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Ha3nauenue poHIa OLICHOYHBIX CPEACTB

®onp oneHouHBIX cpeaAcTB (POC) co3maeTcss B COOTBETCTBUM C TPEOOBAHUSIMU
OI'OCCIIO ans aTrTectanuu 00y4arOMIUXCsl HA COOTBETCTBHUE UX YUEOHBIX JOCTHKCHHMA
[102TAIHBIM TpeOOBAHUIM COOTBETCTBYIOILIEU [Iporpammon IIOArOTOBKH
kBann(unmpoBanHbix padounx u ciyxamux ([IIIKPC) nis mpoBenenuss BXOTHOTO U
TEKYIIETO OIICHMBAHUS, a TaKXKe MPOMEXKYTOUHOM arrectanuu oOydarommuxcs. POC
ABIIIETCS TpeOOoBaHUSAM 00pa30BaTENbHBIX IPOrpaMM, pabOYUX MPOrPaMM JUCIUILINH.

@doH/ OIEHOYHBIX CPEeACTB CHOPMHUPOBAH HA OCHOBE KITFOUEBBIX IMPUHIIMIIOB
OIICHUBAHMSI:

- BAJIMHOCTH. O0OBEKTHI OIICHKH JIOJDKHBI COOTBETCTBOBATH IOCTABJICHHBIM IICIIM

oOyueHus;

-HaJICKHOCTH: HCIIOJIb30BAaHUE €JIMHOOOPA3HBIX CTAHIAPTOB M KPHUTEPHEB IS
OIICHUBAHMS JIOCTHKCHUM;

- OOBEKTUBHOCTU: pa3HbIe 00yUYaroIIUecs TOHKHBI UMETh PABHbIE BO3MOXXHOCTH
noOUThCAyCIIeXa.

OcHoBHbIMM napameTpamu U ceoricTBaMu POC sABISIOTCS:

- TpeAMETHas  HampaBJIECHHOCTh  (COOTBETCTBHE  MPEAMETY  U3YyUYCHUS
KOHKPETHONYy4e€OHOMN NUCIMIIINHEI);

-COJIepKaHue (coctaB u B3aUMOCBSI3b CTPYKTYPHBIX CIUHUII,
00pa3yroIUXCOAepKaHNEe TCOPETUUCCKON M IMPAKTHYECKOH COCTaBIISIONIUX YydeOHOMH
TUCLUUIINHBI);

- 00beM (KOJIMYECTBEHHBIN COCTaB OIIECHOYHBIX CpeACTB, BxoAsamux B POC);

- Ka4ecTBO OIeHOYHbIX cpeacTB U POC B 11e510M, 00€CIeunBaroIIee MoIyuYeHnue
OOBEKTHUBHBIX M JJOCTOBEPHBIX PE3YJIbTATOB MPHU MPOBEJACHUU KOHTPOJISI C PA3IMUHBIMU
LETISIMH.

@OHJT OLEHOYHBIX CPEACTB pa3pabOTaH HAa OCHOBE pabouyeil MIPOrpaMmbl
MEKIUCIUIUIMHAPHOTO Kypca «TexXHHKa M TEXHOJOTHUS PYYHOM IyrOBOW CBapKH
(HarutaBKM)» ¥ B COOTBETCTBHHM C [IporpamMmoil MOATOTOBKHM KBaJIU(UIIMPOBAHHBIX
pabouunx, ciuyxamux Mo mnpodeccun 15.01.05 Cpapuuk (pydHOH H YACTUYHO
MEXaHU3UPOBAHHOM CBapKH (HAIJIABKHU, PE3KH) MOKPBITHIMU AJIEKTPOJAMHU.



I.NEPEYEHb KOMIIETEHIIUI C YKA3AHUEM DTAIIOB UX _
OOPMUPOBAHMA B ITPOIECCE OCBOEHUA OBPA30OBATEJIBHOU
ITPOI'PAMMBbI

1.1. KomnereHnum BbINYCKHUKOB, (JopMHUpPYeMble B pe3yJibTaTe OCBOECHMS
MEKTUCHUIUIMHAPHOTO Kypca «TexHMKa W TEXHOJIOTHSI PYYHOH JYyroBoil CBapKu
(HAIIABKM) M Pe3KH METAJJIOB» KAaK YACTh IJIAHUPYEMBIX Pe3yJbTATOB 0CBOEHHS
00pa3oBaTeIbHOI MPOrpaMMBbI

Kon HaumeHoBaHue 00IMX KOMIIETEeHIINHI
OK 01. Brei6upaTth crmocoObl pemieHus 3a1ad MnpodecCUOHANbHON esSTEIbHOCTH
IPUMEHUTENBHO K Pa3JIMYHBIM KOHTEKCTaM
OK 02. Hcnonp30BaTh COBPEMEHHBIE CPEACTBA NTOMCKA, AHAIM3a U MHTEPIIPETALNN

nHpopManuu U HMHGPOPMAITMOHHBIC TEXHOJIOTHMHU ISl BBIMOJHEHMS 3aj]1a4
1poheCCUOHAILHON JIeATeIIbHOCTH

OK 03. [InanupoBaTh u peanu3o0BbIBaTH COOCTBEHHOE MPOPECCHOHAIBHOE U
JUYHOCTHOE  pa3BUTHE, MPEANPUHUMATEIBCKYIO  JEATEIbHOCTh B
npodeccuoHanbHOM cdepe, MCHOIb30BaTh 3HAHUS 1O TPABOBOM U
(b1HAaHCOBOM TPAMOTHOCTH B PA3JIMYHBIX KU3HEHHBIX CUTYAIUsIX.

OK 04. D@ deKTUBHO B3aUMOAECICTBOBATh U padOTaTh B KOJUIEKTHUBE U KOMAaH/E;

OK 05. OcymecTBiasiTb ~ yCTHYHO M NUCBMEHHYKDO  KOMMYHHUKAIIMIO  Ha
rocyJ1IapcTBEHHOM si3bike Poccuiickoit denepanuu ¢ yaeToM 0COOCHHOCTEM
COITMAJILHOTO U KYJITYPHOTO KOHTEKCTA

OK 06. [IposiBIIATH Tpa)kAAaHCKO-MATPUOTUYECKYIO MO3ULHNI0, JIEMOHCTPUPOBATH
OCO3HAHHOE IOBEJICHUE HA OCHOBE POCCHUHCKUX ITYXOBHO-HPABCTBEHHBIX
LEHHOCTEW, B TOM YHCJIE€ C YYETOM TapMOHHU3ALMUUA MEXKHAIMOHAIBHBIX U

MEKPETUTHO3HBIX OTHOILICHH, MPUMEHSTh CTaHJapThI
AHTUKOPPYHIIMOHHOTO MTOBEICHUS
OK 07. ConelicTBOBaTh COXPAHEHUIO OKPYXKAIOIIEH Cpelibl, pecypcocOepekeHuIo,

MPUMEHSTh 3HAaHUSI 00 W3MEHEHUM KJIMMaTa, MPUHIUIBI OEepeKIUBOrO
MIPOU3BOJICTBA, dP(HEKTUBHO JICHCTBOBATH B UPE3BbIYANHBIX CUTYAIIUSIX

OK 08. Hcnonb3oBaTh cpeacTBa (PU3MUECKOW KYyJIbTYpbl [JIsi COXPAHEHHUS U
YKPEIUIEHUsI 3[0pOBbsl B IpoLECCE NMPOPECCHOHANBHON NEATEIBHOCTH U
noJiIepKaHusl HEOOXOAMMOI0 YPOBHS (PU3NYECKOM MOATOTOBICHHOCTH

OK 09. [Tonb3oBaThCS MPOQPECCUOHAIBHON JOKYMEHTAIMEH Ha TOCYIapCTBEHHOM U
WHOCTPAHHOM $I3bIKaX
K IIpodeccrnoHaIbHBIE KOMIIETCHIUH
IIK 2.1. [IpoBepsiTb ~ pabOTOCIIOCOOHOCTH u HCIIPABHOCTh CBapOYHOTO

obopynoBaHusi JJisI PYYHOM JyroBoM cBapku (HaIjIaBka, pe3Ka)
TJIABSIIIIMMCS TIOKPBITHIM AJIEKTPOIOM.

IIK 2.2. HacrtpauBath cBapouHoe 000pynOBaHHME MJiI PYYHOM JyroBOill CBapKu
(HamIaBKU, pE3KH) MIIABSIIIUMCS HOKPBITHIM 3JIEKTPOJIOM.
IIK 2.3. BrINonHATh IpeABAPUTEIBHBIN, COMYTCTBYIOIINNA (MEKCIOWHBIN) MOIOTPEB

METalliia B COOTBCTCTBHUH C Tpe6OBaHI/I$[MI/I IIPONU3BOACTBCHHO-
TEXHOJOTMYECKOU JOKYMCHTAIIUM 110 CBAPKCE.
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IIK 2 4. BbINONHATE pydHYIO IYrOBYIO CBapKy (HAIUIaBKy, Pe3Ky) IUIaBALIUMCS
MOKPBITHIM 3JEKTPOAOM MPOCTHIX JI€TAIEH HEOTBETCTBEHHBIX KOHCTPYKIIHIA
B HIKHEM, BEPTUKAIBHOM M TOPU30HTAJIbHOM IPOCTPAHCTBEHHOM
MOJIO’KEHUH CBAPHOTO IIBA.

IIK 2.5. BpINONHATH 1yroByr0 pe3Ky MeTajlia

1.2 IliianupyemMble pe3yabTaThbl 00y4eHHs M0 MEKIMCUMIVINHAPHOMY KYpCY

Koo u cpopmynuposxa Komnonenmmuowtii cocmas komnemenyuu

Komnemenyuu 3namo: \ Ymems: | Haeviku:

OK OBIIME KOMIIETEHIIHU

OKO1.
CIOCOOBI

Be16upats
pelIeHus

31-akTyanbHbIH
MpoeCCUOHAIBHBIN H

V1-pacnio3HaBaTh 3agady
w/unun  mpobiemy B

3aaq
pohecCHOHATBHOM
JCATEIBHOCTH
MPUMEHUTEIBHO K
pa3InYHBIM
KOHTEKCTaM

COLUAIBHBIN
KOHTEKCT, B KOTOPOM
IpUXOAUTCS paboTaTh
Y JKUTB;

32-0CHOBHBIE
UCTOYHUKHU
uHbopMaIuu u
pecypcbl TUTS
pemeHus  3amad |
npobJiem B
podheCcCUOHATIBHOM
W/WIA  COIMAJILHOM
KOHTEKCTE;
33-anropuTMsl
BBITIOJIHEHUS paboT B
npodeCCUOHATILHOW |
CMEKHBIX 00JIacTSX;
34-meronpl paboOTHI B
npodeCCHOHATILHOW |
CMEXHBIX chepax;
35-cTpykTypy IUIaHa
JUTSI peIIICHUS 3a]1a4;
36-M0psSIIOK ~ OLICHKH
PE3yNbTaTOB PEIICHUS
3a/1a4
npodeccuoHaIbHON
NeATEITLHOCTH

npodeccruoHaTbHOM
U/ COLIMAJIBHOM
KOHTEKCTE;
VY2-ananu3upoBaThb
3aauy W/uiaM mpooiieMy
151 BBIJICIIATH ee
COCTaBHBIC YACTH;
Y3-onpeneniars  3Tambl
penieHust 3a/1a4u;
BBISIBIIATE M 3()(PEKTUBHO
NCKaTh nH(pOpMaIHIo,
HEOOXOIUMYIO VIS
pelieHust 3aJadyud  u/uiu
npo0IeMBbl;
VY4-cocTaBnsTh TJ1aH
JNEUCTBUS;  OMNPEHEISITh
HEO0OXOIUMBIE PECYPCHI;
Y5-Bnaners
aKTyaJbHBIMH METOJaMU
paboThI B
npodeCCUOHATILHON |
CMEXHBIX chepax;

Y 6-peann3oBbIBaTh
COCTaBJICHHBIM IJIaH;
VY’7-ouleHuBaTh pe3ysbTar
U TIOCIEACTBUSI CBOUX
JEUCTBUI
(CaMOCTOSITEILHO WU C
MIOMOIIIbI0 HACTABHUKA)

OK
Hcnionp3oBaTth
COBpPEMEHHBIE
CpeacTBa

02.

TTOMCKA,

37-onpenensiTh
3aJauyd  JAJIA TOMCKa
uHbopMaIuy;
OTIPEIEIATh

V8-ompenenars 3agauu
TUTS MOVCKa
uHdopMaIuy;
OTIPEIEIATh




aHanamu3a U | HEOOXOIMMBbIE HEO0OXOIUMbIE
UHTEpIpEeTaluu UCTOYHUKHU UCTOYHUKHU
uHpopmaruu, U | uHpopMaIuu; 31- | undopmaruu;
UH($OPMAaIIMOHHbIE IUTAaHUPOBATH TIpouecc | ¥Y9-mnanupoBaTh
TEXHOJIOTHH JUTSL | TIOWCKA; poliecc MOUCKa;
BBIIIOJIHEHHS  3a1a4 | 38-cTpykTypupoBaTh | Y 10-cTpykTypHupoBaTh
npo(hecCHOHANBHON | MOJTyYaeMyto NOJIy4aeMYIO
NEeSATENbHOCTH nH(pOPMAIIHUIO; UH(pOpMaIHIO;
39-BBIIETATD Y11-BeiaensaTe Hanbomee
HanOoJiee 3HAYMMOE B | 3HAUMUMOE B  IIEpEYHE
IepeyHe uH(popmanuy;
uHpopMamu; V12-oneHuBaTh
310-onieHUBaTH MPAKTUYECKYIO
IPAKTUYECKYIO 3HAYUMOCTbh PE3yJIbTAaTOB
3HAYUMOCTh MIOUCKa;
pe3ynbTaToB noucka; | ¥Y13-odhopmisirh
311-odopmisats pe3yJbTaThI IIOMCKA,
pe3yabTaThl  TOUCKA, | IPUMEHSTH CpeAcTBa
MPUMEHSATh CPEACTBA | MHPOPMAITMOHHBIX
HH(POPMAITMOHHBIX TEXHOJIOTUH IS
TEXHOJIOTHI JUISL | peleHus
peleHuns po(ecCUOHANBbHBIX
NpO(ECCUOHANIBHBIX | 3a/1a4;
3ajJa4; VY 14-ncronbp3oBaTh
312-ucnons3oBaTh COBPEMEHHOE
COBPEMEHHOE IPOrPaMMHOE
IPOrpaMMHOE obecrieueHue;
obOecrieueHue; V15-ucrnonap30BaTh
313-ucnons3oBaTh paznuyHbie UG POBHIC
pasznuyHbie TU(POBBIC | CPEACTBA MJIs  PEIICHUS
CpeAcTBa TSt | poheCCHOHATBHBIX
peuieHust 3azay.
npodeCcCUOHATIbHBIX
3azay.
OK 03. [LImanuposars | 314-conepxanue Y16-onpenenstsb
u pean30BBIBaTh | aKTyaJIbHOM AKTYaJIbHOCTh
COOCTBEHHOE HOPMaTUBHO- HOPMAaTUBHO-TIPABOBOM
npo(hecCuoHaNbHOE U | PABOBOM JIOKyMEHTAITI! B
JUYHOCTHOE JOKYMEHTAIINH; npodeccruonanbHON
pa3BuUTHE, COBpPEMEHHAasl Hay4Hasl | AeSTEIbHOCTH;
MPEANPUHUMATENBECK | U TIpodeccuoHanbHas | Y 1 7-IpUMEHSTH
VIO JEATENbHOCTh B | TEPMUHOJIOTHS; COBPEMEHHYIO HAay4YHYIO
npodeccuoHanbHoi | 315-BO3MOKHBIE npodeccuoHaIbHYI0
cdepe, UCTIOIB30BATH | TPAEKTOPHUHU TEPMUHOJIOTHIO;
3HaHUS O NpPaBOBOH | MpodeccruoHaibHOrO | Y18-omnpenensTh u
u (hUHAHCOBOM | pa3BUTHS Y | BBICTpanuBaTh
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I'paMOTHOCTH B
Pa3INYHbIX
KHN3HCHHBIX
CUTyaluAax

caM000pa30BaHUs;
OCHOBBI
IPEANPUHUMATEITHCKO
I JCATEILHOCTH,
316-0CHOBBI
buHAHCOBOI
IPaMOTHOCTH;
mpaBuia pa3padboTKH
OM3HEC-IIAHOB,
317-nopsnok
BBICTpaWBaHUS
IIPE3CHTAIINH;
KpEIUTHBIC
OaHKOBCKHE
IPOJTYKTHI

TpaeKTOpUHU
po¢heCCUOHAIBHOTO
pa3BUTHUS U
caM0o00pa30BaHMUs;

VY 19-BbIABIATH
JIOCTOMHCTBA u
HEJI0CTATKU
KOMMEPUYECKOH U/JIEH;
Y20-tipe3eHToBaTh UAEU
OTKPBITHSI COOCTBEHHOTO
nena B
npodeccuoHaIbHON
NeATEIIbHOCTH;
Y21-obopmisate Ou3HEC-
TJIaH;
VY22-paccunuTtbiBaTh
pasMepbl  BBIILIAT
IPOLIEHTHBIM
KpEIUTOBAHUS;
Y23-onpenensitb
WHBECTUIIHOHHYTO
IIPUBJICKATEILHOCTD
KOMMEpPYECKUX HJIEH B
pamMKax
npodeccuoHaIbHON
NEeSTeTbHOCTH;
V24-nipe3eHToBaTh
OM3HEC-UIIEIO;
OTIpeNeNsTh MCTOYHUKHU
dbuHaHCHpOBaHUS

I10
CTaBKaM

OK 04. ODdpdexTuBHO

318-CUXOJIOTUUECKHUE

Y25-0prann3oBbIBaThH

B3aMMO/JICHCTBOBATh | OCHOBHI JICSTEILHOCTH | pa0OTY KOJUIEKTUBA U
" paboTaTh B | KOJUIEKTHUBA, KOMAaH/Ibl;
KOJIJIEKTHUBE U | IICUXOJOTHYECKHE V26-B3anMOIEICTBOBATH
KOMaH/1€ OCOOCHHOCTH c KOJIJIETaMH,
JUYHOCTH; PYKOBOACTBOM,
319-0CcHOBBI KJIMEHTaMHU B X0Je
MIPOEKTHOMU npodeccruonanbHON
JESATEIBHOCTH JEATENbHOCTH
OK 05. | 320-ocobeHHOCTH Y27-rpaMOTHO WU3MaraTh
OcyniecTBIATH COLUAIBHOTO U | CBOU MBICJIH 151
YCTHYIO U | KyJIbTYpPHOTO 0hOpMIISITE  JOKYMEHTHI
NMUCbMEHHYIO KOHTEKCTA; 321- |mo  npodeccuoHaIbHON
KOMMYHUKAIIMIO  Ha | TpaBwiia opOPMIICHUS | TEMATHKE Ha
roCy1apCTBEHHOM JIOKYMEHTOB U | TOCYJApCTBEHHOM SI3BIKE,
sA3blIKe  POCCHMMCKON | IOCTPOECHUSI  YCTHBIX | IPOSIBJISITH
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denepannu ¢ yueToM

COOOIIEHUH

TOJICPAHTHOCTDb B

0COOCHHOCTEM paboveM KOJUICKTUBE

COLIMAJIBHOTO u

KyJIbTYPHOTO

KOHTEKCTa

OK 06. IlposBusats | 322-CylIHOCTh VY28-onucsiBaTh

IPak1aHCKO- rpaXk1aHCKO- 3HAYMMOCTh cBOEi

MaTPUOTUYECKYIO MaTPUOTUYECKOU npodeccun; TPUMEHSTH

MTO3UIIHIO, TO3UIINH, CTaHAApTHI

JEMOHCTPUPOBATH 00111€UeTIOBEUECKUX AHTUKOPPYIIIUOHHOTO

OCO3HaHHOE [IEHHOCTEH; MOBEIACHUS

NOBEJICHUE Ha OCHOBE | 323-3HAYNMOCTh

POCCUNCKHX npodeccuoHaIbHON

JyXOBHO- NesTebHOCTU 1o

HPaBCTBEHHBIX npodeccuu;

IIEHHOCTEH, B TOM | CTaHJAPTHI

Yucjae C  YYETOM | aHTUKOPPYIIUOHHOIO

rapMOHU3ALNT MTOBEIICHUS u

MEKHAIIMOHAIBHBIX U | TOCIEACTBUS ero

MEKPETUTHO3HBIX HapyIICHUS

OTHOIIICHUH,

MIPUMEHSTH

CTaHJaPThI

AHTUKOPPYIIIUOHHOT

0 MOBEACHUS

OK 07. | 324-ipaBuiia ¥Y29-cobmonatb HOPMBI

CopelicTBOBaThH 3KOJIOTUYECKOHU DKOJIOTUYECKOU

COXPaHEHUIO 0€30MacCHOCTH npu | 6€30MacHOCTH;

OKPYXaIUIEH CPelbl, | BEICHUU Y30-onpenensitsb

pecypcocOepexennio | mpodecCUOHAbHOU HaIpaBJICHUS

, IPUMEHSTh 3HAHUS | ACATEIBHOCTH; pecypcocOepexkeHus: B

00 WU3MEHEHNH | 325-0CHOBHBIE pamkax

KJIMMAaTa, TPUHIMIIEI | PECYPCHI, npodeccuoHanIbHON

OEepEXKIIMBOTO 3a/ICMICTBOBaHHBIE B | JEATEIBHOCTU o

MIPOU3BOJICTRA, npodeccuoHaIbHON npodeccun

b pexTUBHO NEATEIIbHOCTH; OCYIIECTBISITh paboOTy C

JecTBOBATH B | 326-m1yTH coOII0ICHUEM

YpEe3BbIYANHBIX obecrieueHus PUHITUTIOB

CUTYyalUsIX pecypcocOepexenus; | 0epekIMBOTO
TPUHITUTIBI IIPOU3BO/ICTBA;
OEepeKITUBOTO VY31-oprann3oBbIBaTh
IPOU3BO/ICTBA; po¢eCCUOHATIbHYIO
3277-0CHOBHBIE NEATENIBHOCTh C Y4YETOM
HaIpaBJICHUS 3HaHUU 00 W3MEHEHUU
U3MEHEHUS KJIMMaTUYECKUX YCIIOBHM
KITMMATHYIECKUX peruoHa.




YCIIOBUU PETHOHA.

OK 08. | 328-posb puzuyeckoit | Y32-ucnonap30Barh
Hcnonb3oBath KYJbTYpPBI B | GU3KYIBTYpHO-
cpencTBa OOIIEKYIbTYPHOM, 037I0POBUTENBHYIO
buznueckoit mpo(hecCHOHATBHOM U | IEATEIbHOCTh IS
KYJIbTYPBI JUTSL | COIIMATBHOM YKPEIUICHUSI  3/10pPOBb4,
COXpaHEHUs U | pa3BUTHHU YEJIOBEKA; | JOCTIKCHUS JKU3HECHHBIX
YKpPEIUICHUS 329-0CHOBBI U 1mpodeccrnoHalIbHBIX
310pOBbs B IMPOILIECCE | 30POBOrO oOpa3a | uene;
MpoeCCHOHATILHON | KU3HH, Y 33-nmpuMeHaTh
NS TENBHOCTU u | 330-ycnoBus palMoHaIbHBIE TPUEMBbI
noAJIep KaHus npodeccruoHanbHOM JIBUTATENbHBIX (PYHKIUN
HE00XO0IUMOT0 NEeSTEILHOCTH U 30HBI | B npodeccruoHanbHON
ypoBHA (U3HUECKOM | pucka  (U3HUECKOTO | eATeTbHOCTH;
MOJATOTOBJIICHHOCTH | 3JI0POBBS st | Y34-nonp30BaThest
npodeccuu; CpeAcTBa | CPeCTBAMU
npoHIIaKTUKH poHIIaKTUKA
MepeHaNPsHKCHUS nepeHanpsHKCHHS,
XapaKTEPHBIMU IS
JaHHOU npodeccuu
OK 09. | 331-nmpaBuia Y35-nonumate  oOuMi
[Tonb3oBaTbcA MOCTPOCHUS TPOCTHIX | CMBICIT YETKO
npodeccuoHabHON | U CJIOXKHBIX | TPOU3HECEHHBIX
JOKYMEHTAIlMel  Ha | NpeIoKEeHUN Ha | BBICKa3bIBaHUIM Ha
roCyJapCTBEHHOM W | MPO(ECCUOHAIIbHBIE | U3BECTHBIC TEMBI
WHOCTPAHHOM $sI3bIKax | TeMbl;  31-O0CHOBHBIE | (TPOPECCHOHANIBHBIE U
001IeynOTPEOUTENIbH | OBITOBEIE), MOHUMATh
pI€ TJIaroJiel (OBITOBast | TEKCTBI ~ HAa  0a30BbIE
u npodeccroHanbHas | TpodeccuoHaIbHbIE
JIEKCHKA); TEMEL;
332-nekcudecKkuii ¥Y36-yuacTBOBaThH B
MUHHAMYM, Uaiorax Ha 3HAKOMbBIC
OTHOCAIIUNICA K | o0mue u
OTIMCaHUIO npodeccruoHanbHbIe
IIPEIMETOB, CPEJICTB U | TEMBI,
MPOIIECCOB V37-ctpouTh  TPOCTHIC
npodeccruonanbHOM BBICKa3bIBaHUSI O cebe u
JICSITEIbHOCTH, 0 CBOCH
333-ocobeHHOCTH npodeccHoHaTIbHON
MPOU3HOIIEHNS, NEATEIIbHOCTH; V38-

334-npaBWsia UTECHHS
TEKCTOB
npodeccuoHaIbHON
HaIPaBJICHHOCTH

KpaTKo 0OOCHOBBLIBATH U
OOBSICHATH CBOHU

JneucTBUg  (TeKylmue u
IJIaHUPYEMBIE);
Y39-nucatp IIPOCTBIE

CBS3HBIE COOOIIEHHUS Ha
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3HAKOMBbIE U
UHTEPECYIOIINE
npodeccruoHanbHbIe
TEMBI
K HPOPECCHUOHAJIBHBIE KOMIIETEHIIUHA
IK.2.1. IIposepsate | 31-ycTpolicTBO V1-npoBepsaTh H1-mmpoBepknu
paboTOCTIOCOOHOCTh | CBAPOYHOTO U paboTOCIIOCOOHOCTH | OCHAIIICHHOCTH
Y UCITPaBHOCTh BCIIOMOTaTEILHOTO UCIIPAaBHOCTh CBAPOYHOT'O | CBAPOYHOTO
CBapOYHOTO 000pya0oBaHUs IS 000py0oBaHUs IS nocTa Jiist
o0opynoBaHus s PYYHOU AyTrOBOM PYYHOM AYyrOBOM CBAPKH | PYYHOM JyTOBOU
PYYHOMU TyTrOBOM CBapku (HariaBKa, (Ham1aBKa, pe3Ka) CBApKHU
CBapku (HaruiaBKa, pe3Ka) MIaBSIIUMCS TUTaBSLIMMCS TOKPBITBIM | (HAIJIaBKa,
pe3Ka) MIIABSIIUMCS | IOKPBITHIM 3JEKTPOAOM pe3ka)
HOKPBITHIM AIEKTPOAOM, TJIaBSIIUMCS
AJIEKTPOJIOM (Jlajiee — | Ha3HAuYEHUeE U HOKPBITBIM
JUI pyYHOU JYroBOM | yCIOBUS pabOThI IIEKTPOJIOM;
CBapku (HariaBKa, KOHTPOJIBHO- H2-nmpoBepku
pe3Ka) MIaBSIIUMCS | U3MEPUTEIbHBIX paboTocnocoOH
MOKPBITHIM puOOPOB, MpaBUIIa OCTH H
AIEKTPOJIOM) UX 3KCIUTyaTaluu 1 UCITPaBHOCTH
00J1aCTh IPUMEHEHUS 00opynoBaHus
nocTa Jiist
PY4YHOU TyrOBOM
CBapKu
(HarIaBKa,
pe3ka)
TUIaBSALUMCS
HOKPBITBIM
AIEKTPOJIOM;
IPOBEPKHU
HaJIUYHUs
3a3eMJICHUS
CBAapOYHOTO
nocTa Jiist
PYYHOU 1yroBOi
CBapKu
(HariaBka,
pe3ka)
TUIaBSALUMCS
HNOKPBITBIM
IIEKTPOJOM
IIK 2.2. 32-0CHOBHBIE TPYIIILI | Y2-HacTpauBaTh H3-nacTtpoiiku
Hacrpausatb U MapKy MaTepHalioB, | CBAPOYHOE o0opynoBaHus
CBapOYHOE CBAapUBAEMBbIX IS o0opyaoBaHue A5 JUTSL pyYHOU
o0opyaoBaHUE s PY4YHOM IyrOBOM PY4YHOM OyTOBOM CBapKU | TIyrOBOW CBapKH
pY4YHOU TyroBou CBapku (HaruiaBKa, (Ham1aBKa, pe3Ka) (HariaBKa,
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CBapku (HariaBKa,
pe3Ka) MIIaBSIIUMCS
MOKPBITHIM
AIEKTPOJIOM

pe3Ka) MIIaBSIIUMCS
MOKPBITHIM
AIEKTPOJIOM;
33-cBapouHbIE
(HaTmIaBOYHBIC)
MaTepuaIbl JJis
PYYHOU TyTOBOM
CBapKU (HaIJIaBKa,
pe3Ka) MIaBsIIMMCS
MTOKPBITHIM
AIEKTPOJIOM

IIABAIIUMCS ITIOKPBITBIM
QJICKTPOAOM

pe3ka)
TUTaBSIIIIAMCS
TOKPBITHIM
AJEKTPOIOM ISt
BBITIOJTHCHHS
CBapKu

IIK 2.3. BeinoiHsATh
pEeABAPUTEIbHBIN,
COITYTCTBYIOIIIN I
(MEXCIIONHBIN)
MOJOTPEB METAIIIA B
COOTBETCTBHH C
TpeOOBaHUSIMU
MPOU3BOJICTBEHHO-
TEXHOJIOTUYECKOMN
JTIOKYMEHTAIIUH 110
CBapKe

34-BbI00Op peKHUMa
MOJIOTpeBa U MOPSAOK
IPOBEJIeHUsI padoT 0
peIBapUTEIHLHOMY,
COMYTCTBYIOIIEMY
(MeXCIIoiHOMY)
MOJIOTPEBY METaIa;
35-npUYrHbI
BO3HUKHOBEHUS 1
MeEpBI
MIPEAYTIIPEKICHUS
BHYTPCHHHUX
HaIpPsLDKEHUN U
nedopmariuii B
CBapUBAEMBbIX
(HamIaBJIsIEMBbIX )
U3JIeTTUSIX

V3-BiaaaeTh TEXHUKOU
MpEeIBapUTEIBLHOTO,
COITYTCTBYIOILIETO
(MEXCIIOIHOTO)
MOJI0OTpEeBa METAJIa B
COOTBETCTBMHU C
TpeOOBaHUSIMU
MIPOU3BOJACTBEHHO-
TEXHOJOTMYECKOM
JOKYMEHTAIUU 10
CBapke

H4-BeimoaHeHus
npeaBapUTEILHO
ro,
COITYTCTBYIOIIET
0
(MEXKCIOMHOTO)
oJ0rpeBa
MeTaJuia

IIK 2.4. BpInoaHATH
PYYHYIO TYTOBYIO
CBapKy (HaIlIaBKa,
pe3Ka) MIaBsIuMCs
MTOKPBITHIM
AIEKTPOJOM MPOCTHIX
neTanen
HEOTBETCTBEHHBIX
KOHCTPYKILIMH B
HUKHEM,
BEPTUKAIILHOM U
TOPU30HTAIHLHOM
MIPOCTPAHCTBEHHOM
MOJIOKEHU U
CBapHOTO I11Ba

36-TeXHHUKA U
TEXHOJIOTUSL PyYHOU
JyTOBOM CBapKH
(HamIaBKa, pe3ka)
MJIaBSIIUMCS
MOKPBITHIM
AJEKTPOJOM MPOCTHIX
JeTajien
HEOTBETCTBEHHBIX
KOHCTPYKLIMH B
HUKHEM,
BEPTUKAIHLHOM U
TOPU30HTATBHOM
MPOCTPAHCTBEHHOM
MOJIO)KEHUH CBAPHOTO
11Ba;

37-yrioBas pe3ka

MIPOCTBIX JIETAJICH;

Y4-pnaneTb TEXHUKOU
PYYHOM TyTOBOU CBapKH
(HamIaBKa, pe3ka)
MJIaBSIIUMCS TIOKPBITHIM
AJIEKTPOJOM MIPOCTHIX
neranen
HEOTBETCTBEHHBIX
KOHCTPYKLIMM B HUKHEM,
BEPTUKAILHOM U
TOPU30HTATILHOM
MPOCTPAHCTBEHHOM
MOJIOKEHUH CBAPHOTO
1Ba;

V5-Bnaners TEXHUKON
IyTOBOM PE3KU MeTajuia

HS5-Beimmonnenus
PY4YHOM TyTOBOM
CBapKu
(HamaBKa,
pe3ka)
TUIABSIIIIAMCS
MOKPBITHIM
AJIEKTPOJIOM
MPOCTBIX
JieTajei
HEOTBETCTBCHHBI
X KOHCTPYKIIH;
H6-BeImoHEHIE
JIyTOBOW PE3KHU
MPOCTHIX
JieTajieu
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38-0CHOBHBIE TPYIIIIBI
Y MapKH MaTepHUasoB,
CBAPUBAEMBIX PYYHOI
JTyTOBOM CBapKu
(HamIaBKa, pe3ka)
TJIABSIIUMCS
MOKPBITHIM
ANEKTPOJIOM;
39-cBapoyHbIe
(HamIaBOYHBIC)
MaTepuabl JJist
PYYHOU AyTrOBOU
CBapku (HariaBKa,
pe3Ka) MIIaBSIIUMCS
MOKPBITHIM
AIEKTPOJIOM

IIK 2.5. Beimoagars
JyTOBYIO PE3KY
MeTajia

310-nyroBas pe3ka
MIPOCTBIX JeTajeh

V6-BrnageTs TEXHUKOU
JyTOBOU PE3KH METalIa

H7-Bnanenus
TEXHUKOU
JyTOBOU PE3KU
MeTasia

2.1 Crpykrypa ¢poHAAa OLEHOYHBIX CPEACTB I TEKYLIEero KOHTPOJIA U

NMPOMEKYTOYHOM aTTeCTAlUMN

Ne Konumponupyemoie Koo IInanupyemvie | Haumenosanue ouenounozo
n/n pazoeivl, memul KOHmMpoaupyemo | pe3ynbmamaol cpeocmea
OUCUUNIUHDL il KomMnemeHyuu o0yuenus Texywuii Ilpomesrccym
uau ee vacmiu xapakmepusyio KoHmpons ounas
wue smanbsvl ammecmayu
dopmuposanusn a
Komnemenuuu
1.| Tema 1.1. Pyunas | OK 01. OK 01. -TecroBrie | Bompocsr k
JlyroBas CBapKa: OK 02. 31-35,¥1-Y8 | 3amanus JK3aMEHY.
00J1acTh OK 03. OK 02. -BOITPOCHI
MIPYMEHEHMUS; OK 04. 36-313,¥9- TSt
npeumytiectBan | OK 05. Y15 00CYXKIeHUS
HEJIOCTaTKU OK 06. OK 03. MpaKTUYECKa
OK 07. 314-320,¥Y61- | s pabota
OK 08. y23
OK 09. OK 04.
IIK 2.1. 321,322,¥24-
IIK 2.2. Y25
IIK 2.3. OK 05.
IIK 2.4. 323,¥26
IIK 2.5. OK 06.
324-326,¥27-
Y28
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OK 07.
327-329,V29-
¥30

OK 08.

330-32,¥31-

¥33

OK 09.

333-36,Y34-

¥38

IIK 2.1.

31,32,¥1, H1

IIK 2.2.

33,¥2, H2

K 2.3

34,35,¥3, H3

MK 2.4.

36,Y4, H4,

H5

IIK 2.5.

37,¥5, H6
Tema 1.2. OK 01. OK 01. -TectoBeie | Bompocsl k
[TapameTpsbl OK 02. 31-35,¥1-¥Y8 | 3amanus JK3aMEHY.
pexXuMa pyqHoOn OK 03. OK 02. -BOIIPOCHI
nyroBoi cBapku: | OK 04. 36-313,Y¥9- TSt
onpeaeIeHue OK 05. Y15 00CYXKIeHUs
«pexuMm cBapkn»; | OK 06. OK 03. MpaKkTU4eCcKa
OCHOB-HBIE OK 07. 314-320,Y61- | s pabota
napaMeTpbl OK 08. y23
pexuma cBapky; | OK 09. OK 04.
criocoObl onpene- | IIK 2.1. 321,322,¥24-
JICHUS IIK 2.2. ¥Y25§
IIapaMeTpoB IIK 2.3. OK 05.
pexu-ma ceapku | IIK 2.4, 323,¥26
pacCUETHBIMN, IIK 2.5. OK 06.
OIIBITHBIM, 324-326,Y27-
TaOJTUIHBIN U Y28
rpaduaeckuii); OK 07.
BIIUSTHHAC 327-329,¥29-
napaMeTpoB Y30
pexUMa CBapKu OK 08.
Ha reoMeTpuye- 330-32,¥31-
CKHE pa3Mephl Y33
CBApHOTO IIBA OK 09.

333-36,Y34-

Y38

IK 2.1.
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31,32,V1, HI
K 2.2.
33,V2, H2
MK 2.3

34, 35,V3, H3
MK 2.4,
36,V4, H4,
H5

MK 2.5.
37,V5, H6

Tema 1.3.
Texnonorus
PYYHOM QyrOBOU
CBapKH: CITIOCOOBI
3a)KUTaHUs OyTH;
CITOCOOBI
BBITTOJTHCHUS
CBapHBIX IIIBOB,;
0COOEHHOCTH BBI-
ITOJITHEHHS IIIBOB B
Pa3JIMYHbBIX
MPOCTPAHCTBEHHBI
X TMO-JIOKECHUSIX

OK 01.
OK 02.
OK 03.
OK 04.
OK 05.
OK 06.
OK 07.
OK 08.
OK 09.

IIK 2.1.
IIK 2.2.
IIK 2.3.
11K 2.4.
IIK 2.5.

OK 01.
31-35,V1-V8
OK 02.
36-313,V9-
Y15

OK 03.
314-320,Y61-
V23

OK 04.
321,322,V24-
V25

OK 05.
323,V26

OK 06.
324-326,Y27-
V28

OK 07.
327-329,V29-
V30

OK 08.
330-32,V31-
V33

OK 09.
333-36,V34-
V38

MK 2.1.

31, 32,V1, H1
K 2.2.
33,V2, H2
MK 2.3

34, 35,V3, H3
K 2.4.
36,V4, H4,
H5

K 2.5.
37,V5, H6

-TecTtoBbIC
3aJIaHus
-BOIIPOCHI
JUIS
00CYXKIeHUS
MpaKTUYECKa
g pabota

Bormpocsl k
DK3aMEHY.




Tema 1. 4. Cpapka | OK 01. OK 01. -TecroBeie | Bompocsl k
yriepoaucteix 1 | OK 02. 31-35,¥1-Y8 | 3amanus DK3aMEHY.
JIETUPOBAHHBIX OK 03. OK 02. -BOIIPOCHI
cranel: ceorctBa | OK 04. 36-313,Y9- T
u knaccupukamus | OK 05. Y15 00CyXICHUS
crane; rpynmsl | OK 06. OK 03. MIPaKTUYECKa
ceapuBaemoctd; | OK 07. 314-320,Y61- | s pabota
TEXHOJIOTUS OK 08. y23
pyuHoii nyrosoii | OK 09. OK 04.
CBApPKHU CTajen IIK 2.1. 321,322,¥24-
IIK 2.2. ¥25
1K 2.3. OK 05.
K 2.4. 323,¥26
IIK 2.5. OK 06.
324-326,¥27-
Y28
OK 07.
327-329,¥29-
Y30
OK 08.
330-32,¥31-
¥33
OK 09.
333-36,Y34-
Y38
IIK 2.1.
31, 32,¥V1, H1
IK 2.2.
33,¥2, H2
IIK 2.3
34, 35,¥3, H3
IIK 2.4.
36,Y4, H4,
HS5
IIK 2.5.
37,¥5, H6
Tema 1. 5. CBapka | OK 01. OK 01. -TectoBeie | Bompochl k
[BETHBIX OK 02. 31-35,V1-V8 |3ananus AK3aMEHY.
METaJIOB: OK 03. OK 02. -BOITPOCHI
amomuaus u ero | OK 04. 36-313,Y9- INIE:
crutaBoB; meau u - | OK 05. Y15 00CyXIeHUS
€€ CIUIABOB; OK 06. OK 03. MpaKTUYECKa
HUKEJIS U ero OK 07. 314-320,Y61- | s pabota
CILJIABOB OK 08. y23
OK 09. OK 04.
11K 2.1. 321,322,¥24-
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IIK 2.2. Y25
IIK 2.3. OK 05.
1K 2.4. 323,¥26
IIK 2.5. OK 06.
324-326,¥27-
y28
OK 07.
327-329,¥29-
Y30
OK 08.
330-32,¥31-
Y33
OK 09.
333-36,¥Y34-
Y38
IIK 2.1.
31, 32,¥1, H1
IIK 2.2.
33,¥2, H2
IIK 2.3
34, 35,¥3, H3
IIK 2.4.
36,Y4, H4,
HS5
IIK 2.5.
37,¥5, H6
Tema 2.1. O6bmue | OK 01. OK 01. -TectoBeie | Bompocsl k
CBEJICHUS O OK 02. 31-35,¥1-Y8 | 3amanus AK3aMEHY.
HaIIaBKe: OK 03. OK 02. -BOITPOCHI
Ha3HAYCHUE; OK 04. 36-313,Y9- JUIST
CYIIIHOCTh OK 05. Y15 00CYXIeHUSI
HAIUIaBKU; CIO- OK 06. OK 03. MPaKTUYECKa
coOBbI U UX OK 07. 314-320,Y61- | s pabota
xapakrepuctuka | OK 08. Y23
OK 09. OK 04.
IIK 2.1. 321,322,¥24-
IIK 2.2. Y25
IIK 2.3. OK 05.
1K 2.4. 323,¥26
IIK 2.5. OK 06.

324-326,Y27-
Y28

OK 07.
327-329,¥29-
Y30

OK 08.

17




330-32,V31-
v33

OK 09.
333-36,V34-
V38

K 2.1.
31,32,V1, H1
MK 2.2.
33,V2, H2
MK 2.3

34, 35,V3, H3
K 2.4.
36,V4, H4,
H5

K 2.5.
37,V5, H6

Tema 2.2.
Marepnansl s
HaIlJIaBKH:
AIIEKTPOIBL;
(atockl; TBEpABIE
CILIaBBI

OK 01.
OK 02.
OK 03.
OK 04.
OK 05.
OK 06.
OK 07.
OK 08.
OK 09.

IIK 2.1.
IIK 2.2.
IIK 2.3.
IIK 2.4.
IIK 2.5.

OK 01.
31-35,V1-V8
OK 02.
36-313,V9-
V15

OK 03.
314-320,Y61-
V23

OK 04.
321,322,V24-
V25

OK 05.
323,V26

OK 06.
324-326,V27-
V28

OK 07.
327-329,V29-
Y30

OK 08.
330-32,V31-
V33

OK 09.
333-36,V34-
V38

MK 2.1.

31, 32,V1, H1
MK 2.2.
33,2, H2
MK 2.3

-TecroBbie
3aJTaHUs
-BOIIPOCHI
TUTSE
00CYXIeHUSI
IIpaKTUYIECKa
s pabora

Bomnpocsr k
AK3aMEHY.




34,35,V3, H3
K 2.4.
36,V4, Hd4,
H5

MK 2.5.
37,V5, H6

Tema 2.3.
TexHuka
HAaIUIaBKU
Pa3IMYHbBIX
TTOBEPXHOCTEM:
TE€JI BpalllCHUs U
IJIOCKHUX 10~
BEPXHOCTEN

OK 01.
OK 02.
OK 03.
OK 04.
OK 0s.
OK 06.
OK 07.
OK 08.
OK 09.

IIK 2.1.
IIK 2.2.
IIK 2.3.
IIK 2.4.
IIK 2.5.

OK 01.
31-35,¥V1-¥8
OK 02.
36-313,Y9-
Y15

OK 03.
314-320,Y61-
Y23

OK 04.
321,322,¥24-
Y25

OK 05.
323,¥Y26

OK 06.
324-326,Y27-
Y28

OK 07.
327-329,Y29-
Y30

OK 08.
330-32,¥31-
Y33

OK 09.
333-36,Y34-
Y38

IIK 2.1.

31, 32,¥1, H1
IIK 2.2.
33,¥2, H2
IIK 2.3

34, 35,¥3, H3
IIK 2.4.
36,Y4, H4,
HS

IIK 2.5.
37,¥5, Hé6

-TecTtoBbIC
3aaHMs
-BOIIPOCHI
JUISL
00CYXKIeHUS
MpaKkTHYeCcKa
s paboTa

Bomnpocsr k
AK3aMEHY.

Tema 3.1.
JlyroBbie ciocoObl
PE3KH: CYIIHOCTD,
Ha3HA4YCHHE U

OK 01.
OK 02.
OK 03.
OK 04.

OK 01.
31-35,¥1-Y8
OK 02.
36-313,Y9-

-TecToBbIC
3aJaHus
-BOIIPOCHI
JIs

Bormpocsl k
JK3aMEHY.




00J1aCTh OK 05. Y15 00CYXKIeHUS
IIPUMEHEHUA OK 06. OK 03. IIPAKTUYECKa
OK 07. 314-320,Y61- | s pabota
OK 08. y23
OK 09. OK 04.
K 2.1. 321,322,¥24-
IIK 2.2. Y25
IIK 2.3. OK 05.
IIK 2.4. 323,¥26
IIK 2.5. OK 06.
324-326,¥27-
Y28
OK 07.
327-329,¥29-
Y30
OK 08.
330-32,¥31-
¥33
OK 09.
333-36,Y34-
Y38
IIK 2.1.
31, 32,¥1, H1
IK 2.2.
33,¥2, H2
MK 2.3
34, 35,¥3, H3
IIK 2.4.
36,Y4, H4,
HS
IIK 2.5.
37,¥5, H6
10| Tema 3.2. OK 01. OK 01. -TectoBbie | Bompocsl k
Texuomorus OK 02. 31-35,Y1-¥Y8 | 3amanus JK3aMEHY.
pyunoi agyropoit | OK 03. OK 02. -BOITPOCHI
pe3KU OK 04. 36-313,Y9- TS
TUTABSAITAMCS OK 05. Y15 00CyXIeHUS
AJIEKTPOJIOM OK 06. OK 03. MpaKTUYECKa
OK 07. 314-320,¥61- | s pabota
OK 08. y23
OK 09. OK 04.
IK 2.1. 321,322,¥24-
IK 2.2. Y25
IIK 2.3. OK 05.
IIK 2.4. 323,¥26
IIK 2.5. OK 06.
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324-326,Y27-
Y28

OK 07.
327-329,¥29-
Y30

OK 08.
330-32,¥31-
Y33

OK 09.
333-36,Y34-
Y38

IIK 2.1.

31, 32,¥1, H1
IIK 2.2.
33,¥2, H2
IIK 2.3

34, 35,¥3, H3
1K 2.4.
36,Y4, H4,
HS

IIK 2.5.
37,¥5, Hé

2.2 Kpurepunm OUHeHMBAHWSI KOMIIETEHHMH Ha Pa3JIMYHBIX JTamax HX
(popMupoBanus o BUIAM OLEHOYHBIX CPEICTB

bannbHO-peTHHrOBass CUCTeMa SBJsEeTCS 0a30BOM CHCTEMOH OIlEHHUBAHUS
c(hOpMHUPOBAHHOCTU KOMITETEHIINN 00YJaArOIITIXCSI.

NtoroBas oiieHka cHOPMUPOBAHHOCTH KOMIETEHIIMNA OOYYaIOIIMXCS B paMKax
0aJNIbHO-PEUTUHITOBOM CHUCTEMBbl OCYIIECTBIISIETCS B XOJI€ TEKYIIEro KOHTPOJS
YCIIEBAEMOCTH, MPOMEKYTOUHOM aTTECTallud M ONpeAesisieTcss Kak cymMma 0asuioB,
MOJTYYEHHBIX 00YUYaAIOIIMMUCS B pe3yJIbTaTe MPOXO0XKACHUS BCeX (POpM KOHTPOJISI.

Ouenka cOpMUPOBAHHOCTH KOMIIETCHIIUN MO AUCHUIUIMHE CKJIaJbIBACTCS U3
JIBYX COCTaBJISIOIINX:

v mepBasi COCTaBJISIONAs — OIIEHKA IpernojaBaTeaeM CPOPMUPOBAHHOCTH
KOMIIETEHIIMA B TEYEHHUE CEMECTpa B XOAE TEKYIIEr0 KOHTPOJS YCIIEBAEMOCTH
(makcumym 100 ©GamnoB). CTpykTypa TEpBOH COCTAaBISIONMICH  OMpPEACIISIeTCS
TEXHOJIOTUYECKOW KapTOl JUCUUIUIMHBI, KOTOpash B HAdale CEMECTpa JIOBOJUTCS [0
CBEICHMSI 00YJarOIMIMNXCS;

v BTOpas COCTaBjsolmias — OLEHKAa CPOPMUPOBAHHOCTH KOMIIETCHIIUIA
oOydJarornuxcs Ha 3a4eTe ¢ orieHkoN (Makcumym — 20 6asioB).
v
Ilamubannvnan KOTJIIMYHOY «XOpOIIO»  |KyIOBJICTBOPHUTE| «HEYIOBJICTB
wKana BHOY OpPHUTEIBHOY
«3a4TECHOY «HE
3a4TEHO»
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100-0annvnasn 85u> 70 -84 51-69 0-50
wKana
INEPEYEHBb OHEHOYHBLIX CPEJICTB
Ne HaMEHOBaHHE XapaKTEePUCTHUKA OIIEHOYHOTO [IpencraBienue
/11 OLICHOYHOTO Cpe/icTBa OLIEHOYHOTO
CpeJ/ICTBa cpeacTBa B poHjIe

YCTHBIE OHEHOYHBIE CPEACTBA

1 coOecenoBaHue,
YCTHBIN OPOC

Cpenctso KOHTPOJIS,
OpPraHM30BaHHOE KakK CHelHabHas
Oecena npenojaaBaTens c
OOyJaroIMMCsl Ha TEMbI, CBSI3aHHBIE
C U3y4aeMOM JUCHUIUIMHOW, U
pacCUMTaHHOEC  HAa  BBISICHCHHUE
o0beMa 3HaHUN, 00y4arolerocs: mo
OTpPEJICTICHHOMY  paslielly, TeMe,
npoOsemMe u T.11.

Bompocsr (0]
TeMaM/pazienam

JUCITUITIINHBI

2. | Jloknan,
CcooOIIeHnE

[TpoayKT caMOCTOSATENEHONU PabOTHI
o0ydYaromerocsi, IpeICTaBISIONINIA
co0o0l myOJIUYHOE BBICTYIUJICHUE TIO
PEICTaBICHUIO TIOJTyYEHHBIX
pe3yIbTaToB peIIeHUs
OnpeaeIeHHOM y4eOHO-
MPaKTUYECKOH, y4eOHO-
MCCIICIOBATENIbCKOW WJIA HAYYHOU
TEMBI

Tembl JIOKJIaJIOB,
CcOoOOIIeHUI

IIMCBMEHHBIE ONEHOYHBIE CPEACTBA

4 Tect

Cucrema
3aJaHuH,
aBTOMATH3UPOBATH
U3MEPEHUS  YPOBHS
yMEHUN 00y4aronierocs.

CTaHIAPTU3UPOBAHHBIX
MO3BOJISIOIIAA

nponeaypy
3HAaHUN U

doHg TECTOBBIX
3aJITaHUN

5 | KontponpHas
pabota

Cpencrtso NPOBEPKH  yMEHUU
NPUMEHATh TOJIyYCHHbIE 3HAHMS
JUISL pELIEHUS 3a]1a4 OTIPEAEIEHHOTO
TUIIA 10 TEME WU pa3ieny

KOMILJICKT
KOHTPOJIBHBIX
3aJIaHUU 110
BapUaHTaM

A) KPUTEPUHU N HIKAJIA OHEHUBAHUA OTBETOB HA YCTHBIE

BOITPOCHI
Ne KPUTEPUH OLICHUBAHUS KOJIM4e OLICHKa/3a4eT
n/m CTBO
0aJ10B
1. 1) momHO M apryMeHTHPOBAHO OTBEYAET IO 10 OTJINYHO
COJIEpKaHUIO 3a/IaHus;
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2) oOHapyXuBaeT IMOHHMaHUE Marepuala,
MOKET  00OCHOBaTh CBOM  CYXKICHWSI,
NPUMEHUTh 3HAHUS Ha MPaKTUKE, TPUBECTH
HEOOXOJMMBbIE TIPUMEpPHl HE TOJIBKO TIO
yu4eOHMKY, @ HO M  CaMOCTOSITEIHHO
COCTaBJICHHBIC;

3) u3nmaraer mMarepuai MOCIEAOBATEIbHO U
MIPaBUIILHO.

oOyyaromuiics Jaet OTBET,
YIOBIICTBOPSIIOIINNA TEM XK€ TPEOOBaHUSM,
9TO W JJIsl OLIGHKH «5», HO JOIycKaeT 1-2
OITMOKH, KOTOPHIE CaM KE MCIIPABJISCT.

XOpOIIIO

CTaBUTCH, ecln oOyJaronuics
oOHapyXMBaeT 3HaHWE W TOHUMAHHE
OCHOBHBIX TOJOXEHUM JaHHOTO 3aJaHUs,
HO:

1) wu3maraer MaTepuan  HEMOJIHO U
JIOTyCKAaeT HETOYHOCTH B OIpPEACICHUH
MOHITHIA WK (POPMYITHPOBKE MPABHIL;

2) HE YyMeEeT JOCTaTOYHO TIyOOKOo U
JI0Ka3aTeJIbHO OOOCHOBATH CBOM CYXICHHS
Y TIPUBECTU CBOM MPUMEDHI;

3) uznaraer marepuall HENOCJIEI0BATEIbHO
U JIOIYCKAET OINOKH.

YIOBJICTBOPHUTCIBHO

oOyyJaromuiicss 0OHAapy>XMBaeT HE3HAHHE
OTBETA HAa COOTBETCTBYIOIEEC 3aJaHUE,
JOMyCKaeT OmHOKM B  (QOPMYIHPOBKE
ONPEACTICHUN W MPaBWI, HCKAXKAIOIIUE HX
CMBICT, OCCTHOpSIIOYHO H  HEYBEPEHHO
u3NlaraeT Marepuall; OTMEYaloTCs TaKHe
HEJOCTaTKU B  TIOJITOTOBKE  CTYJCHTA,
KOTOpBIE SIBJISIFOTCST CEPHE3HBIM
MPENSATCTBUEM K YCIENTHOMY OBJIAJICHUIO
MOCIICAYIONTUM MaTePUAIOM.

HCYAOBJICTBOPUTCIIBHO

b) KPUTEPUU N LIKAJIA OHEHUBAHUA PE3YJIbBTATOB

TECTUPOBAHUA

TECTOBBIC HOPMBI: % IMPpaBHJIBHEIX OTBETOB

KOJIMYECTBO
OaJUI0B

OlLlIEHKa/3a4eT

90-100 %

9-10

80-89%

7-8

70-79%

5-6

60-69%

3-4

50-59%

1-2

meHee 50%

0
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I') KPUTEPUH U IKAJIA ONEHUBAHUS PE@PEPATOB

KPpUTCPHUH OLICHUBAHHWA

KOJIMYECTBO
0aJUIOB

OLICHKAa/3a4eT

BBITIOJTHEHBI BCE TPEOOBAHHWS K HAMMMCAHUIO U
3amuTe pedepara: oOO3HaUeHA TpodIeMa u
000CHOBaHa €€ aKTyaJIbHOCTb, CII€JaH KpPaTKHii
aHAIM3  pa3IMYHBIX  TOYEK 3pEHUS  Ha
paccMaTpuBaeMyl0 IpoOJieMy H  JIOTUYHO
M3JI0KCHA COOCTBCHHAS TTO3HUILIHS,
chOpMYyIIMPOBAaHBI BBIBOJBI, TEMa PAaCKphITA
MOJTHOCTBIO, BBIIEP)KaH O0BEM, COOIOACHBI
TpeOOBaHMUS K BHEIIHEMY O(OpPMIICHHUIO, TaHBI
NpaBWIBHBIE OTBETHl HAa JIOTOJHUTEIHHBIC
BONPOCHI.

9-10

oannos

OCHOBHBIE TpeOoBaHMs K pedepaTy U e€ro
3aIUTE BBIMOJHEHBI, HO MPH 3TOM JOIMYIICHBI
HEJ0YeThl. B 94acTHOCTH, UMEIOTCS HETOUYHOCTH
B M3JIIOKEHMH  MaTepuayia;  OTCYTCTBYET
JIOTHYECKasi TIOCIE0BATENBHOCTh B CYKICHUSIX;
HE BblIEpXkaH o00beM pedepara; HMEIOTCS
yIyuieHus: B 0pOpMIICHNH; Ha TOMOJHUTEIbHbIC
BONPOCHI IPU 3ALUTE JTaHBI HEMOJIHbIE OTBETHI.

7-8 6annos

UMEIOTCSI  CYIIECTBEHHBIE OTCTYIUIEHUS OT
TpeboBanuii Kk pedepupoBanuio. B dactHoCTH,
T€Ma OCBEIEHA JIMIIh YaCTUYHO; JOMYIICHbI
dakTrueckue OoMMOKU B cofep:kaHuu pedepara
WJIM TIPYA OTBETE Ha JIOTTOJTHUTEIILHBIE BOTIPOCHI.

4-6 bannoes

TEMa OCBO€HA JIMIIb YacCTUYHO; JOMYIIECHbI
rpyObie OMMOKKU B COAEp>KaHUM pedepaTa WUiu
P OTBETE Ha JIOMOJHUTENbHBIE BOMPOCHI; BO
BpeMs 3alIUThl OTCYTCTBYET BBIBO/I.

1-3 GayuioB

TeMa pedepara HE pacKpbiTa, OOHAPYKUBACTCS
CYIIIECTBEHHOE HETTOHUMAHNE MTPOOIIEMBI.

0 6annos

K) KPUTEPUU U IIKAJIA OHEHKHA NPE3EHTAITAN

n/m

KPUTEPUH OLICHKU

MAaKCHUMAaJIbHOE
KOJIMYECTBO OAJJIOB

TUTYJIbHBIN CJIAKJ] C 3aTOJIOBKOM

5

JIU3aiH ClIaii10B

10

WIN |-

HCIIOJIb30BAaHNE  JIOTIOJHUTEIBHBIX A QeKTOB
CJIAi/IOB, 3BYK, rpaduka, aHUMaIusl)

(cMmena

5

D

CITUCOK MCTOYHHUKOB HH(POPMAITHH

5

o1

IIAPOTa KPyro3opa

5

JIOTMKA U3JIOKCHUS MaTCpualia

10
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IMpoHcCCOB, HCAOCTATOYHBIM YMCHHUCM JdaBaThb

7/ | TEKCT XOpPOIIO HalucaH U CPOPMHUPOBAHHBIE HJECH SICHO 10
U3JIOKEHBI U CTPYKTYPHPOBAHBI

8 | cmaiinbr IIPEACTABIICHbI B JIOTUYECKOMN 5
NOCJIEI0BATEILHOCTH

9 | rpaMoTHOE CO3/MaHKE U COXPAHECHUE TOKYMEHTOB B TIAIKE 5
pabounx MaTepuaioB

10 | cmaiinel pacnedaTansl B GOpMe 3aMETOK 5
CpEeIHssl OLICHKA!

2.3. Kputepuu u mKaJja oneHUBAHUS Pe3yJIbTATOB 00yUeHMs 10
MEKTUCHUILIMHAPHOMY KypPCy IPH JK3aMeHe
Ne Kpumepuu ouenueanusn Illkana ouyenok
n/n Konuuec Ouenka
meo
oannos

1. | Jdan TMOJIHBIM, B norudeckoit | 24- «OTauuHO»
MOCJIEI0BATEIbHOCTH PA3BEPHYTHIM OTBETHA 30 (BBICOKMI
MOCTABJICHHBIA BOMNPOC, Tle OOydaroniuiics YPOBEHb
IPOJIEMOHCTPUPOBANI 3HAHUE NUCIUIUIMHBI B c(hopMHUPOBAHHOC
MOJIHOM  00beMe  Y4eOHOM  MpOrpaMMbl, THA KOMIIETEHIINH )
JIOCTaTOYHO rIyOOKO OCMBICJIUBAET
JTUCLUTUIAHY, CaMOCTOSITEJILHO 51
HCUEPIBIBAIOIIE OTBEUAET HA JOMOJHUTEIbHBIC
BOIIPOCHI, MPUBOJUT COOCTBEHHBIC MPUMEPHI
Mo mnpoOieMaTuke MOCTaBJIEHHOIO BOIPOCa,
pelui NpeyioKEHHbIE MPAKTUYECKUE 3aJlaHUs
0e3 o1mnooK

2. | Jlan pa3BepHyTHIif OTBET Ha IOCTaBjleHHbIH | 17- «Xopouo»

BOIIPOC, TA€ OOYyYaroUIuics JIEeMOHCTPHUPYET 23 (moctatoyHbIi
3HAHUS, TPUOOPETCHHBIC HA 3aHATHIX, a TAKKE YPOBEHb
MOJTyYEHHbIE MOCPEICTBOM U3YUYECHHUS chopMUPOBAHHOC
00s3aTENbHBIX  YYEOHBIX  MaTEPHAIOB  TIO TU KOMIIETEHIINH )
KypCy, [JIa€T apryMEHTUPOBAHHBIE OTBETHI,
MPUBOJUT TMPUMEPHI, B OTBETE MPUCYTCTBYET
CBOOO/IHOE BJIaJICHUE MOHOJIOTUYECKON peyblo,
JIOTUYHOCTh U TIOCIEI0BATEILHOCTh OTBETA.
OnHako [0mycKaeTrcsi HETOYHOCTh B OTBETE.
Pemmn npenyioxkeHHbIe MPAaKTUYECKUE 3aJaHus
C HEOOJIBIIIMMU HETOYHOCTSIMU.

3. | lan oTBeT, cBHAeTeNbCTBYIONMi B ocHoBHOoM | 10- «Y IOBIIETBOPUTE
0 3HAHUU MPOLIECCOB U3y4aeMOUN NUCIUIIINHBI, 16 JBHOY
OTJIMYAIONUNCSA HEJOCTaTOYHOW TIIyOMHOU W (mpuemieMsbIit
MOJTHOTOM  PACKpBITUSI ~ TEMBbI,  3HAHHEM YPOBEHb
OCHOBHBIX  BOMNPOCOB  TEOPUHU, SBICHHU, c(hopMHUPOBAHHOC

TH KOMIIETEHIINH )
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APryMCHTHUPOBAHHLIC OTBETbI W IIPHBOAUTDH

IPUMEPHI, HEJIOCTATOYHO CBOOOTHBIM
BJIAJICHUEM MOHOJIOTUYECKOU peyslo,
JIOTUYHOCTBIO U MOCJIEA0BATEIbHOCTHIO OTBETA.
Jlomyckaercs HECKOJIBKO OIIHUOO0K B
COJIEP’KaHUM OTBETA U PELICHUU MPAKTUYECKUX
3a1aHUM.

4. | Jlan oTBeT, KOTOPBIiA comepKUT psj cepbesHbix | 0-9 «Heynosnersopu
HETOYHOCTEH, OOHApYKUBAIOIINN HE3HAHHE TEJIbHO»
MPOIIECCOB HM3ydaeMOW MPEAMETHOW 00JacTH, (HemOCTaTOYHBIN
OTJIMYAIOLIUICA HE TIyOOKHUM pacCKphITUEM YPOBEHB
TEMbl, HE3HAaHUEM  OCHOBHBIX  BOIIPOCOB c(hopMUPOBAHHOC
TeOpuu, Hec(HOPMUPOBAHHBIMU  HABBIKAMU TH KOMIIETEHIIUHN )

aHaJIn3a HBHCHHﬁ, ImponecCcoB, HCYMCHHCM
HaBaTb apryMCHTHUPOBAHHLIC OTBCTHI, c71a0BIM

BJIaJCHUEM MOHOJIOTHUYECKOM peubIo,
OTCYTCTBHEM JIOTUYHOCTH u
MOCJIEIOBATEIbHOCTH. BriBoib1
MMOBEPXHOCTHHI. Pemienne  mpakTUYECKHX

3a/laHUN HE BBIMOJHEHO, T.€ 00yJYaronuics He
CIIOCOOEH OTBETUTh Ha BOIPOCHI Jaxe MNpU
JOTIOJIHUTENIPHBIX ~ HABOISIIMX  BOIMPOCAx
MpernoaBaTes.

I11. THITIOBBIE KOHTPOJIBHBIE 3AJIAHUS NJIM UHBIE MATEPUAJIBI,
HAOBXO/IUMBIE JIJIS1 OHEHKU 3HAHUN, YMEHUM, MIPAKTUYECKOI'O
OIIBITA, XAPAKTEPU3YIOHIUX 3TAIIBI ®OPMUPOBAHUA
KOMIIETEHIIMI B ITPOIIECCE OCBOEHUS OBPA3OBATEJIBHOM
IHPOI'PAMMBI

3.1. TunoBble KOHTPOJILHbIE 32IaHNUS VI TEKYIIEero KOHTPOJIst
yCIIEeBaeMOCTH 00y4YAKOIIMXCH

3ananus 1 oueHkn ocBoeHuss M/IK.02.01 «TexHuka u TEXHOJIOTUS PYYHOH JyTrOBOU
CBapKH (HAIJIaBKH, PE3KH ) MOKPBITHIMU JICKTPO 1AM

Bapuant Nel
1) [MoxGepuTe TN ¥ MapKy dIekTposa 1t cBapku ctanm 10I2CJ1. O6ocHyiite
CBOH BBIOOD.
2). B mpotiecce cBapku npou30IIEN HEMpoBap KopHs miBa. [Ipeanoxure nepeyeHb
Mep, MO3BOJIAIONINX N30€KaTh BOSHUKHOBEHUE JAaHHOTO Je]eKTa.
3). CocTaBbTe MapUIPyTHYIO KapTy TEXHOJIOTMYECKOTO Mpoliecca HANJIaBKU TBEPIAbIMU
cruiaBaMu OypoBOTO MHCTpyMeHTa. BeibepuTe crmoco0 HarIaBKU HAIJIABOYHBIN
Martepuall, 000py/10BaHUE, MHCTPYMEHT, TEXHUKY HaIlJIABKHU.
4). HeoOxoauMo NpOU3BECTH pa3ACIUTENbHYIO PE3KY JIUCTOBOM cTaiu Mapku 15T
ToiHON 10 MMm.
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A. BriOepure crmoco0 pe3ku cTaiu.

b. Beibepute 000opy10BaHKE I PE3KHU.

B. Onpenenute pexuMbI pe3KH CTaJIH.

5). Ilpou3BeauTe CpaBHUTEIBHBIN aHATN3 TIPECTABICHHBIX HA PUCYHKAX CIIOCOO0B
PE3KH MeTaa.

Puc.1 Puc.2 Puc.3

Bapuant 2

1) Heo6xoaumo npoussectu cBapky ctaibHbIX (C13) mactun anmuanoun 1300

MM. U TOJIIIUHOM 3 MM. BCTHIK.

Cnenaiite noa0o0p MaTepuaioB, MHCTPYMEHTOB U IPUCHIOCOOIECHUIA.

N3006pa3urte cxeMaTuyecKy NOCIe10BaTENbHOCTh HAJIOKEHUSI CBAPOYHOTO

IIBA.

2). IlpousBeauTe CpaBHUTENBHBIA aHAMM3 KOHCTPYKUMH U  (PYHKIIMOHATBHBIX
BO3MO>KHOCTEH 3JIEKTPOAOAEpKATENeH, N300paKEHHBIX Ha PUCYHKaX

3). Heob6xoauMo cOCTaBUTh CXEMY TEXHOJOTMUYECKOIO MpOIecca BOCCTAHOBJICHMS
M3HOILIEHHOTO 3y0a KOBIIA 3KCKaBaTopa, ¢ yKa3aHUeM OOOpYJOBaHUS, HAIUIABOYHOTO
Marepualia, ”HCTpPYMEHTA, IMapaMeTPOB pEKUMa HaIJIaBKU, TEOMETPUUECKUX Pa3MEpPOB
HaIUIaBJISIEMbIX BAJIMKOB U UX KOJWYECTBO.

4). Tlocne HamIaBKK MPOBEH YJIBTPA3BYKOBOW KOHTPOJIb HANIPABICHHOTO CIIOS I€TaIN
1 OOHAPYKUJIM IUIAKOBBIE BKJIIOUEHUS U TOpbl. OOOCHYITE NPUUUHBI UX TOSIBJICHUS U
MPEAJIOKUTE CIIOCOOBI YCTPAHEHUS ITUX 1€(PEKTOB

5). HeoOxoauMo NpoOu3BECTH Ppa3AEIUTEIBHYIO PE3KY JIMCTOBOM cTamu Mapku 300
TOJIIIUHON 8 MM.

A. Beibepure crioco0 pe3ku cTalu.

b. Beibepute 000opy10BaHME I PE3KHU.

B. Onpenenure pexxuMbl pe3KU CTAJIH.

[TpousBeauTe CpaBHUTENbHBIA aHANW3 KOHCTPYKTUBHBIX M TEXHOJOTHMYECKUX CBOMCTB
pEe3aKoB, MPEJCTABICHHBIX HA PUCYHKE
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BapuanT Ne3

1) IMoxGepuTe OCHOBHBIC MapaMeTPhbl PEKUMa CBAPKHU I METajlla TOJIIUHOW 8 MM.

Capka B HUKHEM TOJIOKEHHH.

2) CocTaBbTe CXEMY TEXHOJOTHUECKOTO MPOIecca PyYHOU JTyrOBOW HAILJIABKHU IITaMIIa

C yKa3aHUEM MapKH AJIEKTPOJIOB, PEKHMa HAILJIaBKH, PEKUMA TEPMHUECKOM 00paboTKH

JeTaJel 10 U MOCJe HAIIaBKU, 000pYAOBaHUS.

3). Ilocne HammaBKM W TPOBEIM KOHTPOJh BHEIIHUM OCMOTPOM M OOHapYX WU

IacTUYecKyro  nedopmaruio  neranu  (kopoOnenue). [lpemmoxkure  crmocoObl

ycTpaHeHus Ae(eKTa U MOsICHUTE MPUYNHBI €T0 BOSHUKHOBEHUS.

4). HeoOXo1MMO MPOU3BECTH MOBEPXHOCTHYIO PE3KY JMCTOBOM cramu mapku 18XIT'M

TOMUHON 20 MM.

A. BriOepure criocob pe3ku cTaiu.

b. Beibepute o6opynoBaHue Uil pE3KH.

B. Onpenennre peskuMbl pe3KU CTAIIH.

5). IlpousBeaute aHanM3 KOHCTPYKTHBHBIX M TEXHOJOTMYECKHX CBOMCTB pe3aka,
IPEJCTaBICHHBIX HA PUCYHKE.

1) Pacummpyiite ycaioBHOE 0003HAUEHHE 3IEKTPOIA

046 - 03C-12-3,0Y 'OCT9467 - 75 E432(3) — P12

2) Cnenaiite aHaIM3 BIMSHUS HAIIPSDKEHUS. HA CBAPOYHOM JIyTe Ha XapakTep

IIEPEHOCA JIEKTPOJHOIO METaLIA.

3). HeoOxoaMMo CcOCTaBUTh TEXHOJOTMYECKUW IMPOILIECC HAIJIAaBKU JieMexa Iulyra
TBEpJAbIMM CIUIABAMH C YKa3aHMEM HAIJIABOYHOIO Marepuaina, o00O0pyJI0BaHus,
rapamMeTpoB peKUMa HATUIABKU U TEXHUKHU BBINIOJIHEHUS HAILJIABKH.

4). Heob6x0oauMo MPOU3BECTH Pa3JICIUTEIbHYIO PEe3Ky JUCTOBOM cTanu Mapku 40XIT'M
TOJIIIIMHOU 7 MM.

A. Beibepure crioco0 pe3ku CTalu.

b. BriGepute o6opynoBaHue st PE3KH.

B. Onpenenute pekxuMbI PE3KU CTAIIH.

5) IIpousBeauTe CPaBHUTCIBHBIN aHAIN3 TEXHOJOTHYECKHMX OCOOEHHOCTEH CIOCOOOB
PE3KHU MeTalia, IPeICTaBIEHHBIX Ha PUCYHKaX.
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MyHaryk
KHCJIOPONOTO pesaKa
g

Hanpasaenne peskn

.

ITosorpesalomee niaams

Paspesaemutit Meta

Heposnoctit

PI/IC 1 PE3AHHOIO MCTALIA

Mogaua
OXAAKARIONICH
BOJBE

[Tpocnoiika AKHAKOIO MeTaNMA

Honaua
naazmMoodpa eymmcml l T Caun Boas!
rasa

nekTpoi (karoa)

Kopriye

] P HMizonsrop

Dopmupyrouit
HAKOHCYHHK

Herounnk 1ok

’ - Jyrosas kamepa
Yerpoiicrso

UKHIAHHA JLyTH : CronG ayru

el 27

X

Hanparienne peskn PI/IC 2
B —— .

Bapuant Ne5
1) HeoOxoaumo mpou3BecT CBapKy CTHIKOBOTO COEAMHEHUS IIACTHUH, U3TOTOBJIEHHBIX
n3 ctanu Mapku CT.3 TOIIMHON 3 MM. B TOTOJIOYHOM TOJIOKEHUH.
A. TlonGepute maTepuainbl, 000pyI0BaHUE U PEKUM CBapKH.
b. CocTaBbTe nocien0BaTeIbHOCTh TEXHOJIOTHUYECKUX OTepaiuil.
2) IlpoBeauTe CpaBHUTENbHBIN aHAIN3 TEXHOJIOTUYECKUX 0COOEHHOCTEN CIIOCOO0B
BEJICHUS DJIEKTPO/IA.

3). HeoO6xoaumo nmpoBeCcTH BHYTPEHHIOK HAIUIABKY ITUIMHIPUICCKON JeTaIu.
[IpenyioxuTe METOIBI TOCTHXKCHHS KAYECTBEHHON HAIUTABKU U 00OCHYHTE CBOM BBHIOOD.
4). Heob6xoammo nMpou3BeCcTH MOBEPXHOCTHYIO PE3KY JIMCTOBOM CTamu Mapku 35
TOJIIIIMHON 15 MM.

A. Breibepure crioco0 pe3ku cTalu.

b. BriGepute o6opynoBaHue st PE3KH.

B. Onpenenure pexxuMbl pe3KU CTAIIH.

5) [IpousBeauTe CpaBHUTENbHBINA aHATN3 TEXHOJIOTUYECKUX OCOOEHHOCTEH c11ocoO0B
PE3KU MeTaJlIa, PEICTABICHHBIX HA PUCYHKAX.
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Bapuant Ne6

1)Heo6xoauMo MPOU3BECTH CBAPKY CTHIKOBOTO COCIWHEHMS TUIACTHMH HM3TOTOBJICHHBIX
u3 ctany Mapku CT.2 TONMUHON 4 MM.

A. [TonGepute MaTepuaibl, 000pyJI0BaHUE U PEKUM CBAPKH.

b. CocTaBbTe MOCIIEI0BATEIBHOCTh TEXHOJIOTHUYECKUX OTIEPALUH.

2) Cpenaiite CpaBHUTEIBHBIM aHAJIU3 TEXHOJOTMYECKUX OCOOEHHOCTEH 3JIEKTPOJIOB
mapok YOHMU- 13/55 u YOHU-13/HXK.

3). CocTaBbTe MapHIPYTHYIO KapTy TEXHOJOTMYECKOIO Mpoliecca HaIJIaBKU TBEPbIMU
crulaBaMu  OypoBOTO HWHCTpyMeHTa. BpiOepuTe crnoco® HamiaBKU HArJIaBOYHbBIN
Marepuall, 000py0BaHNE, MHCTPYMEHT, TEXHUKY HATUIABKH.

4). Tlpennoxxute Mephl MO MPETYIPEKIACHUIO MOSIBICHUS TPEIIUH MTPU HAIJIABKE.

5). HeobxogumMo mpoW3BECTH pa3lEIUTENIbHYI0 PE3KYy JUCTOBOM cTamu Mapkua 150
ToJIIUHOU 10 MM.

A. Beibepure crioco0 pe3Kku CTalu.

b. BriGepute o6opynoBaHue st PE3KH.

B. Onpenenute pexXxuMbl pe3KH CTaJIH.

Bapuant Ne7
1)Heo6x0a1umMo mpou3BECTH CBAPKY METAITMYECKOTO SIIUKA B HUKHEM MOJIOKEHUH.

A=600mm., b=1000MMm., C=1000MM., TOTIIMHA CBAPUBAEMOTO METAJIJIa SMM., MaTepHUa
ctainb 30.

A. TlonGepute maTepuaisl, 000pyI0BaHNE U PEKUM CBApKH.

b. Onpenenure nnuHy, KOIUYECTBO U MECTOPACITIOIOKEHHE MPUXBATOK.

