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OBILIASA XAPAKTEPUCTHUKA PABOTHBI

AKTYyaJbHOCTH padoThl. [Ipu cBapke cBapHBIX COCIUHEHNUN BBIIIOJHEHHBIX
JyTOBOM CBAapKOW BO3HHMKAIOT pa3zHOro poxaa aedektbl. Hanbomee gacto nedexTs
BO3HMKAIOT MO BUHE CBapIlMKa, HO €CTh U Takue JAEPEKThl KOTOPHIE 3aBUCST OT
KauecTBa CBApOYHBIX MaTepuasioB. OgHUM U3 TakuxX Je(EeKTOB SIBISETCS
MOPUCTOCTh ~ CBapHOro  coeauHeHusa.  llopucrtocth,  sBIsIETCS ~ CaMbIM
pacmipocTpaHEHHBIM W ONAacHbIM Je(EeKTOM, CYHIECTBEHHO BIHUSIOIIMM Ha
KOHCTPYKIMOHHYIO TPOYHOCTh M CIHOCOOHBIM B HECKOJBKO pa3 yMEHBIIUTh
paboTOCIIOCOOHOCTh  CBapHBIX KOHCTPYKIMi. M3 dero Bctaer mpobiema
NpEeayNpeXICHUS IOPUCTOCTU MIBOB, XaPAKTEPHOM JIsl CBAPKH ILJIABJIEHUEM.
OCHOBHBIM HMCTOYHMKOM TMOp SABJISETCA BOJAOPOJ B CBapOYHOM BaHHE,
KOTOPBIM IIOCTYNAaeT B Hee 0 AByM INpuuuHaM. [lepBas cBsd3aHa ¢ mpoueccom
nepepacIpeesieHnsl BOJOpoAa, PACTBOPEHHOIO B OCHOBHOM MeETallIe, B MPOLECCE
TepMoau(Gy3un, U3MEHSIOLINI €ro coiepKaHue Ha Pa3HbIX y4acTKaX CBapOYHOIO
coelMHeHus. Bropas npuunHa, MOBEpXHOCTHBIE 3arpA3HEHUS U acOpOMpOBaHHAas
BJlara Ha TOpLIaX KPOMOK W 3JIEKTPOJHOM (Mpucamo4yHOi) mpoBoJioke. KoTopsie
ABJIAIOTCS. OCHOBHBIMM IOCTaBIIMKAaMHU MPOAYKTOB XHMHYECKUX PpEaKLUu,
Pa3BUBAOIINXCS B CBAPOYHOW BAaHHE C BBIIEICHUEM MOJIEKYJIIPHOTO BOAOPOJA U
OKCHJIa YIJIEpoJa, 4TO CIOCOOCTBYET OOpa3oBaHMIO IMOpP 3a CYET MOBBILIECHUS
CKPBITOI'O JABJIEHUS 3TUX ra30B M HAIMYUS TBEPABIX YACTHUIl B BAHHE, UTPAKOLIUX
POJIb CTUMYJISITOPOB 3apPOKIEHUS Fa30BbIX ITy3bIPHKOB.
Jlnst Toro 4TtoOBI MPEeAOTBPATUTH JAEPEKTh HEOOXOJUMO HCIOJIb30BAThH
KAueCTBEHHbIE MaTepuaibl sl CBAapku. TpeOoBaHMA K KayecTBY IPOBOJIOKU
Hammucanel B ['OCT 2246-70, HO JaHHBIA CTaHAAPT HE CONEPKUT YETKHUX
KPUTEPHUEB U1 OLEHKH KadyecTBa MOBEPXHOCTH CBAPOYHOW IPOBOJIOK. M3 3a uvero
IIOBEPXHOCTh IPOBOJIOKM MOJKET COJEpPKAaThb MHOXECTBO PAa3JINYHBIX MEJIKHUX
nedeKTOB U 3arpsA3HEHHM, KOTOpbIe MOTYT MPHUBECTH K 00pa3oBaHUIO MOpP IpU
cBapke. [ToaTomMy akTyaabHBIM SIBISIETCS pa3pabOTKa KPUTEPHUEB OLICHKH KauecTBa
MOBEPXHOCTH CBAPOYHOM MPOBOJIOKU. Tak e BCTaeT BOMNPOC O CO3JaHUU METOOB
YCTPaHEHHS NOBEPXHOCTHBIX 1€(PEKTOB MPOBOJIOKH.
Heabo padoTbl SBISIETCS yMEHBLIEHHWE MOPOOOPA30BAHUE CBApPHBIX
COEJIMHEHUM U yJIyYIlIEHHE KaueCTBa MOBEPXHOCTH CTAIbHOM MPOBOJIOKH.
3amauu padoThbI:
1) mpoBecTH JIUTEpaTYPHBIA 0030p MPUYUH TOPOOOPA30BAHUS U MOSBICHUS
IpyTrux 1e(eKToB,;

