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HAYYHO-TEXHMYECKWUA PA3OEN t

CBAPKA TPEHUEM JXAPOITPOUHOU CTAJIH,
[TOJIYYEHHOU TEXHOJIOTMEM JINTHS TIOPOIIIKOB
1O/ IABJIEHUEM, CO CTAJIbIO 40X

HU. B. 34XOP, xana. texH. Hayk, akaneMuk HAH VYkpaunsl C. U. KYUYK-ALEHKO
(Uu-1 snexrpocBapku um. E. O. INarona HAH VYkpaunsr)

IIpencraBieHsl SKCIEpUMEHTAIBHBIE JaHHBIE T10 OLICHKE CTPYKTYpPHI kaporpouHoi ctanu AISI310, moryueHHOU TexHOIoruei
JUThS MOPOIIKOB TOJ AABJICHUEM, U Pe3yJIbTaThl HCCIEJOBAHUN 0COOEHHOCTEN (OPMHUPOBAHHS PA3HOPOJHBIX COSAMHEHHI
cram AISI310 ¢ koHCTpyKuMOHHOW cTanpto 40X mpH pasiUyYHBIX TepMOAS(POPMALMOHHBIX IMKIAaX CBAPKH TPEHHUEM,
MIPUMEHHTETFHO K M3TOTOBJIEHHIO OMMETANIMYECKHX BaJOB POTOpa TYpOOKOMIIpeccopa aBTOMOOWIBHBIX JBHTATENEil.

Kniouesvie crnoea.: ceapka mpeuuem, Oumemaniuyeckue
COeOuHeHUsl, Tumve NOPOUKO8 NOO 0ABleHUeM, C8apHvle coeou-
HEeHUsl, 8AJIbl POMOPO8 MYPOOKOMNPECCOPO8

OnHUM M3 HOBBIX METOAOB IOPOIIKOBOH MeTall-
JYPTUN SIBISIETCS JINThE MOPOIIKOB IO JABICHHUEM
[1-5], u3BecTHOE B AHIJIOS3BIYHON JIUTEpaType IMOL
o6mum HazBanuem PIM-texnonorust (Powder Injec-
tion Molding). B mociexane roasl TUThE TOPOIIKOB
MoJ AaBJICHWEM TIONIydYaeT Bce OOJbIlee pacmlpocT-
paHeHHe B CUIIy psAa MPEUMYIIECTB Mepel Tpalu-
LHUOHHBIMH METOAAMHU METAIII000paboTKH, B TIEPBYIO
oduepens MPH MPOU3BOJACTBE JETANCl CO CIOKHBIMH
reoMeTpuYecKiuMu opMaMu U OOIBIIMMU 00beMaMHU
npou3BoAcTBa. [10 maHHBIM [3] IIIOTHOCTH KOHEYHBIX
m3aenuit npu PIM-TexHosioruu cocrapisier ot 96 g0
100 % TeopeTHYecKoro 3HaYCHUS, a UMEIOLTUECS TT0-
Pl M HEMETAUIMYECKHE BKIIFOUEHHS HMEIOT MaJlble
pasMepsl, cepuueckyro (GopMy M pachpeaeieHbl
pPaBHOMEPHO TIO OOBEMY.

ITepcnieKTUBHBIM PBIHKOM MOTPEOICHUS H31eNInH,
nosy4eHHbIX PIM-TexHosoruei, spisercs aBTOMO-
OWIbHOE IBHUTraTelecTpOoeHUE. AKTYaJbHBIM C TeX-
HOJIOTMYECKONM M HKOHOMMYECKOM TOYEK 3PECHUS SIB-
nseTcs uenons3oBanue PIM-texHonorun s m3ro-
TOBJICHHSI JIETaJeldl CIOKHOW (OPMBI, KAaKUMHU SIBIISI-
I0TCsl KoJieca OMMETaJNIMYeCKUX BajJlOB pOTOpa Typ-
6okommnpeccopa (TKP) aBToMOOHITBHBIX IBUTATEIEH.
1o cpaBHEHMIO C HCTIONB3YEMBIM B HACTOSIIEE BPEMS
JIUTBEM MO BBIIIABIsIEMbIM Moaensm PIM-texnomno-
rusi obecrieunBaeT 0oJiee BBHICOKYIO MPOU3BOIUTEh-
HOCTb, MUHUMAJIbHBIE JOILYCTUMBbIEC OTKJIOHEHHUS Pa3-

MEPOB U BBICOKOE KayeCTBO MOBEPXHOCTH KOJEC IS
BajioB poropo TKP.

TexHOMOTHYECKUI IIUKJI N3TOTOBJIECHUST OnMeTall-
nuyeckux BanoB TKP mpemycmarpuBaer cBapky Tpe-
uueMm (CT) xoseca, U3rOTOBIEHHOTO W3 >KapOMpOU-
HOT'O CIJIaBa, C XBOCTOBUKOM U3 KOHCTPYKLIMOHHOM
cramu. CT ycmenrHo HpUMEHSIOT JUISI COeIMHEHHS
MaTepHaJIOB, MOJYYCHHBIX METOJAMU JHUThs, TEPMO-
MeXaHH4YecKoH AedopManry U MOPOIIKOBOH MeTaj-
nyprud [6—8], 0JJHAKO B TEXHUYECKOW IUTEepaType
HE YAaJoch OOHApYKUTh WH(OpMAIMA O MpUMeE-
Henun CT, misa uznenuit, nonydeHHbIX PIM-texHo-
norued. IlpencraBisier HaydHbId U IPAKTUUYECKUI
HHTEpPEC U3Yy4YECHHE BIMSHMS CTpyKTypbl PIM-mare-
pUaATOB HAa BO3MOXKHOCTh UX COCIUHEHHUS C KOHC-
TPYKIIMOHHOHN CTaNbI0 MPUMEHUTEIHFHO K MU3TOTOBJIE-
HAIO OMMeTaumueckux BajgoB potopoB TKP.

Llens paboThl cocTOsIa B HM3y4eHHH (OPMHUPO-
BaHUSl PA3HOPOJHBIX COEIMHEHHUH KapolNpOYHOU
cranu AISI310, momy4eHHBIX C HCIIOJIB30BAaHUEM
PIM-TexHOMOTHH, C KOHCTPYKIIMOHHON cTaimbio 40X
[IpH pa3IMYHBIX TepMoaePopMannoHHbIX rukiaax CT
MPUMEHHUTENIFHO K U3TOTOBJICHUIO OMMETAITHUECKUX
BanoB potopoB TKP.

OOuruii Buj xkonec s Bana TKP, H3roToBIeHHBIX
PIM-texnomoruet u3 cramu AISI310 (ucxomHoe
ceipbe «Catamold» [3] ¢upmer BASF), npencrasnexn
Ha puc. 1. XuMuueckuil coctaB CBapUBaeMbIX Ma-
TEpUAIOB M TMOKa3aTeld MEXaHMYECKUX CBOWCTB
MIPEJICTaBJICHBl B TaOIHIIE.

