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Bsenenne

AKTYaJbHOCTH T€MBI.

[Iporpecc B psge obnactel KpUOTEHHOM TEXHUKM TaKUX  Kak
pPaKeTOCTPOCHUE, dHEPTeTUKa, KPUOOHUOIOTHS, KPUOMEIUITMHA, (HU3UKAa BBICOKHX
DHEPIruii, B 3HAYUTEIBHOM MeEpEe ONpPEACISIETCS BO3MOXKHOCTSIMU CO3JaHUs
ayCTEHUTHBIX CTaJ€ll C BBICOKOM NPOYHOCTHIO. CyIIECTBEHHBIM HENOCTATKOM
NPUMEHSIOIINXCS AyCTEHUTHBIX CTaJled SBISETCS OTHOCUTEIBHO HU3KHE
CTaTUYecKass M  I[UKIWYECKas MPOYHOCTh, BSI3KOCTh  pa3pyll€HUS U
U3HOCOCTOMKOCTh. [IpoOnema mMOBBIIEHUS KOHCTPYKIMOHHOM  IMPOYHOCTH
AyCTEHUTHBIX CTaJled IyTeM OSKOHOMHOTO M 3()QPEKTHUBHOTO HCIOIb30BAHUS
JETUPYIOLUX 3JIEMEHTOB SIBISETCS OJHOM H3 BaXXHEMIIMX B COBPEMEHHOM
matepuanosenennu. Han pemenuem stoil mpobdiremer UMET PAH paGortan B
TEUYEHHE Psijia JeT. YCIEUHO paboTaad IO CO3JaHHI0 SKOHOMHOJIETHPOBAHHBIX
aAyCTEHUTHBIX CTajJell U UX TEepPMHUYECKOM 00paboTku B Haiied cTpaHe baHHBIX
O.A., EpmakoB b.C., TI'ynseB A.Il.,, Kanyrkuna JI.M., KoBuepucteii [O.K.,
[Tpunanues M.B., Connues FO.I1., Carapaaze B.B., Crenanos I'.A., Yibsuun E.A.
[1-8] u mp.

OnHUM U3 NEPCIIEKTUBHBIX IMyTEW MOBBIMICHUSI IPOYHOCTU MPU COXPAHEHUHU
JOCTATOYHOW I NPAKTUKW IUIACTUYHOCTH MPH KPUOTEHHBIX TEMIIepaTypax
AyCTEHUTHBIX CTajJed SBISETCA COBMECTHOE HCIOJIb30BAHHE HECKOJIBKUX
MEXaHU3MOB YIPOYHEHUS (TBEpIOPACTBOPHOTO, 3€pHOTPAaHUYHOTIO,
JUCJIOKAIMOHHOTO U JUCHEPCHOHHOI0) BBICOKOA30TUCTBIX CTalled. A30T Kak
JETUPYIOUUMH  DJIEMEHT NPEBOCXOAMUT APYTHE OBJIEMEHThl MO0 YIPOYHSIOIIEH
CIOCOOHOCTH  ayCTeHHWTa O3TUMH  MeTOoAaMH  ymnpouHeHus. JloctuxkeHue
HEOOXOJMMBIX YpOBHEW MEXaHMYECKHX CBOMCTB y a30THUCTBIX CTajed TpeOyer
MPaBUJILHOTO BBIOOpA ayCTEHUTHOM MATPUIIBI U THUMA YNPOUYHSIONMX (a3, 4To
ABJISICTCS, KaK MPABUJIO, CJIIOKHOW HAyYHOU 3a1adeil. B CBsSI3U CBBIIEU3I0KEHHBIM
ABJIIETCSl AKTyaJlbHOM pa3paboTKa MPUHIIMIIOB JIETUPOBAHUS BBICOKOA30TUCTHIX
AyCTEHUTHBIX CTAlel W PEXUMOB MX YIOPOUHSIONIUX TEPMUYECKOH U

TEPMOIIACTUYECKON 00paObOTKH.



Heabo paboTbl SBISUIOCH - pPa3BUTHE TNPHUHIMIIOB JIETUPOBAHUSA
AyCTEHUTHBIX CTaje€il M CO3[JaHME€ Ha HX OCHOBE BBICOKOA30THCTBIX
KOHCTPYKIIMOHHBIX ~ CTajied, MPUTOAHBIX [JIi HCIOJIb30BaHUS B KayeCTBE
MaTepHuana sl TSHKEJIOHATPY>KEHHBIX U3JEIHI KpUOTEHHON TEXHUKH.

OcHoBHBbIE 3212494 PaOOTHI:

e YcraHOBIEHHE 3aKOHOMEPHOCTEH M3MEHEHUS CTPYKTYphl U  CBOWCTB
aycteHUTHBIX Fe-Ni-N m Fe-Cr-Mn-Ni-N criaBoB B 3aBHCHMOCTH OT HX
JIETUPOBAHUSI.

e lccnenoBanue  BIMSHUSL ~ TEpPMUYECKOW O0O0pabOTKM M IUIACTHYECKOMN
nedopmalii Ha CTPYKTYpPY, (PU3HKO-MEXAHUYECKHUE M XMMHUYECKHE CBOMCTBA
HOBBIX CIIJIABOB.

e HccnenoBanue TEXHONIOTMYECKUX CBOWMCTB MONY(}HaOpUKATOB, U3TOTOBJICHHUE U
UCHBITAaHUS  M3JEeNUid U3  pa3padOTaHHBIX  HOBBIX  BBICOKOA30TUCTBIX
ayCTEHUTHBIX CTaJeil MPOMBIIIEHHON BHITUIABKU

Hay4Hasi HOBU3HA:

B pabote BepBblie MOTy4YEHBI CIEAYIOMINE BaXKHENILINE Pe3yIbTaThI
- pPa3BUTHl TPUHUUIBI JIETUPOBAHUS A30THUCTBIX AYCTEHUTHBIX CTalel i
BBICOKOHArpy>KEHHBIX KOHCTPYKLUI KPUOT€HHON TEXHUKH, HA OCHOBE KOTOPBIX
CO37aHbl HOBBIE CTaJIM, C YPOBHEM IIPOYHOCTH MPEBBIIIAIOIIMM CYIIECTBYIOIIUE
ananoru. OOOCHOBaHBI onTUMaibHBIE coaepkanus azota (0,5-0,6%N) u (0,1-
0,3%V) nns aycrenutHbix Cr-Mn-Ni craneli ¢ TBepIOpaCTBOPHBIM YIPOUYHECHHEM
u 0,3-0,4% azora u 0,8 — 1,1% Banagus s aycteHHTHBIX Cr-Mn-Ni craneit ¢
JTUCIIEPCUOHHBIM TBepAeHHeM HaHouacTuuaMu VN;

- YCTAaHOBJICHA 3aBHUCUMOCTb TEMIIEPATyphbl BSI3KO-XPYIIKOTO Iepexoja OT

BenuuuHbl DJIY aycrenutHeix Cr-Mn craneit ¢ coaepkanrem azora 6onee 0,4%,

MO3BOJISIIONIAS BECTUM HAMNPABICHHOE JIETUPOBAHME C YYETOM TEMIIEPaTyphl

IKCILTyaTallM¥ KPHOTEHHBIX KOHCTPYKIHiA. AyctenutHbie Cr-Mn-Ni cramu ¢ 0,5 —

06%N u 6 — 8%Ni, y koropsix DJIY aycrenuta Gomee 25 MJDx/m%He

VCHBITBIBAIOT IIPY HU3KUX TEMIIEPATYPAX XPYIKOIO pa3pyLIEHUs;



- paccuuTaHbl M MOCTPOeHBI (ha3oBeie auarpammel ciiaBoB Fe-Cr-Mn-Ni-N, na
KOTOPBIX OmpeneneHbl  (a3oBble O00JAaCTH ayCTEHHWTa C MaKCUMAaJIbHBIM
coliepkaHreM a3oTa. M3yueHo BIMSHUE PEKUMOB TEPMHUECKOM 0OpabOTKM Ha
MEXAHU3M Pa3pyILICHUsI BBICOKOA30TUCTON aycTeHUTHOM cTanu 05X20I'TOH3AM®
npu yJIapHOM HarpykeHuu. OCHOBHBIM MEXAHM3MOM pa3pylleHUs B WHTEpBaje
BSI3KO-XPYIIKOTO IIe€pexojia 3Toi cramd mocie 3akanku ot 1100°C u Harpesa mpu
800°C smisieTcsi obpasoBanme ['TIK-(haceTok BHYTPH3EPEHHOTO pa3pyIICHUS,
CABUTOBBIX U IUIOCKMX SIMOK, S3BIKOB CABUTa U (aceTOK MEX3EPEHHOTO
pa3pylieHus;

- U3YYEHO BIUSHUE CTPYKTYPHOTO COCTOSIHHSI a30TOCOJEpXKAIMUX CTajled B
3aBHCHUMOCTH OT PEKUMOB pE3aHUsl IpU TOKapHOI 00paboTke. M3yueHa cTOUKOCTh
pe3loB Ipu ToueHHHM BbicOKoazoTtucto cramu 05X22AI'1SHEM®. Ob6pabdoTka
CTaJIM 3aTPyJHUTEIbHA TpH HHU3KOW ckopocTu pe3anus (V<lOm/muH) wu3-3a
o0Opa30BaHMsI HAPOCTA HA PEXYIIEH KPOMKE pe3lia, IPUBOSIIETO K €ro MOJIOMKE.
[Tpu ckopoctu pezanus 20 — 70 m/MuH, riryoune pezanus 0,25 — 0,75 MM u nogaue
0,15 — 0.60 MM/06 OTCYTCTBYET HAJIUIIAHUE METAJUIa HA UHCTPYMEHT U CTOMKOCTh
pe3loB 3HAaYuTENbHO moBbIaeTcs. IIpu ckopocTsax pe3anus Ooznee 74 mM/MuUH
00pabaThIBAEMOCTh CTAJIM PE3KO CHIDKAETCS M3-3a MOBBIIICHUS TEMIEPATyphl B
30HE PE3aHus;

- m3HococTouKOoCTh cTamu 05X22AT'15SHE8M2D ¢ 0,55%N 3aBucur ot
ne(OpMallMOHHOTO  YINPOYHEHHs]  ayCTeHMTa, OOpa3oBaHMsl  MapTeHCHUTa
nedopmaruy 1 Hamnaus TBepAbIx yactuil CryN;

- YCTaHOBJICHBI 3aKOHOMEPHOCTH (OPMHUPOBAHUS CTPYKTYPHl M MEXaHHUYECKUX
CBOMCTB cBapHblx coeauHenuii cramu 05X22AT'1SHEM® ¢ 0,6%N. Asor
PaBHOMEPHO pacipesiesieH B IIBE M 30HE TEPMUUYECKOTO BIUSHUS; B METAJUIE 111BA
HOpBI OTCYTCTBYIOT M 10 CPAaBHEHHUIO C OCHOBHBIM METaJVIOM B HEM NMOHM)KEHHOE
comepkarre N, Cr u Mn. 3akanka ot 1100°C 2To0ii cTaaw OO W IOCIE CBapKH
THOBBIIIACT YAAPHYIO BA3KOCTH mpu +20 u -196°C;

- CO37aHbl HAy4YHBIE OCHOBBI JJIA Pa3pabOTKU HHUKENIEBBIX BBICOKOTPOYHBIX

AYCTCHUTHBIX WM MAPTCHCUTHBLIX CIINIaBOB CO CBEPXPABHOBCCHBIM COACPIKAHNCM
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a3oTa I HHU3KOTEMIIepaTypHOW ciykObl. M3yueHsl a3oBblii cocTaB
XapaKTEPUCTUKU MPOYHOCTU CIUIABOB C MEPEMEHHBIM conaepxkanueM azora (0,05-
0,38%) u nukens (1,0-32,0%). IIpoctpoena HepaBHOBecHas (pazoBas Auarpamma
Fe-Ni-N, nerupoBanme crmmaBoB Fe — Ni a30ToM TUpUBOAUT K YBEITHYCHHIO
KOJIMYECTBA ayCTCHUTA, 3HAYUTEIBHOMY IIOBBILICHUIO TBEPIOCTH CIUIAaBOB U K
CMEILIEHUIO Ha YKa3aHHOM Auarpamme odsiactei o, o + v, Y B CTOPOHY MEHBIIMX
KOHIICHTPALUM HUKEJIS;
- C HUCIIOJIb30BAHMEM METOJIOB (BECOBOTO U BOJOPOJHOTO) ONPEIEIEHBI CKOPOCTH
KOPPO3WH M30THYTHIX IIAacThH 3 cruiaBa 05X22AI'1SHEM® B pactBOopax cepHOU
U COJISTHOM KHCIOT.CKOPOCTh PAaCTBOPEHHUS] METala Ha PACTSIHYTOM CTOpPOHE
IUIACTUHBI BBINIE, YE€M Ha CXaTol. MUHHMalIbHass CKOPOCTb KOPPO3HUH IPH
OTCYTCTBUHU MOBEPXHOCTHBIX HAIPSKEHUM;
- TOJy4YeHa 3aBHCHUMOCTh MEXAHMYECKHUX CBOMCTB CTaperoluX CTaOUIbHO-
aycteHUTHBIX Cr-Mn-Ni-V-N craneii ot 00bemHo# 1011 VN 1M03BOJIsAIONIAs BECTH
HampaBjieHHoe JerupoBaHue ux V u N Uil TOCTHKEHUS 3aJaHHOTO YPOBHS
MPOYHOCTH M BSI3KOCTH. CHIDKEHHE TeMIepaTypsl UcmbiTanus ot +20 mo -253°C
OPUBOJAUT K 3HAYUTEIBHOMY YIPOUHEHHIO ATHUX CTajledl MpU HE3HAYUTEITbHOM
CHW)KEHUM YIApHOW BA3KOCTH MPHU YCIIOBUHU BbIAEIICHU B Ipouecce crapenus 0,4
— 0,5 % nucnepcubix 50 - 70A wacturr VN.

IIpakTnyeckasi HEHHOCTD:
1. PazpabGortan psag HOBBIX CTajed, PEKUMbl HX TEPMUYECKON 00pabOTKU U
macTuuecko nedopmaium, o0ecneyrBarolMe COYeTaHue BBICOKOW MPOYHOCTH,
BSI3KOCTH, KOPPO3HMOHHOM CTOWKOCTH, CBApPUBAEMOCTH M YIOBIECTBOPUTEIBHOU
00pabOTKHU pe3aHueM MPEBBIIAIONINE TPUMEHSIEMbIE B HACTOSIIIEE BpEMSI.
2. VI3 HOBBIX cTajiell U3roTOBJIEHBUIUTHIE 3aJBUKKU (apMaTypa), BBICOKOIIPOYHBIM
KpeIex, MEIUIIMHCKUI HHCTPYMEHT.

ABTOP BBIHOCHUT HA 3aIIMUTY:
1. Pa3BuTHE HaAyYHBIX OCHOB CO3JaHUSI AyCTEHUTHBIX CTaJlel BHICOKON MPOYHOCTH,

YTO MO3BOJUT MOBBICUTH NPOYHOCTHBIE cBoMcTBa Ha 50-100% mo cpaBHEHUIO C



MPUMEHSIOMMMHACS ayCTCHUTHBIMA CTASIMH U OOECIEYUT WX HCIOIh30BAaHUE B
KaueCTBE MaTepualia TSXKEJIOHATPYKEHHBIX U3JIeNIUA KPUOT€HHOW TEXHUKHU.
2. Pa3paboTKy peXHMMOB TepMHUECKOW 00pabOTKH, IiacTHUeckou nedopmariumu,
CBApDKM UM TOYEHHUSA, KOTOpPHIE BO3MOXHO OCYIIECTBUTh Ha JACHCTBYIOIIEM
000pyJOBaHUU METALTYPTrUYECKUX U MAIIIMHOCTPOUTENBHBIX 3aBOJIOB.

JI0CTOBEPHOCTH HAYYHBIX M0JIOKEHHU I, Pe3yJIbTATOB U BbIBOJAOB:

Pe3ynbTathl, mpeacTaBlieHHBIE B AMCCEPTALIMOHHONW paboTe, MOITydeHBI Ha
OCHOBE JKCIIEPUMEHTOB, MPOBEJICHHBIX HA COBPEMEHHOM Hay4YHOM O0OpYAOBaHUU
U C UCMOJIb30BAaHUEM anpOOMPOBAHHBIX AHAIUTUYECKONW METOAO0B. JJ0CTOBEpHOCTH
MOJYYEHHBIX  pe3yJbTaTOB  oOecrledueHa  HMCIOJIb30BaHUEM  KOMILIEKCa
B3aMMOJIONIOJIHSIIOIIUX SKCIEPUMEHTAIBHBIX W AHAIUTHYECKHX METOIHUK U
MOATBEPAKACHA UX BOCITPOU3BOIUMOCTHIO.

AnpoOanus padoThI:

OcHOBHBIE pe3yJIbTaThl PaOOTHI I0J0KEHBI Ha:
1, 2, 4 u 5 mexayHapoaHblx KoH(epeHumsx «/ledopmanus u paspylieHue
MaTepuagoB W HaHoMmarepuaiaoB». Mockpa, 2006, 2007, 2011 u 2013 r., B
coopHuke Tpyn0oB XIX HaydyHO-TeXxHUYECKOU KOoH(pepeHmn « MammHoCTpoeHue 1
texHochepa XXI Beka» B 1. CeBactomone 17-22 centsops 2012 1, C6. TpyaoB
X111 MexayHapoIHOM HaydyHO-TeXHUYECKOU KoH(pepeHuu [IpobiieMsl pecypca u
Oe3omnacHoi 3KcrutyaTauuu Marepuanon., Cankr-Ilerepoypr 2008r., FOOuelinb1i
coopuuk UMET, c6.Hay4uHbIx TpyzoB moj penakiueit akagemuka K. A.ComnHiiena.
M. Huteprkontakt Hayka, 2008r., C6. tpynoB X11 MexayHapoaHOW Hay4dHO-
TexHuueckoil koHdepenuun I[Ipobdiiembl pecypca W 0€30MaCHOM HKCILTyaTalUU
matepuanon., Cankt-IlerepOypr 2007r., 6 Beepoccuiickas mkosia-KoH(pEpeHIHs «
Henuueitnpie mnporecchl W IpoOJeMbl CaMOOPTraHM3allUd B COBPEMEHHOM
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I'maBa 1. CTpyKTYypa H CBOMCTBA NPUMEHSEMbIX KOPPO3HOHHOCTOMKHX

AYCTCHUTHBIX crajeu JJIA HI/I3KOTeMHepaTypHOﬁ TEXHHUKHU.

1.1. Crajm AJ151 HU3KOTEMIIEPATYPHOH CIyKOBbI.

1.1.1. IlpuMeHsIIOIIHAECS CTAJIM JJI HU3KOTEMIIEPATYPHOM TEXHUKH.

JUiss  ycnemHoro pemeHuss npoOsieM, CBS3aHHBIX C MPaKTUYECKUM
NpUMEHEHUEM  HU3KUX  TeMIepaTryp, HeoOxXoauma  pa3padoTKa  HOBBIX
METaJUIMYECKUX MaTepHalioB, B YaCTHOCTU AayCTEHHUTHBIX CTajell. DTU cTaiu
JOJDKHBI  00€CTIEUNTh KOMIUIEKC OCHOBHBIX TpPEOOBaHUWI: BBICOKHE 3HAYCHUS
MPOYHOCTH, TUIACTUYHOCTH U BSI3KOCTH, a TaKXKE CBAPUBAEMOCTb, KOPPO3UOHHYIO
CTOMKOCTh M TEXHOJOTUYHOCTh. YKa3aHHBIM TpPeOOBaHUSM, KpOME IMPOYHOCTH,
yJIOBJICTBOPSIOT XPOMOHHKEIMEBbIe HeprxkaBetonue ctamm ¢ 18% Cr u 8-12% Ni
(cTaOunu3upoBaHHbIE W HE CTAOWIM3UPOBAaHHBIE TUTAHOM M HHOOHMEM) U
BBICOKOHMKeNeBas ctanb 0X25H20. Orta crane mpuMeHseTCs B KOHCTPYKUUAX U
anmaparax, pa0OoTalomux TMpU BechbMa HU3KUX TeMIeparypax, BKIIOYas
Temmeparypy kumenus okuakoro remus (-269°C). Crans 0X18HI10 wumeer
XOPOIIYIO0 yIapHYIO BS3KOCTh MPU TEMIEpaTypax KHIAKOTO BOJOPOJA M TEIHs U
COXpaHSIET €ro BBICOKME 3HAYEHUS TOC]Ie MHOTOJIETHEW paboThl. MexaHuuyeckue

cBoiictBa Cr-Ni Craneii mpu HM3KHX TeMIlepaTypax mpuBeacHsl B Tabmwmie 1.1 [9,

10].

Tabnuna 1.1- Mexannyeckue cBOHCTBa XpPOMOHUKENEBBIX CTallel MPU HU3KUX TEMIIepaTypax.

Crans e Mia | vt | %% | V% v

1X18HS8T 20 660 280 65 - 1,9
-196 1540 550 36 - 1,5
-253 1850 710 37 - 1,3

08X18H10 25 600 230 60 70 -
(AISI-304) -196 1140 400 43 45 1,0
-253 1710 440 48 43 1,0

0X25H20 24 670 320 60 65 -
(AISI-310) -196 1100 590 54 54 1,2
-253 1240 810 56 66 1,1

N3menenue (a3oBoro cocraBa CTad MPU KPUOTCHHBIX TeMIIEpaTypax

CUJIBHO BJIMACT HC TOJBKO Ha IIPOYHOCTDL U IIACTUYHOCTDH I'NIaJIKHUX O6p8.3HOB 1§0)5¢
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pacTsDKEHUH, HO U Ha YCTAJIOCTHYIO MPOYHOCTb, IPOYHOCTHBIE CBOWCTBA 00pa3lioB
C HAJIpE30M U TPEUIMHOW, yIapHYIO BA3KOCTh, HU3KOTEMIIEPATYPHYIO MOJI3YUYECTD,
HAa MEXAHMYECKHE CBOMCTBA CBapHbIX coeAuHeHuid. OONacTh HMCIOJIb30BaHUS
aycteHUTHBIX Cr-Ni crameli npu HU3KHX TeMIlepaTypax B IIOCIIEAHEE BpeMs
pacumpsiercs. B HacTosimiee BpeMs 3T CTAld HapsiAy C TUTAHOBBIMH H
QTIOMUHUEBBIMU CIJIABAMH TIPUMEHSIOT 711 000JI0YEK TOTUIUBHBIX 0AKOB, PAKET U
pe3epByapoB JUIS XpaHeHHUsS JKuakoro torumBa [11, 12], nertaiedl >KHIKOCTHBIX
pakeTHbix asurateneii [13]. Kpome toro HemaruutHblie ctaau Ha Cr-Ni ocHoBe
HallUIW [IMPOKOE IMPUMEHEHUWE B OJKCIEpUMEHTanbHOW Qusuke [14] nns
U3FOTOBJICHUS MY3BIPHKOBBIX KaMep, K KOTOPBIM MPENbABISUINCH CIEIHATBHbBIE
TpeGOBaHUS: OTCYTCTBHE Y — 0 npeBpatieHuii npu -253°C B TeyeHre MHOTHX JIET,
YTO HEOOXOUMO JJIs MOAIEPKAHUS OJJTHOPOJHOCTH BHEITHETO MAarHUTHOTO MOJIS U
CTaOWIBHOCTU pa3MepoB. Jlyumied cranplo A 3TOM 1€ OKas3ajlach CTajb
«Kpomapk-55» ¢ 0,005% C, 16% Cr u 20% Ni. Mexanndyeckre CBOHCTBa CTaIH
«Kpomapk-55» mpu -253°C: 6p,= 623 Mlla, c,= 854 MIla, 6 =34,8 %,KCU=0,9
M JTx/M°.

B mnocnenHue roasl B Halled cTpaHe M 3a pyOeKoM pa3paldaThIBAIOTCS
HaunOoJsiee »KOHOMHYHBbIe Oe3HukeneBbie Cr-Mn cramu u Cr-Mn-Ni cramm ¢
TOHIKEHHBIM ~ cojJiepykaHieM Hukens. CpaBHUTENbHOE ucciienoBanue [15]
Mexannueckux cBorcTB ctanet X141'14H3T n X18H10T moka3ano, 4To 3TH cTalu
UMEIOT OJIM3KHE 3HAUEHUS! XapaKTEepPUCTUK MPOYHOCTU U MIacTuyHoCTU. [loaTomy
st paboTel 10 -196°C mpumensiror BMecto cramn X18HI10T crams X14T'14H3T,
YTO MO3BOJIAET COKpAaTUTh pacxon neduuutHoro Hukens [1l]. OpHako cramu
X14T'14H3T u X18HI10T obnamaer Huskoit nmpounoctsio mpu 20°C u B HacTosIIIEE
BpeMsi HE YJIOBJIETBOPSIOT TpeOOBaHUSAM, NPEABABISIEMbIM K MaTepuajam,
paboTarOIIUM I10]] HAarpy3Koi B uHTEpBaie -253 + 20°C.

OgHuM M3 TEpPCHEKTHBHBIX MYTEW W3BICKAaHUS CTaJ€d IOBBIIICHHOU
NPOYHOCTH i paboThl MPU HUBKUX TEMIlepaTypax SBIsSeTCs pa3paboTka
ayCTEHUTHBIX CTaJled C a30TOM, Y KOTOpPOTO YIPOUHSIOLIAs CIIOCOOHOCTh Y —

TBEPAOTO PACTBOPA BBIIIE IPYTUX 3JIE€MEHTOB. OQHOM U3 TaKUX CTAJICU SBISAETCS
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ctab X21I'7AHS (OI1-222), kotopas conepxut He 6omee 0,07% C; 0,15-0,25%
N; 19,5-21,0% Cr; 5,0-6,0% Ni; 6,0-7,5% Mn. ITocne 3akanku ot 1000 - 1050°C
3Ta CTajdb UMEET B cTpykType 5-20% d-epputa. Coneprxanue yriepoaa He Ooliee
0,05% mnpemycMOTpeHO B T€X CilyyasiX, KOrja CTajb CBapUBaeTCs B JOCTATOUYHO
OOJBIIMX CEUYCHMUSIX M MO/ JACHUCTBHEM TEPMHUYECKOIO IMKJIA CBAPKH BO3MOXKHO
oOpa3oBaHHe KapOWJAHOW CETKM Ha TpaHuIax 3epeH. Hanuume HeOoNIbIIuX
komuaectB  O-pepputa (10-20%) oOKa3pIBaeT MOJOKUTEIHLHOE BIMSHHE Ha
CTOMKOCTh ayCTEHUTHBIX CTaJiel MPOTHUB OOpa30BaHUSl TOPSYUX TPEUIUH MPH
capke [16-19]. Oxnako npu -253°C Ha mIockux oOpasiax ¢ OOKOBBEIM HaJIpe30M
paguycom 0,25 MM IOJIy4eHO OTHOIIEHHE G, / 6= 0,65; CBUIETEILCTBYIOLIEE O
ToM, 4To cTainb X21I'7AHS uyBcTBUTENbHA K KOHIIEHTpAUUW HaNpPsKEHHUS,
HECMOTpsT Ha JIOCTaTOYHO BBICOKMM YpPOBEHb BSI3KOCTH, B TOM YHCIE, C
[IPEIBAPUTEIbHO HAHECEHHOM YCTaJOCTHOW TPELIMHON (KCUTy'253 = 12
MI[)K/MZ).qYBCTBI/ITeJIBHOCTB OTOM CTAIM K KOHLEHTPAUHUU  HaIPsKECHUN
oOycJoBJI€HA BBEJACHUEM B CTajlb a30Ta, HAIMUYMEM B CTPYKType O-heppurta u
oOpa3oBaHUeM B Tpollecce UcbiTanusd MapTeHcuTa nedopmaruu. Crans DI1-222
MPUMEHSIETCS JJISI IITAMIO-CBapHBIX M3JEeNIUN, padoTalmMX A0 TEeMMeparyp -
253°C. B [20] mnst mTaMImo-cBapHBIX M3IEIUi PAKETHONM TEXHMKH B UHTEPBAJe
temmeparyp -253 + 20°C Obuia pa3paboTaHa HOBas KOMIIO3MIUS Ha OCHOBE CTaJIU
OI1-222. C uenpio ynpouyHeHHs ObUT BBEAEH MOJMOIEH M COJEp)KaHHE a30Ta
yBemmueHo a0 0,3 — 0,4%. Xumuueckuit coctaB ctanu 03X20I'10H7AM2 (OI1-
731) cnenyrommii: C < 0,03%; Cr ~ 18-20%; Mn ~ 8,5-10%; Ni ~ 7-8%; Mo ~ 2,0-
2,5%; N ~ 0,3-0,4%. Cramp umeer mpenen Tekydectn He Hke 450 Mlla mpu
KOMHaTHOU Temriepatype. [Ipu conepxanuu monubaeHa B 3Toi cranu 6oiee 2,5%
BO3MOYKHO 00pa30BaHUE 3HAYMTEIBHOTO KonuecTBa O-peppura (6onee 10 — 15%)
Y 9aCTHI] KapOua0B ¥ HUTpU0B (Hanpumep M,3Cq unmu MpN) 1o rpanuiiam 3epes,
KOTOPbIE TTOBBIMIAIOT BEPOSATHOCTH XPYIIKOTO pa3pylIeHUs TPy Temmeparypax -196
u -253°C. TlooTOMy NpH W3BICKAHWH HOBBIX KOMITO3HIIHIA JIETHPOBAHHE JOJKHO
o0OecreynTh CTaOMIBHOCTh ayCTEHHWTA MPH HHU3KUX TEMIIepaTypax BO BpeMs

Harpesa moj 3akanky [21]. ABtopom [21] pa3paboTaHa cTaOWiIbHAsS ayCTCHHTHAs
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cranb 03X20H16AI'6 myis M3rOTOBIEHUS CBAPHBIX €MKOCTEH ISl CIIyKObI MpH
temreparype -253°C. Dra crams comepxkur 0,03% C; 20,0 — 22,0% Cr; 0,20-0,30%
N; 50 — 75% Mn u 14,5 — 16,5% Ni. Cranp crabuiabHa OTHOCHUTEIHLHO
MapTEHCUTHOTO MpeBpaileHust mnpu oxnaxkaeHnn g0 -253°C W mIacTHYecKOi
neopMan TpH  coJepKAHUU HUKeIss He MeHee 16%. OnHako BBICOKOE
coaepxxanue Hukend B ctanu 03X20H16AI'6 npuBOIUT K CHUKEHUIO G, 10 650
MIla u op, g0 370 MIla mpu 20°C. ITodTOMY MOBBIIIEHHE CTaOMIBHOCTH
ctpykTypbl ctamu 03X20H16AI'6 (cHmkeHnune o(0) — COCTaBIISIONICH, BbIJIECICHUE
o-Ga3pl ¥ KapOOHUTPUIOB) BO3MOXKHO TOJIBKO ITyTEM ITOBBIIIICHUS COICPKAHUS
HUKeJs U a3oTa. BBegeHue 00ybIoro koaudecTna aepuuutHoro Hukens (10 16%)
MPUBOJIUT K 3HAYUTEIILHOMY CHIKEHHIO TIpejieia MPOYHOCTH U TEKYUYECTH.

B cBs3u ¢ 3TEM OoJbllioe BHUMAHHWE YISISAETCS CO3JaHUIO HOBBIX
xommosuuuii Ha Fe-Cr-Mn ocnose, paboraromux mnpu temmeparypax -253+20°C.
B pabote [22] uccrnenoBaHbl CTalM HaxXOMAIIUXCS B AyCTCHUTHOW 00JacTH
nuarpammbl Fe-Cr-Mn-Ni-Mo-N craneit ¢ pa3iauunabiM ypoBHeM IpodHocTH. Ha
WX OCHOBE pa3paboTrana Oe3HukeneBas ctayib Mapku UC36 u ManoHuKeneBas CTajib
UC37. MexaHU4eCKHE XapaKTEPUCTUKU ITUX CTAJIEH MPOMBIIIJIEHHONW BBIILUIABKU B

unTepBaie -253+20°C npuseneHsl B Tadaunel.2.

Tabmura 1.2 - Mexaunueckue coiicta craiei YC36 u YC37.

Crainb Tuen, °C o, MIla 602, MIla 3, % W, Y% KCU, MJI:k/m°,

20 770 370 64 74 2,4

-78 970 500 62 70 2,1

YC3e6* -196 1300 690 28 29 1,6
-253 1340 910 16 17 1,4

20 810 450 49 70 2,4

-78 1010 650 50 67 2,0

YC37*+* -196 1620 1080 48 54 1,5
-253 1800 1370 33 50 1,0

*-40 T maBKa, CIUTOK 6,2T., TUCT 12 MM., 00pa3Iibl MOTIEPEUHBIE;
**-6,2T T1aBKa, CIUTOK 6,2T., TUCT 12 MM., 00pa3Ilbl MOMIEpEYHbIC.

B [23] pa3paboTtatbl HOBbIE YIIPOYHEHHBIC a30TOM HEPIKABCIOIINE CTAIN Ha
Cr-Mn ocnoge. /{151 MOBBIIIEHUST TPOYHOCTH TP KOMHATHOM TeMITepaType B HUX

BBEJCHbI MOJIMOJEH, KPEMHMM, HUOOMW W BaHaIAUM. OTH CTAIM TOIYYUIIU
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Ha3BaHNC HUTPOHHUKOB.

OHU COXpaHSIOT CTa0WIBHYIO CTPYKTYpy TOCIe

XOJIOJTHOYW TIIIACTHYECKOU Nedopmariuu mpu KOMHATHOW Temmeparype. B Tabmuiie

1.3 npuBeneH NX XUMUYECKUN COCTaB.

Ta6muma 1.3 - XuMmuueckuii cocrap craneid Tuna HuTpoHuk.

Craunb C Mn Cr Ni N
Hutponuk 32 0,10 12,0 18,0 1,6 0,32
Hurtponwuk 33 0,05 12,0 18,0 3,2 0,32
Hutponuxk 40 0,03 9,0 21,0 7,0 0,30

Hutponuk 50* 0,04 50 21,2 12,5 0,30
Hutponuk 60** 0,07 8,0 17,0 8,5 0,14

* conpeprkar BriroueHus 2,2% Si, 0,20% Nb u 0,20% V
** comepxkar BKaroueHus 2,2% Si.

Hutponuku wumeroT 0OoJjiee BBICOKYIO MPOYHOCTh TNPU KOMHATHOM
TemIeparype mno cpaBHeHuio ¢ u3BecTHbIMU Cr-Ni cramsmu tuma 304, 310, 316,
316L. B pabote [24] mpuBeneHbl CBOWCTBA CTaIM HUTPOHUK 60, comepkarmiei (B
Bec.%): yrimepona ~ 0,1%, mapranua ~ 7-9%, xpoma ~ 16-18%, nukens ~ 8-9%,
azora ~ 0,08-0,18%. Cranp 00nagaeT BHICOKMM CONPOTHUBJICHUEM K HMCTUPAHUIO
MPU KOHTAKTE METAJI-METAJIJI, TTOBBIIICHHBIM COMPOTUBJICHUEM K OKHUCICHUIO U
MOBBIIIEHHON MPOYHOCTHI0. KpoMe 3TOro 3Ty cTajib MOXKHO YIPOYHUTH XOJIOIHON
nedopmanmeit. CBoCTBA 3TOM CTaIu MOCiae TEPMUUECKON 00pabOTKH U XOJOHOM

nedopmanuu npu 20°C npusenens! B Tabune 1.4.

Tabmuua 1.4 — Mexanuueckue cBoiicta ctanu Hurponuk 60.

Tepmuueckasi 00padoTKa o, MIla 60,2, MIla 0, % v, %
3akanka 1065°C, Bona 750 400 62 75
Bakanka 1065°C, Boga + nedopmarus
1450 1040 14 56
(e=45%)

VY napHas BA3KOCTb 9TOW CTaJM B COCTOSIHUHU I1OCJIE TEPMOOOPAOOTKH IPH -

196°C cocraBmser 2,2 MJ[x/M°. [IpEMEHSIOTCS HHTPOHHUKH ISl H3TOTOBIICHHS

COCyIOB I XpaHCHHA H TPAHCIHOPTHUPOBKH CHKWMIKCHHBIX I'a30B, 4 TAKKC JJIA

W3TOTOBJICHUSI TUJIPABIINYECKUX TPYO CaMOJIETOB.

B tabmure 1.5 npuBencHbl Mexanudeckue cBoiictsa mpu 20, -196 u -253°C

AYCTCHUTHBIX HCPKaBCIOINX CTaHeﬁ,

kpuoreHHol texnuke B Poccun, CIIIA u I'epmanum.
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Tabmuma 1.5 — Mexannueckue CBOMCTBA ayCTEHUTHBIX CTajeH, /Il pabOThl IPH TEMIIepaTypax
20 u -196°C.

Crajb, Tuen-, 602, | 0, |y, | KCU,
CTPaHbI H3TOTOBUTEJIN °C MIla | % | % | MJix/m?

12X18H10T, 20 250 |55|70 3,0
Poccus -196 320 |42 |50 2,1
10X14I'14H4T (O11-711), 20 280 |50 | 65 2,7
Poccus -196 450 |45 |50 2,3
07X21H6AT9, (0,2-0,4% N) 20 380 |55 - 2,6
CIIA -196 900 |34 | - 0,7
03X19I'10OH7AM?2 (3I1-731), (0,2-0,3%N) 20 550 |70 |50 0,7
Poccus, -196 1200 | 55 | 40 0,67
07X18H6ATS, (0,2-0,3%N) 20 390 |42 |63 1,8
['epmanus -196 990 | 25|56 1,4
07X19H14AT'10M2,5,(0,15-0,30%N) 20 460 | 38 | 62 1,5
['epmanus -196 830 |43 |44 0,5
12X25H16I"7AP (DI1-835),0,3%N) 20 370 |50 |77 3,0
Poccus -196 780 |50 |62 1,8
03X20H16AT6, (0,2-0,3%N) 20 37 |50 |77 3,0
Poccust -196 780 |50 | 62 1,3
03X13AT'10(4C36), (0.1-0,2%N) 20 370 |80 |75 3,2
Poccust -196 650 |34 |35 2,2
03X13H9I'19 (4C37), (0,3-0,4%N) 20 450 |60 |75 3,0
Poccus, -196 960 | 53|55 1,2

AHanu3 MeXaHM4YeCKHX CBOWCTB MPHUBEACHHBIX B Ta0Onuie 1.5 mokasbiBaer,
4TO OHM, OOjaznas OOJIBIIMM 3alacoM BSI3KOCTH UMEIOT HEBBICOKHE 3HAYEHUS
mpenenia TeKy4ecTd pH KOMHATHOW Temmeparype (G, = 250 — 550 MIla) u ne
MOTY OBITh HCIIOJIb30BAaHBI NJISi BBICOKOHATPYXKEHHBIX JeTale W KOHCTPYKIUH
KpUOTeHHOW TeXHUKU. [loaToMy B KadecTBE BBICOKONPOUYHBIX ayCTCHUTHBIX
CcTaliei MOTryT OBITh HCHOJB30BaHBl JAMCIEPCHOHHO-TBEPCIONINE  CTalU
0X15H25MT2, X12H20T3P (BU 696) m X12H22T3MP (BU 696M) [25] c
npeesioM TEKy4eCcTH NMPpU KOMHaTHOW Temmeparype 600 — 700 MIla. B [25]
YCTaHOBJICHBl ~ ONTHMAJbHBIE  PEKUMBI ~ HUX  TepMUYECKod  00paboTKH,
oOecreunBaoIIMe Ty4yllIne MEeXaHuueckue cBoucTBa (Tabnuma 1.6). Jlus cramm
X12H20T3P TepmMoobpaboTKa cocTosiia B Harpese B Tedenue 2 gacos mpu 1160°C,

OXJIXKIEHUHU Ha Bo3ayxe u ctapennu mpu 700°C B Teuenwue 3 yac.
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Taomumua 1.6 - Mexanndeckue csorictsa ctaiu X 12H20T3P.

T ucm., Cx, 60,2, R v, KCU,
°C MIla MIla % % M Jk/m°
20 1060 610 30 42 1,8

-196 1100 880 29 22 1,0
-253 1440 1100 10 11 -

JlucriepcHOHHO TBEpPJCIONINME CTaldu IMpU Oojiee BBICOKOH MPOYHOCTH 10
cpaBHeHHIO ¢ Cr-Ni ayCTEeHUTHBIMH CTAJIIMH HEYIPOUYHSEMBIMH JTUCIICPCHBIMU
YaCTUIIAMUA, WUMEIOT MEHBIIWE 3HAYEHUS IUIACTUYHOCTA M BS3KOCTH. Y JapHas
BSI3KOCTh ATHUX CTajied B YIPOUYHEHHOM cocTosiHuu (mocie crapenus) 0,8 — 0,9
MIla. Oti crtanu 00JamalOT HEIIOXUMH JIMTEHHBIMH CBOHCTBAMH, BBICOKOM

TEXHOJOTMYECKOM MJIACTUYHOCTBIO IIpH KOBKC, 9KCTPY3UH, XOPOIIO CBAPHUBAIOTCA.

Ctpykrypa u cBoiictBa Fe — Ni cniiaBos

JUis U3rOTOBJIEHUS HEKOTOPBIX Y3JIOB KPUOTE€HHBIX YCTAHOBOK, pa3Mepbl
KOTOPBIX HE JOJDKHBI MEHATBCA C H3MEHEHHEM TEMIIepaTypbl, HCIHOJIb3YIOT
BBICOKOJICTHPOBaHHBIC HHBAPBI — CILIABHI JKeJe3a ¢ HukeneM [26, 7]. Cruias ¢ 36%
Ni umeer KOXpPUIMEHT JIMHEHHOTO PACIIMPEHUs] MpU TeMreparypax -223 + -
173°C B 10 — 20 pa3 MeHbIIIE, YEM Y XPOMOHHUKEIIEBBIX U aJJFOMUHHEBBIX CILIABOB.
W3 WHBapOB H3TrOTaBIMBAIOT J>KECTKO 3aKpEIJICHHBIE TPYyOONPOBOABI CIOXKHOU
GopMmsl, paboTtaromue mpu Temieparypax a0 -253°C (Hampumep, TPyOOIPOBOIBI
KUJKOCTHBIX PAKETHBIX JBUTATEJICH), HEKOTOPBIE 3JIEMEHTBl apMaTypbl, KOTOpbIE
M0 YCIIOBUSIM PAaOOTHI JOJDKHBI MMETh MUHHMAJIbHBIE MU3MEHEHHSI Pa3MepoB IPH
U3MEHEHUU TeMmrepaTypbl. Manas BennuuHa Kod(pduiueHTa JUHEHHOTro
paciMpeHnsi MaTepuasa Mmo3BOJSET YMEHBIIUTh HANPsHKEHUST B TPYyOONpoBOIax U
OpEeIOTBPAaTUTh BO3MOXKHOCTh UX pazpyuieHus. Ornagaer HEoOXOAUMOCTh
YCTaHOBKHM CHJIB(OHHBIX Y3JIOB JJII KOMIIEHCAIMU JAe(opMaluii, yTo yHpoIIaer
KOHCTPYKIIMIO U JenaeT ee Oosiee HalexHOM. MHBapsl (peppoMarHuTHbBI, UMEIOT
KPUCTAUTMYECKYIO TPAaHEHEHTPUPOBAHHYIO pEUIETKY, OHM HE YIPOUYHSIOTCS
TepMUUECKON  00paboTKoMl u  c1abo  yOpOUYHSAIOTCS TPH  TUIACTUYECKOM
nedopmaruu. MHBapsl HMMEIOT HHU3KYIO TEIUIOMPOBOIHOCTh, TOYTH BIBOE

MEHBIITYI0, YeM y aYCTEHUTHBIX CTaJIel, YTO OCOOCHHO BaKHO MPHU MCIIOIH30BAHUN
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UX B Yy3/lax, IJ€ HEOOXOJMMO YMEHBIIUTh MPUTOK TEIUIOTHL. [IpodHOCTHBIE
CBOMCTBa MHBApOB HE BBICOKHU: Gg; coctaBisieT 240 Mlla, 6, = 420 Mlla. Ilpu
oxnaxaeann 10 -253°C og, Bo3pacraer B 3 pasa, 6, — B 2 pasa. MoJayib
YIOPYrocTH cimaBa Hwke, deM misi crama: npu 20°C E=1,5-10°MIla. Ilo
UKIMYECKOM TIPOYHOCTH HUHBApbl ONU3KKM K KOPPO3HMOHHO-CTOMKON cTanu
12X18HIOT. VYnaapHas BS3KOCTb, XOTS U YMEHBIIAETCS C TOHWXECHHEM
TEMIIEpaTypbl, OJHAKO CIUIaB COXPAHSET €€ BBICOKHE 3HAYEHUs M pa3pyllaeTcs
BsI3KO BILIOTH 710 -269°C. ITo cpaBrenuto ¢ Cr-Ni ayCTEHUTHBIME CTaasIMHA HHBApHI
MMEIOT MOHMKEHHYI0 KOPPO3HOHHYK) CTOMKOCTh. HuKenb XOTs M B MEHbILIEH
CTENIEHU, YEM 3>KEJI€30, CKJIOHEH K KOPpO3HH, B TOM YHUCJIE€ B aTMOC(EPHBIX
ycioBusX. CKOpPOCTh KOPpPO3MM HHBApoB B 5 — 6 pa3 MeHbpUle, 4YeM Ui
yIIepOaUuCThIX  craneid.  Fe-Ni  crutaBel  yJOBIIETBOPUTENBHO  KYIOTCH,
IPOKATHIBAIOTCS, 00pabaThIBAIOTCS pe3aHueM. [l TOMOJTHUTENBHOTO CHUYKEHUS
TEMIEPATYPHOTO  KOA(pPUIMEHTa  JUHEHHOro  pacIiUpeHHs]  MPOBOJSAT
TEPMHUIECKYI0 00pabOTKYy HWHBApOB, COCTOSIIyI0 u3 3akaiku ot 840°C B Boje,
ormycka pu 315°C u crapenus B Teuenne 50 — 100 u mpu 100°C. Fe-Ni criaBsr
YIOBJIETBOPUTENBHO CBAPUBAIOTCS. OOBIYHO MPUMEHSETCS IyTOBasi CBapKa B Cpejie
aprona. B xadecTBe MmpHucaJ04HOTO MaTepuaia UCHOIb3YIOT MPOBOJIOKY OJIU3KOTO
cocraBa. CBapHblE COCIMHEHUS HE TPEOYIOT TEPMHUYECKOM 0O0pabOTKH, HX
IPOYHOCTh OJM3Ka K MPOYHOCTM OCHOBHOIrO MeTamia. HemocraTkoM WHBapoB
ABJIIETCS] UX HU3KAsl IPOYHOCTh U BBICOKAsI CTOMMOCTbD, ITPEBBIIIAIOIIAS CTOUMOCTb
cranest tuna 12X18HI0T B 5 -10 pa3. 3HaunTeNbHOE MOBBIIIEHUE MTPOYHOCTH U
CHU)KEHUE KOHUEHTPAMU HUKEINI MOXET ObITh JOCTUTHYTO Y a30TOCOJEPKAIINX

Fe-Ni craseii, HCIIONB3ys METO/I BBITUIABKU 1101 IaBJICHHUEM.

JIuTerHbIe CTAIN

CrayibHbIe OTJIMBKM CPABHUTEIBHO PEAKO MPUMEHSIOT B KpPUOTCHHOMN TexHuke [2].
OnHaKo CYIIECTBYET PsiI U3ACIHUNA JJI1 KOTOPBIX MX MPUMEHEHHUE 1eeco00pasHo.
K HUM OTHOCHUTCS 3aITOPHO-PETYJIMPYIOLIAs apMaTypa s EPEKaYKH KPUOTEHHBIX

JKUJIKOCTEW. M3roroBiieHMe KOpHyCOB BEHTWJIEW W3 KOBAHBIX, IITAMIIOBAHHBIX
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3aroTOBOK WJIM MPOKaTa IMyTeM MEXaHWYECKOM 00paOOTKH M CBApKH MPOU3BOAUTCS
c OonmpmmMu Tpyno3arpatamu. lIpuMeHeHHE JHThS TO3BOJSET YMEHBIIHUTH
TPYILOEMKOCTb. MeXaHUYeCcKue CBOMCTBA CTAJIEW M Pe3yabTaTbl HCIBITAaHUN

KOPIIyCOB BHYTPEHHUM JaBJICHUEM MpecTaBiIeHbl B Tabauue 1.7.

Tabmuuma 1.7 - MexaHu4eckue CBOMCTBAa CTajleil W pe3ylbTaThl MCIBITAHUH KOPITYCOB
BHYTPEHHUM JIaBJICHUEM.
MexaHn4yecKue CBOMCTBA
Mapka craam Toen | ©a | 502 ] 85 | ¥ , /laB/1eHHe B MOMEHT
oC MIIa % KCV,M/x/m paspywenus, MIla
20 | 600 | 300 |77 |62 1,40 360
07X13I28AH®JI | -196 | 1160 | 660 | 42 | 28 0,90 410
-253 | 1190 | 815 | 23 | 17 0,80 =
20 | 575 | 220 | 66 | 56 1,15 80
12X18HI0TJI -196 | 885 | 530 | 17 | 13 0,25 130
-253 | 900 {610 | 8 | 6 0,20 =

Cranu ¢ cogepxxanueM 5-13% Cr u 10 28% Mn umMeroT xopoiime JTuTeiHHbIe
cBoiicTBa. ONTUMaJIbHOE COUYETAHHE NPOYHOCTHBIX, IUIACTUYECKUX U BSI3KUX
CBOMCTB, BBICOKUX JINTEUHBIX CBOMCTB U KOPPO3UOHHON CTOMKOCTH 00€CTIEUNBAIOT
cranu tuna 07X 13128 AH®DJI, conepxamue, (%) : C- e 6omnee 0,7, Mn ~ 27-29;
Cr ~12-14; Ni ~ 0,5-1,5; V ~ 0,1-0,2; N ~ 0,2-0,3. MexaHn4ecKue U JIUTEHHBIE
CBOMCTBA ATOW CTalM B COIMOCTABJICHUH C TAaKUMH K€ XapaKTEPUCTHKAMU CTaJH
12X18H10TJI npusenens! B Tabmuie 1.7. U3 tabmumer 1.7 cnexyeT, 4To Kopmyca
3 cramu 07X13[28AH®JI nmeror Oosiee BBICOKME CBOMCTBA M BBIAEPKUBAIOT
Oosee BBICOKOE BHYTPEHHEE JaBJICHHE MO CPABHEHHUIO C KOPITyCaMHu W3 JINTOU U
naxe nepopmupoBanHoit cranu 12X18H10TJL

Pazpymenne kopnycoB wu3 crtanu 07X13I28AH®DJI npoucxoauno c¢
oOpa3zoBaHueM Bs3KOro m3ioma. Huskue cBorictBa snmtoi cramu 12X18H10TJI
O0OYCJIOBJIEHBI Pa3pylICHUEM CKOJIOM M3-3a HaJu4us TUICHKU U TpyOoH JUTON
CTPYKTYpBHI.

Cranpy 07X13I"28 AH®JI xopomio cBapuBaercs 0€3 TOpsSYMX U XOJOJHBIX
TpeuH. OTHOIIEHUE MPOYHOCTH METajula CBaApHOTO COCIMHEHHUS K MPOYHOCTU
OCHOBHOTO MeTayuia HaxoauTtcs B mpenenax 0,95-0,98. Takum oOpasom aHaimm3

JUTEPATYPHBIX JTAHHBIX M0 MEXaHUYECKUM CBOMCTBAM IPH TeMIlepaTypax oT -253
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10 20°C ayCTEeHHUTHBIX CTaJIel MOKa3bIBAET, YTO XUMHUUECKHM COCTAB MX OKa3bIBAET
3HAUYUTEJILHOE BIUSHHUE HA CTPYKTYPY M XapaKTEPUCTUKU MPOYHOCTH U BSI3KOCTHU

CTaJIeN.

1.1.2. Bausinue JierMpyroummx 3JIEMEHTOB HAa MeXaHH4YeCKHe CBOWCTBA

ayCTEHUTHBbIX CTaJIeH.

B wunTepBane temmeparyp orT -253 go 20°C JIerHpyrOIIHE 3JIEMEHTHI
OKa3bpIBAIOT CYIECTBEHHOE BIMAHME Ha (a3oBBIA COCTaB M  XapakTep
JUCIIOKAITMOHHOM CTPYKTYphl ayCTEHUTHOW MAaTpHIIbI, a CJEAOBAaTENIbHO, W Ha
YPOBEHb NPOYHOCTH, IUIACTUYHOCTH M BSI3KOCTU pa3pyIICHUS] HEMarHUTHBIX
CTaJIeH JIJIs1 KpUOT€HHON TEXHUKHU.

JUisi MHOTMX CTaOWIbHBIX AyCTEHUTHBIX CTajeil, MNPUMEHAEMbIX B
3aKaJ€HHOM COCTOSIHUM (HE YINPOYHEHHBIX TEPMUYECKOH 00paboTKOM), [
paboThl MPU HU3KUX TEMIIEpaTypax XapaKTepHa BbICOKAs MIIACTUYHOCTH (0~35%)
U HU3KUN YpOBeHb MpOYHOCTH (Gpp, = 200 — 500 MIla). OnauM U3 METO/OB
YOPOYHEHUS] TAKUX CTale SBISETCA XOJOJHAs IulacThyeckas aedopmarus, B
pe3ysbTare KOTOPOW CYIIECTBEHHO BO3pAcTaeT BEJIMYMHA Npenesia TEKYyYECTH.
Opnako x0J10AHOAe(OPMUPOBAHHBIN METAJUT MOKHO MPUMEHATh B KOHCTPYKIHUSAX,
HE IOJBEprarolIuXcsl MpU M3roTOBJIEHMM HarpeBy. KpoMe 3Toro 3HauMTesbHOE
YIPOYHEHUE CTalu MpHU IJIACTHUECKOM JedopManuyd BO3MOXKHO TOJIBKO MJis
netaneil mpoctoi GopMbl U HEOOIBIIMX cedyeHuil. JlernpoBanue saBisieTcs: Ooliee
3G ()EKTUBHBIM METOJIOM YIPOYHEHUSI AayCTEHUTHBIX CTajeil OCOOCHHO st
W3rOTOBJICHUS JI€Taliel CIO0KHOM (hOpMBI U 3HAYMTENBbHBIX pa3mepoB. [losTomy B
NOCJIETHUE TOJbl 0cO00€ BHHUMAHME YAENSETCS JIETUPOBAHUIO JJIS TOBBIIICHUS
IPOYHOCTH AayCTEHUTHBIX CTajieil MpU KOMHATHOW TeMIiepaType W COXPAaHEHHUIO
JIOCTATOYHOTO 3araca IMIACTUYHOCTH U BA3KOCTH MPU HU3KUX TeMIepaTypax.

N3BecTHO, 4YTO mpenesa TEKy4eCTH AayCTEHHTHBIX CTaJIEd CYIIECTBEHHO
NOBBIIIAETCS TNPHU  JIETUPOBAaHUM UX CUWJIBHBIMU  (heppUTOO0Opa3yroluMu
anementamu (Nb, Ti, Al, Si, Mo u W) [27, 28]. C yBenuueHueM CoJepiKaHusA ITUX

AJIEMEHTOB JIMHEWHO BO3PacTaeT TBEPAOCTh cTajel (pucyHok 1.1).
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Pucynoxk 1.1- Biusinue pepputooOpasyroniyx 31€MEHTOB Ha TBEPAOCTb U IapaMeTp PeIeTKH
ayCTEHUTA.

CpaBHEHHBIC M3MEHEHHS TBEPJOCTH U TapameTpa PEIIeTKH, Y- TBEPIOTro
pacTBopa B 3aBUCHMMOCTH OT JIETMPOBaHMs crajedl mocie 3akanku or 1200°C
MOATBEPKIACT, YTO YMPOYHCHUE AayCTEHWUTA 3aBUCHUT OT W3MCHEHHS TapaMmerpa
KpUCTaJUIMUECKON pemeTku (pucyHok 1.1). DTo ymnpouHeHHe TeM CUIIbHEEe, YeM
OoJplIe pa3iuyue aTOMHBIX JMAMETPOB JIETUPYIOIIETO 3JIEMEHTA U JKEJe3a.
Opnako mpenen TPOYHOCTH HE BEJIMK 10 CPaBHEHHID C KOJMYECTBOM
nobasisemoro sneMenra. Hanpumep, crane X15H25, 3akanennas ot 1050°C, npu
aerupoBanud 10% MO (coxpaHssi ayCTEHUTHYIO CTPYKTYypy) HUMEET Mpeael
tekydyect 337 MIla [2]. B [28] wucciaemoBamoch BIUsHHE MOJMOAEHA Ha
mexannueckue cBorictBa Cr-Mn-Ni cramu, cogepxarneii 19% Cr, 10% Mn, 7% NI,
1 0,3% N mpu 20 u -253°C. Usmenenue conepxanust moiaubaena or 0 mo 3,0%
BBI3BIBAET yBEIMUYEHHE Gy, OT 350 no 580 Mlla, a o, o1 750 no 930 MIIa. Onnako,
TaKO€ IMOBBIIICHHE MPOYHOCTU MPHU COJEPKAHUM B cTasid MoiuOaeHa 6omnee 2,5%

MO-BUAMMOMY, CBSI3aHO ¢ 00pa30BaHUEM B CTPYKTYpPE CTalU G-(as3bl.
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[Tpu wccnenoBaHuyU BIMSIHHAS XpoMa Ha MexaHudeckue cBorictBa Cr-Mn-Ni
ayCTeHUTHOU ctaim, coaepxarten 0,035-0,05% C, 0,30-0,51% Si, 5,0-6,2% Mn,
5-5,2% Ni, 0,32-0,35% N u nepemenHoe coaepkanue xpoma oT 18 10 22% mpu
KOMHATHOW Temreparype u Temmepatype -196°C Obuto TOKa3aHO, YTO XPOM
HECKOJIbKO  YBEJIIMYMBACT TMpeAesibl NPOYHOCTH U TEKY4YeCTH 00pasloB,
HOBEPrHYTHIX 3aKajke ot 1050°C.

YpoBeHb TUTACTUYHOCTH WX OCTACTCSd HEU3MEHHBIM TP KOMHATHOM
Temmeparype u mpu -196°C.

AHanoruuHo u s 00pasios, 3akageHHBIX ¢ 1200°C T.e. cO CTPYKTYpOii
TOMOTEHHOTO ayCTCHHTA (ITOCJIC MPAKTHYECKU TOJIHOTO PAaCTBOPCHHS KapOHWIOB U
HUTPUIOB XpoMma). CremoBaTenbHO, jerupoBanne MN-Ni ayCTEHHTHBIX CTajiei
XPOMOM TIPHBOJIUAT K HEOOIBIIIOMY YITPOUYHEHHUIO Y-TBEPIOTO PacTBOpa.

B [30, 31] nocrarouyHo moApoOHO HM3YyYEHO BIUSHHE XpoMa Ha
MeXaHHYECKHE CBOMCTBA B MHTEepBae -253 + 20°C cramu, cogepxameii 0,03% C;
0,4% Mn; 25,2% Ni u 0,4%Si npu U3MEHESHUH COJICPIKaHUS XpOoMa B Ipeaesiax S-
25,6% Bec. Ilocme 3akanku or 1050 — 1080°C crame H25X5 coxpansia
CTaOMJIBHYIO ayCTEHWTHYIO CTPYKTYpy Hpu oxjaxaenuu 10 -253°C, HO mpu
miacTU4ecko gedopMmanvii TMpU  ITUX TEMIIepaTypax CTalb MpeTeprieBana
yacTUyHOEe TmpeBpamenne. OcrtanbHble cocTaBbl ctajedn H25X10, H25X17,
H25X20 u 25X25 ObLIu MOJTHOCTHIO CTA0MIBHBI OTHOCUTENBHO Y—a U y—a (o
- OOK — wmaprencut oxnaxaenus, o - OLK — wmaprencur nedopmarun)
HpeBpalleH i Ipy TeMneparypax ot -253 go 20°C.

XpoM  CHIKaeT IUTACTHYHOCTh  AyCTEHHWTa W TOBBIIIAET  €r0
YyBCTBUTEIHHOCTH K KOHIIEHTpAaTopaM HalpsOKEHUW TPU  KPUOTEHHBIX
temneparypax. C yBeIMYeHHEM cojepkaHusi xpoma B ctamu ¢ 25% Ni
OTHOCHTEJIBHOE CY)KEHHE YMEHBIIAETCS, OJHAKO IIPH TeMIrepaTypax -196 u -253°C
OCTaETCsl Ha BEChbMa BBICOKOM YpOBHE (0K0110 75%).

OtpunaTebHOE BJIMSHUE XpOMa HA YYBCTBHTEIBHOCTh AayCTEHHTa K
KOHIIEHTPAIIUU HAIPSHKCHUI BBIPAKACTCSA B M3MEHEHUH XapaKTEPUCTHK G, , ¢ U

KCV (pucynok 1.2). TloBellieHHEe cojepaHus Xpoma MOPUBOAUT K POCTY
21



3HAYCHUH O, W OTHOIICHHA G, / O, OPH KPHOTCHHBIX TEMIIEPATypPax,
OTIPEICTICHHOT0 Ha o0paslax ¢ KOJIBIIEBOW BBITOYKOH. [IOBBINNICHHE OTHOIICHHS
Gy / 0,00yCIIOBJIEHO OOJIBIIUM YBEINYCHHUEM 3HAYCHUH G, IO CPABHEHHIO C Gy,
Hampumep npu -253°C nononaurensHoe neruposanue cramm H25X10 15% xpoma
IOBEIIIAET XapaKTEPUCTUKU O, H 6, Ha 350 u 100 MIla cooTBeTCTBEHHO. XpOM
TaK)K€ TOBBIIIAET YyBCTBUTEIBHOCTh AyCTEHHTA K KOHIEHTPALMHM HANPSKEHUN
IpU HCTBITAHUSX Ha yaapHbId u3rud (pucyHok 1.2). HcmbiTaHue oOpas3noB C
Hazpe3oM paguycoMm 0,9, 0,6 u 0,25 MM mokazajio OJIM3KUE 3HAUCHUS YIapHOMN
BA3KOCTH, UMEIOIINE TEHJEHUUIO K CHUKEHUIO MPHU YBEJIMYEHUHU KOHILIEHTpAlUU
xpoMa. bonbllas 4YyBCTBUTEIBHOCTh CTalU K KOHUEHTPAMU HANPSIKEHUW B
3aBHCHUMOCTH OT COJEp:KaHMsI XpOMa TPOSIBISETCA NMPU UCHOBITAHUU 00pa3LoB C
3apaHee HAHECEHHOM YCTaJOCTHOM TpemurHOW. C MOBBIMIEHUE KOHIEHTPALUU
xpoma ¢ 5 10 25% pabota pasButHs Tpeiunabl npu -253°C (cramu ¢ 25% HUKes)
camxkaercs ¢ 1,3 go 0,9 MIla. MoxHo monarars, 4TO C yBEJIUYEHUEM COJACPKAHUS
XpOMa 4yBCTBUTEIBHOCTh CTAIM K KOHIIEHTPALUU HANPSHKEHUN MPU KPUOTE€HHBIX
TEMIIEpaTypax IMOBBIIIAETCS B PE3yJIbTaTe€ CHUKEHUS YPOBHSI SHEPIuu e(eKToB
YIaKOBKM W yBeIWYeHUM KodpduimreHnta aAePpOpMaALMOHHOTO YIPOYHEHUS
aycteHuTa. Takum oOpa3oM, BIMSHHE XpoMa Ha MEXaHUYECKHUE CBOMCTBa
AyCTEHUTHBIX CTAJIEW NPU KPUOTEHHBIX TEMIEPATypax CBOAUTCS K IMOBBIIIECHUIO
MPOYHOCTH, CHUKEHHUIO TUIACTUYHOCTH W K YBEIUYEHUIO YYBCTBUTEJIBHOCTU K

KOHIIEHTPATOPAM HaIIPSKCHUU.
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Pucynok 1.2 — a —BnusHME XpoMa Ha XapaKTepUCTUKU NpodHocTH ctanu H25XS — 25 npu 20,

-196, -253°C, 6 — BiMsiHEE XpOMa Ha YIapHYIO BI3KOCTh crami H25X5 — 25 npu -253°C.

Aycrennrooopasyromue 3meMeHTel (Mn, Ni, Co, Cu) Ttakke kKak u
dbepuTooOpa3yroe SJIEMEHTh 00pa3ylT ¢ JKEJIe30M TBEPABIE PACTBOPHI
3aMmelieHus. MI3MeHeHus nmapaMeTpoB KPUCTALUIMYECKOW PEHIETKU CTajeld pa3HOU
JICTUPOBAHHOCTH (pUCYHOK 1.3) MOKa3pIBaeT, YTO C IMOBBIIICHHEM KOHIICHTPAIIUU
Maprasiia ¥ MeId B Y-TBEPJIOM PACTBOPE MapameTp KPUCTAJUTMUECKOW perieTKd
YBEJIMYUBAETCS, a MPU BBEJACHUU HUKENS U KoOallbTa yMeHbInaeTcs. M3meHnenue
napameTpa KpUCTALTUYECKON PEIIeTKH TPH JITUPOBAHUHU ITUMHU dJIEMEHTaMHU He
MPUBOJUT K CYIIECTBEHHOMY JJIi MPAKTUUECKUX LeJIed yIPOYHEHHUIO (MPUpPOCT
npeaena Tekydectd 20 — 30 MIla). CtaOuinbpHOAyCTEHUTHBIC CTAd ¢ OOJIBIITUM
conepkanrieM Hukens (20%) uMmeroT HU3KU ypoBeHb npeaena Texkydectu (200 —
300 MIla) npu komHaTtHOU Temneparype. [loHmkenne TemnepaTypbl UCIBITAHUS
1o -253°C mnoseimaer cgp a0 380 MIla [32]. AHalOrHuHBIE PE3YNBTATHI IO
BIIMSTHUIO HUKENS HA MEXaHUYECKHe CBOMCTBA B nHTEpBaie -253 + 20°C mosy4eHsl

B pabote [30].
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Pucynok 1.3- BausiHue aycTeHUTOOOPa3yOIIKX 3JIEMEHTOB Ha TBEPJOCTh U apaMeTp PEIIETKU
ayCTEHMTA.

B sr1oii pabote u3yueHo BhnusHHE HHKeNs B mpeaenax ot 10 mo 29% Bec.
Conepxanue Ipyrux 31eMeHToB B ctayiu coctaBuio: 0,04% C; 0,4% Mn; 17% Cr;
0,5% Si. Cramu X17H20, X17H25, X17H30 noce 3akanku ot 1050°C coxpansiiu
CTAaOMJIBHYI0 AyCTEHUTHYIO CTPYKTYpy (T.€. HE MPOUCXOIWIO Y—o U y—ao'
IIPEBPALICHUMN.

[Mpu yBenmmyenun kouneHtpamuu Ni ot 10 mo 20% cHwxkaercs o, Tpu
KOMHATHOU Temmeparype (pucyHok 1.4 a). Ilepexom k cTaOMIBHOMY ayCTEHHUTY
OTMEYaeTCs mepernboM Ha KpHBOW B TOuke, coorBercTByromicii 15% Ni. Hukennb
OKa3bIBAa€T HE3HAYUTEIHLHOE BIIMSHUE HAa Tpeaesl TEKy4eCTH ayCTeHHUTa IpHu
KOMHATHOW TeMIeparype M TMOBBIIIACT €ro MpPU KPUOTCHHBIX TEeMIepaTypax
(pucyHok 1.4 a). YBenuueHue KoOHILEHTpanuu HUkKeds B ctaiu oT 10 mo 30%
IPUBOIUT K POCTY Gp Ha 120 MITa npu -196°C u 140 MIla npu -253°C. Takum

06pa30M C IMOHMKCHHUC TCMIICPATYPhI UCIILITAHUA ITPOUCXOJUT YBCIUICHHUC
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PI/ICYHOK 1.4 — Brnustuue KOHIOCHTPpAIWHW HUKECIIA HA MCXaHUYCCKUC CBOMCTBA CTaJH
X17H(10 — 30) ipu 20, -196, -253°C.
npenesnia TeKy4ecTu cTadmibHOayCcTeHUTHBIX crajneit (X17H20, X17H25, X17H30)
B TeM OOJbIICH CTEIEeHH, 4YeM HiKke Temreparypa. CTaOMIbHOAYCTCHUTHBIC
manioyriepoaucteie Cr-Ni cTaim HMMEIOT BBICOKMH 3amac IUTACTHYHOCTH IPH
UCIILITAHUK TIIaJKUX 00pa3ioB ¢ HaapesoM (pucyHok 1.4 6). Ilpu -253°C crans
X17H20-30 umeer ¢ = 50%, a ¢" =32%. IIpu 5TOM OTHOIIEHUE G, / G,IIOCTOSHHO
u coctarisier 1,4. Kpome Toro s cTabnMiIbHOAYCTCHUTHBIX CTAJICH, COMEPIKAIIIX
25% Cr u 20% Ni, HaOmromaeTcss HEMPEPBHIBHOE YBEIUYCHHE OTHOCHUTEIBHOIO
YIUIMHEHHUS TIPU CHIDKEHUH TEMIIEpATyphl 0T KoMHATHO# 710 -196°C [30].

[Tpu viccrieI0BaHUN BIUSTHUS HUKENS B KojruecTBe 3-7 % Ha MeXaHHUYECKHE
corictBa Cr-Mn craneii (0,08% C, 13,2% Cr, 18% Mn, 0,14% N, 0,004% Si) npu
-196°C 6bu10 moKa3aHo, 4To 3% Ni MOBBIIAIOT OTHOCUTEIBHOE YAJIMHCHUE CTAIN
npu -196°C or 15 go 63%, a orHOocurenbHoe cyxenue ¢ 7 g0 30%, dyro

corjacyercs ¢ JaHHbIMU paboTel [32, 33]. HekoTopoe moBkIlIeHHEe TIIACTHYHOCTH
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HaOJIOMAeTCsl IPU YBEJIMUCHUU cojiepkanus Hukens 1o 5%. [Ipu koHneHTpanuu
HUKeIs 6osiee 5% 1o TaHHBIM paloThI [34] TUIACTHYHOCTH HE TIOBBIIIASTCS.

B crabunbHoaycTeHUTHBIX cTansx X17H20 u X17H25 cHmxeHue 3HaueHUH
O, U G, YyBCTBUTEJIHHOCTH CTAlIM K KOHIIEHTPAIMU HAIPSDKEHUN B 3HAYUTEIHHOM
CTETICHU CBS3aHO C COJICPKAHUEM HUKEIIS, KOTOPBIN MOBBIIIAET YHEPTHUIO Je(EKTOB
YIaKOBKM TBEPAOrO pacTBOpa W YMEHBIIAET CIOCOOHOCTh ayCTeHUTa K
nedopMarimoHHOMY  ynpouyHeHuto. [loBelllieHHWE  coAepKaHWUsS  HHUKEIS B
ayCTEHUTHOM CTalM MPUBOAUT TaKXKE K POCTYy pabOThl pa3BUTUA TPEIIUH
ONpEJENeHHOM Ha o0pa3lax ¢ 3apaHee HAHECEHHOW YCTalOCTHOW TpPEUMHOU
(pucyHOK 1.4 B) 1 OKa3pIBaeT HE3HAYMTEILHOE BIUSHUE HA yIAPHYIO BI3KOCTh TIPH
UCTIBITAHUSAX 00pa3IoB ¢ Oosee MsarkumM Hajapesom [30].

B [35] uccnenoBanock Bimstare Ni ot 3,5 1o 7% Ha yaapHyio Bsizkocth Cr-
Mn cramu 07X13AI'18 (0,07% C; 13,2% Cr; 0,13% N u 18,3% Mn) npu -253 +
20°C (rabmmma 1.8). IMocme 3akamku ot 1050°C Bce crTamm ObUIM CTAOMIIBHO
ayCTEHUTHBIMU OTHOCHTENIbHO Y—0 W Y—¢€' mnpeBpamenuii; o -OLK —
MapTeHcHuT nedopmaruu, € - I'TIY — maprencur nedopmaruu.

Tabmuua 1.8 — Ynaapuas BszkocTh ctanin 07X13AI'18 ¢ pa3nuyHbIX colepKaHWEM HHKeNs B

3aBUCHMOCTH OT TEMIIEPATypPhbl UCIIBITAHUM.

KCU, MI[)K/Mznpu Tuen,'C
Craiap
20°C -196°C -253°C
07X13AI'18 2,8 1,4 1,1
07X13ATI'18+3%Ni 2,9 15 1,3
07X13ATI'18+7%Ni 3,3 1,9 1,7

Jlanubie Tabmuipl 1.8 mokaspiBatoT, yTo Ni MOBBIMIACT YJIAPHYIO BS3KOCTh
Cr-Mn-N cranu npu KOMHAaTHOM U KPUOTEHHBIX Temreparypax. Takum oOpazom,
aerupoBanue Cr u Cr-Mn craneil HUKeJIeM MPUBOIUT K CTAOMIBHOCTH ayCTEHHUTA
Y YBEJIMYEHHUIO XapaKTEPUCTUK MPOYHOCTH U BSI3KOCTH IPU HU3KUX TEMIIEPATypPaX.

Mapranenr B OTJIMYMHA OT HHUKENS CHOCOOCTBYET JAe(pOPMALMOHHOMY
yOpo4yHeHuto aycreHurta. llpu mmactuyeckod nedopmanuu  MapraHIlOBHUCTBINA

ayCTEHUT YINPOUYHSIETCS CUJIbHEE, YeM HHUKEJEeBbI, BCIEJACTBUE Oosee
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WHTEHCUBHOTO  yBEJIMUCHHUS B  MAPTaHIIOBHCTOM  ayCTCHHWTE IIJIOTHOCTH
muciokanuii [36]. B pabore [37] Takke OBUIO MOKa3aHO, YTO CILIABHI Keje3a ¢
MaprasiieM, a TakKe C MapraHieM MU XpoOMOM B OOJIbIlIel CTENEeHH CKIOHHBI K
HaKJICMy, COMPOBOXKIAIOIIEMYCS 3HAYUTEIBHOW TIOTEPEH IUIACTUYHOCTH II0
cpaBHeHuio ¢ Fe-Cr-Ni crutaBamu. Takoe BIusHHE Maprasila Ha CKJIOHHOCTB
ayCTeHHUTa K Je(OpMAIIMIOHHOMY YNPOYHEHHUIO CBSI3aHO C MOHMKEHHOW SHEprueu
ne(eKTOB YIMaKOBKH MPU YBEIWYCHUH conaepxkaHus Mmaprania [38]. PesymabraTh
U3y4YeHUs BIMSHHUS Mapraiila Ha MEXaHWYeCKHE CBOICTBa crTajed IMpu
KPHOTEHHBIX TeMIIepaTypax MOATBEpKIAI0T BhilieckazanHoe [22, 30, 35, 36, 40].
C yBenmuuenueM cojepxxkanus Mn ¢ 15 no 30% B ctanu, conepxkameid 0,10%
C, 12,2% Cr u 0,30% Si ymenbIaeTcst koaudectBo o 1 o ¢a3 u npu 25-30% Mn
CTaJlb CTAHOBUTCS IIOJTHOCTHIO CTAOWJIBHOW 10 OTHOMIICHUIO K ATUM (azam.
CrnenoBatenbHo, ctanmu X17125 u X12I'30 coxpaHsOT MOJHOCTHIO CTA0MIBHYIO
AyCTEHUTHYIO CTPYKTYpPY TMpH OXJKICHUU M IJIACTHYECKOW nedopmaiuu B
uHTepBase Temmeparyp -253+20°C [35]. B crabmibHO ayCTEHUTHBIX cTamsix Mn
HE3HAUUTEIHHO TOBBIIIAET Gpp MPU KOMHATHOW Temmeparype. [Ipu monmxeHun
TeMIepaTypbl BIMUSHUE MapraHiia cTaHoBUTCS Oosiee 3ddextuBHbiM. [Ipu
temneparype -196°C moblmeHne 6o, B crann X12I'30 mo cpaBHEHHIO CO CTaIbIO
X12T'15 cocraBuno 170MIla (coorBercTBenno 500 u 330 MIla), a npu -253°C -
140 MIla (coorBerctBeHHo 750 m 640 Mlla). Ilpu nonHOM CcTaOMILHOCTH
ayCTeHHUTA G, HE MU3MEHSIETCS MpU yBenuueHun coaepkanus Mn ot 25 mo 30%.
Ilpu -253°C HabmrogaeTcst yBeAWYEHHE TMpeaeia MPOYHOCTH C IOBBIMICHUE
koHneHtparuu  Mn (pucynok 1.5 a) [30]). OTu gaHHBIE COTJIACyOTCS C
pesynbratamMu paboThl [22], B KOTOPOIl MCCIEA0BAIIOCH U3MEHEHNE MEXaHUYECKUX
ceoiictB ctanu 03X14[" ¢ MuUHHMaNbHBIM COAEPKAHUEM a30Ta M yriepoja

(<0,05% xaxa0ro) mpu yBEeIMYEHUU coAepkaHusi Mapranua ot 14 no 27%.
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PI/ICYHOK 1.5 B - Bimusanue KOHIOCHTpAMKU Mapraiia Ha MCXaHUYCCKHEC CBOMCTBA CTaIN

X12I(15 — 30) mpu 20, -196, -253°C.

ABTOpBI 3TOH pabOTHI CUUTAIOT, UTO G, pH -253°C pacTeT TOJBKO 3a CUET
JICTUPOBAHUS ayCTCHUTA MapTaHIleM, Tak KakK MPHU 3TOH TeMIiepaType IpPOUCXOIUT
3aTyXxaHU€ MApPTEHCUTHBIX TPEBpPAIEHUH U  JOCTUTAETCS  OTHOCHUTEIIBHO
HeOoJbIas cTeneHp miactudeckon aedopmarmu Cr-Mn cranu. [lpu yBenuuenuun
comepkaaust Mn mossimaercss uractuaHOoCcTh Cr-Mn crameid, ompeneneHHas Ha
rIakux oopasmuax ¢ Hajapesom. Ctanb ¢ 25% Mn, T.e. co cTaOUIbHOAYCTEHUTHON
CTPYKTYpOH 00JIalaeT JOCTATOYHO BBICOKOW IUTACTHUHOCTHIO TipH -253°C (& u 8"
cocraBisiioT 30 u 15%, coorBeTcTBeHHO) [35].

Opnnako B pabote [41] moka3zaHO, YTO TUIACTUYHOCTH HU3KOYTJIEPOJUCTHIX
Cr-Mn craneit npu oxnaxaennu Huke -100°C smauntensro Hike Cr-Ni. Ilpu
pasHoMm coaepxkanud N u MnCr-Mn crane o0iagaeT MEHbIIEH IJIACTUYHOCTHIO,
ocobenno npu Hannuuu Haapesa [30]. Hampumep mst cramm X17H20 6 =63% u "
= 37%, a mas crama X12I'25 6 =30% u 8" =13% mnpu Temneparype -253°C.
Cnegyer OTMETUTH, YTO TMOJMYYEHHBIM 3(P(EKT HECKOIbKO 3aHIKEH, TaK Kak
oosbiiee coaeprkanre Cr B ctanu X17H25 nomxHO cmocoOCTBOBATH MOBBIIIEHUIO

€€ YyBCTBUTEIIBHOCTh K KOHIIEHTPATOPaM HaIPSKCHUU.
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Jns  crabunbHOaycTeHUTHBIX cTained X12125 u XI12I'25 xapakrtepHo
YBEJIMYCHUE OTHOWICHUS G, / G,IIPH CHIKEHHH TEMIICPATYPhl HCIIBITAHHS, YTO
OOyCJIOBJICHO  TMOBBIIIEHUE  YYBCTBUTEIBHOCTH CTalM K  KOHIEHTpPALMH
HaIpPsHKEHUH NPU YBEIMYEHUH COAEPKaHUs MapraHia (pucyHok 1.50).

B [31] nokazaHo, 4TO MAOMOJHUTENbHOE JerupoBanue cramu XI12I'15
MapraHileM OKa3bIBaeT HE3HAYUTEJIHHOE BIUSHUE HA YJIAPHYIO BS3KOCTh MPU -
253°C 06pasuos ¢ Hagpe3oM paguycoMm 0,9mm (prucyHok 1.58).

VY coctraBoB craneil co CTaOWJIBHBIM ayCTEHHUTOM YJapHas BSI3KOCTb,
ompenesieHHass Ha oOpa3uax ¢ paauycom Haapeza 0,9-0,25 MM u 3apaHee
HAaHECEHHOM YCTaJOCTHOM TPELIMHOM, COXPAHSAETCS IOCTOSHHOW W COCTaBISET
100-150 MIIa. OnHako, kak ObUIO TTOKa3aHo B [41] mpu TemiiepaTypax UCIBITAHUS
mwke -20°C Gonbmieir BsaskocThio obmamaror Cr-Ni cramm. Ilpu -253°C cramm
X17H25 n X17125 umeror KCUpasuoe 1,3 u 0,8 MIla cootBercTBeHHO. B psine
pabot [37, 41, 42] o McClIeIOBaHUI0 MEXaHUUECKUX CBOMCTB aycTeHUTHBIX Cr-
Mn u Mn crameli npu HU3KUX TEMIIEpaTypax YCTAHOBJIEHAa BO3MOXXHOCTb
XPYIKOTO pa3pylIeHUus 3TUX cTajied. XJIaJHOJIOMKOCTh 3TUX CTaJIeld 0OBSICHSIETCS
pa3IMYHO: O0Opa30BaHMEM KYOMYECKOr0 U T'eKCaroHaJIbHOTO MapTeHCUTa B
MPOIIECCE OXJIAKICHUS U MPU UCTIBITAHUAX; 3HAYUTEIIbHBIM BIMSTHUEM BBIJICTICHUI
M0 TPAHMIIAM 3€PEH, MPE/IOIATAETCS TAKKE BIUSHUE KOBAICHTHBIX MEXATOMHBIX
CHJI CBSI3€H, SKCIIEPHUMEHTAILHO OOHapykeHHbIX B Fe-Mn cmmaax B [42]. Tlpu
uccinenoBanun Fe-Mn aycTeHMTHBIX CIUIaBOB, cozaepkamux ot 7 mo 40% Mn,
ObuT0 0OHapykeHo, uTto Fe-Mn ayctenur B ommmuue ot Fe-Cr-Ni aycrenura
o0JlajaeT XJIaJHOJIOMKOCTBIO, KOTOpasi CBsi3aHa HE ¢ oOpa3oBaHueM o- U g-(ha3
(r.x. B TemmeparypHoM wuHTepBage -196 -+ 20°C crmmaBel COXpaHHIIH
CTaOMJILHOAYCTCHUTHYIO CTPYKTYPY), @ CO CBOMCTBAMH Y-TBEpIOT0 pacTBopa [44].
Huskotemneparyphnas xpynkocts Cr-Mn craneil mpuBOIuT K HATUYHUIO B U3JIOME
00pa3IloB y4acTKOB BSI3KOTO M XPYIKOTO Pa3pyIIeHUs TMPH TEMIIepaTypax HUXKE
BEPXHEr0 MpeJeia XJIaaHOoIoMKOCTH. [Ipy moHmwkenun temmeparypsl 10 -253°C
pyubuCcTON CTpyKTypoil 3aHsiTo 60% moBepxHoctu wuznoma Cr-Mn cramu B

ommunr o Cr-Ni cranmeif, rae CHIKEHHE TeMIepaTypbl NPUBOAUT K
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M3MEJIbYCHUIO YammeyHo cTpyKTypsl [41, 43]. OmHako MOBBIIIEHNE CTA0OMITHBHOCTH
ctpykTypsl Cr-Mn cranu npu BBeaenuu 22% maprania o0ecreynBaeT NodydeHue
BsI3koro u3noMa cranmd  X13AI22 ¢ OOJbIIMM  KOJIMYECTBOM YYacCTKOB
KBa3HOTpPHIBa Ipu Temiepatype -253°C.

[Ipu pa3paboTke HOBBIX CTAOMJIBHOAYCTEHUTHBIX CTaJIeW IJIs CIIY>KOBI TIPH
KPUOTEHHBIX TEeMIIepaTypax HEOOXOJUMO YUYHUTHIBATh, YTO JIEMEHTHI 3aMEIICHUS
HOBBIIIATN TPENEe] TeKydecTH Y — skene3a npu -196 m -253°C. Cpemm Takmx
AJIEMEHTOB KaK XpOM, HUKEJIb U MapraHell, 3TO BIMSHUE YCUIIUBACTCS B MOPSIKE
CHCNAaHHOTO TmepeuncneHusd. [Ipy KOMHAaTHOW TemmepaType WX BIHSHUE
He3HauuTeabHO. Cle0BaTeNIbHO 3JIEMEHTHI 3aMEIIEHUsS MOTYT pacCMaTpUBaThCs
Kak 3¢ (HEKTUBHOE CPEJICTBO YIIPOUHEHUSI TOJIBKO IIPU KPUOTEHHBIX TEMIIEpaTypax.

D} dekTUBHBIME YIPOYHUTEISIMU aYCTCHUTHBIX CTajJieii BO BCEM JIHAIla30HE
TeMriepaTyp (OT KOMHAaTHON M HIKE) SBJISIOTCS yIiiepoJ U a3oT. Takoe BIusiHUE
yTaepoJia v a30Ta 00YCIOBJICHO TEM, UTO OHM 00Pa3yroT PacCTBOPHI BHEJIPEHUS C Y-
KEJIEe30M, CHJIbHO MCKaXalT KPUCTAUIMYECKYIO pEIIETKY ayCTeHUTa U
COOTBETCTBEHHO MOBBINIAIOT MPOYHOCTh cTajie. MakcumalibHasi pacTBOPUMOCTD
azoTa B Yy-Fe 3HauuTeNnbHO BBINIE PACTBOPUMOCTH yriepojaa U coctariser 2,8%
(ipu 650°C) [45].

Bnusuaue yriepona u a3ora Ha XapakTEPUCTHUKU MPOYHOCTH YCUIIMBAETCS C
YBEIMYECHUEM HX KOHIIEHTpAlUWU. YTPOUHSIOLIEe NEWCTBHE a30Ta M yriepoja
BO3pacTaeT C TMOHIKEHHEM TeMIiepaTypbl. BrusHue yriepoma u a3ora Ha
MEXaHWYEeCKHe CBOMCTBAa M3ydeHbl B pabortax [45, 31]. B [45] wmccrmemoBaHO
BIUSIHME YIrJepoJa M a30Ta Ha CBOWCTBA CTAaOMJIBLHOAYCTEHUTHOM CTaiu
X20H16I'6, MUKpOCTpYKTypa KOTOPOM MOUYTH HE U3MEHSETCS MaXKe TMOocie
IacTudeckoi aedopmanmu npu -253°C.

MexaHn4ecKre CBOMCTBA CTald MCCIEIOBAINCH mocie 3akaiaku ot 1050°C.
Conepxkanne azotra B cranu Obuto muHUMansHOEe (~0,001%), a yraepona
u3meHsiock ot 0,005 mo 0,2%. Pe3ynbTaThl ucnbiTanuii (pucyHok 1.6a) nmokaszanu,

yTo YyBeau4yeHue konmuectBa yriepoga oT 0,005 go 0,065% He oka3bIBaIOT
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BJIMSHUE Ha XapaKTePUCTHKHU MPOYHOCTH (O, Gp). BBeneHue B cranb yrieponaa

oosee 0,065% npUBOIUT K CUIILHOMY YIIPOYHEHUIOCTAIU (PUCYHOK 1.6a).
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KOV, MOx#me

Pucynok 1.6 — BausiHue KOHLIEHTpalUy yriepoja Ha MexaHudyeckue cBorcTea ctanu X20H161°6

npu 20, -196 u -253°C.

[Tpu ucnpiTanusax oOpas3ioB ¢ Hagpe3oM (Ki=3,2) u ¢ KoJIbIIEeBOIN BHITOUKOM
(K=4,3) ycraHoBieHo, 4TO TpH cojepxanuu yriepona okosno 0,10% u Oonee
IIPOUCXOJNUT 3HAYUTEIIBHOE YBEIMYEHHE UYBCTBUTEIIBHOCTM K KOHLEHTpAaTOpam
HAINpPsDKEHHIA, YTO BBIPAXKAETCS B YMEHBIIEHUH OTHOIIEHWH G,/ Gop M O, / G, B
uHTepBaje KoHueHTpauuid yraepoga 0,01 — 0,065% wumeer mecto cnaboe
NOBBILIEHHE YYyBCTBUTEIBHOCTH CTAJM K KOHLIEHTPATOPaM HaIPSKEHUH. YTIEpOL
CHW)KAET IUIACTUYHOCTh M BS3KOCTh AayCTEHUTHBIX craneil. IIpu 3ToM creneHb
CHIDKEHHUS 3aBUCUT OT a0COJIIOTHBIX 3HAYeHUI conepkanHust yriaepoaa. Haubonee
PE3KO IUIACTUYHOCTh W yJAAapHas BSA3KOCTh MAJAET MPH COJAEPKAHUHU YIIepoaa
oosee 0,065% (pucynok 1.6 0, B).

AHaNOrMyHO yIjepoay BIMSHUE a30Ta. A30T IOBBIIIAET MPOYHOCTH IPH
temmneparypax -253+20°C. IlpucyTcTByrommii B 7y — TBEpPAOM pacTBOPE B
3HAUUTEIBHBIX KOJMYECTBAX a30T, KAK AJIEMEHT BHEIPEHHS, MOXKET YXYIIIaTh

XapaKTEPUCTUKN YJAPHOU BS3KOCTH W MJIACTUYHOCTU B CJICICTBUM OJIOKHPOBAHUU
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JCIIOKALIMI MPU UX CKOJbkeHuu [1]. BnusiHue a3ota Ha MEXaHUYECKUE CBOICTBA
IpY KPUOTCHHBIX TeMIIepaTypax u3y4aiock B padorax [22, 47, 45 ]. B pabore [47]
HcciienoBajloch BIMsAHUE a3oTa B kojudecTBe 0,2 — 0,35% Ha MexaHMYecKHue
cBoiicTBa crabminpHOoaycTeHUTHBIX cTaned 0X19AH16 u 0X20HI16AI'6 mocre
sakankd ot 1050°C B wmuTepBane Temmeparyp -253+20°C. JlerupoBaHme 3THX
CTaJiell a30TOM MPUBOJUT K TOBBIIICHUIO TMOKa3aTene mnpouHoctu. [lpuuem
MOBBINIICHUE Gg, Ha 120 MIla B Cr-Mn cranu gocturaercs mpu JAOMOJTHUTEIHHOM
aerupoBannu ee 0,22% N, B To Bpemsa, kak B Cr-Ni crtaib ¢ 3TOH Iebio
HeoOXxoauMo BBecTH aomoHuTenbHO Bcero 0,11% N. CnemoBaTenbHO, CTCIICHB
YIOPOUHEHUSI CTaIM a30TOM TE€M BBIIIE, YEM MEHBIIE KOJWYECTBO HJIEMEHTOB B
MeTasuie, MOBBIIIAIONINX €r0 PaCTBOPUMOCTh B ayctenute [27]. Ilpu nonmwxkenun
temmeparypsl 10 -253°C 3d(dexT ympouHEHHS CTaaM a30ToOM emie Oolee
YCHWJIMBAETCS. ITO XOPOIIO COTIACYeTCsl ¢ JaHHBIMHU paboThl [22]. OnHako a30T B
3HAQYUTEIBHON CTENEHU IMOBBIIIAET YYBCTBUTEIBHOCTh AYCTEHHTHOW CTaIH K
KOHIICHTPAIINU HAIPSHKEHHUH, YTO B YMEHBIICHUU OTHOILIEHUH G,/ Ggp M G, / G,
[48]. B pabGote [22] moka3aHo, 4TO yBelW4YeHHE cojaepkanus azota ot 0,038 mo
0,25% B cTamu 03X141'19 npUBOIUT K YMEHBIIEHUIO OTHOLIEHUS G,/ Oy,

IIpu comepxanuu azora ~0,25% 53TO OTHOLIEHHWE CTAHOBUTCS MEHbIIE 1.
A30T CHMXKAET XapaKTePUCTUKHU IUIACTUYHOCTH U BA3KocTH ctanu X20H16I'6 u
BTeM OOJIbIIICH CTEMEeHW, YeM HIXKE Temreparypa ucnbiTaHus. OgHaKo cTaib ¢
0,23%N wmmeeT AOCTaTOYHO BBICOKMM 3amac IUIACTUYHOCTH (pUCYHOK 1.7a) u
yaapHoi Bsa3kocTH (pucyHok 1.76) mpu -253°C (8=25%, =23%, ¢"=20%, KCU =
0,9 MlIla). JlerupoBanme cramu 0X19AH16 a3zorom B kommuectBe 0,13-0,24%
NPUBOJUT K MEHEE 3aMETHOMY HW3MEHEHHUIO OTHOCUTEIBHOIO YJIMHEHUS [0
cpaBHEeHMIO cO ctanbio X20H16I'6. XoTa a30T m yraepon SBISIIOTCS BO MHOTOM
CXOJIHBIMH 3JIEMEHTaMH, OHHU T[OBBIIIAIOT MPOYHOCTHBIE XAPAKTEPUCTUKH U
CHMUXKAIOT IUJIACTUYHOCTh U BS3KOCTh AYCTEHUTHBIX cTaneil. OpHako B
KOJIMYECTBEHHOM OTHOIIEHUM BIUSHUE a30Ta M yrjepoja TMpH HU3KHUX
TEMIIEpaTypax HeJIb3sl CYUTATh UACHTHIHBIMA. [Ipu -253°C oMH | TOT e Mpees

TECKYUCCTH CTaIu oOecrieunBaeTCsd 3HAYUTEILHO MEHBIITUM COACPKaHHUEM a30Ta,
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yem yruepoaa. [lpu satom crans X20H171°6, nerupoBanHas a3otom, umeeT Oosee

BBICOKYIO TIACTHYHOCTh Ha oOpasmax ¢ Hajape3oMm [45]. Monubnaen yBennyuBaet

Go2 HE BJMAA Ha BA3KOCTB; G, Me cBapHoro msa mpu -196 u -253°C Ttakoit ke,
0

KaK y OCHOBHOTO MeTajuia, a BA3KOCTh npu -269°C Hmke. Mapranen mosbIiiaer

temmeparypy Heenst u cHmkaer u kak npu -269°C, tak u ipu +20°C 10 u mocie

OXJIAXKACHUA.
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Pucynok 1.7 — BnusiHue a30ota Ha MexaHudeckue cBorctsa cranu X20H16I'6

npu 20, -196 u -253°C.

B [49] usywanoch BIMSHHUE XMMHYECKOIO COCTaBa Ha CBOMCTBa JIMCTOB

tomuuaon 10 MM m3 cranei (macc. %): 0,02 C; 0,5 Si; 3,6 Mn; 0,005-0,23 P;
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0,003-0,010 S; 10-15 Ni; 18-20 Cr; 0,06-0,47 N; 0-2 Mo; 0-0,09 Nb; 0-0,10 V
npu -269+ +20°C. OOGpasipsl moasepranu o0pabOTKe Ha TBEPABIA PAacTBOP OT
1050-1100°C mmbo mociae ropsdyeldl WM XOJOMHOW MPOKATKH. YBEIUUCHHUE
KOHIIEHTPAIUU a30Ta YCHJIMBAET TEMIIEPATYPHYIO 3aBHCHUMOCTH Gpp Ipu -269°C,
Ho mpu > 0.3% N cumkaercs KCV mpu -196°C. IloBbllieHHE COAEpPIKAHHS
MapraHia MpUBOIUT K POCTY Kak 6o, Tak 1 KCV. Hukens nossimaer KV u ciabo
BIIMSET Ha Og IpH -269°C. He6onbmue qo6asku Nb (o 0,1%) mpuBOAUT K POCTY
ooz 0e3 yxymmenuss KCV. Bo Bcex ciydasx ©pp CBapHOTO IIBa M OCHOBHOTO
MeTajuia MPUMEPHO OJMHAKOBO, a BA3KOCTh CBAPHOTO IIBA HUXKE, YeM OCHOBHOTO
MeTaa.

Mapraden, NOHWXKAET MArHUTHYIO HOpoHMIAeMocth (p) mpu  -269°C.
YCTOWYMBOCTh CTaMM K Y-O-TIPEBPAICHUI0 TIPH HU3KWUX TeMIlepaTypax (a
CIICZIOBATEIIbHO U €€ «HEMArHUTHOCTBY») 3aBUCUT OT BeJMYMHBI Ni-dKBHUBaJICHTA
[46].

Nig= Ni+0,46Mn+11,8 N+12,6 C+0,65 Cr+0,35 Si u OT BeJUYHHBI
xoJoiHoM nedopmaruu. Yem BhIlIe CTENeHb X0J0AHOU nedopmaruu (€), TeM mpH
0onee BbICOKOM Nigg cTanb craHoBuTCst HeMarHUTHOH ([ < 1,005). IIpu Nigg> 34
CTajb SIBJISICTCS HEMarHUTHOW mipu mroboit €, mpu €=0 ycmoBuio p < 1,005
cooTBeTcTBYET Nigg= 24.

1.1.3 Bausinue >Heprum aedeKTOB YNAKOBKH Ha CTPYKTYpPY H (a3oBble

NpeBpalleHusi AYCTEHUTHBIX CTaJIei.

XapakTep JIETUPOBAHUSI AyCTEHUTHBIX CTAJIEW OKa3bIBAET CYIECTBEHHOE
BO3JICIICTBUE Ha dHepruto naedekToB ymakoBku (DY) ux aycrenura. DY
ABJISICTCS OJHOW W3 BAXXKHEUIIMX XApPaKTEPUCTUK AUCIOKALMOHHOW CTPYKTYPBHI,
OTPENICNAIONUX  KOMIUIEKC (PU3UKO-MEXaHWYECKUX CBOMCTB  CTajiedl s
HU3KOTeMIEepaTypHo ciaykObl. OT DJIY CylecTBEHHO 3aBUCUT XapakTep
(Ga3oBBIX  TMPEBpAIICHUM, Pa3BUBAIONIUXCS B PE3yJbTare  BO3JECHCTBHUS
TeMIepaTypbl WIN TJIaCTUYECKO nedopMaiinu, a cieoBaTeIbHO YIIPOYHSIEMOCTh

ayCTEHHUTA TIOJ BIWSHUEM IJIACTHYECKOW nedopmalriuu, XapakTep 3apoxXIACHUS U
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pacrpoCTpaHEHUs TPEIIUH MPU CTATUYECKOM M IUKIMYECKOM HarpykeHuu [51-
54], compoTUBIEHUE KOPPOIUOHHOMY PACTPECKUBAHUIO TIOJ[ HAIPSKEHUEM,
XapaKTePUCTHKH U3HOCA U JIPYTHE CBOMCTBA ayCTCHUTHBIX cTaiei [55].

Nzmensist cogepxanne Ni, Mn u Cr MOXHO CyIIeCTBEHHO U3MEHSTh YPOBEHb
D1V y craneit aycTeHUTHOTO Kiacca. [IpuHImMnuanbHoe pasauuue Bo BiusHuU Ni
u Mn Ha MexaHuU3M M KHUHETHKY MpPEBpaIlEHUs METacTaOMIbHOTO ayCTEHWTA
3akmoyaercss B ToM, 4to Ni moBemmaer, a Mn (mo xpaiineit mepe mo 20%)
MOHIKAET BEPOSITHOCTh 00pa3oBaHus JACPEKTOB YIAKOBKUA B Y-XKejle3e Mpu
TUTACTUYECKOM aegopmariu [56-60]. BepositTHOCTD o0Opa3oBaHMs

nehOopMaIMOHHBIX JePEKTOB yIakoBKH (o)) cBs3aHa ¢OJ1Y 3aBrucuMOCThIO [61]:
o=(GB?*h/24m)-(ply) (1),

rzie p — IWIOTHOCTh auciokamnuid, G — Mmoayns cnBura, B — Bektop broprepca, h —
MEXIIJIOCKOCTHOE paccTosinue. [Ipu paBHOM IIIOTHOCTU JUCIOKAIMN BEPOSTHOCTh
oOpa3oBaHus J1e(PEeKTOB YIAaKOBKU B MPOIECCE TUIACTUUECKOU Jedopmaruu OyaeT
BEITIIC y CIIaBOB ¢ Oosee HU3Kor DJ[Y. [lo manrpiM [61] HUKEb yMEHBIIACT 0, a
XPOM OKa3bIBa€T Ha BEIMYMHY Ol HE3HAUUTEILHOE BIIHSHUE.

B tabnuue 1.9 npuBeneHbl XUMUUYECKUN COCTAB MOCTOSTHHASI PELIESTKU (a) U
BEPOSITHOCTH 00pa30BaHus AEPEKTOB YIAKOBKH (0l) CTaJICH.
Bennuuna o y Cr-Mn craneit, conepxkarmmx 10 22% Mn (cocraser 4 — 9, 11),
Boime, yem y Cr-Ni craneit. [Ipy yBenm4yeHnn KOHIEHTpAIMKM MapraHia ot 15 10
30% nipu coneprkanuu B ctainu ~ 8% Cr BeauuuHa o ymeHbiaercs ot 28 mo 11, a
napaMeTp KpPUCTAIIIMYECKONW pemieTku yBenuduBaeTcss oT 3,5973 no 3,6115.
HauGounbiee 3HaueHe o B TAKOW CTaJIM AOCTUTAaeTCs Mpu coaepxanuu Mn okoso
15 %. DToT cocTtaB cTamum Ha auarpamme coctosHusi cuctembl Fe-Cr-Mn
HaxOJUTCs BOJIM3U OT rpaHulbl pasjaena ¢a3oBeix obdaacrei (o, o/y). Heooxoaumo
OTMETHUTh, YTO 4YACTh AayCTEHHWTa CIUIABOB, KpOME CIUlaBa 2 B MpoIecce
nedopmarii  MPU  KOMHATHOM  TeMmmepaType  mpereprneBaio  (a3oBbie
npeBpalleHus: Haboaanoch o0pa3oBaHue o- U €-(haspl y coctaBoB 1,4-12 u a-

¢a3b1 y coctana 3.
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Tabmuma 1.9 - Xwumudeckuidd cocTaB, TapaMeTp peHIeTKH ayCcTeHHTa(a) M BEPOATHOCTH
oOpa3oBaHus 1e(heKTOB YIIaKOBKH (0l) CTaJeH.

Ne n/m Xumudeckuii coctas, macc. % a, A a-10°
1 16Cr+12Ni+0,002C - 15
2 16Cr+25Ni+0,002C - 10
3 29,9Ni+0,004C - 5
4 15,35Mn+1,88Cr+0,05C 3,5978 24
5 14,60Mn+5,76Cr+0,17C 3,5933 28
6 15,09Mn+8,20Cr+0,27C 3,5972 28
7 14,66Mn+11,34Cr+0,22C 3,5960 20
8 14,55Mn+15,08Cr+0,17C 3,5978 21
9 20,25Mn+2,83Cr+0,19C 3,5995 21
10 26,40Mn+2,90Cr+0,20C 3,6078 12
11 21,87Mn+8,57Cr+0,22C 3,6020 17
12 29,90Mn+8,40Cr+0,21C 3,6115 11

Crenenp pacUICIUICHHOCTH JUCIIOKAlWN, ompeaensiemMas BenuuuHou DY
OKa3bIBa€T 3HAUUTEIBHOE BIMSHUE HE TOJBKO Ha TMpoiecchl  (ha30BbIX
NPEeBpaIICHU, HO W Ha NPOYHOCTHBIC CBOWCTBA META/NIOB W CIUIaBOB [62].
JedexTbl ymakoBKH, 00pa3yrollydecss MpU PACIHICIUICHUH JHCIOKAIMN B Kakou
1160 (asze, MOryT CIYKUTh JIBYMEPHBIMH 3apojblllaMd HOBOW (as3bl [63].
[IpeBpaiienus, HaOIOgAaEMble MPU paCMajie METACTaOMIBHOIO ayCTEeHUTa MO/
BIIUSIHUEM TIJIACTUYECKOU NedopMaliui Wi NEePeoXTaKICHUS, TAaKKE MOTYT OBITh
WHTEPIPETUPOBAHBI KaK CBs3aHHbIE C JAedeKTamMH YMakoBKU. M3BecTHO, 4TO B
MapraHilOBUCTOM ayCTEHUTE MPH MJIACTUUECKON aedopMaliii HUXKE TeMIIepaTyphbl
M, Wi Tpu OXJaXIECHUU HWXKE Temmeparypsl M, o0OpasyroTcs Hapsmy C o-
MapTEHCUTOM TI'eKcaroHajibHbIe (ha3bl € U €. € -(ha3za MOXKET paccMaTpPUBATHCS Kak
oOpasyromasics B pPe3yJbTaTe IMOCJIEI0BATEIbHOTO YBEIUYEHUSI IUIOTHOCTH
NEePUOINYECKUX Je(HEKTOB YMAKOBKM B AayCTCHHTE TyTeM CIBUTA KaXJIQH
IIECTUCIONHON mauku miockocteii (111) B mampaBmennmn <111> ma a/N6.
Kpucrammmueckas pemerka e-(ha3pl MOXKET OBITH MpEACTaBICHA KaK ayCTEHUT C

nedekTaMu YIakoBKU Tocsie Kaxjaoro Broporo ciost (110) [64-66]. JIBymepHbie
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3apOJIBIIIN O-MapTEHCUTAa MOTYT OOpa30BBIBATHCS MPH PACIIETUIEHUH YaCTHYHBIX
mucinokanmii [oxmn Tima a/N6 <112> Ha nBe paBHbIE «YETBEPTH AUCIOKALN)
[63]. CBsi3b MeXIy IUTACTUHAMH MapTEHCUTA U JePEKTaMU YITAKOBKH B IJIOCKOCTH
(111) ayCTEHUTA IIOATBEPKACHA AIEKTPOHHOMUKPOCKOIIMYECKUMHU
uccieaoBaHusMu [67-71].

Hns  Fe-Mn  cmiaBoB  ycTaHOBJIEHA CBSI3b  MEXKAY CKIOHHOCTBIO K
oOpa3oBaHni0 Je(EeKTOB YMaKOBKM W KoimdecTBOM g-(asbl B crutaBe [61]. C
MOBBIIICHUEM COJIep KaHus Maprania ot 7 10 20% aycTeHUT cTaOuInM3upyeTcs 1o
OTHOUIEHUIO K Y—0 U AECTAOMIIM3UPYETCS MO OTHOLICHUIO K Y—¢& MPEBPAILCHHUIO.
MakcumanbHoe — konmdectBO  €-gazsl  (50-55%)  ymopsgodeHHBIX U
HEYIOPSIOYEHHBIX J1€(DEKTOB YIMAaKOBKM Iociie JedopMalud HMEET CTallb,
conepxkamas okosno 20% Mn. Beenenue B cranb ['20 yriepona B KOJIu4ecTBe
0,6% mpuBoAMT K mosbiuennio DY ee aycrenurta ot 30 g0 60 MDx/M°[62]. B
pabote [61] n3ydyeHa KOHUEHTpALMOHHAS U TeMIlepaTypHas 3aBucumocts J/1Y Fe-
Mn ayctenuta. IIpu BeicOKkOM conepkanuu Mapranua (25-35%) MapTeHCUTHBIE O.-
u e-Qa3pl He OOpa3ylTCs, W IIMPUHA PACLICIUIEHHBIX TUCIIOKAllMH HEBEIHUKA.
HukeneBblii ayCTEHUT B OTIMYUE OT MAPTraHIEBOTO UMeeT Oojiee Bbicokyro /Y.
B wactHoctH, mns cmaBa ¢ comepskanueMm 0,02% C u 31,6% Ni DJ1Y cocrasnser
40 MIx/m° [73].

VYeenuuenue kontenTpanuu Ni ot 8 o 40% B criaBax ¢ couepkanueM 18-
20% Cr npuBOIUT K 3HaUMTEIHLHOMY TOBbIIeHHIO YpoBHS DY (Pucynok 1.8) u

BBICOKOM CTEIICHH CTa6I/IJ'H/IBaI_II/II/I AyCTCHHUTA 3TUX CIIJIaBOB.
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Pucynox 1.8 - Bnustnue conepsxanust Cr u Ni Ha snepruto ynakosku Cr-Ni craneii.
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[Tpu BBeaennu B ctanb Cr, cHmkaromero DJY B HUKelleBOM aycTeHuTe [ 74-
75], Habmogaercs obpasoBanue e-¢paspl [76-77]. B Cr-Ni HepikaBerommx CTajsix
HAllpOTUB  yBEJIMYEHHE KOHIIGHTPALIMU XpOMa CIHOCOOCTBYET HEKOTOpPOM
cTabmnmzanuu y-¢ga3bl MO0 OTHOIIEHHIO K Y—e-TipeBpamieHuto [78-85]. MoxHo
noJiaraTh, 4TO pa3ju4Ke BO BIMSHUM XpOMa Ha Pa3BUTUE Y—>E-TIPEBpAICHUS B
HUKEJIEBOM M MapraHileBOM ayCTEHUTE CBSI3aHO C MPEJIEIbHON PacCTBOPUMOCTHIO B
HuX xpoma. B 1O Bpems kak Cr-Ni ayCTCHWTHBIE CTaJld HMMEIOT OOBIYHO
collepKaHMEe Xpoma HIKe TMpefesa €ro pacTBOPUMOCTH, COOTBETCTBYIOIIETO
JAHHOW KOHIICHTpAIlMX HHKENSA, OOJNBIIMHCTBO HcchenoBaHHbIX Cr-Mn crameit
COJIEP)KUT XPOM B KOJWYECTBaX OMM3KUX K npeaenbHoMy (~ 15%). C
yBEJIMYECHUEM cojepkanuss xpoma ot 3 g0 15% B crumae Fe -10% Ni DY
YMEHBIIAETCS, YTO CHOCOOCTBYET pAa3BUTUIO Y—E—TIPEBpAllCHUs, HO BOJIU3H
IpaHUlIbl, pasfenstonieit (a3zoBeie 00JaCTH Y U O+Yy, OTMEUYAETCSA TMOBBIIICHUE
S4V.