2) TPOM3BECTU WCCIICIOBAHUS BIIMSHUS MMOBEPXHOCTH KA4YeCTBA MPOBOJIOKH
Ha MOpooOpa3oBaHuE;

3) aHaAIU3 TEXHOJOTMUYECKUX ONEpaIuii OrOTOBKHA CBAPOYHOM MTPOBOJIOKH;



4) pa3paboTaTh TEXHOJOTMYECKHE PEKOMEHIAIMHA [0  YIYYIICHHIO
MOBEPXHOCTH CBAPOYHOU MPOBOJIOKH.

Hay4yHast HOBM3HA!

1) paspabotan croco0 yIIy4IICHUS MOBEPXHOCTHU POBOJIOKHU
3aKTIOYAIOIIUICS B OIUIABICHUH CBAPOYHOM MPOBOJIOKH JIA3EPOM 32 CUET
OTLIaBJICHUS IOBEPXHOCTU U YCTPAHEHUS MOBEPXHOCTHBIX AC(PEKTOB,;

2) ycranoBieHnbl HecoBepiieHCTBa ['OCT 2246-70 u mpemiokeH MeTon
OLICHKM KayecTBa ITOBEPXHOCTM C HCIIOJIb30BAHHEM PACTPOBOIO
AJIIEKTPOHHOTI'O0 MUKPOCKOIIA;

3) co3maH KaTaJOK JiJIS OICHKHM KadyecTBa IIOBEPXHOCTH CBApOYHOU
IIPOBOJIOKH.

I[IpakTnyeckasi 3HAYMMOCTD

1) ¢ ToMOmBID PacTpOBOTO  ANEKTPOHHOTO  MHKDPOCKOIA  H3y4YeHa
MOBEPXHOCTh CBapO4YHOUW NpoBOJOKM Ha «KHAA3», xBamuduumpoBaHa
10 OBEPXHOCTHBIM JedeKkTaM 1o TpeMm Kareropusim (1 — xopomee, 2 —
yIIOBJIETBOPUTENBHOE, 3 — HE YAOBJIETBOPUTEIBHOE) B IPOLICHTAX;

2) TPEIIOKCHHBIM METOJ OIUIABIICHHUS TO3BOJIUT IEPEBECTH CBAPOYHYIO
IIPOBOJIOKY € 3 KaTeropuu B 1;

3) mpuUMEeHEeHHEe PacTPOBOTO AIEKTPOHHOTO MHKPOCKOIIA B KAYECTBE OJTHOTO
U3  OCHOBHBIX HHCTPYMEHTOB  BXOJHOIO  KOHTPOJS  IO3BOJUT
CYILLIECTBEHHO MOBBICUTh KAUECTBO CBAPHBIX KOHCTPYKUMUU B OTHOLIEHUU
opooOpa30BaHUs CBAPHBIX IIIBOB.

Ha 3ammTy BHIHOCUTCSL:

1) ucnonb30BaHKUE PaCTPOBOTO AIEKTPOHHOTO MUKPOCKOIIA;

2) BIUSIHME  KayecTBA  MOBEPXHOCTH  CBAapOYHOW  MPOBOJIOKH  Ha
opooOpa3oBaHUE;

3) ximaccu(ukaTop OIEGHKH KauecTBa CBApOYHOW  TMPOBOJIOKH  TIO
pe3ynbTaTaM pacTpoBOro 3JIEKTPOHHOTO MUKPOCKOMA,

4) croco0 yaydIIeHHs TOBEPXHOCTH CBAPOYHOM MTPOBOJIOKH.

