppur. [Ipoucxomur
npoaBrxkeHne (QpoHTa Qepputa Briayob 3epeH aycreHuta. llpum anmurensHOM
TOMOTEHU3UPYIOIIEM OTXKUTE B pe3yabrate IuQQy3uOHHOTO TMepepacipeeseHus
XpoMa €ro KOHIIEHTpanus B (peppuTe CHIKACTCS, IIPOUCXOAUT pacTBOpeHHe depputa
B aycrenute. [lomHoTa npeBpaiieHus 6—Q TeM OoJbliie, YeM BbIIIE TeMIlepaTypa u
O0JIbIIIe IUTEFHOCTh TOMOT€HU3UPYIOIIETO OTKUTA.

MexaHu3M yIpOUHEHHUS.

OcCHOBHBIE MEXaHU3MBl YIPOYHEHUs AayCTEHUTHBIX CTaJed XOpOLIO
U3BECTHBI: TBEPAOPACTBOPHOE YHpPOUYHEHHE (IIPEXKIE BCEro - 3IIEMEHTaMU
BHEJPEHHUS); JUCIEPCUOHHOE TBEPJCHHUE; U3MEIbYCHUE 3€PEHHON CTPYKTYpHI IIpH
nepopmanuu oOpaTUMbIX (a30BBIX MPEBpPALICHUX; Ie()OpPMalMOHHBIA HaKJIEl.
A3OT, SABISISICH 3JIEMEHTOM BHEAPEHUS B ayCTEHUTE, YBEIMUMBAET MapaMeTp €ro
KPUCTAIJIMYECKONH pemIeTKH, o0ecneunBasl TEM CaMblM TBEPJIOPAaCTBOPHOE
yrnpouHeHue aycrenuta. s Fe-Cr-N cruaBoB ¢ 14-21% Cr, nerupoBaHHBIX
a30ToM B KosimdecTse 110 1,3% Obita momydeHa [31] 3aBUCHMOCTB ITOTO TTapameTpa
OT KOHIeHTparmu a3zoTta (Macc.%): a (A) = 3,598+0,019Q%N]. Jlermposanue
~0,5% a3zora cramm 05X22AT'1SHEM2®DJI 1mo3BoasgeTr 0OECIEeUnTh BBICOKHIA
YpOBEHb IPOYHOCTHBIX XapaKTEPUCTHUK (B OTCYTCTBHE OXPYMUYUBAIOLIEH G-(a3bl).

B 2000-x rT. Ha OCHOBE aHaJIM3a MEXAaHUYECKUX CBOMCTB MPOMBIIIIEHHO
MIPOU3BOIUMBIX JeGOpMUPYEMBIX CTajel C conepxkanueM asora ot 0,05 mo 0,87%
(316L, 904L, 304, J1, J201, 204Cu, J4, 1.4565, Cromanite, 23-15, 22-17),
o0paboTaHHBIX Ha TBepAbld pactBop, M. Illmelinenem ObUIM TOJTYYEHBI
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SMIUPUYECKHE 3aBUCHMOCTH XapaKTEPUCTHK MPOYHOCTH OT KOHLIEHTPALMU a30Ta:
Sg= Rn=500+500-CN; sg2= Rpy.=500+500-ON.

Cramu u3ydenHoit B [32] rpymmnbl mpu koHueHtparmu asora ~0,5% wu
pasmepe 3epHa 20-80 MKM, XapakTepHOM JJisi 0OpaOOTKM Ha TBEPIbIA PaCTBOP
umenu Sgo =503°50 MIla, sg = 853 °20 MIIa. B uccienoBannbix Hamu dzd Is '™ A
cTaisix pazmep 3epHa > 1000 MKM; JUIsi HUX MPAKTHYECKU HE JACUCTBYET MEXaHU3M
YIIPOYHEHUSI, CBS3AHHBIA C TOPMOKEHHEM MIHMCIOKAIIMN Ha TpaHUIAX 3epeH MpH
MJIACTUYECKOH nedopmaliuu, onuckiBaeMbiii 3akoHoM [leTua-Xomna: Sy = So+ 56’
Plemijfteind & ATy Bl soi p Eatz® to fatxdzp 4 § dad §
KOTOpO¢C HeO6XOI[I/IMO I CKOJIB)KCHUA I[I/ICJ'IOKaHI/Iﬁ B  MOHOKpHUCTAJLIC, K —
WHIUBUIyaIbHAS TS K&XKI0TO MaTtepraia KoHcTanTa). [ [pOUHOCTHBIE XapaKTEpUCTUKU
mutoi cranu 05X(21-22)AT'15SH8M(1-2)DJI ¢ ~0,5% N (cpeanue 3HadeHus Sop =
415 MIla u Sp = 685 MIla) obecrneuynBarOTCS a30TUCTHIM ayCTCHHUTOM B
OTCYTCTBHH YIPOYHEHHsI, 00€CTIeYNBAEMOT0 BKJIaI0M B YIIPOUHEHHUE TPAHUI] 3epEeH
Kak 0apbepoB ISl IBMYKCHUS AUCIIOKAIIHI.

