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Oo01mue moJIoKeHus

Pesynprarom

OCBOCHUA

NpoPECCHOHANTBHOTO  MOAYJS  SIBISETCS  TOTOBHOCTh

o6yqa}0meroc;1 K BBIITIOJIHCHHUIO BHUJ1a HpO(i)eCCI/IOHa.HBHOI\/’I ACATCIIBHOCTHU

Pyunas nyroBasi cBapka (HaruiaBka, pe3Ka) MIaBsIUMCS MOKPBITHIM AJIEKTPOJIOM

n COCTAaBIAIOIIHUX €I'0 l'IpO(beCCI/IOHaHBHI)IX KOMHCTCHHHﬁ, a TaKXKC O6H_II/IC KOMIICTCHIIUH,

dbopmupyromuecs B rpoiiecce ocBoeHus: OIIOII B nenom.

dopmMmoii

aTTeCTallnu 1o

HpO(i)eCCI/IOHaJ'IBHOMy MOAYJIIO ABJICTCA O9K3aMCH

(xBannpuKaMOHHBIN). MTOroM 3TOro sKk3amMeHa SBISETCS OJHO3HAYHOE pEIICHUE: «BH]

HpO(l)eCCI/IOHaJH)HOI\/'I JCATCIIBHOCTH OCBOCH / HEe OCBOEHY.

2. Pe3yabTaThl 0CBOEHHUSI MOIYJIsl, MOJIeKAIIUE POBEPKe

2.1. ITpoeccnoHabHBIE U 00IIHE KOMIIETEHIIMH

B pesynbrare KOHTPOJS M OLEHKH MO NPO(ecCHOHAIBHOMY MOIYJIO0 OCYHIECTBIISIETCS

KOMIIICKCHAA IIPOBCPKaA CICAYIOIINX HpO(beCCI/IOHaJILHBIX 151 O6IJ_II/IX KOMIICTCHIIUM

IIpodeccnonanbubie IToxa3aTenu OleHKH pe3yJbTara
KOMIICTCHIIUH
[NK  2.1. Bemonssrs | [lepeuncnser ocHOBHbIE TPYNIbl U MapKud MaTepUaJIOB, CBapUBAEMBbIX

PYYHYIO IYTOBYIO CBapKy
pa3IMYHBIX JIeTalied W3

pPY4YHOH AYroBOM CBapKoOil.
OcymecTBisieT MoA00p CBapOYHBIX MAaTEpUasIOB JUIsl PyYHOM IyroBoi

YTIEPOIUCTBIX U | CBapKH.
KOHCTPYKUMOHHBIX cTayied | OObSCHAET  yCTPOHMCTBO  CBAPOYHOTO M BCIIOMOTAaTEIbHOTO
BO BCeX | 00OpyJIOBaHUS JIi PYYHOM AYroBOW CBapKH, Ha3HAYEHHE U YCIOBHUS
IIPOCTPAHCTBEHHBIX paboOThl  KOHTPOJbHO-U3MEPHUTENBHBIX  NpHOOPOB, TMpaBHia  MX
MIOJIOKEHUAX CBapHOIO | 3KCIUTyaTalluy U 00J1aCTh MPUMEHEHHUS.
1IBa. BBITTONHAET TEXHOJOTHIO PYYHOM IYrOBOM CBApKOW CTaJled BO BCEX
IIPOCTPAHCTBEHHBIX MOJIOKEHHUAX CBAPHOIO IIBA.
W3maraer stansl NpoBENEHUs IPEABAPUTEIBHOIO M COIYTCTBYIOLIETO
(MeXCIOHHOTr0) MOAOrpeBa MeTalia.
OOBbsiCHSIET TPUYMHBI BO3HMKHOBEHMSI WU MEpPbl MPEAYyNpEeKIeHUs
BHYTPEHHUX HANPsHKEHUN U eopMaliiii B CBAPUBAECMBIX U3ICTHIX.
AHanu3upyeT NpUYMHBI BOSHUKHOBEHHE J1€()eKTOB CBApHBIX LIBOB MPHU
PYYHOH AYrOBOM CBAapKOM CTaJIEH, U YCTPAHIET UX
I[IK 2.2. Bemonaars | [lepeducnseT OCHOBHBIE TPYNIBI W MapKH IBETHBIX METANIOB H

PYYHYIO JIYTOBYIO CBapKy
pa3IUYHBIX JIeTalied W3
LIBETHBIX  METAUIOB U
CILJIaBOB BO BCEX
MIPOCTPAHCTBEHHBIX
MTOJIOKEHUSAX CBApHOIO
1IBA.

CILJIaBOB, CBAPUBAEMBIX PYYHOU JYyTrOBOM CBAPKOM.

OcymecTBisieT mMoA00p CBAapOYHBIX MaTepUaioB Ui PYyYHOW IyroBOM
CBApKOU U3 LIBETHBIX METAJUIOB U CIIJIABOB.

OObsicHsIET ~ yCTPOWCTBO ~ CBapOYHOIO M BCIIOMOTaTEIbHOIO
00OpyIOBaHUs Uil PYYHOM AYTOBOW CBapKH, Ha3HAYEHHE U YCIOBHUS
paboThl  KOHTPOJbHO-U3MEPHUTENBHBIX  NpHOOPOB, TMpaBuUia HX
HKCIUTyaTallMH U 00JIaCTh MPUMEHEHHUS.

OcymiecTBIsIET HACTPOHKY 000pYyI0OBaHUS JIJIsl PYYHOUM TYrOBOW CBapKH.
BBINIONHAET TEXHOJIOTHUIO pPY4YHOM JOYrOBOM CBapKOM U3 IBETHBIX
METAJJIOB M CIUIABOB BO BCEX IPOCTPAHCTBCHHBIX ITOJIOKCHUAX
CBapHOTO 111Ba.

M3maraer srambl OPOBENCHMS NMPENBAPUTEIBHOIO M CONMYTCTBYIOUIETO




(MEXCIIOMHOr0) OoI0rpeBa MeTajlIa.

OOBbsiCHSIET TPUYMHBI BO3HUKHOBEHHMSI U MEpPbl MPEayNpeKIeHUs
BHYTPEHHUX HANPSHKCHUN U iepopMannii B CBAPUBACMBIX H3ICTHIX.
AHanu3upyeT NpUYNHbBI BOSHUKHOBEHUE /1e(DeKTOB CBAPHBIX LIBOB MpPHU
pPYYHOMH JyroBOW CBApKU U3 LIBETHBIX METAJJIOB U CILIABOB, U YCTPAHSET
uXx.

TIK 2.3. BrimmoaaaTe
PYHIHYIO AYTrOBYIO
HAIUTaBKy MOKPBITBIMH

AJICKTPOJIAMH  PA3TUIHBIX
JIeTalIeH.

OcymiecTBisier TOAOOp HAIJIABOYHBIX MaTepHalioB I PYYHOU
JIyTOBOM CBapKH.

OOBsCHSET Tanbl MOATOTOBKM M MPOBEPKH CBAPOYHBIX MAaTEpPHUAIOB
JUUISL PyYHOU TyTOBOM CBapKH.

BbInonHsAET NpOBEpPKY OCHAIIEHHOCTH CBapOYHOIO II0CTa PY4YHOU
JIyTOBOM CBapKH.

OcymiecTBiIsieT TPOBEPKY  pabOTOCIIOCOOHOCTH |
000py/I0BaHuUs IOCTA PYYHOU AYTOBOI CBapKH.
BelntonHseT py4HON 1yroBOM CBapKOM HAILIABKY DPa3jIM4HBIX JCTAJICH.
OObsiCHSIET TPUYMHBI BO3HMKHOBEHHS W MEpPHI MPEayNPEeKICHUS
BHYTPEHHUX HaIpsDKEHUH U 1epopmanivii B HaIUIaBJIsIEMBbIX U3JIEIHSIX.

HCIIPABHOCTHU

[IK 2.4.
JyTOBYIO
pa3IMYHBIX JeTajei

Brimonuare
pe3Ky

OcymecTBisieT moa0Op MaTepuaioB UL PyYHOU TyroBOU PE3KHU.
OOBsicHAET STanbl MOATOTOBKM W IMPOBEPKU CBAPOYHBIX MATEPHAIOB
JUIS PyYHOU TyTOBOM PE3KHU.

BrInosiHsieT NpOBEPKY OCHALIEHHOCTH CBAPOYHOI'O IIOCTAa PYYHOU
JIyTOBOU PE3KH.

OcymiecTBisIET MPOBEPKY  pabOTOCHIOCOOHOCTH |
000pyI0BaHUs TOCTa PYYHON AYTOBOM pe3KH.
BrInIoNIHAET py4HON TyrOBOM CBAPKOM PE3KY PA3IMYHBIX JETAICH.

HCIIPABHOCTHU

O01IMe KOMIETeH MU

IToka3aTenu oeHKH pe3yJjbTara

OK 1. [ToHumarsp CymHocCTb
Y COLUAIbHYIO 3HAYUMOCTh
cBoeit Oynymeit npodeccun,
IIPOSIBIIATH K HEU
YCTOWUYMBBIN MHTEPEC.

[IpencraBisier axkTyaldbHbIH NPO(ECCHOHATIBHBIA W COLMAIbHBIN
KOHTEKCT, B KOTOPOM IIPUXOIUTCS PabOTaTh U KUTh.

Omnpenensier arOpuTMbl BBIIOJIHEHUST padOT B MpodeccnoHanbHON U
CMEXKHBIX 00J1aCcTAX

OOBbsCHSET CYIIHOCTh W/MJIM 3HAYMMOCTh COLIMAJIBHYIO 3HAYMMOCTh
Oynyieit npodeccum.

AHanusupyer 3a1auy npodeccuu u BeIIEISITh €€ COCTaBHbIE YaCTH.

OK 2. OpranusoBbsIBaTh
COOCTBEHHYIO
NesITebHOCTb, BEIOUPATh
TUTIOBBIE METOJIBI U
CHOCOOBI BHITTOJIHEHUS
npodeccuoHaNbHBIX 3a1a4,
OLIEHUBATh UX

() PEKTUBHOCTH M KAYE€CTBO.

[IpencraBnser coaepkaHue aKTyaJlbHOM  HOPMaTHUBHO-IIPABOBOM
JIOKYMEHTAI!
Omnpenensier BO3MO>KHbIE TpPaeKTOpUHU npodeccuoHaIbLHON
JeSITeIbHOCTH

HpOBOIII/IT IJIaHUPOBAHUC HpO(I)CCCI/IOHaHLHOI‘;I ACATCIIBHOCTHU

OK 3. AHanu3upoBatb
pabouyto cuTyarmuio,
OCYULIECTBJISATh TEKYIIUH U
WUTOTOBBIN KOHTPOJIb,
OLIEHKY ¥ KOPPEKIHUIO
cOOCTBEHHOM
JESATEIIBHOCTH, HECTU
OTBETCTBEHHOCTb 32
pe3yJIbTaThl CBOEH
paboTHI.

Pacnosnaer
KOHTEKCTax.
OmnpenensieT OCHOBHbIE HCTOYHHMKM HMH(OpPMAMU U pecypehl s
pelieHus 3a1a4 U mpodsieM B mpodeccnoHaTbHOM KOHTEKCTE.
VYcranaBiuBaeT CcHocoObl  TEKYIIEro W UTOrOBOTO
npodeccnoHanbHOM e TeNIbHOCTH.
Hameuaer METObI OILICHKHU "
poeCCUOHATILHOMN EATEIbHOCTH.
Cozpaer CTpyKTypy IUIaHAa  pEILEHUs

pabodyio TpOOIEMHYI) CHUTyallMl0 B  Pa3lIUYHBIX

KOHTPOJIS
KOpPpPEKIIUA  COOCTBEHHOM

3aJa4 1O KOppEeKLUUu

COOCTBEHHOM NESITEIHLHOCTH.




[IpencraBnsier NOPAIOK OLEHKH pE3yIbTaTOB
coOCcTBeHHOM MPoheCcCHOHATBHOM IeATeTLHOCTH.
OueHuBaeT pe3ynbTaT CBOUX JIEUCTBUM (CaMOCTOSITENIBHO WA C
MTOMOIUIbI0 HACTABHUKA).

peleHus  3aaad

OK 4. OcymiecTBiSTh MOUCK
uHpopmanuu,
HEOO0X0IUMOM JJIst

3 PEKTUBHOTO BBHIMOTHEHUS
npodeccnoHaIbHBIX 3aj1ay.

AHanu3upyeT IIaHupoOBaHKe Mpolecca MoucKa.

dopmynupyeT 3a1aun OUCKa HHPOPMAITUU

YcranaBiaMBaeT MpUEMbl CTPYKTYPUPOBaHUS HH(POPMAIIHH.
Omnpenensier  HOMEHKJIATYpy  MH(POPMAIMOHHBIX  HCTOYHHKOB,
MPUMEHSEMBIX B TPOPECCUOHATBHOM 1A TETbHOCTH.

Omnpenensier HEOOXOAUMBIE HICTOUHUKU HH(DOPMAITHH.
CucreMaTu3npoBaTh MOIydaeMyro HH(PpOpMaIHIio.

BrusiBiisier Hanbosee 3HaYMMOE B TIepeYHe HHPOPMALIUH.

Cocrasinsiet (hopMy pe3yibTaTOB MOMCKA HHPOPMAIIHH.

O1eHUBaeT MPAKTHYECKYI0 3HAYMMOCTh PE3YyJIHTaTOB MOMCKA.

OK 5. Ucnonb3oBath
nHpOpMaIMOHHO-
KOMMYHHKAIIHOHHBIC
TEXHOJIOTUH B
po(hecCHOHATTLHOM
NEeSITEIIbHOCTH.

Omnpenensier COBpEMEHHBIE CPEJCTBA U YCTPOCTBAa HHPOPMATH3AIHH.
VYcraHaBnMBaeT IMOPSAAOK HMX NPUMEHEHHS U MPOrpaMMHOE
obecrieueHue B MPoeCcCHOHATBHON IESITENbHOCTH.

BeiOupaer cpencrBa MH()OPMAIMOHHBIX TEXHOJOTHH IS PELICHUS
npoeCCHOHATBHBIX 33/ad.

Ompenenser COBpeMEHHOE MPOrpaMMHOE 00ecTICUeHHE.

[Ipumensier cpeacrtBa wuHpoOpMaTH3aUMM ©  HHOOPMAITMOHHBIX
TEXHOJIOTUH JUIsl peati3aliuy MpopecCHOHATBHOM eI TeIbHOCTH.

OK 6. PaboTats B KOMaH/E,
3¢ pexTUBHO 00IIATHCS C
KOJUIETaMH, PYKOBOJICTBOM,
MOTPEOUTEIIAMHU.

OmnuceIBaeT IMCUXOJIOTHIO KOJJICKTHBA.

Onpez[en;leT HHAUBUAYAJIbHBIC CBOMCTBA JUYHOCTH.
HpeILCTaBHﬂGT OCHOBBI HpOGKTHOfI JACATCIIBHOCTH
YcraHaBauBaeT CBI3b B JICNIOBOM 06IJ_IGHI/II/I C
PYKOBOJACTBOM, KIIMCHTAMMU.

y‘laCTByeT B pa60Te KOJIUJICKTMBA W KOMaHIbI JJIA 3(1)(I)CKTI/IBHOFO
pelICHUA JCIIOBBIX 3a1a4.

HpOBOI[I/IT IJIAaHUPOBAHUC HpO(l)eCCI/IOHaJIBHOI\/’I ACATCIBHOCTHU

KOJJICTaMu,

1.2. UmMeTh NpaAKTHYECKHUI ONBIT — YMETh — 3HAThH

B pesynbTare nzydeHus npopeCCHOHAIBHOTO MOAYIISI 00Y4arOIUICS TOJIKEH:

HMETh HpaKTI/I‘IECKI/Iﬁ OIIBIT:

IO 1 | npoBepku OCHAIEHHOCTH CBAPOYHOTO MOCTa PyYHOH AYTOBOI CBapKH
IO 2 | npoBepku pPabOTOCIIOCOOHOCTH W MCIPABHOCTH OOOPYJOBAaHUS TOCTa PYYHOH JyroBoH
CBapKH
10 3 | npoBepku HaIMYMsI 3a3€MJIEHHSI CBAPOYHOTO I1OCTA PyYHOU TyrOBOW CBAapKU
I10 4 | moaroToOBKM M MPOBEPKH CBAPOYHBIX MATEPHUAIIOB ISl pYYHOH TyTOBOM CBAPKH
10 5 | HacTpoiiku 000pyaOBaHUs JUIsl pYYHOI IyTOBOM CBapKu
IIO 6 | BBITONIHEHUSI PYYHOM JYrOBOM CBAPKHM pA3JIMYHBIX JAETAIEd M KOHCTPYKIMM BO BCEX
IIPOCTPAHCTBEHHBIX NOJIOKEHUAX CBAPHOTO 1IBA
yYMeTh:
Y1 | npoBepsaTh pabOTOCHOCOOHOCTH M HCIPABHOCTH CBAPOYHOIO OOOPYAOBAHUS [UISI PY4HOM
JyTOBOM CBapKH
VY 2 | HacTpauBaTh CBApOYHOE 00OPYAOBAHUE I PYYHON AYyrOBOM CBapKH
Y 3 | BBINOJHATH pPYyYHOM MAYrOBOM CBapKOW pa3IMYHBIX JeTaled M KOHCTPYKLHH BO BCEX
ITPOCTPAHCTBEHHBIX MOJIOKEHUAX CBAPHOTO IIIBA




3HATb:

31 | OCHOBHBIE I'PYIIBI U MAPKU MaTEPUAIOB, CBAPUBAEMBIX PYUYHOM JYTOBOM CBAPKOM

32 | cBapouHbl€ (HAIUIaBOYHBIE) MaTepUabl 1JIsl PyYHOH JYrOBOM CBapKH

33 | ycTpOHCTBO CBApOYHOI'O U BCIIOMOIaTEIbHOIO 000pYIOBaHUA AJIsl PY4YHOM JYroBOM CBapKu
Ha3HAUYEHUE U YCJIOBUS pabOTHl KOHTPOJbHO-W3MEPHUTENBHBIX NPHOOPOB, MpaBHUa HUX
9KCIUIyaTalK U 00J1aCTh IPUMEHEHUS

34 | TEXHUKY U TEXHOJIOTUIO PYYHOH IyrOBOW CBapKH pa3IUYHbIX JETaled U KOHCTPYKLMH BO
BCEX NPOCTPAHCTBEHHBIX MOJIOKEHHUIX CBAPHOIO NIBA

35 | mopsmok mpoBeAEHUs padOT MO TMPEABAPUTEIBHOMY, COIMYTCTBYIOUIIEMY (MEXKCIOHHOMY)
IIOIOTPEBY METaLIa

36 | OpUYMHBl BO3HMKHOBEHHMS M MEpPHl NPEIYNPEXACHHUS BHYTPCHHMX HAIPSDKCHHH H
nedopmanuii B cBapuBaeMbIX (HAIUIABIISIEMBIX) U3AEITHIX

37 | OpUYMHBI BO3HUKHOBEHHUs J€(EKTOB CBAapHBIX IIBOB, CHOCOOBI MX MPEAYNPEXKICHUS U

WCTIPABJIEHUS

2. ®opMBbI MPOMEKYTOUYHOM aTTeCTAIMH MO MPO(PEeCCHOHATLHOMY MOTYJIIO

DJIeMeHT MOJYJIsl ®dopma KOHTPOJISI U OLICHUBAHUA
IIpome:kyTouHas arTecTanus Texkyuuii KOHTPOJIb

MJIK 02.01 HuddepernmrpoBanupiii 3a4€T BrInonHenne npakTHYecKux padoT

VII1.02 JuddepeHnrpoBaHHbIi 3a4€T BrimmonHeHne KOMIIEKCHOTO
IIPAKTUYECKOI0 3a1aHMS

[1I1.02 JuddeperurpoBanHbIi 3a4ET BoinosnHeHue KOMIJIEKCHOTO
IIPAKTUYECKOI0 3a1aHMS

11M.02 Dk3aMeH (KBaIU(DUKAITMOHHBIH)

3. OueHKa 0CBOEHHUS TeOPETHYECKUX KYPCOB NPodecCHOHATBLHOI0 MOAYJISA

3.1. OcHOBHBIE MOJIOKEHUA

HPGI[MGTOM OLICHKH SABJIAIOTCA YMCHHA W 3HAHUA. KOHTpOJ'II) 1 OLICHKA OCYHICCTBIIACTCA C

WCITOIb30BaHUEM CIIEAYIOIUX (OPM M METOJOB: JJIS IPOBEACHUS TEKYIIEro W PyOSKHOTO

KOHTPOJIA — mecm, KOHmpOoJibHAs pa60ma, JUIA HpOMC)KYTOQHOﬁ ATTCCTAllUN — OK3dAMEH, 3auem

oughghepenyuposannviii 3auem.

3.2. Kommiaektsl KOC

MJIK.02.01 TexHuKa U TEXHOJOTHUSI PYYHOH TyrOBOW CBAapKH (HAIUIABKH, PE3KU) MOKPBHITHIMU

ANEKTPOAaAMHU




i .2 TocymapcTBeHHoe mpodeccuoHATbHOE 00PAa30BaTEIbHOE YUPEKIEHHE

v |f | C «CBIKTBIBKAPCKHI JIECONPOMBIIICHHBIN TEXHHUKYM)
e .
- «CBIKTBIBKapca BOP MPOMBIITUIEHHOCHT TEXHUKYM)»
YIDKCUKACO BEJIOJIaH KAHMY YUYPEKICHUE
PACCMOTPEHO

Ha 3aceganuu MK

«IIpodeccrnoHaIbHOTO ITUKIIA»

ITpotokon Ne 1 ot «31» aBrycra 2020 r.
[Ipencenarens MK HcakoBa B.B.

KoHTpo/1bHO-01IEeHOYHOE CPeICTBO 0
MJ/IK 02.01 TexHuKka ¥ TEXHOJIOTHS PYYHOH AYyroBOM CBapKH (HAIIABKU, PE3KH) TOKPBHITHIMU

AIIEKTPOIAMH
Tun KOHTPOJIBLHOTO 3aIaHUS: [TpakTuyeckue paboThl
Tema 1.1 O6opynoBanue
""" CBapOYHOrO MOCTA JIJISl CBAapKH (HAIUTABKH, PE3KH) TUIABSIIUMCS JICKTPOIOM
Tema 1.2 TexHONMOTHS CBApKH IUIABAIIUMCST TIOKPBITBIM AJICKTPOAOM YTICPOAUCTBIX U
" JIerupoBaHHBIX CTAJICH, IBETHBIX METAJUIOB U UX CIJIABOB
Tema 1.3 TexHomorusi  cBapku  (HalJaBKH, PE3KW)  IUIABSIIMMCS  DJIEKTPOJOM

YIJICPOAUCTBIX M JICTUPOBAHHBIX CTELHCIZ, OBCTHBIX MCTAJIJIOB U UX CIIJIaBOB

ITpoBepsiemble pe3yabTaThl 00ydenus: Y 1-Y3,31-37

Kpurtepuu onenku

Onenka Kpurepun
«OTaugHO» - 5 1. pabGoTa BBITIOJTHEHA TIOJTHOCTHIO
2. paboTa BBITIOJHEHA CAMOCTOSTEILHO
«Xoportioy - 4 1. paboTa BBITIOJTHEHA TOJTHOCTHIO
2. paboTa BBITIOJHEHA C HE3HAYUTEIHHOM MOMOIIBIO MTPEIT0/1aBaTeNIs
«Y 1I0BJIETBOPUTEIHLHOY - 3 1. paboTa BBITIOJTHEHA TIOJTHOCTHIO
2. paboTa BBITIOJHEHA C IIOMOIIIBIO MPETIO1aBaTelIs
«HeymoBneTBOpUTEIHHOY - 2 1. paboTa BBITIOJHEHA HE MOJHOCTHIO
CocraBureib:

IIPENOAABATENb JUCLUIIINH
Boiirenok I1.H. po(eCCHOHAIBHOTO IIMKJIA

CrikteiBKap, 2020



IIpakTHyeckas padora Nel

Tema: PacmndpoBka ycI0BHBIX 0003HAUYCHHUI CBAPOUYHOIN TTPOBOJIOKH
Heas pabGorsl: [IppoOpecT  NpakTUYECKUE  HABBIKM  IPU paclIM(ppPOBKE  YCIOBHBIE
0003HaYEeHHS CBAPOYHOM IMPOBOJIOKH JJIsi CBAPKU PA3IMUHBIX CTalel

Xo/1 BbINOJIHEHUS PadOThI:
1. O3zHakomileHHE C TEOPETHUECKUMHU CBEICHUSIMHU
2. W3yuuTh ycinoBHOE O0O3HauEHHE CBAapOYHON MPOBOJOKH JJISi CBApKM W HAIUIABKH
YTIEPOAUCTBIX, HU3KOJIETUPOBAHHBIX U JIETUPOBAHHBIX CTAJIEH.
3. PacumudpoBaTh ycioBHOEe 0003HaUE€HUE CBAPOYHOM MPOBOJIOKH (IO KAPTOUKAM).
4. OTBETUTb Ha KOHTPOJBHBIE BOIIPOCHI.

Teopernyeckue cBegeHUA
Ceapounbimu Ha3bIBAIOT  MaTepHalibl, O00ECNEUYMBAIOIIME  BO3MOXKHOCTb  MPOTEKAHUS
CBApOYHBIX MPOIECCOB U MOTYYCHHS KAYECTBEHHBIX CBAPHBIX COCAMHECHHUI.

K HuM oTHOCHT:
e TIPHCAJTOYHBIC METAILIHI,
e TIOKPBITHIE JIEKTPO/IBI,
e (hmrocHl,
e 3AIUTHBIC Ia3bl.

BoNbIIMHCTBO IIBOB MPH CBapKe BBHINOJIHIIOT C NMPUMEHEHHWEM IPHCAJIOYHBIX MaTepHUasIoB.
[Tpucanouynslii MeTala BBOAAT B CBapOYHYI0 BaHHY B JIONOJHEHHE K pPAacIIaBICHHOMY
OCHOBHOMY METaJTy C LEJNbIO 3alOJHEHHs 3a30pa, pa3ZelKd KPOMOK, MOIy4eHHs IIBa C
HEOOXOAMMBIMH T€OMETPUUECKUMHU pa3MepamMH U 00eCredeHus] BBICOKUX KCILTyaTallMOHHBIX
XapaKTepUCTUK TP MUHUMAJIbHON CKJIOHHOCTH K 00pa30BaHUIO 1e(EeKTOB.

Ilpucaoounsvie mamepuanst (memannst). B GONBIIMHCTBE CIydyaeB COCTaB MPHCATIOYHOTO
MaTepuaia Majlo OTJIMYaeTcs OT XMMHYECKOro CocTaBa cBapuBaeMoro wmeramia. Ilpu
pa3paboTKe MPHCANIOYHOTO METAJlJIa YYUTHIBAIOT METOJBl CBapKH, MapKy CBapUBacMOTO
MeTaJlia, YCIOBUS JKCIUTyaTallii KOHCTpyKIuH. [Iprucaqounslii MeTan JoKeH ObITh Ooliee
YUCTBIM MO MPUMECSIM, COJIepKaTh MEHbIIIEE KOJIUUECTBO Ta30B U MUTAKOBBIX BKIFOUCHUM.
IIpucagounbie MeTAJIBI HCIIOJIB3YIOT B BUJIE:

e  METAJUIMYECKOM MPOBOJIOKH CIUJIOIIHOTO CEUCHUSI,

e METAJUIMYECKOM MPOBOJIOKHU C TIOPOIIKOBBIM CEPACUHHKOM,

e TIPYTKOB,

e IUJIACTHH,

e JICHT.

K CBapO‘IHOﬁ IMPOBOJIOKC MPCABABIIAOT BBICOKHC Tp660BaHI/IH 0 COCTOAHUIO ITOBCPXHOCTH,
NpCACIbHBIM OTKIIOHCHHAM IO JUAMCTPY, OBAJIBHOCTHU U AP. MMOKA3aTCIIAM.



HpOBOJIOKa CTaJIbHafA CBaApoOvYHasi U HAIVIAaBOYHasA.

Jlns nyroBoil CBapkM M HAIUIaBKH MPUMEHSIOT CHEIUalbHbIE CBAPOYHBIC W HAIJIABOYHBIE
MPOBOJOKH. XOJOJHOKATAaHYI0 CTAJIbHYIO CEAPOUHYI0O NPO60JIOKY CILUIOIIHOTO  CEYEHUS
BeIycKkatoT 1o I'OCT 2246-70*, rne oHa kiaccuUIMPYETCs MO TPyIaM W MapKaM CTaju.
I'OCT npenycmatpuBaetr /7 MapOK pa3HOTO XMMUYECKOT'O COCTaBA.

CBapo4YHYI0 MPOBOJIOKY Pa3/iejiSiOT Ha 3 rPpynmbl:
1. 6 Mapox W3 HU3KOYTJIEPOJIUCTOW CTAH C COJIEPNKAHUEM JICTUPYIOIINX SJIEMEHTOB 00
2,5% — Cs-08, C6-08A, Ce-08AA, Ce-08I'A, Ce-10I'A, Cs-10I2A;
2. 30 Mapok U3 JITUPOBAHHOMW CTAJM C COACPKAHUEM JICTUPYIOIINX dJIEMEHTOB om 2,5 00
10% - Ce-08I'C, Cs-08I'2C, Cs-18XI'C u np.;
3. 41 mapky ©3 BBICOKOJIETUPOBAHHOW CTalld C  COJEPKAHHEM  JICTUPYIOIIMX
371eMEHTOB Oonee 10% - Ce-12X11HM®, Ce-10X17HT, Ce-06X18HIT.

Oobo3nauenue Mapox npPoGONOK cocmoum U3 coyemanus Oyke u uyugp u
pacuiugposvieaemca cinedyrouum oo0pazom:

CB — cBapounas; uudpa nocne CB — couepkaHue yriepoja B COTBIX JOJSAX MpoleHTa (
Hanpumep 08 o3nauaet 0,08% yrmepona);

A — TIOBBIIICHHAS YUCTOTA METAJIJIa TIO COJIepKaHuto cephl U pocdopa;

AA — Oonee MOHMKEHHOE coJiepKaHue cepbl U Gocdopa Mo cpaBHEHHUIO C MPOBOJoKoi CB-
08A; mocnenyrome OyKBbl — YCIOBHOE 0003HAUYECHHE JICTUPYIOUTUX AJIEMEHTOB; U(PHI MOCTe
OYKBEHHBIX 0003HAUCHUN - CpeJIHEE COACpKAHUE JIETUPYIOMINX JIEMEHTOB B MPOIEHTaX (Tpu
COJIep’KaHUHU JIETUPYIONIETO deMeHTa MeHee 1% 1udpa He cTaBUTCA).

XUMUYECKHE DIIEMEHTHI B CTAIIAX YCIOBHO 0003HAYAIOT CIIEAYIONUM 00pa3oMm:

IIpumep 0603HaUEHUS TPOBOJIOKH TMaMETPOM 4 MM M3 JISTUPOBAHHOM CTad, coneprxamieit(,0
6-0,10 % C; 0,45-00,70 % Si; 1,15-1,45 % Mnm; 0,85-1,15 % Cr; ne 6omee 0,3 % Ni; 0,40-0,60
% Mo; e 6onee 0,025 % P, o6o3nayaeTcs :

IIposoJioka 4CB-08XT'CMA T'OCT 2246-70.

[IpoBosioKy Pa3IHYAIOT N0 HA3HAYEHHUIO:

+ {1151 cBapKu (HAIUIaBKK) U JJIs1 U3TOTOBJICHUS AJIEKTPOJIOB (YCIOBHOE

o0o3HaueHue — J).

+ HuskoyrinepomucTyro W JIETHPOBAaHHYIO MPOBOJIOKY BBITYCKAIOT HEOMEAHCHHOW W
OMEIHCHHON (ycnmoBHOe o0o3HaueHne — Q) I TNpenoXpaHEeHUs e¢ MOBEPXHOCTU OT
Koppo3uu. OMeAHCHHYIO MOCTABISAIOT IO 0cO00MY TpeOOBaHUIO 3aKa3UHKa.

Kpome Toro,mo oco6omy TpeGOBaHMIO 3aKa3YHMKA U3TOTAaBIMBAIOT MPOBOJOKY U3
CTaJId, BbINJIABJIEHHOM:

+ snekrponutakoBbim (L),

+ BaKkyyMHO-1yroBbIM (BJl) nnu

+ BakyyMHO-UHAYKIIMOHHBIM (BU) MeTonamu (mepemiaBom).



[Ipu 3TOM oOroBapuBarOTCS IOMOJHUTEIbHBIE TPEOOBAHUS K METAJUTy MPOBOJIOKA C TOUYKH
3peHUs JOIMYCTUMOTO COACPKAHUS B HEM BPEIHBIX IPUMECEH U ra3o0B.
IIpumep:
1. Ipososoka 3CB - 08A - O I'OCT 2246-70 - ceapouHasi IpOBOJIOKA THAMETPOM 3 MM,
Mapku CB-08A ¢ oMeAHEHHON TOBEPXHOCTHIO.
2. IIpoBosioka 2,5 CB-08XI'CM®A-BU-I I'OCT2246-70 — cBapouHas MpPOBOJIOKA
nuametpoMm 2,5 M, Mapku CB-08XI'CM®PA wu3 cranu, BBINOJHEHHOW B BaKyyMHO-
WHIYKIIMOHHOM TeuH, IpeIHa3HauYeHHAas JJI1 U3TOTOBIICHUS JIEKTPOIOB.

CranbHast hannasounasn nposonoka no I'OCT 10543-98 uzrorasmuBaercs auamerpom ot 0,3
10 8,0 MM, IO XUMHYECKOMY COCTaBY pa3JeisieTcs Ha TPU IPYIIIbL:

1. 9 mapok u3 yriepoauctoit cranu — Hi-25, Ho-30 u 1.1,

2. 11 mapoxk u3 nerupoBannoi ctanm — Hi-10T7, Ho-5017, Ho-30XT'C u np.;

3. 11 mapok u3 BeicokosierupoBanHon ctamm — Hn-20X14, Ho-30X10I'10T u ap.
[IpoBosoka wucmonb3yeTrcss JJid HAIUIaBKA TOJ  (IIIOCOM, B 3alllUTHBIX Tazax, MpuU
AJIEKTPOILIAKOBOM HAIJIaBKE U JUIsl U3TOTOBJIEHUS MOKPBITHIX AJIEKTPOAOB. MapKy MpoOBOJIOKU
BBIOMPAIOT B 3aBUCMMOCTH OT Ha3HaueHUs U TpeOyemoil TBEpJOCTH MeTalla HAIJIaBICHHOTO
cinosi. cnonb3yemas sl Har1aBKu oOpe3Hasi X0J0IHOKaTaHHas JIEHTa UMeeT Tomuny ot 0,4
10 1,0 mm npu mmpune oT 20 10 100 mm. JIEeHTY OCTaBIISIOT B pyJIOHAX

KonTpoiibHbIE BONIPOCHI:
1. Kakue maTtepuaiibl Ha3bIBalOT CBAPOUYHBIMU?
Kak BbIOMparoT npucaiovHble MaTepUabl?
Kakne Buibl mpucagouHbIX MATEPUAIIOB BbI 3HAeTE?
[lepeuncnute TpeOOBaHUs, IPEIbABISIEMbIE K CBAPOUHON MTPOBOJIOKE.
B xakom Bujie OCTaBISAETCS CBApOYHAsI IPOBOJIOKA?
UTto coaepkuT cepTU(UKaAT, COMPOBOKIAIOLIUN NapTHUIO CBAPOYHON TPOBOJIOKH?
Kak ouninarot npucagouHbiii MaTepuan?

O N WD

Hazosute 'OCT, no K0OTOpOMY BBITYCKAIOT CBAPOUYHYIO TPOBOJIOKY?

Kak knaccuduiupyercst cBapoyHasi IpOBOJIOKA 110 XUMUUYECKOMY COCTaBy?
10. 151 wero npeanasHaueHa capoyHas npoBojoka Mapku C-18XI'C, Cs-08A.
11. Kak 0603Ha4ar0T MPOBOJIOKY JJIsi CBAPKHU (HATUIABKM) U JIJIsl K3TOTOBJICHUS 3JIEKTPOIOB?
12. Kakyro mpoBOJIOKY BBIITYCKAIOT IO TPEOOBAaHUIO 3aKa3unKa?

13. Kakoii tuameTp uMeeT cTajbHas HaljaBOYHasi MPOBOJIOKa?

14. Kak xnaccu@uIUpyOT HAIUIAaBOYHYIO MPOBOJIOKY IO XUMHUYECKOMY COCTaBy?
15. /Ins1 4ero ucnoJib3yroT CTaJbHYIO HAIJIABOYHYIO MPOBOJIOKY?

16. Kak BpIOMpAIOT CTAIbHYIO HATUIABOYHYIO MPOBOJIOKY?

17. HazoBuTe napameTpsl HaIJaBOYHOM JICHTHI.

18. Kak mocTaBistoT IeHTY?



Tema:

IIpakTuyeckas padora Ne2 u Ne3

[TocTpoeHue CTpyKTypHOM  CXEMBI  YCIOBHOIO  OOO3HAa4eHHs  METaJLIMYECKOIO

anekTpoaa. PacmmppoBka ycnoBHbIX 0003HaYEHUH 3JIEKTPOIOB

Hean

padotel: [IpuoOpecT  mpakTUUYECKHME HABBIKM  IPH paclIudpoBKE  YCIOBHBIC

0003HaYEeHMS CBAPOYHBIX JIEKTPOJIOB

Xo BbINOJIHEHHSI padoThI:

1.
2.
3.

O3HakoMJIEHUE C TEOPETUUECKUMU CBEICHUSIMU

HadepTuTh CTpYKTYpHYIO CXEMY YCIOBHOTO 0003HAYEHUSI METAIITMYECKOTO JIEKTPOIa
N3yuuth yciaoBHOE 0003HAUYEHHE CBAPOUYHBIX AJIEKTPOJIOB JJIsi CBAPKHU YTIEPOJUCTHIX,
HU3KOJIETUPOBAHHBIX U JIESTUPOBAHHBIX CTaJeH.

N3yuuth yciaoBHOe 00O3Haue€HHE DIEKTPOJIOB JUIsl CBAapKU  TEIUIOYCTOWYMBBIX,
BBICOKOJIETHPOBAHHBIX CTaJCH U IIBETHBIX METAJLIOB.

N3yunTh MexTyHApOAHBIEC U HAIIMOHATIBHBIE CUCTEMbI 0003HAYEHUS SJIEKTPOIOB.
PacummdpoBars ycinoBHOe 0003HAUEHHE JJIEKTPOJOB (BapuaHThI — IO HOMEPY B
KypHarie).

[Io omucanuio COCTaBUTh CTPYKTYPHYIO CXE€MY  YCJIOBHOTO  00OO3HAu€HUs
anektpona: Tun anekmpooa 3464, mapxka YOHH-13/45, npeden npounocmu
Hannaenennozo memanna menee 600MIla, I'OCT 9467-75, 3nekmpoovt umerwom
ouamemp 3 MM, NPEOHA3HAYEHbL 01 CEAPKU Y2/1ePOOUCMBIX U HU3KO1€2UPOBAHHBIX
cmaneii, nOKpvlmue - CcpeoHee; COOepHcaHue cepvl 6 HANIAA6IEHHOM Memainie
oonyckaemcs 00 0,04 %, gpocghopa — 00 0,045 %, r3nekmpoovr umerom munumaipbHoe
eépemennoe conpomuenenue pazpoigy 430 Mlla, 6uo nokpvimus — 0cHo6HOe, C8aAPKA
603MOMCHA 60 6C€X NPOCHMIPAHCHEEHHBIX NOJNONCEHUAX, NPOUZGOOUMCA HA
nocmosannom moke oopamnou noaapuocmu. Homep cmanoapma, onpeoenawouiezo
o0wue mpeodoeanusa K nekmpooam — 9466-75.

OTBETUTH HA KOHTPOJBHBIE BOMIPOCHI.

Teopernueckue cBe1eHUs

Ycii0BHOE 0003HaYeHHE YJIEKTPOAOB 1JIsl CBAPKH YIJ1epOIMCThIX, HU3K0JeTHPOBAHHBIX U

JIETHPOBAHHBIX CTAJIeH
/ ? J 4 516
/ g | 9 WU

17— | 12

Puc. 1 Cmpykmypnasa cxema ycnoenozo 0603nauenus Memaiiuyeckozo 31eKmpooa

O6o3HaueHne IJEKTPOAOB AJA CBAPKHU YIJCPOAUCTHIX U HUZKOJECTHPOBAHHBIX crajei ¢

BpPEeMEHHBIM CONPOTHBJeHMEeM pa3pbiBy A0 600 MlIla um 3JeKTpPoaoB 11 CBapKu



JETHPOBAHHBIX  KOHCTPYKIHMOHHBIX CTajleli ¢  BpeMeHHBIM  CONMPOTHBJIEHUEM
pa3psbiBy Oojiee 600 MIla.

A) D46A-YOHH-13/45-3,0-YC2 TOCT 9466-75, TOCT 9467-75
E432(5)-B10

b) 285-YOHM-13/85-2,0-J1]13 T'OCT 9466-75, TOCT 9467-75
E-13I'2CM-0-Bb20

A)- 0003HaYEeHHE IJIEKTPOAA ISl CBAPKH YIJIEPOAUCTHIX M HU3KOJETHPOBAHHBIX CTAJIEH C
BpPeMEHHBIM CONPOTHBJIeHUEM pa3pbiBy MeHee 600 MIla;
B)- o003HaueHue 3J1eKTPOAOB /Jisl CBAPKH JIETHPOBAHHBIX KOHCTPYKIIMOHHBIX CTaJel ¢
BpPeMEHHBbIM CONPOTHBJICHUEM pa3pbIiBy Oosiee 600MIla

B HamMeHoOBaHMHM THNA JJIEKTPOAA COAEPKUTCH OyKBa J, MOCJe KOTOPOil NMpHUBeAEHO
BpeMeHHOe CONPOTUBJICHUE Pa3pbIBa, Kre/Mm? (nanpumep, 938, 342, I50). Y HekoTOpPBIX
THIIOB 3JIEKTPOIOB MocJje Hu(p nocrapjieHa 0ykBa A, 4TO YKa3bIBaeT Ha 0ojiee BbICOKHE
XAPAKTEPUCTUKM IUIACTUYHOCTH HAIMJIABJEHHOI0 MeTaJlia. Y 3JIEKTPOAOB 3THUX THUIIOB
perjiaMeHTHPOBAHbBI MeXaHUYeCKHe XAPAKTePUCTHKH (6peMeHHOoe conpomueieHue
paspuigy, omHocumebHoe yOauHeHue, KoI(uyuenm HanaasKu u y20a uzubda), a TaKkke
cojiep:KaHme cepol u pocghopa B HaIIIABICHHOM METaJllIe.

Cornacuo tpeboBanusm 'OCT 9466-75 B ycnmoBHOM 0003HaY€HUU DJIEKTPOJIOB JIs CBAPKU
YIJIEPOAMCTBIX U HU3KOJIETUPOBAHHBIX CTal€il C BDEMEHHBIM COITPOTUBIIEHUEM Pa3pbIBy MEHEE
600 MIla B 3nHamenarene (puc.lu puc. 2, A) rpynna UHAEKCOB, OTHOCSIIIASACS K MOKa3aTeIsIM
HAIUTABJICHHOTO METalia, JOJKHA OBITh 3allicaHa CIeayoIuM 00pa3oM: MepBhIC J1Ba UH]IEKCA
yKa3bIBalOT MUHUMAaJIbHOE 3HAYEHHUE BPEMEHHOTO COINPOTHUBIICHUS Pa3phIBY (OB, KF/MMZ), a
TPETUN HWHIEKC XapaKTepu3yeT OJHOBPEMEHHO MHHHUMAIbHbIE 3HAYEHUS OTHOCUTEIHLHOTO
yasuHenus (6s, %) u temnepatypsl (7Tx,°C), mpu KOTOpo# onpenensercs yaapHas BA3KOCTb.

B ycinoBHOM 0003HaueHUU SAEKTPOJAOB (puc. 2, B) nAnsg cBapku cTajied ¢ BpPEMEHHBIM
COMpOTHUBIICHHEM pa3peiBy Oomee 600 MIla Trpynma wWHAEKCOB, 0003HAYAIOIIMX
XapaKTepUCTUKU HAIJIaBJICHHOTO0 METajula M MeTajula IlIBa, YKa3bIBalOT CpeHEee COACpIKaHUE
OCHOBHBIX XUMHUYECKUX 3JIEMEHTOB B HAIJIABIICHHOM METaJlIe U MUHUMAJIbHYIO TEMIEPATYPY,
pU KOTOPOH yJaapHas BA3KOCTh He Menee 35 Jx/cm?2.

Ora 3anuck (13I2CM-0)  BKIIOYaeT: a) nepevlii  uUHOEKCc —  JBy3HAYHOE  YHCIIO,
COOTBETCTBYIOLIEE CPEHEMY COOEPHCAHUIO Y21€POOa 6 COMBIX 00IAX NPOUEHMA;

0) nocnedyromue uHoOeKcol, KAXKAbIA U3 KOTOPBIX COCTOMT M3 OYKBEHHOTO OOO3HAuYCHHS
COOTBETCTBYIOUIETO  XHUMHYECKOTO JJIEeMEHTa U PaCIOJIOKEHHOTO 32 HUM
Y1CJIa, IOKA3bIBAIOLLETO CPEJIHEE co0epicanue 3Ij1eMeHma 6 HANAAGIeHHOM memaie (C
MOTPEemHOCTEI0O 10 1 %); B)nocneonuit  unodekc, XapakTepusyouuil MUHUMAIbHYIO
memnepamypy, IpA KOTOPOH yAapHast BI3KOCTh COCTaBIseT HEe MeHee 35 JIx/cm2



Ycii0BHOE 0003HaYeHHE YJIEKTPOAOB /1JIsl CBAPKH TEII0YCTOMYUBBIX,
BBICOKOJIETHPOBAHHBIX CTaJIeil M IIBETHBIX METAJLJIOB

Oobo3nauenue 31eKmMpo008 0151 C6APKU MENI0YCMOUUUBHIX CIATell.

I'OCT 9467-75 npenycmaTpuBaeT 9 THIOB DJICKTPOJIOB IS CBApKH TEIUIOYCTOMUYMBBIX
ctaied. B ocHOBy Kiaccuukanuu 3J€KTPOJOB  IOJOKEHbl XUMHUYECKUH  COCTaB
HaIlJIaBJICHHOIO METaJlJla M €ro MEXaHWYECKHE CBOWCTBA — BPEMEHHOE COINPOTHBIICHUE
pa3phiBy, OTHOCUTEIBHOE Y/UIMHEHUE U yJapHas BA3KOCcTh. OO03HaYEHUE THIIOB JIEKTPOJOB
COCTOMT M3 HMHJAEKca D (3JEKTPOAbl s AYTOBOM CBapKu) M CIEAYIOIIMX 3a HUM LUPp U
OykB. /[ée  nepevle  yu@pvl COOTBETCTBYIOT  CPEIHEMY COOepHCcanHuio  yzinepooa 6
HANAGIEHHOM  Memanile 6 CcOmolX 001ax  npoyenma. CpeHee  COJAepKaHHE
OCHOBHBIX XUMUUECKUX INIEMEHMO8 YKa3aHO B IPOLIEHTax Iocjie OyKBEHHBIX 00O03HAuYEHUU
XUMUYECKHX DJIEMEHTOB. Y  3JEKTPOJOB [Jisi CBapKU TEIUIOYCTOMYMBBIX  CTajei
BBOJUTCS OONOJIHUMEIbHBLI UHOEKC, YKA3hIBAIOIIMKA MakcUMalbHyI Temneparypy 7x, 0C,
P KOTOPOW HOPMHUPOBAHBI MOKA3aTENH JJIUTEIBHONW NMPOYHOCTH HAIUIABIEHHOTO METajljia U
MeTajuia 1Ba

Hanpumep, snexrpoasl tuna 3-09XIM® nnst cBapku TEIJIOYCTOMYMBBIX CTajlel COTJIACHO
I'OCT 9466-75 nMeroT MapKUpPOBKY:

2-09X1M® - I1J1-20 - 4.0 - TA3 T'OCT 9466-75, TOCT 9467-75
E-27 - B10

Mapka nokpertust (LJI-20), nuametp anektpona (4 mm), Bua cBapuBaeMbix ctanend (T -
TEIUIOyCTOWYUBBIE), 0003HAUYEHUE TOJIIUHBI MOKPBITUs (/I — TosIcTOE), TPy 3IEKTPOIOB 110
kauectBy (3). B 3HameHaTene: mepBblil HHACKC (2), aHATOTHMYHBIA TpeThbeMy uHACKCY (0, cM.
BblllE, npumep b), 1is JerupoBaHHBIX KOHCTPYKLIMOHHBIX cTaneil ¢ oB > 600 Mlla u
XapakTepu3yeT MHUHHMMalbHYyIO0 TeMmiepatypy Ix = 00, cueayroolmuii HHAEKC, paBHBbIN 7 -
temneparypa skcruryatanuu 570...5850 C Bua snextpogHoro nokpeitus (b — ocHoBHOE).
CBapka BBINIOJIHSETCS BO BCEX MPOCTPAHCTBEHHBIX MOJOXKEHUSAX (1) HA MOCTOSIHHOM TOKeE
obpatHoit monsiprocty (0).

Oobo3nauenue 21eKmpo008 011 C6APKU BbICOKOECUPOBAHHBIX CHMAIe ¢ 0CO0bIMU
ceoucmeamu.

I'OCT 10052-75 ycranaBnuBaetr 49 THIOB AJIEKTPOJIOB ST CBAapKH  XPOMHUCTBIX |
XPOMOHHUKENEBBIX  CTajei, KOPPO3MOHHO-CTOMKHX, IKAPOMPOYHBIX U  KAPOCTOUKHUX
JIETUPOBAHHBIX CTaJIel MapTEHCUTO-(PEeppUTHOrO, (EPPUTHOTO, AYCTEHUTO-(HEPPUTHOTO H
ayCTEHUTHOTO KJIacCOB. B OCHOBY KIaCCH(UKAIMK DJICKTPOJOB TMOJOKEHBl XUMHUYECKUH
COCTaB M MEXaHWYECKHE CBOMCTBA HAIUIABIEHHOrO MeTamaa. J[imsi HEeKOTOphIX THIOB
AIIEKTPOJIOB HOPMHPYETCS TaKKE COJAEp)KaHUE B CTPYKTYpe MeTajuia mBa (eppuTHOU (assl,
€ro CTOMKOCTb K MEXKPUCTAITIMTHON KOPPO3UH M MaKCHUMaJIbHasl TEMIIepaTypa, pH KO TOPOH
periIaMeHTUPOBAHBI TOKA3aTeNN AIUTEIFHON MTPOYHOCTH METaIJIa IIBa.



2-10X25H13I'b - IUI-9 - 5,0 - B/I1 'OCT 9466-75, 'OCT 10052-75
E-2075 - B30

OO0o3HaUYeHWE TaKUX OJJIGKTPOJOB OTJIMYACTCA TOJAbKO rpymnmod wuHIekcoB (2075),
XapaKTepU3YIOIUX HAIJIaBJICHHBIA MeTalsl M MeTaul 1Ba: 2- CTOMKOCTh TPOTHUB
MEXKPUCTAITUTHON Koppo3uu mpu 0 — TpeOoBaHUS B OTHOLICHHWH MaKCHUMalbHOW paboueit
TEMIIepaTyphl HAIUIABIIEHHOTO MeTalyla W MeTajula IuBa / — MaKCUMalbHas pabouas
TeMIlepaTypa CBapHbIX COCIMHEHUM, MPU KOTOPOH JOMYCKAETCs MPUMEHEHHUE AJIEKTPOJOB MPH
CBapke xapocTokux cranei, cocrapiser 910...1000°C 5 — conepxanue dpepputHoil dassl B
HarutaBieHHoM Metaivie 2...10 % Ecnu ctpykrypa metanna He aByxdasnas (A + @), To
YHICJIOBOM MHJEKC, XapaKTepU3YIOLMI HaIIaBIEHHbIN MeTasul, OyJIeT cOAepKaTh TOJIbKO TpU

U phL.

Oobo3nauenue 31eKmMpo008 011 HANAABKU NOBEPXHOCHIHBIX C10€6 C 0COObIMU CEOUCH 8AMU.
I'OCT 10051-75 pernamenTupyet 44 THNA 3JIEKTPOJIOB JJIsi HATUIABOYHBIX paboT.

2-10I'3 - O3H-300Y - 4,0 - H/1 I'OCT 9466-75, T'OCT 10051-75
E-300/2-1 - 40

[Ipunuun oOo3HaueHHs] XMUMHUYECKOTO CcOoCTaBa TpexHU. B rpynme  uHIEKCOB
xapakrtepusyromux HamaBiaeHHbl Metaut (300/2-1) nepewviii  unoexc (300) ykaspiBacT
CPEIHIOI0 TBEPAOCTh HAIUIABJICHHOTO MeTauia 1o Bukkepcy; mepeasa wughpa nocne kocoit
yepthl (2) xapaktepusyeT TBepaocth HRC. Bmopasa wuughpa (1) mnokassiBaeT yCIOBHS
MOJIyYEHHUS perIaMeHTUPYEeMOM TBEpAOCTH: | — HEeMOCPEICTBEHHO MOCIIE€ HAIUIABKH; 2 — MOCIIe
TEpMOOOPaOOTKH.

Meostcoynapoonvie u HayuoOHAIbHBIE CUCHEMbL 0003HAYEHUA IJIEKMPOO08.

B pa3sHbIX CTpaHax UCHOJB3YIOT pa3MyHble CHUCTEMBbl O0O3HAYEHHUS DIIEKTPOOB.
Knaccudukamms 3JIEKTPOJIOB MOKET OBITH
1o mexcoynapoonomy 1SO; esponeiickomy EN; amepuxkanckomy AWS u nemeyrxomy DIN ¢
TaHJapTaM.

Ilpumep: knaccupukamus SIEKTPOIOB IS CBAPKU YTIACPOAUCTHIX M HU3KOJICTUPOBAHHBIX
ctaiei B coorBeTcTBUA ¢ [SO 2560

E 432 RR 1604 6

E 432 npegen mnpounoctu 430...510 MIla, muHMMaIbHOE OTHOCUTENbHOE yayuHeHHE 20
%%, MUHAMaJIbHASL TeMIlepaTypa Ui oOecredeHus ymapHoi Bskoctw 28 Jlk/em”, 0C -
20; RR — pyTtunoBoe mokpeiTHe O0JbINON TOMIMHBL;, 160 — mpou3BOIUTEIBLHOCTE (TIEPEX0/T
Metaia B moB) — 155-165 %; 4 — HIKHEe TOJIOKEHHE (CTHIKOBBIE W YTJIOBBIE IIBHI); 6 —
oOpaTtHas MOJSIPHOCTD, HAMPSKEHHUE X0JIOCTOr0 X0Aa ncTouHnka nuranus 70 B.



PacmiugpoBarthb yciioBHOe 0003HaUYeHHE 3JIEKTPOAOB(BAPUAHTHI — 10 HOMEPY B
JKypHaJie):

1. D42 - YOHM-13/45 - 3,0 - VII2 TOCT 9466-75, TOCT 9467-75
E 41 2(5)-B10

2. D85 - YOHU-13/85 - 2,0 - JII3 TOCT 9466-75, TOCT 9467-75
E - 12I'2CM - 0 - B20

3. D42 - BCLI-4 - 3,0 - VC2 TOCT 9466-75, TOCT 9467-75
E 410 (3)-1]14

4. D85 —HUAT-3M - 2,0 - JII3 TOCT 9466-75, TOCT 9467-75
E- 1371XM -0 - B20

5. D46-AHO-4-3,0-V/I2 TOCT 9466-75, TOCT 9467-75
E 43 2 (3)-P21

6. D60 - BCII-60 - 2,0 - IC3 TOCT 9466-75, TOCT 9467-75
E- 1ITHM - 3 - I[14

7. D46 - 03C-4 - 3,0 - YJI2 TOCT 9466-75, TOCT 9467-75
E 430 (3)- P25

8. D85 - YOHU-13/85 - 2,0 - JIZI3 TOCT 9466-75, TOCT 9467-75
E - 1372CM - 0 - B20

9. D46 - 03C-6 - 3,0 - Y12 TOCT 9466-75, TOCT 9467-75
E 43 0 — P23

10.285 - YOHM-13/85 - 2,0 - I3 TOCT 9466-75, TOCT 9467-75
E - 137I2CM - 0 - B20

11.246 - 03C-12 - 3,0 - YJI2 TOCT 9466-75, TOCT 9467-75
E430(3)- P12

12.285 - YOHM-13/85 - 2,0 — JIM1 TOCT 9466-75, TOCT 9467-75
E - 12I'2CM - 2 — BP46

13.246 - MP-3 - 3,0 - YJI2 TOCT 9466-75, TOCT 9467-75
E 43 1(3) - PB23

14.285 - HUAT-3M - 4,0 — JII2 TOCT 9466-75, TOCT 9467-75
E- 1371XM -0 - 520

15.246A - YOHU-13/55K - 3,0 - VII2 TOCT 9466-75, TOCT 9467-75
E433-520

16.260 - BCLI-60 - 4,0 — JIC2 TOCT 9466-75, TOCT 9467-75
E- 1ITHM - 3 - I[14

17.246A - 03C-22P - 3,0 - VII2 TOCT 9466-75, TOCT 9467-75
E 432 (3)- BPXK14

18.285 - YOHM-13/85 - 4,0 - I3 TOCT 9466-75, TOCT 9467-75
E - 12I'2CM - 0 - B20

19.250A - TMY-21V - 3,0 — VJI3 TOCT 9466-75, TOCT 9467-75
E430-B520




20.285 — HUAT-3M - 5,0 — JII2 TOCT 9466-75, TOCT 9467-75
E- 13T1XM -0 - B20

21.250A — ITY-5 - 3,0 - VII2 TOCT 9466-75, TOCT 9467-75
E 513 (0) - B20

22.260 - BCLI-60 - 4,0 - JIC3 TOCT 9466-75, TOCT 9467-75
E-1ITHM -3 —1[14

23.250A - YOHU-13/55 - 3,0 — Y]I1 TOCT 9466-75, TOCT 9467-75
E517-B520

24.285-YOHU-13/85-4,0-J1/11 TOCT 9466-75, TOCT 9467-75
E - 12I'2CM - 0 - B20

25.250A — 03C-18 - 3,0 - V2 TOCT 9466-75, TOCT 9467-75
E 510520

26.285 - HUAT-3M - 4,0 - JIZI3 TOCT 9466-75, TOCT 9467-75
E- 1371XM -0 - B20

27.950 — BCII-4A - 3,0 - YC2 TOCT 9466-75, TOCT 9467-75
E510(3)-1114

28.285 - VOHU-13/85 - 5,0 - JIJI3 TOCT 9466-75, TOCT 9467-75
E - 1372CM - 0 - 520

29.255 - VOHU-13/55V - 3,0 - VI2 TOCT 9466-75, TOCT 9467- 75
E513-B26

30.085 - YOHU-13/85 - 4,0 - JIZI3 TOCT 9466-75, TOCT 9467-75
E - 1372CM - 0 - B20

31.260 - YOHU-13/65 - 3,0 - YJI2 TOCT 9466-75, TOCT 9467-75
E513-B520

KoHTpoJibHbIC BONIPOCHI:
1. Kaxkoii JOKyMEHT ompeIelisseT CTPYKTYPHYIO CXeMY YCIOBHOTO 0003HAYCHHS
3JIEKTPOJIOB?
CKOJIBKO MTyHKTOB B CTPYKTYpHOU cxeme?
Kak ycranaBnuBaeTcs TUII AJIeKTpoaa?
Kaxkoit 6ykBoit 0003Ha"aeTcst TUM JIeKTpoa?

a s~ wn

Kakumu 6ykBamMu B CTPYKTYpPHOI cXxeMe 0003HAUEHBI SJIEKTPOJIbI HCXOIS U3 HX
Ha3HAUYEHUI?

o

JUist uero mpeaHa3zHavYeHbl AIEKTPOo kI, 0003HaUeHHbIe OyKkBOH "Y"?

~

Kakoii 0ykBoil 0003HauEHBI NIEKTPOIBI AJISl HATIAaBKU?
Onpeaenure TOMMMUHY MOKpbITHS, ecinu d = 3,0, D = 5?

© o

. Kak onpenenuts BenmuuuHy NOKpHITHS?

10. Yemy paBHo otHomienre D/d y TOICTONOKPBITHIX 3JIEKTPOI0B?

11. Kak o603HauyaeTcst MoKpeITHE, y KoToporo D/d > 1,87

12. HazoBute nokpeiThe, y kKotoporo D/d < 1,2.

13. Kakue XxuMu4eckue 31eMEHThl PeriIaMeHTUPYET rpyIa KauecTBa B OKPHITUU?

14. Ha3zoBuTe TpymITy Ka4eCTBA y CAaMBIX KAU€CTBEHHBIX JIEKTPOJIOB.

15. Yto xapakrepusyet rpynna uugp, odozHaueHHas qudpoii 7 B CTpyKTypHO#H cxeme?



16. HazoBure THmb! mokpeituii? Kak onn o0o3Havatorcs?

17. Kak 0603Ha4ar0TCsi CMEIIEHHBIE TTOKPBITHS?

18. Ecnn B coctaB mokpbeITHS BXoAUT Oonee 20 % jxerne3a, kKak oHO 00o3HavdaeTcs?

19. Kak 0003Ha4at0TCs 3JIEKTPOIBI AJISI CBAPKH B TIOOOM POCTPAHCTBEHHOM TTOJIOKECHUN ?

IIpakTuyeckas padora Ned

Tema: CamocTosiTEIbHOE M3yYEHUE U KOHCIIEKTUpOBaHUE Marepuana "OyHKIUU MOKPBITUN
3JIEKTPOJIOB"

Heabs paborsl: [IpnoOpecTn npakTUYecKWe HABBIKA MPU H3ydyeHUH Martepuana "®dyHkuuu
MTOKPBITUM JIEKTPOJOB"

Xo/ BbINOJHEHUS PadoThI:
1. O3zHakomIleHHE C TEOPETHUECKUMH CBEICHUSIMHU
2. V3yuyuTh M 3aKOHCHIEKTUPOBATH "D YHKIIUU TOKPBITHI 37IEKTPOI0B"
3. OTBeTHTHh Ha KOHTPOJILHBIC BOIIPOCHI.

Teopernveckue cBeeHUs

Kuaaccndukanus nNoKpbITHH 3J1€KTPOAOB

B kauecTBe CBapOYHBIX MaTEPUANIOB MJisi DJIEKTPOIYTOBOW CBApPKU MPUMEHSIOTCS MITYyYHbBIC
3JIEKTPO/IbI, CBAPOYHAs M MOPOIIKOBAs MPOBOJIOKA.

DNeKTpoAsl JUISI JYyroBOM CBapkh OBIBAIOT JBYX OCHOBHBIX THUIIOB: MIAGAWUECA U
Henagawuecs.

JIns pydyHOW QyrOBOM CBAapKH CTaJ€d IIUPOKO NPUMEHSIOTCS HAAGAUIUECS MemanludecKue
971eKmpoobl B BUAE CTEPKHEN JIIMHOU 10 450 MM U3 CBapOYHOU TPOBOJIOKH C HAHECEHHBIM Ha
HUX CJIOEM MOKPBITUSA 4.

Onun n3 koHIOB 3ekTpoaa 1 Ha mmuae 20...30 MM OCBOOOXIEH OT MOKPBITHUS TS 3a)KaTHS
€ro B JIEKTPOAOIepKATENE C IIEJIbI0 00€CTICUCHHS DJIEKTPUUECKOTO KOHTAKTA.

Puc. ITnasawuiica  rnekmpoo: 1 -  cmepowcenv, 2 - yuacmok  nepexooa, 3 -  mapka
anekmpooa, 4 - nokpeimue.



CrepXHU DSJEKTPOAOB JJIsI CBAapKU CTAJIM M3rOTABIMBAIOTCS U3 HU3KOYTJIEPOIUCTOM,
JErUPOBAHHOM  WJIM  BBICOKOJIETMPOBAHHOM  CBapOYHOM  mpoBOJiokU.  CranmapToM
npeaycMaTpuBaeTcs 77 MapOKCTaJbHOW IPOBOJOKH, MIYIIEM HA W3TOTOBJICHUE IITYYHBIX
3JEKTPOJIOB 1uameTpoM oT 1,6 10 6 Mmm.

[TokppiTHE CBapOYHBIX JJEKTPOJOB IMPEACTaBIsAeT CO0OM CcMech MOPOIIKOOOpa3HBIX
MaTepuajgoB, HAHECEHHBIX Ha MeETAUIMYECKU cTepkeHb. OHO BBIMOIHSAET MHOXKECTBO
GbyHKIIUH, KOTOpBIE HANpaBleHbl HA JOCTHXKEHHE JBYX OCHOBHBIX IIEJIEH, MpECcieyeMbIX B
mpolecce CBapKu - o0ecreueHne cTabuIbHOCTY TOPEHUs IyTU U MpUJaHNue METAILTy CBAPHOTO
I1Ba HEOOXOJUMBIX CBOMCTB.

[TokppiTHE CBapOYHBIX DJIJIEKTPOJOB OKa3blBAET MHOXKECTBEHHOE JeicTBHe: o00pasyer
atMoc(epy 3alIMIIAONIYI0O METAUI OT KHCIOpoAa M a30Ta, HAXOAAIIMXCS B BO3JYyXE,
CTaOUIIU3UPYET TOpPEHHE AYTH, yJIalseT BpeAHble NMPUMECH W3 PacCIUIaBIEHHOTO MeTaia,
JIETUPYET €r0 C LEJbI0 YIyUIlIeHHUs] CBOMCTB.

Puc. Ilokpoimue 231exkmpooa 6 Oeiicmeuu:l - Oyea, 2- s1ekmpoo, 3 - ceapusaemviii
memann, 4 - ceapounas 6auHa, 5- Kanau pacniagienHoco dnekmpooa, 6 - nokpvimue, 1 -
2azoeoe obnako, 8 - wnaxoeas éanna, 9 - ceapounsiii wos, 10 - winaxosas kopka.

444 //

HJ'ISI CBApKH NBETHLBIX MCTAJUIOB U UX CIIJIAaBOB HapsAay €
HCIUIABAINUMHUCA TMPUMCHAIOT IUJIABAIIUCCA JJICKTPOIbI
N3 COOTBCTCTBYIOIIUX MCTAJJIOB U CIUIABOB - aJIOMUHUA,
ME€au, HUKEIIA, 6pOH3BI, JIJATYHHU U T.II.