Anpobauust padoTbl

OCHOBHBIE MOJOXKEHHS M pe3yibTaThl JUCCEPTALMHU JIOKJIAIBIBAINCH H

HOJyYUIH OJI0OpEHHE Ha €XKEroJHOW HaydyHO — TEXHHYECKOW KOH(pepeHIHUH
aciupadToB U ctyneHToB PI'bOY BO «KHAT'Y» 2018 r.

Padora BBIMOJHSJIACH corjiacHO jgorosopy x/a Ne 86-3/14 «VHccrnenoBanue
BJIUSIHUSA TapaMeTpOB TEXHOJIOTMUECKOT0 Mpollecca CBAapKU alOMHUHUEBOTO U
HEPKaBEIOLIEro TpyOOnpoBOia C LENbIO0 CHUXKEHUS YPOBHS 1€(PEKTHOCTH CBAPHBIX
coenuHeHuin» ¢ OAO Kommnanus “Cyxoi” “KHAA3 nm. FO.A. IN'arapuna”



[yonukanuu

[To pe3ynbTaram BBIMOJHEHHBIX HccleqoBaHUM onmyOiankoBaHa 1 cates BAK
P® u 1 nareHr.

Conep:xkanue padorTbl

Bo BBeneHum 00OCHOBBIBAETCS aKTYaJbHOCTh TEMBI MPUMEHHUTEIBHO K
KOHTPOJIKO Ka4eCTBA ITOBEPXHOCTU CTAJIbHOM CBAPOYHOM MPOBOJIOKH M NPUBEACHA
o01ast XapakKTepUCTUKa pabOTHI.

B nepBoii riaBe mpoBeAEH aHAIM3 OCHOBHBIX JAE(PEKTOB MpPH IYroBOU
CBapKe, pPACCMOTPEHbl OCHOBHBIE MPUYUHBI MOPOOOPA3OBAHMS, MEXAHU3M
oOpa3oBaHusl TOp TpPHU CBapKe U TPeOOBAaHMS HOPMATHUBHON JOKYMEHTAIUU K
Ka4eCTBY MOBEPXHOCTU CTAIIBHOW CBAPOYHON MTPOBOJIOKH.

Bo BTOpOM pa3aesie noapoOHO ONKMCaHbl SKCIIEPUMEHTATbHBIE METOIUKHU H
000pyZ0BaHUE, C MOMOIIbIO KOTOPBIX ObUIN MPOBEACHBI UCCIETOBAHMS.

[IpenocraBiieH mnepedeHb O0Opa3lOB MCCIEAYEMON MPOBOJOKM KaXKI0H
MapKH{, IUIABKM W JUaMeTpa IMPOBOJOKM XpaHsmuecs Ha ckiagax «KHAA3».
OOpa3s1ipl cTadBLHOM CBApOYHOUM MpHUBEEHBI B Tabmuie 1.

Tabnuua 1 — O6pasiibl CTaIbHON CBAPOYHOM MPOBOJIOKH

Mapka npOoBOJIOKH Jnamerp [TapTus
OI1659-B1 1,2 97142B
1,6 1/1313-1
2 3/1314-2
06X19HOT 0,8 7762-4,8365
1 7356,8195-3, 9571
1,2 11-5077
1,6 11-5076
2 5079,9357
07X16H6 2 -
18XMA 2 1/1307-1,3/1291-4
18XMA-BU 1,2 21375-4
2 1/1173-3
XH38BT 1,6 225
XH60BT 1 3139
1,6 53931
ON334 2 J180809-2
OII659A-BU 1,2 -
2 1/1315-1,3/1317-1,3/1317-1
CIIT-2 1,6 712
2 (22

HccnemoBanusi MOBEPXHOCTH OOpa3loB ObLIM MPOBEACHBI HA PACTPOBOM
anekTpoHHOM — Mukpockone Hitachi S 3400-N  (Smonwust). IloBepXHOCTH



UCCIIETyeMON MPOBOJIOKM ObLIa MpPENBapUTENbHO OTYMIIEHA OT 3arpsA3HEHUN U
o0e3KupeHa.

