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HocoGne COCTaRNICHO B COOTBETCTBHH C xypcou nemmﬁ xoropmﬁ unTEETCH
CTYZeHTaM cuenAamkuocTel «JIuTefiHoe IPORIBOMICTRO HEPHEIX H IRETHLIX MeTaN-
51I0B», KaK COCTaBHON pasfen Kypca « MeTaruioBezieHHe», a TakKe CTYACHTaM CHelH-
ambHEOCTH « O6paboTka MeTa/UI0B AjaBieHHEM» — KaK CaMOCTONTe LHasd yueOHan xac-
nannusa. [TocoOne MoXXer OLITh MOJIE3HO TAKKE CTYAESHTAM BCeX COeLHAILHOCTE],
H2Yy4AIOMHM Kype « Martepranorezienue», 0co6eHHO CTYZIeHTaM 3204HON POPMEI
ofyuenHs.

Bech yueOnbifi MaTepHas npeZIcTaBJIeH B BHZR ¢XeM H TabJIHIl, CONPOBOMIARTCA Hl-
JMOCTPAIHAMH, KOTOPLIe 00J1eruanT NoRHManHe yueOHOro Marepuana. Takoi noz-
X0 IO3BONISIeT CTYAACHTAM Jierde OPHEHTHPOBATLCS B CNOXHLIX IpoLeccax CTPyK-
TYPHBIX H3MEHEHHH, KOTOpPLIe OPOTeKaloT IpH TepMUuecKolt obpaboTke, a TakxKe
NPeACTaRIAIT O0JBLION NPAKTHYECKHN HHTepeC AN COCTABJICHHA KOHKPETHbIX TeX-
HONOTHHA TepMHuecKol 006paboTKH NpeHMYINeCTBeHHO KPYIHbLIX NOKOBOK H CT&JIb-
HBIX OTJIHBOK.

VuebHoe mocobue cocTOHT B3 JRYX 4acTel: TCOPHH TepMqucxoﬁ 06paboTkH
H TEXHONOTHH TepM0006paboTKH.

B neppoft mpHRe/ieHbI TeOpeTHISCKHE NPeATOChUIKH npegpamenm‘l IpH Ha-
TPeBe CTWIH, PACCMOTPEeHbl OPOMEeCcChl ayCTeHHT H3AaNHH, H3MeHeHHA Pa3MepoB 3epHa
H ZIpyrHe sBJIPHHA, CONPOBOXAAIOIIHe ponecchl Harpesa. IlpencrasieAn! TaKkKe
TEOPETHUECKHEe NPeANOoChUIKH NpeRpalie Ui, COBePHIAIOLIHECS IPH OXIIDKACHHH,
yAeNeHO BHEMaHHEe TaKHM CIIOXKHLIM SBNICHHAM KaK NEepJIHTHoe, GeHHHTHOE H Map-
TCHCHTHOE NPEBPAIESHHS

Bropas yacTe NocoOHs NOCBALIeHA NPAKTHYECKHM NPHeMaM Pa3paboTKH Tex-
HOJIOTHH BCeX BHZOB TePMHYEeCKOH H XHMHKO-TePMHUeCKOH 06paboTku. Bech npen-
CTABRJICHHBIH yaeOHENl MaTepHan ofopMieH B BEAE rpadHKkoR TepMoobpaboTKH, OT-
paKalOMHUH ONLIT TEPMHYECKHX 1]eXOB MAIIHHOCTPOHTEJILHbIX 3aB0JIOB.

Hactosuee nocobue npe/iHazHadeHo U1 CTYASHTOB BCeX CHellHALHOCTEH,
H3Y4YAIOIHX Kypchl « MeTasutosenenne», «Marepuaiosesienne» H « TepMudeckas 06-
paboTka», OyzZieT mOJIe3HO CTYASHTAM NPH BLMOJIHEHHH pacyeTHo-TpadAueCKuX pa-

60T, KOHTPOJLHBEX PabOT CTYZICHTAMH-3804HHKAMH, IPH NOATOTOBKE K 334eTaM H
HK28MeHaM.

CocTaBHTE) D M. 4. Besikun,
npod., JOKT.TeXH. HAayK




1 O0mume noJjI0KeHus

TepmoobpaboTka
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2 IlpespauleHus B CTaNgX TpH Harpese
2.1 Anamus no guarpamme coctossHust “Fe-11”
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4.3 Metoabl onpeaesieHUA BeJIMYHMHBI 3e€pHA

"BplsiBI€HHOE 3CPHO ayCTCHHUTA OUECHHUBAT IABYM

METOJaMH
1 Merton cpaBHeHHMs — korga HabmogaeMyro 2 CraTUCTHYecKHil MeTOx —
cTpykTypy npu yBenudeHud 100 cpaBHMBaIOT co . | | METOX OnpEAEICHUA OKYLAD -
CTaHJAPTHON ILIKANOH 3ePHHUCTOCTH . MMKPOMETPOM AHAMETPA 3€PeH ,
bamnet 1...5 - kpynHO3epHHCTBIE CTaIH ' NMOMNANAOIIKX B 25 MOJIEH 3peHHs.
Banner 6.1 Gosiee - MeNKo3epHUCThIE CTalH . ' PacCIuTLIBAIOT:
: a) CpenHuil Inamerp 3epHa
I[ cp =2 dl/ m
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HCTHHHBIH CPEAHUH OHaMeTp
3epHa ~

d cp= I[ cp " E
B) ONPEOENAIOT CPEOHIO IO~
maab 3€pHa, IPUHAMAY €ro 3a

uiap
F=nd, /4
I') KOIMYECTBO 3€PEH Ha IJIOMANH - |
1vm?
N'=1/F
3naa N ' mo HoMorpamme onpene-
ot 6arn 3epHa. ,
Bl 1 ] ¥ " Ll R) i L i 1 6J000 .
31500
16000
T2r : 8000
:., 16 - - 4000
S224 H 2000
5L 000§
§ 5l 1 900
S 6 1 250 §
'Y 9 125 3
S 12 61 3
| a0 s =
20 116
355 15
/745 1S N S NI S S T N Y AN A AE Y AN )
wWo 123 4567 8 9012
basn no aepHy




3 OGpa3oBaHHNe ayCTEHUTA

3.1 MEXAHU3M
3apoKaeHMe LEHTPOB AYCTEHHTA PocT 00pa3oBaBLIMXCS IEHTPOB
Ha 0ase dasoBbix duryxkryaumii Ha ocHOBE pasnoﬁ KOHueﬁTpalmn
— | yrjepoaa Ha rpasmune “deppur-
aycreHuT’ B “HeMeHTAT-ayCTeHAT”
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Il - uementuT; ® — dpepput; A — aycrenuT; I1 — nepanr.
Opu t >A, C. — KOHUeHTpaua yrjepoaa Ha rpaHHue pa3gena “A — d)”
C,— KOHUEHTPALHA YIJIEPOAA HA FPaHHLUe pa3aesia "A — IE”

T.x. Cp> Ca npoucxoaut auy3HOHHBIH NepeHOC yriepoaa oT rpanuubsl “A-IL”
(nokazano crpenkamH) x rpanuue “A-®”. B pesynbrare Hapylaercs paBHOBeCHe , H
AJis BOCHOJIHEHHS OTBEJEHHBLIX ATOMOB YIJiepoAa UeMeHTHT pPACTBOpsieTCs , a a—Y , NPH
3TOM yrjepoa pacreopsiercs B ofpasywuemca aycrenute. IIpouecc obpasosanus
AYCTEHHTA 3AKOHYHTCA PACTBOPEHHEM LEMEHTHTA

Muxpodororpadun , xapakrepusyiomme
npouecc obpazoBaHus aycreHuTa.x2000

Hcxonnas 5 cex.
CTpyKTypa |, BBIIEPIKK ¥
I+ o ‘| mpu 745°C
15 cex. 1 60 cex.
BBIIEPKKH .| BiIepxiIn
npu 745°C {npu 745°C




3.2 Knnernka o0pa3oBaHHSI ayCTEHHTA

OHa M3y4yaeTcs B H30TEPMHYECKHAX YCIOBHIX, T.€. MOcie OBICTpPOro HarpeBa O HECKONBKO 60-
nee BBICOKOH TeMITepaTyphl, YeM TeMmieparypa ()a3oBOr0 PaBHOBECHS, BHIAEPKKH TIPH 3TOH TeMre-
patype ¢ ¢uHKcanpel BO BpeMeHH KomHdecTBa oOpasylomerocs aycrenura. Kpusas, xapakre-

pHu3yrolasd H3MEHEHHE KOJMYECTBa OOpasylomerocs ayCTEeHHTa NMPH JAHHOH TEMIEPAType BhIIIE
KPHTHYECKOH BO BPEMEHH HA3bIBAE€TCS KHHETHYECKOH KDHBOH .

Kunernueckune kpusbie mmpesparie-
HHUSA [EPIKUTA B ayCTEHHT IPH pa3-
HbIx TeMrepatypax. Ctans V8.
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JlnarpaMma H30TEpMH4eCkoro 06pa30BaHiA ayCTeHHTa, I10-

CTpPO€HHAA MO KUHCTUYECKHM KPHBLIM.
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BpemA

®akTHYECKH Iocne 3aBCPUWICHUA TNIPCBPAIICHHA IICPIIHTA B ayCTCHHT B NOCICIHEM OCTAKOTCA

HepaBHOMepHOE pacnpenencHue
yriepoja B ayCTeHHTE (CrieuHalb-
HOE TpaBIIEHHE). x 2500

YACTHI(EI HEPACTBOPHBIIHXCH KapOuIOB H TpebyeTcs NONONHUTENHHOE BpPEMs UM MTOJTHOTO HX
HcuesHoseHmA. OOpasyrommics ayCTeHHT XHMHYECKH HEOAHOPOAEH. [lnd ero roMoreHH3aiuH
(BEIDABHHBAHMA COCTaBa ) TpebyeTcs Tarke AOMONMHHMTENBHOE BpeMiA. C y4eTOM OTMEYEHHOro

TNI0JIHAS AMarpamMma H30TEPMHYECKOro O0Opa3oBaHWA AyCTEHHTAa HMEET CNEAYIOIHH BHJ .

EHUe NEpAUITE
L8 aycmenum

Termnepamypa

————

Boems

W -

— Hayano npespauietna [1 — A;

— KOHel npespamenus I[1 — A;

— KOHEI, PaCTBOPEHHA IIEMEHTHTA;

~ KOHEIl TOMOTCHH3aIHH ayCTECHHTA,;

7




4 3epHo B cTa)IH
3epHo — 06bemM MeTansa ¢ JAHHBIM HANPABJIEHHEM KPHUCTAIMYECKOH pPewIeTKH

4.1 Pocr 3epHa aycTeHWTa Npu_Harpese
‘ OCHOBHBIE OIpPEIETICHAA

Hcexodnoe — 3ep- Hauanvnoe — 3epno Hacneocmeennoe— Hedcmeumenvroe
HO IIEpJINTA 10 ayCTEHHTa B MO- 3epHO ayCTEHHTA, Io- ~ 3epHO, MOJIy4€EH-
Hayana Harpesa MeHT ero obpasosa- Ny4EHHOE B PE3ylb- HOE B pe3yNIbTaTe
HHA TaTe ONpeneeHHOH KOHKDETHOTO Ha-
. : TexH. npoOrl rpeBa
Bnusanue TeMre- Bcerna menxoe HacnencrBeHHO Kpyni- HacnencreeHHO
paTyphl Ha pas- HO3EPHHUCTAs CTallb MEJIKO3EPHHCTAA
Mep 3epHa cTanb Z :
7, ' —

d — nuamerp 3epHa;
@ - MICXOJ1HOe 3EepPHO MepJaHTA ;
6 — HaJanbHOE 3EPHO aYCTEHHTA ;
6 M 2 — pa3mep 3epHA, NORY4YeHHBIH B
CTAHJADPTHBIX YCJAOBHAX TEXHOJIOIH-
—> vyecKkoH npo0bl ( Harpee 0 TeMmnepa-

S

a Typn 930°C). ‘
Kpueas 1 — HACJIEACTBEHHO KPYNHo3ep- !
HHCTAS CTaNb ; |
KpuBas 2 — HACIEACTBEHHO MeNKO3ep-
F .. | - HHCTasdg CTAIb ; ;
. | ; : t‘
flepnem Acy | Aﬂf e
00 80, 30 w00 100 1200 7. ‘ , |
4.2. MeTOIlbl BLISIBJICHHNA CKJIOHHOCTH 3€pHa ayCTEHHTA K poOCTy
Crioco0b!I BHISIBIIEHHA HACJICOCTBCHHOCTH POCTAa 3€PHA dyCTCHHTA
Metoa Hayraepo- Merox okHcnenns: Merox HarpesaHus: Henocpenareennoe
JKHBAHHSA' HACHILLE- MeTaiorpadHyeckui HarpesatoT go 930°C c HabmopneHue 3a
HHE YriIeponoM B yr- UM ( HaTPEeBaroT B BbIIEPXKOH 8 ac. POCTOM 3€pHa B Ba-
Jecopepxawmen cpexe OKHCIIMTENILHOH Cpexte ' KYYMHOH kaMepe
nipu 930°C, 8 wac. npu 930°C, 8 =ac.
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S IIpeBpamiennsi B CTAJIAX HPH OXJIAXKIAEHMH
ayCcTeHHUTA.
5.1 O0wass Teopusi nMpeBpauwieHUs (NPUMEHHUTEILHO K
cTajM, cogepxaweii 0,8 % C-3BTexTOHIHOI).

