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OBIIME METOJANMYECKUE YKA3AHUA

Kypc «Teopust cBapOYHBIX MPOIECCOBY TMOCBAIICH U3YUCHUIO PU3NICCKUX U
(GUBHKO-XMMHUYECKUX  SBJICHUH, TMPOTEKAIOMMX TpU  CBapKe  METaJUIOB:
OKHCIIUTEThHO-BOCCTAHOBUTEIIbHBIX TIPOIECCOB B KHUJIKOM MeTae,
KpUCTAIIM3AIMsl MeTauia, oOpa3oBaHHMS B METaUle CBApHBIX IIBOB TOPSYUX H
XOJIOJHBIX TPEIINH, TIOP, B3aUMOICHCTBUS MEX Y (Ga3zaMu.

CBapouHbIe TPOIECCH TOBOJIHO CIOXKHBI M pa3HOOOpa3Hbl. s u3ydeHwus
kypca «Teopusi CBapOYHBIX TIPOIECCOB» HEOOXOAMMO 3HATh TEOPETUUYECKHE
OCHOBBI (PM3UYECKON XUMHH, (PU3UKN METALIOB, METAIUIOBEICHUS, TEIUIOTEXHUKH,
TEOPHUH METAJUTYPTHYECKUX MPOIIECCOB U T.J.

[leasr METOMWYECKMX YKa3aHWM — OKa3aTh MOMOIIb CTYICHTaM-3a0YHHAKAM
IPU  CaMOCTOSATEILHOM W3YYCHUH AWCIUIUIMHBI W BBITIOJIHGHUH KOHTPOJIBHOU
paboThI.

BBITIONHATE KOHTPOJIBHYIO palbOTy cleayeT IOocie H3YyYeHHs] BCEX TeM
OTIPEJICTICHHON YaCTH UCUHUILIMHBI, YCBOUB HEOOXOIUMbIE 3aKOHBI M 3aBUCUMOCTH,
MOHSB UX (PU3UUYECKYIO CYIITHOCTD.

PaGoueii mporpamMmoii mpeayCMOTPEHO M3YYE€HHE TUCIUILUIMHBI B BECEHHEM
cemectpe Ha 4-M Kypce. OpHEHTHPOBOYHOE pacIpe/ielieHue Y4YeOHBIX 3aHATUN

clIelyroniee:
Jlexiun, -12
KoHnTtponbsHas padorta, 1wt -1
JlaGoparopHas paboTa, 4 - 4
DK3aM€EH, T -1

BapuaHT KOHTpOJIbHON pabOThl BEIOMPAOT MO OAHOW WJIM JBYM MOCIEIHUM
uuppam mwpudra cryaenta. KoHTposibHbIe padOThI pacCUUTaHbl HA OJHY IpyIily. B
HEKOTOPBIX CITy4yasix BapUaHThI 3a/1aHUs1 BEIOWpAeT MpenojaBaTelib.

[Ipu coBnaseHn KOHTPOJIBHBIX BOIPOCOB Y CTYIEHTOB IIEPENUCHIBAHUE APYT
y Ipyra He JOIyCKaeTCsl.

[Iporpamma pa3zbuta Ha Tembl. [lns Tembl TNPUBENEHO COJIEpKAHUE,
nporpaMma, METOJWYECKHE YyKa3aHWs, BONPOCH U1 CaMOIpOBEepKu. B
KOHTPOJIbHBIX paboTax Mpu pEIIeHUH 3aJad eIUHUIBl (PU3NKO-XUMHUYECKUX
BENIMYMH JOJKHBI OBbITh B MexayHapomHoit cucteme (CH), ecnmu naxe B
OMKCHIBAEMOM UCTOYHHMKE TPUMEHEHBI CTAPhIE €TUHULIBI.

[Io cyb0oTaM B COOTBETCTBHUU C PACIUCAHUEM ISl CTYJICHTOB-3a0YHUKOB
MpenoaBaTeiiy, Beaylue Kypc, IPOBOIAT KOHCYIbTAMHU N0 Aucuuiuinae «Teopus
CBApOYHBIX MPOLIECCOB)» KAK MO TEOPETUUECKOM YaCTH, TaK U IO PEIICHUIO 3a]1ay.
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TeMbl 1J151 CAMOCTOATEJIBLHOIO H3y4YCHUA

Tema 1. VICTOYHUKH 3HEPTUU CBAPOUYHBIX MTPOLIECCOB
— T'a30Boe mIams, AMEKTpUYECKasi CBapoOYHas yTa;
— JIa3epHBIU JIy4, 3JEKTPOHHBIN JIy4, CBETOBOM JIy4, 3JIEKTPOILIAKOBbIA HCTOYHUK,

HMCTOYHUK Harpesa nipu TBY, nipu cBapke B3pbIBOM, KOHTAKTHOM CBapKe.
[6, 8,9, 11, 13]

MCTOI[I/ILICCKI/IG YKa3aHu:Aa

HcToyHuKM 53HEpruM B JIHUCHMIUIMHE «Teopus CBapOYHBIX MPOLIECCOBY
pacCMaTpUBAIOTCS C TOYKM 3PEHUS HArpeBa UMH H3JCNHs, €r0 NPOILIABIICHMUS,
BJIMSHUS HA OKOJIOUIOBHYIO 30HY. [l03TOMY npu M3y4eHMM HCTOYHHUKOB SHEPIUHU
ciieyeT oOpaTUTh BHUMaHHE HA MPUHIMUN UX PabOThl, KOHIICHTPAIIUIO TEIUIOTHI U
MAaTeMaTHYECKYI0 CXEMY HCTOYHMKA M IMpoLecca OJHONPOXOJHOW CBAPKH M
HAIUTaBKW HAa MAacCHUBHOE TENO, Ha IPUMEHUMOCTb H3BECTHBIX IPOCTEHIINX
MI'HOBEHHOJIEUCTBYIOUIMX HCTOYHUKOB HarpeBa. Ilpu u3yueHum wmarepuana o0
JIIEKTPUYECKON CBAPOYHOM IyTe CIEAYET PACCMOTPETH €€ KaK HOPMaJIbHO-1yTrOBON
UCTOYHUK HArpesa.

BOHpOCBI M1 CaMOITIPOBCPKH

1 ®usnyeckasi CyIHOCTh KaKI0T0 U3 UCTOYHUKOB SHEPTUU.

2 OcoOeHHOCTH OOpa30BaHUs CBAapHOTO COEJUWHEHHUS IpPU CBAPKE KaXIbIM U3
MCTOYHHUKOB SHEPTHUU.

3 KakoBo BiusHHE KO3(PPUUMEHTAa KOHUEHTPALMH TEIJIOTHl Ha BBIOOP CXEMBI
VCTOYHHMKA HarpeBa U Mpolecca CBapKu?

4 3adyem HYKHBI CIIELIMATbHBIE HCTOYHUKH JIEKTPUUECKON IHEPTUU?

Tema 2. ®uznyeckue Npolecchl B CBAPOUHOM J1yre

- Honuzarmus ra3oB B pa3MepHOM MPOCTPAHCTBE;

- DMUCCHS JIEKTPOHOB U3 KATOJa;

- BOJBTaMIIEPHBIC XapPaKTEPUCTUKUA CBAPOUHOMN JAYTH;

- (pusnyeckue mpoiecch B 00JIaCTAX YTOBOTO pa3psa;
- DHEpPreTHYecKuil OajaHC B ATUX 00JIACTIX;

- MEpeHOC MeTajlia yepe3 yroBOM MpOMEKYTOK;

- BIIMSIHMEC MarHUTHBIX TTOJICH HA TyTOBOM pa3psi;

- CBapoO4dHad Ayra nI€pEeMCHHOTO TOKaA.
[1-3,7,19,20]

Meroauueckue yka3zaHus
[Ipu n3ydyeHun 3TON TEMBI CIEAYET YICIUTh BHUMAHHUE MTOHITUIO HOHU3AIUN

YUCTBIX Ta30B W ux cmecedl. Onpenenuts paboTy W MOTEHIHUAT WOHW3ALMH (IS
cmMecd — 2(G(EKTUBHBIN TMOTEHIUAN), BIWSHUE HA HETO MPUPOABI OKCHIOB.



Omnpenenutb METOABI MOHM3AIMH, 0cO00€ BHUMAHHE OOpPATUTh HAa TEPMHUYECKYIO
MOHM3aLNI0, ypaBHeHue Caro s onpeeneHus CTEIeH NOHU3AaL UK.

PaccMOTpeTh TEPMHUYECKYIO M aBTOJJIEKTPOHHYIO 3MHUCCHUIO DJIEKTPOHOB W3
Karona, ypaBHeHue Puuappaa-/lenmiMana npUMEHUTENBHO K 000MM BUAAM SMHUCCHH,
OINpEeNENuTh paboTy SMUCCUM, BIMSHHE YHUCTOTHI U NMPUPOABI Karoja Ha paldoTy
OMUCCHUHU.

N3yunth 001acTH BOJIBTAMIIEPHOW XapaKTEPUCTUKU IJISl Pa3IMUYHBIX [IYT.
[IpoBectn ananm3 ypaBHeHus I AUPTOH.

OcBouth (u3NYECKUE MPOLECCHl B MPUKATOAHOM, MPUAHOAHON 00JACTsIX, a
Takke B croysoe ayru. OnpeaenuTs NPUYUHY BBICOKOW HANPSKEHHOCTH
AIIEKTPUYECKOTO TOJSI B MPHUAIEKTPOAHBIX O0NACTAX, TeMIepaTypy croida IyrH,
dbopmyny K.K.XpeHosa niist ee onpeneneHus.

