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OIIUCAHUE U30BPETEHUA
2420-562296EA/022
HEPXABEIOIIIASA CTAJIb

OOnacTh TEXHUKH, K KOTOPOI OTHOCUTCS N300peTeHne

Hacrosimee n3o0peTeHne OTHOCHTCSI K HEpIKaBerollel craiau. B yacTHOCTH, HacTosiee
n300peTeHne HAMPABJIEHO HA HEPIKABEIOIIYIO CTaslb, MPUTOIHYIO JUIS UCTIONB30BaHUS B opMax
ayist OPMOBAHUS IJIACTHKA, TPEOYIOIIMX BBICOKOW TBEPAOCTH M BBICOKOW NMPOYHOCTH, & TAKKE
XOopoliel Koppo3uiiHoi cToikocTu. Hacrosiinee n3o0pereHne Takke HarmpaBjieHO Ha (POPMBbI JIJIst
(bopMOBaHUs TIIACTHUKA, U3TOTOBJICHHBIE U3 CTAJIH MO HACTOSIIEMY N300PETEHHIO.

YpOBEHb TEXHUKHU

W3BecTHBI HCMOIB30BaHUS HEPKaBEIOIEH CTali, B YaCTHOCTH, HepKaBerllel cTaiu
cepun 400 momobuoit AISI 420 u AISI 440, B kayecTBe Marepuana popm mis GopMOBaHUS
ractika. OOHAKO 3TH CTaM CKJIOHHBI K KapOWIHOHN cerperauyu M K OOpa3OBaHHUIO AEbTa-
¢deppura. 3HaUUTEIbHBIE KOJIMYECTBA OCTATOYHOIO ayCTEHHUTA TAKXKE€ MOTYT MPHCYTCTBOBATDH B
YIPOYHEHHOM M OTIYIIEHHOM COCTOSIHUM B 3THX CTajsiX. MeEXaHWYeCKHe CBOWCTBA,
CJIEZIOBATENIbHO, HE SIBJIIOTCS ONTUMAIBHBIMHU JJIsl IPUMEHEHUH B popmax st GpopmoBaHUs
IJIaCTHKA.

Hepxaseromue cranu, uMeroLue cpeaHee coaepskanue yriepoaa npumepso 0,35-0,40%
macc nopobHo cranmsm tuma AISI 420, DIN 1,2316 u DIN 1,2085, a takke ux Monupukausim
UMEIOT OTHOCUTEINIbHO XOPOIIYI0 KOPPO3UHHYIO CTOHKOCTD, HO OOJIAJAI0T OTHOCUTENIbHO HU3KOM
TBEPAOCTBIO, UTO AET B PE3yJbTaTe€ OrPAHUUEHHYIO U3HOCOCTOMKOCTB.

Hepxageromue cranun tuma AISI 440, takue kak AISI 440C, umeroT copepskaHue
yriaepona npuMepHo 1% Macc M BBICOKYIO H3HOCOCTOHKOCTh. CTaisM 3TOro THUIA MOXHO
npuaasath TBepAOCTh B auanazoHe 58-60 HRC mocne ormycka. OnHako, 5TH CTalu CTPAjarOT
YMEHbBIIEHUEM KOPPO3UIHON CTOMKOCTH, B YACTHOCTH, MOCJIE OT)KUra B AUANa3OHe TEMIEepaTyp
470-500°C. Huskoremneparypubiii oTkur npu 200°C MOKHO HCIHOJIB30BaTh Ui MOJYUYEHHUS
tBepaoctu 58-60 HRC wu anexBaTtHOIl Koppo3uiiHON cTolikocTu. OIHAKO Cepbe3HBIM
HEIOCTATKOM HHU3KOTEMIIEPATyPHOTO OTXKHra SIBJISETCS TO, 4YTO CTajlb OyJeT CKJIOHHA K
TPELIMHOOOPa30BaHUID. B 4YacTHOCTH, TpemmuHOOOpa3oBaHHe OyHeT NPOUCXOAWTh B XOJIe
3NIeKTpo3po3uoHHON obOpadoTku (EDM) wnu naxe nocne umumudosanus. CrenoBaTenbHO, TpU
UCTIONIB30BaHUU B opmax aiisi popMoBaHus macTuka, ctanb AIST 440C nomkHa moaBepraThCst
BBICOKOTEMIIEPATYPHOMY OTXKHTY IUIsl TPEAOTBPALICHUs TPEIUHOOOpa30BaHUS, HO TOraa
YXYAUIAETCs] KOPPO3UITHAsE CTOUKOCTb.

B nomonnenme k yka3zaHHbIM Bbille HenocTaTkam, crtaib AISI 440C umeer HHM3KyIO
CTaOMIIBHOCTh Pa3MEpPOB MPU TEPMUUECKOW 00pabOTKe M3-3a CIIUIIKOM BBICOKOTO KOJIMYECTBA
OCTAaTOYHOI'O ayCTEHUTA.

PackpeiTie HacTosimero n300peTeHus

OCHOBOM LEJbI0 HACTOALIETr0 M300peTeHMs SIBISETCS CO3/aHUE HeprKaBEIoLIeH CTaiy,
KOTOpasi SIBISIETCS TPUIOAHON JJIsi HCIIONB30BaHMA B KadecTBe Marepuana ¢Gopm ans

¢dopmoBaHus miacTuka. B yacTHOCTH, HepikaBeroIas CTaub JOJDKHA OBITh MAPTEHCUTHOM IOCTE



YIPOYHEHUs] U MUMEThb BBICOKYIO TBEPAOCTb, BBICOKYIO MPOYHOCTb U XOPOIIYH) KOPPO3UNHHYIO
CTOMKOCTBD K€ MOCJI€ BBICOKOTEMIIEPATYPHOTO OTKUTA.

PaccMoTpeHHBIe BbILIE LI, a TAKXKE JOMOJHUTENbHbIE IPEUMYIIECTBA AOCTUTAIOTCA JI0
3HAUUTEIBHON CTENEeHH IOCPEACTBOM CO3[aHUS HEP)KABEIOLIEH CTalu, KaK OINpEAeNeHO B
dopmyne nzodperenus.

Cranp umeer HaOOp CBOWCTB, YAOBJIETBOPSIOLINI ITOBBIIIEHHBIM TPEOOBAHUSIM CBOICTB
Marepuaa, BOSHUKAIOIINX y Ipou3BoauTenen ¢Gopm aist popMoBaHUs IIIACTHKA.

Hacrosiinee nzodperenue onpeneneHo B popmyie n300peTeHusl.

ITonpobHoe onucaHue

B nanbHefimeM OyayT KpaTKO OOBSICHATHCS BaXKHOCTb OTHENBHBIX 3JIEMEHTOB M HX
B3alMOZEICTBHE Ipyr C JAPYroM, a Takke OrpaHUuYeHHUs Ui XUMHYECKUX HHIPEIUEHTOB
3asBisieMoro cruiasa. IlpuropHele A5 HCHONB30BAHUS W NPEANOUYTUTENbHbIE TUANa30HbI
onpenesitorcss B Gopmysie u3ooOpereHus. Bece MpoLeHTHbIE XMMUYECKOH KOMITO3ULIUHM CTaJIH
NPUBOMATCS B HACTOsIIeM omucaHuu B % MaccoBbiX (% Mmacc). KommuectBa TBepapix (as
npuBoasATcs B % obvemMHbIX (%0 00.). BepxH1e 1 HUXKHNE TIPEAEIbl OTACIBHBIX 3JIEMEHTOB MOTYT
MPOU3BOJIPHO OOBEOUHSTHCS B MpeAeNiaXx, NpPUBEIEHHBIX B (Qopmyne u3oOpeTeHus.
Apudmernueckas TOYHOCTh UHCJIEHHBIX IPENEIOB MOXET YBEIMYHBATHLCS Ha OAHY LUQDY.
CrnenoBaTresnbHO, €ClM KOJUYECTBO 3JieMeHTa npuBoauTcs Kak 0,1%, MOXHO TakXke BbIPa3UThb
yKa3aHHOE 3HaueHHe ¢ Ooyiee BBICOKOH TOYHOCTBIO MOCPEIACTBOM YBENMYEHHs 3PPEKTUBHOTO
KOJII4YecTBa HU(p Crpasa OT 3amsTOW HA OAMH JeCTUYHBIHN 3HaK, 10 0,10%.

