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INPAKTHYECKAS PABOTA Ne 1

IMMPUMEHEHUE 3AKOHOB JJU®® Y3 B TEPMUUYECKOM
OBPABOTKE CTAJIEN

1. Heab padoThI

1.1. OcBoUTh METOIUKY OMPEAECIECHUS M UCIOJIb30BAHUS MapaMeTpa SKBUBA-
JIEHTHOCTU P Mexly TeMrepatypoil U JJIUTEIbHOCTHI0 U30TEPMUUYECKON 00paboTKH
IIPY 3TOU TEMIIepaType.

1.2. OnpenenuTe 5SHEPrU0 AaKTUBAUWKA IPOILECCOB, KOHTPOJHUPYIOMINX
pa3ynpovYHEHUE NPU OTIYCKE JIETUPOBAHHBIX CTAJICH.

2 KpaTkue cBe/leHHsI U3 TeOPHU

[enpto mr0OOro mporecca TEPMUUYECKOW OOpaOOTKH SBISETCS MOJYUYEHUE
OTIPEICTICHHOTO CTPYKTYPHOT'O COCTOSTHUS, 00€CIICUNBAIOIICTO TPEOYEMBIN KOMITIIEKC
(U3NKO-MEXaHUIECKUX CBOMCTB. B OOJIBIIMHCTBE ClydaeB JOCTHKCHHE TPeOyeMOoro
YPOBHS CTPYKTYPHOTO U (pa30BOr0 paBHOBECHS MTPOUCXOIUT B MPOIIECCE MPOTESKAHUS
($a30BBIX MpeBpalleHuii, CKOPOCTh KOTOPBIX KOHTposmpyercs nuddysueir Komrmo-
HEHTOB CIIaBa B MaTpHIle (MPOIECCHl XMMHKO-TEPMUIECKOTO HACHIIIICHUS TTOBEPX-
HOCTH, 00€3yTJIEpOKUBAHNE, AYCTEHUTU3AIINS, PEKPUCTAIUTN3AINSA, OTIYCK, CTAPCHHE
U T.J.).

dopMmanpHOE omucaHue mpoieccoB nuddy3un 0a3upyercs Ha U3BECTHBIX 3a-
koHax Duka, MepBHIN U3 KOTOPHIX JTaeT OMHMCAHHUE IMOTOKAa aTOMOB M3 001acTu ¢ 0o-
Jiee BBICOKOW KOHIICHTPAIIMM B Ty 00JacTh TBEPAOrO TeJa, TJI€ WX KOHIICHTPAIUs
MEHBIIIE

j=—0(%j, (1)

rJie | — MOTOK aTOMOB, TPOXOSIINN Yepe3 SAMHUYHYIO IUIOMAIAKY 32 SIUHUITY Bpe-
menu; (dc/dX) — rpaJMeHT KOHIIEHTPAlWHU, MEPICHIUKYISIPHBIA K JTOHW IUIOIIAIKe

3
(2/ m J; D — koaddunment auddysuu, B qaHHoM ciaydae (mpu T = const) sssiro-
M

IIUKCS KOHCTAHTOM, 3aBHUCSIIEH OT MpUpoasl MU yHANPYIOMIETO BEIIeCTBa U Cpe-
ZIbl, B KOTOPOI poucxomut nuddysus (cm’/c).

Bropoii 3akon ®@uka BBIBOAUTCS, UCXOs U3 ypaBHeHus (1) v mpuHIMOa co-
XpaHEHUs BEILECTBA, U ONMCHIBAET W3MEHEHHE KOHIEHTpauuu IuddyHAUPYIOIIEro
BEIIECTBA B MPOCTPAHCTBE M BO BpeMeHH. s onHoMepHOH nud¢y3un OHO MMEET
BUJL



: (2)

rae kodgdunuent auddy3un D saBiasercs TemrnepaTypHO-3aBUCHMOM BEIIMUYMHOW U
3Ta 3aBUCHMOCTbH ONTUCHIBACTCS ypaBHEHHEM AppeHnyca

D =D, exp —2, (3)
kT

rie  Do— npenskcnoHeHnanbHbII MHOKUTEh; Q — SHEpTrUsl aKTHBAIIUHU MPOIIECCa;

k — moctossnaas bonbiimana; T — aOcosoTHas TeMmreparypa.

Pemiast ypaBuenue (1) OTHOCUTENBHO KOJIMYECTBA BEILIECTBA, MPOUIEAIIETO Ye-
pe3 €IMHUILY TOBEPXHOCTH, MOKHO TMOKa3aTh, YTO PAaBHYI0 OTHOCHUTEJIbHYIO KOHIICH-
tpauuto (C/Co, tie Co — UCXOHAS KOHIEHTPAIUs BEIIECTBA) MOXKHO JOCTHYb MPHU
pPa3HBIX TEMIIEPATYPHO-BPEMEHHBIX MapaMeTpax Impoiiecca

2
[—] =D, =D,r,=.. (4)
CO

[loacraBuB B ypaBHeHue (4) COOTBETCTBYIOIIME 3HAaUeHUsI D B npuOnmxeHnu
He3zaBucuMocT Do n Q ot T monyuum

7,D, exp(— %J =1,D, exp(— gj (5)

i kT,

9 |_ 9
rlexp( kTJ Tzexp[ szj (6)

N3 BeIpakeHust (6) clieayeT, 4To €Clu XUMHUYSCKHH COCTaB B IPOIECCe KOH-
Tponupyemoro nuddysueit dazoBoro mporecca He U3MEHSETCS, TO OJHO U TO K€
PAaBHOBECHOE COCTOSTHUE MOXET OBbITh JOCTUTHYTO 4Ye€pe3 MapaMeTphl APYroro mps-
MoyrojbHoro 1ukia (To, 7), T/I€ 7 paBHO €IWHUIIC BpeMeHH (CEKyHJIe, MHUHYTE, Ja-
cy). [IponorapudmupoBas Beipaxkernue (6), MOTyduM

he @ o O
kT kT,
t, k\T T,

N3 Beipaxkenus (7) onpenenum 3HaueHue 7o
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O6o03HauuB To = P, okOHYATENBHO MOTy4aeM

P:To{l—fmi} , (8)
T Q r,

rae P — mapamerp SKBUBAJICHTHOCTH TEPMHUYECKON 00pabOTKH, M300pakKeHHBIA B
BU/JIE HEKOTOPOT'O MPSIMOYTOJIBHOTI'O LUKJIA ¢ TPOJIOJKUTEIbHOCTBIO, PABHOM €IMHHUIIE
BpeMeHH. P umeeT cMbIca TeMmepatypsl To, a Q — HeKOTOpoit 3 PeKTUBHOM dHEPTUN
aKTHUBAIMH, KOHTPOJIMUPYIOUIEH MEXaHU3M Tpoliecca npu Tou T.

B ycnoBusx peanbHOro mpoiiecca TepMHYECKOM oOpaboTku (opma muKiIa
“Harpes - OXJAXAEHUE CYHIECTBEHHO OTIMYAETCSA OT MPSAMOYTOJbHOM. ECTecTBEHHO,
4TO (ha30BBIC MPEBPAIICHHUS, MPUBOAIIUE K MOIYYCHUIO TPeOyeMOro CTPYKTYPHOTO
COCTOsIHUS, OyIyT NpPOTEKAaTh HE TOJIBKO B MPOIECCE M30TEPMUUYECKOW BBIICPKKU
IpU JOCTHKEHUHU 3aJJaHHOM TeMIiepaTypbl 1, HO U B IIPOLIECCE HArPEBA U OXJIAXKe-
HUS cIiaBa. Bkiaa BpeMeHHM HarpeBa W OXJaXKACHHs OyJIeT 3aBUCETh OT COOTHOIIE-
HUSL TIPOJOJDKUTEIBHOCTH CTAUM BBIIEPKKUA U HarpeBa (OXJaXIECHHs) U 3aKOHA W3-
MEHEHHUsl TeMIIepaTypbl MpU Harpese (oxiyaxzaeHuu). OUYeBUAHO, YTO YEM MEHBbIIE
OyIyT BpeMs BBIACPKKH U CKOPOCTb HarpeBa (OXJaxaAeHHs), TeM Oosblie Oyner
BKJIAJ CTaJ M HarpeBa Uiy (M) OXJIAXKICHUS B OOIIYIO JIOJIO MPEBPAIICHHUN TIPH TEP-
M000OpaboTke. DTO B MEPBYIO OYEpPEb OTHOCHUTCS K OBICTPONPOTEKAIOIINM IPOIIeC-
cam (3aKajika T.B.4., CBapKa U T.J.) U TepMOOOpabOTKe OOIBIHIX CaI0K (TOMOTECHU3H-
PYIOLIHUI OTXKUT, OTIYCK, CTAPEHHUE U T.1.).

