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PE®EPAT

Brimycknas kBanudukanuonHas pabora 122 c¢., 33 pwuc., 14 Tab6n., 71
UCTOYHUKOB, 1 mpui.

KiroueBble cnoBa: CBapka, MaruCTpalbHbIA TPyOONpPOBOA, CTPOMUTEIBCTBO,
pacyer peXUMOB CBapKH, CBapKa HWMIYJbCHBIM IUTaHUEM, JAUHAMHYECKas
cTaOWiM3aIUsl CBApOYHOW BaHHBIL, pecypcodhHEKTUBHOCTE U (PUHAHCOBBIM
MEHEIKMEHT, COI[HaIbHAsI OTBETCTBEHHOCTbD.

OOBEKTOM HCCIIEA0BAHUS ABIISETCS MAaruCTPaJIbHBIN TPyOOIIPOBO/I.

[lenp paboOTBl — ONpENeTUTh BO3MOXKHOCTH TEXHOJOTMUYECKOM aJanTaiiu
aBTOMATUYECKOM CBAPKU HEMOBOPOTHBIX CTHIKOB MAaruCTPalbHBIX TPYOOIIPOBOIOB.

B mpouecce uccnenoBanusi NpoOBOAUINCH PacueThl CBAPUBAEMOCTU CTalId U
pacueTsl peXHMOB cBapku. I[IpoBemeHO 000CHOBaHHME BBIOOpPA CBApPOUYHBIX
MaTepuajoB U crnocola cBapku. PaccMoTpeHbl BOIIPOCH! pa3paOOTKU TEXHOJOTUU
JUIsl CTa0MIM3aly CBapoYHOU BaHHBL. IIpoBeneH ananm3 pecypcodPpPpekTuBHOCTH
naHHoOro croco6a. IlpuBeneHbl MepONpHUATHS 10 OXpaHe TpyAa U 0e30MacHOCTH
CTPOMTENBCTBA, OXPAaHE OKPYKAIOIIEH Cpebl, TEXHUKO-I3KOHOMUYECKAsl YacThb.

B pesynbrare uccienoBaHuil aBTOMAaTHYECKOW CBAPKU B CpPEZE YTIIEKHCIIOTO
rasa ObUJIO YCTaHOBJIEHO, YTO HOPMAJILHOTO (YOPMUPOBAHHUS 11IBA MOXKHO JIOCTUYb,
U3MEHSAS COOTHOIIEGHWE CHWJI, JACWCTBYIONIMX Ha CBAapOUYHYIO BaHHY. Bapwpupys
nmapaMeTpamMu HMITyJIbCOB M HW3MEHSsI  YroJl HAKJIOHA DJEKTpoja, MOoJyueHa
CTaOMJILHOCTh HAIJIaBJICHHOTO METajlJla B CBApOYHOMN BaHHE.

ABTOMaTH3aIMsl Tpollecca CBapKd — TEPCIEKTHBHOE  HAIpPaBIICHUE
cBapo4yHoro mpousBojcTBa. Cnocod cBapku B cpele YIJIEKUCIOoro rasa
UMIYJbCHBIM MHUTAaHUEM MOXET ObITh HMCHOJB30BaH Ui  BBINOJIHEHUS
HEMOBOPOTHBIX ~ CTBIKOB ~ MAaruCTPajbHBIX  TPyOOTPOBOJIOB. JlokazaHa
sKOHOMHYECKass 3(G(HEKTUBHOCTh, HWCIOIB30BAHMS aBTOMATHYECKOTO CIOc00a
CBapKH UMIYJIbCHBIM NMUTAaHUEM B Cpelie YIICKUCIOro raza MpU CTPOUTEIIbCTBE
TpyOOIIPOBOJOB. DTa TEXHOJOTHS TaK K€ TMO3BOJSET 3HAYUTEIHHO YKOHOMHUTH H

COKpAIaTh BpeMs BBITTOJIHEHHSI padoT.
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BBEJAEHUE

B nacrosimee Bpemsi B Hamieil cTpaHe pa3palaThIBacTCs U peaiu3yercs
MHOTO KPYITHBIX IMPOEKTOB IO CTPOUTENBCTBY M PEMOHTY MArucCTPajdbHBIX U
IPOMBICIIOBBIX TPYOONpoBOJOB. IIpy 3TOM HCHONB3YIOTCS Pa3IUYHbBIE CIOCOOBI
CBapKM, TaKHe KaK pydyHas 3JEKTPOJYroBasl CBapKa MOKPBITHIMH JJIEKTPOJIAMH,
aBTOMAaTHUYeCKas M MOJyaBTOMAaTHUYEeCKasi CBapKa.

OcHOBHOII  3ajayeil BceX BUAOB CBAapKU SIBISETCS  KaueCTBEHHOE
BBIMIOJTHEHHE HEMOBOPOTHBIX CTHIKOB Tpy0. [naBHas mpobiema mnpu 3TOM
3aKJII0YAETCsl B TOM, YTO MPHU CBApPKE MOCTOSHHO M3MEHSETCS] MPOCTPAHCTBEHHOE
MIOJIO’)KEHUE CBApOYHOW BAaHHBI OT HUKHETO J0 MOTOJOYHOro mnosoxeHus. Ha
CBApPOYHYI0O BaHHY B KaXJOM MPOCTPAHCTBEHHOM TIOJIOKEHUU JEHCTBYyET
Pa3INYHBIN KOMIUIEKC CUJI. DTO OCJIOXKHSET 3a/1ady (hOpMHpPOBaHUS KOPHEBOTO U
NOCJEAYIOUUX CJIOEB IIBa B CBSI3U C BO3HUKHOBEHHEM IPOKOTOB, HAIUIBIBOB U
IpyTHUX Ae(PEKTOB CBAPHOTO COSAMHEHUSI.

JUis moslydeHHs 3alaHHOTO KadyecTBa CBApHOTO COCAUHEHMsI TIpU
aBTOMATUYECKOW CBapKe HETIOBOPOTHBIX CTHIKOB TPYO, HY>)KHO pa3paboTaTh Takou
croco0 CBapKH, KOTOPbIA Obl oOecreurBajg HE TOJBKO YIPaBISEMBIM MEPEHOC
AIIEKTPOJTHOTO MeETajula, HO Tak JKe Xxopouiee (OPMUPOBAHUE CBApHOIO
COCUHEHHS] B Pa3WYHBIX MPOCTPAHCTBEHHBIX MOJOXKEHHSIX. YTOOBI BO BpeMs
CBapKH CEUEHHE I1IBA IO JJIMHE OCTaBaJIOCh MOCTOSHHBIM HEOOXOAMMO CKOPOCTb
CBapKH M TOK OCTaBIISITh HEU3MEHHBIM.

NmmynbCHBIE METONBI YIPAaBIECHUS TPOIIECCOM CBApKH  YAOBIETBOPSIOT
TaKUM TpeOOBaHMSIM, a TaK )K€ PEIIalOT Ba)KHbIE TEXHOJIOIMUYECKHUE MPOOJIEMBI,
TaKHe KaK:

® TIEPEHOC  DJIEKTPOJHOTO  MeTajla  CTAaHOBUTCS  YNPABISIEMBIM U

HaIpaBJICHHbBIM;

® TIPOIECC CBAPKH OCYIIECTBISIETCS BO BCEX MPOCTPAHCTBEHHBIX MOJIOKECHUSAX;

® yMEHbIIAEeTCs pa30pPbI3TMBAHKNE U MOTEPU HA yrap.



NMnynbcHblE  METOABI  YNPABIEHUSA  IPOLECCOM  CBAapKH  XOpOLIO
3apEKOMEHIOBaIM ce0sl, HO MOKAa OHMU SIBISIOTCA HE JTOCTATOYHO H3yYEHHBIMH.
[Tosromy B Marucrepckoil paboTe MpOBEIEHBl MCCIEAOBAHUS [0 AHAIMU3Y
pEerylMpoBaHUs YacTOThl M JJIMTEIBHOCTH HUMITYJIBCOB, Ui OOECHedeHus
3a/IaHHOT'0 Ka4ueCTBa CBAPHOI'O COCUHEHMS.

[ens paboTHI: Hccnenosanue TEXHOJIOTUYECKOU azganTaluuu
aBTOMATHYECKOM CBAPKU B CPENE YIVIEKMCIOIO ra3a ¢ UMILYJbCHBIM ITUTAHUEM

CBapO‘IHOI‘/’I AyTryu AJis1 HCIIOBOPOTHBIX CTBIKOB MAruCTpaJIbHBIX pr60HpOBO,ZIOB

3agaumn:

1. M3yunTh npouecc cBapKH B CPeNE YIIEKUCIIOrO ra3a

2. Ilpoananu3upoBaTh KOMIUIEKC CHJI, IEHCTBYIOMKX HA CBAPOUYHYIO BAaHHY

HMITYJIbCHBIM IIUTAHUCM.

3. BrmmonmHuTh aHanU3 ycnoBuil JOPMUPOBAHUS CBAPHOTO IIBA B PA3TUIHBIX

MMPOCTPAHCTBCHHBIX ITOJIOKCHUAX

4, OHpeI[eJ'II/ITB BJIMSIHUC YTJId HAKJIOHA WM BJIMAHUC JUINTCIBHOCTU UMITYJIbCA

Ha (POPMHUPOBAHUE 1IBA.

5. IlpoBectu (hvHAHCOBBIN, 5JKOHOMUYECKHI pacdeT pecypcodPHeKTUBHOCTH

TAHHOT'O CcIIocoda

6. IIpoBecTn aHAMM3 CONMMAIBHON OTBETCTBEHHOCTH PacCMaTPHUBAEMOTO

crioco0a.



1.1 TpyOGonpoBoOAHBIH TPAHCHOPT

B nacrosiee Bpemsi, TpyOOIIPOBOAHBII TPAaHCHOPT HEPTH U raza HAXOIUTCS
B UHTEHCUBHOM pa3BUTUHU. [lo 00beMy rpy30nepeBO30K OH 3aHUMAET Beyllee
MECTO, BBITECHSS JKEIE3HOMOPOKHBIM W BOJHBIM TpaHCOpT HeGTH. Bospocrime
MacHITabbl CTPOUTENIBCTBA TPYOOIIPOBOJHOTO TPAHCIOPTA, @ TaK ke OOJbIIas Ux
MPOTSKEHHOCTh,  BJEKYT 3a COOOW BBICOKME TEMIIbl MPOKIAJAKH U XOpOoIlIee
KaueCTBO CBApHBIX IIBOB. Pa3pabaThiBaeTcsi, M peanu3yloTCs MHOTO KPYITHBIX
MPOEKTOB  TIO0 CTPOUTEIHCTBY U PEMOHTY MAarucCTpajbHBIX M IMPOMBICIOBBIX
TPYOOIIPOBOJIOB.

XapaxkTepusyroTcs MarucTpaibHbIe TPyOOTIPOBOIBI OOTBITION
IPOTSKEHHOCTBIO B COTHU U THICAYM KHJIOMETPOB, auameTpom 10 1400 mm u
Bbime. Ha HHX mepekauka BeneTcs HE OJHOW, a HECKOJbKHUMH CTAHIMSIMH,
PacroJo’)KEHHbIMU Ha Tpacce.

Bricokuil Temn pa3BUTHS TpyOONPOBOJHOTO TPAaHCHOPTa 00ECIEUUBACTCS
OOJNBIIMM OCBOCHHEM HOBBIX MECTOPOXKICHHMA, a Tak k€ (HaKTOM CHIBHOUN
yIaJE€HHOCTH MECTOPOXKIEHUM OT MeCT J00bluM M nepepaboTKh 10 MECT
noTpednenuss HedTu U rasa. Beipocna qimMHa TpyOONpPOBOJOB, YBEIUMYMIICA HX
IUaMeTp, a Tak K€ MOIHOCTh U pabouee naBneHue. Ceromns, OOJbINas 4acTh
noObpIBaeMON HEPTH U MPUPOIHOIO Tra3a, TPAHCHOPTHUPYIOTCS MO MarucCTpalibHbIM
TpyOonpoBogam. TpybonpoBoasl auamerpom 6onee 1000 MM 3aHMMAIOT NEpBBIE
MeCTa, JJIMHA TpyOonpoBoa0B 00bIYHO nocTuraet 5000 kM.

ITo cnocoOy u3roToBieHUs TPYObl JJIsI MaruCTPabHBIX TPYOOMPOBOJIOB
Jenarcs Ha: OECIIOBHBIC, DJIEKTPOCBApHBIC C MPSMBIM  IIBOM W CBapHBIE CO
cnvpaibHeIM MBOM. [lo xapakTepy mepeKkadyMBacMoOro MpOAYKTa pa3IHyaroT
OCH30IPOBOJbI, KEPOCHHOMPOBOABI M  Ma3yTOMPOBOJLI. MarucrpajibHbIe
He(TENPOBO/IbI OAPA3ACIAIOTCSA Ha YEThIPE Kiacca, B 3aBUCUMOCTH OT YCJIIOBHOTO
TuameTpa Tpyobi:

e | xnacc — tpyOsI nuamerpom 1000- 1200 mm.
e 2 xiacc — TpyOs! auamerpom 500 — 1000 mm.

e 3 xnacc — TpyOsI tuamerpom 300 — 500 mm.


http://www.12821-80.ru/tech/63-Trebovaniya_detali_linejnoj_chasti_truboprovoda
http://www.12821-80.ru/tech/63-Trebovaniya_detali_linejnoj_chasti_truboprovoda

e 4 xnacc — TpyOsI tuametrpom 500 — 1000 Mm,

1.2 XapakTepucTHKA CBAPKH B cpejie YIJIEKHCJIO0ro raza

OCHOBHBIM  TEXHOJOTMYECKMM  IPOLECCOM  IIPU  CTPOUTEIBCTBE
MarucTpaJbHbIX  TPYOOINpPOBOJOB  fABIAETCA CBapka. TpaHcmopT Hedtu
OCYILECTBIISETCS 0 MAaruCTPaJIbHBIM TPyOOIPOBOIaM, KOTOPBIE KCIUTYaTUPYHOTCS
noJl BeicOkUM aaBieHueM a0 100 atmocdep. [loatomy k Tpydam M3 KOTOPBIX
COOpYKaloT He(dTe U ra3ompoBOjAbl, & B OCOOCHHOCTH K HUX COEAUHEHUSIM
IPEIbSABIAIOTCS BbICOKHE TpeOoBaHus. COeUHEHHE JTOKHO OBITh T€PMETUYHBIM,
PaBHONPOYHBIM C METALIOM TpyO, 4TOOBI TPYOBl COEAUHSIIMCH  OBICTPO H
skoHOMHYHO. CBapka B Cpele YIVIEKHCIOrO rasza IIO3BOJISIET  IOIy4aTh
KAuE€CTBEHHOE CBAPHOE COEJUHEHUE, MJisi COOJIOJEHUS BCEX BBIIICYITOMSHYTBIX
TpeOOBAHMIA.

3a mociieqHUE roJibl NIMPOKO BHEAPSIOTCS B MPOMBIIUICHHOCTh Pa3jIU4YHbIC
CIIOCOOBI 3JIEKTPOAYTOBOM CBAPKU B 3AIUTHBIX ra3ax: aproHe, rejuu, yrileKUCIoM
raze. IlpumeHeHne Takux crnocoOOB BO MHOTHX ClydasX MO3BOJISIET COEIUHATH
METaJlIbl, CBapka KOTOPBIX JApPYrMMHU CHocobamMH 3aTpyAHEHa, U CO3JaeT
BO3MOYKHOCTH JJI1 aBTOMATH3allMU CBAPOYHBIX pAa0OT, AJIsI KOTOPHIX MPUMEHEHUE
aBTOMATUYECKOM U MOJTyaBTOMAaTHUYECKOW CBApKHU MO/ CJIOEM (PJIF0Ca HEBO3MOKHO.

CBapka B 3alIUTHBIX Tra3ax MOXXET BBINOJHATBCS B TPEX BapHAHTAX:
HE3aBUCUMOW AYroM JBYMSI HEIUIABAIIMMUCS JJIEKTPOJAMH, 3aBUCHUMOMN Iyrou
HEIUIaBALMMCS 3JIEKTPOAOM M IUIABAIIUMCS 3JeKTpoaoM. CBapka HE3aBHCHUMOU
JyTOM MaJoNpOU3BOAUTENBHAS U MPUMEHSETCA NPU COCIUHEHUN METajula Majou
tonuHbl. B 1948 r. Obu1 pa3zpaboTaH BRICOKOTIPOU3BOIUTENBHBIA CIIOCOO CBapKU
IUIABSIIIMMCS 3JIEKTPOAOM B aTMoc(epe MHEPTHBIX ra30B. DTUM CIOCOOOM CTalo

BO3MOKHBIM IIPAKTUYCCKHU CBAPHWBATbL MCTAJJIbI JIr000M TOJIIIWUHBI, HAYWHAasA OT

0,5—1,0 mm.[50]



Hcnonp30BaHne ra3oBOM 3allIMThl JAaeT HaWOOJBIIYI0 3(P(GEKTUBHOCTH IO
IPOU3BOAUTENILHOCTY M MAaHEBPEHHOCTH IMIPH CBapKe TOHKOW 3JIEKTPOAHOMN
npoBosiokoit (1,0—2,5 mM) Ha Oosbmiol 1oTHocTH Toka (75—200 a/mMM2 u
0onee). OIHAKO MpU CBApKE B CPE€ MHEPTHBIX ra30B MIUPOKO PACIIPOCTPAHEHHBIX
MapoK MaJOyTIEPOIUCTHIX CTajeil BO3HUKIIA TOPUCTOCTD IIIBOB.

CyTb cmnocoba cBapku B Cpejlie YIVIEKUCHBIX Ta30B COCTOMT B TOM, UTO
CBapoyHasi Jayra W pAacIUIaBJICHHBIA MeETaI 3allMIIAIOTCS OT HETraTUBHOTO
BO3JICUCTBHSI BO3JlyXa CTpyEeH YTIEKHUCIOro raza, KOTOpbId T0JIaeTcsi B 30HY
cBapku. [lox nercTBMEM BBICOKHX TEMIIEPATYP YTJICKUCIIBIA ra3 pas3iaracrcs Ha
OKHCh YTJIepOJla W aTOMapHBIA Kuciopoa. OKHCH yriepoja HE PacTBOpHMAa B
KHUJKOM METaJlJIe U 3aIIMIIAeT CBAPOUYHYIO BaHHY OT HACBHIIIEHUS aTMOC(HEpPHBIMU
razaMu, KOTOpPbIE MPEAOTBPAIAIOT 00pa30BaHME MOPUCTOCTH IBA. ATOMAapHBIN
KHUCJIOPOJl TMpPH 3TOM B3aUMOJEHCTBYET C COJEpKallUMHUCA B CBapOYHOU
IPOBOJIOKE JJIEMEHTaMU U 00pa3yeT Ha TOBEPXHOCTH CBApOYHON BaHHBI
(GIrOCOBYIO TJIEHKY M3 MX OKHCTOB. DrocoBasi MIEHKAa 3alllMIIA€T CBAPOUYHYIO
BaHHY €CJIM HApYLIUTCS MOTOK Trasa, OT HOPBIBOB BETpa WM PE3KUX JIBHKEHUH

CBapOYHOU TOpeIkH. [51]

Hanpas.aenue cBapku Topeaxa
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Pucynoxk 1.1 — Tlporecc cBapku B cpejie yriIeKUCIoro rasa.

Ha xauecTBO CBapHBIX COCIMHEHHI CYIIECTBEHHOE BIMSHUE, OCOOCHHO TIPH
MOJIyaBTOMaTUYECKOW CBApKE, OKA3bIBAET TEXHUKA cBapku. OT paccTosHUA, yria
HaKJIOHA U XapaKTepa JBUKEHUS TOPEJIKU OTHOCUTEIBHO CBAPUBACMBIX JeTalieh
3aBUCST HAJEKHOCTh Ta30BOM 3alllUTHl 30HBI CBAPKH OT BO3AYyXa, CKOPOCTh
OXJIAKJIeHUs MeTaia, (opMa IIBa, YCIOBHUS YAAJIEHUS Ta30BBIX Iy3bIpell u
HEMETAJUIMYECKUX BKIFOUEHUN U3 CBAPOYHON BAHHBI.

[Ipoiiecc cBapku B yriIeKUCIOM raze HE0OXOJIMMO BECTH Ha KOPOTKOU JIyTe.
[Tpu cBapke Ha Tokax 200—250 a nnuHa Ayru noJpKHA ObITh B mpenenax 1,5—4,0
MM, TaK KaK yBEJIWYEHUE JJIMHBI JYTd TOBBIIIAET Pa3OpBI3TUBAHUE >KUIKOTO
METaJlJIa ¥ yrap JETHPYIOIINX 3JIEMEHTOB.

Capka B cpelie YIVIEKMCIIOrO Ta3a [0 CPaBHEHUIO C JIPYTMMHU METOJlaMU
CBapKU 00ECNEeYMBAET BBHICOKYIO MPOU3BOIUTEILHOCTD, CUUTACTCA YKOHOMHUYECKH
BBITOJTHOM OJyiarofapsi HU3KOW CTOMMOCTH YTJIEKHCIIOrO Ta3a. DTO CIOCOOCTBYyET
OBICTPOMY €€ BHEJIPEHUIO TMPU U3TOTOBIICHHM CBApHBIX KOHCTPYKIUH U3
MaJIOyTJEPOJAUCTBIX, HHU3KOJIETUPOBAHHBIX M BBICOKOJETMPOBAHHBIX CTAJE B

HIMPOKON IPOMBIIIJIEHHOCTH.

1.3 ABTOMaTH3anMs CBAPKHU

ABTOMaTHYECKas CBapKa ceiyac 3aHMMaeT Bce OOJBIITNN CETMEHT PhIHKA
cBapku. [IpuurHa 3TOMY MTOHSATHA - YBEIMYEHNE TTPOU3BOAUTEILHOCTH U
MTOBTOPSIEMOCTH OIEpaIlvii, a 3HAYUT M CYIIECTBEHHAs] KOMITCHCAIUS HEXBATKH
KBATH(HUITUPOBAHHBIX CBAPIIUKOB. OTHAKO, TTOCIIE MPUHATHS PEIICHUS 00
aBTOMATHU3AIMHA UMECIOIINXCS CBAPOYHBIX OTEpaIliid, TPOU3BOIUTEID JOJIKEH
BBIOpaTh HanboJee MOAXOAsIIee TPUMEHEHHE JIJIs €T0 3aj1a4: THOKYIO WITH
(UKCHUPOBAHHYIO aBTOMATHU3AITUIO CBAPKH.

I'uOkast aBTOMaTH3aIMsI OOBIYHO MPUMEHSIETCS B KA4€CTBE CBAPOUYHBIX
poOOTOB, 3aITPOrpaMMHUPOBAHHBIX Ha CBAPKY HECKOJIBKUX THITOB m3aenuid. C

PAa3JIMYHBIMHA CBAPOYHBLIMH IBAMU B PA3JIMYHBIX IMIPOCTPAHCTBEHHBIX ITOJTOXKCHUAX.



duxcupoBaHHas aBTOMATU3alKs 0OBIYHO MPUMEHSIETCS, Koraa TpeOyeTcs
BBITIOJIHSATh HECKOJIBKO OMPEACICHHBIX JBUKEHUHN IO CBAPOYHOMY IIBY, KOTOPBIi
MMeeT BBICOKYIO TOBTOPSEMOCTh reoMeTprudeckux ¢popm. Takux hopm, Kak KpyT,
Jyra Wi NpsMasi JIMHAS CBAPOYHOTO MIBA. XOTS JaHHAsl CUCTEMA TOKE MOXKET
OBITh OYE€Hb TMOKOM M aIalITUPOBAHHON K YPE3BBIUAWHO IIMPOKOMY CIIEKTPY
Pa3IMYHBIX TPUMEHEHUH, OOBIYHO OHA (PUKCUPYETCS Ha BBHIITOJIHEHHUE ITUX
OCHOBHBIX T€OMETPHUCCKUX (DYHKITHIA.

