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BBenenmue.

KoHTakTHas cBapka — 3TO TEXHOJOTMYECKAN MPOLECC MOITYUECHUS
HEPA3bEMHOI0 COCAMHEHUS METAJUIMYECKUX AETAJIEN IMPU UX MECTHOM
HAarpeBe MPOTEKAIIIMM B 3TUX JIETANAX JJICKTPUUECKAM TOKOM,
COITPOBOKIAEMBIM CHABJIMBAHUEM 30HBI COCUHECHUS.

[Tpy mpOX0KJI€HUH TOKa TEIJIO BBLACNATCS KaK Ha COOCTBEHHOM
COIIPOTUBIICHUM IETAJIEH, TAK U HA COIPOTHUBICHUU KOHTAKTA MEXKIY
HUMH. KOHTaKTHOE CONMPOTUBIIEHHE OOBIYHO COCTABIISIET 3HAYUTEIIBHYIO
4acTh OOIIEro COMpOTHBIICHHS cBapouyHO nenu. [losTomy Ha HewM,
BBIIEIACTC  OCHOBHOE  KojmuecTtBO  Temna.  llocnemyromas
iacTuueckas naedopmanus 30HbI CBapKu OOECNEYMBAET IOJyYeHUE
Ka4ECTBEHHOI'O COECIMHEHMUS.

KoHTrakTHas cBapka Hadaja IpUMEHAThCS B 80" rofax MmpoIuioro
CTOJIETHsI, KOrjJa pycckuii wuszoOperatens benapaoc 3amateHTOBaN
TOYECYHYIO CBapKy MEXIy YTOJbHBIMH 3JIEKTPOJAMU C ITOMOIIBIO
npocTermux kieme. MM e Obljla mpejiokeHa pPOJIMKOBas CBapkKa, a
Tomconom (CIIA) — cTbikOBas.

KoHTakTHass cBapka XapakTepu3yeTcsl OOJBITUMU CKOPOCTSIMH
HarpeBa MeTajyla B 30HE CBapKW, JUIsI Yero TpeOYyIOTCS MalliHbI
00mb110#1 251ekTpudeckoi MomHocTH (10 1000 kBa u Goiee).

IIpu cBapke pgeraneid OOJIBIIIOTO CEYEHUS HEOOXOAMMOE YCHIIHE
CKAaTUS MOXET JIOCTUTaTh HECKOJBbKHX COT€H TOHH. I[losTomy
MEXaHUYeCKasl 4acTh MAallWH TakKXe JOJDKHA OBLITh MOINHOM. MarlnHa
I KOHTAKTHOM CBapKHW COCTOUT M3 CIEAYIOIIUX TPEX OCHOBHBIX
JacTeu:

1. Wcrouynuk nuta"Hug. Yame BCero 3TO  CBapOYHBIN
TpaHchopMaTop, TMOHWKAIOIIMN HANpsSKEHUE CEeTH [0
HaIPSKEHUSI B HECKOJIBKO BOJBT (00bIYHO 2 - 15 B.). DTOr0
HalpsOKEHUs  BCIENICTBME  MAJOCTH  CONPOTHUBIIEHUS
CBApOYHOW II€MH AOCTATOYHO ISl CO3JaHUsS BO BTOPUYHOMU
nenu 0ompiux TokoB (MHorAa 10 100000 a u 6oiiee).

2. MexaHuueckas  4YacThb  CIOYXXHUT  JUIsl  3aKpervieHusd,
IIEPEMEILIEHUS U CHKATHS CBAPUBAEMBIX JIETAJIEH.

3. Anmapatypa ynpaBicHUS.



Cnoco0  KOHTAKTHOM  CBapKM  XapaKTEpU3yeTCs  BBICOKOU
CTOMMOCTBIO ~ O0OpYAOBaHUS, BBICOKOW  IMPOU3BOJUTEIBHOCTHIO,
JIETKOCTBI0 MEXAaHW3alMyd M aBTOMaTHU3alMU. B cuily 3TUX CBOMCTB
KOHTAKTHAasl CBApKa IIPUMEHSETCS B OCHOBHOM B KPYIIHOCEPUHMHOM H
MacCOBOM IIPOU3BOJICTBE:

B aBromMoOwmiecTpoeHun (i1 MPUBApKU Ky30Ba aBTOMOOWJS K
KapKacy, CBapku 000J0B KoJjec, OeH300aKka U T. [I.); BATOHOCTPOSCHUU
(I mpuUBapKU JIMCTOBOWM OOIIMBKK K KapKacy); MpH IMPOU3BOJICTBE
MHCTpYMEHTA ([l CBapKH paboueid 4acTH U3 OBICTPOPEKYIIECH CTalu C
XBOCTOBUKOM W3  OOBIYHOM  MAaJIOYTJICPOJAWCTOM  CTalld); IIpH
MPOU3BOJICTBE TPyO M MPU CBAPKE MArHUCTPAIBHBIX TPYyOONPOBOIOB;
CBapKa pelbCOBBIX CTHIKOB, CTEPKHEHN apMaTyphl, 3B€HbEB LICTICH U T. 1.

Kinaccudbukanusa cnoco00B KOHTAKTHON CBAPKH.

CymiecTByeT HECKOIBKO CIOCOO0B KacCH(UKAIIHH:
1. TIlo ciocoOy nuTaHus:

a) IEPEMEHHBIM TOKOM.

0) cBapKa ¢ HAKOIJICHUEM PHEPTHUHU.

B stoM cnydae HeoOxomumasi JJisi CBapKU DHEPrusl cHavaia
OTHOCUTEJILHO MEJIEHHO HAKAIUIMBAETCSI B AJIEKTPUUECKOM TMOJIE
KOHJICHCATOPOB WJIM JJIEKTPOMArHUTHOM TMoJie TpaHcopmartopa, a
3aTEM OTHOAETCA B 30HY CBApPKA B BHUIE KOPOTKOTO M MOIIHOIO
MMITYJIbCA.

B) UMITYJIbCOM BBIIIPSIMJIIEHHOTO TOKA.

I') CBapKa Ha HU3KOYACTOTHBIX MalINHAaX.
2. ITo popme cBapHOTO COETUHEHUS:

a) CTBIKOBasi CBapKa

0) ToueuHasi cBapkKa

B) penbedHas cBapKa

') pOJIMKOBas CBapKa

1) POJINKOBO-CTHIKOBAsi CBapKa
3. IIo TEXHOJIOrMYECKUM MTPU3HAKAM

Hanpumep, cThikOoBasg CBapka CONPOTUBICHUEM M OIJIABJICHUEM.
PonukoBas cBapka — HEMPEpPbIBHAS, PEPHIBUCTAS U [IArOBasl.



4. Tlo cnocoOy mojBojIa TOKA:

a) OJTHOCTOPOHHSIS

0) IBYCTOPOHHSIS

CrpIKOBasi cBapka — BHJ KOHTAaKTHOM CBapKH, IPH KOTOPOM
COCAMHSAEMBIC JCTaTN CBAPUBAIOTCS MO BCEH IIIOCKOCTH UX KacaHUS
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CrapuBaemble AeTain | 32KUMAIOTCS B 3JIEKTPOAAX CBAPOYHOU
MAaIlIMHBI 2, KOTOPHIE C MOMOIIbI0 TMOKHUX MEIHBIX IIMH COEAUHEHBI C
BTOPUYHBIM BUTKOM CBapo4yHOro Tpanchopmartopa Tp. Topiisl neranei
CKHUMAIOTCA OCEBBIM ycuiuem P.

PaznuuaroT ABa  OCHOBHBIX  CIOCO0a  CTBHIKOBOM  CBapKu
COITPOTUBJIEHUEM U OILIABICHUEM.

IIpu cBapke CONPOTUBJICHHMEM TOPLBI JETAIEH CHKUMAKOTCA
OCEBBIM yCWJIMEM P, a 3aTeM BKIIFOYAETCSI CBAPOYHBIN TpaHCHOpMaTop.
Jletanu paszorpeBalOTCsi TOKOM O€3 pacIUIaBiCHUS, IUIACTUYECKHU
neopMUpPYIOTCS U CBapuBaroTCs. BcnencTBue Haau4us KOHTAKTHOTO
COINPOTUBJIEHHS] TEMIIEpAaTypa IO UIMHE JETAJEH pPACIPEICIICTCA
HEPABHOMEPHO, OHA MAaKCHMMaJlbHAa Yy TOPILOB JCTAIEN U IOCTENECHHO
YMEHBIIIAECTCA K AJIEKTPOJAM.

[Ipu cBapke ONJIABJIEHHEM JIE€TAIM MEJICHHO COJIMXKAIOT J10
COMPUKOCHOBEHHUSI TOPIIOB 0€3 3aMETHOr0 WX CHABIWMBAHUS TIPU
BKJIIOUCHHOM TpaHchopMmarope. IIpm CcONpUKOCHOBEHUH TOPIIOB
JneTaned Mexay HUMH oOpa3yeTcs KOHTakT. CONpOTHBIEHHUE 3TOTO
KOHTAaKTa, BBUAY OTCYTCTBHUS CXKUMAKOIIUX CUJ CPABHUTEIHLHO BEJIHKO.
[Ipy mnpoTekaHuu dYepe3 HTOT KOHTAKT OOJBIIOIO0 TOKAa Ha HEM
BBIIAEIAETCS OOJIBIIIOE KOJIUUECTBO TEILIA Q:IZRt.

Mertait B 30He KOHTaKTa OBICTPO pacIUIaBIsAETCS, 00paszyst MEXIy
TOpLAMU JETAIEN KUIAKYI IepeMbluky. [Ipu nanpHeuiem Harpese
TOKOM 3TH MEPEMBIUYKH B3PHIBAIOTCS. DTO MPUBOJUT K BHIOPACHIBAHUIO
M3 30Hbl CTBIKA YACTHUI] PACIUIABJICHHOTO METAUIA U HEKOTOPOMY
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ykopouenuto gAetaneil. Ilpu nanpHelmieMm cOMMXKEHUU —JeTajiei
00pa3yloTCsi U B3PBHIBAIOTCS BCE HOBBIE M HOBBIC MEPEMBIUKUA. ITO
MPUBOJINT K WHTEHCHUBHOMY pa3orpeBy TopuoB pAeraneu. llocie
MOJIYYEHHS Ha TOPLAX AETajJeld TOHKOIO CJIOs PacIIaBIIEHHOTO METasula
M JOCTAaTOYHOTO MpOrpeBa JAeTajel MO JINHE OHU CJIABJIMBAIOTCA
oceBoM cuioil (ocaxuBaroTcs). [Ipu 3TOM pacriaBI€HHBI MeETasl
BBIJIABJIMBACTCS U3 CTHIKA, @ PACHOJIOKEHHBIN MO HUM YHUCTBHINA XOPOIIO
Pa3orpeThii METAILI TJIACTUYECKH T1e(POPMHUPYETCS U CBAPUBACTCS.

ToueuyHasi cBapKa — BHJ KOHTAaKTHOM CBAapKu MOPU KOTOPOM
COCJIMHSEMbIE JETAIM CBAPUBAIOT MO TMOBEPXHOCTH HX KACaHUS B
OTJIEJIbHBIX TOUKaX (MO AJIEKTPOIaAMHU ).

P
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DJIEKTPO/bl TOUCUHBIX MAIIIMH OOBIYHO U3rOTABIUBAIOTCS U3 MEAU
U €¢ CIUIaBOB, KOTOpblE O00JaJarOT BBICOKOH  DJEKTPO U
TEIIONPOBOJHOCTHIO. BCaencTBrue 3TOro Jetaiu B MECTaX KOHTAKTa C
ANEKTPOAAMH PA30TPEBAIOTCA 3HAYUTEIBHO MEIJICEHHEE, YEM B 30HE
KOHTAKTa MEXIY AETAISIMU.

[Iporiecc cBapku OOBIYHO BEAYT JO pacIUIaBiICHUsS MeETalia B
LIEHTpaJIbHOW HauboJiee pazorperoi 3oHe. Ilocime ocThIBaHMS 371€Ch
oOpasyeTcst Kpyriasi CBapHasi TOUKa C JIUTBIM SIPOM.

PejabedHas cBapKa — 3TO BUJI KOHTAKTHOM CBAPKHU, IIPU KOTOPOM
JNETAIN COCAUHSIOTCS IO YaCTHU MOBEPXHOCTH KACaHWS, OTPAHUYCHHOMN
peABaAPUTEIHLHO 00PAa30BaHHBIMU BHICTYTIAMU.
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CeapuBaembie netaim | m 2 cxumarorcs ycwimem P mexnay
KOHTAKTHBIMU IUIMTaMU 3 U 4, KOTOpbIE C MOMOIIbI0 THOKHUX MEIHBIX
IIMH COEIMHEHBI CO BTOPUYHBIM BUTKOM CBapOYHOr0 TpaHcpopMaTopa.
Jlo Havana cBapkd JAETalM IJIOTHO IMPUJIETaloT APYT K APYry B MECTax
BBICTYNOB. IIpM BKIIIOYEHMHM TOKa JE€TAIM 3/1€Ch HHTEHCHUBHO
HarpeBaroTCs U CBApPUBAIOTCS C pacIUIIOLNMBAaHUEM BbICTYNOB. [locie
CBApPKU JETAJIM IUIOTHO MPUJIETAOT APYT K IPYTY MO BCEX MTOBEPXHOCTH.

PonukoBass cBapka — BHJ KOHTAKTHOW CBAapKW, NPU KOTOPOM
MEXAYy CBapMBAa€MbIMU JETASIMU 0O0pazyeTcs HENMpEpPbIBHBIN II0B
yTeEM ITOCTaHOBKH MOCJEN0BATEIBHOTO psna YaCTUYHO
IIEPEKPBIBAIOIINXCS TOYEK.

Paznmuuaror 3 Bu1a pOJIMKOBOW CBAPKU:
1. HemnpepbIBHAS;

2. TpepbIBUCTAS;

3. mIarosas;

Henpepvisnas ponukoBas CBapka — JETAIM  HENPEPHIBHO
MEPEMEIIAOTCS  OPU  IOCTOSSHHO  BKJIIOYEHHOM  CBAPOYHOM
Tpanchopmarope. Ee nmpuMeHeHne orpaHuyYeHO H3-3a MEperpeBa 30HbI
CBapKU U UHTEHCUBHOI'O U3HOCA POJIUKOB.

Ilpepvlsucmas pONMKOBAsT CBapKa — JICTAld HENPEPHIBHO
NepeMENalTCs, a TOK BKJIIOYAETCsS UMIyJibcamu (00buHO Kopoue 0,25
CEK.), UYCPEAYIOIMMMUCSI C TaKUMH >KE€ WM OoJsiee IUTEILHBIMU
nayzamMu. 9To HauboJiee paclpoCTPaHEHHBIN BUJ POJIMKOBOW CBApKH.

[llacosasn cBapka — JeTalu MEPEMEIIAIOTCA IPEPBIBUCTO, a
CBapOYHBIN TOK BKJIFOYAETCA B MOMEHTHI OCTAaHOBKH.




Ponukocmuikosasn ceapka — pa3sHOBHIHOCTb POJIUMKOBOM CBAapKH,
IIpU KOTOPOM HEMPEPHIBHBIN IIOB 00pa3yeTcsi MEKY KpOMKaMu JIUCTOB
COEAUHAEMBIX BCTHIK. OHA NPUMEHSETCS B OCHOBHOM B IIPOM3BOJICTBE

TpyO.

—) (v’) —

(1) 3

3arotoBka TpyObl 1, cdhopmMupoBaHHasi B CIEHHAIBHON MAIIIMHE,
3)KMMAETCSl MEXIY POJMKAMU 2, CAABJIMBAOIIMMHU ycuiarueM P kpomku
3arOTOBKA B MECTE CTBhIKA. 3arOoTOBKAa IEPEMEIIAETCA CO CKOPOCTHIO
VcB  moa  anekTpoaaMu 3 COEAMHEHHBIMHM  CO  CBapOYHBIM
TpanchopmaropoM 4. [Ipu 3TOM ee KpOMKH HarpeBarOTCs MIACTUYECKU
nedopmupyrorca ycuiveMm P U cBapuBaroTcs, 00pa3ys HENpPEpPbIBHBIN
IIPOYHOIIJIOTHBIN IIOB.



Paznen 1. O0mme 0c00€HHOCTH MPOLECCOB NMPH
KOHTAKTHOM CBapKe.

JJIeKTPpHUYECcKOoe COMPOTUBJIEHNE U HATPEB NNPU KOHTAKTHOM
CBapKe.

3akon /Drcoyna u yoenvnoe 31eKmpuueckoe conpomueienue.

JInsi monydeHusT KaueCTBEHHOTO COCJAWHEHMS] TMPU KOHTAKTHOU
CBapKe, HEOOXOJIMMO HArpeTh [JETAIM B 30HE COEJUHEHUS 1O
TeMIepaTypbl CBapKH, a TakXke OOeCleuuTh IpPOrpeB JAeTajeid B
JIOCTATOYHO IIMPOKON  OKOJIOIIOBHOM 30HE JUIsi TOrO, 4TOOBI
OCYIIECTBUTh TpeOyeMyro IiacTuueckyro paedopmanuo. I[losTomy
TEIJIOBOE COCTOSIHME JIETaJIeld, XapaKTepu3yemMoe TeMIepaTypHbIM
MOJIEM OKAa3bIBAE€T OUCHb OOJIBIIIOE BIMSHUE HA MPOLECCH KOHTAKTHOU
CBApKH.

TemmepaTypHoe Moje — 3TO COBOKYIHOCTh TEMIIEpATyp BO BCEX
TOYKAaX CBAPUBAEMOI0 U3JICTUS B ONPEACICHHBI MOMEHT BPEMEHHU.

TeMmneparypHoe Tojie ONpEAEseTCsl MPOLECCOM  BbIJICICHUS
TEIJIa U POLIECCOM €0 PaCIPOCTPAHECHU.

KonuuecTBo Temmia, BBIJAEISEMOE B MPOBOJAHUKE C AKTUBHBIM
CONPOTUBJIEHHEM R mpu mpoTekaHuu B HEM BIEKTPUYECKOro Toka | B
TE€UEHUHU BpeMeHHU t onpenensiercs no 3akony Jlenna-Jxoys:

Q= [R®I*®)dt 1K (1)

NHBTEHCUBHOCTD TCILJIOBBIACIICHU A XapaKTepI/ISyeTCSI MTHOBEHHOU
MOIIMHOCTBIO:
q(t) = 12(t)R(t) ,JUK/CEK 2

BennunHa conpoTtuBieHus R u ero pacnpeielieHle B 30HE CBApKHU
CYILIECTBEHHO BIMSIOT HA YCIOBHSI HAIrpeBa U TEMIIEPATyPHOE TIOJIE.
CornpoTuBieHKE 30HbI CBApKU R CKIaABIBACTCS U3 COMPOTUBIICHUS
neraineil R, conpoTHBIEHUS KOHTAKTa MEXIy JAetalaMu Ry u
CONPOTHUBIICHHS] KOHTAKTa 3JIEKTPOI-AeTanb R,

Rk



[Ipu crteikoBOM cBapke R»3~0 BciencTBue OOJBIION IUIOMIAAU
KOHTAaKTa MEXIY dJIEKTPOJAOM U AeTalblo. Toraa

Q:j[Rk +2R, ]I %dt 3)

[Ipu TOueuHOM CBapKe

Q=[[R. +2R, +2R, ]I dt (4)

1. ComnpoTuBieHUE JeTaIe B 00IIEM ciydae OmpeaessieTcs Mo
dhopmyie:

TAE€ p - YAEIBHOE CONPOTHUBIICHUE MaTEepralia IeTaJICH;
| — nouHa, a F — momanas MomepeyHoro CeYeHUsl ydacTka
JEeTAJIEN 110 KOTOPOMY ITPOTEKAET CBAPOYHBIN TOK.
CoOcTBeHHBIC COITPOTHBJICHHUS CBapPUBAEMBbIX JeTaein
MPOIMOPUHOHATBHO  YAEIbHOMY CONPOTUBIICHUIO, C YBEIUYCHUEM
KOTOPOTO OOBIYHO PACTET W KOHTAKTHOE compoTuBiieHHE. [loaTomy
YIETBbHOE COMPOTHMBIICHUE — BAXKHEHIIAs XApaKTEPUCTHKA MaTepuania
pyu KOHTakTHOW cBapke. C ero yBenmueHweM IO 3akoHy JleHma-
JIKOyJIsl yMEHBIIIAeTCsl TOK HEOOXOIUMBIM MJIsI CBApOYHOTO Harpena.
Marepuanbl ¢ BBICOKMM YJICJIIbHBIM COIPOTHUBJIIEHHEM, B YAaCTHOCTH
CTalld, CBAPUBAIOTCSA HA MAIIMHAX OTHOCUTEIBHO MaJIOM MOIIHOCTH H,
HAo0OpOT IS CBAapKW MaTepUajioB C HU3KUM COIMPOTUBJICHUEM
(MemHBIE W aIOMUHHMEBBIC CIUIaBbl) OOBIYHO TPEOYIOTCS MOIIHbBIC
MAIIIMHBI YAETBHOE COMMPOTUBIIEHHUE 3aBUCUT OT TEMITEPATYPbI
pr =pod+al) (6)
TI€ p, - YAECIBHOE COIPOTUBIIEHHUE IIPU T=0°C

a - TeMrnepaTypHbI KOA)PUIIMEHT COTPOTUBIICHHUS.



3aBUCUMOCTb p, OT T JJIs cTajau UMEET BUJI:

A
Jr pT
120 | MxkOMcem 5 1 — 171 MaIoyTIepOAUCTOM
CTaJIH.
80 1 2 — 17151 ayCTEHUTHOMN CTaJIu.
1
40
T°C
400 800 1200

2.ConpoTuBJICHUE KOHTAKTA

Hanuune KOHTAKTHOTO  COMPOTUBJICHUS MEXKAY JIeTAISIMU
00YCJIOBJICHO CIICIYIOIIMMHU MPUUUHAMU:
| 1) pe3koe yMEHbIIIEHUE CEUCHHS MPOBOIHUKA
BOJIM3M HEPOBHYIO MOBEPXHOCTh U TIPU CXKATUHU
CONPUKACAIOTCS HE MO BCEM IUIOCKOCTH, a IO
OTJIECJIbHBIM HEOOJBIINM KOHTAKTHBIM TUIOLIAKAM,
4yepe3 KOTOPhI€ U MPOTEKAET TOK.

2) HAJINYUE Ha MTOBEPXHOCTHU
KOHTAKTHUPYIOIIUX JE€Tajeid OKHUCHBIX IUICHOK,

- OKaJIUHBI, P>)KaBUYMHBI, BCEBO3MOKHBIX 3arps3HCHUN
UT. 1.

KoHTakTHOE CONPOTUBIEHUE CHIBHO 3aBUCUT OT YHCTOTHI
MOBEPXHOCTH. JleTanu B MecTax KOHTaKTa JOJKHBI OBITh OYHUIIIEHBI OT
OKaJIMHBI U PKABUUHBI U 00€3KUPECHBI.

KoHTakTHOE CONpPOTUBIEHUE AETANEH YMEHBIIAETCS C POCTOM
yCUus ckaTus P, 4To 0OBbSICHAETCS YBEIMUCHUEM TUIOMIAIA UICTUHHOTO

KOHTaKTa MEXJy HUMH H3-3a CMATHS IOBEPXHOCTH BHICTYIIOB.
r-K
R¢ = 0 (7)
rje Ik — KOHTaKTHOE COMPOTHUBJIEHUE MpHU P=1kr
a IexkuT B ripeaenax 0,5—1 qis paznuunsix Matepuainon (0,65—
0,75 nns cranun); 0,75-0,85 111 aTFOMUHUEBBIX CIIJIABOB).
Benuuuna ry 3aBUCUT OT CBOMCTB MaTepuajga U COCTOSHHUS €T0
MOBEPXHOCTH; OHA OOBIYHO YMEHBIIIACTCS C YMEHbBIIIEHUEM TBEPJOCTH U
C YBEIMYEHUEM DIIEKTPONPOBOAHOCTH MarTepuana. ([ms xopomio
OUMIIICHHOW  HamUIM()OBAaHHOW  MAJIOYIJIEPOJUCTOM  CTAIM W

AJIIOMHMHHUEBBIX CIJIABOB [ COOTBETCTBCHHO M3MCHACTCSA B IpeAciax

0,005 - 0,006 u 0,001 — 0,002).




ComnpoTuBieHnEe KOHTAKTa MEXKIY JJIEKTPOAOM M CBapUBAEMOM
JNETAIIBI0 ONPENEACTCS 3aBUCUMOCTBIO:
Ro < 0,5(Ru + Rx)
rie Rk — compoTuBieHME KOHTaKTa MEXAY JCTalsIMU U3
MaTepuaia U3Ieius
RM — conpoTHBiI€HNE KOHTaKTa MEXAY JIBYMs ACTAISAMU W3
ANEKTPOJHOIO MaTepHUaa.
Tak Kak 3JEKTpOAbl U3rOTABIMBAIOT U3 MEAW M €€ CIUIABOB, a
COIIPOTUBJICHUE KOHTAKTA MEXIYy MEIHBIMHU JAETAIAMH OYEHb Majo, TO

BeIMUMHON RM MoxHO TipeHeOpeun. Torma
R> <0,5Rk (8)

ConpoTuBIICHWE KOHTaKTa OYEHb CHJIBHO U3MEHSETCS MpH
HarpeBe B PE3YJIbTATE POCTA YAEIBHOTO COMPOTUBJICHHS CJIOS METAILIA,
NPUJIETAIOIIETO K KOHTAaKTYy;, CHI)KCHUS COIMPOTUBIICHUS OKHUCHOM
IJICHKW U YBEJIMYEHHUM YKCIIA U TUIOIIAA UCTUHHBIX KOHTAKTOB MEXIY
neTaisiMu Osarogaps MiacTUYECKOW aedopMaliiu HarpeToro MeTaia.
B ycloBHsSX KOHTAakTHOM CBapku JiBa MOCIeAHUX (aKTOpa HUMEIOT
[JIaBHOE 3HAYE€HUE: C TOBBIIICHUEM TEMIIEPaTypbl KOHTAKTHOE
CONPOTUBJICHHE OBICTPO MAJAET U MPAKTUUECKU UCUE3AET, Y CTAIH MPH
600°C, y amomunneBsix cruraBos mpu 350°C.

IIpn CTBHIKOBOW CBApKE OIUIABJICHUEM KOHTAKT MEXKIY JCTAISIMU
OCYUIECTBIISIETCS YEPE3 KHUJKUE MEPEMBIUKN PACIUIABIICHHOIO METAJLIA.
ComnpoTHBIEHNE KOHTAKTA 3aBUCUT OT ILIOMIAAN CEUEHUS U KOJIMYECTBA
OJTHOBPEMEHHO CYIIECTBYIOIIMX MEPEMBIUCK. Tak Kak MEPEMBIYKU IMPH
CBAPKE OIUIABJICHUEM BCE€ BpPEMS BO3HUKAIOT M Pa3pyLIAOTCHA, TO
CONPOTUBJICHHE KOHTAKTa HENpEepbIBHO u3MeHsAeTcsa.  Cpennsis
BEJIMUMHA COMTPOTUBIICHUSI KOHTAKTa MPUOIUZUTEIBLHO ONIPEALIAETCS 110

cleAyIoLEel SMIupruyYeckoit hopMye

— 9500K
Romr= 2—11 9)

F 3V %]

rie: F — ceueHne cBapuBaeMbIX JeTalCH B CM

Vur — CKOPOCTh OTUIaBJICHUS (CKOPOCTh COJIMDKEHUS JeTajei

IpU OTUIABJICHHM )
j — IIOTHOCTH TOKA B a/MM”
K; — xoa(dpdunment, 3aBucsamuii or Marepuana (sl cTaiu
K;=1,0-1,1)
O@deKkTuBHOE COMPOTUBICHUE KOHTAaKTa IMpPU  OIJIABJICHUH
OTHOCUTENIBHO BeUKO (00b14HO 100-1500 MxkOM 1151 cTanm).



Conpomusgnienue npu cmvlKo8oU c8apxe.

[Ipu CcTBHIKOBOM CBapKe HArpeB 30HBI COCIMHEHUS B COOTBETCTBUU
c dbopmynoit (3) ompeaensieTcss KOHTAKTHBIM CONPOTHUBICHUEM MEXTY
TOpIAaMH JieTalell U COOCTBEHHBIM COMNPOTHBJIECHUEM HX KOHIIOB,
BBICTYIAIOIIUX U3 3KUMOB.

[Ipu cBapke CONPOTHUBICHUEM, KOTAA TOPLBI JETAJICH BCE BpEMS
CKaTbl JOCTATOYHO OOJIBIIIMM YCUJIUEM, KOHTAaKTHOE COMPOTHUBJICHUE
OTHOCUTEJILHO MaJI0 U OBICTPO HCUE3HET Ipu Harpee. CpeaHee
KOHTAaKTHOE COIPOTHBJIIEHUE IIPU CBAPKE OIUIABJICHHEM BEIUKO H
MPUMEPHO MOCTOSIHHO B TEUCHHUE BCETO BPEMEHU OIJIaBJICHUS.

ConpoTuBi€HNE BBICTYNAIONIUX KOHIIOB JIE€TAICH OMpeaeseTcs
o ¢gopmyie (5). OHO MUHUMAJIBHO TIPH XOJOAHBIX JETaIX U PacTeT
10 Mepe UX Harpena.

BennuuHa v xapakTep U3MEHEHHs] CONPOTHUBIICHUSI 30HBI CBAPKU
ONPEACISIETCS PACIPEICIICHUEM TEMIIEPATYPbl B AETAISAX, KOTOPHIE K
KOHITy HarpeBa Ipy Pa3IMUHbIX CIIOCO0aX CTHIKOBOM CBApKH MMEET BUI:
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L ZZ Tak Kak KOHTAKTHas CBapKa

OOBIYHO BEACTCA Ha TEPEeMEHHOM TOKE, TO COIPOTHBIICHHE JeTaliei
HECKOJIbKO YBEJIIMUMBAETCS U3-3a HAIMUMS TOBEPXHOCTHOIO 3¢ (Pekra.

IToBepxHOCTHBIN A(PGdEKT 3aKioyaeTcs B MPEUMYILECTBEHHOM
MPOTEKAHUU MMEPEMEHHOI0 TOKA MO MOBEPXHOCTH MPOBOJHHUKA.

IlepemeHHBIE TOK B3aUMOJICMCTBYET C CO3JAaBAEMBIM UM
MarHuTHBIM II0JIEM W OTTECHSIETCS K IOBEPXHOCTH MpOBOJHMKA. [lpu
ATOM yMeHbIaeTcs 3¢pdEKTUBHAS TUIONMIAb CEYCHHUS MPOBOJHHUKA H,
CJIIEJIOBATEIBbHO, BO3PACTAET €TI0 COMPOTUBIICHUE.

IToaToMy 1TIpH MEPEMEHHOM TOKE AaKTHUBHOE COIPOTHBIICHUE
MIPOBOJIHMKA YBEJIIMYMBAECTCS IO CPABHEHUIO C €T0 CONPOTHUBIIEHUEM MPH
MIOCTOSIHHOM TOKE.



Binussnue  noBepxHocTHOro  3(p@exkra Ha  CONPOTUBIICHHE
IPOBOJIHMKA  XapakTepuzyercss KOA()(PUIMEHTOM MOBEPXHOCTHOTO

ahdekTa:

R
m=—=>1 10
- (10)

R- - conpoTuBiieHHE MPOBOHNKA TIPH MOCTOSHHOM TOKE.

R. - CONPOTUBJICHUE TIPOBOIHUKA TIPH TIEPEMEHHOM TOKE.

Koadpdumment moBepxHocTHOrO 3¢h(PeKkTa 3aBUCHT OT CBOUCTB
Marepuasa IpOBOJIHHUKA, IVIOTHOCTU TOKA U €r0 YacTOTHI.

Koaddumuent m onpenensercs mno Gopmysam:

m=1+E*/3, npu E<1
U (10a)
m=E+0,25+3/64E,npu E>1
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IJIe: ag — PAJARYC KPYIJIOro IMPOBOIHUKA B CM.
f — yacTroTa nepemeHHOro ToKa B I'II.
p - YIACIBHOE CONPOTUBIICHUE IPOBOIHIKA B OMCM
4 - OTHOCHUTEIIbHAsI MAarHUTHAS IPOHMIIAEMOCTD ITPOBOTHHUKA
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n=B/H (108)

rae B — uHayknus B re
H — Hanps>K€HHOCTh MarHUTHOTO TOJIS B a/CM

EV

y HOBerHOCTI/I prrJ'IOFO HpOBOI[HI/IKa HpH TOKE |
HaHpH)KeHHOCTB I10JI1 paBHa:
H=0,21/a, (10r)

N3 cootnomenuii (10-10r) cneqyer:

NHTEHCUBHOCTh  MPOSBICHUS  TMOBEPXHOCTHOTO  3PdekTa
BO3pacTaeT IMpU YBEJIMYCHUH pajuyca JeTajeld, MpU YMEHBIICHUU
YAEIBHOIO COMPOTHUBIICHUS MaTepuala, MPU yMEHBIIEHUU TJIIOTHOCTHU
TOKa ¥ IPU YBEINMYECHUHU YaCTOThI IEPEMEHHOTO TOKA.

IIpu cTBHIKOBOM CBapke IUIOTHOCTh TOKa OOBIYHO BeJWKa U
MOATOMY IIPU MAJIOM PaJInyCce CBAPUBAEMBIX



JeTaneil TOBEpXHOCTHBIA 3A(dekT mnposasisercs cnabo. Ha

IpaKTUKE €ro HeOOXOJMMO YUHTHIBATh TOJBKO IPU JIHAMETPE JIeTalleH
oosiee 20-25 M.

Koadpdurmment M At
HOBEPXHOCTHOTO 2,5 -

s¢dekra. d=50mm
2,0 +

15 1 30

1,0 M 10

200 400 600 800 ja/cm?

B IMponecce CBAPKH ITOJIHOC COIIPOTHUBJIICHHUC 30HbI COCIHMHCHUA
HU3MCHACTCA C TCHCHHUCM BPCMCHU CJICAYIOLINM 06pa30M:

1) npu CTBIKOBOW CBapKH COMPOTUBIICHUEM:

B HavyanbHbIi MOMEHT CBapKu
OCHOBHYIO JIOJTEO o01ero
COITPOTHUBJICHUS COCTABJISACT
KOHTAKTHOE COTPOTHUBJICHUE.

[To Mepe pa3orpeBa KOHTaKTa €ro
COITPOTHUBJICHUE PE3KO YMEHBIIACTCA,
MPAKTUYECKU JI0 HYJS, © OCHOBHYIO
pOJIb HAaYMHAET UrpaTh
COIPOTUBIICHUE JCTAJIEH,

KOTOPOE€ TOCTENEHHO BO3PACTAET BCIICACTBUE YBEIHMYEHUS YIIEIBHOIO
CONPOTUBJICHHUSI p, TPU HATPEBE.

-V

2) IpU CTBIKOBOM CBapKE OIUIABJICHUEM:

B rporecce OILIaBJICHUS
OCHOBHYIO POJIb UTPAET KOHTAKTHOE
COIIPOTUBJICHHUE, KOTOpOE npu
OILIABJICHUM C MMOCTOSIHHOM
CKOPOCTBIO  OCTAE€TCS  IPUMEPHO
ITOCTOSTHHOM. [Tpu ocajike
KOHTAKTHOE COMNPOTHUBJIECHUE PE3KO

* mamacT IPAKTHYECKH OO HyIs H

o oc COITPOTHUBJICHHUE 30HBI CBAPKHU

CTAaHOBUTCS PABHBIM COMPOTHUBJICHUIO JETAICH.

R % R«+2R,




Conpomuegnenue npu mo4eyHou ceapke.
B mponecce ToueyHOW CBapKud CONPOTHUBIICHUE 30HBI CBApKU
U3MEHSETCS CIIEIYIONIUM 00pa3oM:
B HayanbHBIMI MOMEHT CBapKHu

R 4 OCHOBHYIO POJb HUIPaceT KOHTAKTHOE
CONIPOTUBJICHHE,  KOTOPOE  PE3KO

Res MaJacT MPAKTAYECKH N0 HYJIS MOpHU
Harpese. B JaJIbHEUIIIEM

COITPOTHBJIEHUE 30HBI CBApKH

Ry ] ~ OTIpeenseTcs B _ OCHOBHOM
i " COIPOTHUBICHHEM JICTANICH, KOTOpOE

PACTET C MOBBILIEHUEM TEMIIEPATYPHI.

Hekxotopoe yMeHbIIEHHE CONPOTHUBICHUS JE€Tajle€d B KOHIIE
MpOIECCa CBAPKA MOXKHO OOBSCHUTH BJABIMBAHHEM DJIEKTPOJOB B
JETAIH.

IIpu ToueuHOM CBapKe MepeMEeHHbIM TOKOM (KakK U MIPU CTHIKOBOM)
COIPOTUBJIEHUE JIETAJICM HECKOJBKO BBIIIE W3-32 MOBEPXHOCTHOTO
abdekta. BenmencrBue OOMBINION TIOTHOCTH TOKAa STO IOBBIIMICHHE
HE3HAYUTEJIbHO U UM MOYKHO TIpeHeOpeyb

IIpn cBapke nmeraneld W3 MarHUTHBIX MAaTEepUaIOB BO3MOXKHO
JOIOJIHUTEIBHOE  YBEJIWYECHUE COINPOTHUBIICHUS CBAapOYHOM LEMHU
BCJICJICTBUE UHAYKTUPOBAHUS B JETAISIX BUXPEBBIX TOKOB.

