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I'VIABA 1 .
OCOBEHHOCTHU APTOHOAYT'OBOM (TIG) CBAPKHU

1-1 YTO TAKOE APT'OHOIYT'OBASI (TIG) CBAPKA

T1G u3 tepmuna APTOHOJIYTOBOM (TIG) cBapky IpeAcTaBIseT co60il COKpAICHHE
"Boabdpam - wuHepTHbl Ta3 (Tungsten Inert Gas)". Ilog AproHoayroBoil cBapkoii
nojipasyMeBaeTcsl IyroBasl cBapka BOJb()PaMOBBIM 3JEKTPOJIOM B Cpelie MHEPTHOrO rasza, He
pearupyromero Hu Ha Kakoe JIpyroe BeILecTBO, MpUYeM MeX1y "BOJIbPPaMOBBIM AJIEKTPOJOM"
U OCHOBHBIM METAJUIOM 0Opa3yeTcsi NyroBOMl pa3psll, B CHIYy Telja KOTOPOro MPOUCXOIUT
IUIaBJIEHHE OCHOBHOI'O METalIa.

Boasdppam npencraBisier coboil merann, KOTOPBIM MPUMEHSETCS B HM3rOTOBJICHUM
HUTHU Hakaja jamnel ¥ np. Temneparypa ero miasiaeHusi -npubnuzurensHo 3400°C, to ectb
ropaso BbIllIE, YEM B cilydae jkene3a. B cpene BbicOkOTeMMepaTypHOl Oyrd Bojib(ppaM MO
CBOMCTBY HE MOJAAETCs MJIaBICHUIO TTUTEILHOE BPEMSL.

B kauectBe uHepTHOro raza, B OOLIEM, MPUMEHSIOT aproH, CBOHCTBO KOTOPOIO
pernamentupyercst crangaprom JIS K1105 (apron), ['enuii mpumeHSIOT u3peaKa U TOJBKO
TOTJ1a, KOTJa CBOMCTBO rasza rejus HeoOXOJIMMO, TaK Kak B Hallled cTpaHe I'eIMid CTOUT OYEeHb
JOpOTO (B HECKOJIBKO pa3 O0JIbIIe, YEM aproH).

Ha puc. 1.1 npeacraBiieH mpuHUMI AProHoayroBod cBapku. Mexay Boiab(OpaMOBBHIM
AJIEKTPOJOM U OCHOBHBIM METAJIOM 3a)KUTA€TCsl 1yTra, UHEPTHBIN ra3, BBITEKAIOLIMN M0 COILTY
U3 OKPYXEHHs BOJIb(PAMOBOIO MEKTPO/a, 3aLHUIIAET AIEKTPO/, AYT'y U BaHHY PacCIUIaBIE€HHOTO
MeTaslaa. BeiTekaromuii mo coruly ra3 Has3bIBaeTCsl "3alMTHBIM ra3oM" M 3alMILAeT M0 CBOEH
(GYHKIMM pacIUlaBlI€HHbIM METaJlJl OT BPEIHOIO BIUSHUS OT MOMAaJIaK0Iero Kucaopoaa, a3ora u
np. U3 aTMoc(epHOro Bo3ayXa M 3allMIIaeT BOIb(PPaMOBbI 2JEKTPOA OT OKUCIIEHUS U U3HOCA.

BoabdpaMoBbIii  37€KTpoA, KOTOpbIM HE IUJIABUTCA  HA3bIBACTCS  HEIJIABALIUMCS
9JIEKTPOAOM U MPUMEHSETCs B KauecTBE JJIEKTpOAa TOJbKO s (OPMUPOBAHUS JIyTH, KPOME
Clly4yaeB C TOHKOCTEHHBIMHU JIMCTaMHU, KOrJa TpeOyeTcsl TOJbKO pacIulaBlI€HHE OCHOBHOTO
MeTalula, U He TpedyeTcs JoOaBlieHre NpUcaoyHOro MeTalia Jiisl JONOJHEHUsl CBapHOTo LIBa.
[Ipucanounblii MeTamn noaarT cOOKY OT AYrd M K Kparo pacIulaBI€HHON BaHHBI BPYUHYIO WIIU
MOJIAI0IIMM aBTOMATOM.
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1-2 JOCTOMHCTBA U HEAOCTATKH

[Ipu AproHoayroBoii cBapke B CBSI3U C TEM, UTO 3JIEKTPOJ] HE MOJABEPraercs IiaBIeHHIO,
Jlyra JIETKO CTaOUIU3UPYETCsl W MOITOMY KaueCTBEHHO MOYKHO CBapuBaTh YIIIEPOAMUCTYIO
CTallb, JISTUPOBAHHYIO CTallb, AIIOMUHUM, TUTaH, HUKEIb. MarHuii, MeJb U NMPOYNE METAJIBI.
[IpuunHO#l TakOTrO CBOMCTBA CIIYXkaT CJIEIYIOIINE TOCTOMHCTBA.

(1) WuHeptHBIA Tra3 wu30nMpyeT AYTY W BaHHY pacIUIaBICHHOTO MeTajia
MOJIHOCTBIO OT aTMocdephl, He MO3BOJSET IMOMaJaHue KUCIOopoJaa, a3o0Ta,
BOJIOpPOJa U JPYroro rasa Wid mpuMeceil B MeTaul 1IBa, U KakK CJIEICTBHUE
dbopMupyeTCcsi KaUeCTBEHHBIM CBAapHOW WIOB C BBICOKMMHU XMMHUYECKUMHU U
(bU3UYECKUMH CBOMCTBAMHU.

(2) MoxHo noaepxuBaTh CTaOUIBHYIO 1yTy, HAUMHAas ¢ 001acTh caabbIX TOKOB
MopsiIka HECKOJIbKO aMIiepa U KOHYas 00JacThi0 CUJIBHBIX TOKOB MOpsJKa
HECKOJIbKO COTeH amrepa, qTOo MO3BOJISIET HaXOJIUTh
HIMPOKOMAcCIITAOHOE MPUMEHEHHE CBApKH, HAUYMHAs CO CBEPXTOHKOTO JUCTA
Y KOHYasi TOJICTBIM JIMCTOM.

(3) DaekTpoa UCMOIB3YeTCs TOJBKO JJIsi 00ecrneyeHust 30Hbl CBAPKH TEIJIOTON U
MPUCATOUHBIH  MeTam 100aBasSeTcsl OTAENbHO, TAK YTO MOKHO YNPaBJIAThH
KOJIMYECTBOM TMPUCATOYHOTO MeTaula U  TEeIJIOBIOKEHHUEM  OTHAEIBHO,
UCKJTI0Yasi OTpaHUYEHUS TTOJIOKEHUEM CBapKH U (POpMOii coeTMHEHMUS.

(4) MosxkHO 4eTko HabJ0AaTh AYTy U BaHHY PacIlJIaBJIEeHHOTO0 MeTaljla, U BaHHA
pacljaBlIieHHOrO MeTajjla CHOKOWHa, 4Tto oOjeryaer QopmupoBaHue
00paTHOTO BaJMKa.

(5) He HyxHO ucnonap30BaTh (Jt0C, YTO MO3BOJISIET, B 00IEM, MPOU3BOIUTH
YUCTYIO CBapKy, IOYTH He oOpa3ys [bIMa, KpOME KaKk NpU CBapke
CreLlMaIbHbIX METAJJIOB U CIJIABOB.

Buemnuii BuA cBapHbIX IIBOB KpacHB TakK Kak BO BpeMsi CBapKH He oOpas3yeTcs LUIaK U
HeT OpbI3r. Crie1oBaTeNbHO MOCIIE CBAPKU HE HYXKHO MPOBOJIUTH padoTy MO UX YCTPaHEHHUIO.
C npyro#i cTOpoHbI MOKHO NEPEUUCTUTH CIEAYIOIINE HEJOCTATKH;

(1) ITo cpaBHEeHMIO ¢ NYTrOBOW CBapKOW B cpejie YIJICKUCJIOro rasa ¥ ApYrou
CBapKOH TUIABALIMMCS 3JIEKTPOJIOM MPOU3BOJUTEILHOCTh CBAPKHU HU3KASL.

(2) AproH u BOJb(QPAMOBBII dJEKTPOJ CTOAT CPaBHUTEILHO JIOPOTO,
YTO MOJAHUMAET Ce0ECTOUMOCTD.

(3) I[IpumeHstOT 3alUTHBIN Ta3, ¥ TOITOMY CBapka 3aBUCHUT OT Takoro (akrtopa
Kak BeTep).

1-3 OJISAPHBIN D®PEKT U DPOEKT OUUCTKH

Korpa nyra roput Mexay ABYMsI 3J€KTpOJaMU C MOMOIIBK WUCTOYHUKA MHUTAaHUS
MOCTOSTHHOTO TOKa, MOJIy4aeTcsl HallpsKEHUe JIyTH, KakK MpeicTaBleHo Ha puc. 1.2. DaekTpos,
MOJICOEIMHEHHBI K TUIIOCOBOM CTOpPOHE WCTOYHUKA TUTAHMS, HA3bIBA€TCS aHOJOM,
9JIEKTPOI, TIOJICOCTMHEHHBII K MHHYCOBOM CTOpPOHE, Ha3bIBa€TCsl KaTOJOM, U 30HA MEXIY
aHOJIOM M KaTO/IOM Ha3bIBa€TCsl CTOJIOOM JYTH.
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Puc. 1.2 Pacnpenenenne Hanpsukenus 1yru

Hanpskenue nyru BelpakaeTcs CyMMOH pe3KOro MajeHMs HaIlpsKeHUs BOJIM3M
aHoJa/KaTo/a U majieHust cTojda ayry, NponopLUOHaIbLHOro AuHe cToba nyru. Temnepartypa
crtonba Iyru, XOTs 3aBUCUT OT CHJIBI TOKa M BHJA OKPYKAIOLIEro ras3a, COCTaBseT
npubnusurenasHo 5 000 - 20 000°C.

[Ipu AproHoayroBoii cBapke CBapOUYHON MaIIMHOM MOCTOSIHHOI'O TOKa B 3aBUCUMOCTH OT
BOJIL()PAMOBOIO 3JIEKTPO/a Ha KaToJie (OCHOBHOI'O MeTajljla Ha aHO/Ie) UM OCHOBHOIO MeTaslla
Ha KaToJe (BOJIb(PPaMOBOrO 3JEKTPOAA Ha aHOAE) Jiyra, riyOuMHa MpOCIaBiI€HHs] OCHOBHOIO
MeTajula ¥ BeJIMUMHA U3HOCA JIEKTpoa ObIBAlOT Pa3HBIMHU.

UTo0b! pa3nuuarh 3TU JBE MOJSPHOCTH, KaK NpeicTaBieHo Ha puc. 1.3 (a), B ciydae,
KOrJa BOJIb(PAMOBBIA DJIEKTPOJ NPUCOEIUHEH K MUHYCOBOW KJI€MME MCTOYHMKA MUTaHUS
(Bonb(pamMOBbIN 3JEKTPOJ] Ha KaTOJIE), MOJSPHOCTh Ha3bIBaETCs "OTPULATENIbLHOM MOJIIPHOCTHIO
anekTpoaa". HaoGopot, kak npencrtaBieHo Ha puc. 1.3 (0), B ciydae, korna BOJb(ppPaMOBBIii
9JIEKTPO]] IPUCOEMHEH K TUTIOCOBOM KiieMMe (BOJIb()PaMOBBIN 2JIEKTPO/] 1A aHOJE), Ha3bIBAETCsl
"MOJIOKUTETBHOM MOJSIPHOCTHIO AIEKTpoaa".

Bonnppamonniid Bonsppamonniii
WIEKTPO,

MICKTPOA

l

MNOCTOAHHOIO

TOKA
NOCTOAHHOTO

Hetounuk
NHTAHHA
TOKA

Heroununk
MHTAHUSA

OcHoBHON OcHOBHOIN
MeTa MCTAI

(a) OrpruareasHas NnoNAPHOCTD VIEKTPO/1d (0) INonokureasbnas noaspHOCTEL AI1EKTPO/1a
Puc. 1.3 Meroa 0bo3uasenns noJsipHocTy

Kpome Toro, no apyromy meroay oO03HAa4e€HHUs OTpHULIATENIbHAS MOJISPHOCTH 3JEKTpOJa
MOKET Ha3blBaThbes "mpsiMoil moussipHOcThIO" uam "SP (Straight Polarity)", monoxutenbHas
MOJISIPHOCTh  AJIEKTPOJa MOXET HasbiBaThes "oOpatHoil mosspHocThio" miau "RP (Reverse
Polarity)". OgHako 3TH MeTo/bl 00O3HAUYEHHUs, OCHOBAaHHbIE HA MOTOKE AJIEKTPOHA, SBISAIOTCS
POTUBOIOJOXKHBIMU ITOTOKY TOKa, YTO MOXKET JIErKO BbI3BaTh OolMOKY. [loaToMy B mocienHee
BpeMsi OOBbIYHO MpHUMEHsieTcs o0o3HaueHue "oTpulaTeNbHasi MOJIAPHOCTh 3JeKTpoa" u
"MOJIOKUTENbHAS MOJISIPHOCTH AJIeKTpoaa"



3auMCTBYsl aHIVIMMCKUE TPOMUCHBIE OYKBBI, OTpULIATEIbHASI TOJSPHOCTH JJIEKTPOJA
ob6o3nauvaercs 6ykBamu EN (Electrode Negative), nosjoxxurenbHas MoJsipHOCTb djiekTpoja - EP
(Electrode Positive).

[Ipu oTpuiaTeIbHON TMOJSIPHOCTH SJEKTPOJA, B KOTOPOM BOJIbGPAMOBBIA 3JIEKTPO
MPUCOEANHSIETCS K MHHYCOBOWM KJIeMME, TePMOXJIEKTPOHBI, KOTJa BBUIECTAIOT OT CIIYXKAaIlero
KaTo/10M BOJb(PaAMOBOI0O 3JIEKTPO/Ia, 3aXBAThIBAIOT SHEPTUI0, HEOOXOIUMYIO Uil IMUCCHUH, TaK
4TO HJIEKTPOA HE TMOojABepraercst mneperpeBy. B pesynbTaTe 3TOro HM3HOC 3JEKTpoja He
3HAUUTENEH, U MOXHO MOABOJUTH OTHOCHUTENBHO CUJIbHBIA TOK K TOHKOMY 3JeKTpoay. Kpome
TOr0, KOHLUEHTPUYHOCTh AYTM XOpOIld, YTO MO3BOJISIET MOJIydyaTh Y3KHMH BaJMK C TIIYOOKUM
MpoIUIaBiIeHUuEM. ITO xapaKTepHaﬂ 0C06€HHOCTL CBapKH TaK ‘—ITO npyu 0OBIYHON AProOHOIYTOBOM
OﬂﬂhHOCTB qnerc’mnna

u MOJIOKUTEJIEHOU 1o ﬂﬁﬂnﬂ("l"ﬂ
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....... St a)

BOJIb(PAMOBBIA  AJIEKTPOJ] TMOACOEAMHSETCS K IUIIOCOBOM KJIEMMe, CIyKalluid aHOJ0M
BOJIb()PAMOBBIN IJIEKTPOJ CKJIOHEH MOJBEpraThcs MeperpeBy, U3HAIIMBaeTcs OoJiblIe, TaK YTO
HEOOX0/MMO UCIMOJIb30BaTh 0oJjiee TOJCTBIM DJEKTPOJA, YeM B cllydae OTpHLIATEIbHOM
HOJApPHOCTH 2uekTpoAa. Kpome TOro, KOHLEHTPUYHOCTb IYI'M HEYIOBJIETBOPUTEIbHAS W
NOJIy4aeTcsl MIMPOKUA BaJIMK C MEJIKUM IpOIUIaBieHneM. Tak uTo 3Ta NOJSPHOCTh MPUMEHSETCS
OYEHb PEJIKO B CMIELUAIBHBIX CIydasX.

OnHako "MonoXKUTENbHAs MOJIIPHOCTD -3J1eKTpoja" 006JaaeT HeMaOBaKHOUW (QyHKIMEH
YCTPAHEHUs] OKUCEH ¢ MOBEPXHOCTU OCHOBHOIO MeTasia. To ecTh, OTpULATENIbHO HapsKEHHbIE
9JIEKTPOHBI BBUIETAIOT OT KaTOIHBIX MSTEH HAa MOBEPXHOCTH OCHOBHOI'O METaJlIa K CTOJIOY JyTH,
HO, OJHOBPEMEHHO, BOKDY HEro CTAJKHBAIOTCA TOJNOXKUTEIBHO 3apsKEHHbIE KATHOHBI
3alUTHOTO ra3a. TUM CTaJKMBAaHUEM pa3pyllaeTcs OKCHIHAs MJIeHKa.

KaronHele mnATHa CKIOHHBI ()OPMHUPOBATBCA B MECTax, IJl€ MMEIOTCS OKUCH, MU
NEePEeBUraloTCs .32 OKUCSMU, B PE3YJIbTaTe YEr0 OKMCH BOKPYT JYTH YCTPAHSIOTCS MOJHOCTBIO.
DT0 siBJieHHE Ha3bIBaeTcsl "YPGHEKTOM OYUCTKHU" TYTd U OTHOCUTCS K HEOOXOJIMMOMY YCIOBHUIO
JUIl CBapKM QJIOMHUHHUEBOrO CIUIaBa WJM MarHMeBOro CIUIaBa, Ha KOTOPBIX (HOPMHUPYIOTCS
MOBEPXHOCTHBIE OKHCH.

Brlien3snoxkeHHble XapaKTepUCTUKH IBYX MOJIIpHOCTEN odopmiiensl Tadbuuueit 1.1.

KOTODhO
ROTODO

Tab6a. 1.1 Ocobennoctu noasipaoctu B ayre TIG

[TonspHOCTH OtpuuarenbHas nosisipHocts | [TonoxxurenbHas NOASIPHOCTD
2JIEKTpoaa 2JIEKTpoa
Cocpe0TOYeHHOCTh IyTH Xopouio Inoxo
[IporaBienue I'ny6okoe Menkoe
Banuk Y3kui [npokuii
N3HoC snekTpona Maineiii Bounpmoit
DddexT ounucTku Her Ectp

[IpumeHeHue

ITpumensiercs 00bIYHO

IlouTtu He MPUMCHACTCA

1-4 XAPAKTEPUCTHUKHU AYTI'M B APTOHHOM I'A3E HA

HEPEMEHHOM TOKE

le/l ApFOHO)IerBOﬁ CBapKE C HUCIIOJb30BAHUEM HUCTOYHUKA IMUTAHUA IICPEMEHHOI'0 TOKa

HOJISIPHOCTH TOKa MEHSIETCSl 4epe3 KaKAYI0 IMOJyBOJHY, TaK 4TO MOJY4aeTcsl XapaKTepUCTHKa,
SIBIIAIOINASACA COYETAHMEM XapaKTEPUCTUKM OTPULATENIBHOM MOJSPHOCTH JJIEKTpoAa C
XapaKTEpUCTUKOM TMOJIO)KUTENBHOW TMOJISIPHOCTU JJIEKTPOJa, Kak II0KazaHO Ha puc. 1.4.
[TosyBONHBI OTpULIATENLHON MOJIIPHOCTU  JIEKTpOJa HE HUMEIT JPQPEKT OYUCTKH,  HO
BBIABIISIET I (EKT OXJIaXKAEHUS B CBSI3U C dIMHccHel TepMmoaiekTpoHa. HaoGopoT, moiayBoIHbI
MOJIOXKUTEIBHON TOJSIPHOCTH DJIEKTpOoAa He HuMeloT 3(ddekra oXJaKAeHUs, HO BbISBISIOT
3 PeKT OYMCTKH CTOJIKHOBEHUEM KaTHOHOB.



[Ipu aproHomyroBoii cBapke Ha MEPEMEHHOM TOKE OJJIEKTPOJ W OCHOBHOM MeTasul
CTaHOBSTCS UM aHOJ (IJIF0C) WK KaTo/ (MUHYC) OOYEPEHO, TaK YTO 3JIEKTPOJI EperpeBaeTcs
Oonbllle, YeM TMpU OTPULATEIILHON TOJSPHOCTH DJJEKTPOJa, HO MEHbIIe, 4YeM TpHu
MOJIOKUTETIBHON TOJSIPHOCTH DJIEKTPO/a, YTO CIIOCOOCTBYET HCIOJB30BAHUIO OTHOCHUTEIILHO
CUJIBHOT'O TOKA.

B c¢Bsi3u ¢ TeM, 4TO MOTYBOJHBI MOJOXKHUTEIBHON MOISPHOCTH 3JIEKTPOa UMEIOT 3P PEeKT
OYUCTKH, JJIs1 CBApPKHU QJIOMUHHUEBOIO CIlJlaBa M MarHMeBOro CIuiaBa, TpeOylouield ycTpaHeHUue
OKCH/THOM TJIEHKH C MMOBEPXHOCTH OCHOBHOTO METaJljIa, IPUMEHSETCs IEPEMEHHBIH TOK.

HekoTopblie mocienHue TUIMBI YCTAHOBOK AProHOIYrOBOW CBapKHU Ha MEPEMEHHOM TOKE
cHaOXeHbl (YHKIMEW M3MEHEHUs! MPOIMOPIMM BPEMEH MEXJy OTPHIATEIbHON MOJSPHOCTHIO
2JIEKTPOJa U TMOJIOKUTEIBHONW MOJSPHOCTBIO AJIEKTPOoJa. DTO M3MEHEHHUE MPOIMOPLUUN BPEMEH
NPUBOJUT K U3MEHEHHIO OJ(QeKkTa o4uCTKM. YemM MeHblle IUTEIbHOCTh BpPEMEHU
MOJIOXKUTEBHOM MOJIIPHOCTH JIEKTpoAa (4eM OoJiblie AIUTENbHOCTh BpEMEHU OTPHULIATEIbHON
MOJISIPHOCTHU 3JIEKTPOJIA), TEM MEHbIIIE CTAHOBUTHCS IIMPUHA 30HBI OYUCTKH, KaK MpeCcTaBlIeHa
puc. 1.5.

He roBopsi yke o ciiyuae, KOTrJla BHOCSTCS M3MEHEHHs B MPOINOPIHIO BpEMEH
MOJIOKUTEIBHON MOJSPHOCTU 3JEKTPOJa W OTPULATEIbHON MOJSPHOCTH 3JIEKTpoJa, Kak
U3JI0KEHO BBIILE, JTAKe €CJIM MPOIMOpIMs BPEMEH PaBHOMEPHA, CTENEHU TPYIHOCTU TOPEHUs
YT OTJIMYAIOTCS B 3aBUCHUMOCTH OT mHojsipHocTH. ClieoBaresibHO, TOK B B IOJIYBOJHE
MOJIOKUTETFHON TOJISIPHOCTH 3JIEKTPOJia U TOK B B TOJYBOJIHE OTPHUIATEIBHON MOJSPHOCTH
AIEKTPOJa HE CTAHOBSATCS PaBHBIMHU.
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Puc. 1.5 Peryamposka s¢pdexra ouncrku

Kak npencrasieHo Ha puc. 1.6, B meproaax MoyoxKUTeNbHON MOJISIPHOCTH IEKTPoa Ayra
HE CKJIOHHA IOpeTh, HAMpPsKEHUE TYr'd BBICOKO M CBapouHbIi Tok ciad. HaoGopot, B mepuoaax
OTPULIATEILHOM TMOJISIPHOCTH 3JIEKTpOJia Ayra CKIOHHA TOpeTh, HANpsHKEHWE IYI'M HU3KO U
CBApOYHBIN TOK cuiIeH. B pe3ynbrare 5TOro TOK MOJ0KUTEIBHON MOJISIPHOCTH JIEKTPOJA U TOK
OTPULIATEJIBHOM TOJSIPHOCTH 3JIEKTPOJA CTAHOBSTCS ACUMMETPUUHBIMU OTHOCUTEIBHO OCH
abcuuce HyJlIeBOro ypoBHs. DTa ¢popMa BOJH TOKa MPEACTABISAETCS KaK ClI0KeHHUE (GOpMBbl BOJH
NEPEMEHHOr0 TOKa, CHMMETPUYHON OTHOCHUTEIBHO OCH alclMcc HYJIEBOro YpOBHS, U
IOCTOSIHHOM cocTaBisitoleil /pc. ciaeqoBaTeabHO, Ha3bIBAeTCS HEYPaBHOBELIEHHBIM TOKOM C
BKJIIOYEHHEM TIOCTOSIHHOW cocTaBistomend (Ipc). Ta TEHIEHUHMS K HECMMMETPUYHOCTU
0COOEHHO 3HAUMTENIbHA U CIIyyae OCHOBHOTO MeTajljia U3 alllOMUHUEBOIO CILIaBA.

DACKTpON ()

h [ Hanpsaenne jgyru
0

4 BUTRGTTT

Daekrpoa 6‘.) |'

Cpapounnlii Tok

[E@avanviar

Puc. 1.6 TlocTosinnan cocTaBasiiomas TOKa B AYre B AproHHOM 1a3¢ HA NEPEMEHHoM TOKe

Ecnu B cBapoyHOM TOKE COJIEPIKUTCS IOCTOSIHHAs COCTaBJsollas, B 1-HOW uenu
CBApOYHOM MAIMHBI TeYeT CHIbHBIN TOK. ECiu Tak M ocTaBUTh. DTOT CHIBHBIM TOK HE TOJIBKO
MIOBJICUET 3a CO0OI TeperpeB cBapoYHOro TpaHchopMaTopa, HO U OKAKET BPEIHOE BIMSHUE HA
JOMYCTUMBIA TOK CBapOYHOro Kabesiss U BOJL(GPAMOBOrO 3JIEKTpoJa, Ha KadecTBO 3d¢ekra
OUYUCTKH U Ha CTAOUIIBHOCTD JTYTH.

Tak kak Ha OOBIYHBIX CBapOYHBIX MallMHAX OMNpEAeIIeTCs HOMHHAJBHBIA TOK,
KO3 PUIMEHT HUCIOIb30BaHUSI HA HOMHMHAJIBHOM TOKE M T.J. C YYETOM HaJU4YUsl TOCTOSHHOM
COCTaBJISIIOIICH, He TpeOyloTcs chenuanbHble Mepbl, MOCKOJIbKY CBapoYHas MalluHa
UCTIONIb3YeTCsl B Mpelesiax ee TeXHUYeCKUX ycioBui. OHAaKoO NpuU CBapKe allOMHHHUEBOTO
crlaBa M T.J. C WCIOJB30BaHUEM OOBIYHOM CBAapOYHOM MAIIMHBI B COYETAaHUH C
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HWKETIPUBEICHHON YCTaHOBKOM AproHoayroBoil cBapku, TpeOyercsi oOpaiiath BHUMaHHE Ha
MOCTOAHHYIO COCTaBJIAIOIIYTO.

Xots HpOCTCﬁH.IPIM u Oe30macHbIM METOJIOM TOJAaBJICHMUSI TOCTOSHHOM COCTaBJISIONIEH
ABJBICTCs OIpaHU4YCHUC MCII0JIb3YyCMOI'0 TOKa CBapO'LIHOI/I maiirsbl Ha 50 - 70% wnu Huxke
HOMMWHAJIBHOT'O TOKA, B HEKOTOPBIX CJIyHadX MOCTOAHHAA COCTABJIAIONIAA YCTPAHACTCA METOIOM,

1

HpeI[CTaBJ'IeHHLIM Ha puc. 1.7. Kpome Toro, ObiBatOT 6aTapeHHbm MCTOI[, METOJ| C
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B o6uiem, ycTtaHOBKM AProHoJyroBoil cBapku cocTosiT u3 (1) cBapOYHOTrO MCTOYHHKA
nuTaHus, (2) O60Kka yrnpaBJieHUs], COepiKallero B cebe CXxemy TeHepali BBICOKOW YacTOThI,
CXEeMy VIpaBJICHUS] TOCJIEA0BATEILHOCTBIO, CXEMY YNPAaBJICHHUS 3alllUTHBIM Ta30M, pele
JaBJIeHUs U T.1., (3) cBapouHOU ropenku u (4) NpUHAIISKHOCTEH, coaepkaliux B cede kadenu,
IIJIAHT Y, PETYJSTOP JABJICHUS Ta3a ¢ pacXoJI0MEpPOM M T.1.

CymectByeT ABa Thmna OJioKa yNpaBieHHUs: MOHOOJOYHOTO HCIOJHEHHUS CO CBapOUYHBIM
UCTOYHUKOM IMUTAHUSA U OTIEIBHOTO OT Hero ucroyiHeHus. OObIYHO B OOJIBIIMHCTBE CIIy4aeB
CBapOoYHbIe MAIMHBI APTOHOAYTOBOM CBapkM MOHOOJOYHOTO HCIOJIHEHHSI C BCTPOEHHBIM
OJIOKOM yINpaBJeHUsI W CHAOXKEHbl Pa3HOOOPa3HBIMM (PYHKIUSMU, TMOJIEPKUBAIOIIUMU
aBTOMAaTU3aIMI0 APrOHOAYTOBOM CBapKH.

KoHdurypaiysi cBApoOYHOro HMCTOYHMKA MUTAHUS C BCTPOCHHBIM OJIOKOM YIpaBJICHUS
npeJcTaBieHa na puc. 2,1, a KoHpuUrypauus ¢ oTaeJIeHHbIM OJJOKOM yrpaBlieHus - Ha puc. 2.2. B
cllyyae TUIA C OTIEJECHHBIM OJOKOM YIpaBJiCHUs YUCIO Kabedeid MexIy CBapOYHBIM
MCTOYHUKOM MUTaHUs U OJIOKOM yrpaBiieHUs: OyaeT OobIIie.

2-2 CBAPOYHBIE HCTOYHUKU INTUTAHUA

2-2-1 BHewmHue XapaKTepPUCTUKHU CBapOYHOIo HCTOYHHUKA NUTAHUSA
aproHOayroBoil CBapKu
HcTouHMKM nUTaHuUs, UCTOJb3yeMble JUIsi AProHOJYroBOM CBapkH, OBIBAIOT pa3HbIMH, a
TaKXKe MX KilaccupUKalus BapbuUpyeTcs B 3aBUCUMOCTM OT ee Kpurepus. Hampumep, eciu
KJ1accuuuupoBath 1o GopMe BOIHbI, MOKHO MOJIPA3/AeiITh HCTOYHUKY MUTAHUS Ha:
v/ MCTOYHHK TUTaHUs TIOCTOSHHOTO TOKA,
v/ MCTOYHMK MUTAHUs IEPEMEHHOTO TOKA,
v’ yHHMBEpCAIbHbIA HCTOYHUK MTUTAHUSI.
VCTOYHMK NTUTAHUS ISl UMITYJIbCHO-1YTOBOM CBapKu
Ecin knaccuguumpoBath 0 METOAY YNPaBIEHUs: TOKOM, MOKHO MOJIPA3/IeNsTh Ha:
VCTOYHUK MUTAHUS C MOJABUKHBIM CEPACUHUKOM,
UCTOYHUK [TUTAHUS C THPUCTOPHBIM YIIPABICHUEM,
VCTOYHUK NUTAHUS C TPAaH3UCTOPHBIM YIIPABICHUEM.
UCTOYHUK MTUTAHUS C UHBEPTOPHBIM YIIPABICHUEM.

AN NN
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Puc. 2.2 Kondurypauus YCTaHOBKH AProHOAYIOBOI CBAPKH € 0T/1e1eHHBIM G10KOM
YHpasJaeHns

OpnHako B J1000OM MCTOYHHMKE MUTaHUS BHELIHSS XapaKTepUCTHKA, [OKa3blBaOLIast
OTHOLIEHHWE MEX]ly BBIXOJHBIM TOKOM M HAIIpsSDKEHHUEM, SIBJISIETCS MaJarolled XapaKTepUCTHKON
WJIM XapaKTePUCTUKOM MPU NOCTOSIHHOM TOKE, KaK MPEACTABJICHO Ha puc. 2.3.
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Puc. 2.3 Buemnsis XapakTepHCTHKA CBAPOYHOIO HCTOMHHKA NMHTAHHA AProHOAYIOBO
CBAPKH

Ot XapaKTCPUCTUKHU pacriojiarator npeuMymieCTBOM, 4TO IMPU U3MECHCHUU HAIIPSAXKCHUA
AYyru, To €CTb AJUHBI AYyTr'd, CB&quHbIﬁ TOK MCHSCTC JIMIIb HE3HAYUTCJIBHO, TaK YTO KoJieOaHue
JJIMHBI AyTrU BCJICACTBHUE APOXKHU PYKHU U IIP. HE TaK 4aCTO 6YIlCT OKa3bIBaTb BPCAHOC BJIUSHUC HA
PE3yJIbTaT CBAPKHU.

2-2-2 UCTOYHMKM NUTAHUS MOCTOSTHHOIO TOKA

HUcrtounnkn nuTaHWs TOCTOSHHOTO TOKA MOJPA3NCISIIOTCA Ma MCTOYHUKUA TMUTAHUSI C
TUPUCTOPHBIM YIPaBICHUEM U UCTOUHUKH MUTAHUSA C MATHUTHBIM YCUJIUTENEM (C HACBILIEHHBIM
peakTopoM), OJJHAKO B HACTOsILEe BpeMsl B OOJBIIMHCTBE CIy4aeB MPUMEHSIOTCS MCTOYHHUKH
MUTAHUS C THPUCTOPHBIM YIIPABICHUEM.

Hcrounuku mnuTaHUS ¢ TUPUCTOPHBIM  yMpaBleHHEM, KOHGUTypalusi KOTOPBIX
npejAcTaBieHa Ha puc. 2.4, HE TOJILKO MpeoOpa3oBBIBAIOT MEPEMEHHBIM TOK OT CETH B
MOCTOSIHHBIA TOK C MOMOILBIO TUPUCTOPA, HO U PETYIUPYIOT BBIXOJHOM TOK, TaK UYTO MO3BOJISIOT
PEryJiupoBaTh CBApPOUHbIN TOK C MOMOUIbIO PYUYKH JIETKO U HEeNpepbIBHO. Kpome Toro, paboTHUK
MOJKET PeryarupoBaTh TOK PyKOSITKOW, YCTAHOBJIEHHOM Ha py4yHOM MyJbTe y cedsl.

Ha puc. 2.5 mnpeacraBiaeH npumep MCTOYHUKOB MHUTaHUS MOCTOSHHOIO TOKa C
TUPUCTOPHBIM YIPABICHUEM. JTH WCTOYHUKU TMUTAHUS HE TOJBKO BKJIIOYAIOT B celsi OJIOK
yhpaBieHUsi, HO U 00nagatoT QyHKLIMEH peryaupoBKU AYrOoBOTrO kparepa, GyHKUuEH Taiimepa
AKTUBHOTO MSITHA JyTU U T.J.

2-2-3 UCTOYHUKHU NUTAHUS IEPEMEHHOI0 TOKa

Kak MCTOYHMKM NUTaHMA TEPEMEHHOr0 TOKa, KpOME HCTOYHMKOB IMHMTaHUS,
CHeLMaIU3UPOBAHHBIX Ha AproOHOIYrOBYIO CBapKy, OOBIYHO HCHOJB3YIOTCS HUCTOUYHUKU
NUTAHUS  [IEPEMEHHOro0  TOKa  JUId  JyroBOM  CBapkM  IOKPBITBIM 3JIEKTPOJOM, Kak
NpeJCTaBIeHO Ha puc. 2.6. DTU MCTOYHUKM NMUTAHUS HE BKJIOYAIOT B ce0si OJIOK yrpaBlieHMs,
TaK 4TO UCHOJb3YIOTCS B COYETAaHUM € OJOKOM YNPABICHUs OTAEIEHHOIO THIA.

PerynupoBka cBapo4HOIO TOKa OCYIIECTBISETCS OBOPOTOM PETYJIUPOBOYHON PYKOSITKH,
KOTOpasi pacroJioKeHa Ma JIMLEBOW CTOPOHE MCTOYHMKA MHUTAaHUS W MPUBOAMT IOJBUIKHBIN
CEpACYHMK B IEPEMEILEHUE, KaK NPEJCTAaBICHO Ha puc. 2.7. CleA0BaTENIbHO, HE MO3BOJISET
paOOTHUKY BBINOJHATH PETYJIUPOBKY y ceOsl Tak, Kak Ha MCTOYHHUKE NMUTAHUS C TUPUCTOPHBIM
YIPaBIEHUEM.
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Puc. 2.4 Kondgunrypauus HCTOMHHKA NUTAHHSA NOCTOSHHOIO TOKA ¢ THPHCTOPHBIM
ynpasJenuem

Puc. 2.6 UeToMHHK NHTAHUSA
NEePeMEeHHOro TOKA

Pue. 2.5 MeToMHHK NMHTAHUA MOCTOSIHHOTO
Toka c¢ I'II[)II(.‘I (]pIII.-IM )"ll[)illi.l(‘lll-l(‘“

Henoapuxublii
CepAeHHHK
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cepieHHuK

TITIIIITT
t——— & Pykosirka i
EPLMCTIENNG PeryiHpoBKU
TOKa

Puc. 2.7 Koncrpykunst HCTOMHHKA NHTAHHS NIEPEMEHHOT0 TOKA

2-2-4 YHuBepcaJibHble MCTOYHMKH MUTAHUS

[lon yHuBepcanbHBIMM MCTOYHUKAMU NUTAHUS MOAPA3yMEBAIOTCA UCTOUHUKU NMUTaHus, 1
€ZIMHUIIa KOTOPBIX TO3BOJISIET COBMECTHOE IIPUMEHEHHUE NIEPEMEHHOIO TOKA U IMOCTOSIHHOT'O TOKA.
NmeroTcst cucrtema codeTaHWsi MCTOYHMKA MMTAHUS MEPEMEHHOIO TOKa C IOJBUXHBIM
CepACYHUKOM C BBIIPSMUTENEM M CHUCTEMa THUPUCTOPHOIO YyrpamieHusi. B OonbluMHCTBE
cilydyaeB 00€ CHCTEMBbl BKIIOYAIOT B ce0sl CXEMy YNpaBJIEHUS M CXEMY T€HEepallM BbICOKON
4acTOTbl, KOTOpbIE HEOOXOUMBI /1151 APrOHOAYTOBOM CBAapKH, U 00J1a1al0T HE TOJILKO (QYHKIUEH
ApProHoyroBoit CBapKu, HO U GyHKIIMEH TyroBOM CBAPKU MOKPBITHIM 3JIEKTPOJIOM.

B yHuBepcanbHBIX MCTOYHMKAX MUTAHMS, MPUHLMI KOTOPBIX MPEACTABIEH Ha pucC. 2.8,
BBIXOJIHbIE KJIEMMBI, MHCIIOJb3yeMble IPU NEPEMEHHOM TOKE W TpPH IOCTOSIHHOM TOKE,
OTIMYAIOTCS APYr OT Apyra, OJHAKO, KaK NpPEICTaBICHO Ha puc. 2.9, UMEIOTCS TOJBKO JIBE
BBIXOJIHBIX KJIEMMBbl MCTOYHUKA MHUTAaHUS M NEPEKIIOUYEHUE MEXKIy HHUMH OCYLIECTBISAETCA
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BHYTPU UCTOUYHHKA [TUTAHUA.

Crapounbii Brixoanas kiemma
rpascdopmatop NOCTOAHHOIO TOKA
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Brixoanas kiemma
NEPEMEHHOND TOK:

Pue. 2.8 TlpuHuun ynuBepeaibHoro HCTOMHHKA NHTAHNS

Puc. 2.9 Yuusepcanbnbiit HCTOMHNUK NHTAHKS ¢ NOABHKHBIM CEPACHHHKOM

2-2-5 UcTOYHUKHY NUTAHUS UMITYJIbCHO-AYTOBOM CBAPKH

ITon MMnyJbCHO-IYTrOBOM CBAapKOW MOApa3yMeBaeTCs CBapKa, MPU KOTOPOW CHJIE TOKa
NpUAalOT M3MEHEHHE [0 OIpeAesIeHHbIM NepuojaM, Kak IMpeactaBieHo Ha puc. 2.10, u
UCIOJIb3YIOT UCTOYHMK MNUTAHWsI HMMITYJIbCHO-AYTOBOM cBapku. MMIylbCcHO-IyroBasi cBapka
MOKET OBITh MpPOM3BENCHA Ha TOCTOSIHHOM TOKE M Ha TMEepEeMEHHOM TOKe, U B clydae

MEPEMEHHOT0 TOKA aMIUIUTY/1a MEHSETCsl, KaK MPeACTaBIeHO Ha puc. 2.11.
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Puc. 2.11 ®opma BOIHBI TOKA B HMIIYJIBLCHO-1YTIOBO# CBAPKE HA IEPEMEHHOM TOKE

Kpome 4-oro, nmo yactore MMIyJabCHO-AyroBasi CBapka MOJpPa3/easeTcs: Ha ciaeayroumue 3
BU/IA;

(1) Ummynbc HU3KOM YacToThl (HeCcKoIbko ['11 uiu Menee),

(2) Umnynbe cpeaneil 4acToThl (HECKOJIBKO AecsTKOB ['11 - Heckonbko coTeH ['1),

(3) Umnynbe BBICOKO#H YacTOThI (HECKOJIbKO coTeH ['11 unu 6oree).

Ha puc. 2.12 npeacraBieH npumep UCTOYHMKA MUTAHUS HU3KOYACTOTHOM MMITYJIBCHO-
NyroBoii cBapku. [Ipy 5TOM UCTOYHUKOM MHUTAHUS SIBIISIETCS] YHUBEPCAIbHBIA HCTOYHUK MATAHUS
C THUPUCTOPHBIM YIPABJICHUEM, KOTOPHIA MO3BOJISIET HU3KOYACTOTHYIO HMMHYJIBCHO-I1YTOBYIO
CBapKy Ha MOCTOSIHHOM TOKE U Ha MEePeMEHHOM TOKe.

B OonbuivHCTBE ciyyaeB yHpaBli€HHME TOKOM B HCTOYHMKAX TMHUTAaHUS CpelHe -
BBICOKOYACTOTHOM HMMITYJIbCHO-AYTOBOM CBapKW OTHOCHUTCS K TPAH3UCTOPHOMY YIPaBICHHMIO,
npuMep UX KoHGUrypauuu npeacrasieH Ha puc 2.13.

2-2-6 UCTOYHUKH MUTAHUM ¢ UHBEPTOPHBIM YNPaBJIeHHEeM

3a HOBEHIlIKME TUIBI UCTOYHUKA AProHOIYrOBOM CBapKU MPUHUMAIOT UCTOYHUKU MUTAHUSA
C MHBEPTOPHBIM YNpaBJIEHUEM. JTH UCTOYHUKH MUTAHUS NPEACTABISIOT OO0 Pa3sHOBUAHOCTD
MCTOYHUKOB MUTAHUs C TPAH3UCTOPHBIM YIpaBlIeHUEM, U 00Ja/1al0T TaKoi 0COOEHHOCTbIO, KaK
BBICOKOM 4acCTOTOM YNpPaBJEHUS U K TOMY K€ YIPaBJIECHHE BBIXOJIOM OCYIIECTBIsieTCA Ha 1-oi
LIeNH CBapOYHOTro TpaHchopmaTopa.
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Puc. 2.14 Koudurypauns ncrounnka nuranns ¢ HHBEPTOPHLIM YIIpaBJieHHEM

JlaHHbIE MCTOYHMKM TUTaHUs, KOHQUIypalusi KOTOPBIX NpejacTaBieHa Ha puc. 2,14,
BBIMIPAMAT TMEPEMEHHBIH TOK OT CeTH, MpeoOpa3yloT ero B TMOCTOSIHHBIM TOK, a 3aTeM
chopMUpyeT HMHBEPTOPOM BBICOKOYACTOTHBIN MEPEMEHHbI TOK M, CHOBa BBIIPSIMHUB €rO,
MPOU3BEYT CBapKy Ha MEPEMEHHOM TOKe. B oTamume OT TpaJULMOHHBIX UCTOYHUKOB MUTAHUS
yIpaBjeHHe TOKOM OCYILECTBIIIETCS Ha 1-0i 1enu cBapoyHoro tpaHchopmartopa. Kpome toro,
3a CYeT UCMOJb30BaHUs BBICOKOUYACTOTHOIO TpaHc(hOopMaTopa UCTOUHUKH MUTAHUSI 0OecTieueHbl
KOMIIAKTHOCTBbIO M JIETKOBECHOCTBHIO, B CBSI3M C TE€M, YTO YacTOTa YNpaBJIEHHs BBICOKA, MX
paboTOCOCOOHOCTh  YNpaBIEHUST TOKOM  HAMHOIO  yJaydIAaeTcss MO  CPaBHEHHIO €
TpaZAWLMOHHBIMU MaIlIMHAMHU.

Jlanee, ObIBAlOT UCTOYHUKM NUTaHWUSI MEPEMEHHOTO TOKA, B KOTOPBIX Ha BBIXOAHYIO
KJIEMMY, MpeACTaBICHHYIO Ha puc. 2.14, emie ycTaHOBJIIEH MHBEPTOP BTOPUYHOM LIEMU, YTOOBI
BBIXOJIHOM TOCTOSIHHBIM TOK ellle pa3 Obl1 NMpeoOpa3oBaH Ha MEpeMeHHbIH. Takue MCTOYHUKU

X ' MUTaHUs. MOTYT JIaTh JYr€ IOpeTh Ha MEPEMEHHOM TOKE C

e npsIMOYroJibHOM  (OopMOI  BOJIHBI ¢ J1H00OM Mponopuuen
noJisipHOCTEe  0e3 MPWIOKEHUsS HAMPSIKEHHUs BBICOKOU
YacTOTHI.

Ha puc. 2.15 mnpexncraBieH INpuMeEp HCTOYHUKOB
NUTAHUS C MHBCPTOPHBIM ympasieHueM. [lo cpaBHeHuto ¢
TPaAUIIMOHHBIMU MCTOYHMKAMHU MHUTAHUS C TUPUCTOPHBIM
yIpaBJIEHUEM 3TU UCTOUHUKU NMUTAHUsA jerde B 1/5 pasza u no
o0beMy MeHblle B 1/4 paza. OqHako OH BKIIIOYAeT B ceOsl He
TOJIbKO OJIOK ympaBiieHUs ApProHoayroBoi CBapKu, HO U

l‘, . ' _ q)yHKlll/HO cpenHe-u HU3KOYaCTOTHOM MMHlebCHO-L[yFOBOP'I
e, 2.15 HeToMHMK nuranus ¢ CBAPKH 1 T.}I.
HHBEPTOPHLIM YNPABJICHHEM

103 48 AR L LA AR
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2-3 BJIOKM YIIPABJIEHUSA TIG CBAPKOM

2-3-1 Cxema reHepaumu BbICOKMX YaCTOT

I[Ipu  AproHoayroBoii cBapke BOJIb)PAMOBBIE DJIEKTPOJABI  HCIONB3YIOTCS  Kak
HEIUIaBsILIMEecs 3JEKTPOJbl, TaK 4YTO OOBIYHO 3aKUTaHWE AYI'M OCYIIECTBISETCS, HE MPUBOAA
AJIEKTPOJ B KOHTAKT C OCHOBHBIM METAJUIOM JUIs 3aLIUTHI AJIEKTPOAA OT U3HOca. B cBs3u ¢ 3TUM
NPUMEHSIETCS CUCTEMA, B KOTOPOUM K MPOMEXKYTKY MEXKIY 3JIEKTPOJOM U OCHOBHBIM METAJLIIOM
MPUJIAraeTcsi BICOKOE HAIPSIKEHUE BBICOKOM YaCTOTHI, MOJl HABEIEHUEM KOTOPOTO 3a)KUTaeTcst
Jyra.

IIpu cBapke Ha MOCTOSIHHOM TOKE, €CJIM 3aXedb AYry, CBapOYHBIM TOK NPUHUMAET
MOCTOSIHHOE 3HAauYeHHe a Takke Jyra MpuoOpeTaeT CTaOWIbHOCTh, TaK YTO MPHIOKEHUE
HaIpsKEHUsl BBICOKOW YaCTOThl OCYILECTBIISETCS TOJbKO MpU 3axuranu. OHaKo mpu cBapke

HA TMeneMCcHHOM TOKE TTOCKQOIEKY  TIOBRTONHOC RAKUTAHULC 3aTHVIIHICeTCa mmu menexorme

& LVPUMVRaUL LU, i AVUVION Y LUV pnuUvY Samrii Grrdiv SQiLIY y s 71 L LV P VAVUaY

CUHYCOUJAIBHOIO MEPEMEHHOT0 TOKAa K MOJOXHUTEIbHON MOJIIPHOCTU 3JIEKTPOAA, B IMpoLEcce
CBapKU TpeOyeTcs MOCTOSIHHOE MPUIIOKEHUE HANPSDKEHUsT BBICOKOW YacToThl. OJIHAKO B ciydae
MEPEMEHHOT0 TOKa C MPSMOYTOJbHOM (POPMOI BOJHBI B MHBEPTOPHOM YIPABIEHUH MOJIIPHOCTh
YyepeayeTcss MTHOBEHHO, YTO MO3BOJISET JIETKOE MOBTOPHOE 3a)KUTaHUE, MOITOMY He TpeOyeTcs
MPUI0KEHUE HATPSHKEHUS BBICOKOM YacTOTHI.

'enepanusi HampspKEHHsT BBICOKOW 4YacTOTBI OCYIIECTBISIETCS METOJOM  HCKPOBOTO
MPOMEXKYTKA, OOBIUHBIM MPUMEP KOTOPOTO MpeJcTaBiieH Ha puc 2.16. (a) mokasbIiBaeT METO/, B
KOTOPOM NUTaHWE K CXEME BBICOKOI YacCTOTHI OCYIIECTBIISIETCS C MEPBUYHON IIETIH CBAPOYHOTO
UCTOYHUKA TUTaHus, a (0) Moka3bplBaeT METOJ, B KOTOPOM IMTaHUE OCYILECTBISETCS C
BTOpUYHOM 1lenu. Meron (6) Oosbllle TpUMEHsETCS K CBapke Ha TMEPEeMEHHOM  TOKe,
KOTOpasi IOCTOSIHHO ~ HY)K/AaeTCsi B MPUIOKEHUH HAMPSHKEHUS BBICOKOW YacTOThl, U
MO3BOJISIET MOHU3UTH PAAMOTIOMEXH H3-32 BBICOKOW YacTOTBI 1O CPABHEHMIO C METOIOM ().

Cxema renepaivu
BBICOKOH 4aCTOTbI

[ S S i e -t

[pBbimaronmii Hckposoii |

rpgHCOpMaTOp _ IIPOMEKYTOR
| | Cxema
: [ reHepatmp
1 ll BLICOKOH
' —[— | ~ HACTOThI
. : ___JI_‘_ OOMOTKA
I
e

=
— = o E =
= T m
AC 2k, AC [EZs b
200V 2Ez 200V |52 E El
2 e
3o e PSS | e
o- FEE o—uU=E ‘ —
o EE
(a) MeTojt nUTaHus ¢ nepsHYHOi 1e bl (6) MeTojt nHTanus ¢ BTOPHUHON e bl
Puc. 2.16 Cxema reHepaunH BbICOKOIl 4aCTOThI

2-3-2 Cxema ynpaBJjieHHsl 3aIIIUTHBIM ra3om

[Ipu 3axkuranuu Ayrv, B clydyae HENOCTATOYHOM 3alllUThl 30HBI CBApKH, JYyra TOPUT
HECTaOMJIbHO M MPOUCXOJUT WHTEHCUBHBIA M3HOC AJIEKTPOJA, MOATOMY HAYMHAKOT TOJaBaTh
3amuTHBIN ra3 3a 0,1 - 0,5 cek 10 3anycka Ayru. 9To JeHCTBUE HAa3bIBAETCS MOAAYeH 3alIMTHOTO
raza J10 3a)KUraHust TyTH.

Kpome Toro, eciu BBIKIHOYAIOT 3allUTHBIA ra3 OJHOBPEMEHHO C MpeKpalleHUeM yTH,
BOJIL()PAMOBBIM AJIEKTPOJl M BaHHA PACIJIABIEHHOTO METalljla, HaXOJSIIMECs B PaCKaJICHHOM
COCTOSTHUH, TIOJIBEPraloTCs 3HAUUTEIHHOMY OKHMCJIEHHIO, YTO MPUBOJUT K M3HOCY IJIEKTPOJA,
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CBapOYHOMY A€(EeKTy U MPOUYMM HEUCHpPaBHOCTSAM, UTOOBI MPeNOTBPATUTH ITO, HEOOXOAUMO
MpOJIOJKATh I0JaBaTh 3alUUTHBIA Ta3 B TedyeHue 5-30 cek, MOoKa 2JIEKTpOJ M BaHHA
PacILIaBIEHHOrO METajla HE OCThIBAIOT JOCTATOYHO.

3TH iBa [IMCTBHsA KOHTPOJIUPYET CXE€Ma, COCTOsALIas W3 3JIEKTPOMAarHMTHBIX KJIalaHOB M
TaiMepOoB.

2-3-3 PeJie naBi1eHHs OXJ1aKAaK01IEH BObI

B cnyuae ucnonp30BaHusl FOPENOK BOJSHOTO OXJIAXACHUS BCJIEJACTBUE HEXBATKH MOJauu
OXJIKJAIOUIeH BOJABI, €€ TpeKpalleHuss W T.J. Tropejka MOXKeT mneperoperb. UToOsbl
MPEeIOTBPATUTh 3TO, CKOHCTPYHPOBaHAa CXE€Ma YIpaBJeHHs, KOTOpas MpU CHUKEHWU AaBIICHUS
OXJIQXJAOUIEH BOJbl HWKE 3aJaHHOTO 3HAUEHHUs MPEKpaIllaeT rOPEeHrue YT C MOMOIIBIO pelie
JTaBJICHHUS.

[Ipu sTOoM cneayer oOpamiaTh BHMMAHUE Ha TO, YTO dTa cxema OeccuiibHa TMepes
HEXBAaTKOW TMOJAa4M, BBI3BAHHOW 3aCOPEHUEM KOpIlyca TOPEJIKH WJW IIJAHra OXJAXAarollein
BOJIbI.