Puc. Ceapounvie 31exmpoout

Bce moKpbITHA J0I5KHBI YI0BJIETBOPATH CJeAYIOIIUM TPeOOBAHUAM:
o oOecneunBaTh CTAOMIBHOE TOPEHUE TYTH;
o (hu3HUECKHE CBOWCTBA IIJIAKOB, 0OPA3YIOIMIMXCS MPHU TUIABICHUH 3JIEKTPOJIOB, TOJIKHBI
obecrieunBaTh HOpMaJbHOE (OPMHUPOBAHME IIBA M YAOOHOE MaHUIYJIUPOBAaHHE
ANEKTPOOM;



e HE JOKHBI MPOXOJUTH PEAKIIMU MEXIYy LIJIaKaMH, Ta3aMd U METAJJIOM, CIOCOOHBIE
BBI3BaTh 00pa3oBaHUE MO B CBAPHBIX IIBAX;

e MaTepHaJbl MOKPBHITUSA JOJKHBI XOPOILIO HU3MENbYAThCS M HE BCTYIIATh B PEAKIHIO C
KHUJKUM CTEKJIOM HIIM MEXy COOOM MPU U3TOTOBJICHUU MOKPBITHS;

e JIOJDKHBI O0OECIIeYMBATh MOJYYCHHE MeTajlla IIBa TPEOYEeMBIX XMMHUYECKOTO COCTaBa U
CBOMCTB;

e o0ecreunBaTh paBHOMEPHOE pacIlIaBJIeHHE JIEKTPOTHOTO CTEP)KHS M MIOKPHITHS,

e o0ecreunBaTh BHICOKYIO TPOU3BOIUTEIHLHOCTD MPHU HEOOIBIINX MOTEPSX IEKTPOTHOTO
Marepuaia Ha yrap u pa3opbl3TUBaHuUE;

e COCTAaB IMOKPHITUH JODKEH OOeCIeYrBaTh IPHEMIIEMbIE CAHUTAPHO-TUTHCHHUYECKHE
YCJIOBHSI TPY/la PU U3TOTOBJIEHHUH JIEKTPOJOB U B MPOLIECCE UX CTOPAHUS,

e IIJIaKW, OOpa3yIOIIMecs MPHU IUIABICHUHM TOKPBITHS JOJKHBI OBITh UMETh IUIOTHOCTh
MEHBIIIYI0, YeM IUIOTHOCTh MeTajula CBAapOYHOM BaHHBI, YTO OOECIEYHT €ro
BCIUTBIBAHHUE U3 CBAPOYHON BAHHBI,

e IIUIAK JIOJKEH MOKPHIBATh CBAPHOM IIOB I10 BCEH MTOBEPXHOCTH POBHBIM CJIIOEM;

e IIUIAK JIOJKEH JIETKO OTAEISATHCS OT CBAPHOTO IIIBA.

DOYyHKIUHN NOKPBITHH 3JIEKTPOAOB:

Kucinoe mnokpbiTHe - 0003HauaeTcsi OyKBOM A M CBUIETEILCTBYET, YTO B COCTaB dTUX
MOKPBITUH UMEETCS 3HAYUTENbHOE KOJIMYECTBO MATEPUAIIOB PYTHOTO MPOUCXOKICHUS

Mapku 31exkmpooos. AHO-2, CM-5, LIM-7, conepxaiiue KHCIble KOMIIOHEHTBI: OKCUObL
Jicenesa, Mmapzanyegyro Dyoy, KpemHuesem, mMumanoewlil KOHuenmpam,
00ecreYnBaroue ULIAK0BYIO 3auumy u OombII0€
KOJIMYECTBO gheppomapzanya, HeoOXOIUMOTO ISl pACKUCTeHUs METAIJIA 1IBA U YBEITUYCHUS
MIPOU3BOJIUTENBHOCTH 3a CUET JHcesiesd, IePEexXoIAIEero U3 NOKPbITUS B METasll LIBa.

CBapky 3J€KTpOJaMH C 3TUM BHUJOM HOKPBITHS MOXHO IPOU3BOJUTH HA NEPEMEHHOM U
HOCMOAHHOM MOKAX 110001 NOJAPHOCIMU 60 6CeX NPOCHMPAHCHIEEHHBIX NOJ0MceHuAX. B
MpoLEecce CBapKH ATUMH AJIEKTPOJAAMH CBApOYHasi BaHHA OYPHO KUIUT BCIEACTBHE aKTHUBHOIO
PACKHUCIICHHs] METalIa CBAPOYHOM BaHHBI YIJIEPOJIOM, MIO3TOMY IPH CBApKe JUIMHOU AYyrod U
Ha (QOpPCHUPOBAHHBIX PEKHMMaX MO OKAIMHE WM PrKaBUYMHE MOJTY4YarOTCs TJIOTHBIC MIBHI 0€3
op.

IIpenmymiecrsa:
e XOpoIIast CTaOMIBHOCTh TOPEHUS AYTH IIPU CBAPKE MIEPEMEHHBIM TOKOM,
e MOJKHO IIPOM3BOJUTH CBAPKY I10 P>KaBBIM U OKHUCIICHHBIM ITIOBEPXHOCTSIM,
e JIETKOE 3a)KUT'aHUE IyTH,
e BBICOKYIO IIPOU3BOJUTEIBLHOCTD IIPOLIECCA CBAPKH.

He}IOCTaTKaMI/I KHCJIBIX HOKpBITI/Iﬁ QJICKTPOJOB ABJIAIOTCH:
e CKJIIOHHOCTH MCTaJlJIa III1Ba K 06pa30BaHmo KPpUCTAJUIM3alIUOHHBIX TPCIIHH,
e JIOBBINICHHOC pa36pB13FI/IBaHI/Ie MCTala,
e 3HAYUTCJIBHOC BBIJICIICHUC B ITPOLECCCC CBAPKH BPCIHLIX MAPTaHIICBbBIX COCI[PIHGHPIIZ;
e 0OJBIIAs CKIOHHOCTH METAJIIA K MCXaHUYCCKOMY CTApPCHULO,



e CKJIOHHOCTH IITBa K 00pa30BaHUIO MOP (K3-3a OOJIBIIIOTO COMIEPKAHMSI MAPTAHIIA) .

9J'I€KTpOI[BI C KU CJIbIM IOKPBITUEM RPpUMEHAIOM I CBapKu KOHCTPYKI_II/Iﬁ nus3
HU3KOYTJICPOAUCTBIX cTajieii B CTPOUTCIILCTBC U MAIIMHOCTPOCHNH B 3aBOJACKUX U MOHTAKHBIX
YCIIOBUAX.

OcHOBHOE MOKpbITHE - 0003HavYaeTcss OykBoW b. DT0 MOKpBITHE COACPKUT: KapboHam
kanvyua CaCQOsz3, kapoonam maznusa, naasukoeviit winam CaF2, mpamop, men —
00ecTeunBaroueULIAK08Y 10 3aIUTY; (heppoCcniassl 1 HEKOTOPOE KOJIUUECTBO KpeMHe3emd.

Mapxku rnexmpooos. Y OHU-13/45, YOHU-13/55, O3C-2.

DJEKTPOAbl € TMOKPBITHEM JTOr0 BHJA TNPUMEHSIOTCS JUIS CBapKd IIIBOB BO BCEX
NPOCTPAHCTBCHHBIX TOJIOKEHHSIX C MMOJYYCHHEM CBapHBIX COCJAWHCHHUN IOBBIIICHHOM
MPOYHOCTH U TUTACTUYHOCTH.

JlJis cBapKu HUCHOJIB3YIOT B OCHOBHOM HOCHLOAHHBLI MOK 00pamuoil noaapHocmu. YToobl
WCIIOIb30BaTh JIEKTPOJIBI TOTO BHUJA ISl CBAPKH HA MEPEMEHHOM TOKE, B TIOKPBHITHE BBOIST
MaTepHalbl, COAEpXkAIINE JIErKO HOHU3ZHPYIOUIUE DJIEMEHTHI: Kaluesoe MHCUOKoe CHeKo,
nomaut, Ka1byUHUPOBAHHYIO COOY U Op.

IIpenmymiecrsa:
e Meramn mBa, HAmJIABIEHHBIM 3JIEKTPOJAMH C OCHOBHBIM IOKpBITHEM, O0JanaeT
MUHUMAaJIbHBIM COAEPKAHUEM KUCIOPO/Ia U a30Ta, MaJl0 HACHIIIAETCS BOJOPOIOM,
e MuHHManbHO 3arpsi3HEH HEMETAJUNIMYECKUMHU BKJIIOYEHUSAMU U BPEJHBIMHM IPUMECIMU
cepsl U pocdopa,
o OO6nagaer Xopoue CTOMKOCTHIO MPOTHB 00Pa30BaHUsl KPUCTAUIN3ALUOHHBIX TPELUH
U CTapeHHus, BBICOKMMU IOKa3aTEISIMU YJApHON BA3KOCTH KakK IPH IOJOKUTEJIbHBIX,
TaK U IPU OTPULIATEIBHBIX TEMIIEPaTypax.
[TosToMy 3TH 3JEKTPOIbI HPeOHA3HAYAOMCA 11 CBAPKU KOHCTPYKLUH, TpyOONpOBOJIOB,
COCYZIOB M3 YTJEPOAMCTBIX M KOHCTPYKUMOHHBIX CTalled, )KECTKUX KOHCTPYKUMN U3 JIUTHIX
YTIEPOJUCTHIX U HHU3KOJIETHPOBAHHBIX BBHICOKOMPOYHBIX M BBICOKOJIETMPOBAHHBIX CTaled U
CIUIaBOB B 3aBOJICKMX U MOHTAKHBIX YCIIOBUSX.

HeapocrtaTtkamMu OCHOBHOTO MOKPBITHS SIBIISIETCS:

e HHU3Kasg CTAaOWJIBHOCTH TOPEHHS AyrH: 0Opa3zoBaHHE OOJIBIIOTO YHCIA OTPULATEIBHBIX
MOHOB (pTOpa Mpw IIABICHUU TMOKPHITHS MPHUBOAWT K YMEHBIICHUIO MPOBOIMMOCTH
IYrOBOTO pa3psiia U CHIKEHHIO YCTOHYMBOIO TOPEHHsI IYT'H, TOITOMY CBapka
BO3MOJKHA TOJIBKO Ha MIOCTOSTHHOM TOKE O0paTHOM MOJISIPHOCTH,

e TIOBBINICHHAS CKJIIOHHOCTh K 00pa30BaHUIO MOpP B IIBaX MPH CBapKe YJIMHEHHON AYTOH,
npu OONBIIMX 3a30pax, NpPU HATUYAMW OKAJMHBI M KOPPO3MHM HAa TOBEPXHOCTH
CBapHBaEMOro MeTaJlIa, MPH YBIAKHEHUH HOKPBITHS



Henarono3noe mokpbITHE - 0603HavaeTcst OykBoit L. OHO cOAepKUT MPEUMYIIECTBEHHO (10
40 %) matepuanbl OPraHMYECKOro MPOUCXOKICHUS (Kpaxman, , OKCUUeLI0n103y, OPeGeCHYI0
MYKy), KOTOpble, pasjarascb TOJA  JCHCTBUEM  TEIJIOThl  AYrd, OOECHEYUBAIOT
MHTEHCUBHYIO 2d3068)10 3aujumy pacIuIaBI€HHOT0 Metaia. [[lnakoobpaszyowum B TaHHOM
MOKPBITUU CILYKUT MUMAHOBHLI konyenmpam, pymun Ti0, packuciumenem —

deppomapzaney.
Mapxu 3nekmpooos. BIIC-1, BIIC-2, BIIC-4, O311-1-1

[Ipu cBapke Ha TOpIIE JJICKTPOJA TOSBISETCS KOHYCHas BTYyJKa W3 HEpacIIaBSIIETOCs
MOKPBITHS,, YTO CHOCOOCTBYEeT OOpa3oBaHUIO HAMpPaBICHHOIO TIOTOKa Tra30oB, KOTOPBIN
o0ecreunBaeT OTTECHEHHE KUIKOTO MeTajlla M3-TOJ Ayru U obecreunBaeT Oosee rirybokoe
MPOIUIABJICHHME OCHOBHOTO METajlyla, XopoInas CTaOWIBbHOCTh TOPEHUS Jyrd IpH
WCIIOJIb30BAHHUH ITEPEMEHHOTO M IIOCTOSTHHOTO TOKA.

Onu 00pa3yroT HEOOJBIIOE KOJUYECTBO IUIAKa, YTO MO3BOJSET NMPUMEHATh UX JUIS CBApKU
LIBOB 60 6CeX NPOCMPAHCMEEHHBIX NOJIOHCEHUA NEPEMEHHOM U NOCHIOAHHOM MOKAX
0001 NOAPHOCMU.

[To MexaHWYECKUM CBOHWCTBAM COOTBETCTBYIOT JIEKTpOIaM THIa J-42.

HenocraTkamu 3J€KTPOJIOB C IEIUTIOIO3HBIM MTOKPBITUEM SIBIISIOTCSL:
e TIOBBINICHHAS] CKJIOHHOCTh METaJIa IBa K XOJOJHBIM TpeluHaM (HaBOJOPOKHWBAHUE
MeTajia) U K TOPSYUM TpEIIHaM IPU MOBBIILIEHHOM COACPKAHUU YTIEPOa U CEPBL,
e 3HAYMUTEIbHOE Pa30pHI3THBAHKE METANIA,
e OombIasi YyBCTBUTEIHHOCTh MOKPBHITHS K MEPErpeBy MpPH MPOCYIIKE W MPOKAJIKE
AEKTPOIOB (BHITOPAHUE OPTAHUYECKUX COCTABJISIOIINX )

Ilpumenarom nns cBapku TPyOOIPOBOJOB M KOHCTPYKIMH M3 HU3KOYTJEPOIUCTHIX CTallel, B
TOM 4YHCJIE KOPHEBBIX IIIBOB HEMOBOPOTHBIX MAarUCTPAIBHBIX TPYOONPOBOAOB METOOM
OMHUPAHHS CBEPXY BHHU3 C BBICOKOW CKOPOCTHIO, JOCTUTAIONIECH 25 M/4 U3 HU3KOJIETUPOBAHHBIX
CTajell B MOHTaXHBIX yCJIOBUAX. [I[pUMEHSIOTCS 11 CBApKM Ae€Tajel MaJIOW TOJIIUHBI.

PyTuiioBoe nokpsiTHe - 0603Havaercs 0ykBoii P.

Mapku snexkmpooos. AHO-3, AHO-4, AHO-6, MP-3, MP-4, O311-3, O311-4, O311-6,

OTO MOKPBITHE COAEPKUT MUHepaibl: pymun TiO, pymunogvlii KOHuenmpam, MycKoeum,
Mazne3um, 00eCIeUUBAIOLINE YCMOUYUBOCIb 20peHus Oy2u, IVIAKOBYI0 3alUTY, a 3a CYeT

JUCCOLIMALMM  HEKOTOPBIX 3JEMEHTOB YaCTHUHYK Ta30BYI 3aluTy. Packucnenue u
JlecupoB8aHue JOCTUTAETCS HATMYUEM heppomapzanya, a 2a3o6as 3auuma — 4eroa030il.

CBapKy >J€KTpoJaMU C 3TUM BHUAOM IOKPBITHS MOKHO IPOU3BOAMUTH HA MEPEMEHHOM U
HOCMOAHHOM MOKAX 110001 NOJAPHOCIMU 60 6CEX RPOCHPAHCHEEHHBLX NOI0HCEHUAX.



IIpenmymecrBa:

e HE CKJIOHHBI K OOpa3oBaHUIO MOp B MeTa/JIe IIBAa NpPU KOPPO3UHM U OKaJMHE Ha
CBAPHBAEMBIX KPOMKAX, PU YUTUHEHUH AYTH.

e HaMMEHEE BPEAHBI ISl CBAPLIUKOB,

e 00JIaaI0T XOPOILIUMHU CBAPOYHO-TEXHOJIOTUYECKUMHU CBONCTBAMMU:

e XoOpollasg CTaOWUJIBHOCTh TOPEHHUS IyTU IMPU CBAPKE HA MEPEMEHHOM U IMOCTOSHHOM
TOKE,

e HM3Kas pa30opbI3TUBAEMOCTh MeTalljia,

e JIErKas OTAEIISIEMOCTD IIIAKOBOU KOPKH,

e Xxopoiee (opMHUpOBaHHE IIBOB BO BCEX MPOCTPAHCTBEHHBIX IOJOXKEHUSAX, JIETKOE
3a)KUTaHUE TYTH.

HepocraTtkamu QJICKTPOOOB C PYTHUJIOBBIM ITOKPBITUCM ABJIAIOTCA:
e CKIOHHOCTH K IMOABJICHHIO IIOp IPH CBAPKEC HA IMOBBIIICHHBIX PCKHUMAX TOKaA, IIPU
CBApKC YIJIOBBIX IMIBOB TaBPOBLIX COCJIMHEHUH C 3a30paMHu.
e MCTAJl/Ia HIBOB XapPaKTCPU3YCTCA HU3KOU JIUTEIILHON MJIaCTUYHOCTBIO.

Ilpumenarwomea 1151 CBapKU KOHCTPYKLMHM W3 HU3KOYTJIEPOJUCTOW M HHU3KOJIETUPOBAHHOMN
CTaJlell C BPEMEHHBIM CONpPOTHBIEHHWEM pa3pbiBy 10 490 MlIla B crpouTenscTtBe U
MaIIMHOCTPOCHHH.

IIpoune nokpwbiTHS - 0003Ha4ar0TCs OykBoi I1.

CMmenieHHbIe nokpeiTus. K HUM OTHOCST IIEKTPOABI C KHCJIIO-
nemtonio3ubiM (ALL),pyrumiioBo-ocHoBHbIM — (PB),  kucno-pytuinoBeiM  (AP), pyTrioBo-
uesuttoiao3HbM (PII) u qpyrumu BUaamMu NOKPBITHMA.

K snexrponam ¢ kucno-uenniono3nsim noKpsimuem NpUUUCISIOT AJIEKTPOAbl MapKU
OMA-2, npeHa3HaYEHHBIE ISl CBAPKH TOHKOJIMCTOBBIX KOHCTPYKIUHN (TOMIUHON 1...3 MM)
W3 YIJIEPOAUCTHIX HU3KOJIETUPOBAHHBIX CTANCH MOCTOSHHBIM U MIEPEMEHHBIM TOKOM.

K osnexrponaM ¢ kucno-pymunoevim (uibMeHumossim) NOKpbimuem OTHOCAT DIEKTPOIbI
Mapok OMM-5, AHO-6, AHO-6M, AHO-17 u ap. OHu coxepaT B MOKPHITHE UIBMEHUT
(FeO-TiO,) u mpenHa3HavyeHbI JUIS CBApPKH KOHCTPYKIHUM W3 yIJIEPOJUCTHIX CTallell BO BCeX
IIPOCTPAHCTBEHHBIX MOJIOKEHUAX IOCTOSSHHBIM U IEPEMEHHBIM TOKOM.

DNEKTPOIbI C pymun060-0CHOEGHBIM TIOKPHITHEM TpEAHAa3HAUCHBI JJIS1 CBAPKU O0OPYJIOBaHUS
U3 YIJIEPOJUCTHIX W HHU3KOJETMPOBAHHBIX CTaJeil ¢ BPEMEHHBIM COMPOTUBJICHHEM a0 490
MlIla, kor/ia mpexbsBISIOTCS TOBBIICHHBIC TPEOOBAHHS K TUIACTUYHOCTH U YAaPHON BS3KOCTH
MeTaua cBapHbIX MBOB. K HUM oTHOCcATCs anekTpoasl mapok MP-3, AHO-30, O3C-28 u np.

Kpome  ykazaHHBIX  BHIOB  TOKDBITHH  HMMEIOTCS CHeyuaIbHble  IJ1eKmpPoOoHble
ROKpbimusa:2uopoghodnsle, Ui CBAPKH 1 HAIUIABKU IIBETHBIX METAJUIOB, a TAKXKE WX CIUIABOB

U Jp.



T'uopogpoonsvie nokpeITHs TNpeNHA3HAUYEHBI JUIsl BBIIIOJIHEHUS CBAapOYHBIX padoT B 0c000
BJIQKHBIX YCJIOBUSIX: IMPH MOBBIIIEHHON BIAXXHOCTHM BO3JyXa, MOJ BOAOW U T. A. B Hux
nobasisitor 10 10 % cneuuanbHbIX THAPODYOOHBIX MOJMMEPOB, KOTOpPHIE B IIpoliecce
MOJTUMEPHU3ALMU  3aIONIHAIOT TOPHl MEXAY YacTUIAMH TOKPBITHS W TEPEKPHIBAIOT MYTH
MPOHUKHOBEHUSI BJaru B €ro BHYTpPEHHHE CJIOW. JlJig CBapKu JIeKauyuM WM HAKIOHHBIM
AJIEKTPOJIOM HCIOIB3YIOT cHeluaibHble 37ekTpoasl Mapok HI-1, HI-5, O3C-17TH u np. B
3TOM  Cllyda€ YacTO MPHUMEHSIOT  YJHUHEHHbIE KOHCTPYKIHMH  DJEKTPOJIOB 10 2
M, ouamempom 10 8 MM C TIOKPBITHEM OOJIbIION TOMIIHUHBI. KOHKpETHBIN cOCTaB MOKPHITHS U
CTEpXKHSl OIpenesieT MapKa JaHHOro »3iekTpoja. Ee o0003HaueHue YacTo COAEPKUT
HavaJlbHbIe OYKBBI OpraHU3alllK, B KOTOPOH OBbLT pa3paboTaH 3JIEKTPOJ, U MOPSIKOBBIH HOMED
pa3paboTKHU.

KOHTpOJII)Hl)Ie BOITPOCHI:

JaiiTe onpenenaeHue MIaBsILEerocs 31eKTpoa.

Ha3oBuTe OCHOBHBIE YaCTH IUIABSIIETOCS 3JIEKTPOIA.

Ha kakyro 4acTh MOBEpXHOCTH CTEPKHS HAHOCST HOKPBITHE?

JUI 4ero HaHOCAT MOKPBITHE HA CTEPKEHB AIEKTpoaa?

HasoBute cocTaBnsromue 3J€KTPOJHOTO TOKPBITHS.

Kakue xuMuueckue 31eMeHThl 00ECIIEYUBAIOT CTAOMIBHOE TOPEHHUE TYTH?
B kakux marepuanax npucyrctytot K, Na, Ca?

Jljig yero npeHa3HauYeHbl HIaK000Pa3yroie KOMIIOHEHThI?

©CooN O ODdDE

Kak nwuiakooOpasyromue KOMIIOHEHTHI — 3alllINAIOT  JJIEKTPOAHBIA  MeTal |

MOBEPXHOCTh METala mBa?

10. Kakue maTtepuaibl OTHOCSTCS K IIIaKOOOpa3yronmm?

11. HazoBuTe TeMmnepatypy IJIaBJICHHUS MIJaKa.

12.Kakum o6pa3om ra3zoo0pa3yroliiue KOMIOHEHTH 00ECIIEYHBAIOT 3alIUTy CBapOYHOM
BaHHBI?

13.Tloyemy XMMHUYECKUE IEMEHTHI, BXOJSIINE B COCTAB MOKPHITHS yIAISIOT KUCIOPOA U3
CBAPOYHOM BaHHBI?

14. Kakue BemiecTBa BBOJAT B MOKPBITUS JUIsl PACKUCIICHUSI CBAPOYHOUM BaHHBI?

15. JIn11 yero B cocTaB MOKPBITHS BBOJAT JIETUPYIOIINE HJIEMEHTHI?

16.3a4yem B cocTaB MOKPHITUS JOOABIISIOT KUIKOE YHCIIO?

17.Kak Ha3bIBAalOTCS KOMIIOHEHTHI, Yiydmiaroume (OpMUPOBAHHE TMOKPHITUA HA
NEKTPOAHOM CTEpKHE?

18.HazoBure Marepuanbl, BXOASIIME B MOKPHITUE OJHOBPEMEHHO BBIMOJHSAIOIINE
HECKOJIBKO (PyHKIIUH.

19.Kakue ¢yHKUMM TpU CBapKe BBIMOJHAIOT (EeppoCIUIaBbl, BXOJSIIME B COCTaB
MTOKPBITHS?

20. Kakue TpeOoBaHUs IPEIBSIBIAIOT K SIEKTPOIHBIM MOKPBITHIM?

21. Kakue KOMIIOHEHTBI KHUCJIOTO MOKPBITUSI 00ECIeUrnBaOT PacKUCICHHEe MeTajia IBa U
ra3oBYIO 3aIIUTY?

22.Ha30BUTE OCHOBHOE JJOCTOMHCTBO KHCIBIX TTOKPBITHH.



23. Ha30BHUTE HEAOCTATKH KUCIBIX TIOKPBITUH.

24.Yem obecrieunBaeTcs ra3oBasi 3aluTa Mpy CBapKke OCHOBHBIM MOKPBITHEM ?

25. JlaliTe XapaKTepHCTUKY HAIUIABIEHHOIO METajula TPH HCIOJIB30BAaHUN OCHOBHOTO
TTOKPBITHSL.

26. 1715 KakuX KOHCTPYKIUN MpeIHa3HAuEHbI 3JIEKTPOJIbI C OCHOBHBIM MOKPBITHEM ?

27.Kakue maTeprabl BXOJAT B COCTAB IEJLTIOI03HOTO MTOKPHITHS?

28. Kakyro 3ammTy o0ecrneuynBaloT MaTepralibl OpraHMueCcKoro MpOUCXO0KIACHUS ?

29. 17151 4ero B LEJUII0JI03HOE MOKPHITHE BBEACH TUTAHOBBIN KOHIIEHTPAT (PyTHI)?

30. HazoBuTe OCHOBHBIC KOMITOHEHTHI PYTHIIOBOT'O MTOKPBITHSL.

31. Kakyro 3amuTty obecrneunBaeT MarHe3uT?

32.Kakne marepuanbsl 00€CIEUMBAIOT PACKUCICHHWE W JICTUPOBAHHE METaula IIBa MU
WCIIOJIb30BAHUH PYTHIIOBOTO TIOKPHITHS?

33. Kak 0003Ha4ar0TCs IPOYNE MOKPHITHS?

34. Kakue cMenIeHHbIe TOKPBITHS BB 3HaeTe?

35. Jlns yero npeaHasHavYeHBI THAPODOOHBIC TOKPBITHS ?

36.Kak "Bemytr" cebs ruapodoOHBIE MOJUMEpPhl BO BpeMs CBapKH IPH TOBBIIMICHHON
BJIAJKHOCTH BO3ayXa?

IIpakTuuyeckas padora NeS, Ne6, Ne7

Tema: CocraBieHrne UHCTPYKIIMOHHO -
TEXHOJIOTMYECKOM KapThl «CBapKAaIUIACTUH U3 HU3KOYTJIEPOJAUCTON CTAIM B HUKHEM IOJI0KEH
um».

CocraBiieHHE HHCTPYKIIMOHHO —T€XHOJIOIMYECKON kapThl «CBapka eraneu us3
HU3KOJIETUPOBAHHOW CTAJIM YTJIOBBIM OJTHOIIPOXOJHBIM IIIBOM BEPTUKAIBHOM ITOJI0KECHUM

CocraBieHHe HHCTPYKIIMOHHO -TEXHOJIOTMUecKOoM KapTel «CBapka neranen

W3HU3KOJIETUPOBAHHOM CTaJIW YIJIOBBIM OJHOIPOXOJAHBIM IIBOM BrOPU30HTAJIBHOM IT0JI
OKECHHUUN

Heap padorsl: [IpnoOpecTn mpakTUUECKUE HaBBIKU IIPU COCTABIEHUU MHCTPYKLIMOHHO
- TEXHOJIOTUYECKHUX KapT

Xo/ BbINOJHEHUs] padOThI:

1. O3HaKOMIICHUE C TEOPETHUECKUMU CBEICHUSIMU

2. CocTaBiieHHE HHCTPYKIMOHHO -
TEXHOJIOTUYECKOU KapThl «CBapKa IIaCTUH U3HU3KOYTIICPOTIUCTON CTATU B HIDKHEM IT
oJokeHun» (coenacno eapuanmam 3a0anuil)

3. CocTraBiieHHE HHCTPYKIMOHHO -
TEXHOJOTH4YeCcKoi KapThl «CBapKa JeTaneil N3HU3KOJIETHPOBaHHOMN CTaIH YIJIOBBIM Of
HOIPOXOIHBIM IIIBOM B BEPTUKAIEHOMITOJIOKEHUH (CO2TACHO 8aAPUAHMAM 3A0AHUIL)



4. CocTaBiieHHE HHCTPYKIMOHHO -
TEXHOJIOTHYeCKON KapThl «CBapKa JeTaneil U3HU3K0JIErMPOBAaHHOM CTaJIM YIJIOBBIM O]
HONPOXOAHBIM LIBOM BrOPHU30HTAJILHOM IOJI0KEHHUH (COTIaCHO BapuaHTaM 3aJaHHil)

Teopernyeckue cBegeHUs

CBapka — CIOXHBI IIPOLIECC, BBINOJHEHUE KOTOPOrO JOJHKHO IPOU3BOIUTCS
B CTPOTOM MOCJIEIOBATEIBHOCTBIO ~ ONPENEICHHBIX  JEWCTBHUI, KOTOpPBIE  CBSI3aHBl C
MOJTOTOBKOW METajula, BBIIIOJIHEHUEM CBAPHOTO COEIMHEHUS U IOCIEIYIOIIUM KOHTPOJIEM.
CBapHOil 1IOB, €CJIM HE YACIUTh €My JOJDKHOIO BHMMAaHUS, SIBJIAETCS YA3BUMBIM MECTOM B
000 CBApHOI KOHCTPYKIUU.

[IpuynHOI 3TOMY MOKET MOCTYKUTh HEAOCTAaTKH B Pa3pabOTKEe TEXHOJIOTHU CBAapKU
WIK BOOOIE €€ OTCYTCTBHE, HEJOCTATOYHBIH KOHTPOJIb, HEYIAa4yHBIi BHIOOP CBApOYHOIO
obopynoBanusi U matepuaynioB. Kak pesynapTaT — OOJBIIOE KOJUYECTBO Opaka M YOBITKH
MOHECEHHbIE OpraHu3anuend il ero ycTpaHeHus. [IpegoTBpaTuTh yOBITKM MOXHO
KOPPEKTHO pa3paboTaB MHCTPYKIIUIO HA BBIMOJTHEHHE CBAPOYHBIX PA0OT M MPOKOHTPOIUPOBAB
€€ UCIOJIHEHHE.

Tak 4TO XK€ Takoe TEeXHOJIOrM4eckas KapTa Ha cBapky? Kapra TeXHOIOrmyeckoro
mpolecca CBapKM WM KaK €€ €Ile Ha3bIBaloT TEXHOJIOTMYECKas KapTa CBapku —
3TO IOKYMEHT, KOTOPBIH SBIISIETCS PE3yJIbTaTOM pa3pabOTKH TEXHOJIOTUH CBAPKU KOHKPETHOTO
COEIMHEHUS, B KOTOPOM IPOMHUCAHBI CaMbl€ BaXKHbIE TEXHOJOTMYECKUE MapaMeTpbl CO3/IaHUs
CBAapHOI'0 COEIUHEHUS, [0 CYTH 3TO MHCTPYKUUS MO CBapKe cOoelMHEHUU. TexHojormyeckas
KapTa cBapku ObLTa yTBEpXkKJCHA M BBEJIEHA B aKTHBHOE JielicTBHE TepBoro siHBaps 1984 ropa,
6onee 30 ner nazaxa. [Ipu pa3paboTke TEXHOJIOTUM CBAPKA METAJUIOKOHCTPYKLIMN KaxKI0€
CBapHOE COEJMHEHUE JIOJKHO OBITh M3TOTOBJIEHO B COOTBETCTBUU C pa3pabOTaHHON A Hee
TEXHOJIOTMYECKOU KapTON CBapKH.

TexHosornueckasi KapTa o cBapke J0J5KHA COJepPKaTh CJeyIolIue JaHHbIe:

1. CBenenus 00 OCHOBHOM MeTaJLJIe.

2.CBeneHus O KauyecTBE M IMOATOTOBKE COEAMHEHMSI IO/ CBapKy: JaHHBIE O
pazfenke (BeJIMYMHA 3a30pa, BEIUYMHA NPUTYIUICHUS, YroJ HAKJIOHA pa3leNku U T.1I.), O
KOJIMYECTBE U PACIIOJIOKEHUU IPUXBATOK, JAHHBIE O IPEABAPUTEIBHOW OUUCTKE KPOMOK,
pa3Mepsl 1IBa.

3. JlanHble 0 (UKCAIMU CBAapHUBAEMOr0 M3AETUS U O BO3MOXXHOM MOJOTpEBE. A Takke
MIOCJIEJOBATENbHOCTh BBINOJIHEHUS IPOXO0B B CBAPHOM IIIBE.

4. CBenenust 00 HCMONB3YEMOM  CBapOYHOM  OOOpPYIOBAaHMM U CBApOYHBIX
Matepuanax. [logbop cBapouHbIX MaTepHUasoB U 00OPYAOBAHNS OCHOBBIBAETCSA HA PA3IUUYHBIX
CBEJICHUSX, MOJYYEHHBIX M3 JIUTEPaTypbl, B TOM uucie NpodecCHOHAIbHONW CBapOYHON
(>KypHambl, CTaThbu), Ha COOCTBEHHOM OIIbITE, a TAKXKE Ha OT3bIBaX OPraHU3aIUil.

5. CBeneHus 0 peKuMe CBapKH B 3aBHCHMOCTH OT CIoco0a CBapKH MOTYT BKJIIOYATh:
CBapOYHBIM TOK, HamlpsKEHHE AYyTH, CKOPOCTh CBapKH, IMOJSPHOCTh IPU CBapKe, PacXo[
3alMTHOrO Ta3a, CKOPOCTh IIOAAauu MPOBOJIOKM U Jp. HapylieHne pexkoMeHI0BaHHBIX
PEXXMMOB CBAPKH MOXKET MPUBECTU K OXPYIMUMBAHUIO METAJUIA 11IBA U OKOJIOIIOBHOM 30HBI.



6. CBeneHus 0 popMe CBaApHOTO COSAMHEHHUS, CIIOC00ax U 00beMax KOHTPOJIS Ka4ecTBa
CBApHOT'O COCIMHCHUSI.

Pa3paboTka KapThl TEXHOJOIMYECKOrO0 IIpoLlecca CBapKU HAUMHAETCA C aHalu3a
CBapHBaeMoOro marepuaia u mnoadopa crnocoda cBapku. Ilocime 3Toro nmpousBoAUTCS aHAIU3
YCIIOBUH, NPH KOTOPBIX OyJeT paboTaTh cBapHas KOHCTPYKLUS U ONPENENSETCS, KaKUMH
HOPMAaTUBHBIMU JOKYMEHTaMH HOPMHUPYETCS H3TOTOBJICHHE M padoTa 3TOM KOHCTPYKIIUU.
Jlanee 1o 1aHHBIM HOPMATUBHOM JINTEPATYpPHI U IO PACUETHBIM JAHHBIM OIPEAEIIAECTCS PEXKUM
CBapKH, paCCUUTHIBAECTCSI HEOOXOAMMOE KOJMYECTBO IPOXOAOB, TIE€OMETPHUSl CBapHOIO
COEIMHEHUS U APYTHe IapameTpBbl.

Kaxnas TEXHOJIOTNYECKas Kapra 10 CBapKe IIOJTy4aeT CBOM
UACHTU(PUKALMOHHBIA HOMEpP, KOTOPBIA B JajbHEHIIEM WCIOJNb3yeTcd Uil yKa3aHusd B
TEXHUYECKOU TOKYMEHTAIMH U cHelupUKalniIX MpoekTa. Buznupyer kapTy TEXHOIOTHYECKOTO
mpolecca CBapKu caM pa3pabOTUuK, OH K€ CTaBUT CBOIO MOJIMUCH BHU3Y (popMmyIisipa.

[Ipu crpoutenscTBe 00BEKTa Ha MPOU3BOJACTBE JIOJDKEH HAXOIUTHCS KOMIUICKT
TEXHOJIOTUYECKUX KapT BCEX UCIIOIb3YEMbIX TUIIOB CBAPHBIX COeIUHEHUN. [10NMHBIA KOMITIEKT
KapT TEXHOJOTHUYECKOTO MPOLEcca CBAPKU XPAHUTCS B OTJENE IVIaBHOTIO cBapuiuka. CBapiiuk
MIPU BBIXOJIE HA CMEHY MOJIy4aeT TEXHOJOTUUECKUE KapThl 71l CBAPHBIX COCTUHEHU, KOTOPbIE
OH BBIIIOJIHAET B Ipoliecce padoTel. OCMOTpP U KOHTPOJIb MOATOTOBIEHHBIX KPOMOK M TOTOBOIO
CBAapHOI'O COEJMHEHHUS BBINOJHAETCSA CIIY’)KOOM TEXHHYECKOTO KOHTPOJII B COOTBETCTBUU C
paszenoM KOHTPOJIS KayecTBAa M MCHBITAHUW CBapHBIX coenuHeHuid. Takum oOpazoMm, He
MPOUCXOUT HUKAKON MyTaHULBI MEXAY CIIyKO0aMH, TaKk Kak BCE HEOOXOAMMOE yKa3aHO B
TEXHOJIOTHYECKON KapTe CBAPHOI'O COCIUHEHHUS.

Ha  xaxgom mpeanpusaTtvy, TpU  OpPraHU3allUd  CBApOYHOTO  MPOM3BOJCTBA
00513aTeNIbHO COCTABISIOTCS KapThl TEXHOJOTUYECKOTO IIpolecca CBapKd, HMHAuye CIIO0XKHO
BBIJIEPKaTh MMapaMeTphl, IPEIbSIBIIEMbIE K KAUECTBY BBIMOIHIEMOMN pabOTHI.

JUIsi moJlydyeHHs1 KA4YeCTBEHHOIO pe3yJbTaTa IMPOAEJaHHOM PpadoThl NpH
NMPOU3BO/JCTBE CBAPOYHBIX PadoT, CBAPUIUK /10JKeH PYKOBOJCTBOBATHCHA JOKYMEHTOM, B
KOTOPOM KOPPEKTHO ONKMCAaHbI BCe JTalnbl BbINOJHEHUST CBAPKH Ha 00beKTe
crpoutenbcTBa. HecoOmonenne pexkoMeHJaluil TNPUBEIEHHBIX B TEXHOJOTHYeCKO
KapTe MO’KeT NPUBECTH K Pa3pylIeHHI0 CBAPHOIO COeIMHEHHs NMPH IKCILNIyaTAUUH, YTO
MOZKeT MOBJIeYb 32 0001 HeoOpaTUMBbIe MOCJIeICTBHS.

B tabnuie npencraBieH npuMep HHCTPYKLMOHHO - TEXHOJIOTHYECKOW KapThl



TEXHOJIOT'HYECKAS KAPTA
HA PYYHYIO 1YTOBYI0 CBAPKY YIJIEPOAUCTHIX 1 HU3KOJETHPOBAHHBIX cTajel

OO0BeKT:

[IpousBoacTBeHHas arrectanus TexHonoruu ceapku TU.PJ1-1.1,14

CaapouHoe ob6opynoBaHue Boempsamurens_capounsliiBJ1-401_ V3

Bun cBapku P/ OcHoBHOM MaTepuai (Mapka) 1(MO1)

Haumenosanue HJI (mmudp)  T'OCT 5264-80  Twum miBa ClI

Tun coenunennii (mo HA) C21__ (cThIKOBOE)

KoHCTpYKTHBHBIE pa3Mepbl, MM

VYcnoBHOe 0003HaUeHUE CBapHOIo
COCTMHCHUA
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CBapoyuHbIii MaTepHaJ
Pe:xxnM cBapKu
3JIEKTPOJIa
[TonoxxeHue mBa B IpOCTPAHCTBE
I'opusoHTansHOE
BeprukanbHoe
IToTomounoe
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80-100
130-160
60-80
100-130
70-90




120-140
Pon Toka, mosisipHOCTB
[TocTostHHBI, 0OOpaTHAas
Ilocjie10BATENILHOCTh HAJI0KEHHS BAJINKOB

S CNoi

S Clok 4 encl

A R

OJIHOTPOXOAHBIN MHOT'OCJIOMHBIA MHOTOITPOXOTHBIN

TpeOoBaHus K KOHTPOJIIO Ka4YecTBa
OOmume TpeGOBAHUS .

1.IToonepatinoHHBII KOHTPOJIb IOCTOSHHO IPOBOJAT CBAPILIUK U PYKOBOJUTENb CBAPOUHBIX paboT.
2.251eKTpOo/ibl IPUMEHSATH TOJIBKO I10CJIE KOHTPOJIbHON MPOBEpKH UX KayecTBa corsiacHo ['OCT9466
3.ITpu aTMoCcdepHBIX Oca/lkax UM BETPE CO CKOPOCThIO cBbIIe 10 M/c cBapoUHbIe pabOThI BBHIIOIHSTH
MIPY HATMYAY WHBEHTAPHBIX YKPBITHIH.
4.Tlpu Temneparype HapykHOro Bo3ayxa amke -20° C cBapodHbIe paGOTHI HE POH3BOIHTE.
5.Ilepen cBapkoil 371€KTPOBI HPOKATUTH MO PEKUMY , YKa3aHHOMY B TaOauIe. DJIEKTPO/Ibl XPAHUTH B
TepMOIIeHaIax.

Pa3padorain:
Crnennanuct cBapoyHoro npoussojacrsa |11 yposus

C TexHO10rMYecKOl KAPpTOH 03HAKOMJICHBI:

Macrep « » 200r.
Bpuragup « » 200 r.
CBapmmk « » 200 r.

CBapummk « » 200 r.
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IpakTuuyeckas padora Ne8
Tema: "TexHonorust cBapku pa3HOPOJHBIX U ABYXCIONHBIX cTajei"
Heab padorsl: [IpnoOpecTn npakTUyeCKUe HABBIKKU MPU U3YUYEHUN TEXHOJIOTHH CBApPKU
Pa3HOPOJIHBIX U JBYXCJIONHBIX CTaJIEH

Xoa BbINOJIHEHNUS] PadOThI:

1. O3HakoOMJIEHHE C TEOPETUUECKUMHU CBEACHUSIMU

2. CamocToATeNbHO M3Y4YUTh TeMy: «TeXHOJorus CBapKu pa3sHOPOIAHBIX H
JBYXCIJIOMHBIX CTAJICH»

3. Haueptute Tabmuiyy Nel «Knaccudukanus craneld, NpUMEHSEMBIX B
CBapHBIX COCMHEHUSX PA3HOPOIHBIX CTAJICH

4. 3apucoBaTh cXeMy KOMOMHHPOBAHHOW HAIJIABKH CBApUBAEMOU KPOMKHU

d. OTBeTh HAa KOHTPOJIbHBIE BOIIPOCHI.

Teopernveckue cBeACHUS

Ha3nayeHnne KOMOMHUPOBAHHBIX KOHCTPYKIMI

KjIaccu(puKanusi pa3HOPOJAHBIX CTaJIel

s JKOHOMMHU AOPOroCTOALIUX BbICOKOJIETHPOBAHHBIX crajei
UCIOJIb3YIOTKOMOMHUPOBAHHBIE KOHCTPYKIMHU, KOTOPbIE H3TOTABIMBAIOT M3 HECKOJbKHX
crasieii. CBapka BBICOKOJIETUPOBAHHBIX CTaj€dl C HU3KO - WIH CPEAHE JIETMPOBAaHHBIMU H
YTIEpPOJHBIMU HE BCEra 00ecrneunBaeT JOCTAaTOUHYIO TPOYHOCTh COSAMHEHHUS

BricokonerupoBaHHble CTalnM COAEpXaT AOpOrue, Ae(UIUTHBIE 3JIEMEHTBI, YTO
0o0yCJIOBIMBAaET HEOOXOOUMOCTh WX OSKOHOMHH. OmHMM W3 TyTed  SKOHOMHUHU
BBICOKOJIETMPOBAHHBIX CTaJIEH SBJISIETCS U3TOTOBJICHHE YCTAaHOBOK, MAIlMH U MEXaHU3MOB U3
Pa3HOPOAHBIX cTajel. Takoe U3roTOBJICHUE BIIOJHE BO3MOXKHO, TaK KaK BO MHOTHX CIIy4asX B



YCIIOBUSX, TPEOYIOMHUX MPUMEHEHHS CIICIUATBHBIX CTaJIeld, paboTaeT HEe BCSI KOHCTPYKIHUS,
JUUIb €€ OTNEIbHBIE Y3JIbl WU ACTAIH.

OcranpHasgs 4YacTh KOHCTPYKIMU paOOTae€T B OOBIUHBIX YCJIOBHUSX M MOXET OBITh
W3TOTOBJICHA W3 CPEAHEICTUPOBAHHOM, HU3KOJIETUPOBAHHON WJIM OOBIYHOM YTIEPOIUCTON
CTaJH.

Koncmpyxkyuu, ceapenHbvie u3 PA3HOPOOHBIX cmanet,
HA3b16a10N KOMOMHUPOBAHHBIMH.

OHU TpUMEHSIOTCS B TeX Ciy4asX, KOrJa YCJIOBHsS pabOThl OTHENbHBIX YacTei
KOHCTPYKIIMM  OTJIMYAIOTCS ~ TEMIEpaTypod,  arpecCCUBHOCTBIO  Cpelbl,  OCOOBIMHU
MEXaHUYECKUMU BO3JICUCTBUSMH.

Tab6auna.l.

Kaaccudukanus crajieil, NpuMeHsieMbIX B CBAPHBIX COeJUHEHHMAX PA3ZHOPOAHBIX
craJjiei.

Kuacce cranei n

CBapO4YHbIX MaTepHAJIOB

I'pynna

XapaKTepucTHKA cTajIei

Mapku (mpuMepbi)

[lepnuTHbie U OEHHUTHBIC

| Yraeponucteie Ct3, 20

Il Huzkoneruposanusie 0912C, 10XCH/I, 20XI'CA

Il Jleruposannsie cpeaneyraepoauctoie 30XI'CA, 40X, 40XH2MA, 38XB

IV Temnoycroituussie (Cr-Mo u Cr-Mo-V) 12MX, 12X1M®, 15X1M1D

V Xnanoctoiikue (Fe-Ni1)OH3, 0H6, 0H9

MapreHcutHsle, heppuTHbIE, GPEPPUTHO-MAPTECHCUTHBIE, ayCTEHUTHO-MAPTEHCUTHBIE,

beppuTHO-ayCTEHUTHBIC

VI 12%-e xpomucTsle, xapoctoiikue 08X13, 12X13

V11 Beicokoxpomuctsle, xapocroiikue 08X 17T, 15X25T, 20X17H2

VIl 12%-e xpomucTtsie, xapornpounsie 15X1 1M, 15X12BHM®

IX Xpomonukenesbie Koppo3uoHHocTolikue 12X21HST

AyYCTEHUTHBIE CTAJIA U CILJIABbI HA HUKEJIEBOM OCHOBE

X Kopposuonnocrorikue aycteHuTHeie 12X18HI0T, 10X17H13M3T

XI AycrenutHsie xapornpounsle 10X15H35BT, 20X25H20C2

XIlI AyctenuTtHble KOppo3noHHOCTOMKHE U KproreHHbl X18H20, 06X23H28M3 /13T

X111 Xaponpounsie Hukenesbie cmiasbl XH70BMTHO®, XH56BMTIO

OcHOBHBIEC TPYAHOCTH NPH CBapKe Pa3HOPOAHBIX cTAaJIeil H
CIOCOOBbI MX MPEOI0ICHUS

[IpoGnema cBapku pazHOPOAHBIX CTaylel (BBICOKOJIETMPOBAHHBIX XPOMOHHUKENEBBIX C
HU3KOJIETHPOBAHHBIMHU WJIM YTIEPOJUCTHIMU) OKa3ajiach OJHOM W3 HamOoliee CIIOKHBIX B
COBPEMEHHOI CBapOYHOU HAYKE U TEXHUKE.



TpyaHocTH IPU cCBapKe Pa3HOPOAHBIX CTAJICH:

. B mpomecce WU3roTtoBlIeHHs CBapHOTO COEAUMHEHUsS WM TPU  €ro
AKCIUTyaTallud B ILIBE Yacmo obpa3yiomcs mpeujunsl, MPOXOAsIIue M0 €ro cepeauHe
WJIV Y TPAHULbI CIUIABJICHUSL.

. B 30me cnnasnenus oopasyemcs cmpyKkmypHas HeoOHOPOOHOCHIb, KOTOPas
MPUBOJIUT
. K MEXaHWYECKOM HEOJHOPOJHOCTH, a €€ HaJuyue CKas3blBaeTcs Ha

paboTOCTIOCOOHOCTH CBAPHOTO COEAMHEHHS. XapaKTePHBIM MPHU3HAKOM CTPYKTYpPHOM

HEOJHOPOAHOCTH B 30HE CIUIABJICHUSA SBJISETCS Haluuue 00e3yriIepoKeHHOU

IIPOCIIONKH CO CTOPOHBI MEHEE JIETMPOBAHHOW CTAJIM U HAYTJIEPOKEHHON — CO CTOPOHBI

BBICOKOJICTHPOBAHHOW. OTH TPOCIONKH 0Opa3yroTCs BCIEACTBUE TEpEMEIICHUs

yriaepoja M3 MeEHee JIETUPOBAHHOM cTaJd B 0oJiee JIETUPOBAHHYIO M 00pa3yroT

MEXaHWYECKYI0 HEOJHOPOAHOCTh B BUJIE MATKOM U TBEPAOU mpocioek. BiausiHue takux

MPOCIIOEK Ha pabOTOCIOCOOHOCTh COEAUHEHUS 3aBUCHUT OT HMX OTHOCHUTEIBbHOU

TOJILIHHBIL.

. BceneactBue cyiecTBEHHOTO paznuuusi Kod(Q(PUIIMEHTOB JTUHEHHOTO
paclIMpeHusi  CIUIABJISIEMBIX  METAJJIOB COeOUHEHUs ~ OCMAlOmcs. — Ype3mMepHO
HanpsiCcéHHbLMU aXKe TIoclie TePMOOOpabOTKH, KOTOpask B Ciiydae CBapKU OJHOPOJIHBIX
METaJIJIOB CHUMAET TaKUE HATPSIKEHUS.

[losiBneHne CTPYKTYpHOW HEOJHOPOJHOCTH U CTENEHb €€ Pa3BUTHUS OMNPEIEISIOTCS
BceMU (PaKTOpaMu, CIOCOOCTBYIONIMMH TMEPEMEIIEHUIO YIIIepo/ia U3 MEHEE JIETUPOBAHHOTO
MeTamsia B Ooiiee jerupoBaHHbIA. Pematoniye ¢akTopbl: MOCIEAYIOMIMI HAarpeB CBAapHOIO
COEIMHEHUS O TEMIEPATYP, BbI3IBAIOIINX 3aMETHYIO MUTPALIMIO YTJIEPOa; BPEMsI BbLICPKKH
CBApHOTO COEJMHEHHUsI MpH H3TUX TEMIlepaTypax U XHUMHYECKUW COCTaB CILIABIISEMbBIX
METaJJIOB, B OCOOEHHOCTH CO/IepKaHUe B HUX YIJIepoJia U KapOoumpoo0pa3yroumx 3JeMEHTOB.
CtpykTypHass HEOJHOPOJHOCTh B 30HE CIUIABJICHHS] Pa3HOPOJHBIX CTajeil BO3HUKAET JIMIb
MIpU HarpeBe CBApHOro coeauHeHust A0 temneparypsl 350°C. CymiecTBeHHOE pa3BUTHE OHA
noxy4yaeT mnpu Oojee BBICOKMX TemmepaTtypax (oxenro 500°C). Haubosee HWHTEHCHUBHO
pa3BUBAETCS 3Ta HEOTHOPOIHOCTH IIpH TemmepaType 600—-800°C.

OTMedeHHbIEe TPYAHOCTH O0YCIOBUIM OCOOEHHOCTH CBAPKU Pa3HOPOAHBIX cTajeil. /[ns
NONYYeHUsl Ka4eCmEeHHbIX U HAOEHCHO pabomarnowux 8 cneyupuueckux yciousx C8apHbuIX
coeOuHeHull HeoOX00UMO NPUMEHAMb MEeXHON02UI0 C8apKu, KOmMopas npeoomepaujaem
obpazosanue mpewjur 8 Memasie wea u CmMpyKmypHol HeoOOHOPOOHOCMU 8 30He CNIABIeHUs,
u obecneyuseaem NONYUEHUE CBAPHBIX COCOUHEHUU C BO3MOJCHO Oonee  OIUKUMU
KO3 uyuenmamu 1UuHeluH020 pacuupenus CniasiiemMbix Memaiios.

[ToaTomy mipu BBIOOpE CMOCOOOB M PEXKHUMOB CBapKd OTAAIOT MPEANOYTCHHE
TEXHOJIOTUH, TPU KOTOPOH TOJIIMHA KPUCTATUTU3ALMOHHON MMPOCIONKN MUHUMAJIbHA.

Imoz0 docmuzarwom ciedyrouumMu Memooamu:

. [IpuMeHeHreM  BBICOKOKOHIICHTPUPOBAHHBIX  HCTOYHHMKOB  Terjia
(371EeKTPOHHBIN J1y4, Ja3ep, MIa3Ma);

. Paznenkoil KpOMOK MM MX HAIUIABKOW, YMEHBIIAIOIICH MO0 Y4YaCTHs
cTajiel, KaK IoKa3aHo Ha puc.l.;

. Br160pom pexrMOB CBapKH ¢ MUHUMAJIBHOM TITyOWHOM MPOTUTABICHUS;



. [lepexooM K AYroBOil cBapke B 3alIUTHBIX Ta3ax, OoOecreyuBaronieit
MHTEHCUBHOE MepeMEIINBaHIE METaJlJla BAHHHBI.

—— Puc.1. Cxema KOMOUHUPOBAHHOU Hana1aexKu
NN 9 .
:\\\{3\1 ceapueaemoil Kpomku: 1 — yriueponucras ctayib; 2 — IEPIATHBIN
et ‘ o o o o
N CTaOMIIM3UPOBAHHBIN cion; 3 — ayCTEHUTHBIN cioi; 4 —

AyCTCHHUTHaAA CTallb

Bb100p cCBapOYHBIX MATepPHAIOB /ISl CBAPKH CTaJIeH

Pa3HBIX CTPYKTYPHBIX KJIACCOB

Bb160p cBapo4HBIX MaTEpPHAIOB JTOJKEH UCKIIOYUTh 00pa30BaHUE TPEUIUH Pa3IUUYHbIX
BUJIOB M OOECHEUYUTh IKCIUTYaTallUOHHYIO HAJIeKHOCTh CBapHBIX coeauHeHuil. Ilpumensior
ayCTEHUTHBIE  CBapOYHbIE MaTepuaibl, OOECIEUMBAIOIINE MOJIYyYEHHE  KOMITO3ULIUN
HAIUIaBJICHHOT'O METaJula C TaKUM 3allacoM ayCTEHUTHOCTH, YTOOBI KOMIIEHCHPOBATh yyacTHe
B IIBE IEPJIMTHON CTAM M TapaHTUPOBAHHO IOJYYHUTHh B BBICOKOJETMPOBAaHHOM IIBE WIIH
HaIUIaBKE ayCTEHUTHYIO CTPYKTYPY.

Bosbiioit 3amac ayCTEHUTHOCTH MeTalljia 1IBa MO3BOJISIET MIPEJOTBPATUTh 00pa30oBaHNE
MaJIOIJIACTUYHBIX YYaCTKOB C MAPTEHCUTHON MM KapOUIHON CTPYKTYPOM B KOPHEBBIX IIBaX U
CJIOSIX, IPUMBIKAIOIIMX K MEPIUTHON CTalu B YCIOBUSAX HEU30EKHOTO KOoJeOaHHs JoJIeH HX
yuyacTtust. OJTHaKO Ui 3TOr0 BapHaHTa TEXHOJIOTUU OyJleT XapaKTepHa BBICOKAsl CKJIOHHOCTb K
BO3HUKHOBEHMIO TOPSIYMX TPELIUH B 0JIHO(Aa3HOM ayCTEHUTHOM METalie IIBa, 00pa3yroIuxcs
[0 IpaHuIaM 3epeH, CPOPMHUPOBAHHBIX B pe3yibTare MUTpanuu. i1 uxX MperoTBpaIleHus B
IIBaX CO CTaOMJILHO ayCTEHUTHOW CTPYKTYPOW HAIUIABJICHHBIN MeTasll

JETUPYIOT 3JIEMEHTAMH, CHIDKAIOMMMHU JAU(PQGY3UOHHBIE NPOLECCHl TPU BBICOKHX
TeMIieparypax, MpUMEHSIOT 3eKTpo sl Thna XI15H254AM6, conepxammue 6% Mo u 0,2-0,3%
N. OHM DpenATCTBYIOT Pa3BUTHIO BBICOKOTEMIIEPATYPHOM IOJI3YYECTH U MEXK3EPEHHOIO
MIPOCKAJIb3bIBAHMUSI B TBEPJOM METajule MPH CBapKe, MOBBIMIAs MPU 3TOM IUIACTUYHOCTH B
TEeMIepaTypHOM MHTEpBaJIe XPYIKOCTH U TEM CaMbIM NPEI0TBPALIAlOT 00pa30BaHUE TOPSIUUX
TpemnH. [lpu cBapke >KECTKMX Y3JI0B M3 AayCTEHHMTHOM U CpPEIHEYTJIEpOAUCTON CTalH
MapTEHCUTHOI'O KJIacCa KOPHEBBIE CIIOW BBIMOJHSIOT AJEKTPOJaMHM, coaepkamumMu 10 60 %
Niu 15 % Mo. Dt 37eKTpoJHbIE MaTepHalbl C 0HO(A3HOW ayCTCHUTHON CTPYKTYpOH IIBa
MPUMEHSIOT U MPU CBapKe MEPJIUTHBIX CTajed ¢ JKapONpPOUYHBIMU aYCTEHUTHBIMU CTaJsIMU U
HUKEJIEBBIMU CIJIABAMHM.

B GonbmMHCTBE TakMX CIydyaeB NP CBapKe MEPJIUTHBIX M ayCTEHUTHBIX cTajieil IX
rPYHNBIIPUMEHSIOT ayCTEHUTHO-(EPPUTHBIE 3JIEKTPOIbl, OOpa3ylonle B HaIlIaBICHHOM
metaiuie 10-12%gpeppummnoii ¢pazer v 1omycKaronme OO yYaCTHs HEPAUMHOU CMAaU B
metamie mBa g0 30 %.Ilpu cmemmBaHMM MaTepualia 3JEKTpoJa M pacijlaBa B TOM K€
COOTHOIIEHUU OyJeT ToJiydeH IMI0oB, coaepxamuit 4-6% o-gpeppuma, dT0o WUCKIIOUALT
o0pa3oBaHuE TOPSIYMX TPEIIMH, HO HECKOJbKO YBEIUYMBAET TOJIIMHY KPUCTAJUIN3ALMOHHON
MPOCIIOWKH.

Takoli BapMaHT TEXHOJOTHHM JOIYCTHUM NPH CBapKe AayCTEeHMTHBIX CTajled ¢
nepJuTHbIMH (2pynnot  II-111), conepxamuMu  aKTUBHBIE — KapOMI000pa3oBaTeNd s



orpanndeHus nud¢y3uu yriepoaa, MO0 COAEpKalINX BeChMa Majoe KOJIWYECTBO yriepona
IIyTeM €ro 4acTHYHOM 3aMeHbl a30TOM. JIJIs CBApHBIX Y3JIOB, JKCIUIYaTUPYIOIIUXCS IIPH
BBICOKMX TeMIlepaTypax, HEOOXOJMMO NPUMEHEHHE BBICOKOHUKEIEBBIX AJIEKTPOJOB
tuna XH60M15. 11IBbI, BEIIOJHEHHBIE TAKUMH 3JIEKTPOJAMHU, XOPOUIO paboOTalOT B yCIOBUAX
TEIUIOCMEH HU3-3a2 PaBEHCTBA KO3((UIIMEHTA JMHEHHOrO0 PACIIMPEHUs C MEPIUTHOH CTalbIo.
OTUMU 3JIEKTPOJAMH 3aBapUBarOT Ne(EKThl JIUThs craneil epynn IV u V 6e3 nocnenyroien
TepMOOOPaAOOTKH.

[Tpr HEXOCTATOYHOCTH WJIM HENIPUEMIIEMOCTH YKA3aHHBIX TEXHOJIOIMYECKMX BapUAaHTOB
NpHOEraroT K CBapke 4epe3 NPOCTaBKU MM K IPEIBAPUTEIbHON HAIIaBKE KPOMKH MEPIUTHON
CTaJId ayCTEHUTHBIM METAJNIOM C NOCIEAYIOIIEH CBAapKOM TaKMX 3aroTOBOK ayCTEHUTHO-
(eppUTHBIMU CBapOYHBIMHA MaTepUalaMU C PETJIAMCHTUPOBAHHBIM KoJIM4ecTBOM O-Fe (2—6
%).

IIpu cBapke BBICOKOXPOMHUCTBIX (peppUTHBIX cTajueu (ep. VIII) ¢ ayCTEeHUTHBIMH
(ep. XI-X111)BO3MOXHO TPUMEHEHUE KaK AayCTCHUTHBIX, ayCTCHUTHO-(QEPPUTHBIX, TaK H
BBICOKOXPOMHUCTBIX 3IEKTpoA0B. C MOBBIIIEHUEM TeMIlepaTypsl dKciuryatauuu Beime 500°C
IIPEANIOYTUTEIBHBI BBICOKOXPOMHUCTBIE JIEKTPO/IBI.

IIpu cBapke mepJuMTHBIX cTaseii ¢ 12%-Mu XpOMHCTBIMHU CTAJISIMH HEOOXOIUMO
NpEeIOTBPaTUTh OOpa30BaHME MapPTEHCHUTAa W XOJIOAHBIX TPEIIMH, a TaKkKe Ppa3BUTUSA
TG (y3UOHHBIX TPOCIOEK IpPU OTIYCKE M BBICOKOTEMIIEpAaTypHOH 3kcrutyatanuu. Ilpu
BBIOOpE CBapOYHBIX MaTEPUAJIOB CIEAYET HCKIIOUUTh 00pa3oBaHHWE XPYNKUX MEPEXOJIHBIX
YYacTKOB B 30HaX mNepeMenmBaHus ctanei. s obecnedeHuss HamOOIbIIEH IUIACTUYHOCTU
IIBa NPUMEHSIOT CBapOYHble MaTepHalibl MEPIUTHOrO Kiacca. JlJis CHUXKEHUS pa3MepoB
TG Py3MOHHBIX MPOCIOCK TMEPIUTHBIA HAIJIABJICHHBI MeTalll JOJDKEH JIErMpOBaThCs
OTIpe/IeNIEHHBIM KOJIMYECTBOM 00Jiee aKTUBHBIX, UEM XPOM, KapOUI000pa3yIomux JIEMEHTOB.

IIpu cBapke paerajieil 0OJBIIMX TOJIIMH LIEIECOO0PA3HO 3JIEKTPOJAMHU THUMA -
XM nenaTh HamJIaBKy Ha KPOMKH BBICOKOJICTUPOBAHHON cTanmu (OapbepHBIN cJoif), a
3alOTHEHUE pa3J/Ie]IKi OCYIIECTBIATh 0€3 TMojorpeBa dJekTpogamu Tumna 342 uinu 350 B
3aBUCUMOCTH OT TpeOOBaHUU MPOYHOCTU MEPJIUTHOrO MIBA. Temneparypy HpelBapUTEIbHOIO
MOJIOTpEBa M OTITyCKa OIPEAEISIOT MO XapaKTepUCTUKaM Oojiee JerupoBaHHOU, T.e. 12%-
XPOMHUCTOW CTalM, HO JUIsl YMEHBIICHHs] pa3MepoB IU(PPY3MOHHBIX MPOCIOCK NMPUMEHSIOT
OTITYCK TP MUHUMAJILHO JIOYCTUMOM TeMIepaType.

IIpu cBapke mepJUTHBIX cTajeidl ¢ 0ojiee BBICOKOJIETHPOBAHHBIMM XPOMMCTBIMH
cranasimu epynnet VII, copepxamumu 17-28 % Cr npuMeHSIOT 3JIEKTPOJAbl ayCTEHUTHO-
beppuTHOTO, a TaKKe AyCTEHHUTHOTO KiaccoB. OIHAKO TPU 3TOM CJIEIYET YYUTHIBATH
ONHMCAHHYIO CTPYKTYPHYIO HEOJHOPOAHOCTh B 30HE CIUIABJIEHUS AayCTEHUTHOIO IIBA U
nepauTHOU ctanu. TepmooOpaboTka B 3TOM ciiydae He TpeOyeTcs.

IIpu cBapke pa3HOPOAHBIX CTAaJeH OJHOIO CTPYKTYpHOTO Kjacca, HO pa3jIM4HOIO
JIETUPOBaHMS, KaK MPaBHJIO, JOMOJHUTEIBHBIX TpeOOBaHUM K BBIOOpY crocoba CBapKu U
PEXKMMOB HE BBOAAT. DTO OOYCIOBJIEHO T€M, YTO CTAJIM UMEIOT OJIM3KUE TerIopU3NYecKue
CBOICTBA, a TIEPEXOAHBIE CJIOU B OOJACTH TPAHUI] CIUIABICHUS MajO OTIMYAIOTCS OT MeTaja
1IBa.

IIpn cBapke crajeil pa3IMYHBIX CTPYKTYPHBIX KJACCOB, OCOOCHHO MEPIUTHOU
CTaJli C ayCTEHUTHOM, BRIOUPAIOT CIOCOO CBAPKHU M PEXKUMBI, 00€CIEUNBAIONINE MUHUMAIHHOE



MPOIUIABJICHHE COEAMHSIEMBIX METAUIOB. OJTO IO3BOJISIET TOJYYUTh BBICOKOJETHPOBAHHBIN
I10B, IPUOIMKAIOIIUICS 110 COCTaBY K IPUCAIOYHOMY METaJlly.

Bo Bcex cmywasx CBapOYHbBIE MaTepuajbl BBIOMPAIOT W3 YCIOBHU NPEJOTBPAIICHUS
dbopmMupoBaHUS XPYNKOrO MeTajula IBa, a TakkKe MNPEJOTBpPAIICHUS BO3MOXKHOCTU
o0Opa3oBaHus B 30HE CIUIABJIEHUS XPYNKHUX MPOCIOEK: KPUCTAIM3ALHOHHBIX U
TP y3UOHHBIX.

[lpu cBapke cTaneil OJHOrO CTPYKTYpHOro Kijlacca B OOJIBIIMHCTBE CIy4yaeB
UCIOJb3YIOT CBapOYHbIE MaTepHaibl, OJIM3KUE MO0 COCTaBYy K MEHee JIETMPOBaHHOW cranu. B
Cllydae BBINOJHEHUS COEAMHEHHMHM CTajled pa3HOro CTPYKTYpHOTO Kiacca (Harpumep,
NEPIUTHOTO C AayCTEHUTHON) B OOJBIIMHCTBE CIIy4aeB HCHOJBb3YIOT BBICOKOJETMPOBAHHBIE
CBapOYHBIE MaTe€pHalbl, a B HEKOTOPHIX CIydasX CIUIaBbl Ha HHUKEJIEBOH OCHOBE, KOTOPHIE
TIO3BOJISIIOT 3HAYUTEIHPHO CHU3UTh MIUPUHY AU HY3HOHHBIX MPOCTOEK.