Teepapli pacreop yr- [~ AYCTCHHT
Jgepona(0,8%) B y-Fe, :
'K Ipe-
Bpauja-
Teepaplil pacTBOp Yr- eTcst
nepoma (0,025% C) s |«—] mpn
a— Fe - OIIK TeMIie-
parype
Llementnt- Fé,C - co kae
- Fe, C - co- A,
nepxut 6,67%C. '

H"q)q)yguoﬂﬂoe nepepacnpejejeHie yr- » I]epec'rpoiilca KpHCTaJ'lJIH‘ICCKOﬁ peuieTKH
Jiepoaa, YTo0 KOHTpoaupyerca kodddn- I'lIK — OIIK, 4T0 KoHTposHpyeTca pas-
unentom anddysnu-D HOCTbIO cBOOOAHBIX 3HepruH AF =F,-Fqg

C nonHxkeHHeM TeMIEpaTypbl HHxe A; ckopocTk aAupdy3HH CHHXKaeTcA, T.e. MNPH
yBeJIHUeHHH MepeoxjaxiaeHHs (CHHXEHHM TeMIepaTypbi npeBpalieHHs), BCTynawT B Gopbly
ABa (axkTopa, NMPAMO NPOTHBOIIOJOKHO BJIMAILIHE HA CKOpocTh npeBpamenus. C ogHo#
CTOPOHDI, CHHXKEHHE TEMNEPATYpb! yBeanunBaeT AF, uyTo yckopsier npespamenme, ¢ Apyroi —
cHuxkaeT D, a 3T0 3aMeANisieT NpeBpauieHne. B uTore, BHauaie A0 HEKOTOPOii TeMnepaTypsi t
yBeJIH'ueHHE .NEePeoXJAKACHHNT YCKOpSieT mnpeBpalleHHe (ITOT HHTEPBAJ HA3bIBAETCs
NepAMTHLIM TpeBpaliekHeM K 0603HauaeTcs A — r'), a HHXKe t— CKOPOCTH NPEeBpALICHHS
y6biBaeT (3ToT nuanason t— d HaseiBaeTcA OeliHMTHBIM M oGo3Hauaercs A — r'). Ilpu
Temneparypax nuxke d (=200°C) qudysnonnoe npespamenne nckmouaercs (D= 0). Auanazon
npespamenus ke d HaspiBaeTcs 6e3aindPy3HOHHBIM, HIAH MAPTEHCHTHBIM (CM. CXEMY).

A,
- T
x> % ,
N ~ Az
[~ £ —-\ - —— ‘{!
: v ’
S / ~ .
§ / aF 5"
. / N
! .
ot — — = — =~ T,

Cxopocme pacnada ) v

CKOpOCTh pacnaja aycTeHura B sa-
BHCHMOCTH OT TeMnepaTypH (cTeneHH nepe-
oxnaxjaeHRsn).

10
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5.2 OCHOBHBIC CTPYKTYPBI CTaIH, BOZHHUKAIOWINE B PE3yJIBTATC
paciasa NepeoxIaKICHHOT0 ayCTCHUTA

AyCTEHHT

TeMnepaTypHbIH HHTEPBAJ

pacniapma
Or Ay mo t*(A—r') mep- Ort oM (A-1) - "Hwxke M ,— MapTeHCHT-
NUTHOE TIPEBPAILCHHE. " GeHUTHOE [IPeBpalCHHE. HOE TpeBpaneHe—
CTpyxTyphl — IEPINATHbBIE CTpyxTypsl ~OeHHHTHEIE- CTPYKTYpa MapTEHCHT
| (P+1D) nepucTeri deppur + e-
MEHTHT

l

BN detne T IME A hel

S AN AT S R R

5.3 JluarpaMmma H30TEPMHUYECKOr0 Pacrazia nepeoxIaxICHHOTo

ayCTCHHTA .
JiuarpaMMa W30TEPMMYECKOTO  Pachafa MepeoXIIaXICHHOro ayCTeHHTa CTPOHTCA
SKCTIEPMMEHTANBHO B KOOPJAWHATAX * TEMIEPaTypa, °C - pems (Ig) B cex ” M CIyXHT JUIA
TEOPETHIECKOTO aHANk3a 0CoGeHHOCTeR CTPYKTYpoo6pa3oBaHia U OLEHKK CBOHCTB CTallH.

LG aYCTEHUT YCTOAUMBbLIA crais Y8
Al -"X
ayCTeHUT nepaut (n) . A-r'- TeMIepaTypHbIi
copéur (c) A-T'" yHTepBaN MEPAHTHOTO
- TpoocTHT (1} TNpeBpallCHHA.
- ——— e e, e o ——— S GO S ——— S— S— J\
BEPXHUIA A - 1" — TeMriepaTypHbIi
Gedwur (6) | o+ uHTepBaN NPOMEXYTOUHOIO
. . GefHUTHOIO) TIpeBPALUEHHA.
meTacTabnabHbIA HHKHUW ( ) Ipespart
BeftHuT .
M — —_—— % M — TeMrnepaTypHbIi HHTEpBA
A->M MapTEHCUT | M o6pasoBanus MapTEHCHTA.

Bpewms (g 1), ¢

1




5.4 CprKTypa H CBOMCTBA CTAJIH B 3aBHCHMOCTH OT TEMIOEpaTypHO-
o HHTEpBAJIa pacnajga nepeoxyaKJcHHoro ayCrcHuTa.
TIpoaykTel pacnaza nepeoXNaKAEHHOT0 ayCTEHUTA
TemnepaTty | Bpema Teepaoctb Xapakrep o00pa3yio- Tonmununa | HanmenoBanue | Ne
PHbIH pacnaaa, | IPOAYKTOB LIHXCA CTPYKTYP. NJIACTHH, | CTPYKTYp pHC.
HHTEpPBAN | CeK. pacnaja, MKM
pacnaaa HRC
AyCTEHH-
Ta, C ‘
Aj...650 1000 18...25 rpydonsiacTHHYATasA 0,6...1,0 NEPJHT a
650...600 10 25...35 CpeAHenJIACTHHYATASA 0,25...0,30 copouT 6 |
600...t 2 35...45 TOHKOILJIACTHHYATAS 0,10...0,15 TPOOCTHMT B /
t...200 1500 45...55 NMepHCThIA HIJIBI OeHHHT r
Huxe 200 0,5 55...63 HrOJILYATHIH HIJ1bl MAPTEHCHT |
| 6 (x7500)

Taxum 0bpazom, cmpykmypa u C60UCmMeq CHaiu Onpedensiomes mou
memnepamypoil Rpu Komopou 3ma cmpyKmypa 06pa3oeanach.

5.5 IlepamTnoe npeBpamieHue (A —r')

HocHT KPHCTAIH3AUHOHKDBIH XapaKTep, COCTOHT
B 3aPO02KAEHHH IIEHTPOB EMEHTHTA H B Yepe-
AYHOLIEMCS POCTE KOJOHHH “IleMEHTHT —
depput”.

1.- aycrenur;

II - 0o0pa3oBaHHe 3aPOADILIA NEMEHTHTA;

III — oOpasoBanue NaacTHHL! heppura; _?TF% f
IV...VI — poct nementuTa u deppura. == |
1 — uementur (6,67%C); /////S&“/(//f//;‘/ Herenmum

2 — peppur (0,025%C). \

= A\
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5.6. MapTeHCHTHOE NIpeBpalleHue.

Temnepamype, °C

MapreHcnT nepechIleHHbIN TBePAbIH PAaCTBOP yrjiepoaa B a— xKeJjiese,
J c/a. |
TeTparoHanbHasi C yBestnyeHuem - 408 — e
KpHCTaNIHYecKas ——p{ COAEpHAHMSA yrie- /
pelieTKa B KOTOPOH poAaa oTHOLLEeHHe /0% ,/
0AMH nepuog “c” c/a yBeanunBaercs ' P
Gosibme Apyroro “a” 1 00 ‘ ’
0
0 99 g8 12 46 C%
OTanuMTe/ibHbIE 0COOEHHOCTH MAPTEHCUTHOrO
npeBpalleHms
ITporexaer B Hzorepmuueckn [Tporekaer B yc- Tlo mepe passu- He nger no
OTIpeNENIeHHOM MapTeHCHTHOE TOBUSX OTCYTCT- THA TNpeBpare- xoHua. Ilpn
HHTepBaje TIpeBpaleHue He B muddyzum. HIS KpHCTaJibl daxTH4EeCKOM
TeMIneparyp, uper. MapreHcur Jlist aTOro crane MapTEHCHTa BCE OKOHYAaHHH OC-
OTpaHMYEHHOM obpasyercs npu U3 ayCTeHHTa YMEHBMIAKOTCA, Taercs aycTe-
BepxHeH M 1 HeNpepbIBHOM JIOJDKHA OXJTaX- Cxopocts poc- HHT, KOTOPBIH
HIDKHeH M OXJIaXXOEeHHH HATHCS CO CKOPO- Ta MapTeHcwTa Ha3bIBAETCs OC-
MapTEeHCHTHBI- cThi0 Oonbme 4Ype3BbIYaifHO TaTOYHBIM.
MH TOYKAMH KPUTHIECKOH BEJIHKA
L 500 // 4t 100 =
‘ S
700 {o 90 [ o : . o~
L~ 0\ ] Q Mx
800 250 w 80t <) Y
500 1 |
1 x 0 9%+ s/ S 70} ;
00~ 5 0 X § ] H
'- 5 S 60 ! '
(I /ﬁ‘-," e 150 P g ( : :
2004 fHintes - ET - ' s 50 | e
00 J i 2 0 NN LA 9 | !
i/ & \ 52 30t ) '
a IUE l é ™~ ™ N : : .
- 100 - d 50 o 201 T E E
20053704 05 08 10 12 14 15 18 0 10t l ) :
%e 0 1 2 3 4 5 % 1 1
— CUBepXa KU NEBUPYIOULEED SNEHENTT " 200 t7
- —~ Temnepamypa, °C
- Cpo¥CTBa MapTEHCHTA LETmYPL

Boicokas TBep= Bricokas npod- Brreokas Bricokas xoap- Bonbuoit ya.
HOCTb : HOCTB: TUIOTHOCTB UMTHBHAA CHITA 0:6beM U
HRC 64...65 Cp = JUCIOKAIHH 1 Y 3AEKTPOCO- BCIIEONCTBHUE
2000...2300 KaK CJIefiCT- NIPOTHBIIEHHE 9TOr0 — BHYT-
MIla BHE— BBICOKAS PEHHUE Ha-
XPYTIKOCTD NIPSXKEHHUA.
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5.7 [IPOMEXYTOYHOE (BEITHUTHOE) [IPEBPALIIEHHE —A-r"

[poTekaeT B AHanasoHe OT TEMNEPATYPbl MUHUMANBHOMH YCTOHYHBOCTI MepeoxXJiax-
JIEHHOTO ayCTEHHUTA 10 Ha4ana MapTEHCHTHOTO NPEBPALlEHHs H B YCTOBHAX 3aTpyAHEHHO#H
anddysun atomor yrnepona 06pasyetca GeiHHT- CTPYKTypa, COCTOALIAs U3 G- TBEP/OrO
pacTBOpa, NPETEPNEBLUErO NPEBPALIEHHS THIIA MAPTEHCHTHONO H HECKOJIBKO NEPECHILLEHHOrO
YFIEPOAOM H MENKOAUCNEPCTHBIX HacTHLL kKapOHAaOB.