B 3aBUCMMOCTH OT NPOUCXOIAIIMX (PU3NYECKHX IPOLECCOB B PA3IMYHBIX
30HaX JYroBOTO pa3psiia pacCMOTPETh IEPEHOC FIHEPTUU U Ha Oa3e 3TOr0 COCTaBUTh
HHEPreTUUECKUN OaslaHc.

[lepeHoc MeTaia XapakTepu3yeT MHOTME CBOKMCTBA CBAPHOTO IIBA, [I03TOMY
MMEET Ba)XHOE 3HAYEHUE B TEOPUU CBApKU. 3JECh HAJ0 M3YYUTh BHUJBI IIEPEHOCA,
CHJIBI, IEMCTBYIOLIME HA KAIUIKO, BUCSIILYIO Ha TOPLE JIEKTPOIA, BIUSIHUE PEKUMOB
CBApKH HA IEPEHOC AIEKTPOJHOIO METajlla, METOABI PETrYJIMPOBAHMS IEPEHOCA
MeTaia.

N3yuuTh BAMSHUE NONEPEYHOTO U MPOAOIBHOTO MAarHUTHOIO MOJISI, @ TAKKe
BIUSIHUE (PEpPPOMArHUTHBIX MacC Ha OTKJIOHEHUE 3aps/ioB B Pa3psaHOM
IPOMEKYTKE, MPAKTUYECKOE 3HAYEHUE 3TOTO SBIICHHUS.

O3HAaKOMUTBCS € M3MEHEHUAMH (OPMBI KPUBBIX HANPSIKEHUS Ha AYyre WU
CBApPOYHOTO TOKA B TEUEHHE KAXJ0r0 MEepruoja UX NepeMeHbl, IPUUHUHBI IEPEPHIBOB
B TOPEHUU AYTH, METOJIbI CTAOUIIU3ALIMH TyTH HA IEPEMEHHOM TOKE.

Bonpocs! miist caMmonpoBepku

UTo Ha3bIBAIOT MOHU3ALMEN Ta30B?

UeM oTIMYAETCS MOHU3AIUS YUCTOTO ra3a OT MOHU3AIUN CMECH?

UTo Ha3bIBAETCS IMUCCHUEN IIEKTPOJIOB U3 Katona?

Kakue mporieccsl MpoTEeKaOT B MPUKATOIHOMN, MPUAHOIHON 00JIacTH, B CTOJIOE

JIyTU?

5 Uro Ha3bIBaeTCs BOJBTAMIIEPHOM XapakTEepUCTHKON cBapouHoil nyru? Kaxue
OHa UMeeT obsactu?

6 Kakme Bwl 3HaeTe BHIBI TIepeHOCa DJCKTPOJHOTO METallyla dYepe3 JTyroBOU

MIPOMEKYTOK?

Kakue cuiibl JeHCTBYIOT Ha KaIlIl0, BUCSIILYIO HAa TOPIIE dJIEKTpoaa?

Kakue cyniecTByroT METObI H3MEJIbUCHHUS JIEKTPOIHBIX KaMellb NP CBApKeE?

Kak BnusIOT ycnoBus cBapku (ra3oBas Cpe/ia, TUII JIEKTPOJIHOTO MOKPHITHS) Ha

MIEPEHOC IEKTPOJHOIO METAILIA.

10 KakoBa mpakTuyeckas IICHHOCTb 3HAHUN BIMSHUS MArHUTHBIX IIOJICH Ha

CBapOYHYIO AYTy?
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11 OcobeHHOCTH CBapHOM TyTW MEPEMEHHOTO TOKA M BHITEKAIOIINE U3 HUX METOJIbI
€€ CTa0MIn3aIiu.

Tema 3. Mertannyprudeckue npoIecchl pyu CBapKe

- PacTBOpuMOCTb Ta30B MpH cBapke (BOAOpOJa, KUCIOPOa, a30Ta), BIUSHUE
ra3oB Ha CBOMCTBa METAILIOB;

- HCIApeHHEe METAJUIOB MpPU CBapKe (UHUCTBIX M B PAacTBOpax), YINPYyrocTh
napa;

- OKHCJICHHE METAJUIOB IpPU CBapKe Ia3000pa3HbIM KUCIOPOAOM, YIPYTOCTh
JMCCOLMALIUU OKCUAA;

- pacKHUCIAIONIas CocOOHOCTh puMecei, rpaduku B.W. J{satmnoBa.

[1-4,15-17, 19, 20]

MCTOI[I/ILICCKI/IG YKa3aHu:Aa

PaccMmoTpeTs oOmIME BOMPOCHI PAacTBOPUMOCTH Ta30B B MeETaIax IIpH
cBapke, 3akoHbl ['enpu u CuBeprca. PacTBOpuMOCTh aTOMAapHOTO U MOJIEKYJISIPHOTO
BOJIOpOJA B MeTaiuie. BimMsHue Temmeparypbl W aUIOTPOIUYECKOTO COCTOSHUS
METaJlJla Ha PacTBOPUMOCTHb BOJOPOJAA. ATOMHO-BOJOPOJHAs CBapka. BiusHue
BOJIOPOJa HAa CBOMCTBA METAJUIA 1IBA.

N3yunTh ncnapeHrne METauioB MPU CBAPKE B YMCTOM BHUIE M B PacTBOpAX.
OnpenenuTs ynpyrocTs napa u €€ BIMSHUE Ha UCIIAPEHNE METAILIA.

OCBOUTH OKHCJIEHUE METAIOB MPHU CBAapKE raz000pa3HbIM KHUCIOPOJIOM IS
YUCTOIO MeTajla U MeTajula, HaxoAsulerocss B pactsope. OnpenennTs ynpyrocTtb
JIUCCOLMANMKN OKHCIJIA YACTOTO METallyla M METala B PAacTBOPE, OKHUCIHUTEIBHYIO
CIIOCOOHOCTh METAJJIOB U BIIMSIHUE TEMIIEpaTyphl Ha Hee.

OnpenenuTs MOHATUE PACKUCIISIONIEH CIOCOOHOCTH XUMHUYECKUX DJIEMEHTOB,
Ha mpumepe rpadukoB B.U. [larmoBa mokazaTh 3aBUCHMOCTH PACKHCISIONICH
CIIOCOOHOCTH DSJIEMEHTOB B 3aBHUCHUMOCTH OT Temmeparypbl. [lokazath Ba)XHOCTH
PaCKUCIICHUSI MeETajula KPEMHHUEM JUIs T[IOJABJIEHUS PEAKLUU PACKUCIICHUS
YTIIEPOAOM.

Bonpocs! miist caMmonpoBepku

1 Onpenenutb OCHOBHBIE T'a3bl, KOTOPbIE MOTYT OBITh B 30HE JEUCTBUS CBApOUYHOU
JyTH, UX PACTBOPUMOCTDH B METAJIAX.

2 B yewM 3akmoudarorcs 3akonbl [ 'enpu u Cuseprca?

3 Onpenenurb MEXaHU3M PaCTBOPEHUSI aTOMapHOTO BOJOPOa MPU CBApKE.

4 TlocTpouTh 3aBUCUMOCTh pPacTBOPUMOCTH BOJOPOJA OT TEMIEPaTypbl U
AJUIOTPOIIMYECKOIO COCTOSHUSA METAJLIA.

5 B yem 3akioyaeTcst 0COOEHHOCTh PACTBOPEHUS MOJIEKYJISIPHOTO BojiopoAa?

6 KakoBo BiMsiHME paCTBOPEHHOTO BOAOPO/1a HA CBOMCTBA METAJUIA CBAPHBIX IIBOB?

7 OnpenenuTb MEXaHU3M PACTBOPEHUS KHCIOPOJa B METAJIE CBAPHBIX IIBOB.



8 TIlocTpouth 3aBHCHMMOCTh pacCTBOPUMOCTH KHCIOpOAA OT TEMIEparypbl U
AITOTPOMUYECKOTO COCTOSHUS METaJLjIa.

9 KakoBo BIusiHHE PACTBOPEHHOIO KHUCJIOPOJia HAa CBOWCTBA MeETalljla CBAPHBIX
moB?

10 KakoB MexaHW3M pacTBOPUMOCTH a30Ta B METAJIJIC IPU CBApKe?

11 Kak BIMsSIOT Ha pacTBOPUMOCTh a30Ta TeMIlepaTypa M aJIOTPONUYECKOE

COCTOsIHUE MeTasuia?