[TockonbKy mpu CBapke JETUPOBAHHBIX CTajel B 30HE TEPMUYECKOI'O BIUSHUS
BO3MOKHO (POPMHUPOBAHUE CTPYKTYp 3aKajdKd, TO IJIs TPEJOTBpAIICHUS WX O0Opa30BaHUS
UCIOJB3YIOT MONOTpeB. TemmepaTypy MNOJIOrpeBa Ha3HA4YalOT HCXOZS M3 CBOMCTB CTalH,
Haubosiee CKIOHHOM K (OPMHUPOBAHMIO CTPYKTYp 3akaikd. [Ipum 3TOM ¢ LEIbl0 CHUKEHUSA
BEpPOSITHOCTH  (opMupoBaHus  AUPQGY3UOHHBIX MPOCIOEK HA3HAYAIOT  MHUHUMAJIBHO
JOMYyCTUMYIO TeMIeparypy nojaorpena. [Ipu BeiOOpe TemmepaTypbl HOJOTPEBa HEOOXOAMMO
YUYUTBIBaTh HE TOJIBKO CBOMCTBAa CBApMBAEMBIX CTaJIE, HO W CBOMCTBA MeTajla mBa. B Tex
CllydasiX, KOTrJja B MeTajule IIBa BO3MOYKHO 0OOpa3oOBaHHE CTPYKTYp 3aKajlKu, TeMIIepaTypy
MOJIOTPEBa Ha3HAYalOT MCXOJs M3 CBOMCTB MeTayuia mBa. CTpyKTypy MeTajlia IIBa OOBIYHO
OLIEHUBAIOT TI0 CTPYKTYPHOH JAHarpaMMe.

Kormpa mnpumeHneHue mojgorpeBa BCTpEYaeT TPYAHOCTH, HCIHOIB3YIOT CBapOYHbIE
MaTepHualibl, 00ecreYrBaroIIie MOJyYeHHE ayCTEHUTHBIX IIBOB. [lMacTUUHBIN ayCTEeHUTHBIN
[IOB TIO3BOJISIET CHHU3WUTh BHYTPEHHHE HANpPSOKEHUS B 30HE CBapKM M TEM CaMbIM
NPeIOTBPaTUTh 00pa3oBaHKUE XOJIOAHBIX TpeuuH. CienyeT OTMETUTh, YTO ayCTeHUTHBIN 0B
C/IBUTaeT TEMIEPaTypy MapTEHCUTHOIO IMPEBpALICHUs MEPIUTHON (MApTEHCUTHOW) CTalu B
oOmacTe OoJyiee BBICOKHX TEMIEpaTyp. DTOMY CIIOCOOCTBYIOT BHYTPEHHHE HaIPsDKEHUS,
oOpa3yroniuecs u3-3a pa3nnuus KodhOUIIMEHTOB JTMHEHHOTO PacIIupEHUSI.

Pa3zBuTre MapTEHCHTHOTO MPEBPAIICHHS] B OOJIACTH BBICOKHX TEMIIEpaTyp IMO3BOJISIET
MONyYUTh OOJiee TUIACTHYHBIA MapTeHCUT, TaK KaK MpOsBIsSETCS APQPEKT CcaMOOTIYyCKa.
Wuorma nnsi WCKITIOYEHHS TIOJOTPEBa MPU  BBINOJHEHHMHM COCAMHEHHUS HCIIOJB3YIOT
MIpeIBapUTENIbHYIO HAIlJIaBKy Ha CTajlb, CKJIOHHYIO K 3aKaJlKe, CJI0sl He3aKaJuBalolencs CTalu.
HannaBky ciosi BeOyT € TOJOTPEBOM WIJIM HCIONB3YIOT OTIYCK HAIIaBJICHHOW JeTajH.
TonmuHy HammaBIeHHOTO CJOS Ha3HAYalOT M3 YCJIOBUH, YTOOBI B IMPOLIECCE CBAapKU
3aKaJTMBAIONIAsICS CTalbh B 30HE TEPMUYECKOTO BIUSHUS HE HarpeBajach BBIIIC TEMIIEPATYPhI
A1 (0OBIYHO TONIIIMHA CJIOS JI0 9 MM).

B HekoTophIX chydyasx s TPHUAAHUS OMpPEICICHHBIX CBOWCTB METally B 30HE
COCIMHCHHUSI PA3HOPOJHBIX CTaJel WM CHITHS BHYTPEHHUX HaNpsOKEHUH Ha3HAYaloT
TepMo0o0OpaboTKy. OHAKO HEOOXOAMMO UMETh B BHJY, YTO CHSATHE BHYTPEHHHUX HANpPSHKCHUN
BO3MOKHO TOJIbKO B COEIUHEHMH DPAa3sHOPOJHBIX CTajed OJHOr0 CTPYKTYpHOro kiacca. B
CBapHBIX COEIMHEHUSX PAa3HOPOAHBIX CTajJell pa3IMYHOTO CTPYKTYpPHOTO Kjacca H3-3a
pazmuuusi B KOA(Q(GUIMEHTaX JUHEHMHOTO pacHIMpeHHs B pe3yibTare TepMooOpaboTKU



BEJIMYMHA BHYTPEHHUX HANpsDKEHUH MOXkeT Bo3pacTd. llpm HazHaueHMn TepMooOpabOTKU
COCMHEHUN U3 Ppa3HOPOAHBIX CTajeil HEOOXOOUMO IIPOBECTH OLEHKY BO3MOXKHOCTH
(dopmupoBanus AMPHy3UOHHBIX MPOCIOEK.

TakuMm 00pazoM, Ipy Ha3HAYEHUU TEPMOOOPAOOTKH HEOOXOAMMA BCECTOPOHHSIS OLIEHKA
BO3MOXHBIX M3MEHEHHH CBOMCTB MeTala B 30He 140 cBapHOro cOeAVHEHMs, a TaKKe
BEJIMYMHBl BHYTPEHHHUX HaNpsDKeHU. B OOJBIIMHCTBE CIOXKHBIX CIy4aeB TEPMOOOPaOOTKY
(0OBIYHO OTITYCK) HAa3HAYAIOT, €CIIM 3TO MPUBOAUT K MOJYUYEHHUIO B 30HE CBAPHOT'O COEIMHEHUS
Oosee IUIACTUYHOTO MeTauia. biarogaps MOBBIIIEHHIO IMIACTUYECKHX CBOMCTB CHIDKAETCS
BEPOSITHOCTh XPYIKOTO pPa3pyLICHHs] CBAPHOTO COETUHEHUSI.

OdeHb 4YacTo BMECTO BBICOKOTEMIIEPATYpHOIO OTIIYCKA, KOTOPBIM NPHUBOIUT K
pa3BUTHIO JUPPY3UOHHBIX MPOCIOEK, HCHOJIB3YIOT HOPMAIM3ALUI0, KOTOpas IO3BOJISET
CHU3UTh MHTEHCUBHOCTH pa3BuUTUs Iu(dPy3roHHbIX npociioek. [locnennee o0ycnoBiaeHo, BO-
NEPBBIX, CHIKEHUEM CKOpOCTH U (dy3un yrieposia B ayCTEHUTE IIPU HarpeBe BbIIIE TOUKU
A3, BO-BTOPBIX, CHIDKEHUEM CTOMKOCTU KapOUJIOB.

CBapRa PAa3HOPOAHBIX cTajieil OAHOro CTPYKTYPHOI'0 KJIacCa

Jlnist cTaneil mepauTHOTO KJIacca UCTIONB3YIOT CBApOYHBIE MaTepUabl, PEKOMEHyeMbIe
JUIsL  MEHee JIETMpPOBaHHOM  cramu. Hampumep, mnpu pydHOHM  AYroBOM  CBapke
HU3KOYTJIEPOIUCTON CTaJH c TEIJIOYCTONYMBON XpPOMOMOJINO/1€HOBOI
UCIIONB3YIOT 271ekmpoost THNa I42A nn IS0A ¢ nokpeiTheM  ocHOBHOro Buja. llpu
OOJIBIIOM Pa3IMYMU B JIETMPOBAHUU PEKOMEHJYEeTCsl MCIOJIb30BaTh CBAPOUYHbIE MaTepUabl,
o0ecrneynBaloie HaIUIaBKy MeTaljla MPOMEeXYyTOUHOTo JerupoBanusi. Harpumep, npu ceapke
BCm3 ¢ xpomomonuooenosoii 15X1IM1® pexomeHayroTCs 31eKTpoAbl Tuma I-09X1M.

Pexum cBapku U TemrepaTypy MOAOrpeBa Ha3HAYalOT HCXOJ U3 CBOMCTB Oojee
JIETUPOBAHHOW CTaJH.

[Tpu BBITIOIHEHUH COETMHEHUN MEXIY BBICOKOXPOMUCTHIMU (EPPUTHBIMH, (HEPPUTHO-
ayCTEHUTHBIMH M MapTEHCUTHBIMH CTAJIIMU C LIEJIbIO MPEJOTBpALIEHUs] 00pa30BaHuUs XPYIKUX
KPUCTAJUITM3ALMOHHBIX TPOCIOEK, a TaKXEe XPYNKOTO MeTalyla IIBa CBApOYHBIM Marepuan
BBIOMpaIOT (heppUTHO-ayCTEHUTHOTO Kjacca. B aTom ciiydae oOecnieunBaeTcsi GOpMUpOBaHUE
MeTajia 1Ba ¢ 0oJee MEJIKOM CTPYKTYpOil, 4UeM MpH UCTIOJIb30BAHUM (PEPPUTHOTO CBAPOYHOTO
matepuania. Ceaprasedemcst ¢ nooocpesom,; nocie céapku svicoxuti omnyck (100—750 °C).

Jlnst cBapkM ayCTEHMTHBIX U ayCTEHUTHO-(EPPUTHBIX CTalled Pa3HOro JIErMpOBaHUS
CBapOYHbIC MaTepuaibl BeIOMparoT ucxons u3 cootHomreHus Cr/Ni. Ecnu B cBapuBaeMbix
CTaNsIX COOTHOIICHHE OOJNbIIE €IUHHIIBI, TO BHIOMPAIOT ayCTEHUTHO-(hEeppUTHBIE CBAPOUYHBIC
MaTepHalbl. JTO MO3BOJIAET U30€KaTh 00pa30BaHUS TOPSIYMX TPEIIMH B MeTaiie mBa. Eciu
cooTHomeHne B cBapuBaeMblx cramax Cr/Ni<l (cramm o0061ama0T OONBIIMM  3amacoM
ayCTEHUTHOCTH), TO BBIOMPAIOT CBApOYHbIE MaTEpHalibl, 00E€CIIEYNBAIOIINE ayCTEHUTHYIO WU
ayCTEHUTHO-KapOuIHYyI0 CTPYKTypy. [lo00HbBIE cBapodHbIE MaTepHalbl UCIONB3YIOT U MpHU
COCJMHEHUHU ayCTeHUTHBIX CTaJeil ¢ pa3nuyHbiM cooTHoIeHneM Cr/Ni.

TepmMooOpabOTKy pa3sHOPOAHBIX CBAPHBIX COCIUHEHUN AyCTEHUTHBIX M ayCTEHHTHO-
(beppuTHBIX cTajeil Ha3HAYalOT WCXOAS W3 WX CBOWCTB. Eciam OHM HE YHPOYHSIIOTCS
TepMOOOpabOTKOM, TO TMOCIIE CBAPKU €€ OOBIYHO HE Ha3HadaroT. B oTHenbHBIX ciiyyasx ee



HA3HAYAIOT IS CHATUS BHYTPEHHUX HampspKkeHud. Ecnu cBapwBaeMble CTalld MOABEPTaIOTCS
TEPMUYECKOMY  YINPOYHEHHIO, TO B 3aBUCUMOCTH OT TpeOOBaHWH  WCIONB3YIOT
TepMOOOpabOTKY.

CBapKa Pa3HOPOAHBIX crajei Pa3HOr0 CTPYKTYPHOI'0 KJIacCa

MoskHO BbIETUTH /IBe MOATPYNIbI PAa3HOPOAHBIX CBAPHBIX COCAWHEHMI cTaJjiei
Pa3HOI0 CTPYKTYPHOIO KJacca:

. CBapHbIE COEIUHEHUS TEPIUTHBIX CTajeil € BBICOKOXPOMHUCTHIMU
MapTEHCUTHBIMH, (PEePPUTHBIMU U ayCTEHUTHO-(EPPUTHBIMH;

. CBapHbIE€ COEAMHEHUSI IEPIUTHBIX, MAPTEHCUTHBIX U (PEPPUTHBIX CTAIEH C
ayCTEHUTHBIMH.

CoeduneHusn u3 NepauUmMHBIX CMAJE C BbICOKOXPOMUCHMBIMU MAPHEHCUMHbIMU,
deppumnsimu  u aycmeHumHo-gheppuUmMHbBIMU XAPAKTEPUIYIOTCI TEM, 4YTO B CBapHOM
COCIMHEHUU  BO3MOXKHO  TOSBIIGHHE  XOJIOJAHBIX  TPEUIMH, a Takke  pa3BUTHE
KPUCTAINIM3ALMOHHBIX W AU(PQPY3UOHHBIX MPOCIOEK B 30HE cruiaBieHus. CoenuHeHus
nepautHoi cranu ¢ 12 %-Hoit XpOMHCTON OOBIYHO BBITIOJHSIOT, HUCHOJB3YS HEPAUNLHbLE
31ekmpoost Ta I-09X1M st pyunoil cBapku uinunpoeo1oky Ce-08XM s cBapku mnon
¢arocom. IlomoOHblE cBapouHble MaTepHalibl MO3BOJISIIOT MOJYYUTh METaJI 1IBa C
coJiep:kaHueM xpoma 10 5 %, uto obOecreynBaeT JIOCTATOYHYIO MPOYHOCTh W TUIACTUYHOCTH
MeTajjla IIBa M TEPEeXOJHbIX CJ0eB. TeMmmepaTypHbIi peXuM CBapKd Ha3HAuYaloT
MIPUMEHUTEIIBHO K CBOMCTBAM BBICOKOJIETMPOBAHHOM CTaJIM.

Ouenv uacmo, 0CO0EHHO npPU COCOUHEHUU IJIEMEHMOE OO0NbUION MOTUUHDL,
BBITIOJTHSIOT OOJIUIIOBKY KpoMOK 12 %-noit Xpomucmoii
cmanu (Hanpumep, 2rexkmpooamu tuna I-09X1M), a OabHeUuLyro
ceapky BenyT anekmpooamu tuna 342 unu IS0A, cocTtaB KOTOPHIX OO0ECIEUYMBACT HAIUIABKY
MeTaiia, OJIM3KOro K COCTaBy MEHEe JIETMPOBAaHHOM cTaiu. B Tex ciiydasx, Korja MeTasul 1Ba
paboTtaer mpu TeMmIepaTypax, ONMM3KUX K mpeaeabHoi st 12 %-HOH XpOMHCTOMW CTallH, s
CHIDKEHMSI ~ BEpPOATHOCTH  oOpa3oBaHusi JIU((PY3MOHHBIX TMPOCIOEK  HaIJaBKy  Ha
BBICOKOXPOMHUCTYIO CTaJlb BHA4aJIe OCYILIECTBISIOT 21ekmpodamu tuna I-09X1MP v I-
10X3M®6, a 3amem rnekmpooamu tuna I-09X1M.

na ceapku nepaummuwvlx cmaneii ¢  GblCOKOXPOMUCHMbBIMU  (heppumHuvimu,
ayCmeHuUmHo-peppumuslMuy U MAPMEHCUMHbIMU TIEPIUTHBIE CBAPOUYHBIE MaTEPHAJIBI
HEeXeJlaTeIbHbl M3-32 HEONAronpusATHOTO JIETUPOBAHMS MeTajuia ImBa. B 3ToM ciydae
HaOmonaercs (GOpMHUPOBAHUE XPYINKHUX KPUCTAITU3ALMOHHBIX Mpocioek. Jlis yKa3aHHBIX
coueTaHWil OOBIYHO HCIOJIB3YIOT CBAapOYHBIC MaTEpHallbl ayCTEHUTHO-(EPPUTHOTO Kiacca,
HampuMep, JIEKTPO/IbI THIA

-08X24H6TAM®. DT 31EKTPOAbl TMO3BOJISIIOT MONYYUTH Oojiee CTaOUIBHYIO H
IJIACTUYHYIO CTPYKTYpPY METajlia 1IBa B MEPEXOHBIX YYACTKAX CO CTOPOHBI MEPIUTHON CTAIIH.
[IpumeHsIoT maksce aycmenumnwle 31eKkmpoovt. OMTHAKO B OTOM Clydae XHUMHYECKas
HEOJIHOPOJAHOCTh OYZEeT MOBBIIIEHHON, W B Ciy4yae 3KCIUlyaTallud B OO0JacTH BBICOKHX



TEeMIepaTyp BO3MOXKHO o00pa3zoBaHHe XpYNKUX AU((Y3MOHHBIX NPOCIOEK, YTO MOXKET
IIPUBECTH K IPEKICBPEMEHHOMY Pa3pyLICHUIO CBAPHOIO COCIMHEHHUS.

CoenvHEHMsI TEPIUTHBIX, MApPTEHCUTHBIX M (EPPUTHBIX CTalled C ayCTEHUTHBIMU
XapakTepu3yloTcsd  HauOoJbLIEH  XMMHUYECKOH,  CTPYKTYpHOM M MEXaHUYECKOU
HEONHOPOAHOCThIO. Ilockonpky mnpumeHeHue 142 mNEpAUTHBIX CBAapOYHBIX MaTepHAJIOB
HEN30€KHO MPUBOAUT K (POPMUPOBAHMIO XPYNKUX KPHUCTAJUIM3ALUOHHBIX CIIOEB, TO I
BBITMIOJIHEHUSI COEAVHEHWI HCIIOJB3YIOT AayCTCHUTHBIE CBapOYHbIE MaTepuaibl, KOTOPBIE
BBIOMPAIOT B 3aBUCUMOCTH OT cooTHomeHus: Cr/Ni B aycTeHUTHOH cTaity.

. IMIpu coornomrenuu Cr/Ni > 1 mpUMEHSIOT ayCTEHHUTHO-(QEPPHUTHBIC

CBAapOYHbIC MaTepualbl, Hampumep, 1exmpodst Tuna I-10X25H131'2, kotopsie npu

pa30aBIeHNHN MeTasula IIBa MEPJIUTHBIM OCHOBHBIM MeTaiuioM 0o 30 % oGecrieunBaioT

MOJIYY€HHUE ayCTCHUTHO-(EPPUTHOTO IIIBA.

. Ecnu B cBapuBaemoii aycteHuTHo#M ctanu oTHornenue Cr/Ni < 1, To B

TOM CJIy4ae HCIOJIb3YIOT CBApOYHBIE MaTepHUalbl, HAlPUMEP, DIIEKTPOJABI THIIA -

X15H25M6AI'2, oOecreunBaronge IPH BO3MOXKHOM IIPOIUIABIICHHH TIEPIIUTHOM

ctaim 00 20—30 % ogHODa3HYIO ayCTEHUTHYIO CTPYKTYPY METaJljia IIIBa.

Kak mnpaBuno, coeauHEHHs] TMEPIUTHBIX, MapTEHCUTHBIX M (PEppPUTHBIX cTalel C
ayCTEHUTHBIMU MepMoodpadbomke He nodgepzarom, TaKk Kak 3TO HE MPUBOAUT K CHUKEHUIO
BHYTPEHHUX  HaOpsDKEHUW  W3-3a  pa3nauuus B Kod(phuUIMEHTaX  JIMHEHHOTO
pacmpenusi. Omnyck npumeHsOm 6 mex CIyuasx, €CIM CBapuBaeMas CTajlb CKIIOHHA K
00pa3oBaHUIO CTPYKTYp 3aKajJKd B 30HE TEPMHUYECKOTO BIUsHUSA. OJHAKO TeMmmepaTypy
OTIIyCKa HEOOXOAMMO Ha3HAYaTh MUHUMAIBHYIO C IENBI0 MPEAOTBpAlIeHUs 00pa3oBaHUs
1 y3UOHHBIX MPOCIOeK. Eciu no ycioguam 07is 6ce2o uzoenus Omnyck NpUMeHums Heib3s,
MO BbINOIHAIOM 0OIUYOBKY KPOMOK 3AKANUBAIOWEUC CIATU AYCIMEeHUMHbIMU 2JIeKMPOOaMU.
3amem nposoosam omnyck 0OIUYOBAHHOU CMANU, NOCTE 9MO020 BbINOJHAIM PA3ZHOPOOHOE
coeounerue.

TexHos0rust CBapKH ABYXCJIOHHBIX CTAJICH.

Yawe 6cezo onHu cocmoam u3 HU3KO Y21epoOUCmOl CMAau, NOKPLIMOU CloeM
KOppO3UuoHHble CIau.

B kauecmee  anmuKkoppo3uoHH020  C/10A UCUONB3YIOT  ayCTCHHUTHBIC CMIAIU
mapok 08X18H10T, 08X17H13M3T wu ap.

[To XxuMHYEeCKOMYy COCTaBy OJEKTPOABI JOJDKHBI OBITH OJHOPOJHBI C METAJIOM
iakupoBanHoro ciosi. Hanpumep, 0na cmanu 08X17H16M3T ncrionb3yroT 21eKmpoost C
MTOKPBITHEM mapku HXK-16u npoeonoka mapxu CB-06X19H10M3T. /{74 ceapxu
ayCmeHUmHbIMU 371eKMpooamu NPUMEHAI0OM NOCMOAHHbIN MOK 00PAMHOU NOJAPHOCTIU.

Yawe 6ceco wio6 GubINONHAEMCS CHAYANA CO CMOPOHbL Y2NepOOUCmol cmanu, a 3amem
HANAGNIeHHbII MEMATTl CO CHMOPOHbL NIAKUPOBAHHO20 CN05 3AWUWAEMC U C6APUBAEMCS YIICce
NIAKUPOBanHubll clou. /lyeoeasn ceapka 08YXCIOUHbIX cmael 3a MEeXHUKOU 8bINOJIHeHUST U808
ananocuyHoe ceapke 0OHOCIOUHO20 MEMAnd.



CBapka ABYXCJOHHBIX cTajell MPOU3BOAUTCS CJIeIYIOIIMMU CIIOCO0aMM:

1. ABTomMaTnyeckod  cBapkoil moj  cioeM  (aroca  OCHOBHOIO M
IUTAKUPYIOLIETO CIOA,

2. Py4HOM 1yroBoi cBapKON OCHOBHOT'O M IUIAKUPYIOLIETO CIO5,

3. ABTOMaTHYECKON CBapKOW MOJ clloeM (piroca OCHOBHOIO CJIOSI M pyYHOU

JyTOBOM CBAPKOW INTAKUPYIOILIETO CIIOA,

4. [TonyaBTOMaTH4ECKOI CBAPKOW B CpEJie 3alIUTHBIM I'a30B OCHOBHOTO CJIOS

Y aprOHOAYTOBOM CBApKOM IJIIAKUPYIOLIErO CIIOS.

IIpy py4HOM ZIYroBOM CBapke IIOCJIE BBIIOJIHEHUS CBApHOIO IIBA CO CTOPOHBI
OCHOBHOTO CJIOSI TPOM3BOAMUTCS BBIPYOKa WJIM BBITUIABKA YTJIEPOJUCTOTO IBA CO CTOPOHBI
IUTAaKUpYyIoWero cios. /(s cBapkM IUIAKMPYIOLIEro CJOSI ayCTEHUTHBIMU 3JIEKTPOJaMU
MPUMEHSIOT OCTOSHHBIN TOK 00paTHOM MOISIPHOCTH.

CBapky mnOpou3BOAMTH KOpPOTKOM nyroil. Ilpu cBapke B HECKOJBKO TPOXOJIOB
MTOCJIEAYIOIINE CJIOM HAKJIAIBIBAIOT NOCIIEC OXJIAKICHHS IPEABIAYIIETO CJOs 10 TEMIIEpaTyphl
He Bbile 100 °C

Ilocne cBapku JBYXCIOWHBIX CTaJel € OCHOBHBIM cjloeM u3 cTainu 12XM,
12MX npuUMEHSIOT HOCIEAYIOIYI0 TEPMOOOPabOTKY MO PEKUMY BBICOKOIO oTmycka. Harpes
110 memnepantypul

680-710 °C ¢ ebldepackoit 2 4aca u oxaaxcoenuem Ha 6030yxe. Bo wuzbexanue
TPEIMHOOOPa30BaHUsl CBAPKY 3TUX CTajiell PEKOMEHIYETCS BECTHU C HPed8apumeibHbiM U
conymcmeyruiem noaorpesoM kpomok a0 200-250 °C.

KoHTpoJibHbIC BONIPOCHI:

1. Ha3nauenne KOMOMHUpPOBAaHHBIX KOHCTPYKIMH ©  Kiaccuduranus
Pa3HOPOIHBIX CTAJIEH

2. IlepeunciuTh OCHOBHBIE TPYAHOCTH IIPU CBAPKE Pa3HOPOIHBIX CTAJIEN U

3. CITOCOOBI UX MPEOI0JICHHUS.

4. Kakxnmu METOJIaMU JIOCTUTAETCS MHUHUMAJIbHAs TOJIIMHA
KPUCTAJUTU3ALIMOHHON MPOCIOUKN?

5. Br160p cBapouHBIX MaTepUaIoB sl CBAPKH CTaJe pa3HBIX CTPYKTYPHBIX
KJIacCOB

6. CBapka pa3HOPOJIHBIX CTaJIEH pa3HOrO CTPYKTYPHOTO KJlacca.

7. CBapka JBYXCIIOMHBIX CTAJICH.



IIpakTuuyeckas padora Ne9

Tema: PacindpoBka MapkupoBOK CcTajiel, UyryHa ¥ [IBETHBIX METAJIOB 10 KAPTOUYKaM
Heas padorsl: [Iprobpectu npakTHuecKue HABBIKU MPU pacHIMPpPOBKE MapKUPOBOK CTaJeH,
Yyr'yHa U [BETHBIX METAJJIOB

Xo/ BbINOJHEHUS padoThI:
1. O3zHakomiieHHE C TEOPETUUECKUMHU CBEIECHUAMMU
2. W3yunth pactmmdpoBKy MapKUPOBKH CTaJIeH, UyTryHa U IIBETHBIX METAJIIOB.
3. PacmmdpoBaTh Mapku KOHCTPYKIIMOHHBIX MaTepuainoB (Tadauya. 1).

Teopernyeckue cBegeHUA
MapkupoBKa cTajei
VYrnepoaucTele KOHCTPYKIMOHHBIE CTalM MO KadyecTBY (B 3aBUCHMOCTH OT COZAEpKaHUs
BpPEIHBIX IMpHUMecel) MOJpa3AessioT Ha JBE TPYMIbL: CTAIW OOBIKHOBEHHOI'O KauecTBa MU
KA4ECTBEHHBIEC CTAJIH.

e  Yruepoaucrbie KOHCTPYKIMOHHBIE CTAJH O0BIKHOBEHHOI'0 KA4eCTBA
MapkupoBKa YIJIepOJUCTBIX cTaneld OOBIKHOBEHHOTO KadyecTBa HauMHaeTcss ¢ OykB «Cty,
MOCJie KOTOPBIX cTOUT 1udpa ot 0 10 6.
Hanpumep: C12xn, BCT3kn, BC13nc, BC14.

e Cr — uHAEKC JAaHHOU I'PYIIBI CTAH.

o Iudpsi ot 0 10 6 - >TO YCIOBHBII HOMEP MAPKH CTaJIH.
VYCIOBHBII HOMEp HE CBSI3aH C XMMHUYECKHM cocTaBoM cTanu. C yBeIMYEHHEM HOMeEpa
BO3pACTAET NPOYHOCTh U CHUKACTCS IUIACTUYHOCTD CTAJIN.
B 3aBucHMOCTH OT c1I0C00a PACKUCIEHHUS CTAJIU MOTYT ObITh:

e CIIOKOIHBIMH (CII),

e TOJYCHOKOWHBIMU (TIC)

e  KUISIIUMH (KII).
JlomyckaeTrcsi B CIOKOMHBIX CTaNIsAX OYKBBI (CIT) HE MTUCATh.
Ilepen obGoznauenuem «Ct» Moryt crosith OykBa A, b m B. [lng craneit rpynnel A npu
MOCTaBKE TapaHTUPYETCs cooTBeTcTBUE Mexanmueckux cBoucTB ['OCTy, B o0o3HaueHHH
UHAEKC Tpymnmnbl A He ykasbiBaercsa. s crtased rpynnsl b rapaHTupyercs COOTBETCTBHE
XUMHUYECKOMY cocTaBy, npuBeaeHHOMY B ['OCTe, MexaHnueckue CBOMCTBA B 3TOM ClIy4yae He
pernlaMeHTUpyroTcs. i craned rpynnel B mpum  1IOCTaBKe TapaHTUPYIOTCS TOYHOE
COOTBETCTBUE U MEXAHUUYECKUX CBOMCTB, U XMMHUYECKOTO COCTAaBA.

I[IpuMepbl MAPpKUPOBKHU:

e BCr4—- cranp yraepoauctas  OOBIKHOBEHHOTO  KauyecTBa,  CIIOKOMHas, C
rapaHTupoBaHHbIM cooTBeTcTBMEM ['OCTy XMMHYECKOro cocTaBa M MEXaHUYECKHX
CBOMNCTB;

o Cr5km- cramp  yriuepoaucras — OOBIKHOBEHHOI'O — KadyecTBa,  KUIAIasg, C

rapanTupoBaHHbIM cooTBeTcTBUEM [ OCTy MexaHWYECKHX CBOWCTB.



o KauecTBeHHbIE yI/IepOAUCTbIe KOHCTPYKIIMOHHBIE CTAJIN
B MapkupoBke yriaepoaucTbix cTajieil MOBBIIIEHHOTO Ka4eCTBA YKa3bIBAETCS CJIOBO «CTAIb)»
U JIByX3HAYHOE YMCIIO, YKa3bIBAIOIEE CpPEIHEE COAEpKAHUE YIJIEpoJla B COTBHIX JOJAX
npoueHTa. Kpome 3Toro yka3pIBaeTCsi CTENEHb PACKHCIEHUS, €CIU CTalb OTIMYAETCS OT
cnokoiHoi. Cranu ¢ coxepxkaHueMm  yriaepona 0o  0,25% moryT  MOCTaBIATHCS
CIIOKOMHBIMU (CII), TOJIYCITOKOWHBIMU (1c) u  kumsimumu  (km). Ctanid ¢ cofep’kaHueM
yraepoja 6osbiie 0,25% mocTaBisitoTCs TOIBKO CITOKOWHBIMHU.
KauecTBeHHbIE CTaM MOCTABIAIOT TOJIBKO TPyMIbl B — ¢ TapaHTUPOBAHHBIMU MEXaHUYECKUMHU
CBOMCTBAMH M XUMHYECKHUM COCTABOM, ITIOATOMY B 0003HAUYCHUU HE YKA3bIBACTCS.
byksa I' B MapkupoBke 0003Ha4aeT, 4TO CTalb UMEET MOBBIIIICHHOE CO/Iep)KaHNe MapraHiia
(00 1,2%).
byksa JI B koHIIe Mapku 0003Ha4YaEeT, YTO CTaJb MpeAHA3HAUYCHA JIS TTOJTYYEHUST OTJIMBOK.

IIpumepbl MAPDKUPOBKM:

1. Craab 15kn - yriepoaucras KOHCTPYKIIMOHHAsI KaueCTBEHHAsl CTallb C COJEp>KaHUEM
0,15% yraepona, 99,85% xenesa, kunsiuas;

2. Cranpb 30JI - yraepoaucras KOHCTPYKIIMOHHAS KAa4eCTBEHHAs CTAJIb C COJCPKAHHEM
yriepona 0,30%, 99,7% sxene3a, CHOKOHHAs, IPUMEHSIETCS ISl JIETAJIEH MOTyd4aeMbIX
METOJIOM JIUThS;

3. Cranp 30T - yrioepoaucTas KOHCTPYKIIMOHHAsT KaueCTBEHHAS CTallb C COJCpKaHHEM
yraepoaa 0,30%, cniokoiiHasi, coiepaaniasi HOBBIIIIEHHOE KOJIMYECTBO MAPTaHIIa;

4. Craab 45 - yriepoaucTtass KOHCTPYKIIMOHHAsi Ka4eCTBEHHAsl CTaldb C COJEpKaHUEM
yraepona 0,45%, octanbHoE — JKeJe30; CIIOKOMHas.

MapkupoBKa JIeripoOBaHHBIX KOHCTPYKIMOHHBIX CTaJIeil

KoHCTpyKIIMOHHBIE JIETUPOBaHHBIE CTAJIA IIPUMEHSIOTCS JJIsI OTBETCTBEHHBIX JIETAJIEH Ma-
IMH U METAJUTMYECKUX KOHCTPYKITUH.
[TpunsTa OyKBeHHO-TIM(POBasi cCHCTeMa MapKUPOBKHU JIETUPOBAHHBIX CTaJICH.

OcHoOBHBbIE JIeTHPYIOIIHE 3JIeMEHThI 0003HAYAK0T OyKBaMM:

X'XIW L=y l’-mpmtll e MapkupoBKka HAuYMHAETCS C JBYX3HAYHOTO
N-uar A~

l m &m hl ’ p)KaH €
) n [BAXOIICTO coJc U
yI JIGpOJIa B COTBIX OOJIAX “pOl [CHTA. l :CHI/I B

11 11 W11 Hawaze  wugp HeT, TO - conepianme
yriepoaa 0koJ10 1%.

[I}Ipl{()mm U - [D,'l](bp:m I) - mp o Jlamee NEPEUMCIIAIOTCS JIETUPYIOIIIHE
JJIEMEHTEI.

m o Nm}llm Jl =k I I “JP e Yucno, ClIeyIoIIee 3a YCIIOBHBIM

m«m‘m_am 0003HAaYEHHEM DJIEMEHTA, II0Ka3bIBAET €I0

colepxaHue B mpoueHtax. Eciou uucino He



CTOWUT, TO COJIEP)KAHKE ITOTO JISTUPYIOMIETO ieMenTa He npesbimaeT 1,0 %o.

BykBa «A» B KOHIIE MapKHUpPOBKHM YKa3bIBa€T, YTO CTallb OTHOCUTCS K KaTeropuu
BbICOKOKauecTBeHHBIX (3OXI'CA),

Ecimu OykBa «A» HaXOQUTCS B CEpPeIMHE MAPKUPOBKHU - TO CTAJIb JICTUPOBAHA a30TOM
(16124 D),

Ecnmu B Hauane MapkupoBKH OyKBa «A» yKa3bpIBaeT Ha TO, YTO CTajh aBTOMAaTHAs C
TIOBBIIICHHOW 00padaTeiBaeMoCTH pe3anueM (A3502). DT CTaau UMEIOT MOBBIIICHHOE
COJIep>KaHUE CEPBHI.

Nunexc «AC» B Hayalle MapKUPOBKH  yKa3bIBaeT, 4TO aBTOMAaTHas  CTallb
JIOTIOTHUTENFHO COACPKUT CBUHEIL.

Oco00 KadecTBEHHBIE CTalM, IOABEPTHYTHIC JJIEKTPOILIAKOBOMY TIEpEIUIABY,
o0ecTeunBalonIeMy OYUCTKY OT CyIb(UI0B, OKCHIOB M IPYTHX MpUMecei, 0003Ha4at0T
n00aBIEHUEM B KOHIIE MApPKUPOBKH uepe3 Thpe OykBol «LID».

IIpumepsl MAapKUPOBKH:

1.

ok~ wn

45XH2M® - KOHCTPYKIIMOHHAs CTanb, coaepxkamias: 0,42-0,50%C; 0,5-0,8% Mn; 0,8-
1,0 % Cr; 1,3-1,8 % Ni; 0,2-0,3 % Mo; u 0,10-0,18 % V, ocTanbHOE - )KeJIe30.

I'13 - xoHCTpYKIIMOHHASA cTajb, coaepxkamas: 1% C, 13% M, octanbHOE - kKeJe30.
15X25H19BC2- koHCTpYKIIMOHHAs cTalb, coaepsxkamas: 0,15%C, 25%Cr, 19%Ni,

1o 1,5%W, no 2 %S1, octaasHOE - XKene30.

20XTHTP-UI BeicokokadyecTBeHHas ctaib nocie DI, conepxamas 0,2%C, mo 1%
XpoMa, MapraHiia, HUKeJs, TUTaHa, 60pa, OCTaIbHOE - JKEeJe30.

MapkupoBKa IAPUKONOAIIMITHUKOBBIX CTaJIei

Cranu, npenHa3HaYeHHbIE U1 M3TOTOBJICHHS MOJIIMITHUKOB KAa4eHHs, 0003HAYarOTCs
oykBamu «IIX» u udpoii. Bykssl 03Ha4aroOT:

«II» - N1apuKOMOAIIMITHUKOBAS,

«X» — XpoMHUcTasl.

Hudpa nocne OykBbl «X» yKa3bIBa€T COJIEPKAHUE XpOMaA B ACCATHIX JTOJISIX MIPOLIEHTA.
Cooepicanue yenepooa B TOJIIUIHUKOBBIX CTalsiX cocTaBisieT okoao 1%. C
YBEJIIMYCHUEM COZCPKAHHUS XpOMa U JIETUPYIOLIUX 3JIEMEHTOB YBEIMYMBAETCS TIIyOUHA
MPOKAJIMBAEMOCTH, TO €CTh YBEJIMYUBAETCS BO3MOXKHOCTb HW3TOTOBIICHUS JeTaliel
OobIIero pazMepa ¢ 00ecreueHueM 3a/1aHHBIX CBOWCTB.

I[IpuMepsl MAPKUPOBKH:

IIX6 - mapuKONoOAINUITHUKOBAs cTalb, coaepxamas 1% yruepona u 0,6% xpoma;

HIX15CT - mapuKonoaIIMIIHUKOBasE CTalb;, cojaepxamas 1% yraepoaa, 1,5% xpoma,

KpeMHHMs ¥ Maprasua 10 1%, ocraibHoe - Kenes3o.

MapkHupoBKa NOPOILIKOBBIX CTaIeH

MapxkupoBka crajiei, IoJy4YEeHHbIX METOJIOM MOPOLIKOBOM METAJLITypriui, HAUMHAETCS C OYKB

CII — cranb nNopoIIKoBasi.



o [IlepBas mudpa mocine OykB «CII», xkak W B cllydae KOHCTPYKIIMOHHBIX C TaleH,
NIOKAa3bIBAET CPEIHEE COAEP)KAHUE YIIIEPOJa B COTHIX JOJIAX MPOLICHTA.

o Ilocnenyrouiye OykBbl 0003HAYAIOT JETUPYIOUINE IEMEHTHI, a HU(PBI OCIE HUX - UX
CpellHee coAepKaHUE B NpoLEHTax (OTCYyTCTBHE LU(PBI O3HAYAET, YTO COJEPKAHUE
COOTBETCTBYIOIIEro AmeMenTa <1 %0).

« B KoHIIe Mapku yepe3 TUPE yKa3bIBaeTCsl INIOTHOCTh MaTepuaia B I/cM 3

IIpumep MapKUpPOBKH:
1. CII40XH3M-3 - cranp mopormikoBasi, comepxkamas: 0,35-0,45%C; 0,8-1,1%Cr; 2,5-
3,5%Ni; 0,3-0,6%Mo, ocTansHOE - )KeJIe30; INIOTHOCTH OKOJIO 3 r/em’.

MapkupoBKa 4yryHOB

Uyryn Mapkupyetrcs OyKBamH, IOKa3bIBAIONIMMH OCHOBHOM XapakTep WIM Ha3HAYCHHE
yyryHa, © I1udpaMu, COOTBETCTBYIOIIMMHU MHUHUMAIBHOMY 3HAY€HUIO BPEMEHHOTO
COTIPOTHUBIICHUS Tpu pacTsukenuu S, MIla/10. Ins aHTUQPUKIIMOHHOTO YyTyH B Hayaie
MapKUPOBKH yka3biBaeTcsi OykBa «A» (ACY, ABY, AKY).

MapxkupoBKa cepbIX YyI'YHOB

Ceppsriit uyryH mapkupyetrcs OykBamu «CH» u nudpamu, COOTBETCTBYIOIMMUA MUHUMATIEHOMY
3HAYEHUIO BPEMEHHOI'O CONpPOTUBIEHUS TMpu pacTsukeHuu seé ¢  MIla/l10. HanGonpiiee
pacrpocTpaHeHre Moiayduiau 4uyryHel mapok: CH12; CU15; CU18; CY21; CUY24; CU28;
CY32; CY38.

[Ipo4HOCTB CEephIX UYTYHOB BCEX MAPOK MPHU CKATUW 3HAYUTENIHBHO MPEBBIIIAET TPOYHOCTH MPU
pactsbkenun. Hanpumep, st uyryna mapku CU 24, umeromiero mnpeaein NpOoYHOCTH npu
pacmsdicenuu 240 MIla, nipenen NpouHOCTH npu cxcamuu coctaisiet 850 MIla.
IIpumep MapKHpPOBKH:
1. CY10 - cepplif 4yryH C MJIACTUHYATHIM TpapUTOM, BPEMEHHOE COINPOTUBIIEHUE NpU
UCIBITaHUAX Ha pacTsikeHue s6=100 Mlla;

MapKupoBKa BbICOKONIPOYHBIX YYyTYHOB
BbIcOKONpoYHbIE UYT'YHbI MAPKUPYIOT OyKkeamu «BU» u yugpamu, xotopsie xapakrepusyer
BPEMEHHOE COMPOTUBJIEHUE UyTyHa Npu pactsbkenuu se ¢ MIla/10.

IIpumep MapkupoOBKH:
1. BY70 - BbICOKONPOYHBIN YYyT'YH C IIAPOBHUJIHBIM IpaduTOM C MpenesioM MPOYHOCTH Ha
pactsbkenue s6=700 MIla;
2. BU3S5 - BHICOKONPOYHBIN YYT'YH, BpEMEHHOE CONIPOTUBJICHUE PACTIKEHUIO
$6=350 MI]a;

MapkKupoBKa KOBKHX YyT'YHOB
KoBkue ayrynst MmapkupyroT oykeamu «KYU» u yugppamu, 06031a4arommmMu BpeMEeHHBIE CO-
NPOTUBIIEHUS NIpU pacTskeHUH s6 ¢ MIla/l10 v otHocuTenbHOE yyinHeHue d 6 %.



IIpumep MapKkupoBKu:
1. KY33-8 - xoBKMIl YyTyH C XJIONBEBHIHBIM TPaQUTOM, BPEMEHHOE COMPOTHUBIICHHUE
pactsbrenuto s6=330 Mlla, orHocutensHoe yanuHenue d=8%.

MapkupoBka aHTU(PPUKIMOHHBIX YYT'YHOB
Jliis paboTHI B y371aX TPEHUSI CO CMA3KOM MPUMEHSIOT OTJIMBKY U3 aHTU(QPUKIIMOHHOTO UyTY-
Ha AUC-1, AUC-6, AUB-2, AYK-2 u n1p., uT0o pacmmppoBBIBAETCS CASAYIOITIM 00pa3oMm:
e AY - aHTU(PUKUMOHHBINA YYTYH:
e C- cepnii,
e B - BBICOKOIIPOYHBIH,
e K - koBkHii.
o Iughpwr 0603HaUAIOT TOPSAKOBBINA HOMED crutaBa corsiacHo I'OCTy 1585-79.

MapkupoBKa JIerHPOBAHHBIX YYT'YHOB

Jlecuposanuvie yyeynvl MapKupyiom aHaiocuyHo cmaiam oykeamu u yugpavu. MapkupoBka
HauynHaeTCA ¢ Oykevt U — uyryH. OcmanibHble 0YK6Ebl YKA3bIBAIOT COAECPKAHUE JETUPYIOIINX
3JIEMEHTOB B mpoueHTax. [Ipu comepkanum jerupyoomiero snemeHTa menee 1,0% uughpot 3a
COOTBETCTBYIOIIEH OYKBOM HE CTaBATCS. YCIOBHOE O0O3HAUCHHE XUMUYECKHX DJIEMEHTOB
TaKoe ke, KaK U IMpu 0003HAYCHUU CTAJICH.

IIpumep mapkupoBKHM:

1. YH19X3 — uyryH, conepxamuit 19% Ni u 3% Cr, ocTanbHOe - )Kemne30.
Ecnu B jerupoBaHHOM 4YyryHe perjiaMeHTHUpyeTcsl IiapoBHiHas (gopma rpadurta, B KOHIIE
Mapku dodassemcs oykea «l» (YH19X31).

MapKupoBKa MeJIH U ee CILIaBOB
Texnuuecku uucmas meov mapkupyemca: M00 (99,99 % Cu), M0 (99,95 % Cu), M2,
M3 u M4 (99 % Cu).

MapkupoBKa JIaTyHH
Jamynamu nasviearomecs 06oUHbIE UTU MHOSOKOMNOHEHMHbIE CNIA6bl HA OCHO8E Meou, 20e
OCHOBHBIM JIECUPYIOUWUM ITIEMEHMOM ABAAEMCA YUHK.

O0o3navaror:
e HavanbHOU OykBoii crinasa JI - natyHs,
e TIOCTIE YEro CIEAYIOT MepBble OyKBbI OCHOBHBIX 3JIEMEHTOB, OOpa3yIOIIMX CIUIaB H
U phl, KOTOPbIE MOKA3BIBAIOT COJIEPKAHNUE FIIEMEHTOB B LIEJIBIX MPOIEHTAX.
B namynsax ne ykazvigaemcs cooeporcanue yunka (YUHK-0CmanbHoe).
OcHOBHbIE JIeTHPYIOIIHE 3JIEMEHTHI B JIATYHAX:



AT "
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+B  mapkupoexe nepopmMupyemMou JIaTyHU
CHaYaJia TEPEUNCIIAIOTCS Bce OYKBBI, a TIOTOM

e A Bce nudpel uepe3 aehuc. B MapkupoBke
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nebopMUpyeMOl JTATYHH HE yKa3bIBaeTCs

coj/iepKaHue IMHKA (IIMHK-OCTalbHOE).

+B mapkuposéxke JUTEHHOM JJTATYHU II0CIE
OyKBEHHOTO OO0O3HAUEHUS JIETHPYIOIIETO SJEMEHTa CTaBUTCA HHdpa, yKa3bpIBalOMas €ro
YCpeAHEHHOE conepkanue B criaBe. OCTalbHOE — MEIb.

IIpumepsl MAPKUPOBKHM:
1. JI62 - natyns nedopmupyemas, conepxkamas Mmeau 62%, octaabHOE - IIUHK;
2. JIKMuS9-1-1 - nepopmupyemas naryHs, comepxkamas 59% Cu, 1% Fe , 1% Mn,
OCTaJILHOE IHHK.
3. JIAXK60-1-1 nebopmupyemas natyns conepxkut 60 % Cu, 1 % Al, 1 % Fe u 38 % Zn.
4. JI23A67K3Mu2 nuteiinast naTyHb conepxut 23 % Zn, 6 % Al, 3 % Fe, 2 % Mn,
OCTaJILHOE - MEIb.

MapxkupoBka OpOH3bI

Bpou3sl - cniaset medu ¢ Opyeumu dnemenmamu  (GUIOMUHUEM, CEUHYOM, Oepuiiuem,
KpeMHueMm u m.o.).

OnemeHThl  0003HayalOTCsd  TakMMU  Ke  OyKBaMM, KaKk B  JIaTyHAX. bBpoOH3BI
MapKUpyIOT Oykeamu Bp, yughper 32 OykBamu  yKa3blBalOT  COJAEPIKAHHE  JICTUPYIOIIUX
AJIIEMEHTOB. B Opon3ax He ykazvleaemcs cooepicanue meou (Medsb - 0CMAIbHOE).

BpoH3bl noapasesiioTces Ha:

o Jlebopmupyemsie,
e Jlureiinbie.

+Ilpu mapxuposke nedpopmMupyemMbiX OpPOH3 Ha TIEPBOM MecTe CTaBiTcs OykBbl Bp, 3aTeM
NEPEUYNCIAIOTCS OYKBBI, YKa3bIBAIOIIME, KAaKWE AJIEMEHTHI, KPOME MEIH, BXOISAT B COCTaB
crutaBa. [locne 6ykB uayT udpsl uepes3 aeduc, MOKa3hIBAIONINE COACPKAHNE ITUX HIEMEHTOB
B CILIaBe.

+Mapkupoexa JMTeHHBIX OPOH3 TakKe HaumHaeTca ¢ OykB Bp, HO mHQpHI, yKka3pIBaromme
COJIEp’)KaHHUE JIETHUPYIOLIUX OJJIEMEHTOB B CIUIaBE, CTaBSTCS HEMOCPEJICTBEHHO TOCIe
COOTBETCTBYIOIIEH OYKBBHI.

IIpuMepbl MApKUPOBKH:
1. BpO®10-1— onosaucras aepopmupyemass Oponsa conepxkut 10 % omoma, 1 %
docdopa, ocTaabHOE — MEJIb.



2. BpKMu3-1 — kpemuucras nehpopmupyemas Oponsa, cogepxamas 3% kpemuus u 1%
MapraHiia, OCTaIbHOE — ME/Ib.

3. Bp0O4114C17 - nuteitHas oyoBsiHUCTasE OpoH3a coaepkuT 4 % onosa, 4 % twunka, 17 %

CBUHIIA, OCTATbHOE — ME/Ib.

BpC30 - cBunIOBas nuTeiHas Opon3a coaepkuT 30% CBUHIIA, OCTATLHOE - MEb.

HekxoTopble OpoH3bI HMEIOT CeNUAIbHbIE HA3BAHUA:

BpH20 - mensxuop (20% Ni, 80% Cu),

BpH40 - xoucrantan (40% Ni , 60% Cu).

NP ab

MapkupoBKa CIJIABOB AJTIOMUHUS
AMOMUHUN BBICOKOW 4YHCTOTHI Mapkupyetrcs A99 (99,99 % Al), A8, A7, A6, AS,
A0 (conepxanue amomunus om 99,85 % oo 99,0 %).

CmiaBbI Ha OCHOBE AJIIOMUHUSA OBIBAIOT:
o JledopmupyeMbimMu,
o JIUTENHBIMU.

OCHOBHOW JICTHPYIOIIMNA 3JEMEHT JUTCHHBIX CIUIAaBOB - KpeMmHwui (Si) 1 Ha3bIBalOTCA
OHU CUTIYMUHAMU.

Hedopmupyemble cruiaBbl ObIBAKOT:

o KoBkumu - o603navarotcs (AK) ,

o OO0OpaboTaHHbBIE MPOKATKOW WJIH BOJIOYCHUEM aypaaroMuHbl ([1).
B mapxupoexe cnnasa nocie 6yke ciedyem yCi08HbllL HOMED CHIABA.

IIpuMepbl MApKUPOBKH:
1. AJI-2 - nuTeiiHbI{ aTFOMUHUEBBIN CIUIaB CUITYMHH,
2. 116 - nehopMupyeMblii aTFOMUHUEBBIN CIIaB TypaTlOMUH;
3. AKS - nepopmupyembliii amlOMUHUAEBBIN CIUIAB JIJIs1 KOBKH (QTFOMUHUN KOBOYHBIN).

Cnnasovl aniOMuUHUA ¢ NOGLIUEHHBIM COOEPHCAHUEM MAP2AHUA UAU MAazHus 0003HAYAIOT,
cooTBeTcTBeHHO, AMu, AMr; mociie 0003HaueHHUs JJIEMEHTAa YKa3bIBAETCS COJICPIKAHHE
JeTupyromiero sneMenta (AMz3 — aJrOMUHHMIA ¢ coaepkaHreM Mapraiia 3%).

MapkupoBKa NOPOIIKOBBIX KOHCTPYKHMOHHBIX MATEPHAJOB HAa OCHOBE IBETHBIX
MeTaJIJIOB
Mapky NmOpOMIKOBBIX KOHCTPYKIMOHHBIX MAaTEPHAJ0B HA OCHOBE IBETHBIX METAJLIIOB

A= s, fie= Bepnim, 0003HAYAIOT:

[ip~ Gpona, I+ wrym,

- mndgpin, [~ yaprane m, IlepBblii OyKBeHHBIN MHIEKC 0003HAYAET THII MATEPHUAJIOB:
I e, K- xoen, o Bropoit wunaekc «II» ykazvigaem, umo mamepuan
T Mieyanu, NOJYYeH MemoOOM NOPOUKOBOU MEMANIYP2Ul.

1= e, 0+ jom,

(= ppesmnnd, (e e,

(pe copipo, T =1,

0 A apou,




o Cuaenywmue nocie Hero OykBbl M HuGpbl 0003HAYAIOT JIETUPYIOLUIUE 3JIEMEHTHI B
LeJIBIX MPOLIEHTAX.

o Hugpa 6 konye mapku nocje THpe, KaK U U1 YEPHBIX METAIIIOB, 0003HAYAET TPYIILY
MOPUCTOCTH MaTepHrala r/cMm g

IIpumepbl MAPKUPOBKM:

1. AalIMreéI'4-4 - KOHCTPYKIIMOHHBIN MaTepHall U3 MOPOIIKa ATIOMUHUS C COJEpKaHUEM
maraust 6%, Mapranna 4%, UMEIONUUI YeTBEPTYI0 TPYNIy MOPUCTOCTU (IUIOTHOCTH 4
F/CMg);

2. BpIlO-4 - KOHCTPYKIMOHHBII MaTepual U3 MOpoIIKa OpOH3bI, coaepkaiuil oosa 4%,
Meau 96%, UMEOUINI YeTBEPTYIO IPYIITY HOPUCTOCTH (TUIOTHOCTH 4 r/em’);

3. JIII80-4 - KOHCTPYKIMOHHBIN MaTepual U3 MOPOIIKa JATyHH, coaepkamuid Mmean 80%,
unHka 20%, UMeroui YeTBEPTYIO TPYIITY HOPUCTOCTH (TUIOTHOCTD 4 I‘/CMg);

4. THHAn6M2-4 - KOHCTPYKIIMOHHBI MaTepual M3 MOpOILIKA THUTaHa, COJEpKAIUN
amomunus 6%, monubnena 2%, ocraibHOE - TUTaH, UMEIOIIUN YETBEPTYIO TPYIIY
MOPUCTOCTH (IJIOTHOCTH 4 F/CM3);

5. ’KI'p0,4/14H3-7,3 - KOHCTPYKIIMOHHBIN TOPOIIKOBBIA MaTepHal Ha OCHOBE TOPOIIKA
xenesza (0K), conepxkanmit 0,4% rpadurta, 4% wmenu, 3% HUKENS U UMEIOIMIUN
IUIOTHOCTH 7,3 r/em®

Tabauna. 1.
YcaoBHoe 0003HaYEeHHE CBAPOYHBIX MATEPUAJIOB
1.
IX15, 08X16H13M2, JI70, JIAXK60-1-1, JDKC58-1-1, JIC74-3, JILI40Mu3 A, JILI35SHXA,
MHIIC16-29-1,8, bpOll4-4, bpO19, bpO101L12, bpA’XKM110-3-1,5, CY30, CU38, BU70,
KY65-3, UX32, UHXT, YCS, K445-6 bpO31112Cs.

2.
Cranp 20, 18XT-1II, A12, 16X18H12C4JI, 0912, 17TC18X2H4MA, 30X, 9X16, IIIX15,
12X18H9, 40X10C2M, 50XH, 35TJ1, 20X13JI, JI75, JIA85-0.5, JILI30A3, JILI35H2XK,
JI36M112002C2, JII[16K4, JIIT40Mu3X, bpO31[7C5H, bpO®d6,5-0,4, CU24, BU100,
AUC-4,4C17, YH1517X2, KU60-3, UX3. bpO4114C17.

3.
Cranp 60, 20XTHTP-L, 20T"1DJI, HIX20CT, A20, 08X19H10T, 03H18KIMST38XA,
20XH, 34XHM, 70C2XA, 10XH13M3T, 9X, 35JI, 20I"CJI, 20XM®JI, JI60, IOMu72-2-2,
JI40AX, JIC59-1. BpOd7-0.2. bpO8H4112. bpOSI5C2, MHI[15-20, CU18; CY12; BUY50,
ACY-4, KU30-6. UKO22-111, UX2.

4,
Cranb 45, 12X2H4A, 15J1, A40T", IIX15, 30X3M®, 09X16H4b, 18[2AD, 30X3MD,
38XH3MA, 110T'13J1, 08X15H4AMJI, 20J1, 4X5SMDC, J196, JIH65-5, JIAT7-2, J1060-1,
JIL[14K3C3, bpO31112C5, bpAXK9-4, MH19, MHXKXM130-1-1, CY20, CU32; BU45,
ACY-3, YC5-1II, K437-12, KU50-4.



5.

Cranb 15, 06X16H15M3B-11, 15X, 12XH3A, 30XH2MA, 08X 14HJUJT, 20X25H20C2, 111X4-
11, 20T'CJI, 65C2BA, 3X3M3®, 30XMA, IIIX20CT, 1IX15, 15J1, JDKMn59-1-1, JI090-1,
JI063-3, JTL23A6)K3Mu2, BpA7, BpO8C12, CU28, CU10, BU40, UX12, BU30,

KY30-6, UX3, UH15/]7X2, UCS5.

6.

Crénc, 12X3HA, 30XH24®DA, 30XH2M®A, 15X, 20X2H4A, HIX15CT, 45X, 25T,
15XPA, MHI[12-24, bBpHXK?2,5-0,7-0,6, MH>KKT5-1-0,2-0,2, bpX, MH25, KU33-8,
UX12M, UX18HM, KU55-4, AUB-1, AUK-2, CH18, BU100, YH2X, 20X20H14C2, JI196,
BbpOSL5C2, JIAXK60-1-1, LIIX4-111, JIO60-1.

IIpakTuueckas padora Nel(

Tema: TpyIHOCTH IpU CBapKe YyTr'yHa U IBETHBIX METAJUIOB

Heab padorsl: [IpnoOpecTu 3HaHUS U YMEHUS TIPU U3YUYEHUU TPYJHOCTEH MPU CBApKE YyryHA

1 OIBC€THBIX MCTAJIJIOB

Xoa BbINOJHEHUS PA0OThI:

1.
2.

O3HaKOMJIEHHE C TEOPETHUECKUMHU CBEACHUSIMU

[Ipon3BecT KOHCHEKTHpOBaHHE MaTepuana «TpyqHOCTM mNpuU CBapKe YyryHa U
I[BETHBIX METAJJIOB

OTBETUTH HA KOHTPOJBHBIE BOMIPOCHI

Teopernyeckue cBeIeHUs

TpyaHocTn npu cBapKe HBETHBIX METAJJIOB

1.

Bricokas xumuueckass aKTMBHOCTb IIpUM B3aMMOJEWCTBUM C ra3aMu BO3JyXa. OJTO
MIPUBOAUT K OKHUCJICHUIO METAJUIOB, HACBIILIEHHIO HMX a30TOM M BoaopoaoM. B
pe3ynapTare HaOJIOAAeTCs pe3Koe YXYAIIEHHE CBOMCTB CBapHBIX COEIMHEHUH,
MOSIBJICHHE TIOP M TPEIIMH. DTO IperomnpeneisieT HeoOX0auMOCTh NPUMEHATh Ooliee
KayeCTBEHHbIE BHJIbl 3aIIUTHl (MHEPTHBIMU Ta3aMH, CIEHUAIBHBIMH (IIOcCaMu U
MOKPBITUSIMU) TIO CPAaBHEHUIO CO CBapKOM YEpHBIX METAJUIOB, IPOBOJUTH Oolee
KaueCTBEHHYIO MTOATOTOBKY IO/ CBapKY.

Bricokass 4yBCTBUTEIBHOCTH K CBapOYHOMY HArpeBy, KOTOpas MPOSABISIETCS B
00pa30BaHUU KPYMHOKPUCTAINIMYECKON CTPYKTYpbl MeTaijia IIBa, POCTE 3epHa B 30HE
TEPMUYECKOrO0 BIWAHMUSA, a JUISI TEPMHUYECKH YIPOUYHSEMBIX CIUIaBOB — B
HEONMAronpusATHBIX CTPYKTYPHBIX HM3MEHEHHSIX C OOpa3oBaHHEM OXPYIMYHBAIOIINX
BBIJICJICHUA W MOCJHEAYIOIIEM CTapeHHH MeTrauia. Bo3MOXHO  BbINIaJEeHUE
IBTEKTUYECKUX COCTABJISAIOIIMX, BBI3BIBAIOIIMX MECTHBIC OIUIABJICHUS I'PAaHUI] 3E€PEH,
YTO IPUBOJMUT K CYIIECTBEHHOMY W3MEHEHHIO CBOWCTB II0 CPAaBHEHHUIO C HCXOIHBIM
marepuanoM. Ilo3ToMy majii LBETHBIX METaLIOB HEOO0XOAMMO Oojee TIATEeJIbHO
BBIOMPATDH YCIIOBHSI CBAPKU M COOIIOATh CTAOMIBHOCTh PEKOMEHIYEMBIX PEXKUMOB.



3. 1y HEKOTOPHIX BETHBIX METAJUIOB U MX CIUIABOB XapaKTEePHA BHICOKAs CKIOHHOCTH K
rOpsYMM TPEIIMHAM B CBSA3M C OOJNBIION JHMHEHHON ycaaKod KpUCTaTU3YIOLIETocs
MeTaia, 00pa30BaHUEM T'PYOOKPUCTAINIMYECKON CTPYKTYpbl M HAJIMYMEM MpUMecen
(amoMuHHMEBBIE, MATHUEBBIC, HUKEJICBBIE CIUIABHI).

4. Tlpu B3aUMOJCHCTBHUM METAUIOB C BOJOPOIOM MOTYT OOpPa30BBIBATHCS XPYIKHE
THIpHUBEI (TUTAH U €TO CIUIABHI), BBIACISIONIMECS B METaUI, C yBETUYEHHEM O0BeMa,
YTO MPUBOAUT K PA3BUTHIO BHYTPEHHHX HANPSOHKCHUH M CIIOCOOCTBYET 0Opa30BAaHUIO
XOoNonHBIX TpemuH. IlocnmeqHue MoOryT pa3BUBaThecs JaXe IIPU  BBUIC)KUBAHUH
KOHCTPYKIMHA mocie cBapku. OJHUM U3 XapaKTepHBIX Ae()EKTOB SBISETCS TaKKe
HOPUCTOCTh, CBSI3aHHAsI MPEUMYLIECTBEHHO C HACBHIIIEHHEM CBapHOTO COCTUHEHUS
ra3aMmu, B IIEPBYIO Ouepeb BOJOPOJOM. BenencTeue pa3nniHoil pacTBOPUMOCTH Ia30B
B TBEPJOM M YXKUJKOM COCTOSIHHSAX, NEPEMEIICHUS WX W3 OCHOBHOTO METajula B 30HY
CBapKH, MPOTEKAHUSI XUMHUYECKHX PEAaKIMU C BBIJEICHHEM ra3000pa3HbIX MPOIYyKTOB
CO3MAIOTCSl ONarONpPHSITHBIE YCIOBUS JUISI 3apOXACHUS W PA3BUTUS TOPUCTOCTH.
OTmeueHHbIE OCOOCHHOCTH TPEeOYIOT BBICOKOH KyJIBTYphl MPOM3BOJACTBA INPH CBapKe
[[BETHBIX METAJIJIOB U CILIABOB.

TpyanocTy npu cBapKe YyryHOB 00bSICHSIIOTCS CJIeIYIOIIUMHU UX CBOHCTBAMU:

1. Omcymcmeue niowadku mekyuecmu 4y2yna u HU3Kaa NAACMUYHOCHIb TIPUBOJAT K
MOSIBJICHUIO TPEUIMH MPU HANPSHKEHUSX, JTOCTHUTAIOIINX BPEMEHHOI'O COMPOTHBIICHHMS.
OTH HanpsHKeHUs MOTYT OBITh BHYTPEHHUMH, BO3HHMKAIOIIMMU NP HEPABHOMEPHOM
HarpeBe M OXJaXJEHWU BO BpeMs OTJIMBKM WJIM CBAapKW JAeTajied, U BHEIIHUMH - OT
NEPErpy30K IMpH IKCILTyaTallud M3JeNus. TpelmuHbl MOTyT BO3HUKAaTh KaK B IEJIOM
MeTajule, TaK U B METaJJIe 1IBa B IPOLECCE CBApPKU M IPH OXJIAXKAECHUM CBAPHOTO
U3 JIeIHs.

2. CKIOHHOCMb uYYy2YHA RNPU BBICOKUX CKOPOCHMAX OXNAANCOCHUA 3AKATUGAMBCA C
oOpa3oBaHUEM 3aKaJO4YHBIX CTPYKTyp (MapreHcuta, OeiiHuUTa, TpoocxuTa). B
3aKaJeHHbIX Yy4yacTKax 4yryH crtaHoButTca TBepabiM (800 HB) m He mnoppaercs
MeXaHHYeCcKol 00paboTke. 3aKalloyHble CTPYKTYPhl BPEIHBI €Illleé U MOTOMY, YTO MX
o0Opa3oBaHuE COMPOBOKIACTCS MOSBICHUEM 3aKaJ0YHBIX HAPSLKEHU U 00pa3oBaHUEM
TPEIIMH. YJelbHas IJIOTHOCTh 3aKAJIOYHOM MHUKPOCTPYKTYpPHl B BHUAE MAapTEHCUTA
3HAYUTENBHO HUXKE YAENbHON IIOTHOCTH jkene3a (cM. ria. VI), pazHuna B yJaenbHBIX
IUIOTHOCTSIX IPUBOJIUT, K HAIPSDKEHUSIM U MEK3EPEHHBIM TPEIIMHAM.

3. Cnocobnocmv uy2yna K omobenuganuio Npu OBICTPOM OXJIAXJAECHUU MECTa CBapKU
OOBIYHO TPHUBOIUT K OOpPa30BaHUIO TOHKOW OTOEJICHHON NPOCIONKM Ha TpaHUIle
CBAapHOrO IIBa M MeTajula u3Jenus. OTa OTOeNeHHas NPOCIOoWKa HMEEeT HU3KYIO
IJJACTUYHOCTh 10 CPABHEHUIO C APYTMMHU Y4YacTKaMU CBAapHOTO COEJIMHEHMS, U IOJ
BIMSIHUEM pPACTATHBAIOUICH CHJIBI, OOpasylomecs TMpH OXJAXIEHHU CBapHOTO
COEJIMHEHUS, OHA BMECTE C HAIUIABJICHHBIM METAJZIOM OTKAaJIbIBAETCA OT OCHOBHOI'O
METaJlJla WM BBI3bIBAET TPEUIMHY I10 I'PaHULIE OTOEJIEHHOW MPOCIONKH C OCHOBHBIM
METaJUIOM.



Yyzynust 0vicmpo nepexoosam om HcUOKO20 COCHOAHUA K mMeepoomy. ITO CBONCTBO
yyryHa 3aTpyAHSET CBapKy €ro B HAKJIOHHOM M BEPTUKAIBHOM TOJOXECHUSX U HE
MO3BOJISIET BECTH CBAPKY B MOTOJIOYHOM TOJIOKEHUHU.

CK10HHOCMb K 00pa308anuio nopucmocmu, 4To 0ObICHIETCS HU3KON TeMmrepaTypoi
wiaBiaeHus (Tna uyzyna 1142°C npu copepkanuu yriepona 4,3%; npomviuinennvie
yyzynpl 00619HO UMEIOT Tha=1200-1250°C) v OBICTPBIM TEPEXOJOM H3 KHUIKOTO B
TBepaoe cocrosiHue. Iloaromy rasel (B ocHoBHOM CO u CO,, obpasyromuecs npu
OKHUCJIUTEILHOM aTMOc(epe) He YCIEeBAIOT BbIICTUTHCS U3 METalIa.

