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(54) cnocib BUIOTOBJIEHHA CTANEBOIO JIUCTA, CTANEBUX NUCT, CNOCIE BUIOTOBIEHHA
FAPAYELUTAMIMOBAHOI ETAJ TA TAPAYELUTAMIMOBAHA OETAJb

(57) Pedpepar:

CtaneBuii nuCT, NpMaaTHUIA onsa 6araTocTagiiHoro NPoLecy rapsavoro WTaMnyBaHHSA | NOB'sI3aHOTO 3
HUM BMPOGHNYOrO NpoLEecy, NPMYOMY 3a3HayYeHWIn CTaneBuii IMCT Mae ckrag, siKMl BKIoYae, y mMac.
%: C - 0,13-0,4, Mn - 0,4-4,2, Si - 0,1-2,5, Cr<2, M0<0,65, Nb<0,1, Al<3,0, Ti<0,1, B<0,005, P<0,025,
S<0,01, N<0,01, Ni<2,0, Ca<0,1, W=<0,30, V=0,1, Cu<0,2, i mae koediuieHT Q, sKMA CTaHOBUTb
mMeHwe 20, npuyoMy 3a3HayveHui KoedilieHT Q BU3Ha4YaeTbCA siK (BMICT eNeMeHTIB HaBeeHWI Y Mac.
%): Q=114-68-C-18-Mn+20-Si-56-Cr-61-Ni-37-Al+39-Mo+79:Nb-17691-B, npudomy 3a3Ha4yeHui
cTaneBuUn NUCT Mae MIKPOCTPYKTYPY, sika BKIoYae B YacTkax nosepxHi 60-100 % pekpuctanizoBaHoOro
deputy, MeHwe 40 % cymum mapTteHcuty, 6enHiTy i kapbigiB i meHwe 5 % HepekpucTanizoBaHoOro
heputy.
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Llen BuHaxig BigHOCUTbLCA [0 CTaneBMX JUCTIB i BMCOKOMILUHMX 3arapToBaHMX nNig npecom
cTaneBux geTtaneu, siki MatoTb BiaNOBIAHY 06pobntoBaHiCTb Nnepes rapsynm LWTaMnyBaHHAM.

baraTtoctagintHa obpobka cTaneBuMx NWCTIB ANA BUIOTOBJIEHHSA CKMagHWX AeTanen mMeTtoaom
rapsiyoro LTamnyBaHHA cTae Bce Oinbll nonynsipHol. 3a paxyHOK 30inbLUeHHsT KiNbKOCTI onepaLin,
AKi MOXYTb ByTW BUKOHaHI 3i cTaneBmMmmn nuctamu, baratoctaginHi npouecn A03BOMAIOTL BUPOOHMKaM
BUrOTOBNATU rapsyuMm LUITaMnyBaHHAM AeTani CKMafHiWOoi reoMeTpii y MOpPIBHSAHHI 3i 3BMYaWHUM
O[HOCTadiNHNM rapsyMMm LWTaMnyBaHHAM. Lle TakoxX [O03BONSE CKOPOTUTU KiMbKiCTb oOnepadin
noganbLuoi 06pobkn aetanen. Lle, B cBO Yepry, no3Bonse edekTUBHie BUpillyBaTK npobnemu, 3
AKMAMU CTMKAeTbCA aBTOMOOIMbHA MPOMUCIIOBICTb, NiABULLYOYM 6e3neky TpaHCMOpPTHWMX 3acobiB i
€KOJOriYHi MOKa3HUKK, 30epiralum Npyu LUbOMY BWCOKI MOKA3HWKM TEXHOSOrYHOI MPOAYKTUBHOCTI i
HWU3bKi BUPOOHMYI BUTpaTU. MOPIBHSAHO 3i CTaHAAPTHUM OAHOCTALIMHUM rapsynuM LITaMnyBaHHAM 4vac
00pobkn npu GaraTocTafiiHOMy rapsyoMy LWTaMMyBaHHI € OinbwuM. Ak Hacnigok, AyXe BWCOKI
LIBMAKOCTI OXOMNOAXEHHS, AKi AOCAralTbCA B OQHOCTaAIMHOMY rapsyoMy LITaMnyBaHHi, He MOXYTb
OyTn pocarHyTi B 6aratoctaginHux npouecax. OTke, HeOOXiAHO BUKOPUCTOBYBATU CneLianbHi cknaau
cTani, sIki A03BONSATb 3arapToByBaTW CTanb i AOocCAraTtM HeoOXiOHUX AyKe BUCOKUMX MeXaHiYHUX
BNAaCTUBOCTEN HaBiTb 3@ BiAHOCHO HU3bKNX LUBMAKOCTEN OXONOMKEHHS Npu 6araTtoctaginHin o6pobu,.
LlikaBum €, Hanpuknag, BUKOPUCTAHHA CKragy cTani, AKy MOXHa NepeTBOPUTM Ha ayCTeHiTHy, abo
PepuUTHO-ayCTEHITHY CTPYKTYpY, | 3arapTyBatM Ha MapTEHCUTHY MIKPOCTPYKTYPY HaBiTb Mpu
LIBMOKOCTI oxonomkeHHs Hkde 20 °C/c, nepeBaXHO HaBiTb MPU LUBMAKOCTI OXONOMKEHHS HMDKYE
16 °C/c. OgHak TexHiYHWUIA Hedonik Takux cTanen Mnonsirae B TOMY, WO BOHM MOXYTb OyTW nerko
niggadi 3arapTyBaHHIO Mig 4Yac BUFOTOBSIEHHA CaMOro CTanieBoro PYfoHy, Hanpuknag, Ha JiHil
HaHeCeHHs1 MeTarneBoro NoKpUTTS y pasi cTanen 3 NoKpuTTaM abo Ha niHii 6eanepepBHOro Bignany y
pasi ctanen 6e3 nokputTa. LiicHO, cknaawm ctanewn, ski npuaaTtHi gns GaratocTaginHoi oGpobku,
OO3BOMAIOTL 3arapToByBaTWM X HaBiTb NPU BIAHOCHO HU3bKMX LUBUOKOCTAX OXOMOMXKEHHS, SKi
NPaKkTUKYITBLCA MiCNA Nevi Bignany Ha uMx fiHiax.

Lle € npobnemoto npu obpobui ctani nepen rapsyvMm wTamnyBaHHaM. [incHo, ctanb 6yae
3aHagTo TBEpAo, Wwob ii MoxkHa Gyno nerko 3amMoTaTu y BUIMSAI PYNOHY Ha MNiHii, e BMKOHYETLCS
Bignan, a noTiM pospizaTn 6e3 HagMipHOro OBCMYroByBaHHS pi3anbHUX iHCTPYMEHTIB Ha cTanesi
3aroToBKM Mnepen rapsyMMm  wTamnyBaHHaM abo nonepedHbo opMmyBatM nepeqn  rapsynm
LITaMMNyBaHHAM, SK Lie BigbyBa€eTbCs B NpoLiecax HEMPSIMOro raps4voro WTaMnyBaHHS.

MeTolo LUbOro BMHaxo4y € BUPILWEHHS Liel NpobnemMu LWSIXOM CTBOPEHHSI CTaneBoro nucra, skui
Ma€e XiMiYHMI cknag i MIKpOCTPYKTYpYy, $iKi pobnaTb Moro npuaatHMM Onsi BUKOPUCTAHHS B
OaraTtocTagiiHOMy nNpoLeci rapsidoro LUTaMnyBaHHA, Skui Gyge JOCUMTb M'SKUM ANS BignoBigHOT
06pobnoBaHOCTI Nepes rapA4nm LTamMmnyBaHHSIM.

[ogaTKoBOKO METO LbOrO BWHAaxo4y € CTBOPEHHS CMOCOOYy BWUFOTOBMEHHS 3a3HA4eHOro
cTanesoro nucra.

CraneBun nWCT BIiOHOCWUTLCA OO MJIOCKOrO CTaneBOro NuCTa, SKUA MaE BEPXHIO | HUXHIO
MOBEPXHIO, AKi TAKOX HAa3MBalTbCH BEPXHbOK i HUKHBOK CTOPOHOK abo BEPXHbOK i HUXKHBOI
nosepxHeto. BigcTaHb MK 3a3HayeHUMW MOBEPXHAMM MO3HAYalTb AK TOBLUMHY nuUCTa. TOBLUUHY
MOXHa BUMIPATK, Hanpuknag, 3 [OMNOMOrow MiKpomeTpa, MIKPOMETPUYHMW TBUHT i M'ATa SKOro
pO3TalLOBaHi Ha BEPXHIN i HWXKHIN NOBepXxHAX. AHaMoriYyHMM CrnocoboM MOXHa BUMIPSTU TOBLUMHY
dopmoBaHoi getani.

3aroToBka siBNsie cobo MMOCKUIA NUCT, BMpi3aHWiA i3 cTaneBoro nucrta, y byab-akin dopmi, sika
nigxoanTb A5si NOro BUKOPUCTAHHS.

B noganbwomy onuci, opmyni BuHaxody i npuknagax TepMiH "cTanesui nuct" 3a3Buyan
BiQHOCWUTbLCA OO MaTepiany nepeg noganbliMMK ornepauigamm 0O6pobKkM, TakmMm SK-OT pi3aHHA Ha
3aroTOBKU i nepep rapsyuMMm wwTamnyBaHHAM. 3 iHworo 6oky, TepmiH "3aroToBka" BigHOCUTbCS [0
mMartepiany, BUpi3aHOro i3 cCTaneBoro nucTa Ansg BUKOPUCTaHHA B MPOLECi rapa4voro LWraMnyBaHHS.

apsaye wTamnyBaHHS ABMASE COOOK TEXHOMOri0 (HOPMyBaHHS CTani, sika BKMOYA€E HarpiBaHHS
cTaneBoi 3arotoBkk abo nonepegHbO HOPMOBAHOI AeTarli, BUrOTOBMEHOI i3 CTaneBoi 3aroToBku, 4O
TemnepaTypu, Npu Skiln MIKPOCTPYKTypa cTani xoda 6 4acTKOBO TPaHCHOPMYETBCS Ha ayCTeHiT,
YTBOPIOKOYM 3aroTOBKY abo nonepeaHbo POPMOBaAHY AeTarnb NPy BUCOKIM TemnepaTtypi WNAXom ii
LWTamMNyBaHHS i 0gHOYACcHOro 3arapTyBaHHA hopmoBaHOi AeTani ANA OAepXKaHHS MIKPOCTPYKTYpM,
sIka Ma€ ay>xe BUCOKY MiLHICTb, MOXITMBO 3 AOAATKOBOK CTafietd po3nogineHHs abo BignyckaHHs npu
TepMoobpoobLi.