061/140}1 Xapakmepucmuka Hacpesa npu KOHMAKMHOU ceapke.

IIpy KOHTAKTHOM CBapKe HArpeB JETajlel OCYLIECTBIISETCS
Omarojmapss BBIACICHHIO TeIJIa HAa KOHTAKTHOM  COOCTBEHHOM
CONPOTUBJICHUM JI€Tajiel, TOKOM, IPOTEKAIOIMIMM B HaMNpaBICHUU
MEPIECHANKYIISIPHOM TUIOCKOCTH coeAuHeHus. Eciiu mpeanonoKuTh, 4To
BEJIMYMHA TOKAa B MPOIIECCE CBApKu HE U3MeHsieTcs, To dopmyna (1)
MPUMET BU/I;

Q=1"R(t)dt (11)

HCCMOTpH Ha TO, 4YTO BHa4aJIC IpoHccCa CBAPKU KOHTAKTHOC
COMMPOTHUBJICHUC COCTABJIAACT OCHOBHYIO HIOJIHO 06H.[CFO COIIPOTHUBJICHUA
30HbI CBAPKH, POJIb €TI0 B TCIINIOBOM Oajrance OOBIYHO HE BEJIHKA.



OO01ee KOJIMYECTBO TEIlIa BBIJEISIETCS B 30HE CBAPKH, COTJIACHO
dopmyne (11) mpomopumoHanbHO MWIomaAn moa KpuBoh Ry(t)+2R (1)
(puc. ).

KonnuecTBo Tema, BeiACIsIeMOe Ha KOHTAKTHOM COMPOTHBIICHUH
IPOIOPIMOHATLHO TuIomaan moa KpuBoi Ry(t) (3amTpuxoBaHHas
4acTh Ha pucC. ).

A KOJIMYECTBO TEIUIa, BBIICISIEMOE Ha CONPOTHUBIICHHE ACTaleH,
MPOTIOPIIMOHAILHO TUTOIAIM o1 KprBoi 2R, (t).

[Tpu Bcex crnocobax KOHTAKTHOW CBapKU, KPOME CTHIKOBOM CBApKH
OILJIaBJIEHUEM, KOHTAKTHOE COTIPOTUBIICHUE TIOCIIC Hayaia CBapKU PE3KO
najgaeT M J0Js TeIla, BBIIEISIEMOr0 Ha KOHTAKTHOM COIPOTHBIICHUH,
o0b1yHO He npesbimaet 10%.

OnHako B HayaJbHBIH MOMEHT CBAapKH Ha KOHTAKTE BBIJICISCTCS
OOJBIIIOE KOJMYECTBO TeIia. MeTamn B 30HE HEMOCPEACTBEHHO
MpUIeraliell K KOHTAKTy OBICTPO Pa3orpeBaeTcs, U COMPOTUBIICHUE
3TOr0 ydYacTka OBICTPO IOBBIMIACTCS (BCIACACTBHEC YBEIUYCHHS p,).

[ToaTOMy TipH JanbHEHIIEM NPOTEKaHUU TOKA 3/1€Ch CO3/Ia€TCsl y4acTOK
WHTCHCUBHOTO  TEIUIOBBIJICIICHUS, T.€. MECTHBIM  KOHIICHTPATOP
TeryioBbIACNIeHUs.  BceneactBue  3toro  Hambosnee  MHTEHCHUBHO
pazorpeBaeTcsi MeTaJlll IMEHHO B 30HE KOHTAKTA.

Teruto, BwIENsiIEMOE TPHU CBApKe, PACXOyeTCs Ha TOJIE3HBIN
HarpeB JieTajell HEMOCPEICTBEHHO B 30HE CBAPKH M HA KOMIICHCAIUIO
MOTEPh B DJIEKTPOBI, B OKPYKAIOITUI 30HY CBApKU METaJLI JIeTajiei U B
OKpYyarolee IpoCTPaHCTBO:

Q:Qnon.+Qn0T. (12)

ITone3Hnoe KOJIMYECTBO TCIl1a, T.C. TO TCIINIIO, KOTOPOC H€O6XOI[I/IMO
HJis1 HarpeBa oorema V Marcpualia JICTEU'IGﬁ ¢ TemiaoeMKocThio C m
INIOTHOCTBIO y O TCMIICPATYPhbI TCB paBHO!
(13)
Qnon.=c7/ Vv TCB

Quos. OT BPEMEHH HarpeBa HE 3aBHCHT.
[Torepu xe Teruia Bcerjaa BO3pacTarOT MPU YBEIMYECHUN BPEMEHU
Harpesa {g;.



Q=QuortQuor AQ [TosToMy oOIIEe KOIMYECTBO
! T remma  Q, HeoOXoguMoe I
1 OCYILIECTBIICHUSA CBapKH, TaKXKe

Qu, PACTET C YBEIMYEHHEM BPEMEHH
110J1
tCBI

Y_

tes t

CkopocTh HarpeBa JAeTajed NpU CBAPKE 3aBUCUT OT MOIIHOCTH
MaITuHBIL:

ks Q1>Q2>Qmin>Q3

1<ty

[Ipn OONBLION SJIEKTPUUECKON MOIIHOCTA MAIWHBI (; Harpes
30HBI CBapKH JI0 HEOOXOAMMOW Temmeparypbl T, MPOHUCXOJIUT OYEHD
obicTpo. IIpu yMeHBIIEHHMH MOIIMHOCTH MAITMHBI HArpeB MPOMCXOJUT
MemieHHee. [lpu ornpeneneHHoM MOIIHOCTH, PABHOU (min HArpEB 0
HeoOXxouMoi Temnepatrypbl T, MPOUCXOAUT 3a BpeMs TECOPETUUYECKU
paBHON OECKOHEUHOCTH.

[Ipy MOIIHOCTH MeHbIIEe (nin (Hampumep, (3) HArpeB 10
HeoO0XoauMocTH T, BOOOIIIE HE BO3MOIKEH.

CregoBarenbHO, JICKTPUYECKass MOIUIHOCTh MAIUMHBI JJIs1 CBapKH
JAHHBIX JIeTaJIe MOKET OBITh Pa3IM4YHON, HO 00s3aTeNbHO OOJIbIIE
Omin-

CoBpeMeHHasi TEXHOJIOTHUSI KOHTAKTHOM CBAapKH XapaKTepHU3yeTCs
UCIIOJIb30BAHUEM MAIIMH OOJIBIIION MOIIHOCTH, TaK Kak MpPU 3TOM, BO-
MIEPBBIX, YMEHBIIAETCS MNPOJOJLDKUTEIBHOCTh Mpolecca M, Kak
CIEACTBHE, pacTeT €ro MPOU3BOJIUTEIBHOCTh U, BO-BTOPBHIX,
YMEHBIIIAETCSI Pacxo] JJIEKTPOAIHEPTUU BCJEJACTBUE YMEHBIIICHUS
MOTeph TEILIA.



CrapuBaeMoOCTh Pa3JIMYHBIX METAJLJIOB U CIVIABOB
KOHTAKTHOM CBAPKOIil.

OcHostbie npoueccsvl 6 30HE C6APKU.

MexaHn4eckue CBOMCTBA METajllIa B 30HE CBApPKHU OTJIUYAIOTCS OT
CBOMCTB OCHOBHOTO METajllla BCIIEJCTBHE W3MEHEHUSI XUM. COCTaBa,
MUKPO W  MaKpOCTPYKTYpbl. OTH HU3MEHEHHUS  OMNPEIESIOTCS
TEPMUYECKUM IIMKJIOM CBapKW, IUIaCTHYECKOW jAedopmarued u
B3aMMOJICUCTBUEM C OKpYy’Karomien cpenou. Ilpu cBapke B 3aMKHYTOM
oObeMe (pOJIMKOBasi M TOUEYHAs CBapKa) 30HA CBAPKU MPAKTUUYECKU
W30JIMPOBaHA OT OKPYXaIoIIeH Cpejbl, TOATOMY XHM. COCTaB MeTaslia
HE U3MEHSETCS.

[Ipu cBapke B HE3aMKHYTOM O0ObeMe (CThIKOBas CBapKa)
U3MEHEHHE XUM. COCTaBa IMPOUCXOJIUT IO CICAYIOIIUM ITIPUIHHAM:

1) B pesynbraTe B3aMMOJICHCTBHS C KHCIOPOJAOM H a30TOM

BO3/lyXa (OCHOBHOE 3HAUYECHHE HMMEIOT MPOLIECCHl OKUCICHUS
T.K. IPA OTHOCUTEIHLHO HU3KUX TEMIIEpaTypax 30HBI CBApKH,
XapaKTEepHBIX JUIi KOHTAKTHOM CBapKH, a30T TIOYTH HE
JTUCCOIMMPOBAH, a, HAXOJACh B MOJICKYJISIPHOM COCTOSIHUH,
MaJIO aKTUBEH).

2) HWchmapenme  3JIEMEHTOB  C  OTHOCHTEIBHO  HH3KOM
TeMIepaTypou KUIeHUs (Hampumep, [MUHKA, KUTSAIIEro MpH
9070, W3 JIATyHU, MAarHusi, KUIAIIETO MPH 11070, aJIIOMMHU -
MAarHueBbIX CIJIABOB).

3) VYnaneHwe w3 30HBI CBapKW MPU OCAJAKE OTHOCHUTEIIBHO
JIETKOIJIaBKOTO ~ paciiaBa,  0Ooraroro  JICTUPYIOIUMHU
JIEMEHTAaMU U TPUMECSIMU (Hampumep, TpPU CTHIKOBOM
CBapKe OIUIABJICHUEM CTaJIM B CThIKE TOHUXKAETCA
CoJep)KaHUe  Cephl W  yrjepojaa,  yAaIsieMbIX  C
pacIIaBJICHHBIM METAJIJIOM).

Haubomnbiiee mnpakTUuecKoe 3HAYEHHWE HMEIOT  IPOIECChI
okucaeHus. [IpoayKThl peakiuu OKUCICHUS TIPU TeMIlepaType CBapKH
MOTYT HaXxOJHUThCS B Ta3000pa3HOM, KHUIKOM WU TBEPJOM COCTOSTHUH.

Kunkue u razoo0pa3Hble OKUCIBI OOBIYHO JIETKO YAAISIOTCS W3
CThIKa Npu ocajake. [Ipu 3TOM HECKOJIBKO CHUXKAETCS COACp)KaHUE B
CTaJld yriaepoja (COT ).

Hanbomnbiiyro onacHOCTh MPEACTaBISAIOT COO0M TBEpIbIe



OKHUCJIBI TEMIIEpaTypa ILIABJACHUS KOTOPBIX BBIIIC TEMIICPATYPhI
miaBjacHus ocHoBHOro metamia (Al,Oj T,,.=2050°, Cr,O; T,,=1890°,
SiO, THH:17100). OTH OKHCIIBI, OCTaBasACh B 30HE COCIMHEHUS, CHJIILHO
YXYALIAI0T €€ MEXaHUYECKUE CBOMCTBO.

[Ipornecc okucienus: B cBOel 0CHOBE siByisieTcs ¢ Py3uoHHbIM. B
HayaJIbHBII MOMEHT O0Opa30BaHUS OKHUCJICHHUS IJIEHKHM IPOUCXOIUT
MTHOBEHHO ITyTEM MPsIMOM aJIcOPOIMU K MOBEPXHOCTH METaJlJla HOHOB
kuciopoaa. Ilocme oOpa3oBaHWsS OKHCHOM IUICHKH TOJIIAHOW B
HECKOJIbKO aTOMHBIX CIIOEB IOJIOKUTEIBHBIE HOHBI JKEJIE€3a U JIPYTuX
AJIEMEHTOB JU(POYHIUPYIOT 4Yepe3 ATy IUICHKY U COCAUHSIOTCS C
MOHAMHU KHUCJIOpoJa. YeM MeHbIlIe HOHHBIM paguyc SJIEMEHTa, TeM
OOJIbIlIE €r0 OTHOCUTENIBHOE COJIEpKAHUE B OKHCHOW IUICHKE IIO
CPAaBHCHMIO C COJEPKAHMEM B OCHOBHOM Metamne. VOHHBIN pajiyc
xKelesa 0,752;. HNounbie paguycel xpoma (0,65 K), amtomunug (0,5A) u
KPEMHMUS (0,41&) 3HAYUTEIIBHO MEHbLIE, yeM xkene3a. [loatomy ux
OTHOCHUTEJILHOE COJIEp)KaHUE B OKHMCJIaX HAMHOTO OOJIbIIE, YEM B CTAJIH.
Hanpumep, npu coaepxanuu B cranu 13% xpoma ero coaepkaHue B
okuciaax pgocrturaer 56%. J[ocratouno 6% Al B crtamm, 4YTOOBI
oOpasyromascs Ha Hel okalmHa, cojepkana 53% Al u npeacraisiio
CO0OM MPAKTUYECKH YUCTYIO IBYOKUCH amfoMUHUSA AlyOs.

CtpyKTypa 30HBI CBapKH OINPEAECISIETCA YCIOBHUSIMH €€ HarpeBa u
MJIaCTUYECKOM aedopmMariumu.

PaccmoTprM Tpy OCHOBHBIX Cilydasi:
1) Csapka c pacriaBIeHHEM B 3aMKHYTOM 00beMe
(ToueuHas U POJIMKOBAs CBApPKA).

[Ipu sTOoM o0Opa3yercs sSAPO JTUTOTO MeETala C XapaKTEpPHOU
croinboyaTod  cTpykrypo. Ilpu  KpuCTalau3alvu  BCJEJICTBUE
HECBOOOJHOM yCaJKW MeTalla BO3MOXKHO OOpa3oBaHUE JUTEUHBIX
ne(eKToB — ycaJoOuHON PBIXJIOCTU M PakOBHUH. [[aBieHUE 3JIEKTPOIOB,
€CJIM OHO JOCTaTOYHO BEJMKO, BBI3BIBAECT IJIACTHUECKYIO Ae(OpMaIIIo
B KPUCTAJUTM3YIOLIEMCS SIIPE U YIUIOTHSIET €TO.

bonbmme  ycamo4dHble  HANPSXKEHUS,  BO3HUKAIONIME  TPH
KpUCTA/UIM3allMd B 3aMKHYTOM OObEME€, MOTYyT TPUBOJUTH K
00pa30BaHUIO TOPSUUX TPEIIUH.



Kak npaBuio, ogHodasHble CIuiaBbl ¢ OOJIBIIMM TEMIIEPATYPHBIM
MHTEPBAJIOM KPUCTAJUIM3aLHUK 00JIa1al0T MOBBIIIEHHOW CKIIOHHOCTBIO K
00pa3oBaHUIO TOPAYMX TpeuuH. Hanmpumep, 4ucTo ayCTEHUTHBIEC CTaIH
(X23H18) yacto paroT ropsiyue TPEHIMHBI TPU TOUYEUHOU CBapKe.
[ToBbIIIIEHHOE COJEpKAHUE CEPBI U YIIepoJia B CTaju, PaCIIUPSIONICE
WHTEPBAJl KPUCTAJIU3AIMU, CIOCOOCTBYET OOpa30BaHUIO TOPSAUYUX
TpemH. O0XxaTue MeTamia B siApe MPU KPUCTAIUIU3ALMU YMEHBIIAET
pPaACTATUBAIOIME HANPSDKEHUS W MOXET NPeIylpeluTh MOSBICHHUE
TPEIIUH.

2) Caapka ¢ paciiaBjIcHHEM B HE3aMKHYTOM 00beMe
(CTBIKOBAsl CBapKa OTIABJICHUEM ).

B3aumozeiicTBue  paciulaB€HHOIO MeTala C  KUCIOPOIOM
BO3yXa IIPHUBOIUT K 0OPa30BaHMIO OKHMCJIOB, KOTOPHIE IIPH OCAJIKE HE
BCET/Ia MOTYT OBITh IIOJHOCTLIO YAJIEHbI U3 CThIKAa. Hanuune OKUCiIoB B
CTBIKE  CHIDKAET IPOYHOCTH M IUIACTMYHOCTH  COEIMHEHUS.
3HaunTeNbHaAs IUIACTHYECKas aedopMmanus OOBIYHO IPELyIpeKIacT
00pa3oBaHMe JUTEHHBIX OPOKOB B CThIKE. [InacTuyeckas nedopmanus
BBI3LIBAET 3aMETHOE UCKPUBIICHUE __\$
BOJIOKOH, B PE3YJIbTATE YEro B § w/f—\\—:_(b
CTBIKE METAl MHOrJa paboTaeT He BIOJb, a MOIEPEK BOJOKOH. DTO

MOXET MOHWKATh MEXaHUYECKUE CBOWCTBA CBAPHOTO COCAMHEHHS U B
MIEPBYIO OYEPEIb €TO ITACTUYHOCT.

3) Csapka 0Oe3 pacIuIaBiIeHHS B HE3aMKHYTOM 00beMe
(CTBIKOBasi CBapKa COMPOTUBIICHUEM).

[Ipy MeUleHHOM Harpee a0 Temmeparypsl 1200 — 1300°
MIPOMCXOJAUT WHTCHCUBHBIM pocT 3epHa. [Ipm ObICTpOM HarpeBe 0
TeMIepaTyp HHUXE TeMIepaTypbl MHTEHCUBHOIO pocTa 3epHa (s
CTaJIM OKOJIO 11000) CTPYKTYPHbIE H3MEHEHHS B METAJUIC CThIKA
MPAKTUYECKU HE MPOUCXOAT. Y BEIUUCHHE TJIACTUUECKUX JIeopMaIiuii
CHIDKAET KOHEYHBIM pa3Mmep 3epHa. OKHUCIBI, OCTAIONIMECS B CTHIKE,
CHIDKAIOT €ro MPOYHOCTh M OCOOEHHO IIACTUYHOCT.



CBapuBaeMOCTh Pa3JIMYHBIX METAJNJI0OB KOHTAKTHOM
CBAPKOI.
1. Manoyanepooucmoie u nuskore2uposantivie cmaiu.

MarnoyriepoaucTeie cTam ¢ cojaepkaaueM yrieposaa 0,08-0,16%
XOpOIILIO CBAPUBAIOTCSI BCEMU BUJAMU KOHTAKTHOM CBapKHU.

Oromy crocobCTByeT cienyromme GakTophb:

a).CPaBHUTEJIHLHO 00JIbIIIOE yACIBHOE AIEKTPUIECKOE

conporusicHue (B 8-10 pa3 Bhillie, UeM Yy MEAN);
0) MaJioe CONMPOTHUBJIEHUE MIACTUYECKON TeopMalii B IIUPOKOM
UHTEPBAJIC TEMIIEPATYpP.

B).Manas  CKJIOHHOCTh K  3aKaJuBaHUIO  (OTCYTCTBYET
OXPYITYUBAHUE B CBAPHOM COEJIMHEHUN );

r).y3KMI  TeMIepaTypHbIH  HMHTEpBAT  KPUCTAUIM3AIMU U
BCJIEACTBUE 3TOrO Majlasg CKIIOHHOCTh K 0Opa30BAHMIO TOPSUYMX
TPEIINH;

1) OTCYTCTBHE 3JIEMEHTOB, TAIOIINE TYTOIJIaBKHE OKHUCIIBI.

[Ipu cBapke XOJIOJHOKATAHBIX CTaJle BO3MOXHO HEKOTOpOE €€
pa3ynpoyHEeHUE B OKOJIONIOBHOW 30HE, MPAKTUYECKH HE YCTPAaHIEMOE
HUKAKUM CcrocoOoM. [[s yMEHbIIEHHsI CTENEeHH pa3ylnpOYHEHUs
XOJIOAHOKATaHbIE CTaJM JIOJDKHBI CBAPUBATHCS C MUHUMAJILHOW 30HOM
pazorpeBa, TO €CTh NMPU OBICTPOM HArPEBE M OXJIAKICHUH.

Cranb B OKOJIOIIOBHOM 30HE BCErJla HAarpeBaeTcsi HA HEKOTOPOM
y4acTKe BbIIIE TEMIIEpaTypbl Hayajla UHTEHCUBHOTO pocTa 3epHa. YeM
MEJUICHHEE HarpeB M OXJaXIEHHEe, TEM IIHpe ATOT Y4acTOK, U TeM
KpylHee rnojydyaemMoe 3epHo. Ilpu OoJsbIION CKOpOCTH Harpena
(150%cex ® BbImIe) TeMIepaTypa OKOHYAHMS IIEpPEKPHCTAIH3ALNA
CTaJIA TIOBBIIIAETCS JI0 TEMIIEPAaTypbl « -y TMPEBpAIICHUS Keie3a
(910°%), a TemmepaTypa Hauala MHTCHCHBHOTO POCTa 3¢pHA PAacTET Ha
150-200° Mo CpaBHEHHIO C OTOH TeMIEpaTypoll MPH MEIICHHOM
HarpeBe. OIHaKO Naxke MpU OOJBLIMX CKOPOCTSAX HArpeB IMOJHOCTBIO
n30exaTh pocTa 3epHA B 30HE, Ja)Ke KPATKOBPEMCHHO HArpeToil BBIIIE
1150-1200" nenb3sa. OObIYHO HArpeB B TeueHue Oosiee 3-4 CEKyHI yKe
BEJIET K 3aMETHOMY pPOCTY 3epHa. B HanOounbllel cTeneHn pocT 3epHa
MIPOSIBJISIETCS TIPU OTHOCHUTEIILHO MEJJICHHON CTHIKOBOW CBapKH AeTalleh
Oonpmioro  ceyeHus.  Poct  3epHa  4YacTO  COIMPOBOXKIAETCS
BUJIMAHIIITEITOBOM CTPYKTYpOH, MPU KOTOPOU H3OBITOUHBIA (eppuT
BBIJICJISIETCS B OCTBIBAIOILICH CTAJIM HE B BUJIE CETKH I10 FPaHUIaM 3€peH
ayCTeHHWTa, a BHYTPH OJTHX 3€pEH MapauIeIbHBIMHU IJIACTUHKAMHU.
BuamaHmTeATOBa CTPyKTYpa MOKET TOHU3UTH MNIACTUYHOCTD CBAPHOTO




coenuHeHusi. OHa JIETKO YCTpPaHAETCS TEPMUUYECKOM 00pabOTKOW C
nepeKpucTaIn3auend (HopMaau3aueil uiu OTXKUTOM).

BrnustHue yriepona W JIETUPYIOUIMX 3JIEMEHTOB Ha YCJIOBUSA

KOHTaKTHOM CBApKU MPOSIBIISIETCS B CICAYIOIIEM:

a) YBEJIMYEHUE COJEPXNKAHUSI YIJIEPOJa YMEHBIIAET OMACHOCTH
okucnenus. Jlodasku C,, A, S; nmpuBogiT K 00pa30BaHUIO
TYTOIUIABKUX OKHCJIOB, YTO 3aTPYIHSIET CBAPKY.

0) yBEJIMUYCHHE COJACp)KaHMS yTIJepoJa PE3KO PpacIupseT
TEMIIEPATYPHBIN MHTEPBAJ KpUCTAILIU3AIUU (C 50° ipu 0,2%C
10 200° pu 1,25%C) 1 crIoco6CTBYET HOSBICHHIO YCAIOYHBIX
ne(eKTOB M TOpsAYuX TpemuH. Jlerupyrommue >IeMEHTH B
KOWJIYECTBE BBOAUMBIX B HHU3KOJETMPOBAHHBIC CTAIM Majo
BIIUSIIOT HA 3TY XapaKTEPUCTUKHU.

B) C YBEIIMUCHUEM COJAEPKaHUS B CTaly Yriepoaa U JETUPYIOIUX
AJIEMEHTOB, KaK MPaBWIO, BO3PACTAET CONPOTUBIICHHE
miactuueckon  nedopmanuu.  IIbromy  mpum cBapke
HU3KOJICTUPOBAHHBIX CTajed JUIsl JOCTIDKEHHS TpeOyemon
miacTudeckor jaedopmanuu  HeoOXoauMoO 0ojiee  BBICOKOE
yaenbHoe nasieHue (Ha 10-100%), yem mpu CBapKe TaKHUX KeE
JETAJIEH U3 MAIOYTJIEPOJUCTOM CTaJIH.

I') MOBBIIMIEHUE COJEPNKAHHUS B CTAlld YIVIEPOJa W JIETUPYIOIINUX
AJIEMEHTOB  TOBBIMIAET €€  YyJACIbHOE  CONPOTHUBIICHHUE,
CJI€OBATENIbHO TAKWE€ CTAJIM MOKHO CBapUBATh NMPU MEHBIINX
IJIOTHOCTSIX TOKA.

2. Aycmenummule cmanu

AyCTEHUTHBIE CTAJIM 00JIaIat0T MHOTUMU [IEHHBIMH CBOWCTBAMM:
BBICOKOW KOPPO3HMOHHOW CTOHMKOCTBIO, KapOMPOYHOCTHIO (MMPOYHOCTHIO
B YCIOBUSX JUIUTCIBHON pPabOThl MPHU BBICOKUX TEMIIepaTypax) H
AKAPOCTOMKOCTBHIO (MaJoll CKOPOCTHIO OKHCIICHUS MPU 3HAYUTEIHBHOM
HarpeBe). Haubosee pacmpocTpaHeHa XpOMOHHUKENEBas ayCTEHHUTHas
ctalib ¢ conepxkanuem 17-19% xpoma m 8-10% Hukenss, uHOrHA
JOTIOJTHUTENIBHO JIETUPOBAHHAS MOJMOJEHOM, KPEMHHUEM, THUTAHOM,
HUOOWEM U JIPYyTUMU 3JIEMEHTAaMH, MOBBIIIAIOIIUMHU €€ KOPPO3HOHHYIO
CTOMKOCTh M KapONpPOUYHOCTh. IIpUMeHsAIOTCS cTamu ¢ OOJBIINUM
cogepxkanueM Hukeass u xpoma (25%C, m 20%N;) u eme Oosee
JIETUPOBAHHBIE.

KoHTakTHass cBapka ayCTEHUTHBIX CTallel  OmpenesieTcs
CIEAYIOIUMHU OCOOCHHOCTSIMU 3TUX CTaJICH:




a) UX COINPOTHUBIICHUE TIACTUUYECKON nedhopMalvi NpU BBICOKUX
TEMIIEPATYpaX 3HAYUTEIBHO BBIIIEC, YEM Yy MAIIOYTJIEPOJUCTHIX U
HU3KOJIETUPOBAHHBIX CTAJIEW, TIO3TOMY IIPU KOHTAKTHOW CBapKe
ayCTEHUTHBIX  CTajeid  TpeOyroTcss  OoJyibIue  YJIeJIbHBIC

JaBJICHMUS.
6) AYCTCHUTHBIC CTaJlu O6J'Ia,Z[aIOT BBICOKHM YACJIbHBIM
SJICKTPHUYICCKUM COIIPOTHUBJICHUCM 41 MaJIou

TEIUIONPOBOJHOCThIO, IO3TOMY HX MOXHO CBapuBaTh IIpU
MEHBIINX TOKAX, YEM MAIOYIJIEPOIUCTHIE CTAIH.

B)  XOJIOJIHOKaTaHble€  ayCTCHUTHbICE CTaJIM MPU  CBapKe
pa3ynpoyHsSIETCs B OKOJIOIIOBHOW 30HE. [l yMEHbIICHHS
pa3ynpoOYHEHUsI HX JKEJATEIIbHO CBApUBAaTh Ha ‘“‘KECTKUX
pexuMax (‘“9KeCTKHX” PEXKHMBI XapaKTepU3yIOTCS OBICTPHIM
HarpeBoM, “MSITKHe” — OTHOCUTEIBLHO MEIJICHHBIM).

OnHako, cBapKka HEKOTOPBIX AYCTEHUTHBIX CTal€d, CKIOHHBIX K
ropsiunM TpemuHaM (Hanpumep, X25H20), nenecooOpazHee Ha MSATKUX
pexxkumax. Msrkue pexruMbl HHOTAA MPUMEHSIOT, TAK)XKE H3-3a BRICOKOU
KAPONPOUYHOCTH  CTalld,  3aTPyAHSAIONIEH €€  IUIACTHYECKYIO
nedopmalyio mpu MaJol 30HE pa3orpeBa, XapakTepHOU ISl CBApKHU Ha
KECTKUX PEKUMAX.

I) ayCTEHHWTHBIE CTalld AT TYIOIUIABKUE OKHUCHBIE IIJIEHKHU

(C12,03), mo3TOMY CTBHIKOBAsI CBapKa TaKUX CTaJEH 3aTpyIHEHA.

1) ayCTEHWTHBIE CTald OO0JaJa0T BBICOKUM KOA(DPUIIMEHTOM
TEIJIOBOTO PACUIMPEHUs, YTO IO3BOJIAET OXKUJATh OOJIBIITUX
cBapouHbiX AehopMmamuii. OmHAKO, MPU KOHTAKTHOW CBapKe
ATUX CTAJIEM W3-3a HU3KOW TEIUIOMPOBOIHOCTU 30HA pa3orpena
Maja u gedhopMaluy HEBEJIHUKHU.

3. Anomunuii u e2o chiasbi.

Yucrslii ATFOMUHUA oOnagaer BBICOKOU TEIJI0 151
AIEKTPONPOBOHOCTBIO  (62% mpoBoguMoctu Meau). KoHTakTHas
cBapka AlmpumensieTcst peiko, Tak Kak BO3MOXKHA TOJBKO IPH OYCHB
OOJBIINX TOKAX U CBs3aHA C OBICTPHIM U3HOCOM 3JIEKTPOOB.

B nOpoMBIIIJIEHHOCTH HIMPOKO MPUMEHSTCS KOHTaKTHas CBapka
(0COOEHHO pPOJIMKOBAasi U TOYEYHAs])) BBICOKOMPOUHBIX ATOMUHUEBBIX
craBoB, Takux kak AM,(1-1,6%M,, mol%F,, mo 1%S;), AM,.(2-
2,8%Mg, 0,15-0,4%M,), nypamomun (16 conepxur 3,6-4,7%C,,
1,75%Mgy 1 0,3-0,9%M,).




[ToBeneHrEe aTOMUHUEBBIX CIUIABOB MPU KOHTAKTHOM CBAapKE U €€
PEXKUMBI ONPENIEISAIOTCS CAEAYIOIIMMU OCOOCHHOCTSIMU 3TUX CIIABOB:

a) AJIIOMUHUEBBIC CIUIaBbl IMPU HArpeBe pasyNpoOUYHSIOTCS M
II03TOMY HX JKEJIATEeJIbHO CBAPUBATH C MUHUMAJIBHOW 30HOM
pa3zorpeBa, UCIOJb3Ys KECTKUE PEKUMBI.

0) AJNOMHHHEBBIE CIUIaBBl 00JaJalOT BBICOKOM DJEKTPO H
TEIJIONPOBOJIHOCTHIO, TOATOMY JJII WX CBapKu TpeOyroTcs
3HAUUTENIbHBIE TOKM (HEOOXOAUMBI  MAIlMHBI  OOJIBIION
MOIIHOCTH)

B) BbICOKONpOUHbIE aTIOMUHHUEBBIE CIUIaBbI, KakK MPaBUIIO,
KPHCTAUTH3YIOTCS B IIHPOKOM HHTepBane temmeparyp (90-135°
u 00Jiee) U 4acTO CKJIOHHBI K 00pa30BaHUIO TOPSIYUX TPELIMH,
st OOppOBI € KOTOPBIMU ~ HEOOXOJUMO  MHPUMEHSTH
3HAYUTEIbHBIC YCUJIUS CXATHUSI B MPOLECCE KPUCTAILIHA3ALUU
paCIUIaBIEHHBIX 30H CBAPUBAEMBIX COCIMHEHHU.

r) AJIIOMUHUA M €ro CIUIaBbl UMEIOT BBICOKHNA KO3(P(UIIMEHT
TEIUIOBOTO pacliupeHus (MOYTH BIABOE OOJBIINNA, YEM Y
MaJOyIJIEPOJIUCTHIX CTaj€il), YTO CHOCOOCTBYET YBEIUYEHHIO
cBapouHblx Aedopmanuid. s oOneryeHuss OopbObI €
nedopmManusIMu HEOOXOIUMO MPUMEHATh KECTKUE PEKUMBI C
MUHHUMAJIbHOW 30HOM Pa3orpena.

n) Ilpu CTBIKOBOIl CBapke QJIIOMHUHHUEBBIX CIUIABOB 0CO00€
3HAYCHUE MMEET OKHUCJIEHUE HarpeBacMbIX MOBEPXHOCTEU
(oOpazoBanue TyromiaBkoi okucHol mieHkn Al,O3). TTosTomy
CTBIKOBas CBapKa JIOJHKHA COIMPOBOXKAATHCA OUYEHb OOJIBIION
MJIaCTUYECKOM Jedopmanel B CTBIKE, JOCTATOYHOM IS
pa3pyLICHUS] OKUCHBIX MJICHOK.

4. MeOw u ee cnaagwi.

KoHTtakTHass cBapka Meau 3aTpyJHEHA €€ HCKIIYUTEIbHO
BBICOKOU 3JIEKTPO M TEIUIONPOBOAHOCTHIO. [IpakTrdecku mpuMeHseTCs
TOJIBKO €€ CTBIKOBasl CBapKa CONPOTUBICHHEM, IOCTEIIEHHO
BBITECHSIEMAs XOJIOJHOW CBAPKOM.

3HAYUTEIBbHO JIy4llle CBapUBAIOTCS  KOHTAaKTHOM  CBAapKOMU
HEKOTOpbIE OpOH3bI (KpeMHHUCTas1, pochopucrtasi, OepuiiveBas u Jp.) u
naTyHu ¢ coaepxkanuem 30-38% Z,.

XOpoIIo CBapUBaIOTCSI METHOHUKEJICBBIEC CILJIABHI.




5. Hukenb u e2o cniaswi.

UucThli HUKENb IO CBOUM (PU3MYECKUM M SICKTPUUYECKUM
CBOMCTBaM OJIM30K K JKeJie3y W XOPOILIO CBapUBAETCSd BCEMH BHUJIAMHU
KOHTAKTHOW CBAPKH.

XKapornpouHsle CIIJIaBbl HA HUKEJIEBOW OCHOBE (HaIIpuMep, HUXPOM
XH78T (=220%C;; 0,15%T; u 6onee 75%N)) o61amar0T 04eHb BHICOKHM
yACIbHBIM COMPOTHUBJIECHUEM U MaJION TEIUIONPOBOJHOCTHIO, TTOITOMY
IIPU UX KOHTAaKTHOM CBAapKe TPEOYETCS OTHOCUTEIIHLHO HEOOJIBIIION TOK.

BceneacTere BBICOKOW KapOMpPOYHOCTH MPH CBAPKE ATUX CILIABOB
HEO0O0XO0AMMBI OOJIBIIINE YICJIbHBIC TaBICHUS.

Bo uzbexaHue pa3ynpoyHEHHs CIUlaBa B 30HE CBapKU U OOJBIINX
CBapOYHBIX JAedopmaluii, CBSI3aHHBIX C BBICOKUM KO3 (PUIIHMEHTOM
TEIJIOBOTO PACHIUPEHUsI OOBIYHO MIPUMEHSIOT )KECTKUE PEKUMBI.

6. Tumawn u eco cniaswl.

TutaH U €ro CIJIaBbl OTJIMYAIOTCS BBICOKOM XMMHUUYECKOMN
aKTUBHOCTBbIO. IIpM HarpeBe ¢ MOCTYNOM BO3JyXa THUTAH JIETKO
okucnsercs. [Ipu marpese 1o 800° HaunHaeTCs AJIEKTPUYECKAs PEAKLINS
TATaHa C a30ToM ¢ oOpazoBaHueM HUTPUOB [iN. TuTaH aKTHUBHO
pactBopsieT BoAOpoJd. I[lo3ToMy CTBIKOBYIO CBapKy THTaHa M €ro
CILJIABOB JKEJIATEIBHO MTPOBOJAUTH B CPEAE HEUTPAIIBHOTO Ta3a (aproHa).

ToueuHass W poOJUKOBasg CBapKa TUTaHa U €ro CIUIABOB JaeT
BIIOJIHE YJIOBJIETBOPUTEIBHBIE PE3YIIbTATHI.

[To cBouM (u3nUeCKMM W MEXaHWYSCKUM CBOWCTBaM, a TaKkKe
AJIEKTPONPOBOJTHOCTH THUTAaH OJIM30K K ayCcTeHUTHOW cTanu. OH
CBApUBACTCS MPU YMEPEHHBIX TOKaX M OTHOCUTEIBHO OOJIBIIIOM
JABJICHUM.




Pa3nea 2. TexHo10rus pasjiM4HbIX CIIOC000B
KOHTAKTHOU CBapKH.

Cmuikosas ceapka.

IIpumensercs:

1. JInist mostydeHust U3 MpoKaTa JJIMHHBIX 3arOTOBOK WJIM U3JICIUH,
HaIlpuMep, CBapKa CTHIKOB TPYyO, CBapKa PEIbCOBBIX CTHIKOB,
CBapKa KOHIIOB ITPOBOJIOKU MPHU €€ HEMPEPHIBHOM BOJIOYCHHH.