2-3-4 Cxema ynpaBJieHHs NOCJ1€10BAaTEJIbHOCTbIO

Kak wu3noxkeHo Bbllle, B KaueCTBE CXEMbl YNpaBiIeHUs A1 AProHoayroBoW CBapKu
CYILIECTBYIOT CX€Ma I'€HEpallii BBICOKOM YacCTOThI, CX€Ma YIpPaBJIECHUs 3alUTHBIM I'a30M U T.[.,
KOTOPBIE OCYILIECTBIISIIOT Psifl I€UCTBUIA;

(1) Haxaruem BbIKITIOYATEN sl TOPEIKM HauHETCs M0JAaBaThCsl 3alUTHBINA ra3. Oyner
INPUJIOKEHO HAMpsKEHHE BBICOKOM YacTOThI, M0/ HaBEJIEHUEM KOTOPOTo
3QKKET J1yTa.

(2) B cnyuae cBapku Ha MOCTOSIHHOM TOKE MOCJ]E 3a)KUraHUsl JIyTW HalNpsiKeHHe
BBICOKOM 4YacTOThl aBTOMAaTMYECKM IPEKpaIlaeTcsi, HO B Cllydae CBapKHU Ha
[IEPEMEHHOM TOKE TMPUJIOKEHHE BBICOKOW 4YacTOThl MPOJOJKAEeTCss U B
IIPOLIECCE CBAPKH.

(3) IloBTOpHBIM ~ Ha)kKaTHMEM  BBIKJIIOYATENsl TOPEIKUM Jyra HpeKpaTUTcs, HO
3alUTHBINA ra3 OyJeT M0/1aBaThCsl B TCUEHUE HECKOJIBKO CEKYH/I.

VYmpasnenue ATUMHU NEeHUCTBUSIMU OCYILIECTBIISIET cxema yIpaBJieHUs
N0CJIEI0BATEIBHOCTHIO.
ON OFF ON_OFF

e e ™

[Tonaua 3ammTHOrO rasa nocle
‘—*—P HNPCKPALLCHHA J1YI'H

Beikmouarens ropeiku

3alMTHBIH ra3

[loagua 3guIMTHOrO ra3a JIo FKHIgHHA JIVIH
Cpapka Ha 10CTosHHOM r
TOKE 1IPH HATIPSKEHHH (| ON: BrawucHue
BBICOKOH YacTOTh OFF: Orkinoyenue

Crapka na nepemennom
TOKE

CrapouHbli TOK

|

Ha puc. 2.17 npencrapiieHa Mociea0BaTebHOCTh OCHOBHBIX JEHCTBUIM AProHOIYyroBOM
cBapku. Kpome 53TOoro, B 3aBUCMMOCTH OT IMPOU3BOAUMBIX pabOT HMMEIOTCS Pa3HOBUIHBIC
MOCJIeIOBATEIbHOCTH, HO B JIIOOOM cllyyae YNpaBlIeHHE NEHCTBUSMHU OCYIIECTBISIETCS MyTeM
oTepalyy BhIKJIIOYATENSI TOPETKH.

2-4 TOPEJIKW JUISI APTOHOJYTI'OBOM CBAPKH

2-4-1 T'opesxu st py4HOH CBapKHu
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['opesiku KOTOpbIE 3aKMMAlOT B L[@Hre BOJb(PAMOBBIA JJIEKTPOA, MOJABOJAT K HEMY
CBapOYHBIA TOK M MOAAIOT Yepe3 COIJIO 3aLIUTHBIA ra3 AJs 3allUThl 30HbI CBApKH) JOJKHBI
UMETh JIOCTaTOYHYIK TEMJOCTOMKOCTb, IOCKOJBbKY HCIOJIB3YIOTCI B CpEAE€ BBICOKOMU
TEMIIepaTyphl, BEI3BIBAEMOM JTYTOM.

PyuHble ropesky UMEIOTCsl pa3HbIX TUIIOB, HO. B 00ILEM, TPUMEHSIOTCS] TOPEJIKH, BHEILHUH
BUJI KOTOPBIX MpeACTaBieH Ha puc. 2.18. Takke HaXoIAT NPUMEHEHUE TOPEJIKU KapaHJIallHOro
TUIA, KOTOpPbIe YAOOHBI JJISi CBApKH JAeTaned MajiblX rabapuToB. BHEMIHUN BUJ 3TUX TOpEJIOK
[peAcTaBieH Ha puc 2.19

Puc. 2.18 Topeaka nast AprosoayroBoii CBApKH CTAHAAPTHOrO THNA

Puc. 2.19 lNopeaka ans AproHoayroBoii cBapKkH KapaHaalHoro THNa

C npyroii CTOpPOHBI, MO METOJAM OXJAXKJIEHHUS TOPEJKU MOAPA3JEISIOTCS Ha TOPENKU
BOJSTHOTO OXJIQXJACHUSI U TOPEJIKM BO3AYIIHOTO OXJAXACHHs. ['Opesikiu BOASIHOTO OXJIaXICHHUS,
TEMJIOCTOMKOCTh KOTOPBIX YBEIMUMBAETCS 32 CUET BOJSHOTO OXJIAXKIEHHsI CBApOUYHOIO Kades,
JiepoKaTesisi 3JEKTPO/Ia U COIUIA, HAXOAAT MPUMEHEHUE MPU CBApKE HAa CHJIBHOM TOKe. ['openku
BO3/yLIHOTO OXJIQX/I€HHUsl, HE pacroJjiaraloiiyue KOHTYPOM OXJaKIarolled BOJbl, MPOCTHI MO
KOHCTPYKIMU U MPEBOCXOAHBI MO YIPaBISEMOCTH OJiarogapss KOMIAKTHOCTH U JIETKOBECHOCTH,
HO OrpaHMyYeHbl pabouuM TokoM mnpumepHo a0 200 A. KoHCTpyKius Tropeikd BO3IYIIHOIO
OXJIQXEHUS Tpe/icTaBiieHa Ha puc. 2.20.

2-4-2 T'openku 114 NOJyaBTOMATHYECKHUI CBAPKH

[Tox ropenkamu Asi MOJAyaBTOMATHUECKOM CBapKH MOJPa3yMeBaIOTCsl TOPEJIKHU, ONepaLus
KOTOPBIX  OCYIIECTBJISETCS  BpPYYHYIO, HO  J00aBlieHHME€  [PHUCAJOYHOIO  MeTajuia
aBToMaTu3upoBaHo. [Ipumep npeacraiieH Ha puc. 2.21.

[Ipu uCcrnonb30BaHUM 3TU TOPEIKU AOKHBI ObITH KOMOMHUPOBAHBI C YCTPOUCTBOM I10/1a4U
MIPOBOJIOKH, KOTOPO€ MPEICTaBIECHO Ha pUC. 2.22. M YCTPOMCTBOM YNPABJICHHUS MOAAYU
IIPOBOJIOKH, KOTOPOE MPECTABIEHO HA pUC. 2.23. ¥ MO3BOJISIOT MOJIyYUTh PABHOMEPHBIE BAJIUKU
JIerye Mo CpaBHEHHUIO C PYYHOU cBapkoi Onarogapsi cTaOUJIbHOMY J00aBJICHUIO MTPUCAT0YHOTO
MeTallia.

Ecnu sta ropenka ycTaHOB/I€Ha Ha TENEXKKY WM MPUKpPEIJIeHAa K CTEHAY TOpelKU U
KOMOMHUpPOBaHAa C TOBOPOTHBIM CTOJIOM, TO JIETKO MOJy4aeTcsi aBTOMarT AproHoayroBoi
CBapKH.
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Konanak Ynpassioumii

Kkabe. b
YIIoTHHTENBHOE Kopnyc Boik/o4aTes ropeiku
KOJILLLO KPYTIJI0T¢ ) TOpEIKH
CCHCHHA Sp

F

Hsoastop.
asr PykosTka Ilepexoanuk 2
anra__ 'I Kabens IL.. T
hahidl] [
Kopnyc JaikHM 3aLIHTHOrO
HaHru rasa
a

Conao

Boasdpamosblii 21¢kTpos

Puc. 2.20 Koncrpykumsi ropejixu Bo3ayWHoOro oXJasIeHus s Apronoayrosoi cBapku

Pue. 2.21 Topesixa s nojiyaBToMaTH4ecKoil AproMojyrosoii ceapkn

2-4-3 Ilpoume ropenxku

Kpome ropenok pans pydyHOW CBapkM U I0JyaBTOMATUYECKOM CBapKH, HaXOJAT
NPUMEHEHHUE Pa3HOOOpa3Hble TOpPENKH, CHEeLUATIU3UPOBAHHBIE B 3aBUCUMOCTH OT Ha3HAYEeHHS;
HanpuMep, TOPEeiKU Ul CBapKM Ha CWJIBHOM TOKE, COIUIO KOTOPBIX OXJAXKIAETCS BOAOU
HEIMOCPEICTBEHHO, KaK MPEACTaBICHO Ha puc. 2.24. TOpENKU C JBOMHON 3alLUTOM, B KOTOPOW
3alUTHBIA Ta3 Mojaercss JBOWCTBEHHO Ui YJIy4YlleHHs 3aluTHoro s¢ddekra, ropesikwu,
CHELMAIU3UPOBAHHBIE ISl TOYEYHOM JYroBOW CBapKd, M IPOUYUE CHELMATU3UPOBAHHBIE
TOPEJIKH.
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Puc. 2.22 YeTpoiicTBO Noaa"H NPoBOJOKH

2-5 BCHHOMOT'ATEJIBHBIE ATIITAPATBI

2-5-1 Peryasitopsbl 1aBJieHHsI ra3a ¢ pacXoa0MepoM

AproH, KOTOpBIH MpUMEHseTcs B AProHOIYroBOi CBapke B KayecTBE 3allUTHOTO rasa,
0OBIYHO XpaHST B COCYJI€ BBICOKOTO JaBieHus nopsaka 15 Mlla (150 KFC/CMZ) Mpy TeMnepaType
35°C.

Perynsitopel naBieHust npeAHa3Hau€Hbl AJi TOrO, YTOOBl CHU3UTh JaBJICHUS C)KATOTo rasa
0 YpOBHS, MOIXOISIIET0 K cBapke, mopsaka 0,15 MIla (1.5 krc/cm®), a pacxomomepbl
npelHa3HaYeHbl U1 YCTAaHOBKU Pacxo/ia 3alllUTHOTO ra3a, MOAXOASIIEro K CBapKe.

OObI4HO B OOJIBIIMHCTBE CIy4aeB PEryyisaTop U PacXoJoMep KOHCTPYUPYIOTCS 320/1HO, KaK
MpeACTaBICHO Ha puc. 2.25. 3aJlaHHbIi pacxo/ 3alllMTHOTO ra3a yCTaHaBJIMBAETCs, CMOTPs Ha
JICNIEHNE, BBITPABUPOBAHHOE HA PACXOJIOMEpPE, M IUIAByuYyl0 OTMETKY, MEepeMEelIarollyrocs
BEPTHKAJIBHO B 3aBUCUMOCTH OT pacXojia ra3a, ¥ OTKpbIBasi MJIM 3aKpbIBas KianaHa peryjinpoBKU
pacxona.

2-5-2 YcrpoiicTBa UMPKYJISILMU OXJIax/Aal01eil BOIbI
BopsiHoe oxnakaeHue Topenku uis AProHOIyroBON CBapKU OCYIIECTBISIETCS METOAOM C
UCTIOJIb30BAaHUEM BOJIOTIPOBOJHON BOJBI WJIM METOJOM C HKCIIOJIb30BaHHUEM YCTpPOICTBa
UPKYJISLUN OXJIaXIAroIIeH BOJIbI, KaK MPeACTaBIeHO Ha puc .2, 26.
YcrpoiicTBa HMPKYISIUM  OXJIQKIAOIIEH BOIBl HAXOAAT NPUMEHEHHE B CIEAYIOIINX
CITy4asix;
(1) HeBO3MOKHO MCI0JIb30BaTh BOJONPOBOAHYIO BOJY.
(2) B cBsi3M ¢ TJIOXMM KadecTBOM BOJBI BOJISIHOM KaHAl TOPEIKU MOXKET JIETKO
3aCOPUTHCS U3-32 HAKUITH WU T.I1..
(3) B cBs3u ¢ HU3KUM JaBlieHHMEM BOJbl WJIM KojJieOaHHMEM [aBJICHHUS BOIbI HE
MOJTYy4aeTCsl KOJTMYECTBO BOJIbI B OJXOASIIEM 0O0BEME.
(4) Mecto npousBoJcTBa pabOTHI MEpeMelaeTcsl 4acTo, HapuMmep, Mpu cBapke Ha
pa3HbIX 00BEKTaX.
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Puc. 2.23 YcrpoiicTBo ynpasJienusi nojateii npoBoJiokH

2-5-3 Taiimepbl 11l TOUEYHOM AYTrOBOM CBapKH

Talimepsl 11 TOYEUHOM JIyrOBOM CBapKW TNPEACTaBISIOT COOOW yCTpoWcTBa s
YNPaBIEHUS JUIUTEIbHOCTBIO BPEMEHU TOPEHUsSl IYyTM B TOYEUHOM AYrOBOM CBapKe, BKIIIOYAIOT
PEXKHUM TOPEHMSI 1yTH U TPEKpaIIaloT TOPEHUE AYTH M0 UCTEUEHHIO 3aJaHHOTO BPEMEHH.

OObIYHO 1O HEOOXOIUMOCTH ITH TaliMepbl MOHTHUPYIOTCS K YCTPOHCTBaM YIpaBlIeHUs
ApProHoyroBoil CBapkoil M MCHOJB3YIOTCS B TakoM Bujae. OnHAKo B MOcieIHEe BpeMs
MCTOYHUKU MUTAHUS JJ1s1 APrOHOAYTOBOM CBapKU 4acTO BKIIIOYAIOT B ce0s ATY (PYHKLHUIO.

2-6 YIIPOILIEHHBIE YCTPOMCTBA IIJIASMEHHOM PE3KH

KomOunanueil ucrounuka nuTaHusi Uiss AproHOJyroBoil CBapkU Ha MOCTOSIHHOM TOKE C
TaKOW TOpEeJIKOM NIl PE3KU, KaK MPEICTaBIEHO Ha pUC. 2.27. U reHepaTOpOM BCIIOMOIraTEIbHOM
JlyTM MOKHO OCYILECTBJIATH MIa3MEHHYIO PE3KY HEP)KaBEIOILEH CTalH, allOMUHUEBOTO CIUIaBa U
T.J. TOJIIMHON cTeHKHU He Oosiee 10 MM.
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Tokonoapoasmuit kabean

Cronnas raika

A

Konsio BOJIAHOIO OXJIAKICHHS

Conuo

Boasgpamoseiii 2aektpos

Puc. 2.24 Topeaka s Apronoayrosoit ceapku na 1000 A ¢ BoASINBIM oXJa%/1eHHEM

Pacxojomep Manomerp

Peryasitop sasienus

Knanan s

peryJIHpoBKH
pacxo/a

. Cocya raza
e 3

Puc. 2.25 PeryasTop nasiaenns raia ¢ pacxoiomMepom
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Puc. 2.26 YerpoicrBo uMpKYJISUHN 0XA2K12101EH BOALI

\|hiJ|l-d}pﬂMuMl.lH WICKTPOJL

MEKTPOL conia

Kepamuueckoe conio

Puc. 2.27 lNopeaka aas pe3kn

Ha puc. 2.28 npencrapiieH NpuHUMI [J1a3MEHHON pe3ku. Ha HakOHEeUHUKEe ropesiku Mex1y
9MEKTPOAOM COMJa U  BOJb(GPAMOBBIM 3JIEKTPOJ  3aKHUralOT BCIIOMOTaTEeNIbHYK YTy,
npuOIKAIOT 3Ty AYTY K OCHOBHOMY MeETaly, U TE€M CaMbiM MEXIy BOJb()pPaMOBBIM
9JIEKTPOJIOM W OCHOBHBIM METAJIJIOM JIal0T OCHOBHOW Jyre TOPCTh, C TOMOIIBIO KOTOPOM
OCYIIECTBISAIOT pe3ky. OcoOeHHOCTh (OPMBI 3TOM AYTU 3aKIOYaeTcs B TOM, YTO OHA TOHBIIIE,
yeM ayra B AproHoAyroBoi cBapke, Kak MpeacTaBieHo Ha puc. 2.29.

24



HUerounuk NMHTAHHA 1S
AProHOJIYrOBOH  CBapKH  Ha

Bosbdpamosblii d1ekTpoa

_.-‘\pmn

I eneparop
BCHOMOT AT LU
AYTH

DiekTpojL cona

JliHa ayru Benomorareannas jayra

OcHonnas ayra

OCHOBHOW MeTa1

Puc. 2.28 [lpuHunn ynpoumeHHoii nuiasMeHHoil pesku

[asmenubiii ras Ar 81/Mun
Pasmep oTB. comist  jMaMm. 2 Mm

Tox 50 A
Jlimua ayru 8 MM
(a) Jlyra ynpoienHon
[UIA3MEHHOH Pe3KH
3amMTHLIH ra3 Ar 81/MUH
Tox 50 A
Jlna ayru 8 MM

(6) Jlyra  Apronoayroso
CBAPKH

Puc. 2.29 Cpasuenne popm 1viu



I'IABA 3

MOATrOTOBKA MEPEJ] CBAPOYHON PABOTOM
3-1 HOAI'OTOBKA CBAPOYHLIX YCTAHOBOK

3-1-1 Bp160op nmoasipHOCTH

[Ipu BbIMONIHEHUU AProHOAYTOBOM CBApKH, MPEXKIE BCEro, HY)KHO BBIOpaTh CBapOYHbBIN
MCTOYHUK MUTAHUSI U €r0 NOJSPHOCTh, KOTOPbIE MOAXOAAT K MaTepually CBapuBaeMbIX JeTaleil.

OObIYHO ISl CBAapKM aJOMHUHMEBOrO CIlJlaBa, MarHMeBOro CIUlaBa U T.JI., B KOTOPBIX
JOJKHA OBITh YCTpaHEHa OKCHIHAsl IJIEHKa C MOBEPXHOCTM OCHOBHOTO MeTajlja 3a CYeT
a¢eKxTa OUMCTKU AYTH, UK AJIs1 CBApKHU, B KOTOPOW HE MPEANOYUTAIOT INTyO0KOe MpOIJIaBiIeHue
OCHOBHOT'O MeTajula, NMPUMEHSETCS MepeMEeHHBIH TOK. A B clyyae JApPYruxX MEeTallloB, Kak
NIPAaBUJIO, TIPUMEHSETCS IOCTOSIHHBIM TOK € OTPUUATENIBHON TMOJSPHOCTBIO 3JIEKTPOAA.
ITocTOsAHHBI TOK C TOJIOKUTEIBHOM TMOJSPHOCTBIO JJIEKTPOAA, KaK MPaBUJIO, TOYTH HE

MMPUMCHSCTCA. B Ta6n. 3.1 IMPUBCACHBI BH60pH HCTOYHHKA IHUTAaHHUA W MOJISIPHOCTH

3-1-2 Ko3¢¢uuueHT MCno/ib30BaHUS CBAPOYHbIX HCTOYHUKOB U I'OPeJIOK

Jlist cBapOYHBIX MCTOYHHUKOB MUTAHUS U TOPEJIOK YCTaHABIMBAIOTCS HOMUHAJIBHBIA TOK U
KO3 (GULMEHT KCMONb30BaHUSI Ha HOMHUHAJIBHOM TOKE, COOTBETCTBEHHO. HOMHHaNIbHBIN TOK
03HayaeT MaKCUMAaJbHbII TOK, KOTOPBIA MOXKHO MCIIOJIb30BaTh Uil CBapkH, a Kod(duuueHt
MCIIOJIb30BaHUsl HA HOMUHAJIBHOM TOKE 03HAYaeT, CKOJIbKO MHUHYT MOYKHO TPOJOJKaTh CBapKy B
TedeHue 10 MUHYT NpH BBIOJHEHUU CBAPKUA HA HOMMHAJIBHOM TOKE.

Hanpumep, 3T0 03HauaeT, 4To Mpu BHITIOJHEHUH cBapku 1a Toke 300 A ¢ UCmoab30BaHUEM
UCTOYHMKA MUTAHUS C HOMUHAJIBHBIM TOKOM 300 A M K03(h(UIMEHTOM HUCMOJb30BaHUS Ha
HOMHHaNILHOM Toke 40% mnociie 4-MUHYTHOM CBapKU HYHO MPUOCTAHOBUTH CBapKy Ha 6 MUHYT,
MHaye CBAPOYHBII MCTOYHUK MUTAHUSI MOXKET MEPErOpeTh.

Taia 3.1 Bribops Noaspuocyin BAproHoIyiosoi ceapke

Hoaspuocts - HerouuMk nHTaHus
h Hcrounuk nuranus NOCTOAHHOND TOKA
i NEPEMEHHOTO TOKA CUrpuuareisHas
Marepna e | NOJASPHOCTE YIEKTPO1a
| Msarkas cram, X
| Yyryn Fa
Hepikaseiomas crai I x .
AJOMHHRIR L | 0 | x
AMOMHHHCBAN OTITHBKA E . X
AmoMraHHesas OpoHia , C | x
Twran . v: - o
Meitn B ox 3
Maruwmii - X
Cepebpo - Fal
12,3 MM ¥ MeHee o x
Jaryus e - ——
12,3 mim W Donee X

() MoaxoanT, £\ CRAPKA BOIMOMHA, X1 HE NOJAXOIHT

Opnako  KO3(QGUIMEHT UCHOJb30BaHUS  (AONYCTUMBIM KO3 ULHEHT
UCIIOJIb30BaHUE) NP CBapKe HAa TOKE HMKE HOMUHAJA;
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Honyernmnii KoadupuumenT
HU'.NiiLIJHll,HL'" 1 = HCIMWILIORAHHA Ha x
HCTTOJIE3CBAH WA HOMHHANBHTOM TOKC

T HoMusaasusii 10K
Padbouuii Tok J

Hanpumep, ecnu ¢ uCnonb30BaHMEM UCTOYHUKA MUTAHUS C BBILIEYKAa3aHHbBIM
HOMHUHAJIOM OCYILECTBISAIOT cBapky Ha 200 A, To nonyvaercs;

Jonycramelii B 300 2
KOMDHIACHT 40) | él}t} Q054
HCTONLIORATTHA N :
Tak 4TO MOYKHO HCMOJIb30BaTh MCTOUYHUK MUTAaHUS 9 MUHYT HenpepbiBHO. [laiee,
HaxXoJUM BEPXHUU Mpeaea CBapOYHOIO TOKa, HAa KOTOPOM MOXKHO HCMOJIb30BATh
WCTOYHUK MMUTAHUS JUTUTEIbHOE BPEMS HENPEPBIBHO:

Koadduument Henoib3oBannsg
PaGoumii N T Ha HOMHHATBHOM TOKE
=\ (HovaHATRHL TOK)™ e = s S
TOKR Jonyernmsiit kosduumen

HCMOORIORAHHSE

f

_ laaad . 0 =
—\/hﬁm o 189.7 A

Tax uto npu cBapke Ha Toke nopsaka 190 A UCTOYHMK MUTAHUS HE NEPErOPHUT, AaXKE €CIIU
UCMOJb3YETCsl JJTUTENIbHOE BPEMsI HEITPEPhIBHO.

OnHako B cioy4ae HMIYJIbCHOIO TOKa 3a paboyuii TOK JO/DKHO TNpPUHUMATh He
apudmMeTHUeckoe  cpejHee  NMKOBOro Toka M  0a3oBOoro  Toka, a
CpeIHEKBapaTUUECKOe 3HAUCHHUE ITUX JIBYX.

Belie gano pazbsicHeHHe KOYPPULMEHTY UCIOIb30BaHus, Oepst AJs MpuMepa CBapOYHbII
MCTOYHUK MUTAHUS, HO TAKOE )K€ cOO0pa)xeHue NOAXOAUT U K CBApOUYHBIM ropenkam. Ilpu
3TOM cllelyeT o0palaTh BHUMAHUE Ha TO. YTO KOIPPUIMEHT UCIOIb30BaHUS TOPEIOK Ha
MIOMHUHAJIBHOM TOKE IPU CBAapKe MEPEMEHHBIM TOKOM YCTaHABJIMBAETCS HUKE, YEM IIPU CBapKe
MOCTOSIHHBIM TOKOM.

3-1-3 CoenuHeHHe CBApPOYHbIX YCTAHOBOK

PabGoThl Mo coeMHEHUIO CBAPOUYHBIX YCTAHOBOK MOHTa)X MPOBOJIOB BXOJHOM 1enu (1-oi
Lenu) MU 3a3eMIIeHHE JOKHO MCIOJHATH JIMLO, OTBETCTBEHHOE 3a JJIEKTPOTEXHHYECKHE
paboTHI.

Coenunenue kabesieid MEXIy CBapOYHOM TOpEIKOW, OCHOBHBIM METaNIOM U T.[.
BBIXOJHOW Lenu (2-0il 11enu) U BBIXOJAHBIMHU KJI€MMaMH, COE€IMHEHUE 3alIMTHOIO rasa u
OXJIaXKIAIOLIEH BO/Ibl, COEJMHEHUE YIPABJISIOMUX Kadenel U T./1. 10JKEeH UCTIOIHATH CBapLIHK.

B BbIXOAHOM 1enu MNpoTeKaeT CHIbHBIA TOK, TaK 4YTO HEOOXOAMMO HE€ TOJIBKO
MCMOJIb30BaTh LUIAHTOBbIE Kabenu (periameHTtHpyercsi ctangaptoMm J1S C3404 cBapouHble
kalesu), OmiieTka KOTOPbIX HE MOBPEXJEHAa, MO W HAAEKHO 3aTSHYThb COEIUHUTEIbHBIE
Y4acTKU KJIE€MM M H30JMpPOBATh YYacTKH, I/le OOHAXKEHO 3apsHKEHHOE TeJo, Harpumep,
HaMOTaB Ha HUX M30JSALUOHHYIO JeTy. KpoMe TOT, ecnu B BBIXOJAHOHN LIENH UCHOJb3YIOTCS
Kabesu ¢ Majoil MIoIabio MOMEPEeYHOro ceyeHusi, OyAeT yBeJIUUUBaAThCS TEMJIOBbIJEICHUE,
YTO MOXKET MPUBECTH K MOBPEKACHUIO KaOellsl UIU MOPAXKEHUIO 3JIEKTPUUECKUM TOKOM,
MO9TOMY HEOOXOAMMO HCIOJb30BaTh IIIAHTOBBIE KaOeau, IUIOIab MOMEpPeyHOro CeueHUs
KOTOpPbIX MOJIXOJIUT K cBapoyHOMY TOKy. Cienyer BbIOMpaTh KaOenu Tak. yToObl Ha 1 MM
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IJIOIIAAM MONEPEYHOr0 CEYEHUs MPUXOAUIOCh MPUMEPHO 5 A MpPU HOMUHAIBHOTO TOKE,
OCHOBBIBasICh Ha Tabj. 3.2.

Jlnsi yCTaHOBKM CBapOYHOI'0 MCTOYHHKA TMUTAHUs CIeAyeT BbIOpaTh IMOMEIlEHHUE,
3alIMIIEHHOE OT BO3JCHCTBUS JI0KIECBOM BOJBI U MPSIMBIX COJIHEYHBIX JIy4€il, ¢ MOHUKEHHOMU
BJIa)XKHOCTBIO Y MBLJIBIO.

[ AP~ NS I Vo
14d0J1. 5.£Z4 I\

HomuHaipHbBIN TOK, A 100 | 200 | 300 | 500

III1a"roBoBIM Kabeb, mM® | 22 | 38 | 60 | 100

CoenvHUTENbHBIE YUYaCTKH 3aLIUTHOTO ra3a U OXJaxJamlled BOJbl HEOOXOAMMO
3aTATMBATh HAJIE)KHO BO U30eKaHUE YTEUKM, LIJAHTU 3aKpenysiTb Xomyramu. B ciyuae,
KOT/Ia KCIOJb3YETCSl YCTPOMCTBO LUPKYISIUU OXJIaXKIAIOIIEed BOAbl B XOJOJHOW MECTHOCTHU
3UMOM, HEOOXOAMMO TMPUHUMATh MeEpbl MO NPEJOTBPALICHUIO 3aMEp3aHMs, TakKue Kak
NpUMEHEeHUEe aHTU(PU3a, CIIUB BOJbI IPU OKOHYAHUU PabOT U T.1.

VYopasnsoomue Kabenb W Np. HYXKHO 3aKpeIuiiTh, 3aTSHYB TalKd pPa3beMOB.
Kareropuuecku 3amnperiaercsi UCIOIb30BaTh UX, BCTaBUB U HE 3akpenuB. Ha puc. 3.1 nokazaHsl
Y MPEJICTaBJIEHbI MEPBI MPEAYNPexAeHUs K paboTe M0 COeTUHEHUIO.
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a30BbIH_0A/LI0H

Hpuusite mepw 1o
NP I0TRPALIEHHS
EPEBEPThIBAHMA.

ﬂ’)num.}mk]\T T T

Bouinojguutn
3azem.ienue kuacca D

(ObiBLLICTO 3 Knacca).

Boaonposoanas rpyhal

[poBepuTh HA yTEUKY
BO/LbI.

MomnTax npoBoios

Q- -p/ l_n.\'o;moii 1enu
L--1 O BuIOIHHTL JHLLY,
OTBETCTREHHOMY 32
WIEKTPOTEXHHUYECKHE

[ IpH HCMOMB30BAHHH YCTPOHCTHO
HHPKYJISIIMH OXJIQRIAI0LICH BOIbI
NPHHSATL MEPbI HO

MPELOTBPAIIEHHMIO 3A3EMIIEH UL, paboThI.
// Cnapounnii J
| HCTOUHHEK NHTAHU
; ; © YCTaHOBHTbL B CYXOM MecTe,
FALUMILECHHOM OT TCHH W
BJI4rH.
[Pyunol nyint ynpasienus] 1
O 3aTAHYTh I'AalKK pasbeMa ,O Q\ T Beinoaunrs sazemienne 3 1o
HENPEMEHHO, - T_f KJ1acca.

%%

Yuactok BeIXOAHBIX KIEMM]

© 3aTAHYTh JOCTATOUHO.

O TIpHHATE MEPhI 110 TIPEAOTBPALLCHHIO
ociabiIeHHA.

© HCnonnTh 10CTaTOMHYIO H30ISLHIO ¢

NOMOUILH H30IAIHOHHOK JICHTEI, YTOOBI

.“

He ObLI0 OOHAKCHHBIX 3aPSKEHHBIX
YHACTKOB,

MotiTax 11poBOI0B BLIXOHOMN Lenu

© Menonn3osars ceapodibie kabeau.

O TLowans ceueHns nonepeutoro cevenms
JOJKHA ObITh NOJAXO/HTH K J10MYCTHMOH
TOKOBO# Harpyske.

OnjaeTk He J10KHbl ObITh NOBPCKICHBI.

[Crapounas ropeixa
OnieTku He J10/KHbI ObITh
[IOBPECAKICHBI.

IlpoBepHTL Ha YTEUKY BO/IbI.

Puc. 3.1 Mepsi npeaynpeaaenus npu paborax no coelHHeHH IO

3-1-4 OOpaieHue c ra30BbIMHU 0a/1JIOHAMHU
AproH, OTHOCSIIMHCS K WHEPTHOMY rasy, He B3pbIBaeTCs, HO TpeOyeT THIaTeIbHOIro
BHUMATEJIbHOTO o0OpallleHus], TaK KaK 3apshkeH B OaJIJIOH MOJI BHICOKMM JaBJeHHUEM mopsaka 15

MTI]a.

Huxe NEPEUUCICHBI OCHOBHBIC MCPBI IIPEAOCTOPOKHOCTU ITPpU O6paH_IeHI/II/I;

UYro kacaercs ra3oBbIX OalJIOHOB, TO HENPEMEHHO MpPHUHATH MeEpbl IO
NPEJOTBPALLCHUIO NIEPEBEPTHIBAHUS, HAIIPUMED, TOCTABUTh MX HA CTCHJL.

He poHsATh ra3oBble 0a/uIOHBI M UCKJIIOUYUTH BO3MOYKHOCTH HAHECEHHs MO HUM
yJapoB.

[Ipy  OTKpbITMM  BEHTWJs,  OOpPAaTUTh  BBIMYCKHOE  OTBEPCTHE B
NPOTUBOMNOJIOKHYO pabOTHUKY CTOPOHY, OTKPBITb BEHTWJIb C [OMOILBIO
CHEIUAJIBHON pYKOSITKM WIM TraedyHoro kimwova. Hu B koem ciydae He
OTKpBIBaTh BEHTHW/JIb, HAHOCS IO HEMY YAapbl TaeyHbIM KIIOYOM WIH
TSKEJIBIM MPEAMETOM.

[lepen ycTaHOBKOHM peryisiTopa AaBJi€HUS, OTKPBITh U 3aKPbITh BEHTWIb 1 -2
paza, TMoOBOpayMBasi €ro Mopsjka Ha 1/4 obGopora, ¥ TPOAYTH BO3IE
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HAaKOHEYHMKA OT TMbUIM, OJHOBPEMEHHO YyOeJuMBUIMCh B  OTCYTCTBUHU
HEHCIIPABHOCTEN.
e  OcCyIIeCTBIATh OTKPBITHE U 3aKPbITHE BEHTUJIS IJIABHO.

Kpome Toro, npu ycTaHoBke peryssTopa AaBICHHMs Ha Ta30Bbli OallIOH, €CM 3aTskKKa
Obli1a HEIOCTATOYHOM WJIM MPOKIajKka Oblila MOBPEXKIEHA, TO MPOUCXOJUT yTE€UKa rasza, Koropas
HE TOJbKO MPUBEIET K MOTEpe ra3a, HO U OKaKeT BPEAHOE BIMSHME HA 3alUTHBIN 3(dekT, Tak
YTO HY)KHO YOeIUTbCs B OTCYTCTBUM YTEUKHU Iasa .

3-1-5 O0pamenue co cxemoii reHepaluy BbICOKON YaCTOTbI

[Ipu AproHoayroBoii cBapke, 4TOObI 3aKHUIaTh JyI'y O€CKOHTAKTHO, UCIIOJIb3YETCS cXeMa
reHepalry BbICOKOW 4acTOThI, U. KaK MPaBUJIO, MPUMEHSETCSI METO/1 HCKPOBOTO MTPOMEXYTKa, 110
KOTOpOMY BBICOKasi 4YacToTa (QOpPMHUpPYETCS B 3a30pe MEXIy [JBYMSl DJEKTPOJaMH, Kak
IPEJICTaBICHO Ha puc. 3.2

XapakTepuCTHUKa BBICOKOM YaCTOThl CUJIBHO 3aBUCUT OT 3TOr0 MPOMEXYTKa. UeM MeHblIe
OyzaeT MpoMexXyTOK, TeM ciadee CTaHeT Cuila, HO TeM Yallle CTaHeT KOJIMYECTBO pa3 TeHepalyH.
N naobopot, yem Oosiblie OyAeT MPOMEXYTOK, TEM CHIIbHEE CTAHET CHJIa, HO TEM MEHbIIEe
CTaHeT 4YMCJO pa3a reHepauuu. B oluem, kak MOAXOIAIIMN MPOMEXKYTOK YCTaHABIMBAIOT
npUOIN3UTENBHO | MM.

B ciiyuae cBapkM Ha IOCTOSIHHOM TOKE, TOCKOJIbKY BBICOKAsi 4acTOTa HCHOJIb3YeTCs
TOJILKO TPU 3a)KUTaHUM JYTH, MOXKHO YCTaHABJIMBAaTh OTHOCUTEILHO OOJIBILOW MPOMEKYTOK U
UCIOJIb30BaTh TMOBBILIEHHYIO CHJIY BBICOKOM 4YacToThl. OpHako B ciy4yae CBapkKu Ha
CUHYCOUJIAJIbHOM MEPEMEHHOM TOKE, MOCKOJIbKY BBICOKAsl YaCTOTAa MCIOJb3YETCs MOCTOSHHO,
HeleJecoo0pa3Ho  yCTaHABJIMBATh  CIAMIIKOM  OOJblION  mpoMexyTok. Ilpu  Gonbiiom
NPOMEXYTKE KOJMUYECTBO pa3 TIeHepalMd YMEHbBILAETCS YTO MOXKET IMPUBECTH K OOpLIBY
MOJTYBOJIHBI CBAPOYHOTO TOKA.

[Tockonbky XapaKTepUCTHKa BBICOKOW 4YaCTOThI 3aBUCUT OT MPOMEXKYTKA. HEOOXOIMMO
Jiep’KaTh TOBEPXHOCTh AJeKkTpoaa uucTod. Kornma 3amerHa 11epoXoBaTOCTh IMOBEPXHOCTU
2JIEKTPOJa, HYXHO TOJMPOBATh €€ MEJKO3EpPHUCTOW HaXaayHOH OyMarod M MOBTOPHO
peryimpoBaTh MPOMEXKYTOK Ha MOJAXOJslIee 3HaUeHHE C MOMOILIBI0 TodluHoMepa U T.1. [lpu
9TOM OY€Hb BAXXHO YOEIUThCS B TOM, YTO JBa 3JIEKTPOJAa PACHOJOKEHbI MapaieibHO.
[Tockonbky K cxeme reHepaliy BbICOKOM 4acTOThI MPUJIAraeTCsl BHICOKOE HANPSKEHUE MOpsiiKa
HECKOJILKO ThICSY BOJIBT, IPU PETYIUPOBKE MPOMEKYTKA HEMPEMEHHO YOSIUTHCS B OTKIIOUEHUU
YIPaBISIOLUIEr0 NUTaHUs U PUHSATH MEPbI, YTOOBI OLIMOOYHOE MPUKOCHOBEHHUE K BBIKIIIOUATEIIIO
HE MPUBEJIO K BKJIFOYEHUIO JIEKTPOITUTAHUSI.

S
A
Vi

(s

=1

Puec. 3.2 PaspaaHbiii npOMeXRyTOK BLICOKOIH 4acTOThI

Kpome Toro, mockosnbKy BBICOKasi 4acTOTa HO CBOEHM XapaKTEPUCTUKE CHW)KAET CBOU
napameTpsl 10 Mepe yJUIMHEHHs] CBapOYHOro Kalels, He KeJaTeIbHO HCIOJb30BaTh CIMIIKOM
JUIMHHBIA cBapouyHbld KaOenb. CTeneHb CHIKEHUs MapaMeTpoB YacTOThl BapbUpyeTCs B
3aBUCUMOCTH OT KOH(QUIypalMd M PACIOJOKEHHs TOPEJIKU U Mp., NOITOMY Helb3s CKa3aTb
OJIHO3HAYHO, HO 3a npenen npuaumatot 10 - 20 m.

3-1-6 Paguonomexwu u3-3a BLICOKOI YaCTOTDI
[Ipu ucnonb30BaHUM BHICOKOM YaCTOTHI HYXKHO YIESITh BHUMAaHUE PaIUOTIOMEXaM.
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Bricokast yactoTa, KOTOpasi FeHEPUPYETCsl B CXEMe T'eHEPaLlii BBICOKOW YacTOThI METO/I0M
UCKPOBOTO MPOMEXYTKA U UCTIONB3YeTCs /iss APrOHOJIYTOBOM CBAPKY, HE TOCTOSIHHAS U UMeeT
mMpokyto nojocy yactot (0,5 - 20 MI'n). Uto kacaeTcst pacpocTpaHEeHUs BHICOKOM 4acTOThI, TO
OHO TIPOMCXOJUT HE TOJBHKO OT CBAPOUYHOW TOPENIKU U ee Kadessi B BO3/AyX, HO U OT BXOJHOTO
kabenst (Tpacchl Kabens), a TakKe MPOUCXOAUT MEepEeu3IyuyeHHe BCJEJICTBUE WHAYKLHMH, Kak
[IPEACTABIEHO Ha puC. 3.3.

CBapka Ha MMOCTOSTHHOM TOKE, B KOTOPOI reHepalysi BBICOKOM 4acTOThl MPOUCXOIUT MPH
32)KUTaHUM IyTH B KOPOTKHI MPOMEXKYTOK BPEMEHH U Jyra MPeKpaliaeTcsi o Mepe rOpeHusi, He
OKa3bIBaeT Ha MPAKTHUKE TAKOT0 BpeAHOro BiIusiHUS. OJHAKO B Cilydyae CBapKHU Ha MEPEMEHHOM
TOKE JUIsl YCTOHYMBOM I'eHepaly BbICOKasi 4acToTa (pOPMHUPYETCS MOCTOSIHHO U TIOCIIe TOPEHHUSI
nyru. Ecnu cpeid BBICOKMX 4acTOT, COCTOSALIMX M3 Pa3HbIX MOJIOC YaCTOT, [10JI0CA OTHOCUTEIBHO
CHJIBHBIX YacTOT COBMAJNAeT C YacTOTOM paJMONPUEMHHUKA, TEJIeBH30pa WM PaJUOCTAHIIHH,
MOJKET MPOU30MUTH LIYM. B KpailHEM ciyyae, HeCOCOOHOCTh K NpUeMy  WMJIM  [poYHe
panuorniomexu. Kpome Toro, pacnojioxeHHble BOJM3M pOOOTHI W MPOYHME armapathl
C DJIGKTPOHHBIM yNpPaBJICHUEM MOTYT COBEPIIATh ONIMOOYHBIE ICHCTBUSI.

Csapounas rope/ka
Kabenn LBWDO‘I"OH FOpPEIIKH

(1 Ilctm-.pu\.mmmm H3JIYYeHHe

[
Yceranoska
AprotHoayr
OBOH

1 IpoBOA BXOJHOIO CHIHANA

1

()uu 3HOM \|u

NICKTPOHHOE

&2
=¥ I+l
5 = = [(5) Manyucnue YCTPOUCTRO,
5ed O TPACCHI nojisepratonedes
o ZEQ o noMexam
Eee
= =
< o
§ l 3) lHepensay-
£ YCHHE J
g  Hitykuus
| ] k—u—
i« HCToMHMEK nHTgHus
. p e
fht': Iomexu o1 nposoia

Puc. 3.3 /Ilnanazon pacnpocrpaHeHHsi BLICOKOH 4acToThl

XoTss B ycTaHOBKax AproHOAYrOBOM CBapkud MPeayCMOTPEHbl MHOT00Opa3HbIe
n300peTeHus i ociaabaeHus paiioroMeX, BbI3bIBAEMbIX BBICOKOM 4acTOTOM, paJiuONPUEMHUK,
TeJEeBU30p, POOOT U NPOYME annapaThl, UMEIOLIUE ANEKTPOHHOE YIPABIECHUE U PACIIONOKEHHBIE
KpaiiHe OJM3KO K pabouyemMy MeECTy, BO MHOTHX ClydyasiX HeHU30€KHO MOJBEpPraroTcs BIUSHUIO
paaronomex.

Ecnu mpu ycraHoBke wiM oOpaiieHHMH cO cBapouHbiMM ycTraHoBkaMu TIG oOparartsk
BHHUMaHUE Ha CJEIYIOLIME MYHKThl, TO MOXHO COKpPaTUThb MOMEXU OT BBICOKOM 4YacTOThl B
3HAYUTENIbHOW CTEIEHH;

» B cxeme reHepanuM BBICOKOM 4YacTOThI HE YyCTAHABJIMBAaTh HCKPOBOMA
NPOMEXYTOK O0JIbLIe, YeM HE0OXO0IMMO.

» Tlo BO3MOXHOCTH YKOPOTHUTH CBapOUYHBIN KaOellb M MOJIOKHUTh €ro Tak, 4TOObI OH
COIpUKACAJICs C 3eMJIEH.

» TlockonbKy BbICOKAs 4acToTa SKpaHUPYyeTCs KeJe30-0eTOHHOM
KOHCTPYKLIMEH, ecim pabouee MECTO YCTaHOBJEHO BHYTPHU Kele30-OeTOHHOMH
KOHCTPYKIMH, BBICOKasl YaCTOTa HE MPOHUKAET HAPYKY.

3-2 HOJIOTOBKA KPOMOK

3-2-1 ®opmMbI KPOMOK
@OopMBl CBAPOYHBIX COEAMHEHUH OMPENENAIOTCS Ha OCHOBE HA3HAYECHUsI M3JENNS,
31



MaTepHrajia OCHOBHOI'O Me€Tajljla WJIKM TOJIIHMHBI CTCHKH JIMCTOB. COeI[I/IHeHI/Iﬂ. moajexKauime
Aprnnngyrnnnﬁ CRApKe, MOJpa3zJeNsorTcs Ha

10OHOAVIOBUM  LiBd4d P 110 a3 Al AAroivAa DIROUBUC cANBCRYL,

COEJIMHEHUE, COEJMHEHUE BHAXJECTKY, YIJIOBO€ COEIMHEHUE, COEIUHEHHE C
OTOOPTOBKOM NIBYX KpOMOK W mp. TumuuHble mpumepsl npeacraBieHsl B Tadna. 3.3. B
Clly4yae CpeJIHECTEHHBIX M TOJCTOCTEHHBIX JHUCTOB Jyis oOecrnieueHus 3(H(PEKTUBHOCTH U
KayecTBa CBApKU MPUMEHSIOTCS pa3Hble (OPMbl KPOMOK B 3aBUCHUMOCTH OT Ha3HAYEHUS U
TOJIIIUHBI CTEHOK.

CTBIKOBOE€ CcOeuHeHue, TaRpOBOE

Taba 3.3 Popmer coennmenwii, npuvenmemsie NpUAProHoIyYToRnil crapre

Bua m&ﬁs_la.xpomxu
COCIAMHCHNE B
By pryneakn KpoMor L A i
V-plipainan pasienka Kpomok i ¥ }
Creixosne U-obpainan pasnenka KpoMox 1 Ll ]
CoCaMHEHHE
X-00paisan pasaenska Kpomok o
JIBYXCTOPOHHAR CHMMETPHUHIA "
aPHOMKO0DPATHAR S PATICIKA #
KPOMOK
] bes pasieikn KpoMok, ﬂ
| ABYNCTOPOHHHRA YIAosoH CBapHOn P % o
| mon ! -
V-pbpainan pasiensa oanod D A
Tanposoe T !
COCaHHERHE Kpusoniseiinas pasacika oaHoi E .i

KPOKH

K-obprinas payicika KpoMok

Tomuuna creskn
aucTa
TonkocTennoi
nueT
Cpeanecrennof
JHCT
Cpennecrennoi
nuer

ToHxocTennod
JHCT

ToukocTeHnoi
JHCT

i i
r ' g |
*

Coeannernme
HAXICCTRY

[

Yinonoe
COCAHHCHHE

CoeaMHeHne ¢
oThopToBKO#H
| ABYX KPOMOK

Capka TIG npumensercs i CPEIHECTEHHBIX M TOJCTOCTEHHBIX JIMCTOB. KOrJa
TpeOyeTcs BRICOKOE KaueCTBO CBAPHBIX IIBOB, JIMCTHI MOJIAIOTCS CBapKe ¢ TPYJOM, HE0OX0AUM
oOpaTHbId BanuKk mnepBoro ciost ¥ T.A4. OOpaboTka KpOMOK, KakK MpaBUJIO, MOIJIEKUT
MaluHHON 00paboTke. U-oOpa3Has pasjelika KpOMOK. ABYCTOPOHHSISI CUMMETpUYHAS

Onnocroponisa Hes paynenxu
EPOMOK, YIAOROH CBAPHOR 10R

Jaycropondas Oe3 pasaenkn
KpoMoK, yrnoeoil ceapuoil wos
C ovduianuonkoll

¥rnosoii coapnoil Wop BUIHKOM

bes paspeakn kpomok

Paypeaka onnodl KposMkn

ToukocTennodl n
CpeaHecTEHHOH
JIHCT

Cpennecrennoil
H
TONCTOCTEH 0N
aucTY

Toncroctrennoi
JTHET

ToHkoC renHoi
M

CpeaHeCTeH O
JHCT

ab\:l

Tonkocrennoil
7]
cpennecTeHHod
AWCT

CpeaHecteHHOR 1
TOACTOCTEHHOR

JNCT

TosxocTesod
ANCT

«pIOMKOOOpa3Has» pasjesika KpOMOK U T.Jl. TOJTY4alTCsl TOJIbKO MAIIMHHON 00paboTKOM.

Kax bl KOHCTPYKTUBHBIM 2JIEMEHT MMEHYETCs, KaK NpeacTaBieHO Ha puc. 3.4. u.
npexJae 4YeM MNpHUCTYyNaTh K CBapke, HEOOXOAWMO MPOBEPUTh TOYHOCTb 3HAUYEHUH HTHX
a7eMeHTOB. Eciu 3HaueHus yria ckoca KpPOMOK, NPUTYIUIEHHMs KPOMKHM HJIM 3a30pa B
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BEpIIMHE pa3JejKU CTAHOBATCS WM OoJibllle, 4YeM CIEAyeT, WU MEHbIIe, TO MOXKET
MPOU3OMTH HE TOJBKO CBApOYHBIA JedeKkT, HO U Opak Bcero cBapHoro mBa. Tak 4YTO
HETOYHBIE pa3Mephl MOJJIEKAT MO0 HEOOXOAUMOCTH TOIMpPaBKE.

B ciyyae TOHKOCTEHHBIX JIMCTOB CTHIKOBOE COEJAMHEHHE OCYLIECTBIsETCs 0e3 pa3ienku
KPOMOK, TaBpPOBOE COEJIMHEHHE - 0€3 pa3lielKu KPOMOK C JBYCTOPOHHUM YIJIOBBIM CBapHBIM
LIBOM. CDopMa camoi KpOMKI/I npOCTa HO npunycxn Ha 3a30p B BepumHe pa3ienKku u

THECTHUILBIX A TIAMAAMATTIIT T
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JIUCTOB.

3-2-2 OuncTKa KPOMKH
Eciin BBIMONHAIOT CBapKy, OCTaBJIsisl Ha MOBEPXHOCTSIX KPOMOK M Ha OJM3KHUX K KpPOMKam
T

TIORENXYHOCTIX OCHORHOTO MeTalrma rmmmirr IIree Ha HUYX MaACITO. NKaRrua V. QOKAQIIUHVY U KhacCKVy
1Y UoOuUil U MuiGiiva 1x

IWOLVPAnUVIAA Ui 1 V. VIGAG LpPAGAIIIITY 4G OAA MGV, paaGShadany, Unaeadn y NPQVINy,

TO MOKET MPOU30UTH BO3ZHUKHOBEHHE CBAPOUYHBIX 1e(DEKTOB, TAKMX KaK PAKOBUHBI U TPEIIUHBI.
CnenoBarenbHO, Mepe] CBapKOl HEOOXOIUMO YIAIUTh Macio, p’KaBUMHY, OKAJIIMHY U KPacKy
MIOJIHOCTBIO.

Vit CRoCa Kpono

1 W HSPLLE)
N

D PREIEIKH

Ipwrynenme
K K

LA T T BT T
!

Puc. 3.4 Haumenonanue KONCIPYKTHBABIX VIEMEHTOR KPOMOK

Macino u T.n. He YyHanasieTcs TMOJHOCTbIO IYTEM BBITUPAHUS BETOIIbIO, TaK 4YTO
pEeKOMEHIyeTCsl MPOMBIBATh alleTOHOM WJIH T.1I.

P>xaBunHa, oKkanuHa U T.N. yAaJseTcs C MOMOIIBI0 PYYHOU HITM(OBANIbHON MAIIMHBI WU
NpOBOJIOYHOM 1meTKU. Korzna B kauecTBe OCHOBHOTO MeTajla UCIOJb3yETCsl HEpIKaBerolas
CTallb, HCMOJb30BAHUE CTAJbHOM MPOBOJOYHOW IIETKH OyIeT BbI3bIBaTh paccerBaHUE
CTaJIbHOM MBLIU C MIPOBOJIOKHU . YTO MOXKET MPUBECTU K KOPPO3UH, TAK YTO HY>KHO UCIIOJIb30BaTh
MIPOBOJIOYHYIO IIETKY U3 HEP KaBEIOIIeH cTau.

IIpu cBapke c¢ oOpaTHBIM BaJlMKOM, oOpaliaTh BHHMaHW€ Ha OYHMCTKY CTOPOHBI,
MOJJIeKAIIEeH cBapKe U HAa OYMCTKY OOpaTHON CTOPOHBI.

['psi3b HAa MOBEPXHOCTU MPUCATOUYHOTO METalljla TaK )Ke. KaK Ips3b Ha MOBEPXHOCTAX
KPOMOK, MOeT OBITh NPUYUHONW cBapouyHoro nedexra, MOITOMY HeNb3s 3a0bIBaTh
ounmath ux. Craeayer u3beraTb NPUKOCHOBEHHUH K MPUCATOUYHOMY METAITY TOJBIMU
PYKaMH UJIU TPSI3HBIMU E€pUYATKAMM.

B uactHocTH, B cilydae CBapkM aJIOMUHUSI WM aJIOMUHHUEBOrO CIUlaBa Bjara, Ha
MOBEPXHOCTU MPHUCATOYHOrO MEeTajljia, MOKET MPUBECTH K 00pa30BaHUIO PAKOBHH, TaK YTO
cilenyeT MPUCAJ0YHBIM MEeTalljl He TOJIbKO JepKaTh CyXUM B MPOLECcce CBapKu, HO M MOCIe
MCIO0JIb30BaHUSl YKJIaJbIBaTh B COCY/l U XPAHUTh B CYyXOM MeECTe.

