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BBEJAEHUE

B nocnennee Bpemst HaOmonaeTcss poct o0beMa NPUMEHEHMSI CTaJIEN C JIETKO-
IUIABKMMM LUHKOCOACPKAUIUMU MOKPBITUSMU. OHH MCHOJIB3YIOTCS IIPU U3TOTOBIIE-
HUM aBTOMOOMJIEH, CEIbX03MAaIlNH, BEHTWISILIMOHHOTO U JAPYTUX BUAOB 000pYJ0Ba-
Hus. OHUM K3 HanboJiee paclpOCTPAaHEHHBIX CIIOCOOOB COEAMHEHHUS TAaKUX CTasled
ABJIIETCS KOHTAKTHas CBapKa, KOTopas OOECIeunMBaeT BBICOKHE ITOKA3aTeNu MPOU3-
BOJUTEIBHOCTH, MEXAHU3ALMN U aBTOMATU3aIMH, HU3KYI0 SHEPTOEMKOCTb, BBICOKYIO
KyJbTYpy MPOU3BOJICTBA.

OpHako Hanu4he LMHKOBOTO IMOKPBITHS Ha CBAPUBAEMOM METAIIJIE OKA3bIBAECT
CYILLIECTBEHHOE BJIMSIHUE HA IMIPOTEKaHUE MPOLIECCa KOHTAKTHOM CBApKU M, KaK IpaBH-
J10, CHM)KAET KA4eCTBO COEJIMHEHHS. JTO CBS3aHO C HU3KOW TEMIIEPATypOM IIaBie-
HUS TIOKPBITHS, €r0 3HAYUTEIBbHBIMH PA3IUYUsIMU B MEXaHUYECKUX- U Tero(pusnye-
CKHX CBOMCTBaxX IO CPABHEHUIO C OCHOBHBIM METAJUIOM, 3arpsA3HEHUEM CBAPOYHBIX
AJIEKTPOIOB U T.A. 1103TOMY GOJIBIIMHCTBO CYIIECTBYIOIIMX ‘TEXHOJOTUHECKUX CIIO-
CcOOOB KOHTaKTHOW CBApKHU OLMHKOBAaHHBIX CTaJIel HAIPABICHO HA MaKCHUMAaJlbHOE
pa3pylIeHHE W BBITECHEHHE LMHKOBOI'O IOKPBITHS M3 30HBI+ CBAPKHU, C LEIBIO
YMEHBUICHUS €r0 BIMSHHUSA Ha Ka4yeCTBO M IPOYHOCTH CBAPHOLO COEIMHEHHUs. Pe3ko
CHWKAIOLIMECS IIPU 3TOM AHTHUKOPPO3UOHHBIC, CBOMCTBA COCAMHEHMSI BOCCTAHABIIM-
BAalOT M0CJI€ CBAPKU IPYHTOBKOW MOBEPXHOCTEH, MX MOKPACKOM U IPYrUMH criocoda-
MU, YTO CHMXKAET SKOHOMHYECKHE MOKAa3aTeJu MPOLECCa U3TOTOBICHUS U3IEIUN U
ero 3p¢peKTUBHOCTbD.

B 3T0il cBfI3M MOMCK MyTei; MO3BOJSIOIKX. pa3padoTaTh TEXHOJIOTHYECKUI
MpOLIECC KOHTAKTHOM CBapKU OLUMHKOBAHHBIX CTaj€il 0€3 pa3pylIeHUs MOKPBITUS U
HAapyIlIeHUsI €r0 aHTUKOPPO3UOHHBIX CBOMCTB, SABJISIETCA aKTyaJIbHOM 3amadei. B pa-
0oTe 9Ta 3a7aya penieHa 3a cHeT pa3pabOTKU HOBBIX CIIOCOOOB PEryJIMpPOBaHUS TEP-
Moie(hOpMALIMOHHBIX MPOLECCOB, MPOTEKAIOUINX B 30HE CBAPKU, B OCHOBHOM MeETaJ-
JIe ¥ CBApOYHBIX 3JIEKTPOMAX, a TakikKe CO3JaHUEM YCTPOMCTB JUIS UX pEaju3ally B
YCIIOBHSIX TPOU3BOJCTBA.

OBHIAA XAPAKTEPUCTHUKA PABOTHBI

CBs3b pa0d0ThI ¢ HAYYHBIMHU NPOrPAMMAaMHU (MPOEKTAMHU) U TEMAMM

TeMa nuccepTaluu COOTBETCTBYET CJICAYIOIIUM MPUOPUTETHHIM HAMpPABJICHU-
aM (yHAaAMEHTAJIbHBIX U MPUKIAJAHBIX HAy4YHBIX ucciegoBanuii PecryOnuku bena-
pychk Ha 2006-2010 roasr (ITepeuens yrBepxkaeH IlocranoBienuem CoBeta MuHu-
ctpoB Pecniyonuku benapycs ot 17 mas 2005 1. Ne 512):

2. MexaHuka MamimH, OOecCIleUeHHE HAJC)KHOCTH U 0€30IaCHOCTH TEXHM-
YECKNX  CHUCTEM, TIOBBIIIIEHHE KOHKYPEHTOCIIOCOOHOCTH MPOIAYKIIUM MAIIHMHO-
cTpoeHUS: (2.3 KOMIBIOTEPHOE  MOJICTUPOBAHWE W  MCIBITAHWE MAIIUH U Me-
XaHU3MOB; 2.4 cO3/JaHue HOBBIX KOMIIOHEHTOB MAIMH W OOOPYIOBaHUS HJIsl Ma-
HIMHOCTPOUTEIBHOTO KOMILIEKCA);

6. Marematuyeckoe U PU3NIECKOE MOJIECITUPOBAHUE CUCTEM, CTPYKTYp U TIPO-
IIECCOB B MPHUPOJIE M 00IIecTBe, HMHPOPMAIMOHHBIE TEXHOJOTUH, CO3TaHUE COBpE-



MEHHOW MH(POpPMAIMOHHON MHPPACTPYKTYphl (6.1 MaremMaTnyeckue MOJAEIU U UX
NpPUMEHEHHUE K aHAJIN3y CUCTEM U MPOIECCOB B IPUPOJIE U OOILECTBE).

HayuHble uccnenoBaHus 1o TeMe AUCCEPTAlMU MPOBOAUINCH B COOTBETCTBUU
¢ mmanoM HUP Benopyccko-Poccuiickoro yausepcurera I'b Ne 0621, pazgen «Co-
BEPIICHCTBOBAHUE TEXHOJOTUN KOHTAKTHOW TOYEUYHOM U pebe(pHOM CBAPKH C LEIBIO
HNOBBIIIEHUS TPOU3BOJIUTEIIBHOCTH U CHUYKEHHUSI MAaTEPUAJIbHBIX 3aTpaT», 0 JOTOBO-
py TBOpueckoro coapyxectBa ¢ I1O "Mockeuu" no teme «IloBbIlIEHHE MPOYHOCT-
HBIX XapaKTEPUCTUK TOYEUHBIX COCTMHEHUI Y3JI0B aBTOMOOUJIS», B BHIIIOJIHEHUH KO-
TOPBIX IPUHUMAJ YYaCTUE COUCKATENb.

Heab 1 3a1a4um UccaeT0BAHUSA

Lenvio uccnedosanuii siBnsieTcs: pazpaboTka MapaMeTpoB TEXHOJIOTHUYECKOTO
MpoIecca KOHTAKTHON CBAapKH OIMHKOBAHHBIX CTajieil, 00ECIEeUNBAIOLINX COXpPAHE-
HUE€ 3aIIUTHOTO TMOKPHITUS, €r0 aHTUKOPPO3WOHHBIX CBOMCTB W TPeOyeMmbie HPOU-
HOCTHBIE TIOKA3aTENN CBAPHBIX COCIMHEHUM.

JI71st mocTHKEeHUS 1IeJId B padOoTe MOCTABICHBI U PEIICHBL CIIENYIOMNE 3a/1a4u:

1. Pa3paborana wmaremaTudeckasi MOJElb MPOIEcca KOHTAKTHOW TOYEYHOMU
CBApKM CTallel C LHMHKOCOAEPKAIIUMHU MOKPHITUAMH, OTJIMYAIOIIASACS Y4YETOM
CBOWCTB WM TOJIIMHBI OKPHITHSA, JUHAMHUYECKOFO. N3MEHEHHUS] CONPOTUBIICHUS U J1aB-
JICHUS] B 30HE€ KOHTAKTa 3JIEKTPOJOB U M3ACIH B MPOLECCe.CBAPKU U MO3BOJIMBIIAS
YCTAaHOBUTH MEXAHU3MbI Pa3pyIICHUS MOKPHITUS B 3aBUCUMOCTH OT Tepmojedhopma-
IIUOHHBIX YCIIOBUM CBApKH, POpM U pasMEPOB TPUMEHSIEMBIX JIEKTPOIOB.

2. Ha ocHOBaHMM MCCIEN0BAaHUS HPOLECCOB; MPOUCXOISIINX B IOKPBITUU IIPU
M3MEHEHUHM OCHOBHBIX TEXHOJIOTHYECKUX MapaMeTpOB CBAPKH, TAKMX KaK CONMPOTHUB-
JIEHUsI KOHTAKTOB 3JIEKTPOJIOB U JAeTayeil, BpeMsi HapacTaHUsl CBAPOYHOTO TOKa, Be-
JUYUHA U BpPEMsl TPUIOKEHMS . YCWIMS CXKATUS HA 3aBEpIIAONIEM JTale CBapKH,
YCTaHOBJICHBI HAYYHO-O000CHOBaHHbBIEC YCIOBUS COXPAHEHUS IIMHKOCOAEPKAIIEro IMo-
KPBITHA.

3. Ha 0aze TeOpeTHYECKH- H. AKCIEPUMEHTAIHHO YCTAHOBJIEHHBIX YCIOBUN
(GhopMHUpPOBaHUS CBAPHBIX COCAMHEHUUN MPEUIOKEHBI MPAKTUYECKUE PEKOMEHIAIUU
10 BHIOOPY MapaMerpoB PEeKUMa CBApKH, MO3BOJISIONIME peain30BaTh TepMoiedop-
MAallMOHHBIC MUKJIbI, 00€CTEUNBAIOIINE COXPAHEHUE IIMHKOBOTO MOKPHITHS.

4. PaspaboTaHbl ¥ BHEAPEHBI B MPOM3BOJICTBO HOBBIE CITIOCOOBI M AJIEKTPOIHBIC
YCTPOWCTBA [IJIs1 KOHTAKTHOW TOYEUHOU U pelibePHON CBapKU CTaJICH C MOKPHITUSIMHU,
a TaK)Ke PEKOMEHJAIlMU 0 BIOOPY TEXHOJOTHUUECKUX MapaMeTpoOB PEKUMa CBAPKH,
o0ecrneunBaONINE COXPAHEHUE TOKPBHITUS U OJHOBPEMEHHO TpeOyeMmble MPOYHOCT-
HbI€ CBOMCTBA M3/EJINH, TOBBIICHHYIO CTOMKOCTh CBAPOUYHBIX AJIEKTPOJIOB.

O0bexT 1 npeaMeT uccJieI0BAHUM

Obvexmom uccrnedoganuii SABISIIOTCS CBAPHBIE COEIMHEHHUSI, BBINOJIHEHHbBIC
KOHTAKTHOW CBAapKOW Ha CTAJAX C 3allUTHBIMU LIMHKOCOJEPKAIIUMH TOKPBITHUSIMHU.
ITpeomemom uccredosanuii SIBISIFOTCS OCHOBHBIE (DaKTOPBI, BIUSIOLIME HA MPOLIECC
nehopMHUPOBAHUS TTOKPBITHS, U CIIOCOOBI PEeTyIUPOBaHUS TEPMO1e(POPMUPOBAHHOTO
COCTOSIHUSI MeETajllia 30Hbl COEAMHEHUSI M MaTepraja CBapOYHBIX JIEKTPOIOB, obec-
MEYMBAIOIIE BBHICOKHE KOPPO3UOHHBIE M MPOYHOCTHHIE CBOICTBA CBAPHBIX COEIU-
HEHUU, MTOBBILICHHYIO CTOMKOCTh CBAPOYHBIX 3JIEKTPOIOB.