B sTux ciydasix nenecoo0pa3Ho mpeoOpa3oBaTh peaibHbIi MUK (puc. 1) B 2K-
BHUBAJICHTHBIN €My NPSIMOYTOJIBHBIN LUKI C TEMIEPATYpOH, COOTBETCTBYIOIIEH MaK-
CHUMaJIbHOM TEMIIEpaType pPeaJbHOr0 UHKJIA. [loMy4eHHBIM SKBUBAJIEHTHBIM UK
JIETKO OMUCATh C TIOMOUIBIO IMapaMeTpa 3KBUBAJIEHTHOCTH P.
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Puc. 1. PeasibHblii HMKJI HATPEBA U OXJIAKIeHUs (2) M IKBUBAJIEHTHBII (0)

eMy M30TepMHYeCKHIl HMKJI 00padoTKHn

Paccmotpum HekoTOpBIH UK TepMooOpadoTku T = f (7) (puc. 1, a) u Bbige-
JUM B HEM MHTepBall BpeMeHU A7. [Ipu 1ocrarouHo MajaoM 3Ha4eHUU A7 BbIAEICH-
HBI MUKPOIIMKJI MOXHO OIMHUCATh C TTOMOIIBIO MTapaMeTpa SKBUBAIICHTHOCTH

-1
P Z[L_khﬂ} , 9)
T, Q )

rae Tci — cpelHss Temiiepatypa B uHTepBalie Ax,.
Ecou B Beipakenuu (9) Tci 3ameHuTh Ha Ty — MakCUMaIbHYIO TEMIIEPATYPY
[[MKJIa, TO TapaMeTp SKBUBAJIEHTHOCTH Pj 3anuiercs

p:[L_fmﬂ} ) (10)

rae Aty — BpeMs BBIACPKKHU MPU Ty, SIKBUBAJICHTHOE BpEMEHU A7 TIPU TeMIepaTrype
Tci.
[TpupasuuBas (9) u (10), MOKHO MOTYUUTH BRIPKEHUS I A Tusi

ex{_g(L_LH (11)

k TCi TM

[IpocymmupoBaB Azyi AJis BCEX UHTEPBAIOB pa30MEHUs peabHOTO IIUKJIIA, MO-
JTy4yuM nojiHoe 3 PeKTUBHOE BpeMsl BBIAEPKKU A7y ipu Temmeparype T s SKBU-
BaJICHTHOT'O MPSIMOYTOJIBHOTO IIMKJIA, apaMeTp P koToporo OyaeT paBeH

p:{i—ﬁm T—M}I (12)

TM Q TO



Taxum o6pazom, 4TOOBI onpeAenuTh napaMmeTp P SKBUBaJEHTHOTO LUKIA IS
J1000r0 peasIbHOTO Mpolecca HarpeBa u (W) OXJIaxIeHUsS He0OX0JMMO UMETh Irpa-
(UK, onucelBarOIIMKA ATOT mpolecc B KoopauHarax T - 7. Jlamee ciegyer pa3OuTh
nojiHoe Bpemst 1ukia Ha 10...30 paBHbIX UHTEpPBAJIOB, JJs KaXJI0T0 U3 HUX OIpese-
JUTh CPEIHIO0 TeMIlepatypy U 1o ¢opmyse (11) paccunraTs SKBUBAJIEHTHOE BPEMS.
[IpocymMmmupoBaB 3T BpeMeHa JIJIsi BCEX WHTEPBAJIOB KA, o Gopmyne (12) ore-
HUTh IapaMETP SKBUBAJIECHTHOCTH.

Ecnu mu3BecTHBI napameTpsl P [Uisl HECKOJIBKUX IMPOU3BOJIBHBIX LIUKIIOB Harpe-
Ba M OXJIQXKJIECHUS, TO YTOOBI CPAaBHUTH UX AP(HEKTUBHOCTH JOCTATOYHO MPOAHAIIU3H-
pOBaTh 3aBUCMMOCTb MHTEPECYIOLIEr0 HAaC CBOWCTBA OT Napamerpa P U janee npu-
HSTh 0OOCHOBAaHHOE pEIlICHUE.

Hcnonp3oBanue napamerpa P cTaHOBUTCS BO3MOXKHBIM, €CIIM U3BECTHA JHEP-
rust akTuBanuu Q mpoliecca, KOHTPOJUPYIOLIETO JaHHOE (a3oBoe MpeBpalleHUE.
ITpu onpenenernnu Q UCXOMAT U3 CIASAYIOMNX JOMYIIICHHMN:

e Q sBisieTcss HEKOTOPOoH A ()EKTUBHON dHEPruer akKTUBALMU U €€ 3HAUCHHE MpH-
HUMAETCSl TOCTOSHHBIM BO BCEM TEMIIEPATYPHOM MHTEpBaje MpeBpauieHus (poct
3epHa, AM(P(HYy3MOHHOE HACBIIEHUE, Pa3yTIPOYHEHHE MTPU OTIYCKE U T.11.);

e MEXIy NapaMeTpoM, OMUCHIBAIOIIUM CTENEHb POTEKAHUS NPEBPALLEHUs (pa3Mep
3epHa, INyOMHAa IIEMEHTOBAHHOTO CJOs, TBEPAOCTh M T.A.), U P cymecTtByer

yCTOWUYMBas PYHKITMOHATbHASI CBSI3b.
B atom ciyuae cnioco6 onpenenernst Q mpsiMo BBITEKAET U3 BhIpaKeHUs st P.

[lepenumem ypaBuenue (12) B Bume

1.1 Kk, (13)
P T 0O 1

WIH
LI (14)
T P O

uMes B BHITY, 9TO 7o = 1 (C, MUH WJIU Yac).

U3 (14) cnenyer, uto npsimast (s 1/P = const), mocTtpoeHHass B KOOpAMHATAX
1T - Inz, oyner umers HakioH £ = k/Q, 4TO MO3BOJSCT, HANMPUMEDP, METOIOM
HAaUMEHBIITUX KBaJIPaTOB ONPEACIIUTh 3HaUYeHHE Q.

dakTudecku npu onpeneiacann Q B koopauHarax 1/7 - INT cTposAT U30JIUHUT
PaBHOTO MapamMeTp, KOHTPOJIUPYIOIIETO CTEIEeHb MPOTEKAHUs TpeBpalieHus (puc. 2).

Omnpenenenre Q omMcaHHBIM BBINIE CIIOCOOOM BeChMa 3aTPYIHUTEIHHO, T.K.
W30JIMHUH JOJDKHBI OBITh MOCTPOCHBI TOYHO VISl MPUHSATOTO 3HAYCHHS U3MEPSICMOU
BenuuuHbl (Hanpumep, s HV 380, 400 u 1.1.), koTopas GyHKIIMOHAIBHO CBSI3aHA C
napametpom P.

HpaKTI/I'-ICCKI/I y,u06Hee I1OJIb30BAaTLCA IPUCMOM OLICHKHU Q, OIMMCAHHBIM HHMIXKC.
7



T e | | S, MM

Q=kip
|

Int P

uem

Puc. 2. 3aBucMMOCTb r1ybuHbI LemeHToBaHHO- Puc. 3. 3aBMCUMMOCTb rNyOUHDI

ro cnoA OT Temnepatypbl U BpemeHu uemeHtaumu. LEMEHTOBAHHOrIO C/104 OT peXKUuma
Uundpbl y KpuBbix — raybuHa uemeHToBaHHoro UEMEHTaUUn

cnos

PaccmoTpuM B KauecTBe mpumepa MOPSAOK onpeseneHus 3pPeKTUBHOM sHep-
ruu aktuBanmu Q A cirydasi BBICOKOTO OTHyCKa. M3BECTHO, YTO C TMOBBIIMICHHEM
TEMIIEPATYPBI OTIIyCKa TBEPAOCTh 3aKAJICHHOW CTaJM yMeHblaercs. MmerTcs MHO-
TOYHCIICHHBIE SKCIIEPUMEHTAJIBHBIE TAaHHBIEC, KOTOPBIE OJTHO3HAYHO CBUAETEIBCTBYIOT
0 HAJUYHMH JIUHEHHOM CBSI3U MEXAY XapaKTepUCTUKAMU MPOYHOCTU U (0v2, HV, u
T.J1.) ¥ TapaMeTpoM P, KoTopasi MOKET OBITh OMMCaHa ypaBHEHUEM BUA

HV=A+B-%, (15)

rie A u B — KOHCTaHThI, 3aBUCAIIME OT XUMHUYECKOTO COCTaBa CTAJIH.
[ToncraBuB B ypaBHenue (15) 3nauenue P (13) u npunsB o = 1, momydum

HV:A+C(l—fmrj=A+£—F-1nr, (16)
T Q T

rne C=R8-10"u F:—%.