Heckonbko mozxe M. llneiiaenem, ¢ yueToMm qaHHBIX U3 padot [33, 34],

ObLIa TIPEUIOKEHA MOIEIb I 1e(OPMHUPYEMBIX ayCTEHUTHBIX a30TOCOICPIKAIIIX
craiel [35], xoTopas nmpeasaraeT OJHOBPEMEHHO YYWUTHIBaTb BKJIaJbl B
yIPOYHEHHUE 2JIEMEHTOB BHEJIPEHHS U BKJIAJl, CBI3aHHBIN C pa3MepoOM 3epHa:

Rp2= Ro+ k@'

GHR d k, LOsdMmMwils B©Is Ctdayj destceOyYyd R- OL SIS (
dz0f tew 3 4 dzd J , dzj sB R SH Jd i35 § H dzW fto] SHBdzj d
HdMdzsS Oyd2, BjL oSfOHHO) davtg Bdgd'y oL jdad juds;dats -
fcdojH]dzdzsets ( COMOIsj dz' desets) dzOf 6w ) § ded W
OL slstsd3 O kzRyisIJ0BLRSKTCRES critical resolvedshearstress.

B pamkax »9Toil Momenu, B TEPBOM MNPUOIMKEHUH, MOXKHO
paccMaTpuBaTh MEXAaHUYECKOE IMIOBEACHHE W3YYEHHON IJIMTEHHOW CTanmu Kak
CUCTEeMBl  OpPUEHTHUPOBAHHBIX B  HANpPaBIEHWU  TEIUIOOTBOJA  KPYIHBIX
BBICOKOA30TUCTHIX MOHOKPHUCTAJIJIOB, pazzeIeHHBIX MaJbIM YUCIIOM
OOJIBIICYTIIOBBIX TPAHMUII, BHOCSIIIUX MHHUMAJILHBINA BKJIA] B YIIPOYHCHHE.

CormnacHo pacyeTHoM (a30BOM auarpamMme, MOJIYYSHHOM i cTainu .1 ¢
0,47%N, mpu 1100°C HuTpuasl pacTBOpPAIOTCS B aycrenure Ha ~80%, mpu
~1150°C mporiecc WX pacTBOPEHHs 3aBEpHIACTCS. DBBICTPOE OXJIAKIAECHUE OT
temmneparyp 1100 u 1200 °C n0o/kHO (HUKCHPOBATH MEPECHILIEHHOE a30TOM
COCTOSIHME€ ayCTEHUTHOrO0 TBEpAOro pactBopa. OpHAaKO MHOTOYHUCIEHHBIE
uccienoBanus MeTogoM [IOM TOHKOH CTPYKTYpBI JIUTOTO METallia, OMHCAHHLIE B
[17, 18] moka3zaim, 4To B mporecce OBICTPOrO OXJAXKICHHS B BOJE AYCTEHUT
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yCHeBaeT IMpeTepreTb TOMOICHHbIM, W30MOpP(MHBIIM pacmax ¢ BbLACICHUEM

nanopasmepHbix yactuil HutTpuaoB CrN ((Cr, V)N) (puc. 6) .

= |

_ saa
Puc.6. Torkas crpykrypa aycrenura cranu 05X22AT 1 5SH8M2DJI nocne omxura (1100 °C, 1

‘I), C OXJIA)KACHUECM B BOJIC: 4 — AyCTCHUT, 0- MI/IKpO,Z[I/I(l)paKLII/Iﬂ C y4aCTKa «a» U cXxeMa

e€ pacmudpoBKu [211]}/ /! [211]0,\1; B - Ha”opasmepHble dactumpl CrN mpu
yeennuernunx800 000 (JEM 2100), r — mukpoaubpakius ¢ ydacTka Ha «B» C
pedexcamu aycrenuta M HUTpugoB CrN.

TakuM 00pa3oM, yIpodHEHHE ayCTEHUTa JUTOW CTaald MOXKHO ObLIO Obl
OOBSICHUTh MEXaHU3MaMM TBEPJOPACTBOPHOTO yrnpouHeHus (1) u ynmpouHeHHUs 3a
cueT OJOKMPOBKHM JUCIOKAIMi HaHOpa3MEpHBIMH YacTUIAMHU HUTPUAOB (2).
OnHako, BBUAY HUX KOTEPEHTHOCTH KpPUCTAJUIMYECKOW pelIeTKe ayCTeHMTa,
JelicTBUE BTOPOTO MEXaHW3Ma Ha JaHHbBII MOMEHT TpeOyeT yTOUHEHHUS.