Haubonee mnomnynspHas aBTOMaTU3alMs CBAapKH, H3TO KOMIIAKTHBIE
CBApOYHBIC SYEHKH, TJIe ONEpaTop 3arpykaeT JIeTald U HaOmoAaeT 3a paboToit
OJTHOM WM HECKOJIbKMX aBTOHOMHBIX POOOTHM3HPOBAHHBIX CBAapPOUYHBIX SYEEK.
HekoTtopble sueiiku MOTYT OBITh CBSI3aHBI MEXIY COOOM Kak 4yacTu 0oyiee KPYIHON
aBTOMATUYECKOM JIMHUM, HO 3T SYEUKHU, KaK MpaBuio, paboTaloT camu 1o cede u
AKCIUTYaTUPYIOTCS KaK He3aBucumas cucrema. OHM OpUEHTHPOBAaHbI Ha TO, YTO
OIepaTop MOXKET 3arpy3uTh JETalld MO CBapKy B CHELMAIBLHOE IPUCIIOCOOJIEHNE,
0e3 MoMOIIM KakuX JIMOO ycTpoHCcTB. CBapOUHbIE SYEHKH OOBIYHO TPEOYIOTCS MO
o0BeMbI ipousBojicTBa oT 60 10 400 neraneit B yac.

B cBsi31 ¢ TMOKOCTBIO TPOrPaMMHUPOBAHKS CBAPOYHOTO poOOTa, pelaercs,
4TO HanboJiee BaXKHO MOJIBEPHYTH aBToMaTH3auu. Po60T mpocto nomemiaercs Ha
3TO MECTO, TOTOMY YTO OH MOXKET OBITh 3aIIPOTrPaMMUPOBAH JIJIsi CBAPKU BCETO,
YTO yroJHo. B KoHIIE KOHIIOB, OJarofapsi HAIMYUIO HECKOJIBKUX OCEH, pOOOTHI
MOTYT TyOJIMPOBAThH JBMKEHUS YEIOBEKA, IEPKAIIETO CBAPOUHYIO TOPENKY C
ropaszio 00JbIIei TOYHOCTBIO U TOBTOPSEMOCTBIO.

[Tpu BBIOOpPE MEKTY POOOTOM M (PUKCUPOBAHHOM CUCTEMON aBTOMATHU3aIINH,
paccMaTpUBAETCSl CBAPOUHBIN IIOB U KOHCTPYKITUS COOpKH 1Mo cBapKy. Ecnu
MMEIOTCSI MHOTOUHCIIEHHBIE KOHTYPBI, TPEOYIOLINE U3MEHEHUS TTOJIOKEHUS
CBApPOYHOI TOPEJIKK U CBAPOYHBIX MAPAMETPOB, pOOOT SBIISAECTCS €TMHCTBEHHBIM
criocoO6om niiist aBTomMaTtu3anuu. OHaKo, eciii cOOpKa UMEET 3arTyITKU WU
CBapUBaeTCs apMaTypa, To PUKCHpOBaHHAs aBTOMATH3aLUs MOXKET ObITh JTyUIIIUM

peIIeHrEM.



He3zaBucumo ot Toro, rudkas uian GUKCUpOBaHHAs CUCTEMa aBTOMAaTH3aIlH, 00€
OHU TPeOYyIOT TOYHON OCHACTKU JI COCITMHEHUS IeTajaeil BMeCTe AJi JOCTUKCHHUS
XOPOIIUX Pe3yJIbTaTOB CBApKU. POOOTOTEXHHMKA UMEET MPEUMYIIECTBO B 001IeH
TUOKOCTH TOJ pa3NuyHble TpuMeHeHus. Ho ass 607bpmux 00beMOB OJTHUX U TEX
K€ TIOBTOPSAIOIIMXCSA 3a/1a4, GUKCUPOBAaHHAS aBTOMATU3AIUs JOCTUTAET BHICOKOTO
YPOBHSI MPOU3BOAUTENBHOCTU. C MEHBIIMMHU 3aTpaTaMH U 00Jiee HU3KUMU

TpeOOBaHUSAMU JIJIs1 O0OYUYEHUS C TOUKH 3PEHUS HACTPOIKH.

1.4. I[OCTOI/IHCTBa H HEAOCTATKH CBAPKH B YIVICKHCJIOM rase

CBapka B 3aIlIUTHBIX Ta3ax MO3BOJISIET
® [I0Jy4aTh KaYECTBEHHBIC CBAPHBIC COCTUHECHMUS;
® BBIMIOJHITH CBAPKY B Pa3IMUHBIX MMPOCTPAHCTBEHHBIX MOJOKCHUSIX;
® BHU3yaJbHO HAOJIO/IaTh 32 00pa30BAHUEM IIIBa;
e paboTaTh Oe3 3aTpaThl BPEMEHHU Ha 3aChINKY (Jiroca U yJ1alleHHUE 111J1aKa;
® BBICOKYIO ITPOU3BOAUTEIIBLHOCTD;
e oOecrieunBaeT MEXaHU3AIUIO U AaBTOMATHU3AIINIO TTPOLIECCa;
e o0OecrnieunBaeT HHU3KYI0 CTOMMOCTh TPU HCIOJBb30BAaHUU AKTHUBHBIX
3alTUTHBIX ra30B. [2]

K HenmocTtaTkaM crioco0a CBapKM B 3alIUTHBIX Ta3ax MO CPaBHEHUIO, HATIPUMED
CO CBapkou moj (irrocoM SIBISIETCS HEOOXOAMMOCTh MPUMEHEHHUSI 3aIIUTHBIX MEp
MPOTHUB CBETOBOM M TEIUIOBOM paaudanuy Iyrd. B mpomecce CBapkuh Tak ke
HaOmomaeTcs: HeOoJbIIoe pa30opbi3rMBaHue MeTaa. J[aHHbIH croco0 cBapku
MIPUMEHUM, B OCHOBHOM K TTOBOPOTHBIM CTBIKaM TPYO, TTOCKOJIBKY PE3yJIbTaTOM
CBapKH HEITOBOPOTHOTO CTHIKA CTAHOBSITCS CPAaBHUTEIIBHO HU3KHE MEXaHHYCCKHE
CBOWCTBA CBapHOTO 111Ba.[2]

B npouecce HamnaBku B cpejie YIIIEKUCIOro raza HaOJMIOJAeTCsi Tak Ke psi

IIOJIOKUTECIBbHBIX MOMCHTOB.

® OTCYTCTBHE IIUIAKOBOW KOPKH, POBHBIM U KPACHUBBIN LIOB,



® BBICOKA IPOU3BOIUTEIBLHOCTD TPy A
® XOpOULIME YCJIOBUS JJI1 BU3YaJIbHOIO HAOJIIOICHUS;

e HeOOIBIIOE KOPOOJICHHE JETAI U3-32 XOPOIIETO OXJIAXKICHHS e Ta30M.[2]



TJIABA 2. AHAJIN3 KOMILUIEKCA CIJI JEMCTBYIOIUX HA
CBAPOYHYIO BAHHY IHPU NSMEHAIOHIEMCHA
INPOCTPAHCTBEHHOM I10JIO’KEHUHU

2.1 OcHOBHBIE CHJIBI JEHCTBYIOIME HA CBAPOYHYI0 BAHHY

[Tpu mpoTekanuu mporecca cBapku (GopMa M pa3Mephbl CBAPOUYHON BAHHBI
3aBUCAT OT MHOTHX ITapaMeTpoB. B mpoliecce cBapku Ha CBapOYHYHO BaHHY
NEHCTBYIOT MHOXKECTBO CHJI. OCHOBHBIMH M3 3TUX CHJI SBJISIFOTCS [3]:

a) CHJIBI TIOBEPXHOCTHOTO HATSKCHMS,

0) BeC XXMAKOT0 METaJlJIa, CHIIBI TSHKECTH,

B) CHJIOBOE BO3JICHCTBUE CBAPOYHOM JTYTH.

Brennss yacth cBapoOYHOM BaHHBI CUJIBHO 3aBUCHT OT JICUCTBHUS 3THX CHIL
Tak Kak STUMH CWJIAMH MOXHO TpPEHEOpeUYb BBITIOJNHSS padOTy B HUKHEM
IIOJIOKEHUH, & BOT TO IPU CBAapKE B JAPYIMX IIPOCTPAHCTBEHHBIX IIOJIOKEHHUSIX,
OJIM3KUX K MOTOJIOYHOMY, OHH UTPAIOT BAXKHYIO POJIb B (DOPMUPOBAHUH CBAPHOTO
11Ba.

Jlns aHanmM3a OCHOBHBIX 3aKOHOMEpHOCTeH (OpMHUPOBAHHUS IIIBa IPHU
CBapKe B Pa3IUYHBIX MMPOCTPAHCTBEHHBIX MOJIOKCHHUSIX HEOOXOIUMO PacCCMOTPETh
B OTACIBHOCTH KXKIYI0 W3 3THX CHJI, a TaK HCCIIEI0BAaTh KOMIUIEKCHOE WX

JICVCTBHE HA CBAPOUYHYIO BaAHHY.

2.1.1. CuiioBoe Bo3elicTBHE AYTH

Ha nmpotsikeHuu moiroro BpeMeHHU, U3ydyadl MEXaHWYECKOe BO3JICHCTBUE
Oyrd Ha BaHHY. MHOro pa0oT ObUIO TOCBSIIEHO 3TOH TEMy, HO TIOJHOTO
TIPEICTABIICHHUSI

Ceromnst cuuTaercs, YTO CHJIOBOE BO3ACHCTBHME JYrd TPEICTABIISCT
CIIOXKHBI KOMIUIEKC Pa3jIMYHBIX CHJI, KOTOPBIE IO pPa3sHOMY BO3JCHCTBYIOT Ha

BAaHHY.



BenuuuHy CUI0BOrO BO3JAEHUCTBUS AYTH MOHO BBIPA3UTh AMIIMPUYECKOU

3aBUCUMOCTBIO:
P, =x«l 2,
rie K - Kod((UUUEHT NpONOpLHMOHANIBHOCTH, 3aBUCSIIMNA OT crocoda
CBapKH M MPUMEHIEMbIX CBAPOUHBIX MaTepuaios (/A );
/- CBapouHsIii TOK, (A).
MexaHnyeckoe BO3IEHCTBUE AYI'M Ha CBAPOYHYIO BaHHY IMPEACTABISAIOT

3aBUCUMOCTBIO HECKOJIBKUX CHJI. I'a30KMHeTHYEeCKas cuja IIpHu 5TOM OIIPCACIIACTCA

XAPAKTCPUCTUKAMU CTPYH IIIIA3MBbI OT JJICKTPOAd K BAHHC, IIPH 3TOM OHA TaK XKC

JIEHCTBYET Ha CBAPOYHYIO BAaHHY MOJJOOHO AaBJICHUIO CTPYU Ha MpErpaiy.

b

Pucynok 2.1 JleficTBrE 3JI€KTPOMAarHUTHOM CHJIBI HA CBAPOYHYIO BaHHY.

F! . F,, — HOpManbHas 17} TaHI€HIUaJIbHAs COCTaBJIIOLINE
AIIEKTPOMArHUTHOM CUJibl; |CB - CBapOYHBIN TOK.

OneKTpOMarHuTHas Cwia, KOTOpas IeHCTByeT B BaHHE, OOyCIIOBJIEHA
B3aMMOJIECTBUEM MAarHMTHOIO IIOJISL IyTM C TOKOM B BaHHe. OHa HalpaBieHa 10

HOpPMAaJIH K MIOBEPXHOCTH M3aeaus (pucyHok 2.1) [6].

Cuna PCAKTUBHOI'O JIGI\/'ICTBI/ISI IMapoOB U ra3oB CBA3aHA MCXKIY MHCIIaPpCHHUCM
MCTaJl/Ia C ITOBCPXHOCTH BaHHBI U C BI)I6pOCOM ra3 BCJICACTBHC IIPOTCKAIOIIUX B

BaHHC MCTAJNIYPIrHICCKUX IIPOLCCCOB.



B mpouecce cCymMMapHOro CHJIOBOIO BO3JACKHCTBHE HA KUJIKUWA METAIUT BAaHHBI
MOJICHO YIIPOIIEHO MPEACTABUThH CISAYIOIIMM 00pa3oM: MPOUCXOAUT yJap IO

BaHHC UMITYJIbCHBIM IIOTOKOM I'a3d, CBA3dHHBIM C MTHOBCHHBIM YBCIMYCHHUCM.

2.1.2 IToBepXHOCTHOE HATSIZKEHUE

CBoiicTBaMU  KMJIKMX WU TBEPIBIX TeJ SBISETCS HaJIM4uMe CBOOOIHOM
IIOBEPXHOCTHOW »Hepruu. Ee CylecTBOBaHUE MPOSIBISETCS B CTPEMIICHUM
KUAKOCTEH TMpUHATH (PopMy, KOTOpas XapaKTepU3yeTcs MHUHUMAIbHON
ITIOBEPXHOCTBI0. OJTO CTPEMJICHHE ITOBEPXHOCTH JKHJIKOCTH K COKpPAIIECHUIO
00YCIIOBIICHO CHJIAMU MEXMOJICKYJISIPHOTO B3aUMOAEHCTBHS [5].

OmnpenensoT CcwIly INOBEPXHOCTHOTO  HATSHKEHUS IIPH  IOMOIIH
UCIIOJIb30BaHusl ypaBHeHMs Jlammaca. OmnpenenuTs CHIBI  OBEPXHOCTHOIO
HAaTsDKEHUS MOXKHO TOTZA, KOTJa HW3BECTHBI paaWyChl KpPUBHU3HBI CaMOWU
MOBEPXHOCTH U KO3(P(UIHUEHT NOBEPXHOCTHOrO HaTskeHus. Ha mnpakTtuke
MOJTy4aeTCsl, YTO IOBEPXHOCTh CBAPOUYHOM BaHHBI HECET CJIOXKHYIO (GopMy C
Pa3JIMYHBIMHA PAaJNyCaMHM KPUBHU3HBI B Pa3IW4HBIX Toukax. [Ipu Takou cBapke He
COONIONAIOTCST TaK K€ YCJIOBHMSI TEPMHUYECKOTO pABHOBECHS Ha TpaHMIIe
PaCIUIaBJIEHHOTO0 METaJJIa ¢ PABHOMEPHOCTBIO IMOJA4M T'a3a. ITO BXOAUT B OCHOBY
BBIBOJIa ypaBHeHMs Jlamaca, ciegoBaTeNbHO, BEJIWYMHA TMOBEPXHOCTHOTO

HATSDKEHUs OyJIeT pa3indHa U Oy/1eT UMETh pa3HbIe 3HAYCHUSI.

['maBHBIM CBOMCTBOM KHUJKUX W TBEPIBIX TEN SBISAECTCA HaIU4YUE
CBOOOJHOW TOBEPXHOCTHOM DHEPTrUM, KOTOpas TMPOSIBIAECTCS B CTPEMJICHUU
KUIKOCTEH MPUHATH (POpMY C MUHUMAJILHON MOBEPXHOCTHIO. Takoe cTpemiieHue
MMOBEPXHOCTH JKUJIKOCTH K COKpPAILICHUIO 0OBsICHSIETCS cuiamu
MEXKMOJIEKYJIIPHOTO B3aUMOACHCTBUSA

Kak wu3BecTHO, KO3(PGUIIUEHT MOBEPXHOCTHOTO HATSHKCHUSI 3aBHCHUT OT

TEMIIepaTypbl ¥ KOHIICHTPAIIUU Pa3JIMYHbIX IIpUMecel Ha rpanute ¢as [7].



B mponecce cBapku KUAKAA METAJI CBAPOYHOM BAHHBI IOKPBIT CIIOEM
pacmiaBieHHoro Iuaka. Ha rpanune pasgena a3 aeiicTByeT ompeneiaeHHOe IO
BeMYMHE Mex(da3HOe U TMOBEPXHOCTHOE HaTsbkeHue. B cBowo ouepenb Ha
CBapOYHYIO BaHHY JEUCTBYET MTOJBU>KHBIM, COCPENOTOYECHHBIN
BBICOKOTEMIIEPATYPHBIN UCTOYHUK TEIUIA MOJ AEHCTBUEM, KOTOPOrO IMOBEPXHOCTh
pasznena (a3 HarpeBaercs 10 BBICOKMX Temmeparyp. Ilo mumo 3toro mexmy
[UIAKOM M KUJAKAM METaUIOM MPOTEKAIOT pPa3jIuYHble XMMHYECKUE PEAKLUHU,
W3MEHSIS IPU 3TOM KOHIEHTpaIuio (a3 Ha rpaHuIle UX pasjena.

Bonwmoe Bo3zaeiicTBue mias kKod3pduimeHTa MOBEPXHOCTHOTO HATSKCHHSI
OKa3bIBa€T U3MEHEHHE TeMIIepaTypbl. B Temneparypax KHUIIEHHs MOBEPXHOCTHOE
HATSDKEHUE KUIKOCTH CTAaHOBUTBHCS IIPUPABHUBACTCS HYJIIO M Kak CIEICTBHE
ucue3aeT paszfen MeXAy KUJIKOM u razoBoil ¢azoir. Cama TemmepaTypa
IIOBEPXHOCTU CBAapOYHOW BAHHBI MEHSETCA OT TEMIEpPATypbl IUIABICHUS 10
temnepatypbl kuneHus: 2880°C Ha MOBEPXHOCTH, KOTOpasi HAXOAUTCS MOJ AYTOil.
[ToaToMy KO3(p(HULHMEHT MOBEPXHOCTHOIO HATSKEHUA OyleT HMETh pa3HbIe
3HAYEHHUS HA Pa3HbIX y4ACTKaX MOBEPXHOCTH BAHHBI.

Becomplii MHTEpPEC HECYT MOHATUS  HOPMAJIbHOM M TaHI€HUMAJIBHOU
COCTaBJISIFOLIECH CHJIbI TOBEPXHOCTHOTO HATSDKEHUS, B OCOOEHHOCTH TIpU
UcCleoBaHUM  (OPMHUPOBAHMSI 1IBA B  PA3IMYHbIX  IPOCTPAHCTBEHHBIX
MOJIOKEHUSIX BapOYHOM BaHHbBI, B OCOOEHHOCTH Jii CBapKH HEMOBOPOTHBIX
CTBIKOB ~ MarucTpajbHbIX TpyOOmpoBOmOB. B  HcTOYHHMKaX B  OCHOBHOM
OMKCHIBAETCS METOJMKA HAXOXICHHS TTOBEPXHOCTHOTO HATSHKEHHS KaK TaKOBOTO,
B IIpollecCe CBapKd OOJBUIMI HMHTEPEC COCTABISET CJEACTBHE HAIWYUSA
MOBEPXHOCTHOTO HATSDKEHMsI, TAKOTrO0 KakK H30BITOYHOE JaBJIEHHE, KOTOpOE

CTPEMUTHCSI YMEHBIIUTD HAPYKHYIO ITOBEPXHOCTb.

2.1.3 Bec cBapo4HOii BAHHbI



Macca cBapo4HONW BaHHBI 3aBUCHT OT MOLIHOCTHM HCTOYHUKA, YCIOBHU
nepeadyn TEeIIOThl OT MCTOYHHMKA K CBAapMBAEMOMY METaJUly, TEIJIOOTBOJA,
CKOPOCTH TUIABJICHHSI U TEMIIEpaTyphI AJeKTpoaHoro merania [10].

DKCHEpUMEHTAIIBHO OMNPENIETIEHO, YTO HA TEKY4YEeCTh CBApOYHON BaHHBI
BECOMOE BIIMSIHUE OKa3bIBaeT - Bec. [Ipu cBapke B HMXKHEM I0JIOXKEHUU BIIMSHUE
BECa pACIUIaBICHHOTO METaJUla CBApOYHOW BaHHBI MpPOSABISIETCS B MEHBIIEH
CTETICHH, a BIUSAHNE B OCHOBHOM YXOJUT Ha (hOpMY YCHUIICHHSI CBAPOUHOTO IIIBA.

[Ipu cBapke B MOTOJIOUHBIX MOJIOKEHUSAX C YBEJIMYEHUEM BECA CBAPOYHOU
BaHHBl HACTYNIA€T MOMEHT, KOrja JACHCTBYIOLIME HAa CBAPOUYHYIO BAHHY CHJIbI, HE
MOTYT YIEp>KMBaThb €€ B COCTOSIHUM paBHOBecHs. PacmiiaBieHHbI MeTal mpu
TOM MOXET BBbIT€Ub W3 CBApOYHOW BaHHBI, 00pa30BaB HATEKU IOJ JACWCTBUEM

CHJIBI TAXKCCTH.

2.2 Bausinue ¢GpoHTa IUIABJICHHUS HA y/AeP/KaAaHUE MeTAJJIa CBAPOYHOM BaHHBI.

Jnsi  cBapkM  HEMOBOPOTHBIX  CTBIKOB  TpyO0 B pPa3iUyHBIX
MPOCTPAHCTBEHHBIX IMOJIOKEHUSAX, METAJJT CBAPOYHON BAaHHBI CTPEMUTCS CTEYb B
TOJIOBHYIO YacThb BaHHbl WM B HaIpaBJ€HUM CBAapku. Ho cuumraercs, 4yto mid
yAEpXKaHUSI METajula CBapOYHOM BaHHBI JOCTATOYHO PETYJIMPOBATH CHUJIAMHU
MOBEPXHOCTHOTO HATSKEHUSI W YMPaBIATH JaBlieHUeM Iyru. [lpu 3ToM 0OBIYHO
CUUTAIOT, YTO METAJUT CBAPOYHON BAHHBI YJICPKUBACTCS CUJIAMHU MTOBEPXHOCTHOTO
HATSDKCHUST W JaaBjieHus Ayru. [lpu sTom, cleayeT y4duThiBaTh TOT (HAKTOD,
KOTOPBIM CITOCOOCTBYET YJAEpP)KaHMIO MeTajlyla CBApOYHOM BaHHBI, TaKOM Kak
IIEPUMETP TOJOBHOM YacTH CBAPOYHOW BaHHBI, KOTOPBIA MMEET OCTpBIE Kpasd,
KOTOpBIE NPEIATCTBYIOT PACTEKAHUIO HAIUIABIIEHHOIO METajUla M3 CBapO4YHOU
BAHHBI.

OnpenensommuM MapaMeTpoM B YACpKaHUU MeTauia OyJeT SBISTHCS
YIOJI, TIOCKOJIBKY BBITEKAHHE MOXKET MPOU30WTH TOTrAA, KOTAA YIrOJl IPEBBICUT

PAaBHOBCCHOC 3HAUCHHC.



BrimonHss mporecc CBapku B TMOJIOKEHUAX OJIM3KUX K BEPTUKAIHLHOMY
METaJl CBapOYHOW BaHHBI CTPEMHUTHCSI CTEUb B TOJOBHYIO 4acTh. Tak € MOXKHO
OTMETUTh, YTO €CJIM METal CBApOYHOW BaHHbI Hayasl BBITEKATh, TO OOJbIIAS €T0
YacTh BBITEYET M3 CBAPOYHOM BaHHBI, IOTOMY 4YTO SHEPreTUYECKH eMmy Ooiiee
BBITOJIHO HAaXOAMTbCA B HIKHEH Touke. CBapouHas Jyra IHpu 3TOM Oyzer
OTTECHATh pACIUIaBJICHHBIH MeTall K (POHTY KpUCTAUIM3aLlUU, a TaK ke

OT)KUMaTh €T0 B FOJIOBHYIO 4acThb. [11].

Pucynok 2.2 — VYpaepkaHue meTajia CBApOYHON BAHHBI 32 CUET HATUYUSA

dbpoHTa TUIaBJIEHUS B TOJIOBHOM YacTH CBAPOYHOM BaHHBI

HeoOxonumo Tak k€ yuyuThIBaTh HaJWYHME NEpUMETpa XBOCTOBOM yacTu
CBAPOYHOM BaHHBI, IIOCKOJbKY OH HMEET OCTpbIE Kpasg, M B pPa3HbIX
MPOCTPAHCTBEHHBIX MOJOKEHUAX CIOCOOCTBYET YAEPKAHUIO CBAPOUYHOIN BaHHBI.