Otkyna Q= —% (17)

3nauenus koHcTaHT C U F MOXHO ompenenuTs MmocienoBaTeIbHbIM MOCTPOe-

auem 3aBucumocteit HV — 1/T (mis 5 = const) u HV - Inz (ana Ti = const).
B o0miem cnyuae ucnosnbp3oBanue mapamerpa P, kak HEKOTOPO MHTETpaIbHOM
XapaKTePUCTUKHU, YUUTHIBAIOUIEH BJIMSHUE TEMIIEPATYphl U BPEMEHU HA KHUHETHUKY
8



npoTekaHus Ga3zoBOro mpeBpaiieHus (puc. 3), sBIsETCsS 0oJiee OMpaBIaHHBIM, YeM
TPaIUIIMOHHOE TMPEACTABICHUE PE3yIbTaTOB B (OopMe pa3aelbHBIX 3aBUCUMOCTEH
CBOMCTBA OT TeMIIepaTypbl 1 BPEMEHH MpoIIecca.

Ecnu u3BecTHa 3aBMCMMOCTBH “CBOMCTBO — mapamerp P, He MpeACTaBisieT
TpyJla U3MEHATb PEKUMBbl TEPMUUYECKONH 00pabOTKH, HAIpHUMeEp, MOBBICUB TEMIIEpa-
Typy Ipoliecca U COKpaTUB €ro MPOJI0JKUTEILHOCTh, COXPAHSS OCTOSIHHBIM TIOJTY-
YaeMbIil YPOBEHb CBOMCTB. DTO MO3BOJISIET ONTUMU3UPOBATH C TOYKH 3PEHUSI TEXHU-
KO-2KOHOMHYECKHX MOoKa3aTesei mporecc TepmooopadoTku. Hakoner, ecnu mporecc
TEPMOOOPAOOTKU KOHTPOIMPYETCS U yrnpasisiercss OBM, To UMEHHO uepe3 mapameTp
npoiiecca P, MOKHO TOYHO BbIIEPKaTh 3aJJaHHbIE CBOMCTBA.

3. HOpHI[OK BBINIOJIHEHUS IPaKTH4YE- CKOI'0 3aJaHUA

3.1. Hna yrnepoaucrorn cranu 40 m nerumpoBanHbix ctanei tuna 40XH u
40XT2H2M BbIOpaTh TEMIEpATypy HArpeBa moj 3aKaJky.

OO6pasupl craneit B popme KyOMKOB MM LUIMHIPOB 3aKaIUTh B BOAY AJIA IO-
JTy4Y€HUs TOJIHOCTHI0O MAPTEHCUTHOM CTPYKTYpHI. [1o nuarpammam U30TEpMHUECKOTO
pacnajia ayCTeHUTa BHIOpaTh PEKUMbI M30TEPMUYECKOM 3aKaJIKu HAa OCHHUT U MIpOBe-
CTH 3TOT BUJ 00pabOTKH JIJIsl KaXKI0M CTajIu.

JIns KaXXaoi cTaiay 3aKaike Ha MapTeHCUT M OCHHUT moaBepraroTcs mo 14 o06-
pasnoB. KagecTBo 3akanku kKoHTpoiupyercs mamepeHueM tepmoctd HRC. Omna
JI0JIKHA OBITH OJTMHAKOBOW JIJISl JAHHOW CTaJIM MPU JAHHOM CTIOCO0€ 3aKaIIKH.

3.2. 3akaneHHble HA MApTEHCUT W OCWHUT OOpa3Ibl MOABEPTHYTH OTIIYCKY B
COOTBETCTBHHM C MaTpulleH miaHa (tadim. 1).

Tabamua MaTpuua njiana oTmycka craJjiei

T, 4
1 4 19 80
t, °C
400 + + + +
440 + + + +
480 + + + +
530 + + + +
580 + + + +
640 + + + +
680 + + + +

[Ipumedanune: B mponecce NPaKTUYECKUX 3aHATHH MPOBOIAT OTIYCK B TeueHue | u 4 yacos
MIpH TeMIlepaTypax, yKa3aHHbIX B Tabmuie. (s GoiIbIIuX MpoIOIKUTEIBHOCTEH OTITYCKA UCTIONb-
3yI0T 00pa3Libl U3 KOJUIEKIHH.

3.3. Ha kaxxiom OTIyIeHHOM oOpaslie CTalu U3MEPUTh TBEPAOCTh MO Buk-
kepcy He MeHee 10 pa3, oeHuTh cpelHee 3HaUeHUE TBEPAOCTH.



3.4. Jlng xaxaoW CTaad M Ka)KJIOr0 HCXOJHOTO COCTOSHUS IIOCJIC 3aKaJIKU
(MapTeHCHT B OCWHUT) ocTpouTh 3aBucuMoctd HV — 1/T (my1st ueThipex BpeMeH OT-
nycka) u HV - Inz (u1s Bcex TemmepaTyp oTIycka).

MeTooM HaMMEHBIIUX KBaJAPATOB OINPEACNIUTh JJIA KaXKIOW MpsSMOil mapa-
meTphbl TuHeitHor Moaeau Cij u Fij (¢. 16) 1 ux XapaKTepUCTUKH TOYHOCTH (S, ).

MeTogamMu TUCTIEPCUOHHOTO aHAIKM3a MPOBEPUTH 3HAYMMOCTD Pa3INIHs Mapa-
metpoB Cij u Fij 115 kaxkzoro cocrtossHus. B ciiydae ux paBeHCTBA ONMPEIEIUTh CPE-
aue 3HadeHus Cij u Fij 1 UX XapaKTepUCTUKA TOYHOCTH (S; U S ).

3.5. Ilo dopmyne (17) onenuth 3HaueHU >(HPEKTHBHON SHEPIUU aKTHUBAIIUU
IIPOIIECCOB, KOHTPOJUPYIOMIMX pa3ynpoOyHEHUE MPHU OTIYCKE M3YyUYEHHBIX CTaliei B
JIBYX HUCXOJHBIX COCTOSHUSAX (MAapTEHCUT W OCHHHT), a TaKKe UX XapaKTEPUCTUKH
TOYHOCTH.

3.6. [Ipoananmm3upoBaTh BIUSHUE JICTUPOBAHUS W HCXOTHOTO COCTOSIHHS Ha
SHEPTUIO AKTUBAIIMH MPOIIECcca pa3yIPOYHCHHSI IIPU OTITYCKE CTaJICH.

3.7. Ucnone3ys cpeanue 3HayeHUs: 3(Q(PEKTUBHOM PHEPrUM aKTUBALUU IS
KQKJOW CTaJIM M KaKJOTO COCTOSIHUS, PACCUUTATh 3HAYCHUS IMapaMeTpa dKBUBAJICHT-
HOCTH P U1 KaXX710T0 pekuma oTImycka (cM. Tad.).

3.8. IToctpouTts rpaduku 3aBucumoctd HV — 1/P u M.H.K. onpeaenuTs mapa-
MeTpbl JInHEeHHOU Monenu (. 15) u uxX morpenrHocT, MPOBEPUTh aJACKBATHOCTD JIH-
HEWHOW MOJENN, pacCUYuTaTh W HAHECTH HA TpauK TOBEPUTEIHHBIA MHTEPBAI IS
JMHUYU PETPECCHH.

3.9. [IpoBepuTh MPOTHOZUPYIONIYIO CIIOCOOHOCTH MOJYYCHHBIX MOJCICH, s
9ero CIeNaTh OTIYCK CTAJCH Mo pekKMMaM, HEe HCIOJIb30BaHHBIM B MaTpuile (Tadiau-
na). Hanpumep, 610° C, 1,5 u. CpaBHUTh U3MEPEHHOE 3HAYCHHE TBEPJOCTH C TBEP-
JIOCTBHIO, MPEICKA3bIBAEMOI MOJIETIBIO.

3.10. CnenaThb BBIBOJIBI IO paboTe.

4. KoHTpOJIbHbIE BONPOCHI

1. KakoB ¢usnueckuii cmbici kodpdunuenta auddy3un?

2. OT Kakux MmapaMeTpoB TEXHOJOTMYECKOTO Mpolecca TepMooOpadOTKU 3aBU-

cuT ko3P dunuent qupdy3un?

KaxoBa pa3mepHOCTb MapameTpa SKBUBAJIEHTHOCTH P?

KaxoB ¢u3ndeckuit cMbICT TapamMeTpa SKBUBajJeHTHOCTH P?

OOBSACHUTH Kak OT PEaIbHOrO LIMKJIA HarpeBa U OXJIaKJICHUS MEperTH K dK-

BUBAJICHTHOMY LIUKITY.

6. B kakux cimyuasix 1enecoodpa3Ho UCIOIb30BaTh MapaMeTp SKBUBAJICHTHOCTH
P?

7. Ha3zoBuTe HEOOXOIMMBIE YCIIOBUS HCIOIb30BaHUS MAapaMeTpa 3KBUBAJICHT-

HOCTH.

HazoBute crnocoObl onieHkH 3 (HEKTUBHON S3HEPTUU aKTUBAIIMHU MPOLECcCa.

