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JlaGopaTopras padora Nel

ONPEAEJEHHME KPUTHYECKHX TOYEK CTAJIA METOAOM
IMPOBHBIX 3AKAJIOK

1.1. Heas paboTnd

(O3HaKOMHTBECS C METOZOM NPOOHKEIX 3aKANOK [N HaXOXAECHHS KPUTHYECKHX TOueK
crand. Mayuuts BnusuMe yrnepona U nervpyoLiyX 3MEMEHTOB Ha TMON0KEHUE KPHTH-
YecKMX To4YeK Ac; U Acs,

1.2. MaTepuan HcclleA0BaRuS

OroxoxeHHble 00pa3silel YIIePOAUCTHIX Y JerHpoBaHHbIX craned 20; 20X; 20XH;
20XH3A; 20XTHP; 2017 40; 40I"2; 40XHA.

1.3. Ilopagok BbINOTHeHHA PaGoTh

1. BoinmycaTs XHMHYECKHA COCTaB H KPUTHYECKHE TOUKH CTaNeH.

2. 3amepuTts TBepaocTs 0b6pa3nos Ha npubope Poxsenna mo wxane HRB. Ha ka-
KIoM obpasie JenaTh 00 TpH H3MepeHus, JaHHbIE KOTOPBIX YCpeaHHTh. [IpHIOTOBHTE
MHKpOULIH®BI, MpoTpaBuTh 4%-HeiM pactBopom HNO; B stHaOBOM cxmpre Mukpo-
CTPYKTYPY 3apHCOBATh.

3. o ogHOMYy oGpasuy KaXJ0# MapKH CTaJH 3aKaIATh B BOZE OT TeMIepaTyp C HH-
tepsasiom 20...30 °c (wanpumep 710; 740; 760; 790; 820; 850; 880 °C). Bpems BoI-
JEPXKH [IPH TEMIIEpaType ayCTeHHTH3auuy 20 MHHYT.

4. TTocne 3akanku ob6pa3ubl 3aTOYNUTH Ha HAOKAAKE U M3MEPHUTh HX TBEPAOCTh Ha
npubope Poxsemnna no mxane «C» (anrMa3sHeIM KOHYCOM, OpH Harpyske 150 xr), a B oT-
JeNbHBIX CIydasx —Io mKane «B» (cTansHeIM mapukoM npu Harpyske 100 kr). Urobbr
CPaBHHUTB YHCTa TBEPAOCTH, UX IIEpeBECTH B eHHHIEI TBepAocTH no bpuuesno (HB).

5. TlpuroToBHTh MHKPOILTH(EI, IPOTPABHTH U 3aPHCOBATH MUKPOCTPYKTYPBL.

6. [ony4ennsie NaHHBIE TPUBECTH B Ta0M. 1.

7. IloctpouTs rpadMKy 3aBUCHMOCTH TBEPLOCTH OT TEMIIEPATYPhI 3aKAJIKH.

8. Ilo u3MeHeHHIO TBEPAOCTH ¥ MUKPOCTPYKTYPHI B 3aBHCHMOCTH OT TEMIIEPATYP5I
HarpeBa ONpEJEIHTh KPHTHYECKHE TOYKM cTajed. CpaBHUTH IONyYeHHBIE JAHHBIE CO
CTIPaBOYHBIMH.

1.4. Cogeprranue oT43eTa

Order o paboTe NOJKEH CONepkKaTh;
1) HauMeHOBaHuE | 11eNb PadOoTSHI;

2) MaTepuall HCCIeNOBaHUS;

3) nopsAXOK BBITIONHEHUS pabOTEI,
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4) Tabnuiy ¢ ONBITHEME JaHHEIMU U CXeMaMH MHKPOCTPYKTYP;
! Tabnuua 1

BiusHEE TeMIIepaTyphi Harpepa Mo 3aKaiKy Ha TBEPAOCTh U MUKPOCTPYKTYPY
KCCIIeIOBAHHBIX CTaNeH.

Temnepa- TseprocTb MukpocTpykTypa
Typa Ha- cTpykTypHbie | CxemaTu-
Mapka | rpeamon | HRB HRC HB COCTaBINAIO- | YeCKHH pH-
CTaN# 3aKalKy, mue CYHOK
°c
Hcxonpoe
COCTOSIHHE
710
740
760
790
820
850
880

5) rpaduxu 3aBucumoctH HB = (%0 );
6) BeIBOIEI IO paboTe:

.a) O BIHAHHH COACPXAHUS YTIIepoza B JIOIBTEKTOMAHON CTANM HA MONOXKEHHE
JKPUTHYECCKUX TOYEK;

6) ‘0 BJIHAHHH COMACPXKAHHA JICTHPYIOIMX JJIEMEHTOB B CTANIHM Ha IIOJIOXEHHE
KPUTHYECKHNX TOYEK. '

7) pedepart Ha TeMy «MeToRs! ONpeNeNeHs KPHTHYECKHX TOUEK»,
1.5. KoHTpoJbHbIE BONPOCHI

1. Yro Takoe KpHTHIECKHE TOUKH CTATH?

2. Kpuruyeckue To4kd U nuarpamma Fe—Fe;C.

3. Kaxvie npeppanieHus NMPOUCKOAAT NPH CIEIYIONMX KPUTHYECKUX TOYKax: Acy;
Acs; Ary; Ars ;Acem ; Alem . ‘

4. Kaxas cTpykTypHas cOCTaB/LIOMIAs CTAH HE IPETEPIeBaeT [OIHOIO IpeBpalie-
HUS DY HArpeBe B MEXKKPHTHIECKHH HHTepBan;

a) Acyj—Acen

6) Ac;—Acs

5. Kaxoe Bnusiane okaspiBatoT Mn 1 Ni Ha MONOXKeHHe KPHTHUECKHX ToueK Ac| H
Acy cramm.
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6. YcranoBHTE IS KaKMX CTaneit DO- MM 323BTEKTOMIHBIX NPHMBENEHH! HArpaM-
MBI H30TEPMHYECKOTO pachiaja NepeoXJIaxIEHHOIO ayCTeHHTa, eClM HW3BECTHO, 4TO
OHH MMEIOT Pa3HOe CONEpXKaHHEe YTIepoia U OTHOCSATCS K OAHOM rpynme.

A A
—

°c

‘ Teuneparypa,oc
Temneparypa

Brove > a) Bpems >
A / A
oo Oo
{ g
&
g )
2 &
Bpems > p Bpema >

6)

7. Kakoe BiusHue oka3siBaloT Al ¥ Si Ha nonoxxeHWe KPUTHYECKHX TOYEK AcC) H
Acs cramu.

8. Kakast u3 HHXKENpPHBEICHHBIX craned Oyner uMMeTh Oosee BHICOKME 3HAUYECHUS
KPUTHUECKHX TOYeK Ac) 1 Acs: 50 wru 50127

9. Cramu 20 u 50 6b11M HarpeTsl 10 OOHOH M TOM e TeMIepaTypbl, BbIIEPKAHBI
OIMHAKOBOE BpeMs M OXJIAXACHH! B Boje. [locne 3akanku crane 20 HMesa CTPYKTYpY
MapTeHCHT M (eppuT, a cTanb 50 MapTeHCHTHYIO CTPYKTYpY. Bhlllle KakuX KpHTHYe-
CKHX TeMIriepaTyp ObUIM HarpeTs! CTalu?

10. Crans 40X ¢ CXORHOH QepPHTO-TIEPIMTHOH CTPYKTYpOli HarpeBai o aycre-
HHTHOTO COCTOSHHS ¢ pasusiMi cxopoctsMu: V=0,1 K/c; V=10 K/c; V=1000 K/c. Kax
CKaXeTCsL CKOPOCTh HarpeBa Ha MONOXKeHHe KPUTHYECKHX Touek Acy H Acs ?
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11. Kakue u3 NpHBEIACHHBIX OHarpaMM cocrommﬁ cooTBeTcTByIoT cinapam Fe ¢
anementamu: Cr, Mo, V, W, C, Ni, Al ? ,

t° l
| >

" Fe > %na Fe ->ssn.a > %n.2

12. Ha 3aBox nocrymwny aee mnasku ctany 12XH3 A, oTnuyaromuecs XUMH4YECKUM
COCTaBOM:

Ne ' Conepixanue 31eMeHTOB, Bec. %
TUTaBKH C Si Mn S P Cr Ni
1 0,09 0,20 0,30 0,02 0,03 0,60 2,75
2 0,16 0,23 0,52 0,02 0,01 0,62 3,15

BynyT mu KpuTHYEeCKHe TOYKH Ac; ¥ Ac; 06enx Mi1aBoK OJWHAKOBEIMU?

13. VkaxuTe W3MEeHeHMs B NOJNOXKEHNH KPUTHYECKHX TOUYEK C YBEIHYEHHEM CO-
Jiep>kaHus yriepona:

a) B JO3BTEKTOUIHOM cTany;
6) B 3a3BTEKTOMIHON cTANH.

14. TloyeMy NpH CKOPOCTHOM HarpeBe IOJ 3aKalIKy TeMHeparypa ayCTeHHTH3alHH
ctanu 45 cocrarmser 980 °C, a npu neunom Harpese 840 °C?

15. B xakux u3 ykasaHHbIX ctaneit 10; 60; 60C2; 40XCI>A; 35I2 nocne npoOHBIX
3aKajioK Ha HAacNeACTBEHHOe 3epHO oT TeMmepatTypsl 930 °C u Bpemenn BblaepxkH 30
MHUHYT MOXHO NONYYnuTh Gamnel 3epua 3 (125 MxMm), 5-6 (88—-62 MKM); 9 (15MKM).
Y KaXUTe NPUIHHBI.

JlaGopaTopHas padora Ne2
KHMHETHUKA POCTA 3EPHA AYCTEHHUTA P HAI'PEBE
2.1. Ieas paboTsl
BRIACHNTL BIMAHHE TeMIEpaTypsl ayCTEHHTH3ALHMH W [PONOKHTENSHOCTH BEI-

IEPXKH NpH TeMIepaType ayCTCHHTH3aLMHK Ha BEJIHYHHY 3€pHA ayCTEHHTAa METOIOM
HOPMaTH3aLUH.
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2.2. MaTtepnaj Hcc/leX0BRENS

O6pasusl cramu 4
2.3. Hopsapaok BLINOTACHHS PAGOTH .

1. BeImucaTh XMMUYECKHUIT COCTaB M KPHTHIECKHE TOUKH cTanmu (cM. Tabmn. 19).

2. Harpers ofpasubt 1o Temmneparyp Beiure Acs: 820; 850; 900; 950; 1000 u
1050°C. Hats 20-MHHYTHYIO BBIIEPKKY TP KaXIA0H Temreparype. 3arteM o0pasiisi
OXJ8/UTH Ha BO3AYyXe.

3. IIpu Temmeparype 1000 °C maTe HOMONHMTENBHBIE BBLAEPXKKH, BAPLUPYA BPeMs
oT 5 no 60 munuyT: 5; 10; 15; 25; 30; 60 MuHyT.

4. Tlo nuarpamMMe H30TEpPMHYECKOrO Pacliafia NEpEeoXIKASHHOro ayCTeHuTa (CM.
TIPHIOKEHHE) PACCUUTATE HIDKHIOI KPHTHYECKYIO CKOPOCTh HPH 3aKatke (Vs ), ybe-
JMBLINACK, YTO YKa3aHHbIE PEXHMEI TEPMHUECKOH 06paboTKH C HCIIONB30BaHUEM OXJIa-
KIEHHUS Ha BO3AYXE ABITIOTCS HOPMATH3aLHEH.

5. O6pa3stibl 3aTOYATD HA HaXAaKe, CHAB c10# 1,5 MM. [IpHrOTOBHTE MHKPOULIHMEL.

6. BISBHTE MHUKPOCTPYKTYpPY IIyTeM TpaBjleHHs B 4%-HOM pacTBOpe a30THOH Ku-
CJIOTHI B ITHJIOBOM CIIHPTE.

7. Onpenenuts Gayn 3epHa aycTeHMTa MeTONOM cpaBHeHHs co mkanod ['OCT
5639-82. Ilo 'OCT 5639-82 1 Homorpamme (puc. 1) HalTi cpeanuit auaMeTp 3epHa (d
MKM).

8. B city4ae pa3sHO3EPHHMCTOCTH' OTHENBHO OMPENETHTh Ganm M cpenHuii AuameTp
JUIS MENKHX ¥ KPYIHBIX 3€peH, a Taike INOMAIH, 3aHMMaeMbIe MEIKUMU # KpYy[HEI-
Mut’ 3epaamu. OCMaTpHBATH MOPANKA JECATH NONEH IPEHM HA KAKIOM LUTH(E.

9. Ilony4eHHbIe JaHHBIE IPEACTABUTH B BHAE TaONHIEI U rpadHKOB.

2.4. Cogep:xanne oTueTa

Ortdet 110 paboTe HOMKEH CONePIKATE:

1) HauMeHOBaHUE H UeNb paGoThI;

2) MaTepHaI UCCIeJOBAHN,

3) nopsRox BHINONHEHUS paGoThI;

4) XMMHYECKUH COCTaB HCCNETyeMO CTAH, e KPHTHYECKHE TOYKH U JHATrpaMMy -
H30TEPMHUYECKOTO Pacazia NepeoxIaXAeHHOTO ayCTEHUTa,

5) pacueT Ve, H ee CpaBHEHHME ¢ OXNKJAIomEel CIOCOGHOCTRIO CpefsL;

6) OTIBITHEIE JAaHHEIE B BAIE Tab. 2;

1

Pa3Ho3epHHCTOH CYATAIOT CTPYKTYPY, B KOTOPO! MMEIOTCA 3€pHA, OTTHYAIOMHecs OT 0CHOB-
Horo (npeodnanatowero) 6anna Gonee YeM Ha OAMH HOMEp ¥ 3aHMMarOlIMe Ha uIHde mwromans Gotee
10 %.

“ Menxvm cuaTaTh 3epHO 6 GaLia A BhINe; KPYITHBIM — 3epHO 5 Gamna H Hike.



CpegHnin anameTp 3epHa, MKM

4 63000
56 31500
8 160005
12 8000 3
16 } 4000 T
24 1000 ©
04 1000 T
5 500 g
63 %0 o
90 125 9,
125 6
180 NS¢
250 60
355 8 3
500 :

0001 2 3 456 7 8 9101112 13

Ne 3epHa no M'OCT 5639-82

pasmepa 3epHa

~ Puec.1. Homorpamma ans onpegenexHns



Tabnuna 2

Brusinne pexuMa HOpMaNH3aLHMHE Ha pasMep 3epHa

Tem- | Bpems | Oxina- Menkue 3epHa Kpyn#sie 3epHa

nepa- | BBINEPK- | XKAparo 3ann- 3aHH-

TYPR K, W@ By g el | Bamn | dp, |mas

e | PR | sepra | o (M| sepra | (TG
%o %

820 20

850 20

900 20

950 20

1000 5

1 000 10

1000 20

1000 25

1000 30

1000 60

7) rpaduku B KOOpAMHATAX:
@) pasMep 3epHa — BpeMs Bhizepxku  (t °%c =const);
6) cooTHOIIEHHE TIIOIUANH, SAHATOH MENKAMH ¥ KPYIHBIMM 3epHaMH — BpEMs
ssutepxkH (t °C =const); _
B) pa3Mep 3epHa — TeMIIEPaTypa Harpesa (Tpyy =20 MuH);
I') COOTHOLICHUE ILIOMIAH, 3aHATON MENKHMH ¥ KPYTIHEIMH 3€pHaMH, — TEMIIe-
patypa HarpeBa (Tgy; =20 MHH).
8) BoIBOABI 0 paboTe: O BIMSHHM TEMIepaTyphl HarpeBa M BPEMEHH BBIICPXKH
TIpH TeMIlepaType HarpeBa Ha CKJIOHHOCTh ayCTEHHTHOIO 3€pHaA K POCTY;
9) pethepar Ha TeMy «MeTOZRH! BLISBIEHUS H OTpPENEICHNs BEIMIMHEl 3€DHa aycTe-
HUTAa B CTaJIH».

2.5. KonrpoJisHble BONPOCHI

1. UTo MOHMMAETCs II0J{ HaYaTbHEIM, HACTEACTBCHHBIM H nencmnrenbnmm pasmMe-
POM 3epHa ayCTeHHTa?

2. OT KaKux OCHOBHBIX ()aKTOPOB 3aBHCHT Ha4allbHOE 3€PHO ayCTeHHTa?

3. B xakoM ciy4ae Haqanbﬂoe 3epHO aycTeHHTa B cTany 30 Oyner Meibye: NpH Ha-
rpese 10 Temneparypsl 1000 °C TokoM BEICOKO# 4acTOTE cO ckopogcTrio 1000 K/ wiu
Tp¥ Harpese B ey co ckopoctsio 0,01 K/c?

4. Tlpu xako# HCXOOHOH CTPYKTYpe C ONMHAKOBHIM pasMEpOM 3epHa crams 30XT
MoXeT OBITh oJTy4eHOo GoJiee METKoe HaYalbHOE 3EPHO ayCTCHHUTA:
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a) nepnut+depput ; 6) COPOUT; B) TPOOCTHT?

5. Kakoe BIusHME OKasbIBacT pa3Mep NeHCTBUTENBHOIO 3€PHA ayCTEHMTa Ha yjap-
HYIO BA3KOCTB H TEMII€PATyPHBbIH IOPOr XJIaTHOJOMKOCTH CTalH?

6. Kakas cranb Ha3biBaeTCs:

a) HacleJCTBEHHO-MEJIKO3ePHUCTOH;
6) HaceACTBEHHO- KDYITHO3ePHUCTOMR?