M3HOCOCTOMKOCTE U KOPPO3HUOHHAS CTOMKOCTD.

N3nHococTtolikocTh. M3HOCOCTOWKOCTh NpH aOpa3MBHOM H3HAILIMBAHUU B
YCIIOBHUSIX CyXOro TpeHus ckoimkeHus craneit mi.l (0,47% N) u 3 (0,62% N)
cpaBHHMBaJIM ¢ TakoBou miis ctanu ['andunsaa (110013J1), ocratomielics TaqoHOM
M3HOCOCTOMKOCTH cpelnu JUTeHHbIX craneil. [lokazaHo (cM. Tabmuily 5), 4To OHa
HaXOJUTCS Ha OJHOM YpoBHE co craibio 1101131

A3OTHCTBIM ayCTEHUT C HU3KOW MCXOIHOW TBEPAOCTBIO HE IPETEPIIEBAET
MapTEHCUTHOTO MPEBpPAILEHNs] NMPU W3HAIIMBAaHWUU, HO OH 00JaJaeT OTHOCHUTEIHHO
BBICOKOW CIMOCOOHOCTBIO K (DPUKIIMOHHOMY YIPOYHEHHMIO BCIIEICTBUE HU3KOU
SHEPTHUH IePEKTOB YIMAKOBKH; HA KOHTAKTHOW TIOBEPXHOCTH (POPMHUPYETCS] BTOPHUYHAS
CTPYKTypa C  JIOCTaTOYHO  BBICOKOM  MHUKpPOTBEPIOCTHIO.  OTHOCHUTETHHAsS
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n3HococToikocTh ctamu ¢ 0,62%N Hemuoro Bbime, yem y ctamm C 0,47%N, mo-
BUJMIMOMY, 3 CUET OOJIBIIETr0 YIPOUYHEHHS MIOBEPXHOCTHOTO CJIOS AyCTCHHTA.

vsOBdZdyo 5.
PesynbraTh! HCIBITaHNE Ha a0pa3uBHOE N3HAIIMBAHIE TEPMUIECKH 00paboTaHHOM
muroi craiu ¢ 0,47% N (ru.1) u ¢ 0,62% N (11.3) B cpaBHeHnu co cranpto 110I°13J1.

IT
TP Oy M3HOCO-MHUKPOTBEPAOCT KOHTaKTHOM| .
Cranp |maccbl| . ®azoBblit cocTaB
CTOMKOCTB, € TIOBEPXHOCTH T10CIIE HCHIBITAHHH, Hsg

AM, T
.1 5654 0,95 4135 ~97%g+ ~2% d
In.3 0,5204 1,04 4945 ~100%g
110I'13J10,5407 1,0 5200 100%g

e = AMD / AMO , rae € — OTHOCHTENbHAS H3HOCOCTOWKOCT, AM» — TIOTepsi MacCHI CT.
110T'13JI, AMo — moTtepst MacChl HCHBITYEMOTO 00pasma.

Kopposunonnas croiikocts. [IpoBoaunm uccnenoBanusa croikoctd kK MKK
u [1IK cramu 05X22AT'15H8M2DJ1 ¢ 0,47% N [19, 20].

MKK. 3OkcnepuMeHTanbsHO TMOATBEPKICHHOE OTCYTCTBHE BKIFOUYEHHI
HUTPHUJIOB ¥ KapOHMJIOB MO TPAHUIIAM 3€PEH B CTPYKTYpE JIUTOM CTalM U CTaIH TOCIe
TepMOOOpabOTKU NOHKHO ObUTo rapaHtupoBarh ctamb or MKK. Ilpu ocmotpe
ucnbiranubix Ha MKK 06pa3ios nocie ux 3aru6a Ha yron 90° B iutoM, Hanbosee
HEOJIHOPOJHOM CTPYKTYPHOM COCTOSIHMM, TPEIIMHBI OTCyTcTBOBajiu. Cranp B
cocrostunu Tocie omxura mpu 1200°C Tem Gosee He nposiBiisuia ipu3HakoB MKK.

Bapsuposanue aimrensaoctu [TK mpu 25°C.