B. CocrtaBbTe nocneaoBaTeIbHOCTh TEXHOJOTUYECKUX ONepaliui.

2)CrporHo3upyiTte NociaeACTBUS B Cilydae CBapKu cTayiv Mapku 35 anektpogamu O3C-
2.

3) OnumuTe TEXHOJIOTHIO MHOTOJIYTOBOM HAIUIaBKUM KPYMHOTaOApUTHBIX JeTajei
HUIUHAPUYECKON (POPMBI € YKa3aHHWEM HAIJIABOYHOTO MaTepualia, mapaMeTpoB pexuma
HaIlUIaBKU, 000pYA0BaHUs, MPEUMYIIIECTBA TIEPE] OJTHOYTOBOM HAIJIABKOM.
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4) Heo6xoauMo MPOU3BECTH pa3IeIUTENbHYIO PE3KY Baja U3TOTOBJICHHOTO U3 CTaJIH
mapku 20I" nmamerpom 50 MM. A. Beibepute cmoco0 pe3ku cTaju.

b. BriGepute o6opyaoBaHue st PE3KH.

B. Onpenennre pexuMbl pe3KU CTAIIH.

5). Ilpou3BeanTe CpaBHUTEIBHBIN aHAIH3 TEXHOJOTHIECKUX OCOOEHHOCTEH Pe3aKoB,
MPEJCTABICHHBIX HA PUCYHKAX.

Puc.1 Puc.2

Bapuant Ne8
1)Heo6xomumo npousBecTu cBapky Ooitnepa (2 KoapUEeBbIX U | MpOAOIbHBIH 1IBbI) B
TOPU30HTAJIBLHOM IOJI0KEHUN

-
[ i
Il
[

D=1020mM., a=650MM., TOJIIIIMHA CBApUBAEMOI0 MeTa/lJIa 6MM., MmaTepral ctaib 10.

A. TlonGepute maTepuaibl, 000pyI0BaHNE U PEKUM CBApPKH.

b. Onpenenure qiuHy, KOIMYECTBO U MECTOPACTIOIOKEHUE TPUXBATOK.

B. CocrtaBbTe mocneaoBaTeIbHOCTh TEXHOJIOTUYECKUX OTIePaIIUi.

2) Ilpu paboTe THPUCTOPHOIO BBIIPAMUTEISA HE O00ECIECUYUBAIOTCSA IMapaMeTphl
MaJaoNuX BHENTHUX XapakTepucTuk. [lpemnoxure crocoObl TUKBUAAIMH JTaHHON
HEHCIIPaBHOCTH.
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3). Heo6X0AMMO HAILIABHTh IIOBEPXHOCTHBIH ci10i S = 10 MM Ha B guamerpoM & 300
MM, qmmHOM L = 2000 mMm. OGocHy#Te BbIOOp criocoOa HaIlJIaBKU W HaIJIaBOYHBIX
MaTepUaIOB, TEXHUKHU HAJIOKEHUS HAILJIABJIIEHHOTO CJIOA.

4). HeoOxoauMo TPOU3BECTH Pa3ACIUTEIbHYIO PE3KY JUCTOBOM cramu mapku 35172
TOJIIIUHONA 12 MM.

A. BriOepure crmoco0 pe3ku CTaiu.

b. BriGepute o6opynoBaHue 7151 PE3KH.

B. Onpenenure pexxuMbl PE3KU CTAIIH.

[IpousBeauTe CpaBHUTENBHBIN aHaIU3 pa3pe3aeMocTH craiu Mapok 10X®d, 404l
SXHM, 15M.

5) HeoOxonumo nmpoBeCcTH yaydllIeHUE MEXaHUYECKUX CBOMCTB MOBEPXHOCTHOIO CIIOS
MyaHCOHA ¥ MATPUIIbI IITAMIIA, BHIMOJHEHHBIX UX JICTUPOBAaHHOM cTanu. [Ipemioxure
croco0 HaIUIaBKU U HAIIaBOYHbIA MaTepuai. O00CHyHTe CBOM BBIOOD.

Bapuant Ne9
1) Heo6xoamumo npou3BecTu cBapKy JUHUU TPpyOorpoBoaa ( 9 CTHIKOB) U3 TpyObI
nuametpoM 125mm. CoequHeHne CTBIKOBOE, MaTepuan ctaib 12X.

==

o

3). Heo6xo1uMo MoyduTh ¢ MOMOIIBIO HAIJIABKK 0COObIE CBOMCTBA HAIJIABIICHHOTO
cinos aetanu. [pennoxure Hanbosee 3P HEeKTUBHBIE METOJIBI 1 COOTBETCTBEHHO
TeXHUKY HarutaBku. [lon0epuTe HaMIaBOUHBIA MaTepual sl KaKJ10ro METO/1a.

4). Heob6xoammo nMpou3BeCTH MOBEPXHOCTHYIO PE3KY JTUCTOBOM cTtanu mapku 20X3
ToMKUHOK 10 MMm.

A. Breibepure crioco0 pe3ku CTalu.

b. Bribepute o6opyaoBaHue 7151 PE3KH.

B. Onpenennrte pekuMbl pe3KU CTAIIH.

5). I[IponsBeauTe CpaBHUTEIIBHBIM aHAIHM3 CIIOCOOOB PE3KH METaslIa, MPEICTaBICHHBIX
Ha PUCYHKaX.

Bapuant NelO
1)Heo6xomumMo mpou3BeCTH CBaApKy MUpaMuIaabHOT0 OyHKepa (12 yrioBbIX IIBOB) B
TOPU30HTATBHOM TOJIOKEHUH.
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a=1200mM., b=650Mm., c=450MM., TONIIIMHA CBAPUBAEMOT0 METAJlIa 3MM., MaTepHall
cramp 06X13.

A. Tlon6epute MaTepuabl, 000PYIOBaHHUE U PEKUM CBAPKHU.

b. Onpenenure 1anuHy, KOIUIECTBO U MECTOPACITONIOKECHHE MPUXBATOK.

B. CocraBbTe mocie10BaTeIbHOCTh TEXHOJOTMYECKUX OTIEpaIiid.

2) CnenaiiTe CpaBHUTEIBHBIN aHAIHN3 AJICKTPUUECKUX CXEM, IMPEICTABICHHBIX Ha
Pucynkax

3). OnumuTe cxemy BUOPOIyrOBOM HAIUTABKU BaJla ¢ yKa3aHUEM 000pyd0BaHUS,
MHCTPYMEHTA, HAIJIABOYHBIX MAaTEPUAJIOB U MapaMeTPOB PEKUMA HAILJIABKH.

Pabdoyue eparu Bt

Wnownka

4). Ilpou3Benure CpaBHUTEIBHBIA aHATIU3 MPEACTABICHHBIX HA PUCYHKE CIIOCOOOB pe3
4). IlpousBenure CpaBHUTEIbHBIA aHAU3 MPEACTABICHHBIX HA PUCYHKE CIIOCOO0B

PE3KU MeTasIa.

Kucnopog = 2  —

Puc.2

IHNPAKTUYECKUE PABOTBI.
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IIpakTuuyeckas padora Nel
Tema: PacimdpoBka ycI0BHBIX 0003HAYEHUN CBApOYHOMN TTPOBOJIOKH

Heans paGorbi: [IpuoOpect mnpakTUUYECKHUE HABBIKM MPU pacIIUPpPOBKE YCIOBHbBIC
0003HaYEHHUsI CBAPOYHOM MTPOBOJIOKH JJISI CBAPKH PA3IUYHBIX CTajleH

Xo/ BbINOJIHEHHS Pa0OThI:
O3HaKOMJICHHE C TEOPETHUECKUMHU CBECHUSIMU
2. W3yunth ycaoBHOE 0003HaYCHHE CBAPOYHOM MPOBOJIOKU JIJIsi CBAPKU U HAILJIABKU
YIIACPOAUCTHIX, HU3KOJIETUPOBAHHBIX U JIETUPOBAHHBIX CTAJICH.
Pacmmmdposats ycnoBHOe 0003HAUEHHE CBAPOYHON MTPOBOJIOKHU (TI0 KAPTOUKAM).
OTBeTUTH Ha KOHTPOJIBHBIE BOIIPOCHI.

=

s w

Teoperuyeckue cBeleHUSA
Ceapounvimu  HA3BIBAIOT  MaTepHaibl, OOECICUYMBAIOIINE  BO3MOXKHOCTH
MIPOTEKAHUsI CBAPOYHBIX MTPOIECCOB U MOTYUYCHHUS KaUeCTBEHHBIX CBAPHBIX COCTMHEHUM.

K HuM oTHOCHAT:
» TIPUCAIOYHBIC METAJLTHI,
» TIOKPBITBIC DJIEKTPOIBI,
» (mrochl,
> 3alUTHBIE Ta3bl.

BOJNBIIMHCTBO IIIBOB TMPH CBapKe BBHIMOJIHSIIOT C MPHUMEHEHHUEM IPHCATOYHBIX
MaTepuaioB. [IpucamodHblii MeTaJT BBOASIT B CBApOYHYIO BaHHY B JIOMOJHEHHE K
pacIIaBIeCHHOMY OCHOBHOMY METaJlTy C IICJIbIO 3aIlOJIHEHUS 3a30pa, pa3IeiKi KPOMOK,
MOJTyYeHUsI IBa C HEOOXOJMMBIMH TEOMETPUUYCCKUMHU pa3MepaMH WU OOECIICUCHHS
BBICOKHX OJKCIUTyaTaIllMOHHBIX XapaKTEPUCTUK TIPH MHUHUMAIBHOW CKIOHHOCTH K
00pa3oBaHUIO TEPEKTOB.

Ilpucaoounvie mamepuansvt (memannsvy).B OOTBIIMHCTBE CIIy4aeB COCTaB
MIPUCATOYHOTO MaTepuajga Majo OTIUYAETCA OT XMMHUYECKOrO0 COCTaBa CBAPHUBAEMOIO
Metaia. [Ipu pa3paboTke MpUCaTOYHOT0 METAJJIa YUYUTHIBAIOT METO/IbI CBAPKH, MAPKY
CBapUBAEMOI0 METAJLIA, YCIOBUS SKCILUTyaTallud KOHCTPpYKUUH. [Iprucanounsiii MmeTamn
JIOJDKEH OBITh 00JIe€ YHUCTHIM IO MPUMECSM, COJIEPKAaTh MEHbBIIIEE KOJIUYECTBO Ta30B U
UTAKOBBIX BKJIFOUEHHI.

IIpucagoynbie MeTANIbI HCIOJIB3YIOT B BHJIE:

METAJUIMYECKON TPOBOJIOKH CIUIOIIHOTO CEUYCHMUS,
METAJUIMYECKON TPOBOJIOKH C MOPOLIKOBBIM CEPICYHUKOM,
MPYTKOB,

IJIACTUH,

JICHT.

YVVVVY
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K CBaquHOﬁ IMPOBOJIOKEC IPEABABIIAIOT BLICOKHC Tp€6OBaHI/ISI 110 COCTOsHHIO
IIOBECPXHOCTHU, MPCACIbHBIM OTKIOHCHUAM II0 OJUaMCTpy, OBaJbHOCTH MW [1p.
IMOKAa3aTCJIsIM.

HpOBOJIOKa CTaJibHasi CBapovYHas U HaIlJIaBO1YHAasl.

Jlis 1yroBoM CBapkM M HAaIJIaBKA MPUMEHSIOT CHEIHAIbHBIE CBApOYHBIC H
HAIUIABOYHBIE MPOBOJIOKHU. XOJOJHOKATAHYIO CTAJbHYIO C8APOUHYI0 RPOBOTOKY
CIUIOIIHOTO ceueHus BbimyckatoT o I'OCT 2246-70*, rae oHa knaccuduuupyercs 1o
rpynnaM 1 mapkam cramu. ['OCT npexgycmarpuBaetr /7 MapoK pa3HOTO XMMHUYECKOTO
COCTaBa.

CBapo4HYyI0 NPOBOJIOKY Pa3AeJA0T HA 3 TPYNIIbI:

1. Omapok u3 HHU3KOYIJIEPOAUCTOM CTalM C COJEpPNKAHUEM JICTHPYIOITUX
3JIeMeHTOB 00 2,5% — Ce-08, Cs-08A4, Ce-08AA, Ce-08I'A, Ce-10I'A, Cg-
10I'24;

2. 30mMapok U3 JETHPOBAaHHON CTaJIM C COJEpKAaHUEM JICTHPYIOIIHNX
371eMeHTOB om 2,5 00 10% - Ce-08I'C, Ce-08I'2C, Ce-18XI'C w np.;

3. 4lmapky u3 BBICOKOJIETUPOBAHHOM CTajd C COAEp)KaHUEM JICTUPYIOIINX
2JIeMeHTOB fo.1ee 10% - Ce-12X11HM®, Ce-10X17HT, Ce-06X18HIT.

Obo3nauenue mMapoKk NpPoOBOJIOK COCMOUM U3 COYEmAaHUs OyKe U uyugp u
pacuiughposvieaemcsa ciedyrouum oopazom:

CB — cBapounas; mudpa nocie CB — cojaepkaHHE YIJIepoJa B COTBIX JOJAX
nporenTta ( Hanpumep 08 oznagaer 0,08% yriepona);

A — MOBBIIIIEHHAs YUCTOTA METaJUIA M0 CoJIep KaHuto cepbl U docdopa;

AA — OoJsiee TMOHIKEHHOE cojaepkaHue cepsl W ¢dochopa Mo CpaBHEHHUIO C
npoBojiokoit CB-08A; mocnenytone OyKBBI — yCIOBHOE 0003HAUYECHUE JICTUPYIOIINUX
2JIEMEHTOB; IMEPHI Mociie OyKBEHHBIX OOO3HAUCHHH - CpeaHee COJIep)KaHHE
JETUPYIOUIUX 3JIEMEHTOB B TMPOIIEHTAaX (MPU COJAEPKaHUM JIETUPYIOIIETO dSJEMEHTa
menee 1% 1udpa He cTaBUTCS).

XUMUYECKHE DJIEMEHTHI B CTAISAX YCIOBHO 0003HAYAIOT CIAEAYIOIIUM 00pa3oM:

IIpumep o0003HAUECHUS TIPOBOJIOKU JUAMETPOM 4 MM U3 JISTUPOBAHHOW CTaJIH,
conepxkaniert 0,06-0,10 % C; 0,45-00,70 % Si; 1,15-1,45 % Mm; 0,85-1,15 % Cr; He
6onee 0,3 % Ni; 0,40-0,60 % Mo; ne 6omee 0,025 % P, obo3navaetcs : [IpoBoJioka
4CB-08XI'CMA I'OCT 2246-70.

IIpoBoJIOKY pPa3/M4alOT N0 HA3HAYEHHUIO:

% {1 cBapky (HAIUIABKHK) U U1 M3TOTOBJIEHHUS SIEKTPONOB (yCIOBHOE
obo3HaueHue — ).

# Hu3koyrnepomucTyl0 ¥ JIETUPOBAHHYIO  IIPOBOJIOKY  BBIIYCKAaKOT
HEOMEIHCHHOW M OMEIHCHHOW (ycioBHoe oOo3HaueHue — O) s
MPEJOXPAHEHUS €€ MOBEPXHOCTU OT KOPPOo3uu. OMETHECHHYIO MOCTaBIISIIOT
0 0co00My TpeOOBAHUIO 3aKa3YMKA.
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Kpome Toro, mo ocod6omMy Tpe0OBaHHI0 3aKAa34YMKA M3TOTABIMBAIOT MPOBOJIOKY
U3 CTaJIN, BBINJIABIEHHON:
+ onexrponutakossm (111,
#+ BaxyyMHO-IyroBsiM (BJ1) miu
+ BaKyyMHO-HHIYKIMOHHBEIM (BU) MeTomamu (1epemiaBom).

[Ipu 3TOM OroBapuBaIOTCS JOIMOJHHUTENIbHbIE TPEOOBAaHUA K METAJLTY MPOBOJIOKH
C TOYKH 3PEHHUSI TIOyCTUMOTO COAEPKaHUs B HEM BPEJIHBIX IPUMECEN U T'a30B.
IMpumep:

1. IIpososaoka 3CB - 08A - O I'OCT 2246-70 - cBapo4Has MPOBOJIOKA
auameTpoMm 3 MM, mapku CB-08A ¢ OMeTHEHHON TOBEPXHOCTBIO.

2. Ilpososoka 2,5 CB-08XI'CM®A-BU-D I'OCT2246-7/0 — cBapouHas
npoBosioka auamerpoMm 2,5 M, wmapku CB-08XI'CM®A wu3 cranu,
BBITIOJIHEHHON B BaKyyMHO-WHAYKIIMOHHOW T€4M, MpeIHa3HAuYCHHAS IS
U3TOTOBJICHHUS JIEKTPOJIOB.

CranvHas wuannasounas npoeonokano I'OCT 10543-98 wusroraBiauBaercs
nuametpoM oT 0,3 1o 8,0 MM, IO XUMUYECKOMY COCTaBY pa3IesieTCsl Ha TPYU TPYMIIbL:
1) 9mapok u3 yriaepoauctoi ctanu — Hn-25, Ho-30 u T.1.;
2) llmapok u3 nerupoBanHoi cramu — Hi-10I7, Ho-5017, Ho-30XT'C u np.;
3) 11 mapok u3 BeicokoserupoBanHoi ctanm — Ho-20X14, Hn-30X10I'10T u ap.
[IpoBoJioKa McHonb3yeTcs AJiA HAIUIAaBKU NOJ (PIIFOCOM, B 3alIUTHBIX ra3ax, Npu
ANEKTPOLIAKOBOM HAIUIaBKE€ W I M3TOTOBJICHHS TOKPBITBIX 3JIEKTPOAOB. Mapky
IIPOBOJIOKM BBIOMPAIOT B 32aBUCUMOCTH OT Ha3HAYEHUs U TpeOyeMoil TBEPIOCTH MeTalIa
HaIUJIaBJIEHHOTO cios. Mcnonb3yeMast i1 HarlaBKu 0Ope3Hast X0JI0JHOKaTaHHas JIEHTa
umeet Toamuny ot 0,4 go 1,0 mm nipu mmpune ot 20 1o 100 mMm. JIeHTy nocTaBisitoT B
pyJIOHax
KoHTpoJibHBIE BOIIPOCHI:

Kakune MaTepuabl Ha3bIBatOT CBApOYHBIMU?

Kax BbIOMpaOT nprcagouHble MaTEpHAIIBI?

Kaxkue BHIbI IpHCaOYHBIX MATEPUAJIOB Bbl 3HAETE?

[lepeuncnure TpeOGOBaHMs, MPEIBIBISIEMbIE K CBAPOUYHOMN TIPOBOJIOKE.

B xakoM BHJIe TOCTaBIISIETCS CBAPOYHAsk TPOBOJIOKA?

Yrto comepxut cepTudukat, COnpoBOXKIAIOIINNA MAPTHUIO CBAPOYHON TTPOBOJIOKHU?

Kak ouninaror npucagoyHsiii Mmarepuan?

Hazosute I'OCT, o KoTopomMy BBIITYCKatOT CBAPOYHYIO IPOBOJIOKY?

. Kak knaccuduimpyercst cBapouHasi mpoBOJIOKA [0 XUMHUYECKOMY COCTaBY?

10 Jiist uero npeaHa3zHayeHa cBapouHas rposoJioka Mapku CB-18XT'C, C-08A.

11.Kak 0003Ha4arOT TPOBOJOKY I CBapKu (HAIJIABKH) W JJIs U3TOTOBJICHUS
3JIEKTPOJIOB?

12.Kakyto mpOBOJIOKY BBIITYCKAIOT IO TPEOOBAHUIO 3aKa3uuKa?

13.Kaxkoii nuameTp uMeeT CTaibHasi HarIaBOYHask MTPOBOJIOKA?
14 Kak knaccuuuupyroT HarjIaBOYHYIO MPOBOJIOKY IO XUMHUYECKOMY COCTaBy?

©ooNOO A WNE

15. /17151 9ero UCMoab3yIOT CTAIbHYIO HAIUIABOYHYO TTPOBOJIOKY?
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16.Kax BEIOMpAIOT CTABHYIO HAIIJIABOYHYIO ITPOBOJIOKY?

17.Ha3oBuTe mapaMeTpsl HaIJIABOYHOU JIEHTHI.

18.Kak nocraBistoT JeHTy?

IpakTnueckas padora Ne2 u Ne3

Tema: [locTpoeHue CTPYKTYpHOH CXE€Mbl YCIOBHOTO OOO3HAYEHUS METAJIMYECKOTO
anekTpoja. PacimdpoBka yclIOBHBIX 0003HAYEHU 2JIEKTPOIOB

Heab padorwi: [Iprobpectu mpakTUYECKHE HABBIKM TMPU PACHIM(PPOBKE YCIOBHBIE
0003HAaYEHUsI CBAPOYHBIX JIEKTPOIOB

Xo/1 BbINOJIHEHUS] PA0OThI:

1.
2.

o

8.

O3HaKOMJIEHHE C TEOPETUUECKUMHU CBEACHUSAMU

HauepTuth CTPYKTYpHYIO CXE€MY YCIOBHOTO OO0O3HAYEHUS METALNIMYECKOTrO
AIEKTPOJIa

N3yuuth yclioBHOE 0003HAUYEHHE CBAPOYHBIX AJIEKTPOJOB JJII CBapKu
YTIAEPOIUCTHIX, HU3KOJIECTUPOBAHHBIX U JIETUPOBAHHBIX CTAJICH.
N3yuuthyciioBHOE 0003HAUYE€HHE DJIEKTPOAOB I CBapKU TEIJIOYCTONYMBBIX,
BBICOKOJIETUPOBAHHBIX CTAJICH U IIBETHBIX METAJIJIOB.

N3yuuTh MeXayHapOIHbIC U HAITMOHAJIBHBIE CUCTEMBI 0003HAYCHHUS DJIEKTPOIOB.
PacummdpoBate yciioBHOE 0003HaUEHHE FNEKTPOJOB (BapUaHThl — [0 HOMEPY B
KypHae).

[To omnucaHui0 COCTaBUTH CTPYKTYPHYIO CXEMY VYCJIOBHOTO OOO3HAYCHHS
anekrpona: Tun anexkmpooa 346A, mapxka YOHH-13/45, npeoen npounocmu
Hannaenenno2o memanna menee 600MIla, I'OCT 9467-75, asnexmpoowt
umerwom ouamemp 3 MM, HPEOHA3HAYEHbl ONA CEAPKU Y21E€POOUCMbIX U
HU3K01€2UPOBAHHBIX Ccmanell, NOKpvlmue - cpeoHee; co0eprHcanue cepvl 6
HannaeneHHom memanie oonyckaemca 0o 0,04 %, gpocgpopa — oo 0,045 %,
INEKMPOObl UMEIOM MUHUMATbHOE 8PDeMeHHoe conpomuenenue paspvigy 430
MlIla, 6u0 nokpvimua — OCHOBHOE, C8APKA BO3MOMCHA 60 6cex
NPOCMPAHCIMEEHHBIX NONOHCEHUAX, NPOU3BOOUMCA HA NOCMOAHHOM HOKe
oopammnoii nonapuocmu. Homep cmanoapma, onpedenaowezo oouue
mpebosanus K nekmpooam — 9466-75.

OTBeTUTH Ha KOHTPOJILHBIE BOTIPOCHI.

Teopernueckue cBeIeHUA

YciioBHOE 0003HAYCHHE ICKTPOAOB IS CBAPKH YIVICPOOMCTBIX, HM3KOJICTUPOBAHHBIX W
JICTMPOBAHHBIX CTAJICH

T2 s[5 6

-]

7118191
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Puc. 1 Cmpykmypnas cxema ycinoeno2o 0003nauenus Memaiiuydeckozo 31eKmpooa

O0o3HayeHMe 3JIEKTPOIOB UISI CBAPKHM YIJIEPOAMCTBIX M HH3KOJETHPOBAHHBIX
cTajieil ¢ BpeMeHHBIM CONPOTHBJIeHUEM pa3pbiBy 10 600 MIla u 3j1ekTpoaoB aJist
CBAPKHM  JIETHPOBAHHBIX  KOHCTPYKHHMOHHBLIX  CTajledi ¢  BpeMEHHBIM
conpoTuBJIeHHeM paspbIBy 0osiee 600 MIIa.

A)I46A-YOHHU-13/45-3.0-YC2 T'OCT 9466-75, TOCT 9467-75E432(5)-b10

b)285-YOHMN-13/85-2,0-J113 I'OCT 9466-75, T'OCT 9467-75 E-13I'2CM-0-
b20

A)- 0003HaUEHHE IIEKTPOAA JAJII CBAPKU YIJIEPOJAUCTHIX U HU3KOJIETUPOBAHHBIX CTaJleh
C BPEMEHHBIM CONPOTUBIICHHEM pa3pbiBy MeHee 600 Mlla;

b)- 000o3HaueHne 31EKTPOIOB AJIA CBApKH JIETUPOBAHHBIX KOHCTPYKIIMOHHBIX CTAJIEH C
BPEMEHHBIM CONPOTHUBIICHHEM pa3pbiBy O0oee 600MIla

B HaumMeHOBaHMU THMA O3JIEKTPOAA COACPKUTCS OykBa O, TOCJIE KOTOPOM
TIPUBEICHO BPEMEHHOE CONPOTUBICHHE Pa3phiBa, Krc/MM~ (Hampumep, D38, D42, 350).
Y HEKOTOpBIX THUIIOB 3JEKTPOJOB TMocie nudp moctaBieHa OykBa A, 4TO yKa3bIBaeT Ha
0ojiee BBICOKME XapaKTEPUCTUKH IUIACTUYHOCTM HAILIABICHHOTO MeTauia. Y
AJIEKTPOJIOB  3TUX THUIOB PErJaMEHTUPOBAHbl MEXAHUYECKHE XapaKTEPUCTUKU
(6pemennoe conpomusnenue paspvigy, omuocumenvbHoe YOIuHeHue, Kodppuyuenm
HanaaeKu u yeon uzeuba), a Takxke COJAEpXKaHUue cepvl U Gocgopa B HAIUIABICHHOM
MeTaie.

Cornacno tpeboBanusim 'OCT 9466-7/5 B yC10BHOM 0003HAYEHUU DJICKTPOJIOB
UL CBapKW  YIJIEPOAUCTBIX M HU3KOJETHMPOBAHHBIX CTalled C BPEMEHHBIM
cornpoTuiieHHEeM pa3pbiBy MeHee 600 MIIa B 3Hamenarene (puc.lu puc. 2, A) rpynmna
MHJICKCOB, OTHOCAIIAsCA K IIOKA3aTeJsiIM HAIUIABIIEHHOTO MeTajuia, JOJKHA OBITh
3amucaHa CHeAyromuM oO0pa3oM: TEpBbIE JBa HHJIEKCA YKa3bIBAIOT MHUHHUMAIILHOE
3HAYCHHE BPEMCHHOTO COIPOTHBICHUS paspbiBy (GB, KI/MM’), a TpPETHI HHIEKC
XapaKkTepu3yeT OJJHOBPEMEHHO MUHHUMAJIbHBIE 3HAUYCHHUS OTHOCUTEIBHOTO YJIMHEHUS
(0s, %) u Temneparypsl (7x,°C), Ipu KOTOPOH ONpeAeAaeTcs yaapHas BI3KOCTb.

B ycnoBHOM 0003HaueHHM dJEKTpoaoB (puc. 2, b) jns cBapku cTajieil ¢
BPEMEHHBIM  CONPOTUBIIEHWEM pa3pbiBy Oosee 600 MlIla rpynma HHAEKCOB,
0003HAYAIOIIMX XapPAKTEPUCTUKM HAIJIABIIEHHOI'O METallJla U MeTajlla 111Ba, YKa3bIBAIOT
CpeHEE COAEP)KAHHE OCHOBHBIX XMMHYECKHX 3JIEMEHTOB B HAIUIABJICHHOM METAIIE U
MUHUMAJbHYIO TEMIIEPATYPY, IPH KOTOPOH yaapHas BSI3KOCTh HE MeHee 35 Jx/cm2.

Ora 3amuck (131'2CM-0) BkIrOYaeT: a)nepevlii uHOeKC — NBY3HAYHOE YHCIIO,
COOTBETCTBYIOILIEE CPEAHEMY COOEPHCAHUIO Y2T1€POOA 8 COMBIX 00JIAX NPOUECHING,

0)nocnedyrwuwue uHOeKkcovl, KOKIBIM U3 KOTOPHIX COCTOUT W3 OYKBEHHOTO
0003HAUYEHUS COOTBETCTBYIOLIETO XMMHUYECKOIO 3J€MEHTa U PACHOJIOKEHHOTO 32 HUM
YKCJIA,I0KA3BIBAIOILETO CPEAHEE COOEPIHCAHUE INNIEMEHINA 6 HANIACIEHHOM Memalie
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(c morpemHOCTEIO 110 1 %); B)nocaeonuii unoekc, XapakTepusyui MUHUMATbHYIO
memnepanypy, IpU KOTOPOH yaapHas BA3KOCTh cOocTaBiigeT He MeHee 35 [Ix/cm2

Y@i0BHOE 0003HAYEHNE WIEKTPOIOB VISI CBAPKH TEILIOYCTOMYMBBIX, BHICOKOJIETUPOBAHHBIX
CTaJIed M IBETHLIX METAJLIOB

Oobo3nauenue 31eKmpoo08 0151 C6APKU MENa0YCMOUUUBHIX CIAIeIl.

I'OCT 9467-75 upegycmatpuBaet9 THIIOB DJIEKTPOJIOB Uil  CBapKU
TEIUIOYCTOMYMBBIX CcTalied. B  OCHOBYy KiaccHHKAIMM 3IIEKTPOJOB  IOJIOKECHBI
XUMUYECKUI COCTaB HAIUIABJIEHHOIO MeETallla M €ro MEXaHUYEeCKHUE CBOMCTBA —
BPEMEHHOE COINPOTHUBIIEHHE PAa3pbIBY, OTHOCUTEIBHOE YIJIMHEHUE U yIapHas BA3KOCTb.
O6o3HaueHne THUIIOB 3JEKTPOJOB COCTOMT M3 MHJAEKCa D (SIEKTPOABI AJS TyTOBOM
CBapKH) M Cienyrolmux 3a HUM 1udp u OykB. /Jee nepevie yughpvt cOOTBETCTBYIOT
CPEOHEMY COOEPIHCAHUIO Y2NePO0a 6 HANIAAGINEHHOM Memajile 6 COMbIX 004X
npoyenma. CpelHEe CONEPKAHUE OCHOBHBIX XUMUYECKUX 3IJIEMEHMO6 YKA3aHO B
IOPOLEHTaX Iocjie OYKBEHHBIX O003HAYEHHH XMMHUYECKUX 3JIEMEHTOB. Y 3JEKTPOAOB
JUISL CBAapKH TEIUIOYCTOWYMBBIX CTaJIEH BBOIUTCS OONOJIHUMENAbHbIL UHOEKC,
YKa3bIBAIOIIMI MakcUMalbHyr0 Temneparypy 77X, 0C, mpu KOTOpOl HOPMHPOBAHBI
[IOKAa3aTeJIN JUINTEJIbHON POYHOCTH HAILJIABJIEHHOIO METAJIa M METaJlIa 11Ba

Hanpuwmep, snextpoabl thuna 3-09XIM® nis cBapkH TEIIOYCTOMYMBBIX CTajleu
cornacHo ['OCT 9466-75 uMeroT MapKUpPOBKY:

2-09X1M® -1UI-20-40-TA3 T'OCT 9466-75, 'OCT 9467-75 E-27 - B10

Mapka nokpseitus (LIJI-20), auametp snektpona (4 mMm), BHUII CBapUBAEMBIX
craneit (T - TemoycroluuBbie), 0003HaUCHUE TOJIIUHBI TOKphITHS (/[ — TOJNCTOE),
rpymmna 3jeKTpoaoB Mo kadectBy (3). B 3HameHnarene: mnepBblii uHACKC (2),
aHaJIOTMYHbIA TpeTbemy uHAEKcY (0, cm. Bbime, nmpumep b), s nermpoBaHHBIX
KOHCTPYKIIMOHHBIX cTaineil ¢ oB > 600 MlIla u xapakrepuzyeT MHUHHUMAIbHYIO
temneparypy 7x = 00, cieayromuii MHIEKC, paBHbIA / - TeMmepaTypa 3KCIUTyaTalluu
570...5850 C Bun snexrpoaHoro nokpeitusi (b — ocHoBHOE). CBapka BBINOJIHSIETCS BO
BCEX MPOCTPAHCTBEHHBIX MOJOXKEHUAX (1) Ha MOCTOSSHHOM TOKE 0OpaTHOM MOJISIPHOCTH

(0).

Obo3nauenue INEKMpPoOo8 01 CEAPKU BbICOKOICZUPOGAHHBIX CHMAIel ¢
0CO0bIMU CEOUICIMEAMU.

I'OCT 10052-75 ycranaBiauBaeT 49TunoB 3J€KTPOAOB JIJIsl CBAPKU XPOMUCTHIX U
XPOMOHUKEJIEBBIX CTaJlel, KOPPO3MOHHO-CTOWMKHUX, >KAPONPOUYHBIX M KAPOCTOMKHX
JIETUPOBAHHBIX CTaJIe MapTeHCUTO-(QeppuTHOTO, (DEPPUTHOTO, AYCTEHUTO-(HEPPUTHOTO
M ayCTEHUTHOTO KiaccoB. B o0ocCHOBY kiaccuukanuu dJIEKTPOJOB TOJOKEHBI
XMMUYECKMM COCTaB M MEXaHMYECKHE CBOMCTBA HAIUIABICHHOro Mertamia. Jlns
HEKOTOPBIX THUIIOB 3JIEKTPOAOB HOPMHUPYETCS TAKKE COJACPKAHUE B CTPYKTYpE METAILIa
mBa (QeppuTHOil (das3pl, €ro CTOMKOCTh K MEKKPUCTAUIUTHON KOPPO3HH U
MaKCHUMaJlbHasi TeMIleparypa, IpU KO TOPOW PErIaMEHTUPOBAHbI MOKAa3aTEIn
JUTATEJIbHON TPOYHOCTH METaJlIa I1IBA.
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-10X25H13I'b - IJI-9-50-BJA1 TI'OCT 9466-75, TOCT 10052-E-2075 -

B30

O003HaYCHUE TAaKUX JIEKTPOJOB OTIIMYACTCS TOJIBKO Irpynmoi uuaekcos (2075),
XapaKTePU3yIOIINX HAIJIABJICHHBIM METalll U MeTa/ul mBa: 2 - CTOHKOCTh MPOTHUB
MEXKPUCTAIUIMTHON Koppo3uu mpu 0 — TpeOOBaHHA B OTHOIICHHMH MaKCHUMAaJbHOMN
pabodeil TeMIiepaTypbl HAIUIaBIEHHOTO METajula U MeTajuia IBa / — MaKCHMallbHas
paboyasi TemrepaTypa CBapHbBIX COCAMHEHUH, IPU KOTOPOH JOMyCcKaeTcss MpUMEHEHHE
ANEKTPOJOB TMPU CBAapKE KAPOCTOMKMX cTanel, cocrasmser 910...1000°C 5 —
conepxkanue pepputHoil (a3el B HaruraBieHHOM metawie 2...10 % Ecmu ctpykrypa
Metamna He naByxdazHas (A + @), TO YKCIOBOM HHIEKC, XapaKTEPU3YIOIIHA
HaTUTaBJICHHBIA METaIlI, OyIET COAEPIKATh TOIBKO TP MHUQPHI.

Oobo3nauenue 21eKmpo00e8 0714 HANIAGKU NHOBEPXHOCHIHBIX C/10€6 C 0COObIMU
ceolicmeamu.

I'OCT 10051-75 pernamentupyer 44 Tula 3JIEKTPOJOB JUIsl HAIUIABOYHBIX
pabor.

9-10I'3 - O3H-300Y -40-H/I1 TOCT 9466-75, 'OCT 10051-75
E-300/2-1 - B40

[IpuHuMn 0003HAaYEHUSI XMMHUYECKOIO COCTaBa MpeXHUW. B rpyrmne HHIEKCOB
XapakTepu3yromux HariaBieHHbIH Metamt (300/2-1) nepestit undexc (300) ykaspiBaeT
CPEIHIOI0 TBEPAOCTh HAIUIABIEHHOrO0 MeTamia 1o Bukkepcy; nepeasa wugpa mnocne
Kocoi 4epThl (2) xapakrepusyeT TBepaocte HRC. Bmopasa uugpa (1) nokaspiBact
YCJIOBHUSl TOJYYEHHS PErJIaMEeHTUPYEMOW TBEPAOCTH: | — HEMOCPEICTBEHHO IOCIE
HaIlJIaBKH; 2 — MOCIIe TePMOOOPaOOTKH.

Mestcoynapoonvie u HAYUOHATIbHBIE CUCMEMBL 0003HAYUEHU ITIEKMPOOO8.

B pa3HbIX cTpaHax UCMOJIB3YIOT PA3IMYHbIE CUCTEMBI 0003HAYEHUS DIIEKTPOIOB.
Knaccudukanust ~ 2JIEKTpOIOB ~ MOXET  ObITh MO MmedcoyHapooromylSO,;
esponetickomyEN; amepuxanckomyAWS u nemeyxomyDIN cTanmapram.

Ilpumep: xinaccupukanus dDIEKTPOJOB A CBAPKM  YIVIEPOJUCTBIX U
HU3KOJETUPOBaHHBIX cTtasield B cooTBeTcTBUHU € [SO 2560E 432 RR 1604 6

E 432npenen mnpounoctu 430...510 Mlla, MHHUMaIbHOE OTHOCUTEIIBHOE
ymnuaenne 20 %, MuHUMaIbHAs TeMIiepaTypa Jijisi 00eCTieUeHHsI yIapHOU BA3KOCTH 28
Jli/em’, 0C - 20; RR — pyrmioBoe MOKPHITHE OOIBIION TOMMMHBL 160—
MPOU3BOAUTEILHOCTD (TIepexoa MeTauia B moB) — 155-165 %;4— HukHEe MOJI0KEeHUE
(CTBIKOBBIC W YTJIOBBIC IIBHI); 6— 0OpaTHAas MOISIPHOCTH, HANIPSHKEHUE XOJIOCTOTO XOJa
ncrtoyHuka nutanus 70 B.
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PacuindpoBaThyc/ioBHOE 0003HAYEHHE 3JIeKTPOIOB(BAPpHAHTHI — 10 HOMEpPY B
JKypHaJe):

1. D42 - YOHU-13/45 - 3,0 - VII2T'OCT 9466-75, TOCT 9467-75
E 41 2(5)- B10

2. D85 - VOHM-13/85 - 2,0 - JIJI3TOCT 9466-75, TOCT 9467-75
E- 12I'2CM - 0 - B20

3. D42 - BCLI-4 - 3,0 - VC2I'OCT 9466-75, TOCT 9467-75
E 410 (3)-1114

4. 985 —HUAT-3M - 2,0 - JIA3T'OCT 9466-75, TOCT 9467-75
E-13I'' XM -0 - B20

5. D46-AHO-4-3,0-VI2 TOCT 9466-75, TOCT 9467-75
E 43 2 (3)-P21

6. D60 - BCII-60 - 2,0 - IC3TOCT 9466-75, TOCT 9467-75
E- 1ITHM — 3 — 1114

7. D46 - 03C-4 - 3,0 - YJI2I'OCT 9466-75, TOCT 9467-75
E 430 (3) - P25

8. 285 - YOHM-13/85 - 2,0 - JJA3T'OCT 9466-75, TOCT 9467-75
E - 13I22CM -0 - B20

9. 246 - O3C-6 - 3,0 - YJI2I'OCT 9466-75, 'OCT 9467-75
E 43 0 -PXK23

10.285 - YOHU-13/85 - 2,0 - JIA3T'OCT 9466-75, TOCT 9467-75
E - 13I2CM -0 - B20

11.246 - 03C-12 - 3,0 - YJI2I'OCT 9466-75, TOCT 9467-75
E430(3)- P12

12.285 - YOHU-13/85 - 2,0 — JIMIT'OCT 9466-75, TOCT 9467-75
E - 12I2CM — 2 — bP46

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

14.985 - HUAT-3M - 4,0 — JIZI2I'OCT 9466-75, TOCT 9467-75
E-13I'' XM -0 - 20

15.946A - YOHU-13/55K - 3,0 - VI2ZI'OCT 9466-75, TOCT 9467-75
E 433 -b520
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16.260 - BCII-60 - 4,0 — JIC2I'OCT 9466-75, TOCT 9467-75
E- 11ITHM - 3 - 1114

17.246A - 03C-22P - 3,0 - YI2I'OCT 9466-75, TOCT 9467-75
E 432 (3)- BPXK14

18.285 - YOHM-13/85 - 4,0 - JJA3T'OCT 9466-75, TOCT 9467-75
E-12I"2CM -0 - B20

19.950A - TMV-21V - 3,0 - VJI3T'OCT 9466-75, TOCT 9467-75
E 43 0-b20

20.985 — HUAT-3M - 5,0 — JIJI2ZT'OCT 9466-75, 'OCT 9467-75
E-13I'' XM -0 - B20

21.250A — I1Y-5 - 3,0 - VII2I'OCT 9466-75, TOCT 9467-75
E 513 (0)— 520

22.260 - BCII-60 - 4,0 - JIC3T'OCT 9466-75, TOCT 9467-75
E-11I'HM -3-1114

23.250A - YOHU-13/55 - 3,0 - YIIT'OCT 9466-75, TOCT 9467-75
E 51 7-b20

24.285-YOHU-13/85-4,0-JIA1T'OCT 9466-75, TOCT 9467-75
E-12I"2CM - 0 - B20

25.950A — O3C-18 - 3,0 - VJI2I'OCT 9466-75, TOCT 9467-75
E 51 0-520

26.285 - HUAT-3M - 4,0 - JIA3T'OCT 9466-75, TOCT 9467-75
E-13I'' XM -0 - 20

27.950 — BCLI-4A - 3,0 - YC2I'OCT 9466-75, TOCT 9467-75
E510(3)-1114

28.285 - YOHU-13/85 - 5,0 - JIA3T'OCT 9466-75, TOCT 9467-75
E-13I2CM -0 - B20

29.255 - VOHU-13/55V - 3,0 - VJI2T'OCT 9466-75, TOCT 9467- 75
E 513 -b26

30.285 - YOHU-13/85 - 4,0 - JA3T'OCT 9466-75, TOCT 9467-75
E-1312CM -0 - B20
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31.260 - YOHU-13/65 - 3,0 - YJI2T'OCT 9466-75, TOCT 9467-75
E 513 -Db20

KoHTpoJibHBbIE BONPOCHI:

1. Kakoii MOKyMEHT OmpeneiseT CTPYKTYPHYIO CXEMYy YCJIOBHOTO OO0O3HAYCHUS
AIEKTPOAOB?

2. CKOJIBKO MYHKTOB B CTPYKTYpPHOI cxeme?

3. Kak ycranaBnuBaeTtcs TUII 3JeKTpojia?

4. Kaxoit OykBoil 0003HaUaeTCs THII AIEKTpoaa?

5. Kakumu OykBaMu B CTPYKTYpHOU cxeMe 0003HAUY€HbI AIEKTPOJbI UCXOAS U3 UX
Ha3HA4YEHHUs?

6. Jlms yero nmpeaHa3zHadeHBI AJICKTPOIbI, 0003HaYeHHBIE OYKBOM "V"?

7. Kaxkoit 0ykBoil 0003HaUE€HBI FIEKTPOIbI 1711 HAILIaBKU?

8. Ompenenute ToNmUHy NOKpbITUA, ecau d = 3,0, D = 5?

9. Kak onpenenuTsh BETUYHHY TOKPBITHS?

10.Yemy paBHo oTHomeHne D/d y TOACTOMOKPHITHIX 3JIEKTPOIOB?

11.Kak o603HauaeTcst NOKpeITHE, Y KoToporo D/d > 1,87

12.Ha3zoBuTte nokpsitue, y kotoporo D/d < 1,2.

13.Kakue XMMHUUECKHE IEMEHThI perilaMeHTHPYET rpyIia KauecTBa B OKPBITUU?

14.Ha3zoBuTe rpynmny KauecTBa y CaMbIX KaUe€CTBEHHBIX 3JIEKTPOIOB.

15.Yto xapakrtepusyer rpynna uudp, oO003HaueHHas LUPPoOH / B CTPYKTYpHOH
cxeme?

16.Ha3zoBuTte Tumsl nokpeituii? Kak onn o603Hauarotcs?

17.Kak 0003HauarOTCs CMEIICHHBIE MOKPBITUS?

18.Ecnu B coctaB mokphITHs BXoauT 6omee 20 % xene3a, Kak OHO 0003HavyaeTcs?
19.Kak o06o3HayaroTcs 3JIEKTPOIbI JiS CBAapKU B JIIOOOM TPOCTPAHCTBEHHOM
MOJIOKEHHUH?

IIpakTnueckas padora Ne4

Tema: CamoCTOATENBPHOE H3y4YEHHME M KOHCIIEKTUpOBaHHWE Marepuana 'dyHKuun
HNOKPBITUH IEKTPOAOB"

Hean padorsl: [IproOpecTy mNpakTUYECKUME HABBIKA MPU HM3YYEHUM MaTepuaia
"@OyHKIUU TOKPBITUH AIEKTPOAOB"

X0 BbINOJIHEHUS PA0OTHI:
1. O3HakoOMJIEHHE C TEOPETUYECKUMU CBEICHUSIMU
2. W3yuuthb u 3aKOHCTIEKTUPOBATH "DYyHKIMH MOKPHITHI 3JIEKTPOIOB"
3. OTBeTuTh HA KOHTPOJIHHBIE BOTIPOCHI.

Teoperuyeckue cBeIeHUA
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Kunaccudguxanusi HOKpPbITHH 3J1€KTPOI0B

B kayecTBe cBapOYHBIX MATEPHUANIOB ISl AIEKTPOAYTOBOM CBAPKHU MPUMEHSIOTCS
IITYYHBIE AIEKTPOABL, CBAPOUYHAS U MOPOIIKOBASI IPOBOJIOK

DNEeKTpOoAbl ISl IyTOBOM CBAPKH OBIBAIOT JIBYX OCHOBHBIX THUIIOB: HIAGAUUECA U
Hennagawuecs.

JIIist pydHOM JyroBOM CBapKu CTaj€d IUPOKO MNPUMEHSIOTCS MIaA8Auiuecs
MemanauyecKue 31eKmpoosbl B BUJEC CTEpKHEN NIMHOM 10 450 MM W3 CBApOYHOU
MIPOBOJIOKU C HAHECEHHBIM Ha HUX CJI0eM NMOKpbITUs 4.OnuH U3 KOHIIOB 3JiekTpoja 1 Ha
nHe 20...30 MM 0CcBOOOXEH OT MOKPBITHS JIA 3aKaTHUSl €T0 B DJIEKTPOJIOAEpKaTee
C TIEJIbI0 00ECTICUEHUS IIEKTPUIECKOTO KOHTAKTA.

t € (1420) mm

k = 40-50 mm
. - L
e

Puc. IThasawuiica snekmpoo:1- cmepowcens, 2 - yuacmok nepexooa, 3- mapka
anekmpooa, 4 - noxpvimue.

CrepKHM  DJIEKTPOAOB  JUISI  CBAapKUM  CTAJIM  W3TOTABIMBAKOTCA U3
HU3KOYTJIEPOAUCTONW,  JIETUPOBAHHOM  WJIM  BBICOKOJIETMPOBAHHOM  CBAPOYHOM
npoBosioku. CTaHIapTOM MpeaycMaTpuBaeTcss 77 MAapoOK CTAIbHOM MPOBOJIOKH,
UIyIIEeH HAa U3TOTOBJIEHUE MITYYHBIX AIEKTPOAOB AuameTpom ot 1,6 10 6 mm.

[TokpblTHE  CBapOYHBIX  3JEKTPOAOB  MpEICTaBIsIeT  COOOM  cMech
MOPOIIKOOOPAa3HbIX MAaTE€pUAIOB, HAHECEHHBIX Ha MeTaIM4eckuil crepxeHb. OHO
BBIMIOJIHSIET MHOXECTBO (DYHKILMM, KOTOpbIE HaIpaBi€Hbl Ha JOCTH)KEHHE JIBYX
OCHOBHBIX LIEJIEH, MpeclielyeMbIX B IMpPOLIECCE CBAPKU - 0OecrnevyeHHe CTaOMIIBHOCTH
rOpEeHus AyTy U NpHUIaHUe METAJUTYy CBAPHOTO IIBa HEOOXOIMMBIX CBOWCTB.

[TokppiTHE CBApOYHBIX BJIEKTPOJIOB OKAa3bIBAET MHOKECTBEHHOE JEHCTBUE:
oOpazyeT arMoc(epy 3alMIIAIONIYI0 METANI OT KUCIOpOAa U a30Ta, HAXOJAIIUXCS B
BO3/lyXe, CTa0WIM3UPYeT TOpEHUE Jyrd, yHajlseT BpeaHble MpPUMECH U3
pacCIUIaBIEHHOTO METAJLIA, JIETUPYET €r0 C LENbI0 YIyYIIEHUs CBOKCTB.
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Puc. Ilokpvimue jnexkmpooa 6 OoOeiicmeuu:l - Oyea, 2 - s1ekmpoo, 3 -
ceapusaemviti Memanii, 4 - ceapounas 6amHa, S - KANIU PACniasieHHo20 21eKkmpooa, 6 -
nokpeimue, [ - 2azogoe obaaxo, 8 - wnakosas eamnna, 9 - ceapounwvi wos, 10 -
ULIAK08ASl KOPKA.

JInst cBapKH LIBETHBIX METAJIJIOB M UX CIIJIAaBOB
HapsIy ¢ HEIUIABAIIUMUCS TIPUMCHSIOT TIIABSIIIHECS
AJEKTPOJbl M3 COOTBETCTBYIOIIMX METAUIOB U
CIUIaBOB - QJIOMUHUS, MEIW, HHKeNs, OpOH3HI,
JATyHU U T.I1.

Puc. Ceapounwvie 31exkmpooni

Bce MOKPLITUA NOJIZKHBI YAOBJIETBOPSATDL CJICIYIOIUM TpCﬁOBaHI/IﬂMZ

/
0‘0
/

0‘0

o0ecreynBaTh CTaOUIBLHOE TOPEHUE TYTH;

(¢u3nueckue CBOMCTBA HUIAKOB, OOpa3ylolIUMXCS TMpU  IUIaBJICHUH
AJIEKTPOJIOB, JOJDKHBI 00ecreuynBaTh HOpMaJbHOE (POPMUPOBAHUE IlIBA U
y100HOE MaHUITYIMPOBAHUE IJIEKTPOIOM;

HE JOJDKHBI ITPOXOJNTH PEAKIMHU MEXy LIJIaKaMH, ra3aMd U METalIoM,
CIIOCOOHBIE BBI3BaTh 00pa30BaHKE MIOP B CBAPHBIX IIBAX;

Marepuaibl MOKPBITHS JTOJDKHBI XOPOIIO M3MEIbYaThCs U HE BCTYNATh B
pPEaKiuIo C JKUIAKAM CTEKJIOM MM MEXAy coOOM MNpH H3TOTOBIEHUU
MOKPBITHS;

JIOJDKHBI ~ oOecrnieuMBaTh  IMOJy4YEHHWE  MeTayla IiBa  TpeOyembIx
XUMHYECKOI0 COCTaBa U CBOMCTB,;

o0OecreuynBaTh PAaBHOMEPHOE PACIUIABICHHUE BJEKTPOJHOTO CTEPXKHS H
MOKPBITHS;

o0OecreynBaTh BBICOKYIO MPOM3BOAUTENIBHOCTh MPU HEOONBIIMX MOTEPSX
AJIIEKTPOHOTO MaTepHalia Ha yrap u pa3OopbI3ruBaHuUE;
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¢ COCTaB TMOKPBITMM JOJDKEH oOecreunBaTh I[PUEMIIEMBIE CAHUTAPHO-
TUTMEHUYECKUE YCIOBUSA TpyJda IIPU WM3LOTOBJICHUU DIIEKTPOJOB U B
IIPOLIECCE UX CTOPaHus;

¢ LUIaKW, 0OpasyroUIuecs MpH IJIaBICHUHU HMOKPBHITHS JOJDKHBI ObITh HUMETh
IJIOTHOCTh MEHBIIYIO, Y€M IUIOTHOCTh METalla CBAPOYHOM BAaHHBI, 4YTO
00ecCneunT ero BCIUIBIBAHUE U3 CBAPOYHON BaHHBI;

% [IJJAK JOJDKEH MOKPBIBATh CBApPHOW IIOB IO BCEW NMOBEPXHOCTH POBHBIM
CJIOEM;

%* [IJIAK JTOJDKEH JIETKO OTHAEIATHCS OT CBAPHOTO LIBA.

DYyHKIUN NOKPBITUI 3JIEKTPOIOB:

Kucinoe nokpoiTHe - 0003Hauaercs OyKBOM AU CBUIETEILCTBYET, YTO B COCTaB
ATUX TIOKPBHITUA HMEETCS] 3HAYUTEIbHOE KOJMYECTBO MATEpUaJOB  PYIHOTO
POUCXOKICHUS

Mapxku  3nekmpooos. AHO-2, CM-5, IIM-7/, coxepxamue KHUCIbIE
KOMITIOHEHTBL: OKCUObL Jicenie3a, Mapanuyeeyio pyoy, KpeMHe3em, MUmAaHO8blil
KOHyenmpam, OO0CCIICUUBAIOIINE ULIAKO8YI0 3awumy W OOJbIIOE KOJIHMYECTBO
¢eppomapzanya, HEOOXOAUMOTO I PACKUCIEHUs MeTalla IIBa W YBEIUYCHUS
MIPOU3BOJAUTEIILHOCTH 3a CUET Jce1e3d, NEPEXOIAIIETr0 U3 MOKPBITHA B METAJLI 11IBA.

CBapky »BIeKTpoJaMHd C OSTUM BHJOM TOKPBITHS MOXHO HPOU3BOJUTH Ha
NEepeMeHHOM U  HOCMOAHHOM  MOKAX 000U  ROAAPDHOCMU 60  6Cex
HPOCMPAHCMEEHHBIX NONO0MCEeHUAX. B mporecce CBapKd 3THUMHU  DJIEKTPOJaMH
CBapouHas BaHHA OYpPHO KHIHT BCIEJCTBUE AaKTUBHOTO PACKUCIEHUS MeTalia
CBAapPOYHOW BaHHBI YIJIEPOAOM, I[O3TOMY I[IPU CBapKe JUIMHOM Jyrou U Ha
(bopcUpPOBAaHHBIX PEKUMAX M0 OKAITMHE WIHM PrKaBUMHE TOJIYHYArOTCS TUIOTHBIE MBI 0€3
op.

IIpeumyuiecrna:

XOpoIiasi CTa0UILHOCTh TOPEHUSI IyTH MPU CBAPKE MEPEMEHHBIM TOKOM,
MOKHO MPOU3BOJIUTH CBAPKY IO PAKABBIM U OKUCJIEHHBIM MOBEPXHOCTSM,
JIETKOE 3KUTAHUE TyTH,

BBICOKYIO POU3BOJAUTEIBLHOCTH MTPOIIECCA CBAPKHU.

YV VVY

HenocraTkaMu KMCIIBIX HOKpBITI/IfI QJICKTPOAOB ABJIAIOTCA:
» CKJIOHHOCTH METaJja IBa K O6paSOBaHI/I}O KPpUCTANIM3AlITMOHHBIX TPCIIWH;

» TIOBBIIIEHHOE pa3OphI3TMBAHUE METAIIA;
» 3HAYUTEIIBPHOC BBIJICIICHHE B MPOIECCE CBApPKH BPEIHBIX MapraHIEBBIX
COCIMHECHUM;

» Ooubllas CKJIOHHOCTh METaJlIa K MCXaHNYCCKOMY CTApPCHUIO,

» CKIIOHHOCTh IIBa K OOpa3oBaHWiO Top (M3-3a OOJBIIOTO COAEp)KAHUS
Maprasia) .
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BHCKTpOI[BI C KHCJIBIM IIOKPBITUEM Rnpumeéensawom JI1 CBAapKu KOHCTpYKHI/Iﬁ H3
HHU3KOYTJICPOAUCTBIX crajen B CTPOUTCIILCTBE W MAIIMHOCTPOCHHMHU B 3aBOJACKHX U
MOHTAXHBIX YCJIOBUAX.

OcHoBHOe MOKpbITHE - oOo03HayaeTcs OykBOMb. DTO MOKPBITHE COJIEPHKUT:
kapoonam xanvyus CaCQOss, kapoonam macnus, niaasuxoswvil wnam CalF2, mpamop,
Men — 00eCTIeUMBAIOIINE ULIAKOBYI0 3AIUTY; heppocniaébl 1 HEKOTOPOE KOJIMYECTBO
KpemHezema.

Mapku anekmpooos. Y OHU-13/45, YOHU-13/55,03C-2.

DIEKTPOJIbI C MOKPHITUEM ITOTO BHJAA MPUMEHSIOTCS JJISI CBAPKH IIIBOB BO BCEX
MIPOCTPAHCTBEHHBIX MOJOKEHUSAX C MOJTYUYCHHEM CBAPHBIX COCAWHEHUW MOBBIIICHHOU
POYHOCTH U MJIACTUYHOCTH.

Jns  cBapKM MCHOJIB3YIOT B OCHOBHOM MOCHIOAHHBLIL MOK 00pAmMHOU
noaapuocmu. YToOB MCHONB30BATh JJEKTPOALI ATOTO BHJA IS CBapKH Ha
IePEMEHHOM TOKE, B TOKPBITHE BBOJAT MaTepHalbl, COJEpXKaIue JETKO
MOHU3UPYIOIINE JIEMEHTBL: KalUegoe HCUOKOe CMeKi10, Nomaul, KaaibUUHUPOBAHHYIO
co0y u op.

Ipeumyiecrsa:

» Merann mBa, HarIaBICHHBIA SJIEKTPOJAMU C OCHOBHBIM MOKPBITHEM,
o0JazaeT MHHMMAIBHBIM COJIEp)KaHMEM KHUCJIOpoJa M a30Ta, Majo
HACBIIIAETCSI BOJOPOJIOM,

» MuHUMaIRHO 3arps3HEH HEMETAULTHYCCKUMU BKIFOUCHUSIMH W BPETHBIMH
npuMecsiMu cepbl U hocdopa,

» OOGnanmaer xopouen CTOMKOCTBIO MIPOTUB oOpa3zoBaHUs
KPUCTAJUTM3AI[MOHHBIX TPEIIMH M CTapeHUs, BBICOKUMH ITOKa3aTelIIMU
yIlapHOW BSI3KOCTH KaK TPH TOJOXHUTEIBHBIX, TaK M TMPU OTPUIIATEIBHBIX
TeMIiepaTypax.

[ToaTroMy 53TH 3NEKTPOABl npedHasnauaiomca JUisl CBAPKU KOHCTPYKIUH,
TPyOOIIPOBOJOB, COCYAOB W3 YIJIEPOAUCTBIX W KOHCTPYKLUMOHHBIX CTaleH, KECTKUX
KOHCTPYKITUH W3 JIUTBIX YTJIACPOIUCTHIX M HU3KOJIETHPOBAHHBIX BBICOKOIIPOYHBIX M
BBICOKOJIETUPOBAHHBIX CTAJICH U CIUIABOB B 3aBOJICKUX M MOHTQ)KHBIX yCIIOBHSIX.

HenocraTkaMu OCHOBHOTO TIOKPBITHS SIBIISICTCS:

» HHU3Kasd CTaOWJIBHOCTh TOpPEHHUs IyTH: OoOpa3oBaHWE OOJIBIIOTO YHCIIA
OTPUIIATEIBHBIX MOHOB ()TOpa TPH ITUIABICHWM IOKPBHITHS TMPUBOJHUT K
YMEHBIIICHUIO  MPOBOJIMMOCTH  JYTOBOTO  paspsla MW CHIDKCHHIO
YCTOMYMBOTO TOPEHHSI JYT'H, TOITOMY CBapka BO3MOXKHAa TOJIBKO Ha
MMOCTOSTHHOM TOKE 0OpaTHOM MOJISIPHOCTH,

> TIOBBIIICHHAS CKJIOHHOCTh K OOpa30BaHHMIO IMOp B IBaX IIPU CBapKe
VUIMHEHHOW Jyrou, mpu OONBIIMX 3a30pax, MPU HAJIWMYUU OKAJIWHBI U
KOPPO3UHM Ha TIOBEPXHOCTH CBAapUBAEMOTO MeETallja, MpPU YBIAKHEHUU
MTOKPBITUS
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Le/mnon03H0e mnokpbiTHe - obOo3Hauaercss OykBou II. OHO comepxut
npeumyiecTBeHHO (10 40 %) maTepualbl OpraHMuecKoro NpOUCXoXaeHus (Kpaxmai, ,
OKCUUENTI0103), OPeBecHyl0 MYKY), KOTOpbIE, pa3jiarasich Moja JEHCTBUEM TEIJIOThI
IyTd, O00ecneurBalOT HMHTCHCUBHYIO 2d308Vi0 3aujumy pacijlaBJIeHHOro MeTaia.
LlInaxoobpazyrowum B JaHHOM TIOKPBITUU CITY>KUT MIUMAHOGBLIL KOHUEHMPAant, pymu,i
TiO, packuciumenem— peppomapzaney.

Mapxu 3nexkmpoooe: BIIC-1, BLIC-2, BLIC-4, O311-1-1

[Ipyu cBapke Ha TOpLE DJEKTpOAAa IMOSABISAETCS KOHYCHas BTYyJKa W3
HEPACILIABAIIETOCS TOKPBITUS, YTO CIOCOOCTBYET OOpa30BaHHIO HAMpPaBICHHOTO
MOTOKA Ta30B, KOTOPBIA OOECeunBaeT OTTECHEHHE >KMJKOTO METajula M3-M0JA AYTH U
oOecnieunBaeT 0Oojee TIIIyOOKOE MPOIUIABIEHUE OCHOBHOTO MeETaia, Xopollas
CTaOUIIBHOCTh TOPEHUS TYTU IPU UCIIOIB30BAaHUU IEPEMEHHOTO U IOCTOSTHHOTO TOKA.

Onu 00pa3yroT HEOOIBIIOE KOJUYECTBO ILJIAKA, YTO MO3BOJSET MPUMEHSATh MX
JUIsL CBapKu IIIBOB 60 6CeX NPOCMPAHCHIEEHHBIX HNON0NCEHUA NEPEMEHHOM U
NOCMOAHHOM MOKAX 7110001 NOJAPHOCIU.

[To MexaHMYECKUM CBOMCTBAM COOTBETCTBYIOT JIEKTpoAaM Tuma I3-42.

HenocraTkaMu 3JIEKTPOJIOB C LEIUTIOJIO3HBIM MMOKPBITHEM SIBIISIFOTCSI:
> TOBBIIIEHHAs CKJIOHHOCTh MeETajula IIBa K XOJOJHBIM TpEIIMHAM
(HaBOJOPOKMBAHKWE METaIa) U K TOPSAYUM TpPEUIMHAM TPU MOBBIIICHHOM
COJIepKaHUU YIIIEpo/ia U CEpHl,
» 3HAYMTEIbHOE Pa30pBI3TUBAHNE METAIIA,
» Ooublasi 9YyBCTBUTEIBHOCTh TMOKPBITUS K TEPETPEBY MPHU MPOCYIIKE H
IPOKAJIKE AJIEKTPOJIOB (BHITOPAHUE OPTaHUUYECKUX COCTABIISIOIINX )

Ilpumensirom [ CBapKu  TPyOONMpPOBOAOB M KOHCTPYKIHMH U3
HU3KOYIJIEPOAUCTBIX CTaj€d, B TOM UHCJIE KOPHEBBIX IIBOB HEMOBOPOTHBIX
MarucTpajbHbIX TPYOONPOBOJAOB METOJOM ONHUPAHUS CBEPXY BHU3 C BBICOKOM
CKOPOCTBIO, JTOCTHUTAIONICH 25 M/4 M3 HHU3KOJETHMPOBAHHBIX CTajeii B MOHTAXKHBIX
ycnoBusiX. [IpuMenstoTCs 11 CBapKu AeTalie Majol TOIIIUHBI.

Pyruinosoe nokpsiTue - 0603Havaercs Oyksou P.

Mapku snexkmpooos. AHO-3, AHO-4, AHO-6, MP-3, MP-4, O311-3,0311-
4,0311-6,

DTO MOKPBITHE COAECPKUT MUHEpabl: pymun TiQ,, pymunoevlii Konyenmpam,
MycKoeum, mazHe3um, 00ECIICUNBAIOIINE YCMOUYUBOCMb 20peHUs Oy2U, NINIAKOBYIO
3alUTY, a 32 CUET JIUCCOIUAIIMN HEKOTOPBIX DJIEMEHTOB YaCTUYHYIO Ta30BYIO 3aIUTY.
Packucnenue u neeuposanue nocturaercs HAIWUHAEM ¢heppomapzanuya, a 2a3o8as
3auuma — Yeanra030u.
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CBapKy QJICKTPOAaMH C OTHM BHJAOM IIOKPBITHA MOXHO IIPOHM3BOJHUTL Ha
nepemMennom u nocmoAaAHHOM mokKax 0001 noaapuocmu 60 ecex
npoOCMPAHCHIBEHHBIX NOIONHCCHUAX.

I[Ipenmymecrsa:

» He CKIIOHHBI K 00pa30BaHHIO MOP B METAJUIC [IBA TIPH KOPPO3HH U OKATIMHE
HA CBApUBAEMbIX KPOMKAX, PH Y JIMHEHUH TYTH.
HAUMEHEE BPEJIHBI JJIs1 CBAPIIUKOB,
00J1aJ1at0T XOPOIIIMMHU CBAPOYHO-TEXHOJOTUUECKUMH CBOMCTBAMM:
Xopouiasi CTaOMIBHOCTh TOPEHUs AYTM MNpPH CBapKe Ha MEPEMEHHOM H
MMOCTOSIHHOM TOKE,
HU3Kas pa30pbI3ruBacMOCTh METAJLIA,
JIETKasi OTJIENAEMOCTb IIJIAKOBOUM KOPKH,
xopoiiee (HOpMUPOBAHKE IIBOB BO BCEX MPOCTPAHCTBEHHBIX MOJOKEHUSX,
JIETKOE 3a)KUT'aHUE IyTH.
HenpocrarkaMu 3J1EKTPOJOB € PYTHUIIOBBIM IIOKPBITUEM SIBJISIFOTCS:

» CKJIIOHHOCTh K TIOSIBJICHUIO TIOp INPH CBAapKe Ha MOBBIIIEHHBIX PEXKHMAX

TOKa, IIPU CBapKE YIVIOBBIX IIIBOB TABPOBBIX COCIUHEHUN C 3a30paMHU.
» MeTajula IIBOB XapaKTepU3yeTCs HU3KOH JUTMTEILHON MIIaCTHYHOCTHIO.

VVV VYV

Ilpumenawomca 11 CBapKuM KOHCTPYKIMM W3  HU3KOYIVIEPOAUCTOM U
HU3KOJIETUPOBAHHOM CTAJIEW C BPEMEHHBIM CONPOTUBIIEHHEM pa3pbiBy 10 490 MIla B
CTPOUTENLCTBE U MamMHOCTpoeHUU. [Ipoune nmokpuiTus - 0603HavaroTcst OykBoiull.

CMmenieHHble TOKPbITHS. K HUM OTHOCAT 3JIEKTPOABI C KHCIO-LEJUIFOJI03HBIM
(ALL), pyrunoBo-ocHoBHBIM (PB), xucno-pytmioBeiM (AP), pyTHIOBO-IIEIUTIOIO3HBIM
(PIl) w nppyruMu BUAaMU MOKpBITHIA.K s1ekTpomaM ¢ Kucio-uennrono3nvim
ROKpbImuem TPUIUCIAIOT MEKTPo bl Mapku OMA-2, npegHa3zHaueHHbIE JJI1 CBAPKU
TOHKOJIMCTOBBIX ~ KOHCTPYKIMKA  (TommmuHOM 1...3 MM) ©3  YIJIEpOAUCTBIX
HU3KOJETUPOBAHHBIX CTAJIE MOCTOSAHHBIM M NEpPEMEHHbIM TOKOM. K anekTpomam ¢
KUCTI0-DYMUN08bIM  (UTIbMEHUMOBbIM) NOKPbIMUEM OTHOCSAT JJIEKTPOABbl MAapOK
OMM-5, AHO-6, AHO-6M, AHO-17 u ap. OHu copep>kaT B MOKPHITUE WUIbMEHUT
(FeO-Ti0;) u npenHa3HauyeHbl ISl CBAPKU KOHCTPYKUMU U3 YTIEPOAUCTHIX CTajeil BO
BCEX MPOCTPAHCTBEHHBIX MOJOKEHUSIX TOCTOSTHHBIM U TTEPEMEHHBIM TOKOM. DJIEKTPOIbI
C PYMu1080-0CHOEHBIMIIOKPBITUEM NpPEIHA3HAUYEHBI JJI1 CBAPKH OOOPYIOBAaHUS U3
YIJIEPOAUCTBIX U HU3KOJIETHPOBAHHBIX CTAJIE C BPEMEHHBIM COINPOTUBIEHHEM 10 490
MIlIa, xorma npeabsSBIsSIOTCS MOBBIIICHHBIE TPEOOBaHUS K TJIACTUYHOCTH W yAapHOU
BA3KOCTH MeTauia cBapHbeIX WBOB. K HUM oTHOCATCA 3nmekTpoasl mapok MP-3, AHO-
30, O3C-28 u np.

Kpome yka3zaHHBIX BHJIOB TMOKPBITHM HMEIOTCS CHEYUAIbHbIE  JIEKHIPOOHbBLE
nOKpblmus.2uopoghoousvle, NJisl CBAPKU U HAILJIABKM I[BETHBIX METAJIJIOB, & TAKXKE MX
CILJIAaBOB H JIp.

T'uopogpoorvle MOKPHITUS TIPETHASHAYCHBI JIJIS1 BHIIOJHEHHS CBAPOYHBIX PabOT B
0Cc000 BJIAKHBIX YCIIOBHSIX: TIPU MOBBIIIICHHON BJIAXXHOCTH BO3/yXa, O] BOJAOW U T. 1. B
Hux nobammstor A0 10 % cmenuanbHbIX THAPOGOOHBIX TMOJMMEPOB, KOTOpPHIE B
mporecce MOJUMEpU3alliy  3alloHSAIOT TOPbl MEXKAY YacTHIAMU TMOKPBITHS U
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NEPEKPHIBAIOT MYTH NPOHUKHOBEHUS BJaru B €ro BHyTpeHHHE ciou. s cBapku
JeKauuM WM HAKJIOHHBIM AJIEKTPOJOM HCIOJB3YIOT CIEHHAIbHBIE 3JIEKTPOIbI MAPOK
H2-1, HI-5, O3C-17H u ap. B stoM ciyyae 4acTo NPUMEHSIOT YJJIMHEHHBIC
KOHCTPYKIIMU 3JIEKTPOJIOB 10 2 M,0uamempom 10 8 MM C TOKpPBITHEM OOJIBIION
TONUHBI. KOHKpPETHBI COCTAaB MOKPBITUS W CTEPKHS ONpENEsieT Mapka JaHHOTO
anekTpoja. Ee o0o3HaueHue 4YacTo COAEPXKUT HadalbHbIe OYKBBI OpraHM3allud, B
KOTOpOii OB pa3paboTaH 3JIEKTPO/I, U MOPAIKOBBIN HOMED pa3pabOTKH.

KOHTpOJIBHLIe BOIIPOCLI:

JaiiTe onpeneneHne MIaBsIIerocs MEKTPoIa.

HaszoBuTte 0CHOBHBIE YaCTH IIIABAIIETOCA DIEKTPOIA.
Ha kakyro 4acTh MOBEPXHOCTH CTEPKHSI HAHOCST MOKPBITHE?

JI71s1 4ero HaHOCAT MOKPBITUE HA CTEPKEHb JIEKTpo1a?

Ha3oBuTe cocTaBisomMe 3JIEKTPOIHOTO MTOKPBITHS.

Kakue xumudeckue neMeHTsl 00€CTeunBalOT CTAOUIILHOE TOPEHHE TyTH?
B kakux matepuanax npucyrctBytoT K, Na, Ca?

JI71s1 yero npeaHa3HavueHbI IJIAKO00Pa3yIoe KOMIIOHEHTHI?

Kak muiakooOpa3yromuye KOMIOHEHTHI 3alllAIIAI0T 3JIEKTPOJAHBIA METal |

ITOBEPXHOCTh METAJIJIA 111Ba?

10.Kakune MaTepuaibl OTHOCATCS K IIJIaKooOpasyromum?

11.Ha3oBuTe TemnepaTrypy IUIaBJICHHS MIJIaKa.

12.Kakum o0Opa3oMm Ta3000pa3yione KOMIIOHEHTBHl OO0ECIeUUBAIOT  3aIIUTy
CBapOYHON BaHHBI?

13.Ilouemy XuUMHYECKHE D3JIEMEHTHI, BXOJSIIME B COCTaB MOKPBITHS YIAJISIOT
KHCJIOPOJI U3 CBAPOYHOM BaHHBI?

14.Kakue BelecTBa BBOAAT B MOKPBITUS JIs1 pACKUCIEHUS] CBAPOYHOM BaHHBI?

15.]1n151 4ero B cOCTaB MOKPBITUSL BBOISAT JIETUPYIOIIKE HJIEMEHTHI?

16.3a4em B cOCTaB MOKPHITHS TO0ABISIOT KUIKOE YUCIIO?

17.Kak Ha3pIBalOTCS KOMIIOHEHTHI, yJydliaromye (HOpMHUPOBAHHE TMOKPHITHS Ha
3JIEKTPOTHOM CTEpIKHE?

18.Ha3oBuTe Marepuanbl, BXOISIIME B TOKPHITHE OJHOBPEMEHHO BBITIOIHSIONINE
HECKOJIbKO (DYHKITUH.

19.Kakne ¢GyHKIUU TPH CBApKe BBHIMONHSIOT (DeppoCIuIaBbl, BXOASAIIME B COCTaB
MTOKPBITUSA?

20.Kakue TpeboBaHMs NPEABABISAIOT K JIEKTPOAHBIM MOKPBITUSIM?

21.Kakue KOMIOHEHTBI KHCIIOTO MOKPBITHS 00€CreurBarOT PACKHUCIEHUE MeTasia
[IBA ¥ Ta30BYIO 3aIUTY?

22.Ha30BHTE OCHOBHOE JIOCTOMHCTBO KHUCJIBIX ITOKPBITHH.

23.HazoBuTe HEIOCTATKHA KUCIBIX MTOKPHITHH.

24.Yem oOecnieunBaeTcs ra3oBasi 3allUTa IPU CBapKe OCHOBHBIM MOKPBITHEM?

25.J1aiiTe XapaKTepUCTUKY HAIUIABIIEHHOTO METajlla IPH UCIIOJIb30BAHUU OCHOBHOTO
MOKPBITHSL.

26. /17151 KaKMX KOHCTPYKIMI NpeIHa3HAYeHbI JIEKTPOIbl C OCHOBHBIM MOKPBITHEM?

27.Kakue Matepualbl BXOIAT B COCTaB LEJTIOI03HOTO MOKPBITHS?

CoNo GO~ WNE
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28.Kakyto 3amurty o0ecreynBaoT MaTepraibl OpPraHnyeCcKoOro MPOUCXOKIACHUS?

29./17151 yero B IEJUIFOJI03HOE TTOKPBHITHE BBEJICH TUTAHOBBIN KOHLIEHTPAT (PyTHIT)?

30.Ha3oBuTE OCHOBHBIE KOMIIOHEHTHI PYTHJIOBOT'O MTOKPBITHUSI.

31.Kakyro 3ammuTy o6ecrieunBaeT MaruHe3uT?

32.Kakue Mmarepuayibl 00ECHEUYMBAIOT PACKUCICHUE U JITUPOBAaHHE MeETajlla IIBa
P UCTIOJIb30BAHUM PYTHIIOBOTO MOKPBITUSA?

33.Kak o603Hauar0TCA MPOYNEIOKPHITHS?

34.Kakue cMmelieHHbIe TOKPHITHS BbI 3HaeTe?

35. 1511 yero npeAHa3HauYEHbI TUAPOPOOHBIC TOKPHITHUS?

36.Kak "Bemyt" cebst ruapodoOHbIe MoMUMepsl BO BpeMs CBapKHU MPH MOBBIILICHHON
BJI&JKHOCTHU BO3/yxa?