7. Kakoe BiusHHe OKa3bIBAlOT KapbumooOpa3yroiiue 3MeMEHTHl Ha CKJIOHHOCTh
3epHa ayCTeHHUTA K pocTy?

8. Kaxas nnaska cranu 40 Gyner Gonee CKIOHHA K POCTY 3epHa ayCTEHHTA B 3aBH-
CHMOCTH OT YCJIOBHH BBIILIaBKH: MapTEHOBCKas, 3NeKTPOCTalb, BAKYYMHO-TYTOBOIf Ie-
pemnas?

9. Kakas yrnepomucras crans (20; 20mc; 20km) Gonee CKIOHHA K Ieperpesy: a) Ku-
nsias; 0) moxycnokoiHas; B) CIIOKOHHas?

10. Karue HU3 NMpHBEINEHHBIX NPHMECHBIX (Da3 OKa3biBalOT Goliee HEPrHYHOE 32-
Jep)KuBaiollee NeiCTBUE Ha POCT 3€pHA ayCTEHMTA: a) HUTPUAEL; 6) cynbGHumsl; B) OK-
cunsl; 1) dochuns?

11. Kaxoe BnmsHue okasbiBaioT Mn, B, P, nHaxonsumecs B TBepIOM pacTBope Ha
CKJIOHHOCTD CTaNIH K neperpesy?

12. Kaxoe BnusHHE OKa3bIBaeT Si HA CKIOHHOCTH aYCTEHHTHOTO 3€pHa K POCTY, €C-
JIY OH NPHUCYTCTBYET B CTAJIH KaK IPUMECh U KaK JIETHPYIOLIHH s/ieMeHT?

13. Cranp V12 MoXeT MMeTk HCXONHYIO CTPYKTYPY: a) KPYIHO3CPHHACTHIA NEPIHT;
6) MeNKO3epHHCTHIH nepnuT. B KakoM cirydae paHblie HAYHETCA POCT 3epHa ayCTEHHTa
npu Harpese?

14. Kaxoe BiMsHHE OKa3bIBACT yBE/IMYEHHE COAEPXKaHUsA Yriepoda B 3a3BTEKTOMI-
HBIX CTaNISX Ha CKJIOHHOCTB ayCTEHHTHOTO 3epHa K pocTy?

15. Kakas u3 HIDKENIpHBEIESHHEIX cTanelf 6onpIne CKIOHHA K pOCTY 3€pHa ayCTeHH-
Ta IIpY HarpeBe N0 ONHOM M TOH e TeMIepaTypsl B 0nHC(ha3HOH aycTeHUTHOM obnac-
ti? Cranu Mapok: a) 40; 40X; 6) V8; V12. »

16. Crayip OOHOTO M TOro € COCTaBa B 3aBHCUMOCTH OT BHAa TIpeAllecTBYomel
TepMudeckoit 0O6paboTKH HMeeT Pa3IuYHYIO CTPYKTYDY: HepauT+peppuT (B hopme 3e-
pen); copbuTHdeppHT (B BUIE CETKH IO MpaHHLIAM 3epeH); 3epHUCTHIH copbut. Crans ¢
Kakol HCXOHON CTPYKTypo# OyzeT Golee CIUIOHHA K POCTy 3epHa ayCTeHMTa IpH Ha-
rpese?

JlabopaTopHas paGora Ne3

BJIMAHUE TEMITIEPATYPbI HAI'PEBA 11OJ 3AKAJIKY
HA CTPYKTYPY ¥ TBEPAOCTbD YIJIEPOJMICTOM CTAJH

3.1. leas paboTsl

Hayuwrncs npaBuiibHO BBIOMpaTh TEMIlEpaTypy Harpepa ITOJ 3aKajKy Ajs YIiepo-
AUCTBHIX AOIBTEKTOHMHBIX 1 3a3BTEKTOHAHBIX CTaNICH.
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3.2. MaTepuaa accliefOBaHHAS

O6pasisl OTOMOKEHHRIX YTIIEPOAMCTRIX cTanei 20; 30; 45; 60; V12,
3.3. Hopsgok BhlIoNHeHAS paGoTnl

1. BelnHcaTh XMMHUYECKUil COCTaB, KpHTHYECKHE TOYKH, IPHBECTH AMarpaMMal H30-
TEPMHUYECKOr0 paciiaja NepeoxiaxkIeHHOrO ayCTEHHTA HCCIEMYyEMBIX CTaICH.

2. W3y4uTh CTPYKTYDPY HMCCIEAYeMBIX CTaned B MCXOHHOM cocTOsHMH. TpamneHue
mnuGoB MPOBOAHTE B 4% pacTBOpe a30THOM KHUCIOTH B STHIOBOM CIIHPTE. 3aMepHTh
TBepHOCTD Ha npudope Poxsesa (CTaTBHEIM IIaPHKOM NpH Harpyske 100 kr).

3. Harperb HO3BTEKTOMHBIE CTAY IO TEMIEParyp: a) ty <Acy; 6) Acy >ty >Acy; B)
Ac3+(30...50) °C; r) Acs+100 °C, a 3asBrexToMmHEIE cTATH — JO: a) t, <Ac;; 6)Acyy
>t, >Acy; B) ty >Acem (cM. Ta6IL 3).

Tabnuua 3

[MpEMepHEie peXXUMBI Harpesa MOJ 3aKAIKyY HCCIeyeMbiX cTanei

Mapka cra- TemnepaTypa Harpesa AIs JOIBTEKTOMAHEIX CTAIEH
by <Ac; Acpt>Ac; | Acy+(30...50) °C Ac3+100°C
20 700 780 880...900 950
30 700 770 850...870 920
45 700 750 800...820 - 870
60 700 740 780...800 850
Temneparypa Harpesa I 3a3BTEKTOUIHBIX CTaleHl
Accm>ty >Ac tyi>Accm
vi2 750 850
L 800 950

4. Bpems BeizepXkxn 06pasnion py TeMIlepaType HarpeBa CKIIakIBAeTCA U3 BpeMe-
HE IPOrpesa A0 330aHHOM TeMIepaTyphl M BDEMEHM BBRLASPKKH UIf IIONHOTO TpOTe-
kaHHA (HazoBBIX IpeBpalieHki. BpeMs Brizepxku onpenesnsercs no AaHHLIM Tabi. 4, B
KOTOPO#H MPUBOAATCSA HOPMBI HAIPEBA CTAH B 1a60PaTOPHEIX MJIEKTPONEYax.

5. [To naHHBIM AHArPaMM H30TEPMHIECKOr0 PACIala [epeoXIaXIEHHOTO ayCTeH -
Ta PaCCUMTaTh BEPXHIO KPHTHYECKYI0 CKOPOCTE 3aKaikH (Vpe ) M moao6pars 3aka-
JIOYHYIO Cpeny. :

6. [IpoBecTH 3aKaIKy 0GpasmoB 1o pexuMaM tabi. 5.

7. Tlocne 3axanky o6pasiibi 32TOYMTE HA HAKIAKE, 3aMEPHTH TBEPHOCTB, IPHIOTO--
BHTh MHKPOILTH(EI ¥ H3YIHTh MHKPOCTPYKTYPEL ,

8. Tlonyuennsle naHHEIEe MPEACTABHTS B BHAe TabiL 5 W IpadHKOB 3aBHCHMOCTH:
TBEPAOCTH OT TEMIICPATYPsl AYCTCHATH3AINHE. »
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Ta6nuna 4

ITpOfOIKUTENBHOCTS HArpeBa M0 3aKalKy B 3aBHCHMOCTH OT $OPMBI 3aIOTOBKH
K TeMIepaTyphl Harpesa

Dopma u3genus
Temmnepatypa Ha- KpyT i KBafIpar | IUIacTHHA
rpesa, °c TIpomomxUTEIPHOCTD HATPEBa, MUH
Ha 1 MM Inamerpa Ha | MM TOJNIMHEI
600 2,0 3,0 4.0
700 1,5 2,2 3,0
800 1,0 1,5 2,0
900 0,8 1,2 1,6
1 000 0,4 0,6 0,8

9. Bri6parh ONTHMATHHYIO TEMIIEPATyPy Harpesa o[ 3aKalKy U 0GOCHOBAT.
10. ITo cripaBOYHBIM NaHHBIM HafiTH: II% KaKuX JeTaliell IPUMEHAIOT HCCIeAyeMEIe

CTanH, TpeGOBaHUs, NMPeAbABIIEMBbIE IO YCIOBUSM PabOTh U peXUMEI OKOHUATEIBHEIX
TEPMHYECKUX 06paboTOoK.

3.4. Conepxanne oTyera

OrueT o paboTe XOMKEH COAESPIKATH:

1) HanMeHOBaHHe H UeIs paboTE;

2) MaTepHan HccIeaOBAHMS;

3) nOpANOK BBIMONHEHU PAGOTEL

4) XuMuMeCKuit COCTaB HCCIEAYEMBIX CTANEH, UX KPUTHYECKHE TOUKH, JHATPAMME!
U30TEPMHMECKOro pacnaa NepeoXIaKIEHHOTO ayCTEHHTA; '

5) pacyeTsl Vg cTalNeIt; .

6) Tabnuiy ¢ TeMnepaTypamMu HarpeBa [oj 3aKanKy ITHX cTaneit;

7) Tabnuiy ¢ IKCIIEPHMEHTANBHBIMY JaHHEIMH, TPadyIKi 3aBHCHMOCTH 'mepnoc'm-
OT TeMIIepaTyphl AYCTCHHTHIALMH;

8) BBIBOJBI 10 BIHAHMIO TEMIIEPATYPHI 3aKANKU HA CTPYKTYPY M TBEpPHOCTH CTATH
J0- U 3a3BTEKTOUAHOTO COCTaBa;

9) cBenenua cornacto myHkTa 10 Mopaxka paboTsL.

3.5. Kourposibable BOIPOCHI -

1. Kaxyio onepaino TepMusecko o6paloTkn HA3EIBAIOT 3aKANKOMH?

2. Yro Takoe MapTeHcHT?

3. Cxonbko das ofpasyeTcs B MPOLECCe MAPTEHCHTHOTO IIPEBPAIISHHNA?

4. B xakoM HHTepBale TeMIepaTyp NPOTEKAST MAPTEHCHTHOE MpeBpaileHye?

5. Kax BiHseT pasmep 3epHa ayCTCHHTA Ha BE/IMYMHY MapTEHCHTHEIX KPHCTALIOB?.
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TaGmuna 5

Bnusuue reMnepatypsl Harpesa Ha TBEPAOCTb U MUKPOCTPYKTYPY
HCCNexyeMRIX cTaneii

Kpurugeckue Temnepary- | Teepmocts

Mapxka
TOYKM CTaH pa Harpea,

CTanu Acy | Acs | Ao o°c HRB |ERC | BB MHKpOCTPYKTYpa

HcxogHoe
COCTOSIHHE

700
20 750
800
850
950

HVICXOMHOE
COCTOSHHE

700
30 750
800
850
950

WHcxonnoe
COCTOsIHHE

700
45 750

. 800
850
950

HcxonHoe
COCTOSIHME

700
60 750
800
850

950

HcxonHoe
COCTOSIHHE

700
Y12 750
800
850
950
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6. Kax Biausier comepkaHue YINepoAa H JIETHPYIOMINX 3JIEMEHTOB Ha MOJIOKEHHE
MapTEHCHTHOTO HHTEpBaja? :

7. Ot 9ero 3aBHCHT TeMIIEPaTypa HarpeBa Mok 3aKAIKy?

8. Kak u3MeHHTCA TBEPAOCTH YTNEPOIUCTON CTANTH IOCHE 3aKalKH U3 ofHodazHoi
obsacTy ¢ NOBHILEBHEM TEMITEPATYPhl Harpesa?

9. Kak BIHAIOT HENOIPEB H NEPETPeB Ha CIPYKTYPY H TBEPAOCTD 3aKa/IEHHOH CTanu
30?

10. YeM omnpenensercs KOJHYESCTBO OCTATOTHOIO ayCTEHHTA IIPU 3aKAJIKE 3a3BTEK-
TOMIHBIX CTaNeH?

11. Kax BIMSIOT TIeperpes ¥ HEAOIPEB HA CTPYKTYPY M CBOMCTBA 3aKAEHHON CTalH
Y122

12. Yro TaKoe noJyHas ¥ HenoJHas 3aKanka?

13. Kak COOTHOCATCA KONHYECTBO OCTATOYHOrO AYCTEHHMTa M TBEPHOCTb CTanei
Y10; V11; V12; V13, 3akanenssix ot TeMneparypsi Ac;+30 °C?

14. B kaxoii cramu Y12 mwm X12M nocyie 3axamku oT t,=Ac;+(30...50) °C Gyzer
60JbIIE OCTATOYHOTO 2YCTEHHTA H NoYeMy?

15. Kaky1o HCXOAHYIO NEPEX 3aKaIKOH CTPYKTYPY INOMKHA HMETh 3a3BTEKTOMIHAS
CTab (LleMEHTHTHAs CeTKa+NepIIMT WK 3ePHUCTHIM IIEpIIUT) H odeMy?

16. Tlouemy Henb3s NPHMEHATH TEMIEPAaTyphl HAarpesa IOJ 3akajky Goiee BBICO-
KHe, TI0 CPABHEHMIO C PEKOMEHyeMEIMuU?

17. Kax BiuseT coepxanue yriuepoja Ha TEMIIEPATYPY HarpeBa IOJ 3aKajKy s

a) IO3BTEKTOHNHBIX; B) 3a3BTEKTOMAHEIX CcTaNneil?

18 Kax BimseT NOBBIIEHHE TEMNCPATYPH HArpeBa NOXK 3aKaiKy Ha YPOBEHB BHYT-
PEHHHX HampsDkeHHe?

19. Kakoe BiHMAHNE Ha TBEPAOCTH 3aKANECHHOH 3aBTEKTOMAHOH CTamM OKa3BIBAIOT
M30KITOYHEIe KapOuma?

20. YeM OTIHIAIOTCS CTPYKTYPH CTaNei 45 u V8, 3axanenssx ot 760 °C?

JlaGoparopuan patora Ned

BJIMSIHUE CKOPOCTH OXJIAXKIAEHMA HA CTPYKTYPY
H TBEPAOCTD YIJEPOIACTOM CTAJIA

4.1. Hean pabornl

BBISSCHUTS BIMSHHE CKOPOCTH OXJIaXIEHHS Ha CTPYKTYPY M TBEPHOCTH YIACPOAH-
CTOM TOIBTEKTOMIHON CTaJTH.

4.2. Marepnas nccliefOBaHus

- O6pa3us yrmepomucThix craneit 20, 30, 45, 60 Kpyrjioro CedeHHS AuaMETPOM
20 MM u BBICOTOH 10 MM,
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4.3. ITopagox BLINOAHEHAR PAGOTH

1. BelmucaTh XHMHUYECKHMH COCTAaB, KPHTHYECKHE TOYKM CTajied, [PHBECTH OHa-
IPAMMB! H30TEPMHYECKOTO paciiaja NepeoXNaxIeHHOro ayCTeHHUTa.
2. BrifpaTh TeMIeparypy Harpesa W BpeMs BBLIEDXKKH I ayCTCHHTH3aUuU obpas-
1OB. ‘
3. [IpoBecTH ayCTEHHTH3ALMIO 06pa3loB ¢ HOCNEAYIOWNM OXIIaKACHHEM!
a) C edsio;
6) Ha BO3qYXE;
B) B Maclie;
r) B BOAE;
1) B coneHoii Boze {10%-usiit pacteop NaCl B Boge).
4. 3atounTs oOpa3ubl HA HAKOAKe H H3MEPHTH HX TBEpAOCTE. [lociae oxnaxaeHus
Ha BO3LyXe M C NeYbl0 TBEPHNOCTh W3MEPAOT HA npubope Poksenna mo wmxane «B»
(cTanbHBIM [LIAPHKOM TpH Harpyske 100 KT), a mociie OXJaXAECHHS B Macle, BOJE U Co-
aeHo# Boze — 1o mxane «C» (ajiMa3HbeIM KOHYCOM, ITpU Harpyske 150 kr). Utobsl cpas-
HHTB YHCIIA TBEPJOCTH, HX MIEPEBOLAT B €AMHHUIIEL TBepaocTH bpunesmts (HB).
5. [IpUroToBHTHE MUKPOLUTH(EI, MPOTPAaBHTE H 3aPUCOBATh MHKPOCTPYKTYPBI.
6. Tlony4yeHHEIe JaHHEIE IPUBECTH B TabuL. 6.
7. Tlo npuBegeHHEIM QHArpaMMaM H30TEPMHYECKOTO Paclaja NepeoxIKAEHHOro
ayCTEHHTa ONPENENNTD Vg U Vi, 1A HCCIEAyEMBIX CTaNei.
8. Caenats BBIBON.