HepxaBeromass crtanb ayCTEHHTHOrO Kjacca

AISI310 (oredecTBeHHBII aHAjIOT — CTalb
XuMHYeCKHI cOCTAB H MeXaHMYeCKHe CBOHCTBA CBAPHBAaeMbIX MaTepHAJIOB
Mapxka Xumuueckuit cocras, Mac. % MexaHn4yeckue cBOICTBa
craim C Cr Nb Si Mn Fe Ni o, MIla | 6, MIla | §,% v, %
AISI310 <0,2 24..26 <0,2 1,5...2,0 | 1,0...1,4 | OcHoBa 18..21 > 205 >515 > 40 >50
40X 0,36...0,4| 0,8...1,1 — <035 | 05...0,8 » <03 >720 >860 <14 <60
© 1. B. 3sxop, C. 1. Kyuyk-fnenko, 2012
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, HAYYHO-TEXHWYECKMWA PA3OEN

Puc. 1. Koneca s Banos poropa TKP u3 cranmu AISI310, momy-
4YeHHbIE ¢ HCToib3oBaHueM PIM-texHonornu (@), cBapHOH Bax
potopa TKP (6)

20X25H20C2 (3U1283)) coueraeT y10BIETBOPUTEIb-
HYIO JKapONPOYHOCTh M BBICOKYIO CTOHKOCThH MPOTUB
OKHCJICHUS TIPH BBICOKUX TemrepaTypax. s moiy-
geHUs OuMeTammIeckux BaoB potopa TKP Beimos-
v CT xomec m3 cramm AISI310 ¢ xBocToBUKaMu
u3 cramu 40X mpH pasNMYHBIX PEKUMax KOHBEH-
nMoHHOW n kKomOmHmpoBanHou CT [7, 8].
OkcnepumenTsl 1o CT mMpoBOIUIIM HA YCTaHOBKE
CT120, MomepHU3UPOBAHHON ISl pPEATU3ANUA Pa3-
JUYHBIX TEPMOJCPOPMALIMOHHBIX LHKIIOB, KOTOpHIC
COOTBETCTBYIOT KOHBEHIIMOHHOW, HMHEPIIMOHHOW W
komOunupoBanHoit CT [9]. CTpyKTypy cBapuBaeMbIX
MaTepHajioB M OMMETAIMYECKHX COCTUHECHUH H3Y-
Yalli ¢ WCIOJH30BAHUEM ONTHYECKOW MHUKPOCKOITUHU
(«Neophot-32», ['epmanusi) U pacTpoBOi AIIEKTPOH-
HO# Mukpockoru (POM) (JSM-35CA, «Jeol», Ano-
Hus). [IpoBommim  MUKPOPEHTTE€HOCTIEKTPaIbHBIN
ananu3 (EDS-ananuzarop «INCA-450» upmbr «Ox-
ford Instruments», BenmuxoOpuranusi ¢ nuameTpom
30H/Ia OKOJIO 1 MKM) U M3MepeHHE MUKPOTBEPIOCTH
MeTaJjula 30Hbl COeAMHEHMs Npu Harpyske 1...5 H
(MukpotBepaomep M400, «LECO», CIIA).

G spiem

Crekrp C y Fe Ni
1 0,14 9.1: 5276 | 24,19 | 2,44
2 011 i s 018 | 21,69 | 2,43
3 0,158 | 0,88 | 21,40 | 1,42 | 53,87 | 22,57 | 0.00
4 0,42 | 53,91 | 8,49 1,61 | 297 | 146 1,14
5 040 | 1,02 [ 2465)] 094 | 51,73 | 21,18 | 0,08
i 012 10,72 | 2437 | 1,12 | 52,62 | 20,15 | 0.90
7 0,16 1 028 | 24,49 | 0.29 | 53,16 | 21,61 | 0.00
8 0,20 ) 0,50 | 18,35 ] 1,30 | 56,84 | 21.45 | 0.96

Puc. 3. MukpocTtpykrypa ocHOBHOro Metania cramu AISI310
(POM) u pe3ynbTaThl MHKPOPEHTTEHOCIIEKTPAJIBHOTO aHaIn3a
MeTaJlla UCCIEeAyEMBIX yJacTKoB (Mac. %)

[TapameTpsr pexxuma CT u3MeHSTH B Clemy-
IOIKX TpeAeNnax: JaBjIeHUE NpU HarpeBe P, =
= 50...150 MIla, naBrmeHHWE TPOKOBKH PHp
= 150...300 MIla, oxpyxHas CKOpOCTb V =
=0,5...2,5 m/c, Bpems narpesa ¢ = 5...30 ¢, Bpems
Topmokenus Bpamenus £ = 0,2...2,5 ¢, cKkopocTh
ocanku mpu Harpese v . = 0,1...1,0 m/c. [lnamerp
CBapHUBaE€MBIX O0pAa3IOB COCTABISLT 15 MM.

MuUKpOCTpYKTYpbl OCHOBHOTO MeTailjla CTalld
AISI310 m cocraB CTPYKTYpHBIX COCTaBIISOIINX
npeacrasieHbl Ha puc. 2 u 3. Kpucramimueckas
crpykrypa cramu AISI310 paBHOOCHas, ¢ pazmepom
3epHa okomo 60 mxwm. Ilpm omrTudgeckoit Mukpoc-
KONHMU pa3inyaloTcsi TEMHBIE W CBETJIBIC 3€pHa
(puc. 2, a), a Taxke OTIENbHBIE MTOPHI Pa3MEPOM 10
15 MKM 1O TpaHHIAM 3€peH U MPOM3BOJIBHO PacIo-
JIOXKCHHBIC YaCTHUIbI HEMCTAIIMYCCKUX BKJIIOUCHHH
SiO, pasmepom 2...10 mrm (puc. 3, crektp 4).

[y

P

Puc. 2. Muxpoctpykryps! cranu AISI310, onTrdeckass MEKPOCKOIIHS
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Cravis AIST310

Craas AISI30

Puc. 4. Makpomnmd coennnenus cranei AISI310 u 40X, nomydenHoro Ha pexume 1 (), mTaHOpama Ce4eHHs] CBAPHOTO COSANHEHHS

(6) u cBapnoii Ban poropa TKP nocne ncnsitanuii Ha pa3pbiB (8)

CTpyKTypa TEMHBIX 3epeH (CM. puc. 3, CHEKTpHI
1, 8) mamenpHAsI, COCTOUT U3 YEPEAYIOMIUXCS CBETIIO-
W TEMHOTPABSIIUXCS IUIACTHH TOJIIMHOH MeHee
1 mxm. ConepxaHne XpoMa B 3€pHAX C JIAMEIBHOM
CTPYKTYpPOH HECKOJIBKO HIDKE 1O CPAaBHEHMIO C €ro
COJEp)KaHUEM B CBETJIBIX 3€pHaX. XUMHUUYECKHUIH COC-
TaB CBETJIBIX 3epeH (CHEeKTp 2) COOTBETCTBYET TpeOo-
BaHUsAM cranaapra AlSI, 3a uckiIroueHrEeM MOBHIIIEH-
HOTO COZIEpXKaHus HHoOWs. B Tene cBeTIbIX 3epeH pas-
JIMYUMBI JiictiepcHbie (1...2 MKM) YaCTHUIIBI OKPYTIION
(hopMBI (CIeKTpHI 5, 6) IO XUMHYECKOMY COCTaBy, HE
OTJIMYAIOIIMECS. OT TAKOBOTO JUISl Tella 3epHa, OJHAKO,
C MEHBIIMM cojaepkanreM Huobws. CyIecTBEHHOM
JIMKBAIIUH JIETUPYIOIMX DSJIEMEHTOB M TPUMECEeU I10
TpaHUIIaM 3epeH HE BBIIBJICHO (CIIEKTpHI 3, 7). Hammame
3epeH C JIAMEJIBHOW CTPYKTYpOH CBHIETEILCTBYET O
TOM, YTO TPOLECC CIIEKAHHs BBIOJIHSIIN TPH TEMIIE-
parype, 6muskoit k T ., - [10-12].

UccnenoBanust (GopMHUPOBaHHS Pa3HOPOIHBIX COe-
muaeHni craneir AISI310 u 40X mpoBoanmy mipu pas-
JIMYHBIX TePMOe(POPMAIIMOHHBIX ITUKIJIAX, COOTBETC-
TBYIOIMX KOHBEHIIMOHHOW M KoMOuHuposaHHou CT.