3-2-3 CBapka npuxBaTKaMu

B caywyae mpocToro coenMHEHHs TOHKOCTEHHBIX JUCTOB MOTYT MPOMYCKaTh CBapKy
NPUXBATKaMH, HEMOCPEICTBEHHO BBIMOJHSSI OCHOBHYIO CBAPKY € MOMOIIbIO PUCTIOCOOICHUS 1
T.I.. OJHAKO, KaK MpPaBHJIO, BBHIMOJHSIOT CBApKy MpPUXBaTKaMH BHYTPU KPOMOK, na oOpaTHOMH
CTOPOHE WJIM B 30HE YIJIOBOTO CBAPOYHOTIO IIBA.
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Tok, mpuMeHsieMblid [UIsl CBapKU MPUXBATKaMu, cocTaBisieT nopsiaka 80% Toka OCHOBHOM
CBapKH, K TOMY € CBapKa IPUXBaTKaMU OTHOCHUTCS K MPEPHIBUCTOM CBapKe, B KOTOPOH JIHA
OJTHOTO BaJIMKa paBHAa MPUMEPHO HECKOJBKO JECATKOB MUJUIMMeTpa. Tak 4uTo. eciu cBapka
MpUXBAaTKaMH HEJOCTAaTOYHA, B MPOLECCE OCHOBHOM CBapKe MOTYT TMPOU3OHUTH TPEUIMHBI,
CMellleHHe, W3MEHEHHE 3a30pa B BepIIMHE pa3/eiKd, U IMpOoYHe CBapOYHble Je(pEeKThl, YTO
OKa)xeT OOJIbIIOE BIMSHHE Ha pa3Mepbl, (HOpMY, TOYHOCTh U PabOTOCMOCOOHOCTH W3JIETUM.
CnenoBatenbHO, MPOU3BOAWTH CBApKy MPHXBATKaMU BHUMATENbHO TaK e, YTO U OCHOBHYIO
CBapKy.

B cayyae KpoMmku, UMeEIONIEH 3a30p B BEpIIMHE pa3/AelKd, XeJlaTelbHO MpPHU CBapKe
NpUXBaTKaMH 100aBISITh PUCAIOYHBIA METAILI.

[Ipu cBapke NMpUXBaTKaMU CTHIKOBBIX COEJTUHEHUN TOHKOCTEHHBIX JIMCTOB M T.H., €CIIH,
HAKJIOHSSI TOPEJIKY B 3HAUUTENILHOW CTETNEeHHU, KaK MPE/ICTaBICHO Ha pUC. 3.5. MPUBOAST COILIO B
NPUKOCHOBEHHWE K OCHOBHOMY METauly M TMOCJ€ 3aKUraHus JYr'M MOJHUMAIOT TOpesKy, TO
CIBHUT OT NMPUIIETEHHOTO MECTOIOJIOKEHHSI HE TaK 4acTO MPOMCXOAUT U paboTa MOXKET OBbITh
npousBesieHa 3pHEKTUBHO.

{(IMocae ropenus jiyru)

(I1pH 3aHranum J1yru)

OCHOBHOH MeTall
T,

I IpukocHOBEeHHE

Puc. 3.5 Texunka npou3BoacTBa CBAPKH TOHKOCTEHHBIX JHCTOB NPHXBATKAMH

[Tociie oxoHUaHWs CBapKU TMPUXBATKAMU HEMATOBAXHOE 3HAYEHUE HUMEET KOHTPOIIb
KayectBa JIII  TOrO 4YTOOBl yOeAMThCS B  OTCYTCTBUM  TPEUIMH, HECIUIABJICHUS WU
MPOYMX CBAPOYHBIX J€(PEKTOB, YPE3MEPHOTO CMEILEHHUS, U B MPABUJIBLHOCTU 3a30pa B BEpILUHE
paszienKH.

Ecnu nmeercst TpenMHbl WK APyrue cBapovHble 1e(eKThl, TO 3TU AePEeKThl Tak U OyAyT
OCTaBaTbCA M IOCJI€ OCHOBHOM cBapku. CienoBaTeslbHO, HEOOXOIUMO YIAIUTh JePEKThI ¢
MOMOIIbIO PYYHOU IITM(POBATBLHON MAIIMHBI U T.I1. MOJHOCTBIO, U MOBTOPHO BBIMOJIHUTH CBAPKY
NpUXBaTKaMU

Ecnu cmerienre wiv 3a30p B BEPIIMHE Pa3/eNKM BBIXOJUT U3 JIOMYCTUMBIX MPENEIOB,
TaKXKe HY)XHO TIONPAaBUTh UX JI0 TIOJTYYEHUS MPAaBUIBHBIX 3HAUCHWN W BBITIOJHHUTH MOBTOPHYIO
CBapKy.

3-3 3AIIUTHBIN I'A3 U BJUSAHUE BETPA

3-3-1 3amurtHbli 3¢ dexT

B ciaydae AproHoayroBoil cBapkH, €ciIM JIyra M BaHHA pPAcIUIaBIEHHOTO MeTaljia He
3allMIIeHBbI 3aIIUTHBIM ra30M, HE MOJIYYUTCS KaYeCTBEHHOTO PE3yJIbTaTa CBapKH.

Eciu yniMHUTBE BBUIET 3JEKTPOJA M3 COIMJIA, PACCTOSIHUE MEXKY COIUIOM M OCHOBHBIM
MeTaJlJIoM OyJeT yBEJIMUY€HO, W 3allMTHbIN ra3 OyJeT CKIOHEH 3axBaThlBaTh BO3IyX. Tak yTo
CJIeZlyeT YMEHBIIUTh BBUIET JIEKTPOAA M YCTAaHOBUTH COIJIO KaK MOKHO OJIM)KE€ K OCHOBHOMY
MeTally.

OpnHako, HA0060POT, €CJIU COIJIO YCTAaHOBJICHO CIMIIKOM OJIM3KO K OCHOBHOMY METally, TO
corio OyneT mojABepraThCsl MEpPErpeBy M MOBPEXKACHUIO, U 30HAa CBapku OyaeT BUAHA MJIOXO.
Cyns no oOoum ¢aktopam, TO ecTb MO 3amMTHOMY d(hdekty u o00pabaTbiBaeMOCTH,
PEKOMEH/IyeTCsl YCTaHaBJIMBATh BBUJIET 3JIEKTpoJa U3 corjia Ha 1,5-2 pasza Gosblie auameTpa
3JIeKTpoJa.
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JluameTp coruia Takxke sBIseTcs (DaKTOpPOM, OKa3bIBAIOLIUMM OOJIbIIOE BIUSHME Ha
3alUTHBIA 3¢ dekT. Comio ¢ CIMIIKOM MajbiM JUAMETPOM HE CHPABISIETCS € JA0CTaTOYHOM
3alUTOM 11eJ0M 30HBI CBApKH, a, HAOOOPOT COIUIO C CIMIIKOM OOJIBIIMM JAUAMETPOM BJIEYET 3a
co0oil yBenMuYeHHe pacxoja rasa Ajs MOJTY4YeHMs HaJUIekKallero 3aluTHOro 3¢ ¢ekra, 4to He
9KOHOMHUYHO. OOBIYHO pEKOMEHJyercs yCTaHOBUTH AMaMeTp coiula Ha 2 - 3 pasa Oosblie
mIMPHUHBI Banuka. OHAKO B Cilyyae allOMUHUEBOTO CIIPaBa, TATAHOBOIO CIUIABA U T.II., KOTOpPbIE
Ipy BBICOKOM Temmeparype MOABEpPraioTcs OKHCICHHIO WM a30THMPOBAHUIO, PEKOMEHIyercs
UCTIOJIb30BATh COIUIO C OOJIBIINM JTUAMETPOM.

[Ipy npaBUIIBHOM PACCTOSIHUM MEXIY COIUIOM M OCHOBHBIM METaNIOM M NPaBUIBHOM
3HAYeHUHU JuMaMmeTpa corlia, HEeJAOCTay OYHas 3aTshKKa COIia JONMYyCcKaeT BCachlBaHHME BO3/yXa
yepe3 MecTo ¢ OclabJeHHOM 3aTsSHKKOM, Tak 4TO HeoOXoauMo YOeOUThCs B TOM, UTO COILIO
3aTSHYTO JOCTATOYHO.

3-3-2 Pacxopa 3alIMTHOIO rasa

CaviukoM Manblii pacxoj 3allMTHOTO Trasa, €CTECTBEHHO, MOHMXKAeT CIOCOOHOCTh K
3amuTe. OJHAKO CIMIIKOM OOJbIION pacxon OyneT NPUBOAUTH K OECHOpsSAOYHOMY MOTOKY
3alUTHOrO rasza. B pe3ynbrare 3TOro 3alMTHHIN ra3 OyJeT CKJIOHHBIM 3aXBaThIBaTh BO3/1YyX, UTO
Tak)ke Oy/leT MOHMKATh CIOCOOHOCTh K 3allluTe. DTO O3HAYAET, YTO CYHIECTBYET MOIXOISAIINNA
pacxoj rasa, KOTOpbIM 3aBUCHUT OT JuameTpa Kaxuaoro comuia. Kpome toro, nuamerp coruia
JOJKeH ObITh YBEIMYEH 10 Mepe YBEJIWYEHHUs CBApOYHOro Toka. Bce 310 aukTyer
OMpEJCIIEHHOE OTHOUIEHHE MEXJly CBAPOUYHBIM TOKOM, JUAaMETPOM COIUIa M PacxXxoiO0M Tasa,
npUMep KOTOpOro npuBeieH B Tabu. 3.4. B ciiydyae cBapku Ha NEPEMEHHOM TOKE MCIMONb3yeTCs
COILJIO, AUAMETP KOTOPOro OOJblIe, YEM B Cllyyae CBApKHU Ha MMOCTOSIHHOM TOKE, CJI€0BATENIbHO,
Y pacxo/]l Ta3a TakKe HYy)KHO YBEIMYNBATh.

Taba. 3.4 OrHowenne Meax1y CBAPOHHBLIM TOKOM, IHAMETPOM COILIA H PACXO0/10M rasa

Ceapou- CBapka Ha NOCTOAHHOM TOKE CBapka Ha nepeMeHHOM TOKe

HbIH Jlnamerp co- Pacxon rasa, Jlnamerp co- Pacxon rasa,
TOK, A nia, Mm ~ /muH 13, MM J1/MHH
|V 10~100 4~ 9.5 4~ 5 8 ~ 9.5 6~ 8
101 ~150 4~ 9.5 4= 7 9.5~11 710
151~200 6~13 6~ 8 i1 -~13 7~10
201~300| 8~13 8~ 9 13 ~16 | 8~I5
301500 13~16 9~12 16 =19 T 8—~15

[lpumeuanue: B cnyyae metaanuueckoro comna 1o 500 A, B ciayuae KepaMHUecKoro conna
o 300 A.

Kpome Toro, npu oaMHaKoBOM JUaMETpe COIUIa M pacxojie rasa, eciu GopMbl CBAPOYHOTO
COEJIMHEHUS] OTJIMYAIOTCs APYr OT Apyra, TakKe OTJIMYaeTcsi U cnocoOHOcTh K 3amure. Kak
MpEACTAaBICHO Ha puc. 3.6, eciii 3a KpUTEPU MPUMEM PacXoj raza Mpu CTbIKOBOM COEIMHEHUU
0e3 pa3enKu KpOMOK, MPU CBapKe B pa3JesIKy KPOMOK U CBapKe YIJIOBBIX IIBOB TOJCTOCTEHHBIX
JUCTOB 3allIUTHBIA ra3 CKJIOHEH HAKaIlJIMBAE€TCS B 30HE CBApKH, TaK YTO MOXHO YMEHBILIHTH
pacxon raza. OHaKo B cilydyae YIrJIOBBIX COEMHEHUN, HA00OPOT, 3alIUTHBIN ra3 yleTyunBaeTcs
JIETKO, TaK YTO HY)KHO YBEJIMUYMUBATh PACXOJ 3aLIMTHOIO Tasa.
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(a) Ceapka B pazneniky (6) CBapka (B) CoenmHenune (r) Yraosoe
KPOMOK YIJIOBBIX LIBOB BCThIK Oe3 coe/IHHeHHe
TOJICTOCTEHHBIX JIMCTOB pazie/IKn KPOMOK

(MO%HO YMEHbLIMTb pacxo/ rasa.) (Kpurepuii no (YBennmuuts pacxon

pacxony rasa) rasa)

Puc. 3.6 ®opma coetnHeHHs W pacxon rasa

3-3-3 Bausinue BeTpa

Eciin B 30HY cBapku JyeT BeTep, 3alUMTHBIA ra3. mnojaromuiics M3 coria, Oyxaer
BbIOpaceIBaTBCS M 3axBaTblBaTh BO3AYX. 4TO MOXET  IPHUBECTH K OOpa30BaHUIO
PaKOBHMH M MPOUYMX CBapOUHBIX AedekToB. Jlaxe ciabblil BeTep oka3blBaeT BpEAHOE BIMSHUE HA
CIIOCOOHOCTD K 3aIlUTE.

Ha puc 3.7 npezacraBieHO OTHOLIEHHE CKOPOCTH BETpa € PacXooM ras3a, HeoOXOAUMbIM
JUIs TIOJIyYEHMsI XOpOILel CIOCOOHOCTH K 3alllUTe B Cllyyae, KOr/la B 30Hy CBapKH AycT OOKOBOM
BeTep. BuiHO, 4TO MO Mepe yBeIMYeHHsT CKOPOCTH BETpa HYXXKHO YBEIMYMBATH pacxof Trasa.
Opnako yBelIM4YMBaTh pacxoj rasa - 5T0 He DKOHOMUYHO, K TOMY JK€, €CJIM BETEp €lIe CUIIbHEE,
HAcTaeT MOMEHT KOrJa yBEJIWYMBaThb pacxoj ra3a Oecrnoyie3HO, TaK YTO OOBIYHO NPEeesioM
CKOpPOCTH BETpa CUMTAETCS 2 M/CeK.

CnenoBarenbHO, Jake KOTAAa JIETOM JKAPKO, HE JKEJIATeIbHO BBIMOJIHATH CBAapKy B
HEMOCPeJCTBEHHOW OJM30CTH OT BEHTUIATOpA. ONBIT TUKTYeT, YTO TUXUI BeTep, KOTOPLIH
MOJKET F'HYTb TOJIBKO Ta0auHbIi JbIM. HE OKa3bIBA€T BPEIHOIO BIMSHHUSA HAa CBApKYy.

5
2 s
> 20 <
= 4
= /
5 s
2 s
g2 15 -
= /’
2 7 Aprou
s [Lioxas samnra ) g Huamerp conaa: 16 mm
2 10 / Paccrosimne Mercry coruiom u
Z T L . LT
& 7 OCHOBHBIM METALIOM: 15 MM
- I, Crapounsiii Tok: 100 A
=
1= J Xopomas saunmra
2 05 7
2 /
2 !
& /
z
o
0 5 10 15 20
HeoOXOMMBIH MHHHMAILHBIH PAcXo: rasa, JI/MHH

Pue. 3.7 OrHomenune cKOpocTH BeTpa B H0KOBOM HATIPABJEHHH ¢ HEOOXOAHMbIM
MHHHMAJbLHBIM PACX0I0M ra3a
[Ipu cBapouHbIX paboTax Ha OTKPBITOM BO3JlyXe, KOT/la AyeT CHIIbHBIN BETep, HEOOX0IUMO
CTaBUTh OTPaXJAECHUE, OKPYKATh MECTO MAJATKON WM MPUMEHSTh APYTHe MEPbI JIs 3aIIUThl OT

BETpa.
3-4 CBETOMACKHWPOBKA U IMTPOBETPUBAHUE

3-4-1 Bpbi00p GpUALTPOBAIBHBIX IIUTKOB
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Jlyra B AproHoayroBoil cBapke Npe/CTaBisieT COOOW OTKPBITYIO JAyry, B KOTOpOM
IUIOTHOCTh TOKa BBICOKA, cuUja cBeTa Ooubllle, YeM B CBapKe MOKPBITBIM 3JIEKTPOAOM, B
YacTHOCTH, KOJMYECTBO YibTpaduosneToBbiX Jjyuyedl Benuko. Korjga riaza BOCHpHUHUMAIOT
00JIbI1I0€ KOJUYECTBO YIbTPauOIETOBBIX JTyUeid, 1a)ke eIl HEMOCPEACTBEHHO OCIIE 3TOT0 He
NOSBISIETCS CYOBEKTUBHBIM CHUMITOM, Y€pe3 HECKOJBKO YaCOB MOJKET IMOSIBUTHCS CUMITOM U
6onp B rna3zax. Kpome Toro, nyra wusnydaer MH(paKpacHble JIydd, KOTOpPbIE, BO3ACHCTBYs
JUIMTEIBHOE BPEMS Ha IJ1a3a, TAK)KE MOT'YT IPUUHUHUTD TPABMY.

CnenoBarenbHO. HEOOXOAUMO CMOTPETh B 30HY CBapKu uepe3 (PUIbTPOBAJIBHBIN HIMTOK,
KOTOPBI He MpOMycKaeT yibTpadHoJeTOBble W MH(paKpacHble Jydd, TEM CaMbIM 3allWIlas
rJ1a3a, U IponycKasi TOJbKO MOAXO0AsALIMe BUAMMbIe Ty4yu. [Ipu mpon3BoacTBe CBApOUYHBIX padoOT
HE00X0/IMMO MCIOJIb30BaTh CPEACTBa CBETOMACKUPOBKM JJISI MHAMBHUIYATbHON 3alMTHL. DTH
Cpe/icTBAa CBETOMACKUPOBKU /Il UHIAUBUIYANILHON 3alIUTHl PErNaMEHTUPYIOT cTraHaapTel JIS
18141 (cpeacTBa CBETOMAacKUpOBKHM Uil MHAUMBUAYaldbHOW 3amuthl) U JIS T8142 (macku
CBapIIMKA).

Ecin creneHb cBETOMAacKMpOBKM (QUILTPOBAILHOIO ILIMTKA CIMILIKOM BEJIHMKA, TO
3aTPyJHUTENBHO HAOIOaTh 30HY CBapKH, TaK YTO CJEAyeT BbIOpaTh LIUTOK C MOJIXOJAIIEH
CTENEHbIO0 CBETOMACKMPOBKH B 3aBUCUMOCTH OT CBAPOYHOI'O TOKA, KaK MPUBEAECHO B Tab. 3.5.

Taobu. 3.5 Bei0op crenenu ceeromackupoBku (JISTH141 - 1980)

Caapounslii Tok, A | Homep creneHn cBeTOMacKUpOBKHU
He Ooitee 100 9 v 10
ot 100 no 300 11 umm 12
ot 300 no 500 13 unu 14
He MeHee 500 15 nu 16

Bpenubie nyun oT ayru okas3blBalOT BIMSIHUE HE TOJBKO HA CaMOr0 CBaplllMKa, HO U Ha
OKpPYKaroIIUX pabOTHUKOB, TaK 4YTO CIEAYeT YAeNATh BHUMaHUE, TOMY YTOObI Jy4d OT JyTd HE
NPOHUKAIU HapyXy, M 1O HEOOXOJUMOCTH CTaBUTh BOKPYI OIpa)<JI€HUE, 3aBecy
CBETOMACKUPOBKH WUJIH T.II.

Kpome Toro, HyxHO oOpamarh BHHMaHu€ Ha TO, YTO €CJIM BOKPYr pabouero mecra
umeeTcsl O6enasi cTeHa WM OJecTAUMI npeaMeT, HanpuMep, U3 aJlOMUHUEBOTO CIUIaBa, MOTYT
MPOU30MTH HEPETYIISIPHBIE OTPAXKEHUSI JTydel OT IyrHd, JIydd MOTYT NONACTh B IJla3a U MPUBECTU
K.

3-4-2 3amuTa KoxKH

Caapka npejcrapisieT coO0H Mpouece, COMPOBOKIAIOMIMNCS BHICOKON TEIJIOTOM, TaK 4To.
HEOOXOUMO 3allMIIATLCS OT TEeIUla JYrd, O/EBasCh B OTHECTOHKYIO CHELOACKIY, KOXKaHbIe
nepyaTKy, NepeJHUK U MpOoYre CPeACTBAa UHAUBHUIYATIbHOM 3aIUThl. OTKPBIThIE YYaCTKU KOXKU
Tak)ke HeOOXOMMO 3allUIIATh OT Jy4el TyTH.

['maza u ko’a MOTYT MOCTpaJiaTh OT CBETOBBIX Jiyuel n1yru. Yem OoJible CBAPOUHBIN TOK U
YeM JI0JIbIIIE €T0 HEMPEPHIBHOE JCUCTBUE, TEM CEPbE3HEE MPOSIBIISIETCS TPABMATU3M.

UTOoOB! 3alMTUTH KOXKY OT CBETOBBIX JIyued U Temsa AYrd paOOTHUK TOJKEH 3aCTETHYTh
MYTOBUIIBl CMELOJAEKAbl MPABUIBHO, HCIOJb30BAaTh MAacKy CBapUIMKA-TNIEPEHUK, MEepUYATKH,
0axuibl U MPOYUE CPEICTBA UHAMBHUAYAIbHOM 3alIUThl. B yacTHOCTH 4TOOBI 3alIUTUTH ILIEIO
OT JIydeld CBapkuM HYXHO oOMoTaTh ee mojoreHueM .mappom u T.4. KoxaHbie
nepyaTku cBapinuka periameHTupyet ctanaapt JIS T8113 (koxkaHble 3alIUTHBIC MEepYATKH AJIs
CBapIlUKa)

Kpome Toro, HemocpeaCTBEHHO MOCE CBapKHU JIEKTPOJ M OCHOBHOM MeTain o0sagaroT
BbICOKOW TemmepaTypoii. [loatomy crnenyer coOmiogarh npaBuia TEXHUKM O€30MacHOCTH BO
n30exaHue oxora.

3-4-3 IlposeTpuBaHue
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XoTs caM aprol, UCMojib3yeMblii pu AproHoaAyTOBOH cBapke, Oe3BpeneH U Oe3omaceH,
€CJIM IPOU3BOJIAT CBAPKY OIPEICIEHHOE BPEMsl B MECTE C IJIOXUM MPOBETPUBAHUEM, B OaKe WU
OTPaHMYEHHOM MPOCTPAHCTBE, aprOH, KOTOPBIM TSKENEE YEM BO3JyX, MOXKET HAaKOMUTHCA H,
BBITECHUTh KUCJIOPOA M TEM CaMbIM YAYILIAOLIE BO3AEHCTBOBATh HAa paOOTHHKA.

Kpome Toro mpu cBapke 00pa3yloTCsi OKHUCH a30Ta, O30H, TBEp/Able METAJIMYECKUe
YyacTulpl, MbUlb. MOXET NPOU30HTH HCHApEeHHE KpPacKh M PAacTBOPUTENS, OCTABIUIMXCS Ha
uzzenuu. Bee 3TH BemiecTBa OTHOCATCSA K BPEAHBIM BELIECTBAM KOTOPBIE IO BO3MOXKHOCTH HE
Clle[lyeT B/IbIXaTh.

CnepoBarenbHO, ClE€QyeT HE TOJBKO IIOCTOSIHHO  CTapaTtbCs IPOBETPUBATH  C
UCIOJIb30BAHUEM BBITSDKHOTO YCTPOMCTBA MM BEHTWIATOpPA, HO M CTapaThCs HCIOJb30BaTh
NPOTUBONBUIEBOM  pECHUpPATOp M MNPOYME CPEACTBA Uil MHAUBUAYAJIbHOW  3alllUTHI.
[IpoTuBOMBLIEBBIE pecnUpaTOphl periamMeHTUpyroT ctaHmaaptbl JIS 18151 (mpoTuBombLIEBbIE
pecriuparopsl) u JIS 18153 (pecniupaTopbl ¢ TUTaHWEM BO3yXa).

OziHako CIWIIKOM CW/IbHAsi BEHTWISALIKMSA WM [IPOBETPMBAHKME MOJXKET MPHUBECTH K
HApyLIEHUIO 3allUTHHIX CBOMCTB 3allUTHOTO ra3a M TEM CaMbIM [OMENIaTh IOJIYYUTh
Ka4yeCTBEHHBbIN pe3ysIbTaT CBapKH, TaKk 4TO cielyeT oOpallaTb BHUMAaHHWE M Ha 3alIUTy 30HbI
CBapKu OT BETpa.
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I'JIABA 4
HHCTPYKIMUS 110 UCITOJTHEHHUIO PABOT

4-1 _JIENCTBUE CBAPOYHBIX YCTAHOBOK

4-1-1 Onepauusi BbIKJIIOYaTe/1eil ropesiKu

B cnyuae AproHoayroBoit CBapkH 3aKMraHue M MpeKpaileHue YT OCYIIeCTBISIOT 3a
CUET BKJIFOUEHUS U OTKJIIOUEHUS BBIKJItOUaTess ropenku. [Ipu 3ToM pa3nnyaioT 2 0CHOBHBIX
METo/a.

[IepBblil METO/I OTHOCUTCS K CAMOMY OCHOBHOMY JIEUCTBUIO, KaK MOKa3aHO Ha puc. 4.1;
Jryra 3a)KMraeTcsl IpY BKIIFOUEHUH BBIKJIIOUYATEINS TOPENKU U TaK OCTaeTCs ropsie, moka
BBIKJIIOYATEb TOPEIKU OCTAETCS BKIIOYEHHBIM. [Ipy OTKIIIOUEHUH BBIKJIIOYATENS TOPETKU
npeKpalaeTcs ¥ Ayra. DTOT METO/J] Onepali 0ObIYHO Ha3bIBaeTcs «0e3 caMOoOIOKUPOBKU» U
NpUMEHSIETCS MTPU CBapKe MPUXBATKaMH, KOPOTKHUX CBapHBIX LIBaX U T.J.

Jpyroit meTon npexacTaBieH Ha puc. 4.2; Tak)Ke MPU BKJIIOUEHUHU BBIKJIIOUYATENSI TOPEIKU
3aKUraercs Ayra, KOTopasi Mpo/I0JKaeT ropeTh Na)ke MPpH OTKIOYEHUH BBIKIIOYATENs] TOPENIKH.
Jiyra mpekpaiiaercsi TOJIBKO TOTJa, KOTjia MOBTOPHO BKIIIOYEH BBIKIIOYATENb TOPENKH. JTOT
METO/l Olepaly Ha3bIBAETCS «C CaMOOJOKMPOBKOW» W MPUMEHSIETCS MPHU JUIMHHBIX CBApHBIX

mBaX, HUXEIMTPUBCICHHOM IMPOTrPpaMMHOM VIIPABJICHUU U T.N.
Beikmouare.in, ON ON: Bruouenue
FOPE.IKH OFF: Orkmouenne
OFF

Crapounblil Tok

Toxk

Puc. 4.1 B cayuae «6e3 camob10KHPOBKH»

VYrpapineHue KpaTepoM TakKe OCYIIECTBJSIETCS oOlepanueid «C caMOOJOKUPOBKONY, Trie
MpY MOBTOPHOM HA)KATHUM HA BBIKJIIOYATENb FOPEJIKM CBAPOUYHBIM TOK MEPEXOIUT B TOK 3aBaAPKU
KpaTepa, NpU OTKJIIOUEHUM BBIKJIIOUATENsl TOpENKU MpekpaTuTcs nayra. Omnepanus «06e3
CaMOOJIOKUPOBKUY HE CIIPABIISIETCS C TOM Ooreparuei.

CranmapTHble crocoObl aepxaHusi cBapouHoit ropenku TIG npexacrabieHsl Ha puc. 4.3.
Ecnu yaepxuBaTh TOpelNKy TakMMH CIOCOOAaMU TO MOXHO CIIPABIATBCS Kak € IJIaBHBIM
nepeMenIeHHeM ropeKU TaK U C OTKIIOYEHHUEM U BKIIOYEHHEM BBIKIIOUYATEIsl TOPENIKH.
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Buikmouarens ON ON ON: BriawueHue

IOpCJIKH —-IOFF OFF OFF: Orkmouenue
i
Tou Ceanounnil TOK thc;wupumlcuua Kparepom)
0
(e e (C ynparieniem kpartcpom)
Tok
0

Puc. 4.2 B cayuae «c camoBa0KHPOBKO#»

(a) {b) (c)

Puc. 4.3 Cnocodbl aepxkanns ceapounoii ropeaxu TIG

Opnako, ecnu, oOpaimaTh M3JIMIIHEE BHUMaHUE Croco0aM yaepKaHusi TOPeIKU.M U3 3a
3TOr0 TPUHUMATh HEyA0O0HOe pabouyee TMOJOKEHUE, TO BOMPEKU OXKUAAHUSAM TOITYUUTCS
HEIUIaBHBIK XOJ ropenkd. Tak uTo, cieayeT AepkaTh ropeiky MPUMEHUTENIbHO K padoueit
00CTaHOBKE.

4-1-2 IlocenoBaTeJbHOCTD ACHCTBUM

XOoTsl TpaJAMLMOHHBIE WCTOYHMKM THMTAHUS C TOJBM)KHBIM CEPAEYHUKOM CHPABISUIUCH
TOJILKO C TIPOCTHIM YNpaBJIE€HUEM, HAIpUMED, MEPEKIIOUEHNEM B KOHIIE CBApPKHU CO CBApPOYHOIO
(1exxypHOro) TOKa Ha 3aJaHHBIM TOK 3aBapKu KpaTepa, MOCIeJHHE CBApOYHbIE HCTOYHUKU
nutaHuss TIG ¢ TUpUCTOPHBIM yNpaBiI€HHWEM WM WHBEPTOPHOM YIPABIEHUEM MOTYT
OCYILLECTBIISATh MPOTrPaMMHOE  YIpPABJIEHHE, KOTOPOE HW3MEHSE€T TOK B COOTBETCTBUU C
pa3IMYHBIMU CXEMAMHU.

Ha puc. 4.4 npencraBieHa OCHOBHasi CXeMa MPOTrPaMMHOIO YIPABJIEHUS CBapKoOW Ha
NOCTOSIHHOM TOKe. IIpu BKJIIOUEHMM BBIKJIIOYATENS] TOPEJKM HAaYMHAET 10/1aBaThCsl 3alUTHBIN
ra3. 3allMUIAONIMI 3apaHee 30HY CBapKy, [0 HMCTEYEHHIO 3a/IaHHOTO BpPEMEHM M0Ja4H
3alUTHOTO Tasza [0 3aXWraHus JAyrd IOJaeTcss HamlpshKeHWe BbICOKOW wacToThl. Iloa
HaBE/ICHUEM BBICOKOW 4YaCTOTBI 3ajOKETCs Jyra, W BBICOKAas ~ 4acToTa IPeKpaTUTCs
aBTOMaTH4Yecku. TOK B 3TOT MEPUOJ Ha3bIBACTCA CTAPTOBBIM TOKOM M YCTaHABIUBAECTCS Ha
Oosiee HU3KOE 3HAUEHHUE, YeM TOK JUlsl OCHOBHOW CBapKH, YTO MOJIE3HO JUIsl MOATBEP)KICHHUS
CTApTOBOIO TMOJIOXKEHUS WIM MpeJOTBpAIlEHHs] MpOo)Kora B CIIydyae CBapKM TOHKOCTEHHBIX
JMCTOB.
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ON: BriamodeHue
ON OFF: Orkmouenne ON

ropCiiKH

OFF OFF

3auuTHLIA Beiknovarens

ras

Bpems nogatu
JANATHONO 1234 /10

F AHHA JIYTH
§ 2 HVNTE Y Bpewms nojsavuu
2] 3 Bpems SAHTHOLO 1334 110C]1e
5 = s TP HHCXPASALLETO npexpalieHus 1yru
BpcMs BOCXOAALLETO roK TaKJI0Ha
HAKTON A,
Bpehs
reHepalun Tox
BbICOKOH . . FABAPKH
YACTOTBI bazoBbii Kkpatepa
= ; TOK
2 CranToBsti T I lukonoe basonoe
TADTORBIA TOK BpCMs  BpEMS
(cHoBHAR crRanka

Puc. 4.4 OcnoBHO#H cXeMa NPOrpaMMHOIO YIIPABJICHHS

Janee, mociie OTKIIOYEHMS BBIKIIOYATENsl TOPEIKHM TOK YBEIMUUTCS MOCTENEHHO, U
JIOCTUTHET CBAPOYHOTO (ACKYPHOT0) TOKA. ITO JEHCTBHE HA3bIBAETCS BOCXOSIIUM HAKIOHOM,
U JUIMTEJIBHOCTh O3TOrO JEWCTBUS Ha3blBaeTCcs BpeMeHeM Bocxojsulero HakioHa. [locie
OKOHYAHMSI 3TOr0 BOCXOJISILIErO HAKIOHA, €CJIM YCTAHOBJIEH UMITYJIbCHBIA PEXUM, CBAPOUHBIN
TOK yBEJTUYMBACTCS U YMEHbILAETCS MEXKIY MUKOBBIM TOKOM M 0a30BbIM TOKOM C 3aJaHHBIM
MEPUOJIOM, KOTOPBIM OMpeessioT MUKOBOEe Bpemsi U 0azoBoe Bpems. Eciu He mpumensercs
UMITYJIbCHBINA PEKUM, Oa30BBIN TOK CIIY’)KUT CBAPOUYHBIM TOKOM.

IIpy nocTmkeHuM KOHEUYHOMW TOYKM CBAPKU MOBTOPHBIM BKJIIOUEHUEM BBIKIHOYATEIS
TOpeJIKM TOK MOCTENEHHO YMEHBIUIUTCS U MepeiieT B TOK 3aBapKu Kparepa. ITO JelcTBUe
HA3bIBAECTCSI HUCXOMSIIUM HAKJIOHOM, U JJIUTEIBHOCTh 3TOTO JIEMCTBUSI HA3bIBAETCS BPEMEHEM
HUCXOJs1Iero HakioHa. [locne okoHUaHUS HUCXOJSIIET0 HaKJIOHA, KOorjaa Kparep oOpaboraH
TOKOM 3aBapKH Kparepa, OTKJIIOUEHHEM BBIKJIIOYATEINS TOPEJIKU MPEKPATUTCS U JyTa.

Opnako 1 nociie npeKpalieHus 1yru, MoKa He 3aCThIHET 30Ha KpaTepa, 3J1eKTpoAd U T.J. B
JIOCTATOYHOM Mepe, 3allUTHBIN Ta3 MPOI0JIKAET MOAABATHCS U TPEKPATUTCS IO UCTEUEHUS
BpPEMEHH I10/1auy 3alIUTHOIO Ta3a nocie npekpaieHus ayru. I[loaxoasuiee Bpems nojgauu
3allIUTHOTO ra3a Mocje NpeKpalleHrs 1yT, X0Ts BapbUPYETCsl B 3aBUCUMOCTH OT MaTepuasa
CBapHBaeMOro MeTaia, CBApOUYHOT0 TOKA U T.I.. MOKHO YCTaHABIIMBATh, KaK MPUBEJCHO B TalII.
4.1. Kpome Toro, Tak Kak rojaua 3allUTHOIO I'a3a [10CJI€ IPEKPALLEHUs 1YTH OCYLIECTBIISETCS
JUISL 3aIIMTHI AJIEKTPOJA U 30HBI KpaTepa, Heb3s OTBOJIUTH TOPEIKY Ccpasy Mmocie
NPEKPALLEHUS 1YTH, a OTBOJUTH €€ TOJIBKO MTOCJIE 3aBEPILEHUS [101a4M 3alUTHOTO rasa, nocie
MpeKpalleHus TyTH.

TakuMm 0Opa3oM, Kaxabli pa3 Mpu HEOOXOJMMOCTH M3MEHSIOT TOK. 33 CUET Yero Mepexol
¢opM BanMka B Hayalle 1IBa. COETUHEHUSX MEXKIY BaJMKaMHU W T.JI. CTAHOBUTCS IJIABHBIM, U
MOKHO TPEIOTBPATUTh HEMPOBap, MPOXKOT M MPOUYME CBapOYHbIe AC(PEKThl, KaK MOKa3aHO Ha
puc. 4.5 unu 4.6. Takoe ynpapiaeHre HEOOXOIMMO, B YACTHOCTH, IIPU KPYroBOW CBapKe U Mp., B
KOTOPO HayaJlo IIBa ¥ KpaTep HAKIaAbIBAIOTCS APYT HA JIpyra.

Taba. 4.1 Ycranoska BpeMeHH N01a4H 3aMHTHOTO a3a MOCJAe NPeKPAlleHHs 1YTH

Bpems nojaun 3ammTHOTO rasa

Cpapounblii TOK, A
110CJI€ MPEKpaLeHns JIyTH

neGoree 100 | 5-10cek
or 100 xo 300 o 10 — 20 cek
ne menee 300 2030 cex
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KpOMe TOI0, Pa3/IM4aroT psJd CXEM IIPOIrPpaMMHOI'0 YIIPaBJICHHUA TOKOM, ITIPUMEPLI KOTOPLIX

IpeACTaBlIeHbl HA pUC. 4.7 1 4.8.
Hauano Hanpasaenue
1B 1Ba

Hauano HanpagiieHue
msa | 1Ba

Bocxoasumji — -
HAKJIOH HCXOAAUIHH
HaKion

Kparep

Puc. 4.5 ®opma Basinka B
Ha4aJjie mBa Puc. 4.6 ®opma coeauHCeHHS
MEAIY BAJIHKAMH
B cnyuae puc. 4.7 0COOEHHOCTb 3aKIHOYAETCS B CIEAYIOIIEM; KOrja TOK YMEHbIIAeTCs
HUCXOJISIIIUM ~ HAaKJIOHOM M JIOCTUTaeT TOKAa 3aBapkyW Kparepa, Jiyra [pekpamniaercs
aBTOMaTUYeCKU. XOTs ¢opMa KpaTepa OMNpelensercs TOKOM 3aBapKu Kparepa U BpeMEHEM
HUCXOJISIIET0 HAaKJIOHA, B JIOOOM ciy4yae J0 NpeKpalleHus AYrd cXema JEpKUT CBOKO

MOCTOSIHHOCTD U MOJIy4aeTcsl paBHOMEpPHasi 00paboTka KpaTepoB.
B cayuae 4.8 BkitOU€HHEM W OTKJIFOUEHHMEM BBIKIIOYATENS! TOPEJIKM MOYKHO MOBTOPSTH

BBIILICTTPUBEICHHYIO OCHOBHYIO cXxeMy (puc. 4.4) 6eckoHeuyHo. [1o3TOMY B Cilydae TOHKOCTEHHBIX
JMCTOB U OOJIBIIOro 3a30pa B BEPLIMHE Pa3AeKi MOXKHO OCYIIECTBIATH U3MEHEHHE CBAPOUYHOTO
TOKA JIETKO, YTO TOJIE3HO ISl TIPEJOTBPAIICHUs MPoXkora. B 3Tom ciryuae Helb3s MPEKpaTUTh
JyT'y BKJIIOYEHUEM WJIM OTKJIIOUEHUEM BBIKJIIOYATENsl TOPEJIKH, a MPEKPAIlaloT TOJbKO PE3KUM

OTBOJOM T'OPEJIKHU.

ON: Briawuchue
OFF: Orkmouenue

ON

- [T ]JOFF OE—‘[OFF

1 CBapoyHbli TOK

Buikmouarenn

« |Craprosnlii
= |ToK ok 3aBapku
[ KpaTepa
= T ==
=c 3
32 %
x =
32 52
=) =]
7 #
Q 9
= =
(e} =

Puc. 4.7 Cxema, ocymecrsasiiomas pasuomepuyio o6paborky Kparepon

e
o
3 ON: Brinouenue
2. N: Brioucnue
gz ON ON ON OFF: Orkmouenme
24
A5 l IOFF | JOFF | |OFF
Crapounbiii Tok O1BECTH ropeky
H LIPCKPATHTH
7 ayry

OK
3ABAPKH
KParena

l'ok

Craprobbii

Puc. 4.8 Cxema, noaxoasmas K TOHKOCTEHHbIM JIHCTAM
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4-1-3 ToueuHasi Ayropasi cBapKa

ToueuHast Ayrosast cBapka OTHOCHUTCSI K METO/Y CBapKH, IIPU KOTOPOM, KaK IPEACTABICHO
Ha puc. 4.9, 3adukcupoBaB TMOJOKEHUE TOPENIKHU, (OPMHUPYIOT AYrYy C OJHOM CTOPOHBI
PACIIOJIOKEHHBIX OJMH IOJ APYrMM JMUCTOB MU TEM CaMbIM OCYILLECTBISAIOT PACIUIABICHUE U
COEIMHEHUE. JTOT METOJ HAXOIUT OCHOBHOE IPUMEHEHME K KOHCTPYKLUMOHHOM CTajH,
HepKaBelel ctaim U T.4. XO0TsA B MOCJIEAHEE BPeMs OH NPUMEHSETCS U K allOMUHUEBOMY
CIUIaBY, BOIIPOCHI IO PABHOMEPHOW CBApUMBA€MOCTH, BHEIIHEMY BHJIYy M T.J. OCTaKOTCA
OTKPbITbIMHU.

Toueunass nyroBasi cBapka TaK)K€ OCYLIECTBIIAETCS IOJ MPOTPAaMMHBIM YIPaBIEHUEM U
TUIMHAYHBIA IPUMEP MOCIIEI0BATEIbHOCTH €€ NeUCTBUM npuBeeH Ha puc. 4.10. [Ipu BkitoueHuu
BBIKJIIOYATENS] TOPEJKM HAYMHAET MOJABaThCsl 3aLUTHBIA Ta3 M MO MCTEYEHUHM 3aJaHHOTO
BPEMEHU OT M0Ja4yM 3alIUTHOTO ra3a [0 3a)KUTaHUs [yrd IOJ HaBEeIEHUEM HamlpsKeHUs
BBICOKOM 4acTOThl 3axokeTcst ayra. OOHapy>KUB rOpeHue Ayru, TaiiMep HauHeT OTCYET, M JlyTa
NPEKpPaTUTCs MO HUCTEUEHMIO 3a/laHHOIO BPEMEHM yCTaHOBKM Ayru. IIpu sTtoM paxe eciau He
WCTEKJIO BPEMSI YCTAHOBKM JIYIM, MOXHO TPEKPaTUTh JIVIY OTKJIIOYEHWEM BBIKIIOUYaTeNs
ropenaku. OqHAKO, Kak MpejcTaBieHo Ha puc. 4.11. ObIBaeT mociae0BaTeIbHOCTh ICUCTBUM, B
KOTOpOM, TMOC/IE€ 3aXUraHus AYT'M HEBO3MOXKHO NPEKpPAaTUTh €€ JIEHCTBUE, IOKA HE UCTEYET
3aJJaHHOE BpeMsl, ke KOrJa OTKJIIOYEH BbIKIIoUYaTenb ropenku. CiaenoBarenabHO, HEOOXOAUMO
3apaHee YCTaHOBMUTbH, Kakasi IOCJIEIOBAaTEIbHOCTh JEHCTBUN NPHUMEHEHAa K HCIHOJIb3YEMOU
CBapOYHOM YCTaHOBKE.
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Oxnanaaoias Boja

CBapouHblii I\"dl'!c.-llla \‘/
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Pue. 4.9 Toueunas nyrosasi AproHoayrosasi cBapka
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Puc. 4.10 TlocnenoBaTeabHOCTD AcicTBHIE TOUe4wHOi ayrosoii ceapkn (1)

Boikmouaresin

FOPEIKH ON
pe ON: Brinoyenue
- OFF OFF: Orkmouenue
=
EE: Il

Tok

CBapouHbIi TOK

| Bpems ycTaHOBKH
T

AyTH

Puc. 4.11 MocaenosareabHocTs 1eiCTBHII TOYEYHOM 1YT0BOI cBapkw (2)

Kak npencraBieHo Ha puc. 4.12. B HEKOTOpBIX clydyasiX K TOUYEYHOW IYrOBOM CBapke
JO00ABISIOT BOCXOSIINN HAKIIOH, HUCXOJSAIIMNA HAKIIOH U T.J. C TEM. YTOObI ObLI MOJTy4YeH Oonee
KauyeCTBEHHBIN pe3yabTaT CBApKU U OOJIee KPacUBbIN BHEIIIHUNA BU]I.

Jnst TouedHoM IDYroBOMl CBApKM MOXHO MCIIOJb30BaTh HE TOJIBKO CIELMATIU3UpPOBAHHBIE
rOpesKd, Kak IMpeJacTaBieHo Ha puc. 4.9. HO M cTaHAApTHBIE TOPEIKU [Uid PYUHOM
ApProHo1yroBoii CBapku, yCTaHOBUB Ha HUX NEPEXOJHUKHU COILIA, C/IEJTaHHbIE U3 U30JISILIUOHHOTO
Marepuasa, i MeJIHble COIlIa JJis1 TOYEUHOM JYyroBOi CBapKH, Kak MpeacTaBlieHo Ha puc. 4.13.
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Puc. 4.12 To4eunas AyroBasi CBApKa ¢ YNpasjeHHeM HAKJIOHAMH

l'opeaka jyuist pyunoi

ConJio /L1s To4eHHOH AYroBoi ADIOHOIVIOBOH CRADKM
CBApKH (Meab)
[lepexounk conia (M3oastop)

Puc. 4.13 OcnacTkun 115 To4e4HOI 1YT0OBO# CBapKH

OOBIYHO MPU TOYEYHOI TYroBOil CBapKe HE UCHOJb3YETCsl PUCAJL0UHBIA METAII, TOATOMY
B MECTax CBAPKH JIUCTHI, PACMOJIO0KEHHbIE BHAXJIECT IOJDKHBI MIPUJIETaTh JpM K Jpyry miotHo. B
OOJBIIMHCTBE CIy4aeB TOYEYHAs 1yroBas CBapKa MPUMEHSAETCS K TOHKOCTEHHBIM JIMCTaM, TaK
YTO JIOCTATOYHO TOJBKO CHIIBHO MPHKUMATh TOpeaKy K HUM. OJTHaKO €CJIM JUCThl He TPUJIEraioT
IUIOTHO, PEKOMEHAYETCs MCIOJb30BaThb MNOAXOAALIMA  KOHIYKTOpP TMPUMEHMTENBHO K
coeuHeHnI0. ['OpesKy MOJDKHBI Jep)KaTh BEPTUKAIBHO, NPUJIOKUB KOHEIl COIlla IOJHOW
OKPY’KHOCTBIO TNIOTHO K OCHOBHOMY MeTailny. Tak »ke. Kak B cilydae OObIYHOM CBApKH, CIE1yeT
oOpaiath BHUMaHHWE HAa OYMCTKY OCHOBHOro Metaiia. B tabi. 4.2 mpuBeneH pexuM cCBapku
HEp>KaBEIOLEH CTalM KaK NpUMEP peXkuMa HMCIOJHEHMs TOYEYHOM AYyroBoil cBapku. Kpome
TOr0, B Cly4dae TOUYEYHOW AYrOBOM CBApKM PEKOMEHAYETCs CHENaTh YroJl KOHILA 3JIEKTpoAa
00JbI1Ie YeM 0OBIYHO, YTOOBI MOJYYUTh XOPOLIUNA Pe3yabTaT CBAPKHU.

Taba. 4.2 Pe:xxum To4yeuHO# 1yropoii ceapku Hepxkaperomeii craau (SUS304)

Tonuuna CBapouHbIi Bpewms Pacxon Hnuna nyru, |Hduametp
CTEHKH, MM |TOK. A YCTaHOBKH aproHa, JI/MUH |MM 9JIEKTPOAa, MM
JIYTH, cex
0.4 30 1.1 4 1.5 1.6
50 0.8 4 1,5 1.6
70 05 4 1.5 1.6
0.6 40 16 4 1.5 1.6
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50 0.9 4 1.5 1.6
80 0.5 4 1.5 1.6
0.8 60 1-7 4 1.5 16
90 0.8 4 1.5 1,6
120 05 4 15 1,6
1.0 60 35 4 20 2.4
100 10 4 2.0 24
130 0.7 4 2.0 2.4
140 0.6 4 2.0 24
1.2 65 1.0 5 2.0 2.4
100 1.7 5 20 24
150 1.2 5 2.0 2.4
180 10 5 20 2.4
1.5 120 3.2 5 25 32
150 23 5 2-5 32
180 22 5 2.5 3.2
240 17 5 25 3.2

4-2 3AXKUTAHUE AYI'U

4-2-1 MeToa cOBMeCTHOr0 ynorped/jeHusi BbICOKOH 4acTOTbI

Kak npaBuio, B ciiydae AproHoayroBoil CBapKH MpH 3aKUTAHUU AYT'M NIPUMEHSIOT METO]T
COBMECTHOr0 ynotpebseHus BbICOKOM yacToThl. Koraa mpuGnmxkaioT 31€KTpoJ K OCHOBHOMY
METaJIIy U Ha)XMMAIOT BBIKJIIOYATENb TOPEJIKH, MpUilaraeTcsi HampsKeHUE BBICOKOW YacTOThI,
[0/l HABEJCHWEM KOTOpPOrO IOJAETCS TOK MEXAY 3JEKTPOJOM U OCHOBHBIM METaNIOM, U
3aKuraercsa nyra. B ciaydae cBapku Ha IMOCTOSHHOM TOKE IOCHE 3aKUTaHMs AYTW HaIlpsDKEHHE
BBICOKOM 4YacTOThl MpPEKpallaeTcs, HO B Cllydae CBAapKW Ha NEPEMEHHOM TOKE MPHJIOKEHUE
HaNpsDKeHUs] BBICOKOM 4YacTOThl MNpPOJAOIDKAeTCss M B IPOLECCe TOpeHUs JYr'd, YTOObI
NPEeIOTBPATUTH OOPBIB MOJYBOJIHBI AYTH.

B ciayuyae mocTosIHHOrO TOKa € OTPULATENIBHOM MOJSIPHOCTBIO DJIEKTpOJa, B Ipolecce
CBapKH AJIEKTPOJ JEP)KUTCS B HAKAJIEHHOM COCTOSIHMHU, TaK 4YTO TEPMOXJIEKTPOHHASI 3MUCCHUS
OCYLIECTBIISICTCSA JIETKO U Jyra NojJiepKuBaeTcs ycToiunBo. OIHaKO B MOMEHT 3a)KUTaHUs 1yTU
AJIEKTPOJ €lle He HaKaJWJCS, TaK 4TO TEPMODJEKTPOHbI HE BbLIeTal0T. OJHAKO Aake Npu
HU3KOW TeMIepaType OKUCH MCITYCKalOT TEPMODJIEKTPOHBI JIETKO, TAK YTO MPU 3a)KUTAHUU JYTH
Ha KOHIIE AJIEKTPOJIa B MECTaX, UMEIOIIHUX OKUCH, POPMUPYIOTCS KATOAHbIE MATHA U TOPUT AYyTa.
[Ipn 5TOM, NMOCKOJBKY 3JIEKTPOJ OTHOCUTCS K OTPULIATENBbHON MOJSPHOCTH, MOJBEPraeTcs
CTOJKHOBEHHUIO KaTMOHOB, U OKUCHU paspyuiatorcs. [lo mMepe ucue3HOBEHUs OKUCEH KaTOJHbIe
ISITHA, HAXOJSAIME HOBBIE OKHCH, NEPEMENIAIOTCS MO TMOBEPXHOCTH AuekTpona. [lockonbky
OKUCH pa3pyllaloTcsi OAMH 3a JPYrdM, B KOHEUHOM HTOre [yra IMepeMellaercs BBEpX IO
MOBEPXHOCTH 3JIEKTPO/JIA.

Ecnu 310 cocTosiHMe MPOIOIKUTCS J10JIr0, Kak MokKa3aHo Ha puc. 4.14. nyra OyaeT CUIbHO
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yaJuHeHa W OyleT MOAHMMATHCS HaNpsbKEHUE OYTH BbIIIE Tpeaena, B KOTOPOM CBapOYHbBIH
MCTOYHUK MOXKET IMOJAJIePKUBATh AYTy, U B KOHEYHOM UTOre ayra npekparurcsa. Eciu Ha xony
TeMIeparypa 3JeKTpo/ia MOAHUMETCS U JJIEeKTpoJl OyJIeT B HaKaJleHHOM COCTOSHUM, ayra OyaeT
BO3pallleHa Ha KOHEll AJIEKTPO/ia U TOpeHue Ayru OyeT cTabuiIn3upoBaHo.

Apron

Lanra BOASHOTO OXJIAMK/1CHMS
Bo.sdpamoBbiit 21ekTpo;

Conao

=>

""."{‘.‘—' - Jlyra
S\ DA
(a) ”

Puc. 4.14 HeycToH4nBOCTD 1YIH NPH 32KHTAHHK 1VTH

YeM HMKE CBapOYHBIA TOK M YEM 4Yallle TMOBTOPSETCS 3a)KUTaHWE Iyr'v, TeM 4Yallle
MOSIBJISIETCSL SIBJIEHME HEYCTOWYMBOCTH JAYTU MpH ee 3axuraHuu. Kpome Toro, 3Ta TeHAeHUUs
0COOEHHO CHJIbHA, KOTJa 3JEKTPOJbl CAeNaHbl U3 YMCTOTO BOJb(pama, Tak YTO HKeJaTeIbHO
UCIIOJIb30BaTh BOJILPAMOBBIC AJIEKTPOAbI, BKIovatonue B ceds okuch Topusi (ThO;). okuck
uepus (Ce03). okuch lantana (LayOs). okuchk urtpus (Y,03) uiu npoyue OKucH.

B cnydae cBapku Ha TEpeMEHHOM TOKE, MOCKOJBKY TMOJSIPHOCTh MEHSIETCS M0 KaKIOMY
NOJYNepuoly, BJI€3aHME KAaTOIHBIX MATEH OyneT clep)aHo M, B OOIIeM, CHUTyalus IO
3QKUTAHUIO JIyTH Jy4llle, YeM B ClIydae MOCTOSIHHOTO TOKa C OTPHUIATENbHON MOJSPHOCTHIO
anekTpoaa. OHAKO Jake B Cilydae CBapKU Ha MEPEMEHHOM TOKE, €CJIM JJIEKTPOJ OCTHIBAET, HE
UCKJIIOUEHA CUTYalMsl TOI0. YTO, Ha MOJYBOJIHE MOJOKHUTEIbHOMN MOJIIPHOCTH 3JIEKTPOJa TOPUT
JIyTa, Ha MOJIYBOJIHE OTPHUIIATEILHOM MOJIIPHOCTHU JIEKTPO/ia HE TOPUT JyTa.