2. Capka uznenuii 3aMKHYTOH (OpMbI, HapuMep, 00010B KoJiec,
3BECHBEB LIETIEH.

3. {151 PKOHOMUYHOTO 00pa30BaHUS U3ACIHS CIOKHOU (POpMBI U3
MPOCTHIX IITAMIIOBAHHBIX JIETAJICH

4. Ins DKOHOMUHU BBICOKOJIETUPOBAHHOU CTaJIU B
WHCTPYMEHTAJILHOW  MPOMBIIIJIEHHOCTH  (paboyas  4acTh
UHCTPYMEHTAa U3 OBICTPOPEXKYILEH CTalld, CBapUBAETCAd C
XBOCTOBUKOM U3 MAJIOYIJIEPOIUCTON CTaIM) U T. 1.

VYcnoBusiMU MOJTyYEHUsI KaU€CTBEHHOTO COCAMHEHMS TpHU 000

Pa3HOBUIHOCTH CTHIKOBOUM CBApKU SIBJISIIOTCSI:

1. PaBHOMEpHBIN MPOrPEB JCTAIN 110 CEUECHUIO.

2.3amuTa 30HBl CBAapKH OT OKHUCJICHHUS WM OOeCTeUYeHUS
yAaJ€HUs U3 CThIKA TPOAYKTOB OKUCIICHUS.

3. O0ecrieueHre paBHBIX YCJIOBUM HarpeBa M IUIACTUYECKOM
nedopmaruu s 00eux JAeTaje.

1. Csapka conpomusnernuem.

IIpu cBapke CONMPOTHUBIEHUEM YKa3aHHBIE BBIIIC YCIOBUS MOTYT
OBITH BBINOJHEHBI TOJIBKO MPH OBICTPOM HarpeBe IJIOTHO IPHKATHIX
Ipyr K Apyry JeTajed M 3HAYUTEIBLHOM IUIACTUYECKON aedopmalriuu
30HBI COEAUMHEHUS. B CBA3M C H3TUM CBapka CONPOTUBICHUEM
MIPUMEHSIETCS TOJIBKO JJIs AeTaje Hebobioro ceuenus (mo 200 MMZ).

OCHOBHBIMU MMapaMeTPaMU CTHIKOBOM CBapKH SIBJISFOTCS:

Capounslii ToK |, Bpems cBapku 1t ycTaHOBOYHAs IJIMHA
(paccTostHuE OT TopIa JAeTajael JO TOKOIOABOSIIEIO 3aK1UMa), YCUIINE
ocagku P,., BeIuunHa OCaaKH.

CBapouHbIi TOK U IJIUTEILHOCTh CBApPKU CBSI3aHBI MEXIY COOO.
JIst ManmoyriaepoauCThIX W HU3KOJECTHUPOBAHHBIX CTANIEH INIOTHOCTH
TOKa W BPEMsI CBAPKH CBSA3aHBI CICAYIOIIECH 3aBUCUMOCTBIO:




| = (12—15)+w(a/ﬂ4ﬂ42)

c8

(Bpemsi cBapku 0ObIYHO HaxoauTcs B npeaenax 0,5-10 cek.).

YcTraHOBOYHAasA JWHA OKAa3blBACT 3HAYMUTEIBHOE BIIMSHUE Ha
yCJIOBHUS HarpeBa u Iactudeckon aedopmaruu. [lpu ciauinkom mamnoi
YCTAaHOBOYHOW JIJINHE HEBO3MOXKHO HArpeTh METAJUI B 30HE CThIKA J0
HEOOXOMMOM TeMIlepaTyphl BCIEACTBUE HHTEHCHBHOTO TEIJIOOTBOAA B
aneKkTpoabl. Ilpuw  OoJbIION  YCTAaHOBOYHOM JJIMHE BO3PACTalOT
HETNPOM3BOJAUTEIILHBIC 3aTPaThl SHEPTUM HA HArPEB JI€TAJIC BHE 30HBI
cBapku. Kpome ToOro, mpu ocaakd BO3MOXEH W3rM0 JeTajed wu
CMEIIIEHHUE TOPIIOB.

VY cTaHOBOUYHYIO IJIMHY BBIOUPAIOT MO CEYSHUIO JICTaJICH.

I, +1, = 1—1,2\/E (s craneit)

[Ipn cBapke pa3HOPOIHBIX MaTEPHATIOB METAI C OOJBIICH
TEIUIONPOBOIHOCTHIO CBAPUBAETCS IIPU OOJNIBITICH YCTAHOBOYHOM JIJTHHE.

Yeunue  ocagku  JAODKHO — OOecleunBaTh  HEOOXOIUMYIO
IIaCTHYCCKYI0  AedopMaliiio. YIelabHOE JaBJICHHE IIPH  CBapKe
MaJIOyTJICPOIUCTHIX CTajiel BRIOMPAIOT B Mpeaeiax:

P=2-4 xr/Mm°

[Ipr TakoM HaBIIEHMM W HArpeBe 30HBI CBAPKH 10 TEMIEPATypPbI
1200-1300° mactuueckas nedopmartus cocrasnisier s F=20-100 MM
A=1,5-2 mMm, F=100-500 MM® A=2-3 MM.

YkopoueHue  gerajed  mpu  IUIACTHYECKOM  Jmedopmanuu
KOMITCHCHUPYETCS IMPUITYCKOM Ha 0CanKy (A ).

Jleramn  ceuermem Goxee 200-300mMM°  mHOTIA CBapUBAIOT
CONPOTUBJICHHEM B 3alIUTHBIX Ta3ax, HalpUMEpP B CMECH a30Ta C
BOJOPOJOM, OUYMIIEHHON OT KUCIOPOa.



Csapka onnagnenuem.

CBapka OIUIaBJICHUEM SIBIISIETCSI OCHOBHBIM CIIOCOOOM CTBHIKOBOM
CBapKH.

CymectByer aABa cnoco0a CTHIKOBOM CBapKH OIUIABJICHUEM:
CBapKa HENPEPHIBHBIM OIUIABJICHUEM W CBapka OIUIABICHUEM C
MIPEJIBAPUTETBHBIM MOJIOTPEBOM.

[Iporiecc cBapku HENPEPHIBHBIM OIUIABICHUEM COCTOUT U3 JBYX
CTaJui OIJIABJICHUS U OCAJIKH.
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OIINTaBJICHHUC ocaaka / BO3Bpar
BBIICPIKKA

S — nepemMenieHne NoABUKHOM MIIUTHI MAIIMHBI;

N — MOIITHOCTB, BBIJIC/IsIEMasi B CTHIKE;

P — ycunue cxarus geranen.

CBapka OIUIaBICHUEM C MPEABAPUTEIIBHBIM MOJIOTPEBOM COCTOUT
U3 TPEX CTAJAUM: MOAOTPEBA, OIIABICHUS U OCAJIKH.
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[IpenBapuTenbHblid TOAOTPEB OOBIYHO OCYIIECTBISIETCS B CaMOM
MalllMHE ITyTEM NPOMYCKAaHUS Yepe3 JEeTald TOKa OT CBapOYHOIO
TpaHcpopmaTopa. IlogorpeB  OCyIIECTBISETCS TpPU  BO3BPATHO-
MOCTYNAaTEIbHOM TEPEMENICHUN TOJABUXHOW IUIATHI MaluHbl. [lpu
COMIDKEHUM JIeTalled W MX CXKaTuu ¢ ycwinem P cBapouHas nenb u
gyepes JeTald MpoTeKaeT TOK, OCYIIECTBISIOMUM ux HarpeB. Haunboinee
WHTEHCUBHO Pa30rpeBarOTCA TOPILbI eTaneil. [Tpu oOpaTHOM JIBUKEHUU
IJTUTHI [IENb Pa3MbIKAE€TCS U MMPOUCXOAUT BHIPABHUBAHHUE TEMIIEPATYP B
JeTaIIX BCJIEACTBUE TEIJIONEpPEaadl OT TOPIIOB BIUTYyOb JeTasieil.

OO6piuHO mpu TOAOTpeBe KOpoTkue wuMmmynbchl (0,5-2 cek.)
YEPEAYIOTCA C TTay3aMH IPUMEPHO TAKOM K€ MPOIOIKUTEIBHOCTH.

[Iporiecc omaBieHUsT NpU 00OUX Croco0a MPOAOIKAETCS 10
MOJYYEHHUSI HaA TOpLHAax JCTAJIEM TOHKOTO CJOS PacCIUIaBICHHOIO
Meramna. llpm ocanke OTOW 3arpsA3HEHHBIA OKHUCIIAMU  METasll
BBITECHSICTCSI U3 CThIKa C 00pa30BaHUEM I'pOTa, a PACIOJIOKEHHBIN O]
HUM YUCTBHIN METaJUT INIACTHYECKU AehOPMUPYETCS U CBapUBACTCS.

Jlns  obecriedyeHHMs JOCTATOYHOM TIIACTUYECKOM aedopmaruu
JeTaid JOJDKHBI OBITh XOPOIIO MPOrPEThl IO JJIUHE JOCTATOYHO
HIUPOKOW  OKOJIOCTBIKOBOM  30HE. Ilpm cBapke HenpepbIBHBIM
OIUIABJIICHUEM HArpeB JETaJiel OCYLIECTBISIETCS B OCHOBHOM IIyTEM
Teionepesayn  OT  TOPIOB, TAE€  MPOUCXOAUT  OCHOBHOE
TETUIOBBIIECIICHUE.

[IpenBapuTeabHBIN MOOTPEB CIIOCOOCTBYET O0JIee paBHOMEPHOMY
IPOrPEBY JETAIEH 110 JJIMHE U YJIYUYLICHUIO YCJIOBUW IUIACTUYECKOU
nedopmaliuu.

OCHOBHBIMH ~ TIapaMe€TpaMy  pPEXUMa  CTBIKOBOM  CBapKu
OTUIABJICHUEM SIBJISTFOTCSL:

-TeMIIepaTypa IpeaBapuUTENBHOIO nojgorpesa Ty,

-BpeMs Iogorpesa iy

(IIUTENIbHOCTh UMITYJILCOB U May3 U UX KOJUYECTBA),

-CKOpPOCTh OIIaBJICHUS V

-IIPUITYCK HA OIUIABIICHUE A oy,

-TOK oruiaBiaeHU |,

-BTOPUYHOE HAIpPsHKEHUE X0JiocToro xoja Uy,

-ycTaHoBouHas juirHa i+,

-IIPUITYCK HA OCAAKY A,

-CKOpPOCTh OCaJKu V.,

-ycuiist ocaaku P.



Temneparypa mnogorpeBa [Jjisi CTalbHBIX JE€TAJIEM CPEIHETrO
CEUEHUSI COCTaBIISIET 700-9OOOC, a 1 oonpmioro ceuenus — 1100-
1200°C.

JIIMTENbHOCTh MOJIOTPEBAa PAcTET C YBEIMYEHUEM  IUIOLIAIA
CEUYEHHUS] U YMEHbBIIIEHUEM MOIIHOCTH MAIIMHBI. {15 neTtaneil ceueHuem
500MM° arCIIO VMMITYJIbCOB moaorpesa mnpu MomHoctu 150kBa paBHO 4-
6001ell TINTEIBHOCTREIO 6 CeK., a I AeTajled CeUeHHEM 15000MMm>
npu mMoiHoctd 600-700kBa YKCIO UMITYIBCOB AoXO0AUT 10 100 oO6mieit
JUIATEILHOCTRIO 150cek.

CKOpOCTh OIUIABICHUS BIUSAET HA MPOLECC CIASAYIONTUM 00pPa30M:
C OJHOM CTOPOHBI YBEIMYEHHWE CKOPOCTH OIUIABICHUS TMPHUBOAUT K
CY’)KEHHUIO 30HBI HMHTEHCHUBHOTO pa3orpeBa, C JPYrodl CTOPOHBI
CIIOCOOCTBYeT 0oJiee PaBHOMEPHOMY OILIABJICHUIO TOPIIOB JACTajlCH MO
CEYEHUIO, CKOPOCTh  OIUIABJICHHS 3aBUCUT OT  TEMIIEpPATyphI
MPEBAPUTEIILHOIO  TMOJOTpPeBa U pacTeT  MNPOMOPLUHOHAIBHO
VCTIOJIb3YEMON MOIIIHOCTH.
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rae C — yaenapHas TEIUIOEMKOCTh, Kan/r.rpaa; To, T, — cpemnss
TeMIleparypa JAeTajeid B MOMEHT OKOHYAHHMS IIpollecca OILJIaBICHUS
BHayvaJie mpoiiecca (TozZOOOOC); IR — MOIIHOCTD, BBIACIISIEMas B 30HE
cBapku; F — miomane omiaBiasieMbIX JIeTaieil, MM; y - YJEJIbHBIN Bec,
r/eM®.

CkopocTh oOriaBiieHuss OOBIYHO BbIOHMparOT B Tmpeaenax 1-3
MM/cek. YacTo CKOpPOCTh OIUIABJICHHS HW3MEHSIOT B Ipollecce
OIUTaBJIEHUs, BHadase npomecca V,,,=0,2-1MM/cek, a K KOHITy TIpoIecca
BO3pacTaeT A0 2-4 MM/CeK, a MPU BBICOKOTIPOU3BOIUTEIBHBIX PEKUMaX
110 4-6 MM/CEK.

Cpennssi CKOpOCTh OIUIABIICHUA JIETAJEH W3 MAaJIOYTJIEPOAUCTOU
CTaM cocTaBisger 1-2,5 Mm/cek, a y JerMpoBaHHbIX — 2,5-3,5 MM/cex u
oouee.

[Ipunyck Ha OMJIABAECHHUE BHIOMPAIOT TAKUM, YTOOBI 00ECTIEUUT Ha
OIUIABJICHHWE IIOJYy4YEHHE Ha Toplax JeTaJed cjos pacmiaBa H
JIOCTATOYHBIN MPOTPEB JIETAIIEN B OKOJIOCTBIKOBOU 30HE A o; 3aBUCUT OT
ceueHus naetanei. Ilpu cBapke ¢ momOrpeBoM Ay, Ha 30-50% Hmxke,
YeM MNP HEMPEPHIBHOM OILIABJICHUEM.




HeoOxoamMmasi MOIIIHOCTh MPH CBapKe CTalle HENpepbIBHBIM
OTUIABIICHUEM OPHUEHTHUPOBOYHO paBHa (,2-0,3 KBa/MM’, a IIPU CBApKE C
nogorpesom 0,1 -0,2KBa/MM2.

[1JI0THOCTh TOKa MPU OIUIABJICHUU OOBIYHO COCTABIISIET 2-6 a/MM°
JUIA cTanen — 5-12 a/MM° 1 JUIS A TFOMAUHUEBEIX CILIABOB.

[Ipr BBICOKONPOM3BOJIMUTENBHBIX pEKHUMaX IUIOTHOCTh TOKa
nocturaet 10-20 a/MM> JUTST QJIFOMUHUEBBIX CILIABOB.

BTopryHOoe  HampshKEHHWE ~ XOJIOCTOrO  XOJa  CBApOYHOTO
Tpanchopmaropa Uy BIOUpaOT ¢ yueToM (GOpMBbI AeTaidu (JUCT, KPYT,
KBaJipaT), IUIOIIaAX €€ TOMEPEYHOro CEUeHHs, (PU3MYECKUX CBOMCTB
Marepuaia.
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H. O. — HenpepbIBHBIM OILTABICHUEM

O. I1. — ontaBnEHKE C MOJOTPEBOM.

YcranoBouHas juHa li+l, mpu cBapke cTaabHBIX MPYTKOB U TPYO
npumMepHo paBHa (0,75-1)d, a s muctoB (4-5) 5.

Mertanibl ¢ 00JIBIION TETIONPOBOIHOCTHIO CBAPUBAIOT C OOJIBINIEH
YCTAaHOBOYHOW  JUIMHOW. [JI;md  CcOXpaHEHUs]  JKECTKOCTHM  4acCTh
YCTAaHOBOYHOW [IJTMHBI JETaled 3aKpeIuIaeTcsl W30JUPOBAHHBIMU OT
TOKa r'yOKaMH.

[Ipunyck Ha OCajIKy A, IOJDKEH OBITh TaKUM, YTOOBI 00ECIICUHTh

MOJTHOE  3aKPBITHE 3a30pa MEXKJIy TOopLaMu JAEeTajed, MOJHOE
BBITCCHEHME BCEr0  pACIUIABJICHHOTO MeETaUla W3 CThIKA W
IUIACTHYECKYI0 AeopManunio 30HbI coeauHeHus. lIpumyck Ha ocanaky
pacTer ¢ YyBEIWYEHUEM cedeHus Aetaned. [lpu omnaBieHun C
NOJIOTPEBOM TMPUITYCK Ha ocajaky B 1,5-2 pasza Oosblie, 4yem IMpu
HENPEPHIBHOM OIUIABIIEHUHU. A, JJIS CTAIBHBIX AeTaiien ceueHueM 100-

1000MM® J1e3KHUT B npenenax 2-10mm.



CKkopocTh CBapKu BBIOMPAIOT  UCXOJs U3  yCJIOBHUU
NpEeIyNpeKACHUS KPUCTAUIM3AIMA M OKHUCIeHHUs paciiiaBa. OOBIYHO
CKOpPOCTh OCaJIKH BBIOMpAIOT B TMpenenax: s MaJoyIJIEPOJIUCTOM
ctanu 30-60 mMM/cek, BBICOKOJETMPOBaHHBIX cruiaBoB 60-100 mMm/cek,
ATFOMAHUEBBIX CIUIABOB U JIPYTUX JIETKOOKUCIAOMMXCS metauios 100-
200MM/cexk.

YenbHOE AaBJICHHUE MPU OCATKE 3aBUCHUT OT CEUCHUS JeTajeH, ux
MaTepualia U yCIOBUW HarpeBa.

[Ipu cBapke HEMPEPHIBHBIM OIUIABICHUEM HEOOXO0ANMMOE yACIHHOE
JABJICHUE OCAJKU COCTABJISET: JUISl HU3KOYTJIEPOAUCTHIX cTaneit 5-10
KF/MMZ, IJIS  HU3KOJIETMPOBaHHBIX ctayned 10-12 KF/MMZ, TS
ayCTEHUTHBIX cTtaseit 15-20 KI/MM”.

IIpu cBapke ¢ TOAOTPEBOM HEOOXOAUMOE YCHJIME OCaJKHU
puMeEpHO B 1,5 pasza HuxKe.

TaoOmnura.

OpueHTUPOBOYHAS JIJTUTEIbHOCTh CBAPKU OILJIABJICHUEM JeTajei
13 MaJIOYTJIEPOAUCTON CTAIN U MPUITYCKHU.

KDCU’I’ZKCZ}Z MEXHOJI02USL CMbIKOBOU C6APKU HEKOMOPbIX demaJieul.

[TapameTpsl pexuMa CTBHIKOBOM CBapKH OOBIYHO BBIOMPAIOT IO
ONBITHBIM  JaHHBIM  (TabnuiaMm, TpadukaM, HOMOTrpaMMmaM) C
MOCJIEAYIOUM KOHTPOJIEM KauyeCTBa COCAMHEHUS U KOPPEKTUPOBKOM
pexkuma.

HemnpepbIBHBIM ~ OTUIABICHUEM CBAapHUBAIOT JIETAld  CEUYEHHUEM
101000 MM* Wit feTand GOJBLIOTO CEYCHHUS ¢ GOJBLIMM OTKIOHEHHEM
WX TIEpUMETpA K TI0oIaau (JIMCTHI, TpYOBI U T. 1.).



I[Ipy  mporpaMMHOM  HU3MEHEHUM  HAINpsDKEHUST  (BBICOKOE
HamnpsDKEHUWE B Hadaje IMpoliecca IOHMXKAETCs, a B KOHIIE BHOBB
MOBBIIIIAETCS) HEMPEPHIBHBIM OIJIABJICHUEM MOXKHO CBapUBaTh TaKKe
JIETAJIA KOMIOAKTHOTO ceueHus miolaaso 6osee 1000 MM,

[TomorpeB nepes1 OIJIaBICHUEM, PACIIUPSIONIAN 30HY HArpeBa,

NPUMEHSIOT Il  CBApKM  MHTEHCHBHO  3aKaJIMBaIOIIUXCS
MaTepUaJIOB U JJIsl CBAPKU JieTajiei O0JIBIIIOTO CEUCHUS.

ITomorpeB cHuXkaer TpeOyemMyl0 JJIEKTPUUYECKYID MOIIHOCTb,
YMEHBIIIAET MPUITYCK Ha OILIAaBJICHHUE, peaynpeKaacT

KPpUCTAJUIN3allUIO pacCiljiaBa U 3aMCJISICT OXJIAKICHHUC JICTAJIN.

Cmuikosasi ceapKa I’I’ZZ)V6.

CrtbiKOBasi CBapkKa OIUIABIECHUEM TPyO IIMPOKO MPUMEHSETCS B
KOTJIOCTPOEHWH, aNNapaTOCTPOEHUH, A TAKXKE IPU CTPOUTEIHCTBE
TpyOOIIPOBOIOB.

3MmeeBuku U3 TpyO auamerpom 25-42 Mm
CBAPHMBAIOTCA W3 MPEABAPUTEIIBHO 3arHYThIX
c(nim ) AJIEMEHTOB, @ MHOTJA OHU MOJIY4aloTCsl MYTEM

v TMOKku mietu, nnuHou 40 M 1 Ooliee, cBapeHHOU
U3 NMPAMBIX TPYO.

s oOecriedeHus: MPOXOAHOTO OTBEPCTUSL B CTHIKE BHYTPEHHHM
IPOT W BBICAXKECHHBIM B CTBIKE METAUl JOJKHBI OBITh MOJHOCTHIO
yAAaJEHBI.

[Ipu cBapke OIUIaBICHUEM NPSMBIX TPYyO M3 YIIIEPOAUCTON H
HU3KOJIETUPOBAHHOM  CTalld, TrpaT yJalsioT MPOJYBKOM  CThIKa
HEUTPAJIbHBIMU Ta3aMU MPH OIUIABJICHUHU WU KUCIOPOJIHO-BO3IYIIHON
CMECBIO MOCJIE OCAJKHU Hayayia U JJIUTEIbHOCTh MPOAYBKHA KUCIOPOIHO-
BO3AYIIHOW CMECBHIO JJIsi TPEAYNpPEXJACHUS BBIMBIBAHUS METaia W3
CTBIKA CTPOTrO PETJIAMEHTUPYIOT.

[Ipu npuBapke (aHLEB BO3MOXKHA MPOTOYKA I'POTa HA TOKAPHBIX
CTaHKax.

B tpybax w3 BBICOKOJETHPOBAHHBIX

CTalsX  TOpAYMH  Tpar  yIAISIoT

¥ 0 _ MPOTSHDKKAMH, COCTOSIIIIUMU W3 CEPHH

| KOJIBLIEBBIX pE3IOB WM JOPHAMU CO

CMEIIEHHBIMHA  PEXYIIUMH  KPOMKaMH,

) %I— KOTOpPBIE TTO3BOJISIIOT YMEHBIIIUTh YCUIINE
pe3aHus U pa3JesioT Tpar.




IIpu cBapke THYTBIX 3JIEMEHTOB i YIAJICHUS TpaTa MOXKET
MPUMEHSITBCS CHAPSI/I, KPUBOJUHEHHBIN MPODUIb, KOTOPOTO OOJIeryaet
€ro MpOXoJ uepe3 U3ruonl TpyO
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- 0 4+—
1 BO3IyX

HemeyenHo mocsie CBapKd CThIKa B 3MEEBHK I10JIA€TCSl CXKATHIN
BO3AyX (6-8 aTM.), YBIEKAIOITHNA C OOJBIITON CKOPOCTHIO YILIOTHSIOIIIHMA
map | W 3aKaJeHHBIM CTATBHOW CHApsia 2, CpPE3arollhil MpU CBOEM
JNBW)KEHUU TOpSYUN TpaT. Y MPOTHUBOIOJIOKHOTO KOHIIA 3MEEBHKa
YCTaHABJIMBAETCSA CHAPS0YJIOBUTEND 3.

Hapy>xHblIif Tpat yaensioT creluaibHbIMU KJICIIaMu WA CPE3at0T
Pa3bEeMHBIMU 3aKJIaHBIMU KOJIbIIAMH, CIBUTAEMBIMU BAOJIb TPYOBI. Jj1s1
TpyO OOJBIIOTO JHaMeTpa YacTO MPUMEHSIOT TOKAPHYIO 00pabOTKy
rpara BpallaloIMMHUCA WK CTallMOHAPHBIMU TOJIOBKAMHU.

Pexxum cBapku TpyO HENMpEPHIBHBIM OIUIABJICHUEM Ha MAIlIMHE
LHCT-200M.

d; o, U20 A oms Vorm tOHJI Aocy
CTaJlb
MM MM B MM MM/CEK CCK MM
25 3 6,5-7 | 11-12 | 1,37-1,5 8 3,5
20 32 4 6,5-7 15 1,25 13 [4,5-5

38 4 6,5-7 15 1,07 14 | 4,5-5

25 3 6,5-7 | 11-12 | 1,37-15 8 4
IX18HI2T

32 4 6,5-7 15 1,07 14 5
|1+|2:60'70MM

Cmuikosas ceapka nooc.
[Tonocel cBapuBarOTCS B MallMHAaX C IUIOCKUMH T'yOKaMHu.
KauecTBO coenuHeHUsT 3aBUCUT OT TOYHOCTH OOPE3KH IOJOC U HX
YCTAHOBKH B T'yOKax.




VYcraHoBOYHAs IJIMHA U3-3a MAJIOM KECTKOCTHU TOXKE BhIOMpaeTcs
MHWHUMAaJIbHO BO3MOKHOM.
|1+|2:AOHH+AOC+AK
Ax — KOHEYHOE PACCTOSIHUE MEXK]y T'yOKamH, KOTOPOE€ OOBIYHO
cocraBiser (2,5-3,5) 5.

Peosicum ceAdpPpKuU nNojloc u3 HUS’KOVZJZ@DOOMCWZOIZ cmanu.

o A, A, A, VOHJI.K.!
MM MM MM MM MM/CeK
0,5 2,5 1,8 0,5 6

1 6 2,5 4 55

2 9 3 8 5

2.
P,.=8-10xr/mMm"; V. > 80MM/cek;
U, B 3aBUCUMOCTH OT TOJIIHMHBI § IMIMPUHA TTOJOC OMPEACIISICTCS
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400 800 1200 1600 B,mm

Jns cbema rpaTa UCIHOJNB3YIOT PE3IOBBIE WU IUIY’KKOBBIE
IpaTOCHUMATENH. ['paT pe3LOBBIM IPpaTOCHUMATEIEM CHUMAETCS BJIOJb
CThIKA pE3LUaMH B TOpAYEM COCTOSSHHM B MAalllMHE WM BHE e€e€.
[11y>KKOBBII TPaTOCHUMATENb CHUMAET IpaT MpH NPOTACKUBAHUU CThIKA
MEXy HOKaMH.

['par Ha mosocax W3 JIETUPOBAaHHBIX CTajed  yJamsioT
NUTH(OBAHUEM.

s TOHKHX IOJI0C (5 <1mm) HCTOJIB3YIOT
NPUHYAUTEIHLHOO()OPMUPOBAHNE WIIA ONTPECCOBBIBAHUE TpaTa.



Cmuikosas cedpKa CI’I”Z@DO*CH@ZZ U Npoe60JIOK.

IIpoBosioky  muamerpoM  A05-8 MM  dHailie  CBapuBaroOT
COIPOTUBJICHUEM, a MHOTJa HEHPEPBIBHBIM OIuTaBieHueM. IIpoBosIokH
U CTCp)KHU  OOJBIIOrO  JUaMeTpa  CBApUBAlOT  HEMPEPHIBHBIM
OIJIaBJICHUEM HJIM OILIABJICHUEM C ToJorpeBoM. Ilpu cBapke mpoBOJIOK
0c0o00¢ 3HaUYeHHE MMEET MX IICHTPUPOBAHUE, IOIMYCKaeMOE CMEIICHHE
oceii He aAokHO npeBbimarh (0,05-0,07)d. B HekoTOphIX ciiydasx Juis
IICHTPUPOBAHUS HCIIOJIB3YIOT IIEHTPUPYIOIINE U30JIMPOBAHHBIE OT TOKa
BCTaBKH.

YcTaHOBOYHAS JJIMHA MPOBOJIOK ¢ 0<8 m3 craynm cocramiser 1,4d,
axroMuuns 3d, meau 4d.

PeXnMbl CBapKH OIUIABJICHUEM CTEPKHEW U IPOBOJIOK.

d, F, A A 1+, (-
MM MM MM MM MM CEeK
S 19,6 2,5 1,0 8,9 1,5
10 78,6 5 2 17 3,25
20 314 10 3,9 33,5 9
40 1256 20 5,5 65 40




ToyeuyHas U peabedHas cBapKa.

ToyeuHOM CBapKOM COECAUHSIOT JIMCTOBBbIE KOHCTPYKLHUU U3
OJTHOPOJHBIX U PAa3HOPOJHBIX YEPHBIX U LBETHBIX METAIIIOB. ToyeuHas
CBapKa WIMPOKO MPUMEHSIETCS MPU HU3TOTOBJICHHUM IITAMIIOCBAPHBIX
KOHCTPYKIIUM, B KOTOPBIX JIBE€ WU OOJee JeTaliei, ITaMIIOBaHHBIE U3
JUCTa CBAapUBAIOTCS B JKECTKHW Yy3€d (HAmpuUMeEp, IMOJ JIETKOBOIO
aBTOMOOWJISI, KaOWHA TPY30BUKA U T.J.). ToUKaMH 4acTO CBapUBAIOTCS
KapKacCHbIC KOHCTPYKIIMHU, KOTJAa K KECTKOMY KapKacy HNPUBAPUBAECTCS
oOmurBKa (HampuMep, OOKOBMHA M KpbIllla MAaCCa)KUPCKOTO BaroHa,
OyHkep komOaiiHa u T.1.). IIlupoko mpuMEHseTCcs TOoue€uHas CBapKa
MEPECEKAIONIUXCA CTEePKHEW auameTpoM 10 25 MM U Oosiee mpu
U3TOTOBJICHUHU apMaTypbl KeJI€300€TOHHOM B BU/IE CETOK U KapKacoB.

ToueyHast cBapka MPUMEHSIETCS B OCHOBHOM IIPY HU3TOTOBJICHUU
y3JIOB U3 JJUCTOB OTHOCUTEIBHO HEOOIBIION TOIIMUHEI (110 2,5 - 4 MM).
MHorna npuMeHsieTcs CBapKa y3J10B U3 JINCTOB TOJMUHOW 5 — 10 MM H
oonee.

ToyeyHble KOHTAKTHBIE MAIIMHBI HWMEKOT MOIIHOCTh  OT
HECKOJIBKMX COT BaTT [0 ThIcIuM KBa. l[Ipu cBapke B MaccoBOM
MPOU3BOJACTBE C OOJIBIIMM KOJWYECTBOM TOYEK (apMaTypHBIX COTax,
y3JIOB aBTOMOOWJISI U Jp.). YCIEIIHO MPUMEHSIOTCS MHOTOTOYEYHBIE
MamuHbl. OO0mass MOITHOCTh TaKOW MAaIIMHBI HEPEAKO IPEBBIIIACT
1000 kBa.

CoBpeMeHHbIE MAIIIUHBI OCYIIECTBIISIFOT CBapKy o
ABTOMAaTU3UPOBAHHOMY LIUKITY.

IIponecc ToUueuyHOM CBAPKH.
IIporiecc cBapKu TOYKM COCTOUT U3 CICAYIOIINX ITAIOB:
1) npeaBapuTenbHOE CxKATHUE,
2) cBapka, la 4
P,xr
3) NpoKoBKa,
4) may3a, HeoOXoauMas JJisl |
TIepeMEIICHNS H3IC/IHSI Ha i C
1 mrar. < < SH W
tck  tes top tn

Y

ToueuHas cBapka Bcerja HaYMHAETCA C MPEIABAPUTEIHHOTO
cKaTusl JeTalied Jyuisi oOecrnedeHus XOopollero KoHTakTa. Eciu mnpu
BKJIIOUCHME  TOKa ycuiaue P,  pa3BuBaeMoe  3JIEKTPOJaMH,
HEJIOCTATOYHOE, TO KOHTAKTHBIE CONPOTUBJICHUSA BEJIUKH M HAa HUX



[NO4YTHU MTI'HOBCHHO BBIACIACTCA OYCHDb OOJIBIIIOE KOJIWYECTBO TCIlJIAa,
MECTaJI)T B KOHTAKTC 6I)ICTpO IIJIaBUTCA U BI)I6paCI>IBaCTCSI B BHUJIC HUCKD,
MMPOUCXOAUT TAK Ha3bIBACMbIH HCpBI/I‘IHBIﬁ BBIIIJIICCK.

Kunakuit MeTann, ciaBlIeHHBIN B SApe, YaCTUYHO BhIOpAChIBACTCS
— MPOUCXOJIUT BBITJIECK.
l P

BBIIIJIICCK

TP

Brimieck HaOmtoaeTcss B Hadalie Mpolecca MNpU  CIUIIKOM
OBICTPOM HarpeBe M HEJOCTaTOYHOM P (MeTaim miiaBUTCS [0
0o0pa30BaHMsl YIUIOTHSIIOIIETO KOJIbIIA WJIM K KOHILy YpPE3MEpPHOIO
HarpeBa, KOrja M3-3a 3HAYUTEIBHOTO YBEIMYECHUS JUAMETPA SIpa €ro
TOHKasi 000JI0UKa MPOTHOAETCS, pacTeTe THAPOCTATUIECKOE JIaBJIICHUE B
AJIPE U KOJIBIIO TPEPHIBAECTCS.

IIpn cBapke C pacIuIaBIEHHUEM sApa KPUCTAJUIM3ALUSA METAJIa B
HEM CONPOBOXKIAETCS C YCaIKOM € BO3MOXHBIM OOpa3oBaHUEM
pakoBuH u mnop. OOxarhe  KpUCTAUIM3YIOUIErocs  MeTailia
CocOoOCTBYET €ro ymioTHeHus. [lo3ToMy CHsATHE JaBIIEHHS C
ANEKTPOJOB  JOJDKHO — 3ama3/iblBaTh  OTHOCHUTEIIBHO  MOMEHTA
BBIKJIFOYCHHSI TOKa Ha BpeMs tmp AOCTATOYHOE [JIsl 3aBEPIICHUS
KPUCTAJUIM3aLUH Sapa.



Buusinye 0CHOBHBIX NAPaAMETPOB MPOIECCAa HA HAT'PEB
M KA4YeCTBO CBAPHOM TOYKH.

OCHOBHBIMHU NapaMETPaMM PEKUMA TOUYCYHOM CBAPKH SIBIIFOTCS:
CBApOYHBIN TOK ICB, BpeMs U €ro NpoTEeKaHue {CB, YCUIME CHKaTUA IIpU
cBapke P u npokoBku Prip, pasmepsl paboueld TOBEPXHOCTH 3JIEKTPOAa
d> (mpu mwIMHAPUYECKUX 3JeKTpoaax) uiau Ro (mpu chepuueckux
NIEKTPOJAX), a TAKXKE BpPEMs CKaTUsA {CK M BpeMs IPOKOBKHM trp. Ha
KA4eCTBO CBaPKHU BIMSET TAKKE COCTOSHUE MTOBEPXHOCTH JICTAIIH.

Jluamemp pabodeii TOBEPXHOCTH DJIEKTPOJAOB 3aBHUCHT OT
TOJIIIUHBI CBAPUBAEMBIX JETAJEd M CBA3aH C HEU CIEIYIOLIEH
MPUOTUKEHHON 3aBUCUMOCTHIO:

d, =26 +3mm

r7ie § - TOJIMHA 00JIee TOHKOW U3 CBapUBAEMBbIX JICTaJICH.
Bpemsa npomexanua moka tce.

3aBUCUMOCTh IIPOYHOCTH TOYKH OT BPEMEHU CBAPKHA IIpHU
MTOCTOSIHCTBE OCTAJIBHBIX ITAPAMETPOB MPOLECCA UMEET BUL:

Kpusas umeer kpyTon y4acTok

s 4 c A B, COOTBETCTBYIOIIMH, Kak

MOKA3bIBAIOT H3JOMBI  O00Opas3IloB,

B cCBapke 0e3  paciuiaBlieHUs, U

MOJIOTUH YYaCTOK BC

A COOTBETCTBYIOLINI CBapKe Cc

MOCTETIEHHO YBEJIUUUBAIOITUMCS
t pacCIUIaBIEHHBIM SIPOM.

v

MaxkcuMaibHBIN TTUAMETP
pacIUIaBICHHOTO sJipa, AocTUraemMbiii B Touke C OOBIYHO CBSI3aH C
TAAMETPOM SJIEKTPOAA CICAYIOMIEN 3aBUCUMOCTBIO:

dm=(0,9 — 1,4)d>

JlanpHeWmuii HarpeB Helenecooopa3eH H3-3a 3HAYUTEIIBHOTO
BBIIUIECKA U BMSITHS MOBEPXHOCTHU JICTAIECH, MOHUKAKOIINX MTPOYHOCTh



coequHeHus. [IpenenbHBI auaMeTp sapa Tem OoJbIIe, YeM TOJIIIE
CBapUBACMbIA MATEPHUAIL U YEM «MSTUE» PEIKUM.

