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FBenopycckuii nayuonansholii mexnuueckuii yHueepcumen,
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CHOXXMBIIMIHCS CErOTHS HOMCHKJIATYPHBIH P HM3ACTUH, HArpPeBacMbIX B
Mevax 3aroTOBHTEIBHOTO U MEXaHOCOOPOYHOr0 MPOHM3BOACTB MAIIHHOCTPOH-
TEMBHBIX MPEANPHATHH, OTIHYACTCS 3HAYUTEIBHOW HEOTHOPOAHOCTBIO KAaK IO
Macce, Tak U M0 TEIUTOPH3HICCKIM XapaKTEPUCTHKAM MaTepHana, YTo HE CIIo-
CcOOCTBYET IPaMOTHOMY MOCTPOCHHIO TEMIICPATYPHOrO rpaduka BEACHHUS IMPO-
Lecca HarpeBa U KOHCTPYKIUH HArpeBaTelIbHOIO ycTpolicTea. B urtore Bce aTo
MPHUBOIUT K HCONPABIAHHEIM 3aTpaTaM OPraHHYCCKOro TOILIUEA.

[Tpu HarpeBe AOMKHO COOMIOAATHCS COOTBETCTBUE TEMIICPATYPHOro rpadu-
Ka TCIUTOPHU3HUCCKHM CBOHCTBAM CAJKH W, KOHCYHO, KOHCTPVKIMM Harpesa-
TEABHOTO YCTPOUCTBA.

BaxxHedmm nokasateneM, XapakTepH3VIOIIUM CBOHCTBA CTalH (IBTEKTO-
HUAHOH), cIyKUT yriepon. Haxke ero He3HaUHTENBbHOE H3MEHeHHE (puc. 1) 3a-
METHO BIHICT HA CBOHCTBA W NMPOYHOCTHBIC XapakTepuctuku cramd. [lpu co-
JaeprkaHnu yriaepona oonee 2,14 % cBOHCTBA U CTPYKTYpPa TEPAIOT CBOH Xapak-
TCPHBIC MPU3HAKH, U CILIAB KIACCUPUIIHPYETCS Kak uyryH [1].

[TosToMy moOCTpOcHHIO TeMmmepaTypHOro rpaduka Harpepa IMoJ ropsiee
dhopM0o0OOpa30BAHUE U TCPMHUUCCKYHO 00PAOOTKY B BBICOKOTEMIICPATYPHBIX TEIT-
JOTEXHOIOTHAX JOJKEH MPEALICCTBOBATh CEPhE3HBIN aHAN3 YCIOBHEH COOTBET-
CTBHSI KOHCTPYKLHH HArPEBATEIBHOIO VCTPOHCTBA (€0 OCHOBHBIX TEILTIOOO-
MEHHBIX xapaktepuctuk 77, C,; ¥ Ap.) XapaKTCPUCTHKAM CaIKH (TaKUM Kak
yucno Bi, Temnmodu3nueckue XapakTepUCTHKH METALIA, B3AUMOCBA3b BHYTPCH-
HErO TCIIIOOOMEHA € TEIUIOOOMEHOM BHEIIHMM W MNp.) M pa3paboTaHHOMY
rpaduxy. Y TOABKO MpH HATHYHH TAKOTO COOTBETCTBUS MOXKHO HPUCTYIATH
K pa3paboTKE U CTPOUTEIBCTBY OOOPYIOBAHUS, B KOTOPOM OYICT BBIMOIHATHCS
HArpeB CaaKH.
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Puc. 1. JluarpamMma cocTOSHHS (PKEIIE30—YTIIEPOJ[) SBTEKTOU/HBIX CTalei

Bo Bcex (0e3 MCKITIOUCHHS) OCTaIb-
HBIX CIy4asx pacxof (yACTbHbBIH) HATY-
pansHOro tormea (puc. 2) 6vaer B 1,5—
3,0 pasa mpeBBIIIaTH HOPMY, TEMIIEpa-
TYPHBIC HANPSDKCHUSA B CAJKE CBOC Mak-
CHUMAITBHOE 3HAYCHHE NPHOOPETAIOT HE B
30HC OCHOBHOTrO Harpesa (30HBl 1 u 2,
pHc. 3), a B 30HC BBLACPIKKH, UTO CKKET-
Cc1 HAa KauecTBe MPOAYKUUH (HOCTe
Harpy>xeHus mpu ropsiaeM popmoobdpaso-
BaHHH B U3ACIHIX 00PA3yHOTCS TOPOKH).