4.4. Conepxanne oT4ueTa

Oruer 1o paboTe JOIKEH COAEPKaTh:
1) HanMeHOBaHME H LEeNb paboTH;
2) maTepuan HCClEIOBAHUS;
~3) MOpSIAOK BRIMOJIHEHHA PaGOTHI;
4) XUMHUYeCKUH COCTaB HCCIENyeMbIX CTaNeH, UX KPUTHYECKHE TOYKH W JHarpam-
MBI H30TEDMHUYECKOr'0 paclaja NepeoxiaKACHHOIO ayCTEHUTa;
5) cxeMaTU4eCKHe PHCYHKH MHKPOCTPYKTYP CTalei, OXJIaXAEeHHbIX ¢ Pa3iHyHbIMH
CKOPOCTSMH;
6) XapaKTEpUCTHKH OXJIXJaronmx cpea (tabn. 7);
7) Tabnuily ¢ NONyYeHHBIMHU pe3yIbTaTaMH;
8) pacdeTs! Vi U Ve IUIA CTANEH M HX CPaBHEHHA C OXJIAXIAIOIEH CIOCOOHO-
CTBIO PA3NTMIHEIX CPEX;
9) BeIBOABI TIO paboTe:
a) 0 BNMAHHMH CKOPOCTH OXJI&XHCHHUA HA CTPYKTYPY M CBOMCTBA yriepoaucToii
CTaITH;
0) o BNUAHAM COJEPXKaHMs yIepona B CTAlH Ha CTPYKTYPY U CBOMCTBa npu
OIHMHAKOBOM CIIOCO0€ OXITaXKAEeHH.
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Tabnnua 7
Oxnrakgaromas CriocoGHOCT PA3NUYHbBIX CPEl
Cxopocts oxnaxgenus (K/c)
3akanuBalollasg cpega - - B HHTEpBalle TEMMNEPATyp
550-650 °C 200-300°C

Boxa npu 18 °C 600 270
Boxa nipu 26 °C ' 500 270
Bona npu 50 °C 100 270
Bona npu 74 °C 30 200
10% - ne1it pactBop NaOH B Bose 1200 300
10%-#51it pactBop NaCl B Boge ' 1100 300
OMynbcus Macia B BOJE 70 200
MuHepanbHOEe MAIHHHOE MACNIo 100 15-18

4.5. KonTpoabHble BONPOCHI

1. Yro Takoe AHarpaMMa M30TEpMHYECKOTO pacnafia IepeoxIIaxIeHHOTO ayCTeHH-
ta? B KakuX KOOpAHHATaX OHa CTPOHTCH?

2. Yto TaKoe BepXHAS KpATHYECKas CKOPOCTh 3aKalKK Vy,,? Kak oHa onpenenser-
ca? -

3. NokaxuTe Ha AUarpaMMme M30TEPMHYECKOr0O paclaja [epeoXIaxAeHHOTO aycre-
Huta ctanu 40X@PA pexuMbl OXJKAEHUS, NO3BOJAIOIINE HOTYYHTh CICNYIOMUE Ba-
pHaHTH CTPYKTYD: 1) ®+I1; 2) O+T1+B; 3)P+b; 4) M+Ac.

4. Kakyio CTpyKTypy MOXHO MOJIYYHTS TIPH OXJIXKIEHHH CO CKOPOCTAMH V; Vi
V;?

C§J A3
g A1
=
a
[0} .
= V1
2
MH V2
: o

V3 Bpewms
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5. Tlonb3ysich M30TEPMHYECKMMH IHarpaMMaMH pacrhana IepeoxJaXxIeHHOro ay-
CTeHHTa (CM. NPWIOXEHNE), ONPENENHTE KaKue CIPYKTYPHl CleIXyeT OXXHAaTh IOcie
OXJIaXIEHHS Ha Bo3zayxe B craiuix 20 u 18X2H4A.

6. Yro ob1imero 1 B 4eM pa3HHUA CTPYKTYP NEPJHT, COPOHT H TPOOCTHT?

7. Kak Bnuser yBenHYeHHe CKOPOCTH oxJIaxaeHHs ctany 30 Ha ee TBEpAOCTL?

8. UTo TaKoe NEepIUTHOE NpeBpallieHHe, KaKOBb! €r0 TEMIIEPATYPHEIE MPaHHULIbI?

9. Kaxas pa3Huua B CTpPYKTypax ¥ CBOHCTBax CTany OyneT HabGnionaThes mocje OX-
nKaeHUs no pexumam T u 11?7

ok ——— A3
o ,
] \ / : ; A1
=
©
o
[
c
>
= |
MH e
i
>
Bpewmsi
JlaGopaTopHnas pabora NeS
OTIIYCK CTAJM
5.1. leas paGoThl

W3y4uTh XapaKTep BIMAHUS JIEMMPYIOLIMX 3IEMEHTOB U PeXHMa OTIYCKa Ha yc-
TOHYHBOCTb MAPTEHCHTA B KOHCTPYKIIHOHHbBIX HHSKOJIETHPOBAHHBIX CTAJIAX.

5.2. MaTepHaJ HCCIEA0OBAHHS
Oﬁpasn_m craneit 30, 30X, 30XT°C.
5.3. HHopspok BHIMOIHEHHS PaGoThI
1. BrimucaTe XHMUYECKHH COCTaB, KPHTHYECKHE TOYKH, IPUBECTH JHarpaMMbl H30~
TepMHMYECKOro pacnalia HepeoxiiaxJJeHHOrO ayCTeHHTa HCCAEAYEMEBIX CTaNeH.

2. Bribpats TeMIiepaTypy Harpepa IOJl 3aKajIKy H BpeMs BBLACP)KKU IIPH TeMIlepa-
Type Harpesa (Tabin. 4).
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3. Tonb3yacs AMarpaMMaMH H30TEPMHYECKOrO pacnaja [MepeoXIaXAEHHOro ay-
CTEHUTa, ONPEAENUTD Vg, YKA3AHHBIX cTaiedl H BHIOPATh OXJAKAAOUIYIO Cpexy Aad
3aKanku o6pa3uoB.

4. ITposecTy 3axaiKy o6pa3LoB IO BRIGPAHHEIM PeXHMaM.

5. 3aTounTh 0Opa3LBl HAa HAXIAKE U W3MEPHTh TBEPAOCTh BeeX o0pasloB Ha MpH-
Hope Poxsenna no mkane «C».

6. 3akaneHHble 0OpaslBl TOABEPTHYTH OTMyCKYy mpH Temmepatypax 200, 400 u
600°C. BpeMs BbIIEpXKKH NPH KOKAO0K TemnepaType 30 MUHYT.

7. OrnyweHHbie 00paslibl 3aTOYMTh HA HAXKIAKe H CHOBAa H3MEPUTh TBEPAOCTh MO
wkane HRC.

8. Ilony4yeHHsle NaHHEIE 3aHECTH B Tabu. 8.
Tabnuua 8

BrusiHue pexxuMa OTITyCKa Ha TBEPROCTh M MUKPOCTPYKTYPY 3aKaleHHOH CTalx

3axanxa OTtmyck B Teuedue 30 MUHYT
Mapka | t,, | T4, | o¥1 |HRC|t,,°C | HRC | wmuxpo- BUJ
cramd | O Mmug | cpena CTPYKTypa | OTmycKka
30
30X
30X1TC

9. Tlo MoTyYeHHBIM JAHHBIM MOCTPOMTH rpadHK M3MEHEHHS TBEPAOCTH B 3aBHCH-

MOCTH OT TEMIIEPaTyPhl OTMYCKA, NPHYEM HCXOAHbIE (MONYUECHHBIE TOCHE 3aKANKH
JlaHHbIE) OTMETHTh Ha BEPTHKAILHOM OCH.

5.4. Conep:xanue oT4era

Or4er no paboTte NOIKEH COUEPHKATh:
1) HauMeHOBaHKe U 1eNb paboTHI;
2) MaTepHan UCCIEeOBaHMUS;
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3) mOpAOK BHIMOJHEHUS PaboTHI; . :
4) XMMHYECKH COCTaB HCCIEAYEMBIX CTAICH, X KPUTHYECKHE TOYKH M JHarpaM-
MBI H30TEPMUYECKOr0 pacaia epeoXIaxAeHHOro ayCTeHHTa;
5) pac4eTsl Vgg, CTAJICH; ‘
6) Tabmuily ¢ ONy4E€HHEIMH NaHHEIMH,
7) NpeaCTaBUTD ONBITHBIE JaHHBIE B BUAE CHEAYIOMIEro rpaduka:

A

Teepaoctb, HRC

1 L 1
200 400 600
Temnepartypa omycxa,OC
Brusnue memnepamyper omnycka Ha meepoocmo 3aKANEHHOU cmanu

8) BEIBOZEI IO paboTe:
a) 0 BIMAHHHM JETHPYIOWHX 3NEMEHTOB Ha Viy,;

6) 0 BIUAHMM TEMIIEPATYPBI OTIyCKa Ha TBEPAOCTH 3aKaJIEHHOH CTaNH;

B) O BIIMSHHH JETHPYIOIIHX 3JEMEHTOB Ha TBEPAOCTH 3aKaJIeHHOR cTany (3aKa-
JIABAEMOCTD);

r) O BAMSHHHM JICTHPYIOLUIMX 3JIEMEHTOB Ha TBEpAOCTh HCCIENOBAHHBIX CTanei
[IpH OJHHAKOBOM PEXHME OTIIyCKa. N )

5.5. KoHTpO/bHDBIE BONPOCHI

1. Kaxas onepauus tepmooGpaboTky Hassigaetcs oTiyckoM? Ero HasHavyeHnue.

2. Kak u3meHseTCs TBEPAOCTE 3aKaleHHOM CTany NpH NOBBIMIEHUM TEMIIEPATYPEI
otmycka?
3. Kak siuser nerupoBaHHe CTAIH Ha NPOLECCHl, IpOTeKaloye B CTany NpH OT-
‘mycke? ,

4. KakoBa CTpPyKTypa HU3KOOTIIYILEHHO#M cTamu?

5. B KaKHX CIIy4asx HCIONE3YIOT HU3KUi oTIyCcK?

6. Kaxue npoleccs! MpOTEKaioT IPH OTIYCKe 3aKaNeHHOH cTanu?

7. Kaxo¥i BHA OTIycKa nenecoo0paseH M MOBBILEHUS MpeAeNa YOPYyrocT! H pe-
JIAKCAIHOHHON CTOMKOCTH cTan?

8. Yro Takoe yay4nienvie cramu?

9. Kaxaa crpykrypa GopMHpyeTcs B CTAIH, €CIIH OTIIyCK HPOBOAUTCA HPH TEMIIe-
paTypax, omu3kux x Acy ?

10. B 4em 3axinodaeTtcs KapbuaHoe OpeBpalleHne Ipd OTIycKe?

11. YkaxuTe 0cOOEHHOCTH Ipoiiecca OTITYCKa B BRICOKOYIIEPOJHCTRIX CTalIAX.
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12. C ueM CBs3aHO BIHMAHHE JETHPOBAHHA Ha POUECCH PACNANa OpH OTHYCKE CTa-
neii?

13. Pacckaxute, Kak BINAET JNETHPOBAHUE Ha KaXIOH CTauH OTHyCKa.

14. Kakoe npakTuyeckoe 3HaYeHWE HMEET CIIOCOOHOCTL JETMpOBaHMS CHOBHIaTh
pa3BHTHE [POECCOB OTITYCKa B CTOPOHY Goliee BRICOKUX TeMIieparyp?

15. Jlo kako¥ TeMIepaTyphl COXPaHAETCS B CTPYKTYPE HH3KONEIHPOBAHHON KOHCT-
PYKITHOHHOH CTally OTHYIUECHHEIH MapTeHCUT?

16. Uro Takoe OTImyCKHasi XpYNKOCTh?

17. KakoBh! TemIiepaTypHble HHTEpPBANBI IPOSABIICHHUS a) HeoOpaTuMoit; 6) obpaTu-
MOJi OTIIYCKHOM XPYNKOCTH?

18. Kakoe BnusHMe oKa3piBaeT nerdpopanue crand Mn, Cr, Ni, Si na uyscreutens-
HOCTb K 00paTUMOM OTIIYCKHOM XpynKocTH?

19. Kak Bnusiet cnoco6 Beimnaeky cranu tina 30XI'C (kOHBEpTOPHEIH, BAKYYMHBbIf
UIEKTPONIEPENIAB) Ha CKIIOHHOCTD K 06paTHMOH OTIYCKHOH XpynKocTu?

20. Crans 30XH nocne otmycka npu 650 °C oxnaxzena: a) B Boae; 6) B neun ¢ Ma-
no#t  ckopocteio. KakuMm OyZeT paspynieHHe: MHTEPKPHUCTAIUIMTHRIM WM TPAHCKPH-
CTUIUTHBIM?

21. Yro noHHUMaeTCs NOA HeoOpaTUMO# OTILYCKHOH XPYIIKOCTHIO?

22. Yro Takoe TpoocTHT oTirycka? Kakmmu cBoficTBaMH OH obnanaer?

23. Kakue Buas! Opaka MOryT HabmoRaThes PH HU3KOM OTITYyCKe 3aKaneHHo# cra-
mm? VX OpHYHHEEI H CTIOCOGH! YCTPaHEHMA.

24. Mepsi 6ope6EI ¢ 06paTEMOI OTITYCKHOR XPYIKOCTBIO.

25. Kax cremyer oxJaxAaTh M3JENHS C TeMIlepaTyp BBICOKOIO OTIYCKa, ECIIM OHH
H3TOTORJIEHH U3 cTaneii: a) 40; 6) 40XH; B) 40XHMA. '

JlaGoparopuas pabora Ne6
3AKAJTIMBAEMOCTD CTAJIH
6.1. Ilean paboTsi
H3yuuTh BIMSIHYE YTIIEPOJa 1 JIETHPYIOMIUX 3IEMEHTOB Ha 3aKAIMBaeMOCTDb CTalIH.
6.2. MaTepuas HecJleNOBaHHs
O6pazue! craneit Mapok 20; 30; 45; 65; 80; 45X; 45I'2; V12; IIX15.
6.3. llopsaok BuInoIHEHNS paboThbl

1. BeimucaTh XMMHUECKHIA COCTAB ¥ KDUTHYECKHE TOYKH MCCIEAYEMBIX CTanei.
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2. Tlpoeect¥ 3akanky obpasnos. Temmneparypy HarpeBa mNpHHATb PpaBHOMR

(Ac3+50) °C s mossrexTonmunix u (Ac;+30) °C 1ns 329BTeKTOMAHBIX CTaNEH . Bpewms
npeObIBaHMS B NIEYH OMpPEIeNTs No Tabn. 4. YrnepoaHCTHIE CTANM NPH 3aKallke OXJia-
IuTh B BoZle (ManoyrneponHcThie — B 10%-HOM pacTBOpe MOBapeHHOH CONH), JETHPO-

BAaHHBIC CTAJIM — B MacCJie.

3. 3akanennble 06pa3nbl 339HCTHTE a0PA3MBHEIM JUCKOM U1 CHATHS 06e3yriepo-
JKEHHOTO CJI0s ¥ 3aMEPHTh HX TBEpAOCTh Ha npHbope Poxeeina no mxkane «Cx». Ha ka-

s oM obpaste fenath no 3 U3MepeHHs, AaHHbIE KOTOPEIX YCPEIHHTb.
4. OOBACHUTD NOYYEHHEIE PE3yNbTaTh U CIENaTh BBIBOAbI.

6.4. ConepxxaHHe oTryera

Oruet no paboTe ZOIDKEH COAEPKATh:
1) HauMeHOBaHHe U LENb paboTsr;

2) MaTepHan HCCHENOBAaHHS,;

3) NopsAOK BHIMOJNIHEHUS paboThI;

4) TabnHOBEl ¢ XMMHYECKHM COCTABOM HCCIERYEMBIX CTanei, HX KpUTHYECKUMH
TOYKaMH, NOJACYHTAHHEIME Vy, (Tabn. 9) ¥ ONBITHEIMU NaHHBIMH (Tabn. 10);

5) rpadHK 3aBHCHMOCTH TBEPJOCTH 3aKaNeHHOH CTallM OT COAEpKaHus Yriepoaa;

6) BBIBOAH IO paboTe O BIMAHHM YTJEepPOa H NErHpYIOMAX 3JIEMEHTOB Ha 3aKalf-

BaeMOCTh MCCJIEIOBaHHbIX CTaJIei.

TaOmauua 9

XHUMHYECKHH COCTaB, KDUTHIECKHE TOYKM H V gyg, HCCNEIOBAHHEIX CTalNelH

X¥MHYEeCKHii COCTaB CTaly, Kpurnaeckue
Mapka Bec. % TOYKH,
CTaIk °c

C | Mn | Si Acy | Acs | Acem

Bepxuas
KpUTHYE-
cKas CKo-
pOCTS 3a-
KaIKHA Vs,
K/c




-
Tabauua 10

TBepooCTh 3aKaNeHHEIX H3ydEHHBIX CTaieH

PexxHM 3aKanKu Teep-
Ne | Mapxa | ¢ °C | ¢ ox- IOCTh,
Hy
wn | cramm M‘:‘:’ JaxKA. HRC
cpena

6.5. MeToanyecKHe yKa3aHHs

[Mpy aHamM3e 3KCNEPUMEHTATBHBIX JAHHBIX HEOOXOMHMO YHHTHIBATE, YTO 3aKalH-
BaeMOCTh CTATH B. OCHOBHOM OIPENENSETCS COfepyKaHHeM YTIEpoaa B MapTeHCHTE U
OYeHb MAIO 33BHCHT OT KOHLEHTPalMH JErHpYIOIIMX SIEMEHTOB. 3aKauuBaeMOCTh
CTANM PE3KO BO3PACTAeT NPH yBEIMUSHHM CONEPKABMs yrieposa xo 0,6% ¢ HesHadu-
TEJIBHO MOBBILIAETCS MPH JATbHEHIIeM yBeTHYeHHH ero cogepxanus no 0,8%.

3ad>BTEeKTOMAHbBIE CTaly, AMEIOIME ONMHAKOBYIO KOHIEHTPAUMIO yriepojia B ay-
CTEeHHTE NPH HarpeBe MoJ 3aKajKy, o6iafaloT u OJWHAKOBOH 3akanusaeMocTsio. [lo-
BBIIIEHHE TeMIepaTypbl Harpesa 3a’BTEKTOMIHBIX CTajell MOX 3aKajKy, yBeIHuMBas
KOHIEHTPALMIO YINIepojia B ayCTeHHTE, IPHBOANT K BO3PACTaHMIO TBEPAOCTH MapTeH-
CHTa H YBEIHUYEHHIO KOJIMYECTBA OCTATOYHOro aycTeHuTa. [Tocrentee 06CTOATENLCTBO
BBI3BIBAET CHIIKEHHE TBEPAOCTH CTAHM B LEJIOM H pacCMaTpHBaeTcd Kak ociabieHue
3aKaJIMBAEMOCTH, HECMOTPS Ha HEKOTOPOE MOBRILIEHHE TBEPAOCTH MAPTEHCHTA.