ITos10:keHHUs1 BBIHOCHMMBIE HA 3AUTY

1. BnepBble ompenesneHbl HayyHO-OOOCHOBAHHBIE YCIIOBUSI COXpPAHEHMs 3a-
IIUTHOTO MOKPBITUS IPU KOHTAKTHOM CBapKe U MyTHU UX peaju3aliud B KOHKPETHOM
TEXHOJOIMYECKOM Iporiecce. TeopeTuueckn yCTaHOBJIEHO M MOATBEPKIAECHO DKCIe-
PUMEHTAJIBHO, YTO COXPAHEHHE MOKPBITHS 00ECIEUYNBAETCA CO3JaHUEM B 30HE KOH-
TakTa  CBApOYHBIX  D3JEKTPOJOB  C  MOKPBITUEM  TAaKOro0  HAINpPSKEHHO-
1e(pOPMUPOBAHHOTO COCTOSTHUSI METaJIa, TP KOTOPOM MUHMMU3UPYIOTCS KacaTelb-
HbI€ (CIIBUTOBBIC) HAIMpPsDKEHUA U JeOpMallii U CO3/1aeTCS MaKCUMAJIbHOE COMpO-
TUBJICHHE TIACTUYECKOMY T€UEHHUIO METaJlIa MOKPHITUS B HAIIPABJIEHUHU OT LIEHTPA K
nepudepun CBApHOTO COSTUHEHHUSL.

2. MuHuManbHbIe KacaTelbHble (CABUTOBBIC) HAIpPsDKEHUS M JehopMaliu,
00€eCIeunBaIOIINE COXPAHEHHUE MMOKPBITHS TOCTUTAIOTCS:

— MOJUIEP>KAHUEM T1aJICHUS HANPSKEHUS Ha KOHTAKTaX JIEKTPOJIOB C U3AETHEM
He Bbime 0,9 U, (U, — HanpsbKeHUe pa3MATYeHUs) U JABICHUU B 30HE-CBApKH, HE
IIPEBBIIAOIINX TPEAEIT TEKYUECTH MaTEpHUalla OKPBITHS,

— MPUMEHEHUEM MOJYJIMPOBAHHOM (POPMBI UMITYsIbCa TOKA HA HAHAJILHOM 3Ta-
i€ CBapKH, 4TO OOECIEUNBAET CHIKEHHUE HANPSHKEHUS 'Ha ydacTkaxX 3JCKTPOI-AeTalb
Huwke 0,9 U,. JInuTensHOCTs MOMYJISIUK 3aBUCHUT OT TOJIIMHBI CBAPUBAEMBIX JI€Ta-

Jiel u ornpeaensercs no Gopmyne T 100 = eXp(E —2,89);

V5

— MPUMEHEHUEM DJIEKTPOJOB C IUJIOCKOW (opMON-pabouMx MOBEPXHOCTEH WU
BBIOOPOM ILIOLIAAM pabodyeil MOBEPXHOCTH S, EKTPOAa B CIIydae MCIOJIb30BAHMS
penbePHO-TOUECYHOM U TOUCUHOM CBAPKH O 3aBUCUMOCTU:

5, \/58,2_ 285U, —565
V&

3. MakcumanbHO€ CONPOTHUBICHHUE MJIACTUYECKOMY TEYEHHIO Marepuaia IMo-
KPBITHS ¥ IPEIOTBPAILEHNE HAMIIAHUS €0 Ha 3JIEKTPOJIbI TOCTUTAETCS:

— MPUIIOKEHUEM \ KOBOYHOI'0' YCHJIMSL 10 MOMEHTA JOCTHKEHHUS TEMIIEpaTyphbl
100-120 °C B 30H€ KOHTaKTOB 3JEKTPOJOB U MOKPBITHUS, MPOAOIKUTEIBHOCTDh MIPHU-
JIO’KEHUSI KOTOPOTo onpeAensercs no popmyne:

0,05

TK062(0’133+0’71“/TCG 5 ),

— NMPUMEHEHHUEM KECTKUX PEXUMOB CBApKH, 00ECHEUMBAIOUIUX TEMIIEPATYPY
B 30HE€ KOHTAKTOB-3JIEKTPOJOB C JETAJSIMHU HE BBIIIE TEMIEPATYPHl Pa3MATYCHUS Ma-
Tepuaa MOKPeITHA U TpeOyeMble MPOUYHOCTHBIE CBOWCTBA CBAPHOTO COEAMHEHUS;

— CoQJIIOICHNEeM TeMIla CBapku He BbilIe 30 ToueKk B MUHYTY IIPH OXJIAXICHUN
ANEKTPOLOB KUIKOCTBIO, Merome temneparypy 10 C. Ilpu oxnaxaeHun cBapou-
HBIX~2JIEKTPOJOB KUAKOCTBIO ¢ TemnepaTrypor MuHycC 40 °C TteMn cBapkh MOXKET
ObITh-yBeNMUEeH B 1,5 paza.

4. CoxpaHeHHE TOJIIMUHBI 3alUTHOTO MOKPHITUS Ha ypoBHE HE MeHee 90 % ot
€ro MepBOHAYAIBHOTO 3HAYEHUSI 00€CIIEUNBACTCS UCTIOIb30BAaHUEM MTPOMEKYTOUHBIX
AJIEKTPOJIOB B BHUJIE MeHOU (hosbru. [Ipu 3TOM NpOUCXOAUT yBETUUYEHHUE COMIPOTHUB-
JIEHUS MJJACTUYECKOMY TEYEHUIO METAJIJIa TIOKPBITUS U MOJTHOCTHIO MPEIOTBPAILAETCS
HaJMIaHUE MaTepHala MOKPBITHS HA 3JIEKTPOJIBI.




JInunblii BKJIaJ couckaTedas. ABTOPOM JIMYHO pa3paboTaHa MaTeMaTuyde-
CKasi MOJIeNib YIPYTOIUIACTUYECKOTO J1Ie(OpMUPOBaHUS METajljla 30Hbl COEIMHEHUS
IpU TOUYEYHON U penbedHON cBapke crajied ¢ MOKphITUsIMHU. OmnpeeneHbl HayuyHo-
000CHOBaHHBIE YCIIOBUS COXPAHEHUS MOKPBHITUS U MPEJOTBPAILICHUS KOPPO3UU CO-
€IMHEHUM, IMOJTy4aeMbIX KOHTAaKTHOM TOYEYHOM U penibepHOoM cBapkoid. [IpenioxkeHbl
NpaKTUYECKHE PEKOMEHJIAlMU 10 BBIOOPY MapaMeTpoB peKMMa CBapKH, MO3BOJISIO-
HKe peain30BaTh TEPMOAEPOPMALIMOHHBIE IUKIIbI, 00ECIIeUNBAIONIUE COXPAHEHUE
[IUHKOBOTO MOKpbITH. HaydHOMY pyKOBOIWTENIO MPUHAIJICKUT 00IIas uaes pado-
Tel. OnpeseneHue 1enel u 3a1ad UccleqoBaHul, 00001IeHNEe TOTYyYEeHHBIX Pe3yib-
TaTOB IIPOBOJAWIOCH C PYKOBOJAUTENIEM. B COBMECTHBIX C HAy4YHBIM PYKOBOIUTEIIEM
paboTax aBTOp OCYILECTBIISUI MMOCTAHOBKY 3ajad, pa3padaTbiBal METOAUKH U TPOBO-
JIJ1 TEOPETUYECKUE U DKCIIEPUMEHTAIBHBIE UCCIEA0BAHUSA, OCYIIECTBIAT OATOTOB-
Ky Hay4YHBIX MyOJMKAIMi U MIpe/ICTaBJICHUE TOKIaI0B Ha KoHpepeHuusx. B padorax,
omy6nukoBaHHbIX ¢ coaBTopamu (B.I1. bepesuenxo, B.A. [lonkosckuit,C.M. ®yp-
MaHoB, FO.A. Ilymapes, E.}O. JlaTtbimoBa) aBTOop y4acTBOBAJI Ha BCEX ITAMAX MX BbI-
IIOJIHECHMUSL.

Anpolauusi pe3yJbTaToB AMCCepTanMU. Matepuaibl TUCCEPTALMU JTOKIIA-
IBIBAIUCH W OOCYKIaJUCh Ha BCECOIO3HOM /HAayYHO-TEXHUYECKOW KOH(pepeHIH
«IIpo6ieMbl COBEPIIIEHCTBOBAHMUS KOHTaKTHOM TodeuyHoil eBapku» ([Ickos, 1987),
Hay4YHO-TEXHUYECKOW KOH(EepeHIIUN «YUeHbIE W' CTICIIHATIMCTHI — HAPOJHOMY XO3sH-
ctBy» (MoruneB, 1989), MexayHapoJHOH HAy4YHO-T€XHHYECKOW KOH(EpEHIINH
MOJIOABIX yueHbIX “HoBbple MaTephanbl, OO0OpY[OBaHHME M TEXHOJOTMU B
npoMbinuieHHOCTH (Morunes, 2007), MeXAYHAPOIHBIX HAYYHO-TEXHUYECKUX
KoH(pepeHusx “Marepualibl, 000PYIOBAHME U peCypcocOeperaronme TeXHOJIOrun”
( Morwunes, 2006, 2008, 2009).

Ony0/1MKOBAHHOCTH Pe3y/ibTaroB auccepramuu. OCHOBHOE COAEPKAHUE
JUCCEPTAIMK OMyOJMKOBAHO B 7 CTaThsiX, 6 M3 KOTOPHIX COOTBETCTBYIOT MYHKTY 18
«lTonoxeHust 0 NMPUCYKIEHUN YHEHBIX CTEIICHEHM M NMPUCBOCHUU YYEHBIX 3BAHHUU B
PecniyOonuke benapycw», ¢ o6mmm o6bemom 1,75 aBTOpcKHX JHMcTa, 5 TE3HUCax JO-
KJIAJIOB Ha MEXTyHApOIHBIX HaydyHO-TeXHUUYECKUX KoH(pepeniusax. [lomydens 1 na-
TeHT Poccuiickoit denepariin, 5 MaTeHTOB Ha MOJIE3HYIO MoJeb Pecyonuku bena-
pych, 3 aBropckux cBuacTearctBa CCCP Ha n300peTeHus ¢ oonmM oobeMoM 3,2 aB-
TOPCKUX JIUCTA.

Crpykrypa u o0bem padotbl. [(uccepranusi COCTOMT M3 BBEIEHHUs, OOIIEH
XapaKTEPUCTHKU paOOThI, MATH TJIaB, 3aKIIOYEHHUS, CIIMCKA MCIOJIb30BAHHBIX UCTOY-
HUKOB U npuiioxeHuid. [Tomueiit o0beM quccepranuu coctaBisieT 166 crpanun. OHa
coepkUT 87 pUCYHKOB Ha 37 cTpaHulax, 6 Tabnuil Ha 3 cTpaHUIlax, 2 MPUIOKECHUS
Ha 20‘cTpanunax u 102 6ubauorpaduueckre CCbIIKA Ha § CTpaHULAX.

OCHOBHOE COAEP XAHHUE PABOTbBI

Bo BBeneHHM O0OCHOBBIBACTCS AKTYaJbHOCTh JTUCCEPTAIIMOHHOW paboTHI,
chopMyIUPOBAHBI 1IETTU U 337a41 HCCIICOBAaHUH, TTPEICTABICHBI OCHOBHBIE MOJIOXKE-
HUs, BEIHOCHUMbBIC Ha 3allUTy, HAy4YHas HOBH3HA, MPAKTHYECKash 3HAYUMOCThH TOJY-
YEHHBIX PE3yJIbTATOB, JaHa O0IIast XapaKTepUCTHUKA PaOOTHI.
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B mnepBoii riaBe npoBeieH aHAINU3 JIUTEPATYPHBIX JTAHHBIX MO TEME JUCCEP-
Talli. BBISBIEHBI OCHOBHBIE TPYAHOCTH, BO3HUKAIOLIME NMPU KOHTAKTHOM CBapke
CTajed ¢ UMHKOCOIECPHKAIMMHU OKPBITUSAMHU, B TOM YHCJIE C MOKPBHITUSIMA HA OCHOBE
AMOKCUIHOM CMOJIBI (LIMHKpPOMETAJIa), ¥ W3BECTHBIE CIOCOOBI HX MPEOJIOJICHHUS.
OmnpeneneHbl OCHOBHBIE TPeOOBaHUSI, IPEIBABIIEMbIE K Ka4yeCTBY CBApHBIX COEIU-
HEHUW cTasied ¢ mokpeITUsMU. [loka3aHo, 4yTO MpU CBapke AETalell C 3alUTHBIMU
MNOKPBITUAMHU HAOJII01a€TCS TIOBBIIEHHBI U3HOC W 3arps3HEHUE CBAPOUYHBIX DJICK-
TPOAOB, OOYCIIOBJICHHBIE TEM, YTO B 30HAX KOHTAKTOB 3JIEKTPOJOB U JIETKOILJIABKOTO
MOKPBITUS MUMEET MECTO CII0KHOE HAINPSIKEHHOE COCTOSIHUE, MPOTEKAIOT HECTAIMO-
HapHbIE TEIJIOBBIE MpoliecChl. BaxHyo posib B MPOIECCE BHITECHEHUS MTOKPBITUS U3
30HBI KOHTAKTUPOBAHMS 3JIEKTPOJIOB C M3JCIMEeM Urpaet (popma padodeil TOBEPXHO-
CTH 3JIEKTPOJIOB, KOTOpasi OKa3bIBAET CYIIECTBEHHOE BIUSHHUE HA IKCIIyaTallMOHHBIC
CBOWCTBA COCAMHECHUM.

