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OCOBEHHOCTH ®OPMHUPOBAHUA CTPYKTYPBI IIPU CBAPKE
BBICOKOINPOUYHBIX CTAJIENA C KAPBOHUTPUJIHBIM YIIPOUHEHUEM
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AnHoranus. C MOMOIIBI0 CHCTEMBI HMUTAIMN TepMozedopMannoHHoro coctossaus cBapku Gleeble 3800 moctpo-
€HBl TEPMOKMHETHYECKNE AMarpaMMbl pacliafa aycTeHuTa crajiell ¢ kapOoHnTpuaHsM ynpodneHueM 15XCATIO/],
10I'2®b u 06I'B/l, n3y4eHsl 0COOCHHOCTH IPEBPAIEHUs], MUKPOCTPYKTYPHOE COCTOSIHHE M TEMIIepaTyphl Hadaja
o0pazoBaHus (a3 MpH pa3INIHBIX CKOPOCTSIX OXJIAXICHHS U ONPEAEICHBl X MEXaHUYECKUE CBOMCTBA.

KaioueBble cioBa: crany ¢ KapOOHUTPUAHBIM yIIpOUYHEHHEM, (pa3oBbIe MPeBpaIeHUs, pacnaj ayCTeHUTa, Qeppur,
OEHHT, MAPTEHCHT.

AHoTanisg. 3a JOTOMOTO0 CHCTEeMH iMiTalii TepMmonedopmariiitHoro craHy 3BaproBaHHs Gleeble 3800 moOymoBa-
HO TEPMOKIHETHYHI JiarpaMi po3mnany ayCTeHITy crajeid 3 kapOoHirpumuuM 3MinHeHHsIM 15XCATIO/], 10I2db
1 06I'BJ1, BuBYE€HO 0COOIMBOCTI MTEPETBOPEHHS, MIKPOCTPYKTYPHUI CTaH 1 TEMIepaTypH I04aTKy YTBOpEHHS (a3 npu
PI3HUX IIBUAKOCTSIX OXOJIOMXKSHHS Ta BU3HAYECHO iX MEXaHI4HI BJaCTHBOCTI.

KoarouoBi cioBa: crani 3 KapOOHITPUIHUM 3MilHEHHSM, (Da30Bi MEPETBOPEHHS, pPO3NaJ ayCTEHITy, eput, OCitHIT,
MapTEHCHT.

Abstract. The thermokinetic diagrams of decomposition of the steels austenite with the carbonitride hardenings
15XCATIO/I, 10I'2®b and 06I'BJ] have been constructed with the help of the Gleeble 3800 simulation system of
thermal deformation welding state. The specific features of transformation, microstructural state and the temperatures
of the beginning of the phase formation under different cooling rates have been studied. The mechanical properties
have been defined.
Keywords: steels with carbonitride hardening, phase transformations, austenite decomposition, ferrite, bainite,
martensite.

IHOCTAHOBKA ITPOBJIEMbI ITockonbpKy cBapka sIBJISETCS OCHOBHBIM TEXHOJIOTHU-
YEeCKUM cIoco00M GOPMHUPOBAHUS KOHCTPYKLUH U3 3THX
cTaneil, To MOBBILICHHbBIC OTPEOUTENBCKHE XapaKTePH-
CTHKH HOBBIX cTajieil (110 YPOBHIO MPOYHOCTHU U yIapHOU
BSI3KOCTH) JOJDKHBI OBITH COXPAHEHBI M B MX CBapHBIX
coequHeHUsX. OnHAako (OPMHPOBAHHE B CBapHOM Me-
Taye 30HBI TepMmuueckoro BmusiHusA (3TB) mpuBogut
K JEerpajlallid MEXaHUYECKUX CBOMCTB IIOJ BO3JECHCTBU-
em Tepmudaeckoro nukia capku (TLC) kak B pe3ynbrare

B Hacros1ee BpeMs B CBSA3U CO CTPEMHUTENBHBIM Pa3-
BUTHEM C(Eepbl CTPOUTENBLCTBA, C y4ETOM HEOOXOIUMO-
CTH TOBBIIIEHUS 3TAXKHOCTH KHIBIX U IMPOMBIIIIEHHBIX
37IaHUH, CO3JaHUSI HOBBIX CTPOUTENBHBIX (JOPM M TTOBBI-
HICHUs 00IIel Harpy3ky Ha HEeCyIlue 3JIEMEHThI MeTall-
JIOKOHCTPYKIMH, BO3ZHHMKJIA ITOTPEOHOCTH B IIPOM3BOJ-
CTBE W HCIIOJIb30BAHUU BBICOKOIIPOYHBIX CTPOUTEIBHBIX
crayeii ¢ mpeznenoM Tekydectu 6onee 500 Mlla u mpene-

soM nipouHoctH 6omee 600 MIa, koTopbie ObI TO3BOIMIN
OJHOBPEMEHHO MOBBICUTH TEXHUYECKUE XaPAKTEPUCTHUKI
KOHCTPYKIMH ¥ UX HAaZEKHOCTB.