Pexum 1 («MsTKHID» peKUM) — KOHBEHIIMOHHAS
cBapka tpeauem (KCT) [7, 8] ¢ MUHUMaIHHBIMH 3HA-
deHusIME P, Pnp, !, 1 MaKkCHMAalbHbIMHU V, { W3 UC-
CJIeTyeMbIX AMANa3oHOB. PexxuM 2 («oKecTKuit» pe-
xum) — KCT ¢ makcumanbHbiMU 3HaueHusMu P,

P

iTHI MM

Puc. 5. Mukpoctpykrypa coexunennst craieii AISI310 u 40X
(pexmM 1)

—

P_ ¥ MUHUMAIIbHBIMH V, {_, { W3 UCCIIENYEMbIX JIU-
anazoHoB. Pexxmm 3 — paspaborannas B MOC
uMm. E. O. TlatoHa TexHOJOTrHsT KOMOMHUPOBaHHOU
CT c ynpasnsemoit nedopmanmeii. [lpn sToii Tex-
HOJIOTMH 3HAY€HUs v, P, yCTaHABIMBAIM MCXOMS U3
obecrieueH sl ONpeJIeIeHHON cKopocTH Aedopmanin
(ocanmkn) mpu HarpeBe, KOTOPYIO HM3MEHSUTM B IPO-
necce Harpesa B quanaszone v, = 0,1...1,0 M/c, Tpu-
JIO)KEHHNE JaBICHHUS TPOKOBKH PHp BBITIONHSTA Ha
CTaJUM pPETyIHpPYEeMOro MO 3aJaHHOW MporpaMme
TopMoskeHUs BpameHus [9]. [Ipu komOnHMpOBaHHOM
CT 3nauenus f , { yCTaHABIMBAIM UCXOJIsS W3 pe-
3yJILTATOB TPEJIBAPUTEILHBIX OMBITOB TaKHUM 00pa-
30M, 4TOOBI OOIasi ocajgka Uil BCEX HMCCIIEAYyEeMbIX
peXUMOB cocTaBisuia A = 6 MM.

Kak BunmHO u3 puc. 4, a, nedopmaiius 3aroToBOK
NpU CBapke Ha pekuMe | MperuMyIIecTBEHHO Mpo-
ucxoaut 3a cuer ctanu 40X. B 30He coeguHeHUs
HaOJrolaeTcsi HepaBHOMEpHAs 10 CEYCHHUIO 3aroTo-
BOK IepexoaHas 30Ha (cM. puc. 4, 6) MIMPUHOW OT

K, mac, %

15

1]
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o LI 18I :
200 300 400 500 1.

P 100

MEM

Puc. 6. Pacnpenenenue xpoma (a) u HUKeNs (6) MOMEPEK 30HBI
coenunennus craned AISI310 u 40X (pexum 1)
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Cran ALSIHOGEE
: W dl

200 angm] 16

Puc. 7. MHKpOCTpYKTYpbI IIepexoiHOii 30HHI (@) (oTneyatku ykonoB HV 3, MHa-lO-l) U MeTaJllla COEIMHEHUSI CO CTOPOHBI CTallU

AISI310 (6)

25 MKM B TmepuepuilHOM dYacTH CEYCHHUS [0
~500 MKM B LEHTpE.

[Tpu MEKPOPEHTTeHOCTIEKTPAIbHOM aHaH3e (HHK-
cUpyeTcs IepeMEHHbII COCTaB MEPEXOIHOM 30HBI 110
mmpuHe (cM. puc. 5 u 6). Hannumne paBHOMEpHO pac-
IPEJENeHHbIX HEMETAIMIECKUX BKItoYeHui Si0O, B
MEePeXOTHON 30HE CBUAETEILCTBYET O TOM, YTO TOC-
nemHsAs obpasyercs co croponsl cranu AISI310. Paz-
Mep yactuil SiO, B TEPEXOHON 30HE COCTABIAET
3...4 MKM, 94TO MOXET CBHJICTEIHCTBOBATH O YaCTH-
HOM HX pacTBOpeHHMH. MOHOTOHHOE yBEIHMYCHHUE KOH-
LIEHTPAIIMN XpOMa M HUKEJS IPU Tepexoie OT CTallu
40X x cramu AISI310 (puc. 6), oueBHIHO, CBA3aHO
¢ ITU(Py3UOHHBIM MEepeMelleHHEeM 3THX 3JICMEHTOB
B TIPOILIECCE CPABHUTEIHHO TUTENFHONW CTaJUW Har-
pesa tpenuem (¢, = 30 c). B mepexomHo#t 30HE CO
croponbl ctann 40X HAOIIOAAOTCS POCIOMKH MTPO-
MEXXYTOUYHOTO MEXIY CBAPHBAEMBIMH CTAJSIMU COC-
TaBa (cM. puc 5, 6), UMEroIINe MOBBIIICHHYIO TBEP-
nmocth (puc. 7). dopMHUpOBaHUE MPOCIOEK TaKOTO
coCTaBa MOXKET OBITh PE3yNbTaTOM IMepeMeIInBaHUs
MPUKOHTAaKTHBIX OOBEMOB METalula CBapHUBaEMBIX
cTajeil B >KUAKOM MM TBEPIOKHIKOM COCTOSHHU
Ha HadanbHBIX cTamusx CT. Hamnume Takmx mpoc-
JIOEK yXYJIIAeT IUIACTUYHOCTh U CHHYKAeT KOppo-
3WOHHYIO CTOMKOCTH coefmHenwit [13, 14].

B 30He TepmonedopMaOHHOrO BIUSHHS CO CTO-
ponbl cranmu AISI310 naGmomarorcst aedopMUpOBaH-
HBIE BBHITSHYTBIE B paJfajbHOM HAIpPaBICHWH 3€pHA
(puc. 7), ocTaTouHasi MOPUCTOCTH OCHOBHOTO METallIa
B OTOH 30HE coxpaHsiercs. B HemocpencTBeHHOH Onu-
30cTH K mepexonHoi 3oHe crtanb AISI310 mmeer Bo-
JIOKHUCTYIO CTPYKTYPY € Pa3MepoM CTPYKTYPHBIX COC-
tapsomux A0 10 Mxm. Cerperauuii HeMeTayui4ec-
KKX BKJIFOUeHHH SiO, 1 1op B 3TOH 30HE HE BBISBJIEHO.

J171s1 BBISIBIICHHS CTPYKTYPBI [IEPEXOIHOM 30HBI TIPO-
BOJWIA OTKUI CBAapHOTO COEIUHEHHS M TMOBTOPHOE
TpaBieHHe. B pesynbrare BBIABIEHO CIOHCTOE CTpPO-
CHUE TEPEXOJHOW 30HBI M IMPOMEKYTOUHBIA MEXKIY
CBapWBAa€MbIMH CTaISIMH CcOCTaB clioeB (puc. 8,
CHEKTpH 3...8).

IIpu ucnbITaHUSAX CBAPHBIX COETUHEHUM HA pa3pbiB
pa3pylleHHEe MPOUCXOJAMUT MO 30HE COEAMHEHHS (CM.
puc. 6, 6). XuMUUeCKH COCTaB MeTajlla ¢ 00EHUX CTO-
POH H37I0Ma NPUOIHU3UTENBHO COOTBETCTBYET CTallH
AISI310. ®pakrorpaduueckre uccaeJOBaHUs H3TOMOB
BBIIBIJIM HAJW4ME B NPEAENax CEUYEHHS IBYX BHUIIOB
paspylieHus — BSA3KOTO U KBasuxpynkoro (puc. 9).
Habmromaercst moBbIIeHHOE CoAEpKaHe HUOOHS 10
BCEl MOBEPXHOCTH H3JI0Ma, OCOOCHHO B KOJBLIEBOM
yYacTKe XPYyIMKOro m3ioma (puc. 9, crektp 2).

Pesynpratel ¢pakrorpaduueckux HMcCIeI0BaHUIH
MIOKa3bIBAIOT, YTO Pa3pyIIEHUE COCAUHEHMS IIPOHCXO-
T MEXIY TepexomHoil 30Hoi u crambio AISI310 u

2M) paicm .