Cornacno I'.B. Kypatomosy [1] ocHOBHOIN npH4KHOM MOBLIUEHHS TBEPAOCTH IIPH
3aKaNKe CTalH SBJACTCS BHICOKHH NMpeleN YIpyrocTH KpPHCTALUIOB MapTeHCHTa, JOCTH-
rafoimi npH GoNbIMX KOHIEHTpauuax yriaepoaa 2000 MITa u ofycnosnesssit BHe-

ApEeHHEM aTOMOB YTJIEpOZa B PEIIETKY Ol-Xkene3a. BMecTe ¢ TeM NPOYHOCTH MEXaToOM-
HOH CBASH B pelUeTKE MapTeHCHTA IOJ BIUSHUEM Yriepola yMensmaercs. pyras
TPUYHHA BBICOKOH TBEPAOCTH MapTEHCHTa~ ero 0cobas MHKPO- H CYOMUKPOCTPYKTYDA,
o0ycroBjIeHHas MeXaHH3MOM MapTEHCUTHOro mpeBpaumieHus. [Ipexnonaraercs Taxxe
[2], uTo BBICOKasi TBEPNOCTh MAPTEHCHTA OTUACTH OBycnOBIIeHa BHOCHMON YIJIepOAOM
KOBAJIEHTHOH COCTaBNAOMEH MEXATOMHON CBA3H, BO3HMKHOBEHHE HANpaBIeHHOW KO-
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BAJEHTHO CBS3M BCerja IOBHILAET CONPOTHBIEHHE INIACTHYECKOH nedopmanuu u.
yMeHBLIAET CIIOCOGHOCTH K HEH.

BiusHHE JETHPYIOLUMX 3NEMEHTOB Ha 3aKaJIMBAEMOCTh CTANTH HOCHT, B OCHOBHOM,
KOCBEHHBIH XapaKTep.

Tak kak GOMBHIHHCTBO 3JIEMEHTOB YMEHBINAET BEPXHIOIO KPUTHYECKYIO CKOPOCTB
3aKanki (Vgig), TO B ICTUPOBAHHOM CTANK Jlerye NONYHHTL MAPTEHCHTHYIO CTPYKTYPY
4 MaKCHMANBHYIO TBEPAOCTD, YeM B YIIIEPOJHCTOM.

B KOHCTPYKUMOHHBIX CTANIAX, codepxaumx MeHee 0,4%C, MOBBIIIEHHE TBEPAOCTH
[pPY YBEIMYEHUH COLEPIKaHUsS YIIIepoa NPOUCXORUT HACTOIBKO WHTEHCUBHO, 4TO Ja-
e He3HAYMTeNbHbIe YMEHBIIEHHS er0 KOHLEHTPally B ayCTEHHUTE JIErHPOBAHHOH CTa-
14, o0yCNOBICHHBIE HEMONHEIM PACTBOPEHHEM CIIELMANBHBIX KapOWAOB, TIPUBOAAT K
3aMETHOMY [TOHIKEHHIO TBEPAOCTH MapTEHCHTA H CHIDKEHHUIO 3aKaTUBaEMOCTH.

PaccMoTpeHHBIN MeXaHM3M BAUSHUS JETUPYIOIHX JIEMEHTOB Ha 3aKaTHBAEMOCTb,
CBS3aHHBIA C HAIHYHEM B CTATH TPYAHO PAacTBOPHMBIX KapOHZOB MOMET INONYYHTbH
3HA4UTENIFHOE Pa3sBUTHE B BBICOKOYINIEPOMUCTHIX CTANAX, JernpoBaHHsix Mo, W, Nb,
V u, ocobendo, Ti. '

BBICOKOYTIEPOAMCTBIC JTETHPOBAHHEIE HHCTPYMEHTANBHBIE CTAIH UMEIOT BBICOKYIO
TBEPAOCTh H B TOM CITy4ae, KOra OHH 3aKalUBAIOTCA C TEMITEPATyphl HHXKe TOUYKH MO~
HOro pacTBOpPEHMs KapOHOOB. TBEpAOCTh MapTEHCHTa IIPH HEMOJIHOM DPacTBOPEHHH
KapOHIOB CHHXKaeTcAd HE3HAYMTENBHO, TaK KaK BIHSIHHE Ha Hee yriepoja ocnabeBaer
TIpH €ro COOePXXaHuM B TBEpAOM pactsope Honee 0,6% . Kpome Toro, cHuxeHHe TBEp-
JOCTH MapTeHCHTa KOMIIEHCHPYETCS YMEHBIIEHHEM KOJMYECTBA OCTATOYHOrO aycTe-
HHTA H IPHCYTCTBHEM TBEPIBIX KapOUIOB.

[Ipsmoe BIHAHHE JIETHPYIOIIHX JJIEMEHTOB HA 3aKaJIMBAEMOCTh CTAIH HEBEIMKO.
.HekoToporo moBbIII€HHS TBEPAOCTH MapTEHCHTa NETHPYIOIMMH 3JIeMEHTAMH MOXHO
OXHIATH TONBKO BCIIEICTBHE X BIMAHUA HA yIPOYHEHHe CL-PacTBOpa IIPH 3akaike. B
paborax M.M. IlIteiinGepra 65110 MOKa3aHO, 9TO Hauboee CHIBHO YIPOUYHSIOT TBEp-
asiit oL-pactBop Ti, Nb, W, Mo, V, Mn. Cna6o zeiictytor Si, Ni, Cr. Ynpousenue o -
pacTBOpa NIpH 3aKaike 06yCNORIEHO H3MEHEHUAMH B MUKPO- H CyGCTpYKTYpe TBEpAOro
pacTBopa.

HenocpeAcTBeHHOE BIIUSHHE SJEMEHTOB HA 3aKAIXBAEMOCTb MOXET MPOABUTHCH
TOJIBKO [IPH HH3KOM COJEPXKAHHH Yriepoya B CTANIM.

6.6. KonTpoabHbIe BONpocs

1. Yro Takoe 3aKaIMBaEMOCTH CTANH?

2. Kak usmepseTcs 3aKaluBaeMOoCTh?

3. KakoBa 1IpHpoja BEICOKO# TBEPAOCTH MapTeHCHTa?

4. Kakoe BIMAHUE OKa3bIBaeT yBEAHHYEHHE COACPIKAHHs YrIepoaa Ha TBEPAOCTD 3a-
KaJIEHHBIX 339BTEKTOMAHBIX CTANEH?

5. B 4eM 3ainouaeTcs KOCBEHHOE # HIPAMOE BO3IEHCTBHE JIErHPYIONMX 3JIEMEHTOB
Ha 3aKaHBaeMOCThb?
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6. Kax M3MEHAECTCA C POCTOM KOJIHYECTBAa YINIepoJa B 3a3BTEKTOUIHON CTalnd TBEp-
HOCTh: a) MapTeHCHTa; 6) CTaJH, €CNH 3a8KaTKa OCYIIECTBISETCS C TEMIEPAaTyp BHILIE
Acm 7 . ’

7. Kax u3MeHseTCs TBEPAOCTh MapTeHCHTa 3a3BTEKTOMAHON CTAIM C POCTOM CO-
AepXaHus yriepofia B Hel, ecllu TeMnepaTypa 3aKalKyl BEIGHPAETCH HECKONBKO BHIIIE
AC] ?

8. INoxaxwuTe rpaduyecKy1o 3aBHCHMOCTD TBEPAOCTH 32KAICHHOMN 3a3BTEKTOMIAHON
CTaNy OT CONePIKAaHUA YIIepoa B Hell, eci ty=Aci+30...50) °C.

9. Kaxoe BiusiHUE OKA3BIBAIOT JIETHPYIOLINE 3EMEHTH Ha 3aKajMBAEMOCTh CTaNeH?

10. Pacnonoxute B paAx no yOsiBaromed 3akamubaemoctu ctand: 08; 30XI'C;
10XCHJ; Y8I'24; 50C2; V7.

11. Kax 3aBHCHT 32K2IMBaeMOCTh JO3BTEKTOHIHBIX CTaNell OT COAepXaHus yrie-
poxna?

12. Kak u3MeHHUTCs 3aKanuBaeMocTh cTanyu POMSKS npu MoBHIIEHHH TeMIIEpaTy-
phi 3aKaiky ¢ 950 go 1240 °C?

13. TTouemy cranp 35XT'C, 3akaneHHas IO ONTUMANLHOMY peXHMY, uMmeeT Gonee
HH3KYIO TBEPIOCTS, YeM CTallb 45, 3aKaneHHas TaloKe 110 ONTHMATEHOMY PeXHMY?

JlaGopaTopuan paGora Ne7
IPOKAJIMBAEMOCTD CTAJIH

IIpokanuBaeMoOCTb - 3TO CIIOCOGHOCTH CTANH 3aKaIHBAThCH C 0Opa3oBaHUE MapTeH-
CHTa Ha onpeAeneHHy0 riybury. IIpokaniBaeMoCTs H3MePAETCS B MUIUTHMETPaX.

OnuuM 13 HauboNee PacNpOCTPaHEHHEIX METOAOB ONpEAeNeHus IPOKAIBaeMOCTH
SIBJISETCS. METOJ TOpLEBOH 3aKanku no J[)xoHuMu. OH HCIIONB3YETCs B CIy4ae KOHCT-
PYKUMOHHBIX YTIEPONHMCTBIX H JIETHPORAHHBIX CTajel, HHCTPYMEHTAIBHBIX ', 2 TaKxke
HOAIIMITHAKOBEIX CcTanedl. OTOT cmoco® He NpUMEeHHM Ui BBICOKOJNETHPOBAHHBIX
CIUIaBOB, 3aKaJIMBAIOIUXCA Ha BO3JYXe, Y KOTOPHIX YCTOMYHBOCTH ayCTEHHTA NPOTHB
pacriazia Benuka. JUIst olpeleneHus NpoKaniBaeMOCTH TaKiuX MaTepPHAloB NIPHMEHSIOT
MaccHBHBIE 00pa3libl, yTEIUIiEMBIE 3KPAHOM, I NpHberarT K MeToxy o0beMHOM 3a-
'KaNKH. VICKIIIOYeHHE COCTABIISIOT TAKXKe U CTANM C O4€Hb HH3KOH IPOKATHBaEMOCTBIO.

7.1. Hean paborel

O3HaKOMHTBHCS C METOOMKOH onpeneneHus NPOKANHBAEMOCTH METOAOM TOPLEBOH
3axkanky B cootBeTcTBHM ¢ [OCT 5657-69 ¥ m3yuuTh BIUSHHE JETHPYIOIIHX 3IEMEH-
TOB Ha IPOKATHBAEMOCTb.

! Cybuny npoxannBaeMOCTH HHCTPYMEHTANBHEIX YITIEPONMCTBIX H MAOJIETHPOBAHHEIX CTanei
MOXXHO ONpeNensTh ¥ N0 U3ToMy o0pasiios, 3akanenusx ot 700, 800, 840 °C nocne oxnaxgenus s
soge (TOCT 1435-50).
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7.2. MaTepuan uccrejoBaHHs

Crann Mapok: 45; 45X; 45T°2; 45XP n npyrue. BapuauTsl 3anaHuii npusenens! B
12671. 11.

Tabmuua 11
Bapuants! 3aganuit
Ne
BapHaHTa Mapku cranet
1 20X 20XTPA 20XH3A
2 30XA 30XMA 30XTCA
3 35 3512 35XMA
4 40 40XA 40XHA
5 40 4012 40XDPA
6 45 45P 45X
7 15X 12XH3A 18XTT
8 50 50r 50XT DA
9 55 55C2 50X
10 65 650 60C2
11 40 38XA 38XCA
12 35XMA 35XPA 30XTT
13 45X 40XTTP 20XTHP
14 30X 25X2THTA 25XT™
15 15X 18XT'T 12X2H4A
16 15 45 v8
17 35 V8 1IX15
L 18 20 V8 Y1z

7.3. Ilopsinok BuINOJIHEHHA paboThbi

1. BeImHcaTs JaHHbIE 0 XMMHYECKOM COCTaBe M KPHTHYECKHX TOYKaxX HCCIENyEeMBIX
cranei.

2. Harperb o6pasus no temneparyps (Acs+50...70) °C. Bpems BELAEPXKH TIpo-
rpesa 30...50 mMun. /1na IpenoXpaHeHHs NOBEPXHOCTHHIX CloeB OT ofe3yriepoxusa-
HHS HarpeB 06pPa3LOB NPOBONHTE B rPaUTOBEIX CTAKAHYHKAX HITH YYTYHHOH CTPYXKKe.



27

3. O6paswsl ¢ ayCTeHHTHOM CTPYKTYPOH NEPEHECTH Ha YCTAHOBKY TOPUEBOH 3aKai-
k. CTpy:o BOJR HANpaBHTh TO4YHO Ha Topel ofpasua. OxjaxieHHe MPOH3BOAHTL B
Tevyenue 10 MUHYT.

4. Baone ofpa3syioiueli OXJI2KAeHHBIX 00pa3sios couuudopats e nnamerpansﬂo
[IPOTHBOIONOKHBIE MapaeNnbHble NI0CKOCTH ¥ CAENATh MO OJAHOH H3 HHMX Pa3METKY,
HauMHas OT 3aKajiuBaemoro topua: 10 jgenennit yepes 1,5 MM u cnexyromue 10 mene-
HUif depe3 3 MM.

5. B COOTBETCTBHH C Pa3METKOH M3MEDHTH TBEPAOCTH HCCIEOYeMBIX 00pa3sLioB HA
npubope Poksenna no wxane «C» (HRC). PesynbraTsl H3MepeHuii TBEpAOCTH BBIDA-
3HTb I'PaQUUYECKH B KOOPAUHATAX «PAacCTOSHUE OT 3aKaTHBaeMOro TOpLa — TBEPAOCTE.

6. CpaBHUTH NOJNyYEeHHbIE IKCIIEPUMEHTAIbHAIE JAHHBIE CO CIPABOYHBIMH.

7. 3anasasch OINpEOENEHHBIMH 3HAYEHHSAMH TBEDIOCTH COTJIACHO NMYHKIOB a...J
(paznen 7.5.1.) cpaBHUTH HccileyeMble CTAH 110 [NyOWHe MPOKaTHBAaeMoCTy (rayfuHa
[IPOKANIMBAEMOCTH ONpENeNseTcs KaK pacCTOSHHE OT 3aKaNMBaeMOro TOpLA N0 TOYKH C
33JaHHOH TBEPAOCTHIO).

8. [Tonb3ysach QUarpaMMaMH H30TEPMUTECKOro pachafa nepeoXiIaxIeHHOro aycre-
HHTa ONpENeNHTh BEPXHHE KPHTHYECKHE CKOPOCTH 3aKaNKH (Vpg) HCCIETyeMBIX
cTane.

9. Ilo nomorpamme M.E. Brantepa # paccuuTanHOR Vg, ONPERENHTH HACANLHBIH
KPUTHYECKUH JUaMeTp, KpUTHYeCKHil [¥aMeTp IIPH OXJIAKAEHHH B BOJE U B Macle.

10. Tonssysics monocaMu MPOKANHBAEMOCTH, CHPABOYHBIMH NAHHBIMH H HOMO-
rpammoit M.E. BnanTepa, onpenenurs kputHdeckue auaMetps! juit 100%-Hoit map-

TEHCHTHOH M JUIS IOJyMapTeHCHTHOMR CTPYKTYp. Ilonyyennnie JlaHHbIE 3AHECTH B Tab.
12. CpaBHUTE CTaNH 1O NPOKANHBAEMOCTH.