9. Kak 3aBucHUT 3Heprus akTHBAI[MU IIpoliecca OT MapaMeTpa SKBUBAJICHTHO-
ctu?

10. CocTaBbTe MaTpHUIly IUTAHA SKCIIEPUMEHTA I OLleHKH () ()EKTUBHON IHEP-
I'MH aKTUBALIUHU Tpoliecca nemMeHTauu craiu 20.

ok w

o
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11. B kakux ciay4asx MOXXHO HCIIOJb30BaTh JIAHHBIE O DHEPTrUU aKTHUBALUHU,
HaIpuMep, Npouecca OTIycKa, MoxyYeHHble A ctand 40 11 Jpyrux JIeru-
POBaHHBIX CTanen?

5. JIureparypa

1. TexHONMOTrUsI KOHCTPYKIMOHHBIX MarepuanoB (TexHOJornyeckue Mmporecchl B Ma-
MHUHOCTpOoeHHH): B 4-X 4. / moxa pea. .M. Coxonosa; C.A. Bacuna; I'.I'. /Iybencko-
ro. - Tyna: U3n-so Tynl'VY, 2007.

UY.1: MammHoCTpouTeNbHbIe MaTepralibl . yueOHuK mis By30B / E. B. I'pun0epr, I
B. Mapkoga, B. A. Andepos.- 2007. — 475 c. - ISBN 978-5-7679-1056-4 — 21 »ks.
2. Bopomaus JI.I'. Teopus u TeXHOIOTHS XMMHUKO-TEPMHUECKON 00pabOTKHU: yuel-

HuK st By3oB/JI.I.Bopomraun, O.JI.Menaeneesa, B.A.Cmetkun. — Munck: HoBsie
3nanus, 2010. — 304 c. — ISBN 878-5-94735-149-1 (P®). — ISBN 978-985-475-342-3
(benapycs). — 25 k3.

3. Apzamacos, b.H. CipaBouHuK N0 KOHCTpYKIIMOHHBIM MaTepuanam / b.H. Ap3zama-
coB [u ap.]; mox pen. b.H. Apzamacosa, T.B. ConoBseBoii .— M. : U3n-o MI'TY
uM. H.O. baymana, 2005 .— 640c. - ISBN 5-7038-2651-9 — 13 3k3.

4. MeranioBefieHue U TepMudecKkas oOpaboTKa CTajau U YyryHa: CIIPAaBOYHHK: B 3 T.

T.2. Ctpoenue cranu u uyryna/M.JI.bepumreiin [u np.] / mox pexa.: A.I'. Paxmranra,
JIM. Kanytkunoii, C.JI. [Ipokomkuna, A.B. CynoBa. — M.: Untepmer Unxuuu-
puHr, 2005 .— 528c. - ISBN 5-89594-104-4 — 15 sk3.

5. MarepuajioBe/icHHe U TEXHOJOTHYECKHUE IMPOIECChl B MAIIMHOCTPOCHHH : y4eO.
nocobue / C. U. boroayxoB [u ap.]; nox o6mr. pea. C. U. borogyxoBa. — Crapsiii
Ocxkoi: THT, 2010 . — 559 c. - ISBN 978-5-94178-220-8 — 5 3k3.

6. OCHOBBI TEXHOJIOTUH U MPOTPECCUBHBIE METO/BI TEPMUUECKONU 00pabOTKH : yueO.
nocobue s By30oB / U. A. I'onuapenko [u ap.]; Tynl'V; Akan. mpoGiem kadecTBa
P®.— Tymna: U3n-Bo Tynl'VY, 2011. — 200 c. - ISBN 978-5-7679-1858-4. — 10 k3.

7. MaTepuamoBeicHuE B MAIIMHOCTPOCHUH M MTPOMBIIIICHHBIX TEXHOJIOTHAX: y4eO.-
crpaB. pykoBojictBo / B. A. Ctpyk [u ap.]. — Honronpynusiii: Matemnexr, 2010. —
536 c. - ISBN 978-5-91559-068-6 — 55 ak3.
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INPAKTHYECKAS PABOTA Ne 2

PACUET MPOKAJIUBAEMOCTU CTAJIEHA
IO UX XUMHNYECKOMY COCTABY

1. Heas padoTsl

1.1. OcBOUTHh METOAUKY pacué€ra KPMBOW MPOKAJTMBAEMOCTH CTaJl€H MO UX XH-
MHYECKOMY COCTaBY.

1.2. PaccuuTaTh KpUBYIO MPOKAJIUBAEMOCTH KOHCTPYKIIMOHHOM JIErMPOBaHHOMN
CTaJli W CPAaBHUTH pE3yJbTaTbl pacu€ra C MOJIOCAMU IPOKAIUMBAEMOCTH II0
I'OCT4543 nnsg TOH K€ CTaIu.

2 KpaTkue cBeieHHsI M3 TEOPUU

IIpokanuBaemMoCTh SBISETCA OJHUM M3 BAXKHEUIIMX TEXHOJOTMYECKHUX
CBOMCTB cTajiel M KOJMYECTBEHHO XapaKTepu3yercs TTyOMHOW MPOHUKHOBEHHUS 3a-
KaJleHHOM 30HBI. [IpokanuBaeMocTh 3aBUCHUT, KaK OT BHYTPEHHUX (XMMUYECKHUHA CO-
CTaB, pa3Mep ayCTEHUTHOTO 3€pHA W T.1.) TaK U OT BHEIIHUX (PAaKTOpOB (MHTEHCHUB-
HOCTh OXJIQXKJICHUS ), & TAKKE OT T€OMETPUUECKUX Pa3MEPOB U MACCHI Tela (OTHOIIe-
HUS TIOBEPXHOCTH K 00beMy). st uckimroueHnsi BHEITHUX (haKTOPOB U pa3MEPOB 3a-
KQJIMBAEMOT0 TeJla ONPEACIEHNE MPOKATNBAEMOCTH, KAK CBOMCTBA CTalln, MPOBOJST B
HOPMAJIN30BAHHBIX YCIOBUSX.

JIIst OLIEHKH MTPOKAJIMBAEMOCTH MCHOJIB3YIOT KPUTEPUI, HA3bIBAEMBIM KPUTHYE-
CKUM auameTpoM Dy MpeacTaBisioniuM co00i MaKCUMAabHBIN JUaMeTp IUIUHIIPA,
KOTOPBIM MPOKAJIUBAETCS HACKBO3h B JAaHHOM OXJajuTese (BoJaa, Maclio, BO3AYyX U
T.1.). O4eBUIHO, YTO IJIs pa3IMUHBIX oxyanutenei Dy Oyner pasHeiM. Kpurtnue-
CKUI JUaMETp SBISAETCS YAOOHOW XapaKTEpUCTHUKON MpU BhIOOpE cTamu JUisl KOH-
KpetHoro u3nenus. Eciam tpebyercs, 4ToOBI NeTaibh MpU 3aKalKe MpOKaIWBalacCh
HACKBO3b, HEOOXOAMMO BHIOpPATh TAKYIO CTallb, JII KOTOPOM (C y4€TOM KOHKPETHOTO
OXJIAJIUTENs1) BBITOMHSAETCS YCI0BUE Dip = Dy

Onpenenuts Dip MOXHO, 3aKanuBas B pa3MYHBIX OXJaXJAIOLIUX Cpeaax 00-
pasiel B opMe MWIMHAPOB pa3HBIX IUaMeTpoB. Pa3pesas ux 3areM Mo guaMeTpy u
KOHTPOJIUPYS PaACIHpeIeSICHUE CTPYKTYPhl U TBEPAOCTH, MOKHO OLIEHUTH ITPOKAJINBA-
eMocTh (Dyp) B kakaoM oxsaaurtene. OHaKO MPOIIE U IKCIIEPUMEHTAIBHO yI00HEe
ONpEAEATh MOKA3aTeIM MPOKAIUBAEMOCTH METOJIOM TopiioBoi 3akanku no 'OCT
5657-69.

Ornpenenenue NPOKaIMBAEMOCTH YIVIEPOJUCTBIX U JIETMPOBAHHBIX cTajed (3a
UCKIIFOYEHUEM CTaslel, 3aKaJMBaIOIMXCSA HA BO3AYXE) B 3TOM CIIy4ae OCYIIECTBISIOT
Ha CTaHAAPTHBIX OO0pasliax, NpeABAPUTEILHO MPOUICANINX HOpMaIu3aluio. XOTs
poueaypa ONpeAcseHUs MPOKATUBAEMOCTH NPEACTABISIETCS HE OYEHb CIOKHOM, HO
YUUTBIBAsi COBPEMEHHBIE 00BEMBI MPOU3BOJICTBA CTAJIEH HA METAJTYPIrUY€CKUX 3aBO-
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JaX, METOJI TOPIIOBOM 3aKaJIKU SIBISIETCA JOCTATOYHO JITUTEIBHBIM (TIOJIyYEHUE JIU-
TOro oOpasiia, MexaHuueckass oOpaboTKa J0 pa3MepoB, MPEANKUCHIBAEMBbIX CTaHJap-
TOM, HOpMaJin3alus o0pasiia, HarpeB U MPOBEJCHNE TOPIIOBOM 3aKajKH, MOATOTOBKA
MOBEPXHOCTH 00pa3lia U u3MepeHue TBEPAOCTU MO €ro JJIMHE, OCTPOSHUE KPUBOM
IPOKAIMBAEMOCTH).