12 KakoBo BiusiHHE paCTBOPEHHOTO a30Ta HA CBOMCTBA MeTajlsla CBAPHBIX LIBOB?

13 Ot kakux (GaxTOPOB 3aBUCUT HCIIAPEHHE METAJIIOB MPU CBapKe?

14 Yro Takoe ympyrocte mnapa? Kak uepe3 ymopyroctb mapa ONpPEIEIUTh
CKJIOHHOCTh METaJlIa K UCLIAaPEHUIO?

15 Onpenenuth ynpyrocTts rnapa MeTauia, HaXOJsIIerocsi B pacTBOPE.

16 Kak mpoucxouT OKUCICHUE MeTalIa Ta3000pa3HbIM KUCIOPOIOM?

17 Yrto Takoe ynpyrocTth AMCCOLUALNU OKCHUIA?

18 Kak uepe3 ynpyroctb AMCCOLMAIMM OKCHIa MOXHO XapaKTepU30BaTh
OKHCIIUTENIbHYIO CHOCOOHOCTh MeTasIa?

19 Kak BnusieT TemrnepaTypa Ha OKUCIUTEIbHYIO CIIOCOOHOCTh METAJIJIOB?

20 Yo Ha3bIBAETCS PACKUCIIAIONIENH CIOCOOHOCTHIO XUMUYECKUX 3JIEMEHTOB?

21 Kak BiMsieT TeMmmeparypa Ha PAaCKHUCISIOUIYI0 CIIOCOOHOCTh XUMHUYECKHX
JIEMEHTOB?

Tema 4. Kpuctannusanus MeTajijia pyu CBapKe

- OcOOEHHOCTH KPUCTAIUIM3ALMK METaJlIa CBAPOYHOU BaHHbI;

- T€OMETPUUECKHUE TMPECTABICHHUS O MEPBUYHON KPUCTAIIU3AIMU METallia
MIpU CBapKe;

- KpUCTAJTM3aIUsl TPU MHOTOMNPOXOJHONW CBapKe, MPHU DJIEKTPOILIAKOBOU
CBapKe;

- BTOPUYHAS KPUCTAJIIU3AIIUS;

- TeopHus 00pa30BaHUsI TOPSAUYMX TPEIIUH TPU CBAPKE, METOIbl MCIBITAHUSA
METaJUIOB Ha CTOMKOCTh MPOTHUB OOpa3oBaHUs TOPSYMX TPEUIUH, METOIbl X
NpEAOTBPAICHUS;

- Teopus O0pa3oBaHUs XOJIOAHBIX TPEIIMH B IIBAX U OKOJIOIIOBHOW 30HE,
METO/Ibl HWCIIBITAaHUS METaJUIOB HAa CTOMKOCTh MPOTHUB OOpa30BaHUS XOJOJHBIX
TPEUIMH U METOJIbI UX MPEIOTBPAICHUS;

- Teopus 00pa30BaHUS TIOP MPU CBAPKE, METOJIbI UX MPEYyIPEKIACHUS;

- 00pa3oBaHue cerperanuii 1 HeMeTATMYECKUX BKIFOUEHUI TTPU CBapKe.
[1-3,14-18, 20]

Meroauueckue yka3zaHus

OnpenenuTs  TMOHSATHE  TMEPBUYHOM  KPUCTALIU3AIMH, OCOOCHHOCTH
KpUCTAUTM3allMM  METajula CBApOYHOM BaHHBI, CKOPOCTh KPHUCTAJUIM3ALINHU,
r€OMETPUYECKHE TPEJICTABICHUS O TEPBUYHON KpHCTAIM3allud, OOpa30BaHUE
TPAHCKPUCTAJUIUTHON CTPYKTYpbl TIPU MHOTOINPOXOIHOW CBapKe, OCOOEHHOCTH



IIEPBUYHOM  CTPYKTYpPhl  IIPU  JJEKTPOLUIAKOBOM  CBapKe,  BTOPHUYHYIO
KPUCTAJUIM3ALUIO.

OcBouth MEXaHU3MBbI oOpa3oBaHUs KPUCTaJUIM3aMOHHBIX u
KOMITO3UIIMOHHBIX TOPSIYUX TPEIIMH, METOIbI UCIIBITAHNUS METAJNIOB HA CKJIOHHOCTD
K 00pa3oBaHMIO TIOpAYUX TPEIIMH M  METOAbl HUX  MNPEAyHpeKACHUS
(MeTaJuIypru4eckue, TEXHOJIOIMUECKUE U KOHCTPYKTUBHBIE).

N3y4uTh TMOHATHE XOJOAHBIX TPELIUH, TEOPUH, OOBACHSIOUIME HX
oOpa3oBaHKe, TEOPUH 33ACPKAHHOTO PA3pPYLICHUS, TEXHOJIOTUYECKUE U MAIIMHHBIC
METO/Ibl WCIBITAHUS METAJUIOB HA CKIOHHOCTh K XOJIOJHBIM TpPEIIMHAM, METOJbI
PEAYNPEXICHUS XOJIOAHBIX TPELIUH.

N3yunth mpoliecchl, KOTOphIE BBI3BIBAIOT O0pa30BaHHME Ta30BBIX MOp NpHU
cBapke (oOpa3oBaHHE Ta30BOTO 3apObINIA, €TO POCT W BCIUIBIBaHHE), (AKTOPHI,
BIMSIONIME Ha (AKTUYECKYI0 TMOPHUCTOCTh MeTajsla MpU CBapKe, METOJIbI
IIPERYIPEXKICHNS IIOPUCTOCTH.

BOHpOCBI M1 CaMOITIPOBCPKH

1 Kakne oTnnuus B KpUCTAJUIM3alMM METAJIa IIPU CBAPKE OT KPUCTAJUIM3ALMK €T0
B U3JIOKHHIIAX?

2 IloueMy HampaBJ€HHE U CKOPOCTb POCTa KpHUCTaJIa 3aBUCAT OT CKOPOCTH
CBapKu?

3 Yto Ha3bIBAETCS NEPBUYHOM KPUCTALIM3ALMEN, & YTO BTOPUYHOM ?

4 Kakue ¢akTopbl BIMSIOT Ha OOpa3oBaHUE KPUCTAIU3AIMOHHBIX TOPSIUUX
TpemuH?

5 Kakue oCHOBHBIE TPUYMHBI 00pPa30BaHUS MTOJIMTOHU3AIMOHHBIX TOPSYUX TPEIIUH?

6 Kakue Bpbl 3HaeTe KadyeCTBEHHbICE METObl HUCIIBITAHWUS HA YYBCTBUTEIBHOCTH
METaJIJIa CBAPHBIX IIIBOB K TOPSIYUM TpeIIHaM?

7 Kakue KOJNMYECTBEHHbIE METOAbl MPUMEHSIOTCS Ui WCIbITAaHHUS IIJAKOB Ha
CKJIOHHOCTb K TOPSTYUM TpeUIuHaM?

8 Kakue mepbl IPUMEHSIOTCS IS PEAYIPEAKACHUS TOPSIUNX TPEUIUH ?

9 B uem 3akiroyaeTcs 3aKayodHasi Teopus 00pa30BaHUS XOJIOIHBIX TPEIIUH?

10 B uem 3akirouaeTcs BOJIOPOIHAS TEOPUS NPEAYIIPEAKICHUS XOIOIHBIX TPEIIUH?

l11Kakue Bbl 3HaeTe TEXHOJOTMYECKHME M MAIIMHHBICE METOJAbl HCIBITAHUS Ha
YyBCTBUTEJILHOCTh METaJIJIa CBAPHBIX COCTMHEHUHN K XOJIOHBIM TpeIIruHaM?

12 Kakwue BbI 3HaeTe MEpBI MPEAYNPEKICHUSI XOJOAHBIX TPEUTUH?

13 OnpenenuTh BUIBI XOJIOHBIX TPEUIMH B METAJIE CBAPHBIX COCUHECHUM.

14 Kakue TpelnHbl Ha3bIBAKOTCA XOJOAHBIMUA?

15 Kakue Teopun 0OBSCHSIOT 3a/Iep>KaHHOE pa3pyllIeHUe MeTajlla pu cBapke?

16 KakoB MexaHu3M 00pa3oBaHUs ra30BOr0 3apo/Iblllia B CBAPOYHON BaHHE?

17 Onpenenuts yca0BUs pOCTa Fa30BOrO 3apO/IbIIIa B CBAPOYHON BaHHE.

18 Onpenenuth yCcI0BUS BCIUIBIBAHUS Ta30BOTO My3bIPsl B CBAPOUHON BaHHE.

19 HazBath Mephbl npeiynpexaeHus: IOPUCTOCTH MEeTalljia IPU CBapKeE.

20 YTo Takoe cerperaiyu B METAJIJIE CBAPHBIX IIIBOB?

21 KakoB mexaHu3M 00pa30BaHMs JIMKBAIIUNA B METAJIJIE CBAPHBIX IIBOB?

22 KaxkoBa nmpupojia HEeMETAUTHYECKUX BKIIFOUCHHN B METAJIJIE CBAPHBIX IITBOB?



23 KakoBa CTpyKTypa U COCTaB HEMETAJUIMYECKUX BKIIOUCHUN B METAJIJIE CBAPHBIX
IIIBOB?

24 Kakue Mepbsl MPUMEHSIOT [JI1 CHIDKCHHMS KOJIMYECTBA HEMETALTHYECKHX
BKJIFOUEHHUM B METaJIjIe CBAPHBIX IIBOB?

25 Kak BinusioT (opMa ¥ KOJIMYECTBO HEMETALIMYECKUX BKIIFOYECHUN Ha CBOMCTBA
MeTaJljla CBapHBIX IITBOB?

Tema 5. CBapouHbI€ HIJIAKH

- Haznauenue nutakoBo# (has3wl pu CBapKe, €€ CTPYKTYPa;

- (pu3nueckue CBOWCTBA CBAPOYHBIX IIJIAKOB;

- B3aMMO/ICVICTBUE MEXK/Y IIJJAKOM M METAJJIOM IIPU CBapKe;

- JIETUPOBaHKUE METAJUIOB IPU CBApKe.
[1-3, 20-22]

MGTOI[I/ILIGCKI/IG YKa3aHuAa

N3yuuTth OCHOBHBIE (DYHKIIMM CBAPOYHBIX IIUIAKOB, UX COCTaBbl, CTPOCHHUE U
CTPYKTYpY, (pu3nuecKkre CBOMCTBA B 3aBUCUMOCTH OT UX KUCJIOTHOCTH, COCTaBa WIH
TeMIiepaTypbl (TUIOTHOCTh, BA3KOCTh, TEMIIEpaTypa IUJIABJICHUS), B3aUMOJICHCTBHUE
MEXIy NIJIAKOM M METalIoM (OKHUCIUTEIbHO-BOCCTAHOBUTEIBHBIE MPOIIECCHI) MPHU
UX HarpeBe M OCTBhIBAHUM, BJIMSHHE COCTAaBa IIJaKa HA COJEp>KAHHE B MeETajule
CBapOYHBIX IIBOB cepbl U (hochopa, JernpoBaHre MeTaul, KO3P(GULIHUEHT Nepexoa
JIETUPYIOUIETO AJIEMEHTA, CIIOCOObI JIETUPOBAHUS IIPU CBapKe.