Cunexmp Si Cr Mn Fe Ni Nb
| 1,77 21,93 0,00 51,76 | 22,20 | 2,33
2 0,85 16,51 0,00 57089 | 2555 | 0,00
3 0,82 12,77 1,52 7204 | 11,05 1,70
i {0, (e} 10,65 0,100 B0.G7 | 4,34 1, (M)
5 0,62 11,38 1,33 73.68 13,00 0, [
G 0, [H) 10,05 1,35 74,22 12,86 1,32
7 0,49 | 10,83 | 1,45 | 71,76 ] 15,47 | 0,00
5 0,67 8,52 0,97 81,25 8,49 0,00
9 (), (M) 0,78 1,18 98,04 0,00 0,00

10 {0, (K} 1,00 0,99 498,01 0,00 0,00

Puc. 8. Mukpoctpykrypa coemmaenust craieir AISI310 u 40X
IOCNIe OTXKHWIa, MOJNydeHHOTO Ha peXuMe 1, W pe3yibTaThl
MHKPOPEHTI€HOCTIEKTPAIbHOTO aHAIN3a METallla MCCIIELyeMBbIX
y4JacTkoB (Mac. %)
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00 Myt
Cnextp S0 Cr Mn Fe Ni Nh
| 291 | 2220 | 042 | 51,57 | 1674 | 616
2 1,64 25,11 0,00 40,17 | 16,88 16,20
3 .16 25,03 2,66 44,15 | 20,24 4,73

Puc. 9. IoBepxHOCTh M37I0Ma coemuHEHHs (pexuMm 1) crameit
AISI310 1 40X co cropons! ctanu 40X (a), yqacTok Bs3koro (6)

W KBa3UXPYINKOTO M3JIOMOB (6) W Ppe3yJbTaThl

(mac. %)

JIOKAJIM3YCTCA 110 CErperallMOHHBIM CKOIUICHUAM H30BI-

MHKpOpe-
HTI'CHOCIIEKTPAJILHOTO aHAJIM3a METAJLIa UCCIIEyEeMbIX y4aCTKOB

TOYHBIX (a3 C TIOBBIIICHHBIM COJCPYKAHHEM HHOOWS.

Takum o0pa3zoM, HajdH4YHe B OCHOBHOM MeTallie
cramun AISI310, monyderno#t mo PIM-texHoMOTHH,
HE3HAYUTEIbHONW MOPUCTOCTU U TUCIIEPCHBIX BKIIIO-
yenuit Si0O,, HMMEIOIEro BBICOKYIO TEMIEPaTypy

( ;ﬁmmmn S 9
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Cragh 40X

Puc. 10. Makpouumd (a) 1 MUKpOCTpYKTypa (6) COeIMHEHHS
craneir AISI310 u 40X (pexum 2)

masnenus (7= 1713 °C), He okasbiBaeT cyuiec-
TBEHHOTO BIHSHHUA Ha (popMHpOBaHWE CBAapHBIX CO-
enuHeHnd. B TO ke BpeMs HalMuue B OCHOBHOM
MeTallIle Cerperamnuii HHoOWs, oOpa3yromero ¢ xe-
ne3om 3BTekTHKY (T, = 1355 °C) u cnocobeTByro-
[IETO BO3HUKHOBEHHIO SIBIICHUSI «KOHTAKTHOTO TIJIaB-
neHus» [15], oka3blBaeT OTpULATENILHOE BIUSIHHUE HA
COCTaB U MEXaHUYECKHUE CBOICTBA COEAMHEHHUN NpU
KCT Ha «Msrkom» pexume.

CTpyKTypa COeIMHEHHS, TOIYYEHHOTO HA (OKECT-
kom» pesxknme KCT (pexxum 2, mocie oTxkura), Tpes-
craBnieHa Ha puc. 10. B 30He coenunenus HaOmonaeTcs
MIPAaKTHYECKH PAaBHOMEPHAsI 10 CEYCHHUIO 3aTrOTOBOK ITe-
pexoanas 3oHa mupuHOi 40...60 MKM, cocTosmas u3
YEPEAYIOLIMUXCS CJIOEB C Pa3IMYHON TPAaBUMOCTBIO. Xa-
paKkTep HM3MEHEHHUs] KOHLEHTPALMHM XpOoMa W HHUKEJS
(puc. 11) npu nepexoze ot cranu 40X k cramu AISI310
HE MOXeT OBITh 00YCIIOBIEH MU(PQYy3HOHHBIM TIepe-
MEIIEHHEM 3TUX DJIEMEHTOB, a SIBISIETCS CIIEACTBUEM
TIepEMEIINBaHNsl CBapUBACMBIX CTaJIeH.

AHanu3 MUKPOCTPYKTYPBI CBAapHBIX CTBIKOB, I1O-
JyqenHpix npu ¢, = 0,5...1,5 ¢ (HavanbHas craaus
nponecca CT), MO3BONMI yCTaHOBUTb, YTO CIOUCTAsS
CTPYKTypa 30HBI COeIMHEHUsI 00pa3yeTcss Ha paHHUX
sramax mporiecca CT m oOycioBieHa xapakTepoMm
KOHTaKTHOTO B3aMMOJICHCTBHUSI CBAPHBAEMBIX MTOBEP-
XHOCTeH IpH 3aJaHHOM yPOBHE TEXHOJIOTHYECKUX T1a-
pametpoB. [Ipy HU3KOH OKPYKHOW CKOPOCTH W BBI-
COKOM JIaBJICHUH HarpeBa MpeodaialoliuM MEXaHn3-
MOM KOHTAaKTHOTO B3aUMOJACHCTBHS Ha Ha4daJbHBIX
cragusix CT siBisiercst mporiecc TITyOWHHOTO BBIPBI-
BaHUs M IEpPeMEIINBaHMUsI PUKOHTAKTHBIX 00BEMOB
CBapUBAacMbIX MaTepHaJOB B IUIACTH(GHUIUPOBAHHOM
WM TBEPAOKUAIKOM COCTOSHHUH Ha TIyOMHY /0 HEc-
KOJNBKHX COT€H MHKpomeTpoB [16, 17].




, HAYYHO-TEXHWYECKMWA PA3OEN

Cnesrp Si Cr Mn Fo Ni Nl

1 047 0,62 0,00 95,60 | 0,00 0,31
2 0,83 5,49 1.35 73,78 | 18,54 | 0,00
3 0,84 4,28 1,01 90,03 | 3,84 ), (M)
4 1.78 3,01 0,39 63,81 | 27.04 1.97
b 0,23 8,10 1,86 71,49 | 18,32 | 0,040
6 0,59 8,45 1,03 67,30 | 22,14 1,49
7 (.61 6,40 13,00 87,76 | 5,23 0,00
8 156 13,55 1,46 63,58 | 19.53 | 0,32
9 1.33 11,46 0,00 54,60 | 2537 | 7.24

Puc. 11. Muxpoctpykrypa coenunenns craneit AISI310 u 40X
(pexxum 2), POM u pe3ynbTaThl MUKPOPEHTTEHOCIEKTPATILHOTO
aHanM3a MeTajla UCClIeyeMbIX yI9acTKoB (Mac. %)

Takum 00pa3oM, OCHOBHOH OCOOEHHOCTBIO COe-
JTMHEHWH, TOJyYeHHBIX Ha <okecTKoM» pexknme KCT,
SBJISIETCS] HATMYME B IIEPEXOIHON 30HE Yepe Ty IOLHX-
¢S TIPOCITIOEK TIOCTOSTHHOTO cocraBa (puc. 11), B ToM
9ucI€ COOTBETCTBYIOIIUX CTAlId MAapTEHCHUTHOIO
(puc. 11, cnexTpsl 3, 7) U ayCTEHHUTHOI'O KIJIACCOB
(puc. 11, cektpsr 2, 46, 8). [Ipunsaro cuutarts [7,
8], uro CT sBnsieTcst TBepIOQa3HbIM MPOIIECCOM CO-
eauHeHus MarepuasioB. OnHAKO Halu4due CIOMCTON
CTPYKTYPBI, COCTOSILEH M3 YepemyIOLIUXCs «CIia-
BOB» Pa3JIMYHOI0 COCTABA, I03BOJISIET CAEIATh BBIBOJ
0 CYILECTBEHHOH POJIM MPOLIECCOB JIOKATIBHOT'O IJIaB-
JieHWs1 B 30HE KOHTAKTHOI'O B3aWMOJACUCTBHSA, IO
KpaifHeil Mepe, Ha HadaJbHBIX cTaausax mnporecca CT
NpU TIOJNYYEHUH Pa3HOPOIHBIX COENWHEHHUH.