Korna xonell snekTpoja AEp>KUTCS B HaKaJIGHHOM COCTOSIHMM, Jyra TOPUT YCTOWYHBO.
[TosToMy KenaTenpHO 3apaHee 3a)kedb YTy Ha JPYroM JIMCTC.HAKAJIHUTh JJIEKTPOJI, TIPEKPATUTh
ropeHue AYr HEMEJICHHO MEePEMECTUTD JIEKTPO/] B HAYAJIbHYIO TOUKY CBapKH U 3a)K€4b JYTY.,
JHyra 3axuraercs CTaOWJIBHO M MOXHO MPEAOTBPATUTh MPOXKOr, HECIUIABJICHHWE M T.IM. Ha
HAYaJbHOUW TOUKE CBApPKHU.

Kpome Toro, Ha puc. 4.15 mnpexacraBineH Ipyrod BapuaHT sl pa3pellieHust
npoOJIeMbl; Ha OCHOBHOM MeTajie Ha paccTositHuu 10 - 20 MM OT Kpas 3a)KWraroT ayry,
1ocjie Hayaja TOPEHHs JyTM HEMEJIEHHO BO3BpAlllal0T I'OpENKYy B HAuyajbHYK TOYKY
CBapKu ¥ HAUMHAIOT OCHOBHYIO CBapKy.

Puc. 4.15 Cnocod naumnates ceapry

4-2-2 KOHTAKTHBIA METOJ 3a'KMTAHUs 1YY
Korpa cuna BBICOKOW 4YacTOTHI YMEHBIIAETCS MO XOAY JUIMHHOTO Kabensi ropenkd u
BBICOKOYACTOTHBIN pa3psili, HEOOXOUMBIN IJIsl 3a)KUTAHUS TyTd, HE MPOUCXOIUT, UJIU BBICOKas
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4yacToTa CO3JaeT paJuoNoOMeXH Haxojsiemycss BOIM3UM poOOTy, CBAapOUYHOMY aBTOMATy MWJIH
NPOYMM ammaparaM ¢ JIEKTPOHHBIM YIpPaBICHUEM, HE JOMYCKACTCS 3a)KUTraHUe TYr'M METOJOM
COBMECTHOT'O YNOTpeOIeHHUsI BBICOKOW YaCTOTHI.

B TakoMm ciy4yae mpuMeHsieTCsi KOHTaKTHBIM METOJ 3aKUraHus Ayru (WM Iapanarouiuii
METO/1 3a)KUTaHUsl 1yTH), B KOTOPOM 3a)KUTaloT AYTY 3a CUET JIETKOTro MPUKOCHOBEHHS AIIEKTPOAA
K OCHOBHOMY METaslly.

B cBs3M ¢ TeM. YTO 3JEKTPOJ M OCHOBHOM METalll KacaroTcs Jpyr Apyra, CyLIECTBYET
BO3MOXXHOCTh NPHUIUIABJICHUST OCHOBHOTO MeTaljla K OJJIGKTPOIY, HMHTEHCHUBHOIO H3HOCA
3JIEKTPOJa, KOTOPBIH MNPOMCXOIUT MpH 3aXKWUIaHUU AYTW, U Tpouue HenoctaTku. OnHako
HEKOTOpbI€ TOCNIEHUE MCTOYHUKM MHUTAHUS C TUPUCTOPHBIM YIPABJICHUEM U MpP. MOTYT
3aMeISITh U3HOC AJIEKTPOAA, MPOUCXOISAIIMN IPY 3aXKUTaHUU TyTH, B 3HAYUTEIbHON CTENEHH 3a
CYET YCTAaHOBKH TOKA, OTJIMYAIOIIETOCs OT CBAPOYHOTO (JIEKYPHOI0) TOKA U MPOTEKAIOIIETO MPU

TTOTTIITANA

TONRATATTILITN Ta JTUYTrN TTROMAaITanToa 1w TTne
AYLXL UPYMIVIIZIVIVA RN HUGJIVATIIVE

sakuranud Ayru. ClemoBaTeNIbHO, DTOT METOHA 3aKUTaHUA
CBapOYHbIM aBTOMaraM, MPOU3BOASIIMM padOThl Ha TMOCTOSIHHOM TOKE C OTpHLATEeIbHOU
HOJISIPHOCTBIO AJIEKTPO/IA, MOAb3YACh CIEAYIOIIMMHU JOCTOMHCTBAMU;

v' MOXHO MpEIOTBPATUTh  SBJICHHE  HEYCTOWYMBOCTH, KOTOPOE  CKJIOHHO
MPOUCXOJUTh B METOJ€ COBMECTHOIO YMOTPEOJEHHUs] BBICOKOW 4YacTOTBI IPH
3QKUTaHUU JIyTH.

v’ TloCcKOJbKY HE TEHEPUPYETCS  BBICOKAas  4YacTOTa, MOXKHO  MCKIIKOUMTh
BO3MO)KHOCTh BO3HUKHOBEHHS PaONIOMEX.

Ha puc. 4.16 npencraBiieH mpuMep KacaTeJbHOTO METOJAA 3a)KUTaHWsl JYT'M, KOTOPBIH
NpUMEHsieTcss B CBapoO4yHbIX aBToMarax. I[locne BKIIOYEHHMS BBIKJIIOYATENS TOPENKH [0
3QKUTaHUsT YT K TMPOMEXKYTKY MEXKIY 3JIEKTPOJOM W OCHOBHBIM METAJIOM MpHUJIaraercs
HarpsbkeHue XoJjoctoro Toka nopsiaka 80 - 90 B. CpapouHblii aBTOMar, OOHApYXMB 3TO
HanpsDKeHUe, OIycKaeT Topeiky. IIpy KacaHUM BJIEKTPOJOM OCHOBHOIO MeTajjia 3TO
HaNpsHKEHUE MOHMXKAETCsl Pe3KO K YPOBHIO MOpsiika HECKOJIbKO BOJBT. [locie oOHapykeHus
MOHMIKEHUST HAIPSKEHUs B TEYEHHE HECKOJbKO MHIIIMCEKYH] (HECKOJIBKO THICSYHBIX CEKYH]I)
HAYHETCS OTBOJ TOPENKH BBEpPX, MPH JOCTHKEHUHM HANpPSKEHUS AYTH, COOTBETCTBYIOIETO
3aJIaHHOM JTMHE yT'H, OCTAHOBUTCS MOILEM TOPEJIKM U HAUHETCS CBapKa.

Onyckanune Hoauem
I‘Upl.'.ll\'l‘i g I'(!p'.'.[ll\'H

3
= -] Ocnosnas ceapka
= - (NONOKEHHE TOPEIKH, TIPH
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v
=
D
£
2.
=

—_— L Heckoibko MHJLTHCEKYH/1
|

-
- Hanpsaxenne
2 XOUIOCTOIO
: = 0 . N——
Z xo/1a o 2 Hanpsxenne ayru
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2z k=

as

C 3

< 2

Puc. 4.16 KoHTakTHBIH METO1 32KHIAHHSA B CBAPOYHOM aBTOMATE

B cnyuae aBTOMaTMUeckOil CBapKM MEXaHW3M BEPTUKAJIBHOTO MEPEMEHICHUSI TOPENIKU
YIPaBISETCSl 2JEKTPUYECKUM MPUBOJOM, TaK YTO IOJYYaeTcss YCTOMYMBOE 3a)KUTaHHE IYTH.
OpnHako B cilydyae py4HOH CBapKH MPH MPUMEHEHUM KOHTAKTHOTO METOJa 3aKMIraHWUH, YTOOBI
3aMeUIMTh M3HOC OJJIEKTpOoAa MpU 3aXUraHuuM MAYTH, cjleayeT oOpalaTb BHUMaHHE Ha
CJIEIYIOLLME MTYHKTHI;
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[Ipexne Bcero, eciay ycTaHABIMBAIOT CTAPTOBBIM TOK Ha CIMLIKOM OOJbIIOE 3HAYEHHE,
NPU TOPEHUU TyT'M MPOUCXOUT pacIliaBICHUE, M3HOC U Mp. KOHIIA 3JIEKTPO/Ia, KaK MOKa3aHO Ha
puc. 4.17. XKenarenbHO yCTaHABJIMBAaTh CTAPTOBBIM TOK KaK MOYKHO MEHbILIE, OJTHAKO, €CJIM TOK
CJIMIIKOM MaJl. TO TMOJy4yaeTcss HEYyCTOWYMBAsl JIyra, TaKk YTO OOBIYHO YMOTpPEOJISET 3HAUYCHHE
Toka nopsiaka 20 -30 A.

Coruio
Touka
O1ophl
Puc. 4.18 Cnocod onepauun
roOpeJIKH [PH KOHTAKTHOM

JAKHIAHHH AYTH

Craprosbiii Tok  (6) Craprosblii Tok
20A 80 A

Puc. 4.17 Bausinne craproBoro
TOKA NPH KOHTAKTHOM 323KHTAHHH
nyru

Kpome Toro, eciu npuBOIUTH JEKTPOJ B MPUKOCHOBEHHWE K OCHOBHOMY METAJLIy IMOCTe
BKJIIOYEHHS BBIKJIIOYATESI TOPEIKU. OTBOJ T'OPEIKH OCYIIECTBIISETCS ¢ OMO3AaHUEM, YTO OyaeT
YCKOPSITh U3HOC DJIEKTpoja. Tak 4To ciieayeT cHavajaa MPUBECTH AJIEKTPOJ B MPUKOCHOBEHUE K
OCHOBHOMY MeETaJUTy, a 3aTéM BKJIOYaTh BBIKJIIOYATeNb TOpeikd. EnBa KoHel sieKTpoja
npuoOpes HaKaJIeHHOE COCTOSIHUE, KaK HY)KHO OTBECTH ropeiiky. Eciu oTBOaUTh ropelnky nocie
3aBepIleHUs HaKajia, OyJIeT YCKOPEeH U3HOC AIIEKTPO/Ia.

Eciu mepen KOHTakTOM 3JIEKTPOAa MU OCHOBHOTO METajlla, COIUIO TOPEJKH TPHBOIST B
COIPUKOCHOBEHHWE C OCHOBHBIM METaNIOM, Kak T[oKa3aHo Ha puc. 4.18, u mnoab3ysch
MOJYYeHHOUW TOUYKOM NMPUKOCHOBEHHUSI B KQYECTBE OMOPHI, OCYIIECTBISIIOT KOHTAKT 3JIEKTPOJIa U
OCHOBHOI'O MeTajljla U MOTOM OTBOJAT 3JEKTPOJl OT MEeTajlla, TO B ITOM cCllyyae orneparus
3a)KUTraHus 1yTu Oy/eT o0sierdyaThbesl.

4-3 MATEPUAJ U ®OPMA JEKTPOJI0B

4-3-1 Buapbl 21ekTpoaoB

BosabdppamoBbie  2nekTpoabl  Uis  ApProHOAYroBOM  CBapKWM  MOJPA3ZeNsioTCs  Ha
BOJIb()PAMOBBIE 3JIEKTPOJbl U BOJb(pPaMOBBIE 3IEKTPOAbI C OKUCHIO. VX BHI, XMMHYECKUN
COCTaB, pa3Mepbl M JIONYCKH, KauyecTBO M T.I. periiameHtupyer crangapt JIS 73233
(BosibpamMoOBBI€ AJIEKTPOJIbI JIsi AproHOyroBoit ceapku). Kpome Toro, kak npuBeieHo B Tadl.
4.3. ycTaHOBIJIEHBI ONO3HABATEbHBIE LIBETA, TAK YTO MOXHO pa3avyaTh BUJ AJIEKTPOAA M0 LBETY
€ro KOHIIA.

Yuctele BOJb(YpPAMOBBIE DJIEKTPOAbBI B OCHOBHOM MCIOJIB3YIOTCSL JJISi CBapKd Ha
MEPEMEHHOM TOKE, a BOJIb()paMOBBIE 3JEKTPOIbl C OKUCHIO - U JJI1 CBAPKU Ha IOCTOSTHHOM TOKE
U s CBapKM Ha MepeMeHHOM Toke. Ecium He BKJIIOYaeTCsl OKUCh, 3a)KMraHue Iyrd Ha
MOCTOSIHHOM TOKE C OTPULATENIbHOM MOJIIPHOCTBHIO DJIEKTPOJA OCYIIECTBISETCS C TPYIOM, TaK
YTO B CJy4ae CBapKU Ha MOCTOSSHHOM TOKE MOYTH HE HCMOJb3YIOTCS YUCTbIE BOJIb(pPaMOBbIE

JJIEKTPOJBL.
Tab6a. 4.3 Boab(pamoBbie 21eKTPOaAbI 11t APproHoayrosoii ceapku (JIS 73322 — 1990)
Buo Obo3nauenue Cocmag Ono3nagamenvHolil
usem
DIIEKTPO] U3 YUCTOrO BoJib(hpama YWP W 3eneHbli

49



DnekTpon u3 BojibPpama c 1% okucu To- YWTh-1 w+1%Tho, Kenteiit
pust
DexTpos U3 Bojib(ppama ¢ 2% OKHCH TO- YWTh-2 W + 2%ThO, KpacHbiii
pusi
DnekTpos u3 Bojabppama ¢ 1% okucu YWLa-1 W+1%La,04 UepHblit
JIaHTaHa
DrnexTpo] u3 Bosibhpama ¢ 2% OKucH YWLa-2 W+2% La,0; Kenro-3eneHsrit
JIAHTaHa
DnekTpos u3 Bodabppama ¢ 1% oxucu YWCe-1 W + 1%Ce,.0; Po3oBbiit
Lepust
DnexTpos u3 BoJbppama ¢ 2% OKHUCH YWCe-2 W+2%Ce,0; Cepsiit
epust

B cnywyae cBapku Ha TNEpEeMEHHOM TOKE B TMOJYBOJHE IMOJOXKUTEIbHON MOJISIPHOCTH

9JIEKTPOJa KOHEll 3JIEKTpo/ia MOJIBEpraeTcsi pa3orpeBy, U MO3TOMY B MMOJIYBOJIHE OTPULIATENbHON
MOJIAPHOCTH  DJIEKTpoJa Jyra TopuT crabunbHo. Kpome TOro, umucrteie BoJib(ppamMoBBIS
3JIEKTPO/Ibl, KOTOPBIE CIIPABJAIOTCA ¢ MEHbIIEH reHepaleld MOCTOSSHHOW COCTABJIAIOLIEH, YeEM
BOJIb()PAMOBBIE AJIEKTPOJIbI C OKUCHIO, Yallle MIPUMEHSIOTCS JIIsl CBAPKU NEPEMEHHOTO TOKa.
B ciiydyae mocToSIHHOTO TOKa ¢ OTPULATENIBHON MOJSPHOCTHIO HEMAJOBAKHOE 3HAYEHHE MMEeT
CIOCOOHOCTh K 3)KUTaHMIO IyTH, TaK 4TO, B OOIIEM, UCTOJIb3YIOT BOJIb(PAMOBBIE JIEKTPOIBI C
okuchto. Kak npuBeneno B Tabi. 4.3. B HacTosiee Bpemsi craHaapt JIS pernamentupyer 7
BUJIOB DJIEKTPOJIOB, CPEAM KOTOPBIX MocienHue 4 Buaa n00aBjieHbl B mocieaHue rojasl. Kpome
3TOro, TaKXe MPOJAIOTCS U BOJIb(PpPaMoBbIe 3EKTPobl ¢ okuchio UTTpus (W+1 - 2% Y103),
KOTOpBbIE €1lle HE PeriiaMeHTUPOBAHBI.

4-3-2 CBapouHblil TOK M IMAMETP -3J1eKTPoaa

Korna cBapouHblil TOK ci1ab, HCHIOIB30BAHUE AIIEKTPOAA € OOJIBIINUM AUAMETPOM MPUBEIET
K OJyXIaHUIO W HEYCTOMYMBOCTM JYI'M, a MCIOJIb30BAHHE DJIEKTPOJA C CIMIIKOM MallbiM
JMAaMETPOM IPUBEIET K MHTEHCUBHOMY M3HOCY JIEKTPOJa, TaK YTO CIEeAYyeT BbIOpaTh AUaMETp
3JIEKTPOAAa NPUMEHUTENBHO K CBApOYHOMY TOKY. Kpome Toro, mpu OJMHAKOBOM CBapOYHOM
TOKE, €ClIM MOJPHOCTh OTJIMYAETCS JIPYr OT Apyra, NOAXOASIIUI IUaMETp IEKTpoJa TaKxkKe
orauyaercs. B Tabi. 4.4 npuBeeH AuanazoH MoAXO/IIEro TOKa Mo JUaMeTpaM 3JIEKTPoAa U 1o
HOJISIPHOCTSAM, COOTBETCTBEHHO.

Bepxnuii npeaen noaxoAsaIIero Toka yMEHbIIAETCS B MOCIEN0BATEIBHOCTH MOCTOSIHHOTO
TOKa C OTPULATE]BHON MOJSPHOCTBIO 3JIEKTPOJA, NMEPEMEHHOI0 TOKa M MOCTOSHHOI'O TOKa C
MOJIO’)KUTEIBHON TOJSPHOCTBIO AEKTpoaa. Eciim npuMeM NMOCTOSHHBIM TOK € OTpHULIATEIbHON
HOJISIPHOCTBIO 3JIEKTPOJia 32 KPUTEPUH,; B Cllydyae MEPEMEHHOI0 TOKa BEpXHM Npejen majaaer
nopsinka 10 70 - 80%, B cilyyae MOCTOSAHHOIO TOKA C MOJOKUTENBHOM MOJIAPHOCTBIO JIEKTPOAA
nazfaet pesko nopsjaka 10 10%. B ciyyae yucTbIX BOIb(MPaMOBBIX 3JEKTPOAOB M0 CPABHEHUIO C
BOJIL()PAMOBBIMHU DJIEKTPOJAAMHU C OKHUCHIO TOpUSl MOAXOAAUMUA uana3oH nepexoauT mna 30%
BHU3.

Taoa. 4.4 [Inamerp BoJbGPaAMOBOro 3JIeKTPOAA U IMANA30H NOAXOASIIEro TOKA

Huametp Jlnana3zoH NoaXOA4IIEero CBapOYHOro Toka, A
SJIEKTPOaa, MM | TToctosiHHbIH TOK ¢ | [TocTOsIHHBIN TOK ¢ IIepemeHHBII TOK
OTpHULIATENILHON HOJIOKUTENBHOM
MIOJISIPHOCTBIO HOJSPHOCTBIO
3JEeKTpoJa JNEKTpoJa
Bonsgpam ¢ Bonsdpam ¢ UncTslii Boabdpam Bonsdpam ¢
OKHCBIO OKHCBIO OKHCBIO
0.5 2-20 — 5-15 5-20
_1.0 10-75 — 10-60 20-80
1.6 60-150 10-20 20-100 40-130
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24 170-250 17-30 50-160 70-220
3,2 225-330 20-35 100-210 110-290
4.0 350-450 35-50 150-270 170-360
5.0 500-675 50-70 200-350 250-450
64 650-950 65-100 250-450 —

Kpome Toro, monmycTumblii TOK BOJIb(PPAMOBBIX JJIEKTPOJIOB BapbUPYETCS HE TOJBKO IO
JMaMETPy | MOJISIPHOCTH, HO | I10 JJIMHE BbIIETA 3JIEKTpoJa U3 nanru. Eciim mpuMeM TOK. Ha
KOTOPOM  JJIGKTPOJA  TOJJIae€TCs  PACIUIABICHHUIO, 32 MAaKCUMAJIbHO JOMYCTHMBIA TOK. TO
MOJTy4aeTcsi OTHOIICHUE JJTMHBI BbUIETA JJIEKTPOJla ¢ MAKCUMAIIbHO JOMYCTUMBIM TOKOM, Kak
npeacraBieHo Ha puc. 4.19. Ilo mepe yBenuueHus JUIMHBI BbUIETa JJIEKTPOJA HaJaeT
MaKCUMaJIbHO JIOMYCTUMbIH TOK. DTO OOBSICHAETCS TEM. YTO BbIJICJICHUE PE3UCTHUBHOIO Teruia
JMEKTPOJa YBETUUMUBAETCS, COMPOBOXKIAs MOABEM TeMiiepatrypbl. ClieoBaTeIbHO, €CIM C TOYKU
3peHHUs TEXHOJIOIMYHOCTH HEHM30eXKHO YIJUHEHHE BBbLIETA 3JIEKTPOJa, JKelaTelbHO BBIOPATh
3MEKTPOJ ¢ HEMHOT'O OOJIBIINM TUAMETPOM.

40 O JUiMna BeuieTa HeKTPoAa. 1 J
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Puc. 4.19 OrHomenne JIHHBI BBLIETA YIEKTPOIA ¢ MAKCHMAJLHO 10NYCTHMBIM TOKOM

4-3-3 ®opMa KOHLA JIEKTPOAOB

KoHueHTpupoBaHHOCTE AyId, NPOIUIABJIEHWE, BHEIIHWN BUJ CBApHOrOo LIBa U T.A. B
3HAUYMTENIbHOW CTEMEeHM 3aBUCAT OT (GOopMbl KOHIIA BoJb(PpamoBoro siekrpona. Ha puc. 4.20
npe/cTaBieHa pa3Huua (GopMbl AyTU MO yriaM KOHLA 3JeKTpoJa Mnpu cBapouHoM Toke 50 A. B
cllydae yrja KOHIIa 3JIeKTpoaa 45° nyra cocpeioToueHa U rnojiydaercs xopouuasi gpopMa Ayr, a B
ciydae yria koHua 90° no HapyKHOW OKpPY>KHOCTH JYTU MOSBISETCS apyras ciabas a1yra u TeM
CaMbIM COCPEIOTOYEHHOCTh AYTH yxyauiaetrcs. YeM ciabee cBapOUYHbIN TOK. TEM 3HAYUTENIbHEE
9Ta TEHJEHLUS.

Kpome Toro, kak noka3aHo Ha puc. 4.21. eciii K KOHIY 2JIEKTPOJAA MPUILIIABUIICS OCHOBHOMN
METaul WK MPUCATOYHBIA MeTalljl, KOHEell 3JIEKTPoAa MU3MEHWJI (OpMY MM HU3HOC DJIEKTPOAa
PE3KO YCKOpEH, TaKXkKe YXYALIUTCS COCPEJOTOUYEHHOCTh JYyr'M, NPOU30HIET yMEHbLIEHHE
TIIyOUHBI POTUIABIIEHUS WIIM YX Y IIIIEHHE BHELTHETO BUIa CBAPHOTO IIBA.

51



[Togxonsuiast ¢opma KOHL@ 2JIEKTPOAA 3aBUCUT OT MPUMEHSIEMOro CBapOYHOIO TOKa,
MOJIAPHOCTH U T.]I., HO, B 0011IeM, TpuHUMaeTcst (hopma, Kak mokaszaHo Ha puc. 4.22.

B ciydae mocTOsIHHOro Toka € OTPHULATENBHOW MOJISPHOCTBIO AJEKTPOAA, MPH CciaboM
CBapOYHOM TOKE 3a0CTPSIETCSl KOHEl] 3JEKTpoJa, KaK Moka3zaHa B M. (a), U YBEJIMYMBAETCS yrol
KOHIIa DJIEKTpOJa M0 Mepe Bo3pacTaHusi cBapouyHoro Toka. [Ipu cuiie toka 250 A u Goiee

a

i1

320CTPEHME KOHIA BBI30OBYT PacIUIaBlIeHUE KOHIIA 3JIEKTPO/Ia, TaK 4TO CIEeAyeT ¢ CaMOro Haya
cierka MpUTYNUTh KOHel, Kak nmoka3aHo B 1. (0). [To mepe Bo3pacTaHusi Toka OnyxJIaHue Ayrd
YMEHBIIAETCS U U3HOC YCKopsieTcs, Tak 4To npu Oosbiiom Toke 500 JI u Gosee xenaTenbHO

npuaTh KOHILY chepudeckyto hopMy, Kak oKa3zaHo B 1. (B).

1a
&

1QUL

(a) Yron koHua 45° (6) Yron konua 90°
Puc. 4.20 Baunsinue yriia KoHua %iekrpojaa na gpopmy ayru (npu csapousom roxe 50 A)

[Tpununanue

OCHOBHOLIO

MaTCpHaa H

MPHCALOYHOIO _

Marepuaia Hauoc ()npu‘um;uml:
\’;/ c WOHTHKA»

(a) [Tpuaunanne ocHOBHOTO (6) Ypeamepuniii H3HoC (B) U3meneHune
marepuaia u MUIEKTPOJ1A thopmbl
NPHCA/IOHHOIO MaTepHana KOHLA

Puc. 4.21 Himenenue GpopMbl KOHUA YI1EKTPOIA

30 45 N D
—..50' ‘60. m— ‘o
&
-

(a) I locTosiHHBIN TOK C () INocTosiHHBIN TOK € (B) [lepeMeHHbII TOK W
OTpHLEATENILHOM OTPHLATE/IbHOMH MOCTOAHHBIH TOK €
NONAPHOCTLIO MIEKTPOAA, MOJIA PHOCTHIO OTPHLATENLHO NOIAPHOCTBIO
He bonee 250 A anekTpoaa, 250 - 500 A UEeKTPoj1a, He meHee S00 A

Puc. 4.22 ®opma KOHUA YIEKTPoaa

B cnyyae mepeMeHHOro TOKa WJIM TOCTOSSHHOTO TOKA C IOJIOKUTEJILHOW MOJIIPHOCTHIO
3JIEKTPO/Ia, B CBSA3M € OOJIBIIIUM U3HOCOM AJIEKTpoJa MpUMEHsIOT hopmy (B). [IpuMcHsITh hopmy
(a) win (6) MOXXHO, OJJHAKO KOHEIl 3JeKTpoja ObICTPO OKpyrjsiercs, Tak 4To 3((eKTuBHO ¢
caMoOTo HayaJa MpuaaTh KOHILY hopmy, MokayaHHyo (B). B ciiydae cBapku Ha nepeMeHHOM TOKe
COCPEOTOUYEHHOCTh JYI'M HE TaK XOpOIla U K TOMY € M3HOC JIeKTpoJa OOJIbILOH, TaK YTO HE
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HYXHO oOpalarb BHMMaHue Ha (GOpMY KOHLIa TakK, Kak B Cllydyae IOCTOSHHOIO TOKa C
OTPULIATENIBHOM MOJISIPHOCTBIO AIEKTPOJA.

Puc. 4.23 WandosansHan MamuHa 148 YIeKTpoaa

®dopmy KOHIIA JIEKTPOJa MOKHO 00pabdaThiBaTh HA OOBIYHON HACTOJILHOM HITHU(GOBAILHON
MallliHe, HO JKeJlaTeJbHO MCIOJb30BaTh CHEUUAIM3UPOBAHHYIO NUTM(GOBAIBHYIO MAIUHY s
3JIEKTPO/Ia, KaK MPEACTaBICHO Ha puc. 4.23.

4-4 METO/J BBIBOPA PEKUMA CBAPKH

4-4-1 O cBapo4HOM TOKe

XOTsl pexuMbl CBapKd pas3iMyaroTCsi MaTepHalioM U TOJUIMHOW CTEHKHM OCHOBHOIO
MmeTasuia, (opMOi CBapHOIrO COEIMHEHHUs, YPOBHEM KBalM(UKalLUU paOOTHUKOB U M., B Cllydyae
ApProHoyroBoil CBapki MOKHO MEPEYUCIIUTh 3 TJaBHBIX (hakTopa, a UMEHHO CBapOYHBIA TOK.
HaMpsiKEHUe AYyrd U CKOPOCTh CBAPKH.

CBapoyHBbI TOK YCTaHABJIMBAIOT PYKOSITKOW WJIM PYYKOH, YCTAaHOBJIEHHOM Ha KOpIyce
CBAPOYHOI'0 MCTOYHMKA MUTAHHUS, PYYKOM HA PYYHOM MYJIbTE YHPABJICHUS WU JIPYTUM TUIIOM
perynaropa Toka. Ha perynsitope Toka 00O3Hau€H OPUEHTHUP CUJbI TOKAa, HO TEM HE MEHee
KEJIATeNIbHO 3a)Keub YTy 3apaHee Ha JIPYroM JUCTE U YAOCTOBEPUTHCS O COCTOSIHMM AYTd. 13
ClIy4ae CBapOYHOI'O MCTOYHHMKA MUTAHUS C BCTPOCHHBIM aMIIEPMETPOM MOKHO YCTaHaBIIMBATh
WIM TOATBEPXKIATh CUIy TOKa JIETKO, CMOTpPsS Ha yKaszaTelb aMIlepMeTpa, OJHAKO B Ciydae
UCTOYHMKA MUTaHUs 0e3 amrepMerpa clieAyeT Kak MOXKHO ObICTpee MOHATH COCTOSHUE AYTH,
3aBHCsIIEe OT CHJIbl TOKa, MO OMBITY Kak MOKHO ckopee. B ciyuae ucTouHuka nutaHus 0e3
amrepMmeTpa MOKHO M3MEpSATh CBApOUYHBIA TOK clieayroliuM oOpa3om. Paznuuatorcst MeToasl B
MEPEMEHHOM TOKE U B TIOCTOSIHHOM TOKE.

B cnyuae cBapku nma mepeMeHHOM TOKE YAOOHO HCMOJIb30BaTh aMIEPMETP 3aKMMHOTO
TUNA. DTOT aMIIEPMETP OCHAILIEH KOJIbLIOM JUIsl 3aXBaThIBaHUsI CBapOYHOTro Kabenst. OTKpbIBalOT
9TO KOJIBLO, 3aBOJAT Kabejb B KOJbLIO, CHOBA 3aKpbIBAIOT KOJbLIO, @ 3aTE€M BEIYT CBapKy, B
pouecce KOTOPOM MOXKHO U3MEPATH CBapOUYHbIM TOK. IMEIOTCS 1 aMIiepMeTpbl TAKOIO K€ THUIa
JUTsl IOCTOSIHHOTO TOKA, HO HE HAXOAAT IIUPOKOTO MPUMEHEHHUS.

B cnydae cBapku Ha MOCTOSIHHOM TOKE MOJKJIIOYAIOT K CBAPOYHOMY KaOelo IIYHT, BBIXO.
OIyHTa BBOJSAT B aMmepMeTp M TeM cambiM BeayT wusmepenue. LlyHT renepupyer
MUKpOHAMpPSKEHHE, TPONOPLHUOHATEHOE CUJIE TOKA.

Jlnna ayru: 2 mm
Ckopocrn csapku: 300 MM/MHH

< e 7
\.\-_/‘. \\\_-/ ’ \\ r A} Py

"~ »’ ’ A F,

S . S . [N P
—mar® - 4 ~ ”
- .
" N -
.
S ’

(Msrkas craib, Toanmna 3,2 MM)

(2)75A (b) 100A (C)IZ5A (d)150A

Puc. 4.24 Bansizive cBapo4HOro Toka Ha popMy BajiHKa

3aBUCUMOCTh (hOPMBI BajliKa OT CBApOYHOrO TOKa MpejacTaBieHa Ha puc. 4.24. Orciona
BUJIHO, YTO MO Mepe BO3pacTaHus CBAPOYHOIO TOKA BO3pAcTaeT IIMPUHA BajJMKa U TIyOMHA

53



nporuiaBieHus. UToObl pa3avunTh MOAXOMASAIIMN CBAPOUYHBIA TOK, MO)KHO OPUEHTHPOBATHCS Ha
TO, UTO Yepe3 2-3 CeKyH[bl MOcje TOpeHus: Ayrd oOpa3yeTcsi BaHHA pacIUIaBI€HHOTO MeTallia
nuamerpom 3-5 mm. Ecau oOpa3oBaHHas BaHHA pacIlIaBI€HHOIO MeTajlja MEHbIIE YeM 3TO
3HAUEHUE, MOYKHO MPENOJI0KUTh, YTO YCTAHOBIEHHBIH CBApOUYHBIM TOK CJMILKOM cJad.
Ecin obpa3zoBaHHass BaHHa pacIUIaBIE€HHOrO MeTajyla Oosblile, YeM 3TO  3HAYeHHe,
CBApPOYHBIN TOK CIMIIKOM OOJBIIOMN.

4-4-2 O Hanpsi’KeHUU Ayru

Hanpsixenue nyru u3mMeHsieTcsi ¢ U3MEHEHUEM JIIMHBI AYTH, KakK MokKa3zaHo Ha puc. 4.25.
YeM [JIMHHEE CTAaHOBUTCS J1yra, TEM BbILIE CTAHOBUTCS HANPSHKEHUE AYTU. 3aBUCUMOCTb (DOPMBI
BaJIMKa OT HAMpsDKeHUs AYTW (WM JJIMHBI JYyT'M) MOXKHO MPEICTaBUTh, KaK MOKa3aHO Ha pHC.
4.26. Korna HanpsbkeHUe AYrd HU3KO (IpU KOPOTKOM Jiyre), mojay4yaeTcsi popMa BalluKa ¢ y3Koi
MIMPUHON U MTyOMHHBIM nporuiaBieHueM. [Ipu Bo3pactaHuu HanpspkeHUst 1yru (MpU AJIMHHOM
qyre), LWIMPUHA BajMKa YBEJIMUYMBACTCA M IPOIUIABJICHHE CTAaHOBUTCS Menbue. JlanbHeiilnee
yBEJIMUEHUE HAIpPsDKEHMsI JYrM BieyeT 3a coOOi upe3MepHOe paccesHhe TEIUIOBIIOKEHUs B
OCHOBHOHM MeTaJll, TaK 4TO HIMPHHA BAJIMKA CTAHOBUTCS Y3KOM, NMPOILIABICHUE CTAHOBUTCS €LIE
Melib4e M, HaKOHELl, OCHOBHOM MeTan He OyAeT nojajaBaTbes paciuiaBieHHio. [Ipy oObluHOM
CBapKe JIJIMHA AYTH COCTABIISIET IPUMEPHO 2-4 MM.

Kpowme Toro, HanpspkeHue JAyrd U3MEHseTcs B 3aBUCMMOCTH OT CBapOYHOr0 TOKa M BHJA
3allUTHOrO rasa, MpuMep 4ero npeacTaBiieH Ha puc. 4.27. ImeeTcs CBOMCTBO TOr0, YTO B 30HE
cBapo4Horo toka He MeHee 100 A o Mepe Bo3pacTaHusl TOKa YBEIMYMBAETCSl HANPSIKEHUE 1YTH,
B 30He 100 A 1 MeHee 1o Mepe YMEHbIIIeHUs TOKa BO3pacTaeT HaIpsDKEHUE YTy
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Jlamna ayru, v

Puc. 4.25 3aBHcHMOCTD HANPSKEHHSE AYTH OT JJHHBI AYTH

Crapounstii Tok: 100 A
Ckopoctb capku: 300 mm/Mub
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(Msrkas craib, ToIHHA 3,2 MM)

(a)gVv (b)oV (c)1ov (d)1yv (e)12V
JUmna ayru: 1 mm (2mm) (3mm) (4ma) (Sem)

Puc. 4.26 Bausinne nanpskeHns 1vru Ha Gopmy Baanka
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Jlamna ayru: 2 mm
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CBapouHoe HalpsiKeHHE, A

Puc. 4.27 Bansinue cBaAPOYHOro TOKA W 33IIHTHOIO 132 HA HANPSZKEHHE YT H

[Ipu oMHAKOBOM CBAapOYHOM TOKE U JUIMHE JIyTH HAIPSHKEHUE IyTH Pa3inyaeTcs Mo BUIY
3alIUTHOTO Ta3a. [lo cpaBHEHWIO C aprOHOM TeNWid MMEET CKJIOHHOCTh K 3axBaTy Teria OT
cTosfa JIyry U yXOJy C MECTa, CTOJILKO K€ BEJMKO €ro Bo3JeicTBue oxyaxaeHus ayru. Koraa
BO3JICHCTBUE OXJIAXJICHHE BEIMKO, YTOObI KOMIIEHCHpPOBATh €ro, TpedyeTcs nmuTaHue Oosiee
MOIIHOM AJEKTPO’HEPrHH, TaK YTO NpPU OJMHAKOBOM CBAPOYHOM TOKE W JUIMHE Jyrd
HarnpsDKeHUe Jyru Bo3pactaeT. To ecTh, eciii MPUMEHSTh T'elIiii B Ka4eCcTBE 3allUTHOTO Ta3a, Mo
CPaBHEHMIO C aprOHOM IIMPUHA BalMKa CTAHOBUTKLCS OOJbllle, MPOIUIaBIeHUE -TITy0Ke.

4-4-3 O ckopocTH CBApKHU

®dopma BajKMKa HU3MEHsIETCS M 3a CYET U3MEHEHHUs CKOPOCTU CBAapKM, TO €CTh IO Mepe
BO3pACTaHUsl CKOPOCTH, IIMPHHA BaJMKa YMEHBIIAETCS W MPOIUIABIEHHE CTAHOBUTCS MEJbYeE,
KaK Moka3aHo Ha puc. 4.28. CIMILIKOM BbICOKasi CKOPOCTh CBapKH IOBJEYET 3a cO00M mojapes,
HEOJIHOPOJAHOCTh BajJMKa WM Mpoure NepeKThl CBAPOUYHOTO MIBa. ITH NedEeKThl CBAPOUHOTO
IBa MOT'YT MOSIBUTHCS €1le ObICTpee MO Mepe BO3pacTaHMsi CBAPOUHOTO TOKA.

Kpome Toro, crnenyer oOpamarb BHUMaHue Ha TO, 4YTO MpPU PYYHOH CBapke
HEPAaBHOMEPHOCTh CKOPOCTH TMEpPEMEILEHUs] TOpeNKH MOBJIEeYeT 3a OO0 HEOJAHOPOJHOCTH
BaJIMKa, HEMPOBAP U Mpoune NePEKTHI.

[Ipn AproHonyroBoii cBapke CKOPOCTb CBapKH COCTaBIsET, B 00uiem, npumepHo 50 - 500
MM/MMH.

Ceaapounbiii Tok: 100 A
JlamHa avru: 2 mm
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(Msrkas craib. TomKHHEA 3.2 MM)

(a)200mm/min (b)300aa/min (c)500ea/min (d)1,0002a/min

Puc. 4.28 Bansinne ckopocT cBapkH Ha GopMy BaIHKa

4-4-4 KosiedaTesbHOE ABHKEHHE

Ilon xonebarenbHBIM  JBM)KEHHEM  [OJpa3yMEBaeTCsl  MEpeMelleHue JAyTH 10
ornpesieNieHHON cxeMe nepuoandecku. KonebaTenpHoe ABMKEHUE OCYIIECTBISIOT MPU CBApKE C
pa3fenKoil KpOMOK, CBapKe YIJIOBBIM IIBOM C OOJBIIMM KaTe€TOM, B pe3yJbTaTe 4Yero
N0JIy4al0TCsl CBAPOUHBIE 1IBbI € OOJIbLION HIMPUHOM.

3a cuer KosiebaHMs AYIM TEMJIO JyTd pacceuBaeTcs BOKPYr BallMKa, CIUIABISIEMOCTD
BalMKa W OCHOBHOIO MeTajlja yJAydllaeTcsi M TEeM CcaMblM MOXHO TpPEeAOTBPAaTUTh
BO3HUKHOBEHHE JIe()eKTOB Ha IMOBEPXHOCTSAX pa3/ieJaHHOM KPOMKH, Ha Kpasx JIHMLIEBOH
MOBEPXHOCTU 1IBa U T.N. Kpome Toro, B ciaydyae BEpPTUKAIbHOW WJIA MONEPEUYHOM CBApKH, €CIIU
co3aloT OoJIbLIOe KOJMYECTBO PpACIUIABJICHHOTO MeTalla B OJUH [PHEM, HPOUCXOIUT
BBITEKaHUE YaCTH MeTaJlJla CBapOYHOI BaHHBI M0 JeiicTBUEM CHUIIbI TshkecTH. Tak 4uTo, co3naBast
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3a CcYeT KoJIebaTeIbHOr0 JIBUKEHHUS BaIUK ¢ OOJIBIIONW HIMPUHON M MOHKOM TOJILIMHOM U JaBast
pacIIaBI€HHOMY MeETajuly 3aTBepleTb OBICTPO, MOXHO MPEIOTBPATUTh BBITEKAHUE YaCTH
MeETaJlJla CBapOYHOM BaHHBI.

Ha puc. 4.29 npencraBieHbl OCHOBHBIE CXEMbI KOJIEOATEIBHOIO IBMYKEHUS, CPEIU KOTOPBIX
(c) - (c) npumeHsI0TCs K AYrOBOW CBapKe B Cpejie YIJIEKMCIIOrO ras3a, CBapke MeTaNIM4eCKUM
AJIEKTPOJIOM B CpeJie ra3a, 1yroBOM CBapKe MOKPBITHIM JEKTPOJAOM U T.J., HO K APrOHOLYTOBOM
CBapKe MOYTHU HE MPUMEHSAETCS.

[Ipu AproHoayroBoii cBapke OObIYHO NpUMeEHsIOTCS cxeMbl (a) u (b); (a) mpumeHsieTcs
Opyd MaJloi HEoOXOAMMOCTH YBEJIMYEHHMs aMIUIMTYIAbl KosiebaHus. (b) mpumeHsieTcs mNpu
HEOOXOIMMOCTH YBEJIMYEHUS] aMIUIMTYIbl KojiebaHus. Kpome Toro, Ha Toykax IOBOpPOTa
K0JIeOaTeNbHOTO JIBUKEHHUS, KaK MPaBWIIO, Ul TOJHOIO paclllaBieHUs OCHOBHOTO MeTalia

NepeMEelICHUE YT BPEMEHHO MPUOCTAHABIMBAIOT.

(a) (b)
———— = W
)
(c ()

(e)
Puc. 4.29 llpumepsi cxem KoaedaTeabHOro 1BHACHHS

4-4-5 BausiHue NpOCTPAHCTBEHHOI0 MOJI0KEHUsI CBAPKH

O6pabaTbiBaeMOCTh HAMHOTO 3aBUCUT OT MPOCTPAHCTBEHHOTO TMOJIOKEHUSI CBAPKHU, TAKOTO
KaK HIDKHSIS CBapKa, BEpTUKAlIbHAsI CBApKa U BEpXHsisl CBapKa.

HuxHior0 cBapKy BelyT, HAKJIOHSSI TOPEJIKY B CTOPOH) BaJuKa yriom 5-15° (yriiom Briepes
5 - 15°). kak npezacrasieHo Ha puc. 4.30 (a). [Ipu oOblyHOM cBapke MepeAHUN KOHEell Ayrd U
nepeHuil KOHell BaHHbI PacIlIaBI€HHOT0 MeTalljia UAYT BIepe] MOUYTH OJHOBPEMEHHO, TaK YTO
OTHOCUTEJIbHO JIETKO HaboaaTh cBapHOU 110B. KpoMe TOro, He Hy>)KHO YYMTBIBAaTh BbITEKaHHE
pacIulaBieHHOT0 MeTajlla MOJ JEHCTBUEM CHJIbI TSKECTHU, TaK YTO MOKHO BECTH CBapKy Ha
CUJIBHOM TOKE, KOTOPBIi COMPOBOXK/IAETCS BO3pACTAHWEM BaHHBI PacIlIaBIEHHOIO METalla, WK
Ha HU3KOM CKOPOCTH.

BeprtukanbHyio cBapKy CHU3Y-BBEpX BEAyT IMOA yrioM Broepen S5 - 10°, kak npeacTaBieHO
Ha puc. 4.30 (6). PacnnaBieHHBbI MeTalll M3-32 CUJIBl TSOKECTH CKJIOHEH K IPOBUCAHUIO,
JIBIDKEHUE MEPEeHEro KOHIA JYrM CKJIOHHO ONepeXaTh JIBUKEHUE IMEepeHEro KOHIA BaHHBI
pacruiaBlieHHOTO0 MeTalja, TaKk 4TO HYXHO 3aMeUIITh CKOPOCTh CBApKH [0 CPaBHEHHUIO C
HIKHEH cBapkoil. [lockonbKy ayra onepexaeT BaHHY pacillaBI€HHOI0 MeTalia, MPoIUIaBlIeHue
yrayonsiercs, HO BaJMK MMEET CKJIOHHOCTh K BBINYKJIOCTH BCIEICTBUE MMPOBHCAHUS
paciiaBieHHOro MeTtaiia. Eciu MOXHO KOHTPOJUPOBATh IMPOBHCAHUE PACIUIABICHHOTO
MeTaJlja, KaueCTBO 1IBA MOJIYy4aeTCsl yIOBIETBOPUTEIbHBIM.

BeprukanbHyto CBapKy CBEpXYy-BHU3 BEAYT, HAKJIOHSS TOpEIKYy K HaIpaBJICHUIO
nepemenieHus: ropenku yriaom 10 - 15° (yrmom Hazan 10 - 15°), npenoTBpaiiias npoBUCaHUE
pacruiaBjieHHOro MeTajljga, Kak rmnokadaHo Ha puc. 4.30 (B). Ilpum Oonbiioli BaHHE
pacIulaBlieHHOTO MeTaljla TPOUCXOAMT BBITEKAHWE pACIUIaBIEHHOTO MeTajia, TaK uYTo
3HAYUTEIbHO YBEIMYUBATh CBAPOUYHBIN TOK HeNb3sl. [|BU)keHUe BaHHbI pacIlyIaBJIEHHOT0 MeTallia
CKJIOHHO omepexaTb ABW)KEHHE [yTM, TaK UYTO HYKHO OTHOCHUTEIIbHO NpHUOaBUTh CKOPOCTH
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CBApKH. Banuk IIJIOCOK, IIPOINIABJICHHUE MEJIKO. HOBCpXHOCTB 06paTH01"O BaJIMKa CKJIOHHa K
BOTHYTOCTH.

5~15 Hanpagaenne
Hanpanienne Chapku
CBAPKH eKTPOA [
Hyra

OCHOBHOH MeTAL

Banna PACILIABJICHHOIO MCTAJL1A

HanpasJjicnue csapku

(a) Huxkuas ceapka (0) Beprukaibnasn (1) Beprukanbas ceapka
CBAPKA CHH3Y-BBEPX CBEPXY-BHW3

LLLLLLL L2/

Banmmk - \
- /' Hanpasienme
CBAPKH Ve 10-15°
Hanpasienue csapku nepneiinKyiaspio
IIOBEPXHOCTH OyMaru

$~10°

(1) Bepxusisn capka (1) IMonepeunas csapka

Puc. 4.30 Ilpocrpancrsennoe nojioxenue cBapky H popMa BaHHBI PACILIABICHHOTO
MeTa/a

BepxHioto cBapky BeayT noj yrioMm 5 - 10° Boepea, kak nokayaHo Ha puc. 4.30 (T).
PacninaBieHHbIl MeTamsl 3a CUYET CBOEr0 IMOBEPXHOCTHOTO MPUTSIKEHUS MPUTATUBAETCsS K
OCHOBHOMY METaJUTy M HE MaJlaeT, HO TeM HEe MeHee, €CliM BaHHa pacIlIaBI€HHOro MeTallla
CTAaHOBUTCS CIUIIKOM OOJIBLION, cujla TSHKECTH OyJIeT MpeBbIIaTh MOBEPXHOCTHOE HATSKEHHUE U
NPOMCXOIUT BBITEKAHUE pacCIIaBIEHHOr0 MeTamia. PekoMeHyeTcss BeCTU CBAapKy, YCTaHOBUB
CBapOYHbI TOK Ha OTHOCHUTEIBHO Myl CUJIYy U HEMHOTO CHHU3MB CKOPOCTb CBapKH, YTOOBI
JIBMOKEHUE TIepEeIHEr0 KOHIIA BAaHHbI PACIUIaBIEHHOr0 METaljia ONepexano JABWKEHHUE MepeTHE0
KoHIa Ayru. [IponnaBnenne Menko, BalMK HEMHOTO MPUOOPETAET BBIMYKIOCTh, 0OpATHON BaJMK
CKJIOHEH K BOTHYTOCTH TaK e, YTO U B BEpTHKAJIbHOM CBapKe CBepXy-BHU3. Bo MHOTHX cirydasx
BEPXHIOIO CBApKY BEIYT, IPUHUMas HEYTOOHOE MOJIOKEHUE, U MTPU ATOM CKJIOHHO MPOUCXOAUTH
BBITEKaHUE YaCTH MeTalljla CBapOYHOM BaHHBI, TaK 4TO, B 00LIeM, 00padaThiBa€MOCTh OYEHb
mioxa.

B cnyuae nmomepeuHoii cBapku, kak mokazaHo ma puc. 4.30 (m). BepXHUM Kpall BaluKa
CKJIOHEH K MPOBHMCAHUIO U BaJMK CKJIOHEH MpUoOpeTaTh GOpMY C BOTHYTHIM BEPXHUM Kpaem U
BBIMYKJIBIM HMKHUM KpaeM (BUCS4YMM Banuk). Tak 4To cBapKy BeayT, HAKJIOHSS FOpEKy BHH3
yraom 10 - 15° w TeM cambIM claep)kuBas MPOBHCAHME PACIJIaBJIEHHOIO MeTajia. XOTs
HEBO3MOXKHO c€O037aTh OOJIbLIYI0 BaHHY pacIUIaBJICHHOTO MeTa/ula Kak NpU HIKHEH cBapke,
00pabaTbIBa€MOCTh OTHOCUTENILHO XOPOIIIa.

OcCHOBHBIE XapaKTEPUCTUKU TMPH KaXKJAOM MNPOCTPAHCTBEHHOM TOJIO)KEHUH CBapKH
npuBesieHbl B Ta0. 4.5. [lpu 3ToM Hy)XHO oOpaiiaTh BHUMaHKE Ha TO. YTO. €CJIM CBapUBaeMblii
Y4acCTOK HAaKJIOHSETCS, Jake€ HWXKHAS CBapka [0 CBOEMY CBOWMCTBY NpuOJIMKaeTcss K
BEPTUKAIbHOM CBapKe CHU3Y-BBEPX MWJM CBEPXY-BHU3 B 3aBUCHUMOCTH OT TOIO, HaKJIOH
OTHOCHTCS K BOCXOSILLIUM UM UCXOMASLIIM.

Cgapka TIG, B KOTOpOii CBapOUYHbIN TOK W BEJIMUMHA A00ABJIEHHUs NMPHUCAJT0YHOr0 MeTasia
NOJ/Ial0TCsl OTJENIbHOW yCTaHOBKE, HO CPAaBHEHHUIO C JYrOBOW CBapKOW B Cpele YIJIEKHCIOro
rasa, JyroBOW CBapKOil MOKPBITHIM 3JIEKTPOJAOM U NPOYMMH BUJIAMHU CBAapKU IUIABSIILIUMCS
9JIEKTPOJIOM HMMEET HIMPOKUNA JMana3oH YCTaHABIMBAEMOIO0 CBApOYHOTO TOKAa W ILUPOKHUIA
Jana3oH noadopa pekuMa B KaxJ10M MPOCTPAHCTBEHHOM IMOJI0KEHUH CBAPKHU.
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Tab6n. 4.5 CpaBHeHMe XapakKTepUCTUK Npu KaXkaom npoCcTpaHCTBEHHOM NOJIOXKeHUN cBapku

HwxkHasA BepTukanbHasa cBapka lMonepeyHas
cBapka A - BepxHsaga ceapka
y-BBEPX  |CBEPXY-BHU3 cBapka
Pasmep BaHHbI pac- [bonbwon  |CpegHun CpegHui CpegHuit - manein |CpeaHui
nnaBneHHoro me- Manbiv
Tanna
OTHoweHune gyru co [dyra n Oyra BaHHa onepexaeT |BaHHa Oyra v
CBapOYHOMN BaHHOW [BaHHa nayT |onepexaet ayry. onepexaeT Ayry (BaHHa nayt
Mo NOMOXEHWIO HapaBHE. [BaHHYy. HEMHOrO. HapaBHe.
CkopocTb cBapku CpegHss Manas HemHoro 6onb- HemHoro manas |CpegHss
was
mybuHa nponnae- |CpeaHsis Bonblias Manas Manas CpegHss
NEH U g
dopma Banuka CpegHsas Bobinyknas Mnockas HemHoro BbI- Bucaunii
nyknas CENS
O6paTHbI Banuk CpegHui CKIOHEH K He cknoHeH K He cknoHeH K CpeaHun
dop- dopmmnpoBaHuio, |cpopmMupoBaHuio,
MUPOBAHUIO.  |CKIOHEH K CKITOHEH K
BOrHYTOMY Ba- BOTHYTOMY Ba-
NINKOM JINKOM
O6pabatbiBaemocT |Camas OTHocuTenbHo [HemHoro Huskas  |Huskas Bbicokas
b BblCOKasd BbICOKas
4-5 TIPUBABKA INPUCAJOYHOI'O METAJLJIIA

4-5-1 BpbI00Op NpUCAAOYHOIO NPYTKA

[Ipucanounblii MaTepua, UCNOJIb3yEMBIA IPU PYYHON CBAapKe, HAa3bIBAECTCS MPUCATOYHBIM
NPYTKOM M TPEACTaBIsSIET COOON MPYTOK HapyXHbIM auameTpoMm 0,8 - 5 MM u anuHol 1 M.
Juametp onpenensercs CUIOW CBApOYHOTO TOKA, MOJSPHOCTH U T.I.. MaT€pHall ONPEIENIeTCs
Mapkoid OCHOBHOro Mmertamia. OOBIYHO HCHONB3YIOT MNPHUCAJOUYHBIM MPYTOK U3 TOTO Ke
MaTepuaia, YTo U OCHOBHOW MeTaiul. Ecnu quamerp npucagoqHoro nmpyTka CIMIIKOM Mall, Kak
NpeAcTaBlIeHO Ha puc. 4,31, 10 ITOCTMKEHUS BaHHBI PACIUIABICHHOIO MeTallla MPUCAT0YHbIN
NpyTOK OyJeT NoJABepraThesl pacijaBieHUIO B CUITy TeIUla IyTH U KaTaThCsl KPYIJION Karuied mo
MOBEPXHOCTU OCHOBHOro Metasia. HaoOopoT, ecnu nuaMeTp npucajoyHOro MpyTKa CIAUIIKOM
BEJIMK, paciulaBieHue OyleT HeyCTOMUMBBIM, Tak KakK TeMmIlepaTypa BaHHBI pPacrIaBI€HHOTO
MeTaJljia MOXKET PE3KO yNacTh, YTO MOXKET MOBJIEUb 32 COO0H 1e(PEKTHl.