IIpakTnueckass padora NeS, Ne6, Ne7

Tema: CocraBiieHne HHCTPYKIMOHHO - TEXHOJIOTMYECKOW KapThl «CBapKa IUIACTHH W3
HU3KOYTJIEPOAUCTON CTAIA B HUKHEM I10JI0KEHUN

CocraBieHue WHCTPYKIIMOHHO - TEXHOJOTMYeCKOW KapTbl «CBapka Jeraneil wus3
HU3KOJICTUPOBAHHOM CTajdd YIJOBBIM OJHOIPOXOAHBIM IIBOM B BEPTHUKAJIBHOM
TIOJIOXKEHUW

CocraBineHue HHCTPYKIIMOHHO - TEXHOJOTMYECKOM KapTel «CBapka JaeTanen wu3
HUA3KOJIETUPOBAHHOM CTAJIA YIJIOBBIM OJHOIPOXOAHBIM IIBOM B TOPU30HTAIBHOM
ITOJIOKCHUN

Heanb padoTsl: [Ipuobpect mpakTUUECKHUE HABBIKU ITPU COCTABICHUHN MHCTPYKIIMOHHO
- TEXHOJIOTUYECKUX KapT

Xo/ BbINOJHEHUs] padoThI:

1. O3HakoMJIEHHE C TEOPETUUECKUMHU CBEICHUSIMU

2. CocraBieHHe UHCTPYKIMOHHO - TE€XHOJIOTMYECKON KapThl «CBapka IJIaCTHH U3
HU3KOYTJIEPOAUCTON CTaau B HIDKHEM IMOJIOKEHUW» (coenacHo eapuanmam
3a0anuil)

3. CocraBieHle WHCTPYKLHOHHO - TEXHOJOTrM4yecko KapThl «CBapka jaeraneil u3
HU3KOJIETUPOBAHHOW CTaJId YIJIOBBIM OJHOINPOXOJHBIM IIBOM B BE€PTHUKAJIBLHOM
TIOJIOXKEHUH (CO2NACHO 8apUaHmMam 3a0anui)

4. CocraBineHue MHCTPYKIMOHHO - TEXHOJIOTMYECKOW KapThl «CBapka aetanei u3
HU3KOJIETUPOBAHHOM CTaJIM YTJIOBBIM OJIHOIPOXOJHBIM IIIBOM B TOPU30HTAIIBHOM
MOJIOKEHUH (COTJIaCHO BapHaHTaM 3aJaHui)

Teopernuyeckue cBeeHUA

CBapka — CIIOKHBIM TPOIIECC, BBIMOJHEHUE KOTOPOrO JOJDKHO MPOU3BOJUTCS
B CTPOT'OM IOCIIEIOBATEIBHOCTBIO ONPENCIICHHBIX JCHUCTBUS, KOTOPBIE CBS3aHbl C
MMOJArOTOBKOM METaJlIa, BBIIIOJHEHUEM CBApPHOTO COCAWHEHUS U IOCIEIYIOIUM
KOHTposeM. CBapHOW IIOB, €CIM HE YIEIUTh €My JOJDKHOIO BHUMAHUS, SIBISIETCA
YSI3BUMBIM MECTOM B JIF0O0H CBApHOW KOHCTPYKITUU.
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[IpuuriHOW 3TOMY MOXKET MOCTY>KUTh HENOCTAaTKU B pa3pabOTKe TEXHOJIOTUU
CBapKHU WJIM BOOOIIE €€ OTCYTCTBUE, HEAOCTATOYHBIA KOHTPOJb, HEYIAauHbIA BHIOOD
CBapoyHOro oOopynoBaHusi U MaTepuanoB. Kak pesynbrar — 0OO0JbIIOE KOJIMYECTBO
Opaka U yOBITKHM, TIOHECEHHbIC OpraHu3aluen g ero ycrpaHeHus. [IpemoTBpaTuTh
yOBITKH MOYKHO KOPPEKTHO pa3paboTaB UHCTPYKIMIO HA BBHIIOJIHEHUE CBAPOYHBIX paboT
U TIPOKOHTPOJIMPOBAB €€ UCIIOJIHEHHUE.

Tak 4TO k€ Takoe TEXHOJOTHYEeCKasl KapTa Ha cBapky? KapTa TeXHOIOrH4ecKoro
Ipolecca CBapKU WJIM KaK €€ €IIe Ha3bIBAIOT TEXHOJOTMYECKas KapTa CBapKu —
3TO IOKYMEHT, KOTOPBIA SIBISIETCS PE3YyJbTaTOM pa3pabOTKU TEXHOJIOTUU CBapKU
KOHKPETHOT'O COEAVHEHUS, B KOTOPOM IPOMHCAHbl CaMble Ba)KHBIE TEXHOJIOTUYECKUE
napameTpbl CO3JIaHUsl CBAapHOIO COEOUHEHHUA, M0 CYTH 3TO HMHCTPYKLHS IO CBapKe
coenuHeHn. TexHolorMuecKas KapTa CBapku OblIa yTBEP)K/I€HA U BBEJICHA B aKTUBHOE
nevicteue rmiepBoro siHBaps 1984 roma, Oomee 30 et Hazaxd. Ilpu paspabotke
TEXHOJIOTMH CBAapKH METAJNIOKOHCTPYKIIUI KaXkJ10€ CBApHOE COEAMHEHUE JTOJIKHO OBITh
U3rOTOBJIEHO B COOTBETCTBUHU C Pa3padOTAHHOM ISl HEE TEXHOJOTUYECKOM KapToil
CBapKHU.

TexHoJIOrMYeCKasi KApPTA M0 CBapKe A0JIKHA COAEP:KaTh CJIeAYyOLIHe JaHHbIe:

1. CBeneHust 0 OCHOBHOM METaJLIE.

2.CBenmeHusi O KauecTBE M TIOJATOTOBKE COCAMHEHHUS TOJ CBapKy: JOaHHBIE O
pazzienke (Beau4rHa 3a30pa, BEJIMYMHA MIPUTYIIEHUS, YTOJI HAKIIOHA PA3JIeNKU U T.1.), O
KOJIMYECTBE U PACIONOKEHUN MPUXBATOK, JAaHHBIE O TMPEABAPUTEIBHON OYHCTKE
KPOMOK, pa3Mepbl 1IBa.

3. JlaHHbIE O (PUKCAIIMU CBAPUBACMOTO HM3/EIHUS U O BO3MOXKHOM TOJIOTpEBE. A TaKxke
MOCJIEI0BATEIbHOCTD BHIIIOJIHEHHUS IPOXOJI0B B CBAPHOM IIIBE.

4. Ceenmenuss 00  HCMOJNB3YyEMOM  CBAPOYHOM  OOOpPYAOBAHMM W CBapOYHBIX
matepuanax. [lonbop cBapouHBIX MaTepHalioB U OOOpPYIOBAaHUS OCHOBBIBAETCS Ha
Pa3TUYHBIX CBEICHUSX, MOTYUYEHHBIX U3 JIUTEPATYPhl, B TOM YUCIIE MPOPECCUOHAIBHON
CBapOYHOM (KypHalbl, CTaThbHM), Ha COOCTBEHHOM OIBITe, a TaKKE Ha OT3bIBaX
OpraHU3aIUH.

5. CBeneHusi 0 peXMMeE CBapKH B 3aBUCUMOCTU OT CIOCO0A CBapKHW MOTYT BKIJIIOYATh!
CBapOYHbIN TOK, HANPSXKEHUE AYTH, CKOPOCTh CBapKH, MOJISPHOCTH MPU CBApPKE, Pacxoj
3alIMTHOTO ra3a, CKOPOCTh MOAAYM MPOBOJIOKH M Ap. HapymeHue pekoMeHI0BaHHBIX
PEXKUMOB CBAPKU MOXKET MPHUBECTH K OXPYMUMBAHUIO METAJIa IIBA M OKOJOIIOBHOM
30HBI.

6. CBegenus o (hopmMe CBAPHOTO COEAMHEHUS, CIIOCO0aX U 00beMax KOHTPOJIS KauecTBa
CBAapHOT'0 COEMHEHHUS.

Pa3paboTka kKapThl TEXHOJOTHYECKOTO MPOIlecca CBAPKH HAYMHACTCS C aHaIn3a
CBapMBaeMOro Marepuana W mombopa crocoba capku. [locnme 3Toro mpousBOAUTCS
aHaJIN3 YCJIOBUA, IPU KOTOPHIX OyAEeT paboTaTh CBapHask KOHCTPYKIIUS U OTIPEACIIACTCA,
KaKMUMHU HOPMATUBHBIMHU JOKYMEHTaMH HOPMHUPYETCS W3TOTOBIICHHE U paboTa 3TOM
KOHCTpYyKIMU. Jlanee no JaHHbIM HOPMATUBHOM JINTEPATYPHI U MO PACUETHBIM JIAHHBIM
OTIPENIEISIETCS, PEKUM CBApPKH, PACCUUTHIBAETCS HEOOXOAMMOE KOJIWYECTBO MPOXOJIOB,
TEOMETPHS CBAPHOTO COCTMHEHHUS U APYTHUE ApaMETPBhL.
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Kaxmas TEXHOJIOrn4ecKas KapTa I10 CBapKe MOJy4aeT CBOM
UJeHTU(PUKAITMOHHBIM HOMEP, KOTOPHIA B JadbHEUIIIEM HCIOIb3YeTCs sl yKa3aHUs B
TEXHUYECKOW JIOKyMEHTalluu | crnenudukanusax Tmpoekta. Busupyer kapty
TEXHOJIOTHYECKOT0 Tpollecca CBapKH caM pa3pabOTYuMK, OH K€ CTaBUT CBOIO
MOAMHUCH BHU3Y HOopMyJIsipa.

[Ipu cTpouTenbcTBE 00BEKTa HA MPOM3BOJICTBE JOKEH HAXOAUTHCS KOMIUICKT
TEXHOJOTUYECKUX KapT BCEX HCIIOIb3YEMbIX THIIOB CBApHBIX coeAuHEHUU. [lomHbIM
KOMIUIEKT KapT TE€XHOJOTMYECKOTO MPOILECCa CBAPKU XPAHUTCSA B OTJEINIE TIIABHOIO
cBapiuka. CBaplIMK MPU BBIXOAEC HAa CMEHY IMOJy4YaeT TEXHOJOTHYECKUE KapThl IS
CBapHBIX COCAMHEHWH, KOTOphIE OH BHINOJHSAET B Tporecce paboTel. OcMOTp U
KOHTPOJIb MOJATOTOBJIECHHBIX KPOMOK M TOTOBOTO CBAPHOIO COCIWHEHUS BBIMIOJIHSICTCS
CITy00W TEXHHMYECKOTO KOHTPOJISI B COOTBETCTBUHU C PA3ACIIOM KOHTPOJS KadecTBa U
UCTIBITAHUM ~ CBapHBIX  coeauHeHWW.  TakuM  oOpa3oM, HE  IPOMCXOIUT
HUKAKOW MyTaHUIIBI MEXIy CIayx0amMu, Tak Kak BCE€ HE0OXOauMOe YKa3aHO B
TEXHOJIOTHYECKOM KapTe CBAPHOTO COCTUHECHUS.

Ha kaxaom npeanpusTud, NOpU OpPraHu3alid CBApOYHOTO IPOM3BOJICTBA
00s13aTE€JIbHO COCTABJIIIOTCS  KapThl TEXHOJIOTHYECKOTO IIpoIlecca CBapKH, HHAUe
CJIO’KHO BBIJIEPKaTh MTapaMeTPhl, IPEIbIBISIEMbIC K KaUeCTBY BBIMOJHIEMON paOOTHI.

Jlns  modydeHHMs KA4eCTBEHHOrO pe3yibTaTa MpOoJCTaHHOM paboThl  Ipu
MIPOU3BOJICTBE CBApPOYHBIX PabOT, CBApPIIMK JIOJHKEH PYKOBOACTBOBATHCS TOKYMEHTOM,
B KOTOPOM KOPPEKTHO OMNMCAHbl BCE OTambl BBIMOJHEHUS CBAPKUM Ha OOBEKTE
cTpouTenbcTBa. HecoOmoieHne pekoMeHaluii, MPUBEICHHBIX B TEXHOJOTHYECKOU
KapTe MOXKET MPUBECTU K Pa3pyIICHUIO CBAPHOTO COCIUHEHUS NP IKCILTyaTallluH, YTO
MOXET MOBJIEYb 32 COO0N HEOOPATUMBIE MOCIIECICTBUS.

B tabnuiie npencrarieH npuMep HHCTPYKIIMOHHO - TEXHOJIOTHYECKONU KapThl

TEXHOJOI'MYECKAS KAPTA
HA PYYHYHIO IYTOBYK0 CBAPKY YIJIEPOJAUCTBIX U HU3KOJETHPOBAHHBIX CTaJIeil

O0neKT:

[IpousBoncTBeHHAas arrectauus TexHoiaornu ceapkv__THU.P/I1-

1.1,14

CBapouHoe 000py10BaHKE Boeinpamurens_cBapounsiiiBJ/[-401 V3
Bun cBapku _PJI OcHoBHOI MaTepuai (Mapka) 1(MO1)
Haumenosanue HJI (mudp)  T'OCT 5264-80 Tum mBa CII

Tun coequuennii (mo H[) €21 (cTBIKOBOE)
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KoHCTpPYKTHBHBIE pa3Mepbl, MM

VciaoBH KOHCTpYyKTUBHBIE 3JIEMEHTHI e g=0
oe
0003Ha-
YCHUE s=s, Tpen el Tpe
cBapHOr| HOATOTOBJICHHBIX Homl 2 Ho 1
o KPOMOK CBapnlaaeMHx CBApHOTO IIBa I . M| e
COeIHEe JACTAJICHU 1H. oL
HUS
C21 ey i, e - Or3mo 5 8 8
%o Y
Y| AN,
- <44 AR :‘\ Y
2-7 < Y e » G.‘J
CBSnmo 8| 12 | 02 +1,5
CB.8 10 | 16 -0,5
11
Cs.11 mo| 19
14
Cs.14 no| 22
17
Cs.17 no| 26 10
20
Cs.20 no| 30
24
Cs.24 nno| 34 | 13 0,5
28
Cs. 28 no| 38
32
CBapouHbIii MaTepHaJ
Mapka 371eKTpOJI0B Pexum nipokanku
YOHMU 13/45 350% B reuenue 1 u.
YOHMH 13/55 350" B Teuenue 1 u.
Pe:xxum cBapku
Huametp [TosoxkeHne 1Ba B IPOCTPAHCTBE
SIIEKTPOJA I'opuszonTanbHOE BeptukansHoe IToTonounoe
3 80-100 60-80 70-90
4 130-160 100-130 120-140
Pon Toka, [TocTosiHHbIN, OOpaTHAas
MOJISIPHOCTD

Ilocie10BaTEIbHOCTD HAJIOKEHHUSI BAJITUKOB
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5 cnomn

4 cnoi
NN
2 cnoi/ N\ . !
| ! 1 cnon
OJHOIPOXOTHBIN MHOTOCJIONHBIN
MHOTOITPOXOIHBIN
TpeGoBanusi K KOHTPOJIIO KAYeCTBA
Merton KOHTpOIs HaumenoBanue (mmdp) HyxHoe oTMETUTH
HJ{
1. Busyansnsiii u usmepurensasii  PJ[ 03 — 606 - 03 100%
2. Panmuorpaduueckmuii 'OCT7512-82;
'OCT23055-83
3. YapTpa3ByKoBOH I'OCT14782-86
4. KanuwuispHblid 'OCT18442-80
5  MarHuTonopomKoBbIN 'OCT21105-87

OOmue TpedOBaAHNS.
1.TIoonepanrOHHBINA KOHTPOJIb NOCTOSHHO IPOBOJAT CBAPIIMK U PYKOBOJUTEID
CBapOYHBIX padoT.
2.21eKTpOoabl NPUMEHSATH TOJBKO IOCIE KOHTPOJIBHOM NPOBEPKU UX KAYE€CTBA COTIIACHO
I'OCT9466
3.IIpu atMocdepHBIX 0caKax UK BETPE CO CKOPOCTHIO CBhINIEe 10 M/C cBapoUHbIE
pabOTHI BBIMOJHATH MPU HATMYUA UHBEHTAPHBIX YKPBITHIA.
4 TIpu TeMIiepatype Hapyx)HOTro Bo3ayxa Hivke -20° C cBapodHbIe paGOTHI HE
MIPOU3BOAUTb.
5.I1epen cBapkoil 2EKTPOABI TPOKAIUTH [0 PEKUMY, YKa3aHHOMY B TaOJIHUIIE.
DJIEKTPOJIbl XPaHUTh B TEPMOIIECHAIIIAX.

Pa3paodoTrau:
Crnenuajanct cBapouHoro npoussojacrsa |11 yposus

C TexXHOJI0rM4eCKOM KapToil 03HAKOMJICHBI:
Macrep
« » 200 r.
bpuragup
« » 200 r.

CBapmuk « »
200 r.
Crapumuk
«__» 200 r.
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ObnerT Opranmsanus, Criocol duamerp CTBIKYeMbI¢ WIEMEHTBI [ludp kapTe:
CTPOHTEILCTER nposoIamas pabors: CEAPEH
PEsiMb] POFATFH (BIPOMHBIX
Ciema cOOpEH, TeOMETPHUECKHE NAPIMETPH
XapakTepHCTHKA TPY0 Xa8 cBapkKH P P ? r MEATEPHAIOE
mea Cl17
Mapka cram Crammapt JuzmeTp Tommsa Bpausne
MM CTEHEH, | ONPODETEEE, Co: 1n%3° 88 b ¢ 8 g TIpumevanne:
e, M . —\ 5
Yo 3 541 i 13 4.3 | 1. PeimiE NpoRamis NIEKTPO0E
= 10 VEASHERETCA Ha YIEKOBRE
] oy v 27 1 16 1-2
LYY 11 CE2POTHEX MATEPHATOE J2E012
W 6 | 2t | 1 | 23 | pp |TETOTOREEE
£ e 18 | 28| roe | 26 | 12
34 37| 3440 13
HopMaTHEHBRE HMAPAMETPH CBAPEH
. lli_le:mqnﬂa csapoqnz:wr:m;?;, A Temmeparypa Bpenx
Cno#i mea Mapa stexTpona P IMomapaocTs POCTPARCTE i TIPORATHH,
WIERTPOTA, TIPORATIH ’
it Iotonousoe, Bepraramaoe, Hicznee, erTponos, Uar
L3 PF PA
’c
TIpeEarsa B ¢ROPEHb) MEA 23 mpAMAdA 30-70 30-73 60 - 80 350400 2
3AHANOIHE 23-323 Otparsas 70-120 30-130 20-140 350400 2
JamoEAIOmEE C10H 325-40 Otparaas 110-130 110-140 120 - 160 350400 2
3 ¢obmmozoT

IIpakTnyeckas padora Ne§

Tema: "TexHOJIOTUS CBAPKU PA3HOPOIHBIX U ABYXCIOMHBIX CTaNEH"

I.[e.m; paﬁoTblI HpI/IO6peCTI/I IMPAKTHYCCKUC HABBIKU ITPHU U3YUCHHUH TCXHOJIOTHHU CBAPKHU
Pa3HOPOIHBIX U HBYXCHOﬁHBIX crajeu

Xo/ BbINIOJIHEHHUS Pa0OThI:
1. O3HakoMJIEHUE C TEOPETUUECKUMHU CBEICHUSIMHU
2. CaMOCTOSTeNnbHO U3Y4YHTh TeMy: «TeXHOIOTHs CBapKd pasHOPOAHBIX U
NBYXCJIOMHBIX CTaJICH»
3. Haueptute Tabmuiry Nel«Knaccuduxarmsi craneid, TpUMEHSIEMBIX B CBapHBIX
COCIMHEHUSIX PA3HOPOJHBIX CTaJIC»
3apucoBaTh cXeMy KOMOMHHPOBAHHOM HAIUIABKU CBAPUBAEMOU KPOMKH
OTBeTh Ha KOHTPOJIBHBIE BOIIPOCHI.

o B

Teopernvyeckue cBeeHUA

Ha3HaueHue KOMOMHMPOBAHHBIX KOHCTPYKIIUI H
KJaccu(pUKAIUA PA3HOPOIAHBIX cTaJIel

JIJ1s1 3KOHOMUH JIOPOTOCTOSIIIIAX BHICOKOJIETHPOBAHHBIX CTaJIeil HCIOJIb3YIOT
KOMOWHUPOBAHHBIC KOHCTPYKIIMH, KOTOPHIE HM3rOTABJIIMBAIOT W3 HECKOJBKUX CTaJleH.
CBapka BBICOKOJICTUPOBAHHBIX CTaJe C HH3KO - WM CPEIHE JICTHPOBAHHBIMU U
YIIAEPOIHBIMHU HE BCET/Ia 00CCTICUNBACT TOCTATOUYHYIO TPOYHOCTh COCTUHEHUS

BrIcokonerupoBaHHbIC CTAld COJEpPKAT JTOPOTHE, NCPHUITUTHBIC DJIEMEHTHI, YTO
00yCIIOBIMBAET HEOOXOAUMOCTh MX dSKOHOMHH. OJIHUM U3 MYyTeH IKOHOMUU
BBICOKOJICTUPOBAHHBIX ~ CTaJled SIBJISCTCS M3TOTOBJICHUE YCTAHOBOK, MAIMH U
MEXaHH3MOB M3 Pa3HOPOJHBIX cTajiel. Takoe M3roTOBJICHUE BIIOJHE BO3MOXKHO, TaK Kak
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BO MHOI'uX CliydasaxXx B YCIIOBUIAX, Tp€6YIOHII/IX INPUMCHCHUA CIICHHUAJIbHBIX CTaﬂeﬁ,

pa60TaeT HC BCA KOHCTPYKIH:, a JIUIIb e€ OTACIbHBIC Y3JIbl UJIN JCTAJIHN.

OcranpHas 4aCTh KOHCTPYKIIMH pa0dOTaeT B OOBIYHBIX YCIOBHUSAX U MOXKET OBITH
OOBIYHOM

U3rOTOBJIEHA W3  CPEIHEJIECTMPOBAHHOM, HHU3KOJETMPOBAHHOM WU
YTIEPOAUCTON CTaJH.

Konempyxkyuu, c8apeHHble U3 PA3HOPOOHLIX  cmalel,
KOMOMHUPOBAHHBIMH.

Onn IIPUMCHAIOTCA B TCX ClIydasaX, Korjga yCJIOBHUA pa6OTBI OTACJIbHBIX yacTeu
KOHCTPYKIIMK  OTJIMYAIOTCA

TEMIIEPATYPOH,

MCXaHNYCCKHMH BOSI[GI\/’ICTBI/ISIMI/I.

arpe€CCMBHOCTBIO

Cpebl,

Taoauna.l.

Kanaccudukanus craseil, nqpuMeHsieMbIX B CBAPHBIX COeIMHEHUAX

Pa3HOPOHBIX CTAJICH.

Kuaacc craneit u | I'pynn XapakTepuCTHKA CTAJIeH Mapku (mpumepsbl)
CBAPOYHBIX a
MaTepuajIoB
[lepnuTHbIE N I Yrnepoaucrteie Cr3, 20
OCHHUTHBIC 1 HwuszkonernpoBaHHbIe 0912C, 10XCH/I,
20XT'CA
11 JlernpoBaHHbIe 30XI'CA, 40X,
CPEIIHEYTIIEPOAUCTHIE 40XH2MA, 38XB
IV | Temoyctoituusbie (Cr-Mo u 12MX, 12X1M®,
Cr-Mo-V) 15XIM1D
V | Xnanocroiikue (Fe-Ni) OH3, OH6, 0H9
MaprteHcuTHbIe, VI 12%-e xpoMHCTHIC, 08X13, 12X13
(bepputHsbIe, YKapOCTOMKHE
bepputHoO- VIl | BBICOKOXpOMHUCTHIE, 08X17T, 15X25T,
MAapTEHCUTHBIE, YKapOCTOMKHE 20X17H2
ayCTEHUTHO- VIl | 12%-e xpomucTsie, 15X11MD,
MapTEHCUTHBIE, YKapOIIPOYHbIE 15X12BHM®
dbepputHO- IX | XpoMOHUKeNEeBbIC 12X21HST
ayCTEHUTHBIE KOPPO3UOHHOCTOMKHE
AYyCTEHHUTHBIE X Koppo3nonHocTolikue 12X18H10T,
CTAJIA U ayCTEHUTHBIC 10XT17HI3M3T
CILJIaBbI Ha XI | AycTeHUTHBIE XKapOMPOUHbIE 10X15H35BT,
HUKEJIEBOU 20X25H20C2
OCHOBE XIl | AycrenutHbie X18H20,
KOPPO3UOHHOCTOUKHUE U 06X23H28M3 13T
KPUOTEHHBI
XI | 2XKapornpouHbie HUKEIEBbIE XH70BMTIOO,
CILJIABBI XH56BMTIO

OcHOBHbBIE TPYIHOCTH NPU CBapKe Pa3HOPOIHBIX CTAJIeH U

CIOCOOBI UX NMPEOI0JICHUS
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[IpoGnema CBapKu Pa3HOPOJIHBIX cTajneiu (BBICOKOJIETMPOBAHHBIX
XPOMOHUKEJEBbIX C HU3KOJETMPOBAHHBIMU WM YIJIEPOJAUCTHIMU) OKa3ajlach OJHOU M3
HanOoJIee CIOKHBIX B COBPEMEHHOU CBapOYHOM HayKe U TEXHUKE.

TpyaHocTn npu cBapke pa3HOPOIAHBIX CTaJIeii:

¢ B rmporecce M3roTOBICHUS CBAapHOTO COCAWHEHUS WIM TIPH  €ro
AKCIUTyaTallii B IIBE Yacmo 00pa3yiomcs mpeujursl, TpOXoIIue Mo ero
CepeHE WU y TPAHUIIbI CILJIABJICHHUS.
** B 30ne cnaasnenust oopazyemcsi CmpyKmypHas HeOOHOPOOHOCHb, KOTOPast
MIPUBOJIUT

% K MEXaHMYECKOM HEOJHOPOJHOCTH, a €€ HAIM4YKhE CKa3bIBaeTCi Ha
paboTOCTIOCOOHOCTH CBAapHOTO COCAMHEHHUS. XapaKTePHBIM MPU3HAKOM
CTPYKTYpPHOM HEOJHOPOJHOCTA B 30HE CIUIABJICHUS SBJISICTCS HAM4YUE
00e3yriepoKEeHHOM MPOCIOUKH CO CTOPOHBI MEHEE JIETUPOBAHHOM CTaIH U
HAYTJIEPOKEHHON — CO CTOPOHBI BBICOKOJETHMPOBAHHON. DTHU MPOCIOUKH
00pa3yroTcs BCIEACTBUE MEPEMEIICHUS YIIIepo/ia U3 MEHEE JIETUPOBAHHOM
ctranmu B Oojee  JICTUPOBAHHYIO M OOpa3ylOT  MEXaHHYECKYIO
HEOAHOPOJHOCTh B BHJE MSITKOM W TBEPAOW Mpocioek. BiusHue Takmx
IPOCIOCK Ha pabOTOCMOCOOHOCTh COCAMHEHHMS 3aBUCUT OT HX
OTHOCHUTEIBHOM TOJIIIUHBI.

» BcneAacTBue  CyIIECTBEHHOTO  pa3ivyus  KOA()PPUUIMEHTOB JIMHEHMHOIO
pacIIMpeHus CIIABIIIEMBIX METAUIOB COCOUHEHUsI OCMAIOMCS YPE3MEPHO
HANPAACEHHBIMU JTAXKE TI0CIIe TEPMOOOPAOOTKH, KOTOpasi B CIydae CBApPKU
OJTHOPOJHBIX METAJIJIOB CHUMAET TaKUE HAIIPSAKEHUS.

[losiBieHWE  CTPYKTYpPHOM  HEOAHOPOJHOCTH U  CTENEHb €€  pPa3BUTHUSA
OTPENENSIIOTCS BCeMH (DaKTOpamu, CIOCOOCTBYIOIIMMH MEPEMEIICHUIO YIepoja W3
MEHEee JIETUPOBAaHHOTO MeTajyla B OoJsiee JerupoBaHHbIM. Pemaromme QaxTopsr:
MOCJEAYIOIINI HarpeB CBAPHOTO COEAUHEHHUSI 0 TEMIIEPATYyP, BHI3BIBAIOIIUX 3aMETHYIO
MUTPALMIO YTJIEPO/Ia; BPEMS BBIICPKKH CBAPHOTO COEANMHEHUS MPH 3TUX TEMIIEpaTypax
U XUMUYECKUN COCTaB CIUIABJISEMBIX METAJJIOB, B OCOOEHHOCTH COJEpPKAHUE B HUX
yraepoja u kapOuaooopasyronmx sneMeHToB. CTpyKTypHash HEOJHOPOJAHOCTb B 30HE
CIUJIABJICHUS PA3HOPOJIHBIX CTaJEH BOZHUKAET JIUILIb IIPU HArPEBE CBAPHOTO COCTMHEHUS
1o Temreparypsl 350°C. CyliecTBEHHOE pa3BUTHE OHA IMOJydYaeT MpH 00jiee BBICOKHX
temrepatypax (okono  500°C). Haubosee HMHTEHCHMBHO  pa3BHBAaeTCs  dTa
HEOHOPOIHOCTH Tipu TeMieparype 600-800°C.

OTMEUeHHbIE TPYAHOCTH OOYCIOBWIM OCOOEHHOCTH CBapKW Pa3HOPOIHBIX
cTanei. /[ns nonyueHus KAueCmeeHHbIX U HAOEHCHO pabomarowux 6 cneyu@uyeckux
VCIOBUSX CBAPHBIX COCOUHEHULI HeOOX0OUMO NPUMEHAMb MEXHOT02UIO C8APKU, KOMOPAsL
npeoomepawjaem 00paA308aHue MpewuH 6 Memanle WA U  CMPYKMYPHOU
HeO0OHOPOOHOCMU 8 30He CNIAGIeHUs, U obecneuusaem noayieHue C8ApHbIX COeOUHEHUL
C BO3MOJICHO OONee OIUZKUMU KOIPPuyuenmamu TUHEIH020 pACUUPEHUs CNIABTAEMbIX
Memainnos.

[ToaToMy mipu BBIOOpE CIMOCOOOB M PEKUMOB CBAPKUA OTIAIOT TMPEAIOYTCHUE
TEXHOJIOTHH, IMPU KOTOPOU TOJIIIMHA KPUCTAILNIU3ALMOHHON MPOCIONKN MUHUMAJIbHA.

Imozo oocmuzarom cneoyruuUMu Memooamu:

v’ TlpuMeHeHHEM  BBICOKOKOHLIEHTPHPOBAHHBIX ~ HMCTOYHHKOB  TeIUIa
(2JIEKTPOHHBIM JIy4, J1a3ep, Iia3ma);

>
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v’ Pasfenkoii KPOMOK WM HMX HAIUIABKOW, YMEHBINAIOIIEH IO ydacTHs
cTaliel, Kak IoKa3aHo Ha puc.l.;

v BbI0OpOM pEKMMOB CBApKK ¢ MUHMMAJILHOM TIyOMHOM IPOIIIaBIEHNUS;

v’ TlepexomoM K JIyroBOi CBapKe B 3aIIUTHLIX rasax, 00eCHeYMBAIOLICH
WHTEHCHUBHOE MEPEMENIMBAaHNE METAJIIa BAHHBI.

Puc.1.Cxema KOMOUHUPOBAHHOUL Hanaaexku
ceapueaemoii Kpomku: 1 — yriepomucras cranp; 2 —
NEPIUTHBIA CTaOMIN3UPOBAHHBIA CIIOM; 3 — ayCTEHUTHBIN
CJoM; 4 — ayCTEHUTHAs CTAJIb

Bp100op cBapoYHBIX MaTEPUAJIOB JJI1 CBAPKH CTaJIeil
Pa3HBIX CTPYKTYPHBIX KJIACCOB

Bbe160p cBapouHBIX MaTEpUajOB JOJDKEH MCKIIOUNUTh 0O0pa3oBaHUE TPEIIUH
pa3aMyYHBIX BUIOB U 00ECHEYUTHh HKCIUIyaTAallMOHHYIO HAJEKHOCTb CBAapHBIX
coequHeHU. [IpUMEHSIOT ayCTEeHUTHBIE CBAapOYHbIE MaTepHalibl, 00eCIeYHBAIOIINE
ITOJyYECHHE KOMIIO3ULMK HAIUIABJIECHHOTO METaUIa C TaKMM 3alacoM ayCTEHUTHOCTH,
YTOOBI KOMIIEHCUPOBATh YYaCTHE B IIBE MEPIUTHOMN CTAIM U TAPAHTUPOBAHHO MOIYYUTh
B BBICOKOJIETHPOBAHHOM IIIBE WJIM HAIUIABKE AyCTEHUTHYIO CTPYKTYPY.

bonpmonn 3amac ayCTEHHTHOCTH METajUla IIBA MO3BOJIIET IPENOTBPATUTH
00pa3oBaHNE MAJIOTUIACTUYHBIX YYACTKOB C MAPTEHCUTHOM WM KapOUIHOW CTPYKTYpOIl
B KOPHEBBIX IBaX M CIOAX, NPHUMBIKAIOMMUX K IEPIUTHOM CTald B YCIOBHSX
HEN30eKHOTO KoJjiebaHus aosier ux yyactus. OHaKo Al 3TOr0 BapuaHTa TEXHOJIOTUU
OyZeT XapakTepHa BBICOKAas CKJIOHHOCTh K BO3HMKHOBEHHMIO TOpPSIYMX TPEIIMH B
OJIHO(a3HOM ayCTEHMTHOM MeETajule IIBa, OOpa3yoUIMXCS IO TpaHULAM 3€peH,
c(OpPMHUPOBAHHBIX B pe3ysibTare Murpanuu. st Ux MpeaoTBpaileHus B IIBaX CO
CTaOMJIBHO ayCTEHUTHON CTPYKTYPOU HAIIAaBJIEHHBIN METaI

JIETUPYIOT AJIEMEHTaMU, CHUXAIOUMMU JU((y3UOHHBIE MPOLIECCHI MPU BBICOKUX
TEMIIEpaTypax, IPUMEHSIOT 31eKTpoasl tuna XI5H25AM6, conepxaumue 6% Mo u
0,2-0,3% N. OHM npensTCTBYIOT Pa3BUTHIO BBICOKOTEMIIEPATYPHOU MOJI3Y4YECTH M
MEK3EPEHHOTO MPOCKAIb3bIBAaHUS B TBEPAOM METAJUIE MPU CBAPKE, MOBBIIIAS IIPHA 3TOM
IJJACTUYHOCTh B TEMIIEPATYPHOM MHTEPBAJIE XPYNKOCTA U TEM CaMBbIM MPEIOTBPAILAIOT
oOpazoBaHue ropsuux TpemuH. Ilpu cBapke KECTKUX Y3J0B U3 ayCTCHUTHOM U
CPEAHEYTIEPOAUCTON CTadd MAapTEHCUTHOTIO KJIacca KOPHEBBIE CIIOW BBINOJHSIOT
anekTpoaamu, coaepxamumu 10 60 % Niu 15 % Mo. ITu 31eKTpoaAHbBIE MATEPHUAIBI C
onHO(a3HOM ayCTEHUTHOW CTPYKTYpOH IIBa MPUMEHSIIOT M MPU CBAPKE IMEPIUTHBIX
cTajel ¢ XKaponpOYHbIMU ayCTEHUTHBIMU CTAJIIMU U HUKEJIEBBIMU CILJIABAMM.

B OGonpImMHCTBE TakuX CiIy4aeB IPH CBapKe MEePJAMTHBIX U AYCTEHUTHBIX
crajieit IX rpynnbl NpUMEHSIOT ayCTEHUTHO-(DEpPUTHBIC IIEKTPOABI, 00pa3yrolire B
HaraBiaeHHoM metaiie 10-12%geppumnoii ¢hazer v normyckaromye OO y4acTUs
nepaumnoii cmanu B Metaiuie msa 10 30 %. [Ipu cMemuBanum matepuana 3J1eKTpoaa
U paciiaBa B TOM € COOTHOIICHUH OyJeT MoJydeH IIoB, cojaepxamuid 4-6%  §-
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¢heppuma, 9To UCKIIOYaET 0Opa30BaHUE TOPSYUX TPEIIUMH, HO HECKOJIBKO YBEIMYMBACT
TOJIIMHY KPUCTAIIU3AUOHHON TPOCIONKH.

Takoil BapUaHT TEXHOJIOTHU JIOMYCTUM IPHU CBAPKe AyCTEHUTHBIX CTajell ¢
nepJuTHbIME (epynnot II-111), cogepamuMyu aKTHBHBIE KapOHM1000pa30BaTeIn s
orpanuueHus auddy3un yriepoja, JuOO COACpKaIUX BeChbMa Majoe KOJUYECTBO
yriiepojla IyTeM €ro 4YacTU4YHOM 3aMeHbl a30ToM. [l CBapHBIX  y3JI0B,
OKCIUTYaTUPYIOIIUXCS TPHU BBICOKUX TEMIIEpaTypax, HEOOXOAMMO TMPUMEHEHUE
BBICOKOHHKEINEBBIX 3neKTpoaoB Tuna XH60MI1S. IIIBel, BBINOJHEHHBIE TaKUMHU
ANEKTPOJIaMH, XOpOIIO pabOTalOT B YCIOBUAX TEIUIOCMEH W3-32 PaBEHCTBA
Kod(puImenTa TMHEHHOTO pacIIMPEHUs] C MEPIUTHON CTaablo. DTHMH JJICKTPOJIAMU
3aBapuBaIOT AehEKTHI JTUThs cTaneu epynn IV u V 6e3 nocneayrorieii TepMooOpadoTKH.

[Ipy HEZOCTATOUHOCTH WM HENPUEMIIEMOCTH YKAa3aHHBIX TEXHOJOTHYECKHUX
BapUAHTOB MPHUOETal0T K CBapKe 4Yepe3 MPOCTABKU WM K MPEeJABApUTEIIbHON HaIlJIaBKe
KPOMKH MEPIUTHOW CTAIM ayCTEHUTHBIM METAJJIOM C IOCIEAYIOIIEH CBAapKOM TaKHUX
3aroTOBOK ayCTEHUTHO-()EepPUTHBIMU CBApOYHBIMU MaTepualaMu c
periaMeHTHPOBAHHBIM KoJruecTBOM 8-Fe(2—6 %).

IIpu cBapke BBbICOKOXPOMHUCTBIX (peppuTHbIX crTagen (ep. VIII) c
aycTeHUTHBIMU (2p. XI-XI11) BO3MOXHO MPUMEHEHHE KaK ayCTCHUTHBIX, ayCTEHUTHO-
(eppUTHBIX, TaK M BBICOKOXPOMHCTBIX 3JIEKTPOJOB. C MOBBIIMIEHUEM TEMIEPATYpPbI
skcruryaranuu Beie S00°C nmpeanodTuTeNbHbBI BBICOKOXPOMUCTBIE AIEKTPOBL.

IIpu cBapke mnepauTHbIX crajged ¢ 12%-Mu  XpOMHUCTBIMH CTAJAMU
HE00XOAMMO MPEAOTBPATUTh 00pa30BaHUE MAPTEHCHUTA U XOJIOJAHBIX TPELIUH, a TAKKE
pa3BuTHs AUPQY3UOHHBIX TMPOCIOEK NPH OTIYCKE U  BBICOKOTEMIEPATYPHOU
skciutyaTtaiuu. [lpu BeIOOpe cBapOUYHBIX MAaTEPUAIIOB CIEAYET UCKIIIOUUTh 00pa30BaHUE
XPYHKUX MEPEXOHBbIX YYacTKOB B 30HaX NepememuBaHus craneil. s oOecnedeHus
HauOOJbIIIEH TMJIACTUYHOCTU IIBa TPUMEHSIOT CBapOYHBIC MaTepUalbl TEPIUTHOTO
knacca. Jlns  cHWKeHHs  pa3MepoB  IU(PQPY3HMOHHBIX  MPOCIOEK  MNEPIUTHBIN
HAIUIABJICHHBIA METaJul JOJDKEH JIETMPOBAThCS OMNPEICICHHBIM KOJIMYECTBOM OoJee
AKTUBHBIX, YEM XPOM, KapOuI000pa3yoIIuX 31€MEHTOB.

[Ipu cBapke aeraseil 00JLIIUX TOJIIMH 11€JI€CO00PA3HO AIEKTPOJAMHU TUTIA -
XM nenath HaIUIaBKy Ha KPOMKH BBICOKOJIETUPOBAHHOW cTanu (OapbhepHBIN Clloi), a
3aM0JIHCHUE PA3CIKU OCYIIECTBIIATh 03 MojorpeBa sJeKkTpogaMu tumna 42 win 50
B 3aBUCHUMOCTH OT TpeOOBaHUW MPOYHOCTUM MEPIUTHOIO IIBA. leMreparypy
MPEABAPUTENILHOIO MOAOrPEBAa U OTIYCKa OMNPEAEISIOT MO0 XapaKTEepUCTHKaM Ooliee
JErupoBaHHOM, T.€. 12%-XpOoMHCTOM CTanu, HO JUIsI YMEHBIICHHS pPa3MeEpPOB
UG (Yy3MOHHBIX MPOCIOEK MPUMEHSIIOT OTHYCK NpU MHHUMAJIbHO JOIYCTUMOM
TeMIiepaType.

IIpu cBapke mepJUTHBIX cTajJeil ¢ 0Oojee BBICOKOJICTMPOBAHHBIMHU
xpoMucThiMu cTajassMu epynnet VI, conepxamumu 17-28 % Cr npumessior
AJIEKTPOJbI AyCTEHUTHO-(EPPUTHOrO, a TaKKe ayCTEHHUTHOro KiaccoB. OJHaKO MpH
3TOM CJIEAYEeT YYMTBIBATH OIMCAHHYIO CTPYKTYPHYKO HEOJHOPOJHOCTh B 30HE
CIUIaBJICHUS! ayCTEHUTHOTO IIIBAa U MEPIUTHON cTayiu. TepmMooOpaboTka B 3TOM cilydae
He TpeOyeTcs.
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IIpu cBapke pa3sHOPOAHBLIX cTaJiell OJHOrO CTPYKTYPHOTO Kjacca, HO
Pa3IMYHOTO JIETUPOBAHUS, KAaK MPABWIIO, JOMOJHUTEIbHBIX TpeOOBaHMI K BBHIOOPY
croco0a CBapKd M PEKUMOB HE BBOJAT. DTO OOYCJIOBIEHO TE€M, YTO CTald HUMEIOT
OJM3KHe TerIo(PU3NYECKHe CBOMCTBA, a TEPEXOAHbIE CJIOM B OO0JACTH TPaHUIL
CIUTaBJICHHS MaJIO OTJIMYAIOTCS OT METaljia IIBa.

IIpu cBapke crajell Ppa3jJMYHBIX CTPYKTYPHBIX KJIACCOB, OCOOEHHO
NEpPIUTHOW CTaal C ayCTEHWUTHOM, BBIOMPAIOT CHOCOO CBapkKd U PEXKUMBI,
00€CIEeYnBAOIINE MUHUMAJIBHOE NPOIUIABIECHUE COEAMHIEMBIX METAJJIOB. ITO
MO3BOJIAET TMOJYYUTh BBICOKOJICTUPOBAHHBINA IIIOB, MPUOIMKAIONIMIICS MO COCTaBy K
MIPUCAJ0YHOMY METaJLIY.

Bo Bcex caywasx CBapouyHble MaTepHalibl  BBIOMpPAOT W3  YCIOBUU
MpeA0TBpalIeHUs] (POPMUPOBAHUS XPYNKOTO METaJlIa IIBA, a TAKXKE MPEIOTBPALICHUS
BO3MOXXHOCTH  OOpa3oBaHWMs B  30HE  CIUIABJICHHUS  XPYNKUX  TPOCIOEK:
KPUCTAJUTU3AIMOHHBIX U TU(PPY3NOHHBIX.

[Tpu cBapke craneil OAHOrO CTPYKTYpPHOrO Kjacca B OOJBIIMHCTBE CIIy4yacB
UCTIOJIB3YIOT CBAapOYHbIE MaTepHalibl, OJIM3KHE IO COCTaBy K MEHEE JIETMPOBAaHHOU
cTad. B cilydae BBINIOJIHEHHsI COEIMHEHMM CTaled Pa3HOro CTPYKTYpPHOIO Kiacca
(Hampumep, MEpPIUTHOTO C AayCTCHUTHOH) B OOJIBIIMHCTBE CIY4aeB HCIOJIB3YIOT
BBICOKOJIETUPOBAHHBIE CBAPOYHBIE MaTEpHaibl, & B HEKOTOPHIX CIy4yasX CIUIaBbl Ha
HUKEJIEBOM  OCHOBE, KOTOpbIE TMO3BOJIAIOT  3HAYUTEIBHO CHU3UTh  IIMPUHY
11 Py3MOHHBIX POCIIOEK.

[TockonbKy MpH CBapKe JIETUPOBAHHBIX CTAJIEd B 30HE TEPMUYECKOTO BIUSHUSA
BO3MOXKHO (OpMUPOBAHHE CTPYKTYp 3aKalKH, TO JJIA HPEIOTBPAIICHHUS UX
00pa3oBaHMs UCIOJB3YIOT MOAOrpeB. TemiepaTypy MOAOTrpeBa Ha3HAYAIOT MCXOAS U3
CBOMCTB CTaJld, HanOoJiee CKIIOHHOW K (POPMHPOBAHUIO CTPYKTYp 3akaiku. [Ipu sTom ¢
IEJIbI0 CHIDKEHUS BEPOSTHOCTH (opMHpoBaHUs TU(PPY3UOHHBIX MPOCIOCK HA3HAYAIOT
MUHUMaJIBHO JONMYyCTHUMYIO TeMmIlepaTypy mnozgorpesa. Ilpu BbiOOpe TemmepaTypsl
HoJorpeBa HeOOXOIMMO YUUTHIBATh HE TOJBKO CBOMCTBA CBapUMBAaEMbIX CTalled, HO U
CBOICTBa MeTailjia 1Ba. B Tex ciydasx, Korja B MeTajlle 1IBa BO3MOXKHO 00Opa3oBaHUe
CTPYKTYpP 3aKaJIKM, TEMIIEpaTypy MOJOTPEBAa HA3HAYAIOT UCXOJs W3 CBOWCTB MeTajlia
mBa. CTpyKTypy MeTajljia I1Ba OOBIYHO OLIEHHUBAIOT [0 CTPYKTYPHOU AUarpamme.

Korma npuMeHeHne moporpeBa BCTpPeYaeT TPYAHOCTH, MCIOJB3YIOT CBapOYHbBIC
Marepuanbl, OOecHeuuBaloOlMe [OJIYyYEHUE AayCTEHUTHBIX IIBOB. I[lnmacTuuHbIi
ayCTEHUTHBIN OB MO3BOJISIET CHU3UTh BHYTPEHHHUE HAINPSKEHUSI B 30HE CBAPKU U TEM
CaMbIM TpPEIOTBPaTUTh OOpa30BaHHUE XOJIOAHBIX TpewuH. ClenyeT OTMETHTh, YTO
AyCTEHUTHBIA IIOB CIBHUIAET TEMIIEPATypy MApTEHCUTHOTO MPEBpPALIEHUS NEPIUTHON
(MapTEeHCUTHOM) cTalu B 00JacTh 00Jiee BHICOKMX TeMIIEpaTyp. ITOMY CIOCOOCTBYIOT
BHYTPEHHHE HaNPsDKEHUsI, 00pa3yroluecs u3-3a pa3indus Ko3PQGUIUEHTOB TUHEHHOTO
pacUIMpEeHHUs.

Pa3BuTHe MapTEHCUTHOTO TMpeBpalleHuss B OOJACTH BBICOKUX TEMIIEpATyp
MO3BOJISIET MOJMYYUTh OOJiee IUIACTUYHBIM MApPTEHCHUT, TaK Kak MposiBiseTrcs 3G exT
camooTiycka. MHorna [uisi MCKIIFOYEHMsS IMOAOrPEBa IPU BBINOIHEHUH COEAMHEHUS
HCIIOJIB3YIOT MPEIBAPUTENBHYIO HAIIABKy Ha CTallb, CKJIOHHYIO K 3aKalKe, CIOs
He3aKaJuBamwllelcs craau. HammaBky ciosi BeOyT C MOJOTPEBOM WIIM MCHOJIB3YHOT
OTITYCK HAIUIABJIEHHOMW JeTanu. TONIMHY HAIUIABJIEHHOTO CJI0S1 HA3HAYAKOT U3 YCIOBUM,
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4TOOBI B MPOLIECCE CBAPKU 3aKAIMBAIOIIASACA CTajlb B 30HE TEPMUYECKOTO BIMSHHS HE
HarpeBaiach Bbllle TeMneparypbl Al (0OBIYHO TOJILIMHA CIIOS 10 9 MM).

B HekoTOphIX ciywasx i1 OpUIAHUS ONPEIECIECHHBIX CBOMCTB METaJIy B 30HE
COEIMHEHMSI PA3HOPOAHBIX CTaled WM CHATUS BHYTPEHHUX HANpPsKEHUN HAa3HA4aroT
TepMooOpaboTKy. OpHako HEOOXOAMMO HMMETh B BHUAY, YTO CHSTHE BHYTPEHHUX
HalpsOKEHU BO3MOXKHO TOJBKO B COEIUMHEHUM PA3HOPOAHBIX CTaJ€dl OJHOIO
CTPYKTYpHOTO Kjacca. B CBapHBIX COEIMHEHUSX Pa3HOPOIHBIX CTaled pa3InYHOrO
CTPYKTYpPHOTO Kjlacca M3-3a pa3inuus B KOI(PPHUIMEHTaX JUHEHHOTO PACHIUPEHHUS B
pe3ynpTaTe TepMOOOpaOOTKH BETWYMHA BHYTPEHHUX HAMPSDKEHUH MOXKET BO3PACTH.
[Ipu Ha3HaueHUN TepMOOOPAOOTKH COCTMHEHUIN U3 PA3HOPOAHBIX CTalIe HEOOXOIUMO
MIPOBECTH OLIEHKY BO3MOKHOCTH (POpMHUPOBaHUS AU(PPY3HOHHBIX TPOCIOEK.

Takum 00pa3oM, NMpy Ha3HAUYECHUH TEPMOOOPAOOTKH HEOOXOAUMa BCECTOPOHHSIS
OLIEHKAa BO3MO>KHBIX U3MEHEHUI CBOICTB MeTaia B 30He 140 cBapHOro COeUHEHMS, a
TAaK)K€ BEJIWYMHBl BHYTPEHHUX HaNpsOKeHUH. B OOJIBIIMHCTBE CIIOKHBIX CIIydacB
TepMOOOPaOOTKY (OOBIYHO OTIYCK) HA3HAYAIOT, €CJIM 3TO MPUBOJUT K TMOJYUYECHUIO B
30HE CBapHOIO COEAMHEHHUs OoJiee IUIACTUYHOrO MeTajuia. biarojaps MOBBIILIEHUIO
IUTACTUYECKUX CBOWCTB CHMIKAETCS BEPOATHOCTb XPYNKOTO pa3pylIEHUsT CBAPHOTO
COETUHEHMS.

OdeHp 4acTO BMECTO BBICOKOTEMIIEPATYpHOTO OTIIYCKA, KOTOPBIM MPUBOAMUT K
pa3Buthio 1uh Hy3MOHHBIX MMPOCIOEK, UCIIOIB3YIOT HOPMAaTU3aIMI0, KOTOpas MO3BOJISET
CHU3UTh WHTEHCUBHOCTh  pa3BuUTUs U Py3noHHbIXx mnpocinoek. llocimennee
00yCIIOBJIEHO, BO-TIEPBBIX, CHIXKEHHEM CKOpOCTU Au(y3un yriiepoia B ayCTEHUTE TIpU
HarpeBe BhIIIE TOYKU A3, BO-BTOPBIX, CHUI)KEHUEM CTOMKOCTH KapOUI0B.

CBapka pa3HOPOIHBIX CTAJIeil OTHOT0 CTPYKTYPHOI'0 KJacca

Jns  crameid MOEpIUTHOrO KJjlacca MCIHOJB3YIOT CBAapOYHbIE MaTepHUalbl,
PEKOMEHIyeMBbIE ISl MEHEE JIETUPOBAaHHOW, cTanu. Hampumep, npu pydHOM AYroBOu
CBapKe HM3KOYIJIEPOJUCTONH CTAIM C TEIUIOYCTOMYMBON  XPOMOMOJIUOICHOBOM
UCTIONB3YIOT 2J1eKkmpoost Tuiia I42A nim IS0A ¢ NoKpeITHEM OCHOBHOrO BUja. [Ipu
OOJNBIIIOM pa3IMYUU B JICTUPOBAHUM PEKOMEHIYETCS HCIOJIb30BaTh CBApPOYHBIC
MaTepHuasibl, O00ECIEUMBAIONINE HAIUIABKY MeETala MPOMEXYTOYHOTO JIETUPOBAHUSI.
Hanpumep, ipu ceapxe BCm3 ¢ xpomomonuooenoesou 15XIMI@D peKOMEHAYIOTCS
anekTpoabl Thna I-09X1M.

Pexxum cBapku U TeMIiepatypy MoJorpeBa Ha3HAYarT UCXOJIs U3 CBOMCTB OoJiee
JIETUPOBAHHOM CTaJIN.

[Ipy BBIMOJHEHUH COCIUHEHUN MEXKIY BBICOKOXPOMHUCTBIMU (DEPPUTHBIMU,
beppUTHO-ayCTCHUTHBIMA M MApPTEHCUTHBIMU CTISIMU C IIEJIbI0 TPEJOTBpaIlCHUs
00pa3oBaHMs XPYNMKUX KPUCTAIUIUZAIMOHHBIX TPOCIOCK, a TaKKe XPYIMKOro MeTasja
1B CBApOYHBINA MaTepraj BEIOMPAIOT (heppPUTHO-ayCTEHUTHOTO Kiacca. B aToMm ciydae
obecrieunBaetcst GOpMHUPOBAHKE METalIa IIBa ¢ 00Jiee MEIKOW CTPYKTYpOH, YeM TMpHU
MCIIOJIh30BaHUU (DEPPUTHOTO CBAPOYHOTO MaTepHraa.

Csapra sedemcst ¢ noooepesom, nocie ceapku evicoxuti omnyck (100—750 °C).

Jlnst  cBapKkM ayCTEHUTHBIX W AyCTCHUTHO-(DEPPUTHBIX CTajel pa3HOro
JICTUPOBAHMS CBAPOYHBIC MAaTEPHAIBI BRIOUPAIOT Mcxoast u3 cootHomenus Cr/Ni. Ecim
B CBapHMBAEMbIX CTaJSAX COOTHOIIEHHE OOJIbIIIE €IUHUIILI, TO BHIOMPAIOT ayCTEHUTHO-
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(beppuTHBIE CBapOYHBbIE MaTepuaibl. JTO MO3BOJISIET M30€kKaTh 00pa30BaHUS TOPSAYUX
TpelmuH B Metajuie mBa. Eciau cootHomenue B cBapuBaeMbix ctansx Cr/Ni<l (cramu
00nafaroT OOJIBIIMM 3aMacoM ayCTEHUTHOCTH), TO BHIOMPAIOT CBAPOUHBIE MaTepHUAabI,
o0ecreunBaofe ayCTEHUTHYIO WM ayCTEHUTHO-KapOuaHyIo cTpykTypy. [lomoOHbie
CBAPOYHBIE MaTEpHalbl HCIOJIB3YIOT M MPHU COCAWHEHUM AyCTECHUTHBIX CTaJled C
paznuyHbiM cooTHOIeHueM Cr/Ni.

TepMooOpabOTKy pa3HOPOAHBIX CBApHBIX COEAUHEHUM AyCTCHHTHBIX U
ayCTCHUTHO-(DEPPUTHBIX CTajiell Ha3HA4YalOT WCXOMsl W3 WX CBOMCTB. Ecnum oHu He
YOPOUHSIOTCS TePMOOOpaOOTKOM, TO MOCie CBapKu ee OObIYHO HE Ha3zHayaioT. B
OT/CNIbHBIX CIIy4yasX €€ Ha3HayalT [JIsl CHATUS BHYTPEHHHMX Hamnpsbkenuil. Ecnu
CBapUBaeMbI€ CTaJM MOABEPra0TCs TEPMUUECKOMY YIIPOUHEHHIO, TO B 3aBUCUMOCTH OT
TpeOOBaHUl HCTIONB3YIOT TEPMOOOPAOOTKY.

Caapka pa3HOPOJHBIX CTAJIell Pa3HOT0 CTPYKTYPHOI0 KJiacca

Mo:kHO BbIIEJWTH JABe MOATPYNNbl PA3HOPOJAHBIX CBAPHBIX COEIUHEHH
cTajieil pa3HoOro CTPYKTYPHOIoO KJjacca:
» CBapHBIC COCAWHCHHUS TICPIWTHBIX CTajleii C  BBICOKOXPOMHUCTBHIMHU
MapTEHCUTHBIMH, (PEPPUTHBIMHU U ayCTEHUTHO-(PEPPUTHBIMU;
» CBapHbIC COCIWHEHUS MEPIUTHBIX, MAPTEHCUTHBIX U (EPPUTHBIX CTaeH C
ayCTEHUTHBIMU.

Coeounenusn u3  HepAUMHBLIX  cmajneil C  6bICOKOXPOMUCHIbIMU
MAPMEHCUMHBIMU, (PEPPUMHBIMU U AYCHEHUMHO-(epPUMHBIMU XAPAKTEPUYIOTCS
TE€M, YTO B CBAPHOM COEAMHEHUU BO3MOXKHO TMOSIBJICHHE XOJIOJHBIX TPEIINH, a TaKKe
pPa3BUTHE KPUCTATU3AIMOHHBIX U UG Y3UOHHBIX MPOCIOEK B 30HE CILIABICHUS.
Coenunenuss mepiutHod ctamu ¢ 12 %-HOW XpOMHCTONW OOBIYHO BBITIOJIHSIOT,
UCTIONB3Yy nepaumnvle Inekmpoost thna I-09X1M i pyyHOHM CBapKu WIH
npoeonokyCs-08XM nns cBapku moa (imrocoM. [logoOHBIE cBapodHBIE MaTepHaIbI
MO3BOJISIOT MOJIYYUTh METAJLT 1IBA C COJIEpKaHUEM Xpoma 10 5 %, 4To obOecreuynBaeT
JOCTATOYHYIO MPOYHOCTh W IUIACTUYHOCTh METAJIa IBAa W IEPEXOAHBIX CIIOEB.
TeMmnepaTypHbli pEeXUM CBapKM HA3HAYAKOT [PUMEHUTEIBHO K  CBOWCTBAM
BBICOKOJIETUPOBAHHOW CTAJIN.

Ouenv uacmo, 0co0eHHO NPpU COEOUHEHUU IJIEMEHMOE DO0IbULON MOTUIUHBL,
BBITIOJIHSIOT OONHMIIOBKY KpOoMOK 12 %-noit xpomucmoii cmanu (Hampumep,
anekmpooamu tana I-09X1M), a danvretiuyio ceapky BeIyT aeKkmpooamu tamna I42
i I50A, cocTaB KOTOpPHIX OOECHEYMBAET HAIUJIaBKy MeTajula, OJU3KOTro K COCTaBy
MEHee JIETUPOBaHHOW cTaid. B Tex ciywasx, Korjaa MeTaml mBa paboTaeT Mpu
TeMIlepaTypax, OJM3KUX K TpeaenbHod s 12 %-HOM XpOMHUCTOM CTamw, Ijis
CHUKEHUSI BEpPOSITHOCTH oOpa3oBaHus aU(PGy3NOHHBIX TMPOCIOCK HAIJIaBKy Ha
BBICOKOXPOMUCTYIO CTajb BHayaje OCYUIECTBISIOT jekmpodamu tuna I-09X1MdD
unu I-10X3MD6, a 3amem r1ekmpooamu tvna I-09X1M.

Jlna ceapku nepaummuplx cmanei ¢ 6blCOKOXPOMUCMbIMU (heppumHnvimu,
ayCmeHumHno-(eppumnbImMu U MapmeHCcUmHbLMU TIEPIUTHBIE CBAPOYHbIE MaTEpPUAIBI
HEeXenaTelIbHbl M3-32 HeOJAaronpusiTHOro JErupoBaHUs MeTauia mBa. B 3ToM ciyvae
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HaOmogaeTcs  (QOpMUPOBAHME XPYNKUX KPUCTAUIM3ALUMOHHBIX Ipocioek. [l
YKa3aHHBIX COYETAHUH OOBIYHO MCHOJIB3YIOT CBApOUYHBIE MaTepualbl AyCTEHUTHO-
(eppuTHOrO Kj1acca, HallpuMep, JAEKTPObl TUIIA

9-08X24HO6TAM®. DOTu 37eKTPOAbl MO3BOJISAIOT MOJYYUTh OoJiee CTAOWIBHYIO U
IUIACTUYHYIO CTPYKTYpPY METajuIa IIBa B IEPEXOAHBIX y4acTKaX CO CTOPOHBI NEPIUTHON
ctanu. I[IpuMeHSAIOT makoce aycmenummuvie 3nekmpoovt. ONHAKO B 3TOM ClIy4yae
XUMHUYECKass HEOJHOPOIHOCTh OyAeT TMOBBIINICHHON, W B Cllydyae SKCIUTyaTallid B
o0JacTh BBICOKHUX TEMIEPATyp BO3MOXKHO 0OOpa3oBaHHE XPYNKUX AUPPY3HOHHBIX
MIPOCIIOEK, YTO MOXET MPUBECTH K MNPEKIECBPEMEHHOMY pPa3pyLICHUIO CBAPHOTO
COCIMHEHHS.

CoenuHeHuUs MEPIUTHBIX, MAPTEHCUTHBIX U (DEPPUTHBIX CTANCH C AyCTCHUTHBIMU
XapaKTEpU3yIOTCS  HAWOOJbLIEH XHMHYECKOM, CTPYKTYpHOM M  MEXaHWYECKOH
HEOIHOPOIHOCTBIO. IlockonbKy npumeHeHue 142 nepiMTHBIX CBapOYHBIX MaTEpPUAJIOB
HEN30€KHO NPUBOIUT K (POPMUPOBAHMIO XPYNIKUX KPUCTAIUIM3ALUOHHBIX CJIOEB, TO IS
BBIIIOJIHEHNSI COCIMHEHUH UCIIOJIB3YIOT ayCTEHUTHBIE CBAPOYHBIE MATEPUAJIbl, KOTOPHIE
BBIOMPAIOT B 3aBUCHUMOCTH OT cooTHomeHus: Cr/Ni B ayCTeHUTHOW CTaH.

v Ilpu coortromieaun Cr/Ni > 1 TUpPUMEHSIOT ayCTEHUTHO-()EpPPUTHBIC
CBApOYHBIE MAaTEepHUAlIbl, HANpUMeEp, 21exkmpodvt tina I-10X25H1312,
KOTOphIE TIpU pa30aBIEHWH MeETaula IBa MEPIUTHBIM OCHOBHBIM
MetamioMm 0o 30 % obecreynBaiOT MOMyYeHUE ayCTEHUTHO-(hEeppUTHOTO
IIBA.

v' Ecnm B cBapuBaemoii ayctenuTHoU cranmu otHomenune Cr/Ni < 1, to B
ATOM Cy4yae MCTOJB3YIOT CBAPOYHBIC MAaTEPHAIbl, HATPUMED, DIEKTPOIBI
tuna  I-X15H25M6AI2, oOecneuuBarouiie  Mpd  BO3MOXKHOM
npoIyiaBieHuu  nepiauTHo cramu 0o  20—30 %  onHodazHyro
ayCTEHUTHYIO CTPYKTYpPY MeTaJlja IIBa.

Kak npaBuiio, coeJuHeHUs EPIAUTHBIX, MAPTEHCUTHBIX U (PEPPUTHBIX CTaJleh C
ayCTEHUTHBIMU TEpPMOOOpaOOTKE HE IMOJABEpPrarT, TaK KaK 3TO HE MPUBOJUT K
CHIDKCHHIO BHYTPEHHHX HamNpsDKEHUM HM3-3a pa3iauuus B Kod(UIMEeHTax JIMHEHHOTro
pacimpenus. OTHycK MPUMEHSIIOT B TEX CIIy4dasX, €CJIM CBapuBaeMasi CTallb CKJIOHHA K
00pa30BaHMIO CTPYKTYP 3aKaJKH B 30HE TEPMHUECKOro BiausHUSA. OHAKO TeMIieparypy
OTIlyCKa HEOOXOJUMO Ha3HauyaTh MHUHUMAIBHYIO C I€JIbI0  MPEJOTBpAIICHHUs
oOpazoBanus TU(py3MOHHBIX MPOCIOCK. ECM Mo yCcaoBUsSIM AJisl BCETO U3ETUs OTITYCK
NPUMEHHUTH HENb35, TO BBIMOJHAIOT OOJUIIOBKY KPOMOK 3aKaJWBAIOLICHCS CTajiu
ayCTEHUTHBIMU DJIEKTPOAAMH. 3aTeM TPOBOIAT OTIYCK OOJMIIOBAaHHOW CTaM; TOCIHE
ATOTO BHITIOJTHSIOT Pa3HOPOTHOE COSTMHEHHE.

TexHo10rus CBApKHU ABYXCJIOMHBIX CTAJIE.

Yamie Bcero OHM COCTOSAT M3 HU3KO YIVIEPOAUCTOM CTalId, MOKPBITOW CIIOEM
KOpPPO3HOHHBIE crand. B kadecTBe AHTUKOPPO3MOHHOIO CJIOSI HCIIOJB3YIOT
aycreHutHble ctanu Mapok 08X18HIO0T, 08X17H13M3T u ap.

[To xumMU4EeCKOMY COCTaBYy 3JEKTPOIbl AOKHBI ObITh OAHOPOIHBI C METAIIIOM
makupoBaHHoro cios. Hanpumep, mis cranu 08X 17H16M3T ncnonb3yroT 37€KTPOIbI
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¢ nokpeitieM mapku HXK-16 u mpoBosnoka mapku CB-06X19H10M3T. /s ceapxu
ayCcmMeHUmMHbLMU I1eKMpoOaMu RPUMEHSIOM NOCMOSHHbIL MOK 00PAMHOU NOJAPHOCTU.

Yawe 6cezo w06 8bINOIHAEMC S CHAYANA CO CMOPOHBL Y2lepoOOUCmou cmanu, a
3amem HANIAGNEHHbIL MEMmAll CO CMOPOHbL NIAKUPOBAHHO20 ClOs 3aUWUUAemcs U
ceapugaemcs ysice NIAKUPOBAHHBILU Cl0U. [[yeo6as ceapka 08YXCIOUHbIX cmaneli 3d
MEeXHUKOU 8bINOJIHEHUS UB08 AHAIO2UUHOE C8aPKe 0OHOCIOUHO020 Memaa.

CBapka ABYXCJOMHBIX CTajIeil MPOU3BOJAUTCH CJAeAYIOIUMU CIIOCO0aAMMU:

1. ABTomaruyeckoil cBapkod Tonx cioeM  ¢iaroca  OCHOBHOTO U
IJIAKUPYIOLIETO CIOA,

2. PyuHOi1 1yroBoil cCBapKOi OCHOBHOTO U TUTAKUPYIOIIETO CIOS,

3. ABTOMATHYECKOW CBapKOH moj cioeM (Iroca OCHOBHOTO CIIOS U PYYHOU
JyTOBOW CBapKOM IMJIAKUPYIOILIETO CIOs,

4. TlomyaBTOMaTH4ECKOM CBapKOW B Cpe/i€ 3alIUTHBIM ra30B OCHOBHOIO CJIOS
Y aprOHOYTOBOM CBApKOM IUIAKUPYIOILLETO CIIOS.

IIpn py4yHO IQYroBOMl CBAapKe IOCJE BBINOJIHEHUS CBAPHOIO IIBA CO CTOPOHBI
OCHOBHOTO CJIOS MPOM3BOAMUTCA BBIPYOKAa WIJIM BBIILJIABKA YIVIEPOJUCTOrO IIBa CO
CTOpPOHBI IUIAKUpYIOWEro cios. i1 CBapKM IUIAKUPYIOLIETO CJIOS ayCTEHUTHBIMU
AJIEKTPOIaMU IPUMEHSIOT IIOCTOSHHBIN TOK 00paTHON MOJISIPHOCTH.

CBapky NpoOM3BOAUTH KOPOTKOW ayroi. Ilpm cBapke B HECKOJIBKO IPOXOJOB
MOCJIEYIONIME CJIOW HAKIAABIBAIOT TOCIE OXJAXACHHUS NPEIbLAYLIEro CJos 10
temneparypsl He Boie 100 °C

[Tocnie cBapku ABYXCIOMHBIX CTaJ€d C OCHOBHBIM ciioeM u3 ctanu 12XM, 12MX
MPUMEHSIOT MOCIEAYIONIYI0 TEPMOOOPaOOTKY MO PEKUMY BBICOKOTO OoTiycka. Harpes
10 memnepamypbul
680-710 °Cc ebvldepickon2 4aca u oxaaxcoeHuem Ha 6030yxe. Bo wuzbexanue
TPEIIMHOOOpPA30BaHUsl ~ CBApKy  3TUX  CTaJed  PEKOMEHAyeTCsl  BeCTH ¢
npeosapumenbHuIM U CORYymcmaeyruiem noaorpeBoM kpomok a0 200-250 °C.

KoHTpoJIbHBIE BONIPOCHI:
1. Ha3nauyeHnne KOMOMHUPOBAHHBIX KOHCTPYKIIMN U KiIacCHU(pUKAIMS Pa3HOPOIHBIX
crajen

2. TlepeuncnuTh OCHOBHBIE TPYJHOCTH IPH CBAPKE PA3HOPOIHBIX CTAJICH U

3. CcImocoObI UX MPEOT0ICHHUS.

4. KakuMH METOJaMHU JOCTUTAETCS MUHUMAJIbHAS TOJIIMHA KPUCTAIUTH3AIMOHHOM
ITPOCIIOUKN?

5. BeiOOp CBapoOuYHBIX MaTCPUAIOB JUIS CBapKH CTalieil pa3HBIX CTPYKTYPHBIX
KJIacCOB

6. Capka pa3HOpPOJHBIX CTaJlIel pa3HOTO CTPYKTYPHOIO Kiacca.
7. CBapka JBYXCIIOMHBIX CTaJEH.
IpakTnueckas padora Ne9

Tema: PacimmdpoBka MapkKUpOBOK CTajIeH, YyTryHa W IIBETHBIX METAJIOB MO KaPTOUKaAM

Hean padorsl: [IpuoOpectn mpakTUYECKWE HABBIKH MPU paciIndpoBKEe MapKUPOBOK
cTajel, 4yryHa U I[BETHBIX METaJIJIOB
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Xo/1 BbIOJIHEHUS] padoThI:
1. O3HakoMJIEHUE C TEOPETUUECKUMU CBEJICHUSIMU
2. W3yuutsb pacmmppoBKy MapKUPOBKHU CTaJICH, YyTr'yHa U IIBETHBIX METAJJIOB.
3. PacmmdpoBaTh Mapku KOHCTPYKIIMOHHBIX MaTepuaioB (Tadauuya. 1).

Teopernueckue cBeieHUs1
MapkupoBka craJiei

VYriiepoaucTele KOHCTPYKIIMOHHBIE CTalM IO KadecTBY (B 3aBUCUMOCTH OT
ColepKaHUsl BpPEOHBIX MpUMECEW) MOAPA3AEIAT HA JBE TPYINIbL:  CTald
OOBIKHOBEHHOI'O KaueCTBA U KaUeCTBEHHbBIE CTaJIH.

e VYriepoaucrbie KOHCTPYKIHOHHbIE CTAJH 00bIKHOBEHHOI'0 Ka4eCTBa
MapkupoBKa YIriIepoJUCTBIX CTajlell OOBIKHOBEHHOIO KauyecTBa HAYMHAETCA C
O0ykB «CT», ocie KoTopbix cTouT udpa ot 0 10 6.

Hanpumep:Cr12kn, bC13kn, BCr3ne, BC14.
v CT — MHJIEKC JTAHHOM TPYIIIBI CTaH.
v" Tudpst ot 0 10 6 - 3TO YCIOBHBIN HOMEP MapKH CTAJIH.
VY CIOBHBIT HOMEP HE CBA3AaH C XMMHUYECKHUM COCTaBOM CTad. C yBenM4YeHUEM
HOMEpA BO3PACTAET NPOYHOCTh U CHUKAETCS IIJIACTUYHOCTD CTaJIH.
B 3aBucuMOCTH OT CIOC00Aa PACKUCICHUS CTAJIM MOTYT ObITh:
» CIIOKOMHBIMHU (CIT),
» TOJyCITIOKOUHBIMU (TIC)
» KUIAIUAMH (KIT).
JlomyckaeTcsi B CHIOKOMHBIX CTaJsIX OYKBHI (CIT) HE TTUCATh.
[lepen o6o3nauennem «Ct» mMoryt ctosTh OykBa A, b u B. Jlns ctaneit rpynisl
A TIpu TOCTaBKE TapaHTUPYETCS COOTBETCTBHE MexaHudeckux cBorcTtB ['OCTy, B
0o003Haue€HWM WHAEKC Tpynnbl A He ykasbiBaercs. Jns crameid rpymnmel b
rapaHTUPYETCs COOTBETCTBHE XMMHUYECKOMY cocTaBy, mpuseaecHHomy B ['OCTe,
MEXaHMYECKNE CBOMCTBA B ATOM CIIydae HE perslaMeHTUpYroTcs. i cranen rpynnsl B
IIPU TIOCTaBKE TapaHTHUPYIOTCS TOYHOE COOTBETCTBHE M MEXAHWYECKUX CBOWCTB, U
XUMHYECKOTO COCTaBA.

IIpuMepbl MAPKHPOBKH:

s BC14 — cramp yriepoaucras OOBIKHOBEHHOTO KadecTBa, CIOKOWHAs, C
rapantupoBaHHbiM cootBeTcTBUEM ['OCTy XMMUYECKOro cocraBa H
MEXaHUYECKUX CBOMCTB;

s C15xnm - cramp yriepomucrtas OOBIKHOBEHHOTO KadecTBa, KHUIIAIIAs, C
rapaHTupoBaHHbIM cooTBeTcTBUEM ['OCTyYy MeXaHMYECKUX CBOWCTB.

e KauyecTBeHHBIC YIVIEPOAUCTbIC KOHCTPYKIIHOHHBIE CTAJIH
B MapkupoBKEe yINIEpOOUCTBIX CTal€dl IMOBBILIEHHOIO KAayeCTBA YKa3bIBAETCS
CJIOBO «CTaJIbM JIBYX3HAYHOE YHUCIIO, YKA3bIBAIOILIEE CPEIHEE COIAEPIKAHME YriIepoJa B
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COTBIX JIOJISIX TpolieHTa. Kpome 3Toro ykasblBaeTcsl CTENEeHb PACKUCIICHUS, €CIU CTallb
oTM4aercsi OT crnokorMHou. Cranmu ¢ coaepxkanuem yriepona oo 0,25% wmoryt
MOCTAaBJIATHCS CIMIOKOMHBIMU (CIT), MOJYCHOKOWHBIMU (Tc)u Kunsamumu (km). Ctanu ¢
conepxkanueM yriaepoza oosnbiie 0,25% mocTaBistOTCS TOJIbKO CIOKOMHBIMH.

KauecTBeHHbIE CTallM MOCTABISIOT TOJBKO Ipymnmbl B — ¢ rapaHTUpOBaHHBIMU
MEXaHMYECKUMU CBOMCTBAMHM M XMMHYECKHUM COCTABOM, MOATOMY B OOO3HAUCHUH HE
ykazpiBaeTcsi. bykBa I B MapkupoBke 0003HA4aeT, YTO CTajdb WMEET IOBBIIIICHHOE
coaepxkanne mapranna(oo 1,2%). byksa JI B koHIle Mapku O0O3HAYaeT, YTO CTaJb
MpeaHa3HaYeHa JJIsl OJyYeHUsT OTJIMBOK.

IIpumepsl MAPKUPOBKHU:

1. Cranp 15kn - yraepoaucras KOHCTPYKIIMOHHAs KaueCTBEHHAsl CTallb C
coaepxkanueM 0,15% yrineponaa, 99,85% xenesa, KUIAIIAs;

2. Cranb 30J1 - yriepoauctas KOHCTPYKIIMOHHAs KayeCTBEHHas CTajlb C
coaepxkanuneM yriepoaa 0,30%, 99,7% xenesa, criokoiiHas, TPUMEHSIETCS
IUISL A€TaJIE MOJIy4aeMbIX METOJIOM JIUThS;

3. Cranas 30I' - yriepoauctas KOHCTPYKIIMOHHAsi KayeCTBEHHAsi CTallb C
coaepxkanueM yriepoaa 0,30%, crmokoliHas, cojiepskaias MOBBIIICHHOE
KOJINYECTBO MapraHIia;

4. Craab 45 - yriuepoaucras KOHCTPYKIMOHHAs KadeCTBEHHAas CTallb C
coaepxkanneM yriepoja 0,45%, octaibHOE — KENE30; CHOKOWHAS.

MapkupoBKa JIerHPOBAHHBIX KOHCTPYKIMOHHBIX cTaJIei

KOHCTpYyKIIMOHHBIE JIETUPOBAHHBIE CTAIM MPUMEHAIOTCS JJISI OTBETCTBEHHBIX
JieTajiel Ma-

IIAH U METAJUTMYECKUX KOHCTPYKIIHM.

[Ipunsara OykBeHHO-IIU(pOBas cCHCTeMa MapKUPOBKH JICTHPOBAHHBIX CTaJICH.

OcHoOBHBIE JIETMPYIOIIUE 3JIeMEeHThI 0003HAYAI0T OyKBaAMMU:

X —xpoM T — turanl’ — mapranen

K — xo6ansTH — Hukensb — Hno6uit M — monubaen C —
kpeMuuitfO — amomunuiill — mupkonuitB — Bonbdppam P — 6op
@ — Bananuii/l — menp I1- pochop

A (B cepenuHe) — a30T

» MapkupoBKa HAaUMHAETCS C IBYX3HAYHOTO YHCIIA, TOKA3BIBAIOIICTO
coJiepKaHue YIiiepoaa B COTHIX JOJIAX TpolieHTa. Eciiu B Hauane mudp
HET, TO COJIepKaHue yriepoaa 0koJio 1%.