[IpoBenen 0030p CYHIECTBYIOIIMX CIOCOOOB KOHTAaKTHOW CBapKd CTajeil ¢
IIUHKOCOEep KalUMU MOKpeITUsIMU. Han mpoOiemaMu KOHTaKTHOW CBApKU METAJIJIOB
¢ nmokpeiTusimu padotanu A.W. T'ynses, B.A. ['minesuy, A.B. BakaroBu np. [Tokaza-
HO, YTO HCHOJb3yE€MbIE CIOCOOBI CBApKH OLMHKOBAHHBIX JIMCTOB TPHUBOIAT K
YMEHBIICHUIO KOPPO3UOHHOW CTOMKOCTH U3JIETMA 3@ CUET KaK paciulaBICHUSA, TaK U
BBITECHEHUSI IMHKOBOTO MOKPBITHS U3 30HBI CBAPKH. Bce cyllleCTBYIOIINE PEKOMEH-
JaIMi OCHOBAHBI Ha HKCIIEPUMEHTAIBHBIX METOJ/IaX BbIOOpa MmapaMeTpoB peKuMa U
CBOJISITCSI K WCIIOJB30BAaHUIO TOBBIIICHHBIX 3HAYCHUM MapaMeTPOB peKHMMa CBaApKHU
(CBapoO4YHOr0 TOKa, BPEMEHM CBAPKU W YCWIHMI CXKATHsI) IO CPAaBHEHHUIO CO CBAPKOM
aHAJIOTUYHBIX cTajie 0e3 MmoKpwITUs, HUKTO u3 HcciaenoBaTeneil He pemail BOMpoc
COXPAHEHMS 3aIUTHOTO MOKPBITHUS, CO3aHMs CIOCOO0B U YCTPONCTB, MO3BOJISIOIINX
MOJIYYUTh KAYECTBEHHOE CBApHOE COEAMHEHWE C BBICOKMMHU AIKCIUTYyaTallMOHHBIMHU
cBoiictBamu. [IpennokeHHbIE paHee CIOCOOBI CBAPKH HYKIAIOTCS B JalbHEHIIEM
COBEPIIICHCTBOBAHUH C UENBIO MOBBIHIEHUS] CTOMKOCTH AJIEKTPOOB, pa3pabOTKu KpH-
TEPUEB TOJYyUYCHUS COCIMHECHMS CTa0MIHHOTO KaueCTBa, COXPAHEHUS] aHTUKOPPO3U-
OHHBIX CBOMCTB MOKPBITHSI.

OO0O0OIIEHHBIX JaHHBIX, HMCMOJB3YS KOTOPHIE MOHO OIPEIEIUTh COOTBET-
CTBYIOIIUE. TApAMETPhHI PeKUMa CBAPKHU CTaJCH C MOKPHITUSIMU U OOECIEeYUTh CTa-
OWJIbHBIC TTOKA3aTelNn, KayeCTBa COCIMHEHHM, HE BbIsIBIIEHO. CHCTEMHBIN MOJIXOJ K
PEIICHUIO 33a/1a4u BBIOOPA TapaMeTPOB PEXKUMA M TEXHOJIOTHU KOHTAKTHON TOUCYHOM
CBapKH CTaJIel C MOKPHITUSAMHU Ha OCHOBaAaHUHU UCCJIEAOBAHUS TEPMOaedOpMaIIuOHHO-
ro IMKJIa CBApKHU JO HACTOSIIIEr0 BpEMEHH HE pa3pabdoTaH.

[IpoBeneH ‘aHaJIU3 W3BECTHBIX MOJEIEHM M METOJOB pacuera Tepmojedop-
MUPOBAHHOTO 'COCTOSTHUS MEXAJIEKTPOJIHOTO MPOCTPAHCTBA B MPOIIECCE KOHTAKTHOU
TOYEYHOW cBapku. MHOTHE BOIPOCHI pacyeTa HampsHKEHHO-AE(POPMUPOBAHHOTO CO-
CTOSHUS METaJlJla 30Hbl COCIMHEHMS MPU KOHTAKTHOW TOUYEUHOW CBapKe peIIeHbI B
Poccun (Kypkun A.C., Kucenes C.H., Cynauk B.A., Epodees B.A.), B CIIIA (Nied
H.A., Sun X., Dong P., Kimchi M., Holmes S., M. Eagar W., Calva M.). Oxnaxo
yIiyOJIEHHOTO HCCIIeIOBaHUs Tporiecca J1e(opMUpoBaHUs MOBEPXHOCTEH W3NIETUi
MIPU KOHTaKTHOM CBapKe CTajeil ¢ MOKPHITHSIMHU B HAYYHBIX pabOTax yKa3aHHBIX aB-
TOPOB HE MPOBOIUIOCKH. ClleyeT OTMETUTh, YTO B BBIIIEYKA3aHHBIX MCCIEAOBAHUAX



HE paccMaTpHUBAJICS XapaKTep MPOTEKaHUsI TepMoaehOpPMAIMOHHBIX TPOIECCOB B
CBapUBAEMBbIX JIETAJISIX B O0BEMHOM MOCTaHOBKE.

AHanu3 CyHIeCTBYIOIIMX METOJOB pacyeTa TepMOAe(POPMAIIMOHHOTO COCTOS-
HUSl TIOKa3bIBAET, YTO B HUX OTCYTCTBYET YYET 3aBUCUMOCTHU KOHTAKTHBIX TETIJIOBBIX
COTIPOTUBIICHUH OT ACUCTBYIOIIUX B 30HE KOHTAKTA JIaBJICHUN U TEMIIEpaTyp, a TaKxKe
[UKIIMYECKH U3MEHSIONIMXCS TETJIOBBIX M CHUJIOBBIX HATPY30K B CBAPOYHBIX AJIEKTPO-
nax. Kpome Toro, B U3BECTHBIX METOJIaX pacyeTa HE MPUHUMAIIMCh BO BHUMAaHHUE TOJI-
IMHA, MEXAaHWYECKHE M TEIIO(PU3NYECKHE CBOMCTBA IMOKPBHITHS, WMEIONIUE CYIIe-
CTBEHHOE OTJIMYHME OT CBOMCTB OCHOBHOI'O METaJLIA.

Bropas riaBa mocssimeHa pa3pa00TKe MaTEeMaTHYECKOW MOJIEIH, OMUCHIBa~
fo1el TepMoieopMaruOHHBIE TIPOIECCHI, MPOUCXO NS TIPH KOHTAKTHON CBapKe
CTajJed ¢ MOKPBITUSIMU, M €€ YHCICHHOW peanu3alii Ha OCHOBE METOJla KOHEUHBIX
aneMeHToB. Ha pucyHke |1 moka3zaHa KOHEYHO-DIIEMEHTHas MOJielb OOpa30BAHMS
CBAapHOTO COEAMHEHMS, BKIIOYaroas B ce0s 00beMHbIE U30MAPAMETPUIECKUEC YEThI-
PEXY3JI0BBIE IIEMEHTHI.

B oTnnuue ot u3BECTHHIX pa3pabo-
TaHHas METOJIMKa MOJCINPOBAHUS
TepMOIePOPMANMOHHOTO  IIUKJIA
KOHTAKTHOM . CBapKU YYWUTHIBAET
M3MEHEHHE KOHTAaKTHBIX TEIJIOBBIX
COMPOTUBIICHUN B 3aBUCUMOCTH OT
JEUCTBYIOIIMX B 30HE KOHTAaKTa
JaBJicHUN U Temreparyp. OHa mo3-
BOJISIET TPOBOJUTH pacyeThl st
Pa3IMYHBIX  TOJIIWH  TOKPBITHUS,
YUYUTHIBAET U3MEHEHHE MEXaHUYe-
CKUX U TETUIO(U3NUYECKUX CBOMCTB
OCHOBHOTO METajula M MaTepuaia
MOKPBITUS MIPU U3MEHEHHUH TeMIIe-
paTypbl, a TaKKe MPOLECCHl yNpy-

Pucynok.1.— KoHeuHO-31eMeHTHasi MO- rOIJIACTHYECKOro  J1epopMHUpOBa-
JeJib pacyera TemjaoBbIX U AedopManm- HHUS MaTepuajia IOKPBITHSI Ha BCEX
OHHBIX I0JIeH B npouecce 00pa3oBaHusA sramax 1uKia cBapku. Ilocpen-

TOYEYHOT0 COeTMHEHUS CTBOM HCIIOJIb30BAHUS IOILIArOBO-

COBMEIIICHHOTO aHan3a Y4YUThIBaA-
ercs A((PEeKT TENIOBBIICICHHS 3a CUET CKPBITON TEIJIOTHI TUIABICHUS, OTCIIC)KUBACT-
Csl KHHETHUKA UBMEHEHHUSI 00BEMHBIX TEIJIOBBIX U Je(POPMAIIMOHHBIX MOJIEH.

ComocTtaBjieHUE PACUCTHBIX U IKCIIEPUMEHTATIBHBIX JIAHHBIX TMO3BOJIUJIO Clie-
JaTh’ 3aKJII0YeHHE 00 aJeKBATHOCTU M pabOTOCIOCOOHOCTH BBIOPAHHOM pacyeTHOM
MOJEIN U METOIUKH B 1IeJIOM. [Ipu 3TOM yCTaHOBJIEHO, UTO OTKIIOHEHUE PE3YyJIbTATOB
pacuera OT 3KCIEPUMEHTAIbHBIX JAHHBIX MO TEMIIEPATYPE MOBEPXHOCTHU IIEKTPOJIOB
MIpU CBAapKe He mpeBbImaeT 6%.

Ha ocHOBe pa3paboTaHHON MaTeMaTHYECKOM MOJCIH IIPOBEACH aHAJIN3 TETLIO-
BBIX IIOJIEW MPYU KOHTAKTHOM CBAPKE CTAIEN C [UHKOCOAEPKAIIUMH MOKPBITUAMHU Ha
PEKOMEHAYEMBIX B TEXHHUECKOUN JuTepaType mnapamerpax mnpouecca. OH mokasan,
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YTO MaKCHMaJlbHasi TeMIlepaTypa MOBEPXHOCTU JE€TAIIM B IEHTPE MSATHA KOHTAKTa
AJIEKTPOJI-/I€Tallb, B MOMEHT BBIKJIFOUEHHS CBAPOUYHOTro TOKa, coctanisier 600-640 °C.
JlaHHbBIE TeMIlepaTypbl 3HAUUTEIIBHO MPEBBIIAIOT TEMIEPATYPhI IIABJICHUS [IUHKO-
COJICpIKaIlUX MOKPBITUM, TPUBOAAT K 3aMETHOMY CHUKEHHUIO MpeJiesia TeKy4eCTH OC-
HOBHOTO METAJlJIa U MaTepraia CBApOUYHBIX JIEKTPOAOB. Pe3ynbraThl pacueToB noka-
3aJIM, 4TO MPU HCHOJIb30BAHUH PEKOMEHAYEMBIX B TEXHUUYECKOM JUTEparype mapa-
METPOB peKUMa CBapKH, BOZHUKAIOIINE KOHTAKTHBIE JIaBJICHUSI IPUBOAT K YIIPYTO-
MJIACTUYECKOMY N1e(DOPMUPOBAHUIO U BBITECHCHHIO MaTepHasia MOKPBITHS W3 30HBI
KOHTAKTOB 3JIEKTPOAOB C JICTAISIMHU.