Paznopoonocmev uy2yHHBIX U30e1Ull NO XUMUUECKOMY COCMAGY, TEPMHYECKOU
00paboTKe U CTPYKTYpe, YTO TpeOyeT pazHOOOPa3HON TEXHOJIOTUU U MIPHUEMOB CBAPKHU.
Menko3epHHUCTBIE CEpbie YYT'yHBI CBAPUBAIOTCS JyUllle, 4YeM KpynmHo3epHucTtoie. [1moxo
CBAapUBAIOTCS TaK Ha3bIBA€MbIE€ UEpHBIC YYTyHbI, KOTOpPhIE B U3JIOME HMEIOT
KPYIMHO3EPHUCTOE CTPOCHHWE TEeMHOIO I[BeTa. Takue 4yryHbl Ha3bIBalOT rpadUTHBIMH,
TaK KaKk B HUX BECh YyTJEPOJ HAXOAUTCS B BHJE cBOOomHOro rpadura. Ilpu cBapke
YyryHa C TaKOM CTPYKTYpoil He ToJlydaeTcs HEOOXOAMMOE KayecTBO CBAapHOIO
COEJIMHEHUS.

Uyzynnvte demanu, pabomatouwgue onumenvroe épems npu eévicokux T° C noutu He
MOJTAIOTCS CBApKe. DTO MPOUCXOIUT B PE3yJbTaTe€ TOTO, YTO MO JESHCTBHEM BBICOKUX
T° C yriepon ¥ KpEMHUi OKUCISIOTCS U 9yTYH CTAHOBUTCS OYEHb XPYITKUM.

Yyzynnvie demanu, padomaroujue 0aumenbHoe 6pems 6 CONPUKOCHOBEHUU C MACTIOM
U KepoCUHOM TIIOXO TOJAJNAIOTCA CBAapKe. JTO MPOUCXOJUT B pE3yJbTare TOTO, YTO
MOBEPXHOCTh UYr'yHa KakK Obl "MPOMHUTHIBAETCA" MACIOM M KEPOCHHOM, KOTOPBIE Cropast
MpU CBapke, 00pa3yroT ra3bl, CHOCOOCTBYIOIINE MOSBICHUIO CIJIOMIHOW MOPUCTOCTH B
CBapHOM IIIBE.

KoHTpoJibHbIC BONIPOCHI:

a bk wn

KakoBbl OCHOBHBIE TPYIHOCTH W TEXHOJIOTHSI CBapku uyryHa? Ilouemy 4yryHsl
CBapHUBAIOTCA XYyXKe cTayen?

Korzia npumeHsoT rops4dyro 1 X0J0JHYIO CBAPKU YyT'yHOB?

HazoBure npumepHbie cocTaBbl (PIIIOCOB, KOTOPBIMHU MOJB3YIOTCS MPU CBAPKE YYT'YHOB.
HazoBute Mapku 351eKTpOaOB JUIsl XOJIOJHOM CBAPKH YYT'YHOB.

Kakue ¢urocsl mpUMeHSIOT Ui TaliKi 4yTyHOB?



IIpakTuueckas padora Nell

Tema: BeruepunBanue CXeM BBICOKONPOU3BOAMUTENBHBIX CIIOCOOOB CBApKH H JaTh HX
XapaKTePUCTHKY
Hean padorsl: [IprobpecTr npakTHYECKUE HABBIKH TP N3y4SCHUHUBBICOKOIIPOU3BOIUTEIBHBIX
CIIOCOOOB CBAPKH

XO)I BBIINTOJIHCHU A paﬁon:
1. O3HakxoMIIeHHE C TCOPCTUUCCKUMHA CBCACHUAMU.

2. HauepTuTh cxembl BEICOKOTIPOU3BOIUTENBHBIX CIIOCOOOB CBAPKH .
3. OTBeTHTHh Ha KOHTPOJILHBIC BOIIPOCHI.
Teopernyeckue cBegeHUA

Bbicokonpou3BoanTebHbIE CIIOCOOBI PYYHOH TYTroBO#i CBapKHU

[loBbIIEHME TIPOU3BOAUTENBHOCTH PYYHOW IYyrOBOM CBAapKH SIBJISETCA BECbMa aKTyaJlbHOMU
3aJadyeldl B CBSI3M C TEM, YTO B IPOMBIIUICHHOCTH, CTPOUTEIBCTBE M JPYTHX, OTPACIAX
HapOJHOTO XO3SHCTBAa pPYy4YHOM CBapKOM 3aHUMAIOTCS €€ JECSATKH ThICSY pabouyux
JIEKTPOBAPILHKOB.

Pyuynass nyroBasi cBapka MoO:KeT ObITh 00Jiee JKOHOMHYHOW NPH CHUKEHUH MACChI
HAIUIABJIEHHOT0 METAJLJIA M IOCTUTAeTCsl B pe3yJibTaTe TAKUX MEePONPUATHIA:
e TPUMEHEHUS MPOTPECCUBHBIX BUIOB MPOKaTa (HU3KOJETHPOBAHHOTO BHICOKOPOYHOTO,

HU3KOJIETUPOBAHHOTO TEPMUYECKH YIPOUHEHHOr0), MO3BOJSIOMINX YMEHBIIUTH
TOJIIIMHY CBAPUBAEMBIX J€TAJE€H U KaTEThI IIBOB;

e HCIIOJIb30BaHUS SKOHOMUYHBIX BUJOB Pa3JeiIOK KPOMOK IO CBAPKY;

e TOATOTOBKH KPOMOK TOJICTOJIMCTOBOTO METaJlJIa TIOJT CBapKy ¢ X-00pa3HOi pa3/IeNKoii;

e COOJIIOJIEHUS TEXHOJOTUYECKON AMCUMIUIMHBI MPU MOATOTOBKE KPOMOK OCHOBHOTO
MeTaJlla 0] CBapKy;

e BHEAPECHUS KOHAYKTOPOB W MAHUIIYJISATOPOB Il CBAapKU KOHCTPYKIIMHA B HIKHEM
MTOJIOYKEHNH;

e BBIOOpA DIIEKTPOIOB ONTHUMAIILHBIX MapKU U AUMAMETpa JJIs JaHHOW OTIepalluu;

e TPUMEHEHUS CIELUATU3UPOBAHHBIX MAPOK MOKPBITHIX 3JEKTPOJIOB, 00€CIIEUNBAIOIINX
ri1yOOKuil MpoBap KOPHS IIBA.

Y1o0bl 00J€erYuTh TPYA CBApPIIMKA W MNOBBICUTH MNPOM3BOAUTENbHOCTHL TpyIa B
NPOMBINLJICHHOCTH, HPHUMEHSIOT pa3in4YHble BbICOKONPOU3BOAUTEIbHbIC CIIOCOOBI
CBapKH:

1. Csapka onupanuem

CBapka Mmy4KoM 3JIEKTPOJIOB

CBapka HaKJIOHHBIM JJIEKTPOJIOM

CBapka jexxauuM JIEKTPOIOM

Caapka TpexdaszHoi 1yrou

CBapka 3JIeKTPOIaMHU C JKEJIE3HBIM IMOPOIIKOM B MTOKPBITHH;

N o oA wN

besorapkoBas cBapka



CBapka onupanuem

Emie B nsatunecsaTeie ropl MMPOKO MPUMEHSIIACh CBapKa CriocoOOM onupanus (MOrpyXKeHHOU
JyTOH, yIbTPAKOPOTKOM AYTOM).

IIpu cBapke 3THM €HOCOOOM 271eKMPOO ONUPAILCS HA Oemalb 4eXONbYUKOM NOKPbIMuUs U
3amem NOO Ne2KUM HANCUMOM CEAPUIUKA CAMOCOAMENbHO NIAABUNCA NOLY3AKPLIMOLL 0Y20l,
HANLae1ss 8AIUK MEMAula 8 CMbIKOBOE Ul Y2l080€ COeOUHEHUE.

JUia cBapKu ONMpaHHEM He TpeOOBaJOCh BBHICOKOW KBaNM(UKAIMKM CBAPIIMKA, HYKHBI ObLIN
TOJIBKO €r0 HEeOOJIbIIINE MPAKTUYECKHUE HABBIKU. DIIEKTPOJbI JUIsl TOM CBAPKU MPUMEHSIIIUCH C
MOBBIIIEHHOM TOJIIIMHON MOKPBITHS, CHJIa CBAPOYHOTO TOKa Jomyckanack Ha 20—A40 % Boiie
oObryHOM. B pe3ynbTaTe CKOpPOCTh CBapKd YBEJIWYUBAJACh MPUMEPHO Ha 40—
50%, yBenuuuBaiach rryOMHa poBapa, pa3Oph3rUBaHue OBLIO MHHUMAIbHBIM. DTOT CIIOCO0
YCIIELTHO IPUMEHSIICSI, OCOOCHHO JUIsl CBAPKU OJTHOTIPOXOHBIX YIJIOBBIX M CTHIKOBBIX IIBOB.

Puc. 1. Ceapka onupanuem

I[JI}I CBAPKH OIIMPAHUCM IIPHUMCHAIOTCS PYTHUIIOBBIC
SJICKTPOJELI C BBICOKOM CTEIICHBIO HAIUIaBKH.

PyTusioBble 37€KTpOABI BBIIYCKAIOTCS TaKXe C
oOMa3koi#l, oOecreynBarolell BBICOKYIO CTEIEHb
HAIUIaBKH I TIOBBIIICHUS TPOHU3BOIUTEIHFHOCTH
CBapKH.

CBapka my4kom 3JIeKTPO/10B

CBapka my4YKOM 3JIEKTPOAOB - IpU 3MOM Memoode C8aApKU INeKMpoobl, COCMABIAIOUUe
NYYOK, No 6cell OUHe, 3a UCKIIOUEeHUEeM 020JIeHHbIX KOHYO08, NIOMHO npuiecaiom opye K opyey,
CONPUKACAACH  INEKMPOOHBIM — NOKPbIMUEM,  AGIAIOWUMCS  XOPOUWUM  DJIeKMPUUECKUM
U30TIAMOPOM.

['onple KOHIBI COOpaHHBIX B MYYOK AJIEKTPOJOB COSAMHSIIOTCS JIPYr C IPYrOM B JeprKaTelie
CIICIMAIbHOM KOHCTPYKLIMM, WJIM TPUXBATHIBAIOTCS 3JEKTPOIYroBOM cBapkou. bmaromaps
MPUXBAaTKaM MEX]Ty KOHIIAMH 3JICKTPOJIOB CO3/1a€TCs HACKHBIN IIEKTPUICCKUN KOHTAKT.
IIpu ceapre nyukom d0yea 2opum noo4epeoHo Mexncoy Kaxcobim 21eKmpoooM u uzoenuem. /yea
3azopaemcsi Hauane y mo2o 31eKmpood, KOmopbli Oudxice Opy2ux HaxoOumcs K n08epxXHOCmu
ceapugaemozo usdenus. Ilocne pacniagnenuss HeKOMOPOU YACMU dMO20 INeKmMpooa 0y2a Ha
HeM 2acHem, HO 8 MOMm dce MOMEHM OHA B03HUKAEem HA mopye O0py2020 21eKmpood, KOHey
KOMOpo20 6 Mo 8peMs OKA3aics Haubonee OIUKUM K Uz0enuro. Aemomamuiecku 603HUKAS
Mo HA OOHOM, MO HA OPY2OM 3INeKmpoode, C8APOYHAs O0yea pPACHIAGIsAem No ouepeou 6ce
971eKMpoobl.
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Puc. 2. dnexkmpoowt. Ceapka nyuxom 31eKmpooos




brnaromaps monepeMeHHOMY IUIABJICHUIO AJIEKTPOJIOB HArpeB KaXKIOTO M3 HUX MOJy4aeTcs
MEHBIINM, YeM HArpeB MpH CBapKe OJHUM 3JEKTPOJOM. ITO J1a€T BO3MOXHOCTH CBAapKy
My4YKOM TPOU3BOJUTH Ha OOJBIIEM TOKE NpU MEHBIIMX MOTEpSAX MeTalsla Ha yrap u
pa30pbI3rUBaHuE.
Ilpu  bonvwiux cxopocmsax pacniagienus 3NeKmpooos oocmuzcaemcs U - 00IbUAS
npouzgooumenvHocms ceapku. Kpome mozo, 6 npoyecce niasneHusi 21eKmpooos 6 nyuxe
Jyuule UCNOIb3Yemcs menioeas dHepeust 0y2u, KOmopas Npou3eooum nooocpes 21eKmpooos
nepeo ux niasieHuem.
JlanpHEeWIIUM  pa3BUTHEM CHOco0a CBApKM IYYKOM 3JIEKTPOJOB  SIBUJIACH  CBapKa
onuparomumMcs: mydykoM. CBapka My4yKOM AJIEKTPOJOB MOXKET MPUMEHSTBhCS JJIsl BCEX THUIIOB
COCIMHECHUM.
K ocHOBHBIM npenMy1iecTBaM CBAPKH MYYKOM 3JIEKTPOI0B OTHOCATCSH:

1. TloBwilIeHUE MPOU3ZBOIUTETHHOCTH CBAPKU 00 100%;

2. YBenuueHue KOd(GQGUIMCHTa WCIOIb30BAHKMS CBAPOYHOIO IIOCTA M YMCHBIICHHUEC
YAEITBHOTO pacxojia MeKTpodHepruu Ha 20—30%);
3. VYiydineHue KauecTBa IIBOB 3a CUET YMCHBIIICHUS TIEPEPHIBOB HA CMEHY JICKTPOIOB.

K HEAOCTATKaM CJICAYCT OTHCCTH HCIPUTOJHOCTH IIYYKa I CBAapKHU IICPBOIO CJIOA B
Pa3acCiIKC CTBIKOBOI'O IIIBA, 4 TAKXKC IIPH CBAPKC BCPTHUKAJIBHBIX M IIOTOJIOYHBLIX IIBOB Ha
TOHKOCTCHHBIX U3ACIIUAX.

Cnoco6 wu3roroBjieHusi My4dkoB. COOpPKY 3JIGKTPOJOB B MYYKH MOXKHO IPOU3BOJHUTH B
MPOIIECCE U3TOTOBJICHUSI TOJCTOMOKPHITHIX JIEKTPOJOB, HA 3aBOJC WM HEMOCPEACTBEHHO Ha
MECT€ CBapKU MYTEM CBSI3bIBAHUSI HECKOJBKUX JJICKTPOJIOB B My4Kd. [Ipu M3roToBICHUU
9JIEKTPOJIOB B JJIEKTPOJHBIX MACTEPCKMX WJIM Ha DSJEKTPOJHBIX 3aBOJIaX COCIUHEHUE
3JIEKTPOJIOB B MYYKH MPOU3BOAT MOCIE WX KPATKOBPEMEHHOI'O BO3IYIITHOIO MPOCYIIMBAHUS.
CobOpanHbie TaKUM 00pa3OM 3JIEKTPOBI ClIETKa COKUMAIOT M TIOCNIe CKJICMBAaHUS UX B MeCTax
CONPUKOCHOBEHMSI OKOHYATEJIbHO MPOCYIIMBAIOT W MPOKAIMBAIOT. OroJieHHbIE KOHIIBI
AJIEKTPOJIOB IMy4YKa COCTUHSIOT MPUXBATKaAMU.

COopKy My4YyKOB Ha MECTE€ CBApOYHBIX PAaOOT MPOM3BOASAT B Cliydyae€ OTCYTCTBHS IMY4YKOB
3aBOJICKOTO M3TOTOBJICHHS. B 3THUX Cilydasx 3JeKTpOAbl YKIAABIBAIOT TaK, YTOOBl OHU IUIOTHO
MpUJIeTalld MO BCeH JIMHE OJMH K JpyroMy 0Oe3 3a30pa, 3aTeM TYro IepeBS3bIBAIOT WX
KPENKMMHU HUTSIMHM, TOHKMM IIMAaraToOM WA MSITKOWM TOHKOW OTOXJKEHHOW CTaJdbHOU
npoBoJiokoi. [1o ayMHe mydyka pacronararoT ABE UM TPU MEPEBSI3KU.

Jlis  ymoOcTBa  3aKkperuieHuss TMydka B DJICKTPOAOJEpIKATENEe TMPUXBATKA  OOBIYHO
pacnionaraioT Ha paccmoanuu 20—30 mm ot Topua mydka. Pazmeper  npuxeamok B
3aBUCUMOCTH OT JUaMeTpa JIEKTPOJOB MONydaroTcst om 6 0o 10 mm B nuamerpe.

CBapka HaKJIOHHBIM 3JIEKTPOAOM

Puc. 3. Ceapka HAKTOHHBIM
anekmpooom.1l. Onopa ¢ maruutoM; 2. PyOumnbpHUK;
3. [Murarommit kabenb; 4. Hampassitoras

mtanra; 5. Kaperka; 6. DnexkTpoaoaepxareb;
7. DIeKTpoJ AuaMeTpoM 6 MM, IJIUHOU He OoJee
700 mm; 8. CBapuBaeMas JeTalb

MarsuTt ¢ BBIKJIIOYATENIEM SBISCTCS OCHOBHBIM



AJIEMEHTOM, O0ECIeYuBaOIIUM (UKCAIUIO MPUCIIOCOOJICHUSI HA CBApPUBAEMOM MOBEPXHOCTH.
Hanpasnsirongyto mranry MOXHO YCTaHABIIMBATH IO ONPENECIECHHBIM YIJIOM K CBAPUBAEMOU
MMOBEPXHOCTH ¢ Tociueayromen (ukcamueit. Ee M0OXHO 3akperisTh Ha JICBOM WM TpaBOM
CTOpPOHE OMOpPBI, YTO OOecreurBaeT JEBYIO WIM MpaBylo cBapky. KapeTka mmeeT kopmyc, B
KOTOPOM Ha OCSIX 3aKpEIUICHBI MIApUKOMOAIIUITHUKY, 00ECIIeUnBAIONIUE MIABHOCTh XO0/a IO
LITaHTe.

DNEeKTpoAoiepkKATENb KPEMUTCS K KAapeTKE Ha pblyare MIapHUPHO U MMEET OTKIIIOYAIOIIEe
YCTPOWCTBO, JaroUIee BO3MOXKHOCTH pa3opBaTh Iyry B KOHIE cBapku. llosmoxenune
ANEKTPOAOAEPKATENII MOXHO (UKCUPOBATh Ha pblYare, 4TO MO3BOJISIET YCTaHABIMBATh
AJNEKTPOJ TOJ Pa3HbIMU YIVIAMH K CBAapHUBaeMoOil MoOBepxXHOCTH. llepemenieHne kapeTku IO
IITAaHTe MPOUCXOAUT IMOJ COOCTBEHHBIM BECOM IO MEpe CropaHus 3JeKTpojaa. PyOuibHUK
CIIYXUT JJis OOCCTOUMBAHUS CBAPOYHOW IEMHM HA TMEPUOJ YCTAHOBKHM IMPHUCIIOCOOJICHHUS Ha
cBapuBaemoe uzfenue. OH COCTOUT M3 KOpIyca M KOHTakTHOW rpymisl. [Ipucnocobnenue
MPUCOETUHSIOT K CBAPOYHOMY KaOEeI0 ¢ MOMOIIBIO OBICTPOCHEMHON MY(THI.

Ipucnocodienue padoraer cjaeayonumM od0pa3om:

Hampagisironiyto MTaHry ycTaHaBIMBAIOT MOl HEOOXOAMUMBIM YTJIOM K HUXKHEH MIOCKOCTH Ha
JIEBOM WJIM TpaBOil CTOpOHE OmNopbl. M3MeHeHHe yriia JaeT BO3MOXKHOCTh IMONy4aTh HpH
CBapKe 3JIEKTPOJOM OJHOIO JMAMETpa KaTeThbl Pa3IMYHOW BEIMUYMHBI. DJIEKTPOJIOAEpKATENIb
(UKCUPYIOT MO ONPEICTICHHBIM YTJIOM K HIJKHEW TUIOCKOCTH. KapeTky 3aBoJT Ha MITaHTE B
BEpXHEE TMOJOXKeHUue. B  aiexTpogonepkarens BCTaBIAIOT d3iekTpona. [Ipucnocobienue
YCTaHABJIMBAIOT HAa CBAPUBAEMOM H3JENIUU B paboyee MOJIOKEHHE, T. €. OOKOBas I'paHb OMOPbI
COBMAJAeT C JMHHEH IIBa, a KOHEIl IEKTpoJa OMHPAETCs O METAJI B Havaje mBa. B 3Tom
MOJIOKEHHUH MPUCTIOCO0IeHHE (GUKCUPYIOT BKIIFOUEHUEM MarHuTa.

BrrouaroT pyOuMIBHUK WM HAuMHAETCsA Tpoliece cBapku. KapeTka IUIaBHO OITyCKaeTcs MOJ
COOCTBEHHBIM BECOM IO INTaHre IO Mepe cropaHus osnekTpoaa. Korna ozapok
1eKmpooanoctTuruer 25—30 mm, cpabaTbiBaeT OTKIIOYAIOINIEE YCTPOMCTBO U MPOUCXOIUT
pa3pbiB cBapo4HOW Aayru. [IpuMeHsiemble >JEKTPOABI UMEIOT ouamemp 6 MM U O1UHY He
0osiee 700 mm. Maxkcumanvhutit ceapounsviii mok 350 A. Munumanvnaa wupuna aucma B
Mecte cBapku 200 mm.

Hpucnoco@zeﬁue npednasnaqeuo ons CeApPKU  Y2llOBblX, mMABPOBLIX U HAXTECIMOYHbIX
coeounenull MemCUZJZOKOHCI’I’lpyKL;ML? 6 HUHCHEM NOJIOANCEHUU.

OCHOBHOIiI 0CO0EHHOCTBHIO JIEKTPOAOB SBIsICTCS 00pa3oBaHWE TPU CBApKE HA €ro KOHIIE
KO3bIPbKa W3 TOKPBITUS, KOTOPEIM OH OMHpACTCS Ha CBapHBacMoOe W3JeNne, TMOIICPKUBasd,
TakuM 00pa3oM, TIOCTOSIHHOM JJIWHY HOyrd mpu cBapke. Ko3bIpek ¢ BEpXHEH CTOPOHBI
HECKOJIBKO YJ/UIMHEH, YTO CIIOCOOCTBYET OTKJIOHEHHUIO JYT'H B CTOPOHY CBAPHBAEMOI0 U3/IEIH.
[TocTOSIHCTBO pacIoyioKeHUsT KO3BIpbKa B MPOIECCE CBAPKH O0ECIIEYMBACTCS HAHECCHHEM
MOKPBITHS C BBICOKOH CTENICHBIO KOHIIEHTPUYHOCTH.

C uenpio yBEIMUYEHHUS BPEMEHU IUIABICHUS DIIEKTPOABl H3TOTOBISIOT daunoi 550—900
MM. [ns  oOecneueHust Jerkoro BO30YXKIEHUS Jyrd Ha KOHEIN JJIEKTPOJOB HAHOCST
WOHM3HPYIOIEe TMOKPBITUE, a IS TMPEAOTBPAIICHHS HAIUTBIBOB B MECTaX CTHIKOBKU IIIBOB
UCTIOJIB3YIOT JIEKTPOJIBI C YIITyOJICHUEM B KOHIIAX CTEPIKHEH.

TexHuka cBapKM HAKIOHHBIM 3JIEKTPOJIOM CPAaBHUTEIBHO MPOCTAa U JUIA €€ OCBOCHHUS HE
TpeOyeTcss KamuTaTbHBIX 3aTpaT M JJIMTEIIEHOTO OOYYCHHS OIepaTOpOB-CBAPIIUKOB. Jlis
OBJIAJICHHUS 3TUM CIIOCOOOM CBapKU JOCTaTO4HO 4—5 Omeil. DTUM crIocOOOM CBapKH MOXKHO
M3TOTOBIIATH CIUIOUTHOCTEHYATHIE (PEPMBI, TBYTaBPOBBIC OAJIKH, KOJOHHBI, OAllIMaKd U JpyTrue
CTpOMTENbHBIE KOHCTPYKIMH. I[lpu cBapke TMOSICHBIX IIBOB JBYTaBPOBBIX OaloK u



KOJIOHH 00UH ceéapujuk, upuMeHssi 3—4 npucnocoOienns, 3aBapuBacT3a 1 4 okono 40
M 11IBA.

[To cpaBHEHMIO C OOBIYHOM AIIEKTPOAYTOBOM CBAPKOM MOKPBHITHIMH JJIEKTPOJAMHU TPHU CBapKE
HAKJIOHHBIM OTMUPAIOIIUMCS  AJIEKTPOIAOM HPOU3EOOUMENbHOCHIL TPYAA TIOBBIIIACTCS 8 2—
2,5 pa3a. braronapst MaHEeBpEHHOCTH, TIPOCTOTE OOOPYIOBAHHUSA M €T0 OOCITY>KMBaHHUS CBapKa
HAKJIOHHBIM 3JIEKTPOJIOM B HUKHEM MOJIOXKEHHUH MOXET ObITh ¢ 00JbII0N 3()PEeKTUBHOCTHIO
MpPUMEHEeHA Ha 3aBOJAaX CTPOUTENIbHBIX METAJNIOKOHCTPYKIUN Il U3TOTOBJICHHS HECePUIHOM
NPOAYKIMH, WHAWBHIYaJbHBIX 3aKa30B, a B HEKOTOPBIX CIy4asgxX W TPH CEPUHHOM
MIPOU3BOJICTBE.

B nacmoswee 6pems  ceapkou  HAKIOHHGIM — 3]IEKMPOOOM — HAYUHAIOM  BbINOJIHAMb
BEPMUKATIbHbIE  MABPOBble  C8APHble  COeOUuHeHuss memaniokoHcmpykyuti. CBapodHOe
YCTPOMCTBO HECJIOXHO MO KOHCTPYKLHH, YIOOHO B pabOTe, HA CBAPUBAEMYIO KOHCTPYKIIHIO
YCTAHABIIMBAETCS C T[OMOIIBIO TOCTOSHHBIX MAarHUTOB, NPUMEHSIETCS Il  CBapKu
KOHCTPYKIIM u3 MeTauia ToimuHoi 4—10 wmm.Yeon naknona snekmpooa Kk ocu
uiea 45°. Macca nuwxynieiics  vactu  yctpoiictBa 900 2. YcTpoiictBo — oOecrieunBaeT
HAJICKHBII u CTaOMIIBHBIN po1ecc CBapKH, YBEJINUHBAs B 15—
2 pa3a npou3600umenbHOCHb TPYJia 0 CPABHEHUIO C OOBIYHON PYYHOU CBapKOM.

Caapka J1e:kaquM 3J1eKTPOI0M

TOHCTOHOKpBITBIﬁ QICKTPOA KIIaACTCA B PA3ACIIKYy IIBA. C IIOMOIIIBKO BCIIOMOI'aTCJIIBHOI'O
YTOJIbBHOTO HJIHW MCTANNIMYCCKOTO JJICKTpOIa B036Y)K,Z[aCTCSI Ayra MCXKAY CBapHBaCMbIM
MCTAJIJIOM M KOHIIOM JIC)KAYCTO JJICKTPOaAA. I[yra TOpUT OJ CJIOEM JJICKTPOAHOI'O MMOKPBITHUA U
nepeMemacTeCs 1Mo JJIMHE 3JICKTPOJa IO MEPEC Cro IJIaBJICHU.

Megnas konogxa
Puc. 4. Ceapka nexcauum snekmpooom

JUis yCKOpeHHsI POLIECCOB MOYKHO BTOPBIM 3JIEKTPOJIOM BECTH CBAPKY OOBIYHBIM CIIOCOOOM,
IUIaBsl €ro MOo3aau JyTU JIeKadero sJeKTpoja. /lnuna nexadero 3JeKTpojia BO n30OexaHue
CUJIBHOTO TEperpeBa ero I0JDKHA ObITh He Oonvute 1200 mm. TIOKpuITHS HAHOCITCS Ha
aNekTpoa Oosiee TOJCTBIM CJIOEM, 4YeM OObIYHO, — moauwgunou om 1,5 0o 3 mm B
3aBUCUMOCTH OT JuaMeTpa odyekrpona. IIpm MHOrOCiIoWMHOM cBapke B IIOB MOYKHO
3aKJIaJIbIBaTh OJJHOBPEMEHHO HECKOJIBKO JIEKTPOAOB. Kaxablil U3 3JIEKTPO/IOB, YJIOKEHHBIX B
IIOB, MMUTAETCS OT OTAEIBLHOTO CBAPOYHOI0 TpaHCchopMaTopa.

Tak kak OAMH CBapUIMK MOXET OOCITY)XHMBaThb HECKOJbKO pabO4YMX MeCT, TO TpHU
UCTOJB30BAHUM JTOTO CIOCO0a MOXKHO MOBBICUTH TPOU3BOJUTENBHOCTh Tpyna. CBapky
JIeKAUUM BJIEKTPOIOM 11e51ecO00pa3HO UCTIONb30BaTh B MECTaX, Ky/1a TOCTYI IS BHIITOJHEHHUS
CBapKU OOBIYHBIMU CIIOCOOAMHU 3aTPYAHEH UM UCKITIOYEH.

Ceapka tpexda3Hoii xyroi
Ilpu ceapxe mpexgasznoti dyeoil nooxkmoueHue K cemu nPou3B00UMcs 00HOBPEMEHHO K mMpem

Gazam: k 08yM nooxmoYaemcs 08a 31eKkmpooa, a Kk mpemoell haze — ceapusaemoe uzoeinue.
Ilpu maxom nookmoYeHUU 21eKMPo00s, 8 omaudue om 0ObIUHO20 Cnocoba 0y2080U C8ApPKU,



eopam mpu oyau: 08e MexHcoy IIeKMmpooamu U uzoeiuem u mpemvs 0yea MeHcoy
INEeKMpPOOaMU.

TpeTtbst nyra moBBIIAET CKOPOCTh PAaCIUIABICHMS 3JIEKTPOJOB, Onaroxaps yemy Ha 100 —
120%nmnoBbIIIaeTCS RPOU3EOOUMENLHOCHLb ceapKu, Ha 10—
15% noBsllaercs koagppuyuenm nannaeku. B 3aBUCUMOCTH OT B3aMMHOTO PACHOJIOKEHUS
3JIEKTPOJIOB U JAETAIH MOXKET ObITh HECKOJIBKO CXEM CBapKH Tpex(da3HOM 1yroil.

1-a cxema. CBapka JByMsl 3JIeKTPOJAAMH, HAXOAAIIMMHUCH B JABYX
3JIeKTPO0/IepKATeISAX.

Hzmensasn yeon medxncoy 31eKmpooamu U pacnoiodceHue ux OmHOCUMETbHO
ceapueaemozo  uU30eaus,  MOJNCHO  HOAYUUMbL  PA3IUYHYIO  2TIYOUHY
nponnagnienuss u wupuny eanuxka. K HeZ0CTaTKy 3TOM CXEMbl CIeAyeT
OTHECTH HAJIMYUE JIBYX JIEKTPOJOAEpKaTEIEH, YCIOKHAIOMMX MTPOIIECC CBAPKHU.

Puc. 5. Ceapka 0éymsa snekmpooamu, é 08yx 31eKmpooeprHcamenix

6 . 2-1 cxema.CBapka  JByMsI  HapajjieJIbHbIMH  JJIEKTPOJAAMHU,
/ HAXOISIIIIIMHCS B OTHOM cnenHaJIbHO’ KOHCTPYKIINH
3J1eKTPOAo/AepKaTele.
Dnekmpoovl medHcoy cobOol U30IUPOBAHBI MOJICIMBIM  CLOeM  HOKPbIMUSL
Csapxa no smotii cxeme 6onee npocma u yOoOHda.

Puc. 6. Ceapka 06yma napanenvnvimu 3neKmpooamu
/”‘ 3-11 cxemMa. DJIEKTPO/1, PACIOJIOKEHHBIH HA U3/1eTUM.
I.{L— ,_"_.\ O0ouH 21eKmpoo0 ¢ MOJICMbIM UNU KAYECMBEEHHBIM NOKPLLIMUEM YI0HCEH
(1 e Ha ceapugaemoe uzoenue, 8MOPOU 31eKMpoo YKpenieH 6 0ObIYHOM
= 00HOpa3HOM d7IeKmpodepicamete.
Puc. 7. Inekmpoo, pacnonoxcennsiii Ha uzoeauu

4-1 cxema. CBapka He3aBHCHMOII Jyroi TpemMsi Napa/uleJIbHO PaCHOJI0KeHHBIMHU
3JIEKTPOIaMHU.

Kaoicowvnii anexkmpoo nookntouen k oououl ¢haze. Hzoenue 6 ceapounyro yenv ne exnroueno. Ilo
IMOU cxeme MAx dice, KaK U npu 6Mopotl, mpedyemcs uzeomogieHue 31eKmpooooeprcamens
CReYyuanbHOU KOHCMPYKYUU.

K Henocrarkam cBapku Tpex¢asHoi 1yroi ciaeayer OTHeCTH:
o TpynHocTs BBINOJIHEHUS CBAapHBIX WIBOB, pACIOJIOKEHHBIX Ha BEPTUKAIbHON

IJIOCKOCTHU WJIM HAXOJSAIIUXCS B IOTOJIOYHOM TIOJIOKEHUU;

o bricTpyro yrommseMocTh CBapIIMKa BCIEACTBHE OOJBIIOrO Beca U Pa3MEpOB
ANIEKTPOJOJEPKATENsA, OCOOCHHO B Clydyae MPHUMEHEHHUS JJIEKTPOJOB OOJBIIOr0O
TUaMeTpa;

o HeoOXoguMOCTh  HM3TrOTOBICHHMS  CHEIHUAIBHBIX, HECTAHAAPTHBIX  CIAPEHHBIX
IEKTPOOB;

o [IloTpeOHOCT, B cHnenuanbHbIX Tpex(aszHbIX TpaHCHOpPMATOpPaX U HEOOXOAMMBIX
YCTPOWCTBAX, MPEeIHA3HAYECHHBIX JJIs1 OBICTPOTO TYIIECHHS TYTH MEXIY JIEKTPOJIAMHU.



CBapka 3J1eKTpoIaMH € JKeJIe3HBIM MOPOIIKOM B MOKPBITHH

s nosviuenus npou3gooumenbHocmu  (Veeaudenus Kodpouyuenma HaAniIasKu) pyyHou
0y20801l C6APKU U HANLABKU, A MAKdce Opyeux cnocovoos 0y2080U CEAPKU NOKPLIMbIMU
anekmpooamu (8 cocmag noOKpwvimusL IJ1eKmMpo0o08 000A6IAI0T HeeAe3HbLIL ROPOULOK.
ConepkaHue OKEIE3HOTO IOpoIIKa B MOKpeITHH  coctaBiasieT (40—60%). Beicokas
MPOU3BOJUTEIBHOCTh  3JICKTPOJOB JOCTHTAETCSl 3a CUET JIOTOJHHTEIBHOTO MeTallia,
COZIepKAIErocss B TIOKPBITUW, CHIDKCHHS IMOTEph MeTaula OT pa3Oph3ruBaHus U Ooiee
BBICOKHUX JIOITYCTUMBIX CBAPOYHBIX TOKOB.

KoadpunmeHT HaruiaBKu BBICOKOIIPOU3BOIUTEIBHBIX 3JIEKTPOIOB C KEIE3HBIM ITOPOIIKOM
COCTaBJISICT B 3aBUCHMOCTH OT JIHaMETpa CTEPXKHS, peKMMa CBapKu U Kod3(dduimeHTa Maccol
nokpbITusa 12— 20 2/A-u. B snektpomax HEKOTOPHIX MapoK Macca HAIUIaBICHHOTO MeTajuia
B 1,5—2 pa3a npeBsinaet Maccy 3JIEKTPOTHOTO CTEPHKHSI.

Paccmotpum 2 anexTpona

Puc. 8. Dnexmpoo ona pyunoii dyz060ii ceapku

Juamemp rnekmpooa 4 mm, onuna snekmpooa 450 mm. Macca cmepicnusa 40 rpamm.

Ko3dduuuent HamwtapkH =40 x100%=100%

Puc. 9. nexkmpoo ona pyunoit oyzoeoii ceapku

Juamemp  snekmpooa 4 MM, oauna  Inekmpooa 450  mm. Macca  cmepicua 40
rpamm. Macca scene3nozo nopouwika 30 rpamm.

Kosdduuuent Hamtapra=30+40 x100% =175 %

40
=
st Bpema  pacnnaenenus o60ux  DIEKTPOJIOB
- OJIMHAKOBO, COCTaBJIseT mpumMepHo 70 cek.
= Puc. 10. lnuna weos, HanniasneHHvix
nepevim J1eKMPoooMm - (3enenviii
ueem), 6MopvImM 971EKMPOOOM -

3e1eHblil +CUHUIL ysem.




BbIBOI: JIEKTPOJOM C IKEJIE3HBIM IMOPOIIKOM B TIOKPBITUM MOXXHO TOJTYYUTH IIOB HA
75% nHHEE.

OcHoBHOE NMpEeNMyIeCTBO 3TUX IJIEKTPOAOB - BLICOKAA IMPOU3BOJUTCIBHOCTD HAITJIABKU.

HenocraTku 3J1eKTPOAOB:
o (CBapka TOJBKO B HUKHEM IOJI0OKEHUHY;

o BrbIcokuii ypoBeHb 3a/1bIMIIEHHOCTH;

o Ilpu cBapke OOJBIIMMHU JAMAMETPAMU HEOOXOAUMBI MOIIHBIE HCTOYHHUKH TOKa (00
600A4);

o Ilorepu BpemeHM Ha yJaneHue 1IaKa U 3aMEHY 3JIEKTPOI0B

E42 2 R 53 H10 ko¢ppuyuenm nepexooa 150%
E38 4 B 73 H10 koaghgpuuuenm nepexooa 240%

Puc. 11. dnekmpoowi ¢ rcene3nvim nopouwiKom ¢ NOKpvimuu

be3orapkoBas cBapka

Be3orapkoBasi cBapKa 5mo pyunas ceapka Memaiiudeckum 31eKmpooom, XapaKmepusyemas
NOJIHBIM UCNONb308AHUEM KANHCO020 U3 WMYUHBIX INeKMP0o00s8, Oe3 o2apKa, 015 4e20 nepeo
HAYAI0M C8APKU INEKMPOObL NPUBAPUBATOMCSL MOPYAMU K DTIEKIMPOO00epIHcameio.

DnekTpoaoaepxkarenb (puc. 12) COCTOUT U3 MUIUHIPUIECKON PYKOSTKH, B KOTOPYIO C OJHOM
CTOPOHBI BMOHTHPOBAaH MPOBOJA, & C JAPYrOl — H3OTHYTHIM IITHIPh, K KOHI[y KOTOPOTO
MIPUXBATHIBAIOTCS TOPLIAMH DJICKTPO/IBI.

Puc. 12. dnekmpooodeprcamens ons
0e302apKo60ii ceapKu

IIpenmymiecrsa:
o be3orapkoBas cBapka 1o3BoJisieT YBEIMUNBATh ceapounsiii mok Ha 10 - 15 %,

e YMeEHbIIACT CMCHY SJICKTPOJI0B, a CJICAOBATCIBHO, YBCIMYUBACTCA
MNPONU3BOANUTCIBHOCTL TPYy/da.

MHorue CBapmIMKd TOPUMEHSIOT  0€30TapKOBYIO  CBapkKy. [na  2moeo  noiv3ylomcs
anekmpooooepicamenem 0e3 3axNCUMO8, UMEIOWUM CMATbHOU CMepI’CceHb, K KOMOpomy
npuBapueaemcs 8epXHuill mopey 371ekmpood. [ npueapku 31eKmpoo HUNCHUM KOHYOM
YRUpaiom 8 ceapueaeMvlii Memail, d K 6epXHeMy mopyy NpuKacaromcs pabodel niocKkocmio
anekmpoodooepocamens. B mecme  KOHmakma — 91eKMpoO  Hpueapusaemcs - K
anekmpoodooepacamento. IIpu cBapke 3JEKTPOJ paCIUIaBISIIOT HAa BCIO JUIMHY, HE OCTaBIIAS



orapka. 3areM TNPUBAPUBAIOT K DJICKTPOIOJIEPIKATEITIO HOBBIM AJIEKTPOA M TPOIOIKAIOT
cBapky. Omepanusi MPUBAPKUA DIICKTPOJA 3aHMMAET MEHBIIE BPEMEHH, YeM OCBOOOXKIICHUE
orapka M 3apsjika HOBOro 3jiekrpoja. [Ipu mpuBapke 37eKTpojia HEOOXOJAUMO OTBOPAYUBATH
JIUI10, YTOOBI HE 00JTyJaTh TJ1asa.

bezorapkoBasi cBapka yBeIMYHBACT MTPOU3BOIUTEIHLHOCTD TPY/a, OJJHAKO OHA HE CBOOOJHA OT
HEIOCTATKOB.

HenpocraTkn:
e 3arTpyAHsETCSs MaHUMYJIUPOBAHHE OHIIEKTPOJOM, UYTO IMPU HEIOCTATOYHOM OIIbITE

CBapmiuKa OTPpHULATCIIBHO CKAa3bIBACTCA Ha KAUYCCTBC CBAPHOTO COCANHCHHUA,
o HpI/IBapKa QJICKTpoaa II0 CpaBHCHHUIO C  3aKpCIJICHUCM CIro B OOBIYHOM
QJICKTPOAOACPIKATECIIC - OoJice cltoXKHas ornecpanuysi.

Bannas cBapka

Bannblii  cnocod npumensiom npu  ceapke CMbIKO8  aApMamypvl — JHcene300emOoHHbIX
koHcmpykyui. CyuyHocms cnocoba 3axkniouaemcs 8 cieoyiouem: K CIepiCHAM apMamypbl 6
mecme CmulKa NPUapusalon CMaibHyo Gopmy, 6 KOmopou meniomou 0yeu co30am GaHHy
PACNIABNIeHHO20 Memaiid, HenpepvléHo nooozpesaemyio oyeou. Om meniomel Memaila
BAHHbL NIABAMCS MOPYbL CEAPUBAEMBIX CIEPIICHEl, 00pazyemcs oouas 6aHHa Memaia uea u
3amem npu OCMvI8AHUU - CBAPHOE COEOUHEHUe.

[Ipn cBapke BepTUKAIbHBIX IIBOB B KauecTBe (OpMYIOLIEH JeTalnu MPUMEHSIOT
IITAMIIOBAHHYIO (JOPMY M3 JTUCTOBOW CTajH , KOTOPYIO NMPHUBAPUBAIOT K HUKHEMY CTEP)KHIO.
3aTeM MPUXBATHIBAIOT KOHEI[ BEPXHETO CTEPXKHA K HUKHEMY M TEPEXOJAT K 3arOJHEHUIO
(hopMBbI HaMIaBJISIEMBIM METaUIOM. {7151 BBITTyCKa IUTaKa MPOXKUTAIOT JIEKTPOIOM OTBEPCTHUS B
cTeHKe (hOPMBI, KOTOPBIC 3aTE€M 3aBapUBAIOT.

[Ipouiecc cBapku BeayT npu O0NbIINX TOKaxX. Hanpumep, Aiist SIeKTPOAOB duamempom

5...6 mm ceapounbiii moxk nocturaet 400 450 A. Csapky npu HU3KUX
memnepamypax BHIIOJTHSAIOT MOKOM BbIllle  ycTaHOBIEHHOTO Ha 10... 12%. 3azop mexny
TOpLIAMU CBApUBAEMBIX CTEPXKHEH JOJDKEH Oblmb He MeHee YOBOeHH020 oOuamempa
971eKmpooa.

CBapky MOXHO BBITIONHATE OJHUM WJIM HECKOJIBKUMH DJIEKTPOJaMU OJHOBPEMEHHO.
PexomeHyeTcs MpuUMEHSTh 3eKTpo bl Mapku YOHH-13/55.

IIpenmymiecrsa:
o BannbIif ctoco6 3HAYNTENHFHO YMEHBIIACT PACXO0]T AJIEKTPOJIOB U AIIEKTPOIHEPTHH,

o CHmxaer TPYI0EMKOCTb "
ce0ecTOMMOCTh CBAPOYHBIX PaboT.
Puc. 13. Bannouku oaa ceapxu apmamyput

Bannouku pans cBapku apmarypel  (CKOOBI-
HaKJIaJKud)  TMPUMEHSAIOTCS A CO3JaHHs
apMaTypHBIX CTEP)KHEH, JITMHA KOTOPBIX OOJIbIIe
CTAaHJAPTHOU JUIMHBI BBIIIYCKA€MON apMaTyphl.
Bannwui cnocoo ceapKu WUpOKo
NpUMEHAEMCATIPY CTPOUTENNBCTBE 3JaHUN U
COOPYXEHUH, Ke1e300€TOHHBIX KOHCTPYKLUUN U
apMaTypHbIX KapKacoB.




BanHasi cBapka MO3BOJIA€T MOJIYYUTh €IUHBIM CHJIOBOM Kapkac 0e3 HOTEepH >KECTKOCTU U
IIPOYHOCTH 110 BCEH JUIMHE KOHCTPYKIMUU.

Buvinonnames  cmulkosky —apmamypul npu  MaKom 6ude C8ApKU  BO3MOJICHO KAK 8
20PU3OHMATILHOM, MAK U 8 6EPMUKATbHOM NOJIONCEHUU.

Pa3bemHble (QOpMBI 4Hallle BCEro M3rOTOBISIOT M3 MEAM JIOOBIX MapoK € IOMOUIBIO
IITAMIIOBKHM, JIUThsl WJIM MEXaHMUYECKOM o00paboTku, a Takxke u3 rpadura. 3ampeniaercs
U3rOTOBJIATE (DOPMBI U3 CIUIABOB Meau (JIaTyHH, OpoH3bl). [l CBapKd TOPHU3OHTAIBHBIX
CTBIKOB apMaTypbl IPU OYEHb CTECHEHHBIX, YCIOBUAX pabOThl MPUMEHSAIOT HEPa3bEMHbIE
MEJHbIE KEI00YaThIe MOJKIAIKH.

HaubGounee JIOJITOBEYHBI WHBCHTAapHBIC bopMbI, W3TOTOBJICHHBIE U3 Mmeou.
Ux obopauusaemocmsb(KOIHMUECTBO CTHIKOB, CBAPEHHBIX B OIHON (opme Oe3 ee peMOHTa) B
3aBUCUMOCTH oT criocoda U3TOTOBJICHUSA cocrasiser 100—150

cmuikoe. Obopauusaemocmsy cpagumossix GopM TpUMEpPHO B 2—2,5 pasza MeHblIe, 4YeM
mennbiXx. Kpome toro, rpaduroBsie (OpMBI TMTPOCKOINHYHBI U TPeOYIOT NPOKAIKH Iepes
CBApKOIl.

JIro6as mHBeHTapHass Gopma MOXKeT ObITh MCIOpPYEHA MPU CBAapKE MEPBOrO CTHIKA, €CIU HE
OyzeTr coOIIr01aThCsl TEXHUKA CBAPKH.

KoHTpoJibHBIE BONIPOCHI:

Br10epu 0oaMH NpaBUIILHBIN OTBET

B 4em 3aki1104a10TCSl MPEUMYIIECTBA CBAPKH MYYKOM JIEKTPOAOB?
no8bIUAeMCsl NPOU3800UMENTbHOCIb MPYOd,

Veenuuu8aemcs WUpUHa wed,

Xopouio 6apums 8 8epMUKAILHOM U HOMOIOYHOM HONOHCEHUU.
IIpu Ge30orapkoBoii CBapKH 3J1€KTPOJ NPUBAPUBAKOT:

K Opy2oMy 31eKmpooy,

K 971eKmpo0ooepicameio,

K ceapugaemou 0emanu,

Jl1s1 yero npuMeHsieTcsi BAHHAs cBapka?

OJIsl CBAPKU BAHH,

0J151 C8APKU APMAMYPbl 6CMBIK,

0JIs1 CBAPKU 8 BAHHAX NOO 000U

Kakmue 3/1eKTpoabl Ha3bIBAIOT BHICOKONPOU3BOIUTEIbHBIMH?
9NEeKMPOObl C KUCTbIM NOKPbIMUEM

NEKMPOObL C HCEeIHLIM NOPOULKOM 8 NOKPLIMUU

WhkERrwbdDPEPWODDEDODNDRERPRF

NEKMPOObL C MOICMbIM NOKPLIMUEM
38. 3amoJHM JIIOKH

1. IloBbICHTH NMPOU3BOAUTEIBHOCTD TPYAA MOKHO IPUMEHUB CBAPKY 3JICKTPOAaMHU €
IMOPOMIKOM B MOKPBLITUH.

2. Jlnsi CBapKH ONUPaHHeM NPHMEHSIOTCS JIeKTPOAbI ¢ BBICOKOW
CTEelNeHbI0

| | 3. le/l CBapKe OonMupaHueM Cujia CBaApOYHOIro TOKa HA — % BbIIIIE



00BIYHOIA.

4. Tlpu cBapke MYYKOM JIEeKTPOAOB, 3JEKTPOAbl TJIOTHO

— NPUJIeralT
K

5. Ilpu cBapke HAKJIOHHBIM YJIEKTPOIOM CBAPIIAK MOKET 3aBapPUThH 32 1 4 0K010

| M CBapHOIo 1Ba.

6. JimHa jeikadero 3j1eKTpoaa BO U30ekaHHe CHJILHOIO MeperpeBa ero
JOJIKHA OBITH HE 00JIbIIE MM.

7. BaHHBIN c0c00 MPUMEHSIIOT MPH CBAPKe CTHIKOB Kej1e300€eTOHHBIX

KOHCTPYKLMH.

8. 3a30p Me:k1y TOpHAMHU CBAPUBAEMbIX CTEepP:KHel 10/1:KeH ObITH He

YABOEHHOT'0 JJIEKTPOaA.

| 9. lpu cBapke Tpexda3Holi Ayroi MNMOAKJIIYEHHE K CEeTH
NMPOM3BOANTCH OJHOBPEeMEeHHO K (hazaM: K JABYM MOAKJIHYAETCHA

3J1eKTPOo/A,
a K TpeTbeil ¢asze —

10. Conep:xaHue KeJ1e3HOTO NMOPOIIKA B MOKPBLITHH cocTaBjsieT — %0

11.JekTpoaOM € KeJie3HBIM MOPOIIKOM B MOKPBITHM MOKHO NMOJYYHTH

OB HA
% IJIMHHEE.

12. B anextpone E42 2 R 53 H10 ko3¢ Ppunuent nepexona %.

13.TIpu 0Oe30orapkoBoii cBapke Imepel HAYAJIOM CBaPKH 3JIEKTPOIbI

NPUBAPUBAIOTCS TOPUAMH K

14. Be3orapkoBasi cBapKa NM03B0JIsIeT yBEJIHIHBATH CBAPOYHbII TOK HA
| | ‘ — %, yMEHbIIAET BPeMsl HAa CMEeHY




IIpakTuueckas padora Nel2

Tema: "Capka amoMuHus"
Heab padorsl: [Iprobpectu mpakTHYeCKue HABBIKK IPU NU3YUEHUH CBAPKU AJIFOMUHUS

Xoa BbINOJHEHUsI padoThI:
1. O3nakomiieHHE C TEOPETUYECKUMH CBEICHUSIMHU
2. CaMOCTOSTENBHO U3Y4YUTh TeMy: «CBapKa aJlOMUHU.
3. CocraButs onmcanue «CBapka aTFOMHHAN.
4. OTBETUTHh Ha KOHTPOJIbHBIE BOIPOCHI.

Teopernyeckue cBeIeHUS

Haubonee saxcuvle odracmu npumeHeHun anlOMUHUEEHIX CHIAG0E B HACTOSILEE BpeMs —
aBUAILIOHHAS U PaKeTHas TeXHUKA. BhICOKME yAenbHbIE XapaKTEPUCTUKU, TEXHOJIOTUYHOCTD,
IIEHOBasi JOCTYMHOCTh — IIEHHBIE CBOWCTBA, W3HAUYAJIbHO OMpEIETUBIINE BBIOOD
aBUAKOHCTPYKTOPOB. Jlji1 paboThl Y3JI0B B peajbHBIX YCIOBHUSX JKCIUTyaTallud B KOCMOCE
HeoOXo/lMMa Tak)Ke CTOMKOCTh MAaTE€pHaJOB K BO3JACUCTBHIO (DAaKTOPOB KOCMHUYECKOTO
MIPOCTPAHCTBA: BBICOKOIO BaKyyma, MepenajoB TeMIepaTyp, paauanuu U mnp. B Hacrosmmii
MOMEHT JTHM TpeOOBaHUSAM MAKCUMaJIbHO OTBEYAIOT aJIOMHUHHEBBIE JiehopMHUpyeMbIe
CIUIaBbI, KOTOPBIE U UCTIONB3YIOTCS HanboJiee akTUBHO.
Harnsanueie npuMepsl — MaTepuaibl KOHCTPYKLUUU IJIAHEPOB OTEYECTBEHHOTO OPOUTAIBHOIO
kopabns «bypan» U aMepuKaHCKOro KocMuueckoro kopabis "Space Shuttle".
AmoMuHUR o0JagaeT HU3KOW MPOYHOCTHIO (66=8-10 KZC/MMZ), MMO3TOMY €TI0 MNPUMEHSIOT B
OCHOBHOM B XHMHYECKOM alllapaTOCTPOCHUH, PAMHBIX KOHCTPYKIUSAX, IS OKOHHBIX U
JIBEPHBIX TEPEIUIETOB U JIEKOPATUBHBIX M3JEIHH B CTpouTenbcTBe. O obaadaem manou
niomuocmoio 2,7 2/em®,  nosviuennoil KOPPO3UOHHOU ~ CMOUKOCMbIO U OONbULOL
NIACMUYHOCHbIO IO  CPAaBHEHMIO C  HU3KOYIJIEPOJUCTOW  CTajbpio. TemionpoBOJHOCTb
QIIOMUHUS 6 mpu pa3a BHIIIE TEIIONPOBOAHOCTH MAaJIOYIJIEPOAUCTON cTanu. Temmeparypa
mnaBiaeHus yucroro amomunus 658° C. llpu HarpeBaHMM aMOMHHMHI JIETKO OKHCIISETCH,
oOpa3yst TyromiaBkyro oOkuch amoMmuHus (Al03), maBsulyrocs mpu  Temmeparype
ceaite 2060° C. Yuctelit anromunuii nocrasisitor o I'OCT 11069—64.
B TexHuKe MPUMEHSIOT HE TOJBKO YHMCTHIA ATIOMUHUI, HO U CIUIaBbl €r0 C Maprasiiem,
MarHveM, Menpio U kpemHueM. CriaBel aqlOMUHHS 00JagaroT OOJbIIeH MPOYHOCTHIO, YeM
YUCTHIN aJIFOMAHUM.
[ToBBIILIEHHYIO MPOYHOCTh MMEIOT CIUIABbl AIOMMHMSI C MapraHIeM, MarHueM, KpeMHHEM,
LMHKOM U MEJIbIO.
AJNIOMUHMHI M €ro CIJIaBBI JeJIAT Ha:

1. Jluteiinbie

2. Jlepopmupyemsbie (kaTaHble, MPECCOBAHHBIC, KOBAHbIE).
Jedopmupyemblie ciiaBbl NOAPA3ACISIOT HA:

1. Tepmuuecku ne ynpounsiemvie, K KOTOPbIM OTHOCSITCS CILIABbI aJJIOMUHHUS C MapraHLEeM

Y MarHuem



2. Tepmuuecku ynpounsieMvle, K KOTOPBIM OTHOCSTCS CIUIaBbI QIIOMHUHHUS C MEJIbIO,
UHKOM, KDEMHHUEM.
Haunbonee BBICOKOW MPOYHOCTHIO OOJATAIOT TEPMUUYECKH YIPOUHSIEMBIC aTIOMUHUEBBIC
CILJIABBI.
OnHako TepMHUYECKH YIIPOUHEHHbBIE AJIFOMUHUEBBIE CIUIABbI Pa3ylIpPOUYHSAIOTCS MPU CBAPKE CO
3HAYUTEIbHOW TMOTEPEd MEXaHMYECKHX CBOWCTB. [IpuMeHeHMEe 3THX CIUIABOB JJISI CBapHBIX
KOHCTPYKIIMI BO3MOYKHO JIMIIb MPU YCIOBUU OOECTeueHUs: TEPMHUECKOH 00pabOTKH Mocie
CBapKH 7151 TOBBIIEHUS IPOYHOCTU CBAPHBIX COCTUHEHUI.
N3 Tepmuyecku HEYNpOUYHSEMBIX CIUIAaBOB HAMOOJBIIEH MPOYHOCTHIO O00JIAIal0T CILJIaBbI
cucrembl Al - Mg - Ti, Hampumep ciutaB AMr6é, MexaHMYeCKHEe CBOMCTBA KOTOPOTO
cienyromnme: 6,=32-38 KFC/MMZ, 0,=16-18 KFC/MMZ, o5=15 - 20% u ax=3-4 Kre-M/CM>.
KoHcTpykmn W3 alrOMHHMEBO-MAarHueBOro cruiaBa AMr6 H3roToBIIIOTCI B OCHOBHOM
CBapHBIMU.
B Poccuiickoii ~ ®enepanuu I'OCT 4784 "AmomuHuii  u CILIABEI AJIFOMUHUEBEIE
nedopMmupyembie. Mapku'" 1aeT MapKupoeKy cniagoe mpems cnocooamu:
e B OyKBEeHHO-IIU(POBOM BHIIE,
e TOJIBKO B IU(PPOBOM BU]IE,
e CydYeToM TpeOOBaHUI MEKIYHAPOJIHOTO CTaHaapTa (MexayHapoaHas MapkupoBka) MC
0O 209-1 (ISO 209-1 Wrought aluminium and aluminium alloys - Chemical composition
and forms of products - Part 1: Chemical composition).
[Tpu sTom tudposas mapkupoBka o 'OCT He coBmamaer ¢ MeXAyHAPOTHON MapKHUPOBKOU
AJTIOMUHUEBBIX CIUIABOB.

Hudgposaa mapxupoexa no 'OCT:

o nmnepBas nudpa - ocHoBHOM MeTas (1-amoMuHMI);

o BTOpas nudpa - Jerupyromas cucTeMa;

e TpeThsl M YeTBepTas HUGPBI - MapKa U MOIU(PUKALIUS.
[Tomumo mpuBefeHHOW UU(GPOBOM MApPKUPOBKH, B HACTOSIIIEE BpeMs MOBCEMECTHO
UCTIONIb3YeTCSl cMeuiannan OyKBeHHass W OyKBEHHO-IIM(PPOBas MapPKUPOBKA aTOMUHUEBBIX
CILIaBOB.

Hanpumep, oegpopmupyemoie crniaBsl  ob6o3nauatorcsi  OykBamu I, A, AK, AM,
AB; numeiinvie — AJIL.

+ byksoii /I o003nauatot cruiasel dypanromunua 1, 116 u 1.1.

+ bykBbl AB 03HauaroT cruiaB aguais.

+ bykBel AMr u AMi 0003HavaioT cniae antomunusn ¢ mazhuem (Mz) v mapzanuyem (Mu),
npuyem yugpot, crenywmomue 3a OykBamu AMel; AMez6 COOTBETCTBYIOT TNPUMEPHOMY
COJIEP’KaHUIO MAarHUs B 3TUX CILIaBax.

+ bykBel A/l oTBeda0oT aniOMUHUIO J1e(OpPMUPOBAHHOMY, IHdpa yKa3bIBa€T YHUCTOTY
ATFOMUHMUS.

+ Uncrota crmiaBoB 0003HayaeTcsl CIAEAYIOIIMMH OyKBaMH, CTOSIIUMHU TOCIE MapKHUPOBKH
crasa: Iy, Y, O4 — COOTBETCTBEHHO MPAKTHYECKH YHUCTBIM, YHCTBIA U OYEHb YHCTHIM, IO
MIPUMECSM K€JIe3a, KPEMHUS U IPYTUX KOHTPOJIUPYEMBIX 3JIEMEHTOB.



+ CocrossHue monryhaOprKaTOB W3 ATOMHHHEBBIX CIUIABOB 0003HAYaeTCs CIEMyIomei
MapKUPOBKOM:

e M — MATKHUM, OTOXKKCHHBIH;

e T —3akajleHHBIN U €CTECTBEHHO COCTAPEHHBIN;

e T1 —3akajieHHBIN U UCKYCCTBEHHO COCTAPEHHBIH;

o H — naraproBaHHBIN;

o H1 - ycuneno HaraptoBaHHbIH (HarapToBka aucta ~20%) u 1.1

CBapuBaeMOCTh AJJIOMMHHS U €r0 CILIABOB.

1. Antomunuii u e2o cnnaevt umerom 60AbULYI0 MENTONPOBOOHOCHb, TETUIOEMKOCTh U
CKPBITYIO TEIUIOTY IUIaBi€HMs. TemJonpoBOAHOCTh ATOMUHHUS B TPHU pa3a BhIIIE
TEIUIONPOBOJHOCTA HU3KOYTIEPOAUCTON cTainu; npu Harpese om 20 0o 600°C pa3uuia
B TEIJIOTIPOBOJIHOCTH elie Ooiiee Bo3pacraeT. CienoBareabHO, CBapKa aIFOMUHUS U €ro
CIUIAaBOB JOJDKHA BBIINOJHATHCA C OTHOCHUTEIBHO MOIIHBIM U KOHIEHTPUPOBAHHBIM
HMCTOYHUKOM Harpesa.

2. Koagppuuyuenm numeiinozo pacwupenus aiomMunus 6 06a  pasd BINIE, YeM
KO3((DULIMEHT pacIIUpeHus Kee3a. ITO COCOOCTBYET YBEIMUEHHBIM Ae(popMalusM U
KOPOOJICHHIO TIPU CBApKE ATFOMUHUEBBIX U3/ICTUH.

3. Huskaa yoenvnas naomunocmo (2,7 z/cms) u Temneparypa IiaBieHus (660°C)
QIIOMUHUS IO CPaBHEHUIO C  BBICOKOM  YAENbHOM  IUIOTHOCTBIO  OKHCIIa
ammomunus Al,O3(3,85 2/cm3) u ero temnepartypoii miaBienus (2050°C) 3aTpyaHsSOT
nporiecc cBapku. TyromnaBkuii U Tsokenbid okucenAl,O3MoxeT ocTaBaThes B METaILIC
IBa U CHMXKaTh pabOTOCIOCOOHOCTh CBApHOTO coeAuHeHus. [Ipu cBapke anroMUHUA U
€ro CIIaBOB HEOOXOJIMMO MPUMEHSThH Pa3IUdHbIe criocoObl 00pbObI ¢ okuciaoM Al,Os.
Bo Bcex cayyasx TNOBEpPXHOCTb MeTalla M3JEAUs  JO/DKHA — 3a4MINAThCA
HEINOCPEJCTBEHHO IEpE]] CBAPKOM M IMPOLECC CBApPKH JODKEH NMPOTEKaTh C 3aLIUTON
pacIuIaBJIEHHOT 0 MeTaJljla OT AEMCTBUSA Ta30B BO3ayXa.

Hcnoab3yoT TpH cmocoda 60pb0bI ¢ OKMCJIOM AJTIOMUHUA:
1. Csapka c pacTBOpUTENIEM OKHCIOB (3JEKTPOIHBIE MOKPBITUS, (DITIOCHI),
2. Caapka 0e3 pacTBOpUTENEH, HO C TaK HAa3bIBAEMBIM KaTOJHBIM PacCIbLICHUEM,
3. Caapka ¢ MEXaHMYECKHUM yJIaJIEHUEM OKHCJIOB U3 CBAPOYHON BaHHHBI.

Cpapka c¢ pacrBoputesieM. PactBopuremsimu  okucina Al,Ozu  Apyrux  OKMCIOB
SIBIISIFOTCS 2A/102€HHblE CONU  W{eSIOUHO3EMENbHBIX Memannos (xaopucmeolii, @mopucmolii
Jaumuii u 0p.), KOTOpbIe PaCTBOPSIOT OKUCIBI U BMECTE C HUMU MOJHUMAIOTCS U3 CBApOYHOU
BaHHBl B CBapOYHBIM mUIaKk. Tak Kak pacTBOp 00JajaeT MOHIKEHHOW TeMmIepaTypon
IUIABJICHUS, MEHBIIEH YACIbHOM IUIOTHOCTBIO M MEHBIIEH BSI3KOCTBIO, YEM KaKJIbIN
KOMITIOHEHT B OTJEJIbHOCTH, TO OH BBIBOAUTCS U3 METAJIJIA [IIBA B CBAPOYHBII 1IIJIAK.

CymHOCTh KaTOJHOI0 pacnblIeHUs] COCTOUT B TOM, YTO NPU TyTrOBOMl CBapKe B aproHe Ha
MIOCTOSIHHOM TOKE€ IpU OOpaTHON MOJIIPHOCTH IPOUCXOAUT JApOOJIEHWE OKUCHOW IUIEHKU
Al,O3. ¢ mocnenyromyM pacibUIEHUEM YacTHI[ OKUCIIA HA IMOBEPXHOCTH CBAPHOTO H3IEIIHSL.
ToHkasg OKHCHAas IUIEHKA, MOKPBIBAIOLIAs CBAPOYHYIO BaHHY, Pa3pylIacTCs MOX yAapaMH



TSKENBIX TOJOKUTENbHBIX MOHOB, 3alIUTHOrO raza aproHa, oOpa3yrolMXxcs MpU TOPEHUH
ayru. Tak Kak THOJOXHUTEIbHBIH HOH 00Jasaer Oonblied Maccod, 4YeM »JIIEKTPOH, TO
o0pa3yromuiicss TOTOK MOHOB CHOCOOEH IpOOUTHh OKHUCHBIC IJICHKH QJIIOMUHUS W MarHus,
KOTOpBIE cO3/1al0Tcsl npu cBapke. [Ipy 3TOM Hajgo y4HUTHIBATH OOJBLIYIO CKOPOCTH JBHKECHHUS
MOHOB, ITO3BOJISIFOLIYIO PACIIBUIEHHBIM OKHMCIIaM 4epe3 3allUTHYIO Fa30BYIO CPEy BBIXOIUTH U3
CBAPOYHOM 30HBI.

Jpyrue rasbl, o0yajaromne HU3KOM aTOMHOM Maccoil (Hampumep, 4 y renus Bmecto 40 y
aproHa), He CIIOCOOHBI APOOUTH U PACIbUISTh OKUCIIBI.

Mexanuveckuii cnocod yaanenusi okuciaa Al,O3 U3 cBapouHOI BaHHBI 3aKIIOYAETCS B TOM,
YTO CBapIIMK OITYCKAaeT B CBAapOYHYIO BaHHY CTaJlbHOM INPYTOK IuaMeTpoM 3 - 4 MM H
BBIHUMAET €r0 C IPUIUIIIINM K TOBEPXHOCTH MPYTKA OKUCIOM, KOTOPBIH JIETKO OTIEISETCS OT
NPYTKa IPU €r0 BCTPSAXUBAHUU U JIETKOM yaape. OnbITHbIE paboyue, BBIIOIHSIONINE ra30BYIO
WIN TYyTOBYIO CBAPKY YTOJBHBIM 3JIEKTPOJIOM, YaCTO UCIOIB3YIOT 3TOT CIIOCO0, HE mpuderas K
bmrocam.