B T0 e BpeMs 110 X0y BBIIUIABKH CTAJIM METALTYPrd HEOJJHOKPATHO U3MEPSIOT
XUMHUYECKUN COCTaB KUAKOW MPOOBI, YTOOBI MPUHUMATh PEIICHHE O COOTBETCTBHUH
cocTaBa MpoO MapOYHOMY COCTaBY BhITUIaBIsieMOl ctaiu. [IoCKOJNBKY CBSI3b MpOKa-
JIMBA€MOCTH M XMMHUUYECKOI0 COCTaBa CTaJd OYEBHUJHA, TO YK€ B TPUALIATHIX Tojaax
IPOIIIJIOTO BeKa OBUIH MPEINPUHATHI MOIBITKHA OIICHUBATH PACYETHBIM MYTEM MPOKa-
JMBAaE€MOCTh 10 XMMHYECKOMY COCTaBY BBIIIJIABJICHHOM cTainu. B HacTosiee Bpems
MMEETCS HECKOJIBKO MOJIeiel pacuéTa MpOKAJIMBAEMOCTH CTAJICH.

[lepBbIM 3TO cnenan, o4eBUIHO, [ poccMaH, pe3ynbTaThl KOTOPOTO JETJU B OC-
HOBY aMEPUKAHCKOI'O CTaHJapTa MO pacuéTy MPOKaIMBAEMOCTH CTaJIed B TOM YHCIIE
u craneit ¢ 6opom. CoBpemeHHbIH amepukaHckuii cranaapt (SAE J406 JUN93
Methods of determining hardenability of steels) Mmoxker ObITh IpUMEHEH AJIs CTAJICH,
COCTaB KOTOPBIX, OCOOCHHO MO YTJEPOJy, U3MEHSAETCS B OUYE€Hb LIUPOKUX Mpenenax
(yrnepona: ot 0,01 go 0,9 %; maprauneu: g0 1,95 %; kpemuuit: no 2,4 %; xpom: 10
1,75 %; aukensb: 10 2,0 %; momubaeH: no 0,55 %; menp: 10 0,55 %). AMepuKkaHCKUA
CTaHJAPT TO3BOJISICT OLECHUTH UACATbHBIA KPUTUUYECKUN AUAMETp, PACCUUTaTh KpHU-
BYIO MPOKAJIMBAEMOCTH Ha PACCTOAHUAX 10 S1 MM OT TOpIA, pacCCUYUTATh HAYAJIbHYIO
TBEPJIOCTh TOPIIEBOro 0Opaslia Ha paccTosHuM 1,5 MM oT Topra. B ocHoBe Merona
pacuéra no ['poccMmany mosokeHa cepus ypaBHEHHM PErpeccuu, UCMOJIb30BAHUE KO-
TOPBIX MPU HAJIMYMU BBIYMCIUTEIIBHOW TEXHUKH HE BbI3bIBaeT Tpyaa. B CoBerckom
Coroze u B PO HeogHOKpaTHO MPEANPUHUMAIUCH MPOBEPKH BO3MOKHOCTH MpUME-
HEHHUsSI aMEPUKAHCKOro CTaHJapTa K OTEYECTBEHHBIM MapkaMm crtainu. Hemocratkom
Meroaa ['paccMmana siBNsieTCsl OYEHb MIMPOKUM TUAMa30H COJEpKaHUs Yriaepoja, mo-
ATOMY HE BCEr/ia pacCCYMTAHHbIE KPUBbIE MPOKAITUBAEMOCTH a/ICKBaTHBI AKCTIEPUMEH-
Ty.

Jlnst ycTpaHeHHs] HEIOCTaTKOB Mojenu ['poccMaHa BIOCHIENCTBUU TPEANPUHU-
MaJIuCh MHOTOYHUCJICHHBIE U3MEHEHUS, MPU3BAHHBIC YIYUIIIUTh COTJIACHUe MEXIY pe-
3yJIbTaTaMH pacy€Ta U SKCIIEPUMEHTA JIJISI HEKOTOPBIX TUIIOB CTaJIEH.

HaubGonee ynaunoil siBisiercss mojienb MpoiiHHEpa ¢ COTpyIHHMKAMHU, KOTOPHIC
YCTAHOBUJIM COOTHOIIIEHHS, CBSI3BIBAIOIIME YCIOBHUS OXJIAXACHUSI HE TOJIBKO C XMMHU-
YECKUM COCTABOM, HO M C YCJIOBUSIMU ayCTEHUTHU3ALUU cTajel. B otinuue oT mMoje-
mu ['poccMana B Mozenu (paHIly30B YIUTHIBAIOTCS OCOOCHHOCTH CTPYKTYPOOOpa3o-
BaHUS MIPHU PA3JTUYHBIX CKOPOCTAX OXJIAXKICHHUS HA OCHOBE TEPMOKMHETUUECKUX JUa-
rpamMM pacrnaja ayCTeHUTA.

B BocbMuieCATHIX To/1aX MPOILIOTO CTOJIETUS B TPoOJieMy pacuéra MpoKaluBa-
€MOCTH CTAJIEW IO UX COCTaBYy BHECIM CBOW BKJIAJ HEMELKHE MeTaulypru. OHu He
CTaJIu CTPEMUTHCS OOBATh HEOOBSATHOE, 2 000OUTUIN PE3YyJIbTAaThl ONPEeTIECHUS TIPO-
KaJINBa€MOCTH JIJI1 HanboJiee pacipoCTpaHEHHBIX B ['epMaHuM yIydIIaeMbIX XPOMHU-
CTBIX CTaJIEH, BBITUIABJIAEMBIX HA METAIUTypruyeckux 3aBogax OPI'.
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JIns HOpMaIu30BaHHBIX PACCTOSIHUM OT Topua (Tadauia) ObUTH MOJTYYEHbI ypaB-
HEHUSI PErpecCcuM, MO3BOJSIONIME JOCTATOYHO TOYHO PACCUUTaTh TBEPAOCTH IO
JUTMHE TOPIIEBOTO 00pa3iia Jyisi AEHCTBUTEIHLHOTO COCTaBa CTAJICH:

HRCi=bo+bc-C+Dbsi-Si+bmnMn+bcr Cr+bme: Mo+bni-Ni+bcy-Cu,

rae HRCi tBEpaocth Ha i—oM paccrostHum OT Topua; bo, be, Dsi, bmn, Der, bmo, bni, beu,
K03 (PHUIUEHTHI PErpecCHH MPH COOTBETCTBYIOIIMX JIETHMPYIONUX dJIeMeHTax (Tal-
nuta). CUMBOJIBI JIETUPYIOIIUX 3JEMEHTOB COOTBETCTBYIOT COJCPYKAHUIO B CTaJH
STHX 3JIEMEHTOB B BECOBBIX IPOIICHTAX.

Tadoanua. Koy duumeHTsl perpeccuu Jisi pacyéra TBEPIOCTH HA I—OM PACCTOSTHUHU OT TOPIA.

Paccrosinme

0T TOpIA, bo bc bsi bmn ber bmo bni beu
MM
15 29,96 57,91 2,29 3,77 - -2,65
3 26,75 58,66 3,76 2,16 2,86 -2,59
5 15,24 64,04 10,86 - 12,29
7 -7,82 81,10 19,27 4,87 21,02 4,56
9 -27,29 94,70 22,01 10,24 24,82 8,58
11 -39,34 100,78 21,25 14,70 25,39 6,66 7,97
13 -42,61 95,85 20,54 16,06 26,46 30,41 9,00
15 -42,49 88,69 20,82 17,75 25,33 38,97 8,89
20 -41,72 78,34 17,57 20,18 23,85 26,95 7,51 9,96
25 -41,94 72,29 18,62 20,73 24,08 35,99 7,69 9,64
30 -44,63 72,24 19,12 21,42 24,39 27,57 10,75 9,71

[TomyueHHBIC ypaBHEHUS PETPECCUU JOCTOBEPHO OMMCHIBAIOT KPUBBIC MPOKAJIU-
BAGMOCTH JIJIT KOHCTPYKIIMOHHBIX CTAJICH, COCTaB KOTOPBIX, YKIAJABIBACTCS B CIICTY-
IOIIUE TIPEJICTIBI:
yriepon (0,06...0,47) %; kpemuuii (0,02...0,36) %; maprasner (0,07...0,97) %; xpom
(0,1...1,24) %; momubnen (0,01...0,06) %; nukens (0,01...0,28) %.