1 Nlepepacnpedenenus yeagpoda R
Ayemenum, . 0 ayemenuma Aycmenurm,
odoeauyerumd olednenroii
Yenepodom Y2AEPOGOM

1
l Budenenue xgpbuda

CmeH
KapOud %ﬂeﬂﬂu@
Yenepoiom
mHoe
e
fou
Mapmencum
(o' - paza)
I Boidenenue Kapouda
Kapbud o -@asa |
[ Sednum

+

beitnuT obecneunsaeT BHICOKHI YPOBEHb MEXaHHUECKHX CBOMCTB: MPO4HOCTH, TUIa-
CTHYHOCTH, BA3KOCTH. '

Bepxuuit 6eitunt X5000 HuxHuit 6eiinnt X5000

14
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6 OCHOBHBIE PABHOBHIHOCTH JUAT' PAMM HU3OTEPMHUYECKOI'O PACITIAJJA

IEPEOXJIAXIEHHOI'O AYCTEHMTA.

6.1 YTJIEPOOUCTBIE CTAJIH.

JI03BTEKTOMIHbIE CTANH

HL

c+,
T+

DBTEKTOUIHBIE CTAJH

JIMHUA 1-Hayano BeIAENEHHS U3 aYCTEHUTA HW3DObLITOHHOTO (PEPPHTa;
JIMHH A 2-Ha4yano BbIACTIEHHUA U30bITOYHOMO UEMEHTHTA,

JIMHUA 3-Hauano audy3MoHHOro pacnaia ayCTeHNTa;

JINHW A 4-koHey AM(]Y3UOHHOrO pacnaja ayCTeHUTa.

@- deppurt; - uementur; I1- nepaut; C- copbut; T- TpocTuT; M- MapTeHCHT;
BB- BepxHuii 6eiinut; HB- HuokHuit 6GefinuT; K- kapOumn.

3a3BTEKTONAHbBIE CTANH

6.2 JJETUPOBAHHBIE CTAJIM,COOEPXXAILUME KAPEUIOOBPA3Y IOIMUES3JIEMEHTHI

ManoyrnepoaucTblie cTanu

(CXEMBbI) ,
1 t,’C 4
/ ACmy j /
/_ 4
; A
@+ K-+
D+C K+C
A T T
° BE 3 BS
Mu 7
Te Tec

BricokoyrnepoaucTsie cTanu

JIMHUA 1-Hauano BeIAeNEHUSA H3OBITOUHOTO heppHTa;
JIMHUA 2- Hauyanmo BhlaeNeHUs kapObunos;

JIMHWA 3- Hayasto MepaUTHOrO MpEBpalEHUs;
JIMHUA 4-KOoHel NE€PAUTHONO NPEBPALLEHH

JIMHUA 5-Hayano GeHHHUTHOrO NpeBpaILeHUS;
JIMHUA 6-xouneu 6eHHHUTHOrO NpeBpaiteHus
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—_—«‘
7 IPEBPAIIEFHAA AYCTEHATA IOPH HEIIPEPRIBHOM OXJIAXKAEHAH

Ecnu Ha AMarpaMMy H30TEPMUHECKOrO pacflaia NepeoxiaxaeHHOrO ayCTeHHTa HAHECTH JIMHHUH,
XapaKTEPH3YIOLIME CKOPOCTL HENPEPBIBHOTO OXNAXKIEHHA CTAJIH, TO TOYKH MEPeceHeH s ITHX JTUHHUIA ¢ NMHUAMH
IHarpamMmBl ONPEAENAIOT TEMIEPATYPhl COOTBETCTBYIOLIHX NpeBpaLIeHut .

Ha cxeMe TMHHH HENPEPHIBHOTO OXJAXACHHA
YCJIOBHO HaHECEHBI B BUAE NPAMBIX .
CroerocTH OXNAKIACHHA:
V<V <Y<V <V

OG0o3HaueHHa Ha cxeme:

T~ nepanT;C — copbur; T — TpoocTur;
BB - BepxHuii Gefinut; HB — HiicHuii Gelinur.

Y106b! NONYHHTH MAPTEHCHT CTAAL CIEAYET
OXNMaauTh CO CKOPOCTHIO GoNblelt KpHUTHUECKOH

%

il
| [ [ I '
Cxopocrb V, - CxopocTb V; — CkopocTs V4 — CTpyKTYpa Ckopoctb Vs >V, -
CTPYKTypa nepiuT CTpyxTypa copOuT TPOOCTHT+ MAPTEHCHT CTPYKTYpa MapTCHCHT

Bhigos : yBenmieHHe caOpOCTH HENPEPLIBHOTO OXNAKAECHUA BEAET K CHHIKEHMIO TEMIIEPATYp pacnaza
ayCTEHHTA, M NOBbILIEHHIO JUCTIEPCHOCTH NPOLYKTOB NPEBPAIUEHH H K NOBBIILEHHIO TBEPAOCTH H
MPOYHOCTH CTalH,

1 — nepanT;C - copbut; T — TpoocTHT; M - MapTeHCHT

]

Brusuue CKOpPOCTH OXJaxJeHHA HA INO-
JIOKEHHE KDHTHUYECKOH TOYKH.

M
Cxopocms oxnascdenus Voxg™ / 5




TEXHOJIOI'MA TEPMOOBPABOTKU

obopynosaHue

\

Ileun-BaHHBI

Ileyu

TonnusHble
OneKTpHUecKHUe

O6orpepaeTcs 3a cueT CropaHus :

w“ I

1 rasa MasyTa yris

Cpenpl 1ia HarpeBaHus cTanei

T

(B meuax) (B neyax-saHHax)
Bosayx [IponykTel HektpaneHbli MHuHepanbHble PacnnaeneHuble PacnnaeneHHble
CropaHus a3 wacJia COJlU MeETaNnNbI
TofAUBa
‘
1
j
|
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OCHOBHGLIE BUJILI TEPMUYECKOH OBPABOTKH

OcHoBHbIe BHABI TepMUuecKkoli 06paGoTkn

OTur Hopmany-| | 3akanka Ornyck Crapenne Oo6paGorka Tepmome-
3auun X0J1010M Xaiuueckon
o6pabork o
(TMO)
{lpouecc AHanoruu - Mpouecc Slanserca Mpu Xononom Meton
TepMH4ECKOH Ha OTHKHIy TEPMHUYECKO W JAKNIOMH - Huskotemnepa-~ | [(-60°C u nike) ynpouue-
06paboTkH, u = TensbHoit TypHOM obpabarLieaioT (]
JaKnoHalowiiics OTNHHAETC R 0GpaboTku,.. onepauie p OTTyCcKE CTanH, cnnaeos,
B Harpese Cnnasa OT Hero ApH KOTOpO#i Goneluan yacTs coacpxkarue 3aKNIOHAK
1o b TTTTITS CTIG TepMoobp a- BHYTPEHHHX ceellle wuiics B
onpeaenexHoli CKOPOCTh 0 HarpesaloT 60Tk, HHANpKeHUA 0,5%yrnepoaa, COBMECT
TEMNEPATyphi C no npu B 3aKaneHHoN H HoM
NOCAEAYIOWHM oxnakaeHds| | Temnepatypy KOTOpOli cranu CneuHansuLie NNHCTHYeEC-
MeaseHHBIM Oxnax- BulLle 3aKanem- ocraetcs. C CTanu. KOM
OXSTDKACHHEM. ACIHE Ha KPHTHYECKOR | |t il cnnas TeHEHHEM nedopmin-
Pasnuuator CIIOKOAHOM - MHHH Ha Harpesaio T BPEMEHH OHH {p OBaHKH 1
OTIKHI 30-50°C,n no HCYEIAOT H TEpMH4EC~
Ipona - BO3AYXE. 6uicTporo onpeaene H- HacTynaer KoM
canpoBOXAaETCA OXNAKACHHA :HO RonHoe obpabotke
6e3 (asosbix co TemMnepary- CTPYKTypHOE
nepexoaos H CKOPOCTH10 pui, PaBHOBECHE,
Il pona-c Gonowe : BbIACPKH= O1oT npouece
dazoprMK KPUTHYECKOU BAIOT H HalblBacTCA
nepexoaaMH "+ CKOPOCTH OXAKNAOT, CTapeHHEM,
3aKaNkH. :
Llen» omxura - Llens Llens Lens leb-cmpcmm - Llens Lens
nodzomobBia HOpManu3 JAKANKH - oTnycka - obpaboTtxu TMO -
CTPYKTYpUI auuH - nonyueHue NOBLIILC HCUE3HOBEHHE XO0N0AOM - nonyuetiue
cnnasa K 4ACTHYHOC HEpEBHOBEC- WHE BHYTPEHHHX NOBLILEHHE -
o6paboTke pasynpou HBIX NNACTHY ~ HanpAXEHUi. TBEPAOCTH, acoboro
pe3eHueM, HEeHUe CTPYKTYD, B HOCTH, H3HOCOCTOLHKO= CTPYKTYp~
3aKaNKE CMNIABOB I peaynsrate CHHKEHUE cTH, ocobento Horo
OTNYCKY. CHATHE nossuipe e HAM uemenro B oy« COCTORNHA
OCTATOY ~ THEPHOCTY ycrpatieiue HLIX AeTNEl,
H bIX . ycnenue obecneust-
BHYTPEI BilyTpeN- MariHTHLIX B AOWEro
ux HHX caoficTs. noBLle-
Hanpsxe: nanpsxe= ) Hiie
i, HHit. . NPOYHOCTH
HIMENBYE * cnnasa.
HHE JepHa.
]
Kpome ykasanHbix BUAOB TepMo06paboTKH, Takxke [IPUMEHAETCA XMMHKO- TepMHYeECcKas
obpabotka(XTO).
Xumuko- TepMuyeckan obpaboTka
\
!
|
LlemenTauus -npouecc A3oTvpoBauue ~ Lnannposanue - npotecc Audpdyanounas i
NOBEPXHOCTHOTO npouece NOBEPXHOCTHOMO METAH3aUna-nNpoLece
HACBILCHHA NOBEPXHOCTHOIO HACHILLICHNA YrNEPOAOM H NOBEPXHOCTHOIO /
yrnepoanom. HACB{LEHHA A30TOM a30TOM. VACBILLCHHUA

Metannamu(Al-
anneTHpoBanue ,Si-
CHncuxposanue ,B-
6opuposatue)
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8.3 Texuonorus orTxura
8.3.1 Omxur neproro poaa

Bugel omkura neproro posa

'

4151 BbIpaBHUBaHUA XUMH-
Y CCKOro cocraBa

OTKUT rOMOreHU3HPY IO~

A
ODxur pekpucTai3anuoH-
HblH=—

& 11 yCTpaHeHus Hakjiena

A

ODxHr penakcalliOHHBIR —
ANS CHATHUS BHYTPEHHHX

N HATIpsKeHU N
8 bI3BAHOIO XOJOAHOM MNacTH-
4 eckoil nechonmauueit
[ ]
t
o 3 t.,°C 680-700 o
t ,°C 1100-1200 C 160700
300.. R\ 300
400 v
70-80 i0.54 na: 40-50 T 70-80; 6-8wac | 403054 2080
rpan/u 100 mmirpan/y rpan/4 rpan/4; gy | 23 %g‘
nuaMerpa { rpan /v
8.3.2 Omxur Broporo popa (¢asosas nepeKpUCTALIU3aLU)
Bupast omiira BToporo poaa
{
| I I I
IonHelit oTxkur Henonueiit oxur Ccdeponnunsupyrouuii HzoTepmuueckuii
OTHKHT oOTXHKHC
v

n

CTanbHOE IUThE

3aroToBKH Mocie ropsuel
06paboTKH AaBjIeHHEM
OTBeTCTBEHHbBIE CBApHbIE

KOHCTPYKLHH

a

aroTOBKH HHCTPYMEHTa/IbHOH

‘Wa3Ha4YeHUs TIoc/ie ropsueH

006paboTkH naBfeHUeM

33FOTOBKH HEOTBETCTBCHHOIO

CTally Nepel 3aKalnkoum

F

79

B BICOKOJIETHPOBAHHbIX CTaneH,
Hanpumep,ObICTpOpEKy LLIHE

C uenbsio CHHXXEHHS NPOaOSIKH-
¢ Tanu

T EeNbHOCTH H V1A 3aroToBOK




8.3.3 TexHONOTHS OTHKHIa BTOPOro poxa.

8.3.3.1 Teoperuyeckne acnekTsl (COBMEILEHHE rpaduKa OXNAXKACHUs C ANarpaMMOil U30TEPMHUECKOrO
pacnaja nepeoxsaXK AeHHOTo ayCTeHHUTA)

o
t,C
Aﬁ V -CKOpOCTh HEMPEPLIBHOIO OXJTAXAEHUA
Tp#H [0JIHOM OTXKHIE
Ay Vy-ycnosus oxNakIeHUs NPH U30TEPMK-
V, YECKOM OTXUTE.
B 06oux cinydasx BO3HHKaIOT PABHOBECHBIE
Vi CTPYKTYpbL
Mh
1,c

8.3.3.2 [IpakTHYECKHE PEXUMBI OTXKUTA KPYIHBIX 3arOTOBOK.