BaraTocTagiiHuim npouec rapsidoro LUTamMnyBaHHA sBNsie cobol ocobnuBuii  TMN npoLecy
rapsyoro LUTamMnyBaHHs, SIKAA BKMOYaE LLOHAWMEHLe OAHY CTafilo LiTamMnyBaHHSA i CKragaeTbes
LLIOHaMeHLLEe 3 BOX TEXHONOTMYHNX CTafin, sSKi BUKOHYIOTBCS NPy BUCOKIN TemnepaTypi Buwe 300 °C.
Hanpuknag, 6aratoctaginHuii npoLec MoXe BKIOYaTW MepLuy onepaito WTamnyBaHHA i noganbLly
onepauito obpizaHHa 06O B rapsyYoMy CTaHi, TaK L0 FOTOBY AeTalb Ha BUXO4i 3 NpoLecy rapsiyoro
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WTaMnyBaHHA He nOTpiOHO AopaTkoBo ob6pisatn. Hanpuknag, 6aratoctaginHui npouec Moxe
BKMOYATK KifbKa MNOCNIAOBHUX CTadin WTamMnyBaHHA BUrOTOBMEHHSA AeTanen 6inbLu cknagHoi popmu,
HDK Ti, WO MOXHa peanisyBaTu 3 [JOMOMOrol OAHiel onepauii wTamnyBaHHA. Hanpuknag, B
fOaraTocTagiiHoMy npoueci geTani aBTOMaTtUYHO NepefarwTbCs 3 OAHIET onepauii Ha iHwy,
Hanpuknag, 3 AONOMOrol 6GaraTono3uuiiHOro npeca 3 MepeHEeCeHHAM 3aroTOBKM MO CTPYMKax.
Hanpuknag, petani 3anuwarTbCa B OAHIM i TiM camin MawwuHi, dka € 6araTtodyHKLUioOHaNbHUM
iHCTPYMEHTOM, SIKUA MOXEe BUKOHYBATW Pi3Hi onepadii, Taki SK-OT neplle wWraMnyBaHHA i noganslia
onepauis obpisaHHs B MaLUUHi.

apsdye WTaMnyBaHHA 0O3BOSSIE OAEPXYBATU AyXe MilHi geTani cknagHoi doopmu i mae 6e3niy
TeXHiYHMX nepeBar. baratoctagiiHe rapside WTamMnyBaHHSA A03BOJISIE O4epXKyBaTy Lie Ginbll cknagHi
dopmMun, HiXXK 0gHOCTadirHe rapsye WTamMnyBaHHS.

TBepaicTb € Mipoto onopy fokanizoBaHol nnacTu4Hoi gedopmadii, CNPUYNHEHOT MEXaHiYHUM
BOABMOBaHHAM. BoHa BignoBigHO KOpentoe 3 MexaHiYyHMMKU BNacTUBOCTSMU MaTtepiany i € KOpUCHUM
METOZO0M NOoKanbHUX BUMIpIOBaHb, KU HE BMMarae Bupi3aHHsa 3paska Ans BunpobyBaHHS Ha pO3TSr.
B uboMy BMHaxodi BMMIptOBaHHA TBEpPAOCTi MPOBOAATE 3 BUKOPUCTaAHHAM iHAeHTOpa Bikkepca
BignosigHo o cranpapty 1ISO 6507-1. TeepaicTb 3a Bikkepcom BupaxaeTbcs B 0anHMLAX Hyv.

B onwuci, npuknagax i cdopmyni BMHaxogy TepMiHm "Bignan”, "niy Bignany", "npouec signany"
CTOCYIOTbCS METanyprinHoro npouecy, B SKOMY XONOAHOKaTaHWN CTaneBuUn NUCT PekpUcTanisyloTb
LUNSAXOM MOro HarpiBaHHs. Y pasi ctaneu, Wwo mawTb dasu, BigMiHHI Big depuTy, Bignan npoBoasTb
npu TemnepaTypi WoHanmeHwe Buwle 3a Acl1 (Temnepartypa, nNpu SKi MIKPOCTPYKTypa MOYUHAaE
TpaHcopMyBaTMCA Ha ayCTEHIT).

TepMiH "WBUOKICTb OXONMOMXKEHHA" BIAHOCUTLCA [0 LWBWAOKOCTI, 3 $KOW CTaneBuh JUCT
OXOJSIOAXKYETHCA B MpPOLEC Bignany nig 4Yac noro BuMrotoBrneHHs. lig Temnepatypoto BUTPUMYBaHHS
PO3YMIilOTb MaKCMMarnbHy TemnepaTtypy, Ska [OCAracTbCs CcTaneBum JMCTOM B nedi Bignany.
LWBnokicTe oxonomxeHHsi, BupaxeHa’°C/c, aBnge cobow cepedHio LWBUAKICTb OXOMNOMXKEHHS
cTaneBoro nucra B AianasoHi Big temnepatypu ButpumysaHHsa Ao 300 °C. LUBMAKICTE OXONOMKEHHS
MOXHa BMPaA3nTK 3a TaKOK POPMYIOLO:

LWenakicte oxonomkeHHs = (Temnepartypa Bignany - 300 °C)/(4ac Mk BMXogoM 3 nedi Bignany
ctanesoro nucrta i gocarHeHHam 300 °C).

TepmiHn "aycTeHizauig" i "sarapTyBaHHA" BiOHOCATBCA [0 MNPOLECY rapsA4yoro LiTamnyBaHHS
CcTaneBoi 3aroToBKW.

TepmiH "WBMAKICTb 3arapTyBaHHA" abo "cTyniHb 3arapTyBaHHSI" BiOHOCUTbCA OO CepeaHbol
wBmakocTi, BupaxeHoi B°C/c, npu ki ctanesa 3aroToBka oxonomxyetbcs o 300 °C B npoueci
rapsiyoro wrtamnyeaHH4. [ig TemnepaTyporo aycTeHisalii po3yMmiloTb MakcumarnbHy Temneparypy, sika
JOCAraeTbCs CTaneBoOl 3aroTOBKOK B Mevi aycTeHisauii nepeq rapayum wtamnysaHHaM. LLsuakicTb
3arapTyBaHHS MOXXHa BUPa3uUTU 3 JOMOMOrOK HacTyMnHOI (POpPMYmn:

Wenakicte 3arapTyBaHHA = (TemnepaTypa aycTeHidauii - 300 °C)/(4ac MiX BMXOOOM CcTanesoi
3aroToBKW 3 nedi aycteHisauii i gocarHeHHsm 300 °C).

Hani 6yge onucaHun cknag ctani 3rigHO BMHaxody, MPUYOMY BMICT BUMPaXaeTbCA Yy MacOBUX
BigcoTkax. XiMiyHi cknagu HaBedeHi 3 ypaxyBaHHAM HWXKHbOI i BEPXHbOI rpaHuli gianasoHy cknagis,
npu4oMy 3a3HayveHi cami rpaHuLi BKNIOYEHi B MOXNUBUI Aiana3oH cknagis 3rigHO BMHaxony.

3rigHo BuHaxogy, BMICT Byrneut 3HaxoauTbca B Agianasodi 0,13-0,4 % ana 3abe3nedyeHHs
3a0BinbHOI MilHOoCTI. Mpu BMicTi Byrneuto Ginbwe 0,4 % 3BaprOBaHICTb i THYYKICTb CTAnNeBoro nucra
MOXYTb 3HU3UTUCA. AKLIO BMICT Byrneuto Hux4de 0,13 %, rpaHuus MiLHOCTI Ha po3TAr Nicnga rapsyoro
LUTaMnyBaHHA He JOCArHe LiNbOBOro 3Ha4YeHHs.

Bwmict mapraHuto ctaHoButb 0,4-4,2 %. TNpu gopaaHHi Ginbwe 4,2 % 30iNblUyeTbCs PU3KK
OCbOBOI MikBaLil Ha LWKOAY TEXHOMOFMYHOCTI, @ TaKoX 36iNbLUYETLCS PU3UK YTBOPEHHS TPILMH Nig Yac
rapsi4oro wramnyBaHHs i TO4anbLIOro BUKOPUCTaHHs getani. Hkye 0,4 % 3miyHoBaHICTb CTanesoro
NNCTa 3HWXKYETBLCS i NICNS rapsaYvoro WTaMnyBaHHSA He JOCAraeTbCa HeobXigHa MiLHICTb.

Bwmict kpemnito ctaHoButb 0,1-2,5%. KpewmHin € enemeHtom, wo 6epe yyacTb Yy
TBEPAOPO3YMHHOMY 3MiLHEHHI. KpemHin gogaetbcs ona obMexeHHs yTBopeHHA kapbigis. Mpu BMICTI
Buwe 2,5 % noBepxHi YTBOPKKTLCA OKCMAM KPEMHIlo, WO noripwye 34aTHICTb cTani npuamatu
nokpuTT4. BinbL TOro, 3BaptOBaHICTb CTaNeBOro fIMcTa MOXe 3HU3UTUCS.

Bmict xpomy He nepesullye 2 %. Xpom € enemeHToM, Lo Gepe yyacTb y TBEPAOPO34YUHHOMY
3MiLHeHHi. BmicT xpomy o6MexeHuin fo piBHS HUXYe 2 %, Wob obMexunTn npobnemm TeXHONOrYHOCTI
Ta 3HU3UTU BaApPTICTb.

Bwmict moni6geHy He nepesuwye 0,65 %. MonibgeH nokpaiwlye 3MmilUHIOBaHiCTb cTani. BmicT
mMoni6aeHy He nepesuitye 0,65 % ona obMmexXeHHs BUTpaT.
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BwmicT HioGito obmexenun 0,1 %. Hiobin nokpaiwiye nnactmyHicte crani. Mpu Bmicti Buwe 0,1 %
3poctae pwusmk yTBopeHHs Benukux BugineHb NbC a6o Nb(C, N) Ha wkogy TeXHOMNOrYHOCTI.
MepeBaxkHo BMICT HiObit0 3HaxoauTbes B AgianasoHi 0,02-0,06 %.

3rigHo 3 BMHaxogoMm, BMICT aniomiHito obmexeHo 3,0 %. AnomiHin € Ayxe edekTMBHUM
€eneMeHTOM sl PO3KUCNEHHS cTani y pigkin casi npu padiHyBaHHi. AntoMiHin Moxe 3axuctuTtun 6op,
AKLIO BMICT TUTaHy He € goctatHiM. Bmict antominito nigtpumyote Hukye 3,0 %, wob yHWKHYTK
npobnem 3 OKUCNEHHSM i YTBOPEHHAM epuTy nifg Yac 3arapTyBaHHA Mig npecom.