3. HOpﬂ)IOK BBINMOJIHCHUS NPAKTHYIECCKOI'0 3aJaHUA

3.1. lnst Tpéx nerupoBaHHbIX KOHCTPYKIMOHHBIX cTaneit (["OCT 4543), coctaB
KOTOPBIX YIOBJIETBOPSIET TPEOOBAHUSIM MOJIETH pacuéra MPOKATMBAEMOCTH, BBIMH-
caTh XWMHYECKUM COCTaB, PErVIAMEHTHUPYEMBI CTaHIapTOM, CHSTh KOMHUHU I0OJIOC
IPOKAJIMBAEMOCTH.

3.2. B MO Excel cocraButh Tabnuity ajst pacuéra TBEPIOCTH Ha PUKCHPOBAH-
HBIX PACCTOSIHHSIX OT TOpIa (TabauIla) mo CpeTHEMY COCTaByCTaIICH.

3.3. Ilomy4deHnHble 3Ha4YCHHS TBEPAOCTH HAHECTH HA MOJIOCHI IPOKATIMBAEMOCTH
KaXJ0i u3 craneil. CrenaTe BBIBOJ O BOBMOXHOCTH HCIIOJIb30BaHUS MOJIENIN MpOKa-
JIMBAEMOCTH JIJI1 OT€YECTBEHHBIX JIETUPOBAHHBIX KOHCTPYKIIMOHHBIX CTaJCH.

3.4. IIoaroToBUTH OTYET O BBHIIIOJIHCHHOM 3aJaHUM.
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4. KoHTpOJIbHBIE BONPOCHI

4.1 B 4éM cyniHOCTh OIpeAesIeHNs MPOKAaJIMBAEMOCTH CTaJlEl B COOTBETCTBUM CO
cranaaprom ['OCT 5657-69?

4.2 Yto siBAsIeTCS KOJIMYECTBEHHOW MEPOM OIIEHKH IIPOKATUBAEMOCTH?

4.3 Kakas u3 atux mep Haunbosee yno0Ha sl KOHCTPYKTOPOB MPU BBIOOpE CTaU
JUISL IPOKAJTMBAIOIINXCSI HACKBO3b JIETAIICH?

4.4 Ha pucynkax nosnoc npokanuaemoctu (I'OCT 4543) npenensl xosieOaHui
TBEPAOCTU HAHECEHBI CIUIOIIHBIMU U MyHKTHUPHBIMU JUHUSAMU. Kakue U3 HUX COOT-
BETCTBYIOT 00Jiee BHICOKOKaYECTBEHHBIM CTaJISIM?

4.5 Onumwure METoAbl ONpenesieHUs MPOKATMBAEMOCTH, pa3pabOTaHHbIE HA Ka-
beape MuTOM.

5. Cnncok JauTeparypsbl

1. TexHonOTUsSI KOHCTPYKUHUOHHBIX MaTepuanoB (TexHosornueckue npoueccsl B Ma-
MUHOCTPOCeHHH): B 4-x 4. / moxa pea. 3.M. Coxonosa; C.A. Bacuna; I'.I'. [Iybencko-
ro. - Tyma: U3n-so Tynl'VY, 2007.

Y.1: MammHocTpouTenbHble MaTepuansl : yueOHuk ans By3oB / E. B. I'punbepr, T
B. Mapkoga, B. A. Andepos.- 2007. —475 c. - ISBN 978-5-7679-1056-4 — 21 k3.
2. Bopomaun JI.I'. Teopus ¥ TeXHOJIOTHS XUMHUKO-TEPMHUUECKON 00pabOTKHU: yueo-

HuK s By3oB/JI.I'.Bopomuun, O.J.MenneneeBa, B.A.Cmetkun. — Munck: HoBbie
3Hanwus, 2010. — 304 ¢. — ISBN 878-5-94735-149-1 (P®). — ISBN 978-985-475-342-3
(bemapycs). — 25 k3.

3. Apzamacos, b.H. CnpaBouHuk 1o KOHCTpYKIIMOHHEIM MaTepuanam / b.H. Ap3zama-
coB [u ap.]; mox pen. b.H. Apzamacosa, T.B. ConoseeBoit .— M. : U3n-o MI'TY
uM. H.3. baymana, 2005 .— 640c. - ISBN 5-7038-2651-9 — 13 »k3.

4. MetajioBe/ieHHe U TepMUYecKas 00padoTKa CTalu M YyTryHa: CIIPaBOYHUK: B 3 T.

T.2. Ctpoenue ctanu u uyryna/M.JI.bepumreitn [u ap.] / mox pen.: A.I'. Paxmranra,
JIM. Kanytkunoii, C.JI. IIpokomkuna, A.B. CynoBa. — M.: Untepmer Unxuuu-
punr, 2005 .— 528c. - ISBN 5-89594-104-4 — 15 aks.

5. MarepuanoBeieHHEe W TEXHOJOTHUYECKHE MPOIECCHl B MANIMHOCTPOCHHUH : y4eO.
nocobue / C. U. boroayxoB [u ap.]; mox obur. pea. C. U. borogyxoBa. — Crapsiit
Ockoi: THT, 2010 . — 559 c. - ISBN 978-5-94178-220-8 — 5 3ks3.

6. OCHOBBI TEXHOJIOTUW U TIPOTPECCUBHBIE METOJIbI TEPMHUUECKONH 00pabOTKH : y4eo.
nocobue g By3oB / M. A. I'onuapenko [u ap.]; Tynl'V; Axan. npobiiem kadecTBa
P®.— Tymna: U3a-Bo Tynl'Y, 2011. — 200 c. - ISBN 978-5-7679-1858-4. — 10 »k3.

7. MatepuanoBefieHuEe B MAIIMHOCTPOCHUH W MPOMBIIUICHHBIX TEXHOJIOTHUSIX: y4eO.-
cipas. pykoBojicTBo / B. A. Ctpyk [u ap.]. — Honronpyausiii: Matemnekt, 2010. —
536 c. - ISBN 978-5-91559-068-6 — 55 3k3.
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INPAKTHYECKAS PABOTA Ne 3

OLIEHKA OCTATOUYHBIX HANIPSI’)KEHUI B IEMEHTOBAHHBIX
N HUTPOILEMEHTOBAHHBIX CJIOAX

1. Heas padoTsl

1.1. OcBouTh METOJIMKY OLIEHKM OocTaTouHbIX Hampspkenuit (OH) B miemenTo-
BAaHHBIX U HUTPOLEMEHTOBAHHBIX CJOAX IOCIE MPOLECCa HACBIEHUS, 3aKAJIKU H
HU3KOT0 OTITyCKa.

1.2. U3yuuts BIMsIHME pa3Iu4HbIX (aKkTOpoB Ha »mropy pacnpeaeneHuss OH
MIOCJIC Pa3HBIX ATAMOB TEPMHUUECKOM 00paOOTKHU. .

2 KpaTkue cBeieHHsI M3 TEOPHUU

OnHuM U3 CIOCOOOB TMOBBIIIICHUS! CONMPOTUBIICHHS YCTAJIOCTU SIBIISIETCSA CO3/a-
HUE OJIAarONpPUSATHOrO pacIpeeieHuss B MOBEPXHOCTHBIX cilosix cxumarommx OH,
dbopMHUpyIOITUXCSI, B YaCTHOCTH, TIPH XUMHUKO-TepMuueckoir oopadbotke (XTO) cra-
Jeil. ITo olIee MOJ0KEHHE BCEM XOPOIIO M3BECTHOE BEChbMa TPYJHO MPOBEPUTH
3KCIIEPUMEHTAIIBHO, T.K. n3MepeHnuss OH B TOHKHUX CIIOSIX CBSI3aHO C YJAJICHUEM CJIO-
€B, UYTO ABTOMATUYECKH BEAET K MEPEPACHPENACICHUIO HANPSIKECHUA U TMOJYYEHHIO
HEOIpeIeIEHHOCTHU B pacnpenencHn OH no TomuHe ciosi HaChIIEHUS.

Cononkun I'.A. u Patray3 JL.SI. npennoxuinn METOAUKY YHMCICHHOW OLIEHKH
OH B cnosx nocine XTO, koTopas AOCTATOYHO XOPOIIO MOATBEPKIACTCS JTaHHBIMU
MPSIMOTO SKCIIEPUMEHTA U MOXKET CIIY>KUTh JJI1 MOJICIIMPOBAHUS BIUSIHUS Pa3IAYHBIX
dakropoB Ha pacnpeaenenne OH B IeMEHTOBaHHBIX CIIOSIX.