[Tnpokoe mpuMeHEHHE I THX ILIeleil MOMyqriIn
KOHCTPYKIIIOHHBIE BEICOKOIIPOYHBIE CTAJIN C AUCTICPCHOH-
HBIM YIPOYHEHHEM, B KOTOPBIX POJIb YIPOUHSIOMIEH a3kl
BBITIOJTHSTIOT KapOu/ibl 1 KapOOHUTPHUIBI psizia SIIEMEHTOB.

Jna ympouHeHHs cTajell OOBIYHO HCIIOJIB3YIOT-
csl KapOWIpl M HUTPUABI ATIOMHMHUS, BaHaIMsI, HUOOWS,
TaHTajia, OCPHIUIMS, JlaHTaHa, MOJMOIEHA W BOJIb(pa-
Ma [4, 11]. I3 5KOHOMHYECKHUX U TEXHOJIOTHYECKUX CO-
oOpakeHnii HamboJee MIMPOKOE NPHUMEHEHHE HaIUTH
KapOOHHUTPHUIBI BAHA/IWS, HUOOHS M HUTPHIBI aTFOMUHUSI.
Kap6onutpuaHoe ynpouyHeHHEe 00ECIeunBacT BBICOKYIO
MPOYHOCTh METaJlIa 3a CUET BBIZCICHHUS B TBEPIAOM pa-
CTBOpE JUCIIEPCHBIX YacThLl pazmepom 110 100 A u dop-
MUPOBAHUS MEIKO3EPHUCTON MUKPOCTPYKTYPBHI.

pocTa 3epHa, Tak M 10 NpUYMHE 00pa30BaHMs 3aKalod-
HBIX CTPYKTyp, CHIKAIOIIUX HX CONPOTUBISAEMOCTh
XPYTKOMY Pa3pyLICHHIO.

B cBsI3u ¢ 3TUM IIMPOKOMY BHEIPEHHIO HOBBIX CTa-
JIel OJDKHBI MPEIIeCTBOBATh IIIyOOKHE BCECTOPOHHHE
HCCIIEIOBAaHNS PEAKIMK ITUX CTajled Ha TepMHUYECKUM
LIUKJI CBAPKH.

AHAJIN3 MOCJEJIHUX UCCJIEJJOBAHUM
U NYBJUKALMIA

AHanu3 JUTepaTypHBIX ITaHHBIX TOKa3biBaeT [7, 8,
10, 12], yto Hambojee palMOHAIBHO IS STHX IeNIeH
UCIIONb30BaTh CTANU C KapOOHUTPUAHBIM YIPOYHEHH-
eM. MexaHu3M BIMSHUS KapOOHUTPUAHBIX BKIIOYCHUI
MIPOSIBJIIETCSI B BO3JCHCTBUM HAa MUKPOCTPYKTYpYy ILIBa
u 3TB psina GpakropoB, a IMEHHO YIPOYHEHHUS! TBEPIO-
IO pacTBOpa, U3MEJIBYEHUS IIEPBUYHOM U BTOPUYHOU
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CTPYKTYPBI, YCWJICHHS ANCIOKALOHHOIO YIPOYHEHHS
1 HEUTpaJu3alliy BPENHBIX NPUMECEH, YTO IO3BOJISIET
MPU 3HAYUTEIBLHOM IOBBIIICHUH NMPOYHOCTH COXPAHUTH
U 1a)Ke CYIIECTBEHHO MIOBBICUTH COIIPOTHBIICHUE XPYITKO-
My pa3pyLIeHHI0. DTOT CIoco0 SKOHOMUYEH M HE YXYI-
IIaeT CBapUBAEMOCTH, TAaK KaK IOBBIIICHUE IIPOYHOCTH
Y XJIa[IOCTORKOCTH IOCTUTAeTCs IIPH BECbMa OTPaHUYEH-
HBIX 100aBKax KapOWOO- M HUTPUAO0OOPA3yIOMIUX 3JIe-
MEHTOB, B cyMMe He npesbimaronux 0,20 % mo macce.
BaxHyo pomb A TOTyYeHHS HEOOXOTMMBIX
CBOICTB WIpaeT KOMIUIEKCHOE JIETUPOBAHUE CTaleH
KapOumo- M HUTPHUIOOOPA3YIOMKMMHU 3JIEMEHTAaMH, Ha-
MpUMep: BaHaJAUEM—HHOOHEM, BaHAJAUEM—aIIOMUHHEM.

OTO CBA3aHO C TeM, YTO KapOua HHOOWS MMEET TeMIle-
parypy pactBopenus B aycreHure Ha 50...70 °C Brime,
yeM KapOuna BaHaaus. IlosTomMy mnpu Temmeparype
HOpPMaJIM3allMM BHAyale B ayCTEHUTE pacTBOPSETCS
kapOux BaHamus npu temmneparype 720 °C (tabm. 1),
a 3aTeM BBLACIACTCS B BUJE MEIKOAUCIEPCHON YIPOYHSI-
romei (aspl, B TO BpeMs Kak KapOuI HHOOHS ¢ TemIie-
parypoii pactBoperus 1140 °C cnepxuBaeT pocT 3epeH
IIpU HarpeBe B ayCTEHUTHOI obmactu [6, 11]. B cmy-
yae KOMOMHAUMK DJIIEMEHTOB BaHAAUH—aTFOMUHUN
OBLIO YCTaHOBJIEHO, YTO CTOWKOCTb HHMTPUAA BaHaIUs
3aMETHO BO3pAacTacT B MPUCYTCTBUHM HUTPHJA ATFOMU-
wus [1, 2].