3rigHo 3 BMHaxo4oM, BMICT TUTaHy obmexeHun 0,1 %. TuTaH MoXe 3axucTuTu Oop, SKUN MOXe
3axonnoBaTtucb BugineHHamun BN. Bmict TutaHy obmexenun 0,1 %, WOO YHUKHYTM HagmipHOro
yTBOpeHHSA TiN.

3rigHo 3 BuHaxogom, BMicT Gopy obmexenun 0,005 %. Bop nokpallye 3MmiLHHOBaHICTb cTarni.
Bwmict ©6opy He nepesuwye 0,005 %, wob yHUKHYTM npobnem i3 pyriHyBaHHAM cnsabiB npu
0Oe3nepepBHOMY pO3MMBaHHI.

BmicT dhocopy KoHTpontoeTbes Ha piBHi Hkye 0,025 %, ockinbky BiH NpU3BOAUTE A0 KPUXKOCTI i
npobnem 3BaprOBaHOCTI.

BmicT cipkn koHTpontoeTbca Ha piBHi Hkye 0,01 %, OCKinbKM NPUCYTHICTb CipkM B pigkin ctani
MOXe MPU3BECTN A0 YTBOPEHHS BudineHb MnS, aki noripwyoTe 34aTHICTb 4O BUTMUHY.

BmicT a3oTy kOHTpontoeTbCs nuwe Ha piBHi Hwkde 0,01 %. MpucyTHICTL a3oTy MOXe NpU3BECTM
A0 YTBOPEHHs BuaineHb, Takunx gk-oT TiN abo TiNbCN, ski noripwyoTe 0bpobnioBaHicTsb cTani.

Hikenb HeoboB'A3koBO AogaeTbes Ao piBHA 2,0 %. Hikenb MOXHa BUKOPUCTOBYBATU ANsi 3aXUCTY
cTarni Big ynoBiflbHEHOro po3TpickyBaHHS. BMICT Hikento obMexxeHUn Ons 3HWKEHHsSI BUTpar.

Kanbuin Takox Moxe OyTu gogaHui sik HeoOOB'AI3KOBMIW enemeHT Yy kinbkocTi go 0,1 %.
HopnaBaHHsa Ca go pigkoi ctani 4o3Bonse CTBOpoBaTh APibHI oKcMaK, siki NOKpaLLYOTh JIMBAPHI SIKOCTI
npv 6e3nepepBHOMY PO3MMBaHHI.

Bonbcpam Takox moxe OyTn gogaHmi sik Heobo'askoBui enemeHT 0o 0,3 %. B uux KinbKoCTsIX
Bonbdpam nNiaBULLYE 3arapToOBaHICTb | 3MiLHIOBAHICTb 3aBASKN YTBOPEHHIO Kapbigis.

Banagin Takox moxe 6yt gogaHun o 0,1 %. BaHagin nokpawye nnacTuyHicTs ctani. [Npu BMicCTi
sue 0,1 % 36inblyeTbCA PU3NK YTBOPEHHS BEMWKNX BUAINEHb Ha LUKOAY TEXHOMNOTMYHOCTI.

Bmict migi oomexeHun 0,2 %. Cu 3MiLHIOE CTanb LUMSXOM TBEPAOPO3YMHHOrO 3MiLHeHHs. [Mpu
BmicTi Buwe 0,2 % icHye puanK NamKoCTi Nig Yac raps4oi NpokaTKu.

PewTy cknagy cTani CTaHOBMATb 3asni30 i HEMWHYyYi OOMILLKKW, SIKi YTBOPKOOTBCA B MPOLECI
BUMMNaBKN | 3anexaTtb Big TEXHOMOrYHOro MaplpyTty. Y pasi BUrOTOBMEHHA 3 BUKOPUCTaHHAM
AOMEHHOI MeYi piBEHb HEMUHYYMX OOMILLIOK € OYyXe HU3bKMM. Y pasi BUPOOHMYOro MapLupyTy 3
BMKOPWUCTaAHHSIM E€MeKTPOAYroBoi Medi, 3aBaHTaXeHOoi MeTarnoOpyxToM, CTaneBui JIUCT MOXe
AOAaTKOBO MICTUTU 3aruvLIKOBi €NeMEHTU, odepxaHi 3 MeTanobpyxTy, Taki dk-OT cypma, MUW'SK i
cBuHeupb A0 0,03 % i onoso Ao 0,05 %, 9ki po3rnagalnTbes 9K HEMUHYYI JOMILLIKK.

Y KOHKPETHOMY 34iINCHEHHI XiMiYHWUI CKNag CTaneBoro nucta MiCTUTb (Y MacoBuKX BiACOTKax)

C:0,15-0,25 %

Mn: 0,5-1,8 %

Si: 0,1-1,25 %

Cr:0,1-1,0%

Al: 0,01-0,1 %

Ti: 0,01-0,1 %

B: 0,001-0,004 %

P <0,020 %

S$<0,010%

N <0,010 %

i HeOOOB'I3KOBO BKIOYAE 0AMH abo Aekinbka 3 Takux efleMeHTIB Y MacoBMX BigCOTKaXx:

Mo < 0,40 %

Nb < 0,08 %

Ca<0,1%

peluTa cKrnagy CTaHOBUTb 3ari30 Ta HEMUHYYI JOMILLKM, SIKi YTBOPIOOTBCS B pe3ynbTaTi Nnasku.

Y KOHKPETHOMY 3[iNCHEHHI XiMiYHMI CKNad CTaneBoro nucrta MicTutb (y MacoBMX BiACOTKax)

C:0,26-0,40 %

Mn: 0,5-1,8 %

Si: 0,1-1,25 %

Cr:0,1-1,0 %

Al: 0,01-0,1 %

Ti: 0,01-0,1 %

B: 0,001-0,004 %
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P <0,020 %

S$<0,010 %

N <0,010 %

i He06OB'A3KOBO OAMH abo KinbKa 3 HACTYMHMX €NEMEHTIB Yy MacoBUX Bi4COTKaX:
Ni<0,5%

Mo < 0,40 %

Nb < 0,08 %

Ca<0,1%

peLwuTa cknagy € 3asni3o i HeMUHYYi JOMILLKK, SKi YTBOPIOOTBCA B pe3ynbTaTi NnaBku.
Y KOHKPETHOMY 3AiINCHEHHI XiMIYHWI CKNag cTaneBoro nMcra MiCTUTb (Y MacoBMX BigcOTKax)
C:0,3-0,4 %

Mn: 0,5-1,0 %

Si: 0,4-0,8 %

Cr: 0,1-0,4 %

Mo: 0,1-0,5 %

Nb: 0,01-0,1 %

Al: 0,01-0,1 %

Ti: 0,008-0,03 %

B: 0,0005-0,003 %

P <0,020 %

S <0,004 %

N < 0,005 %

Ca<0,001 %

i HeODOB'A3KOBO MICTUTB:

Ni<0,5%

peLuTa ckrnagy € 3ani3o i HeMUHYYI AOMILLKM, SKi yTBOPIOKOTLCA B pe3ynbTaTi NnaBku.
Y KOHKPETHOMY 34iINCHEHHI XiMiYHWUI CKNag CTaneBoro nucta MiCTUTb (Y MacoBuKX BiACOTKax)
C: 0,24-0,38 %

Mn: 0,40-3 %

Si: 0,10-0,70 %

Cr:0-2%

Al: 0,015-0,070 %

Nb =< 0,060 %

Ti: 0,015-0,10 %

N: 0,003-0,010 %

S: 0,0001-0,005 %

P: 0,0001-0,025 %

Ni: 0,25-2 %

npu LbOMY:

Ti/N >3,42,

2.6C+m+g+§2ll%
53 13 15

b HeoboB'sA3k0BO BKMIOYAE:

Mo: 0.05-0.65 %

Ca: 0.0005-0.005 %

W: 0.001-0.30 %

peLuTa cKragy € 3aniso i HeMVHYYi JOMILLKUW, SKi YTBOPIOOTBLCS B pe3ynbTaTi nnaBKu.

B KOHKpeTHOMY 3[iMCHEHHI cknaj cTaneBoro fiMcTa MiCTUTb Taki ernieMeHTH, y MacoBux %:
C:0,2-0,34 %

Mn: 0,50-2,20 %

Si: 0,5-2 %

Cr<0,8%

P <0,020 %

S<0,010%

N <0,010 %

i HeODOOB'A3KOBO BKIOYAE OAUH abo Kinbka 3 HACTYMHMX €fTIEMEHTIB, Y MacoBMX BigcOTKax:
Al:<£0,2%

B < 0,005 %

Ti< 0,06 %

Nb < 0,06 %
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pewiTa ckrnagy € 3asni3o i HeMUHYYi JOMILLKK, SKi YTBOPIOOTBECA B pe3ynbTaTi NraBku.

Y KOHKpeTHOMY 3AiNCHEHHI cknaj CTaneBoro fiucta BKNoYae Taki enemMeHTu y Macosux %:

C:0,15-0,4 %

Mn: 1-3,5 %

Si: 1,0-1,65 %

Cr<2%

Al<0,5%

Ti<0,1%

B <0,005 %

pewiTa cknagy € 3asni3o i HeMUHYYi JOMILLKK, SKi YTBOPIOOTBCA B pe3ynbTaTi NnaBku.

B KOHKpeTHOMY 34iCHEHHI CKnag, cTaneBoro fiucta MiCTUTb Taki efleMeHTH, y macosux %:

C: 0,15 %-0,25 %

Mn: 1,5 %-2,5 %

Si: 0,1 %-0,4 %

Cr=0,5%

Al: 0,03 %-1 %

Ti: 0,02 %-0,1 %

B: 0,0015 %- 0,0050 %

P<0,012%

pewuTa cknagy € 3asni3o i HeMUHYYi OMILLKK, SKi YTBOPIOOTBCA B pe3ynbTaTi NfaBku.