[IpoBeneHo uccnegoBanue BIUsSHUSA HOpPMBI paboyue TOBEPXHOCTH CBAPOUHBIX
ANEKTPOAOB HAa PACHpEACIICHUE AABJICHUN B 30HE KOHTAKTa 3JIEKTPOJOB C MOKPHITH-
eM. AHAJIU3 JAHHBIX MAaTEMaTUYECKOTO MOJICTUPOBAHMS U METALIOTpadhuuecKuX uc-
CJIEIOBAHUM TMOKAa3aj, YTO MPU CBApKe IIEKTPoAaMH co cepuyeckor padboyei mo-
BEPXHOCTBHIO KOHTAKTHBIE JaBjicHUs uMeroT 3HaueHus 10 300 Mlla u ckoHUEHTpUpo-
BaHbI B [ICHTPAJIBHOM 30HE MATHA KOHTAKTOB MOKPBITUS C.IIOBEPXHOCTBE) CBAPOUHBIX
ANEKTPOAOB. DTO MPUBOJUT K 3HAYUTEIHLHOMY IUIACTHYECKOMY JI€POPMHUPOBAHUIO
MeTaJlJla TOKPBITHS, €r0 BBITECHEHUIO C IEHTPAJIbHOM HaCcTU Ha Nepudeputo maTHa
KoHTakTa. [lokazaHo, 4YTO MCMOJIB30BAHKE SJIEKTPOAOB C IUIQCKOW padoueil MmoBepx-
HOCTBIO TTO3BOJISIET CHU3UTh HEPABHOMEPHOCTh PACTIPEICIICHUs KOHTAKTHBIX JlaBJie-
HUW ¥ UX BEJIMUUHY JIO 3HAYEHUH, HE MPEBBIMAIOIINX OPeIesl TEKYYeCTH MaTepuana
MTOKPBITHS.

B pe3ynbraTe mpoBEIEHHBIX UCCIEAOBAaHUN (YCTAHOBIICEHBI KOHCTPYKTUBHBIE U
TEXHOJIOTUYECKHE (PaKTOPbI, OKA3BIBAIONIME CYLIECTBEHHOE BIMSHUE HA MPOIIECC JIe-
(hopMHUpPOBaHUSI TOKPBITHS.

B Tperneil rnaBe omnucaHbl pa3paboOTaHHBIE C Y4aCTHEM aBTOpa METOJUKH
AKCIIEPUMEHTAIIBHBIX UCCIIEI0BaHUN. LIpy CO30aHNMN SKCIEPUMEHTAIIBHON YCTAHOBKH
HCIIOJIb30BaHA HOBAsl METO/VKA MCCICHOBAHUS MTapaMETPOB TEXHOJIOTUYECKOTO MPO-
1ecca KOHTAKTHOM CBapKu, OTJIMYAIOIIASICS BO3MOKHOCTHIO M3MEPEHHS U 3alUCU
OBICTPOIMPOTEKAIOITUX- JICKTPUIECKUX TMPOIECCOB B PEATHHOM BPEMEHH. JKCIEPH-
MEHTaJbHAsl YCTaHOBKA BKJIIOYAJIA MOAEPHU3UPOBAHHYIO MAIIWHY JJI1 KOHTAKTHOU
ToyeyHO.cBapku MT-3201, yCTpOMCTBO Mg PErMCTpPald BEJIMYHMHBI CBAPOYHOTO
toka (matunk J[TITX-32000 nHa ocHoBe 3ddekta Xomia), cuctemy cOopa JaHHBIX
USB - 6001, o6ecnieunBaromly0 perucTpauuo 1 o0padoTKy 3JIEKTPUUYECKUX CUTHA-
JIOB CBAapOYHOLO TOKA W HANPSHKEHWN HA KOHTAKTaX 3JIEKTPOJI-ICTAIb U JIEKTPOI-
ANEKTPOJI, OPTATUBHYIO DBM, HCMOIB3YIONyI0 COBPEMEHHOE MPOrpaMMHOE oOec-
neuyenue LabView 7.1.

Hcnbrtanust cBapHBIX 00pa3IoB TOYCHHBIX COSTUHEHUN C IIMHKOCOACPIKAITIMU
MOKPHITUAMHU Ha CTaTUYECKYI0 MPOYHOCTh OCYIIECTBISIUCH MPH JI€UCTBUU PACTATH-
BAIOIIEN HArpy3KH, Ha HUKIAYECKYIO MPOYHOCTh — COBMECTHBIM JIEICTBUEM YCHJIAM
M3rH0a U cpe3a. Y JapHbIe UCTIBITAaHUS MPOBOAMINCH HA MASTHUKOBBIX Kompax KM-5
u KM-20 npu Harpy»xeHuu Ha yJapHBIA M3ru0 ¢ TOMOIIBIO CHEIHAIbHO pa3pado-
TaHHOM METOJMKH W 3alaTEHTOBAHHBIX OOPA3IIOB JJIsl UCIBITAHWUN, YTO MO3BOJIUIIO
BIEPBBIC OMPEACIUTh YIAPHYIO BSI3KOCTh CBApPHBIX COCIMHEHUM C IIMHKOCOJEpKa-
IIUMU TOKPBITUSAMU. VIcTibITaHNs HA KOPPO3UOHHYIO CTOMKOCTH MPOBOIUIIMCH IO Me€-



TOJMKE, OTBEUaIoulel TpeOoBaHMUsIM JEHCTBYOMMX cTaHaapToB. OOpaboTka HKcIie-
PUMEHTAIBHBIX JAHHBIX MPOBOJNIIACH C TIOMOLIBIO CTATUCTUYECKUX METOOB.

YerBepras riaBa nocBseHa UCCIEIOBAHUIO CIOCOOOB COXPAHEHUS IIMHKO-
COJIEPIKAILIETO TOKPBITUS B MECTAaX KOHTAKTOB 3JEKTPOAOB C m3aenuem. [1o pe3ynb-
TaTaM MPOBEJCHHBIX SKCIEPUMEHTAIBHBIX HUCCIEIOBAaHUI M CTaTUCTUYECKON oOpa-
OOTKM JTaHHBIX OIMpe/IeSieHbl 3aKOHOMEPHOCTH M3MEHEHUS! KOHTAKTHBIX COIMPOTUBIIE-
HUI B MIPOLIECCE CBAPKU MPHU PA3JIMYHBIX MMApAMETPAX PeKUMa. AHAIU3 PE3YIbTATOB
MU3MEPEHUS COINPOTUBIICHUM IIOKA3aJl, YTO HA CONPOTHUBIIEHUE YYACTKA DJIEKTPOJI-
JeTalb F,y BIUAIOT (JOpMa U pa3Mepbl KOHTAKTHOM MOBEPXHOCTH CBApPOYHOIO AJICK-
TPOJAA, & TAK)KE TOJIIMHA CBAPUBAEMBIX JCTAJCH. Y BEIUUCHUE YCUIINS CKATUSL TIPU-
BOJWUT K YMEHBIICHUIO TOJBKO HAYaJIbHOTO COINPOTUBIICHHS Y4YaCTKa DIIEKTPOJI-
neranb. Vi3MeHeHne TOMIMHBI IOKPBITUS HAa CBAPUBAEMBIX JETAILIX B, IMANA30HE OT
20 mo 50 MKM MpH TONIIMHE CBapuBaeMbIx aetane ot 0,5 mMm 10-1,9 MM HE npuBO-
T K U3MEHEHUIO KOHTAKTHBIX CONIPOTHUBIICHUM.

IIpoBeeHHBIE DKCIIEPUMEHTAIBHBIE UCCIIEA0BAHUA. 3aBUCUMOCTH AJIEKTpHUYE-
CKHMX CONPOTHUBIICHUH ¥,y OT HAIIPSDKEHNS B KOHTAKTE AJEKTPOA-IeTalb U,, IoKa3anu,
YTO JUIsl 0OECIICUEHHsI COXPAHEHHUSI TIOKPBITUS B KOHTAKTE AJIEKTPO-AeTallb HE00XO-
IUMO, 4YTOOBI (PaKTHUECKOE NaJCHHE HANpsKEHUsl MpU CBapKe HE IPEBBIMIAIO
HAIPSOKEHUS PasMATICHHS IIMHKOBOTO MOKPITHS -U),. Tunmdnsie «F - Uy Xxapakrepu-
CTUKH Ul CIIy4aeB KOHTAKTHOM CBAapKH C Pa3pyLUCHUEM HOKPBITUA U €T0 COXpaHe-
HUEM IIPEACTABJICHBI HA PUCYHKaX 2 U 3 COOTBETCTBEHHO.

0,07 0,07
’ Uyl uy

N P
]
_

1z NI
0,04 — k // 0,04

0
0,03 ; l// 0,03 1~
0,02 / 0,02

rss 0,01 " 300,01 4
0 : 0
0 01 %170,2 B 0,4 0 01 01,2 B 0,4
U so
U o
Pucynok 2 — TunmuyHas 7 - U xapakre- Pucynok 3 — Tunu4ynas 7 - U xapakre-
PUCTHKA KOHTAKTA JIEKTPOJ - 1eTaJb PUCTHKA KOHTAKTA JJIEKTPOJX - Je-
NPU-PA3PYHICHUN OKPHITUSA TaJIb IIPU COXPAHEHUM MOKPHITUSA

IlpoBenennble B JanbHEMIIEeM MeTauiorpauueckue UcCaeAoBaHUs U KOPPo-
3UOHHBIC HCIBITAHUS CBAPHBIX COCIMHEHUU IOKAa3ajad, YTO B TEX CIydasix, KOrja Ha
KOHTAKTaxX 3JIEKTPOJI-AETAlb HANPSHKEHUE OBUIO HYDKE HANPSUKEHHs pasmsrdenus Uy,
BBITECHEHUE IMHKOCOEPKAIIETr0 MOKPHITHS ObLTO HE3HAYNUTEIBHBIM (HE MPEBBILIATI0
BennuuHbl 20% OT TOJIIIMHBI MOKPBITHS), & CBAPHBIE COCAMHEHUs 00J1aanu Tpedye-
MO KOPPO3HOHHOM CTOMKOCTBIO. B 3TOM CBSI3M 00s3aTENbHBIM YCIOBHEM COXpaHe-
HUS 3aUIUTHOTO MOKPBITUSA U3JIETNH, OJIy4aeMbIX KOHTAKTHOW TOYEYHOU U pelibed-
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HOM CBApKOH, SIBIAETCA NOANEPKAHUE NTAJICHUN HAIIPSHKEHUM HAa KOHTAKTaX 3JIEKTPO-
JIOB ¢ u3neaneM He Beime 0,9 Up .

YroObl HE TOMYCTUTHh HArpeBa MOKPHITHS 10 TemmepaTyp Bbiue 190 °C (tem-
nepaTypsl pa3MsIrdeHuss HUHKOBOIO MOKPBITHS) U COXPAaHUTh, TAKUM 00pazoM, Mo-

KPBITHE B 30HE AJIEKTPOJ-AETallb, HEOOXOAUMO, YTOOBI CBAPOUYHBIN TOK (/., KA) He

0,9U,

MPEBBIIIAT CICIYIONIEH BETUUUHBL: [, = (1), tne U, — HanpsoKeHUE pasmsr-

"50
YeHHUs] MaTepuana MOKphITHs, B; 7,y — CONMpOTHBIEHHE ydYacTKa 3JEKTPOJI-AETajb,
MOM. ConpoTHBIIEHHE KOHTAaKTOB 3JEKTPOAOB C aetaismu (7,3, MOM) B mporuecce

HpOTeKaHI/Iﬂ TOKa HE IOJI2KHO HpeBBIHIaTB BCJIIMYHNHBI, OHpCI[GJ'DICMOﬁ 110 'E)MHI/IpI/I‘-Ie-
0,082U,

ckoit opmyme: 7, ;) = 5 (2), A€ O —~TONIIMHA CBAPMBAEMOI'0 MaTePHaa, MM.
SOMnuprdeckuii koaddumment 0,082 uMeeT pasMepHOCTh MM+ A,

[TockoJibKy CONPOTHUBIIEHUE F,y B HaudalbHbBIA MEPUO]T CBAPKU PABHO COMPO-
TUBJICHUIO XOJIOAHOTO KOHTAKTA (75 yo,) U 3HAUUTEILHO BBIIIE PEKOMEHIYEMOTO MO
dbopmyiie (2) 3HadeHMs, TO NIl NPEIOTBPAICHUS HAarpeBa IIUHKOCOIEPKAIIEro To-
KPBITUS IO TEMIIEpaTyphbl pa3MsIrdyeHusi U TeM Qojiec TeMIepaTyphl TIaBJICHUs, MaK-

CHMallbHasi BeMUMHA TOKa ()55, , A) B Ha4aibHBIA IEPHUOJ CBApKH JOJKHA OBITH
max 0.9 P

He OOJIbIIIe CIEAYIOMIETO 3HAUYCHHS: [gp,y=—— (3). UTOOBI 00ecreunTh CHUXKE-
90x0.1

HHME BEJMYHMHBI CBAPOYHOI'O TOKA B(HAYAIBHBI-MOMEHT CBapKU Ha OJHO(A3HBIX Ma-
IIMHAX, NPEUMYNIECTBEHHO HCIONB3YEMbIX, ISl CBAPKH CTAllEl € IOKPBITHAMH,
HEOOXOIUMO OCYIIECTBIIATh MOJAYJIALMIO CBAPOYHOTO TOKA (PUCYHOK 4).