[Tpu pacuérax OH aBTOpBI HE YUMTHIBAIM TEPMUUECKUE HAMPSIKEHUS, BO3HU-
KaloIIMe MpH OXJIAXIACHUHM, CYUTasi MX BKJIAJ] B o0mui ypoBeHb OH He3HauuTeNb-
HeIM. [lpuumnaoi Bo3HukHOBeHUs: OH aBTOpHl cumTasim OOBEMHBIE W3MEHEHUS,
BCJICICTBUE U3MEHECHUSI XUMUYECKOT0 COCTABA CTAJIM HA MTOBEPXHOCTH.

Ecnu TommuHa cios MeHbIE TOJIMMHBI jAetanu (o0pasiia), TO OCTATOYHBIE
HaTPSHKEHUST MOYKHO OIICHHUTH 110 YpaBHEHHUIO [2]:

o=-B(x)-E/3(1-v), (1)

rae P(x)- oTHocuTenbHOE OOBEMHOE M3MEHEHHE IO TOJIIMHE oOpa3ua (aerann),
HaYMHAsI OT MOBEPXHOCTH, CBSI3aHHOE C Pa3HBIMU YJEIbHBIMU 00BEMaMU Pa3IMUHbIX
CTPYKTYPHBIX COCTaBIISIONIHX:

BO)=(V(x)- Vep) Vep . (2)

3neck V(x) — yaenbHbIH 00bEM Kak (QyHKIHUS KOOPIUHATHI X, Vep — CPEIHUN yIeih-
HBIH 00BEM 00pasma. [Ipu manbix Tommmaax cnost Vep = Vo, rae Vo— yaenbHbIl 00b-
€M CEepLEBUHBI.

16



Bosspamascs k (1), v- koadpduuuent Ilyaccona (0,3...0,35), £ — moayns IOwura,
Mrna. B nepBoM npuOIMKeHUH MOAYJIb MOKHO CUUTATh CTPYKTYPHOHEUYBCTBUTEb-
HOM BEIMYMHOM ¥ npuHUMaTh paBHbIM 21-10* MITa. Ctporo roBops, npu

ouenke OH no (1) monynb Takxke ABiseTcsl PyHKIUEH KOOPAUHATHI X B COOT-
BETCTBUU C U3MEHEHUEM CTPYKTYPBI OT IOBEPXHOCTH K CEP/ILIEBUHE.

Takum obpazom, pacuér OH cBoauTcs K onpeneneHuro yAelbHOro oobéMa
V(x) no ceuenuto obpasna. CieayeT UMETh BBHIY, YTO YICNbHBIA 00BEM MeTainia
XapakTepU3yeT 00bEM B CM° 1T 3TOro MeTaia u sBisercs, PakTHIECKH, BETUYMHOM
o0paTHOi#1 TioTHOCTH d !

V=1/d (em¥r). (3)
[Ipu HanMuUKM HECKOJIBKUX (a3 (MAPTEHCUT, KapOUAbI U T.[.) YAEIbHBIA 00BEM

V(x) ciaemyeT pacCYUTHIBATh ¢ y4E€TOM BceX (a3, HAXOMSIIUXCS B JAHHOW TOYKE Ha
PACCTOSIHMH X OT TTIOBEPXHOCTH, T.€.

V(x) = Zfi-Vi (4)

rae Vi— ynenbHbii 006EM | - ol (asbl, fi - 00bEMHas 1oms | - o da3bl.
B ta6n.1 npuBeneHs! yaeabHbe 00bEMBI (a3 yriaepoaucTsix craneit npu 20 °C.

Tadauua 1. YaeabHbie 00bémbl (a3 crauam [3}.

Coneprxanue yraepoaa, %o da3za V nenbHbIH 00B6EM, cM/T
- Deppur 0,12708
0 AycTeHuT 0,12227
0,2 0,12270
0,4 0,12313
0,6 0,12356
0,8 0,12399
1,0 0,12442
1,4 0,12527
6,67 IlemeHTHT 0,13023

0 MapTteHcut 0,12708
0,2 0,12761
0,4 0,12812
0,6 0,12863
0,8 0,12915
1,0 0,12965
1.4 0,13061

C noMouIpl0 perpecCMOHHOIO aHaju3a MO JaHHBIM Tabia. 1 mosydeHsl BbIpa-
YKEHUS, OTMCHIBAIONINE YEIbHbIE 00bEMBI ayCTEHUTA

Va=0,12227+2,144443-103 C

Y MApTEHCUTA
Vm=0,12708+2,6298:10*C+7,738-10°-C?
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B 3aBUCUMOCTH OT cojepkaHusi B Hux yriaepojaa (C) st uHTepBajia KOHLIEHTpalui
ot 0 1o 1,4 %.

[Tocne XTO (1ieMeHTaIusl UM HUTPOLIEMEHTALIMSI) CTPYKTYPY MOBEPXHOCTHO-
ro CJIOs W, CJIEIOBATENbHO, ypoBeHb OH, MOXHO paccMaTpuBaTh NPUMEHHUTENBHO K
TPEM CUTYyaLUsIM:

- COOCTBEHHO I10OCJIE€ HACBILLIEHUS;

- II0CJIE HACBHILIEHUS U 3aKAJIKU;

- II0CJI€ HACBIIEHNUs, 3aKAJIKU U HU3KOI'O OTITyCKA.

Ilocie HachIIEHHWs] B 3aBUCUMOCTH OT peXUMa LEMEHTAaluu (TeMIiepaTypa,
BpeMsl) U COCTaBa CTaJM MOTYT OBITh MOJyYEHbI CaMble pa3HOOOpa3HbIE KPUBBIE pac-
npeaeeHrs KOHIEHTPAlMU YIjiepoa 1Mo TOJIIKMHE CJIOsl, KOTOpble U OyIyT ompee-
JIATH paclpeieleHne CTPYKTYPHBIX COCTaBIIAIOIIUX 10 CEYEeHHI0. B HacTosmeeBpems
pa3paboTaHbl JOCTATOYHO TOYHBIE MAaTEMAaTUYECKHE MOJEIN LIEMEHTAluH, 03BOJIs-
IOIKE TOJYYUTh 3aBUCUMOCTH PACIIPEEIeHUs YIiIepoaa OT NapaMeTPOB TEXHOJIOTH-
YECKOTO IPOolLiecca U cocTaBa CTalu.

[locne 3akanky LEMEHTOBAHHOW CTajlud B CTPYKTYypE TMOSBISIOTCS HOBBIE
CTPYKTYpHBIE COCTaBJIsOIINE (MAPTEHCUT 3aKaJIKH, AyCTEHUT OCTAaTOYHBIHN, KapOuIbl,
OCMHUT, MEepIUT), KOJUYECTBO U PACIPEICICHUE KOTOPBIX 3aBUCUT OT HMCXOJHOTIO,
II0CJIE HACBILICHUS, PACIPEIEICHUS YTIIEPOaa, @ TAKXKE COCTaBa CTaIH, TEMIIEPATYPBI
OXJIAKIAIOIIEH Cpelibl IPU 3aKaJKe, HAIMYKS WM OTCYTCTBHSI 0OpaOOTKH XOJI0JIOM.

Ilocne nemeHTanyy, 3aKajlKu M HU3KOIO OTIYCKa B IIOBEPXHOCTHOM CIIO€
CTPYKTypa COCTOUT W3 OTIYIIEHHOTO MapTEHCUTAa, OCTAaTOYHOTO ayCTEHHTa, KapOu-
JI0B, BBIJICJISIFOIIMXCS TIPU OTIYCKE yriaepoancToro Maprencura. [lanee ¢a3oBslii co-
CTaB M3MEHSETCS CIEAYIOMUM 00pa3oM: MapTEHCUT OTIyCKa, MAPTEHCUT U OCHHMUT,
OeHUT WK nepauT. (31eck U ajnee Mmoja NepIuTOM UMEETCs B BUAY JIIOObIE CTPYK-
TYpbI HEPIUTHOTO THUIIA).

Takum oOpazoMm, 3agauda onpeneneHus pacnpeaenenus OH no neMeHToBaHHO-
MY CJIOK CBOAMUTCS (PAKTUYECKU K OINMPEACIICHUIO paclpeleleHus] CTPYKTYPHBIX CO-
CTaBJIAIOLIMX IOCJE pa3HbIX 3TanoB XTO M Ha OCHOBE ATOTO paclpeleeHUs OIIEHKA
OH B cootBetcTBUU ¢ (1).