Yraepon (0,32-0,50%)

VYraepon sBisiercss 3QQPEKTUBHBIM AJI YIPOUYHEHUS U JOJDKEH IPHCYTCTBOBATH IPU
MUHUMAaJIbHOM conepskanuu 0,32%, nmpeanouTuTenpHo, o Menbinei mepe, 0,34, 0,35, 0,36, 0,37
wu 0,38%. IIpu BbICOKMX comep:kaHusX yriepozaa, kapouasl Tuna My;Ce M7Cs u MaC, tie M
npencrasimsier codoit Cr, Fe, Mo, V wmmu npyroii snemenT, oOpasyroumii xapObum, MOryt
00pa3oBBIBATBCS B CTAJM B CIUIIKOM BBICOKOM KOJHUYECTBE, NPUBOIAS K YMEHBIICHHIO
IIPOYHOCTH M KOPPO3UMHOMN CTOMKOCTU. Kpome TOro, BBICOKOE COAEp;KAHHUE YIiepoAa MOXKET
TaK)ke TMPHUBOJUTH K YBEIMYEHUIO KOJMYECTBA OCTaTOYHOro aycreHura. [lo sToii mpuuune,
cofiep;kaHue yriepona He noykHO npesbiuaTth 0,50%. BepxHuil mpenen nis yriepona MOXeET
ycraHaBnuBarbces npu 0,48, 0,46, 0,44, 0,43 unu 0,42%.

Kpemnuii (0,1 -1,0%)

Kpemumii ucnonb3yercss IJsl pacKUCIeHHs. Si Takxke yiaydmaer o0padaTbiBaeMOCTb
cTanu. Jlis mOJydyeHHus >KelaeMOro BO3JEHCTBUSA, COAepkaHHe Si JOKHO COCTaBIAThb, IO
menbineit mepe, 0,1%. Opnako Si mpencraBnseT coOOH 3JEMEHT, aKTHBHO OOpa3yroIuit
(beppuTHl, U yBENTUYMBAET aKTHBHOCTH yIJIEpOAa B CTAJH, U MO 3TOH NMPUYHMHE, OHO JTOJDKHO
orpannunBathes 10 1,0%, npennoururensHo, 1o 0,6, 0,5, 0,4, 0,35 umu 0,3%.

Maprasnen (0,2- 0,8%)

Mapraser BHOCUT BKJaJ B YJyulleHHE YNPOUYHAEMOCTH CTajld, U BMECTE C CEepoi,
Maprasel] MOXXET BHOCUTH BKJQJ B ViydlleHHe oOpabaTbiBaeMOCTH, 00pa3ys CyJab(puabl

MapraHua. B pononHenue k 3TomMy, Mn noBblaeT pacTBOPUMOCTb a3zoTa B ctanu. Ilo sToit



IpUYMHE, MapraHell JOJDKEH MPUCYTCTBOBAaTb INPU MHUHUMAJbHOM cozaepxkanuu 0,2%,
MPEINOUTUTENIbHO, 10 MeHblned mepe, 0,3, 0,35 umm 0,40%. Mapranen npencrasisieT coOoi
3JIEMEHT, CTa0WIM3UPYIOLINI ayCTeHUT, U NOJDKeH orpaHumumBarbest 1o 0,8, 0,7, 0,6, 0,5 umu
0,4% aTo0bI N30€KaTh CIUILIKOM OOJBIIOTO KOJUYECTBA OCTATOUYHOTO ayCTEHHTA.

Xpom (11-14%)

XpoMm mpencrasisier coOOW CaMblii BaXKHBIH 3JeMEHT Hepkaserowei cramu. Korma
IPUCYTCTBYET PACTBOPEHHBIM B KOJIMYECTBE, MO MeHbuleld mepe, 11%, xpoMm mnpuBoaur B
pesyabraTe K OOpa30BaHMIO TACCUBHOW IUIGHKM Ha MOBEPXHOCTH CTaJIH. XPOM JOJIKEH
IIPUCYTCTBOBATh B CTaNU B KOJHUYeCTBE B mpeaenax mexay 11 u 14% nns npupanust cranu
XOpoIlIel ympOYHSIeMOCTH M KOPPO3UIHOU cTolkocTH. [IpennoyTutenbHo, My oOecredeHus
XOpOLIeH TOYEUHOH KOPPO3MIHON cTorkocTH, Cr mpuUCyTCTBYeT B KonndecTse Oonbire 11,5%.
Onnako, Cr npencrasisier coOOH 3JI€MEHT, aKTHBHO 00pa3yoLIHil (GeppuThl, U ISl yCTPAHEHUS
(beppuTOB TOCIIE YIPOUYHEHHS €r0 KOJIMYECTBO JOJDKHO KOHTPONUPOBAThCs. 110 mpakTHuecKum
IIpUYMHAM BEpXHUII peaen MoxeT ymenblieH o 13,5, 13,0 unu 12,5%.

Moauoaen (1,8-2,6%)

Mo, Kak M3BECTHO, OKa3bIBAECT OUEHb OJATONPHUSATHOE BO3ACHCTBHE HA YIPOUYHSIEMOCTb.
Taxoke, Kak M3BECTHO, OH YJIYUIIAET TOYEUHYIO KOPPO3UHHYIO CTOHKOCTb. MonubneH sBiseTcs
TaK)K€ CaMbIM BaXKHBIM JUIsI NPUJAHUS XOPOLIMX XapaKTEpPUCTUK BTOPUYHOIO YIPOUYHEHUS.
MuHnManbHOE Conep:kaHue MOKeT cocTaysth 1,9, 2,0 wm 2,1%. MonubneHn npeacrasisier
co0OM 3JIEeMEHT, aKTHBHO 00pa3yIOLINi KapOuabl, a TaKkke akTUBHO oOpasyroumii ¢peppursl. 1o
STOW MPHUYMHE, MAKCHUMAJBbHOE CoAeprkaHue MonubOneHa cocrasisieT 2,6%. IlpeamoururensHo,
Mo orpanuuuBaercs 10 2,5, 2,4, wnu naxe 1o 2,35%.

Banaamii (0,35-0,70%)

Bananmii oOpasyer paBHOMEpPHO paclpelneiieHHble B MaTpHLEe CTajd MEPBUYHbBIC
Beiessiomuecss kapobonutpuasl tHna M(C, N). B umeromwuxcs cramix M B OCHOBHOM
npeacrasisier coOoi BaHAIWM, HO MOTYT TaKKe MPHUCYTCTBOBaTh CI M HEKOTOPOE KOJHUECTBO
Mo. Ilo 3Toli npuynHe, BaHaAUI JOJKEH MPUCYTCTBOBaTh B konuyecTse 0,35-0,70%. Bepxuuii
npenen MoxeT ycraHaBhmuBatbes mpu 0,65, 0,60 wumu 0,55%. Hwxkuuiéi npemen Moker
yctanaBnuBarbes pu 0,40 wmm 0,45%.