'PAPHK
TEXHOJIOTHH OTXXUI'A CTAJIBHOI'O JIMTbA

tc 4
A +(40-50
640-650
650
400 400
Ha nposete
- >
% I,q
60 1 yac Ha :70-80 !fuac Ha ic meysia | Yac Ha | C Meublo
rpaaf4 150 MM rpas/yi25 MM ce- 40-50 ; 100 mm i 15 rpan/u
unu 1/3 {9EHHUS UITH Tpay/d
BpEMEHU i1/3 Bpe-
Harpesa ‘MEHM Ha-
rpesa

20




T'PADUK }
TEXHOJIOT HH COEPOUIM3HPYIOLLEIO OTXHI'A CTAJIEH

THUITA 90X u 90XD
t,C T
850
700-710
600
N300
\
\
\
\
N
N
Ha N
npo-~
\ neTe >
: 1,4
i70-80 i 1 wac Ha i150 rpan/«i70-80 : 9 mun na  40-50 rpaa/y
rpan/d | 100 mm rpag/y i 1 Mm cede-
: vau 1/3 HHS
BpEMEHH
Harpesa
'PA®UK
TEXHOJIOTUH OTXXUT A TIOKOBOK M3 ®JIOKEHOYYBCTBUTEJIbHBIX CTAJIEU
[
t,C 5
As+(20-40)
640-660
300-350
\400
40-250 ~\ 100
Ha npo-
sneme
: —>
(24
i lyacna :30-40 :1 uac Ha 30 1 yac {70-80 2 uvacai 30 i 15
i 25MMm rpan/d (100 Mm irpag/u | Ha  irpan/ Ha rpay/a
25 MM iu 25MM

21




I'PADOUK

TEXHOJIOI'MU OTXXHI'A TIOKOBOK U3 HEPA OKEHOUYBCTBHUTEJIBHLIX CTAJIEN

t,C ?

- Acy+(20-40)°C
650
7,4
Huamerp
CeYyeHus, MM
<600 - C OTKPBITEIMH KPBILIKAMH
10 400 °C, nanee-Ha mposer
V= 70-80 rpag/u
70-80 10,5 yaca Ha
601-800 4 rpaa /4 100 mm C 3aKPBITHIMK KpbltkaMu 10300°C,
ceueHHs MnH paanee Ha nponetre V=40-50 rpam/u
1/3 spemeny ‘
Harpesa
801-1200 6 € 3aKPBITBIMU KPBILIKAMH H 3aKPBIThI~
mu wubepamu 10150°C
V=15 rpan/u
I'PAOHK

TEXHOJIOTUH OTXHUT A 1JLsI CHATHSI OCTATOUYHbIX HANPSDKEHHMA NOCJIE HOPMAJIM3ALIMH

t'C A
450-680
400
300-400 Ha npo-
eT
24aca 70-80 1,54 na 100 MM OXJTaXKAEHWE B MEUH € U
rpan/u : ceu, Mnu 1/3 Bpe3akpbIThIMH KPbILIKAMHU

MEHHM HarpeBa  ico ckop. 40-50 rpan/4

22
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8.4 HOPMAJIM3ALIA
8.4.1 Teoperudeckue acreKThl.
OTauube OT OTXKUra COCTOUT B OXJIKIACSHHH 3araTOBOK Ha CMOKOUHOM BO3AyXe ( MpU OTXKHUre
— OXJIDKICHHE TIPOM3BOMIAT BMECTE C MEYEIO )

o JocTouHcTBa HOpMaM3auuU

~——, :

Ayq Pacna/ aycTEHMTA IPUCXOIUT
OxnaxaeH4e Ha 6
- npu 60JIee HU3KUX TEMTICPaTy-
\ pax, 6naronaps uemy:
My
T.c
b S S SN SR v
f ' o N '
. o = [ ! ! ) ]
o @ g g 2 22 g s & s
5 o o = 2 E 3 S & E g
5 E 5 & z g = o O g =
= . > =9 a, = g 8= = A
o & s s S 2 S w2 % 0
5 x o 2 O S . oé B g g 8(:!3:‘
£ Sox e = = L= o B S 3
o &5 S 2 o T 29 I 5 25
QS Q% g 5 d o o & 52 g 3 5]
g © & 3 8 q 2 g %9 g & S & & g &
2 oa S §_ 3O 5§= £ 3 m E I ==
m £ 8 A @ A @ T =2 o 9 = 3 &
o 2 & g o CEGE T g 22
S @ a ) e = a g 2
E I e O = = E =3 G-

[Tocne HopManu3aUKH, Kak [paBHO, [IPOU3BOIUTCA PENAKCALHOHHBIH OTXKUL NPH TeMnepa-
0
Type 600-650C

8.4.2 TexHONOrUA HOPMaNH3alliK
(MCXOAHbBIE JAHHDIE AAA pacyeTa NapaMeTpoB TEXHONIOMHUYECKOro npouecca)

'PADUK
TEXHOJIOTHH HOPMAJIH3ALIH MTOKOBOK M CTANILHOTO JIMThSI

t,C

Ac+H40-50) Ha so3ayxe(240-260 rpan/4)

650 o
} /
2 yaca 70- 1,4
80 2 4aca Ha 150 mm
rpanki AT 1/3 Bpemenu

|
|
1
|
|

Harpesa 23




8.5 3AKAJIKA CTAJIU
8.5.1 TEOPETUYECKHUE ACIIEKTHI

3aKajika 3aK/If04aeTcs B Harpese ctainu

10 TEMNEpaTyphl BbILIE KPUTHIECKOH ,
tC A BBIIEPKKE IS 3aBepLueHUs (PazoBeIX

\\ npeBpaLleHHit ¢ MOCAEIYOIIUM OXJ1a -
A KIAEHHUEM CO CKOPOCTBIO BBILIE KPUTH-

V yecKoH
m——  J{1ana3oHs! $Ha30BbIX MpEBpa-

LLIEHHU#,

M.

Vi Vi
ITAPAMETPBI 3AKAJIKH LIEJIA 3AKAJIKU
Temnepatypa Cko- CkopocTh 0X- 5 &
Harpesa: 103B- pocTs AaKAEHHUA Ofl- . I = 5 5 29 .
TEKTOUAHBIE Harpesa — penensercs Bbl- E 5 E = % ZE
cTanu . 1o Ten- Gopom oxJTax- % 52 § Z ‘is & =
Acy+(20-40)°C 080 natoueit cpemsl, ECoE £558¢8
3a38TEKTOM- MOIIHO- HO obs3aTenn- g E); S g = E'é o E
Hble CTaIH CTH Me4H HBIM YCITOBUEM A g § 8‘5 o2 E :?:
Acy +(20-40) C (150-200 ABAAETCA § § 3 g %,,‘_: 58 ¢ &
rpan/4) V3ak>Vip < 5328 Seeek g
8.5.2 3AKAJIOUHEBIE CPEJIbI
3akanuBaroias cpena Ckopocts oxnaxaenus 8°C/c B
MHTEpBAIaX
550-600°C 200-300°C
1 Bosa npu 18°C 600 270
26°C 500 270
50°C 100 270
75°C 30 200
2 PactBop B Boae 18°C 10%NaCl 1200 300
18°C 10% NaOH 1100 300 .
18°C 10% cogsl 800 270 i
3 OMynbcHUg Macsia B BOJiE 70 200 i
4 MuHepanbHOE MaLIMHHOE MacJ1o 100 20 :
S MenHbI€ IUIMTHI 60 30
6 JKenesuble MJIUTHI 35 15
7 PacTBOpLI MNOJUMEDPOB 110 30

24




8.5.3 BAKAJIMBAEMOCTB U ITIPOKAJIMBAEMOCTE

3AKAJINBAEMOCTD NMPOKAJINBAEMOCTD

I | I

370 cNOCOGHOCTD CTANH MOMYYaTh 3aKANEH~
3710 cnocobHOCTL CTaNK NOBbl- HBUii c10fl ¢ MapTEHCHTHO) HAH TPOOCTO-

WAaTh TBEPAOCTL 8 PE3YNbLTATE MapTeHCHTHOMH CTpyKTYpoli¢ Beicokofl TBep-
JaKaskH JOCTBIO Ha OMpeleNeHHyo rmyGuHy

v v

3aBHCHT TONBKO OT concpXKaHHuA

B CT&JIM yrnepojaa - 3a rny6HHy 3aKaJieHHOr0 CNOA YCNOBHO MpH-
HHMAIOT pacCTOAHHE OT NOBEPXHOCTH H3NeE-
JIUA 10 NOJNYMapTEHCHTHOI 30HbI ( CTPYKTY-
: \ pbt ,cocToaweif Ha 50%u3 MapTeHCHTa H
Ha 50%mu3 tpooctura )

Hre |- _ I

60

y ARk l
50 ‘ ,

40 / « T.K. TBEPAOCTL 3ABHCHT OT COAEPKAHHA B
CTaJiM YrIepoAa ,T0 NOYMapTEHCUTHYIO 30HY
30 OnpenenatoT N0 COAEPXNAHHIO B CTANU yrie-
pona

02 04 06 08 10 1,2 ¢

o - HRC &0 TAeo0 HB
> %C 55 = 550

: " |
5 . / 450
P 1600
4
25 350 .

/
£ 300
0 ¢ a2 43 gk 05 96 47 46 49

%C

TBepaOCTs NOAYMAPTEHCHTHOR
30HBI
£~
S

JlnameTp 3aroToBKH, 8- UEHTPE KOTOPOH Mocne 3aKankH B JaHHOH oxnaxaaioweH cpene, o6pa-

3yeTCA MOJyMapTEHCHTHA CTPYKTYpPa, Ha3blBAETCH Kpumuieckum Quamempos. Ero ycTaHapnupatoT
METOIOM TOPLEBOH 3aKankH.

v; npu 700°C
Ycranoska (a) u o6paseut (6) m!m TopueBol 3akanku . 105 23 135 75
- T
k B30~ 1oy Y2 185 10 Onpenenenue
% ) LU A npoKanuBaeMo-
! — P P ' 0 CTH :
: s=—H=— V ‘ > w a-M3MEHEHUE
l\r poapell X gl ‘ 0 TBEPAOCTH 110
I; — —H— — < 20 JutHhe obpasua
__H—— S
- = = 10 H am> TBEPAOCTE
Boda __J=— =T - r“ NONYMapTEHCHT-
—E5=ll==3 14 ) N N 0 60 1 X i
M : T YR ~$25 Paccrmoanue om oxnaxdaemozo HOH 30HbI
ﬁL =i ‘l ) : & mopya, M -
-~ ___-::"_—_—_..—z-':.- E-—‘- "L\’. g" [+
m' 5 100 J
Cnub g




8.5.4 OCHOBHBIE ¢ AKTOPHI, BIHAIO I HE HA MPOKAJIHBAEMOCTSD CTAJTH

IpokanuBaeMoCTs BO3pacTaeT

C
Ilpu . Tloa yBenH4er IMpwu Ipu Ipu
YBENH4EHHH " BIHAHHEM HUuem yMeHbLIEHHH obecneueHnn | YKPYNHEHHY
ycTOH4YHBOCTH NETHPYIOWMX HHTEHCHB ~ .. Macchl OHOPOAHOCTH .. 3epHa
NepeoXJIANKACH - 3JIEMEHTOB, HOCTH (ceqeHnsn) ayCTEeHHTA ayCTEHHTA
HOrO ayCTEHHTA ocobeynoMn, OXIAKAEHHU & aeranu
Cr,Mo, B “NpH
3AKanke

HPOKMUGQ&MOCMb - BaxXHeHinasg TeXHONOTHUECKasA XApPaKTCPHCTHKA CTaNIH: YEM HUXKeE
NpOKaNHBa€MOCTh ,TEM NpH Gonee BLICOKHX TeMneparypax HaHHHAeTCA OXpyNnUHBAHHE CTAJIH ,TEM
HHXE €€ HAICXKHOCTD, TEM HCOAHOPOAHES MEXAHHYECKHE CBOMCTBA H34ENHA MO CEHEHHIO,

C ‘YBEHUEHHEM pPasMepoB (I"JIaBHblM o6pa30M rnonepe4Horo CC‘-ICHH)I) AeTalH, €€ Maccoul, TEM B
6onpluelt creneHu TNIPOABJIAETCA POJbL NPOKANTHBAEMOCTH,