[Ipu ucneiTanusax Ha ONUTTUHTOBYIO Kopposuto (IIK) cpaBHuBamm nutble
obpasipl mocie TepMoobpadotok: (1) 06padoTka Ha TBepabIi pactBop (1200°C, 1 u,
Boma) (2) To ke + crapenre npu 700°C, 100 4, MpOBOLMPYIOLIEE BHIAEICHUE
M30BITOUHBIX (ha3. YBeTUYEeHUE AITUTEIBHOCTH BBIIEPKKU OT ofHOro 10 10 4 He
BBISIBUIO BIIMSIHMSI CTape€HUs HAa NUTTHHTOCTOMKOCTH JIMTOM CTalM, TEPMUYECKH
0o0paboTaHHOW Ha TBEPJbIM pacTBop (Tabnmia 6). BHeurHuii Bua 0o0pabOTaHHBIX Ha
TBEpbIIl pacTBOp M cocTapeHHbIX 00pazuoB cramu 05X22AT'1SHEM2DJI nocne
UCTBITAaHUM O/IMHAKOB, HU3Kas CTENEHb MOPAKEHUs] CBUAETENILCTBYET O CTOMKOCTHU
sutoi ctaym K 11K npyu TaHHBIX yCIIOBHSX MCIIBITAHUN.

CormacHo mkanam cragapra ASTM DIN 610 croiikocts k I1K oneHuBaroT
no 10-OampHOM 1MIKane, COOTHECEHHOM CO CTENEHBIO IOPaXXEHUs] MOBEPXHOCTU
muttudramu, CIIII, B % mnoBpexneHHoil miomagun obpasua). B pesymbrare
IIPOBEJCHHBIX HCIBITAHUM JUId JUTOM cTamu noctpoeHa 3aBucumocts CIIIT or
TEMIeparypbl  HCHBbITAHUI u BBISIBJICHA ~ KpUTHYECKass  TeMIeparypa
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nurtriHrooopasosanus: KTII = 42°C (pucynox 7) (ITo TOCT 9.912-89 u TOCT 9.908-
85 KTIT ouermpaeres 3a 5 1 B 10% p-pe FeCl,)

v OB dzd yO
Crotikocts k TIK npu 25 °C B Teuenue 1-10 u mocie 06paboTky Ha TBepabii pactop (1) 1
00pabOTKH Ha TBEPIBIN PacTBOP U CTapeHus (2).

JITITENEHOCTD BBIAEPKKH B PACTBOPE, Tac

10 2 5 [10

O K
1 Ouaro [IK HeOwaros [1IK Haros HpamquKHEzm}qume HEpaBHOMEPHO
HeT. MUKpOyJacTKU pacTpasa

00Ha €HO AKTHYECKHU HET acnpenesieHHble odaru 11K
Py P TIOBEPXHOCTH pactip

Bapsuposanue temneparyps! 11K.

MHoOKecTBeHHble o4aru

Cr, ¥ o )
30 d

i HepasHOmepHO pacnpep,enel-;Hble /
oyaru lNK pasHoro pasmepa (3) /
/
20
d \/
I 4
: (@)
10 ) Menbyanwme /

- ouvaru MK (8)

-()..-_-_.EQE r r r ,
20 25 30 35 40 tier, °C
Puc.7. Biusiane Temnepatypsl ncnsiTanuid 00pasnoB ctamn 05X22AT15SHEM2DJI ¢ 0,47% N
Ha CIIII mo 'OCTam P® 6 (B ckoOkax ykazaHa CTOHKOCTH B Oaiutax mo mkaine ASTM
DIN 610)

[IpoBenenue Tnepen uUcHbITaHusMu crapenust npu 700°C He BIMsUIO Ha
KOPPO3HOHHOE TOBEACHHE W BUJ TOBEPXHOCTH OOpPA3IOB MPHU BCEX YKa3aHHBIX
temneparypax wucnbeiTanuil. [lonmyuennas KTII conocraBieHa ¢ W3BECTHBIMU
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JaHHbIMH O cTodkocTu K [IK pacnpocTpaHeHHBIX MapoK KOPPO3MOHHOCTOMKHX
craneit (tabmuua 7); BugHO, yrto ctains no KTII mpeBocxoaut cranmu tuma 316 u
HAXOJUTCS HA YPOBHE BBICOKOHHKeIeBOU cTamu 904L.

v OB dzd yo 7
Crotikoctb ctanu 05X22AT' 1SHEM2DJT u psna 3apyOexHbix Mapok ctanen k 1K,
one”enHasa no [ OCTam PD 1y ASTM G-48A2 , B conocTaniieHnu ¢ BeymunHoi DCILL

Mapxka AISI (CIHA) |Onmcanre Anaror PO (% Cr (% Mo |% N |[3CIT KTII(°C)
316 Ti 08X17H13M2T Ects 165 21 005 242 156
317L 0Cr19Ni13Mo3 Her 185 31 006 29.7 18,9°
904L 06XH28MIIT  Ecm 205 45 005 362 40°
05X22AT'15H8M2DJT 22 15 05 33 42°

Ngfuv 89982 [&% SuB0BYj dedo OJelfépy. LO 5 Y o 100
2§ BSTMG48As v ) Sy dzd» O7j2s g P F@ChD 1o

CBoiicTBa CBapHBIX COCIMHEHUM.