OTMEUCHHBIC HEAOCTATKY, BO3HUKAO-
mye npu Harpese (puc. 2, 3), MoryT ObITh
HCKIIFOUCHBI, HO TONMBKO B CIYYac PazyM-
HOTO COTJIACOBAHUS CBOMCTB HArpeBacMOU
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CTaIM W TEMICPATYPHOTO rpad)uka BEACHHUS MPOLECCA C TCIIOBBIMU XaAPAKTCPH-
CTHKAMH HATPEBATCIBHOTO YCTPOKCTBA (HATPEBATEIPHOM, TCPMUICCKOM TICUH).
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Puc. 3. Bnusaue BeTMUUHBI TEIDIOQU3MUYECKUX XapaKTEPUCTHK (TEIUIONPOBOIHOCTU CTAIH)

Ha BEIWYMHY HAIPSHKCHUM, BOZHUKAIOIMX B CaJKe IIPH HAaIpEBaHUU: a — JUISL DBTEKTOMIHBIX

craineit, 6 — ISt JTIeTUPOBaHHBIX cTajlel ¢ HU3KUM 3HaYeHHeM Ko3(QUITMEHTa TEILIOIPOBOIHOCTH,
0-0, 1-1, 2-2 — rpaHHUIBI 30H OCHOBHOI'O HarpeBa CajKu
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OOpatumcs K aHANMU3y BIUSHHS TCIUIONPOBOAHOCTH CTAIM IMPH HArpeBe
CaJKu Ha €ro kKauecTtBo. Habmiogacercst CYINGCTBEHHAs 3aBUCHMOCTH (puc. 4)
TCIIONPOBOAHOCTH (€¢ Kod(dHIIMEHTAA ) C POCTOM TEMIEPATYPhl MATEPUAA,
YTO MOTHOCTHEO COOTBETCTBYET AHArpaMMe COCTOSHHA (puc. 1): ¢ pocToM TeM-
nepatypsl B uHTepBanax: 0-723; 723-910; 910-1392; 1392-1539 °C uzmens-
FOTCSL CTPYKTYpa MaTepHaia U ero KpUCTaLInIecKas pemeTka [2] (zanubie qis
YHCTOTrO JKEJIe3a).

00 35 40 45 50 55 A Br(ek) B kauectBe HarmsgHOro mpu-
Mepa CACAyeT 00PaTUTHCS K PHC. 5
U 6, Ha KOTOPBIX MPHUBEICHBI KPH-
o0 LD CTATMICCKUE CTPYKTYPH MAPTCH-
OBnacts 723-900 °C cuta W aycreHuTa. lakas 3aBU-
723\ CHUMOCTB (B YaCTHOCTH, OT COACP-
600 JKAHUS YIJICPOAA) TAKKE YCMATPH-
BaeTCs MpH cpaBHEHHH puc. | u 4.

% Ha oboux rpadukax cramu pac-
300 - monoxkeHbl B mopsiake 08; Cr. 1
(pue. 1) Cr. 3; Cr. 5 u 1. a Ilpu stom
BepxHA KpuBas (puc. 4) cooTBeT-
cTBYET comepkaHmio yriaepona 0,08,
Puc. 4. M3MeHeHHe TEIUIONPOBOJHOCTH SBTEKTOM-  Kpabinss cHuszy — 1,2 % C. Kak
no# cramm (08; C1. 1; C1. 3, C1. 5, C1. 6, CT. 7, ¥V 9, VHKE OTMCUAIOCh, B IPOMEKYTKE

Y 10, ¥ 12, ¥ 13) nipu HarpeBaHUU

(zawTpuxoBaHHas 4acTe rpaduka,

puc. 4) pacmonoxens muanu s Ct. 1; Cr. 3 u T. 1. Takas 3aBUCHMOCTh TaKKE

1,°C

Y12

0(20)