JlerupoBanue Cr-Ni crameii ¢ 18% Cr wu 9-13% Ni Menpio, koGanbToM U
KPEMHHUEM TMPHUBOJAMT K 3HAYMTEIBHOMY H3MEHeHHUIo Beawmuunbsl DJ[Y [86].
Brenenue menu B konuuectse 5,2% yMeHbIaeT KOdOPUIUEHT 1ePOopMaIlHOHHOTO
ynpouyHeHus: U yBenuuuBaet 3Haduenue DY cramm X18HI10 ot 10-12 go 25-30
MI[;K/MZ. Kpemunii 1 xo0anbT OKa3bIBaIOT MPOTHUBOIIOJIOKHOE MO CPAaBHEHHUIO C
MeJIbIO JICHCTBHE HA YKa3aHHBIC XapaKTepUCTHKU cTamu. [Ipu BBeaenuu 1% Si wim
6,4% Co DY cramu X18H10 moHmKaeTcs: COOTBETCTBEHHO 10 7-8 1 5 MJIx/M°.
Mapranen u a3zor moHmwkarot DJ[Y cramm X18HE [86].Ilpu Gonee BbICOKOM
conepkanuu Hukens (okojio 20%) koHueHTparmonHas 3aBucumoctb DY Cr-Ni
CTAIM OT COJEpPKaHUA XpOMa TaKXKe XapaKTEePU3yeTCs KPUBOW C MHUHUMYMOM
(pucynok 1.8), a nossiienue D/1Y HabmrogaeTcss mpu coaep:kaHuKu Xpoma Oosee
20%. MoxHo nonarath, utro u B Fe-Mn cnnaBax mnpu BBeJeHHMH XpoMa B
KOJIMYECTBaX, OMU3KUX K MPENETbHBIM PACTBOPSAIONIMMCS B ayCTCHHUTE, TaKkKe
Oyner HabmomaTthcsi moBbimieHHEe O/[Y, Ha 4YTO yKas3plBaeT W CTaOMIM3AIIHS

AyCTCHHUTA 110 OTHOUICHHUIO K Y—E-TIPCBPAILICHUIO.
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Hnsa Cr-Mn craneit monydeHa mnpsiMas TPOMOPIUOHANBHAS 3aBHCUMOCTD

MEXIy BEIMYUHON YIIPOUYHEHUS M BEPOSTHOCTHIO 00pa3oBaHus ae()OpMaImOHHBIX

neekToB yrnakoBku B aycteHure [87]. [lo maHHBIM HM3MEpEHUS BEIUYHHBI

kodpuIMeHTa yOpoYHeHHUs TMpH JAedhopManuyd CTald MOXKHO CYIUTh 00

m3mMeHeHnn JJ1Y B aycrenute. D/1Y 8 MPOMBIIUICHHBIX ayCTEHUTHBIX CTaJeH,

HU3MCPCHHBIC C ITOMOIIIBIO PCHTICHOCTPYKTYPHOI'O aHaJIN3a IIPHUBCICHBI B Ta6HHH€

1.10.
Ta6muma 1.10 - DHeprus 1eeKkToB ynakoBKH MPOMBIIUICHHBIX ayCTEHUTHBIX cTajie [88].
Cocras, macc.% Oueprus
nedexkToB
Cnias
C Mn | Si P S Cr Mo Ni N | ynakosku
M LK/ M**
AISI304L 0,025 | 0,82 | 0,30 | 0,010 | 0,007 | 18,31 | 0,02 | 8,28 | 0,01 18
AISI305 0,074 | 1,64 | 0,32 | 0,13 | 0,002 | 18,02 | 0,10 | 11,85 - 34
AISI1310S 0,047 | 1,73 | 0,56 | 0,022 | 0,005 | 24,7 | 0,44 | 18,8 - 94
AISI316 0,056 | 1,40 | 0,53 | 0,027 | 0,008 | 17,15 | 2,09 | 13,01 - 78
21-6-9(malt 1)t | 0,027 | 8,75 | 0,43 | 0,011 | 0,003 | 21,00 | 0,03 | 7,11 | 0,31 65
21-6-9(malt 2)t | 0,034 | 9,55 | 0,13 | 0,022 | 0,012 | 20,30 - 6,48 | 0,26 41
22-13-5t 0,041 | 5,17 | 0,40 | 0,020 | 0,004 | 21,57 | 2,20 | 12,34 - 64
Fandunbaa 0,91 | 15,7 | 1,29 | 0,009 | 0,009 - - 4,1 - 21

*Dueprus nedeKToB ymakoBKH v, MILx/m*= 53+6,2(Ni%)+0,7(Cr%)+3,2(Mn%)+9,3(M0%).

JlaHHbIE MOTYyYEHBI METOAOM MOZicueTa y370B [89] 1Mo BIAMSHUIO JIEMEHTOB

Ha D/1Y cranu X18H10 npuseaens! B Tabnuie 1.11.

Tabnuna 1.11 - BnusHue nerupyronyx 31€eMeHTOB Ha SHEPTUIO Je(PEKTOB YIAKOBKH.

j1eMeHT HN3menenne IAY MI[)K/Mz Ha aT.%
Si -3,4
Cr +0,5
Mo +0.1
Ni +1,4
Co -0,55
Cu +3,6
Nb +3,2
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HNuTencuBHOCTh AedopmarionHoro ynpounenus y cranu 40X12I'T6H7M2,
y kotopeix /1Y aycrenurta paBHa 12-15 M/[x/M°, modTH B 2 pasa BbIIIE, YEM Y
cramu 12X18H10T ¢ 6omee Boicokoit LY (20-25 M Hx/m?) [90].

Crapenue (Boiaenenue VN m oOegHeHue y-TBEpAOro pacTBOpa a30TOM)
MPUBOJUT K MOBBIMICHUIO /Y W CHIXEHUIO TEMIIEpaTypbl BA3KO-XPYIKOIO
nepexona. Crapenne mnpu 300-450°C, BBI3BIBAET 3aKpeIUICHHE JIHMCIIOKAIMIA
IpUMeCHBIMU aToMaMu, ToBeimiaet Y. ITocie narpesa nmpu 300°C 3 gaca, DY
cramu 20X13AT10MADC ysenmuusaercs ot 0,280 0,395 /M. Harpes mpu
750-850°C, BBI3BIBatOIINN OOCIHEHHE AyCTCHUTA YIICPOAOM M JIETHPYIONHMHU
AJIEMEHTAMU NPUBOJMT K CHIKEHHIO D/1Y.

Veranosneno [90], uro mpu 3Hagenmsx DY < 0,01 Iu/m® Opu Maibx
CTeneHsAX JnedopmManuu BO3HUKAIOT AEPEKThl YIMAKOBKH, €-(aza U MapTEHCUT. B
caydae DY > 0,03 w/nm® npu gedopMalyu aycTeHUTa (GOPMHUPYETCS SUEHCTas]
JUCJIOKAI[MOHHASl CTPYKTYpa, MAPTEHCUTHOE MPEBPALIECHUE IPOTEKAET C MaJou
WHTEHCUBHOCTBIO WJIM HE peaJu3yeTcsi COBCEM. TemIiiepaTypHasi 3aBUCHUMOCTh
O/JY HOcHT HE MOHOTOHHBIM Xapakrtep: 3HaueHus J/[Y pe3ko BO3pacTaroT Mpu
temneparypax Bbire Md. Crapenue nopsimaer 3/1Y. B o0beMe u Ha rpaHuUIiax
3epeH DJIY Moxker ObITh pasnuyHOM. [IpyuuHBI yMEHBIIECHUS W YBETUYCHUS
OJY mnpu nerupoBaHUM ayCTEHUTHBIX CTaJlel TE€M WM HWHBIM 3JIEMEHTOM
OJTHO3HAYHO HE ycTaHOBJIeHO. B paborax [91-92] cnemana mombITKa yCTaHOBHTH
CBS3b MEXIY dSHEprueil AeeKTOB KPUCTAIMYECKON PEIIETKH M JIJIEKTPOHHOU
CTPYKTYpOW. [Insi mepexoaHbIX METaIoB coOionaercs 3aBucuMocTb DY ot
IUIOTHOCTH DJICKTPOHHBIX COCTOSIHUE y moBepxHocTH Depmu [93]. YBenumueHue
KOJIMYECTBA DJJICKTPOHOB Ha aroM (e/a) B OOJBIIMHCTBE CIIy4aeB BEIET K
camwkenuto DJ1Y. Dnementsl cradbmnusupyromue ['LIK pemerky, kak mpasuio,
YMEHBIIIAIOT CKIOHHOCTh K 00pa3zoBaHuio aedekToB ymakoBku. [1o manabM [86] ¢
YBEIMYCHHEM 4HCJIa 0 DJEeKTpOHOB mpupamenue Y craHoButcs Oolee
MOJIOKUTEIbHBIM B mocienoBarenbHocTd CO-Ni-Cu. Mapranen HOBBIIIAOIIHIA
OTHOIIICHUE €/a B ayCTEHUTE, yBEIMUMUBAET oOpa3oBaHue nePeKkToB ynakoBku. [1o-

BUIUMOMY, MOBBIIIeHUE DJ[Y 1pu BBEJCHNUN aJIIOMUHMS B Y-TBEpbIil pacTBOp Cr-
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Mn crtanm CBSI3aHO C YMEHBIIIEHHUEM KOJUYECTBA DJICKTPOHOB, MPUXOIAIINXCS Ha
aTOM. OTO BO3MOXHO TP YCIOBHM HETMOJHOW WOHM3AIMKA  aFOMHUHUS,
pactBopenHoro B Cr-Mn aycrenurte (MeHee 3%). Onpenencaue [94] anexTpoHHOM
IJIOTHOCTH BKPHUCTALTUYCCKON PEIICTKH METAIMYECKOTO ATIOMHHHS IO0Ka3alo,
YTO aTOMBblI AJIOMHHHS COXPAHSIOT Ha BHemHed 3S 00004Yke JBa 3IEKTPOHA.
Uucno 351eKTpOHOB MPOBOAMMOCTH B KPUCTAJIUIMYECKOM AJIFOMUHHUU, MO JaHHBIM
pabotel [95], cocraBiseT OAWH 3JIEKTPOH Ha aToM. [lo-BUAMMOMY, CTEIICHb
MOHU3allMd aTOMOB aJIOMHHHUS B KpHUCTamimdyeckodl pemerke Fe-Cr-Mn  vy-
TBEPJIOTO pacTBOpa OJM3Ka K YKa3aHHOM.

Bennuuna DJ1Y aycreHuTa AMCIIEpCUOHHO-TBEPICIOIINX CTAJIEH 10 U MOCIE
CTapEeHMsI MOXET CYIIECTBEHHO OTJIMYAThCS M 3aBUCUT OT CTENEHM pacmhaaa -
TBEPAOro pacTtBopa d3Tux craneil [96]. PaccmMoTpeHHble naHHBIE MO3BOJIIOT
3aKTI0YUTh, YTO DJ[Y MOKHO HCIOJIb30BaTh KaK OJMH M3 BaXKHBIX IOKa3zaTelei
CTaOMJIBHOCTH Y-TBEPJIOTO PACTBOpA W YCJIOBHM IMOJY4YEHUS Y HEMarHUTHBIX
CTapeIOIMX CTajell HEeOoOXOMAMMOTO COYETaHUS MPOYHOCTH, IUIACTUYHOCTH W
BS3KOCTH Pa3pyLICHUS.

KpurepueM wmeTacTaOMIBHOCTH ayCTEHHUTAa MOXKET CIY)KHTh DJHEPTHS
nepexros ymakoBku (DJY). Ilpu 3mauenmsax ee < 0,10 [iw/m® aycTeHUT
UCCJICIOBAHHBIX CTaJled OYEeHb HECTaOWJIEH M CTallb 00JIaJaeT TOHMKEHHON
macTuyHoCcThi0. [Ipu 3navenuwsix OY > 0,032 I[)K/MZaYCTeHI/IT oOmamaeT
MOBBINIEHHON CTa0MJIBHOCTHIO, UMEET OTHOCHUTEIIbHO HEBBICOKUE MPOYHOCTHBHIE
XapaKTEPUCTUKU (Gpp, O©z) M BBICOKYIO IIACTUYHOCTH (O, %). Tosbko mnpu
ONTUMAJbHBIX 3HaueHUsIXx OJIY (0,15-0,2OI[>1</M2) CTald HMEIOT IOBBIIICHUIO
MPOYHOCTH M IOCTATOYHYIO TUIACTHYHOCTb.

B [97] Obu10 mpemyiokeHO HECKOJBKO SMITUPHYCCKUX COOTHOIICHUN JIJIst
pacueta DJ[Y ayCTEHUTHBIX CTalIel pa3MYHBIX CUCTEM JIeTUpOBaHUS. DOPMYIIbI,
paspabortanabie Schramn ¢ coaBropamu (2), Pomocom u Tommconom (3) wu
[Tuxepunrom (4), ABIAIOTCS HauOOJEEe YaCTO IUTHPYEMBIMHU ISl HEPIKABCIOIIUX

CTaJIEN.
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Schramn et al. :
SFE (mj/m?)=-53+6,2%Ni+0,7%Cr+3,2%Mn+9,3%Mo (2);
Rhodes et al.:
SFE (mj/m?®)=1,2+1,4%Ni+0,6%Cr+7,7%Mn-44,7%Si(3);
Pickering:
SFE(mj/m?®)=-25,7+2%Ni+410%C-0,9%Cr-77%N-13%Si-1,2%Mn (4).

1.2.®du3nKoMexaHHYecKHe U XHMHYeCKHe CBOMCTBA CTaJIeH.

1.2.1 YcrajocTHasi IPOYHOCTH CTaJIei

K d4ucny BaxkHEHIINX MEXaHWUYECKHX CBOMCTB, KOTOPBIE OMPEAECISIOT
JIOJITOBEYHOCTh  JeTajieil  MU3  a30TOCOoJepXkalluX  KOPPO3UOHHOCTOMKHX
AYCTCHUTHBIX CTAJCH OTHOCATCS XapaKTEPUCTHKH YCTAJOCTHOW mpodyHocTH [98,
99]. B pabore [100], mokazano, uyrto i cramm 316LN (X16H12M2)
XapaKTePUCTUKA MAJIOLUUKIOBOM YCTaJlOCTH YIY4IIAlOTCS C BO3PACTAHUEM
coaepxkanus azora 1o 0,12%, a B untepBasie ot 0,12 no 0,25% n0ArOBEYHOCTH
ocraetrcs nocrosiHHoW. B padote [101] orMedeHO, 4TO HU COACpKaHUE a30Ta, HU
xoJonHoe AehopMHupoBaHue, HU JehOpPMAIMOHHOE CTapeHUE HE MPUBOAHUT K
CYILIECTBEHHBIM U3MEHECHUSIM XapaKTEPUCTUK MAJIOIIUKIOBOU YCTaIOCTH.

Bnusinue pasmepa 3epHa u coxepxkanusi azora (0,14 u 0,294 Bec. %) Ha
XapaKTEPUCTUKMA  CTATUYECKOM MPOYHOCTH U MAJOIMUKIOBOM  YCTalOCTH
ayCTEHUTHBIX Hepxkaseronmx craiei 316LN (0,024 C; 0,50 Si; 1,16 Mn; 0,025 P;
17,4 Cr; 10,01 Ni; 2,76 Mo; 0,42 Cu; 0,14 N, Bec. %) u 316HN (0,027 C; 0,47 Si;
0,99 Mn; 0,017 P; 21,6 Cr; 9,83 Ni; 2,64 Mo; 0,04 Cu; 0,294 N, Bec. %) u3ydanu B
padore [102].YcranocTHbie MCHBITAaHHUS MPOBOIWINA B YCIOBHSAX PACTSDKCHHS —
CKaTHsl C TOCTOSTHHOM OOIIe aMIumMTyAou aedopmariuu 3a UK HarpyKEHUs.
bpulo T1OKa3aHO, YTO CTAaTUYECKUHM W LMKIMYECKUM TMPEAEibl TEKY4eCTH B
3aBUCUMOCTH OT pa3Mepa 3€pHa H3MEHSIIOTCSI B COOTBETCTBUHM C YPaBHEHUEM
Xosa-Ilerua. [uknuyeckud mnpeaen TEKy4eCTH ONPEeNeisUIM W3 KPUBBIX
[UKJIMYECKOTO Je(POPMHUPOBAHMS C JOMYCKOM Ha IUIACTUYECKYHO ae(opMaIluio
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0,2%. B obeux cramsix ¢ yMEHBIICHHEM pa3Mepa 3epHa IHUKJINYECKass MPOYHOCTh
BO3pacTaeT M 3HAYEHHUS CTATUYECKOro MpeeNna TEKy4eCTH JieKaT BbIIIE, 4YeM
3HAYEHMS LUKJIMYECKOrO Mpeaena TEKy4YeCTH. YBEIMYEHUE COJEpKaHUs a30Ta B
AyCTEHUTHOW CTAJId TOBBIIAET KAK CTATUYECKUH, TaK W UHUKIWYECKUU MpPEae
TEKYUYECTH, UYTO CBS3BIBAIOT C MOBBIIMICHUEM HAMNPSHKEHUS TPEHUSA U MOJABICHUEM
MONIEPEYHOTO CKOJIbKEHHUS.

Bnusiaue TemmepaTypsl HUchbITaHus B uHTepBasie 25 — 600°C Ha
JIOJITOBEYHOCTh MPU MAJIOIMKIOBOM yCTaaocTh (OCEBOE paCTsDKEHHE — CKaTHe,
amIuTyna obuiedt aedopmanuu 3a 1uki Harpyxkenus 0,6%) uzydanu B pabote
[99] Ha oOpasmax U3 a3oTocozepKalleii ayCTCHUTHON HepkaBeromien ctaim 316L
(0,0021 C; 1,74 Mn; 12 Ni; 17 Cr; 2,4 Mo; 0,078 N Bec. %). O0pa3siisl mocie
zakanku ot 1100°C B Bome nmenu cpeauuit pasmep 3epHa 85 mim. ITokaszaHo, 4To
TEMIIEpaTypHas 3aBHCHMOCTH JIOJTOBEYHOCTH HMeeT MmakcumyM mpu 300°C, a
3aT€M C IOBBIIIEHUEM TEMIEpAaTypbl MCIBITAHHWS OHA pe3ko manxaer. Ilpu Bcex
TeMIlepaTypax UCHBITAHUS HAa KPUBBIX HUKIMYECKOTO YIPOUYHEHUSI B KOOpJAUHATAX
aMIUTUTYJa HaIpsHKEHHs] — YMCJIO IMKIIOB HArpy»XeHUsl BHadajie HaOJI0JaeTcs
LIUKIIMYECKOE YIPOUYHEHHUE, a 3aTeM, MOCJE JOCTHXKEHHMS MakCMMyMma IpHU BCEX
TeMreparypax KpoMe KOMHATHOM, pa3ynpouyHeHue. [Ipu KomHaTHON Temrieparype
Ha KPUBOW ITUKIUYECKOTO YIPOUYHEHHUS HAOIIOACTCS] TOPU3OHTAIbHAS TIJIOMAIKA
(cTamusi HACHILIEHMS ), a YK€ 3aTEM CIEAyeT pe3Koe pazyrnpouHeHue. HanMenbmit
yYPOBEHb MUKIMYECKOTO YIPOYHEHHs Habmromaercs npu Temneparype 300°C, npu
KOTOpOi HaOJIroaeTcsl MaKCUMyM IHUKJIMYeCcKo ponroBeuHoctu. [Ipu Bcex
TeMIlepaTypax UCHbITaHUS 3apPOKIACHUE U PACIPOCTPAHEHHE YCTATIOCTHBIX TPEIIUH
IIPOMCXOJUT BHYTPU3EPEHHO BJOJb IUIAHAPHBIX MOJOC CKoJibkeHus. [lepBas
CTaAusl TOBEPXHOCTHBIX TPEUIMH OXBaTBHIBAET OKOJO 2 — 3 3epeH. Peskoe
YMEHBIIICHHE OJTOBCYHOCTH mpH Temmeparypax cBbime 300°C  cBsizaHo ¢
abdekToM  TUHAMHUYECKOTO  JehOpMaIMOHHOTO CTapeHHUs. Menblas
J0JroBedHoCTh pu 25°C, mo cpaBHeHumIo ¢ TeMneparypoii 300°C, cBsa3ana ¢ Gojee
KOPOTKMMH CTaJUsIMU 3apOXKACHHMS W paclHpoCTpaHEHUs TPEIMH U3 — 32

oOpazoBaHusi  MapTeHcuTa  jAedopmalud B TpPoIecCe  HUKIMYECKOTO
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nepopmupoBanus. B pabore [99] wu3yuanm MaJONMKIOBYIO YCTAJIOCTh JBYX
ayCTeHUTHBIX HepxkaBeromux crajeit SUS304 (04X18H9 ¢ 0,04% N) u SUS304 N
(05X19H8 ¢ 0,21% N). HcneiTanuss Ha ycTaloCTh MPOBOJIWIM B YCIOBHUSIX
MOCTOSIHHOM ~ aMIUIUTYbl  HaNpsDKEHUsl. Y CTAaHOBJIEHO, YTO  yCTAJIOCTHAas
noJroBedyHOCTh cTalid 304N ¢ MOBBIIEHHBIM COACPKAHUEM a30Ta MEHbIIIE, YEM Y
ctasiu 304 B oOmactu OONBIIMX aMIUIATYHA HanpsbkeHud (o> 430 Mlla), a B
obnactu Manbix aMIutya (< 430 MlIla) nonroseunocts cranu 304N Gosbie, yeM
y ctaiii 304. Yucno MUKIIOB IS 3apOXKJICHUS YCTAJOCTHBIX TpeluH B ctanu 304
HaMHOTO MeHbIe, yeM B ctainu 304N. CKopocTh pactnpoCTpaHEHHs YCTATIOCTHOU
TpemuHbl B ctanu 304 Beime, yem B ctaiiu 304N B o0siacTé MayblX aMIUTATY
HanpspkeHuit. OiHaKo, B 00JacTH OOJIBIIUX aMIUIMTY HANpsDKEHUs HaOJIo1aeTcs
oOpaTHas KapTuUHA. YBEJIMUYECHHE COJICp)KAHUSI a30Ta TMOBBIIIAET CTAOUILHOCTH
aycteHura. [loatomy, B mpolriecce yCTaaoCTHBIX UCTIbITaHUM B cTanu 304 mpoTekaer
3aMETHOE TIpEeBpallleHue ayCcTeHUTa B MapTeHcuT, a B cramu 304N Ttakoro
NpeBpalieHrs Io4TH He mpoucxoaut. B pabore [103], npu cpaBHEHHH
XapaKTEPUCTUK MAJIOIMKIOBON YCTAIIOCTH (MCIIBITAHUS C TIOCTOSTHHOM aMILIATY10M
nedopmarinu 3a muki) craau 304 ¢ azorocoaepxkaiei cranpio (0,007 C; 20,04 Cr;
6,67 Ni; 8,73 Mn; 0,31 N, Bec. %) ObLIO MMOKA3aHO, YTO JIOJITOBEYHOCTh BBIIIC Y
a30TOCOEPIKAIICH CTaJIM MPU BCEX aMIUIUTY1ax aeopMaiuu.

B [104] wcciemoBanu CONPOTUBJICHHE YCTAJIOCTHOMY pa3pyLICHHUIO
aycreHuTHbIX crajged 03X13AI'19 u 07X13H4AI20 ¢ 0,3-0,35 N wu He
coaepxkariien azor ctanu 08X 18HI9T. YcTanocTHbIe UCIIBITAHUS METOJOM YHCTOTO
u3ruba ¢ BpalieHueM MPOBOIUIN Ha 00pa3liax JuaMeTpoM 7,5 MM MPU KOMHATHOMN
TEMIIEpaType B BO3AYyX€ M B KMJKOM a30Te Ha yctaHoBke MYM-600 (yactora 50
['mr). Onpenensian npeaena BBIHOCIAWBOCTH U KPUTUYECKYHO JIJIMHY TpeuuHbl (B
npejenax KOTOpOW ee TpupalieHue He NPUBOAWIO K BO3HUKHOBEHHIO
MaKpOCKOIIMYECKOM  HECTaOMIBbHOCTH. MeXaHWYecKhe  CBOMCTBAa  cTajiel

npuBeAeHbl B Tadauie 1.12.
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Tabauma 1.12 MexaHndeckue CBOIICTBA CTaJIei.

Mapka crajin T,’C | 602MIla | o,, MIla 5,% | o, Mlla| oy"e,
20 334 667 56 275 0.41
07X 13H4AI20
-196 952 1344 46 549 0.41
20 363 716 60 245 0,34
03X13AI'19
-196 716 1305 30 579 0,44
20 285 608 44 280 0,46
08X18H9T
-196 500 1207 35 466 0,40

Ha pucynkax 1.9 um 1.10 mpencraBnensl kpuBble ycranoctu craieid. C
nepexogom or +20 k -196°C HaGmromaeTcs IOBBIIMICHHE BIABOE YCTAIOCTHOM
npoyHocTH. IloHmKeHHe Temmeparypbl ucmbiTanuii g0 -196°C He oOKka3bIBaeT

CYIIIECTBEHHOI'0 BIUAHMS Ha PopMy KpuBoil yctanoctu cramu 03X13AT19.

0, MMa o, MMNa
350- . 700 -
300 650
e o 600
250- |
} 550 -
2004 | | : ; , , , ,
108 104 105 106 107 N 104 105 10 107 N
Pucynok 1.9 - Pucynok 1.10 -
Kpussie ycranoctu 06pasios mpu 20°C : Kpussie ycranocrtu mpu -196°C:
@ - 03XI18AT'19;@® — 07X13AH4AT20. O - 03X18AT'19; ®— 07X13AH4ATI20.

Jns ctanmm 07X13AH4AI'20 npu temnepaTtype *KUIKOTO a30Ta BBIABISETCS
paspbIB TIpH Hampsvkernn 648 MIIas o6mactu monarosednoctd (2 — 8)-10° MHKIOB.
OTMeTnM, 4YTO pa3pblB KPHUBOW IMPOUCXOAWUT NPHU HANPSHKEHUM HUXKE Ipeaesna
tekyduectd Ha 294 Mlla. Tlo-BuguMoMy paspbiB KpUBOH YCTAJIOCTU OOYCIIOBJICH

CMEHOI MEXaHNU3Ma YCTAJIOCTHOTO Pa3pyILLICHHUS.
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N3BectHo [105], 4TO XMMHYECKHI COCTAB, CTPYKTYPHOE COCTOSIHME METaJlIa
U cpela, B KOTOPOU MPOBOASTCA MCIBITAHUSI MaTepHaia, OKa3bIBAIOT BIMSHUE KaK
Ha YCTaJIOCTHYIO MPOYHOCTh TaK, U Ha MOSBJICHUE Pa3pblBa B KPUBBIX YCTAIOCTH.
JInsi ayCTEHWTHBIX CTajeil OTHOIIEHUE TMpeliesia BBIHOCIMBOCTH MOJIEIBHOIO
obpasua G, K BPEMEHHOMY COIPOTHBICHHIO G, cocTaBiasier 0,4; y cTamd c
npeo0iafaoniel MapTEHCUTHOM CTPYKTypoll oHO ymeHbimaercs no 0,33.
OTHo1IeHne GWM/GB):[JIﬂ craneit 03X13AI'l19 u 07X13H4AI'20 npu KOMHATHOUH
temneparype cocraisaeT 0,34 u 0,41 coOOTBETCTBEHHO, IIPU TEMIIEPATYPE KUIAKOTO
azora— 0,44 1 0,41, To ectpb s cranu 07X13H4AI'20 (xak u g 08 X18HIT) ato
OTHOUIEHUE C MOHMKEHUEM TEMIIEpaTypbl OCTAETCsA MOCTOAHHBIM (Tabiuua 1.13);

nst ctanu 03X 13AI'19 nporcxoauT ero MmoBbIIICHHUE.

Tabmuua 1.13 YcranocTHas IpOYHOCTh U BSI3KOCTh Pa3pylICHUs CTAJIEH.

Tncn, GWMa ESa chsa 60,21 6Wmml
Mapka craau a2
°C MlIla MM H/Mmm MIla MIla
20 245 1,7 569 46,1 141
03X13AI'19
-196 579 2,0 1451 110 333
20 275 2,1 705 52,0 158
07X13H4AT120
-196 549 2,2 1444 104 316
20 280 19 682 53,0 161
08X18HIT
-196 466 2,4 1279 88,3 269

PeHTreHoCcTpyKTypHBIN aHAINU3 yCTalOCTHBIX u310MOB ctamm 03X13AI19
MOKa3bIBAaCT, YTO IPU HU3MEHEHUU TEeMIepaTypbl HAOIIOAAIOTCS pa3iIndus B
Pa3BUTHHM CTPYKTYPHBIX MPEBPAIICHUI MPOTEKAOIIMUX B MpOLEcce pa3pyLICHUs
nepes PpoHTOM pacmpocTpaHstomieiics ycramoctHor Tpermubl [106]. Bombmieit
WHTEHCUBHOCTBIO M HamuyueM (ha30BbIX MPEBPALIEHUH B H3JIOMaX MOXKHO
OOBSCHUTH CMELIEHUE B BEpXHEU BeTBU KpuBOMl yctanoctu ctanu 07X13H4AI20
npu temreparype -196°CB cTOpOHY MEHBIIIETO YKCIia HUKIOB (prucyHOK 1.10).

Mexay HMKINYECKOW BA3KOCTBHIO pa3pylIeHUs U MPEAEIOM BBIHOCIUBOCTH
CTajiell B YCIIOBHUSIX MOJOOUS JOKAJIBHOTO HAMPSKEHHOTO COCTOSIHUS CYIIECTBYET

[107] xomuuecTBeHHAsT CBSI3b B BHIE: KlCS = GWM\/nES, TIe, chs — IUKJINYecKas
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BA3KOCTh paspyiueHus. Omnpexaensiomas paboTOCIOCOOHOCTh MaTepuaia Mpu
IIUKJINYECKOM HATrPy>KCHHH W XapaKTePU3YIoIas CTAOWIBHBIA POCT TPEIIHHBI MPU
G = Gy B YCIOBUAX KOIJa Pa3Mep 30HbI [UIACTHYECKON AeOpMAalMi Mal 110
CPAaBHEHUIO C JJIWMHON TpemuHbl. OnpenenuB W3 3KCIEPHUMEHTA Kic®, MOXHO
paccunTaTh XapakTepUCTUKH paboTocmocooHocTu cTanei [105], B ToMm umcie:
ow™ = oW AY™ — MuHEMAaIBHBI npenen BBIHOCIMBOCTH KPYMHOraOapUTHBIX
oOpasioB 6e3 Hampesa. JlanpHelee yBeIuYeHHE TuaMeTpa KOTOPBIX HE BIHSET
Ha BEJIWYMHY TpeAeia BBIHOCIMBOCTH; G, = ow"A¥ —  MuHHManbHOE
MOBPEXJIAIOIIEEe HANPSIKEHWE TMPU  PACHPOCTPAHEHUM TPELIUHBI, rae A —
YHUBEpCalbHas pa3pylIeHUsI.

Takum o00pa3om, 3Has OJHO W3 TIOPOTOBBIX HAMNPSHKEHUU, MOXKHO
MPOTHO3UPOBATh JIPYTHE IOPOTOBBIC HAMPSHKEHUS W 3HAYCHUS KPUTUUYECKOTO
Koa(dpuIeHTa UHTEHCUBHOCTH HamnpspkeHus (Tabnuna 1.13).

Haunbonpield MUKIAYECKOW BSI3KOCTBIO TP KOMHATHOM TeMrepaType
(K= 687 Hmm>?) o6mamaror cram 07X13H4AT20 1 08X18HIT: K, ° ux Bbimme
Ha 24%, dem K cramn 03X13AT19. 3HaueHue IIOPOTOBBIX HAIPSKEHUU IS
cranent 07X13H4AI'20 n 08X18H9T nmpakTudueckn OOUHAKOBBI, U OHU BBILIE YEM
noporoBoe HampsbkeHue s ctanu 03X13AIN19. Tak, Hanpumep, MUHUMAJIbHOE
MOBPEXKIAIOIIEE HAIMPSHKEHUE NPU PACHpPOCTPAHEHUU TPELIUHBI G JJis CTaJlH
07X13H4AI'20 Beie, ueM ais ctaiau 03X13AI1'19 na 13%.

[Ipu  Temmeparype  SKHIKOrO  a30Ta  3HauYeHHe  Kod((PUIIMEHTOB
WHTEHCUBHOCTHY HAIPSKEHUM W OPOTOBBIX HamnpsbkeHuil s craneit 03X13AI19
nu 07X13H4AI'20 mnpakTHYECKH OJUHAKOBBI; KOAXDPUIIMEHT HUKINYECKON
BSI3KOCTH 9THX craieil qocruraer 1442 Him®?.

OOpaiaeT BHUMaHUEe HE3HAYUTENbHBIA POCT Bsi3koM TpemuHbl Ls(c 2,1 1o
2,2 mm) ctasi 07X13H4AT20 npu CHUXKEHUH TeMIIEpaTypbl UCIIBITAHUS 10
-196°C. MosHO ObLIO TIOJarath, 4yTo BBeaeHuE 4% Ni MOBBICUT XapaKTEPUCTUKH
paborocniocoonoctn cranmu  03X13AI'19. Opnako oxugaeMbiii >P¢dekT He
JIOCTUTHYT, 4TO, TIO-BHIUMOMY, OOBSICHACTCS YBETUUCHUEM COJICPKAHUS yTIEpoia

BABOC IIPU OJHOBPCMCHHOM BBCIACHHNU APYTHUX 3JICMCHTOB.
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[IpoBeneHHbie 3MEKTPOHHOPPAKTOrpahUUECKUE HCCIAEAOBAHUS TO3BOJISIOT
clenaTh KaueCTBEHHYIO OlleHKY BsiskocTu ctaniet 03X 13AI'19 u 07X13H4AT20.

[Tpu pacecmorpenun mukpopenbeda B 30He L n3noma cranu 07X13H4AT 20,
nonydeHnoro mpu Ttemmeparype 20°C, BHIHBI IUIACTHYHBIC YCTAIOCTHBIC
MUKPOIIOJIOCHI, YTO XapakTEepPHO ISl BS3KOTO, CTAOMIIBHOTO PacHpOCTpaHEHUS
TpelMHbl. B 30HE YCKOPEHHOTO pa3BUTHA TpeIIMHbI {, TaKKe HaOII0JAI0TCA
IUTACTUYHBIE MUKPOTIOIOCKHI, HO 00Jee y3KHe MO CPaBHEHHIO C OOPO3IKaMH 30HBI
(. bopo3nkun wHOTIA uepeAyloTcss ¢ ydacTKaMu penbeda, OIU3KOoro K
KBazuxpynkomy. Mukpopensed B 30He {5 wu3noma cranmu 03X13AI'19,
ITOJIyYEHHOI'O0 IPU KOMHATHOM Temrieparype, ananormyeH cranu 07X13H4AI20.
Onnako B 30He {; HaOmoAaeTcs paspyuieHue ckojaoM. CpaBHEHHE BUIOB U3JIOMOB
crany, moiyueHHbIXx mpu -196°C, ykaspiBaeT Ha 0Ooiice BSA3KHI XapakTep
paspymienust cranu 07X13H4AI'20 no otHomenuto k cramu 03X13AI'19, y
KOTOPOM Mpeod1aaeT pa3pyLIeHUE CKOJIOM.

1.2.2 U3HOCOCTOUKOCTH CTAJIeH

[ToBbIlIeHNE HAAESKHOCTA M JOJITOBEUYHOCTH W3JENWN, W3TOTOBJICHHBIX W3
KOPPO3HMOHHO-CTOMKUX  CTajed, CBS3aHO C  MpoOJIeMOM  yBEJIMYEHUs
u3HocOCTOMKOCTH. OmuuM U3 A(DQPEKTUBHBIX  CMOCOOOB  TMOBBIIICHUS
U3HOCOCTOMKOCTH O3THUX CTajiell sBisseTcss JerupoBanue aszotom [107-109],
KOTOPBI MOXET 00eclednBaTh BHICOKOE TBEPIOPACTBOPHOE U JehOpMAIMOHHOE
ynpounenue ayctenurta [107]. B pa6ore [110] moka3zaHo, YTO ayCTEHUTHBIC CTaJIN
tuna X25I'10 co cBepxpaBHOBECHBIM cojnepkaHuem azota (~1% N) B ycnoBusx
abpa3MBHOTO M3HOCA HE yCTYMNAlOT, a B YCIOBUAX TPEHUS KaueHUs, CYIIECTBEHHO
IPEBOCXOAAT a30TUPOBAHHYIO U3HOCOCTOMKYIO cTanbs 38 XMIOA.

B paborax [111-112] uzydyeHa B3auMOCBSI3b aOpa3uBHOM N3HOCOCTOMKOCTHU C
(ha30BBIM COCTAaBOM BBICOKOQ30THUCTHIX XPOMHUCTHIX cTajieH, coaepkamux 0,4-1,3%
N u 15-25% Cr. CtoiikocTh IpOTHUB aOpa3MBHOTO U3HOCA ITHX CTAJICH 3aBUCHUT OT
pa3BUTHA MApPTEHCUTHOTO TPEBpAIICHHUS B CJIO€ METajia, KOHTAKTUPYIOIIETO C

a6paSI/IBHI)IMI/I qacTHlaMH, a TaKXKC OT CTCIICHH I[e(l)OpMaHI/IOHHOFO YIOPOUYHCHUA
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ayCTEGHHTa B OTOM CJoe. XUMHUYECKUU COCTaB, KOJMYECTBO U CTAOMIBLHOCTH
OCTaTOYHOTO ayCTEHUTA M €r0 CIIOCOOHOCTh K (DPUKIIMOHHOMY YIPOYHCHUIO B
ATUX CTAISIX MOXKHO PETyJIMPOBATH C TOMOIIBIO 3aKaJIKU OT Pa3HbIX TEMIEPATyp U
TEMIIepaTypbl OTIycKa. MakCHUMallbHyt0 H3HOCOCTOMKOCTh cTasib 0X18A1,2 ¢
conepxxanuem 1,2% N npuobperaer nocne HenoaHOM 3akanku B Boae oT 1000°C,
HaxXoJsCh B Tpex(a3HOM COCTOSHUU (METAcTaOWJIBHBIN ayCTEeHUT, MAapTCHCHUT U
HUTpUALl XpoMma). I[locne ormycka nmpu HarpeBe q0 600°C 3Ta cTanmb cCoXpaHseT
BBICOKYIO ~ HM3HOCOCTOMKOCTh.  Koppo3moHHO-CTOWKHE  ayCTEHUTHbIE U
MapTeHCUTOayCcTeHUTHBIE XpoMucThie (18-23% Cr) ctanm co cBepXpaBHOBECHBIM
COJIEp)KaHMEM a30Ta I[OCJ€ 3aKaJIKM U OTHyCcKa B IIMPOKOM HHTEpBaje
TEeMIIepaTyp, 3HAUUTEIbHO MPEBOCXOJSAT MO a0pa3uBHOW M3HOCOCTOMKOCTU CTallb
110I'13.

B pabore [112] wuccimemoBaHa ~ M3HOCOCTOMKOCTH — MAapTEHCHTHBIX
KOoppo3uoHHO-cTOMKuX craneit X17H2A0,14, XI13A0,14 u X14I'4A0,22 ¢
PAaBHOBECHBIM COJAEPKAHUEM a30Ta. YBEIMYECHHUE COJAEPKAHMS a30Ta B CTAISIX OT
0,14 no 0,22% BBI3BIBACT POCT UX CONMPOTUBIICHUS a0pa3sMBHOMY U aJIFr€3MOHHOMY
u3HammMBanuto. HauOonbiieil TBEPAOCTBIO U CONMPOTUBICHUEM aOpasuBHOMY
u3HOCy 00samarT azorocoaepxamue Mmaprencutabie Cr, Cr-Ni u Cr-Mn cranu B
COCTapEHHOM COCTOSIHUW, B pE3YyJbTaT€ BBIACICHUS JUCIEPCHBIX YaCTHIL
kapOoouuTpu0B xpoma tuna My(C, N). UccnegoBanHble a30THCTBIE CTaIU MOCIIE
3akanku oT 1050°C wumenu oaHO(Da3HYIO CTPYKTYpY MaKETHOTO PEEeYHOTO
MapTeHcuTa 0e3 ocTaToyHOro aycreHuta. OOpa3oBaHHME MapTEHCUTAa TPEHUS B
pabounx  closiX B MpPOIECCEe  H3HAIIMBAHUS  KOPPO3UOHHO-CTOMKHUX
a30TOCOJIEPIKAIUX CTAICH C METaCTAOUILHBIM ayCTEHHUTOM MOXET TOBBIIIATh UX
abpa3uBHYI0 H3HOCOCTOMKOCTH. [lo-BMAMMOMY, HaJIW4YMe TAaKOTO MAapTEHCHUTa B
CTPYKTYp€ 3THX CTajed [IOJHKHO MOBBINIATH UX HM3HOCOCTOMKOCTHh B YCJIOBHSX
TPEHUSI CKOJIbKECHUS.

B pabore [110] moka3aHO, 4YTO TpPEHHE CKOJBXCHHUS O0O0pasloB
a30TOCOAEPIKAIINX ayCTCHUTHBIX XpoMomapraniensix 07X18I'10 (0,5% N) u

craneir 08X18I20 (0,8% N) mpuBoguT K (OPMHPOBAHMIO HAHOCTPYKTYPHI B
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MOBEPXHOCTHOM CJI0€, MUKpO(dparMeHTsl KoTopoil umeroT pasmep 0,01-0,1 mxm.
[Ipu yBenuyeHUH paccTOSHUS OT MOBEPXHOCTH TpeHusi Oonee 10 MkM paszmep
(parMEeHTOB HAHOCTPYKTYPbl CYIIECTBEHHO BO3pacTacT U3-3a CHIKEHUS
WHTCHCUBHOCTH IUIACTUYECKON JehopMalnu 1o riayOnHe akTUBHOTO Ciiosi oOpasia
atux craied. [lo manuev [110] B pa3nuuHbix MaTepuaiax cOPMHUPOBAHHEIC TIPH
TPEHUU CTPYKTYpbl, OJM3KHE IO YPOBHSAM JUCIEPCHOCTH, Pa30PUEHTUPOBKHU
bparMeHTOB ¥ CpPEIHEW TUIOTHOCTH JAWCIIOKAIIHIMA 5-10"cM™, 3HAYMTENBHO

Pa3In4aroTCs 110 TpI/I6OJ'IOFI/I‘ICCKI/IM CBOMCTBAM.

1.2.3 Koppo3noHHasi CTOMKOCTb CTaJIel

Omaum u3 Ba)KHBIX AKCIUTYyaTallMOHHBIX CBOMCTB 151631 (1507
HU3KOTEMITEPATypHOU TEXHUKH, M3rOTOBICHHBIX U3 Cr-Mn-Ni-N craneii, sBisercs
ux crorkoctb K MKK 1 muTTuHrOBOM KOppo3uu. BBeneHne a3zora B ayCTEHUTHBIE
CTaJli  OKa3bIBACT  MOJIOKUTEIBHOE  BO3JICHCTBHE  HAa  COINPOTUBIICHUE
nuTTHHroo0pa3oBanuio [113-114]. OCHOBHBIMH 3J€MEHTaMH, OOCCICUHBAIOIINMU
COITPOTHUBIICHUE TAaHHOMY BHAY KOPPO3UM HEPIKABCIOIIMX CTaJIeH, HE COMEpIKaIIix
a30Ta, SABJISIFOTCS XPOM M MOJTUOICH. DKBUBAJICHT COITPOTUBIICHUS TUTTUHTY IS THX
craneil paseH I, = %Cr + 3,3 %Mo (mac. %). MccrnenoBanus o OLEHKE POJIM a30Ta
B Cr-Ni, Cr-Ni-Mo0 ayCTeHHTHBIX CTajsIX IOKa3ald, YTO JUIT TAKUX CTaJeH HYKHO
pacCcUMTHIBATh ITOT IKBUBAIEHT 10 dopmyre: I, = %Cr + 3,3 oMo + X %N, rae
X, 110 JaHHBIM HccnenoBareneit [114-117], umeer 3nadyenus ot 13 o 30.

B pa6ote [119] orTmeuaeTcss CKIOHHOCTh a30Ta K OOOTAICHUIO AKTUBHOM
MOBEPXHOCTH HCIBITHIBAEMBIX 0Opa3LOB CTAJIHM, YTO BAKHO NPHU ILIEIEBON M 00mIen
KOPpPO3WH;, €ro TO3UTUBHOC BIMSHUE HAa CHIDKEHHE UYYBCTBUTCIBHOCTH K
MEXKKPUCTAIUTUTHOM ~ Koppo3uu. Ilpm 3TOM oOTMedaeTcss pE3KOoe CHUKCHHE
KOPPO3MOHHOW CTOMKOCTH TIpX TIPEBBIIICHUN TIpeJieia PacTBOPUMOCTH a30Ta B
CTaJIsIX.

B pab6ore [113] ycraHOBICHO, YTO CTOMKOCTh K MUTTHHIOBOW KOPPO3HMH
AyCTCHUTHBIX XPOMOMAapTaHIICBOHUKEIICBBIX CTallel, OmpeaeNseTcss He OOImM

COACPKAHUCM a30Ta B CTalIM, 4 KOJIMYCCTBOM €ro B TBEPAOM PACTBOPC. Hanuuwne B
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CTAJIM HUTPUIOB XpOMa 3HAYUTENIPHO YCWIMBAET CKIOHHOCTh K MHUTTUHIOBOM
Koppo3uu. [loBbIIEHHE NMUTTUHIOCTOMKOCTH AYCTEHUTHBIX CTAJeW, YINPOUYHSEMBIX
HUTpUAAMU, 0OECIICUMBACTCS BBEJACHUEM BaHAJUA U HUOOMS, MMEIOUIMX OoJbllee
CPOZACTBO K a30Ty, 4eM XpoM. KoiIM4yecTBO 3THX 3JEMEHTOB B3aMMOCBS3aHO C
COJIEpP’)KaHMEM a30Ta W yriiepoja B CTaid. JlJii MOBBIMICHUS MUTTUHTOCTOMKOCTH
a30TOCOJEPKAILIEH CTAIM 3aKJIFOUUTENBHBIE TEPMUYECKUE BO3ICUCTBUS CIEAYET
NPOM3BOJANTH BHE OOJACTH TEMIIEPATyp, MPU KOTOPBIX 00pasyloTcss KapOuasl U
HUTPHJIBI XPOMaA.

Koppo3noHHasg CTOMKOCTh a30TOCOACPIKAIMX CTal€d 3aBHCUT OT WX
CTPYKTYpPHOT'O COCTOSIHHSI, HA KOTOpOE BIMSIET TepMuueckas oopadboTka. CtapeHue
OKa3bIBAET OTPULATEIBHOE BJIHMSHUE HA KOPPO3MOHHYIO CTOMKOCTh TaKUX CTaJIeh
u3-3a 00pa3oBaHUs KapOWIHBIX WM KapOOHUTpHIHBIX (a3. B padore [113] mpwu
OIICHKE CKOPOCTH OOIIIeH KOPpOo3uH B KUIIAIIEH 60% a30THOM KUCIOTE, 3aKaJIeHHBIX
¥ oTnyieHHsIX mpu 650, 750 u 800°C craneii ¢ 14-20% Cr, 3-13% Ni, 0-17% Mn,
0-0,43% N moka3aHo, 4TO TOCJIE CTapeHUs] CKOPOCTh KOPPO3WUU DITUX CTayel
Bo3pocina B 10-20 pa3, Tak ke, kak u 'y ctanm 0X17H13, 6e3 a3ora.

Breinenenne mpu otmycke (B umHTepBasie 600 - 900°C) wacTtuil 1r00BIX
xpoMocozepxamux ¢a3 — He ToJIbKo HUTpu0B CroN, HO ¥ -(ha3bl, win ¢da3sl JlaBeca
(M) — BBI3BIBACT MOSBICHHE OOCAHECHHBIX XPOMOM YYaCTKOB CTPYKTYpPBI, YTO
OTpUIIATEIILHO BIIMSET, B TOM 4YHUCJE, U Ha D3JIECKTPOXMUMHYECKYI0 KOPpPO3HUIO, a
MMEHHO — Ha MOBEICHUE CTaJIel B TACCUBHOM 00JIACTH.

3HAYMTEIILHOE YMCIIO MUCCIICIOBaHUI MpoBeaeHo Ha aycTeHUTHBIX Cr-Ni-Mn
u Cr-Ni a30TocoaepKalluX CTAISAX MPU aHOIHOM MOJSPHU3AIMU B pACTBOPAX KUCIOT
u cojeit. Tak, B [120] mpuBeaeHBI pe3yabTaThl MOTCHIIMOAMHAMHYCCKON aHOIHOM
nonsipusanuu craneut tuna 316S, nerupoanubix 0,015; 0,2 u 0,56% azota B 0,5 %
NaCl npu 25, 35, 45 u 60°C, a Taxxe B 1 H H,SO, u cmecu 1 H H,SO4 + 0,5 %
NaCl. C poctoMm coaepkaHusi a30Ta BO3pacTal KPUTHYECKHM TOTEHIIHAT
nuTTiHrooopazoBanus — EI1O — B constHOM pacTBope. B KUCIOTHO-COJISIHON cMecH
OTMEYAIIOCh BHU3YyaJIbHO 3aMETHOE MOBBIIIIEHUE COMPOTHUBIICHUIO

MUTTUHTO00PA30BAHMSI C POCTOM KOHIICHTpAIuH a30Ta. [loBbIlIeHNE TeMIepaTyphl
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AIIEKTPOJIUTA YXYAIIAJO0 CTOMKOCTh K MUTTUHIOOOpa3oBaHus BO Bcex cramsix. C
YBEJIMYEHUEM CTETICHU TPEIBAPUTEIHLHON X0JoaHOW nedopmaiu (0T 5 1o 25%)
YKCJIO TUTTUHTOB MOCJIE BBIJIEPKEK B KUCIOTHO-XJIOPUIHOM cpejie BO3pacTaio.

AHanu3 TacCUBHOW TUICHKH, ITOCJIC OMUCAHHBIX IKCIEPUMEHTOB METOJIOM
HOHHOM MacC-CIEKTPOMETPHUH, TTOKa3all 00oraiieHue IICHKH a30TOM, TeM OoJIbIIee,
4yeM BBIIIE COJICpKAHUE a30Ta B CTaH, a TaK)Ke M 0O0pa3oBaHHE Ha IMOBEPXHOCTH
METaJUla CJIOsS C TIOBBIICHHBIM cojaepkanuem asora [120]. TlomoxutensHOE
BJIMSIHUE a30Ta Ha COMPOTHUBJIEHHWE IUTTHHIOOOPAa30BAaHUIO B PacTBOpax COJICH
CBSI3BIBACTCS C OOOTaleHWEM a30TOM TIOBEPXHOCTH pasfiela OKCHUA-METaLl B
IIACCHBHOM COCTOSTHMHM, TaKke M 1Mo JaHHbIM [121, 122].A30T HaxomuTcs B
OTPHUIIATEIILHO 3apsSHKEHHOM COCTOSHUM Ha METAJUIMYECKON TOBEPXHOCTH TIOJ
naccuBHOM IieHKkor [122, 123]. Hanuunme HMOHOB a30Ta MOXKET IMPEIOTBpAIIaTh
3apOXKICHHE MUTTUHIOB MYTEM ITOJABJICHHUS TMPOIIECCOB, CUMUTAIOIIMXCS HAYajIoM
3apOXKICHHUS TMHUTTHHTOB: aJCOPOIMM HOHOB XJOpa Ha MACCHUBHON IUICHKE WM
3aMeJICHUS UX JIOCTyIa K Heit [122, 123].

PocT koHIIeHTpalMy a30Ta B ayCTEHUTHBIX CTAISIX CIIOCOOCTBYET HE TOJBKO
yBenmnueHnio EIIO M yMEHBIIEHHIO KOJMYECTBA MUTTUHIOB, HO W TOBBIIIECHUIO
KPUTHYECKHX TEMIIEpaTyp IUTTHHTO0Opa3oBaHus (5) W IIenaeBoit koppo3uu (6)
[121, 124]:

tepur. (°C) = 2,5 [Cr] + 7,8 [Mo] + 31,9 [N] - 41 (5);
tepur. (°C) = 3,2 [Cr] + 7,6 [Mo] + 10,5 [N] - 81 (6)

DKCIepUMEHTHI 110 T1ieeBor koppo3un B 3,4% NaCl na cramax 17% Cr-12%
Ni - 2% Mo, nerupoBannbix 0,019 u 0,224% N mnoka3zaym, 4To a30T yBEIMUHNBACT
CTOMKOCTH ITPOTHB IIEICBOM KOPPO3HUH, CHIKACT CKOPOCTh PACTBOPCHUS Ha CTAIUN
pacnpoCcTpaHeHUs SN U MOBBIIIACT MMOTCHIIMAJ PEIacCuBaIluy 10 00JIee BBICOKUX
3HaueHui [125].

Bimsaaue nerupoBaHuss a3oroM Ha CcToMkocTth K KPP  wm3ydanm Ha
TpaAUIIMOHHBIX HepkaBeromux ctamsix Tuna 18% Cr - 8% Ni. Konnentpanus azorta
0,16% He oka3zana 3aMETHOTrO BJIMSHUSI Ha 4yBCTBUTENbHOCTH K KP, a BBeneHue

0,25% a3oTa mpHBeENIO K YBETUYEHUIO YACTOTHI MOSABICHUS TPEUIUH U YTITyOJIeHUIO
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MaKCUMAaJIbHOM TPEUIMHBI; IIPU 3TOM CpeHss TTyOrMHA TPELNH, OIHAKO, CHI)KAJIach
[115]. C yBenmyeHueM copepKaHHWsS a30Ta B TaKUX CTAIAX TaKkKe OBUIO
YCTAaHOBJICHO TIOBBIIIEHUE CKOPOCTU 3apOXKICHUSA TPEIIMH, IPU CHUXKCHHUU
cKopocTH uX pacnpoctpadenus [121, 123]. B padore [114] moka3aHo, 4TO HAJINIHE
B CTPYKType azorocojaepkaimieil aycteHutHor crtamu 04X20H6I'1 1M2A®b
PEKPUCTAIM30BAHHON  CTPYKTYpbl ~ ayCT€HHUTa C  HU3KOW  IUIOTHOCTBIO
BHYTPU3EPEHHBIX ~ W 3€PHOTPAHUYHBIX  BBIICJICHUH  HUTPUIIOB  WIH
(GbparMeHTUPOBAHHON W TOJUTOHU30BAHHOM CTPYKTYpPbI, 00ECIIEUHMBAET BBICOKYIO
KOPPO3MOHHYIO CTOMKOCTh B PACTBOPaX XJIOPUIOB.

B psine oOnacteld TeXHUKH MPOIECC KOPPO3UU METATUTMYECKUX H3CTUi
MOXET pPa3BUBATHCS B YCIOBHUAX, KOTJA 3TH HW3AEJIHS HUCIHBITHIBAIOT BHELIHUE
Harpy3ku u jAedopmanuu. IlocTossHHBIE (cTaTM4eckue) HaIpsHKEHHUS,
MPUJIOKEHHBIE K METAJUIMYECKUM H3JENUSIM, KaK MPaBUIIO, YCKOPSIOT IMPOLECC
xoppo3uu [126]. [Ipu 3TOM Ha KOPPO3UIO BIUSIOT HEOTHOPOIHOCTH IIOBEPXHOCTH,
NOHW)KEHHE  TEPMOJIMHAMHYECKOW  YCTOMYMBOCTM  METajula,  ajcopOouus,
pa3pyllICHHUE 3alUTHBIX IJIEHOK M JAPYrHe MpUYUHBL. PacTaruBaroniyue BHEIIHUE
HalpsDKeHUs, KaK TMpPaBWIO, HApyWAlT CIUIOIMIHOCTA 3alIUTHBIX IJIEHOK
MeTauindeckux — marepuanoB  [129].  [loHwkeHwe  TepMOJWHAMHYECKOM
YCTOMYMBOCTH W MEXAHMYECKOE pa3pylIeHUE OKCUJIHBIX TUICHOK CIBUTaeT
ANEKTPOJIHBIM MOTEHIMal B OTpULIATENbHYIO CTOpoHY. CBoOOAHAs >3Heprus
MeTa/ula pu 3ToM  Bo3pacTaeT. [lo ganHbiM [129] xKoMOMHAIMS TPUIOKESHHOTO
HaIpspDKeHUsT M BKIIOYEHUd MnS cnocoOCTByeT 00pa3oBaHHIO KOPPO3MOHHBIX
KaBepH B IMPOBOJIOKE W3 HepkaBewuien cranu tuna X18H9 ¢ paznuunbiM
conepkanvemM cepbl. IIpu 3TOM moTeHIMan pacTtBopeHHs MnS caBuraercs B
OTPHIATEIBLHYIO 00JIaCTh, YTO YBEIUYHMBAECT CKOPOCTh Koppo3uu. B padorte [128]
U3Y4YeHO BJIUSHUSA 3Haka jAedopManui Ha KUHETHUKY pPACTBOPEHHSI CTOPOH
W30THYTOM IUTACTUHBI W3 HU3KOJIETUPOBAHHOW KOHCTPYKLMOHHOM crtamu 4571,
cogepxkamen 0,45% C, 0,84% Mn. B mpouecce UCOBITAaHUA TPU PaA3HBIX
HaIpPSHKEHUSIX B YOPYroi 00JlacTH B arpecCUBHOM cpene (2 H. pacTBOp CepHOM

KHUCIJIOThI) OOHApY>KEHO, 4TO B MepBble 1-1,5 MHUHYTBI CKOpPOCTh PAacTBOPEHUS
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IUTACTUHBI MPEeBAMpOBAia Ha BOTHYTOW crtopoHe (6 10 ¢~ - mist BOTHYTOM
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-1 BBINYKJIOM). Yepe3 3-5 MUHYT 3KCHO3MLMH B
KOPPO3MOHHOM cpene oOpaser] paspyliajics, B pe3yiapTaTe 00pa30BaHUs
KOPPO3HOHHOM TpPEIIWHBI, WIH CKOPOCTh PACTBOPEHUS BBIITYKIOW CTOPOHBI
CTaHOBUJIAch Oouiplie. BiMsHHE OCTaTOUHBIX HANPSKEHUH B YCIOBUSAX YNPYrou
IUTACTUYECKON JeopMalui Ha KUHETUKY pPacTBOPEHHUS OOpas3loB B pacTBOpax
COJISIHOM M CEPHOM KHCIIOTHI paHee He M3y4anoch. [Ipu M3roToBieHnu neranen us3

BBICOKOA30TUCTBIX ayCTCHHUTHBLIX cTajell Ba)XXHO 3HATh MX TE€XHOJIOTUYHOCTH IIpu

CBapKe U 00pabOTKe pe3aHueM.

1.3. TexHoJiornueckue CBOMCTBA CTAJEH
1.3.1. CBapka craJjieit

JlernpoBaHue KOPPO3HMOHHO-CTOMKMX  ayCTEHUTHBIX CTaje€il  a30TOM
OKa3blBAa€T 3HAYMTEIIBHOE BIMSHHE HAa CTPYKTYpy M CBOWCTBA MX CBapHBIX
COCIMHEHUU. A30T H3MEIbYaeT IMEPBUUYHYIO CTPYKTYpY CBapHbIX IIBOB U
NOBBIIIAET CTOMKOCTh TAaKUX CTaJled NPOTUB OOpa3oBaHMs TOPSAYUX TPEIIUH U
MEXKKpUCTAIUTUTHOU Kopposuu [129]. B paGore [130] mokaszaHo, 4TO TOpsYHe
TPEUIMHBI, OoOpa3yronmecss npu cBapke Bbicokoa3zoTucThix(0,23-0,74 % N)
ayCcTeHUTHBIX ctanei ¢ 18-22 % Cr, 14-16 % Mn, 5-15 % Ni, 0-1 % Mo, 0-0,3 %
Nb, 0-1 % V, sBnstoTcs KpucTauM3anuoOHHbIME. C yBEIHMYSHHEM KOHIICHTPAIIUH
a30Ta B CBAapHOM IIIBE€ MCCJEIOBAHHBIX CTaleld CKIOHHOCTh UX K OOPa30BAHUIO
roOpsSiYMX TPEIIMH IMOBBIIIAETCS, HECMOTPS HA YMEHbBIIIEHUE COJIep KaHus O-(heppurta
B CTPYKType MeTaiiia mBa. [Ipyn ogHOM U TOM K€ KOHUEHTPALUH a30Ta B OCHOBHOM
MeTaJlJIe CKJIOHHOCTh K 00pa30BaHUIO FOPSYMX TPEIIMH MPHU CBapKe MOXKET ObITh
YMEHBIIEHA MyTeM JIETMPOBAHUS 3JIEMEHTAMU, YMEHBIIAIOIIMMUA TEeMIEPATyPHbIN
VMHTEpBaJ KPUCTAUIM3ALMU. YCBOEHHE a30Ta METAJUIOM IBAa YXYAIIAETCS OT
IIPOU3BEJCHUS BEJIMYMHBl TEMIEPATypPHOIO MHTEpPBAJA KPUCTAUIM3ALUMU Ha
coJiep>KaHue a30Ta B OCHOBHOM MeETaJIe.

C yBenuuennem coxaepxkanus azora 10 0,3% B XpPOMOHHMKEJIEBBIX

AYCTCHUTHBIX CTaJlsIX IIPOYHOCTH CBAPHBIX COG,Z[I/IHGHI/II‘/JI BO3pacTacT IIpH
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HE3HAYUTEILHOM CHWXeHHH IuiactuaHoct [132]. KomruiekcHoe JerupoBaHme
TaKUX CTajed MapraHiieM ¢ MOJHOJIEHOM MPUBOIUT K TOBBIIIEHUIO CTOHKOCTH
CBapHBIX IIBOB K 00Opa3zoBaHuio ropsuux tpemuH [131]. B Hacrosimee Bpems
perieHa mpoOiieMa CBAapKM MHOTHX MapOK KOPPO3MOHHOCTOWKHMX ayCTEHUTHBIX
craneii, coxepxkamux 0,15-0,30 % aszora [133]. M3-3a OTHOCHTEIHLHO HHU3KOM
MPOYHOCTH CBapHbIX coenuHeHuit (o, < 8§00 MIla) Takue cTanu MPUMEHSIOT B
KaueCTBE KOPPO3UOHHOCTOMKOTO MaTepuraia TOJIbKO MaJIo- U CPETHEHATrPY>KEHHBIX
CBapHBIX KOHCTPYKLIHMH U 00OpPYIOBaHUS KPUOTEHHOM TEXHHUKH, XUMUYECKOU U
ra30BOM MPOMBIIIIEHHOCTH, YHEPTETUUECKOTO U TPAHCIIOPTHOTO MAIIMHOCTPOCHUS
[134]. Hanmpumep, B KPHOTCHHOW TEXHUKE M SHEPTETHKE IMIMPOKO HCIIOJIB3YETCS
HEMarHuTHasi CBapuBaeMas XpoMoHHKenbMapranueBas crtaib 03X20H16AI6,
coaepxkamas 0,2-0,3 % a3ora, ¢ npeAeaomM MPOYHOCTH CBAPHBIX coennHeHn 640-
680 MIla [135]. 3HaunTeIbHOE OBBIIICHUE TPOYHOCTH Y YKA3aHHOW CTAId MOXKET
OBITh JOCTUTHYTO TIpu cojepkanuu Oosee 0,3 % aszora. OmHaKo, MPU TaKOM
conepkanuu azora B cranu 03X20H16AI'6 mpu cBapke miaBieHUEM OyIeT
OXpYHYMBAThCSI METAIJI B 30HE TEPMUYECKOTO BIMSHUS W TOBBIIIATHCS
CKJIOHHOCTh METaJljia IIBa K 00pa30BaHUIO ropsiunx TpeniuH. Kpome Toro, B 3ToM
cTaii ¢ conuepxkaHueM 16 % HUKeNIs HEBO3MOXHO IMOJIYYUTh CBApHBIC IIBHI 0€3
nop, 00pa3oBaHre KOTOPBIX CBSI3aHO C HU3KOM PAaCTBOPMMOCTHIO a30Ta B PaCILIaBe.
JlonomauTenpHOE nerupoBanue cramn 03X20H16AI6 1,8-2,2 % Mo u 0,2-0,3 %
V mnosslaer pactBopumMocth azota a0 0.45% [135]. Beemenue mosunbacHa u
BaHA/JMUSl B yYKa3aHHBIX KOJUYECTBaX B CTajlb MPUBOJUT K H3MEJIBUCHHUIO 3€pHA,
MOBBIIICHUIO POYHOCTH CBapHbIX coenuHeHuil (o, = 880 MIla), crabunbHOCTH
ayCTEeHUTa MO OTHOIIEHWIO K MAPTEHCUTHOMY MPEBPAIICHUI0 MPU OXJIAXKICHUU
WIM TUTACTUYECKOW JedopMaluu U yBEIHMYEHHUIO CTOMKOCTH MPOTUB TOYEUHOMN
Koppo3uu [136-142]. Bonee BBICOKAs MPOYHOCTH CBAPHBIX COCAUHEHHI MOKET
ObITh TONlydyeHa Yy Huskoyraepogucron cramu c 0,5-0,55 % azora. Takoe
colepKaHWE a30Ta B CTaiuu, Mo cpaBHEeHHIO co ctanbio 03X20H16AI'6M2D,

JIOCTUTAETCA 3a CUET YBEJIMYEHUS KOHUEHTpauuu mapradia oT 6 go 16 % wu
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YMEHBUIEHUSI KOHUEHTpAalMK HUkKemnss oT 16 1o 8 %, KOTOpble COOTBETCTBEHHO

IMOBBIIIAKOT U CHHUIKAIOT PACTBOPUMOCTDB a30Ta B PACILIIABC.

1.3.2. O0pabdoTka pe3annem

K nacrosimemy BpemeHu pa3paboTaHO OOJbIIOE KOJIMYECTBO BHICOKOBI3KUX
KOPPO3MOHHO-CTOMKUX ayCTEHUTHBIX CTaJlel C TIOBBIIICHHBIM COJIEP>KaHUEM a30Ta.
OnHako, MpH U3TOTOBJICHUN JieTallel, BOZHUKAIOT TPYIHOCTH MpU 00pabOTKe ITUX
CTaJIel JIE3BUUHBIM UHCTPYMEHTOM. AYCTEHUTHBIE CTAJIM OTHOCSTCS K KaTerOpHH
TpyaHOOOpabaTeiBaeMbIx MaTepuanioB [6, 143]. [To oOpabaTsiBaeMocTH pe3aHueM
KOPPO3MOHHO-CTOMKHE ayCTEHUTHBIE CTANIM yCTymnaroT B 1,5-2 paza KOppO3UOHHO-
CTONKHUM MAapTCHCUTHBIM U (GeppuTHbIM cTaisaMm [6]. Huszkas oOpabareiBaeMOCTb
KOPPO3MOHHO-CTOMKMX  ayCTEHHTHBIX  cTajeil  oOyClIOBJI€Ha  BBICOKUMU
3HAUYCHUAMH BSA3KOCTH, KOA(h(OUIIMEHTaAMH TPEHUsI B 30HE pPE3aHUS U TEIJIOBOTO
pacimmpenusi, CKJIOHHOCTA K HaKJIeMy M HU3KOW TeIIONPOBOAHOCTHI0. OMHON U3
IPUYMH 3aTPYAHEHUI, BO3HUKAIOMIMX NpPU 00pabOTKE ATHUX CTajeH, SBISETCS
YCUJIEHHOE UCTUPAHUE UMH PEXYIIETr0 HHCTpyMeHTa. M3HOC Takoro MHCTpyMEHTa
CBSI3aH HE TOJIBKO C UCTHUPAHUEM €ro TepeaHell MOBEPXHOCTH CXOASIIeH
CTPYKKOM, HO W C OOJBIIMM KOJMYECTBOM BbIACHsomerocs Temia [143]. B
pe3ynpTaTe HarpeBa MOHIKAIOTCS MEXaHWYECKHE CBOMCTBA MHCTPYMEHTAJIHHOTO
MaTepuaja W €ro HCTUpaeMas CIOCOOHOCTh, SBISIOMIASCSA TIOKa3aTelieM
00pabaThIBaEMOCTH.

VYayumenue o00pabaThIBA€MOCTH IMPU TOYEHUH KOPPO3UOHHO-CTOMKUX
ayCTEHUTHBIX cTalied, comepkamux He oonee 0,3% a3oTa, MOCTUraeTCs BBEACHHE
B HHUX Cepbl, celicHa, BucMyTa U cBuHIa [143-147]. TIpu 0OpaboTKe 3THX CTaleH,
COJIEpIKaINX Cepy WIIU CeJeH, oOpa3yeTcss XpymnKas CTPYXKKa, YTO TO3BOJISET
MOBBICHTH  CKOpocTh  pe3anus [6]. Ilo gamebiM  [147]  moBbImeHHAs
oOpabaTeiBaeMOCTh NpH pe3anuu aycteHuTHou ctanm 03X18HI10M, conepsxkarieit
0,04-0,07% S, cBsizana ¢ okpyrioi (GopMoil cUIMKaToOB B ee cTpykType. B [148]
WCCIenoBaHoO BiusHHUE a00aBoK cenmeHa 10 0,08% wu temtypa ao 0,02% Ha

00pabaThIBA€MOCTh pPE3aHHEM U TOPSYYI0 IIJIACTUYHOCTh BBICOKOA30TUCTOM
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(0,4%N) aycrenutnoit ctasm 20X17AI'15H2. TlokazaHo, 4to Majble 100aBKH
CEJICHA TIOBBINIAIOT 00PabaTEIBAEMOCTh PE3aHUEM CTalld, HE CHIDKAs €€ Topsdei
TacTHIHOCTU. J[00aBKM Tellypa TMOBBIIIAIOT 00pabaThIBAEMOCTh pPE3aHUEM
CHWJIbHEE, YEM CEJICH, HO CHHXAIOT TOPSYYI0 IJIACTUYHOCTH W3-3a 00pa3oBaHUS
JIETKOIIJIaBKOM 3BTekTHKH Me-Te-S.

OOpabaTbiBaeMOCTh ~ pE3aHUEM  KOPPO3UOHHO-CTOMKMX  CTalled B
3HAYMUTEILHON Mepe OMpEeNesIeTCss MX CTPYKTYPHBIM COCTOSIHHEM, KOTOpPOE
3aBHCHT OT pEXHMOB TEPMHYECKOH U TEPMOIUIACTUYECKONW 0OpabOTKH.
JIucriepCMOHHOTBEPACIONTNE CTAIM TOCEe 3aKaJKM U OTITyCKa 00padaThIBaIOTCS
XyXe, €CIIi B HX CTPYKType NPHUCYTCTBYIOT ITUCIEPCHBIC dYacTHIpl [6]. DtH
JACTHUIIBI IPETATCTBYIOT ehOpMaIlUU CIIBUTA B TIPOIIECCE PE3aHMsI JIETUPOBAHHBIX
CTaJIel M MOBBINIAIOT UX HCTHUPAIOLIYI0 CIIOCOOHOCTh. Jlydine oOGpabaTbiBarOTCS
pe3aHueM ayCTCHUTHBIC CTajll B OTOXOKCHHOM, IO CPaBHEHHIO C 3aKaJCHHBIM,
COCTOSIHUEM, U3-32 MEHBIIEro YyIPOYHEHUS AayCTeHHTa WM 00pa3oBaHMs
MapTeHcuTa Jaedopmanmu B mporecce pe3anus [6].

HecMoTpss Ha O0o0JbllIoe KOJMMYECTBO CO3JAHHBIX KOPPO3HMOHHO-CTOMKUX
ayCTEHUTHBIX CTajJie ¢ coaepkanueMm azora Oonee 0,4%, B nureparype

OTCYTCTBYIOT IKCIIEPUMEHTAJIbHBIC IAaHHBIE 00 UX PEKUMaX PE3aHMUs.
1.3.3. O6padoTka naBjaIeHHuEeM

IIpu ropsiueit oOpabOTKEe MNAaBJIEHHEM BBICOKOA30THUCTBIX AYCTEHUTHBIX

cTajei HeoOXO0AMMO YUUTHIBATH [6], UTO:

- a30T  CYIIECTBEHHO  YBEIWYUBAET  COINPOTHUBJICHHE  TOpSUYEMY
nehopMUpPOBAHHIO, YTO HAajaraeT CleluadbHble TpeOoBaHUS Ha (opmupyroiiee

000pyZ0BaHUE M OCHACTKY M OTpaHUYMBAET (OPMY U pa3Mep MOKOBOK,

- TEeMIepaTypHBI HWHTEpPBaJ], B KOTOpPOM (OopMUpOBaHHE, BO3MOXKHO,
ABIISIETCS 00JIee Y3KUM, TI0O CPABHEHUIO CO CTaJIsIMU O€3 a30Ta;

- HEOJTHOPOJHOCTH, T.e. B (hOpME MHUKpPO- WJIM MaKpOCerperamuii MOryT
BBI3BIBATH TPYIHOCTH IIPH 00pabOTKE MaBiieHHEeM. 31€Ch CTAHOBHUTCS OUYCBHIHBIM

npeumyiectBo TexHosoruu I o cpaBHeHuto ¢ Apyrumu npoueccamu [93].
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HawnGonpmield miacTHYHOCTHIO 00JIa/Ial0T BBICOKOA30TUCTHIE AYCTEHUTHBIC
CTaJI TIPH TOPsAYEi KOBKE WJIM MPOKATKH B MHTEpBajie Temmneparyp 1150-1260°C
[6]. IIpu TemmepaTypax Beire 1000°C 0HM UMEIOT OJMHAKOBBIE XapaKTEPUCTUKH
MPOYHOCTH C KIJIACCUYECKOM ayCTEHUTHOM XpoMoHuKeneBol ctanbio 1X18HIOT,
ofHaKo TpH Temmeparypax Hike 1000°C mpenmen MPOYHOCTH OTHX CTajeil
npumepHo B 1,5 paza Oousbiie npenena npounoctd cramu 1X18HI10T. 3Oro
OOyCIIOBJIGHO TE€M, YTO CTaJMd C TOBBIIICHHBIM COJIEp’KaHHEM a30Ta 00JIagaroT
O0JbIIeH CIOCOOHOCTHIO K YIPOYHEHUIO B MPOIIECCE TUIACTUYECKOU JedhopMaliuu
npu temieparypax Hrke 1000°C o cpaBrenuio co crampio 1 X18HIO0T.

[To mamHBIM [6] ¢ 1EIBIO YMCHBIICHHS BO3MOXKHOCTH OOpa30BaHUs
MOJICTY’KEHHOTO TOBEPXHOCTHOTO CJIOS C TOHM)KEHHOW IUIACTMYHOCTBIO, Ha
MEPBBIX Tepejiesax CIUTKOB PEKOMEHYETCSl IMOBBIIIATh TEMIIEPaTypy CIUTKOB
mox KoBKy m0 1260-1280°C. IloBellieHHass TeMIieparypa HarpeBa CIUTKOB IIOJ
KOBKY WJIH MPOKATKYy CIHOCOOCTBYET CO3/IaHUI0 OoJyiee OIaronmpusiTHBIX YCIOBHUI
JUISL  3aBapKd OCEBOM HECIUIONIHOCTH YCAJOYHOTO MPOUCXOXKICHUS, KOTOopas
XapaKTepHa TAKXKE U JUIsl CIIMTKOB U3 APYTUX CTaJCH.

[Ipu nanpHeleM mnepenesie TeMIlepaTypy HarpeBa (WM MOAOTPEeBa) MOJ
KOBKY MJIM TIPOKATKY MOKHO IMOHU3UTH 10 1180-1160°C.

OcoOEHHOCTBIO CTPYKTYPHI BBICOKOA30TUCTHIX (> 0,4% N) ayctenutnsix Cr-
Ni, Cr-Mn u Cr-Mn-Ni crajeit sBiaseTcss UX CKIIOHHOCTD K BBIZICIICHUIO HUTPHUIOB
xpoma mpu Temmeparypax 500-900°C mo MexaHHM3My INPEPBIBHCTOrO pacraja
aycrennta [6, 143-146]. Takoe mnposBIICHHE HECTaOWIBLHOCTH ayCTEHHUTA
BBIpQKEHO TEeM OoJiee pe3KOo, 4eM OOJbIlIe CTENEHb NEPECHIIMICHUS ayCTeHUTA
a30ToM. [IpephIBUCTBIM pacmaj CHUXACT IUTACTUYHOCTh, YIAPHYIO BS3KOCTH,
KOPPO3HMOHHYIO CTOMKOCTh, YXY/IIAeT CBApPUBAEMOCTb, a TaKXKe IMPUBOJIUT K
HEOJHOPOITHOCTH MEXaHUYECKUX CBOMCTB IO CEYEHUIO MOTy(pabpuKaToB U3 ITUX
craieir. OpgHUM W3 TyTeW NPEeAOTBpAIeHUs] MPEPHIBUCTOTO pacmaiga B
BBICOKOQ30THCTHIX ayCTCHHUTHBIX cranei SIBJISICTCS UCIIOJIb30BaHUe
TepMoie(hOpMaIIMOHHON 00pabOTKM TpU TOpsSYeH KOBKEe WM Mpokatke [6].

[TonoxuTenbHOE BO3ACHCTBUE BBICOKOTEMIIEPATYPHO 00paOOTKH Ha XapakTep U
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CKOPOCTh Pa3BUTHUS MEPECHIIMICHHOTO a30TOM ayCTEHUTA CBS3aHO C HM3MEHEHHEM
CTPYKTYpPHOTO cOCTOsiHHSA. Y BbICOK0a30THUCTBIX Cr-Mn wm Cr-Mn-Ni craneii
CYILLIECTBYET TEMIEPATYPHBI HHTEPBAJ, B KOTOPOM HE IPOUCXOIUT MPEPHIBUCTHIN
pacraji ayCTeHUTa M HE YCIIEBAE€T 3aBEPIIUTHCS €ro pekpuctamumizanus [145]. B
’TOM  MHTEpBaJie Topsyas  IulacTHueckas  jgedopMainus  MPUBOJUT K
BHYTPHU3EPEHHOM ()parMeHTAlMK B PE3YJIbTaTe PA3BUTHUA MPOIECCa TUHAMUYECKON
noymronu3anuu. [loHmkenrne temmneparypsl 1eOpPMUPOBAHKS CTAIH B Mpeeiax
ATOTO WHTEpBaJa YMEHbBINAET CTENEeHb (parMeHTAllMH CTPYKTYpbl ayCTEHUTA.
[Tonyuenune pa3BUTOM CYOCTPYKTYpPhl ayCTEHHWTa B BBICOKO-a30THUCTBIX CTaJsIX
3aJICp’)KUBAET HaAyajlo MPEPHIBUCTOIO pachaja Jaxe B ILEHTPAIbHBIX 30HAX
CTJIbHBIX 3arOTOBOK OOJIBIIION TOJIIUHBI, B KOTOPBIX IIOCJIE 3aKaJIKU OT
TeMreparyp, OOeCHEeUMBAIOIIMX PEKPUCTAIIU3AIUI0 AYCTEHHUTa, MPEPHIBUCTHIN
pacnag umeer mecto [145]. Topsiyas mactudeckass nedopmaiivs ayCTEHHUTA
BBICOKO-a30THCTBIX CTajeil MOXET BbI3bIBATH (DparMEHTAIIUI0 CTPYKTYPHI,
W3MeNbueHre 3epHa u neopmanmonHoe yrpounenue [146]. JlelficTBrue yka3zaHHBIX
MEXaHU3MOB YIIPOUYHEHUS IJIABHBIM 00pa30oM 3aBHCHUT OT HaJIU4YMs B Y — TBEPAOM
pacTBOpe aToMOB a30Ta M OT Xxapakrepa wux pacnpenenenuss B [1K
KPUCTAJUIMYECKON PELIETKU. YPOBEHb U COUETAHUE MEXAHUYECKUX CBOWCTB TAKUX
CTaJell B 3HAUYUTEIBHON MEpE OINpEeNessieTCsl COJAEpKaHUEM B HHUX yIiiepoja u
azora. MccnegoBanue BIMSIHUSI TOpsAYE KOBKM Ha MEXAHWYECKHE CBOMCTBA U
CTPYKTYpPY ayCTEHUTHBIX cTalleH, coaepxkammx (macc. %): C 0,06-0,37; N 0,33-
0,66, Cr 16,6-20,6; Mn 14,5-15,3; Ni 1,98-4,24, Mo 0,05-2,08; V 0,22-0,35,
nokaszano [147], yto ¢ yBennueHHEM cojiepxkaHus B Hux yriepoaa ot 0,06 no
0,37% mnpu MOCTOSHHOM BBICOKOM cojaepkanuu azora (~ 0,6%) mpoucxogut
cHmkenne yaapuoit Bsskoct (KCV or 3,0 go 0,50 MJLx/mM®) u mpenena
TeKy4ecTH. B IpOTUBOMONOKHOCTh AEHCTBUIO YIJIEPO/Ia YBEIMUYECHUE COJEPKAHUS
azora or 0,43 mo 0,63% B cramax ¢ 0,20% C BbI3bIBaET BeCbMa 3HAYUTEILHOE
MOBBIIIIEHUE TIpeJiesia TeKyUYeCTH MPaKTUUeCKH 0€3 CHIKECHHS yIapHOU BS3KOCTH.
Takum oOpazoM, ISl MOJTy4YEHUs 3aJaHHBIX YPOBHEH M COUYETAHHS TMpeielia

TCKYUCCTH U y,)l&pHOﬁ BA3KOCTHU IMOBBIIICHHOC COACPIKAHHC YITICpOAda B BBICOKO-
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azotucteix Cr-Mn-Ni cramsax HemenecooOpa3HO, Tak Kak HEBO3MOXHO
MIPEIOTBPATUTh O0pa30BaHWE 3EPHOTPAHUYHBIX KapOWUIOB XpPOMa, BBI3BIBAIOIIMX
OXpYIYMBAHUE U CHIDKEHHE KOPPO3MOHHON CTOMKOCTH cTanu. Beinenenue
HUTPUJOB XpOMa B CTasIX C HU3KUM COJACPKAHHEM YTepoaa OTINYArOTCs, Kak
MpaBUiIO, BBICOKOW JHUCIIEPCHOCTBIO M 00Jiee paBHOMEPHBIM paclpe/ieICHUEM B
o0beMe cTalM, 4YyTO M OOecleurBaeT IOJYYeHHE BBICOKOM MPOYHOCTH NIpH
COXPAaHEHUH NOBBIIIEHHON YIapHO! BSI3KOCTH.

YpoBeHb U cOUYETaHUE MEXAHMYECKUX CBOWCTB BBICOKO-a30THUCTBHIX CTajei
3aBUCAT OT TEMIIEPATypbl KOHIIA KOBKM WUIM TPOKATKH, C TOBBIMICHUEM KOTOPOI
CHIDKAeTCS TPOYHOCTh U TOBBIIACTCA yAapHas BA3KOCTh. [l  cramm
06X20AT'15H4M2® (0,66% N), noBsillieHHe TeMIiepaTypbl KOHIIa KOBKA OT 900
10 1100°C cumxkaer op, o 900 mo 780 MIla [147]. Uccnenoanue [146] cramu
X20AT'14H8M (0,8%) mokazano, 4TO MOCJ€ KOBKH C TEMIIEpaTypOl OKOHYaHUs
1000°C  cramp WMeeT XOpOIIEe  COYETAHHE  MEXaHHMYECKUX  CBOMCTB:
o, = 1080 MlIla, 6 = 36%, y = 56%, KCV = 15 MI[)K/MZ. CHmxenue
TEMIIepaTypsl KOHIA KOBKM 10 850 C CHIKAeT IUIACTHYHOCTD M YIAPHYIO
BS3KOCTh. lopsyass mpokarka 5Tod cramu mpu  700-800°C mpuBommima K
00pa30BaHUIO TOPSYUX TPEIINH, IPU CYMMAapHO# cTeneHu ooxkarus 6omnee 40%. Y
ctaiu 05X22AT1SHEM2D-111 (0,55% N, 2,1% Mo) mnocne npokarku mnpu 950-
1000°C co crenensto oOxatust 70% MDOCTUTArOTCsA MaKCHMaJbHBIE 3HAYCHUS
npenena TekydecTH (Gpp, = 1238 - 1258 Mlla) mpu ymoBiIeTBOPUTETHHBIX
3HAYEHUAX yaJMHeHus (0 = 26-29%), cyxenus (y = 48-54%) u yaapHoi BSI3KOCTU
(KCV = 0,40-0,50 MJ[x/m°) [145]. Takoe BBICOKOE VIPOUHEHHE OBLIO CBSI3AHO C
dbopmupoBaHreM B TIporecce Topsuer jgedopManuu  (PparMeHTHPOBAHHOU
CTPYKTYPhl C BBICOKOM IUJIOTHOCTBKO AucIOKanuu. [IpokaTka 3Toi cramu npu
temreparypax 1050 u 1100°C npuBOAMT K HEKOTOPOMY CHIGKEHHIO IIOTHOCTH
JTUCIIOKAIIM W yBEIMYCHHUIO pa3MmepoB cyO3epeH. Ilocrme Ttakoit 00paboTKu
HE3HAYUTEIFHO CHIDKAIOTCS TIOKAa3aTeNd MPOYHOCTH TIPU  OJHOBPEMEHHOM
MOBBIIIEHUHU TUIACTUYHOCTH U yAapHOil BsizkocTH. [Ipokarka cranu X22AI'16HSM

(0,52% N) pu 1100°C 3aroroBok ceuenreM 40 x 40 MM Ha IJIACTUHBI TOJIIIUHOM
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14 mm ¢ obGxkaruem 60% oOecrmeunBaeT TMONYYCHUE XOPOIIETO COYETaHUS
MEXaHUYEeCKUX CBOUCTB: G, = 1020 Mlla; oo, = 710 MIla; 6 = 43%; vy = 65%;
KCV = 2,5 MJlx/m* [149]. Tlpu KOBKe CIHTKOB Maccoii 50 Kr craiu
05X23AI'1 THEM® (0,69% N) na npytku nuamerpom 30 MM mpu Temmeparypax
koBkH Hike 1000°C KpoMe CHIIBHOTO BO3pACTaHMs COMPOTHBIEHUS e(opMaIium
Ha TOBEPXHOCTH CIUTKOB HaOmomanu tpemuubl [150]. Mx mosBiacHue OBLIO
CBA3aHO C OOpa3oBaHMEM II0 TPAaHUILIAM 3€PEH KOJOHUN TOHKOIUIACTHHYATHIX
BBIJICJICHUI a30TUCTOrO IIceBaONEpinTa. B cBsiz3u ¢ HEOONBIION BETUYHMHOU
JOMYCTUMBIX 00aTUW W y3KMM HHTEPBAJIOM TeMIIepaTyp ropsueit aedopmanuu
ctanu 05X23AT'1THEM® (0,69% N), koBka nOMKHA NPOU3BOIUTCA C OOJIBIITUM
yrciaoM BbeiHOCOB. B [151] moka3aHo, 4TO MpH 3aKajKe ¢ MPOKATHOTO HarpeBa ¢
TEMIIEPaTypoil KoHIa npokatku He 6ojee 950°C B cramm 04X20H6I'1 IM2ADB,
coaepKalen 0,3% N, IIPOUCXOIUT dbopmupoBaHue CMEIIaHHOU
(peKpUCTAUIM30BAaHHOM, (PParMEHTUPOBAHHOM, IMOJIOCOBOM)  CTPYKTYphl H
pPaBHOMEPHOE paclpejesieHne HaHO(a3HBIX BBIACICHUM B AEQEKTHBIX Y3Jax
KPUCTAJIMYECKON pEelETKH, 00eCIeunBarouiee MOoTy4eHHE XOPOILIEro COYEeTaHus
NPOYHOCTU W TIacTUYHOCTU. B [152] ycTaHOBIEeHO, 4TO HanM4yue B CTPYKTYpE
ctann 04X20H6I'1 IM2A®b pekpucTaqIM30BaHHON CTPYKTYpPhl ayCTEHUTA C
HU3KOW TUIOTHOCTHIO BHYTPHU3EPEHHBIX W 3€PHOTPAHUYHBIX BBIJCIICHUN HUTPHUIIOB
Wi (GparMeHTUPOBAHHOM W TMOJMIOHU3UPOBAHHOM CTPYKTYpbl O€3 BBIIEIECHUUN
obecreynBaet 6p > 690 MIlau KCV ~ 100 Ix/cm2,

AHanu3 u 00001IeHNe JTUTEPATYPHBIX JAHHBIX MO CTPYKTYpE M CBOMCTBAM
a30TOCOJEPKAIUX  KOPPO3UOHHO-CTOMKMX  ayCTEHUTHBIX CTajeil  mokazai
YCIEUIHOE UX MCIOJIb30BaHME B KAUECTBE MAJIO0 U CPEIHEHATPYKEHHBIX JIeTallel
KpUOTEHHON TEXHMKU. B nuTeparype OTCYTCTBYIOT CBEICHHS O XHUMHYECKOM
COCTaBE BBICOKOA30THCTHIX CTAJCH M MX peXUMax oO0pabOTKH, KOTOPHIE MOYKHO
OBL7I0 OBI UCIIOJIH30BATH JIJIS1 BRICOKOHATPY KCHHBIX M3/ICITUH HU3KOTEMITEPaTypPHOU
TexHukd. CTanu A TAaKoro Ha3HAUEHUs JOJDKHBI 00ECleuMBaTh BBICOKYIO
CTaTUYECKYID M  LHUKIMYECKYIHO)  IMPOYHOCTh,  BS3KOCTh  pa3pyIICHUS,

W3HOCOCTOMKOCTh, KOPPO3MOHHYIO CTOMKOCTb, a TakXKe  CBapUBAEMOCTh U
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YIOBJIETBOPUTEIBHYIO 00pabaThIBa€MOCTh pe3aHueM. [lepcrieKTUBHBIM
MaTepuasioM Il TOBBIIMICHHUS HAJEXKHOCTA M JOJTOBEYHOCTH HArpy>KEHHBIX
U3JIeTTUN HU3KOTEMIIEPATYPHOUM TEXHUKH SIBJISIETCS UCITIOIb30BaHUE KOPPO3UOHHO-
CTOMKHMX ayCTEHUTHBIX BBICOKOA30TUCTBIX CTaJICH, MPEBOCXOASIINX MO KOMIUIEKCY
MEXaHUYECKUX CBOMCTB, MpUMeHstomuecs crand. OaHako, MpU MPAKTUYECKOM
UCIIOJIb30BAaHUU OTUX CTajel BO3HMKAET pPsJ METaUIOBETYECKUX MPoOeM,

TpeOYIOUIMX CBOUX pemeHuit (tabmuma 1.14).

Tabmuua 1.14 - OcHOBHBIE HETOCTATKU MPUMEHSIONINXCS B KPUOTEHHON TEXHHUKE ayCTEHUTHBIX
CTaJlell C a30TOM U YIJIEPOJOM U BO3MOKHBIE ITYTH UX YCTPAHEHUS.

Hepocrarkn IIpennaraemsble NyTH UX YCTPAHEHUS

1. Huzkas IMPOYHOCTb U BBICOKOC .Hel"I/IPOBaHI/Ie Fe-Ni cruiaBos N, HCIIOJIb3YA BbIIUIABKY

coaepkanre Ni B Fe-Ni cmmaBax | moa naBnenuem N it yIpoOYHEHHS HX ayCTEHHUTA MTPH

(MuBapax). MeHblIeM cojepxkanuu Ni.
2. Huzkast npoYHOCTHIO Brenenue B ctanmu X18H12 no6aBox N, V u
cranei Tuna X18HI12. Mn 17151 pacTBOpeHUs IpU HArpeBe MO/ 3aKaNKy U

BBIACJICHUS ITPHU CTAPCHUN YaCTUI] VN.

3. Bs3KO-XpynKHii epexo.1 mpu a) Jleruposanue Cr-Mn craneii ¢ 0,5-0,6% N Hukenewm,
HU3KUX Temreparypax B Cr- noseleroum /1Y aycreHura .

MnaycTeHUTHBIX CTalIsIX C 0) Beenenue B Cr-Mn-Ni cramu ¢ 0,5-0,6%N

N>0,4% n06asok V u Nb, camkarorux konnenrpaiuio N B

aycTeHuTe u3-3a oopazoBanus npu Harpee VN u NDN.

4. ITpepsIBUCTBIN pacnaj U a) Jlerupoanue BAC V B konuuecTBax, uis 00pa3oBaHUs
3epHOrpPAaHUYHBIE BBIJEICHUS He kpynHbIX yacTuCroN, a aucnepcHbix VN.

kapoumoB Cry3Cs 8 BAC 6) Ucnonp3oBaHne 1acTHYECKOn JeopMaIuu ¢
CHMKAIOIIUX UX MEXaHUYCCKUC OKOHYAaHHEM IIPU TEMIIEpATypax BbIIIC MPECPLIBUCTOTO
CBOWCTBA U KOPPO3HOHHYIO pacraja, HO HIbKe coOMpaTeIbHON peKpHCTaTM3aluu
CTOMKOCTB. ayCTEHHMTA.

B) [IpenBapurensHas miactuueckas nedopmanus nepes
CTapeHueM, U3MEHSIONIasi XapaKTep BbIIEICHHUHN OT

3€pHOTPAHUYHBIXK 0ObEMHBIM.

5.CHmkeHne BSI3KOCTHU OHTI/IMI/I3aL[I/I${ KOJIMYCCTBA JUCIICPCHBIX YaCTHUIL] VN JUIA
paspymi€Hus Ipru HU3KUX COXpPaHCHUA HOCTaTOqHOfI BA3KOCTHU ITPU HU3KUX

TeMIIepaTypax CTaperolUX cTajleld | Temreparypax.
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npu yBenuueHuu konundectsa VN .

6. JleHapuTHAS TUKBAIUS JIUTHIX BricokoTeMmiepatypHas 3aKajika WM BhIIABKA C
BAC, camxaromas ux HCIIOJIb30BAHUEM METO/a BBICOKOTPaJAMEHTHOM
MEXaHUYECKUE CBOMCTRA. HaIpaBJIEHHOM KpUCTALTU3aLIUH.

7. IloHnxkeHHas [TnacTuueckas nedopmalus mpu Temreparypax, npu
BBICOKOTEMIIEpATypHast KOTOPBIX HE MPOUCXOIUT MPEPHIBUCTHIN pacmal u
TEXHOJIOTHYECKas TUIAaCTHYHOCTh obOpasoBanue o-pepputa u c-¢hasbl.

BAC.

8. CKJIOHHOCTh METaJuIa 1IBa K Cuamwxenune Ni u nosbierre Mn mipu cBapke

oOpa3oBanuto ropssuux TpenuH 1 | BAC.Beenenne Mo u V, nossimaroomux pacTBOpUMOCTb
HOPUCTOCTb CBapHBIX coenHeHni | N B pacmiiaBe U CyarolluX TeMIepaTypHbIi HHTepBall
BAC c Beicokum cojepkanreM Ni | KpucTauiM3aium.

Y HU3KUM cojiepxkanueM Mn.

9. Huzkas O6pa6aTbIBaCMOCTB CHMXKeHre HHTEHCHBHOCTH I[e(bOpMaI_[I/IOHHOFO HaKJICIIA,
pE3aHnucm KOppOSHOHHO'CTOﬁKHX CBA3aHHOTO C O6p8.30BaHI/ICM HUTPUIOB.

BAC.

AHanu3 NUTEpaTypHBIX JaHHBIX I[IOKa3aj, YTO HEIOCTATOYHO H3YYEHO
BIUSIHUE PEXKUMOB TEPMUUYECKOM U TEPMOIUIACTUYECKOM 0OpabOTKM Ha
YCTAJOCTHYK0  MPOYHOCTb, BS3KOCTh  pa3pyLICHHs, H3HOCOCTOMKOCTb U
TEXHOJIOTUYHOCTh (CBapUBaeMOCTh, 00pabaThIBAEMOCTh pe3aHueM H 00paboTKa
JIaBJICHUEM) BBICOKOA30THCTBIX ayCTEHUTHBIX cTasiel. OTCYyTCTBHE CBSI3U dHEPIUU

ne(eKTOB YIIAKOBKH M TEMIEPATYPHI BI3KO-XPYIKOIO MEePeXo/ia 3TUX CTajlei.

BeiBoabI o ruaase 1

AHnanu3 u 0000IIeHre TUTepaTypHBIX JaHHBIX MO CTPYKTYpPE M CBONCTBaM
a30TOCOJEPIKAIUX  KOPPO3MOHHOCTOMKMX  ayCTEHUTHBIX  CTajedl  mokaszai
YCHEIIHOE UX MCIOJIb30BAHUE B KAUECTBE MaJl0 U CPEAHEHArpyKEHHBIX AeTaliel
KPUOT€HHON TEXHUKH. B nuTeparype OTCYTCTBYIOT CBEACHHS O XUMHUYECKOM
COCTaBE BBICOKOA30THCTBIX CTaJe M MX pexUMax o0pabOTKH, KOTOPbIE MOMKHO
ObLIO OBl UCIIOJIB30BATH JIJIS1 BHICOKOHATPY>KEHHBIX M3/1€TUI HU3KOTEMIIEpaTypHOM
TexHukd. Crand JUIsi Takoro Ha3HAYEHUs JOJDKHBI 00ecredrBaTh BBICOKYIO

CTaTUYCCKYIO u MUKIINYCCKYIO IMPOYHOCTD, BS3KOCTH paspyuicHus,
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M3HOCOCTOMKOCTh, KOPPO3UOHHYK) CTOMKOCTh, a TAaKXKE  CBapUBAEMOCTb H
YIOBJIETBOPUTEIBHYIO 00pabaThIBa€MOCTh pe3aHueM. [lepcrieKTUBHBIM
MaTepuajioM [JIsi TOBBIIICHUS HAAEKHOCTH U JOJTOBEUYHOCTH HArpyKEHHBIX
U3/ICJIUA HU3KOTEMIIEPATYPHOU TEXHUKH SIBIIIETCS MCIOJIb30BaHUE KOPPO3UOHHO-
CTOMKHUX ayCTEHUTHBIX BHICOKOA30TUCTBIX CTaJIEH, MPEBOCXOSAIINX MO KOMIUIEKCY
MEXaHMYECKUX CBOWCTB MpUMEHsSOmHUeEcs cranu. OIHAKO MpU MPAKTHYECKOM
WCIOJB30BAaHUM JTUX CTajeld BO3HHUKAET Psii METAIUIOBETYECKUX MPOoOJIeM,

TPEOYIOIINX CBOMX PEIICHU.

67



I''/TABA 2. BausiHMe JerupoBaHuUsi Ha CTPYKTYpPY H CBOHMCTBA HOBBIX

AYCTCHUTHBIX a30TOCOACPKAIUX crajeu AJIA HI/ISKOTeMHepaTypHOﬁ CJIy)Kﬁl)I

2.1 Crpykrypa m cBoiictBa Fe — Ni cmiaBoB co cBepXpaBHOBECHBIM

COACPKaAaHUEM a30Ta

[IIupoko NpUMEHSIONUECS ISl M3ACINiA KpuoreHHoW TexHuku Fe — Ni
criaBel (OH9 m 36H (muBap)) 00s1amar0T BBICOKON YIapHON BSI3KOCTHIO MpH
HU3KHUX TeMIlepaTypax, HO HU3KOW MPOYHOCTHIO MPU KOMHATHOW TEMIEpaType,
YTO 3aTpyJHAET UX HCIOJb30BAHUE [ BBICOKOHATPYXKEHHBIX JeTalleH.
YacTuyHas WM MOJHAs 3aMEHa YIJiepoJia B 3TUX CIJIaBaX Ha a30T, YIPOUHSIONIAs
CIIOCOOHOCTh KOTOPOT'O CBSI3aHA C €0 COJECP’KAaHHEM B CTAJIU, MO3BOJISIET PEIIUTh
npo0jeMy 3HAUYUTENBHOTO TIOBBIIMICHUS WX TNpPoYHOCTH. HUKenb CHUKaer
pPacTBOPUMOCTH a30Ta B Xkejese, koTopas u 0e3 Hukenst oueHb Hu3kas (0,04%).
Wcnonp3oBanue BbiuiaBku Fe — NI CIUIaBOB B YCJIOBHSX BBICOKOTO JIaBJICHHS
a30Ta HaJ pPacIUIaBOM I[IO3BOJISIET TOJy4YaTh CIUTKA CO C8EPXPABHOBECHBIM
COJIep>KaHMs a30Ta.

B paznene 2.1 nucceprauui NIpUBEIEHBI SKCIEPUMEHTAIIBHBIE JAHHbBIE I10
M3YYEHUI0 MHUKPOCTPYKTYpPHI, (Pa30BOro coctaBa W TBEPAOCTH MUKPOCIUTKOB
crtaBoB Fe — Ni-N ¢ mepemennsiM comepxkanrem azora ot 0,02 10 0,27% N u Ni
oT 4 10 34%, TOJAy4YEHHBIX C MCIOJb30BAaHUEM METOJIa BBIIUIABKU C
NpOTUBOJABIicHUEM a30Ta. CTpykTypa MHUKpPOCIUTKOB ciuiaBoB  Fe-Ni-N,
BBITUIABJICHHBIX C TMPOTHBOJABJICHUEM a30Ta W OBICTPO 3aKPUCTALUIM30BAHHBIX
(pucyHok 2.1) xapaktepusyercs CYIIECTBEHHO O0Jee MENKUMHU CTPYKTYpPHBIMHU
cocTaBiisironMMu. B Tabnuie 2.1 mpeacraBiieHbl pe3yibTaThl PEHTIEHOBCKOTO
¢asoBoro anamusa cmiaBoB Fe-Ni-N ¢ pasnmuuHO#l KOHIlEHTpaluMel a3ora,
MOJTYYEHHOMU JIJI KaXKJIOM TPYIIbI CIJIaBOB C 33JIaHHBIM COJACp)KaHUEM HUKens. M3
TabauIel 2.1 BUAHO, YTO MOBBIIICHUE COACP KaHUS HUKEIS M a30Ta B ciuiaBax Fe-

Ni-N mnpuBogutr k ymeHblieHuto koawmdectBa o(M)- da3el u  yBeaHUEHHIO

KOJIn4YecTBa y- (pasbl.
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Pucynok 2.1 — Mukpoctpykrypa cruiaBoB Fe-Ni-N, coneprxanux (macc. %):
a-8,7Ni; 0,18% N, 6 - 8,7 Ni; 0,24% N, B - 16,3 Ni; 0,08% N,
r-16,3 Ni; 0,15% N, x - 16,3 Ni; 0,20% N, e - 22,5 Ni; 0,07% N.

Tabmuna 2.1 - BausHue coneprkaHusi a3ota Ha koymdecTBo m mapamerpbl OLIK- m T'IK-

KPHUCTAJUIMYECKON peIeTKH JUThIX cruiaBoB Fe-Ni-N ¢ pa3nuuHoi KOHICHTpaIlield HUKEIs.

Coaep:xanue, macc. % daser ITapameTpsl KpUCTANIHYECKOMI
Ne % pemeTrKn
cmjiaBa . a(M) Y
NI N M(c) Y a, A c, A a, A
2 0,14 100 0 2,864 2,879 -
3 4,5 0,22 100 2,864 2,879 -
4 0,268 97,1 2,91 2,865 2,879 -
5 0,10 100 2,862 2,879 -
7 8,7 0,18 100 2,864 2,884 -
8 0,240 97 2,865 2,879 -
10 135 0,146 100 2,864 2,888 -
11 ' 0,170 98 2,00 2,864 2,878 -
14 16,3 0,20 92,6 7,40 2,864 2,877 3,577
15 995 0,070 95,2 4,80 2,864 2,888 3,977
16 ' 0,138 92,6 7,40 2,861 2,880 3,576
17 0,020 56,8 43,2 2,862 2,876 3,582
18 975 0,080 13,0 87,0 2,858 2,897 3,583
19 ' 0,133 0 100 - - 3,587
20 0,154 0 100 - - 3,594
21 34 0,060 0 100 - - 3,992
23 0,105 0 100 - - 3,993
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Tak, yBennuenue coxpepxkanus azora or 0 mo 0,154% B cmase,
coaepxamem 27,5% Ni, cHmxaer koamuectBo o(M)- dassl ot 73 1m0 0% wu
MOBBIMIAET KoOJIWYeCTBO 7Y-pa3zpl oT 27 nmo 100%.  Ilpu sTOoM mapamerp
KPHMCTAJIMUEeCKOH pemeTkn y- ¢assl yBemumumBaercss oT 3,581 mo 3,593 A

(pucyHoK 2.2).
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Pucynok 2.2 - BnusiHue conepxaHus a30Ta Ha KOJIMYECTBO Y U 0. - (ha3bl
(Y, o) ¥ mapameTp KpUCTAIUIMYECKO# pelieTku aycteHnTa (a) B cruiaBe Fe-27,5%Ni.

Pesynprareimexannueckux ucnbiTaHuid — craBa03X27A,  comepikaiiero
0,03% C; 0,16% N, 26,9% Ni mocie KOBKM M IPOKATKHM IIOKa3bIBAIOT OoJiee
BBICOKYIO IPOYHOCTh H IUIACTHYHOCTD (Gg, -« = 360 MIla u KCU™C = 18
M/[x/M?) 110 CpaBHEHHIO o ciutaBoM 36H (602" C=250 MITau KCU™*“ =111
MTx/M7).

VYBenuueHue cojepikaHus a3oTa B cruiaBax ¢ 8,7 u 13,5 % Ni npuBogur k
yBEJIMYCHUIO uX TBepaocTu (Pucynok 2.3).

VYBenuueHue coJiep)kaHus a30Ta B CIUIaBaX MPHUBOJUT K YMEHBIIECHUIO
TBEPJIOCTH, YTO CBSA3AHO C YBEJIMUYCHUEM KOJIMYECTBA ayCTEHUTA).

[To paHHBIM NOPOBEAEHHBIX HCCIEIOBAHUI IMOCTPOEHA HEPAaBHOBECHAs
¢azoBast quarpamma criaBoB Fe-Ni-N (Pucynok 2.4).
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Pucynoxk 2.3 - JlerupoBanue cruiaBoB Fe-Ni a30ToM, IOBBIIIIAET MPOYHOCTD U PACIIUPSIET Y—
obmacte Ha auarpamme Fe-Ni-N.
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Pucynok 2.4 - HepaBHoBecHas (a3oBast quarpamma JUThIx crraBoB Fe-Ni-N.
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Kak BuIHO U3 3TO# quarpaMMel, oiHO(a3HAasE ayCTEHUTHAS CTPYKTYpa ()
MOJKET OBITh TMOJTy4eHa y cruiaBoB ¢ 27,5% Ni nipu copepikaHuu a30Ta He MEHEe
0,13% N. YBenuuenue koHmeHTpauu NIIpUBOAUT K CMEIICHUIO 00JacTel o, o + 7y
¥ Y B CTOPOHY MEHbBIIUX KOHIICeHTparui Ni.

MaxkcumanbHble 3HaYeHHs TBepaocTH (= 435 HV ) umenu criael ¢ 9% Ni
u 0,15-0,23% N c a30THCTBIM MapTEHCUTOM. Y POBEHb U COUETAHNE MEXaHUUECKHIX
CBOMCTB ATHX CILJIABOB 3aBUCUT OT PEKUMOB TEPMOILIACTUYECKONH 00pabOTKH.

B [153] uccnenoBano BAUSHUE TUTACTHYCCKOM AepopMaIiiii ¥ TEPMHICCKON
00pabOTKH Ha CTPYKTYpy M MEXAaHWYECKHE CBOICTBAa HHU3KOYyriepoaucton 9%
HUKEJIEBOM CTall CO CBEPXPABHOBECHBIM COJIEpKAHUEM a30Ta. XUMHUYECKUUN

COCTaB CTaJI MIPUBEJICH B Tadymile 2.2.

Tabmmna 2.2 - Xumuuecknii cocras crann 04HIX2A, macc %.