Jist  ompeneneHuss  BAMSHUS ~— ONEpallMM  OMECKOCTPYUMBAaHUS  Ha
nopooOpa3oBaHKE HUCIOJIb30BAIMCH O0pa3ilbl CBAPHBIX COCAMHEHUH, MOJIY4YECHBI
aBTOMAaTUYECKOM CBapKOil B cCpelle aproHa HEIJIABAIIUMCS D3JIEKTPOJOM Ha
yctanoBke YCK-1200. OOpa3namMu SIBISIIUCH MAaTpyOKH BHEIIHUM auamerpom 70
MM # giauHoM 141 mwm, n3 cramu 12X2HB®A, TonmmuaON 4,4 MM, UCIOJIB30BaHA
npoBojioka CB-18XMA nuametrpom 1,2 mm. Kpomku nepBoi rpymiibl naTpyOKOB
3aUUIIAINCh METATMYECKON IETKOW M IMpU CBapKe MCIOJb30BaHa MPOBOJIOKA,
OUHUIICHHAsT MEXaHUYECKHM IIyTeM, BTOpas rpymnma oOpasloB OMNECKOCTpyeHa U
CBapeHa C NMPUMEHEHUEM ONECKOCTPYEHHOM NpoBOJIOKU. B kaxmoit rpymre mo 10
o0pasIoB.

[Tocre cBapku rpynmbl 00pa3lioB pa3Aeduin CIEAyIomuM o0pa3oM: OJHA
YacTh U3 KaXJI0M Tpynibl 00pa3oB ocTanack 0€3 JopabOTKH, BTOpas MOABEPIIIACh
3aKallke C TOCJIEAYIOMIMM OTIIyCKOM, TIIOCJI€ Yero CHOBa TPOU3BEACHO
orneckocTpyuBanue. OneckoCTpyMBaHUE M 3aUMCTKAa METAJUIMYECKUMHU IETKaMU
OTHOCHUTCS KaK K KpOMKaM, Tak M K IHpoBosioke. Jlamee ObUIM NpOBEACHBI
UCIBITaHUsl 00pa3L0B Ha CTATUYECKOE PACTsHKEHUE, TBEPIOCTb, YIAPHYIO BA3KOCTh
Y MICCIICZIOBAHUS MUKPOCTPYKTYPBHI.

B TperbeM pa3sjene 1o pe3yibTaTaM MCCIEIOBAHHUS MOBEPXHOCTH
CBApPOYHOM MPOBOJIOKA C TMOMOIIBI0 PACTPOBOTO BJIEKTPOHHOTO MHKPOCKOTA
(POM) crano BO3MOXHBIM Kiaccu(UIHMpPOBAaTH €€ KauecTBO. Kpurepuem
KJIACCU(PUKALMU TOCTYXKWIM  CIEAYIOLIUME TapaMeTpbl, XapaKTepU3yIoIue
KayeCTBO MOBEPXHOCTH: ILIEPOXOBATOCTb, ITTyOMHA PUCOK, KOTOpPbIE HAOII0qat0TCs
Ha 0OOBIYHOM M300paKEHUH U U300pakeHHs pelibeda MOoBEpXHOCTH.

B pesynbraTe moiydeHo 3 KaTeropuu KadyecTBa MOBEPXHOCTU MPOBOJIOKH,
KPUTEPUH OTIpeIeTICHUS TPEACTaBICHbI B TA0IHUIIE 2.

Tabnuna 2 — Kputepun onpeaeneHus: KaTeropuii KauecTBa

Kareropun Kpurepun IToBepxHOCTH
< |
1 xareropus — MTOBEPXHOCTh UCCIIEJOBAaHHON :
MIOBEPXHOCTH C IIPOBOJIOKH paBHOMEpPHas, C
HE3HAYUTEIbHBIMU HeOOJIBIIMMHU LIapaliHaMU,
nedexramu OTHOCSIIIIUMUCS K MEXaHUYECKUM

MMOBPECIKACHUAM




[Ipomomkenue TaduIb 2

2 KaTeropus- MMOBEPXHOCThH MTPOBOJIOKH
MTOBEPXHOCTH C HEepaBHOMEpPHas, ¢ HEOOIBIIUMHU
I[e(beKTaMI/I MHOT'OYHUCJICHHBIMHU HOBCpXHOCTHBIMI/I
nedexramu
3 kareropus — MMOBEPXHOCTb MTPOBOJIOKH 00J1a1aeT
MIPOBOJIOKA HE OOJIBIIION IIEPOXOBATOCTHIO, HMEET
MIPUTOJIHAS JUIS CBAPKHU. MHO’KECTBO IITyOOKHX TPEIIUH,
LapanuH U TPOTSIKEK KPYITHOTO
pasmepa.