A3zor (0,05-0,19%)

Azot orpanuuuBaercs 10 0,05-0,19% nnist monay4deHUs >KeIaeMoro THMa M KOJWYECTBA
tBepabiX (a3, B ocobennoctu, V(C, N). Korna comep:kanre a30T MpaBHJIbHO OaJaHCHPYETCS C
conepskaHueM BaHaausi, OyAyT oOpa3oBBIBATHCS KapOOHUTPHIBI, oOorameHHble BaHaaneM, V(C,
N). OHu OyayT 4aCTHYHO PACTBOPATHCS B XOAE CTAAMM ayCTEHU3ALMH, & 3aTEM BBIIENSATHCS B
XOlle CTaAMM OTITyCKa KaK YacTHULIbl HAHOMETPOBBIX pa3MepoB. TepMmudeckas CTaOWUIBHOCTD
KapOOHUTPUIOB BaHAAMA CUYHTAETCS Jydinell deM y KapOWIOB BaHAAMsA, TaK HYTO MOXKHO
UCTIONB30BaTh BBICOKYIO TEMIepaTypy YIpO4YHEHHus Oe3 BpemHoro pocra 3epeH. Kpome Toro,
yJIy4lIaeTCsi CTOMKOCTh MPOTHUB OTIyCKa HEp:kaperoen crtanu. Kpome Toro, mocpeacrsom, mno
MEHBbILIEH Mepe, ABYXKPAaTHOrO OTIyCKa, HA KPUBOM OTIMYCKAa MOSBUTCS BBICOKMM BTOPUYHBIN

nuk. OaHako n30bITOYHOE 10OaBJIeHHE MOKET IPUBOAUTH K 00pazoBanHuto rmop. Hikuamit npenen



MozkeT coctaBysTh 0,06, 0,07 unu 0,08%. Bepxuuit npeaen moxker cocrasyats 0,15, 0,14, 0,13,
0,12 unu 0,11%.

Heo0s3aTe/ibHBIE 3J1eMEHTbI

Amomunui (0,001-0,05%)

AJMIOMUHHMI MOXKHO UCIIOJIB30BAaTh MJISI packucieHus. B OonbIIMHCTBE clydaeB
coziepkaHue amoMuHMA orpanndnsaetcs 10 0,03%.

Hukens (< 1%)

Hukenpb nmpunmaer cranu XOpoIIyI0 YIPOYHSIEMOCTb U MPOYHOCTh. M3-3a ero crommocTy,
colepKaHHEe HHKeIsl B CTalu JOJDKHO OrpaHuuMBathes. llpenmoururenbHOE copepskaHHue
cocrasysieT < 0,5% um < 0,35%. Haubonee npennoututenbo, Ni crienuaibHO He TOOABIISETCS.

Menb (<4%)

Cu mpencraByisier co0OW HEOOA3aTENBHBIA 3JIEMEHT, KOTOPBIH MOXKET YBEJIUYHTH
TBEPJIOCTb CTAJM TOCPEIACTBOM JAHMCIEPCHOHHOTO yHpouHeHHs. B nobaBieHue k 3TOMy, OH
BHOCUT BKJIal B KOPPO3HMHHYKO CTOMKOCTh CTajH, a Takxke B oOpabarteiBaemocTh. [lpu
UCIOJIb30BAHUY, TMPEANOYTUTEIbHBIE AMana3oHbl cocTaBisiioT 0,5-2%. OpHako Menp Henb3s
U3BJIEYb U3 CTAJIM NOCHE ee N00aBIeHHs. JTO AeaeT Pas3lesKy JoMa 3HAUUTENbHO clioxHee. 1o
STOW MPUYHHE, MEb CIIELHATBHO He JO0OABIISAIOT.

KobaabT (<3%)

Co mpencrasnsier coboi HeoOs3aTenbHbIN 31eMeHT. OH moBbIIIaeT TeMneparypy Mg u
BHOCHUT BKJIaJl B YBEJIMYEHUE TBEPAOCTU MapTeHCUTa. MaKCHUMallbHOE KOJIUYECTBO COCTABJISIET
3%. Opnako, MO NPaKTHUYECKUM IMPUYMHAM, TaKUM KaK pasfeska JIoMa, CHEeLHaIbHOTO
nobasnenust Co Her. [IpeanouTurenpHOe MaKCUMAJIbHOE CONEPIKAHNE MOKET YCTAHABJIUBATHCS
npu 0,15%.

Boasdpam (< 0,8%)

BonbdppaM MokeT mpUCYTCTBOBAThH Npu copepkaHusax 1o 0,8%, He Oyayuu CIMIIKOM
BpEeOHBIM JUIsi CBOMCTB craimu. OnHako Bonb(paM HUMeeT TeHICHLMIO K Cerperamud B XOIe
YIPOYHEHHSI U MOKET BBI3BIBATH TOSIBJICHUE HEXKENATENBbHOTO NenbTa-peppura. B nononxnenue k
5TOMY, BOJIb(paM SIBJISIETCS] JOPOTOCTOSLINM, M OH TaKXKe YCIOXKHAET pasaenky joma. I1o stoi
MPUYMHE MaKCUMaJIbHOE KOJU4eCcTBO orpanmuuBaercs no 0,8%, mpeamoururensHo, 10 0,5%,
NPEATIOYTUTENBHO, CIIELUAIBHOTO AO0ABJIEHUS HE OCYLIECTBIISIOT.

Hwuoownii (<0,1%)

HuoOwuit cxonen ¢ BaHagueM B TOM, 4TO OH oOpasyer kapOonutpunel THma M(C, N).
MaxkcumansHoe nobasnerne Nb cocrasmser 0,1%. IlpeanodrurenbHo, HIOOMH CHENUANIBHO HE
nobasnsiercsi. JlomycTumoe conepskaHue mpuMecH MOkHO ycraHasauBath npu 0,01, 0,005, 0,003
unu 0,001%.

Cepa (< 0,2%)

S BHOcHMT BKJAam B yiydmeHue oOpabarbiBaemocTd cramu.  [IpuromHoe  muis
UCTIONb30BAHUS COEpIKAaHUE ISl YIIydlIeHus oOpalOaThIBA€MOCTH CTajJH B YIPOYHEHHOM H
oTnylieHHoM coctosiHuu coctasisier 0,07-0,15%. Ilpu BBICOKUX COREpKAHUSX CEPbl UMEETCs

PHCK MOSIBJICHUS] XPYNKOCTH CTAJIU NPU TEMIEpaType KpacHOro kaneHus. Kpome Toro, BeICOKOE



COIEpKAHUE CEePbl MOXKET OKa3blBaTb OTPHULATENBHOE BO3AEUCTBUE HA YCTAJIOCTHBIE CBOWCTBA
cranu. Ilo oToli mnpuumHe, cranp pomwkHa copepxkarb <0,2% ceppl. OpHako cepa
NpeANnoUTUTENbHO orpannuuBaercs 10 S <0,004% nns yMeHbIIEHHs] KOJIMYECTBA BKJIIOUEHUI.
Copnepsxanue cepbl MOXKET ObITh O4Y€Hb HU3KHM, Hampumep, <0,002% wunu, NpeanodYTUTENbHO,
ObITh <0,001%, n1s yIy4IIEeHUs] MEXaHUYECKUX CBONCTB CTaJIH.

Kucnopon

Kucnopon mnpencrasisier coOoi HeXeNaTelIbHbI MPUMECHBI 3JIEMEHT, KOTOpPBIH
o0pasyer HeMeTaJTMYeCKUe BKJIFOYEHHUS B cTaiu. JlOMyCcTUMOe CoAeprKaHue MpUMeceil MOKeT
ycraHaBnuBarbes mpu 0,005, 0,003, 0,0015 unu 0,001%.