Touku cTaOUJIBHOW MPOYHOCTU TMOIYYAIOT TOJIBKO MPHU CBAPKE C
paciulaBi€HHWEM, TaK KaKk TIpH CBapke 0€3 pacIulaBlIeHHS U3-3a
KpyTU3HBI y4acTka AB naxke He3HauuTeNbHbIE KOJIeOaHUS BPEMEHHU
CBApKH WM JAPYTUX MapaMeTpoOB, BIUSIOINIMX HA HArpeB, HEM30ECKHbIC
Ha MPOU3BOJICTBE, 3HAYMTEIILHO HW3MEHSIOT MX MOPOYHOCTh. Jlydinue
pe3yJIbTaThl al0T PEKUMBI OJn3KkHe K Touke C.

AHaOTHYHBIA BUJ HMMEIOT TpadUKd 3aBUCUMOCTH MPOYHOCTH
TOKa OT BEJIMYMHBI CBAPOYHOIO TOKA ICB mpu tcB = const U MOCTOSHCTBE
OCTaJIbHBIX MapaMETPOB.

I Q33
“ mR, t

r' *okon-cd

Cocmosnue noeéepxHocmu ceapueaembsplx oemaneil.

Cocrosane IMOBCPXHOCTHU HeTaHeﬁ, ONPCACIIAOINX KOHTAKTHOC
COIMPOTHUBJICHUC, CYIICCTBCHHO BJIMACT Ha PACIIPCACICHHUC TCILIA IIPU
CBApKEC U, KaK CJICACTBUC, HA pa3MCP U IIPOYHOCTb TOYCK.

Kak mpaBuimo, TodeuyHas CBapka HEOYMIIECHHOTO MeTalia
HeXeJaTelnbHa, TaK KaK IPH ATOM pa3Mepbl M IMPOYHOCTh TOUYEK
HECTAOWJIbHBI. 3HAYUTEIHLHOE COMPOTUBICHUE KOHTAKTa DSJICKTPO/I-
JeTajdb, IPU HEOUUILECHHBIX JIETaJsAX, BHI3BIBAET MEPETPEB U OBICTPHIN
U3HOC 3JIeKTpoA0B. Oco0YyI0 OMAaCHOCTh MPEJCTABIsET p’KaBUMHA T.K.
Py HarpeBe M3 HEE BBIJICIACTCS BOJOPOJ, KOTOPBHI HWHTEHCHBHO
pacTBOpsieTCS B pACIUIaBICHHOM SIApe MeTallyla W CIOCOOCTBYET
oOpa3oBaHuI0 TMOp W ropsiuux TpemuH. Kpome Toro, OoJibiioe
COJIep>KaHKE Ta30B B PACIUIABICHHOM SIPE CIOCOOCTBYET MOSIBICHHUIO
3HAUUTENIbHBIX BBITUIECKOB. [loaTOMy neranu mepes cBapKod OOBIYHO
MOABEPTAOTCS MEXaHMUECKON OYMCTKE WITH TUIABJICHUIO.

Ycunue na snexmpooax.

Yeunue P — oaMH W3 BBDKOHEWIIMX IMAPAMETPOB TOYEYHOU
CBApKH, OKa3bIBAIOIIWN JBOSIKOC BJIMSHUE HA €€ pEe3yJbTaThl: OHO
peryaupyeT WHTEHCUBHOCTh HArpeBa B 30HE CBApKU M OMNPENCIACT



CTeNeHb ee Iulactuueckod aedopmamuu. C  yBenuueHueM P
YMEHBIIAIOTCSI KOHTAKTHBIE U COOCTBEHHBIE CONTPOTUBIICHUS JI€TAJICH U
CHIIKAETCS TIOTHOCTh TOKa B HUX. [[03TOMY npH NOCTOSIHCTBE

ocTalbHBIX mapamerpoB mpomecca (i, le, d,) yBenmmuenwme P
3aMeUISIET HarpEB M MPUBOAUT K YMEHBIIEHUIO Pa3Mepa U MPOYHOCTH
TOYEK, IPU OJHOBPEMEHHOM ITOHMKEHHUHU MX CTAOMIBHOCTH.

S A
Smax

cp

Smin

v

Onnako, ecnu TOBBINIEHWE ycuiausd P Ha  anekTpoaax
COMPOBOXKIAETCA TakuM yBenauwdeHueM |, wiam 1., 9TO CpemHme
pasMephl M TPOYHOCTH TOYEK OCTAIOTCS 0€3 M3MEHEHUH S ,=const, TO ¢
pocToM P mpoyHOCTH TOUEK CTAHOBUTCS 00Jiee CTaOUIIBHOM.

SA

N Smin

IIpu cBapke wdactb ycunusd P Ha djexkTpomax  Bceraa
3aTpayrMBaeTCs Ha IpeaBapuTebHOE JAe)OPMUPOBAHHE HEIUIOTHO
COOpaHHBIX JeTajiei il oOpa3oBaHMS MEXIy HUMH KOHTakTa. Ilpu
ATOM YCUJIUE P/, JEUCTBYIOIIEE HEMOCPEACTBEHHO B KOHTAKTE, MEHBIIIE



ycunust P. Uem Oosbiie P, TeM HE MOCTOSSHHOE MO BEJIUYMHE YCUIIUE,
HeoOxoaumMoe JuIsl 1e(hOpMUPOBAHMS JIeTall, MEHBIIIE CKa3bIBA€TCs HA
YCUIIAA P, pa3BUBaEMO€ B KOHTAKTE M TEM CTAOWUJIbHEE YCIOBHS
cBapku. [IoaTomy, TOUEUHast CBapKa pa3BUBAETCS IO IIyTH NPUMEHEHNE
BCe OONBIINX yCUIui P B coueTaHny ¢ MOUTHBIMU MalllMHAMM.

Yoenvnoe oaenenue rnexkmpooos nipu ocaake, 10CTaTOYHOE IS
VIUIOTHEHUS] sAJipa MpU  KPUCTAUIM3AIMU, 3aBUCUT OT CBOMCTB
CBApUBAEMOTr0 MaTepuasa, €ro TOJIIUHBI U PeKUMa CBapKu. Yem Bbiilie
€ro COINPOTHUBJIEHUE IUIACTUYECKON Aedopmainuu, TeM OOJbIIe 3TO
napiieHue. Hampumep, npu cBapke HU3KOJIETMPOBAHHBIX CTajeld OHO
BBIIIIC, YEM MPHU CBApKE MAJIOYIVIEPOJUCTON CTaldu; MPU CBAPKE
HEP>KaBEIOIINX CTANICH U KaPOMPOUYHBIX CIJIABOB OHO €lIE OOJIbIIIE.

HeoOxoguMoe  yaenpHOE — JaBjieHHE  OBICTpPO  pacTeT ¢
YBEIIMUCHUEM TOJIIMHBI JeTajeld BCJEACTBUE YIJIMHEHUS IMpoliecca
KPUCTAJUIM3AIMK MeTalljla B SApPE M YBICUCHHUS TOJIIMHBI TBEPHAOU
000JI0YKH MEXKAY SIAPOM U TOBEPXHOCTHIO JeTajIeH.

[Ipu 3TOM B IIEHTpe SApa KpUCTALIM3AIUS 3aBEPIIACTCS TMPHU
OoJiee HUBKOW TeMIeparype MOBEPXHOCTH JETaliel, YTO 3aTpyIHSET
IacTUYeCKyt0 aedopmainuio. OTO JaBICHUE pacT€T Takke C
YMEHBIIICHUEM t, (MIPU CBapKe Ha <OKECTKUX» peknmax). IHTEeHCUBHO
HarpeTbid cToOuK auameTpoM d, nredopMUpyeMBbIil dIEeKTpogaMu, Kak
OBl OKpyXeH Matpuieil auamerpoM [I,, OTHOCHUTEIBHO XOJOIHOTO
Marepuaina, BCIEJACTBHE HYEro sJApO HAXOAUTCs B  O0BEMHO-
HaIpPsYKEHHOM COCTOSIHUH, 3aTPyIHSIONIEM TIACTUYECKYIO
nedopmanmio. Uem MeHbIe t,,, TEM MEHbIIIE 30HA pa3orpeBa (MEHbIIE
J1) u xectue MaTpuiia, TeM TpyaHee nedopmupoBaTh sapo. Ecou mis
VIUIOTHEHUS sifjpa TpeOyeTcs MAaBJieHUE, 3aTpyAHSIONIEe Harpen
CBapUBAEMBIX JeTaneu n3-3a yYMEHBIIICHHUSI KOHTaKTHBIX
COMPOTHBIICHUI M TJIOTHOCTH TOKA, TO €r0 CO3/Ial0T TOJIBKO Ha BpeMs
KPUCTAJUTU3AIMH Si7[pa B BUJIE KOBOYHOT'O JIABJICHMUS.

KoBounoe

i JaBJICHUE Pop
JOJDKHO CJIEIOBATh 3a

P l BBIKJTIOUCHHEM TOKa
qyepes HEOOJIbIIION
Pcs WHTEpPBAI  BpPEMEHU
t,. Ilpu Oosbiiom

~+V



3anasapiBaHuu (t;>0,2 cex) oHO Oecmojie3Ho, a mpu t<( BO3MOXKHO
BBIJIABIMBAHMC PACIUIABICHHOIO MeETalla M3 sapa — IIPOMCXOJIHT
BBITIJIECK, COIMPOBOXKJIAEMBIN TJIyOOKHM BMSTHEM Ha ITOBEPXHOCTH
neTae.

IIpokoBKa MPUBOAUT K HAKIENY B 30HE CBAPHOW TOYKH, YTO
3aMETHO MOBBIIIAET YCTAJIOCTHYIO IIPOYHOCTh COCIUHEHUS.

Bpema cycamusa t., JDOIDKHO OBITH JOCTATOYHO JISA COKATHUS
JIeTalied  3JIEKTpOJAaMU  MallMHbl W HApacTaHUs YCWIHSL  JI0
HeoOxoaumMoro 3HadeHus P,. OHO 3aBUCUT OT PACCTOSIHUSI MEXKIY
ANEKTpoJaMHu  (pacTBopa X000TOB) MaAIMHBI W JJIA MAalldH ¢
ITHEBMATUYECKUM MMPUBOJOM HaxoauTcs B npenenax 0,2-2 CeKyHIBbL.

Bpemsa npoxoeku t,, NOIKHO OBITH TOCTATOYHO JUIA 3aBEPLICHUS
KPUCTAJUTU3AIMU PACIUIABICHHOTO METala B SIpe, OJHAKO MEHBIIE
BPEMEHH, HEOOXOUMOTO ISl TIOJTHOTO OCTHIBAHUS JETANICH, 3aKaThIX
MEXKy D3JICKTPOJAaMU. Y CJIOBUSA OXJIAXKJICHUS CBAPHOW TOYKHA MOTYT
CYIIECTBEHHO BJIMATh Ha €€ MeXaHW4YeCKHue CBOMCTBa. OxiaxkiacHue
BCEr/la HAYMHAETCA MEXKIY DJJIEKTPOJAaMU U 3aKaHYMUBAETCS, Kak
paBWwIO, HAa Bo3Ayxe. M3-3a MHTEHCHBHOTO OTBOJAa TEIJIa CKOPOCTH
OXJIAXKJICHUS B AJIEKTPOJIaX 3HAUYUTEIBHO BBIIIE CKOPOCTH OXJIAKJICHUS
Ha BO3AyXe. JDTO OCOOEHHO 3aMETHO IMpPU CBAapKEe TOHKOTO MeTajlia
(HarpuMep, CTAIM TOJIIUHON 1-2 MMm).

[TosToMy 3aTsrMBaHNE KOBOYHOIO JIABJICHUS MOXET MPUBOJIUTH K
XPYIKOCTH TOYEK M3-3a MX 3aKaJiki. Hampumep, mpu cBapke cTald,
copepxaiei 0,2% C rommuuoii 1,5 MM npu ysenudenuu t,, ¢ 0,1 1o
1,5 cexyHibl pa3pylieHUEe TOUKHU MPU UCTIBITAHUU BMECTO TIACTUYHOIO
CTAaHOBUJIOCHh XPYIIKHUM.

Ha TtemmnepaTypHoe moJjie B 30HE CBapKd M, Kak CJIEICTBUE, Ha
pasMep szIpa W MPOYHOCTh TOYKA MOTYT BJIIHUSATH TaKKe CIETYIOITHE
(haKTOpHI:

a) HEOJWHAKOBOE YJEIbHOE CONPOTHUBIEHUE CBApUBAEMBIX
netanen. Jlerans ¢ OONBIINM p MPOIUIABIISIETCS HA OOJIBIIYIO MTyOUHY.

Anpo cmernaercs B eTalib ¢ OOIBIINAM p .

P1 > P2
h, > h,

v
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0) HeoMHAKOBAas TOJIIMHA JeTalICi.
B sToM ciydae mpu OOMHAKOBOM JHAMETPE 3JIEKTPOJOB SAPO
CMEIIAaeTcsd B ACTalb OOJBIICH TOJIIMHBI, TaK Kak B JTOH
JIETaJIM BBIJENsAETCS OONbIIEe TEIUla M MEHEe MHTEHCHUBEH €ro
OTBOJI K JJIEKTPOIY.

0, >0,
h,>h,

B) HEOJIMHAKOBBIA THAMETP AIEKTPOJIOB.
SAnpo cmemaercs K DJIEKTPOAY C MEHBIIEHW KOHTAaKTHOM
IIOBEPXHOCTBIO, I'JI€ BHILIE IDIOTHOCTH TOKA.

hy

|
y

h,

A

IHIvaTHupoBaHHe TOKA NPH TOYEYHOH CBaApPKe.

HO,Z[ IIYHTUPOBAHHUCM ITOHUMAKOT OTBCTBJICHHUC TOKA, YCPEC3 PAHCC
CBAPCHHBIC TOYKU HIIN CJIytlaI\/JIHBIG KOHTAaKThI.
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R=K_ p. =
l'[pT h5

Zy= J(mR,,)? + X2, ,
rae X, — MHIYKTUBHOE COMPOTUBJICHUE IIIYHTA
M — ko3 durmeHT noBepxHOoCTHOTO d(PdhekTa
X =0, Torna Zij=mR,,
Koadpdumuent mnoBepxHoctHOro 3bdekra M  3aBUCUT  OT
TOJIIIINHEI JETaJIEN.

m 4
4 - ['padpuk 3aBUCUMOCTH M OT § NS
3 - CTAJIEH.
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IIpu cBapke cTanau TOJIMHON MeHee | MM MOXHO cuuTaTh M=1.

[Ipn MIyHTUPOBAaHMHM 4Yepe3 CMEKHYIO TOYKY auaMeTpom dr,
PACIIONIOKEHHYIO ¢ IIaroM S B JETaNSAX TOJIIMHONW § M IMHPUHOU B C
YIEJIbHBIM CONPOTUBIIEHUEM p;

2
Ru=K, p, —
H_[ HpThé‘

Rm=2 R\m&
o
Bespasmepnblii  mapamerp R 3aBHCHT 0T  Oe3pa3MepHBIX

napameTtpoB S/dp, u S/B.

ConpoTruBieHre IMIyHTa YMEHBIIAETCS ¢ YBEIUYEHUEM TOJIIUHBI
JeTajell 5§ U C yMEHBIIEHHUEM IlIara TOYEK S, TOrJa KaK COMPOTUBIICHUE
30HBI CBapKH R, pactér ¢ yBennuennem s. CTeneHb HNIYHTHPOBAHUS
BO3PACTAECT C YBEIMYEHUEM TOJIIMHBI ACTATEH U C YMEHBIICHUEM IIara
TOYEK.

JIns  cranbHBIX JA€Tajed TOMMIMHOW <] MM IIyHTHpPOBAaHHUE
0OBIYHO MOKHO TpeHeOpeysb. [Ipu Tonmune aeranei 3 MM U 0oJiee TOK
mryHTHpoBaHus MoxkeT gocturath (0,3 -0,4)l..



OC00EHHO CUJIIBHO MPOSBIISIETCS IIYHTUPOBAHUE NPHU COCEICTBE
CBAPUBAEMON TOYKH C HECKOJIBKMMH paHee CBapeHHbIMU. [losTomy,
BAKHYIO POJIb MIPAET MOCIEAOBATEIbHOCTh TOCTAHOBKHA TOYEK.
Hanpumep, 1ipu cBapke apMaTypHOW CETKH M3 MPYTKOB JTUAMETPOM O
MM B IIOCJIEJOBATEJILHOCTH IO CIUPAIM MPOYHOCTL IOCieaHei 36"
TOYKH, OKpY:KE€HHON 4" paHee CBapCHHBIMH TOYKAMHM, COCTABJISET
Bcero (0,3-0,4) oT mpoyHOCTH TTEPBOIA.

14|15]16|17/|18
13|26 (27]2819
12125(30(29]20
112423122 |21

1019 |8 |7 |6

O bWN-

IIpu cBapke TOM XK€ apMaTypHOM CETKH IIOCIIEI0BATEIBHOCTD
psAaaMy TPOYHOCTH JTt000M ToukH He HUXKe yeM (0,8-0,9) oT npouHocTH
IIEPBOM.

112 |3 |4 |5 |6
/7 (8 |9 |10|11|12
1314|1516 |17|18
19120|21|22 |23 |24
25|26 |27|28|29|30

[IlynTMpOoBaHWE  HWHTEHCUBHO  MPOSIBIIETCS  MPU  CBApPKE
HECKOJIBKUX Jetanien B makere. [loatomy mnpu mpoeKTupoBaHUH
KOHCTPYKIIUM HEOOXOJMMO CTPEMHUThCA K TOMY, 4YTOOBI KayeCTBO
JeTalieid, CXOAIIUXCS B y3Jie, ObLII0O MUHUMAJIBHO.

Ics




[IlyaTipoBaHue OCOOCHHO BEIMKO MPH CBapKe aIOMHUHHEBBIX
CIJIAaBOB C MaJbIM YJICJIbHBIM CONPOTUBJIECHUEM W  BBICOKUM
KOHTaKTHBIM CONPOTHUBIICHHEM IIeHKU Al,O3. [ToaTOMY MUHUMAIBHBIM
ar TOYeK MpH CBapKe ITHUX CIUIABOB OOJIbIIIE, YEM IPH CBapKe CTaJIH
TOH K€ TOJIILIHHBI.

KoncrpykTuBHoe ohopmMIeHHE V3JI0B IPH TOYEYHOM
CBapKe.

KoHCTpykTUBHBIE  TpeOOBaHUSI K  y3jaM  ONPEACIISIIOTCS
TEXHOJOTUYECKUM POIIECCOM CBapKHU u MPUMEHSIEMbIM
obopynoBanrem. CrenuanbHOoe OOOpPYIOBaHHE U MPHUCITOCOOICHUS
MO3BOJISIIOT ~ CBApWBaTh MU3JEIUS OYeHb CcJoXHOUW (opmbl. [lpu
UCIOJb30BAHUM YHUBEPCAIBHOTO OOOPYJAOBaHUS M  MPOCTEUIIMX
MPUCIIOCOOIEHUM JKEIATENbHO YUUTHIBATH CIICAYIONIEE:

a) cedyeHHe JeTalieil M IPUCIOCOOJCHUM W3 MarHUTHON CTajau
BBOJIUMBIX B  KOHTYpP  MAIlIMHBI, JOKHBI  OBIThH
MUHHMaJbHBIMH, TaK KaK MarHUTHas CTalb,
BBEJCHHAS B KOHTYp, YBEIHYUBACT €T0
COMPOTUBIICHUE M TOHIKAET CBAapPOUYHBIN
ToK. C M3MEHEHHEM a U3MEHSIOTCS YCIOBUS [
CBapKH, 4YTO BEIET K HECTAOMJIIBHOCTH €&
pe3yabTatoB. [loaTOMy KOHCTPYKIUS U3
MarHMUTHOM CTaju ¢ OTOOPTOBKOM IienecooOpa3Hee
KOpoOYaToro ysjia, HaJeBaeMOTO IPU CBApKE Ha X000T
MaIIHBI.
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0) BCe TOYKH IO BO3MOKHOCTH JOJIKHBI JIOIYCKATh IMPUMEHCHUE
HOPMAJIbHBIX ~HMHTCHCHUBHO OXJIAKIAEMBIX JJIEKTpojaoB. IlosTomy
COCIMHEHMS T10 PHC. a I[eJIeco00pa3Hee COSANHEHHMS 10 PHC. 0.

a) 0)

B) JKeJIaTeJIbHO, YTOOBI BCE TOYKH B Y3JI€ MOXKHO OBLIO CBApUThH B
T1000¥ MOCIe0BATEILHOCTH, YTO 00Jierdaer 6opp0y CO CBapOYHBIMU
nedopmanusmMu.

') TOYKH JuaMeTpoM O, He JTOJDKHBI pa3MeInaThes OJIrKe, YeM Ha
1,5 d; ot kpas neranu Bo n30exkaHUs BBIIABIUBAHUS TOPSYETo MeTajlia
Y KPOMKH.

1) TOYKH HE JOJDKHBI pacroiaratbCsi B TPYAHO J1ePOpMUPYEMBIX
MecTax.

Oo01Me 0CO0CHHOCTH TEXHOJIOTMHY TOYCYHONW CBAPKH.

[Ipu Toye4yHOM CBapke HEOOXOAUMO OOECIEYUTh BBICOKYIO H
CTAaOMIIBHYIO MPOYHOCTh COCIMHEHUH MPH MHHUMAJIbHBIX CBAPOYHBIX



neopMaruax W BBICOKOW TMPOU3BOAUTEIBHOCTH CaMOW CBapKud H
CBSI3aHHBIX C HEU ONEpaLUN.

Tounocmu ceapennozo y31a 00eCTICYMBACTCS TOYHON 3arOTOBKOMU
U CcOOpkoil JneTaneil, OTCYTCTBMEM HX B3aUMHOTO CMEIICHUS W
OospiMX Jedopmanuii npu cBapke. HetouHas 3aroTtoBka U Iuioxas
coopka  HCKaxarT (GopM  U3IENMd U 4YacTO  CHIDIKAIOT
MPOU3BOAUTEILHOCTh TpyJa (W3-3a JOMOJHUTEIBHOW TMPABKU TMPU
CBapKe M IOCJIe CBapKe).

Jegpopmayuu mpu TOYEYHOM CBapke OBIBAIOT MECTHBIMH U
obmmu. IlepBbie MPOUCXOMAT PSIAOM CO CBapUBAaEMON TOYKOW H
OOBIYHO CBSI3aHBI C TIEPETPEBOM.
30HBI CBApKU — MEXKIY JETaISIMU
TOSIBIISICTCSI 3a30p S5, a
IIOBEPXHOCTh neranen u3-3a
IIIyOOKHX BMSITUH PUOOPETAET BUJI CTETaHOTO Oiesiia.

O6mue nedopmarnin  OOBIYHO  BBI3BIBAIOTCS

@ anormj HEOJMHAKOBBIM HAarpeBoM jeraiei. Hampumep, mpwm

y CBapKe JINCTa ¢ HEOOJBIITUM yTOJbHUKOM IOCTETHUM

IporpeBaeTcsl CUJIbHEE HM TIPH  OCTBIBAHWU  YTOJI
3aMeTHO Aedopmupyercs.

[Ipu cBapke KpyHmHBIX M HEXKECTKUX Y3JIOB (HAapUMep, OOIIMBKU
BaroHa) BO3MOKHBI 0oJibIlKe Aedopmaiiuu 1 6opbda ¢ HUMU — OJIHA U3
TJIABHBIX 33J1a4 TEXHOJIOTA.

Hedopmaiuy yMEHbIIAIOTCS MPH KECTKUX PEKMMaX CBAPKH, €€
PalMOHAIBHOM MTOCIEN0BATEIIBHOCTH, HAJIEKHOM 3aKPEIJICHUN JIeTanen
Ipu CBapke (HAmpuMep, MPU OJHOBPEMEHHOM HUX 3aKaTUU OOJIbIINM
KOJIMYECTBOM  BJIEKTPOJOB B MHOTOTOYEYHOM  MaIlllMHE) U
HUCKYCCTBEHHOM OXJIOKJICHUU 30HBI CBAapKU (HAIpUMeEp, CXKAThIM
BO3JYXOM C pacnbuUieHHOW BoAou o cnocooy MBTY um. baymana).

Ilocneoosamenvhocms céapku mouex B y3Ji€ yCTaHABIUBAECTCH,
TaK 4TOOBI CBApUTh BCE TOUYKH IMPH MUHHUMAIBHOM HTyHTHPOBAHUH
Toka. HaunmHas cBapky ¢ TpPUXBAaTOK (TOYKaMH), pa3MEMIalOT HUX B
HauOojiee TPYAHO CBapuBaeMbIX MecTax (BOIM3M pebEp, Ha
3aKpyriaeHusXx W T. A.). Ilociae mnpuxBaTKM OCTajJbHBIE TOYKH
KeJaTeIbHO CBApUTh MOMPA. JMMHHBIE COCAMHEHUS CBAPUBAIOTCS OT
CepeIMHBI K KOHIIaM.



Ilpu ceapke Oemaneii HeOOUHAKOBOU MOJWUHBL  PEKUM
omnpeessaeTcs TOIIMHON 00j1ee TOHKOM JeTaad 0OBIYHO ¢ HEOOJbIITUM
YBEIIMUCHUEM TOKa.

Ilpu ceapke mpéx demaneii HeOOUHAKOBOU MOIUUHBL BOSMOKHBI
JIBa TUIIOBBIX CIy4Yas:

1) B CEpeIMHE pa3MENIaeTCs TOJCTas JeTalb — PEXKUM
BBIOWpAETCs IO TOHKOM JIETAJIM C HEKOTOPBIM YBEJIMUYCHUEM TOKA.

2) ToHkad peTanp 3a)xkaTa MEXIY TOJCTBIMA — PEXKUAM
BBIOMpAETCs 10 TOJICTOM JAeTaly CO 3HAYUTEIIbHBIM YMEHBIIICHUEM TOKa
i tces.

CBapka IHCTOBBIX JeTajed ¢ TpyO4yaThIMU
BO3MOYHA B TPEX BapUaHTaAX:

1) Ha nmoakmagHoMm ayekTpoae 1 (mipu 2
JIOCTATOYHOM KECTKOCTHU TPYOBI 2)

2) Ha wMenHouW omnpaBke 1 (mpu
JOCTATOYHO  OOJIBIIIOM  BHYTPEHHEM
OTBEPCTUM M HEOOJBIION IMHE JeTalu

@\ 2 2).

3) Ha MOJAKIATHOM 3JIEKTPOJE C
3al0JJHCHUEM HEXECTKOM jgeTanu 1
JIETKO  INIaBKUM  MeTaJioM 2
(amroMUHMEM, IIMHKOM, CBHHIIOM),
BBIIUIABJIIEMOM TIOCJI€ CBAapKH, a MpH
OoabpIIeH €€ KECTKOCTH NECKOM HIIU
2 napapuHOM.

LA




CBaDKa KOHCTPYKIIMOHHBIX CTAJIEH.

Xonoonokamanvle cmaniu, HE UMEIOT OKaJIMHBI U OOBIYHO HE
TpeOyIOT OUYMCTKH TI€pe]] CBapKoW (€CliM NpU XPAaHCHHUU OHU HE
nop>kasesi). B MaccoBoM NpPOM3BOACTBE OTBETCTBEHHBIX W3ICIIHMA
JIeTalld W3 3THX CTaled meped CBapKoW 00e3KUPUBAIOT allETOHOM,
OEH3MHOM W pacTBOpHUTEIEM THUTIA
Na,PO4(30r)+NaOH(40r)+Na,CO3(25r) u nmpomsiBaroT B ropsueit (70-
80°C) 1 xomoHO BOE.

I opsuekamanasa cmans TIOKPHITA OKAJWHOM, a HWHOTAA M
pxaBurHOM. OOBIYHO TIEpe] CBAPKOM OHA OYMINAETCS TpaBJICHUEM B
pactBope H,SO4(110r)+NaCl(10r) ¢ HeWTpamu3amueli B pacTBOpe
NaOH wm KOH u mpoMbiBKO#l B ropsideil BoJie MJIM MEXaHHUYECKU
(HaXXJAYHBIM KpYyroM, HANWJIbHUKAMU IIKYPKOM, METaUIMYECKUMU
nETKaMu U T. 1.). JIyuiue pe3ynbTaThl 1a€T TpaBJICHUE.

Manoyenepooucmole  cmanu ~ Majao  YyBCTBUTEIBHBl K
TEPMUYECKOMY LMKIY CBapKM M IPU TOJIIMHE 10 5 MM XOpOLIO
CBApUBAIOTCA KaK MpHU OOJIBIION, TaK W MPU MaJOW CKOPOCTH Harpena
(Ha KECTKUX U MATKUX PEKUMAX).

2 .
[ImoTHOCTH TOKAa Ha MATKUX pekumax 80-60 a/MM°, Ha KECTKUX
2
pexxkumax 200-400 a/mm”.

JlnaMeTp 3MeKTpoaa d, = 25 +3mum, YCHIINE CKaTUS (IIOCTOSHHOE
IIPU CBapKe U MPOKOBKE) P__ = (100-200)s5. P.,,=3-6Kr/MM°Ha MATKHX U 5-
12Kr/MM Ha KECTKHX pexKHUMax.



OpHUEHTUPOBOYHBIE PEKUMBI TOUEYHON CBAPKHU
HU3KOYTJIEPOJIUCTON XOJIOJHOKATAHOM CTaU.

5. d, KecTkuit pexum Cpennuii pexum Msrkui pexxum
MM | MM | Pexs | e te, | Poxo lce, te, | Pexo I, tes,
KT Ka CEK KT Ka CEK KT Ka CEK
06 | 4 | 125 7 0,1 100 6 0,1 100 5 0,2
10| 5 | 225 | 10,5 | 0,16 | 150 0,5 0,2 150 7,5 0,4
1,5 | 6,5 | 350 13 0,24 | 250 | 10,5 | 0,3 250 8,5 0,5
2 | 7,5 | 450 15 0,36 | 350 | 125 | 0,44 | 350 | 10,5 0,6

Jletanu TommmHON  Oosce

5 MM OOBIYHO CBapuBalOT C

MOBBIILICHUEM JaBlIeHUs npu npokoske P,=(2-2,5)P. Ilpu sTom
OOBIYHO MCIIOJB3YETCS HE OJMH, a HECKOJIbKO HMITYJIbCOB TOKAa,

I,P

A

PcB

Pop

YepeIyIoNMXCs ¢ ay3aMu

Hanpuwmep,
MaJIOYTJIEPOUCTAS CTaIb
TOJIIUHOW 8MM CBapHBaeTC
Ha MalnuHe MoIIHocThio 150
kBa 12-15 mmmynbcamu TOKa
MPOJIOJKUTEIIBHOCTh 0,25-

T,

&

0,35 cex Kaxablii C Tay3amu
0,08-0,12 cex wuMIyIbCHOE

BKJIIOYEHHUE TOKA YJIYUIIACT OXJIAXKICHUE DJIEKTPOAOB U YMEHBIIAET UX
u3HoC. Jleranu OONBIION TOJIIMHBI IEJIECO00pPA3HO TaKKe CBAPUBATh
TOKOM HHM3KOM 4acTOThI 3-5 r11. J[JI1 ero monydeHus: 4epe3 CBapOYHbIN

TpaHchopmaTop

p4
I

IIPOITYCKAIOTCSA
. TpEx(}a3HOTO TOKa MPOMBINIIEHHONW YacToThl. [lpu Hu3KOMU

HMIITYJIbChI BBITIPAMIICHHOTO

JaCcTOTC IIPOIOPHHOHAIIBHOC eu HHAYKTUBHOC COIIPOTHUBJICHHC

Pcs

Pop

0,1-0,2C’GK.

N

/\
\J

MallITuHBI OYCHb MaJIO

tr




U TMOJTOMY CHHXaeTCs MoTpedisiemMass MOIIHOCTh. BBeneHue B
KOHTYp MAaIIUHbBl CTAJIBHBIX 3JIEMEHTOB MPAKTUYECKU HE BIIUSET HA
BEJIMUMHY TOKa. llnaBHOe HapacTaHWe TOKa B KaXIOM HMITYJIbCE
YMEHBIIIAET MEPETPEB U U3HOC JIEKTPo10B. CTanp TommuHou 12 MM Ha
HU3KOYACTOTHBIX MAIIMHAX MOXET CBapuUBaThCAd Ha CIEAYIOLIEM
pEXUME: Ice=40000a, @ N=200xBa, tce=10-16cek, tnp=3cek,
Pce=5000kr, Pop=7500kr. Ilpm 3TOM NOPOYHOCTH TOYKHU HOCTUTAECT
20000xkr.

CBapka 3aKaJJuBaIOIIMXCH CTaJIEM.

Cranu 3akajayBarolIydecss MpU TOYEYHOW CBapke (yriaepoaucras
ctanb ¢ comepxkanuem Oosee 0,20%C u HU3KOJIETHUPOBAHHBIE CTAIHU C
coaepxxkanuem Oosiee 0,12%C) cBapuBaroTCa 1O TPEM BapUaHTaM
TEXHOJIOTUHM, YMEHBIIAIOIMM XPYNKOCTh M OINACHOCTh MOSIBJICHUS
TPEIIUH:

1)Ha  «Markom»  peXmMe C  TOCIHSAYIOIIeH  OoOIiei
TEpMOOOPaOOTKOM y3JIa.

2)Ha oveHp  «MsITKOM»  pexume 0e3  TOCIeqyromei
TEpMOOOPAOOTKHU.

3)Ha «xéctkom»  pexxuMe UMIyIbcoM Toka IcB ¢
HETMIOCPEICTBEHHO  CIENYIOMIeH 3a HUM  3JIEKTPOAMHAMHUYECKOM
00pabOTKOM TOUKH UMITYJILCOM TOKa IT.0.
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O6mias TepMooOpaboTKa JaéT HAUOOJBIIYI0O OJHOPOIHOCTH
CTPYKTYphl M CBOWMCTB, HO, KakK MPaBWJIO, IMOHWKAET YCTAJIOCTHYIO
MPOYHOCTh W3-3a CHATUS HAKIENAa B 30HE CBapHbIX TOYeK. EE
NPUMEHEHHUE OTPAaHUYMBACTCS HEOOJBIIMMHU KECTKUMH  y3JIaMH.
Henmoctatok  O4eHb  «MSITKUX»  PEXKUMOB  —  IOHM)KEHHAas
MIPOU3BOUTEIBLHOCT, U OOJbIIME cBapouHble Aedopmanuu. Jlyumme
pe3yJbTaThl ~ OOECIeUMBaeT CBapka C  JJIEKTPOJUHAMHUYECKOM
00paboTKOiA.

OpUEHTUPOBOYHBIE PEKUMBI TOUEUHON CBAPKU 3aKAIMBAOIIHNXCS
tajnei Mmapok 30XT'CA, 40XHMA c nocnenyroiieit TepMoo0padboTKom
B 3JIEKTPOAAX MAIIHHBI.

HNmmyiisc cBapku MMITYThe
S, d,, Py, ya P to, TEPMOOOPAOOTKH
MM MM KT CEK

leeka | Tg,cex lo.ka | T;,,CEK
1 5-6 100 6 0,6 0,2 3 0,6
2 7-9 200 9 1,4 0,4 45 1,4
3 9-10 | 400 12 2,0 0,5 6 2,0

TodeuHasi cBApKa ayCTEHUTHLIX CTAJICH.

XpomoHnukeneBble cranu tuna 1X18H9 ceapuBaroT Ha XKECTKUX
pexxuMmax ¢ JUIMTENbHOCTBIO B 1,5-2 pa3za MeHbIIEH, YeM
HU3KOYIJIEPOJUCTBIE CTANH. J[aBlI€HME HA AJIEKTPOIaX IMOBBIIIAETCS J0
16 kr/mMM?, CBapOYHBIN TOK M3-3a HU3KOM TEIUJIO U AJIEKTPOIPOBOJHOCTD
noHumxaetcs Ha 30-40%.

OpHGHTI/IpOBOLIHBIe PE)KHUMBbI TOUCUHOM CBApKH CTAJIKX THUIIA

1X18H9
5, d,, Pex,
tes,CEK l.s,Ka
MM MM KT
0,5 4 90-180 0,04-0,08 3-4
1,0 5 200-400 | 0,10-0,16 4,5-6
2 8 450-700 | 0,20-0,28 6-10




AyYCTEHUTHBIE CTaJld C TOBBIIMICHHBIM COJIEPKAHUEM Xpoma U
Hukens (Hanpumep, X23H18) cBapuBalOT Ha OTHOCUTENIBHO «MSATKUX)
pexumax (1,=0,8-1,5 cex) Bo wuzbexaHue oO0pa3oBaHUS TOPSIUYUX
TPEIIHH, HO TP BBICOKUX YAECIbHBIX JaBICHUAX 18-22 Kr/MM°.

AyCTEHUTHBIE cTaiu XOPOIIIO CBAPUBAIOTCS C
KOHCTPYKUMOHHBIMU. [Ipy 3TOM  A#pO0 TOYKM CMem@aercs B
ayCTEHUTHYIO CTajb, UMEIOIIYIO0 OOJbIIEE Y/IeTbHOE CONPOTUBICHUE U
0o0Jiee HU3KYIO TeMIIepaTypy IUIaBICHHUS.