Tabnuya 1. Temneparypbl pacTBOPEHHSI HEKOTOPbIX KAPOMIOB H KapOOHUTPHUAOB [13]

TuIBl COeAMHEHUI TiN NbN

VN AIN TiC NbC VC Mo,C

Temneparyps! pactBopenus, °C 1527 1272

1088 1250 1140 1137 720 980

Craynm ¢ kapOOHUTPHUIHBIM YIIPOYHEHUEM COXpaHs-
IOT CBOM CBOMCTBa B COCTOSHMM ITOCTaBKH MOCJIE HOp-
MaJi3anny Jlake MY JITUTENILHOM SKCIUTyaTaluy B cy0-
KPUTHYECKOH TeMmreparypHoi obmactu. OHH XOpOIIO
cBapuBaroTcs [3, 9] BciencTBHM TOTO, 4TO JTOOaBICHUE
KapOMmo- 1 HUTPUI00OPa3yIOIINX SIEMEHTOB HE YBEIHU-
YMBAET yCTOMYMBOCTH ayCTEHHTA M MOTOMY HE CIIOCOO-
cTByeT oOpazoBanuio B 3TB TBepabIx W manoruracTiy-
HBIX MPOAYKTOB HU3KOTEMIIEPATYPHOIO IPEBPAIIECHHS
(GeitHUTa M MApPTEHCHUTA).

Jlist  CTPOMTENBHBIX CTallell ¢ KapOOHHTPUIAHBIM
YIIPOYHEHUEM ONTHUMaJIbHbIe CBOWCTBA JOCTHTAIOTCS
IIPU CKOPOCTAX oxJaxaeHus B Metauie 3TB Ha ypoBHe
5...35°Cle.

[Tpun aHanmM3e TEPMOKMHETHYECKUX AUarpaMm pacra-
Jla ayCTeHHTa OBLIO MOKa3aHo [5], 4yTo 1Ist cTaneil TUIIOB
14I"2AD u 16I'2AD cymecTByeT onTUMaIbHas CKOPOCTh
oxnaxaerust (10...20 °C/c), npu KOTOpPOH JOCTUIaeTCs
MaKCUMaJIbHOE 3HAYCHHE YOapHO# Bsi3kocTH mpu +20 °C
u —40 °C. IIpu OTKIOHEHHH OT ATOTO 3HAYCHHUS yHapHas
BSI3KOCTh 3aMETHO MAJacT, 4TO CBS3aHO C IOJyYECHH-
€M HeOJaroNpHUsATHOTO THIIA MUKPOCTPYKTYp (pocT 3e-

PEH NPU MaJbIX CKOPOCTAX OXJIXKJICHUS M 00pa3oBaHHE
MHUKPOCTPYKTYp 3aKaJIKU IPU OOJBIINX).

OnHako peXMM CBapOYHOIO HarpeBa M OXJaxKie-
Hus B 3TB MoxeT cymecTBeHHO OTIIMYaThCS OT pekuMa
HOPMaJIN3aIMH1, YTO MOXET IPUBECTH K 3aMETHOMY H3-
MEHEHHI0O MHUKPOCTPYKTYPBl M YXYALIEHHIO MEXaHU4Ye-
ckux cBoicTB Metayuia 3TB craneii ¢ kKapOOHUTPHUITHBIM
YIPOYHEHHUEM.

HEJb UCCIEJAOBAHUMS — mocTpouTh TEpMO-
KMHETUYECKUE JrarpaMMbl pacraja ayCTeHHTa CTallei
I5XCATIOA, 10I20b u 06I'BJ] ¢ kapOOHUTPHUIHBIM
YIPOYHEHUEM, OIPEICIUTh KPUTUYECKUE TOUYKH IIpe-
BpAIlleHUs], U3YYUTh OCOOCHHOCTH (HOPMHPOBAHHS MH-
KPOCTPYKTYPbI 3THX CTaJell MPH Pa3IHuYHbIX CKOPOCTSX
OXJIQKIACHUS M OLICHUTH €€ BIMSHHE HAa MEXaHWYECKHUE
CBOI{CTBA M CKIIOHHOCTb K XPYIIKOMY pa3pyLICHUIO.

N3J0KEHUE OCHOBHOI'O MATEPUAJIA

UccnenoBarnsa npoBommmn Ha cramax 15XCATHO/],
10I"2®b u 06I'B/, XuMHuYeCcKuii COCTaB U MEXaHUUYECKHE
CBOMCTBa KOTOPBIX MPHUBEICHEI B Ta0M. 2 1 3.