IIpoananu3upoBaB CKa3aHHOE, MOKHO CHEJIaTh BBIBOJ, YTO IPHU CBAPKE C
M3MEHSAIOIIMMCS TPOCTPAHCTBEHHBIM MOJIOKEHUEM CJIENAYET BBIAEIATH HE TOJBKO
CTaHJAPTHBIE TOJIOKEHUS (HW)KHEE, BEPTUKAJIbHOE, TIOTOJIOYHOE), HO U

IMPOMCIKYTOYHBIC ITOJIOKCHHA



2.3 ®opmupoBaHue pe3yabTHPYIOIIEH CHJIbI IefiCTBYIOLIEl HA CBAPOYHYIO

BAaHHY IIPH UBMCHAIOIIEMCH MPOCTPAHCTBEHHOM IOJOKCHHH.

B nponecce cBapku cBapoyHas BaHHA HAXOJIWUTCS IIOJ JCHCTBUEM
KOMILIEKCA CHJI: TOBEPXHOCTHOTO HATSHKEHUS, BECA CBAPOYHOM BaHHBI, CUIOBOTO
BO3JIEUCTBUS AyTH. BETUYMHBI 3TUX CHJI 3aBUCAT OT MHOTHX IapaMeTpoB: criocoda
CBapKH, peKMMa CBapKHU U BbIOOpa CBapOYHBIX MaTepuasioB. Eciu paccMmarpuBaTh
CBapKy B 3a(UMKCHPOBAHHOM IOJIOKEHUU, TO TPYAHOCTEN ¢ (POPMHUPOBAHUEM IIIBA
MOYTH HE BO3HUKAET. [lOCKOJIbKY TaM PEXHUM CBapKH MOJOUPAETCSA TaK, YTOOBI
CBapOYHasi BaHHA HaXOJUJach B PAaBHOBECHUU MO/ JEHCTBUEM MPUIIOKEHHBIX K HEH
CWI, MpPU 3TOM oObOecreunBasi BBHICOKYIO MPOU3BOJIUTEIBHOCTh. [lpu cBapke ke
HEMOBOPOTHOTO CThIKA, MPU TMOCTOSHHO W3MEHSIONIMMCSA MPOCTPAHCTBEHHBIM
MOJIOKEHHUEM, ISl yIEp:KaHUs HAIUIABIICHHOTO METajlla B CBApOYHOW BaHHE,
HEOOXOMMO KOPPEKTHPOBATh PEXKUM CBapku. HoO u3MeHssT pexuM CBapKu
M3MEHSETCSI W TIONMEPEYHOE CEUECHUS CBAPHOrO IIBA, MO3TOMY JJISI IOJHOIO
3aMO0JIHEHUS TPUXOJUTCS 3aKalaJblBaIOT MIBbI ISl KOPPEKLIUU

[ToBEepXHOCTHBIM HATSHKEHUEM KaK TaKOBBIM Mbl YIIPaBISATh HE MOXEM,
MIOCKOJIBKY TeMITepaTypa pacIuiaBICHHs OUeHb BbICOKas. [5]

Ha nepBoMm 3Tare cTposiTcs BEKTOPBI AEMCTBUS CUJI BECAa CBAPOYHOW BaHHBI
M MOBEPXHOCTHOTO HATSKEHHMS, TaK KaK BEJIIMYMHA 3TUX CUJI MOCTOsIHHA. [lanee
CTPOUTCSI PABHOJICUCTBYIOIIASA CUJIa OT 3TUX CHJI, KOTOpas MOKAa3bIBAET, B KAKOM

HarpaBJICHUH MOXKCT IICPEMCIUIATHCA CBAPOYHAA BaHHA.



o

Pucynok 2.3 — Kommekc cuil B pa3HbIX IPOCTPAHCTBEHHBIX MOJIOKEHUAX
MoOXHO Tak KE€ ONpPENCIUTh HOPMAJIbHYHD U  TAaHTCHIUAIBHYIO
COCTAaBIIIONIYI0 KOTOpPBIE JECUCTBYIOT B 3aBUCHUMOCTH OT IPOCTPAHCTBEHHOI'O

ITOJIO’KEHMS PUCYHOK 2.4.
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PucyHok 2.4 — I3MeHeHrne HOpMaabHOM M TAHT€HIIMAIBHOW COCTaBJISIFOIIUX

paBHOHeﬁCTBYIOHIeﬁ CWJIbl B 3aBUCUMOCTHU OT IMPOCTPAHCTBCHHOT'O ITOJIOKCHU S

[To rpaduky BumHOo, yto Tpu a=15-30° mOSABISIETCS TaHTCHITMATbHAS
COCTaBJISAIIONIAsl PAaBHOJEUCTBYIOIIECH CHUJIbI, TIOJA JAEHCTBUEM KOTOPOM CBapOYHAs
BaHHAa CTpeMUThCA BbITeYb. [Ipu a=120-130° mnosBiaseTcs HOpMaybHas
COCTaBIISIONIAsl PaBHOJCHUCTBYIOIIEH CHJIbI, KOTOpas CTPEMHUThCS OTOpPBaTh
cBapouHyro BaHHY. [Ipu a=140-150° TanreHImagpHas COCTABIIIONIAs paBHA

HOpMaJIbHOM.[D]

2.4 Yjep:xxaHue CBAPOYHON BAHHbI 32 CYeT U3MEHEHU YIJI1a HAKJIOHA
3JIEKTPOAA.

['maBHas mpoOiieMa TMpU CBapKe HEMOBOPOTHBIX CTHIKOB SIBJISIETCS
BBITEKaHWE METajlJla CBApOUYHOM BaHHBI, IPU KOTOPOM HapyiaeTcs: GOpMUPOBAHUE
mBa, M BO3HUKAIOT JedekThl. CBapouyHas BaHHO BBITEKACT MOJ JACHCTBHUEM
HEYPAaBHOBECIICHHOM CHUJIbI OT Beca CBapO4YHOM BaHHBI [12]. [Ins BbIABICHUS
YCIIOBUM PaBHOBECHS] CBApOYHON BaHHBI HEOOXOJMMO COCTaBUTHh YpaBHEHUE
PaBHOBECHS CHJI ICMCTBYIOLIMX HA BaHHY, HA OCh, COBITIAIAIOIIYIO C HAPABICHUEM
BBITCKAHUSI MeTaJU1a BaHHHEI [13]. B ciiyuae cBapku KOTOpO€ HalpasiieHa Ha CITYCK
B mosioxkeHun oT 0 g0 90 rpamycoB metaim OyAeT CTPEMUTHCA CTEYb IO

KacaTeIbHOU (PUCYHOK 2.5)
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Pucynok 2.5 — Cxema cun AeicTByroIIas Ha CBAPOUYHYIO BaHHY B

nonoxenuu ot 0°-90°

Pucynok 2.7 — (Cxema cuil J€HCTBYIOIIMX HA CBAPOUYHYIO BAHHY B MOJIOKEHUU OT
90°-180°
B - HanpaBieHUe BBITEKaHUSI METAJIJIA B MOJI0KEeHUU OT 90°-180°.
Ha yuactke ot 0 10 90 rpamycoB ypaBHEHHE paBHOBecHsI OyAeT MMETh

CHEAYIOLINI BU:



G,-sina—P; ~P,, -sin =0
Ha yuactke ot 90 1o 180 rpamycos
G.— P, cosa—P" sina—P,, sin(a+f)=0

B X04€ UcCieca0oBaHusda OBLIO YCTAaHOBJICHO, YTO IIPU 3HAYUTCIIBHO
BO3POCIICM NABJICHUU AYI'U, CBAPOYHAsA BaHHA 6yI[CT HaXOJHUTLCA B pPaBHOBCCHU.
Ecnu cBapka OyAeT mpoXoauTh B MOJOKEHHUIX OJIM3KUX K MOTOJIOUYHOMY, YTOJ
HaKJIOHAa BO3pPACTCT, IOTOMY YTO KOMIICHCUPOBATHL HAJ10 6OJII>HIy}O qacCTb
paBHOHCﬁCTBYIOmeﬁ CUJIbl, HO IIPpHU 3HAYUTCIIBHOM YBCIIMUCHUU YIJId HAKJIOHA
MeTasll y>ke Oy/eT BbIIyBaThCs Ayroil, 00pa3ys HaTeku. s pemenus npoodiiem
YACPKaHUS HAIJIABJICHHOI'O MCTAJld B CB&pO‘-IHOﬁ BaHHC, HGO6XOI[I/IMO
JANHAMHNYCCKN CTa6I/IJ'II/ISI/IpOBaTB cc. I[J'IH TOro 4ro0 BaHHA HE MOTJIa OTOPBATHCA

WM BBIYECTh, PACCMOTPUM IPOLIECC JUHAMUYECKON CTAOMIIM3aIMU B CBApPKE C

HMITYJIbCHBIM ITMTAHHUCM CB&pO‘{HOﬁ AyTru.



3 TEXHOJIOI'YSI CBAPKX UMITYJIBCHBIM IIMTAHUEM

3.1 UmMnyJbCcHBIE METO/IbI YIIPABJIEHUSA

PazpaboTka cBapkd HMITYJIbCHBIM MUTAHUEM JaeT OoJibiIne

BO3MOKHOCTH IJI1 YIIPABJICHUA IIPOUCCCOM IICPCHOCA IJICKTPOAHOI'O METAJJIA.

Jlnis cBapKu JUIMHHOM Tyroil pa3paboTaHO, OTHOCUTEIHHO MaJI0 CIIOCOOOB
UMIyJbCHOrO nuTanus. IlepBble, pa3paboTaHHBIE UMITYJIbCHBIE CIIOCOOBI CBAPKH,

OBLIM HACTPOCHBI Ha YIIPABJIICHUE pa3MepaMy CBapOYHOW BaHHEI [ 14].

B CBApKC HUMIIYJIBCHBIM IIMTAHUCM JAYTHU, IUIABAIIUMCA 3JICKTPOIOM B
Cpeac 3allNTHBIX I'a30B, IMIPOUCCC IIPOUCXOIANUT C HOI[&‘IGﬁ HMITYJIbCOB TOKa Pa3HbIX
[mapamMcTpoOB IIO CPaBHCHHUIO OT HM3MCHCHHA CKOPOCTH IIOAAYM BHGKTpOI[HOﬁ
ITPOBOJIOKM. MOI[YJ'II/IpyIOT IIpHU 3TOM TAKHUC MAPAMCTPBI KaK 4aCTOTa UMITYJIbCOB U

JUTATEIILHOCTh UMITYJIbCOB (PHCYHOK 3.1).

JIns TOBBIIEHHWS KadyecTBa CBApHBIX IIIOB PAacCMOTPUM CBapKy ¢
UMITYJIbCHBIM MHUTAaHUEM [JIyT'M, TJI€ AaBTOMAaTUYECKUU PETYJIUPYETCA [IJIMHA
JIyTOBOTO MPOMEXKYTKA 32 CUET MU3MEHEHHUS MapaMeTPOB MUMITYJIBCOB CBAPOUYHOTO
ToKa. PerymupoBanume mpomecca OCYHMIECTBISIETCA 34 CYET M3MEHEHUs

MJIIATCIIbHOCTH UMITYJIBCOB U IICPHOA I[Gf/iCTBHH HMITYJILCOB [15]

o HINELRHIHLLL
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Pucynok 3.1 — kpuBast ”BMEHEHUS CKOPOCTHU I0JIa4u TTPOBOJIOKH(A);

+

rpaduK mo1auu UMITYJIbCOB MPU YaCTOTHON MOy IAuu(0);



WU3MEHEHUE JUTMTEIbHOCTH UMITYJICOB IIPH IIUPOTHOM MOAYJISLUHU(B).

B takom crnoco0e CBapKH BCIIEJICTBHE W3MEHEHUS COOTHOILICHHS SHEPIHH,
BBOJIMMOM B DJIEKTPOJ U3MEHSIOTCS YCIIOBUS PaCIlJIaBJICHUs Kalelb U U3MEHACTCA
KOJIMYECTBO IHEPTHM, BBOJAMMOM B 3JIEKTPOJ IOCIE TOTO KAK IPOU3OILIEN OTPHIB
Karum. IlodToMy Kamiam ocTaBLIMECs Ha JJIEKTPOAEC pPa3iIWyHbIX pasmMepoB. B
IIpOLIECCe IPOUCXOMUT pa3lelICHUE TIpajalus CTagui IUIABJICHUSA U IIEpeHOca

QJICKTPOAHOI'0 MCTAJLIA.

B pa3Butun uMnynbCHBIX CIOCOOOB CBapKM Ba)KHOE BHUMAHUE YETSIIOCH
TOHKOMY YIPAaBIEHUIO IPOLECCAMU IUIABJIECHUS M IIEPEHOCA DJIEKTPOJHOTO
MeTalla Haj  (OPMHPOBAHMEM CBAapHOIO COEAMHEHHMS OHO MPUBOJIUT K
YMEHBUIEHUIO MTOTEPH HA pa30phI3TUBaHUE.

Crioco6 cBapku UMIYJIbCHBIM MUTAHUEM I103BOJISIET JO3UPOBATH YHEPTHIO
HA PacCIUIABJIICHHE KaXJOW MOCIEAYIOIIEH KalulM, €Ile C MOMEHTa €€ OTpbIBA.
MoMeHT oTpbIBa (GUKCHUPYETCS 10 BCIUIECKY HampshDkeHus Ha ayre. [16]

OC]_II/IJIJIOI"paMMBI 9TOTI0 IIponecccCa MpCACTABICHBI HAa PpUCYHKC 32
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Pucynok 3.2 — OcuuuiorpaMMbl TOKa U HAMPSHKEHUS TTPU

HMITYJIbCHOM IINTaAHUH



[Ipu Takom crocobe cCBapKud ¢ UMIYJIbCHBIM MUTAHUEM AYTU TUIABSIIIAMCS
AIEKTPOAOM, IIPOUCXOAUT ABTOMATHYECKOE PETrYJMPOBAHHUE JUIMHBI JYTOBOIO
npoMexxkyTka.  CTaHOBHTCA 3TO BO3MOMKHBIM IIOCJIE H3MEHEHUs IIapamMeTpoB
MMITYJIbCOB CBAPOYHOI'0 TOKA B 3aBUCHUMOCTH OT HAIIpSDKEHMs Ha ayre. B Takom
crioco0e cBapku o0ecrieunBaeTcs CTaOUIBHOCTD Ipolecca €Ille Ha CTaJuu KaIulu.
B »sTOM ympasiasieMOM Ipolecce UMITYJIbC IIEPEHOCHUT TOJIBKO OJHY KaIllko
JIEKTPOJHOr0 METaJlIa IIOYTU OJHOIO pa3Mepa, B CIECACTBUUA YEr0 YMEHBIIACTCS

p336pBISFPIBaHI/Ie N yJIIydaacTCsa Ka4CCTBO CBAPHOT'O COCAMHCHMA.

3.2 I[BI/DKCHI/IC MeTaJlJIa B CBaPO‘IHOﬁ BaHHEC IIPU UMITYJIbCHOM IMUTAHUH
CBﬂpO‘lHOﬁ AYI' B HUGKHEM IMOJIOKEHUH.

PaCCManI/IBaeMblf/'I croco0 CBapKu IIaBAIIINMCA QJICKTPOAOM C
HMITYJIbCHBIM IIMTAaHHUEM CBapO‘—IHOﬁ AYTH OKa3bIBA€T Ha BaHHY IIOXOXKCC
I[GﬁCTBHG, 4TO U IIPH CBAPKC C KOPOTKUMH 3aMbIKAHUAMMH. YuurteiBas BOBHGﬁCTBH@
HMHYJIBCHOP'I Ay Ha CBAPOYHYIO BAHHY, HYXHO BBIACIUTL JBa XapPaKTCPHBIX

y4acTKa - WMITYJIbC U TOPEHUE JASKYPHOH IyTH B Tay3e pucyHok 3.2, 3.3.
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Pucynok. 3.3 — CBapoyHasi BaHHa B MOMEHT UMITYJIbCA

Py~ naBnenue myru B ummnyibce, Gg - BEC CBAPOUYHOIT BaHHBI.



Fan

Pucynok 3.4 — CapouHas BaHHa B MOMEHT I1ay3bl
P .- aBleHue qyTy B mayse.
Bo Bpemsi may3bl JaBieHUE AYrd MalleHbKOE, MOCKOJIBKY TOK B Iay3e
cocTasisieT mpuMepHo 20-50 A. A TOT MeTaill, KOTOPbIA HE 3aKPUCTAJUIU30BAJICS

CTEKET 00paTHO MO AYTY.

Ecnu paccmarpuBarh cranuu mpolecca, BUAHO, YTO BaHHA COBEPILAET
BBIHYKJCHHbIE KOoJieOaHUs MO/ JACHCTBUEM HMITYJIbCOB TOKA, C YaCTOTOM paBHOMU
4acTOTE CJIEIOBAHUSI HUMITYJIbCOB. V3MEHHMB mapaMeTpbl HUMITYJIbCOB MOMKHO
3HAYUTENIHLHO TOBIUATh HA YCJIOBUS (POPMHUPOBAHUS CBAPHOI'O COCAMHEHUS, a TaK

e Ha reomeTpuro mBa [17,18].

Brmomnnss CBApKy HCIOBOPOTHBIX CTBIKOB, I'JAC BCCTrJa H3MCHIACTCA
IMPOCTPAHCTBCHHOC IIOJIOKCHHC CB&pO‘-IHOﬁ BaHHBI, C HMCIIOJIb30BAHHUCM CBApKH C
KOPOTKUMH 3aMBIKAHHUSIMHU CTAHOBUTCS HCBO3MOKHBIM 00eCIIeYnTh INOCTOAHHYIO
qaCcTOTy CJICOOBaHHUA HMIIYJIBCOB KOPOTKHX BaMBIKaHHﬁ, ITOCKOJIbKY OHO
MNPpOUCXOAUT HCMHOI'0 paHbIIC, YCM B HHIXHCM IIOJIOKCHHMH. HOBTOMy qgacToTa
KOPOTKHUX 3aMBIKaQHUH B Pa3HBIX MPOCTPAHCTBCHHBIX IMOJOXCHHAX Pa3jIndHasLd. 910

pa3inyre OTPHUIATEIILHO BIMSIET Ha KaueCTBeHHOE (opMupoBanue mBa [19].

B npouecce cBapku IJIMHHOM AYroM 4acToTa CJIEIOBaHUS HMITYJIbCOB
MOYTH  TOCTOSHHA W MOMEHT BKJIOYEHHUS MMITYJIbCA CYUTHIBAETCA IO
HaNpsHDKEHUIO HA JIyre B MOMEHT Tay3bl. HanpsbkeHus Ha 1yre CHHKAalTCs U3-3a
MOJa4M JJICKTPOAHOM IMPOBOJIOKH, & TAK K€ 3a CYET CTEKAHWS PACIUIABJICHHOTO

METaJliia CB&pO‘IHOﬁ BaHHBI. HpI/I Pa3HbIX IIPOCTPAHCTBCHHLIX ITOJIOKCHUAX BaHHA



C Pa3HOM CKOPOCTBIO Oy/AET NOATEKATh MOA IYTY, U YTOObI UCKJIIOUUTH BHITEKAHHE
YKHUJIKOTO MeTallla Yepe3 rOJIOBHYIO YacTh CBApPOYHON BaHHBI HEOOXOIUMO, YTOOBI

UMITYJIbC TOKA BKJIFOYAJICS HECKOJIbKO panbiie. [20].

Boublnyio sSICHOCTh MOXKET [aTh MOHATHE HAINPsLKEHUE Ha ayre. J{as Toro
9TOOBI (PMKCHPOBATh KOJCOAHHS CBApOYHOM BaHHBI M YUYHTBIBATH CKOPOCTH
TIepeMEIIEHUs MeTajljla CBApOYHOI BaHHBI, U3 TOJOBHOM YaCTH B XBOCTOBYIO. [5]

B sTOoM mporiecce MOKHO BBIAEIUTH OTAEIBHBIE CTAAMHA IPOTEKAHHS
(pucyHok 3.5):

tl - koHeIlr may3sl;

t2 - Ha"ao BKIIFOYCHUS TOKA UMITYJIbCA,
t3 - Hawano mepeHoca Karui ;
t4 - oxOHUaHHWE TOJJaYH TOKA UMITYJIbCa,

t5 - mpoTekaHue TOKa ACKYPHOU AYIH, KAl 3aHsJIa COOCHOE MOJIOKEHHUE

C DJICKTPOAOM.



Pucynok 3.5 — Craguu npoTekaHus mpoiecca
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Pucynox 3.6 — Kunokaapsl COeIMHEHHBIE C OCHUIIIOTPaMMaMu IIpoliecca CBapKu

B YIJICKHUCJIOM I'a3€¢ ¢ UMITYJIbCHBIM ITUTAHHUEM.




HOBTOMy MOJHO CACJIaTb BBIBOA O TOM, YTO CBapO4YHAasdA BaHHA COBCPIIACT
KoJieOaTeNnbHOe ABMOKCHHC  BIOJIb q)pOHTa Kpucrajyim3dainyuyu ¢ YacTOTOU
CJICAOBAHUA MUMITYJIBCOB, HAXOAACH IIPHU 3TOM B JUHAMHWYCCKOM PAaBHOBCCHU. N3-
3a 4YCro MOABJICTCA BO3MOXHOCTH IIHUPOKOTIO PCTyJIUMPOBAHUA IIPOLHCCCOM
(1)0pMI/IpOBaHI/IH CBApO4YHOI'0 IIBa B PA3JIMYHBIX ITPOCTPAHCTBCHHBLIX ITOJIOKCHHUAX
6J1aroz[ap;1 HU3MCHCHUIO JJIMTCIBbHOCTH W 4YaCTOTBI CJICAOBAHHA HMITYJILCOB, TCM
CaMbIM, H3MCHAA YaCTOTYy MW aMIUIMTyAdy JABHJKCHHA  BAdHHBI. COXpaHI/IB
HCU3MCHHBIM IIOIICPCUYHOC CCUCHMC IMBA ITOCKOJIBKY HC HM3MCHUIIACH CKOPOCTbH

IIOJa4¥ CBAPOYHOU MPOBOJIOKH.

3.3. luHamMu4yeckasi cTadMJIn3aiusi CBApouYHOii BAHHBI IPH CBapKe B cpeje
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Ha kaznpax cKOpOCTHOM KHHOCBEMKHU XOPOIIO BHIHO XapakTep JBHKECHUS
MeTajula BO BpeMsl UMITyJIbCa U May3bl HA pHCYHKax 3.7
[IpoBons aHaIM3 MOMYYEHHBIX KMHOKAAPOB OBLIU BBIJIEICHBI HEKOTOPbIE

O0COOEHHOCTH JBM)KCHHS METajula CBapO4YHOM BaHHBL. [lo mepBbIM KagpaMm BUIHO



YTO JYrOBOM MPOMEKYTOK NEpe] BKIOYEHHEM TOKAa MMITYJIbCAa MaJEHbKUM, HO
KOrJla HalpshKeHHE Ha Jyre CpPaBHMBAETCS C 3aJaHHbIM, TO BKJIIOYAETCS TOK
uMIlysibca. B KoHIle umnynbca HaAOMIOAAETCS OTPHIB M IMEpPeXo]] Karjid B
cBapoyYHyIo BaHHy. llon geicTBreM mpeabIAyIIei Karm o0pa3yeTcs CeTyomnii
rpedeHb, KOTOpPbIH TOXKE€ HAYMHAET JBUTAThCS B XBOCTOBYIO 4YacTh CBapOYHOU
BaHHbI. Ha onpeniesieHHOM 3Tare JBUKeHHUE IPeOHsI OCTAHABIMBACTCS U HAYMHAET

JIBUTAaThCsl 0OPATHYIO CTOPOHY.




Pucynok 3.7 — J[BuyxeHre MeTajuia 1o CBapoO4yHON BaHHE B

IMOJYIIOTOJIOYHOM ITOJIOKCHUMH.