ToueyHnas CBapKa INBCTHLIX METAJIJIOB H UX
CIIJIABOB.

AJIIOMMHMMN U ero CIJIABbI.

YucTeii amrOMUHUAM TPYAHO MNOAHAETCA TOYCUYHOM CBApKE H3-3a
BBICOKOW JJIEKTPO M TEIUIONMPOBOAHOCTU. (CBapka COIPOBOXKIAETCS
YaCTUYHBIM NPHUBAPUBAHUEM JJIEKTPOJIA K JIETAIM U3-3a IEPErpeBa X
KOHTAaKTa. JTO YBEJIUYUBACT U3HOC AJIEKTPOJOB U MOPTUT MTOBEPXHOCTH
JIeTajcH.

Wuorma  Mexnay  JJ€KTPOJOM M JIETalbl0  BBOJST
TEIJION30IUpPYIOIIMe MNpokiaaaku (1) W3  HepkaBerolled cTaiu
tomuHou 0,1-0,2 mMm.

OTH TPOKJIAJIKU HE NMPUBAPUBAIOTCS HU
K DJIEKTPOJIAaM, HU K JICTAJISIM.

1

k\\\\\\\\\\\\\\"\ 1 Oﬂggijlio co CEEI;EEHH; Haf)(r)rIaBﬂCeJrIHy;:l\i
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T JIeTajiel, TpH  KOTOPOM  ITOBPEXKIACTCS
JWIIEBas  MOBEPXHOCTh  JCTalle  H3-3a
CKBO3HBIX yCaJIOYHBIX MIOPOKOB SIIpa.

B cuiy aTX npudnH TOYeUHas cBapka unctoro Al mpumensercs
penKo.

ToueuyHast cBapka aJlOMHHUEBBIX CILUIABOB IIMPOKO MPUMEHSETCS
B TMPOMBIIIJIEHHOCTH. Ba)XKHOM OCOOEHHOCTBIO CBApPKH AITHX CIUIABOB
SBIIICTCS HEOOXOJMMOCTh  ynajieHus okucHor IwicHku — AlyOg,



oOJsiaiatonieid  BBICOKUM  3JIEKTPOCOMPOTUBJICHUEM U TBEPAOCTHIO.
[TosTomy mepea  cBapkoM  JeTaJii  OOBIYHO  IOJIBEPraroTCs
MEXaHHUYECKOM OUYHUCTKE CTaJlbHON OBbICTpOBpaIaroIiencs mérkon (C
npoBojoukaMu auameTpoMm jgo 0,1 MM) WM MeEJIKONW HaKIauHOU
Oymaroi, wim xumudeckor ounctkoi. Ilociie MexaHMUeCKONW OYMCTKU
OKHCHasl TIJIEHKa BCKOpe 00pa3yeTcsi BHOBb, M €€ COMNPOTHBIICHHE
OBICTPO pacTEéT C TedeHWeM BpeMeHH. HemocpeacTBeHHO TMocIe
OYMCTKU KOHTAKTHOE COIMPOTUBJIEHHUE COCTABIAECT OKOJIO S00 MkOm, a B
teueHne 20-30 dacoB oHO Bo3pactaer (kpuBasg 1) go 1000MkomM wu
BBIIIIE.

A
Rk MxOm
1800+ Mexanuueckast
OYHMCTKA
1200__ P:250KF
O =1vm
600 +
2 TpaBJICHHE

0 20 40 60 80 100 t

B KPYITHOCEPUWHOM IIPOU3BOJCTBE VICTIOJIb3YeTCs
XUMUYECKass OYHMCTKA, COCTOSAIIAsl W3 IPEABAPUTEIBLHON IPOMBIBKH
OCH3UMHOM WJIH aleTOHOM, OO€3KMPUBAHHE B IIEJIOYHBIX BaHHAX,
IPOMBIBKU, TpaBjieHUE B pactBope optodocdopuoit kuciotr HzPO,
(300-350 Ha 1 ; Bommel) ¢ mobGamieHueM xpommmka K,Cr,O(0,1-11).
[Ipu Takoii oOpaOOTKE HAa MOBEPXHOCTHU AETajed oO0pazyeTcsi TOHKas
dbochaTHO-XpOoMOBasi TJIEHKA, COMPOTHUBJICHHE KOTOPOH OYEHBH Majo
U3MEHSETCS B TEUEHUE TPEX CYTOK (KpuBas 2).

CBapKy aJIIOMHUHUEBBIX CIUIABOB IE€JIE€CO00PA3HO MPOBOJUTH
Ha OKECTKUX pEKHMax, 1 YMEHBUIEHHUS 30HBI  MECTHOIO
pa3ynpoyHEHUsT TEPMUUYECKU WM MEXaHUYECKH  YINPOYHEHHBIX
CILJIABOB.

t.,=(0,15-0,4)cek, j=(1000-1500)a/mm*, P=16-22kr/MM* ipH
s =1-3mmMm
JanpHeniee yMeHblleHHE [, HE yIIydllaeT KayecTBa

COGHHHCHHﬁ, HO BGJIéT K YBCIMYCHHIO HGO6XOJIHMOI>1 MOIIIHOCTHU
MalIuHBbI.

1. yMEHBILIEHUS IEeperpeBa KOHTAKThI 3JEKTPOI-ACTallb,
CITIOCOOCTBYIOIIIETO HM3HOCY DJICKTPOJAOB W TOBPESKACHUIO JeTalleH,
YKEJATeJIbHO MOCTENEHHOE HapacTaHUEe TOKa. DTO 00ECIEeUnBACTCS MPU



CBApKC HMITYJIbCOM BBIIIPAMICHHOI'O TOKAaA. Ha oOBMHBIX MaIMHaxX
MNEPCMCHHOI'O TOKA IIPUMCHACTCA €0 MOAYJIMPOBAHUC.

v

I[.HSI YMCHBIICHUA  HA4YaJIbHOT'O COIIPOTHUBJICHUA KOHTAaKTa
QJICKTPOA-ACTAJb 41 oOecreueHnne Xopouiero TCILJIOOTBO/da
IMPUMCHAIOTCS 3JICKTPOAbI CO C(I)CpI/I‘—IeCKOI\/JI KOHTaKTHOM IMOBCPXHOCTBHIO

[Tpu cBapke aetaneit ToamuHou 10 1,5-2 MM ynaeTcs o0ecrneunThb
VIUIOTHEHHUE siApa NMPpU KPUCTALIM3AIUN 0€3 MOBBIIIEHHOTO KOBOYHOIO
JaBJICHUS. YJIeJIbHOE JaBJICHHME COCTaBJIsieT TMpu d3ToM  16-22
Kr/MMZ.HpH OonpIIEH TONIIMHE JETalled NPUMEHAIOT KOBOYHOE
TTaBJIICHUE

Pnp: (3_4)PCB

OpueHTHPOBOYHBIC PEKUMBI TOUYCTHOM CBAPKH JIOPATIOMUHUS Ha
uMIyIscHBIX MammHax (MTTIT-600).

5, R31 PCBI Pnp’ tI/IMl‘[! ICB!
MM MM KT KT CEK KA
2,0 75 700 2400 | 0,22 47
3,0 100 800 2800 0,3 56
4.0 150 1100 [4200 | 0,35 75
1,0 450 450 0,12 24




Menn 1 €€ CIJIABLI.

ToyeyHass cBapka YHMCTOM MEAW BO3MOXKHA TYTIOIUIABKHUMU
MOJIMOJICHOBBIMM ~ WJIM ~ BOJIb()PAMOBBIMU  3JIEKTPOAAMHU, WU C
IIPUMEHEHNE TETION30IUPYIOIINX MPOKIAJ0K U3 HEPKABEIOLIEH CTaJH,
pacnonaraéMbIX MEXy MEAHBIMU 3JIEKTPOAAMHU U JeTansiMu. KauecTBo
TaKOW CBAPKH HEBBICOKOE M3-3a MOBPEKICHUSA TOBEPXHOCTH JIETAIEU, U
OHA HE MPUMEHSETCS B MTPOMBIILICHHOCTH.

YcnoBusi  CBapKd  MEIHBIX  CIUIABOB  OMNPEACNSIOTCS  UX
bU3MUEeCKUMH CBOMCTBAMHM M COCTaBOM. YeM BbIIIE JJIEKTPO- U
TEIUIONPOBOIHOCTH CIUIaB, TEM TPYAHEE €ro TOUEeUHas cBapka. XOopoIlIo
CBapUBAIOTCA, HaIpuMep, MEIbXHOP (80%Cu;20%Ni;
AIIEKTPOIIPOBOIHOCTh OKOJO 8% MPOBOJUMOCTH MEAM), KPEMHHUCTas
oponza (3%Si, snekTporpoBogHOCTE 9%). Heckolbko — XyKe
CBApUBAIOTCA JIATYHU (3JEKTPONPOBOJHOCTh JaTyHu JI62 cocraBisier
ok0i10 25% mpoBOaUMOCTH Menu). JIaTyHb CBapMBaeTcs Ha >KECTKHUX
pexumax (1.,=0,1-0,4cex) mpu OTHOCHTEIBHO BBICOKOM INIOTHOCTH TOKA
(B 1,5-2 paza BbIlIe, 4eM MPU CBApPKE HU3KOYIJIEPOJUCTON CTAIM TOU
K€ TOIIUHBI). JIaTyHb yIOBJIETBOPUTEIBLHO CBAPUBACTCS CO CTAJIBIO.

Pexxumbl TOueuHOM cBapKH JaTyHu JI62.

d, PCBI tcm ICB’
MM KT CEeK KA
0,5 120 0,1 15
1,0 200 0,16 19
15 300 0,20 24
2,0 400 0,24 30




Turan M ero ciiaBbl

TruTaH O4eHb AKTUBHO B3aUMOJICUCTBYET C KMCIOPOJIOM, a30TOM U
BOJIOPOJIOM, OJTHAKO MPH €ro TOYEYHOH CBapke OOBIYHO HE TpeOyeTrcs
CIICIMAJIbHOM 3alllUThl, TaK KaK MeTaul sjpa HE HMEET IIPSIMOTO
KOHTakTa ¢ Bo3ayxoMm. [lo cBomM ¢u3HUECKHMM CBOMCTBAM THTaH
05n30K Kk aycteHuTHOM ctanu 1X18H9, u mosTomy OH cBapuBaeTcs Ha
CXOJHBIX PEKHUMAaX.

PexxuMbl TOueyHOM CBApPKH TUTAHOBBIX CIIJIaBOB.

o, PCBI tCB! Icm
MM KT CEK KA
0,5 100-150 0,08-0,1 4,5-5
1,0 200-250 | 0,14-0,16 5-5,5
1,5 300-350 | 0,18-0,22 |[6,5-7,5
2,0 400-550 | 0,24-0,26 |8,0-9,0

OJHOCTOPOHHSS M JIBYXCTOPOHHSISI ABYXTOYEYHASA
CBapKa.

[Ipy M3roTOBIIEHUU KPYIHBIX Y3JIOB BaroHa, aBTOMOOWJIS, T. [I.
4acTO MPUMEHSETCS OJHO WIIA IBYXCTOPOHHSIS CBapKa.

OJIHOCTOpOHHHH ABYXTOUYCYHAsA CBAapKa OCYHICCTBIICTCA 110
CICAYIOIINM CXEMaM:

1)  6e3 wynmuposanus

STy Toxk mpoTekaeT OT OAHOTO AIEKTPOJIa yepes

| i KOHTalfT MEXIy JCTAIIMH HIDKHIOIO JIeTallb, U
%] BTOpPOH KOHTAKT KO BTOPOMY JJIEKTpoay. YacThb
) TOKa MPOTEKAET uepe3 BEpXHIOK0 aetanb ().

IcB
JlaHHBIN cIOCOO MPUMEHSIETCS MPU CBapKe

JIeTajed Pa3HOM  TOJIIMHBI, KOrJa BHHU3Y
pacrojioxkeHa 0osiee ToJicTas A€Tadb WU JJIsl IPUBAPKHU ABYX JeTanei
K JIMCTY 3HAYNUTEIbHOMN TOJIIINHBI.

[Ipu 6OJIBIIIOM PACCTOSTHUN MEXKy TOUKAMU JJIsI



YMEHBIIICHUS HEMPOU3BOAUTEIBHBIX 3aTpaT Ha HArpeB HUXKHETO
JUCTa U MPEAOTBPAIIEHUS €ro MeperpeBa U KOpoOJIEHUSI TPUMEHSIETCS
MEIHBIA JJIEKTPOJ — IMEPEMBIUKA, KOTOPBIM OITYCKAETCS BMECTE C
ANEKTPOJAMH.

\ 7

2) ceapka ¢ wyHmupo8anuem Ha MeoHol NOOKIaoKe.

[IpuMeHnsieTcst mpu cBapke AeTaneil HeOoNbIIon ToauHbI (101,5-
2 MM).
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JIBYXCTOPOHHSISI IBYXTOYEYHAs CBAPKA.

DJCKTPOABl COSAUHSIOTCS € 1 4
IBYMSI TpaHcopmaropamu, *| It IcB | -
PaCIOI0KEHHBIMU o o0e
CTOPOHBI ~ OT  m3menus.  Tok A~ 7~
MpoTeKaeT oOT »auekrpoga 1 k- | 3

5JEKTPOLY 2 U Jallee OT dIeKTpoja 2 LS
3 K anekrpoxy 4 0e3 OOJIBIIOTO —
IIYHTUPOBAHUS B CBapMBaeMbIX JeTalsx. JIByXTouewyHas cCBapka
o0Jaja€T MO CPaBHEHUIO C OJHOTOUYCYHON PSAIOM MNPEUMYIIECTB:
U3JIe]Iie HE OXBaThIBACTCS KOHTYPOM MAIMHBI, YTO ITO3BOJISICT
CBapuBaTh OOJBIITHE U3ACIHS IPU YMEPEHHOM MOIIIHOCTH; TIOBBIIIACTCS
IPOU3BOIUTEIBLHOCTD IMPOIlECCa.

MHOrosneKTpoaHble MAalllMHbl, KakK IPaBUIIO, I[OCTPOEHBI II0
JIBYXCTOPOHHEHU JIBYXTOYEYHOU CXEME.



JleheKThbI 1 KOHTPOJ b KAYECTBA TOYCYHOH CBAPKH.

HedexkTsl pu TOYEYHOM CBapke ObIBAIOT BHEIIHHE (BBIILJIECKH,
ryOOKHe  BMSITUHBI, TOJAIUIABJICHHBIE  IMOBEPXHOCTH  JIeTajieH,
BBIXOJSIIME Ha MOBEPXHOCTh, TPEUIMHBI) U BHYTPEHHUE (HEIPOBap,
PBIXJIOCTb, TPEILIMHA B SIIPE).

Buemnue nedextsl 0OHapy)uBarOTCA OCMOTpoM. HapykHbIi
BBIIUIECK W TNOAIUIABIICHUE MOBEPXHOCTH YXYALIAET BHEIIHUW BHUJ
COCIMHEHUN W PE3KO CHWKAET CTOMKOCTBH 3JEKTpoAoB. HapykHbin
BBIIUIECK BO3HUKAET IIPU MAJIIOM YCWIMK CXAaTU WIM IIPU
3arpsAA3HEHHOCTU TMOBEPXHOCTU ACTANEW U JJEKTPOJOB, a TAKKE IIPU
HEMPABUJIBHOW YCTAaHOBKE JJIEKTPOJOB. [TyOOKHE BMSTHHBI Ha
MOBEPXHOCTH BO3HUKAIOT TMpuU upe3mMepHoM |, wumu 1t wmamnoi
KOHTAaKTHOM MOBEPXHOCTH 3JICKTPOJOB WM YpE3MEPHOM Prip.

Buaytpennne nedexTbl OOHAPYKUBAIOTCA PEHTICHOBCKUM WM
YIbTPAa3BYKOBBIM KOHTPOJEM. BHYTpPEHHHE PBIXJIOCTH W TPEUIUHBI
OOBIYHO BO3HUKAIOT BCJEJACTBUE HEJOCTATOYHOTO JABJICHUS MpHU
MMPOKOBKE WJIN MPU 3aNa3JbIBAHUN BKIIFOUCHUS KOBOYHOTO JIABJICHHUS.

Hanbonee  omacHeIM  BHYTPEHHUM  Je(PEeKTOM,  PE3KO
MOHWKAIOIIUM TPOYHOCTh TOUYKH, SIBJISIETCS HEMPOBAp (OTCYTCTBUE WIIU
Majple pasMepbl JUTOro siapa). OCHOBHBIMU NPUYMHAMHU HEIPOBapa
SABJISIFOTCS CIIEYIOIIHE:

1) HEJIOCTaTOYHAs BEJIWYMHA TOKAa WM YMEHBUIEHHUE €T0
BCJICJICTBHE MAJCHUS HAIPSIKEHUS] CETH. 3HAYUTEIBHOIO
IIYHTUPOBAaHUS TOKA M3-3a MAJIOrO 1Iara TOYEK, BBEJCHUE
B KOHTYp MAallMHbl MAarHUTHOW CTaJM, WM OcCja0JieHHue
3aTSDKKM M OKMCJICHHsST KOHTAaKTOB BTOPUYHOU IIEIH
MAIlINHBI.

2) Henocrarounoe Bpemsi CBapKH WA €r0 YMEHBIICHUE W3-
3a  HEUETKOW  paboThl  ammaparypbl  yIpaBJiICHHUS
CBAPOYHBIM LIUKJIOM.



3) U3MEHEHHE BIEKTPUUECKOTO CONMPOTUBJICHUSI 30HBI CBAPKHU U3-
32 IJIOXOW OYMCTKHA IOBEPXHOCTH JETAJIEW WM W3MEHEHUs
BEJIMYHMHBI TPUIOKEHHOTO K 3JIEKTPOAAM YCUIIUSL.

boprba ¢ HempoBapoM W ApyruMu JaePekTamu BeIETCS MyTEM
aBTOMaTH3alMd Mpolecca CBapKh, OOECHEeUMBAIOLIE  CTPOroe
COOII0O/ICHUE 3aJJaHHBIX €r0 MapamMeTpoB M MyTEM KOHTPOJIA KayecTBa
CBApPHBIX TOYeK. Ilpy aKTUBHOM  KOHTpOJE NEPBOHAYAIBHO
YCTaHABJIMBACTCS PEKUM CBAPKH TEX WIM MHBIX JETAJICW HA ONBITHBIX
oOpasiax, a B JaJIbHEHIIEM MepUoaudYecKku (OJIMH, IBa pa3a B CMEHY)
CBApUBAIOTCA U MCHBITHIBAIOTCA KOHTPOJbHBIE 00pa3lbl AJis MPOBEPKU
CTaOMJIBHOCTH MPUHSTOTO PEXUMA.

WcnbiTaHus CBapHBIX TOYEK OOBIYHO MPOU3BOJSATCS Ha CPe3 WU
pacTsKEHUE.

Ha cpe3 wucnbITbIBalOTCA 0OO0paslbl IIUPUHON 6 =58 +15mum
CBAPEHHBIE OJTHOU TOUKOW.

o ——

VcnbITaHne TOYKK Ha PACTSDKEHHE TIPU TOJIIIUHE AeTajiei 10 3-4"
MM Mnipou3BoasTcs Ha U-00pa3Hbix 0Opa3ax:

[Ipu Oospmiei TONIIMHE HA PACTSHKEHHUE HCIBITHIBAIOTCS
KpEeCTOOOpa3HbIe 00pa3Ib:

|



[Ipu mopbope pexumMa CBapKH YacTO HPUMEHSIOTCS MPOCThIE
TE€XHOJIOTUYECKHE MPOOBI: UCIIBITAHUE HA CKPYYUBAHHUE:

NN

WIM paspylieHue 3yOmsioM oOpaslia 3aKaToro B THUCKaX s
BBISIBJICHUSI CTEIICHH MPOBapa.

HpI/I CBAPKC OTBCTCTBCHHbLIX I/IB,Z[GJ'II/Iﬁ MCXaHHNYCCKHUEC HCIIbITAHUA
06pa3u0B AOIIOJIHAKOTCA MCTAJUIYPIrUYCCKUM HCCIICAOBAHHUCM CCUCHUA
TOYCK.

MHorma mpu cBapke OTBETCTBEHHBIX H3ICIAN KPOME KOHTPOJIS
peXrMa M KadyecTBa CBapKM Ha MPOOHBIX 00pas3lax MPOU3BOMIIT
KOHTPOJIb ITPOBAPA TOYEK HEMOCPEICTBEHHO HA HU3JEIUU C MOMOIIBIO
PEHTIE€HOINIPOCBEYNBAHMUSL.

Pa3paboran Taxxe Oosee ACMIEBBIN YIbTPa3ByKOBON KOHTPOJIb
HaJIM4YKE U CTENIEHU IPOBapa CBAPHOU TOUKHU:

s NS

Ecte mpoBap Her mpoBapa

VYnpTpa3BykoBble KojeOaHus OT wum3nydarenass 1 (KOTOphIM
SBJISIETCSl MBE30KPUCTAIIT KBaplia WM THUTOJaTa Oapus) BBOISATCA B
BEPXHIOK JI€Talb 3. NMPU HAIMYUU MPOBapa MEXAY JACTaIsIMU 3TH
KOJIeOaHUsI Yepe3 CBApPEHHYIO TOUKY MPOXOMSIT B HUXKHIOKO JIeTallb 4, B
KOTOPOW PACcCEMBAIOTCA, HE Momnajas B NpUEMHBIM 1yn 2. B ciydae
HEMpoBapa yJIbTPA3BYKOBBIC KOJICOAHUSI OTPAXKAIOTCS OT TPAHUIIBI
paszzena Mexay AeTaisiMia 3 U 4 U monaaaroT B npuéMHbIN 1y 2. Ha
DKpaHE HHAUKATOpPA TOSBISIETCA CUTHAJ, CBHUJETEIBCTBYIOIIUNA O
HaJW4YMKU HermpoBapa (MpU HAJIUMYUU IMPOBapa MPH MOAXOJE IIyna K



TOYKE CHUTHAJI MpOMmajaeT, a 3aTeM IOSBISETCS BHOBb, B CJydac
HEMpoBapa CUTHAJ HE MPONAJIACT).

PosmkoBas cBapka.

00J1acTh NPUMEHEHHUS POJTHUKOBON CBAPKH U THIIOBHIE
Y3JIbl.

PonukoBasi cBapka 1aéT HENMPEPBHIBHBIA MPOYHO-TIJIOTHBIN IIIOB.
PonukoBas cBapka MpPUMEHSETCS B aBTOMOOWJIECTPOCHHM (CBapka
OeH300aka, TIyHIUTENsA), B MPOU3BOJCTBE JJIKTPOXOJOJUILHUKOB
(uzrotoBneHue ImKada W HUCMAPUTEIISI), TPU U3TOTOBJICHUU OWJIOHOB
OTHETYIIUTENIEN U IPYTUX EMKOCTEU U T. 1.

3nech HamO0 OTMETUTH OOJBIIUE 3aCIYTd COBETCKHUX YUYEHBIX,
KOTOPBIE CO3/IAIM YHUKAIbHBIE U €AUHCTBEHHBIE B MUPE MAILIMHBI IS
POJIMKOBOM CBAPKHU.

Haubosnbiiee  pacmpocTpaHeHHE TIpU  POJIMKOBOM  CBapke
MOJTYYMJIA COCTMHEHUSI C OTOOPTOBKOM M BHAXJIECTKY:

a

[IpeuMyIiecTBOM  COEUMHEHHUS] C  OTOOPTOBKOM  SIBISIETCS
pa3MeIIeHUE JIeTajleld BHE CBAapOYHOTO KOHTypa MAIlMHBI, a TaKkKe
OTCYTCTBUE IEpeceKaroimuxcs mBoB. HegocTaTkoM — HEOOXOAMMOCTh
MITAMIIOBKU C TJyOOKOM BBITSKKOM, YTO OMPaBILIBAETCA TOJBKO IPHU
MaccoBoM MpousBojicTBe. [llupuHa oTOOPTOBKHU Jisi MPEAOTBpAICHUS
BBIJIABJIMBAHUST PA30TPETOr0 METAlJIa U BBIIJIECKOB JOJDKHA OBITH HE
MeHee: 12 MM nipu s =1mm, 16 MM nipu 6 =1,5mm, 18MM nipu 6 =2MmmM.

AHaJIOTUYHO IIMpPUHA HaxJECTKU (a) Takke JOJKHA OBITh HE
MeHee 12-18 mm.



Nuorna tpeOyercsi, YTOOBI
OCJIE POJIMKOBOM CBapKu
a BHAxJIECTKy Ha  IOBEPXHOCTH
u3nenus He ObU1o ycTyna. B aTux

AR R RSN CIYYAdX  BO3MOXKHA  CBapkKka C
pasaaBJIMBAHUEM KPOMOK.

ST S ST ST

B R e - Coenunenue cobupaercs ¢
y3koi Haxnéctkoi (a=(1,5-2)5) u
CBapUBaETCS IITUPOKUMU
ponukamu. OCHOBHOW HEIOCTATOK JAHHOTO METOJIa — OBICTPBII U3HOC
ANEKTPOJOB U OTHOCHUTEJIBHO
HEBBICOKasI MPOYHOCTh
COCJIMHEHUS. e =

[Tpounblii cTBHIK 0€3 ycTyma

MOZKET ObITh NONYHEH TAKKE NPH 777777777/ ANSSSSSASEN)
2

CBApKC C HaAKJIaJIKaMH.

[Ipy >TOM  CBapuBaeMmeble
netanu 1 coOuparoTcs BCTHIK, a Ha
CTBIK C 00enx CTOPOH
HaKJIaJbIBAIOTCSI TOHKHE CTaJIbHBIC
aentbl 2 (5=0,1-0,3MM), ciyxkamue Kak Obl TEIJIOU30JAIUEH 30HBI
CBapKH OT JMCKOBBIX 3JIEKTpOJOB. Ilpu mpoTekaHWM TOKa JieTaau B
30HE CThIKa HArpeBarOTCS M0 pacIUIaBiIeHHsS, M 00pa3yeTrcss MPOUYHOE
COE€IMHEHHE C BAABJIICHHBIMH 3aII0JIMIIO HAK/IaJKaMU.

CoBpeMEHHBIE POJIMKOBBIE MAIIMHBI HMEIT MOIIHOCTh OT
HeckoJibkux KmioBart a0 1000 kBa. Kak mpaBuiio, OoHU CHaO>KEHbI
aBTOMAaTUYECKOW ammapaTrypoit ynpapieHus. OOIYHO MaITHBI UMEIOT
JBa JUCKOBBIX OJEKTPOJA-pOJWKa JJIsi JIBYXCTOPOHHEW CBapKu
POJOJIBHOTO (@), monepeyHoro (0) u nHorAa hJaHIeBoro (B) IIBa:

s o




HNuorna npuMeHsieTcss cBapka Ha 3JIEKTpOJie-
OIPaBKE, MPU KOTOPOHN ACTAIN 3aKPEIUIAIOTCSA Ha
HWKHEM DJIEKTPOJE OMNpPENENeHHON (QopMbI, a
BEPXHUU POJIMK IPOKATHIBAETCS HA HEIOJABUKHOU s
JETallu. ;

|

HpI/IMeHHeTCH TAKKC OJHOCTOPOHHAA ABYXIIOBHAS CBAPKaA ABYM:I

anekTpoaamMu. [Ipu 3TOM neranu 3aKperuisitoTCs STL

Ha MOJKJIAJITHOM MEJIHOM 3JIEKTPOAE 2, a IO HUM

MPOKAThIBAIOTCA  POJIMKW, COCAUHEHHBIE CO —i:} {:}—
CBAapOYHBIM TpaHC(HOpMATOPOM. !

[ 0000000020

Bo3moxHa TaKkKe JIBYXCTOPOHHSIS
JIBYXIIIOBHAsI CBAPKA YETHIPbMSI JIEKTPOIAMHU.

T Cxema MpOoX0’KJICHUS TOKa Ta ke 4TO U TPH
JIBYXCTOPOHHEHN JIByXTOUYEYHOM CBApKE.
I i P i
_{i} |CB_{:|_
s

CVyIIHOCTH npolecca U1 HarpeB NPHU POJHKOBOM CBapKe.

PonmkoBass cBapka MO CYIIECTBY SBJISETCA Pa3HOBUIHOCTHIO
TOYCYHON CBapKH, MPH KOTOPOH OTICIBHBIC TOYKH JuamMeTpoM dr
JaCTUYHO TEpPEeKphIBAIOT JpYyr JApyra, oOpazys

dr

HENPEPBIBHBIN 1I0B.
Jns mosydeHus IUIOTHOTO IIBA PAacCTOSIHUE

mexay Toukamu a=(0,5-0,6)dr. IIpu a> dt ponukoBas 2
CBapKa IEPEXOJUT B BBICOKOIPOU3BOIUTEIBHYIO POJIMKO-TOUYCUHYIO
CBapKy.



Bcenencteue Manoro paccrossHUAsT MEXIY COCEIHUMU TOYKaMU
HaOJII0JIaeTCsl 3HAYUTEIbHOE ITYHTUPOBAHUE TOKA, CTEIEHb KOTOPOIO,
OJHAKO, YMEHBIIAECTCA BCIEACTBUE BBICOKOM TEMIIEpaTypbl W,
CJIEIOBATEJIbHO, BBICOKOTO YJIEJILHOTO COINPOTHUBJIEHUS METAJlJIa PaHEe
CBapEHHOM TOYKH.

PonukoBass cBapka ObIBa€T HEMPEPHIBHOHM, MPEPBHIBUCTOM,
I1arOBOM:

A A A
Ics IcB Ics Ics
VcB VcB VcB
Ic Ic
VcB VcB
VcB
t " [ E_n) t g tcs\ i
HENIPEPBIBHAS IIPEPBIBUCTAS maroBas

Haubomnbiiee  pacnpocTpaHeHHWE — MOJy4yusiaa  IPEpPhIBUCTAS
ponuKoBas cBapka. [IpuMeHeHHe HENpephIBHOW POJIMKOBOM CBapKHU
OTPAHWYEHO  CHJIBHBIM  TEPETPEBOM  IMOBEPXHOCTH  JIETAJIEH,
COITPUKACAIOLIEHCS C ANEKTPOJAMHU, YTO YXYAIIAET KAY€CTBO CBAPKU U
MOBBIIIAET WM3HOC 3JIEKTPoA0B. OIHAKO, JJIA ONPEACIEHHON CKOPOCTH
CBapKH M MOIIHOCTH MallMHbI BO3MOKHA CBapKa JeTajneid HeOOIbIIOoM
TonmuHbl (MeHee 0,5 MM) HENPEPHIBHO BKIIOYEHHBIM IMEPEMEHHBIM
ToKOM. (IIpu 3TOM OHONM MOJIYBOJIHBI IEPEMEHHOIO TOKAa 4acTOTO S50
I JOCTATOYHO JJii (POpMUPOBAHMS PACILIABICHHOTO fJipa TOYKH, a
BpeMs IIEPEX0JIa TOKA 4Yepe3 HyJIb JOCTATOYHO JJISI KPUCTAIUIM3ALUH

A7pa).

T T T T T T > [ITaroBast cBapka NpUMEHSETCS IIpU
CBapKe AT'OMUHUEBBIX CILJIABOB.

m Brnaromaps TOMy, 4TO NIpPH INPOTEKAHHUU
TOKA JIETAJIM HEMOABUKHBI, YMEHBIIACTCS

COMMPOTHUBIICHUC KOHTAKTa JJICKTPOA-ACTAIb U oOecrieunBaeTcs Ooiiee




riyOOKuid mpoBap 0e3 meperpeBa Hapy K HOUM MOBEPXHOCTH JETAJNICH, a
TaKK€ YMEHbUIAETCS U3HOC 3JIEKTPOJIOB.

CBapouHbIil TOK, BpEMsI CBAapKM M YCWIME Ha DJJIEKTPOJAx
OKa3bIBAIOT HA Pa3MeEpbl U MPOYHOCTh KAXJIOW TOYKH MPUMEPHO TAKOE
K€ BIIMSHUE, KaK WM NOPU TOYEYHOU CBapke. B TO ke BpeMs mnpu
POJIMKOBOM CBapKe HWMEETCA PsJA OCOOCHHOCTEH, CBSI3aHHBIX C

MEPEMEIICHUEM  KOHTAKTa  BJIEKTPOA-ACTallb, MTOJIBUAKHOCTBIO
VMCTOYHUKA HArpeBa M 3HAYUTEIbHBIM
IIYHTUPOBAHUEM CBAPOYHOT'O TOKA. Re |

ConpoTuBIICHWE  TIOJIBUKHOTO
KOHTAKTa 3HA4YWUTEJIbHO BBIIIC, 4YEM
HEMNOJABUXKHOI'O )51 pacTeT C
YBEJIMUYEHUEM CKOPOCTHU CBAPKHU.

v

VcB

BCJ’IGI[CTBI/IG MNOABMXXHOCTH HMCTOYHHKA HArpeBa TCEMIICPATYPHOC
IMOJIC HCCUMMCTPHUYIHO OTHOCUTCIIBHO OCH 3JICKTPO/A.
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Pacnipenenenue Ttemmeparypbl TIpU  HAarpeBe€ U CKOPOCTh
TIOCTICIYIOMIETO OXJIAXKICHUS ONPeIeNsieTCs TIOTOHHOM dHeprueit q/VcB
(g — momrHOCTB B JI)K/cek, V — CKOPOCTh CBapKH, CM/CEK) U YCIOBUSIMU
OXJIAXKICHHSI.

ITpu ponmkoBOM CBapKe MOUIHOCTH ( B ONPEACIEHHBIX MPEAeIax

pacTET MOYTH JIMHEHWHO ¢ yBeauyeHuem VeB (T. K. ¢ pocToM VCB pacTeT
2

Rk, a q=IcB°R, T.e. mpu Ice=const q~R), mosTomy moroHHas Heprus

MaJio 3aBUCUT OT VCB M OHa HE JOJDKHA OKa3biBaTh BIIMSHUE HA



npouecc HarpeBa. OpHako VCB OY€Hb CHJIBHO BO3JECHCTBYET Ha
TEIUIOBBIE MPOILIECCHl HEMOCPEJACTBEHHO B 30HE CBApKU. DTO BIIUSTHUE
pPA3JIMYHO MPU CBAPKE MATEPUAIIOB C BBICOKOM M HU3KOM TEIUIO- U
AIEKTPONPOBOTHOCTHIO.

Hanpumep, npu cBapke aypamtomunus (§=I1+1mm, tce=0,1cek,
IcB=19ka, P=250kr) BHauasne ¢ yBenuueHuem ckopoctu ot 0 mo 1,65
M/MUH pa3Mephl sipa HECKOJIbKO YMEHBIIAIOTCS, YTO OOBSICHSIETCS
BJ/IaBJIMBAHUEM BPAIAOIIMXCS 3JIEKTPOJIOB B PA3MATYEHHbBIM MaTepUal
U yJIy4IIeHUEM TeriooTBoja. [Ipu Oombinelt CKOpOCTH SIEKTPOIBI BCE
BpeMsl TPUXOASIT B KOHTAKT C XOJIOJHBIM METaJlIOM, BJAaBJIWBAHUS
MOYTH HET W TEIUIOOTBOJI B JIEKTPOJbl HE3HAUUTEIICH, MO3TOMY SIIPO
MPOILIABIISIETCS. HA OOJIBIIIYIO TIyOUHY, a KpUCTAILIU3AIUsl BCIIC/ICTBUE
OOJIBIION CKOPOCTH MEPEMEILICHUS JeTajel MPOUCXOIUT O€3 aBJICHHUs,
YTO OPUBOJUT K A€EKTaM B SIIPE U CKBOZHOMY MPOILIABJIEHUIO.

A
a Y

\ |
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Y

2 4 6 8 V.wvum

OOBIYHO CKOpPOCTHh cBapku Al cITaBOB BBIOMPAIOT B Tpenenax
0,5-3 mm/mMun. Ilpu cBapke ctamu (cramb 1XI8HOT os=1+1mwm,
tce=0, 1cek, lcB=9ka Ha P=250kr) BHayane c poctoM VCB pa3mep sapa
HECKOJIbKO pacTé€r, a 3aTéM TMOCTENEHHO YMEHBIIAeTCS U3-3a
HEIO0CTATOYHOM IOTOHHOW YHEPTUMU.
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Takast 3aBUCUMOCTh CBsI3aHA C TEM, YTO MPU CBApPKE ayCTEHUTHOMN
CTaJv, METaJJI BIEPEIU POJIUKOB 00J1a/Ia€T BHICOKUM COMPOTUBICHUEM
miacTUYeckord JnedopManuu Jaxke MpU BBICOKOW TeMmmeparype u
BJIaBJIMBAHUE AJIEKTPOJIOB B METAJI HE3HAYNTENIbHO. CIIeI0BaTENBHO, B
3TOM CIIy4yae yCIOBHUSI TEILIOOTBOJA MAJIO 3aBUCAT OT CKOPOCTH CBAPKH.
[Toronnas sHeprus (/VCB CHadaja HECKOJIBKO BO3pacTaeT T.K. IpH
MaJIbIX CKOPOCTSX KOHTAaKTHOE COMPOTHUBJICHUE ( @ 3HAYUT U () pacTeT
obicTpee, yueM VCB, a Mpu JalbHEWIIEM yBenudeHuu VCB pocT Rk
3aMeJJISIeTCSl U MOTOHHASl SHEPTUsl YMEHBIIAETCSA, YTO M MPUBOJIUT K
YMEHBIIICHUIO TTPOTIIaBICHHUS.