» Jlanee rmepeuncsIFOTCS JISTHPYIOIINE SJICMEHTHI.
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Yuco, cienyroniee 3a yCI0BHBIM 0003HAYEHUEM DIIEMEHTA, TOKA3bIBAET
€ro cojiepaHue B MpoLeHTax. Eciu 4uciio He CTOUT, TO coAepKaHue
ATOTO JIETUPYIOIIETo AieMeHTa He npesbimaet 1,0 %0.

bykBa «A» B KOHIIE MADKHPOBKH YKa3bIBAET, UTO CTaJIb OTHOCUTCS K
KaTeropuHu BBICOKOKa4eCTBEHHBIX (30XI'CA),

Ecnu OykBa «A» HaXOJUTCS B CEPeIMHE MAPKUPOBKH - TO CTAJIb
nerupoBana azotom (161 2A D),

Ecnu B Hauane MapKupoBKU OyKBa «A» yKa3bIBa€T Ha TO, YTO CTaJb
aBTOMATHAsl C TIOBBIIIEHHON 00padaTkiBaeMOCTH pe3anueM (A3512). Otu
CTaJIM UMEIOT MOBBIIIEHHOE COJAEPKAHUE CEPHI.

Nunexc «AC» B Havane MapKUpPOBKH YKA3bIBAET, YTO aBTOMATHAS CTallb
JOTIOJHUTENBHO COIEPKUT CBUHEL.

Oc000 KaueCTBEHHbIE CTAJIH, TOJABEPTHYTHIC AIEKTPOILILIAKOBOMY
neperiaBy, 00ecreynBalIIeMy OYUCTKY OT CYIb(UI0B, OKCUIOB U
APYTUX NpuMeceii, 0003HaYaroT 100aBI€HUEM B KOHIIE MAPKUPOBKY Yepe3
tupe OykBbl «LLD».

IIpumepbl MAPKUPOBKHU:

1.

o b

V. VVV V¥V

45XH2M® - KOHCTPYKIIMOHHAs CTallb, coaepxkaias: 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,
OCTaJILHOEC - JKEJIC30.

I'13 - koHCTpYKIIMOHHAA cTaib, coaepxamasi: 1% C, 13% Mn, octansHOE -
JKEeIe30.

15X25H19BC2- koHCTpyKIMOHHAs cTaib, coaepxammas: 0,15%C, 25%Cr,
19%N:i,

1o 1,5%W, no 2 %S1, ocTalIbHOE - KENE30.

20XT'HTP-III BeicokokauecTBeHHas cTajib nocie DI, cogepxaras
0,2%C, o 1% xpoma, MapraHiia, HUKeJIs, THTaHa, 00pa, OCTATLHOE -
JKEIIe30.

MapKupoBKa IIAPUKONOAIIUITHUKOBBIX CTAJICH

Cranu, npeHa3HaY€HHbIE JJI1 U3TOTOBJICHUS MOJUIMITHUKOB KaueHHUs,
o0o3Hauarotcst OykBamu «LIX» v u@poil. BykBbl 03HaYaIOT:

«III» - mapuKONnOIIUITHUKOBAS,

«X» — XpOMHUCTAas.

ILudgpa nocne 6ykBbl «X» yKa3bIBaeT COACPKAHUE XpOMA B JECATHIX
JOJIAX TPOLICHTA.

Cooeporcanue yznepooa B NOAINITHAKOBBIX CTAJISIX COCTABISET OKOJIO0
1%. C yBenuyeHueM coJepKaHus Xpoma U JIETUPYIOLIUX JIEMEHTOB
YBEJIMYUBAETCS TIyOMHA MPOKATMBAEMOCTH, TO €CTh YBEIUYUBACTCS
BO3MO>KHOCTh U3TOTOBJICHUS AeTajieil O0JbLIero pa3Mepa ¢ obecreyeHueM
3aJlaHHBIX CBOMCTB.

I[Ipumepbl MAPKUPOBKH:
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X6 - mapuKkonoAIUIHUKOBAS CTalb, coaepxaias 1% yriepona u 0,6%
XpoMma;

HIX15CI - mapuxono IMIIHUKOBAs CTallb; coaepxkamas 1% yriuepona, 1,5%
Xpoma, KpeMHHUs 1 Maprasia 10 1%, ocTaabHOE - KENe3O0.

MapkupoBKa NOPOIIKOBBIX CTaJIeH

MapkupoBKa cTanie, oay4YeHHBIX METOJOM MOPOIIKOBOW METAJLTYPIHH,
HaYMHAeTCs ¢ OyKB
CII — crasb nopouKoBas.
» IlepBas uudpa mocne 0yks «CII», Kak u B ciryd4ae KOHCTPYKIIMOHHBIX C
Tajel, MNOKa3bIBAET CPEIHEE COAECPHKAHUE YIIIEpOaa B COTBIX JIOJIAX
IIPOLICHTA.
» Tlocnenyromue 6yKBbI 0003HAYAIOT JIETUPYIOIINE DJIEMEHTHI, @ IU(PHI
1ocJIe HUX - UX CpeJHEe CoepKaHKE B MPOLIEHTaX (0TCyTCTBHE LU(DPHI
03HaYaeT, 4TO COACPKAHNE COOTBETCTBYIOIIETO 3eMeHTa <1 %0).
> B KOHIIe MApKH Yepe3 THPE yKa3bIBACTCS ITOTHOCTh MATEPHAIa B I/CM °.

IIpumep MapKUPOBKM:
1. CII40XH3M-3 - ctasib noponikosas, conepxaias: 0,35-0,45%C; 0,8-
1,1%Cr; 2,5-3,5%Ni; 0,3-0,6%Mo, ocTaibHOE - XKeae30; IOTHOCTL 0KOJIO0
3 r/em’.

MapkupoBKa 4YyI'yHOB

Uyryn mapkupyetcsi 0yKBaMHU, TOKa3bIBAIOIIIUMU OCHOBHOW XapaKTep WU
Ha3HAYCHUE YyTyHa, U IUPPaMH, COOTBETCTBYIOIIMMU MUHUMAILHOMY 3HAYCHHIO
BPEMEHHOTO COTMPOTHUBJICHUS NIPpU pacTsikeHuu S, 6 MIla/10. I aHTUPPUKITTOHHOTO
Yyr'yH B Haualie MapKUPOBKHU yKa3biBaeTcs OykBa «A» (ACY, ABY, AKY).

MapkupoBKa cepbIX YyI'YHOB
Cepsiit uyryn mapkupyetcs OykBamu «CU» u nudpamu, COOTBETCTBYIOIIUMHU
MHUHUMAJILHOMY 3HAYEHUIO BPEMEHHOTO COMPOTUBIICHUS MPU PACTKEHUU S@ 6
MIIa/10. Haubonbliee pacupoCTpaHeHUE MOJIYYHIN 4yTyHbl Mapok: CH12; CY15;
CU18; CU21; CUY24; CU28; CU32; CU38.

[Ipo4HOCTH CEphIX YYTYHOB BCEX MAPOK MPHU CKATUU 3HAYUTEIHLHO MPEBBIIIACT
MIPOYHOCTH NpH pacTsukeHuu. Hanpumep, muist uyryna mapku CY 24, nmeroiero npeaen
MIPOYHOCTU hpu pacmaxcenuu40 MIla, npenen NIPOYHOCTH HPU CHCAMUU COCTABIISIET
850 MlIla.

IIpuMep MapKupoOBKH:

1. CY10 - cepslif UyTyH C TUTACTHHYATHIM TpadUTOM, BPEMEHHOE
CONPOTHUBJIEHUE MTPU UCTIBITAHUAX Ha pacTskeHue s6=100 Ml1a;

MapkupoBKa BHICOKONPOYHBIX YYT'YHOB
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BricokonpoyHblie YyTyHbl MAPKUPYIOT Oykeamu «BYU» u yughpamu, xoropoie
XapaKTepU3yeTBPEMEHHOE COMTPOTUBIICHUE YYTyHA MpU pacTskeHuu s¢ ¢ MIla/10).

IIpumep MapKUpPOBKHU:
1. BY70 - BEICOKOIIPOYHBIN YyTYH C IIAPOBUIHBIM IT'Ppa(pUTOM C TIPEICIIOM
MPOYHOCTHU Ha pacTsikeHue s6=700 MllIa;

2. BU35 - BBICOKOIIPOYHBIN YYT'YH, BPDEMEHHOE COMTPOTUBIICHUE PACTSXKEHUIO
s6=350 MIIa;

MapkupoBKa KOBKMX YyT'YHOB
KoBkue uyryHnsl MapkupyroT dykeamu « KU»u yugppamu, 06031auaroniumm
BPEMEHHBIE CONPOTUBIICHUS IIPU pacTskeHn! S¢ ¢ MIla/lI() u OTHOCUTEIIBHOE
yanuHenue d 6 %.

IIpumep MapKHUPOBKM:
1. K4Y33-8 - koBKuUll 4yT'YH C XJIONbEBUJIHBIM TPaUTOM, BpEMEHHOE

COIMIPOTUBJICHUC PACTAKCHUIO s6=330 MHa, OTHOCHUTCJIBHOC YIJIMHCHHUC
d=8%.

MapxkupoBka aHTUGPUKIMOHHBIX YYT'YHOB
Jliis paGoTHI B y3/1ax TPEHUS CO CMA3KOW MPUMEHSIOT OTJIMBKH U3
anTugpuknronHoro yyryna AYC-1, AHC-6, AUB-2, AYK-2 u ap., uto
pacingpoBBIBAETCS CIEAYIOIINUM 00pa3oM:

»  AY - aHTUPPUKIIMOHHBIA YYTYH:

»  C- cepnii,

» B - BBICOKOTIPOYHBIH,

» K - KOBKWHIi.

»  Hugpwvr 0603HaYAIOT TTOPSTKOBBIM HOMEp crutaBa coriacHo I'OCTy
1585-79.

MapkupoBKa JJeripoOBAHHBIX YYT'YHOB
Jlecuposannule yy2ynvl MapKupyom aHaio2udHo CMaisim OyKeamu u yugpamu.
MapxkupoBka HaunHaeTcs ¢ Oykebld — uyryH. OcmasvHble 0yK6bl YKa3bIBAIOT
coJiep KaHue JIETUPYIOIINX AJIEMEHTOB B NpoleHTax. [Ipu coaepxanuu Jerupyromero
anemenTta menee 1,0%uyughpol 3a COOTBETCTBYIOIIEH OYKBOM HE CTaBATCA. Y CJIOBHOE
0003HaYEHNE XUMUUYECKHUX DJIEMEHTOB TAaKOE K€, KaK U MPpU 0003HAYEHUHU CTaJICH.

IIpumep MapKUpPOBKHU:
1. YH19X3 — uyryn, conepxamuiit 19% Ni u 3% Cr, octanbHoe - xene30.
Ecnu B terupoBaHHOM UyTyHE perjaMeHTHpyeTcs mapoBuaHas popma rpadura,
B KOHIIE Mapku dooasnsemca oyxea«Ill»y (YH19X31II).

MapkupoBKa MeIH U ee CIJIABOB

Texnuuecku uucmasn meov mapkupyemcs: M00 (99,99 % Cu), M0 (99,95 %
Cu), M2, M3 u M4 (99 % Cu).

70



MapkupoBKa JIaTyHH
Jamynamunaszvigaromes 080UHble UIU MHOSOKOMNOHEHMHblE CNIABbI HA OCHOGE
Mmeou, 20e OCHOBHBIM Ne2UPYIOUUM IIEMEHMOM AGTISICMCA YUHK.

Oo6o03Ha4aroT:

» HaudanbHOW OykBOU crutaBa JI - naTyHb,

» TI0CJIe Yero CJICIYIOT NepBble OYKBBI OCHOBHBIX 3JICMEHTOB, 00pa3yrOIINX
CIUTaB ¥ IHUQPBI, KOTOPHIE MOKA3BIBAIOT COACPIKAHUE DJIEMEHTOB B IICIIBIX
MIPOIICHTAX.

B namynusx ne ykasvieaemcs cooepacanue yunka (YUHK-0CMAivHoe).
OcHOBHBIE JIETHPYIOIIIHE 3JIEMEHTHI B JIATYHSAX:

JlaTyHu essiTcs Ha:
v Jlehopmupyemele,
v' Jluteiinsle.

% B mapkupoeke nepopMupyeMoil JTaTyHU CHayaga MEPEUHUCISIOTCS BCE
OYyKBBI, 2 TOTOM Bce udpsl uepe3 neduc. B mapkuposke nedopmupyemoit
JATYHU HE YKa3bIBACTCS COJIEpKaHMe IIMHKA (IMHK-OCTAIBHOEC).

% B Mmapkupoeéke JWTEliHON JaTyHU moOcle OyKBEHHOIO OO0O3HAYCHUS
JIETUPYIOILETO JIEMEHTA CTaBUTCS LM(pa, yKa3bIBaOIasi €ro yCPeAHEHHOE
coJiepkanue B criaBe. OCcTanbHOE — MEIb.

IIpuMepbI MAPDKHPOBKU:
1. JI62 - narywp nmedopmupyemas, comepkamas meau 62%, OCTanbHOE -
IIUHK;
2. JIKMu59-1-1 - nedopmupyemas natyHb, coaepxamias 59% Cu, 1% Fe ,
1% Mn, ocTtaiabHOE IMHK.

3. JIAXK60-1-1 nedopmupyemas naryusb coaepkut 60 % Cu, 1 % Al, 1 % Fe
u 38 % Zn.

4. JI23A6/K3Mu2nureitnas gatyHb cofaepkut 23 % Zn, 6 % Al, 3 % Fe, 2
% Mn, ocTalbHOE - MEJIb.

MapkupoBka OpOH3bI

BpoH3bl -cnnassl meou ¢ Opyeumu djemeHmamu  (AIOMUHUEM, CEUHYOM,
bepunnuem, KpemHuem u m.o.).
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DOnemMeHThl 0003HA4YarOTCS TaKUMU >K€ OyKBaMH, KaK B JIATyHAX. BpOH3BI
MapKUpPYIOT oykeamu Bp, uugper 3a OykBaMHu yKa3bIBalOT COJEP)KaHUE JETHPYIOIIUX
AJIEMEHTOB. B OpoH3ax He yKa3zvleaemcs cooepicanue meou (Meob - OCMAbHOE).

bpou3bl moagpasaeasiloTcs Ha:
v Jlehopmupyemble,
v JlureitHeple.

+ Ilpu mapkupoexenegopmupyeMbix OpPOH3 Ha IEPBOM MECTE CTaBATCH
OykBsl bp, 3arem mnepeuncnsaioTcs OyKBbI, YKa3bIBAIOIIWME, KaKHe
JJIEMEHTBI, KPOME MEIH, BXOHAT B cocTaB crulaBa. Ilocine OykB uuyt
nudpsl uepe3 aeduc, MOKA3bIBAIOIINE COJEP)KaHHWE 3TUX HIIEMEHTOB B
CILIaBE.

+ MapkupoexaiuTeiinbIx OPOH3 Takke HaunHaeTcs ¢ OykB Bp, HO 1udpsl,
yKa3bIBAIOLIUE COJIEP)KaHUE JIETHUPYIOIIUX 3JIEMEHTOB B CIUIABE, CTABSITCS
HETOCPEJCTBEHHO 110CJIE COOTBETCTBYIOLIEH OYKBBI.

IIpumepbl MAPKUPOBKHU:
1. BpO®10-1 — onossinucras nedopmupyeMas Oponsza comepxutr 10 %
osioBa, 1 % ¢ocdopa, ocranbHOE — MEIb.
2. bpKMu3-1 — kpemuucras nedpopmupyemas Oponsa, comepkamas 3%
kpemHus U 1% mapranna, ocTalbHOE — MEJIb.
3. bpO4114C17 - nutelinas onoBsiHucTas OpoH3a comepxut 4 % omnona, 4 %
nuHka, 17 % cBuHIA, OCTaJIbHOEC — MEb.
4. BbpC30- cBunoBas nuTeiHas 6ponsa coaepxut 30% cBHUHIIA, OCTAIBHOE -
Me/b.
5. Hekotopble OpOH3bI HMEKOT CHIENHATIbHbIE HA3BAHUS:
1). bpH20 - measxuop (20% Ni , 80% Cu),
2). bpH40 - xoncranTtan (40% Ni , 60% Cu).

MapkupoBka cnjiaBoB aJIOMUHUS

AJIFOMUHUN BBICOKOW YUCTOTHI Mapkupyercst A99 (99,99 % Al), A8, A7, A6, AS,
AO(conepxanue antomunusiom 99,85 % oo 99,0 %).

CiiaBbI HA OCHOBE AJIIOMUHHUSA OLIBAIOT:
v JlebopMUpyeMBIMH,
v' JIUTeHHBIMU.

OCHOBHOH JICTHPYIOIIMIA JJICMEHT JIMTCHHBIX CIUIABOB - KpemHHHA (Si) o
HA3BIBAIOTCS OHH CUIYMUHAMIU.

JedopMupyembie cijiaBbl ObIBAIOT:

v Koskumu - o6o3nauarorcs (AK) ,

v O6paboTaHHbIE TPOKATKON MIIM BOJIOYEHUEM AypartoMuHbI (/1).
B mapruposxke cnnasa nocne 6yke ciedyem yclo6Hblil HOMEP CHIABA.
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IIpuMepbl MAPKUPOBKHU:

1.  AJI-2Z - quTeliHbI{ aJTIOMUHUEBBIA CIUIAaB CUITYMHUH;
2. J116 - nehpopmupyeMblii aTIOMUHUEBBIN CIUIAB TyPATIOMUH;
3.  AKS5 - nedopmupyeMblii allOMUHUEBBIM CIUIaB JUIsI  KOBKH

(aJIFOMUHUYN KOBOYHBIN).

Cnnaevl anioMuHus ¢ NOGLIUIEHHBIM COOEPHCAHUEM MAP2AHUA UTU MAZHUS
0003HAYaOT, COOTBETCTBEHHO, AMu, AMr, mnocie o0003HAYEeHHST DJIEMEHTA
YKa3bIBAC€TCS  COJACpP)KAHME JIETHPYIOIIEro »3jeMeHta (AMz3 — aJliOMUHHA C
coJiep>kanrueM Mapranma 3%).

MapkupoBKa NOPOIIKOBBIX KOHCTPYKIHMOHHBIX MAaTEPHAJIOB HAa OCHOBE
HBETHBIX METAJLIOB

Mapku mNOPOMIKOBBIX KOHCTPYKIHOHHBIX MATEPHAJIOB HA OCHOBE IBETHBIX
METAJIJIOB 0003HAYAIOT:

AJ1 — aIFOMHHUM, be - 6epmnmii,
bp - 6pon3a, JI - naryHsb,
B - Bosibdpam, I —mapraHeLp,

[ - meapb, K - xene3o,

M - monnbaeH, Mr-marHuu,

IlepBblii 0yKBeHHBII HHAECKCO003HAYAET TUII MATEPHAJIOB:

Bropoii mnpexc «Il» ykazvieaem, umo mamepuan nomyuen memooom
NOPOUKOBOU MEMANTYPUU.

Caenywmue mnocjie HeroOykBbl U Hugpbl 0003HAYAIOT JIETUPYIOLINE
AJIEMEHTHI B LIEJIbIX MPOIEHTAX.

IHugpa 6 ronue mapxku mocje THpe, KaK U Uil YEPHBIX METAJUIOB,
0603HAYAET PYIITY IOPHCTOCTH MaTepHana r/cM °.

YV WV VYV

IIpumepbl MAPKUPOBKHU:

1. AnlIMr6I'4-4 - KOHCTPYKLHMOHHBIH MaTepual M3 TMOPOLIKAa AaTOMUHHUSA C
conepxkanueM wmarHus 6%, mapraHua 4%, UMEKOIIAKA YETBEPTYIO TPyHIy
MOPUCTOCTH (IUTOTHOCTH 4 T/cM);

2. bpllO-4 - KOHCTPYKIMOHHBIM MaTepHal U3 MOpOoIIKa OpPOH3BI, COJEpKaLIHi

osioBa 4%, meau 96%, uMerNMi YeTBEPTYIO IPYINY MOPUCTOCTU (TIJIOTHOCTD
4 F/CM3);



3. JIII80-4 - KOHCTPYKIIMOHHBIA MaTepuall W3 IMOPOIIKA JATyHH, COJEpKallui
meu 80%, unnka 20%, UMEIOIINI YeTBEPTYIO IPYIITy HOPUCTOCTH (IJIOTHOCTh

4 F/CMS);
4. TITAn6M2-4

- KOHCTpYKHI/IOHHHﬁ Marcpuaial M3 IIOpOIlIKa THTAHA,

cojiepKamuii amoMuHus 6%, monudaeHa 2%, OCTalbHOE - TUTaH, UMEIOIIHUMA
YETBEPTYIO IPYIIY MOPUCTOCTH (TJIOTHOCTH 4 I“/CMs);

5. KI'p0,4/14H3-7,3 - KOHCTPYKIMOHHBIA IMOPOIIKOBBIA MaTepuaq Ha OCHOBE
noporika xeneza (OK), comepxammit 0,4% rpaduta, 4% menn, 3% HHUKENS U
MMEFOIHH TIOTHOCTH 7,3 T/eM®

Taoauna. 1.

YciaoBHoe 0003HAYECHHE CBAPOYHBIX MATEPUAJIOB

Ne
BapHAHTA

Ycji0BHOE 0003HAYEHHE CBAPOYHBIX MATEPHAJIOB

1.

Cranp 08km, 12XH, 15X2MA, 35XTJI, HIX4-111, X18H10T,
4012, 38X2MIOA, 55C2,

IIX15, 08X16H13M2, JI70, JTAXK60-1-1, JDKC58-1-1, JIC74-
3, JILI40M13 A, JILI35HXA,

MHIIC16-29-1,8, bpOlLl4-4, bpO19, bpO10112, bpAXMii10-3-
1,5, CU30, CU38, BU70,

KY65-3, UX32, YHXT, UCS5, K445-6 bpO31[12C5.

Crams 20, 18XT-111, A12, 16X18HI2C4JT, 0912,
17TC18X2H4MA, 30X, 9X16, I1IX15,

12X18H9, 40X10C2M, S0XH, 35TJ1, 20X 131, JI75, JIA85-0.5,
JILB30A3, JIL3SH2K,

JIB36MR2002C2, JIIT16K4, JII40Mu3)K, BpO3117CSH,
BpO®6,5-0,4, CU24, BU100,

AUC-4,YC17, YH1517X2, KU60-3, UX3. BpO4II4C17.

Crans 60, 20XTHTP-111, 20T 1dJI, 1IIX20CT, A20,
08X19H10T, 03H18K9MST38XA,

20XH, 34XHM, 70C2XA, 10XH13M3T, 9X, 35J1, 20'CJI,
20XM®JI, J160, JIOMu72-2-2,

JILI40AXK, JIC59-1. BpOd7-0.2. BpOSHA4I12. BpOSII5C2,
MHIT15-20, CU18; CU12; BU50, ACU-4, KU30-6. UIO22-111,
Ux2.

Cranb 45, 12X2H4A, 15J1, A40T, 11IX15, 30X3M®D,

09X 16H4B, 18T2AD, 30X3M®D,

38XH3MA, 110T'13J1, 08X15H4JIMIIL, 20J1, 4X5MdC, J196,
JIH65-5, JIA77-2, JTIO60-1,

JIL{14K3C3, BpO31112C5, BpAXK9-4, MH19, MHYXMn30-1-1,
CY20, CU32; BU45,

ACY-3, YCS5-11I1, KY37-12, KUS50-4.

Crainsb 15, 06X16HISM3b-1II, 15X, 12XH3A, 30XH2MA,
08X14H/JI, 20X25H20C2, IIX4-111, 20I'CJI, 65C2BA,
3X3M30, 30XMA, IIX20CT, IIX15, 15J1I, JDKMu59-1-1,
JIO90-1, JIO63-3, JII23A62K3Mu2, bpA7, bpO8C12, CU28,
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C410, B440, UX12, BU30,
K430-6, UX3, UH1517X2, UCS.

6. Crérc, 12X3HA, 30XH24DA, 30XH2M®DA, 15X,
20X2H4A, IIIX15CT, 45X, 25T,

15XPA, MHI[12-24, BpHXK2,5-0,7-0,6, MH)KKT5-1-0,2-0,2,
BpX, MH25, KU33-8,

UX12M, UX18HM, KU55-4, AUB-1, AUK-2, CU18, BU100,
YH2X, 20X20H14C2, J196,

BpOSLI5C2, JTAXK60-1-1, LLIX4-111, JIO60-1.

IIpakTnueckas padora Nel(Q

Tema: TpyaHocTu MpH cBapKe YyryHa U IBETHBIX METAJIOB

Hean padorel: [Ipuobpectu 3HaHUS U YMEHUS MPU U3YUCHUH TPYIHOCTEH MPU CBapKe
YyryHa U IIBETHBIX METAILJIOB

Xoj BbINOJHEHHUs pa0dOThI:

1.
2.

3.

O3HaKOMJIEHHE C TEOPETUYECKUMH CBEACHUAMU

[IpousBecT KOHCIIEKTHPOBAaHKWE MaTepuana « TpyIHOCTH IIPU CBAapKe 4YyryHa U
LBETHBIX METAJIOB)»

OTBETUTH Ha KOHTPOJIBHBIE BOIIPOCHI

Teoperuyeckue cBeleHUSA

TpyaHocTH npu cBapke IBETHBIX METAJJIOB

BrIcokas xumudeckass akTUBHOCTb IIPU B3aUMOJECMCTBUM C ra3aMH BO3yXa. JTO
OPUBOJNUT K OKHMCIIEHHIO METaJUIOB, HACBIIIEHUIO UX a30TOM W BoaopoJaoMm. B
pe3ynbTate HaOJI0aeTcsd PEe3KOe YXYJIIEHUWE CBOMCTB CBApHBIX COEIUHEHUH,
MOSIBJIEHUE TOp M TPEHIMH. DTO Npenonpenenser HeoOXOIUMOCTh MPUMEHSThH
0oJjiee KayeCTBEHHbIE BHUJbl 3alUThl (MHEPTHBIMU Ta3aMH, CHEUUATbHBIMU
(GarocaMd ¥ MOKPBITUSIMU) TIO CPaBHEHUIO CO CBApKOM YEpHBIX METAJLJIOB,
MIPOBOJIUTH 0OJIe€ KAUECTBEHHYIO IMOJArOTOBKY MOJI CBApKY.

Bricokass 4yBCTBUTEIBLHOCTh K CBAPOYHOMY HArpeBy, KOTOpas MPOSIBISICTCS B
00pa3oBaHUM KPYMHOKPUCTALTUYECKON CTPYKTYphl MeTalljla 111Ba, pOCTE 3e€pHa B
30HE€ TEPMHUYECKOTO BIUSHUS, a JJIs TEPMHUUECKH YIPOUYHSEMBIX CIIJIaBOB — B
HEOIaronpUsITHBIX CTPYKTYPHBIX H3MEHEHHUSX ¢ 00pPa30BAHUEM OXPYITUYHBAIOIINX
BBIJICJICHMA W TIOCIEAYIOIIEM CTapeHWH MeTaia. BO3MOXHO BbITIAJICHUE
ABTEKTHUYECKUX COCTABIISIONINX, BBI3BIBAIOIINX MECTHBIC OIUIABJICHHS TPAHUIL
3€peH, YTO MPHUBOJUT K CYIICCTBEHHOMY M3MEHEHHIO CBOWCTB MO CPABHEHUIO C
UCXOTHBIM MaTepuajioM. [TodToMy mJIs NBETHBIX METAUIOB HEOOXOAMMO OoJjiee
THIATEILHO  BBIOMpAaTh  YCJIOBHS CBapkKM M coOJOAaTh  CTaOMIBHOCTh
PEKOMEHTyEMBIX PEKUMOB.
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3. 1 HEeKoTOphIX MLBETHBIX METAIJIOB M HMX CIUIABOB XapaKTEpHAa BBICOKas
CKJIOHHOCTb K TOpPSYUM TpEUIMHAM B CBSI3M C OOJIBIIOW JIMHEHHOM YyCaJKoi
KPUCTAUIU3YIOIIETOCs ~ MeTalula,  O0Opa3oBaHUEM  IPYOOKPUCTAILTMYECKON
CTPYKTYpPhl U HaJIMYUEM MpuMecedl (aJIlOMUHUEBbIC, MarHUEBbIE, HHUKEJICBbIC
CILJIaBhI).

4. Tlpu B3aMMOACHCTBHM METAJUIOB C BOAOPOJIOM MOTYT 0Opa30BBIBATHCS XPYITKHE
rUApUIbl (TUTaH U €ro CIUIaBbl), BBIACISIOIIAECS B METa, C YBEIMYECHHEM
0o0beMa, 4TO MPUBOAMUT K PA3BUTHUIO BHYTPEHHUX HANPSLDKEHUM M CIIOCOOCTBYET
00pa30BaHMIO XOJOJIHBIX TpeumuH. llocienqnue MOryT pa3BUBAThCA Jaxe IpH
BBUIC)KUBAHUU KOHCTPYKUHUU 1ocie cBapku. OTHUM U3 XapaKTepHBIX Ne(hEKTOB
ABJISIETCA TAK)KE€ IOPHUCTOCTb, CBSI3aHHAs IPEUMYIIECTBEHHO C HACBIIIEHUEM
CBAPHOIO COEIMHEHUS Ta3aMH, B IEPBYIO oOyepedb BOAOpoaoM. Bciencrsue
pa3IMYHONM PpACTBOPUMOCTH Ta30B B TBEPAOM M JKHUJIKOM COCTOSHUSX,
IIEpEMEILEHAsT MX M3 OCHOBHOIO METa/ula B 30HY CBapKH, IIPOTEKAHHUs
XUMHUYECKUX pEaKUuil C BBIJEICHUEM TIa3000pa3HbIX MPOAYKTOB CO3/al0TCA
OJaronpusITHbIE YCIOBUS JJI  3apOKIEHUS U PAa3BUTUS  HOPUCTOCTH.
OTmeudeHHblE OCOOEHHOCTH TPEOYIOT BBICOKOM KyJIbTYpPhl HPOU3BOACTBA IPH
CBapKe LIBETHBIX METAJJIOB U CIUIABOB.

TpyaHocTH npu cBapke 4yryHOB 00bSICHAIOTCH CJICAYIOIMMHU UX CBOMICTBAMMU:

1. Omcymcmeue nnowadku meKyuecmu uyZyHau HU3KAA HAACHMUYHOCHLb
MIPUBOJAT K TMOSBJICHUIO TPEUIUH MPHU HANPSHKEHUAX, TOCTUTAIOMINX BPEMEHHOTO
CONPOTHUBJICHUS. DTH HAIPSKEHUS MOTYT ObITh BHYTPEHHUMU, BO3HUKAIOIIUMHU
IIPY HEPABHOMEPHOM HArpeBE€ M OXJAXIACHUU BO BPEMS OTJIMBKM WM CBAPKHU
JeTajed, 1 BHEIIHUMHU - OT MEPETrpy30K IPU IKCIUIyaTallUu U3Aenus. TperuHbl
MOT'YT BO3HUKAThb KakK B LIEJIOM METaJUIE, TaK U B METAJUIE IIBA B IIPOLIECCE CBAPKU
Y IIPU OXJIAXKICHUN CBAPHOTO U3JEIIU.

2. CKINOHHOCMb UyZyHA NPU GBICOKUX CKOPOCMAX OXAANCOCHUA 3AKATUCAMBCA C
o0pa3oBaHMEM 3aKaJOYHBIX CTPYKTyp (MapTeHcuTa, OeWHuTa, TpoocxuTa). B
3aKaJeHHBIX ydacTkax uyryH ctaHoButcs TBepAbiM (800 HB) u He mommaercs
MEXaHU9IEeCKON 00paboTke. 3aKajJouHbIe CTPYKTYpPhl BPEIHBI €II¢ U TTOTOMY, YTO
UX 00pa3oBaHHME COMPOBOXKIACTCS TOSBICHUEM 3aKaJOYHBIX HANPSDKCHUH |
00pa3oBaHUEM TpEIIUH. YIeNIbHAsl MJIOTHOCTh 3aKaJOYHOU MHUKPOCTPYKTYpPHI B
BHJIE MAPTEHCHUTA 3HAYUTEIBLHO HIKE YACIBHOMN MIOTHOCTH Xene3a (cM. 1. V1),
pa3HHIA B YACIBHBIX IJIOTHOCTSAX MPHUBOAMT, K HAMPSHKEHUSIM M MEK3CPECHHBIM
TPEIIMHAM.

3. Cnocobnocmov uyzyna Kk omoéenusanuto Tpu OBICTPOM OXJIAXKICHUM MeECTa
CBapKu OOBIYHO MPUBOJIUT K OOpa30BaHHIO TOHKOW OTOEICHHOW MPOCIOWKH Ha
TPaHMIIE CBAPHOTO IIBa U METaUIa U37eus. JTa OTOeJICHHAs MPOCIOWKa UMEEeT
HU3KYI0 TUIACTUYHOCTh 110 CPAaBHEHHIO C JAPYTHMMH YYacTKaMU CBapHOTO
COCIMHEHUSI, W TI0J] BIMSHUEM pPaCTATHBAIONICH CHIIBI, OOpa3yromencs pu
OXJIQXKJICHUH CBApHOTO COEIMHEHHUS, OHA BMECTE C HAIUIABJIEHHBIM METAJLJIOM

76



OTKAJbIBACTCSA OT OCHOBHOI'O MCETAalJla WM BbBI3BIBACT TPCIIWHY II0 TI'pPaHHUIC
OTOCJICHHOU HpOCJIOI\/’IKI/I C OCHOBHBIM MCTAJIJIOM.

Yyzynot Ovicmpo nepexooam oOm MHCUOKO20 COCMOAHUA K MeEepoomy. ITO
CBOMCTBO 4YyryHa 3aTpyJHS€T CBapKy €ro B HAKJIOHHOM M BEPTHKAJIbLHOM
MOJIOKEHUSIX U HE TTO3BOJISIET BECTU CBAPKY B TOTOJIOYHOM TOJIOKEHHH.

Cknonnocms K 00pazoeanuto nopucmocmu, 4UYTO OOBACHSACTCS HHU3KOU
temneparypoil taBiaeHus (Tmn uyzyna 1142°C npu conepkaHuUW Yriaepoja
4,3%; npomvtuniennste uy2ynsl 001900 UMEIOT Tna=1200-1250°C) u ObICTPHIM
MEePEX0/IOM M3 KUJKOTO B TBEpAoe coctosinue. [loatomy rassl (B ocHoBHOM CO u
CO,, obpazyromuecs Mpy OKUCIUTEILHON aTMOC(EpPE) HE YCIIEBAIOT BBIACIUTHCS
U3 MeTajia.

Pasznopoonocms uyzynnvix uzdenuil no Xumuueckomy cocmagy, TepMUIECKON
00paboTKe M CTPYKType, 4TO TpeOyeT pa3HOOOpa3HOM TEXHOJOTMU U NPUEMOB
CBapKU. MENKO3epHUCThIE CEpble YYTyHbl CBapHUBAaIOTCS JIydlle, 4YeM
KpynHo3epHHUCThIE. [ln0X0 cBapuBaroTCsl Tak Ha3blBa€Mble YEPHBIE YYTYHBI,
KOTOpBIE B M3J0ME MUMEIOT KPYIMHO3EPHUCTOE CTPOEHUE TEMHOTo LiBeTa. Takue
YYT'YHBI Ha3bIBAIOT rPpa)UTHBIMH, TaK KaK B HUX BECh YTJIEPOJ HAXOIUTCS B BHJIE
cB0OOHOTO rpaduta. [Ipu cBapke 4yryHa ¢ Takod CTPYKTYypOM HE MOJydaercs
HE00X0/IMMOE Ka4yeCTBO CBAPHOT'O COEMHEHUSI.

Yyzynunvle Oemanu, pabomarowiue oaumenvHoe epemsa npu evicokux T° C
MOYTH HE MOJJAIOTCS CBapKe. JTO MPOUCXOIUT B PE3yibTaTe TOTO, YTO MOJ
nerictBueM BBICOKMX T° C yriepos ¥ KpEMHUN OKUCIISIOTCA W 9yTyH CTAHOBHUTCS
OYEHb XPYIKHUM.

Yyzyunvie oemanu, padbomarowiue OaumebHoe 6pemsa 6 CONPUKOCHOBEHUU C
MaAcCI0M U KePOCUHOM TIIIOXO MOAJIA0TCS CBapKe. DTO MPOUCXOIUT B PE3YsIbTaTe
TOTO, YTO TTOBEPXHOCTh UyT'yHa KakK Obl "MPOMUTHIBACTCS" MACIOM U KEPOCHHOM,
KOTOpBIE Cropasi IpH CBapke, 00pa3yloT rasbl, CIOCOOCTBYIOIINUE IOSBIICHUIO
CILJIOIIIHOM MOPUCTOCTH B CBAPHOM IIIBE.

KonTpoabHbIE BONIPOCHI:

1.

N

o s

KakoBbI OCHOBHBIE TPYAHOCTH M TEXHOJIOTHSI cBapku 4yyryHa? IloueMy 4dyryHsl
CBapUBAIOTCS XYK€ CTanen?
Korzaa npuMeHSI0T ropsiayro U XOJIOAHYIO CBapKH 4yT'YHOB?
HazoBute mpumepHbie cocTaBbl ()IIOCOB, KOTOPHIMH IOJIB3YIOTCS MpPHU CBapKe
YyTYHOB.
Ha3zoBute Mmapku 351€KTpOAOB UIsl XOJIOJHOW CBAPKHU YYTYHOB.
Kakue Qurochl mpuMeHsIOT Ui alKu YyTyHOB?
IIpakTnueckas padora Nell

77



Tema: BrriuepunBaHue cCXeM BBICOKOIIPOU3BOAMUTENBHBIX CIIOCOOOB CBAPKHU U JaTh UX
XapaKTEPUCTUKY

Hear  paGorbl:  [lpuoOpect  mpakTUYECKWE  HABBIKKM  NpU  U3YYCHUU
BBICOKOTPOU3BOJIUTEIBHBIX CIIOCOOOB CBAPKU

Xo/ BbINOJTHEHUSI pa0oThI:
1. O3HakoMJIEHHE C TEOPETUUECKUMU CBEICHUSMH.
2. HauepTuTh cXeMBbI BBICOKOTIPOU3BOAUTEIBHBIX CIIOCOOOB CBapKH.
3. OTBeTUTH HA KOHTPOJHHBIE BOMPOCHI.

Teopernueckue cBeieHUA
Boicokonpon3BoauTeIbHbIE CIIOCOOBI PYYHOMH IyrOBO# CBAPKHU

[1IoBrllIcHUE IIPOU3BOAUTCIIBHOCTHU py‘IHOﬁ HYFOBOﬁ CBApKu SBJEICTCSA BCCbMa
aKTyaHBHOﬁ 3anaqeﬁ B CBA3H C TCM, YTO B IIPOMBIIIIJICHHOCTH, CTPOUTCIILCTBC U APYI'UX,
oTpaciiixX HapOIAHOIO XO03S1CTBa py‘IHOfI CBapKOﬁ 3aHUMAIOTCA CIIC ACCATKH TbICAY
pa6qux QJICKTPOBAPIIUKOB.

Pyuynasi nyrosasi cBapka Mo:keT ObITH 00jiee IKOHOMMYHON NPH CHUKCHHUHU
MacChl HAIUIABJICHHOI0 MeETAJLJIa M [J0CTUraercsi B  pe3yJbrare TaKHX
MepONPUATHIA:

» TNPUMEHEHUS TPOTPECCUBHBIX BHJIOB MpoKaTta (HU3KOJIETHPOBAHHOTO
BBICOKOIIPOYHOT0, HHU3KOJETMPOBAHHOIO TEPMUYECKH YIPOUYHEHHOTIO),
[IO3BOJISIOIIMX YMEHBIIUTH TOJIIMHY CBApPUBAEMBIX NETAJIEW U KaTEThI
LIBOB;

HCIIOJIb30BaHMs DKOHOMUYHBIX BUJIOB Pa3eiIOK KPOMOK I10J] CBAPKY;
MOJMOTOBKHA KPOMOK TOJICTOJIMCTOBOTO METaljia MoJi CBapKy ¢ X-00pa3Hoii
Pa3/IEIIKOu;

COOMIOICHUST TEXHOJOTMYECKOM AMCHUUIUIMHBI IpU HOJATOTOBKE KPOMOK
OCHOBHOI'O METAJIJIA IO/ CBAPKY;

BHEJPEHUS] KOHIYKTOPOB M MAHUNYJIATOPOB ISl CBAPKM KOHCTPYKLIMHU B
HKHEM TOJIOKEHUU;

BBIOOpA 3JIEKTPOJIOB ONTUMAJIBHBIX MApKHM M JAUaMeTpa s JaHHON
OIEpaLny;

MIPUMEHEHUSL  CIIELUAIM3UPOBAHHBIX MApOK TMOKPBITBIX  AJIEKTPOAOB,
o0ecreynBaoIIMX TIIyOOKUI MpoBap KOPHS 11IBa.

vV V. VWV WV VYV

Yro0bI 00JIerYuTh TPY/ CBAPIIMKA U MOBBICUTH NMPOU3BOANTEILHOCTH TPYAA
B IPOMBIILIEHHOCTH, NPHMEHAKT pa3jiMyHble BbICOKONPOU3BOAUTEIbHbIE
CIoCO0ObI CBAPKHU:
1. Cpapka onupanuem
2. Cmapka ITy4KoM 3JIEKTPOJIOB
3. CBapka HaKJIOHHBIM 3JIEKTPOIOM
4. Cpapka JiexadlMm 3JIEKTPOAOM
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5. Caapka tpexdaszHoit 1yroi
6. Capka 3JIeKTpOaMH C KEJIE3HBIM TIOPOIITKOM B TIOKPHITHH;
7. besorapkoBasi cBapka

CBapka onupanuem

Eme B msaTuaecsTbie ropl MIMPOKO NPUMEHSAJIACh CBapKa CIIOCOOOM OMHUpaHUs
(mOrpy€eHHOM Tyroi, yIbTPpaKOPOTKOU Tyron).

[Ipu cBapke 3TUM CHOCOOOM DIICKTPOM ONUPANCA HA Oemdilb HeXONbYUKOM
NOKpbIMUsL U 3amemM No0 Je2KUM HANCUMOM CEAPUJUKA CAMOCMOSIMENbHO NIABUILCS
NOJY3AKpLIMOU  OVeol, HANAAGNAs B6AIUK Memalld 6 CMbIKogoe UIU Velo8oe
coeounenue.

Jlnst cBapku omupaHHEM HE TPeOOBaJOCh BBICOKON KBaJIM(PUKAIIMKM CBapIIHKA,
HYKHBI OBUIH TOJBKO €r0 HEOOJBIINE MPAKTHYECKUE HABBIKU. DJIEKTPOJABI NI 3TOU
CBAapKH TMPUMEHSJINCh C TOBBIIIEHHON TOJIIIUHON IMOKPBITUS, CHJa CBAPOYHOI'O TOKa
nonyckanack Ha 20—40 % Beime oObIYHON. B pesynprare CKOpPOCTh CBapKH
yBeIu4YuBaiiach npuMmepHo Ha 40—50%, yBeawuyuBazach TUIyOMHa IIpoBapa,
pazOpbI3rUBaHue OBLJI0 MUHUMAJIBHBIM. DTOT CIOCO0 YCIEITHO MTPUMEHSIICS, 0COOCHHO
JUTSI CBAPKHU OJTHOIIPOXOJIHBIX YTJIOBBIX U CTHIKOBBIX IITBOB.

Puc. 1.Ceéapka onupanuem
JIns cBapkM ONHMpPAaHHEM MTPUMEHSIOTCS

PYTWIOBBIE 3JIEKTPOJIBI C BBICOKOW CTENEHBIO
HaIlJIaBKH.

PyTunoBbie  3JEKTPOJBI  BBITYCKAKOTCS
Takke ¢ oOMa3Koi, oOecreuynBaroOIIeii BBICOKYIO CTEINCHb HAIJIABKU JJIS TOBBIIICHUS
MPOU3BOAUTEIILHOCTH CBApPKH.

CBapka nmy4koMm 3JIeKTPO/10B

Cpapka Ny4YKOM J3JIEKTPOJIOB - HpU O5MOM Memooe C8ApPKU IIeKmpoobl,
cocmasnaowue ny4oK, no ecell OJIuHe, 3a UCKIIOUEeHUEM O020NE€HHbIX KOHYO08, NJIOMHO
npunezarom opye K Opyey, CONPUKAacascb 31eKMpPOOHbIM NOKPbIMUEM, AGIAIOUUMCS
XOPOWUM DNIeKMPULECKUM U3OIAMOPOM.

["onbie KOHITBI COOPAHHBIX B IMYYOK 3JICKTPOJOB COCAMHSIOTCA JIPYT C IPYTrOM B
JepHKaTelie CIEHUaJIbHOW KOHCTPYKLUHMHM, WA NPUXBATBIBAIOTCA JJIEKTPOIYTrOBOM
cBapkou. biaromaps nmpuxBaTKaM MeEXAYy KOHLAMH JJIEKTPOJOB CO3MACTCS HAHACHKHBIN
BJICKTPUYECKUI KOHTAKT.

Ilpu ceapke nyukom oyea 2opum noouepeoHo MeiHcoy KaHCObLM 3JIeKMPOoooM U
uzoenuem. Jlyea 3azopaemcsi Hauanie y mo2o 3J1eKmpood, KOmopbwlil Oaudxce Opyeux

79



HAX0OUMCs K NOBepXHOCMU ceapusaemozo uzdenus. Ilocie pacniasienus HeKkomopou
yacmu 3mozo 31eKmpooa 0yea Ha Hem 2ACHem, HO 8 MOMm Jce MOMEHN OHA BO3HUKAem
Ha mopye 0py202o 31eKmpood, KOHeYy KOMOpo2o 8 3MO 8peMsi OKA3aics Hauboiee
OnuU3KUM K u3zoenuro. Asemomamuuecku BO3HUKASL MO HA OOHOM, MO HA OpPy2OM
eKmpooe, C8APOUHAs Oyea PACNAABIsiem No oYepedu 8ce dJIeKmpoobl.

Puc. 2.91ekmpoowt. Ceapka nyukom 31eKmpoooe

biarogapsi monepeMeHHOMY IUIABJICHUIO 3JEKTPOJOB HArpeB Ka)KJOTO U3 HUX
MOJIy4aeTCs MEHBIIMM, Y€M HAarpeB IpU CBApKe OJHUM JJIEKTPOAOM. IJTO JaeT
BO3MOXHOCTh CBapKy IMy4YKOM MPOU3BOJIUTH HA OOJBIIEM TOKE MPU MEHBIIUX MOTEPSIX
MeTajljla Ha yrap U pa3OpbI3ruBaHue.

Ilpu b6oabwux cKOpocmsax pacniagierus 21eKmpooo8 0ocmueaemcs u O0abulas
npouzgooumenvHocms ceapku. Kpome moeo, 6 npoyecce nnagnenus 371ekmpooos 8
nyyKe Jiyyuie UCNONb3Yemcs menioeds dHepaus 0yeu, Komopas npou3eooum, nooocpes
NeKMpPOo008 nepeo ux NiasieHuUeM.

JlanpHEHIIIMM pa3BUTHEM CIOCO0A CBApKH ITyYKOM JJICKTPOJOB SBHIACH CBapKa
onuparImmUMcs TydkoM. CBapka IMydKOM 3JIEKTPOJOB MOXKET MPUMEHSATHCS IS BCEX
THUIIOB COCIUHCHUM.

K 0CHOBHBIM NpenMynIecTBAM CBAPKH MYYKOM 3JI€KTPOI0B OTHOCSTCS:

1). TToBbImeHHE IPOU3BOANTENILHOCTH cBapku 0o 100%;

2). YBenuuenue Kod((UIMCHTa UCIOIB30BAHUSA CBapOYHOTO IOCTa U
YMEHBIIEHUE yIETLHOTO pacxoa dekTposneprun Ha 20—30%;

3). ViyuliieHrne KadecTBa IIBOB 3a CYET YMCHBIICHUS MEPEPHIBOB Ha CMEHY
AJIEKTPOJIOB.

K HeaoCTaTKaM CJICAYyCT OTHCCTHU HCIIPUI'OAHOCTL ITydYKa JJId CBAPKH IICPBOTO
CJI0d B pas3ACKe CTBIKOBOI'O IIBA, 4 TAKXKC ITPHW CBAPKE BCPTHUKAJIBHBIX WM IMOTOJOYHBIX
IIIBOB Ha TOHKOCTCHHBIX U3CIHNAX.

Cnocod wm3rorosienuss my4yxkoB. COOpKy »dJEKTPOJOB B IYYKH MOXKHO
IIPOU3BOAUTH B MPOLIECCE U3TOTOBJIEHUS TOJCTOMOKPBITHIX 3JIEKTPOJOB, HA 3aBOJE WUJIU
HEIOCPEICTBEHHO HAa MECTE CBapKU ITyTEM CBSI3bIBaHUS HECKOJIBKMX 3JIEKTPOAOB B
nydykd. IIpy W3roTOBIEHMHM 3JEKTPOJOB B JJIEKTPOJHBIX MACTEPCKUX WA Ha
ANEKTPOJHBIX 3aBOJAX COEIMHEHHE DJIEKTPOJOB B IMYYKH MPOU3BOIAT IOCIE HUX
KPaTKOBPEMEHHOI'O BO3AYIIHOro mnpocymnBaHusi. CoOpaHHblE TakuM 00pazom
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ANEKTPOJIbI CJIETKAa CKUMAIOT U IOCJE CKJIEHBAaHUS UX B MECTaX CONMPUKOCHOBEHUS
OKOHYATENbHO MPOCYIIMBAIOT U MPOKAIUBAOT. OrojieHHbIE KOHIIbI AJIEKTPOOB MyyYKa
COEJIMHSIOT IPUXBATKAMHU.

COopKy Iy4yKOB Ha MECTE CBapOYHBIX padOT MPOU3ZBOMASAT B CiIydae OTCYTCTBHS
yYKOB 3aBOJICKOTO H3TOTOBJIICHMS. B 3THX ciydasix SJeKTpOJbl YKJIaJAbIBAIOT Tak,
YTOOBI OHM TJIOTHO MPWJIETAIH MO BCEW AJIMHE OJUH K ApyroMy 0e3 3a30pa, 3aTeM TYyro
MEPEBA3BIBAIOT HMX KPENKMMH HUTSAMH, TOHKMM IINararoM WM MSITKOM TOHKOMN
OTOXOKEHHOW CTAJIbHOM MpoBOJIOKOM. Ilo nnuHe mydka pacnosiararoT JBE WM TPHU
MEPEBA3KU.

Jlns ynoOcTBa 3aKkperuieHds My4yka B 3JEKTPOJO0JepKaTeIe MPUXBATKA OOBIYHO
pacnonaraior Ha paccmoanuu?0—3(0 mm OT Topua nydka. Pazmepsl npuxeamox B

3aBUCUMOCTH OT AUAMETPA AJIEKTPOJIOB MOIYyHaArOTCst om 6 0o 1() mm B TuaMeTpe.

CBapka HAKJIOHHBIM 3JIEKTPOA0OM

o)

Puc. 3. Ceapxa naxnonnwvim nekmpooom.1. Onopa ¢ MarouTom; 2. PyOUIIbHUK;
3. [Murarommii kadenp; 4. Hanpasnstomas mranra; 5. Kapetka; 6.
DIIEKTPOOAEPKATEIIb;
/. DnexTpoa nuaMmeTpoM 6 MM, IITMHOU He fonee 700 mm;8. CBapuBaemas Jeralb

Maraut ¢ BBIKJIFOYATEIIEM SIBJIIETCS OCHOBHBIM 3JIEMEHTOM, 00ECTIEYMBAOIIINM
duKkcamuo TprucnocobJIeHHs Ha CBapuBaeMoi MOBEPXHOCTU. HampaBisionyo mranry
MOYKHO YCTaHaBJIUBATh I10]1 ONIPEICIICHHBIM YIJIOM K CBAPUBAEMOU IIOBEPXHOCTH C
nocnenytomieit ¢pukcamueit. Ee MoXHO 3aKperuisiTh Ha JIEBOW WJIM MPABOW CTOPOHE
OTIOPBI, YTO OOECTIeUnBaET JIEBYIO UK TIPaByIO cBapKy. KapeTka nmeer kopmyc, B
KOTOPOM Ha OCSIX 3aKPETUICHBI IAPUKOIIOAIIUITHIKN, 00ECIICYNBAIOIINE TJIABHOCTh
X0Ja MO IITaHre.

DNEeKTPOa0AepKATENb KPEIUTCS K KapeTKe Ha phluare MapHUPHO U IMEET
OTKJTIOYAIOIllee YCTPOMCTBO, Aarolliee BO3MOKHOCTh Pa3opBaTh AYT'Y B KOHIIE CBapKH.
[TonmoskeHne AIeKTpoIoAep KaTEIs MOKHO (DUKCHPOBATH HA phIYare, 4To MO3BOJSIET
yCTaHaBIUBATh JIEKTPO/I TIOJ] pa3HBIMHU YTJIaMH K CBAPUBAEMOM MTOBEPXHOCTH.
[lepemenieHue KapeTKH IO MITAHTE MPOUCXOIUT MO COOCTBEHHBIM BECOM IO Mepe
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CTOpaHHUS AIEKTPoaa. PyOUIIBHUK CITY>)KHT It 00€CTOUMBAHUS CBAPOYHOM LIEMH Ha
NIEpUO/I YCTAHOBKH MPUCTIOCOOTIEHMS Ha cBapuBaeMoe uzneine. OH COCTOUT U3 KopIryca
¥ KOHTAaKTHOH Tpymiibl. [IpucnocobneHne npucoeuHsIOT K CBapOYHOMY Kabelto ¢
MTOMOIIIBIO OBICTPOCHEMHON MY THI.

IIpucnocodenne padoraer ciaeayOUM 00pa3om:

Hamnpapsiioiyro mTaHry yCTaHABIMBAIOT MOJ HEOOXOJIUMBIM YTIIOM K HUXKHEH
IJTIOCKOCTH Ha JIEBOW WJIM MPaBOW CTOPOHE OMOpPHI. MI3MEHEHNE yriia 1aeT BO3MOKHOCTh
MOJy4YaTh MPHU CBAPKE AJIEKTPOJOM OJIHOIO JAMAMETpa KAaTeThl Pa3IUyHON BEJIUYWHBI.
DnekTpoaoAep)KaTeab GUKCUPYIOT TOJ OMPEASICHHBIM YTIIOM K HIDKHEW IIOCKOCTH.
KapeTky 3aBojsdT Ha 1ITaHre B BEpXHee IMOJOXKeHUE. B snekTpomgomepskareinb
BCTaBIIIOT 3JIeKTpoA. [IpucmocobneHne ycTaHaBIMBAIOT HA CBAPUBAEMOM HU3MICTHU B
pabouee TMOJIOKEHHE, T. €. OOKOBas rpaHb OMOPHI COBMAJACT C JIMHUEH IIIBa, a KOHEII
AJIEKTpOJa ONMUpaeTcs O MeTaul B Hadaye IBa. B 9ToM mojioKeHWHu MpHCIocoOIeHne
(UKCUPYIOT BKIFOYEHUEM MarHuTa.

Bxnroyator pyOMIBHUK M HauMHaeTcs Tmporecc cBapku. Kaperka miaBHO
OITyCKaeTCs MoJji COOCTBEHHBIM BECOM IO IITaHTe MO0 Mepe cropanus snekrpoja. Korna
02apokK 3nekmpooa Nocturuer 25—30 mm, cpabaTbiBaeT OTKIIOYAIOIIEE YCTPONUCTBO U
MIPOUCXOJIUT Pa3pblB CBAPOUHOU Nyru. IIpuMeHsieMble AIEKTPOAbl UMEIOT duamempt
MM U daunyne dojiee 700 mm. Makcumanvuwtii ceapounviit mok350 A.Munumanvnan
wupuna aucma B mecte cBapku 200 mm.

Ilpucnocobnenue npeoumasnawenHo Oas  CBAPKU  V2lOBbIX, MABPOBLIX U
HAXJ1eCMOYHbIX COeOUHEHUN MEeMATIOKOHCMPYKYUL 8 HUNCHEM NONO0HCEHUU.

OcHOBHOI 0CO0CHHOCTBLIO JIEKTPO/IOB SBJSIETCS 00pa3oBaHUE MPU CBapKe Ha
€ro KOHIIE KO3bIpbKa U3 IOKPBITUSA, KOTOPBIM OH OIHMPAETCS Ha CBAPUBAEMOE U3JEIHE,
MOJJICPKUBAsi, TAKUM OOpa30M, TOCTOSHHOW JIMHY Ayrd Tpu cBapke. KosbIpek c
BEpPXHEH CTOPOHBI HECKOJIBKO YIJIMHEH, YTO CHOCOOCTBYET OTKJIOHEHHUIO AYI'M B
CTOPOHY CBapuBaeMoro usnaenus. [1oCTOSHCTBO pacIioynioKeHHsl KO3bIpbKa B IPOLECCE
CBapku  oOecleuMBaeTcsl HAHECEHHWEM  IOKPBITUS C  BBICOKOM  CTENEHBIO
KOHIEHTPUYHOCTH.

C menpr0 yBEIWYEHHsS BPEMEHH IUIABJIICHUS  DJIEKTPOABI  U3TOTOBIISIOT
0nunoi550—900 mm. Jlng obecrniedeHus JIETKOro BO30YXAEHUS AYrM HAa KOHEI
ANEKTPOAOB HAHOCAT MOHU3HPYIOLIEE MOKPBITHE, a JUIsl MIPEAOTBPAILCHUS HATUIBIBOB B
MECTaX CTHIKOBKH IIIBOB MCHOJB3YIOT 3JEKTPO/IbI C YIIIyOJIEHUEM B KOHIAX CTEPIKHEH.

TexHuka CBapKyM HAaKIOHHBIM JJIEKTPOJOM CpPaBHUTEIBHO MPOCTAa W IS €€
OCBOCHHS HE TpeOyeTCsl KamuTaJbHBIX 3aTpaT W JJIUTEIHHOTO OOYYEHUS! ONepaToOpOB-
CBapHIMKOB. JIJIs1 OBIaJIEHUsT 3TUM CIOCOOOM CBapKH JOCTATOYHO 4—5 Owenl. ITuM
CHIOCOOOM CBapKM MOKHO H3TOTOBJISITH CIUIOIIHOCTEHYAThle (DepMbl, JBYTaBPOBBIC
OaJIki, KOJIOHHBI, OalliMaku W Jpyrue CTPOUTENbHbIC KOHCTpyKumu. [Ipm cBapke
MOSICHBIX IIIBOB JBYTABPOBBIX OQJIOK M KOJOHH OOUH cCeéapujuk, TpuMmeHss 3—4
MPUCTIOCOOJICHMSI, 3aBapuBaeT 3a 1 Yokono 40 m mBa.

[To cpaBHEHHIO C OOBIYHOM DJIEKTPOAYTOBOM CBAPKOW MOKPBITHIMU AJIEKTPOIAMU
IPU CBAapKe HAKIIOHHBIM ONMPAKOLIMMCS AJIEKTPOAOM HPOU3IEOOUMENbHOCHb TPYla
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noBsiaercs ¢ 2—2,5 pasa. biaronapss MaHeBpeHHOCTH, IPOCTOTE OOOPYAOBAHUS U €TO
00CITy>KMBaHUSI CBApKa HAKJIOHHBIM AJIEKTPOJOM B HUYKHEM MOJIOKEHUH MOXKET OBbITh C
00JIBIION 3¢ (HEKTUBHOCTHIO pUMEHEHa Ha 3aBoJIax CTPOUTENbHBIX
METANIOKOHCTPYKIIUHN JJI1 U3TOTOBJICHUS HECEPUINHOW MPOAYKIIMH, WHIUBUIYATbHBIX
3aKa30B, & B HEKOTOPBIX CIIy4asiX U MPU CEPUNHOM IIPOU3BOJICTBE.

B nacmoswee epems ceapkou HaKIOHHBIM 21€KMPOOOM HAYUHAIOM BbINOIHANb
6epmMuUKanIbHble Magposvie ceapHvle coeouHenus memaniokoncmpykyui. CBapodyHOE
YCTPOMCTBO HECIOKHO M0 KOHCTPYKUMH, yIOOHO B paboTe, Ha CBapHUBAEMYIO
KOHCTPYKIHMIO YCTAHABIIMBAETCS C IOMOIIBIO MOCTOSSHHBIX MAarHUTOB, TPUMEHSETCS IS
CBapKH KOHCTPYKUMH U3 MeTauia TommuuHod 4—10 mm.Yeon naknonaznexmpooa x
ocu weads°. Macca nevxyuierics yactu yctpoiictBa 900 2. YcrpoiicTBO obecrieunBaeT
HAJEKHBIH W  CTaOWJIBHBIA TIpoIlecC CBapkKu, yBenuuuBas B 15—2 paza
npoOU3600UmMeNIbHOCMb TPYIA 110 CPABHEHUIO ¢ OOBIYHON PYUYHOU CBapKOM.

CBapka Jieska4uM 3J1eKTPOA0M

TOHCTOHOKpBITBIﬁ QJICKTPOA KIIaACTCA B pa3ACiIKy IIIBaA. C IIOMOIIIBIO
BCIIOMOI'aTCJIbHOT'O YI'OJIbHOT'O UJIN MCTAJNIMYCCKOI'O JJICKTPOJa B036Y)KI[36TCH Aayra
MCKIY CBAPHUBACMBIM MCTAJJIOM U KOHIIOM JICKAUYCTO JJICKTPOIA. Z[yr d T'OpHUT 110
CJIOCM DJICKTPOJHOI'O IMOKPLITHUA U IICPEMCIIACTCA 110 JJIMHE JJICKTPOAa IO MEPE €TI0
IIJIaBJICHHUA.

MegHas konoaka
Puc. 4.Ceapka nesxicauum 31eKmpooom

JI71st ycKOpeHust mpoLeccOB MOKHO BTOPBIM 3JIEKTPOJIOM BECTH CBAPKY OOBIYHBIM
CIIOCO0O0M, IIaBA €ro N03aax AYTH JIeXkKadero MeKTpoaa. dnuna nexaqero dj1eKTpoaa
BO U30€XaHue CUIIBLHOTO MEPErpeBa ero A0KHA ObITh He ovuie 1200 mm. ITokpeiTus
HAHOCATCA Ha 3JIEKTPOJL 00JI€€ TOJICTBIM CI0EM, YeM OOBIYHO, — moaujunoiom 1,5 0o
3 mMm B 3aBUCUMOCTH OT AMAMETPa d1eKTpoaa. IIpy MHOrocioiHou cBapKe B IIOB
MOKHO 3aKJIaJbIBATh OJHOBPEMEHHO HECKOJIBKO MIEKTPOAOB. Kaxaplii U3 2IIEKTPOLIOB,
YJIO)KEHHBIX B LIOB, MUTAETCS OT OTAEIBHOTO CBAPOYHOTO TpaHchopMaTopa.

Tak Kak OIMH CBApPIUK MOXKET OOCTY>KUBATh HECKOJIBKO pabOUnX MECT, TO TIPH
WCIIOJIb30BAaHUHU ATOTO CII0C00A MOYXHO TMTOBBICUTH MTPOU3BOAUTEILHOCTE Tpyaa. CBapKy
JIeKAYUM DJIEKTPOJIOM I1EJIECO00Pa3HO UCTIOIB30BaTh B MECTAX, KyAa IOCTYII JIJIs

BBITIOJIHCHUA CBAPKH OOBIYHBEIMH CITOCOOAMM 3aTPYAHCH WJIN UCKIIFOYCH.

CBapka Tpex¢a3Hou 1yrou
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Ilpu ceapre mpexghaznoti 0y2otl nooKaOUeHue K cemu npou3800Umcs
00HOBPEMEHHO K mpem (pazam: K 08YM NOOKIIOUAemcsi 084 I1eKmpood, a K mpembveli
paze — ceapusaemoe usdenue. Ilpu maxom nooOKIOUeHUU IIEKMPOO08, 8 OMIUYUE OM
00bIYHO20 Cnocoba 0Y2080U C8APKU, 20PSM Mpu 02U 08e MeNCOY INeKMPOOamu U
uzoenuem u mpemvs 0yea Mexncoy d1eKmpooamu.

TpeTbs nyra MoBBIIAET CKOPOCTh PACIUIABIECHHUSA 3JEKTPOIOB, OJaroiaps 4emy
Ha 100 — 120% noBelaetcst npouzsooumensvnocms céapku, na 10—15%
MOBBIIACTCA KOIuyuenm nannagku. B 3aBUCUMOCTH OT B3aMMHOTO PaCIOIOKEHHS
AJIEKTPOJIOB U JIETATH MOXKET OBITh HECKOJIKO CXEeM CBapKH Tpex(a3zHoil Tyroil.

1-a cxema.CBapka OByMsl 3JIEKTPOJAaMH, HAXOASIIUMHUCS B
ABYX JJIEKTPOAOAEPKATEIAX.
Usmensia yeon medncoy 921eKmMpoOaMu U pPAaACnoONONCeHUe UX
- OMHOCUMENILHO CBAPUBAEMO20 U30ENUsL, MOHCHO NOJLYYUMb DAZTUUHYIO
—[ 2nyouHy nponiasieHus u wupuny eaiuxa. K HepoCcTaTKy 3TOH CXEMBI
CIEAyEeT OTHECTM HAJIWYUEe JBYX OJJIEKTPOJOIACPKATEIECH, YCIOXKHAIOLIUX IPOLECC
CBapKH.

Puc. 5.Ceapka 08ymsa snexkmpooamu, é 08yx In1eKmMpoOePIHcamennx

2-s1 cxema. CBapka AByMsl NnapajuieIbHbIMHU 3JI€KTPOJIaAMMU,
HAXOASIIIMMUCS B OJHOM  CHEeNHAJbHOW  KOHCTPYKIIUH
3JIeKTPoJ0ep:KaTele.

Inekmpoovt mexcdy coOol U30IUPOBAHBI MOJCHbIM  CI0EM
nokpvimus. Ceapka no amou cxeme donee npocma u yoooua.

Puc. 6.Ceapka 0s8ymsa napanenvHvimu 31eKmpooamu
3-s1 cxeMa. DJIEKTPO/I, PacNoJIO;KeHHBIH HA W3/1e/INH.
Ooun  271eKkmpoO ¢  MOACMbIM — UTU  KAYECMBEHHbIM
NOKpbIMuUeM  YI0JdCeH Ha ceéapusaemoe usoenue, Gmopoll
9N1eKMpoo VKpenien 8 00bIYHOM 00HOa3HOM

aneKkmpooepicamerne.
Puc. 7.91ekmpoo, pacnonoxrcennstii na uzoeauu

4-1 cxema. Cpapka He3aBHCHMMOHW [Iyroii TpeMsi mNapajjieibHO
PACIOI0KEHHBIMH 3JIEKTPOAAMH.

Kaoicowtii snexkmpoo nooknrouen x ooHou ¢aze. Hzoenue 6 ceapounyro yenv He
sxatouero. Ilo smoil cxeme max dice, Kak u npu 8mMopou, mpedyemcs uzc0mosieHue
NeKmMpOoOooeparcameisi CHeyuaibHOU KOHCMPYKYULU.

K Hepocrarkam cBapku Tpex¢a3Hoi Ayrou cjaeayer OTHeCTH:

» TpymHOCTh  BBIIOJIHGHWS ~ CBApHBIX  IIIBOB,  PACIOJIOKEHHBIX  Ha
BEPTUKAIBHOU INIOCKOCTHU WJIA HAXOISIIUXCS B IOTOJIOYHOM MOJIOKECHUY;
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» bpicTpyt0o yTOMIISIEMOCTh CBapIMKa BCJIEICTBHME OONBIIOTO Beca U
pa3MepoB  BIEKTPOJAOAEpKaTesi, OCOOEHHO B Ccllydae NPUMEHEHUS
AJIIEKTPOIOB OOJIBIIOTO IMAMETPa;

» HeobxomuMocTh M3TOTOBJICHUS CIICIMAIBHBIX, HECTaHIapTHBIX
CIIAPEHHBIX JIEKTPOJIOB;

» IloTpeOHOCTP B cCHeNMANbHBIX Tpex(asHbIX TpaHChopMmMaTOopax U
HEOOXOUMBIX YCTPOMCTBAX, MpPEIHA3HAYCHHBIX AJIsi OBICTPOrO TYIICHUS
OYTU MEXAY AJIEKTPOJaMHU.

CBapKa IICKTPOAAMHU C KCJIC3HBIM IOPOIIIKOM B ITIOKPbLITUHA

na nogviuenuss npouzeooumenbHocmu (yeéeauueHus: Koagouyuenma HanIaéxu)
PYUHOU 0y2080U CEAPKU U HANIABKU, d MAKdice Opyeux Cnocobos 0y2080u CeapKu
NOKPLIMbIMU IJIEKMPOOAMU (8 COCMAB NOKPLIMUSL INEKMPOO08 000ABNAIOT HCe1e3HbLI
HOPOULOK.

ConmepxkaHHe IKEJIE3HOTO TOpOIIKa B TMOKPHITUM coctaBiseT (40—60%0).
Bricokass mpou3BOIUTENBHOCTh 3JIEKTPOJOB JIOCTUTAETCS 3a CYET JIOMOJHUTEIHLHOTO
MeTalia, COAEPKAIIETOCs B MOKPHITUH, CHIDKEHHS TIOTEPh METajlia OT Pa30pbI3rUBaHUs
1 0oJiee BEICOKUX JTOMYCTUMBIX CBAPOYHBIX TOKOB.

KosdduimeHT HanmaBku BBICOKOIPOU3BOJUTENBHBIX 3JIEKTPOAOB C KEJIE3HBIM
MOPOIIKOM COCTaBJIIET B 3aBUCUMOCTH OT JHMAaMETpa CTEpPXHS, PEXKUMa CBAPKU U
ko3 duimenta maccel NOKpbITUSA 12— 20 2/A-u. B s1meKkTpoaax HEKOTOPBIX MapoK
Macca HaIUIaBJIEHHOro MeTaula B 1,5—2 pasa npeBblIIaeT Maccy 3JIEKTPOIHOTO
CTEPKHS.

Paccmotpum 2 snektpona

Puc. 8. dnekmpoo ona pyunoii dyzo60ii ceapxu

Juamemp rnexkmpooad vmim, oauna nekmpooadsS0) vim. Macca cmepiicnalQ
rpamm.

Kosddumuent HarrtapkH =40 x100%=100%
40
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Puc. 9.91ekmpoo ona pyunoii dyzoeoii ceapku

Juamemp rnexkmpooa 4 vmim, oauna nekmpooadS0) vim.Macca cmepicnalQ
rpamm. Macca scene3nozo nopouixa3() rpavm.

Ko3pduuueHT Ham1aBkH=30+40 x100%=173 %
40

Bpema pacnnagnenus o6oux
ANEKTPOJOB OJMHAKOBO, COCTaBIISET

apumMepHo 70 cek.
oo PUMCPHO
/

/%U l/ Puc. 10./Inuna U608,
—1 |7 ﬂ[/l/l ' HANJIA81EHHBIX NEPBbIM IIEKMPOOOM
- (3enenviir yeem), 8MopvIM
IIEKMPOOOM - 3eleHblil  +CUHUU

® ueem.

BbIBO/I: 3JCKTPOIOM C KEJIE3HBIM TMOPOIIKOM B TOKPBITUM MOXKHO TIOJNYYHUTH
moB Ha 75% niuHHEe.
OCcHOBHOE NPEUMYIECTBO ITUX HJIEKTPOJA0B - BEICOKAs MPOU3BOIUTEIHBHOCTh
HAIUIaBKH.

HenocraTrku 3J1eKTPOA0B:
» CBapka TOJBKO B HIDKHEM TIOJIOKEHHH;
» Brvicokuii ypoBeHb 3aIBIMIICHHOCTH;
» Ilpu cBapke OOJBIIMMH JUAMETPAMH HEOOXOJMMBI MOITHBIC MCTOYHUKH
ToKa (00 600A);
» Tlotepu BpeMeHHU Ha yiajeHUe IIUIaKa | 3aMeHY dJICKTPOJIOB

E42 2 R 53 H10k03¢hpuyuenm nepexooal50%
E38 4 B 73 H10koappuyuenm nepexooa 240%
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Puc. 11.91exkmpoowt ¢ ycene3nvim nopouwtkom 6 nOKpovimuu

be3orapkoBas cBapka

Be3orapkoBasi cBapKa 2mo pyuHas c8apka Memaiiuieckum 21eKmpooom,
Xapaxkmepusyemas NOIHbIM UCHOIb308AHUEM KANHCOO020 U3 WMYYHBIX JJIeKMPOO08, be3
o2apka, 0Jisl ye2o nepeo Hau4aioM C8apKu INeKmMpoObl NPUBAPUBAIONCS MOPYAMU K
NEKMPOO00EPIHCAMENto.

Onextponoaepxarens (puc. 12) cCOCTOMT W3 UWIUHAPUYECKOW PYKOSTKH, B
KOTOPYIO C OJTHOW CTOPOHBI BMOHTHPOBAH MPOBOJ, a C APYTroil — M30THYTHINA IITHIPb, K
KOHILY KOTOPOTO MPUXBATHIBAIOTCS TOPLAMH 3JIEKTPO/IBL.

Y
1 ! H. : Puc. 12.9nexmpooooepiricameny o0nn
S AT ..-:,r — = —__ 0e302apkoeoil ceapku
¢ %/ sl
)
IIpeumymecrna:
» besorapkoBas cBapka MO3BOJIIET YBEIMUNBATH ceapounsit mok Ha 10 - 15
%,

» YMEHBIIAaeT CMEHY OJJIGKTPOJOB, a, CJCAOBATEIIbHO, YBEIMYHBACTCS
MIPOU3BOAUTEIBHOCTD TPY/Aa.

MHorue cBaplIuKH MPUMEHSIOT 0€30rapKoOBYIO CBAPKY. /s 59m020 noiv3yomcs
aneKkmpooooepacamenem 6e3 3aMHCUMO8, UMEIOWUM CIATbHOU CIMEPHCEHb, K KOMOPOMY
npusapusaemcs 6epXuuil mopey d1ekmpood. s npusapku d1eKmpoo HUNCHUM KOHYOM
VAUpArom 6 ceapueaemvlii. Memail, d K 6epXHemy mMopyy Npuxkacaiomcs pabdoueil
NJIOCKOCMbIO 2Nlekmpooooepocamens. B mecme konmaxkma 21ekmpoo npusapuéaemcst K
anekmpooodepaicamento. ITlpu cBapKe 3JIEKTPOJ PaCIUIaBISAIOT HAa BCIO JUIMHY, HE
OCTaBJIsisi orapka. 3aTeM NPHBApUBAIOT K DJICKTPOJIOACPIKATEIIO0 HOBBIH 3JICKTPOJ U
POJOJDKAIOT cBapKy. Orneparus IpUBapKy SJICKTPOJia 3aHUMAET MEHbBIIIC BPEMECHH, YeM
OCBOOOJKJICHME Orapka M 3apsjika HOBOTO 3jekTpoja. I[lpu mpuBapke 3ieKTpojaa
HEOOXOMMO OTBOPAYMBATH JIMIIO, YTOOBI He 00JyUyaTh riasa.

be3orapkoBasi cBapka yBEJIMYUBACT MPOU3BOAUTEILHOCTD TPY/a, OAHAKO OHA HE
CcBOOOIHA OT HEIOCTATKOB.

HenocraTkm:

» 3aTpyaHsSeTCS MaHHITYJIMPOBAHHUE DJICKTPOJIOM, YTO TPH HEIOCTATOYHOM
OTBITE CBapIIMKa OTPHUIATEIBLHO CKa3bIBA€TCS Ha KadeCTBE CBAPHOTO
COCIMHEHMS,

» llpuBapka 3JIeKTpoJa IO CPaBHEHHMIO C 3aKPCIUICHHEM €ro B OOBIYHOM
AJIEKTpOAOIepkKaTese - 6ojiee CIoKHas oneparusi.
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BanHnas cBapka

BauHbIN c110c00 MPUMEHSIOT NpU C8APKe CMbIKO8 APMAMYpPbl Hceae300emOoHHbIX
koucmpykyuti. CywHocms cnocoba 3aknouaemcss 6 caedyrujem. K CHEepIHCHAM
apmamypbl 6 mecme CMulKa NPUSApPUSAIoONt CMAibHyl0 opmy, 8 KOmopol meniomoul
oyau co30arom 6aHHy PACHIIABIEeHHO20 Memalld, HenpepbleHO N000cPesaemyro 0y2ou.
Om meniomel Memaiia 6aHHbL NAAGAMCA MOPYbL CEAPUBAEMBIX CHMEpPIICHEl,
obpazyemcs 00Was 6aHHA Memajila wiea U 3amem NPU OCMbIBAHUU - CBAPHOE
coeouHnenue.

[Tpu cBapke BepTUKAJIbHBIX IIBOB B KadecTBEe (POPMYIOIICH JETalu MPUMEHSIOT
MITAMIOBaHHYI0 (GOpPMY H3 JIMCTOBOM CTajd, KOTOPYIO MPUBAPUBAIOT K HUKHEMY
CTEpKHI0. 3aTEM IPUXBATHIBAIOT KOHELl BEPXHETO CTEPKHS K HIDKHEMY M MEPEXOIAT K
3aMOJIHEHNI0 ()OPMBI HAIUIABJIAEMBIM MeTauioM. JlJis BBIyCKa IIJaKa IMPOKUTAOT
AJIEKTPOJIOM OTBEPCTHSI B CTEHKE (POPMBI, KOTOPBIE 3aTEM 3aBapPUBAIOT.