8.5.5 BHyTpeHH#He HanpsXeHHA B 3aKaieHHOH CTalu

TpyuMHLEl BOSHHKHOBEHHA BHYTPEHHUX
’ Hanps xeHHMH
HepasHomepHoe oxniaxaeHue Yeenuuenve of6bemMa U HEOAHOPOAHOCTh NPOTEKAHHA
NOBEPXHOCTH H CEpUEBHHBI MapTEHCHTHOTO NEBPAILEHHUA
Temnosble HanpR¥eHNA - Crpykrypuble (pa3oBele) HanpsxeHHA
s I-Nofepxracmy I Nobepxracmes I
N \ I T~[lpoMexymovHas 300a 3 I Npomexcymavnas 3oxa T
8 N~ MI-Cepducduna b I Cepdyeluna
< ‘g Jiig
s ~~—_ 3 I y/f
- 3
= 3
x T BT Gt T
. ¥ | L KNoweytioe
3§ s _a 2] 3 d fcocmonnue
X< {8 ;
el SosheH HEN axanll s
IR S o 3
XTI S T [
PacnipesieieRie TEPMHYECKHX HaNpsiXKeHHA NO CeveHHio ] § E 1rmnr
BO BpeMA OXA2KACHHHA . 5
Pacnpenenesne TepMM4YeCKHX H CTPYKTYDHBIX
Hanpmxemm no Ce4veHHIO BO BpeMf OXJAaXJOeHHUA
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8.5.6 IPAKTHYECKHE PEXXKHMBbI 3AKAJIKU

TPAPHK TEXHOJOI'HHA JAKAJKH

t,C
Acs+(20-40)7C B cOOTBETCTBHY C OXNAXKAAI0-
- e cnocobHOCTEIO 3aKanod-
! Holi cpenpl
]
!
]
]
[]
]
:
|
]
i
i
|
1,4
Vrneponuctsie 1,2-1,5 1 yac Ha 150 | B coorsercTBHH ¢ Tabn.1
CTaIH MUH/MM MM
JlerupoBanusie | 1,5-1,8 1 yac Ha 200 | B coorBercTBhU ¢ Tabn.1
CTaNnH MHH/MM MM HIH 1/3
nnu 180- BpPEMeEHH Ha-
200 rpap/u | rpesa
Tabnuua |
Oxnaxpaoulas cpeaa BpeMst BbIIEPKKH B MHH JU1SL CEYEHUA, MM ]
<=200 201-400 | 401-600 | 601-800 | 801-1000
Macno 60 100 140 180 260
Bogaa yepe3 macno !
TOM YHCIIE ~
8 BOJIE 1,5 2,5 3,5 40 4,0
» Macsne 50 100 130 180 220

8.5.7

Criocobst 3aKanku

e~ |

1. B ogHOM Oxstasu-
Tene

2. B asyx cpenax (ue- 3. U3orepmuueckas
pe3 BOJly B Macno) 3aKaKa

CryueHyaras 3akanka

t,C

/— Ay ﬁ_— CXEMA

JuanasoH npe-

M, BpallleHHA

AN o

27




8.58 KIACCH® MKAITHA NEPEKTOB, BOJHHAKAIO IIIHX IPH 3AKAJIKE CTAIH

JAE®EKTOB

BH/JIEBI

Hepnorpes

ITeperpes

Ilepexer

Tpewnnbl

Hedopmauu n
kopobaenne

O6pa3syercs npu
Harpese CTany a0

Bosuukaer npu Harpese crany
J10 TEMIEPATYPbl 3HAYUTENLHO

Tonyuaerca npu
Harpese cranu

O6pasywrca B pe3y/in-
TaTe Pe3Koro Harpesa UH

O6pasytorcs B
pe3ynsTare

TEMINEpPaTyphbl BBILIE KPUTH4ECKOH MIH npH 210 Temnepas~ OXNlaxAeHUA cTanei, a TaKxke pe3Koro Harpesa
HHXKE Gonbloit BLIAEPXKKE npu TYpBI, 6au3kol k MpPH HANTHYHH B U3ACAHAX WK OXJTaKICHHS
KpUTHYECKOH onTuManbHoll TeMneparype . TeMneparype KOHLIEHTPaTOpPOB BHYTPEHHHX
3aKanku nnasneRus HanpsxeHuH
Henpasnenue aedexra
Y

Hedext Ilna ynaneuus gedexra [lepexer MeTonom TepmoobpaboTku Hedopmauns u
HCTPABAAIOT fIeperpeTyo CTans ABNAETCA aedexT He ycTpanseTcs ;;‘;‘)’f::";‘;e_
OTXKHUIOM U

e OTXKHFAIOT H BHOBb HEYCTPaHHMBbI M OBTOpHUIM
MOBTOPHC saxany Basom GpakoM HAIPEBOM H
JaKanakon OXAAKACHHEM

8. 5.9 Tepmuueckas 06paboTka x0n040M

Xonoaom (-60°C u nixe) 06pabaTeIBaloT 3aKaieHHbIE CTANH, cojlepxaluie Bofiie 0,5% yrnepona, u

cneuansHsie ctany. Ilocne Bo3aeHCTBHA Ha CTaNbHbIE AETANIH XOJIOAOM MOBHI LIAETCH TBEPAOCTS,
H3HOCOCTOHKOCTb, 0COGEHHO LIEMEHTUPOBAHHLIXACTANCH, ycurvbarome s maerummere cBodcm ba

IMPUMEHEHME OBPABOTKH XOJIOJOM

C uenbio MOBbilIEHHs

Jns BoccTaHOBNEHHSA

TBEPAOCTH H
W3HOCOCTOUKOCTH
IIAPHKOTIOAMIHITHHUKOB

pa3MepoB kanubpos H
IpYryX MHCTPYMEHTOB

Jnsa ctabunuzanuu
MAarHHTHbLIX CBOIICTB
MarHHuTOB

C uenbio NMoBLIIEHMA
TBEPAOCTH H CTOHKOCTH
WHCTPYMEHTOB M pasUUHbIX
HAeTajieit ocobeHHO rocne

UEeMEHTAUHH

TexHonornueckuit npouecc 06paboTku aeTaneill X0J1040M 3aKITIOUACTCS B TOM, UTO AETAAb Cpasy
1oche 3aKankH M OCTEIBaHHSA €e 10 KOMHATHON! TEMIIEpATYpbl NOMELLAKOT B CNICLHANIBHEIE
oxnaxcaarolm1e yCTpoiicTsa ¢ oxJlaxpatolne# cpenoit He Belwe -60°C.

OXJAKIAIOIHHME CPEABI

Cmech TBEPAOH YTIEKHCIOTHI
{cyxofi e co cnupToM),
Jarolas oxJaxkaeHue go -78°C

XKunxuii asot (teMnepartypa
oxJyiaxaeHuna go -196°C)

XKunxuit kucnopon

(TeMrieparypa oXJaxaeHHs 10

-183°C)
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5
8.6 OTIIYCK 3AKAJIEHHO CTAJIHA

6.1 IPEBPAIN[EHH A IIPH OTIOY CKE

Tepmuueckyro 06paboTky, 3aKmo4atoLIyIOCs B HarpeBe 3aKaneHHOR CTalH 10 TEMNepaTyphl
HHXE TOMKY A ,HA3LIBAIOT OMmnyckom.3Ta onepausa asnseTcs ob6s3aTenbHOMi nocne 3aKanky.

Tunu4Has cTpykTypa 3akanenHok CTani MapTEHCHT M OCTATOYHAIH AYCTENHUT, KOTOpEIe
ABNAIOTCA (asaMi HepaBHOBECHbIMM. [TpH OTMyCKe NPOMCXOAMT pacnag aTHX (a3 ¢ ofpazosannem

CTPYKTYP®I, cocTos et H3 gepputo-kapbugno#t cmecu. Ee o6pasosanue npotekaer s 4
NOCNEeNnoBaTeNbHEIE CTANKM.

YeTpipe nNpeBpalleHHs BPH 0TRYCKE 3aKAJEHHOH cTaXH

'

' Ilepsoe -nporexaer Bropoe- IpoTEKAET B TpeTne - IPOTEKAET B Heraeproe -

B JHANa30He JMana3oHe JHaIa3soHe TeMnepaTyp NIpOTEKACT B

TEMIIEpaTyp TEMIIEpaTyp 350...450°C.Cocrour B AHanasone

80...350°C.Coctour 200...300°C.Coctour yCTpaHEeHHH TeMInepaTyp

i B pacnage B pacnaje HaNpsSKEHHH, 500...680°C.CocTo-
TETParoHaJbHOr 0 OCTAaTOYHOro 3aBEPHICHUY HTB
MapTEHCHTa , 8 ayCTEHHTa H BBIIENIEHHA YIIIEpPOA H3 KoarynauHu(ykpyn-
'BBIJIENIEHHH obpa3zoBanuu a -pacTBopa , HEHHH)
xapbHna, B CTPYKTYPBI,aHAJIOTHY - 060Cco6IeH Y peleTKH KapOKI0B H HX
YMEHBIIEHHH HOH OTNYIEHHOMY deppura u kapbuna, ctheponau3anuy.
CoJlepXKaHHA MapTEHCHTY. kapbunHoe O6pasyercs crpyx-

| yIJieposia B npeBpallieHIie Typa -copbum

a -pacTBOpe, Fe.C — Fe;C omnycka.

!i obpasyercs O6pasyeTca ¢TpyKTYpa - '

f CTPYKTypa moj mpoocmum omnycka.

i Ha3BaHHEM

l omnyujennuli
mapmencum.

i

\

i

|

\




8.6.2 Bnusune oTnycka 3aKkajieHHOH CTalld Ha €€ MEXaHHYECKHE CBOICTRA

Pewatomum dakropom ABAfETCA TeMnepaTypa oTiycka. [Ipu noesllueHHH

TEMNEPATYPHI OTITYCKA

-

v

v

v

v

Teepoocmo- IIpoynocme- IThacmuvnoc Te Cxnournocms Yoapuan
CHMIKAETCA CHIDKAETCA K XPYNKomy 8A3KOCMb-
~BO3pacTaer Da3pyuteHuio- ysenuuugaem -
CHUXKAaeTCA cn
3
HRC 7] £ 0
~ 800
40 |- S 500
50 B 2%Cr| & 40
i Q \: Joo
Jo 2 ;_ 200
ar . N | g wm
70
200 400 600 [ 200 400 609 0 200 400 600
Temngpamypa omnyexa, *C
BaHsauHe TeMnepaTypn OTNycKa Ha TBepAOCTb (a), MexaHHuecKHe caoficTBa npm
pacTaXeHRH (6) M yRapHYI0 BA3KOCTb (8) NerHpoBaHHOR cTanH
JlerupoBaHHas cTanb

8. 6.2.1 OTnycKHas XpynkocThb JIETHPOBAHHBIX CTAJIEH

CHukeHHe yAapHOH BA3KOCTH NpPH OTMYCKE
Ha3bIBAETCH OMNYCKHOU XPYNKOCMbIO

HeoOpatumas ( | poaa) - nposiBisieTcs
npu Harpese a0 250...400°C.Ons
yCTpaHEeHHUs 3TOH XPYMKOCTH
3aKaJlEHHYIO CTaJlb HarpeBaroT BhILIE
400°C.Cranp,0fHaX bl HarpeTas Mpu
ornycke Boime 400°C, He MPOABIAET B
NIOCTIEAYIOIEM OTITYCKHYIO XPYIIKOCTD

Oo6parumas( || poaa) - nposBnseTcs
IIpU OTIYCKE HEKOTOPBIX
JIETHPOBAHHBIX CTAJIEH IpH
temnepatype 500...550°C ¢
MOC/EIYIOLIUM MEeIEHHBIM
oxJiakaeHueM. [lns ycTpaHeHus
MIPOM3BOJAT OBICTPOE OXJIAXICHUE OT
TEMIIEpPaTypb! OTMYCKA. Y CTPaHSIOT
OTIYCKHYIO XPYNKOCTb

Mo( 0,25...0,35%) unu
Ww(0,5...0,7%)

T




8.6.2.2 ConocTraBneHHe MEXaHK4CCKIIX CBONCTB [TPOAYKTOB HEMOCPEACTBEHHOTO pacnana
ayCTeHHUTa W MPOJYKTOB 3aKaJIKM H OTNYCKa (f1pi O4HHAKOBOI TBEPAOCTH)

Oco0eHHOCTH CTPYKTYP

HenocpencTBeHHOro pacnajia ayCTeHHTa .