IIpu  cBapke  MeTalUIOB  C  BBICOKOM  JJIEKTPO- U
TEIJIONPOBOIHOCTHIO OOJBINOE BIMSHUE OKa3bIBACT UIYHTUPOBAHUE
Toka. [ToaToMy, 1pyu CBapKe aJIFOMUHUEBBIX CIUIABOB C YMEHBIICHUEM
TOKa 4€pe3 paHee CBApPEHHbIC TOUKH, pa3Mepbl PACIUIABICHHOIO sapa
IIPU 3TOM YMEHBIIAIOTCA.

Ilpu cBapke cranel  BCIEACTBUE  BBICOKOTO  YIEIBHOIO
CONPOTHUBIICHUS METaja B Pa30rpeToOM COCTOSIHUM IITYHTUPOBAHUE
He3HauuTeabHO. OJHAKO, BAXXHYIO pPOJIb MIPAET IOJIOTPEB MeETallIa
BIIEPEAU 30HBI CBAPKU. [I03TOMY C YMEHBIIIEHUEM I1ara TOYEK Pa3MEPhI
PACILIABJIEHHOTO SIIpa YBEJIMUYNBAIOTCH.



Oo01mme 0COOEHHOCTH TEXHOJIOTMH POJUKOBOM CBAPKM.

Jletanu mepen cBapKOW MOABEPraroTCs JIBYXCTOPOHHEHW oOIIei
WM MeCTHOHM (Ha mmpuHe 0kojio 20 MM) ouncTKe. CrocOOBI OUMCTKH
T€ 7K€ YTO U IIPU TOUEYHOU CBApPKE.

Jletanu coOuparoTcsi B CHEIUAIbHBIX MPUCTIOCOONICHUSX WIM Ha
cTpyOuunHax. Jlis ymeHblieHUss KOpOOJeHUs JeTaleld mepesi CBapKoi
UX TMPUXBATHIBAIOT IO OCHA MmBa ToykamMu c¢ maroM 50-100 mm, a
MPUXBATKU 3aYUIIAIOT METATMYECKOW METKOU. [myOokne BMSATHHBI
13-3a BO3MOKHBIX IIPH CBApKE IMPOKOTOB HE JTonmyckaroTcs. Hebombimme
JeTadl WA JCTal, CBapUBaeMble B MPHUCIOCOOJICHUAX, OOBIYHO HE
IPUXBATHIBAIOTCSI.

KOpOTKI/Ie BBl OOBIYHO CBApHUBAIOT OT OAHOT'O KOHIA K APYIOMY.
I[JII/IHHBIG - OT CCPCANHBI K KOHILIAM.

[Ipy ponMKOBOM CBapKe 4YacTO BO3HUKAKOT 3HAYUTEIIBHBIC
cBapounbie  nedopmarnuu. OcobOeHHo  OoJbmne  aedopmaruu
HaOJII0MAIOTCS TMPU CBApKE CIUIAaBOB C BBICOKUM KO3(P(DUIIMEHTOM
TEIUIOBOTO pacliupeHus: (Hampumep, aycTeHuTHou ctanmu 1X18HIT).
[IpaBka m3aenuss mo crnocod0y MBTY wum. baymana oOkaTkoil IiBa
pOJIMKAMU BXOJIOJIHYIO TIOYTH TIOJHOCTBIO YCTPAHSET CBapOYHBIC
nedopmaruu.

OcCHOBHBIMH [mapamMerpamMmn pexnumMa IIpu pOHHKOBOﬁ CBApKeE
SABIAKOTCA:

1) mar Touek a;
2) ycunre Ha 31eKkTpoaax P;
3) nuaMeTp AIEKTPOIOB d;

4)mmpuHa pabodvel YacTH JJICKTPOJOB B JUIS 3JIEKTPOJIOB C
MAIUHIPUYECKON pabodel wacThio WM paauyc R ms
AIEKTPOJIOB CO chpepuieckoit padboyei 4acThbio;
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5) IPOJOKUTENBHOCTD UMITYJIbCa CBAPOYHOTO TOKA ICB;

6) IPOAOIKUTEIIBHOCT, ~ MAay3bl MEXIYy JBYMS  COCETHUMH
HMMITyJIbCAaMU TOKA tI1;

7) cKopoCTh cBapku VCB;
8) cBapouHbIii TOK ICB;

[IIar Touek I TIOAYYCHUS TEePMETUUYHO-TIPOYHBIX IIIBOB
BBIOMpAOT B mpeAenax 2-2,55 s cTajged W OKOJIo 36 I
AJTFOMUHUEBBIX CIUIABOB.

Kak u mnpu TOYEeYHOW CBapke C TMOBBIICHUEM YCUJIUS Ha
ANEKTPOJIaX PACTET HEOOXOJMMBIM TOK W MOIIHOCTh, ITOBBIIIACT
CTaOMJIBHOCTH KaueCTBA IIIBOB.

B coBpeMeHHOW MNpakTUKE MPEANOUYUTAIOT OOJIBIINE YCWIHS B
COYETAaHUU C MOIIHBIMHU MaIllIMHAMM.

Ecim dopma wusnmenus nomyckaer, TO JUAMETP JJIEKTPOJIOB
noikeH ObITh He MeHee 200-250 mMm ([r>200-250mm). ITpu J3<150mm
YBEIMYUBACTCS U3HOC DJIEKTPOJIOB.

[Ipu npepbIBUCTON CBapKe MNPOJOHKUTEIBHOCTh OJHOTO IHKJIA
t=t.,+t; B cekynHaax ompenensiercsi maroM To4ek a (MM) U CKOPOCTBIO
cBapku (M/MUH):

t=0,06a/VcB

otHomieHue t./t BeIOMpaeTCs B 3aBHCUMOCTH OT CBOMCTB
cBapuBaemMoro Marepuaina u oObryHO paBHO 0,3-0,7. C yBenuueHuem
TEIJIO- W DJEKTPONPOBOJHOCTA  Marepuasa dTO  OTHOIICHUE
YMEHBIIIAETCS, TaK KaK PACTET TOK, HEOOXOAMMBIN i1 O0O€CTeYEHUsI
IpOBapa, a BKJIIOYECHUE 3HAYUTEILHOIO TOKAa MC MajbIMU I1ay3aMHU
BBI3BIBAET HEJOIYCTUMBIA IIEPETPEB IMOBEPXHOCTHU CBAPUBAECMBIX
JIETAJIEH U BJICKTPOOB.

[TpoaomKUTENBLHOCTD IIMKJIA CBAPKH t,a Takxke {.; 1 t; Ha MammHax
MEPEeMEHHOIO0  TOKAa BCErJa BbIOMpaeTcss KpaTHBIM  NEPUOAY
nepemeHHoro toka (0,02 cek). OcCyIIecTBIEHHE CBApOYHOrO IMKJIA
oOecrieuynBaeTCs anmnapaTypou yrpaBiaeHUs POJTUKOBBIX MAIIIHH.

HeoOxoauMblii  CBapOYHBI TOK 3aBUCUT OT TOJIIUHBI U
MaTepuanga CBapHMBa€MbIX JCTAIEH M OT CKOpOCTH cCBapku. Kak



MPaBUJIO, TOK OpU poJaukKoBoW cBapke Ha 20-50% Bbile, 4yem mnpu
TOYEYHOU CBAPKE aHAJIOTUYHBIX JIeTajeH.

CKOpoCTh  CBapku JIUMUTHUPYETCSA  MOIIHOCTBIO  MAallWHBI,
CBOMCTBaMH METAJIA U YCIOBUSIMH €T0 KPUCTAJTU3AINH.

CKOpOoCTh TPEPHIBUCTON POJMKOBOM CBapku OObIYHO paBHaA 0,5-
3M/MuH. B COBpeMEHHBIX MOIIHBIX MalllMHAX OHA HEPEIKO JIOCTUTAET
Sm/MuH, a nHorna u 10M/MuH.

Kak u npu TOYEYHOU CBapKe, peKMM CHaydajla OPUECHTUPOBOYHO
ONPENIETSAIOT MO CIPABOYHBIM TaOJIUIAM WM HOMOTpaMMmaM, a 3aTeM
YTOYHSIIOT UCIIBITAHUEM IIIBOB Ha 0Opasllax M3 TOTO e MaTepuayia 4yTo
Y TOJIJIEKUT CBApKE JCTaICH.

VYcioBusa HarpeBa MpPHU POJIMKOBOM CBAapKE 3aBUCAT TaKXKE OT
dbopMBI M TOJIIIMHBI CBapUBaeMbIX jAeTajeidl. Hampumep, npu cBapke
KOJIBIICBOTO IIBA MEXAY JETAISMHU PA3JIMYHOM TOJIIIMHBI JIyYIINE
pe3yabTaThl MOJYYAIOTCAd TpPU pasMelieHurd OoJjiee TOHKOW JieTanu
CHApY>KH, TaK KaK IMPHU 3TOM BBIIIE TIJIOTHOCTh TOKA B KOHTAKTE:

Ics

KenarenbHO dYTOOBI COOTHOIIEHHWE TOJNIIMHBI CBAaPHUBAEMBIX
JeTajge He mpeBbImano 2:1.

s yaydileHuss yYCJIOBHM  HArpeBa BO3MOXHO  MECTHOE
VIUIOTHEHUE OAHON M3 Aetaned. MHorma co cTOpoHbl 00Jiee TOHKOM
NETAIM  UCIOJB3YIOT JJEKTPOJ U3 MEHEE DIIEKTPOIPOBOLHOIO
Marepuana, YTo COCOOCTBYET MEPEMENICHUIO sIApa B TOHKYIO A€Tallb U
O0ojee paBHOMEPHOMY IMPOIUIABICHUIO JAETale  HEOJUHAKOBOM
TOJILIVHBI.



TexHOJ0rNA POJUKOBOH CBAPKH CTAJICH.

Crtanmu OOBIYHO CBApUBAIOTCS HAa MallMHAX MEPEMEHHOTO TOKa
MIPEPBIBUCTHIM CIIOCOOOM.

Manoyenepooucmele cmaau XOpOUIO CBAPUBAKOTCS POJIMKOBOMN
CBAapKOM, KaK Ha «MATKUX» TaK M Ha (OKECTKUX» PEKUMAX.
XO0J0/IHOKaTaHble CTAJIM TEpe]l CBAPKOU >KEIaTeIbHO O00€3KUPHUBATH.
["opsiuekaTaHble — MOJBEPTalOTCSI MECTHOM HJIM OOIEed MeXaHWYEeCKOU
OYUCTKE WJIA TPABJIEHUIO.

[Ipu BBIOOpE KOHKPETHBIX MapaMETPOB PEKHMMA YUUTHIBACTCS
dbopMa wu3AeIUs, KadyeCcTBO COOPKM M OYMCTKH JeTajiei, MOIIHOCTb
HMMEIOIIETOCS 000PY/I0BaHUS.

Marnoyrnepoauctele  CTAIM C  3alIUTHBIMA  MOKPBITUSIMHU
CBAPUBAIOTCA Ha <(OKECTKUX» pekumax (isi YMEHBIICHUS 30HBI
MOBPEXKJCHUST TMOKphITUs). Ilpu CcBapke OLUMHKOBAHHOW CTaJH
pekomenayercs npumenars tce/t=0,80-0,85 ¢ Tem, YTOOBI ITMHK
BIIEPEIU 30HBI CBAPKU MOJIJICPKUBAJICSA B PACIIABICHHOM COCTOSIHUM U
BBITECHSJICA M3 3a30pa MEXIy CBapUBAEMbIMU JIETAISIMUA. JTO
YMEHBIIIAET BBHITUIECKH U YJIy4IIaeT KauyecTBO coeauHeHus. CBUHIIOBEIE,
IIMHKOBBIC U OJIOBSIHUCTBHIC MOKPBITUS JCTalCH TPYJIHO OUYHUILIAKOTCS OT
poMKOB. Il yCTpaHEHUs 3TOTO M IMOBBIIIEHUS CKOPOCTHA CBAPKHU (10
6-14 ™m/mMun mns xectu TommuHOM 0,5-0,6 MM) UCHOJB3yeTCS
OTOXOKEHHAs MEJIHAsl WIM JIATyHHAasl MPOBOJIOKa auameTpom 1,5-3 mm,
KOTOpass HENpPEPBIBHO MEPEMEIIAETCS B  Ia3ax
poJuKa.

3aTpylHEHME  BO3HUMKAeT  NPU  CBApKe
IIPOJOJIBHBIX IIBOB HAa U3ACIMUAX W3 MarHUTHOMN

CTalld, BBOAUMBIX B KOHTYpP MaIIWHBI, HampuMmep,
IpU CBapKe TMPOJOJBLHOTO IIIBa OO€Yaiku U3
MarHuTHOM CTaJIH.

—
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B mpounecce cBapkd HU3MEHSAETCS CEYEHHE MArHUTHOW CTaJIH,
BBEICHHON B KOHTYp. IIpu 3TOM wU3MEHSAETCA HHIAYKTUBHOE
COIIPOTUBJIEHHE BTOPUYHOTO KOHTYpa MAIIWHBI, a4 TAKXE AaKTUBHBIC
IIOTEPU HA HArpeB JETajld BHE 30HbI CBAPKHU BO3HUKAIOIIMMHU B HEWU

BUXPEBBIMU  TOKaMM UM,  Kak
4 CJIEJICTBUE, U3MEHSETCS CBAPOYHBIN
TOK.

Eciun BHavyasie cBapku TOK
I0CTaTOYECH IS XOpouIero
MpoBapa, TO K KOHIY WIM JAXEe K
cepeauHe  1Ba  TOK  MOXKET
YMEHBUIUTHCS 10 BEJIUYHUHBI
HEJI0CTATOYHOM I POBapa.

v

I mpenoTBpaleHuss 3TOro
IIOJIB3YIOTCS CIIEAYIOIMMU PUEMAMMU:

1) CBApKa 1Ba B IBa anéMa OT CCPCANHBI K KOHIIAM,

2) pa30OMBKa IIBa HAa HECKOJBKO YYacCTKOB CBapUBacMbIX Ha
Pa3IMYHBIX PEeKUMAX;

3) aBTOMaTHYECKOE PETyJIMPOBAHUE CBAPOYHOTO TOKA B TpOIIECCEe
CBApKH 11IBA;

3axkanuearwuwueca  cmanu  (Hanpumep  30XT'CA) s
YMEHBIIIECHUSI CKOPOCTH OXJIAKJACHUS CBAPUBAIOTCSI Ha OTHOCHUTEJIHHO
MATKUX pexumax (IcB yBenuuuBaeTcs MPUMEPHO B 2 pasza IO
CPAaBHEHHUIO CO CBAapKOM MAaJIOYIVIEPOAUCTON CTalld, MAaKCUMAaJIbHas
CKOpOCTb cBapku He npesbimaet 0,7-1 m/Mun). Jlaxke cBapka Ha MSTKUX
pexxumax Ma€T XPYINKUE COCIUHEHUS (MpU KECTKOM PEKUME B IIBE
MOSIBJISIFOTCSL  TPEWIMHBI). XPYNKOCTh YCTPAHSIETCA IMOCIEAYIOMIEH
TepMOOOPaOOTKOM.

Aycmenumnple cmaau  XOpOIIO CBAapUBAKOTCA  POJIMKOBOU
cBapkoil. HemMarHuTHOCT, ATHX  CcTajedl  oOJier4yaeT  CBapKy
KPYIHOTa0apUTHBIX W3JEIUNA, BBOJUMBIX IPU CBApPKE B KOHTYDP
MalllUHBI. N3-3a BBICOKOM YKapOIIPOYHOCTH 151 HU3KOU
ANEKTPONPOBOJHOCTH AyCTEHUTHBIX CTaJ€d YCHIME Ha 3IJIEKTpoAax
yBenmuuBaercss Ha 30-1000%, a Tok ymenwmiaerca Ha 30-40% mo
cpaBHeHHUIO ¢ P wu IcB mipu cBapke TakuxX K€ JeTajedl u3
MaJoyTriaepoOJUCTON CTalnu. AYCTEHUTHBIE CTaM C HEOOJIBIIUM
cojaepxxkanueMm ¢epputa (Hanpumep, 1X18HIT) xopoiio cBapuBaroTcs



KaK Ha <OKECTKUX» (0oJiee MNPENNnOYTUTENbHBIX) TaK M HA MSTKUX
pexxumax. YUucto aycreHuTHble cranu (Hanpumep, X23H18) wuz-3a
CKJIOHHOCTH K TOpSIYMM TPEIIMHAM CBAapUBAIOTCA Ha 0OJee «MSTKUX»
pexKuMax.

OpHUEHTUPOBOYHBIE PEKUMBI POJIMKOBOM CBAPKU CTaJICH.

0, IcB, | tcs, tmo, P, Ves, B,
Marepuan M/M
MM Ka CEK CCK kH MM
WH
1,0 15 | 0,06 | 0,06 4 1,75 6
MaJIoyTJICPOUCTAS
CTallb
16
2,0 - 0,12 | 0,1 6,5 1,4 10
19
10 | 0,14 | 0,18 0,6
1,0 - - - 5-6 - 6
30XICA 12 | 0,16 | 0,24 0,7
17 0,2 0,3 10 0,5
2,0 - - - - - 10
19 10,22 | 0,36 | 11,5 | 0,6
0,06 | 0,12 5 0,5
1X18H9T 1’0 9_11 _ _ _ _ 6
XH75I 0,08 | 0,16 | 65 | 1,0
XH78T
u JIp. 12 | 0,12 | 0,24 10 0,3
2,0 - - - - - 10
16 | 0,16 | 0,32 13 0,6




PosikoBasi CBapKa IIBETHBLIX METAJIJIOB M MX CILIABOB.

Anromunueevie cnnaepl TpU TONIIMHE AeTaged g0 1,5-2 MM

MOJXHO CBapuMBaTh Ha MalllMHAX IICPEMEHHOIO0 TOKa MPEPBIBUCTOM
ceapkoii  (tcB/t=0,3-0,4). B cBI3M C BBICOKOH DJJIEKTPO H
TEIIONPOBOJHOCTHIO  AJIOMHHHCBBIX  CIUIABOB  JUJII WX  CBapKH

TpeOyroTcss Oonbiive TOKA (B 2-3 pasza Oomblie, 4eM Il CBapKu
MaJOyTJIEPOJIUCTON CTaM) U, CIEIOBATEIbHO, MAIIMHBI 3HAYUTEIHHON
morHocTH (N=200-400 kBa). JIy11 KOHIIEHTpAIIMKU TOKA U YMEHbBIIICHUS

neperpeBa MPUMEHSIOT  JJEKTPOoJbl  co  chepudeckoil  paboueii
noBepxHocThto Tipu  R=40-150 wmm. HeoOxoammoe ycuiaue Ha
MEKTPOJAaX PacTET C  YBEJIMYCHHEM TMPOYHOCTH CIUIaBa U

npubanxKaeTcs K ycwiuio P s manoyriepoaucteix ctanei. CKopocTh
CBApKU OOBIYHO MEHBIIE, YEM NPHU CBApPKE CTald HM3-3a MOTPEOJICHUs
OOJIBIIIONW MOIIIHOCTH.

PexxuMbl pOJTMKOBOM CBAPKU AIFOMUHHUEBOTO crutiaBa AMrAM Ha
MAIlIMHAX MEPEMEHHOTO TOKA.

0, IcB, tcs, to, P, VB,
MM Ka CEK CEK kH M/MHH
0,5 21 0,04 0,1 250 0,7
1,0 30 0,06 0,10 350 0,7
15 38 0,06 0,14 450 0,6
2 41 0,08 0,24 500 0,5

KadecTBO coeauHEeHHMM yiIydmiaeTcss H yBEIWYHUBACTCS
BO3MOJKHAS TOJIIITMHA CBapHBaeMoOro martepuana (10 3-5 MMm) mnpu
IIIarOBOM CBAapKe Ha CIENUAbHBIX MAIlIMHAX, UCIIOIB3YIOMNUX JIJIs
CBapKH Ka)XJI0M TOYKH HMIYJIBC BBIIPSIMICHHOTO TPEX(ha3HOTO
TOKa. BKiIIOUeHHe TOka B MOMEHTBI OCTAHOBKH POJIMKOB, a TaK¥Ke
IJJaBHOE HapacTaHWE TOKa B HMITyJbce oOecreduBaeT OoJiee

ryOoOKuil mpoBap ©0e3 meperpeBa HapyKHOHW MOBEPXHOCTH

JETAIEN U POJIMKOB, & TAKXKE YJIYUIIAET YCIOBUS OXJAXKICHUSA U
KPHUCTAJUIM3ALMU PACIUIABICHHOTO SA/Ipa.



PeXuMBbI IaroBOM POJIMKOBOM CBAapKHU aJIFOMUHUEBOTO
ciuiaBa AMr, AM1 Ha Hu3kodactoTHor Mammue MITIIT-600.

S p tep loB BEJIMYMHA | CKOPOCTh
MI\;I KI‘,I ceK, Ka’ 1iara, CBapKH,
MM TOYEK/MUH
1,0 5 0,08 43 2,5 150
2,0 7,5 0,12 55 4.0 100
3,0 700 0,16 60 5,0 70
YCJ'IOBI/IH pOHHKOBOﬁ CBapKI/I Meal-lblx CIIJIaBOB

OTIPEJICNISIIOTCSL TJIaBHBIM 00pa3oM MX 3JIEKTPOIMPOBOJHOCTHIO.
CruiaBbl C BBICOKMM YACIBHBIM COMPOTHUBJICHUEM (KPEMHHUCTAs U
dochopucrass  OpoHza)  cBapuBaroTcsi  Xopomio. JlaTyHb
CBapUBAETCS yIOBICTBOPUTEIBLHO IIPH OOJBIITUX TOKAX.

PexxuMbl posMKOBOM CBapKH JIaTyHU J162 ipephIBUCTON
CBApKOW Ha MAIlIMHAX MEPEMEHHOIO TOKA.

o, IcB, tcs, to, P, VB,

MM Ka CEK CEK KT M/MUH
0,5 19 0,06 0,06 200 0,75
1,0 27 0,08 0,10 400 0,70
1,5 36 0,12 0,14 550 0,60

Tuman w ero ciuiaBbl OJIU3KM 1O CBOUM TEIUIO(PU3HUUYECKUM
CBOMCTBaM K ayCTEHUTHBIM CTaJIIM U MO3TOMY XOPOIIO CBAapUBAKOTCA

IPEPBIBUCTOM  POJIMKOBOM  CBApKOW HAa  OOBIYHBIX  MAalIMHAX
IIEPEMEHHOTO TOKA.
0, IcB, tcs, tm, P, VcB,
MM Ka CEK CeK KT M/MUH
1,0 6-6,5 0,12-0,14 | 0,18-0,24 | 350-400 0,7-0,8
2,0 9-10 0,20-0,22 | 0,32-0,40 | 550-650 0,5-0,6
30 | 11-12,5 | 0,28-0,30 | 0,34-0,48 | 900-1100 | 0,3-0,4




PeanedHo-poankoBasg cBapkKa.

[Ipu penbedHO-POTUKOBOM CBapKke B OJIHOM W3 JETaIed mepen
CBapKOW BJOJb IlIBa BBIAABIMBACTCS  HEMPEPBIBHBIN  penbed.
Konuenrpanuss Toka 1O

3_
penbedy JOKAIU3YET oy
TEILUIOBLIIEIICHUE, u ~ -
HaEKHAS CBapKa \\\\‘\ NN 1
JIOCTUTAETCA oe3 MM
LIy 6OKOTO S,
IIPOTLIABIICHHS.

brnaromaps 3ToMy KpUCTa/uIM3allds B 30HE CBApKHU 3aBEpIIACTCS OYCHB
OBICTPO, YTO MO3BOJIIET PE3KO YBEIIMUNUTh CKOPOCTh CBapku. Hampumep,
MaJOyTJIEPOJIMCTasl CTalb TOJIIMHONW 2 MM CBapHBAETCSl CO CKOPOCTHIO
20 m/mun mipu Ice=70000a, P=1750kr.

JleheKTHI M KOHTPOJ b KAY4eCTBA POJHMKOBOM CBAPKH.

PonmrkoBOM cBapke BHAXJIECTKY M TOYEYHOW CBAPKE MNPUCYLIU
OJIMHAKOBBIE JIe(PEKTBl M KOHTPOJIb HMX KadyecTBa OCYUIECTBISETCS
OAVMHAKOBBIMM MeTOAaMU. BakHellee 3HAYCHUE HUMEET AKTUBHBIU
KOHTPOJIb MPOLECCA, COPOBOKIAEMBIN MTEPUOANIECKUMH UCIIBITAHUEM
00pa3loB (TEXHOJIOTUYECKUMHU MPOOaMH, MEXAHUYECKUM HCIBITAHUEM
151 MeTaJuTorpaduuecKum UCCIICIOBAHUEM ). Kpome TOTO,
MPOYHOIUIOTHBIE IIBBI TMPOBEPSIIOTCS HA T€PMETUYHOCTH, HAIPUMED
OeH300aK aBTOMOOWJISI, MCHBITHIBAETCS CKaTbIM BO3AYyXOM IIpH
NOTPY’KEHUM B  BoAy. HemnoTHOCTh MIBOB  OOHApyXUBAETCS
My3bIpbKaMH BO3/1yXa.



Pa3znen 3. O0opyaoBanue 1Jisi KOHTAKTHOM
CBapPKH.

Knaccudbukanus u o01masg xapakTepucTuKa MalluH
JI KOHTAKTHOM CBAPKH.

KoHTakTHBIE MaIIMHBI 110 CIIOCOOY CBapKu pa3lesaioTcs Ha
CTBIKOBBIE, TOYEYHBIC, penbedHbIe U pojaukoBbie. [lo mnpuHITUITY
JNEUCTBUS MAIIUHBI MOTYT OBITH HEABTOMATUYECKUMU,
MOJyaBTOMAaTUYECKUMHU M aBTOMarndyeckumu. l[lo crermumanuzanmum —
YHHUBEPCAUIBHBIMU W CIICEHUAIBHBIMA. 1[I0 mpUBOIY — C pBIYaXKHBIM,
MIPYKUHHBIM, MEXAHUYECKHM, AIEKTPOMEXAHUYECKUM,
MMHEBMATUYECKUM, MTHEBMOTHIPABINYECKUM WIM TuapaBiandeckum. [lo
crocoOy muTaHusi — oaHo(a3Hble WK TpEX(azHbie, TEPEMEHHOTO WU
IOCTOSIHHOTO TOKA, HU3KOYACTOTHBIE W C HakomieHuem sHepruu. [lo
CIoco0y YCTaHOBKH — CTallMOHAPHBIMU U TIEPEIBHYKHBIMU.

Ha xoHTakTHOW MaiiuHe, paboTtaromieii aBTOMaTHYECKH, I10jaya,
3aKpeIICHUE M CBapKa JeTaliel MPOM3BOIUTCS 0€3 ydacTHs 4YelIOBEKa;
Ha TMOJIyaBTOMaTUYECKOW — YCTAaHOBKA M MEPEMEIICHHUE JAeTalieud
OCYIIECTBIISICTCS. BPY4YHYIO; Ha HEABTOMATHYECKOM MalllMHE OOBIYHO
aBTOMATHU3UPOBAHO TOJIBKO BKIIFOUEHUE U BHIKJIFOUEHHUE TOKA.

O6nacTb NPUMEHEHUS MAIlIMHBI  COOTBETCTBYIOIIETO  THUIIA
ONPENECIACTCA  SHEPrETUYECKUMUA  BO3MOXKHOCTSIMH — TIPEMIPUSITHSA,
KOHCTPYKIIMEH CBapHBaeMbIX JeTajed, TpeOOBaHUSIMHU K KayecTBY H
BHUJIOM IIPOU3BOJICTBA.

yHI/IBepcaJIBHLIC MalllMHbI IPUMCHAIOTCA I CBAPKHU PA3JIMYHbIX,
a CIICHHUAJIbHBIC — IJIsI CBAPKHU OAHOTHUITHBIX ,Z[GTEU'ICI\/II.



B MacCOBOM IIPOU3BOJICTBE 1eJ1eCO00pa3HbI
CHELMATM3UPOBAHHBIE ABTOMATHYECKM palOTarolie MAalIuHbI, a B
MEJIKOCEPUMHOM U MHIUBUYAJIBbHOM IIPOU3BOJCTBAX — YHUBEPCAJIBHBIC
C YCTpOMCTBaMU AJi OBICTPOM UX MEpPEHATAIKH.

boapmmHCTBO MallIuH YCTAaHABJINBACTCA CTAallMOHAPHO,
MNCPCHOCHBIMHN W  NCPCABHKHBIMU  ABJIAIOTCA  JIMIIb  HCKOTOPLIC
CIICIHUAJIM3NPOBAHHBIC MAIlIMHBI.

Bce MamwmHbl IS KOHTAKTHOM CBAapKHA COCTOST W3 JBYX
B3aMMOCBSI3aHHBIX  4YaCTE€W: MEXAaHUYECKOM U DIIEKTPUYECKOM.
Mexanuyeckasi 4acThb MalllMHBI MPEACTABISAECT cO00il OoJiee Uil MEHee
CIHOXHBIA CTAaHOK JUISI 3aKPEIUICHUS, CXATHS W IEPEMEIICHUA
CBAPUBAEMBIX JETAIIENM C OpPraHaMu YIPABJICHUS U YCTPOWCTBAMHU IS
pEeryJIMpOBaHUs OCHOBHBIX MEXAaHMYECKHX IMapamMeTpoB (ycuiue
3aKaTUA U OCAJKU, CKOPOCTEH MepeMenieHus 1 T.1.). YacTo 371eMeHThI
ATUX MEXAHU3MOB MPOBOJAAT CBAPOYHBIN TOK.

9J'I€KTpI/IIIeCKa$I YacTh MAaIIUHBI OOBIYHO COCTOUT U3:

CBApOYHOM Menu (CBApOYHOI0 KOHTYpA), MOABOJSIIEH TOK OT
HMCTOYHHMKA MTUTAHUS K DJICKTPOJIaM;

UCTOYHWKA THUTAaHKWSA (B OOJBIIMHCTBE MaIIMH OJHO()A3HOTO
CBapOYHOTro TpaHchopmaTopa),

anmnapaTypbl  YNpaBjieHHWs,  OOeCleuMBaIoOlied  3aJaHHYIO
MOCJIEI0BATEIBHOCTh Y MPOJOJLKUTEIBHOCTh BCEX WM YAaCTH ONEPalNil
CBAPOYHOTO IIHUKJIA, & TAKKE PETYIUPYIOUIEH OCHOBHBIE JIEKTPUUECKHUE
napameTpsl npoiecca (MOITHOCTh, HaNpsiKeHue, (opMy KPpUBOHM TOKA).




MOIIHOCTH M PEeXKHUM DaﬁOTbI KOHTAKTHBLIX MallIuH.

Jlna ocymiecTBieHHnsl CBapKu 3a BpeMs [CB B CBapOYHOM LieNU
MAaIllMHbl  JIOJDKEH MOpoTeKaTh 3adaHHbIM  TOK |,.  MoIHOCTS,
pa3BHUBaeMasi Ipy 3TOM Ha Y4YacTKe LIEMU MEXIY dJEKTpoaamu (B 30HE
CBApKH):

2
Nce=Il," RcB

HpI/I 9TOM ITOJIHAA KaXXKylasaACsa MOIIHOCTD, 3a6I/IpaeMas[ MalInHOU
U3 CCTHU:

N =|§zi= 12J(R, +R,,)? + X2 i,

Les
mp mp

rie RBH — akTHBHOE COMPOTUBIICHHE CBAPOYHOIO KOHTYpa
MaIllNHBI;
X\ gx — €TO PEAKTHBHOE COMPOTHBIICHHUE;
Z — TIOJTHOE COMPOTHUBIICHUE CBAPOYHOTO KOHTYpa U
CBapMBaEMbIX JCTAJIEH;
n,, - KIII TpancdopmaTopa (00eraHO O0mee 0,95).

MorHoCTh, HEOOXOUMAas ISl CBAPKU 3aIaHHBIX JIeTanei
HEMOCTOSIHHA 1 3aBUCUT OT KOHCTPYKIIMU MAIIMHBI: Y€M OOJIbIIIE €€
BHYTPEHHEE COMPOTUBIICHUE Z,, =/R% + X7, , TEM 00Jibllle HEOOXOUMAas

MOIITHOCTb.

J{ns HopMaIbHOM pabOThI MaIlIMH HEOOXOUMO, YTOOBI
CBapOYHBIN TpaHCcPopMaTOp oOecTIeYuBA MPOTEKAHUE CBAPOYHOM IETIH
3ajianHoro Toka l,=E,/Z (rne E, — 3/1¢ BropruHOi 0OMOTKH
TpaHchopmaTopa) 1 BhIJICICHUE B 30HE CBAPKU HEOOXOIUMOi
morHocti NcB.



Kpome TOro, HeoOXoauMo, 4TOOBI MpH ATOM TpaHchopMarop u
AJIEMEHTHI CBAPOYHOTO KOHTYpa HE NeperpeBanuck. Harpes 3aBUCHT OT
pexkuma padOThl MallMHBI, OMPEIEISIEMOro MPOIOJKUTEIBHOCTBIO €€

BiitoueHus [1B (B %).
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t
+2t,

= =% —.100%
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[IB ompexnensieTcst 3a 5 MUH U MPEACTABISAECT COOOM OTHOIIEHHUE
oOmel MIMTEeNTbHOCTH MpPOTEeKaHus Toka ICB Kk cymme icB m mays tm.
Benuuuna I1B 3aBucuT oT Ha3HaYeHUs MaIuHbl. OOBIYHO OHA paBHA:

JUTST CTBIKOBBIX MatuH 5-50%,
JUIS ToueyHbIX 1,2-32%,

1151 posiMKOBBIX 32-80%.

T Tmax

T max
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tc tno

v

IIpn HenpepbsIBHOM
pabore (ITB=100%)
TeMmreparypa B JHOOOM
HarpeBacMoOM  BJIEMEHTE
HapacTaer 1o

AKCIIOHEHIIMATLHOMY
3akoHy (kpuBas A) wu
JIOCTUTAET  HEKOTOPOTO

YCTaHOBUBIIIETOCS
3HaueHuss Tmax. llpm
TOM K€ TOKE, HO

IPEPHIBUCTOM BKJIIOYEHHH, TeMIepaTypa 3TOro »3jeMeHTa OyAeT
U3MEHATLCA [0 KPUBOM B M JOCTUIHET yCTaHOBHMBIIErOCS 3HAYEHUS

Tmax <Tmax.

Ecim mnpu HemnpepwiBHOM  paboTe

Tmax He npeBbIIIaeT

JOTMYCTHUMBIX TIPEJIEIIOB, TO COOTBETCTBYIOIIUE 3THM YCIOBHSIM
TOK W MOIIHOCTh Ha3BIBAIOTCS MOKOM NPOOOJIHCUMENbHOU
pabomeul Inp u npoodonxcumenvuotl mownocmoio Nnp.



KonuyecTBo Tema, BBIAEISEMOrO B JII0OOOM 3JIEMEHTE MAIIMHbBI C
conpoTuBieHrueM R 3a Bpems t=tce+tm npu HempepbsIBHOM padoTe
(ITB=100%),paBHo | HpRt [Ipu npeprpiBUCTOM BKJIIO‘-IGHI/II/I 3a TO XK€
BpeMs t OyeT BbIJIETIEHO KOJIMYECTBO Tema paBHoOE | KpRtCB, rae lkp —
TOK MPU MOBTOPHO KPATKOBPEMEHHOM paboTe (KpaTKOBPEMEHHBIH TOK).

OnvHaKoBBI  HarpeB MpU  HEOPEPHIBHOM UM MOBTOPHO
KpaTKOBPEMEHHOM paboTe OyAeT NOJy4eH NpH:

2 —_ 2
12,Rt= 12 R,

Otcrona:

t [100
Ikp=1 |—=1 [/—
p ﬂp tcg np HB

Ilo anamorum:
Nxp=Nmp

B mnacmopre MaimiMHbI OOBIYHO YKa3bIBA€TCSI HOMUHAJIBHBIN
pexxum paboTsl (IIBHOM) 1 HOMHHaATBHAsE MOIHOCTH (NHOM), KOTOpBIE
npu I[IBHOM He BBI3BIBaCT IeperpeBa dJIEMEHTOB MallluHbI. Eciu
u3BecTHbl NHOM wunu I[IBHOM, JieTKO ONpenenuTh JAOMYCTUMYIO
KPAaTKOBPEMEHHYIO MOIIHOCTh NKp, HE BBI3BIBAIOIIYIO MEPETPEBa MpH
mobom npyrom I1B.

Nkp=NHOM /—HB’”'"
I1B



BHenmHMe XapaKTEepPUCTUKUA KOHTAKTHBIX MAIIIMH.

3aBUCUMOCTh MEXJy HampsbkeHueM Ha siektpoaax U, wu
CBApOYHBIM TOKOM |, Ha3piBaeTcsi BHEIIHEW XapaKTEPUCTUKOU
MAIIIUHBL.