Kanbumii (HeoOs3aTenbHo, 0,01%)

Kanprmii MoXeT crenuanbHO A0OaBISTHCS K CTalM B XOHI€ KOBLIEBOW 0OpabOTKHU muis
(bopMHUpPOBaHUS BKIFOUEHHUH JKEIATENbHOW KOMITO3ULIH U (POPMBIL.

Be, Se, Mg u REM (penko3emMenbHbIE METAILIbI)

DT 3JNEeMEHTBl MOTYT JA00aBIATBCS K CTalld B 3asABIISIEMBIX KOJHUYECTBAX IS
JaJbHEHIIEero yiydlieHns: 00padaTbIBAEMOCTH, TEXHOJOTHYHOCTH B TOPSYEM COCTOSIHUU W/WITA
CBAapUBAEMOCTH.

Bop (<0,01%)

B MOXHO wuCHONB30BaTb ANl JOMNOJHHUTEIBHOTO YBEJIWYEHUs TBEPAOCTH CTAJIU.
Konnuectso ero orpannuusaercs 10 0,01%, npeanoururensHo <0,003%.

Ti,Zr u Ta

OTH 371€MeHThl 00pa3yroT KapOUIbl U MOTYT NMPHUCYTCTBOBATH B CIUIABE B 3aSBISIEMbIX
npenenax AJis W3MEHEHMs KOMIO3MLUUH TBepAbIXx (a3. OpHako, OOBIMHO HU OIUH M3 3THX
3JIEMEHTOB He N00aBIsFOT. JlomycTUMBbIE COnmep KaHusl MPUMECH MOTYT YCTAHABIIUBATHCS IPH
0,01, 0,005, 0,003 unu 0,001%.

PRE

OKBUBAJIEHTHYIO CTOHKOCTh K To4eyHOH kopposuu (PRE) uacto ucnonb3yror ms
KOJIMYECTBEHHOIO OIpPENeNeHNusT TOUEYHOM KOPPO3MMHONW CTOMKOCTH HEPIKABEIOLIMX CTaJeH.
Bosee BbICOKOE 3HAUEHHUE YKa3bIBAET HA 0OJiee BHICOKYEO CTOWKOCTh K TOYEUHOU Koppo3un. s
a30TCOMAEPIKAIINX MAapPTEHCUTHBIX HEP>KABEKOIIUX CTajled MOKHO HMCIOJIb30BAaTh CIEAYHollee
BBIPAKECHHUE!

PRE=%Cr +3,3%Mo+30%N

I'me %Cr, %Mo u %N mnpencraBisiroT cOOOH ComeprKaHHe 3JIEMEHTa, PAaCTBOPEHHOE B
MmaTpuie, mnpu Temmeparype aycreHunzauun (Ta). PacTBopeHHoe conmepikaHHe MOMKHO
BBIUUCIIUTL ¢ moMomnbio Thermo-Calc nist peanbHO# Temnepatypsl aycrernsanuu (Ta) w/vmm
U3MEPUTH B CTAJIN MOCJIE 3aKAJKH.

Temneparypa aycrenmsanuu (T4) Haxogutes B npepenax 1000-1200°C, kak mpaBuio,
1050-1080°C.

IIpoussoacTBo craau

HepxxaBeromass cranp, HMMEHOLIAs 3asABJIAEMYI0 XUMHUYECKYH) KOMIIO3ULIMIO, MOXKET

MNPpOU3BOAUTHCA C IIOMOIIBIO OOBIUHBIX CTaJIEIIABHUIbHBIX npoueccoB ujin C MNOMOLIbIO



nopoukosoi Metaiurypruu (PM). DTOT THUI €Tl 4acToO MOJNYYar0T MOCPENCTBOM IUIABKH JIOMa
B oJyiekTpuueckor nyrosoit meun (EAF), 3atem cranb moaBepraroT BO3NEHCTBUIO OOpaOOTKU
KOBIIEBOM METAJUTyPruu U, HeoOsA3aTeNbHO, BaKyyMHOH aerasanuu. Kaapuuii MO>KHO 100aBiATh
B KOHIIE MeTaJulyprudeckoil o0pabotku, mpeanourutensHo, kak CaSi. OnHako, sta oOpaboTka
SBJSIETCS] HEOOS3aTeNbHOM M OCYIIECTBIIIETCSl TOJIBKO, KOTJa MMEIOTCS  CIEeLUANIbHbIE
TpeboBaHMs K 00padaThIBAEMOCTH CTAJIH.

Pacnnas pa3snuBarOT MO CIUTKaM MOCPEACTBOM PA3MBKU B CIUTKU, COOTBETCTBYOLIUM
obOpazom, paznuBku cHH3y. IlopomikoBoe Mmertamnyprudeckoe (PM) mnpoH3BOACTBO MOXKHO
HCIIOJIB30BaTh, HO OHO SIBJISIETCS OTPaHHMYEHHBIM CIELUaJIbHBIMU MPUMEHEHHUSIMU 110 TPUYHHAM
croumoct. C napyroéi cTopoHsl, ctamu (GopMm mis (POPpMOBaHUS IUIACTUKOB 4YacTO TPeOyroT
BBICOKOW 4HCTOTHL. [lo 3TOM mpuuuHe, B criocod oOpabOTKM MOTYT BKJIFOYATHCS ONIHA WJIH
HECKOJIbKO cTaamii neperviaBky, Takux kak VIM, VAR wmmu ESR. B OonbmmHCTBE Ciiydaes
NPEATIOYTUTENbHBIN criocod npencTasinser codoit ESR.

Cranp MOXET MoABepraTbCsi FOMON€HU3aLMOHHOMY OTXKUIY, @ TAK)K€ MATKOMY OTXKUTY.
Teepnocts mocne msirkoro orxkura npu 860°C cocrasisier nmpumepHo 150-240 HBW, rae
TBepaocTh 1o bpunemmo HBW o3000 M3MepsieTcss ¢ OMOIIBIO IIapuKa U3 kapdbuna Boib(pama
auametpoM 10 mm u Harpy3ku 3000 krc (29400 H).

Cranp mozxBepraroT BO3JEHCTBUIO YIPOYHEHMs INepen ucnoib3oBaHueM. CTajab MOXET
TepMHUYeCKH 00padaThIBATHCS AJIS PETYIHPOBKH TBEPAOCTH CIIOCOOOM CXOAHBIM CO CIOCOOOM,
KOTOPBIN UCIIOJIB3YETCs A HEp:KaBerolel ctanu tuna cepuu 400.

Temneparypsl yIpouHEHHs MPEANOYTUTENBHO HaxoAsATcs B auana3zoHe 1050°C - 1080°C
nockonpky mnpesbimieHne 1080°C moker naBaTh B pe3yjbTaTe pPOCT 3€PEH, YyBEIUYEHHE
KOJINYEeCTBA OCTATOYHOrO ayCTeHWTa W/Miau KapOWMAOB Ha TIpaHUIAX 3epeH. Bpems
BBIICP)KUBAHUS JOJDKHO COCTaBIATh NpuMepHO 30 MHMHYT 3a STUM CIEAYEeT MEIJIEHHOe
oxjnaxaeHne. CKOPOCTb OXJAXKIEHHUsS ONpEeNeNseTcs BpPeMEHEM, B Te€YeHHE KOTOPOro CTajb
HaxoauTcs B auamnasone temnepatyp 800°C - 500°C, (tsoosoo). Bpemsi oxnaxaeHus B 3TOM
UHTEpBaNE, tgoos500, MODKHO OOBIMHO HaXOAuThess B auamnazoHe ot 100 mo 600 cek st
MIOJIyYEHHUS JKeJlaeMON MapTEHCUTHON MUKPOCTPYKTYpbl. OTIyCK OCYIIECTBIISIETCS IOCIe TOTrO,
KaK CTajib MOJIyunsia BO3SMOXKHOCTD 1Sl oxyaxkaeHus Ao 50-70°C. Cranb AOMKHA OTITyCKAThCS
7Ba WIM TPU pa3a C MPOMEXKYTOUHBIM OXJIAXKIEHHEM 10 KOMHATHOM TeMIlepaTypbl, U BpeMs
BBIIEP)KIBAHUS TPU TEMIIEpAType OTIyCKa OOBIMHO COCTaBisieT 2 yaca. IIpennmoyTurensHO
UCTIONB3YIOT JIB€ CTaAWU OTIyCcKa (2%2 yac). OTIMYCK MOXKET OCYIIECTBIISATHCS MPHU PA3IUIHBIX
TeMIlepaTypHbIX pekumax. Huskoremmneparypusiii otnyck npu 180-270°C naer B pesyibrare
HaWIy4lLIyl0 KOPPO3UNHHYIO CTOMKOCTh. BricokoTemnepaTypHbiii oTiyck npu 525-550°C xopor
17151 TBEPAOCTH, HO KOPPO3MIHASL CTOMKOCTb IMPU 3TOM HMXKE, YeM JIJis1 OTIYCKA NMPU HU3KOU
TeMIiepatype. B xkauecTBe koMmpomMucca, MOXXHO TakXXe OTIYCKaTh CTajb MPU MPOMEKYTOUHON
TeMIieparype B npenenax 470-490°C.