UccnenoBanmu 3 ydactka cBapoyHOil mpoBoioku CB-18XMA B3ATBIX U3
OJIHOM OyXThI, HO B Pa3HOM CTENEHU IMOJTOTOBJICHHOCTU: COCTOSHUE MOCTaBKH,
MIPOMBITasi B MBIJILHOM PacTBOPE U OMECKOCTPyEHHAs.

Ha mnoBepxHOCTHM TPOBOJIOKM B HCXOJHOM COCTOsiHMM (Tabnuna 3.3 )
UMEIOTCS PUCKH TPOTSHKEHHOCTHIO OT 45 1m0 15 MkM, mmumpuno 1..20 mxm. B
MOJIOCTSIX PUCOK HMEIOTCS OpPraHWYECKHE 3arps3HEHUs] (CBETJbIE YYaCTKH).
[ToBepxHOCTHBIE JehEKTHl MPOBOJIOKH TOCIE OINEpPalMU MPOMBIBKA B MBLILHOM
pacTBOpe HE MU3MEHWINCh, OPTAaHMYECKUX 3arpsA3HECHUI HE BBIABICHO. BHENIHMI
BHUJI TPOBOJOKH, TNPOLIEANIECH OMNECKOCTPYMBAHUE AJIEKTPOKOPYHAOM 14A
sepauctocteio 16H mo T'OCT 28818-90 we wumeer neeKToB HCXOMAHOTO
COCTOAHMS (MPOTSDKEHHBIX 0OO0OpO31, 3arpsi3HEHUN 3aKaToB M TPEUIUH), HO
XapakTepUu3yeTcs CYLIECTBEHHO MPOPabOTaHHBIM PBIXJBIM MOBEPXHOCTHBIM
cioeMm. MmeroTcs MecTta BbIpbIBA METalla C [OBEPXHOCTH YacTULAMU
AJIEKTPOKOPYH 1A, MUKPOLIAPATTUHBI, KPOME TOT'0, 0OHAPYKEHBI BHEJPEHHBIE B 3TOT
CJIOM YaCTHIIBI SJIEKTPOKOPYHIA pa3MepoM 4 MKM.



Tabnuna 3— BHemHuit BUj MOBEPXHOCTH MPOBOJIOKH B PA3TUYHOM
COCTOSIHUU

Bun CocTtosiHue MoCTaBKU [IpombITas B MbLIIBHOM OmneckoctpyeHas
MOATOTO paccTBope

BKH
MOBEPXH

OCTH
x50

x250

x1000

npoduito
rpaMMbI

Ha pucynke 1 mnoka3zaHo pacnpeneneHue XHUMHYECKHX JJIEMEHTOB B
IIOBEPXHOCTHOM CJIO€ MCCIIEIYEMBIX IPOBOJIOK. B NOBEpPXHOCTHOM  CllO€
IOPOBOJIOKA JI0 TECKOCTpYHMHOM  00pabOTKM  pacmpelesieHue  alOMUHUS
paBHOMEpPHOE, a OIECKOCTPYECHHOW IOBEPXHOCTH HAOIIOJAeTCsl JIOKAJIbHOE
CKOIUICHHE YacCTHUI] aTloMUHUS. Takoe sBleHHE OOBIACHAETCS MHUKPOJETHPOBAHUE
MEJKUMH YacTUI[AMHU DJIEKTPOKOPYHJA, HEPAaBHOMEPHO pacHpe/eICHHbIMU I10
ne(eKTHOU CTPYKTYpEe MOBEPXHOCTH MPOBOJIOKH.



st3(6) - Counts ( 30 Frame(s) )

M =[CK] 5 ojmms[F

st3(7) - Counts ( 30 Frame(s) ) st3(5) - Counts ( 30 Frame(s) )
5pm

Pucynok 1 — Pacnpenenenre XUuMHUYECKUX AJIEMEHTOB B IOBEPXHOCTHOM
CJI0€ UCCIIETYEMBIX IIPOBOJIOK:
a — UCXO/IHOE COCTOSIHUE; O — MOCIIE MPOMBIBKH; B — OTIECKOCTPYEHHAas