C Mn Si Cr Ni N

0,04 0,3 0,1 2,0 8,93 0,185

Cranp 04H9X2A BBIIIABISUIM B HMHCTUTYTE METAJUIOBEACHUS HM.
akagemuka A. baneBcku bonrapckoil akaaemMud HAayK C HCIIOJIb30BAHUEM
YCTAHOBKHM [JIsl JIUThsI ToA AaBieHueM a3zora a0 40 atM. Ilpu BeimnaBke cranu
BBOJWJIM JOOAaBKM XpOMa, MOBBIIIAIONIETO PAaCTBOPMMOCTh a30Ta B paclulaBe
Kenesa, B konmuecTse 1,5-2,0% miist kpucTaum3anuy KUIKOT0 METaia CTalld C
9% Ni 0e3 o6OpaszoBanusi B CTpyKType O-deppura (y KOTOPOTO HHU3Kas
PacTBOPUMOCTDH a30Ta) U MOJYyUYEHHS CIUTKOB 0e3 mop. CIuTKU ObLINM MPOKOBAHbI
Ha 3arotoBku 750 x 100 x 20 MM ¢ nocneayrouiel ropsiueil mpokatkout npu 850-
900°C na mpytku 14x14 MM 6e3 moBepXHOCTHBIX nedexToB (TpemuH). Harpes
cTald moJx mnpokatky npu Ttemmeparypax 1000-1100°C  npuBogut K
(bOpMHUPOBAHUIO OKAJIMHBI HAa TTOBEPXHOCTH 3arOTOBOK, KOTOpas CIOCOOCTBOBAJA
00pa3oBaHUIO B MPOIECCE TIACTUYECKOU JedopMaiii MOBEPXHOCTHBIX TPEIIVH.
XonogHas W Topsdas MPOKaTKa KIWHOBUAHBIX 00pas3moB u3 cramm 04HIX2A
MoKaszajia, 4YTO Aa30TOCOJEpKamias CTajdb o00JaJaeT yAOBIECTBOPHUTEILHON

TEXHOJOTUYECKONW IUIACTUYHOCTBED IIpU TMpoKarke. B mpoumecce XonoaHOU
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npokatku (XI1) kmmHOBUAHBIX 00pa3ioB 3a 1 mpoxon ¢ ooxatuem 1o 40% Ha ux
NOBEPXHOCTH He Habmomanu tpeuwH. [Ipu muHorokparnoit XII (9 mpoxonos c
pa3zoBeiM oOkatueM 10%) kpuTHueckas cymMmapHas CTENEeHb AeopMaiuu, 10
KOTOpO# He o0pasyrorcs TpewmuHbl, coctaBiseT 43%. I'Tl npu 900°C 3a 1 npoxoa
c obxarueM 10 80% He mHpUBOIUT K OOpa30BaHUIO TPEUIMH WU JAPYTUX
NOBEPXHOCTHBIX JeekToB. C BBICOKOM IUIACTUYHOCTBIO CTajld  CBs3aHa
paBHOMEpHasl MPOJOJIbHAsA W TomepeuHas aedopmamms o0pasloB B Mpoliecce
npokatku.  IIpokaTka ~ KIMHOBMJIHBIX  O0pa3loOB  IOKa3ajda  BBICOKOE

nedopmainriontoe yrpounenue cranu 04H9X2A (pucyHok 2.5).

HRC

1
0 10 i 30 40 50 ] 70 g0 & y

Pucynok 2.5 - Biusinue crenenu miactuueckoi aeopmanuu (€) Ha TBepaocth ctanu 04HIOX2A
npu ipokatke 3a:1 npoxox mpu 20°C (1 - m),9 mpoxozaos npu 20°C (2 - A),1 mpoxox nipu 900°C
(3-9).

IIpu XII 3a 1 u 9 npoxomoB c¢ obGxkatuem 40% mocTuraercst BbICOKas
tBepaocth 47-50 HRC B ocHOBHOM 3a cyeT nedopMarmoOHHOTO YHPOUYHEHUS
mapteHcuTa. [lonyuennas makcumanbsHas TBepaoctb 42HRC nocne I'TT mpu 900°C
3a 1 mpoxon c¢ oOxatuemM 40% cBsg3aHa ¢ JAePOPMALMOHHBIM YHPOYHEHUEM
ayCTCHHTA.

B tabnune 2.3 npuBeIeHbl MEXaHWYECKHE CBOMCTBA  0OpaslloB,
W3TOTOBJICHHBIX M3 TEPMOOOPAOOTAaHHBIX XOJOJHOKATAHBIX M TOPSYEKATAHBIX

npyTtkoB. [locne mpokatku mpu 20°C c ooxkatuem 40% crtanp 04H9X2A umeer

73



BBICOKHC

3Ha4YCHMUA

MIPOYHOCTHU

(og=1160 MIlla,

00,2:1089 MHa) u

YAOBJICTBOPUTCIILHBIC MOKA3ATCIIN INIACTUIHOCTH U yz[apHoﬁ BA3KOCTH.

Tadmuua 2.3 - Mexanuueckue coiicta craieii 04H9X2A ¢ azorom u OH9 0e3 a3zora mocne

MPOKATKH M TEPMUYECKOH 00pabOTKH.

KCU?*,
Cranb Oo0padoTka o, MIla | 6o, MIla | 0, % v, % )
M/I:x/m
ITpokatka mpu 900°C, 142
1114 925 11 62
£=40% 0,91
ITpokatka npu 20°C, 0,85
1160 1089 9 41
£=40% 0,54
3akainka 850°C 1,31
1144 1074 12 54
+ otiyck 500°C — 1u. 0,79
3axanka 850°C 1,50
906 879 15 63
+ otmyck 550°C — 1. 1,01
04H9X2A
3akaika 850°C 1,61
863 670 17 66
+ otmyck 600°C — 1. 1,18
3axanka 900°C 1,20
1138 1062 11 54
+ otniyck 500°C — 1. 0,80
3akanka 900°C 1,35
923 854 13 64
+ ormyck 550°C — 14. 1,00
3akanka 900°C 1,55
841 674 17 64
+ otmyck 600°C — 1u. 1,15
Hopmamuzanus 900°C 300
O0H9 + 3akanka ot 790°C 720 580 30 76 130

+ otmyck 500°C

KCU* - B uncimrene npu 20°C, B 3Hamenarene npu-196°C.

ITpokarka pu 900°C, mo cpaBHEHUIO ¢ npokaTkoi mpu 20°C, obecrieunBaeT

Oonpuryto maactuyHocTh (0=11%, y=62%) u ypapnyio Bs3kocts (KCU=1,42

MJTx/mP).

CrpykTypa 1 MEXaHUYECKHE CBOMCTBa azoToconepxamen cranu 04HIX2A

CYmECTBCHHO 3aBUCAT OT TCMIICPATYPbl 3aKaAJIKWM H IOCICAYIOIICTO HarpeBa IIpu

500-600°C. C mnoBbIIIIEHUEM TeMIIEpPaTypPhI
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MUKPOTBEPAOCTh cTaiu yBenuuuBaercs oT 375 no 430 HVyg (Tabmuma 2.4), npu
COXpaHeHHH cpeaHero pasMepa 3epHa [ 20 MxM. [Ipu manpHENIEM MOBBIIIEHUN
TeMmneparypbl HarpeBa mnoa 3akanky or 900 mo 950°CmukpoTBEpIOCTH
He3HAYuTENbHO cHikaeTcs 10 410 HVyp HO yBenmuuBaetcst pazmep 3epHa 10 S0
MkM. Harpes cranu npu 1000°C npuBOIUT K 3HAYUTENIBHOMY pocTy 3epHa (~100
MKM).

Tabmuma 2.4- Tepmocts (HV1p), KomuuecTBO o-(a3el U y-(asbl, MEpUOa PEIICTKH U ITHUPUHA

nudpakuonnord guHuK {220} cramm 04H9X2A mocne pa3iuyHBIX PEKUMOB TEPMUUYECKON

00paboTKu.
KoaunuyecTBo ¢a3swl, IMepuon Iupuna
Oo6padoTka HV 1o % pemeTKn AuGppaKIHOHHOM
o Y (1-(1)33],[ .HHHHI/I{ZZO}, rpan
3akanka 850°C 375 100 0 2,865 18
3akanka 900°C 430 99 <1 2,866 2,0
3akanka 950°C 410 99 <1 2.867 2,3
3akanka 1000°C 413 100 0 2,871 18
3akanka 900°C +
420 100 0 2,866 1,6
orryck 500°C — 1 gac
3akanka 900°C +
382 100 0 2,868 1,2
ormyck 550°C — 1 gac
3akanka 900°C +
280 91 9 2,870 11
ornryck 600°C — 1 gac

[Io maHHBIM PEHTTEHOCTPYKTYPHOIO aHajiu3a IOBBILICHHE TEMIIEpaTyp
3akasikd  ctasm oT 850 10l000°C mnpuBOAUT K  YBEJIMYEHUIO TIEpUOJA
KPUCTATMYECKON peleTKu 0-(asbl, YTO MO-BUAMMOMY CBSI3aHO C PACTBOPEHHUEM
KapOOHUTPUIHBIX YACTHUII, BBIICIUBIIMXCS B Tpoliecce ropsiuei mpokatku. [lpu
MOBBIIEHNHN TeMnepaTypsl 3akanku oT 850 o 1000°C HE3HAUUTENTBHO U3MEHSIETCS
mupuHa JuHuK {220}, xapakTepusyromias IUJIOTHOCTh JAC(PEKTOB PEIICTKU
mapteHcuta.  KommyecTBo o-(a3sl B CTPYKType CTald TOCIE 3aKaJKH OT
yKa3aHHbIX Temnepatyp cocrtaBiasier 100%, uTo 0OYyCIIOBJIEHO BBICOKHUMHU

75




TeMriepaTypamMu Hadasia (M;) u koHua (M) y—0 npeBpameHuil npy OXJIaxKIeHUN
ctaid. [1o TaHHBIM THIATOMETPUYECKOTO UCCIAEAOBAHUS CTAIA TEMIIEPaTyphIiM =
389°C u M,=166°C.

Teruobie BbAEpKKHU B TeueHue 1 waca npu 500, 550 u 600°C 3Ha4nTENBHO
BIIUSIIOT HA MEXaHWYECKHUE CBOMCTBA cTalu, 3akasieHHo ot 900°C (Tabnuua 2.3).
C noseimienueM temreparypsl Harpea ot 500 mo 600°C ymeHpIIaeTCS MIMPUHA
auann {220} W yBelIWYMBAEeTCS MEpUoj pemeTku o-¢asbl. [locne ormycka mpu
600°C B Teuenue 1 gaca pe3ko cHUKaeTcs TBepaocTh crainu 1o 280 HVi, uTo
o0ycioBiIeHO OOpa3oBaHMEM ayCTeHHTa B KojuuyectBe 9% (tabmuma 2.4) B
pe3ynbrare o—7Yy MNpeBpameHus. JluiaroMeTpruueckoe HCCIeOBaHUE CTalld
MOKa3aJi0, 4TO TEMIIepaTypa Havyajia o—y MPEBPALCHUs MMPU HATPEBE COCTABIISET
600°C, a xoHna a—y npeBpamenus — 705°C.

Pe3ynpraTbl  3JIEKTPOHHOMUKPOCKOIIMYECKOTO  HCCIEAOBaHUS  CTaJH
04H9X2A moce 3akanku ot 850°C u ormycka mpu 600°C B Teuenue 1 waca Tak
)K€ TIOATBEPAWIM HAJIMYME B CTPyKType aycrtenura. Ha pucynke 2.6a
MpEACTABICHA  KOJbIEBAs  AJEKTPOHHOTpaMMa,  COJAEp’Kalias  CIUIOIIHbIC
uHTeHcuBHbIe TuHUK OLIK o-da3bl u cnabble NpephIBUCTHIE JIMHUU ayCTEHUTA.
Pednexkco kakux-nmubo npyrux ¢dasz He oOHapyxkeHo. Ha pucynke 2.6 (0, B) u
pucynke 2.7(a-B) TpUBENEHBI  XapaKTEpHbIE CHUMKH  CTPYKTYpbl H
MUKpOAU(PPAKIMOHHBIE KapTUHBI, coepkamue o U Y-(a3sl (C  pa3IuyHBIX
y4acTKOB (OJIbIH).

BuaHO, 4TO OCHOBHOM CTPYKTYPHOM COCTABJISIOIIECH CTAIM MOCIE 3aKaJIKU U
BBICOKOTO OTIyCKa SIBJISETCS MAKETHbI MapTEHCUT, MPETEPIEBIINI IMPOLECChI
BO3BpATa M MOJIMTOHU3AINH. BhIienennii yacTui] KapOOHUTPUIOB B MAPTECHCUTE U
MPU3HAKOB PEKPUCTAIUIM3ALUU HE ObUIO OOHapyxkeHo. OCTaTOYHBIM ayCTEHUT B
CTPYKType MaHHOW cTaiu OOHApYy>KMBAeTCs B BHUJAEC TOHKUX TMPOCIOCK MEXITY
KpUCTAUIAMH MapTEHCUTA, 4YTO XOpPOUIO BHUJHO HA TEMHOMNOJBHBIX CHHUMKAX
CTPYKTYPHI B «CBETE» ayCTEHUTHOTO pediiekca (pucyHok 2.7 0, B). Hanuuue Takux
AyCTEHUTHBIX TMPOCIIOEK, BEPOSITHO, OOECMEYMBACT TIOJYyUYCHHUE TMOBBIIMICHHBIX

3HAYECHUU MJIACTUYHOCTHU U YIAPHOMN BA3KOCTH.
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Pucynok 2.6 - DiekTpoHHO-
MUKPOCKOIIUYECKOE N300paxeHHe
MHUKPOCTPYKTYpbI cTanu 04HIX2A
nocie 3akanku ot 850°C — 1 wac u

ormycka 600°C -1 yac:
a — KOJIbIIeBasl SJIEKTPOHHOTpaMMa
( TMHUM o U V),
0 — BUJ CTPYKTYPBI;
3 3 S B —MHUKPOAU(PAKIHS U CXema
pactuGpoBKH.

01 ¢ 00 4 o 2

112a

12 %
30Ha [210]a
®11
20 ?
s0Ka 1111y soma [751) a

B 02

22

b 01

B
Pucynok 2.7- DneKTpoHHO-MUKPOCKOUYECKOE H300paKeHNEe MUKPOCTPYKTYPBI CTalT!

04H9X2A mocne 3akanku ot 850°C — 1 yac u ormycka 600°C -1 gac:a — BUJ CTPYKTYPBI;0 —
TEMHOIIOJIbHOE H300paxkeHue B pedur. 022,;B — MUKpoIU(paKIHs U cXeMa paclIu(YPOBKH.
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C noBeieHneM teMmrepatypbl otmycka ot 500 mo 600°C y cramum
04H9X2A, 3akanennoit ot 850 wim 900°C c oxyiaxkJeHHEM B BOJE MPOYHOCTH
CHUKAETCS, a MNIACTUYHOCTh U yAapHas BI3KOCTh yBeTu4UnBaroTcs (Tabnuia 2.3).
®dpakTorpadudecKkue UCCIIeIOBAHUS TIOKa3alH, 9YTo Bce 00pasisl ctamm 04HIX2A
1ocJie UCTIBITAaHUM Ha pacTsHKEHHE U yJIApHYIO BSI3KOCTh MMENIN BA3KUN XapakTep
paspymieHust (pucyHok 2.8). Kpome sMOKk Majgoro pasmepa Ha MOBEPXHOCTH
U3JIOMOB HE HAOJIOAANM CKOJIOB WJIM PAacCiIOCHUM (Y4aCTKOB XPYIKOTO
paspywmenus). HaOmiogaemble OKpyrible YacTUIl B LIEHTPE SIMOK SIBIISIOTCS
okcunamu kpemuust (SiO;) u cynbduaamu mapranma (Mn,S).

[1o ypoBHIO MPOYHOCTH (G, U Gg2) a3oTocoaep:xkamas craab 04HIX2A nocne
yKa3aHHON B Tabmuue 2.3 peXKUMOB NPOKATKM M TEPMUYECKOW 0O0pabOTKH
IIPEBOCXOAUT B 1,5-2 pa3a NPUMEHSIOMIYIOCS B KpHOTreHHOM TexHuke ctaib O0H9,

HE cozeprkarinyto azora [153].

a 0

Pucynok 2.8 - Bua uznomoB o6pasioB craiu 04H9X2A, ucnbiTaHHBIX Ha pacTsiKeHHe,

nociie pokarku mpu 900°C (a) u 3akanku ot 850°C + 550°C -1 vac (6).
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2.2. CTpykTypa u cBolicTBa 3KOHOMHOJernpoBaHHbIX Cr-Mn-Ni-N- cTanei

C 1o00aBKkaMu Meau

3HauUUTENHbHOE YIPOUYHEHUE NIPU KOMHATHOW TEMIEpaType Mpu COXpaHEHUU
MOBBIMICHHON yIAapHOW BS3KOCTH TMPU HU3ZKUX TEMIEpaTypax MOXET OBITh
JOCTUTHYTO Yy  KOPPO3HOHHO-CTOMKHMX  aszorocoepxamux  (0,25-0,35%)
aycteHUTHBIX Cr-Mn-Ni craneii 3a cyeT KOMOMHHPOBAHHOTO JICTHPOBAHUS MEJIBIO
(2-4%), wmomubaenom (0,8-1,0%) wu nmodbuem (0,1-0,2%). Cu oka3bIBaeT
MOJIOKUTENIbHOE BJIMSHUE Ha KOPPO3HOHHBIE CBOMCTBa [154] M Ha MOBBINICHUE
crabuipHOCTH aycTeHuTa Cr-MncTtaaud B OTHOIIEHHWH OOpa30BaHUA MapTEHCHUTA
IpU  TUIACTUYECKON AedopMalMi W OXJAXKACHUH JI0 TEMIEPaTyphl >KHUIKOTO
azota.Cu o cpaBHeHuto ¢ Ni okas3piBaeT B 3 pasa 0oJiblliee BIMSHUE HA BEJIMUUHY
DAY u Kak CIeACTBHE Ha IUIACTHYHOCTh M BsA3KOCTh. Ilo maHHBIM [155]
ynpoyHeHue cruiaBoB Fe-Mn-Cu obGecrnieunBaeTcsi B pe3ylibTare pacnaga Mpu
CTapEHUH OJHOPOJHOTO TMOCHE 3aKaJKH ayCTeHUTa Ha 00JacTH, OoOOTralieHHbIE U
obenmHenHele Menapto. MO uw  NbD  moBemmaror  Temmepatypy — Hawana
pekpuctauim3anud. Nb oOpasyer mucnepcHbie HuTpuanbie yactuibl CrNDN,
KOTOpBhIE  OJOKMPYIOT  3apObIIIN  peKpucTaumuzanud. MO  yMeHbImaer
muhPy3MOHHYIO TTOJBUKHOCTH aTOMOB B Y-TBEPJOM PACTBOpPE, U3MEIbUasi 3€pHO,
MOKET MPUBOJUTH K TOBBIIICHUIO MPOYHOCTU U BS3KOCTH CTAIA TMPU HUZKUX
temneparypax. C yderom otmeueHHoro BiusHus Cu, Mo u Nb B [156]
uccienoBanu crtanu thna XI19I'TOHO6MA ¢ pa3nuuHbIM COJEp)KaHUEM MEIH,

XUMUYECKUN COCTaB KOTOPBIX MPUBEJEH B TabiuLe 2.5.

Tabnuna 2.5 —XuMHYeCKHil COCTaB SKCIIEpUMEHTANIBHBIX cTasei, Mac. %.

Crams| C Si Mn P S Cr | Mo Ni Cu Al N Nb
1A ]0,096 | 0,232 | 10,12 | 0,011 [<0,005| 18,72 | 1,681 | 6,129 | 0,014 |<0,005| 0,311 | 0,09

2A 0,092 0,198 | 10,10 | 0,014 |<0,005| 19,20 | 1,689 | 6,001 | 2,048 |<0,005| 0,354 | 0,10

3A |0,078 (0,210 | 10,05 | 0,014 |<0,005| 18,85 | 1,651 | 5,850 | 1,950 {<0,005| 0,362 | 0,11

4A 0,090 0,240 10,38 | 0,015 |<0,005| 19,19 | 1,423 | 5,901 | 4,565 |0,0066| 0,370 | 0,11
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Cranu BBIIUIABISIM B BAKYYMHOW MHAYKIIMOHHOW M€Y HA YHUCTOM LIUXTE C
Pa3IMBKOW B LMIMHAPUYECKYIO U3JI0KHUIYY. Macca KaXIoro CIMTKa COCTABIIAIIA
9,3 kr. MHccimenoBaHue MakpOCTPYKTYphl CTaJed B JIMTOM COCTOSHUU B
TOPU30HTAJIBHOM M BEPTUKAIBHOM CEYEHUAX CIUTKA MOKA3al0, 4YTO B ILEJIOM

CIIUTKHU OBLIU TUIOTHBIMU, UMEJIU JEeHAPUTHOE cTpoeHue(pucynku 2.9 u 2.10).

enTpajbHbINA CI10H
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Crans 3
Pucynoxk 2.9 — MukpocTpyKkTypa 3KCriepuMeHTaIbHbIX cTanel 1A—3A B TOpH30HTAILHOM

CCUCHUU CIINTKA B ICHTPAJIbHBIX U MPUITIOBCPXHOCTHLBIX CJIOAX.
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Crans 4A

IIpunoBepXHOCTHBIH CJI0H

Pucynok 2.10 — MukpocTpyKTypa SKCIIEpUMEHTAIBHBIX cTasedl 1A-4A B ropu30HTaIbHOM

CCUCHUU CIINTKA B LICHTPAJIbHBIX U TPHUIIOBECPXHOCTHLIX CJIOMAX.

[To mertamtorpadguueckuM CHUMKaM OIpeeicHa BEIMYWHA JICHIPUTHOTO

rapaMeTpa Ha YEThIPEX Y4YacTKax: B LeHTpe U Ha pacctossHuu 10 mm, 20 mm u 30

MM OT IeHTpa (TMPHUIIOBEPXHOCTHBIM CIJIOH), a N0 HEMY OIIEHEHa CKOpPOCTh

OXJIXKJICHUSI TpU 3aTBepieBaHuu (Tabiuia 2.6).

Tabmuna 2.6 — JIeHApUTHBINA TapaMeTp U CKOPOCTh OXJIKICHHS KCIICPUMEHTAITLHBIX CTaJICH.

JlennpuTHBII napamMeTp, MKM

Cxopocts oxnaxaenus, °C/c

10 30 [Tpunosepx- 10 30 [Tpunosepx
Crans | Llentpaib- . Hentpans- .
. . MMOT MMOT HOCTHBIM . . MMOT MMOT ~HOCTHBIA
HBIN CJIOH HBIH CJI0H
LEHTpa | LeHTpa cioi LEeHTpa | LeHTpa cioi
3A 455 36+3 | 26+2 2313 30 55 115 150
4A 40+4 3412 | 26+2 21+2 45 60 115 180

MPOBOAMIIM 1O nipesioxkeHHou B. Y. Jlo0aTKUHBIM 3aBUCUMOCTH:

d=A-V, @

OI_ICHI(y CKOPOCTH OXJIAKACHUA OT BCIIMYHNHBI MCKACHAPHUTHOTI'O PACCTOAHUA

rae d — BeJiMuMHA ACHAPUTHOTO MapaMeTpa — pacCTOSTHUE MEXAY OCSIMU BTOPOIO

NOPSKA, MKM;V oy, —CKOPOCTh OXJaaeHus ciutka, °C/C;A = 220 [mxm -¢ K™,

n = 0,45 (a1 craneit).
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Bce craim B JUTOM COCTOSHUM OBLTH HEMAarHUTHBIMH, TO €CTh HMEIH
aAyCTCHUTHYIO CTPYKTYpPY, CKOPOCTh OXJaXKIeHUs CciauTkoB Oosee 20°C/c
OKa3ajlaCh JOCTATOYHON JUIs TPEJOTBPALICHHUS CYIICCTBEHHOTO BBIJICICHUS
HUTPHUIOB U MTOBBIIICHUS B COXpaHCHHS M, HUKE KOMHATHOM TEMITEPaTypHI.

CKOpOCTH OXJIQXKIICHHUSI HECYIICCTBEHHO BIUSUIA HAa YPOBHU TBEPJOCTH B
IEHTPaJbHOW YacTH CIHUTKOB KaxaodW cramu (pucyHok 2.11). YBenudenwue
TBEPJOCTH BO BCEX CIIyYasx HAOJIOJAIOCh JIMIIb B MPUIIOBEPXHOCTHBIX CIIOSIX

CIIMTKOB, I'TIC CKOPOCTH OXJIAKIACHUA OblIa 3aMETHO BBIIIIC.

400

350 4

200 ——1A

| a3

1]
= —— 44
= 250 A
= —e— A4 4-7
=

200 4 2 k.

150 4

100 T T T r r

0 5 10 15 20 25 30

PaccroAnne oT weHTpa obpasua, Mm

Pucynok 2.11 — Pacnpenenenue TBEpIOCTH 110 TOPU30HTAIBHOMY CEYEHHIO CIIMTKOB

JKCIIEPUMEHTAIIBHBIX CTAJIEH.

Jlost OIpeICTICHUATEMIIEPATYPHO-KOHIICH TPAIIHOHHBIX obnacrei
CYIIECTBOBAHMS  pa3lUYHBIX (a3 paccyMTaHbl W  TMOCTPOCHBI  (ha30BbIC
nauarpammebl. [lomuTepMudeckue ceueHus JUarpaMM COCTOSIHUSI CTaliell CHCTEMBI
Fe-Cr-Ni-Mn-Si-Al-Mo-C-N 0Obun paccuuTaHbl TMpPU TEPEMEHHOM COJCPIKaHUU
U3y4aeMOro 3JIEMEHTAa U TPU MOCTOSIHHOM COZCP)KAaHHH OCTAIbHBIX JISTHPYIOIINX
snmemeHTOB. CedeHuss TOCTpoeHbI B mporpamme Thermo-Calc Ha ocHoBe
tepmoauHamuueckoii 0asel  TCFE6. Pacuer B mporpamme Thermo-Calc

ocymectBisuicss CALPHAD-meToom.
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Ha pucynke 2.12 npencraBineHa nuarpamma crtaind lA. BeprukanbHas
auHUs — 910 (pakTmyeckoe coxepkanme aszora 0,311 %. Kpuruueckas
KOHIIEHTpAIMs a3oTa /i 3Tor crtanu paBHa 0,49 %. W3 pucynka 2.12 BugHO, 4TO
npu conepxkanuu azota 0,311 % paBHOBeCHass KpUCTAIUIM3aLUS 3TOW CTAIM UJIET C
BbIIeTieHHEeM O-(a3el 1o cxeme L—L+3—>L+06+y—>d+y ¢ Hanmumem OoOJbIION

nByxdasnoit odmactu &+y or T, mo 1250°C. Kpucrammuszanus ¢ BbIICICHHEM
razoBoii ¢aspl HAYMHACTCS TpU coaepxkaHusix a3ora Oompme 0,4, Yucras

00IacTh Y CyIIeCTBYeT MpH TeMieparypax 1250 — 1150°C.

1,800
Fe+0,06%C-+6%NiNI 0%Mn+19%Cr+1,6%Mo+0,3%Si+0,025%A1+0-1%N
1,700}
Leoof L N+L
1,500}
ﬁL N:+L\+ Y
1,400F 7 X \
1300F  Ltoty /Jﬂ\ No+y
21,200
3
£.1,100
°
£ 1,000
g
g 900
F

800 AIN+y+Cr,N+Cr,,C,

AIN+y+o+(

700 |
AIN+Cr,N+y+Cr,,C,t+o
600 H
[
500 _— AIN+6+y+Cr,N+Cr,,C+o
w0l IA\ [N+8-+y+Cr,N+Cr,,C,+Mo,C+o
0,311%N
300 | 1 1 1 1 1 1 1 1 )
0 01 02 03 04 05 06 07 08 09 1
Mass percent N

Pucynok 2.12 — [TonurepMudeckoe cedeHne AuarpaMMbl COCTOSHUSI CHUCTEMBbI
Fe-C-Cr-Ni-Mn-Si-Al-Mo-N nipu mocTostHHOM COIep)KaHUH JIETUPYIOLIHX YJIEMEHTOB,

COOTBETCTBYIOIIEM cTasn 1A.
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Ha pucynke 2.13 npencraBneHa paumarpamma craned 2A u 3A.
BeprtukaibHabie TMHUM — 3TO (hakTHueckue coaepxanus azora 0,354% s cranu
2A 1 0,362% nna cranu 3A. Kputndeckas KOHIICHTpAIUs a30Ta 1Jid 00enx crajei
paBHa 0,38%. 13 pucyHka 2.13 BUAHO, YTO IIPHU MOJYYEHHBIX COAEPKAHUAX a30Ta
paBHOBECHAs KpUCTA/UIM3AIUS OO0EWX CTajedl WAeT ¢ BbIAeIeHHeM Y-(has3bl 10
cxeme L—>L+y —vy, To ectb M3 XHIKOro paciuiaBa cpa3y oOpasyercs y-dasa,
KOTOpast CYIECTBYET B 00J1aCTH TemiepaTyp OT T, 10 1108°C.

Fe+0,06%C+6%Ni+10%Mn+19%Cr+1,6% Mo+
+0,3%Si+0,025%A1+2,1%2Cu+0-1%N
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N, % macc.
Pucynoxk 2.13 — [TonurepMudeckoe cedeHne AuarpaMMbl COCTOSHUSI CHUCTEMBbI
Fe-C-Cr-Ni-Mn-Si-Al-Mo-N nipu mocTostHHOM COIep)KaHUH JIETUPYIOLIHX YJIEMEHTOB,

COOTBETCTBYIOIIEM cTalisiM 2A u 3A.
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Ha pucynke 2.14 mnpeacraBnena jguarpamma craned 4A u  4A-2,
OTIMYAIONTUXCS COZEp’)KaHUEeM a30Ta. BepTuKalbHbIE JTUHUU — 3TO (DaKTHUYECKHE
coaepxkanus azora 0,212% nist ctanu 4A-2 u 0,370% nna cranu 4A. Kputuueckas
KOHIICHTpaIusl a3oTa Jjsi odeux craneit paBHa 0,24%. U3 pucynka 2.14 BumHO,
YTO paBHOBECHAs KpUCTau3anus ctanu 4A-2 uaeT ¢ BblaeleHueM y-(asbl 1o
cxeme L—>L+y —vy, To ecTh U3 xmuakoro pacruiaBa oopasyercs y-aza, koTopas
CyILIECTBYET B 00acTH Temrepatyp oT T, g0 1200°C. Hmke 3Toi TeMIieparypsl
Beiiensiercst CroN. PaBHOBecHas kpuctammusanus ctaid 4A B COOTBETCTBUU C
TuarpaMMod HMJAET C BblJeJIeHHueM razoBod ¢aszpl mo cxeme L—>L+y —>L+Ny+y

—>N,+y, nmke 1250°C u3 TBepmoro pactBopa y Beiaensiercst CroN.
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400 o ! 4A
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Pucynok 2.14 — [TonutepMuyeckoe ce4eHue quarpaMMbl COCTOSIHHUSI CUCTEMBI
Fe-C-Cr-Ni-Mn-Si-Al-Mo-N nipu mocTostHHOM COIep)KaHUH JIETUPYIOLIHX YJIEMEHTOB,

COOTBETCTBYIOLIEM CTaJISIM 4A.
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@DaKTUYEeCKH CIUTOK ObUI TJIOTHBIM, YTO CBSI3aHO C HEPAaBHOBECHOM
KPUCTAIUIM3AIMEl U JTOCTATOYHO OOJBIION CKOPOCTBIO OXJIKICHUS MPU Macce
Metamia 9,5kr. OmHAKO AJii TaKOro COCTaBa CIIOKHO IMOJYYUTh ayCTEHUTHYIO
CTPYKTYypy 0€3 H30BITOUHBIX BBICOKOTEMIIEPATYPHBIX, a CJEIOBaTEIbHO U
KPYIHBIX HUTPUJIOB.

C yderoM BO3MOXHOro oOpa3zoBaHMs (a3 B HCCIEJOBAHHBIX CTaJsAX
BbIOpaHbl PEXHUMBI TEPMUYECKOM U TepMoaedopMallMOHHOH  00paboTKu
HKCIIEPUMEHTANbHBIX  cTasied. [l  uckimoueHus oOpa3oBaHUsI — KPYIHBIX
NEPBUYHBIX HUTPHUIIOB U KapOHMIOB BCE BHUJBI BHICOKOTEMIIEPATYPHBIX 00pabOTOK
(roMoreHu3aIuu, KOBKHU, MPOKATKU, 3aKaIKU — 00pabOTKU Ha TBEPJIbIA pacTBOP)

MPOBOJIMIIMN B 0JTHO(A3HON ayCTeHUTHOM obsiactu (Tabnuua 2.7).

Tabmuna 2.7 — TemneparypHblii HHTEpBa y-0071aCTH.

I'panuusl y-oomactu, T °C
Craanb
TMaKc TMl/lH
1A 1230 1106
2A Teon 1150
3A Teon 1150
4A Teon 1260

IIpu 06paboTKe KOPPO3MOHHO-CTOMKHUX ayCTEHHTHBIX CTaJIeH KPUOTECHHOIO
HAa3HAYCHUS CKOPOCTH OXJIAKICHUS JIOJDKHBI OBITh  JOCTATOYHBIMU IS
WUCKJIFOUEHHUS BBIJEICHUS M30BITOYHBIX (pa3. DTO OCOOGHHO BaXHO s
3aKJTIOYUTENIBHBIX CTaIUl 00paboTOK.

Ha ocHOBaHHMH OIICHOK TeMIepaTypHO-KOHIICHTPAITMOHHBIX O00JIACTeH IS
DKCIIEPUMEHTAJILHBIX ~ CTAJIE  PEKOMEHAOBAIM  CICIYIONIUE  TEeMIIepaTyphl
BBICOKOTEMIEPATYpHBIX 00paboTtok (Tabmuma 2.8). Iloctpoennbie (a3oBbie
TUarpaMMbl HCTIOJB30BAJIM  JIJIT  HAa3HAUYCHHUS PEKUMOB Topsueii o0paboTKh
00pa3IoB  AKCIEPUMEHTANBHBIX  cTajel. CKOpPOCTH  KpUCTALIM3Aluu |
oxnaxnenus = 20 K/c Obuta mocTaTOYHOW [JIs1 TIOJNYYCHHUS OJHOPOJIHOM,

JIOCTATOYHO JIUCIIEPCHOW NIEHAPUTHOW CTPYKTYpPBI, MPEIOTBPALLECHUS BBIACICHUS
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n30BITOYHBIX (ha3 U COXPAHECHHS ayCTEHUTA B JINTOM COCTOSIHUU B CTAISIX 1A, 2A,

3A, 4A, 4TO O3BOJSET NOJYYUTh HEMATHUTHYIO CTalb U OJArONPUSATHO BIMSIET HA

MEXaHUYECKHE CBOMCTBA U COITIPOTHUBJICHUC KOPPO3UHU.

Tabnuna 2.8 — PexomMeH10BaHHBIE TEMIIEPATyphl BHICOKOTEMIIEPATYPHBIX 00pabOTOK

AKCIIEPUMEHTAJIbHBIX cTajneil, °C.

Crasin I'omoreHu3anMOHHbII KoBka I'opsiuas 3akauaka (o0padoTka Ha
OTIKHT npoKaTka™ TBePIbI pacTBop)
1A 1200-1150 1200-950 1150-1080 1080-1100
2A 1200-1150 1200-1100 1150-1100 1100-1120
3A 1200-1150 1200-1100 1150-1100 1100-1120
4A 1250 1250-1150 1200-1150 1200-1220

* — B cxeMe BTMO HukHASI TpaHULIa — 3TO TeMIepaTypa KOHIA MPOKATKU Tyy;

Cranp ¢ BBICOKMM cCOJepX)aHueM wmeau 4A HUMeEeT BeCbMa BBICOKHE
TEeMIIepaTyphl BbIJICTICHUSI HUTPUIOB U KapOUJOB U HETEXHOJIOTHYHA.

Cnutok ctanu 4A ¢ BBICOKHM COJIEPKAHUEM MEAU MPU KOBKE Pa3pyLIUIICS,
W3-32 HaJIU4Usl BHYTPEHHUX JE(PEKTOB — HECIUIONIHOCTEH (MOp, pPaKOBHUH,
My3bIpeii) B pe3yibTaTe U30BITOYHOTO COJIEP KAHMS a30Ta U BHICOKOTO COJIEP KAHUS
MEJIM, IPUBEIICH K CHIIbHON JTUKBALUU.
[TpokaTky ocymecTBisu Ha taboparopHoMm crane DUO-300 ot TommuHbl 26 MM
0 13, 8, 6 u 4 MM COOTBETCTBEHHO 3a 6-3 mpoxojda CO CTEIEHSAMU 00KaTHs B
nociaeaHux mnpoxomax 25 — 35% ¢ nOpoMexyTOUYHBIMM IOJOTPEBAMU U
3aKTIOYUTENBHBIM PE3KUM OXJakaAeHrueM B Boje (Ttabmuma 2.9). Ilpokarannbie
JUCTBI HE HMENU SIBHBIX TPEIIMH M OBLIM HCIOJIB30BaHbI IS JalbHEHIINX

HUCCIIeI0OBaHUM.

Tabnuna 2.9 — 3aganHblil TeMnepaTypHbIii HHTEpBail 00padOTOK SKCIEPUMEHTANIBHBIX cTajeil, °C

Crainb Koska, T°C Ipokarka, T°C
1A 1200-950 1150-1080
2A,3A,4A 1200-1100 1150-1100
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N3yuenne ¢uznyeckux CBOMCTB U (pa30BBIX NMPEBpAILCHUH, OMpeesIeHne
KPUTUYECKUX TOYEK — TEMIEpaTyp MNPEBpPAIEHUN MPOBOJWIM HAa IUJIATOMETPE
DIL 805 A/D, ma o0Opa3max pasmepom &5x10 MM, H3TOTOBJICHHBIX U3
ropsiYeKaTaHbIX JIMCTOB TOJIIMHOM 6 MM, MPOBEAEHO 2 IMKIAa HarpeBa—
oxJaxaeHus. [lepBblii IUKI: HarpeB OT KOMHATHON TeMIIepaTyphbl CO CKOPOCTHIO
1°C/c no temmeparypsl 1200°C, Bbiepkka | MUH, OXJIaXACHHE CO CKOPOCTHIO
1°C/c no Temniepatypsl 90°C (32 UCKIIIOUEHHUEM MEPBOIO UK OXJIAKICHUS CTAlU
1A: ckopocts Harpesa 10°C/c). [laniee — Beiaepkka 1 MUH ¥ BTOPOH ITUKJII TTO TOMY
KE PEKUMY.

Bce nunatorpamMmbl OTpaKarOT MNPAKTUYECKU JTUHEWHOE U3MEHEHUE JJIMHBI
00pa3LoB ¢ UBMEHEHUEM TEMIIEPATYPHI.

Hanupie 1m0 KOA(DPUIIMEHTY JTUHEHHOTO pACIIUPEHUsI MPEACTABJICHBI B
tabime 2.10.

Tabmuna 2.10 — KoadduuneHT TMHEHHOTO TEPMUYECKOTO PACHUIMPEHHUS SKCIEPUMEHTATBHBIX

craineil B unTepBasie remneparyp 100—-1200°C.

Ko3ppuumeHT JHHEHHOI0 TEPMHUYECKOI0 PACIIMPEHUA d, 10°K*
Crausb
1 muka 2 UK cpeaHee
1A 37,1* 35,9 36,5+0,5
2A 36,2 36,6 36,4+0,5

* I CTaJln 1A OMpeACJICHO I 3Talla Harpe€Ba, TakK KakK IpU OXJIAXKACHUHW UMEII MECTO cOoii 3amucu

AUJIIaTOrpaMMBlI.

Koad¢uimenTsl TepMUUECKOTO pacHIMpEeHUst o JUJIsl UCCIETYyEeMbIX CTajled
OJIM3KM U COOTBETCTBYET MO MOPSAKY BEIUYMH OOBIYHBIM 3HAUEHHUSIM, a €ro
HE3aBUCUMOCTh OT JIETMPOBAHHOCTH CTaJled YKa3blBa€T HAa NPaKTUYECKOE
OTCYTCTBHE TOp B 00bEME MeTallIa.

Pe3ynbTathl pEHTreHOCTPYKTYPHOTO aHaiu3a o0O0paslioB JIUTHIX CTajied
npeacTaBiieHbl B Tabiuie 2.11. BuaHo, 94To 3KCcIiepuMeHTanbHbIe ctamu 1A, 2A,
3A, B JHWTOM COCTOSSHUM HMEIOT TIOJHOCTBIO AYCTEHUTHYIO CTPYKTYpY.
N30bITOuHbIE (ha3bl IpU OXJIAXKIAEHUU co ckopocTsaimu =20 K/c BblgenstoTcs B
BeCbMa MajioM, peHTreHorpaduyecKkuHeoOHapyKuBaeMoM Konuuectse. i cranum
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4A Takue YCIIOBUA HCAOCTATOYHBI, YTO CHJIbHO OI'PAaHMYHUBACT €C IMPUIOAHOCTH B

Ka4CCTBC KPUOICHHOI'O Marcpuajia.

Tabmuna 2.11 — Pe3ynbTaThl peHTT€HOCTPYKTYPHOTO aHAIM3a SKCIEPUMEHTAJIbHBIX CTalleil B

JIUTOM COCTOSAHHUH.

Craneit Iepuona pemerku a, A ®da3zoBblii cocTaB™, %0
1A 3.613 Y 100
2A 3.620 Y 100
3A 3.616 Y 100

* —Bcramsax 1A, 2A, 3A, oOHapyXEHBI TOJIBKO TUHUH aAYCTCHHTA.
PentrenorpaMmmbl ¥ pe3yibTaTbl UX  00pabOTOK ais  00pasloB
rOpsiYEKATAHbIX CTAJICH IpUBEAEHBI B Ta0bnuie 2.12.

Tabmuma  2.12  —  Pe3ynpTaThl  PEHTTEHOCTPYKTYPHOTO  aHalIM3a  TOpsSYEKaTaHBIX

SKCIIEPUMEHTANBHBIX CTaNeH (JUCT TONUHON 4 MM).

Crajs | JInausa 20,1, rpan lint, AMIL./C-Tpan B, rpan P a, A

111 50,746  +0,001 | 60545 +15 | 0,329 =+0,001 | 1,9
200 59,205  +0,001 | 2587,5 +1,1 | 0,428 0,002 | 1,5

1A 220 88,829 +0,001 | 142,8 +6,2 | 0,524 +0,026 | 0,2 36102
311 | 110,232 +£0,002 | 1150,1 +1,1 | 0,729 +0,01 | 0,9 +0.0005
222 | 118,118 +0,003 | 706,1 +8,9 | 0,617 +0,011
111 50,735 +0,001 | 4746,0 =+13,6 | 0,323 =+0,001 | 1,4
200 59,195 +0,001 | 2486,1 +10,9 | 0,409 =+0,002 | 1,4

2A 220 88,73  +0,006 | 1558 6,4 | 0,516 =+0,024 | 0,2 56?0201065
311 | 110,044 40,002 | 1198 +1,2 | 0,677 +0,008 | 1,0
222 | 117,872 +0,003 | 567,0 48,7 | 0,556 +0,011
111 50,690 +0,001 | 45455 +13,5 | 0,357 +0,001 | 14
200 59,089 +0,001 | 2292,3 +11,2 | 0,494 +0,003 | 1,3

3A 220 88,546 +0,006 | 211,1 48,3 | 0,638 +0,026 | 0,2 3,629
311 | 109,727 +0,003 | 1129,7 +0,7 | 0,856 +0,011 | 0,9 +0.0005
222 | 117,551 +0,004 | 5296 +8,6 | 0,698 +0,015
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Ilocne ropsder NMpOKaTKH 3KCIEPUMEHTANBHBIX CTAJIEW B TEMIIEPATYPHOM
WHTEpBaJ€ CYLIECTBOBAHUSA Y-TBEPAOIO pacTBOpa, € TEMIIEpaTypod KOHLIA
NpOKAaTKH OOJIbIlIE WM PaBHOM pacyeTHON TemrmepaTyphl Hayaia BbIACICHUS
HUTPUJIOB, OXJAXJCHHEM B BOJE VyAaeTrcs 3adUKCUPOBATh IOJHOCTHIO
HEpACMaBIIUICSA ayCTeHUT. o-(ha3a He OOHAPYKHUBACTCS, NEPUOABI PEIICTKU
a,XOpOILIO KOPPEIUPYET C PasiavyYUsIMU COCTAaBOB PasHbIX cTajei. Jlud rpymmsl
craneii 1A, 2A, 3A nepuon a,BO3pacTaeT ¢ POCTOM COIEP)KaHHUA a30Ta U MEIU
MPAKTUYECKU MPONOPIUOHATEHO. CpaBHEHUE IIUPUHBI PEHTICHOBCKUX JTUHUN B 1
IIOJIFOCHOM IJIOTHOCTH P U1l nccneayeMbIX cTajieil MOKas3bpIBaeT, YTO KaYECTBEHHO
npu Topsiueit nedopManui Bo BCeX CTAAX (HOpPMHUPYETCsS OJHOTUITHAS TEKCTypa U
COXpaHAETCs HAKJIEI, HO KOJIMYECTBEHHO NPOLECCHI U PE3yJIbTaThl Pa3IN4arOTCs.

UccnenoBanue Ha Hanmuuue ¢heppuTHOi (ha3bl MArHUTOMETPUUYECKHU, C
oMol Gpeppuromerpa MBII-2M mokazanwm, 94To Mocie ropsiaeid MpoKaTKA MPH
KOMHAaTHOM Temneparype craiu 1 A—3A ObUTH HEMAarHUTHBIMH.

[Ipu wmertamtorpadguueckom wuccineqoBaHUM oOpa3uoB cranu 3A B
rOpAYEKATAHOM COCTOSIHUM M3 JINCTOB TOJIIIMHON 4 MM BBISIBIIEHO HEOOJIBIIOE
koimuuectBo aucnepcHbiX(~ 200 wm) wactunr CroN  anumsorponust  ¢Ghopmbl
ayCTEHHUTHBIX 3€PEH, UX BBITSIHYTOCTh B HAIPABJICHUH MPOKATKH, TO €CTh MOJTHOU

PEKpUCTAJUIM3AIMU HE TIPOMCXOJIUIIO HA B OJTHOM U3 cTaliel (pUCyHOK2.15).

Pucynox 2.15 — CtpykTypa 3KcriepuMeHTanbHbIX cTane 1A—3A B miockocTH

HepHCHHHKYHHpHOﬁ TINIOCKOCTH IIPOKATKU U MapaJlJICJIbHO HAIIPABJICHUIO IMTPOKATKH.
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HcnpiTanne Ha ynapHbld M3ru0 cTajneil B TOpSYEKAaTaHOM CTOSHUU

IPOBEJICHHOE C HCIOJb30BAHUEM MAasTHUKOBOro Kompa mapku «RoellAmsler»

MoKa3ayu, 4To ctayd 1A, 2AUMEIOT BBICOKYIO yaAapHYI0 BI3kocTh npu +20, -100 u

-196°C (tabmamma 2.13).

HcneiTanue Ha ropa4yce CKaruc IpoBOIWIN Ha o6pa3uax HI/IJII/IHI[pI/I‘IeCKOI‘/’I

dbopmbl ¥5 x 10 MMm. M3roToBIEHHBIX W3 JIMCTOB TOJIIMHOW 6 MM cranei 1A.

Ckopoctu nedopmanuu cocramsum 0,1 u 1 ¢t Temmeparypsl HarpeBa MOJ

nedopmarmro cocrasisua 1080°C.

Tabmuma 2.13 — MexaHuuecKre CBOWCTBA JKCIIEPUMEHTANBHBIX cTajgedl (1A—2A JIuCThI

TOJIIIUHON 8 MM)

Tucn, KCU,

Craan oC op, Mlla 60,2, MIla 5, % v, % Ml
20 916 691 32,8 61,9 2,92
1A -100 2,25
-196 1,56
20 949 730 27,3 55,9 2,52
2A -100 2,02
-196 1,34

Juarpammbl gedopMaliii UMEIOT OOBIYHBIM BUJ, YPOBHU CONPOTHBIICHUS

ropsueit nedpopmanuu (tabauna 2.14) Ommzku. OOpasipl dKCIEPUMEHTATBHBIX

CTaJIel TOClie TOpSYero CKaTus, Kak M Toclie Topsyedl MpOKaTKu ObUH

HEMAardiuTHbIMU.

Tabnuna 2.14 — [Napamerpsl quarpamm ropsiueit neopmanuu cranei 1A.

Craanb T, °C g,¢t €max Gmax, MIIa
0,1 0,18 185
1A 1080
1,0 0,30 240
I'ne Gmax, €max — MAakKCHUMaJbHOE HAMNPSHKEHWE M COOTBETCTBYIOIIAST €My CTENEHb
nedopMaruu.

[TonyueHHbIE 3HAYEHUSI Gpmax MOTYT OBITh MCIOJIB30BAaHBI MPU pa3pabOTKe

TEXHOJIOTUH U BhIOOpa obopynoBanus OM/I.




2.3. BiausiHMe JIETHPOBAHHMSI HA TMpefeJbHYI0 PacTBOPUMOCTH a30Ta B

KOPPO3HOHHO-CTOHKHX HU3KOYTJIepoaucThIX ciuiaBax Fe-Cr-Mn-Ni-N

PactBopumocTh a3ora mpu 3arBepiacBanuu Fe-Cr-Mn-Ni-N criaBoB mpu
atMoc(hepHOM JaBIICHUM HaJl pacIyIaBOM 3aBHUCHUT OT XMMHUYECKOTO COCTaBa CILIaBa.
YBenudeHne KOHIEHTPAIMM XpoMa TIPU TOCTOSHHOM COJEp)KaHUU HUKEIS B
CIUIaBE€ TMOBBIIAET PACTBOPUMOCTH a30Ta. B MPOTHBOIOIOXHOCTH XPOMY,
Maprasily, MOJIMOJICHY W BaHAJHMIO, HUKEIh CHUXKAET PacTBOPUMOCTh azoTa [157,
158]. B cBa3u ¢ aTUM, npuoOperaeT IEpPBOCTEIICHHOE 3HAYCHHE 3HAHUE
npeeabHON PaCTBOPUMOCTH a30Ta B ciutaBax. OcoOyro BaXXHOCTh 3TO uMeeT B Fe-
Cr-Mn-Ni-Mo-cmnaBax, KOTOpbIE HaXOIAT MIMPOKOE MPAKTUIECKOE MPUMEHEHHE.
Hcnonb3oBaHnue H3TUX JIaHHBIX I[O3BOJISIET YCTaHABIMBATH KOHIIEHTPAIMOHHBIC
MHTEPBAJIbI, onpeaestonue (Ga3oBblii COCTaB YKa3aHHBIX CIIJIABOB.

B mnacrosmeil pabore npuBedeHbl pacu€Thl NPEEIBbHON PacTBOPUMOCTH
azota B cruiaBax cuctembl Fe-Cr-Mn-Ni-Mo. [lpexen pactBopuMocTH a30Ta B
ayCTEHUTHBIX CIUIaBaX, COACPKAIIUX XPOM, YIJIEepPO, MOTUOICH, BaHA Ui, HUKEID,
KPEMHHI ¥ MapraHell, paCCYMTBIBAIIN 110 ypaBHeHHI0 Barnepa (7) [159]:

n 13 1
IgINT =19[N T — > eq - [R1-=> 1 - [RI* + Z1g Ry,
215 2 (7)
C UCIOJIb30BaHUEM CJIEIYIOIIMX 3HAUEHUH MapameTpa B3auMOJCHCTBUS EPBOTO U
BTOpOTO TopsiikoB [160]:
ey [Cr]=-0048;e5[C] =+0,118;ey°[ Mo] = -0,013;e3 [ Si] = +0,043;
eN[Ni] =+0011;eM[Mn] = -0024;e), [V ] = -0,098;e) =0.13;
r"=35-10";r""=32.10"°;r' =35-10°;r/°* =79-10".

[TapameTtpbl B3auMOAEHUCTBUS, TPEAT0KEHHbIE DONXTUHIEPOM PACCUUTAHBI
s temrepatypsl 1600°C, Torma Kak cojepiKaHWe a30Ta B TBEPIAOM MeETalie
OINPENENSIETCS YCIOBUSAMHU PA3IMBKH Y KPUCTAILIM3ALMK MeTauta. [TockonbKy 1uis
OOJBIIMHCTBA BHICOKOXPOMUCTBIX CIUIABOB PACTBOPUMOCTH a30Ta C MOHUKEHHEM

TEeMIIepaTyphbl pacijlaBa BO3pAaCTaeT, a30T BBOASAT B METAl IPHU TEMIEpaType,
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kotopast Ha ~100°C BeIliIe TEMIIEPATYpPhI TUKBUAYC. TeMIIepaTypHyO 3aBHCHMOCTD

pPacTBOPUMOCTH a30Ta XapakTepusyet ypaBHeHne Ynmmana-Koppurana (8) [161].

188 3280 (8)

n
Ig[N]=-—-(=—=—-075)-> e} - [R]

T T i3
C ucnonbp30BaHUEM PACUYETHBIX JAHHBIX IO MPEEIBHON PacCTBOPUMOCTH a30Ta
(trabmuna 2.15) mocTpoeHbl 3aBHCUMOCTH MAaKCUMAJIbHOW KOHIIEHTpAalMyd a30Ta OT
conepxanust Xxpoma B uHtepBasiax 13 - 30% , mapranma 1 - 21% , aukens 1 - 15% B

cIuiaBax xkenesa, cogepxkanmx 0,02% C u 1% Mo (pucynok 2.16 u 2.17).

I, %

- 8 E - E - E
1,6 _ i 1
00 '_W./‘/J '_’.’_'_./—‘/-.’)
M, %

r i a A B

1.6 . .
0z / - /r . /r
N, % 12 12 24 Cr, % 12 12 24 Cr%

_ w
i
; % '
0,0 ’_"__"'JAJ

12 12 24 30

Cr, %0

Pucynok 2.16- BiusiHre XpoMa Ha pacTBOPHUMOCTh a30Ta TmpH Kprctayum3saiuu Cr-Mn-Ni-Mo
craBoB (pu 1% Mo, 0,02%C) nernpoBaHHBIX HUKEJIEM B KomuecTBax (mac.%):

a-1%,6-3%, B-5%,r-7%,1-10%, e -13%, x - 15% u ¢ conepxanuem maprania (mac.%):
m-1, -6, -12, x-18, *-21

OTH 3aBUCUMOCTH MOKA3bIBAIOT BO3MOXKHOCTH JIETUPOBAHUSA CIIaBa C LETBIO
pa3pabOTKN BBHICOKOTIPOYHBIX HEMAarHUTHBIX KOPPO3MOHHOCTOMKMX CIUIaBoB. [Ipu

pacdere coJep)KaHHs a30Ta, HE MPHUBOJAIICTO K OOpa30BaHUIO My3bIped U
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MOPUCTOCTU KPUCTAIUTU3ALMOHHOTO XapakTepa, CleAyeT BBeCTH KO3 uimeHt

KOMIIO3UIIMOHHOM YCTOMYHUBOCTH a30Ta, paBHbIi 0,78 mpeaena pacCTBOPUMOCTH.

Kak BuaHO 13 pucyHka 2.16, npu pa3/ieIbHOM U COBMECTHOM YBEIWYCHUU
COJICp’KaHMsl XpoMa M MapraHila pacTBOPUMOCTh a30oTa B Mo yBeIWYHBaETCH.
BnusHue xpoMa npuMepHo B Tpu paza 0oJiblie, 4ueM BiusHue Maprania. [Ipu atom
HUKEJIb OKa3bIBA€T IMPOTHBOIOJIOKHOE XPOMY W Maprasily BIIMSHHUE, CHUXKas

pPacTBOPUMOCTH a30Ta.

1

2

Ni, %
Pucynok 2.17 - Bnusinue HUKeNs Ha MpeielbHYI0 paCTBOPUMOCTD a30Ta B CIIJIaBaX
Fe-Cr-9%Mn-Ni-1%Mo-0,02%C npu coaepxanuu xpoma:1 - 13;2 - 16; 3-19;4-21;5-24;6
- 27, 7 - 30%.

BrnusgHue HHKeNsS Ha pPAacTBOPUMOCTh a30Ta WILTIOCTPUPYETCA TaKxKe
pucyHkom 2.17BpacminaBax Fe-Cr-Mn-Ni-N.

C yBenMueHHEM COJAEpX aHUS HUKENs PacTBOPUMOCTH a30Ta B CIUIaBax,
yKa3aHHbIX Ha pucyHke 2.17 muneitHo cHmxkaetcs:%N = A+B-%Ni.3aBucumoctsb
kodhduieHToB A u B g yKa3aHHBIX CIUIAaBOB IMpEACTaBiIeHAa HAa PHUCYHKE
2.18.Koapdunment A xapakTepusyeT MNpeaeiabHyI0 pacTBOPUMOCTh a30Ta B
crwiaBax 0X(13-30)AT'9HMI1 npu orcyrcTBuu B ux coctaBe Hukens (%oNi = 0),

koaddummenT B xapaktepusyeT yroa HakJIOHa MPSMOI K OCH abcIucce.
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A, B-102
|

Ni, %
Pucynok 2.18 - Bnusinue Hukens Ha BenuuHy koddduirentoB A u B B ypaBHeHHH
%N = A + B(%Ni) ms crmaBa 0X(13-30)AT'9HM 1, xapakTepu3yromemM pacTBOPUMOCTh a30Ta B

3aBUCUMOCTH OT COACPKAHUSA HUKCIIA.

C yBennueHrneM KOHUEHTpPALMU HUKeNS KO3 (UIIMEHT A pe3Ko BO3pPaCTaET;
koddduimenT B, umeromui OTpUlIaTENbHBIE 3HAYEHUS, W3MEHSIETCS MeEHee
3HaYUTeNbHO.BnusHre XpoMa Ha pacTBOPUMOCTh a30Ta MpPH TMOCTOSHHOM
CoZiepKaHUU HHKenss W MapraHma B cmaBe Fe-Cr-Mn-Ni-N moxHO omucath
dbopmyioii (9):

%N= A,+A;(%Cr)+A,(%Cr)*>  (9)
B Ta6nuie 2.15 npuBenensl kodhGUIMEHTs A; , BXOIAIUE B 3Ty HOpMyTy

s crutaBoB Fe-Cr-Mn-1%Ni-N, conepxkamux 12-30%Cr u 1-21%Mn(pucynok
2.16).

TaGmuma 2.15 - Kooddumments: dopmymsr %N= As+A1(%Cr)+Ax(%Cr)®  ommcsBarolmeit
BJIMSIHME XpOMa Ha PacTBOPUMOCTH a3oTa it ciutaBoB Fe-Cr-Mn-1%NiN, coxepxkamux 12-

30%Cr (pucynok 2.22 a).

Conep:xkanue Mmapranma, %
Koadgdpunuuent
1 3 6 9 12 15 18 21
Ao 0,258 0,272 0,338 0,395 0,461 0,545 0,653 0,744
Aq -0,0209 | -0,0216 | -0,0274 | -0,0320 | -0,0374 | -0,0441 | -0,0532 | -0,0603
Aj 0,00115 | 0,00124 | 0,00152 | 0,00178 | 0,00207 | 0,00245 | 0,00289 | 0,00335
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3aBucuMOCTh KO3 (uuMeHTOB A; B rpaduiyeckoM MPEACTABICHUU

n300pakeHa Ha pucyHke 2.19.

e

b
:.-—-'I""H Aq 0,02 -\

i)

N

o
7

& ] 002 N
< ' < \
0.;\,%;\ -0,06 Mg
Le—*"
0,001 -0,08
0 5 10 15 20 25 0 5 10 15 20 25

Mn, % Mn, %

Pucynok 2.19 - 3aBucumocts K03 (HUIIEHTOB Aj OT coaepKaHus Mapranua B ciuiaBax Fe-Cr-

Mn-1%Ni-N.

Koadpdumument A, npencraBisger coOOM KOHUEHTPALMIO a30Ta B CIUIABE,
conepxamem 12% Cr. Koaddbunuentst A; u A, onpenenstor ¢hopMmy KpPUBOH,
OTMCHIBAIOIIEH PAacTBOPMMOCTh a30Ta B CIUIaBaX MPH YBEIWYCHHH COJCPKAHUS

xpoma BIUIOTh 110 30%, npu yKa3aHHBIX B TabauIe 2.16 comepkaHUsIX MapraHia u

1 % Ni.

Ta6muia 2.16 — Biustnue xpoma, Maprasiia U HUKesst (Bec. %) Ha paCTBOPUMOCTbD a30Ta MPH
kpuctayumsaimu Cr- Mn- Ni crutaBos, copepxkaniux 0,02% C u 1% Mo [162].

Mn, %
1 3 6 9 12 15 18 21
13 0,174 0,194 0,229 | 0,270 0,313 0,370 0,434 0,507
16 0,222 0,248 0,292 0,345 0,400 0,473 0,554 0,648
19 0,284 0,317 0,374 | 0,442 0,512 0,605 0,709 0,832
1 21 0,334 0,373 0,441 | 0,520 0,603 0,713 0,835 0,977
24 0,415 0,463 0,547 0,646 0,749 0,885 1,031 1,213
27 0,511 0,571 0,674 0,795 0,922 1,089 1,276 1,494
30 0,681 0,754 0,898 1,059 1,229 1,452 1,701 1,991
13 0,169 0,189 0,223 0,263 0,305 0,361 0,423 0,495
16 0,182 0,235 0,278 0,328 0,383 0,450 0,527 0,616
19 0,277 0,309 0,365 0,431 0,500 0,590 0,691 0,809
21 0,318 0,355 0,419 0,494 0,574 0,678 0,794 0,929

Ni, % | Cr, %
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24 0,394 0,441 0,520 | 0,614 0,712 0,841 0,985 1,149
27 0,487 0,542 0,640 | 0,756 0,877 1,036 1,213 1,420
30 0,647 0,723 0,853 | 1,007 1,168 1,373 1,617 1,892
13 0,161 0,180 0,212 | 0,250 0,304 0,343 0,402 0,470
16 0,206 0,230 0,271 | 0,320 0,371 0,438 0,514 0,601
19 0,257 0,286 0,338 | 0,399 0,463 0,547 0,641 0,750
5 21 0,302 0,337 0,398 | 0,470 0,545 0,644 0,755 0,883
24 0,375 0,419 0,494 | 0,583 0,678 0,799 0,937 1,096
27 0,462 0,516 0,609 | 0,718 0,833 0,984 1,153 1,350
30 0,615 0,687 0,811 | 0,957 1,110 1,312 1,537 1,808
13 0,149 0,167 0,197 | 0,232 0,269 0,318 0,373 0,436
16 0,190 0,213 0,251 | 0,296 0,344 0,406 0,476 0,557
19 0,244 0,272 0,322 | 0,380 0,440 0,520 0,609 0,713
7 21 0,287 0,321 0,379 | 0,447 0,518 0,612 0,716 0,840
24 0,356 0,398 0,470 | 0,555 0,587 0,716 0,890 1,042
27 0,439 0,490 0,579 | 0,683 0,792 0,930 1,096 1,283
30 0,585 0,653 0,771 | 0,910 1,056 1,247 1,461 1,710
13 0,137 0,153 0,181 | 0,208 0,247 0,292 0,342 0,401
16 0,167 0,187 0,220 | 0,260 0,321 0,356 0,417 0,488
19 0,224 0,250 0,294 | 0,349 0,405 0,479 0,560 0,655
10 21 0,257 0,287 0,339 | 0,401 0,454 0,549 0,643 0,753
24 0,319 0,353 0,422 | 0,497 0,577 0,681 0,798 0,934
27 0,393 0,439 0,519 | 0,612 0,710 0,839 0,983 1,150
30 0,524 0,586 0,691 | 0,811 0,947 1,118 1,310 1,533
13 0,126 0,141 0,167 | 0,197 0,228 0,269 0,316 0,369
16 0,161 0,180 0,213 | 0,251 0,293 0,344 0,403 0,472
19 0,207 0,231 0,272 | 0,322 0,373 0,441 0,516 0,604
13 21 0,237 0,265 0,313 | 0,369 0,428 0,506 0,593 0,694
24 0,294 0,389 0,388 | 0,458 0,531 0,628 0,736 0,859
27 0,362 0,405 0,478 | 0,564 0,654 0,773 0,906 1,060
30 0,483 0,540 0,637 | 0,752 0,872 1,030 1,202 1,413
13 0,120 0,134 0,158 | 0,186 0,216 0,255 0,299 0,350
16 0,153 0,170 0,201 | 0,236 0,273 0,323 0,378 0,443
19 0,196 0,218 0,256 | 0,302 0,350 0,414 0,485 0,567
15 21 0,224 0,251 0,301 | 0,355 0,412 0,487 0,571 0,668
24 0,279 0,311 0,365 | 0,431 0,500 0,633 0,692 0,810
27 0,343 0,383 0,460 | 0,543 0,630 0,744 0,877 1,021
30 0,457 0,511 0,613 | 0,724 0,840 0,992 1,274 1,360
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[IpakTHyecku OJMHAKOBBIA YTOJI HAKJIOHA K OCH abCLuUCC AJis 3aBUCUMOCTEH
Ha pucyHkax 2.20a-x o3HayaeT, 4To KOdPPUIMEeHTHl A; U A, AN BCEX ITHX
CIUIaBOB OJIM3KM MO BeianunHe. CMellleHne JTUHEHHBIX 3aBUCUMOCTEN BHU3 IO OCH
OpPAVMHAT C YBEIWYEHHUEM COJCPKAHUA HHUKEISA YKa3blBa€T HA YMEHBIICHHE

kodpdunrerTa Ag.
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Y
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18 24 Cr:%%
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0,1 ;
12 18 24 Cr,%

Pucynok 2.20 - BnusHue xpoma Ha paCTBOPHUMOCTD a30Ta TMPU KPUCTAILTH3AINH
Cr-Mn-Ni-1Mo criaBoB, JerHPOBaHHBIX HUKEJIEM B KOJIMYECTBAX:
a-1%,6-3%, B-5%,1-7%,n1-10%,e-13%, x - 15% u c cogepxxanuem mapranua (mac.%).

,o-12, o 18, x-21

]
(*)]

.-11

3aBucumoctd %Cr-log%N sBiIstOTCS JTUHEHHBIMM, KaK BHIHO W3 PUCYHKA
2.20, ¥ UMEIOT OJAMHAKOBBINA yTOJI HAaKJIOHA. M3 3TOro MOXKHO 3aKJIFOUWTh, YTO JJIS
CIUIaBOB C cojepkaHueM Hukens Oonee 1% JeHCTBYIOT Te€ K€ 3aBUCUMOCTH
PacTBOPUMOCTH a30Ta OT COJEPKaHUSI XpOMa U MapraHia, 4to u B popmysne 1. 13
pucynka 2.21 a, 6, B comocraBieHuud ¢ pucyHkamu 2.16 u 2.20, BUAHO, YTO

MapraHell yBEJIHYHMBaeT pacTBOPHUMOCTh a3oTa B ciutaBax Fe-Cr-Mn-1Ni-1Mo
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aHAJIOTUYHO XpOMY, HO MO aOCOJIOTHOW BEIMYMHE NOCTHraeMblid 3ddekt Oosee
3HAYHUTEJICH TPH JIETUPOBaHUM XpOMOM. C TIOBBINICHHEM COICPIKAHUS HUKEIS

XAapPaKTCP YKA3aHHBIX 3aBUCHUMOCTEHU IMPUHOUIINAIIBHO HC U3MCHACTCA.

N, % N, 7
%
2,0
1,2
17
1,0 ]
0,5
O.rmq T T T T Oalz T T 1
0 5 10 15 20 Mn,% 0 7 14 Mn,%

W_14,5;~-20,5,+ -25,5; +- 28,5; ~-31,5.

Pucynok 2.21 - BnusiHue maprasia Ha pacTBOpUMOCTb a30T1a B ctanu tuna 0XHIMI1 ¢
MepEMEHHBIM COJIep )KaHreM Xpoma (Mac. %): macmTab 1o ocu OpJANHAT JIMHEHWHBIH (a) U

norapudmmaeckuii (0).

[TonmydyeHHBbIE JaHHBIE TIO3BOJISIIOT OIICHMBATH BO3MOXKHOE TMPEIEIbHOE
CoZiepKaHHEe a30Ta, PaCTBOPEHHOIro B pacmiaBax cuctembl Fe-Cr-Mn-Ni-Mo npu
aTMOC(EPHOM JIaBJICHUH, U3MCHSS COJIepKaHUE B HUX XpOMa, MapTaHIla ¥ HAKEJIS.
COOTBETCTBEHHO MOKHO OILICHUBATh M KOHIIGHTPAIIMIO a30Ta B TBEPJIOM PacTBOPE
MOCJIe KPUCTATU3AIUNA, TPU YCIIOBUM, YTO a30T HE CBS3aH B HHUTPUILI M HE
BBIJICITAJICS B BHJIC TA30BBIX MTy3bIPEH MPU KPUCTATUTH3AIUH.

3Has cojaepkaHUE a30Ta B AyCTCHHUTHBIX CIUIaBaX, MOXKHO IPOU3BECTU
OIICHKY BEJIMYMHBI TBEPAOPACTBOPHOTO U 36PHOTPAHUYHOTO YIIPOYHEHUS (TIpenena

TEKY4EeCTH), HCITOJIb3ysl ypaBHeHue (10), mpemiokenHoe B padore [13]:
602 =127 + 307-%N"? + (7 + 78-%N) / d** (10)

rae d — pa3mep 3epHa, BTOPOH WICH XapaKTepHU3yeT TBEPIOPACTBOPHOE, & TPETHH -
36pHOTPAHUYHOE YIIPOUHCHUE.
Ha ocHoBe pacu€THBIX HAHHBIX O MPEACIBHOM PAaCTBOPUMOCTH a30Ta B

M3YUYEHHBIX CIUIaBaX U MOAUMUIIMPOBAHHOMN CTPYKTypHOU auarpammel [leddaepa
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[13], 1151 TOCTpOCHHSI KOTOPOH MCIONB3YIOT HUKEIEBBIN SKBUBATCHT (Niv,z= NI +
0,1Mn - 0,01Mn? + 18N + 30C) u xpomoBsIit 3xkBuBaNIeHT (Cry = Cr + 1,5Mo +

0,48Si + 2,3V + 1,75Nb), ycranoBneno pacmnojoxeHue OmHO(MA3HBIX U

MHOFO(i)aBHBIX o0JacTe B 3aBHCHMOCTH OT BEJIMYMHBLI HUKEJIEBOTO U XpOMOBOTO
OKBHBAJICHTOB AJIsA HCCIICOIOBAHHLBIX CIIJIaBOB.

Ha pucynke 2.22 moka3zaHo, Mpud KakoW BEJIMYMHE YIOMSHYTBIX

OKBHBAJICHTOB H HpeI[CHBHOﬁ KOHIOCHTPAOUMU a30Ta J9TU CIJIaBbl HMCHOT

AYCTCHUTHYIO, AYCTCHUTHO-MApPTCHCUTHYIO, MAapTCHCHUTHYIO,

heppuTHO-

ayCTEHUTHYIO U (DeppUTHO-ayCTEHUTHO-MAPTEHCUTHYIO CTPYKTYDY.
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"0 v A Pucynox 2.22 -Otpaxarommast
= ¥
= . k2 (ha3oBBIif cOCTaB CIIJIaBa
1.6 . w0v B3aUMOCBS3b MEK/Y HUKEJIEBBIM
- LJ
S0 vy AR SKBHBAJIEHTOM M MaKCHMaJIbHbBIM
T L
= 0.8- Ty o COJICpKaHUEM a30Ta IS
- L
o " ) pa3IMYHBIX 3HAYCHUH XPOMOBOTO
0:47 JKBUBaJeHTa: a - 14,5;6—17,5; B —
007015 20 25 30 35 40 20,5;r —22,5; 1 - 31.5.
Ni
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CmnaBel, HMeEIOIIME oIHO(a3HYI0 MapTEHCUTHYIO CTPYKTYpY, IIpH
XpPOMOBOM 3KBUBajeHTE 14,5 MOryT OBITh MOJYYEHBI TOJBKO B Y3KOM HHTEpBAJIE
3HAYCHUHN HUKEJIEBOTO dKBUBaJeHTa OT 5,7 10 7,5 (pucyHok 2.22 a). [IpeBsimeHue
3TOW BEJHMYMHBI NPUBOJUT K MOJYYEHHIO ayCTEHUTHO-MAPTEHCUTHON CTPYKTYPBHIL.
[Ipn yBenuueHWM 3HAYEHWM HUKEJIEBOrO JKBHUBajeHTa Oosiee 13,7 cruaB
npuoOpeTaeT OJHO(PA3HYIO0 aYCTEHUTHYIO CTPYKTYPY.

[Ipu BenuurHE XpOMOBOrO 3KBUBaJIEHTA 17,5 (UTO XapaKTepHO ISl MHOTHX
TPaJAMIIMOHHBIX ~ KOPPO3HMOHHOCTOMKUX  CIUIAaBOB) MAapTEHCUTHO-ayCTEHUTHAS
00NacTh y3Kasg W HaXOJIUTCSA B MpejAesiax 3HAYEHUN HUKEJIEBOrO SKBUBAJEHTa 9-
11,5 (pucynok 2.22 6). C Bo3pacTaHHEM BEJIMYHUHBI XPOMOBOTO SKBUBAJEHTA OT
17,5 no 22,5 MapTEeHCUTHO-ayCTEHUTHAasl 00JIaCTh CYIIECTBEHHO PacCIIUpSIETCs, U
IpeneIbHOE 3HAYEHUE HHUKEJIEBOIO SKBHBAJICHTA, OIPAHWYMBAIOIIEE YKA3aHHYIO
ATy 00JacTh CTPYKTyp, Bo3pactaeT oT 11,5 mo 14 (pucynok 2.22 6-r). Ilpu
BEJIMUYMHE XpOMOBOTO 3KBUBajeHTa 31,5 MapTeHCUTHAs CTPYKTypa HE 00pa3yeTcs.
O0s1acTh ayCTEHUTHOMN CTPYKTYPBI TPAHUYUT C ayCTEHUTHO-(DEPPUTHOM 001aCThIO.
['pannna Mexay OSTUMH O0OJACTSIMH COOTBETCTBYET 3HAYEHHIO HUKEJIEBOTO
skBUBajieHTa 23,5 (pucyHok 2.22 nx)./Ins mongyyeHus ayCTEHUTHOW CTPYKTYpHI Y
KOPPO3MOHHOCTOMKHX CIUJIABOB C YBEIIMUYEHHEM XPOMOBOTO 3KBHBajeHTa ot 17,5
no 31,5 HEoO0XoauMO JIETHUPOBAaHUE ayCTEHUTOOOPA3YIOMIMMHU JJIEMEHTaMH B
KOJIMYECTBaX, NPH KOTOPHIX BEJIMYMHA HHUKEJIEBOTO SKBHUBAJICHTA IPEBBIIIAET
COOTBETCTBEHHO yKa3aHHbBIC BhIIIE 3HAUCHUS (PUCYHOK 2.22 0-1).

[IpuBeneHHble  pacyeTbl  JOCTATOYHO  XOpPOIIO  COIJacylTcs ¢
AKCTIIEPUMEHTATLHBIMU JTAHHBIMU, MOJTy4YE€HHBIMU TUISt Cr-Ni-Mn
a30TocojiepKamux cruiaBoB. Tak, B ciuTtkax cranu 12X18AI'18, uMmeBIIux mocie
KpUCTAJUIM3AlMU TJIOTHYIO CTPYKTYpY, O€3 My3bIpeil u mop, cojepkaHue a3oTa
coctapisuio 0,55-0,75% [163], uTo cooTBeTCTBYeT pacuery Ha pucyHke 2.16. B
oe3nedextapix cimTkax ctamu 05X16H10AT'10MbB passecom ot 30 kr mo 18 T,
BbluIaBieHHBIX B [ITHUMTMAIIL u Ha MKOpckoMm 3aBojie, COAEpKaHUE a30Ta
coctaBisio  0,25-0,35%, 4dYTO Takke YJIOBIETBOPHUTENBHO COOTHOCHUTCS C

pacyeTHbIMU JJAHHBIMU (pUCYHOK 2.16 1).
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2.4. Ctpykrypa n mexanndeckue cBoiictBa Cr-Mn-Ni craseii ¢ BbIcOKUM
coJep:KaHueM a3o0Ta.

JlerupoBanue Y-TBEpPAOrO pacTBOpa a3oToM 3(PGEKTHUBHO IMOBHIIIACT
npoyHocth Cr-Mn-Ni aycreHHTHBIXCTaJIel. BBICOKOA30THUCTBIC CTadl MOYHO
pa3oenuTh HAa JBE TPYNIBI — C PaBHOBECHBIM M CO CBEPXPaBHOBECHBIM
comepkanreM aszota. Craqm ¢ paBHOBECHBIM a30TOM BBITUIABIISIOT  TIPH
aTMoc(hepHOM JaBJICHUH OOBIYHBIMH METOJIaMHU BBIUIABKH W TIOITOMY TOJTy4YCHHUE
BBICOKMX KOHIICHTPAIlMd a30Ta MOXET OBITh 00€CleYeHO TOJIBKO OOIBIINM
KOJMYECTBOM TAaKHUX JISTUPYIOIIMX DSJEMEHTOB Kak XpoMm W Mapraner. C TOYKH
3peHHs HKOHOMHHM MapraHila M HUKeNls OoJjiee TMEepCleKTUBHBIE CTall Co
CBEPXPAaBHOBECHBIM COJICP’)KAaHUEM a30Ta, B YaCTHOCTH, HAIIPUMEP METOJIOM JIUThHS
C mpoTuBoOIaBicHueM [164, 165].

[Ipu BBIOOpPE XUMHUYECKOTO COCTaBa BHICOKOA30TUCTHIX CTajeil HEOOXOIUMO
YYHUTHIBATh CTAOMILHOCThH ayCTCHUTA, TIOCKOJIBKY CHIDKCHHE COJIepKaHMUs a30Ta HEe
TOJIbKO TIPUBOJUT K MEHBIIEMY €ro TBEPJOPACTBOPHOMY YHPOYHEHUIO, HO U
MO’KET BBI3BIBAaTh HU3KYIO IUIACTUYHOCTHh M BSI3KOCTh CTAIM M3-32 MAPTCHCHUTHOTO
MIPEBPAIICHHSI B TIPOIIECCE OXJIAXKACHUS 10 HU3KUX TEMIIEPATypP WIH IIACTUICCKOM
nedopmanum.

Tak, comepxxanusi 0,3% a3oTa B 3KOHOMHOJIETMPOBAHHON OE3HUKEICBOI
ctau X14AT'14M (tabnuma 2.17) HEZOCTaTOYHO JJIsi COXPAHEHUsS! CTaOMIIBHOCTH

P OXJIAXKIEHUH 10 Temieparypsl -196°C.

Tabmnma 2.17- XuUMHU4YeCKHH cocTaB cTajiel, macc.%.

NerutaBku CTAJIb C Si Mn | Cr | Ni | Mo N
25 02X14AI'14M 0,02 0,35 139 | 141 - 1,5 0,30
26 03X18AI'12H4 0,03 0,30 11,9 18,2 | 41 - 0,69
27 02X20ATI20 0,02 0,31 199 | 20,2 - - 0,79
28 03X20AT20 0,03 0,32 198 | 20,4 - - 1,04
29 02X20AI20 0.03 0,29 20,0 | 21,0 - - 1,14
30 03X21AI'5H15 0,03 0,20 4.9 21,1 | 14,9 - 0.42
31 02X21AI'SH15M3 0,02 0,25 51 20,9 - 3,10 0,35
32 04X16AT'10H10M3 0,04 0,35 10,1 | 16,2 | 9,9 2,95 0.21
33 03X16AT'10H10M3 0,03 0,35 10,2 | 159 | 9,8 | 3,10 0,31
34 04X21AI'SH20M3 0,04 0,30 4.9 209 | 20,1 | 3,10 0,33
35 04X21AT'5H20M3 0,04 0,33 5,0 20,2 | 19,9 | 3,00 0,21
36 03X21AI'5H15M3 0.03 0,41 49 20,8 | 15,2 | 3,10 0,22
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IMocme 3akanku ot 1100°C 3ta cramhb WMEET HE TOJBKO HEBBICOKYIO
npourocTh pu +20°C (6q, = 448 MIIa), Ho 1 HKU3KYIO Bs3KocTh Tpu -196°C (KCU
= 0,18 MJ[x/M?), 0GYCIOBICHHYIO MAPTCHCHTHBIM IIPEBPALLICHHEM.

3aBUCUMOCTh BS3KOCTU MPU HU3KUX TeMIepaTypax, MpeicTaBlIeHHAas Ha
pucyHnke 2.23 mjisg 0€3HUKEIEBbIX U SKOHOMHOJIETUPOBAHHBIX HUKEJIEM CTajell co
CBEPXPAaBHOBECHBIM a30TOM, B TMIEPBYIO OYEpEe]b OMpPEAEIseTCs COJepKaHUEM
a30Ta M T[IOKa3bIBa€T, YTO CTalld CO CBEpPXpaBHOBECHBIM azoToMm (>0,4%)
3aTPYAHUTENIBHO HCIOJBb30BaTh B KA4YECTBE BBICOKOMPOYHOTO KPUOTEHHOTO
Martepualia, HO MOKHO PacCMaTPUBATh UX KaK BBICOKOMPOUYHBIC CTAIM CEBEPHOTO
rcnoHeHusa. OCOOCHHOCThIO BHICOKOA30THUCTRIX cTajel (TaBku 26 u 29 Tabiuiia
2.17) xak moka3aHo Ha pucyHnke 2.24, nusa cranu X18AI20 ¢ 0,79% N, sBisiercs
OTHOCHUTEJIbHO MaJlo€ HW3MEHEHME IIOKa3aTelie MPOYHOCTH TMOCJE 3aKalKu B
IUPOKOM HHTepBaie TemmepaTyp ot 1100 go 1250°C.

KCV, MOx/m?

4,0 {@—® - X18AT12H4 (0,69 %N)
O—O - X18AT20 (0,79 %N)
- A= - X18AT12H4 (1.04 %N)
LA - X18AT20 (1 14%)

3,0

2,0

1,0 1

0 I I I I I
-250 -200 -150 -100 -50 0 50

T, °C

Pucynok 2.23 - TemnepaTypHasi 3aBUCUMOCTb BSI3KOCTH ayCTEHUTHBIX CTaJe CO

CBCPXPABHOBCCHBIM COJACPKAHHUEM a30Ta.

[Tokazarenu MaacTUYHOCTH 00JIee YyBCTBUTEIBHBI K TEMIIEPATYpE 3aKaJIKH,
npudeM u3MmeneHre ux npu +20°C B GOJIbIIEH CTENECHH CBA3aHO C PaCTBOPEHUEM
HUTPpUI0B. Mexannueckue cBoictBa miisi ctamu X18AI20 ¢ 0,79% N (pucyHok

2.25), 3akaleHHOW OT onTuManbHOW Temmeparypsl 1150°C, xapakTepH3yrOTCS
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MOBBIIIIEHHBIMU 3HAYCHUSIMU TPOYHOCTH B MHTEpBasie Temreparyp ot +20 mo -
253°C. Jlomonuutenphoe merupoBanue 4% Ni He mpenoTBpam@aer pe3Koro
HaJeHUs TUIACTUYHOCTH W BSI3KOCTH, a TaKXKE BBICOKOH YYBCTBHTEIBHOCTH K

KOHIICHTPAIINHU HANPSUKEHUH mpu Temreparypax jao -80°C.

- @ — -O +20°C
© 2000 Op @®—O 196 °C
- o - —-9- -
= ~ o
& 1500_ GG:E - -...,.
M Op
1000-
© —eo— oo
Go.2
5001 2 ——O——0—"0
65 - KCV,
M/ m2
601 5 -3.0
55—
=
15— %
10— 8.—-— - .\\
z:’v \‘.. (O
5_
0 I i ] 0

1100 1150 1200 1250 T, °C

Pucynok 2.24-BnusiHueremneparypsl 3aKalK/ Ha MexaHu4ecKkne cBorcTea cramu X 18AI20 ¢
0,79%N npu +20 u -196°C.
B nwanazone temmepatyp ot +20 mo -80°C cramu He Y4yBCTBHTEIBHBI K

KOHIIEHTPAIUU HaNpsHKeHHUi(o,  / o, > 1) M MMOKa3bIBalOT BBICOKYIO BSI3KOCTb.
N3yuyenue xapakrepa pazpymenus oOpasuoB craned X18AI'12H4 u X18AI20
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MOKa3aJlo, YTO CTaJIM CO CBEPXPABHOBECHBIM Aa30TOM YYBCTBUTEIBHBI K

0
Temneparype u ckopoctH nepopmupoBanus. [lpu Ttemmeparype npo -80°C
CTATUYECKOMY U yJapHOMY HarpyK€HUIO COOTBETCTBYET UHCTO BSI3KOE

paspyiierne, B To BpeMs kKak npu -196°C ymapubiii u3rub gaeT paspylieHHe

KBAa3HUCKOJIOM.
oflz /og
©
% 1700
L '“1.5
Ni'\
[
© 1300-
S 1,0
900-
®—0 - X18Ar12H4 (0,69 %N) 0,5
-X18AIM20(0.79 %/
50019=0 (0,79 %)
80 - KCV,
2z
70 Mx/m
60 -3.0
= 504
7o) 40
30- 1.5
20
10
0 0
250 -200 -150  -100 -50 0 50

T,°C

Pucynok 2.25-Mexanunueckue cBoiicta ctanu X18AI20.
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Ctpykrypa azorocoaepxammux Cr- Mn- Ni craseii ¢ Banaauem.

3HAYUTEILHOE MOBBIIICHUE IMPOYHOCTHU IIPpHU KOMHATHOM TCMIICPATYPC IIPpHU

COXpaHCHHUHU BBICOKON INIACTUYHOCTU M BSI3KOCTH I[P HU3KUX TEMIICPpATypax

MOJKET OBITh JAOCTHUTHYTO y ayCTCHHTHBIX cTajeii ¢ paBHoBecHbIM (0,3 — 0,6%)

COJZIEP>)KaHUEM a30Ta, B CTPYKTYpPE KOTOPBIX OTCYTCTBYIOT OXpYHMUUBAIOIINE (a3bl:

(o-maprencuT wim S-pepput) ik o, kKapouasl Cr3Ce. C meablo ONTHMH3AIUH

XUMHYCCKOTO COCTaBa CTaJIX IJII BBICOKOHAI'PYKCHHBIX I/IS,HGJIHﬁ KpHOFCHHOﬁ

TCXHUKHW HCCJICAOBAHbI HU3KOYIJICPOJUCTBIC CTAJIM C PA3JIMIHBIM COJACPKAHNCM

a3oTa, XpomMa, MapraHnga, HHUKCJIA, MOJII/I6I[€Ha )51 I[O6aBKaMI/I BaHaIus U HHOOMS

(tabmumna 2.18, iaBku 1-14).

Tabnnna 2.18— Xumuyeckuii coctas crajgein*, macc.%

5 Mapa C |Si|Mn|cCr| Ni | V| Nb| Mo | N
1 | 06X21AT14H7M2® | 0,060 | 0,12 |14,34] 20,7 | 7,00 | 017 | - | 058 | 0512
2 | 07X2IAT16HSM® | 0070 | 052 (1590 211 | 840 | 020 | - | 105 | 0510
3 | 04X22AT16H6M2d | 0040 | 0,31 [16,60| 223 | 580 | 010 | - | 1,98 | 0360
4 | 04X22AT16H8M2D | 0,040 | 0,27 [16,20| 217 | 7,00 | 011 | - | 1,99 | 0470
5 | 07X24AT10H7M® | 0070 | 0,39 (1031|237 | 7,20 | 036 | - | 0,89 | 045
6 | 05X2IAT6H4M® | 0050 |032| 620 | 208 | 429 | 021 | - | 110 | 044
7 | 05X19AT10H7M2®b | 0,050 | 0,40 | 9,90 | 194 | 680 | 0,22 | 0,17 | 156 | 0,43
8 | 03XI9ATI10H7M2®b | 0,035 | 0,28 |10,10] 191 | 6,70 | 037 | 012 152 | 044
9 | 04X19 AT10H7M2®b | 0,036 | 0,32 [10,60| 191 | 7,00 | 056 | 0,14 | 154 | 0,48
10 | 03X20 AT10H7M2®B | 0,035 | 0,35 [10,30| 19,7 | 7,10 | 0,76 | 0,14 | 153 | 0,49
11 | 03X22AT16HISM2b | 0,030 | 0,27 |1590| 21,8 | 1520 | - |030| 095 | 0,62
12 | 06X2IAT14H8M® | 0,060 | 0,22 [14,34] 21,0 | 801 | 017 | - | 1,08 | 0512
13 | 06X22ATISHSM2® | 0,060 | 0,27 |1457| 21,9 | 806 | 018 | - | 160 | 0,514
14 | 05X22ATI5HSM® | 0,050 | 031 |1510] 21,5 | 7,90 | 015 | - | 110 | 0,510
15 | 40XI4TI5HIOD | 045 |059| 144 | 188 | 129 | 121 - | - -
16 | 40X14T15HIOM® | 042 |041|153 | 144 | 101 | 115 | - | 110 | -
17 | 40X14T15HI3M® | 043 039 | 151 | 14,6 | 129 | 120 | - | 100 | -
18| 40TISHIOM® 039 035|152 - | 990 | 4,00 | - | 110 | -
19 | 40rISHI3M® 041 |034|153| - |1280 110 | - | 120 | -
20°*|02X16HI AT 12MJI®B| 0,022 | 021 | 117 | 16.7 | 10,80 | 1,55 | 0.11 | 1,35 | 031
21 | 02XISHI2AT1IM®b | 0,02 | 0,07 | 11,3 | 17,9 | 11,90 | 150 | 0,10 | 141 | 0,34
22 | 40X14T15HIOM® | 040 | 0,30 | 150 | 14,1 | 10,20 | 1,00 | 040 | 140 | -
23 | 40X14T1SHI3M® | 0.39 | 0,28 | 14,9 | 143 | 1300 | 1,10 | - | 130 | -
24 | 03X14AT20HOM® | 0,03 |031| 19,6 | 144 | 9,00 | 080 | - | 120 | 0.50

*- conmeprkanue B maBkax 1 — 14 conepxanue B macc.%: S = 0,006-0,008, P = 0,010 — 0,014, Ca = 0,005

—-0,010, B =0,001 - 0,010, Ce = 0,01 - 0,03; **- conepxanue Cu B macc.%: 1,45.
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MeJKO3epHHUCTYI0 ayCTEHUTHYIO CTPYKTYpy mMmenu 3akaneHubie otl100°C
cruiaBbl THna X19AI'TO0H7M2®b nerupoBanHbie BaHagueM U HHOOHEM (Tabmuia
2.19, mnaBku 7 — 10) m cojaepxamye B CTPYKType HEOOJbIIOE KOJUYECTBO
HEKPYNHBIX (< 1 MKM) HUTPHUJIHBIX YACTHII, HE PACTBOPHUBIIMXCS MPHU HATPEBE MO
3aKaJIKy.

Tabmuna 2.19 - KonudectBo gepputa U CpeHUi AUaMeTp 3€pHA ayCTEHUTA MOCIE 3aKAIKU OT

1100°C u konuuecTBO 6 — a3kl mocie ropsueit npokarku npu 1100°C.

Ne mi1aBkn KoauuecTBO Cpenumnii 1uamerp KoanuyecTBO

(¢eppura, % 3epHa, MKM o — ¢a3bl, %
1 0 14 0
2 0 15 0
3 7 30 7
4 3 27 4
5 4 28 5
6 2 24 2
7 0 18 0
8 0 19 0
9 0 19 0
10 3 17 3
11 0 20 0
12 0 15 0
13 0 14 0
14 0 15 0

[To BenuuMHE MIACTUYHOCTH (0 M ) U YJApPHOM BSI3KOCTH 3aKAJICHHBIE OT
1100°C crutaBel m1aBok 7 — 10 CyIIeCTBEHHO MPEBOCXOMAAT CILIABHI IIABOK 3 — 5
(rabmuma 2.20). B crpykrype cmmaBa 03X22AT'16H15Mb (mmaBka 11) ¢
MOBBIIIEHHBIM coepkanneM Huoous (0,3%) nmociie 3akajiku Ha0IoaaIu 00bIIoe
KOJIMYECTBO KPYITHBIX YACTHUI] HUTPUIOB HUOOMS HE paCTBOPUBIIUXCS IIPU HArpeBe
MO/ 3aKaJlKy, C KOTOPHIMH B 3HAYUTEIHLHOM MEpE CBS3aHO CHIDKCHHUE YJIapHOMU
Bsi3kocTH (Tabmuua 2.20). IloBbIIEHHOE COJIepKaHUE B ATOM CILJIaBE HMKEs
(15,2%) u azora (0,62%) NDOJKHO MNPUBOJIUTH K YXYJIICHUIO MEXaHHMYECKUX
CBOMCTB MX CBAPHBIX COECAMHEHHUM H3-3a 3HAYUTEIBHOTO COJEpPKAaHMUS a30Ta B

CBapHOM I1IB€, 00pa3oBaHue O0IBIIOI0 KOJTUYECTBA MIOP HE AOMYCTUMBIX
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Tabmuma 2.20 - MexaHu4eckue CBOWCTBa cCTajeil mocie mpokatku mpu 1050 -

1100°C u 3axanku ot 1100 C.

Ne G 02 \J KCU
Cranb
Il MIla % M JIic/m?
855 66 2,70
1 06X21AT14H7M®
580 82 13,6
860 19 2,65
2 07X21AT'16HSM®
565 81 13,6
750 18 0,50
3 04X22AT16H6M2D
490 49 0,90
125 21 1,10
4 04X22AT'16HSM2®D
540 53 1,30
690 20 0,90
5 07X24AT'10H7"M®
585 54 1,00
845 23 1,70
6 05X21AT6H4M D
580 58 1,90
960 64 185
7 05X19AT'10H7M2db
460 59 3,60
950 29 1,60
8 03X19AT'10H7M2®b
450 69 3,30
995 29 140
9 04X19 AT10H7M2®b
490 62 2,80
900 23 1,30
10 03X20 AT'10H7M2db
510 67 2,40
930 21 1,05
11 03X22AI'16H15M2b
545 55 1,30

pasMepoB, a TakKk K€, BBIACICHHWM B 30HE TEPMHUUYECKOTO  BIIMSHUS
MPEUMYIIECTBEHHO T10 TPaHUIlaM 3€PEH HUTPUIOB XpOMa.
Jlyduiee codeTaHWe MOKA3aTelIe MNPOYHOCTH, IUIACTUYHOCTH WU YIAAPHOU

BA3KOCTU U KOPPO3HMOHHOM CTOMKOCTH MoJydeHo y cruiaBoB 06X21AT'T4H7TM2D

108




(mraBka 1) u 07X21AT'16H8M® (ruraska 2) mociie 3akajiku ot 1100°C u mpokaTku
npu 1100°C (tabmuma 2.20). DT CILIaBbI ¢ BRICOKAM cozepskanueM asora (0,51%)
HE3HAUUTEIbHO OTJIMYAIOTCS MEXKIy COOOM TI0 COAEpX AHUIO BaHAIUA U
MO0 IeHa. XUMUYECKUA COCTaB CIUIABOB IJIABOK 1 1 2 o0ecreunBaeT MmorydeHue
MOCJIe 3aKAJIKU U ropsueil MPOKAaTKH MEIKO3EPHUCTYIO ayCTEHUTHYIO CTPYKTYDY,
B KOTOPO# OTCYTCTBYIOT heppomarauTHas daza (6 — dheppuT) U OXpyIUrBaIOIINC
crulaB 6 — ¢aza u kapOumel xpoma Ttuma CrpCe. Pacuer koaddummenta
NUTTUHTO00pa3oBaHus 1o u3BecTHOM dopmyne 3,=%Cr + 3,3 %Mo + X %N
MTOKA3bIBACT, YTO XHMHYCCKHMI COCTaB IIaBOK 1 m 2 oOecrneumBacT BEHICOKOC
COIPOTUBJICHUE 00Pa30BaHMIO NUTTUHIOB. Kak mpaBuiio, ero npuHUMAarOT PaBHBIM OT
16 m0 30. ITpu X=16 1 30 - 3,=34 u 41 cCOOTBETCTBEHHO I TUIaBKu 1, 1 O, =33 u
40 1 TU1aBKY 2.

[Tonmyyennsiit y crumaBa tuna 06X21AT'14HE8M® (mmaBku 1 u  2)
MOBBIIICHHBIH  YPOBEHb  MEXAHMYECKHMX  CBOMCTB,  HEMarHUTHOCTH U
COMPOTHUBJICHUSI  NMUATTUHTOBOM  KOPPO3WH  YAOBIECTBOPSET  TPEOOBAHMSM,
MPEABIABISIEMbIM K MaTe€pHalTy JJis BBHICOKOHATPY>KEHHBIX H3JEIUNA KPUOTEHHOMN
TeXHHUKH. BBICOKast MPOYHOCTH 3TOTO CIitaBa mocie 3akanku oT 1100°C (og,~ 538-
546 MIla) u npokarku mpu 1100°C (oo, = 853 — 861 MIla) npu coxpaHeHHH
BBICOKO# Bsi3kocTH mpu -196°C (KCV> 0,9 MJk/M”) HOCTHTaeTcs B Pe3yiibTaTe
KOMOMHUPOBAHHOTO YIIPOUHEHHUs (1e(hOpMAIIMIOHHOTO U 36PHOTPAHUYHOTO).

Bapbupys temmeparypy 3akajdku U CpeAy OXJIaXKICHHUS MOXKHO H3MEHSThH
npouHoctb Cr-Mn-Ni-N craneii (Tabnuna 2.21) 3a cyeT pa3aIMyHOTO KOJHYECTBA
HEPACTBOPUBIIHXCS TIPH HArpeBe MO/ 3aKaJTKy HUTPUAHBIX yacTull Tuna CroN.

Tak y cranmu X15AI'SH15 ¢ 0,42% a30Ta NOBBILIEHHBI YPOBEHb MPOYHOCTH
(6,=530MITa) mocturaercs mocie 3akaaku ot 1050°C. TToBsleHrEe TEMITEpATyPHI
sakanku Beimie 1100°C OpUBOIUT K NPAKTHYECKH ITOJHOMY PACTBOPEHHIO

HUTPUAOB, BHAYUTCIIbHOMY POCTY ayCTCHHUTHOI'O 3€PHA U CHUKCHUTIO ITPOYHOCTH.
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Tabmuna 2.21 - Mexannueckue coiictea Cr-Ni-Mn craneli ¢ a30ToM mocie 3aKajku C

OXJIAXKJICHUEM B BOJIC U HA BO3AYXC.

Ne T3a1<amcmOC O, 00,2, 0 o
IUIaBKU craie CPEAR OXANNCHHA MIla | MIla 5,% | ¥,%
900, Bo31yX 860 485 49 73
1050,B031yx 870 530 48 73
30 X21ATI'5H15(0,42% N

(0.42%N) 1050,801a 870 512 50 12
1150,B01a 870 490 49 72
900, Bo31yXx 790 470 50 76
1050,B031yx 770 460 51 76

31 X21AT'5H15M3(0,35% N
(0,35%N) 1050,B01a 805 440 53 77
1150,801a 840 450 50 74

B cramm X21AI'5SH15M3 ¢ 0,42% a3ota u 3,0% MonmmOaeHa IOBBIIICHHC

Temmeparypsl 3akankd ot 900 g0 1100°C He3HAUUTENHHO BIHMSET Ha MPOYHOCTH

CTaJIM, YTO B 3HAYMUTEIBHON CTENEHU CBSI3aHO C 0OJiee BBICOKON TeMmIepaTypoi

PacCTBOPUMOCTU HUTPUJIOB XpOMa, B KOTOPBIX PACTBOPEHO HEOOJIBIIIOE KOJIUYECTBO

MonOJieHa. boree BBICOKMI ypOBEHb MPOYHOCTH Yy MCCIEAYEMBIX CTajei

JOCTHUIacTCA ITOCJIC ropﬂqeﬁ KOBKH.

Tak cranp X16AT'10HIOM3 c¢ 0,3%N npu kxoMHaTHOW TemmepaType

XapaKTEPU3yeTCsl MOBBIIEHHBIM KOMIUIEKCOM MEXaHUYECKUX CBOWCTB (Gg2>832

MIla, §>31%, KCU>2,7 M/lx/M%) 1 MaJioif 4yBCTBHTEIBHOCTHIO K KOHI[CHTPALINH

Hanpspkenuii (6,"/0,>1,55) (tabnuma 2.22).

Ta6uia 2.22-Mexanuueckue cBoiictBaCr-Ni-Mn crasneii ¢ azotom nocine koku mipu 1100°C.

Ne Gy, 60,2 KCU,
cTAJb 3,% | YP,% ) Gy /Gy

TUIaBKH MIla | MlIla MIx/m

32 X16AT10H10M3(0,2% N) | 898 822 13 68 - 1,49

33 X16AT10H10M3(0,3% N) | 949 832 31 72 2,7 1,55

34 X21AT'5SH20M3(0,3% N) 953 846 14 32 2,2 1,61

35 X21AT5SH20M3(0,2% N) 982 859 21 67 - 1,48

36 X21AT5SH15M3(0,2% N) 990 878 20 63 - 1,20
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HccnenoBanue XxapakTepUCTHK BsI3KOCTH (Tabmuia 2.23) 3akaneHHbIX Cr-Ni
u Cr-Ni-Mn craneii ¢ a30TOM IPOBOIMIIN TIPU PETHCTPAIIAHN HArPaMMBbl Harpy3Ka-
nedopManusi C MOCIEAYIOIIUM OIpPENEICHUEM YAEIbHBIX padoOT 3apOoXkKICHUs
tpemuabl KCV, u passutus maructpanpHoil Tpemunsl KCV npu Temneparypax

ucneiTanug -196, -100 u +20°C.

Ta6muma 2.23 -V napHast Bsa3koctb 3akaneHHbIX Cr-Ni u Cr-Ni-Mn craneii ¢ a3otom.

Ne T wenprranms YaapHast BA3KOCTD, MI[)K/MZ
cTajlb
IIABKH °C KCV KCV, KCV,

20 3,00 1,40 1.60
32 X16AT'10H10M3 -100 2,53 1,21 1,32
-196 2,10 0,95 1,15
20 3,66 1,76 1,90
33 X16AT'10H10M3 -100 3,16 1,38 1,78
-196 1,98 0,54 1,44
20 3,00 1,40 1,60
34 X21AI'5SH20M3 -100 2,62 0,93 1,69
-196 231 0,81 1,50
20 3,34 1,87 1,47
35 X21AI'5H15 -100 2,49 0,83 1,66
-196 2,02 0,47 1,56
20 2,78 1,43 1,35
36 X21AI'5SH15M3 -100 2,39 1,04 1,35
-196 1,99 0,65 1,34
20 3,11 1,54 1,57
37 X21AT'5SH20M3 -100 2,72 1,28 1,44
-196 2,13 0,81 1,32

Pesynbrare! ucnbiTanuii npu -196 - +20°C craeii mocjie 3aKaiky MoKa3aiu
UX BBICOKYIO Bs3kocTh (KCV> 2,0 — 3,6 M}I}K/Mz). N3nomMbl 5THX 00pa31ioB UMETH
BS3KMI (SIMOYHBIN) XapakTep paspylieHus. Y ob6pasnoB paspymeHHbx mpu 20°C
pa3Mepbl SIMOK 3HAaYyuTENbHO Ooiibllie. BnusHue a3zora Ha yAapHYIO BS3KOCTb
MetactabmibHOU ctanu tuna X16AI'TOH10M3 ocoGeHHO CUIBHO MPOSIBISETCS

npu  -196°C 1o cpaBHEHHIO €O CTaOMIIBHOAYCTCHHTHBIMH CTaJIMH  THIIA
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X21AI'5SH20M3. C yBenuuenueMm coaepxkanust azora ot 0,2 no 0,3% B cramm
X16AT'10H10M3 ymeHbITIeHHE KOJTWYECTBA O-(ha3bl COMPOBOKAACTCS CHIKEHUEM
KCV, u pocrom KCV,. Ilpu 20°C yaapHas Bs3kocth ctamu X16AT'10H10M3
BO3pACTaeT C yBeJIWYEeHHEM a3zoTra, a y cranu X21AI'SH20M3 wusmensercs
HE3HAUUTEIbHO. YaapHas Bsa3kocTh mpu 20 u -196°C MeracTaGHIBHOM CTain
X16AT'10H10M3 3HaunTENBbHO HUXKE, UeM y HeMarHuTHou ctanu X21AI'SH20M3
C BBICOKUM cojiepKaHHeM HuKens B pesyibrare yBenuueHuss KCV,. Tloblimenue
conepxxanusi HuKens ¢ 15 mo 20% Takke MOJOXKHUTENIBHO BIUSET HA YIApHYIO
Bs3kocTh mpu -196°C 3a cuer yBenmmuenws KCV,. Bpenenne monmbiaeHa B
UCCIIETyeMbIE CTalld OKa3bIBaeT OJArompUsTHOE JICHCTBHE HAa COMPOTHBIICHUE

34aPOXKACHUA U PA3BUTHUIO TPCIIUH IIPU HU3KHUX TCMIICPpATYypax.

BbiBoabl 1o 2 riiaBe

1. C wucnonp3oBaHWEM YypaBHEHHUS Barmepa paccuMtana mpelenbHas
pacTBopuMOCTh a3ota B Fe-Ni craBax ¢ comepskanneM nukens 4; 8; 13; 17; 23; 28
n 34%. C ucnoiib30BaHMEM METOJIa BBIIUIABKA C MPOTHBOJABICHUEM a30Ta
BBITIJIABJICHA MApTHUsI MUKPOCIUTKOB CO «CBEPXPABHOBECHBIMY COJEPKAHUEM a30Ta
B ciaBax Fe - (4,5-34%) Ni - (0,02-0,268%) N.

2. V3ydeHbl 3aKOHOMEPHOCTH H3MEHEHUSIMUKPOCTPYKTYpPHI, (pa30BOTO COCTaBa U
MUKpOoTBepaocTuciuiaBoB Fe-Ni-N B 3aBUCHMOCTH OT KOHIEHTpAIlMU a30Ta u
Hukens. IloctpoeHa HepaBHoBecHas (asoBas amarpamma cruiaBoB  Fe-Ni-N.
[Tokazano, uro snerupoBaHue criaBoB Fe-Ni a30ToM MNPUBOAUT K YBETUYECHUIO
KOJIMYECTBa ayCTEHUTA TBEPJOPACTBOPHOMY YIIPOUYHEHHUIO a30TOM, CMEIICHUIO Ha
yKa3aHHOM JauarpaMmme obJjacTeit o, o0 + ¥, Y B CTOPOHY MEHBIIINX KOHIICHTPAIIUN
Hukenda. Makcumanbsayto TBepAocth (470 HV) umena MapTeHCUTHO-ayCTEHUTHAsS
cranbe 0,22% N 1 9% Ni. JlonoaHuTeIbHOE JISTHPOBAaHUE TaKo# cTamu 2% Xpoma
obecrnieunBaso moyydeHue 6ecnopuctoi cTpykryphl.Ctanu,cofepkaiire He MeHee
27% Ni u 0,15% N umenu omHodasHyl ayCTEHHUTHYIO CTPYKTYpy, H Ooliee

BBICOKYIO TBEPJOCTh M0 CPABHEHUIO C TAKOH K€ CTallbio 0e3 a3oTa.
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3. KoBka cimutkoB cramu 04H9X2A wu pmanpHeimas mpokarka mpu 850-900°C
00eCIeunBarOT MOJIYICHHS JTUCTOBBIX 3aTOTOBOK XOPOIIeTo KadyecTBa. Harpes mpu
temmeparypax Boire 900°C IpHBOAUT K MOSBJIECHHUIO MOBEPXHOCTHBIX TPEIIUH M
OKaJIMHBI.

4. OueHeHa TEXHOJOTUYECKasl IUIACTUYHOCTh KIMHOBBIX O0Opa3IoB CTalu
04H9X2A, npokatanubix rpu Temreparypax 20 u 900°C u creneHsx o0KaTus OT
10 no 80% 3a omuH mpoxoa. YcCTaHOBJIEHA mpejaenbHas aeopManus A0
paspyirenus npu npokatke mpu 20 1 900°C, KoTopas COCTaBJISIET COOTBETCTBEHHO
40 u 80%. IIpokarka co crenensio odxarust 40% mpu temmeparypax 20 u 900°C
oOecrieurBaeT MOJYYEHUE XOPOILIETr0 KauecTBa IMOBEPXHOCTU 0O€3 KaKux-audo
ne(heKTOB U BBICOKOE YIpOUHEHHE cTalu (0o,=1089 u 925 MIla, cg=1160 u 1114
MIIa) npu coxpaHeHUU YAOBIETBOPUTEIbHOMN acTuuHocTU (Y = 41 u 62 %) u
yaapHoii Baskocti (KCU=0,98 u 1,42 M[x/M?).

5. Jlyumee coueranue BbICOKOHM mpouHocTH (0, =906 Mlla, 0,,=879 Mlla) u
mactaaHocTH (Y = 63%) mpu 20°C u yaapuoii Bszkocta (KCU=1,5 MJIx/m%) nipn
-196°C pmocturaercs y cramu OHIX2A nocie 3akanku or 850°C ¢ oXIaXIeHUEM B
BOJIE U mocieayromumM ormyckoMm npu 550°C B Teuenue 1 yaca. Crans 04H9X2A
M0 XapaKTePUCTUKAM MPOYHOCTH 3HAYUTEIBHO MPEBOCXOAUT MPUMEHSIOLIYIOCS B
KpuoTreHHOH TexHuke ctainb 0H9, He comeprkaiyro azora.

6. MeToioM IUIATOMETPUU OMPEACSICHbl TEMIEpaTyphl Hadajla U OKOHYAHMS
MpEBpaIlEHUs] 0—Yy TMPU HArpeBe W Y—0 Npu oxyaxiaeHuu. llokazaHo, 4to y
azotoconepxkamend  cranu  04H9X2A  Bwicokne  Temmeparypbl  (ha30BBIX
npespanienuii (A,=600°C, A, =705°C, M,=389°C, M,=166°C).