11. O6BsCHUTD MOTyYEeHHbIE Pe3yILTATH i CAENATh BEIBOJEI.
7.4. Conepxanue oT4eTa

- Oryet 1o paboTe JOJDKEH CONEPXKATH:
1) HaumeHoRaBME U LeNb paboTHI;
2) nopsAmOK BBHIONHEHUS paboThl; CXeMy ycTax-mBKu s onpeJieieH s POKaH-
BaeMOCTH METOOM TOPLIEBOH 3aKAJIKH;
3) TabMNHUIBI C XUMHUYECKUM COCTABOM, KDUTHYECKUMHE TOYKAMH KU3y4aeMBIX cTanei
U JaHHBIMHU OIEBITA;
4) rpadMKy U3MEHEHHS TBEPHOCTH IO JUIMHE 3aKATEHHBIX 00pasioB HIH HONOCH
[IDOKaJIHBAEMOCTH JAHHBIX CTallei;
5) AuMarpaMMBl M30TEPMHYECKOTO Paclaia MepeoxsIaxIeHHOTO ayCTEHHTa H3ydae-
MBIX CTaJIei;
6) BBIBOZBI 110 pafoTe O BIKSAHHY HA IPOKATHBAEMOCTh:'
a) XUMHYECKOr0 COCTaBa H3y4aeMHBIX cTasnei:
6) oxnaxxnaromnieit CocOGHOCTH CPEXEl.
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Tabmuua 12
PesynsTaThl OUEHKH MIPOKAIHBAEMOCTH CTANCH
‘ Kputrieckuit
Kputuuecknit HRC my6usna Kputuyeckuit nuaMeTp, Dy
AUAMETD, 3aKaJIeH~ AuaMmerp, D (5()%
Vi | Die (10 Vi), mony- HOH  30HEL, | (100% MapTen- MapTeHCHUTA
Ma- | K/c MM wap- | MM cATa), +50%
pka TeH- MM TPOOCTHTA),
cTa- CHT- MM
hii2d vne | gnx | gns | HOH Ame | Wi | o | ume- | Anw | anm
a1 | go- | Mac- | CTPYK hmin hmax an. | Bo- Mac- | am Bo- | Mac
bi1 SN -] TypHl Jrid 1a Bl j1a
hmig/ hmax hmin/ hmax :

7.5. MeToan4ieckne yKasaHas
7.5.1.MeTognueciKne yKazaHus K oNpeJesieHHI0 IPOKATHBREMOCTH COTJIACHO
TOCT 5657-69

BesHuAHa IPOKATHBAEMOCTH B KOHCTPYKTOPCKOM MIIM TEXHOIOTHYECKOH HOKyMEH-
'TAllM MOXET OBITH 3a1aHa OAHHM H3 CIIEYIOMHX CIOCco00B:
) 10 MaKCHMAanbHON WU MUHUMAIBHON TBEPHOCTH HA ONPEACICHHOM PACCTOAHHK

HRC
OT OXJIaXAaeMOoro Topua. 1o TpeGoBaHHe 3aHCHIBAETCA TaK II—L——. Ha puc. 2 ono

00o3uayeno Toukamu 1 u 1'. VI3 npuBeneHHOro mpHMepa cienyet, 4To HEOGXORHMO
o6ecneuuts TBepAocTs HRC 60 (Makcumanshas) wmt HRC 46 (MunwiMansHas) Ha pac-

CTOSIHUH 15 MM OT OXJIaX[aeMOro TOpUa, YTO 3alMCHIBACTCS B crelyoiued ¢gopme:
60 46
II— wmIl—;

15 ‘15

6) Mo MUHVMANEHOMY WM MAaKCHMATBHOMY 3HAYCHMIO TBEPIOCTH Ha 3aJaHHOM

PacCTOSHHU OT OXJNAXHAaeMOoro BOmOH Topua. Oto TpeGOBaHME 3aNHCHIBAETCH TaK:
46:60 ' )
1'1——15——. Ha puc. 2 oHo 0obo3Ha4eHo Toykamu 1 ¥ 1. 310 03Hauaer, 9T0 HeOOXOAHMO
oGecneunts TBepaocTs B npezenax or HRC 46 no HRC 60 na paccrossuu 15 MM ot

OXJIKI2EMOro BOJoi Topua;
B) 110 MHHMMAJBEHOMY MM MaKCHMAJIbHOMY PacCTOSHHIO OT OXJIaXIaeMoro BOXOH
TopLa ofpasua X0 Ce4eHHs C ONpeeIeHHON TBEPAOCTHIO. JTO TpeOOBaHHE 3AMICEIBA-
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. PaccTosiHue OT NOBepPXHOCTN, MM
Puc. 2. Cnocobbl 3agaHua BeNUYHbl NpoKannsaemMocTu

ercsa clienyommmM obpaszom I1 (rouku 2 u 2' Ha puc. 2);

50
12,5:27.5 7

r) o BenuuMHe MHUHKEMANLHOIO 3Ha4YEHHS TBEPAOCTH Ha Pa3sHBIX pacCTOSHMAX OT
oxmaxaaemoro topua (Toukd 2 ¥ 1’ Ha puc. 2). 3anuceiBaerca 3T0 TpeGOBaHHE Tak:

4
1—5293 LT 1—2— D10 03Ha4aeT, YTO Ha paccTosHuy oT 12,5 no 15,0 MM oT oxnaxazeMoro

BOJIOH TOpL@ ONHOTO ¥ TOro e obpasua TBepHOCTh HOJDKHA H3MEHATECA B mpenenax
o1 HRC 50 no HRC 46; .
I) 10 BEJIWYHHE MAKCHMANBHOrO 3HAYEHHS TBEPAOCTH Ha Pa3HBIX PacCTOSHHAX OT

oxiaxjaeMoro oo Topua. Ha puc. 2 sto TpeGopanue obo3nageHo ToIKamu 1 1 2'.

60 50
3anuceipaeTca 310 TpeGoBanue Tak: I1—, IT ——. DTo 03HauaeT, 4TO Ha OOHOM H

157 275 A
ToM e ofpa3sie Ha paccTosHMH OT 15 no 27,5 MM OT OXJIaXXAaeMOro TOpUa TBEPAOCTh
JOMKHA HAXONMTBCS B yKa3aHHBIX npegenaX. OMBITE TOKAa3ajiy, YTO OCHOBHLIM KpH-
TepueM BpIfOpa CTaNH 10 BETHYMHE NIPOKANMBAEMOCTH SBNAETCA MHHEMANbHOE ee
3HayeHye. B 3TOM CiTydae NpH 3aKalke obecreyHBaeTCA MONydeHHE 3aRaHHOH TBEPAO-
CTH B HauGOMBIIEM CEUEHUH HETANK.
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7.5.2. MeToanyecKHe yKa3aHHA K ONPeXe/IeHAI0 IPOKAJTHBAEMOCTH CTAJBHEIX
H3je/ Al 10 JaHHBIM TopueBoil Npo6ni ¢ nomMombio HoMorpammbl MLE. Baaurepa

1. YacTo GriBaeT BaXHO 3HaTh, Kakas CTPYKTypa H, CI€A0BaTeNBHO, TBEPAOCTh By-
JET NOJyYeHa B CepALIEBHHE 3aKaIHBAaEMOro H3AENHA WK KaKOBO HaHOOMbilee ceye-
HHME NETANH, 3aKalMBalOLIecs B NaHHBIX YCNOBHAX € 00pa3oBaHHe MapTeHcHTa. [ins
pemennd Takux 3anas MLE. brnantepom Orlna npennoxeHa HOMOrpamMa [Uist onipene-
JIEHUs NPOKANMBAaEMOCTH CTIN MO AaHHBIM TOPUEBOH NpoOB! WM N0 3aHaHHOMY 3Ha-
YEeHHIO BEpXHEH KPUTHYECKOH CKOPOCTH 3aKankH (pHc. 3 u 4). Ilpu nocTpoeHun HoMo-
rpamMMbl CYHTaNOCh, YTO TEMNOCMKOCTH M TEIUIONPOBOXHOCTh ayCTEHMTa IOCTOSHHA,
NO3TOMY ONpEAeNeHNe TNPOKaNHBaEMOCTH BBHICOKOJIETHPOBAHHBIX CTajied MO HOMO-
IrpaMMe CONPAKEHO C HEKOTOPO#H OLIHOKOH.

2. IlpaxTHdeckH BaXXHBIM CITy4aeM ABIAETCH CKBO3Has 3aKaika uifenus. Kpurnde-
CKHM JMaMeTPOM Ha3bIBalOT JUaMEeTp Haubolnee TONCTOro NpyTKa, 3aKanuBaOLIErocs B
JaHHBIX YCIOBHMSX HacKBo3b. O4EBHAHO, YTO C YBEIMUYEHUEM OXJIKAAIOUIEH Crocob-
HOCTH XHAKOCTH M NOBBIIEHHEM YCTOIYHBOCTH II€PEOXIIAKICHHOTO aYCTEHHTa KpH-
THUYECKUH nuameTp GyaeT BospacTtarth. VineanbHbIM KPHTHYECKUM IHaMETPOM Ha3bIBa-
10T AuaMeTp HauboJiee MacCHBHOTO MPYTKa, 3aKANHBAIOIIEroCs HACKBO3b B HIIOTETH-
"eckol oxnaxnaiome# cpene ¢ 6eckonedno GonpmmM KO3QOHUIHEHTOM TEIUIOOTAATH
_OT OXJAXKIAEeMOro Tena.

3. C nomomsio HoMorpammsl MLE. bnaHTepa MOXHO HaliTH KPHTHYECKHH U Hae-
amBHBIN KPUTHYECKHH OUaMeTp Mo pe3yNbTaTaM TOPLEBOH 3aKanku, ACHONb3ys KTy
I. B psage cnydaeB IpH 3aKanke JOIYCKaeTCs NOJYyYEHHE TOTO WIH HHOTO KOJHYeCTBa
HeMapTEeHCHTHBIX NPOJYKTOB NpeBpallicHus B cepAueBuHe usnenus. Illkana II nospeo-
JIieT pemarts 3alaqH, CBS3aHHble C MONY4YeHHeM IOTyMapTEHCHTHOH CTPYKTYDHI, T.e.
CTPYKTYPHI, cocTostiuet u3 50% maprercuTa 1 S0% HeMapTEHCUTHEIX IPOXYKTOB IIpe -
BpamieHns. Pemenne Takoro poja 3anae obreryaercs TeM, YTO TBEPAOCTE 30HBI C II0-
JIYMapTeHCUTHOH CTpYKTypOH 3aBHCUT JIaBHBIM 00pa3oM OT COIEpXXaHMs YIepona
(puc. 5).

OneHka TPOKATHBAEMOCTH cTanu no Homorpamme M.E. Bnanrtepa He cpg3ana ¢
o0s3aTeNIbHBIM TIONYYEHHEM MapTeHCUTHOH WM MOSyMapTEeHCHTHOH CTpykTypsl. Mc-
nonp30BaHue MmKoab! 11 (Ha prc. 4) NO3BOJIET ONPENENHTS CEUYEHHE TeNa OIPELCICH-
HOM (GOPMBI, 3aKANUBAIOMIETOCH C HONyYeHueM NpaKkTideckn moboit 3anasno#i TBEpO-
CTH B CEpALIEBHHE.

Huxe paccMoTpess! HEKOTOPBIE CITydan NpuMeHeHus HoMorpammel M.E.brianrtepa
JUIS pEeLleHHs IPaKTHUECKUX 3a1ad.

Hpumep 1. OnpenenuTs JuaMeTp NPyTKa H3 3aNaHHOMR CTalH, KOTOPBIA NpH 3aKai-
Ke B BOJe ¢ Temmeparypoit 20 °C Moxer nomyauTs TeepaocTs B cepauesune 45 HRC.

Jins peineHus 3ana4i HeoOXOAUMO O AaHHBIM TOPLEBOH NpoOB! HAWTH PacCTOsSHAE
OT 32KaJMBaeMOro TOpla A0 TOYKH ¢ 3afaHHOI TBepRocThio. IlycTs 31O paccTofHHe
6yner pasno 7 Mm. Haiins cootBeTcTBy10My10 To4Ky Ha mxane II (puc. 4) u moctymnas,
KaK YKa3aHo Ha puc. 3 (pumep 1), oMydaeM, 4T0 UCKOMBIH AHaMeTp paseH 30 M.
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Puc 5. Bnusuue yriepona Ha TBEPAOCTh NOIYMAPTEHCUTHOM CTPYKTY-

PBI KOHCTPYKIMOHHBIX cTajliell: 1— yriepomucras CTanb; 2 — CPEAHENEIrHpO-
BaHHas CTallb

[pumep 2. OnpenenuTs pasMep Ky0a, 3aKaNMBAlOLIETOCs HACKBO3b IPH OXJaxne-
HHUHU B Maclie.

IMycTk o pe3ynsTaTaM TOPLEBOH MpobB! 171 JAHHOW CTAIH U3BECTHO, YTO MaPTEH-
CHTHaA CTPYKTYpa pOCTHPAeTCs Ha PacCTOSHHE 5 MM OT OXJIaXAaeMOro Topua. Haias
COOTBETCTBYIOIIYIO TOUKY Ha Hikane I (puc. 4) i DONB3YACH CXeMOHR Ha puc. 3 (npumep
2) maxonuM: a=7,5 MM.

Iipumep 3. OnpepennTs pasmep AeTanu ¢ oTHomeHuweMm L/d=0,1, ecan BepxHss
KpHTHYECKast CKOPOCTE 3aKaIKH cTanH pasHa 140 K/c.

Haxomum 3aanHoe 3HaYeHue V,, Ha HIKale «CKOPOCTh OXJaxIeHUM» (puc.4) H, B
COOTBETCTBHM CO CXeMO# Ha puc. 3 (mpumep 3), momygaem d=75 mm. ;

Ipumep 4. Onpenenuts Auamerp npyTka u3 crand ¢ 0,4%C, 3akaiuBalomwerocs »
Maciie ¢ IoJyeHHEeM NOJIyMapTEeHCHTHOH CTPYKTYPHI B CEPALEBHHE. :

Ha puc. 5 HaxoIuM, YTO TBEPAOCTh 30HBI C NIOJYMapTEHCHTHOH CTPYKTYpO# B CTa-
nu ¢ 0,4%C cocrasnser 41 HRC. IlycTs okasanoch, 4TO 110 JaHHBIM TOPLEBOH npoObt
PAcCTOsHME OT BONOOXIAKAAEMOH IOBEPXHOCTH IO TOUKA ¢ TBepaecThio 41 HRC pas-
Ho 5 MM. Torza cornacHo puc. 3 ¥ 4 Haxoxum d=13,5 MM.
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7.5.3. MeToan4ecKne yKa3laHns K ONPelesieHHI0 NPOKAJHBAEMOCTH CTANH
1O TEPMOKHHETHYECKHM JHArPaMMaM Pacnajga nepeoxjakieHHoro ayCTeHHTa

YcTaHOBNIEHO, YTO MEXTY TEPMOKHHETHIeCKOH IHMarpaMMOoili NpeBpalieHuii aycTe-
HHWTa H KPUBOW NPOKATHBAEMOCTH CTaiH, NMOTYYEHHO! Npy TOpUeBOH 3aKaliKe, cylie-
CTBYET CBs3b, 00YCJIOBJIEHHASA TeM, YTO 06e OHM MONYHAIOTCS IPH HENPEePhIBHOM OXJia-
WICHHH CTAIH.

C noMoIE TEPMOKHHETHYECKOH AHarpaMMbl MOXHO ONpPEAEUThL MPOJOIKHTENb-
HOCTh OXJ@XAEHHUS, HeoOXOIUMYIO IS ONyYeHHs TOH MK HHOM cTpyKTypsl. [1puns-
TO pa3iM4aTe KPHTHYECKYIO NPOXO/IKHTEIPHOCTh OXJIaXIAECHHA, 0DEeCneYHBaromylo:
NONHYIO 3aKaIKy Ha MapTeHCHT K, , 3akanKky Ha nolyMapTeHCHTHYIO CTpyKTypy Ksq ,
TIOSIBNIEHHE TTEPBLIX Mopuwii pepputa Ky , nonnoe npespallielue B NepIaTHON 061acTH
K.

B xagecTBe KpDUTHYECKOH NPOAGDKUTENBHOCTH OXJIOXACHHUS NPH 3aKanke TIPHHK-
MAIOT TIPOIO/DKUTENLHOCTD OXJIAXIEHHs CTaH B HHTepBaie oT 800 1o 500 °C, tak kax
3Ta BEJIM4YMHA IPAKTHYECKH ONpEAeiseT pe3ynbTaT 3akaiku. B Tabn. 13 npusenens
CIipaBOYHblE NaHHBIE O YCTOHYHBOCTH NEPEOXJIAKACHHOTO aYCTEHHTa HEKOTOPBIX
KOHCTPYKIHMOHHBIX JIETHPOBAHHEIX CTaNei.

7.6. KoHTpoabHbIE BONIPOCH

1. Uro Takoe npoKanaBaeMocTh?

2. Yem onpeneniercs NPOKalinBaeMOCTh? :

3. YxaxuTe XapakTep paclpejeleHust TBepAOCTH, YIAPHOK BA3KOCTH IO CEHEHUIO
TEpMHYECKH 00paboTaHHBIX (3aKajIKa+BBICOKHH OTITYCK) M3Aenuil 60JblIoro auamMmerpa
B ClTy4ae IPOKaJIMBAEMOCTH: a) CKBO3HO; 6) HECKBO3HOM.

4. Kaxue cymecTByIOT METOJIB! OTIpeAeNeH s IPOKaNUBAEMOCTH?

5. B ueM COCTOMT CYUIHOCTb METOIa TOPLEBOH 3aKanKu AN ONpeleNieHus IpoKa-
JIHBAEMOCTH CTalei? ‘

6. YxaxuTe IpeUMYyIIeCTBa ¥ HEAOCTATKY 3TOTro cnocoba, IPaHULBL €ro HCIOoNb30-
BaHUsL.

7. YTo Takoe nonoca NpoKanuBaeMocT?

8. Kaxoe BAMsHME OKa3bIBaeT OXJIKIAIOWAs CPEeNa Ha IPOKATHBAEMOCT?

9. Kakue cymecTBYIOT criocoOb! Bo3ieHicTBHA Ha BEPXHIOI KPUTHYECKYIO CKOPOCTh

3aKaiIKU (Vs ) 7

10. KakoBa ¢BA3b HIPOKaTHBAEMOCTH H:

a) colepaHusi yriepoaa B CTAIH;

6) MerupyIoUNX 1EMEHTOB B CTANK;

B) HEMETAIUIHYECKHX BKITIOYEHHI;

T) TEMIepaTypsl ¥ AIHTEIHHOCTH NPOLECCa ayCTCHUTH3aLUMY,

1) HTMO (um3KoTeMnepaTypHOil TepMOMeXaHHIecKol 06paboTkm)?
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Tabmana 13
3uavenus Ky ; Kso; Ky ; Ky mo pannsiv paborst [3]
Mapka cTaan Kus ¢ Ksp, € Kp» © Ky, ¢
45 1,5 4 2,2 14
35X 8 40 50 230
35X2 11 a2 50 500
40X 8 40 43 270
25XM 1,7 50 23 1150
30XM 2,2 15 30 900
40XM 3,8 36 29 600
50XM 24 200 650 2200
15XH 1 8,5 30 2100
15X2H2 12 32 200 16 000
15XT 1,4 14 13 770
3sCcr 22 18 5 58
40CT 1,4 10 14 30
70Cr 9.5 28 10 36
40I'® S 35 55 550
25XT O 1,5 13 10 210
45XTOD 50 550 400 500
50XTO 24 320 210 590
40XMOD 13 57 - 380 9 500
34XH2M 30 600 580 50 000
30X3B5® 21 34 4300 23 000
30X3B8d 21 34 1100 200 000
40X5CMOD 3 400 13 000 3400 42 000
45XIT'M® 40 230 800 " 90000
50XITMD 180 2100 14 000 65 000
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11. CpaBHWTe WHTEHCUBHOCTH BIIMSHMS Pa3NMIHEIX (AKTOPOB HA TIpOKanwBae-
MOCTB.