Bomnpoce! aiist camonpoBepku

KakoBbl 0OCHOBHBIE (DYHKITUN CBAPOUYHBIX HIITAKOB?

Kakue Bbl 3HaeTe Teopun CTpOEHUS CBAPOUYHBIX IILIAKOB?

Kak onpeznensieTcss KUCIOTHOCTh CBAPOYHBIX IIIAKOB?

UTo Takoe MIOTHOCTh CBAPOUYHBIX IIUIAKOB U KaK €€ PacCYUTaTh 10 UX COCTaBy?
Uto Takoe Auanas3oH IJIABHOCTH IILIAKOB?

Uto Takoe BSI3KOCTh CBAPOYHBIX HIIAKOB?

Kak BS3KOCTb IUTAKOB 3aBUCHUT OT TEMIEPATYPHI?

Kak onpenensiercst BI3KOCTh 1IJIAKOB?

Onucath B3aMMOJICHCTBUE IIUIAKOB C METAJJIAMH ITPU BBICOKHX TEMIIEpATypax.
10 CymHocTh padyMHHPOBAHUS METaJlla CBAPHBIX IIIBOB HA CEPy Yepe3 CBAPOUHBIC
HUTaKH.

O©oOoONO OIS~ WN -

Tema 6. BnusiHre TEPMHUUYECKOTO LIUKIJIA CBAPKH

- [IoHsiTHE OKOJIOLIOBHON 30HBI —30HBI TEPMHUUYECKOTO BIIMSHUS;

- 0COOEHHOCTH BJIMSIHMSI TEPMHUECKOTO IIMKJIa CBAPKM HA CBOMCTBA MeTalljia
OKOJIOIIIOBHOM 30HbI;

- OKOJIOLIOBHAs 30HA IIPU CBAPKE HU3KOYIJIEPOAUCTON CTAJIN;

- OKOJIOHIOBHAA 30HA IIPHU CBAPKC 3aKAJIMBAIOIIUXCA CTaJIen.
[1-3,1- 12]



Meronnueckue ykazaHus

W3yuuTh BIMSHUE TEPMHUYECKOTO IMKIA CBapku Ha (HOpMUpPOBAHHE

CTPYKTYPbI MCTaJllla B4, 30HBI OILIABJICHHUSA U OKOJIOIIIOBHOM 30HBI, OIIPCACIUTDL
BJIMAHHUC Ha HCC TCMIICPATYpPhbI, CKOPOCTH OXJIAXKIACHUA U XAPAKTCPHBIC YYAdCTKHU
OKOJIOIIIOBHOM 30HHI. PaCCMOTpeTB CTPOCHUC OKOJIOIIIOBHOM 30HBI IIpu CBApPKE
HPIBKOYFJIepO,ZIPICTOfI u 3aKaJ'II/IBaIOHI€I‘/’ICH CTaJIu.

N -

Bomnpoce! miist camonpoBepku

Yto Ha3BIBAETCSA 30HOM CIUIABIICHUS?

OnpenenuTh TOHATHE OKOJIOIIIOBHOM 30HBI U €€ 3HAUCHUE TTPU CBAPKE METAJIIOB.
OnpenenuTs BIUSHUE OXJKICHUS 10 TEPMHUYECKOMY IHKIY CBapKd Ha
XapaKTEPHBIC YYACTKH OKOJIOIIOBHOM 30HBHI.

N3  kakuxX  y4acTKOB  COCTOMT  OKOJIOIIOBHAS
HU3KOYTJIEPOAUCTOMN CTaIH?

N3 KakuX y4acTKOB COCTOMT OKOJIOIIIOBHAs 30HA MPH CBapKe 3aKaJTMBAIOIIMXCS
crajeii?

MeTtoapl  yaydllIeHHs CTPYKTYPhI
3aKaJIMBAIOIINXCS CTaJICH.

30Ha IIpu CBapKe

METajajJa M €ro CBOMCTB IIpu CBApKe

3agaua 1

OnpenenuTs paBHOBECHYIO KOHLEHTPALMIO BOJOpPOAA B METAJUIE LIBA MpHU

aproHOJlyTOBOM CBapKe, €CJIM y4eCTbh, UTO aprOH COAEPKUT B CBOEM COCTaBE BIIAry.
[IpuHATH, YTO MeTaI HIBa MpeACTaBiseT coboi yucrtoe »xene3o. ConepkaHue
BJIal'M B aproHe, TeMIlepaTypa CHCTEMbl M KOHLEHTpauus KUCJIOpOJa B IIBE
yKa3aHbl JIsl KaXxa0ro BapuanTta (tabi. 1).

Tabmuma 1
IToka3arenu Bapuanrt

1 2 3 4 5 6
Temneparypa T,K | 1800 1810 1820 1830 1840 1850
[% O] 0,020 0,023 0,025 0,027 0,030 0,032
Conepxanue Bnaru | 0,03 0,04 0,05 0,06 0,07 0,035

3
B aproue, r'\m

IToka3arenu Bapuanrt

I 8 9 10 11 12
Temneparypa T,K | 1860 1870 1880 1890 1900 1910
[% O] 0,035 0,037 0,040 0,042 0,045 0,050
Conepxanue Bnaru | 0,045 0,055 0,65 0,05 0,06 0,07

3
B aproue, r'\m




MGTOI[I/I‘-IGCKI/IC YKa3aHHU:A K pCHICHHIO 3a/la4un
10 paCTBOPUMOCTH BOAOpOaa

JI1si cBapOYHBIX MPOILIECCOB MPAKTHUYECKUI WHTEpEC MPEACTaBIsET CiIydai,
KOTI'/Ia pacIUIaBICHHBIN MeTaul KOHTAaKTUPYET C ra3oBoM (a3oil, uMeroIel B CBOeM
MeTasuie Biary (mapsl BOJbI), HAIpUMeEp, NMPHU CBapKe B aproHe, KOTOPbIA MOXKET
coJiepKaTh HEKOTOpOE€ KOJWYECTBO BIarv. BoasHOW map B YCIOBHSX CBapKu
paznaraercsi, a 00pa30BaBUIMIICS KUCIOPOA U BOJOPO paCTBOPSIIOTCS B METAILIE:

H,O =2[H] + [O].
DOta peakiys BKIOYACT B CEOsI MPOMEKYTOUHBIC:
H,O =H; + 20, ;
/2H, = [H];
720,=[0].

KoHcTaHTa paBHOBECHS pEAKUUH PACTBOPEHUS] BOJOPOAA 3aBUCUT OT
TEMIIEPATYPhI U ONIPEAECTACTCS YPABHEHUEM

a,, 1900

/2
H

IgKu =1q ~1,577.

ITockonpKy pacTBOPUMOCTH BOAOPOJA JOCTATOYHO Maya (BJard B aproHe

COJEPHKUTCA Majio), TO JJIs YUCTOTO JKEIE3a MOKHO MPUHATH Ay = [YoH]. XKunkoe
JKEJIe30 CBApOYHOM BaHHBI MMEET OOJIbIIIee CPOACTBO K KHUCIOPOAY, MOITOMY B
pe3ynbTaTe B3aMMOJICUCTBUS B Ta30BOM (a3e KHUCIOpOJa OCTaeTCs Malio.
PactBoprMOCTh BOZOpOAA MpPU 3TOM 3aBUCUT OT KOHLEHTPALMM KHUCIOPOJa B
CTaJIu.

PacTBopeHue B paccMaTpuBaEMOU CUCTEME ONIPEAEIAETCS PEaKIUen

H, +[O] = H,0,
KOHCTAHTa PAaBHOBECHS KOTOPOH NMEET BH

Pio 6728

IgK, =1q -2976.