v

IThacTHHUYaTbIE

4——//\#

3aKkanku 1 OTImycka

v

3epuucTbie

7wy AN AP RIS TN X 91
Yo R0 ST T BN
Q% gy e Ry A QLT A
A3 g8, ST g
;,,w_? -‘ Glaﬁ..’ ?QP‘Q ey T
sl | ,:p o & Q. - .
M/" -}Q"‘.d -~ %410 R e * S
' DRy xR0 o wP R = TS
‘ - ‘y:‘ug&aé"t’\l’ o} -_‘é);t:—"é" ?ﬁ:' oy DTS
fos=oXaia - —— R O e R e
- —— 3 Ve =l et SN0 =N 1) % O o ed e K
RESRT S U 4 SHN AR LRI LA
N & _“-.%;.\--:'S.- f%’_‘ , =~ O ::‘ A
) AT TS 3 =4 S s
: == 35y
'
e
o4

TesepaocTts - oAnHaKoBas

Tpenen NpOYHOCTH - NPAKTHYECKHU
OJHHAKOBBIA

OTHOCHUTENBLHOE YIJIMHEHUE - BbILIE Y
3ePHHCTBIX CTPYKTYP

OTHOCHTENBHOE CYXKEHHE - BhILIE
3HAYHMTEJILHO Y 3EPHUCTRIX CTPYKTYp

Y napHas BA3KOCTb - 0COGEHHO BbIlLIE Y
3ePHUCTHIX CTPYKTYP

VcnosHble 0603HAYEHHUA

- @é’Mﬂa,
1000
00
500}
400\
\
\\
O~ |
200 S 0
2025 30 3 HRC
<_

——[TpoayKThbi HEMOCPEACTBEHHOTO pacnaja aycTeHHTa (MIacTHHYATbIE CTPYKTYPhi)
- - -[TpoAyKTbI 3aKanku H OTMYCKa (3EPHUCTBIE CTPYKTYPbI)

TIpy 0AMHAKOBOI TBEPAOCTH CTaNH NOC/E 3aKaIKH H OTMYCKka 06N1afaloT 60ee BLICOKIM KOMIMIEKCOM
MEeXaHH4YECKHX CBOMCTB, YeM nocne ofHHapHOH 06paboTkH (HEMOCPEACTBEHHLI Puciii] AYCTEHHTA ).
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8.6.3 Bunnl otmycka

OCHOBHOE BAMAHHME HAa CBOWCTBA 3aKaNeHHON CTanu
OKa3LIBAET TEMIepaTypa OTIycKa. . PaziM4aloT TpH BHAA

oTIycKa:
HusxoreMnepaTypHbli ~ CpenHereMnepatypHbli — BrblcOKOTEMIEPaTYpPHbIH —
Harpes Hixe 250°C Harpes 350...500°C narpes 500...680°C
CHMXAIOCTA 3aKalo4Hble Co3paeTtcs cTpykTypa — Co3paeTcs cTpykTypa —
HaMpsOKEHHA TPOOCTHT OTMYCKa copbur otmycka
CoxpansieTcs Bblcokas Cranb coxpanseT Hanbonee Crans npuobperaer Hanbonee
TBepaocTs, o HRC 58...63 BBICOKHE yNpyrHe CBO#CTBA NMpH BBICOKHI KOMIIEKC
tBepaoctd HRC 40...50 MPOYHOCTH, BAIKOCTH H :
NNaCTHYHOCTH
Tlpumensiemcs Ilpumensemcs Ipumensiemcs
I pexywero u Jlnsa npyXyH U peccop, a Takxke JIs OTBETCTBEHHBIX AeTanei
MEPHTEIILHOTO HHCTPYMEHTA, IS 1 TaMOB MaLIMH U3 KOHCTPYKUMOHHBIX |
a TaKKe 1A fetanei nocne crane
MOBEPXHOCTHOM 3aKaJIKH 1
LIEMEHTaLUH

3akanka ¢ ulcoOKUM OMNYCKOM HA3bIBAEMCA MEPMULECKUM YAYHULEHUEM.
Tepmoyayuwaemvimu aensomesn cmany, cooepacauwue 0,3...0,5%C <

. 6.4 TIpakTUYecKue PeXUMBI TEXHOJIOTMH OTIyCka
64

!

t,°C
I'paduk TexHonoruu 160...180 |
HU3KOTEMIEPaTYpHO \
ro oTmycka (noce N . 5
Ha BO3AYyXe :
3aKallky) s I * .
) - N (250...260°/4)
NOJIY4YEHHA BHICOKOH .
MOBEPXHOCTHOIM \\
TBEpAOCTH \

\

<

Bblnepmxa B yacax T4

2
« %28 j

A — Haubonbas TONUNHA CTEHKH (AHaMeTp).
EcnH u3BecTHa Macca Cafiky, BRIAEP)KKA COCTABNAET | Hac Ha KaXX Ay TOHHY MacChl
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8.6.42 TPAD®UK
TEXHOJIOI'MH OTIIYCKA TTOCJIE 3AKAJIKH

T,C
450-680 Jna cranei, 4yBCTBUTENbHbIX K
OTITYCKHOM XpPYNKOCTH BTOPOTO
E s pona-3aMouka B Macie
300-400 i i
: :
} | ]
! i i
: { |
A ) 1
1 | |
) [ |
' 1 1
' [} [}
\ 1 1
\ L} [}
1 ) )
| : :
| ! !
Huamerp : ' ! !
cedyeHMIMM | ; ! ! 1,¢
i i ! 2 !
: ; . 23 !
<600 i 5 ': 2o E C OTKPBITBIMH KPBILLKAMH H OTKPHITHIMH
' - ° = 1 wubepamu V=70-80 rpay/u
] §
5 - IR i
601-800 ! 3 :. S % o : C 3aKpbITLIMK KPbILIKaMH H OTKPLITEIMH
' Sl s ! mmbepamu o 450 C V=40-50 rpag/4
T H — R
801-1000 E 4 E E § = b(; E C 3aKpbITBIMH KpBILIKaMK M 32KPBLITHIMH 1LKOE-
: : S 2 S | pammu go 350 C V=40-50 rpan/u
! ! 2 :

8.7 TEPMOMEXAHHWUYECKAS OBPABOTKA (TMO)

Tepmomexanuyeckasn obpabomka ABNAETCA HOBBIM HAIMPaBIeHHEM B TEXHOJIOTHH rOpavei
MEXaHUYECKOH H TepMHUYECKOH 06paboTkH. OHa coBMelIaeT MexaHH4ecKyo aedhopMauuio MeTana s
ropsiyeM COCTOSHHMH K TeEpMHUECKY10 06paboTky. OcHOBHas 0COOEHHOCTH COBMEIEHHOTO NPOLECca
COCTOMT B TOM, 4TO 3arOTOBKH 3aKaJMBAIOT Cpa3y Nnocsie OKOHYaHus ropAadeii 00paboTku nasnenuem (
KOBKH, TpokaTa). Jl1s 3aKalHBaH¥A HE MPOU3BOIAT ClIeHMaNbHOTO HarpeBa , a UCMOJB3YIOT 0CTaToU-
HO€ TEMJIO M0Cye ropAYero aepopMHpoOBaHHs, a CTanb B ayCTEHHTHOM COCTOSAHHH.

NMPEMMYILIECTBA COBMEUIEHHOI O ITPOLIECCA

OKOHOMMTCS TOMIIHBO YMeHblaeTca no- Cokpaluaercs BpeMs TossiwaroTcs Mexa-
JUIA HarpeBa MoJ 3a- TpebHOCTL B Harpe- M3rOTOBNIEHUA AeTanel HHYeCKHe CBOHCTBa
KaJlKy BaTEJNILHBIX MEevax MeTaIIOB

IIPHMEYAHHE. Ha pspne 3aBo10B BHeipeH B MPOK3BOACTBO COBMEWIEHHBII TEXHONOrHY -
CH MpOLECC KOBKM M 3aKaJIKH NPH H3TOTOBIEHHH NIOKOBOK Maccoi fo 20 Kr U3 cranu Mapok 35, 40,
45, 40X. BrHepeHre HOBOro €nocofa 3HauMTENBHO CHU3HIIO CTOMMOCTD H3rOTOBJIEHHA aeTanei. Tep-
MoMexaHuyeckas 00paboTka ABJIAETCS MPOrPECCHBHBIM NMPOLIECCOM, KOTOPHIH MOXET KOPEHHBIM 00pa-
30M H3MEHHTDb TEXHOJIOTHIO NIPOU3BO/CTA.
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8.7.2 Buabl TepmoMexanuyeckoH o6paborkun ( HTMO )

TMO 3axmo9aeTcst B COUE€TaHHH T1aCTUYeCKOH iepopMaIiii B
AYCTEHHTHOM COCTOSIHMHM C 3aKaJKOR

A JBa Buga TMO 4

BbICOKOTEMIIEPATYpHasi TEpPMO- HH3KOTEMIIEpaTypHas TepPMOMEXaHH-
MexaHH4eckas o6paborka - BTMO | geckas obpaboTka - HTMO
_ CXEMBI _
 prh~A Aepopmayun g D oA S
) E T O e I € N - N L2 PRt O e 3
i kel dul inbuinby i £ Lpciacet JEUE RN Ny
ﬁ A, ] ! = A-~(1 [\ T A, m
4 2 A ‘X772) & Y L Ny R
5 Qs
e > 331 3q
X X 3
My Y My 7T ]9
A—=M S A-M § - ) Ml
M Omnyex v My 777774 Omnycx 7 u’ m M_/
) Bpoenr s W Bpena
| cremenb nedopmaunu 30...50% | |  Crenens nedopmaumu 75...95% |
; B pesynsrare BTMO pocruraercs T| _..1 B pesymsrare HTMO pocruraercs ]

il . _
Y Vv VvV VvV VvV vV v v v

PR

=
ﬂ wm \...’V ) ~ A m
cs| 8 3 5 A5 .o m ma Mm =
f5| ElaE|E [gg|Es|Es 25|88 &
HEAEHERE B 2 SE|| E
%m ] o g Wm.m ®O| EolGc 8B a8 m 5 o
eS| 5 |aq|xE|s8|55|5E8 =2 | gg8|| E®
e o |gg|8g|gE|Ee|EEg | 3| |E2|| 58
o B MB o] m o 2 MKV,. MO nMuH o o
MO 5 o =lo Blo El=E ol oS
£Q|l » |leglg” XREIE QR = 2K B3
02 = = me < eﬂ. A \O [=9 5 &
O s >| 3 3 H| & ¥ A N o]
S 5 | s n B o o Il c 8 g
A m = o 82 5 T m =
m =| o alr \© BT =3
m o] & 9 w C A o
s = o = o = =
O
npo4HoCTh HIKe, YyeM npu HTMO, HO npouecc IPOYHOCTbH BbILIIE, HO MPO-
6onee TEXHONOTHYHBIN LeCC MEHee TEXHOJIOTHYHEIH

Tlocie BTMO u HTMO npon3BoAxTCS HH3KOTEMITEPATYPHBIH OTITYCK.

34




TIOBEPXHOCTHas
sakanka (I13)

8.8 IloBepxHOCTHOE YNpo4YHEHHE

| Buasl nOBEPXHOCTHOTO YHPOUHEHHS |

v

XHMHKO-TEepPMHYECKast
obpaborka ( XTO)

IIOBEPXHOCTHOE IIAaCTHYEC-

koe Aedopmuposanue (ITI1]T)

8 8.1 r MeTOoAbl MOBEPXHOCTHOM 3aKAJKH |

IlpumensitoTcs 3akannsa-
IOLHecs CTallH, CoAepKa-

MM MEJIKOCEPHUHHOIO
[POH3BOSICTBA HATPeB
MJ1aMEHH SABJISAETCS
Haubonee npuemMie-

MbIM criocoboM. st

e 6onee 0,35 %C
i JJIeKTpOHArpes HAnupykunon-
Harpes B Harpes B P P Ay
KOHTAKTHbIM HbIH
NJIAMEHH 3JIEKTPOJHTE
METOA0M Harpes
Jns kpynHorabapur-| |OcymecTBasercs B Ba{ |[[IOBEPXHOCTHBIH Tox BbICOKOH Hac-
HbIX JIETaNeH B yCJIo- HHe IyTeM NpOoITyCKa- | [CNOH M3Aesis Har- roTs! (500-10MiH
BUSX EAMHHYHOTO HHS TOKa HaNpsDKEHH- €BalOT TOKOM Hu3- | 1) mocTymnaer B

eM 250-350 B. Dnexr-
POJIUTOM CIy>KHTS5-10
% p-p Na;COs, anon-
OM-BaHHa, a KaTOJOM-
Harpesaemasi ieTallb.