U
U2o B
A‘\ -’/_\
A 5 B
A
A B
C C\ C\\IZK C\\\ IZK;

ITpu xonoctom xoae (ReB=x) 1,=0 u U,y=E, (E, — s1¢ BTOpHYHOI
oOMoTKH TpaHchopmaropa; o0buHO E,=1-24B). Ilpu KopoTkoM
3ambikanuu o=l u U,=0. Ilpu 3amanHom U,y TOK KOPOTKOIO
3ambikaHug (lox) Oynmetr Tem Oosbllle, a BHEIIHSS XapaKTEepPUCTHUKA TEM
MOJIOKE, YeM MEHBIIIEC TMOJHOE COMPOTHBIICHHE CBAPOYHOTO KOHTYpa
ZBH, Tak KakK ly=U,i/ZBH.

BHemHss xapakTepUCTHKA IO3BOJISIET CYAUTh O HEKOTOPBIX
OCOOCHHOCTSIX MAIIMHBI M O €€ TPUTOAHOCTH Il BBIMOJHEHUS
3aJaHHOW cBapouHoM onepanuu. [lnomane npsmoyronsanka OABC
MPOINOPIMOHATBHA TT0JI€3HON MOIHOCTH NcB=l, U2:I22 Re:.

Ecau mo kakoii-nmubo npuumHe M3MeHseTcss RCB, B pe3ynbraTe
yero u3MeHsitorcs Takxke |, m U,, 1O 3HaueHuss NcB omnpenenutcs
mromaaesio OA'B'C = OABC.



IIpy  KpyTomajarmlier  XapaKTepUCTUKE  HE3HAYUTEIbHOE
cMmenieHrne Toukd B 1 B' He BbI3bIBaeT 0OJIBIIOrO U3MEHEHUS ILTOMIAAN
IPAMOYTOJIbHUKA — TIIPU MU3MEHEHHUE YCIOBUM CBapKu IOJE3HaA
MOIIHOCTh Majo U3MeHuTcs. [Ipn Mamol XapakTEepUCTHKE CMEIIECHUE
B B B BeI30BeT pe3koe uzmeHenue NcB. [loaTomy npu TodedHoO# U
POJIMKOBOW CBapKe, KOrja JUisl MOJYyYEHUsS COCIUHEHUN CTaOMIBHOIO
KauecTBa KeJaTeIbHO, YTOObI KOJIMYECTBO TEIJIa, BBIAEISIEMOIO B 30HE
CBApKM Majo0 HU3MEHWIOCh NpHU HU3MeHeHUsiX RcB, 1enecooOpa3Hbl
MalllMHbl ¢ KpyTomajaromied xapakrtepuctukod. Haobopot, mpu
CTBIKOBOM  CBapke  OIUIABJIEHUWEM  JIy4yll€  IOJIOTOIaJaronias
XapaKTepUCTUKA, NpPU  KOTOPOM  YMEHBUICHHE  CONPOTUBIICHUS
CBApOYHOM I1leMM B MOMEHT O0Opa30BaHUSl MEPEMBIYKH MEXY
OIUIABJIEHHBIMHU TOPLAMHM JIETAIEH BEAET K PE3KOMY YBEIMYCHHIO TOKA,
YTO YCKOPSAET HArpeEB U Pa3PYLICHUE MEPEMBIYKNA — OIUIABICHUSA HUIET
ycronuuBee. Crleayer OTMETHTh, YTO BBHUJlY HAJIUYHUS B CBAPOYHOU
LEeNMd UHAYKTUBHOTO COMPOTHUBICHUS X|,; — TOK IPU U3MEHEHHUH €€
IIapaMETPOB  M3MEHSAETCA HE  MIHOBEHHO, [JOCTHTaeT  CBOErO
YCTAHOBHUBILIETOCS 3HAYEHUS, COOTBETCTBYIoIEro 3Hayenus U, u |, mo
BHEIIIHEM XapaKTEPHUCTUKE, TEM CKOpPEE, YEM MEHbIIE MOCTOSHHAS
BPEMEHU CBAPOYHOM LICIIN:

R, +R,,
=

T

Les

TIOCTOSIHHAasE BPEMEHHM YMCHBIACTCS C YMCHBIICHHEM X g,
MO3TOMY JUJIsE OBICTPOTO pPa3pyLICHUS TMEPEMBIUCK BakHAa HE TOJIBKO
mojiorasi XapakTepuctuka (manoe R,,), HO M Majoe HHIYKTHBHOE
conpoTHuBICHHE (X 4;).



Ecam u3BecTHbl conmpoTuBieHrue RCB U TpeOyemblil sl CBapKH
TOK |y, TO O BHEIIHUM XapaKTEPUCTUKAM MAaIWHBI MOXKHO OIPEETUTh
€€ IIPUTOAHOCTD U1 BBIIIOJIHEHUS JAHHOU OIlepalvu.

ITpumep:

BHemHue xapakTepuCTUKA MallIAHbI

207 l,ka

N3BectHO, uT0 RCcB=100MKOM, a HeoOxomuMbIii Tok |,=12000a,
toraa HamnpspkeHue U,=RcB |,=1,2B.Il0 BHemHUM XapakTepuCTHKaM
ompe/eNsieM, 4YTO JaHHbIA pEXHUM OO0ECIEeUMBAETCd MAIIMHOW C
XapaKTEPUCTUKOM 3.



OO0mme y3/1bl KOHTAKTHBIX MAIIIMH.

CBapo4YHbIH KOHTYP KOHTAKTHBIX MAIIMH.

DNeMEeHTBI, COCAUHSIONINE UCTOYHUK MUTaHus (TpaHchopmaTop)
C DJIEKTPOJOM 00pa3yeT CBapOUHbIA KOHTYP MaIlIUHBI.

e, e

CBapoyHbIN KOHTYP OOBIYHO COCTOUT U3:

a) DBJEKTPOJIOB 2, HEMOCPEICTBEHHO MOABOASIIMX TOK K
CBApUBAEMbBIM JCTAISM UM MIEPEAAIOIINX HEOOXOIUMBIC YCHIIHS
st ux  oOxkartus. WMHorma (B pOJIMKOBBIX — MalllMHAX)
AIEKTPOJIBI CITYKAT U JJIsl IEPEMEILICHUS JICTAIIH.

0) snekTpoaoaepKaTesel 3 s 3aKpeIICHUs AJIEKTPOIOB.

B) X000TOB (B TOYEUHBIX M POJMKOBBIX MAaIlIMHAX) WU
KOHTAKTHBIX TUIUT (B CTHIKOBBIX MallIWHaX) 4, COEJUHEHHBIX C
MEXaHM3MaMH, OCYIIECTBIISIONIMMU  CKaTUe JeTalled C
HeoOxoaumbIM ycuiueMm P (Poc).

[Ton nmeiictBueM cun P x000T BMecCTe C 3IIEKTPOAOJEPIKATEIEM
nepeMeniaeTca g COJNMKEHMsS] AJIEKTPOJOB MOCTYMaTelbHO (B
MalllMHaxX ¢ MPSAMOJIMHEHHBIM XOJOM) WM TOBOPAYMBAETCS BOKPYT
mapHupa S (B MalnHax ¢ paJuaibHbIM XOJI0M)

r) THOKUX MIUH 6, CBA3BIBAIOIIMX KOJOAKHM BTOPHYHOI'O BHTKA
TpaHcopmaTopa C MOJABM)XHBIMU dJIEeMEHTaMH KOHTypa. B MammHax



Majoil MOIIHOCTH BTOPUYHBIM BUTOK TpaHcpopmaropa HHOTrAA
JenaeTcss TMOKMM W3 MEOHOM (OJIbrM M MOXET HEMOCPEIACTBEHHO
COCIMHUTHCS C JepKaTessIMU X000TOB 7 0€3 MPOMEXKYTOUHBIX IITHH.

Mexnay  2JieMEHTaMHM  CBapOYHOrO  KOHTypa  HMEIOTCS
HETOJIBM)KHBIE WJIM TOJBU)KHBIE KOHTAKThI (TP POJMKOBOM CBapke
JEpAKATEIb )KECTKO CBSI3AHHBIN C AIEKTPOJOM POJIMKOM BpPAIIAETCS).

Pa3smepsl koHTypa (mosie3Hslii BbuleT L, u pactBop Ho)
OTPaHUYHUBAIOT TaOAPUTHI U3/ACIIUM, KOTOPBIE MOTYT OBITh CBAPEHHI C UX
BBEJCHHUEM B KOHTYp MamuHbl. Tak kak c yBenudueHuem Lo m Hy
OBICTPO PACTET BHYTPEHHE COMPOTUBIICHUE MaITuHbl U magaeT e€¢ KI1/]
U cosp, B YHHUBEPCAJIbHBIX MalllMHAX OOBIYHO BBUIET HE IPEBBIIIACT
800-1000 MM, a pactBop — 200-400 mm. OmHako B HEKOTOPBIX
CHelMaJLHBIX MarHax BeuieT gocturaetr 3000 MM.

Bce sneMeHTBI  CBApOYHOIO  KOHTYypa, Kak  IPaBHIIO,
WU3TOTABIMBAIOTCS W3 MEIU M €€ CIUIaBOB C JOCTAaTOYHO BBICOKOM
AIEKTPOIPOBOJHOCTBI0 M MPOYHOCTBIO. MX cedeHne M B3aMMHOE
pacroyiOXKE€HUE JOJKHBI OBITh TaKUMH, 4YTOOBI MpPU MPOTEKAHUU
33JIaHHOTO TOKa U HOMUHaJIbHOM [IB He ObuI0 Ype3MepHBIX MOTEPh Ha
BHYTPEHHEM COIIPOTUBIICHMM KOHTypa U IIEpPETrpeBa €ro 3JIEMEHTOB, a
Takke oOecrneurnBasiach HeoOXoAMMAas BHEIIHSAS XapaKTepUCTHUKA
MAIIIUHBL.

3HAYUTEIBHYI0 4YacTh AaKTUBHOTO COIPOTHBIICHUS KOHTypa
COCTaBIISICT COMNPOTHBJIEHUE €ro KOHTakToB. B  skcmutyararuu
pacciiabiieHHe WX 3aTSHKKA M OKHCJIEHUE MOTYT PE3KO HW3MEHATH
CONPOTUBJIECHHUS MalIWHbIL. [l03TOMYy  KOHTaKkThl MEPUOIAYECKU
pazouparoTcs U OUUIAOTCS (TP HHTEHCUBHOM paboTe — €KEMECSIUHO)
U CUCTEMATUYECKHU MOJITATUBAIOTCSI.

CuiioBble 3JIEMEHTBHI KOHTYpa JOJDKHBI 001aJaTh JOCTATOUYHOU
MPOYHOCTHIO M KECTKOCTHIO, @ 3JEKTPOJbl U TOABUKHBIC KOHTAKTHI
TaKX€ M3HOCOCTOMKOCTBIO. DIEKTPOJIOAEPKATETU U XOOOTHI JTOJKHBI
JOTYCKaTh OBICTPYIO CMEHY AJIeKTPoA0B. OUeHb BakHa MAHEBPEHHOCTh
AJIEMEHTOB KOHTYpa, PaCHIUPSIONIas BO3MOXXHOCTh MCIIOJIb30BaHUS
MaIllMHbBl 11 CBApKUA y3JI0B CHOXHONW (opMbl. MaHEBPEHHOCTH
HauOoJbIIAas eCIM X000Thl MOXKHO BBIJIBHTaTh (M3MEHATH BBUIET L),
pazaBurath (U3MeHsATh Hg) B3aMMHO cMemiaTh B TOPU3OHTAIBHOM
MJIOCKOCTH U, HAKOHEI], TOBOPAYMBATh BOKPYT CBOEU MPOJI0JIBLHON OCH.



CranuHa u IIPUBO/I KOHTAKTHLIX MallIMH.

CranuHa (Wnau KoOpmyc) JenaeTcs CBapHOW, a WHOraa JUis
YMEHBILICHUS] TOTEPh PHEPTUM OT MArHUTHBIX IMOTOKOB PacCEUBAHUS
JUTON U3 HEMArHUTHOTO YyTryHa WM CIUIaBOB alltOMUHUS. JKECTKOCTH
CTAHHWHBI, BOCIPUHUMAIOIICH YCUJIUE CXKATUSl JETalIeid, NOJKHA OBbITh
NOCTATOYHOM I NOPEAOTBPAIEHUS HEIOMYCTUMOIO CMEMICHUS
AJIEKTPOJIOB WJIM POJIMKOB, HEPABHOMEPHOI'O CXATHUSl PEIbeOB HIH
VCKPUBJICHUS CTHIKYEMBIX JIETAJICH.

HpI/IBOI[ Y TOYCYHBLIX H peHBerHBIX MaliuH [epeMeliacT
QJICKTPOAbI WJIM IUIMTbI M CXKHUMACT ACTAJIM, Y IMOBHBIX — BpallacT
POJIHUKHU U CXKHUMACT UMH ACTAJIHN, 4 Y CTBIKOBBIX — BHA4aJIC MCIJICHHO
C6J'II/I)Ka€T, a 3aTeM 6BICTpO CAaBJIMBACT 3a4KAaThIC B ry61<ax ACTalIn.

B ManoMOIIHBIX MallIMHAX OOBIYHO NPUMEHSIIOT PYYHOM, HOKHOM,
MPYKWHHBIA, MEXAHUYECKHUM, DIJICKTPOMArHUTHBIM; B  MAalIWHAX
CpEHE MOIIHOCTH — IMMHEBMATHYECKUWA W MHEBMOTHIPABIMYECKUU,
WHOTJA SJICKTPOMEXAHUUYECKUM; B MalluHaX OOJbIIOW MOIIHOCTA —
TUIPABINYECKMA. B MaccOBOM NPOU3BOACTBE HIMPOKO IMPUMEHSETCS
MTHEBMATUYE€CKUH TTPUBO/I.

Py4HOU pBIYaXHBIA NPUBOJ UHOTAA IPUMEHSAIOT IIPU IIOJOIPEBE,
OIUIABJICHUE U OCAJKE B CTHIKOBBIX MAIIMHAX MOIIHOCTBIO 10 75 KBa
(MC-1202, MC-1602). Cucrema ppluaroB CIYyXUT JJIsl YBEJIUYCHUS
ycuiusl B cThike. OOBIYHO MOJBMIKHAS IUIMTA CHA0XKEHA yKa3aTeJeM,
KOTOPBIN IPU NMEPEMELICHUH [UIMTHI IBUKETCSA BIOJb IIKAJIBI U 10 HEU
KOHTPOJIMPYETCA YKOPOUECHHUE JIETAJIEW NP MOJOTPEBE, OIIABICHUU H
OCaJIKe.

MaJ'IOMOH_[HBIe CTBIKOBBIC MalInuHBbI HHOorzaa cHaOKaroTCs

IMPYKUHHBIM ITPUBOAOM, C)KUMAKOIICM ACTAJIN IIPU ITOJOI'PEBC U OCAIAKC
(MC-201,MC-202).

B 2JIeKTpOMarHMTHOM NPUBOJAE YCWIME CXATUA CO34AETCA
JJIEKTPOMAarHUTOM [pPH BKIIIOYEHUU €Tr0 KATYIIKU B IUTAIOLIYIO CETh
WM B LIETIb CBAPOYHOI'O TOKA.



m
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B CTBIKOBBIX MalMHAX CpeHEW MOIIHOCTH ISl OIJIABJICHUS U
OCaJIK€ YacTO IPUMEHSETCI DJIEKTPOMEXAHUYECKUUA IPUBOL. Takou
NPUBOJI  HMMEET  DBJIEKTPOJABUTATENb  C  PETYJIUPYEMOW  HIIH
HEPEryJIMPYEeMOil CKOPOCTBIO BpallleHUs] U CHUCTEMY 3yOuaThiX H
4yepBsSYHBIX mepenad. Hampumep, B cThikoBor mammHe MCMYVY-150
NOABIKHYIO IUIMNTY TNEpPEMEIAaeT MOoN3yH | or kynauka 3 4yepes
OMOPHBIM  POJMK 2. KyJAa4yOK BpallaeTcsi OT AaCHHXPOHHOIO
ANIEKTPOJIBUTATEINS YEPE3 TEKCTPOIHYIO MEpeiady ¢ BAPUAHTOM (KaK B
mairae MIIII-100) cMeHHbIE IECTEPHU U YEPBSYHYIO TIepeaayy.

DJIEKTPOMEXAHUYECKUN TMPUBOJI CKATUA POJIMKOB MMEET TaKkKe
HEKOTOpPBIC MaJOMOIIHBIE POJIMKOBBIE MallWHbl (Hampumep, MIIIM-

25).

Ponuk B IIOBHBIX MallIMHAaX IMpUBOANUTCS BO BpalICHHUC YCPC3
3y6anme N YCPBAYHBIC IICpCAaYMu OT OJJICKTPOABUTATCIA HIIHU
HCIIOCPCACTBCHHO OT CIICHHUAJIBHOI'O JJICKTPOABUI'ATCIIA.

B OONBIIMHCTBE TOYEYHBIX U POJTUKOBBIX MAIIWH JJIsI MOAbEMA U
OIYCKaHUsI BEPXHErO DJIEKTPOJA M CXKATUSA JIETAIEH HWCIIOJIb3yETCA
ITHEBMATUYECKUM IIPUBOJI, OCHOBHOM YaCThIO KOTOPOTO SIBJISIETCA
MOPIIHEBOM LWJIMHIAP CO IITOKOM M TmopmHeM. [lomada Bo3gyxa B
KaMepe HUIUHIPA OCYIIECTBIISAECTCS C MOMOIIBIO 3JIEKTPOMArHUTHOTO
MHEBMAaTHUYECKOTO KJIalaHa.

KoHcTpykumsi W mnpuHIUN pabOThl MHEBMOIPUBOAA OOBIYHO
ananornyHo npuBoy MamH MTII-100 v MIIII-100. B HEkoTOphIX
MalllMHaX UCIOIb3YeTCsl Juc(pparMeHHbI MTHEBMOIIPUBO,.

[THeBMONIpHBOA NMPUMEHEH B MamMHAX: TodeyHbIx — MT-602,
MT-1605,MT-1609,MT-4001, MTIIT-600; pomukoBsix — MIII-1001,
MIII-2001, MIIIII-200; cteikoBbIXx — MC-1604, 1 npyrux.



B MONIHBIX CTBHIKOBBIX TOYCYHBIX MAIIMHAX WHOTJA UCIIOIB3YETCs
ITHEBMOTHIPaBIIMYCCKHM 0
npuBox (MCJI-300, MTIII- i
150-2). :

|
|
|

BO3IyX

Bo3nyx, nocrynaromuii B

)

ITHEBMOLIVJIMHP 0, 7
BO3/ICMCTBYET Yepe3 MOPIIEHD / il B BOSAYX
Ha JKUAKOCTH 5, KOTOpas 4depes 5 /// 7 Y.
IOpIIEHb 4 YCKOPEHHO :.:.:_:{EEE{_]{,Q_'____/___‘_ /
OIlyCKaeT IUIUTYy 2. TIIOCIe AL grrrzzzzyy !\’:
NPEABAPUTEIBLHOTO  3a)KaTus g 4 AN
Jerajneil cxarblii Bo3ayx (4-6 / 1 9
Kr/cM°) TIOCTYIAET B MOIOCTH A ,;,2

nwmHapa 1. [Ipu aToM mrok 8 3

nopmHs 9 mepeKphIBarOT — Sy 2

noyioctb B U co3maér BbICOKOE

JaBjeHUe B mnoysiocth b. OTuM 1aBieHuem 4epe3 nopuieHs 4
caaBiauBaroTCs aetanu. [lnura 2 Bo3BpalaeTcsi B MICXOIHOE MOJI0KEHHUE
MPY>KUHBI 3.

B wmomnbix crhikOBRIX MammHax (MCI'Y-500) a Takxke B
penbedHBIX MAallMHaX NPUMEHSAETCS THAPABIMYECKUNA TpuBoa. B
TUAPABINYECKOM MPUBOAEC HMJIMHAPHI OOBIYHO Pa0OTAIOT MPU BHICOKUX
naBieHusx xkuakoct (150-200aTM) U UMEIOT 3HAYUTEIBLHO MEHBIIIHE
pa3Mepsbl, 4EM B THEBMATHYECKOM NpuBOJE. ['mapaBiuueckuili mpuBoI
MpU Ka4€CTBEHHOM H3TOTOBJICHUHU THIApOANIapaTyphbl BECbMa HaJICKEH
B paboTe 1 OBICTPOXO/ICH.

HGKOTOPBIC CTBIKOBBIC MAaIIMHBI MMEIOT CMEIIaHHBIN IMpUBOA —
BJIGKTpOMeXaHI/I‘IeCKI/Iﬁ Impu OIlJIaBJICHHU N n HHCBMaTquCKHﬁ,

ITHEBMOTHAPABINYCCKUNA WA TUApaBIndecKui mpu ocajake (MC-2501,
MCJI-300).



IIpeoOpa3oBarenau 2 HePIrun (MCTOYHUKY MUTAHUSA).

1. Tpancghopmamopot.

B OonbIIMHCTBE KOHTAKTHBIX MAIIMH HCTOYHUKOM THUTaAHUS
ABJIsIETCS. OJHO(MA3HBIN TpaHcPopMaTop, MPeoOPa3yIOUIUd IHEPTHUIO
CETEBOI'0 HANPSHKCHUS B DHEPTHI0 HEOOXOIUMYIO JISI KOHTaKTHOM
CBapKH.

OCHOBHBIMHU MTapaMeTpaMu TpaHchopmaTopa SIBISIIOTCA:

a) MEpBUYHOE HAIpspKeHUE (HampsbkeHue nuraromiei cetu 380B;
u 220B)

0) yactoTta Toka (00srdHO 50T11, B OTACHBHBIX citydasx 3-10rir)

B) BTOopuuHOoe HanpspbkeHue U,y (00bruHO U,y NEKUT B Ipejennax
1-24B)

r) HOMHUHAJIbHAas MOIIHOCTb NHOM (HanbombIIEe
pacrnpoCTpaHEHUE HMMEIOT MalluHbl C TpaHcpopmaTopaMu
MOIIIHOCTBIO OT HECKOJBKHUX coT Bart no 300xBa. MHorma
MOIIIHOCTH TpancpopmaTtopoB gocturaetr 1000 kBa u BhIIIIE.

1) HOMUHAJIbHASI MPOJOJKUTEIBLHOCTD BKIIIOUeHUs [IBHOM.

Bceneacteue Huszkoro Uyy BTOpuYHas 0OMOTKA CBapOYHBIX
TpancopmaTopoB umeer Bcero 1 wmmm (mpu  U,p=20-24B) nBa
MOCJIEIOBATENIbHBIX BUTKA. B wujaeansHOM TpaHchopMaTtope YCIOBHO
JOTTYCKAeTCsl, YTO COMPOTHUBJICHNWE MEPBUYHON U BTOPUYHOU OOMOTKE
paBHa 0, OTCYTCTBYIOT IIOTepH B CepJeYHUKE (Ha UYHCTEpE3nuC U
BUXPEBBIE TOKH) U OTCYTCTBYET MarHUTHOE PacCEUBaHKE, TO €CTh BECh
MarHUTHBIM TOTOK, CO3/1aBaeMblii OOMOTKaMHM TpaHc(opmaTopa
MOJTHOCTBIO  3aMBIKAETCSl 4Yepe3 CEPACYHUK UM OJHOBPEMEHHO
NPOHU3bIBAET 00€ OOMOTKH. Y wuaeanbHoro TpaHchopmaropa KII/]
paBeH | U JUIst HETO CIIPaBEIIMBHI CIAEAYIONTNE COOTHOIICHNS:

U,=E;=4,44fW; dm
U,= E,=4,44fW, ®m
U,/U,=W1/W,=n
W,=1, n=W;



rae: U; — HanpsKeHHe CeTH.

U, — HamnpspkeHMe Ha 3aXHMax BTOPUYHOW OOMOTKH
TpaHcopmaTopa.

E, u E; — OJ1C nepBuYHOI 1 BTOPUYHONH OOMOTKHU.

W; u W, — 4ucio BHUTKOB MEPBUYHON U BTOPUYHOMN
O0OMOTKHM.

dmM — aMIUTUTYHOE 3HaYE€HWE MAarHUTHOT'O MOTOKA.
N — ko3¢ urmeHT Tpanchopmaluu.
F — gacrora TOKa.

B peanpHOM TpaHcopMaTrope yacToTa WHAYKIIMOHHBIX JIMHHM
MarHUTHOTO IIOTOKAa 3aMBIKAeTCSI, MHHYS CEpACYHHK H 00pasyd
MarHuTHbIE TIOTOKM paccesHus. IloTokum paccesHHs  CO37al0T
WHIYKTUBHOE COIPOTHBJIICHHE OOMOTOK pealbHOroO TpaHcdopmMaropa.
Hamnune akTHBHOIO © PEAKTUBHOTO COINPOTHUBIICHUS OOMOTOK
MPUBOJIUT K JIOTIOJHUTEIHPHOMY TAJCHUIO HAMPSHKEHUS BHYTPH ITHX
oomotok (E1<Uy; U,<E,). Ilpu pazomknyTtoii BropruuHoi nenu (1,=0) B
MEePBUYHOM OOMOTKHM MpOTEeKaeT TOK XojocTtoro xoxa lip. Tok
XO0JIOCTOTO XOJia TEOMETPHUYECKH CKIAAbIBACTCS W3 PEAKTUBHOTO
HaMarHWYMBAIOMIEr0 TOKa M aKTUBHOTO TOKA, BBI3BIBAEMOTO MOTEPSIMHU
PHEPTUHM B CEPACYHHKE THCTEpPE3rca MW BHXPEBBIX TOKOB. B
COBPEMEHHBIX TpaHchopMaTropax IS KOHTAKTHOM CBapKd TOK
X0JIOCTOT0 X0J1a 00bIYHO HE mpeBbiaet 10% ot pabodero Toka.

KoncTrpyknus tpanchopMaTopos.

B mammHax sl KOHTAaKTHOW CBapKH NPUMEHSIOTCS TPH THIIA
TpaHC(HOPMATOPOB C PaA3TMIHBIMU
cepACYHUKAMU: CTEP)KHEBOH,
OpoHEBOI U KOJIBIICBOM.
Cmepoicnesoti  mpancgopmamop 3 N
IPOCT B HW3TOTOBJICHHWH, HO HMEET [g §] \
OONbIIME TIOTOKM pacCcesHUus U \\

Hu3kui KII/, nmpumensierca penko
Y TOJIKO B MaIllIMHAX MaJIOW MOIIHOCTH.

1 — ceplieUHUK.
SN

2 — IepBUYHasA 0OMOTKA.
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3 — BTOPUYHBIA BUTOK.



bponesoii 2 1

mparcghopmamop. NN ) \ .
Ha cpennem crepxkne i \\\“ ) g

CCPpACYHUKA pasMCIICHBI ? R R 3

YepPEeAYIOIINECS  DIEMEHTBI R
BTOPHHOTO BHTKA H CEKLIM W

MEPBUYHON OOMOTKHU. DJIEMEHTHI L : :
BTOPUYHOTO BHUTKA IITAMITYIOTCS U3 MEIHOTO JINCTA, MO mepudepun K
KOKJIOMY BUTKY TMpPUIAUBACTCSI TPyOKa BOJSHOIO OXJIXKICHUS.
bpoHeBbie TpaHchopMaTOphl Uil KOHTAKTHBIX MAIUH TOTYYHIIH
HauOOoJIbIIEee PACIPOCTPAHCHUE ISl YMEHBIICHUSI MTOTEPh SHEPrUU Ha
BUXPEBbIE TOKU CEpJCYHUK TpaHchopMaTopa HAOUpaEeTCs W3 MOJIOC

AIEKTPOTEXHUYECKON cTanu, ToamuHou 0,3-0,5 MM, M30JMpPOBaHHBIX
JIpyT OT Apyra OyMarou ujiau JaKoM.

Konwvyesoti mpancgpopmamop.

KonbueBsie TpanchopMaTopbl HHOTAA
IPUMEHSIOTCA B  CHEUHAIM3UPOBAHHBIX
CTBIKOBBIX MalIMHaX JJIsi CBAPKHU TPyO U B
TpyOOCBAPOYHBIX CTAHAX.

2.CxeMbl NUTAHUS HU3KOYACTOTHBLIX MAIIIUH U MallINH
C BLIIIPpAMJICHNEM TOKA.

B mammnax c BBITIPAMIICHUEM

TOKa HCHOJB3yeTcsl TpEX(azHbIN o1 MRS -

TpaHchopmaTop. S 1Y e
[lepBuuHbIC 06MOTKH © T TP L —1

TpaHcopMaropa BKJIIOYEHBI B = te

CETh yepes yHOpaBliieMble © P71 Tyl —

BeHTUIM [IY (MrHATpOHBI WK 1Y 1C

TI/IpI/ICTOpI)I) , JJIINTCEIIBHOCTD BKIHOYCHUA KOTOPBIX onpeCaAciIsICT



JUTUTEILHOCTh ~ UMNyJibca. MMmynbc  BepamisieMoro Toka |
MOJy4YaeTcsl MyTEM IMOJA4Y¥ B TNEPBUYHYIO IEIb IMAKETa WMITYJIbCOB
TpEX(Pa3zHOro HAPSIKEHUS OJHOUN MOJSIPHOCTH.
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bonpiiass WHAYKTUBHOCTH CBApOYHOTO KOHTypa  MaIlWHBI
CIUIAKMBAET IyJbCAIlMM  BBIIPSMIICHHOTO Toka. Takas cucreMa
MUTAHUSL TIPU OOJIBIIIOM CBAPOYHOM KOHTYPE CYIIECTBEHHO CHUXAET
MOTPEOIIEMYIO M3 CETU MOIIHOCTh. Tak, JjIsi MPUMEPHO OJMHAKOBBIX
YCJIOBUM CBapKU MAIIMHBI C BBIIPSAMIICHHBIM TOKOM TMOTpeOsitoT 480
KBa, a ojHo(a3Has 2750 kBa. DTa CHCTEMa MCIOJIb30BaHa B MOIIIHBIX
toueyHbIX MammrHax MTB-63, MTB-80, mosasix MIIIB-16, MIIIB-63,
a Taxke B penbepusix MPB-63, MPB-40, MPB-80.

B HUBKOYACTOTHBIX  MalllMHAaX  4YacToTa  MpeoOpasyercs
MOoOUYepEMHON Mojayeil Ha CBapOYHBIA TpaHcHOpPMATOP HUMITYJIHCOB
BBINPSIMIIEHHOTO HAMPSIKEHUS TTPOTUBOITOJI0XKHON MOJISIPHOCTH.

Hanpsoxenue OJHOM
MOJISIPHOCTU  JIOCTUTAETCS TIPU Uy
OJTHOBPEMECHHOM BKJTFOUEHUH
BEITIpsIMUTENA B ¢ urHUTpOHaMH
U, u Us, a o | ) | U
oOpaTHOM
nojasipuoct mpu O— B

U
OJIHOBPEMEHHOM : \Us
BKJTFOUCHUH R

BBINIPSAMUTENSE U UTHUTPOHOB U,

Us
51 U,. JIIMTenbHOCTh
CBapOYHOI'0 VMMITYJIbCa t, Uﬂ >
ONpeaEIACTCA IUIUTEIIBHOCTBIO

BKIIIOUCHHUA  BBIIIPAMUTCIIA, a 4YaCTOTa TOKa

A
Y




YaCcTOTOM BKJIIOUCHUS HIHUTPOHOB.

B ToyeuyHBIX MammMHAX I CBAPKHA JIETKUX CIUIABOB OJHUM
UMITYJIbCOM MPOU3BOAUTENBHOCTBIO 10 50 TOYEK B MHUHYTY BMECTO
UTHUTPOHOB TPUMEHSIOT MEXAaHUYECKUE KOHTAKTOPbI, BKJIIOYAEMbIC
0€3 CBApOYHOIO TOKAa OAJICKTPOMATHUTHBIM WJIM MHEBMAaTUYECKUM
IIPUBOJOM.

B HM3KOYACTOTHBIX MAaIlIMHAX HCHOJIB3YIOT TaKXKE CXEMBbI
npeoOpazoBanuss ¢ TpEéxdazHbIM TpaHCPOPMATOPOM, B KOTOPHIX
urautponsl U;; Uz wm Us BKIIOYAIOTCS CHEUAIBHON CXEMOM
YIPaBJICHUS CO CMEIICHUEM B 120° u MPOMYCKAIOT MOOYEPETHO TOK
yepe3 TmnepBUUHble 00MOTKM TpanchopmaTtopa TC, Tak dYTOOBI
MarHUTHBIE TOTOKHU CKJIAJIbIBAJIUCh

~ 380
L
L

Ecnmu Bkmtouensl urHutpoHsl U,, U, U, To kK 00MOTKam
MPUKIAABIBACTCS HANPSKEHHE OOpaTHOW IMOJSPHOCTH W B CBAPOUYHOM
KOHTYpPE€ UHAYKTHUPYETCS TOK 00pAaTHOTO HAMPSIKEHUSI.

Tpéxdas3ublii  BBIOPSIMUTENIL  OOECIIEUUBAET  PABHOMEPHYIO
3arpy3ky ¢a3 W CHWXKAET MPU MaJIOM HWHIYKTUBHOM U aKTUBHOM
COMPOTUBJICHUM KOHTYpa MOTPEOIIEMYIO MOIITHOCTb.



I/IMHVJII)CHI)IC CXEMbI IIUTAHUS.

VIMmy TbCHBIMU HA3BIBAIOTCSI CXEMBI IUTAHUS, B KOTOPBIX YHEPTHS,
noTpeodsieMasl OT CETH, PacXOIyeTcs Ha CBApKy HE HEMOCPEIACTBEHHO
(uepe3 moHmkarumi TpaHchopmartop), a nmpeoOpasyeTcss B UMITYJIIbC
crenranbHON (opmbl. Taknue cxeMbl 00s3aTeIbHO MMEIOT HAKOIIUTEIh
SHEPrUH, B KOTOPOM 3alacaercsi CTPOro JO3UPOBAHHOE 3apaHee
3aJaHHOE KOJIMYECTBO dHEPTruH. TaKuM HaAKOIMUTEIEM OOBIYHO SBISCTCS
ANEKTPOCTATHYECKOE I10JI€¢ KOHJCHCATOPOB WM DJICKTPOMArHUTHOE
0JIE CepJIeYHNKA CTICIIMaIbLHOTO TpaHchopMarTopa.

['MaBHOE TPEUMYIIECTBO UMITYJIBCHBIX CXEM COCTOUT B TOM, UTO
HEeoOXouMas sl CBapKW dHEprus 3a0upaercs U3 CeTH MEJJICHHO, TO
€CTh MpU MaJOW MNOTPEOIsIEMONM MOIIHOCTH, & PACXOAYETCs OBICTPO
MEXaHUYECKH  ONTUMAIbHOM  MOIIHOCTH, a TaKXke HMeeTcs
BO3MOXHOCTb CTPOTOr0 JO3UPOBAHUS SHEPTUHU PACXOAYEMOM Ha OJHY
CBapKy.

OcHoBHast 00j7acTh NPUMEHEHHS HMIYJIbCHBIX CXEM — CBapkKa
JeTajei Majaod TOJIIMHBI W CINIABOB C BBICOKOM DJJIEKTPO- |
TETIONPOBOJHOCTBIO.

Yamie Bcero B KAaueCTBE HAKOIMMTENSI SHEPrUM HCHOJIb3YETCs
Oarapess KoHJeHcaTOpoB. CyILIECTBYET ABE CXEMbl KOHJIEHCATOPHOM
CBapku: OecTpanchopMaTOpHasi U C MOHMXKAIOLUM TPaHCHOPMATOPOM.
bectpancopmaTopHas cxemMa MpPUMEHSIETCS MJI CTBIKOBOW CBapKu
OILIaBJICHUEM.
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[Ipu neBom mnonoxenun kiaroua K Oartapess konaeHcatopo C
3apsiKAeTCsl OT BBICOKOBOJIBTHOTO MCTOYHHMKA ITOCTOSIHHOTO TOKa,
KOTOPBIM MOKET OBITh BBIIPSIMUTENb WU CIICHUATIbHBIA TEHEpaTOp.



[Tocne oxoHYaHUSI 3apsAKd KUY MEPEBOAUTCA B MpaBOe
MOJIOKEHUE, M KOHJICHCATOp pa3psiKaeTcs MpU OBICTPOM COJMKEHUU
neranei. Ilpu mpoTekaHWM dYepe3 CBapUBaeMbIC JETAIM MOIIHOTO
KPAaTKOBPEMEHHOI'0 MMITyJibca TOKa (umrensHOCTBI0(4-10)10cexk)
TOPIIBI A€Tae OTUIABIIAIOTCS, a 3aTEM OCAKUBAIOTCSI M1 CBAPUBAIOTCHL.

[Ipu pOMMKOBOM M TOYEUHO-KOHJECHCATOPHON CBapKU OOBIYHO
MPUMEHSIETCSI CXeMa C TMOHUKAIOIIUM TpaHCPOpMATOPOM, TaK KakK B
ATOM CiIydae HEOOXOJAUMO, UTOOBI IIPH MAJIOM CONIPOTHUBJICHUU JeTajei
3QKATBIX MEXKIY JJIEKTPOJAAMHU MAllWMHBI B 30HE CBAPKHU BBIACIAIOCH
JOCTaTOYHOE KOJIMYECTBO TEIUIAa, TO €CThb HEO0OXOJUMO, 4YTOOBI B
CBAapPOYHOM IIeMu IpOTeKaa OOJBIION TOK IPU  HEBBICOKOM
HaNpPSKECHUU.
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dopMa KpPHUBOW Pa3psAAHOrO TOKA 3aBUCUT OT COOTHOILICHHUS
VHIYKTUBHOCTH CBapOYHOM LENH, €€ AKTUBHOTO COINPOTHUBIICHUS H
EMKOCTU KOHJICHCATOPOB.