H, " 0]

PactBOopuMOCTh BOJ1OpO/Ia onpeaensieTcs o Gpopmyiie



PH20

[%H]=Kn | —=——;
1+ Kaa bl
rae P H,0 - HapIMaJbHOE JaBJIEHUE BOASHOIO IIapa B HCXOHON ra30BOM CMECH,

ao] — AaKTMBHOCTb KHCJIIOpPOJAa B METaule, KOTOPYIO C HeOOJIBIION
MOTPEIIHOCTHIO MOXKHO IPUHATH PABHOW €ro KOHIICHTPAIIH.
Takum o0pasom, /Ui pacyeTa pacTBOPUMOCTH BOAOPOJA MO ATOH (popmyre

HGO6XOI{I/IMO 3HATb BCIWYNHY PHQO . OnpeﬂeneHHe napouajibHOI0 AOaBJICHUA

BOIAHOIO IIapa OCHOBAHO Ha H3BCCTHOM COACPIKAHWH PHZO B aproHe. Hpexcz[e

BCETO oOmpeaensieTcss 00beM BOMSHOTO Tapa B Ta30BOM (asze, cocTosmied B
3

OCHOBHOM m3 aproHa. [Ipeanonoxum, yto B 1 M~ raza comepxwurcs 0,1 r Biaru,

TOr/a 00BEM BIlaru

0,1
Vio =77 0,0224n°,
rae M — MOJICKYJIApHaA MaccCa BJIaru,

0,0224 — 06beM rpaMM-MOJIEKYJIbI Ta3a.

I[JBI pacucTa nmapuuaJlbHOI'0 JAaBJICHUSA BOIASHOIO IIapa PH20 MOJKHO IIPUHATH

naBlieHHe ra3oBoil (a3zpl oObemom 1 M paBHBIM 10° TIla. Torna P H,0
IPOMOPIMOHAIBEHO O0BEMY BIIaru B 0011eM 00beMe ra30Boi (hasbl.

3
Hampumep, VHzo = (0,002 M”, cemoBaTeIbHO,

S5
Pho= w = 2000ITa.

3agaua 2

OnpenenuTs paBHOBECHYIO KOHIIEHTPALMIO PACKUCIUTENS MPU M3MEHEHUU
OCTATOYHOTI'O COJIEpXkKAHUS KUCIOpOJa B MeTajle mBa. Temmeparypa MOCTOSHHASL.
[TocTtpouts rpaduk 3aBUCHUMOCTH COJEPKAHMUS KHUCIOPOJAa OT PABHOBECHOM
KOHLEHTpAIMU PACKUCIUTEIIS.

Tabnuna 2
[Tokazarenu BapuaHurt

1 2 3 4 5 6
Temneparypa T,K | 180 185 190 180 1900 2000
Packucnurenn Mn Si
Coneprxanue 0,20; 0,15; 0,10; 0,05 0,300; 0,225; 0,150; 0,075
Kuciopoaa, %o




OxoHYaHue Ta0JIULBI 2

[Toxkazarenu Bapuanrt

7 8 9 10 11 12
Temneparypa T,K | 1800 1900 2000 1800 1900 2000
Packucnurens Ti Al
Coneprxanue 0,020; 0,015; 0,010; 0,005 | 0,00025; 0,00020; 0,00015;
Kuciopoza, % 0,00010

Pacuer ITPOU3BCCTHU oe3 IMPUMCHCHUA AKTUBHOCTEH.

MGTOI[I/I‘IGCKI/IC YKa3aHHuA
K PCHICHUIO 3a1a4H I10 paCKI/ICJIHIOIHCﬁ CITOCOOHOCTH
XUMHWYCCKHUX 3JICMCHTOB

[TockonbKy Ta3bl B CBAPHBIX IIBAaX MPUBOAAT K yXYAIIEHUIO UX CBOWCTB U
paboTOCIIOCOOHOCTH, KOHLIEHTPALUs Ia30B AOJKHA ObITh MUHUMAJIbHOM.

ITpuMeHNUTENBHO K KUCIOPOAY 3TO OOECIEUNBAETCS PACKUCIEHUEM METaslla.
PackucineHne MOXET OCYIIECTBIATBCS YOAIEHHEM KHUCIOPOAA C IIOMOILBIO
yriepojia 1 METaJUIOB, UMEIOIIMX OoJiblliee poACcTBO K Kuciaopoay (Mn, Si, Ti, Al n
np.). Takoi BUA PACKUCIIEHUS HA3bIBACTCSI OCAKJICHUEM. Y JAJIEHWE KUCIOpOJa B
pe3ysibTaTeé B3aUMOJICHCTBUS METajula CBapOYHOM BaHHBI CO LUIAKOM —
TU(PQy3UOHHBIM ~ PACKUCICHHWEM;  BOCCTAHOBJIIEHMEM  MeETajyla IpU  €ro
KOHTaKTUPOBAaHUU C Tra3oBoil (aszoil. B oOmem Buzae peaxkuuss MoXKeT OBbITH

MMpcacTaBjCHa TakK:
[MExOY] + Z[Ra] = X[Me] + (RﬁzOY),

rine [MexOy] - KoHIleHTpalus OKCHa,

Ra - PACKHCIIUTENb.

[Ipu ocaxkaroiieM pacKUCICHUU MPOAYKTHI PEAKIIMA MOTYT MOJIy4aThCsl KaK
B KOHJCHCHUPOBAHHOM (TBEPJIOM WJIU JKUJIKOM), TaK U B Ta3000pa3HOM COCTOSTHUHU.
Packucnsiemblii MeTamn JIOJMKEH HAXOIUTHCS B KUJKOM COCTOSIHUM. MeTramiabl —
PACKHUCIIUTENN BBOJAT B CBAPOUHYIO BAHHY 4Y€pE3 JICKTPOAHBIA METAILI, TOKPHITHE
AIEKTPOAOB, (PJIFOC, CEpJIEUHUK MOPOIIKOBOM MPOBOJIOKM WM JICHTHL. YTJIEpOJ
Yepe3 CBApOUYHbIE MAaTepHalIbl CIIEIUAIbHO HE BBOJSAT, & PACKUCIIEHUE MOJTYy4aeTCs
3a CYET AJIEMEHTA, COJIEPHKAIIETOCs B CBAPUBAEMOM M AJIEKTPOJAHOM Metaiiax. [Tpu
ATOM YTJIEPOJ BBICTYNAET KaK PaCKUCIUTENb JUIIb MIPU BBICOKUX TEMIIEpaTypax — B
KaIUIsIX METajuia, B JIEKTPOJHOM MSITHE CBAPOYHOM BaHHBI, HO U 3TOT MPOIIECC
ABJISIETCA HEXKENATeIbHbIM, TOCKOJIbKY OH YMEHBIIAET KOHIEHTPALUI0 OCHOBHOTO
JIETUPYIOMIETO 3JIEMEHTa — yriepoja WU, KPOME TOro, JAAaeT ra3000pa3HyI0 OKHUCh
yriiepoja, IpUBOASAIIYI0 K 00pa30BaHUIO MOP.
Peaknus

[FeO] + [Fe3C] = 4[Fe] + CO

JIOJKHA MOJIABIISITECSA BBEEHUEM IPYTUX PACKUCIUTENEH.



[Ipomecc packucieHuss craau 0ojiee aKTUBHBIM  PACKHCIUTENIEM B
METaJUTypruy XOpOIIO U3YUYEH U MPECTABISAETCS CASAYIOIIMMHU BbIPAKEHUSIMU:

[FeO] + [Mn] = [Fe] + [MnO];
lgKun = 19[%0] [%Mn] = - 25270/T + 12,55.
2[FeO] + [Si] - 2[Fe] + [SiO,];
lgRsi = 1g[%0]? [%Si] = - 48174/T +21,63.
2[FeO] + [Ti] = 2[Fe] + [TiO];
lg[K+i] = 1g[%O]* [%Ti] = 30700/T + 10,33.
3[FeO] + 2[Al] = 3[Fe] + [Al,Os];
lgKa = 19[%0] [%AI]* = -58715/T + 16,5.

Mapranen cpeaud paccMaTpUBAaE€MbIX PACKHUCIUTENIEH — caMblil ClaOblid,
MO3TOMY B TPOLECCE PACKHUCIECHHUS CO3HA0TCA OOJBIIME OCTAaTOYHBIE
KOHILIEHTpaluu Mn, HO 3TOT 3JIEMEHT KPOME BCEro IIPOYEr0 OKa3bIBAECT
necyiab(Qy3upyroliee BO3IeHCTBUE HA METAJUT U TEM CaMbIM YMEHBIIAET OMAaCHOCTb
o0pa30BaHMsI TOPSYNX TPELIUH MPU CBapKe.

Kpemuuii siBnsiercss 60jee akTUBHBIM PACKHUCIUTENEM , YEM MapraHeu. Tem
HE MEHEE BBEJCHUE KPEMHUS B CBAPOYHYIO BaHHY IPHUXOAMUTCS OIPaHUYMBATH, TaK
KaK OKCHUJIbI KPEMHHMSI YBEJIMYMBAIOT KUCIOTHOCTD 1IJIAKA U JIEJA0T €r0 BSI3KHUM.

Tutan — emje Oojee CUIBHBIA PACKUCIUTENb, YEM MapraHel] U KPEeMHMH.
OOpasyrommiics kucaoTHbl okcu TiO, HEpacTBOPUM B METAJLIE U JIETKO BCTYIAET
B KOMIUJIEKCHI, nepexonadmue B nuiak. KpoMe Toro, TMTaH moJjie3eH Kak CUJIbHBIN
MOAU(PUKATOP, T.€. DIEMEHT, CIOCOOCTBYIOIIMI U3MENIbYEHHUIO 3€pHA METAJLIA.

AmoMHHMI — HanbOosee CUIbHBIM PAaCKUCIHUTENb CPEAU paccMaTpUBAEMBIX
METaJUIOB, IO3TOMY OCTAaTOYHbIE (paBHOBECHBIE) coaepxkaHua Al B Meraie
MUHUMAaJIbHBI. HegocTatok anoMuHUS Kak PACKUCIHUTENE — €ro CIocoOHOCTh
JIaBaTh B IIBE MEJIbYANIINE HEMETAIIIMYECKUE BKIIFOUCHHS.