B coenuHeHuu, molydyeHHOM Ha PEeXHME 2, OT-
CYTCTBYIOT IIPOCJIOWKU C MOBBIIICHHBIM COACPIKaHH-
€M HHOOuS, HECMOTPSI HA NPUCYTCTBHUE JIOKAJIBHBIX
CKOIJICHUH 3TOr0 3JIeMEHTa B HEMOCPEICTBEHHON
0JIN30CTH OT 30HBI coequHenus (puc. 11, cektp 9).
OCHOBHOE OTJIMYHE «KECTKOTO» U «MSTKOT0» PEXH-
MoB KCT coOCTOMT B CKOPOCTH OCaaKu B IPOIECCE
HarpeBa TpeaueM (v_ = 0,9 mm/c mis pexnma 2,

v = 0,15 mm/c I[JSI);HPC)KHMa 1). OueBuano, Oia-

rgclilzipﬁ BBICOKOW CKOPOCTH OCAJKH U MaJlOd IJu-
TEJILHOCTH CTaJIMU Harpesa (f, = 6 C) Ha «KECTKOM»
pexume KCT mpenorspamaercs (opMHpOBaHHE
MIPOCJIOEK C TOBBILIEHHBIM COJAEp)KaHUEM HHOOHS.
B coennHenny, BHIMOJIHEHHOM Ha pexuMe 3 (KOoM-
ounnpoBanHas CT c¢ ympaBnsiemoi nedopmarmeii),

HE BBISIBJICHO IPOCIIOCK C MOBBIIICHHOM TBEPAOCTLIO,

_‘3;-"_‘\
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Puc. 12. Maxpouut¢ (@) 1 MUKPOCTPYKTYDHI (0, 8) COeAMHEHHS
craneir AISI310 u 40X, pexum 3 (oTmeuaTku ykonoB HV 3,
MIa-10")

ol

HabJronaeTcs NMPakTUYEeCKH PaBHOMEPHAs IO ceve-
HUIO TiepexofHas 30Ha mupuHod g0 40 MKM
(puc. 12) ¢ pasmepom 3epHa 5...6 mxMm. CocTaB Me-
TaJlla TIEPEXOAHON 30HBI MO BCEH ee IUpPUHE COOT-
BETCTBYET CTaJM ayCTeHWTHOTO kiacca (puc. 13,
CHeKTpsl 2, 3, 5-7), Onaromaps yemy HE CHIDKaeTcs
KOPpPO3HWOHHAs CTOMKOCTh COEJMHEHUM M HCKIII0Ya-
€TCs OMACHOCTb BO3HHWKHOBEHHS TPELIHH.
Oo6pamaet Ha ce0s1 BHUMaHUE OTCYTCTBHUE JIOKAJIb-
HBIX cerperauuii (a3 ¢ MOBBILEHHBIM COACP)KAaHHEM
HUOOHSA W pe3Koe M3MEHEHHE KOHIIEHTpAIMHA XpoMa
n HuKens npu nepexoxae ot cramm 40X k AISI310,
YTO CBUAETENBCTBYET O MHHUMH3ALUHU IEPEMEIIH-
BaHUs CBapUBAaEMbIX CTaJeH B TBEPAOXKUAKOM COC-
TOSHUM W HE3HAUYUTEIbHOM pPa3BUTHUH AUD(Y3HOH-
HBIX IIPOLIECCOB B 30HE coequHeHus. Henocpencraen-
HO K IEepexXOJHOH 30HE IMPUMBIKAET 30Ha TepMOMe-
XaHUYECKOTO BIIMSHUS, UMEIOLIas MEITKO3EpHHUCTYIO
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[T

Cnexrp Si Cr Mn Fe Ni Mh
I 1,71 | 26,15 | 1,25 | 47,44 | 21,09 | 2,37
2 0.56 | 23,31 1,47 | 53.88 | 2039 | 0,40
3 1,22 | 2367 | 0,00 | 54,03 | 2062 [ 1,46
4 0,535 1,26 1,61 96,58 | 000 | 0,00
J 0,67 | 23,40 | 047 | 56,23 [ 18,88 | 0,36
ti 0,22 | 19,37 | 245 | 6092 [ 17.04 | 0,00
i 0,53 | 18,20 | 0,00 | 58,59 [ 2268 | 0,00

Puc. 13. Mukpoctpykrypa coeaunenus craneii AISI310 u 40X
(pexum 3), POM 1 pe3ynabTaThl MHKPOPEHTI€HOCHEKTPAILHOTO
aHanM3a MeTala UcCllelyeMbIX y4acTKoB (Mac. %)

JMUHAMHYECKH PEKPHUCTAILIU30BAHHYIO CTPYKTYpy. B
STOH 30HE HE OOHAPYKUBAIOTCS IMOPHI U HEMeETall-
nndeckue BKModeHus SiO,, 4TO OTYETIIMBO BHUJIHO
MIPH aHAIN3€ MUKPOCTPYKTYPBI COSTMHEHHMSI KaK TOC-
nie cBapku (puc. 13), Tak u nocne omkura (puc. 14).
HcyesnoBenue B 30He coequuenus yactun SiO, mMo-
JKET OBITh CBSI3aHO C YaCTUYHBIM HMX PACTBOPEHUEM
Y YCTaHOBJICHHBIM paHee SBJICHHEM Pa3pyIIeHUs OK-
CHUJIOB MOTOKOM JABIDKYIIMXCS Auciokanuit [18-21],
B TOM YHCJIE, IPH TePMOAC(HOPMAIIMOHHBIX YCIOBUAX
WHEPLIMOHHOW M KoMOuHupoBanHoH CT.

Ilpy MexaHWYEeCKMX HCIBITAHUSIX COEIUHEHUMN
paspylieHrne MPOUCXOANUT IO OCHOBHOMY METaJLTy
cramn AISI310 (puc. 15). 3adurcupoBanbl mokasa-
Tenu mpefena npousoctu 6, = 580...630 MIla. W3-
MEPEHHUsT MUKPOTBEPIOCTH TIOKa3aJIi, YTO METaJLT 30~

Puc. 14. Muxpoctpykrypa coenunenns craneit AISI310 u 40X
rociie oTKHra (pexxuM 3)

HbI COETUHEHUS C MEJIKO3EPHUCTON TUHAMHYECKH PEK-
PHUCTAIIM30BAHHOM CTPYKTYPOU OTJIMYAETCA MOBBIIIEH-
HBIMHU TIOKa3aTelIsIMU MPOYHOCTH (cM. puc. 12), ode-
BHJIHO, Oaromapsi 3HauuTeNbHOMY (€ 60 1m0 5...6 MKM)
YMEHBIIIEHHIO Pa3MEPOB CTPYKTYPHBIX COCTABIISFOIIHX.