Ta@mua 2. XumMuveckuii cocTas HCCJIeIOBAHHBIX CTaJIeil B COCTOSHHU MOCTABKH

Mapka cram MaccoBast 1oJis 3JIEMEHTOB, %
C Si Mn Cr Ti Nb | Mo Cu \% Al N S P
15XCATION 0,145 | 1,12 | 0,76 | 0,56 | 0,03 - 0,31 — 0,041 | 0,015 | 0,029 | 0,026
10I2db 0,079 | 0,25 | 1,57 | 0,04 - 0,05 | 0,19 | <0,02 | 0,05 | 0,032 0.006 0,007 | 0,013
06I'B]T 0,066 | 0,19 | 1,23 | 0,22 - 0,03 { 0,13 | 0,22 - - ’ 0,009 | 0,010
Tabnuya 3. Mexann4ecKne CBOMCTBA MCCJAEIOBAHHBIX CTaJIEH B COCTOSIHMH TOCTABKH
o, c, 3, ] KCV, JIxx/cm?, ipu ¢, °C
Mapka cranu
MlIla % +20 —40 -60
15XCATION 411 564 33,1 64,5 8.4 2,6 1,4
1012056 576 660 25,1 62,3 344 346 345
06I'BIT 400 578 30,0 84,0 349 317 -
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Merannorpadudeckue HCCeI0BaH s ITPOBOMIIH C HC-
MOJIb30BAHUEM CBETOBOTO MHKpOckomna «Neophot-32»
TIPH Pa3NIUYHbIX yBenumueHsX. LludpoBoe m3obpaxenne
OBUTO TOTy4eHO TpH TomomH GoTokamepsl «Olympusy.
BbIsiBICHHE MUKPOCTPYKTYPBI OCYIIECTBISUIOCH ITyTEM
TpasneHus B HUTane (4%-M pacTBOpe a30THON KHCIOTHI
B criupre). [lopcuer cTpyKTypHBIX COCTABISIOIIMX MPO-
BOJIMJICSL METOZIOM IOJIeil Ha ONTHYECKOM MMKPOCKOIIE

«Polyvar-mety» nipu yBenmmaenuu 400 ¢ moOMOIIBI0 H3Me-
putenbHOU ceTku (10%10).

AHanm3 MUKpOCTPYKTYpbI MOKa3aJl, YTO B MCXOIHOM CO-
crosiini ctab 1SXCATIOIl umeer (heppuTO-TIepIUTHYIO
CTPYKTYpY TIpOKaTa pasinvHON aucnepcHocTd (puc. 1,a,0).
Mertaut 9Tol CTaM CONEPKUT OONBIIIOE KOIMYECTBO HEMeE-
TaJUIMYECKUX BKIIIOYCHUH, MPEUMYIIECTBEHHO CYIb(pUIOB
MapraHia, KOTOpbIe PacIoaralorcs B JeppuUTHBIX yHacTKax.

-

Puc. 1. MukpocTpykTypa HCCIeIOBaHHEIX cTajiei (a, 6, 0 — x200; o, 2, e — x500): a, 6 — crans 15XCATIO/; 6, 2 — 10I2Db;

0, e — 06T'BJT

Muxkpoctpykrypa ctanu 10I20b B cocTosHuM mo-
CTaBKH MMeeT (eppuTO-OCHHHUTHYIO CTPYKTYpY TEpMO-
YIPOYHEHHOTO MpoKaTa ¢ HEOOJBLIMM KOJIMYECTBOM
MenkoaucnepcHoro nepiauta. CTpykTypa COAEPIKUT
YYaCTK{ TOJIUTOHAIBLHOTO (eppuTa, OTITYIIEHHOTO Oei-
HUTA U MEJIKOIUCIIEPCHOTO TiepiuTa (cM. puc. 1,8,2). st

nccienoBaHoil cramu 10I2Db xapaxkrepHa TekcTypa
MIPOKAaTa U CTPOYECHYHAS! PA3HO3EPHHUCTOCTb.
Muxpoctpykrypa craau 06I'BJ] npencrasnser co-
6011 MeIKOUCIIEPCHYTO (PePPUTO-TICPIUTHYIO CTPYKTYPY
¢ pasMepoM 3epHa 5...15 Mkm (cMm. puc. 1,0,e). Boisais-
€Tcs HEKOTOpas Pa3sHO3EPHHUCTOCTb (PEPPUTHBIX 3EPEH.
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MenKomucTiepCHBIN epIUT HAOIIONAeTCS B BUIC OTICIb-
HBIX W30JIMPOBAHHBIX yYAaCTKOB MO IPAHHULIAM U Ha CTBIKE
(hepputHbIX 3epeH. Mainoe konmruectso yrepoza (0,06 %)
¥ HaOMoaeMble pa3iaudus B IIBETE HEPINUTa MO3BONIAIOT
TIPEATIOIOKHUTD, YTO OTACTBHBIC YIaCTKH (00Iee CBETIIbIC)
MpeACTaBILIIOT coboit yaactku MAK-«dazen (MapreHCcH-
TO-ayCTECHUTO-KapOHJHbIE KOMIUIEKCHI). B MUKpOCTpyKTY-
PE TOIHOCTBIO OTCYTCTBYET TEKCTYpa MPOKATKH.
XapakTep U3MEHEHUs CTPYKTYPBhI HCCIEAYEMbIX CTa-
neii B yaactkax 3TB m3yuanm Ha oOpa3nax-mMUTaTOpax,
KOTOpbIE HarpeBaln U OXJIAKAAJIU B COOTBETCTBHH C TEp-
MHYECKUMH IUKIaMU cBapKH Ha ycTanoBke Gleeble 3800.
Hcnonp3oBanne coBpemenHoro komriekca Gleeble 3800
Juist (PM3MYECKOTO MOJEIMPOBAaHMS MPOIECCOB CBAPKH,