[IpuBeneHHBIE BBILIE YPAaBHEHUS CIPABEMJIMBBI JUI CiIydash PaCKUCIICHHS
Kelne3a OIHUM JJIEMEHTOM, HO CJIEAYeT IIOMHHTh, YTO MPHU KOMIUIEKCHOM
PACKUCIIEHUU PACKUCIUTENbHAs ciocooHocTh Mn, Si, Ti u A1 Bo3pacTaer.

Heckonbko Oomplias TOYHOCTH pAcdyeTOB IMPU PACKUCIEHUU OJHUM
AJIEMEHTOM MOET OBITh TMOJy4YeHAa TMpU TMOJb30BAHUM YPABHEHUSMHU IS
OINpENEIICHUS KOHCTaHTbl ~PaBHOBECHS, YUUTBHIBAIOUIMMH  KO3((ULIUEHTHI
aKTUBHOCTHU 3JIEMEHTOB. [IpruMepoM MOTYT CIIy>KUTh PEAKLIMH PACKUCICHUS JKeJe3a
MaprasiieM 1 KpeMHHEM C 00pa30BaHUEM TBEPIBIX OKCUIOB:

[Mn] + [O] = (MnO)$

0 JoMn £2°fM 15065
kg 0T EIR 15065

4 (Mno)

6,25,

Mn Mn
rac fo s4tMn ~ KOB(l)(bI/IHI/IeHTBI AKTUBHOCTH COOTBCTCTBCHHO KHCJIIOPOJa H

Maprasiia;
aMno) - aKTMBHOCTH OKCHJa Maprasiia.



AXTHUBHOCTH YHUCTBIX OKCH/I0OB paBHA CANHUIIC.

3agaua 3

OnpenenuTs KOHIICHTPAIMIO JICTHPYIOIICTO 3JIEMEHTa, BBOJMMOIO Yepes3
SJIGKTPOJHYIO IIPOBOJIOKY, B TISTH CIOSX HarwiaBku. I[loctpouth rpaduk
3aBHCHMOCTH HW3MCHCHHUS COJICp)KaHUS DJICMCHTa B HAIUIaBKEe C YBCIMYCHHEM
HOMepa cios. OmnpenenuTs HOMEp CJIos, JalbHEWIee YBEIMYECHHE KOTOPOTO
IPAKTHYECKH HE BIHUSCT HA €ro COCTaB (C y4eTOM COTBIX JOJCH IMpOIIeHTA), T.C.
COCTaB OCHOBHOTO METaJlIa IepecTaeT OKa3bIBaTh JICHCTBUEC HA COCTAB HAILJIABKH.
Tabmma 3

IToxka- Bapuanrt

3aTenu 1 2 3 4 5 6 7 8 9 10 | 11 | 12

Conepx.
AJIEMEHTa
B CHOBH.
MeTajuie

0,10|0,01 0,03 |0,05|0,06 | 0,07 0,08 | 0,09 | 0,02 | 0,03 D,05 | 0,07

Conepx.
AJIeMEHTa
B AJIEKTD.
MeTasuie

35 |15 |17 |20 |23 |25 |2,7 |26 |50 |40 (45|55

JloJist ocH.
metrara B 0,65 |0,50|0,55(0,60|0,70(0,61|0,59|0,57|0,63|0,64 0,58]| 0,62
HaIlJIaBKE

OxoHuaHue TaOIUIbI

Koad.ne-
pexona
anementa |0,95|0,7110,84|0,85|0,63|0,70|0,60 0,72 0,55 (0,52 0,45| 0,51
U3 OCHOB.
MeTaa

Koad.me-
pexona
sanementa | 0,90 | 0,60 0,77 |0,79|0,58|0,60 | 0,52 |0,66 | 0,48 | 0,45 0,37 | 0,47

U3 DJICKT-
poJa

Meroauueckue yka3zaHus
K PEUICHUIO 33a4U 110 JIETUPOBAHUIO METAJIJIA CBAPHOTO I11BA,
B TOM YHCJIE IIPU MHOTOCIIOWHOM HAIlJIABKE

B cBapouHOW mNpakTHKE NPOIECCH JISTUPOBAHMS MOXKHO PaCcCUHUTBHIBATH  C
nmoMoIIp0 KoddduimentoB nepexona. KosdduimenTom mnepexoga 1 Ha3BIBAIOT




OTHOUIEHUE KOHUEHTPALMK 3JIEMEHTa B IIBE K €ro MCXOJHOM KOHUEHTPALMH.
[TpunsTO paznuyarh KO3PPUIMEHTHI IEpeEXoaa MIEMEHTA U3 OCHOBHOTO METajula U
AJIEKTPOJia, TaK KaK OSTU KOMIIOHEHTBbl CBApOYHOIO MpOIECcCca IMOJBEPraroTCs, B
YACTHOCTH, PA3JIMYHBIM TEIUIOBBIM BO3ICHCTBUAM. 3HaueHHE KOIPPUIMEHTA
Iepexojla 3aBUCUT OT YCIOBHM CBapku: crnoco0a, pexuma, KOHILEHTpalHuu
3JIEMEHTOB, MapKu (pJIroca WK NOKpbITHS U 11p. [losToMy K03 PuLeHTsI Tepexoaa
CJIEyeT MCIIOJIb30BaTh JIIIb JUIsl TEX YCJIOBUN, B KOTOPBIX OHM OIPENEISIIHCE.
[TorpemHoCcTh pacyeToB C HCIOJBb30BaHHEM KOA((UIMEHTOB IMEPEXoaa MOXKET
noxoautb 10 20%. YpaBHeHHE ISl BBIYHMCIEHUS CTENEHW JETHMPOBAaHUS IlIBa
AIIEMEHTOM HMEET BH/I:

[%R]ua = [%R]om. v ' + [%R](1-v) 1",

rae n', n” - kodpdunKMeHT nepexona dJIEMEHTa COOTBETCTBEHHO M3 OCHOBHOTO
MeTaJljla B IIOB M AJIEKTPOAHOrO MeTtaiia B 1moB. Kak mpaBuiio,

1,]I > nN;
[%R]om , [%R]> — comepkanue sJaeMEHTAa COOTBETCTBEHHO B OCHOBHOM U
ANEKTPOAHOM METAJLIE;
Y - JI0J1s1 OCHOBHOT'O MeTaylia B miBe, Y = Frp/(Frip + Fn),

rae Fnop, FH —1uiomaaes monepeyHoro cedeHuss COOTBETCTBEHHO
OCHOBHOI'O U HaIlJIaBJIEHHOT'O METAJLJIA.
Jlonsi OCHOBHOrO METajula B IIBE Y MOYET OBbITh OINpE/esieHa PacUeTHBIM
nyTeM. /{151 3TOoro Uernonb3yroTes ypaBHEHU:

q. )
Fp =n. 5 vyPH ’

o |

FH=3600vV_p°

rae N — repmuueckuii K111 nponecca nporiaBiieHrss OCHOBHOTO METAILIA;
Ou - 2ddexTrBHAsS MOIIHOCTh UCTOYHUKA YHEPTUH;
V., — CKOPOCTh CBapKH, CM/C;
Y - IUIOTHOCTh MeTaia (IJi1 HU3BKOYTJIEPOAUCTBIX M HU3KOJIETHUPOBAHHBIX
craneit y = 7,8 r/em);
H.; - sHTanbIUs MeTaia mpu TeMIepaType miaBieHus (1J1si HU3KOYTIEPOIUCTHIX
craneit H,, = 1380 JIx/c);
|.; — cuia cBapoyHOro TOoKa, A.
Pacuetst [%R ]z, 10 BBITIIENpUBEICHHONW (POpMYJIe OTIMYAIOTCS MTPOCTOTOM
U JIOCTYIHOCTBIO, TaK KaK B JIMTEpAaType MPUBOIATCS JaHHbIE O Kod(dduimeHTax
nepexona.
YactapiM ciaydaeM pacdeTa [%R]yza MOXET CUHUTaThCS ONpPEACIICHUE
KOHLIEHTpaIMU KaKkoro-ia1u0o 3JeMeHTa Py MHOTOCIOMHON HamiaBke. Yem OoJblie



CJIO€B HAKJIAJbIBACTCS HA OCHOBHOM METal, TE€M MEHBIIEE BIUSIHUE Ha
XUMUYECKUI COCTaB OKA3bIBAET MOJJIOKKA.
b.[1.JIebeneB c yuyetom dopmynbl nus pacueta [%R]uz. Hcmonb3oBad
TeopeThuyeckre pa3paboTKu XOCyH M Mopuraku Hu MpejiokKui  CIEIYIOUIYIO
hopmyy:
[%R]use = [%R], 0" + v{[%R]lom " - [%R], n"},

rae [%R]yz. — KOHIIEHTpalus 3JIeMeHTa B N-0M ClIIo€;
N - moka3aTeib CTCIICHH, ONPEACIISIONIMKN YUCI0 HAIJIAaBJICHHBIX CIIOCB.
XUMHYECKHII COCTaB MeTajyla IIBa 3aBUCUT HE TOJIBKO OT COCTAaBOB
CBApPOYHBIX MaTEPHUATIOB, HO M OT PEeKUMa CBapKu. Eciam cTaOMiIm3upoBaTh COCTaBBI
CBApPOYHBIX MAaTEPUAIOB, BO3MOXKHBIC W3MEHEHHUS XHUMHYECKOTO COCTaBa MOTYT
OBITh OOBSICHEHBI TOJLKO BIUSHUEM PEKUMa CBAPKHU:

[Y0R]u5a = f[les, Uy V]
3aBUCUMOCTH TIOJIOOHOTO POJ/ia U3BECTHHBI.