7. Tossimienue Temmeparypsl 3akaaku ot 900 g0 1000°C mpuBOIUT K POCTY 3epHa
ot 20 10100 MKM, yBEJIMYEHHUIO NEPUOJA KPUCTAJUIMUECKOW peieTku o-(pas3bl OT
2,865 1o 2,871 A 6e3 obpasosanus apyrux das. ITocne 3axamku ot 900°C n
nocieayromero ormycka npu 600°C B Teuenume 1 dyaca B CTPYKType CTalu
HaOII0Iald  KPOME TMAKETHOTO MAapTeHCUTAa TOHKHE MPOCIOUKH OCTaTOYHOTO

AyCTCHUTA MCXKY KpUCTALJIaMH MAapTCHCUTA.
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8. C ucnonb3oBaHueM MapaMmeTpoB B3aumojeicTBus DoilxTuHrepa sl CIIJIaBOB
Keje3a ¢ KOHIleHTparuei xpoma B uHTEepBanax 13 - 30% , mapranma 1 - 21% ,
Hukens 1 - 15% B craBax coxaepxkamux 0,02% C u 1% Mo npoBeaeH pacuér
NpeAeIbHON paCTBOPUMOCTH a30Ta B YKa3aHHBIX CILJIaBaX.

9. HauGonbliee BIMSHUE HA YBEJIMYECHHUE PACTBOPMMOCTH a30Ta B ITHX CIUIaBax
OKa3bIBaeT XpoM. BiusiHue mapraHiia Ha pacTBOPUMOCTU a30Ta MPUMEPHO B TPH
paza ciabee, ueM xpoma. DPGHEKTHBHOCTh BO3ICUCTBHS XpOMa Ha PaCTBOPUMOCTD
a30Ta MPAKTHUYECKU HE 3aBUCHUT OT COJIEpP>KaHMs MapraHiia B CIUIaBaX, a Maprasia
— OT COZIEpKaHUS XpOMa.

10. C yBenmuueHueM COJACp)KaHWS HHUKEIs B CIUIAaBaX pPacTBOPHMOCTH a30Ta
YMEHBIIIAETCS MO JIMHEMHOMY 3aKOHY, TPUYEM HHTEHCUBHOCTH OTPULATEIBLHOIO
BIIMSHUSI HHKENI Ha PacTBOPUMOCTb a30Ta YCUJIMBAETCS C YBEJIMYCHUEM
COJIepKaHMs XpoMa.

11. Usyuens ¢Qusuyeckue cBoiicTBa U (a30BbIe NPEBPAIICHUS, OINPEIACICHbI
KPUTHYECKHE TOUKHU.

12. Paccuntansl u MOCTPOEHBI (dazoBblie JarpaMMbl TUTS
OTpeIeNICHUSITEMITEPATYPHO-KOHIIGHTPALIMOHHBIX ~ 00acTei CYIIIECTBOBAHUS
paznuuHbix  ¢as.llomuTepMudeckue Ce4YeHHs AuarpaMM COCTOSIHHSI  CTalied
cucrembl Fe-Cr-Ni-Mn-Si-Al-Mo-C-N  Obli  paccuuTaHbl TpPU  [EPEMEHHOM
COJIEp’)KaHUM M3y4yaeMoro 3JIEMEHTa U NP MOCTOSHHOM COACPKAHUU OCTaJIbHBIX
JETUPYIOIIUX 3JIEMEHTOB.

13. OnpeneneHsl peKUMbl TEPMOILIACTUYECKON 00pabOTKHY.

14. C wucnons3oBaHueM MoauduiupoBanHoit guarpammel  [ledpdaepa wu
PacCYMTAHHOTO TIPEeAeIbHOTO cojaepkanus a3ora B Fe-Cr-Mn-NI-Mo-cmmaBax
ompeNesieHbl TpaHullbl  (Pa3oBbIX 00JIaCTel B 3aBUCHMOCTH OT BEJIUYUHBI
HUKEJIEBOIO  AKBUBAJICHTA TPU  ONPEACIEHHBIX  3HAUYEHUSIX  XPOMOBOTO
SKBUBAJICHTA.

15. Pe3ynbTaThl HCIBITAHKUI BaHAAUCOAEpIKAIINX cTanei mpu -196 - +20°C mocre
3aKaIKH ITOKA3aIH HX BBICOKYIO Bsizkocth (KCV> 2,0 — 3,6 MJDx/M%). M3moMbr

ATUX O0Opa3OB HMENIM BS3KUM (IMOYHBIM) XapakTep pa3pylleHus. Y aapHas
114



Bs3kocTh mipu 20 u -196°C meractabunbHo# ctanmu X16AT' 10H10M3 3nauutenbHO
HIDKE, 4eM y HeMmarHuTHou cramm X21AI'5H20M3 c¢ BBICOKHM copepKaHUEM
Hukensa B pesynbrare yBenuueHuss KCV,. [loBbienue conepxanusi Hukens ¢ 15
10 20% TaxKe MMOJOXKHUTENBHO BIMAET Ha yIapHYO BA3KOCTh mpH -196°C 3a cuer
yBenuuenuss KCV,. Bpenenue MonuOJeHa B HUCCIENyeMbIE CTald OKa3bIBAET
OJlaronpusATHOE JCHCTBUE HA COMPOTUBIICHUE 3apOXKIACHHUS M PAa3BUTHIO TPEUIUH
IIPU HU3KUX TEMIEpaTypax.

16. UccnenoBanue CTPYKTYpPBbI CILJIABOB 06X21AT'14H7M2D u
07X21AI'1 6HEM® obecrieunBaeT MoIyYeHUE MOCIIE 3aKAIKU U TOPSYei MPOKATKU
MEJIKO3EPHUCTYIO  ayCTEHUTHYIOCTPYKTYPY B KOTOpOH  OTCYTCTBYIOT
dbeppomarnutHas ¢aza (0 — deppur) U oxXpymuuBaroume ciiaB ¢ — ¢daza u
kapOouasl xpoma tuma CrysCe.

17. CrnaBet 06X21AI'14H7M2® u 07X21AT'16HEM® nocne 3akanku ot 1100°C
00Ja1at0T coueTaHueM BBICOKOM MPoUHOCTH (0,= 839 — 857 Mlla, 64, = 496 — 498
MlIla), mmactuunoctn (& = 52 — 53%, vy = 81 — 82%) u ynapHOH
BsskocTiH(KCU>3,6 M[x/M°).
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I'nmaBa 3. Bausinue TepMu4yeckoil o0padoTKM U IJIACTHUYECKO aedopManumn

Ha cTPYKTYpY u cBoiicTBa Cr-Mn-Ni-V-N craseii

3.1. 3akoHomMepHOCTH (OPMHPOBAHUS CTPYKTYPbl 1 MEXaHMYECKHX CBOWCTB

craaun 05X22AT'15SH8SM2® B JINTOM COCTOSAHUM

OOBIYHO TPUMEHSIEMBbIE  XPOMOHHKEJEBBIE JIUThIE CTAJIA  XOPOIIO
CONIPOTHBJISIIOTCS JUHAMUYECKUM HArpy3kam B KPUOTEHHBIX YCJIOBUSX, HO UMEIOT
HU3KYIO TPOYHOCTh NpPU KOMHATHOM Temmeparype. K ToMy ke 3TH CIUIaBbl
CKJIIOHHBl K OOpa3oBaHUIO Ppa3BUTOM JIUTOW  JIEHAPUTHOM  CTPYKTYPHI,
OKa3bIBAIOIICH OTPUIIATEIIBHOE BIMSHUE HA XJIaJ0CTOUKOCTh OTJIUBOK.

BBenenue BaHausi COBMECTHO C @30TOM MOJKET MPUBE3TH K MU3MEJIbUCHUIO
JEHJIPUTHON CTPYKTYPBI, YIIPOYHEHHUIO JTUTHIX CTaJEH TUCIEPCHBIMU YaCTULIAMU U
CHIDKEHUIO OXPYITYMBAIOIIETO BIUSHUS a30Ta.

Uccnenoanne  nuthix  3arotoBok  cramu  05X22AT'ISHEM2®D ¢
MOBBINICHHBIM cojepkanueM Hukens (8,1% wu azora 0,58%) mokasano, 4TO B
nporecce KpucTauib3aluu (QopMHUpyeTCs HampaBieHHass TOHKOCTOJIOUaTas
CTPYKTypa C OpPUEHTHPOBAHHBIMH BJIOJIb OCU 3arOTOBKU JICHAPUIHBIMU OCSIMHU
neporo mnopsnaka [166]. Ilocne tepmuueckoil 0OpabOTKM Takas CTPYKTypa
COXpaHseTCsA, OJHAKO MeEHseTcss MopdoJjorus ACHAPUAHBIX obiacTeld OT
OCTPOKOHEYHOM K 0oJiee ToOyIsIpHON B pe3yibTaTe MpoTeKanus 1udQpy3noHHBIX

npoiieccoB (pucyHok 3.1).

Pucynox 3.1- Mukpoctpykrypa nurtoro craBa 05X22AI'1 SHEM2®d(a), mocine 3akanku OT

1100°C (6), romorenn3aruu npu 1200°C-3 wac ¢ nocnenytomieit 3akankoit ot 1100°C (B).
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[lo maHHBIM AJIEKTPOHHOM MHKPOCKONUHU [JIsl CYOCTPYKTYphI ayCTEHUTA
JUTOM  CTaJIM  XAapaKTEpPHO HaJW4Me: MAaJOYIJIOBBIX TpaHUL, KOTOpPbIE
(parMeHTUPYIOT KpYIHbIE AyCTEHUTHBIE 3€pHA; IUCIOKALMOHHBIX CKOIUICHUM
HEOOJIBINION MIOTHOCTUA OKOJIO MAJIOYTJIOBBIX TPAHMII, BOJIHUCTHIX TPAHUIL 3€PEH U
HEOOJIBIIOTO KOJIMYECTBA JUCIIEPCHBIX BBIICICHUIN Ha TpaHUIE 3€peH (PUCYHOK

3.2).

Pucynoxk 3.2 - Cy6erpykrypa craBa 05X22AI'1 SHEM2® nocne 3akanku ot 1100°C:

a — MAJIOYTJIOBBIC I'paHUIBI U JUCJIOKAIIUU B aYCTCHUTE, 0— JHUCIIOKAIIMOHHBIC CKOIIJICHUSA B

ayCTEHUTE, B — CyOCTPYKTypa I'paHuI] 3€peH, T — IUCIIEPCHBIE BBIJICIIEHUS HA TPAHHUIIE.
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B tabmmne 3.1 nmokazaHo pacnpezenenue Jierupyronux snementoB (Cr, Ni,
Mn u MO0) B Telie JEHAPUTOB U MEXKACHAPUTHBIX IPOCTPAHCTBAX JIUTOM cTainu. B
npeaesiax M3y4eHHbIX YYacTKOB 3aroToBOK ciuiaB 05X22AT'ISHSM2® wumeer
OJTHOPOJHOE pacIpe/iesICHUE.
Tabmuua 3.1 - VI3MeHeHue cojepXaHHsA JITHPYIOUIMX 3JEMEHTOB B pa3HBIX ydacTKax

MHUKPOCTPYKTYpBI 00pa3iioB ymtoro ciaBa 05X22AT'15SHEM2® B 3aBUCUMOCTH OT PEKHMOB

TePMUYECKON 00pabOTKHU 3ar0TOBOK.

Tepmuueckas ConepskaHue JIernpyomnx 3jJeMeHToB*,%0
00padoTKa Cr Mn Ni Mo
143 0.76 0.68 0.64
' 0,77 2,36 1,48 0,51
3akanka 1100°C 021 0.6l 0.36 046
0,62 0,87 0,82 0,33
3akanka 1200°C 0,45 0,59 0,33 0,19
-3 gac+1100°C 0,35 0,63 0,53 0,32

*-  3HavueHHUs NS Pa3HBIX YYACTKOB MHUKPOCTPYKTYPBL: JACHIAPUTHI  (YUCIUTENH) U

MEXJIEHJPUTHOE NPOCTPAHCTBO (3HAMEHATEJIb).

TBepaoCTh 3aroTOBOK JIMTOTO CILIaBa Mocie romorenusanuu npu 1200°C-3
yaca ¢ nocuenyromeit 3akankoit ot 1100°C cocraBnsier HV 212 (tabnuma3.2).
[Tocnenyronuii otnyck npu 500°C mpUBOAUT K MOBBIIICHUIO TBEPAOCTH, YTO
CBSI3aHO C 00Opa30BaHUEM B CTPYKTYpE MUCIEPCHBIX HUTPUIHBIX (a3. CHmKeHue
TBepaoctu mnpu Ttemmeparypax 600-700°C 00yclOBIEHO Koaryjsiuer 3THX
yacTull. [1o JaHHBIM PEHTT€HOCTPYKTYPHOTO aHaIN3a B CTPYKTYpE JIUTOrO CIIaBa

05X22AT'1SH8M2® conepxurcs 100% aycrenura.

Tabmuua 3.2- BnusHue Temreparypsl OTIYCKa Ha TBEPJOCTh 3aroTOBOK JIUTOTO CIUIaBa

05X22ATI'1 SH8M2® nocne romorennzanuu npu 1200°C-3 yaca u 3akanku ot 1100°C.

Temnepartypa ormycka, °C HV
- 212

500 238

600 205

700 218

800 240
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MexeHapUuTHBIE POCTPAHCTBA JINTOTO CIUIaBa COAEpX aT OOJblle HUKETS
¥ Maprasiia, a 00JacT ASHIPUTOB - OoJiblie Xpoma U MonubOaeHa. [locnenyromas
Tepmudeckas oopadotka (3akanika ot 1100°C wnu romorennsanus npu 1200°C - 3
yaca ¢ nocieayromiei 3akaikoit ot 1100°C) nuroro cmmaBa 05X22AT'1SHEM2D
CYIICCTBEHHO CHIDKACT JIMKBAIIMIO XpoMa, HUKEJSA, MOJMOJIEeHAa W MapraHiia B
y4acTKax JICHIPUTOB U MEKICHAPUTHBIX 00JIACTEH.

I'omorenunzanus npu 1200°C - 3 yaca u 3akanka ot 1100°C nutoro cruraBa
3HAYUTEIIbHO YMEHBINAIOT Pa30poC 3HAYCHUH MHUKPOTBEPAOCTH, TIO CPABHEHUIO C
JUTBIM COCTOSTHHEM, YTO CBSI3aHO C YMEHBIICHHEM JIMKBAlUU JIETHPYIOIINX
arieMeHTOB. boree BhICOKas BeIMYMHA MHUKPOTBEPIOCTH ACHIPHUTHBIX yYacCTKOB
oOycinoByieHa OOJNBIIMM MO CPAaBHEHUIO C MEXKICHAPUTHBIMU IPOCTPAHCTBAMHU
CoJIep)KaHuEM XpOMa U MOJTHO IeHa.

PesynbTaTs MEXaHUYECKUX UCIIBITAaHUM JUTOTO cIuiaBa
05X22AT'15H8M2®, nokasaiu, yTo TepMuueckas 0opadoTka (3akanka ot 1100°C
unn romorennszanus npu 1200°C-3 yaca ¢ nocnenyronieil 3akankoit ot 1100°C)
MPUBOJUT K 3HAYUTEILHOMY TMOBBIIICHUIO MTPOYHOCTH, TUIACTUYHOCTH U YAapHON

Bsi3kocTH TipH -196°C cruraBa (Tabammna 3.3).

Tabmura 3.3 - Mexaunueckue cBoucTna J1uToro crurasa 05X22AT'15SHEM2.

Gy, Go.2, 5, v, KCU(mipu -196°C),
Tepmuyeckasi 00padoTKa ,
MlIla MlIla % % M/x/m
— 476 445 9 12 0,1
3axkaika ot 1050°C 643 382 51 68 0,3
3akanka ot 1100°C 610 369 54 65 0,9
I'omorennsauus npu 1200°C
820 437 48 77
+3akanka ot 1100°C 1,17

Jlydiiee coueranre MexaHuueckux cBOMCTB (6, = 820 MlIla, 6y, =437 MlIa,
O = T77%, v = 48%), aTOoT criaB uMmeeT nocie romorenusanuu npu 1200°C - 3 yaca
u 3akanku ot 1100°C, 4Tto CcBsi3aHO C W3MEHEHHEM MOP(HOJIOTHH JICHIPUTHBIX

o0JyacTeil ¥ CHU>KEHUEM JIMKBALMU JIETUPYIOIIHMX JIEMEHTOB.
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HcnbiTanus Ha ymapHyroo Bs3KocTh mpu -196°C (tabmuma 3.4) oGpasios
criaBa 05X22AT'15SH8M2® moka3any, YTO B JIMTOM COCTOSSHUM OH HMEET
HOBBIIICHHYIO yaapHyio Bsizkocth (KCU = 1,17 MI[>I</M2). B stom coctosiHuu y
criaBa paboTa pachpoCTpaHEHMs] TPENIMHBI IO BEIMYMHE MPAKTHYECKH paBHA

paboTe 3apOKIACHUS TPEITUHBI.

Tabmuua 3.4 - Pe3ynbTaThl UCTIBITAHUS HA YIAPHBIA U3rHO.

Temmneparypa 20 .40 70 -100 1196
nucplTanusa, C
KCU M/ 259 246 231 15 117

B wm3nomax o6paszioB murtoro crutaBa 05X22AI'1SH8M2® nabmromamu

KBa3UXPYIKUI XapakTep pazpyueHus (pucyHok 3.3 a, 0).

Pucynok 3.3 — M3nowm nurtoro cmnasa 05X22AT'15H8M2® (a, 6) u mociie TOMOTeHU3aluu

mpu 1200°C - 3 gaca u 3akanku ot 1100°C (B, ).

[IpuCyTCTBYIOT IUIOCKME YYAaCTKU MPEANOJI0KHUTEIBHO COOTBETCTBYIOIIHE
MEXIECHIPUTHBIM 00J1acTAM, MO0 KOTOPHIM MPOILIO XPYIKOE pa3pyllieHue, u ooee
BA3KHE KpeCcTOOOpa3Hble YYacTKH, MPEIOJIONKUTEIHHO COOTBETCTBYIOIIHUE OCSM

JICHJIPUTOB.
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[Tocne Tepmuyeckoit 06padboTku (romorenusauuu npu 1200°C - 3 gaca u
3akanku ot 1100°C) cnaB ummeeT Bs3KHMIM XapakTep paspyuieHus. B uznome
00pa3IoB HAOI0aIu MEJIKHE U KPYIHBIC SIMKH (pUCYHOK 3.3 B, T).

Cnoco0 7nuThbsI BBICOKOA30THCTBIX AYCTEHHTHBIX CTaJIEM OKa3bIBaET
3HAUUTEIbHOE BIUSHUE Ha UX (a30Bblil COCTaB UM MEXaHWYECKHE CBOMCTBA.
[IpoBeaeHO CpaBHEHHME CTPYKTYPHI JUTHIX 3aroTOBOK cTanu 05X22AI'1SHEM2O,
BBITIJIABJICHHBIX C HCIOJIb30BAaHUEM TPAJAUIMOHHOTO JIUThsI B M3JOXKHUILYY (C
NpOTEKaHWEeM T.H. paBHOOCHOM Kpuctawmzamuu — PK), Tak u Merona
BBICOKOTPQ/INEHTHOW HampaBieHHoW kpuctamms3anuu — BIHK [167]. BIHK -
OTJIUBKA, B OTJIWYUE OT OTJUBKHU, moiydeHHou mipu PK, mpencramisier coOoit
MOHOKPUCTAJNIMYECKYIO MAaTpUIly, B KOTOpPOW BCE OCH JEHIPUTOB TIEPBOTO
MOPsiKAa OCU HAIpaBJIEHbI MapajuieIbHO APYT APYTY, BIOJb OCH KPUCTAILIN3ATOPA.
[Ipun 3TOM, O JAHHBIM PEHTTEHOBCKOI'O aHalIW3a, YroJ Pa3opUEHTHUPOBKU OCeE
MIEPBOTO MOPSIJIKA COCTABISIET HE OoJiee 2 TpaycoB.

HezaBucuMo OT NOPUMEHEHHOro Crocoba TMOJy4eHUsT OTJIHUBKA U,
COOTBETCTBEHHO, YCJIOBUM KpucTayum3anuu, craib 08X22AI'ISHEM2®, kak B
JUTOM, TaK U B TOMOTEHHU3UPOBAHHOM COCTOSIHUU SIBJISIETCS ayCTEHUTHOM, T.€.
HeMarHuTHOU. [Ipu 3TOM ayCTEHUT CTalM CYLIECTBYET B BUJE ABYX CTPYKTYPHBIX
COCTaBISIIOIIMX — JECHAPUTOB M MEXIECHIPUTHOTO MPOCTpaHCTBA. JleHApUTHI
JUTOW CTaJIM, MOJy4eHHOU ¢ ucnosib3oBanueM kak BI'HK, tak u nmutesa ¢ PK,
oOoraiiieHbl 60Jee TyroriaBkuMu Gpeppuroodpasyronmumu snementamu — Cr u Mo
U 00eqHEeHBI aycTeHUTOOOpasyrommMu eMeHTaMd — Mn u Ni B 0JIMHAKOBBIX
KojimuecTBax.  KOHIIEHTpamusi  MOCJIEIHMX  HECKOJbKO  TOBBIIIEHA B
MEKJICHIPUTHBIX NPOCTPAHCTBAX.

Hennputel B oOpasmax nociae BI'HK Gonee omHOpOAHBI 10 XMMUYECKOMY
COCTaBy, 4eM JIEHIAPHUTHBIE OOpa3oBaHusi B oOpasnax mocie PK. Ilpomemypa
TOMOT€HHU3aIlUU CIIOCOOCTBYET BHIPABHUBAHUIO XMMHYECKOTO COCTaBa Ha TPaHUIIE
«ICHAPUT - MEXACHAPUTHAS o00JacTh» 3a CYET YACTUYHOTO PACTBOPCHUS
neHaputoB. COOTBETCTBEHHO, 4YeM O0o0Jie€ TOJIHO MPOTEKAaeT TOMOTCHH3AIUs

(1200°C, 3 wuyac, mo cpaHenuro ¢ 1100°C, 1 wuac), TeM OIMKE YPOBEHb
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MUKPOTBEPAOCTH ACHAPUTOB K TAKOBOMY JJIsI MEKJICHIPUTHBIX MIPOCTPAHCTB. JlJis
OCTaBIIMXCA HEPACTBOPEHHBIMHU JICHIPUTOB TOMOTEHU3HMPYIOIIAas TEepMUYECKas
o0paboTka cnab0 W3MEHSET OTMEYEHHYIO BBIIIE JIMKBALMIO JIETHUPYIOUIUX
aneMeHToB. OHa cmocoOCTBYET, B OCHOBHOM, BBIPABHHUBAHHMIO KOHIIEHTPALWU
KOKJOTO U3 JIETMPYIOUIUX 3JIEMEHTOB BHYTPH O0BbEMa KaXXIOW U3 CTPYKTYPHBIX
COCTAaBJISIFOIIHX.

['omorenusupyromas Tepmudeckas o0padoTka 00ecleuynBaeT OTCYTCTBUE B
CTPYKType MOPHUCTOCTH MU OXpymuuBawmmx ¢a3. V3MepeHuss MUKpPOTBEPIOCTH
MOKa3aJd, YTO CTENEHb BJIMUSHUS BBICOKOTEMIEPATYPHBIX BBIICPKEK Ha
MEXaHUYECKME CBOWCTBA MCCIIEIOBAHHON JIMTOW CTaly ONPENEISAETCA CTEIEHbIO
pactBopeHus AeHApuToB. COMOCTaBICeHUEe MUKPOCTPYKTYpPHI CTalld Ha IUMdax ¢
BUJIOM H3JIOMa IIOCJ€ HCIHBITAHUI Ha pacTSHKEHUE M Ppe3yJbTaTaMHU 3THX
UCIIBITAaHUM MOJTBEPKAAIOT TaKOE 3aKIII0UeHHe (PUCYHOK 3.4).

OtnuBku n3 cranmu 05X22AI'1SHEM2®, nonydeHHbIE C UCIOJIB30BAHUEM
BI'HK no cpasuenuto ¢ PK mnocne 3akanku ot 1100°C obnamaroT Jdydiiam
COUETAaHWEM MEXaHWYECKUX CBOUCTB (G, = 866 Mlla, v =42 %) u uMeroT BI3KUii U
MUKPOBSI3KUI XapakTep paspyuieHus (pucyHok 3.4 a). ['oMoreHHM3anmnOHHBIHI
omkur npu 1200°C  BI'HK - OTIMBOK ¥ MOCEAYIOIIAS 3aKajdKa IOBBIILAIOT
OTHOCUTEJBHOE YJUIMHEHUE M CYKEHHE B 5 pa3 0 CPaBHEHHIO C HMCXOIHBIM
ypoBHeM nociie BI'HK (pucynok 3.4 0, B). IIpu satom nipeaen texkyuectu BI'HK-
CTalld HE HM3MEHSETCd, a MIpeaea MPOYHOCTH Bo3pactaeT ¢ 476 mo 866 Mlla
(pucynox 3.4 0, B). Ilomyyenue otnuBok c¢ wucnonb3zoBanueM BI'HK wu
MOCJEAYIONIEH TOMOTEHU3UPYIOIIEH TEPMUYECKOM O00pabOTKH MOXKET ObITh
MEPCIEKTUBHO JIJIs1 TOJIYYEHUS JINTHIX JETAJIECH C MOBBIIICHHOW B3KOCTHIO.

[TonydyeHHsle pe3yiabTaThl MCCICAOBAHUS JUTOM BBICOKOA30TUCTOM CTalH
05X22AT'15H8M2® nocie romorenusaruu mpu 1100-1200°C, mokas3eIBaOT, 4TO
OHa TMPEBOCXOJUT [0 YPOBHIO MEXAaHUYECKUX CBOMCTB IMPUMEHSIOIIHNECS
BKpPHOTE€HHOM TexHuKe nuTble Hepxkaseromue cramu (08X18HI10T, 20X13) u

MOKET OBITh UCITOJIL30BAHA.
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H310MBbI 00pa310B NOC/IC HCIBITAHUH HA PACTSKEHHE
BI'HK BI'HK + 1200°C — 3 yac + 3ak. 1100°C

Pucynok 3.4 - MexaHU4ecKre CBOHCTBA, MUKPOCTPYKTYpa IITU(OB ¥ H3JIOMOB OTJIUTOH C

npumenenneM BI'HK cranu 08 X22AI'1 SHEM2D.

C menpio pa3pabOTKH SKOHOMHOJETHPOBAHHBIX HHKEJIEM M MapraHieMm

AyCTEHUTHBIX  BBICOKOA30THUCTBIX  JIUTBIX  CINIABOB  M3y4aJld  CTaJH
05X20AT'10H3M® (0,40% N) u 05X21AI'10H3M® (0,53% N). Xumuueckuii

COCTaB ITHX CTajeil mpuBeneH B TaduIe 3.5.
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Tabnuma 3.5- XuMUYECKUI COCTaB BHICOKOA30TUCTHIXAYCTCHUTHBIX cTaneh™, %
Mapka craau C N Cr Mn Ni Mo \Y Si S
05X21AT'10H3M® | 0,050 | 0,53 | 20,5 | 103 | 3,1 | 1,10 | 0,18 | 0,25 | 0,007
05X20AI'10OH3M® | 0,050 | 0,40 | 20,4 | 10,3 | 3,1 | 1,10 | 0,18 | 0,25 | 0,007

*OQcraabHOE — XKENe30.

W3 naHHBIX peHTTeHO(])A30BOr0 aHaIM3a MCCIEJOBAHHBIX CTajeil B JUTOM
cocTtosiHuU caeayet, uro obpasubl ctanu 05X21AT'TOH3M® (0,53% N) umeror
onmHOo(ha3HYl0  ayCTCHUTHYI  CTpykTypy. CrpykTrypa 00pasmoB  cTanu
05X20AT'10H3M® (¢ 0,40% N) nByxdasznas (y u o). HarpeB mox 3akanky oT
1100°C muteix oOpasuoB cramun 05X20AT'10H3M® (0,40% N) npuBoaur K
YMEHBIIICHUIO KoJu4yecTBa 0-(ha3bl 10 25% U yBEIUUYECHHUIO KOIUYeCcTBa Y-(ha3bl 10
75% B pesynbTaTe pPAcTBOPEHUS HUTPUIIOB, BBIJCIMBIIMXCA B IpoIlecce
oxyaxaeHus. B mauteix obpasmax cramu 05X20AT'TOH3M® (0,40% N) mocnie
sakanku or 1200°C comepxanocs 18% o-daser u 82% vy-dasel. B tabmume 3.6
MPUBECHBI 3HAUCHUS TMEPHOJIa KPUCTAUIMYECKON pemeTKkH (o) JTUThIX 00pa3iioB
crameir 05SX21AT'IOH3M® u 05X20AI'10H3M® mnocne pasHbIX TeMIEpaTyp
3aKajiKd. MUHUMAaNbHBbIC 3HAUEHHUS TEPHOJIa PEIIeTKH Y-(Pa3bl COOTBETCTBYIOT
JUTOMY COCTOSIHUIO U OOYCJIOBJICHBI BBIJICJICHUEM HHUTPUIOB MPU MEIJICHHOM
OXJIQXKIEHNUN CIUTKOB. [IOBBIIEHHE TeMImepaTypsl HarpeBa noj 3akajiky ot 1100
10 1200°C nprBOAUT K YBEJIMYEHHIO IEPHOJA PELIETKH ayCTEHUTa M3-3a POCTa
KOHIICHTPAIIMH a30Ta B Y-TBEPAOM PACTBOPE B pe3yiIbTaTe PACTBOPEHUS HUTPHUIOB.
MakcumanbHbIe 3HAYCHHS TIEPHOJa PEMIeTKH Y-(a3bl TOMydeHBl IS CTalld

05X21AT10H3M® (0,53% N).

Tabmuua 3.6 — BnusiHue Temmeparypbl 3aKajJKd Ha H3MEHEHHE MEepHOAa KPUCTAJUINYECKON

PEHICTKN ayCTCHUTA UCCIIECA0OBAHHBIX CTajeH.

To °C 3Havenmne 0, A
’ 05X21AT'10H3M D 05X20AT'10H3M D
- 3,616 3,615
1100 3,619 3,618
1150 3,620 3,619
1200 3,622 3,620
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Pe3ynbTaThl 31€KTPOHHO-MUKPOCKOMMYECKOTO UCCIEA0BAHUS JINTHIX CTaNIeH
05X21AT'10H3M® u 05X20AT'10H3M® moka3anud, 4YTO OJTH CTajdd B
3aBUCUMOCTH OT COJIepKaHUsl a30Ta M TePMHUUECKOW O0OpabOTKH MOTYT UMETh
pasHyl0 CTpPyKTypy. Ha cHaTO B pexume »diekTpoHorpada KoJbIIEBOU
anekTpoHHorpamMe  juTod  ctamu  05X21AT'1IOH3M®  BuagHbl  TOHKHE
MPEPHIBUCTHIE JIMHUM ayCTEHUTA, OT/AENbHbIE TOueyHbIe pediekchl O-peppurta U
cirabble pa3MbIThie JIMHAN OT mutockoctel (111) u (222) kapoonutpuma CrV (C, N)
(pucynok  3.5a).  IlpepbIBHUCTOCTH  JIMHHUHA  ayCTEHHUTa  CBSi3aHa  C
KPYITHO3EPHUCTOCTBIO JACHIAPUTHON CTPYKTYpPhI JUTHIX OOpasiloB, a pa3MbITOCTh
JMHUNA KapOOHUTPHUJIa- C BBICOKOU TUCTIEPCHOCTHIO BBIJCISIOMINXCS YACTHII.
111cyven)

111y

- 1115
- 002,
220¢rv(eN)
022,

113,

Pucynok 3.5 - KonblieBas anekTpoHOrpaMMa (a) U MUKPOCTPYKTYpa (0) oOpasia

aurtoii cranmu 05X21AT10H3M® (0,53% N).

MukpoaudpakiluOHHbIE HWCCIEAOBAHHUS TMOATBEPAWIM, YTO B IIpOIECcCe
OXJIKJCHHMS pacIulaBa ayCTCHUT TMpEeTepreBaeT TOMOTEHHBIM pacmaa ¢
BbIJICIICHHEM yibTpaauciepcHbix dactul; kapoouutpuga CrV (C, N). OcHoBHas
cTpykTypHas cocrtasistomas craiu 05X21AT'TOH3M® — aycTeHuT, KOTOpbIH
COZICPKUT OYEHBb MAJIO€ KOJMYECTBO AUCITOKANA. OTAeIbHBIC TUCIOKAITUN BUTHBI
OKOJIO YaCTHUI[ HEMETAIUTMYECKUX BKIIOUCHUM U OKOJO TPaHHI] C O-(HeppHUTOM.
MaccuBHBIE Y-TBOWHUKH OTXKWTA, XapaKTePHBIE IS 3aKaJCHHOTO COCTOSHHS, B
CTPYKType »dTOH cTanu oTcyTrcTByloT. Hebonbmioe komuuectBo O-eppura
pacroyiaraeTcsi B BUJI€ MPOCIIOEK MEXKIy 3epHamMu (KpucTtaumTa) aycrenura. Kak
npaBuiIo, B O-peppuTe IUIOTHOCTh JHWCIOKAIMKA 3HAYMTEIHLHO BBIINIC, YeM B
OKpyxkarorieM aycrenure (pucyHok 3.5 6). ITocie 3akamku ot 1100 u 1150°C B

ctpykrype ctanu 05X21AT'10H3M® 6-dgepput oTcyTCTBOBAI.
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KonbueBass snekTpoHHOTpamMma, MOJNy4Y€HHas C JMTOro oOpasla CTajiu
05X20AT'10H3M® (0,40% N) Taxxe coaepuT npepblBUCTbIe JuHuK 111, 022,
002, 113 aycrenuta (pucyHok 3.6 a), nuuuu 011, 112 d-dbepputa u cnabbie
pasmbiteie uHEK 111 u 222 xap6onutpuaa CrV (C, N). B ctpykrype 3o nuroit

cTav HAOJII0/IaIN ayCTEHUT U IIPOCIIONKH O-heppuTta (pUCyHoK 3.6 0).

111crvien)
111,
011;

002;5-220¢,v(cN)

Pucynox 3.6 - KonblieBas snekTpoHorpamma (a) 1 MUKpOCTpyKTypa (0) oOpasia 1utoit

cram 05X20AT10H3M® (0,40% N).

AycTeHUT TouTH O€3 AUCIIOKAIHMK, HO COJICPKHUT YIbTPAIUCIICPCHBIC
vactuilbl kapoonutpuaa CrV (C, N). B o-deppure HaOIIOIAIOTCS MOBBIMICHHAS
MJIOTHOCTH JAMCIIOKAIMN W HEOOJIBIIIOE KOJTMYECTBO HEMETAUTMYECKUX BKITFOUCHHM.

Ha xonbueBoii anektponorpamme nutoi cranmu 05X20AI'TOH3M® (0,40%
N) mocie 3akanku ot 1100°C comepikaTcs Te Ke JIMHUU ayCTeHuTa, d-heppura u

muHuy 111 u 220 kap6onuTpua (pucyHok 3.7), OqHAKO IO CPABHEHUIO C JIUTHIM

11ceven)

11 1Y

011
0025+220cv(cex)
022,

112

113,

222,

013;

Pucynox 3.7 - KonbIieBast anekTpoHorpaMMma (a) ¥ MUKPOCTPYKTYpHI (0, B) oOpasiia TuTo# cTaim

05X20AT'10H3M® (0,40% N) mocne 3akanku ot 1100°C.
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COCTOSIHHEM TMIOCJe 3aKkajku JuHuM (a3 Oornee ueTkue, pe3Kue U MeEHee
IPEPBIBUCTHIE, YTO CBHUJAETEIBCTBYET O Ooyiee AUCIEPCHOW CTPYKTYpe, YeM B
JIUTOM COCTOSTHUHU.

Aycrenur cramu  05X20AT'1OH3M® npu HarpeBe mnojA — 3aKAIKy
npeTeprieBaeT TOMOTEHHBIM pacmaa € BbBIJACICHHEM HEOOIbIIOr0 KOJUYECTBA
ynbTpaaucinepcHbix yactur kapoonutpuma CrV (C, N). Ilpu 3akanke cranu
GopMuUpyeTCs 3epeHHass CTPYKTypa CO CTBIKOM TpaHHMI] 3epeH moja yrimom 120°
(pucyHok 3.7 0). [ImoTHOCTB AUCIOKAIMM B ayCTeHUTE U 0-(eppuTe HeBbICOKas. B
CTPYKTYpE CTajl HaONIoAamyd HEOONBIIOE KOJIMYECTBO BBIICICHUN OTPAHEHHOM
(dbopMBI, KOTOpBIE pacIoiaraloTCsi BHYTPH dYacTHil O-(heppura M ayCTEHHTHBIX
3¢peH W Ha rpanmne Yy / O-ha3 (pucynok 3.7 B). Pacmmdpoka
MUKPOAUGPAKIIMOHHBIX KapTUH IMOKA3bIBAET, YTO OTH YACTHUIBI SIBISIIOTCS ) -
dazoi.

3.2. BiausiHMe PpeKMMOB TepMH4YeCKO O00padOTKH Ha CTPYKTYpY H
MexaHudeckue cBoiicTpa crajeit 05X22AI'16H8M u 05X22AT'1SHSM2PD

Pexumbl Tepmuueckoit 0OpabOTKH OKa3bIBAIOT 3HAYUTENHFHOE BIMSHUE Ha
CTPYKTYPY U MEXaHMUYECKHE CBOMCTBA a30TOCOEPIKAIINX ayCTEHUTHBIX CTaJICH.

B crpykType uccienoBaHHBIX CIUIABOB B HMCXOAHOM COCTOSIHMM (Tociie
KOBKM M TpoKaTtku mpu Temmeparypax 1100 u 1150°C) nabmromamu Goblioe
KOJIMYECTBO JBOWHHUKOB, YTO XapaKTEpHO I ayCTEHUTHBIX CIUIABOB C HHU3KOM
sHeprueit 1eeKToB ynakoBKH, PABHOOCHBIE ayCTEHUTHbBIE 3€pHA MAJIOro pa3mepa
(cpennuii pazmep 3epHa 10-20 MxM), HEOOJIBIIIOE KOTUYECTBO HUTPUIAHBIX YaCTHUIL
tuna Cr,N u otcyrcTBue G - as3sl u 6 - depputa [168]./11 n3ydeHHBIX CIUTaBOB
XapakTepHO oOpa3oBaHHE B MPOIECCe MPOKATKH W KOBKU (pparMEeHTHPOBAHHOU
CTPYKTYpbl. B TakoM CTpYKTypHOM COCTOSIHMM cIuiaBbl umenu: 6, = 1020-1060
MIIa, 6o, = 680-760 MITa, & = 35-40%, \ = 50-59%, KCU = 1,80-2,05 MIx/m°.
Harpes ropsiueneopmMupoBaHHBIX CIUIABOB IMOJ 3aKajlKy MPU TeMIeparypax OT
900 mo 1300°C npuBOAMT K 3HAYMTEILHOMY H3MEHCHHIO MX CTPYKTYPBI M Kak

CIIE/ICTBUE K HM3MEHEHHMIO MEXAHMYECKMX CBOWCTB (pUCYHOK 3.8). VY cruiaBoB

05X22AT'16H8M u 05X22AT'15H8M2® mocie Beigepxkku mpu 900-950°C B
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TedyeHue | dYac coxpaHSeTcs COCTOSHUE TIOpsSYero Hakjiena Iocie ropsyen
npokatkd npu  1100°C. HaGmiomann  TOBOJBHO  BBICOKYIO — IUIOTHOCTB
HEPETYJSIPHBIX JTUCIIOKAIMOHHBIX CKOIUIEHUA U KIYyOKOB, (OPMHUPYIOIIUX B
HEKOTOPBIX MeECTax SYEUCTYI0 CyO3epeHHyl CcTpykTypy. llo cpaBHeHHio c¢
COCTOSIHUEM TIOCJ€ MPOKATKH IUIOTHOCTh JMCIIOKAIIMA  yMEHBbIIWJIAach, a
KOJIMYECTBO JIUCIIEPCHBIX MPEUMYIIIECTBEHHO PACIIOIOKEHHBIX Ha MOJIUTOHATBHBIX
U 3epeHHBIX rpanunax HuTpuaoB CrN yBenuuunach. Y CIUIaBOB MOCTE HarpeBa
npu 1000°C B Teyenwme 1 wac Mo cpaBHEHHIO C TopsueaeOPMUPOBAHHBIM
COCTOSIHUEM CHHYKAETCA MPOYHOCTh M TMOBBIIIAETCS IUIACTUYHOCTh M yAapHas
BA3KOCTh (pHCYHOK 3.8).

CHmXEeHUE MPOYHOCTH U TOBBIIICHUE UIACTUYHOCTUA U YAAPHOW BSI3KOCTH
nocie 3akanku oT 1050°C mpokaramusix mpu 1100°C crumaBoB CBsS3aHO C
MHTEHCUBHBIM PAa3BUTHEM MPOIIECCa PEKPUCTAIUIN3ALNNA HAKIEIaHHOTO ayCTEeHUTA
U BO3HUKHOBEHHEM YHUCTBHIX O€37e(EKTHBIX PEKPUCTAIM30BAHHBIX 3€pPEeH IpHU
COXpaHEHHUU B CTPYKType HeOompmoro koiauwdectBa HuUTpuaoB CrN. Ilpum
HOBBIIIEHHH TEMIIEPATYphl 3aKaakd cruraBoB or 1050 mo 1100°C nabmromaercs
JUCCOLMAIMSl HUTPUIOB XpOMa, YTO YBEJIMYMUBAET MEPUOJ KPUCTATUIMYECKOU
pemeTku aycteHuta (pucyHok 3.8). Ilpu 3TOM CrutaBel UMEIOT MEIKO3EPHUCTYIO
AyCTEHUTHYIO CTPYKTYpy M XOpOIIEE€ COYETAHUE I10KA3aTEeNe IPOYHOCTH,
IUTACTUYIHOCTHU U YAapHO# Bs3kocTH G, = 880 Mlla, 6o, = 500 MIla, & = 60-62%,
Y = 72-75%, KCU = 3,6-3,9 MJlx/m* (prcyHok 3.8).

ITocne Harpesa cruiaBoB moj 3akaiky Beimie 1100°C Goiilee MHTEHCHUBHO
pPacTBOPSIIOTCS HUTPUJIBI XPOMA, PE3KO YBEIMUUBAIOTCS MEPUOJ KPUCTATUIMUECKOU
PELIETKN ayCTEHHUTA U pa3Mep 3€pHa, 3HAYEHUs MPEAeNia TEKYYECTH U MPOYHOCTH
HE3HAUUTEIBbHO CHUXKAIOTCS. CKOPOCTh OXJIAKIEHUS TPHU 3aKalKe OKa3bIBAET
3HAUYUTENBHOE BJIUSHHUE Ha yJIapHyro Bs3KOCTh cruiaBa 05X22AI'16H8M. Ilocine
3HAYUTEIBHOTO TMEPECHINICHUsY - TBEPAOrO pacTBOpa a30TOM B pe3yJibTare
Harpesa 10 1200°C W MeMICHHOrO OXJAKICHHS C IICYBI0 M3 aAyCTCHHTA
BBIJICJISIETCSI HEOOJBIIOE KOJIMYECTBO HUTPUAHOU (pa3bl, KOTOPbIE HE3HAYUTEIHHO

CHIDKAIOT YJIApHYIO BSI3KOCTH CIlIaBa (pUCYHOK 3.9).
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Pucynok 3.8 - BiusiHue TemIiepaTypsl HarpeBa MO 3aKalIKy Ha cpeJHUi pa3Mep 3epHa (dep),

napaMeTp KpUCTaUIMYECKOM pelIeTKy ayCTeHNTa (a) 1 MEXaHWYEeCKHE CBOMCTBA CIIJIaBOB

05X22AT16HSM @ M A ¥ ) ;1 05X20AT15HSM2d ( © O A V).

129



KCU, MOx/m?

900 ' 1000 1100 1200

T °C
Pucynok 3.9 - Bnusinue TeMnepatypbl HarpeBa 1o 3aKajiky U CKOPOCTH OXJIaXIECHUS TPU

3aKaJike Ha yAapHYIO BA3KOCTh criaBa 05X22AI'T6H8M
(1-OBopna, 2{1Bo3yx, 3 — Aneusio).

B cTpykType cruiaBa nocie 3aKajiku ¢ OXJIAKJICHHEM B BOJE WM HA BO3AYyXeE
HUATPUIBl OTCYTCTBYIOT. BennunHa yaapHOM BSA3KOCTH 3aKAJICHHOTO CIUIaBa
HE3aBUCHUMO OT CKOPOCTU OXJIQXJEHUS COXPAHSIETCS Ha BBICOKOM YPOBHE
(pucyHOK 3.9), 4TO CBUAETENBCTBYET O BHICOKOM YCTOMUYMBOCTH €T0 ayCTEHUTA I10
OTHOILIEHUIO K NPEPHIBUCTOMY pacmajy MOpH OXJaXIACHUM MeTala B
KpUTHYECKOM HHTepBaie Temieparyp (900 — 600°C).

Pesynbrarel  Beimepxkek npu 500, 600, 700 wu 800°C cruiaBa
05X22AT'15H8M2® nocite 3akanku ot 1100°C B Tedenue 1 yac moka3bIBaroOT, 4TO
temneparypa 800°C sBiseTcs Ui Hee KpuTHYecKoi. Eciam mocie Harpesa B
teueare 1 uwac mpu 600 m 700°C 5TOT CIUIAB HMEN YIAPHYIO BS3KOCTh
cooTBeTcTBeHHO: 3,40 u 3,07 MI[)K/MZ, TO IOCIIE TaKOM ke Boiaepkku npu 800°C
3Ta XapakTepUCTHUKA CHUKaeTca a0 1,82 MI[)K/MZ. Bennunna ygapHOUW BS3KOCTH
1,82 MI[)K/M2 SIBJISIETCSL IOCTATOYHO BBICOKOM. JIjisi OTHOCUTENBHO HEOOIbIINX (10
~100 MM) ceyeHult u3aeaUil MOKHO UCIIOJIL30BATh CBAPHBIC COSAUHEHUSI U3 ITOTO
criaBa. [lpu oxnaxaeHUU 3TUX U3JEIUHN MOCIE CBapKU Ha BO3JyXE B MHTEpPBAJC
TEeMIIepaTyp aKTUBHOTO 3apOXKIACHHUS POCT HUTPHUIIOB XpoMa HE OyJeT MPOXOIUTh
3a BpeMs He Oouiee 1 yac.

N3y4eHO BIMSHHE JUIMTEILHOCTH HarpeBa mpu Temmeparype 800°C Ha

CTPYKTYpy Y  MeXaHudeckue cBoiictBa cmiaBoB 05X22AT'16HS8M wu

05X22AT'ISH8M2® mocne mNEpechillleHUs Y - TBEPAOrO0 pPacTBopa a30TOM,

130



noygaemoro 3akankoit ot 1100°C ¢ oxmaxmenumem B Bome. Takas oOpaboTka
cnocoOcTByeT ©0ojee HMHTEHCUBHOMY  BBIICNICHUIO HUTPUIHOM  (a3pl |
JleCTaOUIM3alluy ayCTEHUTAa B IPOIIeCCe MOCIeIYIONIeH BhIIEpKKU B TeueHue 1, 10
u 100 qu. mpum Ttemneparype 800°C. B cCTpykType 3aKajJeHHOIO CILUIaBa
05X22AI'16H8M c BBICOKMM COJiep>KaHHEM MapraHiia U MoJu0/ieHa, CHIKAIOIITUX
CTETICHb TIEPECHIIIICHUSI Y - TBEPAOrO0 PacTBOpa a30TOM, TOCIE BBIACPKKH IPHU
800°C 1 yac mabaromany Mo rpaHMIaM 3epeH HeGOJBIIOE KOJIUYECTBO HUTPHIOB

Xpoma, 3aJIep>KMBAIOIINX HAYAJIO paciaja 3Toro pactopa (pucyHok 3.10 a).

Pucynoxk 3.10 - Mukpocrpykrypa crasa 05X22AT'16H8M nocie 3akanku ot 1100°C u

nocieayoiei Beepxku npu 800°C (a-1uac, 6-10 yacos, B-100 yacos; x 400).

[Tocne Takoil BBIAEPIKKHU ATOT CILIaB COXpaHsET 00Jiee BHICOKYIO YIAPHYIO
BA3KOCTh (pucyHok 3.11), dYemM TmpUBEOEHHBIM [UIsi CpaBHEHHUS CIUIAB
03X20H16ATI'6, conepxammii 16%  HUKENsA, TIOBBIIIAIOIIETO CTENEHb
MEPECHIICHUs ayCTEHUTa a30TOM M KakK CIIEJICTBUE YCKOPSIOIIETO IPOIEeCC
Boigenenus npu 800°C HUTPUIOB XpoMa.

C vyeennuenueM Boigepxkku mpu 800°C go 10 u. B cruiase
05X22AI'16H8M HabmrogaeTcss HMHTEHCUBHOE BBIJICJICHUE HUTPHUIOB MO
MEXaHU3MY TPEphIBUCTOTO pactianga (pucyHok 3.10 6), KOTOpHIH 3HAYUTEITHHO
CHIKAeT YJapHYIO BsI3KOCTh cruiaBa (pucyHok 3.11). ITocie 100 4. BBIAEpXKKH
npu 800°C B crpykrype cmiaBa 05X22AT'16H8M yBennunBaercst 0ObeMHast
JI0JII TIPOAYKTOB TPEPBIBUCTOTO pacmana ¢ oO0pa3oBaHUEM HUTPHUAOB Xpoma
(pucynok 3.10 B) m HEOONBIIOrO KoJWYecTBa G - (ha3bl, YTO MPUBOJMUT K

JanbHENIIeMy CHUKEHHUIO YAApHOM BA3KOCTH CIuiaBa (pucyHok 3.11).
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Pucynok 3.11 - Biustnue mmmrensaoctr Boiaepxkku npu 800°C nocie 3akanku ot 1100°C Ha
ynapayio Bsizkocth KCU crutaBo 05X22AT'16H8M (0 - 0) u 03X20H16AT6 (e - o).

V cmmaBa 05X22AT'15H8M2® nocie 3akanku ot 1100°C u mocnemyromeit
BeiaepkkH B TeueHne 1, 10 u 100 u mpu 800°C xapakrep 3aBUCHMMOCTH YAapHOI
Bsi3kocTH OoT Bpemenu nipu 800°C Takoii ke kak y ciuiaBa 05X22AT' 1 5SHEM.

3.3. Bausinue pe:KuMOB ropsiueil MPOKATKH HA CTPYKTYPY U CBOMCTBA CTAJIH

05X22AI'1 SH8M2®D

HccnenoBano BIMSHUE TEMIIEpaTypbl MPOKATKU HA CTPYKTYPY U CBOMCTBa
ctanu 05X22AT'15SH8M2®. TBeprocTh CcTajii MHTEHCUBHO BoO3pacTaeT (Ha 25-
35%) c yBenuuenueM crteneHu AedopManmu (€) B UHTEpBaje TeMIEpaTyp
npokatku 700-900°C, (pucyHok 3.12).

Ilpu € 1 30% mossinenne temmneparypsl npokatkd ¢ 800 go 900°C ne
BBI3BIBAET M3MEHEHUs TBepAocTU. JlanbHellee TNOBBIINIEHUE TEMIIEPaTyphbl
npokatku 10 1000 u 1100°C BBI3BIBaE€T CHIKEHUE TBEPAOCTH (pUCYHOK 3.12) mo

cpaBHEHUIO ¢ pokarkoi mpu 700, 800 u 900 °C.
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Pucynok 3.12 - 3aBucumocts TBepaoctu ctanu 05X22AT'15SHEM2® ot crenenu 06kaTus u

TEeMIepaTypbl HarpeBa (yKa3aHa y KpUBBIX) IIPHU ropsiYeii MpoKaTke.
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Pucynok 3.13 - 3aBucumocts TBepaoctu ctanu 05X22AI'1SHEM2® ot temneparypbl

npokatku ¢ ooxkaruem 10, 20, 50 u 70%.

Veenuuenue € or 0 10 90% npu temneparypax mpokarku 1000 u 1100°C
MOBBIIIAET TBEPAOCTh He OoJiee yem Ha 12-15%.
Takum o00pa3om, 3aBUCHMOCTH TBEPAOCTH OT TEMIIEPATypbl MPOKATKH

HMCIOT TCMIICPATYPHBIC MAKCHMMYMBbI, 4YTO HarjIAAHO HIUIIOCTPUPYCETCA PHCYHKOM
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3.13, rie mocTpoeHbl TaKue 3aBUCUMOCTH Jyisi TpokaTok ¢ € = 10, 20, 50 u 70%.
[Ipu npokatke ¢ & 10% MakcumanbHas TBEpPAOCTbh OyneT JOCTUraThCsi B
pesynbrare ropsueinpokatku mpu 900°C. Tlpu € = 70% MakCUMyM TBEPIOCTH
JOCTUTACTCSl TPU HarpeBe moj mpokaTky a0 850°C. MakcuMaibHbI ypOBEHb
TBEPJOCTH OOYCJIOBJIEH HAaWOOJIBIIUM HAKOIUJICHUEM J1€(EKTOB KPUCTAIIIMYECKOTO
CTpoeHus B Tpoliecce aepopManuu. BrnusiHue TemnepaTypsl Ha MOJOKEHHE ITOTO
MaKCUMyMa MOYKHO CBSI3aThb C YCKOPEHHEM MPOLECCOB MEpepaclpenesicHus |
B3aUMOJICUCTBUS JTHX Je(eKTOB TMpu Ooiblied ux MmIoTHOCTH. W3yueHo
U3MEHEHUE pa3Mepa 3€pHa B TMPOJAOJIBHOM W B IONEPEYHOM CEUEHUU
KJIMHOBUJHBIX CETMEHTOB, JAE(POPMUPOBAHHBIX C PA3IUYHON CTENEHbIO O0XKaTUs

rpu 700-1100°C. Pe3ynbTaThl 3THX H3MEPEHHI MIPUBEIEHBI HA pUCYHKeE 3.14.
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Pucynok 3.14 - Cpennnii pasmep 3epHa (Dp) crann 05X22AT'1SHEM2® nocie npoKkaTk ¢
pasHBIMHU CTeneHsaMu ookatus npu temreparypax 700-1100°C: a — u3MepeHHbIH B TIPOJOJIBHOM

CCUCHUU MTPOKATAHHBIX CCTMCHTOB, 0-B IMOIMNCPEYHOM CCUCHUMU.
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C nmnoBbIIEHWEM TEMIIEpAaTypbl NPOKAaTKU CpPEOHUM pa3Mep 3epHa
Bo3pactaeT. [Ipu sTom ¢ yBenuuenuem € ot 10 1o 90% nHabmogaeTcs yMEeHbIIEHUE
pa3mepa 3epHa Ha 40-45% 1o CpaBHEHUIO C HArPEBOM JI0 TOH K€ TeMIlepaTyphl,
HO 0e3 mnpokarku (pucyHok 3.14a). M3mepeHus cpenHero pasMepa 3€pHa B
HIOIIEPEYHOM CEUCHUH MMOKA3ajIM, uTo MpH TeMiieparypax npokarku 700-1000°C on
JUIIb HAa 2-3 MKM OOJIbIlle, YeM B MPOJIOJIbHOM CEYEHUH, T.€. 3€pHA MPAKTUUYECKU
paBHOOCHBIE (pUCYHOK 3.14 0).

Ilpokatka mpu Temmeparype 1100°C BbI3Bala HEPAaBHOOCHOCTH: B
MOMNEPEYHOM CEYEHHHM pa3Mep 3€pHa C YBEJIMYEHUEM CTEleHUu aedopmarnun
YMEHBIIIAETCS HE CTOJNb WHTEHCHBHO. I3ydeHa MHKpPOCTPYKTypa CTald
05X22AT'ISHEM2D 10 W TOclhe TpoKaTKu KiuHbeB mpu 700-1100°C.
CTpyKTypbl CTalu [0 Hadajga MPOKATKH TOCIE H30TEPMUYECKOW BBIACPKKUA B
teuenne 40 munyT npu temmeparypax 700, 800 u 900°C mpeacraBisioT coboit
HEOJITHOPOJIHBIE 10 pa3Mepy PaBHOOCHBIE 3epHa aycTeHuTa (pucyHok 3.14 ). Ilocne
Beiiepkkd mpu 800°C mo rpaHuUIaM 3epeH HaOromacTesi HeOOBIIOE KOIHYECTBO
(~3%) wurpugHoit a3zt Tuma Cr,N, BbIICNIMBIICHCS 1O MEXaHU3MY
npepsiBucToro pacmaga. Ilpu 1000°C wu Beimie sta (asa He HabIrOmACTCS,
OYEBUHO BCJIEJCTBUE MPOILIEAIIETo mpoiecca ee pactBopeHus. CTpykTypa craiu
nociie BbIAEpKKHA Tmpu Temmeparypax 1000 m 1100°C umeeT OIHOPOIHEIE,
pPaBHOOCHBIE 3€pHa aycTeHuTa pasmepoM 29 u 45 mxm (pucyHok 3.14 a).
OTmeuaercss Haiuyue OOJBUIOrO YHCIa JBOWHUKOB OTXKHUIa, oOpa3zoBaHHe
KOTOpPBIX OOYCJIOBJIEHO YBEIMYEHHEM KOHIIGHTpAllMU a30Ta B ayCTEHHUTE B
pe3ynbTaTe paCTBOPEHUS HUTPUAOB XpoMa. J[pyruM mosioKUTeIbHBIM CIEICTBUEM
NOBBIIICHHS] KOHLEHTPALIMK a30Ta B CTAJIM MPHU PACTBOPEHUM HUTPUJIOB MPHU ITUX
TEMIEpaTypax SBISETCS TMOBBIMICHHE KOPPO3UOHHON CTOWKOCTH CTalmh. OTO
IPOSIBIISIETCS B 3aMETHOM YXYAIIEHUN TPABUMOCTH HUTH(DOB.

Hedopmarust 10% mpu 700-900°C He OKa3bIBAE€T 3aMETHOTO BIIMSHUS HA
dbopmy 3epen. [Ipu rtToit nepopmanuu u TemnepaTypax B CTPYKType HO-TIPEKHEMY
HAOJIOJAIOTCSL BBIACNIEHUS TICEBONEPIUTHBIX KOJOHUN HUTpHUIOB Xpoma. [Ipum

nanpHeieM ysenuuenun € oT 20 10 90% mpu 800, 900 u 1000°C, a takxke € o 20
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10 40% npu 700°C u € ot 10 10 80% mpu 1100°C 3epHa ¥ HUTPHUIHBIC KOJIOHHU
BBITSTHBAIOTCS BIOJIb HATIPABJICHUSI POKATKH.

Crenenp nedopmanuu  (€) OKas3bIBa€T CYIIECTBEHHOE BIMAHHE HA
TeMmrepaTrypy Hadana pekpuctamuzanuu. [Ipu crenenu € = 20% Ttemneparypa
Hayana pekpucrawmsainuu - 1100°C. C ysenuuenuem nedopmaruu g0 40%
TeMIleparypa Hadaja pekpucTaumusanun camkaercs 1o 1000°C. Ipu pansHeimem
YBEJIIMYEHUH CTETeHU Aedopman 00beMHast A0S peKPUCTAIIIN30BAaHHBIX 3€PEH
npu temieparype aedopmaruu 1100°C cocrasisier okoio 40%.

Tonkas ctpyktypa cramu nocie npokatku mpu 1100°C ¢ obxaruem 70%,
MOJIy4deHHas:  METOJOM  IPOCBEYMBAIOLIEH  AJEKTPOHHOM  MHUKPOCKOIWHU

MpeACTaBJIeHa HAa pucyHkKe 3.15.

Pucynok 3.15 -Toukas ctpykrypa cramu 05X22AT 15H8M2® nocie npokarku mpu 1100°C.

Jlist mpuBefeHHOM Ha pUcCyHKe 3.15 CyOCTpYKTYphl XapakTepHO HaJU4He
OYECHb BBICOKOW IUIOTHOCTU JUCIOKAILIMI, CBHUJIETEIICTBYIOIIEE O COXPAaHEHUU
COCTOSIHUA ropsAyero Hakiena. [[MOTHOCTh AMciIOKaluid OY€Hb BBICOKA, MOITOMY
naxe npu yBenumuenusx B 20000-30000 onu moxo paspematorcs. [Ipu Gombimx
yBenuueHusix (pucynku 3.15 a, 6 W B) MOXHO BHIETh, UYTO JUCIIOKAIIUU
neperyieTeHsl Mexay co0oil, oOpa3yror kiyOku.He BHIHO y4acTKOB ¢ SBHO
BBIDOKCHHOW  SYEUCTOM CTPYKTypOoH WM CyO3epeHHOH, TOJUTOHAIBLHON
cyoctpykrypoit.Habmonarorcs ouenr manbie (<0,2 mxm g 1100°C) oGnactu,

CBOOOJHBIE OT  JIUCJIOKAIlMH, OKPY)XCHHBbIE TpPAHUIIAMH C  IUPOKUMH
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JTUCIOKAIMOHHBIMU ~ KITyOKaMH, UYTO MOET OBbIThb HayalbHOM CTaauen
dbopMHUpOBaHUS SYCUCTOH, CYO3epEeHHON CTPYKTYphL. bBOJbIOoe KOJIWYECTBO
VCKPUBIICHHBIX ASKCTHUHIIMOHHBIX KOHTYPOB Ha 3JIEKTPOHHOMHUKPOCKOIMYECKHX
CHUMKAX CTPYKTYpPbl CBSI3aHO C YIPYTMMHU M3rMOAMH B OJHOPOJHOM MO TOJIIMHE
TOHKOM (oJibre BCHEJACTBUE HAIWYUS HANPSIKEHUS, BO3HUKAIOLIETO B XOJIE
ropsiueil gedopMalviii UMOCIEAYIONIET0 OXJaxAeHUs. ['paHUIbI ayCTEHUTHBIX
3epeH B HEKOTOPBIX MECTaX MMEIOT M3BWJIMCTBIA BHJ XapakTepHbiil nias BTMO.
['paHuIlbl B OCHOBHOM CBOOOJHBI OT BBIICJICHUN, HO B HEKOTOPBIX MECTaX MOXKHO
yBUJIeTh aucnepcHbie (~0,2 MKM) BBIACICHUS OKPYTJIOM (QOpMbl HE TOJIBKO IO
TpaHMIaM, HO U B Telie 3epHa (pUCYHOK 3.15 B). MukpoaudpakiiMOHHbBINA aHAIN3
MOKAa3bIBACT, YTO STUMU BBIJCIICHUSIMU SABJISIOTCS HUTPUIBI XxpoMa Tuma CryN.

H3MeHeHune CTPYKTYPHBI NPH 3aKAJIKe ropsiyekaTanoro civiasa 0SX22AI'ISHSM2®.

N3yyanu  BO3MOXHOCTb  PEKPUCTALIM3ALMM  TOPSYEKATAaHOM  CTalH
05X22AT'15H8M2® mipu HOCIEaYyIOIEM €ro Harpese 1o Temmeparyp 850-1200°C
Cc 3akaskou B Boge. Ha pucynke 3.16 mpencraBiieHBI pe3ysbTaTbl U3MEPEHUS
TBEPAOCTH 3aKaJIECHHOM CTAJIM U CPETHETO pa3Mepa 3epHa.

TBepoocTe cTanu MakCHMallbHa TIIOciie TpokKaTku ¢ € = 90%.Y
IpeIBapUTENbHO  HEAC(POPMUPOBAHHOM  CTalM  CHIDKEHHE  TBEPIOCTH  C
YBEIMYECHUEM TEMIIEpaTypbl HArpeBa IOJ 3aKaJKy MHPOUCXOIUT MO JMHEHHOMY
3aKOHY.

VY npeaBaputTenabHO 00XKaTOrO MpU TOpsiuel MpoKaTKe CIUIaBa HaOJI01aeTCs
neperud Ha KpUBOM 3aBUCHMOCTH TBEPAOCTH OT TeMIIEpaTyphl 3aKajku mpu 950-
1000°C. Yem BoIiiie OblIa UCXOAHAS TBEPAOCTH MPU MPOKATKE, TEM CHJIBHEE CIIa
TBEPJIOCTU B pe3yibTare nocienyromen 3akanku. [lpu & =90% nocnenyronmii
HarpeB II0J] 3aKaJKy BBI3BIBAET POCT 3epHa mpu Temreparype csbime 1100°C,
TOrJa KaKk B CTajii, HE MOJBEPrHYTON MpEeIBApUTEILHOMY O0XKATHIO, POCT 3€pHa

nporcxoaut rnpu temieparype cssitre 1000°C (pucynok 3.16 6).
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Pucynok 3.16 — TBepnocts (a) u cpenuuii pasmep 3epHa (0) ctanu 05X22AT'1SHEM2O
1ocje MPOKATKU C pa3HBIMU CTENEeHAMHU 00XKaTus U Mocielyroleil 3akanku ot temneparyp 850-

1200°C.

Tonkas crpykrypa craju mocie npokatku npu 1100°C  wu mociemyromeit
sakanku oT 1000°C xapakTepu3yeTcsl HaIMYMEM Ha MOJUTOHAIBHBIX M 3€PEHHBIX
IpaHUIAX JUCIIEPCHBIX BBIJCICHUN OKPYIJION, BBITSHYTOM (OpMBI (B CEUCHUH
~100x300 aM). MukpoaudpaKkIimOHHbIN aHATTU3 3TUX BBIJICICHUN MOKA3bIBACT, UTO
Bce OHM siBIsitoTca HUTpuaamu tuma CroN. B cTpykType oT4acTH COXpaHWIOCH
COCTOSIHUE TOPSYEro HakJena IMOcCje MPOKATKU, YTO BBIPAXKAECTCS B JIOBOJHHO

BBICOKOM IJIOTHOCTH HCPETIYJHPHBIX AHUCIIOKAIMMOHHBIX CKOHHGHI/II\/'I, KJ'IY6KOB,
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dbopMUpYIOIIUX B HEKOTOPBIX MECTax SUEUCTYI0, CyO3epeHHYIO CTPYKTYpY.
OnHako, B OCHOBHOM B XOJI¢ HarpeBa U BBIAEPKKH TEpe]l 3aKaaKkoil B TeueHue 45
MUH. TPOIILJIH MPOIECCHl BO3BpaTa U MOJIUIOHU3AIUH, TUIOTHOCTh JUCIOKAIUN 110
CPaBHEHHMIO C COCTOSHMEM TIOCJI€ IpPOKaTKM B 1EJIOM  YMEHbBIIUIACh.
PekpucraminzoBaHHble 3€pHAa ayCTeHUTa MEJIKHE, MNOpsSIKa HECKOJIbKHX
MUKPOH. B TIOIHOM COOTBETCTBMHM C TEOpPUEH pPEKPUCTAIU3ALNH, HUX
BHYTPEHHSAS CTPYKTypa XapakKTepHu3yeTcs OTCYTCTBUEM [UCIOKAMK H

HaJIMYMeM IIHUPOKUX Y-TBOMHUKOB (pUCYHOK 3.17 ).

o
Ne. .

{

3 » = 4

Pucynox 3.17 Crpykrypa cramu 05X22AT15H8M2® tniocie npokatku mipu 1100°C
nocieayroiei 3akainku or 1000°C.

BuaHo, 4TO B HEKOTOPBIX MECTaxX I'paHUIIbl PEKPUCTAUIM30BAHHBIX 3€PEH
"3amepkuBaeTcsa’ Ha BBIJICJICHUSAX, HO B II€JIOM 3TH YaCTHUIbl BBIJCICHUN HE
SBJISIIOTCS] CEPhE3HBIM OapbhepOM JIJIsl MPOABUIKEHUS BEICOKOYTJIOBBIX TPAHUI] 3€PEH
B IIPOIIECCe PEKPHCTAIUIM3AIUA W, TaKUM 00pa30oM, ITH YaCTHUIIBI OKA3bIBAIOTCS
BHYTPH PEKPUCTANIU30BAHHBIX 3epeH. MUKpoaupakiMOHHbIA aHalu3 3THUX
YaCTHII MTOKa3aJjl, YTO BCE OHM SIBJISIIOTCS HUTpUaamMu xpoma tuma CroN.

YpoBeHb MexaHuueckux CBOMCTB cTtayi 05X22AI'1SHEM2® 3aBucut OT
TeMrepaTypbl W CTENEeHM O0XaTusg TpU MPOKaTKE U  TMOCIeaYIOIIeH
Temrieparypbizakanku (tadbmuma 3.7).ITocae mpokarku mpu 950°C co & = 70%
JIOCTUTAIOTCSI MaKCUMaJbHbIE 3HA4Y€HUS Gp, =1258 Mlla u 6,=1335 Mlla npu

YAOBJICTBOPUTCIIBHLIX II0KA3aTCIIIX OTHOCHUTCIBHOIO YIJIIMHCHUA HW CYXCHHA.
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Takoe BBICOKOE YNPOYHEHHE CBSI3aHO ¢ (hopmupoBaHHeM (HparMeHTUPOBAHHON
CTPYKTYPOM C BBICOKOM IUIOTHOCTBIO AuciioKauuil. [loBelmeHne temmepaTypsl
MIPOKATKU NPUBOAUT K CHUKEHHUIO TUIOTHOCTU AUCIOKALNM, YBEITUYEHUIO pa3Mepa
cyo3epen. Ilpokatka mpu temmeparypax 1000, 1050 u 1150°C ¢ € = 70% mo
cpaBHeHnio ¢ 950°C NPHUBOOMT K CHHKEHHIO IIPOYHOCTH U TIOBBIIICHUIO

IINTaCTUYHOCTH.

Taomuua 3.7 - Mexanndeckue cBoiicTBa cTaIn05X22AT' 1S HEM2O.

e Oo0padoTka 602, MIla | o6, MIla | $,% | y%0
peskuMa

1 ITpokatka 950°C, e=70% 1258 1335 29 | 48
2 To xe + 3akanka 1000°C 691 1049 46 | 64
3 To xe + 3akanka 1050°C 596 993 52 | 71
4 IMTpokatka 1000°C, €e=70% 1238 1314 26 | 54
5 To xe + 3akanka 1000°C 611 978 54 | 71
6 To xe + 3akanka 1050°C 590 959 59 | 71
7 IMTpoxkarka 1050°C, e=70% 1044 1172 32 | 64
8 To xe + 3akanka 1000°C 696 1049 45 | 61
9 To xe + 3akanka 1050°C 637 993 51 | 73
10 IMpokatka 1100°C, €=70% 1084 1207 32 | 64
11 To xe + 3akanka 1000°C 589 993 49 | 71
12 To xe + 3akanka 1050°C 639 997 52 | 73

Xopoliee coyeTaHue MEXaHMYECKUX CBOMCTB (Gg, [1 690 Mma, & [ 30%)
CTallb UMEET Mociie 00paboTku mo pexkumam 2, 7, 8 u 10 Tabmuma 3.8. C uenbio
NPaKTUYECKOTO TPUMEHEHHUS ITHX DPEXKUMOB Ui H3MENUNA KPHOTEHHOW TEXHUKH,
NPOBEJCHbl UCHBITAaHUS Ha yAapHYyIo BsizkocTh (Tabnumma 3.8). KCV—- 193 u 24
M/Ix/M? BMEIOT 06pasiibl mociie 0OpaboTaHHbIe 0 pexkuMaM 2 i 8 (IpokaTka ot 950
win 1050°C ¢ mocnenyromieit 3akankoit ot 1000°C, coorBerctBeHHO).IToKkazarenu
paboThl 3apOKICHHUS W PACIPOCTPAHEHHWS TPEIIMHBI B HCIBITAHHBIX 0Opa3ax

MUHUMAaJIbHBI B COCTOSIHMM TIOCJIE€ MPOKATKU 0e3 Mocienyromei 3akaiku (Tabiuua
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3.8, obpasusr 1, 4, 7, 10).IloBbimenre Temmeparypbl mpokatka ot 950 mo 1100°C
NPUBOJUT K UX MOYTH JBYKPATHOMY IMOBBIIIEHUIO. MakcuManbHble 3Ha4eHUs paOboThI
3apOXKJICHUS M paclpocTpaHeHus TpeurHbl [169] obecnieunBaroTes mocie mMpoKaTku
npu 1000°C u 3aKalku OT 9TOH JKe TemIepaTypsl (oOpaserr 5, Tabmuia 3.8).

Tabnuna 3.8 - Pesynprathl ucnbitanuii npu -196°C Ha ymapHyi BSI3KOCTH OOpaslOB CTalu

05X22AT'15H8M2® mniociie pa3iuyHbIX PeKUMOB 00paOOTKH.

g g = =
- = <

8 S 7 ® 2 = 2 E 3
sz | Bgo | BZo LEE LEE |5 i
28 259 &=AE°’§§' S BT K |TE & 23 &

S e o> g e o 2= § © = 2 = @ O

2 S E 8 Q2 2= = EN | 2 2 N s g X Ev X
=) S 2N S d¢ k3E ~ 2= £ 2 R,

2 '8 S =5 w g £ % s 2 | s = 2.

R °F g & = g =

2 = = >
1 950 - 27,8 5,6 33,4 0,402
4 1000 - 35,2 6,5 41,7 0,501
7 1050 - 50,3 38,1 88,4 1,062
10 1100 - 53,3 35,5 88,8 1,068
2 950 1000 85,2 75,4 160,6 1,930
5 1000 1000 85,5 163,9 249,4 2,998
8 1050 1000 76,5 123,9 200,4 2,404
11 1100 1000 83,0 100,5 183,5 2,206
3 950 1050 73,0 119,1 192,1 2,308
6 1000 1050 88,4 115,9 204,3 2,456
9 1050 1050 94,0 91,5 185,5 2,230
12 1100 1050 97,3 96 193,3 2,324

[Ipu yka3zanHoi o0O0pabOTKE B CTald MPOUCXOAUT 3HAYUTEIILHOE
pPacTBOPEHUE HUTPHUIHBIX YACTHUIl NMPU COXPAHEHUH JTOCTATOYHO MEJIKOrO 3€pHa.
[Ipy mnoBBILIEHHH TeMIepaTypbl 3akaakd g0 1050°C  3HaueHus paOoOTHI
3apOXKJICHUS] U PACTIPOCTPAHEHUSI TPEITUHBI, TAKXKE MOTHOW pabOThl pa3pyIICHUS
HE3HAYUTEIBHO 3aBUCST OT TEMIIEPATYPhI MPEIIESCTBYIONICH TPOKATKH.

N3 pucynka 3.18 BUAHO, YTO HMMEETCSA KOPPEISLUS MEXKIAY BEIMYUHOU
nporuba Mpyu MaKCUMaJIbHOW HArpy3ke U paOOTON 3apOKIACHHsI TPEIIUHBI TPHU
UCIILITAHUK Ha yIapHyro Bsa3kocTh mpu -196°C cramm 05X22AT15H8M2D B
COCTOSIHUSX TOCJE TOpsuYed MPOKATKH CO CTEMEHBI0 cyMMmapHoro ooxkatus 70%
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0e3 mocaenyromieit 3akanku (IT); ¢ mocienyromeii 3akankoit ot 1000 u 1050°C B
Boze, (IT+3 (1000°C u 1050°C)). OmbITHBIE TOYKH XOPOIIO YKIAJbIBAIOTCS Ha
oJHYy KpuBYH0. Kak u ciemoBano 0xuaarh, MpOrud MUHUMAJICH Y 00pa3IoB MOCe
MIPOKATKH, HE TMOJBEPTaBIINXCA 3aKaike. PaboTa pacmpocTpaHeHus TPEITUHBI TEM
BbIIIIe, YeM Ooible BenudyuHa nporuda AS (pucynke 3.18 0) B mepuona pa3BUTHs
TpemuHbl (AS=S,- Sy, rae Sy—mporn6d obOpasna Ha MOMEHT paspylIeHUs, Sy —

pOrud Mpy MaKCUMaJIbHOW Harpy3Ke), YTO BIOJIHE €CTECTBEHHO.
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Pucynok 3.18 - YcraHoBiieHHast B3aUMOCBS3b (10 pe3yJibTaTaM HCIbITaHUS
Ha yIapHYIO BI3KoCTh mpH -196°C cranmu 05X22AT 15H8M2®) Mexy:
a) BeJIMYMHON Mporuda npu MakCUMalIbHOM Harpy3ke U paboToN 3apOokKIeHHs TPELIHHBI;
0) paboToii pacpocTpaHEeHuUs TPEIMHBI U TPOrHOoM AS B mepHoj pa3BUTHSI TPELIMHbI
(AS=Sp- Sm, rme Sp—mporud obpasna Ha MOMEHT pa3pyILICHHU,

Sm — nporud npu MakCUMajabHON HAarpy3Ke).

AHanu3 UW3IOMOB  yAapHbIX o0pasmoB Tuma Illapmu w3  cramm
05X22AT'15H8M2®, wucnbiTanHbIXx Ipu  Temmeparype -196°C mokasan, d9TO
XapakTep MX pa3pylI€HUsl CYIIECTBEHHO 3aBUCUT OT TeMIIepaTypbl MPOKATKH U
nocnenyromeil 3akanku. Ilociae mpokatku npu 950 u 1000°C  mabmromanu
KBa3WBs3Koe pazpylieHue. M310oM cocTosi U3 OTHOCHUTEIBHO HEOOJIBIIOTO
KOJIMYECTBA IUIOCKMX YYAaCTKOB M MHKPOTPEIIHMH, XapaKTepU3YIOUIUX XPYMHKOe

paspyuienre. OCHOBHAsl 4acTh MOBEPXHOCTU pPa3pylIEHUs HMMeNla MUKpPOBA3KUN
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xapakrep. Ilociae mpokatku mpu 1000°C B M3I0ME COXPAHSIOTCS DIEMEHTHI
XPYIIKOTO pa3pyIieHus: (TPEIUHbI, MUKPOCKOJBI), HO WX KOJWYECTBO 3aMETHO
MeHbIle, yeM mocie mpokatku npu 950°C. Tlpokatka mpu 1050 u 1100°C
NPUBOAUT K TIOJYYCHHIO Oosee Bs3koro paspymeHus (pucyHok 3.19 a u
OCOOTBETCTBEHHO). AHaJIM3 M3JIOMOB TOKa3bIBa€T, 4YTO C I[OBBIIICHUEM
TeMreparypsl nmpokarku ot 950 1o 1100°C B u3I0Me yBETMIMBACTCSA KOJINYECTBO
BSI3KOW COCTaBJsIfONIEeld M mpokaraHHbIXx mpu 950°C 3aroToBOK, NMPHBOIUT K
MOJIYYEHHIO MTOJIHOCTRIO Bsi3koro pazpymieHus (100% siModyHoro usznoma) (pUucyHoK

3.19 B, 1).

Pucynok 3.19 — Uznom obpasios (x1000x0,35) mocne mpokarku mpu: a - 1050°C; 6 - 1100°C ,

B, T - 950°C u mocnenyromei 3akaiku ot 1000 u 1050°C cooTBETCTBEHHO.

Takum o6pazom ucciegoBanue ctaau 05X22AI'1SHEM2® nocne ropsueit
npokatku (950-1100°C) u mpokartku ¢ mocineayromei 3akankoi (1000 u 1050°C)

M0Ka3ajo0, YTO 3TOT CTajlb MMEET BHICOKYIO TpouHocTh mpu 20°C W ymaapHyIo
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Bs3KOCTh TpU -196°C ¥ TOBBIIIEHHYIO TEXHOJOTMYECKYIO IUIACTUYHOCTD TPH
ropsiyei MpOKaTKe, COXPaHss ayCTEHUTHYIO CTPYKTYpY 0€3 TPEIINH U PacCIOECHUI
IpHU [JIACTUYECKUX JedOopMalusix MPOKATKON BIIIOTH 10 90%.

beur Tak K€ W3y4EHO BIMSAHHE PEKHUMOB TOpAYEH IUIACTUYECKOU
nepopMalul Ha CTPYKTYpy M MEXaHHYECKHME CBOMCTBAa BBICOKOA30THUCTBIX
aycreHUTHBIX Cr-Mn-Ni crameii ¢ NOHWKEHHBIM COACpKAHHEM HHKENs |

Maprania. XUMHUYECKUN COCTaB cTaiel mpuseieH B Tabmure 3.9.

Ta6iuma 3.9 - Xumuueckwuii (Macc.%) cocTaB cTajci.

No
C N Cr Mn Ni Mo V Si La Y
IIJIABKH

1 0,048 | 0,511 | 22,19 | 12,7 | 4,13 | 0,95 | 0,154 | 0,61 | 0,00041 | 0,00034

2 0,040 | 0,489 | 22,05 | 118 | 41 | 0,99 | 0,161 | 0,75 | 0,00051 | 0,00029

3 0,040 | 0,556 | 20,75 9 7,37 | 1,02 | 0,155 | 1,08 | 0,00096 | 0,00024

Ha ocHoBaHMM aHanu3a JIUTEpAaTypHBIX JaHHBIX U  PE3yJIbTaTOB
WCCIICIOBAHUSI CTPYKTYPbl U MEXaHUYECKUX CBOMCTB ctami 05X22AI'1SHEM2OD
nocie ropsyed gegopManud  BBIOpAHBI  PEKUMBI  TEpPMOJEHOPMAITMOHHON
00paboTKH (KOBKM W MIPOKATKHU npu 1100-900°C,
1050-900°C, 950-900°C ¢ cymmapHoii crenenbro obkatus 70% ¢ mociaeayromei
3aKaJKoOM B BOJE OT TeMIlepaTypbl KoHIIAa Topsuer nedopmaruu). C
WCIIOJB30BAaHUEM OTHUX PEXKUMOB M3TOTOBJEHA OMBITHAS MapTUS JIMCTOBBIX
(TommmHOM 5 MM) U KOBaHbIX (ceueHueM 14x14 MM) 3aroToBOK.

[To maHHBIM MHUKPOCTPYKTYPHOTO MCCJIEIOBAHMS Ha NITU(pax CTaIH IJIABOK
1 u 2 (tabnuma 3.9)kpoMe 3epeH aycTeHUTa HaOI01alii HEOOIbIIIOe KOJUYECTBO
o-beppura. Ero 3epnHa cmabo aedopMHUpOBaHBI W pPaCIHOJIaralOTCS TPYMIaMH,
BBITSHYTHIMU B HAaIlpaBJICHUM MPOKATKU IO TPaHUIAM 3€pPeH ayCcTeHuTa (PUCYHOK
3.20 a, 6). 3epHa aycTeHMTa IJIABKK 1 JOCTATOYHO OJHOPOAHBI 1O paszmepy (~ 10 —
15 MKkM) ¢ HEOOJIBIITUM KOJTUYECTBOM JIBOWHUKOB. MHOTHE M3 HAOJIIOTaeMbIX 3epEH
ayCTEHHUTA UMEIOT IPAKTUYECKU MPABUIIBHYIO (DOPMY, YTO TOBOPUT O MPOIUEAIIEM
B MeTaule IUIaBKu | B 3aJaHHBIX pEeXHUMax aehopMaruu nporecce

pPEKpUCTAILTA3AIUY.
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CrpykTypa MeTamia IJIaBKU 2 aHAJIOTMYHA CTPYKTypEe MeTala IUIaBKH 3,
OJTHAKO 3€PHO ayCTeHHTa mMmeeT Oompimme pasmepsl (20 - 40 mxM). HaOMIOAN
MEHBIIIEe KOJUYECTBO PEKPUCTAIM30BAaHBIX 3€pEeH. 3epHa BTOPOHM (ha3bl UMEIOT
0oJiee BBHITSHYTYIO B HAapaBJIECHUH MPOKATKU (HOpMYy.

Ha nummde mnnmaBku 3 BUIHBI BBITSHYTHIE B HANpPaBICHUM TPOKATKH
nehopMUpPOBAaHHbBIE 3€PHE ayCTeHUTa JIMHOU oT 5 10 30 MkM. B cTpykType Toi
CTaju OTCYTCTBYIOT BbIJICJICHHUS 1O rpaHuliaM 3epeH (pucyHok 3.20).

N3 npexacraBinenHbix B Tabmuue 3.10 pe3ynbTaToB  MEXaEdYeCKHX
UCIIBITaHMIA BHIHO, YTO IPOKATKa M KOBKa mpH Temmeparypax 1000-900°C, 1050-
900°C, m 1100-900°C c¢ cymmapubiM obkateM 70% W IIOCIIEIYIOLUIM
OXJIAXKJICHHEM B BOJIE OT TeMIeparypbl KoOHIAa nedopmaiuu obecrnedynBaeT
MOJIYYEHUE Y JTUCTOBBIX (TOJIIMHA 5 MM) M KOBaHbIX 3aroTOBOK (ceueHuem 14x14

MM) BBICOKHMX MOKa3aTeJIe MEXaHUYE€CKUX CBOMCTB.

a 6 — B
Pucynok 3.20 — Ctpykrypa craium miasku | mocie npokatku nipu 1100-900°C (a);

CTPYKTYpa CTaJI IUIaBKK 2 mocie npokarku npu 950-900°C (6); cTpyKTypa CTalu IIaBKy 3

nocsie npokatku mipu 1000-900°C (B).

Jlydiiee codeTaHue MNPOYHOCTH, IJTACTUYHOCTH U YJIApPHOM BS3KOCTHU
nocturaercsa y ctanu 04X21AT'9H7M® nnaBku 3 1OCi€ KOBKH M IIPOKATKU MPH
1100-900°C (taGuuma 3.10).

CHIKeHUE TEMIIEPATYPhl Hayaaa MPOKAaTKH WK KOBKH 10 950°C mpuBoaUT

y CTaldd IUIaBKK 2 K 3HAYUTEIbHOMY CHIKEHUIO IUIACTUYHOCTH W YIapHOU

Bsskoct (KCV= 0,23 M/lx/MP).
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Ta6mmma 3.10 - MexaHnnueckre CBOMCTBA 3aroTOBOK (IJ1aBOK 1,2,3) mocie ropsdeit mpoKaTKu 1

KOBKH C MOCIIeaAyrolei 3akankoi [173].

Ne OB, Go.2, v, KCV,
IJIABKH Obpadorka Ml%[a Moly_ia 5, % % MI[S«/ m?

1 ITpokarka 1100-900°C 1100 977 | 32,3 | 53,0 1,14
IMpokarka 950-900°C 1166 | 1142 | 21,2 | 18,8 0,23
2 ITpokarka 1100-900°C 1055 906 35 54 1,17
3 ITpokarka 1000-900°C 1202 | 1139 | 33,3 | 544 0,75
ITpokarka 1100-900°C 1157 | 1067 28 53 1,08

1 Koska 950-900°C 1062 873 28 54 -

Koska 1100-900°C 1069 914 30 66 -

) Koska 1050-900°C 1010 868 30 68 -

Koska 1100-900°C 1040 883 | 335 | 67 -

Koska 950-900°C 1118 | 1010 26 59 -

3 Koska 1000-900°C 1131 | 1032 | 32,1 | 61 -
Koska 1050-900°C 1080 981 30 64 1,59

Koska 1100-900°C 1148 | 1049 26 62 -

B rtabmuue 3.11 mpuBeneHbl pe3ynbTaThl ONpPENEICHHUS KOJIMYECTBA U
NEepPUOAbl KPUCTAIIMYECKUX PEHIETOK o U Y-(a3 HCCIelOBaHHBIX CTaJed IMocie
Pa3JINYHBIX PEKUMOB ropsdel NpoKaTku. B cTpykType cranei minaBok 1 u 2 nmocie
npokatkd npu  950-900°C, 1000-900°C u 1100-900°C comepKUTCS KpOMe
aycteHuTa (y) HeOOJbII0OE KOIUYECTBO (peppoMarHuTHOM o-asbl. CTaib MIaBKU 3
c OONBIIMM TO CPaBHEHHWIO C TUIaBKaMH | W 2 cojep)KaHUEM HUKENs W a30Ta
comepxkut 100% aycTeHuTa, MNEPUOJ PEUIETKM KOTOPOrOo TOCHE MPOKATKU
1100-900°C 6Gonbmie, wem mocie mnpokatku mpu 1000-900°C.Pe3yabraThl
OIpeseNIeHUs] KonuecTBa (heppoMarHuTHOM (a3bl MOKa3ajiH, YTO U3FOTOBJICHHBIE
U3 JIUCTOBBIX M KOBaHBIX 3aroTOBOK oOOpa3lpl IUJIaBKU 3 HE CoOJepKar
dbeppomarautHbix ¢a3 (u<l1,01 I'c/3), a oOpasiesl miaBok 1 u 2 cogepxat 1,5-4,9%

dbeppomarauTtHbix ha3 (u=1,2-1,4 I'c/?).
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Tabmuma 3.11 - KonmuecTBo W mepuoapl pemieTok o u y-¢a3 craiu miaBok 1,2 u 3 mocrne
ropsiuei MpoKaTKH.

Temnepatypa Kommgectso da3 [Tepuoas! pemierok
No maBku
npokarku,’C (06. %) daz,4
v—97% 3,614
1000-900
oa—3% 2,870
1
v—90 % 3,615
1100-900
o—10% 2,878
v—89 % 3,616
2 950-900
a-11% 2,878
3 1000-900 v—100 % 3,608
1100-900 v—100 % 3,612

Jlnst mnaBku 1 ObUIO WCCIENOBAaHO JiBa pexkuma ropsiueit mpokatku: 1100-
900°C wm 1000-900°C.  Crpykrypa crama mocie mpokatka 1100-900°C
npeacraBiser coboit nmedhopmupoBaHHBIA aycTeHHT. HaOmromaroTcss nBa THma
nedeKkTHOM cTpyKTyphl. Bo-TiepBhIX, 00pa3yeTcsi paBHOOCHAs (parMEHTUPOBAHHAS
CTPYKTypa € pa3MepoM OTAeNbHbIX (parmeHToB oT 0,5 mo 3,0 MKM U yriom

Pa3OpUEHTHPOBKU MEKIY coceHuMH (parmeHtamu He Oonee 10° (pucynok 3.21

a).

Pucynok 3.21 - ®parMeHTHPOBaHHas CTPYKTYpa IUIABKK 3: paBHOOCHAS TIOCIIE TPOKATKH
npu 1100-900°C (a); nonocuaras nocie npokatku npu 1100-900°C (6); momocuaras mocie

npokatku npu 1000-900°C (B).
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['panunpl siUeeKk — CHUIIBHO PAa3MBIThI, YacTO HAOMIONAIOTCA CKOIUICHUS
OTZIENbHBIX JTUCIOKAIMI U ITPaJMeHTHBIE JUCIOKALIMOHHBIE CTPYKTYPBHI.
Bo-BTOpBIX, 00pa3zyeTcsi XapaKTepHbIE CHJIBHO BBITSAHYTBIE IM0JOCYATHIE

JUCIIOKAIMOHHBIE (PparMeHTHI (PUCYHOK 3.22).

Pucynok 3.22 - CtpykTypa miaBku 2: ¢parMeHTUpOBaHHas nocie npokaTku npu 1000-

900°C (a); Kos0HMM (parMEHTUPOBAHHON CTPYKTYpPHI nocie nmpokarku mpu 1000-900°C (6);

950-900°C — paHHUe CTaAUU PEKPUCTAILIM3ALMH (B); TIO3HUE CTAJAUN PEKPUCTATLIM3ALMH (T).

[Ipu »TOM yrom pa3oOpUEHTUPOBKU OTIEIBHBIX TpaHUl] (HParMeHToB
nocruraer 15-20°, a pe3yapTUpYyIOIas pa3opUeHTHPOBKA MOMEPEK BCEH MOIOCH —
no 45-50°. TommmHa OTHEABHBIX IMOJOCYATHIX (PparMeHTOB KoebaeTcss B
untepBaie 0,1-0,5 MkMm, a cymmapHas TOJIIMHA BCEW OOJACTH C MOJIOCYATOU
CTPYKTypoil pparMeHTOB — OT 3 10 5 MKM. ['paHuiibl mosocyatbix (pparMeHTOB
CUJIBHO JIOKAJIM30BaHbI U SIBJSIOTCA M0 CYIIECTBY BHICOKOYTJIOBBIMU IPAHULIAMH.

Jedpektnas crpykrypa mnocie npokatkd mpu 1000-900°C B mpuHImIE
aHaJOrM4yHa CTPyKType mocie mpokarku mpu 1100-900°C, oxmako obaacTu
[OJIOCYATOW  CTPYKTYpbl  HaONIONAIOTCA  CYIIECTBEHHO pEXe, OTJEeIbHbIE
nosiocyatsie parMeHTsl cymectBeHHo Tonbine (0,05-0,25 mxm) (pucynok 3.21) .
OO6mmast TonmuHa o0JacTed MOJ0CYaTON CTPYKTYphl He mpeBbimaeT 1-2 MxMm. s
000MX PpEXUMOB HMEETCS OIpeneleHHas TeHACHIHUS K  00pa30oBaHUIO
Kpuctajuiorpaguyeckoid TekCcTypbl. [ITOCKOCTH TPOKATKHM B  MOJABIISIONIEM

OOJBIIMHCTBE CIIy4aeB COOTBETCTBYET OpreHTHPOBKe {110}.
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Jlnst mmaBkM 2 OBLIO MCCIIENOBAaHO JBa pekuma ropsiaeit mpokatku: 1000-
900°C m  950-900°C. Ilocme mpoxatku 1000-900°C momocuaras CTpyKTypa
dbparMeHTOB MpakTU4YeCKU He HaOmomaercs. PaBHoocHas (parMeHTHpOBaHHAS
CTPYKTypa BBbIpak€Ha  MeEHee OT4eTiuBO (pucyHok 3.22 a). Benuuuna
paBHOOCHBIX ¢parmentoB 0,5-3,0 mxm Yacto HabmomaroTcs o00JacTH €
PaBHOMEPHO pachpeliefieHHbIX Auciokamuii (pucyHok 3.22 a). Bmecre ¢ Tem
HaAOJTFOTAr0TCS KOJIOHHH OTHOCHUTEJIBHO MEJIKHX (0,25-2,0 MKM)
PEKpHUCTAJUIM30BAHHBIX 3€PEH, 00Pa3yIOMINX MPOTSHKEHHBIE MOJIOCH U BOSHUKIIUX,
NO-BUAMMOMY, B 00JacTsSX paHee OOpa30BaBIIMXCS IOJOCYATHIX (PParMEHTOB
(pucynok 3.22 6). IlupuHa mTOJOC € PEKPUCTAUIM30BAHHOU CTPYKTYpOH
cocraBisieT 1-3 MkM. OObeM pEKpUCTAIUIM30BAHHONW MATPHUIbl MOXHO OLEHUThH
Kpaiine npuOimkeHHo (okosio 20 00.%). ToT ¢akT, 4To peKpUCTAIIIM30BAHHbIE
3epHa MPAKTUYECKU HE COJEpKAT AUCIOKAlMi, CBUIETEILCTBYET O TOM, 4TO
JUHAMHYECKasl PeKpUCTaUIM3alMsl MPOXOJUT Ha 3aBEpUIAIOIIEM JTare ropsden
npokatku. CTpykrypa cramd mocie mpokarku npu 950-900°C  amanoruusa
nepBomy peskumy — rpokarke 1000-900°C, Ho mosocyarast CTpyKTypa (hparMeHTOB
MOJTHOCTBIO OTCYTCTBYeT. KOJOHMM PEKTHUCTAIITN30BAHHBIX 3€PEH IMO-TIPEKHEMY
UMEIOT TIOJIOCYATYI0 CTPYKTYpy (pucyHok 3.22 B). Jlons peKkpucTauiM30BaHHOTO
o0beMa, M0 BUAUMOMY, UyTh HIXKE, YeM B CTPYKTYypeE, MOJYyYEHHOH MO NEepBOMY
pexuMy (okosio 25-30 00. %). PaBHOOcHasi ¢parMeHTHUpOBaHHAs CTPYKTypa
ABNseTCS 0oJiee BBIPAKEHHOM, Yroj pPa3OpUEHTAIMM OTIENIbHBIX (PParMEeHTOB
pasmepom 0,25-1,0 mxm mocturaer 25-30°,

Jlns muaBku 1 MccaenoBal TONBKO OAKMH pesknuM: Tpokarka npu 1100-900°C.
CTpykTypa cTaqu TpeAcTaBisieT coO0M ne(OpMUPOBAHHBIN ayCTEHUT (YETKO
BBIPQKEHHBIEC JIUCIOKALMOHHBIE (parMeHTsl pasmepoMm 0,3-4 MKM ¢ yrjioMm
Pa3OpUEHTUPOBKH OTAEIbHBIX (hparmentoB 20-25°) (pucynok 3.23 a u 06).

Nuornga wHaOmomamuch  00JacTH  IMOJOCYATOM  (hparMEHTHPOBAHHOM
CTpYKTYpbl TonmuHoM 0,2 - 1 MKM, MOAPOOHO ONMUCaHHbIE paHee (PUCYHOK 4 B).
Kpome Toro, HaO110AaIUCh NOJIO0CH PEKPUCTAIITN30BAaHHBIX 3epeH pazmepomM0,25 —

1,5 mxm (pucynok 3.23 r). upuna nonoc pekpucramuzanuu 0,5 — 1,0 Mxm.
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Pucynok 3.23 - JluciokaruoHHble GpparMeHTsl iaBku 1 mocie npokarku npu 1100-900°C:
a) ¢ OOBIYHBIM YIJIOM Pa30pUEHTUPOBKH; 0) ¢ 60Jiee BBICOKUM YIJIOM Pa30pUEHTHPOBKU;
B) mosiocuaTasi hparMeHTHpPOBaHHAs CTPYKTYpa;

I') KOJIOHMH PEKPUCTAIIIN30BaHHBIX 3€PEH (TEMHOE ToJjIe B pediekce aycTeHUTa);

1) pPABHOOCHBIE 00JIACTH PEKPUCTAIUIM30BAHHON CTPYKTYPHI.

B npuHIume crpykrypa miaBku 1 aHaJOrudHA TOW, KOTOpas COOTBETCTBYET
mwiaBke 2 mnocie mpokatkr 1000-900°C. Cnenyer OTMETHUTH, YTO 0OJACTH
PEKPUCTAJUTM30BAHHBIX 3€PEH HHOTJA HWMEIH PaBHOOCHYIO (GopMy (PHUCYHOK
3.23 1), a TakkKe TO, YTO BHYTPH 3€peH 4YacTo HaOII0Jajgach OIpeAcICHHas
IUIOTHOCTh JTMCJIOKAIIMK, 4YTO CBHUACTEILCTBYET O Oolieeé paHHEM Hadvale

JVHAMUYECKOU PEKPUCTAILIA3ALIAMY. B I1JIaBKE 3 JVHAMUYECKON
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peKpucTauM3alul He oOHapykeHo. HalOmronarommecss o06i1acTu mojocyaTon
CTPYKTYpPhI TIPEACTaBISIFOT COOOH TOJOCHI JedopMallMd — TPAHUIBI MEXKITY
00JIacTIMU CTAaOWIIBHOW OPHEHTHPOBKU TIPU TOPSIYEH MpPOKAaTKe, B KOTOPBIX
IPOUCXOTUT PpPE3KOe W3MEHCHHE OpPUEHTHPOBKHM OT OJHOTO TEKCTYpHOTO
KOMITOHEHTa K Jpyromy. B mmmaBkax 2 u | YacTHYHO NPOTEKAIOT IPOLECCHI
JTMHAMHYECKON peKpHCTAILIH3alny (00beMHas IO PEeKPUCTAIUTM30BAaHHBIX 3€PEH
B IIaBke 2 Oospiie). Pekprcramim3anus mpoTekaeT B mojocax aehopManuu, Tae
Jerde BO3HHKAIOT 3apOJIBIIIH, MMOCKOJIBKY Yroj Pa3opUeHTUPOBKU (HParMeHTOB B
HUX CYIIECTBEHHO BBIIIE M HWMEIOTCS 4YETKO C(OpMUpOBaBIIHMECS TPAHUIIBI
¢parmenToB. B mmaBke 1 pekpucrammmzamus MpoTeKaeT Ooiee OXHOPOAHO U

OXBAaTbIBACT HC TOJBKO ITIOJIOCHI I[C(l)OpMaHHI/I.

3.4. Crapewomue aycrenutHbie Mn-Ni m Cr-Mn-Ni cranu, ynpouHsiemble
aucnepcHbIMu Yyactunamu VC

OTHOCHUTENIPHO HEBBICOKME 3HAUEHHUS MPOUYHOCTH (G <400MIla) y mumpoxo
npuMeHsemMbix aycteHuTHbIX cranen 12X18HI10T, 03X13AI'19, 10X141'14HA4T,
07X13H4ATI'2 u 03X20H16AI'6 [171] 3aTpyaHsIOT UCIIOJIB30BAaHUE UX B KAUECTBE
BBICOKOHArpy>K€HHbIX  JIeTAIel W KOHCTpykuuu.  [IpumMenenue g
HU3KOTEMIIEPATYPHON TEXHUKH CTAPCIOIIMX AYCTCHUTHBIX CTajed  Turma
X12H22T3P [172] Taxke OrpaHHYEHO H3-3a BBICOKOTO COJCPXKAHUS HHKENS |
HU3KOM TUIACTUYHOCTH TIPM  KPHOTEHHBIX TeMIeparypax, O0O0YyCIOBIEHHOU
BBIJICJICHUEM TIPU CTApEHUU OOJIBIIOr0 KOJIMYECTBA IUTacTUHYATHIX yacTHil NisTi.
Jlydiiee codeTaHue BBICOKMX 3HAUYCHHN MEXAHUYECKUX CBONCTB JOCTUTAETCS Y
HKOHOMHOJICTUPOBAHHBIX HHKEJIEM CTaperommx HemarHuTHeIX MN-Ni craneid,
yOpo4yHsieMbIX — nucriepcuoHHbiMu — 4dactuniamu  VC. B [173] mnokazana
MEePCIIEKTUBHOCTh COBMECTHOI'O MCIOJIb30BaHMS MapraHila U HUKEJIS B KayeCTBE
3JICMEHTOB, CTAOWIM3UPYIOIIYI0 ayCTeHUTHYH CTpykTypy Mn-Ni-C-V craneii.
Takass cuctema JerupoBaHUsi O0ECIIEUMBACT TMPEUMYIIECTBO TEpel IAPYTUMU
CUCTeMaMU B OTHOIIEHWU YCJIOBUU pacTBOPEHUs] M BbIAeieHUs kapoOumos. B

YaCTHOCTU OHAa IMMO3BOJEICT IIOJY4YaTb 3HAYUTCIBHOC IICPCCBINICHHUC 7Y-TBCPIAOTO
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pacTBOpa BaHAJIWEM IIOCJE HArpeBa MOJ 3aKaJIKy JO OTHOCHUTEIHHO HEBBICOKHX
TEMIIepaTyp U HCKIIOYEHUsT 0Opa3oBaHus kapOumaoB tuna Mey3Cq mpu cTtapenum.
Y craneit, comepxkamux 14-20% Mn; 8-13%Ni; 0,4-0,5%Cu 0,8-2%V 1pu
HarpeBe, OXJIAKICHWW W INIACTHYCCKON aedopManuyu B IMHPOKOM HHTEPBAJE
Temmeparyp ot -269 mo +1300°C me obpasyrorcst (eppomarHuTHbIE (as3bl (d-
dbepput uiIM o-MapTEHCUT) U oxXpymnuuBaromue (aswl Tuna ¢ win ¢a3 JlaBeca, a B
IpOIECCe CTapeHusi MOXKeT ObITh o0ecredeHa B OCHOBHOM MAaTPUYHOE
(BHyTpH3epeHHOe) BblneneHne kapoumo VC auamerpom 50-100 A. Jlyumee
COUCTAaHNE MEXaHMYECKUX CBOMCTB Y TaKUX CTAJIEH JTOCTUTACTCS IMOCIE 3aKAIKU H
CTapeHus] MPH YCIOBUHU IOJHOTO CBs3bIBaHWs BaHamus yriiepojgoMm (Cy/C.~1).
N36biTouHoe conmepkanue BaHamus (Cy/Cgo>1) yckopseT mporiecc 3apOsKICHHS
gactuii VC W MOXET B3HAUMTEIHLHO CHIKATh CTAaOWIBHOCTh ayCTCHHTHOU
CTPYKTYpbl HE TPUBOAS K TOBBINICHUIO TpoyHOCTH. [Ipu mpeBbIIeHUH
CoJlep KaHMsl yriepoja MO OTHOIICHHIO K HeoOXOoAuMoMmy [jisi oOpa3oBaHUS
kaponna VC(Cy/C<l) mpu HE3HAYUTEIHLHOM YBEIMYCHUH IPOYHOCTH PE3KO
CHU)KAETCS TJIACTUYHOCTh M BA3KOCTh CTalU B pe3ylibTaTe o0pa3oBaHUsS KpPOMeE
mucnepcHbx yactun VC, apyrux kapoumos, Hanpumep Me,3Cs. B [167 ] mokazana
BO3MOYKHOCTh MOJTy4eHus y aycTeHUTHbIX MN-Ni craneit conepxkarux 0,35-0,45%
C; 1,0-1,2% V; 10-16% Ni; 18-22%Mn mociie 3aKajakd ¥ CTapEeHHs MOBBIIICHHON
IIPOYHOCTH (60,2+20 > 650 Mlla) ¥ TOBBILIEHHONW YJIApHOM BSI3KOCTH TMIPH
KpHOreHHsIX Temmeparypax (KCU™'®> 1 MJIx/m®). Hawmnyumee coderanne
MEXaHUYECKUX CBOMCTB MOXET ObITh NOCTUTHYTO Yy ctaieit 40I20H13® wu
40X15T'15H10® nocie onTUMaIbHBIX PEKUMOB TEPMUYECKONU 00pabOTKH.

B paznene 3.4 npencraBieHbl pe3ybTaThl BIUSHUS 3aKaJKd OT TEMIIEPATyp
1100, 1150 1 1200°C ¢ oxnakAeHUEM B BOJE M TEMIIEpATyphl cTapenus mpu 600,
650 u 700°C miutenpHOCTHIO 10 30 Yac Ha CTPYKTYpY M MEXaHMYECKHE CBOMCTBA
HemarHuTHBIX cTtaieit 40I'20H13®D u 40X15TI'15H10®. B npouecce HarpeBa 1o
3aKajKy, C BBIICP)KKOW TpHU YKa3aHHBIX TeMmIeparypax B TedeHune 1 dyaca
JIOCTUTAETCS TUCCOIMAIMS U PACTBOPEHHE B ayCTEHUTE ATHX CTaJlel 3aMETHBIX

KoJinuecTB kapouaa BaHaaus. C MOBBIIEHUEM TeMnepaTtypsl 3akanku oT 1100 mo
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1200°C, monst pacTBOpUBIIMXCS KapOumaoB Bo3pacTaer. ITocie Harpesa g0 1200°C
KapOunHas ¢aza TPaKTHUECKH MOJHOCTBIO pacTBopsieTcss B ayctenurte. llpu
nocineayromeM Harpese npu 600, 650 u 700°C mmrensHOCTHIO 10 30 Yacos
HaOJI0JaeTCsl MHTEHCUBHBIN Tpoliecc kapoumooOpazoanus. Ha pucynkax3.24 u
3.25 mpuBelleHbl TUMHMYHbIE KPUBbIE U3MEHEHHUS] MEXaHHMUYECKUX CBOWCTB mpu +20
1 -196°C s cramu 40I20H13® u 40X 15T'15H10D.

T[ToBsIlIEHME TEMIIEPATYPhI CTapeHust 00enx Mapok cramu oT 650 mo 700°C
NPUBOAUT K yBenuueHuto pasmepa dactuil VC B 3 - 4 pasza. Eciau temmneparypa
KOHIIA TOpsYeil miacThuueckoi nedopmammu cocrasiseTr Menee 1000°C, mporecc
CTapeHHsI UMEET MECTO W 0e3 MpeaBapUTENbHOIO HAarpeBa Ijsi PacTBOPECHHS
n30bITouHOM (paszpl. Hanpumep, ctanp 40X15I'15SH10® mocie KOBKHM M KOBKH C
nocnenyrommm crapeareM npu 650°C B Teuenwe 10 9acoB xapakTepu3yeTcs
XOPOIIUM COYCTAHHEM MEXaHHMYECKUX CBOWCTB MpH Temmeparypax +20 u -196°C
(pucyHok 3.25). Beicokuii ypoBeHb IPOYHOCTH IIPU KOMHATHOM Temnepatype (6o
= 800 MIIa) u moBbImICHHOW yaapHO# Bs3kocTH mpu -196°C (KCU = 0,8
MI[;K/MZ) umeer crans 40020H13® mocne 3akanku ot 1150°C u crapenus mpu
650°C - 10 uacoB.Takoe coueTaHHe CBOMCTB y 3TOW CTald JOCTHUTAETCS IPU
Hanuuie B ee CTpyKkType okono 0,5 macc.% mucnepcHeix (okono 70 A) wactum
VC.OCco0eHHOCTBIO CTPYKTYPHI
TUX CcTajedl mnocie aepopMalnvdd MpU KPUOTEHHBIX TeMIlepaTypax SBISETCS
oOpa3oBaHue OOJBIIOTO KOJWYECTBA TOHKUX (0Koyo 0,1 MKM) nedopMarmoHHBIX
JIBOMHUKOB, CIIOCOOCTBYIOIIUX 3HAYUTEIBHOMY YIPOUYHEHHUIO 0€3 CYIIECTBEHHOTO
CHU)KEHUS TUTACTUYHOCTH.