I'maBHBINA acmeKT HACTOSINEro M300pPETeHHUs 3aKI0YAaeTCs B MOJYYEHUH HEepKaBerolueil

cTanu, cocrosiiei, B % maccoBbix (% mace), u3:
C 0,32-0,50
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Si 0,1-1,0

Mn 0,1-0,8

Cr 11-14

Mo 1,8-2,6

\Y% 0,35-0,70

N 0,05-0,19
HeoOsI3aTeNTbHO

Al 0,001-0,05

Ni <1

Cu <4

Co <3

W <0,8

Nb <0,1

Ti <0,1

Zr <0,1

Ta <0,1

B <0,01

Be <0,2

Se <0,3

Ca <0,01

Mg <0,01

REM <0,2

OCTaTOK TpezacTaBiisieT codoit Fe, kpome npumecei.
Cranp MPpEANOYTUTEIIbHO OOJIKHA COOTBETCTBOBATDL, IO MEHBIIEH MEpE, OAHOMY H3

crenyoIux najee TpedoBanuii (B % MacCOBBIX):

C 0,36-0,44
Si 0,1-0,5
Mn 0,2-0,6

Cr 11,5-13
Mo 2,0-2,5

\% 0,40-0,60
N 0,06-0,12
C+N 0,45-0,53
Al 0,001-0,03

Ni <0,5



Cu 0,5-2
Co <0,5
w <0,5
Nb <0,008
Ti <0,01
Zr <0,01
Ta <0,01
B <0,003
P <0,03
S <0,002
0 <0,001

W/ TpU 3TOM AuaMeTp SkBuBajieHTHOro kpyra (ECD), mo menbiueir mepe, 80%
KapOWIOB, HUTPUAOB W/MIN KapOOHUTPHIOB B MHKPOCTPYKTYpE MEHbIIe, ueM 5 MkM, rae ECD
=2VA/r, tie A NPEICTaBIISIET COOOM IO MOBEPXHOCTH YACTHUIIBI KapOuIa B UCCIIETyeMOM
CEUeHUN.

Cranp A0OKHA MPENNOYTUTENBHO TaKXKe COOTBETCTBOBATDH, 110 MEHBIIEH Mepe, OJHOMY

U3 cenyrmux aajiee Tpedosanuii (B % MacCOBBIX):

C 0,38-0,42
Si 0,1-0,3
Mn 0,4-0,5
Cr 11,6-12,4
Mo 2,1-2,4
\Y% 0,45-0,55
N 0,07-0,11
C+N 0,46-0,52
Al 0,001-0,03
Ni <0,3

S <0.,001

W/ Tpu 3TOM AuaMeTp SkBuBajeHTHOro kpyra (ECD), mo menbiueir mepe, 80%
KapOWIOB, HUTPUIOB /WK KapOOHUTPUIOB B MUKPOCTPYKTYpE MeHbIIe, ueM 2,5 MkMm, rae ECD
=2VA/r, tie A NPeICTaBIIsIeT COOOM IO MOBEPXHOCTH YACTHUIIBI KapOuaa B UCCIIETyeMOM
CEUYCHUHU.

Haubonee mnpeamodruTenbHO, CTanb JOJDKHA COOTBETCTBOBATH CIEAYIOIIUM Jajiee
TpeOoBaHusAM (B % MaCCOBBIX):

C 0,38-0,42

Si 0,1-0,3
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Mn 0.,4-0,5

Cr 11,6-12,4
Mo 2,1-24

\Y% 0,45-0,55
N 0,07-0,11
Al 0,001-0,03
Ni <03

Korma cramp HaXomWTCss B MSTKO-OTOMCGKEHHOM  COCTOSIHHMH, OHA  JIOJKHA
COOTBETCTBOBATD, IO MEHBIIEH Mepe, OMHOMY M3 CIEAYIOLIUX fajiee TpeOOBaHUIL:

cpennsist TBepaocTh o bpunemmo 150-300 HBW 03000

W/WT TIPU 5TOM CTajlb MMEET INUPHHY W/WJIU TOJIMUHY, O MeHbiued mepe, 100 MM u
MaKCHUMAaJIbHOE OTKJIOHEHHE OT CPENHEro 3HAYCHUs TBEPAOCTU o bpuHe o B HanpaBieHUH 1Mo
mvpuHe w/wm tonmuHe, n3mepenHoe cornacHo ASTM E10-01, mensbiue, yem 10%, u mpu 3TOM
MUHUMAJIbHOE PACCTOSIHUE OT IIEHTpa BMSITUHBI MHISHTOPA OT Kpas oOpas3la Wid Kpasi APyrou
BMSITUHBI HHIEHTOPA JTOJKHO OBITh, IO MEHbBINEH Mepe, B Ba C MOJIOBUHOW pa3a Ooblie, yem
OUaMeTp BMSITHHBI MHICHTOPA, U MAaKCUMAJIbHOW PacCTOSTHUE AOKHO ObITh He Oojiee uem B 4
pa3a Gosbline, 4yeM AnaMeTp BMSITUHBI HMHACHTOPA,

W/WJTH CIISNYOIINM MAaKCHMAaJIbHBIM TPeOOBAaHUSM OTHOCUTEIBHO MUKPOIILJIAKa

cornacio ASTM E45-97, Method A:

A B B C C D
T H T H T H T H
1,0 0 1,5 1,0 L5 1.0 L5 1,0

B MSrkoM OTOXKEHHOM COCTOSIHUH, CTajlb MPEANOUYTUTENBHO JOJI)KHA COOTBETCTBOBATD,
10 MEHbIIEH Mepe, OMHOMY U3 CIEAYIOIINX TPeOOBaHUI:

cpennsist TBepaocThb o bpunemmo 160-240 HBW 03000,

W/WJIK TIPU 5TOM CTajlb MMEET IIUPHHY W/WIU TOJIIUHY, O MeHbiued mepe, 100 MM u
MaKCHUMaJIbHOE OTKJIOHEHHE OT CPEIHEro 3HaUYE€HUs TBEPAOCTU Mo bpuHe o B HanpaBieHnuH 1Mo
HIMpUHE W/Uu TonuHe, nsMepenHoe cornacHo ASTM E10-01, menbine, yem 5%, u nipu 3TOM
MUHUMAaJIbHOE PACCTOSIHUE OT IIEHTpPa BMSTHUHBI MHIEHTOPA OT Kpasi oOpas3la Win Kpasi APyrou
BMSITUHBI HHIEHTOPA JTOJKHO OBITh, IO MEHbINEH Mepe, B JBa ¢ MOJOBUHON pa3a Ooblie, yem
OUaMeTp BMSITHHBI HHIEHTOPA U MAaKCHMAJIbHOE PACCTOSIHHE JOKHO ObITh He Oojiee dem B 4
pa3a Gosbline, 4yeM AuaMeTp BMSITUHBI MHACHTOPA,