Curyanus 1. B 3TOM ciydae JOCTaTOYHO paccUMTaTh KOHILIEHTPALMOHHBIM
npoduip pacrpeneseHus yriepoja B cjoe, MONb3ysACh U3BECTHhIMU [4] 3aBUCHMO-
ctaMu. [l ciydass MaloyriaepoJMCTOW CTAJIM U OJHOCTYIIEHYATOro Ipolecca Iie-
MEHTAILIUH YIOBJIETBOPUTEIBHOE PELICHUE UMEET BUL

C(X,1)=Cu-(Cu-Co)-erf(x/2(Dt)"®), (5)

rne C(X,T) - KOHIIEHTpaIMs yriiepoJa Ha PacCTOSHHUH X OT MOBEPXHOCTH IOCIE Iie-
MEHTAIMM B T€YeHUH BpeMeHu T; C, - KOHIIeHTpaius yriepoaa Ha nmosepxHocTu; Co
- KOHIIeHTpauus yriepoaa B cranu; D - kosadpdunuent auddysuu yriepoaa B aycre-
Hute 1pu Temmneparype Hachimenus T erf(x/2(D1)%°) - ¢pynkums ommbok Iaycca.
Oo6b1uno C, = (0,9...1,0) %. CTpykTypy LIEMEHTOBAHHOTO CJIOSI JIETKO OMPEICIIUTh 110
CTPYKTYPHOM MarpaMme COCTOSTHUS HKeJIe30 — IEMEHTHT.

OOBEMHYIO JJOMIO IIEMEHTHTA fre3sc MOXKHO OIIPEAEINTH KakK
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fresc = C(X,1)/6,67. (6)
Torna ynenpHbIl 006EM V(x) Ha paCCTOSHUU X MOXHO OILICHUTD KaK
V(X) = freac “VFeact(1- freac )'Vo  (7)
WIN V(x) = (C(x)/6,67)Vresc + (1-(C(x)/6,67))' Vo, (8)

rae -C(x) olleHUBaeTCs A1 KaXXI0Tr0 paccTosHus x o gopmyde (5).

3Has UCXOJIHOEe conepxkanue yriepoaa B cranu (Co), IerKo oleHuTh Vo, nanee
OTHOCHTENIbHOEe 00bEMHOE M3MeHEeHHE B(x) (2) U ypOBEHb OCTATOYHBIX HAINPSHKCHHNA
o(x) (1) mo ceyeHuro CIosl.

Curyauusa 2. Ilocne 3akankum cuUTyausi yCHOXKHsIETCA. B cTpykType cranm
MOSIBJIIETCS. MAapTEHCUT, ayCTEHUT OCTATOYHBIN, OCUHUT, MEPIUTHBIE CTPYKTYPBHL.
PaccmoTpum, st mpumepa, NpOCTYI0 MalIOyTIEpOAUCTYIO cTaib. B 3TOoM ciydae
CTPYKTypa IIEMEHTOBAHHOTO CJI0S1 OyI€T U3MEHSATHCS OT MOBEPXHOCTHU K LIEHTPY B Ta-
Kou mociienoBaTeabHOCTH: M+Aocr —M — M+bB+I1 — B+I1 — IT — I1+®.

KonnuecTtBO Aocr MOKHO OIIEHHUTH, UCTIOJIB3YSI U3BECTHYIO 3aBUCUMOCTH Aocr-
C, % wunu MapTeHCUTHYIO AWarpamMmy. ABTOPBI TpHUBOAAT (OpMYyy is pacuéra
00BEMHOM JTOJIM OCTATOYHOTO ayCTEHUTa B Mpejesiax ayCTeHUTHO — MapTEHCUTHOM
30HBI:

fa=exp[-0,011(Mu — toxn)],

rae My — TemnepaTypa Hayajia MapTEHCUTHOTO TMpeBpalleHus; toxy — Temneparypa
oxnaxgaromeit cpensl, °C. B cBoro ouepenp, 3HadeHHe My MOXKHO OLIEHWTH, OPUEH-
TUPYSCh HAa COCTaB CTaJIH:

Mu =499 - 300C - 250N - 33Mn - 22Cr - 17Ni - 14Mn.

Curyanus 3. ITociae HU3KOTO OTIYCKa B CTPYKTYPE CTAJIHA MOSBIISICTCS KapOu
WM KapOOHUTPH/I, TIIOTHOCTh KOTOPBIX MPUHUMAETCS PaBHOM TUIOTHOCTH IIEMECHTH-
ta. O6BbEMHYIO 10110 KapOuaa (KapOOHUTPHUIA) MTOJCYUTHIBAIOT MO (hopmyIie:

PFe'fk
fi = ig %Fe,
Pr24HFe

TJI€ Pre U Pk — IJIOTHOCTH Kejie3a W KapOuaa (KapOOHUTpPHIa) COOTBETCTBEHHO; LlFe
U Lk - MOJICKYJISIpHBIC MAcChl XKene3a u KapOuaa (KapOOHHTPHIA) COOTBETCTBEHHO;
%Fe=11,2Ck; %Fe, Ck — konu4ecTBo kemne3a U yriiepoaa, IPUHUMAIOIINX y4acTue B
kapOunoobpazoBanuu. [Ipu Huzkom ormycke okoio 30 % yriaepoja He MPUHUMAIOT
ydactue B oOpa3oBaHMM KapOUJIHOM (a3bl, Oyaydu CBA3aHHBIMH C JAe(PEKTaMHU KpH-
craiunueckoro crpoenus. [loaromy Ck=0,7C - Com . IlpenBaputenbHbie pacy&rh
MOKa3aJiv, YTO BKJIAJl KapOUIHOM (pa3bl MpU HU3KOM OTHYycke B 00mui ypoenb OH
coctaBiisieT MeHee 5 %, a T03TOMY B MH)KEHEPHBIX pacyéTax UM MO>KHO MpeHEOpeyb.
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Takum obOpaszom, anroputm pacuéta OH B 11eMEHTOBaHHBIX (HUTPOLIEMEHTO-

BaHHBIX ) CJIOSIX CBOJAUTCS K CIEAYIOIIEMY:
e Pacuér pacnpenenenus yriepoja (a3oTa 1 yriepoaa);

Pacuér pacnpenenenus a3 1o ceyeHUIO CIOS;
Ouenka 00bEMHBIX A0J€H BCeX (a3 B JAHHON TOUYKE CEUEHUS:
Onpenenenue yaeabHOTO 00bEMa Kax 101 (a3bl:
Omnpenenenue yneapHOro 00bEMa B KKI0M TOUKE CEUCHHS U CPEHETO
yAeIbHOTr0 00bEMa oOpasia
e Pacyér ocTaTOYHBIX HANPSIKEHUM.

3.3ananue

[Iposectu pacuér pacnpenenenuss OH B IEMEHTOBAaHHOM CII0€ MAJIOYTIIEPOIH-
cToM ctainu. B BbIBOAX yKa3aTh BIHSHUE 3aKaJKH U OTIyCKa Ha ypoBeHb OH B 1e-
MEHTOBAHHOM CJIO€ CTaJIN.

4. HOpﬂ}IOK BBIIMOJIHECHHUS MPAKTUYIECKOI0o 3aJlaHUA

4.1. Ins manoyriepoaucto cranu 3aganHoro cocrana (0,1 %C), temnepary-
pul nementanuu (900 °C) u BpeMenu nporecca (6 4acoB) paccUUTaTh paclpeacieHue
yriepoja B IEMEHTOBAHHOM ciioe Ha riiyouHe 10 1 mm. KoHueHTpamuio yriepoia Ha
NOBEPXHOCTH LIEMEHTYEeMOW IIacTHHbl MpUHATH paBHOU 0,93 %C, xo>pdunueHt
nuddys3un yriuepoaa B raMma — xelnese npuHaTh pasHbiM 0,31:10° cm?/c.

4.2. Tlo dbopmyne (8) olleHUTH yAENbHBIH 00BEM Ha PACCTOSIHUU X OT TTOBEPX-
HOCTH.

4.3. Paccuntath OcTaTOYHBIE HATTPSAKEHUS.

4.4. Bce pacu€Thl mpojeNaTh JIsl COCTOSHUS CIUIaBa MOCJE IIEMEHTAIUH, 3a-
kanku 1 aByx temmneparyp (180 u 300) °C ormycka. CuenaTh BHIBOABI 10 PadoTe.

5. KoHTpoJsbHBbIE BONIPOCHI

5.1. OOBACHUTL pa3HUILy TOHSATUHA: OCTATOUHBIC HANPSKEHUS, BHYTPECHHUE
HaIPsKEHMS; BPEMEHHBIE HAIPSKEHUS; TEPMUYECKUE HATPSHKEHUS.

5.2. Metoasl onpenenenust OH.

5.3. Pons OH B popmupoBaHumM CBOWCTB MaTEPHAJIOB MOCTE JTUTHS, IJIACTHYE-
CKOH aedopMaInu, 3aKajakd, XHMHUKO-TEPMHUECKOU 00pabOTKH.

5.4. Kaxkoii 3sak OH noBrbImaeT cBocTBa cTajied IOCJIe [IEMEHTAINN ?

5.5. Ponp ocraTtouHoro aycreHnta B (HOPMUPOBAHHH CBOWCTB CTaJICH TMOCIIE
[IEMEHTAIUH.

5.6. TlpuBectu mpuMepbl MOBEPXHOCTHBIX METOJOB 00pabOTKH, KOTOpHIE MO-
BBIIIAIOT CBOMCTBA CTAJIbHBIX U3JICIUH.

6. CnucoK JMTepaTyphbl
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