JlnameTp mpucazouHOrO MpYyTKa OINPENEISAIOT B 3aBUCHMOCTH OT CBApOYHOIO TOKa WU
Ipyrux (pakTopoB peKuMa CBApKH, TAK UTO HEJIb3sl CKa3aTh OJJHO3HAYHO, HO B ClIydae AUaMeTpa
IIPUCAIOUHOTO MPYTKA JJI1 CBAPKM YIVIOBBIM IIBOM MO>KHO OPMEHTHUPOBATHCS Ha CJEIYIOILYIO
bopmyiy.

Jlnamerp npucagouHoro N + 0.5 n

MPyTKa, MM 2 T

Tomumnua CTEHKH OCHOBHOIO MeTa/l1a
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I pucanounbii
iinpyrok

Baauk

OCHOBHOH MeTaL1

Banna pacniasiennoro Meraiia

Pue. 4.31 Cayuaii npucagounoro npyrka cimiikom Majoro iHamerpa

B ciydae cThIkOBOI cBapKkHu MOAXOIUT 00Jiee TOHKHMM MpHCcaJOYHbII MPYTOK, YEM B Cllyyae
CBapK{ YIVIOBBIM IIBOM, TaK YTO CIEAYET MCIOJb30BaTh MPYTOK JUAMETPOM MEHbLIE, YeM
BBIYMCIICHHBIH 110 BBIICTTPUBEICHHON GopMmyie.

4-5-2 MeToa noaayu nNpucagovHoro npyTka

Jlyuiue cBapHBI€ MIBBI MTOJIYYAIOTCS, KOT/Ia PaCIIABIISIOT MPUCAI0OYHBINA TPYTOK KOCBEHHO
3a CYeT TelJla BaHHbl PACIUIaBJICHHOIO MeTajljla, a HE IMOCPEJICTBEHHO 3a CYET Teria JYrH.
CnenoBarenbHO, Kak MpeAcTaBleHO Ha puc. 4.32, cneayeT 100aBlIATh MPUCAJOYHBIN MPYTOK,
HAKJIOHSISI €ro Moj YrjaoMm npumepHo 15 - 20° u opueHTHpysSCh Ha TO. YTOOBI KOHEI| MpyTKa
HaxoJIWJICsS B BaHHE pacCIUIaBJICHHOTO MeTajljla OT €€ Kpas Ha PaccTOsSHUM 1/3 IJIMHBI BaHHBI.
Jepxat mpucaoyHbI MPYTOK COMPHUKACAIOMIMMCS C BAaHHOM pacIUIaBICHHOTO MeTajjia, Tak
yTOoOBI KOHEI| MPYTKa HE MOJBEprajics paclulaBJICHUIO OTIEIbHO OT BaHHBI PaCIUIaBICHHOTO
MeTaia,

B cnyuae pyuHOl cCBapku, Kak MpaBUJIO MOAAIOT KOHEI MPHUCAIOYHOTO MpYyTKa Ha
KOPOTKOE BpeMSs K BaHHE pacIUIaBJI€HHOr0 MeTalla, KOorja KOHEl MpyTKa pacilaBiseTcs U OJiHa
Karjisl pacrulaBI€eHHOTO MeTalljla pacTBOPSIETCS] B BaHHE PacllJIaBI€HHOT0 MeTallla, HeMeIJIeHHO
OTBOJSIT TPUCATOUYHBIM TMPYTOK, M, Korjga aoOaBleHHas Karjisi pacTBOpWJIach B BaHHE
pacIuiaBJIeHHOr0 MeTajlia MOJHOCThIO, CHOBA J00ABISIOT MPUCa04YHbIN NpyToK. M 3aTeM cHOBa
noBTOPsitOT. OAHAKO, MPU OTBOJE MPHUCAJAOUYHOTO MPYTKA, €CJIU OTBOJAT €ro 10 aTMOCHEPHOTO
BO3/lyXa, TO KOHEIl MpyTKa, KOTOPHIA elle B pacIUIaBJICHHOM COCTOSIHHUHU, TOJABEPraeTcs
okucyienuto. CrenoBarenbHO, ClIeAyeT OTBOJUTH NPYTOK He Oouibllie, 4YeM HEeOoOXOAUMO, U
oOpalllaTh BHMMaHuE, Ha TO YTOObl KOHEIl MPHUCAJOYHOrO MPyTKa HE BBIXOJIWI 3a Cpedy
3alUTHOIO ras3a .

Hanpasaenue csapku

-—

[pucaiounbii
1PYTOK

15~20° / \.- Banuk

~
3 “Banna pacniaBiennoro MeTa/lia

JUmna sanun
paciaBIcnoro MeTaa

Puc. 4.32 Tloaokenne nogayu npHcagouHoro nNpyrxa
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Kpowme Toro, MmoxHO nojaBaTh NpUcagOYHbIN IPYTOK HENPEPBIBHO, HE OTBOASI €T0, OJIHAKO
Opy 3TOM HY)XHO oOpainiatb BHUMaHME Ha TO, YTOObI HE YPE3MEPHO OXJIaXJaTh BaHHY
pacIuIaBIEHHOTO0 MeTalla.

B cnydae ropuzoHTanbHOM CBAapKW YIJIOBBIM IIBOM MPUCATOYHBIM MPYTOK MOAAIOT, KaK
npezacrasieHo na puc. 4.33. Koraa como kacaercs OCHOBHOIO MeTajula, 00pabaThiBaeMOCThb
OyIeT nmajaTh M BaHHA pacIlJIaBI€HHOro MeTajula OyJeT BUJHA IJI0XO0, TaK YTO, YUIMHUB BbUIET
9JIEKTPOJa HEMHOTO 0OJIbIIE, YEM B CIIydae CTHIKOBOM CBapKH, Je€piKa AYTry KOPOTKOM, MPOBOST
CBapKy, Tak 4TOObI TEIJIO AYTU pacrnpocTpaHsuioch B mponopuuu 40% Ha BepxHuil nuct u 60%
Ha HUY)KHUH JIUCT.

Ha puc. 4.34, u 4.35 npencraBieHbl METOJbl MOJAYU NPHUCAJOYHOIO MpPYTKA MpHU
BEPTUKAJIbHOM CBAapKe CHMU3Y-BBEPX M IMONEpeyHOW cBapke. llpucanouHslii MpyTOK MOJAOT
CBEpPXY M B 3aBUCHUMOCTH OT IIMPHUHBI BajWKa W T.N. NPUAAIOT €My [ONepeyHoe KojebaHue.
Jlo6aBKy mpucasouyHOro MpyTKa ¢ KoyebaTelbHbIM JIBUKEHUEM MPOU3BOJIAT, KaK MPEACTABICHO
Ha puc. 4.36. BpPEMEHHO MPUOCTAHABIMBAs I[EPEMELIEHUE TOPEJIKUM Ha Kpasx JIMLEeBOU
MOBEPXHOCTH I1IBA, a 3aTeM, MOBTOPHO IMepemelas ee B OOpaTHYIO CTOPOHY Tak, UYTOOBI
no0aBieHHas! Karuid pacilaBJeHHOro MeTalia paccesiach MOJIHOCTBIO.

Ecnu HaumHaroT cBapKy € Kpasi OCHOBHOTO MeTajula, MOAAIOT NMPHUCAIOYHBIM NPYTOK B
MOMEHT, KOIJla Kpail OCHOBHOIO MeTajlla pacillaBWics TEIJOM JAyTd, U B MOMEHT, KOrja
MOBEPXHOCTh BaHHbI pACIJIaBIEHHOrO MeTajljla HEMHOro MOJHsUIach, OOpBIBAIOT YTy,
NEPEMECTUB TOpeNKy ¢ Kpas Boeped Ha 1 - 2 MM. M CHOBa 3aXKMralT OYry U MPOJOJIKAIOT
CBapKy.

B ciyuae, eciiv cBapky npou3BOJAAT 10 Kpas OCHOBHOI'O METasuld, B MOJOKEHUH 3a 1 - 2
MM /10 Kpasi, BKJIIOYasi U OTKJoyasi Ayry, 100aBisiOT MPUCAJ0UHBIA MPYTOK HEMHOro Oouiblie
4yeM OOBIUHO, U, OTBEJIS TOPEJIKY K ce0e, OOpBIBAIOT JYTY.
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Ipucanounbit npyTok

/I lanpasiicine capku

Hanpassienue
CBAPKH

5~10°
20~30°

Ipucagounslii npyTok

Puc. 4.33 llpubaska npucagounoro npyrka  Puc. 4.34 IlpudaBka npucanounoro npyrka

npH I'UPH'JOHTaJ“:HOﬁ CBApKe YIJIOBbIM npH BepT“KaJleOi‘i CBAPKe CHH3Y-BBEpPX
IBOM
[pucajiounbii
HIpyTOK Banna

paciiaBacHnoro
MeT@1a

Bamk

[ Ipucanounnii npyrok

Hanpas.ienue csapku Konebanue

sty
Puc. 4.35 /lobaBka npucaiouHoro npyrka Puc. 4.36 [Moaoxenne nodasnennoro
NpH NonepevyHoii ceapke NPUCAI0YHOIO NIPYTKA NPH NPHAAHHH

nonepe4yHoro KojebaHusa

4-5-3 IlonyaBTOMaTHYeCKasi AProOHOAYroBasi CBapKa

B caydae py4HO# CBapKu OJHOM PYKOH YNpaBJslOT CBApOYHOM TOPEJIKOM, APYrou pykou
NOJAIOT MPUCAIOYHBINA IPYTOK, O3TOMY pabOTHUKAM TpeOyeTcs 1I0CTaTOYHO BBHICOKUN YPOBEHb
kBasMpukauuu. Y 1uyimHa onepupyeMoro npucajovyHoro npyrka orpaHMuYeHa 1o JJIMHe, TaK YTo
HEBO3MO’KHA HENPEPBIBHASL CBApPKa JUIMHHOMEPHBIX JETaleH.

B cayuyae monyaBTOMaTMuecKo AProHOAyroBOM CBapKH € MCIOJb30BaHUEM YCTpOMCTBA
10JjauM MPOBOJIOKU, HAMOTaHHasl Ha OapabaHe MPOBOJIOKA MOJAeTCs aBTOMAaTUUECKH, TaK  4To
MOKHO UCKJII0YaTh TpeboBaHuE Ha YpOBEHb KBadu(UKaUKMU MO 100aBIECHUIO
IIPHUCAIOUYHOTO METAJIa U OTPAHUYEHUE IJIMHOM NPYTKa.

Ha ropenky st mojgyaBTOMaTHuecko AProHOAYroBOM CBAapKM YCTaHOBJIEH MEXaHU3M
nojgaun (no0OaBieHUs1) MPOBOJOKM, Kak MOKa3aHO Ha puc. 4.37. Tak 4TO MOXXHO TOJaBaTh
MPHUCAIOUHBII MeTasll B Hy)kKHOe nojiokeHue. Kpome Toro, ¢ yuerom 06pabaThiBAEMOCTH MOXKHO
yCTaHAB/IMBATh HAlpaBjeHUE TMOJAayu MPUCAJOYHOrO0 MeTalla B JI000€ MOJOXKEHHE BOKPYT
TOpeJIKU B mpejesax npumepHo 240°.

61



Puc. 4.37 Mexanusm noaayu npoBoJiokH

KonunuectBo nobGaBieHuss MpHCaJOYHOTO MeTajula peryiupyercss OJIOKOM YIpaBleHHUs
MoJIayy MPOBOJIOKH, TUITUYHBINA METO/] 100aBlIeHUsI HA KOTOPOM MpecTaBieH Ha puc. 4.38. Ha .
(a) mpeacTaBiieH METO HEMPEPHIBHOM MO/IauM MPOBOJIOKU IMa MOCTOSSHHOM CKOPOCTH, KOTOPBIN
NpUMEHsIeTCs, Koria TpedyeTcsl cBapKka Ha CUJILHOM TOKE WM OoJibloi oObeM HaraaBku. Ha 1.
(6) npencraBiieH METOJ MPEPHIBUCTON MOAAYM MPOBOJOKH, KOTOPBIN MO3BOJSET YCTAHABIMBATD
JUIMTETLHOCTh BPEMEHH T0/auu MPOBOJOKH U JUIUTEIHHOCTh BPEMEHU OCTAHOBKM OT/EIBHO U
NPUMEHUTEIbHO K KOHKpPETHOW paboTe, W MpHUMEHseTCs K CBapke Ha claboM TOKe, CBapke
amoMuHus 4 T.4. Ha m. (B) mpeacTaBieH METOJ, KOTOPBbIM MpUMEHsSIeTCS B COYETaHHM C
UCTOYHUKOM TIMTaHUS MMITYJIbCHO-IYrOBOM cBapku. Ilogaua mnpoBOJOKM MPOU3BOAUTCS
CUHXPOHHO C TMHKOBBIM TOKOM U OCTaHaBJIMBaeTcs Npu 0a30BoM Toke. JlaHHBIM MeTon
pPUMEHsIETCS K CBapOYHOMY COEAMHEHMIO JIMCTOB, OTJIMYAIOILIMXCS IPYr OT Jpyra TOJILIMHON
CTEHKH, COeJITMHEHUIO MHOPOHBIX METAIOB, BEPTUKAILHOM CBapKe, MOMEePEUHO CBapKe H T.1I.

Eciu B kayecTBe BBIK/IIOYATES] TOPEJIKU MCIONb3YIOT CIAPEHHBIM BBIKIIIOYATEb,
npeJCTaBlIeHHbIH Ha puc. 4.39. MOXKHO MPOU3BOAUTH YIpaBJIEHHWE TOJauell MPOBOJIOKU, Kak
npeacrarieHo Ha puc. 4.40. Ha n. (a) mpencraBlieH METOJ, MO KOTOPOMY CKOPOCTh IOJauu
MPOBOJIOKU TIepeKiIouaeTcsl Ha 2 3Tanax. HaxkaTuem ynpapisiolIero BBIKJIIOYATENsI BEIMUMHA
MoJlayl yMeHbIIaeT (MM YBEJIMYMBAET) M €ro OMYCKaHWEM BOCCTAHABIMBAIOT HCXOJHOE
cocrosinne. Kaxaplii U3 2 3TamoB CKOPOCTH MOJa4yM MPOBOJIOKU YCTaHABIMBAIOT PYYKOW Ha
ycTpoicTBe yrnpasieHus. Ha m. (6) mpencraBieH MeTOJ, MO KOTOPOMY IOJady IMPOBOJIOKU
OCTaHABJIMBAIOT HAa)KaTHUEM YIPABJISIONIEr0 BBIKIIOYATENs, Ha M. (B) MPEICTaBJIeH METO, MO
KOTOPOMY I[0/1ayy TPOBOJIOKM OCYILIECTBJISIIOT TOJIbKO B TEYEHHE, KOI/la YIpaBIIsSIOIIUN
BBIKJTIOYATEh OCTaeTCs HaKaThiM. Bce 9T METO/bI OTHOCUTCSI K METO/Iy MPEPHIBUCTON MOgaun
MPOBOJIOKH, HO X MPEUMYIIECTBO 3aKJIIOYAETCS B TOM, YTO B OTJIMYKE OT MPEACTABIEHHOTO Ha
puc. 4.38 (6) meroza, Mo KOTOPOMY MoJa4a U OCTAHOBKA MPOU3BOASATCS IO MOCTOSIHHOMY LIUKITY,
MOKHO MEHSTh [UIMTEIbHOCTh BpPEMEHM TMOJa4M M JUIUTEIbHOCTh BPEMEHH OCTaHOBKHU
POU3BOJILHO.

anaﬁ;mmnm H BBIKJIOUATE 1L NOAAYE

Brikouaren
3A1YCKA JIYTH

Puc. 4.39 CnapeHHblii BbIK10UATENL FOPEJIKH
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Bcee a1 (@) - (B) oTHOCATCS K (DyHKLIMM TOHKON HACTPOMKM BEIMUYMHBI TOJAUU TPOBOJOKH
NPUMEHUTEIbHO K oOcTaHOBKe cBapku. OJHAKO, €CIU MCIOIb30BaTh I0JyaBTOMATHYECKYIO
TOpEeJIKY MUCTOJIETHOTO THIA, HA KOTOPOI BBIKJIIOYATEIEM MOPENIKU CIYXKHUT CITYyCKOBOM KPIOUOK,
KaK MoKa3aHo Ha puc. 4.41. BeJMYMHY MOJauud TMPOBOJOKM MOXKHO peryiupoBaTh 0e3
CMApEHHOT0 BBIKJIIOYATENS CTENEHBIO HAXKATHs! CITYCKOBOTO KPIOYKa.
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Puc. 4.41 Topeaxka nUCTOCTHOTO THNA /11 0JYABTOMATHYECKOI AProHoayrosoii cBapku
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CBapounblil TOK = 10K 3aBapkH Kpatcpa
5 Craprogbil -
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- ] z g ...,:,I;Ej,! ans | Bpems Bo3rpata npoBoiokH
£ Bpeus 38 Kparepa
S e JAICPIKKH = %
= g ATET
M= NpoBOIOKE
S & Bpems Ve ,
== oA T CKOpOCTHL BO3BPATA I1POBOJIOKH
Kparcpa
Puc. 4.42 ¥Ynpasjaenue 3a/1epxKKoii nogaun Puc. 4.43 Ynpasaenune noaaueii 11
NPOBOJIOKH KpaTepa H YIpas/jieHHe BO3BPATOM
NpoBOJIOKH

K ¢yukuusm, TpeGyeMblM NpuM Hayalle U OKOHYAHWU CBApKU, MOXKHO MEPEUUCIUTH
yOpaBjieHUe 3aJ€p>KKOW Mojauu, YyMNpaBlICeHUE TMOJauM ISl KpaTepa, YNpaBleHUE MOAauYU
MIPOBOJIOKH, OOIIIME YEPThI KOTOPBIX MpeACTaBIeHbI Ha puc. 4.42 u 4.43. YnpaiieHUe 3a1epiKKOU
nojaun mpejcTapisier co0oi (QyHKUMIO A MpeloTBpallleHUs] HerpoBapa, Mpokora U T.[..
KOTOpBIE€ CKJIOHHBI MPOUCXOAUTh NPU Hauale CBApKHU, U MPUMEHSETCS, YTOObl HAYMHATH MO/1avy
IIPOBOJIOKH Y€pE3 OINPEIEICHHOE BpEMs 110CJIE€ Havaja OCHOBHOM CBAapKU. YTIpaBIeHHUE MOJauel
JUIsL KpaTepa MOpeacTaBisieT co0oil (YHKIUIO YCTaHOBKM CKOPOCTH MOJa4yd MPOBOJIOKHM U
JUTUTEIBHOCTA BPEMEHHU MOJauM MPHU 3aBapKe Kparepa Ha MOAXOMASIINE 3HAUCHUS. YTIpaBIeHHE
MoJIayy MPOBOJIOKM MpeACTaBIsieT coO00M (YHKIMIO OTBOJA MPOBOJOKH ISl TOTO, YTOOBI MpU
OKOHYAaHUM CBAapKH MPEAOTBPATUThH HAILJIABKY MTPOBOJIOKH HA OCHOBHOM MeETaJL.

4-6 OBPATHBIU BAJIUK

4-6-1 IIpucnocodeHue-NMOAKIANAKA

[Ipu cBapke TOHKOCTEHHBIX JIUCTOB MPUMEHSETCS METO/l UCIIOJIHEHUsI paboT, MO0 KOTOPOMY
OJTHUM [POXOJOM CBapKOW C JIMIIEBOM MOBEPXHOCTH OCHOBHOIO MeTajja W Ha oOpaTHOMU
MoBepXHOCTU popMupyeTcst BaauK. Banuk, KoTopbiii opmupyercss Ha 0OpaTHOM MOBEPXHOCTH
OCHOBHOI'O MeTajljla, Ha3blBaeTcsi OOpaTHBIM BalMKOM. B mpolecce cBapku HEBO3MOKHO
HaOMoaaTh X0 (OPMUPOBAHMS ITOr0 OOPATHOrO BaJlMKa, TaK YTO JUISl MOJYYEHHUS] XOPOILIEro
pe3yibTaTa CBapku TpeOyeTcst JOCTaTOYHO BHICOKH ypoBeHb HaBbIKOB. OJIHAKO AProHOAyroBast
cBapka Mo3BoJIsieT GOPMUPOBATH OOPATHBIM BalMK Jierde, YeM IpYrod METOJ CBapKH, TaK 4YTO
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4acTo MPUMEHsIETCS HE TOJbKO MPU CBAPKE TOHKOCTEHHBIX JIMCTOB, HO W JUIsl TIEPBOTO CJOs
MHOTOCJIOMHOM CBapKH.

Utobsl chopmupoBaTh 0OpaTHBIM BalMK, HYKHO pacllaBUTh OCHOBHOW MeTasll
JIOCTaTOYHO 10 0oOpaTHOW MoBepXHOCTU. OJIHAKO pPACILIABICHHBIN METalll AEPKUTCS 3a CYET
MOBEPXHOCTHOTO TPHUTSHKEHHS, TaK YTO, €CJIM BaHHA PACIIaBIEHHOTO MeTajjla CTaHOBHUTCS
CJIMIIKOM OOJIBIIOM, MOBEPXHOCTHOE MPUTSKEHUE HE MOXKET Jep)KaTh BaHHY PAcIIaBJIEHHOIO
MeTaJljia, MPOUCXOAUT BHITEKAHHWE YAaCTH PACIUIaBICEHHOTO METajljla U B BaHHE OyayT MpoOMTHI
nopbl. YToObI MPEeAOTBPaTUTh 3TO BBITEKAHME YACTU PACIUIABIEHHOTO METajla, MCIONb3yeTcs
npucnocoOseHne-NoAKIaAKa, MpeCTaBIeHHas Ha puc. 4.44.

OOBIYHO MOAKIAIKA U3TOTABIUBAETCA U3 MEAM, Y KOTOPOW yZAeNbHasi TEIJIOMPOBOJHOCTh
BbIcOKa.  [loiB3ysiCh OXJIaXAAIOMIMM JCHCTBUEM TOJKIAIKU, CIASPKUBAIOT BO3pacTaHUE
HIMPUHBI OOpPaTHOTO BajMKa, BbI3bIBAEMOE UYPE3MEPHBIM TEIJIOBIOXKEHUEM, OIHOBPEMEHHO
MPEeOTBPAIAIOT MPUILIABICHUE MOJKIAJAKK K 00paTHOMY BaJMKy M YMEHBIIAIOT JedopmMaliuio,
BBI3bIBAEMYIO CBapOYHBIM TEIUIOM. B ciydyae cBapkud TOHKOCTEHHBIX JIMCTOB MPUCIOCOOIEHMUSI-
MOJIKJIAJIKK YacTO CIYXKaT M MPUCTIOCOOIEHUSIMU-OTPaHUYUTENISIMUA CBAPHOTO COCTUHEHUSI.

®dopma nasza MoAKIAIKUA TaKXKe SIBISAETCS OAHUM M3 BaKHBIX (PAKTOPOB OOPATHOTO BaJIMKa,
U BapbUpyeTcsl B 3aBUCUMOCTH OT TOJIIMHBI CTEHKU U T.1. [lpu yctaHoBke ¢GopMmbl ciemyer
opueHTHpoBaTbest Ha youny (D) 0.5 - 2 mm u mmpuny (W) 2-6 mm. Eciu dbopmupytor
oOpaTHBIN BaJMK Ha CBAPOUYHOM COEAMHEHHMU C TUIOTHO MPUJIETAIONIMMKH KPOMKaMHU B BEpILIHUHE
pa3fesiki 1IBa. HE YCTaHaBIMBas 3a30pa, OydeT MOTEpsiH BbIXOJA Tra3a, BBIIEISEMOrO U3
pacruiaBieHHOTO METaslla, U 3TOT a3 YCTPEMUTCS K MOBEPXHOCTH BaJMKa, YTO MOXKET MPUBECTH
K 00pa30BaHUIO PAKOBUH UJIU MOBEPXHOCTHBIX PAKOBHUH.

B yrimoBoMm coenuHEHMM M COEAMHEHHWH C OTOOPTOBKOM JIBYX KpPOMOK TaK)Xe€ YacTo
MpUMEHSETCS MPUCTIOCOOIeHHEe-TIOAKIaAKa, TPUMEP KOTOPBIX MpecTaBieH Ha puc. 4.45. Kpome
TOro, B ciiydyae oOpaTHOro BajMKa Ui TOJCTOCTEHHBIX JMCTOB WJIU KPYMHBIX KOHCTPYKIUN U
T.J. B KauecTBe Marepuala MOJKIaJKH MOTYT ObITh MPUMEHEHbI TBEPIbIi (itoc, CTeKiIsHHAs
JeHTa ¢ (JIICOM U T.J.. KaK MpeICTaBIeHO Ha puc. 4.46.
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Fakum
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METalL

/
L7777/ 777 77773

IHoaknanka

W

Pue. 4.44 llpucnocodaenne-noaKnaaka

OcnoBion
Famum Zanum MeTal
4
[Moaxknaika
[Toaknanka
COCHOBHOH
MeTall
(a) Y1uoBoe coejinHeHne (6) Coeauiienne ¢ 0100PTOBKOH JIBYX KPOMOK

Puc. 4.45 TlpucnocobaeHHsi-NnpoKAaJIKH JUISE PA3HBIX CBAPHBLIX COEHHEHHIH

Jlsyxcroponnsis
JHITKAA JICHTA
Creknsnnan

T :
Ounoe s popmosanus neHTa

(K’)Da'l'll()l'() BAJIHKa

ALIILIIIIIIIILI TSI ILT 1D, poepaLiA
S S O e AT IR ERNY S

L AR ST - RN - Cr

Orneynopuwiit noc

Orneynopuniii Mmarepuan

Meraiimueckunit kopnyc

Kaprounas noayuka
(a) Trepawii dmoc (6) Crexasunas nenta ¢ dumocom

Puc. 4.46 TMoakaanku ¢ uenoaslosannem pakoca

4-6-2 3ammTa 00paTHOM NMOBEPXHOCTH

[Tockonbky OoOpaTHBIi  BaJMK  OTHOCUTCS K  3aTBEPACBIIEMY  COCTOSIHUIO
pacIijiaBlIeHHOr0 MeTajula, B CJydyae Hep)KaBelolled CTalu, TUTaHa U MPOYUX METAUIOB,
CKJIOHHBIX K OKHCJIEHUIO MIPU BBICOKOW TeMIlepaType, He0OX0UMO 00ecreuuTb 0OpaTHbIN BaJIUK
3alUTON. B HEKOTOpBIX cllyyasiXx ra3oBas 3allUTa OOpaTHOrO BaJlMKa Ha3bIBaeTCsi 0OpaTHOM
3aIUTON

Hanpumep, B ciiyuae HepaBerolled crtaid, ecid (GOpMHUPYIOT O0OpaTHbIM Banuk Oe3
3alUThl OOPaTHOM CTOPOHBI, OKUCIEHHE MPOMCXOJUT Ha 3HAYUTENIbHYIO TIJIyOMHY OOpaTHOro
BaJIMKa, KaK MOoKa3aHo Ha puc. 4.47 (a) U ¢ NepBOro B3IJs/1a BUIEH HEKaYeCTBEHHBIH BHELIHHM
BUJ obOpatHoro Banuka. Ha puc. 4.47 (0) mokasaH npumep ¢ 3alIMTON OOpaTHOW CTOPOHBI.
OOpaTHblii BalMK 3alIMIIEH 3a CYEeT Ta30BOW 3alllMThl M TOKa3bIBAeT CBOW KaueCTBEHHBIN
BHEILLIHUW BU]I.
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(a) bes 3auu Tl 00paTHON CTOPOHDI (0) C samToit 0OpaTHON CTOPOHKI

Puc. 4.47 Dddexr 3amnTh 00paTHOI CTOPOHBI H 06PATHOIO BAJIHKA

s 3amuThl 0OpaTHOM MOBEPXHOCTH OOBIYHO C KCMOJIb30BAaHUEM MOJKIAIKH, MPUMED
KOTOPOW TpejcTaBiieH Ha puc. 4.48. MojgaloT aproH Ha OOpaTHYIO MOBEPXHOCTh 30HBI CBApPKU
yepe3 BBIXJIOMHBIE COIUIa 3TOW monkjaaaku. Ecim pacxop aproHa CiIMIIKOM BEJIUK, TO aproH
MO’KET 3aXBaTUTh BO3JlyX U T€M CaMbIM MOHU3UTh IPGEKT 3allIUThl, TAK YTO HEJb3s M0/aBaATh
aproH 0oJiblie, 4eM He0OXOAUMO.

[Ipu cBapke TpyO ¢ MalbiM BHYTPEHHUM JHMaMETPOM MCMOJIb30BaTh MOAKIAIKY
HEBO3MOXKHO, TaK YTO 3aIIUTy C BHYTPEHHEH CTOPOHBI OCYHIECTBISIIOT, KaK [MOKa3aHO Ha pUC.
4.49. B >TOM cinyyae HEOOXOAMMO MPEAYCMOTPETh HE TOJBKO BXOJ 3aLIMTHOIO ra3a, HO U €ro
BBIXO/I, YTOOBI ObLIT MOJTY4YEH CKBO3HOW MOTOK 3alUTHOTO rasa.

Takum oOpa3oMm, 4TOOBI OOecneyuTh OOpaTHYIO MOBEPXHOCTH MOJHOM 3alUTOM, HYXKHO
CJI0KHOE 000pyI0BaHKE U yBelIUYeHHe pacxoza raza. C Ipyroil cropoHbl, B HEKOTOPBIX ClTydasix
HEBO3MO)KHO O0ecrneunuBaTh OOpaTHYIO MOBEPXHOCTb 3alllMTOM W3-3a OrpaHUyeHust (Qopmoii
CBapHOI0 COEIMHEHUS UJIH T.J., TAK YTO Ha MPEANPHUATHIX MPOJIAIOTCS MOKPHITHIE MPUCAT0YHBIE
NPYTKHU JU1si APrOHOAYTOBOI CBapKH, MOBEPXHOCTh KOTOPBIX MOKPHITAa (PIIFOCOM, U MPUCATOYHbIE
NpyTKU ¢ (IIOCOM, KOTOpble BKIOYAIOT B cels ditoc. C HUCMoib30BaHUEM ITHX MPHUCAT0UYHBIX
NPYTKOB OOpaTHbIE BAJIMKH 3aIMIIAIOTCS 1IJIAKOM U MOJIy4aeTCsi XOPOUIM pe3ybTarT.

4-6-3 @opMupoBaHue 00PATHOr0 BaJIUKA

[Ipy cTBIKOBOM CBapke TOHKOCTEHHBIX JIMCTOB 0e€3 TMOJAKIaAKK (OpMBbI BajMKa
nojpa3iesIsAoTCs, Kak npejcrapieHo Ha puc. 4.50. B 30He (a) u3-3a HEXBATKU TETIJIOBIOXKEHUS
pacmjaBiieHMe He pachpocTpaHsercss A0 OoOpaTHOW  CTOPOHBI OCHOBHOIO MeTajjia M
oOpaTtHbIii Banuk He (opmupyercs. B 30He (6) He MOMHOCTBIO, HO BCe-Taku (HOpPMUpPYETCs
oOpaTHBIN BaJMK, OJHAKO BEJIMKO 00’KaTHe BaHHBI PAcCIIaBJICHHOIO MeTallla JIaBIeHUeM AYTH B
CUJIY BBICOKOI CKOPOCTH M CHUJIBHOTO TOKAa CBapKH, U B pe3ynbTare uero odpasyercs nonapes. B
30He (B) M3-3a YPE3MEPHOTO TEIJIOBJIOKEHUS PACIUIABJICHHBIA METa/l BBHITEKA€T M B BaHHE
pacriaBJIeHHOro MeTajula npoduBaercs nopa. CiaeaoBarenbHO, YTOOBI MOJYYUTh Kaue€CTBEHHBIN
o0OpaTHbBIN BalIMK, (CMOTPH) 30HY (T), CBAPKY NMPOU3BOAST Ha CIa0OM TOKE M HU3KOH CKOPOCTH.
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Brinykiioe comio rasa

Bxoi rasza . Meanas nojikaaika

Puc. 4.48 Tpucnocobiaenne-nojakIaaKa U 3a1HTbl 00paTHOI MOBEPXHOCTH

| openka
Bxoa raza

-
Kpbitka

OCHOBHOH MeTaL 1

-
Buixoi rasza

Puc. 4.49 3amura BHYTpeHHEi NOBEPXHOCTH NPH CBapKe TPYD MaJI0r0 1HaMeTpa

Kpome Ttoro, mo Mepe Bo3pacTaHusi 3a30pa B BEpUIMHE pa3[eiKd WM CMEIIEeHUs
MOAXOAsIasl K CBapKe 30Ha YMEHBILAETCS U, €CJIM MPEBBILLIEH JOMYCTUMbIN Mpeiell, CBapKa caMma
CTAHOBUTCS HEBO3MOYKHOMW. J[OMyCTUMBIN Mpenell 3a30pa B BEPIIMHE Pa3/IC/IKU U CMEUICHUs HE
Oonbie, yem 1/2 ToamuHbl CTeHKU. B ciyyae MCrosib30BaHUM MPUCTIOCOOICHUSI-IOAKIAIKHU,
€CJIM YCTaHaBIIMBAIOT 3a30p B BEPILUHE Pa3esiKi, MOXKHO (POpMUPOBATH OOpATHBIN BaUK JIerye,
YeM MPU CTHIKOBKE YYaCTKOB MPUTYILJIEHUSI KPOMOK JAPYT K APYTY.
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Puc. 4.50 3asHcumocTh 00paTHOrO BAJHKA OT PEXKHMA CBAPKH

BoinonHsis cBapky, paOOTHMK caM TOYTH HE MOXKET HEMOCPEACTBEHHO HaOJII0JaTh XO.I
dbopMHUpoBaHUs OOpPaTHOrO BaJMKa, OJHAKO, €CJU MPUOOpPEN OMNBIT B ONPECICHHOW CTENeHH,
MOJKET caM MPEAINOIOKUTENLHO CYIUTh 0 X0/1€ (OpMHUPOBaHUSI 0OpPaTHOIO BajlKKa, HabroAas 3a
COCTOSIHMEM BaHHBI PACIUIaBIEHHOTO MeTaJlIa.

Hanpumep, MOXHO HaOIIOIATh CICIYIOIIUE SIBICHUS;

>

[Toka pacrniaBieHue He pacnpoCTpaHseTcs 10 0OpaTHOW MOBEPXHOCTH OCHOBHOI'O
MeTasula, BaHHA PACIUIaBICEHHOTO0 METasula BBITJISIIUT HEMHOTO BBIMYKIONW B CUIY
TEIJIOBOTO PaCUIMPEHUSI.

Korpa pacnnaBienue IOCTUIIO OOpaTHOM TMOBEPXHOCTH OCHOBHOIO MeTaslia
U QopMmupyeTcsi OOpaTHbIM BalMK, pAacIJIaBICHHbIA MeTaul IPOTeKaeT K
oOpaTHOH  CTOpOHe, TaKk  4YTO  [OBEPXHOCTb  BAaHHBI PACIIABIECHHOTO
MeTaJljia BBIMVIIIUT HEMHOT'O BOTHYTOM.

Korna oOpatHbiii Banuk QopmupyeTrcs yCTOMYMBO, BaHHA pacIUIaBIEHHOTO
MeTaJljia BBIMVIIAUT OTHOCUTENBHO MPO3PayHO U ee pa3Mep MOUTH He U3MEHSIETCSI.
Korma  oOpatHblit BaJIUK HE dbopmupyercs HOPMAJIBHO, BaHHA
pacIuIaBIeHHOTO MeTaljia pe3Ko TepsieT CBOe MPO3pauyHOe OIIYIIEHHWE U BBITJISIUT
HEMHOT'0 YepHOBaTOW. Pa3mMep BaHHBI pacylaBJI€HHOIO METajljla YMEHbIIAETCS.
HenocpencrBeHHo nepen BO3HUKHOBEHHEM MpOoXKora. Banna
pacjiaBlIeHHOr0 MeTajljla BBINIIAUT TaK, Kak OyATO pe3Ko yBeluYuia CBOE
Mpo3payHoe OINIYIIEHWe, U pa3Mep BaHHBI pPACIUIaBIEHHOTO MeTajla TaKxkKe
YBEJIUYUBAETCSI.

CnepnoBarenbHO, ClieflyeT CHayaja pacljaBUTh MOBEPXHOCTH MPUTYIUIEHUS KPOMKHU J10
0o0paTHOW CTOPOHBI, MPUOCTAHABIMBAs TOPEJIKY Ha HayaJbHOW TOYKE CBapKH, H. Cyls IO
MOBE/ICHUI0O M COCTOSIHMIO BaHHBI DACIUIABIEHHOTO MeTallia, yOoeauThcsi B (OPMHUPOBAHUU
o0paTHOro BajMKa, a 3aTeM IEPEeMECTHTb TOpeliKy, oOpalias BHUMaHHE, Ha IMOCTOSIHHOCTb
pa3Mepa BaHHBI PacIlIaBICHHOIO MeTallia.

Jlaxxe Korja Ha HayaJbHOM TOYKE CBApKHM ycrelau chopMUpOBaThH NMPaBUILHBIA 0OpaTHbIH
BaJIMK, €CJIM 3aTeM CKOPOCTb CBapKH CTAHOBUTHCS CIUILIKOM OOJIBIION WM Majoi, TO Jajblie
win He ¢opmupyercss oOpaTHBIA BaJlMK MM MPOUCXOAMUT mHpokor. Tak uTo cienyer mno
BO3MOXKHOCTH TNPUOOPECTH HABBIKM B MEPEMEUIEHUH TOpPEJIKM Ha PaBHOMEPHOH CKOPOCTH.
Kpowme Toro, usmeHeHue JUIMHBI AYTH Tak)Ke OKa3blBaeT BIAMsHHUE Ma (OpMHUpPOBaHUE 0OpPATHOTO
BaJIMKa, TaK YTO cjeayeT o0ydaTbes, YTOObI M0 BOZMOKHOCTH YMEHBILUTh APOKb pyku. Gopma
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KOHIIa BOJb()PAMOBOro 3JIEKTPOAa TaKKe OKa3bIBACT BIMSHHUE, TaK YTO CJIEAYET IMOJUPOBAThH
ANEKTPO, GopMa KOTOPOro U3MEHHUIIACh BCIIEACTBUE U3HOCA, 3a0J1arOBPEMEHHO.

4-7  UMIYJbCHO-AYTI'OBAS CBAPKA

4-7-1 JlyroBasi cBapKa Ha HU3KOYACTOTHOM UMIYJbCe

Ilon nyroBol cBapkOiW Ha HU3KOYAaCTOTHOM HKMIYJIbCE IMOAPa3yMEBaeTCsl CBapkKa ¢
YIPABJICHUEM TEIUIOBIOKENUS K OCHOBHOMY METAJIy 3a CYET NEPUOJUYECKOr0 W3MEHEHMs
CBapOYHOr0 TOKA YacTOTOH He OoJibllle YeM HECKOJIbKO Iepl| AJsl TOro, 4ToObl MpeaoTBPAaTUTh
IIPOKOT, KOTOPBIA MOXKET CIAYYUTHCS MPU HAJTOKEHUU NIEPBOrO CJ0s 11IBa, IPOBUCAHUE BAJIMKA B
BEPTUKAJIBHOMN U MONEPEYHON CBAPKE.

B nepuon nuMkoBOro TOkKa MOABEPrarOT OCHOBHOW METaul PACIUIABICHMIO, B TMEPUOL
0a30BOro TOKa Jal0T paclIaBIEHHOMY MeTajlly 3aTBEpAETh U JaJibllie MOBTOPSIOT ITH JAECHCTBUS
nepuoanuecku. CienoBaTenbHO, B KpallHEM cllyyae CBapKy BeAyT, HAaKJIaJblBasi IBbl TOUEYHON
JIyrOBOM cBapkoii, kak npeacrasieHo Ha puc. 4.51. [Tockonbky MIUTENbHOCTH (GOPMUPOBAHUS
BaHHbl PACIUIABIIEHHOI'O MeTajula COOTBETCTBYET IHMKOBOMY BpPEMEHHU, a JUIMTEIbHOCTH
3aTBep/ieBaHMsl - 6a30BOMY BpPEMEHH, €CTECTBEHHO, UMITYJIbCHOMY MEPHOAY UMEIOTCS MpeJiebl,
KoTopskle cocTaBisatoT 0,1 -5 T,

dopma BaHKa

]
'
|
i

I
I
1
L]

{ ‘ l ' l [THKOBBIA TOK

ba3zoBbii TOK !

IMukosoe spems |t bazosoe spemsi

l'ok

Puc. 4.51 [pununn 1yrosoil CBApKH HA HH3KOYACTOTHOM HMITYJIbCE
Ha puc. 4.52 npencraBieH npuMep CBapHOTO 11IBa B 1YIOBOM CBAapKe HAa HU3KOYACTOTHOM
umnynbce. OOpa3yeTcss BOJHUCTBIA Y30p CHHXPOHHO C MEPHOJOM HMMIyJbca U MOJydaeTcs
BECbMa OJTHOPOAHBIN BUA Ba. [Iog nelicTBUEM NMKOBOIO TOKA Ayra paclIMpseTcs, IIMPUHA 1Ba
BO3pacTaeT, OJHAKO [0 Mepe M3MEHEHMs TokKa TIJyOMHa NpOIJIABIEHUS CTAHOBUTCS WU
rJ1yOOKOW MM MEJKOM, TaK YTO AYroBas cBapka Ha HU3KOYAaCTOTHOM MMITYJIbCE HE MOAXOIUT K
BBICOKOCKOPOCTHOM CBapke.

@({C/KW’M/{K’(’ ?"’rﬂ((. (.

Puc. 4.52 Buemnuii Bua cBAPHOTO WIBA B AYTOBOI CBAPKE HA HH3KOYACTOTHOM HMIY.IbCe

B cayuae coenuHeHMss MHOPOIHBIX MATEPUANIOB, HAIPUMEP, HEPKABEIOLIEH CTAIA C
MSITKOM CTajbl0, COCIUHEHUS DSJEMEHTOB C Pa3HOW TOJUIMHOM CTEHKH, TEINJIONPOBOJHOCTH
Ka)XJI0r0 3JIEMEHTa OTJIMYaeTCsl APYr OT JApyra, TaKk YTO NPH CBAPKE HA TMOCTOSIHHOM TOKE
TpebyeTcsi JOBOJbHO BBICOKMH YPOBEHb HAaBBIKOB. EC/IM K TakUM COEJUHEHUSM MPUMEHSIOT
JIYyTOBYK0 CBapKy Ha HHM3KOYAaCTOTHOM MMIIYJIbCE, OCHOBHOW METaul pacIuIaBIseTCs
COCPEIOTOYEHHO I[P IMHUKOBOM TOKE U TEM CaMbIM HE CKJIOHEH TIOJBEpPraTbCsl BIHUSHUIO
TEIUIONPOBOJHOCTU. [103TOMY MpH HE OYEHb BBHICOKOM YPOBHE HABBIKOB MOJIYYaeTCS XOPOUIUH
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pe3yabTar cBapku Oe3 Oosibmioro Tpyna. Ha puc 4.53 mpencrabieH npumep pesysbTaTa
CTBIKOBOTO COEMHEHMSI HEP)KaBEIOIMX 3JEMEHTOB, TOJIIUHBI CTEHKH KOTOPBIX OTIMYAIOTCS
ApYT OT ipyra.

Kpome Toro B ciydyae qyroBoi CBapkH Ha HU3KOYACTOTHOM UMIYJbCE ISl YIpPaBICHUS
pacruiaBieHUeM M 3aTBEpJeBAaHMEM OCHOBHOIO METalljla MOXHO yCTaHABIMBATh MUKOBBIA TOK
Bpemsi U 0a30BbIil TOK/BpeMsi OTJ€IbHO, UTO CIIOCOOCTBYET YNpPaBACHUIO OOpPaTHbIM BAJIMKOM U
[IPCOTBPALLCHWIO TPOBUCAHKA BaJiiKa, ¥ MO3BOJACT YCTAHOBKY pPOKHMa MpUM
dbopme coeMHEHUs!, MPOCTPAHCTBEHHOMY TOJIOKEHUIO cBapku W mp. Ha puc. 4.54 npencrapiieH
npUMep I1Ba BO BCECTOPOHHEM MPOCTPAHCTBEHHOM TIOJOKEHHWH CBApKH TOPU30HTAIBHBIX
HenoBOpOTHbIX TpyO. I[Ipu >TOM cBapka BBINOJIHEHA HEMPEPbIBHO, MNPUMEHUTENBHO K
MOJIOXKEHUIO CBAPKHU MEpeKitoyas 6 pexkMMOB HU3KOYAaCTOTHOTO UMITYJIbCA.

MOoXHO TEepeyucnuTh Jpyrue OCOOEHHOCTH JIYyrOBOW CBapKM Ha HHU3KOYaCTOTHOM
UMITYJbCE CIEAYIOIUM 00pa3oMm;

v’ PacruiaBjieHue M 3aTBEpJEBAaHHE OCHOBHOTO MeETalla MOBTOPAIOTCS, TaK 4YTO MPU
O0JBIIOM 3a30p€ B BEpILMHE pa3leiKd, CMEIIEHUU U Tp. MPOXKOI HE CKIOHEH
MPOUCXOJUTh, YTO CIOCOOCTBYET UCIIOJIHEHUIO CBAPKHU.

v' Bnaromaps BO3/ICHCTBUIO UMITYJIbCHOTO TOKa YCTOMUYUBOCTh u
HanpaBlIEHHOCTh  JOyTM  MOBBILIAIOTCA,  4YTO  obserdyaer  goOaBieHHE
MPUCAIOUYHOTO MaTepuana. B yacTHOCTH, B clydae CBapKH YIJIOBBIM IIBOM MOKHO
UCIOJIb30BaTh MPHUCAJOYHBIM  MaTepual HEMHOro OOJbILIEro Juamerpa, uTo
MPUHOCUT OONbIIUI YPPEKT.

v Byguer 06j1erdyeHo yrpasjieHie TEMIOBIOKEHUEM, YTO MPUHOCUT OOIbIION d(heKT
B TPENOTBpAIllEHUM  HECIUIABJEHMs,  HEMpoBapa, pPAKOBUH M MPOUHUX
ne(heKToBR.

v Bynmer  pacmmpeH = AMana3oH — TOIXOJSIIEr0  peXUMa  CBApKU,  4TO
YMEHbIIAET  3aBUCHUMOCTh  OT  HaBBIKOB  paOOTHUKOB U  (usnueckoin
yCTanocTH pabOTHHUKA.

T~ . -
1

ATYTIMATIC YT T
Cnniciibnvu RN

Puc. 4.53 Jlyrosasi cBapka coe/IMHEHHs! 1EMEHTOB Pa3HOil TOJMHHLI HA HH3IKOYACTOTHOM
HMNyJabLCce

Puc. 4.54 [lyrosas cBapka Tpy6 Ha HU3KOYACTOTHOM MMITYJIbCe BO BCECTOPOHHEM NMPOCTPAHCTBEHHOM
N0JIO’KEHUH

Kpome toro B. ciyyae AyroBoil cBapkM Ha HU3KOYACTOTHOM HMITYJIbCE, KAK HM3JI0KEHO
Bbille B M. 4.5.3. coyeTaB ee C MOJyaBTOMATHYECKON TOPEJIKOM I AproHOJyroBoOi CBapKH,
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MPaKTUKYeTCs TOBbIIIEHHE 00padaThiBAEMOCTH 3a CYeT H3MeHeHusi oObema [100aBlieHus
MPHUCAIOUHOr0 MaTepralla B CHHXPOHU3AIMK ¢ (POPMOI1 BOJHBI UMITYJILCHOTO TOKA.

4-7-2 JlyroBasi CBapKa Ha CpeIHe4YaCTOTHOM UMIYJbCe
[lon nyxoBOWl cBapkoOM Ha CpPEQHEYACTOTHOM HMMIYJbCE MOJpa3yMeBAaeTCs CBAapKa, B
KOTOpPOM 3a CYeT MepUOJUYECKOr0 HM3MEHEHMs] CBapOYHOIO TOKAa YacTOTOW OT HECKOJIbKO

AnamTAAT HECKOJPKO COT I'epil IIOBRIIIICHE T TATTYY T e Ty

ACCATKOB A0 HCCKOJIbKO COT Iepll NOBbILICHBI HAIIPABJICHHOCTD M COCPCAOTOUCHHOCTD [

yrH JJist
ylydleHus: o0pabaTbiBaeMOCTU. B CBsI3U ¢ TeM. UTO YacTOTa MMITyJIbCa BEJIMKA, HO CPaBHEHUIO
C JIyTOBOM CBAapKOW Ha HHU3KOYACTOTHOM HMMIYJbCE HE MOSIBISETCS SIPKO BOJHUCTBIA Y30p U
OTCYTCTBYET 3P EKT yIpaBIeHUs TEIJIOBIOKEHUEM.

I[lo wMepe yBenuyeHusi YacTOThl MMIYJbCAa TOBBIIAIOTCS  HANPABICHHOCTb U
COCPEIOTOYEHHOCTh IyTH, HO IIyOMHA MPOIJIABICHUs MPOSIBISIET TEHACHIMIO K YMEHbIIECHHUIO.
OpHako npu A00aBIeHUH NPUCAJA0YHOrO0 MeTajla BaHHA PacIIaBIEHHOr0 MeTajljla He CKIIOHHA
K BOJIHEHHIO, MO)KHO UCMOJIb30BaTh MPUCAAOUYHBIA METa1 OOJIbLIEr0 AUaMeTpa M0 CPAaBHEHUIO
CO CBapKO# na MOCTOSHHOM TOKe. JIaHHBI METO/ CBapKu HE CKIIOHEH MOABEPraThbCsl BIUSHUIO

OT CRANKU IMHUXBATKAMU, TAYKE IMHU CUITEHOM TQKC VBSITUUMBACT MTARBJIICHUC HC TAaK ZHAUUTCIIEHO

DOGPAA UPAADGINGHNILA, AGANT LP VAUDOUN 1URL JOLUARADbav: AGsuivnrie Ov 1an snanadivaony,

[O9TOMY TIJyOMHAa BaHHBI pAcIJIaBIEHHOIO MeTalja OTHOCHUTEIbHO Masla, 4YTO obJerdaer
UCIIOJIHEHUE CBApPOYHBIX PadoT.

Kakx npumep nyroBoil cBapku Ha CpEIHEYAaCTOTHOM HMITYJIbce Ha puc. 4.55 mokasaH
pe3yabTaT CTBIKOBOIO COEIMHEHUs HEP)KaBEIOILUUMX JIMCTOB 0CO00 TOHKOM CTEHKH. XOTs
TOJILIMHA cTeHKHU paBHa 0,4 MM, ojyyaeTcsi IpaBUIIbHbIN 0OpaTHBINA BalUK.

« | lopepxnocTs Baslnka

e O0paTHRI BRI

Puc. 4.55 Jlyrosas cBapka JHCTOB 0000 TOHKOII CTEHKH HA CPEIHEHACTOTHOM HMIY.1bCe
(SUS304 t 0,4 ™, cpeannii Tox 23 A)

Kpome Toro, B nonoce yactotsl uMmnysibcoB 10 - 25 'y BuOpaliysi BaHHbI pacrjiaBIeHHOTO
MeTayiia U (opMa BOJHBI MMIYJIBCHOIO TOKa MOTYT CHHXPOHHM3UPOBATHCSA JPYr C JIPYroM
yayHO W TPUHECTH KpailHe OJHOPOAHBIA BHELIHUW BHUJ CBapHOro wmBa. OgHaKoO MeplaHue
JYTOBBIX JIyuel, CONpPOBOXK/IAIOIIee U3MEHEHUE TOKA, 3HAYUTEIbHO 3aCJIOHSET 0030p, U K TOMY
e omrOKa B YCTAaHOBKE peKUMa UMIYJIbCca, CKOPOCTH CBapKH U MP. MOXKET MPUBECTH K MOJIPE3y
u nip. [losTomMy nanHas 1mosoca 4aCTOThbl UMITYJIbCOB MPUMEHSIETCSI HE TaK 4acTo.

4-7-3 JlyroBasi cBapKa Ha BbICOKOYACTOTHOM MMIIYJIbCe

ITon nyroBoil cBapkoil ma BBICOKOYACTOTHOM HMITYJbCE TMOJAPA3yMEBAETCs CBapKa, B
KOTOpOM 4YacToTa MMIYJbCOB MOBBIIIEHA €lle OOJbllie ¢ LENbl0 ele OONbLIEro MOBLIILCHUS
HANpPaBIEHHOCTH U COCPEAOTOYEHHOCTH IYrM M MpUIaHHWs BaHHE pACIUIaBIEHHOTO MeTasuia
BBICOKOYACTOTHYIO0 BUOpanuio. Kak nmpaBuiio, 4actroTa UMIYJIbCOB COCTaBIsIeT mpumepHo 10-25
k['11, o1HaKo B ciiydae 4yacToThl He Oosiee 17 kIl u3maercst BBICOKUM pexyInid 3BYK JyTH.

N3meHnenne TOKa BBICOKOM 4YacTOThl MPUIAET BaHHE pPaCIUIaBJICHHOTO MeTallia
BBICOKOYACTOTHYIO BHUOpAlMIO, YTO MPUBOAUT K CMEUIMBAHUIO PACIUIaBIEHHOTO MeTaiia U
00pa3oBaHUIO adpAIMOHHBIX TMY3bIPHKOB W CUMUTAETCS TMOJIC3HBIM JJISl MPUAAHHUS METaJTy
MEJIKO3EPHUCTON CTPYKTYpbI, IPEAOTBpallleHrs: 00pa30BaHUsl PAKOBUH U TIP.
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Jlyra Ha cmaboM TOKe Takx
IIPY CRAPOUYHOM TOKE B cpesiHeM 1
JUCTBI ¢ 0c000 TOHKMMHU cTeHkamu Tmopsaka 0,05 mm. OpHako JyroBas cBapka Ha
BBICOKOYACTOTHOM HMMITYJIbCE CKJIOHHA MOJBEPraThCsi BAMSIHUIO OT JIJIMHBI CBAPOYHOTO Kadess,
€€ HMCTOYHUK MUTaHUs CTOUT OuYeHb Aoporo. [losTomMy mnpuMeHeHHEe 3TOro MeTo/la CBapKu
OTPaHUYEHO €TUHUYHBIMH CITy4asiMU.