12. Pacrionoxure B pAl 10 BO3pacraiomlell NpoKaIdBaEMOCTH CIECAYIOWIHE CTAIH:
08; XBI; V8; 20P; 7X®D; 18X2H4BA; 60C2.

13. Kax u3MeHsieTcs POKAIHBaEMOCTh 3a3BTEKTOMIHOH CTalu NP 3aKajKe ¢ [o-
CToAHHOH TeMnepaTyps! 760...780 °C npu yBenudenuu conepxanus yriepoma’

14. Kakas npokanuBaeMocTh OyReT y JeTalli, eI BEPXHAS KPHTHYECKas CKOPOCTb
3aKanky Oyzer Qonsire GhakTHIECKOR CKOPOCTH OXNAXAEHUA CePANEBHHB(, HO MeHblile
CKOPOCTH OXJIKIEHHS MOBEPXHOCTH?

JlaGopaTopuasi pabora Ne 8
OTJKHI CTAJIA

Hannras pabota nocesimena orxuram II posxa, ocymecTBiaeHHe KOTOPBIX BO3MOXHO
6narofaps Ga3oBeM NpeBpaleHusM. Cpeu 3anad, peuaeMslX ¢ TOMoIIsIo oTxuroB 11
pona, ClIexyeT OTMETHTE IIPeKIe BCEro CIeNYIOUIMe: CMATYEHHE CTPYKTYPHI fepex 06-
paboTKOl cTamM pe3aHveM M JaBICHHEM, H3MeNp4YeHHe 3€pHa JHTOH WIH Oeperperoit
CTAJIN; YMCHBIUCHNHE BHYTPEHHHUX HAIPDKESHUH, IOATOTOBKA CTPYKTYPHI CTIK K OKOH-
4aTensHOM TepMooOpaboTke.

B 3aBHCHMOCTH OT THIA CTANEH (no XMMHYECKOMY COCTaBY, Ha3HAYEeHHIO, HAIpH-
Mep) ¥ TpeOOBaHUH, NPEOBABISEMBIX K HHUM, PEXXUM OTXKHIa MOXET BaphHPOBATHCH.
Pasnu4aioT NONHEIR ¥ HEMONHEIR OTIKUT, H3CTEPMUAYSCKHI, OTIKUT HA 3CPHUCTHIR nep-
JIHT, HOPMATM3ALHIO ¥ JpyTHE.

YACTH 1. OTXKHUI CTAJIH HA 3EPHACTBIN HEPJIUT

Coeponan3upyromiii OTKUT ABAAETCS OCHOBHBIM BHIOM MpENBapHTENBHON Tep-
Muueckoli oOpaboTku darue s BBICOKOYTNIEPOAUCTHIX HHCTPYMEHTAIBHBIX CTalei.
Marepuainsl o CTPYKTYpO# 3epHHCTOrO IMePIUTa HMEIOT HU3KYIO TBEPROCTE (He Gonee
207...217 HB mns yraepomucTsix craneif; 217...241 HB st JIerHpOBaHHEBIX CTaNeH) U
BHICOKYI0 00pabarsiBaeMocTs pesanuem. Co3faHHBIE OTKHIOM ONTHMaIbHAA GopMma,
CTeNeHb AUCIIEPCHOCTH | XapaKTep pachpefesnenns KapOuaHbIX JacTHI| ONaronpusTHLI
17 TIOCTIeIYIOUIErO CTPYKTypooOpa3oBaHHA B IpOIiecce OKCHYATeNbHOH TepMooOpa-
6oTkH (3aKaiKd) HHCTPYMEHTANBHEIX CTAJIEN.

HekoToprie cxeMbl OTXKHTA HA 3EPHUCTHIN EPAHT IPUBEIEHEL #a PHC. 6.

8.1.1. Hear pabotsr

N3yuuTs BUsHMe CHEePOUTHZMPYIONIETO OTXUIA HA MAKPOCTPYKTYPY ¥ IIPOYHOCTE
BBICOKOYTHEPOIUCTHIX CTANEH.
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Puc. 6. Cxembl CtheponansnpytolLing OTXKUIOB NHCTPYMEHTanNbHbLIX
craneii:

a) OTXKUT C HENPEPLIBHBEIM OXMNaXXAeHNEM;
6) N30TEPMUYECKUIA OTXKWUT,;

B) LIMKIUYECKUA CTYNEHYaTbIi OTXHWS,;

r) umknu4eckuit GeccTyneHyaTsii OTxHur
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8.1.2. MaTepHan HCCIEROBARAS

Cranu mapok V8; V10; V12; IIX15.
Tonmuna o6pasuos 10...12 Mm.

8.1.3. Hopaiox BLINGAHEAUs paGoThI

1. BemucaTh cnpaBodHsle JaHHBIE O XHMHYECKOM COCTaBE W KPHTHYECKMX TOUKAX
HccaemyeMbIX ctaieit (1abn. 14).

2. 3apucoBaTh HX JHarpaMMbl H30TEPMUYECKOro Pacnaia, NoACYHTaTh Vs B Vixs.

3. 3aMepUTh HCXONHYIO TBEPAOCTE Ha Npubope Pokseiwa o mkane HRB.

4. Cpenats MUKporMGbl, NPOTPAaBHTE HX B 4%-HoM pactsope HNO; B 3THnOBOM
CIIUpTE, MOCMOTPETH U 3aPHCOBATh MEKPOCTPYKTYPY.

5. TiposecTn oTKHUr 0OPa3noOB 1O pexXHMaM, yKa3aHHBIM Ha puc. 7 u tabn. 15.

6. OtoxoKkeHHRle 0Opa3slibl 3aYUCTHTD IS CHATHA 00€3YTIEPOKEHHOTO CO0s, 3aMe-
PHTh MX TBEPAOCTH Ha npubope Pokpenna no mkane HRB, caenats MUKpouutHdEL, 1o-
CMOTpETEH ¥ 3a8PHCOBATh MHUKPOCTPYKTYDHI, OLIEHHTH MX COINaCHO IIKajie MUKPOCTPYK-
TYP OTOXOKEHHBIX HHCTpyMeHTanbHbIX craneit (TOCT 1435-90).

7. OnnITHEIE BaHHbIE 32HECTH B Tabi. 16.

Tabnuua 14
Xumudeckuil COCTaB, KDHTHYECKHE TOIKH, Vi H Vi HCCNEAYEeMBIX CTalei
Map-
Ka XuMHUYeCKHH COCTaB CTaNM, Bec. %o Kputuueckue T09- | Vpks, | Vs,
0

cTa- Xu, C ,

? K/c | Kic
U

C [Mn]| Si [ Cr | S | P | Ac, | Acs | Acen

8.2.4. Conepxanue oT9eTa

OTyer no paboTe NOMKEH CONEPKaTh:

1) HauMeHOBaHHME H NeNib PaboTEL;

2) MaTepHal HCCIECIOBAHMUS;

3) nopsAOK BEINOMHEHHA PabOTEHL;

4) TabnuIBl ¢ XMMHYECKHM COCTABOM HCCIICIOBAHHBIX CTajleH, HX KPHTHYECKHMH
TOYKaMH, TIOACYNTAHHBIME Vg3, Viks M ONBITHEIMH NaHHBIMH 10 TBEPAOCTH ¥ MHK-

POCTPYKTYPE,
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5) BEIBOAEI O BIIMSHHM HCCIICHOBAHHBIX PEXHMOB CEpPOHIH3HPYIOMIEro OTHHATA HA

CTPYKTYPY ¥ TBEPAOCTh H3YYE€HHBIX BRICOKOYTIEPOAHCTRIX crajnei.

g

TemnepaTtypa, OC

620 - 630°C

MuH\40MuH \ 60Mm

)

An
H\
|
>

Bpems, muH

Puc. 7. PexumMel omxura

Tabmima 15

TemnepaTypsl A, # oTXHra (°C) craneii BHICOKO# TBEpIOCTH [ IOTYUEHUS
CTPYKTYPHI 3ePHHCTOrO MEPIUTA

Kputnueckue Touki, 'C Temneparypa | Msotepmuue-
Mapka cranu A Aum Harpesa, ’C | ckast BBIIEPH-
xa npu t °C
¥9...Y10 725...730 800 740...750 600...650
V11...¥13 725...730 820 750...780 620...660
11X®; B2® 735...745 750...790 670...700
X; 9XBTI;
XBI:9XC; | 740...770 880...940 770...780 670...720
XBCT
12X1 - 790...820 670...820 670...720
TXT2BM,;
7XTHM 720...730 780...800 660...670
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Tabmuua 16

3aBucitMocTs TBepaocTH (HRB) ¥ MHKPOCTPYKTYPH HCCIIEHOBAHHOM CTATH
OT pe)KHMa OTXKHUra

Temneparypa omKura
PexxuM omxura
t= t,=
TBEPIOCTh
HRB
HUcxonnoe (1o omxura) co-
MHKPOCTPYK-~
CTOsAIHHE
Typa
TBEPIOCTH
HRB
HernpepsiBHOe oxJiaxaeHue
MHKPOCTPYK-
(pexum ) Typa
TBEPAOCTH
JononHuTensHas 20 muH-

, MHKPOCTPYK-
msoTepmudeckas | (pexxum II) Typa
BEIICpXKa  IpH TBEPIOCTH
620...630 °C - HRB

40 mMuH
MHKPOCTPYK-
(pexum IIT) Typa
TBEPAOCTh
60 muH HRB
MHKpPOCTPYK-
(pexum IY) Typa
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YACTBH II. OT)XKHI' KOHCTPYKIUOHHBIX CTAJIEM.
HOPEABAPUTEJBHASI TEPMHYECKASI OBPABOTKA
KOHCTPYKHUOHHBIX CTAJIEA

8.2.1. Hean paGoTni

OsnakomneHue ¢ BBIOOPOM TEMNEPATYPHO - BDEMEHHOIO PEXUMa TEPMHYECKO 06-
paboTkH, NO3BONSAIOLIEH HIMENBYHTh 3¢PHO, IOATOTOBHTE CTPYKTYPY K OKOHYATEIHHOM
TepMoobpaboTK €1 A1 00paboTKY pe3aHHeM.

8.2.2. MaTepnan uccjie10BaHHS

Cranu Mapok 45; 40XHM, npenBapHTenbHO NeperpeTrie IpH TeMnepatype 1050 °C
B Teyenue 30 MUHYT.

8.2.3. Tlopsaox BuINoJiMeRyst paboTsl

1. Brimucare CipaBOYHBIE JAHHBIE O XHMHYECKOM COCTaBE U KPHTHYECKHX TOUKAX
cTamm.

2. Tlo pmarpaMMaM H30TEPMHYECKOTO Pacliafia MEPEOXIKACHHOTO aycTeHuTa (CM.
NPHIOKEHHE ) PACCUnTaTh Vpis B Viga.

3. 3amepuTh TBEpAOCTH 00pa3LoB B ucxogHoM coctosaud (HRB). IlpuroroButh
muxponutndsl. Ilporpasute mx B 4%-HoM pacrBope HNO; B sTmiioBoM crmpre.
Onpenenuts 6ani 3epHa ¥ 0XapaKTepH30BaTh MUKPOCTPYKTYDY.

4. Obpasupl neperpeToil CTany NOABEPTHYTh HarpeBy A0 TEMIEpaTyp:

a) Acp>t,>Acy; 6) Acs +(30...50) °C; B) Acs +100 °C. Bpems BbLIEPXKKH TIpH TeM-
mepaType Harpesa BhIOpath B cOOTBETCTBHM ¢ Tabin. 4. Ilocne Harpesa obpasusl oxia-
JHUTh Ha BO3IYyXE.

5. OTtoxoxeHHbIe 00pasiibl 3aTOYUTh Ha HaXKIaKe H 3aMEPUTh UX TBEPAOCTh.

6. IlpuroroBuTh MEKpouUHdsL, TpoTpaBuTh HX. Onpenenurs Gann 3epHa ¥ 0Xapax- -
TEpH30BaTh MHKPOCTPYKTYPY.

7. BuibpaTh pexuMsl TEPMHUECKOH 06pabOTKM: a) AN WCOpaBieHHs CTPYKTYpbl
nieperperol crany; 6) Aas ymyduiesus o6pabaTelBaeMOCTH pe3aHHEM.

8. Coenath BBIBOI, pacCMOTPEB NPOLECCH], IPOUCXONAINNE NPH HAarpeBe U OXiax-
JIEH¥Y ¥ TIPHYMHBl U3MEHEHUS CTPYKTYPHI M CBOHCTB B pe3yJibTaTe TEPMOOOpaboTKuU.

8.2.4. Cogepxanue oT4eTa
Oruet no paboTe ZOMKEH COAEPXKATh: |
1) HauMeHOBaHHe U Liesb 1abopaTopHoOii paboTh:;
2) XMMHYECKHI COCTaB UCCIIeIyeMbIX CTalledl, X KPHTHYECKHUE TOUKH K AHarpaMMbl
H30TepMUYECKOr0 paciana NepeoxXNaxIeHHOro ayCTeHHTa,
3) cxeMaTH4ecKHe PUCYHKH MHKPOCTPYKTYp CTaneH, OXJaXAEHHAEIX OT pasiuIHBIX

TeMIEPaTyp;
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4) pacueTsl Vpig, Vhie H HX CpaBHEHHE C OXJIaXIAOUIEH crIocoBHOCTHIO cpensl,;

5) TabnHUB! ¢ NONYYEHHBIMH PE3YIbTAaTaMH;

6) BEIGpanHEIe PeKUMEI TepMHUecKoit 06paboTku 1 ux obocHoBaHHue;

7) BoIBOAbI IO paboTe: O BIMSAHHK TEMIIEPATYDH M BDEMEHH BLLIECPKKH TPH TeMIIe-
paType Harpesa Ha pa3sMep 3epHa;

8) cpaBHUTENBHEIE XapaKTEPUCTHKH A cTamn 45 u 40XHM.

Tabmuua 17

Bausnune pexxuMa HopMallH3alHH HA MUKPOCTPYKTYDY U TBEPIAOCTb CTanH 45

Bun Temne- | Bpems MukpocTpykTypa
TepMoO- |parypa | BEI- Oxnaxnpe- | HRB
obpa- HarpeBa, | IEPXKH, HUE Basn 3ep- | Xapaxrepuctuka
6otk | °C MHH Ha
Hcxon- - - ‘
HOE CO-
CTOsSIHHE
750 20 Ha BO3IYyXe
840 20 Ha BO3IyXe
20 Ha BO3AyXe
950 40 Ha BO3LyXe
60 Ha BO3IyXe
- Tabmuna 18

Bnusinue pexuMa HOpMaTU3alKl Ha MEKPOCTPYKTYPY ¥ TBEpAOCTs cTany 40XHM

Bug Temne- | Bpems MHuUKpOCTPYKTYpa
TepMoO- | paTypa | BhI- Oxnaxne- | HRB '
obpa- Harpesa, | AEpXKH, HHE bann 3ep- | Xapakrepuctuka
6otku | °C MHMH Ha
3 Hcxoxn- - -
HOE CO-
CTOSIHHE
750 20 Ha BO3yXe
840 20 Ha BO3RyXe
_ 20 | Ha BO3OYXE
950 40 Ha BO3AyXe
60 Ha BO3IyXe
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8.5. KonTpoabHbie BONPOCH

1. C KaKo# UeNbI0 OTXKMIaeTCs NPOKaT KOHCTPYKUHMOHHEIX cTanei?

2. TlokaxuTe, MONB3YACH AWAarpaMMol pacnajia MepeoxJIaXAEHHOro ayCTEHHTa,
CXEMBI [TOJIHOTO M H30TepMUYECKOT0 OTKHI0B, HopManu3auuu ctany 40XHM.

3. KaxuM o6pa3oM MOXHO COKPaTHTb MPOJAOKHTENBEHOCTE CHEPONAH3NPYIOMIETO
OTXHra 3a3BTeKTONIHOM cTanu?

4. Kaxopa UeJjib HOpMaU3alHK 3383BTEKTOUAHBIX HHCTPYMEHTANBHbIX CTaneH?

5. Y70 TaKoe MasTHHUKOBBIA OTKUr?

6. Kakoit nomxHa GbITh ONTUMATBHOM CTPYKTYpa OTONOKEHHONH HHCTPYMEHTAIbHOH
CTau ¢ TOYKM 3pEHUS TIOCHEnyIoLieH TepMooOpaGoTKH (3aKanKa+oTIycK)?

7. Kaxue Buapl Opaka 10 MHKDOCTDYKTYPE MOIYT BCTPEYAThCS B OTOMOKEHHOH cTa-
m XBI'?

8. Kaxoe Mecto 3anuMaroT oTkury 11 pona (B ToM 4yHcie, HOpMaIH3aLus) B TEXHO-
JIOrMYECKOH LeNH W3TOTOBIECHHUSA H3Eaus?

9. Kak BnusieT AHCMEPCHOCTh KapOWAOB, MONYyYEHHBIX NPH OTXKUre, Ha NOBEJEHHE
CTajy NpH nocienyommei 3akanke?

10. Kak BBIOHparfOTCS TeMnepaTypa U CKOPOCTH OXJaXACHHA NPH OTKHIE CTalH
V12I'A?

11. Kak ucnpasuTth 6pak (HEORHOPOZHBHIA KPYIHO3CPHUCTBIH NEPIHT), MONydeH-
Hb np omxure crany HIX15?

12. Kaknm o6pa3oM MOXKHO yCTPaHKTE KapOuIHYIo ceTky B ctanu [HX6?

13. Kak BaMseT nerupoBaHHe Ha TEMNEPaTypy OTKUra 3a3BTEKTOMIHBIX cTasel?

14. TloueMy cTaIH, MMEIOLIHE COCTaB, ONMU3KUK K IBTEKTOHHOMY, OTXKUIalOTCs Ha
3ePHHUCTHIH NepIUT Npy GolNee HUIKKUX TEMIIePaTypax 0 CPABHEHHIO C BBICOKOYTIEPO-
IUCTHIMH cranamu (tabin. 15)?