YCMATPUBACTCI B TOUYKE, IA¢ MeTamut umeer temmeparypy 723 °C (puc. 1, 4),
MPH HATPEBAHUH A0 KOTOPOW CBOMCTBA (TCHIOMPOBOXHOCTB) M3MCHSIOTCSH HE-
3HAYUTENBHO U €abo 3aBUCAT OT Temmepartypsl. [locne npoxoxaeHus remmnepa-
Typer 723 °C (700-900 °C) u3MCHECHUS KPUCTATHICCKON PEIICTKH CTAHOBSITCS
BECbMA OLIYTHMBIMH, BILTOTh A0 JUHUH AE muarpammsl coctostHus. UTO KacaeT-
¢4 IPOMEKYTKA MeKAy MUHUAMH GSE 1 AE nuarpamMuel, TO CTPYKTYpa METaia
306Ch HE UBMCHSCTCS (30HA ayCTCHUTA), 4 CICAOBATEIBHO, 3aBHCUMOCTD (B HH-
tepBane remneparyp 700-900 °C) A =A¥) mpaktuuecku He HAOMIOJACTCH, 3a-
TeMHCHHAs1 001acTh rpaduka (puc. 4).
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Puc. 5. Kpucrammueckast CTpyKTypa MapTeHCUTA: a — KPUCTAIUINYECKas! PEITeTKa;
0 — IIepHO/IBL PEITIETKU B 3aBUCUMOCTH OT COJIepKaHus yriaepoa [3]

JIist KpUCTATMYECKUX METATMYCCKHUX BECCTB (hopMyJTa Uit HAXOKICHUS
K03 PHUILIUCHTA TCILIOMPOBOAHOCTH UMECT B [4]

Az = @hpem + Doy @8]
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rae Ay — 3¢dexTrBHBIN KO3()PUIHECHT TEMIONPOBOAHOCTH; d, b — IMITHpUYC-
ckue KO3(D(UIMCHTHI, 3aBUCAIINE OT TUMHA (BHAA) KPUCTAUTMYCCKOH PEIICTKH
U CTPYKTYPBI HArpeBacMOro MAaTEPUANA; Apem — TEIUIONPOBOAHOCTH (IIPOBOAU-
MOCTb) KPHUCTATMUECKOH PEIIETKH, CBA3AHHAS ¢ KoiacOaHUsIMU aToMOB ((oHO-
HaMH); A, — TO K€, O0YCIOBICHHAS 3NMCKTPOHAMH MPOBOAUMOCTH, MOACTH KPH-
CTAJTHYECKON PELICTKU.
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Puc. 6. Kpucrammudieckast CTpyKTypa ayCcTeHUTa (@), TIEPUOJIBI PENIETKU B 3aBUCUMOCTH
OT COJIepKaHMs B CIDIaBe YIIIEpoJa U TeMIleparyphl Harpesa cajku (0) [3]

[Tpu 5TOM NpEBATUPYIOIIM MEXaHU3MOM HPOLIECCA TETIOMPOBOJHOCTH ME-
TannoB (CIUIABOB) SBISCTCH TEILIOTA BJICKTPOHHOW NMPOBOAMMOCTH PCIICTKH.
Uro kacaercsl peIICTOUHOH MPOBOAMMOCTH, BXoAdmied B (1), To ee BenmuunHa
HesHauuTenpHa. OHa Ha MOPSJOK HHXKE MO CPaBHEHUIO ¢ 3iekTpoHHOH. Toraa
JUTSE 3BTEKTOMIHBIX ctanci (1) nepenummem

As = Ayb. 2)
BbBIB O JABbI

Iokazano, uro mpu pas3padoTke TeMIepaTypHOro rpaduka Harpesa moj ro-
psuee  (GopMOOOpA30BAHUE M TEPMHUSCKYIO OOpPAaOOTKY, MPESAISCTBYFOIIUX
CTPOUTENBCTBY HATPEBATEIBHOTO YCTPOHUCTBA, HEOOXOAUMO COOMIOIATE OCHOB-
HBIC PUHLHUIB COTTACOBAHUS TEMIO(U3NICCKUX CBOUCTB HArPEBAEMOrO MaTe-
pHama co CBOHCTBaMHU (XapakTCpHCTHKaMH) rpaduka HarpeBa M KOHCTPYKIHH
HArpeBaTEIbHOTO YCTPOUCTBA (IICUH).

Taroke aBTOpaMH MOKA3aHO, YTO UTHOPUPOBAHKE YCIOBHI TAKOTO COraco-
BaHU$ BCErJa MPUBOIMT K YBEIMUCHHUIO PACX0AA YCIOBHOIO TOILUTUBA HA HATPEB,
a B Haubomnee TSHKEBIX CIYYasX — K HOpUe HArpeBacMoro METaa.
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