[Tpouecc cBapku BeayT mHpu OoJbIIMX Tokax. Hampumep, nns 31eKTpoaoB
ouamempom

5...6mmceapounwviii mok pocturaetr 400 .. 450 A.Ceapxy npu HU3KUX
memnepamypax BBINIOJHSIOT MOKOM BbIIE YCTaHOBIEHHOTO Ha 10... 12%.3a30p Mexny
TOPLAMH CBAPUBAEMBIX CTEPKHEU NOJDKEH Oblmib He MeHee YOB0eHH020 Ouamempa
I1eKmpooa.

CBapKky MOXXHO BBINOJHATh OJHUM WM  HECKOJBKUMHU  DJIEKTPOJAMU
OJIHOBPEMEHHO. PexoMeHyeTcst MPUMEHSTh 3JICKTpoabl mapkuY OHH-13/55.

IIpenmymecrBa:
» BaHHBII Ccnoco0 3HAYUTEIBLHO YMEHBIIACT PacXoj JJICKTPOAOB H
AJIEKTPOIHEPTHH,
» CHWKaeT TPYJI0EMKOCTh B Ce0ECTOMMOCTh CBAPOUYHBIX padoT.

Puc. 13. Baunnouku ona ceapku
apmamypbol

BanHouku s cBapku apMarypbl
(CKOOBI-HAKIIAIKN ) OPUMEHSIIOTCS IS
CO3JaHUsl apMAaTypHBIX CTEpXKHEH, JIMHA
KOTOpBIX OOJbllle CTaHAAPTHOM  JJIUHBI
BBIITYCKa€MOM apMaTyphl.

Baunwviit  cnocod ceapku wupoxo
npumeHnsaemcs Npyu CTPOUTEIBCTBE 3JaHUN U
COOpYKEHUH, KeJIe300€TOHHBIX
KOHCTPYKIIMI U apMaTypHBIX KapKacoB.

Bannas cBapka IO3BOJISIET MOJYYUTH
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€IVHBIA CHUJIOBOM Kapkac 0e3 NOTepu JKECTKOCTHM W NPOYHOCTH MO BCEW JjIMHE
KOHCTPYKIIUH.

Buvinonname CMbIKOBKY apmanitypsl npu maxKom suoe C6APKU BO3MOICHO KAK 6
COPUSOHMAIbHOM, MAK U 6 BEPMUKATTbHOM NOJIOHCEHUU.

PazbeMHble (QOpMBI Halle BCETO H3TOTOBIAIOT M3 MEAM JIOOBIX MapoK C
MOMOUIBIO IITAMIIOBKH, JIUThSI HJIM MEXaHHMYECKOH oOpadOTKH, a Takke U3 rpadura.
3amnpemniaeTcs U3rOTOBIATH (POPMBI U3 CIUIaBOB Menu (matyHu, OpoH3bl). st cBapku
TOPU30HTAIBHBIX CTHIKOB apMaTypbl TPU OYEHb CTECHEHHBIX, YCIOBHSIX paOOTHI
MPUMEHSIOT HEpa3beMHbIE MEHBIC KeT00YaThIe MOKIAAKH.

Haubonee nonroBeyHsl MHBEHTapHBIE (OPMBI, HU3TOTOBIEHHBIE U3 Medu. WX
obopauueaemocmp (KOJIMYECTBO CTHIKOB, CBAPEHHBIX B OJJHOM (hopme 0e3 ee peMOHTa)
B 3aBUCHMOCTH OT crmocoba wusrotoBineHus coctaBimsier 100—1750 cmuikos.
Oobopauusaemocms 2cpaghumosvix GopM TpUMEpHO B 2—2,5 paza MeHbIIE, YeM
mennbix. Kpome Toro, rpaguroBeie (OpMBI THTPOCKONUYHBI U TPEOYIOT MPOKAJIKU
1epel CBapKOu.

JIro6ast nuBeHTapHas popMa MOKET ObITH UCTIOPUYEHA TIPU CBApKE MEPBOTO CTHIKA,
ecyid He Oy/1eT coOIoaaThCsl TEXHUKA CBapKH.

KOHTpOJIbHLIe BOIIPOCHI:

37.Bpi0epu 0MH NPABUJIbHBIN 0TBET
1). B yeM 3aKJIH0YAI0TCS MPEUMYIIECTBA CBAPKH IMYYKOM 3JIEKTPOI0B?
a). nosvlulaemcs NPoOU3B00UMeENbHOCMb MpPYod,

0). yeenuyusaemcs WUpUHa wed,
8). XOPOULO 6apums 8 6EPMUKANLHOM U NOMOLOYHOM NOJIOHCEHUU.
2). Ilpu 6e3orapkoBoii CBApPKH JIEKTPO/I MPUBAPHBAIOT:
a). K Opy2oMy 91eKmpooy,
0). xk anekmpooooepaicamento,
8). K ceapusaemoti oemanu,
3). l;1s yero npuMeHsieTcs BAaHHasi cBapKa?
a). 0111 c8apKuU 6aHH,
0). 0151 capKU apmamypvl 6CMbIK,
8). OJIs1 C8APKU 8 BAHHAX NOO 80001
4). Kakue 3JIeKTPO/bl HA3bIBAIOT BHICOKONPOU3BOIUTEILHBIMH ?
a). 91eKmpoObl C KUCTILIM NOKPbIMUEM
0). 91eKmMpoOobl € Hcene3HbIM HOPOULKOM 8 HOKPLIMUU
8). 91eKMpPoObl C MOJICMbIM NOKPbIMUEM
38.3amoJiHH JIIOKHU

1. HoBbICUTH MPOU3BOAUTEIBLHOCTH TPY/JAA MOKHO PUMEHHUB CBAPKY
3JIEKTPOJaMHu ¢
| | NOPOIIKOM B MMOKPLITHH.
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2. JInsi cBapKH ONMPaHUEM NPHMEHSIIOT) | 3JIEKTPOJBI C

BBICOKOI ¢

3. Ilpu cBapke onupaHHeM CHJIA CBAPOYHOTO TOKaI:I |:| %
Bblllle 00BLIYHOI.

4. Ilpu cBapke My4KOM 3JIEKTPOJOB, 3JIeKTPOABI IIJIOTHO NPHUJIEray

N

5. le/l CBApPKE HAKIOHHBIM JJICKTPOAOM CBApPIINK MOKET 3aBaApUThb 34 1u

OKO0JI10

[ ] mcBapHoro msa.

6. JliuHa Jieskadyero 3JeKTPoaa Bo H30eKaHHe CHILHOTO MeperpeBa ero J0JKHA

ObITb HE 0 | MM.

/. BaHHBIH c10CO0 NPUMEHSIIOT TP CBAPKeE CTHIKOB 7KeJ1€300eTOHHBIX

FIIHﬁ.

8. 3a30p MeKIy TOPUAMH CBAPHBAEMBIX CTEPIKHEN H0JuKeH ObITh] |
YABOEHHOIO | | 3JIEKTPojA.

9. Ilpu cBapke Tpexda3Hoii Tyroi NoAKIYEeHHE K CeTH MPOU3BOIUTCS
oqHOBpeMeHHO K [ |  ¢a3aM: kK AByM noakiiodae |

JIEKTpPOaAa,

a K TpeThel paze — | | | |

10.ConepxxaHue :keJ1€3HOT0 MOPOIIKA B MOKPHITHH COCTABJI

%

11.21eKTpPoOAOM C KeJIe3HBIM MOPOIIKOM B MOKPHITHU MOKHO MOJYYUThH 1I0OB

% IJIMHHEe.

12.B saextpoae E42 2 R 53 H10 ko3¢ dumueHT nepexo;y %.

13.I1pu Oe30ra
NpuBapuBa

PKOBO# CBapKe MepeJ HAYaJI0M CBAPKH 3JIEKTPO/bI

14 be3orapkoBasi CBapKa mo3BoJisieT yBeJIUYNBATH CBAPOUYHbBIii TOK HA

%, yMeHbIIIaeT BpeMsl HA CMeH]

IpakTnueckas padora Nel2

Tema: "Csapka amomuHus"
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Hean padorsl: [Ipuobpectu npakTuyeckre HABBIKU MPU U3YUYEHUU CBAPKU ATFOMUHUS

Xo/ BbINOJTHEHUS padoThI:
1. O3HakOMJIEHHE C TEOPETUUECKUMHU CBEICHUSIMU
2. CaMOCTOSITENBHO U3YUUTh TeMY:«CBapKa aTFOMUHHUSY.
3. CocraButh onucanue «CBapka aTlOMUHUAN.
4. OTBeTUTh Ha KOHTPOJIbHBIE BOIPOCHI.

Teopernueckue cBeeHUs1

Haubonee eadxxcnvie ob0aacmunpumeHeHus ailOMUHUEEHIX CHIABOE B
HACTOsIIIEE BpeMs — aBHAIIMOHHAs W pakeTHas TeXHuka. Bwicokue ynaenbHbIe
XapaKTEPUCTUKH, TEXHOJOTMYHOCTh, II€HOBAas JOCTYMHOCTb — IICHHBbIE CBOMCTBA,
W3HAYaJIbHO OMNPEJSIUBIINE BBHIOOP aBHAKOHCTPYKTOpOB. [l paboThl y37I0B B
pealbHBIX YCJIOBHSX OKCIUTyaTalliM B KOCMOCE HEOO0XOJMMa TakXke CTOMKOCTb
MaTEepHaIOB K BO3JCHCTBUIO (PAKTOPOB KOCMHYECKOTO TMPOCTPAHCTBA: BBICOKOTO
BaKyyMma, IEpernajgoB TeMIleparyp, paauauuMd W mp. B HacTOSmMII MOMEHT 3TUM
TpeOOBAHUSIM MAaKCUMaJIbHO OTBEYAIOT aAJIOMHUHHEBBIE JAEPOPMUPYEMbIE CIUIABBI,
KOTOPBIE M UCIIOJIB3YIOTCS HanboJsiee akTUBHO.

Harnsigueie mnpuMepbl — Matepualibl KOHCTPYKIIMU IUIAHEPOB OTE€UECTBEHHOTO
opOuTtanbHOro kKopabissi «bypaH» M amMepuUKaHCKOrO KOCMHUYECKOTo Kopalisi "Space
Shuttle",

ATIOMUHHH 0071a1aeT HU3KOH MPOYHOCTBIO (66=8-10 Kzc/MMm°), TIOITOMY €ro
MIPUMEHSIOT B OCHOBHOM B XMMHYECKOM allapaTOCTPOCHUH, PAMHBIX KOHCTPYKIIMSIX,
JUISl OKOHHBIX U JBEPHBIX MEPEIIIETOB U JEKOPATUBHBIX M3MCIHHA B CTPOUTENbCTBE. OH
o6radaem mManoii nOMHoOcmwio 2,7 2/cM’, NOBLIUEHHOL KOPPOZUOHHOL CIMOLIKOCIbIO U
OoMbWOU  NIACMUYHOCMBIO  TI0  CPAaBHEHHIO C  HU3KOYTJIEPOIUCTOM  CTaIbIo.
TennonpoBOIHOCTh  AMIOMUHUS €  mpu  paza  BbIIIE  TEIUIONPOBOJAHOCTH
MaJioyriaepoaucTor cranu. Temneparypa riaBiaeHus yucroro amomunus 658° C. Ilpu
HarpeBaHUM AJTIOMUHUN JIETKO OKHUCISETCS, 00pa3ysl TYTOIUIaBKYIO OKHCh aFOMHHHS
(A1,03), mnaBsmnyrocss npu  Temnepatype cBbiie 2060° C. YwucThlii  aqroMHHUN
noctasistor o I'OCT 11069—64.

B TexHHMKE NPUMEHSIOT HE TOJILKO YHMCTHIA AIIOMHUHUKA, HO W CIUIABBI €r0 C
Maprasiem, MariueMm, Meqpio U kpemHueMm. CIuiaBbl allfoMUHUSL 00JafatoT OoJbLIei
MPOYHOCTBIO, YEM YHUCTHIN aTFOMUHHUIM.

[ToBBIIIIEHHYIO TTPOYHOCTH MMEIOT CILJIaBbl aIFOMUHUSI C MapraHIleM, MarHueM,
KPEMHHEM, ITMHKOM U MEJIBIO.

AJIIOMUHHUMN U €ro CIIaBbI JeJAT Ha:
1. Jlureiiabie
2. Jlebopmupyemsbie (KaTaHbIe, TPECCOBAaHHBIC, KOBAHBIE).

JedopMupyembie CiJIaBbl NOAPA3AEJSIOT HA:
1). Tepmuuecku ne ynpounsiemvie, K KOTOPbIM OTHOCSITCS CIIIaBbl AIFOMUHUS C
MapraHiieM 1 MarHuem
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2). Tepmuuecku ynpouHnsemvie, K KOTOPBIM OTHOCSITCS CIUIaBBl QIOMHHHUS C
ME/IbI0, IINHKOM, KPEMHHEM.

Haubonee BbICOKOH NPOYHOCTBIO OO0NANAOT TEPMUYECKH YIPOUYHSIEMbIE
QIIFOMUHHEBBIE CIUIABBI.

OnHAaKO TEpPMHUYECKU YIPOUHEHHBIE ATIOMUHHUEBBIE CIUIABBI PA3YNPOUYHSIOTCS
IOpU CBapKe CO 3HAYMTENIHOM IMOTeped MeXaHW4YeCKUX CBOMCTB. [IpumeHeHHe 3THX
CIUIaBOB JJISi CBAPHBIX KOHCTPYKIMM BO3MOXKHO JIHINIb TPU YCIOBUU OOECTICUEHUs
TEPMHUECKONH O0O0pabOTKM TMOCiE€ CBapKH /sl TOBBIIICHUS MPOYHOCTH CBAPHBIX
COCAMHEHNN.

W3 TepMuyueckyd HEYNPOUYHSEMBIX CINIABOB HAMOOJIBIICH MPOYHOCTHIO 00JaAat0T
cruaBel cucteMbl Al - Mg - Ti, Hanpumep crutaB AMr6, MexaHHMYeCKHe CBOWCTBA
KOTOPOTO CIeAyomue: 6,=32-38 kre/Mm? , 6,=16-18 krc/Mmm® , 05=15 - 20% u ax=3-4
krc-M/cM?. KOHCTPYKIMI U3 aMlOMHHHEBO-MArHHEBOTO CILaBa AMr6 H3roTOBISIOTCS B
OCHOBHOM CBApHBIMH.

B Poccuiickoit ®enepanuu I'OCT 4784 "AnoMyuHUN U CIJIaBbI aJTIOMUHHUEBBIC
nedopmupyembie. Mapku" 1aetT MapKupoeKy cniaeoe mpems cnocooamu:

» B OyKBEHHO-IIU(PPOBOM BHJIE,

» TOJIbKO B IU(POBOM BHUJIE,

» ¢ yderoM TpeOOBaHUU MEKIYHAPOJHOTO CTaHmapTra (MeKIyHapOIHAs
mapkupoBka) MCO 209-1 (ISO 209-1 Wrought aluminium and aluminium
alloys - Chemical composition and forms of products - Part 1: Chemical
composition).

[Ipu sToM nudposas mapkupoBka o 'OCT He coBmamaer ¢ MeXIyHapOJIHOM
MapKUPOBKOMN aTFOMUHUEBBIX CILJIABOB.

Hugpposaa mapxupoexa no 'OCT:
v’ mepBas nudpa - ocHOBHOM MeTaint (1-aaroMuHHMi);
v’ BTOpast Hu(pa - JErupyroIas CUCTEMA;
v TpeThsl M YeTBePTasi HUPPHI - MapKa ¥ MOAM(DUKALINS.
[Tomumo mnpuBeneHHOW 1MEGPOBOM MApKUPOBKH, B HACTOSAIIEe BpeMs
MIOBCEMECTHO  UCIONB3YeTCS  cMeuiannas OyKBEHHass U OyKBEHHO-TM(poBas
MapKUPOBKA aJIIOMUHUEBBIX CILJIABOB.

Hanpumep, oechopmupyemuie crinabsl o003Havarotcsa Oyksamu [, AL, AK, AM,
AB; numeiinvie— AJL

+ Byksoii /I 0603HaualoT crasbl oypaniomunusalll, J116 u T.1.

+ BykBbl AB 03HAYaroOT CIUIAB A6UAlb.

#+ Byksel AMr u AMu 0003HaYaOT cniaé anomunusa ¢ maznuem (Mz) n
mapzanyem (My), ipuueM yugpet, cnenyromue 3a oyksamu AMz1; AM26
COOTBETCTBYIOT IPUMEPHOMY COJIEPHKAHUIO MArHUS B 3TUX CILIaBax.

% Byksbl AJl 0TBEYarOT aMIOMHUHHIO 1e(OPMUPOBAHHOMY, IH(pPa YKAa3hIBAET
YUCTOTY AJIFOMUHUSL.

+ UucToTa criaBoB 0003HAYAETCS CIIEAYIOIMME OYKBAMH, CTOSLIMMH IIOCIIE
MapkupoBkH criasa: [lu, Y, Oy — cOOTBETCTBEHHO NMPAKTUYECKHU YHCTBIM,
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YUCTHI M OYEHb YHCTBIA, MO MPUMECSAM XKeje3a, KPEeMHUS U JIPYyTrux
KOHTPOJUPYEMBIX 3JIEMEHTOB.

# Cocrosaue nonyhabpuKaToB W3 aTIOMMHMEBBIX CIUIABOB 0003HAYAETCH

CIICIYIOIIEH MAPKUPOBKOM:
** M — MATKHH, OTOXKEHHBIH;
¢ T —3akaneHHbII 1 €CTECTBEHHO COCTAPCHHBIN;
% T1 — 3aKkaneHHbII U UCKYCCTBEHHO COCTApEHHBIN;
¢ H — HarapToBaHHBIIi;
% H1 — ycuneHo HarapToBaHHBIH (HarapToBka ucta ~20%) u T.1

CBapuBaeMoCTh AJTIOMUHHS U €r0 CILJIABOB.
1. Anomunuit u ezo cnnagvt umeilom 0O0ALUILYIO MENTONPOEOOHOCHLD,

2.

3.

TEIJIOEMKOCTh W CKPBITYIO TEIUIOTY IUIaBJICHHS. TeronpoBOIHOCTh
QTIOMUHUA B TPU pa3a BbIIIE TEIUIONPOBOJHOCTH HU3KOYTIEPOIUCTOU
ctanu; npu Harpese om 20 0o 600°C pa3HuLa B TEIJIONPOBOJIHOCTH €IIIE
6onee Bo3pactaer. CrenoBaresbHO, CBapka allOMHHHUS U €ro CIUIaBOB
JOJKHA BBITIOJIHATHCS ¢ OTHOCHUTEIIBHO MOIIHBIM M KOHLEHTPHUPOBAHHBIM
HMCTOYHUKOM Harpena.

Koagppuuyuenm numneiinozo pacwupenus anomunus 606a paza BBHIIIE,
yeM K03 (UITMEHT paclIupeHus xele3a. ITO CIOoCOOCTBYET YBEIUUCHHBIM
nedopManysaM U KOPOOJICHHIO TIPA CBapKe aTFOMUHUEBBIX H3/ICIHN.

Huskan yoensnasa niaomnocms (2,7 2/cm’) ¥ TeMmieparypa IUIaBICHHS
(660°C) adroMUHHS TIO CPaBHCHHIO C BBICOKOW YJIEIBHOW IIOTHOCTHIO
okucna amomuaus Al,O3(3,85 2/cms) u ero TemmepaTypoi IUIaBICHHUS
(2050°C) 3aTpyaHSIOT MPOIECC CBAPKH. TYroIUIaBKHi M TAXKEIbIA OKHCE
Al,OsMokeT ocTaBaThCsl B METaJIE [IBA M CHHXKATh pabOTOCIIOCOOHOCTH
cBapHoro coeauHeHus. [lpu cBapke amOMUHUST UM €ro CIUIABOB
HEOOXOUMO MPUMEHATH Pa3InYHbIe CIIOCO0BI 00phOBI ¢ okuciaoM Al,O3.
Bo Bcex cnyudasx MOBEpXHOCTh MeTalla M3JENHS JOJKHA 3a4UIIaThCs
HETOCPEJCTBEHHO Tepe]l CBAPKOW M MPOLIECC CBAPKU JOJKEH MPOTEKATH C
3alIMTON PACIUIABICHHOIO METAJIA OT JIECTBUS Ta30B BO3AYXaA.

Hcnonb3yoT TpU criocoda 60pbObI ¢ OKUCIOM AJTIOMUHMS:

1.
2.

3.

CBapka ¢ pacTBOPUTENIEM OKHCIIOB (3JIEKTPOIAHBIE MOKPBITHS, (PIIFOCHI),
Cpapka 0e3 pacTBopuTEl€i, HO C€ TaK Ha3bIBAEMbIM KaTOIHBIM
paciblUICHUEM,

CBapka ¢ MEXaHHYECKUM YJJaJIEHUEM OKHMCIIOB U3 CBAPOYHOI BaHHHBI.

Capka ¢ pacrBoputesnem. PactBopurensmu okucia Al,O; u npyrux

OKHCIIOB  SIBIIKOTCS  2AJIO2EHHbBlE CONU  WEJIOYHO3EMENbHBIX  MEMmaiios
(xropucmeorit, pmopucmerit rumuit u 0p.), KOTOPbIC PACTBOPSIOT OKUCIBI H
BMECTE C HUMU MOJHUMAIOTCS U3 CBAPOYHOM BaHHBI B CBAPOYHBIN NUIaK. Tak Kak
pacTBOp 00JIajaeT MOHUKEHHON TeMIlepaTypoi IJIaBJIE€HUs, MEHbIIEH yIeIbHON
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IUIOTHOCTHIO M MEHBIIIEH BA3KOCTBIO, UHEM K&)K,Z[I)Iﬁ KOMIIOHEHT B OTACIBHOCTH, TO
OH BBIBOJUTCA M3 MCTaJJjla IIIBA B CBaquHbIﬁ JIaK.

CymHOCTbL KaTOJAHOI0 PACHbUICHUS COCTOUT B TOM, YTO IPHU JTYyrOBOM
CBapKe B aproHe Ha MOCTOSHHOM TOKE MpH OOpAaTHOW MOJIIPHOCTH MPOUCXOIUT
npobneHne okucHOM mieHKu Al,Os. ¢ mocienyromuM pachblICHUEM YacTHI]
OKHCJIa Ha IIOBEPXHOCTH CBAapHOTO WU3Aenud. TOHKash OKHCHas IUICHKA,
MOKPHIBAIOIAs CBAapOUYHYIO BaHHY, pa3pyllaeTcsl TMOJA yAapaMH TSKEIbIX
TIOJIOKHUTEIIBHBIX MOHOB, 3allUTHOTO ra3a aproHa, oOpa3yIomuXcsl MPU TOPEHUN
nyru. Tak Kak MOJOKUTETBHBIN HOH 001aaeT OOJBIIEH MacCOi, YeM JICKTPOH,
TO 00pa3yIoMUKCcS MOTOK HOHOB CITIOCOOCH IPOOUTH OKMCHBIC TUICHKH ATFOMUHUS
W MarHus, KOTOpbI€ coO3AaroTcsi mpu cBapke. [Ilpm 3TOM Hamo y4HUTHIBATh
OOJIBIIIYIO CKOPOCTh JIBUKEHHS MOHOB, MO3BOJISIONIYIO PACHBUICHHBIM OKHCIAM
yepes 3alUTHYIO Fa30BYI0 CPEAY BBIXOAUTH U3 CBAPOUYHOM 30HBI.

Hpyrue rasel, o0namarolide HU3KOM aTOMHOM Maccoi (Hampumep, 4 y
renus BMecTo 40 y aprosa), He ClocOOHBI IPOOUTH U PACTIBUIATH OKUCIIBI.

Mexannueckuii cnocod yaanenusi okucia Al,O; U3 cBapouHON BaHHBI
3aKJIFOYAeTC B TOM, YTO CBApILIMK OIYCKAaeT B CBAPOUYHYID BAHHY CTAJIBHOMU
NPYTOK AuaMeTpoM 3 - 4 MM U BBIHUMACT €r0 C MPWIMIIINM K MOBEPXHOCTH
MPyTKa OKUCIIOM, KOTOPBIN JIETKO OTIEISAETCA OT MPYTKA MNPU €r0 BCTPAXUBAHUU
u JjerkoM ypaape. OnbITHbIE paOoyue, BHIMOTHSIONINE Ta30BYI0 WA JTYTOBYIO
CBapKy YI'OJIbHBIM 3JIEKTPOZOM, YaCTO HCIOJB3YIOT 3TOT CIOCO0, HE mpubderas K
dmrocam.

Antomunuegvie cniagvl 001a0al0M  NOGLIUIEHHOU CKIOHHOCMbIO K
oopazoeanuto nop. IloprucToCTh METaIIa MPU CBApPKE alFOMUHUSA U €T0 CIUIaBOB
BBI3BIBACTCS BOJOPOJIOM, HCTOYHHUKOM KOTOPOTO CIYXKUT aacopOupoBaHHas
BJlara Ha IMOBEPXHOCTH OCHOBHOTO MeETaJlyla U OCOOCHHO MPOBOJIOKH, a TaKXKe
BO31yX, MOJCAChIBAEMBI B CBAapOYHYK) BaHHY. B 3TOM ciydae aatOMUHUN B
CBAPOYHOU BAaHHE B3aMMOJICVCTBYET C BJIArOM IO PEAKIMHU:

2A|+3H20—)A1203+6H

J{nst momy4yeHus: GECIIOPUCTHIX IIBOB MPU CBaApPKE AIFIOMUHMUS U €T0 CIIJIAaBOB
JaXke HEOOJBIION TONILHUHBI MHOTA TPEOYEeTCsl MOAOTPEB, CHUKAIOIIUN CKOPOCTh
OXJIQXKJICHUSI CBApOYHOM BaHHBI U CIIOCOOCTBYIOIIMM O0Jiee MOJTHOMY YAAJICHHUIO
BOJOPO/a M3 MeTajyla MpU MEIJIEHHOM OXJaXaeHuu. Tak, Hampumep, mnpu
HaIJIaBKE€ Ha JIUCT QJIIOMHUHHUS TOJIIMHOM 8 MM OECHOPHUCTBIM IIIOB MOXET
MOJYy4YUTh TIpU MojorpeBe metamia oo 150°C Tlpu yBEenTWYEHUM TOJIIMHBI
Mertamia 10 16 mm naxe momorpeB no Temneparypsl 300°C He obecrieunBaet
OCCIIOPHUCTHIX IITBOB.

OnHako MOJOTPEB JIMCTOB JJISI CBAPKHM HEKOTOPBIX CIUIABOB CJIEIYET
MPUMEHSTh OCTOpOkHO. Hanmpumep, npu cBapke TOJCTOJUCTOBBIX aTIOMUHUEBO-
MarHueBbIX CILJIAaBOB JOITYCKAaeTCsl, MOJOTPEeB A0 TemrepaTypsl He Boimie 100 -
150°C. bosee BbICOKass TeMmmeparypa IOAOIPEBA MOXKET YCWINTh IOPUCTOCTh
IIBa 32 CYET BBIICJICHUS U3 TBEPJOTO PACTBOPA MarHUsS M 00pa30BaHUS TIPU 3TOM
Bogopona mo peakiauun Mg+H,O—MgO+2H. Kpome Toro, mpu cBapke
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MOJOTPETOro  MeTaia  (aJIIOMUHUEBO-MarHMEBBIX  CIUIABOB)  CHUXKAIOTCS

MEXaHUYECKHE CBOMCTBA CBAPHBIX COCTMHEHUM.

[Ipu aproHonyroBoi cBapke ajalOMHUHHUS M €ro CILIaBOB 00phOy ¢ mopamu

BElyT C TIOMOIIBIO OKHUCIHUTENIbHOM atMocdepsl. Hawnydmive pe3yiabTaThl

nojy4yaroTcss mpu  gobaBke Kk aproHy 1,5%kuciaopooa. OxucnurenbHas

atMocepa B pailoHEe MMOBEPXHOCTH CBAPOYHOM BaHHBI HE JAET BOAOPOIY
pacTBOPSATHCS B METAJJIe, MO3TOMY MOPbI K KOHILY OXJI&XKJCHHS IIBA HE
o0Opa3yroTcs.

AJIOMHHWI 1 €TO CIUIaBBl CKJIOHHBI K OOJIBIIIEMY MEPErPeBy, YeM YTICPOIUCTHIC
ctanu. [loaToMy CBapKy allOMUHUEBBIX CIUJIABOB CIEAYET MPOWU3BOAUTH C MEHBIIEH
MIOrOHHOM TEMJIOBOM AHEPIrUeH, OB MO0 BO3MOXKHOCTH BBIMOJHSTH 32 OJUH MPOXO] WIH
B JIBa MTPOX0/1a C IBYX CTOPOH Ha OOJIBIITUX CKOPOCTSX.

Buabl cBapKu aJl0MMHMS U €70 CIJIABOB.

I[GTaJ'II/I N3 ajJiOMHHHA MW CIro CINIaBOB MOXHO COCOAHMHAT KakK CBapKOﬁ
IIJI1aBJICHUCM, TaK U CBapKOﬁ JaBJICHHUCM.

IIIupokoe pacnpocTpaHeHHe MOJTYYHIH CJIeyOIe BHIbI CBAPKH:

» Pyunas wiM MexaHWU3WpOBaHHas JyroBas CBapKa HETUIABAIIMMCS
AJIIEKTPOJOM B 3alIUTHOM UHEPTHOM Tas3e;
MexaHnuzupoBaHHasi JyroBas cCBapka IUIABALIUMCS METaJUIMYECKUM
JIEKTPOJIOM B 3aLIUTHOM Tas3e;
ABTOMaTHMYECKAs AyroBas CBapKa IUIABSALIEHCS CBAPOYHOU IIPOBOJIOKOU 11O
CJIOIO JO3MPOBAHHOIO (DIIrOCa;
CTbIKOBasI MJIM TOUYEYHAsI KOHTAKTHAS CBapKa.
Kpome yka3aHHBIX BHJIOB CBAPKH AJIFOMUHHUS M €r0 CIUIABOB, BO3MOKHO
IIPUMEHEHUE CBAPKHU:

v/ Ta30KUCIIOPOIHBIM IIAMEHEM;

v/ JIyrOBOM CBAapK¥ HEIUIABSIIAMCS YTOJBHBIM HWJIM TIpaGUuTOBBIM

AIEKTPOJOM, ATTFOMUHHUEBBIM 3JIEKTPOJAOM C IOKPBITHEM;
v 3JIEKTPOIILTAKOBOW CBAPKH U CBAPKH DIICKTPOHHBIM JTyUOM.

vV VYV 'V

PyuHyio cBapky ajJIOMMHMA IYroii WM ra3oBbIM IJIAMEHEM BBITIOIHSIOT C
nogorpeBoM JiuctoB 0T 100 g0 400°C; yeM Tommie AeTalib, TEM BBIIIE TEMIIEpATypa
noaorpesa. g cBapku ynotrpeOsitoT ¢hiroc, daie Bcero Mapku AM-4a, coaepxxamui
50°, xnopucroro kamusa, 14% xnopucrtoro snutus, 8% ¢ropucroro Harpus u 28%
xyopuctoro Hatpus. COCTaBbl 2/1eKMPOOHBIX HOKPbIMUIL MOTYT OBITh CIEAYIOIIHUE:
nokpsitue | - 65% ¢moca AD-4a u 35% kpuonura u nokpeitue Il - 50% xmopucroro
kasust, 30% xmopucroro Hatpus U 20% kpuosuta (NazAlFg).

TexHoJiorus CBapKu.

JIna oyzoeoit ceapku aJWOMMHUSA HpUMeHAOm 3aekmpoosbl Mapku 03A4-1 co
CTEPKHEM U3 AITFOMUHUEBOM ITPOBOJIOKH.

CBapka NpPOMU3BOAUTCS B HW)KHEM U BEPTUKAIBHOM IOJIOXKEHHUSX MOCTOSHHBIM
TOKOM OOpaTHOM MOJIIPHOCTH, KOPOTKOM Iyroil 0e3 momnepeuHbix koseOanuid. [Ipu
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ouamempe >nextpona 4 mmmox oepercsa 120:140 A, ipu S mm - 150:170 A, a nipu 6
MM - 200:240 A.

CBapKy OCYIIECTBIISIIOT ¢ MojorpeBoM m3aenus g0 temnepatypbl 200 - 250°C
npu Toymuuae Metamia 6 - 10 mm,300 - 350°C npu 10 - 16 mm,

DNeKTpoAbl Nepe ynoTpedieHneM 00513aTeIbHO MPOCYIIUBAIOT IO TEMIIEPATYPhI
200°C B meuenue 2 y. ITocne cBapKu IUIAK HEMEIJICHHO YAAISIOT CTAIbHOM IIETKOU C
IIPOMBIBKOM €70 TOpsYEN BOJIOM.

Jns 3aBapku JUTEHHBIX TMOPOKOB B H3ACHUSAX MPUMEHSIOT TOKPBITHIC
ATIOMUHHUEBBIE AJIEKTPOJIbI Mapku O3A-2.

Dopma noo2omoeKu KpOMOK NOO ceapKy AIIOMUHHMEBBIX CIUIABOB MOJI00HA
MOATOTOBKE Tmpu cBapke crajeil. [lIBpI 1O BO3MOKHOCTU  BBIMOJIHSIIOTCS
OJIHOTIPOXOJIHBIMU U Ha OOJBIIUX CKOPOCTSIX.

Cpapka yrojbHbIM 3JIEKTPOJAOM TIPOUZBOIUTCA 0Y20U NPSAMO20 Oelucmausl,
NOCMOSAHHBIM MOKOM NpU  NApAMoU noaapHocmuy. JIUCTBI TOMIMHUHONW H0 3 MM
KEJaTelIbHO CBapuBaTh ¢ OTOOPTOBKOM KPOMOK 0€3 MpUCcaouyHOro Marepuaia, CBapka
Oo1ee mocmulx JIUCTOB TPEOYET pa3fenKku KpoMoK oA yriioM 60 - 75° u mpuMeHeHus
npucaaku. JKenarenpHO MPUMEHEHUE MACCHUBHBIX MEIHBIX WU CTAIbHBIX IMOKIAT0K
0J1 CBapUBaeMbI€ JIMCThI. MOXHO HCTIONB30BaTh (uitoc AM-4a win QIIroC CIeIyIonero
coctaBa: 45%xnopucmozo kanus; 15% xnopucmozo aumus;30%xnopucmozo
nampus;, 1% ,¢pmopucmozo kanusa v 3%cepnoxkucnozo nampus.

Tabuuuna.l.
IIpumepHbIe pesKUMbI CBAPKH AJJIOMUHUS YTOJbHBIM 3JIEKTPOA0M

Tomuuna ceapHBaeMoOro

METANIE, MM 1-2 2—4 4—6 68 B—12 15
AduamMeTp YrobHOro 3iek-

TPO4, MM 6-—8 89 1012 10--12 12--15 15
AuaMeTp npucanovHoro

NPYTEA, MM —_ 3-4 4—5 4.5 5--6 6- 8
Cuaie cBapoyHoro Toka, A 100—180 180—240 220300 250—350 300—400 350600

I'a3zoBas CBapKa aJJiOMMHUSI U €ro CIIJIaBOB oOecrieynBaeT

YAOBJIETBOPUTEIHLHOE KaU€CTBO CBAPHBIX COSTMHEHHI. MOIIIHOCTh ra30BOTO MJIaMEHU
MIpU CBapKe MoaAOUpaeTcsi B 3aBUCUMOCTH OT TOJIIIMHBI METaLIa.

Onroc AD-4a pa3BoAAT JUCTULUIMPOBAHHOW BOJAOW M HAHOCST HA CBAPUBAEMBbIC
KPOMKH Y TIPUCATOYHBIN MPYTOK.

PeskuM ra3oBoi CBApKH aJTIOMHHMSL.
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[Ipu ra3oBoii cBapke MPUMEHSIIOT IPUCAIOYHYIO MPOBOJIOKY TOH K€ MapKH, YTO U
CBapUBaE€MbIi METaJI.

s nonyuenuss u coxparenusi MeaIKO3epHUCMOU CIMPYKmMypol uzoenue nocie
CBAPKU 8 HEKOMOPbIX CIY4asx, Hanpumep, npu ceapke JUumvlx oemaineti, n008epearm
omorcuzy npu 300 - 350°C ¢ nocredyrouum meoareHHbIM OXAAHNCOEHUEM.

KOHTpOJIBHLIe BOIIPOCLI:

OnuImmTe TEXHOJIOTHIO BBITIOJIHEHUS CBAPKHU ATFOMUHUS U €0 CIUJIABOB.

TpyaHocTH pu cBapke aTIOMUHUS U €T0 CILIABOB.

Kakue cBoiicTBa aTFOMUHWSI ONIPEICIISIOT €T0 CBApUBAEMOCTh?

MapKkupoBKa aJIOMUHUS U €TO CIIJIaBOB.

[IpuBenuTe MapKu CBApOUHBIX ATTFOMUHHUEBBIX MTPOBOJIOK.

Kaxkwue cymiecTBytoT cmocoobl 60pbObI ¢ OKCUTHOM MIIEHKOW aTIOMUHUS?
IIpakTnueckas padora Nel3

ok owdE

Tema: "CBapka TuTana u Mmaraus"

Hean padorel: [Ipnobpectn mpakTUYecKue HaBBIKA NPHU W3YYEHUU CBApKU TUTAHA U
MarHus

Xoj BbINOJHEHHUs Pa0OThI:
O3HaKOMJIEHHE C TEOPETUUECKUMHU CBEACHUSIMU
CoctaBuTth onucanue «CBapka TUTaHA U MarHus
3aKOHCIIEKTHPOBATh MaTepuai o Teme: «CBapka TUTaHa U MarHUs»
OTBETUTH HA KOHTPOJIbHBIE BOMPOCHI.

Pwn e

Teopernuyeckue cBeIeHUA
CBapka TUTaHA U €ro CIUIaBOB

TuTaHOBBIC CIUJIABBI SIBJISIIOTCSL CPABHUTEIBLHO HOBBIMU KOHCTPYKIIMOHHBIMU
Marepuasiamu. OHU 00JIaJalOT PSIZIOM IEHHBIX CBOMCTB, OOYCJIOBIMBAIOIIUX HX
IIUPOKOE TMPUMEHEHHWE B aABUAIMOHHOM MPOMBIILJIEHHOCTH, PAKETOCTPOCHUH,
CYyIOCTPOEHUHU, XUMUUECKOM MAITHHOCTPOCHUH U APYTUX OTPACISAX MTPOU3BOJICTRA.

I'1aBHBIE JOCTOMHCTBA ITUX MATEPHAJIOB:
¢ CoueraHue BBICOKMX MEXAHWYECKUX XapaKTCPUCTHK H KOPPO3WOHHOMH
. N 3

CTOMKOCTH C MaJiol TIIOTHOCTHIO (4,5 r/em”),

¢ BO3MOXHOCTh TIOMYYEHHS BBICOKMX MEXaHHYECKHMX CBOWCTB IPHU
MOBBIIIEHHBIX TEMIIEpaTypax,

+¢ IlpurogHocTh it paObOTHI TIPW OYEHb HHU3KUX TEMIIEPAaTypax, BILIOTH JIO
TEMIEPATYPHI )KUAKOTO a30Ta,

¢ CpaBHHUTEIILHO XOpOIIIas CBAPHBACMOCTb,
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Marbrit K03PUIUEHT JTUHEHHOTO PaCIIUpPEeHUS,
HenamaranumBaemocTs,
BpIcOKOM aHTUKOPPO3UOHHASL CTOMKOCTb,
[Ipu ymenbHOH MIOTHOCTH B 4,5 2/cm® THTaH M €ro CIUIABbI HMEIOT
BPEMEHHOE COIPOTUBICHHE om 45 00 150 kec/mm’.
» 3aMEHa CTaJId TUTAaHOM YMEHbIaeT Maccy u3aenuit na 20 - 30%.
* BONBIIMHCTBO  CIUIABOB  00J1aalOT  BBICOKUMH  TE€XHOJIOTUYECKUMU
XapaKTePUCTUKAMU:
» IIOCTaTOYHO IUIACTHYHEI,
MOIIat0TCsl 00paboTKe MaBiIeHUEM Oe3 HarpeBa,
YAOBJIETBOPUTEIHHO CBAPUBAIOTCS.

3

%

3

%

3

%

0’0

e

DT MaTepuaibl 10 CBOMM CBOHCTBAM OTHOCATCS K  TEIJIOCTOMKHM.
Hcnonb3oBaHue CIJIaBOB HA OCHOBE THTaHa OCOOCHHO A(PGEKTUBHO MO CPAaBHEHUIO €
Kopposzuonnocmouikumu cmanamu n1o temneparypsl 300-350 °C, a ¢ antomunuegvimu
cnaagamu — HauuHas ¢ 200 °C. OOumenpusHaHHBIM TEMIIEPATYPHBIM MPEACIIOM
IpUMEHEHUsI OOJIBIIMHCTBA COBPEMEHHBIX THUTAHOBBIX CIUIABOB B TEXHUKE SIBISIOTCS
Temneparypel nopsanka 500 °C, a mpu KpaTKOBPEMEHHBIX BO3JIEMCTBUAX BBICOKHX
TEMIIEpaTyp ATOT MpPeAesl MOKET ObITh €III€ BhIIIIE.

Jnsg  CBapHBIX W3AEIUNA HCIOJB3YETCAd TEXHUYECKUA THUTAH, COJIEPKAIINI
MIPUMECH Ta30B:

v’ Kuciopoja, azora, Bogopoaa (mapkuBT1-00, BT1-0, BT-1) ,
v’ aIfOMUHMSI, XpOMa, MOJIHOIEHa, 0JI0Ba, BaHaIUs, Mapraniia, uepus (Mapku
BT-5, BT5-1, BT6, BTS, BT 14).

Tutan Ooyiee akKTUBEH MO CPABHEHUIO C aJJIOMUHHEM K TOTJIONMICHUIO KUCIOPO/a,
a3oTa W BOJOpOJA B mpoliecce HarpeBa. [loaTomy mpu cBapke TEXHMYECKOTO TMTaHa
HeoOxoMMa 0co000 HaJle)KHas 3allUTa OT ITUX Ta30B. Takas 3amUTa OCYIIECTBISIETCS
Opu JyroBOM CBapke B HMHEPTHBIX raszax (aproHe, reiauu) Wid (QIFOCOM-TIACTOM,
HAaHOCUMOM Ha KPOMKH CBApPUBAEMBIX 4YacTE€d COOTBETCTBYIOIIMM cioeM. MHCTUTYT
anektpocBapku uM. E. O. [latona pa3zpabortan cepuio crienuaibHbIX (PIrocoB-macT (OT
AH-TA no AH-T17A), xoTopble 1O COCTaBy SIBISIOTCS OECKUCIOPOIHBIMU
dbropuaHOXTOpUAHBIMU. JlyroBasi cBapka THUTaHa W €ro CIUIABOB TOKPBITHIMU
3JIEKTPOIaMU, YTOJBbHOW JyTOM, a TAKKE ra30BbIM INIAMEHEM HE MPUMEHSIOTCS. DTUMU
BHUJIaMU CBapKU HEBO3MOKHO O0ECIICUUTh BHICOKOE Kaue€CTBO CBAPHBIX COCAUHECHUM U3-
3a CIMIIKOM OOJIBIION aKTUBHOCTH TUTAHA K KUCJIOPOY, a30Ty U BOJOPOY.

TpyaHocTH npu cBapke TUTaHA!
¢ Bricokast XuMu4eckasi aKTUBHOCTh TUTaHA MPH BBICOKUX TEMIEpaTypax Mo
OTHOIIICHHIO K aKTHBHBIM Ta3aM (a30Ty, KHUCIOpoay, Bogopoay). [loaromy
COJIep’KaHue 3THUX Ira30B JOJHKHO CTPOTO OrPaHUYMBATHCS:
— 0,<2 %,
— N»< 0,05 %,
— H»< 0,01 %.
¢ Bonbpmas CKJIOHHOCTH THUTaHAa K POCTY 3€pHA TPHU HArpeBe IO BBICOKUX
TEMIIEPATyp U CIOXKHBIA XapakTep (a30BbIX CTPYKTYPHBIX MPEBPALLECHUIL.
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PCBYJII)TaTOM OTOI0 ABIACTCA CHUKCHHC INNIACTHYHOCTH U BO3HHMKHOBCHHEC
OO0IBIION HCOJHOPOJHOCTHU CBOMCTB CBApHOIro COCANMHCHUA,
+» TwuTaH 1 ero CIIaBbl HE CKIOHHBI K O6paSOBaHI/II-O ropsa4unx TpPCUiuH.

B cBsi3u ¢ 3TUM HEOOXOAMMOE YCIIOBUE MOJIYYEHHs] Kau€CTBEHHBIX COEAMHEHUH,
OCOOCHHO TIPU CBAapKe IUIABJIEHUEM, — OOECIEUEHHE HaJEKHOW 3allUThl OT ra3oB HE
TOJIbKO CBAapOYHOW BaHHBI, HO OCTBHIBAIOIIMX yYaCTKOB METajjia IIBa U OKOJIOIIOBHOM
30HBI, HATPETHIX 10 TemnepaTypsl Beie 350°C.

CBapky CIUIaBOB pa3lMYHBIX KJIAaCCOB HEOOXOAMMO BECTH Ha pPEXUMax,
oOecreunBalOMX HauOoJiee ONTUMAJIBHBIA WHTEPBAJ CKOPOCTEH OXJIAXKIAEHUS, MPHU
KOTOPBIX CTENEHb CHWXCHMS ITUIACTUYECKHMX CBOWCTB OKAa3bIBACTCA HAMMEHbIICH.
Hcxons U3 3TOro 0-CruiaBbl 1I€JIE€CO00pa3HO CBApUBATh HA PEKMMax ¢ MUHHUMAJIbHOM
IOTOHHOM 3Heprueu, st (ot+f)-criaBoB peKOMEHIYIOTCSI MSATKUE PEKUMBI C MAJIBIMU
CKOPOCTSIMH OXJQXKICHUS U JUIsl -CIJIaBOB — PEXKUMBI, 00ECIIEUMBAIOLIUE BBICOKYIO
CKOPOCTb OXJIAX/ICHHUS.

Tuman u e2o cniagvl He CKIOHHbL K 00OPA308AHUIO 20pPAYUX MpewuH. ITO
00yCIOBJIEHO OJIArONPHUSATHBIM COYETaHHEM (PU3UKO-XUMHYECKUX CBOMCTB TUTAHA U €0
CILUIAaBOB, & UMEHHO MaJIOW BEJIMYMHOMW JINTEUHOM YCAJIKA B COYETAHUM C TTOBBIIIEHHOMN
MPOYHOCTHIO M IUIACTUYHOCTBIO B 00JacTH BBICOKMX Temieparyp. Ilpu cBapke B
OOJIBIIIMHCTBE  CIIy4aeB HCHOJB3YIOT AJEKTPOJHYIO MPOBOJIOKY, IO COCTaBy
AHAJIOTUYHYIO OCHOBHOMY METAJLITY.

OnHUM U3 OCHOBHBIX JIe(PEKTOB MeTallja IIBa MPU CBAPKE TUTAHA €r0 CIUIABOB
SBJISIETCA TOPUCTOCTh. YacTo BcTpeuaeTcsl Takke oOpa3oBaHUE XOJIOJHBIX TPEIIUH,
BO3HUKAIOIIMX IPU TMOHM)KEHHOW IUIACTUYHOCTH, BCJIEJACTBUE HACBIIICHUA MeETasla
razamMu, B TEPBYID OYEpPEIb BOJOPOJAOM, IPUYEM XOJIOJHBIE TPEIIMHBI B TaKUX
COCMHEHHUSIX MOTYT 00pa30BBIBATLCS MPU XPAHEHUH CBAPHBIX KOHCTPYKITHI.

C ueabl0 mpeaymnpekaeHHsi MOP NPH CBapKe THTAHA M €ro CIJIABOB
HCIOJIB3YIOT Pa3jiMyHbIe CTIOCOObI, KOTOPbIEe MOKHO Pa3aeJuTh HA TPH IPYNIbI:

1. YMeHblIeHHE KOJMYECTBA aJCOPOMPOBAHHOM BjJard Ha KPOMKax
CBapUBaEMbIX JeTaJiel M MOBEPXHOCTU CBApOYHOU MPOBOJOKH, a TaKKe
CO3/aHME YCJIOBHM Mg yJAJNCHWs BIaru U3 30HBI CBapKd [0
(dbopMHUpOBaHUS CBAPOYHON BaHHBI;

2. Ucnonwp3oBaHue peXUMOB CBapKH, OOECIIEUMBAIOIIMX HanWOoJiee MOJIHOE
ylajieHrue U3 CBapOYHOU BaHHBI BOJOPO/IA;

3. CBs3piBaHWE W WHTCHCHU(UKAIUSA BBIACICHHUS BOJOPOJa M3 CBAPOYHOU
BaHHBI C UCTIOJL30BaHUEM (PITFOCOB.

CHIKeHHe KOJMYecTBa aJcoOpOMpOBAHHON BJIAard JOCTUTAETCS 3a CUET
MOBBIIICHUS] YUCTOTHI 00pa0OTKH, a TAK)Ke PEerJIaMEHTAIIMU YCIOBUM U CPOKA XpaHEHUS
MOJATOTOBJICHHBIX K CBapke JeTaneil. J[pyruM HampaBlieHHEM CHIDKCHHS MOPUCTOCTH
u3-3a aJCOPOMPOBAHHOW BJIATM MOXKET OBITh MpEAoTBpalleHne (OPMUPOBAHUS
3aMKHYTBIX TIOJIOCTEHl B 30HE CThIKA. OTO JIOCTUTACTCS HpuU ceéapke ¢
2apanmupoeannvim 3azopom. Haubonee rddekTuBHOE npedomepauwienue nop npu
CBapKe TUTAHA U €r0 CIIABOB JOCTHTaeTCs MPHU HCIOJIb30BAaHUU (DIFOCOB HA OCHOBE
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rasioreHoB. [Ipu aproHonyroBoi cBapke (UIFOCOM MOKPBIBAIOT TOPIOBbIE MOBEPXHOCTU
CBapUBAEMbIX KPOMOK TOHYAMIIIUM CJIOEM B BUJIE MACThl, 3aMEIIAHHON Ha CIUPTE.

JAns coenuHeHWss AeTalel W3 TUTAHOBBIX CIUIABOB IPHUMEHSIOT OCHOBHBIC
CIocoObl CBapKH TUIABJIICHUEM (JyTOBYIO C MECTHOM WJIM OOIIeN 3alUTON B MHEPTHBIX
ra3ax, noja (arocoM, 3JIEKTPOILIAKOBYIO0 U 1ip.). IIpu cBapke B aTMocdepe WHEPTHBIX
ra3oB HEIUIABSIIUMCS U IJIABALIMMCS 3JIEKTPOAAMH HUCIIOIb3YIOT AprOH BBICIIETO COpPTa
nnn renud. IIpy cBapke ¢ MECTHOM 3aIlIMTOM WCIIOJB3YIOT pa3IMYHbIC HACAIKH,
o0ecIeunBaoIIKe 3allUTy OCHOBHOTO METajlla, HarpeToro cBhimie temmeparypbl 400
°C. 3amuTa co3JIaeTcsi HE TOJBKO C JIMIEBON CTOPOHBI JETalW, HO M C OOpaTHOM
CTOPOHBI coeAuHEHUs. J[JI1 3TOr0 MCHOJIB3YIOT MOJKIAIKH M3 MOPHUCTOr0 Marepuania
WIH CHEIHMATBHBIX KOHCTPYKIHNA, 00€CTIeYMBAIONINX MOABOJI Tra3a ¢ HIKHEH CTOPOHBI
mBa. Hanbonee cTtabuiibHON 3amuToi siBisieTcst ooOmias 3amura. O KadyecTBe 3allluThl
30HBI CBAPKH MOXHO CYAUTh IO BHEIIHEMY BHJY CBApHbIX coeAuHeHui. [Ipu xopomei
3alUTe TIOBEPXHOCTh MeETaljla B 30HE CBapku uMeeT cepeOpuctblii uBer. Ilpu
HEJI0CTAaTOYHOM 3allUTe MOSBJSIOTCS I[BETa MOOEKAJOCTH, a MPH IUIOXOM — cepble U
Oyphle HaJIeTHhI.

Tutan 60j€e aKTUBEH MO CPAaBHEHUIO C AJTIOMUHUEM K MOTJIOUICHUIO KUCIOPOAa,
a3oTa ¥ BOJOPOJAa B Ipolecce Harpesa. 1103ToMy npu cBapke TEXHUYECKOTO I'MTaHA
HeoOxoarMa 0co00 HaJeKHas 3alluTa OT 3TUX Ta3oB. Takas 3amUTa OCYIIECTBIISIETCS
npu 0y2080iiceapKe 6 UHEPMHBIX 2a3ax (apzoHe, zeauu) uiu GaOcom-nacmou,
HAHOCMMOW Ha KPOMKHM CBapUBAEMBIX YacCTE€ COOTBETCTBYIOIIMM cioeM. MHCTUTYT
anektpocBapku uM. E. O. IlaTtona pa3paboTan ceputo crneruaibHbIX (I0COB-TIACT (OT
AH-TA no AH-T17A), xoTopble 1O COCTaBy SBIAIOTCS OECKUCIOPOIHBIMU
(GTOPUTHOXTOPUIHBIMU. /[y206asn ceapka mumana u e20 CHAA60E HOKPLIMbIMU
INEKMPOOamu, y20abHOU Oy20il, A MaKxyce 2a306bIM NiAAMEHeM He HPUMEHAIOMCA.
OTUMH BUJAMU CBapKd HEBO3MOXXHO OOECHEYUTh BBICOKOE KadyeCTBO CBaPHBIX
COCIMHEHUIM W3-3a CIIMIIKOM OOJBIIONW AKTUBHOCTH THUTaHAa K KHUCJIOPOIY, a30Ty U

BOJOPOY.

TexHMYeCKUH TUTAH COCAMHAIOT:
v’ aproHoIyroBoM,
v’ Iyrosoi mo (rocom
v’ ¥ HEKOTOPHIMHU BHJAMH CBApKH JaBjieHueM (Hanpumep, 1uddy3noHHON).

Jlisi cBapky 1moJ (pJIr0cOM TMPUMEHSIOT OECKUCIOPOAHBIE (PTOPUIHBIE (ITHOCHI
cepun AHT. Mapky ¢mtoca BeIOHpalOT B 3aBUCUMOCTH OT TOJIIIMHBI CBAPHUBAEMOTO
Metaiia. CBapKy OCYIIECTBISIIOT Ha TOCTOSSHHOM TOKE OOpaTHOM TMOJSIPHOCTH U
BBITIOJIHSIFOT Ha MEAHOU, (II0CcO-METHON MOJKIAaaKe Wik (DIt0coBOM moayiike. Draroc
nepeo ceapkoti npoxaiusarom npu temmeparype 200-300 °C.

IIpu 3J1eKTPOILIAKOBOM CBapKe THUTaHA M €ro CINIABOB JIJIS IITBOB HEOOJIBIIION
MPOTSKEHHOCTH HCIOJIB3YIOT IUIACTUHYATBIE BJIEKTPOAbl moawjunou 8—I12 mm u
IIAPUHOM, PABHOW TOJIIMHE CBAPHBAEMOTO METAJIA, IUIACTUHYATBIA 3JIEKTPOJ
BBIIIOJHSAIOT W3 METaula, MO0 XHWMHYECKOMY COCTaBy aHAJIOTUYHOMY COCTaBy
CBApUBAEMOI0 METaJlIa.

100



CBapHble COEJUHEHUS, BBINOJHEHHBIE JJIEKTPOIUIAKOBOM CBAapKOW, HMMEIOT
KPYMHOKPUCTAIIIMYECKYIO  CTPYKTypy. OpaHako B  OOJIBIIMHCTBE CJIy4aeB U
POYHOCTHBIE CBOMCTBA OJIM3KU K OCHOBHOMY METAJLTY MPHU XOPOIIEH MIaCTUYHOCTH.

CBapKa MAardmeBbIX CIIJIABOB

Marnwuit o6sagaet eme O0JIBIIMM CPOJICTBOM K KUCIOPOAY, YeM THUTAaH; MOTOMY
€r0 CBapMBaEMOCTh XYK€ CBAPUBAEMOCTH TUTAHA.

Marnuii, COeUHSSACH ¢ KHCIOPOI0M, 00pa3yeT TYyTrOIJIaBKYI0 M TSHKEITYH0 OKHCH
Maraus. TeMmrepaTyphl TJIaBJICHUS MarHdus W OKHCH MAarHUs COOTBETCTBEHHO pPaBHBI
651 u 2150°C, ynenbHbl€ IIOTHOCTU - COOTBETCTBEHHO 1,74 u 3,2 2/em®, T.e. IOUTH B
1,5 paza MeHbIIE TUIOTHOCTH aifomMuHus M B 4,5 paza MEHbIIE TJIOTHOCTH Jcenesd,
MOPTOMY YZEJIbHbIE TOKA3aTed MEXaHMYECKHX XapaKTepUCTUK MHOTHX CIUIaBOB Ha
OCHOBE MarHusi PeBOCXOAAT aHAJIOTHYHbIC MMOKA3aTEIN CBOMCTB JAPYruX MaTepuasoB.
[II0THOCTh MATHHEBBIX CIUIABOB - o0ko0n0l,8 2/cm’. BpeMmeHHOE COMPOTHBICHHE
CILIABOB TIPH PAaCTSKEHUH cocTaBisier om 21 0034 kec/cm’.

Marauii u ero cCIUiaBbl SIBISIIOTCS HAuOOJEe JeeKUMU KOHCMPYKYUOHHbIMU
mamepuanamu. Haubonee pacnpoCTpaHEHHBIMU JIETHUPYIONIUMU SJEMEHTAMU B
MAarHHUEBBIX CIUIaBaX SIBJSIOTCS ATIOMUHUMN U IIUHK.

OTJMYUTEIbHOM YepTOl MArHWsi W €ro CIUIABOB SBIISIETCS NOBBIIICHHAS
YYBCTBUTEIBHOCTh K KOPPO3WHM BO MHOTHX Cpelax. JTO OOBICHAETCS TEM, 4YTO
OKCHJHAsl ITUICHKAa Ha IOBEPXHOCTH MeETajula phIXJas M He 00J1aJaeT BBICOKUMH
3aIIUTHBIMU CBOMCTBaMU, HAI[pUMEP OKCHIHAS IJIEHKA HA AJIFOMUAHMH.

Marumii — oquH U3 HandoJIee AKTUBHBIX M0 OTHOILIEHUIO K KMCJI0POAYy MeETauioB. B
pe3ynbTaTe ero OokucieHus ooOpaszyercs okcun MQO, TOKphIBarONINil MOBEPXHOCTH
MeTaia miaeHkor. Temneparypa miuaBnenus oxcuda maznua2800 °C, miotHOCTH 3,65
2/cm’. B CBSI3U ¢ BBICOKOIA TEMIEPATypPOM IUIABJICHUS OKCUIHAs IUIEHKAa HA MarHUEBBIX
CIUlaBaxX, TaKXe KaK W TPU CBAapKe QIIOMUHUS, 3aTpyAHSIET oOpa3oBaHue OOIIeH
CBApOYHON BaHHBI M JOJKHA OBITH pa3pyllieHa WM YJaJeHa B TPOIECCe CBapKH.
OKcuoHas nieHKka Ha MA2HUEBblX CHIA8AX OMIUYAemCcsl PbIXIOCMbl0 U CHOCOOHA
yoeporcusams 601bULOE KOIULECTBO BIA2U.

Booopoo ob6nradaem cnocobHOCmMbI0O PACMEOPAMBbCA 6 MAZHUU 6 20PA300 DOIbUIUX
Konuvecmeax, vem 6 anwomunuu. llpu TemmepaType IUIaBIICHHS MeETallla B HEM
pactBopsieTcst 0o 50 em”/100 2 meramia u PE3KO CHM>KAETCs MpHU KpucTan3auuu. B
CBSI3U C TMOHMKEHUEM PACTBOPUMOCTH BOJOPOJA B KHIKOM METAIIJIC MPU OXJIAKICHUH
MMEETCS BO3MOXKHOCTD BBIICJICHUSI €TO B BUJIE TTy3bIPHKOB U 00pa30BaHUSI Ta30BbIX TOP.
Mepamu CHWXKEHUS TOPUCTOCTH TPU CBApKe MArHUEBBIX CIUIABOB  SIBIISIETCS
YMEHBIIIEHUE TOBEPXHOCTH OCHOBHOTO W TMPHCATOYHOTO METAIUIOB, YYACTBYIOIIMX B
0o0pa3oBaHMU IIBOB, U MPUMEHEHHUE TIIATEIHLHOW 00pabOTKH MOBEPXHOCTH MPOBOJIOKH
Y CBapHBaeMbIX KPOMOK Tepes cBapkou. [Ipu kpucTaimusanuu MarHusi B MeTaJuie IiBa
oOpasyeTcsi KpYIMHOKPUCTA/UINYECKasi CTpyKTypa. [losiBjeHrne SBTEKTUKHU TIO TPaHUIIE
3¢peH B BHJIE CIUIONIHBIX MPOCIOCK MPUBOIUT K OOpPA30BAaHHUIO TOPSYUX TPEIIUH.
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[1oBrellIcHUE COIIPOTUBILICMOCTH  CIINTABOB K 06pa3OBaHI/IIO ropayux TpEeUIUH
JOCTHUTacTCsAa BBEACHHUECM B X COCTaB MO,ZII/I(i)I/IKaTOPOB.

[Ipu cBapke MarHHEBBIX CIUIABOB, YIPOYHAEMBIX TepMOOOpaOOTKON Hapsly C
YKpYIIHEHHEM 3epHa B 30HE TEPMHUYECKOTO BIMSHHUS, BO3MOXKEH pacraj; TBEPIOTro
pacTBOpa M OIUIABJICHHE TPaHULl 3€peH. DTO NPHUBOJUT K pa3ylpOYHEHHUIO MeTaia
OKOJIOMIOBHOM 30HBI (10 0,7-0,9 MNpPOYHOCTHM OCHOBHOTO MeETa/lla) U HMHOTAA K
oOpa3oBaHHIO TpeulrH. B cBs3U ¢ BBICOKUM KOA(h(GUIIMEHTOM TEIIOBOTO PACIIUPEHUS
MarHMeBbIX CIUIABOB B CBAapHBIX COCIMHEHUSIX BO3HUKAIOT OCTATOYHBIC HAIPSHKCHUS
Ipu CBapKe, BBI3BIBAIOIIME KOpoOieHne KoHCTpykuuid. [ledopmamuum Moryt
CIOCOOCTBOBAaTh BO3HMKHOBEHHMIO TpewmuH. Jlisg mpeaynpexaeHus TpeuudH U
yMeHbIlIeHUs JedopMannii, 0COOCHHO IS TOJCTBIX JAETalei, B HEKOTOPBIX CIIydasx
PEKOMEHIYETCs CBapKa ¢ MOJOTPEBOM, a HHOTa U TMOCeAyomIas TepMooOpadoTka s
CHSTUSA HaNPSHKCHUH.

MarnueBbie CIUIaBbI  CBAPUBAKTCI  80IbHPAMOGLIM  IJIEKMPOOOM 8
3QUiUMHOIL cpede apeona.

T'az06ana ceapka, 0yzoeas ceapka ROKpbIMbIMU 3IIEKMPOOAMU U Y20TbHbIM
INEKMPOOOM NPUMEHAIOMCA pPeOKo. AProHOIYTOBYHO CBapKy pPEKOMEHIYETCS
MIPUMEHSTH JIJIS1 BCEX MarHUEBBIX CILIaBOB. ['a30BYI0 CBapKy MOKHO NMPUMEHSTH TOJIBKO
sl criiaBoB mMapok MAI, MA2, MAS, MJI2, MJI5S w MJI7 v nuiuib C IPUMEHEHUEM
droca 3 GTOPUCTHIX COJIEH.

Haumnyumum ¢dmrocom cuurtaror ¢haroc BD-156 (33,3% ¢ropucroro OGapus,
24,8% ¢ropuctoro maraus, 19,5% dropucroro nutusa, 14,8% ¢ropucrtoro kanwius,
4,8% HaTpUEBOTO KPUOIHTA, 2,8% OKHUCH MarHusl).

U3 eécex cnocoboe ceapku 0CHO6HOE 3HAUEHUE 6 HACHMOAULEe 8PeMA UMEIOM
CnOCcod bl0y2060ii CEAPKU MAZHUEBBIX CNIAABOE 8 Cpede ap2oHA 80J1bPpPaMosblm U
naagawumca rnekmpodamu. llpu cBapke 3TUMHU cnocod0aMu UCKIIOYAETCS OMACHOCTb
KOppO3UH, BbI3BAHHON ocTarkamu (tocoB. OCHOBHOE W HauOoJiee JKeaaTelbHOEe
coequHeHHe CThikoBoe. (CBapka HMX NPOU3BOAMTCA HAa MOJKIAAKAaX C JOCTATOYHO
IyOOKUMH KaHAaBKaMH, OOECIEUYMBAIONIMMHU yAAJICHUE OKCUIHBIX BKJIIOYEHUN B
nporiaB. B cBsi3u ¢ HEOCTATOYHOM MIACTUYHOCTHIO MarHUEBBIX CIIABOB OTOOPTOBKA
KPOMOK Jake I METayljla MaJlbIX TOJIIMH MPAaKTUYECKH He mpuMeHseTcs. BeTeik 6e3
CKOCa KPOMOK PEKOMEHIYETCsl CBapUBAaTh COCAMHEHUS TOJBKO 3a OJIWH MPOXOJ] TpU
OJTHOCTOPOHHEHN CBapKe Ha MpOKIagKax. JByCTOPOHHSISI CBapKa CTHIKOBBIX COSAMHEHUM
0e3 paslenKkd KPOMOK HE PEKOMEHAYETCS H3-3a OMACHOCTH TMOSBJICHHS B MIBaX
OO0JIBIIIOTO KOJIMYECTBA OKCUTHBIX BKITFOUCHHM.

[Ipu cBapke COeIMHEHUN W3 METaJia TONIIUHON OoJiee 6—10 mm TPUMEHSIOT
pa3fenKy ¢ OAHOCTOPOHHUM CKOCOM KPOMOK M JUISI METaJUIa TOJILUUHON Oosiee 20 mm
[IPU HAJIMYUU JIBYCTOPOHHETO MOJX0/1a — Pa3AENKy C ABYCTOPOHHHM CKOCOM KPOMOK. B
MOCJICTHEM Cllydae Tepel BBIIOJIHEHHEM IIBa C OOpaTHOM CTOPOHBI HEOOXOauMa
MpeBapUTENbHAS pa3esiKa KOPHS MePBOro IIBa.
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HenocpenctBeHHo mnepen cBapKoi MOBEPXHOCTh KPOMOK CBapHBAEMBbIX JIETAJIEH
MOJIBEPraroT CrenuaibHoi 00paboTKe s yAAIeHHUs] OKCUIHON MJIM 3alUTHOM TMJIEHOK
U UMEIOUIUXCS 3arpsi3HeHUN. /na amoil yeau nogepxHocms 3a4uwaom uiabepom uiu
CMANLHLIMU  WemKaAMU, Ulu 00padbamvl@aom 6 XUMUYECKUX BAHHAX CHEYUATbHO20
cocmaea.

J1si CBapKH KOHCTPYKIMI M3 MATrHMEBBIX CILUIABOB NMPUMEHAT: PYYHYIO U
aBTOMATUYECKYI0  aprOHOAYTOBYIO  CBapKy  BOJb(GPAMOBBIM  JJEKTPOJIOM U
aBTOMATUYECKYIO CBapKy BOJIb()paMOBBIMHU 3JIEKTpoJaMu TpexdaszHoil Tyroil B cpene
aprosa nepBoro cocraBa. CBEpKy BBINOJHSAIOT HA CTAJbHBIX MOAKIAAKAX C KAHABKaMHU
s (popMupoBaHus npomiasa. C 1eIbl0 pa3pylIeHUus] OKCUIHON IJIEHKH HUCHOJIb3YIOT
IIEPEMEHHBIN TOK.

Py4yHoit 1 aBTOMaTH4YecKoW CBapKoWl BOJIb(PAMOBBIM AJIEKTPOJAOM BCTHIK 0Oe€3
pa3IeNIKu KPOMOK 3a OJWH TPOXOJ MOTYT OBITh CBApEHBI JIUCTHI TOJIIMHOU 2—6 M.
Jlns Merania TOJIIMHOW 6osiee 5 mMm MOXET OBITh HCIIOJB30BaHA JyroBas CBapkKa
IJIABSIIMMCS SJIEKTPOJOM CO CTPYHMHBIM MEPEHOCOM dBJIEKTpOHHOro Metaia. IIpomecc
BEJIETCSI Ha TIOCTOSHHOM TOKe oOpaTHOM mojisspHOCTH. CBapka IIIaBSIIUMCS
AJEKTPOAOM OCOOCHHO S(PPeKTHUBHA IJI COCAWHECHHS MeTayllla OOJIBIIONW TOJIIMHBI.
[Tpu cBapke BCTHIK 0€3 CKOCa KPOMOK 3a OJWH MPOXO/I MJIABSIIIUMCS SJIEKTPOIOM MOTYT
OBITH CBAPEHBI JIUCTHI TOIIUHON S5—10 mm.

KOHTpOJIl)HbIe BOIIPOCHI:

1. Kakoe HampsbKeHHE XOJIOCTOIO XOJia JOIMYCTUMO JUIsl CBAPOUYHBIX HMCTOYHUKOB
NUTaHUS Tyru’?

2. B dem 3aximodaroTcsi 0COOCHHOCTH CBAPKHU TEXHUYECKOTO TUTAHA U €TO CILIABOB?
Hx noBeneHue npu cBapke.

3. B dem 3akitouaroTcsi OCHOBHBIE TPYAHOCTHU CBApKH IUIABIICHUEM THUTaHA U €ro

CILJIaBOB?

[ToueMy 110X0 CBapUBAIOTCSI MArHUM U €TO CIUIABBI?

[louemy HE NPUMEHAKOT IYrOBYXO CBAPKY IIOKPBITBIMM JJIEKTPOJAMH IS

TUTAHOBBIX CILIABOB?

ok

IIpakTnueckas padora Nel4
Tema: O0mas xapakTepuCTHKA IPOLIECCA HAIUIABKY.

Hean pabGorbl: I[lpuoOpectd mnpakTHUECKHWE HABBIKM TPU HM3YUYCHUH OOIIeH
XapaKTEPUCTUKU TPOIECCa HAIUIABKH, CBOWMCTB HAILJIABJICHHOTO CJIOS M TPUMEHEHHE
HaIUTaBKH.

Xo/1 BbINOJTHEHUS] padoThI:
5. O3HaKOMIIEHHE C TEOPETUUECKUMHU CBEIACHUSIMU
6. OTBeTUT, Ha BOMPOCHI TEMATUYECKOTO JAWKTaHTa 1o TeMe «Oomas
XapaKTEepUCTHKA MPOIIecca HATUTaBKU
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Teopernyeckue cBeIeHUA

OI[HOﬁ U3 BaXHBIX OTpaCJIeﬁ COBpeMeHHOfI CB&pO‘-IHOﬁ TCXHUKHN SABJIICTCA
HarlJlaBKa.

HamuiaBkoii Ha3bIBaeTCs NPOLECC HAHECEHUA CN0A PACHIAGIEHHO20 MEMAaia
HA NOBEPXHOCHIb MEMANIUYUECKO20 U30eNUs.

HanuiaBkoii Ha u3aeauu 00pa3ylOT NMOBEPXHOCTHBIM CJI0M (MM CJI0H) €
0cO0BbIMHU CBOIICTBAMM:
HU3HOCOCTOMKOCTb,
KMCJIOTOYIIOPHOCTB,
KApPOCTOMKOCTb,
aHTU(PPUKLIMOHHOCTH U JP.

VVVY

M3H0COCTOIKOCTH — CIOCOOHOCTH MaTepuasa COMPOTUBISATHCS TOBEPXHOCTHOMY
pa3pyLICHUIO IO/ IEUCTBUEM BHEITHETO TPEHUS.

Koppo3nonnasi cTOHKOCTL — CIHOCOOHOCTh MaTepuaia COMPOTUBIATHCS
JIEUCTBUIO arpeCCUBHBIX KUCIOTHBIX, MIETIOYHBIX CPE/I.

/KapocToiikocTh — 3TO CIOCOOHOCTh MaTepuajia COMPOTUBIATHCS OKUCICHUIO B
ra3oBOM CpeJie MPU BBICOKOW TEMITEpaType.

/KaponpouHocTh — 3TO CIOCOOHOCTh MaTepHaia COXpAaHATh CBOM CBOMCTBA MpHU
BBICOKHMX TeMIIepaTypax.

XJ1a10CcTONKOCTH — CIIOCOOHOCTh MaTepHalia COXPaHATh MIACTUYECKUE CBOMCTBA
MIpU OTPUIIATEBHBIX TEMIEpaTypax.

AHTU()PUKIMOHHOCTb— CIIOCOOHOCTh MaTepHalia MpupadaThIBaThCS K IPYyromMy
Marepuaity. (CmocoOHOCTh Marepuaia oOecreuynBaTh HU3ZKUN KOI(PPUIUMEHT TpeHUs
CKOJILKEHHS U TEM CaMbIM HU3KHE MOTEPU HA TPEHUE U MAITyI0 CKOPOCTh M3HAIIIMBAHUS
CONPSIKEHHOM JETalN).

Hannasky ucnonvsyrom kax 6 pemonmnom oene, mak u npu u32omoseieHuu Ho8blx
oemaveti.

HamnnaBneHHbIf MeTall CBSI3aH C OCHOBHBIM METAJJIOM BeChbMa NPOYHO U
oOpasyeT oHO 1enoe ¢ uzaenuem. TommumHa cios ot 0,5 10 10 MM u 6osee. ITo 0IUH
U3 Haubojee pacnpoCTPAHEHHBIX CHOCOOOB TOBBIIMIEHUS HW3HOCOCTOMKOCTH U
BOCCTAHOBJICHUS J€TaJEd U KOHCTPYKIIUH.

HamnaBka mo3BossieT co3aaBaTh OUMETANIMUECKUE U3JIEIHS, Y KOTOPBIX BBICOKAs
MIPOYHOCTh U HU3KASI CTOUMOCTh COYETAIOTCS C OOJIBIIION TOJITOBEUHOCTHIO B YCIOBUSIX
AKCIUTyaTaIuu.

MHOrokpaTHOE IMOBTOPHOE BOCCTAHOBJICHUE U3HOIIEHHBIX JE€TAJIE BO MHOTO pa3
YMEHBIIIAET PAcX0/i MeTaJlIa JIJIsl U3TOTOBJICHUS 3alIaCHBIX YacTe 000py10BaHMS.

N3-3a n3HOCa AeTaniel eXeroHble YOBITKH B MTPOMBIITUICHHOCTH BCEX CTPAH MHPa
COCTABJISIIOT MHOTHE MIJIJTUAP/IBI T0JUTAPOB, TTOCKOJIbKY MPU OCTAHOBKAX 00OPYIOBaHUS
(CBSI3aHHBIX C €T0 PEMOHTOM ) BBIITYCK MPOAYKIIMH HA MPEANPUSITHN CHIKACTCS.

B npouecce 3xkcniiyaTanuu u3iejus MoABEPraoTcs cJaeayIuM BUIamM
H3HOCA:
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1. M3HoC «MeTaslI 0 MeTAJLIY»— NPU TPEHUU KaYeHUSI U CKOTbKEHUS
neTajeil OTHOCUTENBHO APYT IPyTa C HEAOCTATOYHBIM KOJINYECTBOM
CMa3KH WM COBCEM 0Oe3 Hee.

2. YaapHblil U3HOC— MPOUCXOIUT MPHU YAAPHBIX U CKUMAIOIINX HArpy3Kax,
KOTOPBIE MPUBOJIAT K CMSITHIO, COKATHIO U paCTPECKUBAHUIO paboyeit
MOBEPXHOCTH.

3. CoBMecTHBIN y1apHO-20Pa3uBHbIN M3HOC — TPOUCXOIUT TIPU
BO3/JICUCTBUH YJIAPHBIX HATPY30K U PEKYILIETO AEUCTBUS CKOJB3AIINX 110
WHCTPYMEHTY TBEPJABIX YACTUL, YTO NIPUBOJUT K BHIKPAIIMBAHUIO,
PACTPECKUBAHMIO M CTAYMBAHUIO PAO0OYHX MTOBEPXHOCTEH.

4. VInTeHCUBHBLIN a0pa3suBHbIN U3HOC— IPOUCXOJIUT B PE3yJIbTATE
BO3JCUCTBHUSI CHITYYUX MAaTEPHUAIOB, TPUBOISIIETO K CTAUUBAHUIO U
ApO3uM pabouei MOBEpXHOCTU. Ero pa3HOBUAHOCTHIO SBISIETCS U3HOC
THUIIA «METAJLI TI0 3€MJIE)», BCTPEUAIOIINIICS Y 000pyI0BaHuUs,
UCIIOJIb3yEeMOT0 MPHU 3eMJIEPOMHBIX paboTax. Takke pa3HOBUIHOCTHIO €ro
MOHO CYUTATh 3PO3UOHHBIN U3HOC MPU BO3JICUCTBUH HA pabOUyIO
IIOBEPXHOCTH 3aIIbUUIEHHOI'O Ta30BOr0 ITIOTOKA.