W/WJTH CIeTYOIHM MAaKCHMAJIbHBIM TPeOOBAaHHEM OTHOCHUTEIPHO MUKPOIIIAKA

corsacHo ASTM E45-97, Method A:

A B B C D
T H T H T H T H
0.5 0 L5 0,5 1,0 0.5 L5 1.0
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Korma cramp HaxomuTcss B YNPOYHEHHOM U OTHYIIEHHOM COCTOSIHUH, OHA
NPEANOUTUTENBHO JOJIKHA COOTBETCTBOBATD, 110 MEHbIIEH Mepe, OHOMY U3 CIENYIOLINX Jajnee
TpeOOoBaHUI:

martpuna cofaepkur > 90% 06. mapTeHcHTa,

MaTpuna coaepskut < 4% o6. aycTeHura,

TBeprOCThb cocTasisieT 55-62 HRC,

pa3mep Bcex yactull AIN < 4 Mk,

yIapHas mpouHOCTh oOpasua 6e3 Haapesa > 50 JIxx B TL-nanpasnennu npu 58 HRC,

npenes MpodyHOCTH mpu cxaTtuu Rcpp Ha 10-30% Bblmie, ueM mpenen MPOYHOCTH Ha
pacTtsikeHue Rpg .

VYropouHeHHass U OTMYIIEHHAs CTallb MOXET MpPEANOUTUTENIbHO COOTBETCTBOBATH, IO
MEHBLIEH Mepe, OMHOMY U3 CIIEAYIOIINX Jajiee TPpeOOBaHMIA:

MaTpuIa coaepkur > 95% 06. mapTeHcHTa,

Marpuna coaepkut < 2% 00. ayCTeHuTa,

TBepAOCTh cocTasisieT 56-60 HRC,

pasmep Bcex yactull AIN <3 Mkwm,

yapHasi mpoOYHOCTh 00pasia 6e3 Haapesa > 100 [Ix B TL-wanpasnenun npu 58 HRC.

CornmacHo HacToslIeMy HW300pPETEHUIO, CTajdb MOXeT ObITh moiydeHa B Gopme
IIPEBAPUTENBbHO JIETMPOBAHHOIO MOPOIIKA HEp:kKaBerollel CTald, MOJYYEHHOrO MOCPEACTBOM
aTOMU3ALNH CTAJH, UMEIOINEro KOMITO3ULHIO 110 Jrobomy u3 m. 1-4.

IIpenBapuTenbHO JIErMpOBaHHBIA MOPOLUIOK MOXKHO MCMOJNb30BAaTh JId MOJY4YEHUs
TBEPIAbIX OOBEKTOB pA3JIMYHBIMU CIOCO0AMM, TAaKMMH KaK Tropsidee H30CTaTHUYECKOe
IIPECCOBaHUE, SKCTPY3Usl MOPOLIKA U aAJUTUBHAs TeXHOJNOrusa. IIOpoImok MOXKHO Takxke
UCIOJIb30BATh AJIsl MIOJY4YEeHMsI IOBEPXHOCTHOIO CJIOSI HA MOAJIOKKE C MOMOLIBK) TEPMUYECKOTO
HAaIbUIEHUs], XOJOAHOIO HAIBIJIEHUs MJIN TIOCJIONHON HaIlIaBKH.

IIpumep 1

KoMno3uuuio cranu Mo HacTOsIEMY H300pETEHHIO MPUTOTABIUBAIOT € MOMOIIBIO
o0brgHOH MeTautypruu. Komnosuuumu nokaszansl B Tadbmuue 1.

Tabmuua 1. KoMno3ummum uccienyeMbIx CTajei.

DnemMeHT Cranb 1o HacTosIeMy U300pEeTEHHIO CpaBHuTeNnbHas CTaNb
IIpumep 1 AISI 420 mod
C 0,40 0,38
Si 0,20 0,90
Mn 0,43 0,53
Cr 11,9 13,6
Mo 2,24 0,01
\4 0,49 0,31
N 0,09 0,01

Cranp 1o HacrosimeMy H300pPETEHHIO TOABEPrarT YIPOYHEHHIO IOCPEICTBOM
aycrennzauuu npu 1050-1080°C B Teuenue 30 MUHYT B BaKyyMHOI IIeuH, a 3aT€M 3aKaJIUBaIOT B
atMoc(epe azorta mpu 5 Oap, a 3aTeM ABAKIbI OTIYCKAIOT B TeUeHHe ABYX 4acoB mpu 525°C.

PesynbraTe! nokaszansl B TaOnuue 2.
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Tabmuua 2. Pe3ynbraThl yIIpOYHEHHUS CTAIH 110 HACTOSIIEMY H300pETEHUI0

Temn. ynpounenus °C Temn. ornycka °C Tsepnocts HRC
1050 525 57
1080 525 59
1100 525 61

CpaBHI/ITeHbHaﬂ CTaJIb TaKXX€ MOABEPracTcs YNPOYHCHUIO U OTIYCKY, U PE3YJIbTATbI

rnokasausl B Tabnuue 3.

Tabnuna 3. Pesynprarhl ynpouHneHus: cpaBauteabHon ctanmu AIST 420C mod

Temn. ynpounenus °C Temn. ornycka °C Tsepnocts HRC
1020 525 50
1050 525 54

MoXHO yBUAETb, YTO TBEPAOCTb CPaBHUTENBHOHI cTanu mocie ormycka mpu 525°C

S3HAYUUTECIIbHO HMXKE, YEM TBEPAOCTE CTAJIU IO HACTOALIEMY I/1306peTeHI/II'O.

KopposmiiHass CTOHKOCTh CTalM MO HACTOSIIEMY H300pPETEeHHI0, Kak OOHapy»KeHO,

npeBocxoauT cpaBHUTeNnbHYI0 cTanb AISI 420C mod npu uccinenoBaHuM B Kamepe C

BO3AyLIHBIM TyMaHoM. Mccnenosanust ocymectsisaoT B 0,1 M NaCl B teuenue 2 yacos npu

35°C.

OKBUBAJIEHT CTOHKOCTH K ToueuHOW kopposuu (PRE) Takke BbHucisaor mimst odemx

CTajiel ¢ MCIOJIb30BaHUEM CIIeAYIoLIeH (OpMYJIbL:

PRE=%Cr +3,3%Mo+30%N

rae %Cr, %Mo u %N npencrasisroT coboil conepkaHue, paCTBOPEHHOE B MaTpHLEe, IPU
temneparype aycreHuszauuu (TA). PacTBopeHHOe conepkaHH€ BBIYUCISIIOT C IOMOIIBIO
Thermo-Calc, ucnons3yss Oank panHeix TCFE7 nust temmepatypsl aycrenmzauuu (TA),
KOTOpyto ycraHaBnuBaroT mpu 1080°C st ctanu mo Hacrosimemy nzobperenuto, u npu 1030°C
JUJIs CPAaBHUTEJIbHOM CTaJIu.

Crajp o HACTOSIIIEMY M300PETEHHI0, Kak OOHapykeHo, uMmeeT BeruucieHHyo PRE 20,9,
B TO BpeMsI KaK JJIsl CPAaBHUTEIBHOHN CTaJIM, KaK OOHAPYKEHO, OH COCTABJISIET TOJIBKO 13,2.