CpaBHUTENBHBIN aHAMHU3 CTPYKTYPHI U XUMHUYEC-
KOI'0 cocTaBa 30HBI coeauHenui cramu AISI310, mo-
ny4yeHHbIX 1o PIM-texnonoruu, co cransio 40X npu
pasnuuHbIX TepMoaedopmannonHbIX ukiax CT mos-
BOJISIET TIPEIIIONOXKHUTh CIEAYIONUNA MeXaHu3M (op-
MHpPOBaHUS nepexoaHoi 30ub!I mpu CT uccnemyemoro
COUYETaHUsl MaTepHUalioB.

Ha navanbnoi#t craguu nporecca CT BciencTeue
0oJiee HU3KOTO 3HAYEHHUS TEIUIONPOBOJAHOCTH aycCTe-
HUTHOM CTaly TOBEPXHOCTb MAaKCHUMAIBHBIX CJIIBH-
roBeIX Aedopmannii («ITOCKOCTh TPEHHS») CMela-
ercsi B CTOpoHy aycteHuTHoil cramu AISI310. SB-
JICHWE «CMEIICHNSI TTOBEPXHOCTH TPEHHSD H3BECTHO
JUTSL Pa3IMYHBIX COYETAHUN Pa3HOPOJHBIX MaTepHa-
70B [22—24]. B TII0CKOCTH TPEHUS JOCTUTAOTCS MaK-
CUMaIIbHBIE 3HAUYCHUS TeMIIepaTypsl HarpeBa. Mexmy
IUTOCKOCTBIO TpeHust u ctaibio 40X obpasyercs me-
pexomHas 30HA, SBIAIOMIASCS O CYTH CIIAaBOM Ha
ocHoBe ctanu AISI310, «HamnaBIeHHBIM» Ha CTaJlb
40X. Ha nHagaibHON cTaguu Tpoliecca HarpeBa He

Puc. 15. Csapuo#t Ban TKP mnocne ucmbpiTaHuii Ha paspbiB (@), TOBEPXHOCTh M3T0Ma B OCHOBHOM Metaiie cramu AISI310 (6),

nosryueHHas no PIM-rexnonoruu
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, HAYYHO-TEXHWYECKMWA PASOEN

HaOJIr01aeTCsl OCaIKU 3ar0TOBOK, CJIEAOBATENbHO, HE
MIPOMCXOJUT BBITECHEHHE TEPEXOIHOTO CIIOS 3a Tpe-
JIENbl CEYCHHS.

IIpn yBenuueHUM MPOJOTKUTENBHOCTH CTaJIuU
HarpeBa MIMPUHA TEPEXOTHOW 30HBI B Tepubepuii-
HBIX YacTAX CEYEHHUS OCTAETCS MPAKTHYECKU HEU3-
MEHHOH, a B LEHTPAJIbHOM YacTU CEYEHMs YBEJIUYU-
BaeTCs 3a CYET JaJbHEWIIEro MEepeMEIleHus IIoc-
KocTu TpeHusi B cropoHy cramu AISI310. O6 stom
CBHUJIETEIbCTBYIOT MeTaIorpaduecKie UcciaenoBa-
HUSI COCIMHEHUH, MTOJIyYEHHBIX [IPU Pa3iIM4HOH Mpo-
JOJDKMTENBHOCTH CTaJWW Harpesa. B pesyibrare
(dhopma mepexonHON 30HBI B LIEHTPAJIbHOHN yacTu ce-
YEHHsI CTAaHOBUTCS BBIMYKJIOW B CTOPOHY CTallu
AISI310.

[Ipu cBapke Ha «msTkom» pexknme KCT B mroc-
KOCTH TpEHUs, TI€ TeMIlepaTypa HarpeBa U TaHT€H-
nuanpHele  AeopMaluil MaKCHMAallbHBI, CKOPOCTb
I dy3un Nerupyromux 1 OPUMECHBIX 3JIEMEHTOB
MOKET OBITH COM3MepUMa C TaKOBOU JUIsl pacIUIaBOB.
B pesynbrate B 3TOH 30HE 00pa3yrOTCS CKOIUICHUS
JIETKOTIIaBKUX (a3, B YACTHOCTH, IBTEKTUYECKUX (a3
JKeleza ¢ HHoOmeM, M30bITOYHOE COJIepKaHUE KOTO-
poro 3aMKCHPOBaHO B OCHOBHOM MeETajUle CTalH
AISI310.

IIpu nepexone k KBa3UCTALMOHAPHON CTAAMH HAT-
peBa, CONPOBOXKIAIOIIEHCSI OCaIKOW 3arOTOBOK, 00-
pa30BaBIIAsACs CIOHCTasl CTPYKTypa MEPEXOTHOU 30-
HBl coxpansercda. [Ipomecc ocaaku 3aroToBOK Tpe-
MMYIIECTBEHHO MMPOUCXOINT 3a cueT ctanu 40X, mpu
3TOM METAJUT MEPEXOJHON 30HBI YACTHYHO BBITECHS-
eTCsl 3a TIPEeeNbl CeYeHUsI B BHJIE TOHKOTO CIIOSI, Ha-
HECEHHOr0 Ha MOBEPXHOCTh ycuieHus cramu 40X.
[TockonbKy IJIOCKOCTh MaKCHUMAaJbHBIX CIBHUTOBBIX
nedopManmii pacrosiaraeTcs B ayCTCHUTHOM CTalH,
TO OJHOBPEMEHHO IIPOMCXOJUT BOCCTaHOBJIEHHE
«HAIUTaBIEHHOTO»  CJIOS HACTyIaeT COCTOSHHE
paBHOBeCUS] MEXIy HpoueccaMu (GOpMHUpPOBAaHUS U
BBITECHEHUS] METajla TIePEXOJHON 30HBI.

Hupuna u dopMa nepexoHON 30HBI OMpeaes-
eTcs pasiIuyheM TeIUIOPU3NUSCKIX XapaKTePHUCTHUK
CcBapHMBaeMbIX cTajeil u mapamerpamu pexkuma CT.
«Markuity pexxuMm 1 oTngaercs HU3KOM CKOPOCTHIO
ocajaku npu Harpese v . (okomo 0,15 mwm/c), mpu
3TOM LIMPHHA NIEPEXOAHON 30HBI HAMOOJBIIAS, a yC-
JIOBHSL JJISl TUKBALMU TIPHUMECHBIX 3JIEMEHTOB U 00-
pasoBaHMs B IUIOCKOCTH TPEHUS JETKOIUIaBKHUX (a3
— wnaunbonee OnarompusTHbE. B pesynsrare mpuio-
YKCHUSI ITOBBIIIEHHOTO YCHIIHS IPOKOBKH, KOTOPYIO BBI-
MONHSIOT HAa HEBpAILAIOIINeCs] 3arOTOBKH, HaOroma-
€TCsl YMEHBIICHUE TOJIIMHBI NIEPEXOJTHOM 30HBI, Yac-
TUYHOE BBITECHEHUE U3 CTBIKA MPOCIOEK IIEPEMEHHOTO
XMMHYECKOTO COCTaBa M CKOTUIEHHH JIETKOIIIIaBKHX (a3.
OcraBiuasics MX 4acTb ONPENENSET MEXaHWUYECKUE U
IKCIUTyaTalliOHHBIE  (KOPPO3HOHHBIE, YCTAJIOCTHEIC)
CBOICTBA CBapHOI'O COEAWHEHUSL.