3agaua 4

Onpenenuts 1o GopMyne MexXayHapOJHOTO HHCTUTYTa CBAapKH CTEICHb
OCHOBHOCTH YKa3aHHOTO CBapo4yHOro ¢urroca. XUMHYECKHE COCTaBbl (JIroca
U3MEHSAIOTCS B HEKOTOPBIX Ipejesax, pacueT HeOOXOIUMO MPOU3BECTH JIBAXKIIbI:
Ipd MHUHUMQJIBHOM (IO pelenType) CoJAepKaHUU OCHOBHBIX OKCHJIOB U
MAaKCHUMaJIbHOM — KHUCJIBIX; TPU MAKCUMAJIbHOM COJIEP’KAHUU OCHOBHBIX OKCHJIOB U
MUHUMAJIBbHOM — KHCIJBIX. YKQKHUTE, KUCIBIM WM OCHOBHBIM SIBJISIETCS (PiiroC
3aJJaHHOW MapKu

Tabnuua 4
Bapuant Mapka ¢iroca Bapuant Mapka ¢iroca

1 AH-348A 7 AH-2

2 AH-348B 8 AH-3

3 AH-348AM 9 Linde-20

4 OCIL-45 10 Linde-90

5 AH-60 11 TA.:t.3 (Ilonba)
6 ®I11-9 12 TA,st.5(ITonpma)




Tabnuna 5 - CoctaBbl (Py1r0OCOB AJIs1 CBAPKU CTaJIei

MaccoBas gons okcuaa, %

Pmoc | gio, | MnO | Ca0 | MqO | ALO, | CaF, SFeZo Tio, | FeO E;SS

AH-348A |410- |340- | Mo |50- |do  |40- [20 |- |- |-
440 |380 |65 |75 |45 |55

AT-348B | 400- [30.0- | o |60- |do  |40- 20 [20- |- |-
440 |340 (100 |90 |80 |60 6.0

AH-348M | 41,0- [340- | o |50- |0  |35- |20 |- |- |-
440 (380 |65 |75 |15 |45

OCII-45 |380- |380- | Mo |Jo |Ho |60- |20 |- |- |-
440 |440 |65 |25 |50 |90

AH-60  |425- |360- |30- |05 |0 |50- |15 |- |- |-
465 |41.0 [110 |30 |50 |80

OIL9 | 380- [380- | Mo |Jo |100- |20- |20 |- |- |-
410 1410 |65 |25 |130 |30

AH2 | 480- [145- |280- |- |- 25 |- |- |- |-
500 |155 |30.0 35

AH3 | 480- |155- |150- |85 |- 20- (20 |- |- |-
500 |185 |180 |105 35

Linde20 |500- | o |280- |9,0- |40- 140 |- |- |05 |Lo-

(CIIA) 530 |06 |318 100 |60 20

Linde-90 |330- |290- [6.0- |- |21- |40- |- |10 |20 |-

(CIIA) | 340 |300 |70 22 |60

TA.:t.3 38,0- | 40,0- | JIo - o 50- |15 - - -

(Momsma) | 440 | 450 | 5,0 40 |70

TA:t3 |350- [380- Mo |-  |Do |50- |15 |15 [- |-

(Mombua) | 39.0 |450 | 7,0 60 |80 35

Meroanueckue ykazaHus

K PCIICHUIO 3a1a4H I10 BSaHMOﬂeﬁCTBHIO nniaKa

U MeTajljia IIpu CBapKe

Juddy3uoHHHOE pacKUCICHUE METAUIOB MPU CBApKE XapaKTEPU3YETCs TEM,
YTO OKCH/]I,
nepepacrpeeieHue OKCHUJIa MEXJY METaZIOM M IIIAKOM, KOTOPOE€ MOIYUHSETCS

3aKOHY pacIpe/IeIICHUs:

rae L — koHcTaHTa pacnpeneieHus;

(FeO) - conmeprkaHMe OKCHA B IILIAKE;

HAXOISIIMICI B MeETajje,

| = (FeO)

[FeO]’

[FEO] - conmeprkanue okcuia B MeTalLIe.

nepexoauT B MUIAK.

[Ipoucxonur




JInsi cBapOYHBIX HIJTAKOB KOHCTAHTA PACIpEEICHUs 3aKUCH Kelie3a JOJKHA
ObITH OOJIbIIIE €TMHUIIBI, T.€. IIJIAaK JIOJDKeH pacTtBopsaTh FeO nydie, yeM mertani.
W3 maHHBIX paclnpeneneHus CIEAyeT, YTO IMPU MOBBINIEHHBIX KOHUEHTPALMAX B
nuiake (FeO) MoxkeT mpoucXoAuTh OKUCICHUE MeTasuia. XoTa ¢popMyna JaeT JUIIb
KAUECTBEHHYIO CTOPOHY SBIICHHS, HO M3 HEE CIEAyeT, YTO B3aUMOJICHCTBHE
METaJlJIa U 1IJIaKa 3aBUCHUT OT COJICPKAHUS OKCUIOB B rocieaHeM. [Ipu 3ToMm oueHb
BAKEH XapaKTep OKCHJOB KUCIbIM, OCHOBHOW Wi aMdoTepHbiid. B cBsi3u ¢ 31uM
BBEJIICHO TIOHSATHE OCHOBHOCTHM NUTaka B, Kkotopas ¢opManbHO, HCXOAS U3
MOJIEKYJISIPHOM TEOPUH, MOKET OBITh IPEACTaBICHA B BUIE

B > Q,0+RO

Y RO,

rae 2.(R,O + RO), XRO; — cyMMBI OKCHJIOB B IIJIAKE COOTBETCTBEHHO OCHOBHBIX U
KHUCJIBIX, MOJI %.

[[lmakym cuwmrarorcs kucabiMu npu  B<l, ocHoBHBIMM — 1ipu B>0,
HEWUTpanbHbBIMUA — IIpu B = 1. dopManbHBIM 3TO BBIpaXXEHUE I omnpenesicHus B
ABJISIETCA TIOTOMY, YTO NP B3aUMOJACHMCTBHM METAJJIA U IUIAKA BAXKHO HE IPOCTO
COOTHOIIICHHE KOHIIEHTPALUA pa3IMYHBIX OKCHUIOB, a HaJIU4he CBOOOJHBIX
okcuzoB. [Ipu 3TOM clenyeT y4uThIBaTh BO3MOYKHOCTh OOpa3oBaHHs B IILIAKe
Pa3INYHBIX KOMIUIEKCHBIX COCUHEHUM.

B kauectBe mpumepa [.JLIletpoB mnpuBOAMT 2 BHIA BO3MOXHBIX
coeqMHEHU#, obOpasyrommxcs npu capke: FeO-SiO, wu (Fe0),:Si0,. Takum
o0pa3oM, 0/1Ha MOJIEKYJla OKCHJIa KPEMHUS MOKET CBSA3aTh U OJHY U 2 MOJIEKYJIbI
FeO. [Tosromy mmak, cocrosmuii u3 50 mon.% SiO; u 50 mon.% FeO , mpu B = 1
(dakTuuecKu OyAeT KUCIBIM.

B dopmyne MexayHapoIHOrO MHCTUTYTa CBAPKH XMMHUYECKas aKTHBHOCTb
OTJEJIBHBIX COEAMHEHNN B KAKOM-TO CTETNIEHU OLIEHUBAETCS U3 COOTHOIIEHUS

_ Ca0O +MqO + BaO +SrO + K,0 + Na, 0 + CaF, + 0,5(MnO + FeO)
Si0, +0,5(Al,0, + TiO, + ZrO, ’

B

rae CaO, BaO, ... - cogepxaHue XMMHUYECKOT0 coeIMHeHus Bo (uiroce, macc.%.

3agaua 5

OnpenenuTp, yCIeBalOT JU BCIUIBITH IIJIAKOBBIE YACTHUIIBI CO JHA CBAPOYHOM
BaHHBI TIIyOWHOW 1 CM, HE YYUTHIBAs MEpPEeMEIIMBAHUS METallia, JUIs 3aJaHHBIX
ycioBuid cBapku. [locTtpouts rpaduik 3aBUCUMOCTH CKOPOCTH BCIUTBIBAHUS YACTHI]
OT UX paauyca



Tabmura 6

IlmoTHOCTE NL1A-

BsaskocTth MeTasuia

Bpemss  npeObiBa-

Bapuant KOBOT'O BKJTFOUCHUS HHS BaHHBI B JKH/I-
Y2, r/em’ n, Ha-c KOM COCTOSIHHH, C
1 2,55 0,0010 8,0
2 2,60 0,0011 7,0
3 2,70 0,0012 9,0
4 2,80 0,0013 10,0
5 2,90 0,0014 9,0
6 3,00 0,0015 8,0
7 2,50 0,0010 7,5
8 2,65 0,0011 7,0
9 2,75 0,0012 6,0
10 3,00 0,0013 50
11 4,00 0,0014 8,0
12 4,30 0,0015 9,0

Oxonuanue TaOaunEl 6

Bapuant

Pa,Z[I/IC BKJIIOUYCHUA T, CM

6,010°:6,210°6,410: 6,6 10™: 6,8 10™.