JIBu>keHHE TpeOHs B KOHEIl XBOCTOBOM YaCTH HaYMHAETCS HE Cpasy C
UMITYJIbCOM, a C HEOOJIBLION 3a/iepKKoi. Taxke BUJIHO, YTO MOMEHT BKJIFOUEHUS
TOKa UMITYJIbCa B KaXKOM LIMKJIE POMCXOJUT IOYTH IIPU OJUHAKOBOM JJINHE
IyTH, a rpe0eHb HA MOMEHT Hayajla UMITYJIbCa YK€ HAXOJIUTCS MPAKTHUECKU
PSAIOM OT DJIEKTPOIHOM ITPOBOJIOKHU. Bce 3TO JOKa3bIBAET NMOJIOKUTEIBHbBIE
MOMEHTHI IIPOLIecca CBAPKU B CPEJE YIJIEKUCIIOTO ra3a C UMITYJIbCHBIM IUTaHUEM.
JlaHHBIN TpoIIeCcC MO3BOJISIET JUHAMUYECKH CTaOMIIM3UPOBATh CBAPOUHYIO BaHHY,
U HE JIONYCTUTh €€ BhITEKaHUE, 00ecreunBas Mpu 3TOM KaueCTBEHHOE CBAPHOE

COCAMHCHHUC.

3.4 BausiHue NJIMTEIBLHOCTH HMITY/IbCOB HAa GOpPMY CBAPOYHOI BAHHBI U
reoMeTPHIO HAIJIABJIEHHOI'0 BAJIUKA B HUKHEM I10JI0’KEeHH .

Hpouecc CBApKH C UMITYJIbCHBIM ITMTAHUCM BO3MOXCH IMIPH HCU3MCHHOM
Cp€aHCM TOKC, a TaK K€ OH IIO3BOJIAACT aKTUBHO BJIMATH Ha (bOpMI/IPOBaHI/IC maiBa,

W3MEHSA UTUTEIBHOCT UMITYJIbCOB. [21]
DKCHEPUMEHTATIBHO UCCIEA0BAIA BIUSHUE TIUTEIIbHOCTHA UMITYJILCOB Ha

T€OMETPHIO CBAPHOTO I1BA, TPOBO/IS HAIJIABKY BAJIMKOB B HUYKHEM IOJI0KEHUHU Ha
o0pa3iel mpoBosiokoii CB-0812C quamerpom 1.2 Mm. [5]
Pexxum cBapku ObL1 ycTaHoBIeH cienytomui, 1,=550 A, 1°=40 A, Uy,,=28
B, Vi =400 m/u, Vcg=22 m/4, Vya=12 a/muH, 37€KTpo/Has TPOBOJOKa ObLIa
HalpaBjcHa TMEPHEHANKYISIPHO K 00pasiy, BpeMs IIUTEIHBHOCTH HMITYJIHCOB
MU3MEHSIOCH OT 2 J10 7 MC.
I'me B mpomecce mnporuiaBieHUs TJIyOMHA OCTajach HEW3MEHHOW, a
YCUJICHUE IIIBA IJIABHO YBENMMYMWIOCh C 2 10 2.4 MM. CTaOUIBHOCTH TJIyOUHBI
MPOIUIABIICHHUS TaK K€ OTMEUACT MOJIOKHUTEIBHYIO XaPaKTEPUCTUKY UMITYJILCHOTO

MUTAHMSI, TOCKOJIbKY TIPH 3TOM MCKIIOYCHBI MPOXKOTH U HEMPOBaphl.[5]



JUIst cBapKy HEMOBOPOTHBIX CTBIKOB 3TO SIBJISIETCS Ba)KHBIM JIOCTOMHCTBOM.
CBapka HUMITyJIbCHBIM IHTAaHHEM TMO3BOJIAET YIEPKATh CBAapOYHYI0 BaHHY B
Pa3INYHBIX NPOCTPAHCTBEHHBIX IOJIOKECHUSAX, BapbUpPys M U3MEHSSA MapaMeTphl

HUMITYJIbCA.

&=

M

Pucynoxk 3.10 ®opma BaTuKOB U CBApOYHOIN BaHHBI C Pa3HBIMH
3HAYEHUSMU [JTUTEILHOCTH UMITYJIBCOB.



3.5 BuausiHue yriia HakJIOHAa JJIeKTpoAa Ha (opMy CBApOYHONl BaHHBI U

Ir¢OMETPHUIO HAILIABJICHHOI'0 BAJIMKA B HUKHEM MMOJOKCHHH.

Eime oHAM BaKHBIM MapaMETPOM C ITOMOIIBI0 KOTOPOTO MOYKHO aKTHBHO
MOBJIUATh Ha (OPMUPOBAHME IIBA B TPOIECCE CBApPKHM CTall Yroj HaKJIOHA
AIIEKTPOJIA.

W3MeHsist yrojl HaKJIOHa 3JIEKTPOJIa MOXKHO TIOMEHSATH COOTHOIIICHHE CHII,
KOTOpBIC JCHCTBYIOT Ha CBAPOYHYI0 BaHHY B HOPMAJIBHOM W TaHTCHIMAJIHLHOM

HanpasieHuu [23].

3KCH€pHM€HT&HBHO HCCICAOBAIN BIMAHHUC YIJIa HAKJIOHA 3JICKTPOAa B

nporiecce cBapku, Ha BiusHue (3.11) reoMeTprn HAIUIABJICHHOTO BaJIMKa.

Pucynok 3.11 — Yron Hakiiona snekrpoaa
I'ne, # - yroa ppoHTa KpUCTAIUIM3AIMA CBAPOYHOMN BaHHBL;

B =B yroJ1 HaKJIOHA 3JIeKTpoa, | - aeKkTpoaHas mpoBoJIOKa.
DKCHEPUMEHTAIBHO B IMPOLIECCE HAIIABKM MPOBOAMIIOCH MCCIEIOBAaHUE,
JUISL ONpEAENICHUST  BO3MOXKHOCTH BJIMSIHUSA YIjla HAaKJIOHA JJIEKTPOoJAa, Ha
TEOMETPHUIO CBAPHOTO COEAMHEHUS.
O6pazen; crapuBanu mpoBosiokoit CB-0812C. Ilo mpexxHemMy He H3MEHSs
peXrMa CBapKH, YCTAHABIMBAIMA YTOJ HAKJIOHA 3JIEKTpoa oT -20° yriioM Brepen
no +20° yrioM Hazaja, yroj HakjoHa M3MEHsUM 4epe3 5° mia 6oJjiee TOYHOTO

BBISIBJICHMS 3aBUCHUMOCTH. Ha ocHoBe IMOJIYUYCHHBIX JAaHHBIX YCTAHOBJICHO, 4YTO



IIMPHHA CBAapOYHOM BaHHBI MMEET MAKCHUMAJbHOE 3HAUEHUE IMPU CBAapKE YIJIOM
Briepen -20° W MJABHO YMEHBLIAETCS MPAKTHYECKH JUHEHHO a0 +20° yriom

Hazazd. [5]
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Pucynok 3.12 — 3aBucuMOCTh W3MEHEHHUsS YIJia HakioHa sJekTpona (B) mpu

CBapKeE C UMITYJIbCHBIM MTUTAHUEM AYTH OT IPOCTPAHCTBEHHOTO MOJIOKECHHUS.
DKCMEPUMEHTANIBHO OMPEACIIIA, YTO 3a CUET TOTO YTO B HMMITYJIbCAaX TOK

3HAUUTEINBHBIN, TaBJICHUE IyTU YBEIUYMBACTCA U TPEOYeT MEHbBIIETO U3MEHECHHUS

yria HakoHa ¢ 15-20 rpag 1o 12 npu cBapke ¢ UMITYJIbCHBIM IUTAHUEM.



4. MATEPHUAJI 1 OHEHKA CBAPUBAEMOCTH
KOHCTPYKIIMHN

4.1 Onucanue CBapHOM KOHCTPYKIUH

HedTenpoBonom Ha3pIBaloT TPyOONpPOBOJA, KOTOPBIA MpenHa3HAYeH s
OCYIIECTBJICHUS NIepeKayku HehTH U HePTEePOTYKTOB
[To Ha3HAUYEHUIO PA3ACIISIIOTCS OHU:

® [IPOMBICTIOBBIE — COCIUHSIONIMNE CKBAXKHUHBI C Pa3IUYHBIMU
00BEKTaMH M YCTAaHOBKAMHM MOJTOTOBKH HEPTH HA MPOMBICIIAX;

e wmaructpasibibie (MH) — npenHasHadeHHbIE ISl TPAHCIIOPTUPOBKHU
TOBapHOU HEPTH U HEPTENPOAYKTOB,;

e TEXHOJOTHMYECKUE — NPEAHA3HAUYCHHBIE IUIsI TPAHCIIOPTUPOBKH B
npefenax MNPOMBIIUICHHOTO MPEANPUATHS WM TPYIIBl  ATUX
IPEAIPUSATHH.

Cormacuo CHull 2.05.06 — 85 MaructpajiibHble HepTe- U
He(TENMPOLYKTOIIPOBOIbI MOAPA3ACIIAIOTCS HA YETHIPE Kjacca B 3aBUCUMOCTH OT
ycioBHOro auametpa Tpyo (B mm): 1 — 1000—1200 BximrouutensHo: 11 — 500—

1000 BxmrountenbHo; I11 — 300—500 BrimrountensHo; IY — 300 u meHee
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PucyHok 4.1 - CxeMa CTbIKa MarucTpaibHOro HeprenpoBoja



[maBHBIMH 3JIEMEHTAMHU MAarucTpajbHOrOo TPyOONpOBOAA SIBISIOTCS
TpyOBI, KOTOpPbIE MEXTy OO0 CBapeHbl B HUTH, OHU MPEACTABISAIOT COO0N cO00i
cam TpyOonpoBoa. OObIYHO, MarucCTpajibHbIE TPYOOIPOBOIbI MPOKIAIBIBAIOT MO/
3emJieil Ha rryouny 0,8 M.

JIJisi MarucTpalibHbIX TPYOONPOBOJOB MPUMEHSIOT UEIbHOTSIHYTHIC WIIbI
CBapHble TPYyObl AMAMETPOM pa3HbIX JAUAMETPOB. ToOJNIMHA CTEHOK TPYyO
ONpENENsIeTCs NPOEKTHBIM JaBJIECHUEM B TpPYyOONpPOBOAE, KOTOPOE MOXKET
nocturate 32 MIla. TpyOompoBoj, MNpoKIaabIBaéMbIii 10 pailoHaM ¢
BEYHOMEP3JIBIMU TPYHTAMH WM uepe3 00J10Ta, MOKHO YKJIaJbIBaTh HA OMOPHI WU

B UCKYCCTBCHHBIC HachIu [24].

4.2 TloHsiTHE CBAPUBAEMOCTH

COBOKYIMHOCTh ~ CBOWMCTB  Me€Tajula, OINPEACISIOMMNX  BO3MOKHOCTh
NpOTEeKaHUsl (PU3UKO-XMMHUYECKUX TpoueccoB (auddy3us B KUJIKOM H TBEPAOM
COCTOSIHUAX, OOpa3oBaHUE MKUIKUX W TBEPJBIX PACTBOPOB, KPUCTAIA3AINU
MeTajula IIBa), B PE3YJIbTaT€ KOTOPBIX JTOCTUTAETCSI HEPA3bEMHOE COEIUHEHUE,
HA3bIBAIOT CIOCOOHOCTBHIO CBApUBAThCS WM (HU3MYECKON (TPUHIMITHAILHON)
CBapUBaEMOCTBIO.

TexHonmornyeckas CBapUBa€MOCTb METAJJIOB M HMX CIUJIAaBOB 3aBUCUT OT
CJIECIYIOIIUX CBOWCTB MeTala;

»  XHMHYECKas aKTUBHOCTH METaJIJIOB;

»  CTeleHb JICTUPOBAHUS;

»  CTPYKTYpa U COJEpKaHHUE MPUMECEH.

UeM MeTamm XMMHUYECKM AaKTHBHEE, TEM BBIIIE €ro BEPOSITHOCTh
B3aMMOJICHCTBUSL C OKpYyXkarolieil cpenoi (okucienue). CiaeaoBaTeabHO, TOKHO
OBITH 00ECIIEYEHO BBICOKOE KAYECTBO 3AIUTHI U BO3MOXKHOCTh METAJLITYPrU4eCKOM

00paboTKH MpHU CBapKeE.



OT XMMHYECKOTO COCTaBa CTaJIM 3aBUCUT €€ CTPYKTypa U (PU3HUECKHE
CBOMCTBA, KOTOPHIE MOTYT WU3MEHSTHCS TOJ BIUSHUEM HArpeBa M OXJIAKICHUS
MeTallIa mpu cBapke [47].

[Ipu ormeHKe CBapMBaEMOCTH POJIb XUMUYECKOTO COCTaBa CTAIH SIBIISICTCS
npeBanupytomei. [1o 3 Tomy mokaszaTento MpoOBOAAT OILICHKY CBApUBAEMOCTH.

CnocoOHOCTh ~ MeTaJlla  CBapUBaThCS  SBJISETCS  BeCbMa  BaKHOU
XapaKTEPUCTUKOM, OTIPENCIISIONeH MPHHINIHAIBHYI0 BO3MOKHOCTh 00pa30BaHUs
CBApHOI'O COEIWHEHHUs, OJHAKO OHA HEMOJIHOCTBIO OINpENEsieT BO3MOXXHOCTh
MOJIYYCHUSI KAa4eCTBEHHOTO W HKOHOMHYHOTO CBAapHOTO COCIWHCHHUS, T.€.
COCTUHECHHS, 00J1a/1a0IIETO CBOMCTBaMH, 00eCIIeYnBarOIIMMHU ero
paboTOCIOCOOHOCTh BO BpeMs JKCIUTyaTallid TMPH MEHBIICH CTOUMOCTH
KOHCTPYKITUH, YeM MPH U3TOTOBJICHUHN €€ APYTHM CTIOCOOOM (JTMThE, KOBKA) WU U3
Ipyrux matepuayioB. [Ipw cBapke IIaBI€HHEM METalI OKOJIOIIOBHOM 30HBI M
METaJL IIBa 10 CTPYKTYPE M CBOMCTBAM CYIIECTBEHHO OTJIWYAIOTCS OT OCHOBHOTO
MeTtauia. M3MeHeHrne CTPYKTYyphl M CBOWCTB JTHX YYaCTKOB MOJKET BBI3BATh
YXYJIIEHHEe CBOWCTB CBAapHOTO COCAWHECHHS B I1IEJIOM, JaXe IIPH XOpolen

¢du3ndeckoit ceapuBaeMocT MeTayuia. [48].

4.3 MatepuaJj cBapHoii KOHCTpYKIuH ctajab 0912C

Crasib OTHOCHTCSI K KJIACCY CPEIHEYIVIEPOAMCTBIX CTalEN C COAEpPKaHHEM
yraepona Takasg cTanb OTHOCUTCS KOTPAHWYEHHO CBApUBAIOIIMMCS CTaJIsSIM,
KOTOPbIE CKJIOHHBI K 00pa30BaHUIO TPEILUH MPU CBAPKE OOBIYHBIMH CIIOCOOAMH.

[Ipm cBapke THX cTajeld NPUMEHSIOT AIEKTPOABI U CBAPOUYHYIO ITPOBOJIOKY C
MOHWKEHHBIM coep:kanueM yraepoaa, ot 0,08 mo 0,1%. Ilepen cBapkoi
MPOU3BOAAT Pa3[eiKy KPOMOK M CBAapUBAIOT METall, MPUMEHSS MUHUMAJIbHBIN
CBApPOYHBII TOK IJIsi TOTO YTOObI MAaKCHUMaJIbHO YMEHBIIUTH JIOJK0 OCHOBHOIO
MeTajia B MeTtajuie 1mBa. [Ipu naHHOM cnocobe coaepkaHue yriepoia B caMoOM
IIB€ IMOJYYaeTCsi MEHbIIE YEeM B OCHOBHOM MeETajule, YTO B CBOI OYepe.lb
NPENSTCTBYET MOSABICHUIO KPUCTAIUTU3ALIMOHHBIX TPEIIHH.

JIns cBapku NPUMEHSIIOT NPEABAPUTEINBHBIA U COIYTCTBYIOIIMU IOJIOIPEB
no Ttemmepatypsl 250 — 300 rpamycoB C . IlomorpeB 1m0 ©Oojiee BBICOKHX
TEeMIlepaTyp AJi1 JAHHOW CTalu BpEJEH TakK Kak M3 3a 0oyiee BBICOKOTO Harpena
IPOUCXOAUT OoJiee TIIyOOKHI MpoBap KPOMOK OCHOBHOTO METajula IpU 3TOM


http://www.svarpraktic.ru/?page_id=98
http://www.svarpraktic.ru/?page_id=30

IMPOUCXOAUT MOBBIICHUC YIJICPOJa B MCTAJJIC CBAPHOI'O IIBa YTO B CBOIO OUCPCAb
MOXKCET MMPUBECTHU K 06p3.30BaHI/II-O TPCIINH B IIBEC.

UtoObl n30eKaTh BOBHUKHOBEHUS! XPYIKHUX 3aKaJOYHBIX CTPYKTYpP B OKOJIO
HIOBHBIX 30HAX PEKOMEHAYETCS NPUMEHSTh 3aMEJICHHOE OCThIBAHUE W3EIHS
nocie cBapku. llociie ocThIBaHUSA, HU3JETUS YacTO MPUXOJIUTCS TMOJBEpPraTh
MOCJIETYIONIEH 3aKalIKe C OTITYCKOM M HOpMaJu3aluen CTaju.

Cranb 09r2¢c OTHOCHTCSI K HU3KOJETHPOBAHHBIM CTalIsIM, OOIee KOJUYECTBO
Jerupyomux 100aBOK B KOTOpbIX He mpeBbimaer 2,5%.. OcHOBHOE
npeaHa3HAaYeHUE ATOW CTaJIM — UCIIOJIB30BaHUE €€ JJIsl CBAPHBIX KOHCTPYKIIHUMA.

[IIupokoe pacmpocTpaHeHHe U MOMYJsApHOCTH cTanmu 09r2c oOBsCHsAETCS
TeM, 4TO Oyarojapsi €l MOXHO CYIIECTBEHHO SKOHOMHUTH MPHU BBINOJTHEHUU
CTPOUTENBHBIX ONEPAIUN.

Mapka Takoil cTaau HUCHOJB3YyeTCS JJisi CBapHBIX COEAUMHEHUN Tpyo.
[IpousBoauTcs cBapka 0e3 mogorpesa. Tak kak yriaepoja B CTajid Majo, TO CBapKa
€€ JIOBOJBHO IMpPOCTa, MPUYEM CTajb HE 3aKaJMBACTCA M HE IEpPErpeBacTcs B
MpoIlecce CBapKH, Ojarojaps 4eMy HE MPOUCXOJIUT CHUKEHHE IUIACTHYECKUX
CBOMCTB WJIHM YBEJIMYEHHUE €€ 3epHHUCTOCTH. K ImrocaM MpUMEHEHHUsl 3TOM CTalu
MOXHO OTHECTH TaKXe, YTO OHAa HE CKIOHHAa K OTIYCKHOW XPYIKOCTH H €€
BSI3KOCTh HE CHIDKAETCS TIOCJe OTIyCKa. BrllienpuBeieHHBIMUA CBOWCTBAMU
oOBsicHgeTcst yno0cTBo ucnonb3oBanus 0912C ot apyrux craneil ¢ OonbIIUM
COJICp’)KaHMEM YTJIepo/a WM TMPHUCATO0K, KOTOPhIE XYXE€ BapATCS U MEHSIOT
cBoiicTBa nocine TepMmooOpadoTku. st ceapku 091 2C MOKHO NPUMEHSTH JIFOObIE
ANEKTPOAbI, MPEIHA3HAYEHHbIC [JIi HU3KOJETUPOBAHHBIX U MAJIOYTIEPOJAUCTHIX
CTaJei.

Cranb 0912 mocne oOpaboTku Ha nBYX(ha3HYH CTPYKTYypy HMEET
MOBBIIIEHHBIN Tpeea BbIHOCIUBOCTH, OJHOBPEMEHHO MpuMepHO B 3—3,5 pasza
YBEJIMYMBACTCS YHWCIO IUKJIOB JO pa3pylieHUuss B 00JIACTH MaJIOIUKIOBOM
YCTaJOCTH.

XUMHUYECKAN COCTAB MU MEXAHUYECKHUE HAHHOM CTaJlM NPEICTABIICHBI B

taoimuue 4.1 u 4.2.



Tabmauua 4. 1 - Mexaanueckue coiictsa ctaau 091 2C

Mapxka ctanmu | TBepaocTsb, Bpemennoe IIpenen OtHoc.
HB CONPOTHUBJICHUE | TEKY4YECTH Y nnuHenue
0., Mlla o, Mlla Os, %
0912C 126 430-490 325 21

Tabmuua 4.2 - Xumuueckuii coctas ctaiu 091 2C

Mapxka | C, Si, Mn, Cr, |Ni, |Cu, |P, S, N, As,

cramu | % % % % % |% |% % % %

0912C |<0.12 |0.50-1.30- |0.30{0.30|0.30|0.035|0.040 | 0.012 | 0.08
0.80 | 1.70

Bonbiiiolt cripoc U nomyasipHOCTh Ha cmaib 0922¢ 00ycloBIIEHa BEICOKUMHU
MEXaHUYECKMMU CBOWCTBAMHM TIPH M3TOTOBJIEHUU METAJUIMUYECKUX 3JIEMEHTOB
CTPOUTENBHBIX KOHCTPYKIUI. COOpYyXKEHHUSI U3 3TON CTaJId CIIOCOOHBI pabOTaTh B
ycnoBusx oT-70 mo 450°C, yTo BecbMa BaXXHO MNPU MPOKIAIKE MaruCTpaabHbIX
He(TEera3onpoBOJ0B B PETHOHAX C XOJIOJAHBIM KJIMMATOM.

Mapxka cranu 09r2¢ obnanaer:

® BO3MOKHOCTBIO UCIIOJIb30BaHuA ee Ha CeBepe
e 00JBILION MPOYHOCTHIO, O1aro1apsi KOTOPOM OHA HIMPOKO pacipoCTpaHEHa

® HE BBICOKOW CTOMMOCTBIO.

4.4 TexHoJIOTHYECKASI CBAPUBAEMOCTH METAJJIA CBAPHOM KOHCTPYKLMH

KadecTBeHHBIM TMOKa3aTelieM CBapUBAaeMOCTH CTald OyJeT SBISIETCS
DKBUBAJICHTHOE COJEPKaHUE yriepoaa.
Bocnone3yemcs METOAMKOW ONMpPEAETICHNUs TOJHOTO KBUBAJIEHTA YIIIepoJa

JUJISL HAXO0XKJICHUST HE0OOXOIMMOT0 MOI0TpeBa:



>C,=C,+C,, (1)

~

rae Ny - XUMHYECKHH OKBUBAJICHT yriepojaa,N,- pasMEpHBIM OSKBUBAJICHT

yraepoja.
OpuEHTUPOBOYHBIM KOJIMYECTBEHHBIM IOKA3aTelIeM CBAPUBACMOCTH CTau
W3BECTHOIO COCTaBa SIBJISETCS SKBUBAJEHTHOE COJIEP)KAHHUE YIIEpo]ia, KOTOPOe

omnpezensercs no Gpopmyie:

C,=C+2p &y M M 3,7 )
30 15 10 10 10 10

rne C, Mn, Cr, V, Mo, Ni, Cu, P — nporieHTHOe coJiep>KaHue JIETUPYIOUTUX

QJICMCHTOB B MCTAJIJIC IIIBA.