IIpn yMeHBLIEHUM OKPYXKHOW CKOPOCTH Bpalle-
HUSl U YBEJIMYEHHM JABJICHUS IPU HarpeBe ((OKecT-
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kuity pexxum 2 KCT) B mportecc cIBUToBOM (TaH-
TCHIMANILHOM W paguaibHOi) nedopMani BOBIEKa-
foTcst OoJiee TUIyOOKHE CIIOM METalla CBapHBaeMBIX
3aroTOBOK, 3HAYUTEIHHO YBEIUYHMBAETCS CKOPOCTh
ocanku npu Harpese v . (10 0,9 Mm/c) u ymeHb-
maeTcss BpeMsi CBapKd. B pe3ynbTare Takoro «kec-
TKOro» Tepmonaedopmanronroro 1ukma CT B coemu-
HeHun (popmupyercs y3kas (mo 60 MKM) mepexomHas
30Ha B BHJE YEPEAYIOLUIMXCS MPOCIOEK NEPEMEHHOIO
XUMHYECKOTO COCTaBa, B TOM YHCJI€, COOTBETCTBYIOIINX
CTaJlM MapTEHCHTHOTO Kjacca. JTH IMPOCIOMKH, oOpa-
3YIOIIMECs Ha HavallbHBIX cTanusx mpornecca CT, mon-
HOCTBIO HE BBITECHSIOTCS M3 30HBI KOHTAaKTa Ha IIOC-
JIEAYIONMX ATalax HarpeBa M COXPaHSIOTCA B CBAPHOM
COCIIHEHUH TIOCIIC BBIMIOJHEHUSI TIPOKOBKH.

[Tockompky mpoxoBka nipu KCT ocymiectBisercs
rocIie MPeKpaIieHns BpalleHnus 3ar0TOBOK, BO3ZeC-
TBHE Ha METaJUl MIePEXOJHON 30HBI XapaKTepU3yeTcs
HaJTUYHEM PaIHaIbHOW COCTABIIIONMIECH e opMaItim.
Ocazka NMpenMyIIecTBEHHO MPOUCXOIUT 3a CUET Jie-
(hopmaru MeTayuIa B 30HE TEPMHUYECKOTO BIMSHHS
cramu 40X, mpu 3TOM HaOmIOJaeTcsl JHIIb YMEHb-
[IIEHWEe TOJIIMHBI MIPOCIOEK C MEepeMEHHBIM U TIOC-
TOSTHHBIM XUMHUYECKHM COCTaBOM.

CoenvHeHys, MONTy4YEeHHbIE NPH KOMOMHUPOBaH-
Hoii CT c¢ ympaBmsiemoit medhopmarmein (pexxum 3),
CBOOOJHBI OT YKa3aHHBIX HECOBEPILEHCTB CTPYKTY-
pbl. OTCYTCTBHE B MEPEXOTHON 30HE YePEAYIOMIHXCS
NPOCIIOEK, COOTBETCTBYIOIIMX CTAIH MapTEHCHUTHOTO
M ayCTEHHWTHOTO KJIACCOB, OOYCIIOBIEHO OCOOEH-
HOCTBIO HavanbHOW craguu npouecca CT ¢ ympas-
nsseMoit meopmarueit. TeXHOTOTHYECKUE TTapaMeT-
PHI (IaBJIeHUE, OKPYKHASI CKOPOCTH) HA 3TOW CTaIUN
3aJaBaJId UCXOJAA M3 YCIOBUS MHUHMMM3ALMUK MpPO-
[IECCOB TIYOMHHOTO BBIPHIBAHUS W TIEPEMEITUBAHU
NPUKOHTAKTHBIX 00BHEMOB CBAPHBAEMBIX MaTEpHAJIOB.

OTCcyTCTBHE B COCIMHEHHMH JIOKAIBHBIX Cerpera-
LU JIETKOIUIaBKUX (a3 00yCIOBICHO MUHUMHU3AeH
JUTUTETPHOCTH KBa3WCTAIlMOHAPHON CTaJy HArpeBa,
YTO AOCTUTAETCA 32 CUET 00eCTIeUeHUs 3aJaHHOM CKO-
poctu nedopmanuu (0caaku) 3aroToBOK v, . TIPH OI-
pEeleNeHHOM COYETaHWW 3HAYSHWH NaBJICHHUS M OK-
PY’KHOI CKOPOCTH.

KitoueByto pons B (OpPMHUPOBAHHH COEIWHEHHS
urpaeT cranus npokoBku. [IporpammupoBanue -
TENLHOCTH CTaJIMM TOPMOXKEHWS BpAIICHHUS H IPH-
JIO)KEHUE TOBBILIEHHOTO JIABJIEHUs IPOKOBKU P p Ha
9TOW CTaauM TO3BOJIAIOT 3HAYUTEIHHO YBEITHMYNUTH
CKOpPOCTb OCAJKH 3aroTOBOK W HHTEHCHBHOCTH [Ie-
(opMaIy NPUKOHTAKTHBIX OOBEMOB CBapUBAEMBIX
craeid. 3adUKCHPOBaAaHHOE PE3KOe M3MEHEHHE KOH-
LEHTPaLuU XpoMa 1 HUKEJsI B 30HE COSANHEHHS MIPH
pexuMe 3 CBHAETENBCTBYET O MHHHMH3ALWU TIPO-
[IECCOB TIEPEMEIINBAaHUs CBAPUBAEMBIX CTaJIeH U JIO-
KaJIbHOTO IIIaBJIEHUS B 30He KoHTakTa. O cymiect-
BEHHOM YBEIIMYEHWH HHTEHCHUBHOCTH TepMonaedop-
MaIlMOHHOTO BO3JEHCTBHUS Ha METaJUl 30HBI COEIHU-
HeHus Tpu kKomOuHMpoBaHHOW CT CBHACTEIHCTBYET
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TAKKe OTCYTCTBUE B 3TOW 30He yactuil Si0O,, npu-
CYTCTBYIOIIUX B ocHOBHOM MeTaiuie cramu AISI310
Y TIEPEXOTHON 30HE CTHIKOB, TOJIYYEHHBIX HA «MSIT-
kom» pexume KCT.

Taxum 06pa3zom, 0COOEHHOCTH CTPYKTYPHI U COC-
TaBa MeTaiia coeanHeHui craned AISI310 u 40X,
BeimonHeHHBIX KCT u kombunuposannoit CT, 00yc-
JIOBIIEHBI XapakTepOM W HWHTEHCUBHOCTHIO aedop-
MallMi B 30HE KOHTAaKTa Ha HaydalbHOM, KBa3HCTa-
IMOHAPHON W 3aKIIOUYMUTENIbHOW CTaJMsIX Mpoliecca
npu 3tux pazHoBUAHOCTAX CT. OcoOEHHOCTBIO Je-
(hopMaIIOHHOTO BO3JEHCTBHS B 30HE KOHTAaKTa Ha
3aKIIIOYUTENFHON CTaguu (POPMHUPOBaHUSI COEIHMHE-
uuit pu KCT saBnsieTcss Hanu4ue paguanbHOW coc-
TaBJAIONIeH, OO0YCIOBICHHON MPHUIIOKEHUEM TOBBI-
IIEHHOTO JAaBJICHHUS POKOBKHU K HEBPAIIAIOIITUMCSI 3a-
roroBkam. [IpokoBka B 3TOM ciry4ae oOecrieduBaeT
HEe3HAYMTEIbHOE YMEHbIICHNE IIUPHUHBI ePeX0aHOMN
30HBI W TONIIUHBI XPYNKHX TPOCIOEK, 00pa3o-
BaBIIMXCSA Ha HayaJlbHBIX cragusax mporecca CT.