Takum 06pa3om, CTalib MO HACTOSIIEMY H300PETEHHIO HE TOJBKO UMEET O0Jiee BHICOKYIO
TBEPJIOCTb U CTOMKOCTh MPOTHUB OTITYCKA, HO TaKXKe U JIYULIYIO KOPPOSHIHHYIO CTOWKOCTb, YeM Y
CPaBHUTEJILHOMN CTaJIH.

IIpumep 2

KoMno3uuuio crany mo HacToAMEMY H300PETEHHI0 MOJYHYAKT € MOMOIIBI OOBIMHON
MeTajutypruu, Bkiarodasi ESR.

Tabmuua 4. Komnosunus uccnenyemoii crany.

DjeMeHT Cranp no Hacrosimemy nzooperenuro [pumep 2
C 0,41
Si 0,18
Mn 0,46
Cr 12,0
Mo 2,25
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\4 0,50

N 0,085
S 0,0006
Al 0,009
O 0,0009

Cranp mpokaTbiBalOT A0 pasMepoB 250x80 MM M NOABEPrarOT MATKOMY OTXKMHIY.
TBepaocTb B MATKO-OTOXOKEHHOM COCTOSIHUM Haxoautcss B auamnasoHe 182-197 HBW gs000.
Tsepnocte usmepsitor cornmacHo ASTM E10-01. PaccrosiHue Mexay BMSATHHAMU HHIEHTOPA
coctaBisieT 14 MM UM MakCUMalbHOE OTKJIOHEHHE OT CPEIHEro 3HA4YeHHs] TBEPAOCTH IIO
BpuHemT0 B HaNPaBJICHUH 110 ITUPUHE, KaK OOHAPYKEHO, cocTaBisieT 3,9%.

MUKpOCTPYKTYpa OY€Hb OTHOPOAHAS ¢ MAJIbIMU KapOOHUTPHUIAMHU BaHAUS, OTHOPOIHO
pacripeneneHHbIMU B MapTeHCUTHON martpuue. luamerp skBuBaneHtHoro kpyra (ECD) >90%
KapOWI0OB, HUTPUIOB /WK KapOOHUTPHUIOB B MUKPOCTPYKTYpE MeHbIIe, ueM 2,5 mkMm, rae ECD
=2VA/r, tne A NpeCTaBIsIeT COOOM MJIOIAab MOBEPXHOCTH YACTHUIILI KapOuaa B UCCIIETyeMOM
ceueHnn. Yactuiel AIN Oosnblire, ueM 4 MKM HE ETEKTHPYIOTCSL.

Uucroty ouenusatoT corjacHo ASTM E45-97, Method A. PesynbTaT, NpuBenEeHHbIN B
Tabnuue 5, MOKa3bpIBA€T, UTO CTalb SIBJSETCA MCKIFOUUTENBHO YUCTOH, YTO TAaKXKe AT B
pes3yJbTaTe O4eHb XOPOLIYIO MOJIUPYEMOCTD.

Tabmuua 5. Mukpouunak cornacio ASTM E45-97, Method A.

A B B C C D
T H T H T H T H
0.0 0,0 0.5 0,0 0.0 0.0 1.0 0.5

Cranp nmonaBeprarOT yNpOYHEHHIO NMOCpeAcTBOM aycTeHusauuu npu 1020 u 1050°C B
TeueHue 30 MUHYT, 3aTe€M 3aKaJIMBaIOT B aTMocdepe a3oTa mpu 5 6ap, a mocie 3TOro OTIMyCKaroT
ABaXIbl B TeueHue AByx yacoB npu 250°C, 480°C umm 525°C, npu 3TOM cTanib, NojaBepraemast
ornycky mpu 480°C, monBepraercsi OXJXACHHUIO B JKHIKOM a30Te€ IMOCJe 3aKajKd U Tepen
ormyckoM. PesynbraTel nokasansl B Tabmmue 6.

Tabnuua 6. Pe3ynbraThl yIpOYHEHUS CTAIM 110 HACTOSIIEMY N300PETEHUIO

Temn. ynpouHeHus Tewmm. ormycka °C Teepnocts HRC OcraTouHbIll ayCTEHUT
°C (% 06.)
1020 250 51,8 <2
1020 525 53,3 <2
1050 250 53,7 8
1050 (+Cryo) 480 55,7 <2
1050 525 56,1 <2

CTpykTypa COCTOUT M3 OTMYIIEHHOIO MAapTEHCUTA U TOJBKO cTaib 1050°C/250°C (2x2)
HUMEET 3aMETHOE KOJIMYECTBO OCTATOYHOTO ayCTEHHUTA.

Ynapuast mpoyHocTs 0e3 Hanmpesa B TL-HampaBieHHH, TO €CTh MOMEPEK MPOAOTHHOTO
HarpasiieHus1 (IIPOKaTKH), Kak oOHapyskeHo, cocraBisier 337 JIx nmus cramm 1050°C/525°C
(2x2) c TBeproctoio 56,1 HRC.

IIpomblieHHass IPUMEHUMOCTD
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HepxxaBeromast cranbp IO HACTOSIIEMY H300pPETEHHIO BEJHKOJIENHO COOTBETCTBYET
NPUMEHEHUSIM, TPEOYIOIINM BBICOKOH TBEPIOCTH M BBICOKOH MPOYHOCTH, & TaKXKe XOPOLIEH

KOPPO3UHHON CTOHKOCTH, HanpuMep, AJs ctanel popm st GOpMOBAHUS TIIACTUKOB.
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OOPMYJIA N30BPETEHUA

1. HepskaBeromasi cTaiib, cocrosimast, B %o MaccoBbIxX (% Macc), us:

C 0,32-0,50

Si 0,1-1,0

Mn 0,1-0,8

Cr 11-14

Mo 1,8-2,6

\% 0,35-0,70

N 0,05-0,19
HEeo0s3aTeIbHO

Al 0,001-0,05

Ni <1

Cu <4

Co <3

W <0,8

Nb <0,1

Ti <0,1

Zr <0,1

Ta <0,1

B <0,01

Be <0,2

Se <0,3

Ca <0,01

Mg <0,01

REM <02

OCTaTOK MpezacTasisier codol Fe u mpumecs.
2. HepxaBewomas craib Mo m.1, COOTBETCTByrOIIas, MO MEHbLIEH Mepe, OJHOMY U3

crenyoImux najgee TpedoBanuii (B % MacCOBBIX):

C 0,36-0,44
Si 0,1-0,5
Mn 0,2-0,6
Cr 11,5-13
Mo 2,0-2,5
\% 0,40-0,60

N 0,06-0,12



C+N
Al
Ni
Cu
Co
W
Nb
Ti
Zr
Ta
B
P
S
O
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0,45-0,53
0,001- 0,03
<0,5
0,5-2
<0,5
<0,5
<0,008
<0,01
<0,01
<0,01
<0,003
<0,03
<0,002
<0,001

W/ Tpu 3TOM AuaMeTp SkBuBajeHTHoOro kpyra (ECD), mo menbiueir mepe, 80%

KapOuI0OB, HUTPUAOB W/UIH KapOOHUTPHIOB B MUKPOCTPYKTYpe MeHblIe, ueM S MkM, rae ECD

=2VA/r, tie A NpeICTaBiIsIeT COOOM IJIOIAab MOBEPXHOCTH YACTHUIBI KapOuaa B UCCIETyeMOM

CCUCHUU.