Oro HamnpsKeHUs
2-6 B) Bbicoko#t
JIOTHOCTH, CO3/1a-
ast KOHTAKT C To-
OLIBIO MEJTHBIX

MHAYKTOpP, OXBa-
THIBAIOLIMI IETah|
UHIYKLUHOHHAS
BaKaJjika), BpeMs
HarpeBa COCTaBJIs~

Bokpyr karona obpa-
3yercs CJIOH BOoopoaa
C BbICOKHM 3JIEKTPHU-
4eCKUM COMpPOTHBIIE-
HHeM, U JIO3TOMY 1IpO-|  [MPOU3BOAMTCS
HUCXOJUT OBICTPHIiA Ha~ TpyeH BOMbI HITH ro cnosi. [1pu un-
TpeB CJoA AeTaly 0 rmacna. I1pu Hamm- MyKITUOHHOH 3a-
T=1800-2000°C. ITo- iy Ooiee coBep- Tkamce zeranb Obic-
BEPXHOCTDb JETaNH Ha-| [LIEHHOIO METozAa TPO OXNaXXAaroT B
rpeBaercst A0 Taae. 3a-| [HarpeBa TOKaMH BY OTOKE BOZBI (HIJIH
TeM neTab oxnaxma- | PTOT METOX uMeeT MacJla) MM NOrpy-
TCS B 3JIEKTPONTHTE PrPaHHEHHOE MPH-|  pKAIOT B BOAY (nnn
WJIH 3aKaJIQUH.BaHHE MEHECHHE MacJIo)

v v €

et 1,5-10c. I'ny6n-
Ha HarpeBa CTallK
no T 3akankul npu-
MepHO paBHa TOJI-
I(HHE 3aKaJI€HHO-

, OHTOrO HCHONB3YIOT
ALIETHIICHO-KHCJIO-
POJHOE IIaMs C
T=3150 °C, nnams
nponax-0yTaHOBO
cMecu (2050°C) unn
TIPUPOLHOro rasa
2000°. Ilpu razonna-
MEHHOM Harpese
NPUMEHSIOT FOPEJIKH,
C TIOMOILL{bIO KOTOPBIX
HarpeBaloT MoOBEPHO-
THbIE CJION AT

BIIEKTPOAOB Hepes
HarpeBaeMbli Me-
rann. OxnaxneHue
HATrpeToro CJIos

—

|
@ mll[ll Iy
| 4 ¢ a 8 9 z
| ff —repatacs —— N7
i HH pd —~— T "
% a .' ,"/" ¢ - e —_—— [\
| 7RSS RS - - - ~ g
| 2702722272 e= — -4 8]
! ¢ - - — % - % 1
o
A-MICTOYHMK TIOCTO- Y %‘L
a-TOpEJIKa, _ a-3aKalnBaemas 7y Jowa
‘ B-IyLIH ee AHHOTO TOKa, .Jle’raJIb' Pacemosnue om nodepxrocmd
Y o Pyt B-3JIEKTPOJIUT, >
YCTPOUCTBO, B-MEAHbIC 3JIEKT- MeTo1 OCHOBAH HA ABYX
. . -3aKaJINBaeMas :
C-HarpeThId CJIOH,; —— (Karon)' poAbl (xansnue OCHOBHRIX d(pexTax:
| d-3axaneHHbIA -aron. ’ PONHKH); 1.Tox BY pacnpoctpans-
! 9 = B IT M
\ CJIOH. N ’ c-TpaHchopMaTOp. CTCA B IIOBCPXHOCTHO
} ~-BaHHA C 3JIEKTPOJI. cnoe, raybuHoMi
3 8=5030V p/pufmm
| 2 Tlpx npoxoxxneHnn
35 TOKA BBIIENAETCA TEIIO

Q=0,241°Rt




8.8.2 OcoGenHoCTH NOBEPXHOCT I;

HOMH 3AKAJIKH C HHAYKIIHOHHOTI'O HArpéBa

CxeMa MHIYKIHOH-
HOM 3aKalKu
1-3akamBaemoe

H3JIeJHE;
f’ 2-WHAYKTOP;
_ 3-reneparop, co3na-
3 ' ‘ 4 o :
, romuii Tok BY;
4-tpancdopMarop;
{ ' 5-koHAEHCaTOP.
2 : a) pacTpe/ieNICHHEe MarHuT-
Cxema ycTpoiicTsa as HOTO MOTOKAa B MHIYK- |
WHIYKIIUOHHO# 3aKaJIKu 6) Tope '
HanpapJieHHE TOKOB B ,«
HHAYKTOpE U eTany

YcnoBus HarpeBa : yAenbHas MOIIHOCTh (IHEPTHsA, MPUXOAIIANACS HA OMHH
KB. CAHTHMETP 3aKajinBaemoit nosepxuocty) 0,35...0,50 kBT/cM?, Bpems Harpesa
ot 2 no 10 cek.

| I'ny6una 3akaneHHoro cios |

\

Menkue aeranu, pabo- nerany, paboraroniue B KpyIHbIE OeTaly, THIA
Talomiye Ha H3HOC — YCJIOBMSIX BBICOKMX KOH- MIPOKATHBIX BAJIKOB —
1,5 ... 3,0 Mmm TAKTHBIX NaBJIEHHAX — 10... 15 MM

4,0 ... 50mm

Ilocronncma 3aKaJIKi ¢ HHOYKITHOHHOT'O HAarpepa

L | g

—
—
—

e

~

BBICOKas POH3BOAHTENILHOCTD 32
cyet ObICTpOro Harpesa
MPaxTH4E€CKH OTCYTCTBYET
OKHMClIeHHe H 06e3yriepoXxuBaHHe
MaJias BeTH4MHA IPUITYCKa Ha
MOCNEAYIOMIYIO MEXaHUYECKYIO
obpaboTky
BBICOKO€ KaueCTBO H3AETHI ~ TBEp-
moctb Ha 2...3 HRC BbIuie, yeM
NpH [TEYHOM Harpese
BO3MOJKHOCTh aBTOMATH3aLIUH
NpOH3BOACTBEHHOrO NpoLIEcca
MexaHudeckoi obpaboTku
NOCTUraeTCs MOBLILIEHUE
CONPOTHBJIEHNS YCTAIOCTH

MaJble nedopmanns u kopobnenue ¢
BO3MOKHOCTb 3aKaJIKH B [IOTOKE

Qo
()




8.8.2

e

b

BHABLI XHMHKO-TEPMHYecKoi o0paborku craau - XTO

S

IemenTaims

IInannporanne

OTHPOBaHHeE Puddysuonnas

nponecc HaChIl e~

npoyecc OAHOBpE-
MCHHOI'O HaCbIlie-

HHS IIOBEPXHOCT-
HOTO CJIOS MaJIoyT-
NIEPOUCTOH CTalIH

HHS NIOBEPXHOCTEH
, IETaJIN YrIEepPOoAOM

CTaJIl a30TOM

A3
MeTaJlTH3aLs
TpoLecc HAaCBILEHHE To-
HaCBILEHHA BEPXHOCTH CTallb-
TIOBEPXHOCTH HBIX JieTaneH an-

JIIOMHHHEM, XpO-

yTIepofoM H a30TOM MoM, bopom u Aap.
,M
Iemenranus | Llementanus |I{emenTarnus - —_
TBEPAbIMH raszosasl (ec- HWAKOCTHAA (B g % ) 2 ’g
KapGiopusaro- | TecrBennbvu fpacmnapnen- 2 § 5 g = E 5 &
pamu (apeBec- | M HCKYCCTBEH- [HBIX COJISX z 8 E 2l 188 g é
HbM yrteM B | Hpimu razamu) [NaCl, Na,COs) ;% § 8 = 2 E: g =
YINEKHCIBIMU 2l |~ E S z E
COJIAMH) N X ~ ~
T
Huskorewm- Bricoxoremne- IluanupoBa- Linanuposa- Iuanupoba-
nepaTypHoe paTtypHoe 1iHa- HHE B TBEP- HHE B XHU- HHE B raso-
LHaHUPOBA- HUpOBaHHE JbIX Cpenax KHMX cpenax BBbIX Cpenax
Hue (mpu T= (npu T = 800- v
500-600 °C) 900 °C) P
umpoyemenmayer 5
8.8.2.1 Craaun XHMHKO - TepMHIeCKoH 00padoTkH

.

[T(TO BKJIIOYAET TPH NOCIEA0BATENbHBIX IPOLECCa J

y

AMCCOUHAIHA—DPACIaN
Monexyn, obpasoBaHue
aKTHBHBIX aTOMOB IH(p-
bynaupyromero snemeH-
tat 2CO — CO,+C

a8copbumus—nornome-
HHUE MOBEPXHOCTHIO JIETa~
MY AKTHBHBIX 4TOMOB.
3TO BO3MOXHO, €CITH
37IEMEHT PaCTBOPSETCH B
OCHOBHOM MeTajine

»—
AndPy3na—npoHUKHOBE-
HHe HaChIIAIOLIero 3Jie-
MeHTa Briaybe. M3 Tpex
siBeHMi, Tuddy3us ca-
MBIH MeJIeHHBIH 1 UMEH-
HO OH OflpeAeseT napa-
METPBI TEXHONIOTHH

Baxxneiiwas BenuuuHa — rimybuna nuddysnoHnoro
cnost “y“ OT BpeMEHHM T 3aBHCHT IO napabonu-
HECKOMY 3aKOHY Y =K V1T

37
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,‘_*
TANH-I0 | | Tem- npoagoja- CTpoeHHe TepmoobpaboTka nocne
IEMEHTa- nepa- KHTENb- CJIOA—TIO LEMEHTALMH IIPOBOIHTCS
LY HU3- Typa- HOCTbL—OII- CTPYKType C LIETBIO :
oyriepo- obec- penemsercs COCTOHT H3 : 1. I3Menb4HTh 3epHO
HCTBIE HeyH- Tpebyemoii 3a3BTEKTO- CEpALIEBHHBI M LIEMEHTO-
0,1-0,2 Baer rTyOHHOH. HIHOH, 3B- BaHHOTO CJIOA;
%C) qamie aycre- Pacuer TEKTOUIHOM 2 Ilonyuuts BBICOKYIO
merupo- HHUT- npoxon- 1 [I03BTEK- TBEPAOCTh MIOBEPXHOCTH
BaHHbIE HYIO JKHTEJIbHO- TOHAHOH 30H TIpH BS3KOH CEpALIEBHHE;
Tuna: 15X, dasy u CTH BeOyT I'nybuna 3.YcrpanuTs kapbunnyio
18XI'T, COCTaB- HCXOd U3 COCTaBJIsIECT CETKY.
12XH2DA | | nser CKOpPOCTH 15...20% Texnonorns onpenens-
930- Hayruepo- CEeYeHMs ne- ercs TpeOOBaHUAMH,
950 °C SKHUBaHHUSA: TajH npenbABAIEMbIMH
TBEpHasi- K JeTasM.
0,12mMm/4,
rasoBas-
0,15mMm/4
v - — K ~
vaLs
: <
fo1%e i HRC : O
55 4 14 I | < B o
o0 Py I S N o E, <
4 ] e o
48 - 1,0 : : o <
468 | s} i
g | & : :
1% | , | 2 3
3049 ¢ ' : | & 5
25-0,2- ! | =} g
) 42 3 | &. : &
N 1 b P g [5
o '
= 3
) "
=}

8.8.3

TexHOJIOrHA KXEeMEHTALHH

CMCHTaI s

] :""'\A

30HbI:

3-K03BTEKTOHOHAN.