B KOHKpeTHOMY 34iACHEHHI CKnag, cTaneBoro fiucra MiCTUTb Taki eflieMeHTH, y macoBux %:

C:0,1-0,3%

Mn: 3-4,2 %

Si: 0,7-2 %

Al: 0,1-1 %

Mo: 0,1-0,5 %

Nb: 0,01-0,05 %

Ti: 0,01-0,05 %

B: 0,001-0,005 %

peLuTa cknagy € 3aniso i HeMWHYYi AOMILLKM, AKi yTBOPIOKOTLCS B pe3ynbTaTi NnaBku.

o6 6yTn npugaTHMM ONst BUKOPUCTaHHS B ©araTocTtagiiHoMy NpOLECi rapa4yoro wramMmnyBaHHs,
XiMiYHWIA CcKnaf CTaneBoro nucTa, 3rigHO BMHaxody, AOA4ATKOBO 3a[0BOSbHSIE Taki dpopmyni (BMICT
eneMeHTIiB BUpaxeHu y macosux %):

Q<20

ae Q=114-68-C-18-Mn+20-Si-56-Cr-61-Ni-37-Al+39-Mo+79-Nb-17691-B

Lis dopmyna Oyna ogepaHa 3a JOMOMOMM AUNATOMETPUYHUX EKCMEPUMEHTIB Ha 3paskax cTani
pisHoro cknagy. 3pasku HarpiBanu B nedi go Temnepatypu 900 °C i BuTpumyBanu npu UK
TemnepaTtypi 2 xB. [MoTiM 3pa3ku 3arapToByBanu 3 BUKOPUCTAHHSAM Pi3HMX LUBUOKOCTEN 3arapTyBaHHS.
Ha 3araptoBaHux 3paskax Oynu npoBeaeHi MeTtanorpadiyHi JOCHIIKEHHs Ons BU3HAYEHHS iX
MIKpPOCTPYKTYpU. KpuTnYHa WBWMAKICTL 3arapTyBaHHS Ans AaHOro 3paska BU3Havarnacs K WBUAKICTb
3arapTyBaHHS, BULLIE 3a AKY 3arapToBaHi 3pa3kyv Maru MOBHICTIO MApPTEHCUTHY MIKPOCTPYKTYpY. INMoTim
Oyna BCTaHOBreHa niHiHA perpecias MK XiMIY4HMM CKNagoMm 3paskiB i KPUTMYHOK  LUBUAKICTIO
3arapTyBaHH{A, BU3HA4YeHOK 3 [JOMOMOrow onucaHoro Buwe npoTokony. KoediuieHT Q 6yB
BM3HAYEHWA 3 [OOMOMOroK Uiel MiHIMHOT perpecii i BignoBigae AyXe XOpOoLOoMY HabBNMXeHH
KPUTUYHUX LWIBUOKOCTEN 3arapTyBaHHS HU3bKOBYINELEeBUX cTanemn.

ABTOpKU BCTaHOBMMW, WO ko Q < 20 cTanb MOXe BUTPUMYBATWM BiAHOCHO HU3bKi LUBWOKOCTI
OXOIOKEHHS B GaraTocTagitHOMy MPOLECi rapsiyoro WTammnyBaHHS.

MepeBaxHo, W06 cTanb Mana Hmk4Yni koedilieHT Q, Hanpuknag, Q < 16.

CraneBui nuCT, 3rigHO 3 BUHAX040M, Ma€ Taky MIKPOCTPYKTYPY (BUPaXeHy B YacTkax MOBEPXHI):

- WoHarmMeHLwe 60 % deputy

- woHavmeHwe 40 % cymu GenHiTy + mapTeHcuTy + kapbigy

- LWWoHanMeHWwe 5 % HepekpucTanizoBaHoro epuTy.

Deput € M'sikoto hasoro. HasiBHicTb LoHanMeHwe 60 % depuTy B cTaneBomy nucTi 3abesnedye
[OCTaTHIO M'siKiCTb Ans 06pobkn cTaneBoro nucTa.

O6MexuBLIN KinbKicTb BEVHITY, MapTeHcuTy i kapbigiB B MiKPOCTPYKTYpi, aBTOpWU BUSIBUNA, LUO
cTaneBuMh NUCT Mae AOCUTb HU3bKY TBEPAICTb, W06 noro moxHa Oyno ycniwHo obpobnatn B
XOMIOAHOMY CTaHi nepeg rapsadvMMm wramnyBaHHAM. OOMEXMBLUM KiNbKiCTb HepeKpucTanisoBaHoro
depuTy, aBTOpU BUSIBUIK, LLO CTANeBUIA NNCT MAE JOCUTbL HU3bKY TBEPAiCTb, W06 Moro MoxHa byno
ycrnilHO 06pobnsATK B XONOAHOMY CTaHi Mepes rapsayum LWTamnyBaHHSIM.
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Hanpuknag, ctaneBui nUCT BMHaxogy Mae TBepaicTb Hwkde 270 Hv. Lle Bignosigae rpaHuui
MiLHocTi npu po3Tar suwe 800 MMa. MNpu nepeBuLLEHHI LbOro piBHA MILHOCTI MexaHidyHa obpobka,
Taka sk pi3aHHs cTae Bce Oinblu CKMagHOW i BUMAarae CKrnagHux i goporux ornepadint 3 TeXHIYHOro
obcnyroByBaHHS pidanbHUX IHCTPYMEHTIB.

B KOHKpEeTHOMY 3AiMCHEHHI CTaneBui NCT, 3riAHO BUHAxXo4y, Mae BUCOKY 3MiLHIOBaHICTb micns
rapsiyoro LTamMnyBaHHs i 3arapTyBaHHS.

3MILHIOBaAHICTb XapakTepusyeTbCsa NiABULLEHHSIM TBEPAOCTI CTaneBoOi 3aroTOBKW, OL4EPXaHOoI i3
CTaneBoro nucra Micnsi rapsyoro WrtamnyBaHHSA. |i MOXHa BUMIPATW, MNigAaslM cTanesuin nUCT
onepadii rapsa4oro WwramnyBaHHS i BUMIpPABLUM TBEPAICTb 4O i nicns.

3MiLHIOBaHICTb CTaneBoro fmMcta Npy BUCOKIM LIBWMAKOCTI 3arapTyBaHHs AHvhi BM3HavaeTbesa sk
AHvhi=Hvfast-Hvini, ne Hvfast - TBepgicTb cTaneBoro nucra nicns Moro HarpiBaHHSA 4O TemnepaTtypu
900 °C npotsirom 7 xB i 3arapTyBaHHsa 3i wewugkicTio 100 °C/c, a Hvini npeacrtaensie TBepaicTb
cTaneBoro nucra 4o TepmMoobpobku.

Hanpwvknag, 3miuHOBaHICTb CTaneBoro nucta 3 BUCOKOKO LIBMAKICTIO 3arapTyBaHHs AHvhi
CTaHOBUTL LoHariMeHLwe 200 Hv.

3MILHIOBaHICTb CTaneBoro nNucTa npu HU3bKiA LWBWAKOCTI 3arapTyBaHHs AHvlo BM3HavaeTbesa sk
AHvlo=Hvslow-Hvini, ge Hvslow npeacraense TBepAicTb CTaneBoro nucra nicnsg Noro HarpisaHHA oo
Temnepatypu 900 °C npoTtarom 7 xB i 3araptyBaHHs 3i wswuakictio 20 °C/c, a Hvini npeacrasnse
TBEPAiCTb CTaneBoro nucTta go Tepmoobpobkm.

3aBOdkn TOMy, WO CTanieBUW NUCT, 3rigHO BUHaxo4y, MoOxe nigaaBaTWCs 3arapTyBaHHIO Mpu
HU3bKUX LUBWOKOCTAX 3arapTyBaHHA i MpuM LUbOMY MaTW OyXe BUCOKY TBepAiCTb Micns rapsyoro
wTamnyBaHHs, 3MiLHIOBaHiCTb AHvlo cTtaneBoro nucta 3rigHO BWHaXOAy MPW HU3bKIN LUBWUAKOCTI
3arapTyBaHHs 3anuwaeTbcsl BUcokow. Hanpuknag, Hvlo ctraHoBuTb woHarkmeHwe 150 Hv, Ginbw
nepeBaxHo, WoHanMeHwe 180 Hv, we 6inblw nepeBaxHo, WwoHanmeHLwwe 200 Hyv.

IHWun cnoci6 BkazaTm Ha TOWM (akKT, WO CTaneBuMn IUCT, 3rigHO BMHAxody, Moxe OyTu
3arapToBaHUN MPU HU3bKMUX LUBUOKOCTAX 3arapTyBaHHSA i NPpU LbOMY MaTu AyXKe BUCOKY TBEPAICTb
nicrns rapsyoro wramnyBaHHs, nonsarae y BusHadeHHi pisHuui Hvfast-Hvslow, fka gopiBHO€E pisHUU
Hvhi-Hvlo. PisHuuysa Hvfast-Hvslow cTtanesoro nucra BnHaxoay HeEBenuvka, OCKiNbKW y MaTepiany Bce
e OyXe BUCOKa TBEPAICTb MICNA rapsiyoro LTamnyBaHHS 3 HM3bKOK LUBMAKICTIO 3arapTyBaHHS.
Hanpuknag, pisHmus Hvfast-Hvslow ctaHoBuTtb meHwe 100 Hv, nepeBaxHo meHwe 50 Hyv, we 6inbL
nepeBaxHo meHwwe 40 Hv.

CraneBui nUCT, 3rigHO BUHaxony, BUrOTOBIISAIOTb 3@ TAKMM TEXHOSOTYHUM MapLUpPYTOM:

- cTaneBun cnsab, WO Mae cknag, OnuUcaHM Bulle, BiONMBalOTb i MOBTOPHO HarpiBawTb 40
TemnepaTypu Treheat, WO cTaHoBUTL 1100-1300 °C, nepea rapsyod MNPOKaTKOK 3  KiHLEBOK
TeMnepaTypolo raps4oi npokaTtkM, wo crtaHoBuTb 800-950 °C, ana ofepxaHHa cTanesoro
rapsiyekaTtaHoro nucTa,

- MOTIM rapsiyekaTaHy cTarlb OXOMNOMXKYIOTb i 3MOTYIOTb Y PYNOHM Npu Temnepatypi Tcoi HUXYE
670 °C i HeODOB'sI3KOBO TPYATb AN BUAANEHHS NPOAYKTIB OKUCIEHHS,

- Aani pynoHHW ctanesnn NUCT MiggaroTb XONOAHIN npokaTui ANnA oAepXXaHHSA XONnogHOKaTaHoro
cTaneBoro nucra.

CTtyniHb 0OTMCKaHHA NpY XONMOAHIM NpoKaTui 3HaxoauTbesa B gianal3oHi 20-80 %, nepeBaxHo 35-
80 %. CrtyniHb o060TuCckaHHs Hwx4ye 20 % He cnpusie pekpucTanisauii nig 4Yac noganbLloi
TepMoOOpPOOKHM, L0 MOXe MOTipWMTU NNacTUYHICTL cTanesoro nucta. MNMpu nepesuweHHi 80 % icHye
PU3NK PO3TPICKYBaHHS KpanoK Nif Yyac XONoAHOI npokaTku.

