KouTpoJbHbIe 3a1aHus 0 MpakTHYeckoii padore 1. JlazepHasi cBapka CBePXHHU3KOYIJIEPOIMCTOM

MHUKPOJIETHPOBAHHOM X0JI0HOKATAHOM MOJIOCHI

Ha ocHoBaHUM pe3ynbTaTax W BRIBOAOB TI0 pa3jiesiaM paOdoThl B MOIYYEHHBIX Pe3yabTaTax
BBIOpATh JaHHBIE ((POoTOrpaduu MUKPOCTPYKTYPHI, TPAQUKH, TUATPAMMBbI, TAOJIUIIBI), KOTOPHIC
HILTIOCTPUPYIOT CIEAYIOIINE 3aKIIOUECHUA:
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OOpa3upl U1t MeTauiorpauyeckoro  aHanM3a OXBAaTBIBAIM 30HY CBAapHOrO  IIIBA,
okoJionIoBHY10 30HY (OIII3)u ocHOBHOI MeTal.

B cTpykType HcCiieI0OBaHHBIX CBApHBIX COCAMHEHUMN IOCIIE OCYILECTBIICHUS JIA3EPHOU CBAPKU
OTYETIMBO HICHTU(DUIHMPYIOTCA CICAYIOIUE XapaKTepHbIE KPUCTATMYECKHUE 30HBI: 30HA
KPUCTAJUIM3allUA CBAapHOrO IIBAa, 30HA IIeperpeBa, 30HAa NEPEKPUCTALIM3AIMHN, 30HA
pPEKpUCTAJUIM3alMM M 30Ha OCHOBHOTO  XOJIOAHOAE(POPMUPOBAHHOTO  METauia, He
MTOABEPraBILIErocsl TEPMUUECKOMY BO3JIEHCTBUIO TEIJIa CBAPOYHOM BaHHBI.

B 30He kpucTannuzanuu 1mBa HaOIIOAAETCA CTPYKTYpa, COCTOSIIAs U3 MacCUBHOTO (eppuTa B
BUJIE KPYIHBIX KBa3WUIIOJUTOHAJIBHBIX 3€peH MU OeiiHWTa, MpPECTaBIAIOMIEro co00i pelku
ToamuHoi ot 0,5 10 1 MKM H JJIUHON 10 25 MKM.

CtpykTypa, cocTosIas U3 MaCCUBHOTO (eppuTa, o0pazoBasierocs 0e3audpy3HoHHBIM TyTeM
110 HOPMAJILHOMY MEXaHU3My, U OeifHuTa, 00pa30BaBLIETOCS MO MPOMEKYTOUYHOMY MEXaHU3MY
chopMupoBanach B pe3ysbTare BTOPUYHOW KPUCTAIUTU3ALNN TEHAPUTHOW CTPYKTYPHI LIBA MIPU
OonpIIUX CKOPOCTAX oxjaxkaeHus npubmusutenbHo 1000 °C/c, xapakTepHBIX s Ja3epHOMN
CBapKH.

B OIII3 M0XHO BBIAENIHTH 30HY NEperpeBa ¢ KPymHBIMH (PEpPPUTHBIMU 3€pHAMHU, B KOTOPOM
MeTaJlJ1 HarpeBaJics 3HauuTenbHo Bele Ac3 (o 1450 °C).

3oma  mepekpuctammzanuu  OIII3  Bkimowaer  ceOst  30HY  HOpPMaIM3alUU  C
NEPEeKPUCTATITN30BABIIUMUCS MEIKUMH 3epHaMH (pepputa, B KOTOPOW METaul HarpeBajcs 110
TeMmrneparypbsl Heckosnbko Bbime Ac3  (mo 900-1000 °C), u 30HY YacTUYHOUI
MEepEeKPUCTATUIMN3AIMH, B KOTOPOM METaJll HarpeBajcs 10 TeMnepaTypsl B uHTepBaie Acl—Ac3,
COCTOSIIIIYIO U3 MEJIKUX MEPEeKPUCTANI30BaBIINXCS 3epeH (TaM, rie o0pa3oBalics ayCTEHHT) U
KPYIHBIX PEKPUCTAJUIM30BAHHBIX 3epeH Qepputa (Tam, rae He mpowusouuia (as3osas
MEPEKPUCTATUIN3ALMUS [IPH HATPEBE).