C, =012+ 422,29 o7
30 5 15

IZIE CUMBOJI KQKJI0T0 JIEMEHTA 03HAYAET €ro MPOLEHTHOE CONEPKAHUE B CTaJIU.
OnpenenuM pa3MepHBbIA SKBUBAJIEHT YIIEPOaa:
C, =0,005%x 6 xC, =0,005x% 14 x 0,22 = 0,154, (3)
TI€ 5 — TOJIIMHA CBAPUBAEMOM CTaJIU, MM.
Haxoanm monHeii SKBUBAJIEHT yIJepoaa:
>C, =0,22+ 0,154 = 0,374 .
[Tonnerii sxBuBaneHT yriaepoaa C, <0,45, cnenoBaTeiabHO, TpeOyeTcs
IIOAOTPEB.
HeoOxoaumast st mojorpeBa Temreparypa OIMpeNeseTcss CIAeAYIOIMUM

obOpazom:
T, =350 x,/>C, — 0,25 =350 % \/0,374 — 0,25 =123 °C. (4)

Cranu ¢ conepxxanuem 10 0,2% C UMEIOT BBICOKYIO KPUTHYECKYIO CKOPOCTh

OXJIQXKIEHUS MPU 3aKaJIKe, [MOATOMY IOCIIE CBAPKH B HAIUIABIICHHOM METAIUIE U
30HC TEPMUYECKOTO BIMUSHHUS HE OOpa3ylTCs  CTPYKTYpPhl  TOJKAJIKH.
HuszkoyrinepoaucTsie HU3KOJETUPOBAHHBIE CTaJlM CBAPUBAIOTCA MPAKTUYECKH
JOOBIMH  CIIOCOOAMHM  CBapKH: PYYHOM JIyrOBOM CBapKOi, aBTOMATHYECKOU

JYTOBO# CBapKOM, CBApKOH 1Mo ciioeM (hitroca, 37IeKTPOILTaKOBOM CBapKoii [4].






5. PACHET PEXKUMOB CBAPKH

5.1 Pac4yéTt pe:kuMOB CBAPKH B YIJIEKHCJIOM rase

Tabnuua 5.1 — KoHCTpyKTHUBHBIE AJIEMEHTBI CBAPHOTO COECIMHEHUS 110

I'OCT 16037-80
KoHCTpyKTHBHBIE
Y cnosroe 5JIEMEHTHI ¥ Pa3MepEbI 5 ¢ |e | g
] ] ]
OGo3HaueHH ’
€ CBapHOTO ToxrorosnenHbIx c MM | MM | MM | MM
BAapHOTO LIBA
COCMHECHUS KpOMOK P
CBapHMBAEMBIX JleTajIeil
i J—
e
b\,
1 18|24 | 2

/\ 1

COBOKYHHOCTB HanOoJIee Ba)KHBIX XApaKTCPHUCTHUK CBAPOYHOI'O IIpoLccca,

KOTOPLBIC 00eCIeYnBarOT IMOJIYUYCHHUC CBAPHLBIX IMIBOB HYJKHLIX Pa3sMCPOB U (1)0pMI>I

HAa3bIBAIOT PEKUMOM CBapKH.
Ilepen HayanoMm 1mpolecca CBapKH CTBIKOBBIX COEAMHEHUM C pa3leiKou

KpPpOMOK H€O6XOI[I/IMO ONpCACINTL YHUCIIO IPOXOJA0B, IJIA 3TOI0 PAaCCUMUTBIBAIOT

06HIYIO Iiomaapb IMOoICpCUYHOro CCUCHUA HAIJIaBJICHHOI'O MCTaJllia.

a? . F =
T \/7/7»)-.
l y i
= “
N L

b

|

L
Pucynok 5.1 — I'eomeTpuueckre 3J1€MEHTHI TIOMAM CEYEHUSI CTHIKOBOTO I1BA




[Inomanp HamIaBKU OOBIYHO HAXOIAT KaK CyMMY IUIOLIAICH 3JIEMEHTAPHBIX
TeOMETPUUECKUX PUTyp:

E,=h’Xtga+bxS+0,75%Xq Xe. (5)

Onpenenum 1II011a/1b HATUIABKY:

F,=12,22 xtg35+ 1 x 14 + 0,75 X 2 X 24 = 154MM2.

[Ipu cBapke B cpeAe B3alUTHBIX Ta30B JJIEKTPOJHOW MPOBOJIOKOU
auameTpoM | — 1,4 MM B HMKHEM MOJOKEHUM IUIOLIAJb MONEPEYHOTO CEYEHUS
HAIUIABJICHHOTO MeTajia mepsoro mpoxona 20 — 30 MM, BTOoporo 30 — 60 MM,
MOCIIEYIOINX 3aMONHSIONMX W OOIHIIOBOYHBIX MpoxomoB 40 — 70 Mm% mwis
BEPTUKAIBHOTO TMOJIOKEHUS CBAPKM IUIOMIAIb mepBoro mpoxoma 20 — 40 MMZ,
BTOporo 40 — 60 MM, nocnenyromux 40 -70 MM,

CBapky cTblKka IPOM3BOJMM B 4eThIpe mpoxona. Jlns mepBoro miomaab
coCTaBUT 22 MM’, JUTSl TIOCIEAYIOMIHX M OOIHIIOBOYHOTO — 44 MM°.

OCHOBHBIMM TIapaMETpaMH peKHUMa JJisI aBTOMAaTUYECKOM CBApKU B Cpele
CO, ABJISIFOTCSI: CKOPOCTh CBAapKH, CBapOYHBIM TOK, CKOPOCTh MOJa4u
AIIEKTPOAHOM MPOBOJIOKH, HAMPSKEHUE HA JAYre W JUaMeTp. A Tak K€ YUUThIBas
YCIIOBUSI CBapKU KOHKPETHOTO M3JENHsA, COOJIOJAI0TCA TaKHe MapaMeTphl Kak:
POJI TOKa, 3allIUTHASI CPe/ia U MOJISIPHOCTb.

B 3aBucuMocTH OT TUTIa COCTMHEHUS MOCTIE0BATEILHOCTD pacuéra pexxnuma
CBAapKM pa3inyHa. [[aHHOe COeMHEHNE C PA3AEIKON KPOMOK COOTBETCTBYET THUITY
Cl17.

Cuiy cBapouyHOTO TOKa |, paccuntaeM mmo gpopmyiie:

TXxd:
Ly =~ %,

rae d, — AuaMeTp JIEKTPOIHOMN MPOBOJIOKH:

JIJIs1 KOPHEBOTO 1IBa - 1 MM,



3HaYeHUE TUIOTHOCTH TOKAa INPUHUMACTCS B 3aBHCHUMOCTH OT JHaMeETpa
- 2
npoBoJioku | — 90...400 A/mm

JJISL TIOCTICAYIOIIMX U OO0IMIIOBOYHOTO - 1,2 MM.

¢ U1 KOPHCBOI'O IIBA:

.12
I, =>%.300=2354, (6)

4

npuHumaeM l., =235 A.

¢ JJI HOCIICAYIOIIUX ITPOXOA0B!:

_ 3,14 1,22

I -250=2834,
ce 4

npuHumaem |, = 285 A.

OnpenensieM onTUMalibHOE HanpsikeHue ayru [13]:

: 7
jz e ® @
¢ JJIXI KOPHCBOI'O IIBA:

U 20+—50X10_3 235+1=324+1B
= X T = T ;
: Vi1

¢ LA IIOCICAYIOMIUX IMPOXOIO0B!:

U 20+50X10_3 285+1=33 +1B
= — X o = T .
8 V1.2

Omnpenenum kodhduimeHT GopMbl IpoBapa:
Yop = K X (19— 0,01 X I;) x =2, (8)

CB

rIe K - kKod(pdunMeHT aig Toka oopaTHoi nossipHocTH 0,92,

¢ JJIXI KOPHCBOI'O IIBA:



1x32
Ynp = 0,92 X (19 — 0,01 X 235) X

S5 = 208;
¢ U HOCIICAYIOIIUX ITPOXOA0B!:
1,2 x 33
Y = 0,92 X (19 — 0,01 X 285) X ~——— = 2,06;

Jl1si aBTOMaTU3MPOBAHHOM cBapku 3HadueHHs ‘P, JOIKHBI COCTaBIIATH
0,8...4,0, B HameM ciydae, 3HauyeHHE KOIPPUIIMEHTA HAXOAWTCS B JaHHOM

HHTCPBAJIC, CIICA0BATCIIBHO, PCKUMBI HO,Z[O6paHI)I BCPHO.

OnpeenuM CKOPOCTh CBApKH 10 (hopMyJIe: 9)
ay X I,

V. =
3600 xy XE,

rae a, — KodhOUIMEeHT HaIUIaBKy;

3
Y— IUNIOTHOCTb 2JIEKTPOJHOIO METAJLIA, I/CM ™.

I[JBI OIIPCACIICHUA KOI)(b(l)I/IHHeHTa HallJIaBKH ay BOCIIOJIB3YCMCA

cneayrlieit GopMyIIoi:

ay = ap X (1 - lpn)' (10)
riae P, — kodhGuImeHT noreps, KOTOPHINA onpeaensercs no Gopmynie:
Y, =—472+17,6 X 1072 X j — 4,48 x 107* x j? (11)

[ToacTaBrM M3BECTHBIC 3HAUYEHUS TUNIOTHOCTH TOKA | B (OPMYJTY, MOTYUHM:

® ]ISl KOPHEBOTO IIIBA:

Y, =—472+17,6 Xx 1072 x 300 — 4,48 X 10~* x 300% = 7,8 %j;

® ISl MOCTIEAYIONIUX TIPOXOJIOB:

Y, =—472+ 17,6 Xx 1072 x 250 — 4,48 x 10~* x 250% = 11,3 %.

Jlsist Toro 4to0bl onpenenuTh Kod(DPUIMEHT HAIUIABKM HaM HEOOXOIUMO

paccunTath KOd(PPUIMEHT pacryiaBieHuss «, 1o Qopmyne (BEeIUYHHY BbLIETA

p
anektpoaa |, npuaumaem 15 mm):
@, = A+31x107 x [T x =% (12)

¢ JJIXI KOPHCBOI'O IIBA:



15 r
a, = 21,6 + 3,1 X 1073 x V235 X 2 =223 —;

¢ U HOCIICAYIOIIUX ITPOXOA0B!:

15
=21,7+3,1x 1073 x V285 x — =224 —.
a, = 21,7+ 3,1 x 10 85 X 157 = 224

Torna ko3¢ dunrenTa HarIaBku a,, coriacHo Gopmye 10:

® 71 KOPHEBOTO IIBA!
r
=22,3%x(1-0,078) =205 —;
a ( ) =205 —
® JIJIs TTOCEAYIOITUX MPOXOJI0B:

r
a, =225%x(1-0,113) = 20,0—;
Ay

CxopocTh CBapKH:

¢ JJIA IICPBOI'O IIpOXoda:

- 20,5 x 235 — 078 CM_2808M_
73600 % 7,8% 0,22 c %y’

¢ JJI NOCIICAYIOIINUX ITPOXOA0B!:

v 20 x 285
" 3600 X 7,8 X 0,44

CM M
= 0,46 — = 16,56—;
C 9

OmnpenensieM CKOPOCTh MOJAYH 3JIEKTPOJIHON TPOBOJIOKHU 1O popmyIie:

apXleg

Von = 3600XyXF,), ’ (13)

2
rjae F,,— miomnaas monepeyHoro CeUeHus AMEKTPoaa, CM”.

T - d?
F:;fl = 4 )
3,14 - 12
E, = E— E, = 0,8, nJyda nepBoro npoxoja
3,14 - 1,22
E,=—— E, =113 pjad nocieaywuux Npoxo 0B

4



¢ JJIi1 ICPBOIO Ipoxoaa:

B 22,3 x 235
" 3600 % 7,8%0,8x 102

cM M
Vion = 23,3—=839—;
C q

¢ U HOCIICAYIOIIUX ITPOXOA0B!:

v 22,5 % 285
™I 3600 X 7,8 X 1,13 x 102

CM M
=202 —=727—;
C q

[ToroHHas >Heprus pacCYUTHIBAETCA 110 POPMYIIE:
_ NMuXlepXUy

n
VC B

) (14)

rae 1, — 9pdexTuBHBI KO3()(UIKMEHT MOJE3HOTO ACWCTBUA HarpeBa H3AENUs
JyTOW, KOTOPBIM IPH CBAapKe B 3alIUTHOM rase cocrasisieT 0,8...0,84, npuHrumaem
My = 0,8,

® [ANnA nNepBoro npoxoaa:

_0Bx235x32 __ o fx
n = 0,78 = o’

® ISl HOCJEAYIOUIUX MPOXOJ0B:

_08x285%x33 16328 JIx
I = 0,46 - oM’




Tabnuna 5.2 — Pe3ynpTaThl pacueToB pEKUMOB CBAPKU

JI1s mocie Iy roImmx

[TapameTp J11s1 KOpHEBOTO 1IBa
IPOXO0JIOB
CBapouHbIi TOK, |, 235 A 285 A
OntumainbHoe
33+1 B 32+1 B
Hanpsbkenue ayru, U,
Koaddutment popmsl
2,08 2,06
nposapa, Y,
Koaddumuent noreps,
oo P 7,8 % 11,3 %
Y,
Koaddurment
22,3 1/Au 22,5 1/Au
pacIuiaBieHus, o,
KoaddunmenT Hammasku,
20,6 r/Au 20,0 r/Aug

ay

CkopocThb cBapku, V.,

0,78 cm/c =28,08 m/4

0,46 cm/c = 16,56 Mm/u

CxopocTh Moj1auu

AIEKTPOAHON MPOBOJIOKH,

VHSH

23,3 cm/c = 838,8 M/u

20,2 cm/c =727,2 m/4

[ToronHnas sueprus, q,

7696 JIx/cm

16328 JIxx/cMm
48981 Jx/cm

CBapmkid M CHEIUAIUCTBI B 3TOM cdepe dYacTo YIYCKalT W3 BUIY
MPUMEHSAEMbI MMHU 3allMTHBIA ra3 U €ro BKJIAJ B MPOLECC CBApKHU. 3aIIUTHBIE
rasbl BIMAIOT HA PEXUM MEPEHOCA METAIUIA, CBOMCTBA U TEOMETPHUIO CBAPOYHOTO
1IBa, 3aJbIMJICHHOCTh W MHOTHE JPYTHE XAPAKTEPUCTHUKU CBAPOYHOIO IIIBA.
[IpaBwibHBIN BHIOOP 3alIUTHOIO rasza JJisg MPOIECCOB IYTOBOM CBAapKU MeETaia,

Takux Kak aproHoayroBast TIG cBapka u nonyaBromaruueckas cBapka MIG MAG



MOT'YT PC3KO HOBBICUTb CKOPOCTb, Ka4CCTBO CBAPKU H FJ'IY6I/IHy IIPpOILIaABJICHUA.

Yucreie CBapOYHBIE Ia3bl

Yucteie ra3pl, HCIIOJIb3YCMbLIC TJII CBAPKHU, 3TO apToOH, FGJII/Iﬁ, u erIGKHCJIBIﬁ ras.
OTH Ta3bl MOT'YT UMCTh KaK ITOJIOKUTCIIBHOC, TAK M HCIaTUBHOC BOSI[GIZCTBPIG Ha

JYTOBOW MPOIIECC CBAPKH U MOSIBICHHUE Je(EKTOB B CBAPOYHOM IIIBE.

Apeon

100% apron oObIYHO UCHOJIB3YIOTCS Ay aproHoayroBoit TIG cBapku st Beex
MarepuasioB 1 MIG cBapku IBETHBIX METaUIOB. APrOH XMMUYECKH UHEPTEH, UYTO
JIeJIaeT €ro MPUTOAHBIM JJISI CBAPKM XUMHYECKU AKTHUBHBIX U TYTOIUIABKHUX

MCTAJIIIOB.

DTOT ra3 UMEET HU3KYI0 TEIUIONPOBOJHOCTh W TMOTEHIMAT HOHM3ALMM, YTO
NPUBOJUT K HU3KOW Tepe/iaye Terjia Ha BHEHIHIOK 00JIacTh CBApoyHOM nyru. B
pe3yabTare GopMHUpPYeTCsl y3KUil CTOJIO Tyr'H, KOTOPBIA B CBOIO OUY€pE/b, CO3/IaET
TPaJMIIMOHHBINA JIJI1 CBapKM B YHCTOM aproHe MNpoQuib CBAPOYHOTO IIIBA:

rJIyOOKUI U OTHOCUTENIBHO Y3KHIA.

Lenuu

I'enuii  Takxke SBIAETCA OJHOATOMHBIM HWHEPTHBIM Ta30M, M 4alle BCEro
ucnoJibdyercs ais apronoayroBor TIG cBapku LIBETHBIX METAILIOB. B oTinumue ot
aproHa, reJIMii UMEET BBICOKYIO MPOBOAUMOCTH TEIIA U MOTEHUHUAI WOHU3ALMH,
KOTOpbIE JAIOT MPOTHBOIMOJOXKHBIN, YeM TpH CBapke B aproHe, 3¢dekrt. ['emuit
obOecrieunBaeT MIUPOKUN TPOPUIL CBAPOYHOTO IIIBa, XOPOIIEe CMayMBaHUE IO

Kparo u 0oJiee BBICOKOE TCIIJIOBJIOKCHHUEC, YCEM YHUCTBIN aprox.

Yrnekucasiras

Vraexkucnpii raz CO,— aKTUBHBIA Ta3 - OOBIYHO MCIOJB3YeTCS IS

nonyaBTomatuyeckoi MAG cBapku kopotkoit ayroi u MAG cBapku



nopomkoBoil npoBosiokor. CO, aBnsgercs Hauboliee PpacHPOCTPAHEHHBIM U3
XUMUYECKH AaKTHBHBIX T'a30B, HCNoJb3yeMbiX B MAG cBapke. I €eqMHCTBEHHBIM
ra3oM , KOTOpPBIM MOJKHO HCIOJIb30BaTh B YHCTOM BHAE Oe3 J00aBieHus

WHEPTHOTO rasa.

VYrinekucnelid ra3 [BISETCS OJHHUM M3 CaMbIX JELIEBBIX 3alIUTHBIX T'a30B, YTO
JIeaeT ero MpUBJIEKAaTEeIbHBIM BEIOOPOM, KOT/Ia MaTepUaIbHbIE 3aTPaThl SBIISIOTCS
OCHOBHBIM IIPUOPUTETOM IIpU cBapouyHoM mpouecce. CO, obecrnieunBaeT O4YEHb
ri1y0OKO€ MpPOIUIABIEHUE, YTO IOJIE3HO JUISI CBAPKU TOJCTOTO METaja, OJHAaKO,
IpU CBapKe B 3TOM rase MeHee cTaOWJIbHA CBAPOYHAsl JIyTra, YTO MPUBOIUT K
OonbiioMy o00Opa3zoBaHuio OpbI3r. Takke €ro NpUMEHEHHE OrPaHUYUBACTCS
CBApDKOW Ha KOPOTKOM Iyre M JAENAacT HE BO3MOKHOW CBapKy CO CTPYMHBIM
IIEPEHOCOM.

CBapOLIHBIC ra3bl, UCIIOJIB3YCMBIC KAK KOMIIOHCHTBI CBapO‘IHOﬁ CMCCH I'a30B

Kucnopoo

Kucnoposa - AByXxaTOMHBIN, aKTUBHBIN 3aIllIUTHBIN T'a3 OOBIYHO MCIOJIB3YETCS IS
MIG MAG cBapku Kak OAWH U3 KOMIIOHEHTOB CBAPOYHON CMECH, B KOHLIEHTPaUU

MEHeEE 10%.

Kucnopon oOecneynBaeT OY€Hb WIMPOKUM MNpOPUIb CBapOYHOrO IIBA C
HEr;yOOKMM TPOIUIABIIEHUEM M BBICOKOE TEIJIOBJIOKEHUE Ha IIOBEPXHOCTH
Metaia. Kucimopogo-aproHHble cMecH 00J1aJaloT  XapaKTepHbIM IpoduiieMm
NPOIJIABJIEHUSI CBAPOYHOTO IIBA B BUAE «IUIANKU TrBo3as». Kucnopon takxke
UCHojp3yeTcst B TpouHbIX cMmecsix ¢ CO, u aproHom, rae OoH oOecreurBaeT

XOpOIIIYI0 CMAaUYMBAEMOCTh U IPEUMYILIECTBA CTPYIHOrO MEpEeHOca.

Booopoo

Bonopon - nByXaTOMHBIN, aKTHUBHBI KOMIIOHEHT 3alUTHOTO Ta3a OOBIYHO
UCIIOJNB3YETCSI B CBapOYHOM cMmecu B KoHUeHTpauuu MmeHee 10%. Bomopon

WCITIOJIB3YETCsI TJIABHBIM 00pa30M MPU CBApKE ayCTCHUTHOW HEPKABEIOIICH CTallu



JUIS YAAJEHUs OKCHJIa W TOBBIIICHUs TEILIOBIOXKeHUA. Kak u it Bcex ra3oB U3
JBYXaTOMHBIX MOJIEKYJI, pE€3yJIbTaT - INAPOKUM HA IMOBEPXHOCTU CBAPOYHBIM IIOB.

HpOHJIaBJICHI/Ie YBCIIMYCHHOC.

Bonopon He mnoaxomuT s (QEPpPUTHBIX WM MapTEHCUTHBIX CTajed u3-3a
BO3HUKHOBEHUS TPELLUH.
Bonopon MoxkeT ObITh MCHOIB30BaH B Oosiee BBICOKOM KoHIeHTparuu (ot 30 mo
40%) nJi TUIa3MEHHOM pe3Ke HEprKaBEIOIIEH CTalld - 7Sl YBEIMYEHUS MOIIHOCTU

M COKpaAIlICHU MJIaKa.

Azom

A30T HCHONB3YETCS PEKEe BCEro s 3alUTHBIX 1Hened. OH B OCHOBHOM
UCIIOJB3YETCSl IS TOro, 4YTOObl TOBBICUTH KOPPO3UOHHYIO CTOMKOCTH B
JYTIJIEKCHBIX CTaJIAX.

5.2 Bei00Op cBapo4YHOro aBTOMATA

ABTOMAT 11 CBApKW ITUTABSIIIUMCS 3JIEKTPOJIOM B CpEJie 3allMTHOTO Trasa
CRC-Evans M300C npenHa3HadeH JyUisi CBapKU BCEX CIIOEB IIBa HEMIOBOPOTHBIX
KOJIBIIEBBIX CTHIKOBBIX COeAMHEHUI TpyO. JlJis yCTaHOBKU CBAPOYHOM TOJOBKHU Ha
TpyOy MCIOJIB3YIOTCS HaMpaBJIstolIre nosica (0aHIa)Ky) Ha KOHKPETHBIN JTuaMeTp.
CyliecTBYIOT HampaBJISIIONIUE TOsiCAa PA3IMYHBIX KOHCTPYKIUMH, TO3BOJISIONINE
yCTaHABJIMBATh TOJIOBKY Ha TpyOy O€3 HM30JSIMH W C Pa3IMYHBIMU THUIIAMU
U30JISIIIMOHHOTO MOKPBITHA.[71]

OcoOeHHOCTAMHU aBTOMAaTa SIBJISICTCS:

®  BO3MOXXHOCTb CBapKH IPOBOJIOKON CIUIOIIHOTO ceueHus (Ommus) u
MIOPOIIKOBOM TMPOBOJIOKOW B cpene 3amuTHbIX Ta3oB (STT GMAW, FCAW)
npoBosiokamu guamerpoM oT 0,8 mm (.03) 1o 2,0 mMm (.079);

® BBIBOJ] PEKUMOB CBAPKH B peabHOM BPEeMEHU Ha MU(PPOBON JUCIUICH;

¢ BO3MOXHOCTb KOIIMPOBAHUA PCIKUMOB CBAPKU MCIKAY ABTOMATAMMH,



® Ta30BBIM KJIalmaH ¢ BO3MOKHOCTBIO MOIKIIOUYEHUS 2-X BHAOB 3aI[UTHOIO
rasa;

® JIpOYHadg M HaAC)KHAasA KOHCTPYKIIH.

PucyHok 5.2 — ABTOMar [jisl CBapKu B Cpeie YIIEKUCIOro ra3a

B kadecTBe CBapOYHBIX MCTOYHHUKOB JJII aBTOMAaTa MOTYT MCIOJb30BaThCS
BeinpssmMuTenn Lincoln Electric IdealArc DC-400, unBeptopsl Lincoln Electric

Invertec V350 Pro u Invertec STT II.