XonogHokaTaHWI cTaneBun NUCT NOTIM NigdatoTk Bignany, 3a skuMm HeobOB'A3KOBO crifgye npouec
HaHeCeHHs MeTaneBoro NokpuUTTs. Hanpuknag, ctanesBuil NIMCT NOKPUBAKOTbL MEeTaneBUM MOKPUTTAM
Ha OCHOBI antoMiHito. Hanpuknag, ctaneBui NUCT MOKPUBAKOTb MeTaneBuMM MOKPUTTSM Ha OCHOBI
LIMHKY.

Hanpuknag, ctaneBuint NUCT MOKPUBAKOTb MeTaneBUM MOKPUTTAM Ha OCHOBI antoMiHilo, AKuin
MICTUTBb 3a Macow 7-15 % kpemHito, 2-4 % 3ani3a i HeoboB'sisakoBo 15-30 yacT./MNH KanbLito, Npu
LbOMY pPEeLUTY CTAHOBUTb arntoMiHil i HEMWHYYI OMILLKM, SKi yTBOPIOIOTECS B pe3ynbTaTi 06pobku.

Hanpuknag, ctaneBun nNUCT MNOKPUTUIA MeTaneBuMM NOKPUTTAM Ha OCHOBI artoMiHilo, sike MICTUTb
2,0-24,0% wmac. uuHky, 1,1-12,0% m™ac. kpemHito, Heobos'sazkoBo 0-8,0% mac. marHito i
HeOoOOB'sI3KOBO A0A4AaTKOBO enemMeHTu BubpaHi 3 Pb, Ni, Zr abo Hf, npnyomy macoBui BMICT KOXHOMO
poaatkoBoro enemeHta He nepesulye 0,3 % Mac., a pewTy cknagalTb anoMiHii i HeMUHYYI
JOMILLKW.

Mpouec Bignany npoBoasATb Tak, Wo6 koediuieHT, sakuin Oyae [OOATKOBO BU3HAYEHUN HUKYe,
3anuwascs Hmkye 0,50.

KoediuieHT K BU3HauyaeTbCca 3a Takow (pOpMynor 3anexHo Bif cknagy ctani nucta (BMICT BCiX
€reMeHTIB BUpaXXeHo y MacoBux %):
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Akwo cknapg ctani € Takum, wo Mn-Si > 1,5 %:

_ Tsoaking—Aet_In(rex) (1+0.1xInheatingrate)) —
Ae3 - Ael 5
Akwo cknapg ctani € Takum, wo Mn-Si < 1,5 %:

_ Tsoaking—Aet _ In(rex) (1+0.1xInheatingrate))
Ae3 - Ael 5

Me Si
06 1.2

———j*0.03

ne:

- Tsoaking npeacrtaBnsie Temnepartypy BuTpumyBaHHA B°C, TOGTO, MakcumarnbHa TemnepaTtypa,
Lo AocsAraeTbCca cTanesmMm NMCTOM B NpoLeci Bignany;

- trex npeacTtaBnsie 4Yac pekpucTanisauii, BUPaXXeHU B CEKyHOax, SIKMM BU3HAYaAETbCHA SK 4vac
3HaXOMKEHHN Npy TeMmnepaTypi Buwe 700 °C B npoueci Bignany;

- heating rate - WBKAKICTb HarpiBaHHSA NpPeaCcTaBnse CEPeaHI0 WBUAKICTb, 3 AKOK CTaneBun nucT
aocsirae Temneparypu BuTpumyBaHnHsi, y°C/c, To0T0,

LWenakictb HarpiBaHHsA = (Tsoaking-30 °C)/(vyac nepebyBaHHs mix 30 °C i Tsoaking)

- Ae1 i Ae3 BignoBigHO NpeAcTaBnsATbL TeMnepaTypu, BupaxeHi B°C, nNpu sIKMX 3a PiBHOBaXKHUX
YMOB MOYMHAE YTBOPHOBATUCA ayCTEHIT i NpU AKMX CTalnb CTAE MOBHICTIO ayCTEHITHOK 3a PiIBHOBAXXHMUX
yMOB. 3 METOK BU3Ha4YeHHs koediuieHTa K 6e3 BMKOHaHHS hisndHmx BuMiptoBaHb Ael i Ae3 aBTopu
BuBenu cdopmynu ana Ael i Ae3, 3acHoOBaHi Ha ximiyHOMY cknagi ctanesoro nucta. Li dpopmynu
I'PYHTYIOTBCA Ha BiAOMWX KOpenAauisx i 4oOaTKOBUX BUMIPIOBAHHAX, BUKOHAHWX aBTopamu, i SKi
0cob6nMBO NiAXo4ATb ANSA CKNafiB cTani uboro BUHaxoay.

Ae1=734+77-C-29-Mn+14-Si+7-Cr-38-Ni-22-Al-25-Mo+123-Nb-8621-B

Ae3=935-257-C-25-Mn+32-Si-17-Cr-83-Ni+17-Al+129-Mo+156-Nb-19473-B

LUNSXoM YMCNEeHHMX eKCNEPUMEHTIB | YNCENbHUX KOpensauin BUHaXigHWKM BUSABUNK, LLO CTanesui
NIACT, BUFOTOBIEHUI 3 BUKOPUCTAHHSIM OMMCAHOro cnocody obpobku, Mae 4OCUTb HU3bKY TBEPAICTb,
wob 1oro moxHa Oyno nerko obpobnaTM B XONOAHOMY CTaHi nepen onepauied rapsyoro
LwTaMmnyBaHHA. 30KpemMa, BaXnMBo AOTPMMYBATUCh onMcaHoro Buuwe 3HadeHHs K<0,50 npwu signani
XOMOAHOKAaTaHOro CTaneBoro nNucta Ans AOCATHEHHS OOCUTb HM3bKol TBepaocTi. KiHueBun npoaykT
nicns Bignany i MOXIMBOrO HAHECEHHS MOKPUTTS Ha CTaneBui NIMCT Mae TBepaiCTb Hmkve 270 Hyv.

Kpim TOro, aBTopm HecnofiBaHo BMSBWIM, LLO NPW 3aCTOCYBaHHI BUHaxo4y TBEPAICTb CTanesBoro
nucTa nepeBaxHO He 3anexuTb Bif LWBMAKOCTI OXONMOMKEHHS nicns crtagii signany. Tob6To,
He3Baxalun Ha Te, WO CcTaneBui NUCT Mae XiMIYHUIA cKnapg, KM rapaHTye, Wo BiH MaTUMe HU3bKY
KPUTUYHY LUBUAKICTL 3arapTyBaHHSA MiCns MOBHOI aycTeHi3auil nepen MOro rapsynm LWTaMmnyBaHHAM
(3aBosikm Q < 20 abo HaBiTb nepeBaxHO Q < 16), HecnogiBaHo, WO MaTepian He JocArae ayxe
BUCOKMX pPiBHIB TBEPAOCTI HaBITb NPW OXONOMKEHHI 3 BiAHOCHO BMCOKOM LUBWAKICTIO MiHii, Ae noro
BignantoloTb Nicna XonoAHoi npokatku. Taka noBefjiHKa CTaneBoro NUCTa Ha niHil Bignany gyxe
BUrigHa 3 MPOMMUCIOBOI TOYKM 30pY, OCKINbKW BOHA O3Ha4ae, WO cTaneBun NUCT MaTUMe O0CUTb
HW3bKY TBEPAICTb He3arnexHo Big CxeMu TepMiyHoi obpobku, Ak nmiggaeTbcs nicnga signany. Lle
nigBvLYyeE HafiNHICTL BnacTMBOCTEW NPOAYKTY i 3abesnedvye 6inbly rHy4kicTb nicns Bignany.
3okpema, Le o3Hauvae, Wo He NOTpibHI ocobnmBi 3MiHM B KOMMOHYBaHHI iCHYIOUYMX BUPOOHMYMX MiHiA
nicns Bignany gns 6araTocTtagiiHoi o6pobkn ctanen. Lle Takox go3Bonsie HaHOCUTU Byab-AKUA TUN
MeTaneBoro MOKPUTTS, HaHECEHHHA $KOro BMMMBAE Ha CxeMu TepMmiyHoOi obpobku, 3okpema npu
HaHECEHHI rapsiyoro NOKpUTTS, He TypOYUNCh NPO TBEPAICTb KIHLIEBOIO NPOAYKTY.

Hani Oyge [oknagHO OMMCaHWA MpoLec BUFOTOBMEHHs opmoBaHOi fgeTani i HacTymHi
XapakTepuctmkm dopmMoBaHoi geTani.

CraneBy 3aroToBKYy BMpi3ylOTb i3 CTaneBoro nucra 3rigHO BWHaxody i HarpiBalwoTb B Meui
aycTeHizauii oo Temnepatypu Buwe Acl1. [lepeBaxHO, cTaneBy 3aroTOBKY HarpiBaloTb [0
TemnepaTypu 880-950 °C npotarom Big 10 ¢ oo 15 xB Ana oAepXaHHs HarpiTol cTaneBol 3aroTOBKMU.
Harpita 3arotoBka noTiM nepefaeTbcs Ha popMyBarnbHUW npec nepen rapsavyMMm opmMyBaHHAM.
Hanpuknag, npouec rapsyoro wrtamnyBaHHA € 6aratoctaginHum npouecom. Hanpwuknag, npouec
raps4oro (opmyBaHHA Mae LBMAKICTb 3arapTyBaHHA Hwkde 20 °C/c i 6inbwy abo pisHy 3 °Clc,
nepeBaxHo Ginblwy abo pieHy 5 °C/c.

MikpoCTpyKTypa rapsyeliTamnoBaHOl AeTani CknagaeTbCa B YacTkax noBepxHi 3 noHag 95 %
MapTeHCUTy | MeHwe 5 % OelHiTy + deputy. Hanpuknag, rapsyelitamnoBaHa getanb Mae TBEPAICTb
Buwe 400 Hv, we nepeBaxHo Buwie 440 Hv.