15. PacckaxuTe 0 NpeBpallleHusX, NPoTeKalomuX B cTan Y10 B mpolecce oTxura
10 pexXHUMy, yKazaHHOMY B Tabn. 15.

16. Uto M3MeHUTCS, ECNM TEMIIepaTypy oTxura cranu ¥ 10: a) nosoicuts; 0) nonu-
3UTh OTHOCHTENBHO YKa3aHHO# TemnepaTypsl B Tabn. 157

17. INouemy cranu thna X12M oTxuraorcs Ha 3epHHCTHIH nepmrr npu 6onee Bbl-
COKMX TEMIlepaTypax, yem ctajiu THna Y10?

18. Kak u3MeHseTcs TBepROCTh oToxokeHHO# cranmu 9XC ¢ ypemnyenueM Oaiia
MHKpocTpykTyphl o 'OCTy 1435-907

19. B uem 3akato4aeTcs oTan4ue Mexry orxurom I u Il poxa?

20. Kaxkue BMIOBl OTXKHra H C KaKOH LENBIO NPUMEHMOTCH ANIA JO3BTEKTOMIHBIX
cTaneit?

21. Crane 60 mnoxo ofpabateiBactcs pesanueM. Hasnaubre TepMoobpaboTky Ans
yAYYLIEHUS TEXHOJIOIHYECKUX CBOUCTB.

22. l03BTEKTOMAHAS HeJETHPOBaHHAS Hill HU3KONETHPOBAHHAs CTajlb HMEeT KpyIl-
Hoe 3epHo. Kak ucnpaBuTh CTpYKTYpY?
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KOHTPOJILHBIE 3AJAHHASA

3apanue Nel

1. Tlocne 3axanku crane 40XHM umena cTpykTypy deppur, MapTeHCUT H OcCTa-
TouHEIA aycteHuT. [To KakOMy pexxHMy IPOBOAMIACE TepMuYeckas obpaboTka cranu?
Pexum 00paboOTKH CXeMaTH4ecKH MOKAKUTE HA M30TEpMUYECKOl AuarpaMMe pacnaja
[EePEOXJIAKASHHOr0 ayCTeHHTA.

2. YKaxuTe U3MEHEHHS B JHarpaMMe H30TEPMHYECKOro pacnaja nepeoxiIaxieH-
Horo aycrenura ctatd S0X® (npunoxenue) B 061acTu IMPPYy3MOHHOrO NpeBPAILEHHUS
B CBS3M C POCTOM TEMIepaTyphl aycTeHHTH3auuu oT 880 mo 1050 °C u obmschuTe HX
TIPHYHHEL

3. HeoGxoqumo mpoBecTH C(epOHAH3HPYIOMHNA OTXHI rOpSICKaTaHBIX CTallei:
7XI2BM; V12; XBI; 9XC; V13; XB4; XI'2M. Pas6eiite ctaym Ha cafki, ykasaB yc-
JIOBHE BBITIONHEHUSA 3aJaHNL.

3aganne Ne2

1. Crans 20XM umeerT clenyOUe KPUTAYECKHAE CKOPOCTH OXJIAKACHHA:
V=100 K/c; Vo =30 K/c; Vogc =5 K/c. Kakyio cTpyKTypy MOXHO TOTy4UTH B CTalTH
20XM npy OXJIaKIEHVH U3 ayCTEHUTHOMN obnacTu B ropsuem macie (Voxn =25 K/c) ?

2. O6BsicunTe, KaKHe U3MEHEHHS B MUKPOCTPYKTYpE H CBOACTBAX CIIEXYeT OXKHIATH
IIpH CMeHe CxeMBI OTKHra cTainu Y12 ot a) 1o 6) (cM. puc. 6).

3. Jing u3roTOBIEHUS Peccop H NPYKMH Hcnonezyercs crans 60C2A. Kaxoi tep-

‘Mo06paboTke JOMKHO OBITh NMOABEPrHYTO H3JENHE C LENbI0 00eCHedYeHHs BBICOKOTO
Tpefiena YIpyrocTy U BEIHOCIMBOCTH.

3ananue Ne3

1. Kak 6yxyT oTaM9aThes Mo CTpyKType M cBofictBaM crtand 10 u 10XCHJI mocne
oXNaxpeHHs Ha Bozayxe. Ha ocHoBaHMHM aHanmvsa QuarpaMM M30TEPMUYECKOrO pacra-
. 1a IEPeOXIaXKAEHHOTO ayCTeHUTA YKaXHUTe IPUYHHEL
© 2. Bo3amoXHa 1 CKBO3Has MPOKAIMBAEMOCTE LIMNUHAPA JUAMETPOM 54 MM, H3ro-
ToBneHHOro U3 ctand 40XT TP, npu 3axanke B macie?

3. Kakas u3 HibKenpuBeNeHHBIX cTaleil Oyaer bonee ycroiiqusa K neperpesy: Y12;
P18; XBI'?

3ananne Ne 4
1. DBTexTOMIHAsA CTalb HMEET HCXOAHYIO CTPYKTYpY: a) IUIacTHHYATHIHA nepaut; 6)

3epHHUCTHIH MepauT. B xakoM cirydyae npH noclexyiolueM HarpeBe BHINE TeMIepaTypsl
Ac; cramb 6yaeT MMeTh Goliee KpYIHOE 3epHO U HoYeMy?
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2. Vi3o6GpasuTe rpadHyecky 3aBHCHMOCTh TBEPAGCTH 3aKaleHHEIX cTajeif 40; 40T
4X5M®C oT TemniepaTypsl OTIYCKA B OOBACHHTE.
3. Cpasuute npoxanuBaeMocTs craneil 12XH3A u 12X2H4A.

3ananne Ne 5

1. Ykaxure, nns kakux cranefi XBI'; 45; 60C2 u nodeMy MOXET HCIIONB30BAThCA
HOpMaJH3alii B Ka4eCTBE Npe/IBapHTeNsHON TepMoobpaboTku nepen nedopmanuei v
06paboTkoii pezaHMeM? 3aroTOBKH HMEIOT Maible CEYEHHS.

2. Kaxas u3 AByx nnaBok ctanu 4512 Oyner 6onee CKIOHHa K neperpery?

Ne CopepyxaHue 3IeMEHTOB B Bec. % :
ILIaB- C Mn Si S P Al N
Kt

1 0,50 2,00 0,28 0,02 0,03 0,02 | 0,0011
2 0,48 1,50 0,30 0,02 0,01 0,03 | 0,0015

3. Cpasunure cram 37XH3MA; 37XH3 no cKIOHHOCTH K 0OpaTHMOM OTITyCKHOH
xpynkoctH. Jaiite o6bacHEHHE.

3aganne Ne 6

1. Vkaxure MakcHMainbHoe cedenre u3nenus u3 cranu 30XIT B KOTOpOM MOXKHO
TONYYHTh CKBO3HYIO TPOKATMBAEMOCTH.

2. Tlpu xakoM pexume otmycka cTans 30XH3A 6osee ckioHHa K 06paTHMOM OTITY-
ckHoit xpynkacth: a) 650 °C, 2 1; 6) 650 °C, 2u+500 °C, 10 w?

3. V xakoif u3 NPUBEAEHHBIX CTAJICH [OC/E 3aKaNKK 0T ONTHMATBHAIX TEMIIEPATyp
6onsiue ocraTodHoro aycrenuta: Y 10; XBT'; X13M?

3amaune Ne 7

1. TIpu xaxo¥ cxeme ormycka: 650 °C, 2 u wm 650°C, 2 4+500 °C, 10 4 cenyeT
OXHAATH OTILYCKHYIO XPYIKOCTh s cramu 30XH3MA?

2. Kaxyo crajs JIy4iie BHIOpaTh Ui AeTalnel, IOABEPralomHUXCs JIHTENbHBIM Bbl-
cokoremnepatypHabM (930...950) °C narpeam (HampHUMep IPH XHMUKO-TEPMHUECKOH
obpabotke): 20; 20xkm; 18XI'T? ‘

3. Ctanp 30; 30XI'C mocite 3aKaiky NOXBEPraroT BHICOKOTEMMEPATYPHOMY OTITYC-
Ky. Kaxas crans 6yneT xapakTepH3oBaThCs Goniee BRICOKMMH MPOIHOCTHEIMA XapaKTe-

PHCTHKaMHU?



46
3ananne Ne 8

1. B npmioxeH## NpHBEJieHa MarpaMMa H30TEPMHYECKOTO pacnaja NepeoxiIaK-
neHHoro ayctennTa cTand 60C2. Kak u3MEHHTCS MHHHManbHas YCTOHYUBOCTH TEpe-
OXJIAXJEHHOrO aycTEeHHTa [POTHB Pachaja, ecli¥ TEMNEpaTypy ayCTeHUTH3aLMU MOI-
HsTh OT 780 10 1050 °C?

2. IaMeRHTCS M NOJIOKEHHE KPUTHYECKHX TOYEK IS CTANH 45, eClM NepexoiuTh
OT IIEYHOTO Rarpesa JeTalH K BHICOKOCKOPOCTHOMY HHIYKLIHOHHOMY?

3. Kaxas ctans HMeeT Hanbonblyio 3akanusaeMocts: [IIX15; 30XI°C; 55C2I'®?

3apanue Ne 9

1. Crans P18 nocne 3akanku ot TeMmnepatyp 980 u 1240 °C noasepraercs mnu-
TeNbHOMY OTITYCKY mpH Temnepatype 650 °C. Cpasuute TBEpAOCTH CTAIH: a) Noche 3a-
Kanky; 0) B OTIYILIEHHOM COCTOSHUH.

2. Kakas ctpyktypa GOopMHpYETCS B CTANH, JAarpaMMa W30TEPMHIECKOrO pacnaia
KOTOPOFO NMPHBEIEHa Ha PUCYHKE NPH YKa3aHHBIX PEXUMAX OXNaNIEHUS.

A3

V1

Temneparypa, °c

=<
T

Bpems

3. Kakyio C'rpyKTypy MOXCHO IIOJIy‘{HTB B crani 40XHM mpu oxyiaKneHHH H3 ay-
CTEHHTHOI 061acTH co ckopocThio Voxy=0,1 K/c?

3apanne Ne 10
1. B xaxoM cmy4ae cranb 30XA c BCXOfHOH CTPyKTypoii: a) copGuT otmycka; 6)

cop6bHT, MOMyICHHbBIH IpH HOpMATH3ALKH OT TEMIIEPATYD 850 °C, 6yner nmets Gonee
BBICOKYIO YAApHYIO Bx3xocn>‘7 .
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2. Tpu yBeTUUEHHH TEMIIEpaTyphl HAIpeBa NOR 3aKanKy oT 850 po 950 °C cramu
47T°T ToJuMHa 33KaneHHOTO clos B ceyeHHH 50 MM ocraBamach NpakTHYECKH HEH3-
MeHHOiT ¥ coctaBnsia 5 mM. Ha cranm 451 npuMepHO ¢ TeM e XUMHYECKHM COCTaBOM
N0 OCHOBHBIM 3JIEMEHTaM TAKOE e NOBbIlIeHNEe TEMIIEPATYPHl 3aKaIKH B YKa3aHHOM
UHTEpBA/ie YBEIMYMBAET TOJIMHY 3aKaneHHoro cnos ¢ 4,3 mo 5,7 mM. ObwnacHute
NpUYHHB] 3TOTO ABJICHHSA.

3. Heo6xoaumo mposecTd NONHBIA OTXHUI Opokara {(IPYTKOB) B TpH mpuema (3
caaxn). Janst cnegyrowue crany: 35; 30XIT; 35T'2; SOXI'®DA; 50; 20X. Crpynnupyi#i-
Te ctany B canku. OObscHUTE, 0 KaKOMY TIPUHLMITY 3TO MOXHO CHAENATh.

3apanne Nell

1. Kakywo crpykTypy AomkHa uMeth ctans XBI™ mepex oxoHvaremsHO# TepMoo6-
paboTxoH: 3akanKoi ¥ oTmyckom? ’

2. TlpoBecTH CpaBHHUTENbHYIO XapaKTEPHCTHKY IIOJIOC MPOKANMBAEMOCTH KOHCT-
PYKUHOHHBIX CTasei, eCiii fepe] HCOBITAHHAMH Ha NTPOKATUBaeMOCTh OHH MOABEpra-
JNCh HOPMAllM3aLMM: A) HENOCPEeJCTBEHHO NOCHE OKOHYAHMA KOBKM (TeMneparypa
oxoH4yaHus KOBkH 1150 OC); 6) ¢ mosTOpHOrO Harpena A0 Temineparypsl 1000 °’c.

3. Jlns Kakux MapoK CTanH Lenecood0pa3Ho NPUMEHCHHE N30TEPMUYECKOH 3aKalKu:
45; 45XHM? Ha nuparpamme U30TepMUUECKOrO pPacmiaja MNePeoXIaKACHHOTO ayCTEHA-
Ta NOKAXHTE PEXHM NpoBeieHHS 06paboTKH.

3aganne Ne 12

1. Kakue Bunei Opaka B NOIBTEKTOMIHBIX CTaNIAX MOTYT HabMOJaTECA IPH NOJNHOM
oTxure?

2. YKaxXuTte KaKue CTPyKTYpbl MOTyT HaOMo#aThCA NpH yKa3aHHBIX pexuMax 06-
pabotku. K xakuM BuJaM TepMuYeckoil 06paboTKH MOXXHO OTHECTH yKa3aHHEBIE PEXH-
MBI? '

£ As
< A1
3
oy V1
c
5
'_.
Mu = V2
>

Bpemn



- 48
3. Ha 3aBOA DOCTYIHIM ABe IUIaBKH cTanu 6012 ciiemyromero XuMU4ecKoro cocra-

Ba:
Ne CopeprxaHue 3IEMEHTOB B Bec.%
niaas-
KH
C Mn Si S P Al N
1 0, 60 2,00 0,28 0,02 0,03 0,02 | 0,0011
2 0,62 1,50 0,30 0,02 0,01 0,03 0,0015

Kakas u3 gByX miaBok GyzeT uMeTh GONBHIYIO YCTOWYHBOCTD NEPEOXNAXIAEHHOTO
aycTeHUTa H Vi3 ?

3apaune Ne 13

1. Kaxoii Buz cMaryaroueii o6pabotky HeoOX0AUMO Ha3HAYMTh IJIA FOPAYEro Hpo-
Karta craneif 20X2H4A; 30XH3A?

2. Kakasa u3 HIKCMIPUBEJECHHBIX CTaICH MMeeT HauOOJNBUIYIO BEPXHIOI KPHTHYE-
CKy10 CKOpocTh 3aKasikH (Vpgs ): 30; V8; 30XT'C; 20XH3A?

3. K kakoMy BHIy OTIYCKa CIEXYeT OTHECTH OTIYCK IPH TeMIepatype 650 °C nns
3akaneHHBIX craneii XBI; V13; P12; 60C2?

3aganue Ne 14

1. Crane 30XI"C BeIfLIaBlEHa U3 BBICOKOYHCTBHIX MATEPHAIOB M N0 OBBIYHOM Tex-
Hojornu. TlokaxnTe CpaBHHTENBHOE U3MEHEHHE YIAPHOH BA3KOCTH OT TEMIEPATYpbI
oTnycka.

2. Tloxaxwure cxeMsl TepMoobpaboTKU AuTON cTanu 35 1 18X2H4A (6e3 nepsoii
CTYHeHH pacmana) JUlsl HCTIPaBNEHHS CTPYKTYPBI (KPYNHOE 3€pHO M NEHIPUTHAs Mc-
XOZHAsg CTPYKTypa).

3. [pw 3axanke cramu Y12 ot temneparypst 840 °C B mMacie Gsina nosyyeHa Hus-

xas TBEPAOCTh. UeM 3T0 obycoBieHO M KaK clefyeT MOCTYMHTh, YTOOH HONYYHTH
TBepRocTh 60-63 HRC?

3ananue Ne 15

1. Crans 30XI'C nocne 3aKankd H HU3KOrO OTIIYCKA MMeEET MOHMKEHHYIO TBEp-
AOCTh. YKaXHTe BOSMOXKHEIE MPUIHHbI U CIOCO0HI yCTpaHeHHs.

2. Cranu 60 u 60XHM nnoxo o6pabaTsiBatotcs pesanueM. Kakoil o6pa6otke cie-
IyeT MOABEPrHYTh 3arOTOBKH M3 3THX CTafeH C HENbIO YIyYIIEHUS TEXHOJIOTHYECKHX
csoiicrs. s xakoi ctanu o6paborka Oyzer Gonee npoaomxurensua?
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3. Kakas cramp 35XM nmu 38XMIOA 6yzner umers 60bUIYI0 NPOKATHBAEMOCTS
IIpy 33KaJIKe OT ONHOM M TOM e TeMNepaTyphl U nouemy?

Mapka Conepxanue anemMeHToB, Bec. %
cTanu C Mn Cr Mo Al S P
38XM 0,35- | 0,35- | 0,90- 0,20— <0,0035 |<0,0035

042 | 0,65 1,30 0,30

38XMIOA | 0,35- | 0,40— | 1,35- | 0,15- 0,70- |<0,0025 |<0,0025
042 | 0,70 1,65 0,25 1,10

TEMbI PEQ@EPATOB

1. Bunp 6paka, HabmoAalOIMECs PH OTXKHUre HHCTPYMEHTAIBHBIX CTalleit Ha 3ep-
HHCTBIH MePJIHT, UX HPHIUHB] B CNIOCODLI YCTpaHeHHUS. .