Lincoln Electric Idealarc DC-400 — mMoIIHBII TPOMBIIIICHHBIN TpeX(ha3HbIii
BBINIPSIMUTENb [T PYYHOW JYrOBOM CBAapKH IITYYHBIMH 3JICKTPOJIAMHU, CBAPKH
CIUIOLIHOM TPOBOJIOKOM B cpelie 3allUTHBIX Ta30B, CBAapKH Ta303allUTHON |
CaMO3aIlMTHOM  TOPOLIKOBOM  IPOBOJIOKOM, AaproOHOAYIrOBOM  CBAapKM  Ha
TIOCTOSTHHOM TOKE, CBapKd MO ()JIFOCOM MPOBOJOKOW AMAMETPOM 10 2 MM H

BO3JIYILIHO-AYTOBOM CTPOKKH.[71]



Pucynok 5.3 — Lincoln Electric Idealarc DC-400.

Mogens DC-400 mpeanasHaueHa JJisl KMCMHOJIB30BaHUS CO BCEMH BHUIAMU
CBApKM OTKPBITOM Ayrod, Ha BCEX PEKOMEHJIOBAHHBIX ISl HEE pEKHUMaxX B
JUara3oHe BBIJaBaeMOU MAaIlInHON MOIIIHOCTH.
Konctpykmuss wucrounmka DC-400 mnpenmonaraer €ro HCHOJIB30BAHHE C
MEXaHU3MaMH TOAa4u MPOBOJIOKU JJiA TMojiyaBToMaTudeckoi cBapku LN-7, LN-
7TGMA, LN-8, LN-9, LN-9GMA, LN-23P, LN-25 u LN-742; ¢ cuctremaMu mojaayu
mpoBoOJIoKK 1i7isi aBTomatuueckoir cBapku NA-3, NA-5 u NA-5R; a Tak xe co
CBApOYHBIMHM TPAKTOpPaMHU JJisl aBToMaThuueckoi cBapku LT-56 u LT-7 B npexnenax
BbIX0HOM MoiHocTh MamuHbl (400 A npu 11B100%). JlonmomHuTenbHbIA OJI0K
auonoB, ycraHaBnmuBaeMbldi B DC-400, HeoOXoauMm I MOJHOIIEHHOTO
UCTIONb30BaHUsI BO3MOKHOCTEH cucTeM aBToMatmdeckoil cBapku NA-3, NA-5 u
NA-5R, a uMeHHO IJisi BKJIIOUEHHS B CBapOUYHBIM UK OOecrneunBaeMOd HMHU
dbynkuun xomomHoro crapta (Cold Start, Cold Electrode Sensing). Ota
OCOOCHHOCTh ABTOMAaTHMYECKHMX CBApOYHBIX TOJOBOK TMO3BOJISIET I0JIaBaTh
CBApOYHBIM MOTEHIIUAJI HA MMPOBOJIOKY TOJIBKO B MOMEHT €€ KacaHusl CBaApUBAEMOil
JeTalid, WCKJII0Yas HEYMBIIUJIEHHbIE 3aMbIKaHUS €€ Ha KOPIYyC CBapOYHOIO
obopynoBanus.[71]

OcoOEHHOCTAMHU HCTOYHHKA SIBJISTFOTCS:



bonpmme, ymoOHO pacHoNOKEHHBIE TMEePeKITIoYaTeNid Jis OBICTPOro BBIOOpA
CBApOYHBIX MPOILIECCOB: MMA/TIG/CAC-A - najaronias BAX,
MIG/MAG/FCAW — xectkass BAX, SAW — »xxectkasg BAX.

Cuctema koHTposs ¢opcupoBanus ayru — Arc Force Control ycranaBiuBaeT TOK
KOPOTKOT'O 3aMBIKaHUs JJISi MSTKOW JIyT'M WM JKECTKOW Jyr¥ TpH Majaroiei
BosibTaMIiepHoi xapakrepuctuke (MMA/TIG).

VYupasnenue ayroit — Arc Control mo3BoJjisieT KOHTPOJIUPOBATh MUHY-3PGHEKT IS
PETYIMPOBAaHUSI YPOBHA M CKpOOOPA30BaHMSI,TEKydeCTH MeTayia U (OpMBI I1Ba
IIPU CBAPKE B CPEJE 3AIUTHBIX I'a30B U MMOPOIIKOBOM ITPOBOJIOKOM.

+10% KoMIIeHcaIlMu BXOJHOTO (CETEBOr0) HampsHKEHUS Ui oOecredeHus
CTAOMJILHOCTH BBIXOJIHBIX CBAPOYHBIX XapPaKTEPUCTHUK.

CootBercTByIOT TpeOboBaHusMm ctangapToB IEC974-1, ROHS, CE u I'OCT-P.
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6 ®PUHAHCOBBI MEHEJKMEHT, PECYPCOY®®EKTUBHOCTH 1
PECYPCOCBEPEXXEHUE
B Hactosiee BpeMs B Halllell cTpaHe pa3pabaTbhIBacTCsl U peaau3yercs
MHOTO KpPYITHBIX IMPOEKTOB IO CTPOUTENBCTBY M PEMOHTY MAarucCTpalbHBIX WU
IPOMBICIIOBBIX TPyOOIIpoBO0B. Bo3pocine maciitadbl CTpPOUTENBCTBA U PEMOHTA
TPYOOIIPOBOJHOTO TPAHCIIOPTA, OONbIIAs UX MPOTAKEHHOCTh, TPEOYIOT BBICOKOTIO
TEMITa MIPOKIAJKU IIPU UX COOPYKEHUU.

OCHOBHBIM  TEXHOJIOTMYECKHM  IPOLECCOM  MpPU  CTPOUTENILCTBE
MarucTpaibHbIX TPYyOONpPOBOJOB SIBISIETCS CBapka. B Hacrosiee BpeMs CBapKy
TpyOONPOBOJOB MPOU3BOAAT B pa3iauuHbIX Kaumatudeckux (ot 60° C o -50° C) u
MOYBEHHO-TEOJIOTUYECKUX ycaoBHUsX. OCHOBHOM 3ajjauell BceX BHJIOB CBAapKU
ABJIIETCSI KAYECTBEHHOE BBIIIOJIHEHUE CBapKd HEMOBOPOTHBIX CTBHIKOB TpPYO.
['maBHas nmpobiemMa cBapKU HEMOBOPOTHBIX CTHIKOB TPYO 3aKJIIOYAeTCsl B TOM, YTO
IIPU CBAapKE IOCTOSIHHO W3MEHSETCS NPOCTPAHCTBEHHOE IIOJIOKEHHWE CBAPOYHOMN
BaHHBI OT HW)KHETO JI0 MOTOJIOYHOTO MOJI0KeHHs. Ha cBapouHyl0o BaHHY B Ka)KJI0OM
IPOCTPAHCTBEHHOM TIOJIO)KEHUU JIEHCTBYET Ppa3IMYHbIA KOMILIEKC CHJI. ITO
OCJIOXKHSIET 3ajayy (OpPMHpPOBAaHHA KOPHEBOIO W IOCJIEAYIOIIMX CJIOEB IIBA B
CBSI3M C BO3HMKHOBEHHEM IMPOXKOTOB, HAIJIBIBOB M JPYTUX Je(EKTOB CBApHOTO
COEIMHEHHSI.

JUiss  aBTOMarW3alMy  CBApKH HEMOBOPOTHBIX CTBIKOB  HEOOXOIUMO
o0ecreunTh HamlpaBJICHHBIA U YIPaBISEMbIH MEPEHOC AJIEKTPOJHOTO METajuia, a
TAaKXK€ YIEp)KaHHWE paCIUIaBICHHOTO MeTajljla CBApOYHOM BaHHBI BO BCEX
IMPOCTPAHCTBEHHBIX  TOJIOKEHUsAX. [IpuMeHeHWeM HUMMYJIbCHOTO  MUTAHUS
CBapOYHOM JyTU MOKHO JOOMTHCS MOJyuYEHHUs KaYECTBEHHOI'O CBAapHOIO IIBa C
TpeOyeMoi reoMeTpuei.

Jlnig pacyera 3KCIUTyaTallMOHHBIX 3aTpaT Ha CTPOUTEILCTBO TPyOOMpoBoOIa
U yCcTpaHEeHHe Ae(PEKTOB MPOBEAEM IKOHOMUYECKOE CPAaBHEHUE MEPCIIEKTUBHOCTH
BBIOpaHHOTO CIIOco0a Ha IpuUMepe:

1. ABTOMaATHM3UPOBAHHOM CBAPKH B CPEE YIIIEKHUCIIOro ra3a



2. ABTOMATH3UMPOBAHHOW CBAapKU B Cpele YIJIEKUCIOro Tra3a HMIYJbCHBIM
IIATAHUEM.

PaccuntaeM Tak ke OSKCIUTyaTallMOHHBIE 3aTpaTbl Ha CBapKy OIHOIO
HEITOBOPOTHOT'O  CTBHIKA. OKCIUTyaTallMOHHBIE 3aTpaTbl Ha CBAapKy OJHOTO
HEITOBOPOTHOT'O CTBIKA COCTOSIT U3 CIEAYIOIIUX 3JIEMEHTOB:

»  pacxoj CBapOYHBIX MaTEepHAaJIOB,;
3aTpaTbl HA MATEPUAIIBI;
3aTpathl Ha OILIaTy TPYAa;
3aTpaThl HA CTPAXOBBIE B3HOCHI;

3aTpaTbl aMOPTU3ALMOHHBIC OTYHNCIICHHA

YV V YV V V

3aTpaThl Ha ITPOBCACHUC MCPOIIPUATHUA;

6.1 Pacxoa cBapoO4HBIX MaTepuaJIOB

Jns onpeneneHus: SKOHOMUYECKON A((PEKTUBHOCTH W CpPAaBHEHHS B3SIT
aBTOMATHU3UPOBAHHBIA CHOCOO CBapKH B Cpele YIVIEKUCHBIX Ta3oB U CHOCO0
aBTOMAaTU3UPOBAHHOM CBApKHU B CPE/IE€ YIIIEKUCIIOIO ra3a UMITYJIbCHBIM MUTAHUEM.

Pacxoo ceapounvix mamepuanoé npu asmomamusupoeaHHOU C8apKe 8
cpede yeneKuciozo 2asa

Pacxon cBapouHOM NpoOBOJIOKH G, ,
G,n =K, "G, (15)
rae F,— momanes HatuiaBieHHoro Metauia, F, = 1,54 T
|, — mmaa mBa, |, = 320,3cwm;
Y — IIIOTHOCTB MeTaa; y=7,8 o/cum’ .
G,=F,luy

G, =1,54*320,3*7,8=3847,4

rae K,,- koadduimeHnt pacxoaa d7IeKTPOIHBIX MaTepuanos, K, = 1,15.



Takum 006pa3om, pacxoj; CBAPOYHOU MPOBOJIOKH PABEH:

G,, = 38474115 = 44245 2.

Pacxoo YeNeKUuci102co casa Ha ceapkKy 00H020 HEeNnoBopomHoco cmvlKd

Gy = Gy " typ, (16)
re G, — PEKOMEHIYeMbIA PACcX0Jl ra3a Juis IAHHOT O Tipouecca, G, =121/mun;
tnp — BPEMs OJJHOTO ITPOXOJa:
[

Jlnst kopHeBoro mea: t,, = 320,3/0,34/60 = 16 muw;

Jlnst mocyeIyrommx cinoes: ty, = 3*320,3/0,2/60 = 80 mun.

Takum 006pa3om, pacxo| YIIIEKUCIOTO ra3a paBeH:
G, =12-(16 +80) = 1152 1.
3Has MIOTHOCTh YIJIeKUCoro rasa (1,96 2/1), MOXKHO BBIYUCIUTH MAaCCOBBIN
pacxon CO,, on Oynet paBen 2258 r wim 2,258 Kr.
Pacxo0o ceapounvix mamepuanog npu asmomamusuposanHol ceapke
cpede Y2neKucio020 2a3a UMNYIbCHbIM NUMAHUeMm

Pacxon cBapouHOM NpOBOJIOKH G, ,
G,=K, G, (18)
rae F,— noomans HamiaBjieHHoro Metaia, F,= 1,18 cm? )
|, — nmHa wBa, |, = 320,3cwm;
Y — IUIOTHOCTB MeTaia; y=7,8 2/cm’ .
G.=F, L,y

G, =1,18*320,3*7,8=2948,0



riae K,,- koapduuueHT pacxoja JIeKTPOAHBIX MaTepualos, K, = 1,15.
Takum 006pa3om, pacxoj; CBAPOYHOU MPOBOJIOKH PABEH:

G,, = 2948,0-1,15 = 3392 ..

Pacxoo YeHEeKUcC10c0 2casa Ha ceapky 00HO020 HenoeopomHoco cmoslKa

Gy = Gp “Cop) (19)
rne Gp — PEKOMEHIYEMbIM PAaCcX0]1 ra3a JJisl JAaHHOTO Ipolecca, Gp=1 20/ MUH,
t,p — BPEMs OJJHOTO ITPOXOJa:
[

ce

Jns xopresoro msa: t,, = 320,3/0,31/60 = 17 mux;
Jlns mocenyromux cioes: t,, = 2*320,3/0,18/60 = 60 mun.
Takum 006pa3om, pacxo| YIIIEKUCIOTO ra3a paBeH:
G, =12-(17 + 60) = 924 1.
3Has MIOTHOCTH yIiIeKucioro rasza (7,96 2/1), MOKHO BBIYMCIUTh MACCOBBIM

pacxon CO,, on Oyzaet pasen 1811 rwm 1,811 «r.

6.2 Pacuer 3aTpaTr Ha MaTepUAaJIbl

K marepuabHBIM pacxojaM OTHOCSITCS 3aTpaThl Ha MPUOOPETEHUE: CHIPHA,
OCHOBHBIX M BCIIOMOTATEIbHBIX MATEPHAIIOB, UCTIOJIb3YEMbIX B IPOU3BOICTBEHHOM
npoiiecce.

[IpoBenem pacuer 3aTpaT Ha NMPUOOPETEHHE CBAPOYHBIX MaTEpUANIOB IS
JIBYX BUJIOB CBapKH. PacyeT CTOMMOCTH MaTepraioB MOYKHO CBECTH B TaOIHILy.

Tabnuua 6.1 — Pacyer cTOMMOCTM MaTepuaJioB Ha MPOBEICHUE

MEPOIPHUSITHUS



Meton cBapku: CO, Meton cBapku: CO,U
Hanmenosanune
koi-Bo, | Ilena, | Cymma, | kon-Bo, | Llena, | Cymma,
MaTepraioB

KT pyo/kr | py0O KT py6/kr | pyO.

VTIIeKHUCIIBIN Ta3 2,258 6,8 15,4 1,811 6,8 12,3
CBapoyHas mpoBOJIOKa 4,425 80 354 3,392 80 271.,4
Uroro: 369,4 283,7

Hroro: 3 (CO,) coctasmstor 369,4 pyO;
3 (CO,N) cocranstot 283,7 pyo;
3 =3(CO,) - 3 (CO,N) = 85,7 pyo.

6.3 Pacuer BpeMeHH HA NPOBeeHNE MePONIPUATHS

OHpGI[CJII/IM HOPMbI BPCMCHU JIA aBTOMaTHBHPOBaHHOﬁ CBApKH U B CPCAC

yraekucioro raza [50]. Bpems Ha mpoBeneHHE MEpONPHUSATHS BKIIOYACT B ceOs

OCHOBHOC BpPCM: BBIIIOJIHCHUA IIPOXOA0B aBTOMaTI/I3I/IpOBaHHOﬁ CBapKOﬁ B Cpcac

VTJIEKUCIIOTO Ta3a C UMIYJIbCHBIM MUTaHWeM U 0e3 Hero. [lomMumo »Toro, yurem

BCIIOMOI'aTCJIbHOC BPEM:, CBA3aHHOC C HOHFOTOBKOﬁ CTBbIKA K CBAPKE U CO CBapKOﬁ

CaMoOI'0 1IIBa.

Tabnuma 6.2 — OcHOBHOE BpeMms Jis

Cpcac YIIJICKHCIIOrO ra3a Iipu MOCTOSIHHOM U HMHyanHOﬁ Inoga4du 1nuTaHusAd

ABTOMATHU3UPOBAHHON CBApKU B

Ucxonnbie nanHbie U pacueTHas hopmyia CcO, CO,1

F,— miomaap HaIJIaBJIEHHOTO METAaJlia, cM” 1,54 1,18
Fu1/ Fyx— 3a IepBbIii U TOCIIE YOI
) 0,22/0,44 0,24/0,47
MIPOXOJIBI, CM
Y — TUIOTHOCTh HAIUIABIIIEMOTO METaJIIa,
3 718 7,8
r/cM

|.,— CBapOYHBIN TOK, A 300 300




250 250
o, — K03 (OUIMEHT HAIUIaBKH, I/A 4 9,0 8,5
Jnvaa mBa |y, cM 320,3 320,3
Bpemst cBapku cThIka, MUH
¢ = (FH1 Xy X 60 N 2F, Xy X 60) 105 80
Iepr X 0ty R
g .
Tabmuma 6.3— BcoMorarensHOE BpeMsi, MUH
Oneparuu CcoO, CcOo,1
[ToaroTOoBKa KPOMOK KPOMKOCTPOTATEIHHBIM

CTaHKOM 10 10

3a4nCcTKa KPOMOK 5 5

VYcraHoBKa LIeHTpaTopa 15 15

LlentpupoBanue Tpyo 5 5

CmeHa KacceT ¢ IpOBOJIOKOM 2 1

3a4ncTKa IIBa IMOCJIC BRIMTOTHEHUS KaXKI0TO

poxoja ) 3

[InudoBka 06IUIIOBOYHOTO IIIBA 15 15
Hpyrue oneparuu 10 10

Htoro 66 64

Ha BbInosiHeHME MeponTpUATHSI aBTOMAaTU3UPOBAaHHOM cBapkou B cpeae CO,

171 MunyT, T.€. npuMepHO 3 yaca.

Ha BpimonHeHne wmeponpusaTvss aBTOMATU3UPOBAHHOM CBAPKOM B Cpele

YIJEKHUCIIOrO ra3a HMMITYJIbCHBIM NMUTaHueM OyAeT 3arpayeHo 144 MuHYT, T.e 2

gaca 20 MuH.




6.4 Pacyer 3aTpaTt Ha omJiaTy Tpyaa

K pacxonam Ha omiaty Tpyaa OTHOCSITCS:

L4 CYMMBI, HA4YUCJICHHBIC IIO TapI/I(l)HBIM CTaBKaM, AOJIZKHOCTHBIM

OKJIagaM, CACIIbHBIM pPaCHCHKaAM HJIM B IPOLCHTAX OT BBIPYYKH OT pCaIM3allhun

npoayKIMu (paboT, yCIyr) B COOTBETCTBHM C MPHUHATHIMU Ha MPEINPUSTHU

(opranuzanumn) ¢popmMamMu U CUCTEMaMU OIUIAaTHI TPYa.

o HanOaBku mo paiioHHbIM Ko3(¢unmeHntam, 3a paboTy B paiioHax

kpaiinero CeBepa u Jip.

Pacuer 3apab0OTHON TUIaThl MOKHO CBECTU B TAOJIHILY.

Tabnuna 6.4 — Pacuer 3apab0OTHOM IJ1ATHI

Bpewms Ha
Kozn- 3apaboTHas
Tapud | MPOBENCH Tapudusrit Ces. u pail.
BO Jonnara 3a UIaTa C
Hast ne ¢boHO K03 ..
YeJ0Be - £0%+600¢ BPEIHOCTh Y4eTOM
Meponpus , pyo. 0 0
Mpogec K crapra potp by 4% Ha10aBOK, pyo.
cust , THS, 9.
py6./q
SRl lsIf s R le |8 | |8 | & =
210 |3 oSS |%° |8 | % |8 o} S O S
3
Macrep | 8| 1 | 1 360 3 2.2 | 1080 | 792 | 1188 | 871 23112 | 1695
43,2 | 31,68
MoHnTa
412 | 2 200 3 2.2 | 1200 | 880 | 1320 | 968 2568 | 1883,2
SKHUK 48 35,2
DnekTp
ocBapiy | 5| 2 | 2 280 3 2.2 | 1680 | 1232 | 1848 | 1355 | 67,2 | 49,28 | 35955 | 2636,3
UK
Caecap
511 (1 240 3 22 | 720 528 792 581 1540,8 | 1130,1
b 28,8 | 21,12
HUroro 4680 | 3432 | 5148 | 3775 10016 7345
187,2 | 137,3

Hroro: 3 (COy) coctansiror 10016 pyo;
3 (CO,M) cocramusitot 7345 py0;




3 =3(CO,) - 3 (CO,1N)=2671 py6.
6.5 3aTpaThl Ha CTPaxOBbIE B3HOCHI

3arpaThl Ha CTPaxOBbIE B3HOCHI B MEHCUOHHBIA (OHI, (POHI COIHATBEHOTO
CTpaxoBaHus, (oHA  0043aTENBHOTO  MEIUIMHCKOTO  CTpPaxOBaHUS U
0053aTEILHOTO  COLIMAJIBHOTO  CTPAaXxOBaHUS OT HECYACTHBIX CIlydyaeB Ha
MPOU3BOJICTBE TMpeAcTaBlieHbl B Tabmune 17. PaccuuThiBas 3arpaThl Ha
CTpaxOBaHUE OT HECYACTHBIX CIy4yaeB Ha MPOU3BOJACTBE U MPOQPECCHOHAIBHBIX
3a0oneBanuii, BbIOMpaeM cormacHo [Y] kmacc | ¢ Tapudpom 0,2 s
TPaHCIOPTUPOBaHUS MO TpyOompoBojaM HEPTH U HEPTEHPOAYKTOB (KOA TIO

OKBD/I - 60.30.1).

Tabnuia 6.5 — PacueT cTpaxoBbIX B3HOCOB

[Toxazarens Mactep MoHTaXHUK | DIEKTPOCBAPIINK Cnecapp
3apaboTHas miara, pyo
CO, 2311,2 2568 3595,5 1540,8
Ccon 1695 1883,2 2636,3 1130,1
DCC (2,9 %)

CO, 67 74,47 104,27 44,68
Ccon 49,2 54,61 76,45 32,77
DOOMC (5,1%)

CO; 117,87 130,97 183,37 78,58
Ccon 86,45 96,04 134,45 57,64
[TOP (22%)

CO; 508,46 564,96 791,01 338,98
Ccon 372,9 414,30 579,99 248,62
CrpaxoBaHue OT HECHACTHBIX ciiydaeB (Tapud 0,2)

CO, 4,62 5,14 7,19 3,08
Ccon 3,39 3,77 5,27 2,26

Bcero 3atpart, pyo




CO; 3024,68

COo1 2218,07

6.6 3aTparbl Ha aMOPTU3ALMOHHbIE OTYHUCIECHUS

3arpaTbl OMPENENAIOTCs, UCX0Asid M3 OalaHCOBOW CTOMMOCTH OCHOBHBIX
MPOU3BOJICTBEHHBIX (POHIOB M HEMaTepUaTbHBIX AKTUBOB W YTBEPXKICHHBIX B
YCTAaHOBJICHHOM  TOPSJAKE HOPM  aMOPTU3ALMHM, YYUTHIBas  YCKOPEHHYIO
aMOpTH3aIMI0 MX AaKTHUBHOW dYacTH. Hopmbl amopTusamuu s CBapOYHOTO
anmapaTta BbIOMpaeM COIJIACHO €IMHBIM HOpPMaM aMOPTHU3ALMOHHBIX OTYHMCICHUM
Ha TIOJIHOE BOCCTAHOBJIEHWE OCHOBHBIX ()OHAOB HapoaHoro xo3ssiictBa CCCP
(ytB. moctanosienuem CM CCCP ot 22 oxTs16ps 1990 r. N 1072).

Pacuer aMOpPTH3allMOHHBIX OTYUCIIEHUM TP CTPOUTENILCTBE U YCTPAHEHUH
nedexToB TpyOONpoBoJa ¢ MPUMEHEHHEM aBToMaTuyeckoil cBapku B cpeae CO,
npejcTaBiieH B Tabimuiie 6.6.