[lo pe3ynpTaTam aHanM3a MPOBOJOK M3 TAOMUIBI 3 M pUCYyHKa 1, MOXKHO
CHENaTh BBIBOJ O TOM, YTO OYMCTKA MPOBOJIOKM KOPYHIIOM CO3HA€T PBIXJIbIA
MMOBEPXHOCTHBIN CJIOM, HWMEIOTCS MECTa BBIPbIBA METAJUIA C TOBEPXHOCTH
YaCTUIAMHU  JJIEKTPOKOPYHZIA, MUKpPOLIAPAllMHbl C BHEIPECHUEM SJIEMEHTOB
abpas3uBoB.

B pabote Takke mpemiokeH Croco0 YIy4IICHHS MOBEPXHOCTH CBApOYHOU
IPOBOJIOKU U YCTPOMCTBO ISl €TI0 PeaIn3alu.

3amaua mpeajaraeMoro u300peTeHus - MOJr0TOBKA MOBEPXHOCTH CBapOYHOU
MPOBOJIOKK W3 YEPHBIX M LBETHBIX METAJJIOB, B TOM YHUCIEC W HCIPABJICHUE
(ynmydmienue) aeGeKTHOW IMOBEPXHOCTH IPOBOJOKHM C TapaHTHPOBAHHBIM
Ka4eCTBOM CBAPHOTO COCTUHEHUS.

TexHu4eckuil pe3ynbTaT — IOBBIINICHUE KAadye€CTBA CBAPHBIX COEAUHECHUH,
BCJICJICTBHE JIA3€PHOIO OIUIABJICHUSA IIOBEPXHOCTH CBAPOYHOM IIPOBOJIOKH,
YCTPaHSIONIETO Ae(PEKThl BOJIOYSHHS U TTOBEPXHOCTHBIC 3arPsI3HEHHUSI.

[Ipennaraempiii  crmoco®  3akitoyaeTcs B MPEABAPUTEIBHOW  OYHMCTKE
MMOBEPXHOCTH OT OCTAaTKOB BOJIOUMJIBHOW CMa3KH, TEPMUYECKOM OILUIABICHUU
MMOBEPXHOCTH MpOBOJIOKM He MeHee 0,01 MM mopa AelcTBHEM JIa3€pHOro Jyya,
MPOBEJCHUU TEPMOOOPAOOTKHM TIO  PEXUMY, OOECICUUBAIOIIEMY  CHSITHE
OCTAaTOYHBIX HampsoKeHWd. B oToensHBIX ciydasx (IpU  3HAYUTETHLHOU
IIEPOXOBATOCTH MPOBOJIOKU, OTACIBHBIX Ae(PEKTOB, MPEBHIIAOIINX JTOMYyCTUMYIO
BEIIMYMHY HAa OTKJIOHEHMS OT JMAMETpPa) BEIMYMHA TTYOUHBI OIUIABIICHUS MOKET
OBITh BBIOpAaHA MyTEM OMpPEACIICHUs IIEPOXOBATOCTH WIM TIyOWHBI €IMHUYHBIX
nedexToB U cymectBeHHO npeBbimaTh 3HaueHue 0,01. Ho B mroOom ciyugae,
BEJIMUMHA TJTYOHHBI OIUIABJICHUS JOJKHA 00€CTIeUnBaTh MOJIHOE OTUIaBJICHUE BCEX
MOBEPXHOCTHBIX Je()EKTOB U BBITOPAHUE OPraHUYECKUX W Jp. 3arps3HEHUH,
Haxoasammxcss B Hux. s oOpaOOTKM TPOBOJIOKM U3 I[BETHBIX METAJUIOB
HEO0OXOMMO HCIOJIb30BATh 3aIIUTHBIC Ta3bl, TAKUE KaK aproH, a30T, MOJJaBaeMbIe
B 30HY 00pabotku. [Ipemmaraemsiii cmoco® MOATOTOBKM TMOBEPXHOCTH, YJamsis



BEIIECTBA, MPUBOJALINE K MOPOOOPA30BAHUIO, MO3BOJISIET MOJYYUTH MPOBOJIOKY,
UCII0JIb30BAHUE KOTOPOI 3HAYUTEIBHO CHUXKAET BEPOSITHOCTh OPOOOPA30BAHMUS.