CaoiicTBa coenuHeHuil nedopmupyemoro npororuna. CBapka sBiseTcs
OIHUM u3 HauOoJiee YacTO UCHOJB3YEMBIX METOJIOB Uil COEAMHEHHUS
a30TOCOAEpKAIIMX AYCTEHUTHBIX HEPKABEIOUIUMX CTalIe. MexaHnyeckue CBOWCTBA
ceapbix coemuHennii (CC) H j W 5 te d3d tedzageidlz' 05X22AT' 1 SHEM2D  u
05X22AT'16H8M c 0,5%N, mosryuyeHHBbIX ¢ TOMOIIbIO PYyYHOW aprOHHO-IyTOBOM U
IYroBOM CBapKoil moj (IIocoM ¢ MPUMEHEHHEM IPOBOJIOKH IMAMETPOM 3 MM,
XUMHUYECKUHA COCTaB KOTOPOW COOTBETCTBOBAJ OCHOBHOMY METaJlly, ONMCAaHBI B
pabore [36]. beuio mokazaHo, uro B Metamie cBapHoro mBa (CII) mopsl
OTCYTCTBYIOT M IO CPaBHEHHIO C OCHOBHBIM METAJJIOM B HEM IOHMKEHHOE
colepXkKaHue a30oTa, XxpoMa M MmapraHua. [Io ypoBHIO NPOYHOCTH W yAApHOU
Bsi3kocTh CC TropsiueKOBaHBIX M TOPSYCKATaHBIX JAehOPMHPOBAHHBIX 00pa3IoOB
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craneit 05X22AT'16H8M u 05X22AT'15SH8M2® mpeBocxonar B 1,6-1,8 paza
npumensitoruecs  cranu  07X13120AH4 u 03X20HI6AI'6. V¥V CC cramu
05X22AT"'16H8M Obln TOCTUTHYTHI CBOMCTBA: S 2 = 635° 35 MIla, s, = 885°40 MI1a,
d=24°2%,y =40°1%, KCU = 1,6°0,3 MI[;K/MZ. [Tox neiicTBHEM TEPMUYECKOTO
nuKia ceapku meraul ceapHoro mBa (CIL) u 30HbI TepMmudeckoro BiusiHuA (3TB)
npereprieBaeT (a3oBble M CTPYKTYPHBIE MpeBpaiieHus [37], 4To BeaeT K CHHKEHHIO
ynapHoi Bszkoctd CC 1o cpaBHEHHIO C OCHOBHbIM MeTauioM (OM). Orxur c
MIOCIIETYIOIIMM OBICTPBIM OXJaxaeHueM (3akaikoi) CC mocne cBapKd MPUBOIAMI K
pacTtBopeHuto yacTuil u30bITOYHbIX (a3 B CII u okosomoBHON 30HE, TOBHIIICHUIO
xumudeckor ogHopoaHoct Metawia CC, pekpuctaumzauuu metauia CII, gro
MOBBIIIAJTIO YPOBEHB YIAPHOM BA3KOCTH U 1acTHYHOCTH CC B 1ienoMm [36].

Mexannueckue coiictBa CC nuteiHoM cTtanu, pa3paboTaHHONW Ha OCHOBE
cramn 05X22AT'I1SH8M2® panee uccienoBanbl He Obutu. Tarxke He ObUI paHee
orpoOoBaH CIOCO0 Ja3epHON CBAapKHM JaHHOW CTald B CEUYCHUAX O S5 MM.
[IpenmyrecTBa TaHHOTO CIIOCO0a — MOJydeHUE OOJBIION TITyOUHBI TIPOTUIABIICHUS
npu wmanoi mmpuHe CII, mno3ponstomee ymenpmnth 3TB, cBapouHble
nedopMaii U CYHIECTBEHHO MOBBICUTH CONPOTHUBIISIEMOCTh OOPa30BAHUIO
ropstaux TpemuH [38, 39].