OTHOLIEHME YacTOThl HMMIIYJIbCOB C OCHOBHBIMM CBAapOYHBIMU XapaKTEPUCTUKAMU
npuBeeHO B TabJl. 4.6. B Tabnuiie rpaHuiieid HU3KOYACTOTHBIX UMIYJIBCOB U CPEAHEYACTOTHBIX
UMITYJIbCOB CAYKUT S5 ['ll, a rpaHulledl CpeAHEeYaCTOTHBIX HMMIYJIbCOB M BBICOKOYACTOTHBIX

uMITysbCOB ity kT 500 I'u. Ho 3TH rpaHuiibl MpUHUMAOTCS HE TaK CTPOrO.

€ 3HAYUTCIIbHO IMPEBOCXOAUT IO COCPEAOTOYCHHOCTH, HAXKC
A nojyyaercs V(‘Tnuunnn(‘ﬂ. Jyry, 4TO MO3BONsIeT CBAPUBATE

ATV s 1 NHVIBOUUILID v 154l
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4-8§ JAE®EKTBHI CBAPOYHOTI'O IIIBA 1 UX TPEJOTBPAIIEHHUE

4-8-1 TpemmHbI

TpeuHbl 00pa3yloTcsi MpU  3aTBEpJACBAHUM WM  3aCTbIBAHUM 30HBI CBapKH, U
NOJPa3eNAI0TCs 0 CBOeMY 00pa30BaHUIO Ha XOJIOAHbIE TPELUIMHBI U FOPSIYUe TPELUHBDI.

XonoaHble TpeHMHbl BO3HHMKAIOT TOCJE 3aCThIBAaHHMSI 30HbI CBAPKU JO OTHOCHUTEIHHO
HU3K0# Temmnepatypsl (nopsiaka 200°C u Huxe). [Ipuunnoil cunratotest 3 akropa, a UMEHHO
BOJIOPOJI, MPOHUKILIUN B 30HY CBapKH, 3aBs3bIBAIOLIAsl CHUJIA, BOCHPUHSTAs 30HOW CBapku, U
3aTBEp/ICBAaHME CBAPEHHOIO0 MeETajljla WM Y4YacTKa, HAaXOJSAILIErocs MOJ, BIMSHUEM TeIla.
TpeuyHbl MOT'YT BOBHUKHYTB, CITyCTSI HECKOJIBKO YacOB JI0 HECKOJBKHX JTHEH Mociie OKOHYaHUs
CBapKMd B '3aBUCMMOCTH OT Marepuaja M Apyrux ycinoBuil. IloToMy 4TO 10 BO3HHMKHOBEHHMS
TPELMH HYKHO BpeMsl IJsi TOro, YTOOBbl MPOHUKIIMKA B 30HY CBapKu BOAOPOJ NepemMeniaics
BHYTPH 30HbI CBAPKU U HAKOIUJICS B KOJMYECTBE, HEOOXOAUMOM JJ1s BOSHUKHOBEHUS TPELLUH.

HNmeroTcss pazHOBUIHOCTH (GOpMBI TpelllMHbI, Ha puc. 4.56 mnpeactaBlieHbl MPUMEDPHI,
Ha3bIBa€Mble TPEHIMHOW B KOpHE IlIBa, BHELIHEH MPOJOJbHON TpEeIMHON Ha TpaHHIle IIBa,
MOJIBAJIKOBOM TPEUIMHOM, KaXKIbIN.

YToObI MpeOTBPATUTh XOJIOIHBIE TPEIIUHBI CIEIYET;

(1) OyucTuTh pasnenaHHble KPOMKHM TIIATEIbHO OT Macja, P)KaBYMHBI, Kareib
KOHJIEHCaTa W Mp. U TEM CaMbIM [0 BO3MOXXHOCTH YCTPAaHUTh MPUUYUHY
MoMalaHusl BOJOPOJa B TOHY CBapKH,

(2) YUroObl ycKOpUTH BBIJEJICHHE MPOHUKILEr0 B 30HY CBapKM BOJOPOJA. HYXKHO
MOJIEPKUBATH BBICOKYIO TeMIepaTypy nepen HaJI0KeHUEM
MOCJIEAYIOLIETO CJIOS ITyTEM NOJI0TPEBA,

(3) lIpaBunpbHo momoOpaB  GopMy  pa3feliKu  KPOMOK, PpEeXKHM  CBapKH,
3KMMHOE  [PUCIIOCOOJeHHEe W MOAKIAAKY, U30ekaTb BO3HUKHOBEHMS
Ype3MEepHOM 3aBsI3bIBAIOLICH CHIIbI, PE3KOTO 3acThIBaHMSI C IOCIEIYIOIIUM
3aTBEpAEBaHUEM METAUINYECKON CTPYKTYPBHI.

(a) Tpemuna B kophe wiBa (0) Bueuinss (B) lloasamnkosas Tpewmna
Npoa0/IbHas
TPelliHHa Ha
I'palHlLe luBa

Puc. 4.56 OcHoBHbIe X0101HbIE TPEeIHHBI

l'opsiune TpelrHbl BOZHUKAIOT B MPOLECCE CBAPKU WIIM HEMOCPEICTBEHHO IMOCJE CBapKH,
KOrjJla 30Ha cBapku umeeT Ttemneparypy (mopsiaka 300°C u Oosiee) M MOSBIAIOTCA NpU
3aTBepJeBaHUM PACIUIaBIEHHOr0 MeTalia. Tak 4yTo OHM MOTryT ObITh Ha3BaHbl TPEUIMHAMH OT
3arBepAeBaHus. (CuWTaeTCs, YTO HEMOCPEICTBEHHO Iepe/l 3aBeplleHUEM 3aTBEpIeBaHUs
pacIyIaBI€HHOTO METajlJla B MEK3EpEHHOW T'PaHULIe B CEpeIMHE BaJIMKa U B OKPY)KEHUM BaJlMKa
OCTaeTCsl Majlasi Mmacca pacIUIaBI€HHOIO0 MeTaula B BHMJAE IUIeHKM. Ecom k  aTtomy
pacruiaBjieHHOMY METajuly MPUJIOKHUTCS CHIa, COMPOBOXKIAIOIIAs TEMIoBYI0 jaedopmaiuio, oH
HE BBIIACPKUT JePOopMaIMIO MO MPUUYMHE CBOCH HE3HAYMTENIbHOM Macchl, MPOObETCs OTBEPCTHE,
KOTOPOE MEePEPACTET B TPEUIMHY OT 3aTBepeBanus. CiaeaoBaTesibHO, HA BOSBHUKHOBEHUE TPEIUH
3HAQUYUTEJIBHOE BIMSIHUE OKa3bIBAIOT XUMUYECKUNA COCTAB 30HBI CBAPKH, BKIIIOUEHHUE MTPUMECEH U
mp.

Ha puc. 4.57 npencraBieHbl puMepsbl, HazbiBaeMble 10 popMe TPEHIMHBI TPyIIeo0pa3HOi
TPELIMHOM B IIBE, TPOJOJIBHON TPEWIMHOM B ILIBE, TPEILIMHON B KpaTepe.

UToObl NPeIOTBPAaTUTh TOPSYUE TPELIUHBI CIIEAYeT:
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(1) lonoOparb Qopmy pa3fenkd KpOMOK UM PEKHUM  CBapKd, 4YTOObI He
noyiy4yusiach (opma IOMNEPEYHOro CEeYEeHWs IBa, Yy3Kas M JUIMHHAs B
HanpaBjIeHUW TMpOIUIaBieHHus. TO ecTh YCTAaHOBUTH OTHOULICHHE «TJTyOMHA
MPOILIaBJICHUsI/IIIMPUHA 1By HA HEOOJIBIIOE 3HAUCHHUE.

(2) Tak Kak TpelMHbl CKJIOHHBI BO3HUKATh, Korjaa konuyectBo ¢ocdopa (P), cepsl
(S) u np. Benuko, cieayer Mmo BO3MOXXHOCTU YMEHbILIATh MPUMECH B OCHOBHOM
MeTaljie M TPHCaZO4YHOM MeTaule. A jajnee, NOAOUpaTh MPUCATOYHBIN
MeTalll, MapKa KOTOPOro MOJAXOUT K OCHOBHOMY METaJLTy.

(3) B 30He kpaTepa TNpOW3BOIUTH MpPAaBUIBHYIO 3aJelKy KpaTepa IyTeM
YIPaBJICHUS] HUCXOJSIIIIM ITOTOKOM TOKa U TI.

(& @

(a) I'pymeobpa3znas (0) Ipoaoashas Tpemmba 8 (8) Tpewnna B kpatepe
TPCIHHA B LIBE lnine

Puc. 4.57 OcuoBubie ropsiune TpemiHus

4-8-2 PakoBuUHBI

PakoBuHamMM Ha3bIBAIOT TOJOCTH, KOTOpbIe OOpa3oBaHbl MO MPUYMHE TOTrO, YTO Tras,
MPOHUKIIMI B pACIUIABICHHBIA METalJl U HE YCNEBIIMWA BBIUTH W3 HEro, MNEPEKPHIT B
pacIiaBI€HHOM MeTajle. B 4acTHOCTH, pAcKphITbIE Ha TOBEPXHOCTH I1BA PaKOBUHBI
Ha3bIBAIOTCS TOBEPXHOCTHBIMU PaKOBUHAMM.

PakoBUHBI B OCHOBHOM COCTOSIT U3 BOJIOPO/Ia U KUCIOPOAA, a B 3aBUCUMOCTH OT CUTYaLlMU
TaK)Ke U3 aproHa, UCMoJIb30BaHHOTO B Ka4eCTBE 3alllUTHOrO ra3a. Kpome TOro, mo cpaBHEHUIO
C JPYTUMHU MeTa/yIaMH aJIOMUHUN CKJIOHEH K 00pa30BaHUIO PAaKOBUH MO MPUYUHE TOTO, YTO
Macca BOJOpOJia B 3aTBEPAEBIIEM MeTalljie 3HAUUTEIbHO MEHbIIEe, YeM B pacllJIaBICHHOM
MeTaJljie, U B Mpoliecce 3acThiBaHUs BblesieTcs: OoJbIas Macca BoAopoaa. UToObl MOJHOCTEIO
YCTPaHUTh 3TU PaKOBUHBI, TpeOyeTcsi HarboJiee TiaTeIbHOEe BHUMAHUE.

[MoBepxHocTHas pakoBHHa

[ _Pakosuna

Puc. 4.58 PakoBuHbI
YToObI Mpej0TBPATUTh PAKOBUHBI CIIE/IYET;

(1) Yoanute ¢ ydacTka paslieKu KPOMOK TI'psi3b, pKaBUMHY, Bjary M oOpaTUTh
BHUMaHME Ha OYUCTKY,

(2) Tak kak TmTomaBmIas Ha TMPUCATOUYHBIA MeETaul Bjara TakKXe MOXET
NPUBECTH K BO3HMKHOBEHHMIO DPAaKOBUH, oOpallaTh TIIATEIbHOE BHHUMaHUE Ha
npocyliuBaHue. B uyacTHOCTH, Npu CBapke aJllOMMHUS B 3aBUCHUMOCTH OT
CUTyallud HEOOXOAMMO  YAAJIUTh OKCHAHYIO IUIEHKY C [OBEPXHOCTU
MPHUCATOYHOTO METaIa.

(3) Ob6pamias BHMMaHME Ha PAcXO] 3alIMTHOrO Tasa, 3alIUTy OT BETpa, OYMCTKY
coria M T.JA., HOPeJoTBpaTUTh 3axBaT BO3AyXa  BCIIEJCTBUE HEIMOJHON
3auThl. Takxke, He YIUIMHATh AYTy 00Jbllie, 4eM HE0OXO0MMO.

4-8-3 HecniiaBjieHue

OTCyTCTBUE CIUIABJACHHMS MEXAY HAIIaBJACHHBIM METAVIOM M OCHOBHBIM METAUIOM MJIU
MeEX]ly HarulaBJI€eHHbIMU METajlaMU Ka)kJI0OTO MPOXo0/ia, Kak Moka3aHo Ha puc. 4.59, Ha3biBaeTcs
HecIuiaBlieHueM. B citydae HepikaBeroleil cTajiv, allOMHHUEBOTO CIlIaBa | I1p.. Ha TOBEPXHOCTH
niBa o0pa3yroTcsl OKUCH C BBICOKOW TeMIlepaTypod IJIaBlI€HUS M, €CIU MpH HAJIO0KEHUU

76



CJIEYIOIIETO CJI0s 1IBa PACIUIaBICHHBIM MeTalI olepekaeT Iyry U Jiyra NpsMo He MOonajaeT Ha
MOBEPXHOCTh 11BA, 3Ta OKCUJHAs TUIEHKA HE MOJBEPraercs IJIABJICHUIO, OCTACTCS, U MOXKET
BbI3BaTh HECIIABIICHUE.
YroObl Mpe1oTBpaTUTh HECIIJIABIICHHUE CIIEyeT:
(1) TwaTeIbHO OYUCTUTD MOBEPXHOCTH PA3C/IKU KPOMOK U IMOBEPXHOCTH IIBA.
(2) [lonoGpaTh pexXUM CBapKU, OOECNEYMBAIOIIMNA  JIOCTATOUYHYIO TJIyOUHY
NpoIUIaBieHUs, M, B YacTHOCTH, oOpamlaTh BHUMaHWE Ha TOJHOE
NPOTIIABJICHUE KPAEB JIMIEBOM MOBEPXHOCTHU MPEABIIYILETO CJIOS [IBa

4-8-4 HenpoBap
HenpoBapoMm Ha3bIBaeTCs COCTOSIHME, KOTJA 4YacTH pa3lelloKk KPOMOK, B YacTHOCTH,
MOBEPXHOCTU MPUTYIUIEHUS] KPOMOK, He nporasistores. Kak nokasano Ha puc. 4.60. HerpoBap
CKJIOHEH BO3HMKAaTh, KOIJIda Yrojl CKOca KPOMOK Mall WM MPUTYIUIEHUE KPOMOK CIMIIKOM
BEJIMKO.
YT1oObl NPEAOTBPATUTH HENPOBAP CIIEAYET:
(1) ITonoGpaTk mpaBUIBHYIO (GOPMY W pa3Mepbl paslieJku KpomMok. B udactHocTH,
oOpaiath BHUMaHUE Ha TO, YTOOBI YroJl CKOCa KPOMOK HE CTaJl CIUILKOM MajbiM
Y MPUTYIIEHUE KPOMOK HE CTaJIO CIAMILIKOM OOJIbIINUM,
(2) 1o BO3MOKHOCTH YKOPOTHUTbH AYTY U YMEHBIIUTH HANPSHKEHUE JTyTH.
(3) [MonoGpaTh pexUM CBapKH, C LEJIbIO MOJYYCHUsI JOCTATOYHOI TEIIOBIOKEHUS
JUTSL CBapKH, YBEJIMYMBAsI CBAPOUHBIN TOK, yOaBIsisi CKOPOCTh CBAPKH U T.J.

“ Ienposap

Puc. 4.59 Hecnaapaenne Puc. 4.60 Henposap

4-8-5 Iloape3bl U HATUIBIBBI

Korna ocHOBHOI MeTa/ul 1o KpasiM JIMUEBOM MOBEPXHOCTH IIBA MOJBEPraeTcsi CIAUIIKOM
WHTEHCUBHOMY pAacCIlJIaBJI€HHIO, TOSBISAETCS BHAJWHA B BHUAE Ma3a, KOTOpas Ha3bIBaeTCs
noape3oM. Kak mokauaHo Ha puc. 4.61 moapesbl CKJIOHHBI BO3HMKATh Ha BEPXHUX Kpasx
JIMIIEBOM MOBEPXHOCTH 1IBAa MPU FOPU30HTAIBHOM CBapKe YIJIOBBIM ILIBOM. 3HAUUTENIbHbIE WIIH
OCTpBIC MOJpPEe3bl YOABJSIOT MPOYHOCTH COCAUHEHHMM, TaK YTO CJIEAYeT IO BO3MOXHOCTH
NPEeIOTBPATUTh X BOBHUKHOBEHHE.

YToObI Mpea0TBPATUTh MOAPE3HI CAEAYET;

(1) He yBenuuuBaTh CBapOUYHbIN TOK OOJIbIIE, YeM HEOOXOUMO,

(2) U3b6erath cIUIIKOM OONBIION CKOPOCTH CBAPKH.

(3) llonnepxuBaTh MNpPaBUIBHOE IMOJIOKEHHWE yIjla  HAKJIOHa TOpEKU, WU
MpaBUJIBHYIO JUIMHY JYTH.

HannpiBaMy Ha3pIBaeTCs COCTOSIHME TOTO, YTO OCHOBHOM METAUI IO KpasM JIMIEBOMN
MOBEPXHOCTU MIBA HE TMOJIBEPraeTcsl PaCIUIaBIICHUIO, U METAJIJ IlIBa HAaTEKAaeT Ha OCHOBHOM
MeTasul, Kak I[oKa3aHo Ha puc. 4.62. HamabiBbl TpeacTaBissioT coO0W MPOTHUBOCTOSIIEE
nojipe3aM sIBJIeHHE, KOTOpO€ BO3HUKAET, Korma o0beM J00aBieHHsl MPUCATOYHOrOo MeTasia
CJIMILIKOM BEJIMK, CKOPOCTh CBapKH CIMIIKOM Majia U Ip.

.m.u,m

Puc. 4.61 Tloapesw Puc. 4.62 Hanabisbi

Tloapes
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4-8-6 becnopsiio4YHOCTH BaJIUKAa

B cayuyae nyroBoil cBapku Ha HU3KOYACTOTHOM HMITYJIbCE M TIp., KOTJa YCTaHOBJIEHA
CJIMIIKOM OOJIBILION CKOPOCTB, MOJTy4aeTCsl IPEPhIBUCTHIN BaJIMK, KAK MOKa3aHo Ha puc. 4.63 (a).
Ecnu no cpaBHEHHIO cO CBapOYHBIM TOKOM CKOPOCTb CBapKW CIIMILKOM BeJMKa, JJUHA JyTd
CJIMIIKOM BeJIMKa U T.[.. KaK MoKa3aHo Ha puc. 4.63 (6), MOSIBISAIOTCS HEperyyspHble BOAJAUHBI U
He oOpa3yeTcsi OJHOPOAHBIM Bajmuk. [IpM MMMyIbCHO-IYrOBOW CBapke, KOrja yCTaHOBJIEHA
ciuuKoM OoJibliasi pa3HULA MEXIY [HUKOBBIM TOKOM M 0a30BbIM TOKOM, TaKXKe MOXeT
BO3HUKHYTb 3TOT Ha/IBUTAIOLIUICS BaJIUK.

(a) lNpepbiBUCTBLI BaNUK (6) Hansuraowmmiics Banuk

Puc. 4.63 becnopsiiounocrs Baauka
Tak uto, crnenyer u3beraTtb YBENUYEHHUS CKOPOCTH CBapKH, YAJWUHEHUS IyTd, U T.I.
Oonbiie, yem HeoOxomumo. Kpome Toro, mpu HUMMYIbCHO-AYTOBOH CBapke HE CleayeT
yCTaHaBJIUBATh YpPe3MEpPHO OOJIBIINYIO0 CHITY TOKa, JIJIsl OOJbIIEro yBearuueHus ¢ hexra.

4-8-7 BoabdpamoBbie BKJIOYEHHS

BosabdpamMoBbIMM BKIIIOUEHHEM Ha3bIBAETCs SIBJICHUE TOTO, YTO B MPOIECCE CBAPKH KOHEI
BOJIb(PAMOBOT0 3JIEKTPOJa BBITEKAET B PACIJIaBICHHOM BHUJE WM MNPUKOCHOBEHHE KOHILIA
BOJIL()PAMOBOIO DJIEKTPO/Ia K pacljaBIeHHOMY MeTa/Uly MPUBOAMT K MOMNaJaHUI0 Bojlb(ppama B
metann 1mBa. Crneayer oOpaiiaTh BHMMaHM€ Ha TO. 4YTO YYacTKM C BOJb(PaMOBBIMHU
BKJIFOUEHUSIMHU 3aTBEP/ICBAIOT KpaliHe MHTEHCUBHO U TMOBJIEKYT 32 COOOH TPEUIUHBI.

Cnenyer ynensiTh BHHMaHUE TOMY, YTOOBl MCHOJb30BaTh AJEKTPOJAbI MPABUIBHOTO
JMaMeTpa TPUMEHHUTEIbHO K CBapOYHOMY TOKY, TMOJJIEPKUBATh MPaBUJIbHYIO MOJa4yy
3alMTHOrO Ta3a AJisl MpeloTBpALEHUs] ObICTPOro M3HOCA 3JEKTPOJa, MepeMellarh 3JIeKTPO/,
u30erasi MPUKOCHOBEHUS AJIEKTPO/Ia K BAHHE PACIIJIaBICHHOIO MeTaJla.

4-8-8 Cpapounas aepopmanuu

W3-3a BKJIaZBpIBAEMOTO AYTOM TeIUia, 30HbI CBAPKU U OKOJIOIIOBHBIE 30HBI IO/IBEPTAIOTCS
PacTsHKEHMIO M yCaJlKe U Mocie OKOHUAHUS CBapKU, KaK MpeACTaBiIeHo Ha puc. 4.64, BO3ZHUKAIOT
(a) monepeuHas ycajka, oOpa3yemasi B HallpaBJ€HUH, MEPIECHIUKYIIPHOM CBapHOMY HIBY, (0)
npojoJpHas ycaaka, oOpa3dyemass B HampaBlIeHUW JIMHUM CIUIaBieHus, (B) nedopmaius
MpoJI0JIBHOTO W3rnba, oOpazyeMasi B HaIpaBJ€HWU CBapHOro mea. (r) yrioBas aedopmanus,
MpeICTaBIsIoNIasicsi coO0W MepesioM BAOJb CBAPHOTO IIBa. (/1) MOBOPOTHAA 1edopMaiuu, pu
KOTOPOH 3a30p B BEPIIMHE Pa3ACIKU CTAHOBUTCS YK€ WM HIMPE TI0 Mepe TPOABMKSHUS CBAPKH,
(e) BepTukanbHas nedopmaiusi, odpasyemas B clydyae TOHKOCTEHHBIX JIMCTOB B BOJIHUCTOM
BUJIC.

Caapnas aedopmaiiusi MOHMKAET TOYHOCTh OTIEIAHHBIX M3/ENIUH, MOPTUT KauyeCTBEHHbBIN
BWJI U OKa3bIBAaeT BPEIHOE BJIMSHHE HA MPOYHOCTH, JKECTKOCTh M T.JA. KOHCTPYKIIMH, TaK 4TO
CJIeIyeT MO BO3MOXXHOCTH YMEHBIIUTh €€ BOSHUKHOBEHUE.
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(a) TNonepeunas ycanka (6) Mpoaoasnan yeajika (8) Jledhopmariusi poaoabHOTO H3rnba
R el ok
Harnpan.aienue csapku Hanpasaenne cafin

() Hosoporuas aedopmannm (B HOBEPXHOCTAX PA3/IE/IKH KPOMOK)

(r) ¥Yrnosas nedopmanms (jredopmanms (¢) Beprukannnas jgedopmanmns
HOMEPEHHOTO H3rnHa) (NpoAOIBLHOTO M3rnbHa)

Puc. 4.64 Ceapuan 1edopmanns

UrtoObl cepxath CBapHYIO 1edopMalnio, CleayeT

1) IlpennonoxuB ycaaky M Jedopmaluio OT CBapKd, 3apaHee MpeayCMOTPETh
MPUITYCKU HA yCaJIKy WK MPUAATh OOpaTHYIO Je(popMaliuio,

2) UtoObl yMEHBIIUTH CyMMapHO€ TEIUIOBJIOKEHHE CBapKu, MOAOUpaTh pa3iesiKu
KPOMOK Majioro rmnomepeyHoro cedyenus. [Ipeanountars X-00pa3Hyro pasienky
KPOMOK WJIM JABYXCTOPOHHIOIO CHMMETPUUHYIO «PIOMKOOOPa3HYIO» paslenKy
KpoMOK V-00pa3HOil pazlenke KpOMOK, TMoaduparh Oojee y3Kui 3a30p B
BEpILIMHE Pa3AeIKu,

3) UroObl MO BO3MOXHOCTH YMEHBIIUTbh HEOIHOPOJHOCTh 3a30pOB B BEpIIMHE
pa3fenkd, CMelleHMe M T.J1.. T[OBbIIATh TOYHOCTh 3JEMEHTOB, 3apaHee
NpoBePATh (GOpPMY pa3lelKd KPOMOK M HCIOJIb30BaTh COOPOYHOE 3aKUMHOE
MpUCTIOCOOJICHHE, a 3aTEM MPOU3BOAUTH CBAPKY MPUXBATKAMM.

4) CocTaBUTh TEXHOJIOTUYECKYIO IMOCJIEA0BATEIbHOCTh CBAPKU, YTOOBI YMEHBIIUTH
CBapHYIO 1epOopMaLHIo.

4-8-9 MarnutHoe 1yThe

B HekoTOpbIX ciaydasix B CUIIy MarHUTHOTO JIEHCTBUS TOKa JIyra u3rudaercs B
OIpe/Ie]IEeHHOM HAIPaBJIEHUM M HAIMPABIEHHOCTh M COCPEJOTOYEHHOCTh JYI'M CTAHOBSITCS
HEYCTOMUMBBIMU, B pe3yJIbTaTe YEro LIOB MOIy4YaeTcsi U3BUIMCTHIM, IUMPHUHA IIBa CTAHOBUTCS
yKe, IPOIUIaBlIEHUE - MeJIb4e. JTO SIBJICHHE HA3bIBAETCS MArHUTHBIM AYThEM, YETKO MOSBISETCS
IIPH CBAapKe CTaJId HA MOCTOSTHHOM TOKE, B YaCTHOCTH, CKIIOHHO BO3HUKATh MTPHU CBApPKE YTIOBBIM
IIBOM, COETMHEHHUSX C INTyOOKOH pazfesikoi KpoMok u T.1. [Ipu cBapke Ha MepeMEHHOM TOKe
MarHUTHOE 1yTh€ MOYTH HE BO3HUKAET, HO IIPU CBapKe Ha MOCTOSHHOM TOKE BO3HHMKAET JJaXKe B
cilyyae, KOrjia OCHOBHOM MeTaJul peCTaBsieT co00i HepKaBelolllylo cTallb, KOTOpas He
MOJJaeTCsl HAMarHMUMBaHUIO.

Bo3HUKHOBEHHE MAarHUTHOTO JYThsl pa3indyaeTcs B 3aBUCHUMOCTH OT TOJOKEHUS
MOJICOEIMHEHUS] CBAPOYHOI0 Kabess K OCHOBHOMY MeETajlly, yrja HakJIOHa TOpesKH, IIUpUHE
OCHOBHOTO MeTajuia u T.1. Hanpumep, kak mokazaHo Ha puc. 4.65 (a), ecinu cBapo4HbIi Kabelb
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MOJICOC/IMHEH CJIeBa, Jyra THETCS HamnpaBo;, Kak nokazaHo Ha (b), ecnu cBapouHble KaOesu
MOJICOEIMHEHBI C 00€UX CTOPOH, MAarHUTHOE yThe He nosiisieTcs. OIHaKo, Kak Moka3aHo Ha (C)
u (d), maxe Korja cBapouHble KaOeiau MOJCOEIWHEHbI C O00EUX CTOPOH, €CIIM HaKJIOHSIOT
TOpeJiKy, ayra WU3ru0aercs B MPOTHBOIIOJIOKHOM  HAKJIOHY TOpeJKW  HampaBieHud. B
cllyuyae HaKJIOHEHHMs TOPEJIKU, KaK IMOKa3aHo Ha (&), peKOMEHIYeTCs MOICOSTMHUTD CBAPOYHBIN
Kabelb K Kpato OCHOBHOT'O MeTajllla ¢ MPOTHUBOIOJIOKHOW HAKIIOHY TOPEJIKH CTOPOHBI.
e l opesika ©
@ @®

OCHOBHONH MeTai

(a) (b)
&) e e

@],_
(c) (d) (e)

Puc. 4.65 OrHomeHHe MATHHTHOTO AYThA € NOJIOKEHHEM MO/ICOCHHEHHS CBAPOYHOI0
kalean

Kpowme Toro, kak nokazaHo Ha puc. 4.66, B ciiyyae cBapku Kpasi OCHOBHOI'O MeTaJljia, 1yra
CKJIOHHA M3TU0aThCsl K LIEHTPY OCHOBHOT'O MeTalljla. Bo MHOTHX Cilyyasix MOXKHO MPEIOTBPATHTh
9TO SIBJICHME, MOJICOEAMHUB €Ille OJMH CBAapOUYHBIN Kaleib B MECTO, IJie HAUMHAET TOSIBIATHCS

MariuTHOC OYThHE.

Puc. 4.66 BausiHne o1 Kpasi 0CHOBHOI0O MeTaa1a

UTo0BI caepkaTh MarHUTHOE AYThE CIEAYeET;

(1) U3meHsATh  TMOJIOKEHUE TMOJCOCIMHEHHUS  CBAapOYHOrOo  Kabenss K OCHOBHOMY
MeTaly.

(2) IMoacoenuHuATh CBApOYHBIM Kabeslb Ha JIBa MeCTa OCHOBHOTO MeTajljia uiiu OoJee.

(3) M3MeHsTh yriia HaKJIOHA TOPENIKH.

KpomMe TOro, B HEKOTOpBHIX CIy4asXx C IOMOIIBIO AJIEKTPOMArHuTa WU

MarHuTa UCIPABIIAIOT MATHUTHOE 1YThe MPUHYIUTENHHO.

4-9 HEPA3ZPYIIAIOIIMUE UCIIBITAHHWSA 30HbI CBAPKH

4-9-1 Bua Hepa3pymIalOIIMX UCTIBITAHUMN

Uto06bl yOenuThCS B TOM, YTO CBAapHBIE ILIBHI YJOBJIETBOPSIIOT 3apaHee YCTaHOBJIEHHBIM
IKCIIJTyaTallMOHHBIM KauecTBaM C YYETOM ILIeJIM HCIOJb30BaHus, pabouux yciioBuH, paboueii
Cpelpl U T.[., IPOU3BOJAT Pa3IMYHbIE WUCIBITAHUA U MO0 HMX pe3ylbTaTaM CYISIT O MpUEMKE
CBapHBIX LIBOB.

BHemHuii  ocMOTp, NPOM3BOJMMBIN BU3YaJbHO, MO3BOJISIET OOHAPYXUTh JEHEKTHI,
pPacKpbITbie Ha TOBEPXHOCTH C OTHOCUTEIBHO OOJBIIMMHU pa3MepaMu, HO He IO03BOJISIET
OOHapyX UTb BHYTpEHHHUE Ne(eKTbl, MEIKHE MOBEPXHOCTHbIE NedekThl U mp. Pazpymaromue
UCTIBITAHUS, TIPU KOTOPBIX pa3pyllalT, AePOPMUPYIOT, XMUMHUYECKH 00pabaThiBalOT U T.A.
CBapHbI€ WIBBI, MO3BOJSIOT MOAPOOHO MPOBEPUTH BHYTPEHHUE NEPEKThl, MEIKUE Ne(EeKThl U
NpoYyre XapaKTePUCTUKU CBApPHBIX IIIBOB, HO HE MOTYT OBITh NMPUMEHEHBI K JEHCTBYIOIIHUM
U3JICTHSIM.

Hepaszpymaromme ucnbITaHUS TMO3BOJSIOT MPOBEPUTh BHYTPEHHUE AEPEKThI, MEIKHE
nedeKThl U Ip. CBapHBIX IIBOB, HE Hapywas GopMy, pasMepbl U SKCIUTyaTallMOHHbIE KauecTBa
W3J/1eJIMi, U B OCHOBHOM HaXOJST MPUMEHEHHE Clieytonine 4 BU/a;
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(1) Pentrenonedexrockouus (RT)
(2) Yabrpaszsykosas nedexrockonus (UT)
(3) MarnuTonopomikoBas aedexrockonus (MT)

(4) Kanwnnsipuast nedexrockonus (PT)
Cpenu 2TUX 4 BUJOB UCTIBITAHUH 11 OOHAPY)KEHUS BHYTPEHHUX J1€(DEKTOB MPUMEHSIOTCS

PEHTTEHONEPEKTOCKONUs W yJIbTpa3BykoBass  JAehEKTOCKOMUs, Uil  OOHaApy)KeHUs
MOBEPXHOCTHBIX Je(EKTOB MPUMEHSIIOTCS MarHUTOMOPOIIKOBas 1e(heKTOCKONUS U KanmuUIsipHast

Ne(HEeKTOCKOTHSI.

4-9-2 PentrenoaedekTockonus

Pentrenonedexrockonus, — Haxoiduias — LIMPOKOE
HEepa3pyllaolMX HCMbITAHUA CBAapHBIX IIBOB, MpPEACTaBiseT coO0l MeTo] OOHapyKeHHus, B
OCHOBHOM, BHYTPEHHUX JE(PEKTOB C MOMOIIbIO PEHTI€HOBCKUX JIyyeil WM raMma-iydei, Kak
MI0Ka3aHo Ha puc. 4.67.

Korna o6iyyatoT cBapHO# 1110B PEHTT€HOBCKUMHU JIydaMH OT MCTOYHHMKA PEHTT€HOBCKOTO
U3y4eHUs, PEHTTEHOBCKUE Jy4yM, [poUIe/ilIMe 4Yepe3 CBapHOM WIOB, 3acBEUYMBAIOT
PEHTIEHOBCKYIO TIEHKY, PacloIOKEHHYIO0 Ha 3aJHel CTopoHe uccienyemoro odobekra. Eciu
CBapHOM MIOB 00Ja/laeT pakOBUHAMH, TPEUIMHAMM M NPOYMMM TMOJOCTSMU WU LUIAKOM HU
MPOYMMH MHOPOJHBIMHU BKJIIOUEHHUSMHU, PEHTTCHOBCKUE JIyUM HE 3aTyXalT TaK, KaK MPOXOJST
yepe3 HOpMajbHble YacTH, M 3aCBEYMBAIOT IUIEHKY WHTEHCUBHO. B pesynbrare sTOoro mpu
NpPOSIBJIGHUU OJHU Yy4acTKH, oOnajaromue jaepexkTtamu, TEeMHEIOT, M TEM CaMblM MOXHO
oOHapyX1BaTh pa3Mepsbl, POPMBI U MOJOKEHUS 1€(PEKTOB.

DTOT METOJ UCTIBITAHUS TTO3BOJISIET OCTABJIATH PE3yAbTaThl UCIIBITAHUIN B BUJIE TNICHOK, TaK
YTO 00J1a/1aeT CIOCOOHOCThIO K PETUCTPALMU U COXPAHEHUIO, U HAXOAUT YacToe MPUMEHEHHE B
pasHbIx oOjacTsX. B cBA3M ¢ TeMm, 4TO MCMOJNB3YIOTCS PaJMOAKTUBHBIE JIyYd, BpeIHbIE JUIs
3TUM METOJOM HCIBITAaHUS MOTYT 3aHUMATbCsi TOJBKO TE€, KTO MPOIIEN

‘-E'— HUcrounnik PCHTICHOBCKOIO H3JIY4CHH A

IMPUMEHCHUC B Ka4yCCTBEC

OpraHu3Ma,
roCy/1apCTBEHHBIN IK3aMEH.

1
! ' Hecaenyemblii obnbekt

L AL |

ZZZZZZZZA PenTreHonckas 111eHKa

Puc. 4.67 Penrrenonedexkrockonus

4-9-3 YabTpa3BykoBas 1eeKTOCKONUA
VY AbpTpa3ByKOBBIE BOJHBI [0 CBOEMY CBOMCTBY PacHpOCTPaHSIOTCS BHYTPU TBEPAOIO Tella

WIH KUAKOCTU MPSIMOJMHENHO U OTPa)KaloTCsl, €CIIM Ha MYTH BOJIH BCTpeyaroTcsl AeeKThl Win
poYre MHOPOJHBIE MPEeIMEThl. YIIbTpa3ByKoBas NePEKTOCKONHUS MOJIb3YEeTCs STUM CBOMCTBOM

JUIsI IPOBEPKU CBAPHBIX I1IBOB HA HAJIMYME BHYTPEHHUX J1€(PEKTOB.

Meron ucnbITaHUl B OCHOBHOM TMOJpa3JesieTcs Ha JBa, a UMEHHO Ha BEPTUKAJIbHBIN
MeToa JePEeKTOCKONUU W yrioBoi meroa naedexrockonuu. Ha puc. 4.68 mnpencrabieHa
BepTUKanbHas Jedekrtockonus. Kak mokazaHa Ha (a), NPUBOAAT WLy CO BCTPOSHHBIM
OCLMJUTSITOPOM B KOHTAaKT C TMOBEPXHOCTBbIO HCCIEIYeMOro OOBEKTa U MOCBHUIAIOT BHYTPh
MOCJIETHETO YJIbTPA3BYKOBBIE UMITYJIbChl. B HOpMaIbHBIX yyacTKaX yJbTPa3BYKOBBIE UMITYJIbChI
OTpaXKalOTCsl OT JIOHHOM TIOBEPXHOCTM U BOCHPUHUMAIOTCA WIYNOM KakK »3Xa JIOHHOU
noBepxHocTd. OpHaKo, €cia BO BHYTPEHHOCTH HUMEIOTCS JeQEKThl, TO YIbTPa3BYKOBBIE
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UMITYJIbCBl OTPKAIOTCS OT HUX MW TIpeBpamaloTcs B 3Xa Jedekra. B pesymprare miyn
BOCIIPMHUMAET X0 JIe(EeKTOB 1 X0 JIOHHOH NOBEPXHOCTH.

Ha ynbTpa3BykoBBIX jAedeKTOCKONmax s WHIWKALWU HUCIOJB3YIOTCS TMPHEMHbIC
TEJICBU3UOHHBIC TPYOKH, KOTOPBIC ITPU HAJMYUU BHYTPEHHETo Je(ekTa 0TOOpaxaroT ero B BUIE
dopmbl, kak mnokazaHo Ha (0). Ilockosnbky CKOpPOCTH pacnpoCTpaHEHUs YIbTPa3BYKOBBIX
VMITYJICOB TOCTOSHHA, IO MECTOIOJOKEHUSIM 3Xa JAe(peKTa MOXHO OIpeIeNUTh TIyOHHY
nepexra (Wj), IO MECTOIIONIOKEHUSIM 3Xa JOHHON MOBEPXHOCTH - TONIIMHY CTEHKH (W)

DTOT Meroln Je(peKTOCKONMM JaeT YJIbTPa3BYKOBBIM HMITyJbcaM MPOHUKATh B
UccIeyeMblii 00BEKT MePHeHIUKYISIPHO K HEMY, TaK YTO MOJIXOAUT K OOHAPYKEHHUIO 1e(hEeKTOB,
Hapajyie]bHBIX €ro TOBEPXHOCTH, M HAXOJMT TNPHMEHEHHE K CBapHbIM [IBaM TaBPOBOTO
COE/IMHEHUS M YTIIOBOTO COCIMHEHHUSI.

BeprukaabHsiii uiyn ! )
- [Mocaannwiii i B
Konrposmpyemas )CIIMJI.I)H(T p HMITYJIBC X0 JOHHOH
MOBEPXHOCTH v MOBEPXHOCTH
LB
e H - .
Hecaeyemblii o0bert i R L Ixo nedekra
| =tn
i
s s
Y.'u,|pa‘m}1«)mm:!lt‘¢t‘lﬂ >
HMITY.ThC,
1
$e
e
ki
¥ -
Jlonnas 1oBepxHoCTL
7
W
(a) Beprukaibubii Metoa AeeKTOCKONHS (0) Dopmbl BONHBL JCPEKTOCKOIHH
Puc. 4.68 Bepruxaibublii MeToa 1eeKTOCKONNS
Yroakoselii wyn
Ocuumstop o
™~ P louka nanenus ’
s Kontposmpyemas LI:"K'“"’III' HotH
N\ MOBEPXHOCTh sty L
oL Ix0 nedekra
6 Vron >~ YIBTPa3ByKOBOH HMIY.ILC
IIPC_'IO\UICHI!;I .
=,
b g Jledext
Hcenenyemplii odbekT g \/
/" Jlonnas nosepxHoCT
W,
(a) Yronkoselit MeTo JedeKkTockonus (6) Dopmbl BOUHEL ACHCKTOCKONHH

Puc. 4.69 ¥Yroaxkosbiii MeTo 1eeKTOCKONHS

Ha puc. 4.69 npencrabineH yriaoBoid MeToa  J1e(DEKTOCKOMUH, TMPU  KOTOPOM
yIBTPa3BYKOBBIE UMITYJBCHI MPOXOJSAT HAKIOHHO. [IOCKONBKY pacmpocCTpaHSIIOTCS HAKJIOHHO,
rocjie OTpakKeHUs OT JIOHHOW MOBEPXHOCTU YJbTPa3BYKOBBIE MMITYJIbCHI HE BO3BPALLAIOTCS B
HIYT, U HE TOSBISETCS X0 JOHHOM MOoBepXHOCTH. HeoOX0auMO BBIUKCIATH MECTOMOJIOKEHHUS
BO3HHMKHOBEHUS Jie(heKTa, OCHOBBIBASICh HA yIJe MajeHus, yrie npeaomiaeHus (O) U pacCTOSHUU
70 TOYKM BO3HUKHOBEHHs dXa aedpexta (). JlaHHblii MeTon Ne(PEKTOCKONMHM B OCHOBHOM
MPUMEHSIETCS K CBAPHBIM LIBAM CTBHIKOBOM CBApKU € Pa3/AEIKON KPOMOK.

4-9-4 MarnuTonopomkoBasi 1e)eKTOCKONuUs

Eciin HaMarHUTUTH MarHUTHOE TEJ0, KOTOPOE 00J1aaeT TPELIMHON UK IPYTuM 1eeKToM
OJIM3KO K MOBEPXHOCTH UCCIIENYeMOro o0beKTa, Kak rmoka3aHo Ha puc. 4.70 MarHUTHBIA My4OK
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BHYTPHU HUCCJIIEAYEMOT'O 00BEKTa O6XOI[I/IT I[e(l)eKTBI, KOTOPBIC UMCIOT 0o0JIBIIIOE COINPOTUBJICHHUEC,
N YaCTUYHO MPEBpalIacTCd B TIOTOK paCCEAHUA.

ECHI/I, 3apaHeC OCLITNAaB ITOBEPXHOCTb UCCICAYEMOI'O 00BEKTAa TOHKUM OIHOPOJHBIM CJIOEM
MAarfuTHOI'0 MnmopoIiuKa ()Ke.]'[eSHOl"O MOpoOIlKa HUJIH Hp.), HaMarHn4ymBaroT I/ICC.HCI[yeMHﬁ 06’beKT,
MarHuTHBIN NMOpOUIOK COCPCAOTOUYCHHO BCACBLIBACTCA K MECTaM, TIJ€ TMOSABISCTCA ITYUOK
pacceiaHus, 4TO IMO3BOJIACT 06Hapy)i(I/ITb Z[e(beKTbI U ONpeACIMTb UX MCECTOIIOJOXKCHUA. OToT
METOA HCIIbITAHUSA HA3bIBACTCS MaFHHTOHOPOMKOBOﬁ He(beKTOCKOHHeﬁ, H IIpU UCIIOJIL30BaAaHUU
MArfuMTHOroO nMnopoukKa, HIBET KOTOPOIoO HYETKO KOHTpAaCTUPYET C 1LIBETOM IMOBEPXHOCTU
UcclielyeMoro oObeKTa, IM03BOJIIET OOHAPYKUTh MeENKHE Je(eKTbl, KOTOpble OOHApyX HUTb
HEBO3MOXXHO HEBOOPYIKCHHBIM I'JIa30M.

Jledexr

2N [Tyuok paccesnus
Y
-"-‘\0

[Tonepxnocrs
HeeneyemMoro oonekTa

(a) Hosepxnocrubiii aedexr (6) Buyrpennnii aedexr
Puc. 4.70 Ily4ok paccesinns u3-3a nedexra

Kak mnokazano na puc. 4.71, ans reHepanuy MarHUTHOTO TMOJsl MpUMeHsieTcs ()
MEXIMOIIOCHBIH Meron wiau (0) Meron co mynamu. Mccnepyemble OOBEKTbI OTpaHUYEHBI
CTAJIBHBIM WM NPOYMMHU (EPPOMATHUTHBIMU MaTepuanaMud. DTOT METOJ He MPUMEHSeTcs K
HEep KaBEIIIEeH CTalli, AJFOMUHUEBOMY CIUIABY M TIPOYMM MaTepualiaM, KOTOPbIE HE MOAJA0TCS
HaMarHUYUBaHUIO.

DNCKTPOMATHHT
Hceaeayemsii
QOBCKT

-
Crapnoit mos  MaruuTHas cuiosas Coapuol ““' MaruuTtHas cuaosas
NedexT

JAHHHA JJHHHA

(a) MexnonocHbii MeToA 6) Metoa co unynavs

Puc. 4.71 Maruutonopomkosas 1epexTockonns

10T METO/T UCTIBITAHUS obnanaer BBICOKOH YYBCTBUTEIHLHOCTHIO K
oOHapyX eHHI0 AePEeKTOB, PaCMOJOKEHHBIX Ha. U OJU3KO K MoBepXHOCTU. Ho OH He 3¢ dekTruBeH
JUIsi OOHApy)KeHUsT BHYTPEHHHMX Je(EeKTOB, Ha KOTOPBIX MYYOK paccesHHUs HE CKIOHEH K
reHepallii, ¥ BO MHOTHUX CIy4asiX NMpUMeEHseTCs JJisi OOHapy)KeHHUs Je(PEeKTOB Ha MOBEPXHOCTH
pasaenKku KpOMOK, MOBEPXHOCTH, MOBEPrIIeics JyroBOH CTPOKKE WM YCTpaHEHHUIO J1e(eKTOB
JUIsl BOCCTAaHOBJICHUSI.

4-9-5 Kanuanasipuas nedgexrockonus

Kak mnokazano Ha puc. 4.72, (a) DalOT TNPOHHUKAIOIIEH J>XHUIKOCTH KpPacHOro IBeTa
NPOHUKHYTh B BBIXOJSALIME HA TMOBEPXHOCTh JedekTsl, (0) MOTOM YHansioT WU30BITOK
MPOHUKAIOIIEH JKUIAKOCTU C TOBEPXHOCTH, MPOMBIBAIOT €€, (B) HAHOCAT MPOSIBIISIONIYIO
JKUJKOCTh Oejioro 1Bera, B pe3ynbTaTe () NMpOHUKIIAs B JIE(EKThl >KUJIKOCTh BBIXOJAMT Ha
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MOBEPXHOCTh M 00pa30BbIBAET MHIMKATOPHBIE Y3JIbl KpacHOro uBera Ha Oenom ¢doHe.
[TockonbKy MHIUKATOPHBIE Y3JIbl TIOSBISIOTCS KPACHOTO I[BETA, KOHTPACTHOTO C OesbiM (HOHOM,
U IIMPUHON OoJiblle, yeM y (akTUUeCKUX /1e(EeKTOB, MOKHO OOHApY)KHUBATh MelKUe Ae(EeKThl,
KOTOpbIE HE MOJAAIOTCS OOHAPYKEHUI0 HEBOOPYKEHHBIM TJIa30M. DTOT METOJ WCIHBITAaHHS
Ha3bIBACTCS KAMUJUIAPHOH 1e(hEeKTOCKOIHEH.

Hmeercss MeTon MO TakoMy jK€ MPHUHILMIY, HO TPH 3TOM B KAdyecTBE MPOHMUKAIOIIEH
’KMJIKOCTb UCTOJIB3YIOT (hIIyOpEeCLEHTHBII COCTaB, MHIMKATOPHbBIE Y3J1bl HAOIIOIAI0T C MOMOILBIO
yIbTPaUOJETOBOTO CBeTa. OJTOT METOJA Ha3biBaeTcs (DJIyopecleHTHONW KamWJUIIPHOM
ne(heKTOCKOMHEH.

Kanunnsipuass ~ nedekTockonuss MpUMEHsIETCs ¢ TaKOM  Jke  Uelblo, 4YTO |
MarHUTOMOPOILIKOBAsl J1€(EKTOCKONUS,, HO TMO3BOJISET OOHAPYKUTh TOJBKO BBIXOASALIME Ha
MOBEPXHOCTh HcclieayeMoro obObekTa AedekThl. OaHAKO TO, YTO HCCIEAyeMOe Tello He
00513aTeNIbHO JIOJDKHO OBITh MAarHUTHBIM TEJIOM, U MPOCTOTAa METOJA WCIBITAaHUS MO3BOJISIIOT
NPUMEHSTH 3TOT METO/1 YacTo.

[ TpOMBIBOUHAS HKHIKOCTh

M MKaTopHbIiA

[possisonan

I |]')ﬂIIH KalOLad KHIKOCTh ‘i } L
r——— e e \!/'

y3e
AHJIKOCTH y3e
Jledekt
(a) Hanecenue (0) INpombiBka (8) Hanecenune (r) Habmonenue
[POHHKAKOINEH NPOSBIAKOIIEH
AKHAKOCTH HHKOCTH

Puc. 4.72 Kannaasipuas aedexrockonus

4-10 3K3AMEHbBI HA TEXHOJIOI'MIO CBAPKH

Jis  monydeHMsT KadeCTBEHHBIX CBAPHBIX I[IIBOB HEMAJIOBAXHYIO pOJIb  UrPaeT
KBaJIM(UKALMSI CBapUIMKA, TAK YTO PEriIaMEHTUPYETCs 3K3aMEHbl Ha TEXHOJIOTMH 10 CTaHapTaM
JIS u WES npumMeHuTenbHO K MeTOJaM CBapKkd, MaTepuajiaMm, MpOCTPAHCTBEHHBIMU
MOJIO)KEHUSIM CBapKH, TOJNIIMHAM CTEHKHM M T.J. TeM. KTO Mmpoules 3K3aMeH Ha KBaJu(UKalHIo,
JAIOT aTTeCTallio, ¥ BO MHOTHMX CJIy4asx OOS3bIBalOT 3aHUMATLCS CBapKOW OTBETCTBEHHBIX
KOHCTPYKLHUH TOJBKO aTTECTOBAHHOMY I1€PCOHAITY.

Cpok JieHcTBUS aTTecTallM CBapIlMKa paBeH | rojy, KOTOpbIi MOXKET ObITh MPOJJIeHa 10
3 neT. eciiv cBapIIMK (aKTUYECKU 3aHUMAETCsl CBapOYHOM paboToOl B Te€UEHHUE MEPBOTO OJIHOTO
roga. [locne ucteueHust cpoka AEWCTBUS CBapLIMK JOJDKEH claBaTh dK3aMeH M MpUOOpecTH
aTTeCTAllMOHHOE yIOCTOBEPEHHE 3aHOBO.

Yro KkacaeTcsi aTTecTallud TEXHOJOTUU AProHOIYrOBOW CBapKH, TO METOJ MPOBEACHUS
9K3aMeHa M Kputepuil periamentupyer ctanaapt JIS Z3811 no amomuuwuio, JIS Z3821 no
Heprkasetowe cranu v JIS Z3805 no TuTaHy, COOTBETCTBEHHO. B 5K3aMEHOB U MX OCHOBHOE
cojiepaHue npuBeeHbl B Ta0. 4.7. 4.8 u 4.9.
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I'JIABA S
BOIIPOCHI B ITIPAKTHUKE

= 1 A D
o-1 AD

5-1-1 CBapouHble aBTOMATBI

CBapouHBIM aBTOMaTaM HE CYIIECTBYET SICHOE OMpeesieHHe M TMPaKTUKYIOTCS pa3HbIe
BU/Ibl ABTOMATOB Il CBApKHU, HAUMHAs C TEJEXKEK ISl Ta30BOM pe3KH, KOTOpbIE MPEACTaBISIOT
co0oi caMOXOJHbIE TEJIeKKH, 000PYJAOBaHHBIE CBAPOYHON TOpPEKOW, W MPOU3BOAAT CBAPKY,
NPOXOJs BIOJAb CBapHOK IIBa, MPOCTHIX aBTOMATOB, KOTOpblE OOOPYIOBaHbI CBAapPOUYHOMN
TOPEJIKOM, 3aKpeTJICHHON Ha CTeH/IE WX T.II. ¥ PACIOJIOKEHHOM Ha CBAPHOM IIIBE, ¥ MPOU3BOJISIT
CBapKy O0BEKTa, YCTAHOBJIEHHOIO HAa MOBOPOTHOM CTOJI€ M MOBEPTHIBAIOIIETOCS] CO CTOJOM, U
KOHYasl ¢ KPYMHBIMU CHCTEMaMH, KOTOPbIE BKJIIOYAIOT B ce0S MEXaHW3M MO3MIIMOHUPOBAHUS
cBapHBaeMoro o0beKTa, 3aXKUMHOM MEeXaHW3M, MEXaHU3M BBO3a U BbIBO3a U IIp.