3. HepskaBeromas cranb COrjacHO mo m.1 uiu 2, COOTBETCTBYIOLIAsA, [0 MEHBILIEH Mepe,

OITHOMY U3 CJIEAYIOIIUX najiee TpedoBanuii (B %o MacCOBBIX):

C
Si
Mn
Cr

0,38-0,42
0,1-0,3
0.4-0.5
11,6-12,4
2,1-2.4
0,45-0,55
0,07-0,11
0,46-0,52
0,001- 0,03
<03
<0,001

W/ Tpu 3TOM auameTp skBuBajeHTHoOro kpyra (ECD), mo menbiueir mepe, 80%

KapOWIOB, HUTPUIOB /WK KapOOHUTPUIOB B MUKPOCTPYKTYpE MeHbIIe, ueM 2,5 mkMm, rae ECD

=2VA/r, tie A NpeICTaBiIsieT COOOM IJIOIAab MTOBEPXHOCTH YACTHUIIBI KapOuaa B UCCIIETyeMOM

CCUCHUU.

4. HepskaBeromasi ctaib 10 JI0OOMY W3 MPEAbINYLINX IMYHKTOB, COOTBETCTBYIOLIAS, 1O



MEHBIIeH Mepe, OTHOMY U3 CJIeNyIoIuX najiee TpedoBanuii (B % MacCOBBIX):
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C 0,38-0,42
Si 0,1-0,3
Mn 0,4-0,5

Cr 11,6-12,4
Mo 2,1-2,4

\Y% 0,45-0,55
N 0,07-0,11
Al 0,001-0,03
Ni <0,3

5. HepxaBeromass ctajp 1o J0O0OMYy U3 MPENbIIyLIUX IyHKTOB, INPUYEM CTallb
HaXOAUTCS B MATKO-OTOXKEHHOM COCTOSIHUM M COOTBETCTBYET, 110 MEHbIEH Mepe, OHOMY U3
CIEeYIOIHUX Jajiee TpeOOBaAHUI:

cpennsist TBepaocThb o bpunemto 150-300 HBW 03000

W/WI TIPU 3TOM CTajlb MMEET IIUPHUHY W/WIU TOJIIUHY, O MeHbiued mepe, 100 MM u
MaKCHUMaJIbHOE OTKJIOHEHHE OT CPEeHEro 3HaueHusl TBEPAOCTH N0 bpuHeN o B HallpaBlIeHUH T10
mpuHe u/win Toimune, usmepeHHoe cormacHo ASTM E10-01, mensiue, yem 10%, mpu sTom
MUHHMMAJIbHOE PACCTOSIHUE OT LIEHTPa BMSITHHBI MHIEHTOpA OT Kpast oOpasla WM Kpas Apyroi
BMSTHHBI MHJEHTOPA JOJDKHO OBITH IO MEHbLIEH Mepe, B J1Ba C TMOJOBUHON pasza OoJbplue, uem
AuaMeTp BMSTHHBI MHIEHTOPA, U MAaKCHUMAJbHOE PACCTOSHUE MEXAY BMSITHHAMM HHAEHTOpA
TOJKHO OBITH He OoJiee ueM B 4 pasza Oosblile, 4ueM AuaMeTp BMSITUHBI HHASHTOPA,

W/WIH CIEeAYIOIUM MaKCHMAJIbHBIM TPeOOBaHHEM OTHOCHUTEIBbHO MHUKPOLILJIAKA COTJIACHO
ASTM E45-97, Method A:

A A B B C C D D
T H H T H T H
1,0 0 1.5 1.0 1.5 1.0 L5 1.0

6. HepxaBewowmas ctajp MO 1.5 COOTBETCTBYIOLIAs, MO MEHbIIEH Mepe, OIHOMY M3
CIeYIOIUX Jajiee TpeOOBaAHUI:

cpennsist TBepaocTh o bpunemmo 160-240 HBW 03000

W/WJI TIPU 3TOM CTajlb MMEET INHPHUHY W/HIU TOJINUHY, O MeHbiued mepe, 100 MM u
MaKCHUMaJIbHOE OTKJIOHEHHE OT CPEeHEero 3Ha4UeHUsl TBepAOCTH MO0 bpuHeN o B HallpaBlIeHUH I10
HIMpUHE W/UIU TonuHe, n3MepeHHoe cornacHo ASTM E10-01, menbine, yem 5%, u ipu 3TOM
MHUHHMAJIbHOE PACCTOSTHWE OT LIEHTPa BMATHHBI MHIEHTOpPA N0 Kpas oOpasua WM 10 Kpas
APYro BMATHUHBI WHAEHTOPA IOJUKHO OBITh, 1O MEHbIIEH Mepe, B [1Ba C IOJIOBHHOH pasa
Oonble, YeM AMAMETP BMSATHHBI WHAEHTOPA, U MAaKCHUMAJbHOE PACCTOSHHUE JOJDKHO OBITh HE
Oonee ueM B 4 pa3a Oosblie, YeM AUAMETP BMSITHHBI HHAECHTOPA,

W/WJIH CIIEAYIOLUIUM MaKCHMaJIbHBIM TPeOOBaHNEM OTHOCUTEIBHO MUKPOIIJIAKA COTJIACHO
ASTM E45-97, Method A:
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A B C C D
T H T H T H
0.5 0 L5 0,5 1,0 0,5 L5 1.0

7. Hepxaseromass cramp o mobomy wu3 mm.l-4, mpuuemM CTajib HAXOIUTCS B

YIOPOYHCHHOM M OTHYLIEHHOM COCTOAHUHU U COOTBETCTBYET, IIO MEeHbIIei MEPE, OOHOMY u3

CNEAYIOLIMX Jajiee TPeOOBaAHMIA:

Matpuia coaepxur > 90% 00. mapTeHcHTa,

MaTpuLa ConepKuT < 4% 00. ayCcTeHuTa,

TBepAOCTh cocTanisieT 55-62 HRC,

pa3mep Bcex yactull AIN < 4 Mkwm,

yIapHas mpoyHOCTh oOpasua 6e3 Haapesa > 50 Ik B TL-nanpasnennu npu 58 HRC,

npenes mpodyHocTu mpu cxkatuu Rcpn HA 10-30% BbIE, YyeM mpenen MPOYHOCTH HA

pacTtskeHue Rpoa.

8. Hepxkaseromas crtanp Mo 1.7, MpUYEM CTajlb COOTBETCTBYET, MO MEHBbLIEH Mepe,

OHOMY U3 CJIEAYIOLINX J1ajiee TpeOOBaHMIA:

MaTpuIa coaepkur > 95% 06. mapTeHcHTa,

MaTpuia conepkut < 2% 00. aycTeHuTa,

TBepAOCTh cocTasisieT 56-60 HRC,

pasmep Bcex yactull AIN < 3 Mkwm,

yapHasi mpoYHOCTh 0Opasia 6e3 Haapesa > 100 [Ix B TL-nanpasnenun npu 58 HRC.

9. llpenBapuTenbHO JIETUPOBAHHBIM TMOPOIIOK HEP)KAaBEIOLIEH CTalu, MOJTYYEHHbIN

TIOCPENCTBOM aTOMM3ALMU CTaJH, HMEoLIel cocTas no JirodoMy u3 mm. 1-4.

10. IlpumeHeHue NpeaBapUTENbHO JIETUPOBAHHOTO MOPOIIKA IO M.9 A U3TOTOBJIEHUS

TBEPABIX O0OBEKTOB C HCIOJB30BAaHUEM JIFOOBIX CIIOCOOOB M3 ropsa4€ero Mn30CTaTU4YECKOro

IIPECCOBAHMUS,

OKCTPYy3HKU TMOpOLIKa U aITUTHUBHOMN TEXHOJIOTHMH, HWJIH 1Jd CO3daHUA

MOBEPXHOCTHOT'O CJIOSA Ha IMMOMJIOKKE IIOCPEACTBOM TECPMHUHUCCKOrO HAIIBUICHUA, XOJIOOHOT'O

HaIBUIEHUS WX MOCJIOWHON HAILJIaBKU.

ITo noBepenHocTn
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