Jns nazepHoil cBapku Ha obopynoBanuu U mo pexxumam HTO «PD-
[Tomrocy [40] ucnosib30BadyM KapTOYKM M MOJIOCHI TOJUIMHOW 0 5 MM W3 JIUTOMN
cranu 1IaBku Ne2 TOCiI€ TOMOTCHHM3HMPYIOUIEH TEpMOOOpPaOOTKH; MaTepHuaioM
CpaBHEHUs ObLIM KapTOUKU U3 ropsuekatanoi cramu 05X22AT'1SHSM2dD [41].
Caapkoilt BCTBIK (C 3a30poM < 25 MKM, 0€3 pa3JesKu KpOMOK U 0e3 CBapOYHBIX
npucaiok) Obutn nosyueHsl 6e3nedextHeie CC.

a 0

Puc.8. IToydennsie nazepHoit cBapkoit CC: a — obuuii Bux; 6 - 3061 OM, CII u muHUN
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[lIupuna cBapHoro mBa (CII) m rayOmHa mnporiaBaeHUs oOpaTHO
MPOMOPIUOHAIBHBL CKOPOCTH cBapku. COOTBETCTBEHHO, B 3aBUCUMOCTH OT
rapamMeTpoB CBAapKH IIMPHUHA MOJy4YeHHbIX B JaHHoU pabore CIII BappupoBanach
or 350 no 1200 mMkm (puc. 8, a). CBapHble COEIMHEHHUS H3YyYEHHBIX CTajlel
XapakTepU3yroTcs HamuuueM B LeHtpaibHoil yactu CII BepTUkanbHOW JIHMHUM
CTBIKOBKU JICHJIPUTOB pazmMepoMm oT ~5 10 150+£30 MKkM Kaxaoil U3 ABYX MOJOBHH
CC (puc. 8, 0).

ITo nanubiMm MPCA conepxaHre OCHOBHBIX METAJUIMYECKHUX JIETUPYIOLIUX
sneMeHToB B OM wu CII cooTBeTcTByeT MapoO4YHOMY COCTaBy CTajH
05X22AT'15H8M2®DJI, omgnako, B CIII nHabmromaeTcs HE3HAYUTEIILHOC CHIDKCHUE
KoHLeHTpauuu Mn (B cpennem 14,5% npotus 15,3% B OM). Ilo naHHBIM ra3oBoro
(dpakIMOHHOTO aHaNMM3a KOHIeHTpaus azota B OM cocrasiser 0,47+0,01%, a B CIII
0,39%. Camxenne xoHrnentparuu azota B CIL Ha 0,08% OombIme, 4eM 3TO MOXKET
ObITH O0YCIIOBIIEHO CHIYKEHUEM KOHIIEHTpaluu Mapranua B metaye CIHI [41].

v OB dzd yO
CpenHue 3Ha4CHUS MEXaHUYECKUX CBOMCTB MpH pacTskeHnu oopasio CC u OM (He cBapHBIX
00pasuos nuroi craiu) npu 20°C.

O06pa3sis! Sp2, MIla | sg, MIla 5, % v, % [Ipumeuanue

CC ropsuekaranoi ctamu — 375+24,63  914+15,8 31£2,17  18+4,3  JICu 3TB*
(mtockue oOpasubl, 0e3
00paboTKH KPOMOK) 336+37,5 920431 36+6 17+1,5  CIO*

cC JUTON cramd  308+16,3 657+42,5 5143,1 45+9,7 OM*
(mmockue oOpasmbl,  6e3

06PAGOTKH KPOMOK) 268+£13,1 6254672  39+12,7 35489  JIC*
C  o6paGoTkoii
35541 650+4,5  49+0,5 33+l 00paboTHON
.HI/ITaﬂ CTaJIb (HJ'IOCKI/Ie HEC KpOMOK
6 B
cBapHbie 06pasiLbI) 321412,5 64815 47+ 45+4 e3  obpaoru
KPOMOK

* 30Ha 00pasia, r1e MPOU30ILIO pa3pylieHHe.

WccnenoBanusi HampsHKEHHOTO COCTOSIHHSI TONy4eHHBIX B padore CC
nokasainu [21], yTo mocie a3epHol CBapKH MPOUCXOAUT YBEIMYEHUE BHYTPEHHUX
HanpspkeHud (0T ucxofHbix 3HadeHnitk B OM) Ha 8%, uTOo O0OBsCHsSETCA
ocoOeHHOCTSIMH (DOPMHUPOBAHUS CTPYKTYPHI TPU KPUCTAUTM3AIUU B YCIOBHUSAX
nazepHor cBapku. [lo manasiM [40] yBeaMUYeHHME CKOPOCTH CBApKH MOXKET
3G (HEKTUBHO YMEHBIIUTH KOHIEHTPAIMIO TEPMUYECKUX OCTATOUHBIX HAPSHKECHUH.