Tabnuima 6.6 — PacueT aMOpPTH3aIIMOHHBIX OTYMCICHHUM MPU CTPOUTEIHCTBE

TpyOOIPOBOa aBTOMaTU3UPOBAHHBIMU criocobamu cBapku B cpeae CO,

Hopma Hopma Hopma Bpewms Cymma
Croumoc Kou-
OOBeKT aMOPTHU3alUH | aMOPTU3ALUH | aMOPTU3ALUN paboThl, |aMOpTHU3AIUH,
Tb pYO. BO
% B TOJ, py0. | Buac, pyoO. yac. pyo.
CBapouHbIii
ammapat CRC-
3000000 11 330000 37,67 1 171 6441,8
Evans M300C
(s COy)
CBapouHbIi
anmapar CRC-
3000000 11 330000 37,67 1 144 54245
Evans M300C
(mst CO,)

Pacder  aMOpTH3allMOHHBIX  OTYMCIICHMH  TOKa3bIBaeT, 4YTO IMpHU
aBTomMaTuieckoil cBapke B cpeae CO, 06e3 UMITyIbCHOW Tomaded  MHUTaHUS

aMOpPTH3AIIMOHHBIE OTYMCIeHUsT cocTtaBar 6441,8 py0O, Torma Kak TipH




ABTOMATUYECKOM CBAPKU C UMITYJbCHOM IMOJAYEN MUTAHUS ITOT K€ MOKA3aTEellb
coctaBisier 5424,5 py6. CoOTBETCTBEHHO, SKOHOMHS 3aTpaT Ha JaHHOM JTarle

coctasysier 1017,3 pyo0.

6.7 3aTpaTsl Ha NpoBeeHNEe MEPONIPUSTHS

[To pe3ynbrataM BbILIENEPEUUCIECHHBIX PACUETOB 3aTPaT, PACCUUTHIBACTCS
oOmasi cymMma 3aTpaT Ha TPOBEACHHE OPraHU3AIMOHHO-TEXHHYECKOTO
meponpustus (Tadmuma 6.7).

B tabaune 6.7 yuuThIBalOTCA TaK K€ MPOYME PaCXOAbl, B YUCIO KOTOPBIX
BXOJIST CPEACTBA MHANBUAYAJIbHOMN 3alIUThI, TUTAHUE U TIEPEBO3KA OpUTa bl

pabouux, coctaBisitoT 10% ot poHaa omnaTel Tpyaa.

Tabnuua 6.7 — 3arpaThl Ha MPOBEACHHE OPraHU3AUOHHO- TEXHHUYECKOTO

MEpOIIPHUSITHS
CymMmma 3atpar, pyo.
Cocras 3arpar
C02 COZI/I
MarepuanbHbIe 369,4 283,7
Omnnara Tpyna 10016 7345
CtpaxoBble B3HOCHI 3024,68 2218,07
AMOpTI/I3aHI/IOHHBI€ 6441.8 5424.5
OTUUCTEeHU A
[Ipoune pacxosl 1001,60 734,50
Haxkmagasie pacxoisl
I PAEXOA 417070 320115
(20%)
IInanoBbIe HAKOIIJICHUS
1251,21 960,35
(5% )
Hroro 26275,38 20167,27




OKOHOMHUYECKHI pacyeT TOoKas3aja, 4YTO 3aTpaThl Ha CBapKy OJHOTO
HEITOBOPOTHOI'O CThIKA aBTOMAaTHYECKOW CBapKOil B Cpelle YIJIEKHCIOro rasa c
MOCTOSTHHOM Tmojadyeit mutanus Ha 6108,11 pyO. Oosblie, 4YeM CBapKu C
UMITYyJbCHOM Tomade mnutanus. CreaoBaTeNbHO MEPEXOJ K HOBOMY METOMY
CBApKH B CpPEJE YTIIEKUCIIOr0 ra3a ¢ UMIYJIbCHOW MO1avyeid MUTaHUsI NEPCIEKTUBEH
U TIO3BOJISIET CHU3UTh 3aTpaTbl M KOJWYECTBO BPEMEHU HAa CTPOUTEIBCTBO

TpyOOIIpOBOAA.



7 COOUAJIBHAA OTBETCTBEHHOCTD ITPH CTPOUTEJIBCTBE
TPYBOITPOBOJOB ABTOMATHU3NPOAHHBIM CIIOCOBOM CBAPKH
B CPEJE YIVIEKUCJIOI'O I'A3A

OTBETCTBEHHOCTh 32  CcOONIOZCHHE  TPeOOBaHWN  MPOMBIIUICHHOM
0€30IacHOCTH, a TaKXKe 3a OPraHU3aLUI0 U OCYIIECTBIECHUE IMPOU3BOJICTBEHHOIO
KOHTPOJISI HECYT PYKOBOJAUTENb OJKCILTyaTHUPYIOIIEH OpraHu3aluyd M JIMIa, Ha
KOTOPBIX BO3JIO)KEHBI TaKHe OOS3aHHOCTH B COOTBETCTBUU C JIOJDKHOCTHBIMH

UHCTPYKITUSIMU.

[Ipu cTpouTEnbCTBE MAaruCTPAIbHBIX TPYyOONPOBOJAOB  OpraHHU3aAlINH,
BBIMIOJIHAIONIEH ~ paboThl,  HEOOXOAMMO  YAENSITh  0co00€  BHHUMAaHHE
MPOU3BOJICTBEHHON M 3KOJIOTUYECKOW 0€30MacHOCTH pabOTHUKOB U OKpYKarolen
CpEpbl.

ConuanbHasi WM KOPIOpATUBHAs COIMATbHAs OTBETCTBEHHOCTh (Kak
MOPAJTbHO-3THYCCKUI MPUHITUAIT) — OTBETCTBEHHOCTh TEPEa JIOABMU M JaHHBIMHU
UM OOCIIaHMSIMH, KOTJIa OpTraHM3aIusl YYUTHIBAET HHTEPEChl KOJUIEKTHBA U
oO1iecTBa, Bo3jiaras Ha ce0si OTBETCTBEHHOCTh 3a BJIMSIHUE UX JIEATCIIBHOCTH Ha
3aKa34MKOB, MOCTAaBIIMKOB, paboTHUKOB, akiuoHepoB (I'OCT P MCO 26000-
2012) [37].

CypoBble KIMMaTUYECKUE YCIOBHUS CEPHE3HO OTPA3UIIUCh HAa TPEOOBAHUAX K
KaueCTBY CBApKU U 3HAUUTEIHHO MOBBICUIU €€ TPYAOEMKOCTh. MarucrpaibHbIN
TpyOOTIPOBOI, MPOJIOKEHHBIM HA TAKUX y4acTKaX, IMOJBEPIKEH JOMOTHUTEIHHBIM
Gu3MYEeCKUM W MEXaHWYECKHM Harpy3kam. PaboTatb B yCIIOBUSX OOJIBILION
BJIQYKHOCTH BO3/1yXa, HU3KUX

TEMIIEPATYpPax, CUIbHBIX MIOPBIBAX BETPA TAKXKE SIBIISECTCS CIIOXKHOM 3a1a4eH.

7.1 IlpodeccuonasibHas counaabHasA 0€30MACHOCTH

Ha srame crpouTenbcTBa MarucTpajlbHOTO TPYyOONpPOBOJA MPUCYTCTBYIOT

OTTaCHBIC W BpEIHBIC MPOU3BOACTBEHHBIE (hakTophl (Tabiuia 11), koTopsie MOTYT



INPUBCCTH K YXYALCHUIO COCTOAHHA 310pPOBbsI WM CMCPTU paGOI-II/IX, IIO9TOMY

H€O6XOI{I/IMO npeayCcMaTpruBaTb MCPOIPUATHA JJIA 3allIUTBI OT HUX.

Tabmuma 7.1 —

dbopmupyromIe

OcHOBHBIE

OITaCHBIC u

OJICMCHTBI

BpEIHBIE

bakTopbI

IMPOU3BOACTBCHHOI'O

pu

Imponcecca,

CTPOMUTEIILCTBE

MarucCTpajabHOI'O pr6onp0130z1a Ha OTKPBITOM BO3OYXC B 3UMHCC BPCMA

HanmenoBanue Bua0B ®axtopse! (I'OCT 12.0.003 — 74 CCBT ¢ HopmaTtusHbIe
pabor n3MeH. 1999 1.) JIOKYMEHTBI
Bpennbie OmacHsle
1 2 3 4
3emusiHbIC PabOTHI; 1.OTKn0OHEHHE 1.DnexTpuaeckuit I'OCT 12.0.003-74[32]
[Moabem, ykinaaka moKasaTeJsei TOK; I'OCT 12.1.003-83[25]
HedTenpoBoaa HA KJIUMaTa Ha 2.Iloxapo- u I'OCT 12.1.004-91[26]
OTIOPHI; OTKPBITOM B3PBIBOOIIACHOCT I'OCT 12.1.005-88[28]
CBapOYHO-MOHTXHBIE | BO3IyXC; 3.2neKkTpuieckas I'OCT 12.1.010-76[36]
paboThI; 2.IlpeBbliieHue yra u I'OCT 12.1.011-78[37]
N3onsaunonHo- YPOBHEH IIymMa U METAJUINIECKHE I'OCT 12.4.011-89[27]
YKJIaJI04HbIE PaOOTHI; BUOpALINY; uckpsl ipu cBapke | TOCT 12.1.019-79[45].
UcnbiTanue 3. TsoxecTh 1 4. JIBrkymuecs
HePTENnpoBoA. HANPSKCHHOCTh MAIlIUHBI U
(u3IuecKoro MEXaHHU3MBI
Tpyna. MIPOU3BOJICTBEHHOTO
obopynoBanus (B
T.4.
IpPy30H0bEMHBIE)

7.1.1 AHanu3 BpeJAHbIX NPOU3BOJICTBEHHBIX ()AKTOPOB M 000CHOBAHHE
MepPONpPUATHIA 10 UX YCTPAHEHUIO

BpenubimMu ipon3BOACTBEHHBIME (haKTOpPaMU MPUHSATO HA3BIBATh (PaKTOPHI,
KOTOpPBIE MOTYT OKa3aTh OTPHIATEIIBHOE BIMSHUE Ha PabOTOCIIOCOOHOCTH, a TaK
JKe BbI3BATH 3200JI€BaHUs |

npodecCHOHAIbHBIC MHOTHE

JpyTHe
HEeOJIaroNPHUTHBIC MOCIICICTBUSA I YeiioBeka. [32]

1. OTKIIOHEHHE MTOKa3aTeNIeH KIIMMaTa Ha OTKPBITOM BO3/yXe

Ha srtame crpouTeNnbcTBa Ha y4acTKaX KOHTAKTa C MHOTOJIETHEMEP3JIBIMH
IpyHTaMH pabOTHI BEIYTCSA MPEUMYIIECTBEHHO B 3MMHEE BpEeMs T'0/1a, KOT[Aa IPYHT

HaXOOUTCA B MCP3JIOM COCTOAHHH. B nertnee BpCMs, M3-3a OTTAMBAHUA T'PYHTA,

npoce3a U ABUKCHUC TCXHUKHN CTAHOBHUTCA HCBO3MOKHBIM.



Pe3kue n3aMeHeHus TeMnepaTyphl OKpyXKaroliel cpeibl, 1a U MPOCTO paboTa
B YCJIOBHSX TIOHIDKCHHBIX TEMIIEpATyp HECET OTPHUIATEIbHOE BIMSHUE Ha
3I0pOBbE UeNOBeKa. JIBurarenbHasi aKTHUBHOCTh pPAaOOTHUKA OOECIEUMBACTCS
BCEMU >KU3HEHHBIMU MPOIIECCAMHU B TEJI€ YeJOBEKa. JHEPrUu Ha mpeoOpa3oBaHue
TEIJI000MEHA HCHOJb3yeTCss OO0JbIlle, YeM Ha BBINOJHEHUE CaMOW palOTHI.
Hapyimenue 6Gaanca Teria MOXET MPUBECTH K MeperpeBy MO0, HA00OpPOT, K
MEPEOXTKICHNIO YeJIOBEKa. DTO MPUBOIUT K HAPYIICHUIO B pabOTe, CHIDKCHHIO
aKTUBHOCTHU U T.J.

Opranmsanuu, paOOTHUKH KOTOPBIX TPYIATCS Ha OTKPBITOM BO3IyXE,
00s13aHBI TIPUACPKUBATHCS psila OTPAHUYEHUN TI0 TEMIICPATYPHBIM PEKHMaM.
TemmnepaTypHble pPEXKHUMBI, MPU KOTOPHIX MPUOCTAHABIMBAIOTCS pabOTHI Ha
OTKPBITOM BO3/yXe MTOKa3aHbl B Ta0ymIe 12.

Tabnuua 7.2 — TeMnepaTypHbIN PEKUM, IPU KOTOPOM MTPUOCTAHABIUBAIOTCS

paboThI Ha OTKPHITOM BO3ayxe [28]

CxopocTh BeTpa, M/C Temnepatypa Bozayxa °C
[Tpu Ge3BeTpeHHOM MOTO/IE —40
He Goiee 5,0 - 35
5,1-10,0 — 25
10,0-15 -15
15,1-20,0 -5
Bonee 20,0 0

PaGoTHuKH, KOTOpBIE TPYASTCS HAa OTKPBHITOM BO3JyXE€ TNPH HUBKHUX
TeMIepaTypax MOTYT MOJIYYUTh CIECIYIOIINE TPABMBI:

- IepeoxJIaXACHUE OopraHu3Ma (THOTEPMUN );
- 0OMOpoXKkeHHe (PYKH, MaJIbIIbI, HOC).

Jlns npodunakTHK 0OMOpPOKEHUM paOOTHUKH JOJKHBI OBITH 0OECIIeUeHbI
CpelICTBAaMH MHAMBUIYAIbHOMN 3alUThI, B KOTOPbIE BXOJUT KOMILIEKT YTEIJIEHHOM
onexbl. KOMIIEKT OleXbl BKIIOUAET: KYPTKY (TEJIOTPEilKy); BaTHBIE IITAHBI;
CBUTEP; TOJIOBHOU yOOp (1IanKa); nepyaTku; oOyBb.

Opexna JOMMHKHA COOTBETCTBOBATH BCEM TPEOOBAaHUSM, MOAXOJIUTH IO

pasMCpy U HC CKOBBIBATH ABUKCHUSI. COBpeMeHHaH cregoaciKaa n3roraBJIMBacTCsa



U3 Ka4yeCTBEHHBIX YTEIUIUTENEN: THUHYCICHT, CHHTENOH, xojodaitdep. s
ynoocTBa pabOTHUKA, OJ€K/1a OCHAIIACTCS IOMOJHUTEIbHBIMH SPTOHOMUYHBIMU
JETAIIMU:  KalIoOIIOH, (YHKIMOHAIbHBIE KapMmaHbl. B BeTpsHylo moroay
pabOTHUKM  JOJDKHBI ~ OBITh ~ OOECHEYEeHbl  CPEICTBAMM  3allUTHl  JIMLA
(cnenuagbHBIMA MacKaMmHu).

[Tomumo onexabl K padoTaM JOJIKHBI JOIYCKAaThCsl pAOOTHUKH C XOpOILIEH
¢uznueckoit Gopmoii, U roaHble MO 370poBbI0. JlocTaBka mojnel k pabouemy
MECTY OCYILECTBISIETCS B CIEUUAIbHBIX ABTOMOOWISX, C CHUCTEMOM OTOIUICHUS

casoHa[27].

2. [IpeBbllieHUE YpOBHEH IIyMa U BUOpALIUH

HcTtounukoM 1ryma mpu CTPOUTENBCTBE TPYOOIPOBOIOB SIBISIOTCS MAIIIMHBI
U 000py/IOBaHUE: IKCKABATOPHI, OYIbA03Epbl, TpyOOoykiamuuku u T.a4. OHH
COIIPOBOXIAKOTCS OTPOMHBIM KOJIMYECTBOM 3BYKOB, KOTOPBIE, IIPU JOJTOCPOYHOM
BO3J/ICHICTBUM HA YEJIOBEKA, MOTYT IIPUHECTU BPEJl CIyXY U JUCKOMDOPT.

[IlymoBoe 3arpsi3HeHHME Ha padodyeM MeCcTe OTPHUIATEIbHO BIUSET Ha
paboTaOIIKX: 3aMENJISIETCd CKOPOCTh PEAKIUM, YBEIIMYMBAETCA PACXO]l SHEPIUU
IIPY OJTHOW U TOM ke (PU3MYECKON HArpy3Ke, CHUKACTCS BHUMaHUE U T.1M. B urore
CHU)KACTCS KA4eCTBO BBITIOJHAEMOUW padOThl W MPOU3BOJIUTEIBLHOCTH TPY/A.
CnenctBueM NTPOAOJDKUTEIBLHOIO BO3JICUCTBHUS IIyMa Ha YEJIOBEKA SIBIISIOTCS
pa3BUTHE Takue 3a00JIeBaHUS KakK IIymMoBas OO0J€3Hb, CHIDKEHHE CIIyXOBOU
YyBCTBUTEJILHOCTH, M3MEHEHUE (YHKIUU MUILEBAPEHUS, CEPACUHO-COCYIUCTas
HEJIOCTATOYHOCTh. [Ipy MOBBIIIIEHHOM YPOBHE BUOpAIIMM Y YeJIOBEKa HAOIIOAaeTCs
MIOBBILICHUE YTOMJIIEMOCTH, YBEJIMYEHHE BPEMEHU 3PUTEIIBHOM PEakUuu,
HapYyIICHUE OMIOPHO-ABUIaTEIBbHOTO ammaparal25].

3Hanne (PU3NYECKUX 3aKOHOB TPOIIECCa PACTIPOCTPAHCHHS] U U3ITyUCHHUS
IIymMa MO3BOJIUT MPUHUMATh PELICHUS, BO3JCUCTBYIOIIME HA YMEHBIIEHUE €ro

HETaTUBHOI'O B03)1€I>'ICTBH$I Ha 9CJIOBCKA.



JlomycTuMBIN YpOBEHBb 3ByKa TpHW paboTe Ha MPOM3BOJICTBE 3aBHUCIT OT
TSOKECTH TpyAa. MakCUMallbHBIM ypOBEHb IIyMa MpU paboTe ¢ MHCTPYMEHTOM B
ObITYy He JoJpKeH npesbinath 80 1bA[25].

JliurensHoe AeiicTBue myma > 85 n1b B COOTBETCTBUM C HOPMATHBHBIMH
nokymentamu CH 2.2.4/2.1.8.562-96 [33] u TOCT 12.1.003-83 [25], npuBoauT K
MTOCTOSTHHOMY HOBBIIIEHUIO MOPOTa CIIyXa, K MOBBIIIEHUIO KPOBSIHOTO TABJICHUS.

JIis cHUKEHMsI BO3JICHCTBHUS IIyMa Ha 4ejoBeKa paOOTHUKHU OCHAIAIOTCS
CIIEHHAIBHBIMM CPEIACTBAMM 3allUThl — HAyIIHMKaMHU WM BKJaJpliamu. Bcee
UHCTPYMEHTBI, KOTOPBIMH MPOU3BOIATCS pabOThI, MPOXOASAT TECTUPOBAHUE Ha
YPOBEHb IIyMa, W JOIMYCKAIOTCA K padoTe ¢ BUOPO3AIIMTON WIM TIIyLIUTEIEM.
PabGora pgomKkHa NTPOXOAUTh C HEOOJBUIMMH IEpPEpbIBAMU JJIi  CHUXKEHUS

BO3JICHCTBHS BUOpALIUU U IITyMa Ha YEJIOBEKaA.

3. TspkecTh U HANIPSHKEHHOCTh (PU3UYECKOTO TPyaa
MaructpanbHbie TpyOOIPOBOABI PACIIONIOKEHBI JAJIEKO OT HACEICHHBIX
MyYHKTOB M paOOTHHUKAM IPHUXOJIUTCS €31UTh B KOMAaHJIUPOBKH WM paboOTaTh
BAXTOBbIM MeToA0oM. HaxoxkneHue BHE AOMa, IUIIOC TSKEIBIA TPYA CKa3bIBAKOTCA
Ha dMOIIMOHAJILHOM COCTOSTHUM pa0OTHUKA M MOYKET MPUBECTU K 3a00JICBaHUSIM.
Jlns  HenmomymieHus 3a00JCBaHMM JIIOJIH TpH HANPSHKCHHOM  TPYIeE,
OpraHu3alliy JOJKHBI PUIEPKUBATHCS Psijia TPEOOBaAHUM:
e 00ecCIeunTh JIIOASIM 8-MHU 4acOoBOM pabouuii 1eHb;
e 00€/ICHHBIN TIEPEPHIB;
e KOMDOPTHBIE YCIOBHS TPOKUBAHUS,
e HEOOJBIINE MEPEPHIBBI MEXKIY pabOYUM MPOIIECCOM;
® CBOEBpPEMEHHas 3apa0oTHas IIaTa.
IIpu coOmroeHNN STUX MPaBUJI, PUCK BOSHUKHOBEHHUS HEJOMOTAHHI H3-3a

TAKCECTU TPyAa MUHUMAJICH.



7.1.2 AHaJIu3 ONMaCHBIX MPOU3BOJACTBEHHBIX (PaKTOPOB U 000CHOBAHHE
MepoNpHUATHI N0 UX YCTPAHEHHUIO

OnacHbBIMH  TPOM3BOJCTBEHHBIMU  (haKTOpaMH HA3bIBAIOTCA  (AKTOPHI,
CIIOCOOHBIE MPU OMPENEICHHBIX YCIOBUSIX BBI3bIBATH OCTPOE HAPYLIEHUE 370POBbS
U rubenu yenoneka. [32].

1. DnexTpuyeckuii Tok

Onun 13 onacHbIX (aKTOPOB MPOU3BOJCTBA, KOTOPHIN HE TIPEIYIPEKIAET O
CBOEM HaMUYWU (HET SBHBIX MPHU3HAKOB TAKWX KaK: 3amax, CBEYCHHE U T.JI.) — ITO
ANEKTPUUECKUI TOK. MICTOUHHUKOM 3JIEKTPUYECKOTrO TOKA MPU CTPOUTENILCTBE WU
MOHTaXe HedTenpoBoga sABIAETCS MEPEABUKHAS — DIEKTPOCTAHIUS, WU
MOIKTIOYCHHUE K TPAHC(POPMATOPHBIM CTAHITUSIM.

OnacHOCTh JIEKTPUYECKOTO TOKA BOSHUKAET MIPH PsAJIe HAPYIICHUH:

— HapyUICHUE U30JISAIHUU TPOBOOB;

— HEMpPaBUIBHOE WJIM OTCYTCTBHUE 3a3€MJICHUS;

— 0OpBIB ITPOBOJIKH.

OCHOBHBIMH BHJIaMU TIPOW3BOJICTBEHHOTO TpaBMaTU3Ma U 3a00J€BaHuUs MpU
CBapKe B Cpe€Jie 3aIIUTHBIX Ta30B SBJSIOTCS: MOPAKEHUE DJCKTPUUECKUM TOKOM,
JIeWCTBUE JTYUYUCTOU SHEPTUU YT, B YACTHOCTHU €r0 yJIbTPa(uoJIeTOBOrO CIEKTpa,
OTpaBJieHHWE, MHEBMOKOHUO3, OJEKTPOO(TaNbMUs, TOpPaKEHHE TMPU B3PHIBE
OQIJIOHOB | PsiA APYrux (HaKTOPOB, CBS3aHHBIX C TPOU3BOJCTBOM CBApOYHBIX
paboT  (BOBHMKHOBEHHME TIOXKAPOB, OXOTW  PACIUIABIEHHBIM  METAJIJIOM).