Jlist peanuzanuu 3TOro crnocoda npeajaraercst 000py10BaHuE, COCTOSIIIEE U3
HAaMaThIBAIOIIETO0 YCTPOWCTBA W YCTPOMCTBAa BpAIllEHUS JIA3€pPHON TOJOBKHU.
HamatspiBaroiiee ycTpoHCTBO MpeACTaBIAeT CO00M Karymky 1, mpuBoAMMYIO B
JBMKCHHUE JJIEKTPONIPUBOIOM. BpaiieHue nazepHON TOJOBKH OOECIednBaeTCs
AIEKTPOJBUTATENIEM, MUTAEMBIM IO CKOJIB3SIUIMM KOHTakTaM. CKOpOCTb ABUKEHUS
HaMaThIBAIOIIEH KATYIIKM W BpalleHMs JIA3€pHOM TOJOBKM NOAOMpaeTcs B
3aBUCUMOCTH OT JuaMeTpa MpOBOJIOKHU. BpallieHre HaMaThIBAaIOIIETO yCTPOMCTBA,
U JIBIDKCHHE JIa3epHOM TOJIOBKM OO0YCIaBIMBAIOT 00paOOTKY MOBEPXHOCTHU IIO
cnupasiv. OrutaBieHHe MPOBOJIOKU Ja3€PHBIM JIy4OM CO3JaeT MOBEPXHOCTb, HE
UMEIONTYI0 Ae(PEKTOB XapaKTepHBIX i BojioueHus. [Ipu BoiodeHHH MpPOBOJIOKA
IPOXOAUT Yepe3 (uiIbepbl, NPU OSTOM I YIYUYIIEHUS MPOCKAIb3bIBAHUS
UCIIOJIB3YIOT CMAa3bIBAIOIIME BEIECTBA, KOTOPbIE INMPU BO3HUKHOBEHHUHU TAKOTO
nedekTa Kak 3aKkaT WIM TpeUIMHa OCTalTCs B TOBEPXHOCTHOM CJIOE H
TpyaHOyonMMbl. [IpyM OIaBIEHUM IIPOBOJIOKM 3arpsA3HEHUs HCHAPSAIOTCS U
YAAIAIOTCS C MOBEPXHOCTH, TEM CaMbIM 3HAYUTEJIBHO CHUKAETCS BEPOSITHOCTH
BO3HMKHOBEHHUS NOp B CBAapHOM coeavHEHUM. [Ipy HMMITyJIbCHOM THIIE Jla3epa
npeajlaraéM CIEOYIOU[YI0 CXEMy pacueTra CKOPOCTH JBUXKEHHSA CBApOYHOU
IIPOBOJIOKH U JIA3€PHON TOJIOBKH:

CKOpOCTh JABMKEHHUS CBAPOYHOM IPOBOJOKM MOKET OBITh paccuMTaHa Io
dbopmyie (Mm/c):

d
Vip = =, [1]

TJIe Z-pacCTOSTHAE MKy IICHTPaMH COCETHUX TOYCK B BUTKAX, MM
d=(r+0,2r) — ycj10BHOE pacCTOSIHHE MEX Ty TOYKAMU B BUTKE, MM
I — paanyc TOYKH, MM
M — BEJIMYMHA MTEPEKPBITUS COCEAHECH TOUKH, MM
D — nuametp mpoBOJIOKH, MM
Y — 9acToTa umiyibca, ['i

Z HeoOXOoAMMO TOAOUpPATh TaK, YTOOBI MEPEKPHITHE OJM3ICKANUX TOUEK
obu10 He Menee 30%.

CKopocCTh BpallleHHs J1Ja3epHO# To10BKHU (00/¢):

__2ryd
Vr - D [2]




r7e I- pacCTOsSIHUE OT LIEHTPa MPOBOJIOKHU J0 CBAPOUYHOM TOJIOBKH, MM

CkopocTh HEOOXO0IMMO MOAOHUpATH MO TIyOMHE W3MEHEHHOI'O JIa3epHBIM
OIUIABJICHUEM CJIOS. Y CTPOMCTBO JUIsl OIUIABJIICHHSI IOBEPXHOCTHU CBapOYHOM
MIPOBOJIOKH MPE/ICTABICHO HA PUCYHKE 2.