Bouin mpoBeneHBl HMCIBITAHUS Ha PACTSDKEHUE IJIOCKUX 00pasIoB CO
CBapHBIMU IIIBaMU B LIEHTpe paboyeil yactu (cM. Tadi. 9).
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Pazpymenue o6paszioB CC nutoit cramu npoucxoauiao B OM u mo JIC,
ropstueiepopmupoBanHoii — B MeHee mnpoynom wmerammie CHI, JIC u 3TB.
Comnocrasnenue cBoiicTB uzyuyeHHbIx CC ropsueeopMupoBaHHON U JIMTON CTAIH
[I0Ka3ajJl0, 4TO YPOBEHb WX Mpefesia IPOYHOCTH OIPENESIETCSl MPOYHOCTHIO
OCHOBHOT'O MeTajlia, Mpesesl TEKy4yecTH OOYCIOBIIEH CTPYKTYpOW M CBOWCTBAMH
nutoro meraiia. ITokazarenem 6nuskoro ypoHs npoyHoctu OM u CII ciyxat
JaHHbIE W3MepeHud mukpoTBepaoctu: B OM HV=312+4, B CII HV=31843.
OO6pa3iel IMUTON cTanM, paspylieHHble B 30He OM, 3aKOHOMEPHO UMENH YPOBEHb
MMPOYHOCTH TaKOH ke, KaKk y 00pa31ioB JUTOro He cBapHOTro Metauia (~650 MIla).

Uccnenosanue uznomoB CC ¢ ucnonb3oBanueM POM mokaszano, 4To
paspylleHHe HMeeT BSA3KHM, SIMOYHBIA Xapakrep. TpelMHBl 3apOXKIAINCh Ha
OCTpOH KpOMKE OOpa3IoB U PacIpOCTPAHWINCh BIUIyOb, ¢ 00pa30BaHHEM BSI3KOU
30HBl J0jJOMa B LeHTpe oOpasua. (B ompeneneHHoll Mepe MNpOBENECHHBIE
UCIBITAaHNS UMUTHPOBAIIM HAJMYKUE OCTPHIX KPOMOK Y CBAPHBIX WU3JETHUI U JaBaIu
Mpe/ICTaBJICHHEe 0 MUHUMAJIbHOM YPOBHE UX MEXaHHYECKUX CBOMCTB). B m3nomax
HaONMolan W BHYTPU3EPEHHBbIC, U MEX3epeHHble paspyuieHus. VcciemoBaHus
o0pa3uoB, paspymeHnbix no CII, moaTBepauin, 4To TPEUIMHBI U Ta30BbIE MOPHI B
CII npokaTa OTCYTCTBYIOT.

O6bwnme BbLIBOADSI

C 1enbIo MOBBIICHUS YPOBHS CBOMCTB MPUMEHSIONINXCS B H.B. JIUTECHHBIX
a30TcoJlepKallluX CTajed ayCTEeHMTHOro Kiacca (Ipexae BCero — Ipezena
Tekydectd, Oonee Bbicokoro, yem 200-290 Mlla, y poccuiickux u 3apyOeXHBIX
CTaJIei, COOTBECTBEHHO), BIIEPBBIE IPOBEIEHbI pacyeThl PAcTBOPUMOCTH a30Ta,
MojeMpoBaHre (ha30BOro cocraBa BhICOKOKOppo3uoHHOCTOMKHX Cr-Ni-Mn-Mo-N
ayCTeHUTHbIX cranedl ¢ ~0,5% a30Ta, NpPOBENEHO KOMIUIEKCHOE HCCIIEN0BAHUE
CTPYKTYpbI, (pa30BOro cocraBa, (PU3MKO-MEXAHMUYECKUX M SKCIUTyaTal[MOHHBIX
CBOMCTB JIMTOTO UM TepMHYECKHM oOpaboTaHHoro Metauia cramn 05X(21-
22)AT'15H8M(1-2)DJI ¢ 0,47-0,62% a3ora.

WN3yueHbl  MeXxaHU3M  KpUCTAUIM3ALMUU,  JIMTEHHO-TEXHOJOIMYECKHE
napamerpsl cranu. Iloka3aHo, uro ykazanHas crams ¢ ~0,5% N sBmsercs
BBICOKOTEXHOJIOTMYHBIM JIMTEHHBIM MAaTepuajioM M MOXKET HCIIOIb30BaThCS UL
W3TOTOBJICHUSI OTBETCTBEHHBIX JIUTHIX JeTalell BBICOKOTO KauecTBa JIOOOW CIIOKHOU
KOH(UTypaLHH.

W3yyen MexaHusM (a30BbIX MPEBpPALICHHUM, MPOUCXOIAMIUX TpU
TepMUYECKOH 00paboTKe JUTOr0 MeTajlja, BIWSHHE BapUalluid OCHOBHBIX
JIETUPYIONIUX 3JIEMEHTOB U TEPMOOOPAOOTKH Ha MOJaBIeHNE 00pa30BaHUs CUTMa-
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¢da3el. [IpogemMoHCTpHUpOBaHA BO3MOXKHOCTH TONYYEHUS JIUTOM ayCTCHUTHOU
CTPYKTYpHbI 03 curma-(asbl, ¢ KOJIMYECTBOM OCTaTOYHOTO (eppurta He 6oree 1%.