Anomunuegovie cniaevlt 0071a0al0M  NOGLIUWEHHOU CKJIOHHOCHbIO K  00pA306aHUI0
nop. IlopructocTs MeTallIa MpU CBAPKE AJOMUHHUSA U €r0 CIUIABOB BBI3BIBAETCS BOJOPOIOM,
HMCTOYHUKOM KOTOPOTO CIIY>KHUT a/icOpOMpoBaHHas Bjlara Ha MOBEPXHOCTH OCHOBHOTO METajuia
U OCOOEHHO NPOBOJIOKH, a TAaKXKe BO3JyX, IOJCACHIBAEMbII B CBapOUHYIO0 BaHHY. B sToMm
clly4ae aJlOMUHUNA B CBAPOYHOM BaHHE B3aMMOJEHCTBYET € BJIaroi 1o peakuuu:
2A|+3H20—>A1203+6H

Jlnist mostydeHus: 0eCOPUCTHIX IIBOB IPU CBApKE AIOMUHUS U €T0 CIUIABOB JlaXke HEOOJIbIION
TOJILMHBl HMHOT/Ia TpeOyeTcs MOAOIPEB, CHIKAIOIIMNA CKOPOCTb OXJIAXKICHHUS CBAapOYHOU
BaHHBI U CIOCOOCTBYIOIINIA O0Jiee MOTHOMY YAAJICHHIO BOJIOPOia U3 MeTalljia Py MEAJICHHOM
oxyaxaeHuu. Tak, Hampumep, NpU HAIUIABKE HAa JIMCT QJIIOMHUHHUS  TOJIIMHON 8
MM OeCOpPHUCTBIN 1I0B MOXET MOJYYUTh MPH Mojaorpese Metamia 0o 150°C [lpu yBenmueHuu
TONMIIMUHBL MeTaua 10 16 MM gaxke mogorpeB ao Temmepatypbl 300°C He obecneymBaer
OCCIIOPUCTHIX IIIBOB.

OpHako MOJOrpeB JKUCTOB JUIsl CBAPKU HEKOTOPBIX CILJIABOB CJIEAYET NPUMEHSTh OCTOPOXKHO.
Hampumep, npu cBapke TOJICTOJMCTOBBIX AJIIOMUHUEBO-MAarHWEBBIX CIIABOB JIOMYCKAETCS
nonorpes 1o temrepatypsl He Bbie 100 - 150°C. Bbonee Bbicokas TeMiiepaTypa Mojaorpena
MOXKET YCHUJIUTh IMOPHUCTOCTh IIBAa 3a CUET BBIJEICHHUS W3 TBEPAOr0 pacTBOpa MarHus u
oOpa3oBanusi mpu 3TOM Bojopoxaa mo peakiun Mg+H,0—MgO+2H. Kpome Toro, mpu
CBapKe MOJA0rPeTOoro Meraia (aTlOMUHUEBO-MarHUEBbIX CIUIABOB) CHHIKAIOTCSI MEXaHUYECKUE
CBOMCTBA CBapHBIX COCIUHCHUN.

[Tpu aproHoayroBoil cBapke allOMHUHHUS U €r0 CIIaBOB OOPHOY C MOpaMu BEAYT C MOMOUIBIO
OKHCIUTEIbHOM aTMocdepbl. Hawmnyummue pe3ynbTaThl MOJNy4aroTcss MpU  J00aBKe K
aprony 1,5%kucnopooda. OxucnutensHas arMocdepa B pallOHE MOBEPXHOCTH CBapOYHOU
BaHHBI HE JJa€T BOJOPOJIY PACTBOPATHCS B METAIJIE, TO3TOMY MOPBI K KOHILY OXJIaK/ICHHUS I11Ba
HE 00pa3yroTCs.

AJIOMHUHHMIA M €ro CIUIaBbl CKJIOHHBI K OOJBIIEMY MEperpeBy, 4eM YTIIEPOAMCTHIE CTajH.
IToaTOMy CBapKy aJIlOMHUHHEBBIX CIUIABOB CJIENYET IPOU3BOJUTH C MEHBIIEW IIOTOHHOU
TEIIOBOM SHEPTUEH, IIOB 110 BO3MOXHOCTHU BBIMOIHATH 32 OJUH MIPOXOJ WK B JBA IIPOX0JIA C
JBYX CTOPOH Ha OOJBIINX CKOPOCTSIX.



Buasbl cBapku aJIOMUHNS U €70 CIJIABOB.
Jletanu U3 amOMHUHHUS U €T0 CIUIABOB MOXXHO COEIUHST KaK CBapKOW IUIaBIIEHHWEM, TaK U
CBAPKOM JABIICHUEM.

IIupokoe pacnpocTpaHeHUe MOJYYHIU CJIeyIONIHe BUIbI CBAPKHU:

e Pyunas wnm MexaHW3WpOBaHHAs JyroBas CBapKa HEIUIABSIIAMCS JJIEKTPOJOM B
3alIUTHOM HHEPTHOM Ta3e;

o MexaHnuszupoBaHHasi JyroBas CBapKa IUIABANIMMCS METAUIMYSCKUM DIIEKTPOJOM B
3aIlIUTHOM Ta3e;

e ABTOMaTMYecKas JyroBas CBapKa IUIaBSIICHCS CBApOYHOW IPOBOJOKOH MO CIIOO
JI03UPOBAHHOTO (ITtoca;

o CTBIKOBasI MJTM TOYEYHAS] KOHTAKTHAS CBapKa.

o Kpome ykazaHHBIX BHJIOB CBapKU TIOMHHHS M €r0 CIUIABOB, BO3MOXKHO NMPHUMCHEHHE
CBapKH:

e Ta30KHCIOPOJHBIM IIAMCHEM;

e JYrOBOM CBapKy HCIUIABANIMMCS YTOJbHBIM WJIH TPaQHUTOBBIM  3JICKTPOJIOM,
QTFOMUHHUEBBIM 3JIEKTPOJIOM C MIOKPHITHEM;

e DJIGKTPOILIAKOBOM CBAPKU M CBAPKHU DJICKTPOHHBIM JTYIOM.

Py4nyio cBapky ajJlOMMHHMS AYroid MJIH ra3oBbIM ILUIaMEHeM BBIMOJIHAIOT C IMOJOTPEBOM
auctoB oT 100 o 400°C; uem Tomule AeTallb, TEM BBIILIE TEMIEpaTypa noaorpesa. s cBapku
YHOTPEOISAIOT ¢hitoc, vailie BCETO Mapku Ad-4a, cozepxaui 50°, XnopucToro
kanusi, 14% xnopucroro smtusa, 8%dropucrtoro Hatpus u 28% XJIOPUCTOTO  HATPHS.
CocTaBbl 21eKmpoOHbIX ROKPbIMUIL MOTYT OBIThH cienytonue: nokpeitue | - 65% ¢aroca AD-
4a un 35% kpuonura u mnokpeitue Il - 50% xnopucroro kamus, 30% Xxja0pucToro HaTpus
u 20% kpuosnta (NazAlFg).

TexHoJiorusi CBapKu.

Jlna 0yzoe0ii ceapku aJIXOMMHMS npumeHAwOm 31ekmpoovt Mapku 03A4-1 co crepxkHeM U3
AITIFOMUHHUEBOM MPOBOJIOKH.

CBapka TOpOU3BOJIUTCA B HIKHEM M BEPTHUKAIBHOM TIOJOKEHUSX TOCTOSIHHBIM TOKOM
oOpaTHOM MOJISIPHOCTH, KOPOTKOM JTyTOM 0e3 MONEPEYHBIX KoJeOaHu.
[Ipu ouamempe >nextpona 4 mm mok oepercst 120:140 A, npu S mm - 150:170 A, a npu 6
MM - 200:240 A.

CBapKy OCYWIECTBIISIOT ¢ mojaorpeBoM m3aenus ao temmneparypsl 200 - 250°C npu tonmmze
Metamia 6 - 10 mm, 300 - 350°C npu 10 - 16 mm,

DneKTpobl nepen ynoTpeodaeHueM 00s13aTeNbHO IIPOCYILINBAIOT 10
temnepatypsl 200°C B meuenue 2 u. Ilocne cBapku NUIaK HEMEIJICHHO YIAJISIOT CTaJIbHOM
LIETKOW C TPOMBIBKOM €ro ropsiuyer BOAOM.

JInst 3aBapku JIMTEMHBIX TOPOKOB B M3JENUAX MIPUMEHSIOT MOKPBITHIE aJIOMUHUEBbHIC
ANEKTPOAbl Mapku O3A4-2.



Dopma no0zomosKu KpomoK noo ceapKy aTiOMUHHUEBBIX CIUIABOB IOJ00HA TOJATOTOBKE MPHU
cBapke crajieil. I1IBbI M0 BO3MOXXHOCTH BBITIOJHSAIOTCS OJHOMPOXOJHBIMM M Ha OOJBIINX
CKOPOCTSIX.

CBapka YroJibHbIM 3JIEKTPOIOM NPOU3BOOUMCS OY20l NPAMO20 OeUCmBUsl, NOCHMOAHHbIM
MOKOM npu npamou noaapuocmu. JIMCTBI TOJIIHHON 10 3 MM KElIaTeabHO CBapuBaTh C
OoTOOPTOBKOM KpOMOK 0e3 mpucajgouyHoro wmarepuaina, CBapka 6o/1ee moJicmbix JTUCTOB
TpeOyeT pa3ienku KpoMoK moxa yriom 60 - 75°u mpumeHeHus npucaaku. KenaTelnbHO
MPUMEHEHNE MACCHUBHBIX MEIHBIX WM CTaJbHBIX MOJKIAIOK I10J] CBAPUBAEMBIC JIACTHI.
MosxHo wucnonb3oBaTh (imoc AD-4a wm ¢uaroc caeayromiero cocrtasa: 45% xnopucmozo
kanusn; 15% xnopucmozo aumus; 30% xnopucmozo nampus; 1%, ¢gmopucmozo
kanusa v 3% cepnoxucnozo nampus.

Tadauua.l.

IIpumepHbIe pe:KUMBbI CBAPKH AJTIOMUHUS YTOJbHBIM 3JIEKTPOAOM

TonumHa cBapHBaEMOro

MeTajnia, MM 1—-2 2—4 4-—6 68 8—12 15
AuaMeTp YroibHOro 2Jek-

Tpoaa, MM 6—8 8—9 10—12 10-—12 1215 15
[AunaMeTp nNpucagovHoro

npyTKa, Mm - 3-4 4—5 4--5 56 6--8
Cuna capoynoro Toka, A | 100—180 180—240 220300 250--350 300—400 350--600

I'azoBasi cBapka aJllOMMHHUSAI U €r0 CIJIaBOB 00ECIEYMBAET YJOBJIETBOPUTENIBHOE KAayeCTBO
CBapHBIX COCJWHEHUN. MONIIHOCTh Ta30BOTO IUIAMEHHM TPU CBapKe MoAOUpaeTcs B
3aBUCUMOCTH OT TOJIIMHBI METAJLJIA.

Ontoc AD-4a pa3BoAIT IUCTWIIUPOBAHHON BOJOW M HAHOCSAT HAa CBApUBAEMbIE KPOMKHU U

MIPUCATOYHBIN MIPYTOK.

Taduauna.2.
Pe:xxum razoBoii cBapku ajJIlOMHHUS.

ToamuHa MeTanna, MM Pacxoa aueTuiieHa, nMJ/‘l

no 1.5 50—100
1.5—3 100—200
3—5 200—400
5—10 400—700
10—15 700-—1200
15—50 900—1200

[Ipu Ta30BO¥ cBapke NPUMEHSIOT TPUCANOYHYIO TPOBOJOKY TOH JK€ MapKH, 4YTO U
CBAapUBACMBIN METAJLIL.

Jna nonyuenuss u coxpameHusi MeIKO3EPHUCMOU CMPYKMYpsl usoeiue nocie CeapKu 8
HEKOmopbIX CAY4asx, Hanpumep npu ceapke aumvlx demaleti, noogepearom omascuzy npu 300 -
350°C c nocneoyrowum meodieHHbIM OXAAHCOEHUEM.



KoHTpoJibHBIE BOIIPOCHI:

OnummuTre TEXHOJIOTUIO BBIIIOJIHEHUS CBAPKU aJTFOMUHUS U €TI0 CIUIaBOB.
TpyaHOCTH IpH CBapKe aIFOMUHUSA U €r0 CILUIABOB.

Kakue cBoiicTBa alfOMHMHMSI ONIPENEIAIOT €r0 CBAPUBAEMOCTh?
MapkupoBKa aTlOMHAHHS U €T0 CILIaBOB.

IIpuBeauTe Mapku CBapOYHBIX aJTFOMUHUEBBIX IIPOBOJIOK.

o0k wbhE

Kakwue cymiecTByr0T ciocoobl 60phObI C OKCHIHOM TUIEHKOW aTtOMUHUSA?

IIpakTuuyeckas padora Nel3

Tema: "Cpapka Turana u Maraus"
Heab padotsl: [Iprobpectu nmpakTUdecKrue HAaBBIKK IPU U3YyYEHUHN CBAPKU THTaHA U MarHUs

Xox BbINOJHEHHA padoThI:
1. O3nakomiieHHE C TEOPETUYECKUMH CBEICHUSIMHU
2. CocraButh onmcanue «CBapka TUTaHA U MarHUs
3. 3aKOHCHEKTUpPOBATh MaTepuai 1o teme: «CBapka TUTaHA U MAarHUsD)
4. OTBeTUTHh Ha KOHTPOJIbHBIE BOIPOCHI.

Teopernyeckue cBegeHUA

CBapka TUTaHA U €ro CIJIABOB

TuTaHoOBbIE CIUIaBbl SIBIISIFOTCS. CPABHUTEIBHO HOBBIMU KOHCTPYKIIMOHHBIMH MaTepHalaMHU.
OHu 005amat0T psAIOM IEHHBIX CBOWMCTB, OOYCIOBIMBAIOIIUX WX IIMPOKOE MPUMEHEHHE B
ABUAIIMOHHOW  TPOMBIIUICHHOCTH,  PAaKETOCTPOCHHUM,  CYJAOCTPOCHUH,  XUMHUYECKOM
MaIMHOCTPOCHUH U IPYTUX OTPACIIAX TPOU3BOJICTBA.

I'1aBHBIE JOCTOMHCTBA 3THX MATEPHAJIOB:

o CoueTaHue BBICOKMX MEXAHUYECKUX XapaKTEPUCTHK U KOPPO3MOHHOM CTOMKOCTH C
MaJIoii IIoTHOCTBIO (4,5 r/em’),

o DBo03MOXHOCTh MOJIy4eHHs] BBICOKMX MEXAHMUYECKHX CBOWCTB INPU TOBBIIIEHHBIX
TeMIepaTypax,

o IlpurogHocts Ay pabOTHl MpU OYEHb HU3KUX TEMIlepaTypax, BIUIOTh 0 TeMIIepaTyphbl
AKHUJKOTO a30Ta,

o CpaBHHUTENBHO XOpOIIasi CBAPUBAEMOCTb,

o  Maublif K03 GUIMEHT TMHEHHOTO PaCIIUPEHNS,

o HenamarunumBaeMocTb,

o BbICOKON aHTUKOPPO3UOHHAS CTOMKOCTB,

o Ilpu ynensHOW IUIOTHOCTH B 4,5 2/cM® THTaH ¥ €ro CIUIaBbl MMEIOT BPEMEHHOE
conpoTtusiicHue om 45 0o 150 Kec/mMM°.

e 3amMeHa cTaJiM TUTAaHOM YMEHbIIIaeT Maccy u3aenuii Ha 20 - 30%o.



e bonpmuHCTBO cIIaBOB 001a1aI0T BHICOKUMHU TEXHOJIOTUYECKUMHU XapaKTEPUCTUKAMH:
e JIOCTAaTOYHO TUIACTHYHBI,

Mo/Aat0TCsl 00paboTKe NaBlieHreM 0e3 HarpeBa,

YIIOBJIETBOPUTEIHHO CBAPUBAIOTCSI.

OTu MaTepHalbl IO CBOMM CBOICTBAM OTHOCATCS K TEIJIOCTOMKUM. Vcronb3oBaHUE CIJIaBOB
HAa OCHOBE THUTaHa OCOOEHHO 5(PPEKTUBHO MO CPABHEHUIO C KOPPO3ZUOHHO-CHMOUKUMU
cmanamu 1o temieparypsl 300350 °C, ac anrwomunuesvimu cnaaeamu — HauwHas ¢ 200
°C. O6uienpu3HaHHBIM TEMIIEPATYPHBIM MPEIEIOM MPUMEHEHUsI OOIBITMHCTBA COBPEMEHHBIX
TUTAHOBBIX CIUIABOB B TEXHHMKE SBIAIOTCA TeMmieparypbl nopsanka 500 °C,a npu
KPaTKOBPEMEHHBIX BO3JIEHCTBUSIX BHICOKMX TEMIIEPATYP ITOT MPEAEI MOXKET OBIThH €I1I€ BBIIIIE.
JInst cBapHBIX U3JEIUN UCTIOJIB3YETCS TEXHUUECKUN TUTAH, COAECPKAIINN TPUMECH T'a30B:

e KHCJOpPOJa, a30Ta, Bogopoaa (mapku BT1-00, BT1-0, BT-1) ,

e QJIIOMHUHUS, XpOMa, MOJIOJIEHA, 0JI0Ba, BaHAIUs, Mapraniia, uepus (mapku BT-5, BTS-

1, BT6, BT8, BT 14).

Tutan Gojee akTHBEH IO CPaBHEHUIO C AJTIOMUHUEM K TOTJIOMICHHIO KHCIOpOAa, a3oTa U
BOZIOpOJia B mpouecce HarpeBa. [loaTomy mpu cBapke TEXHHYECKOrO T'MTaHa HE0OXoauma
0c000 HaJIeXHas 3allUTa OT ITUX ra30B. Takas 3aluTa OCYIIECTBISETCS MPU TYTOBOM CBapke
B UHEPTHBIX raszax (aproHe, renuu) uiaud (IOCOM-NACTOM, HAHOCHMON Ha KpPOMKH
CBAPHMBAEMBIX YaCTEW COOTBETCTBYIOIINUM ciioeM. MHCTUTYT anekTpocBapku um. E. O. IlaTona
paspabotan cepuro crnenuanbHbIx (mocoB-nact (ot AH-TA no AH-T17A), xoropsle mo
COCTaBY SIBJISIFOTCS OCCKUCIOPOIHBIMU (PTOPUTHOXJIOPUAHBIMU. JlyroBasi CBapka TUTAHA U €ro
CIUIaBOB MOKPBITBIMU 3JIEKTPOJAMH, YrOJbHOM Iyrod, a TakKe TIa30BbIM IJIAMEHEM HE
MPUMEHSIOTCS. DTUMU BUIAMH CBAPKU HEBO3MOXXHO O0ECIIEYHTh BHICOKOE KaueCTBO CBAPHBIX
COCIMHEHUH U3-3a CJIIMIIKOM OOJBIION aKTUBHOCTU TUTAHA K KUCIIOPOY, 30Ty U BOJOPOTY.

TpyanocTu npu cBapKe THTaHA:

o BpIcokasg XxnMHUY€ECKasi aKTUBHOCTh TUTAHA TP BBICOKUX TEMIIEpATypax MO OTHOLICHUIO
K aKTUBHBIM Ta3aMm (a30Ty, KMCIOpoAy, Bogopoay). Iloatomy copepkanue 3TUX ra3os
JOJKHO CTPOr0 OrPAaHUYMBATHCSA:

e 0,<2%,

o N2<0,05 %,

« H,<0,01 %.

e bosbas CKIIOHHOCTh TUTAHA K POCTY 3€pHA IIPU HarpeBe 0 BBICOKUX TEMIIEpATyp U
CIIOKHBIM XapakTep (a30BBIX CTPYKTYPHBIX NpeBpamieHuii. PesymbpraToMm 3TOTrO
ABJIIETCA CHU)XKEHHE IUJIACTUYHOCTH W BO3HUKHOBEHHE OOJBIIONW HEOJHOPOAHOCTH
CBOWCTB CBapHOT'O COEIMHEHUS,

o TwuraH u ero crjiaBbl HE CKIOHHBI K 00pa30BaHUIO TOPSYHUX TPEIUH.

B cBsi3u ¢ 3TUM HE0OX0AMMOE YCIIOBUE MOJIYYEHUSI KaYECTBEHHBIX COEIMHEHUN, 0COOCHHO
IpU CBapKe IJIaBJICHUEM, — OOecrieueHre HaJIe)KHOM 3aIUThl OT Ta30B HE TOJIBKO CBAPOYHOM
BaHHbI, HO OCTBHIBAIOIIMX YYAaCTKOB METaJUla IIBa M OKOJOLIOBHOM 30HBI, HAarpeThix 0
temnepartypsl Boiie 350°C.



CBapKy CIUTaBOB Pa3UYHBIX KJIACCOB HEOOXOOMMO BECTH Ha PEXHMMAaxX, 00ECTIeUYMBAIOLINX
HauboJiee ONTUMaJIbHBINA HHTEPBAI CKOPOCTEH OXJIaKIEHUS, IPH KOTOPBIX CTENEHb CHUKEHUS
IUJACTUYECKUX CBOWCTB  OKa3bIBACTCA HaWmMeHblied. lMcexoms U3 JTOro  0-CIUIaBbI
1enecooOpa3Ho cBapUBaTh Ha PEKHMMax C MUHHUMAJIbHOM MOTOHHOW sHepruei, mis (o+f)-
CIUIABOB PEKOMEHIYIOTCS MSTKHE PEKUMBI C MAJlbIMH CKOPOCTSIMM OXJXKACHUA U Ui -
CIUIaBOB — PEKUMBI, 00E€CTIEUNBAIOIINE BHICOKYIO CKOPOCTh OXJIAKICHUS.

Tuman u e2o cnuagvl He CKIOHHbI K 00pA308AHUI0 20PAYUX MpeuwjuH. ITO 0O0YCIIOBIECHO
OJaronpusATHBIM cOYeTaHUuEM (PU3MKO-XMMHUUYECKUX CBOWCTB TUTaHA U €ro CIIaBOB, @ UMEHHO
MaJIOM BEJIMYMHOW JIMTEMHOM YCagKM B COYETAHUMM C IIOBBILICHHOM IIPOYHOCTBIO U
IUTACTUYHOCTBIO B 0O0JIACTH BBICOKUX Temreparyp. [Ipu cBapke B OOJIBIIMHCTBE CIy4yaeB
HCIIOJIB3YIOT JIEKTPOAHYIO IIPOBOJIOKY, IO COCTAaBY aHAJOTUYHYIO OCHOBHOMY METaJLIy.
OaHMM W3 OCHOBHBIX J€()eKTOB MeTajula IIBa MPU CBapKe THTAaHA €ro CIUIABOB SIBISETCSA
MOPUCTOCTh. YacTo BCcTpeuyaeTcs Takke oOpa3oBaHHE XOJIOIAHBIX TPEIIUH, BOZHUKAIOLUX MPU
ITOHMKEHHOM IIJJACTUYHOCTH, BCJIEACTBHE HACBIIICHHsS METaula Ta3aMH, B IEPBYIO OYEPEdb
BOJIOPO/IOM, IIPUYEM XOJIOJHBIE TPELIUHBI B TAKMX COEAMHEHUSAX MOTYT 00pa30BBIBATHCS MPU
XPaHEHUHU CBApHBIX KOHCTPYKLIHM.

C ueabl0 mnpeaynpexjaeHusi MOp MNPU CBapKe TUTAHA M €ro CIUVIAaBOB HCHOJb3YIOT
pa3IuYHbIe CIOCO0bI, KOTOPbIE MOKHO Pa3/ieJIUTh HA TPHU IPyINIbI:
1. VYmeHblIeHHE KOJMYECTBA aJCOPOMPOBAHHON BJIaru Ha KPOMKax CBapUBAEMBIX JeTaslel
U TOBEPXHOCTU CBApPOUYHOM IMPOBOJOKH, a TAKXK€ CO3-JaHUE YCIOBUW I yIAJCHUS
BJIary U3 30HBI CBAPKH 70 (DOPMUPOBAHUS CBAPOYHOU BAaHHBI;
2. HUcnonp3oBaHue peXMMOB CBAapKH, 00ECMEYMBAIONIMX HanOoJiee MOJHOE ynajeHHe U3
CBApOYHOM BaHHBI BOJOPO/IA;
3. Cps3piBaHMEe W WHTEHCHU(UKAIUS BBIJACICHHUS BOJOPOJA M3 CBAapO4Y-HOM BaHHBI C
HCITOJIb30BaHHEM (ITIOCOB.
CHmKeHue KOJM4ecTBa aJcOpOUPOBAHHON BJIATH JOCTUTAETCS 3a CUET IMOBBIIMICHUS YUCTOTHI
00paboTKH, a TaKXKe periaMeHTAIlMH YCIOBUH M CPOKa XPaHEHHS MOATOTOBJICHHBIX K CBapKE
netaneid. J[pyruMm HampaBiIeHHEM CHIDKEHUSI TOPUCTOCTH U3-3a aJCOpOUpPOBAHHOW BIIaru
MOXET OBITh MpefoTBpalleHue (OPMHUPOBAHUS 3aMKHYTHIX MOJOCTEH B 30HE CThIKA. JTO
JNOCTUTaeTCs npU ceapke c 2apanmupo8aHHbIM 3azopom. Hanbonee
b (HeKTUBHOE npedomepauieHue nop pyu CBAPKE TUTAHA M €ro CIUIABOB JIOCTUTACTCS TPH
WCIOJIb30BaHUM (PJIFOCOB Ha OCHOBe rainoreHoB. llpu aproHomyroBoil cBapke Qurocom
MOKPBIBAIOT TOPLIOBbIE MOBEPXHOCTH CBAPUBAEMbBIX KPOMOK TOHUAWIIIUM CJIOE€M B BUJE MACTHI,
3aMEIIaHHOW Ha CIIUPTE.
Jlnst coenuHEeHUsT JeTanieii U3 TUTAaHOBBIX CIUIABOB MPUMEHSIOT OCHOBHBIE CIOCOOBI CBAapKH
TUTaBJICHUEM (IyrOBYIO C MECTHOW WM OOIIEeH 3aluToi B MHEPTHBIX ra3ax, moj ¢urocom,
ANEKTPOIIIAKOBYIO U Jp.). Ilpu cBapke B armocdepe WMHEPTHBIX Ta30B HEIJIABAIIUMCS U
MJIABAIMIUMCS DJIEKTPOJaMHU HCIOJB3YIOT aproH BbIcHIero copta wiu renuil. [Ipu cBapke c
MECTHOM 3aIllUTON HMCTOJB3YIOT PA3JIMYHbIE HACAIKH, 00ECIICUUBAIOIINE 3aIUTy OCHOBHOTO
MeTaJlJla, HarpeTroro cBeiiie temneparypsl 400 °C. 3amura co3JaeTcsi HE TOJIBKO C JIMIEBOM
CTOPOHBI JE€TaIH, HO U C OOpAaTHON CTOPOHBI COEUHEHHUS. [IJIs1 3TOTO UCTIONB3YIOT MOAKIAIKH
U3 MOPUCTOTO MaTepuaja WIH CleUalIbHBIX KOHCTPYKIHM, 00€CIeYMBaIOMINX MOABOJ rasa C



HUXKHEH cTopoHb! mBa. Hanbonee crabuibpHOM 3amuTol sBsieTcst oomas 3amura. O KauecTse
3alIUTBI 30HBI CBAPKW MOXKHO CYJIHTh 110 BHEIIHEMY BHJy CBapHbBIX coeauHeHuil. [Ipum
XOpOIIeH 3aluTe MOBEPXHOCTh METalla B 30HE CBApKH HMMeEeT cepeOpucTeiii mBer. [lpm
HEJI0CTATOYHOM 3allUTe TOSIBISIFOTCS IBETA MOOEKAJIOCTH, a TIPH IJIOXOW — cephie U Oypbie
HaJIETHI.

Tutan Oojee aKTHBEH IO CPABHEHUIO C AJTIOMUHUEM K TOTJIONMICHHWIO KHCIOpOAa, a30Ta U
BOJIOpPOJIa B TpoIlecce HarpeBa. [103ToMy HpH CBapKe TEXHHYECKOTO TMTaHa HEoOXoauMma
0c000 HaJIe)KHAas 3aluTa OT ITUX Ta30B. Takas 3allluTa OCYIIECCTBISCTCI HPU O0Y20680il C8aApKe
6 UHepmMHBIX 2a3ax (apzoHe, 2enuu) uau @AOCOM-nACHON, HAHOCUMOW Ha KPOMKH
CBapMBACMBbIX YacCTEH COOTBETCTBYIOMUM clioeM. MHCTUTYT 3nektpocBapku uM. E. O. Ilatona
paszpabotan ceputo crnenuanbHbix ¢maocos-nact (ot AH-TA go AH-T17A), xotopsie Mo
COCTaBY SIBJISIIOTCS OCCKUCIOPOIHBIMU (PTOPUAHOXJIIOPHIHBIMU. /[y206as ceapka mumana u
€20 Chi1ae08 NOKPLIMbIMU IJIEKMPOOAMU, Y20JIbHOU OY20il, A MAKMHCE 2A308bIM NIIAMEHEM He
HpUMEHAIOMCA. DTUMHA BHUJIaMH CBAapKH HEBO3MOXKHO OOECIICYHTH BBICOKOE Ka4eCTBO
CBapHBIX COCAMHCHHMM M3-3a CIIMIIKOM OOJIBIION aKTUBHOCTH THUTaHA K KHUCJIOPOIY, a30Ty U
BOJIOPOTY.

TexHMYeCKHMH TUTAH COCAMHAIOT:

e APrOHOIYIOBOW,

e JIyroBOM 1moj (hIrocoM

e U HEKOTOPHIMH BUJAMH CBApKH JIaBlieHUEM (Hampumep, TudQy3noHHON).
Jasi  cBapkm  moa  (uI0ocOM NPUMEHSAIOT  OECKUCIOpOJHbIE  (QTOpUAHBIE  (DIIFOCHI
cepun AHT. Mapky ¢itoca BRIOHparOT B 3aBUCUMOCTH OT TOJIIIIMHBI CBAPHBAEMOTO MeTajlia.
CBapKy OCYIIECTBJISIOT Ha TOCTOSSHHOM TOKE OOpaTHOM TOJSPHOCTH M BBIMOJHSIOT Ha
MeIHOM, (roco-MenHOW TonaKiIaake wuiu (QIICoBON moaymike. @uwoc neped ceapxou
npokanusarom npu Temneparype 200-300 °C.
IIpu »>eKTPOULIAKOBOW CcBapKe THTaHA M €ro CIUIABOB Ui IIBOB  HEOOJBIION
MPOTSHKEHHOCTH MCIOJIB3YIOT IUIACTUHYATBIE JJIEKTPOJbI MOAUWUHOU 8—12 Mm U MIUPUHOU,
pPaBHOM TOJIIIMHE CBAPUBAEMOI'0 METAJlIa, IUIACTUHYATBIA 3JEKTPOJ BBIMOJIHAIOT U3 METAJNA,
M0 XUMUYECKOMY COCTaBy aHaJOTUYHOMY COCTaBY CBapMBaeMOro METaJla.
CaapHhble COCJIMHEHUS, BBIMIOJTHEHHbBIE AJIEKTPOIIIAKOBON CBapKoii, UMEIOT
KPYIMHOKPUCTAJUIMYECKYI0 CTPYKTYpYy. OJIHako B OOJBIIMHCTBE CJIy4aeB M IPOYHOCTHBIE
CBOICTBa OJM3KM K OCHOBHOMY METAJUTy IIPHU XOPOIlIeH MIaCTUYHOCTH.

CBapka MarHueBbIX CILUIABOB

Marnuii obnagaeT emie OOJBIIUM CPOJCTBOM K KHCIOPOAY, YeM THTaH; MOITOMY €ro
CBAapUBAEMOCTb XYK€ CBAPUBAEMOCTH TUTAHA.

Marunuii, coeAuHSACh C KUCIOPOJOM, OOpa3yeT TYTOIJIaBKYI0 U TSDKEIYyI0 OKHCh MarHusl.
TemmepaTypbl TMUIaBJICHUST MarHWsl M OKHCH MarHAsS COOTBETCTBEHHO paBHBI 651 wu
2150°C,ynenpHble MIOTHOCTH - COOTBETCTBeHHO 1,74 u 3,2 z/cmg, T.e. moutu B 1,5 paza
MEHbIIIE TNIOTHOCTHAIOMUHUA U B 4,5 pa3a MEHBIIIE TUIOTHOCTH Jcele3d, TI0O3TOMY yIelbHbIC
MOKa3aTeI MEXAaHUYECKUX XapaKTEePUCTHK MHOTHX CIJIABOB Ha OCHOBE MAarHusi MpeBOCXOSAT
aHAJOTUYHBIE TOKA3aTeNM CBOMCTB JAPYrux marepuayioB. IIOTHOCTh MAarHUEBBIX CILIABOB -



okono 1,8 /cm®. BpeMeHHOE CONPOTHBICHHE CIUTABOB MPH PACTSIKEHHH cocTaBisier om 21
00 34 kec/cm’.

Marauii 1 ero cIuiaBbl SIBISIOTCA HAWOOJIEE 1ecKUMU KOHCMPYKYUOHHBIMU MAMEPUALIAMU.
Haunbonee pacipocTpaHEeHHBIMH JIETUPYIOLIMMU JIEMEHTAMU B MArHUEBBIX CILIABAX SIBIISIOTCA
ATIOMUHUN U [TUHK.

OTIMYMTEeILHOM YEePTOM MarHMsl U €ro CIUIABOB SIBJISIETCS MOBBINIEHHAS! YyBCTBUTEIBHOCTD
K KOPpO3UHU BO MHOTHX CpefaX. IT0 0OBACHAETCS TEM, YTO OKCUHASI TJIEHKA Ha IOBEPXHOCTH
MeTajula pbIXJias U He 00J1aJaeT BBICOKMMH 3aIUTHBIMU CBOMCTBaMHU, HalpuMep OKCHIHAs
TUIEHKA Ha aJIFOMUHHUU.

Marnuii — oaMH M3 Han0oJiee AKTHBHBIX MO OTHOLIEHHIO K KHCJOPOAY MeTauioB. B
pe3ynbpTare ero okucieHus odpaszyercs okcua MQO, mokpeIBarOmul MOBEPXHOCTh METalIa
mieHkor. Temneparypa miaBienus okcuoa mazuua 2800 °C, minotHOCTS 3,65 2/em®. B cBsiz ¢
BBICOKOW TEeMIIEpaTypoOil IUIABJIEHUs OKCHJIHAs IUIEHKA HAa MarHWEBBIX CIUIABaX, TAKK€ KakK U
IIpU CBapKe aJIOMUHUS, 3aTpyaHsAET 00pa3oBaHuE OOIIEl CBApOUYHON BaHHBI M JOJKHA OBITh
paspylleHa WM yjaajieHa B Ipouecce CBapKu. OKCUOHAs NIeHKA HA MACHUEeBblX CHIa6ax
OMAUYAEMCS PLIXTIOCMbIO U CNOCOOHA YOEPHCUBAMb OONbUIOE KOIULECNBO 61A2U.

Booopoo odonaoaem cnocobnocmulo pacmeopamuvci 6 MACHUU 6 20pA300 001buiUX
Konuuecmeax, uem 6 anwomunuu. llpu TemmepaType IUIaBIEHHS MeTayla B HEM
pactBopsieTcs 0o 50 em*/100 2veranna u PE3KO CHMXAETCS MPU KpUCTAILTHU3aUuK. B cBs3m ¢
MOHIKEHUEM PACTBOPUMOCTH BOAOPOJIa B JKHJIKOM METajule MPU OXJAXKICHUU HMEETCS
BO3MOKHOCTh BBIJICTICHUSI €T0 B BHJE MY3bIPHKOB W 00pa30BaHHs Ta30BbIX mop. Mepamu
CHUKEHHUS MOPUCTOCTU MPU CBAPKE MAarHUEBBIX CIUIABOB SIBJISIETCSI YMEHbILIEHHE TOBEPXHOCTH
OCHOBHOTO W TMPHUCAJ0YHOTO0 METAJJIOB, YYaCTBYIOIIMX B 00pa30BaHUM IIBOB, M MPUMEHEHUE
TIIATEIBHON 00pa0OTKM MOBEPXHOCTH MPOBOJIOKA U CBApPUBAEMBIX KPOMOK TEpe] CBAPKOM.
[Ipn kpucramM3alMu MarHus B MeTalule IIBa 00pa3yeTcss KPYMHOKPUCTALTUYECKas
cTpykTypa. [losiBneHrne 3BTEKTUKHU 0 TPAHULIE 3€PEH B BUJIE CILIOMIHBIX IPOCIOEK MTPUBOAUT
K 00pa30BaHMIO TOPAYUX TpeIIuH. [loBBINIEHHE COMPOTUBISAEMOCTH CIIABOB K 0Opa30BaHUIO
TOPSYMX TPEIIUH JOCTUTACTCS BBEACHHUEM B MX COCTaB MOJIU(MUKATOPOB.

[Ipu cBapke MarHUEBBIX CILJIABOB, YNPOYHSIEMBIX TEPMOOOPAOOTKON HapsIy C YKPYIHEHHEM
3epHa B 30HE TEPMHUYECKOTO BIUSHUS, BO3MOXKEH pacnaj TBEPAOro pacTBOpa U OIUIABIICHUE
TpaHUIl 3epeH. DTO MPHUBOJIUT K Pa3yNpPOYHEHHUIO METallla OKOJomoBHOU 30HHEI (10 0,7-0,9
MPOYHOCTH OCHOBHOTO METajlJla) M MHOTAA K OOpa3oBaHUIO TPEUIMH. B CBA3M C BBICOKUM
KOA((HUIIMEHTOM TETUIOBOTO PACIIUPECHHS] MAarHUEBHIX CIUIABOB B CBAPHBIX COCAMHECHHSIX
BO3HUKAIOT OCTATOYHBIC HAIMPSDKEHUS MPU CBApPKE, BBI3BIBAIOIINE KOPOOJIECHUE KOHCTPYKIUH.
Jledbopmariun MOTYT CMOCOOCTBOBATH BO3HUKHOBEHHWIO TpemuH. JIJIsi mpemynpeskacHus
TPEIIUH U YMEHBIICHUS AeGopMaIuii, 0cCOOCHHO ISl TOJCTHIX JIeTaliel, B HEKOTOPBIX CIydasx
PEKOMEHAYETCsl CBapka C MOJOIPEBOM, a MHOrJa U TocleAyrolas TepMooOpaboTka Juis
CHSTUS HAMPSKCHUH.



MarsueBble CIUIaBbl CBapHBAIOTCH 601bHPAMOBHIM INEKMPOOOM 6 3AWUMHOU cpede
apeona.

TI'azo6aa ceapka, 0yzoeasa ceapka NOKPLIMbLIMU INEKMPOOAMU U Y20TAbHBIM ITIEKMPOOOM
HpUMEHAIOMCcA pPeodKo. AprOHOIYTOBYI0O CBapKy pPEKOMEHIYETCS TMPUMEHSATh [JIsi BCEX
MarHueBbIX CIUIaBOB. ['a30BYyI0 CBapKy MOXHO IPUMEHSTH TOJBKO ISl CIJIABOB Mapok MAI,
MA2, MA8, MJI2, MJI5 u MJI7 v nuiib ¢ ipuMeHenrem ¢roca u3 GTOPUCTBIX COJICH.
Haumnyymum  darocom  cumrtarot ¢ghaaroc BD-156 (33,3%  dropucroro  Gapus, 24,8%
dropucroro wmaraus, 19,5% ¢topucroro mutusa, 14,8% @ropucroro xambius, 4,8%
HaTPHUEBOI'0 KpUONIHTA, 2,8% OKUCU MarHus).

H3 ecex cnoco6oeé ceapku O0CHO6HOe 3HA4YeHUe 6 HACHMOAUlee 6pems  UMelom
Ccnocoosl 0y2060il C6APKU MAZHUEBHIX CNIIABOE 6 Cpede ap2oHA 60bPpamosvim u
naagawumca Inekmpooamu. [Ipu cBapke HTUMH crOcOO0aMHM MCKIIIOYAETCS OIMACHOCTb
KOPpO3UH, BBI3BAaHHOU ocTaTkaMu ¢uirocoB. OCHOBHOE U HamboJee kKenareaIbHOe COeTUHEHUE
cThIKOBOE. CBapka HMX MPOU3BOAMTCS Ha MOJKIAIKAX C JOCTATOYHO TIYOOKHMH KaHABKAaMH,
o0ecreynBaroMMHU yIaJeHUEe OKCUIHBIX BKIIOUEHUN B MPOIUIaB. B CBsI3u ¢ HEIOCTaTOYHOM
MJIACTUYHOCTHIO MAarHUEBBIX CIUIABOB OTOOPTOBKA KPOMOK Jake JJIsi METaJlJla MaJIbIX TOJIIUH
MpPaKTUUYECKH HE mpumeHsierca. BcThik 0€3 ckoca KPOMOK pPEKOMEHIYETCS CBapuBaTh
COCIMHEHUSI TOJBKO 3a OJWH MPOXOJ NpH OJHOCTOPOHHEN CBapKe Ha NPOKIAAKaX.
JIByCTOpOHHSISI CBapKa CTHIKOBBIX COEIMHEHHI 0€3 pa3Iesiku KpOMOK HE PEKOMEHYETCs U3-3a
OTACHOCTH MOSIBJICHUS B IIBAaX OOJIBIIIOTO KOJUYECTBA OKCUIHBIX BKIIFOUCHUH.

[Ipu cBapke coelMHEHWII U3 MeTajlla TOJIIUHOUN 0o1ee 6—10 mm NPUMEHSIOT pa3lENKy C
OJTHOCTOPOHHMM CKOCOM KPOMOK U [JIi METaJUla TOJIIMHON 6osnee 20 mm nipy HAIUYUHA
JBYCTOPOHHETO MOAX0/1a — pa3JIeJKy C JIBYCTOPOHHUM CKOCOM KpOMOK. B mociegHem ciydyae
nepes BHITIOJIHEHHWEM IIBa C OOpaTHOM CTOPOHBI HEOoOXoIMMa MpeaBapuTeIbHAas pas3zielika
KOpPHSI TIEPBOTO IIIBA.

HenocpeacTBeHHO nepen cBapkoil MOBEPXHOCTh KPOMOK CBapUBAeMBbIX AETajleil MOABEPraroT
CrielagbHON 00paboTKe ISl yJAajdeHUs OKCHIHOW WJIM 3allMTHOH IUJICHOK ¥ HMEOIIHXCS
3arpsi3HeHUi. /[ amoil yeau noeepxHocmy 3auuuaiom wabepom uiu CmatbHblMU WemKamu
unu 0bpabamvleaom 8 XUMUYECKUX 6AHHAX CNEYUATbHO20 COCMABA.

Jsi  cBapkM KOHCTPYKIMH M3 MArHHeBBIX CIUIABOB IPUMEHSAIOT: DYYHYIO U
aBTOMATHYECKYIO0 aprOHOAYTOBYIO CBapKy BOJB(PAMOBBIM 3JIEKTPOIOM U aBTOMATUYECKYIO
CBapKy BOJIb()PAMOBBIMH 3JIEKTPOJaMU Tpex(a3zHOW Ayroil B Cpelie aproHa MepBoro COCTaBa.
CBepKy BBITIOJIHSIOT HA CTANBHBIX MOJAKIAAKAX C KaHaBKaMu s (popmupoBanus npormasa. C
LEJIBI0 Pa3pyLICHUs OKCUIHOM IIJIEHKU MCIIOJIb3YIOT IIEPEMEHHBIN TOK.

PydHoli u aBTOMaTHuyeckod CBapKoW BOJb()PPAMOBBIM HIIEKTPOAOM BCTHIK 0€3 paslienKu
KPOMOK 3a OJMH IPOXOJ MOTYT OBITh CBapeHbI JIMCTBHI TOJIIMHON 2—6 mm. Jlns meTanna
TOJIIIMHOM 00/1ee 5 MMMOXKET ObITh UCIIOIb30BaHA AYrOBasl CBapKa IUIABSIIUMCS JIEKTPOIOM
CO CTPYHHBIM IIEPE HOCOM DJIEKTPOHHOTO Merajuia. IIponecc Benercs Ha MOCTOSHHOM TOKE
oOpatHoii momsipHOCcTH. CBapka IUIABALIMMCS JIIEKTPOJOM o0coOeHHO 3¢ddexTuBHa A
COEJMHEHHUs1 MeTaa Oonblioi TosnmuHbl. [Ipu cBapke BCThIK 0e3 ckoca KPOMOK 3a OAMH
MPOXO/ IIABSIIIAMCS 3JIEKTPOAOM MOTYT OBITH CBAPEHBI JIUCTHI TOMIUHON 5—10 MmMm.



KOHTpOJILHbIe BOIIPOCHI:

1. Kakoe HanpspkeHHE XOJIOCTOTrO X0Ja JIOMYCTUMO JIJIsl CBAPOUYHBIX MCTOYHUKOB MTUTAHUS
JyTU?

2. B uem 3akmouarorcs 0COOEHHOCTH CBApKH TEXHHYECKOTO TUTaHA M €ro cruiaBoB?Ux
TIOBEJICHUE TIPH CBapKe.

3. B yem 3akirouaroTcs OCHOBHBIC TPYHOCTH CBapKH IIaBJICHUEM TUTAaHA U €TO CTUIaBOB?

&

[ToueMy 1I0X0O CBapUBAIOTCA MarHUil U €ro CILJIaBbI?
5. Ilouemy He NPUMEHSIIOT TYTrOBYIO CBAapKy MOKPBITHIMHU 3JEKTPOJAMHU JJIsi TUTAHOBBIX
CILIaBOB?

IIpakTuyeckasi padora Nel4

Tema: OOmas XxapakTepUCTHKa IIpoLiecca HallJIaBKH.
Heab padorsl: [IpnoOpecTy nmpakTHYECKUE HABBIKM MPU M3YYEHHH OOIIEH XapaKTEepUCTHKU
Ipolecca HaIlulaBKy, CBOMCTB HAIJIABJIEHHOTO CJI0SI U IPUMEHEHUE HAIUIaBKU.

Xoa BbINIOJIHEHNSI PadOThI:
1. O3zHakomIleHUE C TEOPETHUECCKHUMH CBEJICHUSIMHU
2. OTBeTUTH Ha BOIMPOCHI TEMATUUYECKOTO TUKTaHTa Mo Teme «OO0Imas xapakTepucTHUKa
rpoluecca HarjIaBKm»

Teopernyeckue cBeIeHUs
OnHoil U3 BaKHBIX OTpaciell COBPEMEHHON CBAPOYHON TEXHUKH SIBJISIETCS HATUIABKA.

HamuiaBkoii Ha3bIBaeTCsl npouecc HAHECEHUsA Cl0A PACHIAGIEHHO020 Memanila Ha
NO6EPXHOCHIb MEMAIUYECKO20 U30eNUs.
HanuaBkoii Ha wu3geauu o0pa3ylOT NOBEPXHOCTHBIN CJI0H (MM CJIOM) C OCOOBIMH
CBOMCTBAMM:

e  HM3HOCOCTOMKOCTb,

e KHCIOTOYIOPHOCTb,

e JKAPOCTOMKOCTB,

e aHTU(QPUKIIMOHHOCTD U JIP.

N3HocoCTOHKOCTL —  CHOCOOHOCTH ~ MaTepHuaja  CONPOTUBIATHCS  MOBEPXHOCTHOMY
pa3pylLIeHUIO MO/ JEHCTBUEM BHEUTHETO TPEHHUS.

Koppo3uonHass cTOMKOCTb — CIOCOOHOCTh MaTepualla CONPOTUBIATHCA  JIEHCTBHUIO
arpecCUBHBIX KMCIOTHBIX, IETOYHBIX CPEL.

ZKapocToiKoCTh — 3TO CIIOCOOHOCTh MaTepuaja CONPOTUBIATHCS OKUCIEHUIO B Ta30BOM
Cpele Ipu BBICOKOM TEMIIEPATYPE.



/Kaponpo4HocTh —3TO CIOCOOHOCTh MaTepualia COXpaHATh CBOM CBOMCTBA NPU BBICOKUX
TemiepaTtypax.

XJ1a10CTOMKOCTh — CIIOCOOHOCTh MaTepHalla COXPAHATh IUIACTHUECKHE CBOICTBA IpHU
OTpHULATENIbHBIX TEMIIEpaTypax.

AHTH(PPUKIUOHHOCTB — CIIOCOOHOCTh MaTepHajia NpupadaThIBAThCA K IPYroMy Marepuaiy.
(cmocoOHOCTH MaTepHasia 00ecrneuynBaTh HU3KUNA KOI(DPUIIMEHT TPEHUS CKOJBXKEHUS U TEM
caMbIM HM3KHUE MOTEpU Ha TPEHHUE U MaJTyI0 CKOPOCTh U3HAIIMBAHUS CONPSDKEHHON JeTasn).
Hannaexy ucnonv3yrom Kkax 6 peMonmuom oeie, max u npu u320mosieHuu Ho8blx 0emaJell.
HannaBneHHbI MeTal CBsI3aH C OCHOBHBIM METAJNIOM BEChbMa MPOYHO M 00pazyeT OJHO
neinoe ¢ um3genueM. TommmHa ciosg or 0,5 mo 10 MM m Oosnee. DTo oauH M3 Hamboee
pPacIpoCTPaHEHHBIX CIIOCOOOB MOBBIMIEHUS M3HOCOCTOMKOCTH M BOCCTAHOBJIEHMS JA€Tajed U
KOHCTPYKIIMM.

HamutaBka mo3BosisieT co3/1aBaTh OMMETANINUYECKUE U3/ENNs, Y KOTOPBIX BBICOKAsl MPOYHOCTh
Y HU3Kasi CTOUMOCTb COYETAIOTCS C OOJIBILION T0JITOBEYHOCTHIO B YCIOBUAX HKCIUTyaTallUU.
MHorokpaTHO€ MOBTOPHOE BOCCTAHOBJIEHHE W3HOIIEHHBIX JIeTajlell BO MHOI'O pa3 yMEHbIIAeT
pacxoJl MeTajuIa AJisl U3rOTOBJICHUS 3allaCHbBIX YacTel 000pyI0BaHMUA.

N3-3a n3HOCa neraneil exxeronHpie yObITKY B IPOMBIIIIEHHOCTH BCEX CTPAH MUpPA COCTABIISIOT
MHOTHE MUJUTHAP/IbI 10JJIAPOB, MTOCKOJIBKY MPU OCTAaHOBKAaX 00OpYyI0BaHMS (CBSI3aHHBIX C €T0
PEMOHTOM) BBIITYCK MPOIYKIIUU HA MPEIIPUSITHH CHUKAETCS.

B npouecce 3xkcniiyaTanuu U3ae/ust MOJABEPralTCs CJaeayImUM BUIAM H3HOCA:

1. U3Hoc «MeTalJl MO MeTAJLIY» — INPU TPEHUM Kau€HUS U CKOJIbKEHHUS JeTajnei
OTHOCUTEJIBHO JPYT JApyra C HEJOCTATOYHBIM KOJMYECTBOM CMa3KHU WM COBceM 0e3
HEe.

2. YnapHblii M3HOC — MPOUCXOIUT MPH YAAPHBIX M CKUMAIOIIMX HArpys3kax, KOTOpbIE
MPUBOIAT K CMSATHUIO, CKaTUIO M PACTPECKUBAHUIO paboueil MOBEPXHOCTH.

3. CoBMecCTHBII yIapHO-a0pa3uBHbIIl U3HOC — TPOUCXOIUT MPHU BO3JACUCTBUH yIapHBIX
Harpy30K M peXyIllero AEHCTBHS CKOJB3SIIMX MO UHCTPYMEHTY TBEPABIX YacCTHL, YTO
MPUBOAMT K BBIKPAIIUBAHUIO, PACTPECKUBAHUIO U CTAYMBAHUIO pAOOUYHMX MTOBEPXHOCTEH.

4. VHTeHCHBHBI a0pa3uBHBII M3HOC — TMPOUCXOAUT B pe3yibTaTe BO3JACHCTBUSA
CBIIMMYYUX MATEPHAJIOB, MPUBOJSIIETO K CTAUMBAHUIO U APO3UM paboyeil MOBEPXHOCTH.
Ero pa3HOBUAHOCTBIO SABIISETCS M3HOC THUIA «METAJLI IO 3€MJIE», BCTPEYAIOIIUNUCS y
000pyAOBaHUS, UCTIOIB3YEMOTO MPHU 3eMIIepOHBIX paboTax. Takke pasHOBHIHOCTHIO
€ro MOKHO CUMTATh APO3MOHHBIN M3HOC MPHU BO3JACHCTBHM Ha pabOuyyl0 MOBEPXHOCTD
3albUICHHOI0 ra30BOTr0 MOTOKA.

5. Koppo3noHHbIiI HM3HOC — MPOUCXOJUT B pe3yJbTaTe KOPPO3MOHHOTO BO3AECUCTBHUS
OKPY)KaIOIIE Ccpefpl, a TaKXKe BCIEACTBHE OKHUCICHMS IPU  IOBBIIICHHBIX
TEeMIIepaTypax.

6. KaBuTanuoHHBIii H3HOC — IMEET MECTO B TUAPABINYECKUX CUCTEMAX.

Ha mpaktuke OOBIYHO peasbHBIII W3HOC SIBISETCA pE3YylIbTaTOM KOMOWHHUPOBAHHOTO
BO3JEUCTBUS HECKOJBKMX YKa3aHHBIX BBIIIEC BUIOB M3HOCA, IPUYEM IIOYTH BCErAa OJHMH W3
HHUX [PEBAIUPYET.



[IyreM HamiaBku Ha pabodeld NOBEPXHOCTH M3JAEIUS MOJydaeM CIUIaB, OOJafaroIui
KOMIUIEKCOM CBOMCTB - HM3HOCOCTOMKOCTBIO, KHCIOTOYHNOPHOCTBIO, >KapOCTOMKOCTBIO U
T.A. Macca uannaenenno2o memanna He NPeGbIULAEn) HECKOAbKUX NPOYEHMO8 Om MAacchl
uzoenus. [Ipy peMOHTE BOCCTaHABIMBAIOTCS II€pBOHAuYalbHbIE pPa3Mepbl M  CBONCTBA
MMOBEPXHOCTH JIETAJIEH.
VYBenuueHue CTOHKOCTH BaKHO, €CJIM OT Hee 3aBHCUT paboTa TOro WJIM MHOTO arperara, a ero
3aMeHa CBs3aHa C IIPOCTOEM.
JUis NIpOTUBOCTOSIHUSL M3HOCY pabodMe IMOBEPXHOCTH HEOOXOAMMO YHpOouHSITh. OIUH U3
Haunbosiee 3¢ (PEeKTUBHBIX CIIOCOOOB YIPOUHEHUS — 3JIEKTPOAYTOBasl HaIlIaBKa. JTO HEJOPOron
METOJI MPOJJIEHUS] CPOKA CIYKObl METAIIMYECKUX HU3/EIUNA HAaHECEHHWEM Ha UX MOBEPXHOCTb
3amuTHOrO cjosi. OH TOpHUMEHSIETCS HE TOJBKO MJIi PEMOHTa HW3HOIICHHBIX AJIEMEHTOB
KOHCTPYKIIMM, HO W JJI NPUIAHHUs OCOOBIX CBONCTB MOBEPXHOCTSIM HOBBIX M3JEIHH Imepen
BBOJIOM HX B 3KCIUTyaTalHIo.
Ilomumo yBeJMYeHHS CPOKA IKCILUIYATAUMHU M3/1eJIUi, MeTO] HANJIABKM MMeeT U Apyrue
JOCTOMHCTBA:

o Cokpalaercsi KOJIMYECTBO 3alaCHBIX YacTel AKCILTyaTHPYyEMOro 000pyJOBaHUS.

o VYBenmuuuBaetcs 3¢(HEKTUBHOCTD IKCIUTyaTallui 000pYI0BaHUS B CBSI3U C COKpAILlEHUEM

BPEMEHU €T0 MPOCTOS.
e OcHoBHasg 4acTh (OCHOBa) JETAJid MOXET OBITh BBIMOJHEHA W3 JICHIEBOU
HU3KOJIETUPOBAHHOMN CTaJIH.

o CHmXaroTcs pacxo/ipl Ha 00CTyKUBaHHE 000PYIOBaHUSI.
IIpumensiercs:

e Jyro,asd,

e IJJa3MEHHO-1YIoBas,

e BHUOpOIyroOBas,

e HMITYJIbCHO-yroBas,

e 3JIEKTPOLLIAKOBAS,

e UHAYKUUOHHA,

e Tra3oBas HaIUIaBKa.

Haubonpmmii 06beM HamIaBOYHBIX paObOT BBIMOJIHACTCS dJICKTPUUIECKONW CBAPOYHOM JYTOI.
Ilpu nannaske 6 omauuue om CeapKu 6 npoyecce yuacmeyem HeOOIbUoe KOAUYeCmseo
OCHOBHO20 Memanna 6 c6A3U ¢ HebONbUWlol 21yOUHOU NPONIAGLEeHUs; NOIMOMY GHYMPEHHUE
Hanpsdicenus u oegpopmayuu u30enus, CKIOHHOCMb K 00paA3068aHuI0 mpeuwjur He3HauumeabHbl.
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Puc. 1.0cnoenvie cnocoowt nannaeku niagienuem:

A — YroNbHBIM 3J1eKTpooM (1), paciiiaBlieHHeM ChIITy4Yero HaIIaBOYHOro CIuiaBa (2);
B — HOKPBITHIM 371eKTPoIoM (1) WK JICTUPYIOLIUM ITOKPBITHEM (2);

B — HemnaBsammMcs BoIb(PpaMOBBIM 3J1EKTPoA0M (1) B MHEPTHBIX razax

C 3aJIciICTBOBaHUEM MPHUCATOYHOTO MPyTKa (2);

I' — mnaBsimumcs snextpoaoM (1) B 3anuTHOM rase;

JI — cBapka maBsieics mpoBosiokoit (1) moa durocom (2);

E — nenroii nnassimeiics (1) B 3ammTHOM rase (1moj GiarocoM);

K — crpyeit mnazmoTpona (1) ¢ HaJIOKEHHBIM UJIU CIICYCHHBIM

U3 TIOPOIIKOB HAITABOYHOTO MaTepuaia (2);

3 —mnaBsammmMes tekTpoaoM (1) ¢ mepemernaeMbiM MEIHBIM MTOJI3YHOM (2),
HaruiaBjsiemMast aetaib (3); HalIaBJICHHBIH Ci1oi (4)

3adannvie ceolicmea HANIABIEHHO20 CIOs NOLYUAIOM 66E0EHUEM 8 €20 COCMAB NeUpyrouux
anemernmos. CriocoObl JIETUPOBAHUS PA3IUYHBI: 32 CUET B3aUMOJICHCTBUS METallla W IIaKa,
TIOTJIONIEHUSI 3JIEMEHTOB M3 OKPYXKAIOIIEW Ta30BOM Cpelibl, BBEICHHUS B CBAPOUYHYIO BaHHY
METaUTMYECKUX J00aBoK. Yaie BCEro MPUMEHSIIOT MOCIEAHUN crmoco0, kak Haubomee
HAJIC)KHBIN ¥ 00ECTICUNBAIOIINI HYKHBIA COCTaB HAIIABJIEHHOTO CIIOSI.

Oco0eHHO Ba)XHO TPU HAIUIABKE MOJYYUTh OJHOPOJHOCTh XMMHYECKOTO COCTaBa
HAIUIaBJIEHHOT'O METaJlJIa, a CJIEJ0BATENIbHO, €T0 CBOMCTB Ha BCEil MOBEPXHOCTH HAIUIABIISIEMON
JeTallu.

JlyroBasi HamjIaBKa B OTJIMYME OT CBAapKH pa3BUBaJlaCh Topa3fo MeajeHHee. Pyunas
M3HOCOCTOMKAs HaIlJIaBKa OTKPBITOM Ayroi n3BectHa ¢ 20-X rogoB MpoOLIOro CTONETHS, HO €€
IIPOMBIIIJIEHHOE TNPUMEHEHHUE OIPAaHUYMBAJIOCH KOPEHHBIMH €€ HENOCTaTKaMHU: HU3KOU
MPOU3BOIUTENBHOCTHIO, BEICOKOKBATH(PHUIIMPOBAHHON paboyeil CUIoi, TSHKEIbIMU YCIOBUSMU
TpyZAa, HEMOCTOSIHHBIM Kaue€CTBOM HAIUIABJICHHOTO MeTalla, OOMIMEM Pa3InYHbIX Je(PEKTOB.
na nannaexu Hauboabulee npuMeHeHue NOIYYULa 0Y208as C8apKa NAABIUUMCS JIEKMPOOOM.
TpeboBaHusi K KayecTBy HAIUIaBIIEHHOTO MeETajula CTpPOXK€ YeM K  CBapHbIM
mBaM. Hannagnennolii memann no c8oUCmeam OO0NNCEH CYWECMBEHHO OMAUYAMbCs Om
0CHOBHO20 Memanna. Yacmo 6 Hem HedOnycCmumbl NOPbL, MPEWUHbL U UHBLE HOPOKU, NOIMOMY
MmpeOo8anus K HeMy CIpodice, 4em K C8apHbIM UUBAM.

ABTOMaTHYecKasi HAIUIaBKa CBOOO/IHA OT MEPEUMCIICHHBIX HEJOCTaTKOB U CIOCOOCTBOBAIA
YCHEIIHOMY €€ BHEJIPEHHUIO.

MexaHM3MPOBAHHASI HAIUIABKa — 3TO HENPEPBIBHOCTH IIpoliecca, KOTOpas JAOCTUIAETCS
WCTIOJIb30BAHUEM 3JICKTPOJHON MPOBOJOKH WJIM JICHTHI B BUAE OOJIBIINX MOTKOB; B TIOJBOJIE
TOKa K AJIEKTPOAY Ha MUHUMAIbHOE PACCTOSIHUE OT JIYTH, YTO MO3BOJISIET MPUMEHSTh TOKU
Oonpmiol cuiibl 06€3 HarpeBa dJEKTPOJa; B MPHUMEHEHUH pPAa3IMYHBIX CIIOCOOOB 3alllUTHI
pacIuIaBIEHHOT 0 MeTaJljla OT BPEJHOI0 BO3/IEHCTBUS BO3/1yXa.

OnTuManbHBIA  COCTaB HAMJIABIEHHOTO MeTalljjla JO/KeH OBITh BBIOpaH €  y4eToM
0COOEHHOCTEH €ro HKCIUTyaTalluu, a DJEKTPOAHAs IMPOBOJIOKA, (IIIOC, TEPMHUECKUN DPEKUM
HAIlUIaBKU — TakK, YTOOBl HAIUIaBJIEHHBIM MeTaul o0nanan HeoOXOIUMBIM XHUMHYECKHM
COCTaBOM U (PM3NYECKUMH CBOMCTBAMHU.



Ilpoueccvt nannasku nPUMEHAIOMCA TIPU PEMOHTE M BOCCTAHOBJICHHH I€PBOHAYAIBHBIX
pa3MepoB M CBOMCTB M3JCNHI, HW3TOTOBICHHM HOBBIX H3ACIMA C IENbI0 OOeCTieUeHUs
HAJJICKAIINX CBOWCTB KOHKPETHBIX MOBepXHOCTEU. [Ipy BOCCTAaHOBIIEHWH HAILJIaBKY OOBIYHO
BEITIOJTHSIOT TE€M K€ METaUIOM, M3 KOTOPOTO HM3TOTOBJICHO HW3JENIHE, OJHAKO ATO HE BCEr/a
1enecoodpasno. MiHora He00X0IMMO MOTYYHUTh METaJI, OTIMYAOIIMICS OT MeTalljia JIeTalu,
TaK KaK yCJIOBHS SKCIUTyaTaIlMd TOBEPXHOCTHBIX CJIOE€B MOTYT 3HAYUTEIBHO OTIMYATHCS OT
YCIIOBHM 3KCIUTyaTallid BCero wu3zienus. V3roToBiieHWe wH3Aenus IEIMKOM U3 MeTala,
KOTOpPBIA OOecCleurnBaeT AKCIUTyaTallUOHHYI0 HAJACKHOCTh PabOTHI €ro MOBEPXHOCTEH HE
9KOHOMHO. llenecooOpa3HO W3roTaBIUBaTH H37CIME W3 0oJjiee EMIeBOT0, HO JOCTATOYHO
paboTOCIIOCOOHOTO MeTalljla U TOJBKO Ha MOBEPXHOCTSX, pabOTAIOMIUX B OCOOBIX YCIOBHSIX,
MMETh MO TOJIIIMHE HEOOXOIUMBIN CIION Npyroro mMarepuana (MpUMEHATh OMMeTau1). JTO
MOXXET OBITh JOCTHTHYTO: IIOBEPXHOCTHBIM YIPOYHCHHEM (ITOBEPXHOCTHAs —3aKallka,
ANIEKTPOUCKPOBAsT U JIPyrue BHABI 00paOOTKM); HAHECEHUEM TOHKHX IMOBEPXHOCTHBIX CJIOCB
3HAYUTEIPHON TOJIIIUHBI HA TOBEPXHOCTh (HAa HU3KOYTJIEPOIUCTYIO CTallb HaHECEHUEM
OpOH3BI, KOPPO3UOHHOCTOUKOM CTAIIH U JP.)
JIJ1s1 yCnenHOro pa3BUTHS HATIABKYU MPOMBIIIJIEHHOCTHIO BBIYCKAETCS

e YIJIEPOJUCTAS, ISTUPOBAHHAS CTATbHAS MPOBOJIOKA 56 MapoK,

e CIEIMaJbHas HalJIABOYHAs MPOBOJIOKA 28 MapoK,

e pasnuyHble QIIIOCHL,

e CIICIMATHHBIC HATIJIABOYHBIC SJICKTPO/IBI.
Pa3BuTHe HamIaBKM HaMpaBlICeHO B MEPBYIO OUYepeab Ha TOJHYIO MEXaHU3AIHMIO TPYIOSMKHX
HAIUTABOYHBIX pabOT 3a CYET aBTOMATUYECKOW U TMOJyaBTOMATHYECKOW HAIJIaBKH.
Pa3pabarpIiBaroTCsI HOBBIE TEXHOJOTHH.

BoccraHoB/IeHHEe H3HOIIEHHBIX MOBEPXHOCTEH U
HAILIABKA CJI0EB ¢ 0COOBLIMH CBOWCTBAMMU

BoccraHoBi/ieHMe HM3HOLIEHHBIX 3JIEMEHTOB O00OPYI0BAHMA, a TAaKyKe HM3rOTOBJIEHUE
HOBBIX JIeTajiell ¢ MPOYHBIM MOBEPXHOCTHBIM CJIOEM YACTO Pa3/IesisiT HA TPH OCHOBHBIX
JTamna:

1. Hannaexka na nogepxnocmv u3oenus RNPOMENCYMOUHO20 C10A — U1 CHUKCHUS
COJICpKaHMsI YIJIepoJia U JIETHPYIOIIKX 3JIEMEHTOB B TIOBEPXHOCTHBIX CJIOSX OCHOBHOTO
MeTaiia (MpUMEHSEeTCs He BCET/a).