JUIst yCTaHOBJIEHUSI BO3MOXXHOCTH ucnosib3oBaHus crtanei 40I20H13® u
40X15T'15H10® npu ©Oonee HU3BKUX TeMmmeparypax M3yuy€HO BIUSHUE
Temrepatypbl ucnbiTanus ot +20 g0 -253°C Ha UX CTPYKTYPY M MEXaHHYECKHUE
coiictBa. CHIKeHHE TeMmeparypbl ucmbiTanus oT +20 g0 -196°C mpuBOaUT K
HEMPEPLIBHOMY  YBEJIMYEHUIO TIOKa3aTeled TMpodyHocTH (G, U Go2) H
HE3HAUYNUTEJIbHOMY CHW)KEHHUIO OTHOCUTENBHOro cyxeHus craineid 40I20H13D u

40X15T'15H10® (pucynok 3.26).
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Pucynok 3.26 -TemneparypHasi 3aBUCUMOCTb

2,0
| MEXaHWYECKHX CBOMCTB CTAPCIOIINX
HEMarHUTHBIX CTAJIEN MOCIIE 3aKAJIKH OT
107 1150°C u crapenus npu 650°C — 10 yac.

253 196 4100 -70 -40-20 O T,°C

OnHAaKO OTHOCUTENIPHOE YMJMHEHUE OTUX CTajled MpU CHUKCHHUU
temmeparypsl oT +20 10 -100°C moBbIIaeTcst, YTO B 3HAUYNUTEIBHON MEpE CBSI3aHO
c 00pa30BaHUEM B IPOLIECCE HUZKOTEMIEPATYPHOTo Ae(popMHUpOBaHUS OOJIBIIOTO
KOJIMYeCTBa TOHKHUX JBOMHMKOB. B pabote [175] mokaszaHo, 4TO JerupoBaHUE
HeMarHUTHBIX ctaperomux Mn-Ni-C-V  momubnenom B konwuectBe 1-2%
NOBBIIIAET TPOYHOCTh AITHUX CTajlell 3a CYeT TMOBBIIIEHUS JUCIEPCHOCTH U
paBHOMepHOCcTH  pactpeneneHus  kapoumoB  VC.  IlpoBeneHHBIe  HaMu
UCCIIEIOBaHMUSI ~ TOATBEPAWIM  BO3MOXXHOCTh  YBEJIMYEHHUS  MPOYHOCTH
nerupoBanHbiX 1% Mo craneit 40[20H13®M (mnaBka 1) 1 40X15I'15H10OM
(ruraBka 2) mocie 3akaaku ot 1100 u 1150°C ¢ mocneayromuM cTapeHHeM Ipu
650°C B Teuenne 10 gacos (Tabmmia 3.12).

Pesynbratel uccnemoBanust ¢azoBoro coctaa Mn — Nicrameir c
nepeMeHHbIM coaepikanueM Ni m Mn mokazanu, uro npu coaepkanuu 16% Ni B
crasix ¢ 14 u 18% Mn npenoTBpaniaercs obpasoBaHue B mpoiecce aehopmarun
npu -196°C  MapTeHCUTHBIX - M &-(ha3, HO He HCKIoYaeTcs oOpa3oBaHHUE

nedhopMaIMOHHBIX IBOWHUKOB (PUCYHOK 3.27).
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Tabmuua 3.12 - MexanudecKre CBOMCTBA IIaBOK 1 1 2 mpu Temneparypax +20 u -196°C.

Mexannuyeckue cBOMCTBA

Tepmuueckas +20°C -196°C
NeriaBkn

o0padoTka: Gs | 602, | 0, | ¢, | KCU, Gs, | G602, | 0, | 0, | KCU,
MIla|MIIa| % | % | Mlx/m?| MIIa|MIla| % | % | MIx/m?

1100°C+ 1 1007 803 | 30| 64| 1,90 |1460|1100|40|43| 1,12
650°C-10 gac 2 1007| 773 | 32| 61| 1,70 |1482|1025|47|50| 0,93
1150°C+ 1 1002| 825 | 29| 59| 1,63 |1434|1107|47|42| 1,13
650°C-10 gac 2 1024| 827 | 33| 59| 1,60 |1493|1182|38|35| 1,00

Ni, %

10

Pucynok 3.27 - KoHlieHTpalimoHHbIe 00JIaCTH CYIIECTBOBAHUS 0,€ U Y-(a3 (a) u cTpykTypa (0)
CTaperoNIMX BaHaAMHCOAEpKAIIUX cTael mocie aepopmanuu npu -196°C: a - I'7 —22H7 —
16® (1100°C — 650°C — 10 vac); 6 — 40X12I'14H10D (1100°C — 650°C — 10 1ac), x 38000

B pabote [176] nns mapraHIeBbIX cTajield ObUIO YCTAaHOBJICHO TOBBLIIIICHHUE
IUIACTUYHOCTH M IPOYHOCTH CTalM IOCjie Hchbitanus mnpu -196°C  BOmm3M
TpaHUIlbl YCTOMYUBOCTH Y- U €-(ha3. ABTOpHI yKa3aHHOW pabOThl OJJHOBPEMEHHOE
MOBBINICHUE TMPOYHOCTH U IUIACTUYHOCTU CBS3BIBAIOT C PA3BUTHEM IIpoliecca
neOpMAIMOHHOTO  TBOMHHUKOBaHUA. [lpu  3IEKTPOHHOMHKPOCKOMUYECKOM
uccnenoannu craan 40I'14H16® mocie ucnpTanus Ha pactskenue npu -196°C
BBISIBJICHO OOJIBIIIOE KOJMYECTBO JBOMHHUKOB JedopMaIiui, WMEIOIHUX TOIIIUHY

HECKOJIBKUX COT aHTCTpeM (pucyHok 3.27 0).
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Craperormue HemarHutHele ctanmu Tuna 40[20H13® wmoryt ObITh
3¢ (deKTUBHBI B KadecTBE KPHUOTCHHOTO MaTepuayia ISl BbICOKOHATrpPY>KEHHBIX
JeTanel KpUOTeHHOW TEXHUKHU IMPU OTCYTCTBUM TPEOOBAHHUM MO KOPPO3MOHHOMU
CTOMKOCTH. KommiiekcHoe JIErUpPOBaHUE JVCIIEPCHOHHO-TBEPIACIOIINX
HemarHuTHBIX MN-Ni-V-C craneit ¢ no6aBkamu meau (~ 2%) u monuoaeHa (~ 1%)
MO3BOJISIIOT MOBBICUTH HE TOJIBKO UX KOPPO3UOHHYIO CTOMKOCTH HO U 3HAYUTEIHHO
CHHU3UTh B 3TUX CTaJsIX cojepkanue mapranua [177]. Beenenue 1 — 4%CuB cranu
comepkamiue ~ 0,4% C u 1,4%V 10 — 15% NiuMn, noseiiraer cTaOUILHOCTD
ayCTEHUTA JTUX CTajell K MapTEHCUTHOMY MPEBPAIICHUIO Y — O MPU XOJOJHOU
wiactndeckon  nedopmanuu [178]. JlerupoBanmeMn-Ni-V-C craneid Menpio
MPUBOJUT K TIOBBIIIEHUIO MPOYHOCTU CTaJeH MpU HE3HAYUTEIHHOM CHUKCHUU
IUTACTUYHOCTU M YAAPHOM BSI3KOCTH 32 CUET MHTEHCUKAIIMU TPOIecCca BBIACICHUS
kapounoB VC npu craperun [179]. B Takux cTajnsx Meab HE BXOJUT B COCTaB
KapOMJIOB BaHagusi M He oOpa3zyeT coOCTBEHHBIX BblaeneHuil. Cranu THma
25T 10H1012M® nocne 3akanku ot 1100 - 1150°C u crapenus npu 625 - 650°C —
10 yac o6mamar0T BHICOKOM NPOYHOCTHIO (G, ~ 800 Mma), miacTudHOCTRIO (O ~
30%, ¢ ~ 60%) ¥ MOBBIIIEHHON CTOMKOCTBIO K KOPpPO3UHU MOJ HANpPSKEHUEM B
3,5% pactBope NaCl. Cramp 40THI3/I2M® ycmemHo mpoluia OIBITHOE
onpo6siBanre B [[HUM KM «IIpomereit» u na HIIO «Ixopckuii 3aBox Komu-
HepTb» u HosOpbck-Hedrerasnmpom Kak Marepuan sl KOPCETHBIX TpyO
TEJIEMETPUUECKUX CHUCTEM OYpOBBIX YCTAHOBOK ISl JTOOBIYM HEPTH METOIOM
HanpaBieHHoro Oypenus. [IpoBeneHHoe B Hauane pabOTHI MCCIENOBAHUE CTAlU
37T'10H712M® mnokasajo, u4to 3Ta ctaib mocie 3akaaku 1050°C u crapenus mpu
650°C — 10 yac wWMeeT BBICOKHE 3HAYEHHS IMPOYHOCTH IPH KOMHATHOM
temrepatype (6, = 950 — 980 Mlla, 65, = 830 — 840 MIla) U MOBBINICHHYIO
yIaapHy¥o Bsi3KocTh rpu -196°C (KCV = 1,0 M[x/m?).
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3.5. Craperomue aycteHuTHbIeCr-Mn-Ni cTanu ynpouHsiemble AUCTIEPCHBIMH

gactunamMu VN.

Hemaruutheie crapetomue yriaepoauctbie Mn-Ni-V u Cr-Mn-Ni-Vcranm,
ynpouyHsieMble  kapougamu  VC  MoOryT  OBITh ~ HWCIOJIB30BaHBI IS
BBICOKOHATPY>KEHHBIX ~ M3JCNIUA  KPUOTEHHOM TEXHUKH, K KOTOPHIM HE
NPEABIBISIIOTCS TPEOOBAHUS MO KOPPO3ZUOHHON CTOMKOCTH U cBapuBaeMocTu. s
NOBBIIICHUS HAJIEKHOCTH M JIOJITOBEYHOCTH BBICOKOHAIPY>KEHHBIX CBapHBIX M
KOPPO3HUOHHO-CTOMKUX ~ HW3JIETUN  MEpPCIEeKTUBHO HUCIIOJIBb30BaTh  CTAPEIOIIUE
azorocoaepxkaniie HemarHutHbie Cr-Mn-Ni-V cramu, ynpoussiromeidt ¢aszoii B
KOTOPBIX SIBJISIETCSI HUTPUJT BaHAIUA.

B ormnmmuum or yriaeposa a3or He oOpa3yeT ¢ XpOMOM COEIMHEHUH,
aHAJIOTUYHBIX MO KHUHETHKE 3apOXKJeHUs U pocta Kapouay Mys3Ce, 4TO HOMKHO
ONMaronmpusTHO  CKa3blBaTbCi HA  ypPOBHE  IUIACTUYHOCTH,  BSI3KOCTH U
COIPOTHUBJIEHUSI KOPPO3UU U cBapuBaeMoCTH. PocT wactun M,3Cs onpenensiercs
nuddysueit yrineposa, a HUTpUI0B XpoMa - nuddysueit xpoma. B cBs3u ¢ TeM, 4To
CPOACTBO a30Ta K BaHAJMWIO BBIIIE, YEM K XpOMY, B COJAEpKAIEl BaHAIUWA U a30T
Cr-Mn u Cr-Mn-Ni cranu a30T NpPEerMYIIECTBEHHO CBS3bIBACTCS B HHUTPHIIBI
BaHanud. M3-3a Oonee HU3KOM Au(pGy3UOHHON TMOABIKHOCTU MPU TEMIIEpaTypax
Beire 500°C aTOMOB a30Ta IO CPaBHEHHIO C aTOMaMH YIiepoia B CTPYKType
a30TOCOJIEPKALMX CTAJIel B MPOLIECCE CTapeHUsl JOJIKHBI 00pa30BbIBaThHCS OoJee
JUCTIEPCHBIC HUTPUIBI BaHAAMSA, 4YeM KapOWabl BaHAAUg B aHAJOTUYHBIX
YIJIEPOJMCTBIX CTASAX. Y BAHAAMMCOAEPKAIIMX a30TUCTBIX CTAJIEW B OTIWYHAM OT
IpYruX THUIOB cTane Haubonee 3(P(YEKTUBHO peann3oBaTh OJHOBPEMEHHO
HECKOJIbKO MEXaHU3MOB YIPOYHEHHMs: TBEPAOPACTBOPHBIN, AePOPMAIIMOHHBIN U
JTUCIIEPCUOHHOE TBEpJeHHE. BBeneHne B cTajb a30Ta U BaHaIus B KOJIMYECTBAaX
IpU KOTOPBIX BaHAJAMI MOJHOCTBIO CBS3bIBA€T a30T JOJDKHO IPEAOTBpalaTh
IIPOTEKaHUE MPEPBIBUCTOrO pacnaja M, KaK CIECICTBUE CHU3HTHh OXPYITUYMBAHUE
CTaJIM TP TEIJIOBBIX BBIICPKKAX U YIYUIIUTh €€ CBapuBaeMocTh. [Ipu BBeneHuu

B Cr-Mn-Ni craim ¢ BaHaaweM a30Ta BMECTO YIJIepoja JOCTHUTaeTCsl YIydIlICHHE
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UX MEXaHUYECKUX CBOICTB H3-3a MPEUMYIIECTBEHHOI'O BBIJIEICHUS B IMpoIecce
crapeanst auctepcHbix dactuir HuTpumoB VN. B [180] moxaszano, dro
Huskoyriepoauctas craib X15T'14H8 ¢ 0,39% N u 1,1% V nocrne 3akanku ot
1150°C wu crapenns mpu 650°C B Teuenue 10 gac. umeet: npu 20°C o, = 700
MIla; mpu -196°C KCU=0,4 MJx/M°.

C uenpio pa3pabOTKH HOBOW BBICOKOIIPOYHOM (C MIPENEIOM TEKYYECTH NP
KOMHATHOHM Temmeparype Oosnee 550 MIla) HeMarHuTHOM cTaimu it paboThl TIPH
KPUOTEHHBIX TEMITEpaTypax - UCCICIOBAIN CTPYKTYPY U MEXaHUYECKHE CBOMCTBA
npu +20 u -253°C craperommx Cr-Mn-Ni craseii, ynpoYHSEMbIX HHUTPHIAMH

BaHaaus (Tabmmma 3.13).

Tabmmna 3.13- XuMmuueckunii cocras crajiei, Bec.%.

Ne

1 Craap* C Mn Cr Ni N Vv Si Mo SP

1 06X14AT26H6D 0,06 256 | 13,5 59 0,33 | 0,9 | 0,46 - -

2 | 06X14AT22H6M | 0,06 22,0 | 13,5 5,8 0,33 | 0,8 | 0,47 | 1,50 -

3 06X14AT22H6D 0,06 219 | 135 5,9 0,33 | 0,9 | 0,49 - -

4 05X13AT'18H6D 0,05 18,1 | 13,4 5,8 0,33 | 0,9 | 0,49 - -

5 06X13AT'14H6D 0,06 142 | 13,4 5,9 0,33 | 0,9 | 0,49 - -

6 | 06X14AT22H9®OM | 0,06 22,0 | 13,5 91 0,33 | 09 | 0,46 | 1,48 -

7 05X14AT22HOD 0,05 22,0 | 13,5 9,2 0,33 | 0,9 | 0,46 - -

8 06X13AT'18HOD 0,06 18,1 | 13,3 91 0,31 | 0,8 | 0,48 - -

9 05X13AT'14HO®D 0,05 142 | 13,4 91 0,32 | 08 | 0,44 - -

10 | 05X14AT'10HO9® 0,05 9,8 13,5 9,2 0,32 | 0,9 | 0,43 - -
0,011

11 04X15AT 18D 0,041 | 18,47 | 148 | 068 | 0,31 | 1,04 | 0,38 - 0.013
0,010

12 | 04X14AT18H13® | 0,041 | 18,35 | 14,2 | 13,22 | 0,33 | 0,92 | 0,33 - 0.013
0,11

13 | 05X15AT22H13® | 0,052 | 2256 | 145 | 14,7 | 0,33 | 0,93 | 0,40 - 0.013
0,09

14 | 05X14AT27H10D | 0,047 | 26,77 | 14,6 10,0 0,33 |1 1,02 | 0,34 - 0.013
0,011

15 | 05X15AT'18H15®M | 0,051 | 18,3 | 146 | 146 | 0,32 | 0,98 | 0,32 | 1,61 0.013

*Copnepxanue B ctamsix S, P 0,013 — 0,09%
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ITociie KOBKM CTaaM OBbUIM IMOABEPrHYTH 3akaiake oT 1170°C  mis
NEPECHINICHNsT a30TOM M BaHAJAWEM B pe3yibTaTe pacTBOPEHUS OOJBIIOTO
KOJIMYECTBA HUTPUAOB BaHA/UA W TMOJYUYEHUS MEJIKO3EPHUCTON CTPYKTYphI (C
BEJIMYMHON 3epHa aycTeHuTa MeHee 20 MKM) 3a CYET HEpaCTBOPUBLIMXCS IPHU
HarpeBe IoJ 3aKajKy HUTPUIHBIX yactuil. [locnenyromee crapeHue aiis IIaBOK
Ne5 — 10 mpoBoamu npu Temneparype 650°C B Teuenue 10 vac.

Mukpoctpykrypa cramu X14AI'14H5® (mnaBka 311) mocne ykasaHHOM

TepMUUYECKON 00pabOTKHU MpHBEAcHA Ha pUCYHKe 3.28.
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Pucynok 3.28 - Mukpoctpykrypa ctand X14AT'14H5® nocne 3akanku ot 1170°C u crapenus
pu 650°C 10 uac.

[IpucyrcTBue BaHaus B CTalU MOAABIISET MPEPHIBUCTHIN pacnaj ayCTeHUTA
npu crapeHud. KpymHble BHIMMBIE Ha PHCYHKE BKIIOYCHHS, KaK TOKa3ajl
MUKPOPEHTTEHOCTICKTPAIBHBIN aHalu3, MPEACTaBIseT CO00M CI0KHBIE HUTPUIBI
tura M,N, rae B kauecTBe MeTauTMYecKOl cocTapistoniel npucyrcrpyrot (Fe, Cr,
Mn). B crpykrype craieii ¢ MoOnMOJEHOM, MO CpPaBHEHHUIO CO CTalsiMu 0e3
MOJIMOJIeHa HE HAOMIOAAIM CKOTUICHU HUTPUIOB Ha TpaHuiax 3epeH. OCHOBHOM
ynpouHsiomel  Gpa3oii dtmx craneit Obutd Okpyribie wactunpl (do, ~ 40 A)
HUTpUALl BaHaguss Tuna VN paBHOMepHO pacmpeseleHHble 10 00beMy
ayCTEHUTHOM MAaTPULBI.

[To nmaHHBIM W3MEpEeHHUsS MArHUTHOW MIPOHMIIAEMOCTH OOpasloB IMepen
UCIIbITaHHEeM Ha pacTsokerune rnpu +20 u -196°C, Bce HCCIeIOBaHHBIC CTAIM B

3aKaJ€HHOM U COCTAPEHHOM COCTOSIHUSIX HE cojiepXayid (eppOMarHUTHBIX (a3
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deppura W MapTeHcUTa. MarHuTHas TPOHUIIAEMOCTH () OTUX CTaled He
npesermana 1,005 I'c/a. B crpykrype craneit X14AI'14HS5® (mmaBka 311) u
X14AT10H9® (mmaBka 306) mocie pactsukenus npu -196°C  Habmromanu
HEOOJIBIIIOE KOJUYECTBO MapTeHCUTa nedopmaruu. YBEIHUCHHUE COJCpKaHUS
Mapradma ot 10 mo 14% wnm Hukens ot 5 10 9% B ATUX CTAISIX NPUBOJUT
MPAKTUYECKU K MOJHOMY TOJIaBJIICHUIO MApPTEHCUTHOTO MPEBPAILCHHS B MPOIECCE
ux miactudeckoi aedopmarn mpu +20 u -253°C. BakHON 0COOEHHOCTBIO BCEX
M3YUYEHHBIX CTAJICH MOCIIE PACTSHKEHUS WK yaapHoro u3ruba mpu -196°C ssistercs
Hajguyue OoJiblIoro KoaudectBa TOHKUX (~ 0,07 MKM) nepecekaromuxcs
JBOMHUKOB JedopMaliud pas3IMuHbIX KpUCTALUIOrpauuecKux CHCTEM, KOTOPbIC
o0pa3yroT poMOUUYeCKHe sTUCUKHU CO cpeaHUM pazmepoM 0,2 MKM.

Pe3ynbTaTel MEXaHHYECKMX HCIBITAaHWM crajnerd miaBok NeS - 10 mocine
3aKaiku u crapenus npu 650°C B Teuenune 10 yac mokasaiiu, 4To IIPU yBEINYECHUN
COZIepKaHMsl MapraHia B ctaiud 10 22% pacTyT €€ XapaKTEpUCTUKH MPOYHOCTH
MPUKOMHATHON W HHU3KOM TeMIeparypax W TNajaeT IJIAaCTUYHOCTh U yAapHas
BA3KOCTh (pucyHOK 3.29). Pe3ynbraThl MEXaHMUECKUX UCIIBITAaHUIN CTallel TIaBOK
Ne5-10 mocne 3akanku u crapenus npu 650°C B teuenne 10 yac mokasajim, 4To
IpU YBEJIMYEHUU COAEpKAHUS MapraHua B cranmd g0 22% pactyT ee
XapaKkTepUCTUKA MPOYHOCTA NMPUKOMHATHOM M HU3KON TeMmmepaTypax M Majgaet
IJIACTUYHOCTh U yJapHas BA3KOCTh (pucyHok 3.29). Takoe BiMsHUE MapraHua Ha
MEXAHUYECKME CBOWCTBA YKA3aHHBIX CTAJIEW B 3HAYMTEIIBHOM CTENIEHU CBS3aHO C
CTOBJIMSTHUEM Ha TOBBIIICHHWE PACTBOPUMOCTH HUTPHUIOB BaHAIUs MPU HarpeBe
noJ 3aKkajiky (T.e. C YBEJIMUCHUEM CTEIEHHU MEPECHIIIEHUs Y - TBEPJIOr0 pacTBopa
a30TOM W BaHAJIUE€M) U COOTBETCTBEHHO OOJIBIIIUM KOJMYECTBOM BBIJCIISIONTUXCS
npu ctrapeHuu HUTpUaA0B VN. YBenudueHue B cTaisix cojepkaHusi HUKENS OT 5 10
9% He oka3bIBaeT CYNIECTBEHHOTO BIMSHUS HA MEXaHUYECKUE CBOMCTRBA.

JlerupoBanue cTaiay MOJUOJACHOM B KOJMYECTBE OKOJIO 1,5% cyriecTBEHHO
yJIy4IiaeT IMOoKa3aTeid MPOYHOCTH U TUIACTUYHOCTH B PE3yJbTaTe YBEIUMYCHUS
JUCTIEPCHOCTA W PABHOMEPHOCTH PACTPEICIICHUs] HUTPUAOB 1O 00bEeMy

ayCTEHUTHBIX 3epeH (pucyHok 3.30).
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N3yuennsie cranu mocie 3akanku oT 1170°C u crapenus npu 650°CB Teuenue 10
gac wMenmd mnpu +20 u -196°C mMOBBINICHHBIC 3HAYEHHWS MPOYHOCTH W
IUIACTUYHOCTH, HO HHU3KYI0 yAapHylo Bs3kocTh mpu -196°C. Pesynbrars
UCIIBITAHUM CTaJIed TMOCJE€ pa3JInYHbIX TEMIIEpaTyp W BPEMEHU CTapeHUs
o
MOKA3aJIM,YTO MPU CHWKEHUHM TemriepaTypsl ctapeHun ot 650 go 600°C wnm ot
MPOJOJDKUTEILHOCTH cTapeHus: oT 10 10 5 Yac CylIeCTBEHHO MOBBIMIACTCS UX

yaapHas Bsa3KocTh mpu -196°C mpH HE3HAYMTEIHHOM CHHKEHHHM IIPOYHOCTH

(Tabnuia 3.14).

og, MlNa 20°C og, MlNa -196°C

D
Go2
5004 500+
AO-5%Ni

A®-9%Ni
Om-15% Mo
T ] T T | T

10 14 18 22 26 10 14 18 22 26
Mn, % Mn, %
o.w % 20°C S, W% -196°C
60 - v

30 +

10 14 18 22 26
Mn, % Mn, %
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KCU, MOx/m? -196°C
0,8 1

0 I [ I
10 14 18 22 26

Mn, %
Pucynok 3.29 - BausiHue copepkaHusi Maprasiia Ha MexaHuueckue cBoiictsa mpu +20 u -196°C
craneit X14AI'1426H5® u X14AI'1022H9®nocne 3akanku ot 1150 u crapenus.
npu 650°C 10 gac.

100 MmKm

a x 450
Pucynok 3.30 - a) Mukpoctpykrypa cranu X14AI22H9OM nocie KOBKH U 0) 3aKallkk OT

1170°C + crapenue 650°C 5 uac.

Hanﬂquee COUYCTAHUC MCXAHHNYCCKUX CBOfICTB JOCTUT'AJIOCH y cTajJin
X14I'22H9A®M rocne crapenns 650°C B Tedenue Suac. (g, = 800MIIa mpu
KCU™® = 0,88MIx/m?).

VYBennuenue COACPKAaHHA HHUKEIA B aYCTCHHUTHBIX HCPIKABCIOIIUMX CTAJIAX,
KaK HpaBI/IJ'IO IIOBHIIIIACT UX INNIACTUYHOCTH U yz[apHon BSA3KOCTH HpI/I KOMHaTHOﬁ n
KPUOTEHHOW TeMmIeparypax 3a cueT Oosiee pPaBHOMEPHOIO paclpeaesieHus
,I[I/ICJIOK&I.[PI?I, BBI3BAHHOI'O IMOBBIIICHUEM SHCPIrUU ,I[C(i)CKTOB YIIAaKOBKHU ayCTCHHUTA

3TUX CcTajed. B CBsA3M C 3TUM s JadbHEMIIErO YJIYYIICHUS COOTHOIIEHUS
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OPOYHOCTH W IUIACTHYHOCTH HCCIEAOBAHHBIX CTaliell M3ydalu cTajau ¢ Ooiee
BBICOKHM cojiepkanneM Hukemst (mopsiaka ~ 13%) mocie 3akanku ot 1170°C u
crapenus npu 650°C B Teuenue 5 yac. (tabmuia 3.15).

Pe3ynbpTaThl HCIBITAHUN MTOKA3aJIM, YTO [IPU TAKOM BBICOKOM COAEpPKaHUU
HUKEJIA y CTalled MOCe YKa3aHHOTO PEeKMMa CTapeHUsl HE TOCTUTAETCs
MTOBBIIICHUS YPOBHS MEXaHMYECKUX CBOMCTB. Tak, Hanmpumep, ctainb X14AI'18D

(mtaBka 486) no cpaBHeHUO co ctanbio X 14AI'18H13® (mnaBka 485) umeer

Tabmuua 3.14 - MexaHuyeckre CBOMCTBAa XPOMOMAPTaHIIEBOHUKENIEBBIX CTaJel MOCIE 3aKaJIKU

or 1170°C u crapenus.

cTapeHue
Ne 60,2, 0, KCU,
} Cransb o Bpewms, ?
MJIaBKH T, C MHa % MIl)K/M
yac.
600 5 490/* 43/- 2,29/0,9
650 3 480/ 45/- -10,77
306 X14AT'10H9AD
650 5 495/ 42/- 2,22/0,85
650 10 411/992 45/52 -/0,8
600 5 545/- 40/- 2,19/0,72
650 3 522/- 41/- -10,77
307 X14AT'T4HOA D
650 5 425/- 40/- 1,94/0,46
650 10 510/1150 43/43 -/0,51
600 5 571/- 45,0/- 1,91/0,53
650 3 582/- 45,2/- -/1,43
311 X14AT'14H5AD
650 5 610/- 45,6/- 1,88/0,43
650 10 710/1430 39/32 -/0,343
600 5 511/- 46,0/- 2,60/0,88
650 3 589/637 42,0/- 1,92/0,78
314 X14AT22H5AOM
650 5 856/- 37,0/- 1,77/0,55
650 10 861/1470 40/12 -/0,27
600 5 -/- - 2,38/0,88
650 3 -/- 40/- -/0,55
310 X14I22H9AOM
650 5 800/- 32/- -/1,88
650 10 861/1480 27126 -/0,25

* B yHCIIUTENE IPUBEIEHBI CBOMCTBA TIpH +20°C

B 3HamMeHaree npu -196°C

165




CYILLECTBEHHOE MPEUMYILECTBO 0 MOKA3ATENSIM IMPOYHOCTH U IJIACTUYHOCTH IPH
+20 1 -196°C (tabmuua 3.15).

[ToBuaMMOMY, OTPHULIATEIBLHOE BIMSIHUE BBICOKOTO COAEpKaHMsI HUKEIS Ha
CBOMCTBA CTapeIOIIMX CTAIEH B 3HAYMTEIBHOM MEpE CBS3aHO C €ro BIMSHHUEM Ha

CHUKXCHHC PACTBOPUMOCTHU HUTPHUAOB BaHAAUA IIPU HAI'PCBC 110/ 3aKAJIKY.

Tabnuna 3.15 - MexaHnueckrue CBOMCTBA XPOMOMAPTaHIICBOHUKEIIEBBIX CTANIEH TOCTE 3aKaIKh

ot 1170°C u crapenust ipu 650°C B TeueHue 5 4acos.

Ne KCU,
Craib Gy, MIla | 6o, MIla 3, % v, % )

IIJIABKH M/JTx/m
488 X14AT22H13® 969 663 28,0 38,6 0,59/0,15
489 X14AT26H9D 1052 810 17,0 28,8 0,38/0,08
491 X14AT'18H13®M 958 584 33,2 60,7 1,89/0,53
485 X14AT'18HI3® 900 529 26,8 43,5 1,39/0,33
486 X14AT'18D 965 585 45,8 64,4 1,52/0,56

* B yMCIIUTENE IPUBEIEHBI CBOMCTBA pH +20°C

B 3HamMeHaree rnpu -196°C

CHIKEeHHE TPOYHOCTH TaKOM CTald OOYCIIOBJIEHO MEHBIIUM KOJIMYECTBOM
BBIICIISIFOIIMXCS TIPU CTAPEHUW YaCTHI] M3-3a MEHBIIIETO MEPECHIICHUS Y-TBEPAOTO
pacTBOpa a30TOM M BaHAJWEM, a CHIDKCHHE TUTACTHYHOCTH W YAApHOHN BSI3KOCTH 3a
CUET YBEJIMYCHHS KOJIMYECTBA KPYMHBIX HE PACTBOPUBIIUXCS TMPU 3aKAJIKe
HUTPUIHBIX YaCTHII.

®pakTorpaduyeckoe UCCIeI0BaHUE O0pa3IoB, UCHBITAHHBIX Tpu +20 U -
253°C cramun X14AT22H9®DM, 06paboTaHHBIX 110 ONTUMAJIBHOMY PEXHMY,
MOKA3aJI0, YTO BS3KUI SIMOYHBIN XapaKTep pa3pyIICHUS COXPAHICTCS BIUIOTH O -
253°C (pucynok 3.31).

Y4YacTKi CIIaKCHHBIX ITOBEPXHOCTEH, TOSBJAIONIMECS B OOJIBIIIOM
KOJMYECTBE B U3JIOME TIOCIE pa3pylieHUs MPU KPUOTEHHBIX TEMIIepaTypax,
MPOSIBJISIIOT CJIEbI AaKTUBHOW CIABUTOBOM AedopMaliki B BUJE TOJOC CTYIEHEK
CKOJIbKEHUS. XapakTep MHUKpopenbeda, Takum o0pa3oM, CBHIETEIBCTBYET O
OONBIIIOM 3amace IUIACTUYHOCTH TPU KPUOTEHHBIX Temreparypax. Craib

X14AT'T4H9®M  otrnuuaer OJaronpusiTHOE COOTHOUIEHHUE BHYTPHU3EPEHHOU
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CIABUIOBOM W  MEXK3ECPEHHOM OTPBIBHOM IPOYHOCTH  IPEIONPEACIIAIONIEe
peAIN3alMi0 BBICOKOW BSI3KOCTHM pPa3pylIEHUs B YCIOBUSX CTaTHYECKOTO U

YAApPHOT0 HArpy»EHHUsI BO BCEM HCCIIEIOBAHHOM MHTEPBAJIE TEMIIEPATYD.
T VIR v T S -

Pucynok 3.31 -

@pakTorpaMMsbl CTAIN
X14AI'22H9®M nocne
ucnbiranuii npu: +20°C (a, 0);

-196°C (8,r); -253°C (x).

x1500

HccnenoBana CTpykTypa M MEXAHUYECKHE CBOMCTBA AyCTEHUTHOW CTalln
02X18H10AT'12M®b (0,34% N, mmaBka 21 tabnmuna 3.13) ¢ NMOHMKEHHBIM
colepaHueM yriepoga W jAo0aBKaMu HUOOWs. Y OTOH CTalid BO3MOXKHO
peann3oBaTh OJHOBPEMEHHO KOMIUIEKCHOE YIpPOUYHEHHE  (TBEpJOpPacTBOPHOE,
3epHOTPAaHUYHOE U JUCTIEPCHOHHOE). XUMHYECKUN COCTaB 3TUX CTaJIel BBHIOpaH C
ydeToM oO0ecnedeHusl 3aJaHHOW pPAacTBOPUMOCTH a30Ta B KUAKOW CTamud u
CTAaOWJIBHOCTH ayCTEHHWTA B TIPOIIECCE TUIACTHYECKOW JedopMamuyl MPU HU3KUX
temneparypax. 1,3 -1,4% Mo BBoAgWIM B CTAJIU ISl YBEJIMUCHUS TUCTIEPCHOCTH U
pacnpenesieHus HUTpua0B BaHaaus, a 0,10 — 0,11% Nb a1 nmosHOro pactBopeHwus
IIPY HArpeBe MOJI 3aKaJKy HUTPHUIOB BaHAIUS MPU COXPAHEHUU MEIIKO3EPHHUCTOU
CTPYKTYpHI U3-3a HEPACTBOPUBIIUXCSI MIPH HArpeBE HUTPUAOBHUOOUS. DTy CTajb

sakamuBaii ot 1170°C u crapwmu npu 600 — 650°C B Teyenue 5 u 10 gacos.
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MUKpOCTPYKTYPHBI aHAJIW3 MOKa3aJl, YTO 3Ta CTajb IOCIE 3aKaJKH HMEIOT
MEJIKO3EPHUCTYIO CTPYKTYpPY C BEIMYMHOM 3epHa aycreHutra Yy = 10 MKM u
HEOOJIBIINM KOJMYECTBOM OTHOCUTENIbHO KpynHbIX (0,3 — 0,8 mxm) wactuir NDN.
B ctpykrype ctamu mocie crapenus npu 650°C Habmoganu 60IIbII0e KOJIHIECTBO
nucnepcHbx (40 — 60 A) paBHOMEpHO pacrpeieieHHEIX B 00beMe ayCTEHUTHBIX
3epen ydactull VN. BaxxHolt 0COOEHHOCTBIO CTPYKTYPhI HCCIIEIOBAHHBIX CTallel
IOCJIE PacTSHKEHUS WIM yaapHoro wusruba npu -196°C  sBisercs Hamudume
Oonpmioro  kojudectBa TOHKUX  (okosno 0,07 MKM) mepeceKarouuxcs
nedopMallMOHHbIX JIBOWHUKOB, KOTOpbIE OOpa3ylOT pPOMOHMYECKHE SYEHKH CO
cpenHum pazmepoM okoJio 2 MkMm. Ctane 02X18HIOAI'12M®b nocrne 3akanku ot
1170°C u crapenus 650°C - 5 yacoB umeer cienyromiue cBoiictsa: npu -+20°C o,
= 1020 MIIa, 6o, =650 MIIa, & = 44,5%, KCU = 2,69 MJ[x/M°, ipu -253°C 6,=
1790 Mlla, oy, =1520 Mlla, 6 = 39,1%, KCU = 0,69 MI[)K/MZ. YpoBeHb ATUX
CBOMCTB 3aBUCUT B OOJbIIEH Mepe OT KOJIMYECTBA BBIICIUBIIMXCSA B IPOLECCE
ctapenus yactuil VN.

Kak BunHo Ha pucynke3.32 ctans 02X18H10AT'12M®b mnocne 3akaliku OT
W CTapeHus Uil T[OJydeHus mnpenena Tekydectd He Bbie 900MlIla

XapaKTEepU3yeTCs  MOBBIIEHHOW  YJApHOW  BA3KOCTBIO IIPU  KOMHATHOWU

TeMIiepaType.
1400 KGU,
Gy 20 MOx/m?
1200 ’ 3.0
®
[ 1000 - o5
Eﬁ 800 - 20
o
B 600 |15
400 1.0
200 - 05
KCU -253°C
0 | | | | T T 1 0
0 0,2 0.4 0,6 0.8 1.0 12 1.4
VN, %

Pucynoxk 3.32 - Bausaue %VN Ha 602 1 KCU cranu 02X18H10AT' 12M®b.
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OaHako MpH CHWKEHHH TeMIeparypbl wucmbitanus a0 -253°C  ymapHast
BA3KOCTh CTalld PE3KO TMajaeT, 4To OOYCJIOBIEHO OOJBLIIMM KOJUYECTBOM
BBIICJIUBIINXCS NPU CTapEHUM HUTPUIOB U HU3KUM ypoBHeM DJ1Y (Menee 20

2 .
MJI>x/M”) aycTeHuTa 3Toi cTasu.

Cranpy 02XI8HI2I'IIAM® B CTPYKTYpHBIX COCTOSIHUAX IIOCII€ KOBKH,
KOBKH ¢ rmocieayrommmMu 3akankoit 1150°C u crapennem mpu 650°C 10 gacos,
MUMeeT BbBICOKYIO mpodHocTh mpu +20°C (op,= 770 - 827 MIla) U BBICOKYIO
yIApHYIO BSI3KOCTh B MHTEpBale TemiepaTyp oT +20 g0 -196°C (tabmuma 3.16). B
pa3yIpOYHEHHOM COCTOSHMK Tocie crapenus mnpu 750°C — 10 wac cramb
COXpaHseT TOBBIIICHHYIO YAApHYIO BS3KOCTb. Bce wuccienoBaHHbIE MOCHE
UCIIBITAaHUSI HAa YAAQpHBIA HM3rM0 H3JIOMBI UMEIU SIMOYHOE CTPOCHHE MPHUCYIIE
BA3KOMY BHYTPU3EPEHHOMY pa3pylLIeHUIO (aCEeTOK CKOJa, CBUAECTEIbCTBYIOMIUX O
Pa3BHUTHH TPEIIUH HE OOHAPYKEHO, B TOM YKCJIE U MOCIe UcbiTanus mpu -196°C.
BennunHa ~ ygapHOil  BA3KOCTH — KOppPEIMPYET € pa3MEpPOM  SIMOK.
MUKpPOCTPYKTYpPHBIE HCCJICIOBaHUSI TMOKAa3aJiM, YTO IMOBBLIIIEHUE TEMIEpaTyphbl
Harpesa 1o 3akaiky or 1000 go 1200°C nmpuBOIHUT K POCTY ayCTEHHTHOTO 3€pHA
or 15 mo 70 wmxm. Ilocme 3akamku ot 1150°C y cramm coxpaHseTcs
MeJIKo3epHucTast cTpykrypa (~ 20 MKM) ¢ OONBIIUM KOJMYECTBOM JIBOWHHUKOB.
Harpes nocine 3akanku npu 650°C B Teuenne 10 yac NPUBOIUT K YMEHBIIECHHIO
rapaMeTpa KpUCTAIUIMYECKOM pemeTrkn ot 3,612 no 3,608 j\, YTO CBSI3aHO C
pacnajoM MEPECHIIIEHHOI0 a30TOM Y - TBEPAOTO pPacTBOpa C BBIIEIECHUEM
nucnepcHbix (~ 60 A) gactull VN. Ilo 1aHHBIM 3JI€KTPOHHOMUKPOCKOTMYECKOTO
WCCJIEIOBAHMSI YCTAHOBJIEHO pa3iuyKMe B CTalM TOCJI€ KOBKM HaHOpPa3MEpHOMN
CyOCTpyKTyphl, oOpazoBanHOW oueHb ManbiMu (50 — 300 HM) ydacTkamw,
CBOOOJHBIMM OT JHWCJIOKAIM{, OKPYXEHHBIMU TpaHUIlAMU C [IHAPOKUMHU
JUCIIOKAITMOHHBIMU KITyOKaMHU.

DNEeKTPOHHOMHUKPOCKOTIMYECKOE HMCCIIEIOBAHUE TOHKHUX (DOJIBT M3yYEHHBIX
craieit nocne 3akajaku oT 1170°C mokasajao TMIMYHYIO ayCTEHUTHYIO CTPYKTYPY C

nBoHUKaMu (pUcyHOK 3.33 a) u nedexramu ynakoBku (pucyHok 3.33 0),
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Tabmuna 3.16 - Mexanudeckue coiictBa cramn 02X18HI2I'T1IAM® (0,34%N) mnocne

Pa3INYHBIX TePMOAePOPMALIMOHHBIX 00PaOOTOK.

Temneparypa G, 00,2, J, 0, KCU,
O6paboTka )
ucneiTanusg,’C | MlIla | Mlla % % MJx/m
20 990 827 39 58 2,28
0 2,56
Koska -40 1,89
-70 1,70
-196 1,45
20 1050 | 470 44 62 2,81
KogBka+

0 2,25

3akasika 1150°C+
-40 1,90

crapenue 650°C-
-70 1,60

10Quac.
-196 1,10
20 750 495 31 52 1,98
KoBka+

0 1,98

3akasika 1150°C+
-40 2,44

crapenue 750°C-
-70 1,70

10uac.

-196 1,35

Pucynok 3.33 - CtpykTypa HeMarouTHou BeicokonpoyHoi ctanu 04X 181'18AH8OM

XapaKkTepHyIo Ui ctaneil ¢ Huzkod DY, n Hamuuue HeOOIbIIOro KOJIMYECTBA
(0,3-0,6 macc.%) otHOcuTenbHO KpymHBIX (0,2-0,7 MmxkMm) gactuir VN.
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[lo nanHBIM KM3y4eHHs] TOHKUX (OJBI TaKOE€ MOBBIIICHHE MTPOYHOCTH MOCTE
craperus pu 650°C mpoaoKUTENBHOCTHIO 0 30 Yac 00yCIOBICHO BhIICICHUCM
Gonbmoro komuuectBa Menkux (30-100A) wactun (pucyHok 3.34 a, 6). Ha
AIIEKTPOHHOTpAaMMax MOJYYEHHBIX OT MaTpHIBI C TaKMMU YacTHIIAMH, BOJIM3U
MATPUYHBIX OTPAXCHUU HAONIONANNCh Clladble pa3MBIThIE  OTPAXKCHHS] OT
BbIIeTieHUH (pucyHOK 3.34 B). CUMMETpHUS U MECTO UX PACIIOIOKCHUS TIOKa3aIH,
YTO KPHUCTAJUIMYECKAsl PELIETKa 3TUX YacTHUIl M30MOp(HA pPEIlIeTKH ayCTeHUTa, a
NepuoAbl €€  HECKOJbKO  Oompmie. B cooTBercTBUM ¢ JaHHBIMHU
PEHTTEHOCTPYKTYPHOTO aHallM3a JJIEKTPOJIUTHYECKH BBIICNECHHBIX W3 CTad

OCaAKOB OTH BBIACIICHUS ABJIAIOTCA HUTPUAbI BaHAAWA THUIIA VN.

B T
Pucynok 3.34 - Ctpykrypa HemarHuTHoi ctanu X21AI'14H9®2 (nmaBka2) mocine 3akajaku OT

1200°C u crapenus: a — 650°C - 10 gac, x 26000;6 -650°C - 100 gac, x 30000;

B — 3JIEKTPOHHOTPaMMa yJacTka ¢ Meakumu yactunamu;r - 800°C — 5 gac, x 15000.

YpoBeHb MPOYHOCTH U TUTACTUYHOCTH W3YYEHHBIX CTaJeid 3aBUCUT B
OoJibllield Mepe OT O0OBEMHOW JOJU BBIACIAIONIUXCS Mpu cTapeHud dacTtuiy VN

(pucyHok 3.34), KOTOPYIO JIETKO BapbUPOBaTh U3MEHEHHEM COJCPKAHUS BaHAIUS
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U a30Ta B CTald WIH pPEKUMaMU TEPMHUECKONH 0O0pabOTKM Haisi CTald Npu

MMOCTOSIHHOM KOHOCHTPpAaOWM a30Ta W BaHaAWA. C YBCIIMYCHUCM KOJIMYCCTBA

MaTpUYHBIX BBIICJICHUN HuTpuaa BaHagus g0 0,9macc.% gocrturaercs

3HAYUTEIBbHOE MOBBIIIEHUE POYHOCTH (Gp, A0 1150MIla) cranu nmpu coxpaHeHun
VIOBICTBOPHTENBHOM yaapHoii Bsiskoctr (KCU=0,8MIx/M?). Tlpu naisHeiimem

YBCINYCHUN 00BeMHOM JOJIN I‘I.’:lCTI/IHVN npeacia TCKYUYCCTH HCE3HAYUTCIBHO

pacTteT, a YyJIapHas BS3KOCTb CHHXKACTCS [0 BEJIWYUHBI, 3aTPYIHSAIOLICH
IIPAKTUYECKOE UCIOJIb30BAHUE CTAIH.
C LEJIBIO OTIPEICIICHUS BO3MOXHOCTH MIPUMEHCHUS JUISL

HU3KOTEMIIEPATYPHOU TEXHUKH HEMAaTrHUTHBIX CTAPEIONINX CTAJICH, YIPOYHIECMBIX
HUTPUJAMHU BaHAJMs, M3YYCHBI CTPYKTypa M cBoicTBa aycTeHUTHBIX Cr-Mn-Ni
CTaJIe C OTHOCHUTENhHO HEeBBICOKMM conepxkanuem 0,18-0,43%N u 0,5-1,7%V
[181, 182]. CocraB cramm (tabsuua 3.17) BbIOpaH ¢ ydeToM oOOeCICUCHHS
3aJIaHHON PAaCTBOPUMOCTH a30Ta B KUJKOW CTalld M CTAOMJIBHOCTU ayCTEHUTHOMN

CTPYKTYPBI B IIPOIIECCE MIACTUYECKON Ae(POpMALIMH NTPU HUZKUX TEMIIEpaTypax.

Tabmmma 3.17- XuMuuecknii cocras craiieil, Mmacc.%*.

Craabp C Mn Cr Ni N \Y/ Mo
X14AT'14H5® 0,06 14,2 13,4 59 0,33 0,9 -
X14AT'18H5® 0,05 18,1 13,2 59 0,32 0,8 -
X14AT22H5® 0,06 21,9 13,5 59 0,33 0,8 -
X14AT26H5® 0,06 25,6 13,5 59 0,33 0,9 -
X14AT'10H9D 0,05 9,8 13,5 9,2 0,32 0,9 -
X14AT'14H9® 0,05 14,2 13,4 91 0,32 0,8 -
X14AT'18H9®D 0,06 18,1 13,3 91 0,31 0,8 -
X14AT22H9D 0,05 22,0 13,5 9,2 0,33 0,9 -
X14AT'18H13® | 0,41 18,4 14,2 13,2 0,33 0,9 -
X13AI22H13® | 0,52 22,5 14,5 12,7 0,32 0,9 -
X14AT22H5®M | 0,06 22,0 13,5 5,8 0,33 0,8 1,50
X14AT22H9®M | 0,06 22,1 13,5 9,1 0,32 0,9 1,48
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X14AT'18H13OM | 0,04 18,3 14,6 13,5 0,32 1,0 1,61

X14AT'15H4®M | 0,01 15,0 13,1 4,2 0,18 0,6 0,75

X14AT'17H6®M | 0,01 16,5 13,2 6,0 0,23 1,0 1,00

X14AI22H9®M | 0,02 21,2 13,2 9,6 0,37 1,3 1,40

X14AI22H11OM | 0,04 22,0 15,2 11,0 0,39 1,5 1,60

X16AI23H120M | 0,05 23,2 16,4 11,5 0,43 1,7 1,80

*Coneprxanue Bo Bcex cramsax Si— 0,33 -0,49%; Su P <0,02%; Nb-0,1-0,2%.

CBoiicTBa CTalld CBSI3aHO C €0  BO3JCHCTBHEM HA TOBBIIICHUE
PacTBOPUMOCTH HUTPHUJIOB BaHAAUs MIPU HArPEBE O] 3aKaJIKY (T.€. C YBEIMUYCHUEM
CTENIEHU TIEPECHIIIICHUSI Y-TBEPJOrO0 pacTBOpa a30TOM W BaHAJIUEM) W,
CJIEIOBATEIbHO, C OOJBIITUM KOJIMYECTBOM BBIJCIISIIONTUXCS TP CTAPCHUH YaCTHUIL
VN.

VYBenuueHne KOHIEHTpaluu HHUKeIs oT 5 10 9% B cramaix ¢ 14%Mn
HE3HAYUTEIBHO BIIMSIET HAa UX MEXaHMYeCKue CBoMcTBa. JlermpoBaHue craiu
X14AT22H9® MonubAeHOM, CHIKAIOUIMM TaK K€ KaK M HHUKEIb BEPOSTHOCTH
obOpazoBanus jaedekToB ymakoBku [183], B kommuectBe 1,5% cyimecTBeHHO
yJIy4liaeT TMoKa3aTelid MNPOYHOCTH B pE3ysbTaTe€ YBEJIUYCHUS JUCIIEPCHOCTH
HUTPUIOB W IUIACTUYHOCTH B cieAcTBUE moBblmieHus /1Y aycrenurta mo 25-30
M/[x/m°. V3ydeHHble cTamm 6e3 MoiHOAeHA ¢ coiepxkanmeMm Oomee 14% Mn
rocie 3akaaku u craperust ot 650°C — 10 yac UMen BBICOKYIO TPOYHOCTH TPH
+20 u -196°C, HO HU3KYI yaapHyro Bs3kocTh mpu -196°C. Ilpu yMeHbIIEHUH
KOJIMYECTBA BBIACISIIOLIMXCA TMPU CTAPCHUM HUTPUAOB BaHAIUsI B pPeE3yibTaTe
CHIDKEHUS Temmeparypsl crapeHuss or 650 go 600°C wiu  cokpalieHus
pOIO/UKUTENBHOCTH cTapenust npu 650°C or 10 g0 5 wac CymieCTBEHHO
HOBBIIIAETCS UX YAapHas BA3KOCTH B HMHTEpBaje Temieparyp ot +20 mo -253°C
IPU COXPAHECHUU IMOBBIIMIEHHOW MPOYHOCTH. JIydlimid KOMIUIEKC MEXAHHUYECKHUX
cBorcTB nocturaerca y crtamm X14AI22HIM® nocne 3akankyd M CTapeHUs IpU
650°C — 5 gac. Crans X14AT22HIM® [184] mocie ykazaHHOU TepMOOOpabOTKH

06J1az[aeT HU3KOU YYBCTBHUTCIIbHOCTBIO K KOHICHTPAIUH HaHpH)KeHI/Iﬁ n HUMCECT
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XOpolIee COYETaHUE MPOYHOCTH U YJIOBIETBOPUTEILHOM MJIACTUYHOCTU U yIApPHOU
BSA3KOCTH B HHTEpBaje Temieparyp oT +20 mo -253°C (o, = 970 — 1920 MlIla, oy,
= 700 — 1600 MIlIa, 6 = 14-31%, KCU =0,6—2,1MI[>K/M2). Orta cTajdb II0
KOMIUIEKCY MEXaHMYECKHMX CBOMCTB B HMHTEpBaje Temmeparyp oOT -253 mo+20°C
CYILIECTBEHHO MPEBOCXOJUT NPUMEHAEMbIE B KPUOTEHHON TEXHHUKE aHAJIOTUYHBIE
HEMAarHUTHBIE CTAJIU.

JlobaBku MOIMOACHA W BaHAIWSI B KOJIWYECTBAX OKOJIO 1% Kaxmgoro
OKa3bIBaeT OJarompusiTHOe BO3JCHCTBUE Ha (QOPMUPOBAHUE CTPYKTYpPhl H
MEXAHUYECKUX CBOWMCTB CBAPHBIX COCUHECHUMN.

Uccnenosanne ctamu 04X18I'18SAHSM® ¢ 0,43% N (mnaBka 24 Tabnuia
13) mocne 3akanku ot 1170°C u crapenus 650°C B teuenue 3, 5 ,10,15,20 u 30
4acoB MOKa3aJio, YTO MPU HAIMYUKU B CTPYKTYpPE ITOM CTalIM BBIACIUBIIUXCS MPHU
crapernn yactul] VN B koimuectse 0,4 — 0,6% Bbicokasi mMpoyHOCTh (Goo =710 —
830MIla) mpu KOMHATHOW TeMIIEpaType COYETAETCS C TOBBIIICHHOW yIapHOM
BSI3KOCTBIO IPH TeMmieparypax -196 u -253°C (KCU = 1,2 u 0,8 M/Tx/m°.

BriBoabl mo 3 riase
1. B npouecce kpucrammmzauuu cruiaBa 05X22AT'1SHS8M2®  dopmupyetcs
TOHKOCTOJIOUATAasl IEHAPUTHASI CTPYKTYpa, B KOTOPOM JACHAPHUTHI 10 CPABHEHUIO C
MEXICHAPUTHBIMU TPOCTPAHCTBAMU OOOTAIlIeHbl XpOMOM U MoaubaeHom. B
CTPYKTYyp€ JUTOro cIuiaBa, nocie 3akaiku ot 1100°C Habnroganu ManoyrioBble
IPaHUIIbI, KOTOPbIE (PPAarMEHTUPYIOT KPYIHBIC ayCTEHUTHBIE 3€pHA U HEOOJBIIIOE
KOJIMYECTBO JICHAPUTHBIX BBIJICICHUM Ha rpaHuUIaxX 3epeH. ['oMoreHuzanus npu
1200°C — 3 9 + 3akanka or 1100°C mpuBOIWT K HM3MEIBYEHHUIO IECHIPUTHOMN
JIMKBALIUH.

2. Jlutoit crutaB 05X22AT'1SH8M2®, nocne romorenunsamuu npu 1200°C-3 yac u
nocienyrorieit 3akanku oT 1100°CobnagaeT BpICOKO#M MPOoYHOCTHIO (0,=820 MIla,
00,2,=437 MIla), noBsIeHHO# TIACTUYHOCTHIO (0=77%, Yy=48%).

3. PentrenodazoBeiii ananu3 ctaim 05X20AI'TOH3M® B iMTOM COCTOSIHUU TO-
Ka3aj, 4To MpU CHUXKEHUU coxaepxkanus azora ot 0,53 mo 0,40% dopmupyercs

nByx(a3Has ayCTeHUTO-(heppUTHAs CTPYKTYpa, B KOTOpOH MpUcyTcTBYyeT -35% o-
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¢a3bl, u cranb ctaHoBUTCA MarHuTHOM. [locne Harpesa moj 3akanky ot 1200°C B
pesynbTaTe pactBopeHuss kapOooHuTpuaoBCIrV(C,N) B cTpyKType JIMTOM cTanmm ¢
koHueHtpamueit 0,40% N komudyecTBo heppoMarHUTHONO-(Pa3bl YMEHbIIAECTCS 0
18%.

4. C noBbIIIEHUEM TeMIIEpaTyphl HArpeBa UCCIEAOBAaHHBIX CTaJeH MO/ 3aKalKy OT
1100 mo 1200°C u3-3a pactBopenus yactuil CrV(C,N) yBennuuBarOTCs MEPUOIbI
KPUCTAJUIMYECKOW peleTkn aycreHura ot 3,619 no 3,6221& y cTamm
05X21AT'10H3M® u ot 3,618 no 3,620 A y ctanu 05X20AT'10H3M®. IIpu sTom
COJlep)KaHUE a30Ta B AYyCTEHUTE YBEIMYMBAETCS, YTO JAOHDKHO NPHUBOJIUTH K
YIPOYHEHUIO CTaJIH.

5. Ilo paHHBIM  BJIEKTPOHHO-MHKPOCKOMHMYECKOTO  HMCCIEIOBAaHUSA  CTallb
05X21AT'IOH3M® ¢ conepxxkanuem 0,53%N B JIUTOM COCTOSIHUM UMEET
ayCTEHUTHYIO  CTPYKTYpy C  HEOOJNBIIUM  KOJUYEeCTBOMO-(pepputa U
yabTpagucnepcHbix  yactull  kapoouutpunaCrV(C,N), mpu stom S-deppur
pacmoyioKeH B BHUAE MPOCIOCK MEXKAYy 3€pHAMU ayCTEHUTa, IUIOTHOCTb
JUCJIOKAIMi B KOTOpOM HMXKe, ueM B O-¢peppure. Crams 05X20ATI'TOH3M®
(0,40% N) o cpaHenuio co ctanbio 05X21AT'10H3M® (0,53% N) umeer ot
e (a30BbIN COCTaB, HO MPHU OOJIBIIIEM KOJIUYECTBEO-(heppuTa.

6. Ilocne 3akanku ot 1100°C B crpykrype nuroi cramu 05X20AT'TOH3MOD ¢
0,40%N kpome ayctenuta,d-peppura u kapoouuTpuaoBCrV(C,N) npucyrcTByior
KPYIHBIE YaCTUIIBI OTpaHeHHON GopMbl %-(a3bl, KOTOpble MOTYT CHUXKATh
MJIACTUYHOCTD CTaJH.

7. BI'HK sBasiercs ogHuM U3 3(P(EKTUBHBIX CIIOCOOOB YIYUILIEHUS CTPYKTYpbI
JUTBIX 3arOTOBOKBBICOKOA30TUCTHIX cTaliei. Jlennputel B oOpasiax nocie BITHK
0oJee OJTHOPOJHBI MO0 XMMHUYECKOMY COCTaBYy, Ye€M JIEHIPUTHbIE 0Opa3OBaHMs B
obpasnax nocne PK. Ilpomexypa romoreHusarum crnocoOCTBYET BBIPABHUBAHUIO
XUMHUYECKOTO COCTaBa Ha TPAHUIIE «JICHIPUT-MEXKICHIPUTHAS 00JIaCTh» 3a CUET
JAaCTUYHOTO PACTBOPCHHUS JICHIPHUTOB.

8. Topsiaast nmpokarka cranud 05X19AT 10H7M2®B npu 950 u 1100°C npuoaut K

(bOpMHPOBAaHUIO KAYECTBEHHO OAMHAKOBOM CYOCTPYKTYpBI ayCTE€HUTA, HO ¢ Oosee
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BBICOKOHM IUIOTHOCTBIO JHMCIOKAIMi TpH IpokaTtke mpu Temmeparype 950°C. C
HaJIMYMEM B CTPYKType CTaau Tocie mpokatku mpu  950°C yiabTpaancrepcHbIX
BbIICJICHUI KapOOHUTPHUIOB U 00Jiee BHICOKOM IIOTHOCTBIO TUCIOKAIMM CBS3aHa
Oosiee BbICOKasi mnpodyHocTh (o, =1058 Mlla, oo, =957 Mlla) u ™meHblas
mwiacTUaHOCTh (8 = 31,4%, v = 66%) 110 cpaBHeHHMIO ¢ TpokaTkoi pu 1050°C (o,
=1363 Mlla, 6o, =1171 MlIla, 6 = 15,8%, v = 64%).

9. Oco0eHHOCTBIO ayCTeHUTHOM CTpYKTypbl ctamn 04X22AT'16H8M2® mnocne
npokatkd npu  1100°C, sBiasercss ee  pPasHO3EPHUCTOCTh W HAH4YHE
3€pHOTPAaHUYHBIX KPYIHBIX BBIJIEICHUN G-(Da3bl, HEPABHOMEPHO PACIPEAECICHHON
no O00BbEMY ayCTEHUTHBIX 3€pEH W COAepKalleil KpoMe XpoMma M Kejesa
HOBBIIIEHHOE KOJINYECTBO MOJINO/ICHA.

10. ITocne M3ydeHHBIX PEKUMOB MPOKATKA B CTPYKTYpPE MCCIECIOBAHHBIX CTaJlEH
He HaOmomanu  ¢eppoMarHuTHeIX (a3 (dbepputa u  MapTeHCUTa) U
PEKPUCTAIUIM30BAHHBIXAYCTEHUTHBIX 3€PEH.

11.JIyqmnii KOMIIJIEKC MEXaHWYECKHUX CBOMCTB M MAarHMTHOM NIPOHMUIIAEMOCTH
JOCTUTAIOTCS y CTalM IUIaBKM 3 MOCJIe MPOKATKM M KOBKU IpPH TeMIlepaTypax
1100-900C  (0,=1148-1186 MIla, 0y,=1046-1087 MIla, &=26-28%,
y=50,6-62,0%, KCV= 1,08 — 1,09 MJlx/M°, u<1,01T'c/). Ilociae HpoKaTKU HpH
Temmeparypax 950-900 Ccranb MIaBKH 2 HMEET BBICOKYIO MPOYHOCTH (6,=1166
MlIla, op,=1142 Mlla), HO mOHIWXKEHHYIO ynapHylo Bs3kocTs (KCV= 0,23
MJTx/M7).

12. TlomydyeHue BBICOKMX MOKAa3aTEIEd MEXaHMYECKHUX CBOWCTB y JMCTOBBIX H
KOBAaHBIX 3aroTOBOK CBS3aHO C (OPMUPOBAHMEM B MPOLIECCE HCCIEAOBAHHBIX
pekuMOB  TepMoaedOpMAIIMOHHONW  00paboTKH  (parMEHTUpPOBAaHHOM ¢
BBIPOKEHHOM IMOJIOCOBATOCTBIO CTPYKTYphI. B cTpykType cranmu mnaBku | mocrne
npokatku mpu 1100-900°C u miaBku 2 mocie mpokatku mpu 1000-900'C u 950-
900'C 4acTHYHO TNPOTEKAIOT IPOLECCHl IHHAMUYECKOH pPEeKPHCTAILTH3AIMIN.
OObemHas A0Js1 PEKPUCTAIUIM30BAHHBIX 3€pEH B JIMCTOBBIX OOpaslax Merasia

TJIABKH 2 HECKOJIBKO OOJIbINE, YEM Y TIJIaBKH 3.
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13. Tlo ypoBHIO MPOYHOCTH JIMCTOBBIE W KOBAaHBIE 3arOTOBKM W3 HEMAarHUTHOMN
cramn 04X21T9H7AM® (0,556%N) cyimiecTBeHHO MNPEBOCXOAAT aHAJIOTUYHbIE
3arOTOBKU W3 MPUMEHSIONIUXCSI HEMAarHUTHBIX CTaJIei, B TOM YHUCIE 3apyO0exHbIX
craneit AlSI 304,316 u 321.

14. B mnponecce kpuctamumszanuu ciaBa 05X22AT'15SHSM2D  dopmupyercs
TOHKOCTOJIOUATAasl IEHAPUTHASI CTPYKTYpa, B KOTOPOH JACHAPUTHI 10 CPABHEHUIO C
MEXICHAPUTHBIMU TIPOCTPAHCTBAMH OOOTAIEHBI XpOMOM H MoaubmeHom. B
CTPYKTyp€ JUTOTO CIUIaBa, mocie 3akankud oT 1100°C nabmromanu MalloyTiioBbIS
TPaHMIIBI, KOTOPBIe (PparMEeHTUPYIOT KPYIHBIE ayCTEHUTHBIE 3¢pHA M HEOOJBIIOE
KOJMYECTBO JICHAPWTHBIX BBHIACICHUA Ha TpaHUIAX 3epeH. [ omoreHu3arus
npul200°C — 3 u + 3akanka ot 1100°C nmpuBOAUT K U3MEIBUYEHHUIO IECHAPUTHOU
JTUKBAIIVH.

15. JIutoit cinaB 05X22AT'1 SHEM2®, nocne romorenusanuu npu 1200°C-3 yac u
nocienytomieit 3akanku ot 1100°CobnagaeT BbICOKOH MPodHOCTHIO (0,=820 MIla,
60,,=437 Mlla), noBbIlIEHHOH TIIACTUYHOCTBIO (0=77%, y=48%).

16. TlpoBeneHbl cUCTEeMAaTHUUYECKHE HCCIEAOBAaHUS 3aKOHOMEPHOCTEH W3MEHEHUS
CTPYKTYpPBl H (U3HKO-MEXaHHUECKHX CBOWCTB JAUCIICPCHOHHO-TBEPACIOIINX
HemarHUTHBIX MN-Ni-C-V cTaneit B 3aBUCUMOCTH OT MX JISTHPOBAHUS U PEIKUMOB
X TepMmoruiacTuyeckon oOpaboTku. [lokazaHa mMepcrneKTUBHOCTh COBMECTHOTO
WCIIOJIB30BaHUsl MapraHila U HUKEJs B KaueCTBE JIEMEHTOB, CTAOMIM3UPYIOIIUX
ayCTCGHUTHYIO CTPYKTYpY VyKa3aHHBIX crajeil. Takas cucrema JieTUpOBaHUS
oOecrieuynBaeT MPEUMYIIIECTBA TIEPET APYTUMH CUCTEMaMH B OTHOIIICHUH YCIIOBHM
pacTBOpECHHMsI W BBIJICICHHUS KapOWAOB, B YaCTHOCTH, TIO3BOJIIET TIOJydYaTh
3HAYUTEILHOE MEPECHIICHNE Y-TBEPOTO pacTBOpa BaHAIUEM TIOCII€ HarpeBa oI
3aKaJiKy JO OTHOCHUTEIBHO HEBBICOKMX TEMIIEpaTyp M HCKIIOUYEHHE OOpa3oBaHUs
kapOuioB THma M,3Cg ipu cTaperun. Y craneit conepxkamux 14 — 20%Mn, 8-13%
Ni, 04 — 0,5% C u 0,8 — 2% V mnpu HarpeBe, OXJTAKIACHUU U IIACTUYCCKOM
neopManMi B IIMPOKOM MHTEpBaje Temmeparyp or -269 mo +1300°C me
oOpasytorcs  (deppomarautHeie  (a3el  (d-beppuUT WIAM  O-MapTEHCUT) U

oxpynuMBaromue (assl THIA 6 WK (a3 JlaBeca.
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17. Jlydmiee co4yeTaHME MEXAaHUYECKUX CBOMCTBY MCCIEIOBAHHBIX CTaJel
nocturaercs nocie 3akanku ot 1150°C u crapenust mpu 650°C B Teuenue 15 — 20
Yyac TpPU YCIOBHHM TOJHOTO CBs3biBaHus BaHamus yriepogoMm (Cy/Ce~ 1).
N36nTouHOe conmepxkanne Banamus (Cy/Cc< 1) yckopser mporecc 3apoKIeHHS
gactull, VC ¥ MOXET 3HAYUTEIbHO CHUKATh CTAaOWJIBHOCTh ayCTEHUTHOU
CTPYKTYpbl, HE TMPUBOJS K IOBBIIICHUIO MPOYHOCTH. [Ipy NpeBBILIECHUU Ke
COJIEpKaHUsl yriepofa IO OTHOIICHHIO K HEoOXoaumMoMy [Jjisi 0Opa30BaHHS
kapouga VC (Cy/Cc< 1) mpu HE3HAYUTEILHOM YBEIHMYCHUH MPOYHOCTH PE3KO
CHW)KAETCsl TUIACTUYHOCTh M BA3KOCTh CTAJIM B pe3yJibTaTe 0Opa3oBaHUs, KPOME
mucnepcHbix yactul VC, npyrux kapouaos, Harpumep M3Cs.

18. [l BBICOKOTO YIPOYHEHMs CTaperollluX BaHAAMMCOAEpKalluX CTajled ¢
NOMOILBIO TUTACTHYECKOU Jedopmanuu 3P(HEKTUBHO KOMIUIEKCHOE JIETHPOBAHUE
3JIeMeHTaMu, cHikaromumu J/1Y ux aycrenura. Hanpumep y ctanu coaepxaieit
13%Cr, 6-8% Ni, 13-14% Mn, 0,8-1,2% Si, 0,35-0,45% C, 0,8-1,2% Vu 0,8-
1,2Mo, obGecneunBaeTcsi BBICOKOE Ae(POpPMAMOHHOE YIPOYHEHUE ayCTCHHUTA C
DAY =12-15 MJDx/mM° 6e3 00pasoBaHHs MapTEHCHTa H IONMOIHHTEIHHOE
YOPOYHEHUE B PE3YJIbTATE BBIJIEICHUS B Ipoliecce nociaeaeopManuOHHOTO
Harpesa aucnepcHbix yactul VC.

19. Tloka3aHa BO3MOXKHOCTH MOJIydeHHs y HemarHUTHIX Mn — Ni cranei,
conepxkanmx 0,35-0,45% C, 1,0-1,2%V, 10-16% Ni, 18-22% Mn, mociie 3aKkaiku
or 1100°C u crapenus npu 650°C B Teuenre 10 yac BHICOKOH NMPOYHOCTH IPHU
KOMHAaTHOM TeMmeparype (0012+20 > 650MIla) u MOBBIIEHHOW YJAapHOW BA3KOCTH
mpu  KproreHHsIx Temmeparypax (KCU™*®> 1,0 MJDx/m?). Takoe coueraHue
CBOMCTB JIOCTUTAaeTCs NpU HalIWuue B UX CTpykrype okono 0,5 macc. %
nucnepcHbix (60 — 100 A) wactun kapouga VC. OcoGEHHOCTBIO CTPYKTYPBI 3THX
crajeii mocie naepopmManMd MOpU  KPUOTEHHBIX TemIepaTypax SBJSETCS
oOpa3zoBanue OombIIoro kKoiaudectBa TOHKUX (~0,1 MiM) medopmarmoHHBIX
JIBOMHUKOB, CIIOCOOCTBYIOIIUX 3HAYUTEILHOMY YIPOUYHEHHUIO 0€3 CYIIECTBEHHOTO

CHMKCHUA IIJIaCTUYHOCTH.
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I'maBa 4. UcciaenoBanue MeXaHHYeCKNX H XHMHYECKHX CBOMCTB CTaJIeH THIIA

0SX22AI'l SH8M2D

4.1. YcTajiocTHAS NPOYHOCTH BHICOKOA30TUCTBIX aYCTEHUTHBIX cTaJIei

[{uknnueckass MPOYHOCTh M BS3KOCTh PA3pYyLICHHS BBICOKOA30THCTBIX
KOPPO3HMOHHOCTOMKUXAYCTEHUTHBIX  CTaj€dl  CYIIECTBEHHO  3aBUCAT  OT
CTPYKTYPHOTO  COCTOSIHMSI ~ ayCTEHUTHOM  MaTpulbl W XapaKTEPUCTHUK
o0pa3yloIuxcsi TpU CTapeHHH  KapOWAHBIX W/WIM HUTPUIHBIX dYacTuil. B
JTUCCEPTALMOHHON pabote UCCIIEI0BAHA yCTAJIOCTHAs IIPOYHOCTH
BBICOKOA30TUCTHIXayCTEHUTHBIX crajen 05X22AT'15SHEM2®-111 51
09X19AT'10H6M?2 [185]. XuMUYECKHiT COCTAaB HCCACIOBAHHBIX CTAJICH MPUBEICH
B Tabnune 4.1. VcnpiTanus Ha ycTaiocTh NOBOJWIN TP KOMHATHOM TeMIiepaType
Ha cepBoruapasnuyeckor mamuHe INSTRON 8801 B ycnoBHAX MOBTOPHOTO

pacTsbkeHuss npu Koddduuuente acummerpun nukia R=0,1 (oTHomeHHE-

MUHUMAJILHOTO HaNPsDKEHUS K MaKCUMaibHOMY) U yactoToit 30 I

Tabmnnna 4.1 - XuMHU4ecKkni cocTaB cTajiu, Mace. %o.

Crauab C Si Mu P S Cr Mo Ni V N

09X19AI'10H6M2 0,09 | 0,23 | 10,12 |0,011|0,005| 18,72 | 1,68 | 6,13 | - | 0,31

05X22AT'15SHEM D 0,05 | 0,31 | 15,10 |0,009|0,006| 2155 | 110 | 7,90 | 0.1 | 0,51

4.1.1. Craab 05X22AT'1SH§M®

Uccnenosansl 3 cepun oOpasnoB u3 cranu 05X22AT'1SHEM®, B
pPa3TUYHOM CTPYKTYPHOM COCTOSIHUM U OOpaOOTaHHBIX MO CICAYIOIMIUM PEXUMaM
[185]:

Cepus 1.Koska npu 1100°C + 3akanka ot 1100°C. ITocne s1oit 00paboTKu
CTaJIb UMEJIa CIEAYIOIINE MEXAHUYECKHUE CBOMCTBA: Gp o = 484Mlla; o, = 866MI]a;
S = 58%, v = 75%. Pa3zmep ayCTEHUTHOTO 3€pHA COCTABIISLI ~ 25 MKM.

Cepusn 2. TIpokatka npu 900°C B 3 mpoxozaa, ¢ CyMMapHBIM OOXKATHEM ~
40%. CrtpykTypa COCTOsUIa W3 BBITSHYTBIX ayCTEHUTHBIX 3€pPEH C MOMEPEUHBIM

pasMepoM ~ 8 - 10 MKM.
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Cepus 3.Koska npu 1100°C+ 3akanka ot 1100°C + crapenue npu 500°C B
teueHne 10 yacoB. MexaHndeckue cBOHUCTBa: Gy, = 489Mlla; 6, = 904Mlla; 6 =
60%, oTHOCHUTENBHOE cyxkeHue Y = 51%. B mporecce ctapeHus Npoucxoauniio

BeIIeneHne yactu CroN.

9200 o

800

700 o

600

500+

Hanpsixkenne, MIla

400

300 - [ | ! L
10°

10* 10° 108 10
Yuc10 uuKI0B Harpy:kenus, N

Pucynok 4.1- KpuBble ycTanocTy riajkux 1 HaJpe3aHHbIX 00pa31oB U3 CTaIH
05X22AT'15H8M2®: 1-rnankue obpasisl (cepus 2); 2-00pa3iisl mociue 3akanku (cepus 1); 3-
00pa31bl 1ociie 3aKaliki U ctapeHus (cepus 3); 4-00pasiibl C KOHLIEHTPATOPOM HATIPSKEHUM

(cepus 2).

Ha pucynke 4.1 npuBeneHbl KpUBbIE YCTAIOCTH INIAJIKMX 00pa3LOB U3 CTAIU
05X22AT'15SH8M2®. BuaHo, YTO MaKCUMAaJbHBIM TMpeesl BBIHOCIMBOCTU
(500MIIa) wu MakcumanbHble 3HAYEHUS OTPAHUYCHHOW  JIOJTOBEYHOCTH
HaOMIOMAtOTCS Y TopsueneopMupoBaHHBIX 00pa3ioB cepuu 2. Ctanb 3TOM cepuu
uMesia TakKe HauOOJbINe 3HAYCHUS TPOYHOCTH TP UCTIBITAHUH HAa PACTSKEHUE.
OTHOCHUTENbHOE YJIJIMHEHHWE y ATOM CepuM 00pas3lloB MOYTH B TPU pa3a MEHBIIIE,
yeM y o0pasnoB 1 u 3 cepuii. Panee 6b110 nokazano [186], 4To y BBICOKOMPOYHBIX
ayctreHuTHbIX cTanei ¢ 0,5%N u ¢ Oau3kuMHu XapaKTepuCTUKaAMU MEXaHUYECKUX
CBOMCTB IpeJieNl BBIHOCIUBOCTU M3MeHsieTcs B nuana3zone 460 — 540MlIla. Peskoe

YBCIIMYCHUC OFpaHquHHOﬁ JOJITOBCYHOCTH IIPpHU HAIIPAKCHHUAX BBIIIC IIPCACiia
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BBIHOCJIMBOCTHU 10 CPaBHEHUIO ¢ oOpa3uamu cepuil 1 u 3, mo BUIUMOMY, CBSI3aHO
pPE3KMM  YBEJIMYEHHEM 4YHUCJIA I[MKJIOB, HEOOXOOUMBIX [UIsl  3apOKICHUS
YCTaJIOCTHBIX TPEUIMH. B Monb3y 3TOro 3akitO4eHHs] CBUICTENBCTBYET MEHBIINN
HAKJIOH KPUBOM yCTaJIOCTH M HU3KOE 3HAYEHUE NpeJiesa BEBIHOCIMBOCTH 00pa3LoB
C PE3KUM KOHLIEHTPATOpOM HampsbkeHuid. Kpusble ycranoctu o0pasnoB cepuil 1 u
3 HE3HAaYUTENBbHO OTIMYArOTC Jpyr oT Jpyra (pucyHok 4.1). Xors,
JIOJITOBEYHOCTh W TIPE/eNl BBIHOCIMBOCTU OOpa3loB mociie 3akanku (cepus 1)
HECKOJIBKO BBILIE, 4YEM Y 00pa3lioB cepuu 3 (3akajika u crapeHue). Mexannueckue
CBOICTBA MPHU CTaTUYECKOM PACTSIKEHUU ATUX cepuil mMano oTinyarorcs. lpenen
BBIHOCIIUBOCTU 0Opa3uoB cepuil 1 u 3 Haxogutcs B uHTepBasie 430 — 460MI1a.
®pakrorpapuyeckue UCCIeI0BaHUs YCTATIOCTHOTO pa3pyLICHUs a30TCOIEpKalIeil
ctamu 05X22AI'1SHEM® mnoxkaszanu, 4TO 3apOKICHHE YCTaJOCTHOM TPELIMHBI
IPOUCXOJUT B  IIOBEPXHOCTHBIX  CJIOSIX 1O  CABUTOBOMY  MEXaHU3MY.
PacnpocTpaHeHne ycTamoCTHON TpEelMHBI CBSI3aHO C O0Opa3oBaHHE KBa3UBS3KHX
YCTAJIOCTHBIX OOpPO3/I0K C YACTHYHBIM PACTPECKMBAHWEM METAJlJla y BEPIIMHbI
PacIpOCTPaHSIOIIEHCS TPEIIUHBL. 3apOKICHUE MHUKPOTPEUIMH IPOUCXOAUIO B
pe3yJibTaTe MPOIECCOB CABUIOO0pPa30BAHUSA B IMOBEPXHOCTHOM CIIOE MeTallia.
HavanpHas cranus pa3BUTHS TPELLIMHBI PA3BUBACTCSA B YCIOBHMIX CMELIAHHBIX MOJ
pa3pylieHus. Y o0pa3lioB ¢ KOHUEHTPATOPOM HANpPSKEHHM  ycTaloCTHas
TpEIIMHA paCIpPOCTPAHSETCS] OT MHOTHUX OYaroB 3apOXIACHUS TPEIIMHbI B
IIOBEPXHOCTHOM CJI0€. B 30HE pacnpocTpaHeHusl yCTAIOCTHOM TPEIUHBI Y TIIAAKUX
00pas3IIOB MPHU BCEX UCIIBITAHHBIX HANPSDKEHUSAX HAOM0AaeTcss 60opo3ayaThlii penbed
Ha TMOBEPXHOCTH pa3pyLICHUsT C HAJIMYUEM BTOPUYHOIO pPACTPECKUBAHUSA Y
BepiinHbl TpeimuHbl  (pucynok 4.3), y o0pa3ioB ¢ Haape3oMm penbed
MOBEPXHOCTH Pa3pylIeHUs Ha CTaJuU Pa3BUTUS YCTAJIOCTHOM TPEIIMHBI OoJee
rpyOBIil IO CPaBHEHUIO C pa3pyIlICHHEM TIagKux o0pasnoB (pucyHok 4.4 a).30Ha
CTaTHYECKOT0/I0JIOMa UMEET BS3KUUSIMOYHBIA peibed C MalbIM KOJUYECTBOM

BKJIIFOUEHUM Ha JTHE sIMOK (pUCyHOK 4.4 0).
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30Ha 3apOXK/ICHHA
YCTaJIOCTHON TPeLHHEI

Pucynok 4.2 - O0muii BUI MOBEPXHOCTEH YCTATOCTHOTO pa3pylieHus 00pa3moB (x25):

a - riagkue oopasisl (6 = 600MIla); 6 — oOpasubl ¢ Hagpe3oMm (¢ = 350MI1a).

Pucynok 4.3 - IloBepXHOCTH pa3pylieHHs IIaJIKiuX 00pa3iioB B 30HE PaCIPOCTPaHEHHS

ycTanoctHo# Tpemunsl (¢ = 600 MITa).

Pucynok 4.4 - TToBepXHOCTh pa3pylieHUs] HaIpe3aHHBIX 00Pa3I[0B B 30HE PACIIPOCTPAHECHHUS

YCTAJIOCTHOM TPEIIMHEI (2) ¥ 30HE cTaTrdeckoroaoioma (0) (o = 350MIla) (x 1000).
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CpaBHEHHE MAHHBIX MO UUKIMYECKOW MPOYHOCTH, MPEICTABICHHBIX Ha
pucynke 4.1 mokaspiBaeT, UTO MPH MPUMEPHO PaBHBIX MpEJeNax MPOYHOCTU
0,~870 MIla u paBHoMm konuuectBe azota (0,5%) HOATOBEYHOCTH W TMperAel
BBIHOCJTHBOCTH Ha 6aze 107 mukioB y ctann 05X22AT' 1SHEM2®-111 3HaunTensHo

Bhiire, ueM y crajieit 0X18HSI'11BA® u 0X18HS5I'12AB [187].

o.1, Mia

600 -

550

500

450

400 S ———————————— A
103 104 108 108 107 108
N, yucno yvknos

B ucnbiTaHUA Ha BO3gyxe,
® ucnbiTaHua (3,5% NaCl)

Pucynok 4.5 - Kpusble ycranoctu o0pasioB 1ociie 3aKaiku.

CmaunBaHHE€ WCKYCCTBEHHOM MOPCKOM BOJOM HE CHU3ZWIO 3HAYCHUS
nonroBeyHoctu  cramu  05X22AT'1SHEM2®-1I1  (pucynok 4.5) mnpu Bcex
HaNpsDKEHUSIX, a JaXe HECKOJIbKO MOBBICWIIO IUKINYECKYI0 IPOYHOCTD.
B0o3M0kHO, 4TO 3TOT pe3yJbTaT CBSI3aH C TEM,YTO IMOBEPXHOCThpaOoOueil yacTu
o0pasloB HE MoABEprajach KOPPO3MOHHOMY BO3JICHCTBUIO B ATUX YCIIOBUSAX, HO B
TO K€ BpEeMsI MPOUCXOUIO0 OXJIAXACHHE 00pa3loB B MOTOKE COJIIHOIO PacTBOpA.
3HAUUTENFHOE CHUIKEHHUE Tpesieia BRIHOCIUBOCTH B MOPCKOM BOJ€ HaOIIIOmaIn
IIPU  WCHOBITAHUM Ha ycTajnocTh y azortucrod cranu O0XI8HSI'1IBAD wu
ayctenutHoi ctamu 08X 18H10T (¢ 220 no 160MI1a) [186].

CpaBHUTEIbHBIC HCCJIEIOBAHUS cTrajien 09X19AT'10H6M?2 5
05X22AT'ISHE8M2® ¢ pa3nuuHOM  CTaOWIBHOCTBIO  ayCTEHUTa K  Y-O

MPEBPAICHUIO TPU TUIACTUYECKON nedopmaliuy moka3aiu, 4TO MOCJe MPOKaTKU
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npu 1050°C 0oHH UMEIOT MEKO3EPHHUCTYIO , AYCTEHUTHYIO CTPYKTYPY CO CPEIHUM
pazmepom 3epHa 20 — 25 u 10 — 12 MKM cOOTBETCTBEHHO.B cTpykType cramu
HaOMoAaNId OOJIBIIIOE KOJTUYECTBO JBOMHUKOB AehOpMAaIIMK, YTO XapaKTEPHO s
BBICOKOA30TUCTOTO ayCTE€HUTAa C HU3KOM HHeprueil nedexrtoB ymakoBku. [lo
JTAHHBIM 3JIEKTPOHHOMUKPOCKOITUYECKOTO HCCIEAOBAHMS ITOT AyCTEHUT HUMEN
BBICOKYIO TUIOTHOCTH JMCIIOKAIIMI, BHECEHHBIX B IIpoliecce ropsyeit jepopMaliuu.

Pe3ynbpTaThl HMCHBITAaHUI Ha PACTSHKEHHE W YAApHYIO BSI3KOCTh (Tabiauua
4.2) mokaszaqd, YTONO YPOBHIO NPOYHOCTU TMPU MPUMEPHO OJUHAKOBOMH
IUTACTUYHOCTH W yJIapHOH Bs3KOCTH craidb 05X220I'ISHE8M2® (0,51%N)
3HAYUTENILHO MpeBocxoauT cTasib 09X 19AT' 1T0HO6M?2 (0,31%N).

Taomuua 4.2 - Mexanuueckue coiictBa ctaier 09X19AT'10H6M2 u 05X22DI'1 SHIM2D

niocsie npokatku pu 1050°C.

cTajlb oz.MlIla | o,.,MIla 0,% 0,% KCU,MI[)K/MZ
09X19 AT" 10H6M2 926 691 32,8 61,9 2,92
05X22AT'15H8M2D 1095 853 44,0 66,1 2,70

WcnpiTanuss Ha yCTalOCTh MPOBOJWIM MO TPEM pEXKUMaM C Pa3THYHBIM
MaKCHUMAaJIbHbIM HaNpsHKEHUEM LUKIA: 1 peXuM — Ome= 600 MIla, uncio nukiion
10 paspymennst N=1,6. 10% 2 - 6pax = 470 MITa,N =4,5. 10°; 3 - 6yna= 460 MITa,
N=5,5. 10°. IlepBblii PEKUM HArPYKEHHS MO OITOBEYHOCTH IO PA3PYIICHHS
OJIM30K K MEPEXOHOMY PEXUMY OT MAJIOLMKIOBOM yCTaI0CTH K MHOTOIIMKIOBOM.
Pexxumbl 2 1 3 COOTBETCTBYIOT 00J1ACTH MHOTOLMKIIOBOM YCTaJIOCTH.

B Tabnuue 4.3 npuBeAeHbI pe3yJbTaThl UCHBITAHUS HA YCTAJOCTh CTajei
09X19AT'IOH6M2 u 05X22DT'1SHEM2®. Ilpu MakcumalabHOM HaIpsSKEHUH
nukna 600 MIla gonroBeyHocTs 10 paspymenus y cranu 05X22AI'1SHEM2D B
HECKOJIbKO pa3 MeHble, yeM y ctanu 09X19AI'10H6M?2, aycTteHUT KOTOpO#
MEHee CTaOWJIeH MO OTHOIIEHUIO K 00pa30BaHUIO MapTEHCUTA Mpu Aedopmaruu
U3-32 MEHBLIEr0 COAEpKaHUd HUKeNns U a3oTa. OAHAKO TpH HANPSHKEHUU
500Mmnabonpinyo  m0oiroBeYHOCTh ToKazasna ctanb 05X22AT1SHSM2D ¢

OOJIBIINM COZIEPYKAHUEM a30Ta 1 MEHBIINM Pa3MEpOM 3epHa.

184



Ta6muma 4.3 - J[oAToBeYHOCTh IPH MUKINYECKUX Harpy3kax craneit 09X 19AT 10HO6M?2 u

05X22PI'1 SHEM2D.

MaKCI/IMaJ'IBHOC HaHp}I}KeHI/Ie I‘II/IC.]'IO OHUKIIOB 0
Cranp
nukia, Mlla pa3pylLieHus
600 1,6 x 10°
500 470 4,0x 10°4,5x10°

09X19 AT10H6M2 -

460 55x 10

450 8,0 x10°

600 0,32x10°
05X22AT'1 SHSM2D .

500 7,5x 10

Ha pucynke 4.6 mnpencraBieHbl pe3yibTaThl (pakTorpaduueckux
UCCIIEJOBAaHUM  IOBEPXHOCTEH  yCTAJOCTHOTO  paspylieHuss oOpa3ua U3
ctann09X19AI'10H6M?2, ncnblTaHHOTO MPH MAKCHMaJIbHOM HANPSKEHWH LHUKIA
600 MIla (monroBeunocts 10 paszpymenus N=1,6-10 uuxios). Ha oOmiem cHumke
YCTAJIOCTHOTO M3JIOMa XOPOILIO BHUJHO, YTO YCTAJIOCTHAs TPEIIMHA pa3BUBAJIACh C
TpeX YYaCTKOB MOBEPXHOCTH OOpasiia: YCTaIOCTHBIE 30HbI A (rnaBHasi), b u B Ha
pucynke 4.6 a. Takasg 3aKOHOMEPHOCTb CBONCTBEHHA CpPaBHUTEIBLHO BBICOKUM
YPOBHSIM MaKCUMAJIbHBIX YCTAJIOCTHBIX HampsbkeHUN. CTaTUYeCKUi J10J0M CBSI3aH
C 30HOU T'. B HauanbHOWM 30HE YCTAJIOCTHOTO pa3pyIIeHUs HAOII0IaeTCA BSI3KHIM
penbed, CBA3aHHBIA C Pa3IMYHBIMU MOJAaMU (OTPBIB M CIABUT) PAaCHpOCTpPaHEHUS
TpeumHbl (pucyHok 4.6 0). Ha ctaguu cTabmIbHOTO pocTa yCTaJIOCTHON TPEIIUHbI
MOXHO BHUJETh THUIMYHBIA YCTAJOCTHBIM OOpo3a4aThiii peiabed IMOBEPXHOCTH
paspyuieHus (puCyHOK 4.6 B), CBONCTBEHHBIM IJIACTUYHBIM METAUIMUYECKUM
MarepualiaM, B YaCTHOCTH, ayCTEHUTHBIM cTalisiM. Ha ctagnu yCcKOpeHHOro pocra
TPEIIMHBI TIEPE] HAuajJOM OKOHYATEIHHOTO pAa3pyIICHUs Takke HaOII0IaeTCs
O0opo3uateiii penbed, OJHAKO MEXKIYy HEKOTOPHIMU OOpO3JIKaMU HaOIOJAI0TCS
MUKpoTpenntbl (pucyHok 4.6 ). Ha pucynke 4.6 1 mpeacTtaBieHa nepexoaHas
30Ha pa3pylIeHUs: Ha PSAAY C YCTAJIOCTHBIMU OOpO3JIKaMU TOSBISIOTCS BSI3KUE
aMkd. OKOHYaTeNbHOE pa3pyILICHHE CBSI3aHO C THUIHUYHBIM BS3KUM SIMOYHBIM

paspyuieHueM (pUcyHok 4.6 e).
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Pucynok 4.6 -®pakrorpadus ycTaaoCTHOTO pa3pymieHus 00pasiia u3 a30TOCOoIepIKaIICH
AYCTEHUTHOII cTalIy (MakCHMallbHOE Hanpsbkerue mukiaa 600MITa, N=,6 - 10°uukios).

CrpenkaMu yKa3aHO HalpaBJICHHE PAaCIPOCTPAHEHUS YCTAIOCTHON TPEUIHHBI.

@pakrtorpaduyeckue KapTUHBI penbeda YCTaJIOCTHOIO  pa3pylleHUs
09XI19AT'IOH6M2 s MEHBIIEr0 MaKCUMAJIBHOTO HAlpsHKEHUS UUKIA U
COOTBETCTBEHHO OOJIBIIEH TOITOBEYHOCTH (Gmax = 470 Mlla, N=4,5-10° ITUKJIOB)
IIPEACTABICHbl HA pUCyHKe 4.7. B 3TOM Ciydae CymIeCTBYET TOJBKO OAMH OdYar
3apOXKACHHUS YCTAJIOCTHOM TPEIIMHBI M TMOBEPXHOCTh Pa3pyIICHUS COCTOWUT U3
IByX oOjacTeil: ycTtamocTHOM (06sacth A) W o0jacTu CTaTHUECKOro J0 JoMa

(obnacts b) (pucynok 4.7 a). Ha pucynke 4.7 0 npeacTaBieHa 30Ha 3apOxKACHUS
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YCTaJOCTHOM TPEIIMHBI U 00JaCTh CTaOMIIBHOTO PAcCIpOCTPaHEHUs TPeluHbl. B
caMoil Ha4aJbHOM CTaJANM CTAOMILHOTO POCTa TPEUIUHBI, TAK)KE, KakK U B Clyyae

o0pasiia MCHBITAHHOTO TIPH Oma, =000 MIla, HaOmromaeTcs CI0XKHBIM BS3KUN
penbed MOBEPXHOCTH Pa3pyIICHUS, HO YK€ C HAJIUYHEM OOpO370K B JIOKAJIBHBIX

30Hax paspylieHus (pucyHok 4.7 B).

[ 3oma sapoaienus Tpentmbi |

[ 100w S

W T W e

Pucynok 4.7 - ®pakrorpadust yCTATIOCTHOTO pa3pylIeHHs 00pasia u3 ayCTCHUTHON
a30TocoepIKallel cranu (MakcuManbHOe HanpsbkeHue rukia 470 MIla, N=4,5 - 10° LUKIIOB).

CTpenkaMu yka3aHO HalpaBJieHUE PACIPOCTPAHEHHs YCTATOCTHOM TPEIIUHBI.
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Ha pucynkax 4.8 u 4.9 mpuBeneHsl pe3ynbTarhl (pakTorpaduaeckoro
aHalv3a, TMPOBEJACHHOTO Ha H3JI0Max YCTaJOCTHBIX 00paslioB  cCIUiaBa
05X22AT'15H8M2®. IIpu GonpiioM mukiandeckoMm HarpsikeHuu (a = 600 Mlla,
YUCJIO MUKIOB 10 paspymieHus N - 3200) Ha oOmied kapTHHE H3JI0Ma XOPOIIO
MO>XHO BBIJICIUTh 30HY PAaCHpOCTPAHEHUs YCTAJIOCTHOM TPEIIUHBI U 30HY
CTaTUYECKOTO JosioMa(pUCyHOK 4.8 a) a3apoxKIAeHUE TPEHIMHBI MPOUCXOIUIO0 B
HECKOJBKHX MPHUIIOBEPXHOCTHBIX YUaCTKaxX y Kpasi 00pasiia, 9To XOPOIIo BHIHO Ha
oO1eM Bujie uzioMa (pucyHok 4.8 a). 3apok/ieHHne MUKPOTPEIIMH MPOUCXOIUIIO0
CKOpee BCEro B pe3yjbTaTe MPOIECCOB CIBHTOO0pPa30BaHUS BO BHYTPEHHHUX
obmacTsax 3epeH. [lpudeM HavdabHAs CTAausl Pa3BUTHS TPCIIMHBI Pa3BHBACTCS B

YCJIOBUSIX CMEIIIAHHBIX MOJ] pa3pyiieHus (pucyHok 4.8 0).

Pucynok 4.8 -®pakrorpadus ycranoctHoro paspyuieHus ciiasa 05X22AINTSHEM2O,
3akanennoro ot 1100°C (1 yac Boza) mociie UCIIBLITAHUI Ha BO3ayXe npu Hanpsokerur 600MITa,
N=3200; a — obmuii Bux uznoma (x 25), 6- 30Ha 3apoxaeHus TpemuHsl (x 3000), B — 30Ha

crabmibHOro pocta Tpeuussl (x1000), r —30Ha gonoma (x1000).
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B 30He pacmpocTpaHeHHsS YCTaJIOCTHON TpEHMHBI HAOIIOMAECTCS YETKO
BBIPOKCHHBIA KBa3WBS3KUW Oopo3muateiii penbed (pucyHok 4.8 B), a B 30HE
CTAaTUYECKOTO J0JI0Ma TUITMYHBIN IMOYHBIN penbed (pucyHok 4.8 T). AHamoruyHas
KapTHUHA YCTAJIOCTHOTO pa3pyIIeHUsT HAOIIOAACTCS P UCTIBITAHUAX HA YCTAIOCTh

BONM3M mpenena BeiHOCHUBOCTH (a = 500MIla, N = 753500 1ukiioB) (puCyHOK
4.9).

Pucynok 4.9 -®pakrorpadus ycTaaocTHOTO
paspymenus cranu 05X22AI'1SHEM2O,
3akane”Horo ot 1100°C — 1 yac, Boga nocie
UCTIBITAaHHI Ha BO3/IyXE MPH HAMIPSHKCHUU
500MITa, N=753500:a — oOmmwmii BuJT M310Ma (X
25), 6 — 30Ha CTaOMJILHOTO POCTA TPEIIMHBI (X
1000),

B — 30Ha gojoma (x 1000).

XapakTepHoil 0COOCHHOCTHIO ayCTEHUTHBIX CTaJiel C BBICOKUM COJIEpKaHUEM
a30Ta SABJISIETCS] CKIIOHHOCTD K BBIJICIICHUIO YacTHIl HUTpU10B xpoma tuma Cr,N 1o
MeXaHu3My mpepbiBucToro pacrana [188]. DT1o nposiieHne HecTaOMIBLHOCTH
ayCTEHUTA BBIPAYKAETCS TEM CHIIbHEE, YEM BBIIIE COJIEpKAHUE a30Ta B cTaid. J{aH-
HBII MPOIECC MPUBOJINUT K CHUKEHUIO OJJHOBPEMEHHO IUIACTUYHOCTHA U TPOYHOCTH

npu cratuyeckoM Harpyxkenud [190]. Bausaue Boigenenmii HutpumoB CroN Ha
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XapaKTepPUCTUKUA YCTAJIOCTHOW MPOYHOCTU BBICOKOA30TUCTBIX ayCTEHUTHBIX
CTaJiel MpaKkTWYeCKH He u3ydeHo. B pabore [188] mcciemoBanum ycTamoCTHYIO
IPOYHOCTh  BBIMIJIABJICHHOM HAa  3aBofe  «DJEKTPOCTalby  CTalld
05X22AT'15SH8M®. Xumuueckuii coctaB ctaau, Mmac.%: C=0,045; N=0,50;
Cr=21,73; Mn=14,18; Ni=8,03; Mo0=0,98; V=0,14; Si=0,31; S=0,003; P=0,011;
Ca=0,022; Fe-ocranpHoe. MccnenoBamu oOpasiiel yeThipex cepuit: 1 — mocie
ropsueit mpokatku npu 1100°C; 2 —mocne 3akalkud B BOAY C HarpeBa IpH
1150°C, 1 gac; 3 — 3akanka ot 1150°C + omxkur npu 800°C, 1 gac, oxnaxaeHue
Ha BO3ayxe; 4 — TO ke, uro 2, + omxur npu 800°C, 10 gac. [To manaeiM [189]
HarpeB cranu 05X22AI'1SHE8M® mpu 800°CB Tteuenue 1 u 10 gac mpuBOguT K
BBIJICIICHUIO HUTPUIOB CroN o MEXaHU3MY MPEPBIBUCTOTO
pacniaga. Mukpoctpyktypsl o0OpasioB cramu 05X22AT'1SHS8M® npuBeneHbl Ha
pucynke 4.10. BujgHO, 4YTO CTpyKTypa CTajqud TIOCJIE€ TOpsSYeld MPOKATKH
onHo(a3Hasi ayCTEHUTHAsT CO CpeJHUM pa3MmepoMm 3epHa 20 MKM U OOJBIIUM
KOJIMYECTBOM JIBOMHHUKOB AehopMalliu, YTO XapaKTEPHO ISl BHICOKOA30TUCTOTO
aycrenutra (pucyHok 4.10 a). [lo HaHHBIM 3JIEKTPOHHOMHUKPOCKOIMUYECKOTO
UCCIIEIOBAHUSI ATOT AYCTEHUT UMEJ BBICOKYIO TJIOTHOCTD JIUCIIOKAINHI, BHECEHHBIX
B mporecce ropsiuet pedopmanuu. [locne 3akanku ot 1150°Cpasmep 3epHa
aycreHuta yBenuuwicsa 10 S50 MKM, HO B CTPYKType Takke HaOIIOAar0TCs
nBoiiHukH oTura (pucyHok 4.10 6). Omxur npu 800°Ce Teuenue 1 vac mocne
3aKaJK{ HE MPUBOJUT K U3MEHEHHUIO BEJIMYMHBI 3€pHA ayCTEHUTA, HO HA TPAaHMIIAX
36peH OTMeuaeTcsi o0pa3oBaHUE CKOIUICHWW OTHOCUTEIBLHO KPYMHBIX YacTHIL
(pucynok 4.10 B). ITocne omxura B TedeHue 10 4 Bo3pacTaeT KOJUUYECTBO U YBEJIU-
YUBaeTCA pa3Mep YacTuil Ha rpanumax 3eped (pucyHok 4.10 r).B tabmune 4.4
MPUBENICHBI PE3yJIbTaThl MEXaHWYECKUX MCIBITAHUNA OO0pa3lloB B Pa3IUYHBIX
CTPYKTYPHBIX COCTOSTHUSX. VICTIBITaHHS HA YCTaJI0CTh IPOBOIWIHM TP KOMHATHOMN
TeMIEepaType B YCIOBUSX MOBTOPHOTO PACTIKEHUS MPHU OJMHAKOBOM JUISl BCEX

oOpas1oB kodpdunuente acummerpun nukiaa R= 0,1 u yacrore nukios 30 I,
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Ta6muma 4.4 - Mexaandeckue cBoicTBa o0pasnoB cranu 05X22AT'1SHEMO cepuii 1 —4 B

Pa3JIMYHBIX CTPYKTYPHBIX COCTOSIHUSAX.

Cepus
os, Mlla 602, MIla 0, % or™, Mlla
oOpa3uoB
1 956 420 28,96 400
2 901 409 36,79 345
3 872 411 29,86 312
4 860 409 27,49 375

7
* IIpenen BerHOCTUBOCTH Ha 6a3e 10’ MUKIIOB HATPYKCHHUS.

OOpa3upl cepun 1 MMEIOT MaKCHMallbHbIE MPOYHOCTHBIE CBOWMCTBA MpHU
JIOCTaTOYHOM TIAaCTUYHOCTU (O = 29%). 1o manHBIM 17151 00pa3IoB cepuu 2 3a-
kanka npu 1150°CopuBOIUT K MOBBIMICHUIO OTHOCHTEIBHOTO yATUHEHHS (O =
37%) W CHWXXEHHIO NpPEeNesoB MNPOYHOCTH W TEKY4YEeCTH II0 CpPAaBHEHHMIO C
obpasuamu cepun 1. [ocnegyrommit omxur npu 800°CB Teuenue 1 gaca compo-
BOXK/IAETCSI CHI)KEHHMEM MPOYHOCTHBIX M IIACTUYECKUX CBOMCTB CTajid IO
CPaBHEHHUIO C 3aKaJICHHBIM COCTOSIHUEM H3-3a BblaeJeHUs] HUTpUaA0B xpoma Cr,N.
Ipu yBenuuennu aaurensHocTd Harpesa npu 800°C 1o 10 yac CHIDKEHUS YPOBHS
MEXaHUYECKUX CBOMCTB MPU UCIIBITAHUYU Ha PACTSKEHHE HE3HAUUTENIbHOE.

Jlyume XapakTEepUCTHKU YCTAJIOCTH IOJYYEHBl Ul TOpsYEKaTaHbIX
obOpasioB cepun 1 (pucyHok 4.11), uto cBs3aHO C 0oJjiee MEIKUM pPa3MepoM
ayCTEHUTHOT'O 3¢pHA M 00JIee BBICOKOM IJIOTHOCTBIO AUCIOKAIMA. JOITOBEYHOCTH
0 paspylieHuss O3TUX oOoOpa3loB BO BCEM MCCIEIOBAHHOM JHUara3oHe
MaKCUMAaJIbHBIX YCTAJIOCTHBIX HANpsDKEHUWH B JBa W 0Oojee pa3 NpeBBIILIAET
JOJITOBEYHOCTh ~ JAPYTUX  MCCIEAOBaHHBIX  cepuil  oOpasuoB.  Ilpenen
BBIHOCIIMBOCTHHA Gase 10’ IMKIOB ropsueKaTaHbIX 06pasmoB cocraBiser 400
MlIla. [Ipenensl BHIHOCIMBOCTH O0Opa3LoB cepuid 2—4 nexaT B uHTEepBajie 312
(cepust 3 ) — 375 MlIla (cepus 4). Ilpenen BBIHOCIMBOCTH 00OpPa3loB CEpUU 2
paBusiercss 345 MIla (tabnuua 4.4). IlomyyeHHble pe3ysbTaThl YCTATOCTHBIX
UCIBITAHUN TOPSYEKATAHBIXIIOCKUX OOpa3loB CpaBHUBAIM C JAaHHBIMU paHee

IMPOBCACHHBIX I/ICCJIGI[OBaHI/If/i YCTaHOCTHOﬁ IIPOYHOCTHUI OPAYCKATAHBIX
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Pucynok 4.10 - MukpoctpykTypsl @ — T 006pa3uoB ctaiu 05X22AI'1 SHEM® cooTBEeTCTBEHHO

c, Mlla

700
600
500
400
300 - 5

200 Ll Lol Lol Ll
10° 10* 10° 10° 10" N

cepuit 1 — 4.
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Pucynox 4.11 - Kpussie ycTaniocTH MI0CKUX KaTaHHBIX 00pa3ioB ctamm 05X22AT'1 SHESM O

cepuii 1 — 4, momydyeHHbIE B YCIOBUSIX MOBTOPHOTO pacTsbKeHUs; N- 4MCII0 HUKIIOB HATPYKEHHUS .

«F, I'I."iI la ,
8200
T00 a

400 - | | |
10° 104 10° 108 10° N

Pucynok 4.12 — KpuBble ycTanocTi KOBaHHBIX TMIQAKUX LHUIMHIAPUYECKUX 00PA3I0B CTAIH

05X22AT'15H8M® B coctostHuAX: 1 mMcXoaHoe; 2 — IOCIE 3aKajKh;, 3 — ITOCJIe 3aKajdKd B

crapenus [191].

WIMHAPUYECKAX O0pa3loB 3TOW JK€ CTAIM B YCIOBHSX YHCTOTO H3ruba ¢
BpamenueM [191] (pucynok 4.12).
[Tpenen BHIHOCTMBOCTH KOBAHBIX IMJIMHIPHYECKUX 00pa3IIOB, UCTIHITAHHBIX

B YCJIOBHSIX YHCTOTO M3rH0a C BpalieHueM, Haxonutcs B mHTepBaie 490— 530
MIla, T.e. 3aMETHO BBIIIE, YEM Yy KaTaHBIX IJIOCKUX OOpPAa3I[OB, UCTBHITAHHBIX Ha
MOBTOPHOE pacTsikeHue (cM. pucyHku 4.13 u 4.14). Takoii pe3ynbTaT 0ObICHSIETCS
HEKOTOPhIMU pa3nuuusMu B CTpykType crain 05X22AT'15SHEM®, Buaom
YCTAJIOCTHOTOHATPYKEHUsSI (M3TU0 M MOBTOPHOE PACTSIKEHHUE), a TaKKe TUIAMU
00pa3LoB /Uil UCTIBITAHUN. B yCIIOBUSIX HUKIMYECKOTO U3rHda MNPy MaKCUMalbHOM
HaMpPsHKEHUH pabOTarOT TOJIBKO TMOBEPXHOCTHBIC CIIOM METajia, B TO BpeMs Kak
Ipy TMOBTOPHOM pPACTSKEHUHM MAKCUMAJIbHbIE HAIMpPSHKEHUS! PACTIPENeNstoTCs
pPaBHOMEPHO MO BCEMY CEUCHHIO oOpasia. B miockux obpasiax JOMOJIHUTEIbHBIM
KOHIIGHTPATOPOM HAMpPsKEHUHN SIBIAIOTCS YTIbI 00paslioB, Te, Kak MPaBWio, U

IMPOUCXOAUT 3aPOKACHHUC YCTAJTOCTHBIX TPCIIWH.

193



O®pakTorpadus MOBEPXHOCTEH YCTaJIOCTHOTO pa3pylieHuss 00pasIoB

UCCJIEIOBAHHBIX CEpUl MTOKa3aHa Ha pucyHkax 4.14-4.17.

Pucynok 4.13 — ®paxrorpadus ycTaaocTHOro paspyueHus o0pas3inoB cepuul (a — B, I — Omax=
500 MITa, Np=105HI/IKJ'IOB; T, € - Omax= 700 MIla, Np= 2,5 -10°upki10B). CTpEIKaMu YKa3aHo

HaIlpaBJI€HUE PACTIPOCTPAHEHUS YCTATOCTHONU TPEIIHHBI.

BS3KMM SIMOUHBIM pa3pylIeHUEM, TPUYEM BUIHBI SIMKH, CBS3aHHBIE C OTPHIBOM, a
TaK)Ke UMEIOIINE CIIBUTOBBIN Xapaktep (pucyHok 4.13 e).

Ha pucynke 4.14 anpencrtaBieH oOImUil BUA YCTaJOCTHOTO pPa3pyIICHUs
oOpasna cepun 2 (3akanka ot 1150°C) ¢ ocHOBHBIME 30HaMu pazpytieaus (OYP
— o0nacth ycranoctHoro paspyuienus, OCJl — o6nacTh CTaTUYECKOTO J0JI0MA).
B ommume OT COCTOSIHMS IOCiIe NPOKAaTKM Ha oOpasuax Iocie 3aKallKU
OTCYTCTBYET CyKeHue paboueil yactu oOpasia npu cratudeckomjiosiome. Psaom ¢
INOBEPXHOCTBIO  pa3pylIeHHsIHA OOKOBOM IIOBEPXHOCTH 00pa3lia HMEKTCs
MHO’KECTBEHHBIE YCTAJIOCTHBIE TPELIMHBI, KOTOPbIE OOBIYHO 00pa3yIOTCsl HapsAy ¢

OCHOBHOI MarucTpajibHON TPEUMHON MPH OOJIBIINX aMIUTUTYAAX [UKIMYECKOTO
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Pucynok 4.14 — ®paxTorpadus ycTagocTHOrO pa3pyuieHus oopasua cepuu 2 (a — B, € - Omax=
700 MIla, Np= 2,5 -10* LUKIIOB; T, 1 - Gmax= 500 MIla, Np=1,1 -10°umknoB. CBETIIBIMH
CTpEJIKAMH YKa3aHO HAIIPABJICHUE PACIIPOCTPAHEHUS YCTAIOCTHOM TPEIIUHbBI, YEPHOUN CTPEIKON
noKa3aHa 00J1acTh BTOPUYHOTO PACTPECKUBAHMS HA IIOBEPXHOCTH 00pasIa.
nedhopmupoBanus Ha pucyHKe 4.14 6 Ha 3Ty 001aCTh YKa3bIBa€T YEpHAs CTPEIIKA).
B HavanpHOW cTaguu pacmpOCTpPaHEHHsS YCTAJIOCTHOM TpEIIMHBI HAaOII0aeTcCs
BSI3KUH penbed ¢ mpu3HaKaMu yCTaIOCTHOW Oopo3auatoctu (pucyHok 4.14 B). Ha
CTaJNM CTAOMJIHHOTO M YCKOPEHHOTO PACHPOCTPAHEHHS YCTAJIOCTHOM TPEIIUHBI
JIOBOJIbHO ~ TUIOCKMM  penbed  pas3pylmieHuss C  TUIHYHOM  YCTaJOCTHOU
00po31uaTocThiO. [Ipu 5TOM BUIHBI OpUEHTAIMS OTHAEJIbHBIX 3€PEH U BTOPUUHOE
pacTpeckrMBaHue 1Mo TpaHuiiam 3epeH (pucyHok 4.14 n). Cratuyeckuii 10J0M U B

ATOM CJIy4ae CBSI3aH C BA3KUM SIMOYHBIM pa3pylieHueM (pucyHok 4.14 e).