IIpn xombunnpoBannoii CT ¢ ympasnsiemoit Je-
(dopMmarueit o0ecrieunBalOTCS yCIOBUS JIJIi MUHH-
MH3aIHAX MPOIECCOB JOKAIBHOTO MJIABICHUS U TIepe-
MEIINBaHUs 00bEMOB METAJIA B TBEPAOKUAKOM COC-
TOssHUMH. BospelicTBue Ha MeTal B 30HE COEIU-
HEHUS Ha 3aKIIouuTeNbHOM craauu mporecca CT
XapakTepu3yercs HaJU4YMeM pajualbHOM M TaHTeH-
[MATHHON COCTaBIISIONIUX B YCIOBHSX YBEIHYUBA-
IOLErocsl B Mpoliecce TOPMOXKEHHS BpallleHHus Ipa-
nueHTa temreparyp. brmaromaps nmoxanuzanmm Jie-
¢dopmManru ¥ 3HAYUTEIHLHOMY YBEIHYCHUIO €€ WH-
TEHCHUBHOCTH Ha 3aKJIFOYUTENIbHON CTaauu CBapKH
obOecrieunBaeTcs NUCIIEPTUPOBAHWE W pa3pylIeHHE
OKCHIHBIX (pa3, BBITECHEHHE 3a Mpelelibl CBapHBa-
€MOTO CEeYeHHsl MPOMEKYTOYHBIX IMpOocioeKk. B co-
eMHEeHHH (QOpMHUpPYETCS TepexonHas 30Ha C Mell-
KO3EPHUCTOH THHAMMYECKH PEKPUCTAILUIN30BAHHOU
CTPYKTYpOH U pE3KUM MepenasoM KOHLIEHTPALUH Jie-
THUPYIOIINX 3JIEMEHTOB.

Ha ocHOBe moydeHHBIX MaHHBIX pa3padoTaHa
texHonorust CT konec M3 KaponpovyHOrO HHUKEIEBOTO
cmiasa Inconel 713C, usrorosieHHbIX 110 PIM-TexHo-
JIorMH, ¢ XBocToBHKaMu 3 craau 40X. B HacTosiee
BpeMs TIPOBOASATCSI CTEHNIOBBIE HCITBITAHUS OIBITHOM
napTuu cBapHbIX BasioB potopoB TKP.

BriBoabI

1. XapakTepHbIMU 0OCOOEHHOCTSIMH KapOIPOYHOH CTaH
AISI310, momy4eHHOM TEXHOJIOTUEN JUThs IMOPOIIKOB
ol JaBiieHueM (ucxoaHoe chiphe «Catamoldy), siBis-
IOTCSI PaBHOOCHAs! KPHCTAINYECKAsT CTPYKTypa C pas-
MEPOM 3epHa 0KoJIo 60 MKM, HaJIYKME ayCTEHUTHBIX 3€-
PEH C OOHOPOIHOM H JIAMENBHOM CTPYKTYpPO,
HE3HAUMTENbHAs OCTaTOYHAs IOPUCTOCTD, HATMYHE PaB-
HOMEPHO PacCTIPE/IENICHHBIX HEMETAJUTMIECKUX BKIIOUe-
HUN JTMOKCHIA KpemHusi pazmepoM 2...10 MKkM u cer-
peraumii (a3 ¢ TOBBIIICHHBIM COACP)KAaHHEM HUOOHS.
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2. Ha «msarkom» pexume KCT craneit AISI310
u 40X B 30He coenuHEeHHs 00pa3yeTcsl HepaBHOMED-
Has 10 CEYEHHUIO MEepeXxojiHas 30Ha HIUPUHOU OT 25
10 500 MKM, UMeEIOIasi CIIOUCTYIO CTPYKTYPY H IIpeli-
CTaBJAIoONas CcoOOH «CIUTaB» Ha OCHOBE CTalld
AISI310, nanaBnensusiit Ha ctans 40X. B nepexon-
HOM 30HE co cTopoHb! cTanu 40X oGHapyKHWBAIOTCS
MPOCIONKHU MOCTOSIHHOTO COCTaBa, B TOM YHUCIE, CO-
OTBETCTBYIOIIUE CTAIM MAapTEHCUTHOTrO Kiacca. Paz-
pYILIeHHe COEAMHEHWH TPH WCIBITAHUSIX Ha Pa3pbiB
MPOUCXOUT MEXKAY MEPEXOJHON 30HOM M CTajblo
AISI310 u mokanu3yercst IO CErperaluoOHHbIM CKOII-
JeHUsIM W30BITOYHBIX (ha3 C TOBBIIIEHHBIM COJEP-
JKaHHEM HHUOOHSI.

3. B coeauHeHUsIX, MOMYYEHHBIX Ha <GKECTKOM»
pexume KCT, He BBISBICHO CeTperanuii JerKoriaB-
kux a3, OAHAKO HaOIIOMAIOTCA YeperyroIInecs
MPOCTIOWKH TOCTOSHHOTO COCTaBa, COOTBETCTBYIO-
[Ife CTajlsiM MapTeHCHUTHOTO W ayCTEHHTHOTO KiIac-
COB. DTH NPOCIOWKH 00pa3yroTCs Ha HaYallbHBIX CTa-
musx mporecca CT, mOTHOCTRIO HE BBITECHSIOTCS U3
30HBI KOHTAaKTa Ha MOCIEAYIOLIUX STamax Harpena
W TPH TPOKOBKE, OCYIIECTBISIEMON TIOCTE IpeKpa-
LICHUSI BpalleHUs 3arOTOBOK.

4. Hanuune B coenunenusx, nmoinydeHHbIXx KCT,
CIIONCTOM CTPYKTYPHI, COCTOSIIEH M3 YepeTyIOIIIXC S
«CIIJIABOBY» PA3IMYHOTO COCTaBa, CBUACTEILCTBYET O
TOM, YTO B 30HE KOHTAaKTHOTO B3aMMOJCHCTBHUS Ha
HavyanbHbIX cTagusx npouecca CT mpoucxonut me-
peMeInMBaHue CBAPUBAEMBIX CTaled Kak B IUIACTH-
(bUIMPOBaHHOM, TaK M B TBEPJOKHUIKOM COCTOSHUH.

5. Pa3pabotana TexHOJOTHS KOMOMHHPOBAHHOM
CT c ympasnsiemoit aedopmarnueii, mpu KOTOpO 3Ha-
YEHUSI TEXHOJIOTMUECKUX MapaMeTPOB 3aJal0TCs HUC-
XO0JIs1 M3 O0ECIIeYeHHUs] OIPENIEIICHHOW CKOPOCTH Jie-
(dopmaruu (ocaiku) Ha CTaJMM HArpeBa, a MPUIIO-
JKEHUE NTaBJICHUS MPOKOBKY BEBITIONHSACTCS HA CTaIHH
PEryIupyeMoro Mo yCTaHOBJICHHON mporpamme Top-
MOXKCHHSI BpPAICHUSI.

6. CoenuHeHwYsI, TTOJyYeHHbIE KOMOMHHPOBAHHOM
CT c ynpasisiemoii nedopmalrveil, UMEIOT MEIKO-
3epHUCTYIO JTMHAMHYECKH PEKPHCTAILTN30BAHHYIO
CTPYKTYPY C MPAKTUICCKU PABHOMEPHOH 110 CEUCHUIO
nepexoaHor 30HoM mupuHod A0 40 mMxMm. CocraB
MeTajlia MepexoAHON 30HBI IO BCEH ee MIMPUHE CO-
OTBETCTBYET CTAJIM ayCTCHUTHOTO Kjlacca, He COJep-
JKUT TOP, Cerperauui JErupyoumx 3JIEMEHTOB, He-
MeTaJNIMYecKuX BKJtoueHuil. Ha rpanuie nepexo-
HOW 30HBI co ctanbio 40X HabIromaeTcst pe3Kuii me-
penaj KOHIIEHTPAINH JETUPYIOIIHUX dJIEMEHTOB, U OT-
CYTCTBYIOT NPOCJIONKHN C TIOBBIMIEHHON TBEPAOCTHIO.

7. N3penus U3 MaTepUalioB, NIOJyYEHHBIX TEXHO-
JIOTHEH JTUTHS TIOPOIIIKOB TIOJT TABJICHUEM, TIPUTOTHEI
JUTSL U3TOTOBJICHHSI KAYECTBEHHBIX OMMETaNTMYeCKIX
coeMHEeHNH ¢ ucnois3oBanreM CT mpu ycinoBuu co-
OTBETCTBYIOIIETO 3aJaHUSl 3HAUCHUU TEXHOJIOTHUYeC-
KUX TapamMeTpoB.
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