B 30He TepMuueckoro BIMSHHSA HAONIOJAETCs 30HA PEKPUCTAIUIM3ALMHN, B KOTOPOH MeTail
HarpeBajicsi 1o Temreparypsl Hibke Acl u HaOMromaeTcst CTPYKTypa, CBUAETENIBCTBYIOMIAS O
MPOTEKaHUHU Mpolecca 00pa30BaHUs 3apOAbIIIEH PeKPUCTATITU3ANH, UX POCTA U TIOCTETIEHHON
3aMEHbl BOJIOKHHCTOW CTPYKTYphl (1e)OpMUPOBAHHBIX 3E€pEH ) Ha HOBBIE MEJKHE
PEKPUCTAIUIM30BAHHBIE 3E€PHA.

30Ha OCHOBHOTO MeETajlyla UMEET BOJIOKHHUCTYIO ((HDHOPOBYIO) CTPYKTYpY, XapaKTEPHYIO IS
ne(pOpMUPOBAHHOTO XOJIOJHOKATaHOTO METaJlIa: BBITSIHYTHIE 3€pHA CO clelaMu Ae(opMaliui.
B wmukpocTtpykType cBapHbIX coeauHeHui monockl u3 cranu (006/IF Bo Bcex 30Hax, 3a
MCKJTIOYEHUEM 30HbI KPUCTAJTU3ALMY 11BA HAOJI01al0TCA KPYIHBIE YaCTHUI[bl T€OMETPUUECKH
paBUILHON (opMbl pazmepoM 110 10 MKM, KOTOpbIe UACHTUDUIUPYIOTCA KaK KOMIUICKCHBIC
HUTPUBI TUTAHA U HUOOUS, 00OTall[eHHbIE TUTAHOM WJIM HUTPUIBI TUTAHA.

B MukpoctpykType 30HbI mBa Kpuctaumzanuu cranu 006/IF koMriekcHble HUTPUbI TUTAHA
¥ HUOOUS, OOOTalleHHbIE TUTAHOM WM HUTPUABI TUTaHA YAaCTHUIBl OTCYTCTBYIOT, TIOCKOJIBKY
ObUTH PaCTBOPEHBI B JKHIKOM METAIIJIE CBAPOUYHOIN BaHHHBI.

B O3, mpuneratomeii k 30He kpucTauu3amnuu 1mBa ctanu 006/IF, nabmrogaeTcss y9acTok ¢
KPYIHBIMM HE PAacTBOPUBIIMMHUCS YACTULIAMU HUTPUAOB TUTaHA. KOMIUIEKCHBIE HUTPHIBL,
coliepkalie HHOOUM, HMEIT O0ojee HHU3KYI0 TEMIIepaTypy pacTBOPEHHS U IO3TOMY
pacTBOPSIOTCA IO BO3ICHCTBUEM TEIUIA CBAPOYHOM BaHHBI, U M3-32 BBICOKMX CKOPOCTEH
OXJIQKJECHUS, HE YCIIEBAIOT BBIJEIATHCSA U HE CIIEP/KUBAIOT POCT 3€pHA.
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. B yuactke OII3 cBapuoro coeamHeHusi monockl u3 cranu 006/IF, mpuneraromeil K 30He
KpUCTAJJIU3allMKU [1Ba, 00pa3yloTCsl aHOMaJIbHO KPYITHbIE 3epHa ¢eppuTa, OpUEHTUPOBAHHBIE B
HAMpaBlIEHUU TEIJIOOTBOMA, YTO MOXET OBITh OOBSCHEHO 3aMEUICHHEM BBIJICICHHUS
PAcCTBOPUBIIMXCS B 3TOM 30HE YACTHUII, U3-32 BHICOKUX CKOPOCTEH OXJIAKIEHUS, XapaKTEPHBIX
JUISL Ta3€pHOU CBapKH.