TepMo0OpaboTKH, TopsUero aeOopMUPOBAHUS CTajeh
W CIUIABOB TIO3BOJIJIO 3HAYUTEIBHO YCKOPUTH MOCTpPOE-
HHE TEPMOKMHETHUYECKUX JMarpaMM pacliajia ayCTeHHTa
HCCIIeTyeMbIX CTajel ¢ KapOOHUTPHUIHBIM YIIPOUHEHHUEM.

LunuHapudeckre 00pa3Lbl-UMHTATOPBI AUAMETPOM
6,0 MM 1 [UIMHOIO 86 MM HarpeBalil B BEICOKOCKOPOCT-
HOM muiatomerpe 1o Temmeparypsl 1200 °C co ckopo-
cteio 150 °C/e. Tlocneayroriee OXIaKaeHUE TPOXOIUIIO
B COOTBETCTBUH C 3aJaHHBIMH TEPMHUECKHUMHU IHKJIAMH,
XapaKkTepHBIMU JUISi PEXHMOB JIyTOBOH CBapKH HHU3KO-
YIIEPOIUCTBIX CTallel co CKopocTaMH W, o B ManasoHe
1,5...60,0 °C/c.

TepMokuHETHYECKHE AMArPaMMBbl pacrazia ayCTeHH-
Ta MCCIENOBAHHBIX CTalled ¢ KapOOHHTPUIHBIM YIIPOY-
HEHHUEM IIPEe/ICTABICHBI HA PHC. 2.
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Puc. 2. TepmokuHeTHUECKHE qUArPaMMBbI paclaia ayCTeHUTa CTajeld ¢ KapOOHUTPUIHBIM yrpouneHueM: a — ctanb 15SXCATHO/;

60— 10I"2db; ¢ — 06I'B/1

[TpoBeneHHbIe MCCIEOBaHMS TIOKa3alH, YTO Ha 00-
pasuax-umuraropax 3TB cranu 15XCATHO/ npu Manbix
ckopocTsax oxiaxaenus 1o 10 °C/c npeBpamienue aycre-
HHTa MPOMCXOANT B eppUTHON M OEHHUTHON 0OmacTsx
(cm. puc. 2,a). C yBeTHUCHIEM CKOPOCTH OXJIAXKICHHS IO

30 °C/c B CTPYKTypE MOSIBISACTCSI MAPTCHCUTHAS COCTaB-
JSroNIas B konmdecTBe mopsaka 40 %. [IpubnusutensHO
TaKOE K€ KOJIMIECTBO 00pa3yeTcs IIaCTHHYATOTO OCHHY-
ta. OcraBmascs 4actb, npubmmsutensHo 20 %, cocTas-
JIIET WTONBYATHIH (PeppUT C HEOOIBIIUM KOJIUYCCTBOM
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JTIO3BTEKTOUIHOTO (peppuTa, KOTOPBIN pacrojiaracTcst Mo JaJibHEHIee yBeIMYeHUe OCHHUTHON M MapTCHCUTHON
TpaHMIaM IIEPBUYHBIX AyCTEHUTHBIX 3epeH (puc. 3,a,0). COCTABIIOIICH, O YEeM CBUJIETEIbCTBYET IOBBIIICHUE
IIpu cxopoctu oxnaxnenus 38 u 44 °C/c mpoucxomut — TBepAOCTH MeTasuia o 372..376 HV .

¥ o

o

e

P AR A

Puc. 3. Mukpoctpykrypa o6pasunoB-umuraropoB Meramia 3TB mpu pasmassix crkopoctsix oxnaxaenus (x500): a, 6 — 15XCATIO/;
6,2— 10I2DB; 0, e — 06I'B/1; @, 6,0 — W__=1,5°C/c; 6,2, e — 30 °C/c