Hani BuHaxig 6yae nNpoiniocTpoBaHU TakuMK NpuKknagamu, siki ax Hisik He € obmexxyBansHUMN. Y
BCiX Tabnuusx nigkpecneHi 3Ha4eHHs i NOCUNaHHA Ha 3pas3ku, SKi He BXOASATb 40 BUHAXOAY.
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Tabnuusa 1
XimiyHMM cknap,
3paskn

% %
cknagis |% C M %S| HP |% Si|% Cr| % Ni |% Al M % Nb|% Ti| % B |% N |[AellAe3| Q

n o]

crari

A 0.191(1.990(0.001/0.010|0.197/0.202/0.000(0.041/0.000j 0,000 [0,024/0.0025(0.003|672|792|12

0.1771.020|0.0010.0120.6900.820 0.0000.022/0.190| 0,031 (0.026/0.0029/0.005|707(846| 9

0.219 1.960|0.001 0.011 1,150‘0.674 0.0000.039|0,0000,0110(0.024/0.0024/0.004({693(810| 5

0.1923.920|0.0010.013 1.280‘0.025 0.021 0.350‘0,195 0.023|0.029(0.0027|0.005|618|810

0.3400.600‘0.0020.0130.550‘0.3000.4(100.040‘0.200 0.050 [0.020(0.0025(0.005|716|798|16

M m 9O O @

0.2351.220‘0.0020.0110.210‘0.200 0.000 0.039‘0.000 0,000 [0.022(0.0023|0.006|700{804|27

B Tabnuvui 1 nepepaxoBaHi 6 pi3HMX XiMiYHUX CKnagiB, Ak Oynyn NpoTeCToBaHi, a TakoX BigNOBIAHI
koedpinieHTn Q, Ae1l i Ae3, BCi BOHV po3paxoBaHi 3 BUKOPUCTaHHSAM ONncaHux sue popmyn.

A, B, C, D i E sHaxogsaTbCca B rpaHuudax gianasoHy BuHaxody, Todi sik F 3HaxoguTtbcs 3a
rpaHnUsMM  fianasoHy, OCKiNbKM po3paxyHok koedpivieHTa Q ana ctani F craHoButh 27. Cnig
3a3HauMTK, Wo cknag crtani F Bignosigae TunoBomy cknagy crtani 22MnB5 pgns rapsidoro
LITaMMnyBaHHS.

Ak 6yge OOKNagHO onMucaHo MisHile, usa pisHMUS BenMYuHKU koedpitieHTa Q mik ctanamm A-E i
ctannto F o3Havae, WO 3pasku, BUFOTOBIIEHI 3 BUKOpPUCTAHHAM ctanen A-E, MoxyTb OyTu nigaaHi
rapsi4oMy LUTaMMyBaHHIO i OQHOYACHO 3arapToBaHi NPW HU3bKMX LUBUAKOCTSX 3arapTyBaHHA Tak, o6
AK i paHniwe maTtn Oinbwe 95 % MapTEHCUTHOI MIKPOCTPYKTYpW, Togi sk cTtanb F He matume 95 %
MapTEHCUTHOI MiIKPOCTPYKTYPWU, SIKLLIO LUBUAKICTb 3arapTyBaHHSA 3aHaATO HU3bKa.

Tabnuuga 2
MapameTpu npouecy rapsyoi i Xono4HOI NpoKaTku
Temnepatypa KiHuesa CryniHb
s . : NMOBTOPHOIrO Temnepatypa 06TUCKaHHS Ha
pasku cknagis ctani ; Temnepartypa o "
HarpiBaHHs cnsidy o 3MoTyBaHHA (°C) | cTagii XonoaHoi
o npokaTku (°C)
(°C) NPOKaTKn
A 1200 870 570 61 %
B 1150 850 550 53 %
C 1150 850 550 52 %
D 1230 920 450 68 %
E 1200 895 530 67 %
F 1200 895 550 56 %

B T1abnuui 2 nepepaxoBaHi BMPOOHWMYI MapameTpu Mpouecy rapsiyoi npokaTtku i XonogHoi
npoKaTKK, siKi TakoX 3HAXOOATLCS B rpaHuLax obcsary Lboro BuHaxogy. Ons KOXHOro XimidHoro cknagy
BMKOPMCTOBYBaBCS TOW camuii Habip napameTpis.




UA 130963 C2

Tabnuusa 3
MapameTpu npouecy Bignany
LLBunakicTb T Yac Yac LBnakictb
Cnucok | Cknapg X N
apaskis crani HaFE)IBaHHFl BTpI/II\ﬂyBaHHFlBI/ITpVIMyBaHHFl pekpucTanisadii K OXOH?ﬂmeHHﬂ
(°Clc) (C) (c) (c) (°Clc)
11 A 3 720 90 97 0,31 100
12 A 30 720 90 91 0.39 100
R1 A 3 750 90 107 0,58 100
R2 A 30 750 30 32 0,51 100
13 A 10 720 90 92 0.35 12
14 B 3 750 90 107 0.32 100
15 B 30 750 90 92 0.37 100
R3 B 3 780 90 117 0,55 100
R4 B 30 780 90 93 0.64 100
R5 B 10 780 90 98 0.59 8
16 C 30 720 90 91 0.28 100
17 C 3 750 30 47 0.42 100
R6 C 30 750 90 92 0.59 100
R7 C 3 780 30 57 0.67 100
18 C 10 720 90 92 0.26 4
19 D 1 720 30 37 0.26 100
110 D 3 720 90 97 0.38 100
R8 D 3 750 90 107 0,55 100
R9 D 3 780 30 57 0.59 100
111 D 10 720 90 92 0.43 12
112 E 3 720 90 97 0,05 100
113 E 30 720 90 91 0.06 100
R10 E 3 780 30 57 0.70 100
R11 E 30 780 30 33 0.73 100
114 E 10 720 90 92 0.05 3
R12 F 30 780 90 93 0.93 100
Tabnuus 4
KiHueBi TBepaicTb | TemnepaTtypa
Cnmncok | Cknag Hvini % % mapTecuT + BelHIT % .
apasKi cran (BuKKepC) peKkpMcTanizaoBaHoro + kapBion HepeKpMCTanizoBaHoOro
heputy eputy
11 A 197 77 % 23 % 0 %
E A 220 68 % 32 % 0%
R1 A 313 34 % 66 % 0%
R2 A 354 56 % 31 % 13 %
13 A 190 77 % 23 % 0%
14 B 238 73 % 27 % 0%
15 B 250 75 % 25 % 0%
R3 B 335 47 % 53 % 0%
R4 B 345 36 % 64 % 0%
R5 B 304 49 % 51 % 0%
16 C 232 87 % 13 % 0%
17 C 252 67 % 33 % 0%
R6 C 465 41 % 59 % 0%
R7 C 366 42 % 58 % 0%
18 C 206 71 % 29 % 0%
19 D 239 67 % 33 % 0%
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110 D 262 61 % 39 % 0%
R8 D 354 54 % 46 % 0%
R9 D 367 34 % 66 % 0%
111 D 266 61 % 39 % 0%
112 E 207 >84 % 11% <5%
113 E 215 87 % 13 % 0%
R10 E 426 58 % 42 % 0%
R11 E 492 36 % 64 % 0%
14 E 203 84 % 16 % 0%
R12 F 470 4% 96 % 0%

B Tabnuui 3 HaBegeHi mapameTpu npouecy, siki BUKOpPUCTOBYBanucsa Ha ctagii signany. Lli
napameTpu BapiloBanucsa ANd OAepKaHHSA Npuknagis B pamkax BUpOOHMYOro npouecy BuHaxoay i 3a
NOro mMmexamu.

B Tabnuui 4 HaBeaeHi pe3ynbTati BUNpoOyBaHHA Ha TBEPAICTb i aHani3y MiKpOCTPYKTYPU KOXHOrO
3paska.

B tabnmusax 3 i 4 nocnnaHHA Ha npyknagn B pamkax BUHaxody nodvHalTbes 3 nitepu | (BUHaxia),
a NopiBHAMbHI NPMKNaan NOYMHATLCS 3 Nitepn R (NOpiBHAHHS).

3rigHo Tabnuui 3, BCi Npuknagu B pamkax BMHaxoay marTb koediuieHT K ctporo Hmkye 0,50. 3
iHworo ©OoKy, BCi npuknagu MNOPIBHAHHA MatlTb MapaMeTpu npouecy Bignany, sk nicns
niacymoByBaHHS 3a chopMyroto koedilieHTa K npuasogaTtb 4o koedidieHTa, He meHwe 0,50.

3BepTatoumch 0o Tabnuui 4, 3aBOSKM KOHKPETHOMY Habopy TEXHOMNOrNYHUX NapaMeTpiB NpuKnagis
BUHaxoAdy, ki Npu3Boadatb A0 KoediuieHTa K Hwxkye 0,50, BCi npuknagnm B pamMkax BUHaxoay
AEMOHCTPYIOTb TBEPAICTb CTani nepea rapsymMm wramnyBaHHaMm (Hvini) Hwkde 270 Hv. Lle gossonse
nerko obpobnATK 3as3HadeHi cTanesi NMCTU nepeq rapsyvMM LWTaMnyBaHHAM, Hanpuknag, MexaHiyHo
pospizaTi 3as3HadeHi ctaneBi NMCTU 0e3 MOLIKOOXKEHHS PiXy4mx iHCTpymeHTiB abo 3moTtyBaTu i
PO3MOTYBaTK iX Yy BUrMA4i PYFOHY TOLLO.

3BepTatoumcb Ao Tabnuui 4, BCi 3pa3kym BUHaxoAy, MaloTb MIKPOCTPYKTYPY nepen rapsyvm
LITaMMnyBaHHAM, sika BKMOYae B 4acTkax noBepxHi 60-100 % pekpuctanizoBaHoro ¢eputy, MeHLe
40 % cymun MapTeHcuTy, GenHiTy i kapbigiB i meHwe 5 % HepekpucTanizoBaHoro dceputy. Lis
cneumdiyHa MIKpOCTPYKTypa, sika BKIIHOYAE BENUKY KibKICTb M'SIKOro doepuTy i 0OMeXeHy KinbKicTb
TBepAux as (mapTeHcuty, BeliHiTy, kapbigiB i HepekpucTanizoBaHoro cepuTy), 4O3BOMSIE OOMEXNTU
TBEpPAICTb CTaneBoro nmcra Hmkde 270 Hy.

3 iHworo GOKy, 3pa3kM MOPIBHAHHA, AN SKMX NapameTpu npouecy Bignany O6ynu Taki, wWo
koedpiyieHT K 6yB BuLe abo gopisHioBas 0,50, BCi Manu TBepaicTb ctaneBoro nucta Hvini Buwe 270
Hv. TxHa MmikpocTpykTypa MicTUTb MeHwe 60 % pekpucTanisosaHoro deputy. Mpu uboMy a6o
KiNbKICTb HepekpucTanisoBaHoro deputy nepesuitye 5 % (3pasok R2), abo cyma 4acTok NOBEPXHi
mMapTeHcuTy, 6erHiTy | kapbigis nepesuilye 40 % (BCi iHLWI 3pa3ky NOPIBHAHHS).