2\ o —

& . (i

A 5/

1 — snexTpoaBUraTenp, 2 — jlazepHas TOJI0BKa, 3 — IPOBOJIOKA, 4 —
CMaTblBaeMas KaTylllKa, 5 — HAMATbIBAIOIasl KaTyIIKa.
Pucynok 2 - YCcTpoicTBO 11 OTIaBICHUS TIOBEPXHOCTH MPOBOJIOKH

OO01mue BBIBOIBI

1) CymectBytomuiit 'OCT 2246-70 He B TOJHOM Mepe oOecrednBaeT
KPUTEpUM KayecTBa CBAapHOM MPOBOJIOKM M OTCYTCTBHUE IOpPOOOpa3oBaHUE B
cBapHbIX mBax. [loaTomy pa3zpaboTaHa MeTOJMKa OIIEHKH CBAPOYHOU MPOBOJIOKH
MO pe3yJibTaTaM POCTOBOTO IEKTPOHHOTO MUKPOCKOTIA.

OnpeneneHbl KaTeropuy KadyecTBAa IMOBEPXHOCTHM CBapOYHOM IPOBOJIOKH,
MPOBEJEH KOHTPOJIb MOBEPXHOCTH CTAJIIBHOW CBAPOYHOU MPOBOJIOKU M CO3/IaH €€
katanor 1t «kKHAA3» KOHKPETHBIX MAPTUA, MAPOK U TUAMETPOB MPOBOJIOKH.

2) YcTaHOBJIEHO, YTO OIepalusi OMeCKOCTPYUBAHUS CBAPOYHOM MTPOBOJIOKH,
He A(PPeKTUBEH M MpU 3TOM JIOCTATOYHO 3aTPaTHBIM., T.K. CO3/1a€T PHIXJIbIN
MOBEPXHOCTHBIM  CJIOM, € MeCTaMU BBIPHIBOB MeETajlla C IOBEPXHOCTH,
MPUBOJIAIINNA K HAKOIUICHUIO KaNWJUISIPHO-KOHACHCUPOBAHHOW BJIaru, KOTOpas BO
BpeMsl CBapKH paclajaercsi Ha MOJIEKYyJbl Kuciopoiga © Boaoponaa. Ilpu
KpUCTAJUTM3allMd CBAapOYHOM BaHHBI BBIJCISIOMIMICS BOJOPOJ HE YCIEBAET
MOJIHOCTRIO YAANATHCS M3 METala IIBa. DTO MPUBOAMWT K OOpa30BaHUIO B HEM
ra3oBbix 1op. ONecKOCTpyMBAHHE COMPOBOXKAAETCS BHEAPEHUEM  YaCTHIL
AIEKTPOKOPYHA Ha MOBEPXHOCTH, TemIepaTypa IuasiieHus kortoporo 2050 °C,
YTO SIBJISICTCS MPUUYUHOU HEPOBAPOB.

3) YcraHoBieH, 4TO TIpU IJIABJICHUHM TOPIIA CBApOYHOM MPOBOJIOKH HE BECh
o0beM MeTayula TMoj] JCUCTBHEM CBAapOYHOM Jyrdl OIUIABISETCS, YTO JaeT
BO3MO>KHOCTh MOMAJIaHUS 3arpsI3HEHUN, HAXOASIINXCS B OBEPXHOCTH CBAPOUYHOM



IMPOBOJIOKH, B CBAPOYHYIO BaHHY MW IIpU JUCCOLMUAIIMU HUX BJICUCT BCPOATHOCTH

H0p006p8,30BaHI/I$I B MCTAJLIJIC 1IBA.

4)Pa3zpaboTaHa METOJUKA YIy4YLIECHUS MOBEPXHOCTH CTAJIBHOW MPOBOJIOKH

NyTeM JIa3€pHOTO OIUIABJICHMS, CIOCOOCTBYIOIIEH YyHaneHuto (CHUKEHUIO)

3arpsi3HEHUM C €€ TMOBEPXHOCTH U HCIPABICHUIO Ne(PEKTOB MPOBOJIOKU TPHU €€

IMPOU3BOACTBC.

1)

2)
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