Panbiie mmpokoe NMpuMEHEHHE HAaXOIWIM CBApOUYHBIE aBTOMAThI, CHEIHUAIU3UPOBAHHBIC
NPUMEHUTEIBHO K CBapMBaeMOMY OOBEKTY, Kak MOKa3aHO Ha puc. 5.1, ogHaKo B MOCIEaHUE
TOJIbl C LIEJIbIO MPUAATH CBAPOYHBIM YCTAaHOBKAM 'MOKOCTh BO3pacTaeT MPUMEHEHHUE CBAapOYHBIX
poOOTOB, Kak MokazaHa Ha puc. 5.2. UToObl pacmMpuUTh IWana3oH padOT HaJa KPYIMHBIMU
KOHCTPYKIMSIMH, TaK)Ke MPAKTUKYIOTCS TepeaBUkKHbIE POOOTHI MEPEHOCHOro THMA, Kak
MOKa3aHo Ha puc. 5.3.

[Ipu aBTOMaTMueckoi cBapke TpeOyeTcss MeXaHu3alus pa3IMyHbIX QYHKIUA U
YIpaBICHUS, KOTOPBIE BBIMOIHSET CBAPIIUK OT PYKH, U IPUMEHSIOTCS;

» ABTOMaTnyeckoe KojebaTelbHOe ABHKEHHE,
» VYmnpasieHue HanpsDKCHUEM JYTH,
» ABTOMaTHYeCKO€ OTCIIeKUBAHUE CBAPHOTO IIIBA.

Kpome Ttoro, B ciydae aBTOMaTHMYECKOW CBapKu, HE TOBOps YK€ O HEMalOBaXKHOM
3HaueHUU QYHKIUH M XapaKTePUCTHK CBAPOYHOW YCTAaHOBKM, TAK)KE UTPAIOT HEMAIOBAXKHYIO
POJIb YCTPOMCTBO MOBOPOTA CBAPUBAEMOI0 00BEKTA, MPUCHIOCOOIEHUSI-OTPAHUUUTEIN U TIPOUHe
nepudepuifHple YCTPONCTBA, KOTOpbIE JOJKHO OBITh MCMOJB30BaHbl MPUMEHUTEIBHO K
maTtepuainy, (opme, CBOWCTBY M TMp. CBApHBIX COEAMHEHUN, HWHA4Ye MOTYT NPHUBECTU K
HEOXKUJaHHOW HEUCTIPABHOCTH.
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Pue. 5.1 ABTomar IS CTHIKOBOH CBAPKH NPO10JbHOI0 COSIHHEHHS LIHJAHHAPA
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Puc. 5.2 PoGoT ¢ InapHHpPHBIMH COUIEHEHHAMMN

Puc. 5.3 Cpapounsiii podoT nepenocHoro tuna

5-1-2 ABTomMaTHueckHe KojledaTe/ibHbIe ABUKEHUS

Tak ke Kak, YTO U B Py4HOH cBapke, Korjga HeoOXouMO (pOPMHUPOBATH LUMPOKUI BaJIMK,
HanpuMep, IpU MHOTOCIOMHON CBapKe M CBapKe YIJIOBBIM ILIBOM C KPYIHBIM KaTe€TOM, W B
ABTOMATUYECKOM CBapKe OCYIIECTBIISAIOT KoJiebaTeabHbIe ABMKECHHUS.

VYerpoiicTBO  KosieOaTeIbHBIX JBU)KEHUH, KaK TIOKa3aHO Ha puC. 5.4. COCTOUT Wu3
MeXaHu3Ma [epeMEelIeHUs] TOpEeKH, JJEKTPOJABUraTelis, JaTuyhKa MOJoXKeHus u OJoka
ynpapneHus. Cxema KojebaTeabHbIX JABHKEHUH, OOBIYHO MpUMEHsieMasi s aBTOMaTH4YeCKOM
AproHonyroBoil cBapku, TMokazaHa Ha puc. 5.5. Ilpu  3TOoM aMmauTyny, NepUof,
MOJIO)KEHHWE OCTAaHOBKHU, JUIUTEIBHOCTh BPEMEHH OCTAHOBKHM KOJIEOATENIbHBIX JBUKEHUA MOMKHO
YCTaHaBJIMBATb [TPOU3BOJIBHO.

Kpome TOro, mnpu TrOpU30HTAIBHOW CBapKe YroJlbHbIM IIIBOM MOYHO BbBIMOJHATh
HaKJIOHHbIE KoJieOaTeslbHble JBMIKEHHUS, HAKJIOHMB YCTPOWCTBA KoJIeOaTeNbHbIX JBU)KEHUH,
OJIHAKO MOHAJOO0UTCS MPU ITOM HEMHOIO CJIOXHBIA MeXaHu3M. Tak 4To. Kak MOKa3aHO Ha pPHUC.
5.6. B HEKOTOPBIX CIlydyasiX, UCIIOJHUB MEXAHU3M MEPEMEILECHUS TOPEJIKU JIBYXKOOPAUHATHBIM U
yIpapisisi BEPTUKAIBHBIM MEPEMEIEHUEM W TMPOAOJIbHBIM TMEepPEMEIICHUEM OJHOBPEMEHHO,
JOOMBAIOTCS LIEJIH.
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Mexanusm [ICPEMCLLCHHS TOPE/IKH

"INEKTPOABHIATE L
it T .
['openka
(c—-\’—-TJ
Jlaruuk |
HOJIOKECHHA
HaeBow—s anpaso
baok
yipasjienns
Puc. 5.4 Yerpoiicrso Ko/iedaTe/IbHBIX ABHKeHHI
JLMTeaLHOCTh
BpeMeIin
OCTAHOBKA HA
HPABOH CTOPOHE
AMILIHTY 12
'konebare binx
ABHHKCHHIA
JInuTeanHoCTL al
BPEMEHH
OCTAHOBKA Hd ~
JIEBO# cTopone
I Tlepuon
KOJICOATCILHBIX
JIBHIKCHHU I

Pue. 5.5 Cxema KoJiebaTelibHbIX JABHKCHHIT

5-1-3 YnpaBJieHue HanpsizKeHUeM 1yru

B cayuae AproHoayroBoil cBapkM HM3MEHEHWE JJIUHBI IYrd MPUBOJUT K HU3MEHEHHIO
HANPSDKEHUsT JYTU M TE€M CaMbIM OKa3bIBaeT BIUSHUE Ha pe3yJibTaT CBapku. YIpaBlieHUE
BEPTUKAJIHHBIM MOJIOKEHHEM CBAPOYHON TOPENIKU TSl TIOICPIKKH JITTUHBI IyTH Ha TTOCTOSTHHOM
YpOBHE Ha3bIBaeTcs yrnpapieHueM HanpsbkeHuem nyru i AVC (Arc Voltage Control).

IIpu ynpaBiieHMM HanpspDKEHUEM YT, Kak MOKa3aHO Ha puUC. 5.7. CpPaBHUBAIOT BEJIUYUHY
HaANpPSDKEHUsT MEXKIy TOPEIKOM M OCHOBHBIM METa/UIOM (HAINpsDKeHUsI yTd) C BEJIUYMHON
YCTaHOBOYHOTO HampspkeHWs. Ecim HampspkeHWe Tyrv MEHBIIEe YCTaHOBOYHOTO HAmpsHKEHUS,
OTBOJAT TOpEJIKY BBEpX, €CJIM HampspKeHUe Jyrd OoJble YCTAaHOBOYHOI'O HAMpPSKEHMS,
MOJBOJISAT TOPEJKY BHH3, U TE€M CaMbIM, YCTpaHssl Pa3HUIY MEXKAY HampsHKeHUeM Iyrd U
YCTaHOBOYHBIM HaMpsHKEHUEM, MOJICPKUBAIOT HAMPsDKEHWE AyTU (IJIMHY AYTH) HA TOCTOSTHHOM
YpPOBHE.

Kpome Toro, B ciyyae MeToga KOHTAaKTHOTO 3a)KMIaHMs, TOJb3YsACh 3TUM YIpaBIECHUEM
HaNpsHKEHUEM JIyTH, YCTAHABJIMBAIOT TOJOXKEHHE TOPENKU (IJIMHY Iyru), MojiyyaeMoe Mocie
TOpPEHUs 1yTH, aBTOMAaTHYECKH.
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Puc. 5.6 Haknonnsle Konedare/ibHbI¢ ABHKEHHSA

NIEKTPOABHIATE L

Mexannsm
Yrnpasienug nanpsmenmem j1yrvm BEPTHKLTLHOTO
(Ynpapnenue nonoxeHuem = nepemenietms
I'OPCIIKH) |-

YéranosouHod . = ['openka
JABICHHE JIyT Komnaparop
OCHOBHOH MeTaL
N

Puc. 5.7 ¥Ynpasienune HanpsimeHuem 1vru

5-1-4 OtcaexxuBaHne CBAPHOIO IBA

B cnyudae py4yHoil cBapku cBaplllMK, HaOJ0as CBApHOW IIOB U MEpeMeliasl ropeiky Ha
MOJXOJSIee MECTO, MPOBOJAT CBapKy. A B clydae aBTOMATMUYECKOH CBapKh HEOOXOAMMO
OoOHapyXuBaTh CBApHOW WIOB KaKUM-HUOYIb METOAOM, 3aMEeIlalolldM CBapuivKa, U
yYCTaHaBIIMBATh TMOJIOKEHHE TOPEJIKH MPUMEHUTEILHO K OOHapy)KEHHOMY CBapHOMY IIBY
MPaBUJIBHO U aBTOMATHUECKH.

VYcraHaBiuBaTh CBApOYHYHO TOPEJIKY aBTOMATHMUYECKM B TMOJAXOJSIIEE MOJIOKEHUE
MPUMEHHUTEIBHO K CBApHOMY LIBY Ha3bIBaeTCs OTCIIEKUBAHHMEM CBApHOIO IIBA M BOIUIOIIAETCS
Pa3HBIMM BUIaMH CUCTEMBI, KOTOPasi B OCHOBHOM COCTOMT M3;

e JlerexkTopa (1aTuMKa) CBApPHOIO 111BA,

e MexaHu3Ma nepeMenieHusi TOpeaKy U JaTUMKa,
e broka ynpaBiieHUE MOJ0KEHUEM FOPEIIKH,

e 3anoOMHHAIONIETO YCTPOMCTBA CBAPHOTO I1IBA.

JleTekTop cBapHOTro 11Ba OOBIYHO HA3bIBAETCS JATYMKOM U UTPAET POJIM TJa3za CBApIIUKA.
PaznuuaroTcs pazHbie BUABI JaTYMKA, TAKAE KAaK MEXaHUYECKHM, SJIEKTPUYECKUM, MAarHUTHBIA U
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OINTHYECKUI JaT4YHK. Ha puc. 5.8 mokazaH IMPUMEP KOHCTPYKUHUHU [OAaT4YWKA, B KOTOPOM

Jlucroas

peccopa Ilepexoinun

Cxema
yHpasJieHus

Puc. 5.8 TlpumMep KOHCTPYKUHH 1aTYHKA

Ecnu, BBO/ISI KOHEIT IIyMa B KOHTAKT C Pa3AeIKOi KPOMOK WJIM YIJIOBBIM CBapHBIM IIBOM,
nepeMenaT JaT4uK, MPUMEHHUTENIbHO K M3MEHEHHMIO CBapHOTO IlBa. TO, OMMpAsCh Ha
MOJIIUIHKUKE, IIYN HAKIOHSIETCS M YINOp HAHOCUT JIMCTOBOM peccope nedopmanuioo. B
pe3yabTaTe ATOro MOXHO JETeKTUPOBATh BEMYMHY MU3MEHEHUs] CBAPHOIO IIBa B BHUJIE BHIXOJA
OT TEH30/IaTYMKa. KaK MoKa3aHo Ha puc. 5.9. Tak 4To, eciu ynpapisiOT MOJOKEHUSIMHU JaT4yUKa
Y CBApOYHOM TOPENIKM TaK, YTOOBbI BBIXOJ TCH30JIaTYMKa HE TMOJBEPrajcs U3MEHEHHIO, MOYKHO
OTCJIC)KUBATH CBAPHOM IIOB.

DTOT METOJI TOJIe3€H, KOrla CBAPHOM III0B OTHOCHUTCS K MPSIMOMY, U JIaTYMK M CBapOYHAas
ropesika pacroyioKeHbl Onu3ko Apyr K Apyry. OaHako, KOrja CBapHOW IIOB OTHOCUTCS K
KPUBOM, M TaTUMK U CBApOYHAs TOPEJIKa PACIIOIOKEHBI JaJIEKO JIPYT OT APyTa, WK TaK JKe. Kak B
ciydae poboTa, MOHANAOOMTCS 3apaHee BBOAMWTH MOJOKEHHWE TOPEIKH B COOTBETCTBUU CO
CBapHBIM IIIBOM, €CIM MEepeMEIaloT JAaTYMK U CBAPOUYHYIO TOPEJIKY OJHOBPEMEHHO, Oyler
MoJTy4aThes mpobiiema.

Ynpasaenue
NOJOKCHHAMH
JlaTumk JaTHHKE H
rOpesIKH
DNCKTPOABHTATENL  “NIEKTPOJABHIATE D
BEPTHKAIBHOTO  TIPOAOIBHOID

NCPEMCUICHHA nepemMeitneHus
Puc. 5.9 YnpasieHHe HeMmocpeACTBEHHOI0 OTCIACKHBAHHS

IIpu sTOM, Kak moka3zaHo Ha puc. 5.10, mpeaycMaTpuUBarOT MEXaHU3M MEepPEeMEICHUs
JaT4WKa U MCXaHU3M IMEPEMCIICHUSI TOPCJIKH OTACJIBbHO, CHadajla MNEPEMEIIAIOT ITOJIOKCHUC
JaTyMKa, 4YTOOBI BBIXOJ] JaTYMKa HE MOJBEprajics W3MEHEeHUs, OOHapyXUBatOT UHMopMalnio 00
3TOM IMEpPEMEUIEHUM JETEKTOPOM TMOJOXEHHMSA, W BBOJAT BCJIMYMHY MepeMEIIeHUsI B
3allOMMHAIOIEe YCTPOMCTBO TMOJOKEHMs. A 3aTeM BBIBOJS BEJIMYMHY TepeMeIleHuUs,
HEOOXOIUMYIO ISl JOCTH)KEHMSI 3TOTO 3allOMHEHHOTO TOJIOKEHUsS CBApOYHOM TOPEJIKOM,
MepeMeNIaloT TopesiKy MPUMEHUTENbHO K CBApHOMY ILBY Ha MOAXOJSIIEE IMOJOKEHHE. ITOT
METOJl OTCJIC)KMBAHMUSI HA3bIBACTCSl OTCICKMBAHMEM C 3aE€PKKOM WIM OTCIECKUBAHUEM
3alIOMHUHAOICTO TUIIA.
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Puc. 5.10 ¥Ynpas.aenue orcieAKHBAHHEM € 3a1ePAKOI

B cinydae poOoTOB mpuMeHsieTCss METOJ, MO KOTOPOMY, CHayajla YCTaHOBUB JaTyMK,
OCYIIECTBIISIIOT 3alIOMWHAHUE TTOJI0XKEHUsSI TOPEJIKM B COOTBETCTBUU CO CBAPOYHBIM IIIBOM, a
3aTEM, CHSB JIATYMK M YCTAHOBHUB CBApOUYHYIO TOPEJIKY, MPOU3BOJAT CBapKy. Tak 4YTO OJWH
MEXaHHU3M HCHOJIb3YEeTCd COBMECTHO KaK MEXaHH3M MEepeMEIICHHUs JaT4hKa M MEXaHU3M
MEPEMCUICHUS TOPCIIKH.

C moObiMu QYHKIMSMU U3 aBTOMATHUYECKOTO KOJeOaTeIbHOrO JBMXKEHHUS. YIPaBICHUS
HalIpsOKCHUEM YTH U OTCJIC)KUBAHHA CBAPHOI'O MIBA CHPABIIACTCA OOAWH U TOT K€ MCXaHHU3M
nepeMeIeHus TOPEIKU, TaK YTO BO MHOTHX CITy4asiX OOBIYHO OJJMH MEXaHU3M UCIIOJIb3YyeTCs sl
OCYIIIECTBIIEHUS BCEX 3TUX (YHKIIMM, U JUILb OJOK YIpaBlIE€HUS] YCTaHABIUBAETCS OTJENBHO AJIs
KaXxaoro.

5.2 TIG CBAPKA HAI'PETOU MMPOBOJIOKOM

Cpapka TTG obGnamaer OGOJbIIMMHU JOCTOMHCTBAMH; OMNEpallvs OTHOCUTEIBHO MPOCTa,
MOJIy4aloTCs BBICOKOKAUECTBEHHBIE CBapHbIE COEIMHEHHUS, U B CBSI3U C TE€M, YTO MOXHO
YOPABJSITh TEMJIOBIOKEHUEM U KOJIMYECTBOM HAIUIABJIEHHOTO METajlla OTJIEIbHO, YCTONYMBBII
JMana3oH pekrMa cBapku upok. OaHako oHa o0jaiaeT HeJOCTaTKOM, KOTOPbIN 3aKito4aeTcs
B TOM, YTO IO CPAaBHEHHMIO C AYrOBOM CBapke B CpEle YIJIEKHUCIOrOo raza WM CBapKoOu
METaJITMYECKUM 3JIEKTPOJOM B CpeJie ra3a MPOU3BOAUTEIHLHOCTh HATIABKU HEBEITUKA.

Capka TIG HarpeToif MpOBOJOKOH OTHOCUTCSI K METOJY HCIIOJIHEHHUs paboT, KOTOPBIH
VCIPABIISIET BbILICTPUBECHHBIA HEIOCTATOK U TMOBBIIIAET MPOU3BOAUTEILHOCT HamaaBku. Kak
MoKa3aHo Ha puc. 5.11, ycTaHaBIMBAaIOT UCTOUYHUK MUTAHUs ISl HArpeBa MPOBOJIOKU OTAEIbHO
OT CBapOYHOIO0 MCTOYHMKA MHUTaHUS, MOJAIOT TEIJIO K MPUCAJOYHOW MNPOBOJIOKE B MeECTe,
PAacHoJIO)KEHHOM Ha PAcCTOSIHUM HECKOJIBKMX JECATKOB CM OT OCHOBHOIO MeETallja, U JaloT
IPOBOJIOKE  BBIIEISATH pE3UCTUBHOE Temao. Tak Kkak 3apaHee HarpeBaercsi, U B
M0JIypacIlIaBI€HHOM COCTOSIHMM J100aBJIsieTcsl K BaHHE pacilIaBI€HHOI0 MeTallia, MpucaoyHast
MIPOBOJIOKA TO3BOJISIET YBEIMYUBATH KOJUYECTBO HAIJIABICHHOTO METajla BTPOE MO0 CPAaBHEHUIO
Cc OOBbIYHOW AproHOAYroBOM CBapKOH, Kak IMOKa3aHO Ha puc. 5.12.B JaT4YuK M YCTaHOBHUB
CBapOYHYIO TOPEJKY.
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Puc 5.11 Cpapka TIG nHarpetoii npoBoJiokoii
DTO HE TOJBKO CHOCO6CTByeT IMMOBBIIICHHUIO MPOHU3BOAUTCIILHOCTU CBAPKU TOJCTOCTCHHBIX
JIMCTOB U YCKOPACT CBAPKY TOHKOCTCHHBLIX JIMCTOB, HO U 6naro;[ap$[ nmoaorpeBy MNpoOBOJIOKH
Maclio, MpuJieraroliee K NOBEPXHOCTU MPUCATOYHON MPOBOJIOKH, CKUTAETCS, UTO CIOCOOCTBYET
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Cpapounblii TOK, A

Puc. 5.12 CpapHenue KOJIHYECTBO HAILIABICHHOIO MeTAJLIA

Kpome Toro pazpaboTtaHbl pazauuHble H300peTeHUsI sl CACPKUBAHUS MAarHUTHOTO yThs,
KOTOPOE BBI3BIBAETCSI TOKOM KOHTYpa MPOBOJIOKH, UK, HA00OPOT, JIJIsI MOJIH30BAHUS M.

Cpapka TIG Harperodi mpOBOJIOKOH, OTHOCSIIASACS K IOJb30BAaHUIO PE3UCTUBHOIO
TEIUIOBBIEIEHUS TIPOBOJIOKH, MOJIE3HA I HEP)KAaBEIOIIEH CTall, HUKEJIEBOro CIiaBa U mp., y
KOTOPBIX PE3UCTUBHOE TEIUIOBBI/IEJIEHUE BEIMKO, HO B CIyyae aJlOMUHUEBOTO CIlJIaBa, MEIHOIO
CIUIaBa, U Mp., Yy KOTOPbIX PE3UCTUBHOE TEIUIOBBIAEICHHE Mayo, €€ MPUMEHEHHE 00YCIOBICHO
ONpeIeICHHBIMU YCIOBUSMH.

5-3 CBAPKA HENNOJABWKXHbBIX TPYDG BO BCEX INTPOCTPAHCTBEHHbBIX
HOJIOKEHUAX

5-3-1 IlepexkroueHue pe:KMMOB CBAPKH

B ciyuae cBapku ropu3oHTaJbHBIX HEMOBOPOTHHIX TPYO, Kak Moka3aHo Ha puc. 5.13. B
npouecce 1 mpoxona cBapku noiydaercss 4 MOJ0XKEHHWE CBapKH, a MMEHHO HMJKHSS CBapka,
BEpTUKaJbHAs CBapKa CBEpXY-BHM3, BEpXHsS CBapka, BEpTUKajJbHas CBapKa CHU3Y-BBEpX.
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[Tockonbky rinyOMHa MpOIUIaBACHMS, BHEIIHUIA BUJ CBAapHOrO IBA, BBITEKAHHE KareJjb
pacruiaBieHHOro MeTania, (opma oOpaTHOrO BajuKa U Mpoure GpakTopbl 00padaTbIBA€MOCTU
CBapKU pa3iMyaroTCs MO KaKJAOMY IMPOCTPAHCTBEHHOMY IOJIOKEHHIO, MIPU OJJMHAKOBOM PEXHMeE
CBapKH U1 BCEX MOJIOKEHUH TPYIHO MOIYYUTh OJHOPOAHBIN XOPOIINii pe3ynbTaT CBapKH.

Huxuas
cBapkKa

Beprukansuas
CBUPKA CHH3Y-
BBEPX

Beprukainnasn
CBApKa CBEPXY-
BHW3

Bepxuss
CBAPKa

Puc. 5.13 IpocTpancrBenHoe noJiozkeHHe CBAPKH rOPH30HTAIBHOH HENOBOPOTHO TPYGBI

UroObl crpaBUTCS C M3MEHEHUEM [I0JIOKEHHUs] CBapKH, Kak M[paBUIIo, aBTOMAaTaM
CBapKu HEMOBOPOTHBIX TpyO NpeayCcMOTpeHa (GyHKLHS 1OCIeA0BaTEIbHOIO
ABTOMATHYECKOr0 MEPEeKII0YeHUs] YCTAaHOBJIEHHBIX 6-8 BHUIOB pexxuMa cBapku. B Tabm. 5.1
npUBeJeH npumep 3Toi ¢yHkuuu. IIpocTpaHCTBEHHOE MOJIOKEHHE CBAapKU IOKa3aHO B BUJE
4acoB.

Tada. 5.1 PexMM ¢BAPKH rOpH30HTA/IBHBIX HEMOBOPOTHBIX TPYD

~ Cxkopocrth
” ‘ CKopocTs 01241
I lpocTpancTBenioe nonokeHHe Ceapou- = lIpHCAL04- Rt g
CBApKH Hbli TOK, A ;ﬁ:ﬁﬁ:; th npoBo- Hpce
‘ JIOKH,
MM/MHH .
p2F| o | % | s
4acon
5~ 4 49 44 140 |
s |
‘ | —
4acon ] : B ’
A~6 48 38 120 P-4
{ J
SUS304
4acoB
6 ~ 8 45 38 120
Jacos
R Ly 44 40 | npucasomes  .SUS 308]
NPOBOIOKE : :
4acoB ¢ I'C‘:;
gl B 50 150 !
| J

B HekoTopbIXx ciy4asX, Korja TpeOYIOTCSl BBICOKME HKCIUTyaTallMOHHBIE KauecTBa
CBAapHbIX MIBOB, C LEJbIO MOJYYEHUs YCTOMYMBBIX OOpPATHBIX BAJMKOB MPUMEHSIOT BCTABHOE
KOJIbLIO, KaK MoKa3aHo Ha puc. 5.14. IIpu ucnonb30BaHMM BCTaBHOTO KOJIbla HE MOHAI00UTCS
NPUCATOYHBI MeTal, ¥, €CIM Jal0T BCTaBHOMY KOJbIly pacIIaBIsThCS MOJHOCTHIO,
(bopmupyeTcst 0OpaTHBIN BalUK, YTO oOJsieryaeT paboTy U MPUHOCUT YCTOMUMBOCTD PE3Y/IbTAaTOB.
Kpowme Toro, ecim npu ycTaHOBKE BCTAaBHOTO KOJIbLIA ICHEHTPUPYIOT €ro Tak, YTOObI B MO3UIIMSIX
BEPTUKAJIBHOIO TOJIOKEHUS] CBEPXY-BHU3 M BEPXHEro IOJIOKEHHUSI BBICTYNl BO BHYTPEHHEM
HarpapJIeHUH MOJy4nsIcs O0JIbIlIe, MOXKHO MPEOTBPATUTh BIAIMHY 00pPaTHOTO BaIMKA.
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AHHEM BCTABHOIO KOJ1bLA

5-3-2 ABTOMATBI CBApPKH HENMOBOPOTHBIX TPYO

[Ipu cBapke HEMOBOPOTHBIX TpyO cBapuiMkaM TpeOyeTcss BBICOKHI  YpOBEHb
KBaJIM(UKALMU 110 TPUYMHE, YTO TMOJIOKEHHUE CBApPKU MEHseTcs, pabouee MpOCTPaHCTBO TECHO,
CBapILUMKH YacTO BBIHYXK/IAIOTCS MPUHUMATh HEYCTONUMBYIO 1M03y. Vcnosib30BaHMe CBapOYHOIO
aBToMara JaeT JAake He KBAIU(DUUUPOBAHHBIM pPAOOTHUKAM BO3MOXKHOCTH TMOJIb30BaTHCS
BBICOKMM Kau€CTBOM U BbICOKOW HaJIe)KHOCTbIO CBApKH.

Kak noka3zano Ha puc. 5.15, aBToMaT cBapku HEMOBOPOTHBIX TPYO COCTOUT M3 CBAPOUHOM
TOJIOBKM, CBapOYHOIO HUCTOYHMKA NUTaHUs, OJIOKa yNpaBiIeHHs, YCTPONCTBA LMPKYISILHUU
oxJaxjaaoued Boapl W np. B 3aBucumoct oT ¢dopmbl TpyOBl CBapoyHasi TOJOBKa
Mo/pa3/elisieTcss B OCHOBHOM Ha 3 BUJA, KaK [OKa3aHo Ha puc. 5.16.

Ha puc. 5.17 noka3ana cBapoyHasi rojoBKa AJisi TpyO MUHUATIOPHOTO AMAaMeTpa, KOTopast
NpUMEHsIeTCs 1711 TPYO ¢ HapyXKHBIM THaMeTpoM 34 MM U MEHee, CHSTHE U YCTaHOBKHU KOTOPOM
OCYIIIECTBIISIETCSI OTKPBITUEM M 3aKPBITHEM ChEMHOI'O pbluara Kpaiine mpocto. s Tpyod B 3TOM
JyarnasoHe, o0JaJarolMX TOHKOM CTEHKOM, HE TOHAJ0OMTCS MPUCATOYHBIA  MeTal,
CJIEI0BATENIbHO, HE UMEETCS] MEXAHU3M [10/1a4M NPUCAJ0YHON IPOBOJIOKH.

Ha puc. 5.18 mnoka3zaHa cBapouHas TOJIOBKAa JUisi TpyO Majoro auamerpa, KoTopas
npuMeHsieTes Uit Tpyo ¢ HapyKHbIM JuametpoM 27 - 130 mm. CBapouHasi rojloBKa BKJIIOYAET B
ce0st MeXaHU3M I0AaYy MPUCATOYHON MPOBOJIOKU U MEXAHU3M YIpaBJICHUs HANPsKEHUEM JIyTH,
BECUT MpUMEPHO 10 Kr. MeeT KOHCTPYKLIMIO, MMO3BOJISIONLYIO YIIPOCTUTh ONEpPalUI0 CHATHUS U
YCTaHOBKHU Ha TpYOy.

Ha puc 5.19 nokazana cBapouHas royioBKa JAjsi TpyO cpenHero v 0OJbLIOro JAUaMeTpa,
KOTOpasi MpUMeHsieTcst sl TpyO ¢ HapykHbIM auamerpoM 130 mm u Gonee. CBapoyHasi rojioBKa
BKJIOYaeT B ce0sd He TOJAbKO MEXaHW3M [OJaud MPOBOJOKH, MEXaHU3M YIpaBJeHUs
HanpsDKEHUEM Jyrd, HO M MEXaHU3M KoJe0aTeNbHOrO MABW)KEHUS, U TepeABUraeTcsi Ha
HaMpaBigoOLEM KOJIbLIE, YCTAaHOBJIEHHOM Ha TpyOy. CBapouHas rojloBKa COCTOUT M3 Tpex
OCHOBHBIX Y3JI0B, @ UMEHHO OJi0OKa K0Je0aTeJbHOTO ABW)KEHUs, OJOKa MOAAaYd MPOBOJIOKU U
XOJIOBOr'o OJIOKA.
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CBapoyHas rooska | openika

. I T e
Biiok PyuHO# 11yJILT_YIipaBIcHus

YiIpasjICHus

Crapounsiil
HCTOMHHK
NHTaHus!

Yerpoierso
HHPKYJIS IR
OXJIaAAaoLeH
BO/IbI

Puc. 5.15 Kondurypauusi asToMmara cBapKH HEMOBOPOTHLIX TPYD
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Puc. 5.16 /Inanaion npuMeHeHHN CBAPOYHBIX I0J10BOK PA3HOI0 BH/IA

Hapyxubiit ainamerp mpyOni, My
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Puc. 5.19 Csapounas rososka 118 1pyh cpeasero u foabwmoro inamerpa

Kak mpumepbl cBapkH ¢ MCIIOJIb30BaHUEM aBTOMAaTa CBapKU HEMOBOPOTHBIX TPYO, HA puC.
5.20 npeacTaBlieH 1IOB CTBIKOBOTO COEIMHEHUSI CBAPOUHOM TOJOBKOW Ui TPYO MUHHATIOPHOTO
JMameTpa, Ha puc. 5.21 - 110B CBapKH YIJIEBBIM IIBOM, Ha pUcC. 5.22 NpeICcTaBiICHO MMONEPEYHOE
CeUeHHEe CTBIKOBOI'O COEIMHEHUsI CBAPOUYHON TOJIOBKOM 1 TpyO Majloro Juamerpa.
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Pue. 5.20 Buemnuii BHA IBA CTHIKOBOTO
COeIHHEeHHR

3

llllllHl IIIIIHH‘HII

Puc. 5.21 Buemmuuii 811 1Ba cBapKH Puc. 5.22 lonepeunoe ceveHne CTbIKOBOIO
yrieBbIM WBOM coe/IHHEHHs!

B nocnennee Bpemsi B pesyinbTaTe TEHICHLMM, CBA3aHHOW C Pa3BUTHEM TEXHOJOTMHU
3JIEKTPOHHOT'O YIPaBJEHHUs, K MPEBPAILEHUIO CBAPOYHOIO0 UCTOYHUKA MUTAHUS B UHBEPTEP U K
KOMIUIEKCUPOBaHUIO OJIOKa YINpaBJieHUs MOSIBISIETCS aBTOMAT CBapKU HEMNOBOPOTHBIX TPYoO,
TaKoOW Kak rnpejacTaBieHHbId Ha puc. 5.23. [lo cpaBHeHHIO C TpaAMLIMOHHBIMU aBTOMaTaMu 00a
U3 CBapOYHOI'O0 UCTOYHMKA MUTAaHUST M OJIOKa yIpaBieHUs JTOro aBTOMara obOecredyeHbl
Ype3BbIYATHOM KOMIAKTHOCTBIO U JIETKOCTBIO.
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CpapoyHbiii
HCTOYHKHK
ITHTAHHUA C
BCTPOCHHBIM
OJ10KOM
YIPaBICHHs

Crapounas
rofloBKa

Puc. 5.23 llepenocnoil aBTOMAT CBAPKH HENOBOPOTHBLIX TPYD

5-4 CBAPKA HEP)KABEIOWIEW CTAJIU

HepkaBeromiass cranp 1Mo XMMHUYECKOMY COCTaBy MOJpa3/esieTcsi B OCHOBHOM Ha
HEP’)KaBEIOIYI0 CTaJlb HA OCHOBE XpPOMa M HAa OCHOBE XpOMa-HUKEIS, MO METaNINYECKOMY
COCTaBy Ha ayCTEHHTHYIO, (EppUTHYIO. MaPTEHCUTHYIO, aYCTEHUTHO-(QEPPUTHYIO U
JMCIIEPCUOHHO-TBEP/ICIOLIYIO HEpXKaBeIOUlyl0 cTaib. HeprkaBeromasi crainp, cOCTaB KOTOPOM
pernamentupyet cranaapt JIS G4303, B mo0om ciiydae cOAepKUT XpoM B j1ose He MeHee 12%
U TIPEBOCXOJUT OCTAJIbHBIE CTAJIA HE TOJIBKO MO KOPPO3UOHHOM CTOMKOCTU U TEPMOCTOUKOCTH,
HO U I10 MPOYHOCTHBIM CBOMCTBaM U mepepadaTeiBaeMocTH. [10s1b3ysach 3TUMH NPEBOCXOIHBIMU
CBOMCTBAMM, HEp)KaBEIolllas CTajb HAXOJUT ILIMPOKOE IMPUMEHEHHE B IMOCYy/e, KyXOHHOM
WHBEHTape, XMMHMUYECKON MPOMBILUIEHHOCTH, CUHTETUYECKOM XHMHUYECKOM  BOJIOKHE,
(bapMalleBTUYECKON TMPOMBIIIIEHHOCTH, HE(PTEeXUMHUYECKOH MPOMBIIUIEHHOCTH, OyMakHON
MPOMBILIIIEHHOCTH, CYI0CTPOEHUH, TPAHCTIOPTHBIX CPE/ICTBAX, ATOMHOM 00OpPY/I0BAaHUU U TIp.

CBapka HepykaBelolllel cTajau, XOTS MPOU3BOAMTCS IMOUYTH JIIOOBIM METOJIOM, 4YacTo
MPOU3BOJIUTCS METO0M AProHOAYIOBOM CBapKHU B CHIIy TOTO, YTO HE MOSIBISIFOTCS OpbI3TH U
nuiak, (popMa CBapHOro IIBa KpacuBa U KAYECTBO CBAPHOTO IIBA OTIMYHOE.

5-4-1 Metoa BbIOOpa MaTepuaJia MPUCATOYHOI0 MeTaJIA

XoTsa Marepuajbl MPUCATOYHOIO MeTauia periiameHTupyet ctanaapt JIS Z3321 - 1985
(Tabn. 5.2), ’xenaTteapbHO WCMOJL30BaTh B MPHUHIIMIE TMPUCATOYHBIA METal C TakuM JKe
XUMHUYECKHM COCTABOM, YTO M CBapUBAEMblii OCHOBHOW MeTalljl, YTOObI 00€eCIeYnTh CBAPOYHBIN
IOB KOPPO3UMHOM CTOMKOCTBIO M MPOYHOCTHBIM CBOWCTBOM. IIpu cCBapke MNPUMEHSIOT
MOCTOSIHHBIM TOK M TOJAKJIIOYAKOT K OTPULATEIbHOM NOJSIPHOCTH 3jekTpojaa. [Ipu cBapke
OTHOCHUTEJIbHO TOHKOCTEHHBIX JIMCTOB WJIM CBAapHOM COeIMHEHUU Tpyd ¢ ¢dopMUpOBaHUEM
o0paTHOTO BajMKa, KaK 3allUTHBIA ra3 ¢ OOpaTHOW CTOPOHBI OOBIYHO TMPUMEHSIIOT aproH.
Opnako B mocienHee Bpemsl MpU AproHoayroBoil cBapke 0e3 3aluThl 0OpaTHOW CTOPOHBI B
KayecTBE CBApOYHOI'0 MaTepuasia JJis epBOro cjios, 4acTo MPUMEHSETCs MPUCaJ0UHbII MeTal,
MOBEPXHOCTh KOTOPOTO TMOKPBITA TOHKUM clioeM (uroca, WIM TPHUCAIOYHBI  MeTasl,
cojepxamuii B cebe duroc. B ciaydae cBapkM TOJICTOCTEHHBIX JIMCTOB MPHUBJIEKAET K cede
BHHUMaHUE BBIILIEU3JI0)KEHHAss AProHOyroBasi cBapka HarpeToi npoBosiokoil. [lpumensemas ans
ATOT0 METOJla CBapKU MPOBOJIOKA Takas ke, 4To U B Ta0. 5.2. [Ipumep couetaHust ayCTEHUTHOM
HEep>KaBeIoLEeH CTalyu ¢ KX IbIM MTPUCAJI0YHBIM METAJIOM NpuUBeieH B Ta0. 5.3.

Taba. 5-2 Mapku 1 XMMHYECKHUI COCTAB MPUCATOYHOI0 METAJIA U3 HEPKABEKIIEH CTAIU AJ1sl

ceapku (JIS Z3321)
Mapka XUMUYECKUI COCTaB
C, Si, Mn P, S, Ni Cr Mo [Ipoune
He Oonee| He HE HE
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6onee Oomee | Gosee

Y308 0,08 0,65 10-2.5 0,03 0.03 90-11.0 | 19.5-22.0 — —

Y308L 0,030 0.65 1.0-2.5 0,03 003 9.0-11.0 | 19.5-22.0 — —

Y309 0,12 0.65 1.0-2,5 0,03 0.03 12.0-14.0 | 23.0-25.0 — —

Y309L 0,030 065 10-2.5 0,03 003 12.0-14.0 | 23.0-25.0 — —
Y309Mo 0,12 065 1.0-25 0,03 0.03 12 0-14.0 | 23.0-25.0 | 2.0-3.0 —

Y310 0,15 065 1.0-2.5 0,03 0.03 |200-22-5 | 25.0-28.0 — —

Y310S 0,08 065 1.0-2,5 0,03 0.03 |20.0-225 | 25.0-28.0 — —

Y312 0,15 0.65 10-25 0,03 003 8.0-10.5 | 28.0-32.0 — —
Y16-8-2 0,10 065 1.0-2.5 0,03 003 75-9.5 | 14.5-16.5 | 1.0-2.0 —

Y316 0,08 0.65 10-25 0,03 003 JL.0O-14.0 | 18.0-20.0 | 2.0-3.0 —

Y316L 0,030 065 10-25 0,03 0.03 11.0-14.0 | 18.0-20.0 | 2.0-3.0 —
Y316J1L | 0,030 065 10-25 0,03 003 11.0-140 | 18.0-20.0 | 2.0-3.0 Cu 1.0-25

Y317 0,08 0.65 10-25 0,03 0,03 13.0-150 | 18.5-20,5 | 3.0-4.0 —

Y317L 0,030 0.65 10-25 0,03 003 130-15.0 | 18.5-20.5 | 3.0-4.0 —

Y321 0,08 065 1.0-25 0,03 003 9.0-10.5 | 18.5-20.5 — Ti 9xC-1.0

Y347 0,08 0.65 10-25 0,03 003 90-110 | 19.0-21.5 — Nb 10xC-1.0

Y347L 0,030 065 1.0-2.5 0,03 0.03 9.0-11.0 | 19.0-21.5 — Nb 10xC-1.0

Y410 0,12 0.50 0,6 0,03 0,03 06 11,5-13,5 | 0,75 —

1 MCHEC 1 MCHEC 1 MCHEC
Y430 0,10 0-50 0,6 0,03 003 06 15.5-17 .0 .
1 MCHEC 1 MCHEC

Taba. 5.3 Ilpumep couyeTaHusi ayCTEHUTHON HeprKaBelolieil CTaau ¢ MPUCATOYHBIM METAJLIOM

OcHoBHO# Tloaxonsmuii nprca o4YHbIH
MeTal MeTal
SUS201 Y308
SUS202 Y308
SUS301 Y308
SUS302 Y308
SUS304 Y308, Y308L

SUS304L Y308L
SUS305 Y308

SUS309S Y309, Y309L, Y309Mo, Y310S

SUS310S Y310S. Y310
SUS316 Y316, Y316L

SUS316L Y316L

SUS316J1 Y316J1L

SUS316J11. Y316.J1L

SUS317 Y317

SUS317L Y317L

SUS321 Y321, Y347, Y347L
SUS347 Y347, Y321, Y347L
SUH309 Y309, Y309Mo, Y310
SUH310 Y310
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IIpumeuanue: Cnenyet oOpamaTh BHUIMaHKUE Ha TO, YTO B ciiydae ucrnojibzoBanus 304L, 316L wiu apyroi
matepuan L, Hanpumep, npu ucnions3oBannu Y308L st SUS304 npodHOCTE CBApHOTO IIBa MOYKET CTaTh HIKE,
YeM Yy OCHOBHOTO MeTajla.

5-4-2 TloporpeB, TemmepaTypa mnepel HAJO0KEHHEM MOCJIEAYIOUEero cJjaos u
MoCJeAyIIUNA HAarpeB

B cnyyae ayCTeHUTHOM Hep)kaBerolled cTaau He HyxXeH mnojaorpeB. BepHee, 4ToObI
3alIUTUTh CBapHOW MIOB OT Topsiyeil TPeUIMHbI, HYXXHO MOJAEP)KUBATh TEMIEpaTypy mepen
HaJIO’)KEHUEM TOCEAYIONIero ciiosi Ha ypoBHe He 6ojiee 150°C. OObIUHO TaKKe MOCie CBApKU He
MPOU3BOJAT TOCHeAyoUMi HarpeB. B ciyuae ¢deppuTHOM Hep)kaBewollel craad, 4YToObI
NPEeIOTBPATUTh MOHUKEHHE IMJIACTUYHOCTU M BSI3KOCTU WJIM XOJIOAHYIO TPELIMHY MpPU HU3KOU
TeMIepaType BCIEACTBUE YKPYMHEHUs KPUCTAIJIMYECKOro 3epHa, HEOOXOAMMBI MOJOrPEB 10
100 - 200°C, mopaep)kMBaHHE TeMIEpaTypbl Nepea HAJIOKEHUEM IOCIASAYIOIIEro Clos U
nocaenyomuii Harpes nocie ceapku 10 700 - 800°C. B cinydyae MapTEeHCUTHON HEp KaBEIOLIEH
CTaJId CBAPOYHBINA Kap MPUHOCUT OONbILION 3PGEKT 3aKanku, TaK 4YTO Uil NMPEAOTBpAllICHUs
TPEeUIMHbl B CBAapHOM IIBE W BOCCTAHOBIJIEHMSI BS3KOCTUM CBAapHOTrO  IIBa  HEOOXOAUMBI
nogorpeB Ao 200 - 300°C, noazepxkuBaHuW€ TeMMepaTypbli Iepel HaJlOKEeHHEM

B nocnennee Bpemsi kak MeTOA AJis AajdbHEHIIEro NOBBILIEHUS! MJIACTUYHOCTU U BA3KOCTU
CBApHOTO I111Ba U3 MAPTEHCUTHON HEP)KaBEIOIIEH CTald PEKOMEHIYeTCsl TOHU3UTh TEMIIEPaTypy
nepel HayajaoM TepMooOpabOTKM TOciae CBapKW, TO €CTh HadaJbHYI TEMIIEpaTypy
MOCJIEYIOIEro Harpesa, /10 MMHHMAQJIBHOW TeMmIepaTypbl, He MO3BOJsolIeld oOpa3oBaHHe
XOJIOHBIX TpelnH. Kpome TOro, B HEKOTOPBIX CiydasX MPAKTUKYETCS METOJ] MOHMKEHHUS
TEMIepaTypbl MOJOTpeBa M MOCIEAYIOIIEro HarpeBa, MCIOJb3Ys MPUCAJOYHBIA MeTala U3
ayCTEHUTHOM HeprkaBerle cranu, Hanpumep, Y309, 309L, 399Mo, 310, 310S wiu npouue
NPUCA0YHBIE METAUIBI C BEICOKOW TIACTHYHOCTBIO.

5-4-3 UHCTpYKUMS 1O UCTIOJTHEHUIO CBAPKH

B cayuae AproHonyroBoii CcBapkdM HepiKaBewolled cramu  Tpedyercs oOparniaTh
MaKCHMajabHOE BHUMAHHUE HA MPOBApKy KOPHs LIBA, TO €CTh HAJOKEHUE MEPBOro €05, TAK YTO
He OyJeT mpeyBeIMYEeHUEM CKas3aThb, YTO OT KauecTBa MPOBAPKM KOPHS ILIBA 3aBUCAT 00IIME
JKCIUTyaTallMOHHBIE KayecTBa CBapHOro coeauvHeHus. B Tabmn. 5.4 - 5.6 mpuBeneHsl npumepsl
CTaH/JApPTHBIX PEXKHUMOB ApProOHOJYrOBOM CBapKu CTBIKOBBIX COEJIMHEHUH M TaBPOBBIX
COEJIMHEHMH, a TAaK)KE MPUMEP PEKUMOB MPOBAPKU KOPHs IIBa TOPU3OHTATIBHBIX HEMOBOPOTHBIX
TpyO.

B uactHOCTH, Tpu cBapke TOPU3OHTAJIBLHBIX HEMOBOPOTHBIX TPYO TpedyeTcs Haubolee
BBICOKMI ypoBeHb KBaniupukanuu. Kak npaBuio, jkeaaTeqbHO HauyaTh CBapKy C MOJOXKEHUs 6
4acoB IO 4acam, TMOJHATHCS CJIEBAa U CIIpaBa, IPU 3TOM BBIMOJIHATH CBAPKY 110 BO3MOYKHOCTH
CUMMETPUYHO, YTOOBI YMEHBIIUTH 1e(hOpMalInIO MPU CBapKe.

5-4-4 CBapka ¢ HHOPOAHBLIM METAJJIOM

B cayuae cBapku HeprkaBelolel cTany ¢ MHOPOAHBIM METAJJIOM, B OOJBLIMHCTBE ClIydyasx
JPYTUM METAJUIOM SIBJISIeTCS MsrKas CTajlb WM HU3KOJETrupoBaHHas crajib. IIpu 3TOM, 4TOOBI
MeTaul 1iBa 00Jajan JOoCTaTOYHOM MIACTUYHOCTBIO, J10’Ke Korja pa3daBieH MSIKOHW CTallbio
WJIN HU3KOJIETUPOBAHHOMW CTaJIbIO, UCIOJB3YIOT IPUCAZ0UYHbII MeTaJll ¢ OOJIBIIUM COIEpKaHUEM
xpoma M Hukens, a uMeHHo Y309, Y309L,Y309Mo, Y310 u Y310S. Cpeau >TUX Mapok
npucazoyHble MeTalibl na ocHoBe 309 mo cpaBHeHMIO ¢ TeM Ha ocHoBe 310 coxmepxar B
ayCTEHUTHOM CTPYKTYype (EppHUT B J10JI€ HECKOJILKO JECATKOB MPOLEHTOB, TaK YTO HE CKIOHHBI
00pa30BbIBaTh FOPSIYUE TPELLUHBI.

Ha puc. 5.24 npexacraBieHa 3aBUCHUMOCTb CTPYKTYPbl CBapeHHOIO0 MeTajla OT
Kod(dduimeHta paz0aBiieHHss OCHOBHOI'O MeTallla MpH HaIlJIaBKe YIrJepOAUCTOM CTalld ¢
UCIIOJIb3YeM 2 MapoK MPHUCAZ0YHOIO Marepuaia, a UMeHHO a u b. B ciyuae nmpucagouynoro
maTepuana a npu kospounuente pazdasieHus 10% nonyuaercs 5% depputa B CBapeHHOM
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MeTayije. A B ciydyae MpHcaJoyHOro Meramia b mnpu koddduuuente pazdaiaenus 25%
noJryyaetcs Takxke 5% geppura.

B T1a6n.5.7 u 5.8 npencraBieHbl MpUMep pas3ieoK KPOMOK JUisi CTBIKOBOTO COEIMHEHUs
CTaJli C HEP)KABEIOIIMM MOKPBITUEM M ITPUMEP COUETAHHUsI MPUCATOYHOTO MaTeprasa JJisi CBapKu
ee nepexoaHoro ciosi. IIpu cBapke cranu ¢ HepkKaBEIOLMM MOKPLITHEM JTOHKHO oOpaliarhb
BHHUMaHUE Ha HUKENPUBEICHHBIEC MYHKTHI.

Taba. 5.4 lNpumep CTAHIAPTHBIX PEXHMOB CBAPKH CTBHIKOBLIX COETHHEHHI H3
HEpPAKABEHUIEH CTAIH
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Taba. 5.4 MMpumepbl CTAHAAPTHBIX PEAHMOB CBAPKH TABPOBLIX COCTHHEHHI W3

HEpAABEIOUIEH CTAIH
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. 5.6 IIpumep pekUMOB MPOBAPKU KOPHS IIBA TOPU3OHTATBHBIX HEMOBOPOTHBIX TPYO
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2,4 130 16 120 15
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e\ (0 15C-1Mn-05Si)
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0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32 34 36 38 40
Ixeupanent xpoma =%Cr+ %Mo+ 15X %Si+05%X %Nb

100% deppura

Puc.5.24 TlpeacraBnennas cTpyKTypa MeTauia, NEPBOrO MPOBAPEHHOrO CIIOS
HarulaBKu, 110 cTpyKTypHoii cxeme [lleddaepa
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Taba. 5.7 Tlpumeps! pa3neoKk KPOMOK 1151 CTBIKOBOTO COETHHEHHS CTAIH ¢ HEPAABEIOUIHM

NOKPbITHEM
T —:__" Dopma
TonumHa CTeHkH 1, MM Hapyxnas pasnenka | BHyTpennss pasnenka |
KPOMOK l KPOMOK |
70 ~90°
Y 1.0~15,
10~15 A
70~90°
B cayuae, korna ve
HYIKHO YCTPaHATb
MIAKUPY LM
MaTepHa 80~90"
50125
He menee 20 2,F
3
60~80°

IIAKHPYIOLLIETO
Marepuana

B cnyuae ycrpanenus

meHee 20

Vi
5~6R

3 u Goaee

Tabu. 5.8 [Ipumepbl coueraHHs MPUCaI0uHOro 4eia.ua ¢ nepe\oJIHbIY CIOEM.
MJTAKHPYOIIUM MaTepuajiom

Mapka IToaxonsumii mMprcagoYHbIil METaJT
IUTAKUPYIOIIEro | YyacTok rpanuu|  [lnakupyrommii
MaTepuaia Marepuai
SUS 302 SUS Y308. Y308L
304 SUS 305
SUS 304L Y308L
SUS 316 Y316, Y3I6L
SUS 316L Y309 Y316L
SUS 316J1 Y309L Y316J1L
SUS 316J1L Y309Mo Y316J1L
SUS 317 Y310 Y317, Y317L
SUS 317L Y3I0S Y317L
SUS 321 Y347
SUS 347 Y347
SUS 309S Y309, Y309L
SUS 3108 Y310
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Hpmmcuannc. CpcAn TiprCafoiHbiX METa/iOB [Jisi HCPCXOAHOIO Cjidsi TC, KOTOpbIC COACPKUT B CCOC M0, Nb.
JKCJIATCJIbHO IMPUMEHATH K IUTAKUPYIOLWIEMY Marepualy, COIACpX)aluieMy B cebe MO, Nb, COOTBETCTBCHHO.
JKenaTeapHO MCIIOIL30BaTh Y3 09L, KorJa B CBsA3H C TOHKOTO IINIAKHPYIOIIETO CJI0s TpeGyeTCH n30eXKaTh paccesaHus
yraepoaa u3 OCHOBHOT'O METajla.

B cnayuae HapyxHOW pa3felnku KpOMOK, CHadaja CBapsAT MEPBBIA CIOM €O CTOPOHBI
OCHOBHOTO Me€Tajula C TeM. YTOObl HaIUIaBJICHHbI MeTalsl He OblI MpoIJaBieH 0
IUTAKUPYIOUIET0 C€J0sA. 3aTeéM IOC€ 3aBEpLIEHUS] CBapKM CO CTOPOHBI OCHOBHOIO MeTasula
BBIPYOAIOT IUIAKUPYIOLIMI MaTepuand Kak MOKHO MEHbIIE, MOKa He BBICTABJIEH MeTallj LIBa
CTOPOHBI OCHOBHOro Meraiia. K cBapke CTOpOHBI IUIAKMPYIOLIEr0 Marepuaja MPUMEHSIOT
MPUCA0YHBIN METal, MPe/ICTaBIEHHbIN B Ta0J1. 5.8. U 1O BO3MOXHOCTH IMOHUIKAIOT CUITY TOKA C
TeM, 4TOObl MOXKHO ObUIO cep)KaTh pa3daBjieHMEe OCHOBHOro Merasia. B ciydyae BHyTpeHHei
pa3zienKku KpoOMOK, BapsiT OCHOBHOM MeTajul ¢ BHYTPEHHEW CTOPOHBI A0 TOr0, KaKk OCTaBJIEHO 3 -
5 MM 10 NEPEXOIHOr0 Closi. 3aTeM B 3aBUCHMOCTH OT OIPAaHUYMTEJIEH CBApHOIO COECIMHEHUS,
nedopMaluy, TOJIIMHBI IJIAKUPYIOLIEro MaTepuaia OMNpeNeNaT, WA MPOJOKUTh BapHUTh
CTOPOHY IUIAKMPYIOILEro MaTepuaja C HCMOJb30BaHUEM IepeuucieHHoro B Taba. 5.8
MPUCAIOUHOT0 MaTepuasa, WU TMOclie BBIPYOKM KOpHS 1LIBa CBapsT OCHOBHOW MeTall ¢
00paTHOM CTOPOHBI M B KOHEUHOM JTarie CBapsiT CTOPOHY IJIAKUPYIOILEro Marepuara.