5. Koppo3uonublii ©”3HOC— IPOUCXOIUT B pe3yibTaTe KOPPO3UOHHOTO
BO3JECHUCTBUS OKPYKAIOLIEH CPelbl, @ TAKXKE BCIECICTBUE OKUCIICHUS IIPU
MOBBILIEHHBIX TEMIEpPATypax.

6. KaBuTaumoHHbI N3HOC— UMEET MECTO B THAPABINIECKUX CUCTEMAaX.

Ha  mnpakthke  OOBIYHO  peanbHBIA  HM3HOC  ABISIETCS  PE3YJITATOM
KOMOWHHPOBAaHHOIO BO3JEHCTBUSI HECKOJIBKMX YKAa3aHHBIX BBIIIE BHUJOB H3HOCA,
IIPUYEM ITOYTH BCETAA OJIMH U3 HUX IIPEBAIUPYET.

[IyreM HamimaBku Ha paboueld TOBEPXHOCTH U3JACIHS IIOJydaeM CILIaB,
00JIalafoIMii  KOMIIJIEKCOM CBOMCTB - HM3HOCOCTOMKOCTBIO, KHCIOTOYIIOPHOCTBIO,
KApOCTOUKOCTBIO U T.A. Macca nannagnenno2co memania He npegviulaem HeCKONbKUX
npoyeHmos om maccevl uzoenus. IIpy peMOHTE BOCCTAHABIMBAIOTCS MEPBOHAYAIBHBIC
pa3Mephl U CBOMCTBA MOBEPXHOCTH JICTAJICH.

VBennueHne CTOMKOCTH BaXHO, €CJIM OT HEC 3aBHUCHUT pa60Ta TOro HMJIM HHOTO
arperara, a €ro 3aMcHa CBsi3aHa C IIPOCTOCM.

JIns MpOTUBOCTOSIHUS U3HOCY paboure MOBEPXHOCTH HEOOXOIUMO YNPOYHSITH.
Onun u3 HanOosiee F(hPEKTUBHBIX CITIOCOOOB YIIPOUHEHHS — DJICKTPOAYroBas HarjaBKa.
DTO HEAOpPOTOM METOJ MPOJJICHUS CpoKa CIY>KObl METANTMYECKUX U3JeTui
HAaHECEHUEM Ha MX MOBEPXHOCTh 3aIIUTHOrO cyiog. OH MPUMEHSIETCS HE TOJBKO s
PEMOHTA U3HOIICHHBIX AJIEMEHTOB KOHCTPYKIIMU, HO U JIJISl TIPUIAHKS OCOOBIX CBOWCTB
MMOBEPXHOCTSIM HOBBIX U3JICJIUN MEepe]l BBOJOM HX B IKCILTyaTaIUIo.

IloMuMo yBeJIMYeHHSI CPOKA HKCIUIyATAIMM W3JeJui, MeTOJ HAIIABKU
HMeeT U Ipyrue J10CTOMHCTBA:

¢ Cokpam@aercss KOJWUYECTBO  3allaCHBIX  YacTedl  JKCILTyaTHPyEeMOTO
00opyI0BaHUS.
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¢ YBennuuBaeTca 3PQPEeKTUBHOCTh IKCIUTyaTalluil 000OpYJOBAHUS B CBS3H C
COKpAILlCHHEM BPEMEHHU €r0 IMPOCTOS.
¢ OcHOBHas 4acTh (OCHOBA) JIETA MOXXET OBbITHb BBINOJIHEHA U3 JCIIEBOM
HU3KOJIETUPOBAHHOW CTaJIH.
¢ CHIKAIOTCS pacxo/ibl Ha 00CTyXKHUBaHHE 000pYyTOBaHHUS.
Ipumensiercs:
IyroBasd,
IIJIa3MEHHO-AyroBas,
BUOpPOIyroBas,
HMMITYJIbCHO-IyTOBas,
AJIEKTPOLIIAKOBAs,
MHIyKIIMOHHAS,
ra3oBas HallJIaBKa.

VVVVVYVYY

HauGonpmnit  00beM HAIIABOYHBIX Pa0OT  BBIMOJHACTCA JJIEKTPUUECKOU
CBapOYHOU IYTOM.

Ilpu mnannaske 6 omauuue om ceapku 6 npoyecce ydacmeyem HeOObULOe
KOIUYECMBO OCHOBHO20 Memauld 8 CGA3U C HeOONbWOU 2nYOUHOU NPONIAGIeHUs;
NO2MOMY  6HYMpEHHUe Hanpsidcenuss u oegopmayuu u30enus, CKIOHHOCHb K
00pa3z08anUI0 Mpewjur He3HAYUMeNbHbL.

Puc. 1.0cnoenwle cnocoovt nannaeku niaenenuem:

A— yroNbHBIM 351eKkTpoioM (1), paciuiaBieHUEM ChITy4ero HarIaBOYHOTO CIuiaBa (2);
b — 1oKpBITEIM 371eKTpoI0M (1) WK JISTUPYIOIIUM ITOKPBITHEM (2);

B — HemnaBsmuMcs BoJIb(PpaMOBBIM AIEKTPOAOM (1) B MHEPTHBIX razax

C 3aJICHCTBOBAHUEM MPHUCATOYHOTO TIpyTKa (2);

I' — mnaBsimuMcest 35ekTpoioM (1) B 3anuTHOM rase;

J1 — cBapka riaesineiics mpoBosiokoit (1) moa durocom (2);

E — nenToii massmieiics (1) B 3ammTHOM rase (o (rocom);

K — cTpyeii mna3moTpoHa (1) ¢ Hal0KEHHBIM WM CLIEYEHHBIM

13 TIOPOIIKOB HAILUTABOYHOTO MaTepuaia (2);

3 —maaBsmuMcs 3aekTpoaom (1) ¢ mepeMeriaeMbiM MEAHBIM MOJI3YHOM (2),
HaruiaBjsieMas fetajib (3); HarmiaBIeHHbIN clloi (4)

3aoannble ceolicmea HANIAGIEHHO20 CHO0sI NOLYYAOM B8EOeHUEeM 8 e20 COCMA8
necupyrowux 21emenmos. CrocoObl JEerupoBaHUsl Pa3IMYHbL: 33 CYET B3aUMOJICHCTBUS
MeTajljla U 1IJIaKa, MOTJIONIEHUS DJIEMEHTOB U3 OKPYKAIOILIEW ra30BOM Cpe/lbl, BBEACHUS
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B CBAapOYHYIO BaHHY METaUIMYECKHX a00aBOK. Yamie Bcero MpUMEHSIOT MOCIETHUN
cnoco0, Kak HanboJsee HaIeKHbBIN 1 00eCIIeYMBAIOIINNA HYKHBIA COCTaB HAIJIABJIEHHOTO
CJOS1.

Oco0eHHO Ba)XKHO MPU HAIUIABKE MOJYYUTh OJJHOPOAHOCTh XMMHUECKOTO COCTaBa
HAIUIaBJIICHHOTO MeTajla, a CJIEAOBaTEIbHO, €ro CBOMCTB HAa BCEU IOBEPXHOCTHU
HAIUJIABIIIEMOU JIETAJIN.

Jlyropasi HalJIaBKka B OTJIMYME OT CBAPKU Pa3BUBAJIACH T'OPA310 MEIJICHHEE.
Py4ynas u3HOCOCTOMKAs HaIJIaBKa OTKPBITOM Ayrou m3sectHa ¢ 20-X rooB mponuioro
CTOJIETHSI, HO €€ IPOMBIIUICHHOE IPUMEHEHHE OrPAaHUYMBAIOCH KOPECHHBIMH €€
HEJOCTaTKaMH: HU3KOW MPOU3BOJAUTEILHOCTHIO, BRICOKOKBATH(PUITMPOBAHHONW paboueit
CUJION, TSDKENBIMU YCIOBHUSAMHU TPYJd, HEMOCTOSHHBIM KayeCTBOM HAIUIaBJIEHHOIO
MeTaia, OOMINeM pa3InYHbIX 1e(DEeKTOB.

s nannasku naubonvuiee npuMeHeHue NOaAYYUIa 0y208as C8apKa NIABAUWUMCS
9N1EKMPOOOM.

TpeOoBaHUs K KaUeCTBY HAIUIABJICHHOTO METAJlJIa CTPOKE YEM K CBAPHBIM IIBAM.
Hannaenennwviti memann no ceoticmeam OONHCEH CYUWECMBEHHO OMAUYAMbC OM
OCHOBH020 Memanna. Yacmo 6 Hem HedOnyCmumvl NOpPbl, MpPewuHvl U UHble NOPOKU,
nO2MoMYy mpeboB8aHUs K HeMY CIpPOdice, YeM K C8APHbIM ULBAM.

ABTOMATHYECKAS HAIUIABKA CBOOOJIHA OT IMEPEYHCICHHBIX HEJIOCTATKOB H
CIOCOOCTBOBAJIA YCIIEIIHOMY €€ BHEJIPEHUIO.

MexaHu3supoBaHHasi HAIJIaBKA — HTO HEMPEPBIBHOCTh NPOIECCA, KOTOpAst
JOCTUIaeTCs UCHOJb30BaHUEM 3JIEKTPOJHON MPOBOJIOKU WJIM JIEHTHI B BHJI€ OOJBIIMX
MOTKOB; B TIOJBOJE TOKa K JJIEKTPOAY Ha MUHHUMAJIBHOE PACCTOSHHUE OT AYTH, YTO
MO3BOJISIET MPUMEHSATh TOKM OOJIBLION CHIIBI O0€3 HarpeBa 3JIEKTPOJAa; B NPUMEHEHUH
pPa3IMYHBIX CHOCOOOB 3aIIUTHl PACIUIABIEHHOIO METajla OT BPEJHOrO BO3ACHCTBUS
BO3/1yXa.

OnTuManabHBIN COCTaB HAIUIABJICHHOTO METaJUIa JOJIKEH ObITh BHIOpAH C y4eTOM
OCOOEHHOCTEN €ero SKCIUTyaTalldd, a 3JEKTPOJHAs MPOBOJIOKA, (IIIOC, TEPMHUUECKUN
PEXKMM HAIUIaBKM — TakK, 4YTOOBI HAIUIABJICHHBIM MeTaul o0iajal HEoO0XOIUMBIM
XUMUYECKUM COCTaBOM M (PU3MUECKUMHU CBONCTBAMU.

Ilpouyeccvt Hnannasku npumenaromca TPU PEMOHTE U BOCCTAHOBIICHUU
IIEPBOHAYAIBHBIX PA3MEPOB M CBOWCTB M3JEJIHMH, U3IOTOBJIICHUM HOBBIX H3JEIHUN C
LEJIbI0 O0ecneueHnusl HaajeXalluX CBONCTB KOHKPETHBIX MOBepxHocTed. [lpu
BOCCTAQHOBJICHMM HAIUIABKY OOBIYHO BBIMOJHAIOT TEM K€ METAJIOM, U3 KOTOpPOTO
M3rOTOBJICHO M3JENIMe, OJJHAKO 3TO HEe Bcerna ienecooOpazHo. MHoraa HeoOXoaumo
MTOJYYNTh METAJUI, OTINYAIOLINICS OT METajula AETalH, TaK KaK YCIOBHUS dKCILTyaTallluH
MOBEPXHOCTHBIX CJIOEB MOTYT 3HAYUTEIBHO OTJIMYATHCA OT YCIOBUU DSKCILTyaTalud
Bcero uzzaenusd. M3rorosieHue u3fenus LEeJIMKOM U3 MeTala, KOTOpbI o0ecrneynBaeT
HKCIUTYaTallMOHHYIO  HAJEXHOCTh pabOThl €ro MOBEPXHOCTEW HE HKOHOMHO.
LlenecooOpa3Ho W3roTaBIMBaTh U3JEIME U3 0OoJjiee JEHIeBOro, HO JOCTATOYHO
paboTOCIIOCOOHOTO MeTalla M TOJHKO Ha TOBEPXHOCTSIX, pabOTalMUX B OCOOBIX
YCJIOBHSIX, UMETh TIO TOJIIIMHE HEOOXOIUMBIN CJIOH apyroro martepuana (IPUMEHSThH
oumerami). OTO MOXET OBbITh JIOCTUTHYTO: TOBEPXHOCTHBIM  YIPOYHEHHEM
(TOBEpXHOCTHAS 3aKaJKa, IEKTPOUCKPOBAst M APYTHe BUILI 00pabOTKH); HAHECCHUEM
TOHKMX TOBEPXHOCTHBIX CJIO€B 3HAUYUTEIBHOM TOJIIMHBI Ha IOBEPXHOCTh (Ha
HU3KOYTJIEPOJUCTYIO CTallb HAHECEHUEM OPOH3bI, KOPPO3ZUOHHOCTOMKOW CTaH U JIp.)
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JIJ1s1 yCcnenHoro pa3BuTHA HAIJIABKU MPOMBIILIIEHHOCTHIO BBITYCKAETCS:
v’ yriepojucTasi, IETHpOBaHHAs CTallbHas MPOBOJIOKa 56 Mapok,
v/ crieruanbHas HalIaBOYHas MPOBOJIOKa 28 Mapok,
v’ pasinuHble (QIIFOCHI,
v/ crienuaibHble HAIUIABOYHBIE DJIEKTPO/IBL.
Pa3BuTHe HanaBKu HAIIPaBIICHO B MEPBYIO OYEPE/Ib HA MOJTHYK MEXaHU3ALUIO
TPYJOEMKHX HaIlJIaBOYHBIX pa0OT 3a CUET aBTOMAaTUYECKON U MOJTyaBTOMATHYECKOM
HarutaBKu. Pa3zpabaThIBatoTCsl HOBBIE TEXHOJOTHH.

BoccraHnoBJiieHHe M3HOIIEHHBIX HOBerHOCTeﬁ 4
HAILIABKA CJI0€eB ¢ 0COOLIMM CBOMCTBAMHU

BoccTaHoB/ieHMe HM3HONIEHHBIX JJIEMEHTOB O0OpYIOBaHHUsI, a TaKkKe
U3rOTOBJIEHHE HOBBIX JeTajieli ¢ NPOYHBIM TOBEPXHOCTHBIM CJIOEM YacCTO
pa3aejfiT HA TPU OCHOBHBIX 3Tamna:

1. Hannagéka na noeepxnocmuv u30eaus RPOMENCYMOUYHO20 ¢10A — Ui
CHIKECHHSI COAEPKAHUS yIIIEpoJa U JIETUPYIOIIUX DSJEMEHTOB B
MMOBEPXHOCTHBIX CJIOSX OCHOBHOT'O MeTaJljla (MPUMEHSETCS HE BCET/A).

2. Boccmanoenenue nepeoHauanvHulX pazmepoé U3HOUWEHHO20 U30enuUs
(docmpoitka) — ¢ WCTONB30BAaHMEM IUIACTUYHBIX TPEIIUHOCTOWKHX
MaTepUalioB, TMO3BOJIAIONIUX HAIUIABJISATH HEOIPAHMYEHHOE YHCIIO CJIOEB.
Ecnu uznenue skcrtyatupyercst He B SKCTPEMaIbHBIX YCIOBUSX, ITOT 3TaIl
HaIlIaBKU CTAaHOBUTCS 3aBepiiaroimumM. Eciu npeanonaraercs qaibHenas
HarulaBKa W3HOCOCTOMKOIO MaTepualia, JOCTPOMKA BBIMOJHIETCS 10
pa3MepoB, MEHBIIIMX IEPBOHAYATILHBIM Ha TOJIIMHY KOHEYHOTO CJIOS.

3. Hannaeka cnoee ¢ 0codbimu ceoiicmeamu — 15l IpUAAHUS CIICIIUATBLHBIX
CBOMCTB pabOUYMM MOBEPXHOCTSIM U3JIETHUS C 1IEJBbI0 YBEJIIMUEHHUS CPOKA €T0
cyx0bl. [IpumensieTcss kak JJis pecTaBpalil W3HOLIEHHBIX, TaK W IS
M3TOTOBJICHUSI HOBBIX JieTaneil. OOBIYHO OCYIIECTBISICTCS B OJAMH — JIBa,
pexe B Tpu U OoJiee Cosl.

N3HocoCTOMKASI HAIJIABKA 00BIYHO OCYIIECTBJISIETCH HA U3/IeJ NS U3:

e VYTIIIEpOAUCTHIX U HU3KOJIECTUPOBAHHBIX CTaJIEH

e MapraHioBUCTBHIX ayCTEHUTHBIX CTaJIEH.

PexoMeHganum no HaMJIaBKe HA TAKUE CTAJIM MPAMO MPOTUBOMOJIO0KHbBI:

» Ilpu mnannaske Ha yeaepooucmovle U HUZKOIESUPOBAHHbIE CMAAU, KaK
MPaBUJIO, HYKEH IMPEIBAPUTEIIbHBIM HArpeB WU3ACNUS W MEIJICHHOE
oxnaxaeHue. MHorma mociie HaIJIaBKM IPUMEHSETCS TepMooOpadoTKa.
[TapameTpbl 3THX MPOLECCOB 3aBUCAT OT COJACPKAHUS yIJepoja H
JETUPYIOUIUX AJIEMEHTOB B METAJIJIE OCHOBBI 1 HAIUIABJISIEMOI0 MaTepuaa,
rabapuTOB U3ICIIHS.

» Hannasxa na mapeanyosucmolie aycmeHumHvle cmaiu, HA000POT, AOJKHA
MPOU3BOJIUTHECS 0€3 MpPEeABAPUTEIBLHOTO TOJOTPEBa M MOCIEIYIONICH
TepMooOpaboTku. HarpeB wu3aenus mnpu HaIJIaBKE JOJDKEH OBITh
MHUHHUMAaJIBHBIM; €CJIM €ro Temreparypa npessicut 260 °C, uznenue MoxXeT
CTaTh XPYMKUM.
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yZJZGPOOMCWZble U HU3KOJlecupoBaHHble cmaiu MAZCHUNIHbL, A MadpcaHyoBUcmoble

aycmeHumHvle HeMACHUMNHbL,

macHuma.

noaomomy ux MOJNCHO J1e2KO onuiudumsd C HNOMOULbIO

KoHTpoJibHBIE BONIPOCHI:

N3HOCOCTOMKOCTBIO HA3BIBACTCS ..eovvenveennnennnnnn..

Koppo3noHHOM CTOMKOCTBIO HA3BIBAETC ...............
JKaponpoUHOCTBIO HAZBIBACTCS «...eenureeneeenneennnennn.
KapOCTOMKOCTBIO HABBIBACTCS «o'vvnneeeennnnnneeennnnn.
AHTUGPUKITUOHHOCTHIO HAZBIBACTCS . ..vvenvenenennen.
XITAAOCTOUKOCTBEO HABBIBACTCS ...uvvvvveeeeeeenennnnnnnns

TomnmuHa HAMUIaBJIEHHOTO CJIO0S IOJKHA OBITh ...........

Y napHbId U3HOC— MIPOUCKXOIUT TIPH «.evvverennnnnnnnnnnnn.

. 3HOC «MeTast nmo MeTaury» — IPOUCXOUT TIPH ........

10 NHTeHcuBHBIN aOpa3uBHBIN U3HOC — MPOUCXOIUT B PE3YJIbTATE .........
11.KoppO3HOHHBIN U3HOC — MMPOUCXOIUT B PE3YJIbTATE ..........
12.CoBmecTHBIN yaapHO-aOpa3uBHBIN U3HOC — TPOUCXOJUT TIPH . ...........
13.KaBUTAIIMOHHBIA H3HOC — UMEET MECTO ...
14.OcHoBHas yacTh (OCHOBA) €T MOXKET OBITh BHITIOJIHEHA U3 ..........
15.IIpumeHsI0TCS ClIeyIONINE BUAbI HAIIJIABKH:

CoNoak~LNE

16.I1poiiecchl HATIITABKA MPUMEHSFOTCS TIPH «.vvvenrennneannennnns

17.HammaBka Ha TOBEPXHOCTH U3/ MPOMEKYTOUHOTO CJIOS BBITOJHSICTCS IS ...

18.Ecnmu mpeamonaraercsl JalibHEHINAs HaIJIaBKa HM3HOCOCTOMKOTO Marepuana,
JOCTPOMKA BBITIOTHSIIETCS 10 PAZMEPOB, .. uvvveeennnnnneeennnnnneeennnnns

19.HannaBka c10€eB ¢ 0COOBIMH CBOMCTBAMU BBIMOMHIAETCS IS «.ovvvvveeeeennnnn...

20.ITpn HammaBKe Ha YTIAEPOIUCTHIC M HU3KOJETHMPOBAHHBIEC CTalM, KaK IPAaBHUIIO,
HYXEH ...

Kpurepuu oueHuBanus:

«5»20—17 6anna;
«4»16—13 6anna;
«3»11-8 banna;
2»T—4 oanna;
«1»3—0 é6anna;

IpakTnueckas padora Nel5 u Nel6
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Tema: BpiOop cBapouHbIX MaTepualioB i HarulaBKU.PacmmdpoBka cBapOUYHBIX
MaTepHUAaJIOB ISl HATJIABKHU.

Hean padorsi: [Iprobpecty npakTUyecKre HABBIKKM MPU U3YYEHUU U pacuindpoBKe
CBapOYHBIX MAaTEPUAJIOB JIJIsl HATUIABKU

Xoa BbINOJTHEHHUS PadoThI:
6. O3HakoMIIEHHE C TEOPETUUECKHUMH CBECHUSIMU
/. WI3y4nTh M 3aKOHCIIEKTUPOBATH JEKTPOJbI IJIs1 HAIUIABKU U 3aKOHCIIEKTUPOBATH
MaTtepual.

8. UMByuuTh cBapOYHYIO IPOBOJIOKY JIJIsl HAIJIABKHU M 3aKOHCTIEKTUPOBATh MaTEpPHAIL.
9. PacmmdpoBath ycIIOBHBIE 0003HAYCHHS HATUIABOYHBIX MaTepUaioB (madauya 1)
Teoperuyeckue cBeIeHUSA
JIEKTPO/IbI VIS HAILVIABKH.
OneKTpoAbl HaIlIaBOYHBIE MPUMEHSIOTCS MpPU OJHOM U3 Pa3sHOBUIHOCTEN
AJIEKTPOAYTOBOM HAIUIaBKU - W3HOCOCTOMKON HaIlJIaBKE IITYYHBIMH TOKPBITHIMU
AIIEKTPOIAMHU.

DJIeKTPOAYroBasi HAIJIABKA - ATO OJMH M3 HauOoJiee PACHpPOCTPAHECHHBIX U
3((PEKTUBHBIX CMOCOOOB MPOTUBOCTOSHMS HM3HOCY C [OMOIIBI  YIPOYHEHUS
MMOBEPXHOCTU. DTO HEAOPOrOM, SKOHOMHUYECKH BBITOJHBIA METOJ MPOIJIUTH CPOK
AKCIUTyaTallMy METAJUTMYECKUX JeTajel MyTeM HAHECEHUS Ha HUX 3allIUTHOTO CJIOS.

HecoMHEHHBIM OCTOMHCTBOM PYYHOUM 3JEKTPOAYTrOBOM HAIUIABKU IITYYHBIMU
AJICKTPOJAMU SBIISIETCS BO3MOKHOCTD HaIJIABUTh ITPaKTHUECKHU 10001 cocTaB. [Tomumo
ATOro, HaIUIaBKa TMPOU3BOJUTCS TMPU IOMOIIM OTHOCUTEIBHO HECJIOXHOr0 U
HEJIOPOTOTO CBAPOYHOTO 000PYIOBAHUS.

DJIEKTPOYroBasi HAMJIABKA UMeeT U PSil APYrUX JOCTOMHCTB:

» CokpamieHue KOJIMYECTBA 3alacHbIX M PACXOJHBIX dYacTeld pabodero
000py10BaHUS;

» VYBenuveHHE OKCIUTyaTallMOHHOW 3(P(EKTUBHOCTH O0OpYyIOBaHUS W3-3a
COKpAIIICHHS CPOKOB TIPOCTOS;

» BO03MOXHOCTbH BBITIOJTHCHHS OCHOBBI TpeOyeMoOH HaeTald W3 HEIOPOTou
HHU3KOJIETUPOBAHHOW CTaJIH;

» CHmwKeHre pacxoJ0B Ha 00CITy)kKMBaHre pabodyero o0opya0BaHUS.

Haubonee pacnpocTpaHEHHBIMH SIBJISIIOTCS HarIaBO4HbIC AMeKTpoasl T-590 u
AIIEKTPOIBI

T-620.

DJIeKTPOAbI MOKPbIThIe METAJNJIMYECKHE [JIsi PYYHOU JYroBOM HAIJIABKH.
Tunsl 3exkTpoaoB. Texuuueckue ycaosusi no 'OCT
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Tunbl METaNIMYECKUX MOKPBITHIX AJEKTPOJOB AJisi PYYHOU TyroBOM HArUIaBKU
MOBEPXHOCTHBIX CJIOEB ¢ 0COOBIMU CBOMCTBaMH ycTaHaBiauBarotcs I'OCT 10051-75.

TI'OCT 10051-75 wne pacnpocTpaHseTcss Ha DJIEKTPOJIbI
MOBEPXHOCTHBIX CJIOEB U3 IIBETHBIX METAJUIOB U UX CILJIABOB.

JJIA  HallJIaBKH

Texnuueckue ycnosus na nekmpoowt 014 nanaageku - 1o 'OCT 9466-75.

Tunbl JIEKTPOAOB I HAIlNIaBKHU, TBEPAOCTDH HAIJIABJICHHOI0 ME€TaJlJIa - 110

I'oCT 10051-75

I'OCT 10051-75 ycraHaBiuBaeT 44 THIA TOKPBITBIX METAUIMYECKUX
AJICKTPOJIOB I PYYHOU AYrOBOM HaruiaBku (maoauya I).
TBepAOCTh HAIIABIEHHOTO METaJJIa MOCJI€ HAaIlJIaBKH, B 3aBUCHUMOCTH OT THIIA
AJIEKTPOJIOB, yCTaHABIMBAaeTCs 0e3 TepMUuecKod oO0paboTKM U TOCIe TePMUYECKOU

00paboTKH.

Taoauna 1.

Tunsl 3s1exkTpoaoB AJst HamiaBku no 'OCT 10051-75

Tun 31exkTpoaa TeeppocTs, HRC Mapku Oo6s1acTh NpUMeHeHUs
IJISl HAIIABKH be3 IToc | 3JIeKTPOI0OB
TO nocae | Jge TO
HAILIABK
"
2-10I72 22,0-30,0 - O3H-250Y Hanmnasxka neranei,
2-1113 29,5-37,0 - O3H-300Y paboTaromux B
9-1214 36,5-42,0 - O3H-350Y YCJIOBUSIX UHTCHCUBHBIX
2-151'5 41,5-45,5 - O3H-400Y YAapHBIX HAarpy30kK
D-30I2XM 32,5-42,5 - HP-70 (oceti, BaJIoB,
KEJIC3HOIOPOIKHBIX
KPECTOBHUH, PEITLCOB U
Ap.)

9-16I2XM 36,5-41,0 - O311-1 HarmmaBka miraMnoB i
2-35T°6 51,0-58,5 - ITH-4 ropstueii MTaMIOBKA
2-30B8X3 - 41,5-51,5 | III-1
2-35X12B3CD - 51,0-59,0 | I1I-16
92-90X4M4BD - 59,0-64,0 | O3U-3
92-37X9C2 53,0-59,0 - O3111-3 Hamnaska nrrammoB Juts
9-70X3CMT - 53,0-61,0 | DH-60M XOJIOQHOM IIITAMIIOBKH
D-24X12 41,5-49,5 - IIH-5
2-20X13 - 34,5-49,5 | 48)K-1
D-35X12I2C2 - 55,0-63,0 | HX-3
2-100X12M - 54,0-61,0 | DH-X12M
D-120X12I"2CD - 55,0-63,0 | III-1
- - 56,0-61,0 | O3111-4
10M9HEK8X2CD
9-65X11H3 27,0-35,0 - OMI-H HarutaBka M3HOIIEHHBIX
D-65X25I'13H3 25,0-37,0 - HHWUWH-4 JeTajgeH u3
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BBICOKOMAPTaHIIOBUCTBI
x crajier TunoB ['13 u

I'13J1
2-80B18X4D - 58,0-63,0 | [I1-1M Hannaska
2-90B10X5®D2 - 58,0-63,0 | [11-2VY METaUIOPEIKYIIIETO
2-105B6X5M3D3 - 61,0-65,0 | U-1 WHCTPYMEHTA, a TaK ke
- - 53,0-59,0 | O311-4 IITAMIIOB JIJIS TOpsTYEH
10K15B7M5X3CD IITAMIIOBKH B TSKEJIBIX
D- - 63,0-67,0 | O3U-5 ycloBusX (ocajika,
10K18B11M10X3C MPOIIMBKA, BBITSKKA)
()
2-95X7T'5C 27,0-34,0 - 12AH/JINBT HarmmaBka neranei,
2-30X5B2I"2CM 51,0-61,0 - TK3-H paboTarmux B

YCIIOBUSIX MHTEHCHUBHBIX
yIapHBIX Harpy30K C
aOpa3uBHBIM
M3HAIIMBaHUEM
92-80X4C 57,0-63,0 - 13KH/JIUBT HanmnaBka neranei,
92-320X23C2I'PT 56,0-63,0 - T-620 paboTaromux B
9-320X25C2I'P 58,0-64,0 - T-590 YCIOBUSIX
D-350X26I2P2CT | 59,0-64,0 - X-5 MPEUMYIIIECTBEHHO
aOpa3uBHOTO
W3HAIIMBaHUSA
92-300X28H4C4 49,0-55,5 - C-1 HammaBka neranei,
D-225X10I'10C 41,5-51,5 - IIH-11 paboTarmmux B
D-110X14B13D2 51,0-56,5 - BCH-6 YCIIOBUSX
9-175B8X6CT 53,0-58,5 - IIH-16 WHTEHCUBHOI'O
abpa3uBHOTO
W3HAIIUBAHHUS C
yAapHBIMHU Harpy3KaMH
2-08X17H8C6I’ - 29,5-39,0 | [IH-6M, Hamnaska
[TH-6J1 YILUIOTHUTEIBHBIX
9- - 30,5-36,0 | BIIU-1 MOBEPXHOCTEMN
09X16H9CS512M2 apMartypsl 111 KOTJIOB,
OT He(TeanmapaTypsl 1
D-09X31H8AM2 - 41,5-49,5 | YOHU-13/H1- TPyOOTIIPOBOIOB
BK
- - 39,5-51,5 | IH-12M, I1H-
13X16H8M5C5I'4b 1271
- 36,5-46,5 - 11H-18
15X15H10C5M3T
D-15X28H10C3I'T - 36,5-42,0 | I1H-19
- - 41,5-46,5 | I1TH-20
15X28H10C3M2I'T
D-200X29H6172 41,5-51,5 - ITH-3
D2-190K62X29B5C2 | 41,5-51,5 - IIH-2
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Pa3Mepbl 3J1eKTPOIOB /15l HANJIABKH

<(L+20)
{

4

/_

— ———— i — —

T~

i ———— .

=

L=

L T

Puc..1.9cku3 anekmpooa:1 - crepxeHp; 2 - y4aCTOK Mepexoa; 3 - MOKphITUe; 4 -
KOHTaKTHBIN Topel] 6e3 MOKPBITUS

Taoaumna 2.

Pa3mepsl dj1ekTpoaoB 1Js HamiaBku (mo FOCT 9466-75)

HomuHnajabHBIN HomunanbHas ajuHa jexkrpoaa L Jdnanna
AMAMETP JIEKTPOJa, (mpen. oTkJIOHeHHE £3 MM) €O 3a4YMIIEHHOIO OT
onpeaeasaeMblil CTEP’KHEM U3 CBAPOYHOM MPOBOJIOKH | MOKPLITHSA KOHLA |
AMAMETPOM HHU3KOYIJIEPOJ. BBLICOKOJIErHpoB. | (Tpea. OTKII. £5)
cTrep:xHs, d WIH
JIETUPOBAHHOM
1,6 200 150
250 200
(250)
2,0 250 200
(300) 250 20
(300)
2,5 250 250
300 (300)
(250)
3,0 300 300
350 350
(450)
4,0 350 350 25
450 (450)
5,0
6,0 450 350
8,0 450
10,0 30
12,0
Ipumevanus:

e B ckobkax - pazmeps npuMenath ' OCToMm He pekomMeHayeTcs;
e JlomyckaroTcs 3JIEKTPOJIbl HOMUHAIIBHBIMU uaMmeTpamu 3,15; 3,25; 6,3 u

12,5 mm;




e [Ilo cornamenuto - JIMHA MOKET OBITh MHAS, TOKPHITHE C KOHIIA JIEKTPOa
Ha JuiHe | JomyckaeTcs He 3a4uiiaTh (TOPIbl JOJDKHBI OBITh 3aUHIIEHbI
KaK KOHTAKTHBIE).

Knaccudurxanus jiexktpoaos s HamiaBku (mo FOCT 9466-95)
YcnoBHOe 0003HaUEHUE 3TEKTPOIOB sl HAIJIABKU MOBEPXHOCTHBIX CIJIOEB C
0coObsIMH cBoOMcTBamMU - H (MHAECKC B yCIIOBHOM 0003HAYCHUN )

ITo TosuHe MOKPBITHS YJIEKTPOABI VIS HAILIABKH MOAPA3AeITI0OTCH:
¢ ¢ ToHKuM nokpeiTHeM - M (D/d < 1,20)
¢ co cpeauum nokpeitieM - C (1,20 < D/d £1,45)
¢ ¢ TosicthiM mokpeiTHeM - /1 (1,45 < D/d <1,80)
¢ ¢ 0co00 TosicThiM MoKpeiTHEM - I'( D/d > 1,80),
rae: D - nuametp mokpeiTHs, d - TuamMeTp 3JIEKTPoIa, ONPEACIAEMbIN THaMETPOM
CTEPIKHSL.

I1o BUAY 371€KTPOAHOr0 NOKPHITHS HANJIABOYHBbIE JJIEKTPOABI
NOAPA3eAI0TCH:
%% C KHCJIBIM TTOKPBITHEM - A

%% C OCHOBHBIM IOKPHITHEM - b;

¢ C LEJUTIOJIO3HBIM MOKPBITHEM - L

¢ C PYTHJIOBBIM IOKPHITHEM - P;

¢ C IMOKPBITHEM CMEIIIAHHOTO BHJIA - COOTBETCTBYIOIICE IBOWHOE YCIOBHOE
0003HaYCHHE;
¢ C MPOYUMU BUAAMHU TOKPHITHH - 1.

[Tpu HaJIMUMK B COCTaBE TIOKPBITUS JHce1e3H020 nopoutka B kKonndectse Oosee 20

% k 0003HAYCHHIO BH/Ia MIOKPBITHS DJICKTPOIOB T00aBsieTcs Oyksa 7K.

ITo 1omMycTUMBIM MPOCTPAHCTBEHHBIM MOJIOKEHUAM HATUIABKH 3J1E€KTPO/IbI
NMoAPa3AeJIsIlOTC:
«* JUIS BCEX ITOJIOKEHUH - 1;
¢ IS BCEX IMOJIOKECHUH, KPOME BEPTHKAIBHOT'O CBEPXY BHH3 - 2;
¢ IS HYDKHETO, TOPH30HTAIBHOTO Ha BEPTHKAIBHOMN MIIOCKOCTH U
BEPTUKAJILHOI'O CHU3Y BBEPX - 3;
+¢ JIJISL HYDKHETO Y HYDKHETO B JIOJI0UKY - 4

ITo poay v MOJASIPHOCTH NPUMEHSIEMOT0 NMPHU HANJIABKE TOKA, 110
HOMUHAIHLHOMY HAIPSIKEHUIO XOJIOCTOTO X0/1a UCIIOIh3yEeMOT0 HCTOYHUKA TUTAHUS
CBApOYHOU Ayru MEPEMEHHOr0 TOKa YacTOTou 50 Iy 31eKTpOAbI 7151 HAIJIAaBKU
MOAPA3AEIISAIOTCS:

¢ Hudpoii O - 37eKTpOABI AT HATUTABKU TOJIHKO HA TOCTOSTHHOM TOKE
0oOpaTHOM MOJISPHOCTH.

NHaekcebl XapaKTepUCTHK HAIIABJICHHOI0 METAJLJIA (IBa MHIEKCA):
% TMEPBBIN - CPEIHSS TBEPAOCTh HATUIABJICHHOTO METaJlIa:

¢ BTOpOIi:

114



» 1 - TBEpIOCTH HAIUIABICHHOTO METallJla o0ecreuynBaeTcs 0e3
TEPMUYECKON 00pabOTKH MOCyIe HAITUTaBKH,
» 2 - mociie TS PMHYECKON 00paboTKu

IIpumep yc/10BHOT0 0003HAYEHHS IJIEKTPOAOB /IJIsl HAIJIABKM (HA 3THKETKAX, B
MAapPKHPOBKEe KOPOOOK, MaYeK U SIUKOB):

Onektpoasl munad-111'3 o I'OCT 10051-75, mapku O3H-300Y,
ouamempom4,0) MM, 011 HANJIAGKU HOBEPXHOCHHBIX C/10€6 C 0CODBIMU CEOUCHBAMU
H, ¢ moncmuim noxkpvimuem )1, o6ecneuusarougue cpeonroro meepoocmos300HB
(HRC» 33; ~300HYV) - 300/33, 6e3 mepmuueckoit oopabomku nocie nanaasku - 1, ¢
OCHOBHBIM NOKpbimuemb, 014 Hannaeku ¢ HUMCHEM NOSIOHCEHUUAHA NOCMOAHHOM

moxe oopamnou noaspruocmu(0):
2-11I'3-O3H-300Y-4,0-HA __ T'OCT 9466-75, TOCT 10051-75

E-300/33-1-540

B nokymenTanmuu:duextpoabi O3H-300Y-4,0 I'OCT 9466-/5.
KonTpoab kauecTBa

s mpoBepKHM  CBAPOYHO-TEXHOJIOTHYECKHUX CBOWCTB HAIUIaBOYHBIX
AJIEKTPOJOB BBIMOJIHIETCSl HaIlJIJaBKa Ha oJuH oOpazen (miactuHa u3 CT3 wiau cTand,
JUISl HAIJIaBKU KOTOPOM MpeHa3HayeHbl 3ekTpobl). Pasmep mmactunsl - 120 x 80 x
20 MM (OTKJIOHEHHE JJIUHBI U IUPUHBI +/- 5 MM, TONIIHUHBI +/- 2 MM).

Hannaeéxa na obpazey ewvinonnsemcs 6 uemvlpe C1051 8 HUNCHEM NOJONCEHUU.
Jlnuna wnannaskune menee80) MM, wupuna - He MeHee8-MM  Ouamempos
KOHMPOJUPYEeMbIX INeKMPOO08.

st 37eKTpoI0B, 0OeCTeunBaIONIUX CPEIHIOI TBEPAOCTh HariaBieHHoro HR
C» > 42 nomnyckaercs HamjiaBka B 00pasioB B TPU WJIH JIBa CIIOSI.

Ha namaBouHbIX 00pasliax, MpoBepKa CIUIOIIHOCTH HAIUIABJIEHHOTO MeETasula
MPOBEPSETCS TOCJE CHATHUSL BEpXHeEro cyost Ha 1,5 - 3,0 Mmm.

[Ipn cpennern tBepmoctu HaruaBiaeHHoro mertamuia HRC3y > 42 pgomyckaercs
3anr(oBKa MOBEPXHOCTH HAIJIAaBKU 0€3 CHATHUS BepxHero ciios Ha 1,5 - 3,0 mm.

JliIi  NpoBepKHM  XHMMHMYECKOr0 COCTABA  HAIJIABJIEHHOT0  MeTajuia
BBITIOJTHSIETCS 8-MUM  CJIOliHAsi HarjiaBka Ha oOpaselr] (pa3mepsl BbIIIE), TUIOMIAb
HaruiaBku - e meree8() x 40 mm.

st 3AEKTpoAOB AUAMETPOM MeHee 5 mm TOIIIUHA TUIACTUH He MeHee 4-x
ouamempoe IneKmpooa.

Jnst 3IeKTpoAOB CO CpelHeil TBepAoCThi0 HarmiaBiaeHHoro Mmetaiuia HRC3 > 42
JOTyCKAaeTCs HaIjlaBKa B MATh CJIOEB.

IIpoBepka TBepAOCTHM HAIUIABJEHHOI0 MeETAJ/LUIA MOPOU3BOJUTCA  Ha
MOBEPXHOCTH 8-MU CIIOWHOM WM S5-TH CJIOWHOW HAaIJIaBKW, BBITOJHEHHOW A
MPOBEPKU XUMHUYECKOTO COCTaBA HAILJIABJIEHHOT'O METAJIIIA.
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YnakoBka
Macca 31ekmpo0oe 6 KopooKe uiu nauke He 00JHCHA NPEBLIUAM b:
» 3 KI - U1l 3JIEKTPOJIOB TUAMETPOM /10 2,5 MM;
» 5 Kr - st a5ektpoaoB quamerpom 3,0 - 4,0 mm;
» 8 Kr - quameTrpom 6oiee 4,0 Mm.

HansaBouHasi MMpPOBOJIOKA.

ITo 'OCT 10543 - 75 u3roroBJisieTcs CTaJIbHAsA HANJIABOYHAS POBOJIOKA
auamerpoM ot 0,3 10 8 Mmm.

CranjgapTom nmpeaycMoTpeHa:

» yraepoauctas npopojoka 9 mapox(Hn-25, Hu-30, Hn-35, Hi-40, Hi-45,
Hn-50, H-65, Hn-80, Hi-85);

» JerupoBaHHas npoBojioka, 11 mapox (Hn-401", Hu-501", Hu-65I", Hn-
30XT'CA, Hn30X5, Hn-40X3I2M®, Hn-40X2I2M, Ho-5XHM, Hn-
50XPA, Ho-50X6®MC, Hn-105X),

» BbICOKOJIerpoBaHHas nmpoBosioka 10 mapok (Hn-20X14, Hn-30X13, Hn-
30X10I'10T, Hn-40X13, Ho-45X4B3®, Hn-45X2B8T, Hu-60X3B10®,
Hn-I'B, Hn-X15H60, Hn-X20HS80T).

[IpoBosioka a1 HamIaBKU MOAOMpAETCSs B 3aBUCUMOCTH OT HA3HAYEHHS U
TpeOyeMoil TBEpAOCTH MeTajula HaIUlaBku (maébn. 3). Munumanvhyro meepoocmbo
Memasnia MOXXHO TIONyYUTh MPHU HAIUTaBKE YTIAEPOAMCTON MPOBONOKONH Mapku Hn-25
(HRC 40);maxcumanvnas meepoocmov memania NOCTUTACTCS BBICOKOJIETUPOBAHHOU
npoBosiokord Mapku Hn-40X13 (HRC 45 - 52). OOblYHO HaIUIaBKa IMPOBOJIOKOM
BBIMOJIHSETCS MOJ (DIFOCOM Ha aBTOMATaXx, IIJIAHTOBBIX MOJIyaBTOMATAaxX U 3JEKTPOJAaMU
C OKPBITUSMHU - BPYUYHYIO.

Texnuxa HaAnIA8KU NPeOYCMAmMpusaen HAJONCEHUe HUMOYHLIX BAIUKOE C
nepekpvimuem npeovloyujeco saiuka Ha 1/3 e2o wupunvl uiu 8aauKo8 ¢ nonepeyHviMu
KOeOaHUAMU DTIeKMPOoOa.

Ecnu Heo6X01MMO BOCCTAHOBUTH pa3Mepbl WK POpMY JI€Tau, TO UCTIONb3YIOTCS
oObIYHAsi CBapoyHas MPOBOJIOKA, KOTOpas J1aeT HAaIJIABJICHHBIM MeTaJlsl HU3KOU
TBEPIOCTH.

Jis HamiaBku corJiacHo [octy 2247-70 ucnoJib3yl0T CBapoYHasi MPOBOJIOKA
MAapoK:
1. Cg-08 (¢ TBepaocThIO HamiaBiaeHHoro ciost HB120-160); Ce-10I"2
(HB180-210);
CB-08I'C (HII 180-200); CB-12I'C (HV 190-220); CB-0812C (HV 180-
210) - ocw,
BaJIbI, POJIUKH (TJI€ TPOXOJUT TPEHUS METAILIA C CMA3KOM );
2. CB-18XI'C(HV240-300) - TpeHre MeTal1a ¢ CMa3Koi U 0e3 cMa3Ku
(oTTOpHBIE POJIMKH, HATSDKHBIE KOJIeca T'yCeHUYHBIX MarvH, L{andsr);
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3. CB-20 X13 (HRC 42-48); CB-07X27T (HRC 30-38) - kaBUTAI[HIOHHO-
KOPPO3HOHHBII U3HOC Mpu TemrepaTypax 10 450 Oc (YIIOTHUTENbHbIC
MOBEPXHOCTHU 3AIMIOPHOI U MPOIYCKHOM apMaTypbl [UIsl apa U BOIbI);

4. CB-06X19HIT (HB160-190); CB-08X19H9®2C2 (HB200-230) -
KaBUTAIHOHHO-KOPPO3MOHHBIN U3HOC TpH Temmeparypax Boiie 450 °C.

I[.Hﬂ MOJIYYCHHUSI HANJIABJICHHOT0 ME€TaJlJ1a BBICOKOM TBEPAOCTHU MCNTOJTB3YIOT
CHeHHaJILHLIﬁ CTAJILHOM HaHJ'IaB.JIHIOl[II/Iﬁ IpoBOJ, KOTOpblﬁ BBIIIYCKAKOT

auametpom:0,3; 0,5; 0,8; 1,0; 1,2; 1,4; 1,6; 1,8; 2,0; 2,5; 3,0; 4,0; 5,0; 6,0; 6,5; 8,0

MM.
Taoauua. 3.
Mapku poBOJIOKH ISl HAIIABKH
OpHeHTHRpOBOYHAS
OcHoBHOR MeTann Mapxa npoBonoxx TREpOOCTH [puMepHOe HAIHAYCHHE
HANNABJNEHHOTO
metanns, HRC
VraeponucTele ¥ HH3KOJIEr|- Hn-25, Hn-30, 40 KonenvaThie BAJBL, OCH, IUMHH-
posauHsie cTanu (Menee 0,4%, C) | Hn-35, Hn-40, aenu
Hn-40T
VrnepoancTsie W HHIKOJErH- Hn-45, Hn-50, 60 Kpanossie xoaeca, ocu onop-
poBanHbie cTanu (Gonee 0,4 C) Hn-65, Hn-80, HBIX TPAaKTOpPOB W Ap.
Hn-50I", Hn-65T,
Hn-30XI'CA u np.
AycTeHHTHEIE BbicoxoMapran- | Hn-FBA n ap. 50 XeneaHoNOPOXKHBIE KPECTOBH-
UOBbIE CTAJIH HBl, weku ApoGunok, 3y6ua xoB-
wef
XpoMHcTbie cTanu Hn-20X14, 48 VRNOTHUTEbHbIE NOBEPXHOCTH
Hn-30X13, JAABMKEK ANA nepa H BOOb
Hn-40X13
Xpomosonsppamonsie Tenno- | Hn-45X2B8T, 45 HoXx® AMA pe3xH TOpA¥ero Me-
yCTORYMBBIE CTAJH Hn-60X3B10® TAnMa, WTAMNE AAR ropsyelt
LITAMIOBKH

Coraacno I'octy 10543-82 ucnosib3y0T CTAJIbHOM HAIIABJISIIONIUI
NMPOBOJIOKA MaPOK:

1. Hn-25, I'n-30, Hn-35 (HIT 160-220); Hu-40, Yn-45 (HII 170-230): Hn-
50 (HII 180-240); Hu-65 (HB220-300); Hn-80 (HIT 260-340); Hu-40I"
(HII 180-240) - TpeHre MeTasia Py HATMYUU CMa3Ku (OCH, BaJibl,
LIIUHACIN);

2. Hn-50I" (HIT 200-270); Ho-65I" (HIT 230-310); Hn-40X13 (HRC 45-50)
- TpEHUE MeTaia 6e3 CMa3Ku CO 3HAYUTENIbHBIM KOHTAKTHBIM Harpy3Koi
(ocu ONOPHBIX POJIMKOB, KPAHOBBIE KOJI€Ca, HATSXKHBIE KOJIECa I'yCEHUYHBIX
MalIluH);

3. Hn-40X2I'2M (HRC 45-56); Hn-50 X®A (HRC 43-50) - tpenue
METAJIJIOB C CMA3KOW B COUETAHUU C TMHAMUYECKON Harpy3Kkoi (IUIHIIEBbIE
1 KOJICHYAThIE BaJIbl, HOBOPOTHHIE KYJIAKH);

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

5. Hn-50 X6®dMC (HRC 42-48); Hn-50X (HRC 32-38); Hu-45X2B8I'
(HRC 40-46);
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10.

11.

12.

13.

14.

Hn-60X3BIO® (HRC42-50); Hn-45X4B3I'd (HRC38-45) -
TEPMHUYECKasl yCTaIOCTh, TETIOBBIC N3MEHBI (POKATHBIE BAJIKH,
KY3HEYHOM -MPECCOBBIM MHCTPYMEHT);

Hn-40X3I"2M® (HRC 38-44) - ynapHo-aOpa3uBHBIN H3HOC (KOBIIIH
HKCKABaTOPOB, HOKHU OYIIb103€POB);

Hn-I'13A (HB220-280) - ynapHoe usnoc aetaneii u3 ctamu 1101131,
Hn-20X14 (HRC 32-38) - xaBUTaIlMOHHO-KOPPO3UOHHBIN U3HOC 3aITOPHOM
apMaTypsl JIs Tapa U BOJBL;

Hn-30X1I3 (HRC 38-45) — ruapo -abpa3uBHBIN U3HOC (TLTYHKEPHI
TUAPABINYECKUAX TIPECCOB, MECHKNA KOJIEHYATHIX BAJIOB, TPEOHbBIE BaJIbI
CyZ0B);

Hn-30X10ITOT (HII 200-220) - kaBuTanoHHas 3po3us (JIomacTu
TypOUH, TpeOHbIC BUHTHI);

Hn-X15H60 (HII 180-220) - TepMHuYecKas yCTaIOCTh IIPH BHICOKOM
TemriepaType (1e4u, peTopThl);

Hn-X20H80T (HB120-220) - TepMuueckasi yCTaJIOCThb IPU BBICOKOH
TeMIIepaType B COUETaHUU C KOPPO3HUOHHOM Cpeloi (KiamaHbl JBUTaTeNIen
BHYTPEHHETO CTOPaHMs);

Hin-03X15H351"7M6b - KOppO3MOHHBIN U3HOC MPU MMOBBIIIEHHON
Temmeparype (Kopiryca cocy/10B B aTOMHO-IHEPTeTUIECKOM
MaITHHOCTPOSHUH, apMaTypa XUMHUECKON MTPOMBIITIIICHHOCTH ).

Lugpwvr u 6yl nocne unoexca Hn (HamIaBisIIONMIAN) yKa3bIBAIOT XUMUYECKUI
COCTaB MPOBOJIOKH. MapKu MPOBOJIOKH BBIOUPAIOT, YUUTHIBAS HEOOXOAUMYIO TBEPIOCTh
Y Harpy3KHW HAIUTABJISIEMBIX TTIOBEPXHOCTEH.

IIposonoka nocmasnsemces 6 Momkax ¢ 6Hympenuum ouamempom om 150 oo 750
MM u maccou om 1,5 0o 30 ke. Momxku cesazviearom 6 6yxmosi maccou He donee 80 ke.
Hannaesnarowuii nposonoka ynakoguléaiom u Xpausam uoeHmuyHo C8apOUHOM.

Taoanma Nel

PacmiudpoBarth yc10BHOE 0003HAYEHNE HATIJIABOYHBIX MATEPHAJIOB

(BapuaHTBI — 10 HOMEPY B KypPHAaJie):

Homep YcinoBHbIC 0003HAYCHUS HATVIABOYHBIX MATEPUAJIOB
BapMaHT

a

1 Hn-30 [JI-Ho-10I"2CT O-15X28HI0C3M2I'T

2 Hn-50 [UI-Ho-20X212CT 2-09X31H8AM?2

3 Hn-85 [1JI-Hn-300X25C3H2172 2-13X16H8MS5C5T4b

4 Hn-40I" [1JI-Hn-400X38I'3PCTHO O-15X15H10C5M3r

5 Hn-65T" [1JI-Hn-120X22P312C 2-15X28HI0C3I'T

6 Hi-30XT'CA I1JI-Hn-450X2067M6B2 O-15X28HI0C3M2I'T

7 Hm-30X5 [1JI-Hn-500X40H40C2P -
09X16H9CSI2M2DT

8 Hn-40X312M® [1JI-Hn-550X44H341°CP 2-35X12B3CD

9 Hn-40X2I2M [JI-Ho-12X16H8M6CST'4b | -90X4M4B®
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10 | Hn-50XHM JI-Hn- 12X 18H9C5T 2T D-35X12I2C2

11 | Hno-50X6®OMC JIC-18XI'CA D-15X15H10C5M3T

12 | Ho-50X®A JIC-70X3MH D-120X12I2CD

13 | Hn-20X14 JIC-25X5OMC D-10M9HSKSX2CD

14 | Ho-30X13 JIC-50X4B3®C 3-65X11H3

15 | Ho-40X13 JIC-15X13 D-65X25T13H3

16 |Hno-20X17H3M JIC-12X14H3 3-80B18X4D

17 | Hn-30X10C'10T JIC-02X20H11T 5-90B10X5D2

18 | Hn-45X4B3r® TI1-Hn-200X12M D-105B6X5M3d3

19 | Hn-50X3B10® [I1-Hn-200X12B® 3-10K15B7M5X3CD

10 |Ho-T13A TI1-Hn-30X4B2M20C D-
10K18B11M10X3CD

21 | Ho-03X15H35I'7M6 | OII-Hn-10X17H9C5I'T D-13X16H8M5C5I'4b

22 | Hn-X20HS0T T-Hn-250X1068C2T 1-30X5B2I2CM

23 | Ho- TI-Ho-30X2M2dH D-190K62X29B5C2

03X15H35T7M6B

24 | Hn-40X32M® MI-Ho-40X4T2CMHT® | D-320X23C2I'PT

25 | Hn-60X3BIO® [I1-Hn-150X 15P3T2 5-320X25C2IP

26 | Hn-45X4B3I® TI1-Hn-350X 1068T2 3-350X26I2P2CT

27 | Ho-45X2B8T [I1-Hn-35B9X3CD 5-300X28H4C4

28 | 60X3BIO® MI-Ho- 12X 12 12CD 5-225X10I'10C

29 | Hn-45X2BS8T MI-Hn-25X5OMCT D-110X14B13D2

30 | Hio-50 XDA TI-Hi-35X6M2 3-17568X6CT

IpakTnueckast padora Nel7

Tema: Onrockl a5 HaMIaBKU. Martepuabl, 15 TPOU3BOICTBA (PIIFOCOB, BUBI (DITFOCOB,
MapKu, 00JIaCTH PUMEHEHUS

Heans pa6orsl: [lpuobpectn mnpakTUUYECKHWE HABBIKM TPH H3YYCHUH (DIIFOCOB IS
HaIlIaBKU, MaTEpUAJIOB, ISl IPOU3BOJICTBA (PIIFOCOB, BUJIOB (PJIFOCOB, MapoK, 00JIacTei
MIPUMEHEHUS

Xo/ BbINOJIHEHHUS PA0OThI:
5. O3HaKOMIJIEHHE C TEOPETUUECCKUMHU CBEIACHUSIMU
6. 3akoHcrekTHpoBaTh MaTepuas « DIrOCHl IS HAIJIaBKU. Matepuarnbl, s
MPOU3BOACTBA (ITFOCOB, BUIBI (DIIFOCOB, MAPKH, 00JIACTH TPUMEHEHU S
7. OTBETUTH HA KOHTPOJIbHBIE BOIPOCHL.
8. 3amoyIHHTBH KPOCCBOPA

Teopernyeckue cBeIeHUA

JJisi aBTOMATHYECKOH U MOJIyaBTOMATHYECKOH HAIUIABKU TPUMEHSIOTCS T
xe (irocel, yTo U A cBapku. Haumbosee pacripoctpaHeHa muiaBieHbie dirockl AH-
348-A, OCII-45, AH-60, AH-20, 48-O®-6, AH-26, AH-15M, AH-8, AH-25.
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JIsi HAIUIABKH ayCTEHUTHBIX XPOMOHMKeJEBbIX CTaJieil MPUMEHSIOT (PIroc
AH-26.

[IpeumymectBom 3toro  ¢uroca  SBIASETCA  OTIMYHOE  (HOPMHUpPOBAHUE
HAIUJIABJICHHOTO BaJMKa U Majasl CKJIOHHOCTh HAIIaBJIEHHOTO CJIO0SI K IOpaM;

HenocrtatkoM — CpaBHUTEIBHO BBICOKAsE OKHUCIMTENIbHAs CIOCOOHOCTh, YTO
IPUBOIUT B PAJIE CIy4aeB K HENOMYCTUMOMY CHUYKEHHIO COJIEPKAHUS TUTAHA U XpOoMa
B HAIUIABJICHHOM CJIO€ M K MOSIBJIEHUIO KPUCTAJUIM3ALMOHHBIX TPEIIMH. TpemuHbl B
ATOM CIIydyae MOXHO YCTPaHUTh MPUMeECKIO K (itocy 3—4%antomunuesoil auzamypol
(80% Al u 20% Fe), xoropas oOjamaeT NPUMEPHO OJUHAKOBOW C (IIFOCOM
IJIOTHOCTBIO

JIisl HATUIABKHU BBICOKOXPOMMCTBIX YyTI'YHOB pekoMmeHnayercsa (mtoc AH-28, on
Oe3MapraHieBbli M COAEPKUT Majo KpeMmHe3ema. [loaTomMy He MpOUCXOIUT
3HAQYUTEIBHOTO  OKHCICHHS JIETUPYIOLIMX  JJIEMEHTOB, JIOCTHTAaeTCs  XOpOIas
OTIETUMOCTh ~ LIIAaKOBOM  kopku. Hedocmamkom  diroca  gBisieTCsS  II0XO€
(GopMHpOBaHUE BAJIUKOB IMPH COJCpXKaHMKM B HaruiaBieHHOM cioe menee 1,0%SI, a
TAKJK€ MOBBIIICHHAs CKJIOHHOCTB K nopaM. IlociieiHee CBsI3aHO C HU3KUM COJIEpKaHUEM
Si0, u CaF, Bo dutroce.

HarnaBky s7eKTpoIuiakoBbIM CIIOCOOOM T[€I€CO00pa3HO BHIMOIHATH C (hIItocamu
AH-8,

AH-25, AH®-111, AH®-14

Onroc AH®-111 obnagaeT BBICOKOH 3JEKTPONPOBOJHOCTHIO B pacIIaBICHHOM
COCTOSSHMM M O0ECHEeYMBAET YCTOMYMBBIM 3JIEKTPONUIAKOBBIA Tmpouecc. Hwuskas
OKUCJHUTENbHAsT  CIOCOOHOCTh  (broca  MO3BOJSET  MCHOJB30BaTh  €ro IS
AIIEKTPOIIJIAKOBOM HAIJIaBKH BBICOKOJIETUPOBAHHBIX criaBoB. ®dmroc AH-8 Taxke
00€CIeunBaET BBICOKYIO YCTOMYMBOCTH 3JIEKTPOILIAKOBOIO MpOIEcca, HO 00JagaeT
MOBBIIIEHHONW OKHUCIHUTENIbHON CrocoOHOCThIO. [loaTOMY ero ciemyer mpUMEHSITh IS
AJEKTPOIIAKOBOM HAIJIaBKU cTajed TunoB A u B, roe morepu Ha OKHUCIEHUE
JETUPYIOLMX IPUMECEN HE CKa3bIBAIOTCS B ONIACHOM MEpe Ha KaueCTBE HAIUIABJICHHOIO
MeTaJlia.

®moc AH-25 mpenHasHadeH uisi BO30YXKIEHHUS AJIEKTPOILIAKOBOTO Tpoliecca
0€e3 yru: OH AJIEKTPONPOBOJIEH B TBEPIOM COCTOSIHUM, IIPU MPOXOKIEHUU TOKA OBICTPO
HarpeBaeTCs M pacIiaBisieTcs, 00pa3ysl HaYaJIbHYI0 BaHHY KHUJKOTO ITUIAKa.

[Ipu HamaBKe CpeHENErMPOBAHHBIX U BHICOKOJIETUPOBAHHBIX CTAJIEH U CIUIABOB
MIPUMEHEHNE BBICOKOKPEMHHCTBIX MAapraHieBbIX (IIOCOB HElenecoo0pa3Ho, TaK Kak
OHM OTJIMYAIOTCS BBICOKOM OKHUCIHUTEIBHON CIOCOOHOCTBIO, YPE3MEPHO JIETUPYIOT
HaIUJIaBJICHHBIM METaI KPEMHUEM M MapraHieM, 0Opa3yloT IUIOXO OTAENSIOUIYIOCS
[UTAaKOBYIO KOpPKY. B 3TOM ciiydae npumensitor gurocet AH-26, AH-20, AH-28, AH-70,
48-0®-6, 48-OD-10 u ap.

M3 HU3KOKPEMHUCTHIX Oe3MapranIieBeIX (IFOCOB HAaMOOJIEE MUPOKO MPUMEHSIOT
st HarmaBku  mioc AH-20.IIpeumytiiectBo - OH  00OecliedyMBaeT  BBICOKYIO
CTaOWJIBHOCTh IYTH, MAJIYI0 CKIIOHHOCTh K MOpam, xopoiuee (popMHUpoBaHUE BaJIHKOB.
Ero Henoctarok — OTHOCUTENBHO HU3Kas TEMIEpATypa IUIaBICHUS U Majias BSI3KOCTb,
YTO 3aTPyAHSET HAIUIaBKy Tl BpalIEHUS Majoro AUaMeTpa, a TaKKe CPaBHUTEIIBHO
BBICOKAsi aKTUBHOCTh KPEMHE3€Ma, YTO MPUBOJUT B PAJIE CIyYaeB K HEXKEIIATEIIbHOMY
oOoramuieHlIo MeTauia KpeMHUEM, OKHCIIEHHUIO JIETUPYIOIIUX 3JI€MEHTOB U YXYAILIECHUIO
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OTJIETUMOCTH 1JTaKoBOM Kopku. [llnakoBast kKopka y10BIETBOPUTEILHO OTIESAETCS MPU
HarpeBe JeTanu 10 TeMnepaTtypsl He cBbilie 450° C.

J1y1s1 HartuUTaBKKM BBICOKOJIETUPOBAHHBIX CILJIABOB C BHICOKUM COJIEpP)KaHUEM XpOMa,
BoJIb(ppama, BaHaJWs W TUTAHA - TPUMEHSIOTHAHOOJIEE XUMHUYECKH HEUTpalbHbIC
dbmocet AH-70 n 48-Od-6. [Ipu HarutaBke moja 3TUMH (GJIr0ocaMd BEJIMKa OMACHOCTH
oOpazoBanus nop. Eciau HamimaBisioT NOPOMIKOBOM MPOBOJIOKOW, TO JUIsl YCTpaHEHUS
MOp B CEPJICYHUK 0053aTEIHHO BBOAIT KPEMHE()TOPUCTHIN HATPUIA.

Jlnst  CHWKEHHsI COACp)KaHWsI Biard JTH  (QUIFOCHI  MPOKATWBAIOT  TMPHU
memnepamype900—930°Ce meuenueS 1. UtoObI (pirroc HE MOTIIONIAN BIary U3 BO3ayXa,
€ro Hy’>KHO XpaHUTh B CyXUX MoMeiieHusx. CocTaB HarIaBJIEHHOIO MeTaljila U3MEHSIETCS
MUHHUMAJIBHO, TaK KakK ()JIIOC TIOYTH HE COACPIKUT BEIIECTB, BCTYMAIOIMUX B XUMHUYECKOE
B3aMMOJICUCTBUE C IKEJIE30M U JIeTHpYyIOIUMHU 3ieMeHTamu. [llnakoBasi kopka
YAOBJETBOPUTEIBLHO OTAEISAETCS IpU Harpese aeraneut 10 600—700° C

Kepamuueckue domrocel. JlJis HaAIUIaBKd HHTEPEC MPEICTABISIOT JIETUPYIOIIKE
KepaMuyeckue (QIIIOChI, KOTOPBIE MO3BOJIAIOT MPH HMCIOJIb30BAaHUM” CTAHJAPTHBIX U
HeJACUIIMTHBIX MPOBOJOK TMOJydYaTh JICTUPOBAHHBIM  HAIUIABJICHHBIM  METasll
MOBBIIEHHON W3HOCOCTOMKOCTH. lIpu HamnaBke mNoj JIETUPYIOIIUM KEpaMHYECKUM
¢GarocOM  BO3MOXHO OIACHOE HW3MEHEHHE XHMHYECKOTO COCTaBa HAIUIaBJICHHOIO
MeTajijla NMpU U3MEHEHUU PEKUMOB HaruiaBku. OJHAKO 3TOT HEAOCTATOK OTHOCUTCS B
OCHOBHOM K (DJIFOCaM C BBICOKHMM COJEPKaHUEM JICTHUPYIOIIMX AJIEMEHTOB, MO3TOMY
BBICOKOE JIETMPOBAHMUE HAIUIABJICHHOIO METajlla LEeIeco00pa3HO OCYIIECTBIATH YEPE3
MpoBOJIOKY. HamnaBka k€ HU3KOJIETUPOBAHHOTO METaJlJla BO3MOKHA U MPU TOMOIIHU
c1a00JIETUPYIONTUX KePAMUYECKUX (DIIFOCOB.

JlaGopatopHas pa3paboTka pelentyp mnpuBeia K CO3JAaHUI0O MHOTOYHUCIECHHBIX
Mapok kepamuueckux (iroco: KC-400; KC-500; KCH-1; KCH-2; KC-X12T;
KC-3X2B8; KC-P18b; AHK-18; AHK-19; ®K-45 u gp. OpHako 3aMETHOE
npumenenue nauu toibko (irocst AHK-18 u AH K-19.

®moc AHK-18 npennasnadeH uisi MEXaHU3MPOBAHHOW HAIUIABKU MPOBOJIOKOM
C-08 u
CB-08A Kkosec MOCTOBBIX KpPaHOB, OMOPHBIX KaTKOB, POJIMKOB W HATSKHBIX KOJIEC
T'YCEHUYHOTO X0J1a TPaKTOPOB, OYJIbI03€pOB U IKCKAaBATOPOB.

®moc AHK-19 ucnons3yroT s MUPOKOCIONHON HAIIaBKH KOJICOIIONTUMCS
ANEKTPOJOM pabOUUX KPOMOK HOXKEN OYyJIb03€POB, CKPETIEPOB U IPEHACPOB.

I[IpeumymiectBo - o0a ¢moca oOecreunBaroT xopoiiee (OpMUPOBaHUE
HaIUIaBJICHHOTO METAJJIa, JIETKYIO OT/ICIMMOCTh IIUIAKOBON KOPKH, BHICOKYIO CTOHKOCTD
HAaIUIaBJICHHOTO MeETa/la MPOTUB O0Opa30oBaHUsl MOP M TPEUIMH U BO3MOXKHOCTH
HaIlJIABKW HA MMEPEMEHHOM U TIOCTOSTHHOM TOKE.

Capounbie (IIOCHl NMPUMEHSIIOT TP aBTOMATUYECKOM M MEXaHU3WPOBAHHOU
IYroBOM CBapke Mmoj (QUIIocoM, MpPU PYYHOH [IyroBOM CBapke YyryHa M ILIBETHBIX
METAJLJIOB.

@uroc mpencraBiser coOOM ChIMTydee 3E€pPHUCTOE BEIECTBO, KOTOpOE MpHU
pacruIaBiIeHUH 00pa3yeT KUAKUN IMIJIaK, 3alUIIAIONINNA METaJlJI CBAPHOTO I1BA OT a30Ta
Y KUCJIOpOoJa BO3yXa.

Kpowme Toro, HazHauyeHnue ¢uirocoB ciieayroniee:

» o0ecrieueHne YCTOMIMBOTO TOPEHUS AyTH,
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pPacKUCIIEHUE CBAapOYHON BAHHBI U IMOJyYEHHE IUIOTHBIX LIBOB 0€3 MOp U
IIJJAKOBBIX BKJIFOUEHUI];
JIETHPOBAHKUE METaJljIa 111Ba;
YMEHBILIEHUE TIOTEPh MEKTPOAHOIO METalljla Ha yrap U pa30opbI3riBaHUE;
yJlyduieHue pOpMUpOBaHUS 111BA;
COXpAaHEHUE TEIUIOThl B 30HE CBAapKH, BCJEICTBUE YEr0 XUMHUYECKUE
PEaKuu MEXKIY KUJAKUM METAIJIOM U IIIJIAKOM MPOXOAAT OOJIEe MOITHO.
ITo crioco0y M3roToBIeHUA (PJIIOCHI AT HA:

v’ ILIaBIICHBIE;

v’ HeIUTaBJICHBIC.

VVVYV VY

[lnaBienbie  (uOCbl  U3TOTOBJSIOT — CIUIaBIEHUEM  (DIIOCOBOM  IIMXTHI
ONPENIECIICHHOTO COCTaBa B JIEKTPUYECKUX WJIM IJIAMEHHBIX I€Yax ¢ MOCIEAYIOUIEH ee
IpaHyJIsIUeN 10 MOJIyYeHHs] KPYIIMHOK (3epeH) TpeOdyeMoro pazmepa.

ITo cTpoeHnuro 3epeH miIaBJeHbie (PIOCHI pa3aessaiT Ha:
» CTEKIIOBUJIHBIE;
» TIeM30BH/HBIC.

Crexk0BUIHBIN (uiroc mpencTaBisier coOOM MpO3payvHble 3€pHA C OCTPBIMU T'PAHIMU,
OKpallEHHBIMU B 3aBHCHMOCTH OT cOCTaBa (roca B pasnuuHble Bera. /st ero
noJryueHus xKuakuii pacmias ¢mroca npu 1200-7250°C ToHKoI CTpyelt CIMBaIOT B 0ak ¢
XOJIOTHOM MPOTOYHOM BoAOW. PacmiiaB OBICTPO 3aTBEpPAEBAET U PACTPECKUBAETCS Ha
MEJIKHUE 3EPHA.

Ilem3oBuaHbBI ¢uiroc mpencraBiser co0oil 3epHa MEHUCTOrO0 MaTepuaia TakKe
Pa3IUYHBIX OTTEHKOB. [Ipy BbUIMBaHUM B BOJY >KHJKOTO paciuiaBa (uiroca, HarpeToro
no 1550-1600°C, mnapsl BOIBI BCIEHHMBAIOT PpACIUIABICHHYIO Maccy, oO0pa3ys
MIeM30BUIHBIN (ITFOC.

[TnaBnensie ¢urocet (COCT 9087-81), mpumeHsieMble TpU aBTOMATUYECKOHW U
MEXaHU3UPOBAHHOM JYyrOBOM U JJIEKTPOLJIAKOBOM CBapKe W HAIUIaBKE CTallu,
BBIITyCKatOT 21 mMapku.

Pasmep 3epen daroca — ot 0,25 10 4 Mm. DIrOCH — cMeK106UOHBLIL C PAa3MEPOM
3epeH He 0oJiee 2,5 MM U neM306UOHblIl C PA3MEPOM 3€pEH He 0Oojiee 4 mm —
MpeHa3HaYeHbl 11 aBTOMAaTHUYECKOW CBapKH MPOBOJIOKON JMaMETpOM He MeHee 3
MM.Cmexnoeuonstii Giaioc ¢ pa3MepoM 3epeH He Oonee 1,6 mm npenHasHAYEH s
ABTOMATHYECKOM M MEXaHM3WPOBAHHOW CBAapKU MPOBOJOKON guaMeTpoM He OoJjiee 3
MM.

@Ir0C YyIaKoBBIBAIOT B OyMaKHbIE MEUIKUA WIH JIPYTYIO Tapy, 00€CIeUHBAIOIIYI0 €T0
COXpPAaHHOCTh MPU TPAHCIOPTUPOBaHUU. Macca OJHOTO YIMakOBOYHOTO MECTa JOJIKHA
OBITH He Oonee 50 Ke.

[InaBnensie (ItOCH pPAa3NMUHBIX MapOK HMMEIOT pa3Hble 00JIacTH TPUMEHEHUSI.
Hanpumep,”AH-17TM, AH-43, AH-4/ — njns pJyroBod CBapKd U HaIJIABKU
YIJIEPOAUCTBIX HU3KOJETUPOBAHHBIX CTAJICH.

Kpome miaBieHbIX MHUPOKO MPUMEHSIOT U HETUIABJICHBIE (KepaMUiecKue) (IroChI.
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Henuiapiienble (kepamudeckne) (uirochbl TOJydaeMble CKPEIUIEHUEM  YacTHIL
¢darocoBoil mMXTH 03 X paciuiaBieHus. OHU MPEACTABISIIOT CO00M MEXaHUYECKYIO
CMECh TOHKOM3MEJIbYEHHBIX MPUPOJHBIX MHUHEPAJOB, (PEPPOCIUIABOB M CHIIMKATOB,
CIEMEHTUPOBAHHBIX JKUJIKUM CTEKJIOM U TpaHyJUpPOBaHHBIX Ha  KPYIUHKH
onpeeneHHbIX pazMepoB. Kaxaoe 3epHO (KpynHHKA) KepaMUYECKOro (iroca cocTOUT
U3 MPOYHO COCIMHEHHBIX MEJKUX YaCTUYEK U COJAECP>KUT BCE KOMIIOHEHTHI (hiiroca B
ONpEEICHHOM COOTHOLIEHUHU.

Kepamuueckne Qurochl pa3inyHBIX MapOK HUMEIOT  OMNpeAesieHHble  00JacTH
MPUMEHEHUs, HalpuMep,

AHK-35 nu AHK-36 ucnonp3yroT ajsi CBapKH YIJIEPOJUCTBIX CTajei;

AHK-47 n AHK-48 — nnst cBapKu HU3KOJIETUPOBAHHBIX CTaJICH;

AHK-45 — ny1s1 cBapKu BBICOKOJIETUPOBAHHBIX CTAJIEH;

AHK-18, AHK-19 un AHK-40 — npu HamaBoOYHBIX paboTax;

AHK-3 cnyxur pobaBkoii (B konumyectBe 5-1590), mpumeHsiemMoii B CMeCH C
miaBiaeHbiMu  pimrocamu AH-348A, OCII-45, AH-60 m npyrumu 1ajis TIOBBIIIEHUS
CTOMKOCTH LIBOB MpOTUB oOpa3oBanus mnop. Haubonee pacnpocTpaHeHHBIM BUIAOM
¢uroca siBisieTCS BEUIECTBO Oypa.

Kepamuueckue (arochl TUIPOCKONMYHBI, TIO3TOMY XPaHUTh MX CIEAyeT B
TrepPMETHYECKH 3aKpbIBAlOUICCS ynakoBke. BBuay HEOONBIION NPOYHOCTH 3€pEH
TPAaHCIIOPTUPOBATh KEPAMUUYECKHN (IIOC PEKOMEHIYeTCsl B IKECTKOW Tape —
METaJUIMYECKUX OaHKaxX WM KapTOHHBIX OapabaHax.

KounTposibHbIE BOPOCHI:

Jl1st yero cayxkut ¢uroc?

Kax pazgensitor ¢rochkl 1o Ha3HAYCHUIO?

Kax pazgensitor ¢tockl o croco0y U3roToBICHUS?
Pasrapmares xkpoccBopa

el

KpoccBopa o teme «CBapka noa cjioem ¢uirocay

IIo ropusonraJmu:
1. TlapameTp pexuma CBapKH, KOTOPbIH OKa3bIBAET BIMSAHHUE HA
reOMETPUYECKHUE pa3Mepbl U OopMy IIBa.
2. AH-348, OCLI-45 — Yto 310?
3. ®diroc, M3roToBIEHHBIN 0€3 IUIaBJIEHNS KOMIIOHEHTOB IITUXTHI
4. Cuna cBapOYHOTO TOKA U3MEPSETCA B ....

ITo BepTUKaIN:

OcHoBHOI1 y3en cBapouHoro aBromara AJ1d-1002

Cryxut 1151 yoopku ¢uiroca mociie CBapKu

Yro o3nauaet OykBa «K» B ycnoBHoM o6o3Hauennn — TJJDIK-1002
Bun ¢roca mo XuMuueckoMy COCTaBy.

OcHOBHOI mapaMeTp pekuMa JTyroBOM CBAPKU MO (PIIFOCOM: CHIIa
CBAapOYHOIO TOKA, €T0 PO H ....

HcTouHMK TUTaHUS, UCTIOJIb3YEeMBIH B CBAPOYHBIX aBTOMATax

agrLONE

o
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ITAaJIOH OTBETOB

Dnroc 3awuwiaem Kaniu 31eKmpooOH020 MeMAld U HCUOKULL MEMANT C8APOUHOU
BAHHBL OM BO30€UCMBUsL 8030YXa, 0becneyusaem ycmouuugoe copeHue 0yeu,
Xopouiee popmuposanue wea u 0opazyem uiaKo8yio KOpKy, 1e2K0 Omoeaumyo
Om NOBEPXHOCMU UWBA NOCTIe 3aMBePOeBaAHUSL.

Pasznuuarom gmocol 0buie2o naznauenus u cneyuaibHule.