IIpoTsieHHOCTh 30HBI MEpPEKpUCTAUIM3AlMM  CcBapHOro coenumHeHus wu3 crauu  006/IF
coctraBisier npubausuTenbHo 0,06 MM, YTO OOBSICHSETCS MajbiM BpEMEHEM NpeObIBaHMS
MeTaJuta B 9TOM 30HE MpU TeMmIiepaType Bbilie Ac3 u3-3a OONBIIMX CKOPOCTEH TEIMJI00TBOJA B
OKOJIOHIIOBHYIO 30HY B MPOLIECCE JTa3€PHOUN CBapKHU.

KadecTtBo cBapHOro coequHEHUs OIIEHWUBAETCS MO MpoOe Ha BhIAABIMBaHUE (10 DPHUKCEHY):
CBAapHOU IIOB CUMTAETCS KAYECTBEHHBIM, €CIM pPa3pylICHUE MPOU3OILIO TMEPIEeHIUKYIIPHO
1IBY.

KauecTBO CBapHOrO COEIWHEHHS OIEHHBACTCS IO MPoOE HA BBHIIABIUBAHUE: CBAPHOU IIOB
CUMTAETCs] HE KaY€CTBEHHBIM, €CJIH pa3pylIeHue mpou3omwio no mey win B O3 napannensHo
LIBY.

MaxkcruManbHOE 3HAYEHHE TBEPIOCTH HAOJIOIAeTCsl Ha OCH CBApHOTO IIBA, YTO OOBSCHSAETCS
Hagu4YueM OCEHHUTHON CTPYKTyphl. Ha HEKOTOpOM paccTOSHMM OT OCH CBAapHOTO IIIBa
Ha0JII0/1aeTCsl CHUKEHHE TBEPIOCTH, MUHHUMAJIbHOE 3HAUEHHE KOTOPOH COOTBETCTBYET 30HE
neperpesa. [lo Mepe mpoaBHKEHUS K OCHOBHOMY METaJUly B 30HaX MNEPEKPUCTAILTU3AIMU U
pPEKpUCTAUIM3alMd  TBEPJIOCTh BO3PACTAET, JOCTUTasi 3HAYEHUS TBEPIOCTH OCHOBHOTO
XO0JIOAHOKATaHOTO METaJlIa.

KaudecTBeHHO CcTpoeHHe 30H OJAMHAKOBO JUIsl BCEX MCCIEJOBAaHHBIX Mapok crtanu. OpHako
MPOTSHKEHHOCTh 30H M PAacHpelielIeHUe MHKPOTBEPIOCTH pa3JIMYarOTCS B 3aBUCUMOCTH OT
COpTaMEHTa CTaJH.

[loBbIIIEHME MUKPOTBEPAOCTH B 30HE KPUCTAIUIM3ALUU IIBA CBAPHOIO COEIMHEHMS CTalIU
006/TF mpumepno Ha 500 HV mo cpaBHeHUI0 ¢ MHKpOTBepaocThi0 ctamu (0810, mockombKy
KOMIUIEKCHBIE HHUTPUJBI (KapOOHUTPHUIOB) THTaHA M HUOOHWS W HUTPUABI (KapOOHUTPHIBI)
TUTaHA TPU CBAPKE PACTBOPAIOTCS B METAUIE CBAPOYHOW BaHHBI M NPHU TMOCIEAYIOIIEM
OXJIOKJCHUH TUTaH U HHOOHMI OCTArOTCSI B TBEPJIOM PacTBOPE METalia 30HBI KPUCTAJUIA3AINH
1Ba, 0OecreynBasl TBEPI0PACTBOPHOE YIIPOUHEHHE.

Pacnipenenenne MUKpOTBEPIOCTH CBUETEIBCTBYET, YTO Pa3ylpPOYHEHHUE B JIA3EPHBIX CBAPHBIX
COeAMHEHMSX B HeserupoBaHHbIX cTtaisax 10me, O8mc m O8O cocraBaser no 38 %, a B
ceepxHuskoyrinepoauctor ctamu006/IF, MUKpoIerupoBaHHOW TUTAHOM M HUOOHWEM - BCETO JI0
15 %.