6/5

TepmoxkuneTnyeckas quarpamma pacnana aycrenura (7, =670 °C, T = 630 °C mpu MajbIX CKOPOCTAX OXJIakK-
cranu 101206 npencraenena na puc. 2,0. Habmomaro-  menmsa n 7, = 550 °C, T = 510 °C myist CKOpOCTEH OXJIak-
miasicst it metayuia 3TB cramu 15XCATHOJ] xapakrep- — genus, npepbimatoniux 20 °C/c) B cramun 10I2DB or-
Hasi 00JIaCTh OTHOCHUTEIBHOW YCTOWYMBOCTH AyCTEHHTA CYTCTBYET. B TO ke Bpemsi IUisi CKOPOCTEH OXJIaKIeHHs,
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He npesbimatomux 20 °C/c, mpeBpailieHue ayCcTeHHUTa
TIPOUCXOAUT B (peppuTo-OeitHUTHON 00IacTH, HO C MEHb-
IIMMH 3HAYEHUAMH TBeprocTh (156...166 HV ) no cpas-
Hennto co craneio 15XCATIOJ (201...320 HV)). Oto
00BsICHACTCS HANMN4YKMeM 0ojiee «MSATKHX» CTPYKTYPHBIX
COCTABIAIOIIMAX W OOJIBIIEH 0JE€H IO3BTEKTOMIHOIO
theppura (cMm. puc. 3,8,2).

IToBsimenne cxkopoctu oxiaxaeHus ¢ 30 mo 55 °C/c
MPUBOAMUT K TIIOCTEIICHHOMY YMEHBUICHHIO, a II0TOM
W TIOJIHOMY WCYE3HOBECHHUIO (PEPPUTHOM COCTABISIONICH
B HICCIIEIOBaHHBIX 0Opa3uax. [IpeBpaiieHue npoucxonuT
Mo OCHHUTO-MAPTCHCUTHOM KHHETHKE. [Ipu 3TOM Temrie-
parypa Hadaa MapTeHCUTHOTO MTPEBPAIECHIS TPAKTHIEC-
CKH He u3Mensiercs u cocrasisieT 440 °C, Torma Kak TeM-
reparypa OKOHUaHUs IpeBpaleHus cHmkaercs ¢ 370 no
310°C. Ha 3ToM 0CHOBaHMH MOYXHO YTBEPKAATh O BHICO-
KOH CTOMKOCTH TepeoXIakACHHOTO ayCTeHUTa B MeTall-
ne 3TB cramm 101 2Db.

Ipu ckopoctu oxmnaxaenus: 30 °C/c (cMm. puc. 3,2)
CTpyKTypa 00pasuoB cocTouT nu3 83 % Oeiinura, 12 % map-
TEHCUTa, OCTaJbHOE cocTaBisieT Qepputr. [lpu makcu-
MaJIbHOM cKopocTh oxJyakaeHust 55 °C/c mpoucxoauT
JlasbHeIIee yBENNYEeHHE TOJIM MapTeHCUTHOW COCTaB-
sstroredt (35 %) u cHmkeHHe noiu OeriHuTa 10 65 %,

HO C MCHBIINMH 3HAYCHUSMH TBEPAOCTH, UM y CTaIH
15XCATIO.

TepMmoknHeTHYECKas JUarpaMMa pacrajia ayCTeHUTa
cranmu 06I'B/] npencrasnena Ha puc. 2,6. MccnenoBanus
MOKa3aJy, YTO MPU MAaNbIX CKOPOCTSX OXJaXIEHHS JI0
10 °C/c dopmupyeTcst OUYTH PaBHOOCHAs Pa3HO3EPEH-
Hast eppUTO-TICPIIUTHAS CTPYKTYpa C pa3Mepamu 3epeH
ot 8 10 10 6amio (mo 'OCTy 5639—82 Tabnuisr «Illka-
JIa TS OTIpEIeIICHUS BEIIMYUHBI 3¢pHa») (CM. puc. 3,0).

JanbHelilnee NOBBIIIEHHE CKOPOCTH OXJIAXKICHUS
cepire 10 °C/c mpUBOOUT K YBEIMYECHHUIO J0JIM OSHHHT-
HOW COCTaBJISIOUIEH B MCCIIENyeMbIX 00pa3lax MapTeH-
cuTHOM cocrapisiomed. IIpu ckopocTu oxyaxaeHUs
ceeinre 30 °C/c B umutpoBanHoM metaiuie 3TB dhopmu-
pyertcst MapTeHCUTHas (asa.

OpHako, B CBS3M C KpaliHe HU3KUM COJepKaHHEeM
yoepona B ctaim (0,066 % C), obpasyercs HE «THIIAY-
Has» MapTeHcuTHas (aza, a Tak HaseiBacMas MAK-
«paza» [9], mpencraBsroiias coO0i CIOKHBII MapTeH-
CHUTO-ayCTEHUTO-KapOUTHBIIT KOMILJIEKC.

[oBsitienune ckopoctu oxmaxaeHus ¢ 30 mo 60 °C/c
XOTSl U COXpaHseT OOIIuil XapakTep MHKPOCTPYKTYpBI
(cM. puc. 3,e), HO IPHBOAUT K BO3PACTAHUIO KOJMYECTBA
OCHHHUTHOM COCTaBISIONICH, pa3MepoB U MOpP(HOJIOTHU
BeieneHnit MAK-«dase» (puc. 4).