Ha o6miem Buge ycrasocTHOro uzjiaoma obpasia cepun 1 (COCTOsHHME MOCTe
ropsidiel MNpPOKaTKH) XOPOIIO BHAHA 30HAa YCTaJOCTHOTO PacHpOCTpPaHEHUS
YCTAJIOCTHON TpemuHbl (00macTh A Ha pucyHke 4.13a)0e3 BUAMMBIX
U3MEHEHU MaKpPOCKOMUYECKHUX pPa3MEPOB ceueHus padouedl vacTu oOpasla.
[Tepexon k crarmyeckomy gojiomy (3oHa b Ha pucynke 4.13a) cBsa3aH ¢

Cy)KEHHEM ToIMepeuyHoro cedeHus oOpasma. Ha pucynke 4.136mpeacraBieHa
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obmacte 3apoxaeHus ycraaoctHou Tpemuubl (O3YT), a Ha pucynke 4.14 B, T -
MOBEPXHOCThH YCTAJIOCTHOTO Pa3pyIICHUs] HA HAYaJIbHON CTaIMM PaCIpOCTPAHEHUS
tpeuuHbl. B O3YT nposBisieTcs nelicTBUE pa3HON OPUEHTAIMU 3€PEH U HAIUYHUSA
CMEIIIAaHHBIX MOJ] pa3pyiieHust (pucyHok 4.13 B), OJIHAKO YK€ B 3TOM cliy4yae B
OTJIETbHBIX 3€pHAX HAOMIOAAIOTCS TUIIMYHBIE YCTaloCTHhIE Oopo3aku. Ha craguu
CTAOMJIBHOTO M YCKOPEHHOTO PacIpOCTpaHEHUs! YCTAIOCTHOM TPEIIMHBI OTMEUEHbI
JIOBOJIBHO TUIOCKUN MOBEPXHOCTHBINA 00pO3a4aThlil penbed ¢ pacCTOSHUEM MEXKIY
oopoznkamu ~1 MkM (pucyHok 4.13 x). CTaTudecKkuil 10J0M CBSI3aH C TUITUYHBIM
BSI3KUM SIMOUYHBIM pa3pyII€HUEM, MMPUYEM BUIHBI SMKH, CBSI3aHHBIE C OTPHIBOM, a

TaKKe UMEIOIIUE CABUTOBBIN XapakTep (pucyHok 4.13 e).

Pucynok 4.15 - ®paktorpadus ycTaTlocTHOTO pa3pylieHus odpasia cepuu 3 (a - € - omax= 500
MIIa, Np=2,5 '105HI/IKJ'IOB). CrpenkaMu yka3aHO HAMPaBICHUE PACITPOCTPAHEHHUS YCTAIOCTHOM

TPCIIHHBI.
Ha o6miem Buae ycranocTHoro uzjiaoma odpasia cepur 1 (CocTosiHUE mociie
ropsyeil MPOKAaTKH) XOpOIIO BHJIHA 30HA YCTAJOCTHOTO pacCHpOCTpaHEHUs
yCTaJIOCTHON Tpermubl (007JacTh A Ha pucyHke 4.13a)0e3 BHIUMBIX

MU3MEHEHUH MaKpOCKOMMYECKNX pa3MepoB ceueHus padbodeii yactu oOpasiia.
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Pucynok 4.16 — @pakrorpadus ycTaJocTHOTO pa3pymieHus: oopasma cepuu 4 (a - € - omax= 500
MIIa, Np=1,8 '105111/110103). CrpenkaMu yka3aHO HAMpaBJICHUE PACIIPOCTPAHEHHUS YCTAIOCTHOM

TPCIIHHBI.

[Tepexon k cTaTuueckoMy jJojoMy (3oHa b Ha pucyHke 4.13a) cBs3aH ¢
CYy)KeHHMEM TomNepedyHoro cedyeHuss obOpasna.Ha pucynke 4.136mpencrabiieHa
obnacte 3apoxaenust ycragoctHou Tpemuubl (O3YT), a Ha pucynke 4.14 B, T -
MOBEPXHOCTh YCTAJIOCTHOTO Pa3pylICHHs] HA HAYaJIbHOW CTaAUKN PacipOCTpaHEHUs
tpeuuHbl. B O3VYT nposiisiercs nelicTBUE pa3HON OPUEHTAIMU 3€PEH U HATUYUS
CMEIIIAaHHBIX MOJ] pa3pyiieHus: (pucyHok 4.13 B), OJIHAKO YK€ B ITOM cliy4yae B
OTJICTBHBIX 3€pHAX HAOIIOAAIOTCS THIMYHBIC yCTaloCTHBIE Oopo3aku. Ha cramum
CTaOUIILHOTO M YCKOPEHHOT'O PaclpOCTPaHEHHs! YCTATOCTHONW TPEIIMHBI OTMEUYEHbI
JIOBOJIBHO TIOCKHI MOBEPXHOCTHBIM OOpO3A4YaThiil pelibed) C paCCTOSHUEM MEXKIY
o6opo3akamu ~1 MM (pucyHok 4.13 x). CTaTdecKkuil 10710M CBSI3aH C TUITUYHBIM
BSI3KUM SIMOYHBIM pa3pylI€HUEM, IPUYEM BUJIHBI AMKH, CBSI3aHHBIE C OTPHIBOM, a
TaKXe UMEIOIINE CABUTOBBIN XapakTep (pucyHok 4.13 e).

Ha pucynke 4.14 ampencraBieH OOLIMH BUJA YCTaJOCTHOTO pPa3pyllICHHUs

obpazna cepun 2 (3akanmka oT 1150°C) ¢ OCHOBHBIMHU 30HAMH pa3pylICHUS
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(OYP— obmactp ycramoctHoro paszpymenus, OCJ[ — o0061acTh CcTaTUYECKOTO
noioma). B ornuune ot cocTosiHUS MOCTe MPOKAaTKA Ha o0pasiax mocie 3aKalku
OTCYTCTBYET Cy>Ke€HHE padoueil yactu oOpasiia npu craruyeckomaoiome. Pamom ¢
MOBEPXHOCTHIO pa3pylIeHUsiHA OOKOBOM TIOBEPXHOCTH o00Opaslia HUMeETCs
MHOKECTBEHHBIE YCTAIOCTHBIEC TPEIIUHBI, KOTOPbIe 0OBIYHO 00pa3yIOTCsS Hapsay ©
OCHOBHOW MarvcTpajibHOM TPEHMIMHOW NpPHU OOJIBIIUX aMIUTUTyAaX HUKIAYECKOTrO
nedhopmupoBanus Ha pucyHke 4.14 6 Ha 3Ty 001aCTh YKa3bIBACT YEpPHAsS CTPEIIKA).
B HavanbHOW cTaiuM pacHpOCTPAHEHMS YCTAIOCTHOM TpEIIMHBbI HAOII0aeTCs
BA3KHI pesibed ¢ MpU3HAKaMU YCTaJoCTHOM OoposauaTocTh (pucyHok 4.14 B). Ha
CTaJuM CTAOWJIBHOTO M YCKOPEHHOTO PAaCHpPOCTPAHEHMS YCTAJIOCTHOM TpPEIIUHBI
JIOBOJILHO  ITUIOCKMM  penbed  paspylieHuss C  TUIHYHOM  YCTaJOCTHOU
0opo3auarocTeio. IIpyu 3TOM BUIHBI OPHEHTALMS OTIEIBHBIX 3€PEH U BTOPHUYHOE
pacTpeckrMBaHue 1Mo TpanuiiaMm 3epeH (pucyHok 4.14 n). Cratuyeckuii 10J0M U B
ATOM cITy4dae CBsI3aH C BSA3KUM SIMOUYHBIM pa3pylieHueM (pucyHok 4.14 e).

Oco0eHHOCTH YCTaOCTHOTO pa3pylieHusi oOpa3oB cepun 3 (3aKajika OT
1100°C + omxur npu 800°C B TeueHue 1 yac) mpociiexkKuBarOTCs Ha pucyHke 4.15.
OOt BUJ MOBEPXHOCTU paspylieHus npuBeneH Ha pucynke 4.15 a(OCPT,
OYPT — o0nacTd COOTBETCTBEHHO CTaOWUJIBHOTO W YCKOPEHHOTO pOCTa
TPEIINHBI), a Ha pUCYHKE 4.15 6,0TOOpa’keHbI 3aKOHOMEPHOCTH PACIIPOCTPAHEHUS
YCTAJIOCTHOM TPEIIMHBI HA HAYaJIbHOM CTaJiuM €€ pocTa OT 3apOXKaAeHHUs (30Ha A) 1
JanpHeuiero pa3sutus (3oHa b). BUuiHo, 4ToO TpenyHa pacnpocTpaHsaeTcsl Kak 1Mo
IpaHULIAaM 3€pEH, TaK U BHYTpHU3epeHHO. B mocienHem ciydae Ha NMOBEPXHOCTH
pa3pyllieHusl HaOIIoJaeTcsl YCTaJ0CTHBIA 00po3auaTeiil pensed (pucyHok 4.15 r).
Takast ke KapTUHa OTMEYAEeTCsl M Ha CTaJNH CTa0MIHLHOTO PA3BUTHS YCTaJIOCTHOMN
TpeuwHbl (pucyHok 4.15 n). Ha cragum yCKOPEHHOTO pa3BUTHS TPEIIMHBI U
CTaTUYECKOr0 J0JIOMa peaM3yeTcs THUIMYHOE MEX3EPEHHOE pa3pyLIEeHUE
(pucyHok 4.15 e).

Ha pucynke 4.16 ampezactaBieH oOIIMKA BUJ MOBEPXHOCTH YCTATIOCTHOTO
paspymienust oopasia cepuu 4 , a Ha pucynke 4.16 6 Beinenenst O3VYT (30Ha A) u

HayaybHas CcTagusi ee pacnpocTpaneHus (3oHa b). B stux 3onax Habmomaerca B
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OCHOBHOM BSI3KO€ YCTaJOCTHOE pa3pylIeHHE, CBA3aHHOE C HAIMYUEM OOpO3J0K U
penbeoM  CABUroOOpa3oBaHHUS 1O HECKOJBKMM CHCTEMaM  IUIACTHYECKOTO
nedopmupoBanust (pucyHok 4.16 B). CrabuiibHasi cTagusi paclpoCTpaHEHUs
YCTAJIOCTHOM TPEIIMHBI TMPOSBISETCS B OCHOBHOM THIIMYHBIM OOpO3T9aThIM
penbedoM ¢ ydeToM OpUEHTAIMH OTIEIBHBIX 3epeH (pucynke 4.16 r). Ha cragun
YCKOPEHHOTO pPaCIpOCTPAHEHHUS TPEIIUHBI penbed MOBEPXHOCTH pa3pyIICHUs
O0opoznuateiil (pucyHok 4.16 1), najiee oH CMEHSIETCS, MEPEXOsl Ha MEK3EPEHHBIN

XapakTep paspyiuieHus (pucyHok 4.16 e).

Hukauveckasi npouHocth crapewmux Mn-Ni-C-V u Cr-Mn-Ni-V-N craaeii.

[uknnyeckasi MPOYHOCTh U BSI3KOCTh Pa3pylIeHUs! CYIIECTBEHHO 3aBUCIT OT
CTPYKTYpPHOTO  COCTOSIHMS ~ QyCTEHUTHOM  MaTpULlbl U XapaKTEPUCTHUK
00pa3yroIuXCcs Mpy cTapeHuu gactuil [192].

KpynHbie U Menkue 4dacTUIbl KapOMIOB W HUTPUIOB BaHAAUSA M XpoMa
OKa3bIBalOT HE OJMHAKOBOE BIMSHHUE HA MMOKA3aTEIN MPOYHOCTH MIPU LHUKINYECKOM
Harpy>KeHWU CTapeIolIMX HEMarHWTHBIX CTajei. 3HAuMTENbHOE TOBBIIICHHE
IUKJIMYECKOW MPOYHOCTU CTaIM B PE3yJIbTaTe BbIACICHUS MEJIKOJUCIEPCHBIX
YacTULl B NPOLECCE CTAapeHMs] JOJDKHO JOCTUTaThCcs B TeX Clyyasx, Kornua
IUIOTHOCTh HX JOCTaTOYHO BeJHMKa (MEXKYAaCTUYHOE PACCTOSHHUE JIOCTATOYHO
Majio), 4ToObl BOCHpPEMSATCTBOBATh PA3BUTHUIO  JIOKAJIBHOM  IUIACTUYECKOU
nedopmaliii, HeOOXOAUMOW AJIA 3apOXKJIECHUS W POCTa YCTAJIOCTHOM TPEIIUHBI.
Hannuue B cTpyKType CTalld KPYIHBIX YacTHUI] BTOPOH (a3bl, HampuMep, kapomaa
M;3Cs, paccTosiHEE MEKIY KOTOPBIMHU BEIMKO U CYIIECTBEHHO IIPEBBIIIAET pa3zMep
30HbI IJJACTUYECKON nedopmaiuu, HEoOXOAMMOM [Uisi  pacnpoCTpaHEHUs
YCTaJOCTHOM TpPEUIMHbI, MPH MPOYUX PABHBIX YCJIOBHSX, MO-BUAMMOMY, HE
JOJKHO TIPUBOJUTH K CYIIECTBEHHOMY M3MEHEHHIO IUKIUYECKOW MPOYHOCTH TIO
CPaBHEHHUIO CO CTAJIbIO, HE COAECPKAIIEH ITUX BBIACICHUN. 3aMEHAa B HEMarHUTHBIX
crapetornux Cr-Mn-Ni-V cransx yriepoga a30TOM CYIIECTBEHHO CHUXKACT
OXPYITYMBAHKUE U TOBBIIIACT MUKINISCKUIO TPOYHOCTh MX 3a CYET PAaBHOMEPHOTO

BBIJICJICHUS YACTHI] TIPU CTAPEHUH OoJiee TUCIIePCHBIX, yeM KapOubl Tuma CrysCe,
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Hutpuaabix dactul tuma CroN m VN. Hanpumep, y craneit 40X15I'14H8D2 ¢
0,4% C u X15AT'14H8®D2 ¢ 0,4% N mocne 3akanku 1150°C u crapenus mpu 650°C
— 16 gacoB npenen ycramoctu paBeH 390 u 460 MIla cooTBeTcTBEeHHO TabiuIle
4.5. OIHOBpEMEHHOE IOBBIIICHHE COJIEPKAHUS a30Ta W BaHAIWA B CTalH,
YBEIMYMBAsT KOJIMYECTBO BBIJCISIIONIUXCS TIPU cTapeHuu aucnepcHbix yactuiy VN,

IMPUBOAUT K 3HAYUTCIIBHOMY ITOBBIIIICHUTIO HHKHH‘IGCKOﬁ IMPOYHOCTH.

Ta6muma 4.5— MexaHn4eckrue CBOMCTBA BRICOKOIIPOYHBIX HEMAarHUTHBIX cTajiei™

THun 1 XuM. cocTaB G.1, Cg, 00,2, 0, v, KCU, KCV, Kic,
crauau, Bec.% MIla | MIla | MIla | % % M,Z[)K/M2 MI[)K/M2 H/mm?
40I'14H8D2 230 | 820 | 330 | 58 | 62 | 25 1,7 1210
0,40%C,
550 1200 1000 23 34 1,6 1,1 2800

14,1%Mn,8,2%Ni,1,4%V.

40X15I'14H8 2 320 | 860 | 430 | 49 | 60 1.9 0.8 1490
0,41%C, 14,0%Mn,

8,3%Ni, 15,1%Cr, 1,45%V

390 1200 950 25 | 30 0,8 0,4 2020

XI15AT'14H8D2
0,4%N, 14,9%Cr, 8,0%Nl,
13,9%Mn, 1,40%V

460 1150 800 30 | 52 0,8

* B uncnmTere — cBoMcTBa Tociie 3akainku ot 1150°C, B 3HaMeHarese — CBOMCTBA MOCIIE 3aKaIK1
or1150°C u crapenus mpu 650°C — 16 wac mus 400 14H8®2, 40X15T'14H8D2, 60I'18D2,
X15AT' 14H8®2, 3akanku ot 1200°C u crapenus npu 650°C B Teuenue 5 yac — X25AT'14HS. 16
yac — X20AI27H4®d2. 30 yac — X25AT'14H8D.

V cramn X20AI27H4®2 ¢ 0,92%Nu 1,75%V nocne 3axanku or 1200°C u
crapenus rpu 650°C mpenen ycranoctu coctabisier S50MITa (tabaumna 4.5).

Hanuuue B cTpyKType BBICOKOA30THCTBIX CTajei Mocie cTapeHus, KpoMe
JTUCTIEPCHBIX YaCTUIl HUTPUIOB BaHAIWsI, KPYITHBIX YaCTHUI[ HUTPHIA XpOMa THUTIA
CroN BeIIENAIONIMXCS O MEXaHW3MY MPEPHIBUCTOrO pacmhaga, CYIIeCTBEHHO
CHW)KAET LUKINYECKYyl0 MpodHOCTh uX. Takcramp X25AI'14H8D ¢ 0,92%N n
1,28% V B cTpykType KoTOopoi mocie 3akanku ot 1200°C u crapenust 650°C — 30
yac HaOJIIOJaNH JUCTIEPCHBIC HUTPUILI BaHAIWS M KPYIHBIE YaCTHUIIBI HUTPUIA
Xpoma, uMeJla OTHOCUTEIBHO HEBBICOKUU MpejieNl yecTaaocTH (pucyHok 4.27) npu

HUCIBITAHWN HAa BO3AYXE U B MOpCKOfI BOAC.
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[To cpaBHEHHIO C PACCMOTPEHHBIMH CTAPCIONIUMHU CTaJsIMU C BaHAAUEM
HAaUMEHBIINE 3HAYCHUS] YCTAIIOCTHOM MPOYHOCTH MMEIOT BBICOKOA30THUCTHIE CTANN
0e3 BaHaausA y KOTOPBIX B MPOIECCE CTApeHHs BBLACIAIOTCS TOJBKO KpPYIHBIE
YaCTUIIbl HUTpUJA XpoMa. Tak, B pe3yibTaTe HUCIBITAHUS HA YCTAJIOCTh CTAJIH
X25AT'14H8® ¢ 0,88% N mocie 3akanku or 1200°C ¥ mociaeayromero oTmycka
650°C — 5 uac mOKaszajiM, YTO BBIJAEIEHHE B IPOLIECCE OTIYCKA OOJBIIOrO
KOJIMYECTBA KPYITHBIX YaCTHUL] HUTPUJIOB XpOMa CHUKAET Ipezen ycranoctu ¢ 300
1o 280 MIla (pucynok 4.17). UcnbiTanus oOpa3IoB ¢ HaJIpe30M HU3TOTOBJICHHBIX
Mocje YyKa3aHHOM TepMHUUeCKOM o0pabOTKM U3 JTOM CTaM MOKa3alu
HE3HAUWUTEIbHOE CHIDKEHHE TIpelesia YCTaJOCTH W3-3a HajApe3a IMpU  €ro
usrorosienun. B crpykrype cramn X25AT' 14H8® mocie omkura npu 900°C, Tak
e Kak u nocie 3akanku oT 1200°C u ormycka npu 650°C — 5 vacoB, HabIr0 1AM
MPEUMYIIIECTBEHHOE BBIJICJICHUE MO TPAHUIAM KPYMHBIX YACTHUI] HUTPUJIA XpOMa,
HO KOJIMYECTBO WX IMOCJE OTKHUra ObLJIO MEHBIIIE U COOTBETCTBEHHO ObLJIA BBIIIE U
ycTajiocTHass nmpo4yHocTh (6.3 = 280 MlIla). HaubGonpiel 10JATOBEYHOCTHIO H
[UKIIMYECKON MPOYHOCTHIO ATa CTajlbh 00JIaJJaeT B KOBAHHOM COCTOSIHUU. B sTOoM
COCTOSIHMM CTallb XapaKTEpU3yeTCs O4YeHb MEJIKHM 3epHOM (dp, ~ 5 MKM) |
HEOOJIBIITUM KOJMYECTBOM HEKPYITHBIX HUTPUIOB XpOMa, a TAKXKE MOBBIINICHHON
IJIOTHOCTBIO TUCJIOKALMM U JBOMHUKOB.

UccnenoBanne IUKIMYECKONM TIPOYHOCTH HEMAarHUTHBIX CTaperomuX,
ynpouHsieMbix uactunamu VN, Tmocie pa3iudHoOW JITMTENIbHOCTH CTapeHUs
MO3BOJIMJIA YCTAHOBHUTh, YTO MAaKCHUMAaJbHBIM TpeAea YCTAJOCTH STHUX CTajiel
JIOCTUraeTcsa MpHU HaJIU4KMK B UX cTpykType yactull VN ¢ pasmepamu B 00beMHOM
71071 TIPUMEPHO TaKUMH ke, Kak y kapouaos Banaaus VC B Mn-Ni cransax mocie
CTapEeHUsI Ha MAaKCUMyM LMKIMYECKOW MPOYHOCTH. M3-3a MeHbIIEHn CKOpOCTH
pocTa MpU CTapEeHWW HUTPHUIOB BaHAIUsS MO CPAaBHEHHUIO C KapOWJamMu BaHAIUs
CTPYKTYypa Y BBICOKOA30THCTBIX BaHAIUMCOJEPKAIIUX CTANEd C yKa3aHHBIMU
napamerpamu yactuil VN dhopmupyetcs npu 0osiee JIUTEILHOM CTapeHUH, YeM B
ctasix ¢ nucrepcHbiMu dacturiamu VC. Hanpumep y cramum X20AI27H4®D2 c

0,92% N u 1,75% V MakcumanbHas BeJIMYMHA Ipelesia YCTalOCTH AOCTUTAETCs
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nocie craperns nmpu 650°C B TeueHne 25 94acoB, KOTJa B CTPYKTYpe ITOM CTaIH
npucyTcTByIOT yacTuibl VN ¢ paBHOMEpHBIM BBIIEJICHHEM MO 00BEMY 3€pHa B

kosmmuectBe 0,9 macc. % co cpeTHUM TUuamMeTpoM OKoJIo 65 A.
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Pucynok 4.17 — 3aBUCHUMOCTB BA3KOCTH pa3pyllIeHUs OT npeaena rekydectu cranu 40I'18H13d.

UcnbiTanuss Ha MajlouukKIOBYr0 ycraimocTh crained 40I'18HI3® wu
40X14TI'16H10® nokazaim CylIeCTBEHHOE MOBBIIICHUE HUKINYECKOW MPOYHOCTH
npu cHkeHuH temmeparypsl ot +20°C 1o -196°C (pucynok 4.17 u pucyHok 4.18)
[193].

Cramu mnocne crapenus npu -196°C  mo cpasmenuio ¢ +20°C cuibHO
pa3ianyarTCs MeXAy cOoOOM MO BHIHOCIMBOCTH, a PAa3HULIA MEXKAY 3aKaJICHHBIM U
COCTAPEHHBIM COCTOSTHUEM 3aMETHO MEHbIIIE, YeM MpPU KOMHATHOM TeMmIeparype

(pucyHok 4.18).
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Pucynok 4.18 — ManonukioBast 1 MHOTOLMKJI0Bas yctanocTs craned 40X14I'16H10D u
40I'18H13Pnpu -196°C u +20°C.
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Pucynok 4.19 — 3aBucHUMOCTBb MEXy BSI3KOCTBIO paspylieHus K¢ u npenenaMu ycraaocTu U

tekydectu ctanmu 401" 14H8X3IOD nocne pa3auvHbIX peKUMOB TEPMUUYECKON 00paObOTKH.

AHanmu3 JaHHBIX 1O CTPYKTYpE M UUKIMYECKOW NPOYHOCTH CTajleu
IO3BOJIAECT 3aKIIIOYUTh, YTO YIPOUYHEHHUE 3a CYET MEIKOAMUCIEPCHBIX KapOMIHBIX
BBIJIEJICHUM, 00pa3yoIMXCcs NPU CTAPEHUH, JA€T OCHOBHOW BKIJIAJ B IOBBIILICHUE

IHUKJIMYECKON BBIHOCIIMBOCTU M3YYEHHBIX CTAJIEW MPU KOMHATHOW TEMIIEpATypeE.
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ITpu -196°C coxpamsieTcsi BKJIaA TUCIIEPCHOHHOTO YIPOYHECHUS, OJHAKO TIaBHAS
pPOJIb B MOBBIIMIEHUHA BBIHOCIMBOCTH, MO-BUANMOMY, IMEPEXOJUT K TEMIIEPATYPHO-
3aBUCUMOMY HM3MEHEHUIO CONPOTUBIICHUIO IJIACTUYECKOMY TEUECHHIO B MATPHIIE,
KOTOPOE MOXET CONMPOBOXKIATHCS M M3MEHEHHUEM MEXAaHU3MOB TaKOr0 TEYECHUS,
OPUBOMASIIMM,  Hampumep, K  BO3pacTaHUIO  poid  AePOPMAIMOHHOTO
JBOMHUKOBaHMS B pesyibrare cHmkenus DJY. INocie ucnsitanuii npu -196°C B
CTPYKTYype cTajieii HaONIoJadu MOBBIIMIEHHOE KOJMYECTBO /1e()EKTOB YIMAKOBKU H
nedopMallMOHHBIX ~ JBOMHUKOB. HawuOomnbiiee yBennyeHUE TeMIEpaTypHOU
KOMIIOHEHTBl HAIpsDKEHHUS TedeHus npoucxonsaT y cramum 40X14I'16HI0OD c
MEHBIIIMM COJIEp)KaHUEM HHKeNd, T.e. ¢ Oonee Hu3koil DY aycrteHura.
Muxkpodpakrorpadpuueckoe H3ydeHUE BBISBUIIO PsJi OCOOCHHOCTEH, CBS3aHHBIX
OMPENICICHHBIM O00pa3oM C Pa3IMuUE€M B CTPYKTYPHOM COCTOSIHUM H3yYE€HHBIX
CTaJIEl U C €ro BIUSHUEM Ha TEMIIEPATYPHO-3aBUCUMOE U3MEHEHUE UX IPOYHOCTH
npu uukiandeckoMm HarpyxkeHud. Cranp 40X14I'16HIO0OD mnocne crapeHus
OTJINYAETCSI 3aMETHBIM PAa3BUTHEM MEXK3EPEHHOTO paspyiieHus (pucyHok 4.20 a),

JI0J1s1 KOTOPOro 0cobeHHo Beuka npu -196°C.

o N

. sl il X .
W5 m\rz - : »
a x600, Ty, =-196°C 6  x6000, T, =-196°C Bx600, T, = 20°C

Pucynok 4.20-®pakrorpamMmmsl 00pa3noB ctanu 40X14I'16H10®, pa3pymeHHbIX B yCIOBUAX

LUKJIMYECKOTO pacTskeHus npu -196 u +20°C, 3akanka ot 1150°C u crapenue npu 650°C —

10uac.: a- o = 1400 MIIa, Np= 692, 6- ¢ = 1400 MIlIa, N,= 692, B- 6 = 975 MIla, N,= 30.

Kpome Mex3epeHHOro B M3JIOME MPUCYTCTBYET BHYTPH3CPECHHBIN SIMOYHBIN
penbed, mpeobiagarommii B ciydae ucnsitanuii npu +20°C (pucynok 4.20 0).
BakHO OTMETHTh, 4TO HaOJI0JaeMOe MEX3ECPCHHOE pa3pyllIeHHE HE SBISCTCS IO
cBoeii mpupone xpynkum npu +20°C u -196°C. Ha MexsepeHHBIX (aceTkax

(pucyHok 4.20 B) BUIHBI YETKHE IMPU3HAKU «CYOMHUKpOBSI3KOro» penbeda. OH
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CBUIETENBCTBYET O TOM, YTO IIPOLIECC pa3pylIEHUs HE OrPaHUYMBACTCA
pa3001IeHNs 3epeH Ha MOBEPXHOCTH pa3jienia, a CBA3aH ¢ UHTEHCUBHBIM TCUCHHUEM
B Y3KOM CJIO€ 3€pE€H, NPUMBbIKatOIM K ux rpanuue. Y cramu 40I'18HI13® nocne
CTapeHus SMOYHBIH BHYTPHU3EPEHHBIM penbed H3JIoMa SBISETCS OCHOBHBIM.
Hebonbine yqyacTku MEX3epEHHOTO pa3pylIeHUs, HATOMUHAIOIINE MEX3EPEHHOE
paspymenue craau 40014I'16H10D, penko Berpeuaercs npu -196°C u
NPaKTUYECKA TMOJHOCTBIO OTCYTCTBYIOT IIpM KOMHATHOW TemIieparype. B
OCHOBHOM MEK3EpPEHHOE MHUKPOBS3KOE pa3pylleHue Mpucyiie ooOpasiam,
WCIIBITAHHBIX IIPU BBICOKMX HANPSDKEHUAX 6.1 = 0,95 6, Wi B 30HE yCKOPEHHOTO
pocTa yCTaJIOCTHOM TPEIIMHBI WM JojioMa o0Opa3uoB npu 6.5 = 0,96 cp,. Ilo
HalleMy MHEHMIO, TPUYMHOM  (OPMUPOBAHUS  MHUKPOBI3KOIO  peibeda
MEX3EPEHHOT0 pa3pylIeHNs B U3YUEHHBIX CTaJSAX SBISIOTCS MPU3EPHOTPAaHUYHBIE,
CBOOO/IHBIE OT YHPOUYHSIOMIMX MEJIKOAUCIEPCHBIX BbIACICHUNH. B  ycnoBusax
PE3KOro TIOBBIIIEHUS CONPOTHUBIICHHUS BHYTPU3EPEHHOMY TEYEHHUIO 3a CYET
COBMECTHOI'0 BKJIaJa JUCIEPCUOHHOIO YIPOYHEHHUS M BO3POCLIEH TEPMHUYECKOM
KOMIOHEHTHI 3CB SBIAIOTCS TEM PE3epBOM, KOTOPBIM 00ECIEUNBAET YACTUUHYIO
peNaKcaluio  pa3pyllalolMX HampsDKEHUH H - CIOCOOCTBYET — COXPAaHEHUIO
3HAYUTEJIBHOMN BSA3KOCTH MPU Pa3PYLICHUU BBICOKOIIPOUYHOW HEMArHUTHOM CTAJIH C
XpOMOM Ja)K€ IIpM KPHUOTEHHBIX TeMmIieparypax. OTCyTCTBHE pPa3BUTOIO
npusepHorpannuHoro pazpymenus ctanu 40I'18H13®D MoxHO 00BACHUTH OoJee
HU3kuM, yeM y ctanu 40'14I'16H10®D, conpoTuBieHUEM TEUYEHHUS] MaTPUIbl U
OTCYTCTBHEM PA3BUTHIX 3€PHOTPAHWYHBIX BblACNeHUN Thna My3Cs, KOTOpBIE B
cramu  40X14I'16H10®  gBmArOTCA  JONOJHUTENBHBIMU  CTUMYJISATOpPaMu
3apOKJICHHS] 3€PHOIPAHUYHBIX TPELIVH.

Bricokue 3HaueHUs] MPOYHOCTH U MJIACTUYHOCTU ayCTEHUTHBIX CTajed mpu
pacTSDKEHUH €Ille He TapaHTHPYIT HX pabOTOCHOCOOHOCTh B  M3/EINHH,
MOJIBEPraeMoM IHKJIMYECKOMY HarpykeHuto. [Ipu BbpIOOpe cramum wim pexuma
TEPMUUECKON 00pabOTKH HEOOXOIUMO YUYUTHIBATH KPUTEPHUH, XapaKTEPU3YIOLINE
CONPOTHUBJIEHUE PACIPOCTPAHEHUIO TPEIIUHBL. B KauecTBe TakOro KpUTepus 4acto

BBIOMpAIOT 3HepreTudyeckuid kputepuid Upeuna K¢, XapakTepusyrommii 3Hepruio
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pacnpoCTpaHEHUs! TPEIIUHBI B MOMEHT €€ CaMOIIPOU3BOJIBHOTO PaCIpOCTPAHEHUS
B yCJIOBUAX II0cKoi nedopmaruu [194].Yem Gonbire Benuunna K¢ ans naHHoro
MaTepuaina, TeM OOJbIlIe U €ro CONPOTUBIEHUE PACIPOCTPAHEHUIO TpeIuHbl. K¢

€CTh CTeneHHass (PYHKITUS COBOKYITHOCTH HECKOIBKUX MEXaHUIECKUX CBOMCTB (11)

[195]:

Kic=(A-E-6oe'n%)"% (11)
rae A - sMOupuYecKas KOHCTaHTa, CBSI3aHHAs C Pa3MEPHOCTBIO JITIUHBI;
E - monyns ynpyrocru;
60,2 - IPEIEN TEKYUYECTH;
€ - YIITIMHEHUE Pa3pyLIEHUs;
N-ko3dpureHT neopMamoHHOr0 YIIPOUYHEHHUS.

XapakTepucTuka TPEeIUHOCTOMKOCTH K¢ Hambonee 4yBCTBUTEIBHA K
W3MEHECHHUIO BEJIMYUHBI N, C KOTOPOW OHA CBA3aHA JMHEWHOW 3aBUCHMOCTBIO.
HMHTEeHCUBHOCTD A€(POPMALIMOHHOTO YIPOYHEHUs N 00paTHO HPONOPLUOHAIBHO
3aBUCHT OT BesmunHbl DJ1Y. K¢ 3aBUCUT TakKe OT Gp U, MO-BUAUMOMY. MOXKeT
CYLIECTBEHHO M3MEHATHCS OT KOJMYECTBA, AMCIEPCHOCTH W PpaCHpeAesICHUs
ynpouHsomux (a3 B craperomux craniax. CrenoBaTenbHO, 3HAYUTEIBHOE
noBeilieHne K¢ AMCIEepCHOHHO-TBEPACIOMIMX CTalel BO3MOXKHO MPHU CHUKEHUU
OJ1Y ux aycTeHUTa 3a CUET HaIllpaBJICHHOTO JISTUPOBAHUS U MPABUWIBHOTO BbIOOpA
PEKUMOB TEPMUYECKON 00paOOTKU, MPU KOTOPBIX BBICOKOE YIPOYHEHUE CTaJU HE
CBA3aHO C KaracTpOoUYECKUM OXpYMUMBAHMEM MaTepuaia B pe3yJbTaTe
o0Opa30BaHMsI Cerperauy B TOHKOM CJIO€ Ha I'PaHUIaX 3€pPEeH WM HENMpephIBHBIX
BBIJICJICHUN U30BITOYHBIX (a3.

Bs3kocTh paspylieHusi Mpu HU3KUX TEMIlEpaTypax M IMPOYHOCTh CBS3aHBI
MEXIy COOOW 3aBUCHMOCTBIO C MakCUMyMmMoMm (pucyHok 4.28). YBenuueHue
IPOJOJDKATENBHOCTH cTapenus mpu 650°C mo 5 - 7 wac, oOyciaBimMBarolee
nojydeHue mnpeaena tekydectd npu -196°C ua yposae 900 - 950 MIla, npuBoauT
K pocty K¢, TOrga Kak npu yBeJIMUYE€HUH MPOAOKUTENIBHOCTU cTapeHus oosee 10
4acoB, NPHUBOJAIIMM K JajJbHEHIIEMY TOBBIIICHUIO MPOYHOCTH, BA3ZKOCTh

paspylleHus 3aMeTHO cHmkaetcs [196].
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ComocTaBisisi  JTaHHBIE ~ MEXAHWYECKUX  HWCIBITAHUNM HW  aHajou3a
MHUKPOCTPYKTYPBI, MO)KHO OTMETHUTh, UTO yYBenndeHue ooreMuoi gomu VC
M3yYCHHBIX CTajeil B TMpoIecce CTapeHHS COMPOBOXKIAACTCS POCTOM BSI3KOCTH
pa3pyuieHus.

Takum 00pa3oM, U3MEHSST PEeKUMBI HarpeBa IO 3aKaJKy, TeMIepaTypy H
IPOAOKUTEILHOCTh cTapeHus aycreHuTHeIXx Ni-Mn u  Cr-Ni-Mn  craneii,
JISTUPOBAHHBIX YTIEPOJOM M a30TOM B KOJHMYECTBAX, 00CCIICUNBAIOIINX PAa3BUTHE
JTUCTICPCUOHHOTO TBEPJICHHS, MOKHO ONITUMU3UPOBATh MEXaHUYECKIE CBOWCTBA U,
B YaCTHOCTH, YPOBEHb MIPOYHOCTH M BSI3KOCTH pPa3pymICHUS ISl YCIOBHH CITY>KOBI
IIPY KPUOTEHHBIX TEMITepaTypax.

Oco0eHHOCTH pa3pylIeHUs a30TCOAEPKAINNX AyCTEHUTHBIX CTAaJIel

CpaBHeHHE OCOOCHHOCTEHM COMPOTHBICHUIO YCTAJIOCTHOMY pPa3pyIICHHUIO
TPaJMIIMOHHBIX ~ ayCTEHUTHBIX cTayned (Hampumep, ctanb XI18HIOT) wu
a30TCOJIepKAIUX AyCTCHUTHBIX HEP)KABEIOIIUX CTajed (Hampumep, CTalb
05X22AT'1 SHEM2®-111) noka3bIBaeT ClAEAYIOIUE Pa3IUIHSL.

1. VY azoTrcomepkalMx ayCTEHUTHBIX CTajied HaOJIOMaroTcsi 060jiee BBICOKHE
XapaKTEPUCTUKH IIPOYHOCTHBIX CBOMCTB (G, Gpp) NPH COXPAaHEHHH BBICOKOH
IIaCTUYHOCTH MaTepuana. OJHAKO, XOpOIIO HM3BECTHO, YTO Yy ayCTCHUTHBIX
CTaJiel HaOJIoJaeTCsl JIMHEWHas 3aBUCHUMOCTh MEXIY 3HA4YCHHSIMHU TIpenena
NPOYHOCTU G, W mpenena ycrtamoctu or [197]. CrnenoBarenbHO, YCTaIOCTHBIC
XapaKTEPUCTUKU  (JOJITOBEYHOCTh JI0 pa3pylieHUss MW TpeAen yCTalOCTH)
a30TCONIEepPKAINX CTaJIel, KaK MPaBHIIO, BBINIE, YeM y OOBIYHBIX ayCTCHHUTHBIX
cTajne.

2. VY 006oux THUTOB cTanei HabIOMar0TCs 00IMe 3aKOHOMEPHOCTH Pa3BHUTHSI
YCTAJIOCTHBIX TPENIMH Ha BCEX CTaAMIX (3apOXACHHUS TPEIIMH, CTaOMILHOTO
pocTa, YCKOPEHHOTO PACIPOCTPAHECHUSI YCTAJIOCTHBIX TPEIIMH M CTaTUYECKOTO
nosnoma). OpmHako, wu3-3a 0o0jiee BBICOKMX MPOYHOCTHBIX XapPaKTEPUCTHK Y
a30TCOACpkKAIIUX ayCTEHUTHBIX CTalled Ha CTaJAWHU YCKOPEHHOTO POCTa TPEUIUH

yarie HabJt0/1aeTcs BTOPUYHOE PACTPECKHMBAHHE BIOJb YCTAIOCTHBIX OOpPO3JIOK.
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OpHako, S5TO HHKaK HE CKa3bIBaeTCs Ha pecypce paboTbl B  YCIOBHUAX
UKINYECKOTO  JAe(OPMHUpPOBAHHUS  PEANTbHBIX KOHCTPYKIIMOHHBIX  H3JICNIUH,
MOCKOJIBKY CTaJiusl YCKOPEHHOTO POCTa YCTaJOCTHOW TPEIIUHBI HE YUYUTHIBACTCS
IpU OMpEACNICHUU pecypca HaJeKHOCTU (YUUTHIBACTCS, U TO JaJEKO HE BCErna,
CTaausl CTa0WJIBHOTO PAaCHpOCTpaHEHUs TpeluHbl). B mopammistomeM yucie
CllydaeB  KOHCTPYKTOPOB  HMHTEpPECYeT  TOJbKO  KPUTHYECKUH  pa3mep
3apOKIAIOLICNCS YCTAIIOCTHON TPEIIUHBL.
3. Ha cragum yckopeHHOro pacmpoCTpaHEHHUs YCTaJOCTHOW TpPEUIMHBI H3-3a
OO0JBIIION MIACTUYHOCTH UCXOAHOTO MaTepuana y OOBIYHBIX ayCTEHUTHBIX CTallei
MOKET HaOJI0IaThcs Hapsay ¢ Oopo3myaThiM penbeoM HATMYME Y4YacTKOB C
BSI3KUM SIMOYHBIM pa3pymieHuem [198].

Takum oOpa3om, a3oTconepKallie AayCTCHUTHBIC HEpP)KABEIOLIUE CTalll
MOTYT 3(PPEKTUBHO HCIOIB30BATHCS B PEAIbHBIX OTBETCTBEHHBIX KOHCTPYKIIHSX,
paboTaroUMX B  YCIOBHUAX ULUKIMYECKOrOo Je(OpPMUPOBAHHUA U  HaJIUYUA

arpeCCUBHOM CPEBI.

4.2. Oco0eHHOCTH pa3pylIeHHsI BBICOKOA30THCTBIX CTaJIell (BA3KO-XPYIIKHH

nepexon)

N3BecTHO, YTO POCT Ipenesa TEKyYeCTH a30TUCTBIX CTale C yBEIMYEHHEM
COJIep KaHMUsl a30Ta JI0 HEKOTOPOro MPENETbHOTO 3HA4YE€HHs] HE CONMPOBOMKIACTCS
CHM)KEHUEM BSI3KOCTH, T.€. U3BMEHEHMS CTPYKTYPBI CTaJIH, JIESTUPOBAHHOM a30TOM,
KOMITEHCUPYIOT 3P PEKT OXpymurBaHUs, OOyCIOBIEHHBIN MPUCYTCTBUEM a30Ta B
KauecTBe atoMoB BHeapeHus. B [199] ycraHoBiIeHO, YTO TpPUYMHA BBICOKOU
BA3KOCTH CBSI3aHAa C XapaKTEPOM MEKATOMHOM CBSI3H, & UMEHHO C YBEJIMYEHUEM
KOHLIEHTpAluu CBOOOJHBIX B3JIEKTPOHOB B CIUIaBE, OOECNEUYMBAIOLIECH BBICOKHE
3HAYEHUS TPEIIMHOCTOMKOCTH U yaapHo# Bs3koctu [200].

Benmnuuny Kic MOKHO M3MEHSATh MYTEM H3MEHEHMS COACPKAHUS HUKEIS U
a3oTa B AayCTEHUTHBIX CTalsx. lak, Hanpumep, B crtamu X21I'6M2 npu
yBeNnMYeHUn cojepxanus Hukens ot 2,1 mo 8,2 % KcBo3pacraer, a mnpu

yBEJIIMYCHUU KoHIeHTpanuu a3ota oT 0,45 mo 0,82% K,c ymenbmaercs [201].
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®pakTorpadudeckuii aHaM3 00pPaA3IOB BBISBUJ PA3IUYHBIA THUI Pa3pyIICHUS B
3aBHCHMOCTH OT COJep)KaHHs a30Ta W Hukens. B cramm ¢ 5% Ni u 0,45 % N
OOHapy>KEHO CMEIIIAHHOE pa3pyllIeHUEe — HAJIMYKhE MEJKUX (IHMaMeTpoM 2 MKM)
SMOK M y4acTKu co ckosioM. Ilpu comepxkanmu B ctamu 8% Ni m 0,45 % N B
U3JI0ME HaOII0aMM BA3KUIA XapaKTep pa3pylICHUs: MEJIKUE TUaMETPOM ~2 MKM U
KPYIHBIC TUAMETPOM ~ 17 MKM sSIMKH 0€3 ydacTKOB paspyineHus ckoiom [203].
BennunHa TpPEMIMHOCTOMKOCTH W XapakTep pa3pylICHUs BBICOKOA30THCTHIX
ayCTEHUTHBIX CTajell MOXKET 3aBUCETh TaK)KE OT CTPYKTYphl 3THX MaTEpHUAJIOB,
dbopmupyroneics B Mpouecce yIpouyHEeHHs IMyTeM ropsiueit neopMaiiuu win npu
Harpese Moj 3aKajiky.

B pasnene 4.2 npenctaBieHbl pe3ysbTaThl U3YUCHHS BIMSHUS 3aKaJIKH Ha
TPEIIMHOCTOMKOCTh ropsuekaranHon cramu 04X20H6I'1 1M2ADb. UccnenoBanu
nBe cepun obpasuoB u3 cramu 04X20H6I'1 IM2ADB, conepxameni 0,5% N: 1 —
nociie npokatku npu 1100 — 900°C u 2 — mocne 3akanku ot 1100°C B BOmy.

MexaHnnueckue CBOMCTBA U3y4aeMOW CTal MPEJICTaBIICHBI B Ta0uIE 4.6.

Tabmuia 4.6 - Mexaunueckue coiicta craau 04X20H61I'1 1 M2ADE

Ne MexaHn4yecKkue CBOMCTBA NPHU PACTAKEHU U 6.1, KCV.20,
cepun | op, MIla | oo, Mlla % | v, % MlIla M JTok/m?
1 979,5 798,5 35,8 62,8 680 2,06
2 940,0 591,9 47,7 69,7 540 2,38

OIeHKY TPEIIMHOCTOMKOCTH 00pas3ioB mpoBoauwian coriacHo [202].
Hcmonb3ysl KOMMAakTHBIE 00Opaslbl Ha BHEIEHTPEHHOE pacTshkeHue (TUm 3 110
I'OCT 25.506-85). HaBemenue ycCTaqoCTHOM TpEHIMHBI OCYIIECTBIISUIM MPHU

CHWXaromeMcs: pazMaxe K03 UIIMeHTa WHTEHCUBHOCTU HampsbkeHuit 4K, mpu

aCUMMETpUM LMKJIa R=01, wacrore =30 I 3apOoKIeHUE TPELIMHBI |
WCIIBITAHUSI TTPOBOJIMIIA HAa YHUBEPCAIbHOW MCHBITATEIBLHON MaIllMHE C JATYMKOM
PaCKpBITHS TpelMHbL. B pe3ynbrare ucnblTaHui ObUIH MOJYYEHbI JUarpaMmbl «P-
V» Harpy3ka - pacKpbITHUE€ BEpIIUHbI TpelmnHbl (pUcyHOK 4.21), 1Mo KOTOpHIM
OIpeleNsInch 3HaueHus pacdyetHor (Pg) m makcumansHOM (Pc) Harpyskw,
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neiicTByromeir Ha  oOpazer. 3HaueHus  Kod(d(duiMeHTa HWHTEHCUBHOCTHU
Hanpspkenuit (KWH) onpenensm mo dopmyse (12):

P
t\b

rae P —narpyska Ha oOpa3serr;

K =

.13 74-[1 — 3380145572 (1)2] 12
) ) b ) b ( )

t — TonmmuHa oOpasiia;
b — mmpuna ob6pasua;
| — AnMHA MCXOHOM YCTAIOCTHOM TPEIUHBI.

PacuetHyro BenmuuMHy Ko3(@uuneHTa MHTEHCHMBHOCTH HampsbkeHuidl Kg
BBIYUCIISIIN, NOACTaBIsAA B (popmyity (1) Harpysky Pq. 3Hauenusa K¢ — yClnoBHOTO
KPUTUYECKOTO KO3((PHIIEHTa UHTEHCUBHOCTH HAIPSHKEHUH 1711 oOpasla JaHHOM

TOJIIMHBI — BBIYUCIISUIN, TTOACTaBIIsIS B popmyiy (12) Harpysky Pc.

3000 —

cepuA 2
E 2000 H
o
= cepua 1
™ i
=
O
-
]
T 1000 ~
U T | T | T | T I T I T | T I 1
0 2 4 6 8 10 12 14

CMeLleHne, MM

Pucynok 4.21 - XapaktepHble nuarpaMmmbl «P-vy» (Harpy3ka - pacKpbITHE BEpIIHHBI

TPEIINHbI)

3arem, B cootBerctBuM ¢ [202], mo cootHomennto (13) omeHuBamm
KPUTEPHUI KOPPEKTHOCTH OTIPEICIICHUS TPESITUHOCTOUKOCTH:
2
KQ
to 22,5 — (13)
00,2
rae o0y, - Ipeen TeKy4ecTH MaTepuaia;
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tpk — pacueTHas ToJIIIMHA oOpasna npy Beurciennn K.
OcHOBHBIE pe3yIbTaThl UCTIBITAHUN TTPUBEACHBI B Ta0MIIE 4.7.

Ta6muma 4.7 - Pe3ynabTaThl HCTIBITAHUM.

Ne Ne Ko, Cpennne Ko, | tpk, KC*, Cpennue Kc*,
cepumn | obOpa3ua MIla-m'? MITa-m*? MM MIIa-m*? MIIa-m*?
1-1 87,1 29,6 154,9
1 1-2 73,9 81,6 21,4 151,3 156,0
1-3 83,9 27,5 161,8
2-1 64,1 29,5 1411
2 2-2 73,5 68,8 38,8 136,9 140,1
2-3 68,8 34,0 1423

AHanu3 pe3yJbTaTOB UCHBITAHUH [MOKa3all, 4YTo 0Opasiubl cepun 1 obnagaror
OonemM (Ha 18,6 %) 3HadeHMeM TpemmHOCTOMKOCTH (Kg) MO CcpaBHEHMIO C
oOpasuamu cepud 2. 3HAYEHUSYCIOBHOIO KPUTHUYECKOro KoddduumeHra
MHTEHCUBHOCTH Hanpsvkeruit (K¢ ) B 06pasiax cepun 1 Bbime Ha 11,4%. Crnenyer
OTMETHUTb, YTO BCIEACTBUE BHICOKOM BSI3KOCTU Marepuaia o0eux cepuil, KpuTepHii
KOPPEKTHOCTH OMPEICNICHUs KPUTHUYECKOrOo KOI(PPUIIMEHTa WHTEHCUBHOCTHU
HanpspkeHui (K\c) He BBINOJHSAJCS, B CBSI3U C 3TUM B KaU€CTBE XapaKTEPUCTUKU
TPEIIMHOCTOMKOCTH JJIsl MCCIENYEeMOM CTajayd NPUHUMAIA 3HAYCHUS Kc. st
BBISIBJICHUSI MPUYMH W3MEHEHUS 3HAYEHMH TPEIIMHOCTOMKOCTH OBLI MPOBEACHO
UCCJIEIOBAHUE CTPYKTYPhI M aHAJIU3 U3JIOMOB MCIBITAHHBIX 00pa3noB. CHUXKEHUE
TPEIIMHOCTOMKOCTH TOPSIYEKAaTaHHOM CTald TOCIEe 3aKaJKH 0O0YCJIOBJIEHO
CTPYKTYPHBIMM U3MEHECHUSIMU CTaM B mporiecce 3akanku oT 1100°C. Pe3ynbrarsl
AIEKTPOHHO-MUKpOCKOoNMu4eckoro uccineaoBanuss cram 04X20H6I'1 1M2ADD
nocie npokatkn oT 1100-900°C noka3aiii Haau4We B €€ CTPYKTYpE BBICOKOM
IJIOTHOCTH JIUCTIOKAIMH M OOJIBILIOTO KOJIMYECTBA TOHKUX Je(POpMalMOHHBIX
JIBOWHUKOB, KOTOpBIE mocie 3akaiaku oT 1100°C He nadmoganu [186].

Ha pucynke 4.22 a, 6 mokazaH Makpopenbed H3JIOMOB HCCIIECIOBAHHBIX
0o0pa3loB ¢ MpeABapUTEIbHO HAHECEHHOW YCTaJOCTHOM TPELIMHON B BEpIIMHE

Haapesa (YT). Cnegyer OTMETHTB, UTO Ha U3JI0ME 00pa3IoB cepuu 2 HaO01aIach
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CBeTJIasl 0JIoca B 30HE J1ojioma o0Opasiia (IokazaHa cTpeikaMu Ha pucyHke 4.22 6
- 3allITpUXOBaHa Ha pucyHke 4.22 B - cBsi3aHHasA, MO BCEW BUIUMOCTH, CO
CKayKOOOpa3HbIM MAaJO’HEPreTUYECKUM IPOJBUKEHUEM TPEIIMHBI B 3TOH
obnactu. CxeMa M3JIOMOB MOKa3aHa Ha pucyHke 4.22 B C BbIICJICHHBIMU 30HAMU
pa3BUTHUS TPEUIMHBI, BKIIOYAIONIMMHI 30HY BBITSATHBaHUS B BepiunHe Haapesa ( |p),
TPEYroJibHYI0 30HY cTabmibHOro pocra tpeumwssl (lc), ry0sr cpeza (M) U 30HY
noiomMa obpaslia C TMOJOCaMH  CKa4KOOOpPa3HOTO TMOJpacTaHhs TPEIIUHBI,
MapajuleJbHbIMU  HaApe3dy. B LeHTpaJbHOM dYacTu U3JI0MOB o0pas1oB
HAOMIOJANCh PACCIOCHUS, MPHYEM [UIMHA JTUX DPACCIOCHUU Oblia OoJbIne B

obpasmax 2-o# cepun (pUCyHOK 4.22 0).

< )‘41

Pucynok 4.22 - O0muii BUI U3I0MOB
o0pasuos cepuu 1 (a); cepun 2 (6); cxema
M3JI0MOB (B)/

I/ISMCpeHI/Ie BBIJICJICHHBIX 30H PAa3BUTHA TPCUIWHBI ITOKA3aJI0, YTO U3MCHCHHC

pexuMa TEepMUYECKOM OOpabOTKM MPAKTHMUECKHM HE OKa3ajlo BIMSHUE Ha HX
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pa3Mepsbl, T.e. pa3Mep 30H HE U3MEHWICSA. JTO CIEAYEeT U U3 CPAaBHEHUSPUCYHKOB
423 an4.23.0.

Paccmotpum  mukpopensed — paspyiieHus — oOpaslioB  JIBYX — CEpHid,
IIPEICTABICHHBIN Ha pUCyHKax 4.23 u 4.24. B 30He pa3BUTHs NPEIBAPUTEIBHOM
YCTAJIOCTHOM TpEeHIMHBI B 00pa3nax MepBOMl cepuu HaOMIOAAIOTCA YCTaJOCTHBIC
OOpO31KK U peKUe BTOPUYHBIE TPElUuHbI (pUCYHOK 4.23 a). 3a 30HOH ycTajaocTu
CIeMyeT 30HBI BBHITATHBAHUSA, WM 30HAa MPEUMYIIECTBEHHO CIBHTOBOTO
paspymienust (pucyHok 4.34 0), 3aKaHUMBAIOIIASCS BS3KUMH TPEOHAMHU

CTabUIBLHOTO POCTA TPEUIHHBI.

— i - "
- % 4 v . L %
" ¢ R A %
5 1 e v, . 3
‘

e
EHT
18pn

Pucynoxk 4.23 - Mukpopenbed paspymieHus 00pas3oB cepun | B 30HE yCTATOCTHOW TPEITUHBI
(a), 30He BBITATHBaHUS (0), 30HE CTAOMIBLHOTO POCTA TPEIIUHBI (B)

Y B 30HE JI0Ji0Ma oOpasma (T).
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Muxkpopenbed wu3zIoMa B TPEYroJbHOM 30HE CTAaOWMIBHOTO pPa3BUTHUS
TPEIIMHBl — BA3KWN, SMOYHBIM C HEOOJNBIIMMH TPEIIMHAMU PACCIOCHHUS,
OpUEHTHUPOBaHHBIMH BJ0JIb M3J0oMa (pucyHok 4.23 B). Takoil ke BsI3Kkuil pesbed
oOHapy>KHMBaeTCs U B 30HE Aojoma oOpasna (pucyHok 4.23 T) ¢ TOW pa3HHIICH,
4YTO B JTOM cllydyae TiyOMHA W JUaMeTp SMOK, a TaKKe PaCKpbhITHE TpPEIIUH
paccioeHust OoJblIIe.

B oOpasuax BTOpoii cepur, B OTJIMYHE OT TMEpBOH, B obOiacTu
pEeABApUTENLHON  yCTAIOCTHOM  TPEUIMHBI  OOHAPYXKUBAIOTCS HE  TOJBKO
YCTAJIOCTHBIE OOPO3JKH, HO U YYaCTKU pa3pylIeHUs MO Mexk(a3HbIM TI'paHULaM
(pucyHok 4.24 a). Muxkpopenbed 30HBI BbITATMBaHUS (pUCYHOK 4.24 0) maio
OTJIMYAETCs OT MUKpopenbeda 3TON 30HbI, HabI0gaeMoro Ha oOpas3nax cepuu 1
(pucynok 4.23 0). VM3MmeHeHus] TOSBISIIOTCS Ha YydacTKe CTaOMJIBHOTO poOCTa
TpewuHbl (pUcyHok 4.24 B, T), B KOTOPOH OOHapyKUBAETCS MaJlOOHEPrOEMKUI
MUKpopenbed, OnM3Kui K KBa3MCKONy, a Takke B OO0JacTh IMOJIOCHI
CKayKOO0Opa3HOro pocTa TPEIIMHbI (3alITpUXOoBaHHas 00JacTh Ha pucyHke 4.22 r,
NOKa3aHa CTpelKaMu pUCYHOK 4.22 0), B KOTOpOH Takke OOHapy>KuUBaerTcs
noA0OHBIA MajodHEeproeMkuil Mukpopenbed (pucyHok 4.24 m). Jlonom oOpasion
BTOPOM CEpUH BS3KWH, OJHAKO TIyOMHA SMOK MeHbIe (puUCyHOK 4.24 ¢) B
CpPaBHCHHH C TIyOMHOM SMOK 00pa3IioB MEPBOM CEPHH.

[TonydeHHbIe 3HAYEHUS TPEIIMHOCTOMKOCTH UCCIEAYEMOM CTaIu HECKOIBKO
HUKE 3HaueHuM Kic, XapaKTepHBIX AJsi BBICOKOA30TUCTBIX AYCTEHUTHBIX CTajel
X18AI20 nu XSI'lI8A ¢ comepxkanmeMm azora B mpeaenax ot 0,58 mo 0,84 %,
uMeronux Oonbiuil npeaen Texkydectu (~ 1000 MIla) u coxpaHsSrouux BbICOKYIO
TpemuHOCTORKOCTs (~ 250 MITa-m™) [201]. Opmako — codeTaHHe BBICOKOI
npoyHocTd M miIactuuHocth cranmu 04X20H6I'1 1IM2A®B co cpaBHUTENBHO
HEBBICOKUMH, HO [JOCTATOYHBIMHM JUJIsI MHOTMX MPUMEHEHUN 3HaYCHUSIMHU
TPEIMHOCTONKOCTH U YAAPHOU BA3KOCTH, JAENAET €€ MePCIEeKTUBHBIM MaTepruaIoM
JUISL JeTajied W KOHCTPYKUMH, padoTalolmux B YCIOBUAX OJHOBPEMEHHOIO
BO3/ICICTBUS BBICOKMX CTAaTHUECKHMX W JIMHAMUYECKHX HAarpy3ok. Pe3ynbTaThl

YCTAJIOCTHBIX WCHBITAHUN ATOU CTaJIk, IMOKa3aBIIMC BBICOKHEC 3HAYCHUA IIPpCAciia
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BBIHOCIIMBOCTH I Hcchaeayemoil cramu [186] mocie 3akaikd ¢ MPOKATHOTO

Harpesa

Pucynok 4.24 - Mukpopenbed pa3pylieHus 00pa3ioB cepuu 2 B 30HE YCTAIOCTHOM TPEIIUHBI

(a), 30H€ BBITATHBAaHMS (0), 30HE CTAOMIIBHOT'O POCTa TPEIIMHEI (B, T) M B 30HE JI0JIOMa 00pa3ia
(m, e).

MO3BOJISIIOT PEKOMEHI0BAaTh ATy CTajlb W JJIsI UCIOJIB30BAHUS MPU HUKIMYECKUX
Harpys3Kax.
Oco0eHHOCTH pa3pylleHUsl MPU YIAPHOM HArPyKeHUHM BBICOKOA30THUCTOM

craau 05X20I'10H3AM®D

A30TUCTBIE  HEpXKaBCIOIUME CTalld MPUHALIEKAT K  Marepualiam,
MPOSIBIISIIONIMM  TPU  Pa3pylIeHUH OCOOEHHOCTH KaK ayCTeHUTHBIX, TaK U
dbepputnbix craneit. [1ogoOHO ayCTEHUTHBIM CTajsiM C TPaHEIICHTPUPOBAHHOM
KPUCTAJIMYECKON PEIIETKOW OHU SIBIIAIOTCS KOPPO3MOHHOCTOMKUMHU U COXPAHSIOT
BBICOKYIO MIPOYHOCTh U TPEIIMHOCTOMKOCTh MPU KPUOTEHHBIX TeMIEpaTypax, HO,
nomoOHO  (GEpPpUTHBIM  CTaJsiM,  TMPOSIBISIOT  BSA3KO-XPYNKUM — TEPEXO,
CBOWMCTBEHHBIH MaTepuajgaM C O0BEMHO IIEHTPUPOBaHHOMU pemieTkoil. CorjiacHO

[199, 201], npuyrHa TaKOTO IBOWCTBEHHOTO MOBEJCHUS O0YCIIOBIICHA XapaKTePOM
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MEXATOMHOW CBSI3M, a4 WMEHHO - YBEJIMYCHHEM KOHIIGHTpAIlMd B CILIaBe
CBOOOJIHBIX AJIEKTPOHOB.

Bsizko-xpynkuii nepexon, HaOM01aeMbIi B @30TUCTBIX ayCTEHUTHBIX CTaJISX
IIPY OTIPENICTICHHOM COJICPKAHUHU a30Ta, MPOTEKAET M0 MEXaHNU3MY, OTJIMYHOMY OT
MEXaHu3Ma pa3pylieHus (peppuTHBIX cTajieil, u cBsI3aHHOMY, Mo MHeHHto [204,
205] ¢ dopmMupoBaHHEM KBa3UXPYINKUX (aceTok BIOIb IMOJOC CKOJIBKECHHUS B
miockocti {111} B pe3ynbTaTe MHTEHCUBHOM JOKAJIM30BAaHHOM IJIACTUYHOCTHU
[203, 206]. dpyrue aBropsl [207] momararoT, 4TO XJIaJHOJOMKOCTh ayCTEHHTHBIX
cTajeil 00yclIOBJIEHa B3aUMOJCHCTBUEM JBOMHUKOB BCJIEACTBHE HU3KOU SHEPruu
neekToB  ymakoBKW, a corjacHo [208] oHa  gBISETCA  CIICACTBUEM
MPOTUBOIIOJIOKHON  3aBUCMMOCTH  HANPSDKEHUS  XPYIKOTO — pa3pylieHus U
HaIPSHKCHUST TCUCHHUSI OT COJEP)KaHMS a30Ta, MOCKOJBKY HAMPSHKCHUE TEUCHUS
BO3pACTaeT C YBEIWYCHUEM COJIEP)KaHHUS a30Ta M HaIPSHKEHUE XPYMKOTO
pa3pylIeHHs] JOCTUTAeTCsl paHbIle, YEM HaIpPSHKEHUE TUIACTUYECKOTO TEUCHUS.
BaxxHON 0COOCHHOCTBHIO BBICOKOA30THCTHIX AYCTEHUTHBIX CTaleH SBISICTCS WX
CKJIIOHHOCTh K BbIJIeJIEHUI0 HUTpUI0B Xxpoma mnpu 500-900°C mo mexaHnusmy
MIPEPBIBUCTOTO pacmaaa, KOTOPBIA CHMYKACT TUTACTHYHOCTh W yIApHYIO BS3KOCTH
[209].

OtMeuyeHHBIE OCOOCHHOCTH BBICOKOQ30THCTBHIX ayCTEHUTHBIX CTalied B
3HAYNTEIHLHON CTETICHW 3aBUCAT OT TEPMHUECKOW 00pabOTKH, KOTOpas MO3BOJISET
U3MEHATh B UX CTPYKType AeheKTHOCTh (IIOTHOCTH AMCIIOKAIlUN) ayCTEHUTA,
BCJIMYMHY 3€pHA, a TaKKe KOJMYSCTBO M pa3Mep HUTpHIHBIX yacTwi [210, 211].
W3yyeHue BIAMSHUS TEPMHUUECKOM OOpabOTKM HAa MEXAHMYECKOE IMOBEICHUE
BbICOKOa30THCTOM aycTteHuTHOW ctamu 05X20I'10H3AM® [212] npu ygapHOM
Harpy>K€HUHU M COCTABJISIIO 1I€TTh UCCIICIOBAHNS.

Hccnemosana cranme 05X20I'10H3AM®, conepxkamnas (Bec. %) C=0,05;
Cr=20,4, Mn=10,3; Ni=3,1; Mo=1,1; V=0,18; N=0,53; Si=0,24; S=0,007. Ciutku
romorennsupoBanu npu 1200°C B teuenune 2 yac n koBaym npu 1150-950°C Ha
3arotToBku ceduenunem 14 X 14 mm (pexxum 1). Yacth KOBaHHBIX 0OpaslioB

3akanuBaiu oT 1100°C B Boze (pexkuM 2) najnee 4acTh U3 HUX MOABEPrajiud HarpeBy
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npu 850°C B Teuenue 0,5 (pexum 3) u 6 yac. (pexuMm 4) ¢ OXJaXIECHUEM Ha
Bo3nyxe. Mcnobltanus Ha pacTsokenue ocyumectBisuin no ['OCT 1497-84 Ha
yctanoBke Instron 3382.

JUis WCTBITAaHWM HAa YJApHYIO BSI3KOCTh HCIOJB30BaM CTaHAapTHHIC
obpasiel lapnu ¢ V- o6pa3aeiM Hajape3om u oOpasnsl MeHaxke ¢ U - 00pa3HbIM
HAJ[PE30M.

WcnbiTanus Ha yaapHbslid u3ru0 nposoawin B coorBeTcTBUU ¢ ['OCT 9454-
78 mpu 7 temmeparypax (20, -20, -60, -80, -100, -115, -196°C) na xompe
Zwick/Roell RKP 450 c 3anuchio guarpamMmsbl 1e(OopMUpPOBAHUS U MOCTEAYIONIEH
orieHkor yaapHoit Bsizkoctu (KCV u KCU), nuHamudeckoid TpeHnmHOCTOMKOCTH
Ha CTaJuM 3apOoKICHUS TPEIIUHBI Jig U paboThl ee pacnpocTpaHeHus (A4,) 1o

cootHouenusim: (1, 2).

2A

N =Wia),rne (14)

A, — paboTa 3apoXKIeHUsI TpPEIIMHBI, T.C. IUIONIaJb IOJ KPUBOW Harpy3Ka-
CMEIICHUE, OTpaHMYeHHash O00JacThbl0 OT Hadalla HArpyKeHHs N0 JOCTHKCHUS
MAaKCHUMaJIbHOU HArpy3KH;

B — mmupuna obOpasia;

W — BbIcoTa 00pasia;

a — rIyOuHa HaJipesa.

Pabota pacipocTpaHeHus TPEIUHEI (A;) OLICHUBAJIACh [0 COOTHOIIECHHUIO:
A,=A4-4,, (15)

rae A-nonHas paboTta pa3pyiieHus,

a A, — paboTa Ha CTauy PA3BUTHUS U 3aPOXKICHHS TPEUTUHBI, COOTBETCTBEHHO.
Mukpopenbed paspylieHus HCCIEN0BaIM Ha DJICKTPOHHOM PacTPOBOM

mukpockorrie Leo 430i; ma ontuyeckom Mukpockonie MBC-10  wusmepsun

napaMeTpbl HM3JIOMOB — TMOJyIIUpUHY Ty0 cpe3a (A / 2) u TIyOMHY 30HBI

CTa0MIIBHOTO POCTa TPEIIMHBI Ha MOBEepXHOCTH HM3I0MOB (l), xapakrepusyroriue

MJIACTUYHOCTh MaTepualla Ha CTaJUU 3apOXKICHUS TPEIIMHBI U €r0 BSI3KOCTh Ha

CTagnn poCTa TPCIINHbBI, COOTBETCTBCHHO.
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XapaKTepUCTUKH Pa3pyLIEHUs IPH YAAPHOM HATPYKEHUH

Ha pucynke 4.24 npencraBineHa crtpykrypa cramu 05X20I'10H3AMO®
MOCJIE PAa3IMYHBIX PEeKUMOB 00paboTku. B mpouecce xoBku mpu 1150-950°C
(pexxum 1) dbopmupyercs cyO3epeHHas (pasmep 3epHa 4-5 MKM) ayCTEHUTHAas
CTPYKTypa C BBICOKOH IIJIOTHOCTBIO JIHUCJIOKAalMi, OOJBIIMM KOJUYECTBOM
Ne(OPMAIlMOHHBIX JIBOWHUKOB M HEOOJIBIIMM KOJUYECTBOM OTHOCHUTEIBHO
KPYIHBIX HUTPHUIHBIX YacTull (pUCYHOK 4.24 a). HarpeB KOBaHBIX 3arOTOBOK IpHU

1100°C B Teuenue 1 yac. ¢ mOCIEIYIOMIUM OXJIXKACHUEM B BOJIC (PEKUM 2)

ATt T

Pucynok 4.24 - Mukpoctpykrypa ctanu 05X20I'T0H3AM® nocie 00paboTKH MO pesKuMam:
a)l, 6)2, B)3, n4.

OPUBOJUT K NPAKTUYECKH IIOJHOMY pPACTBOPEHHUIO HUTPHUIHBIX YacTUII,
PEKPUCTAIUIM3AIMH ¥ YBEJIMYCHUIO CPEIHETO pa3Mepa 3epHa aycTeHurta mo 20-25
MKM 1 00pa30BaHUIO JBOWHUKOB OT)KUTA, XapaKTEPHBIX IS BBICOKOA30TUCTHIX Cr-

Mn u Cr-Mn-Ni aycrenutHbix craneii (pucyHok 4.24 6). Ilocne HarpeBa mpu
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850°C pmmurtensHOCThIO 0,5 wac. (pexum 3) B CTPYKType 3aKaJIECHHOM CTajlH
HaO01a HEOOJIBIIOE KOJTMYECTBO 3€PHOTPAHUYHBIX BbIIETICHHUM (pUCyHOK 4.24
B). YBenuueHue JUIMTEeNbHOCTH HarpeBa A0 6 yac npu 8§50°C (pexxum 4) npuUBOIUT
K MHTEHCUBHOMY pAaCIaly MEPECHIIEHHOTO a30TOM ayCTEHUTa ¢ 00pa3oBaHUEM
KpynHbIX yactul HUTpuAoB Cr,N 1mo MexaHu3My NpepbpIBUCTOrO pacraja
(pucyHok 4.24 r). Ilocne yka3aHHOrO HarpeBa IPOLIEHT pacHaBlIerocs o0bema
ayCTeHUTa COCTaBIIIeT 0K0JIo 17%.

B Tabmune 4.8 npuBeneHbl CTaHIAPTHBIE MEXaHMUYECKHE CBOMCTBA CTallU
IIpU pacTsKeHUH. BUIHO, YTO cTajgb mociie KOBKU 00J1aJJaeT BEICOKOW MPOYHOCTHIO
U YJIOBJETBOPUTEIBHON IUIaCTUYHOCTBhIO. Haumbonee XyAmmmu cBoiicTBaMu

obJagaer craiab, 00paboTaHHAs MO PEKUMY 4.

Tabnuna 4.8 - Mexann4yeckue CBOWCTBA CTallK OCIe 00pabOTKU 10 pexxumam 1-4/

Pesxum B, 60,2, 9, Jao, Jags, | KCao, | KC.196,
v, % | Tc,°C 2 2 2 2
oopadoTrku | MIla | MIla | % Jox/m™ | Ax/m” | Isk/m® | JIsk/m
1 1064 | 918 | 289 | 389 -80 164,4 | 103,6 139 53
2 900 530 | 56,5 | 59,2 -115 2884 | 157,3 355 81
3 849 476 | 54,3 | 60,1 -100 267,7 | 1253 336 59
4 845 464 | 52,3 | 58,0 -80 247,6 57,9 295 29

[Tpumeuanue. Jog, J.195 — 3HAYCHUST TUHAMHYECKON TPEIIMHOCTONKOCTH MpHU Temmeparypax + 20
u — 196°C, coorBercTBeHHO. KCypo, KC_195 — 3HAUCHMSI yIapHOW BS3KOCTH TPU TeMIIepaTypax +
20 1 — 196°C, cOOTBETCTBEHHO.

Ha pucynke 4.25 npencraBiieHbl TeMIEPATypHBIE 3aBUCHUMOCTH YyJIApHOU
BS3KOCTH 00pasioB u3 uccieayemoii ctanu ¢ U- u V-00pa3HbIMU Haape3aMu JJis
YyeThIpeX pexuMoB 00paboTku. KoBka u 3akanka ot 1100°C ¢ mociemyronum
HarpeBoM mipu  850°C B TedueHue 6 yac. NPUBOAAT K MOJYYEHUIO HAMMEHBIINX
3HAYEHUN yJIapHOM BS3KOCTH IMPHU BCEX HCCIEAOBAHHBIX TeMIeparypax. 3aKajika
ot 1100°C, a taxxe 3akanka 1100°C c kpatkoBpemeHHBIM (0,5 yac.) HarpeBom
o0ecreunBalOT HauOOJBIINE 3HAYEHUS YIApHON BS3KOCTH, OLEHEHHOW Ha
oOpa3lax ¢ Hajape3aMu 00OMX BHJIOB. BiusiHue Hajpe3a Ha yAapHYIO BSI3KOCTb

OBLJIO HE3HAYUTEILHBIM TI0CIIE BCEX PEKUMOB 00paOOTKH.
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TemneparypHbie 3aBUCHMOCTH YIApHOW BS3KOCTH TOKAa3bIBAIOT, YTO
CHI)KCHHE TEMIIEpaTyphl UCIIBITAHUS IPUBOJIUT K PE3KOMY YMEHBIIICHUIO YIapHOU
BA3KOCTU (B TPH pasa Mociie KOBKU U B LIECTh Pa3 MOCie 3aKAJIKH). DTO MO3BOJSET
MIPEANOJI0KNTh, YTO MaTepuaj MPETEPreBaCT BI3KO-XPYMKUU TEPEXO0a, MpHUeM
KpUTHUYECKas Temreparypa Xpynkoctu (7¢), olleHeHHasi 10 TeMIIepaType pe3Koro
CHI)KEHUS yIapHOUM BA3KOCTU U PabOThI pacpOCTPAHEHUS TPEIIUHBI, CHIXKACTCS
MocJe 3aKaJIKu MO CpaBHEHUI0O ¢ 7T mociie KOBKU. OlleHEHHbIE 3HAYCHUs
TEeMIlepaTyphbl XPYIKOCTH yKazaHbl B Tabmuue 4.8. [l MaTepuana rnocie 3aKajiku
ot 1100°C ¢ nocnenyoommum HarpeBoM U 0€3 HEero (PEeKUMBbI 2-3) OHa COCTaBJIISIET ~
munyc 100-115°C, a nna martepuana mociie KOBKH (peXuM 1) W mocie 3aKajiku

1100°C ¢ qyurenbHbIM HarpeBoM (pexkum 4) ona pasHa ~ - 80°C.

Pexum 1 Pexum 2
400- 400-
s 300- s 300- @]
F: E:
I 200 Y200 a
@) = @)
X 100 ¢ 100+
04 : : : : , ‘ 04 . : : : : .
200 -160 -120 80 -40 0 40 200 -160 -120 -80 40 0 40
T, C T, C
Pexum 3 Pexum 4
400+ 400+
™~ NE
300+ 4
g § 300
3[200- =1 200+
; @)
L!) 1004 X 100+
04 : : : : : . 04 : : : : ; :
200 -160 -120 -80 _-40 O 40 200 -160 -120 80 -40 O 40
T, C T, C

Pucynok 4.25 - TemnepaTypHble 3aBUCUMOCTH YAapHOU BA3KOCTH 00pa3IoB U3 CTAJIH
05X20I'1OH3AM®; kpyrible U KBaJpaTHbIE TOUKHA COOTBETCTBYIOT obOpasuam ¢ V-u U -

0o0pa3HbIMU HaJ[pe3aMH, COOTBETCTBEHHO.
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OreHka KpPUTHYECKUX TEMIEpaTyp XPYNKOCTH ObUla TMOJATBEPIKICHA
JAHHBIMHU M3MEPEHUS MapaMeTpPOB Makpopenbeda U3JIOMOB YIapHBIX 00pas3IioB, B
YaCTHOCTH, TOJYIIHUPHUHBI TYO cpe3a (A / 2) 1 riyOuHBI 30HBI CTaOUJIBHOTO POCTa
tpemuHbl (l¢), KOTOpbIe, KaK H3BECTHO, PE3KO CHWKAIOTCS IPU HCIBITAHHH
MaTepuaJoB C OOBEMHO IIEHTPHUPOBAHHOW PENMIETKOH B HMHTEpPBAJC BSI3KO-

Xpynkoro nepexoja. M3 cpaBHeHus: pucyHkoB 4.26 a - T cleqlyeT, 4To
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Pucynox 4.26 - TemnepaTypHble 3aBUCUMOCTH TJTyOMHBI 30HBI CTa0MIBHOTO pocTa TpenuHsl (I¢)

(a, B) 1 mommymupuHbl TY0 cpe3a (A / 2) (6, r) msa o6pasioB u3 cramu 05X20I'TOH3AM® mnoce

o0paboTtku no pexumy 1 (a, 6) u pexxumy 2 (B, I).

TEMIIepaTypHbIC 3aBHCUMOCTU | m A/2 s Matepuana mocjie KOBKH (pexum 1)
CIABUHYTHl B CTOPOHY MOJIOKUTEIBHBIX Temmeparyp. Mx 3HaueHus (0coOEHHO
riyOrHa 30HBI CTAOMJIBHOTO POCTa TPEIIMHBI, PUCYHOK 4.26 a U B) 3HAUYUTEIHHO
HIDKE TaKOBBIX, TIOCTPOCHHBIX JJIsI 00pa3IoB MOcie 3aKaiku (pUCYHOK 4.26 B U T).

910 CBUACTCIILCTBYCT O MOHMKEHHOM IMJIACTUYHOCTH M BSI3KOCTHU paspyuicHu;A
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o0pa31oB mocie KOBKH.J[Js cpaBHEHMsI peKMMOB OOpabOTKM MO auarpamMmmam

yAApPHOTO Harpy>eHHs ObUIM OILECHEHbl 3HAYEHUsS paldOThl 3apOXKICHUS U

pacmpoCcTpaHeHUs] TPEUIMHBI, W 3HAYEHHS TUHAMHYECKONW TPEIIMHOCTOMKOCTH
matepuana (Jig).
W3 rpadukoB Ha pucyHKe 4.27 cieayeT, 9To paboTa 3apOsKIACHHS TPEIMHEI

INIaBHO CHHMIKACTCA C IMOHMXXCHHCM  TCMIICPATYPbI, TOrla KakK pa60Ta

paclpoCTpaHCHUus  TPCHIMHBI  MCHACTCA  PC3KO, HYTO IMO3BOJICT OLCHUTH

KPUTHUYECKYIO TEMIIEPaTypy XPYIKOCTH, JOCTHIKEHHE KOTOPOUM CBSA3aHO C PE3KUM

CHI)KEHUEM pabOThl PaCHPOCTPAHEHUS TPELIUHBI.
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Pucynok 4.27 - TemnepaTypHble 3aBUCUMOCTH paboThI 3aposkieHus (1) 1 paboThbl

pactpoctpanenus (O) 006pa3no u3 uccieayemoit cranm ¢ U-o0pa3HeIiME Hape3amH.

PesynbTaThl olieHKU T MOATBEPAWIN JAaHHBIE, TIPEACTaBICHHbIE B TaOIUIIE

4.8. 3akaneHHbIe 00pasIpl, KaK ObUIO OTMEUYEHO BHIIIC, 00JI1aIaf0T Oojiee HU3KOU

KPUTHUYECKON TEMIIEPATYPOl B CPABHEHUH C MAaTEPUAJIOM IOCJIE€ KOBKHU.
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Tepmuyeckass o0paboTka NPUBOAUT K TEPECEUEHHUIO TEeMIIEpaTypPHBIX
3aBHCHUMOCTEH paboT 3apOXKIACHHS U PACIPOCTPAHEHHS TPEIIMHBI B 00JIaCTH BA3KO-
XPYIKOTo mepexojia. IToro He HabmrofaeTcss B oOpaslax Mmocjie KOBKHU (PUCYHOK
4.27). B tabnuie 4.8 NMpuUBEACHBI M 3HAYCHUS TUHAMUYECCKON TPEIIMHOCTOWKOCTH
Jig-  IlocKOJIBKY OHM OIICHMBaJUCh MO paboTe 3apOXKIEHUS TPEIIUHbI
(cooTHomieHue 1), TemmepaTypHble€ 3aBUCMMOCTH 3TOrO MapameTpa HE HUMENH
PE3KOro nepexo/ia B 00JacT Mopora XJ1agHoJoMKocTd. OTHaKO OHH MOATBEPIIIIN
BBIBOJIbI, MOJIYYCHHBIE M3 CPABHEHUS YNAPHOW BSI3KOCTH I HCCIIEIOBAaHHBIX
PEXUMOB TepMUYECKON 00paboTku. Tak, HAMMEHBIINE 3HAYEHHUS] TUHAMUYECKOU
TPEIMIMHOCTOMKOCTH OBLIIM OOHAPYKEHBI y MaTepHalia Mocjie KOBKH, a HAUOOJIbIIINE
— TIOCJIE 3aKaJIKU.

AHaJu3 MUKpoOpeabeda paspylueHust

JleTanbHbI aHAJIU3 MUKpPOpENbeda U3JI0MOB YAApHBIX 00pa3loB (PUCYHKHU
4.28 - 4.31 ) mO3BOHII BBISIBUTH OCHOBHBIE MEXAHU3MBI Pa3pyIICHUS UCCICTYEMOI
CTaJIM U OOBSICHUTh OTMEUEHHbIE OCOOCHHOCTH TEMIIEPATYPHBIX 3aBUCUMOCTEH.

CHIKEHHE C TeMIlepaTypodl yAapHOW BS3KOCTH CTall nocCle KOBKU
(pexxuM 1) CBsI3aHO C TOSIBIIGHHEM B IIEHTPAJIbHON 0O0JIACTH H3JIOMOB TUIOCKHUX
MaJIOPHEPTOEMKUX  SIMOK (puUCYHOK 4.28 a) WU MHOTOYMCIICHHBIX PacCIOCHUMN
(pucyHok 4.28 0).

B oOnactu Hagpesa u B 30HE JojoMa oOpasiia HabII0IaTUCh CIBUTOBBIC
aMku (pucyHOK 4.28 B, T'), CBUACTEILCTBYIOIIME O TOM, YTO pa3pyllICHHE Ha
HAYAJIbHOM M KOHEYHOW CTaIMsX TMPOUCXOJWIO MOJ JCUCTBUEM CIABUTOBOMU
COCTaBJISIIOIIECH yAAPHOM HArpy3KHU.

HccnenoBanue n3inoMoB 00pa3loB cranu nocie 3akaakuom 1100°C (pexum
2)ucnbiTaHHbIX Tpu  Temmeparype 1 >Tc(pucynok 4.29 a), oOHapyXHIO
CABUTOBOE pa3pyllieHHE C SMKaMH, BEpIIMHAMHU HANpPaBICHHBIMH HABCTPEUY
Pa3BUBAIOIIECHCS TPEIIMHE, KOTOPOE MPpU TeMIEpaTypax, OJIM3KUX K KPUTHUYECKOM,
NEPEXOINII0 B AMOYHOE pa3pyllIeHHe, IO CBOEMY BUAY MOJ00HOE KBa3HUCKOJIBLHOMY
paspyuieHuto (pucyHok 4.29 6). SAMku B 3TON o0OjacTH TemmepaTyp ObUIM

HErTyOOKMMU, UMEJTH OTPAHKY U MOJIOCHI CKOJIBKEHUS, COEPK AT cPepuuecKue u
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Photo No. =1841

10 nn P ] EHT
Photo No. -1644  Dete opn |~

B r
Pucynok 4.28 - Mukpopenbed paspymierus yaapHbeix oopasios u3 cramu 05X20I'10H3AMD

nocje KOBKU (pexum 1)/

MPU3MATUYECKUE BKJIIOYEHUS] W HHOT/IAa CIMBAIUCh C oOpa3oBaHHEM o00JacTh
KBa3UCKOJIa, OTMEUCHHOM CTpeJIKoi Ha pucyHke 4.29 6.

[Ipu Gonee HU3KUX Temmeparypax, T.e. B oonactu 1 <T¢ (pucyHok 4.29 B),
HaOmofasics  MuUKpopenbed ¢  raaakuMu  (daceTkamMu  BHYTPU3EPEHHOTO
pa3pylieHHs, TOKPHITHIMA TapaICIbHBIMA  IOJOCAMU CKOJIBKCHUS |
OKallMJICHHBIMH BSI3KMM SIMOYHBIM pernbedoM. [lo rpanunam ¢acerok wHOTIA
OOHApYKHMBAMCh MEX3EepEeHHBIC MUKpOTpemuHbl. OmHa U3 Takux (HaceTok
nmokazaHa B OousblieM Maciitabe Ha pucyHke 4.29 1. BumHo, 4to mpu 3TOM
TeMmreparype SMOYHBIM penbed 1o TpaHule ¢aceTku Tmepemen B penbed,
MOIOO0HBINA CKOJTY C TUHUSMU, TTIOXOKUMHU HA PYyYbUCTHIC TUHUHU (HACETKH CKOJIA.
daceTkr BHYTPU3EPEHHOTO XPYIKOTO pPa3pylmIeHUs, OTIUYHBIC OT OOBIYHBIX
daceTok ckoia, HaOIOIaeMbIX TIpU pazpyiieHun MetauioB ¢ OLIK-cTpykTypoi,

MO>KHO OBLITO 3aMETUTh U B oUarax 3apoKJIeHUsI MaruCTpaIbHOU TPEITUHBI BOJIU3U
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BepiinHbl Hazapesa (pucyHok 4.29 n); 3a Takumu ['LIK-cacerkamu crnemoaino

CIBHUTOBOE paspymieHue. JJomom oOpasiia qaxke mpu TeMIlepaType KUAKOro a30Ta

P
g

i
WD= 18 nn

EHT-20.08 kv .
toun - — Phota Ho

10pn —rp

e -196°C

Pucynok 4.29 - Mukpopenbsed HeHTpaabHON yacTu u3iaoMoB ripu 7>Tc(a), mpu 7~Tc¢ (6), npu
T<T¢(B) m Mukpopensed 30HbI Joaoma obpasia npu 7<Tc yaapHbIX 00pa3oB U3 CTalu

05X20I'10H3AM® nocne 3akanku (pexxum 2).

OBLI TaK»kKe CﬂBHFOBBIﬁ, C IINIOCKMMH CABHUI'OBBIMH sAMKaMH H IIOJIOCAMH

CKOJBXKeHus (pucyHok 4.29 e).
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Nznombl 00pa3uoB cranu nocie 3akaikd oT 1100°C u kpaTKOBPEMEHHOTO
(0,5 gac.) narpeBa nipu 850°C (pexuM 3) OTJIMYATUCH MOSIBICHUEM XapaKTEPHBIX
JUISL CIABUTOBOTO paspyiieHust si3blukoB caura [206] (pucynoxk 4.30 a),
MOKA3aHHBIX CTPEJIKAMH, a TAaK)Ke KJIaCTEPOB CIBUTOBBIX YYaCTKOB B BHJIE ITOJIOC
CIABUTa, YepeaylolMxcs C ydacTkamMu oTpbiBa (pucyHok 4.30 06, B).
[IpenmyiiiecTBEHHBINA CABUTOBBIA MUKpopenbed HaOMI0IaICcs U IPU TeMIIepaType,

OJIM3KOH K TeMIiepaType Xpynkoctu (pucyHok 4.30 r).

\ _-( TR N " 7 "“w‘:. W
i ; 7] Lol

& J

g'

Photo No.-186;

. . ~ -60°C

10pn =

B -60°C
Pucynok 4.30 - Mukpopenbed uznomoB npu 7>Tc (a-B) u ipu 7~T¢ yaapHbIX 00pa3ioB U3

ctanu 05X20I'10H3AM® nocre 3aKanku U KpaTKOBPEMEHHOTO OTITycKa (pexum 3) (T).

[Tocne 3akanku ot 1100°C u gnurensHOro HarpeBa (6 uac.) mpu 850°C
(pexxum 4) MHUKpopeibed M3JIOMOB CTAHOBUTCA erle Oosee xpynkuM. Ha cragum
3apOKJEHUS TPEIIMHBI BOJIM3M HaJpe3a HAOIIOAAOTCS Y4aCTKH KBa3HMCKOJIBHOTO
paspyuieHusl ¢ TUIOCKUMHU SIMKaM{, MHUKPOTPEIIMHAMH W TIOpaMHU IO TPaHHIIaM
3epeH (pucyHok 4.31 a). B 1eHTpaJbHOM YacTH M3JIOMOB MPU KOMHATHOM

TEMIIEpAaType pa3BUBAETCS CABUTOBBIM Mukpopenbed (pucyHok 4.31 6), a npu
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HU3KOW TeMmmepaType, B OOJacCTH XPYIKOTO pa3pylieHUus — BHYTPU3EPECHHBIC

iockue (aceTku u paceTKu MEK3EpEeHHOTo pas3pyiieHus (pucyHok 4.31 B).

EHT-20.08 kU
19pn |

CHT- . ) ’ EHT-26.08 KV
19pn hato No 1opn

Pucynok 4.31 -Muxkpopenbed uznomon npu 7>Tc(a, 6) u ipu 7~T¢ (B, ) yaapHbIX 00pa3IoB U3

cranu 05X20I'T0H3AM® mnocrie 3aKkanku U JJIUTEIbHOTO OTITycKa (peskum V).

Jonom oOpa3la cOCTOUT U3 ABYX 30H U BKJIIOYAET OCOOEHHOCTH KaK CIIBUTOBOTO,
TaK 1 XpPYIKOT0 MEK3EPEHHOTO pa3pyILICHHS.

Takum 00pa3om, CHIDKEHHE XapaKTEPUCTUK YIAPHOTO pa3pyIICHHUS MOCIe
3aKIKA U Tocnenyromero Harpea npu 850°C sBIMETCA CIEACTBUEM pPa3BUTHUSA
MEX3EPEHHOTO pa3pyIlIeHHs], KOTOPOE CBA3aHO C BBIIECIEHUEM B IIPOLIECCE HarpeBa
npu 850°C uutpunoB xpoma Cr,N 1o rpaHuiam 3epeH.

HccnenoBanne MeXaHWYECKOTO MOBEICHUSA ayCTEHUTHOM BBICOKOA30THUCTOM
cramn  05X20I'IOH3AM® nmnpu JOuUHAMUYECKOM HArpy»X€HWHW, MOATBEPINIIN
JUTEpATypHbIE  JIaHHbIE,  CBUJCTEIBCTBYIOUIME O  TOSIBJICHMM  IOpOTa
XJIAIHOJIOMKOCTH B @30TUCTBIX CTAJIAX C TPaHElEHTPUPOBAHHON KPUCTATUIIMYECKON

PELIETKOM.
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TemnepaTypa XpymnKOCTH HCCIEIyeMOW CTalM TMOCJE 3aKajKd OKa3ajaach
OJIM3KOM TeMIlepaType XPYNKOCTH BBICOKOA30TUCTON ayCTEHUTHON HEPKABEIOIICH
cramu 1Cr22Mnl15N, cocraBuBmieit -110°C [213]. Mexanu3mbl pa3pylieHUs
U3MCHSUTHCH C TTOHW)KCHUEM TEMITEpaTyphl M0 CXeME SIMKH, SMKH+KBAa3HXPYIIKUH
U3JIOM, XPYTIKUH BHYTPU3EPEHHBINA U3IIOM.

Ha u3nomax ynapHbsix oOpa3iloB ucciaeayeMon cTaiu HaOI0Jaliuch TUIOCKHE
dacetkn xpymkoro paspymenus. I[logoOneie ¢acerkn, nHa3Banabie [T1IK-
dbacerkamu, ObLTH OOHApYKeHBI [214] HA HavadbHOW CTaJAUM PA3BUTHUS TPEUIWHBI
IIPU  YCTaJOCTHOM paspymieHnn cmiaBa B95T1 ¢ rpaneneHTpupoBaHHOU
CTpykTypoi. X nosiBieHre 00bIACHSIIOCH CTAIUNHOCTBIO pa3BUTHS JedopMaliviu B
['IK - maTepuanax, BKIIOYAIOIIECH, KaK U Y MOHOKPUCTAJIJIOB, CTAJIUIO JIETKOTO U
NONEepeyHOro ckoipxeHus. [Ipeanonaranocs, 4To 0Opa3zoBaHuE TaKUX (PACETOK,
HanmoMuHaromux ¢dacetku xpynkoro paspyuenus OLK - maTepuanos, cBsizaHo ¢
MPEAIIECTBYIONMM pa3BUTHEM Jierkoro ckosbkenus B ['IIK - marepuanax mon
JICHCTBUEM CIIBUTAIOIIETO HAMPSIKEHHS M pa3pylICHUEM IO TIOCKOCTSM CABHUTa
MIPY HAMPSKEHUH, MEHBIIIEM HaIPSIKEHUSI TEKYYECTH.

C  yBeIMYEHWEM  JJWHBI  YCTaJOCTHOM  TPEWMHBI  KO3(P(ULIHEHT
WHTEHCUBHOCTU HAIPSOKEHUSI B €€ BEPIIUHE YBEIUYUBAJICS, TMOITOMY CTaJus
JIETKOTO CKOJIBKEHUSI TPU TpEANIecTBYIOmed neopmanuu 3aKaHYMBalach, U
HaYMHAJIACh CTaNA TMOMEPEYHOT0 CKONBXKEHU. B aToM citydae, T.e. mpu Oonbiieit
JUIMHE TPEIIMHBI, (PAceTKH CKOJa Ha TOBEPXHOCTH YCTAJIOCTHBIX H3JIOMOB HE
OOHApPYKUBATKCH.

Kak ormeueno B pabore [206], momoOHOe mcUe3HOBeHHE (HaceTOK CKOja
HAOJIOMACTCsl ¢ YBEJIIMYEHUWEM JJIMHBI TPEIIMHBI M MPU XPYIKOM  pa3pylIeHUU
a30TUCTBIX CTaJIEH.

Takum  oOpazoM, oOpa3oBaHue IUIOCKUX  (aceTok  0OYCIOBICHO
neopmanmonasiM ToBeneHreM ['1IK — marepmanoB, TOYHEE, 3aBHCHUMOCTBIO
HaANPSDKEHUS CABUTA OT AeQopMaliiy, BKIFOYAIOIICH CTAIII0 JETKOTO CKOJIBKECHHUS
IpU HU3KUX HAIMpPSHKEHUSX. YCIOBHEM O0Opa3oBaHMsI TakuX (PaceTOK SBIISICTCS

paspymicHue IIpU HHU3KOM  HANPsKCHWHM, MCHBIICM  HAIIPSKCHUA  Haydalla
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NONEPEYHOT0  CKOJIbKEHHA. Takoe  yclloBHE  peald3yercd Kak  Ipu
HU3KOAMIUIUTYJHOM YCTaJIOCTHOM pa3pyLIE€HUH, TaK U MPU HU3KOTEMIIEPATYPHOM
yZlapHOM Harpy>Ke€HUHU.

B ormnmumne ot cramu ¢ OLIK - cTpyKTypo#, BIHSHHE paJlyca BEpPIUIUHBI
Hajpesa oOpa3ua Ha YyIapHYIO BSI3KOCTb HCCIEAYEMOM cTanu ObLIO
He3HauuTeNbHbIM. XOoTs u3 [206] cienyer, 4To pa3Mmep IUIACTUYECKOW 30HBI,
dbopMuUpyIOIIUICS TpU pa3pylICHUH, BIUAECT Ha MPOSBICHUE BA3KO-XPYIKOIO
nepexoja B  A30THCTBIX AYCTEHMTHBIX CTasIX: MOPOT  XJIAJHOJOMKOCTH,
HaOmogaemMplid mpu UcnblTaHuU 00pa3noB apnu ¢ V-00pasHeiM Haape3oM,
ycYe3aeT MpU HUCIBITAaHUM TJIAJKUX O0O0pa3loB 0€3 Haapes3a, pa3pylIaroluXcs
BA3KO, C OOpa3oBaHHEM SIMOK. ABTOPBI OOBSCHAIOT TAaKOE IOBEJCHHE CTallu
NOBBIIICHUEM TEMIIEpaTypbl Mpu ACPOPMUPOBAHUU TIAAKUX OOpas3LoB U
JUCCHUIALMEN JTOKAJIbHOTO HarpeBa B 00pasliax ¢ HaJpe30M.

C no3unmii pa3BUBaeMoOro Mojaxo/a BIMSHUE Hajape3a O0BSICHAETCS MPOCTO:
Jokanu3auusa naegopManudd B Haape3e MPUBOAUT K JIETKOMY CKOJBXEHUIO
MaTepuasa Ipyu HU3KOM HaIpsDKEHUU CIBUTA BAOJb ceMeiicTBa miockocTeit {111}
C TOCIEOYIONIMM pPa3pylIEeHUEM [0 3TUM IUIOCKOCTSIM. B rmankux oOpasnax
Onmarogapss MaJlol CTECHEHHOCTH IUIACTUYECKOW JedopManuul JIOKanu3alus
nedopMalui B Hayalle Harpy>Ke€HUsi OTCYTCTBYET, IMO3TOMY CTaJHs JETrKOro
CKOJBKEHHMSI TMpPU HUZKOM HANpSHXKEHUM HE pealu3yercsd, a pa3BUBACTCS
NONEPEYHOE CKOJIBKEHUE, KOTOPOE MPUBOJIUT K SIMOYHOMY BSI3KOMY Pa3pyILIECHUIO
0e3 oopazoBanus I'TIK - daceTok ckona.

@pakTorpaMMbl  yJapHbIX 0Opa3llOB a30THCTOM CTajgd MOJITBEPIUIH
B3aMMOCBsI3b oOpazoBanuss [1IK - daceTok ¢ aelcTBUEM CIBUTAIOIIETO
HaIpsHKEHUSs!, TOCKOJIbKY MPU BCEX PEKUMAX TEPMHUUECKON 00pabOTKH HA U3I0Max
HaO0JII0JaNCh OCOOEHHOCTU CABUTOBOTO pa3pylICHUS U, B YAaCTHOCTH, SI3BIYKU
CHIBUra, BepBble OOHapyxeHHbIe Ha u3nomax ctaiu 30XI'CA, noayyeHHBIX MOA

JIeicTBHEM cIBUTAOMIEH Harpy3ku [215].
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4.3. UccaenoBanue U3HOCOCTONMKOCTH ciiaBa 05X22AT'1SHSM2dD

Ha comporuBieHue WM3HOCY B YCIOBHUAX  TPEHHUS  CKOJIBKECHHS
BBICOKOA30TUCTOTO0 aycTeHUTHOTO cruiaBa 05X22AI'1SHEM2®  3HauuTenbHOE
BJIMSTHUE OKA3bIBACT €ro UCXOMHAS (JI0 HCIbITaHus) CTpyKTypa. [To manHeiM [168]
JUTIsL CYOCTPYKTYpBI 3TOr0 ciutaBa mocie npokatku npu 1100°C ¢ o6xatuem 70%
(obpazerr NeS5, Tabmuma 4.9) xapakTepHO HaJIM4YMe BBICOKOM TIOTHOCTH
JUCIIOKAIUI, KOTOPBIE MPU NEPEIUIETEHUN MEXIY OO0, 00pa3yroT KIIyOKH.

Tabmna 4.9 - Pexumel 00paO0OTKM ropsiueKkaTaHbIX CIUIaBOB, (a3oBBIl COCTaB U

MUKPOTBEPOCTH J0 U MOCJIE UCIIBITAHUN HAa H3HOCOCTOMKOCTD ¢ Harpy3koii 10H.

®da30BbIii COCTAB © MUKPOTBEPAOCTH

00pa3uoB cTajau

ITocae
Craabp Oo0pa3zen OopadoTka o ucnpiTanus
HCHBITAHUS
a | v, | HV, |a |7, HV,
% | % | MIIa | % | % | MlIla
[Ipokartka npu
5* 0 | 99 | 3380 | O | 99 | 4800
1100°C, e=70%
05X22AT'15H8M2® 3akaika
6* 1000°C-1 gac 0 | 99 | 2750 | 0 | 99 5350
(Boma)
3akaika
08X18HIO0T 7 1050°C-1 uac 0 [100| 2050 | 5 | 95 2200
(Boma)

* — B CTPYKTYpE CTaau KpoMe o U y (a3 NpUCYTCTBYIOT HUTPUABI B KOJIMYECTBE OKOJIO 1%.

B crpykrype rpsuekatannoit ctamu 05X22AT'1SHE8M2® nabmromaroTcs
MmaJbie (< 0,2 MKM) cBOOOIHBIE OT AUCIIOKALIMIA 001aCTH, OKPY>KEHHbIE TPaHUIIAMU
C IIMPOKUMHU JHUCIOKAUMOHHBIMHU KIyOKaMH, YTO XapaKTepHO [JIs HaudaJbHOU
ctaau  (popMUPOBaHUS  SYEHCTOM  CyO3€peHHOW  CTPYKTYphl. [ 'paHUIlBI
ayCTEHUTHBIX 3€pPEH B HEKOTOPBIX MECTAaX UMEIOT U3BUIIMCTBIN BUJI, XapaKTePHbIN

st ropsiaenedopmupoBaHHoro Metaiuia. [lo rpamuiiaMm W B Tene 3e€peH
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IPUCYTCTBYET HEOOJBIIOE KOMU4ecTBO MenkuxX (< 0,2 MKM) 4YacTUI[ HUTpHUIA
xpoma Cr;N.

Crpykrypa ctanu nocie npokatku rpu 1100°C ¢ nocnenyronienn 3aKankon
or 1000°C (obOpazerr Ne6, Tabmuma 4.9) xapaktepuzyercs HaIUdMeM Ha
MOJIMTOHAJIBHBIX M 3€PEHHBIX TpaHuIax aucnepcHbiX (B cedenuu 100 x 300 HM)
BbIIecHUE okpyriaoid Gopmel HuTpugoB Cr,N [168]. B crpykrype cramu B
HEKOTOPBIX ~ MECTaX COXPAaHWJIACh  BBICOKAs IUIOTHOCTh  HEPETYJSIPHBIX
JIMCITOKAIIMOHHBIX CKOTUICHUH (KITyOKOB), (DOPMHUPYIOLIUX SUYEHUCTYIO CyO3EpEHHYIO
CTpyKTypy. OJHaKo B OCHOBHOM IUIOTHOCTb JUCJIOKAIMil MO CPaBHEHUIO C
COCTOSIHUEM TIOCNi€ TopsYed TMPOKATKH YMEHBIIWJIACh, YTO OOYCJIOBICHO
MpoIleCCaMi BO3Bpara W IMOJUTOHW3AlMM TPU HArpeBe M BBLAEPKKE IEpen
3aKankoil. Pekpucramiv3oBaHHbIE 3€pHA AyCTEHUTAa MEJNKHE (HECKOJBbKO
MUKPOMETPOB), BHYTPU HUX OTCYTCTBYIOT IHUCIIOKAIIUU U IIUPOKHUE Y-IBOMHUKH.
3akanka ot 1000°C ropsiuekaTaHoW cCTald, CHMXKas IUIOTHOCTh Je(EKTOB
KPUCTALIMYECKOTO CTPOCHUS, MIPUBOJUT K CHUKEHUIO MTPOUYHOCTU U MOBBIMICHUIO
miacTUIHOCTH (00pa3iel NoS u 6, Tabnuna 4.10).

Tab6muna 4.10 - Mexaauueckue cBoictBa ctaineil 05X22AT'15SHEM2® u 08X18H10T mocie

Pa3HbIX PeKUMOB 00paboTKu (cM. Tabnuiy 4.9).

Cranab Ne o6pasna o, MIla | oo, MIla 0, % v, %
5 1207 1084 32 64
05X22AT'15SH8M2D
6 997 639 52 73
08X18HI10T 7 665 250 58 72

B npouecce ucnbITaHus HA U3HOC MPU TPEHUU CKOJIBKEHUS YBEIMUYUBACTCSA
MUKpPOTBEPAOCTh MOBepXHOCTU oOpasuoB cramu 05X22AT'1SHEM2® u cranu
08X18H10TBbIOpanHOM  muIst [216].

CpaBHEHHUS HauGompmmii  poct

MUKPOTBEPJAOCTH OTMEYEeH i1 00pa3noB y Ne 6 azorocoiepkalieil craiu
05X22AT'1SH8M2® (tabnuua 4.9) mocie ucnbiTaHus B TedeHue 240 MUH TOJ
Harpy3koit 2 kr. HammeHbIMil mpuUpOCT MUKPOTBEPAOCTH UMENU 00pasibsl Ne 7

yraepoaoconepxaiei cranu 08X18H10T (pucynok 4.32).

231



M, mr

(08X18HIOT

1000 _—~

100
05X22AT15HEM2&

I s
10 100 T. MHH

Pucynok 4.32 — 3aBucumocTs norepu Maccel (M, M) OT IJIUTENIBHOCTU UCIIBITaHUS (T, MUH)
Ha U3HOC ¢ Harpy3Kkoil 5 H o6pasnos 5 u 6 cranmu 05X22AT'1SHEM2D
u nox Harpy3kamu 5 u 10 H o6pasua 7 cranu 08X18H10T . (m), (e).

['myOuHa yNpOYHEHHOTO TOBEPXHOCTHOTO CJIOS  OOpa3loB  crajei

05X22AT'ISH8M2® u 08X18HI10T cocraBnsina okosno 10 mxm (pucyHok 4.33).

H.
MIIa
5000 A
4000 -

3000 ~

2000 |  Te—e—et oS5 o o fg o o0

1000 . . . . .
0 20 40 60 80 100 b Mxm

Pucynok 4.33 - Usmenenue mukpotsepaoctu (H, MIla) no rnmy6uHe monepeyHoro cedeHus
o0pa3ioB cranu 05X22AT' 1 5SH8M2® nocne npokatku (O) ¥ MOCIeIyIOIIeH 3aKalKy (W) U CTalln
08X18H10T mocne ucnbiTanuii Ha n3Hoc B TeueHnn 240 muH. [lon Harpyskoit 20H (o), h-
PacCTOSTHUE OT MOBEPXHOCTH (M3HOIIEHHOTO CJIOS).
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[Tpu ucneiTanuu nox Harpyskoit 5 H oOpazen; 5 cranu 05X22AT'15SHEM2D
u non Harpyskamu 5 u 10 H oOpazen 7 cramm 12X18HI10T mpu ckopoctu
Bpaenust Koutprena (9200 mm) - 1160 mun.™ momyueHa THHEiHAS 3aBHCHMOCTD
MOTEPU MacChbl 00Pa3LOB OT BpeMeHU UcnbiTaHus (pucyHok 4.32). Ilpu Harpyske 5
H u ckopocTu BpameHusi kKouTprena (P200 mm) - 460 MuH." H3HOCOCTOMKOCTB
ATUX CTaJiel MPAKTUYECKU OJIMHAKOBASI.

[Ipu OGompmIMX HAarpy3Kax W CKOPOCTH BpaIeHUS KOHTPTETA BBIABISICTCS
3HAUUTEJIBHOE  NPEUMYIIECTBO IO  CONPOTUBIEHUIO  HM3HOCY  CTallu
05X22AT'l15SHE8M2® no cpaBHenus co cranbto 08X18HI10T, uro cBsizaHo C
BBICOKOM MHTEHCHUBHOCTBIO J1€(DOPMAIIMOHHOTO YHPOYHEHUS BBICOKOA30THUCTOTO
aycTeHUTa M OoJblied e()EeKTHOCThIO €r0 KPUCTAJUIMYECKOW PEelIeTKU, MEePUoJ
KOTOpOIi paBeH 3,620 A.