Driocwl 06We20 HazHAUeHUsE NPeOHA3HAYEeHbL OJisl MEXAHUZUPOBAHHOU V20801l
CBAPKU U HANAABKU YeNePOOUCTIbIX U HUZKOLE2UPOBAHHBIX CIAIEl
HU3KOY2NIepOOUCTON U JIe2UPOBAHHOU CBAPOUHOU NPOBOLOKOI, CNEYUATbHbIE
@arocol - 0151 OMOENbHBIX BUO0B C8APKU, HANPUMED, INEKMPOUIAKOBOU ULU
CBAPKU BbLCOKOECUPOBAHHBIX CIAIEIL.

Ilo cnocoby uzeomosnenus gaiocel 0enAmcs Ha. NiaeieHHble U HeNlasleHHble.
IInasnenvie ghnrocwl nonyuarom nymem cniagnenus KOMIOHEHMO8 WUXMbL 8
NIEKMPULECKUX UTU naiamenHvix nedax. llpu uzzomosnenuu Heniae1eHHbIX
@arocos wacmuywsl har0coBol wuxmel ckpenaaiom 6e3 ux cnaasnenus. K uucny
HeNn1asieHHbIX II0CO8 OMHOCAMCA KepamuiecKue U cnedennvle (haocel, a
makaice aiocvi-cmecu. Kepamuueckue ¢hnrocel npouzeoosm uz cmeceti
NOPOUIKOOOPA3HBIX MAMEPUAN08, CKPENIAEMbIX C NOMOWbIO KIeIOWUX 8eujecms,
2NIa8HbIM 00pa3oM dH#cuoko2o cmekaa. CneuenHvle Garocsbl U320MOoBIAI0M nymem
CHEeKaHUsi KOMNOHEHMO8 WUXMbL NPU NOBLIUEHHBIX meMnepa mypax oe3 ux
cnnaenenus. llonyuenHvle KOMKU 3amem usmenbuaom 00 mpebyemozo pasmepd.
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ITaJIOH 0TBETOB KPOCCBOP/AA

ITo ropuszonTamu:
1. Hanpspkenue
2. ®miroc
3. Kepamuuaeckuit
4. Amnep

Ilo BepTHKaIH:
Tpakrtop
dIr0c00TCOC
Kectkas
Kucnprii
[TosnstpHOCTH
Brimpsmurens

ok owdE

IpakTnueckasi padora Nel9

Tema: BoiOOp TEXHOIOTHH, MATEPUAJIOB U PEKUMA HAIUIABKU YTIIEPOJUCTHIX CTAIEH IO
KapTOYKam

Heas padorsl: [lpuoOpectd mNpakTUYECKHE HABBIKM IPU BBIOOPE TEXHOJOTHH,
MaTepHuaioB U PEKUMOB HAIJIABKU YTJIEPOJUCTBIX CTaleH

Xoj BbINOJIHEHHUS PA0OTHI:

10.
11.
12.

13.

14,

O3HaKOMJIEHHE C TEOPETUYECKUMU CBEAECHUSMHU

N3yunTh TEXHOJOTHUIOCBAPKU U HAIIABKH B HUKHEM IOJIOKEHUU IIBA.

N3yuynTh TEXHOJIOTMIOCBAPKH W HAIIABKMBEPTUKAIBHBIX, TOPU30HTAJIbHBIX U
MOTOJIOYHBIX IIIBOB.

Paccuntate u BBIOpaTh MapaMeTpbl PYYHOM AIIEKTPOIYTrOBOM CBapKH (CHILY
CBApOYHOTO TOKa, JUAMETpP, TUI M MapKy d3JEKTPOJa U JIp.) B 3aBHCHUMOCTHU OT
CBApHUBAEMOI'0 MaTEPHAIIA U MOJIOKEHUS B IPOCTPAHCTBE.

3anoHUTh TAOJUILY U JAaTh MOJIPOOHOE OMUCAHUE pacdyeTa pexxuma (eapuarmol —
no NopsiOKOBOMY HOMEPY 8 JHCYypHAae)

CBapka cTBIKOBBIX IBOB. T
Teoperuyeckue cBeIeHUA

CBapKa N HAIJIAaBKAa B HUKHEM IMOJIOKCHHUH IIIBa

O@HOC”I’lOpOHHue CmbIKO8ble UIBbl Oe3 cKoca KPOMOK 6blNOJIHAIONT NOKPblMbIMU

INEKMPOOaAMU OUAMEMPOM, DABHLIM MOJWUHE CEAPUBAEMbIX NIUCMO8, eClU OHA He
npesviuaem4 mm. Cuiia Toka MOIOUpPAETCs] B 3aBUCHUMOCTH OT JUaMeTpa 3JEKTPOJa,
BUJIa ¥ TOJIIIMHBI TOKPBITUS (mabda. 1). JIuctel 6€3 ckoca KPOMOK MOAMUHOUOT 4 10
10 MM cBapuBarOT JABYCTOPOHHUM IBOM. [lojiockeHHME M TOMEpEeYHbIC JABUKEHUS
AJIEKTPOJIa IPU CBapKe MpUBEICHbI Ha puc. 1.
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Taoauna. 1.
OpueHTHPOBOYHBbIE Pe;KMMbI CBAPKHU COeUHEHUIT BCTHIK 0€3 CKOCca KPOMOK

C]JCD.HCE AHAYCHHE
Tonmmnsa Aamerp CHAM TOKa, A
METakiA, MM o F8ICP, M HIEKTPOA, MM HAXHeE BEPTHKAALHOE W
NOMOKEHHE 1Ba NOTONOYHOE

nonokeHMe 1wBa

34 OnnocTopoHHM 1, 3— 180 160

5—6 JOsycroponuuii 1,0—1.,5 45 180—260 160—-230
7—8 To xe 1,5—2,0 5 260 230
10 » 20 6 33 290

HpHMeanHe. MakcuManbHbIe 3HAUCHMS CUJIBI TOKA HOJIDKHBI YTOUYHATHCA 110 JdHHBIM
IMacropTa 3JICKTPOOdOB.

CTBIKOBBIE COCIMHEHUSI CO CKOCOM JBYX KpomoK (V-00pa3Hbie) B 3aBUCHUMOCTH OT
TOJNIIMHBI ~ METajula  BBINOJHSAIOT  OJHOCJIOWHBIMH,  MHOTOCJIOMHBIMA  WJIU
MHOT'OITPOXOAHBIMU LIBAMH.

OnTuManbHBI Yrojl pacKpbITHsS LIBAa OMNPEEISAETCS CIEAYIOIUMUA COOOpaKEHUSIMHU.
bonpmoi yron pazgenku (80 - 90°) obecneunBaer OosblMe yAOOCTBAa CBapILUKY,
YMEHBILIAET ONAcCHOCTh HENpOoBapa KOpHS, HO YBEIMYMBAET O0BEM HAIUIaBJIEHHOIO
METajla, CJEeJ0BATEIbHO, YMEHBIIAECT IPOU3BOAMTEIIBHOCTE W YBEJIMYHUBACT
nepopmanuu uznaenus. Jias HOpMaabHOrO Ipolecca PyYHOM JYyTrOBOM CBAapKU MPUHST
yron pasaenku 60°. OH MoxeT ObITh yseruuenHa 65° Is1 MOHKUX JAUCMO8 W
yMeHbuien10 55° nja aucmoe moawunoi 6osee 15 mm.

3a30p MEX]ly CTBIKyEMBbIMH 3JIEMEHTAMH M IPUTYILJIEHUE KPOMOK cocTasiisieT ot 1,5 10
4,0 MM B 3aBUCHMOCTM OT TOJIIMHBI JIMCTOB, PEKHMA CBapKd W XapakrTepa
CBApHUBAEMOMN KOHCTPYKIIMH.

Haubonee TpynHBIM MpU CBApKE SIBISETCS MOIYYEHHUE MOJHOrO (HaJAEXKHOro) mpoBapa
KOpHSI 1IBa. 3/1eCh yalle BCEro ObIBAIOT pasjinyHble Ne(PEeKThl, HaNpUMeEp,HE MpoBap,
ra3oBble W MUJaKkoBble BkItoueHUs. [losTomy, ecim 3TO  BO3MOXKHO, CIEAyeT
MO/IBapUBaTh KOPEHb 1IBA C 0OPATHOI CTOPOHBI.

Mertamn TonmuHoi oT 4 10 8 MM TIPOBapUBAETCS OJHOCIOWHBIM (OJHOMPOXOIHBIM)
mBOM. QOHocnoiinble wepic  V-00pasHbIM  CKOCOM  KPOMOK  BBITIOJHSIOT
IIOIIEPEYHBIMU KoJ1Ie0aTeTbHBIMU JBUKECHUSIMU

ANEKTPOJIa B BUJE TPEYTOJLHUKOB 0€3 3aJepKKH B
KOpHE 1IBA (JIUCTHI MOAMWUHOUA MM) U C 33]IEPKKOHN B
KOpHE 11Ba (moawunoit8 vim, puc. 1).

Puc. 1.0onosicenue (a) u  oOseudrcenusn

anekmpooa (0) npu ceapke CHbBIKOBGHIX UWIEO8 CO
CKOCOM KPOMOK

Jluctel  monwunoiil2 MM U Oolee
COCIMHSIOTCS BCTBIK C JIByMS CHMMETPUYHBIMU
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CKOCaMU JIBYX KpOoMOK (c X-o0pa3HbIM CKOCOM KpPOMOK) MHOTOCJIOWHBIM HWJIU
MHOTOMPOXOJHBIM  WBOM.  MHozocnoinwlii  uio¢  BBINOJHSETCS  ObICTpee
MHOTOIMPOXOAHOTO. BBIOOp MHOTOCIOWHOTO WM MHOTONPOXOJAHOTO IIBA 3aBUCUT OT
XUMHYECKOTO COCTaBa U TOJNIIMHBI CBAPUBAEMOW CTAJIH.

Mmnozonpoxo0noii wi0é BBITIONHIETCS TOHKUMH W Y3KMMU Bajukamu, Oe3
NOMEepPEeYHBbIX  KOJEOATEeNbHbIX JIBIDKEHMHM dJekTpona. CBapky pEeKOMEHIyeTcs
BBIMNOJIHATh 3JIEKTPOJIAMHU, NPEAHA3HAYCHHBIMU Uil onupaHus. B 3tom ciyuae
MPUMEHSIOT JICKTPOABI OUAMEMPOM

om 1,6 00 3 mm (peoko 4 mm). Becb MHOTONPOXOTHOM IIOB MOXET BBIIOJHATHCS
3JIEKTPOIAMU OJHOIO U TOTO K€ TUAMETPA.

Kaxnpiii cioii MHOTOCIIOWHOTO IIBa MMEET YBEJIMYEHHOE B HECKOJIBKO pa3
CEYCHHUE MO CPABHEHUIO C CEYECHHEM Ka)KJOTO BaJIMKA MPU MHOTOMPOXOIHOU CBApKE;
I03TOMY MHOTOCJIOMHBIH 1110B 00€CTIEYMBAET MOBBIIICHHYIO POU3BOIUTEIBLHOCTD.

Wuorna mist obecnieyeHus mpoBapa o BCeil TOMIIMHE MeTalljla CBapka BeJleTCs Ha
MEIHOW MOJKIaAKe moawiunous - 6 mm. B 3ToM cilyyae ceapoumwlii moK MOXKHO
noBeicuTh Ha 20 - 30%, He omacasch CKBO3HOTO MpOIUIaBieHUs. Eciu KOHCTPYKIUS U
Ha3HAYCHUE CBAPHOIO M3JENMS JOMYCKAIOT CKBO3HOE IPOIUIABICHUE, CBAPKA MOXKET
BECTUCh HA OCTAFOLIEHCSI CTAJIbHOU MOJKIIAIKE.

B 0co00 OTBETCTBEHHBIX KOHCTPYKIIMSIX TEpea TOJIBapKOW IBa ¢ OOpaTHOU
CTOPOHBI €r0 NPEABAPUTENBHO 3aYMIIAIOT PE3AKOM JJIsi MTOBEPXHOCTHOM PE3KH WU
pe3lioM Uil yAaJdeHus BO3MOXHBIX Je(PeKkToB (HempoBapa, TpPEIIUH, Ta30BBIX H
IUTAKOBBIX BKJIFOUEHUN).

Taoauna. 2.
OpI/IeHTI/IPOBO‘{HbIe PEKUMBICBAPKH V—06pa3H1>1x CTBIKOBBIX
MHOI'OCJIOMHBIX IIIBOB
Arametp aaexTposa, Cpennee 3HaueHHE Toka, A
Uucno MM
Tonuwnaa Jazop, Mm cnoes,
. Kpome
METANna, M MoxBa- nocnenyso- TMonoxenue wea
POMHOTO nepe it mHe
H Aekopa- caoi cnon
THBHOro HHEHEE BEPTHKANBHOE |TOPHIOHTAABHOE
10 1.5—20 2 4 5 180—260 160—220 150—210
12 20-—-2,5 3 4 5 180—260 160—220 150—210
14 2,5-30 4 4 5 180—260 160—220 150—210
16 3.0--3,5 5 4 5 180— 260 160-—220 150—210
18 3540 6 5 6 220—320 200-—300 180—280

HpI/IMe‘laHI/Ie. MaxkcumanbHble 3HAYSHUS CHJIBI TOKa JOJIKHBI YTOYHATBHCA 110
JaHHBIM ITaCIiopTa 3JICKTPOAOB.

Cmuikoevie X-00paznuple ui¢bl TPUMEHSIOT ISl CTanu moawiunouor 12 no 40
MM. [lonrotToBka KpoMoOK, yroia CKOca, BEJIMYMHA 3a30pa U MPUTYIICHUS, TEXHHKA
BBITIOJIHEHMSI IIIBOB TPU 3TOM TaKHUE €, KaK U MPH CBApKe JIMCTOB ¢ V-00pa3HOU
paznmenkoi. UToObI OCTATOYHO TMPOTPEBAICA M OTKUTAICA METAT  KaXJIOTo
HIDKEIICHKAIIETO CIIO0SI, MOJIUUHA C10e8 NOJDKHA OBITh He Oonee 4 - 5 mm 1 He meHee 2
mm. Hampumep, 1si BBITIONHEHHS X-00pa3HBIX IIIBOB TMPHU CBApKe JIUCTOB
moawunonl2 MM HY)XHO TIOJIOKUTH 4 - 6 cnoes, a nisi moauwgunwst4) v - 10 - 16
cn0e6 (OTHKUTAIOIIMI U AEKOPATUBHBINA CJIOU HE YUUTHIBAIOTCS).
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CTBIKOBBIC IIBBI JIUCTOB 00JbIION moawunst (6onee 20 Mm) 1enecooOpasHo
CBApUBATb € KPUBOJIUHECHHBIM CKOCOM 0¢yX Kpomok. Takas MOArOTOBKa IMO3BOJISET
OPUMEHSThH JIEKTPObl MOBBIIIEHHOTO JUaMeTpa, 0O0ecrieunBaeT HaJCKHBIM MPoOBap U
PaBHOMEPHYIO YCaJKy MeTaslia 1IBa.

IlIevt ¢ 08yCmMOPOHHUM CUMMEMPUUHBIM CKOCOM 08YX KPOMOK (X-00pa3zHbie)
HMEIOT CJIeAYyIolIue MPeuMyIllecTBa Mmepel MBaMU ¢ OJHOCTOPOHHUM CKOCOM JIBYX
Kpomok (V-o0pa3Hble):

1. VYwmenpmenune obObeMa HarIaBiIeHHoro Mmeramuia B 1,6 - 1,7 paza wm,
CJIEI0BATEIbHO, YBEIUYEHHUE POU3BOIUTEIBHOCTH CBAPKH.

2. YwmensliieHue nedopmaiuii oT CBapKHu.

3. Bo03MOXxHBII HETIPOBap B KOPHE I1IBa PACIOI0KEH B HEUTPATbHOM CEUECHUU
U TI0O3TOMY MEHEE OIAaCeH.

s ymenvuienuss kopobieHus CBApHOTO WU3JIETUS PEKOMEHIYETCS BBIOJIHSTH
BBl TOMEPEMEHHO C OJIHOM WU C JAPYrol CTOpoHbI jaucTa. IIpu cBapke B HUXKHEM
MOJIOKEHUU JIJIsl ATOr0 TpebyeTrcs yacTas KaHTOBKa m3jaenus. [loatomy nenecooOpazHo
YCTaHABIIMBATh U3J/IEJINE€ BEPTUKAJIBLHO U CBAPUBATH €r0 OJHOBPEMEHHO C JABYX CTOPOH.
PaboTy B 3TOM cily4ae BBIOJIHSIOT J{Ba CBAPIIUKA.

CBapka yrioBbIx 1IBOB

[Ipy BBINIOJIHEHUH YTJIOBBIX IIBOB HAKJIOHHBIM 3JIEKTPOJAOM (puc. 2, a) KUIKH
METaJul MOJ JAEHCTBUEM CHJIbI TSHKECTH CTPEMHTCS CTEKAaThb HA HMXKHIOK IIIOCKOCTb.
[To3TOMY BBINTOTHEHHE ATUX IIBOB JIy4llle MPOU3BOAMTH "B JOJNOUYKY" (puc. 2, 6), B
YaCTHOCTHU 3JIEKTPOJaMH, KOTOPbIE€ MO3BOJISIIOT BECTH CBapKy ONMPAaHUEM MOKPBITHS Ha
CBapUBaeMbl€ KPOMKHU W3/IEIH.

Ceapka "¢ n00oury" yenoewvix ui¢oe s TMCTOB mMOAWUHOUN0 14 MMBO3MOXKHA
0e3 ckoca KpPOMOK (JIByCTODOHHsSISI CBapKa) WJIM C YAaCTUYHOM pa3JenKoil KPOMOK U
YBEIIMYEHHBIM Pa3MEpOM MPUTYILUICHUS. 3a30p MEXIy CBapUBAEMBIMHU 3JIEMEHTAMH HE
noJpKeH npeBbimarh 10%0 TOMIMHBI IUCTA.

Taoauna. 3.
Peskumbl CBaApKHU YIJI0BBIX HIBOB 'B JIOA0YKY' C ONIUPAHUEM JIEKTPOAA

Tonmuna Karter wea,| luamerp,
CBApHBAEMBIX MM InexTpona| CHa Toka, A
NHCTOB, MM MM
4—6 5 5 250300
6—8 6 i+ 300 - 350
10—14 8 8 480560

HpnMeanne. MaxkcuManbHble 3HAYCHHUS CHJIBI TOKa JOJIKHBI YTOYHATBHCA 110
JaHHBIM IIaCIIOpTa 3JICKTPOJOB.
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"

OngHako HE BcerJa MOXKHO YCTAaHOBUTb CBapHOE U3JENHUE I CBapkKu 'B
JOAO0YKY'"; TOr/a YIJIOBBIE IIBBI BBIIOJHSIIOT HAKJIOHHBIM 3JIEKTPOAOM. B 3TOM ciydae
BO3MOKEH HENpPOBAp KOPHS IIBAa U KPOMKHM HWKHETO JIUCTA. THIATENbHBIA IPOTPEB
KPOMOK CBapUBAE€MbIX YaCTEH JOCTUTAETCA MPABUIBHBIM JIBUKEHUEM DJIIEKTPOJA,
KOTOPBIM CIEAYET HepxkaTh NoJA yriioM 45° K NMOBEPXHOCTH JIMCTOB U NPOU3BOIUTH
MOTepEeYHbIe JBUKEHUS TPEYrOJbHUKOM 0€3 3aJepiKeK WU C 3aJepKKaMH B KOpHE
mBa. B mpouecce cBapku 3JIEKTPOA CIEAYET HAKJIOHATH TO K OJHOW, TO K APYrou
IJIOCKOCTH JIMCTOB.

Yenoewvie wiewvt ¢ nusicnem nonoxcenuu ¢ kamemamu 10 10 MM BBIIOTHSIOT
CBapKOW B OJWH CJIOW DJICKTPOJIAMU Ouamempom 00 5 mm, WHOTAA O€3 TOMEePEUHBIX
JIIBUOKCHUM.

Yenoevie wewvr 0e3 crxoca kpomok ¢ kamemamudosiee 10 MM MOryT
BBIIIOJIHATBCST B OJMH CIIOM, HO C TOMNEPEYHBIMH JIBUOKEHUSMH DIIEKTPOJIa
TPEYroJIbHUKOM, MPHUYEM JYYIIMi MpoBap KOpHS IIBa 00ECIEUMBACTCS 3aJIEPKKOM
3JIEKTpoJa B KOpHE I1Ba (CM. puc. 52).

Puc. 2.11onoxncenue u
08UIICEHUA 3INIEKMPOOa npu ceapke
Y2/l06bIX  WB06:a -  HAKIOHHBIM

3JEKTPOAOM, O — "B JIOJOUKY"

YrioBbIie IIBBI C
OJHOCTOPOHHHUM WJIM JIBYCTOPOHHUM
CKOCOM KPOMOK MPUMEHSKT IIpU
M3rOTOBJIEHUH 0CO00 OTBETCTBEHHBIX

W3IETUN.
CBapka TaBpOBBIX IIIBOB

CkOC KpOMOK y CTEHKHM TaBpa AenaroT nox yrioMm S0+5°. Ilpm moawune
cmenku10 4 MM TIOB CO CKOCOM KPOMKH BblNOJIHAIOM 6 OOUH CJolU; TIPU Oo/ibuienl
moawjune CBapKa BEHETCS 6 HeCKOAbKO cloes U npoxodos. llpu BBINOJIHEHUU
MHOT'OCJIOMHBIX TaBPOBBIX HIBOB HAKJIOHHBIM 3JIEKTPOJOM HIBbI OOBIYHO MOIYYAIOTCS C
HEpaBHbIMU KaT€TaMM HA TMOJKe U cTeHKe. [[o3ToMy mpu MpPOEKTUPOBAHUM CBAPHBIX
W3JI€NIUI IOITYCKAKOTCS YIJIOBBIE BBl C HEPABHBIMU KATETAMH.

Tao0Juauna. 4.

IIlpuMepHbIe pesKMMbI PYYHOIl JYroBOil CBAPKH YIJIOBBIX HIBOB CO CKOCOM
KPOMOK
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Ton-| Yneno | Mua-
munz| cmoes | merp
METANLHITH NPOPIERTPOL  Tok, A
Bua wipa na, | xomoB |pa, sm ’

MM

41 1 |3 alin e
61 1 |4-5]160 220
B 1-2 |4 5160 220
1213 4 L4 6160 300
0| 6-8 | 461160320

24 | 4—6 | 160320
;\'\ sprge| 20 4-8 [ 46 [160-360

Y 40 | 8-16| 4—6 | 160—360

60 [16—30) 5-6 |220—360
BbinoJiHeHue BEPTUKAJIBHBIX, TOPU30OHTAJbHBIX U IIOTOJOYHBIX IIIBOB

S
.

80 130—40] 5--6 | 220—360

Beprukajibubie mBbl  (CTBIKOBBIE M YIJIOBBIC) BBITIOJHAIOT B HANpPaBIICHUU
cHU3y BBepxX. IIpenBapuTenbHO MOATOTABIMBAETCS CBAapKOM  MeTaIMYecKas
TOPU30HTAIbHAS IUIONIAKa CEYEHUEM, PABHBIM CEYEHUIO HAIUJIABJICHHOIO METAJIa IBA.
[Tnomaaka co3maeTcs MONEPEUHBIMU IBHKCHUSAME JICKTPO/Ia TPEYroJbHUKOM (puc. 3).
[IpoBap B KOpHE IIBa OOECHEUMBACTCS 3aJEPKKOM TOpPEHHs] IyT'HM B 3TOM MECTE IMPHU
JIBMKEHUU JJIEKTpoja TPeyroyibHUKOM. Haubombimii npoBap KOpHS IIBa JOCTUTAIOT,
KOIr/la 3JIEKTPOJl MEPIEHIUKYISIPEH BEPTUKAIbHOM ocH. CTeKaHue pacIUIaBIEHHOTO
MeTajula NPeJOoTBPAIIAIOT HAKIOHOM 3JIEKTPOJia BHHU3, KaK IMOKAa3aHO MYHKTUPOM Ha

puc. 3, a, 0.

Puc. 3.0lonosicenue uosusricenusn
I71eKmMpooa npu ceapke [
6EPMUKATIbHOM ROTLONCCHUU:
a - CTBIKOBBIC IIBBI CO CKOCOM
KPOMOK, 0 - YIJIOBBI€ IIBBI,
l B - CBapka B HalpaBJICHUU

Y
\DL% CBEPXY BHU3

CBapka BEpTHKaJIbHBIX IIIBOB
ANEKTPOJaMU OOJBIIMX JAUAMETPOB U
npu  OONBIION CWiIe TOKAa 3aTpydHUTENbHA H3-3a CTEKaHUs MeTala |
HEYJIOBJIETBOPUTENIbHOTO (QopMupoBaHusi mBa. [lo3TOMY NPUMEHSIOT 3JIEKTPOJIbI
ouamempomno 4 MM, peoko 5 MM, a CBapOYHBIM TOK MOHWXKAIOT MO CPABHEHUIO CO
CBapKOM B HUKHEM TOJIOKEHUH.

BepTtukanbHasi cBapka B HallpaBJICHHM CBEpXY BHU3 (puc. 3, 6) BO3MOXKHA
3JIEKTPOJAMU, JAKIIMMM CJIOW Iulaka. MeTtamul B CBapOYHOM BaHHE 3aTBEPJICBACT
ObICTpEe W CTEKAaHUS €ro MPAKTUYECKH HE MPOUCXOAWT. JlJis BEPTUKAIBHON CBapKH
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CBEpPXY BHHU3 NPHUMEHSIOT 3JIEKTPOAbl C LEUIIOJIO3HBIM, IJIACTMACCOBBIM TMOKPBITHEM
opranuueckoro Bujaa (03C-9, AHO-9, BCII-2, BCII-3 u ap.). [Ipou3BoauTensHOCTD
CBapKU CBEpXY BHU3 BBIIIE MPOU3BOJIUTEILHOCTH CBApKU CHU3Y BBEpX. BepTukanbHble
HIBBI TaK)Ke YO0OHO BBIMOJHSATH AJIEKTPOJIaMU C OITMPAHUEM MOKPBITUSI HA CBAPUBAEMbIE
KPOMKHU.

l'opuzonTanbuble W MOTOJ0YHBLIE IBLI  BBIIOJHATH  CIIOXKHEE, YeM
BepTUKanbHbIe (puc. 4). [lpyu BBINOJIHEHUN TOPU30HTAIBHBIX IIIBOB Ha BEPXHEM JIUCTE
gacTo o0Opa3yroTcsl MOApe3bl, a MPHU CBAPKE B MOTOJOYHOM TIOJOXKEHUH 3aTPYAHEH
MOJIHBIA TpoBap KOpHS IBa. B o0oux ciayyasx cBapka JOJDKHA MPOU3BOIAUTHCS
KOPOTKOHM JIyroil ¢ OCTaTOYHO OBICTPHIMU KOJIEOATENbHBIMH JBMKCHHUSIMH. MeTamt
monwunondoIee 8§ MM CBapUBAIOT MHOTOIIPOXOIHBIMH IIIBAMM.

llepgoviii 6anux B KOPHE TOPU30HTAJILHOIO IIBA HAHOCUTCA JJIEKTPOJIOM
ouamempom4 Mm,a nociedyroujue - OUAMempomS Mm.

llepevii 6anuxk B KOpPHE TMOTOJIOYHOTO IIBA BBIMOIHICTCS 3JICKTPOJIOM
ouamempom 3 MM, a nocieodyowue - ouamempomue dojee 4 MMm.

Banuxu  ecopuzonmanvnoco u  nomonoyHo2o w808 YOOOHO  BLINOJHAMb
anekmpooamu ¢ onupauvuem nokpvimus. IIpy BBIIOJHEHUU TMOTOJOYHBIX IIIBOB T'a3bl,
BBIJICIIAIONINECS TIPU CBapKe MOKPBITHIMHU JJIEKTPOJaMU, TOJJHUMAIOTCSI BBEPX U MOTYT
ocraBaThCsi B MmBe. [loaToMy sl CBapKM B TOTOJOYHOM IIOJOKEHUU CIEIYET
M0JIb30BAThCS XOpOIIO
IPOCYIIEHHBIMHA 3JIEKTPOAAMM,
JAIOIMMU HEOOJIBIION MIJIaK.

Puc. 4. Ilonoscenue u
08UIICEHUA  INIeKmMpPooa npu
ceapke 6 20PpU3OHMANbHOM U
NOMOJI0UHOM NOJI0NHCEHUAX:A -
TOPU30HTAJIBHBIN YIJTIOBOM IIOB,
0 - HaIIaBKa B NOTOJIOYHOM IOJIOKEHUH, B - TOTOJIOYHBIN CTHIKOBOM

CBapka TOHKOJMCTOBOM CTAJIH

[Ipu cBapke cTanu moauwsunoeil 3 MMU MEHbIIE HEOOXOANMMO BBOJIUTH B U3/EIINE
CTPOr0 OAMHAKOBOE KOJIMYECTBO TEIJIa HA €AWHMILY JJIMHBI 1IBA (ITOTOHHAS SHEPTHUs
CBapKU (B), ¢ TeéM 4TOOBI MO BCEH JJIMHE IBa ObLIa OJMHAKOBas TIyOMHA MpoBapa
MeTaia.

[[IBbI HaKIAIBIBAIOTCS AJCKTPOAOM Ouamempoml - 3 mm 0e3 MONEPEUHBIX
KoJiebaTeNnbHbIX ABMKEHUN. [IpogoabHbIe ABMKEHUS DJIEKTPOAA MO OCH IIBA JIOJKHBI
MIPOU3BOAUTHCS C OJJMHAKOBOW CKOPOCTHIO.

Jns coenMHEHWs] TOHKUX METAJUIOB 3aCly’)KMBAE€T IIUPOKOTO BHEJIPEHUS
MHKpPOIUIA3MEHHAsI CBapKa HMIIYJbCHOW JyroM B 3alllUTHOM HHEPTHOM Trase. Ero
CBapuBAIOT TUCTHI moauwiunon0,l - 2 mm. {1 MUKpOMIIa3MEHHOW CBApKH UHCTUTYT
uM. E. O. [1arona pa3paboTan crienragibHbIii HCTOYHUK CBAPOYHOTO TOKa Tua A-1347.
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ToOHKYIO CTallb MOXKHO CBAapHBATh TAKXKE YTOJBHBIM 3JIEKTPOAOM Ha MOCTOSTHHOM
TOKE C TPSMOH TOJIIPHOCTHIO 10 OTOOPTOBKE KPOMOK Ha PEKUME: ouamemp y20ibHO20
anekmpooa- 6 - 10 mm,cuna moxka - 120 - 160 A, ckopocms ceapku - 50 - 70 m/u.
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| IIpakTnuyeckas padora Ne2(

Tema: BiausiHue 0OCHOBHBIX MapaMCTpOB PCIKNMaA HAIIJTABKHU Ha Q)OpMHpOBaHI/Ie BaJINKa

Hean padorsl: [Iprobpectu npakTHUeCKUEe HABBIKU MPU U3YUYEHUU BIUSHUS OCHOBHBIX
napamMeTpoB peXMMa HAIUIaBKU Ha ()OPMHUPOBAHUE BaJIKa

Xoj BbINOJIHEHHUs PA0OThI:
9. O3HaKOMIIEHHE C TEOPETUIECCKIUMH CBECHUSIMU
10. OnwumumTe BIUSHUE OCHOBHBIX TAPaMETPOB PEXXMMA HATUIABKU Ha (POPMUPOBAHNE
BaJIMKa
11. OTBeTUTH Ha KOHTPOJIbHBIE BOIPOCHI.

Teoperuyeckue cBeleHUSA

Toxk HamIaBKH, CKOPOCTh HAIIABKYU U HAIIPSIKEHUE JYTH OKA3bIBAOT
CYILIECTBEHHOE BIIMSHUE HA KAU€CTBO HAIUIABKU U Tpoiiecc popMupoBaHus
HAIJIABJICHHOTO METalIa.

CBapouHbIi TOK M CKOPOCTh HAIUIaBKU — 93TO JIBa TEXHOJOTMYECKHMX IapaMerpa,
KOTOpBhIE€ B3aMMOCBsI3aHbl. ONTHUMaIbHOE WX COYETaHUE C MPABWIHHO BBLIOPAHHBIM
cocTaBoM (hiIroca MO3BOJISIET MOJYUYUTh KAaU€CTBEHHbBIC HATUIABKYU U TpeOyembie (hU3UKO-
MEXaHWYECKHE CBOMCTBA HAILIABJICHHOTO MeTaJjlia.

Cpapounbiii Tok. Eciu mox nannagku man, TO 00pa3yeTcss Y3KUM BaJUK C
HEPOBHBIMU KpasMH U HE IpoBapamu, Jyra TOPUT HEYCTOMUMBO M TacCHET, a JICHTA,
3aMBIKasICh Ha U3JICJIUU, HATPEBACTCS U PBETCS MPHU BBIXOJE U3 TOKOMOABOISAIIUX TYOOK.

Ecnu jce mok npeeviuiaem onmumaibHoe 3HA4UeHUe, TO C YBEIUUYCHUEM TOKa
yxyzamaercs: opMUpPOBAHUE BaJTUKA.

Ilpu 6o1vuiom moke u 600abULON CKOPOCMU HAIIABKUA TPOUCXOIUT 3a0eraHue
11aKa BIEpeau JIEKTPOTHOM JICHTHI.

C ygenuuenuem ceapoynozo moKa YBEIWYUBAECTCS TOJIIMHA HAIUIABICHHOTO
BaJIMKa, a TAKXKE PacTET TIIyOMHA MPOIUIABICHUS M TPOU3BOAUTEIHLHOCTh HarutaBku. C
YBEJIUYEHUEM CBApOYHOTO TOKA MPOUCXOJUT BBIMYYMBAHUE BaJIMKa B CPEIHEH ero
YacTH, YTO OOYCJIOBJICHO I WUMYIIECTBEHHBIM TOPEHHUEM JIyTM B CEpEeANHE IIHUPUHBI
AJIEKTPOIHOM JICHTBI, B TO BpeMs KaK MPU OOBIYHBIX PEKUMaX, P MUHUMAJIBHOM TOKE,
BaJIMK CTAHOBUTCSI JIBYrOpObIA B; CBSA3U C OOJBIIONH 3aJ€p)KKOM Jyrd Ha KOHIAX
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anekTpona. KpurepueM COOTBETCTBUSI CBapOYHOTO TOKA BBIOPAHHOM 3JIEKTPOIY
ABJISIETCA JIMHEMHAs IUIOTHOCTh TOKA, BbIpa)kaéMasli OTHOILLIEHHEM CBapOYHOIO TOKa K
IIUPUHE JIEHTbL. OnmumanbHas JuHeinas naiomHoCHms MOKa HAXOAUTCS B Mpeaenax
8—14 A/mm. BpicokOoe KadyecTBO HAIUIABJICHHOIO METajula BO3MOXKHO U Ha JIPYrUX
TOKaX, HECKOJIbKO OOJBIIMX JMO0 MEHBIIMX ONTHUMalbHBIX. B pabore st jneHT u3
YTJIEPOAUCTHIX CTAJIEH ONPEAEIEHBI KpUTUUECKUE 3HAYCHUS TOKA, HUYKE KOTOPBIX BAJIMK
[0 [IAPUHE pPE3KO yMmeHbmaercs. KpoMkM Banuka CTAHOBATCS HEPOBHBIMH, a
IJIOTHOCTH HAIUIABJIEHHOTO METAJUIA YXYIIIAETCS.

Mexay  KpUTHYECKMM TOKOM WM IIMPUHOM  JJIEKTPOJA  CYLIECTBYET
IIPONOPLIMOHANIBHAS 3aBUCHUMOCTb. Ha IpakTMKe CBapOYHBIA TOK HW3MEHSETCS B
npenenax 300— 2000 A.

Jnsa nent wupunon 20—40 MMckopocms Haniagéku M3MEHSETCS B Mpeaenax
0,15—0,55 cm/c w 3aBUCHT OT CBapOYHOIO TOKa, pa3MEpOB JICHTHI, MapKu
ANIEKTPOJHOTO Marepuana, coctaBa (uroca, Gopmbl uznenus u T. A. OnTumanbHas
CKOPOCTh HAIJIaBKU IO3BOJISIET JOCTUYb HEOOXOAMMON TIyOMHBI IPOIUIaBICHUS
OCHOBHOI'O METAJIJIa ¥ IIPOU3BOIUTEIBHOCTH IIPOLECCA HATUIABKH.

Ilpu manvix ckopocmax nannaeku GHOPMUPYETCS POBHBIA BalIMK CO CJab0
3aMETHBIMHM CJIOSIMA  KpUCTAIM3anuy. CHMIIKOM Majas CKOpOCTb NPHBOJIUT K
YMEHBILIEHUIO TTyOUHBI MTPOIJIABICHUS U YBETUUYEHUIO TOJIIIUHBI HAIJIaBIEHHOTO CII0S,
€ro MOBEPXHOCTh MoJiy4aeTcs rpyooil u HepoBHOU. C HallbHEHIIMM YMEHBIIIEHUEM
CKOPOCTH TMOSIBIISIETCS ONAacHOCTh OOpa30BaHUSl HEOIUIABIEHUS U IMPOPBIBA >KHIKOTO
IUIaKa M METajula CBApPOYHOW BaHHBI, B PE3YyJbTATE€ YETO B HAIUIABJIEHHOM METAJIe
00pa3yroTCs MOPHI.

Ha cpe()Hux CKopocmAx HaniaeKu BaJIMKHW UMCIOT MCHCEC POBHYIO ITOBCPXHOCTD
N PC3KO BBIPAKCHHYIO LIeIHyI\('I‘-IaTOCTI:., IMHpPpHHA BaJIMKa CTAHOBUTCA MCHBIIC IMHMPHUHBI
JICIITHI.

Ilpu nannaeke na 6GonbuIUX CKOPOCMAX B HAIUIABIIEHHOM METaJlIe 00pa3yroTCs
HECIUIOIIHOCTH, YBEIUYUBAECTCS HEPABHOMEPHOCTh BaJMKa MO BBICOTE, Ayra rOpPUT HE
YCTOWYMBO, B HAIJIABICHHOM MeETajule O0Opa3yloTCsl IIJIAKOBbIE BKIIOUCHUS,
NOSIBJIAIOTCA ~ OTAEJIbHBIE IMPOBAJIBI  MOBEPXHOCTH  HAIUIABIEHHOTO  MeETajjlaMu
HECIUJIaBJICHUS.

3a KpPUTHYECKYH) CKOPOCTb NPUHUMAETCA HOBbIUIEHHAS CKOPOCMb HANIABKU,
npu KOMOPOU BANUK ewe COXpaHsem CHIOWHOCMb, HO €20 8blCOMA CMAHOBUMCS
HepaBHOMEPHOU.

Ha ocHOBaHMM SKCIEPUMEHTANIBHBIX JAHHBIX YCTAHOBJICHBI KPUTHYECKHE
3HAQYEHUsI CKOPOCTEW HAIUIaBKH, KOTOpbIE B TMEPBOM MPUONMKEHUH OOpaTHO
MPONOPLMOHANIbHBI IIHPHUHE JEHThl. C yBEIWYEHHWEM UIUPHUHBI JEHTHl KPUTHYECKas
CKOPOCThb  HAIJIaBKM  yMEHbIIaeTcsl. TOJIIMHA  HAIUIAaBJIEHHOTO  CIOS  TaKkKe
YMEHBIIIAETCS MTPU MOBBIIIEHUN CKOPOCTU HaIUIaBKU. [

Hanpsiskenue Jyrm  OKa3blBaeT CYIIECTBEHHOE BIMSIHUE HA  KayeCTBO
HAaIUIaBJICHHBIX BAaJUKOB W, NPEXJE BCEro, Ha BHJ IOBEPXHOCTH HAIUIABJIECHHOTO
MeTajula, MaJio BIMSIET HA MPOU3BOIUTEIHHOCTh PACIUIABICHUS JICKTPOJIa U TIyOHHY
MPOIUIABJIEHUS OCHOBHOTO MeTauia. OnNTUMalbHOE HANpsHKEHUE JIyT'M 3aBUCUT OT
MaTepuaia 3JeKTpojla U Tuma (iaroca U Onpeaensercs s KOPPO3MOHHOCTOMKUX
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CIIaBOB B mpenenax 26—32 B, uzHococToiikux 32—35 B, 11 BOCCTAHOBUTEIBHbBIX
HaIu1aBOK JieHTo# u3 cranu 08kxm 28—31 B.

B ciydae mpuMeHeHHs JETHPYOMMX (DIFOCOB CIUIIIKOM BBICOKOE HAIPSKEHHE
JyTU TPUBOAUT K 0Opa3oBaHUIO Mojpe3oB. i Kaxaoro ¢uiroca CymiecTBYIOT BeCchMa
y3KHE TpeiesIbl U3MEHEHUS HANPSHKEHUSI TyTH, MO3BOJISIIONINE MOJYYUTh ONTUMAIbHbIC
pe3yJIbTaThl, Ha KPUTHUUYECKOW CKOPOCTHU CJIMIIKOM HHU3KOE HAIPSIKCHUE 3aTPYAHSCT
3aKUTraHue JyTrW, Jyra CTAaHOBUTCA HEYCTOMYMBOM, IIMpPUHA BaJdMKa PE3KO
YMEHBIIIAETCS.

[Ipu OGombmiux KoJeOAHWSIX HAMPSDKCHHWS] AYTH BAJIWK IO IIUPHHE CY>KaeTCs,
TOJIIIMHA BaJIMKa CTAHOBHUTCS HEIOCTOSHHOM MO JIJIMHE,
a TIOBEpXHOCTh Oyrpuctoii. [loBhIIeHHOE HATPSIKEHUE
B COYETAHMU C BBICOKOM CKOPOCTHIO HAIIABKU
MPUBOJIUT K 0Opa3oBaHUIO T'pyOOHl W HEpaBHOMEPHOM
MOBEPXHOCTH HAIUIaBKW, a JaJbHEWIIEE ITOBBIIICHUE
HanpsDKEHUST — K BBITEKAHUIO CBApPOYHON BaHHBI U3
nutakoBo  00os0ouku. C  yBEIMYCHHEM HaIPSKEHUS
BO3pacTaeT pacxoj ¢uroca, YBEIMYMBAETCS OOBEM
IIJJAKOBOM BaHHBI, YTO 3aTPYIHSIET €€ yACpKaHUe IpHU
HaIlJIaBKe ITUJIMHIPUYCCKUX JeTanei, 0COOCHHO MaJIbIX
JINaMETPOB.

HamraBka myroii HU3KOro HampspKEHUs CBsI3aHa C
3aTEKaHUEM O KMAKOIO IIJaKa Iepel  JIEKTPOIOM,
YBEIMYMBACT TNyOMHY NPOIUIABICHUS, YMEHBIIAET
IEPEXO]l JIETUPYIOIIMX DJJIEMEHTOB U3 (uroca B

HaIlIaBJICHHBINA METaJLIl.

Puc. 1.Ceapounsiit agmomam 011 1eHmMOUHOU HANIABKU

CBapo4Has roJIOBKAa MOKeT IPUMEHATHCH B HAIUIABOYHBIX YCTAHOBKAX ISl
HAIUIABKH TeJI BPallleHUs, IVIOCKMX JAeTaJIel, a TaKKe JeTajleil CJI0KHbIX (popm:

® U1 BOCCTAHOBIICHMS JKEJIE3HOJOPOXKHBIX KOJIEC METOAOM HalIaBKU
KOJIECHBIX Map

® IS HAIUIABKU KPAHOBBIX KOJIEC

® IS HAIUIAaBKU BAJIOB U BAJIKOB

® IS BOCCTAaHOBJICHMS IIPOKATHOTO, JIOMEHHOIO M CTaJECIJIaBUIBLHOIO
obopynoBaHusl (HamjlaBKka KOHYCOB, Yalll JOMEHHBIX Me4eil, MOpIIHEeH,
ceJies, pPOJIUKOB)

KoHTpoJibHBIE BONIPOCHI:

10.Kok BimsieT cBapOYHBIN TOK Ha (HOPMUPOBAHKE BAIMKA TIPU HAILJIaBKE?
11.Kok BimsieT HanpspKeHre Ayry Ha GOpMHUpPOBAHKE BallMKa MPU HATIaBKe?
12.Kok BIMsIET CKOPOCTh CBAPKU Ha ((OPMHUPOBAHKE BAJIMKA MPU HaAIJIaBKe?
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13.I[JI$I 4Cro nMpuMeHACTCA CBApO4YHas I'0JIOBKA B HAILJIABOYHBIX YCTaHOBKaX?

IIpakTuuyeckas padora Ne21

Tema: HamnaBka COC,Z[I/IHGHI/IfI B PA3JIMYHBIX ITOJIOKCHHUAX IIBA

Hear padorwl: [IpuoOpecTn mnpakTUYECKUE HABBIKA TMPU HAIJIaBKE COCIUHECHUI B
Pa3IMYHBIX OJOKEHUAX I1BA

Xo/ BbINIOJTHEHUSI pa0oThI:

/. (O3HaKOMJIEHUE C TEOPETUUECKUMH CBEICHHUSIMU

8. Haueptuts «llonoxeHue »siekTpoAa TMpH HaMJaBKEe Y3KUX BaJIMKOB 0e€3
MOTIEPEYHBIX KOJIeOaHU AIIEKTPOAa B BEPTUKAILHOM TOJI0KEHUU CHU3Y-BBEPX»

9. Haueptuts «llonmoxkeHue »siekTpoa NpHU HalIaBKe Y3KHMX BaJIUKOB 0e3
HOTIEPEYHBIX

10. xonebaHMit 31EKTPOAA B BEPTUKATIHHOM MOJIOKEHUU CBEPXY BHU3Y.

11. Haueptutp «IlonoxeHue 31eKTpoAa NpU HAIUIABKE BAJMKOB B BEPTHUKAIBHOM
MOJIO’KEHUU CHU3Y-BBEPX C MONEPEUHBIMU KOJIEOAHUSAMU IIEKTPOIa»

12. Haueptuts «IlonoxeHue 3IEKTpoAa MpPHU HAIUIABKE BAJIMKOB B BEPTHUKAIBHOM
MOJIO’KEHUHU CBEPXY BHH3 C MONEPEYHBIMU KOJIEOAHUSIMU DIIEKTPOIa»

13. Haueptutps «llomokeHue »siexTpoda TMpU HaIJIaBKEe Y3KHX BaJUKOB B
MOTOJIOYHOM TOJIOKEHU

14. Haueptutp «llomoxkeHue >1eKTpoja MpPU HAIIABKE BAJIMKOB C TOMEPEUHBIMH
KOJI€0aHUSIMH DIIEKTPO/IAa B TIOTOJIOYHOM TTOJIOKEHUI

Teopernyeckue cBeeHUA
HamnyiaBka B BepTUKAJIbHOM TO0JIOKEHUH

Ha BepTHKanbHON MOBEPXHOCTUY3KUE TOPU3OHTAIBHBIE BAJIMKUA HAILIABIISIIOTCS,
KaK MpaBUJI0, HA OOPAaTHOM MOJSPHOCTH, MPU ITOM CBAPOUYHBIA TOK HE JOKEH OBITH
CJIUIIIKOM OOJIBIIIHM.

Caapka 0KHA MPOU3BOUTHCS HAa KOPOTKOM yre. [Ipu cBapke cienyeT yaensiTh
BHUMAHUE TOMY, 4YTOOBI METa/Ul CBApPOYHOM BaHHBI HE BBITEKAJ] BHU3 WM HE
00pa30BbIBAJl, HAIUIBIB HA HWKHEW Kpomke. [[ns »TOro HeoOXOoJuMO COBepIIaTh
BO3BPATHO-TIOCTYMATENIbHBIC JIBUKEHUS DJEKTPOJOM B HAMPABJICHUU OCH CBApPHOTO
mBa. Ka)xaplil HOBBIM BaJMK JOJDKEH MEPEKPBHIBATh PAHEE HAIUIABICHHBIM COCEIHUM C
HHUM BaJIUK He MeHee 4yeM Ha 45-55%0. Jlna mpenoTBpalmieHus oOpa3oBaHUs MOJIPE30B
HEO0OXOAMMO TMPOU3BOAUTH KOJIEOAHUS SJEKTPOJa B MpEeiax BBIMYKIOCTH CBAPHOTO
BaiKka. B OONBIIMHCTBE CiTydacB BHITIOJIHEHHE CBApPKU B BEPTUKAIBHOM MOJIOKEHUHU
MIPOU3BOAUTCSI CHU3Y-BBEPX, OCOOCHHO Il OTBETCTBEHHBIX CTHIKOB. JlaHHAsi TEXHHKA
CBapKH IIHPOKO HWCIOJB3YETCS TPU CTPOUTEITHCTBE TPYOOIPOBOJOB BBICOKOTO
JaBJICHUS, B KOPAOJIECTPOCHHH, TPU COOPY>KEHUH COCY/IOB BBICOKOTO JIABJICHUS U TPU
CTPOUTETBHBIX paboTax.

HanuiaBka y3KkuX BaJMKOB HA MOBEPXHOCTh, HAXOASIIYIOCSI B BEPTUKAJIBLHOM
M0JIOJKEHUU, TMPHU CBAapPKe CHHU3Y BBEPX IPOU3BOJUTCS Ha OOPATHOM MOJISIPHOCTH
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CBapOYHOTO TOKa, MPH 3TOM CBAPOYHBIA TOK HE JOHKCH MMETh CIIMIIKOM BBICOKOE
3HaueHue. [lojoxkeHne 37eKTpoaa AOKHO COOTBETCTBOBATh M300paKEHHOMY Ha PHC.
5. Heo0Xx0MMO HCIIOI530BaTh BO3BPATHO-TIOCTYIIATEIbHBIC TIEPEMEIICHHS JJICKTPO/IA.
HamnaBka BajdMKOB JOJKHA MPOU3BOJIUTHCS INMPU KOPOTKOW Ayre, B BEPXHEH YacTH
TPACKTOPHH KOJICOAHUH 3JICKTPOJAA, AYTY CICAYeT pacTIruBaTh, HO HEJB3S JIOMYCKAaTh
ee oOpbIBa B TaHHOM 00J1aCTH.

Wagenuwe HannaenewHemd Banwk
\ " Puc. 1.IHonoscenue 3nekmpooa

HanpaeneHue | S |
CBApKK npu Han/iaeke )Y3Kux 6diuKoe oe3
SnexTpoq 90° nonepeurnbslx Koneoanuu
/ ¥Yrnoesle 3J1el<mp00a 6 eepmMuKaibHom

Wanenne KonebaHuR

noJloJiceHuu CHUu3y-66epx

[TooOHBI TN EpEMEUIEHUM 3JEKTPOAa MO3BOJIAET HAIUIABIEHHOMY METAJLTy
KPUCTAJUIM30BaThCsl, 00pa3ysl CTYNEHbKY, Ha KOTOPYIO HAIUIABIISETCS ClEAyoIas
IOPLUSA IEKTPOJIHOr0 MeTajuia. HeKoTopble CBapIIMKK NPEAIIOYUTAIOT OAACPKUBATD
IIOCTOSIHHYIO CBAapOYHYK0 BaHHY, KOTOPYIO OHHU MEIJICHHO BBIBOAST CHHU3Y-BBEpPX,
OPUMEHSAS NpU 3TOM HEOOJbIINE KOeOaTeNbHbIE ABMXKEHUS 3JEKTPOAOM. JlaHHBIN
Croco0 BeJEHMs Ipolecca CBapKM NIPUBOAUT K HAIUIABKE BaJMKa C OOJIBIION
BBIITYKJIOCTBIO, @ TAK/KE K TIOSIBJICHUIO BEPOSITHOCTH TPEIINH METajla CBAPHOTO IBA.

MeTonuka BBIIIOJHEHHUS] CBAPKH C MPOJOJIbHBIMH KOJEOAHMSIMHU 3JIEKTPOJa
MO3BOJISIET TOJYYUTh O0JIe€ IJIOCKUH C HEBBICOKOW BBIMYKIOCTHIO CBApHOM IIOB, a
TaKX€ YMEHBIIAET OMTACHOCTh BOZHUKHOBEHHS IIUIAKOBBIX BKIIFOUEHUN.

CBapka B BepPTHKAJbLHOM IOJOKEHHMHU CBEPXYy BHHM3 JIOCTATOYHO PEIKO
BCTpPEYAETCs] B MPOMBIIUICHHOCTH, OCOOEHHO TIpH OOBIUHBIX paboTax. OO0nacTh
OPUMEHEHUs  JIaHHOTO  crmoco0a  BENEHHUS  CBApOYHOTO  Mpolecca  OOBIYHO
OTPaHUYMBAETCS CBAPOYHBIMU pabOTaMH TP  CTPOUTEIBCTBE MArUCTPATBHBIX
TpyOOTIPOBOZIOB U MPHU CBapKE TOHKOJIKMCTOBOIO Mpokara. [Ipu HamjgaBke Ha IMIIOCKYIO
MOBEPXHOCTh JAHHBIM CHOCOO BENEHUS CBapKW MPUBOAUT K TMOJYYCHUIO HE OYCHD
rJIyOOKOTO TPOIUIABIIEHHUS, CYIIECTBYET TAaKXK€ OIACHOCTh TMOSBIICHUS IIUIAKOBBIX
BKJTFOUEHUM.

HamnaBka y3kMX BaJMKOB B BEPTUKAIBHOM TIOJOKCHHH CBEpPXY BHH3
MIPOM3BOAMTCS HA OOpAaTHOW TOJSAPHOCTH, TPU 3TOM CIIeAyeT oOpaTUTh o0coboe
BHMMaHNE Ha YCTAaHOBKY CBapOYHOro ToKa. I[lomoxkeHue J3JIeKTpoaa JOKHO
COOTBETCTBOBATh H300paXKEHHOMY Ha puc. 2.

CeapHo# Wianenue CeapHoW BaNuK
\ J
Hanpapnenwe f§ &
ceapm Y| BT
ao* ®
JnexkTpog %0
Wagenwe JnexTpof

Puc. 2.I1onoscenue 3nekmpooa npu Haniaeke y3KUX 6a1UK0G 0€3 NONEPEUHbIX
KoJ1e0aHnuil I1eKmpooa 8 6PMUKATIbHOM NOJOHCEHUU CBEPXY BHU3.
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B npouecce cBapku HEOOXOAMMO MOAAEPKUBATH OUEHb KOPOTKYIO YTy, C TEM,
YTOOBI IIJIAK HE 3aTEKajl B FOJIOBHYIO YacTh CBAPOYHOM BaHHBIL. [Tonepeunsie konebanus
ANEKTPOJA, Kak IPAaBWIO, HE IPUMEHSAIOTCS, IIOATOMY CKOpPOCTb II€pEMELICHUS
JOCTaTOYHO BEJIMKA. DOTUM U OOBACHAETCA Majas IIMpPUHA HAIUJIABJICHHBIX TaKUM
00pa3oM BaJIMKOB, a TAK)KE UX MaJjas BBITYKIOCTh. [loape3sl mouTH He BCTpEUaroTCs.

Capka ¢ MmonepeyHbIMU KOJICOaHUSIMU 3JIEKTPOJIa B BEPTUKAIBLHOM IOJIOKEHUU
OYEHb YacTO MPHUMEHSETCS MPU COOPYKEHUU TPYOONPOBOJOB BHICOKOTO JIaBIICHHUS,
COCYZIOB BBICOKOI'O JaBJIEHHUs, NPU CBAPKE CYIAOBBIX KOHCTPYKLMH, a TaKXe IpHU
W3TOTOBJICHHM METAJUIOKOHCTPYKUMU. JlaHHas TeXHMKA CBapkKu OYEHb 4YacTo
IIPUMEHSIETCA I CBAPKUA MHOTOIIPOXOHBIX IIBOB B PA3/ICIIKy, a4 TAK/KE YIVIOBBIX IIIBOB,
HaXOASAIIMXCS BEPTUKAIBHOM IOJIOKEHUH.

HansiaBky BajJMKOB ¢ TONEepeYHbIMH KOJIEOAHUSIMH JJIEKTpPojJa B
BEPTUKAJIbHOM MOJIOKEHHH, KAK NMPaBUJI0, BHINOJIHSAIOT CHU3Y BBepX Ha 00paTHOM
MOJISIPHOCTH CBAPOYHOro Toka. CBapka Ha MPAMON MOJSIPHOCTU B JIAHHOM MOJIOKEHUU
UCIIONb3YyEeTCs KpaitHe penko. Emie peke mpou3BOAUTCA CBapKa B MOJOXEHUU CBEPXY
BHHU3.

[Ipy HamiaBKke BaJUKOB C TIOMEPEYHBIMU KOJIEOAHUAMH DJEKTpOJa B
BEPTUKAJILHOM IOJIOKEHUHM CBAPOUYHBIA TOK HE JOJDKEH OBITh CJIMIIKOM BEJUK, OJHAKO
OH JIOJDKEH OBITh JJOCTATOYHBIM JIJIsi XOPOIIETo mporuiaBieHus. [lonoxxenue anektpoaa
JOJIKHO XOTs Obl IPUOJIU3ZUTEIBHO COOTBETCTBOBATH U300paXKEHHOMY Ha puc. 3.

B HWxHEN 4acTH COCAMHEHMS HAIUIABIIACTCS IMOJIKA IIMPUHONW He OoJsiee 12 MM,
IIPU 3TOM CMENIEHUE BJIEKTPOJia OT OCH CBAapHOTrO IIBA HE JOJDKHO MPEBBINIATH 3 MM.
[lepemernienue 3Je€KTpoJia AOJKHO MPOU3BOAUTHCS MO TpaekTopuu (puc. 36). s
NPENOTBPAIICHHUS TOSBJICHUS TOJAPE30B HEOOXOAUMO JelaTh KpaTKOBPEMEHHBIE
OCTAHOBKH JJIEKTPOJa BO BPEMsI BBIXO/1a €r0 Ha OOKOBBIE KPOMKHU CBAPHOTO IIIBA.

Haganue
HannasneHHuIA Banus < >
' ey ' NS
NenepevHtie *-,- § ]
e KoneSanua g =
Nonepeytte :ﬁ. E
Hanpaenexupd KBneaHNA Hannasnenme# 2
BaNKK BanuK
a) )

Puc. 3. Ilonoscenue snekmpooa npu Haniagéke 6a1UK0OE 6 6ePMUKAIbHOM NOSIOHCEHUU
CHU3Y 66epPX C NONEPEYHBIMU KOEOAHUAMU INleKmpoda () u mpaeKmopusn O06uiiceHus
anekmpooa (0).

CBapKky MOHO TakKe€ IPOU3BOJAUT MYTEM MOJAEPKAHUSA TMOCTOSIHHOTO
NepeMEIEeHUs] CBAPOYHOM BaHHBI, IIPH 3TOM HYXHO OBITh OYEHb OCTOPOKHBIM, YTOOBI
HE JOIYCTUTHh BBITEKAaHHs pPACIUIaBICHHOIO METAJUIa CBapO4YHOW BaHHBL. llpu
COOJIIOICHUU 3TOTO YCJIOBHUS MEPEMEILIEHUE 3JIEKTPOIa BBEPX MOXKET IMPOU3BOIUTHCS IO
J000W W3 CTOPOH CBApHOTO COEAMHEHMS, MPH 3TOM HEOOXOAUMO MPOU3BOAMUTH
<pacTsDKEHHE™> CBApOYHOM JOyru, HO HE JOMyckaTtb ee oOpwiBa. Henb3st nepkartb
CBApOYHYIO AYTY CIHUILKOM JOJIrO BHE Kparepa - 3TO MOXET IPUBECTH K OXJIAXKICHUIO
KpaTepa U BbI30BET U30BITOUHOE Pa30pbI3rMBAHKNE METAIlJIa MEePe] IIIBOM.

[Ipu HamaBKke BaJIMKOB HA MPSMOM MOJIIPHOCTH, CBAPOUYHBIN TOK JOJKEH ObITh
HECKOJIbKO BBIIIE, YEM IPHU cBapke Ha oOpaTHOU moisipHocTH. [locKOIbKy IpH cBapke
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Ha TPSMOHN TOJSPHOCTH BBIIIE MPOW3BOAMTEIHLHOCTh HAIUIABKH, a TakkKe OOJbIIe
KOJIMYECTBO IIIJIaKa, CKOPOCTh MEePEMEIEHUs IEKTPOaa TOJDKHA OBbITh BhImIe. [loapess
HE COCTaBIIIIOT CKOJIb-HUOYIh 3HAUMUTENBHONH MPOOJIEMBI, IO3TOMY OTIAaJacT
HEOOXOJMMOCTh 3aJICPXKKHA DJIEKTpOJa Ha OOKOBBIX IOBEPXHOCTSX CBapHUBaeMbIX
KPOMOK.

HanjiaBka BaJMKOB B BePTHKAJBLHOM TOJIOKEHHM C TONEpPeYHbIMHA
KO0JIe0AHUSAMM JIeKTPO/Ia B BEPTUKAJIBLHOM I0JIOKEHUH CBEPXY BHM3 IMPON3BOIUTCS
Ha OOpaTHOW MOJIAPHOCTH, MPH ITOM CJEIyeT OO0paTuTh 0co00€ BHUMAaHHE Ha
YCTaHOBKY CBapouyHOro ToKa. [lonoxeHue »s1eKkTpoga JOKHO COOTBETCTBOBATH
n300pakeHHOMY Ha puc. 4. B mpoliecce cBapkd HEOOXOAMMO MOACPKUBATH OUYCHb
KOPOTKYIO JIyTY, C TeéM, YTOOBI IJTAK HE 3aT€Kal B TOJOBHYIO YaCTh CBAPOYHON BaHHBHI.
JIyist ipeoTBpaIeHusT MOSBJICHHS MOAPE30B HEOOXOAMMO JeNaTh KPaTKOBPEMEHHBIE
OCTaHOBKH AJICKTPOJIa BO BpeMs BBIXO/a €ro Ha OOKOBBIC KPOMKH CBApPHOTO IIIBA.

Hannamunu?. BANWK Rannaanamiem

g I -.'_"‘_—,El- | BANHK %
g g E :' E‘ E E
e 2 Nonepesoe | .1 90 Monepeunbe 23
f E_u rOneBans KONeSaHUA E [
T T
2
InNekTpon

Puc. 4.ITonosucenue 31ekmpooa npu Hanj1aéKe 6aAAUKO8 8 6EPMUKAIbHOM HO0NHCEHUU
C8EPXy 6HU3 C NONEPEUHbIMU KOleOaHUuAMU ITIeKmpooa (2) U mPaeKmopus 08UNCeHU
anekmpooa (o)

HamiaBka B NOTOJI0YHOM I0JI0KEHUH

Hecmotpsa Ha TO, 4TO B HACTOsIIEE BpEeMsI B MPOMBIIJIEHHOCTH B3AT KypC Ha
ITIOJTHOE MCKJIIOUEHHE CBAPKH B MOTOJOYHOM IIOJIOKEHUHU 334 CYET COOTBETCTBYIOLIETO
MTO3UIIMOHUPOBAHUSA, HA CETOMHALIHUN JEHb KaXIblii CBAPIIMK JOJDKEH YMETh BECTHU
CBapOo4Hble pabOThl B 3TOM MPOCTPAHCTBEHHOM MoOJjokeHUuH. CBapka B MOTOJIOYHOM
MOJIOKEHUHU PaclpOCTpaHEHa MPHU CTPOUTENLCTBE TPYyOONPOBOJIOB, B CYJOCTPOCHUU U
IPU CTPOUTEIBHO-MOHTAXHBIX padboTax.

Hanenune HannaenexHbi Banuk Hanenuwe
Y

L = ] 4

HannasnexH ui‘q/u HanpaaneHue

Banwnk 80° ceapku

- Puc. 5. Ilonoscenue 3nekmpooa npu
popoOnbHbIE
oneSanR  yanlaeKe Y3KUX 6AJIUKO8 6 NOMON0YHOM
3nexTpon

no0JceHuu

3nextpoa

HarutaBka y3kMX BaJMKOB B MOTOJIOYHOM MOJIOKEHUN MOKET IPOU3BOJUTHCS KAK
Ha OOpaTHOM, TaKk W Ha MNPSAMON MNOJSPHOCTU. BennunHa CBapOYHOTO TOKA NpPH
oOpaTHOM MOJIAPHOCTH TakKas e, Kak MpU CBapKe B BEPTUKAJIbHOM MojoxkeHuu. [lpu
CBApDKE HA MNPSIMOM IMOJAPHOCTH JTa BEJIMYMHA HECKOJIBKO BbIe. llonoxxenne
AJIEKTPOJA JIOJDKHO COOTBETCTBOBATH M300pakK€HHOMY Ha puc. 5. CBaplIUK J0JKEH
HaXOAUTHhCSI B TaKOM TIOJIOKEHUHM, UYTOObI HMMETh BO3MOXKHOCTH HAOMIOAATh 3a
HaIJIaBKOW MeTaJla M 3a CBapouHOU qyroil. OCOOEHHO ATO Ba)XKHO TMPH CBapKe TPYyoO,
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OJIHAKO 4YacTO OBbIBAa€T TaK, YTO HAIpaBJICHUE CBAPKHU JOJHKHO OBITh HAIpaBJICHO Ha
CBapIIUKAa.

Bo Bpems mpomecca cBapkd Ha OOpaTHOW MOJSPHOCTH  HEOOXOAMMO
MOJIJIEP>KUBATh KOPOTKYIO AYTy, CBapOYHAsi BaHHA HE JOJKHA OBITH CIMIIKOM CHUIIBHO
neperpeta. [Ipu cBapke Ha MpsSIMOIl MOJSPHOCTU JUIMHA TYTU JTOJKHA OBITH HECKOJBKO
mHHee.  HeOonpime — kojneOaHuWsl  AJIEKTpPOJa  BOEpEeN-HA3al  OTHOCUTEIIBHO
HaIlpaBJIECHUS CBapKH CIY’KaT JUIsl MPEABAPUTENIBHOIO MIOIOIPEBA CBAPHOrO IIBA, KPOME
TOTO, OHU CIIOCOOCTBYIOT MPEIOTBPAIICHUIO MOATEKAHMS PACIUIaBICHHOTO IUIaKa B
TOJIOBHYIO 4YaCTh CBApPOYHOM BaHHBI. HEKOTOpBIE CBapIIMKKA IPU CBapKe Ha MPSAMOU
MOJISIPHOCTH  MPEANOYUTAOT TMEPEMEIATh JJIEKTPOJ BO BpEMs CBapKd OYEHb
MaJIEHbKMMH Y4YacCTKaMH, IPU 3TOM HEOOXOJMMO oOpaliarh BHUMaHUE Ha OMACHOCTh
MOJIyYEHHsI CBAPHOTO LIBA C OOJIBINON BBIMYKIOCTHIO, & TAKXKE HA 00pa30BaHUE TOJICTON
KOpkH nuiaka. [Ipu cBapke Ha MpsMONl MOJSPHOCTH OMACHOCTH IOSIBICHUS MOAPE30B
PAaKTHYECKU UCKITIOYEHA.

Bo MHOrux ciydasx Opd BBIIOJHEHUU CBApHBIX COEAUWHEHH B IMOTOJIOYHOM
IOJIO’)KEHUH, BO3HUKAeT HEOOXOAMMOCTh B HAIUIABKE BAJIMKOB C IONEPEYHBIMU
KOJIEOAHUSIMU BJIEKTPOJa. DTO 3HAYUTENBHO CIOXKHEE, YEM HAIlJIaBKA Y3KUX BaJIHMKOB.

HamnnaBka BajdMKOB C MONEPEUYHBIMU KOJICOAHHSIMHU AJIEKTPOJA B IMOTOJOYHOM
MIOJIO’KEHUH, ITPOU3BOJUTCS HA 0OpaTHON MOJSPHOCTH. BenmuunHa cBapoyHOro TOoKa He
JOJKHA OBITh CIUIIKOM O0JbIIoN. [lonoxeHue anekTpoja AOJKHO COOTBETCTBOBATH
M300pa)KEHHOMY Ha puc. 6a. boiblioe 3HaUeHHE UMEET NOAJIEp)KaHNe KOPOTKOM TyTH,
a Takke CTaOWJIBHOCTH JYrOBOTO IMPOMEXKYTKAa MO BCEH MIMPHHE HAIUIaBJISIEMOIrO
BaJIMKA.

HarutaBky MOKHO TNpPOM3BOAMT IIyTEM IEPEMEIICHUS BCEW CBApOYHOM BAHHBI,
OJIHAKO TMPH STOM HEOOXOAUMO OBITh OUYE€Hb OCTOPOXKHBIM, YTOOBI HE JIOMYCTUTH
NPUOOPETEHHST PACIUIABICHHBIM METAJNIOM CBAapOYHON BaHHBI CIIMIIKOM BBICOKOM
TEKY4YECTH, YTO, B KOHEUHOM CYETE, NPUBEJET K BBITEKAHUIO CBAPOYHOU BaHHBI. Eciun
JaHHOE TPENsATCTBUE OYyJIeT YCTPAaHEHO, TO 3JIEKTPOJ MOXKHO IepeMellaTh BIEpe.
BJI0JIb JIFO0O0I M3 CBApUBAEMBIX KPOMOK (puc. 66). IIpu 3TOM momyckaeTcst yITHHEHNE
nyru, 6e3 ee oOphIBa.

Henb3s nomyckatb, 4TOOBI CBapo4Has ayra HaxoJAujach B Kparepe OoJblie
BPEMEHM, Ye€M HEO0OXOAMMO JUIsl €ro MOJIHOM 3aBapKu. DJEKTPOJA JOJKEH OBICTPO
nepeMenaThCs MonepeK JIMLIEBOW CTOPOHBI CBAPHOIO IIBA, C TEM, YTOOBI HE JOIYCTUTh
M30BITOYHOTO NIEPErpeBa MeTaslla, HAIJIABJIEHHOTO B CPE/IHEN YaCTH CBAPHOIO IIBA.

[Ipy cBapke B TMOTOJOYHOM TIOJIO)KEHMM MOTYT BO3HUKHYTh MPOOJIEMBI,
CBA3aHHble ¢ monape3amu. OHU pEIIAOTCS C TMOMOILIBIO 33JEPKEK dBJIEKTPOoJa Ha
OOKOBBIX KPOMKAax CO€IUWHEHHA. PeKoMeHIyeTCsi He MpPEBBIIATh HIMPHUHBI CBAPHOTO
mBa ceviute 20 mm.

Hanpaanewne Ceapew Mafenne
———— \

HannaeneHHLA

Halnannsnuunﬁ BANWK l"lla.:l.enna
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Puc. 6.Jlonosxcenue 3Inekmpooa npu Haniagke BaIUKO8 C HONEPEUHBIMU
Konebanuamu INeKmpooa 6 HNOMONOUHOM RNOA0MHCeHUU () u mpaeKkmopus
nepemewenus nekmpooa (0

IIpakTnuyeckas padora Ne22

Tema: TexHuka 6€30MaCHOCTU MPHU BBIMOTHEHUH JIEKTPOYTOBOU PE3KU

Heabr paGorel: IlpuoOpectn mnpakTUYECKWE HABBIKM MPH HW3YUYEHUU TEXHHUKHU
0€30MMacCHOCTH TMIPH BBITIOJIHEHUH 3JIEKTPOIYTOBON PE3KU

Xo BbITIOJTHEHUSI PA0OThI:
O3HaKOMJICHHE C TEOPETUUECKUMU CBEIACHUSIMHU
Onumure TEXHUKY 0€30MaCHOCTHU NP BBITTOJIHEHUH JIEKTPOYTOBON PE3KU
3. Onumure mnpenesbHO IONMYyCTUMBbIE KOHIICHTPAIIMN pPa3IUYHBIX BEIIECTB B
BO3JIyXe pabouyux MOMEIICHUN

N =

Teopernueckue cBeeHUA

3amuTa OT TOPAXKEHUS JJIEKTPUYECKUM TOKOM. [IpyM HCIpaBHBIX COCTOSTHHSIX
o00Opy/noBaHUE U TMPABUIHLHOM BBIMOJHEHUH CBAapOUYHBIX pabOT BO3MOXKHOCTH
MOpPaXCHUE TOKOM HCKIo4aeTcs. OAHAKO B MPAKTHKE MOPAXKEHUE DIECKTPUUECKUM
TOKOM ITPOUCXOAT BCIEACTBUE HEUCIIPABHOCTH CBAPOYHOTO IOJKIIOUEHUS CBAPOYHOTO
000opyI0BaHUE K CETH, HEMPABUJIHLHOTO BEJACHUSI CBAPOUHBIX PaboT.

B oatumx ciaydasx nDopaxkeHue OT JJIEKTPUYECKOro TOKA IPOMCXOAMT IpH
IPUKOCHOBEHUH K TOKOHECYIIUM YacTsIM 3JIEKTPONPOBOAKM M CBAPOYHOM aIIapaTypsl.
BenmnunHa TOKa, NPOXOIAIIErO0 4YEpe3 OpraHUu3M 4YeJlOBEKa, 3aBHCUT OT €ro
ANEKTPUYECKOTO COIPOTHUBIICHHUS.

DTO CONPOTUBIIEHUE ONPEIEISIETCA HE TOJIBKO YCIOBUSAMH TPYAA, HO U COCTOSTHUE
OpraHu3Ma 4esloBeKa (yTOMJIEHHOCTb, COCTOSIHHE 310pOBbs). ONAaCHOCTh NOPAKEHUS
CBapUIMKa M TMOACOOHBIX pabO4yMX TOKOM OCOOEHHO BeJMKa IMpU CBapKe
KpYIHOra0apUTHBIX PE3€pBYapoB, BO BpeMsl padOThl BHYTPU EMKOCTEH JIeKa WM MOy
Jeka Ha METAUIMYECKUMX YacTsAX CBAPUBAEMOI0 M3IENHS WM TPU BBIIOJTHEHUSX
HapY>XHBIX pa0dOT B CHIPYIO MOTOJly, B ChIPBbIX MOMEIICHUIX, KOTIOBAaHAX, KOJOAAX U
Ap-

[ToaTomMy cBapouHbIe pabOThI JOJKHBI BBITOJHATHCS MPU COOTIOACHUM OCHOBHBIX
ycioBuil Oe3omacHoctu Tpynaa. Kopryc cBapouHOro arperata WjiM TpaHcopmaTopa
JOJKeH OBbITh 3a3eMiieH. 3a3eMJICHHE OCYIIECTBISIETCS, KaK MPaBUIIO, C TOMOIIBIO
MEIHOTO MpPOBOAA, OAWH KOHEL KOTOPOro 3aKpeIunsieTcss K KOPIYCy CBapOYHOIrO
reHepaTopa Wid TpaHcpopMmaTopa K CleHualbHOMY OONTYy C HAANHCHIO, a BTOPOU
KOHEIl IPUCOEAUHAETCS K 3a3eMJIIOIIEH IIHHE. 3a3€MJICHUE NEPEABHKHBIX CBAPOYHBIX
anmnapaToB M TIE€HEpPaTOPOB MPOU3BOAMTCS [0 WX BKIIOUEHHUS B CETh, a CHSTHE
3a3€MJIEHUS — TOJIBKO I10CJIE€ OTKJIFOUEHUE OT CUIIOBOM CETH.
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IIpu HapyXHbBIX paboTax CBapOYHbBIE arperarbl U TpaHC(POPMATOPHI JOJKHBI
HaXOAMUTCA I0J HABECOM, B MajaTke WM B OyAke Uil NMPEAOXpPaHEHUs OT JNOXKIA U
cHera. [Ipy HEBO3MOKHOCTH COOIIOACHUS TAKUX YCIOBUI CBApOYHbIE pabOThI BO BpeMs
JOXAs WIA CHEromaja He MPOM3BOAAT, a CBApOUHYIO amnmnaparypy YKpbIBalOT OT
BO3/EMCTBUSI BJIATH.

JUis TOIKIIOYEHHUS] CBApOYHBIX AaNNapaTroB K CETU JOJDKHBI HCIOJIb30BAThCSA
HAaCTEHHbIE SIIMKK C pYOWIbHUKAMH, OPEAOXPAHUTEIAMH M 3axumamu. JlnuHa
IIPOBOJIOB CETEBOT0 HAINIPSKEHUS HE JIOJKHA MpeBbIaTh 10MeTpoB.

[Ipn paborax BHYTpH pe3epByapa WIM IpPHU CBApKE CIOKHOM METAININYECKON
KOHCTPYKLIMH K CBAapUIMKy Ha3HAYAIOT JIEXKYpPHOTo HAOIOAaTensi, KOTOPOW TOJKEH
o0ecneunTh 6€30MacHOCTh paboT U MPU HEOOXOAMMOCTH OKa3aTh MEPBYIO MOMOIIIb.

3amura 3peHuss U KOKH JIMIAa OT U3IyYEHUsI U 0XKOroB. ' OpeHHne CBapO4YHOM IyTH
COINPOBOXAAETCA M3JIyUEHHEM BHIUMBIX OCJEHUTENBHO SPKUX CBETOBBIX Jy4ed H
HEBUAUMBIX YJIbTPa(uOJIETOBBIX U HH(PPAKPACHBIX JTyUeH.

SpKOCTh BUAMMBIX Jydell 3HAYUTEIBHO IPEBBIIIAET HOPMY, TOMYCKAaEMYHO IS
YEJIOBEUECKOr0 IJ1a3a, U II03TOMY, €CJIA CMOTPETH HA YTy HEBOOPYKEHHBIM TJIa30M, TO
OHA MPOU3BOJIUT OCJEILIAIOIME aelcTBHE. [IpoAOIKUTENBHOE NEHCTBUE ITUX JIydel
BbI3bIBaeT ociabieHue 3peHus. MHppakpacHble Tyuu NpU JIUTEIBHBIX BO3AEHCTBUSIX
BBI3BIBAIOT IIOMYTHEHHE XPYCTAJIMKOB TIJla3a (KaTapakTy), 4YTO MOXET IPHUBECTU
BPEMEHHOE WM IIOJHOW moTepe 3peHus. Kpome Toro, TemIoBoe [eWCTBHE
MH(}paKpaCHBIX JTy4el BbI3BIBAET 0KOTU KOXKH JIULIA.