Uepes Oyxe BUCOKY TBEPAICTb nepen rapsyMm LUTamMnyBaHHSIM 3a3Ha4yeHi 3pasku MOPIBHAHHSA
Oyne cknagHo obpobnaTn neped rapsyMM WITaMnyBaHHAM, WO CTBOPUTb BMPOGHMYI npobnemu Ha
nignpuMeMcTBi BUpoOHMKa caMoro ctaneBoro nucta (TPyAHOLL ynpaBniHHA NepeMIlLleHHsIM MaTepiany
Ha BUPOOHWUYINA NiHii, 3MOTYBaHHAM WNOro B PYIOH, Pi3aHHsAM Ha BUXOAi NiHii TOLW0), a TakoX Ha
obnagHaHHi rapsidoro WTamnyBaHHS | NiACOOGHUX HCTpyMeHTax (CKNagHiCTb pi3aHHSA 3aroTOBOK,
nNpob1BaHHA OTBOPIB TOLLO).

Kpim TOro, cnig 3asHauuTy, LWLO ONUCaHi BULLE BNacTUBOCTI i pe3ynbTaTu ogepaHi Ans LWUPOKoro
JdianasoHy LWBWAKOCTEN OXONOMXeHHsA nicna Bignany nevi. CnpaBgi, WBWMAKOCTI OXONOMAXEHHS,
3a3HaveHi y Tabnuui 3, BapitotoTbesa Big 3 °C/c go 100 °Cl/c. Lle o3Havae, wo npouec Bignany, 3rigHo
BMHaxXo4y, € CTiNKMM, HE3amNeXHO Big HACTYMHOI LUBUOKOCTI OXONOMKEHHS NiHil Ha SKiM NpoBOAUTHCSA
Bignan. Hemae HeobXigHOCTI B cneuianbHOMY KOHTPOMi LUBWAOKOCTI OXONOMKEHHS, Hanpuknag, 3
BMKOPUCTaHHAM CeKLil mepecTaploBaHHA B Cekuii oxonomkeHHs nicnda signany. Lle gyxe Baxnveo
AN BUpOOHMKa CTaneBoro nucTa, SkoMy He NoTpiGHO BXMBATU cnevlianbHUX 3aX04iB LLOAO KOHTPOSO
LUIBUOKOCTI OXONOMKEHHSA Nicnsa nedi signany.

10




10

15

20

25

30

35

40

UA 130963 C2

Tabnuusa 5
BianpautoBaHHs Bignany
Bucoka WBKUAKICTb 3arapTyBaHHs Hu3bka LWBMAKICTb 3arapTyBaHHsA
LBuakicte | 3aranbHuin vaa;t: . H\slo_w: .
TemnepaTypal HarpiBaHHs! yac Bmco‘Ka _TBEpAiCTb MI!(pOCprKTyp.a HMSblKa TBEpAiCTb MlngCprKTyQa Hvfast-
Ctanb C) averenisaiilsnTommysanns| WBWAKICTE | NCS BCOKOT| MICNS BUCOKOI | IBMAKICTL | MICMSt HUSKOT | NICIA HU3LKOI Hvslow
Y clc) u P (c); 3arapTyBaHHs|  LUBMAKOCTI LUBWAKOCTI  [3@arapTyBaHHsl| LUBMAKOCTI LUBUAKOCTI (Hv)
(°Clc) 3arapTyBaHHs| 3arapTyBaHHs (°Clc) 3arapTyBaHHs| 3arapTyBaHHs
(Hv) (Hv)
A 900 10 387 465 465 >95 % 15 459 >95 % 6
MapTeHCUTY MapTeHCUTY
0, 0,
B 900 10 387 481 463 >95 % 15 445 >95 % 18
MapTeHCUTY MapTeHCUTY
0, 0,
c 900 10 387 534 513 >95 % 10 494 >95 % 19
MapTeHCUTy MapTeHCUTy
0, 0,
D 900 10 387 533 525 >95 % 5 493 >95 % 32
MapTeHCUTy MapTeHCUTy
0, 0,
E 900 10 387 578 578 >95 % -20 573 >95 % 5
MapTeHCUTy MapTeHCUTy
30 % cbeputy +
0, 0 HI -
F 900 10 387 485 485 >95 % 20 358 |40 % CeriTy -] o7
MapTeHcUTy 30 %
MapTeHCUTy

B T1abnuvui 5 npencraeneHi pesynbTatv BuNpobyBaHb MpU BUCOKUX | HU3BbKUX LUBUAKOCTSIX
3arapTyBaHHs Ha ctansax A-F.

3paskm Tabnuui 5 niggaBanucs ABOM  Pi3HUM  TEPMiYHMM  LUNSXam MNpouecy raps4voro
LWITaMMNyBaHHA ANA KOXHOrO XiMiYHOro ckragy 3 BMKOPWUCTAHHSIM OAHOro i TOro camoro Habopy
napameTpiB neyi ayCcTeHisauii i ABOX pi3HUX HabopiB napameTpis 3arapTyBaHHS. 3pa3ku, BUrOTOBIEHI
3 BUKOPWCTaHHSAM BWCOKOI LUBMAKOCTI 3arapTyBaHHSA, Micnsd BMXOAY 3 Mevi aycTeHisauii nigaasanucs
3araptyBaHHiO0 3i wswuakicTio 100 °C/c. 3pasku, BUrOTOBMNEHI 3 BUKOPUCTAHHAM HU3bKOI LUBUAKOCTI
3arapTyBaHHs, Micns BMXo4y 3 Meui aycTeHisauii niggaBanuca 3arapTyBaHHIO 3i wBuakicTio 5-20 °Clc
B 3aneXHOCTi Big 3paska. Bci 3pasku HarpiBanuca ogHakoBMM 4mHOM npu Temnepatypi 900 °C i
BUTPUMYBANUCs npu Ui TeMnepaTtypi NpOTArom 4acy BUTpMMYyBaHHA 387 c.

MiKpOCTpyKTypa oaepXaHMx Takum YMHOM 3paskiB i IX TBepAiCTb HaBedeHi B Tabnuui 5.

Y BCiIX BUNagkax npu BUKOPUCTaHHI BUCOKMX LUBWAKOCTEW 3arapTyBaHHA ofepxaHa
rapsiyeLuTaMnoBaHa getanb Mae MiKpOCTPYKTYpY, sika BKntoyae Ginblie 95 % mapTeHcuTy, | TBEPAICTb
Bue 440 Hv, wo BignoBigae rpaHuui MiLHOCTI Ha po3Tar npmbnusHo sue 1400 Mrla.

3 iHworo 6OKy, MpYM BUKOPUCTAHHI MOBIMbHOI LUBWAKOCTI OXOMOMKEHHHA rapsyvelutaMmnoBaHa
Aetanb, BUroToBreHa 3i ctani F, ska mae koediuieHT Q=27, i Mae MiKpOCTPYKTYPY, SKka BKINOYae nuiie
30 % mapTeHcuTy i BUCOKI YacTkm M'akiwmx a3 deputy (30 %) i 6ennity (40 %). Ak Hacnigok,
TBEPAICTb BMIOTOBNEHOI B Takui cnocid rapsyewtamnoBaHoi geTani Habarato Hwxk4ye, TOBTO iCHye
3Ha4yHuM po3puB y 127 Hv mix TBepaicTio geTani 3 BUCOKOK LUBWAKICTIO 3arapTyBaHHSA i geTtani 3
HU3bKOIO LLIBUAKICTIO 3arapTyBaHHS.

OpHak cknagu ctanen A-E, BCi 3 skux MatoTb koediulieHT Q Hmkye 20, Ginbll nepeBaXXHO HuK4Ye
16, Npn3BOASATb A0 OAEPXaHHA rapsveLlTaMnoBaHUX AgeTanen 3 BMICTOM MapTeHcuTy Oinbie 95 %
HaBiTb MPY HU3bKUX LUBMAKOCTSIX 3arapTyBaHHs He Ginbwe 20 °C/c. Lle BinbyBaeTbcsa 3aBOsku ix
HU3bkOMY KoedpilieHTy Q, sikuim [os3Bonse iM Oyt HabaraTto MeHW YyTNUMBMMM OO LUBUOKOCTI
3arapTyBaHHA. AK Hacnigok, TBEpAiCTb rapsdeluTamnoBaHuX getanen npu HU3bKUX LUBUOKOCTAX
3arapTyBaHHs, BUroToBrneHux 3i ctanen A-E 3anvwaetbcsa suwe 440 Hv, a po3puB y TBEpAOCTi MK
AeTansdgmu 3 BUCOKOK i HU3bKOIO LUBUAKICTIO 3arapTyBaHHS 3anvwaeTbes Oye HU3bkuM He Binbe 40
Hv.

Lle osHavae, wo cknagu ctanen A-E nigxogate Ana BUKOPUCTaAHHA B Mpoueci rapa4voro
LWITaMMyBaHHA 3 HM3bKOK LUBUAOKICTIO OXONTOMKEHHS, Hanpwuknag, Hwkde 20 °C/c. Hanpuknag, ui
ckragu crani nigxoasTb Ansl BUKOPUCTaHHS y BaratoctagiiHoMy Npoueci rapsiioro WraMnyBaHHS.

Ha 3akiH4eHHs, 3pa3ku, BUroTOBreHi 3i ctanen A-E i 3 BUkopucTaHHAM Taknx napameTpiB npouecy
Bignany, npu skux koediuieHT K 36epiraetbcs Hmxkde 0,50, B obox Bunagkax nigxogdtb Ans
BUKOPUCTaAHHA B MPOLECi rapa4yoro LTaMnyBaHHA, SKAW BKNIOYAE HWU3bKI LUIBUAKOCTI 3arapTyBaHHS,
Hanpuknag, Hwk4de 20 °C/c abo HaBiTb 16 °C/c, ski € [AocTaTHbO M'AKMMWU Nepeq rapsynm
WTaMmnyBaHHAM, Wo6 ix MoxHa Oyno nerko ob6pobrnaTh, Hanpuknag, LWsaxoM pisaHHa abo
nornepeaHLoro opMyBaHHS.