15 0,25 Ha ocHOBaHMU yCTaHOBIEHHOIO
XapakTepa M3MEHEHHs COIpO-
THBJICHHA B 30HE KOHTaKTa
DIIEKTPOA-AETAb MPEAIOXKEHA
DMIIMPHYECKAs  3aBUCHMOCTD,
TI03BOJIAIONIAs OIIPENEIIUTh
BPEMSI MOJYJIALIMUA CBAPOYHOTO

KA~ mOM;

970,15

61 01

TOKA (Ty00, C):
1“3‘095- A 0.59
71100 = EXD(=—2,89) (4),
N , 5

0 0,02 0,04 0,06 0,08 0,1 0,12 0,14 0,16 0,18 ¢ 0,22 Paccuurannoe BpeMiA MOAYJIs-
T IIMX TIIO3BOJIIET HMCKIIOYUTH

MOSIBJICHUE B HAYaJIbHBIN MEpH-
Pucynok 4 — XapakTep U3MeHEeHUsI CONPOTUBJICHUS

O CBApKW B 30HC KOHTAKTOB
Y4YaCTKA JJICKTPOA-A€TAJNb /',y B IPOLIECCE MMPOTE- CBAPOUHBIX DJICKTPOJOB W Je-

Tajied HanpspKeHust U,y > U,

KaHHMs CBAPOYHOro ToKa [,

VYcTaHoBIEHHAs 3aBUCUMOCTh KOHTAKTHOTO JJICKTPOCOMPOTUBICHUS OT TOJI-
IIMHBI CBapUBaeMbIX JeTaiedl (2) u JaHHble 00pabOTKH Pe3yIbTaTOB IKCIIEPUMEHTOB
MO3BOJIMJIA OTPEJCTUTh MUHUMAJIBHBIC 3HAUCHUSI TUIOMIAaAu paboyel MOBEPXHOCTH
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2 .
CBapOYHOTOo 3JeKTpoaa (S,, MM~) MPU KCHOIB30BAHUM PENbEPHO-TOUEUHON U TOUYEY-

285U, — 565

NE}

HOH CBapKH: S, = exp \/58,2—

(5). 3aBucumoctsb (5) mpeacTaBieHa Ha

PUCYHKE 5 ISl 3JIEKTPOAOB C IUIOCKON pabodell MOBEpXHOCTHIO AUAMETPOM d, IS

ITOKPBITUH C PA3JINYHBIM HAINIPS)KEHUEM Pa3MTUCHHUS.
250

- N~ %
Ny
/

0,5 0,7 0,9 1,1 1,3 1,5 MM 19

o

1- U,=0,1 B; 2- U,=0,15 B; 3- U,=0.2 B

Pucynok 5 — Bb100p AMamMeTpa KOHTAKTHOM MOBEpPX-

HOCTH CBAPOYHOI0 YJIeKTPOAA d, B 3aBHCUMOCTH OT

TOJIIIIMHBI CBAPUBAEMBIX JieTaJIel & AJ1s1 MOKPbLITHH
C pa3sIMYHLIM HaNpsiKeHuem pasmsardenust U,

OmauM U3 cnoco0oOB co-
XPaHECHUSI TIOKPHITHUS SIBIISICT-
Cs MHCIOJb30BAHUE METHOU
bosIbru Mpu TOYEYHOU CBap-
K€ B Ka4eCTBE MPOMEKYTOY-
HOTO 3JekTpoaa. st BhiOO-
pa TONKHLL (DOJTBLH - ObLITH
IPOBEAEHbI YUCIICHHBIE JKC-
NEPUMEHTBI 110 . Ofpeee-
HUIO TEMIICPATYpbl M KOH-
TaKTHBIX (JABJICHUM B 30HE
COCTMHCHUSI.

Pacuersl  Temmeparyp-
HBIX “HOJIEH MPU CBapKe IIO0-
Ka3aJl, YTO CYIICCTBEHHBIX
paznuuuii B pacnpeneicHun
TEMIIEpaTypHOTO MOJs B IO-
KPBITUM C  TNPUMEHEHUEM
MeJHOM ¢oyibru U 0e3 Hee
He Ha0Jro1aeTcs.

Pacnpenenenre KOHTAKTHBIX AABJICHUN B MOKPBITUH B 30HE AJEKTPOI-IETalb
MpU CBapke ¢ npuMmeHeHueMm pexkomenmanuii (1), (3), (4), (5) npu UcCnoNb30BaHUU

MeJHOM osibru 1 0€3 Hee NpeCTABICHBI HA PUCYHKAX 6 a M 6 COOTBETCTBEHHO.

a) 0)

ToueuHas cBapka MeTasjIa TONUHON I1MM a — 6e3 Goabru (MOKPHITHE TONIIUHON 25 MKM);
0 - ¢ ucronb30BaHueM (hosbru TOMIMHON 50 MKM (TTOKPBITHE TOJIIUHON 25 MKM).

Pucynox 6 — U3MeHeHue 1aBJ/ieHUl P B MOKPBITUM IO paauycy 3JeKTpoaa R B 3a-
BHCHMMOCTH OT BPEMEHH NPOTEKAHMA CBAPOYHOI0 TOKA
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[Tpu cBapke 6e3 ucnonb3oBaHus (Poiabru AaBneHus BenuunHo 98 MIla B
HavaJbHBIA NEPUOJ CBAPKU CKOHLIEHTPUPOBAHbI Ha Nepudepun NsATHA KOHTAKTA U B
JaJbHENIIEM MepepaclpeeIloTCs Ha ero UEHTpalbHYI0 30HY. Pacnpenenenue KoH-
TaKTHBIX JIABJIECHUM NPU UCHOIb30BAHUM METHON (POJIBI'M OTJIMYAETCS HAIUYUEM Mak-
cumasibHOTO 3HadeHust 75 MIla Ha nepudepun nATHA KOHTAKTa B Hadaje mpolecca
CBapKH U YBEIMYMBAETCA K KOHIy Ipouecca 10 95 MIla. Ilpu cBapke ¢ ucnosnbp3oBa-
HUEM MeIHOU (osibru HaOMroAaeTcs cTabuinn3anys 3HaueHus! (PaKTUYECKON TIOIAAN
KOHTakTa M ymeHblieHne Ha 30-40% 3HaueHUH KOHTAKTHBIX CONPOTHBIICHH, YTO
CHOCOOCTBYET COXPAHEHUIO LIMHKOBOTO MOKPHITHS. [lafeHne HanpskeHrs B KOHTAKTe
¢osbra-nerans Ipu NPOTEKAHMU CBAPOYHOTO TOKA HIDKE U}, MMHKOCOAEPIKAIIETO 0=
KpbITHs (Ugo < Up).

Jliia BbIOOpa (U3HMKO-MEXAHUYECKUX MMAPAMETPOB U TOJIIMHBL ‘(POJIBIH HAMU
Ucnoab30BaHbl pekomenaanuu b./[.OpioBa no cBapuBaeMOCTH. pa3HOPOJHBIX MaTe-
pHaIoB. DTH PEKOMEHIAllUU ObLIM YTOUHEHBI IO Pe3yJbTaTaM IPOBEICHHBIX KCIIe-
PUMEHTOB JJI1 UCKIIOYEHUS Pa3pyLICHUs [IMHKOBOTO MOKPBITHS U MOIYYEHBI (OpMYy-
JIbI AJ1 BBIOOpA TOJILMHBI METHON (DOJBIH B 3aBUCUMOCTH-OT TOJHIMHBI U TEIIO(PU-
3MYECKUX CBOWCTB MaTepurasa MOKPbITUS CBAPUBAECMBIX JIeTajeH,

3HAUUTENBHYIO POJIb B COXPAHEHHH MOKPBITUS MIPAeT TEMIlepaTypa padouei
MOBEPXHOCTU CBAPOYHOTO 3JIeKTpoAa. IIpoBeeHHbIE HAMU HWCCIEIOBAHUS KUHETHUKU
MIPOLIECCAa HarpeBa KOHTAKTHON MOBEPXHOCTU-3JIEKTPOIOB B TPOIlEcCce CBApPKH MOKA3AIU
(pUCYHOK 7), UTO MPH OXJIAXKAECHUH IEKTPOOB KUAKOCTHIO ¢ TeMnepaTypoit 10 °C s
YBEJIMYEHUSI CTOMKOCTU CBApOYHBIX 3JEKTPOAOB; M YMEHbIIEHUS JedopManuil mo-
KPBITHS TEMII CBApPKU HE JTOJDKEH NpeBbimaTh 30 To4ek B MUHYTY (KpuBas 2). B atom
cllyyae TemIlepaTypa pabodell MOBEPXHOCTH BJIEKTPO/a HE MPEBBIIIAET TEMIIEPATyphI
pasMATrYeHHsl MaTepUaJIOB 3JIEKTPo/ia U NOKpeIThA. [Ipu Temne cBapku 45 TOYEK B MH-
HYTY TeMIIepaTypa MOBEPXHOCTH AeKTpoaa noguumManack 10 320 - 350 °C (kpuBast 1),

390 YTO 3HAYUTEIBHO BBIIIC

- N 1 TEMIIEPATYpPhl  pa3Msrde-
290 | 1 L L , HHUSI MaTepHania 3JIEKTPO-
040 I 2 na v OJu3Kka K Temrepa-

’\ / Type IUIaBJICHUS ITUHKO-

190 | A BOTO TOKpwITUS. Ilpm
140 A WA \ A \ ‘\\ TAKOM TEMIIE CBapKH

T 90 \ A\ Y IPOMCXOJUT BHLITECHCHHE
40 - \\’\ WA T = [IMHKOBOTO MOKPBITHS U3

10 J -~ 3 - - = 30H KOHTaKTOB 3JIEKTPO-

noB u gaeraned. llpum
OXJIQXKJIEHUH BJIEKTPOJOB
KUJKOCTBIO C TEMIIepa-
Typoii -40 °C temn cBap-

o 1 2 3 4 5 6 7 8 9 10 c 12

1- cBapka ¢ Temnom 45 Touek B MUHYTY; 2- cBapka ¢ TeMnom 30
TOYEK B MUHYTY (Temreparypa oxyaxjatomeit sxuakoctu 10 °C);
3- cBapka ¢ TemnoM 45 TOYeK B MUHYTY C OXJIaXJeHHeM diaektpoga KA MOKET OBbITh yBEIHYCH

KMJIKOCTBIO ¢ TeMneparypoii -40 °C 00 45 TOYEeK B MHUHYTY
Pucynok 7 — I3MeHeHHe TeMIepaTypbl KOHTAKTHOM (kpuBas 3). Huzkue tem-
NMOBEPXHOCTH CBAPOYHOI0 IJIEKTPOAA nepaTypbl OXJIAXKIAOIIEH
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KHUJIKOCTH TTO3BOJISTIOT TIOBBICUTD MTPOU3BOIUTEHHOCTD MIPOIECCa CBAPKH 0€3 CHIDKEHUS
paboTOCOCOOHOCTH CBApOYHBIX AMEKTPoJ0B. Ha »Tane mpoKoBKHU CBapHOTIO COEIUHE-
HUSI ONPEEIISIONIYI0 POJb B Ipolieccax Ae(GOpMUPOBAHUS U pa3pyIICHUs] TOKPBITHS
KOHTAaKTa 3JIEKTPOI-ACTalb UTPACT XapakTep pachpeesicHHe HanpsKeHU!, 3aBUCSIINX
OT TeMIIEpaTyphl U JaBicHU. Pacripenenenne kacaTeNnbHbIX HAPSHKEHUHN Tyxy B TIOKDBI-
TUU YIS DJIEKTPOIOB TUaMETPOM 6 MM C TJIOCKOM (hOpMOM TOBEPXHOCTU XapaKTEePHU3Yy-
€TCs HAIMYMEM MaKCUMAJIbHOTO 3HaYeHUS Ha Nepu(epuu MsITHA KOHTAKTa (PUCYHOK 8).