2. Criocobb1 coKpaIueRus NPOAOIKHTENLHOCTH chepONIH3UpPYIOIHX OTIKHIOB.

3. Bnustaue Ierupyiomux 3J€MEHTOB Ha NTapaMeTphl CHEPOHAMIUPYIOLIEro OTXKHTA.

4. Pa3HOBHUIAHOCTH OTXKHIOB 3a3BTEKTOHAHBIX CTaleH, HX LIENIH, CIIOCOOR! OCYLIECT-
BICHHSA. K

5. Pa3HOBUIHOCTH OTXKUIOB JO3BTEKTOMAHKIX CTaNeH, UX HemnH, cnecobbl ocymecT-
BJICHHUA.

6. CTpyKTypHas HacleJCTBEHHOCTb U HCTpaBieHUe EPErpeToil CTPYKTYPsI KOHCT-
PYKUMOHHOM CTaNH.

7. BisiHue NerdpyroniiX 37IEMEHTOB Ha IPOKAJIMBAEMOCTE CTanei.

8. DxcnepuMeHTaNIbHbIE METOIb! ONPENENICHHS NPOKAJHBAEMOCTH KOHCTPYKUHMOH-
HbIX CTalleH. '

9. Ponb n3oTepMuueckux, TepMokuHeTHaeckux B CCT nuarpamMm pacnafa nepeox-
NIaXKASHHOr0 ayCTEHHTa NPH ONpeAeNeHUH MPOKaIXBAEMOCTH.

10. Crioco6s1 onpeieneH s NPOKaiHBaeMOCTH.

11. Tlpumecu B cTansax v CTPYKTypHas HacJIEACTBEHHOCTb.

12. BropuyuHoe TBepICHHE B CTANAX.
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NPUIOKEHRMA

Hpunoscenue 1
Tabnuna 19
Xumuyeckuié cocmae u Kpumuueckue mouxu cmanei
Kpntuuec-
Mapxa Xumuueckuii cocras, Bec. % KHe TOYKH
cranu cramu, °C
C Mn Si Cr Ni Hpyrue S P Ay Az
JneMeH (nnu
Th! Acm) |
15 0,12-0,19 | 0,35-0,65 | 0,17-0,37 - - - <0,040 | <0,040 | 725 | 870
20 0,17-0,24 | 0,35-0,65 | 0,17-0,37 | <0,25 <0,25 - <0,040 | <0,040 { 735 | 850
30 0,27-0,35 | 0,50-0,80 | 0,17-0,37 | <0,25 <0,30 - <0,035 | 0,035 | 730 | 820
35 0,32-0,40 | 0,50-0,80 | 0,17-0,37 | <0,25 <0,25 - <0,040 | <0,040 | 720 | 800
- 40 0,37-0,45 | 0,50-0,80 | 0,17-0,37 | <0,25 <0,25 - <0,040 | <0,040 | 720 | 770
45 0,42-0,50 | 0,50-0,80 | 0,17-0,37 | <0,25 <0,25 - <0,040 | <0,040 | 735 | 785
50 - 0,47-0,55 | 0,50-0,80 | 0,17-0,37 | <0,25 <0,25 - <0,040 | <0,035 | 725 | 760
55 0,52-0,60 | 0,50-0,80 | 0,17-0,37 50,25 <0,25 - <0,040 | <0,035 | 725 | 755
© 65 0,62-0,70 | 0,50-0,80 | 0,17-0,37 | <0,25 <0,25 - <0,040 | <0,035 | 720 | 743
v8 | 0,77-0,85 | 0,50-0,80 | 0,17-0,37 | <0,25 <0,25 - <0,040 | 0,035 | 730 | -
vi2 1,15-1,24 | 0,15-0,30 | 0,15-0,30 | <0,15 <0,25 ~ <0,030 | <0,035 1 730 | 750
1X1s 0,95-1,05 | 0,20-0,40 | 0,17-0,37 | 1,30-1,65 | <0,30 - <0,020 | <0,027 | 740 | 870
15X 0,12-0,17 | 0,40-0,70 | 0,17-0,37 | 0,70-1,00 | <0,30 - <0,035 [ <0,035 | 735 | 870 |
12XH3A | 0,09-0,16 | ©,30-0,60 | 0,17-0,37 | 0,60-0,90 | 2,75-3,15 - <0,025 | <0,025 | 715 | 773
12X2H4A | 0,09-0,15 | 0,30-0,60 | 0,17-0,37 | 1,25-1,65 | 3,25-3,65 - <0,025 | <0,025 | 710 | 780
18XIT | 0,17-0,23 | 0,80-1,10 { 0,17-0,37 | 1,00-1,30 - Ti <0,035 | 0,035 | 740 | 925
0,03~
0,09
ISXI'M | 0,12-0,18 | 0,90-1,20 | 0,17-0,37 | 0,70-1,00 - Mo <0,035 | 0,035 | 735 | 920
. 0,20~
- : : 0,30
18X2H4A | 0,14-0,20 | 0,25-0,55 | 0,17-0,37 | 1,35-1,64 | 4,00-4,40 - <0,025 | 0,025 | 700 | 810
20X 0,17-0,23 | 0,50-0,80 | 0,17-0,37 | 0,70-1,00 | <0,30 - <0,035 | <0,035 | 765 | 830
20XT'PA | 0,18-0,24 | 0,70-1,00 - 0,70-1,10 | <0,30 B | 0,025 | <0,025 | 735 | 835
- 0,001- :
0,005
20XH3A | 0,17-0,24 | 0,30-0,60 | 0,17-0,37 | 0,60-0,90 | 2,75-3,15 - | 0,025 { <0,025 | 700 | 760
20XT'HP | 0,16-0,23 | 0,70-1,00 | 0,17-0,37 | 0,80-1,10 | 0,80-1,10 B <0,035 | <0,035 | 730 | 825
* 0,001~
0,005 :
25XT™M | 0,23-0,29 | 0,90-1,20 | 0,17-0,37 | 0,90-1,20 - Mo | <0,035 | <0,035 )} 735 | 800
' 0,20~
. 0,30
25X2I'HTA | 0,22-0,28 | 0,80-1,10 | 0,17-0,37 | 1,15-1,75 | 0,40-0,70 Ti <0,025 | <0,025 | 710 | 760
0,03~ .
_ , 0,09 . ,
30XA 0,24-0,32 | 0,50-0,80 | 0,17-0,37 | 0,80-1,10 | <0,30 - <0,025 | 0,025 | 740 | 815
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Okonvanue Tabm. 19

: . Kpurtuuec-
Mapka Xumuueckuif cocras, Bec. % K€ TOUKH
CTad CTaJIH,OC
C Mn Si Cr Ni Hpyrue S P A A
3JIeMeH (unu
: ThI Acm) |
30XMA | 0,26-0,33 { 0,40-0,80 | 0,17-0,37 | 0,80-1,10 <0,30 Mo <0,025 | 0,025 | 757 | 807
0,15~
: 0,25
30XI'CA | 0,28-0,34 { 0,80-1,10 | 0,90-1,20 | 0,80-1,10 <0,30 - <0,025 | 0,025 | 760 | 830
3512 0,26-0,35 | 1,40-1,80 | 0,17-0,37 <030 | <025 - <0,035 | <0,035 | 718 | 804
35XMA | 0,26-0,34 | 0,40-0,70 | 0,17-0,37 | 0,80-1,10 <0,30 Mo <0,025 | <0,025 | 755 | 800
0,15—
0,25
35XPA | 0,31-0,39 | 0,50-0,80 | 0,17-0,37 { 1,00-1,30 - B <0,025 | <0,025 | 740 | 800
<0,005
30XTT 0,24-0,32 | 0,80-1,00 | 0,17-0,37 | 1,00~1,30 - Ti <0,035 | 0,035 | 735 | 790
. 0,03-
0,09
40XA 0,36-0,44 | 0,50-0,90 | 0,17-0,37 | 0,80-1,10 <0,30 - <0,025 | <0,025 | 743 | 775
40P 0,37-0,45 | 0,50-0,80 | 0,17-0,37 <0,30 <0,30 B <0,035 | <0,035 | 720 | 770
‘ 0,002—
0,005
4012 0,36-0,44 | 1,40-1,80 | 0,17-0,37 - - - <0,025 | <0,025 | 720 | 745
40XHA | 0,36-0,44 | 0,50-0,80 | 0,17-0,37 | 0,45-0,75 | 1,00-1,40 - <0,025 | <0,025 | 725 | 780
40X®A | 0,37-0,44 | 0,50-0,80 | 0,17-0,37 | 0,80-1,10 <0,30 v <0,025 | <0,025 | 754 | 790
0,10-
0,18
38XCA | 0,34-0,42 | 0,30-0,60 | 1,00-1,40 | 1,30-1,60 - - <0,025 | <0,025 | 763 | 810
40XI°TP | 0,38-0,45 | 0,70-1,00 | 0,17-0,37 | 0,80-1,10 - Ti <0,035 | <0,035 | 730 | 790
0,03~
0,09
B <
0,005
45X 0,41-0,49 | 0,50-0,80 | 0,17-0,37 | 0,80-1,10 <0,30 - <0,035 | <0,035 | 735 | 770
s50r 0,47-0,56 | 0,70-1,00 | 0,17-0,37 <0,25 - - <0,040 | <0,040 | 720 | 760
50XT'®A | 0,48-0,55 | 0,80-1,00 { 0,17-0,37 | 0,95-1,20 - v <0,025 | <0,025 | 720 | 760
0,15-
0,25 .
55C2 0,52-0,60 { 0,60-0,90 | 1,50-2,00 <0,30 <0,25 - <0,035 | <0,035 | 755 | 810
50X 0,46-0,54 | 0,50-0,80 | 0,17-0,37 | 0,80-1,10 <0,30 - <0,035 | <0,035 | 720 | 770
65T 0,62-0,70 | 0,90-1,20 | 0,17-0,37 <0,25 <0,25 - <0,035 | <0,035 | 726 | 765
60C2 0,57-0,65 | 0,60-0,90 | 1,50-2,00 <0,30 - <0,25 - <0,035 | <0,035 | 770 | 820
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Ilpunosicerue 4
- Kpueuie 3aeucumocmu meepoocmu no Poxeenny (HRC) em memnepamypol

omnycka onn cmaneii XBI', XI12M®, 4XSM®C (FOCT 5950-2000)
u P6MS5KS5 (IFOCT 19265-73)
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Hpunoxcenue 5
HlIxana Ne 4 0na ouenxu KapOudHot cemrku
OnucaHue WKaNBl ¥ MIKaJia Uit OHEHKH EMEHTHTHOH CeTKH
B MHCTPYMEHTAIBHOH HeseruposanHoii crami (x 500)
11Ixana BKIOYAET JBa pAAa ITANOHOB BO3MOKHBIX BHIOB IIEMEHTHTHOM CETKHA IO 5 ITANOHOB B
K&KHOM pARY-
1-i psizt — KPYTTHOSICHCTAs CeTKa (CPeAHHI OTHOCHTENIBHEIH TUaMETp A9CHKH NPHOIUIATETEHO
0,045 Mm). :
DranoHsl KOKKOrO PsAfa OTIHYAIOTCA 10 3aMKHYTOCTH HEMEHTHTHON CETKH ¥ COOTBETCTBYIOT
cremyrommM Gaiam: :
6ann 1 — IPaKTHYECKH PABHOMEPHOE PacIpefe/IcCHHE HEMEHTHTHBIX JacTHII;
6aut 2 ~ UMEIOT MECTO OTAEJNbHAIE LENOIKH HEMEHTHTHARIX YacTHII,
6amt 3 — HenoyKH LIEMEHTHTHBIX 9acTHI B BUAE 0OPLIBKOB cnabo BHIPaXKEHHO#M CETKH;
Gann 4 — LenoYKH HEMEHTHTHEIX 9acTHI B BH/IC 3aMETHO BBIPAXXEHHO CeTKH;
6art 5, 6 — 1enOUKH HEMEHTHTHRIX HYaCTHI 00pa3yioT CeTKY C 3aMKHYTHIMA A4eHKaMa.
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Hpunoscenue 6 (TOCT 1435-99)
ILxana 0nR OUEHKU MUKDPOCIPYKIMYPbL UHCIMPYMERMATBHBIX
ﬂmezupO@a""blx cmanesi

OnHcanye INKankl ¥ LIKala IS OHEHKH MHKPOCTPYKTYpHI (IEpIINTa) HHCTPYMEH-
rambHOM HelerupoBaHHo# cranu (500)

[lIkana prnovaet 10 3tanosos ( B amwiax) BOZMOXHBIX MEKDPOCTPYKTYP OTOXEHHOM WM BHICO-

KOOTITYLICHHOH CTAIH C Pa3HBIM CONEPKAHHEM 3EPHUCTOTO ¥ ILIACTHHYATOTO NepIATa (1o MWIOMaH):

6ann 1 - ot 80% 1o 100% MenKomnIacTHHYATOro COPGHTOOOPA3HOrO IEPHNTA;

6awt 2 — c8. 20% no 50% 3epHUCTOro NEPANTa;

6ain 3 - ¢8.50% no 80% 3epHECTOrO NEPIMTA;

6ann 4 — cB. 80% no 100% 3eprucToro mepiuTa;

6a1 5 u 6 — 3epHHCTEIH NEPIAT C yBENUYHBAIOIMMCA Pa3MEPOM IEMEHTHTHBIX

YacTHI;

6ann 7 — no 10% KpynHOINacTHHYATOro NEPINTa;

6aswt 8 — cB. 10% 1o 50% KpynHOIUIACTEHYATOTO HEPIHTA;

6ain 9 — cB. 50% 1o 90% xpyHHOILNIACTHHYATOrO [IEPAKTE;

6amn 10 — cB. 90% no 100% kpymnHOMIaCTHHYATOTO NEPIHTA.
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Hpunoscenue 7 (FOCT 5640-68)
HIxana Ons oyeHKU nepauma 8 Maioy2iepooucmot 0ehopmMupoeanHoi cmaiu.

Onucanye IKANEL U WKANa MUl OUEHKU MUKPOCTPYKTYPHI (360-400%)

Ho OnucaHue MEKPOCTPYKTYPEI
Mep
Gai- Pax A Pan b Pan B
na
PaBHOMepHO WM OTHO- | PaBHOMepHO pacnpene- | PaBnomepHo pacnpesge-
CUTENBHO PaBHOMEDHO | IeHHble B ITONE 3DEeHHs | IEHHBIe B [I0JI€ 3PEHHUS
0 | pacupemeneHHBI#  3ep- | y9acTKH 3€pHA [epruTa | HeOOmbIIME YHaCTKH
HHCTBI TIEpNUT C pas- TOHKOIIACTUHYATOr0
MepaMH 4acTHIl OT Men- HepauTa
KornoGysspHoro go 1-2
MM
He6onpmast  crpoueu- | HeGonpmoe xonuuectso | OTHOCHTENBHO — PaBHO-
HOCTh 3epHHCTOrO Iep- | y4aCTKOB  COpOHTOO00- | MEpHO pacnpefelieHHbIe
1 |nMTa B HanlpaBIeHMH | pasHOTO NepnuTa, cnabo | Goyee KPYMHbIE YYACTKH
aehopManuy OPHEHTHPOBAaHHOTO B | epiHTa, cnabo OpHeH-
HalpaslieHu# JAedopMa- | THpOBaHHBIE B HalpaB-
LA JeHun gedopManuu
HepaBuomeproe  pac- | Bonee xpynHble yyactkd | HeonqHopoansie mo Be-
npejeneHye 3epPHUCTOrO | COpOUTOOOPA3HOrO mep- | IHYHHE YYaCTKH MepIiH-
2 |mepnauTa, pacmoNOXEH- | IWTa, OPUEHTOBAHHEIE B | T4, WUMEIOUIME CTPOYEY-
HOTo B BHIE CKOIUICHUH, | HarpaplneHuH aedopMa- | Hoe pacnpefieleHHe
'OpMEHTHPOBAHHEIX B Ha- | UK
MpaBieHnd JehopMalun
bosiee kpymseie ckorue- | Bonee xpynsabie ydactky | CkonneHus mnepiura B
HESl 3epHHCTOrO Mepiid- | cCopGUTOO0pa3HOrO Tep- | BUAE KPYNHBIX ydacT-
3 | Ta, ODHEHTHPOBAHHEIE B | IUTA, HMEIOMIHE CTPO- | KOB, HMEIOHIMX CTPO-
HanpaBlleHHH Je(opMa- | 9edHOe paclpeleneHue | 4euHoe paciipefeneque
MU
Onna crutomnas u He- | CopSurooOpazubiii, OnHa WIH HECKOJbKO
CKOJBKO  Pa3CpBaHHBIX | MECTAMH [UIACTHHYATHIM | pa30pBaHHBIX noJoc
4 | momo¢ 3epHUCTOTO Mnep- | MepiuT, HAMEIOIMHA | [IepauTa, NPOXOIAIINX
auTa CTPOYEHHOE pacHpefie- | Yepes3 BCe MOJNE 3peHust
neHue
Slpko  peipaxeHHoe 1o- | Kpynuele yyacTku cop- | lllupokse — CrutomHsie
Jocyaroe  pacrmpesene- | GuroobpasHoro M rpy- | mosocel nepiurta Gonee
HHE INOOYIAPHOrO Tep- | GOMIacTUHYATOrO mep- | rpyforo CTpoeHwus, Mpo-
S | smmra JIMTa, HMEIOIETo HApPKO | XOAAIHE depe3 Bee 1oje
BBHIPKEHHOE  CTPOYEU- | 3pEHHA
Hoe pacrpenenenue
(umpuHa CTpoOYeK He
menee 1/5 maame’rpa mo-
115 3pEeHNs)
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