H3MeHeHHe KOHUEeHTp
TBEPAOCTH LUEMEHTOBAHHOTO CJ1os (Io-
CJIe 33KaJKH) H MHKPOCTPYKTYpa Hero-
CPEACTBEHHO MOCJe IEMEHTALHM. |

1-3a9BTEKTOHUIHAS, 2-3BTEKTOUHAS,

)

alHHu yriuepona H

v

IeMEHTALMOHHON ITeqn
Hug 1o 840...860 °C. IIpuMensiercs npu ra3oBoH LieMeHTalHH H

3akanka ¢ ueMeHTALHOHHOr0 Harpesa (HEoCpeICTBEHHO C
IpEMeHEeHHY HACJIEeNCTBEHHO MEIKO3ePHUCTHIX CcTale

HEBHHBI C MOCNEMYIOLIEH 3aKaIKOH OT TEMIIEPATyphl BbILIE Ha
20...40 °C Ac; IOBEPXHOCTHOIO CJIOs

aKaakKa xBoHHast

BHIIIE AC3 CepALIEBHHBI, BTOpasi — OT Temnepartypsl Ha 20...40 °C

Hopmanusauus ot Temneparyps! Bbiue Acs Ha 20...40 °C cepn-
BoIE AC; TIOBEPXHOCTHOTO CJIOSI

3

Bceraa Hu3koremneparypHbii
OTNyCcK

38




A3oTHupoBanue

IIpupona (cTpoe- .
BOiic -
HHE) a30THPOBAH- C m :Mmm 430TH Hemmn Texuonorus
HOFO CJIOs POBAHHOTO CNoA a30THPOBaHUA a30THPOBaHMA

v

CIO¥H CoCTO-
UT 13 3-X das3

V<A

|
f

riryOuHa a3oTupoBaHHOro cios 0,25-0,3mm

-

TMOBBIMICHHE KOPPO3HOHHOH

-

KaBHTALHHOHHAA CTOHKOCTD

craid : 38XMIOA, 38X2MIOA

-

-

H H3HOCOCTOHKOCTD

=

CTHbBIX JaCTHIL
0c060 BBICOKAA TBEPAOCTh NPH HATHIUH
HOBBILLIEHHE TBEPAOCTD
¥ KaBUTAIIHOHHOH CTOHKOCTH

01 mm/gac riry6ussbl. O6bI9HO

Al Mo, V, Cr: o 1200 HV

3

o - a30THCTHIH QeppHT
KOPPO3HOHHAs CTOMKOCTD
B BOJIE, MODCKOH BOJIE, BO3AYXE

Y’ - HUTpUR Xkene3a FesN

g - HuTpun xenesa FeaN
BBICOKO€ COMPOTHBIIEHHE YCTAJIOCTH

BBICOKAsl TBEPOOCTD 33 CYET MEJIKOAUCIIEP
TMOBbBILIEHHE CONPOTUBIIEHHA YCTATIOCTH
Temnepamypa npouecca 530...540 ° C.
IpoAOKUTENLHOCTD BBIEPXKKH B Cpene
JQUCCOLIMHPOBaHHOro aMmHuaka (30%) — u3

pacdera 0

> ; :
i / I
)
; NN Py SR 1 IS NN
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| RN NENAN
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EENENS 23 i AN
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PTITTTTT L CLLLF S Ol AT 7

HpumensiioTcs TepMOyiTydiaeMple KOHCTPYKLH-
onnbie cranu THna 38XMIOA. Ilepex asoruposa-
HueM [POM3BOAMTCA TEPMHYECKOE YIIydIllIeHHe.
ITocne asoTupoBanus Hukakas o6paborka He mpo-

HU3BOJAMUTCA.
. . .

1 - 6annoH ¢ aMMHaKOM 5 — manomerp (rpubop 6 — muccoLomeTp (TIpH-
w, 2- OCyHINTEJIb aMMHaKa A H3MEPECHHUA U3- @O@ UL U3MEpPEeHUs
W 3 —reyp OpITOYHOTO HABIIEHHS) CTeneHH AHCCOLMA-
4 - npubop AN U3MEpEHH _ L)
TeMIepaTypsl
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8.8.5

a30THPOBAHUEM Tpe6yer MEHBIIETO BPEMEHM AJisd MONYYCHHA CII0A JaHHOH TOMIIUHBI

TexHonorusa uMaHMpoBaHHS
Ipouecc uMaHpPOBaHUA (HachIlleHHe NOBEPXHOCTHOIO CJIOS M YIIIEPOAOM U
a30TOM) — KaK METOJI TIOBEPXHOCTHOrO YIIPOUHEHHs N0 CPaBHEHMIO C LieMEHTauueil 1

b

XapakTepU3yeTcs 3HAYMTENbHO MEHBIIMMU NeopMaLuaMH B kopobneHreM neranei
CJ10>kHOH HopMBI U GoJiee BLICOKMMH COITPOTUBJIEHHSIMM H3HOCY, KOPPO3HH H yCTa-

JIOCTH
‘}m HaHHPOBaHm

meepooe —~ 2azoeoe —
TIPOM3BOJMTCS B NPOM3BOAMTCA B CPeIe, JHCUOKOCIMHOE ~ NPOUIBOIUTCS B
TBEepaOM kapOto- cocrosueit u3 PKHIKHMX BaHHAX, COACPXAMINX
pu3aTope, CBETHJILHOTO ra3a NaCN nm KCN |
cocraa: 30...40%| | (mayrnepoxwupatoruit) v v
XKENTOH ¥ 8MMHAKa. 5 S o p
KPOBSHOM COMH Temneparypa npoueccaw g Z 83,
K4Fe(CN)s+ 10%, | | 840...860° C, SPENE - A -
const N;CO;+ CKOPOCTb , s 53 % 8805 %
ApeBeCHbIH yrob. ¢ y3HOHHOrO E < §. E = 58 O E
Temneparypa npo-| | HacblmeHus > %5 s a o E‘ S5 A}
necca 930... 0,16...0,17 MmM/4ac. g @) § < % & &<
950 ° C, cKkopocTh &g 23‘\8‘8 S g5 s gg
0,13 MM/gac. OLER°s mERBS
3aKkanka } C MoB- 3aKanka -éenocpen- 3akw:g— 3ax:£ Kl —
TOPHOTO Harpesa CTBEHHO C LieMeHTalM- | | | HEeTlOCpeACT- C MOBTOPHOTO
J10 TEMIIepaTyphl OHHOM TleYH ¢ mocle- BEHHO C LiHa- Harpesa 110
820...860°Cc AyOLIMM HU3KOTEMITE- HUCTOH BaH- 820 860°C
TIOCNEAYIOLHM PaTYpPHbIM OTIYCKOM HbI U HU3KO- A HUBKOTEM-
HU3KOTEMMEpaTyp- Temneparyp- nepaTypHbIii
HbIM OTITyCKOM Humpouemenmauun |q | O OTIYCK OTITyCK

2

Wiy
G

s
"t@;ﬁ

4,
5

3\

k CTpyKTypa
& 4— iuaHupoBaHHOTO
: cios x 100




1

Texnoaorus gudPpy3InoHHOH MeTANLIH3AUMH
JudPy3noHHOE HaCHIIEHHE METaJLIaMH

8.8.6
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8.9 IloBepxnocTHOe nIacTHueckoe aedpopmuposanue ( IIL)

3axnroyaercs B 1eOpPMHPOBAaHUH TOBEPXHOCTHBIX CJIOEB AeTaneil MaluH
ompeneneHHbIM HHCTPYMEHTOM, B PE3YJILTAaTe Yero B IOBEPXHOCTHOM CJIOE BO3HH-
KaloT, Ha ONpefeNeHHO#H ryOHHe, C)KMMAIoLHe OCTaTOYHbIE HANPSDKEHHA, YTO
MPUBOIMT K 3HAUYMTELHOMY [OBBILIEHHIO CONPOTHBIIEHHS YCTAIOCTH, CHIKEHHIO
4yBCTBMTENLHOCTH K KOHUEHTPALMIi HANPSDKEHHUH, a B psle CIIy4aeB — K MOJHOM
HeNTpaNM3allMi KOHLIEHTPaTOPOB HATIPsDKEHHH.

N —

Meroan NOBEPXHOCTHOTO MJIaCTH4YE€CKOTo

coonmy -

nedopMupoBaHHA
i K
npobecrpyitHas qeKaHKa obkaTka
obpaborka ‘ POJIMKAMH, THAPHKAMHU

e g e

1-o6KaTHOH ponvK;
2-0Cb C NOAIIHITHUKOM;
3-TapupoBaHHas NPY>HHa;
4-xopuyc

1-cTanbHas urna;

. 2-xopnyc; 3-npy>KHHa;
290 4-cTynka; S-cTakaw,
6-60ek;7-raiika;8-BHHT,
9-KIenalibHbIM MONOTOK




8.10

'Tepmnqeclcaﬂ o6pab6oTka uyryHa

Mexanuueckne CBOMCTBa CEPOro M BHICOKONPOYHOTO YYIYHOB YJIYHYILAIOT TEP-
Muueckoit o6paborkoil. ITpu JuThE B UyryHax CO3/1aeTcsi BHYTPEHHEE HAMPSIKEHHE,

TI03TOMY HarpeBaTh YyTryHHBIE OTJIMBKH IpH TepMoobpaboTke cieayer MeaseHHo,
4T06B! H36€XaTh 0Opa3oBaHUs TPEIIMH.

‘ BHIbI Tegmooﬁgaﬁonm
N \_

Hanicoremnepa p‘an:l THIHPY® Hopmasu- 3axanka Ornycx
TYPHBIH OTXHI INMHH OTHRKHT 3aLHA

[Mpumensior ¢ I Ipumensercs ¢ E# nogseprator- | [Ipoussoaurcs Flpnmeaae'rcx
UETIbIO CHATHS TEM, YTOORI YCT- |  [c OTIHMBKH NpPO- | € HarpeBoM A0 | [ LENEIO CHA-
BHYTPEHHHX pasuTh oTOEN H croii dopmur.Ha-{ 850-900°C. THS 3aKaJI04-
HaNpLKCHHH H S’lellmld'rb 06pa- rpPEB IIPOH3BO- Flocne 3axanku BbIX Hamps-
crabunusanmu DATHIBAEMOCTh s npu 850- TBEPAOCTD Yy- DKEHHH nocne
pa3MepoB 4yryH- | HyryHa. Omkur 500 °C ¢ Bamep- | fyHa mocturaer| pakaaks. y-
HREIX OTJIHBOK. NPOH3BOAMTCA pKKOH 1-3 1 C 150-500HB. [rymme AcTa-
Hnsg aroro or- Npu Temmnepa- [10CTIENYFOLIHM D gexruBHpiM | [TH, TPEAHA3-
JIMBKH NIOCINE rype 900-950 °C OXJIKICHUEM HA] METOJIOM NOBhI{  [HAUCHHbBIE
TOJTHOTO 3aTBep- TeYeHuH 1-4 4 posnyxe. [Ipn [ueHHs NpoyHO-| U1 paboTeI
ACBAHHA YKJIAJbl-| [ OXJTaXKACHHEM BTOM HarpeBe CTH ceporo 4y- | {Ha HCTHpPaHWe

BalOT B XOJOJ-
Hy10 nieub (ANIH ¢
T=100-200 °C),
a BMECTE C HEH
MeuieHHo (75-
100 °C B 4ac)
HarpesaoT /10
500-550 °C,
BbIAEPXKHBAIOT
2-5 94 ¥ MESIEHHO
OXNIAXKAAIOT

p3genui 1o 250-
300 °C BmecTe ¢
JIEYBIO, a 3aTEM
Ha Bo3ayxe. [Ipn
BTOM B OTOENEH-
HBIX Y4acTKax
JIEMEHTHT paclla-
aeTCa Ha dep-
PUT U rpajuT

L

HACTh YTJIEPOJA,
rpaguTa pacTso-
pseTCA B aycTe-
kute. [locne ox-
NTakIEHHS Ha
BO3AYXE CIIIaB
[10/Ty4aET CTPYK-
Typy ¢ 6onee Bui-
COKOH TBEpPAOC-
ThIO M Ty4dleH
CONPOTHBIISE-
MOCTBIO H3HOCY

yHa SBIISETCS IIPOXOAST HH-

30TEepMHYEC- BKHH OTITYCK

af 3aKaJka, pn 200-250
AHAJIOTHYHASA °C. Uyryn-
BaKallKe CTajM. | [HBIC OTIIHBKH,
BricokonpouH. | He pabora-
HYTYHBEL MOKHO|  fOINHE Ha
[I0ABEPraTh HCTHpaHHeE
K1IaMCHHOH roABEpraloT-
f1IH BRICOKOUA- |  [CH BBICOKOMY
CTOTHOH NOBEP-|  OTITYCKY NPH
XH. 3aKaiKe 00-600 °C

K TepmoobpaboTke 4yryHa OTHOCHTCS TAKXKE M OTXKHUI AJisA TIOJNy4EeHMA
KOBKOTI'O 4yryHa.

| oTyivBKa Oenoro 9yrysHa

[ omxHr npu temneparype 930...950°C I

Y

»

MEIUIEHHOE OXJIAKACHHE
| C BBIIEPKKOW NpH 680 °C

yCKOpEHHOE OXJIaX/IeHHe
B nuamna3oHe 680...710 °C

ObICTPOE OXJTAXK/IEHHE B
auanasone 600...650 °C

—

‘l .

F deppuTHBI uyryH | I(beppm‘Ho-nepnnTHbIﬁ uyryu |

[IEPJIHTHBIA YyryH (