[IpennoxxeH  XMMHYECKHMM  COCTaB  HOBOM  JIMTEUHOM CTajin
05X21AT'15H8M®JI [42] u pexumbl €€ TepMooOpabOTKH, 00eCreYrBArOIINe
YPOBEHB CBOMCTB: So2 = 400-430 MIla; sg = 670-700 MIla; d=34-40%, y = 50-
52%, KCU = 2,0-2,4 MI[)K/MZ. Cranp HEUyBCTBUTENIbHA K HaJlpe3aMm, MPEBOCXOIUT
npumeHstonmecs B P@ nurelinble ayCTEHUTHBIE CTalM 10 NpPEieNy TEKy4eCTH B ~2
pasa, 110 yJ1apHOil BSI3KOCTHU B ~4,5 pa3a, o TBEpAOCTH — Ha ~25%.

Bbicokuii  ypoBeHb ~ IPOYHOCTM  JIMTOW  CTamd  OOBACHAETCA
TBEPJOPACTBOPHBIM YIPOYHEHUEM AYCTEHHTA a30TOM U HAJIMYUEM B CTPYKTYpE
cran HaHopasMepHbix dactul (Cr,V)N, koTopsie, co3iaBas MUKPOHCKAKCHUS B
KPUCTAJNINYECKON  PEIIETKE  ayCTeHWTa, JOJDKHBI  3aTpPYAHATh  IPOLECC
NepeMeIleHHs TUCIIOKAIUH IPU IUIacTHYecKol aedopmarui.

N3yueHbl 53KCIUTyaTallMOHHbIE CBOMCTBA HOBOW JIMTEHHOM cranu. EE
ayCTEHUT HE IIPETEPIEBACT MApTECHCUTHOIO INPEBpAllleHUs IPHU W3HALIMBaHUM,
obecrieunBast 3a cueT (PUKIMOHHOTO YIPOYHEHHS M3HOCOCTOMKOCTH HAa YpOBHE
cramu lagdunpaa 110T'13J1. Crans He ckinonna k MKK. Jlaxe mocine crapeHus
100 4 mpu 700°C crans He cknonna k [TK npu ucnbitanusx B 10% pactsope FeCls
(35°C, 5 u). [lns W3ydeHHOM CTajiM YCTaHOBJIEHA KPHUTHYECKas TeMIepaTypa
nurTuHrooopasosanusa: KTII=42°C. VcranosieHa, 10 JaHHBIM HCIBITAaHHN Ha
yIapHbli ¥ M3ru0 W pacTsbKeHHe, BBICOKas pabOTOCHOCOOHOCTh CTalM HpU
teMneparypax ot -70 1o +350. ITokazaHo, 4TO MpPU LHUKINYECKOM HATPYKEHUH JO
~ N=5%*10° uMKIOB CTamh NPEBOCXOAMT  KIACCHUCCKHE  AyCTCHHUTHBIC
nedopmupyembie ctam SUS 304N u SUS 304. [Ipu nanpsokenuun 225 Mlla crans
CIIOCOOHA BbIIEPKATh OKOJIO 10" mukios HarpyXeHHsl.

Iloka3zaHa BO3MOXHOCTb IIOJIYYEHHMS METOJIOM Ja3epHOM CTBIKOBOU
CBapku, 0e€3 CBapoOYHOM mpucaaKH, O0e31ePEeKTHBIX CBApHBIX COCTUHEHUN
aycreHutHoW yutor cranmu 05X21AT'ISHEM®IJI ¢ 0,47% a3ota, ¢ moiaydeHHEM
cBapHBIX MBOB MIMPpHHOI oT 350 10 1200 um, Ge3 ra30BBIX MOP U MUKPOTPEIIHH,
HE coJep)KalluxX BKIOUYeHUH Qeppura u S-¢aspl. Ilo BenuuuHe mnpexaena
IIPOYHOCTH TIOJTYYEHHBIE JIA36pHOM CBAPKOW COEIMHEHMS JIMTOM CTalaud MOXKHO
CUMUTaTh PABHONPOYHBIMU OCHOBHOMY MeTainy. Ilpenen TekydecTw H3ydeHHBIX
CBapHbIX COCJIMHEHUN HAXOJUTCS HAa YpOBHE, MPUCYIIEM JHUTOMY COCTOSHHUIO
YIIPOYHEHHOM a30TOM cTaiu M npeBocxoauT Ha 40-50% mnpenen TeKydyecTH He
ceapHoro Mmeramia craned tuna 12X18HIOTJI, He coxmepxammx azora.
[Tonyuyennsie CC 0651a1a10T XOpOILIEH MIACTUYHOCTHIO U BA3KOCTBIO.
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