Puc. 4. Xapaxrep pacnpenenennss MAK-«dasbi» B umutupoBannom Metaiuie 3TB cranmu 0615/l B 3aBUCHMOCTH OT CKOPOCTH
oxnaxnenns (x1000) u ee mopdomnorus (x10000): a, 6 — W, ;= 10 °C/c; 6, 2— 60 °C/c
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3HaueHus TBepAOCTH oOpasmoB-umuTaropos 3TB
cranu 06I'BJ] (140...170 HV ) mpu Bcex CKOPOCTAX OX-
JIAXKJCHUS CYIIECTBEHHO HMXKE, YeM Y JIPYTUX UCCIENO-
BaHHBIX CTalieil ¢ kKapOOHUTpHUIHBIM yrpouneHueM (170
npotus 376 HV | y craimm 15XCATIO[ n 354 HV | y cra-
11 10I"2dB). D10 cBA3aHO ¢ XapaKTepoOM pacHpeaeIeHUs
1 KOJIMYECTBOM MapTEHCHTHOH cocTapistoniel, hopmu-
pytoweiicsa B ctanu 06I'B/1.

AHanu3upyst MOJTyYeHHbIE PE3yNbTaThl, BUAHO, YTO
CTaM C KapOOHUTPUIHBIM YIPOYHEHUEM XapaKTepu-
3yIOTCSl Pa3JIMuHBIM XapaKTepoM pacrajia ayCTeHUTa.
MHUKpOCTPYKTYpHOE COCTOSIHUE 3TUX CTalIeH MOXKET W3-
MEHSATBCA 0T heppuTo-OeitHUTHOTO 10 OeifHUTO-MapTeH-
cutaoro (MAK-«dazar).

[lonydennsle pe3yabraThl  MMOATBEPXKAAIOT  IIpe-
MMYIIECTBA KOMIUIEKCHOTO BIHSIHUS KapOOHHUTPHUIOB
BaHaausA 1 HUOOM (ctans 10I2DB) mo cpaBHEHHIO € HC-
MOJIb30BaHMEM TOJIKO KapOOHHUTPUAOB HHUOOMS (CTajb
06I'BL).

3ameTHOE BIMSHHE HA JMarpaMMmy pacraja aycre-
HUTa OKa3bIBaeT oOIlee ColepKaHHE yIIepoaa B CTa-
nu. CHHKEHHUE COAepKaHUS YIIepoAa XOTS U MPUBOIUT
K CHI)KEHHUIO YPOBHSI NPOYHOCTH HCCIIEOBAHHBIX CTa-
JIeH, OZJHAKO ylapHast BSI3KOCTb OCTAeTCs JIOCTAaTOYHO Ha
BBICOKOM yPOBHE J1a)Ke€ MPU HU3KHX TEMIIEPaTypax HCIbI-
TaHu# (cM. Tabm. 3).

Temneparyphl Hadana pacnaja aycteHura Ac, s
HCCIIEIOBAaHHBIX CTalleil ¢ KapOOHWTPUAHBIM YIPOUHE-
HueM cocTaBisaioT 982, 894 u 932 °C coOTBETCTBEHHO.
st Bcex craned TemmepaTypa Havaia oOpa3oBaHUS
(deppuTa ocraercss NMPHOIM3UTEIHFHO HA OIHOM ypPOBHE
(T, = 700...750 °C). Hebonpuioe KONMMIECTBO MEPIUTA
(mo 10 %) oGpazyercsa Tonpko B cramu 06I'b/] npu He-
OOJBIINX CKOPOCTAX OXJIaKICHUS. BeMHUTHAS COCTaBIIS-
foiast GOpMHUpYETCs B JTOBOJILHO ITUPOKOM TEMITEpaTyp-
Hom jquanasone (7 = 600...420 °C B cramm 15XCATIO/;
T =620...450°C B cramu  10I'2Db).

Bce Tpu cramu MMeErT XapakTEpHBIM BUJ ydacTKa
MapTEHCHTHOTO TNpeBpallleHus. Temmeparypsl Hada-
Ja W OKOHYAHMS MapTEHCHTHOIO IPEBpAICHHS B CTa-
mn 06I'BII cymectsenno Bemme (7, = 500..510 °C
u T _=380...400 °C), uem B cranmsax 06I'BJI (T, = 450 °C
u T = 300°C) wm cramn 15XCATION (T, = 400 °C
n T' = 300 °C), 9To, MO-BHAMMOMY, ¥ OOYCJIABIHBAET
B HEH ONTHUMAaJIbHOE COYETAHWE MPOYHOCTH M BA3KOCTH
paspyIieHusl.