80
MMa /
60 — _/

50 —

40 /
30 /

T 20
101/

0 T T T T T

>

Pucynok 8 — Pacnpeesienue kacarejlbHbIX HATIPSI-
'KEHHMH Tyy B IOKPBLITHH 10 PAIHYCY KOHTAKTHOMN
NMOBePXHOCTH 3JIeKTpoAa (R3=3mm)

Froe=5000H

0 0,2 0,4

Tumkna
1-1:=0,2c¢c, 2—-Tz=04¢,3-T;:=0,6c
Pucynok 9 — I3MeHeHHe MAKCHMAJILHBIX KacaTelb-
HBIX HANPSI’KEHUil B MOKPBITHH Ty, B 3aBHCHMOCTH
OT BpeMeHH NMPOTEKAHUSI CBAPOYHOIr0 TOKA T,

14

Pacyersl 1oOKazamu, 4TO
YMEHBIIIEHUE BPEMEHU MPO-
TEKaHUs CBAPOYHOIO TOKaA
(OKeCTKHM pEXHUM) TPHUBO-
JTUT K YMCHBIIICHUIO, BEJIU-
YUHBI JEUCTBYIOIINX | Kaca-
TEJIHBIX HAIPSHKEHUHN Tyy C
75 ‘Mlla no( 57 Mlla (na
25%) (pucynok 9). Ananus
pe3yJbTaTOB  METaJLIOrpa-
dbuyeckux  McCieI0BaHUN
MOKA3aJl, YTO YMEHBIICHHE
BPEMEHM MPOTEKaHUs CBa-
poOYHOr0 TOKa (3KECTKUU
peXKUM) IIPUBOJUT K
YMEHBIIICHUIO BBITECHECHUS
MOKPBITUSL U TEM CaMbIM
CIIOCOOCTBYET €ro coxpaHe-
Huto. Ilpn ToueuHnon u pe-
abe(HON CBapke JaBJICHUE
B KOHTAaKTHOW 30HE B IPO-
LIECCe CBApKU JOJDKHO CHU-
XKaTbCSl U HE JOCTUTaTh Be-
JIMYUHBI [IpeJea TeKy4eCTH
Matepuana TMOKPBITUS TMpH
TEMIIEPATYpPE €ro pa3Msr-
yeHusi. KoBouHoe ycunue
JOJKHO OBITh TMPHUIIOKEHO
hi () MOMEHTA CHUKEHUS
TEeMIEepaTypbl B 30HE KOH-
TaKTOB AJICKTPOJOB U U3JlE-
mus, paHort 100-120 °C
(pucynok 10), mpu >3TOM
KacaTelbHbIE HAMPSKEHUS
Ty = 42 Mlla, a 3Ha4yeHune
WHTEHCHUBHOCTU  HampshKe-
HUW HHWXKE MpENeNia TeKyde-
CTU MaTepualia MOKPbITHUSA.



O6pa60TI<a PACUCTHBIX W SKCIICPUMCHTAJIbHBIX JAaHHBIX ITO3BOJIWJIA ITOJIYYUTDH
OMIIMPUYCCKYIO 3aBHUCUMOCTb AJII ONPCACIICHUA BPEMCHH BBIACPIKKH KOBOYHOI'O

0,05
YCUIHSA (Tier ©): Trooe = (@ — —=—

) (6). 3nauenus kodxpduimenta a (c) onpese-

JEIFOTCA B 3aBUCUMOCTH OT BPCMCHH IIPOTCKAHUA CBAPOYHOTI'O TOKA:

a=0133+0,71z. (7).

60
MMa
/1
20 \
0 &
-20 ’Ccei Tkos : 2
2 LA
-40 : Q; : Al
-60 '. . i _
0 0,2 0,4 0,6

Tuutma >

1 — xoBouHoOe ycunue 5000 H,
2 — xoBounoe ycuiue 3000 H

Pucynok 10 — HN3MeHeHHe MAKCHUMAJILHBIX KACATEIb-
HBIX Haﬂpﬂ)KCHl/Iﬁ Txy B IIOKPBITHH IIPH PEryJjinpoBa-

HHUHA KOBOYHOrO yCHJINA

Eciu  mpopomkurens-
HOCTh TNPOKOBKU Oyner
MEHBIIIE, YEM Ipesiara-
eTcst mo gopmynam 6 U
7 LIMHKOBOE IIOKPBITHE,
HArpeToe IpH ~CBapKe,
HE yCIEEeT OXAAAUTHC U
3aTBEPJIETh;, YTO IMPHUBE-
JeT K ~HAJIMIIAHUIO €ro
Ha (KOHTaKTHYI IIO-
BEPXHOCTH  AJIEKTPOJA.
YMEHBIICHHE BpPEMEHU
[IPWIOKEHUST KOBOYHOTO
yCWIHSL NPUBOJUT K
YBEIMYEHHUID  OCTaTOY-
HBIX KacaTeJIbHbIX
HaIpsDKEHUM U CHMDKE-
HUIO Mpejiena BbIHOCIU-
BOCTH CBapHOIO COEIH-
HEHUS.

OnpeneneHue BPEMEHU MPUIOKEHHUS KOBOYHOTO YCHJIUS B 3aBUCHUMOCTH OT
BPEMEHU MPOTEKAHUs CBAPOYHOI'O TOKAa W TOJIIMHBI CBAPUBAEMBIX J€TAJIEd MOMXKET
OBITH MTPOBEICHO C IIOMOIILIO AuarpamMmsl 11.

15

B kauecTtBe mpumepa
MOKa3aH BapHUaHT
BBIOOPA Ty =0,41 C
IIPU TOYEUHOW CBap-
K€ JeTajedl TOJIIH-
HOil 6=1 MM c 1LMH-
KOBBIM  MOKPBITUEM
(0,=20-50 mMxM) mipu
BPEMEHU  MPOTEKa-
HUSI CBAPOYHOIO TO-
kat.,=0,2c.



Pucynox 11 — /lmarpamma 1J1s onpeaesieHusl BpeMeHH
NMPUJI0KEHHSI KOBOYHOI'0 YCHITHS Typq

B nsiToii riiaBe mpuBeICHBI PE3YNIBTATH UCCIEAOBAHUH IO pa3pabOTKe TEXHO-
JIOTHYECKOr0 TpoIecca, OOECIEeUnBAIONIErO COXPaHEHUE LUHKOCOJEpIKaIIero mo-
KPBITHS Ha JINIIEBBIX TIOBEPXHOCTAX m3aenuid. [Ipemmokern cmoco® cBapKu OIMHKO-
BAaHHBIX CTaJei, B OCHOBY KOTOPOTO TIOJIOKCHBI IUKJIOTPAMMBI I KOHTAaKTHOM
CBapkH (pUCYHOK 12).

/:-;5._ A /i /~ Fat
\\ I \ ﬁ‘l
\
F F
/ /
To T T
Ta
T -— T ——
a — ¢ MOAYJIMPOBAHHBIM UMITYJIbCOM 0—c MOAYJINPOBAHHBIM UMITYJILCOM CBAPOYHOTO
CBaquHOFO TOKa TOKa N USMCHSICMbIM YCI/IJII/ICM HpOKOBKI/I

Pucynok 12 — I{lukj10rpaMmbl IIpouecca KOHTAKTHON CBapKuU

Br16op Tumna nukiaorpaMMbl (g WM ©) 3aBUCUT OT BO3MOXKHOCTEH HCIIONIb3ye-
MOT0 CBapo4Horo oOopyaoBanus. Ilpeniourenue cieayeT oTaaBaTh ILUKIOTpPaMMe
tumna 6. Hemsamennoe eBapoyHoe ycunue B TeueHuu craguii | u Il popmupoBanus co-
€IUHEHNs U IUJIABHOE CHUKEHHUE YCWIMS IPOKOBKHU MO3BOJISET YMEHBIINUTh KOHTAKT-
HbIE J1aBJICHUS U /KacaTelbHbIC (CABUTOBBIE) HAMPSKEHUS B 30HE 3JIEKTPOJI-JI€Talb Ha
3aBepuiaromien «craauu npouecca I, cHu3uTh gedopmanuio U, Kak CIeICTBHE,
MPEAOTBPATMTE Pa3pyLICHNE IMHKOBOT'O MOKPBITHS.

Pa3paboTaHbL TEXHOJOTUYECKHE PEKOMEHIAIMU IO KOHTAKTHOW CBAapKE LIMHK-
pomeTaiia, MO3BOJAIOIIME MOBBICUTH PA0OTOCIOCOOHOCTh CBAPHBIX COEAMHEHUH U
CBAPOYHBIX AJIEKTPONOB. JIOCTUTraeTCs 3TO MCIOIB30BAHUEM AONOJHUTEIBHOTO UM-
MyJbCa TOKA, 00CCTIEYNBAIOIIETO HATPEB OKPHITHS 10 TEMIIEPATyphl BBIIIE TEMITepa-
TYpPBI IJIABJICHUS NTOKPBITUS U YIAJIECHHUE €ro U3 30HbI CBAPKH, B OTJIIMYME OT Mpeaia-
raéMbIX HaMH LIMKJIOB CBAPKH I TPAAULMOHHO HCIIOJIb3YyEMBIX LIMHKOCOAEPKALIUX
ITOKPBITU .

PazpaboTranbl KOHCTPYKIUHM 3JIEKTPOTHBIX YCTPOMCTB JIJIsi KOHTAKTHOM TOYSUHOMN U
pesbeHO-TOUEYHOI CBapKH, MO3BOJIIOIINE YIYUIINTh YCIOBHUS OXJIXKICHUS U TIOBBI-
CUTb KOPPO3UOHHYIO CTOMKOCTb COETUHEHHI M CPOK CITYObI 3JIEKTPOIOB.

HcnblTanus coeIMHEHUN HA CTaTUYECKYIO M [IUKIMYECKY0 IPOYHOCTD, a TaK-
K€ yJIapHbIe UCIIBITAaHUS, POBEJICHHBIE 110 U3BECTHBIM U pa3pabOTaHHBIM HAMU Me-
TOAMKAM, TIOKAa3aJik, YTO CTaTUYECKask MMPOYHOCTh COCIMHEHUH, BBIITOJIHEHHBIX C CO-
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OmoeHueM pa3paboTaHHOM TEXHOJIOTWH, cOoOoTBeTCTBYyeT TpeboBanusiM CTb 1016-
96, nuKIMYecKas U ylapHas IPOYHOCTh HE CHIXKAETCSI 10 CPABHEHUIO C TIPOYHOCTHIO
COEMHEHUH, MTOTY4YEeHHBIX IIPU CBApKE aHAJOTMYHBIX CTajieil O6e3 moKpeITus. MeTan-
JorpaduvecKkue UCCIIeOBaHMs TMOKa3alH, YTO MPU CBApKE TONIIMHA MOKPBITUS O
AJIEKTPO/IaMU yMEHbIaeTcsl He Oosee yeM Ha 20 % OT HayalabHOM TOJIIMHBI OKPHI-
tus. Koppo3uOHHbIE UCTBITAHUS CBAPHBIX COCAMHEHUH MOATBEPXkAAIOT JTOCTATOY-
HYIO CTOMKOCTb MOKPBITHSI Ha JIMIIEBBIX TTOBEPXHOCTSAX B YCIOBHSAX JIEHCTBHS arpec-
cuBHOU cpenbl. [IpoBeseHHbIE MCTIBITAHUS MOKa3aldH, YTO JJI TOUYEYHBIX CBApPHBIX
COCIMHEHHM cTajei ¢ MUHKOCOAEPKAIMMH MOKPBHITUAMU U IIHHKPOMETAIIa KOppo-
3Us B KOHTAKTE JIeTalb-/I€Talb TaKKe HEe HAOII01aeTcsl, TaK KaK MOKPBITHE B MPOIIECH
Ce CBApKM BBITECHSETCA M3 30HBI KOHTAaKTUPOBAHUS JETAJCH U IUIOTHBIM KOJBLIOM
OKpY’KaeT CBapHYIO TOUKY.