5-4-5 YnpaBJieHue TenioBa0KeHHEM

B ciyuae cBapky ayCTEHUTHOM HEprKaBEIOWLIEH CTalM MpU TeMIiepaType auarnas3ona 550 -
800°C. B yactHocTH. 650 - 700°C. MPOUCXOAMUT BbIJEIEHUE XPOMOBBIX KapOUJ0B Ha rpaHUIaxX
ayCTEHUTHOIO 3€pHa, 4YTO YXYALIAeT KOPPO3UHHYK CTOHKOCTb. OJHAako B ciydae
ApProHonyroBoil CBapkM B KayeCTBE 3alIUTHOIO Ta3a 4acTO NPUMEHSETCS aproH, TaK 4YTO
TerIOBJIOKEHUE. BbIpakaemble (GopMysol (TOK X HampsHKEHHUE)/CKOPOCTh. HE BEJIMKO W.
CJIEIOBATENIbHO, YXY/IIIEHUE KOPPO3MMHOM CTOWKOCTH He Benuko. Kpome TOro, ¢ wnenbto
JAJIbHEHMILIEro yMEHbIIEHHsI CBApOYHOIO TEIMJIOBIOXKEHUS IPAKTUKYETCS pa3Hble METO/IbI
YCKOpPEHHUsl OXJIAKICHMs, Takue KaKk HUMIYJIbCHO-IyroBas cBapka Ha cjaboM TOKe,
NPUHYIUTEIBHOE OXJAXKICHHUE C MCIIOJIb30BAaHUEM MEJHOro OJI0Ka BOASHOTO OXJIaXJAEHUE Kak
NOJIKJIAJIKU Y HETTOCPEICTBEHHOE BOASIHOE OXJIAKICHUE OKOJIOIIOBHOM 30HBI.

MEeXKpUCTAIUIMTHYIO KOPPO3HMIO MOXKHO MPEAOTBPATUTh MOJIHOCTBIO, €CIIU, OXJIa/IUB PE3KO
¢ temmneparypsl npumepHo 1100°C, nator kapOuaaMm pacTBOPUTHCS B TBEPAOM COCTOSIHUU B
ayCTEHUTHOM CTPYKType MOJHOCThIO. OJHAKO BO MHOTMX CllydyasiX KpPYMHbBIX CBAapHMBaeMbIX
KOHCTPYKLUHI 3Ta 00paboTKa HEBO3MOXKHA, TaK YTO TpeOyeTcsl yUUTHIBATh UCIOJIb30BaHUE 0CO00
HU3KOYIJIEPOJMCTOM HEpXKABEIOWIEH CTajdd, B KOTOPOW COJAEp)KaHWE YIJiepoja KpaiiHe
OrpaHUYEHO, HEPIKABEIOIIeH CTallu, B KOTOPOIl cofiepkaHue TUTaHA WJIM HUOOMS CTaOUIU3UPYeT
kapOuabl, u np. B Taba. 5.9 npexacraiensl npuMepbl pexxruMa AproHolyroBoil CBapKu JIMCTOB
TOJIIMHON CTEHKHU 3 MM C ONMCAHUEM O HAIPSXKEHUU JTYTHU.

Tada. 5.9 lpumepsbl pexknva ApProHoayrosoii ceapkn

Mopma pasjleiku
KPOMOK

/MU

Hanpsxenue
avru, B
Huametp
VICKTPO1d. MM
Muaverp
MPHCATOYHOTO
METAIA, MM
MM/MHH

APpIou,
CKOpOCTb CBAPKH.

[Monoxenue
KonuuecTtso cros
CrapHoii 10k, A

70°

X7

T F | 2 |110~130[10~12 1.2~3.2| 5~6 [90~150
05~1 3

VoH 100~110{10~12 1.2~3.2| 5~6 |85~130

a%]

[yV]
— [ -
(=20 B>

5-5 CBAPKA AJIIOMUWHMUA U ETO CIIVIABA

AJIIOMUHUI U €ro CIuiaB, TOYKa IJIaBJIEHUs] KOTOPBIX HaxoauTcs B npeaenax 480 - 660°C.
MPEJICTaBIISIIOT cOO0M MeTasll, KpaiiHe CKJIOHHBIN K OKUCIICHHIO, TaK YTO JJIsl HUX NMPUMEHSETCs
UCKJIFOUMTENILHO JAYTOBasi CBapKa B Cpelle MHEPTHOTO ra3a. AJIOMHHHUN M €ro CIUIaB, yIeJIbHBIN
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BE€C KOTOpPBIX HE BCIUK HU pPaBCH 2,7 yaciibHasg  SJCKTPONPOBOJHOCTL MW YJACJIbHAA
TEIJIONPOBOJHOCTh KOTOPBIX BEJMKU, MPEBOCXOAST MO CBOWCTBY MPU HU3KUX TeMIlepaTypax,
KOPPO3UHHONW CTOMKOCTM M mepepabaTbiBAEMOCH, M OTHOCATCS K I0JIE3HOMY MaTepualy.
CHGHOB&TEHBHO, OHM NPUMCHAIOTCA K JICTATClibHBIM  aliliapataM, JKCJIC3HOAOPOKHBIM
MOJIBXKHBIM COCTaBaM, CyJlaM, Pe3epByapaM I XPaHEHUs CHKMKEHHOTO IMPUPOJHOIO Tasa,
MalivMHaM A1 XUMHYECKOU nepepa60TKH, COoCyaaM BBICOKOI'O OaBJICHUA, TCHJ’IOO6MCHHI/IK3M,
XOJIOAWJIBHBIM MallMHaM MU T.[. OI[HaKO Hux KO3(I)(1)I/II_[I/IGHT TCIIJIOBOI'0 paClIUpCHUA B 2 pasa
OoJIblIE UeM CTajJlb, TaK 4YTO pa3sMep z[e(bopMaupm IpH CBApKeE CKJIOHCH K YBCJIIMYCHHIO.
Tadu. 5.10 Mapku H XHMHYECKHI COCTAB NPHCAN0YHBIX MATEPHAIOB H3 AJIOMHIHA H
amomunuesoro cnaasa (JIS Z3232-1986)

-M_'dpl(il- Xu wnqccmﬁ;);:;;’m. % -
')Jlel('['p(),.']a T — I,.ir;‘.l[".c, S
BY: npyTox . _ . s ) ’ o o
wYy: Si e Cu Mn Mg Cr Zn V.,Zr Ti nene | trore | Al
[1POBO.I0KA ‘ Tho
A BY 020 o2, foos foos, joos, [ _ foos, [ _ fo03 foo3 | Jeo.7
“WY | uenee | menee | wenee | wence | menee | menee | venee Menee | mence Bosee
A 1100 BY Jsicpe 10, [005=oos | 1 _ Jowo [ _ ] _ [005 Jo15 [99.00
-WY MeHee 020 MeHee MEHES Meuce | meuee | donee |
menee | menee | wgmee Ménee _meHee | Nenge e 4 Donee
Az BY [020 Joxo [s8-Jozo~fooz [ _ Jow [0 w=loos Jois [o.
WY ' 68 040 YoMs| 020 ! "} ratkn
MEHES | MEHCE elICC MEHES el MEHEC MEHEE
A 4043-BY 45~ 108 (030 005 (005 _ 010 020 (003 018 | o
: RITR N " " " " " " it UJ
WY 60 ice | MeHee | MEHEC | MCHEGC MCUEE Menee | oaeuee | senee dobis
A 404-'BY 110~108 1030 |015 010 _ 1020 005 [015 |
I_WyY 13 0 " " " " " - - H " rarkm
- senee | menee 1 weuce qTen MEUEE senee | veuee
A 5554-BY 025 1040 1010 1005~|24~ [0.05~/0.25 _ |0 05~10 05" 0 lﬁu Oc-
WY menee | menee | menee 1.0 3.0{ 020 Menee 020 menee | menee e
—n BY | 045 1005 [001 |31~ |[015~]020 | _ |005~]0.05 [015 [o«
ity -WY iy m:uc:: Mcnc: \n:uc:j 39] 03 mcuc: 015 Mcuc: wcnc: kinadl
A 5355-BY 025 |040 1010 {0 05~]4 5~ [0 05~{0.10 _ 1006~10.05 [0 15 | o
WY “\-‘IJ.L‘:-:_ Muuc:.! M\:m::1 0.20 5.5 0720 ML'HC:; 0.20 ucm:g w;nc: e
A 5555WBY (g 25. 040 (0 m“ 0 50~4.7~ {0.03~(0 25 _(005~10.05 {015 |
-WY Mcm:L wcnc: MeHee 1.0 5.5 020 Mcuc: 0.20 Mcnu: “cucg e
s =17~ BY {040 J0 40 |0 10 |0 50~|[4.3~ |0.05~]0 25 015~10.05 |0.15 |
A 3183_“Y " " " 1.0 59| 095 " - " " Wy
[ menee | menee | menee J.& =9 venee wenee | menge | menee | M

[Ipu AproHonyroBoil cBapke Kak MCTOYHHUK IHUTAaHUS NPUMEHSIOT IMEPEMEHHBIN TOK,
10Jb3ysch 3(PHEKTOM OUMCTKH, Pa3pylIatOT MJIEHKY OKCHJOB aFOMHUHUS, KOTOpPas MOKPHIBAET
MOBEPXHOCTh OCHOBHOT'O METAJIIa TOHKMM CJIOEM U HE CKJIOHHA K PACIUIaBJICHUIO, U TEM CaMbIM
oOneryatoT mnpouecc cBapku. B Tabn. 5.10 mnpuBeneHsl MNpUCAJOYHbIE METAUIbl JAJIs
ApProHosyroBoi cBapku aJllOMUHMSI U ero cruiaBa. Takxe B TabGia. 5.11 u 5.12 npuBeneHsl
JMaMeTpbl TNpPHUCAaTOYHOr0 MeTamna W ¢GOopMbl pa3feliku KpOMOK, Ha puc 525 u 5.26
NPEJICTaBICHbl uana3oHbl pPEeKUMOB ApProHOAYIOBOM CBAapKHW CTBIKOBBIX M  TaBPOBBIX
COEJIMHEHU JINCTOB.

Kpome Toro, coueraHue OCHOBHBIX METAUIOB C IMPUCAZAOYHBIMU MaTe€pUallaMU TaKXKe
periaaMeHTHpyeTcss B BUJAE CTaHJapTa Ha MPOM3BOJACTBO paboOT MO JYroBOW CBapke B cpele
WHEPTHOTO rasa, Kak InpejicTtaBieHo B Tabh. 5.13. I'psa3p W Biara, npuiaumninas K MOBEPXHOCTH
NPUCAJ0YHBIX METAJIOB, IPs3b HA pasfefikaXx KPOMOK. BJIaXKHOCTh B aTMoc(epe MOXKeT ObITh
NPUYMHOI 00pa30oBaHUE PAKOBHMH, TaK YTO CleAyeT oOpalllaTb BHUMAHHE Ha OYUCTKY pa3/iesioK
KPOMOK, B YaCTHOCTH, JKCIUTyaTallMI0 M XPAaHEHUE NPUCATOYHBIX MeETalIoB. B HekoTophix
cilydasix MOHAJO0OMUTCS MPENLyCMOTPETh CBApPOYHOE IOMEIIEHUE, B KOTOPOM MOJJIEpKUBAECTCA
HU3Kasl BIAKHOCTB JUIsl IPOU3BOJICTBA CBAPKH.
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Ta6n. 5.11 QuameTpbl NpUcagovHbIX MeTaNoB U Auana3oHbl cBapo4YHoro Toka (JIS Z3604-1993)

Huamerp Junanason
npucago4yHoOro | CBapoO4YHOro Toka,
MeTajljia, MM A
06 20-100
5 0.8 20-150
g 1.0 30-200
2 1.2 40-250
E 16 40-350
1.6 30-100
20 60-130
24 70-150
32 130-150
o 40 180-250
g 5.0 240-360
E 60 340

Mpumevanune: [JuameTpbl BonbdpamMoBbIX INEKTPOAOB W AManasoHbl MOAXOASLLUEro Toka cMm. B Tabn. 4.4
«lepemeHHbIN TOK».

110



Taba. 5.12 ®opmbl pasaeKH KPOMOK H pa3Mepbl cBapHbIX coeannennit (JIS Z3604-1993)

CTHIKOBOE COE/IHHEHHE THCTOR

X, S - Q- A
. =K = === 8
Bua ceaproro coenun- | dopwma pasieliku Kpo- rf,"_{”‘""‘r' i 3 i =l Se E. | &= E = g =x [Mpumeua-
HEHHA MOK "“;1'1':"‘ Sg3= =k | 3833 | =83 HHE
o 5= é- x Oz8 J :z:
. MoxHo
bes pasaeaxu = t<6 1~2 - cs3 - CHHMATh |
KPOMOK - dacku yraos |
|
]
g Hoene
Vospanas |7 v o
pasie;ka Kpo- 451825 | g | 83 | cs3 |a=60~110" | KD
MOK N\ -...I} 0opariyIo
] CTOPOHY.
8
pasjieqka Kpo- ~ Iu _ . =al=
MOK € NOAKIa1- = 15t Gosee | /=3 |3Sc =6 4=45~70 F=4~10
KOM o
b
Hocae !
OKu |
X-obpasnan I BRIpY a |
pasieiIka Kpo- }‘. ; gs¢ Gﬁ'::c f=s2 cs3 | =50~90" ﬁgp::r fiea |
MOK i T
00paTHYIO
@ Cropony.
R=4-8, |
a HCHONB3YIOT |
NOAKIAAKY |
U-obpasnas LY u . WK 1oche
pasjenka Kkpo- 16= ¢ Gonee |32/ =5 €52 | 6=40~60" | puipyOkn
MOK § K(lpliﬂ 1iBa
c,) BapsT
nﬁ?ma'ruym
CTOpONY.
|
h R=4-8,
JlByxcroponnss "Uc‘"%
prOMKOOOpasHas | ~ 2u . — 10 —cne | PPIPYOKH
DasIenES Kpo= { é 16s ¢ Gonee | £ =3 €S2 | 6=40~60" | xopiia mma |
o BAPHT |
obparnyio |
) CTOPOHY. |
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Taba. 5.12 (MMpoaoaxenne)

T
Z 4 = .
Bua capnoro Tomuuna ; %j =| 2 z iﬁ; ;
a paIenK == = . . / ~pory s
Ccoe/IHHEHHS m"p’:‘r’xﬁl”i""‘" cTek, :; ; ; i ; E‘é g y 'h_'“;);’:.:‘:" Tpumesanne
§5"|=°¢ | 3%3
bes paznenkm t N i MoxHo
KPOMOK, ABYCTO- = _ _ pasicinio
POHHHI YI10BO# — 18¢ v e KPOMOK
CBAPHOMN 1LI0B i] 4 ; HACTHUHO.
Henoasayior noa-
V-obpasnas pas- In KAAIKY WK nocie
JICNIKA OTHOH 45512 Go- fs2 c=2 #=50°-60° BRIPYOKH KOPHS 1IRA
KPOMKH nee papaT obpartiyio
- CTOpoNY
= o
5 .t beb
= | Kpusoauueiinas 1w & =4 -8, nenoauayior
E pasjiesika oo 0= ¢ 6o- |[2=fs4| cs2 -40°-60° PRAIEY HiM DO
KPOMKH nee BHIPYOKH KOPHA L1Ba
§ d Bapst obpariyio
] CTOPOHY
g ;
g 2u | Hocne seipyGin
'ﬂlff?ﬁi".!'”m':f,?' 85125 ) Go-.| f$2 | cs2 , 06=50°-60° | xopis wma sapar
P Jee ofpaTHyo cTOpony
1
! b6
JlsycToponusis 2n ' R=4- 8 nocie
KPHBOIMHER AN o 16 ¢ 0o- f=3 c=2 #-40°-60° REIDYGKH KOPHS 11130
pas/leliKa KPOMOK nee BAPAT OOPATITYIO
0} CTOPOHY
bes pasnenku ~ ] - _ MO0 CHUMAT
KPOMOK 3 t€3 1~2 ¢®2 B thacku yruon
g #=80°-90° (ropm-
e 3 s ' ‘ 15 'mlfl'ﬂ.'lh"ﬁg‘ﬂ;}-
= l H PC!TIII;[-C T Il
& | V-obpasias pai- HapY, A fg2 cs3 o=80°-11
w JICIAKA KPOMOK JIHAM. 2 {SSHTHFANEHO-g
g . 20~600 | -le¢ e eopoTLs, ro-
o HENOBOPOTHRIC
§ 1pyGnt)
g | O=T07-B0" (ropn-
AONTAILHO-TTOBO-
3=t =530 > TpyOhl)
V-obpasias pa3- e I pororiib h<20 - 50
§ KA KPOMOK C TR Go- f22 | ¢26 | (seprucarmmo- it S
=] ‘1 0 HEMOBOPOTHRIE, T'0- -
; noaKnaakoR 30~1 200 e PHIOHTANLHO-
= HENOROPOTHRIE
& Tpyiing
bs?
3ses30) ﬁ—s-s. o
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Caapounblit TOk, A

CBapo4Hblii TOK. A

400 — 400 ; ! x

[MonoxgHne CBapKH: HHKHAY TNoagwenue CBAPKH: BEPTHKATLHAR,
nongpeyHas, BEPXHAS

Caapoulibiit TOK
CBapouHblit ToK

28 § :
L <R
NI R
>~ < :
Q) NP
200 S - 406E'F 200 S 100
'KOPOCTH CBAPKH Z 2
K(f:( o 300§§ Z Cy OpOCT!, CHApKH 300%
5 o

o
bl

D]
100 g /.

200 100 200

0\
-

N
7 Yy

- 100 y _ 100
LL-wiig | §2-3-mii 3-5-blii 6-7-0il { 1-biit | 2-3-uii | [4-6-wiii - 7-10-0ii
tipoxoal  npoxon POXOL Npoxo;1 npoxon! Tnpoxoa b |upoxon HpoX0.L
0 0 0 J 0
0 5 10 15 20 0 5 10 15 20
Fosumna, Mmm lomumna, Mm

Puc. 5.25 [lpenenn! pexumMoB AProHoayroBoi CBAPKH CTHIKOBBIX COeIHHEHHIl JIHCTOB H3
amoMunua win ero ciasa (JIS Z3604)

400 ] T 400 TIdnoxkenne Esapku: Bdprukanbids,
Honoxgune coapkn: nuxngs nonepenan, Bepxnus
CBapounbii |(¥c e ('napdlqu.:ﬁ
~ <] = - 10K -
AT | s M
\\ : L\\ E
S << . Z
NN 3 N\ ¥
\ 52 \\ V 2
200 40053200 R 400 2
ﬁ CKOpPOCTL CBAPKH § E y 'KOPOCThL CBAPKH =
N0 Bk 5
o /
2]
100 4%7 = 200 100 7 7 7 200
\ /
. 2 100 / 4 ,/ 100
[-btii § o 2-d-mii | 4-6-wiii 6-10-0i " -wif |y 2-4-uit ) 4-8-hiil 2-12
0 lnpoxo.'ll 1poxoa HpoX0a npoxon 0 0 H]TO‘:-O(I leO\("l‘,l npoxon ”p":f* 0
0 5 10 15 20 0 5 10 15 20

lo.mmna. MM |t\.llllMHd. MM
Puc. 5.26 Ilpeaeabl pexKHMOB AProHoAYIOBO# CBAPKH TABPOBbLIX COCTHHEHHI A THOMHHHS
HaH ero cnpasa (JIS Z3604)
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5-6  CBAPKA ME/IU U EE CIIVIABA

AIIEKTPOIIPOBOAHOCTH U

o

MPEBOCXOJICTBY

Onarogaps
TEIMJIONPOBOJHOCTH MPUMEHSIOTCS KaK AJIEKTPUYECKUE MaTepualbl, U OJaroaapsi IpeBOCXOJICTBY

CIlJIaB

c€c

u

Menp

V)

1o KOppO3HHHOﬁ CTOUMKOCTHU M TCXHOJIOTMYHOCTHU HAXOJAT HIMPOKOEC NMPUMEHCHUE B YCTAaHOBKAX

(V)

00TKH,

CYIOBBIX 4acTax U np. Touka niaBienus meau coctabiser 1083°C, To ecTh HAXOAUTCS IOYTH B

MallMHaxX XHMHUUYCCKOH IICepepa

OMPECHUTCIIbHBIX YCTAaHOBKaX,

2

JKUAKOTIO  KHCJIOpOoJda,
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cepenuHe TOYkM IuiaBiaeHuss crand B 1500°C u Touku muiaBiaeHus amomuHus B 660°C.
TenonpoBoAHOCTh MeM B 8 pat GoJibllle, YeM Y MSTKOHN CTajii, MOYTH B 2 pa3a OoJibllie, YeM y
anmomunusi. CreoBaTenbHO, P ApProHoIyroBoil cBapke TpeOyercsi 10CTaTOYHBIN MOJ0TPEB.
OzHako B cliydya€ MEAHOTO CilJiaBa, TEMJONPOBOJAHOCTh KOTOPOTO MEHbIE, 4eM MEJib, HE
TpeOyeTcs Takasi BbICOKasi TeMIepaTypa MoJlorpeBa, Kak B Cllyyae MeIH.

Menu u ee craB AeNATCs HA pa3Hble MapkH, Kak pernamentupyet cranaapt JIS H3 100.
UroObl nosyyats 0e37epeKTHbIe CBapHble COEIMHEHHUS, HY)KHO UCIIOIb30BaTh OECKUCIOPOIHYIO
MeJlb WM PACKUCICHHYIO Mellb, B KOTOPOM cozepikaHue Kuciopoja HeBenuko. ITpucagounsie
MeTaJllbl, IPUMEHsIeMble MTPU CBapKe MEAM U ee CIUIaBa, NpuBeieHbl B Tabu. 5.14, onHako, Kak
NpPaBUJIO, TPUMEHSIOT MPUCATOYHBIE METAUIbI, KOTOpPbIE MO COCTaBY MIAEHTUYHBI OCHOBHOMY
metainy. Kpome Toro, muist yaydiieHus MOTOKa paciuiaBa-MeTayla U CILIAaBICHHUsI C OCHOBHBIM
MeTalIJIOM TH’H/IMPH'FH-O’T‘ nu Crieiua HI/IQI/IT\ORQHHI-JP g Ahl"ﬂHﬂﬂVTﬂRﬂI/I (‘RQI’H(I/I ]'lhl/l(‘ﬁ JTOUHEIC

MPYTKHU, TOBEPXHOCTh KOTOPBIX MOKPBHITA TOHKUM CIIOEM (bmoca.
Caapky TIG Meau u ee cruiaBa BeIyT ¢ y4ETOM, UTO;

¢ B cBsI3M ¢ TeM. 4TO TETIONPOBOAHOCTh B 8 pa3 OOJIbIIIE YeM CTallb, BIOXKEHHOE TPH

CRBANKe TeII0o he’KO hacceruBaeT ey, TaK UuTQ Crjia

VOGPAL 1Vl PUISAU paciiuy AVl 1GN 11U ViiaQoy 1iv

METaUIOM IUIOXO M CKJIOHHBI OOpa30BBIBATHCS HECIUIABJICHHWE W LIJIAKOBBIE
BKJItOUeHusi.  YUToObl  NpenoTBpaTUTh  3TU Je(EKThl, XOTS BCE 3aBUCUT OT
MaTepHuaja OCHOBHOI'O MeTajlla, TOJLIMHBI CTEHKH, (DOPMbI pa3fesku KPOMOK U
MaTepuaia  MPUCAJOYHOTO  MeTaula, B  claydyae MeOud  HeOoOXOAHUMBI
IIPEIBapUTEIBHBIN NOIOTPEB U TEMIIEpaTypa Mepesl HAJI0KEHUEM IOCIIETYIOIIEro
ciost 00b14HO 710 350 - 500°C, unoraa npumepHo 110 600°C.

¢ B cBsI3M ¢ NOBBILIEHHBIM pacIMpPEeHUEM U ycaaKoi, KoTopble B 1.5 pa3za Oosblie
YyeM. B y CTajiM, Ha CBapHBIX IIBaX COCPEIOTOYMBACTCS HANpSIKEHUE, YTO
MOXET NpHUBECTH K oOpa3oBaHMIO TpelluH. ['ak 4To ciexyeT paccMaTpuUBaTh
bopMy paslenaKd KpOMOK, crnoco®d YCTAaHOBKM OrpaHUYUTENEed U MpH
IIPOU3BOJICTBE MHOTOCJIIOMHOM CBapKH YYMTBIBATH W BBINOJHATH IPOKOBKY IO
KaxaoMy mnpoxony. IIpokoBka o0coOeHHO moJjie3Ha /sl HU3KOJErMPOBaHHbBIX
MaTepUasoB.

s llopnepxxuBaTh MNpWIETAlOUIMKA K pa3lielIKy YYaCTOK U TPUCATOYHBIA METasl
OUYMIICHHBIMU OT OKCUJHOM TUIEHKH, Macjia U Ip.. ¥ TEM CaMbIM 3apaHee yCTPAaHUTh
MPUYMHY BO3MOXKHBIX J1€()EKTOB, TAKUX KaK PaKOBUHA U HECILJIaBJICHUE.
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Taba. 5.14 XuMH4eCKHIl COCTAB NPHCAT0YHBIX MATEPHAIOB H3 ME1H H €€ ClI1aBa
(JIS Z3341-1993)

- I XHUMHYECKHH COCTaB, %o
Xapakrepisyio- - |
’ ?.?3?33&3:‘ Mapka 'ik”;" Sn | Si | Mn p Ph Al Fe Ni | Zn | Ti S
£) ‘
. S | S —
Menb Ycu 98:0 1-0 0.5 05 0.15 l9“0‘-2 lO 01 . . . S —
I YCuSiA 94.0 1.5‘ 20 1.5 . 19\2-2 .001‘ 0'5‘ . 15‘ B _
Kpemimctas g ) e me| "Heel "dee " e
Opotiza veosip 9015 J28 L us| |, feoozfe0tfos [, Jus [ _ ] _
noo- | M e {~4.0] " e "hee | "hee| "iee " oo
YCuSn A 'E‘)'iﬁ 4.0 . . (010 1+0.02)+0.01] ’ M P
docdopucras ~60 ~0.35) “wee e
(s VCuGn B | vame (60 . . [0.10 [+0.02] +0.01| . " _ | _
A NUWIEL AT H _‘-9 0 _"0 35 " ::::. " ::&
ANOMHHUCBAA YCuAl aw | — [0-10] — [*0-02{9.0 1.5 . [0.02) —
ﬁpou'ia H " ?.‘.5. “:.':L --110 " ::1‘1 |1:|-:{:
i | 2l _ fo0fos |, [e00270 {20 |05 [s0.00] _ | _
YOAINA | ™ s | 3,0 nue [~11.0] wus| ~3.0| wue
Crieunaibias o | v | _ 10.10[05 00270 (20 |05 [0.10
L el e ~3.0] o |MMe|~90 | ~50(~B0 e T T
Oc-
o | | _ foofos |, [eoo2fss |30 |40 [wa0] _ | _
. — 0.2010.5 | 0.02 |0.02 05 [9.0 0.1 |0.01
YCUNI‘l I‘”I‘J‘I ' W Me- -~ H Me- H MC- S -~ — ~ — H MC-
Me THOHH KCICBBI - Hee 1.5 Hee Hee 15 11.0 0.5 s
| cnaas ca || ., [0.15] 1.0 0.02 |+0.02 0.40 (29.0 02 |0.01
| bl T I - R S A el T R T

X/
o

*: cymmapas jlo0s viementa ne dSonee 0,5%.

CBapKy BeAyT Ha MOCTOSIHHOM TOKE C OTPHUIATEIBLHON MOJSPHOCTHIO AIEKTPOJIa,
OJJHAKO B Cllyyae aJIIOMUHMEBOM OpOH3bl M Mp. Ul MPEJOTBpalleHUs
BKJIIOUEHMS OKCHJA aJIOMHMHHUS CBapKy BeAyT Ha lepeMeHHoM Toke. Ilpu
CBapKe  JIAaTyHH  HUCHApSAIOLIMICS  LMHK, NPEeBPATUBIIMCH B OKCHUJ LMHKA
Oenoro 1BeTra, MOKPHIBACT MEPEIHIOI CTOPOHY 30HBI CBAPKM M TEM CaMbIM
yXyamaer oopabaTbiBa€MOCTh, TaK UTO NPUMEHSIOT MPUCAJ0YHbIE MaTepuabl
U3  KpeMHHUCTON  OpoH3bl, (hochopucToil OPOH3BI WM aTHOMUHUEBON OPOH3BI,
KOTOpble He coaepkaT HMHK. Cpeau HUX NpUCAJOYHBIA — MaTepuan  H3
AITIOMUHUEBOW OpPOH3BI IPUMEHSIIOT, KOTAa 0c000 TpeOyeTcsi MPOYHOCTb.

Kak BpeaHble 118 CBapKM 3JIEMEHTbl MOXHO MEPEUUCHISITh CBHUHEL, CYypbMY M
BUCMYT. DTH 3JIEMEHTHI, 00pa30BaB Ha IpaHMLAaX 3€pHa IBTEKTHUECKYIO CMECh U
pearupysi Ha CBapHOMW »ap U ycaJo4yHOE HaMpsHKeHHe, MOTYT IMOBJIeYb 3a cOo0OM
TpewnHbl. [loBblieHHOE conepxkanue ¢ochopa TaKKe MOXKET TNPUBECTH K
TpeuHe. He Oyzner mpeyBenvueHHeM CKas3aTh, YTO TOBBIIIEHHOE  COJEpXkKaHUE
CBMHLA HE CHOCOOCTBYET MPOM3BOACTBY CBAPKHU.

TUNWYHBIM MHOPOAHBIM MaTepUalioM, KOTOPBIA CBapUBAeTCs C MEIbI0 WAU €€
CIIABOM, SIBIISIETCS MsATKast ctanb. [Ipu 9TOM Menb moyTH HE pacTBOPSET XKeIe30 B
TBEPJIOM COCTOSIHUU U TOJIy4aeTCs CBapHOM LIOB CTPYKTYphl CMEIIAHHBIX MEAU U
’KeJie3a, 4To MOBJeYeT 3a CO00H Pe3Ko MOBBILICHHYIO XPYNKOCTh. B rpaHulipl 3epHa
OCHOBHOI'O Marepuaia M3 MSTKOM CTaliu, MOJBEPraloierocsi BIUSHUIO OT TeIIa,
nonajiaeT Me/b, YTO MPUUUHSET TPelMHbl. YTOOBI MpenoTBpaTUTh 3TH Ie(EKThI,
1ieJ1ecoo0pa3Ho 3apaHee BBINOJIHATH HAIJIaBKy MEJHOIO CIUIaBa Ma MOBEPXHOCTH
pa3zienku KpPOMOK CTOPOHBI MSTKOH CTald , 1O BO3MOXKHOCTH YyMEHbIIas
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5-7-1 Turan

bnarogapss mpeBOCXOACTBY MO KOPPO3MHHOM CTOMKOCTM TUTaH TPUMEHSETCS K
KOPPO3UIHHO-CTOMKUM JIeTalsiM B XHUMUYECKOM MPOMBIIUIEHHOCTH, JETajsiM JIeTaTeJbHOIro
amnmapara, MarepuanaM, YCTOHYMBBIM MPOTHB KOPPO3UHM OT MOPCKOW BOAbl, U mp. Turtan npu
BBICOKOW TeMmIeparype, pearupys Ha KHCIOpOJA WM a30T, CKJIOHEH K TOBBIIICHUIO CBOMU
XPYIKOCTH, TaK 4TO IPU CBApPKE HENb3sl BHICTABIIATH 30HY CBApKU U 30HY, HArPETON A0 BBICOKOU
Temmneparypsbl, Ha Bo3ayX. CrenoBaTenbHO, HEOOXOAUMO MPUHATH MEPhI MO MPEAOTBPAILEHUIO
OKHUCJIEHHS M a30THUpPOBaHME 30HBI CBAPKM HE TOJIBKO B IPOLIECCE CBAapKW, HO M B Ipoliecce
OXJIQXK/IEHUS], YCTAHOBUB Ha TOPEJKY JUIsl APrOHOAYTOBOM CBapKH MPUCIIOCOOJICHUE IS 3alllUThI
BCIIOMOTaTeJILHOIO ra3a M 1ojasasi aprod B 6oJbiiom koaudectBe. Ha puc. 5.27 npencraBieHbl
MPUMEPBI ITUX MEPBHI.

[lepen HauanoM cBapkM TIIATEABHO MPOTHPAIOT TOBEPXHOCTh pPa3lelIKu KpPOMOK,
MPWIETAIOIIYI0 K HEW 30HY M MPHUCAJOYHBIA MeTaul alleTOHOM, CIHUPTOM WU T.N. YTOoOBI
YIQIUTh OKCUJIHYIO IJICHKY, BBIMOJIHAIOT XUMUUYECKYIO NepepaboTKy *KHUAKOH cmechio u3 2 - 4%
¢TopuctoBogopoHoi KucaoTel U 30 -40% a30THOI KUCIOTHI MpU TeMIeparype He Oouiblie
60°C B Teuenue nopsaka 30 cex, MOTOM HE3aMEJIUTENBHO MMPOMBIBAIOT B IIPOTOYHOM BOJAE B
TeyeHue nopsaka 1 yaca, IpOTUPaAIOT alleTOHOM M MpocyiinBatoT. Takke A npeaoTBpalleHus
BO3HMKHOBEHUS PAaKOBHH I10JI€3HA MOJIMPOBKA CTAJILHON IIETKOM, HaXKauHOW Oymaroi uiu T.1I.
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TuTaHOBbIE NpPHUCATOUHBIE MaTepUalbl Uil CBApKU KIACCU(UUUPYIOTCS CTaHIApTOM Ha
HUX, TPUBEJIEHHOM B Ta0. 5.15. He TOJBKO MO MAIAAMIO, aTIOMUHHIO, BAHATUIO U MPOYEMY
COCTaBy CIUIaBa, HO W MO CoOJAep)KaHUIO kuciopona. [Ipucanounbie mMaTepuanbl OKa3bIBAIOTCS
CaMbIM CKJOHHBIMM K 3arpsi3HEHMIO, KOI'/Ia MOJAI0TCA B YTy BBICOKOTO T€MIEpPATyphl, TaK 4YTO
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cnenyet oOpalarh TiIareIbHOe BHUMaHue, YTOOBI B Mpoliecce CBAPKH MPUCaT0YHbIe MaTepraibl
HE BBIXOMJIM 32 MPE/IEJibl 3alIUTHOTO ra3a U He COMPUKACATUCH C aTMOC(HEPHBIM BO3YXOM.
AproHoiyroByto CBapKy THUTaHa 1eJlecOOOpa3HO BECTH Ha [OCTOSHHOM TOKE C
nosioxutenbHoi mosisspHocThio (DCEN), ayry 3akuraroT, COBMECTHO NPUMEHSISI BBICOKYIO
yactoTy. Kak aJIeKTpoja MpeanoyuTaroT MPUMEHSITh BOJL(GPaMOBBIi dnekTpoa. B Taba. 5.16
NPUBEJICHbl PEXUMBbl ApProHOIYroBOi cBapku TuTaHa. Korja cBapHble BBl 3arpsi3HEHBI

10

Y TIOBTOPHO CBapUTh.

B cnenuanbHbIX ciyyasix MCHOJB3YIOT CBAPOUYHYIO KaMepy M B Mei MpPOM3BOIST CBapKy,
BBITSIHYB U3 HEE€ BO3JYX IMOJIHOCTHIO U 3alOJIHMB €€ MHepTHBIM razom. Eciu ¢opma u pazmepsl
CBapHUBaeMbIX OOBEKTOB OIPAaHUYMBAIOTCS pa3MepaMy CBApOYHON KaMmepbl, MOXHO MCKJIHOUUTH
BO3/ICHCTBHUE BO3/1yXa MOJHOCTHIO, YTO CIIOCOOCTBYET HJleaIbHOW CBapKe.
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5-7-2 HukeJsb M ero cnjias

buaronapss mpeBOCXOIHON TEIUIOCTOMKOCTH M KOPPO3UMHOM CTOMKOCTH, HUKEIb U €r0
CILUIaB UIMPOKO TMPUMEHSIIOTCA MpPH €OKOW OKpyKawomeh cpene. B 4YacTHOCTH, HUKEb
BBIIEP)KUBAET KAayCTUK M NPOYME IIEJOYHBIE PACTBOPbl M NPHUMEHSAETCS KakK ILIEI0YeeTONKNE
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MaTepHuaibl. 3aTpyJAHEHUE NpU CBapKe 3aKkiioyaeTcs B OOpa30BaHMM PAKOBUH U TOPSUMX
tpemrH. CBapky TIG BeayT Ha MOCTOSSHHOM TOKe ¢ MosioxuTeabHOU nossipHocThio (DCEN).
UroObl MpefoTBpaTUTh PAKOBUHBI Lieeco00pa3HO MPUMEHSTh MPHUCAJOYHbIE MaTepuaibl C
MOHM)KEHHBIM COZICpKAHUEM KHUCJIOpOAa U a30Ta, C LIeJIbI0 PACKUCIEHUS U JTEHUTPUPUKAIUHN K
MpUCaJOUHBIM MaTepuajgam J00aBsITh aJlOMUHUMN, TUTAH U Tp. [[1s mpeaoTBpalleHus: ropsaux
TpelllMH, TIOHM3UB COJEp)KaHUEe cepbl, yriaepoda, Kuciopoaa, ¢ocdopa, KpeMHHUS,
MpeoTBpaIalOT 00pa30BaHUe IBTEKTUYECKON CMECH C HU3KOM TOUYKOM IMJIaBICHHUS.

Momnens, conepxaiiuii B cedbe Hukeab B goiie 63 - 70%. mean 26 - 34%, xene3o, Mapraser|
U KPEeMHUH B HE3HAUMTENBbHOH J10JIe, XOPOILO BBIACPKUBAET BO3/JAECUCTBUS BO3/1yXa U MOPCKOM
BO/bI, MU MPEBOCXOJUT MO KHUCIOTOCTOMKOCTH. TaK 4YTO HAXOAMUT UIMPOKOE MPUMEHEHHE B
CYJIOCTPOCHUHU, MUIIIEBOH, OyMakHOH, papMalieBTHYeCKOii, HedTenepepadbaThIBaIONICH U MPOYNX
XUMHUECKHX MPOMBILUIEHHOCTSIX. [Ipu cBapke MOHeNs 3aTpy/AHEHUE 3aKIII0YAETCsl B paKOBUHAX
U MuKpoTpewHax. Jlns mnpenorBpallieHHs MX 00pa3oBaHMs 11€J€cO00pa3HO yMEHbLIATh
coJiep)kaHue Mpumeceil U 100aBsATh aJTIOMUHUN W TUTAH B MOJAXOJSLIEM KOJMYECTBE TaK JKe.
KaK B ciaydae Hukens. MHkoHenb, copepxkanmii B ceOe HUKeb B ojie 76%, xpom 16%. xene3o
8%. mpeBocxoAMT MO mnepepadaTbiBaéM OCTH, MOJJAcCTCS ropsyed W XOJIOAHOM 00paboTke,
MPEBOCXOJUT MO KOPPO3UWHON CTOMKOCTH, BBIICPKUBAET OKUCICHHE TIPU  BBICOKOU
temrniepatype He MeHee 900°C u cuuTaercs mnpeBOCXOAAIIMM MaTepuanoM. OH HaxXoAUT
HIMPOKOE MPUMEHEHHUE B JICTATENIbHBIX anmapaTax, siIepHbIX peakTopax, MOJIOYHOM XO3SHCTBE U
Pa3NUYHBIX XMMUYECKUX MPOMBILUICHHOCTSX. 3aTpyJHEHUE MPU CBAPKE 3aKJII0YAETCS B FOPSUUX
TpemmHax. JloOaBieHueM MarHus, KajblMs U Tp. TMOHUKAIOT YYyBCTBUTEILHOCTh K TOpsYeid
TpewmHe. Mapka M cocTaB MPUCAJ0YHBIX MaTepuaioB M3 HUKENS M €ro CIjlaBa U PexUMbI
CBapKHU € UX NPUMEHEHUEM MpUBeieHbI B Ta0. 5.17 u 5.18.

DTU CIUiaBbl, B 00IIeM, 00JIaal0T IIMPOKOM 30HOM TemmepaTyphbl 3aTBEpACBaHUs U
CKJIOHHBI K TPEIIMHE BCIEICTBUE TOTO, YTO HA MPAaHMIIAX 3€pPHA Pa3ESIOTCs MPUMECH C HU3KOM
TOYKOW IIaBleHUs. B CBsI3u ¢ 3THUM HMMeeT HEMalOBaXXHOE 3HAu€HUE HE TOJbKO BBHIOOD
CBapMBAaEMOIo Marepuaja, HO M IOHMWXKATh NPU CBApKE TEMIEpaTypy Mepesa HaloKEeHHEeM
MOCIEAYIOLIETo Closl, n30erath KojaebaTeabHOro IBUAKEHHSI M BECTH CBapKY MO BO3MOXKHOCTH Ha
ciaboM TOKe W y3KUM BaslukoM. Kpome Toro, mpu cBapke CTBIKOBBIX COEAMHEHUH oOpaTHas
CTOpPOHA CKJIOHHA K 3arpsi3HEHHI0 aTMOC(EpHBbIM BO3AYXOM C MOCIEAYIOIIMM O00pa30BaHUEM
PaKOBMH, TaK YTO HEMAJOBAXKHOE 3HAYEHHE UMEET UCII0JIb30BaTh MOAKIAJKY WM BECTH CBApKY,
MoJiaBasi 3alllMTHHIN Ta3 ¢ OOPaTHOM CTOPOHBI.
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Taba. 5.18 [lpumepbl peAHMOB CBAPKH HHKEIEBOI0 CIL1aBa

Pasmepni

— —————  Jlnamerp _ )
Gopua pastern kpovox | TOMINS | pepuiyne | JPUCTIOT | Cospouia | e
MM pa3.1;.:ru € | puana. mum N )
| 16 08 1.6 60~90 1
A== 2.0 1.0 2.0 100~125| 1~2
"*E-J“ ! 2 4 1.6 2.4
e TRRERT 3.2 0 32 100~125 | 1~2
53 ) 4.0 0 4.0
=5 =3
=3 =2| 4.8 0 4.8 130~175 3
gfﬁ 9] 64 0 3.2 ]
&3 45| 95 0 |[3.2 4.0 140~200] 3
7 127 0 |32 4.0| 200~250 5
C ok koi 3.2 2.0 3.2 100~125| 1~2
75-90"
4.0 3.2 4.0
4.8 3.2 4.8 130~175 3
6 4 3.2 3.2
95 32 |32 40| 140~200 3
2.7 3.2 |32 4.0 200~250 5
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[Ipumenenne MexaynaponHoi cuctemsl enuuull (CH) cTano riaBHbIM HarpaBieHUEM B
mupoBoi npaktuke. B Anonun B 1974 r. BBenena CHU ¢ nepexonom Ha Tpetul 3tan B 1988 1.

Beenenne CU cTaBUT cBOEH 11€J1bI0 YHU(PHUKAIIMIO HEMETPUUYECKONH M METPUUECKOM CUCTEM
euHUL B MeXTyHapOAHYIO CUCTEMY €IMHUIIBI JUIsl COJIEHCTBUS MJIaBHOMY Pa3BUTHIO TOPTOBIU
CO CTpaHaMU MUpa U OOMEHa TEXHOJIOTHSIMU U UH(pOpMaIue.

B nmnocnenHue roael B 00macTM  CBapKM M ApYruxX cdepax MpOMBIILICHHOCTH
NpOCJeKMBaeTCs TEeHAEHUUs molTanHoro BBeaeHus eauuHull no CU. Ilpu crnoxwuBiieiics
00CTaHOBKE aBTOp CTapaeTcs B HACTOSIILEH Cepur BBOJIHBIX KYpCOB IO CBapKe MO BO3MOXHOCTU
ynotpe0asaTh enuHuubl no CU. B onucanuu nocsie TpaauLIMOHHBIX €IWHUI CTaBSATCS €IMHULIBI
no CU B ckoOkax aJisl Jiydliero noHMMaHusi 3HadeHus BBeaeHus eaunuil no CU. [{ns cnpaBku
aBTOD IOIBITAETCS B CXKATOU opMe HU3JI0KUTh eAUHUIBI 110 CH, TeCHO CBsI3aHHBIE CO CBAPKOM.

1. JECATUYHBIE U JJOJbHBIE EJUHULIBI MEXKJTYHAPOJHON CUCTEMBbBI
(CH)

1.1 IpucraBku eqmuun CHU

[IpucraBku 1151 06pa3oBaHUs NECATUYHBIX KPaTHBIX M JOJBHBIX eauHul] oT eaunun CU
(cm. Tabm. 2).

1.2 OOpa3oBaHuMe OeCATMYHBIX KPATHBIX M A0JbHbIX eauHuu oT eauHuun CHU n
npuMeHeHHe

(1)  O6o3HaueHHe  NPUCTABOK NPUHUMAETCS KaK  eauHOoe  I1eloe ¢
0003HaueHHEM, CIIEAYIOIIUM 32 HUMH.

Hpumep: 1 cem® =(107 m)> =10 v

1 mxcex” = (107 cex)”! =10 cex™!

(2) CocraBHbIE MPUCTABKU HE JOHKHBI MPUMEHAThCsA. HazBaHue NeCATUUHBIX KPAaTHBIX U
JOJBHBIX €AMHUL] MACChl COCTABIISICTCS U3 CJIOBA «IPaMM» C ITPUCTABKOIA.

[Ipumep:  Bwmecto MUKPOKHJIOTpaMMa (MKKT) ynoTpedIsieTcsi MUJTUTPaMM
(mr).

(3) KparHble U 10JdbHBIE €IUHUIIBI BHIOUPAOTCS TAKUMH, YTOOBI YUCIO OBLIO YJIOKEHO
B Ipelesbl TMpakTUuecku Yy J1oOHbIX. Kak mpaBuio, 4ucio BeIOMpaeTcs Tak. YTOObl OHO
Ob110 yaoxxeHo mexay 0.1 u 1000.

[Ipumep: 1.2x 10'H cienyer onucare: 12 kH. 0,00394 m cnenyet onucats: 3.94 mm.

(4) s cocraBubix equnul] CU ynotpebiisiercss TOJIbKO 0/1HA PUCTABKA.

2. OMIUCAHUE OBO3HAYEHUSA EJUHUL U YUCEJI KOJIMYECTBEHHbBIX
BEJIMYHUH

(1) Hns  newatm  oOO3HAa4YeHMsT  €QUHUL  ynoTpeOssieTcs npsMoit  wpudr
HE3aBHCUMO OT MpOuYMX OYKBEHHBIX 3HAaKOB B TEKCTE, MPUUYEM OHM HE YNOTPEeOIsAIOTCS BO
MHOYXECTBEHHOM YHCJI€ U TOUKA (3HAK NPENUHAHUS B KOHLIE TPEJIOKEHHsI) HE CTaBUTCS.

(2) B cayuae 00abIIOr0 KOJUYECTBA pa3ps/OB YMCIA KOJUYECTBEHHOU BETUUYUHBI
OHO pazjensieTcss Mo Tpemsl paspsaam ¢ npoOeiaoM Ha  1/4 mwmpunbl wpudra. Henbss
paccTaBisiTh 3HAKH NMPENUHaHMs, TAKUE KaK 3aHsATasl.

pumep: 1 kre/m* = 9,806 65 ITa

1 nenp = 24 yaca = 86 400 cekyH

(3) Ecnu npousBoanas equnuiia odpa3yercs oT MPOU3BeIeHHUs IBYX U OoJiee eIMHUL, TO
Jydllle OMKUCcaTh CAEIYIOIIMM 00pa3oM.

[Ipumep: Hem

B cnyuae, ecnu ynorpebisercss TO ke 00O3HAYeHUE EAUHMIBI, YTO U 00O03HAYCHHE
NPUCTABKH, HAJI0 CIEAUTH 3a TEM. YTOOBI HE MepenyTaTh UX.

[Ipumep: Mwununbiotron MH u Hetoton-metp Hem (Henb3st onuceiath MeH.)

(4) Ecau npousBoaHas enuHKIIa 00pa3yeTcsi OT YaCTHOrO OT JI€J€HUSI OJIHOM €TMHMILIbI Ha
JPYTyI0, TO HAJI0 OMKCATh JIOOBIM U3 CIAEAYIOIIUX CIIOCOOOB.

[pumep: M/ceK U MeceK '
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B oaHolt cTpoke Henb3s ynoTpedasTh ABe U Oojiee KOchle JUHUM (Takue Kak M/cek) Oe3
3aKJIIOYECHUsT B CKOOKHM. B cliokHOM ciiyyae cieayeT YHoTpeONsiTh JASCATHYHYIO IOJIBHYIO

CAUHUIY UJIU CKOOKH.

[Ipumep: Bart B MeTp * KenbBun: B1/(M*K) unu Brem.°K

OcHoBuble eaunull CU Mpuctasku ans obpaszoBaHUSA KpaTHbLIX U
DONbHbLIX eanHuL, oT eauHny, CU
BennuuHa HanmeHo- O603Ha- Muoxutenb | lNpucraBka O603Ha4e-
BaHue YyeHune Hune
OnvHa MeTp M 10" Tepa T
Macca Kunorpamm KK 10° rura r
Bpewms ceKkyHaa c 10° Mera
Cuna anekTpu4eckoro amnep A 10° Knno Kr
TOKa 10° reKkTo
TepmoguHammnyeckas KenbBUH K 10 Jeka aa
TeMmnepartypa .
paTtyp 10" neun il
KonnyecTtBa BellecTBa MOS b MOInb 10 CaHTn C
Cuna ceeTa kaHaena KQ 10° MU M
10° MUKPO MK
107 HaHo H
107% nMKo n
[TpousBonuelie eqununbl CHU
Benuuuna HaumenoBanue O6o3HaueHMe IIpumeuanue
[Tnomans KBaJIpaTHBIA METp M
O0bem KyOnueckuii MeTp M B03MO3KHO mpuMensTh 1 =107 M’
YrioBast CKOPOCTh panuaH B CEKyHAY pan/c
CkopocTb METp B CEKYH]LY Mm/c
Vckopenue METp Ha CEeKyH]y B M/c”
KBajpare
YacToTa mepHoj. repi I'n 1Ty 1¢’
ITnotHOCTB KUJIOTpaMM Ha Kr/m’
KyOnueckuii MeTp
Cuna HBIOTOH H 1 H=1xrc = lxrem/c’®
MoMeHT cuibl HBIOTOH-METP H M
JlaBrenue rnackajb Ila 1 IMa= 1 H/M*
Hanpsxenue nacKajib WM HbIOTOH Ha | Ila mmu H/M®
KBaJIpaTHBIA METp
OHeprusi, pabota JDKOYIIb Jx 1 x =1 Hem
MomHOCTE BaTT Br 1 Br=1 JIx/c
Temneparypa Lenbcus rpanyc Lenbcus °C
TemmneparypHbIit HHTEpBaI KEJIbBUH K Moskno npumeHHTD °C
Koaddunument nuuelinoro Ha KeJIbBUH K’
pacumpeHus
TennonpoBoJHOCTh BaTT Ha METpP-KEJIbBUH Bt/(m*K)
Mosxno npumenuts °C BMecto K
Koadpunument BAaTT Ha KBaJIpaTHbIN Br/(M” *K)
TETJIONPOBOTHOCTH METpP-KeJIbBUH
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ConpotusieHue oM OmMm 1 Om=1B/A
(31exTpuyeckoe)
Tabsuia cooTHoleHUH Mexay eaquHuiamu (1)
H JUHa KIc
1 1x10° 1,019 72x10™
Cuna 1x10” 1 1,019 72 x10°
9,806 65 9,806 65 x10° 1
Ila Kre/cM
1 1,019 72x10”
1x10° 1,019 72
Tasnenue 9,806 65x10° 1
1.013 25x10° 1,033 23
9.806 65 1x10™

1,333 22x10°

1,359 51x10°

Tpumeuanne: 1 la= 1 H/m*
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Tabnuua cOOTHOLIEHU MeX 1y elMHuLaMu (2)

MIla ngn

Ila H/vae KIC/MM° Kre/em’
. . X 10 X > 10
1 1% 10° 10197;2 10 101912 10
Hanpsokenne 1% 10° 1 l,019'{2><10 1.019 72X 10
9.806 65X 10° | 9,806 65 ] 1 X 10
9,806 65x 10* | »806 65X 10 1%102 I
- Jlxk KBT-‘{_ W krem | l-(“lca.ll
. 2,777 78X 107 [ 1,019 72X 107 | 2.388 89X 10
7 1 4
- 3,600 % 10° | 3,670 98 X 10° | 8.600 0 X
aooTa, 2
BIlep]‘Hﬂ ]0
9.806 65 2.724 07 X 10 , 2.342 70X 10°
6 3
4,186 05 % 10° 4,268 58 X 10°

1,162 79 X 10°
3

ITpumeyanue: 1 JLx =1 Brc, | Bru = 3600 Br-c

| kan = 4,186 05 [Lx (110 3akony 0 METPOJIOrHH)

MoinocTs
(KOJIMYECTBO
JIBHIKEHHSH ),
TCIJIOBOM
1OTOK

KBT 7

Kre-m/c

1
9.806 65 % 107
1,162 79 X 107

1.019 72 X 10’
|
1.185 72 % 10"

KKaJ/4
8.600 0 X 10°
8.433 71

1

Ilpumeuanne: 1 Br =1 Jlx/c
1 kan = 4,186 05 JIx (110 3ak0HY 0 METPOJIOIHH)

1[ kkal/(kr-°C)
s (Mm-K) | M-© .
lfrggﬁl])(()li B1/(m-K) | KKas/(u-m-°C) Viemsna | AK/(krK) @y(r-°C)
| q J10-
pOBOJI- l | 8.60000% 10" o , 5388 89 107
HOCTH - |
1,162 79 1 4,186 05 % 10° |

[Tpumeuanne: 1 kan = 4,186 05 JIx

(110 3aKOHY 0 METPOIOTHH)

Ipumevanue: | ka1 = 4,186 05 JIx

(no 3aKOHY O METPOIOTHH)
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