VYBennuenne Harpy3ku oT 5 no0 10 m 20 H wmnm ckopocTu BpalleHHUs
KoHTpTena 0T 460 10 1160 MuH" IPUBOIUT YIKe NMPU UTUTEILHOCTH UCIIBITAHHS 60
MUH K PE3KOMY BO3pacTaHuio mNoTepu Maccbl oOpasuoB cramu 08X18H10T
(tabmuma 4.11), HecmoTpss Ha oOpa3oBaHue mnpu TpeHUUu 5% MapTeHCUTa
nepopmanmu. XpomonukeneBbli aycteHUT cranu 08X18H10T B oriuume ot
azotuctoro cranmu 05X22AT'15SH8M2® oOnagaeT HHU3KOHW  yOpOYHSIOMIEH
CIIOCOOHOCTBIO TpU JedopMaliii U UMEET 0 U TOCTE HWCIBITaHUS Ha HM3HOC
HeOOIBIION TIepHOI KpUCTAIIMIecKoi pemeTkn 3,590 A.

H3nococmouxocmov  aycmenumnvlx  cmaneu  05X22AI'ISHSM2®  u
08XISHIOT me 3asucum om UCX00HOU (00 UCNBIMAHUIL) MEePOOCMU, a
onpeoensemcsi 8 Oovulell mMepe CmeneHvilo 0epopMaAYyUOHHOSO YNPOUHEHUS UX
aycmeHuma.

B mpoiiecce ucnbITaHus Ha U3HOC MPU TPEHUU CKOJIBXKEHHS HAOIIOJaIH
pa3HbIii Xapaktep u3Hoca 00pasioB cranu 05X22AI'ISHEM2® u 08X18H10T. ¥V
cram 08X18HIOT ¢ moHMWKEHHOW CIOCOOHOCTHIO K YINPOYHCHHUIO TIPH
nedopmalii M3HOC MTPOUCXOJIUT B YCIOBHUSX IUIACTUYECKON AedopMalvu Cco
CIABUTOM 3HAYUTEIIBHOW MAacChl MeTajla K Kpar oOpasiia ¢ MOCIEeAYIONUM €ro

orpeiBOM. Y crammm  05X22AT'ISH8M2®  xapakrepu3yemoi BBICOKOM
233



WHTEHCUBHOCTHIO JI€(OPMAIIMOHHOTO YIPOYHEHUS HE3aBUCUMO OT pexXuMa
00paboTku HaOIIOaM pPaBHOMEPHBIA MEJICHHBIM H3HOC MeTajula IO BCEH

MOBEPXHOCTH o0OpasIia.
Tabmuma 4.11 - BrausHue yCIOBUW MCHBITAHWS HAa TPEHHE CKOJbXEHUA (T —
JUTTENbHOCTH, P — Harpy3ku Ha oOpaszery © V — CKOpPOCTH BpalleHHs] KOHTpTEIa) Ha MOTEPIO

Macchl (M) obpasnoB aycreHuTHbIX ctasieid 05X22AT'15SHE8M2® u 08X 18HI10T.

M, mr
Craiab o 6pNagaua P,xr | T, MmuH V =460 V=
00/MUH 116006/Mun
10 0 5
30 1 10
0,5 60 2 10
120 5 20
240 10 30
5 60 8 10
1,0 120 10 20
240 18 30
05X22AT'1SHE8M2D 50 1 13
2,0 120 22 30
240 42 50
10 3 1
30 5 3
6 0,5 60 5 5
120 5 10
240 7 15
60 3 10
1,0 120 6 20
240 8 35
05X22AT'15SH8M2D 6 50 5 15
2,0 120 70 25
240 170 53
10 0 85
30 1 270
0,5 60 1 575
120 2 1428
240 8 >10000
08X18HI10T 7 10 2 267
30 12 802
1,0 60 242 1927
120 902 4402
240 2257 >10000
2,0 60 10445 >30000
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4.4. UcciienoBanue KOPPO3UOHHOM cTOMKOCTH cTanu 05X22AT'1SH8M2D

HcnpiTanuss Ha TUTTUHTOBYIO Kopposuio B 6% p-pe FeCl; m na MKK-
KOPpPO3HI0 TMOKa3ad y o0pas3loB cTaimu  05X22AT'15H8M2®  BBICOKYIO
KOPPO3HOHHYIO CTOMKOCTB [217].

HcnpiTanus Ha oOmryro kopposuto criaBa 05X22AI'15SH8M2® nokazanu,
YTO 3TOT CILJIAB MOCJIE 3aKAJIKH U IJIACTUYECKOH JePopMaliii He CKIIOHEH K 0011en

koppo3sun [218]. V Bcex ucnbITaHHBIX 00pa3IOB TPEIIMHBI HE HAOIIOTAIIH.

Koppo3nonHasi CTOWKOCTh BBINYKJIBIX H BOTHYTBIX CTOPOH M30THYTHIX

IJIACTHH B BOAHBLIX pacTBOpax CepHOﬁ H COJISTHOM KHCJIOT

CoueraHue BeCOBOTO METOJIa U METO/a U3MEPEHHUs 00beMa BbIJEIUBIIETOCS
BOZIOPO/Ia TO3BOJWJIO  YCTAHOBUTH psiii A((EKTOB, MOMOIHSIOMIMX OOIIYIO
KapTUHY KOPPO3UHM METAUTMYECKHX 00pa3lloB B KOPPO3UOHHO-aKTUBHOU cCpelie
non Hampsokenuem [219]. Ha pucynke 4.34 moka3aHO H3MEHEHHS MAcCChI
M30THYTHIX MacTuH ctamu 05X22AT'ISHEM2® B 2H pacTBOpE CEpHOU KUCIOTHI
c nob6aBnenuem lH. KCl B 3aBUCHMMOCTH OT MPOAOJKUTEILHOCTU oOIlbiTa. B
TEUEHUE JUIMTEILHOTO Mepuoaa HabmomeHus (okojo 5-6 MHUHYT) 17 00euX
CTOPOH HW30THYTOM IJIACTUHBI TPOSIBISETCS OO0IIas TEHJSHUUS K YBEIMYCHUIO
Macchbl, CMEHSIOLIAsCs 3aTeéM €€ YyMeHblleHueM. Ha pacTsaHyTod CcTOpoHe
ILUTACTHHBI B TeUeHHe puMepHo 40 MUHYT pacTBopeHue uaet osictpee (3+10° ¢
qem Ha cxatoil (2¢10° ¢!). Ha yuacTke yMeHbleHHsT Macchl 00pasija CKOPOCTH
nporecca s miactud u3 cranu 05X22AT'1SHSM2® menslie, yeM s IJIaCTUH
13 HEKOPPO3MOHHOCTOMKOM cTanu 451°. Yepe3 15 yacoB BBIAEPKKU B 2 H. CEpHOU
KMCJIOTE CKOPOCTh pacTBOpeHus TuiacTuHbl u3 cramu 05X22AT'1SHEM2D
CTAaHOBUTCS ~ ONMM3KOH K CKOPOCTHM  PacTBOPEHHsI  IJIACTUHBI W3

HEKOPPO3HOHHOCTOMKOM cTanu 451.
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mi/Mm=50¢)

500 1000 1500 2000 2500 t,¢C

PucyHnox 4.34 - 3aBHCUMOCTb M3MEHEHUSI MacChl M/ M=50c) K30THYTOM IUIACTHHBI U3 CTAJIN
05X22AT'15H8M2® ot BpemeHH (t = i) Ipu pacTBOPEHUH B CMECH 2 H. CEPHON KUCIIOTHI U |H
XJIOPHCTOIO KaIus JJIsl BOTHYTOM (2) 1 BBITYKJION (1) CTOPOH: m(t=10c), Mj - 3HAYEHHUs MACChI IIPU

t=50ut=1COOTBETCTBEHHO.

Ha pucynke 4.35 moka3aHO M3MEHEHHE CKOpPOCTHM KOPpPO3MM Ha JIBYX
CTOpOHAX M30THYTOM IuacThHbl U3 ctanu 05X22AT'1SHEM2®, oueHnuBaemoe 1o
U3MEHEHHUI0 00beMa BOJIOPO/IA, BBIJEIMBIIETOCS HAa €IMHUIE TUIOUIaIN IIACTHHBI,

IIPU BBIAEPKKE B 23%-0M pacTBOPE COJSTHON KUCIIOTHI.
V,.zl1mo.cm’fr

(]

08 3 [[

0.7 :

LU iy | A

9

24

/AN

0.2 ’/

0.1
X %
0

<

20 25 30

en
=
o

0
T, MHH

Pucynoxk 4.35 -3aBucumocTh 00BEMA BBIICTMBIIETOCS BOJIOPO/Ia HA €AMHHUILY MAcChl OT
BpPEMEHH ISl U30THYTOM miacTuHbl U3 ctanu 05X22AT'15SHEM2® B 23% pacTtBope cosisiHOM
KUCIOTHI pu HarpyxkeHuu P =400 MIla s pactsaytoit (kp.1, 2, 3) u cxaroii (kp. 4, 5, 6)

CTOPOH IJIACTUHBI M HEHArpYKEHHOM IIACTUHBI C OJTHOM U30JIMPOBAHHOM CTOPOHOI (Kp. 7).
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Bpemst sKCIIOHMpPOBaHUS JOCTUrajgo 26-MUHYT U OIPAHHYMBAIOCH TOJIBKO
00BEeMOM BBIOpaHHOW OIOPETKH.

[Ipu 5TOM Takke, Kak U B Cllydae BECOBOI'O METOJIa, CKOPOCTh PaCTBOPEHUS
IIpU PaCTATHBAIOIIEM HaNpsHKEHUU (BBIMyKIIas CTOpoHa) Obuta Oouiblle, YeM Mpu
ckumatomeM. [lmactura  Ge3  MNPUJIOKEHHOTO  BHEUIHETO  HANpPsDKCHUS
pacTBopsiach MeliJIeHHee (KpuBas 7).

[Ipy wucHBITAHUM HW3OTHYTHIX NUTMGOBAHHBIX IUIACTUH U3 CTalU
05X22AT'1SH8M2® 1o cpaBHEHHUIO ¢ HEULIM()OBAHHBIMU TUIACTUHAMHU TTOTYYEHBI
IPSIMO MPOTUBOMOJIOKHBIE PE3YIHTATHI.

Ha pucynke 4.36 npuBeseHa aHaJOrnyHasi 3aBUCUMOCTh 00b€Ma BOAOPO/A,
BBIJICJIUBIIETOCS] B HauyajbHBIA NEPUOJA BpEMEHU (B TEUYEHUE 5 MHHYT), MHpH
MIPOBEICHUHU dKCIEPUMEHTA B 23%-HOM pacTBOPE COJITHON KUCIIOTHI C TJIACTUHOM,

CTOPOHBI KOTOPHBIX ObLIH OTHIJII/I(bOBaHLI HCIIOCPCIACTBCHHO IICPCI UCIIBITAHUCM.

Vi /S, em3/em?
e @e
o o
a &
\\
*

0 T T T T T
0 2 4 6 8 10 12

T. MHH
Pucynok 4.36 - 3aBucCUMOCTb 00bEMa BBIIEIMBIIETOCS BOAOPO/1a Ha €AMHHUILY TUIOIIAIH
OT BpeMeHHU 171 cxkaToi (1) u pacTsanyTol (2) cropoH 1M oBaHHON TUIACTUHBI U3 CTATU

05X22AT'15SHEM2®.

[To HaKIOHY KpHBBIX, XapaKTEPU3YIOIIMX HWHTCHCUBHOCTH BBIACICHUS
BOJIOPOJIa, CKOPOCTh PACTBOPEHUS CTajlyd Ha BOTHYTOM CTOPOHE IMJIACTUHBI (Kp.l)

BbIIIE, YE€M Ha BBINYKJIOH (Kp.2). AHAJIOTMYHBIE PE3YJIbTAThl MOBTOPSIUCH

HCOAHOKPATHO.
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[lonmy4yeHHBIE  HKCIIEPUMEHTAJbHBIE  PE3yNbTaThl U1  IUIACTHH U3
BBICOKOJIETUPOBAHHOTO CIJIaBA B 3HAYUTEJIBHOW MEPE CBS3aHbI C MOBBIIICHHBIM
collep)kaHMEM B HEH Xpoma, KOTOphIM (QopMUpyeT Ha MOBEPXHOCTU 0Opasia
TOHKYIO [aCCHUBUPYIOILYI0 OKHCHYIO IUIEHKY, MPENATCTBYIOIIYI0 3aMETHOMY
pPacTBOPEHMIO CIJIaBa Ha HayaJlbHOM OJTale SKCIOHUPOBAaHUS B arpecCHUBHOU
cpene. B kucnoit cpene oxcua xpoma CrO; mepexoauT B XPOMOBBIA aHTHAPHUT
CrOz;, pacTtBOpuMBbI B Boje. ToOHKas MacCUBUpYIOIas IUIEHKAa  pa30yxaer,
YTOJIIAeTCI M OSTUM MOXKHO OOBSCHUTH yBEJIMUYEHHE Macchl 00pasla,
(uKcHUpyeMOe UYyBCTBUTEIbHBIM BECOBBIM METOJOM B HAuyalbHBIA MEPHOL
BBIIIEPKKH. UeM Toiie U MeHee Jle(peKTHA MacCUBUPYIOIas MIEHKa, TEM J0JIbLIE
OyAeT 3allMIIeH OCHOBHOW MeTalsl OT arpeccuBHOil cpenpl. Ho co Bpemenem
OKCUJHAs IUIEHKAa pa3pyllaercs, OTCIauBaeTCs OT MAaTPHUIbl U €€ 3alUTHOE
NENCTBHE MTPEKPAIAETCS.

BBICOKOYYCTBUTENIBHBI BECOBOM METOJ HE IO3BOJISIET MCIOJB30BaTh
KOHLIEHTPUPOBAHHBIE KHCIIOTBHI, @ pPa3pylIEHUE OKCUIAHOW IJIEHKH B CIA0BIX
KHCIIBIX Cpelax WJAET MEUICHHO. BOIOpOIHBI METOH ONpeleneHus CKOPOCTH
KOPPO3HH JIOMYCKAET HCIOJIb30BAHWE KOHLIEHTPUPOBAHHBIX CpEJd, OJHAKO €ro
WHEPLHUOHHOCTh IO CPABHEHHUIO C BECOBBIM METOAOM 3aTPYJIHSET (PUKCUPOBAaHUE
KMHETHKH KOPPO3WOHHOTO PACTBOPEHUS CTAJIM B NEPBbIE MUHYTHI 3KCIO3ULUU.
[lo-BuaAMMOMY, YTO TO 3TOW MNPUYMHE HAOMIOJANM TOBBIIIEHHYIO CKOPOCTh
PacTBOPEHHMSI Ha BBIITYKJION CTOPOHE IUIACTHHBI. Y CKOPEHHOE PACTBOPEHHE CTAJIU B
pacTSHYTOM 30HE CBHUJIETEIBCTBYET O PAa3BUTHUHM B MOBEPXHOCTHOM CJIO€ METaiia
MUKpPOTpPEILIHH, KOTOpbIE CIOCOOCTBYIOT YCKOPEHHI0 XMMHYECKUX pEaklUuid Ha
BBIITYKJION ITOBEPXHOCTH.

Ha pucynke 4.37 nokazana CTpyKTypa HOBEPXHOCTU B LICHTPE PACTSIHYTOU U
CKaTOM CTOPOH IJIACTUHBI MPU €€ MAKCUMAJIbHOM HArpyXeHUH mociie 15 MUHyT
ucnbiTanust B 23% pactBope cepHoll kuciioTel. Ha pacTsanyToil (pucyHok 4.37 a)
10 CPaBHEHUIO €O CkaTod (pucyHOK 4.37 ©) CTOPOHOW MIACTHHBI KOJUYECTBO

MUKPOTPEIIHH OOJIbIIIE.
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Pucynoxk 4.37-Muxkpodotorpadguu CTpyKTYpbI IIOBEPXHOCTEH B IEHTPE N30THYTOM MIIaCTUHBI
nocne 15 MuH eeBbIIepKKH B 23%-HOM pacTBOpE COJITHOW KUCIIOTHI: @ — PacTAHYTas CTOPOHA
TUTACTUHBI; O — C)KaTast CTOPOHATIACTHHBI.

[losiBIeHMEe MHUKPOTpPEUIMH MPUBOAUT K YBEIMYECHHIO IIEPOXOBATOCTEU
IIOBEPXHOCTH, KOTOpasi BIMAET Ha BEJIMYMHY yIjla CMauMBaHUA. bbulo 3aMedeHo,
YTO B pe3yibTaTe JUIMTEIbHOM KOpPpPO3MM MeTaula YIjibl CMauuBaHUSl Ha
PacTSHYTOM IOBEPXHOCTH METAJUIMYECKUX IUIACTHH BCE BPEMS YMEHBIIAKOTCSA U
JOCTUTalOT HYJIEBOTO 3HAYEHMs IMPU CYTOYHOW BBIIEPKKE MeETaila B CEpHOMU
kuciore. MI3MepeHHbIe BEIMUYUHBI KpaeBbIX YTIIOB (pUcyHOK 4.36) cornacyrores ¢
pe3ynbTaTaMu IMPOBEICHHBIX JKCIIEpUMEHTOB. Ha  pacTsaHyTOM IOBEpXHOCTH
IUIACTUHBI yrosl cMauuBanust (® = 35-40°) menbine, yem Ha cxatoi (O = 43-53°).
Takoe mnoBeneHue, MNpEACKa3aHHOE NPABWIOM BeHLens Iy OCTpBIX YIJIOB,
NOATBEPKIAAET Pa3BUTHE TPEILIHUH HA BBITYKIOW CTOPOHE IIJIACTUHBI.

JleopMaImoHHbIe UCKAKEHUS METATMYECKHX OOpas3IoB MPHUBOIAT K HX
YOPOYHEHUIO. Pe3ynpTaTel M3MEpPEHUs TBEPAOCTU B LEHTPE IUIACTUH W3 CTaJIH
05X22AT'15H8M2® mnoka3zanu, 4TO TBEPAOCTh HA PACTIHYTOM IOBEPXHOCTH
mwiactuabl 6ombie (HVip= 530), uem na cxkaroit cropone (HVyy = 508). Kax
IPaBUJIO, BIUSHUE Je()OPMALMOHHBIX HCKAKEHUN YCUJIMBAETCS Ha PaCTAHYTON
CTOPOHE MO0 CPAaBHEHMIO CO C)KATOH, YTO CHOCOOCTBYET YBEJIMUYEHUIO CKOPOCTH
KOPpPO3HH, T.€. yCKOPEHHOMY PAaCTBOPEHHUIO TEX MHKPOYYACTKOB HA MMOBEPXHOCTH
o0pasiia, KOTOpbIE XapaKTEpPHU3YIOTCA 0oJiee BBICOKMM 3HAYEHHEM XUMHUYECKOTO
NOTEHIMaIA U OOJBIIMM XUMHUYECKUM CPOJCTBOM K XMMUYECKU-aKTUBHOU cpejie.

OnpeneneHre pasHULBI B CBOMCTBAX PacTAHYTOW M CKATOW MOBEPXHOCTEN

M30THYTOW macTuHbl u3 ctanu 05X22AI'1SHEM2®, npokoppoAMpOBaBIIMX B
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tedeHue 20 MuHYT B 23 %-OM pacTBOpe CEPHOM KHUCIOTHI, MPOBOAUIIOCH
HEKOHTAaKTHBIM JIa3epHbIM MeTomoM. Ha pucynke 4.38 mnpuBenaeH rpaduk
3aBUCUMOCTH pa3HOCTU a3 Ay MeXTy BO30YXKICHHBIM U 3apErUCTPUPOBAHHBIMU
curHasiaMu B 3aBucuMmoctd oT 4actotel f. [lo ocm abcumcc oTimokeHa moioca
4acTOT IOBEPXHOCTHOM TEIJIOBOM BOJHBI B auamnazonHe 70-420 I'm, a mo ocwu
OpauHAT — pa3Hulia (a3 B rpagycax.

Ha pucynke 4.38 BHIIHO, 9TO CKOPOCTh pacIpOCTPAHECHUS TEIUIOBOW BOJIHEI,
B COOTBETCTBYIOIIEH KpuBOoW 1 (cxkaTas CTOpOHA), BBINIE, YEM JUIsl KPUBOM 2
(pactsnyTast cropoHa). M3 storo ciemyer, 4yTo Ha PacCTAHYTOM MMOBEPXHOCTHU
KO3((PUIIMEHT TEMIONPOBOJIHOCTH METaJUla MEHbIIE, YEM Ha CXXAaTOW, T.€ 3TO
MOKET CBHUJCTEIICTBOBATh O HATUYMM MUKPOTPEIIMH HA PACTSIHYTOW CTOPOHE
IJIaCTUHBL. boree kecTKoMy MaTepually MOBEPXHOCTH COOTBETCTBYET OOJIbIIAs
CKOPOCTb PACIpPOCTPAHEHHSI U COOTBETCTBEHHO MEHbIIIEE BPEMS 3aJIEPIKKH MEXKITY
dazamu BO30YKJIEHHON U 3apETUCTPUPOBAHHON TETIOBOM MOBEPXHOCTHOM BOJIHBI.
HaoGopot, Oonee pBIXJIOM MOBEPXHOCTU COOTBETCTBYET MEHbBIIAsA CKOPOCTh

PaCIIpOCTPpaHCHUA TETJIOBOM BOJIHBI M OOJIbIITNE 3HAUCHHMS BPCMCHHU 3aJICPIKKHU.
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Pucynok 4.38 - Biusiaue gactots! (f) Ha pa3HuIy (a3 mOBEpXHOCTHOM BOJHBI B TOUKE
peructpaunu f 15 cxxatoit cropons! (1) 1 pacTsiHYTOM CTOPOHBI (2) MIIACTUHBI U3 CTAIN

05X22AT'15SH8M2® nocne ucnbiTanus B TeueHue 20 MUHYT B 23% pacTBOpE CEPHON KUCIIOTHI.
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PesynbraT, mMONMy4YeHHBI TIPW UCHBITAHUH NUIM()OBAHHBIX 00pa3IoOB
(pucynoxk 4.38) cBs3aH C TeMm, 4YTO, B Tporecce NUIU(OBKH C TOBEPXHOCTH
IUIACTUHBI, TO-BUJUMOMY, YAaCTUYHO YCTpAHSAETCA MACCUBUPYIOIIAs IUICHKA U
MUKPOACHEKTHI, SBJISIONTUECS HCTOYHUKAMH YCKOPEHHOTO TIPOIIeCCa pacTBOPEHUS
B pacTaHyToil 30He. OCHOBHOW MeTayll Kak Obl «OTOJISIETCS» M B 3TOM Cllydae
CKOPOCTb PAacTBOPEHUSI B HAUYAJBHBIM MEPHOJI MPEBAIMPYET Ha CHKATOW CTOPOHE
(oTpHULIATENIbHBIN 3HAK MOBEPXHOCTHOTO HaMpsikeHus). M3BecTHO, 4TO B mporecce
pacTBOpPEHHS] MeTaljla IMPOUCXOJUT TEPEXOJ B PaCTBOP MPEUMYIIECTBEHHO
KaTUOHOB (BBUIY UX OoJiee CHUJIBHOM TUpaTalliu), 4TO MPUBOAUT K 3aPSKEHUIO
TBEpJIOM TOBEpXHOCTH. B pe3ynbraTe OJHOMMEHHBIE 3apsibl MOBEPXHOCTHOTO
MOHOCJOSI B3aMMHO OTTAJKHUBAIOTCS M CO3/aI0T MOBEPXHOCTHOE JaBJICHUE,
JIaoIiee OTPULIATENIbHBIN BKJIa/ B IOBEPXHOCTHOE HAIMPSIXKEHUE, YTO U IPUBOAUT K
€ro OTPULATEIbHOMY 3HAKY.

Takum 00pa3om, MOJYyYEHHBIE HKCIIEPUMEHTAIbHBIE JTaHHBIE MO KOPPO3UU
MoJ, HaNpsKEHWEM B arpecCUBHBIX CpelaX HW30THYTHIX IUIACTHH W3 CTaJH
05X22AT'ISH8M2® noka3ainu, YTO XUMHUYECKUE PEAKIIMU HA MPOTHUBOIIOI0KHBIX
CTOpOHAaX TIUIACTUH UAYyT C Pa3HOM CKOPOCThIO, 3TO U TMOATBEPXKIAET
CYIIIECTBOBAHHE MeXaHOXUMHUYeCcKoro d(ddekra 3Haka nedopmaruu. B ycrmoBusx
KOHKYPEHIIUHU ATOT0 d(PPeKTa 1 KOPPO3UOHHOTO PACTPECKUBAHUS TO, YUTO CKOPOCTh
KOppO3UM TpEBAMPyeT HAa CXKAaTOM CTOPOHE IUJIACTUHBI (OTpHUIATENIbHOE
MOBEPXHOCTHOE HAMpsDKEHUE), wumocTpupyeT »d@dexT 3Haka nedopmanuu.
MMeHHO CcpaBHEHHE CKOPOCTH KOPPO3UM Ha BBIMYKJIOW M BOTHYTBIX CTOPOHAX
MJIACTUHBI J1aeT WHOOPMALMI0 O MOBEPXHOCTHOM HAMPSHKEHUH, ITOW TPYJIHO
onpenenseMoi BenuumHe. [Ipy HEOOJIBIION TPOIOIKUTEIFHOCTH HCHBITAHUS U
HEOOJIBIION BEIMYMHE JCHCTBYIOIMIMX HAMPSHKEHUH KOPPO3Us MPOTEKAEeT ObIcTpee
B YCJIOBUSIX CXaTus (Ha BOTHYTOM CTOPOHE).

[IpoBeneHHbIE WCIBITAHWS HA KOPPO3HMOHHOE pacTpeckuBanne B 3%
pactBope NaCl HemarHuTHOM  cTaperomieii  a3oTocojaep)Kallel  CTaju
X15AT'14H8® (0,406% N, 1,26% V) mocie 3akaiku ot 1200°C u crapeHus mpu

650°C — 16 gacrmuiockux o0pasiioB, ¢ IPEABAPUTENLHO MOJIYYEHHON YCTaIOCTHOM
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TPEIMMHOW, Ha W3TMO C  TOCTOSHHOW  HArpy3kod  MoOkKas3ajgo,  4TO
MApraHI€EBOHUKEIIEBbIE CTAIA C JUCIEPCHBIMA YacTULAMH HUTPHUIA BaHAIHS
MMEIOT MOBBIIIEHHOE COMPOTUBIEHUE KOPPO3MOHHOMY pacTpeckuBaHuio B 3%

pactBope NaCl (pucynox 4.39).

Kq, kr/mm*?

- ™

l Koppo3nonHoe pacrpeckupanue B 3% p-pe NaCl

H g Ko — 105\};\/ Ay e
®
430 A-JUTHHA TP eI HbI

420 W-LIHPHHA 00p-1A
\ v
S~ ——+—————F> ynompapoumri xorpd
410 |
\
400 ———-h——-———q———k
2 4 6 8 10 12

Bpems moa Harpyskoii, MIH.

Pucynok 4.39 — xoppo3uoHHoe pactpeckuBanue B 3,5% pactsope NaCl HemarauTtHoit
cTapetoleit azoroconepxkaiieit cranu X15AT 14H8D (0,406% N; 1,26% V) nocne 3akaiku ot
1200°C u crapenust npu 650°C — 16 uac.

HatypHbie koppo3uoHHbIe HCTIbITaHus 00pa3ioB u3 ctanein 05X22AT'8M20

u 12X18H10T B Mopckoii Bojie — nmpuBeieHbI B Tabnuiie 4.12.
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Tabmuma 4.12 - OcHOBHBIE KOPPO3UOHHBIE XapakTepucTuku oopasuos B 3,5% NaCl.

K’ EKa ‘Jk) Rp! | Z | -0,
CraJun ) Csc ) ) )
r/™M° roa MB (x.c.3.) Alem OmMm:cm OmMm:cm

Jlo mpoBeneHus HaTypHBIX UCIIBITAHUN

12X18H10T - -40 39,7 | 2,7:10° 1,5-10° 3,3:10°
05X22AT8M2® - -30 251 | 6,510° | 3,9-10° 7,3:10°
[Tocne 12 mecsaoB atMoc(epHOi KCTIO3UIIH
12X18H10T 0,10 6 281 | 24107 1,2-10 5,3:10°
05X22AT8M2® 0,06 -15 265 | 2,1-107 1,3-10 7,7-10°
[Tocne 12 mecseB S3KCMO3ULIMKA B MOPCKOM BOJIE
12X18H10T 0,378 -36 357 | 5,010° | 7,1-10° 3,6:10°
05X22AT'8M2D 0,235 -9 293 | 40107 | 7,310° 4,0-10°

BeiBOABI O ri1aBe 4

1. WUccnenoBana cratuyeckass U yCTAJOCTHAs MPOYHOCTh KOPPO3HMOHHO-CTOMKOM
aycreHuTHOM azotconepxkamen crtanu 05X22AT' 1SHEM® B pa3HbIX CTPYKTYpPHBIX
COCTOSIHUSAX Tociie Topsiuert mpokatku mipu 1100°C, 3akanku ot 1150°Cu 3akanku
or 1150°Cc mnocnemyromum ©HarpeBoM mnpu 800°CB Tewenwme 1 u 10 u.
[TpucyTcTBHE B CTPyKType 00pasiioB OTHOCHUTENbHO KpymHbIX dYacTuil Cr;N,
BBIJICJIMBIINXCS 110 MEXaHU3MY IPEPBIBUCTOTO pacnaja B MPOLECCE Harpesa MpHU
800°C, He MPHUBOIAT K TOBBIIICHUIO MEXaHWYECKUX XapPaKTEPUCTUK H3YUYCHHOM
cranu.llokazaHo, YTO MaKCUMaJbHYIO JOJITOBEYHOCTh M 0OJiee BBICOKMH Tpenesn
BbiHOCIIUBOCTH (400 MIIa) nmenu oOpasifel, y KOTOPHIX B MPOIECCE MPOKATKH MPU
1100°Chopmupyercss METKO3EpHHUCTass ayCTEHUTHas CTPyKTypa ¢ OOJbIIUM
KOJIMYECTBOM JIBOMHUKOB M BBICOKOM IUIOTHOCTBIO JUCIOKAIHMK. Y 00pa3ioB
nociie 3akayiku oT 1150°Cc kpymHO3EepHUCTON CTPYKTYPOM TOCTUTAETCSI MEHbIINN
npezaen BeiHOCAUBOCTH (345 MIla). OOpasiel mocie 3aKajku U MOCje 3aKallKu 1
NOCJIEAYIOUIErO0  CTapeHUs]  MMEKT  MPAKTHYECKHM  OJWHAKOBBIA  IIpeael
BBIHOCJIUBOCTH, OJJHAKO OIPaHUYEHHAs J0JITOBEYHOCTH OOJIbllIe Y 00pa3loB mocie
3akaiku Oe3 crapeHus. KoOHIEHTpaTOop HampsOKEHUS CHUXKAET — Mpeaen

BBIHOCTIUBOCTH 00pa3iioB nocie mpokatku ¢ 500 MIla (rmagkue obpasisr) o 300
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MIla (obpasupl ¢ V — oOpasapiM Hazape3oM). Koppos3monHas cpena B ciaydae
3aKaJICHHBIX OOpa3llOB HE CHUXKAET IUKIMYECKYI0 MPOYHOCTh, a HEKOTOPOE €€
YBEIMYEHHE CBSA3aHO C OXJAXKICHHUEM IOBEPXHOCTH O0pa3loB KOPPO3HMOHHOM
cpenou.

2. ®pakrorpaduyueckre UCCIeOBaHUS YCTAIOCTHOTO — pa3pylICHUs CTaJIn
05X22AT'15SHS8M® nmnokazand, 4YTO 3apOKJACHHUE YCTaJOCTHOM TPEUIMHbI
MPAKTUYECKHA BO BCEX CIydasX MPOUCXOAMT B yriax pedep MIOCKUX 00pasIoB IO
CABUTOBOMY MexaHu3My.PacnpocTpaHeHre ycTallOCTHOM TpelMHbl B oOpaslax
nocje Topsiued MPOKATKM W 3aKaJKU CBSI3aHO C OOpa30BaHMEM YCTaJIOCTHBIX
OOpO3JIOK €  YaCTUYHBIM  pACTPECKMBAaHHMEM  MeTayla Yy  BEpUIMHBI
pacrnpocTpaHsonieiics Tpemrabl. CTaTUYECKH JOJIOM CBSI3aH C BSI3KUM SIMOYHBIM
paspyuieHueM. Harpes mocie 3akajiku IpUBOJUT K PE3KOMY YBEIUYEHUIO pa3Mepa
3¢pHa M, KakK CIJEICTBUE, K CMEIIAHHOMY MEXaHH3MY pPacopOoCTpaHEHUs
YCTAJIOCTHOM TPEIIMHBI (BHYTPU3EPEHHOMY U MEK3EPEHHOMY). Y CKOPEHHBIH POCT
YCTAJOCTHOM TPEIIUHBI W CTAaTHUYECKUWA JIOJIOM CBSI3aHBI C MEX3E€PECHHBIM
pa3pylLICHUEM.

3. M3ydeHO BIMSHHE PEKUMOB TEPMUUYECKONW OOpaOOTKM HAa XapaKTCPUCTUKH H
MEXaHU3MbI paspyuieHus BBICOKOA30TUCTOM ayCTEHUTHOMN cTajau
05X20I'1OH3AM® npu yaapHoMm HarpykeHuu. [lokazaHo, 4TO cTajlb MPOSIBISET
XJIaJJHOJIOMKOCTh, CBOWMCTBEHHYIO MaTepuajaM ¢ OObEMHO IEHTPUPOBAHHOMU
KpUCTAJUIMUECKON pemeTkon. Mcronp30BaHHbIE PEKUMBI TEPMUUECKON 00pabOTKH
MOHIKAIOT TEMIIEpaTypy BsA3KO-Xpynkoro nepexona (Tc) ~ Ha 30°C: ot -80 mo -
100+115°C nnsa 06pa3noB nocie KoBKU U nocie 3akanku ot 1100 °C u varpesa 0,5
yac npu 850°C, coorBercTBeHHO. bosee mimuTenbHbld HarpeB (6 dYac.) mocie
3aKaJIKu OpUBOAUT K TmoBblieHHIO Tc g0 -80 °C.IIoBbIIEHHBIMU
XapaKTePUCTHKAMH YIapHOil Bsi3kocTH (255 JIk/M®)  TpelmuHocToHKoCTH (288,4
Jk/M°) HAa CTamMH 3apOXKACHHS TPELIMHBI O0IAZaeT CTadb MOCHE 3aKAIKH OT
1100°C. BnusiHue pagnyca BEpUIMHBI HAAPE3a HA yIAPHBIE CBOMCTBA UCCIEAYEMOM
CTaJdy HE3HAYUTEIbHO.AHAU3 JUarpaMM YJapHOTO pa3pylIeHUs MOKa3all, 4To

3akasika ot 1100°C w nocneayrommii HarpeB 0,5 m 6 yac. mpu 850°C
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WCCJICIOBAHHONW CTaJld TMPUBOJAT K 3HAYUTEIILHOMY YBEIMYCHHIO pPaOOTHI
pacnpocTpaHEHHUs] TpPENIuHBI, Hanbosee Bbicokue 3HadeHus (164,4 JIx) paboTsi
pacrnpoCTpaHEHHUsI TPEIIMHBI UIMEET CTaJlb B COCTOSIHUU Tocie 3akanku oT 1100 °C.
4. OCHOBHBIM MEXaHHU3MOM pa3pyLICHUS] B UHTEPBAJE BSA3KO-XPYIKOTO Mepexoaa
ctanu nociue 3akanku ot 1100°C u narpea npu 850°C sBisieTcsi oOpa3oBaHue
['IK-daceTok BHYTPU3EPEHHOTO pa3pyILIEHHUs, CABUTOBBIX W IIJIOCKUX SIMOK,
A3bIKOB cIBUra W (haceTok Mex3epeHHoro paspyuieHus. lIpennoxena monaenb
obOpazoBanus ['LIK - dacerok ckojla B ayCTEHUTHBIX CTalsiX, CBs3aHHas C
MPEAIIECTBYIONIUM Pa3pYIICHUIO JIETKUM CKOJIBXKEHHUEM CTalu MOJ JeHCTBUEM
HU3KOTO HaINpsDKEHUSI CABUTa W Pa3BUTHEM pa3pyILICHUs] TPU HANpPsHKEHUH,
MEHBIIIEM IIPEAENa TEKy4eCTH MaTepurara.

5. BeicokoazoTtucras aycreHuTHas Hepkaseronias ctanb 04X20H6I'1 IM2ADE B
ropstuekatanaoM 1ipu 1100-900°C u 3akanernsom ot 1100°C cocTostHusIX 00namaer
JIOCTaTOYHO BBICOKOM TpemnHoCcTOMKOCThIO. [Tocie 3akanku ot 1100°C 3HaueHus
TPEIIMHOCTOMKOCTH K ropstyekaTaHHOU ctanu cHuxaroTca Ha 11,8 %. Canxkenue
TPEUIMHOCTOMKOCTH TOPSAYEKATAHHOM CTAJIM MOCJIE 3aKaJKHU B 3HAYUTEILHOU MEpe
CBSI3aHO C  YMEHBIIGHUEM  IUJIOTHOCTHM  JUCIOKAalMM W KOJIMYECTBa
nedhopMaIlMOHHBIX JIBOMHUKOB.AHAJIN3 H3JIOMOB O0Opa3IoB MOCie MPOKATKUA U
MOCJIE 3aKaJK{ MOKa3ajl, 4TO XapakTep pa3pylICHUs] CTajlu BA3KHUM, OJJHAKO MOCIe
3aKaJlKM Ha Y4YacTKe CTaOWJIBHOIO POCTa TPEIIMHBI TMOSBISIIOTCS 00JacTh
MaJI0O9HEPrOEMKOT0 pa3pyIIeHUs, OJU3KUE K KBA3UCKOITY.

6. B  pesymprare  OKCIIEpUMEHTAa  YCTAHOBJEHO, 4YTO  HAWMOOJBIICH
U3HOCOCTOMKOCTBhIO oOmanaer cranb 05X22AI'18H8M2® nocne 3akainkd OT
1100°C ¢ otmyckom B 800°C B Teuyenue 1 gaca, 4T0 OOYCIOBICHO HAIUYHEM B €€

CTPYKTYpE HalM4MeM TBEPJIBIX YaCTHUI] HUTPUAOB XpOMa KOTOpbIe (HOPMHUPYIOT
y+CLN cTpykrypy, uT0 00YCIOBIEHO HAMMYMEM TBEPABIX YACTHIl — HHUTPHUJIOB

xpoma Cr,N wu wmapreHcur  gedopmManuuB  TOHKHX  MOBEPXHOCTHBIX
CJIOSIX. Y CTAHOBJICHO, YTO ISl CHHJKEHUSI TEMIIEpaTyphl BSI3KO-XPYIIKOTO Mepexoa
(Ty) mmxke -196°C B aycrenutnsix Cr-Mn-NuCr-Mn-Ni-N craisx ¢ comepxanuem

a30Ta B HUX Y-TBEPJIOM pacTBope AOKHO ObITh He Ooisiee 0,4%. CkopocTh M3HOCA
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CYIIIECTBEHHO 3aBUCHUT OT Ae(OPMAIIMOHHOTO YIPOYHEHHUS ayCTEHUTA00pa30BaHMUS
MapTeHCcuTa AedopMariiiy Haaudue TBEPABIX dacTull — HUTpuaoB, Tuma CrN.C
YBEIMYEHUEM HArpy3Kd, BPEMEHH JJIUTEITbHOCTH UCIBITAHUS, CKOPOCTH 000POTOB
M3HOCOCTOMKOCTh YMEHBIIAETCA, MAaCIO >K€ IMO3BOJISIET MOJYYUTh HAUBBICIIYIO
M3HOCOCTOMKOCTh C HYJIEBBIM M3HOCOM B Te€ueHHE | yaca ucrbITaHus. XapakTep
M3MEHEHHUS TBEPAOCTH U U3HOCOCTOMKOCTH ayCTEHTHUTHBIX KOPPO3MOHHO-CTOMKHUX
crasieir 05X22AT'1SHE8M2® u X18HI0T or ycnoBuil HCHObITaHHMA W Hakjiena
CTaJiel cyliecTBeHHO paznuuaroTcs. [Ipu Harpyske Ha oOpazen; 0,5 Kr ¥ CKOPOCTH
BpaieHusi KoHTpTena 460 o0/MuUH TOTEpsi Macchl OOpasIloB MOCJE HMCIBITAaHUS
MpakTU4YecKu oauHakoBas. C yBeIWYEHHWEM CKOPOCTH BpAILCHHS KOHTpTENa OT
460 mo 1160 o6/mMun npu Harpy3kax Ha oopasen 0,5 u 1,0 kr ans cranu X18H10T
n 0,5 kr s cramu 05X22AI'1 SHEM2® nonyyeHa nuHelHas 3aBUCUMOCTb IOTEPU
Macchl O0pa3lloB OT BPEMEHU HCIbITaHUS Ha HU3HOC. [Ipu »TOM BBISBISETCS
3HAQUUTEIBHOE  MPEUMYILIECTBO MO  COMNPOTUBIECHHUIO  HM3HOCY  CTalu
05X22AT'ISHEM2®, aycTeHUT KOTOPOU IO cpaBHEHUIO co ctanbio 12X18H10T
oOnamaet Oosbiel 1e(eKTHOCThIO KPUCTALTUYECKON PEIIECTKH.

N3HOCOCTOMKOCT, TMpPU TPEHUM CKOJBXKEHUS  a30TOCOJEpIKaIlero  CIrjiaBa
05X22AT'15SH8M2® omnpenensiercs €ro CIOCOOHOCTBIO K AehOpMallMOHHOMY
YOPOUHEHUIO, B CTPYKTYpPE KOTOPOrO MPUCYTCTBYET JOCTATOYHOE KOJUYECTBO
a30TOCOJICPIKAIIIETO AYCTEHUTAa B COYETAHUUM C HEOOJBIIUM KOJIMYECTBOM
kapoouuTpu10B Cry(C,N) min aurpumos CroN.

7. Koppo3uoHHbIE HCCIIEI0BaHUs ABYX BUIOB BHICOKONPOYHOM CTAJIN: UCTIHITAHUS
KPH u »37eKTpoXMMHUYECKHUE HCHBITAHUS, MOKa3aau, 4yTo Bblaepkka npu 500°C
MOBBICKJIAa KOPPO3WOHHBIE CBOMCTBA CT&JIM MPU HCHBITAHUU O€3 Harpy3ku.B
Koppo3uoHHO#W cpene mon Harpyskoi (KPH) mpounocts cramm, Hao0O0pOT,
MOHU3WJIACh, UTO CBS3aHO C TOMOTEHHBIM pacnaaoM aycrtenuta. [locne 3-yacoBoii
BbiIepKkH Tipu 800°C mpUCYTCTBUE B CTPYKTYpe G-(has3bl MPUBEIIO K YXYIIECHUIO
KOPPO3UOHHBIX CBOMCTB.

8. Ucmonb3oBaHHbIe METOABI (BECOBOM M BOJOPOIHBIN) ONpPEACICHUS CKOPOCTH

KOPPO3UHU U30THYTHIX IUIACTUH U3 BbICOK0A30TUCTOM ctan 05SX22AT' 1SHEM2®D B
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pacTBOpax CEpPHOM M COJSHOM KHUCJIOT MOKa3ald, YTO CKOPOCTh PACTBOPEHUS
MeTaJljla Ha PacTAHYTOW CTOpPOHE BBIIIE, YeM Ha cxaToi ctopone. [Ipeobrananue
KOPpO3UH Ha BOTHYTOW CTOPOHE CBHJIETEIBCTBYET 00 OTpPUIIATEIbHOM3HAKE
NOBEPXHOCTHOTO HATSHKEHUS CTalld Ha TIpaHUUE C pacTBOpoM.Bricokoe
comepkanne  xpoma B cramu  05X22AT'15SHE8M2®,  dopmupyroriee
MACCUBUPYIONIYIO TUICHKY, 3aMeUISIeT MPOIECC KOPPO3UU HAa HAYAIbHOW CTauu
npolecca B U3yYEHHBIX cpeaax.

9. IlokazaHo, 4TO OJTHOBPEMEHHOE BO3JICHCTBHE MEXAaHUYECKOTO Ne(hOPMUPOBAHUS
U arpeccMBHOM Cpellbl B PpEAaKIMOHHOM MPOCTPAHCTBE - «TBEPIOE TEJO-
ANEKTPOIUTY CTUMYIIUPYET KOPPO3UI0 KOMIIOHEHTOB CILJIaBa M, KaK CIIEJCTBHUE,

(bOpMI/IpOBaHI/IC OKCHUIHOTO CJIOA IIPOJYKTOB BBaHMOIICfICTBI/IfI McETalliia Co CpGIIOfI.
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I'naBa 5. HcciaenoBanue TE€XHOJOTNYeCKHX CBOMCTB HOBBIX

a30TOCO/IepKAIIMX CTaIel

5.1. HccaenoBaHue CBApUBAEMOCTH KOPPO3HOHHOCTOMKHX ayCTEHHMTHBIX

cTaJIel I HU3KOTeMIIePATYPHOM CIYKObI

OTHOCHUTENIBHO HEBBICOKMUA ypOBEHb MPOYHOCTU (Cg, < 400MIla)
MPUMEHSIIOIINXCA B KPUOTEHHOM TEXHHUKE KOPPO3UOHHOCTOMKHX ayCTEHUTHBIX
CTajell OrpaHUYMBAET BO3MOXHOCTHM HUX MPUMEHEHUS JII BBICOKOHATPY>KEHHBIX
CBAPHBIX KOHCTPYKUIHI. OZHUM U3 EPCIEKTUBHBIX MTyTEN MOBBIIIEHUS IPOYHOCTH
TaKuX CTaJell SBIsETCS JIETUPOBAHUE HMX a30TOM B KOJIMYECTBAX, OJM3KOM K
MaKCHMAJIbHOM €ro pacTBOPUMOCTH B pacIljlaBe IMpU TEeMIepaType CBapKu, B
ceapuoM mBe [220]. i moBbIIEHUS MPOYHOCTH cBapHBIX coenuHeHui (CC)
XUMHUYECKUN COCTaB CTaJIe N0KeH 00eCcieurBaTh:

- BBICOKYIO PacTBOPUMOCTH a30Ta B >KHJIKOM METaJUIE M KpUCTAJUIM3alui0 0e3
oOpa3oBanus 6 — ¢deppura, 06eCreunBaIOIyI0 BEICOKOE COJIEp)KaHHe a30Ta B Y —
TBEPJIOM PaCTBOPE;

- crabunm3anuio ayctenurta cBapHoro mBa (CII) u ocHoBHOro metaima (OM) 1o
OTHOIIICHHIO K Y —0, Y —G, Y — € MIPEBPaICHUSIM;

- (¢dopMHUpOBaHUE CTPYKTYphl C MajbiM KOJMYECTBOM HUTPHUIOB C IIEJIBIO
U3MEJIbYCHUS ayCTEHUTHOTO 3€pHAa MPHU OTCYTCTBUE KapOuaoB tuma M,3Cs B
OCHOBHOM MeTajuie M & — (epputa B CBapHOM MIBe ( 3TO BBINOJHAETCA Y
HU3KOYIJIEpOAUCTHIX cTalielt ¢ cootHomeHneM C / N< 0,15 B xpoMoMapraHiieBbIx
ctaisix ¥ < 0,09 B XpOMOHHMKENIEBBIX CTAJIAX).

[Tpu »TOM HEOOXOAMMO UMETh OJIM3KOE MO BEJIMUMHE COAEp)KaHUEe a30Ta Ha
Bcex yuactkax CC, MuHUMalbHYIO peakiuio OM Ha TepMUYECKUM LUK CBAPKU U
nojayyeHue  OecrmopucThiXx  MmBOB.  Ompedensss  XUMHYECKUM  COCTaB
BBICOKOA30TUCTBIX CTAJIEM U PEXKUMBI UX TEPMHUYECKOW M TEPMOIUIACTHUYECKOU
00paboTKH, CIEAyeT YUUTHIBATh WX CKIOHHOCTH K BBIJCICHUIO HUTPUIIOB XpoMa
npu  500-900°C mo MexaHusMy MPEPHIBUCTOrO pacnazga. lIposBiaeHue

HECTAOWJIBPHOCTH ayCTEHUTA BBIPAXXEHO TeM Oojiee pe3Ko, YeM OOJbINe CTENEHb
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NEPECHIEHUST  ayCTeHUTa  a30ToM. lIpepbIBUCTBI  pacmag — ayCTEHUTa,
MEPECHIIEHHOTO a30TOM, C OOpa30BaHHWEM TEPIUTONOMOOHBIX KOJOHHWHM THUIIA
ayCTEHHUT C PaBHOBECHBIM cojiepkaHueM a3zoTa — Hutpup tuma CroN. CxopocTtb
NPEPBIBUCTOTO pacnaja 3aBHCHUT OT CKOPOCTH HM3MEHEHHUs TEMIIEpaTypbl, 4YTO
MPUBOJUT K HEOAHOPOAHOCTH MEXAHWYECKHX CBOWCTB [0 CEYEHUIO JeTalieh
OonpMX pazmepoB. KpoMe Toro, mpepbIBUCTHIN paciaj CHIXKAET IIACTUYHOCTD U
YIAPHYIO BS3KOCTh, a TakKK€ YXYJAIIAeT CBAPUBAEMOCTb CTajd. Y CTPAaHEHHUE
OTPULIATENBHOTO BIIMSIHUS MPEPBIBUCTOrO pacnaja Ha MEXAaHWYECKHE CBOKCTBA
CTaJIM MOXET OBITh JOCTUTHYTO HECKOJIBKUMH ITYTSIMHU B TOM YHCIIE:
- UCIOJIb30BAaHUEM TOpsiYel IUIACTUYECKOM JedopManuu ¢ OKOHYaHHEM IIpH
TEMIIEpAaTypax BbIIIE TEMIIEPATYPbI IPOTEKAHUS MTPEPHIBUCTOTO pacmnaga, HO HIKE
TEeMIIepaTypbl COOMpPATEbHON PEKPUCTAIIN3ALINY ayCTEHUTA,;
- JIETUPOBAaHUEM BaHAJMEM, OOECIIEUMBAIOIIUM CMEHY MEXaHHU3Ma MPEPHIBUCTOTO
pacriajia Ha HeTPEPBIBHBIN, YTO OCYIIECTBHUMO MPHU COOTHOMICHUH Vo / Ny > 1.
HccnenoBana CTpyKTypa M MEXaHMYECKHME CBOMCTBA CTajld THUMA
05X22AT'15SH8M2® c¢ pasznuunbiM cojaepxkanuem azora (0,2 — 0,34%). Cramum
CBapuBaJIM aproHoAyroBoi ceapkoi. [Ipu cBapke cranmu X22AT'1SHEM2d (0,20 —
0,34% N) B OM u B 30He Tepmuueckoro BiusiHUS (3TB) cBapHoro mBa
dbopmupyeTcsi CTPYKTypa «aycTeHUT + o-¢aza» a B CII — cTpyKkTypa «ayCTEHUT
+6-bepput», o-aza B cramu ¢ cootHomenueM 1,00 <Cr,, / Ni,, < 1,40 He
obpazyercs. Y ctanmu ¢ > 0,53% N crpykrypa OM u 3TB npencrasnser co0oit
JIBOMHMKOBAHHBIM ayCTEHHT, a cTpyKkTypa CII — guencro-neHapuaHbIil ayCTEHUT.
[Ipu comepxxanuu N ~ 0,70% B 3TB mo rpanmiiamMm aycTEHHUTHBIX 3€pEH
IPUCYTCTBYET OO0JbIIOE KoJMYecTBO HUTpUAOB, B CIII — aycreHuTHas suencro-
JNEHAPUTHAS CTPYKTYpa ¢ 000ralleHHbIM HUKEJIEM MEXKIECHAPUTHBIMU 00JACTIMHU.
BnusiHne copepxaHuMs a30Ta Ha MEXAHWUYECKHE CBOWMCTBA CBAapPHBIX
coenuHeHuid crtanu X22ATI'ISHSM® mnocne ropsiuel MpPOKAaTKU IMOKa3aHO B

tabmure 5.1.
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Tabmuma 5.1- MexaHWYeCKHe CBOWMCTBA CBapHBIX coenMHEHHMM cramu tuna X22AI'T6HEM® c

pa3IMYHBIM COJEPKAHUE a30Ta MOcIIe ropsyeit npokatku npu 1150°C.

N,% | o,, MIa | 60, MIa | 6,% v, % KCU M
20°C | -196°C
0,20 629 615 6 5.1 0,15 0,09
0,32 821 629 14 118 0,31 0,21
0,44 795 601 19 40,7 0,90 0,39
0,53 897 589 49 673 2,59 0,70
0,59 863 628 24 29,9 1,21 0,41
0,70 860 595 24 41,8 0,95 0,30

BsskocTh  cranmeid ¢ OTHOCHTEIIBHO HHU3KHM  COJIEp’KaHHEeM  a30Ta
CYIIECTBEHHO HIDKE, YEeM Yy BBICOKOA30THUCTHIX CcTayleld. Hwuskue 3HadeHWHs
miacTuyHocTd W yaapHou Bsszkoctu CC cramm, coxaepxamend 0,32% N,
oOycioBiieHbl HamuuueMm o-(ha3pl B cTpyktype OM u d-deppura B CII, uro

WUTIOCTPUPYETCS TAHHBIMU TaOJIHLIBI 5.2.

Tao6muma 5.2- Mexaanueckue csoiictea OM u CIII ctanu tuna X22AI'16H8M® mocie

npoxatku npu 1150°C (uncnutens) u 3akanku ot 1150°C (3HameHaTens).

N, macc | 3oHa Gy, 602, KCV, MI[)K/MZ
0,% v,%
% CC MIla MIla 20°C -196°C
821 629 14,0 11,8 0,31 -
oM
805 483 58,9 68,1 3,21 -
0,34
827 629 13,1 14,2 0,33 0,15
CLI
809 485 39,3 41,2 1,97 0,90
oM 897 589 49,0 67,3 2,63 0,73
053 823 446 62,1 68,3 2,97 1,95
’ 892 569 28,9 42,8 2,87 0,63
CLI
773 493 33,4 41,1 1,95 1,05
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CC cramu X22AT'16H8M®, conepxamieit 0,53% u 0,70% N, cocrosT u3
100% vy - da3br u seastorcs HeMarHuTHRIME (U < 1,01 I'c / 3) naxxe He Oymyum
MOJIBEPTHYTHI TEPMUUECKON 00padOTKe MOCIIe CBAPKH.

B npoyecce uccneoosanus cmabunvnocmu aycmenuma ¢ 3TB CC u3ydeHo
BIIUSIHUE TEMIIEpaTyphl HarpeBa U CKOPOCTHU OXJIAXKICHHS HA yIapHYIO BS3KOCTh
CTaJld, C 1eJbIo onpeaenenus peakuuu OM Ha TepMuueckuil UK cBapku. CTaib
X22AT'16HEM® coxpanseT BbICOKOEe 3HaUeHHe ynapHou Bszkocth (KCU=3,2
MI[)K/MMZ) nociie Beiepkkd mpu 800°C Mpomo/KUTENBHOCTRIO 10 1 vaca, 9To
00yCJIOBJICHO HE3HAUUTEIIbHBIM Pa3BUTHEM IMIPOIIECCA BBIJCICHUS HUTPUJIOB XpoMa
tuna CryN.

UccnenoBanus CBapMBaE€MOCTH CTaJIch 03X20H16ATI6 u
05X22AT'ISHEM2® mnoka3aiM, 4YTO OHU CBAapUBAIOTCA ApPrOHHO-AYTOBOM U
yroBoil cBapkoil mox (QurocoMm. CBapHbIE COCIMHEHUS TOPSYEKATaHOW CTalld
05X22AT'l6HEM® 1o nOpOYHOCTHBIM CBOMCTBaM MPEBBIIIAIOT AHAJIOTUYHBIE
cBOMcCTBa cBapHbIX coenuHeHuit ctanu 03X20H16I'6 (Tabnuna 5.3).

Tabmuna 5.3 - MexaHW4yecKre CBOWMCTBAa CBapHBIX COEAWHEHHH TOPSUYEKATAHHBIX 3arO0TOBOK

craneit 05X22AI'16H8M u 03X20H16I'6.

60,2$ GBa 81 WJ KCU,
Craanb CBapouHbie MaTepHAJIbI 9
MIla | MIla | % | % | MIx/m
cB-05X22AT'16HEM D
641 853 24 | 43 2,1
aproH
cB-05X22AT'16HEM®
05X22AT'16HSM® 623 891 29 | 45 1,9
¢moc AHK-67
cB-05X22AI'8H18MB2
683 931 27 | 40 1,2
¢dmroc AHK-67
cB-01X19HI5AI'6M2B2
374 650 39 | 49 1,7
¢dmroc AH-26
cB-01X19HI8I'10AM4
408 663 34 | 41 2,1
aproH
03X20H16ATI'6
cB-01X19HI18I'10AM4
391 661 49 | 71 2,9
¢dmroc AH-5
cB-01X15H9AT'6M
391 687 43 | 57 1,9
¢moc AH-26C

251



[Ipu 5TOM 1O BETUYMHE OTHOCUTEIBHOTO YAJIMHEHUSI CBApPHBIE COCTMHEHUS
IIEPBOM CTaJM YCTYIIAIOT BTOPOW, @ MO OTHOCUTEIBHOMY CYKECHUIO W YIapHOMU
BSI3KOCTH HaXOJATCSI C HOIMU MMOYTH HA OJTHOM YPOBHE.

B cBapubix mBax cranmu 05X22AI'16H8M ctpykTypa HeomHopoaHas. Y
JVUHUYU CIUIaBJIEHUS 1Ba (QopMupyeTcs pas3BuTas siUeucTas CTPYKTypa, a B
LIEHTPAJbHOM YacTH IIBAa — THUIWUYHO JEHAPUTHAS WM SYECUCTO-IICHIPUTHAS,
oOpa3oBaHNE KOTOPOH CBS3aHO C MOHMKEHHOW CKOPOCTBIO OXJIAXKICHHS 3TON 30HBI
mBa. [lonyyeHne paBHbIX 3HAUEHUN NPOYHOCTH U BSI3KOCTH CBAapPHBIX COCAMHEHUN
Y OCHOBHOI'O MeTajuia 00ecreunBaeTcs NPy MUHUMAIbHOM U3MEHEHUU CTPYKTYPbI
CTaJM B 30HE TepMuueckoro Biusinusg cBapku (3.T.B.). B 3.T.B. cranu nabnronanu
JIB€ 30HBI C Pa3IMYHOM CTPYKTypoil: 1 — OKOJIOIIOBHAs 30Ha, rjie HaOI0IaeTcs
POCT 3epHa U 2 — 30Ha, B KOTOPOU BBIACIISIETCS HUTpUHAS (a3a.

JIns M3BECTHBIX CBApUBAEMBIX AYCTEHUTHBIX XPOMOHUKEIIEBBIX CTaJICH,
copepxkamux 0,2-0,3% N mpu comepkanuu azora Oomnee 0,30% ormedaeTcs
YBEIIMYEHUE BEPOATHOCTH MOPOOOpPA30BaHUS B CBAPHOM IIIBE, YTO HE MO3BOJISET
MOBBINIATh B HUX cojiepkanue azora 6onee 0,3%. Pagmorpaduyeckuii KOHTPOIIb
cBapHbIX MBOB cTayi 05X22AT'1SHEM2® nHe oOHapyxui B Hel nedekToB TUNa
MOp M3-3a BBICOKOI pacTBOPUMOCTH a30Ta B PACILJIABE 3TUX CTaJIEH.

Kak mnokazanu pe3ynpTaTbl M3YUYEHHs] pACHpPENICNICHHs] a30Ta B CBapHBIX
COCIMHEHUSAX U3YUYEHHBIX CTaJIe, UX CBApHOM IIIOB MO CPAaBHEHUIO C OCHOBHBIM
METAJJIOM HMMEET I[IOHWKEHHOE COJAEepKaHue aszora. A30T pachpeleneH
PAaBHOMEPHO B CBAPHOM IIIBE U B 30HE TEPMHUYECKOTO BIUSHUSI.

Hcnonb3oBanue npu cBapKe UCCIIEAOBAaHHBIX CTAJIEN KepaMHUecKoro uiroca
Mapku AHK-67 npuBOAWT K HE3HAYUTEILHOMY POCTY COJICPXKAHHS KPEMHUS U
CHIDKEHMIO KOHIICHTpAIlMu MapraHiia B mBax. [Ipu 5ToM KOHIIEHTpaIus BpEIHBIX
npumeceii — cepbl W (Qochopa B MeETaIe IIBAa COXPAHIETCS HA YpPOBHE
XapakTePHOM JIJI1 OCHOBHOI'O METaJlIa.

Baszkocte pazpymienuss cranum  05X22AI'1SHEM2® 3aBucut ot ee
CTPYKTYpPHOTO COCTOSIHMSI TIpU  KPUOT€HHBIX Temmeparypax. CpaBHeHUE

MEXaHMYECKUX CBOWCTB CBapHBIX W HE CBapHbIX 00pa3loOB  CTalu
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05X22AI'l5SHEM2® B pa3iIuyHbIX CTPYKTYPHBIX COCTOSHHSAX (TOCIE€ KOBKH,
KOBKM M 3akanku or 1100°C) mokasano, 4TO OHH HMEIOT MPHMEPHO TOT KE
YPOBEHb MPOYHOCTHBIX CBOWMCTB, UTO M HE CBapHbIE 00pa3ilbl B COCTOSTHUU TOCIIE
KOoBKH H 3akanku oT 1100°C. Ilpu 3TOM mIpemen TEKydecTH KOBAHOI'O CBAPHOIO
oOpaslla B 2 pa3za HI)KE KOBAaHOTO HE CBapHOTo oOpasma. OTHOCHUTETBHOE
YIJIMHEHUE CBAapHBIX O0O0pa3loB, HE IMOABEPTrHYTHIX 3aKaJKe TIOcle CBapKu,
IpUMEPHO B 2 pa3a HIDKE, YeM Y He CBapHOTro o0Opasiia mocje KOBKH U 3aKalKU U
cocrasisier 25-30%. YaapHas BSI3KOCTH CBapHBIX 00pasioB mpu 20°C sBiseTcs
JIOBOJIBHO BBICOKOW M B 3aBUCUMOCTH OT BUJA MX 00OpaOOTKH J10 U MOCJE CBapKH,
KoJjieonercss mpumepHo ot 1,8 go 3,5 MI[)K/MZ, T.e. OJIU3KAa MO YpPOBHIO, JINOO
MPEBBINIAECT YAAPHYIO BSI3KOCTh KOBAHBIX HE CBapHBIX OOpaslloB B TeX XKe
YCIIOBUSIX HCIBITaHUN. boiee BBICOKYIO YAapHYIO BS3KOCTb B COUYETAHUU C
IJTACTUYHOCTHIO M3 MCHBITAHHBIX CBapHBIX 00pa3lloB MMENH Te, KOTOphIE OBLIU
3aKaJieHbl Iocie KOBKUA. CTPYKTypa CTalu MOCJE CBApPKU U MOCIEAYIOIEH 3aKalKu
0oJyee OAHOPO/AHAS, TPAHUILIA MEXAY OCHOBHBIM METAJNIOM M CBApHBIM IIBOM HE
CTOJIb pe3Kasi, KaKk B OTCYTCTBUE 3aKaJIKU IOCJE CBAPKHU. bonbiias oAHOPOIHOCTh
MUKPOCTPYKTYpPbl ~ CTaJId  TMOATBEPXKIAaeTCd M  pe3yJbTaTaMd  H3MEpEHUi
MUKPOTBEPAOCTH, MPOBECHHBIX JJII 3THX 00pa3lloB OT IEHTpa CBAPHOTO IIBa B
30HYy OCHOBHOI'O METaJlIa.

3akanka ot 1100°C xoBaHBIX 00Pa3LOB 0 MM IOCJIE CBAPKU YBEIUYHNBACT
MOJIHYIO palboTy pazpymieHus (A), paboty 3apoxkaeHust (A,) U pacrnpocTpaHeHUs
(Ap) TPEIMH NIPU UCNIBITAHUM HA YIAPHYIO BA3KOCTB IPH TeMneparypax + 20 u —
196°C (tabmuua 5.4 ). CHmkenune temueparypsl ucnbitanus or + 20 mo —196°C
IPUBOJAUT K YMEHBIIIECHUIO DHEPIUH, 3aTpaunBaeMoi Ha A, u A,,. Takoe nsmMeHenue
A, n A,, TO-BHIMMOMY, CBA3aHO C YIPOYHEHUEM (TIOBBINICHUEM IUIOTHOCTH
JUCIIOKAINi) W3-3a CHUKEHUS SHEPruH Je(PEKTOB YIMAKOBKUA BBICOKOA30TUCTOTO
ayCTEHUTa U3y4eHHbIX cTaneil. Haubonpmue 3Hauenus A, , A, u A oGecrnieunBaeT
sakaska ot 1100°C 1o u nocie cBapku (Tabnuna 5.4).

Bricokue mokaszarenu XapakTEpUCTUK Pa3pyLICHUS CBAPHBIX COEAUMHEHUM

ctanu 05X22AT'1SHEM2®d, ocobeHHO mociie 3aKalikKi, B 3HAUUTEIHHON Mepe
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0OyCIIOBJIEHBI BBICOKOW CTaOMJIBHOCTBIO €€ AayCTeHWTa K MapTEHCUTHOMY
IPEBPAICHHUIO MTPH TIACTHYECKOM AedopMariuu u oxiakaeHun 10 —196°C.
Tabnuna 5.4 - Biustaue 3akanku ot 1100°C 110 1 mociie CBapKu HA XapaKTEPUCTUKH Pa3pyIICHHsI

(A, A; u Ap) obpas3uos cBapHblx coequHeHuil cramu 05X22AI'1SH8M2®, ucnblTaHHBIX Ha

yIapHYIO BSI3KOCTb.

Temmneparypa
Oo0padoTka Ag, Ik | Ap, [k A, Ix
ucnpiTanus, C
20 61,4 90,6 152,0
KoBka + cBapka
-196 22,2 4.8 27,0
20 64,6 99,4 164,0
Kogka + 3akanka + cBapka
-196 49,0 6,0 55,0
20 89,7 147,3 237,0
Kogka + cBapka + 3akayika
-196 42,7 25,3 68,0
KoBka + 3akanka + cBapka + 20 122,6 154,4 277,0
3aKaaKa -196 61,5 22,5 84,0

Wznombl Bcex 00pasloB MOCIE HCHBITAHWNA OCTaBAINCh HEMarHUTHBIMHU.

[Tpu mccnenoBaHUy W3IOMOB OOPA3IOB CBAPHBIX COCAMHEHUMN, MCIIBITAHHBIX MPH

+20°C nabmromand BS3KMH XapakTep paspylueHus (pucyHok 5.1 a). V usjiomos
)

o0pa3uoB nociie cBapku U 3akaiku ot 1100°C, pazmep simok yBenuuuBaercs. [lpu

CHIDKEHHMH TemIepaTypsl ucnbitanus ot +20 go —196°C B m3iaomax o6pasioB

HaOI0JaM KBa3UBSA3KUIN XapaKTep pas3pylieHus ¢ oOpa3oBaHUEM MENKUX SMOK,

IyOOKUX rpeOHe U MUKPOTpPEIIHH (PUCYHOK 5.1 0, B).

0 MKM 30 MEM - 30 MEM
a 0 B
Pucynok 5.1 - ®dpakrorpammsl 00pa3iioB cBapHbIX coenuHeHui cmaBa 05X22AT'15SHEM2®,

UCIBITAHHBIX Ha yaapHyro Ba3kocTh mpu + 20°C (a - x1000) u —196°C (6, 8 — x300), o6paboTKa:

3aKajka + cBapka + 3akanka (a u 0), 3akayika + cBapka (B).
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Jlns  ouenku cBapuBaemoctu crapewomeit cramu  X14AI'I8H130OM,
yOpoYeHHOW auchepcHbIMU dactuniaMu VN, H3ydanm ee MHKPOCTPYKTYpy U
MEXaHMUYECKHE CBOMCTBA IMOCIEC BAaKYyMHOM 3JIEKTPOHHOJIY4YEBOM cBapku. CBapky
MPOBOAWIIM Ha JABYX IUIacTUHax pasmepamu 15 x 50 x 500 MM mo criepyroomniemy
pexuMy:

Hanpsixenue xonocroro xona 72 k / Bt

Tok gokycupoBku 30ma

Toxk s1yya 50ma

CKOpOCTh CBapKu 35,6M/4ac
Bakyym 5x 10°Mm pT. CT.

W3 cBapHO# IIaCTHHBI BhIpE3ajy 3arOTOBKU MOJ 0Opa3lbl cO HIBOM U 0€3

IIBA HA pACTSHKEHHE W YIApHYIO BA3KOCTh. YacTh 3aroTOBOK IOABEPrajiv
[V o

TepMudeckoil oOpaboTke: 3akaike oT 1150°C um mocienyromeMy CTapeHUI0 B
Teuenue 5 vac npu 650°C.

Pesynbrarel ucnsiTanuil (Tabnmina 5.5) mokasaiu, 9TO MOCTE CBAapKH CTallb
COXpPAHSIET XOpOIIEE COYETAHME MEXAHUYECKUX CBOMCTB TIpU KOMHATHOMU
TeMriepaTtype. MUKpPOCTPYKTYpHBI aHaJM3 CBapHOro IIBAa [OKa3aj HaJlu4due

MEJIKO3EPHUCTOM U OJHOPOJIHOM CTPYKTYpbl 0€3 KPYMHBIX HHUTPUIHBIX U

KapOUIHBIX YacThIl (PUCYHOK 5.2).

2 X160 6 - <120

Pucynox 5.2 - MukpocTpyKTypa CBapHOTO IIBa a) U OKOJIONIOBHOM 30HBI 0) cTamu

X14I"22H9®M 6e3 TepMudeckoit 06paboTKH.
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[Tocnenyromas TepmMuydeckas 00paboTKa CBapHBIX 00Pa3IoB MO YKa3aHHOMY

peKMMY NPUBOAUT K IIOBBILICHUIO II0KA3aTeJIeM IIPOYHOCTH MU CHHXKEHUIO

IJJACTUYHOCTH U YIAPHOU BSI3KOCTH.

Tabmuma 5.5. Mexannyeckue cBorictBa ctanu X 14AI'18H13® nocne cBapku

KCU,
Oo6paboTka 6, MIla | 6o, MIIa | 3, % v, % )
Mx/m
be3 cBapku (koBKa) 955 708 36,2 64,7 1,81
Cgapka 06e3 00paboTKH 885 720 215 63,4 0,75
Caapka + 3akanka
1200°C +650°C 1106 814 19 35,2 0,30
5 yac

®dpakTorpadudeckoe UCCIeI0BaHNE 00Pa3IOB, HCIIBITAHHBIX TIpH +20 1
-253°C cramu X14AT22H9®M, 006paboTaHHBIX 1O ONTHMAIBHOMY PEKHMY
M0Ka3aJji0, 4TO BSI3KUM IMOYHBIN XapaKTep pa3pyLICHUs] COXPaHSIETCs BIUIOTH J10

-253°C (pucyHoK 5.3).

Pucynok 5.3 -dpakrorpammel
cranmu X14AI'22H9DM, nocie
ucnpiTanus npu: +20 a, 0;
-196 °C B, 1; -253°C n.




5.2. UccaenoBanue 00padaTbIBaeMOCTH Pe3aHMEM NPH TOYCHUH

[IpakTUueckoe HCMOIb30BAHUE BBICOKOA30TUCTONM ayCTEHUTHOM CTaiu
06X22AI'l SHEM2® st BBICOKOHATPY>KEHHBIX W3/IE€IUH KPUOT€HHOW TEXHUKH
3aBUCHUT OT €€ 00pabaTbhlBAEMOCTH PE3aHUEM.

Uccnenoanne CTPYyKTypbl TOBEPXHOCTHBIX CJIOEB 3aroTOBOK CTallv
06X22AT' 1 5SH8M2® nociie ToYeHusl 1oKa3ajio, 4To 3TH CJIOU METaJlJIa B MPOLIECCE
pe3aHus IOJABEPraloTCs 3HAUMTEIBHON IUIacTH4YecKor acdopmaruu [222]. B
MOBEPXHOCTHOM CJIO€ TIyOMHOH OKOJO 5 MKM HaOIIOIam TEKCTYPOBaHHYIO
CTPYKTYDY, KOTOpast NpeicTaBigeT  co0OMl  TOJIOCHI CKOJIbKCHHUS,
OPUEHTUPOBAHHBIE OTHOCUTENIHLHO JIBHXKEHUS pe3lia (pUCYHOK 5.4).

Ta6n1z1ua 5.6- TBepI[OCTB Y4aCTKOB ITOBCPXHOCTHBIX CJIOCB KOBAHHBIX 3aroTOBOK CTaJId

06X22AT'1 SHEM2® niocie pa3iuyHbIX PEKMMOB TOYCHUS.

Ne PesxxnMbl TOUeHMsI
3aroTOBKH V, M/MHUH S, MM/00. h, mm

Yyactok HV5g

685

591

1 9,5 0,15 0,25 502

405

339

717

564

10 169 0,30 0,75 503

490

337

816

725

11 186 0,60 0,50 598

502

332

1186

2 25 0,15 0,25 598

473

315

1100

922

4 24 0,15 0,75 428

425

HH|wm|QoHH|@ (o |7 (W Qe (HH|W (O | =1 (W |Ove

318

V — cKOpOCThb pe3anus, S — nooaua,h — riryOuHa pe3aHus.
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HKPOHEPOBHOCTH
II0CJIE TOYCHUS

JUaAMETP 3aroTOBKH

Pucynok 5.4 — [IpoosnibHOE ceyeHHe 3arOTOBKH MOCJIE TOUEHUS.

[T10THOCTH TOJIOC CKOJBKEHUS M TBEPAOCTh B 3TOM CJIO€ YBEIIMYUBAIOTCS B
HaIpaBJICHUM JBWKEHUS pe3lla OT y4yacTKa «a» K YYacTKy «B» PHUCYHOK 5.4,
Tabnuma 5.6, 94TO CBSA3aHO C BEIMYMHOW IUIACTHYECKOW aedopmariuy B mporecce
pe3aHusl.

C yBelIMYEHHEM CTENEeHH IUIACTUYECKON JaedopMalud TMpU pPE3aHUU
METAJIJIOB HEOAHOPOIHOCTh AePOpMaIlMi TMPOSBISIETCS B JIOKATHM3AIMH TI0JIOC
CKOJILKEHHUSI M CKOIUICHUS OTIEIbHBIX JHUCIOKALWNA y TpaHWIl 3epeH. MOXKHO
mojlaratb, YTO OTOT TPOIECC SABISAETCA PE3ylAbTaTOM CMEIIEHUS 3€peH
OTHOCHUTEIILHO JPYT Ipyra, MOCIEAYIONIETO WX «3aKJIMHUBAHUS» W Pa3BUTHUS B
MecTax 3aKJIMHUBAHUS TUIACTUYECKON edopMaIinH.

B cTpykType cnosi, KOTOpBI pacnoyiokeH Ha riayoune oT 5 10 20 MKM OT
MOBEPXHOCTH 00pabOTaHHON TOYEHUEM 3aroTOBKH, HAOJOaTu ayCTEHUTHBIE
3epHa C OOJIBIIMM KOJHUYECTBOM TOHKHUX Je(POpMAIIMOHHBIX JIBOMHUKOB (CM.,
HaIpUMep, Y4acTOK «I» Ha pHCYHOK 5.4) [223]. TBepaocth 3TOro ciosi, Io
CPaBHEHUIO C TTIOBEPXHOCTHBIM CJI0EM TITyOUHOU 10 5 MKM (YUaCTKH «a», «0», «B»
Ha pUCYHKE 5.4) 3HAYUTEIBLHO MEHBIIIE, YTO MOATBEPKIAETCA JAaHHBIMHU TaOIHIIbI
5.6.

OO0pabaTbIBa€MOCTh pE3aHUEM IPU TOUYEHHWH KOBAHBIX 3arOTOBOK CTalld

06X22AT'15H8M2® 3aBUCHUT OT pEXKUMOB pe3aHus. [Ipu HUBKOH CKOPOCTH
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pezanus (9,5 wm/muH) o0O0pabotrka 3arotoBkum Nel (tabmuma 5.6) Obuia
3aTpyJHUTENbHA W3-32 00pa3oBaHUs OOJBIIOTO HAPOCTa HA PEXYIIEH KPOMKE
peslia, MPUBOMAIILTO K ero mojioMke (Tabmuna 5.7). O6pasyromascs Ipy pe3aHuu
CIIMBHAS CTPYKKA CO3/]a€T MOBHIIIEHHOE TPEHHUE O 3aIHIOI0 TOBEPXHOCTh PE3IIa.

Tabmuua 5.7 - Bawustaue ckopoctu (V), mogauu (S) U riayounsl (N) TOYeHUs 3aroTOBOK CTajei

06X22AT'1SHEM2® u 08X18HI10T Ha uzHOC pe31ioB.

P, Ilmomannb
O6pab6oTka Ne v, S, h, H3HOIIEHHOM
Cranpb
CTAJIU 3aroTOBKH | M/MHH | MM/00 MM | IOBEPXHOCTH
pe3ua, MM
Paspyenue
1 9,5 0,15 0,25 pesma mpu
TOYCHUHU
2 25 0,15 0,25 0,0330
3 25 0,15 0,50 0,047
4 24 0,15 0,75 0,058
5 26 0,15 1,00 0,580
6 69 0,15 0,25 0,123
7 63 0,15 0,50 0,175
8 52 0,15 0,75 0,217
9 74 0,30 0,25 0,113
Kogka 10 169 030 | 0,75 >0,5
11 186 0,60 0,50 >0,5
06X22AT'15SHEM2D 12 29 0,28 0,50 0,142
13 27 0,28 0,75 0,179
14 25 0,58 0,25 0,273
15 22 0,58 0,50 0,128
16 28 0,58 0,75 0,179
17 29 0,45 0,25 0,070
18 29 0,45 0,30 0,108
19 27 0,45 0,75 0,085
20 61 0,60 0,25 0,208
3akainka 21 24 0,15 0,25 0,259
1100°C 22 22 0,15 0,50 0,520
OTxur
200°C -2 1 23 25 0,15 0,25 0,255
24 26 0,15 0,25 0,090
Kopka 25 25 0,15 0,50 0,118
08X18H10T 26 25 0,15 0,75 0,132
27 25 0,15 1,00 0,710
3akaika 28 28 0,30 0,25 0,133
1100°C 29 26 0,30 0,50 0,142
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YBenuueHune ckopocTu pe3anus ot 9,5 no 21-74 m/MuH npu riryouHe pe3aHus
0,25-0,75 mm m momaye 0,15-0,60 MM/00.MPUBOAMT K TIOBBIIMICHUIO CTOMKOCTU
PE3L0B U TOUEHUU KOBaHBIX 3ar0TOBOK NoNe 2 - 9 1 NoNe 12 - 20 (Tabnuua 5.7).

[Ipy Takux pexXUMax pe3aHus HATUIAHUE METaula Ha WHCTPYMEHT
OTCYTCTBYET, CTPYKKa CBETJasi U CXOAMUT C 0o0pabaThIBaeMOW 3aroTOBKU B BHJIE
«yenryex». M3-3a 60JbI110r0 HaKjIena MeTajuia pu TOYSHUH B IIOBEPXHOCTHOM CJI0€
TITyOMHOM OKOJIO 5 MKM TBEPAOCTb B y4acTKaX «a», «O» M «B», IO CPABHEHUIO C
y4aCTKaMU CTPYKTYPbl HCXOJHOTO MeETajula 10 TOYEHHUs (Hampumep - «»), ,
TBEPAOCTh MPUMEPHO B 3 pa3a BhIlIE (Tabnuia 5.6).

OOpabaTpIBa€MOCTh TPU TOYEHUH a30TOCOJAEPXKAIICH CTalnu Pe3Ko
CHWKAETCsl TpU CKOpocTu pe3anus 169 u 186 m/mun (3arotoBku NelO u Nell,
Tabnuna 5.7) M3-3a 3HAYUTEIBHOTO MOBBIIICHHUS TEMIIEPaTyphl B 30HE pPE3aHUS.
VY4acTku MOBEPXHOCTHOTO ci1osi 3arotoBok 10 u 11 Ha riyOuHe A0 5 MKM uMenn
TBEPJIOCTh paBHYIO0 cOOTBETCTBEHHO HV5) 717 1 816 (Tabnuia 5.6).

Tepmuueckas oOpaboTka (3akanka ot 1100°C ¢ oxnaxaeHHeM B BOJE WM
orxur npu 800°C B TedueHHe 2 4 ¢ OXJIAXKICHUEM Ha BO3[yX€) KOBAHBIX 3arOTOBOK
cramu 06X22AI'1SHE8M2®, HecMOTpsi Ha CHMXKEHHE €€ MPOYHOCTH (Tadiuia
5.8), CYIIIECTBEHHO CHMKAET CTOMKOCTh PE3IOB MPU TOYCHUH 3aroToBOK NoNe21,

22 u 23(Tabnuua 5.7).

Tabnmuna 5.8- Mexanudeckue cBoiictBa cramun 06X22AT'1SHSM2® mocne pa3iauyuHbIX

00paboToK.
O0pab6oTka KCU,
og, MIla Go,2, MIla 9, % v, % )
Mumx/M
KoBka 1212 1151 15,8 56,5 2,14
Koska + 3akanka 1100°C 866 484 58,0 75,0 5,45
Koska + oTxkur 800°C 2 yaca 841 484 57,2 51,0 1,82

[Tpu onmmHAKOBBIX pekuMax pe3anus (V~ 25 M/muH, $= 0,25 Mmm/006., h= 0,25;

0,50 1 0,75 MM) CTOMKOCTB PE3II0B MPU TOYECHUU KOBAHBIX 3ar0TOBOK NeNe2, 3 u 4

(tabmuma  5.7) azorucroit cramm  06X22AI'ISH8M2® mno cpaBHEHHIO C

3arotoBkamMu NeNe 24, 25 u 26 (tabmuua 5.7) ctanu 08X18H10T nmpumepHo B 2
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pa3a BbIIIe (PUCYHOK 5.5), 4TO CBSI3aHO C OOJBITUM HAKJIETIOM MOBEPXHOCTHOTO

ciost cranu 08X18H10T u3-3a oOpa3oBaHus MapTeHCHUTa AePOpMAIIH.

P. v?
0,7 |
0,6 -
0,5 -
0,4

0,3 08X18HI10T
0.2 4 06X22AT15HSM2OD

0,1 -

@

O

D H D ' | | I
00 02 04 0,6
Pucynok 5.5 - MI3meHeHue mioiaan n3Hoca pe3lioB B 3aBUCUMOCTH OT IIIyOMHBI TOUEHUS NpU

v~25m/MuH 1 S = 0,15 MmM/06. KoBanbix 3arotoBok NeNe 2-5 cranu 06X22AI'1 SHEM2®D u
KOBaHBIX 3aroTOBOK NoeNe 26-28 ctamm 08X 18H10T.

—
0,8 h.amm

3akanka ot 1100°C koBambIx 3arotoBok cramu 06X22AT'15HSM2D
o0OecrieynBaeT BBICOKOE TMIEPECHIINICHUE ayCTeHUTa a30TOM B  pe3yibTare
MPAKTUYECKU MOJHOTO PACTBOPEHHSI HUTPUIOB XpoMa IPU HArpeBe MOJ| 3aKajKy.
3akaneHnbie ot 1100°C 3aroroBku Ne21 u Ne22 cramu 06X22AI'15SH8M2® mo
cpaBHeHHMIO ¢ 3arotoBkamu Ne28 m Ne29 cramm 08X18HI10T mmenu Oonbrmmit
u3Hoc (tabmuma 5.8), T.K. HMHTEHCHUBHOCTH J1€(POPMALMOHHOTO YHPOYHEHUS

A30TUCTOI'0 ayCTCHUTA CTAJIM BBIIIC YIJICPOAHUCTOIO.
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CTOHKOCTh PE3IOB B MpoIecce ToueHus npu V~ 25 m/mun, s= 0,25 mm/00.
h=0.15 mm otoxokennoit mpu 800°C B Teuenne 2 vac 3aroTtoBkd Ne23 Takast e,
KaK M 3aKaJIeHHOM 3aroToBku Ne21 (tabmuna 5.7).

MakcumanbHasi CTOMKOCTh PE3II0OB B MPOIECCEe TOYCHHS TOCTHTACTCS MpU V=25
M/mMuH, S = 0,15 MM/00., h = 0,25 mMm.

MetogoMm TOHKHX (OJBI «HA MPOCBET» OblIa HCCIENOBaHbIa CTPYKTypa

dbopmupyronHecs B MOBEPXHOCTHOM cJioe Tommaon ~0,1 — 0,5 MkM B mporiecce

TOPIIEBOI'O TOUCHUS CIICIYIOMMX 00pa31ioB (Tabiauna 5.9):

Tabmuna 5.9 - CocrosiHue u pexxum 06padboTku 00pas3oB.

Ne Cocrosinne o0pa3ua u pes:kuMbl 00padoTKH

oop
1 05X22AT 15H8M2®-1I11, 3ak.+ 800°C, 6 4, OXJ1. C NI€YbI0, ITyOHHa pe3anus 1 Mm.
2 | 05X22AT'15H8M2®-I11, 3ak.+ 800°C, 6 4, 0XJ1. ¢ neubko, riryouHa pezanus 0,15 M.
3 05X22AT'1 SH8M2®-11I, ropsiuas npokarka, riiyorMHa pe3aHus 1 MMm.
4 05X22AT' 15H8M2®-111, ropstuas npokarka +1100°C, 1 4, 3ak. B Boay, rinybuna

pe3anus 0,15 mm.

5 05X22AT' 15H8M2®-]J1, muroe cocrosiaue.+ 1200°C, 1 4, 3ak. B Boxy, rinyouna

pe3anus 0,15 MM

6 05X22AT 15H8M2®-I11, ropstuas npokarka +1100°C, 1 4, 3ak. B Boxy, riyouna

pe3anus 1 mm.

7 05X22AT 15H8M2®-JI, mutoe cocrosuue.+ 1200°C, 1 4, 3ak. B Boxy, rnyOuna
pe3anus 1 MM

8 05X22AT'15SH8M2®-1II, ropsiuas npokarka,rinyouna pezanus 0,15 mm.

9 05X22AT'15SH8M2®-JI, nutoe cocrosiHue, riyouna pesanus 0,15 mm

10 05X22AT'15H8M2®-JI, nutoe cocTosiHue, TIIyOMHA pe3aHus 1 MM

3aroToBkd I TOHKUX (Odbr OBUTM OTpEe3aHbl MPU WHTEHCHBHOM
OXJIAKJICHUH CTPYyEH BOJBI OTPE3HBIM JMCKOM TONIMHON 0,5 MM MapaieabHO
TOPIICBOM TMOBEPXHOCTH TOYECHUS W Jajiee YTOHSUINCh OJHOCTOpOHHE. Jlis
aneKTpoHoTpaduieckoro Ga3zoBoro aHajivza HUCCIETyeMON MOBEPXHOCTH TOUYCHUS
OBLTM CHATBI KOJIBLIEBBIC AJICKTPOHHOTPAMMBI B PEXHME 3JIeKTpoHOTpada.

MukpoaudpakiinoHHbIE KapTUHBI OBLIM TIOJYYEHBl C TUIOMAAW  (OJIBIU
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auamerpom 0,3 MKkM 1 1 MKM, a CBETJIONOJIbHBIE M TEMHOIIOJIbHBIE N300paKEHUS
CTPYKTYPBI IIPH OAMHAKOBBIX JJIs Bcex oOpa3ioB yBenauuenus 30 000 u 50 000.

Ha pucynke 5.6 mpeacTtaBiieHbl THUIIOBBIE (T.K. BCE DJIEKTPOHHOTPAMMBbI
OYCHb  TIOXOXH)  KOJBLEBBIE  DJIEKTPOHOIPAMMBI, CHSThIE B  PEXUME

ANEKTpoHOTpada «Ha IPOCBETY.

B r x 60000
Pucynok 5.6 - Ctane 05X22AT'1SH8M2®-111, 3ax.+800°C, oxJ1. ¢ meybto, IITyOnHa pe3aHus
0,15 MM: a — KoJIbIIEBAs BJIEKTPOHOTpaMMa (PEKUM AeKTpoHOorpada), 6 — cyoCcTpyKTypa
MOBEPXHOCTHOTO CIIOSI, B — MUKPOIU(PAKIHS C momaan @ IMKM, T — TEeMHOTIOJIbHOE
uzobpaxenue B pedur. 111,.

Bce anexkTpoHOrpamMmbl COAEpXk aT TOJIbKO JIMHUM aycTeHuTa. OTIEenbHbIE
To4YeuHble pedIeKChl, pacrnojiokeHHble Mexay JuausMu 111 u 002 aycrenwura,
OYEBHJIHO TOJYUYEHbI OT HECKOJIbKMX 3€peH (dactuil) ¢ — (a3bl, KOTOpass MOMKET
IPUCYTCTBOBATh B JAHHOW CTajdd B OOJy4aeMOM 3JIEKTpOHAMH 0ObeMe MeTasuia.
Bce nmuHMM Ha KOJBLIEBOU 3JIEKTPOHOTpAMME CILIOIIHBIE U HEMHOT'O Pa3MbIThIE U3-

3a BBICOKOM JAUCIICPCHOCTH CTPYKTYPbl, a MHTCHCUBHOCTD HHHHﬁ, B 4aCTHOCTHU
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111y 1 002 vy, MmeHsieTCS BAOJIb OKPY>KHOCTH, YTO, OUEBUIHO, CBA3AHO C TEKCTYpOH,
KOTOpasi Moria (OpMHpPOBATHCS B MPOIIECCE TOPLIEBOTO TOUCHHUS.

AHanu3 3JIEKTPOHHOMMKPOCKOIMYECKHX CHHUMKOB CyOCTPYKTYpbl BCEX
00pas3IoB 1 COOTBETCTBYIOIIMX MUKPOIU(DPAKIIMOHHBIX KAPTHH MOKAa3all, 4TO
BO BCEX MCCIIEAOBAaHHBIX 00pa3liax B MOBEPXHOCTHOM CJIO€ B pe3yJIbTaTe TOUCHUS
IpOM30ILIa OYEHb CUJIbHAS IUIacTUYecKas nedopmalus, KOoTopas IpHUBena K
(GOpMUPOBAHNIO HAHOKPUCTAIUYECKON CTPYKTyphl. OO 3TOM CBUACTEIBCTBYIOT
CBETJIONOJBHBIE W TEMHOIIOJIBHBIE CHHUMKH CTPYKTYPBl U KOJBLEBOM BHJ
MUKPOIU(PAKIIMOHHBIX KAPTUH, CHATHIX C momaan (omeru ~Q 0,3 mxm u 1,0
MKM, T.€. Ha JIOKAJIBHOM YYacTKE IMOBEPXHOCTH nuameTrpoM ~ 300 HaHOMETpPOB
UMEETCS] MHOKECTBO HAHOYACTHUIl AyCTEHMTa C OOJIBIIEYIJIaBbIMU TIpPaHULIAMHU
MEXIy HHUMH, HAaHOKPHCTAIUYECKas CTPYKTypa, (opMHUpYIOMIAscs B Ipolecce
TOPLIEBOIO TOYEHUS — HEPABHOMEPHA IO pa3MepaM HaHOKpPHUCTaIOB. PazMepsl ux
KOJEOIIOTCS B IIMPOKUX IHpPENenax — OT HECKOJbKUX EAMHUIl /10 JECSATKOB
HAaHOMETPOB, OOJIITMHCTBO YacCTHI] ¢ — (ha3bl HAXOIIIMXCS B TMOBEPXHOCTHOM
CI0€ B OKPY)KCHHHM HAHOKPUCTAUIOB HE MPETEPIEBAOT  IUIACTUYECKON
nedopMaui M OCTAIOTCS MPAKTUYECKH IeNbMH. BHyTpHu uwactuil ¢ — ¢a3bl He
BUJHO JUCIIOKAlMH WIM KakuxX JU00 JApyrux Je(eKToB KpUCTAIIMYECKON

pEIIeTKH KpOMe KOHTYPOB SKCTUHIIMM U3- 32 YIIPYTUX UCKAKEHUH (pUCyHOK 5.7 a,

0, B.).

a x 35000 6 x 35000 B x 35000
Pucynok 5.7— o-daza B moBepxHocTHOM ciioe: a-05X22AT' 1 SHEM2®-111, rop. npok. rryonHa

pe3anust 1 MM, 6-05X22AT'15SHEM2®-11I, rop. npok. + 1100°C, 1 4., 3ak. B Boay, I'yOHHA
pesanus 0,15 mm, B-05X22AT' 1SHEM2®-I1, rop. npok. + 1100°C, 1 u., 3ak. B Boay, r’yOHHa

pe3anus 1 mm.
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Tonpko Ha pucyHke 5.8 BHYTpH KPYMHOM YacTHIBI G — (ha3bl BUAHBI
IUIOCKUE J1e(DEeKThl KPUCTAUIMYECKOM PpEmETKH, CBS3aHHBIE C IUIACTUYECKON

nedopmaiueit, npuBOAUT K (pparMeHTau ¢ — (asbl.

x 35000
Pucynok 5.8- Ctanb 05X22AT' 1SH8M2®-111, 3ak.+800°C, oxJ1. ¢ neusto, rmyouHa pezanus 0,15

MM.( gacTHIia c-(a3bl B TOBEPXHOCTHOM CJIOE).

CyOcTpyKTypa MHOBEPXHOCTHOTO CJos (PUCYHOK 5.9). XapakTepusyercs

OYEHb BBICOKOM TUIOTHOCTBIO AUCIOKAIMI Ha OHE M30BITOUHBIX KOHTYPOB H

~x 22000 | x 22000 -MUKpOAUPPAKITUS C

-cyOCTpyKTYypa - TEMHOIIOJIbHOE momaau @ 1 Mkm
IIOJIIOBEPXHOCTHOIO CJIOA n3zo0paxenue B peda. 111,.

JIUTOE COCTOSAHHUE +
JIUTOE COCTOSTHUE, TIyOWHA pe3anus 1 MM. 1200°C, 1 4., 3ax. B BOAY,
riyouHa pe3anus 1 mm.

Pucynok 5.9- Crans 05X22AT'1 SHEM2D-JI.
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KPYNHbIX  (parMEeHTOB  ayCTEHWTa C  IIUPOKMMHU  CyOTrpaHHIlAMH U
nehopMaIMOHHBIMH JIBOMHUKAMHU.

OOpa3zoBaHue HAHOKPUCTAIMYECKON CTPYKTYphl Ha MOBEPXHOCTH TOUYEHMSI
CBUIETENBCTBYET O TOM , YTO HAa ONPEIEICHHOM JTalne HMHTEHCHUBHOIO
ne(OpMUPOBAaHUS B YCIOBUSX CJBHMra IOJ JaBJIEHUEM OOBIYHBIE MEXAHWU3MBI
IUIACTUYECKON Je(hopMallid ayCTEHUTA CKOJIBKEHHEM M JIBOWHUKOBAaHHUEM B
3HAYUTENIbHOM CTENEHW WCYEpPIbIBAIOT ce0d W jJanpHeimas aedopmarus
OCYILECTBISIETCS NMPEUMYUIECTBEHHO OTHOCUTEJIBHBIMU POTALUSAMU (O JECSITKOB
rpaaycoB) (parMeHTOB CyOCTPYKTYpbI, KOTOPBIMH SBIISIFOTCS SYEHKH Pa3BUTOU
U CIOKAIMOHHOM CTPYKTYpbI U MHUKPOOOBEMBI MEeTauia  MEXIy
nepeceKarouMuUcs 1e(pOpMalMOHHBIMU IBOMHUKAMHU ayCTEHUTA.

[lockonbKy, Kak BHJIHO M3 MPEICTAaBICHHBIX CHUMKOB, pa3Mephl
HAHOKPHUCTAJJIOB KOJICOJIIOTCS B LIMPOKUX Mpeeiax, TO 3BOIIOLUS (OPMUPOBAHUS
HAHOKPUCTAJNIMYECKOW CTPYKTYpbl Ha HadaJlbHOM JTane, W00 JanbHenInas
DBOJIIOLIASA, KaK M3BECTHO, CBfA3aHA C YMEHBIIEHUEM CpPEOHEr0 pas3Mepa
KpUCTAJUIOB, BBIPABHMBAHMEM HUX IO pa3Mepy U POCTOM OTHOCHUTEIBHOMN
pa3OpUEHTUPOBKU OOJBIIEYTJIOBBIX TpPaHUL, OOpPA30BAaHHBIX YaCTUYHBIMU

JUCKINHAIUAMMU.

5.3. UcciaenoBanue o0padaTbIBaeMOCTH aBJIeHHEM

BbICOKOIIpOYHBbIE HEP)KAaBEIOIME AyCTEHUTHBbIE CTalId OTHOCATCS K
MaTepuagaM, KOTOphle TPyIAHO oOpabaThIBAIOTCS JaBIEHUEM H3-32 MX BBICOKOTO
YIPOYHEHUSI a30TUCTOTO AayCTEHUTa M BBbIAEICHUS OOJBIIOrO KOJUYECTBA
HUTPUJIOB B MPOIIECCE ropsiueii 00pabOTKU AaBICHUEM.

Hns oTpeeeHuUs TEXHOJIOTHYECKON MTACTUIHOCTH cTanm
05X22AT'15SH8M2® [224] mpoBefeHbI UCIBITAHUS HAa PACTSDKEHHE U yIAPHYIO
BA3KOCTH B MHTepBaie Temmeparyp 750-1250°C. PesynbraThl DTHX HCIHBITAHUMA
npuBeneHbl B Tabmuue 5.10. M3 HUX BHOHO, YTO HHU3KOE COMPOTHUBIICHHE
MJIACTUYECKOW JedopMaliii W TOBBIMICHHBIE TOKAa3aTedd IUIACTUYHOCTH U

BA3KOCTH HCCIEAYEMOro CIilaBa HaOJtonalTcsl B MHTepBasie Temmneparyp 1160-
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1250°C. B sTOoM WHTepBaje TEeMIEpaTyp He HaOmomand 00pa30BaHHS TOPSYUX

TPEIIMH MPU KOBKE U MOCIEAYIOMIEH MPOKATKE 3arOTOBOK.

Tabmuuma 5.10 - Mexannueckue cBoiictBa cramun 05X22AI'1SHS8M2® mnpu  BBICOKHX

Temreparypax (00pa3ibl U3TOTOBJICHBI U3 3arOTOBKH JUaMeTpoM 80 MM).

Temneparypa )

S v o Mlla 0,% v,% KCV, MJl:x/m
750 397 22 26,2 2,83
800 319 13,2 14,0 2,74
950 191 24,2 26,9 1,53
1000 117 45,6 41,3 1,25
1050 93 37,6 51,6 0,80
1100 50 73,2 62,2 0,74
1020 30 47,4 51,0 0,64
1160 24 70,6 56,7 0,76
1180 25 70,0 66,1 0,65
1200 16 44,8 65,8 0,73
1220 10 46,0 56,1 0,70
1250 10 44,0 83,7 0,78

C nenbio onpeneneHus KpUTHIECKOM cTeneHu aedopmaliii MpoKaTKoN mpu
Pa3JIMUHBIX TEMIIEPATYypaX, BbI3IBAIOIIMX 00pa30BaHKUE TOPSUUX TPEIIUH MPOBEIU
HCCIIeIOBaHUE KIMHOBUIHBIX 00pa3IioB, MpoKaTaHbIX IpHu TeMieparypax 700, 800,
900, 1000 u 1100°C. Pe3ymbTaThl IPOKATKH CBUAETEIHLCTBOBAIM, YTO CTajb
05X22AT'15SHEM2® o6namaer BBICOKOM CTOMKOCTBIO K OOpa30BaHUIO TOpPSYUX
TpemmH. [locne mpokaTku mMpu yKa3aHHBIX Temmeparypax ¢ odxkatusmu oT 10 mo
90% 3a onMH MPOXOJ Yepe3 BaJKM Ha IMOBEPXHOCTH OOpas3IoB HE HaOIIOIAIN
KaKuX-TM00 J1e(heKTOB B BHUJIE TPEIINH, BHIKPAIIMBAHUA WA PACCIOCHUS.

Jlydmiee couyeTtaHue MeEXaHMYECKHX CBOMCTB CTanu05X22AI'ISHESM2®
ObLIH TIONTy4YeHsI Tiociie mpokatku mpu 1050 - 1100°C u o6xatun 70%

(tabmuma 5.11 u pucynok 5.10).
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Tabmuma 5.11 - BrousgHue ropsideid TPOKATKMHA MEXaHMYECKHME CBOWCTBAa  CTald

05X22AT'1SHEM2D.

O6paboTka 602, MIIa ¥, % KCV'™, Mx/m
[Mpokatka 950°C, £=70% 1258 48 0,402
To ke + 3akanka 1000°C 691 64 1,930
To ke + 3akanka 1050°C 596 71 2,308

[Tpokatka 1000°C, £=70% 1238 94 0,501
To ke + 3akanka 1000°C 611 71 2,998
To e + 3akanka 1050°C 590 71 2,456

IMpokatka 1050°C, e=70% 1044 64 1,062
To ke + 3akanka 1000°C 696 61 2,404
To ke + 3akanka 1050°C 637 73 2,230

IMpokatka 1000°C, e=70% 1084 64 1,068
To ke + 3akanka 1000°C 589 71 2,206
To xe + 3akanka 1050°C 639 73 2,324

B [225] uccnenoBanu ayCTEHUTHBIE BHICOKOA30TUCTBIC CTAIM C PA3IMYHBIM
colcpKaHUEM HHUKEIs MW Mapradia, BblaBieHHble B DI'YVII «BUAMy.
XUMUYECKHI COCTaB cTajel MpuBeIeH B Tadsuie 5.12.

Ha ocHoBannu aHanmu3a JHUTEPATypHBIX JaHHBIX BBIOPAHBI PEKUMBI
TepMoaehOopMaImOHHON 00paboTKK (KOBKHM Min ripokatku mpu 1100-900°C, 1050-
900°C, 950-900°C ¢ cymmapHoii crenenbio obkatuss 70% ¢ IMOCIExyromei
3aKaJKOM B BOJE OT TeMmIepaTypbl KoHma ropsueid gedopmamum). C
WCITOJIb30BAaHUEM JTHX PEKHMOB M3TOTOBIICHA OIBITHAS TApPTHUS JMCTOBBIX
(TommmHOM 5 MM) U KOBaHbIX (ceueHueM 14x14 MM) 3aroTOBOK.

Ha mmudax cranmm mmaBok 1 m 2 KpoMe 3epeH ayCcTeHUTa HaOII0JaIH
HeOoJbIoe KonuuecTBo O-pepputa. Ero 3epna cmabo nedopMHpoBaHbI U
pacrnoJyiaraloTcs TpyIaMH, BHITIHYTBIMH B HAIPaBICHUHM MPOKATKU MO TPaHUI[AM
3epeH aycreHuTa (pucyHok 5.11 a, 0). 3epHa aycTeHuTa IiaBku 1 JOCTaTOYHO
OJTHOPOJHBI IO pazmepy (~ 10 — 15 MkM) ¢ HEOOBIIMM KOJIMYECTBOM JTBOMHHUKOB.

MHorue u3 HaOJIIOAAEMBIX 3€pEeH ayCTEHUTa UMEIOT MPaKTHYECKH MPaBUIBHYIO
dbopmy, 4To
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Pucynok 5.10 — Biusitnue TemnepaTypbl UCIIBITAHUS HA MEXAaHUYECKHE CBOMCTBA CTAJIN

04X20AT'15H8M (0,58%N).
Tabmuna 5.12 - Xumuueckuit (macc.%) cocTaB cTasieH.
Ne . .
C N Cr Mn Ni Mo \% Si La
IlnaBku
1 0,048 | 0,511 | 22,19 | 12,7 | 413 | 0,95 0,154 0,61 0,00041
2 0,040 | 0,489 | 22,05 | 11,8 | 41 0,99 0,161 0,75 0,00051
3 0,040 | 0,556 | 20,75 9 7,37 | 1,02 0,155 1,08 0,00096

TOBOPHUT O IIpOMCAIICM B MCTAJJIC IIJIABKH 1B 3aJIaHHBIX PCKUMaAX I[e(l)OpMaI_II/II/I

IIPOIIeCcCe PEKPUCTALIA3AINY.

Pucynok 5.11 - CrpykTypa cranu miaBku 1

nocie pokatku mpu 1100-900°C (a);

CTPYKTYypa CTaJIU IJIaBKU 2 mocie IIPpOKAaTKKn

ipu 950-900°C (6); CTPyKTypa CTAIM ILIABKHU 3

nocite ipokatky mpu 1000-900°C (B).
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CrpykTypa MeTamia IJIaBKH 2 aHAJIOTMYHA CTPYKTYpEe MeTajlla IUIaBKU 3,

OJIHAKO 3€pHO aycTeHUTa umeeT Oosbiiune pazmepsl (20 -40 MxMm), HabmomaeTcs

MCHBIICC KOJIMYCCTBO PCKPUCTAJIM30BAHBIX 3CPCH. 3epHa BTOpOﬁ (1)331)1 HUMCIOT

0oJiee BBHITSHYTYIO B HAapaBJIECHUH MPOKATKU (HOpMYy.

Ha nummde mnnmaBku 3 BUAHBI BBITSHYTHIC

B HaIIPaBJICHHUU ITIPOKATKHU

nehopMUpOBaHHbBIE 3€pHA aycTeHUTa JUIMHOM oT 5 10 30 MkM. B cTpykType aTOM

CTaJIM OTCYTCTBYIOT BBIJIEJICHUS IO TpaHUIaM 3epeH (pucyHok 5.11 B).

Tabmuua 5.13.- MexaHnueckre CBOMCTBa 3ar0TOBOK (M1aBokK 1,2,3) mocine ropsiueil NpoKaTKu U

KOBKHM C MOCJIEAYIOIIEH 3aKaJIKOM.

Ne mi1aBku Oo0padoTka 6, MIla | 602, MIIa | 0,% | ¥, % M};EI:C\//I,VIZ
1 ITpokarka 1100-900°C 1100 977 32,3 | 53,0 1,14
Ipokatka 950-900 C 1166 1142 212 | 188 0,23
? Ipokarka 1100-900°C 1055 906 35 54 1,17
ITpokatka 1000-900°C 1202 1139 333 | 54,4 0,75
: Ipokarka 1100-900°C 1157 1067 28 53 1,08
Kogxka 950-900 C 1062 873 28 54 -
: Koska 1100-900°C 1069 914 30 66 -
Koska 1050-900°C 1010 868 30 68 -
i Kogxka 1100-900°C 1040 883 335 | 67 -
Koska 950-900°C 1118 1010 26 59 -
Koska 1000-900°C 1131 1032 321 | 61 -
’ Kogxka 1050-900°C 1080 081 30 64 1,59
Kogxka 1100-900°C 1148 1049 26 62 -
N3 mpexacraBineHHblx B Tabimuue S5.13  pe3ylnbTaToB  MEXaHHMYECKHUX

UCIIBITaHHMI BHIHO, YTO MPOKATKa M KOBKa mpu Temreparypax 1000-900°C, 1050-

900°C, u 1100-900°C c¢ cymmapubiM oOxatreM 70% U IOCIEIYHOLIMM

OXJIAXKJICHHWEM B BOJE OT TeMIlepaTypbl KoOHIA JedopMmarui o0ecrieunBacT
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MOJIYYEHHE y JTUCTOBBIX (TOJIIMHA 5 MM) M KOBaHbIX 3aroTOBOK (ceueHuem 14x14
MM) BBICOKMX [IOKa3aTelied MeXaHW4YecKuX CBOMCTB. Jlyumiee coderaHue
MPOYHOCTH, TJIACTUYHOCTU M YAAPHON BSI3KOCTH JOCTUTaeTCs y CTalM IJIaBKU 3
04X21AT9H7M® [226] mocie koBku u npokarku mpu 1100-900°C (Tabmmma 5.13
).

CHIKeHHE TeEMIIEPAaTyphl Havyaa MPOKaTKH WK KOBKH 10 950°C mpuBOaUT
y CTalld TUIaBKM 2 K 3HAYUTEIBHOMY CHIDKCHHUIO IUIACTUYHOCTH U yJIapHOU
pskoctn  (KCV= 0,23 MJ[x/M?). PesyasraTsl ONpeaeicHHs KOJIHYECTBA
dbeppomarautHoil ¢azel (Tabnuna S5.14) mokazanu, 4YTO W3TOTOBJICHHBIE U3
JUCTOBBIX UM KOBAaHBIX 3aroTOBOK 0OOpa3ipl TUIaBKM 3 HE  CcojepiKar
dbeppomarautHeix a3z (u<1,01 I'c/), a o6pa3uel wiaBok 1 u 2 cogepxar 1,5-4,9%
beppomarauTHbIX (a3 (u=1,2-1,4 I'c/3).