Cranp 10I' 206 nMeer HaubombIIME YPOBHU TIpelie-
na Tekydectd u npodHocta (576 u 660 MIla coorset-
CTBCHHO) IIPH BBICOKOM YpPOBHE IIOKa3aTelel ymapHOMH
BS3KOCTH, YTO B IIOJIHOW Mepe 0OyCIOBIEHO JeiCTBH-
€M MEXaHHM3MOB JUCIEPCHOHHOIO U 3€pHOIPaHMYHOIO

ynpounenus. Cranp 10I'2Db mposiisieT Kiraccmueckoe
MOBE/ICHHE CTalli C KapOOHUTPUIHBIM YIMPOYHEHHEM.
KommniekcHoe Bo3zeicTBHE KapOOHHTPHIOB BaHAIWS
W HUOOMS TIPUBOINT, C OTHOW CTOPOHEI, K 00pa30BaHUIO
60BIIOr0 KOJTMYECTBA BTOPUYHBIX, BHITIABIINX U3 TBEP-
JIOTO PacTBOpPa, MEJIKOAUCIIEPCHBIX YaCTHIL, a C APYToi —
K TOPMO>KEHHIO POCTa ayCTEHUTHOTO 3€pHa.

Cranp 15XCATIOMl moxaspiBaeT OTKJIOHEHHE OT
KJIACCHYECKOTO TIOBEACHUS CTanel ¢ KapOOHUTPHUIHBIM
ynpouHeHueM. Huskue ynapHbele CBOWCTBA JaHHOMU CTa-
JM BO BCEM TEMIIEPAaTypHOM JWana3oHe OO0YyCIIOBICHBI
BBICOKOH momneit (mopsimka 40 %) MapTEeHCUTHOH COCTaB-
Jsoeil. Bo3MoKHO Takke NPUYMHON HU3KUX YIApHBIX
noka3zateneit cranu 15XCATHO/] sBnsieTcst MOBBILIEHHOE
coziep)KaHue B HeW allFOMUHHS, KOTOPBII IIPH B3aMO/ICH-
CTBHH C a30TOM H yIIEPOIOM 00pa3zyeT OCTPOYTOIbHEBIC
BbIIeNeHuUs. JlaHHBIe XPYIIKHE YaCTUIBI MOTYT IPOBOIIH-
poBaTh 00pa30BaHKE XOJOMAHBIX TPEIIUH.

B cranu 06I'B/] mpu HU3KOM CoOJEp>KaHUU yIiepoaa
(0,06 % C) u azora (0,006 % N) u ompenereHHOM KO-
nnyecTBe KapbupooOpasytomux Huodus (0,03 % Nb)
u monubaena (0,13 % Mo) dhopmupyrotcs kapouasr NbC
1 Mo,C nuiib Ha 3aKITHOYUTENLHON CTaMU MPEBpalie-
HUs aycternTa — B MAK-«daze».

Bricokne mpoyHOCTHBIE M yIapHBIE CBOMCTBA B 00-
pasnax cramu 06I'BJ] cBsi3anbl ¢ ocoOeHHOCTIMHU (op-
MHPOBaHHs, KOJIMYECTBOM M XapaKTePOM pacIipeaeIeH s
B Heit MAK-«da3b».

CHwKeHne conep)kaHus yIiieposa IMpy MTOHIKEHHOM
COZICpXKaHNK KapOUI000Pa3yOIIHMX IEMEHTOB MPUBOIUT
K TIOHIDKCHHIO TI0Ka3aTeNsl YIIEPOJHOrO SKBHBAJICHTA,
1 KaK CIICJICTBHE, YITy4IIaeT CBAPUBAEMOCTD CTaJIA U TTOBBI-
IIaeT COMPOTHBIICHHE 00Pa30BAHMIO XOJIOIHBIX TPEIIHH.

BbIBO/bI

1. TIpoBeneHHBINM aHAIN3 TEPMOKMHETHUYECKUX JUa-
rpamm pacnaja aycrenura ctanei 15XCATIO/I, 10I20b
u 06I'B]] ¢ kKapOOHUTPUAHBIM YIIPOYHEHHEM JTA]T BOSMOXK-
HOCTb OLICHUTB CTPYKTYPHOE COCTOSHHE METaJlIa IIPH pa3-
JIMYHBIX CKOPOCTSX OXJIQXKJCHHUS U OIPEAEIUTh KpUTHYE-
CKUE TOUKHU NPEBPAILEHHs C TOUKH 3PEHHs ONTUMU3ALUI
PEXMMOB CBapKH, KOTOpBIE oOecredar BBICOKOE COIpO-
THUBJICHHE CBAPHBIX COSIMHEHUH XPYNKOMY Pa3pyIICHHUIO.

2. Hcnonp30BaHHE B CTalAX C KapOOHUTPUIHBIM
YIOPOYHEHUEM TOHMKEHHOIO COAEpXKaHUs yriepoja
(06T'BI: 0,06 % C) HE MPUBOIUT K 3HAYNTEIHHOMY CHH-
JKCHUIO MEXaHMYECKHX CBOWCTB 3a c4eT (hopMupOBa-
HUS B HUX CJIOKHBIX CTPYKTYpHBIX KomruiekcoB MAK-
«(}azpr», oHAKO CHOCOOCTBYET YIYYIIEHUIO WX CBapH-
BAa€MOCTH W IOHIDKCHUIO CKJIOHHOCTH K 00pa30BaHHIO
XOJIOAHBIX TPEIIUH.
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