2. Boccmanoenenue nepeonauansnusix pazmepos uzHouiennozo uzoeausn (0ocmpoiika) —
C UCHOJB30BAHMEM IUIACTHYHBIX TPEUIMHOCTOWKUX MAaTEPUAIOB, IO3BOJISIONINX
HAIJIaBJIATh HEOTPAaHMYCHHOE YHUCIIO cloeB. Ecnm m3genue sKcmiyaTHpyeTcsi HE B
HKCTPEMAbHBIX YCIOBHUSAX, 3TOT 3Tall HAIUIABKM CTAaHOBUTCS 3aBepuaroniuM. Eciu
OpeArnoiaraeTcsl JaJbHEeimas HallaBka H3HOCOCTOMKOIO MaTepHaia, JOCTpOWKa
BBITIOJTHSETCS 10 Pa3MEpPOB, MEHBIIINX ITEPBOHAYAILHBIM Ha TONIIUHY KOHEYHOTO CIIOA.

3. Hannagka cnoee ¢ ocodvimu ceoiicmeamu — Ui TPUJIAHUS CIIELUAIBHBIX CBOICTB
paboyrM TOBEPXHOCTSM HU3JENUS C IEJbI0 YBEJIWYEHHUS CpPOKa €ro CIy»KOBI.
[TpumensieTcss Kak sl pecTaBpallid W3HOIICHHBIX, TaK M JJIS W3TOTOBJICHUS HOBBIX
nerayeil. OGbIYHO OCYILECTBIISAETCS B OJUH — [IBA, PEXKE B TPU U O0JIee CIIOsL.



N3HococToliKkast HAMIABKA 00BIYHO OCYIIECTBJSIETCS] HA U3/1eJIHsl U3:

VYTIepoaucThIX U HU3KOJIETUPOBAHHBIX CTAJICH
MaprasioBUCTBIX ayCTEHUTHBIX CTaJIEH.

PexomeHnganum no HaIJIaBKe HA TaAKHE CTAJIH NMPpAMO IIPOTUBOIIOJOKHbBI:

Ilpu nannaexe Ha yenepooucmvle U HU3KOLE2UPOBAHHbIE CMAU, KaK TIPABUIIO, HYXCH
MpEeIBAPUTEBHBIA HArPeB W3NEINS W MEUICHHOE oOXJaxaeHue. HMHorma moce
HaIUIaBKU TPUMEHSETCS TepMooOpaboTka. IlapaMeTpbl 3THUX MPOILECCOB 3aBUCIT OT
CONCpXaHMsI YIJepoAa W JICTUPYIONIMX DJJIEMEHTOB B METalIe OCHOBBI |
HAIUIaBJISIEMOT0 MaTepualia, rabapuToB U3ICIHS.

Hannasxa Ha mapeanyosucmole  aycmenumuvle Ccmaiu, HAO000POT, TOJDKHA
MIPOU3BOANTHCS O€3 MPEABAPUTEIBHOTO MOAOTPEBa U MOCIEAYIOmEeH TepMooOpaboTKy.
HarpeB u3nenust npu HariaBKe JODKEH OBITh MUHUMATBHBIM, €CIIH €T0 TeMIIepaTypa
npeBbicut 260 °C, u3aenre MOXeT CTaTh XPYIKUM.

Yeﬂepoducmbze U HU3KOJIecUpOBAHHblIE CMAIU MACHUNIHbL, A MAP2AHYOBUCMbLE A)YCMEHUNIHbLE

HeMAZcHUNHblL, NOMOMY UX MOINCHO J1€2KO OMJIUHYUNb C NOMOULbIO MACHUMA.

KoHTpoJibHBIE BONIPOCHI:

© N Ok Wb

N3HOCOCTOMKOCTBIO HA3BIBACTCS «..uveenneeenneennnnnn.
Koppo3noHHOM CTOUKOCTBIO Ha3bIBAETCH ...............
KaponpOUYHOCTBIO HABBIBACTCS «.euuuveeeneeeanneennnannns
KapOCTOMKOCTBIO HA3BIBACTCS ..''uuveeeeennneeeennnnnnnn.
AHTUGPUKIIMOHHOCTHIO HAZBIBACTCS «.vvveeeneannnnns.
XJ1aIOCTOMKOCTBEO HA3BIBACTCS «.'vuvveeeennnieeennnnnnen.
TonmuHa HaMIaBIEHHOTO €0 JOJKHA OBITh ...........
Y 1apHBIN U3HOC — TPOUCKXOIUT TIPH «enneveeeennnneennnnn.
N3HOC «MeTai o MeTaJuty» — MPOUCXOJUT IIPH ........

10. UuTeHcuBHBIN aOpa3uBHBIN U3HOC — MPOUCXOUT B PE3YyIAbTATE .........

11. Kopp0o31uOHHBII U3HOC — IPOUCXOJUT B PE3YJIBTATE ..........

12. CoBMecTHBIH yaapHO-aOpa3uBHBIA U3HOC — IPOUCXOJUT MPH ............

13. KaBUTALIMOHHBIN U3HOC — UMEET MECTO «.''eevvneneennnn.

14. OcHoBHas 9acTh (OCHOBA) JACTAIM MOKET OBITh BHITIONHEHA U3 ..........

15. [IpuMeHnstoTCs Cleayrone BUIbl HATlJIaBKH:

16. [Ipouiecchl HAMIABKU MPUMEHSIOTCS TIPH . .veneeeneeneannannne.

17.HamnaBka Ha MOBCPXHOCTDH U3ACIIUA ITPOMCIKYTOUHOT'O CJI0OA BBIIIOJIHACTCA JIA ...



18. Eciu mipearnonaraercst gabHEWIas HaluIaBKa U3HOCOCTOMKOTO MaTepHala, JOCTPOHKa
BBITIOJTHSAETCS 10 PAZMEPOB, .. .eeeneeeneeeneeaneeaneanneanns

19. HarnmaBka ci10eB ¢ 0COOBIMUA CBOMCTBAMU BBITTOTHACTCS JITIS .eovveneeneeneennne,

20.1Ipu HamIaBke Ha YrIEPOAWCTHIE W HU3KOJICTUPOBAHHBIC CTAH, KaK MPABUIIO, HYXCH

IpakTuueckas padora Nel5 u Nel6

Tema: BoiOop cBapouHBIX MaTepHualioB AJi HariaBku. PacimmdpoBka cBapOUHBIX MaTepuaIoB
JUTSl HATUTABKH.
Heasn pa6oTtsl: [IpuobpecTu MPaKTUYECKUE HaBBIKU npu U3Y4YEHUHU U
pacmu@poBKe CBApOUYHBIX MATEPUAIIOB I HAILJIABKU
Xoj BbINOJHEHUS PAdOThI:

6. O3HakoOMIIEHHE C TEOPETUUECKUMU CBEACHUSIMU

/. V3yuuTh M 3aKOHCIIEKTHPOBATH MIEKTPOABI JJIsi HAIUIaBKU M 3aKOHCIIEKTUPOBATH

Marepual.
8. M3yunts CBapOYHYIO MPOBOJIOKY JJISl HAIUIABKH W 3aKOHCTICKTHPOBATh MaTepHall.
9. PacmmdpoBarh yCIOBHBIE 0003HAUCHHS HATUIABOYHBIX MaTepHanoB (maoauya 1)

Teopernyeckue cBeIeHUS

JIEKTPOABI 1JIsl HAIVIABKH.

ONEeKTpoAbl HAIUIABOYHBIE NPUMEHSIOTCS NPU OJHOM M3 PAa3HOBUIHOCTEW 3JIEKTPOAYTOBOM
HaIUIaBKU - U3HOCOCTOMKOM HAIJIaBKE ITYYHBIMHU MOKPBITBIMU AIEKTPOAAMH.
DJIEKTPOAYIroBasi HAIJIABKA - 3TO OJMH W3 HamOoJjiee pacnpocTpaHEHHBIX U 3(P(HEKTHUBHBIX
CHOCOO0B MPOTUBOCTOSIHUS MU3HOCY C MOMOIIBIO YIIPOUYHEHUSI MOBEPXHOCTH. DTO HEAOPOroi,
SKOHOMMUYECKH BBITOJHBIA METOJ MPOJJIUTH CPOK AKCIUIyaTallud METaJUIMYECKHUX JeTallel
MyTeM HaHECEHHUS Ha HUX 3aIIUTHOIO CJIOS.

HecomMHEeHHBIM JTOCTOMHCTBOM PYYHOM 3JEKTPOIYTrOBOM HAIUIaBKU IITYYHBIMHU 3JIEKTPOJIAMU
SBIISICTCSI BO3MOXKHOCTH HAIJIABUTh MPAaKTHUECKU Jr000# coctaB. IlomMmumo 3TOrO, HamiaBka
MPOU3BOJUTCA TMPU TIOMOIIM OTHOCUTENIBHO HECJIOXHOTO M HEIOPOroro CBapOYHOIO
000pyI0BaHUS.

JIEKTPOAYIroBasi HAIJIABKA HMeeT M PAJ APYTHUX JOCTOMHCTB:
o CoxkpaleHue KOJMIeCTBa 3aaCHBIX U PACXOAHBIX YacTel pabouero o0opyI0BaHuUS;
o VYBenuyeHHe 3KCIUTyaTaMOHHOW 3(P(EKTUBHOCTH 00OPYIOBaHUS H3-3a COKpAILECHUS
CPOKOB IIPOCTOS;
o BO3MOXHOCTH  BBINIOJHEHHS  OCHOBBI ~ TpeOyemoil  JneTaim W3  HEeIOpOroi
HU3KOJIETMPOBAHHOM cTanu;
o CHmKeHHE pacxo0B Ha 00CITyKUBaHHE paboUYero o00pya0BaHHUS.
Haubounee pacnpocTpaneHHBIMU SBISIOTCS HariaBodHbIe 37eKTpoab! T-590 u anexTpoast
T-620.



DJIeKTPOABI MOKPHITHbIE MeTA/UIMYeCKHe [JIsi PYYHOH JYroBOM HAmIaBKu. Tumbl
3j1eKkTpoaoB. Texuudeckue ycjaoBus no 'OCT

THnbl METAUIIMYECKUX  MOKPBITBIX  JJEKTPOAOB I  PY4YHOM  JIyrOBOW  HAIUIABKH
MIOBEPXHOCTHBIX CIIOEB C 0COOBIMU cBoiicTBaMu yctaHaBnuatoTest I'OCT 10051-75.

I'OCT 10051-75 ve pacupocTpaHseTcs Ha JICKTPOJbI Il HATUIABKH MOBEPXHOCTHBIX CIIOEB
U3 LIBETHBIX METAJUIOB U UX CILJIaBOB.

Texnuueckue ycioeusn na 31ekmpoovt 011 Hanaaeku - 1o 'OCT 9466-75.

Tunbl 3JeKTPOAOB ISl HAIJIABKH, TBEPAOCTh HAIIABJEHHOro Mertawia- no I'OCT
10051-75

I'OCT 10051-75 ycranaBnuBaeT 44 THNA TMOKPBITHIX METAUIMYECKUX DJICKTPOJOB IS
pPY4HOM JyroBoii HarutaBku (madauya 1 http://docs.cntd.ru/document/1200004704).
TBeproCTh HaJIaBIEHHOTO METajljla MOCJe HAIJaBKHU, B 3aBUCHMOCTH OT THIIA 3JIEKTPOJOB,

yCTaHaBIUBaeTCs 0€3 TepMUUIECKON 00pabOTKH U MOCIIE TEPMHUECKON 00pabOoTKH.


http://docs.cntd.ru/document/1200004704
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Pa3mepnl 2J1eKTPOIOB /1JI51 HAIJIABKH
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Puc..1. 9ckuz anekmpooa: 1 - CcTepKeHb; 2 - y4acTOK Tepexoja; 3 - TOKphITHE; 4 -

W™

KOHTAKTHBIHN TOpel 0e3 MOKPBITHS

Tabauna 2.
Pa3mepsbl 2iexTponoB st HamaBku (Mo F'OCT 9466-75)

IIpumeyanus:
o B ckoOkax - pazmepsl npuMenats [[OCTom He pekoMeHayeTcs;
e JlomyckaroTcs 3JIEKTPOAbl HOMUHAIBHBIMU AuaMmeTpamu 3,15; 3,25; 6,3 u 12,5 mwm;
e Ilo cornamenuto - IIuHA MOXKET OBITH WHAsA, TOKPBHITUE C KOHIIA AJIEKTPOAa Ha JyuHE |
JOTMYCKAETCS HE 3aUMINATh (TOPIIHI TOJDKHBI OBITh 3aUUIIICHBI KAK KOHTAKTHEIE).

Kaaccnpukamust 31ekrpoaos s HamiaBku (mo 'OCT 9466-95)
YcrnoBHOEe 0003HAYCHHWE ODJEKTPOAOB JJIsi HAIUIABKH MOBEPXHOCTHBIX CIIOEB C OCOOBIMH
cBoiictBamu - H (MHIIEKC B YCIIOBHOM 0003HAUEHUN)

ITo To/mMHEe MOKPBITHSI JIEKTPOBI JUIS HATNIABKH MOAPA3AEISIOTCS:
e C TOHKUM NoKpeiTHEM - M (D/d < 1,20)
o co cpeauum nokpeitueM - C (1,20 < D/d < 1,45)
e ¢ TosncthiM nokpeiTHeM - J1 (1,45 < D/d < 1,80)
e ¢ 0co0o TosicThiM mokpeiTHeM - I' ( D/d > 1,80),
rae: D - nuamerp nokpseitust, d - quaMeTp 3IEKTPO/Ia, ONPEICIIIEMbI JUAMETPOM CTEPIKHSL.

ITo BUAY 3/1eKTPOAHOI0 MOKPBITHS HAIVIABOYHBIE JJIEKTPOAbI OAPA3AC/ISI0OTCH:
e C KHUCJBIM IOKPBITHEM - A;
e C OCHOBHBIM IIOKpBHITHEM - B;
e C LEJUIKOJIO3HBIM NTOKpBITHEM - L
e C PYTWUJIOBBIM ITOKPBITHEM - P;
e C IOKPBITUEM CMEIIAaHHOTO BHJIA - COOTBETCTBYIOIIEE IBOITHOE YCIOBHOE 0003HAUCHHUE;
e C NPOYMMHU BUJIAMU NOKpbITUH - II.
[Ipy HanmuuuMu B COCTaBe TOKPBITHUS Hcene3nozo nopouika B xonmdectse Oonee 20 %0 k
0003HaYEeHHIO BUA MMOKPBITHS 3JIEKTPOI0B H00aBmsieTcs Oyksa K.

Ilo fgomycTHMBIM  MPOCTPAHCTBEHHBIM  MOJIOKEHUSIM  HAIUIABKH  JIEKTPOAbI
NOAPAa3AeJIAITCH:
e JUUIS BCEX IOJIOKEHHUM - 1;



e IS BCEX IMOJIOKECHUH, KPOME BEPTHKAIILHOTO CBEpXY BHU3 - 2;

e U1 HW)KHETO, TOPU30HTAIILHOTO Ha BEPTUKAIBHOW IUIOCKOCTU U BEPTUKAIBLHOTO CHU3Y
BBEPX - 3;

e ISl HIKHETO M HYXKHETO B JIOJOYKY - 4

Ilo poxy W mnOASAPHOCTH NPHMMEHSIEMOI0 IPH HAIUIAaBKe TOKA, 10 HOMHUHAJIBLHOMY
HaIPsDKEHUIO  XOJIOCTOTO  XOJa MCIOJb3YyEMOI0 HCTOYHHMKA IIMTAaHUS CBApPOYHOM IyTH
NIEPEMEHHOI0 TOKA 4acTOTOU 50 I'y 31eKTpObl Ul HAIIAaBKY ITOAPA3ACIIAIOTCS:
o Uudpoii 0 - smexTpomsl I HAIIABKA TOJBKO HA IOCTOSHHOM TOKE OOpaTHOM
HOJIIPHOCTH.

HNHaexkchl XapaKTePHCTHK HAIJIABJIEHHOT0 MeTajljIa (IBa HHEKCA):
e TIEPBBIH - CPEIHSS TBEPAOCTh HAILJIABJICHHOIO METAaJLIA:
e BTOPOU:
e 1 - TBepaOCTH HAIJIABIEHHOT'O METajlsla 0OecreuynBaeTcsl 0€3 TepMHUECKOW 00paboTKH
IocJjIe HaIUTaBKH,
e 2 -TIOCIIC TEPMHYECKONU 00pabOTKH

IIpumep yca10BHOro 0003HAYeHHMS] JJIEKTPOIOB /Jsl HAIUVIABKH (HAa JTHKETKaX, B
MapPKHPOBKE KOPOOOK, MayeK U SIIUKOB):

Onextpoast muna I-111'3 o 'OCT 10051-75, mapxku O3H-300Y, ouamempom 4,0 mm, o1a
HAn1aeKu  NOBEPXHOCMHBIX  Cc/loeé ¢  o0coovimu  ceoiicmeamu H,c  moncmueim
nokpvimuem J1, ooecneuusarowue cpeoniorw meepoocms 300HB (HRC> 33; ~300HV) -
300/33, de3 mepmuuecKkoi oopabomku nocnie nanaaexku - 1, ¢ OCHOGHBIM
nokpvimuem b, 0na nannasku 6 Husdcnem nonoxcenuu 4 Ha NOCMOAHHOM MOKe 00pamHoU
noaspruocmu (0):

9-11I'3-0O3H-300Y-4,0-HA I'OCT 9466-75, TOCT 10051-75

E-300/33-1-640

B noxymentauuu: Jiaexkrpoast O3H-300Y-4,0 TOCT 9466-75.

KoHuTpoJs kauecTBa

Jisi  mpoBepKM  CBAPOYHO-TEXHOJIOTMYECKHX  CBOMCTB HAIUIaBOYHBIX  AJIEKTPOJIOB
BBITIOJIHSIETCS HaIUlaBKa Ha oJauH oOpazen (miactuHa w3 Ct3 WM cTanu, AJis HaIJIaBKU
KOTOpO# mpeaHa3zHaueHbl 3eKTpoabl). Pasmep mmactunsl - 120 x 80 x 20 Mm (oTKIIOHEHHE
JUTMHBI ¥ IMUPHUHBI +/- 5 MM, TOJIIIUHBI +/- 2 MM).

Hannasxa na obpasey evinonnwsemcs 6 uemvlpe C1058 6 HUMNCHeM nojoxceHuu. [Inuna
Hannaeku He MmeHee 80 MM, wiupuna - e - meree 8-MM ouaMemMpo8  KOHMPOJIUPYEMbIX
91eKmMpPOoO08.

Jlnst  25eKTpoJoB, O0OECTeUMBAIOIIUX CPEAHIO TBepAocTh HaruiaBieHHoro HR Cy >
42 noryckaercs HaIuTaBKka B 00pasIioB B TPH HIIU JIBA CIIOS.



Ha nammaBounbix 00pasinax, MpoBEpKa CIUIOMIHOCTH HAIUIABIEHHOTO MeTajula MPOBEPSIETCS
nocJie CHATUSI BepxHero cios Ha 1,5 - 3,0 mm.

IIpn cpenneit TBepaoctu HaraBieHHoro merauia HRC3 > 42 nonmyckaercs 3amnuudoBka
MMOBEPXHOCTH HAIJIaBKU 0€3 CHATHUS BepxHero cios Ha 1,5 - 3,0 mm.

Jisi mpoBepKHM XHMHYECKOr0 COCTaBa HAMJIABJIEHHOI0 MeTaJLJIa BBINOIHSIETCS 8-MH
cJI0MHAs HarIaBKa Ha oOpasell (pa3Mephl BhIIIIE), IJIOIIAIb HAMIaBKU - He MeHee 80 X 40 mm.
JUis 3JEKTPOJOB JAMAMETPOM MeHee 5 Mm TONIIUHA ITUIACTUH He MeHee 4-X ouamempos
371eKmpooa.

JI71st 37IeKTpOJI0B CO CpenHel TBepaocThio HaraBiaeHHoro metaia HRC3 > 42 gomyckaetcst
HaIUIaBKa B MSATh CJIOEB.

IIpoBepka TBepAOCTH HAILUIABJEHHOI0 MeTAaJJIa MPOU3BOJUTCS HA IOBEPXHOCTH &§-MU
CJIOMHOW WJIM 5-TH CJIOMHOW HAIUIABKH, BBIMOJHEHHOMW IS MTPOBEPKU XUMHUUYECKOTO COCTaBa
HAILJIaBJICHHOTO MeTajja.
YnakoBka
Macca 3nekmpo0ooe ¢ KopooKe uiu nauxke He O0JHCHA NPEGLIUIAMb:

e 3 KI - IS 3JIEKTPOJIOB THAMETPOM A0 2,5 MM;

e S Kr - s anextpooB quamerpom 3,0 - 4,0 Mm;

e 8 Kkr - tuametrpom 6oiee 4,0 MMm.

HanuiaBouHasi npoBoOJIOKA.

ITo I'OCT 10543 - 75 u3roToBjsieTcsl CTAJbHAsI HAIUIABOYHAS NMPOBOJIOKA IMAMETPOM OT
0,3 10 8 MMm.
CranaapToM npeaycMoTpeHa:

e yriepomuctas mpososioka 9 mapok (Hm-25, Hn-30, Hn-35, Hn-40, Hn-45, Hn-50,
Hn-65, Hn-80, Hn-85);

o JerupoBaHHas mpoBosioka, 11 mapok (Hn-40I', Hn-50I', Hn-65I', Hn-30XI'CA,
Hn30X5, Ho-40X3I2M®, Hn-40X21'2M, Hn-5XHM, Hn-50X®A, Hun-50X6PMC,
Hn-105X),

e BBICOKOJIErHpoBaHHas npoBosioka 10 mapok (Hn-20X14, Hn-30X13, Hu-30X10I'10T,
Hn-40X13, Hn-45X4B3®, Hn-45X2B8T, Hu-60X3B10d, Hu-I'B, Hn-X15H60, Hn-
X20HS80T).

[IpoBomoka uIsi HAIUIaBKH MOAOMpAETCsl B 3aBUCMMOCTH OT Ha3HA4YeHHs W Tpedyemoi
TBEPJOCTH MeETaJUla HAIIaBKu (mabn. 3). Munumansuyto meepoocms Memasia MOXHO
NOJYYUTh  TIPU  HAIDIaBKe  YIIepoaucToil  mpoBosokod  mapku Hn-25  (HRC
40); makcumanvHas meepoocmy Memasna NOCTUTACTCS BBICOKOJIETUPOBAHHON MPOBOJIOKOM
mapku Hn-40X13 (HRC 45 - 52). O0bIuHO HaIUIaBKa MPOBOJIOKOM BBIMOIHSIECTCS TOJ (PIFOCOM
Ha aBTOMAaTax, IUIAHTOBBIX MOJyaBTOMATAaX M 3JEKTPOIaMH C MOKPBITUSAMH - BPYUHYIO.



Texnuxka HanIA6Ku npeoycmMampueaem HAN0NHCeHUE HUMOYHbIX BAIUKOE C NepeKpblmuem
npeovioyweco 6anuka Ha 1/3 e2o wupuHvl UIU BATUKOE C NONEPEUHbIMU KOACOAHUAMU
INeKmpooa.

Ecnu HeoOXoauMO BOCCTAaHOBUTH pa3Mepbl WM (OpMy AETanu, TO UCIOIb3YIOTCS OOBbIYHAsS
CBapoYHas IPOBOJIOKA, KOTOpas 1aeT HAIJIaBIECHHbIM MeTaJlll HU3KOW TBEPIOCTH.

st HamiaBKU corsiacHo [octy 2247-70 ucnosib3y0T cBapoYHasi MPOBOJI0KA MAPOK:

1. CB-08 (¢ TBepmocThio HarIaBienHoro cios HB120-160); Cs-10I'2 (HB180-210);
CB-08I'C (HII 180-200); CB-12I'C (HV 190-220); CB-08I'2C (HV 180-210) - ocw,
BaJIbl, POJIUKU (T]I€ IPOXOIUT TPEHUSI METalla C CMa3KoM);

2. CB-18XI'C (HV240-300) - Tpenue Metamia ¢ cMa3koii W 0Oe3 cMasku (OHOpHBIC
POJIMKH, HATSKHBIE KOJieca T'yCeHHUHbIX MamuH, [andwr);

3. CB-20 X13 (HRC 42-48); CB-07X27T (HRC 30-38) - xaBUTAIIMOHHO-KOPPO3HUOHHBIN
u3Hoc mpu Temmeparypax 10 450 Oc (ymIOTHUTENTbHBIE MOBEPXHOCTH 3aMOPHOU U
MIPOMYCKHOM apMaTyphbl AJis 11apa U BOAbI);

4. CB-06X19HIT (HB160-190); CB-08X19H9®2C2 (HB200-230)

-KaBUTAIIMOHHO-
KOPPO3MOHHBIN U3HOC TIpU TeMrepaTypax Beie 450 °C.

Jis  moJiydyeHMsl HAIUIABJICHHOT0 MeTaJlJIa BBICOKOW TBEPAOCTH HMCIHOJb3YIOT

CICNUAJBHBIA  CTAJbHOM  HAIUVIABJAKINUA  MPOBOA, KOTOPbIA  BBIMYCKAKT

auametpom: 0,3; 0,5; 0,8; 1,05 1,25 1,4; 1,65 1,8; 2,0; 2,5; 3,0; 4,0; 5,0; 6,05 6,5; 8,0 mm.
Tao6auna. 3.

Mapku npoBoJIOKH IJIS HATIJIABKH

e

HANNABIECHHOrO
meTanna, HRC

OcHosnolt MeTaaa Mapxka npoBoaoKu TMpumepHOoe HAIHAYCHHE

YraepoaHcThie W HU3KOJIErU- Hn-25, Hn-30, 40 KonexuaTtsie Bajibl, OCH, LUMKH-
poBauubie ctanu (menee 0,4, C) Hn-35, Hn-40, Aenu
Hn-40T"
YraepoaucTbie ¥ HUIKOJCIU- Hn-45, Hn-50, 60 KpaHoBbie koaeca, ocH Ornop-
posanubie ctanu (6osee 0,4%;, C) Hn-65, Hn-80, HBIX TPAKTOpPOB M Ap.
Hn-50T", Hn-65T,

Hn-30XI'CA u ap.

AYCTCHUTHBIE BbICOKOMApraH- Hn-'BA u ap. 50 XKene3HONOPOXKHBIE KPECTOBH-
LOBbIE CTAJIH Hbl, lWeKH ApobuoK, 3y6pa KOB-
et
Xpomucthie cTaau Hn-20X14, 48 YNI0THUTEIbHbIE MOBEPXHOCTH
Hn-30X13, 381BHXKEK AN8 napa ¥ BOJb
Hn-40X13
XpomorosabhpaMoBsie Teno- Hn-45X2B8T, 45 Hoxu ana pe3ku ropsuero me-
yCTOMUMBBIE CTANN Hn-60X3B10® Tanjaa, WTaMnsl QIR rops4ed

IUTAMITOBKH

Coranacno I'octy 10543-82 ncnoJib3y0T CTAIBHON HAIVIABJISAOIINNA IPOBOJIOKA MAPOK:
1. Hmn-25, I'n-30, Hn-35 (HII 160-220); Hu-40, Un-45 (HII 170-230): Hu-50 (HII 180-
240); Hu-65 (HB220-300); Hn-80 (HII 260-340); Hu-401" (HIT 180-240) - Ttpenue
MeTajula IPU HAJIMYUK CMa3KH (OCH, BaJIbl, LIITUHJIENHN);



2. Ho-50T" (HIT 200-270); Ho-65I" (HII 230-310); Hn-40X13 (HRC 45-50) - tpenume
MeTama 0e3 CMa3KM CO 3HAUMTENbHBIM KOHTAaKTHBIM HAarpy3koi (OCH OIOPHBIX
POJIMKOB, KPAaHOBBIE KOJIECa, HATSDKHBIE KOJIeca TYCEHHYHBIX MAIlliH);

3. Hn-40X2I'2M (HRC 45-56); Hn-50 X®A (HRC 43-50) - TpeHre MeTaJljIoB ¢ CMa3Kok
B COYETAaHWU C JUHAMUYECKOM Harpy3Koil (UUIMIEBbIE M KOJIEHYAThle Bajbl,
MIOBOPOTHBIE KYJIAKH);

4. Hn-30 XI'CA (HII 220-300); Ho-30X5 (HRC37-42); Hu-50XHM (HRC 40-50);

5. Hn-50 X6®MC (HRC 42-48); Hu-50X (HRC 32-38); Hn-45X2B8I"' (HRC 40-46);

6. Hn-60X3BIO® (HRC42-50); Hn-45X4B3I'® (HRC38-45) - tepmuueckas ycTaaocTh,
TEIJIOBbIE U3MEHBI (MPOKATHBIEC BAJIKU, KY3HEUHOU -IIPECCOBBIA HHCTPYMEHT);

7. Hn-40X3I2M® (HRC 38-44) - ynapHo-aOpa3uMBHBIN HM3HOC (KOBIIHM 3KCKaBaTOPOB,
HOH OYJIBI03€POB);

8. Hmn-I'13A (HB220-280) - ynapHoe n3Hoc neraieid u3 cramu 110I'13J1;

9. Hn-20X14 (HRC 32-38) - xaBUTallMOHHO-KOPPO3UOHHBIA M3HOC 3aIIOPHOW apMaTyphl
JUIS TIapa ¥ BOJIBI,

10. Hn-30X1I3 (HRC 38-45) — rumpo -aOpa3uBHBIH WM3HOC (TUTYH)KEPHI THAPABIAYECKUX
MIPECCOB, MIEMKN KOJIEHYATHIX BaJOB, IPeOHBIE BaJIbI CYOB);

11. Hu-30X10IIOT (HII 200-220) - xaBuTalmoHHAas 3po3us (JOMACTH TypOWH, TpeOHBIC
BUHTHI);

12. Hu-X15H60 (HII 180-220) - tepmudeckas yCTalOCThb NPHU BBICOKOW TeMIepaType
(TIeum, peTopTHI);

13. Hn-X20HS80T (HB120-220) - tepMuyeckas yCTaJIOCTh MPH BBICOKOH TemIieparype B
COUYETaHUH C KOPPO3UOHHOM cpeaoi (KIIarmaHbl JBUraTeIeii BHYTPEHHETO CTOPAHMS);

14. Hn-03X15H35I'7M6b - KOppO3WOHHBI HW3HOC TMpU MOBBILIEHHONH TeMIlepaType
(kopmyca COCyIOB B  aTOMHO-DHEPreTHYECKOM  MAaIIMHOCTPOCHHH, apMaTypa
XUMHYECKOU MTPOMBIIIIIEHHOCTH).

Lugpvr u 6yxevt nocre unoexca Hn (HaTIaBIAIOMINI) YKa3bIBAIOT XUMHYECKHI COCTaB
MIPOBOJIOKK. MapKku MPOBOJIOKK BBEIOMPAIOT, YYUTHIBas HEOOXOAUMYIO TBEPIOCTh U HATPy3KU
HAIUTaBJISIEMbBIX TIOBEPXHOCTEH.

IIposonoxa nocmasnsiemcs 6 MOmMKax ¢ 6HympeHHumM ouamempom om 150 oo 750
Mm u maccoit om 1,5 0o 30 ke. Momxu césazviearom 6 Oyxmwl maccoul He 6o.1ee 80 ke.
Hannasnarowuii nposonoxka ynaxkosewiearom u Xpausam uoeHmuyHo c8apoyHOM.

Tadoauma Nel

PacuingposBath ycj10BHOE 0003HAYECHHE HAIIABOYHBIX MaTEPHAJI0B
(BapuaHTBI — 10 HOMEPY B )KypHaJie):

Homep Bapuanra

YciaoBHbIe 0003HAYEHHS HATLIABOYHBIX MATEPHATIOB
1

Hm-30
[UI-Ho-10I2CT
D-15X28H10C3M2I'T



2

Hn-50
IJI-Ho-20X212CT
2-09X31H8AM?2

3

Hn-85
ITJI-H-300X25C3H2172
2-13X16H8MSCS5T'4b

4

Hn-40I"
ITJI-Hn-400X38I'3PCTHO
2-15X15H10C5M3T

5

Hm-65T
ITJI-H-120X22P3172C
D-15X28H10C3I'T

6

Hn-30XI'"CA
ITJI-Hn-450X2067M6B2
D-15X28H10C3M2I'T

;

Hmn-30X5
I1JI-Hn-500X40H40C2P
2-09X16HICSI2M2DT
8

Hn-40X3I2M®
ITJI-H-550X44H341°CP
2-35X12B3CD

9

Hno-40X2I'2M
IJI-Ho-12X16H8M6CS5I'4b
2-90X4M4B®

10

Hn-50XHM
IJI-Ho-12X18H9CSI2T
D-35X12I2C2

11

Hn-50X6DdMC
JIC-18XT'CA
2-15X15H10C5M3T

12

Hno-50XDA
JIC-70X3MH



0-120X12I"12CD

13

Hn-20X14
JIC-25X50MC
9-10MI9HEK8X2CD
14

Hn-30X13
JIC-50X4B3®C
3-65X11H3

15

Hn-40X13

JIC-15X13
3-65X25I'13H3

16

Hn-20X17H3M
JIC-12X14H3
2-80B18X4®D

17

Hn-30X10I'10T
JIC-02X20H11I
3-90B10X5®2

18

Hn-45X4B3I'®
II1-Hn-200X12M
2-105B6X5M3®3

19

Hn-50X3B10®
[TI-Ho-200X12B®
3-10K15B7M5X3CD
10

Ho-I'13A
[I1-Hn-30X4B2M2®C
O-10K18B11M10X3CD
21
Hn-03X15H351"7M6
[IT-Ho-10X17H9CSI'T
3-13X16HEMS5CS5I'4b
22

Hn-X20H80T
[I1-Ho-250X1068C2T
3-30X5B2I2CM

23
Hn-03X15H351'7M6b



[I1-Ho-30X2M2®H
3-190K62X29B5C2
24

Hn-40X312M®
[MI1-Hn-40X412CMHT®
3-320X23C2I'PT

25

H-60X3BIOD
III-Hno-150X15P3T2
3-320X25C2I'P

26

Hn-45X4B3I'®
II1-Hn-350X10b8T2
2-350X26172P2CT
27

H-45X2B8I
[HII-Ho-35B9X3C®
3-300X28H4C4

28

60X3BIO®
[MII-Ho-12X12I"'12CP
2-225X10I'10C

29

Hn-45X2B8I'
[IT-Ho-25X5OoMCT
3-110X14B13®2

30

Hn-50 XDA
II1-Ho-35X6M2
O-175b8X6CT

IIpakTuueckas padora Nel7

Tema: ®mrocel s HatuiaBku. Matepuainbl, Ui TPOU3BOACTBA (DIFOCOB, BUABI (IIIOCOB,
MapKu, 00J1aCTU MPUMEHEHUS

Heab pabGorsl: [IpnoOpecTy npakTHUeCcKHe HABBIKM NpPU M3y4eHUU (IIIOCOB JUIsl HAIJIaBKH,
MaTepHUaJIoB, JUIs POU3BOJCTBA (PIFOCOB, BUIOB (PIIFOCOB, MapPOK, 00JIacTel MpUMEHEHHS

Xox BHINOJIHEHHSI padoThI:
5. O3HaKOMIJIEHUE C TEOPETUUECKUMU CBEICHUSIMU
6. 3akoHcmekTupoBarh Marepuan «@urockl  JUIS  HamjgaBKU.  Martepuanbl, IS
MPOU3BOJICTBA (DITFOCOB, BUIBI (DIFOCOB, MAPKH, 00JIACTH TPUMECHECHHSI
7. OTBETUTH HA KOHTPOJIbHBIE BOIIPOCHI.



8. 3amosHUTH KPOCCBOPA
Teopernyeckue cBeIeHUs

Jlisi aBTOMaTH4YeCKOil M MOJyaBTOMATHYECKOH HAMJIABKM MPUMEHSIOTCA T€ K€ (PIIoCHI,
gTo 1 a5 cBapku. HambGonee pacnpoctpanena miasnensie Gurockl AH-348-A, OCIL-45, AH-
60, AH-20, 48-O®-6, AH-26, AH-15M, AH-8, AH-25.

JIJ1sl HATUIABKU ayCTEHUTHBIX XPOMOHHUKeJIEBbIX cTajieil npuMmensior ¢patoc AH-26.
I[IpenmymiecTBOM 5TOTO (iitoca SIBASIETCSA OTIMYHOE (HOPMUPOBAHUE HATUIABICHHOTO BaJIUKa
Y MaJiasi CKIIOHHOCTb HAIJIaBJICHHOTO CIIOsI K TIopaMm;

HenoctaTkom — CpaBHUTEIBHO BBICOKAsI OKUCIUTENbHASI CIOCOOHOCTh, UTO MIPUBOIUT B PsijIe
ClIy4aeB K HEJOMYCTUMOMY CHIDKCHHIO COJIEpKaHUsl TUTaHa U XpOMa B HAILJIAaBJIEHHOM CJIO€ U
K TOSIBICHUIO KPUCTAJUIM3AIMOHHBIX TPEIIWH. TpeuuHbel B 3TOM Clydae MOXKHO YCTPaHHTh
npumecbto K mrocy 3—4% anromunuesoit auzamypot (80% Al u 20% Fe), kotopas
o0JasaeT mMpUMEPHO OJIMHAKOBOM C (PIIFOCOM IJIOTHOCTBIO

Jisi  HamIaBKH  BBICOKOXPOMHUCTBIX  4YYryHOB pekomennyetrcs  ¢uroc AH-28, on
Oe3MapraHieBbld U COACPKUT Mallo KpeMHe3eMa. [1oaToMy He MpOMCXOAUT 3HAYUTEIHHOTO
OKHUCJICHUS JIETHMPYIOUIMX JJIEMEHTOB, JOCTUTAeTCsl XOpollas OTAEIMMOCTh IUIAKOBOU
kopku. Hedocmamrkom iroca siBisieTcs miaoxoe GOpMUPOBAHUE BAITMKOB MIPHU COACPKAHUU B
HaruiaBjaeHHOM ciioe MeHee 1,0% Si, a Taxke MOBBINICHHAs CKJIOHHOCTH K mopaMm. Ilocneanee
CBs3aHO ¢ HU3KKUM cojepkanueM Si0, u CaF, Bo duroce.

HannaBky 3/1eKTPONLJIAKOBBIM CIIOCOO0OM 11€71€CO00Pa3HO BHIMONHATH ¢ (hiatocamu AH-8,
AH-25, AH®-111, AH®-14

dmroc AH®-11I1 o6maiaeT BHICOKOW 3IIEKTPONPOBOJAHOCTHIO B PACIUIABIEHHOM COCTOSIHUM U
oOecreunBaeT  yCTOMYMBBIM  DJIEKTPOIJIAKOBBIA  mporecc. Hwuskas — OKHCIUTENIbHAs
CHOCOOHOCTh  (IrOca TMO3BOJISET HCIOJIB30BaTh €ro sl AJEKTPOIIAKOBOW HAIUIABKU
BBICOKOJICTHPOBAaHHBIX cIiaBoB. Diroc AH-8 Takke oOecnednBaeT BBICOKYIO YCTOHYHMBOCTH
AJIEKTPOILIAKOBOIO Mpoliecca, HO 00JIajaeT MOBBILICHHOW OKUCIUTEIBHOM CIIOCOOHOCTHIO.
[TosToMy ero cieayeT NpUMEHATH JJIsl AJIEKTPOIIIAKOBOM HAIUIaBKH cTayeil TunoB A u B, rae
MOTEPH HA OKHUCJICHUE JIETUPYIOIINX MPUMECEH HE CKa3bIBAIOTCS B OMACHON Mepe Ha KaueCTBE
HAIUIaBJIEHHOTO MeTaJlja.

dmoc AH-25 npenHasHadeH st BO30YXKICHUS AJICKTPOILIAKOBOTO Tporecca 0e3 Jyru: OH
ANIEKTPO-TIPOBOJICH B TBEPJAOM COCTOSHHH, MPH MPOXOXKJICHUH TOKa OBICTPO HarpeBaeTcs U
pacruiaBisieTcs, o0pa3ysi Ha4albHYIO BAaHHY JKHUJIKOTO IIJIaKa.

Ilpuy  HanmiaBKe  CpeAHEJETHPOBAMHBIX M BbICOKOJIETHPOBAHHBIXCTAJIEH M
CILUIABOB MPUMEHEHUE BHICOKOKPEMHHUCTHIX MapraHIeBbIX (IFOCOB HEIEIeCO00pa3Ho, TaK KaK
OHM OTJIMYAIOTCS BBICOKOM OKHCIUTEIHHOW CHOCOOHOCTHIO, YPE3MEPHO JIETHPYIOT
HaIlJIaBJICHHBIA MeETaJll KpPEMHHEM U MapraHiieMm, oOpa3ylT IUIOXO OTICSIONIYIOCS
[IJIAKOBYIO KOpKY. B sToM cnyuae npumenstot ¢iatocet AH-26, AH-20, AH-28, AH-70, 48-
Od-6, 48-O®-10 u ap.

N3 HU3KOKpPeMHHUCTBIX Oe3MapraHueBbIX (IOCOB HanbOJIee MIMPOKO MPUMEHSIOT JUIs
HarutaBku ¢uroc AH-20. [IpeumyiecTBo - OH 00ECIIEYNBAECT BBHICOKYIO CTa0MIBHOCTH JYTH,
MaJdyl CKJIOHHOCTh K TIOpaMm, Xoporiee (GOpMUPOBaHHE BalMKOB. Ero HemocTaTok —



OTHOCUTEJIbHO HU3Kasl TEMIlepaTypa IUIaBJICHUS U Majias BA3KOCTh, UTO 3aTPY/HSET HAILJIABKY
TEeJ BpallleHUs MaJioro AMAMEeTpa, a TaKKe CPaBHUTENIBHO BBICOKAsi aKTUBHOCTh KpEeMHE3eMa,
YTO NIPUBOJUT B pAJIE CIy4acB K HEKEJIATEIbHOMY OOOTaIlleHUI0 MeTajlla KPEMHHEM,
OKHUCJICHHUIO JIETUPYIOIIUX 3JIEMEHTOB M YXYALIEHUIO OTAECIUMOCTH IIIAKOBOM KOPKH.
[InakoBasi KOpKa YIAOBJIETBOPUTEIHLHO OTIEJSETCS MPH HArpeBe NETald 10 TEMIEPATyphl HE
csebiie 450° C.

Jif1 HAIUIaBKM BBICOKOJIETHPOBAHHBIX CIUIABOB C BBICOKHM CO/ep:KaHHEM XpoMa,
BoJb(pamMa, BaHAAUsA W TUTAHA - IPUMCHSIIOT Hanbolee XUMHUYECKH HEUTpaibHbIC
dmocet AH-70 m 48-O®-6. Ilpm HammaBke moj 3TuMU  (IOCaMH  BeJUMKa OMACHOCTh
oOpa3oBanusi nop. Eciay HamiapisioT MOPOIIKOBON MPOBOJIOKOM, TO JUIsl YCTpaHEHHUs TOp B
CEpJICYHUK 0053aTEIbHO BBOASAT KPEMHE(PTOPUCTHIN HATPHIA.

JUIsS CHYDKEHUSI COJNEp)KaHWS BJard 3TH (DIIOCH TpOKaauBaroT Tpu memnepamype 900—
930°C ¢ meuenue S 4. UtoOb! (iroc HE MOTIIONIAN BIAry U3 BO3/yXa, €ro HY)KHO XPaHUTh B
cyxux nomenieHusix. CocTaB HaIlJIaBJICHHOIO METajula M3MEHSETCS MUHUMAIbHO, TaK Kak
(bIIrOC MOYTH HE COAEPIKUT BEUIECTB, BCTYMAIONINX B XUMHYECKOE B3aUMOJICHCTBHE C JKETIE30M
U JerupylomuMmu sneMeHtamu. lllnakoBass KoOpka yAOBIETBOPUTEIBHO OTHENSETCS TpU
Harpese aetaneit 10 600—700° C

Kepamuyeckue ¢uirocel. /{11 HatuIaBKM UHTEPEC NMPEACTABISIOT JETUPYIOIINE KEPAMUYECKUE
(br0CHI, KOTOPBIE MO3BOJIIOT MIPH UCIIOJIH30BAHUU” CTAHIAPTHBIX U HENEPUIIUTHBIX MPOBOJIOK
MOJy4yaTh JICTUPOBAHHBIA HAIUIABJIICHHBIA METAJJI MOBBIIMIEHHOW HM3HOCOCTOMKOCTU. [Ipm
HaIlJIaBKE TIOJ JICTUPYIOIIMM KEepaMHYEeCKUM (DIIFOCOM BO3MOXKHO OMAcHOE€ HM3MEHEHHE
XMMHUYECKOT0 COCTaBa HAIUJIABJIEHHOTO METalJIa IPU U3MEHEHUU PEKUMOB HariaBku. OHAKO
ATOT HEJOCTATOK OTHOCUTCS B OCHOBHOM K (hJIFOCAM C BBICOKHM COJIEP>KaHUEM JIETUPYIOIINX
AJIEMEHTOB, TO3TOMY BBICOKOE JIETUPOBAHWE HAIUIABJICHHOTO MeETalljila IIeJIecO00pa3Ho
OCYULIECTBIIATh Yepe3 MpoBOJIOKY. HarmaBka ke HU3KOJIETHPOBAHHOI'O METajla BO3MOXKHA U
TIPH TIOMOIIU CIa00IETUPYIOMUX KepaMUIeCKuX (DIIFOCOB.

JlaGoparopHasi pa3paboTka penenTyp mpuBeIa K CO3JAaHUI0 MHOTOYHCICHHBIX MapoK
kepamuaeckux dirocor: AKC-400; 7KC-500; ’KCH-1; ’KCH-2; KC-X12T; KC-3X2B8; KC-
P186; AHK-18; AHK-19; ®K-45u np. OgHako 3aMETHOE MpUMEHeHUe HAILTU TOJIBKO
¢mocet AHK-18 u AH K-19.

®mroc AHK-18 npeanasnauen A MeXaHU3MPOBAHHOW HarIaBKH MpoBosiokoit CB-08 u
CB-08A kojlec MOCTOBBIX KpaHOB, OIOPHBIX KAaTKOB, POJMKOB M HATSDKHBIX KOJIEC
T'YCEHUYHOT0 X0Ja TPAKTOPOB, OYJb/I03€POB U HIKCKABATOPOB.

®dmoc AHK-19 ucnonb3yoT Uiss MHMPOKOCIOWHOW HAIUTABKU KOJICOIIOIIMMCS AJIEKTPOIOM
pabounx KpOMOK HOXKEH Oyb103epOB, CKPEIEpOB U TPEHICPOB.

IIpenmymecTBo - 00a ¢aroca obecrneynBaroT xopomree (OPMUPOBAHHE HAIUIABIECHHOTO
MEeTaJlla, JErKYI0 OTIEIUMOCTh IIAKOBOW KOPKH, BBICOKYK) CTOMKOCTH HAILJIaBJIECHHOIO
MeTajia MPOTUB 00pa30BaHUs MOP W TPEIIMH W BO3MOXKHOCTH HAIJIaBKM Ha MEPEMEHHOM U
MTOCTOSIHHOM TOKE.

CapouHble (uIIOCHl MPUMEHSIIOT IPY aBTOMATHUYECKONW U MEXaHU3UPOBAHHOM JAYTOBOW CBapKe
o1 (hIIFOCOM, TIPU PYIHOM TYTOBOM CBapKe YyryHa M IIBETHBIX METAJIJIOB.



daroc npencTaBisieT coOOM Chlllydyee 3E€pHUCTOE BEIECTBO, KOTOPOE MpPHU PACIUIABICHUU
oOpa3yeT >KMIAKHH IIUIaK, 3allUIAIOIMMA METall CBapHOrO IMBa OT a30Ta W KHUCIOpoaa
BO3/IyXa.
Kpome Toro, HazHaueHue (JiocoB ciaeayminee:
e o0ecreueHue yCTOMIMBOTO TOPEHUS TYTH;
e PpACKHUCJICHUE CBAPOYHOM BaHHBI M MOJYYCHHE IUJIOTHBIX IIBOB 0€3 MOp M ILIAKOBBIX
BKJIFOUCHUI;
e JICTUPOBAHUE METajla IIBa;
e YMEHBIICHHUE NOTEPh IEKTPOJHOTO METaIa Ha yrap U pa3OpbI3TUBaHUE;
e yaydlleHue GopMHUPOBAHMS IIIBA;
e COXpaHEHHUE TEIUIOTHI B 30HE CBApKHU, BCICACTBHUE YETO XMMHYECKHUE PEAKIUH MEXKIY
KUJKUM METAJIOM U IIUTAKOM MPOXOAST 00jiee MOJHO.
ITo cioco0y u3roroB/ieHHs: MIKOCHI IJIAT HA:
e IUIABJICHBIC;
e HEIUIaBJICHBIC.

IInaBaensble (JOCHI U3TOTOBISIOT CIUIABJICHUEM (DIIFOCOBOM IIMXTHI OMPENEIEHHOTO COCTaBa
B JJIEKTPUYECKUX WJIHM IUIAMEHHBIX I€Yax C MOCIEAYIOIIEH €€ IpaHyisluuend 10 MOTyYeHUs
KPYIIUHOK (3€peH) TpedyemMoro pa3mepa.
ITo cTpoeHuro 3epeH miiaBjaeHbie QJIIOCHI pa3aessilioT Ha:

e CTEKJIOBUJHBIE;

e TIEM30BHJHBIE.

CrexaoBUAHBINH (uiloC peacTaBiseT co0O Tpo3payHble 3€pHA C OCTPHIMH TPaHSIMH,
OKpalIeHHBIMH B 3aBUCHMOCTH OT cocTaBa (uiroca B pas3iuyHble 1BeTa. [ ero momydyeHus
xuakuil pacroiaB ¢uroca npu 1200-71250°C tonkoit cTpyeil cnuBalOT B 0ak € XOJOTHOU
MPOTOYHOM BOJIOM. PactuiaB ObICTpO 3aTBEpIEBACT U PACTPECKUBACTCS HA MEJIKME 3€pHA.

Ilem3oBuaHbIN (urt0C IpeaCcTaBIsAeT COOOM 3epHA MEHUCTOrO0 MaTepHalia TaKKe Pa3IMYHbIX
OTTeHKOB. [Ipu BBUTMBaHUU B BOAY KHJAKOTO pactuiaBa ¢uroca, Harperoro g0 1550-1600°C,
napbl BOJIbI BCIIEHUBAIOT PACIUIABICHHYIO Maccy, 00pasys MeM30BHIHBIHN (uitocC.

[TnaBnensie  ¢mrocst  (I'OCT  9087-81), mpumMeHsieMble TpH  aBTOMAaTHUYECKOW U
MEXaHU3UPOBAHHON JAYTOBOW M AJIEKTPOIIAKOBOM CBAapKe M HAIUIaBKE CTajM, BBITYyCKaroT 21
MapKH.

Pasmep 3epen ¢mroca — ot 0,25 10 4 MM. DIIOCHI — CMEK108UONBLIL C PA3MEPOM 3EPEH He
0oJsiee 2,5 MM U nem306uoHblil C Pa3MEPOM 3€PEH He 0oiee 4 mm — TIPpEHA3HAYCHBI JJIst
aBTOMATHYECKON CBapKu NMPOBOJIOKOH JuamMeTpoM He MeHee 3 MM. Cmeknoeuousiii hiioc ¢
pa3MepoM 3epeH He 0oqee 1,6 mm nipeHa3HAYEH JJI1 AaBTOMATUYECKON U MEXaHU3UPOBAHHOM
CBapKH MPOBOJIOKOM 1MaMeTpOM He 0oJiee 3 MM.

®mroc  yNakoBHIBAIOT B OyMaKHbIE MEIIKM WM JIPYTYIO Tapy, OOECIeUYHMBAIOIIYIO €ro
COXPAHHOCTH MPHU TPAHCIIOPTHUPOBAHUHU. Macca 0JIHOTO YyITaKOBOYHOI'O MECTa JIOJKHA OBbITh He
oonee 50 ke.



[InaBnensie ¢arochl Pa3IUYHBIX MapoK UMEIOT pasHbie oOnacTu
npumenenus. Hanpumep: AH-17TM, AH-43, AH-47 — nns ayroBod CcBapKd M HaIUIaBKU
YTJIEPOAUCTBIX HU3KOJIETUPOBAHHBIX CTAJICH.

Kpome maBieHbIX MIMPOKO MPUMEHSIOT U HETUIaBJICHbIE (KepaMuiecKkue) (Irochl.

HenaaBienble (kepamuyeckue) ¢Guirochl ogydaemMble CKpEIUICHHEM YacTUll (II0COBOMA
muXThl 0e3 wux pacmiaBieHus. OHM  TPENCTaBISIOT COOOW MEXaHHYECKYI0 CMecCh
TOHKOM3MEJBYEHHBIX  MPUPOJHBIX  MHUHEPAJIOB, (deppocIuilaBOB U CHJIMKATOB,
CIIEMEHTHPOBAHHBIX JKUJIKUM CTEKJIOM W TPaHYJIMPOBAHHBIX Ha KPYMUHKHU OIpeAeNICHHBIX
pasmepoB. Kaxmgoe 3epHO (KpynHMHKa) KepaMU4yecKoro iaroca COCTOMT U3 IMPOYHO
COEIMHEHHBIX MEJKHX YacTHYEeK U COAECPKUT BCE KOMIIOHEHTHI (iroca B OMNPENEICHHOM
COOTHOIIIEHUH.

Kepamuueckue (irochl pa3invyHBIX MapoK HMEIOT OMpeefeHHbIe 00JIacTH MNPUMEHEHUS,
Harpumep:

AHK-35 n AHK-36 ucnonb3yIoT AJis CBapKU YTIAEPOIUCTHIX CTAJEH;

AHK-47 u AHK-48 — 1111 cBapK# HA3KOJETHPOBAHHBIX CTAJIEH;

AHK-45 — n7st cBapKu BBICOKOJIETUPOBAHHBIX CTaJICH;

AHK-18, AHK-19 u AHK-40 — npu HarmmaBoYHBIX paboTax;

AHK-3 ciyxxut nobaBkoit (B konmuectBe 5-15%0), mpuMeHsIeMOl B CMECH C ILIaBICHBIMH
¢dmrocamu AH-348A, OCIL-45, AH-60 1 npyrumu [uid NOBBILIEHHUS CTOMKOCTH IIBOB IIPOTUB
oOpazoBanus op. Hanbomnee pacnpoctpaneHHbIM BUIOM (hiTtoca sIBISIETCS BEIIECTBO Oypa.

Kepamuueckue (aiochl TMIPOCKONMUYHBI, MOITOMY XpPaHUTh UX CIEAYyeT B TI'e€pPMETHYECKU
3aKpbIBalOlleiics ymakoBke. BBuay HeOONbUIOW MPOYHOCTH 3€pPEeH TPaHCHOPTHUPOBATH
KepaMHUYeCKuil (II0C PEKOMEHAYEeTCsl B JKECTKOM Tape — MeTaIMYeCKuX OaHKaxX WM
KapTOHHBIX OapabaHax.

KonTpoiibHbIE BONIPOCHI:

Jlist uero ciyxut roc?
Kak paznensitor pirocsl o Ha3HauUEHUIO?
Kak pazgensitor ¢rocs! o crioco0y U3roToBICHUS?

> © o N

Pasrapate kpoccBopa
KpoccBopa nmo teme «CBapka noj cjaoeM ¢puiroca

IIo ropusonTanu:
1. TlapameTtp pexxuma cBapKH, KOTOPBI OKa3bIBAET BIMSHUE Ha TEOMETPUUYECKUE pa3Mephl
u ¢popMy 11IBa.
2. AH-348, OCII-45 — Yo 310?
®roc, U3rOTOBICHHBIN 0€3 IJIaBJIEHUS] KOMIIOHEHTOB IIUXThI

w

4. Cuna cBapO4YHOI'O TOKA U3MEPSETCA B ....



ITo BepTHKaAIM:

1.

arwn

OcHoBHo#1 y3en cBapouHoro apTomata AJldP-1002

Cnyxut nist yoopku ¢uiroca mocijie cBapku

Yro o3znavaer OykBa «K» B ycnoBHoM o6o3naueHnn — T PIK-1002

Bun ¢uroca mo XMMHYECKOMY COCTaBY.

OCHOBHOW TapaMeTp peXMMa JYrOBOW CBApKH MOA (HIFOCOM: CHjla CBApPOYHOTO TOKa,
€ro pon | .....

VICTOYHHMK MUTaHUS, HCTIOJIb3YEMBIH B CBAPOYHBIX aBTOMAaTaX

ITAJIOH OTBETOB

1.

Dnioc 3awuniaem Kanau 31eKmpoOH020 Memaila U HCUOKUL Memail C8APOYHOL BaAHHbL
om 6030elicmeuss 6030yxa, obecneuusaem YCmMouuugoe 2opeHue oyau, Xxopouiee
Gopmuposanue wea u obpazyem uLiaKo8yr0 KOpKY, J1ecKo 0moeaumMyto Om no8epxHocmu
wea nocie 3ameepoesaHusl.

Pasznuuarom prrocol obueco Ha3HaveHus u cneyuanbHble.
Dnrocvl 06Uleco Ha3HaYeHUst NPeOHA3HAYEHbl 0151 MEXAHUZUPOBAHHOU 0)Y2080U C8APKU U
HAanIaéKu yenepooucmuvlx U HU3KOJNESUPOBAHHBIX CMAJell HU3KOY21epOOUCmol U
JIe2UPOBAHHOU C8APOYHOL NPOBOTIOKOU, CHeyuanbHble (iocsl - 05 OMOEIbHbIX 8UO08
C8apKuU, HaAnpumep, INeKMpPOULIAKOBOU UTU CBAPKU BbICOKOIE2UPOBAHHBIX CIALEU.



3. 1o cnocooby U320MO8G/IeHUs. @nrocul oenamcs HA: NIaBleHHble u
HennagnenHvle. Ilnagnenvie  @uiocvl noayuarom nymem  CHIABNEHUS KOMNOHEHMO8
WUXmMbl 8 INEeKMPUUECKUX UMY NIAMeHHbIX nedyax. llpu uzeomoenenuu HeniasieHHbix
@rrocosuacmuyvl  Qiocogoli wuxmsl ckpenagiom 6e3 ux cnaasnenus. K uucny
HeNnlagleHHblX (QIoco8 OMHOCAMCS Kepamuieckue U cHeueHHble @Oaochl, a makaice
@mocvi-cmecu. Kepamuueckue ¢harocbl npouszgooam u3z cmeceil NOPOUIKOOOPA3HBIX
MaAmepuanos, CKpenisemvlx ¢ HOMOWbIO KIeIoWUx 6ewecms, 2lasHblM 00pa3om
acuokozo cmekaa. CneuenHvle (hocbl U320MOGNAIOM NYMeM CHeKaAHUsl KOMHOHEHMO8
WuUXmsl NPU NOBLIWEHHBIX memnepa mypax 0e3 ux cniaenenus. Ilonyuennvie Komku
3amem uzmenvuaom 00 mpedyemo2o pamepa.

JTaJ0H 0TBETOB KPOCCBOPAA

I1o ropusonTan:
1. Hanpspokenue
2. ®miroc
3. Kepamnueckuii
4. Awmrmep

ITo BepTHKaAIM:

1. Tpaxkrop
dmrocooTcoc
Kectkas
Kucnprii
[TonsipHOCTH

o gk wn

Brimpsmurens

IIpakTnueckoe 3ansaTue Nel§

Tema: M3HoC neTaneil mpoMBIIIIEHHOTO 000pYA0BAHUS
Heas pab6orsl: [Ippuobpectn mpakTHUECKWe HABBIKM TpPU HW3yYEHUH M3HOCA JeTajei
MPOMBILIIEHHOTO 000pyI0BaHUS

Xox BHINOJIHEHHSI padoThI:
1. O3zHakomJieHUE C TEOPETHUECKUMHU CBEICHUSIMHU
2. U3yuuth UM  3aKOHCNEKTHpOBaTh TeMy: «M3HoCc neraneil  IPOMBINIIIECHHOTO
000pyIOBaHUS.
Brrueptuth pucyHKu:
XapakTep MEXaHHYECKOI0 U3HOCA JETaleH;
N3HO0C NOAMNITHUKOB Kauy€eHNs,

WP P w

XapaKTepHLIe BHUAbI N3HOCA HOBCpXHOCTeﬁ CKOJIBXXCHMS.



Teopernyeckue cBegeHUs

Cpok ciy:k0bl MPOMBIIIJIEHHOTO 000PY/IOBAHUS ONMpeAessieTCsi H3HOCOM €ro JeTalieil —
W3MECHCHHEM pa3MepoB, (OPMBI, MACChl WM COCTOSHUS WX TOBEPXHOCTEH BCIIEICTBHE
W3HAIIMBaHUA, T. €. OCTATOYHOW AedopMallii OT MOCTOSHHO ACHCTBYIOIIMX HArpy30K JUOO
W3-32 pa3pymIeHus MOBEPXHOCTHOTO CJIOSI PU TPCHUM.
CKopocTh U3HAIIMBAHUS JeTaJieil 000py10BaHNsl 3aBUCHT OT MHOTHUX NPUYMH:

e YCIIOBUU U PEKHUMa UX pabOTHI;

e MarepHualia, U3 KOTOPOTO OHH H3TOTOBJICHEI;

e  XapakTepa CMa3Ku TPYIIMXCS MOBEPXHOCTEH;

e YJACIBHOTO YCHJIUS U CKOPOCTH CKOJIbKEHUS;

e TEMIIEpPaTyphl B 30HE CONPSIKCHUS,

e COCTOSIHMSI OKPY’KAIOIIIEH Cpeibl (3albUIEHHOCTD U Jp.).
Beanunna u3HoCa XapaKTePU3YETCs YCTAaHOBIICHHBIMH SUHUIIAMU JUTHHBI, 00beMa, MacChl U
7p.
OnpeaensieTcss H3HOC:

e 10 U3MEHEHUIO 3a30POB MKy COMPATACMBIMH ITOBEPXHOCTAMH JeTaeH, \

e TIOSIBICHUIO TE€YH B YIUIOTHEHUSX,

e YMEHBIICHUIO TOYHOCTH 00PaOOTKH U3JETHS U JAP.
H3HoCcHI OBIBAIOT:

e HOPMAJIbHBIMU U

e aBapUHHBIMU.
HopmanbHbIM, MJIHM €CTECTBEHHBIM, HA3bIBAIOT U3HOC, KOMOPbIL B03HUKAem Npu
NPABUNBHOU, HO ONUMENbHOU IKCHYamayuy MAawuHsl, m. e. 8 pe3yibmame UCNOIb308AHUS
3aA0aHH020 pecypca ee pabomul.
ABapuHiiHbIM, HWJIH TNPOTrPECCUPYIOIIHM, HA3bIBAIOM U3ZHOC, HACMYNAIOWUN 6 medeHue
KOpPOMKO020 8peMeHU U OOCMUSAoWUll MAaKux pasmepos, Ymo OdjibHeuulas 3KCHLyamayus
MAWUHbL CIMAHOBUMCS HEBO3MONCHOU.
[Ipn ompeneneHHBIX 3HAYCHHUSIX W3MEHEHHM, BO3HHMKAIONIMX B PE3Y/IbTaTe W3HAIIMBAHWS,
HACTYIIaeT MpeaeJbHbI HM3HOC, BBI3BIBAIONINN PE3KOE YXYAIICHHE SKCIUTyaTal[MOHHBIX
KauecTB OTJACIbHBIX JCTalield, MEXaHW3MOB W MalIMHBl B IIEJIOM, 4YTO BBI3BIBACT
HEOOXOAMMOCTh €€ PEMOHTA.
CxopocTb M3HAIIMBAHUA — 2710 OMHOUlEHUE 3HAYEeHUll XAPAKMepUuzylowux 6eiudyur K
UHmMepeany 6pemenu, 8 meyerue Komopo20 OHU 803HUKIIU.

CyumHoCTb sIBJICHUSI TPEHHUS
[lepBocTeneHHON NMPUYMHON HM3HAIIUBAHUS JeTaleil (0COOEHHO COMpPSTaeMbIX U TPYLIUXCA
MIPU IBUKEHUU APYT O IPYTa) sIBISIETCS] TPEHUE.

Tpenue — npoyecc conpomugenenus OmHOCUMENbHOMY NEPpEeMEUeHUI0, B03HUKAIOUE20 MeNHCOY
08YMsL MeNaMU 6 30HAX CONPUKOCHOBEHUS UX NOBEPXHOCMeEl NO KACAMENIbHbIM K HUM,
CONPOBOAHCOaeMblll OUCCUnayuel SHepeul, m. e. NPespaujeHuem ee 8 Mmeniomy.

B noBceaHeBHOM )XU3HU TPEHUE MPUHOCUT OJTHOBPEMEHHO U IMOJIb3Y, U BPE/l.