11



10

15

20

25

30

35

40

45

50

55

UA 130963 C2

®OPMYJIA BUHAXOLOY

1. Cnoci® BUroToBMNEHHSA CTanNeBoro NUcTa, SKUM Mae XiMivHUIM cknag, KA MiCTUTb, y mac. %:
C-0,26-0,4,
Mn - 0,5-1,8,
Si-0,1-1,25,
Cr-0,1-1,0,
Mo<0,40,
Nb<0,1,
Al - 0,01-0,1,
Ti-0,01-0,1,
B - 0,001-0,004,
P<0,020,
S<0,01,
N<0,01,
Ni<0,5,
Ca<0,1,
W=0,30,
V<0,1,
Cu<0,2,
pewuTa cknagy - 3aniso i HEMWHYYi ZOMILLKK, SIKi YTBOPIOOTLCA B pe3ynbTaTi NiaBky,
AKMIA Mae koedilieHT Q, Wo cTaHoBUTbL MeHLwe 20, Npu4yoMy 3a3HayveHui KoedilieHT Q BM3HaYaeTbCA
AK:
Q=114-68-C-18-Mn+20-Si-56-Cr-61-Ni-37-Al+39-Mo+79-:Nb-17691-B, ge BMICT BCiX €eNeMeHTIB
HaBeaeHo y mac. %,
a 3a3Ha4YeHun Npouec BKIYae cTagii, Ha aKkux:
NpoBOAATbL BiANMBaHHSA cnsiba, WO Mae BULLEONUCAHWI CKNag, i HarpiBaHHA MOro Oo TemnepaTypwu
Treheat, iIKa cTaHoBUTb 1100-1300 °C, nepea raps4vMm MpokKaTyBaHHAM 3 KiHLEBOK TemnepaTyporo
rapsiqoro npokatysaHHsA 800-950 °C ana ogepxaHHs CTaneBoro rapsgyekaTaHoro nncra,
OXOMNOKYHOTb | 3MOTYIOTb 3a3HadYeHUI CTaneBuUn rapsvekaTaHui nMcT 3a TemnepaTtypu Teoi HUXKYE
670 °C,
NPoOBOAATb XOJIOAHE MpOKaTyBaHHA i3 3acTtocyBaHHAM o06TuckaHHA B AianasoHi 20-80 % ans
ofepXaHHSA XONoAHOKaTaHOro cTaneBoro nucTa,
NpoBOASTL BigManm 3a3Ha4YeHOro XOJIOOHOKATaHOro CTaneBoro NNCTa 3 BMKOPUCTAHHAM  TaKuX
TeXHOMNOorivYHMX napameTpiB NiHil Bignany: akwo cknag crtani Takun, wo Mn-Si>1,5 mac. %, To:
K<0,50, ge K BM3Ha4aeTbCs SK:
_ Tsoaking— Ael, In(trex) ,

K= (1+0.1*In(heating rate)) - Mn _ St )ag.08,
Ae3 - Ael 5 06 1.2

ne

Tsoaking - TemnepaTtypa BUTPMMYBaHHS, HaBegeHa y °C, TOOTO MakcMmanbHa TemnepaTypa, SKOi
jocsrae ctanesuin NUCT B npoLeci Bignany,

trex - 4yac pekpuctanisauii, HaBe4eHUN B CeKyHOaX, SKUN BU3HAYa€ETbCA K Yac 3HAXOKEHHs 3a
TemnepaTypu Bue 700 °C B npoueci Bignany,

heating rate - WBMAKICTL HarpiBaHHA, 3 AKOK CTaneBur NUCT JOCArae TemnepaTypyu BUTPUMYBAHHS,
sika HaBefgeHa y °C/c, TobTo

WBKMAKICTb HarpiBaHHsA = (Tsoaking-30)/(4ac nepebysaHHs mix 30 °C i Tsoaking),
Ae1=734+77-C-29-Mn+14-Si+7-Cr-38-Ni-22-Al-25-Mo+123-Nb-8621-B, nOe BMIiCT BCiXx enemeHTiB
HaBegeHui y mac. %,

Ae3=935-257-C-25-Mn+32:Si-17:Cr-83-Ni+17-Al+129-Mo+156-Nb-19473-B, ae BMIiCT BCiX enemMeHTiB
HaBegeHun y mac. %.

2. Cnocib BMroToBMEHHS CTaneBoro NIMCTa, WO Mae HACTYNMHUIA XiMIYHWUIA CKNag, KU BKIOYaE, y Mac.
%:

C-0,26-0,4,

Mn - 0,5-1,8,

Si-0,1-1,25,

Cr-0,1-1,0,

Mo<0,40,

Nb=<0,08,

Al-0,01-0,1,

Ti-0,01-0,1,
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B - 0,001-0,004,

P<0,020,

S<0,01,

N<0,01,

Ni<0,5,

Ca=<0,1,

W<0,30,

V<0,1,

Cu<0,2,

peLuTy cknaay siBnsie coboro 3ani3o i HEMUHYYI AOMILLKM, WO YTBOPIOKTLCS B pe3ynbTaTi Nnaeku,

o mae koedilieHT Q, SSkuin cTaHOBUTbL MeHLe 20, ae 3a3HadveHun koedilieHT Q BU3Ha4YaeTbCA SK:
Q=114-68-C-18-Mn+20-Si-56-Cr-61-Ni-37-Al+39-Mo+79-Nb-17691-B, nOe BMIiCT BCiX enemeHTiB
HaBegeHui y mac. %,

i 3a3Ha4YeHn NpoLec BKNoYae crtaii, Ha SKKX:

NPoBOAATbL BiAnMBaHHA cnsaba, Wo mMae BULLEONWCaAHWA CKnaf, i HarpiBaHHs MOro 4O Temnepartypu
Treheat, wo craHoBuTb 1100-1300 °C, nepen rapsiyMm NpokaTyBaHHAM NPWU KiHUEBIN Temnepatypi
rapsiqoro npokaTyBaHHs, Wwo ctaHoBuTb 800-950 °C, ana oTpyMMaHHs rapsvekaTaHoro Crtanesoro
nucra,

OXONIOOXKYIOTb | 3MOTYIOTb 3a3Ha4YeHUn rapsyeKkaTaHui ctanesuin nUCT 3a TemnepaTtypu Tcoil Hkye
670 °C,

NPOBOAATb XONOAHE MpoKaTyBaHHSA i3 3aCTOCYBaHHSIM CTUCHEHHS B pgianasoni 20-80 % paons
OTPUMaHHS X0NI0QHOKATaHOro cTaneBoro fmcTa,

NPoOBOAATb Bignan 3as3HayYeHOoro XOoJIo4HOKATaHOro CTaneBOro fnncTa 3 BMKOPUCTAHHAM HAacCTYMHMX
TEXHOOrYHMX NapamMeTpiB MiHii Bignany: skWwo cknag crtani Takui, wo Mn-Sis1,5 mac. %, 1o

K<0,50, ge K Bu3Ha4aeTbCs siK:

_ Tsoaking - Ael, In(trex)
Ae3 - Ael 5

(1+0.1*In(heating rate))

ae
Tsoaking - TemnepaTtypa BUTPMMYBaHHs, HaBegeHa y °C, TOOTO mMakcMmanbHa TemnepaTypa, sKOi
Jocsirae ctaneBui NUCT B NPOLLECI Bignany,

trex - 4yac pekpucTanisauii, HaBeaeHWUIA B CeEKyHOaX, SIKUA BU3HAYaETbCS SIK Yac nepebyBaHHA 3a
TemnepaTypu Bue 700 °C B npoueci Bignany,

heating rate - WBMAKICTb HarpiBaHHA, 3 SIKOK CTaneBu NUCT OOCArae TemMnepatypyu BUTPUMYBAHHS,
HaBegeHoi y °C/c, To6To

WBKMAKICTb HarpiBaHHsA = (Tsoaking-30)/(4ac nepebysaHHs mix 30 °C i Tsoaking),
Ae1=734+77-C-29-Mn+14-Si+7-Cr-38-Ni-22-Al-25-Mo+123-Nb-8621-B, nOe BMIiCT BCiXx enemeHTiB
HaBeeHo y mac. %,

Ae3=935-257-C-25-Mn+32-Si-17-Cr-83-Ni+17-Al+129-Mo+156-Nb-19473-B, ge BMiCT ycix enemeHTiB
HaBefeHo y mac. %.

3. CtaneBun NUCT, BUrOTOBIEHUI 3a cnocobom 3a 6yab-sakum 3 nn. 1 abo 2,

npUYOMy 3a3HayeHWUr CcTaneBuUn IUCT Mae MIKPOCTPYKTYpY, Sika BKMYae, B 4YacTKax NOBEpPXHI,
npuHanmHi 60 % pekpuctanizoBaHoro geputy, meHwe 40 % cymmn mapTeHcuTy, GenHiTy i kapOigiB i
MeHLe 5 % HepekpucTanizoBaHoro epuTy, i

3a3HadeHun cTaneBui NMCT Mae TBepaicTb MmeHwe 270 Hyv.

4. CtaneBui nucT N. 3, 9K AOAATKOBO Mae meTarneBe NOKpUTTS Ha OCcHOBI Al.

5. CtaneBun nucT n. 3, K1 4OOATKOBO Mae MeTaneBe NoKpUTTA Ha OCHOBI Zn.

6. Cnocib BUroTOBMEHHA rapsayeLlTamMnoBaHol geTarni, SK1in BKITloYae Taki cTagii, Ha SKux:
3abe3nevyloTb HAABHOCTI 3aroTOBKW, BUFOTOBMEHOI 3i CTaneBoro nucra, ogepxaHoro cnocobom 3a nn.
3-5,

HarpiBaloTb 3aroTOBKY 0 TemnepaTypu aycTeHisauii sulie Ac1,

nepeMillyloTb 3aroToBKY B MalUUHY NS rapsqoro WTaMnyBaHHSA | OAHOYACHOro (POPMYBaHHSA i
3arapTyBaHHS 3a3Ha4YeHOro cCTaneBoro nucrta 3i LWBMAKICTIO 3arapTyBaHHs He Ginbwe 20 °C/c i He
mMeHwe 5 °C/c, npnyomy LWBKUAKICTb 3arapTyBaHHA = (TemnepaTtypa aycTeHisdauii - 300 °C)/(vac
nepebyBaHHSA CTaneBoi 3aroTOBKU MiXX BUXOAOM 3 nedi aycTeHisauii i gocsarHeHHam 300 °C).

7. MapsyewTamnoBaHa feTarnb, BUroTOBMiEHa 3a crnocoboM 3a n. 6, nNpu LbOMYy MIKPOCTPYKTypa
rapsideLITaMnoBaHoi AeTani BKIoYae woHanmMeHwe 95 % mapTeHcuTty, B YacTkax MOBEPXHi.

Komn'toTepHa BepcTka J1. Bypnak
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