SAK/IIOYEHUE
Hay4yHnasi HOBH3HA ¥ 3HAYHMOCTD IOJIy4YeHHBIX Pe3yJIbTATOB

1. BnepBble ompeneneHbl HayyHO-OOOCHOBAHHBIE YCJOBHUS COXpaHEHMs 3a-
IIMTHOTO MOKPBITUSL TPU KOHTAKTHOM CBapKe M OYTH HUX peajin3allid B KOHKPETHOM
TEXHOJIOTHYECKOM IIpoliecce. Y CTAaHOBJIICHO TEOPETUYECKH M HMOATBEPIKICHO JKCIIe-
PUMEHTAJIBHO, YTO COXPAHEHUE MOKPBITHS, 00ECIIEUNBACTCS CO3aHUEM B 30HE KOH-
TaKTa CBApPOYHBIX 3JIEKTPOJIOB C MOKPBITHEM HaNPsKECHHO-Ae()OPMHUPOBAHHOIO CO-
CTOSIHUSI METaJlJIa, KOTOPOE XapaKTEPU3yeTCs] MUHMMAIbHBIMU KacaTeIbHbIMU (CIBU-
TOBBIMH) HaIPSKEHUSIMUA U MAaKCHUMAaJlbHBIM .CONPOTUBIEHUEM IJIACTUYECKOMY Teye-
HUIO METaJlJIa MOKPBITUS OT LIEHTPa K nepudepuu cBapHOro CoequHEHus [2].

2. Pa3paboTana wmaTeMaTH4eCKds MOJEIb MPOIECCa KOHTAKTHOM TOUYEYHOM
CBapKH CTaJled C LMHKOCOAEPk AUIMMHU TOKPBITUAMH, OTIMYAKOLIASICT Y4ETOM
CBOMCTB ¥ TOJIIMHBLIOKPHITUSA, JUHAMUYECKOTO U3MEHEHNS CONPOTUBIICHUS U J1aB-
JIEHUSI B 30HE KOHTAKTa 3JIEKTPOAOB WU W3JEJIUI B MPOLIECCE CBAPKU U MO3BOJIMBLIAS
OOBACHUTH MEXaHN3M J1e(OPMUPOBAHUS TIOKPHITUS B 3aBUCUMOCTH OT Tepmoiedop-
MallMOHHBIX YCIOBUN CBapKH, (POPM U pa3mMepoB IEKTPOIOB [2, 8].

3.'Ha oCHOBaHUM MATEMaTHYECKOTO MOJEIMPOBAHUS U HKCIIEPUMEHTAIbHBIX
UCCIIeIOBaHNI BIEPBBIC ONpeesieHbl TPeOOBaHUS K apaMeTpaM TEXHOJOTHYECKOTO
npoiiecca, 00eCueUMBAIOIIUM COXPAaHEHUE IIMHKOBOTO MOKPHITHUSA [2, 6, 7]:

— NOAEP)KaHUE NAJCHUS HAPSDKEHUS U,y HA KOHTAKTaX 3JEKTPOJOB C U3EIIH-
em He BbILE 0,9 U, (U, — Hanpsbxenue pasmsardenus, B) u n1aBiiennii B 30He CBapKH, HE
IIPEBBIIUAIOLINX TPEIE] TEKYYECTH MaTEpHUalia OKPBITHS;

~ MakcUMaJbHas BeTMYMHA CBAPOYHOTO ToKa (/4 KA) JOJKHA BEIOMPATHCS 110

0,9U ,,
3aBucumoct: 7., = ——~+ . C 1enpl0 YMEHbIIEHUS TEIJIOBBIIACICHUSI B KOH-

7
20

TaKTaxX JJICKTPOAOB C ACTAJLIMH COIIPOTHBJIICHHC KOHTAKTOB J3JICKTPOJIOB U neTaneﬁ

(7,00 MOM) He JOJKHO NPEBHINIATH BEJIMYMHBL, ONpPEAEHSeMOd MO  (popMmy-

0,082U,
JIC: 7'36 == T . I[J'IH CHHIKCHHUS COIIPOTHUBJICHHUA HA HAYAJIbHOM 3TallC CBAPKH
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HEOOXOMMO TIPUMEHSITH MOJYJMPOBAHHYIO (HOPMY HUMITyJIbca TOKa. J[TUTENhHOCTH
MOIYJIALMH (7,09, C) C YUETOM 3aBUCUMOCTH 7,y OT TOJIIMHBI CBAPUBAEMBIX JeTajei

(0 59 2.89).
NE
— TPUMEHCHHE KECTKUX PEKUMOB CBAPKH, 00CCIICUMBAIOIINX TEMIICPATypPy B
30HE KOHTAKTOB 3JICKTPOJIOB C JCTAJSIMH HE BBIIIC TEMIICPATYPbl pa3Msr4eHUsT MaTe-
pHaJia IOKPHITHS B TpeOyeMble IPOYHOCTHBIC CBOMCTBA CBAPHOTO COCTMHCHUS,
— TPUMEHEHHUE JJIEKTPOJOB C IIOCKOW (opMoi pabodmx MOBEPXHOCTEH, C

5 285U, —560
IJIOIIALI0 pabodeii MoBepXHOCTH dIeKTpoaa (S,, MM~): Sy =exp (58,2 T :

o ompezensgeTcs mo popmyne: 7, 5= €Xp

— MpU TOYCYHOW M penbe(HON CBapKe TaBJICHHE B 30HE KOHTAKTA JETAICH C
ANEKTPOAaMU B MPOIECCE CBAPKU JIOHKHO CHUKATHCS U HE JIOCTUTATh BEJIUUWHBI
npejena TEeKydyecTH MaTepuala IMOKpPBITUS TpU TeMreparype” Harpera. KoBouHoe
YCUJIUE JIOJHKHO OBITh MIPUIJIOKEHO /10 MOMEHTA CHIDKEHUSL TEMIIEpaTyphl B 30HE KOH-
TaKTOB 3JIEKTPOJI0B U NMOKpbITUA paBHOM 100-120 °C. Ha 0cHOBaHWH yCTaHOBICHHOW
3aBUCUMOCTH BPEMEHU MPHUIIOKEHUSI KOBOUYHOTO YCUIUS (Typg, C)OT TOJIMHBI U3JIC-
JUsS ¥ BPEMEHU NPOTEKaHHUSI CBAPOYHOTO TOKA, IPOJOJLDKUTSIIBHOCTh MPUII0KCHUS

005

KOBOYHOT'O YCUJIHA OIIPCACIIACTCA 3aBUCHUMOCTBIO! T > (O 133+ O 71 \ Tee —

— [P KOHTAaKTHOM TOYEYHOM CBapKE TEMI CBAapKU HE JIOJDKECH HpeBBIHIaTB 30
TOYEK B MUHYTY NPH OXJIAXKICHUU IEKTPOIOB XKUAKOCThIO ¢ Temmeparypoit 10 °C.
IIpu oxnakxI€HUH CBAPOYHBIX JIEKTPOAOB )KUIAKOCTHIO ¢ Temneparypoil munyc 40 °C
TEMII CBapKd MOXET ObITh yBeNHMYeH B 1,5 pasza. Mcrnonb3oBaHHE 3JIEKTPOIOB C
VIIYUIIEHHBIM OXJIAKIECHUEM padoueli MOBEPXHOCTU U KUJIKOCTH C TEMIEPATYPOU HE
Bbilie MUHYC 40 °C 1mo3BoJisieT B 3-5 pa3 MOBBICUTh CTOMKOCTh CBAPOYHBIX JIEKTPO-
TOB.

4. CoxpaHeHHE 3alIUTHOTO MOKPHITUS HA ypoBHE HE MeHee 90% ot ero mnep-
BOHAYAJIBHOTO 3HAYEHUS 0OECIMEeUNBACTCSl MCIOIB30BAaHHEM MPOMEKYTOUYHBIX DIICK-
TPOJIOB B BUJI€ MEIHOM (DOJIBTH, MpU BHIOOPE €€ TOJUIMHBI U MaTepraia B 3aBUCUMO-
CTH OT TETUIQ(M3UYECKUX CBOICTB M TOJIIIMH OCHOBHOI'O METAJIa U MOKPBITUS MO
pa3paboTaHHBIM PEKOMEHAALMSIM. DTO MO3BOJSET CHU3UTh KOHTAKTHBIE CONPOTHUB-
nenust Ha 30-40%; yBEIMYHUTH COMPOTHUBJIECHUE IUIACTUYECKOMY TEUEHUIO METaJlia
IIOKPBITHSL U TIOJHOCTHIO MPEIOTBPATUTh HAJIMIIAHWE MaTepuasia IMOKPBITHS Ha JJIEK-
Tpoasl [3].

5./ Tlpeanoxen crnoco0 cBapkH OLIMHKOBAHHBIX CTallel, B OCHOBY KOTOPOTO
MOJIOKCHBI Pa3paboTaHHbIE HUKIOTPAMMBbI MPOLECCa CBAPKU OLMHKOBAHHOW CTAJI U
MaTEMATUYECKHE 3aBUCHUMOCTHU 1O BHIOOPY OCHOBHBIX MapaMeTpOB peXKUMa CBAPKH.
Henonp30Banne €ro mo3BoisieT AOCTHUYb CHUXKEHUS TOJIIMHBI MOKPBITHS B MECTaX
KOHTAKTOB AJIEKTPOJIOB C U3jaenueM He 6osee yeM Ha 20% [23].

6. YCTaHOBJIEHO, UTO MPHU KOHTAKTHOW CBApKe CTaJIel C JIErKOIJIABKUMHU IIUH-
KOCOJEp KaIUMHU MOKPBITUSMHU C MCIOJIB30BAHUEM 3IOKCUIHON CMOJIBI HEBO3MOKHO
COXpaHEHUE MOKPBITUS Ha JIMIEBBIX MOBEPXHOCTAX, a JJIsl 00€CleueHus MoayyeHus
KauyeCTBEHHBIX CBAapHBIX COEIMHEHUN HEOOXOIMMO MPHUMEHSTHh ABYXUMITYJIbCHBIH
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PEXKUM CBApKH C UCIIOIH30BaHUEM pa3pabOTaHHBIX pekoMeHaaruii. [Ipu 3ToM pexu-
M€ aHTUKOPPO3WOHHBIE CBOMCTBA COEIMHEHMSI HAPYIIAIOTCS TOJBKO Ha JIMIEBBIX I0-
BepxXHOCT:X [1].

PeKOMeHIla]_lI/II/I MO0 NPAKTUYE€CKOMY UCIIOJb30BAHUIO PE3YJIbTATOB

1. Ha 6a3e mpeanio’keHHBIX HOBOTO CIOCOO0A CBApKU M KOHCTPYKLHUU DIIEK-
TPOJHBIX YCTPOMCTB pa3paboTaHbl TEXHOJOTUYECKHE PEKOMEHJIAIMU MO0 OCYIIECTB-
JIEHUIO MPOLEcca KOHTAKTHOW CBAapKU CTAJIEH C IUHKOCOAEPKAUIUMU MOKPBITHSIMH,
MTO3BOJISIOIINE COXPAHUTH OKPBITHE, YBEIUYUTh CPOK CIY>KOBI CBAPOUYHBIX JIEKTPO-
JIOB ¥ YIIYUIIUTh SKOJOTHYECKHE YCIOBUS padOThI CBapIIMKOB [2 , 3, 6, 7].

2. BHenpeHne NpeaJIOKEHHON TEXHOJIOTUH KOHTAKTHOM CBapKu OCYIIIECTBIACHO
Ha MOruiIeBCKOM 3aBOJI€ BEHTWIALIMOHHBIX 3arOTOBOK MPH CBapKe .y3J0B BO3LYXO-
BOJIOB, OTBOJIOB U APYrux u3genuil. [lpy 3ToM JOCTUTHYTO MOBBIICHUE TIPOU3BOIN-
TEJILHOCTH TIPOllecca M3TOTOBIICHUS M OOecreueHa CTaOWIbHOCTh NMPOYHOCTHBIX U
AHTUKOPPO3UOHHBIX MOKA3aTENEel CBAPHBIX COCAWHEHUM, YIIy4YIIECH~TOBAPHBIN BUJ
u3nenui. DKoHoMHYeCcKuil 3((PEeKT OT BHEIpEHUs HAYYHBIX Pa3paboTOK COCTaBUII
6582365 py0. B nenax 2009 r. Pe3ynbTaThl paOOThl MOTYT OBIThH HUCIOJB30BaHbI Ha
MPEANPUATHSX, BBITYCKAIOIINX CBAPHBbIC KOHCTPYKIMH U3 CTaJlel C IIMHKOCOJIepHKa-
IIUMHU MOKPBITUSIMHU.