7010°: 7,210 7,410 7,610 7,810>.

8,010™:8,210™:8,410°: 8,610 8,8 10™.

9,010 9,210 9,410 9,6 10> 9,8 10,

4,010% 4,110% 4,210% 4,310 4,4 10,.

3510%3,610* 3,710™* 3,810 3,9 10™.

3,010%3,110% 3,219* 3,310™* 3,4 10-4.

2510%2610%* 2,710*2810% 2,9 10"

2010*%2110*%2,210%2,310% 2,4 10™.

1,110*%1310%1510*1,710* 1,9 10"

6,010™:7,010™: 8,010 9,0 10™; 10,0 10°.

el
BEIBlolxo~NoluoswN-

1,010™:2,010>: 3,0 10™: 4,0 10™: 5,0 10™.

Meronnueckue ykazaHus
K PELICHUIO 3a/1a4 T10 ONPEACICHUIO CKOPOCTH BCILIBIBAHUSA
IIJJAKOBBIX YACTHUI] U3 METAJUIMYECKON CBAPOYHOM BAHHBI

Kamnsg, oOpasyromasicss mpu JyroBOMl CBapKe MOKPBITBIMH 3JIEKTPOAAMHU,
MOPOIIKOBBIMU CaMO3AIIMTHBIMUA MPOBOJIOKAMU W APYTUMH CIIOCOOAMH, CHApYKU
OKyTaHa muakoM. O0ianas KUHETUYECKOM 3Hepruei, Karjiud OpH MOINaJaHuu B
CBapOYHYIO BaHHY IOTPYXArOTCS BIUIyOb, I MPOUCXOIUT PA3AEICHUE METAIUIA U
nutaka. [Ilmak MOXKeET oOKas3aTbCsi BHYTPU CBAapO4YHOM BaHHBI B pe3yJlibTaTe

PACKUCIUTCIIBHBIX ITPOLECCOB.

[HInakoBble YacCTHIIEI

CTpEMATCA BCIUIBITHL Ha




IMOBCPXHOCTDb BAHHLI B CBA3H CO CBOEHM MaJIoll IIOTHOCTBIO. CKOpOCTB BCIIJIbIBAHUSA
YaCTHIl B CIIOKOMHOM KUAKOM METAJIC OIIPCACIIAIOT 110 (I)OpMy.IIe CroHca:

1
VBCI‘[J‘[ = 2,22r2q (Yl - ,YZ)H;

rae I — paanyc BKIIOUEHUS, CM;
g - 9.8l cm/c? — YCKOpEHHE CBOOOIHOTO IMaJICHHUS;
Y1 - IUIOTHOCTH METAJUIa, IS YMCTOrO XKenesa v = 7,88 r/eM’;
Y2 - IUIOTHOCTB IIIAKOBOTO BKIFOYEHHS, I/CM>,;
N - BS3KOCTb XKUJKOro metasia, [la-c.

W3 sroit  dopmynbl crienyer, 4To Oojieeé BCEro BIHMAET Ha CKOPOCTh
BCIUIBIBAHUS IIUIAKA pa3MEp €ro 4YacTUll, TaK KaK paguyC BKIIOYEHUS BXOAUT B
dbopmyny Bo BrTopoi crenenu. I[lpu monb3oBaHuM 3TOM GOPMYJION ClemyeT
YUUTHIBATh, YTO B YCJIOBHSIX CBApKHU HAOJIIOMAETCS MHTEHCHUBHOE TEpEMEIINBaHUE
KUJKOTO METallla, KOTOpO€ TMOHMWKAEeT TOYHOCTh pacuyeToB. Dopmynoi Ctokca
MOXHO TOJb30BaThCA JIMIIb JUISI OPUEHTUPOBOYHOM OLIEHKH BO3MOKHOCTH
yAaJIEHUs IIJIaKOBBIX YaCTHIL IIPU CBAPKE.

3axaua 6

Paccuutats mo Metomuke Cedepuana TtemmnepaTypy NIpeABAPUTEIBLHOIO
MOJOTPEBA JIJIS MPEAOTBPALICHHS XOJIOIHBIX TPEUIMH NPU CBAPKE

Tabnuna 7
Bapu- | Mapka Tonmuna XHUMUYECKHI cocTaB cTanu, %
aHT CTaJIH cram, MM | C Mn Cr Ni Mo Vv
1 30XH3A 50 0,33 (0,60 |090 |3,15 |- -
2 40xMDA 40 0,44 10,70 |1,10 |- 0,30 |0,16
2 20H2M 55 0,25 0,70 |- 190 |0,30 |-
3 40XH 42 041 /080 0,75 (1,40 |- -
4 30XTC 45 0,35 110 |1,10 |- - -
5 38X2H2MA 42 0,37 /050 |1,70 |1,70 |0,25 |-
6 40XH2MA 40 0,40 /080 |090 |165 |0,22 |-
7 30XT'CH2A 45 033 1,30 1,20 (1,80 |- -
8 30XTH 38 043 1,10 {0,80 |1,00 |- .
9 40X2H2MA 42 042 1060 |165 |1,75 |0,30 |-
10 | 38XH3MA 36 0,40 |050 1,20 [3,25 |0,25 |-
11 | 38XH3M®A 60 0,39 |050 (150 |3,50 |0,45 |0,15




Meronnueckue ykazaHus
K PELICHMIO 33/1a4 110 ONPEIEICHUIO TEMIIEPATypPhl IPEIBAPUTEIBHOTO
IIOJIOrpeBa IS IPENOTBPAILCHUS XOIOHBIX TPEIIUH

XOJIOJHBIC TPEUIMHBI MOSBIISIIOTCS MOCJE CBAPKU MPU TEMIIEpaTypax HUKE
420 K wiM moclie MOJHOTO OXJKACHUS B TEYEHHE CYTOK. DakTropamu,
CIIOCOOCTBYIOIIMMH OOpPa30BaHUIO XOJOJHBIX TPEIIWH, CIY)KAaT YacTHYHAs WJIU
MOJHasl 3aKajka, 3HAYUTEIbHBIE KOJMYECTBA BOJOPOJAa U PACTATHUBAIOIINE
CBapOYHbIE HaIpsKeHUs. [|J1s1 HU3KOJIETUPOBAHHBIX CBAPHBIX COE€IMHEHUN ¢ X-, V-
u U-00pa3HbIMH pa3feikaMy STTOHCKUMHU HCCIICOBATEISIMU MIPEJIOKEH TTapaMeTp
TPEIIMHOOOPa30BaHMS, YIUTHIBAIOIINN XUMUYCCKAN COCTaB, COJIEP KaHNe BOIOPOIa
Y TOJIIIUHY METaJJIa;

(Sl+Mn+Cr+Nl+Cn)+MO+X+5B+@+ K0

Pw=C+ — 0,
20 15 10 60 40-10

riae [H] — conepxanne nudPy3noHHOTO BOJIOPOIA, cm/ 100r;
Ko - xoadduiimeHT )xecTKOCTH COeTUHEHNS;
d - TOJIIMHA METaJlla, MM.
I[Ipn Pw < 0,285 XonogHBIE TpEIIMHBI B CBapHBIX COEAVUHEHUAX HE
o0pasyroTcs.

B Tex ciydasx, Korja CyIIeCTBYET BO3MOXXHOCTh OOpa30BaHMS XOJIOIHBIX
TPEIINH, CICTYyeT UATH 0 MTyTH YMEHBIIICHUS KECTKOCTH KOHCTPYKIIUH, CHIDKCHHSI
conepxxanusi AU¢GYy3MOHHOTO BOAOPOJAa B IIBE M, HAKOHEI, MPEIOTBPAICHUS
3aKaJOYHBIX CTPYKTYp. ECITM yMEHBIIUTD KECTKOCTh KOHCTPYKIIMKA B OOJIBIIIMHCTBE
ClIy4aeB HEBO3MOXHO, TaK KaK €€ pa3Mepbl 3aJjaHbl YEPTEKOM, TO BO3JCHCTBOBATH
Ha KOJIMYECTBO BOJAOPOJIa U 0OPA3yIONIUECS CTPYKTYPhl MOKHO YCIOBHUSIMU CBapKH.
Tak, [J.Cedpepuan mnpenjokuia  METOAWKY  OMpEISICHUS  TeMIepaTyphbl
MPEABAPUTETLHOTO MOAOTPEBa JUIsl IPEIOTBPAIICHHs XOJOIHbIX TpemuH. [Ipexie
BCET0 OMpeIeIIIeTCs] IKBUBAJICHT yIiiepoja:

ComC+ MHC NI Mo
9 18 13

3aTeM BHOCHUTCS TIOTIpaBKa Ha TOJIIIMHY CBAPUBAEMOI'0 METalIa:
C’, =0,005 0 C..
Torma 061t SKBUBAJIEHT yTiiepoja

C",=C, + C', (1+0,0058),

a TeMIieparypa nojorpeBa



Thox = 3504C; -0,25.

Kak cnemyer u3 nmpuBenenubix gopmyi, [[. Cedepuan He yIuTBHIBaCT COAEPIKAHUS
BOJIOPO/ZA, YTO SIBIISIETCS HENOCTATKOM PAaCYETHOIO METO/A.
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