Ilonw3a 3akmodaeTcss B TOM, YTO M3-3a MIEPOXOBATOCTU BCEX 0€3 MCKIIOUEHUS MPEIMETOB B
pe3ysibTaTte TPEHUSI MEKIYy HUMU HE BO3HUKAET CKOJBKEHHS. DTHUM OOBICHSIETCS, HalpuMeEp,
TO, YTO MbI CBOOOJHO MOXXEM TIEpPEABUTAThCA MO 3eMJjie, He Tajas, MNpeaIMeThl He
BBICKAJIb3bIBAIOT W3 HAIIMX PYK, TBO3Jb KPENKO AEPKUTCSI B CTEHE, MOE3] JIBHXKETCS IO
penbcam u T. 1. To ke camoe sIBIeHWE TpeHHUsl HaOJto/1aeTcs B MEXaHHW3MaX MalluH, padoTa
KOTOPBIX COMPOBOKIAECTCSA JBHKEHUEM B3aMMOAECHUCTBYIOIINX YacTel. B 3ToM cityyae TpeHue
TAeT OMpPUUameIbHolil pe3yabmam — W3HAIIMBAHUE COIPSATAaEMbIX MOBEPXHOCTEHN JETaleH.
[ToaToMy TpeHue B MexaHHW3Max (3a UCKIIOYEHHUEM TPEHHUS TOPMO30B, MPHUBOJHBIX PEMHE,
(GPUKLIMOHHBIX Mepejad) — SIBJICHUE HEXKENATEIbHOE.
Buabl u xapakrtep usHoca aeraJjeit
Buael n3HOCa paznuyaroT B COOTBETCTBHUU C CYIIECTBYIOIIMMH BUIaMHU U3HAITUBAHUS—
Buasl u3noca:

e MexaHHueckoe (abpazusenoe, ycmanocmmoe),

e KOPPO3HOHHOE U JIp.
Mexanudeckuii M3HOC A8/11emcs pe3yaibmamom Oeticmeus Cul MpeHus Npu CKOIbA*CEHUU
00HOU Oemainu no Opyeou.
[Ipu sTOM BHIe M3HOCA TPOUCXOIUT UCTHPAHHUE (CPE3aHKE) MOBEPXHOCTHOTO CIIOS METalia 1
UCKa)KEHUE TEOMETPHUYECKHX Pa3MEpoB Y COBMECTHO paboTarommx aetaneid. M3Hoc storo
BH/JIa YaIlle BCETO BO3HUKAET MPHU paboTe TaKUX pacpOCTPAHEHHBIX COMPSIKEHUN JIeTaneH, KaK
BaJI — NOJAIIMIHUK, CTAHWHA — CTOJI, MOPIIEHb — MWIMHAP U Ap. OH MOSBISETCS U NPHU
TPEHUHM KA4YeHHsI MOBEPXHOCTEH, TaK KaK 3TOMY BHUIY TPEHUS HEU30€KHO COMYTCTBYET H
TPEHHUE CKOJBKEHHUS, OJJHAKO B MOJOOHBIX CIIy4asX H3HOC OBIBAET OUYC€Hb HEOOIBIIIIM.
CreneHb 1 XapaKTep MeXaHMYeCKOI0 M3HOCA JIeTajield 3aBUCAT OT MHOTHX (DAKTOPOB:

e (pU3MKO-MEXaHUUYECKUX CBOMCTB BEPXHUX CIOCB METAJINIA,

e yCNOBUW pabOTBI M XapakTepa B3aUMOJCHCTBUSI COIPSATAEMBIX TMOBEPXHOCTEH;

JABJICHUS; OTHOCUTEIBHON CKOPOCTH NEPEMEILICHUS;

e YCIIOBUU CMa3bIBaHUs TPYILUUXCS MOBEPXHOCTEN;

e CTEMEHU MIEPOXOBATOCTHU MOCIEIHUX U JIP.
Haubonee pa3pyLIUTEIBLHOE JIEUCTBUE Ha JeTaIN OKa3bIBaeT adpa3uBHOE
U3HALIMBaHUe, KOMopoe Habnooaemcs 6 mex CAyYyasx, Ko20a mpywuecs HNO8epXHOCMU
3G2PASHAIOMCA MEIKUMU AOPASUBHBIMU U MEMAITUYECKUMU YACTNUYAMU.
OObBIYHO TaKHMe YacCTHIBI TOMAAAI0T Ha TPYIIMECS MOBEPXHOCTH MPU 0OpabOTKEe Ha CTaHKE
JIUTHIX 3arOTOBOK, B PE3YyJbTaTe U3HAIIMBAHUS CAMUX MTOBEPXHOCTEH, MONAJaHUs TIBUTH U JP.
OHU IUTENbHOE BpEeMsi COXPAHSIOT CBOM PEXKYIIHME CBOMCTBA, 00pa3ylOT Ha MOBEPXHOCTSIX
JeTaliell IapanuHbl, 3aUpPhl, a TAKKe, CMEIINBASCh C TPSA3BIO, BHIMOIHSIIOT POJIb abpa3uBHOU
MacThl, B pe3yJbTaTe JACHUCTBUS KOTOPOM MPOUCXOJAUT HWHTEHCHUBHOE MPUTHUPAHUE U
W3HAIIMBAHUE COMpSTaeMbIX TOBEpXHOCTEW. B3aumopeiicTBue moBepXxHOCTEH aerancit 0e3
OTHOCHUTEJIBHOTO NIEPEMEIICHUS BBI3bIBAET CMATHE METAaIa, YTO XapaKTEPHO ISl IIMTOHOYHBIX,
IUTHIIEBBIX, PE3bOOBBIX U APYTHX COCTUHEHUMN.
MexaHnuecKnii W3HOC MOJKET BBI3BIBATHCS M IUIOXUM OOCTY)KMBaHHEM OOOpYJIOBaHHS,
HampuMep HapylIeHUsIMH B T[OJadye CMa3Kd, HeJ0OpOKaYeCTBEHHbIM pPEMOHTOM U
HECOOJIIOJIEHUEM €r0 CPOKOB, MOLTHOCTHOM MEePEerpy3KOu U T. A.



Bo BpeMmst paboThl MHOTHE JI€Taau MallvH (Bajbl, 3yObs 3y0UaThIX KOJEC, MATYHbI, IPY>KUHBI,
MOJAIIUITHUKKA)  TOJABEPraloTCs JUTUTCIIBHOMY JCHCTBHIO IEPEMEHHBIX JUHAMUYECKUX
HArpy30K, KOTOpbIE 0oJiee OTPUIIATEIHHO BIIMSIIOT HA MPOYHOCTHBIC CBOWCTBA JIETAIH, YeM
HArpy3KH CTaTUYECKHE.

YCTanocTHBIH U3HOC S67151emcst pe3yibmamom 0eucmsus Ha 0emaib NePeMeHHbIX HA2PY30K,
BbIZLIBAIOWUX YCIAIOCTbL MAMEPUALa 0emanu u e2o paspyuierue. Baibl, IPyKUHBI U APYTHE
JeTalld Pa3pylalOTCs BCIICJACTBUE YCTATIOCTH MaTepuaja B IONEPEYHOM ceueHuu. [Ipu sToM
MOJIyYaeTCsl XapaKTePHBIM BUJ U3JIOMa C JIByMs 30HAMU — 30HOH pa3BUBAIONIUXCS TPEIIUH U
30HOM, IO KOTOPOW mpou3omen u3jioM. [loBepXHOCTh mepBO 30HBI TJIAJIKasi, a BTOPOU — C
paKOBHHAMH, @ HHOT/Ia 3¢PHUCTASI.

YcTanocTHbIe pa3pyIIeHUs MaTepralia JIeTalu He 00s3aTelIbHO JTOJDKHBI Cpa3y MPHUBECTH K €
moJioMke. BO3MOKHO TakKe BO3HUKHOBEHHE YCTaJIOCTHBIX TPEIIMH, IICTYIMICHUS W JIPYTUX
ne(EeKTOB, KOTOPbIC, OJHAKO, OMACHBI, TaK KaK BBI3BIBAIOT YCKOPEHHBIH H3HOC JCTAId H
MEXaHHU3Ma.

JIIs  TpemoTBpaIlleHUsT YCTaJOCTHOIO pa3pyIIeHUs Ba)XHO IIPABHIIBHO BBIOpaTh (opmy
MOTIEPEYHOr0 CECYCHHMSI BHOBb M3TOTOBJISEMOM MM PEMOHTHPYEMOM JIeTajld: OHa HE JIOJDKHA
UMETh PE3KUX MIEPEXO0JIOB OT OJHOTO pasMmepa K apyromy. Ciaemayer Takke IOMHHUTb, YTO TPy0o
oOpaOoTaHHasi TOBEPXHOCTh, HAJUYME€ PHUCOK W [apaluH MOTYT CTaThb NPUYHMHOU
BO3HUKHOBCHWSI YCTAJIOCTHBIX TPEIIHH.

N3Hoc mpum 3aeqaHMU GO3HUKAem 6 pe3yibmame NPUIUNAHUS («CX8AMBIEGAHUSY) OOHOL
noBepxXHOCMU K OpY2oil.

D710 sBIIeHWE HAOJIOJAETCS MPU HEJIOCTATOYHOW CMasKe, a TaKKe 3HAYUTEIBHOM JIaBJICHUH,
P KOTOPOM JIBE COMpsITraeMble MOBEPXHOCTH COJMKAIOTCS HACTOJBKO IIJIOTHO, YTO MEXKIY
HUMH HaYMHAIOT JACHCTBOBATh MOJIEKYJISPHBIC CHIIBI, IPUBOIAIINE K UX CXBATHIBAHHUIO.
Koppo3uoHHBIH M3HOC s6715emcst  pe3yibmamom — UHAWUBAHU — Oemanell  MAauwluHn U
VCMAHOBOK,  HAXOOAWUXCS NOO  HENOCPEOCMBEHHbIM — 8030elicmeuem 800bl, 68030VXd,
Xumuyeckux eewjecms, Konebanutl memnepamypol. Hanpumep, eciu TtemriepaTtypa Bo3ayxa B
MPOM3BOJICTBCHHBIX TOMECIICHUSX HEYCTOMYMBA, TO KAXKIBIA pa3 TpPH €€ TOBBIIICHUN

coJiepIKaIIuecs

Puc. 1. Xapakmep mexanuuecxkozo

u3Hoca oemaneii:
a — HanpaBJISAIOMIUX CTAaHUHBI U

crona, 0 — BHYTPEHHUX
MMOBEPXHOCTEN LIUIIMHIPA,
B — IOpIIHSA, I', I — Bala, e, ;K —

3yObeB KoJieca, 3 — pe3bObl BUHTA

Pf Cast gﬂg‘em« u raﬁKH,
j@ # U —  JUCKOBOM  (PpUKIIMOHHOM
? 7‘-" i MYQTHI,
e ) 1— crom2— cranuHa, 3 —
4 [ 100Ka, 4 — nepeMbIvKa, 5 —
T JHUIIIE, 6 — OTBEpCTHE,

7 — nmommunHuK, 8 — mrelika Bana, 9 — 3a3op, 10 — BuHT, 11 — raiika;



N — mecra nsHoca, P —aeicTByromue ycunus

B Bo31yxe BOAsSHBIE Mapbl, COMpUKAcasch ¢ 00yiee XONOAHBIMA METAIIMYECKUMH JETaIsIMHU,
OCaKJAIOTCS HAa HUX B BHUJI€ KOHJIEHCATA, YTO BBI3BIBAET KOPPO3HUIO, T. €. pa3pyLICHUE MeTallia
BCJIEACTBUE XHMHYECKUX U DIIEKTPOXMMUUYECKHX MIPOLIECCOB, PAa3BUBAIOIIMXCA Ha €ro
noBepxHOCTH. I[loj BIMSHUMEM KOpPpO3MHM B JETalsAX o0Opa3yloTcs IIyOOKHE pa3zbelaHus,
MOBEPXHOCTh CTAHOBUTCS TyOuaTOM, TepsieT MEXaHWMYECKYI TIPOYHOCTh. OTHU SIBIICHUS
HAOJIIOIAl0TCsI, B YAaCTHOCTH, y JeTalled TUIPABIMYECKUX IPECCOB M MApOBBIX MOJIOTOB,
paboTaronux B Cpejie napa uiu BOJAbL.

OOBIYHO KOPPO3HOHHBIM HM3HOC COMPOBOXKAACTCI M MEXAaHUYECKUM H3HOCOM BCIIEJCTBUE
CONPSDKEHUS OAHOM JeTanu ¢ JApyrod. B 3ToM ciaydyae OPOMCXOAUT TakK Ha3bIBAEMbIN
KOPPO3UOHHO-MEXaHUYECKUH, T. €. KOMILJIEKCHBI, H3HOC.

XapakTep MeXaHH4eCKOI0 U3HOCA JeTaJieil.

MexaHnuueckuii M3HOC JieTaneil 000opynOBaHUsS MOXET ObITh MOJHBIM, €CJIM MOBPEXKIEHA BCS
MTOBEPXHOCTH JIETAJIH, UJTU MECTHBIM, €CJIH MIOBPEXKICH KaKoi-mnbo ee yuacTok (puc. 1, a—mn).
B pe3ynbraTe W3HOCA HAMpaBISAIOIIMX CTAHKOB HApYWIAIOTCS HX IJIOCKOCTHOCTD,
NPSIMOJIMHENHOCTh M MapajIeIbHOCTh BCJEACTBHE ACHCTBUS Ha MOBEPXHOCTU CKOJIBKEHUS
HEOJMHAKOBBIX Harpy30K.

Hanpumep, npssMonuHeWHbIe HampaBisioniie 2 cranka (puc. 1, a) mon BIUSHUEM OONBIINX
MECTHBIX HAarpy3oK IpHOOpETal0T BOTHYTOCTb B CpeaHel YacTh (MECTHBIM H3HOC), a
compsiraeMble ¢ HUMH KOPOTKHE HANIPABJIAIONINE 1 CTONIAa CTAHOBATCS BBITYKJIBIMU.

Hununopot u 2unv3el nopuineii 6 Oguzamenax, KOMRPeccopax, Moaomax v Ipyrux MammHax
W3HAIIMBAIOTCS TOXKE HEpaBHOMEpPHO (puc. 1,60). VI3HOC MPOUCXOIUT HA YYACTKE JIBMXKEHUS
MOPIUTHEBBIX KOJEI[ U TMPOSBISAETCS B BUAC BHIPAOOTKM BHYTPEHHUX CTCHOK IMIJIMHIpPA WU
runb3bl.  Mckaxkaercs ¢opma OTBepcTHsl IWUIMHApa — OOpa3yroTcs OTKJIOHEHUS OT
WIMHAPUYIHOCTH U KPYTJI0cTH (00YKOOOPa3HOCTh), BOSHUKAIOT L@PANUHBI, 3aUPhl U IpyTrue
ne@exTsl. Y [MIMHAPOB JBUTATEJIe BHYTPEHHErO CropaHusi HauOoJIbLIEeMY HW3HOCY
MOJIBEpraeTcsl X BEPXHsSl 4acTh, UCHBITHIBAIOINIAS CaMble BBICOKHME JIaBJICHUS U HauOOJbIINE
TeMrepaTypsl. B Ky3HeYHO-TIpeccoBOM 00OpYIOBaHHM, HA0O0OPOT, HAWOONBIINI HM3HOC
MOSIBJISIETCS] B HIDKHEW YacTH LIMJIMHAPA — TaM, TJIe HaXOAUTCS MOPIIEHb BO BPEMS y1apOB.
H3noc nopwnsn (puc.1, 8) NposIBIsICTCS B UICTUPAHUY U 33/IMPaX HA IOOKE , U3JIOME MEPEMBIYCK

4 MexIy KaHaBKaMH, IOSBICHUM TPEUIMH B JHHINE 5 1 pa3paboTke oTBepcTHs 6 "'mos
MOPIIHEBOU MaJel.

H3znoc eanoe (puc. 1, 2, 0) NpOSIBIICTCS BO3HUKHOBCHHUEM PAa3JIUYHBIX Je()EKTOB: Babl
CTaHOBSITCSI M30THYTBIMU, CKPYYEHHBIMH, a TakKe HW3JIOMAHHBIMH BCIEIACTBHE YCTaJOCTU
MaTepuajia; Ha WX IIeHKax oO0pa3yroTcs 3aaupbl;, NWIUHAPUYCCKUEC IICHKH CTAHOBITCS
KOHYCHBIMU WJIM 00YK00Opa3HbIMU. OTKIOHEHUS OT KPYIJIOCTH TMPUOOPETAIOT TaKkKe
OTBEpCTHUS TIOJIITUITHUKOB CKOJIBKCHHUS W BTYJOK. HepaBHOMEpPHOCTh M3HOCA IICCK BAJOB U
MMOBEPXHOCTEH OTBEPCTHH BO BTYJIKaX MPH BPAIICHUHU Bajla — Pe3yJIbTaT JICHCTBHSI Pa3TINIHBIX
HArpy30K B pa3HbIX HAMpaBleHUsX. Eci Ha Baj BO BpeMs BpaIlleHUs JICUCTBYET TOJBKO CHIIA
€ro TSHKECTH, TO U3HOC MOSBIISIETCS B HIDKHEH YacTH MOAIMUIHUKA (puc. 1, 2, cneesa).

B 3y0uateix mepenayax Hamboyiee 4acTO M3HAIIMBAIOTCS 3yObsi: 00pa3yloTCs 3aaupbl, 3yObs

U3MEHSIIOT CBOIO (JOPMY, pa3Mephl U BbLIIAMBIBAOTCSI.



IMosiomka 3y0beB, MOsIBJIEHME TPENIMH B CHOMIAX, 000e M CTynmMIe 3y0uaTbIX KOJIeC,
H3HOC MOCAA0YHBIX OTBEPCTHI U IINOHOK MPOMCXOAUT 110 TPEM OCHOBHBIM NPUYHHAM:

1. meperpyska 3yOouaToil nepegauu;

2. TIOTIaJaHWe B HEE MMOCTOPOHHUX TEll;

3. HempaBWibHas cOOpKa (HampuMmep, KperieHne 3y04aThiX KoJieC Ha Baly C MEePEKOCOM

oceit).

Xo0006ble eunmpl UMEIOT TpaIelEUuJAIbHYI0 WIH NPSIMOYTOIbHYIO pe3b0y. Y BHUHTAa U €ro
raiiku M3HaIIMBaeTCsa pe3b0a, BUTKU CTAHOBSTCS TOHbIIE (puc.l, 3.). I3HOC pe3b0bl y BUHTOB,
KaK IPpaBWJIO, HEPAaBHOMEPHBIH, TaK Kak MOAABISIONIas 4acTh JAeTaliel, 00pabaTbiBaeMbIX Ha
CTaHKAaX, MMEET MEHBUIYI0 UIMHY, YEM XOJ0BOM BHMHT. CHJIbHEE W3HAIIMBAETCS Ta 4YacTb
pe3b0bl, KoTopass paboTtaeT Oosblie. ['allku XOJOBBIX BUHTOB HM3HAIIMBAIOTCS OBICTpEE, YEM
BUHTHI. [IpUuuHBI 3TOro TakoBbl: pe3b0y rack HEyAOOHO OYHMINATH OT 3arpsA3HEHMI; Taiiku B
psle cllydaeB HEYJIOBJIETBOPUTEIBHO CMAa3bIBAIOTCS; Yy TalKH, CONPSKEHHONM C BUHTOM,
Y4acTBYIOT B paboTe BCE BUTKU Pe3bObI, TOr/Ia KaK y BUHTA OJTHOBPEMEHHO PabOTaEeT TOJNBKO
HeOOJIbIIIast YaCTh €r0 BUTKOB, paBHAs YHCITY BUTKOB TalKH.
3agup — TOBpEXKICHUE TMOBEPXHOCTU TPEHHSI B BHUJAEC IMIUPOKUX M TIYOOKHMX OOpo3n B
HaIPaBJICHUN CKOJIBKECHHS.
Y ouckoevix my¢pm B pezynbrare nelicTBUS CHIJI TPEHUSI HAUOOJBIIEMY U3HOCY MOBEPTAIOTCS
TOPLBI AUCKOB (puc. 1, u); X MOBEPXHOCTH HCTHPAIOTCSA, HA HUX MOSIBIISIIOTCS LApaNHHBbI,
3aJIUpbl, HAPYIIAETCS TTIOCKOCTHOCTD.
B pe3vbosvix coeounenuax nanboiee 4acTo U3HAMIMBAETCA MPOGUIL PE3bOBI, B PE3yIbTaTe B
HUX YBEJIMYMBAETCA 3a30p. DTO HAOIIOJAETCS B COMPSDKEHMSIX HE TOJIBKO XOJOBBIX, HO U
32KUMHBIX, HAIPUMeEp 3a)KMMHBIX BUHTOB YacTO OTBEPTHIBAEMBIX KpEMeKHBIX 001TOB. M3HOC
PE3bOOBBIX COCIMHEHUN — pEe3ybTaT HEIOCTATOYHOW WJIH, HA00OPOT, Ype3MEPHON 3aTSIKKU
BUHTOB M raek; 0COOEHHO MHTEHCUBEH M3HOC, €clii padoTarollee COeIMHEHNE BOCIPUHUMAET
OonplIMe WIM 3HAKOTIEPEMEHHbIE HAarpy3KH: OOJTHI M BHHTHI PACTATHBAIOTCS, MCKaKaIOTCS
mar pe3pObl U ee mpoduiib, raiika HauMHAeT «3aelarb». B 3THUX cioydasx BO3MOXKHBI
aBapHilHbIE TMOJOMKH JleTaled coeluHEHHUs. ['paHM TOJOBOK OONTOB M TaeK 4Yalle BCEro
W3HALLMBAIOTCS IOTOMY, YTO UX OTBEPTHIBAIOT HECOOTBETCTBYIOIMMH KIIFOUYaMH.

Wz

a) 6)

Puc. 2. H3noc noowmuunHukoe kaueHu::

a — BCJIICCTBHUC IICPEKOCA, 0— IIpH IMMPOBOpAYMBAHNU BHYTPCHHCTO KOJIbIIa HA BAJly, B — U3-
3d YPC3MCPHOI'0 HATATa, I' — H3-3a HCUCIIPABHOI'O CaJIbHUKA, M — mecTa u3Hoca



B wnonounvix coeounenusax N3HAIMBAIOTCA KaK IIIOHKM, TaK M IIMNOHOYHBIC I1a3Hl.
Bo3MmoxHBIE TPUYMHBI AITOTO SBJICHUS — Ocla0JeHue TMOCaJKK JeTald Ha Baly,
HENPABUJIbHAS MTOATOHKA IITOHKH 1O THE3AY.

B mnoamunmHuMkax Ka4veHHs BCICJACTBUE pPa3IUYHBIX MPUYUH (puc. 2, a—e) HU3HOCY
MOABEP)KEHBI paboure TOBEPXHOCTH — HA HUX TMOSABJSIIOTCS OCIWHKH, HaOIIOmaeTCs
HIETYyIIEHNE MOBEPXHOCTEH OETOBBIX JOPOXKEK W mapukoB. [log aeiicTBHeM NHHAMHUYECKUX
Harpy30K MPOMCXOJUT HMX YCTAJIOCTHOE pa3pylICHUE; IMOJ BJIUSHUEM H3JIMIIHE TIOTHBIX
MOCaJIOK TMOJUIMIIHUKOB HAa BaJl W B KOPIYC IMIAPUKA U POJUKH 3ALEMIISIIOTCS MEXITY
KOJIbIIaMH, B PE3YJbTATE 4YEro BO3MOXKHBI IIEPEKOCHI KOJIEL] MPU MOHTAKE M JPYTHe
HEXelaTeNIbHbBIC TTOCIICCTBHS.

Paznuunble MOBEPXHOCTH CKOJIBKEHUS TAKKE MOABEPKEHBI XapaKTePHBIM BUAaM U3HOCA (PHC.
3). B mpomecce »KcIuTyaTanuy 3yOdaThIX IIepenad BCICICTBHE KOHTAKTHON YyCTaIOCTH
Marepuajga pabouymx IOBEPXHOCTEH 3yObeB M MO JACHCTBHEM KacaTeIbHBIX HaNpPsHKECHUN
BO3HHMKAET BBIKpAIlllUBaHUE PAOOYMX IMOBEPXHOCTEH, T. €. OTJAEJNICHHE 4YacTUIl MaTepuana,
MpUBOAIIEe K 00pa30BaHUIO SIMOK Ha MIOBEPXHOCTH TpeHUs (puc. 3, a). Paspymenue pabounx
MMOBEPXHOCTEH 3yOheB BCJEACTBHE HHTCHCUBHOIO BBIKPAITUBAHUS (puc. 3, 6) 4acTO Ha3bIBAIOT
oTcllauBaHueM (MPOUCXOJUT OTACICHHE OT TMOBEPXHOCTU TPEHHS Marepuaia B ¢opme

YeIryeK).

Puc.3. Xapaxkmepnuoie U0l u3sHoca
Nno6epxXHOCmell CKOJIbIHCCHUA:

a— BBIKpAIllMBaHUE, 0 —
OTCJIauBaHUE, B — Koppo3us, I —
3po3us, I — ILapanuHbl, € — 3aTUpPbl, K —
HaJMIAaHKUe, 3 — TTyOUHHBIN BBIPBIB
Marepuajia M TEpPEeHOC €ro ¢ JApyrou
MOBEPXHOCTU TPEHUS

Hapuc. 3, B 1oOKa3zaHa MOBEPXHOCTbD,
paspyiieHHass kopposueil. [loBepXHOCTh YYryHHOTO TOPOINKOBOrO Koibha (puc. 3, 2)
MOBpEXkKACHA BCJICACTBHE APO3HOHHOTO HM3HAIIMBAHHUSA, KOTOPOE MPOUCXOIUT MPHU JBHKECHUU
MOPILHS B LWJIMHJPE OTHOCUTENBHO >KUAKOCTH; HAXOMSIIMECS B >KUIAKOCTH MYy3bIPbKU Ta3a
JIOTAI0TCS BOJIM3M TMOBEPXHOCTU TMOPIIHS, YTO CO3/Ja€T MECTHOE IMOBBIINICHUE TABICHUS WU
TEeMIepaTyphl U BBI3BIBACT M3HOC JeTaleii. Ha moBepxHocTH TopMo3HOTrO Oapabana (puc. 3, 0)
MOKAa3aHbl PUCKH, KOTOPBIE TOSBISIOTCS TPU BO3ICHCTBHUM HA Bparmiarommiics Oapaban
TBEPJIOTO TeJa WJIM TBEPABIX YaCTHIL. 3aUPbI
(puc. 3, e) oOpazyroTcsi B pe3yibTaTe CXBAaThIBAHHS MOBEPXHOCTEH MPU TPCHHH BCIICICTBHUEC
JEUCTBUSI MKy HUMHU MOJICKYJApHBIX cuil. Ha puc. 3, s mokazana pabodasi MOBEpXHOCTh
JeTaly C HAJIUWIIIMMHA Ha HEE MOCTOPOHHMMH YacTHIIAMHU, a Ha puc. 3, 3— TOBEPXHOCTH
JeTai C W3HOCOM MpH 3aelaHUd B PE3YyJbTAaTe€ CXBATHIBAHUS — TJIYOMHHOTO BBIPHIBA
MaTepuala U mepeHoca ero ¢ Ipyroi MOBEPXHOCTH TPEHUSI.



IIpu3Haku u3Hoca

O6 wm3HOCe JneTajedl MallMHBI WIM CTaHKa MOXKHO CYIUTh MO XapakTepy ux paboTel. B
MalIMHaX, UMEIONINX KOJCHYAThIe BAJIBI C MIATyHaMH (JABUTATEIH BHYTPEHHETO CTOPAHHS H
MapoBbI€, KOMIIPECCOPHI, AKCIEHTPUKOBBIE MPECChl, HACOCHI WU [p.), MOSIBICHHE H3HOCA
OTIPENIETISIOT 10 TIIYXOMY CTYKY B MECTaX COIPSDKEHUM JieTajeii (OH TeM CHIIbHEE, YeM OOJTbIIe
W3HOC).

IIym B 3y0uaThix nepeaayax — MpU3HAK U3HOca podwist 3yoneB. [Tyxue u pe3kue TOTUKH
OIYIIAIOTCS KaXKIBIH pa3, KOTJa MEHSAETCsS HallpaBlieHWE BpAIICHUS WA MPSIMOJUHEHHOTO
JBYKEHUS B CIIyYasiX U3HOCA JCTAJICH IIMTOHOYHBIX U MUTAIIEBBIX COSIMHCHHUM.

N3Hoc B COOPOYHBIX €IMHHUIIAX CTAHKA MOXXHO YCTaHOBUTH HE TOJIBKO Ha CIIyX, HO H TO
BHUJIy TOBEPXHOCTEH 3aroTOBOK, OOpabOTaHHBIX, Ha 3TOM cTaHke. Eciam, Hampumep, mpu
00paboTKe 3aroTOBKM HAa TOKAPHOM CTAaHKE Ha €€ MOBEPXHOCTU MOSBISIOTCS YEPe3 PaBHBIE
MIPOMEXKYTKH KOJBIIEBBIC BBICTYIBI HJIM BHAJAWHBI, TO 3TO O3HAYAET, YTO B (apTyKe CTaHKa
M3HOCHWIIUCH 3YObsl PEEUHOT0 KOJIeca M PEUKH; JBIXKCHHE CYIIOPTa BMECTO IUIABHOTO CTaJo
MPEPBIBUCTBIM. ITOT JAe(PEKT Y4acTO BBI3BIBACTCS TAK)KE M3HOCOM HAIPABIISIONINX CTAHWHBI U
KapeTKH CYIIOpTa, HapyIIAIOMIUM COOCHOCTh OTBEpCTHM (hapTyka M KOpOOKH Iojaad, depe3
KOTOPBIE MTPOXOIUT XOTOBOM BaJl.

Caenpl apo6JieHusI HA 00TAaYMBaeMOM BajIMKe, YCTAHOBJICHHOM B KOHHYECKOM OTBEPCTHH
MIMWHETS, CBHJIETEIBCTBYET OO0 YBEIWYCHHHM 3a30pa MEXKIy NICHKaMU IIMMAHICTS U €ro
MOAIIUITHUKAMH BCIIEICTBHE UX H3HOca. Ecmu oOpabaThiBacMas Ha TOKapHOM CTaHKE
3aroTOBKa MOJyYaeTCsl KOHWUYECKOM, 3HAYUT W3HOIIEHBI MOAIIUITHUKA IIMUHEA (TJIABHBIM
oOpa3oM TmiepeAHUI) W HaAIMpPaBISAIOIINE CTAHWHBI, a €CJIM OBAJIbHOIO— H3HOIICHA IIeHKa
MIIUHIEA, TpUHSBIIAsS (GopMy oBama. YBEIMYCHHE MEPTBOTO XOJa * YKpEIUICHHBIX Ha
BHHTaX PYKOSITOK CBEPX JOIMYCTUMOTO — CBHJIETEIILCTBO U3HOCA pe3b0bl BUHTOB U TacK.

OO0 u3HOCE JeTaneil MallliH 9acToO CY/ST MO MOSIBUBIIUMCS Ha HUX YAPAnUHaAM, 60po3oKam u
3abounam, a makyice NO UIMEHEHUl ux ¢opmel. JleTanm MammH, paboTaroIIUe CO
3HAYMTEIIbHBIMA 3HAKOIIEPEMECHHBIMH HArpy3KaMHd, OCMaTPHBAIOT Yepe3 YBEIWUYHUTEIHLHOE
cTekino (Jymy), TpoBepsis, HET JU Y HUX MEJKUX TPEIIMH, KOTOPhIE MOTYT TOCTYKHUTh B
JalIbHEUIIIEM MPUYUHON MTOJIOMKH.

B HekoTOphIX ciydasx MPOBEPKY OCYIIECTBIAIOT ¢ MOMOIIBI MOJOTKA: ApeOe3kaiiuii 3ByK
npy OOCTYKMBAHHWM JICTATM MOJIOTKOM CBHUJCTCIIBCTBYET O HAJIMYMU B HEH 3HAYMTEIHHBIX
TPEIIYH.

O pabGoTre cOOPOYHBIX €IMHMI] C MOAIIMIHAKAMH KAaYeHHUsI MOXXHO CYJIUTh 10 XapakTepy
M3/1aBaeMOro MU Iryma. Jlydrie BCero BHITIOIHSATE TAaKYIO MPOBEPKY CIEIHATBLHBIM IPUOOPOM
— crerockonoM. [Ipu ero OTCyTCTBUHM TMOJB3YIOTCS METALIUYECKUM TMPYTKOM, KOTOPBIN
MIPUKIIAIBIBAIOT 3aKPYTJICHHBIM KOHIIOM K yXy, a 3a0CTPEHHBIM — K TOMY MECTy, T
HAXOJUTCS TOMAIIUIHUK: TIPU HOPMAIBHOW paboTe ChbIieH ciadblii IyM — paBHOMEPHOE
TOHKOE JXY>KaHHE; eCIU padoTa MOAMIUITHUKOB HAPYIIeHA, BO3HUKAIOT CUIBHBIC IITyMBI.

IToxg MepTBBIM XOAOM II0JIPa3yMEBAIOT HEKOTOPBIM CBOOOHBIM YroJl OBOPOTA PYKOSTKH,
MIPEK/IC YeM OHA 3aCTaBUT JABUTATHCS COSAMHEHHYIO C HEH JeTallb.

CBHCT WM pe3KHil (3BeHsIIMIA) IIYM yKa3bIBa€T Ha OTCYTCTBHE B TOJIIUITHUKE CMa3Ku
00 Ha 3ameMJIeHHE NIAPUKOB WU POJIHMKOB MEXITY OCTOBBIMHU JOPOKKAMH BHYTPEHHETO U
HApYXXHOTO KoJjer. ['pemsmuii myMm (JacTeie 3BOHKHE CTYKH) O3HAYaeT, YTO Ha IapHhKax,



POJIMKAX WM KOJbLAX MOSIBUIKCH S3BUHBI JIMOO B MOIIIMITHUK 0Naja abpa3uBHas IbLIb WU
rpsa3b. [yxue ynapbl CUTHAIM3UPYIOT 00 OCIIa0JIeHUH TMOCAAKU MOJIUIMITHUKA Ha Bajly U B
KopIyce.

Paboty nmoammMnHuKa MOKHO MPOBEPATH U IO HAIPEBY, ONPEIEISIEMOMY Ha OUIYIb HAPYKHOU
CTOPOHOM KHUCTH PYKH, KOTopasi 0e300yie3HEHHO BbIIepkHuBaeT Temmeparypy 1o 60 °C. Tak,
HalpuMep, ONPENENSIOT MOBBIIIEHHBIM HArpeB MNOJUIMIIHUKOB, KOTOPBIM MOXET OBbITh
CJIEJICTBUEM 3allleMJICHHUS IAPUKOB UM POJUKOB MEXKIY OCTOBBIMH JOPOKKAMH B PE3YJIbTATE
OTKJIOHEHHUSI OT COOCHOCTH OTOp WJIM BO3HHMKATh M3-3a OTCYTCTBHUS CMa3Ku (OCOOEHHO B TeX
cilydasiX, Korja Baj Bpamaercs ¢ Oonblioil yactortoil). I[leperpeB MNOAIIMIIHUKA MOKET
MOSIBUTHCSL MPHU OOJBIINX YACTOTaX BpaleHHUS Bajla TakKe B Cilydae M30BITKA CMa304YHOIO
Macjia WIH €ro IMOBBIIIEHHON BS3KOCTH, CO3JAIOIICH JOIMOJHUTEIBLHOE COIPOTHUBIICHUE
BpAIlICHUIO Bajla. 3HAUUTEIbHBIA HAIPEB BBI3BIBAET YCKOPEHHBIN N3HOC MOIIUITHUKOB.

Tyroe npoBopaunBaHue BaJjia CBUJIETEILCTBYET 00 OTCYTCTBHU COOCHOCTH MEXIY HUM U
MOAIIUITHUKOM WIH O YpE3MEPHO TYTOM MOCaKe MOAIIMITHAKA Ha BaJly UM B KOPITYCE.
Jpede3xammii CTYK B HUIMHAPE KOMIIPECCOPA CUTHAJIU3UPYET O MOJIOMKE UIIU MOBBIILIEHHOM
M3HOCE TIOPIIHEBBIX KOJIEI, a TIIyX0W — 00 M3HOCE MOPIIHS U IWIHH]IPA.

CTyk MaxoBHKa MOXXET OBITH CJIEACTBHEM HAPYILEHUS €ro MMOCaJAKU Ha Bally.

HenocrarouHoe aaBjieHHe B IHEBMOCHCTEMe SIBISIETCS pE3yJbTAaTOM YTEUKH CXKATOIO
BO3JlyXa M3 COEIMHEHUHA TpyOONpPOBOAOB, NPOOYKCOBKM MPUBOAHBIX pEMHEH, H3HOCa
UWIMHJIPA, OPILIHA U APYTHUX JAeTaliel KoMIpeccopa.

Oco0eHHOCTH BHIOOpPA MAaTEPHAJIOB IIPH PEMOHTE

OaHMM U3 KpUTEpPHUEB BbIOOpA MAaTEPHANIOB JUIsl U3TOTOBJICHUSI HOBBIX J€Tallell MPU PEMOHTE
ABJIAETCA U3HOCOCTOMKOCTh, KOTOpasi B OCHOBHOM ONPEJENSETCS TBEPAOCTh. Eciu TBEpIOCTh
MaTepualla CONpsraeMbIX JeTanel Bhlllie TBEPAOCTH adpa3uBa, TO U3HOC MaJl.
H3nococmoitkocms moxcem oocmuzamvca u maxkum 00pazom: OHY JieTanb (Hampumep,
BaJl) BBINOJHSIOT U3 MaTepHUasia BEICOKON TBEPJIOCTH, a IPYTyIO (MOJUIUIHUK CKOJBXEHUS) —
U3 MATKOTO aHTU(GPHUKIMOHHOTO (OpOH3BI, 0a00UTa, METaNIOKEPAMUKH | JIp.), B 3aBUCUMOCTHU
OT YCIIOBUM 3KCITyaTallud U TpeOOBaHUMU, MPEIbABISAEMbIX K J€TalsM, BEIOUpAIOT MaTepHall
IUI W3TOTOBJIEHUs nociaeaHux. Hanpumep, K TBEpIOCTH IIeeK MMNUHAENEH (JIErKUX U
CpelHuX), paboTalomuX B MOAIIMIHUKAX CKOJIBKEHHUS, MPEAbIBIAIOT TOBBIIICHHBIE
TpeboBaHus, modToMy uX 3akanuBatoT TBY, mocturas tBepaoctu HKC 54—60; mmunaenu
m3rotoBisitoT U3 cranu 40X. Takue ke MMNUHIETU, padoTalolue B MOJUIMITHUKAX KayeHUs,
M3TOTOBJISIIOT U3 CTaJNU 45 1 ynydmaior Tepmoodpadotkoii 0o HKC 23-27.

XonoBble BHUHTHI (CpeJHHE M JIeTKHE) TOKApHBIX CTAHKOB OJDKHBI 00J71aJaTh BBICOKOU
M3HOCOCTOWKOCTBIO M MHUHHMAJIBHO JepopMHUpOBaThCs. MX M3roTOBIAIOT U3 cTadM 45,
noJiBeprasi cHavajla TNpeABapUTEIbHOMY, a 3aTE€M BTOPUYHOMY OTXKHUTY I[OC]e OOJAMPKH.
Yepssku, paboraromue Ha OONBIINX CKOPOCTSX,, M3roToBIstoT u3  cranu 12XH3A,
LHEMEHTUPYIOT U 3aKaluBalOT ¢ HU3kUM otnyckoMm no HKC56; uepBsiku, pabGoTaroniue Ha
CPEIHHUX CKOPOCTSIX, BBIMOJHSIOT U3 cTanu 45 W 3akanuBarT ¢ oTnyckom 0o HRC 23—30.
[Ipy>XuHBI U3TOTOBIISIFOT U3 CTadbHOU (Mapku 651") MPOBOJIOKM AMAMETPOM MeEHEE 6 MM, 3aTEM
MIOABEPTAIOT 3aKaKe U oTnycKy 0o HRC 58—62.



IIpakTuueckas padora Nel9

Tema: BpiOop TexHOJOrMM, MaTepuajoB M peXUMa HAIUIABKU YIJIEPOAMCTBIX CTajell 1o
KapTOuKam

Heab padorsi: [Iprobpectu npakTuyecKkue HABBIKU MPHU BHIOOpE TEXHOJOTUH, MAaTEPUAJIOB U
PEKMMOB HAIUIABKHU YTIIEPOJUCTHIX CTalICH

Xo/ BbINOJHEHUS PadOThI:

10. O3HaKoMIIEHHE C TEOPETHYECKUMHE CBEICHUSIMH

11. VI3y4uTh TEXHOJOTHIO CBAPKU U HAIIJIABKU B HIDKHEM TIOJO0KCHHH IIIBA.

12. I3y4nTh TEXHOJOTHIO CBAPKM W HAIUIABKU BEPTUKAJIbHBIX, TOPU3OHTAIBHBIX H
MOTOJIOYHBIX IIIBOB.

13. Paccuntarh 1 BEIOpaTh MapamMeTphbl PYYHOU JIEKTPOIYTOBOM CBAPKHU (CHITYy CBAPOYHOTO
TOKa, AMAMETp, TUM W MapKy JJIEKTpOJa M Jp.) B 3aBHUCHMOCTH OT CBapHBAEMOTO
MaTepHualia U MOJIO0KECHHS B TPOCTPAHCTBE.

14.3anoaHUTh TaONMIy M J1aTh MOAPOOHOE OMHCAHHE pacueTa peKuma (6apuanmel — no
NOPsOKOBOMY HOMEDY 8 HCYPHALE)

Teopernyeckue cBegeHUA

Caapka u HaIUIaBKa B HUKHEM MO0JI0KeHUH Ba

CBapka CTBIKOBBIX IIIBOB.

OonocmoponHue cmvikogble uibl 6e3 CKOCA KPOMOK 8bINOIHAIOM NOKPLIMbIMU 3JIeKMPOOaAMU
ouamempom, pasHvlM MONUWUHE CBAPUBAEMbLX TUCMO8, eclu oHa He npesviuiaem 4 mm. Cuia
TOKa TONOUpaeTcs B 3aBUCUMOCTH OT JHUAaMeTpa 3JEKTPOoJia, BUJA M TOJIIUHBI MOKPBITHS
(mabn. I). Jluctel 6e3 ckoca KpOMOK moiuunou ot 4 10 10 MM CBapuBaIOT JABYCTOPOHHUM
mBoM. [TooxkeHune u monepeyHbie IBIKEHUS JICKTPOIa PU CBApPKE MPHUBEACHBI Ha puc. 1.

Taoauna. 1.
OpueHTHPOBOYHBIE PEKUMBI CBAPKHU COeIMHEHNH BCTHIK 0€3 CKOCa KPOMOK

Cpeanee 3Havenue

CHABI TOKa, A
Tonuuna Aunamerp

Mlos 3a3zop, MM
v ! JEKTpOaAa, MM
MeTanna, MM AERTPONR, HUXHee BEPTHKANLHOE H

MONOXEHHEe mBa NOTOJNOYHOC
NONOXKCHHUE IBa

3—4 ONHOCTOPOHHMIH 1,0 3—4 180 160
5—6 JIBycTOpOoHHHH 1.0—1.5 45 180-—260 160230
7—8 To xe 1,5—2,0 5 260 230

1 » 2,0 6 330 290

IIpumeuanne. MakcUMalbHBIE 3HAYCHUS CHJIbI TOKAa JODKHBI YTOUYHATHCSA 110 JaHHBIM
MacropTa JIEKTPOJIOB.

CTBIKOBBIC COCTMHECHHSI CO CKOCOM JBYX KpoMOK (V-00pa3Hbie) B 3aBUCHMOCTH OT TOJIITUHBI
MeTaJlIa BBITIOIHSIOT OJHOCIONHBIMU, MHOTOCJIOMHBIMHU MJIM MHOTOIIPOXO/IHBIMH IITBAMH .
OnTUMabHBIN YTOJ PACKPBITHS IIBA OMPEIEISIETCS CIEIYIONIMMEI COO0pakeHusiMU. bombioi
yron pasgenku (80 - 90°) obecneunBaeT OoJsibliMe€ yA0OCTBAa CBApIIMKYy, YMEHBIIAET
OMAaCHOCTh HEMpoBapa KOpHSA, HO YyBEIWYHMBACT OOBEM HAIUIABIEHHOIO METalia,



CJIeIOBATENIbHO, YMEHbIIIAET IPOU3BOAUTENHHOCTh U YBEIUUUBAET Aehopmanuu uzgenus. s
HOPMAJILHOTO TMpoliecca PY4YHOM IYTOBOM CBAapKU HPHUHAT yrou paszaenku 60°. OH MoxeT
OBITH ygenuueH Ha 65° g monkux JIUCMO8 VI YMEHbULEeH 10 55° nna JIUCM 08
moawunou 6ojee 15 mm.

3a30p MEXIy CTHIKYEMBIMH JJIEMEHTAMH W TPUTYIUIEHHE KPOMOK cocTasiser oT 1,5 mo 4,0
MM B 3aBUCUMOCTH OT TOJIIIMHBI JIUCTOB, PEXHMa CBapKM M XapakTepa CBapHUBaeMoOM
KOHCTPYKIIHH.

Haubonee TpyaHbIM MpU CBapKe SBJSETCS MOJYyYEHHE MOJHOTO (HAJEKHOI0) IMpoBapa KOPHS
mBa. 37eCh Yallle BCEro ObIBAIOT pa3iMuHbIe Je(PEeKThl, HAPUMEpP HEMNpPOBAp, Ta30BbIE U
IUIakoBble BKItOUeHUs. [1oaToMy, eciii 3TO BO3MOXKHO, CIIEyeT MOJABapUBaTh KOPEHb IIBA C
00paTHON CTOPOHBI.

Mertann TommmHOM OT 4 [0 8 MM IpoBapuBaeTcs OJHOCIOWHBIM (OAHOIPOXOJHBIM)
mBOM. QOHOC0lIHBIe Wbl ¢ V-00pa3HbIM CKOCOM KPOMOK BBHITIOJTHSIOT TONEPEYHBIMH
KoJeOaTeTbHBIMH JBMKCHUSIMU 3JIEKTPO/a B BUE TPEYTOJIBHUKOB 0€3 3a/Iep’KKH B KOPHE IIBa
(JTUCTBI moawgunoil 4 MM) U C 3aJICP)KKOI B KOpHE 1IBa (moawunou 8 mm, puc. 1).

Puc. 1. Ilonosxcenue (a) u osurxicenun snexkmpooa (6) npu
ceapKe CMblKOBbIX U808 CO CKOCOM KPOMOK

JIuctel monwunonr 12 Mmm u 0ojee COSIMHSIIOTCS BCTHIK C
JIBYMsI CUMMETPHUYHBIMH CKOCaMH JIByX Kpomok (¢ X-

0o0pa3HbIM CKOCOM  KPOMOK) MHOTOCJOWHBIM  WJIU
MHOT'OIIPOXOHBIM wBoM. MHuozocaouinbtii
WIO0BBBITIONHSETCS ObICTpee MHOTOMPOXOAHOTO0. BEIOOD

MHOTOCJIOMHOTO HJIN MHOT'OITPOXOAHOTO IIIBa 3aBUCUT OT
XUMHNYCCKOI'O COCTaBa U TOJIIIMHBI CBapI/IBaeMOﬁ CcTajiu.

Mmnozonpoxoonoit ui06 BHINIOIHAECTCSI TOHKUMU U y3KUMU
BaJliKamMu, 0€3 TONEPEYHBIX KOJIeOATEeIbHBIX JIBUKCHUN
5) IEKTPOJA. CBapky  pexkoMeHAayercs BBITNIOJHATh
ANEKTPOAAMHU, MIpeIHa3HAYCHHBIMU JIJIs1 onupaHus. B atom
ClIy4ae IPUMEHSIOT JIEKTPOBI OUamMempom
om 1,6 0o 3 mm (peoko 4 mm). Becb MHOTOIPOXOAHOM IIOB MOKET BBIIOJHATHCS
UEKTPOAAMH OJHOTO U TOTO K€ JUAMETPA.
Kaxnplii €10M MHOTOCJIOWHOIO IIBA MMEET YBEIMYEHHOE B HECKOJIBKO pPa3 CEYEHUE IO
CPaBHEHHMIO C CEUYEHUEM KaXXJIOTr0 BajMKa TMpU MHOTOMPOXOJHOM CBapKe; TMOITOMY
MHOTOCJIOWHBIH IIOB 00€CIeUrBaET MOBBIIIEHHYIO TPOU3BOJUTEIHHOCTb.
WNuorpa nnst oGecriedeHus: mpoBapa Mo BCed TOJIIMHE METaljla CBapKa BEJETCS Ha MEIHOMN
NOJKIaaAKe moawunon 4 - 6 mm. B aToM citydae ceapounwtii mox MOXXHO TIOBBICUTH Ha 20 -
30%, He omacasch CKBO3HOTO MpOIUIaBICHHS. EcaM KOHCTPYKIMS M Ha3HAUYE€HUE CBAPHOTO
U3JeNns JIOMYCKAalOT CKBO3HOE IIPOIUIABJIEHUE, CBapkKa MOXET BECTHCh Ha OcCTaroliencs
CTaJIbHOU MOJIKIIAJKE.



B 0c000 OTBETCTBEHHBIX KOHCTPYKLMSIX HEpPE] MOABApPKOM IIBa ¢ OOpaTHOM CTOPOHBI €ro
IIPEBAPUTENBHO 3a4YMILAIOT PE3aKOM I MIOBEPXHOCTHOM PE3KHM WIM PE3LOM IS YAAJICHUs
BO3MOXHBIX J1€(DEKTOB (HETIpOBapa, TPELMH, I'a30BbIX U IUIAKOBBIX BKIIOUEHUN).

Taoauna. 2.
OpuUEeHTHPOBOYHBbIE PeKUMbI CBAPKHU V-00pa3HBIX CTHIKOBBIX MHOTOCJI0HHBIX IIBOB

ImameTp siaexkTpona, Cpennee 3HadyeHue Toka, A
Yucno MM
Tonumua 3azop, MM ciaoes,
-k Kpome
MeTanjaa, Mm noasa- nocnenyro- Moaoxenue wsa
POYHOrO nepBbIi e
H J1exopa- cnou CJIOH
THBHOTO HHXKHee BEPTHKAJbHOE |FOPHIOHTANBHOE
10 1.5—-2,0 2 4 5 180—260 160—220 150—210
12 2,0—2,5 3 4 5 180—260 160—220 150—210
14 2,530 4 4 5 180—260 160220 150—210
16 3.0--35 5 4 S 180260 160-—220 150—210
18 3,540 6 5 6 220—320 200—300 180-—280

IIpumeuanmne. MakcumanbHble 3HAUEHUS CHJIBI TOKAa JOJDKHBI YTOUHSITHCA 10 JaHHBIM
MacropTa JIEKTPO/IOB.
Cmuikoevle X-00pasnvle uigpl IPUMEHSIOT IS CTAIA moawunoii or 12 10 40 mm.
[ToaroroBka KpOMOK, yrojl CKOCa, BEJIMYMHA 3a30pa M MPUTYIUICHUS, TEXHUKA BBITTOJHEHUS
IIBOB MpU ATOM TaKHUE e, KaK U NpPU CBapKe JHUCTOB ¢ V-o0pa3Hoi pa3zaenkod. UToOsl
JOCTaTOYHO MPOTPEBANICA U OTKUTAICA METal KaKIOr0 HMKEJIEXKAILEro CJOS, mOaujuHa
coee NoikHa ObITh He fonee 4 - 5 mm v He menee 2 mm. Hanpumep, nisi BBIIOJHEHUS X-
00pa3HbIX IIBOB TPHU CBAapKE JIUCTOB moawjunoi 12 MM HY>KHO TIOJIOXUTb 4 - 6 crnoee, a
st monwunet 40 mm - 10 - 16 cnoes(oTxkuraromudii M JIGKOPATUBHBIM  CIIOM  HE
YUUTBIBAIOTCA).
CTBIKOBBIC BBl  JIUCTOB  OONbIIOW moawunst (6onee 20 Mm)  1eaecooOpasHO
CBApUBATH C KPUGOIUHEUHBIM  CKOCOM  08yX Kpomok. Takas TIOATOTOBKAa TMO3BOJISIET
MPUMEHATH DJIEKTPOJbl TOBBIIICHHOTO JHAaMETpa, OOECNeYuBaeT HAJCKHBIA TMpoBap U
PaBHOMEPHYIO yCaJIKy MeTajlia 1IBa.
Illgvt ¢ 08yCMOpPOHHUM CUMMEMPUUHBIM CKOCOM O08YX KpPOMOK (X-00pasznbvie) MMeEKT
cjleayllue MpeuMyliecTBa nepea MBaAMHU € OTHOCTOPOHHMM CKOCOM ABYX Kpomok (V-
o0pasHbie):

1. Ymensinenne oObema HaruiaBieHHOTo Mmetaymma B 1,6 - 1,7 pasa u, cinemoBarenbHO,

yBEJIUYCHUE TTPOU3BOUTEILHOCTH CBAPKH.
2. YwmenblneHue nehpopMaiuii OT CBapKH.
3. B03MOXHBIN HEMpoOBap B KOPHE IIIBa PACIIOJIOKEH B HEUTPATHLHOM CEUCHHH U TTOITOMY
MeEHee OTAaceH.

Mna  ymenvwenuss KopoOneHusi CBAPHOTO M3AENNsS PEKOMEHIYETCS  BBIIOJHATH BB
MONIEPEMEHHO C OJHOM W ¢ JIpyroi cTopoHsl jucta. [Ipu cBapke B HUKHEM TMOJOKCHHUH IS
3TOro TpedyeTcs yacTasi KaHTOBKa u3zenus. [loaromy nenecooOpa3Ho ycTaHABIMBAThH U3JIEIHE
BEPTUKAIBHO M CBAapUBAaTh €r0 OJAHOBPEMEHHO C ABYX CTOpOH. PaboTy B 3TOM ciiydyae
BBITIOJIHSIOT JIBa CBAPIIHKA.



CBapka yrJjioBbIX IIBOB

[Ipu BBINOTHEHUU YTIOBBIX LIBOB HAKIOHHBIM 3JIEKTPOJIOM (puc. 2, a) WUAKUN MeTal Mo
JEMCTBUEM CHIIBI TSDKECTH CTPEMHUTCS CTEKaTh Ha HIDKHIOIO IJIOCKOCTH. [103TOMY BBIIOTHEHHE
9TUX IIBOB Jy4lle MPOU3BOIUTH "B TOAOUKY" (puc. 2, #), B 4aCTHOCTH 3JEKTPOJAMHU, KOTOPHIE
MO3BOJISIIOT BECTH CBApPKy OMUPAHUEM MOKPBITHS HA CBAPUBAEMbIE KPOMKH U3/EIHSI.

Ceapka "'¢ 1000uKy' yenoevix weoe nns MUCTOB moawiunou 10 14 mm Bo3mMoxxkHa 0e3 ckoca
KPOMOK (JIBYCTOPOHHSISI CBapKa) WJIM C YacTHUYHOM pa3lIeNKod KPOMOK M YBEITUYCHHBIM
pa3MepoM  TPUTYIUICHUS. 3a30p MEXAYy  CBapUBA€MbIMU  dJEMEHTaMH  HE  JOJIKEH
npebimath 10% TonmuHe! aucTa.

Taoaunna. 3.
PeskuMBbl CBapKH YIJI0BbIX IIBOB 'B JIOA0YKY' ¢ ONMMPAaHHEM JIEeKTpoaa

Tonummna Karter wea, | luamerp,

CBapHBAEMbIX MM anextpoaa] CH1a Toka, A

JIHCTOB, MM A
46 5 5 250300
6—38 6 6 300350
10—14 8 8 480560

IIpumeuyanne. MakcumanbHble 3HAUEHHS] CUJIBI TOKA JIOJDKHBI YTOYHSATHCS IO JAHHBIM
MacropTa 3JIEKTPO/IOB.

OpnHako He Bcerjla MOKHO YCTaHOBHUTH CBapHO€ HU3JIeNME€ Jis CBAapKd "B JIOAOYKY'; TOraa
YIJIOBBIE BBl BBINOJIHSIOT HAaKJIOHHBIM 3JIEKTPOIOM. B 3TOM cilydae BO3MOXKEH HENpPOBap
KOpHSI IIBa U KPOMKH HWKHEro JIMCTa. TIaTeNbHbINA MPOTrpeB KPOMOK CBAPMBAEMBIX YacTel
JOCTUTAETCSl MPaBUIbHBIM JABM)KEHMEM JJIEKTPOJa, KOTOPBIM cleayeT JepKaTb I0J
yriioM 45° Kk OBEpXHOCTU JIMCTOB W TMPOU3BOAUTH IONEPEUYHbIE TBUKEHUS TPEYTrOJIbHUKOM
0e3 3aJepKeK WIM ¢ 3aJepKKaMHd B KOpHE LIBa. B mpoiiecce cBapku 3JIEKTpOA cleAyeT
HAaKJIOHSATH TO K OJTHOM, TO K IPYrOM IJIOCKOCTH JINCTOB.

Yenoevie wievt 6 nusicnem nonosxcenuu c kamemamu 10 10 MM BBITIOJNHSIOT CBApKOW B OJIUH
CJIOH IIEKTPOJIAMH OUAMEmPOM 00 5 MM, UHOTIa O€3 TIOTIEPEUHBIX JIBIXKCHUN.

Yenoevie wmevr 6e3 ckoca kpomok c kamemamu 60s1iee 10 MM MOTYT BBINOJHATHCA B OJUH
CJIOHM, HO C MOMEPEYHBIMH JBMKEHUSMHU DJIEKTPO/Ia TPEYTOJIbHUKOM, MPUYEM JYUIIHi poBap
KOPHS IIBa 00€CIIeYnBACTCS 3aJICPKKOM AMEKTPoia B KOpHE mIBa (cM. puc. 52).

Puc. 2. Ilonoscenue u  Oeudxicenus
I1eKmpooa  npu  ceapke  y2i06blX
Wi606: a- HAKIIOHHBIM 3JIEKTPOAOM, 0 — "B
J00UKy"




VYriioBble MIBBI C OJAHOCTOPOHHUM WJIM JBYCTOPOHHMM CKOCOM KPOMOK MPUMEHSIIOT TpHU
M3TOTOBJIEHUU 0COO0 OTBETCTBEHHBIX U3/IEIHIMA.
CBapka TaBpOBbIX IBOB

Ckoc KpOMOK y CTEHKHM TaBpa JnenaroT noja yrioM 50+5°. Ilpu moawune cmenku no 4
MM IIOB CO CKOCOM KpOMKHU BbINONHAION 6 OOUH Ca0uU; TIpU 00buiell moaujuHe CBapKa
BEJIETCS 8 HECKOILKO Clloe8 U npoxo0os. Ilpu BHIOIHEHUU MHOTOCIOMHBIX TaBPOBBIX IIIBOB
HAKJIOHHBIM DJIEKTPOJOM MIBBI OOBIYHO MOJIYHAIOTCS C HEPAaBHBIMU KaTeTaMU Ha TOJKE U
crenke. [loaTomMy mpu IPOEKTUPOBAHUU CBAPHBIX H3ACIUNA JOMYCKAIOTCS YIJIOBBIE IIBBHI C

HCPABHBIMHU KAaTCTAMMU.

Taoauna. 4.
IIpumepHbIe pe:KUMBI PYYHO# AYT0BOil CBAPKH YIJIOBBIX IIBOB €O CKOCOM KPOMOK

Toa-| Yucno | Jina-
M2 | crnoes | merp
' METANHITH NPOB sIekTPOF [
Bua wipa na, | Xxonos ‘.mL_ MF;‘ Tox, A
MM
S —— Nitw———— T —
4 ! 3 120 160
6 | 4 -5 1160 220
3 |—2 4 51160226
12 - 4 T+ 6 | {60 300
20 68 | 46160320
10 24 | 46 | 160320
20 4 -8 46 | 160--360
40 | 8- 16| 46 |160—360
60 |16—-30] S--6 |220—360
80 [30—40| 5--6 | 220360

BoinosiHeHne BCPTUKAJBbHBIX, TOPU30HTAJIBHBIX H MOTOJOYHBIX IIIBOB

BepTukaibHble MBBI (CTHIKOBBIC M YTJIOBBIC) BBIMOJHSIOT B HANpPaBICHUH CHU3Y BBEpPX.
[IpenBapuTeabHO TOATOTABIMBACTCS CBApPKOW METAUTMUECKas TOPH3OHTANbHAs TUIONIA/IKA
CEUEHHEM, paBHBIM CEUEHHUIO HAIUIaBJICHHOrO Merauia 1mBa. [lnomanka co3maercs
MOTIEPEYHBIMU JIBIDKEHUSIMU  DJIEKTponia TpeyroiabHukoM (puc. 3). IlpoBap B KopHe IBa
oOecrieuynBaeTCsl 3aJePKKOM TOpEHUS JOyrd B 3TOM MeECTe€ MpHU ABMKEHUU JIIEKTpona
TpeyronbHUKOM. HawmOosnpmmii mpoBap KOpHS IIBa JIOCTUTAlOT, KOTJA OJIEKTPO.I
HNepHeHIUKYISIpEeH BepTUKaIbHONW ocu. CTekaHMe pacIUIaBICHHOTO MeTajlla MPeJOTBPAIIaioT
HAKJIOHOM JIEKTPOJa BHU3, KaK I10Ka3aHO NyHKTUPOM Ha puc. 3, a, 0.



/ < Puc. 3. Ilonosicenue  u osudricenusn

P “‘ﬂl 371eKmpooa npu ceapke 6
ol : 6EPMUKATILHOM NOJIOIHCEHUU:
@) ;2 a- CTBIKOBBIE IIBBI CO  CKOCOM
‘\%o KPOMOK, 0 - yIJIOBBIE IIBBI,
-0\
] 1 \ B - CBapKa B HAIIPABJICHUU CBEPXY BHU3
S ;, = /I%
\5» J 9) Caapka BEPTUKAIBHBIX IIIBOB

$ AJIEKTPOAAMH OONBIINX JUAMETPOB U MPU
0OJBIION cHUJIe TOKAa 3aTpyIHUTEIbHA M3-32 CTEKaHUS MeTallyla U HEYyJOBJIETBOPUTEIHHOTO
dbopmupoBanus mBa. [103TOMy NPUMEHSIIOT AJEKTPOJIbI duamempom 10 4 MM, pedko 5 Mm, a
CBAapOYHBINA TOK NOHUKAIOT [0 CPABHEHHIO CO CBAPKOM B HM)KHEM IOJOKEHUU.
BeprukanpHasi cBapka B HalpaBJieHHH CBepXy BHHU3 (puc. 3, 6) BO3MOXHA DIIEKTPOJAMH,
JAONIMMH CJION IUIaka. MeTayul B CBaApOYHOM BaHHE 3aTBEpAEBACT OBICTPEE M CTEKaHUS €ro
MPaKTUYECKH HE NpoucxoAauT. Jljis BEepTUKANbHOM CBApKHM CBEPXY BHHU3 IPUMEHSIOT
ANEKTPOABl C IEJUIIOJIO3HBIM, IJIACTMACCOBBIM TMOKpHITHEM opranudeckoro Buipa (O3C-9,
AHO-9, BCII-2, BCI-3 u ap.). [Ipou3BOAUTENBHOCTh CBapKU CBEPXY BHHU3 BBIIIEC
MPOU3BOJIUTEIHLHOCTA CBAPKU CHHU3Y BBEpX. BepTukanbHble MIBBI Takke YAOOHO BBHITIOIHATH
ANEKTPOAAMH C OITUPAHUEM MOKPBITHUS Ha CBAPUBAEMbIE KPOMKH.

Topu3oHTaJbHBIE H MOTOJIOYHBIE IIBBI BHIOJHATE CIOXHEE, YeM BepTUKAIbHBIC (puc. 4).
[Ipu BBIOTHEHUN TOPU3OHTAIBHBIX IIBOB Ha BEPXHEM JIUCTE YACTO 0Opa3yrOTCs MOJPE3bI, a
MpU CBapKe B IMOTOJOYHOM IOJIOKEHHH 3aTPy/HEH IMOJHBIA MpoBap KOpHS mBa. B oboux
ClIy4asiX CBapKa JOJDKHA TPOM3BOAUTHCS KOPOTKOM Jyroil C JOCTAaTOYHO OBICTPHIMU
K0JIeOaTEIbHBIMU JIBVDKEHUSIMH. Mertann moawunoi 60Jiee 8 MM CBapHBaOT
MHOT'OIIPOXOIHBIMU IIBAMH.

Ilep6uiti 6anux B KOPHE TOPU3OHTAIBHOIO IIBA HAHOCUTCS JJIEKTPOJIOM duamempom 4 Mm, a
nocneoyiowue - OuaMenmpom S Mm.

Ilep6viti 6anuxk B KOPHE MOTOJOYHOI0 IIBA BBIMOJIHAETCS JIIEKTPOJIOM ouamempom 3 M,
a nociedyrowue - ouamempom He dosee 4 MMm.

Banuku  2opuzonmanvnoco  u

HOMONIOYHO20  WB08  YOOOHO

BLINONIHAMYL ~ JNEKMPOOAMU €
onupanuem nokpeimus. Ilpn
BBITIOJTHEHUU TIOTOJIOYHBIX IIBOB
rasbl, BBIJICTSIOMIUECS TPU CBAPKE
MOKPBITHIMH AIEKTPOIaMH,

MOJHUMAIOTCSI BBEPX U MOTYT
ocTaBaTthCa B 1Be. [103TOMY mJi1 CBapKU B MOTOJIOYHOM MOJOKEHUH CIEAYET MOJIb30BATHCA
XOPOIIO MPOCYIICHHBIMU AJIEKTPOJAMHU, TAIOIIUMU HEOOIBIION TIIaK.



Puc. 4. Ilonoycenue u oOeurxxcenusa 3InNeKmpooa Npu ceapKe 6 20PU3OHMATILHOM U
HOMONOYHOM ROJIOHCEHUAX: A - TOPU3OHTAIBHBIN YIJIOBOW IIOB, 0 - HAIUIaBKa B OTOJIOYHOM
MMOJI0KEHHUHU, B - TOTOJOYHBINA CTBIKOBOM

CBapka TOHKOJMCTOBOI cTaIn

[Ipu cBapke cTamu moawunoit 3 MM U MEHbIIE HEOOXOJUMO BBOJUTH B H3ACIUE CTPOTO
OJIMHAKOBOE KOJIMYECTBO TeIlJIa Ha €AMHUILY JJIMHBI 111Ba (TOTOHHAs YHEPTHUsl CBAPKHU (B), C TEM
9YTOOBI 110 BCEHl ITTMHE 11Ba OblJIa OJIMHAKOBAS TTyOMHA MpoBapa MeTasia.

[IIBBI HAKIAIBIBAIOTCS SJIEKTPOIOM Ouamempom 1 - 3 mm Ge3 momepeyHbIX KojaeOaTeIbHbBIX
neukeHuil. [IpomonbHbIe JIBUKEHHUS JIIEKTPOAA IO OCH IIBA JOJKHBI MPOU3BOJIUTHCA C
OJIMHAKOBOM CKOPOCTHIO.

JInsi coemuHeHnsT TOHKUX METAJJIOB 3aCiy’KMBAeT IMPOKOTO BHEAPEHUS MHUKPOIUIa3MEHHAsS
CBapKka HMIYJIbCHOM Jyrod B  3allUTHOM UWHEpTHOM Taze. Ewo  cBapuBator
muctel moawjunon 0,1 - 2 mm. [Ins mukporutasmMenHoit cBapku uHCTUTYT M. E. O. [laTtona
pa3zpaboTalt crienuaIbHBIM HCTOYHUK CBAPOYHOIO TOKa THma A-1347.

ToHKyI0 cTamb MOXHO CBApUBaTh TAaK)KE YTOJbHBIM JIIEKTPOJOM Ha IOCTOSSHHOM TOKE C
TPSIMOI TIOJISIPHOCTHIO TIO OTOOPTOBKE KPOMOK Ha PEKHUME: OUAMEmp Y201bHO20 INEKMPood -
6 - 10 mm,cuna moka - 120 - 160 A, ckopocms ceapxu - 50 - 70 m/u.

Bapuanm Nol

Iloooopame percum pyunoii 0y2060u ceapku 0aa coedunenus 6 maep. Ilonoicenue
2opuzonmanvroe Mamepuan —Cm3nc.

I'OCT.5264-80-T3 3
HaMeTp JIeKTPoJa

Cuiia cBapo4HOIo TOKa
Tun Mapka ss1ekTpoaa

Yroa HaKJIOHA 3JIEKTPOAA

ManunyJasarop

HoasipHocTh

JouHa nyru

Pox Toka

(moct. mepeem.)




Bapuarnm Ne2
Hoooopams pesxicum pyunon 0y2060u ceapku 0 coeounenus eécmulk. Ilonoycenue

HUJICHee.
Mamepuan —Cm3nc.

‘ "ﬂ\ I'OCT.5264-80-T1M2e
_:I _:I i w HMAMETP d1eKTpoaa
Cuiia ¢cBapo4HOro ToKa
Tun Mapka 3j1ekTpoaa
Yroa HaKJIOHA 3JIEKTPOAA
ManunyJsitop
IMoasipHocTh
JumHa nyru
Pox Toka (moct. Ilepeem.)

Bapuarnm No3

HHoooopams pesrcum pyunoil 0y206o0i ceapku 0as1 coeounenus ¢ maep. Ilonoycenue

2opuzonmansvrnoe. Mamepuan —Cm3nc.
3

I'OCT.5264-80T3 3
«  HaMeTP IeKTPoaa

Cuiia cBapoO4YHOro TOKA
Tun Mapka s;1ekTpoaa
Yros HaKJIOHA 3JIEKTPOAA
ManunyJasarop
IHonasipHocTh
Joauna xyru
Pox Toka (moct. Ilepeem.)




Bapuanm Nod

IHoooopams pesxicum pyunou 0y2060i ceapku 0 coeounenus eécmoik. Ilonoicenue

HUJICHee.
Mamepuan —Cm3nc.