3. KoHcTpykiuu penbedoB U SKCHEPUMEHTaIbHAsl YCTAaHOBKA JJIsl PErucTpa-
U TTapaMEeTPOB PEKUMa KOHTAKTHOU CBAPKHU, METOANKHU MPOBEACHUS ITUKINYECKUX
Y yJIapHBIX UCIBITAHUN TOUCUHBIX COSAMHEHUM MCHOJB3YIOTCA B Y4EOHOM Mpoliecce
I'VBIIO «benopyccko-Poccuiickuil (yHUBEPCUTET» MPU MPOBEACHUU JTaOOPATOPHBIX
pabot no auctuiuimHe « TexHodoruss 1 000pyIOBaHNE CBAPKU JABICHUEMY, a TAKXKE
IIPY BBITIOHEHUHU cTyAeHYecKuX HUP, KypcOBBIX U JUIIJIOMHBIX POEKTOB.
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P23IOME
Emsinpsanay Cestazap MikanaeBiu

KanTakTHas 3Bapka albIHKABAHBIX CTAJIAY 3 3aXaBaHHEM
aX0yHAra naKkpbiuUs NacPpoAKaAM pPITyJsiBAHHS
TIpMaxdpapMaBanbIHHBIX IAPpaAMeTPay MPaudCcy

KiiouaBpisi €10BbBI: KaHTaKTHas 3Bapka, CTall 3 LBIHKAYTPHIMOYBaHBIMI
MaKPBILLAMI, HampyXkaHa-nddapmaBaHbl CTaH, TIpMagdpapMaBaHbl IBIKJI, METal
KaHYaTKOBBIX 3JIEMEHTAY, SJEKTPOJHBIA MpPbUIAJbI, Kapa3iliHas YCTOilliBacib, Me-
XaHIYHBIS BBIIpaOaBaHHI, TPHIBAJIBHBIA YIIACIIBACII, KAHTAKTHBI'IICK, CiCTAMa Ay Ta-
MaThIYHAara KipaBaHHsI.

A0'ekT I mpaaMer aacjaeBaHHAY:

Ab'exmam oacnedasanuay 3'SYNSAIONINA 3BapHbBIS, 3JyUdHHI, BbIKAHAHBIS KaH-
TaKTHail 3Bapkail Ha CTajdsiX 3 aXOYHbIMI IIBIHKAYTPHIMOYBAHBIMI MaKPBIIIISMI.
Ilpaomemam oacneoasannsy 3'ayisiollia aCHOYHbISL (aKTaphl, SKisS YIIIBIBAIOLb Ha
npaudc A3gapMaBaHHs MAKPhILLs, 1 crocalObl paryisiBaHHS TAopMaadpapMaBaHara
CTaHy MeETaJy 30Hbl 3JIyUSHHS 1 MaTIpPbLuly ' 3BapayHbIX 3JEKTpoaay, sKis 3a-
OsicrieyBarollb BBICOKISI Kapa3iiHbISA 1 TPHIBAJIBHBIS YIACHIBACII 3BAPHBIX 3ITYUYIHHSY,
TMaJIBBIIIAHYIO0 YCTOMIIIBACIb 3BAPAYHBIX DIEKTPOIAY .

Mbra npausbi:

Pacnparnioyka napamerpay TaXHaJIarivHara rnpaujscy KaHTaKTHal 3BapKl allblH-
KaBaHBIX CTaJSTY, sIKis 3a0sSCHEYBAIOIL 3aXaBaHHE axOoyHara MakpbIIIs, sIr0 aHThIKa-
pa3iiiHbIX yiacuiBacusAy 1 faTpaOaBaHbif TPHIBAIBHBIS MAKA3UYbIKl 3BAPHBIX 37Ty4YIH-
HSY.

Ha mancraBe sacnenaBanss - TapMaaddapMarblfHbIX Tparpcay, sSKkis aaobl-
BAaIOII[a y MAKPHILIL HPbl 3MEHE ACHOYHBIX TIXHAJAriuHbIX MapaMeTpay 3BapKi, TaKix
K CyNpalliBbl KaHTaKTay 3JIeKTpoAay 1 APTalsy, 4yac HapacTaHHsS 3BapadyHara TOKY,
BEJIIYBIHS 1 9AC TIPHIKJIAJI@aHHs BBICIJIKA CIIICKY Ha 3aBApIIATbHBIM dTarle 3BapKi, yCTa-
JISIBaHbl | HABYKOBa-aOTPYHTAaBaHBISI YMOBBI 3aXaBaHHS IIBIHKAYTPHIMOYBaHHAra
TTAKPBITIIIS.

Ha 0a3ze T9apoThluHa 1 AKCIEpPhIMEHTAIbHA YCTANSBAHBIX yMOY (apmaBaHHS
3BApHBIX 3JIYYSHHSY MparaHaBaHbl MPAKTBIYHBIA pIKAMEHIAIbIl Ta BbIOApHI mapa-
MeTpay p3KbIMY 3BapKl, sIKisl Ja3BaJSIIOLb paajlizaBalb TIpMaadpapMalblifHbIs [bIK-
JIB, IITO 3a0siCTIeuBae 3axaBaHHE IIBIHKABara MaKpbIIIIs.

PacnparnaBansl 1 YkapaH€HbI ¥ BBHITBOPYACIh HOBBIS CHOCAOBI 1 3JIEKTPOIHBIS
HpbUTAZbI JUIsl KAHTAKTHAW KpOMKaBail 1 panbeHall 3BapKi cTalsy 3 MakphILIAMI, a
TaKkcamMa pdIKaMEHJAIbll MMa BBIOAPHl TIXHAJATIYHBIX MapaMeTpay pIKbIMY 3BapKi,
AK1s1 3a05CTIeYBAIONh 3aXaBaHHE axoyHara MakKpBIIIS 1 aJHavacoBa marpadaBaHbIsA
TPBIBAIBHBIA YJACIiBacili BbIpabay, MajBBINIAHYI0 YCTOWIIBACIH 3BApAYHBIX OSJIEK-

Tponay.
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PE3YME
EmenbsinoB Ceroszap Hukonaesuu

KoHTakTHasi cBapKa OIIHHKOBAHHBIX CTAJIel ¢ COXpaHEeHHEM
3aIMTHOT0 MOKPBITHS MOCPEACTBOM PeryJHpPoOBaHUS
TepmoaedopMaMOHHBIX MAPAMETPOB Tpolecca

KirouyeBbie c10Ba: KOHTAaKTHasg CBapKa, CTAIM C LUHKOCOAEPKAIIMMH I10-
KPBITUSIMHU, HANPsHKCHHO-Ie(DOPMUPOBAHHOE COCTOSIHHE, TepMOaehOpMaIMOHHBIHN
LIAKJ, METOJl KOHEYHBIX JIEMEHTOB, 3JIEKTPOJAHBIE YCTPOMCTBA, KOPPO3UOHHAS CTOM-
KOCTb, MEXAHUYECKUE HCHIBITAHUS, TPOUYHOCTHBIE CBOMCTBA, KOHTAKTHOE J1aBJICHUC,
CHUCTEMA aBTOMAaTUYECKOTO YIPABJICHUS.

OO0beKT M npeaMeT UCCIeJ0BAHNM:

Obvekmom uccnedoéanuti SIBIIOTCS CBAapHbIE COCIMHEHUS, BBIIOIHEHHbIE
KOHTAaKTHOM CBapKOW HA CTAJISIX C 3alUTHBIMU LIUHKOCOIACPKAILUMU TIOKPBITUSIMH.
IIpeomemom uccredogaruii SIBASIOTCS OCHOBHBIC (DaKTOPBI, BIUSIFOUINE HA MPOIECC
nehopMHUPOBAaHUS MTOKPBITHS, U CIIOCOOBI PETyIUPOBAHUS TEPMOIE(HOPMUPOBAHHOTO
COCTOSIHUS MeETajljla 30Hbl COSAMHEHUSI U MaTepuajia CBapOUYHBIX JIEKTPOIOB, obec-
[IEYNBAIOIIME BBICOKME KOPPO3UOHHBIE U IPOYHOCTHBIE CBOWCTBA CBAapPHBIX COEIIU-
HEHUH, MTOBBILICHHYIO CTOMKOCTbh CBAPOUYHBIX BIEKTPOAOB:

eab padoThI:

Pa3paboTka mapameTpoB TEXHOJOTMYECKOIO. MPOllecca KOHTAKTHOW CBApPKH
OLIMHKOBAHHBIX CTajied, 00eCeUNBaOIINX COXPAHEHUE 3AIIUTHOTO MOKPBITUS, €rO0
AHTUKOPPO3HOHHBIX CBOMCTB. M TpeOyeMbIe, IPOUYHOCTHBIE MOKA3aTeNId CBAPHBIX CO-
€MHCHUMU.

Ha ocHoBaHuu HeCnenoBaHus. TEPMOACPOPMALIMOHHBIX MPOLECCOB, MPOUCXO-
IAIIUX B TOKPBITHUW JIPH W3MEHEHUU OCHOBHBIX TEXHOJOTHYECKUX IMMapaMETPOB
CBAapKH, TAKUX KaK CONPOTHUBIIEHUS KOHTAKTOB 3JIEKTPOJIOB U JAETajeld, BpeMs Hapac-
TaHUS CBApPOYHOLO TOKA, BEJIMYMHA U BPEMS IIPUIIOKEHHUS YCUIIUS CKATUS HA 3aBEP-
IAIOIIEM JTATle CBapKH, YCTAaHOBJICHBI HAyYHO-0OOOCHOBAHHBIC YCIOBUSI COXPAHCHHUSI
LHUHKOCOJEPIKALLETO MOKPBITUSL.

Ha 6a3e TeopeTHuecku M HKCIEPUMEHTAIBLHO YCTAaHOBJICHHBIX YCJIOBUM (op-
MHUPOBAHHS CBAPHBIX COCIWHEHUU MPEIJIOKEHBI NMPAKTUYECKUE PEKOMEHIALUMU IO
BBIOOpY MapaMeTpoOB peXUMa CBApKH, MO3BOJIAIONIME peaan30oBaTh Tepmoaedopma-
LMOHHBIE LIUKJIbI, 00ECIEYMBAIOIINE COXPAHEHNE IMHKOBOT'O MOKPHITHS.

Pa3paboTanbl 1 BHEAPEHBI B MPOU3BOJICTBO HOBBIE CIIOCOOBI U AJIEKTPOJHBIE
YCTPOMCTBA JIJIsl KOHTAKTHOW TOYEYHOM U pesibePHON CBapKH CTaJIel C MOKPBITUSIMHU,
a TaKKE PEKOMEHJIALUU 0 BBIOOPY TEXHOJIOTHYECKUX MapaMeTPOB peKMMa CBAPKH,
o0ecreynBaonre COXpaHEHUE 3aIIUTHOTO MOKPBITUS U OJHOBPEMEHHO TpeOyembie
MPOYHOCTHBIE CBOVWCTBA U3ECIINUM, ITOBBIIIEHHYI0 CTOUKOCTh CBAPOYHBIX JIEKTPOIOB.
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SUMMARY
Yemelyanov Svetozar Nikolaevich

Resistance welding of the zinced steels with preservation
of the protective coverings by means of regulation
of the thermo deformation process parameters

Keywords: resistance welding, steels with zinc coated coverings, intense-
deformed condition, a thermo deformation cycle, a method of final elements, elec-
trode devices, corrosion firmness, mechanical tests, strengthen properties, contact
pressure, automatic control system.

Object and subject of research:

Object of research are the welded connections executedby resistance welding
on steels with protective zinc coated coverings. A subject-of research' are¢ the major
factors influencing process of deformation of a covering;.and ways of regulation of
the thermo deformed condition of metal of a zone of connection and a material of
welding electrodes, providing high corrosion @and strengthen.properties of welded
connections, improved electrode tip life.

The work purpose:

Working out of parameters of technological process of resistance welding of
the zinced steels providing preservation of sheeting, its anticorrosive properties and
demanded strengthen indicators of welded connections.

On the basis of research «of the thermo deformation processes occurring in a
covering at change of the basic technological parameters of welding, such as re-
sistance of contacts of electrodes and details, increase time welding current, the size
and time of the appendix of effort of compression at the welding closing stage, are
established the scientifically-proved conditions of preservation zinc coated coverings.

On base theoretically‘and experimentally established conditions of formation
of welded connections practical recommendations for choice parameters of a mode of
the welding.are offered, allowing realizing the thermo deformation cycles, providing
preservation of a zinc covering.

New ways and electrode devices for resistance spot and relief welding of steels
with coverings, and also recommendations for choice the mode of welding technolog-
ical parameters-providing preservation of sheeting and simultaneously demanded
strengthen.property of products, the raised firmness welding electrodes are developed
and introduced in manufacture.
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