VYabTpaduosneToBple Jydd Jaxk€ MPU KPATKOBPEMEHHBIX JIEUCTBUSX TEUCHUE
HECKOJIBKMX CEKYHJ BBI3BIBAIOT 3a00JIEBAHUE TJIa3, HA3bIBAEMOE AIEKTPOOPTaTbMUEH.
OHO COMpOBOXKIAETCA OCTPOM OOJIBI0, PE3bI0 Ia3axX CIE30TEUEHHEM, Clla3MaMU BEK.
[IpogomxuTensHoe OO0JIyYeHHE YIbTPAPUONCTOBBIMU JydyamMu (B TedeHue 2-4 49 )
BBI3BIBAET OXKOTY KOXH. JJIs1 321U ThI 3p€HUS U KOXKH JIMIA OT CBETOBBIX U HEBUJIUMBIX
U3JIyYEHUH DJEKTPUYECKOM MAYTM OJIJIEKTPOCBAPIUMKA M HMX IOAPYYHBIE JOJDKHBI
3aKpbIBaTh JIMIO IMUTKOM, MAacKOM HJIM LUIEMOM, CMOTPOBBIE OTBEPCTHE B KOTOPBIX
BCTaBJICHO CHELMAILHOE CTEKIIO — CBETO(DUIIBTP.

Bentumnsanus pabounx MectT HeoOXoquma sl yJ1aieHUsl bUIA U Ta30B, BIICISIOIINXCS
npu cBapke. OcoOeHHOe 3arpsi3HEHHE BO3/lyXa BbI3bIBACTCSI HEKaue€CTBEHHBIMU
anekTpoaamu. IIpyu 3TOM coCTaB MBUIM U Ta30B ONPENEISETCA CONECPKAHUEM ITOKPBITHS
AJNIEKTPOJIa U COCTABOM CBAPMBAEMOI0 W 3JEKTPOAHOro (WJIM MPHUCAJA0YHOr0) MeTasia
cBapoyHas MbUIb ( Tak Ha3blBaeMas a’po30Jb )IPEACTaBIsCT CO00M Menpyaiiiue
YacTHUIbl OKHCIIOB METAJUIOB U MHUHEpanoB. OCHOBHBIMH COCTaBIIIOIIMMH SIBJISTFOTCS
okuciabl xene3a (60-70%), mapranua, KpeMHHs, XpoMma, (TOPUCTBIX M JAPYTUX
COECIMHEHUM.

Ha3Ha4yeHue 1 XapaKTepUCTUKA CBEeTOPUJIBLTPOB Taoauna 3.
Buast pabot, Tpelyroiue

Homep Cgero Tun [IponuaemMocTs Jiyden,
NpUMEHEHUS 0

- unbTpa ceropuiabTpa %
CBETO(UIBTPOB

Buaumsix NudpakpacHbIx VYasTpaduosner
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DNEeKTpOoJlyroBasi  CcBapka
MpU CBAPOYHOM TOKE JO

100a  To xe, npu 5C-100 DC-

CBapOYHOM TOKE hi (o) 0,03-0,08 0,0035-0,015

3008 To e mpu 00 2C-0,0005-0,0002 0,2-0.5
500 T'C-3

cBapoyHoM TOKe 10 500a

IIpu BBITIOJIHCHHUHA

OICOOHBIX paboT

Haubonee BpenHbIMH BEIIECTBAMHU, BXOJAIIUMHU B COCTaB oOMa3ku, ¢iroca u
MeTajula 3JEKTPOJa, SBISIOTCS XpOM, MapraHen M (Qropuctele coeauHeHus. Kpome
a’po30Jieii, BO3yX B padOUYMX MOMEMICHUSX NPH CBAapKe 3arpsA3HSACTCS pPa3IMYHbIMU
BpPEIHBIMH Ta3aMH, HallpuMep, OKHCIaMU a30Ta, yriepoaa, GTOpUCTBIM BOAOPOIOM U
Ip. SKCIIEPUMEHTAJIBHO YCTaHOBJIEHBI IPEJEIBHO TOIYCTUMbIE KOHLIEHTPAMH BPEAHBIX
ra3oB U [bUIM B BO3yX€ pabOUYuX MOMEILECHUH.

IIpeneabHO T0NMYyCTHMbIE KOHIEHTPAIMI Pa3JIMYHbIX BellleCTB B BO3AyXe padouux
IOMeIneHmii Mr/m°;

— Maprasnen u ero coeaunenue 0,3

— Xpowm u ero coequnenus 0,1

— Csunen u ero coequaenus 0,01

— IlunkoBsle coeauHenue 5,0

— Okucs yraepona 20,0

— ®@ropuctsie Bogopon 0,5

— Okwucasl a3ora 5,0

— bensun, kepocun 300,0
Konuenrtpanusa HETOKCMYHOM MBUIM MOXET JOCTUTaTh 10mr/m3, Onnako ecian
colepkaHus KBapia B nbuUid mpeBbimacT 10%, To KOHUEHTpaIusd HETOKCUYHOW TBUTH
JTOMYCKAETCsl TOJBKO J10 2mr/M°.Y nanenue BPEIHBIX Ta30B W MbUJIM U3 30HBI CBapKH, a
TaKKe 1M0/1auya YUCTOI0 BO3AyXa OCYIIECTBISETCS MECTHOM U 0OI1Iel BEHTUIISIIUM.

TEMBI JIJISI PEOEPATOB U NIPE3EHTALIUM:

«TexHUKa ¥ TEXHOJIOTHS PYYHOU TyTOBOM CBAPKH»

«IIpon3BOACTBO IyrOBOM CBAPKH YIVIEPOAUCTHIX CTAJIE»

«IIpon3BOACTBO TyrOBOM CBAPKH LIBETHBIX METAJIOB U CILIABOBY
Pazpabotka wmynbTUMequHONW mpe3eHTannu «TexHuKa W TEXHOJOTHS
JyTOBOM HAILUIABKW.

S.
3.2.TunoBbie KOHTPOJIbHBIC 3aJaHUA 11 HpOMe)KYTO‘IHOﬁ aTrecranumu

o0y4yaromuxcs

W

Bapuant Nel

1). HeoO6xoaumMo MpOM3BECTH Pa3EIUTEIbHYIO PE3KYy JIMCTOBOW cTaiu Mapku 10172
ToaHon 30 Mm.
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A. BriOepure crmoco0 pe3ku cTaiu.
b. Beibepute 000opy10BaHKE I PE3KHU.
B. Onpenenute pexuMbI pe3KH CTaJIH.

Bapuant Nel 1
1) HeoOxoammo pou3BECTH CBApKY TaBPOBOM Oasiku (3 TaBPOBBIX 111BA) B HIKHEM
MOJIO’KEHUH.
2
b—
2
\
)
| %

Jnuaa mBa 1100MM., ToNIMHA CcBapuBaeMOro Meramia 6MM., MaTepuanl CTalb
09X2M1.

A. TlonGepute MaTepualbl, 000pyI0BaHUE U PEKUM CBApKH.

b. Onpenenure nnuHy, KOIUYECTBO U MECTOPACITOIOKEHHUE MPUXBATOK.

B. CocTtaBbTe 0CII€10BATENBHOCTh TEXHOJOTMYECKUX ONIEPAIUN.

2) CrporHo3upyiTe MocjaeACTBUS B Clydae 3aMbIKaHUS OJHOW U3 KaTyIIeK Mo3. 5
TpaHchopmMaropa.

3). IlpoBeaute cpaBHUTENBHBIN aHaIU3 >PGEKTUBHOCTH TYyrOBOM HAIUIABKU IMMyYKOM
AJNIEKTPOJOB U OOBIYHBIM IUTABAUIIUMCS AJIeKTpooM. Crienaite BEIBOJ.
4). IlpousBenuTe CpaBHUTEIBHBIA aHAIU3 MPEACTABICHHBIX HA PUCYHKE CIOCOOOB

PE3KH MeTala.
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Puc.1 Puc.2

5). HeoOxoaumMo npou3BeCTH pa3feIUTEIbHYIO PE3KY Bajla U3FOTOBJICHHOIO U3 CTallU
Mapku SO0XT'A nquamerpom 40 mM. A. Beibepute crnocod pe3ku cTaiu.

b. Beibepute 000py10BaHME I PE3KU.

B. Onpenennre pekuMbl pE3KH CTAIIN.

Bapuant Nel2
1) Heo0XoauMoO MPOM3BECTH CBApKy HAXJIECTOYHOTO COCIWHEHHUS JBYX IUTACTHH

oo 900 mMm. w3 cranm mapku 1SXT'CHJl TonmmmuOM 5 MM. B MOTOJOYHOM
IIOJI0KEHUH.

&

A. TlonGepute maTepuaisl, 000pyI0BaHNE U PEKUM CBApKH.

b. Onpenenure JIMHY, KOJIMYECTBO MPUXBATOK.

B. CocraBbTe m0CIEN0BATENBHOCTD TEXHOJOTMYECKUX ONIEPALIUN.

2) CBapouHbIil BBIIPSAMUTENb AAET TOHUKEHHOE HAIMPSIKEHUE XOJOCTOr0 XOJa.
CBapoyHbIii TOK CHM3WJICS MOYTH BJIBOE. YKaKUTE MPUUYMHBI BOZHUKHOBEHUS JTAHHOMN

CUTyalld U METOJIbI €€ YCTPAHEHUS.

3). CoctaBbTe CcXeMy OJEKTPOLIIAKOBOM HAIUIaBKM IIJIOCKOM TOBEPXHOCTH B
TOPU30HTAJIBLHOM TIOJIO)KEHUHM C YKa3aHMEM HAaIUIaBOYHBIX MAaTepuajoB, MapameTpoB
pexuMa HaruiaBKu, 000py10BaHUS.

4). HeoOX0aMMO TIPOU3BECTH pPa3ACTUTEIbHYIO0 PE3Ky TUIACTUHBI M3TOTOBICHHOW W3
gyryna mapku CHU10 ronmunoi 10 mM. A. Beibepurte crnocod pe3Ku CTau.
b. Beibepute 000py10BaHME I PE3KHU.

B. Onpenennre pexuMbl pe3KU CTAIIH.
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5). IlpousBeauTe CpaBHUTENbHBIN aHAJIU3 MPEICTABIECHHBIX HA PUCYHKE CIIOCOOOB
PE3KHU MeTaa.

N

P&

Puc.1

Bapuant Nel3
1) HeoOGxoauMo mpou3BECTH CBApKy YIJIOBOTO COCAMHEHUS JBYX IUIACTUH JJTUHOU
1500MM. 13 cTtanu Mapku 45 TOJIMHON 7 MM. B BEPTUKAIbHOM MOJIOKEHHH.
A. TlonOGepute maTepualbl, 000pyI0BaHUE U PEKUM CBApKH.
b. Onpenenure nnvMHy, KOIUYECTBO MTPUXBATOK.
B. CocTraBbTe 0CII€10BATENBHOCTD TEXHOJIOTMYECKUX ONEPALIUN.
2) B mporecce cBapku CIBIINICH TOBBIIIEHHBIM IIYM M3 CHJIOBOTO TpaHchopmaTopa.

Bo3pocno HampsbkeHue XO0JIOCTOrO XOJa. Y KaXXWT€ NMPUYMHBI BOZHMKHOBEHHS JTAaHHOMU
CUTYallMu U METOJIbl €€ YCTPAHEHHS.

3). CocrtaBpTe MapuIPYTHYK KapTy TEXHOJIOTMUECKOTO IpOliecca HAIJIaBKU B Cpene
YTJIEKHUCIIOrO ra3a M3HOLIEHHOW AeTanu UWIMHApUYecKor (opmbl — Basa. Beibepure
HaIlJIJABOYHBIA MaTepuas, 000pyJ0BaHUE, TapAMETPhI peKMMa HaIJIABKH, HHCTPYMEHT,
TEXHUKY HAIlIaBKU

[IpoBenute CpaBHUTENBHBIN aHAIU3 TEXHOJIOTMYECKUX CBOMCTB  (DJIFOCOB  JIs
JIETUPOBAHHBIX U YIJIEPOJUCTHIX CTaICH.

[TonGepuTe HaAMIABOYHBIN MaTepual sl MOJTYyYEeHUs] OCOObIX CBOMCTB HAIIaBJICHHOTO
CJI0sI IILJIaKa.

4). HeoOxoammMo MPOM3BECTH Pa3NICIUTENBHYIO PE3Ky IUIACTUHBI M3TOTOBJICHHOW W3
gyryHa mapku KY30-6 tonmunoii 12 mm. A. Beibepure criocod pe3ku cTaiu.

b. BriGepute o6opynoBaHue sl PE3KH.

B. Onpenenurte peskuMbl pe3KU CTAIH.

5). [IpousBeauTe CpaBHUTENBbHBIM aHAIN3 pa3pe3aeMocTu cranu Mapok 15XI, 25XT'C,

20T, 12XM.

Bapuant Nel4
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1) Heo6xo1umMo MPOM3BECTH CBAPKY CTHIKOBOT'O COEIWHEHHMS JIBYX IUIACTHH JJIMHHOU
500mMm. u3 ctanu Mapku X23H18 tonuuHoi 4 MM. B HUKHEM TOJIOKEHUH.

A. ITogGepute MaTepuaibl, 000pyJI0BAHUE U PEKUM CBAPKH.

b. Onpenenure AJIMHY, KOJTUYECTBO TPUXBATOK.

B. CocraBbTe mocie10BaTeIbHOCTh TEXHOJOTMYECKUX OTIepaIii.

2) BeimonHuTe CpaBHUTEIBHBIM aHAIM3 KOHCTPYKTHBHBIX M TEXHOJOTHYECKHX

OCOOEHHOCTEN JBYX HCTOYHHUKOB IWTAaHUsA CBApOYHOM Iyrd, MNPEICTAaBICHHBIX Ha
pUCYHKaXx.

3). CoporHo3upyiiTe BIUSHHE Ha KAa4eCTBO HAIUIABKM HECOOJIIOJACHUE TEXHUKHU
HAJIOKCHHs BaJIMKOB MPH HAIUIaBKe AeTajeil MUIMHAPUYECKON (HOPMBI MPOIOIbHBIMU
[IBaMHU.

4). HeoO6X0auMo MPOU3BECTU PA3/ICIUTEIbHYIO PE3KY Baja, U3TOTOBJIECHHOIO U3 CTalU
mapku 15SMH nuamerpom 60 mm. A. Beibepute croco0 pe3Ku cTaiu.

b. Bribepute 00opyaoBaHue 7151 PE3KH.

B. Onpenenure pexuMbl pe3KH CTajIH.

5). IIpousBeauTe CpaBHUTEIbHBIA aHAIN3 KOHCTPYKLIHMU M TEXHOJOTMYECKHX CBOWMCTB

MYHJIIITYKOB, N300pa)KEHHBIX Ha PUCYHKE.

Puc.1 Puc.2

Bapuant Nel5

1)Heo6xoqumMo mpou3BECTH CBapKy TaBPOBOTO COEAMHEHMSI ABYX IUIACTUH JJIMHOU
800mMm. M3 ctanu 15X B BEPTUKAIIBHOM MOJIOKEHUU.

A. IlonOepute maTepuaibl, 000PYI0BaHUE U PEXKUM CBApPKHU.

b. Onpenenure nnmHy, KOITUYECTBO MTPUXBATOK.

B. CocraBbTe n0CIEN0BATENBHOCTD TEXHOJOTMYECKAX ONIEPALIUN.

2) CroporHo3upyiite mOCHEACTBHs, KOTOpble MOTYT BO3HUKHYTb B Cllydae

HEHCIIPABHOCTH B YCTPOUCTBE M03.2.

3). IlpoBenute cpaBHUTEIBHBIM aHANU3 LENECOOOPA3HOCTH MPUMEHEHHS YKa3aHHBIX
HAIUTABOYHBIX ~ MaTepHajioB Uil  Pa3IMYHBIX CIIOCOOOB  IyroBOW  HArUIaBKH.
Pacummdpyiite ux ycnoBHele oOo3Hauenus: [II1-2X4B3d-0O, Cs-07X25H13,
Ho40X3I2M®, Cs-AMr6, bp-XHT, JIOK59-1-0,3, III-AH7,IIJI-30X25H4C2,
BUCXOM-9, 5H-60M, O311-1, O3H-250y.

4). HeoOXxomuMO MPOU3BECTH PA3JCIUTEIbHYIO PE3KY IUIACTUHBI, W3TOTOBJICHHOW W3
gyyryHa mapku CY 18-36 Tonmunoit 20 mM. A. Beibepure criocod pe3ku cTaiu.

b. Beibepute 000py10BaHME I PE3KHU.

B. Onpenenure pekxuMbl pe3KH CTAJIH.

5). IlpousBeauTe CpaBHUTENbHBIN aHAIN3 pa3pe3aeMocTH cTasieid Mapok 20M, 10172,
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Oobsa3amenvnas uacmo
1 Bompoc:
Oo0a3aTeabpHaqa YaCTh

1. Ompenenure MapKy OdJIeKTpoAoB s cBapku ctaimu BCt3me, pacmmdpyiite

0003HaUYeHME

a) D 42A- YOHU-13/45A-4,0-Y ]I I'oct 5264-80

E412(4) - B20

6) 3-09M - 1U1-6-3,0-T/1 ['oct 5264-80

E-02-A24

Yto Ha3bIBACTC:A, CTAJIbIO, IICPCUUCIINTC BUbI craneu?

2. Ompenenute MapKy DdJCKTPOJOB I CBapku cTtaimu 15M, pacmmudpyiire

0003HauYeHME

a) D 42A- YOHU-13/45A-4,0-Y ]I Toct 5264-80
E412(4) - B20

6) 3-09M - 1UU1-6-3,0-T/1 ['ocT 5264-80
E-02-A24
B) O 125- HUW-3M-4,0-JI/ I'oct 5264-80

E-18X1I'I1M-0 - b-20

Kaxas cranp Ha3bIBaeTCsl HU3KOJIETUPOBAHHOM MOJIMOI€HOBO?

3. Ompenenute Mapky odaektpoaoB mis cBapku ctamm 10XCHJ, pacumdpyiite

0003HaUYEeHUE

a) D 42A- YOHU-13/45A-4,0-Y]1 I'oct 5264-80

E412(4) - B20

0) O-09M - 11J1-6-3,0-T/1 I'ocT 5264-80

E-02-A24
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B) D 125- HUN-3M-4,0-J1]1 INoct 5264-80

E-18X1I'IM-0 -  B-20

Kakas ctanb Ha3pIBaeTCsl HU3KOJIETUPOBAHHOMN?

4. Onpenenute MapKy DdJEKTpoAoB Juisi cBapku cramm 20M, pacmudpyiite

0003HaUeHUE
2-09MX - YOHU-13/45MX-4,0-TJ11 ['oct 5264-80
E-04-B20
a) D 42A- YOHU-13/45A-4,0-Y 1 ['oct 5264-80

E412(4) - B20

B) O 125- HUN-3M-4,0-JI/1 ['ocT 5264-80

E-18X1I'IM-0 -  B-20

Kakas cranp Ha3pIBaeTCsT MOINOIEHOBOM?

5. Kakue ctanm Ha3bIBaIOTCA YTIEPOAUCTHIMU, HA KAKUE TPYIIbl OHU PA3CISAIOTCS 10

CBApUBAEMOCTH?

Kakue cyiiecTByroT criocoObl OIEHKH CBAPUBAEMOCTH CTajIek?

7. Kak conmeprkanue yriepojia U JErHPYIOUUX KOMIIOHEHTOB BJIMSIET HAa TEXHOJOTHIO
cBapku?

8. Kakwue cTanu cunTaroTcst BHICOKOJIETHPOBAHHBIMU, BBIJICTUTE MX OCOOEHHOCTH CBApPKU?

9. Kakue cranm cuuTaroTCs TETIIOyCTOWYMBBIMU, OLICHUTE UX CBAPUBAEMOCTh?

10. Kakue cTaJn CUHUTAKOTCS CPEIHEYTIIEPOAUCTHIMU, paccMoTpuTe, KaK
KIaCCU(PHUIUPYIOTCS CPEIHEYTIIEPOAUCTHIE CTAITU 110 CBAPUBAEMOCTH.

11.Kakue  cTaaum  CUMTAIOTCS  BBICOKOYTJIEPOJAUCTBIMH,  PacCMOTpPHUTE,  Kak
KJIACCU(PUIIMPYIOTCS BBICOKOYTIEPOIUCTHIE CTATU IO CBAPUBAEMOCTH.

12.Yem xapakTepusyeTcsl Me[lb, BBIICIUTE IOKAa3aTesIH, BIMSIONINC HA CBAPUBACMOCTD,
OILICHUTE €€ CBAPHUBAECMOCTh?

13.YTo Ha3BIBAIOT HAIIABKOW, MPUBEIUTE TIPUMEPHI BUIOB HATUIABKH.

14 Kakass HamjgaBka Ha3bIBa€TCS BOCCTAHOBHUTENbHOW? Kakue THUIBI M MapKu
3JIEKTPOIOB MPUMEHSIOT JJ1s1 HAIUIABKU YTJIEPOJUCTBIX CTAJICH?

15.Kakue Marepuanbl TPUMEHSIOT ISl AJEKTPOAYTOBOM HAIIABKU, OXapaKTEepU3yuTe
UX.

16.PaccmoTpuTe rpymibl CTanei mo CBapuBaeMOCTH, BBIICTUTE YCIOBUS UX CBAPKHU.

17.Yt0 Ha3bIBaeTCs, CBAPKOM, BBIICIIUTE BUbI CBAPKH, ONPEIETUTE CYITHOCTh KaXA0T0
BU/JIa, IPUBEANTE MPUMEPHI KAXKIOT0 BUJIa CBAPKHU.

18.Ilepeuniciure 0061aCTH TPUMEHEHUS PYYHOM JYroBOW CBAapKH, PACCMOTPUTE €€
ONPENIEIICHHE, PEUMYILECTBA U HEJOCTATKH.

19.Kakue BUIbI CBapKH IUIABJICHUEM BBl 3HAETE, MPUBEAUTE MPUMEPHI, OMpPEIACITUTE
00J1acTh MPUMEHEHUS, MPEUMYIIECTBA U HEJJOCTATKH.
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20.Kakve BUIBI CBapKH JABJICHHEM BBl 3HAETE, NMPUBEIUTE IMPUMEPBI, OIMPEIACITUTE
00J1aCTH IPUMECHEHUS, IPEUMYIIIECTBA U HEAOCTATKH.

21.Tlepen Bamu mactuHa u3 Meau M1.

Ouennte ee cBapuBaeMocTh. IlepeuncnuTe CBOMCTBAa MeIW, BIMSIONIME Ha €€

CBapUBaCMOCTb.

22.Kakue CymecTBYIOT BHUIbl 3JEKTPOAOB, BBIACIUTE OO0JACTH IPUMEHEHHUS
AJIEKTPOJOB.

23.YeM oTamyaroTcs Apyr OT Apyra crocoObl cBapku IuiaBieHueM? Kakue maTepuaibl
HEOOXOMMBI JJIs1 IPOU3BOJCTBA CBAPKH IJIaBJICHUEM?

24 Kak knaccu(uuupyroTcs MOKPBITHIE AIEKTPO/IbI 10 HA3HAYEHUIO?

25.B yem 3akioyaeTcs MPEUMYIECTBO PYYHOM IyroBOM CBAapKU TMeEpel APYyTUMU
criocobamu?

2 Bompoc:
Oo0s3aTeIbHAA YACTH

1. Tlepen Bamu nBe macTuHbl U3 ctamu BCt3cnm S=3MM.OneHnTe CBapuBacMOCTbh,
nogoepuTe HEOOXOAWMbIE MaTepuaibl JJii CBapKH, OINPEACIUTE CHITY
CBapOYHOTO TOKA, PO U MOJISIPHOCTH, CIIOCOO CBApKH, YTOJI HAKIIOHA 3JIEKTPO/Ia,
Kose0aTenbHOE IBIKEHHE, 0COOCHHOCTH TIOJITOTOBKH M BBHIMTOJIHEHUS IIIBA.

2. Ilepen Bamu nBe minactunbl U3 cranu BCt3cn S=6Mm.OrieHUTEe CBapUBaEeMOCTb,
non0epuTe HEOOXOIMMbIE MaTepuaybl ISl CBapKd, OMNPEIETUTE CHILY
CBapOYHOT0 TOKA, PO U MOJISIPHOCTH, CIIOCO0 CBApKH, YTOJI HAKJIOHA 3JIEKTPO/Ia,
Kose0aTenbHOE IBMKEHHE, 0OCOOCHHOCTHU TOJITOTOBKH M BBIMOJTHEHUS IIIBA.

3. Tlepen Bamu nBe mmactuubl 3 ctamu 10XCHJ[ S=5mm.OnenuTe cBapuBaeMOCTb,
nogoepuTe HEOOXOAUWMbIE MaTepuaibl JJii CBapKH, OMNPEACIUTE CHUITY
CBApOYHOTO TOKA, POJI M MOJSIPHOCTh, CIIOCOO CBapKH, YroJl HaKJIOHA 3JIEKTPO/Ia,
KoJiebaTenbHOe JBUKEHUE, 0OCOOEHHOCTHU MOJATOTOBKHY Y BBIIIOJIHEHUS I11Ba.

4. HeoOX0oauMO TPOW3BECTH CBApKy TPYyOBI W3 yriiepoaucroi cramum d=32mm,
S=3,2mMM. OrieHHTE CBapMBAaEMOCTh, MOAOEPUTE HEOOXOAMMbIE MaTEepHAIIbI IJIs
CBapKH, OMPEIEIUTE CUITy CBAPOYHOTO TOKA, POJI U MOJSPHOCTD, CIIOCOO CBAPKH,
yroJI HaKJIOHA DJIEKTPO/a, KojebaTelbHOe IBIKEHUE, 0OCOOEHHOCTH MOATOTOBKU
Y BBITIOJTHEHUS 11IBA.

5. HeoOGxomuMo mpowm3BecTH CBapKy TpyObl U3 YIIIEPOAMCTOM CTaimu Mapku 45
d=57,8mMm, S=3,8Mm. OrmeHHTE CBapHUBACMOCTb, IOAOCPHUTE HEOOXOIUMBIE
MaTepUalibl JJIsl CBapKH, OMPEAEITUTE CUITy CBAPOUYHOTO TOKA, POJ U HOJIIPHOCTb,
Ccroco0 CBapKW, Yrojd HakJIOHAa JJIEKTpOAa, KoJebaTelbHOe JIBHIKCHHUE,
O0COOCHHOCTH MOJIFTOTOBKH U BBITIOJIHCHHUS I11BA.

6. Onpenenurte nmpaBusia BEIOOpA THUIIA U MAPKHU AJIEKTPOJOB MIPU CBAPKE CTANICH

7. HeobGxoammo MpOu3BECTH CBAPKY CTHIKOBOTO COSAMHEHMSI JBYX IUIACTHH JUTMHHOMN
500MM u3 ctammm mapku X23H18 tonmmHor 4MM B HUKHEM MOJOKEHUU. OLIeHUTE
CBapUBAEMOCTb, TT010€pUTE HEOOXOIUMbIC MaTepUAJIbI JIJII CBAPKH, ONPEISTUTE
CUJIy CBapOYHOIO TOKa, POJ U MOJSPHOCTH TOKA, CIIOCOO CBapKH, yroj HaKJIOHA
ANIEKTPO/Ia, KoiebaTeIbHOE IBIKEHHE, 0COOCHHOCTHU TIOJITOTOBKHU M BHITIOJTHEHUS
1IBa.
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8. Ilouemy cBapka «yrjiom BIepea» MpeHa3HaueHa JJig CBaApKU TOHKOTO MeTajlia,
a CBapKa «yIJIOM Ha3a/y» MpeaHa3HavyeHa Jijisi CBapku 0oJiee TOJICTOro MeTaslia.

9. HeoOxomumMo mNpOM3BECTH CBApPKY CTBIKOBOI'O COEAMHEHUS JBYX IUIACTUH
amaHHoM 500MM u3 ctamu Mapku  12X1MO® TtoamuHOM 4MM B HIKHEM
noyioxkeHuu. OIEHUTE CBApUBAEMOCTb, MOAOEpPUTE HEOOXOIUMBbIE MaTepHaIbl
JUISL CBapKH, ONpEIETUTE CHIIy CBapOYHOTO TOKA, POJ U TMOJSAPHOCTh TOKAa,
croco®d CBapku, Yrojl HaKJIOHA OJJIEKTPOJa, KojeOaTelbHOE JBUKCHHE,
O0COOEHHOCTH MOJITOTOBKH M BBHIMIOJIHEHHUS IIBA.

10.Heo6xoaumMo Mpon3BeCTH CBAPKY CTHIKOBOTO COSIMHEHUS IBYX IUIACTUH JUTMHHOU
500mm u3 cramu mapku 25 XT'CA tonuHoM 4MM B HUOKHEM 1O10KeHuu. OlieHuTe
CBapUBAEMOCTh, TIOJIOEPUTE HEOOXOMMMBIC MAaTepUaibl Ui CBAPKH, OMPEACITUTE
CWJIy CBapOYHOI'O TOKa, POJ M IMOJSIPHOCTh TOKA, CIIOCOO CBapKH, yrojl HAKIOHA
AIIEKTPOa, KOJIeOaTeIbHOE IBMXKEHUE, OCOOCHHOCTH TOJATOTOBKU M BBITIOJHEHUS
IIBA.

11.Heo06xoauMo MpOU3BECTH CBAPKY CTHIKOBOI'O COSIMHEHUS JIBYX IUIACTUH JUIMHHOU
200MM u3 ctammm Mapku 20XT'CA TonmmHoN 4MM B HUYKHEM NOJI0KeHUU. OLeHUTE
CBapHBaEMOCTh, MOJI0OEPUTE HEOOXOIMMBbIE MaTepUaibl Uil CBAPKU, OMPEACITIUTE
CHJIy CBapOYHOI'O TOKa, POJl U TMOJSIPHOCTh TOKa, CHOCOO CBApKH, Yroji HAKJIOHA
AIIEKTPOIa, KOJIeOaTeIbHOE JIBMKEHUE, OCOOCHHOCTH TOJTOTOBKU M BBITIOJHEHUS
11Ba.

12.Heo0XxoauMo MPOBECTH PEMOHTHYIO CBApKY HAIUIABKOM IUIOCKOW KOHCTPYKIIUU
u3 yriepoauctoi crtanu BCt3. Beibepure HEOOXOAMMYIO MapKy HarIaBOYHOTO
AJEKTpOAa, PpOJ M TOJSIPHOCTh TOKAa, PEXKHUM HaIUIaBKH, MOJATOTOBKY
MOBEPXHOCTU i1 MPOU3BOJCTBA HAIUIABKUA, PACCMOTPUTE TEXHUKY U
TEXHOJIOTHIO BBITIOJIHEHUS HAIJIABKHU.

13.Heobxoaumo mpoBeCcTH CBapKy IutacTHHbI U3 cTanu Ct3 S=4MM B pa3iuyuHbIX
IPOCTPAHCTBEHHBIX MOJIOKEHUSX, OMPEICTUTE HanOoJiee parmOHAIbHBIN CITOCO0
CBApKH, PACCMOTPUTE €T0 CYIIHOCTbh, BBIICIUTE MPEUMYIIECTBA U HEJOCTATKH.

14 Heob6xoaumoe TPOU3BECTH CBAPKY MEIHOW IUIACTUHBI TMOCTOSIHHBIM TOKOM,
ompenennuTe Crnocod CBapKh, pPACCMOTPUTE €ro CYIIHOCTb, BBIJCIUTE
PEUMYIIECTBA U HEOCTATKHU.

15.Heobxoaumoe mpou3BecTH CBapKy KopoOuaToil KOHCTpykumu u3 ctamu Ct3,
S=4mm.Onenute CBapUBaeMOCTh, TOAOEpUTE HEOOXOAUMBIE MaTepHaibl IS
CBapKH, OINpPENEINTE CHIIy CBApOYHOIO TOKA, POA U MOJSPHOCTH TOKa, CHOCOO
CBapKH, YroJ HakJOHa OJJIEKTpoJa, KoyiedarenbHOE IBMXKEHHUE, OCOOCHHOCTU
MOJATOTOBKY U BHITIOJTHEHUS 111BA.

16.ITepen BamMu JBe TIUIACTUHBI aMtOMUHUS S=6MM.OLICHUTE CBapUBAEMOCTb,
noadeputre HEOOXOAUMBIE MaTepHayibl [JIi  CBapKHU, OINPEACTUTe CHIIY
CBAapOYHOTO TOKA, POJ U MOJISIPHOCTH, CIIOCO0 CBAPKH, YTOJl HAKJIOHA AJIEKTPO/Ia,
KoJiebaTenbHOe IBUKEHUE, OCOOCHHOCTH MOATOTOBKHY U BBHITIOJHEHUS 11BA.

17.1lepen BaMu nABE MIACTUHBI U3 AMIOMUHUS S=8MM.OLEHHTE CBAPUBAEMOCTb,
nogadepuTe HEOOXOAMMBIE MaTepuaibl Uil CBapKU, OMNMPEACIUTE CHITY
CBapOYHOTO TOKA, PO U MOJSIPHOCTH, CIIOCO0 CBAPKH, YTOJ HAKIIOHA 3JIEKTPO/IA,
KoJiebaTenbHOe IBUKEHUE, OCOOCHHOCTH MOATOTOBKHY U BBHITIOJHEHHS 1TBA.

18.Beiienure 0COOCHHOCTH BBINOJHEHHUS BEPTHUKAIBLHOTO CBAPHOIO IIBA W3 CTAIH
40 S=9 mmMm.
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19.1Tepen Bamu 1Be TUTACTUHBI W3 JaTyHH S=8MM.OLIEHUTE CBapUBACMOCTb,
noja0epuTe HEOOXOMUMbIC MaTepHajbl JUIsl CBapKH, ONPEACIUTE CHITY
CBapOYHOTO TOKA, PO ¥ MOJSIPHOCTh, CIIOCO0 CBAPKH, YTOJI HAKIIOHA 3JICKTPOIa,
KOJIeOaTeIbHOE IBUKCHUE, OCOOCHHOCTH TOJITOTOBKH 1 BBIITOJHCHHS IITBA.

20.Heo06x01uMO TTPOBECTH CBAPKY MEHBIX TUIACTUH S=5SMM B HIDKHEM TOJI0KCHUH.
OneHnTe CBapUBaEMOCTb, MOJOCPUTE HEOOXOAMMBIE MaTepHalbl ISl CBApKH,
OTIPENIeIUTE CHUIYy CBAPOYHOTO TOKA, POJ M MOJSPHOCTH TOKA, CIIOCOO CBapKH,
yroJl HaKJIOHA 3JIEKTPO/Ia, KoJIeOaTeIbHOS IBUKECHUE, OCOOCHHOCTH TTOATOTOBKU
Y BBITTIOJTHCHHS 1ITBA.

21.ITpoBeauTe CpaBHUTEIBHBIM aHAIN3 CHOC00a PE3KH, BBIICIWTE HA3HAYCHHE,
000pyI0BaHNE U OCOOCHHOCTH BBHITTOTHCHHUS.

Aerans ‘

6/ S ¥ E—ey\

22.IlpoBeaute CpaBHHUTENBHBIN aHAW3 CIIOCO0A PE3KH, BBIACIUTE Ha3HAUYCHHE,
000pyI0BaHNE U OCOOCHHOCTH BBITIOJTHEHUS.

KHCnopoa

23.IlpoBeanTe CpaBHUTENBHBIN aHAIU3 CIOCO0A PE3KH, BBIJCIUTE Ha3HAUYCHUE,
000pyI0BaHNE U OCOOCHHOCTH BBITTOJTHEHHUSI.
! / 1

Kucnopoa 2 ;

24 HeoOXxoaMMO MpPOBECTU CBAPKY IUIACTUH M3 KPEMHEMapraHIOBUCTON OpOH3bI
S=5MM B HHKHEM nojoxkeHnH. OUEHUTE CBApUBAEMOCTb, OJI0EPUTE HEOOXOIUMbIE
MaTepuasbl Ul CBapKH, ONPENEIUTE CHIy CBAPOYHOIO TOKA, POJ MU IOJSPHOCTH
TOKa, CIOCOO CBapKW, yroJl HakKJIOHAa JJEKTpoAa, KoieOaTeslbHOE [IBUYKEHUE,
0COOEHHOCTH MOJATOTOBKH U BBIITOJIHEHHUS 111Ba.

JlonoiHMTEe IbHAA YAaCTh (BKJIO4YaeT 1 BONpPoOC U3 HUIKe NepeYrCIeHHbIX).
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1. Onpenenure Ha pUCyHKE 00O3HAYEHHE CTHIKOBOTO COEIMHEHHUS, BBIMOJIHEHHOTO IO
3aMKHYTOMY KOHTYPY, BBIIIOJHUTE pacinpoBKYy 0003HAYEHUSI.

=
A

o

FOCT 14771-76  €8-911Q ’\2'7

%
0CT 5264-80 T1-DNS - 50 Z 100

63
6) FOCT 5264%-80 €8 sate \/

2. Onpenenute Ha pUCYHKE OO0O3HAUEHUE TaBPOBOTO COCAWHCHUS, BBIMOJHUTE
pacmppoBKy 0003HAUCHMUS.

roct 14771-75 _cg-yn oY

a
FoCcT 5264-80 T1-1N5 - 50 Z 100

b,
5) rocT 5264-80 CH;AA.{\‘J/

B A

3. Ompenenute Ha pPHUCYHKE OOO3HAYCHHWE CTHIKOBOTO COCIWHEHUS, BBITIOJHUTE
pacii@poBKy 0003HAUYCHUSI.

N roct 14771-7% _cs-yn Q%

1
0CT 5264-80 T1-DN5 - 50 Z 100

5 rocr 5264-80 wwf\'j/

4. Pacumdpyiite 0003HaUCHHE:

L*N
rOCT 5264-80-T5-P7-n6-502100 Y
y ~1
<
S

5. Uro Ha3piBaeTcs, TpPEIIMHON CBapHOTO COEIUHEHMS, BBIACIUTE MPUUYUHBI
BO3HUKHOBEHUS U CIIOCOOBI YCTPaHEHUSI.

6. Uto Ha3pIBaeTcs, MOpPOH, BBIACIUTE NPUUYMHBI BO3SHUKHOBEHMSI W CIOCOOBI €e

YCTPaHEHHS.

Kakue nedextsl cBapHOTO 11Ba CUUTAIOTCA JomycTUMbIMU? [lpruBenuTe npumepsl.

Kakue neekTsl cBapHOTO 1IBa CUMTAIOTCS HefonmycTuMbIMU? [lpuBenuTe npumepsl.

Omnpenenure BUA AedexTa CBapHOIO IIBA, PACMOJOKEHHOTO HA PUCYHKE, YKa)KUTE

MPUYUHBI 00Pa30BaHUS U CIIOCOOBI UCTIPABIICHHUS.

© oo~

162



Q

10.Ompenenure Bun nedekra, pacIONIOKEHHOTO HA PHUCYHKE, YKOKUTEC MPUIHHBI
00pa30BaHMsI U CIIOCOOBI UCTIPABIICHUS.

11.Beigenure  omnpeAelieHHe  TPEUMHBI  CBAPHOTO  IIBA, YKAXUTE MPUYUHBI
BO3HUKHOBEHUS U CIIOCOOBI YCTpaHEHUSI.

12.0Onpenenure Bun AedekTa, pacloOKEHHOTO Ha PHUCYHKE, YKKHUTE MPUYUHBI
o0pa30BaHUs U CIIOCOOBI UCTIPABIICHHUS.

B0 CR P

13.Onpenenure BuA aedekTa, pacroiOKEHHOTO Ha PHCYHKE, YKOKUTE MPUIHHBI

o0pa3oBaHus U CIIOCOOBI UCTIPABJICHHUSI.

I Pl l

R e =l B NIF A SR

14.Onpenenure Mapky dJIeKTpoaoB st cBapku ctanu BCt3mc, pacmmdpyiite

0003HaUYEeHME

a) D 42A- YOHU-13/45A-4,0-Y]1 T'oct 5264-80

E412(4) - B20

0) O-09M - 1UI-6-3,0-T/1 I'oct 5264-80
E-02-A24
B) O 125- HUN-3M-4,0-JI/1 I'ocT 5264-80
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E-18X1I'IM-0 -  B-20

15.0mpenenure Mapky O3ieKTpoloB Juisi cBapku cranu  bCt3, pacmmdpyiite

o0o03HaueHme

a) D 42A- YOHU-13/45A-4,0-Y 1 ['ocT 5264-80

E412(4) - B20

0) D-09M - 1JI-6-3,0-TA TI'oct 5264-80
E-02-A24
B) D 125- HUU-3M-4,0-J1]1 T'oct 5264-80

E-18X1I'I1M-0 - b-20

16.Ompenenure Bun AedekTa, pacloiOKEHHOTO Ha PHUCYHKE, YKAKHUTE MPUUYUHBI

O6pa3OBaHI/ISI 1 CIIOCOOBI HCIIPaBJICHHUA.

17.0npenenure Mapky osiaekTpofoB s cBapku crtamu 20XT'CA, pacmmdpyiite

0003HaUYEeHME

a) D 42A- YOHU-13/45A-4,0-Y 1 I'oct 5264-80

E412(4) - 20

6) 3-09M — 1JI-14-3,0-TJ I'oct 5264-80
E-02-A24
B) O 125- HUW-3M-4,0-JI11 I'oct 5264-80

E-18X1I'IM-0 -  B-20

18.Boinonaute pacimim@poBKy 00O3HAYEHHUS CBApPHOTO COEAUHEHUs, JalTe €ro
OIIpe/IeIICHUE

["OCT5264-80-C2

PSS
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19.Beimonaute pacmmdpoBKy 0003HAUEHHsS CBApHOTO COCAWHEHHUSA, JalTe ero

OTIpe/IeIICHUE

FOCT5264-80-Y8

20.Bemonuute pacmm@poBKy 0003HAYCHHs] CBAapHOTO COCIWHEHUS, JalTe €ro

OIIPpCACIICHUC

21.Ilepen BamMm  ycrmoBHOe  OOO3HA4YeHHWE  CBApHOTO IIBa HAa  YEpTEKe.

[IpoxoMMeHTUPYHTE, YTO O3HAYAET H300pakKEHUE, BHIMOIHUTE paciiuGpoBKy?

rMOCT 14806-80 — T3 - PHN -6 - 50=z100

22.0mnpenennTe BUI KOJI€OATEIFHOTO IBIKEHHS JICKTPOAA TPH CBAPKE YIIIOBOTO

1Ba ¢ kareToM Oonee 8 MM. OG0CHYITE BBIOOD.

buiersl paa 3x3amena no MJ/IK. 02.01. Texnnka v TeXHOJIOTUS PYyYHOIT
JAYroBO# CBapKH (HAILIABKH, Pe3KH) MOKPBITHIMH JJIEKTPOIAMHU

BbunaerNel

1. Omnpenmenute MapKy OdJIEKTpoaoB st cBapku ctaim BCrt3me, pacmmdpyiite
0003HaueHne
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a) D 42A- YOHU-13/45A-4,0-YIE412(4) - B20 I'ocT 5264-80

0) 3-09M - 1U1-6-3,0-T/IE-02-A24 I'oct 5264-80

UTto Ha3bIBAETCS, CTANIBIO, IEPEUUCITUTE BUJIBI CTAJICH?

2. Ilepen Bamu nBe tuactunbl u3 ctanmu BCt3cnm S=3Mm.OueHuTe CBapUBAeMOCTb,
noaoepuTe HeOOXOAUMbIE MaTepUalbl Uil CBAPKHU, ONPEAEIUTE CUITY CBAPOYHOIO TOKa,
PO U TOJSPHOCTb, CIOCOO CBapKH, Yrojl HAKJIOHA 3JIEKTPOAa, KoyiebaTeabHOe
JBUKEHHUE, 0COOCHHOCTH MOATOTOBKH U BHITIOJHEHHUS I1IBA.

3.0mpenenuTeHa puUcyHKe 0003HAUEHHE CTBHIKOBOTO COCAMHEHMS, BBITIOJHEHHOTO IO

3aMKHYTOMY KOHTYPY, BBIIIOJIHUTE paciipoBKy 0003HAUCHUSI.
BbuaerNe2

1. Onpenenure MapKy AJIEKTPOJOB I cBapku ctanu 15M, pacuudpyiite o603HaueHuE

a) D 42A- YOHU-13/45A-4,0-YIE412(4) - B20 I'oct 5264-80
0) O-09M - 11J1-6-3,0-THAE-02-A24 I'oct 5264-80
B) O 125- HUN-3M-4,0-JIAE-18X1T"'I1M-0 - b-20 I'oct 5264-80

Kaxkas cTanp Ha3pIBACTCS HU3KOJIET HpOBaHHOﬁ MOJ'IH6I[CHOBOI>1?

2. Tlepen Bamu aBe miuactuHbl U3 cranu BCt3cnS=6mm.OneHure cBaprUBaeMOCTD,
noa0epuTe HeoOXOIUMbIE MaTepUaIbl JIsl CBAPKH, ONPEJEIUTE CHIIYy CBAPOYHOTO TOKa,
POl W TOJSPHOCTb, CIOCOO CBapKW, YroJl HAKIOHA »DJIEKTPOja, KoJieOaTeIbHOE
JIBYKEHUE, 0COOCHHOCTH MOJATOTOBKU U BBHITTOJIHEHHUS 111BA.

3.0npenenure Ha pPUCYHKE OOO3HAYEHHE TaBPOBOI'O COCIMHCHUS, BBIMOJHUTE
pacppoBKy 0003HAUCHUSI.

a) ANRAY
_L_ | IOCT 14771-76 68—5’/7.01\2?
.
0CT 5264-80 T1-DN5-50 Z 100

SO 6,3
é 5 rocT 5264-80 €8 sass\/

o2 ﬁ

BbunaerNe3

1. Omnpenenute mapky a3yekTpomoB mis cBapku cranu 10XCHJ, pacmmdpyiite
0003HaYeHHE

a) 3 42A- YOHU-13/45A-4,0-YIE412(4) - ocT 5264-80
b20

6) D-09M - []J1-6-3,0-T/IE-02-A24 ocT 5264-80

B) O 125- HUN-3M-4,0-JIJE-18X1I"1M-0 - pct 5264-80
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b-20

Kakas ctanb Ha3bpIBaeTCsl HU3KOJIETUPOBAHHOM?

2. Tlepen Bamu nBe tutactunbl U3 craan BCr3cnS=15MM.OneHuTte cBapuBaeMOCTb,
noadepuTe HeoOXOAMMbIE MaTepHaIbl Ul CBAPKH, ONPEASIUTE CUIIy CBAPOYHOIO TOKa,
PO U TOJIAPHOCTb, CIIOCOO CBapKH, YIroj HAaKJIOHA 3JIEKTpoja, KoyiebaTeiabHOe
JIBUKEHHUE, 0COOCHHOCTH MOATOTOBKH U BBHITIOJHEHHUS I1IBA.

3.0mpenenute Ha pPHUCYHKE OOO3HAYEHHE CTHIKOBOTO COCIWHEHUS, BBITIOJHUTE
pacmppoBKy 0003HAUCHUSI.

rocr 14771-76 _cg-ynQ'Y

a
FoCT 5264-80 T1-1N5 - 50 Z 100

5) L/'ocrizbé—[w Cﬂmu?/
&m IR

bunerNed

1.Onpenenute MapKy 31€KTpoJI0B A1 cBapku ctanu 20M, pacmmdpyiite 0003HaueHHE

a) 9-09MX - YOHU-13/45MX-4,0-TA1E-04-520 ocT 5264-80
0) O 42A- YOHU-13/45A-4,0-YIE412(4) - B20 ocT 5264-80
B) O 125- HUU-3M-4,0-JIAE-18X1T"'1M-0 - b-20 ocT 5264-80

Kakas crasnp Ha3pIiBaeTCst MOJIUOIEHOBOM?

2. Tlepen Bamu aBe mmactuabl U3 ctaau 10XCHJI S=5mMm.OneHuTe cBapuBaeMOCTb,
noadepuTe HeOOXOAUMBIE MaTEPHAIBI I CBAPKH, OMPEICIIUTE CHITY CBAPOYHOTO TOKA,
pPOA M TMOJAPHOCTh, CIOCOO CBapKW, Yyroj HaKIOHA »JJCKTpoAa, KoyedaTelbHOe
JBIKEHUE, 0OCOOCHHOCTH TMOJTOTOBKH U BBIITOJHEHUS IIIBA.

. Pacmmdpyiite o603HaueHue:

(PN
rOCT 5264-80-T5-P7-06-502100 Y
0 ~1
«
S
BbuaerNes5

1.Kakue ctanu Ha3bIBalOTCS YIIIEPOJUCTHIMU, HA KaKHE TPYIIBI OHU Pa3JeNsIFOTCs O
CBAapUBAEMOCTH?

2. HeoOx0ouMo MpOu3BECTH CBApKy TPYOBI U3 yriiepoauctoit cranu d=32mMm, S=3,2mm.
Ornenure CBapuUBAeMOCTb, TMOAOEPUTE HEOOXOAMMBIE MaTepuaabl IJisi CBapKH,
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OTIPENICNIUTE CUJTy CBAPOUYHOIO TOKA, POJI M MOJSIPHOCTh, CIOCOO CBApKH, YroJl HAaKJIOHA
AJIEKTPOa, KoebaTeIbHOE NIBUKEHNE, 0COOCHHOCTH MOJATOTOBKH M BBITIOJIHEHUS 111BA.
3.Uto Ha3bBaeTCs TPEIIMHOM CBApHOTO COCAWMHEHHUS, BBIJICIUTE IPUYHHBI
BO3HUKHOBEHHS U CIIOCOOBI YCTPAHCHHS.

buierNe6

1. Kakue cymecTByIOT CIIOCOOBI OLICHKH CBApUBAEMOCTHU CTaJIeh?
2. Heo0XxoauMo Mpou3BeCTH CBapKy TpYyObl W3 YIIEPOAMCTON CTamu Mapku 45
d=57,8mMm, S=3,8MMm. OneHnuTe CBaprMBaEMOCTb, MOAOECPUTE HEOOXOAMMBIC MATEPHUAIbI
JUISL CBApKU, OMPENIECITUTE CUIY CBApPOYHOTO TOKA, POJ U MOJAPHOCTh, CIIOCOO CBapKH,
yroj HakJIOHa JJIEKTpoja, KojebaTelbHOEe NIBUKEHHE, OCOOCHHOCTH MOJTOTOBKU HU
BBITIOJTHEHHS 1I1BA.
3.Uto Ha3pIBaeTCS TMOPOW, BBIACIUTE TPUIMHBI BO3HUKHOBEHHUS M CIIOCOOBI ee
yCTpaHEHHSI.

buaerNe7

1. Kak conepxkaHue yriaepoaa U JETMPYIOINX KOMIIOHEHTOB BIIMSIET HA TEXHOJIOTHIO
cBapku?

2.0npenenuTe NpaBuiia BEIOOpA TUNIA U MApKU 3JIEKTPOAOB IPU CBAPKE CTaJIEH.
3.Kakue nedexTsl cBapHOTO MIBa cuuTaroTcs nonyctuMbiMu? [IpuBeaute mpumepsl.

BbuiaerNe8

1. Kakue cTanu cuuTaroTcsi BBICOKOJIETHPOBAHHBIMH, BBIIEIUTE HX OCOOEHHOCTH CBApKuU?
2. HeoOXoauMo MpOU3BECTH CBApKy CTBIKOBOIO COEAMHEHMS JABYX IUIACTUH JJIMHHOU
500mm u3 cramu Mmapku X23HI18 TonmmuOl 4MM B HWXKHEM TMoOJIoKeHHH. OlieHUTE
CBAapUBAEMOCTb, MOJOEPUTE HEOOXOIUMBIE MaTepUaibl JJi CBApPKU, OMPEAEIIUTE CHITY
CBAapOYHOI'0 TOKA, POJ U MOJSIPHOCTh TOKA, CIIOCOO CBapKH, YroJl HaKJIOHA 3JIEKTPO/Ja,
KoJiebaTelbHOEe ABUKEHUE, 0COOCHHOCTH MOATOTOBKHU U BBIMIOJHEHHUS LIBA.

3.Kakue nedekTsl CBapHOTO IIBA CUUTAIOTCS HEAONMyCTUMBIMU? [IpuBennTe npumepsi.

buiierNe9

1. Kakue cTanu cunuTaroTCs TEII0yCTOMYMBBIMU, OLICHUTE UX CBAPUBAEMOCTH?

2. Tlouemy cBapka «yrjioM BIEpea» MpeaHa3HadeHa ISl CBapKM TOHKOT'O MeTajuia, a
CBapKa «yIJIOM Ha3aJl» MpeaHa3HaueHa JiJisg CBapKu 00Jiee TOJICTOTO MeTaslja.

3. Onpenenute BUa AedeKTa CBApPHOIO IIBA, PACMOJIOKEHHOTO Ha PUCYHKE, YKaKUTE
MPUYHUHBI 00Pa30BaHUS U CIIOCOOBI UCTIPABIICHMUS.

W,

BuaerNel(

Kakue cramu cumrtarorcs cCpemHEyrJIepOAUCTBIMH, PACCMOTPUTE, KaK KIaCCU(MHUITUPYIOTCS
CPEIHEYTJICPOIUCTHIC CTAJIH TI0 CBAPUBACMOCTH.

HeoOxoaumo mpousBecTd CBapKy CTHIKOBOTO COCIWHEHHWS JBYX IUIACTUH JJIMHHON
500mm u3 cramu mapku 12X1M® TonmmHold 4MM B HMIKHEM TOJ0KeHUH. OlLieHUTe
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CBAapUBAEMOCTb, MOJ0EpUTE HEOOXOJMMBIE MaTepUaibl JJis CBAPKU, OMPEACIIUTE CHITY
CBAapOYHOI'0 TOKA, POJ U MOJISIPHOCTh TOKA, CIIOCOO CBAPKM, YroJl HAKJIOHA AJIEKTPOa,
Kose0aTenbHOe IBMKEHHE, 0COOCHHOCTH MOJITOTOBKH U BBIMOJIHEHUS 1IBa.

Onpenenure Bui AedeKkTa, paCHOJIOKEHHOTO Ha PUCYHKE, YKAXKUTE MPUYUHBI
o0pa3oBaHus U CIIOCOOBI UCTIPABJICHHUS.

BbunaerNell

Kaxkue CTaaun CUUTAIOTCS BBICOKOYTJIEPOAUCTHIMH, paccMoTpuTe, Kak
KJIACCU(PUIUPYIOTCS BBICOKOYTIEPOAUCTHIE CTAIN MO0 CBAPUBAEMOCTH.

HeoOxoaumo mpou3BecTy CBapKy CTHIKOBOTO COSAMHEHUS ABYX MIIACTUH JUTMHHON 500MM
u3 cramn wmapku 25XT'CA  TomumHOW 4MM B HIDKHEM MOJOXeHUU. OleHuTe
CBapUBaEMOCTh, MOAOEpPUTE HEOOXOAMMBbIE MaTepuaibl JJIsi CBApKH, OMNPEACTUTE CHUITY
CBapOYHOr0 TOKA, POJA U TMOJSPHOCTH TOKA, CIIOCOO CBApPKH, Yrojl HAKJIOHA DJIEKTPOa,
KoJIeOaTebHOE IBUKEHHUE, OCOOEHHOCTH MOITOTOBKHU U BHITIOJIHEHUS 111BA.

3.Beimenute  ompeneneHue  TPEIIMHBI  CBAPHOTO  IIBA, YKKHUTE  IPUYUHBI
BO3HUKHOBEHUS U CIIOCOOBI YCTPAHEHHUS.

BbuaerNel2

Uem xapakrepu3yercss Me/b, BBIJICIWTE TMOKa3aTelld, BIMSAIONIME Ha CBAapUBAEMOCTD,
OLICHUTE €€ CBAPUBAEMOCTh?

HeoOxoaumo mpou3BecT CBapKy CTHIKOBOTO COSAMHEHUS ABYX IUIACTHH JUTMHHON 200MM
u3 ctayii Mapku 20XT'CA tonmuHo#i 4MM B HUKHEM TOJIOKEHUH.

Ornenure cBaprBaeMOCTb, MOJA0EPUTE HEOOXOAMMBIE MAaTEPHAIIBI JIJIsI CBAPKH, OTIPEICITUTE
CHITy CBapOYHOT'O TOKA, POJI ¥ TOJIIPHOCTH TOKA, CIOCO0 CBAPKH, YTOJI HAKIIOHA DJIEKTPO/A,
KoJIeOaTenbHOE IBUKEHUE, OCOOEHHOCTH MOITOTOBKY U BHITIOJTHEHUS 111BA.

Onpenenure Bun AedeKkTa, pacHoIOKEHHOTO HAa PUCYHKE, YKAXKUTE MPUUYUHBI
o0pa3oBaHUsI U CTIOCOOBI UCTIPABIICHHUS.

N \/

BbunerNel3

UTo Ha3bIBAIOT HATUIABKOM, MPUBEAUTE IPUMEPHI BUJIOB HAIIJIABKH.

Heo6xoaumo mMpoBECTH PEMOHTHYHO CBapKy HAIUIABKOM TUIOCKOW KOHCTPYKIIMU W3

yraepoauctoit cramu  BCt3. BeiObepure HEoOXOIMMYIO MapKy HarulaBOYHOTO

ANEKTPOJA, POJ U MOJSIPHOCTh TOKA, PEKUM HAIUIABKH, MOJATOTOBKY IMOBEPXHOCTH IS
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IIPpOMU3BOACTBA HAILUIABKHM, PACCMOTPUTE TEXHUKY HW TCEXHOJOIHIO BBIINIOJIHCHHA
HallJIaBKH.

Onpenenute BuA JaedekTa, pPacloiOKEHHOTO Ha PUCYHKE, YKAKUTE MPUYUHBI
00pa30BaHUs U CIIOCOOBI HCIIPABIICHHS.

l Il N

BbuaerNel4

Kakas HamiaBka Ha3pIBaeTCsl BOCCTAHOBUTENbHONU? Kakue TUIIBI U MapKu 3JIEKTPOJIOB

IPUMEHSIOT JUIsl HAIUIABKYU YTJIEPOJUCTBIX CTaJICH?

HeoOxomumo mnpoBectu cBapky IutacTuHbl M3 cramd Ct3 S=4MM B pa3inMuHBIX
MPOCTPAHCTBEHHBIX TMOJIOKEHUSX, OMpEAeNuTe Hambojee paluOHAIBHBIM CcHoco0
CBAPKH, PACCMOTPHUTE €TO CYIIHOCTh, BBIIECIIUTE MPEUMYIIECTBA U HEJOCTATKH.
Onpenenure MapKy 23JIEKTpoAoB sl cBapku cranu  BCr3nc, pacmmdpyiite
0003HaueHne

a) D 42A- YOHU-13/45A-4,0-VIE412(4) - B20 ber 5264-80

0) 3-09M - 1J1-6-3,0-T/IE-02-A24 ocT 5264-80

B) O 125- HUU-3M-4,0-JIAE-18XIT'IM-0- b-20 et 5264-80

BbuaerNel5s

1. Kakue Marepuanbl MPUMEHSIOT JJIS AJICKTPOIYTOBOM HAIlJIaBKH, OXapaKTCPU3YHUTE
uX.

2. HeoOxommmoe TIpOM3BECTH CBAapKy MEIHOW IIJIACTUHBI TOCTOSHHBIM  TOKOM,
OTIPENIETUTE CIIOCO0 CBapKH, PACCMOTPUTE €r0 CYIIHOCTD, BBIJICIUTE IPEUMYIIECTBA
U HEIOCTaTKH.

3. Ompenenute wMapky OdJeKTpoaoB misi cBapku ctanmu  bCt3, pacmmdpyiite
0003HaYeHHE

a) D 42A- YOHU-13/45A-4,0-YIE412(4) - B20 | T'oct 5264-80

0) 2-09M - 1JI-6-3,0-TZIE-02-A24 I'oct 5264-80

B) O 125- HUN-3M-4,0-JIAE-18X1TI"'1M-0 -b20 | I'oct 5264-80

BbuaerNel6

Paccmotpure rpymnmnbl cTanei mo cBapuBaeMOCTH, BBIIETUTE YCIOBUS UX CBAPKHU.

HeoOxonumoe mpousBecTH CBapKy KopoOuatoi KOHCTpykuuu wu3 crtamu Ct3,

S=4mm.OmneHuTe CBapUBAEMOCTh, MOAOEPUTE HEOOXOAMMBbIE MaTepUalbl Il CBApKH,

OTpEeNEINTE CUIIY CBAPOYHOIO TOKA, POA M TOJSPHOCTh TOKA, CHOCOO CBApKH, Yroi
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HaKJIOHA BJIEKTPO/Ia, KoyieOaTenbHOE ABHKEHUE, OCOOCHHOCTH MOATOTOBKY U BBIMIOJHEHUS
1IBA.
3. Omnpenenute BujA JAePeKTa, pPacHOJOKEHHOIO HAa PUCYHKE, YKaXUTE MPUUYUHbI
o0Opa3oBaHus U CIIOCOOBI UCTIPABJICHHUS.

1.Yto Ha3bIBaeTCs, CBAPKOM, BBIICTUTE BUIBI CBAPKH, OMPEEIUTE CYITHOCTh KaXI0Tr0
BU/JIa, IPUBEIUTE MPUMEPHI KXKIOTO BUJIA CBAPKHU.

2.Ilepen BaMu ABe TUTACTHHBI ATIOMUHUAS S=6MM.OIIEHUTE CBAPUBAEMOCTh, TIOJIOEPHUTE
HE0OXOAMMbIE MaTepuaibl JUIsl CBapKH, ONPEACIIUTE CUJIY CBapOYHOrO TOKA, POJ MU
MOJIIPHOCTh, CHOCOO CBApKM, yroJl HaKJIOHAa 3JIEKTPOoJa, KoleOaTelbHOE JBHKEHUE,
0COOEHHOCTH MOATOTOBKH U BBIITOJIHEHHUSI 11IBA.

3. Omnpenenute Mapky oanekTpogoB st cBapku crtamun 20XI'CA, pacumdpyiite
0003HaueHne

a) D 42A-  YOHMU-13/45A-4,0- ber 5264-80
VJIE412(4) - B20

0) 5-09M — 1J1-14-3,0-TIE-02-A24 ocT 5264-80

B) O 125- HUU-3M-4,0-JIAE-18X1TI"1M- pct 5264-80
0 - b20

BbuaerNel§

1. Ilepeuncnure 00JaCTH MPUMEHEHUS PYYHOH MAYrOBOM CBapKH, PACCMOTPUTE €€
ONpeIeJICHHE, MPEUMYILECTBA U HEJOCTATKH.

2. Tlepen Bamu aBe IIaCTUHBI U3 amoMUHUS S=8MM.OI1IeHUTE CBApHUBACMOCTbD, ITOA0CPHUTE
HEOOXOIUMbIE MaTepHasbl JJIS CBapKH, ONPEACIIUTE CUJIY CBApOYHOrO TOKA, POJ U
MOJIAPHOCTh, CHOCOO CBapKu, Yroj HaKIOHA JJIEKTpoja, KoyieOaTeabHOE IBMXKCHHE,
0COOEHHOCTH MOJATOTOBKH U BBHITTOJIHEHHUSI 111BA.

3. Bemonnute pacumdpoBKky 0003HAYEHUS CBApHOTO COEAMHEHUS, JIalWTe €ro
ONpeIeJICHHE

"OCT5264-80-C2

2SS

BbuaerNel9

1. Kakue BuAbl CBapKd IUIABJICHHEM Bbl 3HAETE, IMPUBEIUTE MPUMEPHI, OMPEIETUTE
00J1aCTH IPUMEHEHUS], MPEUMYIIECTBA U HEAOCTATKH.

2. BoigennTe 0COOEHHOCTH BBINIOJIHEHUSI BEPTUKAIBHOTO CBapHOro miBa u3 craiu 40 S=9
MM.
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3. Beimmonnute pacummpoBKky 0003HAYEHUSI CBApHOTO COEAMHEHUS, JlalTe €ro

onpeACICHUC
[OCT5264-80-Y8

BbuaerNe2(

Kakue Bubl CBapKu JaBJI€HUEM BBl 3HA€TE, IPUBEIUTE IPUMEPHI, OMpeenuTe 00IacTu
IIPUMEHEHUS, TPEUMYIIECTBA U HEJOCTATKH.

[lepen Bamu BE TUIACTUHBI U3 JATYHH S=8MM.

Onenure cBapuBaeMOCTb, MOAOEpUTE HEOOXOAUMBIE MAaTepuaabl JUIsl  CBAapKH,
OTIpEIEIUTE CUIIY CBAPOYHOIO TOKA, pOJ U MOJSIPHOCTH, CIIOCOO CBAPKHU, YIOJ HAKJIOHA
AJIEKTPO/IA, KOJIEOATENIbHOE IBUKEHUE, OCOOEHHOCTH NOJATOTOBKU U BBIIIOJIHEHNUS 1I1Ba.

Beinonaure pacmmppoBKy 0003HAUEHHS CBAapHOTO COEAMHEHMS, JlalTe €ro
OIIpE/ICIICHUE

BbuaerNe21

1. Ilepen Bamu mactuHa u3 meau M1.
Ouenute ee cBapuBaeMOCTb. llepeunciauTe CBOMCTBA MEAM, BIMSIONIME Ha €€
CBapUBaE€MOCTb.

2. HeoOxomuMo TpoBeCTH CBapKy MEAHBIX IUTACTHH S=5MM B HWKHEM ITOJIOKEHUHU.
Onenute CBapUBAEMOCTh, MOAOEpUTE HEOOXOAUMBIE MaTEpHaNbl JJisi CBapKH,
OTIPEJICIIUTE CUITy CBAPOYHOTO TOKA, POJ U TMOJISIPHOCTH TOKA, CIIOCOO CBApKH, yrol
HAKJIOHA OJJIEKTPOJa, KoyiebaTeabHOE MBM)KEHHE, OCOOCHHOCTH TMOATOTOBKH H
BBITIOJIHEHUS 1I1BA.

3. [lepen Bamm  ycnmoBHOe  OOO3HAYEHWE  CBApPHOTO IBa HA  YepTExke.
[IpokoMMeHTHPYHTE, UTO O3HAYAECT U300paKEHUE, BHIMOJIHUTE paciiiPpoBKy?

rMOCT 14806-80 — T3 - PUHN -6 - 50=z100

BbuiaerNe22
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1. Kakue cCymecTBylOT BHIBI 3JEKTPOJOB, BBIJACIUTE O0JaCTH NPUMEHECHHS
AJIIEKTPOIOB.

2. IlpoBemuTe CpaBHUTENBHBIM aHAMM3 CIOCO0a pPE3KH, BBIICIUTE Ha3HAYCHHE,
000pyI0BaHNE U OCOOCHHOCTH BBITTOJTHEHHUSI.

(-)
Inexrpon Boaayx
Conno

Aerans .
f —

3. Ompenenure BUA KOJeOATEILHOTO JABMXKCHHUS DIICKTPOJA MPH CBApKEe YIJIOBOTO IIBa C
kareToM Oojiee 8 MM.OOGOCHYITE BEIOOD.

BbunaerNe23

1. Yem oTnuyaroTcs ApYyr OT Apyra cnocoObl cBapku IuiaBieHreM? Kakue marepuansl
HEOOXOUMBI 11 TPOU3BOJICTBA CBAPKH IJIaBJICHUEM?

2.IlpoBeauTe CpaBHHUTENBHBIM aHAINM3 CIOc00a PE3KH, BBIACIUTE Ha3HAUYCHHE,
000pynoBaHue U 0COOCHHOCTH BBITIOJTHEHUSI.
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2. llepen Bamm  ycnoBHOe  OOO3HAYEHHWE  CBAPHOrO  IBA HAa  YEpTEXKE.
[IpokoMMeHTUPYHTE, UTO O3HAYAET U300paxeHue?

yenoesoe o6oanauenue

ycnoeroe obosxaveHue
\ : @ L]

ycnoewoe obosHaverue

p———
\ — Q <—::\:::

buiaerNe24

1. Kak xiaccuuuupyroTcs MOKPHITHIE AJIEKTPOIbI 10 HA3HAYECHUIO?
2. IlpoBenuTe CpaBHUTENBHBIM aHAMM3 CIoOco0a pEe3KH, BBIICTUTE Ha3HA4YCHHE,
000pyI0BaHNE U OCOOCHHOCTH BBHITTOTHCHHUS.

Kwcnopoa 2

3 .Hepen BaMHu YCJIOBHOC 0003HaUYCHHUE CBAapHOIo miBa Ha YCPTCIKCE.

[IpokOMMEHTUPYITE, UTO O3HAYAET U300paKEHNE, BBIMIOJHUTE paciii(ppoBKy?

roCcT 11633 — 75 — v2- A

A A -A

I

I_

BbuaerNe25

1.B yeMm 3akirodaercs NPEMMYIIECTBO PYYHOM JOyroBOW CBapKH Ieped JpYyTruMU
criocobamu?

2.Heo0xoauMo MpOBECTH CBAPKY TUIACTUH M3 KPEMHEMapTaHIIOBUCTON OpOH3BI S=5MM
B HWKHEM TooxkeHuu. OIeHUTe CBapUBAaEMOCTh, MMOJ0EPUTE HEOOXOJANMbIC
MaTepualibl JJisl CBAPKH, OMPEIEITUTE CUITy CBAPOYHOTO TOKA, POJ U MOJSAPHOCTh TOKA,
croco0 CBapKu, Yrojl HakJIOHA 3JIEKTPO/aa, KojebaTelbHOE NBIXKEHHE, OCOOCHHOCTH
MOATOTOBKY U BBITIOJTHEHUS 11IBA.
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3.Ilepen Bamu  yCIOBHOE  O0O3HAYeHHME  CBapHOrO  IBa HAa  4YepTEKe.

[IpokoMMeHTUPYHTE, 4TO O3HAYAET U300paXKEHUE, BHIMOTHUTE paciinGpoBKy?

Rz 20
— rrOCT 5264 — 80 — c13 O

-

IV.METOAUYECKHUE MATEPUAJIBL, ONPEJNEJISIIOLIIUE ITPOLELYPBI
OUEHUWBAHWA 3HAHUHW, YMEHUU, IIPAKTUYECKOI'O OIIBITA,
XAPAKTEPU3YIOIIUE 3TAIIbI ®OPMUPOBAHUA KOMIIETEHIIUN

[Ipouenypa OueHUBAaHUS — MOPSAOK JIEUCTBUM NPU MOATOTOBKE M MPOBEICHUHU
aTTECTAIIMOHHBIX UCIIBITAHUM U (POPMHUPOBAHUY OIEHKH.

[Iponienypa mPOMEKYTOUYHOM AaTTECTALMM IPOXOAUT B  COOTBETCTBUU C

[TonoxkeHMeM O TMPOMEKYTOUHOM (pyOeKHOM) arTecTalldd 3HAHUW CTYJICHTOB H
yuamuxcs AI'YHX.
- ATTecTallMOHHbIC WCHOBITAHUSL TPOBOIATCS MpenojaBaTenaeM (UM KOMHUCCUEH
npernojaBareyied — B cllyda€ MOJAYJIbHOW JUCHUIUIMHBI), BEAYLIMM JIEKIIMOHHBIC
3aHATUS [0 TAHHOW JUCLMIUIMHE, WIM MPENOJaBaTEIIMU, BEAYIINMHU MPAKTUYECKUE U
nabopaTtopHble 3aHATUS (KpOME YCTHOIO 3k3ameHa). [IpucyTcTBHE MOCTOPOHHUX JIMIL
BXOJIE MPOBEACHUS AaTTECTAIMOHHBIX MCHBITAaHUN O€3 pa3pelieHus peKTopa WIH
MPOPEKTOpa HE Jomyckaercs (3a HUCKIIOYEHHEeM paO0OTHUKOB YHUBEPCUTETA,
BBITIOJTHSIOIIMX ~ KOHTPOJUPYIOIIKME  (YHKIIMA B COOTBETCTBHHM CO  CBOMMHU
JOJDKHOCTHBIMH  00SI3aHHOCTSIMM). B cilydae OTCYTCTBHS BEIyIIETro IIpenojaBaTes
ATTECTAIMOHHBIE  HWCIBITAHUA  OPOBOJATCS  IPEmnojaaBaTesieM, Ha3HauYCHHBIM
IIMCbMEHHBIM paciopsbKeHUEM 110 Kadeape (CTpyKTYpHOMY TOApa3AcICHHIO).

- WHBayuapl W JMma C OTPAHUYEHHBIMM BO3MOXHOCTSMHU 3J0POBbS, HMEIOLIUE
HapyLICHHUS

OIIOPHO-ABUIATCIIBHOI'O aIlmapara, AJOIYCKAarTCda Ha aTTCCTAlMOHHBIC HCIILITAHHSA B
COIMPOBOKIACHNHN aCCUCTCHTOB-COITPOBOKIAIOIINX.

- Bo Bpems aTTecTallMOHHBIX MCHBITAHWM O0O0ydYarolmuecs MOryT IMOJb30BaThCA
nporpaMmoi  yuyeOHOM JUCHUIUIMHBI, a TakKKe C pa3peuieHus MpenojaBarens
CIIPaBOYHON U HOPMATUBHOU JINTEPATYPOU, HEIPOTPAMMHUPYEMBIMU KAJIbKYJIATOPAMMU.

- Bpemsi moarotoBku oTBeTa MpH clade 3adyeTa/dK3aMeHa B YCTHOM (opme T0JIKHO
cocTaByiATh He MeHee 40 MUHYT (MO >KEJMaHWI0 OO0YYaloIIerocs OTBET MOXKET ObITh
nocpouHbiM). Bpemst oTBeTa — He 6osee 15 MUHYT.

- [Ipu moAroTOBKE K YCTHOMY SK3aMEHY 3K3aMEHYEMbIH, KaK MMpaBuio, BEJIET 3alKiCH B
JUCTE YCTHOTO OTBETAa, KOTOpPHIA 3aTeM (10 OKOHYAHUM »HK3aMEHa) CJIaeTcs
IK3aMEHATOPY.
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- Ilpu mpoBeneHHHM YCTHOTO 3K3aMe€Ha 53K3aMEHAI[MOHHBbIA OWJIET BbIOMpAeT cam
AK3aMEHYEMBII B CIIy4ailHOM MOPSIIKE.

- DK3aMeHAaTOpy MPEIOCTABISETCS MPABO 3a7aBaTh OOYYAIOIIMMCS JTOTIOJIHUTEIHHBIC
BOIIPOCHI B paMKax MPOrPaMMbl JUCIMIUIMHBI TEKYILIETO CEMECTpa, a TaKXKe, [OMUMO
TEOPETUYECKUX BOIPOCOB, JaBaTh 3aJaud, KOTOPbIE H3YYaAJIUCh Ha MPAKTUYECKUX
3AHATHUSX.

- Ormenka pe3yJbTaTOB YCTHOTO AaTTECTAIIMOHHOTO WCHIBITAHUS  OOBSBISICTCS
oOyJarormuMmcsi B JIGHb €ro mnpoBemeHus. Ilpum TpoBeACHWMM  MHUCHMEHHBIX
aTTECTAllMOHHBIX HCMBITAHUA WJIM KOMITBIOTEPHOTO TECTUPOBAHHWSI — B JEHb UX
NIPOBEICHHSI MJTH HETIO3THEE CIISAYIONIEro padodero JHS MOCIe WX MPOBEICHHS.

- Pe3ynbraThl BEITOJHEHHS! aTTECTAMOHHBIX UCIBITAHUW, MPOBOJIUMBIX B TUCbMEHHOU
dopme, popme UTOTOBON KOHTPOIHHOM PadOTHI WM KOMIIBIOTEPHOTO TECTHPOBAHMSI,
JIOJKHBI OBITH OOBSBIEHBI OOYYAaIOUIMMCS M BBICTABIECHBI B 3a4ETHBIC KHIDKKH HE
MO3/IHEE CIIEYIOIET0 pabovero Hs Nociae UX MPOBEICHUS.

[Topsimok MOATOTOBKM W TIPOBEACHHS TPOMEXYTOYHOW arrectanud B (opme
3ayera/sK3aMeHa
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JIner akryanuzanum (pOHIA OLEHOYHBIX CPEICTB M0 MEKIMCUMILINHAPHOMY KYpCY
@DOHJT OIIEHOYHBIX CPEACTB MEXKAUCIUIUIMHAPHOTO Kypca MepecMOTpPEH,

o0cyXeH u ogo0peHa Ha 3acejaHuu Kadeapbl

[IpoTokoun OT « » 20 r. Ne
3aB.xadeapoit

@DOHJT OTICHOYHBIX CPEACTB MEKIUCIUIUIMHAPHOTO Kypca MepeCMOTpPEH,
0o0CcyXeH u ogo0peHa Ha 3acelaHuu Kadeapbl

[IpoTokoit ot « » 20 r. No
3aB.xadenpoit

@DOH/I OIIEHOYHBIX CPEJCTB MEKIUCITUTUIMHAPHOTO Kypca MePeCMOTPEH,
00CyXJIeH U 0100peHa Ha 3aceJaHuH Kadeapsbl

[Iporokoit ot « » 20 r. No

3aB.xadenpoit
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