-"-.."" T'OCT.5264-80 - 3-H3
'1- HameTp JeKTpoaa
7 Cuia CBapoOYHOI0 TOKA
Tun Mapka 3j1ekTpoaa
Yroa HaKJIOHA 3JIEKTPOAA
ManunyJsitop
IMoasipHocTh
JumHa nyru
Pox Toka (moct. Ilepeem.)

Bapuanm Ne5

IHoooopams pexicum pyunou 0y2060i ceapku 0asa coeounenus eécmulk. Ilonoicenue
éepmMuUKaIbHOe.

Mamepuan —Cm3nc.

-'\\ F'OCT.5264-80 C21
_:I , HaMeTP JJIeKTPoJa
Cujia cBapoO4YHOro TOKa
Tun Mapka s;1ekTpoaa
Yros HaKJIOHA 3JIEKTPOAA
Maununyasrop
IHonsipHocTh
Joauna xyru
Pox Toka (moct. Ilepeem.)

Bapuanm No6

TIlooobopamv pexcum pyunou 0yveoeou ceapku 0aa coedunenus ecmuoik. Ilonosrcenue
HUJICHee.

Mamepuan —Cm3nc.

[§]

-+

- I.-."' T'OCT.5264-80 C4

HaMeTp JIeKTPoaa



Cujia cBapo4HOro TOKa
Tun Mapka sjekTpoaa
YroJ1 HAKJIOHA 3JIEKTPOAA
Manunyjasitop
HoasipHocTh

JdnuHa nyru

Pox Toka (moct. Ilepeem.)

Bapuanm Ne7

Ioooopams pesrcum pyunoil 0y206o0i ceapku 0as1 coeounenus ¢ maep. Ilonoicenue

eepmuKdaibHoOe.

Mamepuan —Cm3nc.

Suc = 5 MM

~ / TOCT.5264-80?Y2
HaMeTp 3JIeKTpojaa

Cuiia cBapO4HOIo TOKA

Tun Mapka 3j1ekTpoaa

YroJ HaKJI0HA 3JIEKTPoAa

Maununyasrop

HoasipHOCTH

JumHa nyru

Pon Toka (moct. Ilepeem.)

Bapuanm No8

HHoooopams pesxtcum pyunou 0y2060i ceapku 0aa coedunenus ecmuik. Ilonoycenue
HOMmMOoJI04HOe.

Mamepuan —Cm3nc.

I'OCT.5264-80C2
_:I HaMeTp JJIeKTPoaa
' Cuiia ¢cBapo4HOro ToKa
Tun Mapka sj1exkTpoaa
YT0J1 HAKJIOHA YJIEKTPOAA
ManunyJsarop
HoasipHocTh
JuuHa nyru
Pox Toka (moct. Ilepeem.)



Bapuanm No9

Hoooopams pesxicum pyunon 0y2060u ceapku 0 coeounenus eécmulk. Ilonoycenue
8epMUKAIbHOE.

Mamepuan —Cm3nc.

I'oCT.5264-80C2
_:I HaMeTp JIeKTpoaa
' Cuiia cBapO4HOro TOKa
Tun Mapka 3jekTpoaa
Yroa HaKJIOHA 3JIEKTPOAA
ManunyJsitop
IMoasipHocTh
JumHa nyru
Pox Toka (moct. Ilepeem.)

Bapuanm Nel()

HHoooopams pesrcum pyunoil 0y206o0i ceapku 0as1 coeounenus ¢ maep. Ilonoycenue
HUJICHee.

Mamepuan —Cm3nc.

E{ﬂ-"‘f I'OCT.5264-80T3 3
M e

Cuiia cBapo4HOIo TOKa

HaMeETP IJIEKTpoaAAa

Tun Mapka ss1ekTpoaa
Yroa HaKJIOHA 3JIEKTPOAA
ManunyJasarop
HoasipHocTh

JouHa nyru

Pox Toka (moct. Ilepeem.)

SO
v‘ S »i Ll




Bapuanm Nel 1

Hoooopams pesxicum pyunon 0y2060u ceapku 0 coeounenus eécmulk. Ilonoycenue

eepmuKdaibHoOe.

Mamepuan —Cm3nc.
I'OCT.5264-80 C15

H"\\ I "I' JInameTp 3J1eKTpoaa
_'__.-' =

Cuiia ¢cBapo4HOro TOKa
Tun Mapka 3j1ekTpoaa

Yroa HaKJIOHA 3JIEKTPOAA

ManunyJsitop

IMoasipHocTh

JumHa nyru

Pox Toka (moct. Ilepeem.)

Bapuanm Nol?2

Hoooopams pexrcum pyunou 0y2060u ceapku 0as1 coeouHenus ¢ yzoa. Ilonoicenue

nomoJjiounoe.

Mamepuan —Cm3nc.

T

A

- "'....- I'OCT.5264-80?Y2

HaMeTp JJIeKTpoaa

Cuiia cBapo4YHOro TOKa
Tun Mapka s;1exkTpoaa
YT0J1 HaKJIOHA YJIEKTPOAA
Manunyasarop
IHonsipHocTh

Joauna xyru

Pox Toka (moct. Ilepeem.)

-1_



Bapuanm Nol3

IHoooopams pesxicum pyunou 0y2060i ceapku 01 coedunenus ecmuik. Ilonoicenue
HUJICHee.

Mamepuan —Cm3nc.
I'OCT.5264-80 C15

“"\\ I "I' JluameTp dj1eKTpoaa
- e

Cujia cBapoO4HOro TOKa
Tun Mapka 3j1ekTpoaa
YroJ HaKJI0HA 3JIEKTpoAa
Manunyasitop
HoasipaocTh
JumHa nyru
Poa Toka (moct. Ilepeem.)

Bapuanm Nol4

Ioooopams perrcum pyunoun 0yzo6o0u ceapxku 011 coeounenus ¢ maep. Ilonoicenue
HOMmMOoJI04HOe.

Mamepuan —Cm3nc.
4

10 '.. I'OCT.5264-80-T3 3

I-I'III H HAMeTP JIeKTPoaa
Cuiia cBapo4HOIo TOKa

Tun Mapka sjekTpoaa

YroJ1 HAKJIOHA JJIEKTPOAA

ManunyJsarop

HoasipHocTh

Joauna xyru

Pox Toka

(moct. mepeem.)




Bapuanm Nel5

IHoooopams pesrcum pyunoir 0y206o0u ceapku 0as1 coeounenuss ¢ maep. Ilonorcenue

eepmuKdaibHoOe.

Mamepuan —Cm3nc.

6

I'OCT.5264-80T3 3
w  HAMeTP IeKTPoaa

Cuiia CBapO4HOI0 TOKA
Tun Mapka 3j1ekTpoaa
YT0J1 HAKJIOHA YJIEKTPOAA
Manunyasitop
IMoasipHOCTH
JumHa nyru
Pox Toka (moct. Ilepeem.)

-

Bapuanm Nel6

Iloooopame percum pyunoii 0y2o060u ceapku 011 coeounenus ¢ naxiaecm. Ilonoscenue

nomoaounoe. Mamepuan —Cm3nc.

_.--"'-._
FOCT.5264-80 - I\3-H3

'1- MaMeTp 3JIEKTPoA
" Cujaa cBapo4HOIo TOKA

Tun Mapka sjekTpoaa
YT0J1 HaKJIOHA YJIEKTPOAA
Manunyasarop
IHonsipHocTh

Joauna xyru

Pox Toka (moct. Ilepeem.)



Bapuanm Nel7

HHoooopams perrcum pyunoii 0y2060u ceapku 015 coeounenus ¢ y2o. IHonoscenue nuiicree.
Mamepuan —Cm3nc.
S, =8 MM

o

HaMeTp IJIeKTPoaa

I'OCT.5264-80?Y2

Cuiia ¢cBapo4HOro TOKa
Tun Mapka 3j1ekTpoaa
Yroa HaKJIOHA 3JIEKTPOAA
ManunyJsitop
IMoasipHocTh

JumHa nyru

Pox Toka (moct. Ilepeem.)

Bapuarm Nol§

Hoooopams pesxicum pyunou 0y20680u ceéapku 0 coeouHenus eécmuik. Ilonoicenue
2opuzonmansvrnoe. Mamepuan —Cm3nc.

I'OCT.5264-80C2
_:I HaMeTp JJIEKTPoaa
" Cnaa CBAPOYHOI0 TOKA
Tun Mapka ss1ekTpoaa
Yroa HaKJIOHA YJIEKTPOAA
ManunyJsitop
HoasipaocTh
JouHa nyru
Pox Toka (moct. Ilepeem.)

Bapuarnm Nol9

Ioooopams pesxtcum pyunou 0y2060u ceapxku 0aa coedunenus ecmuik. Ilonoycenue
2opuzonmansvroe. Mamepuan —Cm3nc.

"\\ T'OCT.5264-80 C21

I HAMETP JJIeKTpoaa
Cuiia cBapo4YHOro TOKa

Tun Mapka 3j1ekTpoaa




YroJ1 HAKJIOHA 3JIEKTPOAA
Manuny.stop
IMoasipHocTh

JdnuHa nyru

Pox Toka (moct. Ilepeem.)

Bapuanm No2()

IHoooopams pesxicum pyunou 0y2060i ceapku 0 coeounenus eécmuik. Ilonoscenue
8epmMuUKaibHOe.

Mamepuan —Cm3nc.

- I'OCT.5264-80 C4

HAMETP JIeKTpoaa

Cui1a CBapO4HOI0 TOKA
Tun Mapka 3j1ekTpoaa
YT0J1 HAKJIOHA YJIEKTPOAA
Manunyastop
IMoasipHocTh

JumHa nyru

Pon Toka (moct. Ilepeem.)

Bapuarnm No21

IHoooopams perrcum pyunou 0y2060i ceapku 011 coeounenus ¢ maep. Ilonoicernue
éepMUKaAIbHOe.

Mamepuan —Cm3nc.
9

§0 " FOCT.5264-80-T3 3
I__|'|II H HAMETP JIeKTPoaa
Cujia cBapo4YHOro TOKa
Tun Mapka syekTpoaa
YroJ1 HAKJIOHA JIEKTPOAA
ManunyJasarop
IHonasipHocTh
Joauna xyru
Pox Toka
(moct. mepeem.)




Bapuanm No2?2

Hoooopams pesxtcum pyunoit 0y2060u ceapku 0asa coedunenus ecmuik. Ilonoicenue
2opuzoumanwvroe. Mamepuan —Cm3nc.

‘{}\ I'OCT.5264-80-T1- M2

I I"" . HaMeTp JJIeKTpoja

Cujia cBapo4HOro TOKa

Tun Mapka ss1ekTpoaa
YroJ1 HAKJIOHA 3JIEKTPOAA
Manunyasitop
HoasipaocTh
Jdnuna nyru
Pox Toka (moct. Ilepeem.)

Bapuarnm No23

Hoooopams pesxicum pyunou 0y20680u ceéapku 0 coeouHenus eécmuik. Ilonoicenue
2opuzonmansvrnoe. Mamepuan —Cm3nc.

I'OCT.5264-80C2
HaMeTp IJIeKTPoaa

Cujia cBapoO4YHOro TOKa
Tun Mapka ss1ekTpoaa

Yroa HaKJIOHA YJIEKTPOAA

ManunyJsitop

HoasipaocTh

JouHa nyru

Pox Toka (moct. Ilepeem.)

Bapuanm No24

Iloooopams pericum pyunoit 0y2080u ceapxu 0asa coeounenus ¢ maep. Ilonoicenue
nHOMmMOoJI04HOe.
Mamepuan —Cm3nc.

E{ﬂ-"‘f I'OCT.5264-80T3 3
W

NaMeTp JJIeKTPoaa



Cujia cBapo4HOro TOKa
Tun Mapka sjekTpoaa
YroJ1 HAKJIOHA 3JIEKTPOAA
Manunyjasitop
HoasipHocTh

JdnuHa nyru

Pox Toka (moct. Ilepeem.)

NN
SN ['s}

Bapuanm No25

IHoooopams pesxtcum pyunou 0y2060ii ceapxku 0aa coedunenus ecmuik. Ilonoycenue

HUJICcHee.

Mamepuan —Cm3nc.
I'OCT.5264-80 C15

h‘\‘\ I "I' JInameTp 3J1eKTpoaa
d'FI-I foe

Cuiia CBapoO4HOIo TOKA

Tun Mapka ss1ekTpoaa
Yroa HaKJIOHA YJIEKTPOAA
ManunyJsitop
IHoasipHocTh

Jdnuna nyru

Pox Toka (moct. Ilepeem.)

Bapuanm No26

Iloooopame pestcum pyunou 0y2080u ceapku 0aa coeounenus 6 yeoa. Ilonoscenue
2opuzonmansvroe. Mamepuan —Cm3nc.

e

'J vy FOCT.5264-802Y2

.y

HAMETP JIeKTPoaa
Cuiia ¢cBapO4HOro TOKa
Tun Mapka sjekTpoaa
YroJ1 HAKJIOHA JIEKTPOAA
ManunyJstop
[MoasipHocTh

Jdnuna nyru



Pox Toka (moct. Ilepeem.)

IIpakTuueckas padora Ne2(

Tema: BiusiHre OCHOBHBIX TapaMETPOB peXUMa HaIlJIaBKU Ha (JOPMUPOBAHKE BaJIMKa
Heas padotsl: [IpuoOpectn npakTHUECKHE HABBIKM NPU U3YYEHHM BIUSHUS OCHOBHBIX
napaMeTpoB peXHMa HalUIaBKU Ha (POpMUPOBaHUE BAJINKA

Xo/ BbINOJHEHUS padoThI:
9. O3zHakoOMIIEHHE C TEOPETUUYECKUMHU CBEACHUAMU
10. OnumnTe BIMSHUE OCHOBHBIX ITAPAMETPOB PEXHMMa HAIUTABKHM Ha (OPMHPOBAHHE
BaJIMKa
11. OTBeTUTH HAa KOHTPOJIbHBIE BOMPOCHI.

Teopernyeckue cBegeHUA

Tok HaIllTaBKHW, CKOPOCTb HAIlJIaBKHW WM HAIIPAKCHUC OYI'H OKA3bIBAIOT CYHICCTBCHHOC BJIMAHHUC
Ha Ka4YCCTBO HAIIAaBKH H IIPOLCCC (bOpMHpOBaHI/I}I HarjiaBJICHHOI'O MCTaJljia.

CBapO‘IHblf/'I TOK W CKOPOCTHb HAIUNIABKWM — 3TO JIBa TCXHOJOTIMYCCKUX IMapaMETpa, KOTOPLIC
B3aMMOCBs3aHbl. ONTHMaIbHOE UX COYETAaHUE C IIpaBUJIbBHO BLI6paHHI>IM COCTaBOM (1)JHOC&
IMMO3BOJISACT MOJIYUUTh KAYCCTBCHHBIC HAIIJTABKU U TpC6y€MBI€ (1)I/I3I/IKO-M€X3HI/I'-ICCKI/I€ CBOMCTBA
HaIlJIaBJICHHOT'O MCTaJlJIa.

Capounblii Tok. Eciu mox nannaseku man, 70 o0pa3zyeTcsi y3KUH BajJUK C HEPOBHBIMHU
KpasiMUd ¥ HEIIPOBapaMH, Jyra TOpUT HEYCTOWYMBO U TaCHET, a JICHTA, 3aMbIKasCh Ha U3JICIIUH,
HarpeBaeTcs U PBETCS MPU BBIXOJIE M3 TOKOMOABOIAIIUX I'yOOK.

Ecnu jce mok npesviutaem onmumanbHoe 3HayeHue, T0 C YBEIUUECHUEM TOKa yXY/AIIACTCS
dhopMupoBaHUE BauKa.

Ilpu 6onvuiom moxe u 00abWON CKOpPOCHMU HATIJIABKU TIPOHUCXOJMT 3a0CeTraHMe IIjiaka
BIIEPEIN DJIEKTPOJHOM JICHTHI.

C ysenuuenuem cé6apouno20 moka yBeIn4uBacTCs TOJIIMHA HAIUIABICHHOIO BaJIMKa, a TAKXKe
pacter TiyOMHA TMPOIUIABJIEHUS M TMPOU3BOJUTENBHOCTh HamjuaBku. C  yBelWYeHUEM
CBAapOYHOI'0 TOKA IMPOMCXOJIUT BBITYYMBAHUE BaJIMKA B CPEJAHEN €ro 4acTH, YTO OOYCIIOBJIEHO
I IMYLIECTBEHHBIM TOPEHUEM JYTU B CEPEANHE IIUPHUHBI dJIEKTPOIHOM JIEHTBI, B TO BPEMSI KaK
npyu OOBIYHBIX PEXUMAaX, MPU MUHUMAJIHLHOM TOKE, BaJHK CTAHOBUTCS JIBYTOPOBIN B; CBSI3U C
OO0JNBIION 3a/Iep’KKOM AYTH Ha KOHLAX 3JeKTpoaa. Kputepruem coOOTBETCTBHS CBAPOYHOTO TOKA
BBIOPAHHOM DJJIEKTPOJAY SIBISIETCS JIMHEHas IUIOTHOCTh TOKa, BbIpajkaeMas OTHOILIEHHUEM
CBapOYHOI'0 TOKA K HIMPUHE JIEHTbL. ONmMuMmanbHas JTUHEelHaAa nA10OMHOCMb MOKA HAXOAUTCS
B nipezenax 8—14 A/mM. Bricokoe kauecTBO HaIlJIaBJIEHHOI'O MeTaslla BO3MOKHO U Ha IPYTUX
TOKaX, HECKOJbKO OOJbIIMX JMOO MEHbIIMX ONTUMAIbHbIX. B pabGore ans neHT wu3
YIJIEPOAMCTBIX CTAJIEW ONpPENENICHbl KPUTHUUECKUE 3HAYEHUs TOKA, HMKE KOTOPBIX BAJIHUK IO



MIMPUHE PE3Ko yMeHbImaercs. KpoMKHM BanWKka CTaHOBSTCS HEPOBHBIMH, a IIJIOTHOCTH
HATUIaBJICHHOTO METaJlla yXy/IIIaeTcsl.

Mexay KpUTHYECKUM TOKOM U IIUPHHOM JJIEKTPOJa CYIIECTBYET NPOMOPIHOHAIbHAS
3aBHCUMOCTb. Ha mpaxTuke cBapouHslii TOk n3mMensiercs B npeaenax 300— 2000 A.

Hnst nent wmupunoit 20—40 mm ckopocmov Hannaexku vdmensercs B mpeaenax 0,15—0,55
cM/c M 3aBUCUT OT CBApOYHOTO TOKA, Pa3MEpOB JIEHTBHI, MApKH JJIEKTPOIHOTO MaTepuaia,
cocraBa (uroca, Gopmbl m3menus U T. A. ONTHMagbHas CKOPOCTh HAIUIABKH ITO3BOJISET
JOCTUYb HEOOXOAMMOH TITyOMHBI MPOILIABICHUS OCHOBHOTO METalla U TPOU3BOIUTEIIEHOCTH
mpoIecca HaTUIaBKH.

Ilpu manvix ckopocmax nannaéku GOPMHUPYETCS POBHBIM BallMK €O cIab0 3aMETHBIMU
ciosiMu  Kpuctayuin3anuu. CIHMIIKOM Mallasg CKOPOCTh NMPUBOAUT K YMEHBIICHUIO TITYOHHBI
IIPOILJIABJICHNS U YBEJIMUEHUIO TOJIIMHBI HAIUIABJIEHHOT'O CJIOSl, €r0 IOBEPXHOCTH MOJIY4YaeTCs
rpyooit u HepoBHOH. C panpHEHIIMM YMEHBLUIEHHEM CKOPOCTH TOSBISETCA ONAacHOCTb
0o0pa30BaHusl HEOIUIABJICHUS M MPOPbIBA KMJKOIO IUIAKa M MeTajula CBAPOYHOW BAaHHBI, B
pe3yJabpTaTe 4ero B HaIUIaBJIEHHOM MeTaJlie 00pa3yroTcsl OPHI.

Ha cpeouux CKopocmAax Han/iaéKu BAJIUKH HMCIOT MCHCC POBHYIO IIOBCPXHOCTb U PC3KO
BBIPAKCHHYIO '-IGIJ.nyI'—I@.TOCTB, MrprHa BaJlMKa CTAHOBUTCA MCHBIIC IMUPHUHBI JICTITHI.

Hpu Haniaeéke Ha O0IbUIUX CKopocmAax B  HAIJIaBJICHHOM  MCTAJLJIC 06p33YIOTC5[
HCCIUIOMIHOCTH, YBCINMYHUBACTCSA HCPABHOMCPHOCTL BajJIMKa II0 BBICOTC, JAyra TrOpUT HE
YCTOfIqHBO, B HaAIJIaBJICHHOM MCTaJlJIC 06pa3y10Tc;1 HIJIAKOBBIC BKIIIOYCHHA, ITOABIAIOTCA
OTACJIBHBIC ITPOBAJIbI IOBECPXHOCTH HAIIJIABJIICHHOI'O MCTAaJZIaMHU HCCILIIABJICHHA.

3a KPUTHYECKYIO CKOPOCTb NPUHUMAEMC S NOBLIUEHHASL CKOPOCMb HANIABKU, NPU KOMOPOU
8ANIUK ewje COXpaHsaem CnioOuHOCHb, HO €20 8bLCOMA CIMAHOBUMCS HEPABHOMEPHOU.

Ha ocHOBaHMM DKCIIEPUMEHTAJIBHBIX JaHHBIX YCTAHOBIICHBI KDUTUUECKUE 3HAYECHUS] CKOPOCTEN
HaIUIaBKH, KOTOPBIE B MEPBOM MPUOIMKEHUN OOPATHO MPONOPLUUOHANIBHBI MIKUpHUHE JeHThl. C
YBEJIMYEHUEM IIMPUHBI JIEHThl KPUTHUYECKash CKOPOCTh HAIUIABKM yMEHbIIAeTCsA. ToNMHA
HAILJIABJICHHOI'O CJIOSl TAK)KE€ YMEHBIAETCS IPU MOBBIIIEHUN CKOPOCTH HAIUIaBKH. |

HanpsizkeHne Iyru Okas3plBacT CyLIECTBEHHOE BIIMSIHUE HA KAa4ECTBO HAILJIABJICHHBIX BAJIUKOB
W, MPEKJIEe BCEro, HAa BHUJ TMOBEPXHOCTHM HAIUIABJICHHOIO METala, Majo BIHSIET Ha
MPOU3BOUTEILHOCTh PACIUIABJIICHHUS dJEKTpoJa M TIIYOMHY TMPOIUIABICHUS OCHOBHOTO
MeTtauia. OnTUManbHOE HAMPSHKEHUE AYTH 3aBHCHUT OT MaTepHalia JIeKTpoa U Tumna ¢iroca u
omnpeaensercs sl KOPPO3MOHHO-CTOMKHMX CIUIaBOB B mpeaenax 26—32 B, M3HOCOCTOMKHX
32—35 B, 114 BOCCTaHOBUTEIBHBIX HAIJIABOK JeHTOM U3 ctanu 08km 28—31 B.

B cnyuae npuMeHeHHsI TETUPYIONTNX (DIIFOCOB CIUIIKOM BBICOKOE HAMPSHKEHUE TYTH MPUBOIUT
K o0Opa3oBaHWI0 MOApe30B. g Kaxmoro ¢iroca CyIIECTBYIOT BeCbMa Y3KHE IIPEIeIibl
W3MEHEHUSI HANpPSOKEHHS AYTd, MO3BOJSIONIME IOJYYUTh ONTHUMAJIbHBIC pE3yJIbTaThl, Ha



KpHTH‘ICCKOﬁ CKOPOCTHU CJIIMIIKOM HHM3KOC HAIIPSIKCHUC 3aTPYAHACT 3aKHUTaHUC AYTH, JAyra
CTaHOBUTCsA HCYCTOﬁqHBOﬁ, I pUHA BAJIMKA PC3KO YMCHbIIACTCA.

[Tpyn OGonpmMX KONEOAHMUSX HANPSKEHUS AYTHM BaJMK 110
HIMpUHE  CYXKaeTcs, TOJNIIMHA  BaJHWKa  CTaHOBUTCS
HENOCTOSIHHOM MO JJIMHE, a TOBEPXHOCTh OYrpHCTOM.
[ToBBIIEHHOE HANpSKEHWE B COYETAHMM C  BBICOKOM
CKOpPOCTBIO HAIUIaBKH MPHUBOJUT K 00pa3oBaHMIO IpyOoil u
HEPAaBHOMEPHOM ITOBEPXHOCTH HAIUIaBKH, a JaJbHEHIIee
NOBBIILICHUE HANPSOKEHUS — K BBITEKAHUIO CBAPOYHOMN
BaHHbl U3 [UIaKOBOW  o0ojouku. C  yBeIWYEHUEM
HaNpsDKEHUsI BO3pacTaeT pacxond (iaroca, yBEIWYMBAETCA
0o0BbeM IUIAKOBOM BaHHBI, YTO 3aTPyIHSET €€ YyAep KaHue
IpU HAIJIaBKe LMJIMHIPUYECKUX AeTajiel, 0COOEHHO MajbIX
JIIUaMETPOB.

HammaBka nmyroili HH3KOrO HampsDKEHHS  CBsi3aHa C
3aTeKaHUEeM >KUAKOTO IIJlaka Tepes dJICKTPOJOM, YBEIMYMBACT TIIYOHMHY IIPOIUIABJICHUS,
YMEHBIIIAET MePeXo/1 JETUPYIOIINX HIEMEHTOB U3 (UIIOCa B HAILJIABJICHHBIA METall

Puc. 1. Ceapounviit agmomam 0na nenmoyHnoil HANJIAGKU
CBapo4Hasi T0JIOBKAa MOeT NPUMEHATHCH B HAIUIABOYHBIX YCTAHOBKAX /IS HAIUIABKHU
TeJl BpaleHHsl, IVIOCKHUX JAeTaJlei, a TAK JKe JeTajled CI10KHBIX GopM:

e JUUISl BOCCTAHOBJICHUS JKEJI€3HOAOPOKHBIX KOJIEC METOJOM HaIlJIaBKHU KOJIECHBIX Hap

e JUIS HAIVIABKU KPAHOBBIX KOJIEC

e I HaIJIABKU BaJIOB U BAJIKOB

e JUISl BOCCTaHOBJIEHHS NPOKATHOTO, AOMEHHOTO M CTaJENJIaBUJIBLHOTO OOOpYAOBAHUS

(HarIaBKa KOHYCOB, Yalll JIOMEHHBIX Ne4el, MOpIIHEH, ceael, pOJTUKOB)

KoHTpoJibHbIC BONIPOCHI:

10. Kok BnusieT cBapOUHBIi TOK Ha (hOpMHpOBaHUE BaJIKMKa MPU HaIJIaBKe?
11. Kok BiusieT HanpspKeHUe AyTu Ha GOpMHUpOBaHKUE BaJMKa MPU HarIaBKe?
12. Kok BiusieT CKOPOCTh CBAapKH Ha ()OPMUPOBAHUE BAJIMKA IPU HAIUIaBKe?
13. lng yero npuMeHseTCs CBapOYHas roJIOBKa B HAIJIABOUHBIX YCTAHOBKaX?
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KoHTpoabHO-01IEHOYHOE CPEICTBO MO0

MJ/IK.02.01 TexHuKa U TEXHOJOTHUSI PYIHOH TyTrOBOW CBapKH

(HarIaBKM, pe3KH) MOKPBITHIMU 3JIEKTPOIaMU

dopmMa NPOMeKYTOYHOM aTTecTAlMH: HuddepenupoBaHHbIil 3a4eT

THn KOHTPOJILHOIO 32 JaHUA: YCTHBIN OTBET

Kpurepumn ounenku

Ornenka

Kpurepun

«O1imyHo» - 5

1. naH MOJIHBIM OTBET HA OCHOBE M3YYEHHBIX TEOPU;

2. MaTepuai MOHAT U OCO3HAaH;

3. MaTtepual  U3JOXKEH B OMNpPEICNIEHHOM  JIOrMYecKOM
MOCIEI0BATEILHOCTH JIUTEPATYPHBIM SI3BIKOM;

4.0TBET CaMOCTOSITEIbHBIMN.

«Xopormo» - 4

1. 1aH npaBUILHBINA OTBET HA OCHOBE U3YyUYEHHBIX TEOPHIL;

2. MaTepHa MOHAT U OCO3HAaH;

3. Marepuail  M3J0KEH B ONPENENIEHHOM  JIOTMYECKOM
IIOCJIEZI0BATEIBHOCTH JINTEPATYPHBIM SI3BIKOM;

4. nmomyuieHbl 2-3 HECYIIECTBEHHBbIC OIIMMOKH, HWCIPABIECHHBIE 10
TpeOOBaHUIO MpernojaBaTeNs, WJIM HEKOTOpas HENOJIHOTa OTBeTa,
IIEpOXOBATOCTh B U3JI0)KEHUU MaTepuaa.

«y,Z[OBJ'ICTBOpI/ITCJ'ILHO» -3

1. maTepuan B OCHOBHOM H3JIOKEH IMOJHO, HO IPU 3TOM JIONYILEHBI |-
2 CyIIeCTBEHHBIE ONNOKH;
2. OTBET HEMOJHBIA, MOCTPOEH HECBSA3HO, C MOMOIIBIO HABOJSIINUX
BOIIPOCOB MPENOJIaBaATENSL.

«HeynoBneTBOpUTENbHOY - 2

OTBET OOHapy)XMBaeT HE3HaHWE WJIM HEMOHMMaHHe OoNblIe u
HanboJee CylecTBeHHOM YacTH yueOHOro Marepuaia

CocTaBuUTEeIDb:

Boiitenox I1.H.

MPEToaBaTeNb TUCITUTUINH MPOPECCHOHATLHOTO UK

ChIKTBIBKaAp

2020




bunet Ne 1

Bomnpoc 1. CBapounas ayra. Knaccuduxamnmst cBapoyHOH TyTH.

Bomnpoc 2. TpeGoBanust no>xapHoi 6€3011aCHOCTH MPH BBIITOJHEHUH CBAPOYHBIX padoT.
buner Ne 2

Bomnpoc 1. O6opynoBanue u kinaccupukaius cBapOYHOTO MOCTA JIEKTPOCBaPILIUKA.
Bomnpoc 2. [IpaBuiia xpaneHus, TpPaHCIOPTUPOBKH, SKCIUIYyaTAIllMU CBAPOYHBIX MIEKTPOIOB.
buner Ne 3

Bompoc 1. Knaccudukainus cBapHbIX IIBOB U COCTUHEHUI.

Bompoc 2. [IpaBuia 0e30macHoi 3KCIUTyaTaliy CBApOYHOT0 000PY10BaHUS.

buer Ne 4

Bomnpoc 1. CapuBaemocts MeTaiio. Knaccuduxanus craneit o cBapuBaeMOCTH.
Bompoc 2. Oxpana Tpy/Jia IpH BBIIIOJIHEHUN PE3KU METAJIOB.

buiter Ne 5

Bonpoc 1. O6o3HaueHue cBapoYHBIX IIBOB Ha YEPTEXKAX.

Bompoc 2. TpeGoBaHust 0XpaHbl Tpy/Ja IPU BBIIIOJIHEHUN CBAPOUYHBIX pabOT Ha BBICOTE.
buter Ne 6

Bompoc 1. CBapouHbIe 37eKTpobl (MapKa, HOKPBITHE, HA3HAYCHHUE).

Bomnpoc 2. TpeGoBanust oxpaHsl Tpy/ia B aBapUUHBIX CUTYaIHsIX.

buner Ne 7

Bomnpoc 1. CBapounsie 31€KTpoabl (BUIbI, HA3HAUCHUE, KIIacCu(pUKaIus).

Bompoc 2. Oxa3zanue noMOLIM OCTPaJaBIIEMy OT JEHCTBUS IEKTPUYECKOTO TOKA.
buter Ne 8

Bompoc 1. Onpenenenue u knaccudukaiys OCHOBHBIX BUJIOB CBApKH.

Bonpoc 2. TpeGoBanusi oxpaHbl TpyZa NPU BBIIOJHEHUH CBAPOUYHBIX PabOT B 3aKPBITHIX
EMKOCTSIX.

buter Ne 9

Bompoc 1. Buas! cBapku. CriocoObl CBapKH IMIaBJIECHUEM.

Bomnpoc 2. CpenctBa MHAMBUYaIbHOM 3aIIUThI 3JIEKTPOCBAPIIUKA.

buner Ne 10

Bomnpoc 1. CBapouHble BBIIPSMUTENN, HA3HAYEHUE, YCTPOMCTBO, MPUHIUI ACHCTBHUS.
Bompoc 2. TpeboBanus oxpaHbl Tpy/Ja IO OKOHYAHUH CBAPOYHBIX PadoT.

buner Ne 11

Bomnpoc 1. Knaccudukarnus sinektpoaoB. MapkupoBka 371€KTPOIOB.

Bompoc 2. [Topsinok neicTBuil pu BO3SHUKHOBEHUU WJIM OOHAPYKEHUU BO3TOPAHUSL.
buner Ne 12

Bomnpoc 1. CBapouHbl€ BBIIPSMUTENN, HA3HAYEHUE, YCTPOMCTBO, IPUHIUI ACHCTBHUS.
Bomnpoc 2. Oxazanue nepBoil NOMOIIY NOCTPAJABIINM OT TEPMUYECKUX BO3ACHCTBHM.
buner Ne 13

Bompoc 1. O6opynoBanwue st 1yrOBOi CBApKH.

Bompoc 2. Oxpana Tpyna npu paboTe ¢ MeXxaHU3MaMHu.

buner Ne 14

Bompoc 1. Mapku cBapOYHBIX HUHBEPTOPOB.

Bompoc 2. Texnuka 6e3omacHOCTH npu cBapke u pe3ke metawia PJ[C.

buner Ne 15

Bomnpoc 1. CBapounslii TpancopmaTop: yCTpoWCTBO U MPUHLIUT ICHCTBUS.

Bomnpoc 2. TpeGoBanus oxpaHsl Tpy/ia epea HadaJloM CBapOYHBIX paboT.

buner Ne 16

Bomnpoc 1. Kabenst ceapounsie (BUbl, Ha3HaY€HHE, IIPaBUiIa IKCIUTyaTal|H).

Bompoc 2. TexHuka 6€301aCHOCTH IIPU MOHTaX€ METAUNINYECKUX KOHCTPYKLIUH.

buner Ne 17
Bompoc 1. O6opynoBanue /uist CBApKH MOKPBITBIMU JIEKTPOAAMH.



Bompoc 2. [IpaBuia 6e30macHo# 3KCIUTyaTaIliy CBAPOYHBIX TPAHCHOPMATOPOB.

buner Ne 18

Bomnpoc 1. Kitaccudukanus craneil. Jlerupyromye 31€MeHTHI.

Bompoc 2. Oxa3zaHue nepBoi MoMOIIU NOCTPAJaBIIMM OT MEXAHUYECKUX BO3JIEHCTBU.

buner Ne 19

Bompoc 1. Opranu3zaimust paboyero Mecta 3J1eKTpOCBapIIUKA.

Bomnpoc 2. TpeGoBanust oxpaHsl Tpy/ia Ipu paboTe ¢ MEXaHU3UPOBAHHBIM HHCTPYMEHTOM.
buner Ne 20

Bompoc 1. TexHuka U TEXHOJIOTHS BBIIOJHEHUS IIBOB B FOPU30HTAIBHOM, BEPTUKAIBHOM U
MIOTOJIOYHOM ITOJIOKEHUH.

Bomnpoc 2. TpeGoBanust oxpaHsl Tpyzia BO BpeMs paOOTHl.

buner Ne 21

Bompoc 1. Pexumsbl ayroBoii cBapku (Ha3Ha4€HHE, CYIIHOCTb, IPUHIIMII BEIOOpPA OCHOBHBIX U
JONIOJTHUTEIbHBIX ITOKa3aTenei).

Bompoc 2. TpeboBaHnusi noxapHoii 0€301MacHOCTH CBAPOYHBIX 1IEXOB.

buner Ne 22

Bompoc 1. TexHonorus u TEXHUKA BBIIIOJIHEHMS IBOB B HUKHEM II0JI0KEHUH.

Bomnpoc 2. [IpaBuiia 351eKTpo6e30macHOCTH IPU SKCIUTyaTallud CBAPOYHOTO 000PYIOBAHHUS.
buner Ne 23

Bompoc 1. [IpaBuia BeiOOpa 1 NOATOTOBKH 3JEKTPOJIOB AJIsi PYYHOU TyTrOBOM CBapKH.

Bonpoc 2. O6mue TpeGoBaHus 0XpaHbl TPY/a MPHU BBIINOJIHEHUN CBAPOUYHBIX padoT.

buner Ne 24

Bompoc 1. OGopynoBanue uisi pe3Ku MeTajua.

Bonpoc 2. [IpaBuia GezonacHoi paOOThl IpU BBITOJHEHUH CBapOYHBIX pabOT B 3aMKHYTBIX
MIOMEILEHUSX.

buner Ne 25

Bompoc 1. Buabl HOKpBITHS 3JIEKTPOIOB, COCTaB U 0003HAUEHUE.

Bomnpoc 2. TpeGoBanust oxpaHsl Tpyia Ipu padoTe B IPOU3BOICTBEHHBIX IOMEIIEHUSX.



4. OueHkKa no y4eOHOH ¥ MPOU3BOJACTBEHHO NMPaKTUKe

4.1. O0mue noJI0KEeHU

Lenpto o1leHKH MO y4eOHOI 1 MPOU3BOACTBEHHON MPAKTUKE SIBIISETCS OL[CHKA!
1) mpodeccroHaTbHBIX M 0OIUX KOMIICTCHIINH;

2) TPaKTHYECKOTO OIbITA ¥ YMEHHIA.

KoHTposib ¥ OlleHKa pe3yiabTaTOB OCBOCHHUS YYEOHOW MPAKTUKHU OCYIIECTBISETCA B
mporecce Y4eOHBIX 3aHSTHM, CaMOCTOSITEIHHOTO BBIMOJHEHUS OO0Yy4alOUUMUCS 3aJaHuil,
BBITIOJTHEHUS TPAKTUUECKUX MPOBEPOUYHBIX PAOOT.

B pe3ynbrate ocBOeHUs yueOHOU MPAKTHUKUA B paMKaxX OCBOEHHUS MPOQPECCHOHATHHOTO
Moaynst  oOywaromiuecs — MPOXOAAT  MPOMEKYTOUHYIO  aTTecTanmuio B (dopme
muddepeHpoBaHHoro 3adera. [IpoMexyTouHass aTTecTalds 3aHOCUTCA B 3a4YETHYIO
BEJIOMOCTH 10 Y4eOHOM MpaKTHKE.

Ouenka 1O TMPOU3ZBOACTBEHHONM  MPAKTUKE  BBICTABIAECTCS HAa  OCHOBAaHUHU
aTTECTAlIMOHHOTO JIMCTA C YKa3aHUEM BUJIOB pabOT, BBHIIIOJIHEHHBIX 00yUYalOIIMMUCS BO BpeMs
MPaKkTUKH, HX OO0OBEeMa, KauyecTBa BBIMOJHEHUS B COOTBETCTBUM C TEXHOJOTHEH U
TpeOOBaHUSAMH OPraHU3AINH, B KOTOPOH MPOXOAMIIA MPAKTUKA.

4.2 Buasl padoT MNPAKTUKHM H  TpoBepsieMble  pe3yabTaTbl O00y4YeHHS] TIO
npogeccuoHAILHOMY MOIYJTIO

4.2.1. YueOHasi npaKTHKA

Buns pabot Konpl mpoBepsieMbIx pe3ynbTaToB
IK OK 1o, ¥
OnHocnonHas py4Has nyrosas | [TK.2.1 OK.1, OK.2 [10.1 - 110.6
HaIlJIaBKa JINCTOBOTO METaJlIa. [IK.2.2 Vi1-V¥3
Pyunas JyTOBast cBapka | [1K.2.1 OK.1, OK.2 I10.1 - 110.6
TOHKOJIMCTOBOTO MeTaia (1o 5 mm). | I1K.2.2 Vi1-V¥3
Capka mnactud tommuHoi Oonee 5 | [1K.2.1 OK.1, OK.2, OK.3 I10.1 —110.6
MM. [1K.2.2 Vi1-V3
JlyroBas pe3ka. [IK.2.4 OK.1, OK.2, OK.3 [10.1 - 110.6
Y.1-V3
JlyroBasi cBapKa KOJIbLIEBBIX IIIBOB. I1K.3.1 OK.1, OK.2, OK.3 [10.1 - 110.6
Y.1-V3
HamnnaBka nmiaiockux moBEpXHOCTEH. OK.1, OK.2, OK.3 I10.1 - 110.6
Y.1-V3
I1K.2.3 OK.1, OK.2, OK.3 [10.1 —110.6
Y1-V3
Hannaska nunuaapuueckux | [1K.2.3 OK.1, OK.2, OK.3 [10.1 —110.6
MMOBEPXHOCTEH. Vi1-V3
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KOHTpOJIbHO-OIIeHO‘lHOE CpeacTBo 110

Yueonas npaktuka no IIM (2
PyuHnasi nyroBasi cBapka (HamjaBKa, pe3ka) IJIaBsIUMCS MOKPBITHIM
IJIEKTPOAOM

dopma npomekyTOUHOI aTTecTanmuu: JuddepeHpoBaHHbIN 3a4eT

1&HIKOHTPOHBHOFO33H3HHHZ BBIITOJTHCHUC KOMIIJICKCHOT'O IMPAKTUYICCKOTI'0O

3aJaHusA

IIpoBepsiemble pe3yabTaThl 00yyenus:  [1K2.1,1IK.2.2, TIK.2.3, TIK.2.4

OK.1, OK.2, OK.3, OK .4, OK.5, OK.6

Kpurepun ouenku recra:

KonmuecTBo BEpHBIX OTBETOB OtMmeTka
85% 5
75% 4
60% 3
menee 40% 2

Kpurepuu oneHKH NpaKTHYECKOI0 3a/IaHNUS:

OueHka Kpurepun

«OTmuHo» - 5 1. paboTa BBINOJIHEHA MTOJTHOCTHIO

2. paboTa BBITIOJIHEHA CAMOCTOSTEIEHO

3. co0uIroieHre TEXHOJIOTHH BBIIIOTHEHUS pabOTHI
4.coburoieHre MpaBUil TEXHUKU O€30MaCHOCTH

«Xopomioy - 4 1. paGoTa BBIIOJIHEHA ITOJIHOCTHIO

2. paboTa BBINIOJIHEHA C HE3HAUNTEIBHON TIOMOIIBIO MacTepa /0
3. co0uIr0ieHre TEXHOJIOTHH BBITIOTHEHHUS paboThI

4. coOumoIeHue MpaBrJl TEXHUKK 0€30MMaCHOCTH

«Y IOBIETBOPHUTEILHOY - 3 1. paGoTa BBIIOJIHEHA ITOJIHOCTHIO

2. paboTa BBINTOJIHEHA C IIOMOIIBI0 MacTepa /0

3. cOOIII0JICHUE TEXHOJIOTHH BBITIOJTHEHUS paOOTHI
4. coOro/IeHre PABIII TEXHUKU 0€30IT1aCHOCTH

((HCyI[OBJ'[eTBOpI/ITeJII)HO» -2 1. pa60Ta BBITNIOJIHCHA HE IMOJIHOCTBIO
2 HapyHmEHUs TEXHOJIOTHUU BbITTIOJIHCHUS pa6OTI)I
4. He CO6J'HOH€HI/IC IpaBuJI TCXHUKU 0e30IMaCHOCTH

CocTaBHuTE]Ib:
Bownrtenox I1.H. MpenoaaBaTelb JUCIUIUINH TPO(PECCHOHATBHOTO ITUKJIIA

CrixteiBkap, 2020



3ananue 1.

Konb! npoBepseMbIX pe3ynbTaTOB OCBOCHUS: [1K.2.1, I1K.2.2, T1K.2.3

OK.I, OK.2, OK.3, OK4, OK.5, OK.6

[I01-1Mo6 vV1-V3

31,32,33,34,35,36

HNucrpykums
BaumaTenpHO npoynTanTe 3a1aHue.

Bbl Mo’keTe BOCHOJB30BATHCA: CTOJ CJECAPHBIA C TMOBOPOTHBIMH THCKaMH, CBapO4YHOE
o0opyioBaHue, ciecapHO-cOOpPOYHOE MPHUCIIOCOOJIEHHE, CTOJI CBapIIMKA, OYKH 3allUTHHIC,
MacKa CBapOYHas, crajibHas 3arotoBka pasmepoMm 100x100x4 MM — 2 mT., MeTauIM4eCKast
méTka, Oymara Haxxaa4uHas, MOJIOTOK JIJIsl y/lajeHUs IIJIaKa.

Bpewms BemmonHenus 3aganus: 90 MuH.
Tect — 15 muH.
[IpakTnueckoe 3aganne — 75 MHH.

TekcT TECTOBOIO 3a1aHUA

Bompoc 1. 3 das1a

[TepeuncinTe BUIBI CBaPHBIX COCIMHEHUIM

(774)

1 2 3 4

A — HaxJIECTOUHOE
b — yrmosoe

B — cThIKOBOE

I' - TaBpoBOE

Knwouu k mecmy: 1 -B;2-1;3-A;4—-b..

Bonpoc 2. 8 dasoB
Pacwugpyime mapry snekmpooos: 346A4-YOHH-13/45-3,0-V-/12 TOCT 9466-75.

Omeem: 3 — >IEKTPOA ISl IYTOBOM CBapKu; 46 — MUHMMAaJIbHBIN TapaHTUPOBAHHBIN Mpeze
npouHocTu mBa (460 Mlla); A — nOBBIIIEHHBIE IJTACTUYECKUE CBOMCTBA METAJIJIa CBAPHOTO



mBa; YOHU-13/45 — mapka snekrpona B coorBerctBuu ¢ ['OCT 9467-75; 3,0 — nuametp
CTEPIKHS IEKTPOAA, MM; ¥Y — dJIEKTPOJ AJIsl CBAPKU YTIEPOAUCTBIX U HU3KOJIETUPOBAHHBIX
ctasieit; J12 — ¢ TOJICTBIM NOKPBITUEM BTOPOU TPYIIIIBI.

Bomnpoc 3. 6 6ansoB
Vemanosume coomeemcmeue necupyiowe2o snemenma e2o 6yKk8eHHOMY 0003HAYEHUIO

No Jlerupyronuii 3€eMeHT Kon BbykBenHoe 0003HaUeHNE
/1

1 AnroMuHUN A B

2 Huxkens b C

3 Xpom B o

4 Baunanuii T IO

5 Bonbsdpam Ji X

6 Kpemunii E H

Knrouu k mecmy. 1 -1;2—-E;3-11;4-B;5—A;6-b.

Bompoc 4. 3 das1a
Yxaoicume cooeporcanue xumuueckux snemenmos 6 ceapounou nposonoke mapku Ce-08I'A?

A) 0,08 % yrnepona, 1o 1% mapranua, 1o 1% azora;

b) 0,8% yraepona, 1o 1% mapranua, g0 1 % a3zora;

B) 0,08% yrnepona, no 1% mapraniia, IOHI>KEHHOE cojiepkaHue cepbl U (hochopa;
I') 8% yrnepona, 1o 1% mapranma, MOHMWKEHHOE CoiepKaHue cephl U docdopa.

Omeem: B.
Bompoc 5. 6 0as10B
Yemanosume coomseemcemeue suoa mepmuieckoti 06pabomku Memaina e2o onpeoeieHuo

Ne Bun Tepmuyeckoit Kon Onpenenenue
n/m o0paboTku
1 Otnyck A HarpeB MeTayuta Ha 30-50 °C BeIIe KPUTHUECKON

TOYKH, BBIIEPXKKA IIPU ITOU TEMIIEpaType u
OBICTpOE OXJIAXKICHHUE

2 Orxur b Harpes 10 450 °C — 500 °C u BblIeprkKa Ipu 3TON
TeMIeparype
3 3akanka B N3penue HarpeBarOT A0 AyCTEHUTHOTO COCTOSIHUS

(ma 30...50 rpamycos Beitie AC3) 1 OXJTaKIAI0T Ha
CITOKOMHOM BO3/yX€

4 Hopmanusanus I HarpeB MeTayuia Ha 30—50 °C BbIlIe KpUTHUECKON
TOYKH, BBIAEPKKA IIPU ITOU TEMIIEPATypeE U
MEIJIEHHOE OXJIAXKIEHUE

Knwouu k mecmy: 1 —b;2 —-1;3-A;4—B.




Texker npakTHYeckoro 3agaHusA: «BBIIOJHUTE CTBIKOBOE COEIMHEHUE IUIACTUH B
BEPTUKAJIBHOM IIOJIOKEHWH CBapHOrO IIBA PYYHOM JYIOBOM CBapKOM IIIABAIIAMCS
AIEKTPOIOM»

|. CocTaBUThH aNrOpUTM BBIIIOJIHEHUS 3a1aHUS

I1. BBITOIHUTE CTHIKOBOE COETMHEHUE

Kawun k oTBeTy:

1. 3akpenuTh 3aroTOBKY B CJIECaApHBIX THCKAX.

2. 3a4iCTUTh METAJUIMYECKON IETKOM M HaXJayHOW Oymaroil CThIKyeMble Kpas IJIaCTHHBI
Ha 20 MM OT TOpIIa /10 MOSIBJICHUS XapaKTEPHOT'O0 METAJNTUYECKOro OJecKa.

3. [IpoBepuTh cCBapoyHOE 0OOPYTIOBAHUE.

4. BriOpath peXUM MPUXBATKH.

5. BKIIIOUHUTH CBapOYHOE 00OPYAOBAHHUE.

6. BRIMOTHUTE MPUXBATKY IJIACTHUH B CIIECAPHO-COOPOYHOM MPHUCTIOCOOICHHH.

7. 3a4MCTUTh TPUXBATKU MOJIOTKOM ISl YJAJ€HUs UIAKA.

8. [IpoBepuTh KaueCTBO COOPKH.

9. VYcraHOBUTH NpPHUXBAYEHHBIE 3arOTOBKM HAa MPUCIOCOOTEHHE JJs  BBIIOJHEHUS
BEPTUKAJIbHBIX IIBOB.

10. BeiOpaTh pekuM CBapKHU.

11. BBIOMHUTE CBApKY CTHIKOBOT'O COEIMHEHUS.

12. 3auyncTuTh 3aBapEHHBIN OB MOJIOTKOM JJIsl YAAJIECHUS 1ILJIAKA.

13. IIpoBecTu BU3yalibHBI OCMOTp MMOBEPXHOCTH IIBA.

14. Ycrpanuth aeeKThI.

15. 3auncTUTH CBapHOU 1IOB OT LIIAKA M MIOBEPXHOCTH IUIACTUH OT OpBI3T MeTalIa.

16. BeikimounTh cBapoYHOE 000pyAOBaHKE U yOpaTh pabouee MecCTo.



4.3. IIpousBoacTBeHHAS] MPAKTUKA

Onenka 1O  TPOWU3BOJCTBEHHOW  TPAKTHKE  BBICTABISCTCS HA  OCHOBAaHUU
aTTECTALIMOHHOTO JIMCTA C YKa3aHUEM BUJIOB pabOT, BBIMIOJHEHHBIX 00y4YaOIMMUCS BO BpeMs
MPAKTUKHA, HMX O00bEeMa, KadecTBa BBITIOJIHCHUS B COOTBETCTBHM C TEXHOJOTHEH W
TpeOOBaHUSAMU OPTraHU3AINH, B KOTOPOIl MPOXOAKIIa MPAKTUKA U OTYETA MO MPAKTHUKE.

OT4er MO TPOU3ZBOJCTBEHHOW IPAKTUKE IPOBOJUTCS II0 3aBEPUICHUIO OCBOCHHS
pabodyeil y4yeOHOM HpOrpaMMbl MO MPOU3BOACTBEHHOW MpakTUKEe B (opMme MpeacTaBiICHUS
OoTYeTa CTYJACHTAMHM TEXHUKyMa W €r0 3alluThl. 3aluTa OTYeTa MOXET MPOBOJUTHCS KaK B
BHJIE TIPE3CHTAIIHA, TaK U B (JOPME YCTHOTO BBICTYIUICHUSI.

B kaudectBe mnpuiokeHUS K OTYETy IO TMpakTUKe oOydaromuiica ohopMiser
rpadguyeckue, ayaumo, (HoTo, BUIAEO, MaTepuaibl, HArJsAIHbIE O00pa3lbl HU3ACIUH,
MOITBEPKAAIOIINE MPAKTUYECKUMN OTIBIT, TOJTYyUYEHHBIN Ha MIPAKTUKE.

4.3.1. Buapl padoT mo NPOU3BOACTBEHHON NpaKTHKe H TNpoBepsieMble Pe3yJabTAaThl

00y4eHHsI IO MPOodeccCHOHATHLHOMY MOAYJII0

Buner pabot Konpl mpoBepsieMbIX pe3yJbTaTOB

IK OK 1o, ¥
HNHcTpykTax 1O mNpaBWiIaM TEXHUKH OK.1, OK.4
0e30MacHOCT U OXpaHe Tpyda Ha
NPEANPUITHH.
Pabora ¢ HopmaruBHO-TexHuueckou | [TK.2.1 OK.1, OK.2, I10.1 - 110.6
JOKYMEHTAllMEeW  MNPENNpUsATHS IO OK.3 Vi1-V3
W3TOTOBJICHUIO CBAPHBIX KOHCTPYKIIUN U
NPeIbSBICHUIO TPeOOBaHUM K KayecTBY
CBapHOTO I1IBa.
CBapka TutacTMH BCTHIK, BHaxJjecT, B | [1K.2.1 OK.1,0K.2, I10.1 - 110.6
TaBp, B yroys 6e3 MOJATOTOBKH KPOMOK OK.3, OK.6 Vi1-V3
PYYHOH AYroBOM CBapKOM IUIABSIIMMCS
MOKPBITHIM ~ 3JIEKTPOJIOM  BO  BCEX
MPOCTPAHCTBEHHBIX MOJOKEHUSIX.
CBapka macTMH BCTHIK, BHaxJjecT, B | [1K.2.1 OK.1, OK.2, [10.1 - 110.6
TaBp, B yroJl € IOATOTOBKOM KpPOMOK OK.3, OK.6 Vi1-V3
pPYYHOH IYrOBOM CBApKOW ILIABSILHAMCS
MOKPBITBIM ~ DJIGKTPOJIOM  BO  BCEX
MPOCTPAHCTBEHHBIX TOJIOKCHUSIX.
[Ipssmonuneitnass u  kpuBosuHeiiHas | [1K.2.4 OK.1, OK.2, [10.1 - 110.6
pe3ka  MeTaula  py4HOM  JIyTOBOM OK.3, OK.6 V4
CBAPKOM  IMJIABALIMMCS  TOKPBITHIM
AIIEKTPOJIOM.
CBapka moBOpOTHBIX U HenoBopoTHbIX | [TK.2.1 OK.1, OK.2, [10.1 - 110.6
CTBIKOB TPYO PYYHOU TyroBOM CBapKOW OK.3, OK.6 V1-V.3




MJIaBAIIUMCS IIOKPBITBIM 3JICKTPOAOM BO
BCCX MPOCTPAHCTBCHHBIX IMOJIOKCHUAX.

N3rorosienne HecnoxHbXx cBapHbIX | [1K.2.1 OK.1, OK.2, I10.1 - I10.6
KOHCTPYKLUH PY4YHOH 1yroBOM CBapKoi OK.3, OK.6 Vi1-V3
MJIABSAIIAMCS TIOKPBITHIM 3JIEKTPOJOM BO

BCEX MIPOCTPAHCTBEHHBIX MOJOKCHHSIX.

OnnocnoiiHas u mHorocioiHas | [1K.2.3 OK.1, 0OK.2, I10.1 —110.6
HalUlaBKa MeTaula PYYHOW JyroBOH OK.3, OK.6 Vi1-V3
CBapKOW  IUIABAIIUMCS  TOKPBITHIM

AJIEKTPOJIOM BO BCEX

MPOCTPAHCTBEHHBIX MOJOKEHUSIX.

CBapka 1BETHbIX MeTauioB M cmuiaBoB | [1K.2.2 OK.1, 0OK.2, I10.1 —110.6
PY4YHOH JyroBOW CBapKOW IIaBSIIUMCS OK.3, OK.6 Vi1-V3

IMOKPBITHIM OJICKTPOJAOM BO BCEX
IMPOCTPAHCTBCHHLIX ITOJIOKCHUAX.




5. KOHTPOJIbHO-01leHOYHbIE MAaTePHUAJIbI JJI51 IK3aMeHa (KBAJTU(PUKANNOHHOI0)

I. [TACIIOPT

Ok3aMeH (KBaMM(UKAIMOHHBIN) TMpeJHa3HayeH JMJii KOHTPOJsI M OLEHKU pPe3ylbTaToB

OCBOEHHUS MPO(PECCUOHATBHOTO MOYJIS

11M.02 Pyunas nyroasi ceapka (HamjiaBka, pe3ka) IJIaBSIUAMCH NOKPbITHIM
3JIEKTPOJA0M

OCHOBHOM mpodeccuoHanbHoi oopazoBarenbHoit nporpammel (OITOIT) CIIO no mporpamme
MOJITOTOBKH KBATH(DUIIMPOBAHHBIX pa00YMX (CITYKAIIIHX )

15.01.05 Cpapmuk (Py4YHOH M YACTHYHO MEXAaHU3MPOBAHHON CBapKH
(HamJIaBKH))

DK3aMeH IPOBOAUTCS MO 3aBEPUICHUIO U3YUEHHS POTPaMMBbl MPOPECCUOHATBLHOTO MOTYJIS.
DK3aMeH MOKET MPEJICTaBISATh CO00i:
- BBIIIOJIHEHUE IPAKTUYECKOTO 3aJaHHUS.

DK3aMeH MOKET MPOBOAMUTHCS Ha 0a30BOM MPEANPUATHH, B MACTEPCKUX U J1abOpaTOpUsX
TexHukyma. HMtorom sk3ameHa (KBaJM(DPHUKAIMOHHOTO) SIBISIETCS OAHO3HAUHOE pPEIICHHE:
«Bua npodeccuoHalbHON AESATENBHOCTH: OCBOEH/HE OCBOEH». IIpM BBICTABIEHHWH OLEHKU
YUUTBIBAETCS POJIb OLICHWBAEMBIX MMOKa3aTesel ISl BBINOJHEHUS BUJA MPOPECCHOHAIBHOM
JeSITEIbHOCTH, OCBOEHUE KOTOPOro nposepserca. [Ipu oTpunateIbHOM 3aKIIOYEHUH XOTs Obl
[0 OJHOMY IOKa3aTeNII0 OLCHKH pe3ysibTaTa OCBOCHMS IMPO(HECCHOHATBHBIX KOMIIETEHIIMN
NPUHUMAETCS pEIIeHUuEe «BUJ NPOPECCHOHAIBHOM JesTeNbHOCTH HE ocBoeH». Konpl u
HaVMEHOBAaHUE NPOBEPSIEMbIX KOMIETECHIMM, TOKA3aTEIN OLEHKU PE3yJIbTaTa MPUJIAaraTcs K

MIPOTOKOJTY 3K3aMEHa.



NudopmanmnonHoe odecrnieueHue

OcHoenas numepamypa:

. TexHomoruss HM3TOTOBICHHS CBapHBIX KOHCTPYKIMH [DJEKTpOHHBIH pecypc]:
yaeOHnk/B.B.OpunaHuKOB - M.: U ®OPYM, HUIl UHDPA-M, 2015. - 208 c. —
(ITlpodeccuonanbHoe oOpazoBanue). — Joctyn u3z OBC «Znanium.com». —
URL.: http://znanium.com/bookread2.php?book=503310

. Cpapka: BBelEHHME B CHEIUAIBHOCTH [DJIEKTPOHHBIN pecypc]: ydeOHoe mocobue /
B.A.®ponos, B.B.IlemkoB u ap.; [loxg pea. npod. B.A.®@ponosa - 4 uzn., nepepad. -
M.: Anspa-M: HULL Uudpa-M, 2013. - 384 c.: un. — (CoBpeMEHHbIE TEXHOJIOTUN). —
Hoctyn u3 9bC «Znanium.comy. —
URL.: http://znanium.com/bookread2.php?book=368952

. CBapka u pe3ka IBETHBIX METaJUIOB [DIEKTPOHHBIN pecypc]: yueOHoe nmocodue / O.I'.
brikoBckuii, B.A. ®ponos, B.B. Ilemkos. - M.: Ansda-M: HUL[ UHOPA-M, 2014. -
336 c.: + (Hom. wmar. znanium.com).— (bakanaBpuar). — Jloctyn u3 3bC
«Znanium.comy». — URL: http://znanium.com/bookread2.php?book=453254

. IIponsBoactBo CBApPHBIX KOHCTP YKL [ DNEKTPOHHBIN pecypcl:
yaeOHnk/B.B.OpunaHNKOB - M.: U] ®OPYM, HUIl UHDPA-M, 2015. - 288 c. —
(ITpodeccuonanbHoe obOpazoBanue). — Joctyn u3z DBC «Znanium.com». —

URL.: http://znanium.com/bookread2.php?book=500249

Jlononnumensnas numepamypa:

. JlynaueB B. I'. O611as TeXHOJIOTHSI CBAPOYHOTO MIPOU3BOACTBA [ DIEKTPOHHBINA pecypc]:
yueOHoe nocobue / Jlynaues B. I'. - 2-e uzn. - M.: ®opym, HUL] UHOPA-M, 2015. -
288 c.— (IIpodeccuonanvHoe obpazoBanue). — Joctyn 3 ObC «Znanium.comy». —
URL.: http://znanium.com/bookread2.php?book=484830

. CrpaBOYHHMK TeXHUKa-cBapiuuka [DnekTpoHHsli pecypc]: / B.B. OBunHHHKOB. - M.:
N ®OPYM: HUIL| UHDPA-M, 2014. - 304 c. — (IIpodeccuonansHoe oOpa3oBaHue).
— Hoctyn u3 9BbC «Znanium.comp. —
URL.: http://znanium.com/bookread2.php?book=453352

. DnexTtpuyeckas ayroBasi cBapka [Tekcrt]: yueOHUK IS CTyN. YUpexKIACHUH cpel. mpod.
O6pazoBanust /B.C. BunorpagoB. - 8-¢ wu3a., crep. - M.: M3naTenbCkuili LEHTP
«Axkagemus», 2015. 320 c.

. Oxpana Tpyna Inpu IpOU3BOJICTBE CBApOUHBIX padot [Tekcr]: yueOHOe mocobue /B.B.
OBUYMHHHKOB. - 5-€ u3a. crep. - M.: U3narensckuii uentp "Akagemus", 2015. - 64 c.


https://infourok.ru/go.html?href=http%3A%2F%2Fznanium.com%2Fbookread2.php%3Fbook%3D503310
https://infourok.ru/go.html?href=http%3A%2F%2Fznanium.com%2Fbookread2.php%3Fbook%3D368952
https://infourok.ru/go.html?href=http%3A%2F%2Fznanium.com%2Fbookread2.php%3Fbook%3D453254
https://infourok.ru/go.html?href=http%3A%2F%2Fznanium.com%2Fbookread2.php%3Fbook%3D500249
https://infourok.ru/go.html?href=http%3A%2F%2Fznanium.com%2Fcatalog.php%3Fitem%3Dauthor%26code%3D19311
https://infourok.ru/go.html?href=http%3A%2F%2Fznanium.com%2Fbookread2.php%3Fbook%3D484830
https://infourok.ru/go.html?href=http%3A%2F%2Fznanium.com%2Fbookread2.php%3Fbook%3D453352

. TexHonorus py4HOW AYroBOoW M IJIa3MEHHOM CBAapKU M pe3ku MeTauioB [Tekcrt]:
Y4eOHHK Ui CTYA. YUpexaeHui cpen. mpod. obpaszoBanus /B.B. OBunnHUKOB. - 3-€
u3 ., crep. - M.: U3narensckuii nentp "Axagemus'", 2013. - 240 c.

. Capounoe neno: CBapka u pe3ka MeTaiioB [TekcT]: yueOHUK JJIsl CTYI. YUPEKACHUI
cpen. npod. obpazoBanms /I'.I'. YepnpimoB. - 9-e u3a. , crep. - M.: M3marenbckuid
ueHntp "Axkagemus'", 2015. - 496 c.

. HamnmaBka wmetamioB [TekcT]: y4eOHHMK IS CTyA. YYpEXKACHHH cped. mpod.
obpazosanus /B.11. Jlsusikun, [.b. Cnunko. - M.: U3parensckuit uentp " Axkanemus",
2016. - 192 c.

. Jedekrauus cBapHbIX IIBOB M KOHTPOJb KauecTBa CBapHbIX coequHeHuil [Tekcr]:
yueOHUK g Had. ipod. oOpa3oBanus /B.B. OBunHHMKOB. - M.: U3patenbckuii EHTp
"Akagemus'", 2013. - 224 c.

. Bosnecenckas .M. OcHOBBI TEOpUU PYUYHON TYTOBOM CBAPKH: TEOPETHUECKUE OCHOBBI
npodeccuonanbHol AestenbHOCTH [ Teker]: Yued. nocodbue /.M. Bo3necenckas. [loa
pen. C.B. CokonoBoii. — M.: Akanemkuur / Yueonuk, 2005. — 160 c.

Humepuem - pecypcowi:
. O cBapke. HMnadopmamumoHHbli  calT  [DnekTpoHHBI  pecypc]:  Pexum
nocryna: http://www.osvarke.com. - ([lata oopamenus: 03.10.2017)

. IIpo cBapky [DnekTponHbIii pecypc]|: Pexxum mocryma: http://www.prosvarky.ru. -
(Hara obpamenus: 03.10.2017)

. Cpapka, CBApOYHOE obopynoBaHue [ DI1eKTpOHHBIN pecypcl: Pexum
noctymna: http://svarium.ru. - ([lata oopamenus: 03.10.2017)

. Emunoe okHO moctymna kK 00pa3oBaTelIbHBIM pecypcaM [DIeKTpoHHBIN pecypc]: Pexum
noctyna: http://window.edu.ru. - (/lata o6pamienus: 03.10.2017)


https://infourok.ru/go.html?href=http%3A%2F%2Fwww.osvarke.com%2F
https://infourok.ru/go.html?href=http%3A%2F%2Fwww.prosvarky.ru%2F
https://infourok.ru/go.html?href=http%3A%2F%2Fsvarium.ru%2F
https://infourok.ru/go.html?href=http%3A%2F%2Fwindow.edu.ru%2F

Jlucr cornacoBanus
Jononnenusi u u3MeHenusi K komimiekty KOC Ha y4eOHbIii roj
Hononuenust u u3meHenus kK kommuiekty KOC na 2019 — 2020 yueGHbIi TOnM MO
npodeccuoHaNbHOMY MOJYJIIO

[IM.02 Pyunas nyroBasi cBapka (HaruiaBka, pe3ka) IJIaBSIuMCs TOKPBITHIM 3JIEKTPOIOM

B xommiiexkt KOC BHeceHbI cleayronne N3MEHEHHUS:

Jononuenust u m3meHeHus B komruiekte KOC o6cyxaensl Ha 3acenannn MK

« » 20 1. (mpotoxoi Ne ).

[Ipeacenarens MK HcaxoBa O.B.

(moamuce)