Tabmmna 5.14 KonnaecTBo U MepHoAbl pEIIeToK o 1 y-(a3 cranu miaBok 1,2 u 3 mocie ropsiaeit

MPOKATKH.
Ne KosaunyecTBo Ilepuoab! pemerox
Temneparypa npokarku, °C
IUIABKH ¢a3 (00. %) dasz, A
v—97% 3,614
1000-900
a—3% 2,870
1
v—90 % 3,615
1100-900
o—10% 2,878
v—89 % 3,616
2 950-900
oa—-11% 2,878
3 1000-900 v —100 % 3,608
1100-900 v —100 % 3,612

[IpoBeneHHBIC  WCMBITAHUS ~ TIOKA3bIBAIOT,UTO  JIYYIIMA  KOMILIEKC
MEXaHUYECKUX CBOWCTB M MArHUTHOW TMPOHUIIAEMOCTH JOCTHUTAIOTCS Y CTalld
IUIABKHU 3 TIOCIIE MMPOKATKU M KOBKH mpu Temreparypax 1100-900°C (0,=1148-1186
Mlla, 0,,=1046-1087 MlIla, 08=26-28%, y=50,6-62,0%,KCV= 1,08 — 1,09
MJDx/M?, p<l1,01Tc¢/3). Tocime mpokaTku mpH Temmeparypax 950-900°Ccranb
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MJIaBKM 2 MMEET BBICOKYI0 MOpouyHOCTh (G,=1166 MIla, c4,=1142 Mlla), HO
MOHIKEHHYIO YIapHyto BsskocTh (KCV= 0,23 MJIx/M°)
[To ypoBHIO IPOYHOCTH JINCTOBBIE U KOBAaHbIEC 3arOTOBKM M3 HEMArHUTHOM CTalu
04X21T'9H7AM®  (0,556%N) cymecTBEHHO MPEBOCXOISAT  AHAJIOTHYHbIC
3arOTOBKM U3 MPUMEHSIOUXCSA HEMAarHUTHBIX CTaJIE€il, B TOM YHCIE 3apyOeKHbIX
craner AISI 304,316 u 321.
bouio  mpoBemeHo  uccienoBaHue  (a3oOBbIX  MPEBpALlEHUH B
azotocoaepxkamen (¢ 0,5%N) cramu 05X22AI'1SHS8M2® mnocne 3akaikd OT
1200°C mMeTo0M BBICOKOTEMIIEPATYPHOU peHTreHorpaduu.
BricokoremnepaTypHas peHTreHoBcKas cbeMka ctanu 05X22AI'1SHEM2D
(pucynoxk 5.12) nmpoBogwiack Uil YTOYHEHHMsS TOBEIEHUS  JINCTOBBIX
nos1y(haOprKaToOB U3 3TOM CTAJIM IPU MPOKATKE U TEPMUUYECKON 00pabOTKe.

a, A
3,69

bV

3,67

3,651 ~

3,631 [ 4

3,61

O 200 400 600 800 1000 T, °C

Pucynoxk 5.12- 3aBucumocTh neprojia peeTku y-¢pa3bl OT TEMIIEpaTyphl IPH
BBICOKOTEMIIEPATYPHOIN PEHTI€HOBCKON ChEMKE ropsyeKaTaHOro oopasiia cTaiu

05X22AT'15SH8M2®

[Ipu mnoBbeimieHMn TeMmmeparypsl HarpeBa Ao 600°C cranp octaercs

onHodazHon (y-paza) — Her cnenoB pediiekcoB BTOpoHM (as3bl, yBeIMUYEHUE
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IEpUOJla PEUIETKH 0, COOTBETCTBYET TeMIeparypHoMy wusMeHeHuto [KJIP.
Haunnas ¢ 700°C mepuox pemerku y-ga3pl HAYUHACT YMEHBIIATHCS, 4YTO,
BEPOSITHO, 0OYCJIOBJICHO BBbIJICICHHMEM HUTpUIHOM ¢asbl. [Ipu 3ToM Habmr0maeTCs
BEIZICNICHHE O-(Da3bl, KOJIWYECTBO ToOceaHel Bo3pacTaeT BIWoTh g0 1000°C. Tlpu
1100°C o-¢a3a pacTBOpsieTcss U MPOUCXOAUT BbIeNeHUE o-(]a3bl, B pe3ysibTare
dbopmupyetcs AByx(daszHas (y+o)-CTpyKTypa.

BricokoTemMniepaTypHasi peHTTEHOBCKAsl ChE€MKa CBHUJIETEIBCTBYET O TOM,
yto 1mocine Harpeea pno 700°C B Marepualie HAYMHAKOTCA  MPOLIECCHI
pekpuctaimzaund. Ecnu npu HarpeBe g0 600°C Ttekcrypa wmarepuana B
uccienyeMomoOpasle He MeHsieTcsi, To mnpu Temieparypax 700°C u Bblie
OPOUCXOASAT  OTYETIMBBIE  WM3MEHEHHUS  TEKCTypbl,  (QUKCHUpyeMble  Ha
pEHTreHOrpaMMe B BHUAE ociabiieHus caBuroBoro kommnoHeHta {111}<110>,
ycusieHus: nHTeHcuBHocTU pediekca (200). [Ipu aToM nHTEHCUBHOCTH pediekca
(220), cooTBeTCTBYOIIETO KOMIIOHEHTA TEKCTYPhI IPOKATKU, HE MECHSCTCS. TaKuM
o0pa3oM, pEeKpUCTAJUIM3ALUs CTalIM IPOUCXOAUT IYyTEM CEJIIEKTUBHOTO pOCTa
3apoJIbIlIeH U3 CABUTOBOIO KOMIIOHEHTA TEKCTYpPHhI, KOI/1a IPUOOPETAIOT YCUIICHHUE
Clly4ailHble OPUEHTHPOBKH, T.€. IPOTEKAET PACTEKCTYPUPOBAHUE MaTEepHUaa.

B MuorokommnoneHTHoi ctanu 05X22ATI'ISHEM2® npu Ttemmeparype
600°C, mpouCXOAUT pacriaji ayCTEHUTA, KOTOPBIM COMPOBOXKIACTCS BbIJICIICHUEM
HUTpUAAa Xpoma U o-(a3pl. Cnegyer NOAYEPKHYTh, 4YTO HHMOpmanus 00
U3MEHEHUHU Iepuojia penieTok (a3 JaeT BO MHOTHUX cliydasix OoJiee MOJIHYIO
uH(popmanuioo o mpoueccax (pa3zoBbIX MPEBpAlllEHH, MOCKOJIbKY Ha HayajJbHBIX
CTaJMsIX MPOIIEcCa KOJUYECTBEHHbIE U3MEHEHUS COOTHOUIEHUS (a3 CONOCTABUMBI
C TOYHOCTBIO aHAJIMU3A.

BricokoTemmniepaTypHasi pEHTIEHOBCKAasi CbE€MKa J1aeT  BO3MOXHOCTb
KOJIMYECTBEHHOTO M3yueHHUsi KUHETHKH pactBopeHus HuTpuga CroN u pocra
ayCTEHUTHOI'O 3€pHA. Y CJIOBHO 3TOT ITPOLIECC MOYKHO PA3ACIIUTh HA JIBE CTA/IUH, U3
KOTOPBIX TIE€pBasi XapaKTEPU3YETCS CPABHUTEIBHO MEIJICHHBIM POCTOM 3€pHa
(<1500 c), xoTopsIil caepkuBaeTcs npucyrcreuem yactuil autpuaa CroN. Iocne

UX PaCTBOPEHMS CKOPOCTh POCTA 3€pHA PE3KO YBEINUUBACTCS.
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KuneTnky pocrta 3epeH KOJIWYECTBEHHO OLICHWBAJIM HA MEPBOM CTAUU IO
WHTEHCUBHOCTY TMHUKOB Ha KPUBBIX KayaHUs, a HA BTOPOH — IO YMEHBIICHUIO
WHTEHCUBHOCTU OTPAKEHHUS OT 3€PEH ayCTEHUTAa. JTO CHUKEHUE MHTEHCHUBHOCTU
OOyCIIOBJICHO TMOTJIOMICHUEM CPAaBHUTEIBHO MEJIKUX 3€PEH, YIOBIECTBOPSIOMINX
YCIOBUSIM JTU(PaKIMKU MPU PEHTIEHOBCKONM ChEMKE, KPYMHBIMU HE JAIOIIMMU
OTPaXXEHUSI COCETHUMHU CyO3epHaMU, OpPUEHTAllMs KOTOPHIX HE YAOBIETBOPSET
YCIOBUSM AU(PPAKIIHH.

N3yuenue hopmMupoBaHMs OCTATOYHBIX HANPSDKEHWM B o U y-(ha3ax ObLIO
HaIlpaBJI€HO Ha pElIEHWE [BYX 3aJad. BenuuumHa Mepuoaa pPEmeTKd MOXKET
M3MEHATHCSl TPU HArpeBe B pe3yibTaTe cleayromux sddekrtoB: 1) aumaramus
peleTky, OOyCIOBJIEHHAs TEMIIEPATypPHBIM pacIlIUpeHueM; 2) HU3MEHEHHUE
CoJIep KaHMsl JIETHPYIOLIUX JIEMEHTOB (B MEPBYIO OYEPEIb a30Ta, a TAKKE XpOMa);
3) ympyras neopManus pelieTK, BbI3bIBaeMas OCTATOYHBIMHU HaIPSKEHUSIMHU.
Urobsl pazgenuth 3TU 3((PexThl, HEOOXOIUMO 3HATh BEJIMYMHY OCTAaTOYHBIX
HaIpsDKEHUH, 4TO M ONpeNeNsieT NEPBYI M3 3aJ1ad, KOTOpas HampaBlieHa Ha
IOBBIILICHUE JIOCTOBEPHOCTH HMHTEPIIPETAUU SKCIEPUMEHTAIBHBIX PE3YyJbTaTOB
IIPU BBICOKOTEMITEPATYPHON PEHTT€HOBCKOW ChEMKE.

BeIBOABI 1O IJ1aBe 5.

1. M3yueHa cBapuBa€MOCTh  BBICOKOA30THCTBIX  AYyCTEHUTHBIX  CTajei
05X22AT'16H8M u 05X22AI'1SHEM2®, oneHruBaeMasi 1Mo BEIMYUHE CHUXKCHUS
YIApHOM BS3KOCTH B OKOJIO IIOBHOW 30HE CBAapHOro coequHeHus. B mponecce
HarpeBa CTajqd B TedeHue | wyac mnpu Kpurudeckou Temmeparype 800°C
dbopMupyeTcsi ayCTCHUTHAS CTPYKTypa, He conepkamas ¢ - hazy u 0 - Gpeppur, ¢
HEOOJIBIIINM KOJIMYECTBOM MPEUMYIIIECTBEHHO IO TPaHUIaM 3€peH HUTPUJIOB THUIIA
Cr;N. Ilocne Takoro HarpeBa cTajb COXpaHsIET BRICOKYIO yapHyto Bs3kocTh (KCU
= 3,0 MJI)K/MZ), HECMOTpPsI Ha OTHOCUTEIBLHO HEOOJIbIIOe ee CHibkeHue. Harpes
npu 800°C mmmrensHOCThIO 10 W 100 yac MPHUBOAMT K PE3KOMY CHHYKEHHIO
yIapHOH BA3KOCTH U3-3a 00pa30BaHus G - (ha3bl U HUTPUAOB XpOMa MO MEXAHU3MY

MPEPBIBUCTOTO pacraja.
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2. HccnenoBana crabunpHOCTh aycTeHuTa cramu 05X22AT'16H8M B 30He
TEPMUYECKOTO BIMSHUS CBapHOro coeauHeHus. IlokazaHo, 4To B pe3ynbrare
narpesa 10 1200°C 1 MeIJICHHOTO OXJIAXKIEHHUS C IE€YBI0 BBIIEISETCS HEOOIBIIOE
KOJIMYECTBO HUTPHUAOB Xpoma. [locie Takoit oOpaOOTKM y cTajaM COXpaHsAeTcs
BBICOKasi yaapHas Bs3kocTh (KCU = 3,3 MJDx/M®), CBHACTEIBCTBYIOIAS O €¢
BBICOKOM yCTOMYMBOCTH ayCTEHHTA TNPOTUB MPEPHIBUCTOrO pachaaa Mnpu
OXJIQKIEHUHU MeTajuia B naTepBaie temmeparyp 900 — 600°C.

3. VcraHoBieHa oNTHMalbHas TeMIeparypa HarpeBa moj 3akaiky 1100°C
ocHOBHOro Metamia craiu 05X22AT'16H8M u 05X22AT'1SHEM2®. ITocne takoun
3aKaJKW CTAJIM UMEIOT ayCTEHUTHYIO MEJKO3EPHUCTYIO CTPYKTYPY C HEOOJbLIUM
KoiudecTBoM HUTpUAOB CrN u xopoliee coyeTaHne MEXaHUYECKUX CBOMCTB MpHU
+20°C (o, = 860-880 MIla, oy, = 495-520 MIla, 6 = 60-62%, y = 72-75%, KCU
= 3,7-4,0 MJlx/m®) 1 -196°C (KCU = 2,9 MJ[x/m?).

4. HccrnenoBaHue CTPYKTyphl MeTaimia cBapHbix mBOB ctanu 05X22AI'16HEM
MOKa3aji0, 4YTO €€ CTPYKTypa HEOOHOPOJHAas. Y IJIMHUM CIUIABJICHUS IIBa
dbopmupyeTcs s;tuercTasi CTpyKTypa, B LICHTPAIBHOM YacTH IIBa — ACHAPUTHAS WU
AYEUCTO-ICHAPUTHAsA. B 30HEe TepMHUECKOTO BIIUSIHUSL IPUCYTCTBYIOT JBE 30HBI C
pa3ITUYHON CTPYKTYpoH: 1 — OKOJIO IIOBHAS, T/Ie HAOIIOJAETCS POCT 3epHA U 2 —
30Ha, B KOTOPOIl BBIACIAIOTCS HUTPUABL. A30T pAaBHOMEPHO paclpesesieH B IIBE U
30H€ TEPMHYECKOrO BIHSHUA. B Meramne miBa MNOpbl OTCYTCTBYKOT U IO
CPABHEHUIO C OCHOBHBIM METAJUIOM B HEM MOHM)XEHHOE COJEp:KaHHE a30Ta, XpoMma
Y Maprasia.

5. Ilo ypoBHIO MPOYHOCTH U YIAPHOM BA3KOCTH CBApHBIE COECAUHECHUS
ropsiueieOpMUPOBAHHBIX (ITOCIE€ KOBKM UM TPOKATKH) o0O0pa3loB crajei
05X22AT'I6H8M  u  05X22ATI'15SH8M2® mpeBocxoast B 1,6-1,8 pasza
npumenstionmecs: crann 07X13T20AH4 u 03X20H16AT6. 3akanka ot 1100°C
ctamn  05X22AT'1SHEM2® 10 wiM mociae CBApKUM MOBBIMIAET DHEPTHIO,
3aTpayMBaeMyl0 Ha 3apOXKIEHUE, pacClpoCTpaHEHHWE U TMOJHYI padoTy

pa3pylIeHHs IPU UCTIBITAHUU 00Pa3L0B HA yIapHYIO BSA3KOCTh MPU TeMIEpaTypax

+ 20 u—-196°C.
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6.BnepBble MPOBEIEHO CUCTEMATUYECKOE UCCIEAOBAHUE CTPYKTYPBhl U CTOMKOCTh
pe3loB B Opolecce TOYEHHS 3aroTOBOK  BBICOKOA30THUCTOM  CTalu
06X22AT'1SHEM2®. YcTaHOBIEHO, YTO B €r0 MOBEPXHOCTHOM CJIO€ TIIyOHMHOMN
OKOJIO 5 MKM (OpMHpPYETCSI TEKCTypOBaHHAs CTPYKTYypa, KOTOpas MPEACTAaBISET
co0O0M MOJIOCHI CKOJBKEHUSI, OPUEHTUPOBAHHBIE OTHOCHUTEIILHO JIBXKEHUS pPe3la.
[[10THOCTP TOJIOC CKOJBKEHUS W TBEPAOCTh YYAaCTKOB B 3TOM  CIOE
YBEIMYHMBAIOTCA B HAPaBJICHUM JABMKEHHS pe3ua. [lox aTuM cioem pacnosokeH
BTOPOM CJIOM TOMMHON 5-20 MKM C MEJIKO3EPHUCTON ayCTEHUTHOM CTPYKTYPOH C
OOJBIIMM KOJIMYECTBOM J1€(POPMALIMOHHBIX JBOMHUKOB M TBEPAOCTHIO B 1,5-2 pa3za
MEHBIIIE IO CPABHEHUIO C MEPBBIM CIIOEM.

7. Touenume cramu 06X22AT'15SHEM2® npu HU3ZKON CKOPOCTH pEe3aHMUs
(v=9,5M/MHH) 3aTpyQHHUTEIBLHO H3-3a OOpa3oBaHMs OOJIBIIIOTO HapocTa Ha
peXyllel KPOMKE pe3la, INPUBOAIIIET0 K ero mnojiomMke. CTOHMKOCTh pe3loB
3HAYUTEIBHO IIOBBIIIAETCS B IPOLIECCE TOYEHHSI 3TOM CTalIM IPU CKOPOCTH
pe3anus 21-74 m/muH, riyoune pezanus 0,25-0,75 mm u nogauu 0,15-0,60 MmM/00..
[Ipu Takux pekuMax TOUEHHS OTCYTCTBYET HAJIMIIAHUE METaJIa HA UHCTPYMEHT.
[Ipu ckopoctu pe3anus 169 um 186 mM/MuH 00pabaThIBAEMOCTh CTald PE3KO
CHM)KAETCS U3-3a MOBBIIICHNS TEMIIEPATYPHI B 30HE PE3aHU.

8. CTOHKOCTh PE3LOB IMpPU TOYEHHWHU KOBAHBIX 3arOTOBOK BBIIIE Yy CTaju
06X22AT'ISH8M2® mno cpaBHenuto co cranbto 08XI8HI0T, yrto cBsA3aHO C
OONBIIMM  TOBEPXHOCTHBIM  YIPOYHEHHEM BTOpPOM CTaalM B  pe3yJbTaTe
oOpazoBanust mapTeHcuta nedopmanuu. Ilocne 3akamku ot 1100°C  cramb
06X22AT'ISHEM2®, aycTeHUT KOTOPOM MAKCUMAJIbHO MEPECHIIIEH a30TOM, IO
cpaBHeHnto co cranbio 08X18HI10T xyxe oOpabaTbiBaeTcsi HM3-3a BBICOKOTO
nehopMaIMOHHOTO YIIPOUYHEHHUS BbICOKOa30TUCTOro aycrenura. Orxur npu 800°C
B TeueHne 2 dyacCtam 06X22AT'15H8M2®, mpuBomsmmii K 0Opa30BaHUIO
00JBIIOTO KOJIMYECTBAa HUTPUAOB XpoMa Tumna Cr,N, He yMeHbIIaeT U3HOC PE3LOB
110 CPABHEHMIO C 3aKAJICHHBIM COCTOSIHUEM.

9. Bo Bcex oOpaboTtaHHBIX MO pexumam 1 — 5 oOpasmax BBICOKOA30THCTOM

aycreHuTHOM ctanmu 05X22AI'ISHEM2® B mOBEpXHOCTHOM CIIOEB PE3YJIbTATE
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TOueHUs: (QOpPMHUpPYETCs] HAHOKpUCTA/NIMYEeCKass CTPYKTypa C pa3Mepamu
HAaHOKPUCTAJUIOB OT  HECKOJIbKMX €AWHMUI] JO JECSITKOB HAHOMETPOB.
CyOcTpyKTypa MOBEPXHOCTHOTO CIIOS XapaKTEpHU3yeTCs BBICOKOW IJIOTHOCTBHIO
JUCIIOKAMK M KPYMHBIX (PparMEHTOB ayCTEHUTa C MIMPOKUMHU CyOTpaHHUIAMH U
nedhopMalMOHHBIMU JBOMHUKAMH.

10. MccnenoBaHo BIMSHUE PEXUMOB ropsiueit gedopMaiiiu Npy KOBKE U MPOKATKE
Ha CTPYKTYpPY U MEXaHWYECKHE CBOMCTBA a30TOCOJAEPIKAIIUX CTANEH C Pa3IMYHOU
CTaOMJIBHOCTBIO UX aycTeHuTa. [lokazaHo, 4TO JTyUIIMI KOMIUIEKC MEXaHHUYECKUX
CBOMCTB JOCTUTAIOTCSI y CTalM IUIABKH 3 TIOC/IE TPOKATKU M KOBKH IIPH
Temmeparypax 1100-900°C (0,=1148-1186 MIla, c,,=1046-1087 MIla, §=26-
28%, y=50,6-62,0%, KCV= 1,08 — 1,09 M/Dx/M%, u<1,01"*"). IMocne mpokarku
npu Temmeparypax 950-900 Ccramb MNaBKH 2 HMEET BBICOKYIO MPOYHOCTb
(0,=1166 Mlla, cy,=1142 MIla), HO MOHMWKEHHYIO yIapHy10 Bs3kocTh (KCV=
0,23 MH}K/MZ).HOHyI{eHHe BBICOKMX II0Ka3aTeJIel MEXaHUYECKUX CBOWCTB Y
JUCTOBBIX M KOBAHBIX 3arOTOBOK CBSI3aHO C (OpPMHUPOBAaHUEM B THIpoLECCE
UCCJIEJOBAaHHBIX PEXUMOB TEpMOAEPOPMAIIIOHHOM 00padoTKN
(GbparMeHTHPOBAHHON C BBIPAXXEHHOW MOJIOCOBATOCTBIO CTPYKTYpbl. B CTpykType
cranmd 1iaBku 1 mocite npokatkd npu 1100-900°C m mumaBku 2 1ocie MpOKaTKu
mpu 1000-900°C u 950-900'C 4acTHYHO MPOTEKAIOT MPOLECCHl AHHAMHYECKOH
pexpuctamnzaui. O0beMHas A0S PEKPUCTAUIM30BAHHBIX 3€PEH B JIMCTOBBIX
oOpasiiax MeTaia MIaBKU 2 HECKOJIbKO OOJIbIIE, YEM Y MJIaBKH 3.

11. OcobenHoCTBIO aycTeHUTHON CTpYKTyphbl cTanu 04X22AT'16H8M2® mnocine
npokatkn mpu  1100°C, sBiasieTcst ee  pasHO3EPHUCTOCTH W HAMUHE
3€pHOTPAHUYHBIX KPYIHBIX BBIJCICHUN G-(a3bl, HEPABHOMEPHO paclpeaesieHHON
no 00bEMY ayCTEHUTHBIX 3€pEeH W CoOJAepXkallell KpoMe XpoMa U Kejes3a

ITOBBIIMICHHOC KOJIUYCCTBO MOJ'H/I6I[eHa.
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I'maBa 6. IIpuHUMIBI JIETHPOBAHMS  AYCTEHUTHBIX  CTajJed s

BBICOKOHAI'PY/KCHHBIX H3I[eJII/Iﬁ HI/ISKOTCMHepaTypHOﬁ TCEXHUKM.

[Ipu pa3pa®oTke MNPUHIUIIOB JIETUPOBAHUS AyCTEHUTHBIX CTaJleld IS
BBICOKOHATPYKEHHBIX JETaJIell HU3KOTEMIIEPATYPHOU TEXHUKH BaXKHO YUUTHIBATh
OCHOBHBIE HEJIOCTATKM MApPTaHIIEBbIX, HUKEJIEBBIX U XPOMOHHMKEIIEBBIX CTAIEU U
pa3nuuMs BO BIIMSIHUM HAa CTPYKTYPY WU CBOMCTBA CTal€il MEXAY HUKEJIEM H

XPOMOM U MEX]y YIIIEPOJOM U a30TOM.

6.1 Pazauuusi MexKay yrjiepoaoM M a30TOM, HUKeJIeM M MapraHmeM, Meabi0 1
HHUKeJIeM, XPOMOM U MOJINOIEHOM BO BJMSIHUM HA UX CTPYKTYPY M CBOMCTBA

AYCTCHUTHBIX cTajiei.

OCHOBHBIE HENOCTAaTKU MAapTaHIEBbIX, HUKEJIEBBIX U XPOMOHHMKEIEBBIX
ayCTEHUTHBIX CTaJel MpPHU MCIOJIb30BAHUM UX [ BBICOKOHATPYKEHHBIX U3ETUI
HU3KOTEMIIEPATYPHOI TEXHUKH.

OnHodasHyl0 ayCTEHUTHYIO CTPYKTypy Fe-Mn cruiaBel COXpaHSIOT MOCie
HarpeBa M OXJAXIEHHs, TOpsiYeid M XOJOJHOM IUIacTHYECKOW nedopmanuu mnpu
conepkanuu maprania oosnee 27%. Takue cranu m3-3a BBHICOKOTO YpoBHs DJ1Y
(>30M]Dx/M° (pucyHOK 6.1)) aycTGHHTa MMEIOT HH3KYI0 HHTCHCHBHOCT
ne(opMalMOHHOTO YIPOYHEHHS, YTO CIOCOOCTBYET OOJIETUCHUIO JIOKAJIHM3aIUH
IacTU4eckou nedopmaruu oOpa30BaHUIO TPEITUH.

CHmxkenue cojiepkanusi mapranua a0 15%B cranu npuBOOUT K pPOCTY €€
YOPOYHEHUSI TPHU IJIACTUYECKON aedopManuu B pe3ysbrare CHKeHus /Y
ayctennta g0 20 MDx/M* u obpazoBanusi € -(aszel B komuuectBe 10 50%.
CrpykTypa nByx(@a3zHbIX (Y M €) CIUIaBOB HECTAaOWJIbHA MpHU IJIACTUYECKOU
nedopmari, B pe3yibTaTe KOTOPOW pa3BUBACTCA €—0 NPEBpAIlCHUE, U OHU
CTaHOBATCS (heppoMarHUTHRIMU.Hamuuue B CTPYKType MapraHIEeBBIX CIIJIABOB &-
(da3bl OKa3bIBae€T OTPHUIIATEIHLHOE BIMSHUE HA TUIACTUYHOCTh U yJIAPHYIO BS3KOCTh
MpU HU3KUX TeMIleparypax. B MapraHueBsiX cijiaBaX HEBO3MOKHO MPEAOTBPATUTH
NpU  HU3BKUX TeMIleparypax nmnepexoa y-Ga3pl W3 MapaMarHUTHOTO B

aHTH(EeppOMAarHUTHOE cocTostHue [227, 228]. DTOT nepexo MPUBOIAMT K
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Pucynok 6.1 — Bausinue nerupyronmx 371eMeHToB Ha DJ]Y ayCTeHUTHBIX cTajei.

HE3HAYUTEJIbHOMY TOBBIIIEHUIO TMPOYHOCTH U 3HAYUTEIBHOMY CHUXECHHIO
IUTACTUYHOCTH YyKa3aHHBIX cTajieil. C yBEemMYEeHHEM COJIep)KaHWs MapraHia B
cTajliu TeMieparypa Takoro mnepexona (TH) Bo3pactaer. Mapraser NOBBIILIAET
nopor xJagHoJaoMKocTu Fe-Mn crutaBoB, 4To 3aTpyAHSIET UCIOJB30BAaHUE UX MIPU
HU3KHX Temmeparypax. HecMoTps Ha yBenuWdeHHe mapameTpa KpUCTALTHYECKON
pelIeTKH ayCTEeHUTa IpU JIETUPOBAHUM CTaJld MapraHleM, YINPOYHEHUE ee He
BeJMKO. MapraHer] B OTIMYHE OT HUKEIS YBETUYMBACT B3aHMMOJCHCTBHE MEXTY
aTOMaMH YTJIepoJa W AMCIOKAIMSIMHU U TeM CaMbIM TMOBBIIMIAET HEOAHOPOIHOCTH
IUTACTHYECKOM AeOopMaIiii, CHHKAIOIICH MIaCTUYHOCTh cTanu [229].

bonee BhicOKas XuUMHUYEcCKass aKTUBHOCTh MapraHia IO CpPaBHEHHUIO C
HUKEJIEM 10 OTHOUICHHIO K KHCIOPOAY, a30Ty W YIJepoay OKasbIBaeT (Mpu
BBICOKHX TEeMIIepaTypax) OTPUIATEIbHOE BIUSHUE HA COMPOTUBIICHUE OKUCIICHHUIO
Fe-Mn cnmaBo [230, 231]. Ilpu BbICOKMX TemmepaTypax MapraHel MOKET
NEPEXOIUTh B OKAJIMHY C 00pa30BaHUEM B MOJOKAIMHHOM cioe (eppura, a Mnpu
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HAJIMYUHA CWIBHBIX KapOWI0- M HUTPHUI000PA3YIOMIUX IJIEMEHTOB B KapOWIHBIC U
HUTPUIHBIC (a3bl, CHUKAS CTAOMIIBHOCTh ayCTCHUTA.

N3-3a HU3KOW TEIUIONPOBOJHOCTH M  BBICOKOM  HAKJIEHBIBAEMOCTH
MapraHieBbie civiaBsl Mo cpaBHeHUIo ¢ Mn-Ni, Mn-Cr u Mn-Ni-Cr 3HauntensHO
Xy)ke o0OpabarbiBatoTcs pe3anueM [232]. Y  BBICOKOMapraHIEBBIX CTajci
BO3HMKAIOT  OMNpEJEICHHbIE TPYAHOCTH TPU  BBIIJIABKE, CBSI3aHHBIE C
BBICOKOTEMIIEPATYPHBIM OKHCJICHHUEM Ha BO3yXE M COXpAaHEHHEM HEMarHUTHOCTH
CTaJIU B Pe3yJIbTaTe BHICOKOW CIIOCOOHOCTH MapraHila UCHapAThCs B BAKKyMe IpH
BBICOKHX TeMIlepaTypax ¢ (GopMHupoBaHHEM (EPPUTHOTO CIIOS HA MOBEPXHOCTH
ctTayd. Bwicokmii  KOAGOUIMEHT  TEPMHUYECKOTO  pACHIUPCHHS,  HHU3Kas
TEIJIONPOBOJHOCTh, O0pa30BaHUsl JIETKOIUIABKUX COCJUHEHUNW U PE3KUd pPOCT
ayCTEHUTHOTO 3¢pHa mpu TemrepaTypax Bbimie 1100°C y BbICOKOMapraHIEBBIX
CTajie (B TOM YHCIE C BaHAJUEM U YIJIEPOJIOM) 3aTPYAHSIOT UX TOPSYYIO
00paboTKy JaBJICHUEM IIPU KOBKE, IITAMIIOBKE U MTPOKATKE.

Hcnonn3oanne Niu Cr-NiaycTeHUTHOM cTanu Takxke kak 1 Mncramu meHee
apdpextuBHO, yeM Mn-Ni, Cr-Mn u Cr-Mn-Ni craneii. Ni u Cr-Ni cramu mocie
Harpesa 10 1200°C, oxmaxaenus m0 -269°C W XOJOHHOM IIACTHYECKOM
nedopmalii COXpaHsSoT 0MHO(MA3HYI0 ayCTEHUTHYIO CTPYKTYpy 0e3 d-heppura,
0- ¥ € MApTEHCUTA TOJILKO TIPH COACPIKAHUHU JOPOTOT0 U ASPUIIUTHOTO HUKETS B
kosimuecTtBe He MeHee 37 u 20% cooTBETCTBEHHO./3-3a OTHOCHUTENBHO BBICOKOM
DY aycrennta (>25 MJDK/M”) HemaruuTHbie Cr-Ni CTamd HMEIOT HH3KYIO
WHTEHCUBHOCTH J(OPMAIIMOHHOTO YIIPOYHCHHUS.

Manass pacTBOPUMOCTh a30Ta M HHUTPUIOB TYTOTUIABKUX DJJIEMECHTOB B
ayctennute Cr-Ni craneii 3aTpyaHsIeT HCIOIb30BAHUE UX B KAY€CTBE HEMAarHUTHBIX
CTAapErOIMX CcTajed C BaHaguem. Hanuuue BBICOKOTO COAEpPXKAaHUS HUKEIS B
HeMmarHuTHBIX craperorux Cr-Ni-Vceramsax ¢ asorom tpebyer Ha 50-70°C Gonee
BBICOKOTO HArpeBa I0J] 3aKaJIKy JJIsl paCTBOPEHUS HUTPHUAOB, KapOUOB BaHAIHS,
yem Jiis aHamornaHbeix Mn-Ni miam Cr-Mncraneii. Hanpumep, 11st MakCHMaIbHOTO
ynpounenust cranmu 05SX17AHII® c¢ 1%V u 0,2%N 3a cuer BblgeneHus npu

crapennr HUTpUI0B VN HeoOXoaum HarpeB MOJ 3aKajKy IpU TeMIlepaTypax
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Beitre 1250°C. KauectBeHHyo 00pabOTKy jaeTasgell OObIIMX CCUYCHUI MPU TaKOH
TEMIIEpaType 3aKaJIK{d MPAKTHYECKA TPYAHO OCYIIECTBUTh, TaK KaK CII0XHO
OCYIIECTBUTh BBICOKYIO CKOPOCTh OXJaXKJEHUS O3 BBIICICHUS KPYITHBIX
KapOUIOHUTPUIHBIX YACTHII, CHIKAIOIINX TUIACTUYHOCTH M BSI3KOCTH CTAJIH.
Beenenne B crtamb 05X14AH11® neOompmux modaBok mapranma (2 — 3%)
CHI)KAeT TeMIlepaTypy pacTBopeHus HUTpUAOB VN mpu HarpeBe Moj 3aKajky.
IIpu noceaytoneM craperur npu 700°C3a cueT BbleneHus aucnepcHeix (~60 A)
VN, npenen TekyuecTd 3TOW CTalM BO3pacTaeT B 2 pasza (Gp2) MO CPABHEHUIO C
TaKOM e CTaJbio 0€3 BaHAIus.

[Tpumensiemble uthie Cr-Ni ayCTeHHTHBIC CTAM XOPOIIO COMPOTUBIISAIOTCS
JTUHAMUYECKUM Harpy3kaM B KpPHOTEHHBIX YCJIoBUsIX. Ho uHMeET HH3KYyIO
MPOYHOCTh TPHU KOMHATHOW Temmeparype [233]. DTW cTamm CKJIOHHBI K
o0pa30BaHUIO PA3BUTOM, JIUTOM JEHAPUIIHOM CTPYKTYphI, OKa3bIBAIOIICH
OTpUIIATEIbHOE BIMSHUE Ha XJAJOCTOMKOCTh OTJIMBOK. boiiee BbICOKas
pacTBOPUMOCTh a30Ta B paciuiaBe W Y-TBepaoM pactBope Cr-Mn aycTeHHTHBIX
CTaJIe TO3BOJSET TMOJIYYUTh OECIOPUCTYIO IUIOTHYIO CTPYKTYPY OTJIMBOK.
CymectBeHHbIM HemocTaTkoM aycTeHUTHBIX Ni m Cr-Ni craneii ¢ Beicokoit DY
SBJIIETCSI HEBO3MOXKHOCTh TOJIYYEHHUS! BBICOKOTO YIIPOUHEHHUS MPU TUIACTUYECKON
nedopmarun.M3-3a Manod MHTEHCUBHOCTH A€(GOPMAIMOHHOTO YIPOYHEHHUS HX
ayCTCHHUTA JIOCTHTACTCS HE3HAYMTEILHOCTIOBBIINICHNE WX YCTAJOCTHONW MPOYHOCTH
Y U3HOCOCTOMKOCTH.

Pa3auuus MesKIy XpOMOM U HUKeJIeM, MeKIY YIJIepooM 1 a30TOM BO

BJMSHUM UX HA CTPYKTYPY M CBOMCTBA HEMATHUTHBIX CTAJICH.

Hukenr B oTiMume OT XpoMa YBEJIMYMBACT TEPMOJUHAMHYCCKYIO
aKTUBHOCTH yrjiepoja MW a30Ta B kelese [234]. W3-3a  yMeHbIICHUs
B3aMMOJICUCTBUS ITUX aTOMOB BHEJIPEHUSI C aTOMaMHU MeTajlia MPpHU JITUPOBAaHUU
HUKEJIEM BO3HUKACT TEHJACHIMS K PaBHOMEPHOMY PpACIPEICICHHI0 aTOMOB
yriaepoga W a3oTa B TBEPAOM pAacTBOpE, NPEMATCTBYIOMIas 0Opa30BaHUIO

HEOJTHOPOAHOCTEN. JIerupoBaHWE HUKEIEM YMEHBIIAET B3aUMOJICHCTBHE aTOMOB
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BHEJIPEHUSI C TUCIIOKAIUSIMU, T.€. YBEJIMYMBACT MOJBIKHOCThH IUCIIOKAIMMA, YTO
o0jerdaer MpPOTEKaHHWE TIUIACTHUYECKON AeQopMaIliil M CHIDKAET TEMIEparypy
TIepexo/ia U3 BA3KOTO B XPYIKOE COCTOSIHHE.

Hukenp mo cpaBHEHHIO C XpPOMOM IMPUBOAUT K OOJIBIIEMY CHHUXEHUIO
WHTCHCUBHOCTH  JeOPMAIMOHHOTO YIPOYHEHUS AayCTEHUTA MapraHICBBIX
HEMarHUTHBIX CTajiell m3-3a Ooyiee CHIIBHOTO €ro BIWSHHUS Ha MoBbimieHUE DY
ayCTCHHUTA U CHIDKEHUS MHTCHCUBHOCTH Y— 0. peBpanieHus. Hukenb 3HaUnTEeIHHO
CHUJIbHEE, YeM XpOM CTaOWUIM3upyeT aycTeHHT [235]. Xpom CIOCOOCTBYeT, a
HUKEIb 3aTpydHseT oOpa3oBaHue O-(a3bl PE3KO CHUKAIONICH IJIaCTUYHOCTD
ayCTCeHUTHOW cTanu. HuKelb yMeHbIIaeT, a XpOM YBEIMYHMBAECT PAacTBOPUMOCTH
a30Ta B ayCTEHUTE CTajel (pUCyHOK 6.2).

BBeaenne xpoma B 3TH CTaId TPUBOAUT K YIPOYHCHHUIO 7Y-TBEPIOTO
pacTBOpa, YBEIMYCHHIO TapaMeTpa KPUCTAJUIMUECKOW pEIIETKH ayCTeHHTa U
CHIDKCHMIO TIACTUYHOCTH cTaynu [236]. Hukenb okas3bIBacT MPOTHUBOIIOJIOKHOE
BIIUSHUC Ha IMapaMeTp PEIICTKH ayCTCHUTA M TUIACTUYHOCTh CTaJIA, HE BIIHSIS HA €€
TBEPOPACTBOPHOE YIIPOUYHEHHE.

JlerupoBaHue IKENE3HOW MATPHIBI XPOMOM YBEIMYUBAET DHEPTHIO
oOpa3oBaHUsI BaKaHCUM, T.€. XPOM YCHJIMBAET CBS3U PACTBOPEHHBIX AaTOMOB,
TOPMO3UT OOMEH MecTaMH aTOMOB W BakaHcui [237]. Hukenb mpakTUUecKd He
BIUSCT HA BEIMYMHY OOpa30BaHUsA BakaHCUH. XpOM W HHKEIh CYIICCTBEHHO
paznuyarorcs 1o auddy3MoHHON MOABMKHOCTH B CIUTaBax jkenesza. Hampumep, B
HemarHuTHBIX Cr-Ni cramsax X16H14 ¢ 0,03-0,20% C ko3ddunmeHt o0beMHOM
nud¢y3un pacnonaraercs B cieayromem mnopsake: Jyv(Cr) > Hy(Fe) > dy(Ni) .
OHeprus aktuBanuu nuddys3un pacrnonaraercss B oopatHoM mopsiake. [lopsgox
pacrionioxkenus: koddunuentos rpanuunoit aupdysuu: J(Fe)> O(Cr)> I(Ni)
COOTBETCTBYET BBICOKMM TEMITEpaTypaM 3aKajKu, a TPH HEBBICOKUX TEMITepaTypax

10 840°C, ipu KOTOPOM JIOCTUTAETCs CTAOMIBHOCTh KapOM/I0B, 3TOT HOPSI0K

283



qzo

Codepwanue N, % (no macce)
QS
3 N

Ja
o008 /
008\ — =t
/ W
— S
04 \ = 7
CoNe
002 il
\ —— S
NC
V74 2 4 Vo) & 70 72 /&

COCCOLMAHUE NEUPYIOUECO I7E11EHTT [, J6 (170 HTECE )

Pucynok 6.2 - BnusiHre KOHIICHTPALMH JIETUPYIOIIKUX 3JIEMEHTOB Ha PAaBHOBECHYIO

pacTBOPUMOCTH a30Ta B ctaisx [238 ].

MEHSAETCS Ha OOpaTHbIA. OHeprusi akTUBAIMM TpaHW4YHOU  udPy3uun
pacnionaraercs B cineaytomieM nopsiake: Q(Fe)>Q(Cr)>Q(Ni) [239].

Paznuuus B moBeneHUM Keye3a, XpoMa U HUKEJS CBS3aHBI C Pa3TUYHBIM UX
y4acTHeM B 00BEME ayCTEHUTHBIX 3epeH. [Ipu TMOBBIIIIEHHOM COJEp>KaHUU
yriaepoaa (>0,2%), xorma mnpeBanupyeT oObemHas auddys3uss xpoma B
AyCTEHUTHBIX CTAJIAX, HAauOOJIpmMil Kod(pduuueHt auddy3uun umeer Xpom, Ha
OCHOBE KOTOpOTO 00paszyercst kapoua tuna My3Ce. C yBenmueHHEM COJIep KaHUs
XpoMa W yIJiepojia TOBBIIACTCS TEeMIepaTypa pacTBOPEHUS TPHU HArpeBe IO
3aKkajaKku 3TuX kapoumoB [240]. Hukenab He BAMSCT HA TEMIIEPaTypy PacTBOPECHHUS
Kap6I/II[0B M23C6.

A30T, WMes HECKOJIbBKO MEHBIIWN JHaMeTp aToMa, IO CPaBHEHHUIO C
YIIAEPOJIOM OKa3bIBaeT OoJiee 3HAYMTENLHOE BIWSHHE Ha TBEPIAOPACTBOPHOE

YOPOYHEHUE H3-32 OOJBIINX HMCKAKEHUH KPUCTAIUIMYECKOW PEIIeTKH ayCTEHUTA.
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A30T 1O YOPOYHSIOMIEH CIMOCOOHOCTH 3HAYUTENIBHO MPEBOCXOAUT JApPYyTUe

JICTUPYIONIUE JIEMEHTHI (PUCYHOK 6.3).
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CopepkaHue nerupyroLmx anemeHToB, % ar.

Pucynok 6.3 — Biusinue erupyromux 3JIeMEHTOB Ha TBEPIOPACTBOPHOE YIIPOYHEHHE CTainei| |.

[Ipenen TekyyecTr HU3KOYIJIEPOAUCTBIX AyCTEHUTHBIX CTalEH, COAEPKAIIUX
XpOM, MapraHell, HUKEJIH U a30T, [I0CJIE BBICOKOTEMIIEPATYPHOU 3aKaJIKU 3aBUCHUT

ot conepskanus azota (N) u pasmepa 3epra(d):

G0,=127+307V%N+(7+78%N)-1/vd. (10)

PaznuuyHoe peiicTBHe yriepola W a30Ta B AyCTEHUTHBIX CTalsiX Ha
MHTECHCUBHOCTD nedopManmoHHOTO YIPOYHEHUS 00YyCJIOBJICHO
MPOTUBOIOJIOKHBIM BIIUSIHUEM WX Ha Benuuuny DJ1Y aycrenuTta (pucyHok 6.4).

C otum cBs3aHo Oonee 3(ddexTrBHOE OJOKMPOBAHHE aTOMaMHU a30Ta
yriaepoja M a3oTa ¢ AUCIOKALMA ayCTEHHWTE B CPABHEHMHM C aTOMaMH yTIJjepoja
[241]. WccrnemoBanue METOAOM BHYTPHU3EPEHHOTO B3aWMOJICHCTBHS AaTOMOB
yriaepoja M a3oTa C AUCIOKALMSIMHUB ayCTEHUTHBIX craimsax tuna X20H16I'6
MOKa3ajJ0 MEHBIIYI0 TOABMXKHOCTh JUCIOKAllMM B a30TUCTOM ayCTEHUTE.
3HaYeHUs SHTAJBINY CBSI3U JAUCIOKAIMd ¢ aroMaMu a3oTa paBHbl 0,6-1,2 3B npu
0,1-0,5 mac.%N B cramu X20H16I'6 u 1,16-1,54 »B npu 0,58-0,73 mac.%N B

ctamm X20I'16H8M® [242]. Y ayCTCHUTHBIX CTaleH B 3aKaJICHHOMCOCTOSIHHH
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XPYIIKOTO MEPEX0/1a ayCTEHUTHBIX CTaJeH.

IpU YBEJIIMYECHUM KOHIIEHTpanuu a3zota u yriaepoaa oT 0,4 no 1,2% ynapnas
BS3KOCTh TIPH KOMHATHOW TEMIIEpPAType COXPAHSIETCS Ha BBICOKOM YPOBHE JIJIs
a30TOCOMIEPIKAIIUX CTaJIeH M PEe3KO CHIDKACTCS JUISl YTIIEPOI0COACPKAIINX CTalIeH,
YTO TMO3BOJIAET MOBLICUTH B 2-3 pa3a MPOYHOCTH MEPBBIX cTajieil. [Ipu cHmwkenun
TEMITepaTyphbl UCTIBITAHUS MPECTbHAS KOHIICHTPAIIHMS 3THX JJICMEHTOB BHEAPCHUS,
o0ecrneunBaroIas yA0BIECTBOPUTENBHYIO YAAPHYIO BA3KOCTD IS CTaJie C a30TOM,

B 3 pasa BblllIe, YEM I CTAJIEH C yriaepoaoM. JIernpoBaHue ayCTEHUTHBIX CTaJIeH
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a30TOM TIO CPABHEHUIO CO CTASIMH YTJIEPOJAOM OOECIeYrBaeT B OOJACTH HUZKUX
TEMIIepaTyp TpW OOJIbIIEM YMNPOYHEHWH 7Y-TBEPJOTO pACTBOpPa MEHBIIIYIO
YyBCTBUTEIBHOCTh CTaIM K KOHIICHTpanuu Hampsbkenuit [243]. Temmepatypa
BS3KO-Xpynkoro mepexoga Ty B Cr-Mn aycrenute mpsMO 3aBHCHT OT
koHueHntpanuu azota (Ty=300°%N-30) [244]. Ilpu conepxanuu 1%N B 7-
TBepioM pactBope Cr-Mn craim  temmeparypa Ty Oyaer Onm3ka K
0°C.JIerupoBarne  Cr-Mn-Ni  crameii  Hukenem  cHmkaer T, [246].C
UCIIOJIb30BAaHUEM JIaHHBIX [245] o BinusHUIO HUKens HAa DY paccuurana Ty mms
Cr-Mn-Ni-N craneii (T, =300-%N — 6,2%Ni — 30). Temneparypa T,Cr-Mn-N
uCr-Mn-Ni-Ncraneli mpsMo 3aBHCHUT OT COJEp)KaHHS a30Ta B ayCTCHHUTE U
oOpaTHO MPOMOPIMOHAIBHO BenudrHe DY

OCOOEHHOCTBIO  CTPYKTYpPhl ~ BBICOKOA30THUCTHIXayCTCHUTHBIX  CTaJICH
ABJIIETCS Takke U (popMHUpOBaHUE B Tpoliecce ropsuerd mpokxatku mpu 1000-
1100°C ¢ cymmapHoii cremenbpto oOkarusi 60-70% pa3BUTON IOJUTOHAIBHOM
CTPYKTYpHI (CpeaHuil pazMep noJuroHoB 0,6 MKM), COXpaHSIOLIEHCS B Tpoliecce
nociexyroriero Harpesa mpu 650°C [247]. IIpu o6pa3oBaHuy TaKOH CTPYKTYPHI, Y
BBICOKOQ30TUCTOM CTAIM JOCTUTACTCS COYCTAHUE BBHICOKOHM MPOYHOCTH C BBICOKOM
MJIACTUYHOCTBIO U YAAPHOU BS3KOCTHIO.

[Ipu paBHBIX TOBBIINICHHBIX KOHIIEHTpAIUMSAX a30Ta U yriepoja B
AyCTEHUTHBIX CTalsIX C cojaepkaHueM xpoma Oonee 12% mnpu TemiaoBBIX
BoIgepkKax Boime 500°C Boaensiores Kapouabl THIa My3Cg, a He HUTPHUIBI THIIA
Cr,N, gro cBs3aHo ¢ 6onmbmuM (IpuMepHO B 1,5 pasza) koaddunuenrom auddy3nm
¥ MCHBIICH PacTBOPUMOCTBIO aTOMOB yriepoja B aycrenute [233]. Vriepon,
uMess OOJBIINI aTOMHBIM JUaMETp 10 CPaBHEHHUIO C a30TOM, IOBBINIACT
pPacTBOPUMOCTh a30Ta B aycTeHuTe. B kapOune tuna M,3Cgq pactBopsiercst B 15-20
pa3 MeHbIle aszora, 4em yriepona. [lpu obpazoBanum kapOumoB Tuma CryCe
MIPOUCXOJUT B 2 pa3za Oojbiee 00eTHEHUE IO XPOMY OKPYXAIOIUX MX Y9aCTKOB
MaTpHIIBI IO CcpaBHEHUIO ¢ HaymuneM HUTpuaoB tuma CroN. Ilpu comepkanuu B
aycteHuTHBIX cTassix 6omnee 0,05%C pe3ko yxXyamraercs KOppO3HOHHAS CTOUKOCTh

M CBApHUBACMOCTDb CTAJIM B PE3YJILTATC IMPCUMYIICCTBCHHOI'O BBIACICHUS Kap61/121013
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CryC¢ mo Trpanumam 3epeH. JImsi BBICOKOA30TUCTHIXAYCTEHUTHBIX —CTajieit
XapaKTEPHO B IPOILIECCE HarpeBa MpH TemiepaTypax Beime 550°C BbImencHMi
HUTPUIOB XpOMa MO MEXaHHU3My TMPEPHIBUCTOrO pacnaja, CHUKAIOIIUX
IUTACTUYHOCTh, KOPPO3HMOHHYIO CTOWKOCTh UM CBapMBacMOCTh cTaym [248].
VYcerpaHeHue OTpUIIATENIbHOTO BIMSHUS MPEPHIBUCTOrO pacnaja Ha MEXaHUYEeCKHe
CBOMCTBA CTaIM MOXET ObITh JOCTUTHYTO:

- JICTUPOBAHHMEM BaHaJAWEM, OOECIIEUYMBAIOIIUM CMEHY IPEPBIBUCTOrO pacraja
vs—Y+Cr,N Ha HenpepwiBHBIN pacnan Ys—Y+VN (ys- HepechIneHHBI a30ToM
ayCTEHHT);

- TepMUYECKOH 00pabOTKOM, M3MEHSIOUIEH (opMy M XapakTep paclpeaesieHUs
gactui] CroN u popMupyrommii CTpykTypy THIA «MUKPOIYTLIEKC);

- ropsiyed IIacTUYeckor paedopmanueld ¢ OKOHYAHMEM IIpU TEMIIeparype,
MPEBBIMIAIONICH TEeMIepaTypy Hadala peakiuu MPEephIBUCTOTO pacmajia, HO
HEJI0OCTaTOYHOM ISl pa3BUTHUSL COOUpATEIHHONU PEKPUCTAIIIU3AIMN ayCTCHUTA.

6.2 Bpioop THma ynpouHsilomeii ¢a3bl Ha CTPYKTYPY H CBOMCTBa
AyCTEHUTHBIX CTAJIeH ISl THAKEJIOHATPYKEHHBIX KOHCTPYKUMH KPHOTCHHOM
TEeXHUKH.

JlucriepcuoHHOE TBEPACHUE KaK CIOCO0 YIMPOYHEHUsI ayCTEHUTHBIX CTaJIeH
IIPY TIPABUIILHOM BBIOOPE THTIA YIIPOUHSIONICH (pa3bl, ee KOJIMJecTBa U Xapakrepa
pacrpeieeHus 00eCIeuynBacT COUCTaHUE BEICOKON IMTPOYHOCTH € IOCTATOYHOM JIJIst
MIPAKTUYECKUX TIEJICH TUIACTHYHOCTBIO U BI3KOCTBIO M MOXKET OBITh MCITOIh30BAHO
JUTSL IeTane pa3audHbix Gpopm u pazmepoB. COOTHOIICHHE MEXAY TMPOYHOCTHIO U
MJJACTUYHOCTBIO TaKMX CTalled CYIIECTBEHHO 3aBHUCHUT OT KPHUCTAIMYCCKOU
CTPYKTYpPBI, TBEPJOCTH, IUIACTHYHOCTH, MOMYJS YIPYTOCTH, YIOPSIOYCHHUS,
KO3 dUIeHTa TEPMUYSCKOTO PACHTUPEHUS M OCOOCHHO OT TEPMOJIMHAMHUYCCKHUX
cBOMCTB ympouHnsmomux ¢a3. [lo Temnore oOpa3zoBaHus KapOWAbI U HUTPHIIBI
MO>XHO YCJIOBHO pa3JIeUTh B TIOPSAIKE YMCHBIICHHUS WX PacTBOPHMOCTH B
ayCTEHWTE Ha 4YeThIpe TPYMIbl: BbICOKOW pactBopumoctu Cr3Cs, W,C, M0,C;
noBbiieHHoN pactBopuMoctd — VC,VN; tpymnopactBopumeie — NC,TaC,ZrC,

TiC; npaxtuuecku HepacTBopumMbie ZrN, TiN.
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CremneHb MIePECHIIEHUSY-TBEPAOTO pacTBopa KapOoum0- u
HUTPUI000PA3YIOIMMH  3JIEMEHTAMU M CBSI3aHHOE C HEH  KOJIMYECTBO
BBIJICJISIFOIIUXCS TPU CJIEAYIONEM CTapEHUH JAUCIIEPCUOHHBIX YaCTHI] KapOUJI0B U
HUTPHUIOB OIPEACISIET YPOBEHb MPOYHOCTH U IUIACTUYHOCTH ctaneid. [Ipu 1250°C
B ayCTEHUTE PACTBOPSETCA HEOOJBIIOE KOIMYECTBO KapOUIOB TPEThEU TPYIIIbI.
[Ipu 3TOM HX pacTBOPUMOCTH MO cpaBHeHUI0O ¢ Mo,C menbiue. JlerupoBanue
CTAJIM XPOMOM U MapraHIleM HECKOJBKO TOBBIINIAET PACTBOPUMOCTH OTUX
KapOuJ0B U HUTPUIOB B aycTeHUTe. HekoTopoe KoimuecTBO Xpoma M MapraHiia
pactBopsiercs B VC u VN, uTo 00ycoBIMBAaET OCIa0ICHHEe MEKaTOMHBIX CBSI3EH B
KPUCTAUTMYECKON pemieTke 3Tux (a3 u objierdyaeT AUCCOIUAIIMIO UX B Y-TBEPAOM
pacTBope mpu OoJiee HHUBKUX TeMIeparypax. IJTO TMO3BOJSET 3HAYUTEIHHO
NOBBICUTh 3((PEKTUBHOCT, HAarpeBa IMOJ] 3aKalKy C Ieldbl0 obOecredeHus
MaKCUMAaJIbHOTO PacTBOPEHUSI M30BITOUHBIX (a3 B ayCTEHUTE U MAKCUMAJIbHOTO
YIPOYHEHUS CTAIH MPHU MOCIETYIONIEM CTApECHUH.

JHucnepcusie gactuipl kapouaoB NbC, TaC, VN u TiC, Beiaenstorcs npu
cTapeHuH B MaTpulle Ha auciokanusax u gedekrax TaC, ZrC, VN, TiC moBsimaior
MPOYHOCTh CTAOWIILHO-ayCTCHUTHBIX CTaJied. bojiee BBICOKas pacTBOPUMOCTH
KapOuJ0B UM HUTPHUAOB BaHAIWA M OOJIbIIEE TMEPECHINIEHNEY-TBEPIAOTO0 pPacTBOpa
KapOuI000pa3yIOIMMHK JIEMEHTaAMU JOCTUTHYTO Y HeMarHuTHBIX Mn-Ni craeit u
OompIlice WX YNPOYHEHHE TMOCTe cTapeHus. DPGEKTHBHOCTh YIPOUHSIOIIETO
BIIUSIHUS KapOWJIOB U HUTPUIOB BaHAIMA BBINIC, YEM IPYTHUX THUIIOB HUTPUIIOB,

KapOUJIOB U UHTEPMETAIUIUJIOB (PUCYHOK 6.5).
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Pucynok 6.5 — DpPeKTHBHOCTD YIPOYHSIONMIETO TUCIEPCHBIX YaCcTHII.

Hucnepcusie yactuibl VN u VC 1o cpaBHeHHIO ¢ (pazaMu APYTUX THUIIOB
IIPU OJIMHAKOBOM CHIDKEHHMH IUIACTUYHOCTH B TPOIIECCE CTapeHus 00ecTieunBaroT
OONBIIMIT MPUPOCT MPOYHOCTU. Ilpu paBHOW CTENEHW YHPOUYHEHUS HUTPUL
BaHAJMgd yMEHbBIIAET TUIACTUYHOCTh CTAJIM TMPUMEPHO B 2 pa3a MEHBIIE, YeM
KapOuJ BaHaaus, a kapoua xpoma tuna MyzCg unu 6-aza CHUkKaeT MIacTUYHOCTh
ctanu mo4ytd B 10 pa3 OoJibllie MO CPaBHEHHIO C HUTpUAOM BaHaaus. s
CTapeIOIINX AyCTCHUTHBIX CTAJIed TOCIIe TEPMHUYECKON OOpabOTKH KeIaTeIbHO
MMETh 3€PHO ayCTEHUTA KaK MOXKHO 00Jiee MEJIKUM, HO TeMIepaTypa HarpeBa mo/i
3aKajJKy 3THX CTajeil JIOJDKHA OBITh JIOCTATOYHO BBICOKOW, YTOOBI OOECIICUUTH I10
BO3MOXXHOCTH 00Jiee TOJIHYIO JAUCCOIMAIIUI0 YIIPOUYHSIONMX da3 U mepexojia B y-
TBEPJIbI PACTBOP JIETUPYIOIIUX AJIEMEHTOB, BXOSIINX B COCTAB U30BITOYHBIX (ha3.
UccnenoBanust [249] MHKpOCTPYKTYphI, (a30BOr0 COCTaBa M TBEPAOCTH CTaJU
60I'l6H8 ¢ noGaBkamu BaHaaus, MoOJuOAcHa, Bojdb(dpama, TUTaHA, HUOOWUS,
IMPKOHMS U TaHTajlla B KoiudecTBe 1,5-2% kakmoro HarpeBa MOJA 3aKalKy A0

Pa3IUYHBIX TEMIIEpPATyp MOKa3aio, 4To Ipu Temreparypax g0 1200°C Tonbko s
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CTaJl C BaHaJAMeM HaOJIOAAeTCsl 3HAUUTENIbHOE CHIDKEHHE TBEPAOCTH 3a CYET
pactBopeHust uactul] kKapbuma VC mpH COXpaHEHUH  MENKO3EpHUCTOU

ayCTEHUTHOU CTPYKTYpPHI (PUCYHOK 6.6).

120 A ,,
80 - 2 ’
+*
40
v/
| |
1000 1100 1200 T,°C

®-ZrC; m-TiC; u- NbC; a- WC; v- TaC,; o- Mo,C; ¢©-VC

Pucynok 6.6 — Biiusaue temnepatyphbl 3aKajlky Ha U3MEHEHHE pa3Mepa 3e6pHa U TBEPAOCTH

CTaperonIMx HeMarHuTHoeIX cranei 601" 16HS.

IIpy 371eKTPOHHOMHKPOCKOIIMYECKOM HMCCIICIOBAHUU TOHKHX (DOJBI CTalN
60I'16H8, nerupoBaHHON MOJMOIEHOM, BOJILGPAMOM, THTAaHOM, HUOOHUEM U
TAHTAJIOM, IIOCJIE TEPMHUYECKOM 0O0pabOTKH, oOecreduBaroniell MaKCHMAaIbHBIA

IPUPOCT MPOYHOCTH, OOHAPYKEHO OOJIBIIOE KOJUYECTBO KPYHHBIX (2 — 4MKM)
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gactull. B cramix ¢ wmomuOaeHOM ©  BOAb(paMOM WMH  SBJISIOTCS HE
pPacTBOPHUBIIMECS MpPU HArpeBe MOJ 3aKaJKy WM BBIJICIUBIINECS B IpoIecce
crapenust kapounsl Mo,C u W,C okpyrioit ¢opmbl. B cransx ¢ nupkoHueM,
HUOOMEM H TaHTAJIOM KPYIHBIE YacTHULBI TPEACTaBISIOT COOOM  He
pactBopuBIIecs mpu 3akainke kapouael ZrC, NbC, TiC, TaC npsmoyroyibHOii
dbopmbl. [lo JgaHHBIM MEXaHWUYECKUX HCHBITAHUM, HAUOOJIBIIMK TPUPOCT
MIPOYHOCTH TIPU CTAPEHUU CTalleld C TakuMHu KapOumamu He mpesbimaeT 40% 1o
CPaBHEHHUIO C 3aKaJeHHBIM cocTosiHueM (Acg,~350MIla). Ouenka mnpupocra

npeacia TCKY4YCCTH CTaIr 3a CUCT KPYIHbBIX YaCTHIl 110 3aBUCUMOCTH Amncenna-

6G/

Jlenenna (AGg o= m) MOKa3bIBaeT MPUMEPHO TyKe BennuuHy. HezaBucumo ot

TUmna 3Tux (a3 mpupocT npenena tekydectu s cranu 600 16H8 npu Hanuuuu
o0veMHOM Aomu 1% kapOuAHBIX YacTHI] pazMepoM 1,2 U 4 MKM COOTBETCTBEHHO
cocrasisier 100, 70 m 60 MIla. OnpeneneHHplii BKJIAA B MOBBIIEHNUE MPOYHOCTU
cramn 60I'16H8 ¢ kpymubiMu kapoumammu ZrC, NbC, TiC u TaC cszan ¢
oOpa3oBaHHWE BOKPYI HHUX IOJIEH YNPYTHX HANpPsDKEHWH, BO3ZHUKAIOMIMX HW3-32
pa3nUYHbIX KO3(P(UUHUEHTOB JHMHEHMHOTO PACHIMPEHHUS] U YJENbHBIX aTOMHBIX
00BEMOB KapOHIOB U ayCTEHUTHON MaTPUIIbI, Y KOTOPOU yAENbHBIN 00beM paBeH
11,28, a xoadduumeHT JMHEHHOro paciMpeHus npu Temneparypax ot 20 mo
100°C — 12 - 10° rpag™.

N3menbueHne ayCTEHUTHBIX 3€PEH U CBA3AHHOE C O3THUM YBEJIUYECHHE
MEX3EPEHHON MOBEPXHOCTH, KaK HW3BECTHO, MPUBOAMT K PE3KOMY CHHKEHHIO
YAENbHON KOHIIEHTpAllMh BPEOHBIX MPUMECE Ha WX TIPaHULAX, YMEHbBIICHUIO
XPYINKOCTA M TOBBIIIEHUIO IMIACTUYHOCTU. OaHuM u3 3(G(EKTUBHBIX MyTen
U3MEJIbYEHUS 3€pEH SBIIAETCS NOJIYYEHHE ITOJIMTOHAIBHOW CTPYKTYpbl H3-32
HaJTM4Ms KapOUTHBIX YaCTHI], UMEIONTUX OOJIBIIINE PA3INYHs B YACTHHBIX ATOMHBIX
oobemax ¢ Matpunieii cramm [250]. Jlokanm3oBaHHBIE BOKPYr 3THUX YaCTHII
HaIMpsHKeHUST MOTYT JIOCTUTaTh BEJIMYMH, TPEBBIMIAIONIUX MpPeaesl YIpyrocTu
CTaJIU, YTO MPUBOJUT K 3HAUUTEJIbHBIM UCKAKEHUSIM KPUCTAINTMYECKON PEIIeTKH U

K BO3HUKHOBEHUIO CKOIUIEHUM IUCIOKAUWK. [Ipy MOBTOPHOM HarpeBe BXOIAIIUE B
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TaKWe CKOIUICHUS IUCIIOKAIIMM MOTYT BBICTPAMBATHCS BHYTPHU 3€pHAa B CTCHKH,
o0pa3ys TOHKYIO TMOJIMTOHAJIBHYIO CTPYKTypy. C 1enbl0 MONy4eHHUS TaKoM
CTPYKTYpPhl HEOOXOIUM BBIOOp YACTHI[ C MOBBIIMICHHOW TEPMOAMHAMHYECKOM
CTaOMJIBHOCTHIO TMPH BBICOKUX TeMIlepaTypax, ¢ HEOONbIIUM HECOOTBETCTBHEM
KPUCTATMYECKHUX PEIIETOK U KOTEPEHTHOU CBSI3U KapOMIOB ¢ MATPHUIICH, XOTsI ObI
B OOHOW W3  Kpucrauorpapuueckux  miockocteid.  M3oMopdHOCTH
KPUCTAIUTMYECKUX pemeTok kapOuaoB Tuna MC u aycreHuUTa CIOCOOCTBYET
BBITIOJTHEHHUIO TIOCenHero ycnoBus. llpu opuentanuu dactur tuma ZrC u
V4C3(100)pc //(100)y B [011]pmc//[011]y HECOOTBETCTBHE PEIIETOK COCTABIISICT 8 U
28% [251]. Tlo-BuaumMoMy, B AayCTCHHUTHBIX CTalIIX IIOCIE OIPEICICHHON
tepmudeckori oopadoTku kapouasl VC, TIiC, NbC u TaC, xoTopble OTBEUYaroT
3TUM TpeOOBaHUSM, MOTYT CHOCOOCTBOBATH IMOJNYUYCHHUIO IOJUTOHATHLHON
CTPYKTYDBHL.

st pa3paboTKu BBICOKOTIPOYHBIX JUCIIEPCUOHHO-TBEPACIOLINX
CTaJlelayCTEeHUTHOTO KJlacca OCOOEHHO TMEpCIEeKTHUBEH BaHAJAWNA KaK OJWH U3
HanOosiee S(OQPEKTUBHBIX HIEMEHTOB, BBI3BIBAIOIIUNA IPU COBMECTHOM €rO
BBEJICHUU C YIJIEPOJOM HJIA a30TOM IOCJIe TEPMUUECKON 00paboTKu oOpa3oBaHue
KapOUIHBIX, HUTPUIHBIX YyrpouHsiomwmx (a3. KapOuasl 1 HUTpUIBI BaHAIUSA
UMEIOT HAMMEHBIINN Cpely TYTOoIUIaBKUX KapOWJOB W HUTPHUJIOB IapaMeTp
KPUCTAUTMYECKON pemieTkd. [Ipy TOMOTeHHOM 3apOKICHHHM YacTHUIl 3TOTO
KapOuaa Wik HUTPUIA HAMPsHKEHUS Ha Mexda3zHoU TpaHulle kapOua (HUTpHUI) —
MaTpulla MUHAMaIbHBIL. KapOuapl W HHUTPUALI BaHAAUS 110 CPABHEHUIO C
KapOugaMu W HUTPUJAMHU THUTaHA, IUPKOHUS, TaHTaJa U TaHUS UMEIOT Oojee
HU3KYIO TEMIIEPATypy PacTBOPEHUS B AYCTEHUTE, T.€. 00CCIICUMBAIOT TIPH 3aKAJTKE
CTaii OOJBIIEE TMEPECHIIEHUEY-TBEPAOr0 pacTBOpa BaHAJAMEM H TEM CaMbIM
Ooonpmmii  3ddextT ympouHeHus Tpu cTapeHHH. MonubAeH yBEIMYHMBACT
JUCTIEPCHOCTD U paBHOMEPHOCTH pacnpenenenus yactui] VC u VN.

AycteHuTHbIe aucriepcroHHO-TBepActomme cramd ¢ Mn-Ni u Cr-Mn-Ni
OCHOBOM, ¢ j00aBKaMu MOJHOJIEHA, yNpOUYHsSEeMble KapOuJaMu BaHAIWs, MOTYT

00eCneuynTh XOpOLIEe COYETAaHUE MPOYHOCTH, IUIACTUYHOCTH M BSI3KOCTH
293



pa3pyuieHusi, HeOOXOAUMOTO I BBICOKOHATPYKEHHBIX JeTanei, paboTarommx
npu Temmeparypax otr — 269 no +550°C. MapraHiieBo-HUKEICBbIE CTAIH HE
SBIIAIIOTCA KOPPO3MOHHO-CTOMKMMHU U IUIOXO CBapuBaroTcs. JlermpoBaHue Takux
CTaJIel XpOMOM B KOJM4ecTBE He MeHee 13% i MOBBILEHUS KOPPO3UOHHOM
CTOMKOCTH TPUBOJUT K CHIKEHHUIO YCTAJOCTHOM MPOYHOCTU U BSI3KOCTH
paspylIeHus U3-3a NPEUMYIIECTBEHHOTO BBIJEIICHUS IOCJE 3aKalKud U CTapeHUs
KpYIHBIX KapOumoB xpoma tuna Mey3Cq 1o rpanunam 3epeH. llpenBapurensHas
iactuyeckass aeopmanus (Ipd KOBKE WJIM IPOKATKE) MEpel CTapeHUEM
U3MEHsAET Xapaktep BoigeneHus KapoumoB Cr;3Cg 0T  3epHOrpaHUYHBIXK
00beMHBIM Ha JehopManoHHBIX Aedekrax. BBegenne azora B Cr-Mn-Ni cramm ¢
BaHaJMEM BMECTO YyIJepoJa IO3BOJIIET MOJYyYUTh 3(P(PEKT AUCIIEPCHOHHOTO
TBEpJACHUS 3a CYET O00pa3oBaHUs YacTUI] HHUTpUAA BaHagus. Takue cranu
CHIOCOOHBI 00ECHEeUNUTh HAJECKHYIO pabOTy TSKEIOHArpyKEHHBIXKOPPO3UOHHO-
CTOMKMX HEMAarHWTHBIX JACTAJICH IPU HU3KUX TEMIEpATypax MU B TOM YHCIIE
CBAPHBIX COECIUHEHHU.

6.3. BbI00Op XUMH4Y€CKOIr0 COCTABA HOBBIX 230TOCOAEPKAIIHUX AYCTEHUTHBIX

cTajieil AJIM TAXKeJOHATPYKEHHbIX JIeTajlell KPUOTeHHON TeXHUKH.

O06o00menue nurepaTypHbiX HaHHbIX [252-270] u BoimonHeHHsix B UMET
PAH wuccnenoBanuii [251] posu OTAEIBHBIX JICTHPYIOIIMX 3JIEMEHTOB, HX
KOMIUIEKCOB, THIMA yNPOUHAIOMUX (a3, uX KOJMYECTBA M COUYETAHUS MO3BOJIHIIO
pa3paboTaTh MPUHIHUIBI JIETUPOBAHUS CTAPEIOMIMX HEMarHUTHBIX CTajed ¢
BaHaJMeM, 00ECTIEUNBAIONINE TIOMYYEHUE Y HUX BBICOKHX (DU3UKO-MEXaHUYECKUX
CBOMCTB mMoOCJ€ YHNpPOUHstoumx o0padoTok. C ydyeroM METOJIOB YNPOUYHEHHS
MOHO C(OPMYIHPOBATh OCHOBHBIC MPUHIIMIBI JIETUPOBAHMS BBICOKOITPOYHBIX

ayCTEHUTHBIX CTaJlel JJI1 HU3KOTEMIIEpaTypPHOU CITy>KOBbI:

1. B kawecTBe CTaOWIBHO-ayCTEHUTHOM MATPHUIIBI CTaperONIMX CTajeH,
coJlep KalluX BaHAIUN U YTIIEPOJI, IPU OTCYTCTBUH TPEOOBAHUHN MO KOPPO3ZHOHHOMN

CTOMKOCTH HepCHeKTHBHOﬁ ABJIICTCA MapraHICBO-HUKCIICBAA MaTpHUIIA.
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2. Jlnst moBBIIIEHUsT BS3KOCTU paspymennn crapetonmx Mn-Ni-V-C craneii
MOJIE3HO HMMETh B HUX CTPYKType IUIACTUYHBIE M CIIOCOOHBIE K pelaKcaluu
MUKpPOHANpPsHKEHUH  NpUTrpaHUYHbIE — 30HBI, CBOOOAHBIE OT BbIICJICHUN
M30BITOYHBIX (Da3.

3. Jns mnonmydeHHs JY4YIIEro COYETaHUS IMPOYHOCTH M IUIACTUYHOCTU Y
crapetonux Mn-Ni u Cr-Mn-Ni craneii ¢ ynpounsrorei ¢azoii VC HeoOX0auMO
COGMIO/ICHHE YCIOBHS IONHOrO cBs3biBaHMs ¢ yraepogom Cy/ Cc'= 1,
N30bITOUHOE CcO/iepKaHUE BaHAAMUS MOXKET CHMXXKATh CTAOMIIBHOCTH ayCTEHUTA,
CIIOCOOCTBYET  PaCIIMpPEHUI0  TeMmmeparypHoil — obOnactu  O-pepputa U
pa3ymnpoYHEHUIO CTalld MPU CTApPEHUU B PE3yibTaTe BBICOKOW CKOPOCTH pOCTa
yacTul] kapouoB. M30bITOK yriepoaa HE3HAUUTENIbHO YBEJIMYMBACT MPOYHOCTD,
HO PE3KO CHIKACT IJIACTUYHOCTh M BA3KOCTH CTaIM C OOpa3OBaHUEM, KpOMe
kapounoB VC, npyrux kapoumoB (Hampumep Me3Ce).

4. [Ipu masioli cTeneHu MepechIleHus Y-TBEpJIOT0 pacTBOpa BaHaaAueM (IIpU
oOmeMm coaepxkanuu BaHaaus Menee 0,7%) y craneil npu cTapeHuH HaOII0JaeTcs
MPEUMYIIIECTBEHHOE BbIJeIeHNe KapOuaoB VC Ha JgucioKalusx W TpaHHIAX
3epeH. Jlyig monmydeHus MpeMMyIecTBEeHHO MaTpuuHbIX BbiAeneHuid VC B ctamu
coJiep)KaHKe BaHAIUs TOJDKHO ObITh HEe MeHee 0,8%.

5. Jnss ynpouHEeHHUsl a30TOCOAEPKALIMX CTajJed C MOMOUIBIO IUIACTUYECKOU
nedopManuu 1enecooOpa3sHO UCIOIb30BaTh CTalu ¢ Hu3kou DY B aycteHute
(12-15 MDx/M%), KOTOpasi 00eCIeunBaeT BHICOKYIO CTEICHb Je(OPMALHOHHOTO
YIPOYHEHUS.

6. [Tonyuenne »sddexta IUCTEPCUOHHOTO TBEPAEHUS Y HEPKABEIOIIUX
HEMarHUTHBIX CTajeH, IETHPOBAHHBIX BaHAMEM, BOZMOXKHO TP 3aMEHE yTiiepo/ia
a30TOM, YTO MpeaoTBpamaeT obpa3zoBaHue kapobuga My3Cg Mo rpaHuilaM 3epeH
aycteHuTa. I(OPEKTUBHOCTD YIPOUHSIONIETO BIUSHUE HUTPHUIOB BAaHAUS BBIIIE,
YeM JAPYTUX TUTIOB HUTPUJIOB, KApOUIOB U MHTEPMETAIIINIOB.

7. 3HAaYUTENbHOE TOBBIIEHHUE MPOYHOCTH, BA3KOCTH  pa3pylieHUS U
IUTACTUYHOCTH HeMmarHUTHBIX Cr-Mn-Ni craneii, ynpo4YHsSeMbIX IHCIIEPCHBIMU

yactutiamu VC, nocturaercs npu coaepkanuu 0,3-0,4%N u CVA/CNAZI.
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8. JIyis OBBIIIIEHHSI BA3KOCTH U MPOYHOCTU MPU KPUOTEHHBIX TeMIepaTypax
nepcnektuBHbl craperomme Mn-Ni-V-C-Mo, Cr-Mn-Ni-V-C-Mo uCr-Mn-Ni-V-
N-Mo crann, y kotopbix Bemmarnnaa DY He Menee2S5 — 30M /M.
C ucnonp30BaHMEM YKa3aHHBIX MPUHIIUMIIOB JIETHPOBAHUS pa3paboTaH psl HOBBIX
BBICOKOITPOYHBIX HEMArHUTHBIX CTallell C ypOBHEM MPOYHOCTH 0OJiee BBICOKUM,
4eM y TPAIUIIMOHHBIX HEMArHUTHBIX CTaliei. DTH CTaIH MOAPA3JCISIIOTCS Ha JBE
TPYIITIBL:
1 — BBICOKOIIPOYHBIC HEMATHUTHBIC,
2 —KOpPO3UOHHO-CTOMKHE;
Pe3ynpTaThl peanu3anuu 3TUX cTajied mokazaHsl B Tadiuie 6.1.

6.4. IpuHIMNIBI JIernpoOBaHUA ayCTEeHUTHBIX craJjei s
BBICOKOHATPYKE€HHBbIX M3/1e/IUil KPUOTCHHOM TeXHUKH.

JUtst TiosrydeHust BBICOKO# mpounocTr 1ipu +20°C ¥ yIOBICTBOPHUTEIBHOM
Bsi3kocTH TIpu -153 - -269°C aycrenutHbix Cr-Mn-Ni-N craneii coctaB noikeH

o0ecrieunBaTh.;

- BBICOKYIO PacTBOPHUMOCTH a30Ta B KHJIKOM MeTalljie W KpUCTAUIH3aIuio 0e3
oOpazoBaHus O-hepputa, OMNPEACISIONYI0 BBICOKOE COJEpkKaHUWE a30Ta B Y-

TBEPJIOM PaCTBOPE;
- CTaOMJIM3AlIUI0 AYCTEHUTA MO0 OTHOIICHUIO K Y— 0, Y—GC, Y—€ MPEBPAILCHUSM;

- (OopMUPOBaHHE CTPYKTYpPhl C MalbiM KOJWYECTBOM HHUTPUAOB (C IENBIO
U3MEIbYCHUS ayCTEHUTHOTO 3€pHa), B KOTOPOM OTCYTCTBYIOT KapOWIbl TuIla
My3Cq, 3TO BBINOJHSAETCA Y YIAEpoaucThiX cranieit ¢ cootHomeHueM C/N<0,09,

0,15 1 0,19 coorBercrBenHo B Cr-Ni, Cr-Mn u Cr-Mn-Ni cramsx.

OHpC,}ICHHH XMMHUYECKUN COCTAaB BBICOKOA30THMCTHIX CTalcH U PECKUMBI UX

TEPMUYECKON ¥ TEPMOILIACTHUECKOW 00pabOTKH, CIIEyeT YUYUThIBATh UX
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Tabmuma 6.1 - OGpaboTka, MEXaHMYECKHUE CBOWCTBA M MPUMEHEHHWE HOBBIX BBICOKOTIPOYHBIX

CTaJIeH.
Go,2, MlIla KCU,
Mapka u )
Oopadorka npu M/x/m%, IIpumenenue
yIpPOYHEHHUe CTATIN
+20°C | mpm -196°C
3ak. 1150°C Jletanu
40T'16H13DdM
+ crap. 650°C 820 1,05 KPHOTE€HHOM
n.1. VC
7 4ac TEXHUKH
KoBka
JleTanmn
40X14T'15HI0DOM | mpul150°C +
910 0,92 KPUOTEHHOU
n.t. VC crap. 650°C
TEXHHUKH
10 yac
3ak. 1150°C
37T10H7A2M D
+ crap. 650°C 840 1,15 Jluctel, TpyOBI
n.1. VC
10 yac
3ak. 1150°C
+ crap. 650°C
02X18HI2I'T1AM® 745 Heramu
10 yac 1,16
a.1. VN (0,34%N) KPUOTCHHOMU
WITH
TEXHHUKH
koBka 1100°C 845 0,92
JIucrsl,
CBapHBIC
06X19H6I'9AM2 ITpokatka
KOHCTPYKITUH
I.T. + 3. + TB. npu 1100°C 549 1,45
JUTS TIEPEBO3KHU
(0,3%N) e—70%
CHKIDKCHHBIX
ra3oB
CBapnbie
06X19H6I'I0AI2M | IIpokarka KOHCTPYKLUU
A.T. + 3. + T.p. npu 1150°C 650 1,15 VIS TIEPEBO3KHU
(0,28%N) e—70% CHKIDKEHHBIX
ra3oB
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3ak. 1150°C

CaapHble
co
KOHCTPYKITUH
05X22AT'15H8M2® | CKOpPOCTHIO Py
595 2,3 TSl TIEPEBO3KHU
T.p. + 3. HI.T. OXJIQXKICHHSI
COKIDKCHHBIX
200 — 400
ra3oB
°C/mun
3anopHas
3akainka apmartypa JJis
04X20I'1 SHSMAP pHatyp
OTJIMBKH OT 497 0,85 NepeKayKu
T.p. + 3. (0,52%N)
1050 -1100°C CIKKEHHBIX
ra3oB.
Emxoctu st
04H9AX?2 3ak. 850°C +
TIEPEBO3KH
T.p. + 3. (0,15%N) oti. 550°C 879 1,01
CKMKEHHBIX
1 wac
ra3os.
Jeranu He
U3MEHSIOIINE
03H27A Kogka.
360 1,8 CBOU pa3Mepbl
T.p. (0,25%N) IPOKaTKa
mipu +100 —
-196°C
3ak. 1200°C
02X17H11T3AD |+ crap. 700°C
640 1,9 TpyOsI, coCybI.
1.1. (0,20%N) 2 Jac

A.T.-AUCIICPCUOHHOC TBCPACHUC,

3.- 36pHOTPAHUYHOE,

T.p. -TBEPIOPACTBOPHOE
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CKIIOHHOCTh K BbIACNICHHIO HUTpHIO0B xpoma mpu 500 — 900°C mo mexaHusmy
npepsiBuctoro pacnaga (I1P). Takoe mnposiBieHHe HECTAOMIBHOCTH ayCTEHUTA
BBIPDAKEHO TeM OoJiee pe3Ko, YeM OoJbllie CTENEHb MEePECHIICHHUs ayCTeHUTa
azotoMm. [IP aycTenuTa, mepechIEHHOTO a30TOM, MPOWCXOAWT C 00pa30oBaHHEM
NEPIUTONOI00HBIX KOJOHUM THUIA «ayCTEHUT C PABHOBECHBIM COJIEpKAHUEM a30Ta
— wutpun tuna CroN. Ckopocts IIP 3aBUCHT OT CKOPOCTH HM3MEHEHHUS
TEMIIEPATypbl, YTO MPUBOAUT K HEOJHOPOAHOCTH MEXAHMYECKUX CBOWMCTB IIO
CEUEHHMIO JieTaneit 6oabpmmx pazmepoB. Kpome Toro, [1P cHMkaeT miacTUYHOCTD U
YIAAPHYIO BA3KOCTh, a TaKXE€ YXYIIIAET CBapUBAEMOCTh CTaju. Y CTpPaHCHHE
orpuriatesibHoro BiusHus [IP Ha MexaHWYeckue CBONCTBA CTAIM MOXKET OBITh
JIOCTUTHYTO HMCIOJIb30BaHUE Topsuei MiIacTUYecKoi nedopmaiii ¢ OKOHYaHUEM
€e TMpu TEMIEpaTypax NPOTEKaHUs MPEPHIBUCTOTO paclana, HO HUXKE

TCMIICPATYPHBI CO6HpaTGHLHOﬁ PCKPUCTAIN3AalIUN ayCTCHUTA.

PaccMOTpeHHBIM BBIIIE YCIIOBHSIM Y/IOBJICTBOPSET CTallb, B TOM YHCIIE
cBapuBaeMas, cojaepxkamas: 0,5 — 0,6% N, 20 — 22% Cr, 12 — 16% Mn, 7,7 — 9%
Ni, 1,5-2,5% Mo, 0,1 -0,3% V, 0,1 — 0,3% Nb, 0,04 — 0,09% C, 0,1 — 0,6% Si,
0,005 — 0,01%Ca. Ilpm yka3aHHOM COJAEpXKaHWUHU JICTUPYIOIINX JJICMEHTOB
BeInoaHseTcss 1o auarpamme Illednepa coornomenue Ni,,/Cr,,=0,7 — 0,9 u
KpUTEpUIl CTAOMJIBHOCTM ayCTEHHMTA HCKIIOYArOUIMii 0oOpa30BaHWE MApTEHCUTA

npu oxaaxaenun 10 -253°C u mnactruueckoi nepopmarun £<15%.
K= Ni+0,46Mn+11,8N+12,6C+0,65Cr+0,35Si (T. Takemoro) >24. (16)

Conepxanue B cramu yriepona [C]=0,04 u azora [N]=0,45 B MUHMMAaJIbHBIX
YKa3aHHBIX KOJUYECTBAX JOCTATOYHO ISl OOECIIeYSHUs BBICOKOH MTpouHOCTH. [Ipn
conepxxanuu yriepoaa Oonee 0,09% wu asora Gosnee 0,55% COOTBETCTBEHHO,
TPYJIHO TOJYYUTH YJIOBJICTBOPUTEIBHBIC MOKA3aTEIM IIACTUYHOCTH W YIapHOU
BSI3KOCTH W3-3a 00pa30BaHUs NPH TEIUIOBBIX BBIICPKKAX OOJBIIOTO KOJIHYECTBA
kapOuma xpoma Tuma Me,Ce u HuUTpugoB xpoma Tuna CroN.  Jlns

npenoTBpalieHus oOpa3oBaHusi KapOuaoB Xxpoma Tumna Mey;Cq OTHOLIEHHE
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COJIEpKaHMsl YTrJepo/ia K COJAEpPKaHUIO0 a30oTa He AokHO mpesbimath 0,15.
Beenenne B ctanp 20 — 22% xpoma HE0OX0IUMO Il 0OecTieueHHs] TpeOyeMoro
YPOBHSI KOPPO3UOHHOM CTOMKOCTH W PACTBOPUMOCTH a30Ta B YKa3aHHBIX
npenenax. [Ipu cogepxanuu xpoma 6onee 22% u HuKes MeHee 7% - ctaimb Oyner
UMETh TMOHWXEHHYIO TUIACTMYHOCTh HU3-3a oOpa3zoBaHus (epputa u o-¢aspl. C
YBEJIMYECHHUEM COJiepKaHusl HUKems: Oosnee 9% - u3-3a CHUKEHUS] PaCTBOPUMOCTHU
a30Ta B METAJJIE HEBO3MOKHO IMOJIYYHTh CTaJlb C 33JJaHHBIM KOJUYECTBOM a30Ta.
[lonyyenue copepkanus Mapradiia Ha ypoBHe 12 — 16% oOecneunBaer
CTaOMJIBHOCTh ayCTEHHUTA IO OTHOLIEHUIO K Yy—a (M) mpeBpalieHunto, moBbIIIAET
pPacTBOPUMOCTb a30Ta M CIOCOOCTBYET PacCKUCIECHUIO MeTaula. BBegenue B craib
BaHagusa u Huobusa B koamuectBe 0,1 — 0,3% kaxkmgoro oOecrneynBaeT
MEJIKO3EPHUCTYIO CTPYKTYpPY M TOBBIIIEHHE MPOYHOCTU (32 cueT 0Opa3oBaHUS
MEJIKOAUCTIEPCHBIX HUTPHUIOB BaHAAUS U HHOOUS). [Ipy MEHBIINX KOHILIEHTpAIUIX
BaHA/Md U HHUOOUS TMOJOXKUTEIBHBIN 3(D(PEKT OT MX BBEICHUS HE3HAUUTEIICH.
VYBenuuenue conepxanust HHoOus u Banaaus 6omaee 0,30% npuBOAUT K CHUKEHUIO
MPOYHOCT MeTajlla u3-3a OO€THEHHUs TBEPAOrO0 PacTBOpa a30TOM B pe3yJbTaTe
oOpa3oBaHHUS TEPMHUYECKH YCTOWYMBBIX HUTPUAOB BaHAAWA ©  HUOOWS,
[MCCOLMUPYIOIIMX B ayCTeHWTe mpu Temmeparypax Bomre 1150°C. Ilpu
coziepkaHuu MosuOaeHa Oosiee 2,5% npu koHmeHtpanusx Nin Mn Ha HUXKHEM
npenesie B MeTajuie MOXeT oOpa3oBbIBaThCsl (heppomarHutHas (asza (8-heppur).
JobGaBku kanbiust B koimdectBe 0,005 — 0,010%, ynydmas mopdonaoruio
HEMETAUIMYECKUX BKJIIOYEHUM, TOBBIMIAIOT IUIACTUYHOCTh MeETAJJIa U €ro
TE€XHOJIOTUYHOCTh, OCOOEHHO 00pabaThiBa€MOCTh pe3aHueM. Ecnu kanpuus B
merauie meHbie 0,005% - 3HaumTenbHOrO d(dexTa OoTero BBEACHUS HE
HaOJI01aeTCsl, MPU YBEJIMYEHUHU ero cojepxkanus Oosiee 0,01% - manpHelero

yJIy4IIEHUS] CBOMCTB HE HAOII0JaeTCsl.

6.5. UccaenoBanue U MCNbITAHNE U3/1€JIMI U3 HOBBIX CTaJIel

B HNCHTPAJIBHOM HAYYHO-HCCIICAOBATCILCKOM HHCTHUTYTC TCXHOJIOIMU

cynoctpoenus u3 3arotoBok cramu 06X22AI'1SHEM2® kpyr 50 MM M3rotoBieHa
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OTIBITHAS APTHUSA JINTHIX KOPIMYCHBIX JIeTalel 3allOpHO-PETYIHUPYIOIIEH apMaTyphl.
DTH gerand ObUM MOABEPrHYTHI 3akaike oT 1100°C ¢ 1enplo  yiaydIieHus
CTPYKTYpbl U MEXaHUUYECKHUX CBOMCTB. MccnenoBanus aetanei nokasaiu, 4TO OHU
UMEIOT XOpolliee Ka4ecTBO MoBepxHOoCcTU. OOpa3iibl MeTaia, BEIPE3aHHbIe U3 ATHX
JeTaned, ObUIM HCHBITaHbl HAa PacTsDKEHHWE W yJIApHYIO BS3KOCTh. [lo ypoBHIO
IPOYHOCTH M WM IUIACTUYHOCTU U YJApHOW BS3KOCTH JIUThIE JETAM U3 CTalIH
06X22AT'15H8M2® 3HauuTEIHHO MPEBOCXOAIT aHAIOTUYHBIC ETAIN U3 OpOH3 U

HEPIKaBEIOIIUX cTajel (pUCyHOK 6.7).

Pucynox 6.7 - @otorpadust kKopmyca 3allopHO-PETyOUPYIOIIEH apMaTyphl.

Merogom «xonogHoit Beicaakn» B OAO « Hopmans» H3rotoBieHa u

ucnbiTaHa maptus 601toB u3 ctanu 05X22AI'1 SHEM2® (pucyHok 6.8).

Pucynok 6.8 - ®otorpaduu 6onros npoussoactsa OAO « Hopmamnb»
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Pe3ynbprathl WX HCHOBITAHUM Ha pa3pblB U cpe3 OONTOB M3 CTalu
05X22AT'l SHE8M2® mnocne ropsiueid MPOKAaTKA B CpPaBHEHUUM C OONTaMH U3
BBICOKOIIPOYHOTO TUTaHOBOro cruiaBa BT6 mocne 3akalku W crapeHus

Ipe/ICTaBIICHbI B TabuLe 6.2.
Tabnuua 6.2 - Mexannueckue cBoicTBa 00oaToB u3 cranu 05X22AT'15H8M2® u crutaBa BT6,

HCIIBITAHHBIX HA pa3pbIB U CPC3.

Cmnas Yomme Gy ,KIC/MM’ Yomme T, Kre/Mm°
pasphiBa, KT cpesa, KT
6100 166,66 2720 74,04
05X22AT'15H8M2D 6400 174,86 4720 93,95
5400 147,50 4600 91,56
3980 108,74 3456 68,8
BT16 3960 108,19 3230 64,3
4200 114,75 3396 67,6

ITo npoyHOCTHBIM XapakTepucTukam 00aThl U3 ctanu 05X22AT'1SHEM2O B
1,5-2 pa3a mpeBOCXOJAT aHAJTIOTUYHBIE U3/IETUS U3 BBHICOKOMPOYHOTO THTAHOBOTO
criaBa BT16. Xapakrep paspyiieHust 00JATOB MO3BOJISET CAENATh 3aKIIOUYECHHUE O
BBICOKOM TUIACTUYHOCTH CTaJI B TOTOBOM OOJITE.

NzrotoBnennast Oosbiniasi maptusi OOJTOB U BUHTOB MMeEJa MPEBOCXOTHYIO
KOPPO3UOHHYIO CTOMKOCTb, OTJIMYHBIM AU3alH W TOBBILICHHBIE XapaKTEPUCTUKU
MPOYHOCTH, HAAEKHOCTH U pecypca, MO3BOJISIONIME HJKCILUTyaTUPOBaTh HX B
Pa3JIMUHBIX M3JETUSX ABUALIMOHHOW, aBTOMOOMJIBLHON M OBITOBON TEXHHKE, TIIE
SKCIUTyaTallmoHHas TeMieparypa He npesbimaet 400-450°C.

TexHonorrs M3rOTOBIEHUS TOIYCHEPUIECKON «TEPKWU» MPEayCMaTPUBACT
NpUBapUBAaHUE K HIDKHEW KpoMKe moiiycdepbl KONbIEBOTO 3JeMeHTa. B cBs3u
TUM HEOOXOIUMO OBUIO OIICHUTHh TEXHOJOTUYECKHE MapaMeTphl CBAPUBAEMOCTHU
HOBOM ctanu.MccnenoBanne MpoBOIWIIM HA TIACTUHAX TOJIKUHON 1,5MM.CBapHbIe
coenunenus (CC) monyudanu aBToMatuyeckod capkoil mpu Toke 300-450A,

HarnpsbkeHun 26-35 B, ckopoctu cBapku 28-32 m/gac. CTBIKM IJIACTHH, COOpaHHBIC
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C 3a30pOM 2 MM, CBapHBAaJIH JAYTrOBOM CBapKOil Mo onbITHBIM (hrocom mapku AHK-
67 3a 2 nmpoxopa. /Iy QyroBoil CBapKH MPUMEHSIM MPOBOJIOKY JHAMETPOM 3MM,
XUMHUYECKHI COCTaB KOTOPOI COOTBETCTBOBAI OCHOBHOMY MeTaiuty (OM).

B CC cranu HaOmopain B OCHOBHOM METaIE M 30HE TEPMHUYECKOTO
BIUSHUA 1IBa OJHO(A3HYI0 ayCTEHUTHYIO CTPYKTypy (C pa3MepoM 3epHa
aycteHuta He Oosiee 20 MKM) M OOJIBIIMM KOJHUYECTBOM JABOWHUKOB (UTO
XapaKTepHO JJIsl ayCTEHUTHBIX CTajeil ¢ HU3KOU sHepruei nedeKToB yIaKkoBKU), a
B CBAPHOM LIBE€ — AYCTEHUTHYIO SYEUCTO-ICHIPUTHYIO CTPYKTYPY C OTHOCUTEIBHO
PaBHOOCHBIMU KpucTajsilaMd. OTHOCUTENIbHO Mallblii pa3Mep 3epHa 0OYCIIOBIIEH
HaJM4YueM B  XHUMHUYECKOM COCTaBE cTalii  J00aBKU CUJIBHOTO
HUTPUI000pa3yIOMIero 3JIeMEeHTa — BaHaausA. O-pepputr u G-(pasa B CTPYKType
orcyrcTtBoBanu. B CC cranu HabmogaeTcs paBHOMEPHOE pacipeesieHue a3oTa BO
Bcex yvactkax CC.

[Ipy W3roTOBIEHUMM MEIMIMHCKOTO HMHCTpyMEHTa coriacHo T3 cranb
JOJDKHA MMETh  KOPPO3UOHHYIO CTOMKOCTH B  OHOJIOTMYECKHX  cpefax,
NEe3UH(UUIUPYIOLUX U CTEPHIN3ALIMOHHBIX PACTBOPAaX M 00Ja/laTh CTOMKOCTHIO K
MexkkpuctaumTHo koppo3un (MKK) B coctossaum nocraBku. COOTBETCTBEHHO,
cornacHo TY cranb B COCTOSHMM IOCTaBKU IOJDKHA 00JadaTh CTOMKOCTBIO K
MEXKPUCTAJUINTHON KOPPO3HH.

B cootBercTBHM ¢ TY ckinoHHOCTh uccneayeMon ctanu k MKK onpenensim
no ['OCT 6032 na omHoM oOpasiie Jyisi TUCTOB M Ha ABYX oOpasiax JJis MPYTKOB
MetogqoM AMY B Teuenue 24 u 06e3 IPOBOIUPYIOIIEro HarpeBa (T.K. 3TO
HEeCTAOWJIM3UpPOBaHHAs CTajdb (HE CcoJepikailas TUTaH WIKM HUOOWH) ¢
conepxxanuem yriaepoga 6oinee 0,030%). IlpoBoaunm kumnsueHue oOpasIoB B
BogHOM pactBope CuSO, + H,SO,4 B npucyrcTBun Metaimuieckoil meau. Ilocie
BO3JEHCTBUS Ha 00pa3libl pacTBOpa WX M3ruband Ha ompaBke oz yrioMm 90° u
onpenensuiin Hanuuue/orcyrerBue MKK 1o Hanuumio/OoTCyTCTBUIO TpELIUH MpH
OCMOTpE uepe3 Jiyny ¢ yBenndeHruem B 10 pa3. M3 nByx auctoB TonmuHoN 1 MM B
Pa3JIMUHBIX COCTOSIHUSX mociye xohoaHou nmpokatku (H), 3akanku (TO), ropsueit

npokatku (TMO) ObuTH BBIpE3aHbl (B HAMPABICHWU MPOKATKH) 00pa3Iilbl IIMPUHON
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15 mMm, pimao#M 60 MMm. M3 ABYX npyTkoB (B KaxaoMm u3 cocrossnui — TO, TMO)
ObUTM M3TOTOBJIEHBI MO 2 00pasia TOMIIMHON 2 MM, MUPUHON 15 MM, mmuHOo# 60
MM. [loBepxHOCTh 00pa3loB OblIa MEXaHMYECKH OTHoJMpoBaHa. T.K.
MPOBOIMPYIOMINI HArpeB HE MPOBOAWUIH, Mepel HUTH(POBKOW HEe TpeOOBaIOCh
yAAIATh OKaJMHY TOCJE HarpeBa MEXaHUYECKUM, JIMOO XUMHUYECKHUM CIOCOOOM.
N3rub Bcex o0pa3iioB, M3TOTOBJIECHHBIX KaK U3 JIMCTOB, TAK U U3 MPYTKOB, BO BCEX
cocrosiHuax nocrasku (H, TO, TMO) xapakTepu3yeTcst OTCYTCTBUEM TPEILUH MPU
BbIlIEyKa3aHHOM yBenaudeHuu. [lomydabpukaTel U3 HOBOWM CTald B COCTOSTHUU
nocraBky He cklIoHHBI K MKK.

[IpoBepka  M3HOCOCTOMKOCTM  IIOKas3ajga, 4YTO  HWHCTPYMEHTHI W3
Hepxkageromed Cr-Ni cramu ayctenutHoro kimacca mapku 12X18HI10T gocturim
IPENEIbHOTO COCTOSIHUSI-U3HOCA padoveil 4acTh MHCTPYMEHTOB MPHUBEI K MOTEpe
paboTOCIIOCOOHOCTH Pa3BEPTOK Mocie 5 IUKIOB ucnbeiTaHui. [Ipu 3Tom pamgmyc
IPUTYIIEHUS PEXKYIIEH KPOMKA MHCTPYMEHTOB YBEIUYWICS ITOYTH B 3 pasa. [Ipu
AHAJIOTUYHBIX YCJIOBUSAX HCHBITaHUM pa3BepTok u3 cramu 05X22AI'1SHEM2OD
paboTOCIIOCOOHOCTh MHCTPYMEHTOB M PainyC MPUTYIUICHUS UX PEXYILIEH KPOMKU
HEe U3MEeHWIHCh. [IpenenpbHoe cOCTOSHUE OJHOW M3 TPeX MCHBITAHHBIX Pa3BEPTOK
u3 cramu 05X22AT'1SHS8M2® Obl10 AOCTUTHYTO TOJBKO Tocie 26 IHMKJIOB
VCIBITAHUWA, YTO CBHUAETEIBCTBYET O BBICOKOM HW3HOCOCTOMKOCTH PEXKYIINX
WHCTPYMEHTOB U3 HOBOM CTaJIH.

Ha npousBoacreennoit 6aze 3A0 «MmmimanT MT» U3roTOBICH KOMILICKT
NepexoIHUKOB U (pe3 TunopasMepon 44, 46, 48, 50, 52, 54, 56, 58, 60, 62 u 64
u3 cranu 05X22AT'1SHEM2® (pucyHok 6.9).

JUiss TpoBEelEHMsS WCIBITAHUA HAa HAAESKHOCTh M3rOTOBJIEHA MapTUs
pas3Beptok u3 cruiaBa 05X22AI'1 SHEM2®-1II (pucynok 6.10).

[IpoBepka Ouosornyeckoit 6€30MacTHOCTU MPOBOJMIACH B COOTBETCTBHUH C
I'OCT PHUCO 10993 «OueHka OHOJOTHYECKOTO JAEWCTBUA MEAMIIMHCKHUX
uznenuit»y. B pe3ynbrare WCHOBITAHUN YCTAaHOBIEHO, YTO (pe3bl M PpPa3BEPTKU

HETOKCUYHBI, OTBEYAIOT TPEOOBAHUSM HOPMATUBHON JOKYMEHTAIIHA.
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Pucynok 6.9 - ®ororpaduu nonypadbpukaTtos (a), roroBoi ¢pe3sl (0) u KoMIIekTa (hpe3

Pucynok 6.10 — ®otorpaduu KOMIUIEKTa pa3BepPTOK.
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[IpoBepka KOPPO3MOHHOM CTOMKOCTM MEIUUUHCKHX HHCTPYMEHTOB
MIPOBENICHA CJICAYIONUM CIOCOOOM: -HHCTPYMEHTHI, MPOMBITHIC B TEILION BOJE C
MBUIOM, TIIATEJIBHO OMNOJIACKWBAIM B JWCTWUIMPOBAHHOW BOJE U IOMEIIAIU B
ANEKTPUYECKUN KUISITWIBHUK C KUIFIIEH JUCTWUIMPOBAHHOW BOJOM; -TIO
yucrteueHnH 30 MUHYT HAarpeB BOJbI BBIKIIOYAIN U UHCTPYMEHT HaXOJUJICS B BOJE
1 wyac; -mocie HW3BIEUYEHHS HMHCTPYMEHT OCTaBJSUIM Ha BO3IyXe Ha 2 yaca,
NpoTHpAIM  CyXoW xyomdatoOymaxkHou canderkoit. Ilocime 3aBeprineHus
UCIIBITAaHUH ClIeJIbl KOPPO3UU Ha U3JEIHSIX HE OOHAPYKECHBI.

[IpoBepka yCTOMUUBOCTH K JI€3UH(DEKIIUU, TPEICTEPUITUZAITUOHHON OUUCTKU
u crepwin3anud (pe3 U Ppa3BepTOK MPOBOAWIACH CIEAYIOIMIMM 00pa3oM —
JE3UH(PEKINI0 UHCTPYMEHTA MPOBOAMIA TAPOBBIM METOJIOM B HACBIILIEHHOM Mape
npu Temneparype 110°C B Teuenne 25 MUHYT 1O/ H30BITOYHBIM JaBJICHHEM ITapa
0,05 MlIIa. Kpome TOro, m3aenus mojaBeprajivd MPEeACTEPHIN3ALUOHHON OYUCTKE
CJIEIYIOITUM 00pa3oM: - OMOJIACKMBAaHKE B MIPOTOYHOM Bojie B TeueHue 0,5 MUHYT;
-3aMadrBaHue B MoromieM pactBope (5 r. Moromiero cpeactBa «buonor» Ha 995
cM® MHTBEBOH BojbI) TIpH Temmeparype 40°C B TedeHne 15 MHUHYT IPH HOIHOM
MOTPYKEHUHU;, - MOMKa B MOIOIIIEM PACTBOPE MPHU 3TOM K€ TEMIEPATypPE B TEUEHUE
0,5 MUHYT; -0MOJIACKMBAHWE TIOJT IPOTOYHOM BOJION U TUCTUITUPOBAHHOM BOJIOMN; -
CYIIKa FOPSYMM BO3IAyXOM IpH Temieparype 75-80°C 10 MOJIHOrO MCYE3HOBEHHMS
BJIaru. CTEpHIN3aIMi0 UHCTPYMEHTOB MPOBOAUIIN MAPOBBIM METOJOM B BOASTHOM
HacelllleHHOM Tmape mnpu temmeparype 132°C B Teuennme 20 MHHYT IO
M30BITOYHBIM AaBieHueM mapa 0,2 Mlla.

[TIpoBepka u3zHOcocToikocTH mM3Aenui npopoawiack nmo 'OCT 28684 mpu
CPaBHUTEIIbHBIX UCIBITAHUAX pa3BepTok u3 ciuiaBa 05X22AT'1SHEM2® u cranu
12X18H10T. N3HOoCc paboyeil yacTH MHCTPYMEHTOB OLEHUBAIU IO H3MEHEHHUIO
paguyca TOPUTYIUICHUS PEXYIIEW KPOMKH B MPOLECCE HCMIBITAHUS, KOTOpbIC
MIPOBOAMIIM O00PAOOTKOM pe3aHueM ILIACTHHBI M3 TEKCTOJIMUTA TONIIHHOM 5 MM.
['myOuHa Bpe3aHusi pa3BEpPTKU COCTaBJsjia MOJIOBUHY ee auamerpa. CKopocThb
Bpamenust passeprkn coctaBmsima 150! ¢, OGpaGorka ocymecTBIsnach mpu

JABJICHUU Pa3BEPTKU Ha TutacTHHy ¢ ycunueM 5+0,5 H. Pexxum ob6pabotku: 15 ¢
306



pezanuss — 15 ¢ may3za. McnbiTaHuss NpPOBOAMIIMCH COBMECTHO C IPOBEPKOU
YCTOMYMBOCTH MHCTPYMEHTOB K LIUKITY 00paOOTKH, BKIIOYAIOIIEMY J1€3UH(EKITHUIO,
NPEACTEPUIN3ALNOHHYI0 OYHUCTKY M CTEpWIN3alHI0, PEXKUMbl U  YCIOBUS
IIPOBEICHUS KOTOPBIX IPUBEACHBI B TEXHUUECKUX YCIOBUAX HA U3EIIHS.

[locne xnuHWYeckux wucnbITanuil (12 omepauuii 3HAOMPOTEIUPOBAHMS)
pa3BepTok u3 ctanmu 05X22AT'1SH8M2® Ha uX NOBEPXHOCTH HE HAOIIOAaIH
cienoB koppo3uu. Ha Bceil moBepxHOCTH pa3BepTok u3 ctanu 95X18 mocie Tpex

onepaum”I OHIOIIPOTC3NPOBAHUA Ha6JII-O,ZIaJIH CJICObl KOPPO3HH.
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OO01Me BLIBOJbI

1. Pa3BuTel HaydHBIE OCHOBBI CO3[aHMS AYCTEHHUTHBIX CTAJIEW BBICOKOU
MIPOYHOCTH, YTO IO3BOJISIET IMOBBICHUTH NMPOYHOCTHBIE cBoiicTBa Ha 50-100% mno
CPaBHEHHUIO C TPATUIMOHHBIMM AayCTEHUTHBIMU CTallIMU M OOECIEYUTh
BO3MOYKHOCTh MX HCIIOJIB30BAHMSI B KaU€CTBE MATepUalla BBICOKOHAIPYKEHHBIX
JIeTajed U KOHCTPYKIUN KPUOTEHHON TEXHUKHU.

2. O} PeKTUBHOCTD H3IOKEHHBIX B JUCCEPTAllMM HAYYHBIX MPUHIUIIOB
JETUPOBAHUA TOATBEPXKIACHA JIaOOPATOPHBIMU  HCCIEIOBAHUSMHU, OIBITHOM
OpoBEpKOM M pa3paboTkoil & MapoK HOBBIX BBICOKOIIPOYHBIX —CTaJeH,
3aIMIIEHHBIX aBTOPCKUMH IMATEHTAMH U YAOBJIETBOPSIOIIMX PAa3HOOOpPa3HbIM U
CJIO’KHBIM TpeOOBaHUAM (IO (PU3MKO-MEXAaHUUECKUM U CHEIHAIbHBIM CBOMCTBaM)
NPEABABISIEMbIM K HOBOW TEXHUKE.

3. Pazpabotansl  pexuMBI ~ TEpMUYECKOM  OOpabOTKHM,  IUIACTUYECKOMU
nedpopManuy, CBapKd M TOYEHUS, KOTOpPbIE BO3MOXXHO OCYIIECTBUTh Ha
JNEUCTBYIOIEM OOOpYAOBaHMM METAJUIYPTHUECKMX UM  MAIIMHOCTPOUTEIbHBIX
3aBOJIOB.

4. TexHonornyeckass IUIACTUYHOCTh HOBBIX CTaJIEW I103BOJIMJIA TOJYYUTH
OMBITHBIE MMApPTUU JUTBIX M KOBAHHBIX 3arOTOBOK, BBICOKONPOYHBIEC JIUCTHI,
U3JIeNNs KpUOTEHHOM apMaTypbl U Kperexka (00JIThl U TaKH pa3HbIX Pa3MEpPOB).

S. Pa3paboTanHbie HOBbIE BBICOKOIIPOYHBIE CTAIM MOTYT OBITh MCIOJIb30BAHBI
¢ OOJIBIIMM TEXHUKO-3KOHOMUYECKUM 3(P(PEKTOM B3aMEH MPUMEHSIOIIMXCS CTaleil
JUTSl TIOBBILIEHUSI HAJIEKHOCTH U JTOJITOBEYHOCTH BBICOKOHAIPYKEHHBIX JCTAJICH U

KOHCTPYKIIMN KPUOT€HHON TEXHUKH.
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