[Tocne pexkpuCTANIN3aMOHHOIO OTKMIa B CBAPHOM COEAMHEHUM 30HA PEKPUCTAILINA3ALUN
OOBEMHSIETC C OCHOBHBIM  PEKPHCTAJUIM30BAHHBIM  METAJUIOM,  BCJICACTBHUE  YETO
MPOTSHKEHHOCTh 00JIaCTH Pa3yNMpPOYHEHHS] YMEHBIACTCS Ha BEIWYHHY MPOTSKEHHOCTH 30HBI
PEKpUCTAIUIN3ALUU, YTO MOJOKUTEIBHO CKA3bIBAETCS HA KAUECTBE COCTUHEHMUS.

[Tocne na3zepHOM CBapKM MAKCHUMAJIbHBIE 3HAUYECHUS CKUMAIOIIMX OCTATOYHBIX HAIPSKEHUN
COOTBETCTBYIOT OCHM IBa. Ha rpaHuie 30HbI KpUCTAUIM3alMK IIBa W 30HBI IIEpErpeBa,
HaIlpsDKEHUs MEHSIOTCS Ha pPACTATHMBAIOLIME, 3aTEM CHOBA B 30HE IE€perpeBa MEHSIOTCA Ha
CKMMAIOIME, KOTOPBIE YMEHBIIAIOTCS HAa MPOTSHKEHUU 30HBI MEPEKPUCTAIUIM3ALUU U
MIPOJIOJKAOT YMEHBIATHCS 10 3HAYEHUS OCTATOYHBIX HANPSKEHUH OCHOBHOTO METALIA.
[Tocne pexpucramnuzanroHHoro orxura B OL3 mpoucxoauT HEKOTOPLI pocT 3epeH (epputa
B 30HAaX MEPEKPUCTAIUIU3ALNA U PEKPUCTAIIU3ALNH, & TaAKXKE PEKPUCTATUIM3ALUSI OCHOBHOTO
MeTaJljla, B PE3yNbTaTe 4Yero 30Ha PEKPUCTALIM3AIUN OOBEAMHSIETCS C 30HOW OCHOBHOTO
MeTasia.



23. Tlociie peKpUCTAUITM3AMOHHOTO OTKUTa B 30HE KPHUCTAUIM3AllMM IIBa HAOII0MaeTCs
(eppUTHO-LIEMEHTUTHAsI CTPYKTYpa, 0O0pa3oBaBILAsCS B PpE3yJNbTaTe OTIYyCKa CTPYKTYpBI,
copMHpoOBaBIIeiics B 3TOM 30HE MPH JIA3€PHOM CBapKe.

24. PexpuCTaUIM3allMOHHBIM OTXKHUT HEMPEPHIBHBIX I0JIOC C JIA3EPHBIMU CBAPHBIMU COEIMHEHUSIMU
n3 mukposeruposanHoil cranu 006/1F B inann HenpepriBHoro arperata AHO/AHI'L] cHnxaer
MUKpOTBEepAOCTh. OcTaTOUHbIE HANpsKEHUS B 30HE cBapHoro mBa U B OLL3 ymensinatoresd, u

WX pacrpeeiecHue CTAHOBUTCS 00JIee OTHOPOIHBIM.

KoHTpoJsbHbIe 3a1aHusI 10 NPAKTHYECKOH padoTe 2. BiusiHUe CKOPOCTH OXJIAaKACHHUS HA
CTPYKTYPY U MUKPOTBEPA0CTh apMAaTYPHOH BBHICOKOYIJIEPOAUCTOH apMaTypPHOii cTajIu,
MHKPOJICTHPOBAHHOI O0poM

1. OOBSACHUTD IPUHIUIIBI IOCTPOCHUS TEPMOKUHETHYECKUX AUArPaMM C UCTIOIb30BAHUEM
COBPEMEHHOTO0 HcclenoBaTeabckoro kommiekca Gleeble 3500

2. Vcnonb3ys TepMOKHMHETHUECKYIO THarpaMMy, OOBSCHUTH BIUSHUE CKOPOCTH OXJIAXKICHHS Ha
MHKPOCTPYKTYpY ctanu 80P.

3. O6ocHOBaTh YCIOBHS OXJaXKACHHUS, oOecreunBarole GopMupoBaHue TpeOyeMol CTPYKTYpPbI
IIPH OXJIAXK/IEHWHU 3arOTOBKHU IOCIIE TOpsiueit MPOKAaTKU Ha COPTOBOM CTaHeE.