[Tpu

R>2\/E
C

pa3psii KOHJEHCATOpPOB OyJeT
't anepuomuyeckuMm (R u L
OMHUYECKOE CONPOTUBIICHHE U
UHTYKTUBHOCTD CBapOYHOU
LTI, IIPUBEICHHBIC K
IIEPBUYHOM 11(S0051
t tparchopmaropa R=n’R,; L=n’
L, n — Kod(pduimeHT
TpaHchopMaIum).

v

[Tpu R<2\/g pa3psii  KOHJIGHCATOpPOB  OyJeT  HOCHUTH

KoJieOaTeNIbHBIN XapaKTep.
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B MammHax i KOHTAaKTHOM  KOHJIEHCATOPHOW  CBApKH
cootHomenne R, L u C o00blyHO BBIOMpAETCSs TaKUM YTOOBI
oOecrieunBascs KoyueOaTeIbHbIA pa3psil, MPU KOTOPOM OCHOBHAsS YacTh
SHEPTrUM BBIJICISIETCSI B TEYEHHE NEPBOM IMONYBOJHBL. MHOrnma mpwu
OOJIBIIIOM CONPOTUBICHUM B 30HE CBapKH, pa3psiJl CTAHOBUTCS
arepruOANYECKUM.

KonudectBo »Heprum 3amacacMoil OaTapew KOHJICHCATOPOB
ompeaesieTcs mo Gpopmyiie:

W=Cu?%¥2 @

rje ¢ — EMKOCTh OaTapen KOHIEHCATOPOB;
U — HanpsikeHue 3aps/iIku KOHIEHCATOPOB.

IToaTomy 11€71€COO00pPAa3HO MPUMEHEHHUE BBICOKHUX HaNpPsSIKEHUM
3apsJIKU KOHIAEHCATOPOB.

Hanpsixenue 3apsIAKA OTpaHUYNBACTCS YCIOBUSAMU
oe3omnacHoctu. [Ipu nHakomienun HeOousbion sHeprun (0,1-0,2 KBT
cek) HampspkeHue He npeBbimaeT 1000B. Ecniu oHO BbIIE, TO
NPUMEHSIOT ~ MPOMEXKYTOUYHbIE  TpaHC(OPMATOPHI,  MOHMXKAIOIINE
HaIpsSHKEHUE Ha CBAPOYHOM TpaHcpopmaTope. MallvHbI ¢ SHEPrUen 110
1kBTCEK muTaroTCs OT oaHodaszHoi cetu (Hampumep, TKM-7). bornee
MoIHble MamuHbl (Hanpumep, MTK-75 ¢ sHeprueit 1o 22KBTCEK) OT
TpEX(Pa3HOro 3apsiAHOrO TpaHcPopMaropa yepe3 BBIIPSIMUTEND IPU
CTaOWIM3alUU HanpsokeHus 3apsiaku. M3 dopmynsr (1) BuaHO, 4TO
BEJIMYMHBI JHEPIrUM HAKAIUIMBAEMOM B KOHIEHCATOpPaX MOXHO
peryJupoBaTh H3MEHEHHEM EMKOCTH OaTapeil KOHIEHCATOPOB WIIU
U3MEHEHUEM HANPSIKEHUS UX 3aPAJIKU.



B OodpIIMHCTBE MAIIMH 3HEPTrUI0 HEOOXOAUMYIO JUIsl CBapKH
YCTaHABJIMBAIOT, U3MEHSSI EMKOCTh KOHJEHCATOPOB.

dopMy KpPUBOM Pa3pPSAAHOrO HMITYJIbCA MOKHO H3MEHSTH
M3MEHEHHEM €EMKOCTH KOHJICHCATOPOB, HAMNPSKEHUS HUX 3apsliku U
ko3 duireHTa Tpancpopmalum.

[Ipy  yBenuueHMH EMKOCTM  KOHAEHCATOPOB  BO3PACTAET
aMIUTATYJIa Pa3psAHOTO TOKA U JUTUTEILHOCTh UMITYJIbCA.

Cy1 C>C;

v

[Ipu yBennuenun ko3 duimeHta TpaHcPopMali yMEHbIIAETCS
aMIUIATYJla Pa3psgHOrO TOKAa M 32 CYET OTOr0 YBEIUYUBAECTCS
JUTUTENBHOCTh UMITYJILCOB (3HEPTHs UMITYJIBCOB OT N HE 3aBUCUT).

Nn1<n,

v

HpI/I YBCIIMYCHUU HalpsOKCHUA 3apAaKH KOHJACHCATOPOB
BO3PaCTaCT aMINIUTyda UMITYJIbCA, 4 €TI0 AJIUTCIbHOCTb octaércst 0e3
N3MCHCHU:I.
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Anmaparypa ynpasJieHUSI MAIIUH J1JIS
KOHTAKTHOW CBAPKH.

Pabota »2JIEKTpUUECKUX, MEXAaHUYECKUX, ITHEBMATHUYECKUX U
TUJIPABINYECKUX YCTPOMCTB MAIIMHBI YIPABISET JJIEKTPUUYECKas,
MMHEBMATHYECKasi M THApPABIMYECKas ammaparypa. Amnmnaparypa
VIIPABJICHUS OCYIIECTBISIET BKJIIOUYEHUE BBIKIIOUCHUE Pa3JIMYHBIX
YCTPOWMCTB MAIlIMHbI B 3aJaHHOM IOCJIEAOBATEIBHOCTH, WHOTA
KOHTPOJIMPYS WIIA PETYJIUPYSL OCHOBHBIE TApaMETPHI IIpoLecca.

BxiiroueHune 1 BBIKIIOUEHHUE TOKA OCYIIECTBIAETCS KOHTAKTOPaMHU
WM CIEHUAJIbHBIMU TpepbIBaTelsiMU. [IHEBMaTHueckas ammaparypa
yIpaBJeHUs: COCTOUT U3 KJIAaHOB, PEIyKTOPOB, JIyOPUKATOPOB U JP.

KoHTakTOophI.

B KOHTaKkTHBIX MalllMUHaX TMPUMEHSIOTCA dCUHXDOHHblE W
CUHXPOHHblE KOHTAKTOPHL. ACHHXPOHHBIE KOHTAKTOPHI BKJIIOYAIOT U
BBIKJIFOYAIOT MMEPEMEHHBIA TOK B MPOU3BOJIBHBIA MOMEHT BPEMEHH, HE
CBA3aHHbIM 1O (a3ze ¢ cuHycoumod Toka. bornee coBeplICHHBIE
CUHXPDOHHBIE KOHTAKTOpPhl BKJIIOYAIOT TOK B 3aJaHHOM TOYKE
CUHYCOU/IbI, @ BBIKIIFOYAIOT TOK TOJBKO IPH €T0 HYJIEBOM 3HAYCHUHU.

NHorma acHHXpOHHBIE KOHTAKTOPHI, BKJIIOYAIONIME TOK B
MIPOU3BOJIBHON TOYKE CHHYCOHWJIbI, & BBIKJIIIOYAIOIIME TOK IIPU €T0
nepexone yepes HYJIb, Ha3bIBAIOTCS NOJIYCUHXPOHHBIMU.
TpancpopmaTop M B 0OCOOCHHOCTHM CBAapOYHBIM KOHTYp oOJazaer
OOJIBIIION HWHIYKTUBHOCTBIO, IIOATOMY IIpU HUX BKJIIOYEHHU Ha
CUHYCOUJIAILHOE HANPSHKEHUE TOKW B MIEPBUYHOM U CBAPOYHOU LECMSAX
JOCTUTAIOT CBOMX YCTAHOBUBIIMXCS 3HAYCHUAX HE Cpa3y, a TOJBKO
110JI€ OKOHYAHUS K0JICOATEIbHOTO MEPEXO0IHOTO mpolecca. XapakTep U
aMIUTUTyJla 3THUX KOJeOaHWil 3aBUCUT OT TOTro, B KaKOW TOYKE
CHHYCOUbI OCYIIECTBIISICTCSI BKJIIFOYEHHUE TOKA.




He cmoTps Ha TO, UTO YCTAaHOBUBIIMECS COCTOSHUE B CBAPOUYHOM
LENU JOCTUTaeTCsl OTHOCUTENIBHO ObICTpO (B TeueHue 1-3 mepuoaoB
NEPEMEHHOI0 TOKa), KOJeOaHWs B BeJIMYMHE ToKa. CBs3aHHBIE C
ACMHXPOHHBIM  BKIIFOYEHHEM, MOIYT CYIIECTBEHHO BIIAATH HA
CBApOYHBIA HArpeB, B OCOOCHHOCTHM TIPM TOYEYHOM CBapke Ha
«OKECTKHUX» PEKHUMaxX U IPU POJIUKOBOM CBapKe.

He MeHee CymecTBEHHO IpM KOHTAKTHOM CBAapKE CUHXPOHHOE
BBIKJIFOYEHHE TOKAa. ECIM TOK BBIKJIIOYAETCS HE NPU  HYJIEBOM
3HAYEHUU, TO B KOHTAKTOPE BO3HMKAET JJIEKTPUUECKAs JOYra,
paspyliamonias KOHTAaKThl UM 3aJIepKUBAIOIIasg  JICMCTBUTEIHHOE
BbIKIIOueHre Toka Ha 1,=0,02-0,05 cek Mo OTHOIIEHUI0O K MOMEHTY
cpabaTeiBaHMsi  KOHTakTopa. Ilpu  ciydaiiHoM  cpabaTbiBaHUU
KOHTaKTOpa BOJM3M HYJICBOTO 3HAYEHHUsS TOKAa Jyra HE 3aropaercs u
3ama3qpIBaHusl He OyneT. 3aTsSKKU BBIKIIOUCHHS TOKa TaKXe Kak U
HEYCTAHOBUBIIIMECS TIPOIECCHl TIPU €ro BKJIIOYEHUH, BEIyT K
HECTAOWJILHOCTH SHEPTETUUECKUX MMAPAMETPOB CBAPKHU.

B MammHax I  KOHTAKTHOM CBAapKHA  YCTAHABJIMBAKOTCA
AJIEKTPOMArHUTHBIC, @ TaKX€ WIrHUTPOHHbICE WJIH TUPUCTOPHBIC
KOHTAKTOPBI. DIJIEKTPOMAarHUTHBIE KOHTaKTOPBI ABJISTFOTCS
ACUHXPOHHBIEC, 4 WUTHUTPOHHBIE W THUPHUCTOPHBIE B 3aBUCHUMOCTH OT
CXEMBbI 38KUTAHUS] — CHHXPOHHBIMU WJIH TIOJTYCUHXPOHHBIMU.

3ﬂel<mpomazuumubte KOHmMAaKmopbl.

Korpma Bpemsi BKIIOUEHHMSI TOKAa JOCTaTo4yHO Benuko (t.;>0,25-
0,35cex) HecTaOMJIBHOCTb pEXMMa, CBSI3aHHAs C ACHHXPOHHBIM
BKJIIOYEHHEM M  BBIKJIIOYEHHEM TOKA, Maj0 CKa3bIBAETCS Ha
CTaOMJIBHOCTH KadyecTBa COCIUHEHUA. B 3THUX cilydasXx, B 4aCTHOCTHU
MalllMHaX i1 CTHIKOBOW CBApKH MIMPOKO MPHUMEHSIOTCS MPOCTHIE H
JEIIEBBIC AJICKTPOMArHUTHBIE KOHTAKTOPBI.
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IIpu naxatum xkHOmMKM KII 3ambikaercs wens karymku |
KOHTakTopa K, KoTOpasi MpUTATUBAET SAKOPH 2, 3aMBIKAIOTCS CUJIOBBIC
koHTakThl K; m K, BKItouaromme CBapOYHBIM TpaHcPopmaTop H
osnokupoBouyHbie KOHTaKkThl BK. [locne okoHyaHusi cBapku (Hampumep,
MOCJIC OIUIABJICHUS U OCAJKHU HAa 3aJJaHHYIO0 BEJIWYHWHY NPU CTBIKOBOU
CBapKe) cpabaThIBacT KOHEYHBIM BbIKIIOYaTelb KB, pa3mbikaromniuii
uenb Karymwku KoHTaktopa II. Ilpm 3TOM AKOph KOHTAakTOpa
BO3BpAIIAETCS B UCXOJIHOE IMOJIOKEHUE TOJ JCUCTBUEM MPYKHUHBI 3 U
pa3mbikatoTcs KoHTakThl K; u K, otkmtouas tpancdopmarop.

Henumponnvie u mupucmopmovie
KOHMAKMOopbl.

B ToucuHBIX WM POJIMKOBBIX MalIMHAX
BKIIIOYCHHE H BBIKIIOYEHHE TOKAa OOBIYHO

OCYLIECTBIIACTCS UTHUTPOHHBIMU WM
TUPUCTOPHBIMH ACUHXPOHHBIMU
(MOJIyCHHXPOHHBIMH ) 15R105 CUHXPOHHBIMU

KOHTakTOopaMHu. WTHUTPOH TpeacTaBisieT coOou
yIPaBIISIEMbIN Ta30pa3psiAHBIN PTYTHBIA TIPUOOD,
MPOITYCKAIIAN TOK OJHOTO HAIPAaBJIECHUS MPHU




TOPEHUU JyTM MEXKIYy CTAJIbHBIM WM Tpad@UTOBBIM aHOJIOM 1 W
PTYTHBIM KaToAoM 2. WMTHUTpPOH NPUBOAUT TOK IIPU IOJA4Ye€ Ha €ro
MOKUTATEb, KOTOPHIM OOBIYHO SIBJSCTCS  IOJYIPOBOJHUKOBBIM
KpUCTAJII KapOuaa Oopa win KapOOpyHAA YaCTUYHO NMOTPYKEHHBIN B
PTYTh, MOJIOKUTEIBHOTO, OTHOCUTEIBHO KaToja, Hanpsikenue 15-20B
nepea KaxJabIM IEepUOJIOM TOpeHHs OCHOBHOW 1yru. OCHOBHas ayra
3akuraercas MeHee dyeM, uyepe3 0,001 cex mocime BO30OYXaAeHUS
BCIIOMOTaTeJIbHOM (ACKYPHOU AYyTH) MEXKIY 3aKUTraTejeM U PTYyTHBIM
KaToJIOM (BCIIOMOTaTeNibHAsI Ayra HOHU3UPYET Maphl PTYTH B OaJsIOHE
UTHUTPOHA M €CJAM MPU ITOM Ha aHOJ TOJAHO IOJOXKHUTEIbHAas,
OTHOCUTEJILHO KaTO/la HaIIPSLKEHUE, TO MEK1Yy HUMHU 3aKUTaeTcs AyTa).
[Ipr BKIIIOYEHHM UTHUTPOHA B ICMb MEPEMEHHOIO TOKA aHOIHBIA TOK
HAYMHAET MPOTEKaTh B IMOJOKUTEIbHBIM MOJYNEPUOA TPU HAIUYUU
HanpsKeHUsT MojpKora Ha mojykurarene. Ilpu mepexoje Toka udepes
HyJb WTHUTPOH TacHET. B TeueHue OTpUIATEIbHOIO IOJIyIepUo/ia
mapbl PTYTH YCHEBAIOT TOJHOCTBIO JIGMOHM3UPOBATHCA U IS
3aQKUTaHUsT UTHUTPOHA B CIEAYIOMIMN MOJIOKUTEIbHBIN IMOJYIEPHO
HEO0OXO0MM HOBBIM UMITYJIBC TTOJKOTA.

B wMammHax Manod W CpeIHEW MOIIHOCTH HWTHUTPOHBI
3aMEHSIOTCSA TUPUCTOPAMHU - YETBIPEXCIOUHBIMU
MOJIYTIPOBOAHUKOBBIMU yIIpaBiiieMbiMu mpubopamu tuna BK/[Y-150,
BK/Y-320, T-320, T-600. Tupucrop, Kak UTHATPOH NPOIYCKAET TOK
TOJIBKO OJHOT'O HAIPABJICHUS W TOJIBKO MPH I0Ja4€ Ha YIPABISIOLINAN
ANEKTPOJ HMIYyJbCAa 3alyCKa. TUPUCTOP MOXKET BKIIOYATHCS IMPH
nojaye Ha YHOPaBJISIONIUMNA AJIEKTPOJl HU3KOro HampsbkeHus (1-6B) wu
nporekanuu HeoOosbmoro toka 80-300 ma, (y urHutpona 10-30a).
Kpome Toro, THpUCTOp 3HAYUTEIHLHO MEHBIIIE UTHUTPOHA MO 00BEMY U
BECY. ACHHXPOHHBIM WTHUTPOHHBIA KOHTakTOp TMna KWA conmepxur
JBa BCTPEYHO MapajIeIbHO BKJIFOUEHHBIX WUTHUTPOHA,
oOecreunBaroluX NPOTEKaHWEe TOKa dYepe3 TpaHchopmaTop B 00a
nonynepn%ﬂa CETEBOT0 HAIPSXKEHUS.
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[Tomxurarenp WTHATPOHOB BKJIIOUEHBI 4epe3 BeHTWwIn Bl-B4
IaBkui  npegoxpanuress [IP, kontakr pene Bpemenu PB,
OTPEACIISIONINI BpeMsl pad0Thl KOHTAKTOpa M KOHTAKT ruapopene PI'.
Konrtakt PI' 3aMbIKaercss TOJIBKO IpPU JOCTATOYHOM pPACXOAE€ BOJBI,
OXJIQXKIAIOLIEH UTHUTPOHBI.

[Ipennosoxum, 4to B NEPBBIN MOIYIIEPUO MTOJIAPHOCTH CETEBOTO
HaNpsKCHUS, TaKas KaK YKa3aHO Ha CXEME.

B aTOM cirydae mpoBOASIIIUM MOKET OBITh TOJIBKO UTHATPOH Uy, ¥y
KOoTOporo Ha anoxe +. Ecmm koHtakt PB 3amkHyT, TO B Uenu
nojpKuraTesss uirHutpona U, mpoTeKaeT TOK 1o My TH:

JI;-1-2-B3-3-PB-PI'-I'P-4-B;-11Y-5-6-TC-JI,.

Urautpon U; 3axuraercss U NPOMYyCKAeT dYepe3 IEPBUUYHYIO
OOMOTKY TMOJyBOJIHY TOKa B HAMpaBJICHUH YyKa3aHHOW CTPEJKON IO
IIyTH:

JI;-1-U;-5-6-Te-JI,

B crnexyrommii mosynepuos MOJSIPHOCTh CETEBOr0 HaIPSKEHUS
MEHSIETCSl Ha TPOTUBOMNOJIOKHYI0. UTHUTpOH U, racHeT, a mpoBOASIIIUM
MOXeT ObITb UTHUTPOH U,, y KoTOporo temnepr + Ha aHojne. Eciu
KOHTakT PB octa€rcs 3aMKHYTBIM, TO B LIENH MOJKATATEIISI UTHATPOHA
U, mpoTekaer TOK 1o My TH:

JI,-Te-6-5-B,-4-11P-PT'-PB-3-B4-11U,-2-1-J1;

[Ipu »stoM 3axwuraercs wurHuTpoH U, U mpormyckaer uepe3
NEepBUYHYIDO OOMOTKY  TpaHcdopMaropa TIOJYBOJHY TOKa B
HaIpaBJIEHUHU 0OPATHO YKa3aHHOMY CTPEJIKOH 1O My TH.

JI,-Te-6-U,-2-1-JI;

Takum  oOpa3oM, BCTpPEUYHO  TapalieIbHOE  BKJIIOYEHUE
UTHUTPOHOB OOECTIEYMBAECT MPOTEKAHUE Yepe3 MEPBUUHYID OOMOTKY
TpanchopmaTopa nepemMeHHoro Toka. IIpu pa3mbeikanuu koHTakTa PB
TOPSILIIMKA UTHATPOH OTKJIFOYAETCS HE Cpas3y, a TOJBKO IMPHU IMEPEXOJIE
TOKa 4Yepe3 HyJdb. AHAIOTMYHYK) CXEMY HMMEET ACHHXPOHHBIN
TUPUCTOPHBIA KOHTAKTOP.



B cunxponHom TtupuctopHom koHrtaktope KTC, 3amyck
TUPUCTOPOB  OCYLIECTBJISECTCA CHELUAIBHOW IOJYIPOBOJIHUKOBOUN
CXEMOHM ympaBiieHHs, OO0ECTEYMBAIONICH BKJIIOYEHHUE THPHUCTOPOB B
3alaHHONW  (YCTaHaBJIMBAa€MOW C TIOMOILIBIO PEryjsATopa) TOUKE
CUHYCOUJBI.

B TOYEYHBIX M POJMKOBBIX MAlllMHAX IIMPOKO NPUMEHSIOTCS
CUHXPOHHbIE WTHUTPOHHBbIE npepbiBaTenu tuna [HUT wu [MAII. Otn
npepbIBaTeN  OOECIEUYNBAIOT CUHXPOHHOE BKJIOUEHHE TOKa B
3aJaHHOM TOYKE CHHYCOWJIBI, YCTAHABIMBAEMOW IOTECHLIHOMETPOM
HarpeB, a Tak’Ke CXeMy CTaOMJIM3alMK TOKA U CXeMY KOPPEKTUPOBaHUS,
00eCIeynBaloIlyI0 PABEHCTBO MOJIYBOJIH TOKA uyepe3 TpaHcPpopMaTop B
o0a moJryrepuo/a.

[IpepsiBaTens IIMT obecneunBaer MpPOMyCKaHUE  OJHOTO
UMIyJIbCa TOKA JJIMTEIBHOCTHIO OT 1 10 19 meprosoB (AIUTEIbHOCTD
VMMITYJIbCOB YCTAHABJIMBAETCS MIEPEKIIOYATEIIEM «UMITYJIBCY ).

IIpepeiBatens  IIIII  obOecreunBaeT  MpOIyCKaHUE  4Yepe3
TpaHcopMaTop HMIYJIbCOB TOKa, YEPEAYIONIUXCS C May3aMHu.
JIMATENBbHOCTh UMITYJIBCOB M I1ay3 YCTAaHABJIMBACTCA B Ipenenax ot |
10 19 nepro10B NEPEKITIOYATENIMHA «UMITYJIBC» U «I1AY32).

B TOYEYHBIX MalnHax MOCJEA0BATEIBHOCTh 17}
MPOJOJDKATEIIBHOCT 3JIEMEHTOB IHMKJIA CBAPKUM TOYKH «CIKATHER,
«CBapKay», «IPOKOBKa» U «Iay3ay 3aJa€Tcsl C MOMOIIbIO JIIEKTPOHHOTO
pene Bpemenu Ttuna PBDO-7, PBD-8. bomee TOYHBIM OTCYUET
JUTUTEILHOCTH KaXKJI0M omepaluyi BO3MOKEH B IIUGPOBBIX YCTPOMCTBAX
tuna peryasaropa PBJ[-200, pabortaroniero Ha MOJYNPOBOJHUKAX C
NEeKaTpOHHbIMU cuéTuukamu unu peryiarop PILIC-403, PCIIC-5,
MOCTPOCHHBIX HA  TPAH3UCTOPHBIX OECKOHTAKTHBIX  AJIEMEHTax
«JIoruKay. B 3THUX perynsiTopax OTCUET BPEMEHU CTPOUTCS MO YHUCITY
NIEPUOJIOB MEPEMEHHOTO TOKA.



MamuHbI 1JIs1 CTBIKOBON CBAPKH.

TunoBbsie MAINIMHBI.

Mamuna MCY-150 npegnazHadeHa ais CBaIZJKI/I neTalen u3
HU3KOYTJIepoaucTon crtanu cedeHneM a0 1000 mMM® HenmpepbIBHBIM
omaBiaeHneM u 10 2000 MM® OILIABJICHHEM C nogorpesoM. I[IpuBon
OILIABJICHUS 17§ OCaJIK1 AJIEKTPOMEXAHUYECKHU, 3aKHUMBI
nHeBMaTudeckue. CKOpOCTh OIUIABIICHUS PETYJIHUPYETCS CTaJIbHBIM
KYJIJAYKOM CMEHHBIMHA WIECTEPHAMU MW TEKCTPOIIHOM mMepeaadeu
Naom=150xkBa.

Mammuna MC-1604 npenHa3zHaueHa Ijis CBapKe OIUIaBJICHUEM M
OIUIABJICHUEM C MOJOTPEBOM JACTAIM M3 YEPHBIX U IIBETHHIX METAJIJIOB
ceuegueM 10 300 u 1500 MM’ COOTBETCTBEHHO. 3aKHMbI MAIIMHbI
nmHeBMaTuueckue. IIpuBojd ormiaBieHUsS U OCAJAKM HMHEBMAaTHYSCKHM.
JIMuTeTbHOCTh MMITYJIbCA MOAOTPEBa, OCAJIKH II0J TOKOM M 0e3 TOKa
3a1al0TCSl  DJIEKTPOHHBIM peryisaTopoM. [logorpeB ocyIiecTBiIseTcs
aBTOMATUYECKU TIOCPEACTBOM DJICKTPOHHOTO peJie  HampsiKEHUs.
KOHTakTOp — UTHUTPOHHBIN. Y CUIUA OCAAKU JOCTUTAIOT ST, CKOPOCTH
orutaBieHus ot 0,15-20Mm/cex, ckopocTh ocaaku 250mMM/cex.

Mammnast MC-1202 u MC-1602, paccuuTaHHble Ha CBapKy
neranen u3 majnoyriaepoaucto craim ceuenuem 300 u 600 MM® HMEIOT
PYYHOU pBIYaKHBIM MpUBOJ, cOoTBeTCTBEHHO IHOM=1200A u 16000A;
NuoM=55kBa n 96,5 kBa.

Mamuna MCJI-300 npegHazHadeHa JUisi CBapKW HEMPEPHIBHBIM
OILIAaBJICHHUEM IIOJIOC U3 CTAJIM M IBETHBIX METAJUIOB TOJIIUHOHU 1,5-6
MM U UPUHOMN 10 300MM. ITpuBonx OIUIABJICHUS
IEKTPOMEXAaHUYECKUM, TIEPHOJT 000pOoTa KyJauka, MEepPeMEIaoIIero
MEePEABKHYIO TUIUTY IPHU OIUIABJICHUH, PETYJIHPYETCI HW3MEHEHHEM
CKOPOCTH BpAIIICHUS JBUTATENS MOCTOSHHOTO TOKA.



[IpuBOa OCanKu U 3aKMMOB ITHEBMOTUApaBiandeckuii. Konrakrop
— DJIGKTPOMAarHUTHBIA. MalmHa KOMIUIEKTYETCSl T'paTOCHUMATENIeM
ry>kkoBoro tuna Nuom=300kBa.

Mamuna MC-2501 npennasHaueHa il CBapKH TOJIOC U3
HU3KOYIJIEPOAUCTHIX cTaned TtonmmHou 0,8-3,5MM u mumpunon 30-
250mm. 3aXKUMBbI ITHEBMATUYECKHUE. ITIpuBon OIIABJICHUS
AJICKTPOMEXAHUYECKUH, OCaJKh — I[MHEBMAaTHYEeCKUW. MaiumHa
CHa0KeHa TPaTOCHUMATEIIEM.

Mammna MCI'Y-500 npenHa3HaueHa AJi CBapKH OIUIaBICHUEM
1 OIUIaBJICHUEM C IIOAOTPEBOM JeTajied M3 HHU3KOYTJICPOAUCTONW H
HU3KOJIETUPOBAHHOW CTajld CEYCHUEM [0 8000MM°. 32)KHMBI MAIIUHBI
ITHEBMOTHJIPaBIINYCECKHUE. [TpuBon OILIABJIEHUS 5 OCaJKHU
TUJIPABJINYECKUM.

Mammnabsl MC-201 u MC-202 npeaHasHadyeHbl ISl CBapKHU
IPOBOJIOKH M3 yriaepoaucton cranu guametpom 0,5-3mMm u 1,6-6mmMm c
TepMOOOPaOOTKOM B MallvHE. MalimHa UMEET MPYKUHHBIN MPUBOJ,
oOecTeunBaroOIui JJ1sl JUarna3oHa PeryaupoBaHue OCAJKHU JIJIS KaxX oM
MamuHbl oT 0,1 1o 1,6 u ot 0,2 1o 3,2 kT, a Takxke ot 1,0 10 5,6 m ot 1
1o 10kr, MC-201 lnom=1600a.



MamuHbI 1)1 TOYCYHOU CBAPKH.

TunoBbsie MAINIMHBI.

Mammna MT-601 npennazHadeHa i TOYEYHOM CBapKu
JIEeTaICd U3 HU3KOYTJIEPOJAUCTOW CTaiyd. MamuHa UMEET paJualibHbIN
XOJ BEpPXHEro JJIEKTpoJda W IMHEBMATHYSCKUN MPHUBOJA  CHKATHS
(Pmax=200kr). Perynarop BpeMeHHM Ha SJIEKTPOHHOM JIaMIIe
oOecreunBaeT IJIaBHOE PETYJIUPOBAHUE JTMTEIHFHOCTH CBAPKH M May3.
KoHTakTOp 371eKTpOMarHUTHBIN.

U,0=1,5-2,5B lHom=6300A Nunom=14,2xBa.

Mamunaa MT-602 Ttakoro ke HCHOJIHEHHS, HO B3aMeEH
AIEKTPOMArHUTHOTO KOHTAKTOpa MMEET aCHHXPOHHBIN IIpephIBaTeIb HA
THPHUCTOPAX.

Mammuna MT-605 mnpegHazHaueHa I8 TOYEUHOM CBapKH
JIETAICH U3 YTJIEPOJUCTON CTAIM TOJIIIUHON 10 S+5MM, HEPKABCIOIIECH
cranu jgo 1,2+1,2mMM u amroMuHHeBBIX criaBoB 10 0,8+0,8MMm. Mammna
UMEET MPSIMOJIMHEUHBIM X0/ BEPXHETO AJIEKTPOJia OT MHEBMOIPUBOIA
(Pmax=650kr) U,,=3-6B. KoHTaKTOp UTHUTPOHHBIH.

MaimHa cHa0keHa O€CKOHTaKTHBIM PETYJISTOPOM ILIMKJIA CBAPKU
tunna PCIIC-5. B mnHeBMocucTeMe€ MOpPeayCMOTPEHBI  OOJbIIne
MPOXOJIHBIE OTBEPCTHS, YCTAaHOBJIEH cKopocTHOM kiamadn KIID/-5,
OOJIErYEHHBIN TON3YH U UUIUHAP ¢ AuadparMeHHbIM MPUBOJIOM. IJTO
MTO3BOJISIET MTOTyYaTh HAa MamurHe 10 S00 ToYeKk B MUHYTY.

lHOM=76000A NHOM=85KBA.

Mamuna MT-1609 ornuuaercs or MT-1605 panuanbHbIM
XO0JIOM BEPXHETO 3JIEKTPOJIa U MEHBIIUM TeMIIo paboThl (70 150 Touek
B MuHYTY). OHa mpenHa3HayeHa Uil CBApKUM HU3KOYIJIEPOAMUCTOMN
ctami ToamuHou 0,5-2,5MM Ha KECTKOM peXHMME U J0 S5S+5MM Ha
MSATKOM.

IHoMm=16000a, NHom=85kBa.



Mamuna MT-4001 npegHazHadeHa uisi CBapKu JeTalied U3
HU3KOYTJIEPOJUCTON CTaiu TodmuHOW ot 3,5+3,5MM g0 12+12mm.
MaimmHa #MeeT WIrHUTPOHHBIM KOHTAKTOP U DJIEKTPOHHOE pelie
Bpemenu tuma PBO-7 unu PB3-8. [IpuBoj cxxatusi — MHEBMATUYECKUM.

Mammna MTIIT-600 npennazHadyeHa aJis TOYEYHOM CBapKu
Ierajedl W3 aJIOMHMHHUEBBIX CINIaBOB ToimuHOM ot 1,5+1,5 1o
4,0+4,0MM WMIyJIbCOM BBIIPSMIIEHHOTO TOKa. IIpuBom cxkartud
MHEBMaTUYECKUI quadparMeHHblid. MalimHa UMeeT JIEKTPOABUTaTEh
JOTIOJTHUTEIBHOTO X0Ja, MO3BOJISIIONIMI YCTaHABIMBAaTh 10 CBapKH
BEPXHUH dJIEKTPO B TpeOyemMoe MoyioKeHue. Beimpsamurtens coopaH 1o
TpEx(a3HOM MOCTOBOW CXE€M€ Ha UTHUTPOHAX.

lHoM=100000a, NHOM=600KBA.

Mammnna TKM-7 IpeaHa3Ha4YeHa IS TOYEYHOU
KOHJEHCATOPHOM CBapKH JieTaner ToamuHoun 10 0,5-0,7MM U TakuM ke
Uy 0o0Jiee TOJICTBIM METAJIJIOM.

Mammna MTB-6303 Naom=500kBa TOJIIMHON CBapUBAIOITHAX
JIeTael: KOPPO3MOHHO-CTOMKMX cTajieil 3-12MM, alrOMHHUEBBIX
cIuIaBoB 1-3,5MM

Pce=1000-6000krC, Pripmax=10000krC.

MammuHa MTK-75 MpeaHa3HAYEHA TS TOYECYHOU
KOHJEHCATOPHOM CBapKu JeTajlei U3 aJIIOMUHUEBBIX CILIABOB
tommuHo#n ot 0,3+0,3Mm 10 2,5+2,5MM. MakcumalnbHas 3anacacMas B
KOHZEHCATOpax  JHeprusa  22KBT.CEK.  Beimpsmutens  3apsua
KOHJIeHcaTopa TpEX(a3Hblii UTHUTPOHHBIN. [IpuBOJ TakoW ke, Kak B
MammHe MTIIT-600. MakcuMalibHbId UMITYJIBC TOKa Aocturaer 80ka.
Tak >xe nzroraBnuBarorcss Mammabl MTK-1201 (3neprus 0,24 kBT.ceK),
MTK-5-3 (aHEpTUS 2, 7TKBT.CEK), MTK-6301 (aHEpTUS
9,8+166,6KBT.CEK).



MaluuHbI 1J11 HIOBHOHW CBAPKH.

TunmoBbie MAIIMHBI.

Mamuna MII-1001 npenna3zHaueHa it TPOJOJBHOM W
MONEPEYHOM IIOBHOW CBApKW JI€TAJEHd W3 HU3KOYTJIEPOJUCTOU CTAIIH
toauuHon a0 1,2+1,2mMM. MalrHa UMeeT MHEeBMAaTUYECKAN TTPUBOJL C
paaraibHBIM XOJIOM POJIMKA. YHUBEpCalIbHAs MOBOPOTHASI TOJIOBKA CO
BCTPOEHHBIM OeccTymneHuatbiM npuBogoMm Bpamenus [ICM-0,17
oOecrieynBaeT MPOJOJIBHYI0O U MOMNEPEUYHYyr CcBapky. TpancdopmaTtop
BKJIIOYAETCS AJIEKTPOMArHUTHBIM KOHTAKTOPOM.

IHoMm=10000a, Naom=27xkBa.

Mammna MII-2001 npeanasHayeHa Jisi  MOPOJOIBLHOM U
IONIEPEYHON IIOBHOW CBapKu JETAIEM W3 HU3KOYTIIEPOAUCTON U
JETUPOBAHHOW CcTa)M ToamuHOU oT 0,5+0,5mMm no 1,8+1,8mM. Mamuna
CHA0)X€Ha CUHXPOHHBIM UTHUTPOHHBIM TMpepbiBateneM. IlpuBon
CXKaTUs ITHEBMAaTUYECKUN. BepxXHss ToOJI0BKa HMEET KapIaHHbIN
oeccrynenuarsii  npuBoJ I[IMC ¢ 1EHTPOOEKHBIM PETYJISITOPOM
CKOPOCTH.

IHoM=20000A, Nuom=130xkBa.

Mammna MIIII-200-5 npeanasHadeHa s TONEPEYHOM, a
mamHa MIIITI-200-6 nns npoaoasHON CBApKM HU3KOYTJIEPOIUCTON U
JIETUPOBAHHOW CTaJIA TOJIIUHOM 110 2,5+2,5MM. Posku nmpuBoAsTCS OT
ACMHXPOHHOI'O JJIEKTPOABUTATEI 4YE€pPE3 KapAaHHBIA BAJI U CUCTEMY
3y04aThIX M YEpPBAUHBIX Mepenad. MairHa cHa0kKaeTcsi aCHHXPOHHBIM
UTHUTPOHOM MipepriBaTeneM tuna [T1II-100-4

Nrom=200kBa

Mamuna MIIB-6301 Nuoom=450kxBa, lHOM=63kA. Tonmuua
CBAPUBAEMBIX JI€TAJE€d M3 KOPPO3UOHHO-CTOMKHUX ctaynen 0,3-2,5Mm,
aJIIOMUHHUEBBIX cr1aBoB-0,5-2,5MMm

Pce=200-1100krc, Pnp=2200xrc, VcB=0,2-8M/MUH.
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