[TopasxkeHre  DIEKTPUYECKHMM  TOKOM  MOXKET  MPOM3OUTH  Kak
HEIOCPEICTBEHHO BO BpEeMsI CBAPKH, TaK M B MPOIIECCE MOIKIIOUCHUS HCTOYHUKOM
MUTaHUs, a TAKKe IpU pabOTe HA HEUCITPABHOM U HE3a3eMJIEHHOM 000pYI0OBaHUHU.
Xapaktep ® CTCNCHb TOPAKEHHWS  3aBUCHUT OT  HANpsHDKCHUS — TOKa,
AJIEKTPOCONPOTUBIICHNS Tejla 4YeJIOBeKa W HaJIW4YUsS CPEACTB WHIAWUBUIYaTbHOMN
3amuThl. J[J11 yemoBeka TpaBMOOMACHBIM 3HAUYEHUEM CHUJIBI AJICKTPUYECKOTO TOKA

apisgercs 0,15 Amriep, uiau nepeMeHHOe U MOCTOSTHHOE HanpsbkeHue oombiie 36 B

[45].



[TopaxeHnust oT AEHCTBUS IEKTPHUUECKOTO TOKA MOTYT OBITH Pa3HBIMHU: OT
MEJKUX U KPYIHBIX OKOTOB KOKHOTO IOKpPOBA, O COKPAILEHUS MBI CEepla,
YTO NPUBOJUT K €ro OCTaHOBKe. Pa3nnuaroT HECKOJIBKO BUIOB JJIEKTPUUYECKUX
0KOTOB:

— TOKpPacHEHUE KOXHU;

— 00pa3oBaHMe HAa IOBEPXHOCTU KOXKH Iy3bIPEi U BOJABIPEH;

— 00yrJIMBaHUE KOXH.

OsxoroBble paHbl OYEHb JOJTO 3aTATUBAIOTCA, a TopaxeHue 2/3
MOBEPXHOCTU KOKM BCEro Tena, MpakThyecku B 85% ciyyaeB NpUBOIUT K
JETaIbHOMY UCXOAY.

Jlnis mpefoTBpalleHrs MOPaKeHUsT YeJoBeKa OT DJIEKTPHUUECKOro TOKa MpHU
CTPOUTENIBCTBE U MOHTaXXe HE(TEPOBOJAOB UCIIOJIB3YIOT CIEIYIOIINE

CpEeICTBA 3aIUTHI:

— KOJUIEKTHBHBIE CPEJICTBA JICKTPO3AIIUTHI, B KOTOPHIE BXOAT: OCHAIICHHE

— BCEX OIIaCHBIX DJIEKTPONPUOOPOB CHEIHAIBHBIMU MPEAYNPEIUTETHHBIMU
TabInYKaMu; 000pyA0BaHUE IEKTPOHHBIMU CUCTEMAMU 3aITUThI; W30JISIIHS
OCHOBHBIX  3JIEKTPOOMACHBIX  Yy3JIOB;  KOHTPOJIb 332  COCTOSIHUEM
AIIEKTPUYECKUX LIETeH, 3a3eMJIEHUE U 3aHyJieHue npuOopoB, paboTaroIuX
OT DJIGKTPUYECTBA,

— WHIUBHUAYaJbHBIE CPEJCTBA 3allUTHl, B KOTOpPHIE BXOMST: PE3UHOBBIC
nepyaTku (3JIeKTpOIIOTIaIIaoNIUe); JUAJIEKTpUYecKas 00YBBb;
W30JIMPOBAHHBIE TIOJICTABKY TIOJT 000pYIOBaHUE U T.1.

Jist pa®oTel € AJIEKPONPUOOpaMU  JIOMYCKAIOTCS  JIFOAM  CIEHUATBHO

0Oy4YeHHBIE U UMEIOIIHNE YIOCTOBEPEHHUE MO IIIEKTPOOE30NacCHOCTH.

B cnydae mopaxkeHHs 3JIEKTPUUYECKUM TOKOM HEOOXOJUMO A0 MPUOBITUS
Bpada oOKa3aTh IMOCTPAJaBIIEMy TMEPBYIO TMOMOIIb: MPEXKIE BCEro, HE Kacasich
MOCTPA/IaBIIIEro, CJIEAyeT OCBOOOAWUTH €ro OT MEHCTBHUS AJIEKTPUYECKOTO TOKa,
BBIKITIOUMB PYOWJIbBHUK WM BBIBUHTUB MPOOKKM B muTe. Eciam 3TOro Hemb3s
clenaTh, MOXKHO Tiepepe3aTh WM MepepyOuTh MpOBOAa TOMOPOM Ha JACPEBSIHHOM

pYKOSITKE (KaXabld MPOBOA OTAENIbHO). [Ipy 3TOM HEOOXOIUMO CIEAWTH 32 TEM,



yTOOBl CHAcalIIMid HE monan nox jaeilctBue Toka. [losTomMy pyKosTKY
NPUMEHSIEMOTI0 MHCTPYMEHTa CleayeT OOepHYTh CyXOW MIEPCTSHOM, IIEIKOBOM
WIM TPOPE3UHEHHON TKaHblo. Korjga Henb3s ObICTPO OTKIIIOUUTH ANEKTPUUYECKUI
TOK, HY)KHO OTTAaIIUTh ITOCTPAAaBIIErO0 OT IPOBOAA, A IPU NOPAKEHUU — OT
o0OpBaBIIErocss KOHIA MPOBOAA, OTOPOCUB MPOBOJ, HANPUMEP, CYXOH MaJIKOM.
OTtTackuBaTh MOCTPAAABLIETO CIEAYET TOJBKO 3a KOHIBI OACHK/IbI, HE IIPUKACASACH
K €ro Telly He3alUIeHHBIMUA pykaMu. Eciiu mocTpagaBmimii cyopoKHO 00XBaTHII
IPOBOJ, HY)XHO pa3kaTb €ro pykH, OoTrulas najeln 3a HajbleM OT IpPOBOJA.
OpHako 3TO MOXHO JI€JaTh TOJBKO B PE3MHOBBIX NEpYaTKax M HA M30JIUPYIOLIEH
nojcraske. Ilociae 0cBOOOXKIEHMS MOCTPAAABIIErO OT JEHCTBUS JJIEKTPHUUECKOTO
TOKA JaJIbHENIINE NEUCTBUS 3aBUCAT OT COCTOSIHUS ero opranusma. [Ipexae Bcero
HY>KHO BBI3BAaTh Bpada. EcCIM y IMOCTPagaBIIETO €CTh JBIXaHWE MU IIYJbC, €T0
HEOOXOJMMO OCTOpPOKHO OTHECTH OT MEcTa MOpPaKEHUs, yIO0OHO YIIOXKHUTH,
paccTerHyTh OJAEKIY, CHATh MOSAC M MPEAJIOKUTh CcoONroAarh mnokoi. Ecmm
IIOCTPaJaBIIMI HE MOAAET MMPU3HAKOB KU3HU, CIECAYET HEMEMICHHO IPUCTYIUTh K
UCKYCCTBEHHOMY JbIXaHHUIO. Jlaxke B TeX cilydasiX, KOrJa €CTECTBEHHOE JIbIXaHUe
HE TMOSBIAETCA, HYKHO HE OCTaBIATH IONBITOK OXUBUTH IOCTPAIABLIETO.
HcKycCcTBEHHOE JbIXaHME MOXKHO JenaTe B TedyeHwe 2 4. Ilocnme Toro kak
IIOCTPaJaBIIMK NIPUAECT B CO3HAaHUE, OH JOJDKEH IIPOJOJDKATH JIEXKaTh 0]

IPUCMOTPOM.

2. I[Toxkapo- 1 B3pBIBOOITACHOCTH

HcrouHrkoM moxapa Ha JIMHEWHOW 4YacTh TPyOONpOBOAA MOXKET OBITh:
AIIEKTPUYECKOE 000pYIOBaHHME, KOTOpOE padOTaeT HEMpPaBUIBLHO U B CIEICTBUU
HarpeBa MPOUCXOAUT BOCILUIAMEHEHHUE; HEMPABWIBHOE OTHOLICHUE K IMPOAYKTaM
0TX0J0B (OyThUIKAM M OKYpKaM); UCKpbI OT CBapku M T.1. B3opBaThcs B CBOIO
ouepeIb MOXKET OaJIOH € ra3oM WIH KHCIOPOJAOM, KaHUCTpa C TOPIOYUM
MaTepHaJIOM U T.JI.

ITocnencTBust B3aMMONEUCTBUS OTKPBITOTO OTHS M 4YEJIOBEKA IPUBOAUT K

0JKOraM pa3JIMYHbIX CTerneHen Y NOCJICAHETr0, HC UCKIIIOYCHHUC U JICTAJIbHBIN nucxon.



B3pbIB xe 11 4e0BEeKa ONACeH, €CIIM OH HAXOJUTCS B SMULEHTPE, HO B3PbIB, KaK
MPaBUJIO, COMPOBOXKAAETCS MOKAPOM, ITOATOMY ONACHOCTH HEJIb3 HEAOOLICHUBATb.

Tymenue mnoxapa Ha TpyOONpoBOAE MPOU3BOAUTCS CHEIUATBLHBIMU
CpEeACTBAMH MOKAPOTYIICHUS: OTHETYIIUTENIMUA nieHOroHHbIMU Tuna OII-10 umu
OV-10, cTtBOJIBI C BOJOM, CyXO0H NIECOK, Kommma. [Ipu Bo3ropanuu raza npuMeHEHUE
MEHHBIX OTHETYIIUTENeH Maaod(pPEeKTUBHO, MOITOMY PEKOMEHIYETCS] TPUMEHSIThH
yrieKucinoTHeie orHerymutenu tuna OY-1, OVY-3. [Ins nocTOSSHHOTO KOHTPOJIS,
Ha MOXKapOONacHbIX padoTax ACKYPUT MOKAPHBIN dkunax. s mpenoTBpanieHus
HEOOJBIIOTO oOYara BO3TOPaHUS MOAOHAYT TOJIPYYHBIE CpEICTBA: Ojesa,
Boja[34].

[TocTosIHHBI MOHUTOPUHI M BHUMATEIbHOE OTHOIIEHHWE K paboTe B

M0’KAPOOIMACHON 30HE MO3BOJISIET N30€eraTb BO3rOPaHUM U B3PHIBOB.

3. DyleKTpHUecKas 1yra i METAJUIMYECKUE UCKPBI IIPU CBAapKe

I[Ipu pabGote co cBapkod HEOOXOAUMO 0CO00O€ BHUMAHHE YICIATH
6e3omnacHocTH. ONMacHOCTh MOJTYYEHUs TPaBMbI IPUCYTCTBYET HE TOJIBKO Y CaMOT0
CBapIIMKa, HO U 'y OKPY>KaIOLIEro €ro nepcoHala.

Wckpsl, anekTpuyeckas 1yra, OpbI3TH PACKAJIEHHOTO MeETajla, KOTOpbIe
o0Opa3yloTcsi BO BpeMsi CBapKd, NpU TMOMNaJaHUU Ha OTKPBITYI0 00JacTh
YEJI0BEUECKOM KOXKH U B TJla3a HECYT CEPhE3HYIO0 OMACHOCTh MOJIYYEHHUS TPABM.

B npouiecce paboTbl Ha pabOTHHKA BO3MOKHO BO3JIEHCTBUE CIIECAYIOLINX
OIACHBIX U BPEIHBIX MTPOU3BOICTBEHHBIX (hakTopoB [32]:

— TBep/ible U ra3000pa3Hble TOKCUYECKHUE BEILIECTBA B COCTABE JIbIMA,
— HMHTEHCUBHOE TEIUIOBOE (MH(pakpacHOE) U3IyYEHHE CBapUBAEMBIX JeTallell U
CBapOYHOM BaHHBI;
— HCKPBI, OpBI3rH, BEIOPOCH! PACINIABIIEHHOI'O METaJUIa U IUIAKA;
— BBICOKOYACTOTHBIH ILIYM;
— cTaTh4yecKas Harpyska u ap.
CBapIIMKM OCHAIAIOTCS CIEHHAIBHBIMU CBapOYHBIMH KOCTIOMAMH, B

KOMIIJICKT KOTOPBIX BXOOAT OTPAXKAIOIHNEC KYPTKH W IITAHBI.



[Ipu npoBeaennn padboT He nomyckaercs KypeHue. Capmmk o0s3aH ObITh
00y4eH M UCTIONHATH TPeOOBaHU MOKAPHOM 0€30MaCHOCTH.

Kopmyca, a Takxke BCe OTKPBITbIE HPOBOASIINE YaCTU HPHUMEHSEMOTO
NEPEBUKHOTO IEKTPOOOOPYAOBAHUS TOJKHBI OBITh 3alUIIEHBI OT KOCBEHHOTO
IPUKOCHOBEHUS U T.J. B COOTBETCTBUU C TpeOoBaHusmu [34] myTeMm 3a3eMiieHus ¢
MOMOUIBIO IEPEHOCHBIX 3a3EMIIMTENEH.

ConpoTuBieHHE 3a3€MIIIOLIETO YCTPOMCTBA Ml DJIEKTPOYCTAHOBOK C
IIIyX03a3eMJICHHOW HEWTpaJlblo JJIs MUTaHUsl HampsbkeHueM J1o | kB He pomkHo
npeBbliatb 4 OM, a I 3JIEKTPOYCTAHOBOK C HW30JUPOBAHHOW HEWUTPAJIbIO
HanpspkeHueMm 10 1 kB — 10 Om, mpu BBIIOTHEHUH YCIOBHA, yKazaHHOTO B [1YD
(myHkT 1.7.104). [34]

JUIsL 3TOrO0 pacUMTHIBAETCS CONPOTHUBICHHE  OJWHOYHBIX 3a3eMIIUTENEH

paCcTEKaHUIO TOKa B OJJHOPOJIHOM I'pyHTE [26]:

=——:In—, (28)

rae p - NPUOMMKEHHOE 3HAYEHUS YACIBHOTO 3JIEKTPUUECKOTO COMPOTUBIICHUS
rpyHTa ais Topda=10-30 Om-M npunumMaeM -20 OM- M;

d — muametp crepikHs -4,5 cM;

| - nmuna crepykust cornacHo I[TYD = 0,5-0,7 M npuaumaem -0,6 M.

20 4.0,6
In

R= : =2110M" M.
2.314-06 0,045

CornacHo I'OCT 12.1.038-82 [34]conpoTuBJICHHE HE TOJDKHO MPEBBIIIATD 25

OwMm M. [TonydyeHHOE CONPOTUBIICHHE HE MPEBBIIIAET HOPMATUBHOTO.

4. JIBuKylde MaIlluHbl U MEXaHWU3MbI TTPOU3BOJACTBEHHOTO O0OOPYI0BAHUS
(B T.4. TPy301I0TEMHBIEC)

CtpouTenbCcTBO TPyOONpPOBOJIa CBsI3aH C PAOOTONM TSDKEJIOW TEXHUKHU:
HKCKABaTOpOB, Oyiba03epoB, TPyOOyKIaauMKOB. JIBWKyIIMecs dYacTu ITOU

TeXHUKU (KOBII JKCKaBaTOpa, OTBajd OyJbllo3epa) NpU HEBHUMATEIbHOM



OTHOUIEHMM MOTYyT MNPUBECTH K TpaBMaM. OTCYTCTBHE 3allUTHBIX CPEACTB
MPUBOJUT K yIIOaM, mepeoMam M BhIBUXaM Pa3IMIHBIX YaCTEH Tella 4eIOBeKa.

PaGoTHUK, mpu ABMXKEHUM TEXHUKA B 30HE MPOBEACHHS paboT, 00s3aH
HOCUThb TOJIOBHOM YyOop (kacky). Haxomutbcsi B 30HE pabOThl TEXHHUKHU
HegomyctuMo. [lo monoce NBMXKEHUS TEXHUKHA M TOJBHUXKHOTO OOOpYAOBaHUS
JOJDKHBI HAaXOJUTCS Mpeaynpexaanme TabIudyku, KOTopble HHPOPMUPYIOT 00
OITACHOCTH.

B wMeponpusitust s oOecriedeHus: 0e30macHOCTA  PaOOTHUKOB  IPHU
MPOBEJCHUH TOJATOTOBUTEIBHBIX U OCHOBHBIX PAa0OT C MPUMEHEHUEM CPEICTB
KOJUIEKTUBHOM M MHAMBUAYAJIbHOM 3aIIUTHI BXOAST ONPEAEIICHHBIE OTAIIbI.

Jlo Hauana pabor:

1)  odopmuTh Hapsg — JOMYCK HA MPOBEICHHUE T'a300MACHBIX, OIHEBBIX
padoT 1 pabOT MOBBIIIEHHON ONAaCHOCTH.

2)  TPOBECTH BHEOYEPECIHOW MHCTPYKTaX BCEM WiIEHAM OpHrajabl IO
0e30macHbIM METOJIaM M IpUEMaM BEJIEHUS ra300I1aCHBIX, OTHEBBIX Pa0d0T U padOT
MOBBIINICHHON OIMACHOCTH, a TaKXe [0 TpaBWJaM TOBEACHHUS BO B3pBIBO- U
MOKapooIacHO 0OCTAHOBKE M JPYTUMX OMACHBIX YCIOBUSAX U OOCTOATENIbCTBAX C
pocnuckio B XKypHaie HHCTpyKTaxkel Ha paboueM MecTe U Hapsiae-10MmyCKe.

O3HAaKOMUTH BCEX PYKOBOAMTENEH, CHELUAINCTOB, MEXaHU3aTOPOB U
OpuragupoB ¢ jgaHHbIM [lnaHoM mnpousBojcTBa paboT 10 Havayia pador,
BBIOOPOYHO OMNPOCUTH TMEPCOHAT MO YCBOEHUIO TpeOOBaHUN O€30MacCHOCTH
OTpPaXEHHBIX B pa3/ele;

3) mo Havama pabOT YCTAHOBUTH HajiWyue M O0O3HAYUTH 3HAKAMHU
pacrnosoXeHne BceX KOMMYHHUKAIIUM B pajinyce MpoBeieHus padoT;

4)  mocie AOCTaBKU M PACCTAHOBKH BCE DIIEKTPOOOOPYIOBAHHE, JKUJIBIC
BaroHbl, MJICKTPUUECKHUE ammapaThl CICTyeT 3a3eMIIUTh;

5)  npoBepUTh  B3pHIBO3ANMTY U HW3OJAIMI0O  MPUMEHIEMOTO

000py10BaHUS.



7.2 DKoJOorn4YecKas 0e30MacHOCTh

HcTtouyHnkaMy HEOPTaHMW30BAHHBIX BHIOPOCOB B BO3AYIIHBIN OacceitH
sBistoTes [28]:
» aBTOTPAHCHOPT IPH MEPEBO3KE CTPOUTEIHHBIX MATCPUAIIOB,
» paborarolye CTPOUTENIbHbIE MAIIUHBI U MEXaHU3MBI;

» CBapoyHbIC PaOOTEHI.

3arpsi3HeHHe aTMoc(epHOro BO3AyXa B IEPHOJ MPOBEACHUS padoT
OPOMCXOAUT 32  CYET  HEOPraHM30BAHHBIX  BBIOPOCOB M SABISAETCS
KPaTKOBPEMEHHBIM.

K 3arps3sstomyM BelecTBaM OTHOCATCS MPOAYKTbl HEMOJHOTO CrOpaHus
TOIJIMBA B JBUTATEISX CTPOUTENHHBIX MAIIMH W MEXaHW3MOB, BEIIECTBA,
BBIJICTISIOLIMECS [IPU CBApKE TPYO, BBHIOJHEHUH U30JISILIMOHHBIX, 3eMJISIHBIX padoT
U TIpU 10CTaBKE CTPOUTENBHBIX MaTEPUAIIOB, MTPEICTaBIeHbI B Tabaune 11.

[Ipu BhIMOTHEHUU pabOT HEOOXOAMMO COOJIIOATh TPEOOBAHUS IO 3ALIUTE
OKpYyXXarIlled  Cpelpl,  YyCIOBHS  3€MJICNIONIb30BAHUS,  YCTAHOBJICHHBIC
3aKOHOATeILCTBOM IO oxpane npupoasi, CHull 12-01-2004 [40], CHull I11-42-
80* [41], u apyrumMu HOPMATHBHBIMH JJOKYMEHTAMHU.

[Tepen Hauasom paboT HEOOXOAUMO CIICYET BHITIOJHUTD!

- 0)OpMUTH B TIPUPOIOOXPAHHBIX OpraHax BCE Pa3pelICHHs, COTIACOBAHMS
U JIMIICH3UHU, HEOOXOIUMBbIE JIJI TPOU3BOACTBA padOT MO JaHHOMY OOBEKTY;

- 3aKJIIOYUTH JIOTOBOpPA CO CHENHATU3UPOBAHHBIMH OpTaHU3AIMsAMU Ha
clayy OTXOOB, He(dTe3arpsi3HEHHOTO TPYHTA, CTOYHBIX BOJA OOpPa3yOIIUXCS B
mpoI1iecce MPOU3BOJICTBA paboT;

- 000pyAOBaTh MECTa BPEMEHHOTO Pa3MEIICHHsI OTXOJ0B B COOTBETCTBUU C
HOPMATUBHBIMH TPEOOBAHUSIMU.

[Ipu opranuzanum pabOT HEOOXOAWMO OCYILECTBISATH MEpPONPUATUS U

paboThl MO OXpaHE OKpYKalole cpeabl, KOTOpble JOJKHBI BKIIOYATh



pEeIOTBpAllleHHE IMOTeph MPUPOJIHBIX PECYPCOB, MPEJOTBpAIICHHUE MOMaJaHuUs
3arpsI3HSIOLINX BELIECTB B MOYBY, BOJAOEMBI U aTMOchepy.

3arpsizHeHHE aTMOoc(epbl BO BpeMs MPOU3BOJICTBAa pabOT HOCUT BPEMEHHBIIH
0OpaTHUMBIil XapakTep.

[IpoBenenue paboT, ABMKEHHE MAlIMH M MEXaHU3MOB, CKIAJWPOBAaHUE U
XpaHeHHe MaTepuajoB B  MeCTaX, HE TPEAYCMOTPEHHBIX IPOEKTOM,
3AIIPEILIAETCHA.

3arpsi3HeHHE aTMoc(epHOro BO3qyXa BO BpeMs MPOBEAEHUA padoT
OPOUCXOAUT 32 CYET HECAHKIMOHUPOBAHHBIX BBIOPOCOB, UYTO  SIBISETCA
KPaTKOBPEMEHHBIM.

K 3arps3ssiiomyM BelecTBaM OTHOCATCS MPOAYKTHI HEMOJHOTO CrOpaHus
TOTJINBA B JBUTATEISIX CTPOUTENBHBIX MAIlMH M BEIECTBA, BBIACIIAIOMINECS TIPU
CBapke TpyO, BBIIOJHEHUH H3O0JILMOHHBIX, 3€MIIIHBIX pabOT M IpU JOCTaBKE

CTPOUTENIBHBIX MaTepuasoB (Tabnuua 7.3).

Tabnuna 7.3 — I[lepeueHs 3arps3usionmx BemecTs [28]

HanmenoBanue HI[K3M.p. T/TKp.3.%* Kiace
3arps3HAIOIIEIO BEllecTBa Kon MI/M” IS 3
MI/M OIIACHOCTH

HaCeJICHUs
Jnokcup a3ora 0301 0,085 2,0 2
Caxa 0328 0,15 4,0 3
CepHUCTBIN aHTUIPH]T 0330 0,5 10 3
Okcup yrieponaa 0337 5,0 20 4
DTOpHIBI 0344 0,2 0,5 2
[Ipenensuble yraesogoposr C1-C5 415 50 300 4
[TpenenbHBIC YIIIEBOIOPOIBI
C6 <C10 0416 30 300 4
Beuson 0602 0,3 15 2
Tonyon 0621 0,6 5 3
bens(a)mupen 0703 0,000001 0,00015 1
YrneBoaopoibl oT COKUTaHUS 2732 1.2 (OBYB) 300 4
JIN3ETLHOTO TOTUTMBA (TI0 KEPOCHHY)
I1pu1h HEOpPraHMUYECKas,
conepskamias SiC'i 20-70% 2908 0.3 4.0 3




7.3 be30nacTHOCTH B Ype3BbIYAHHBIX CUTYAIHAX

[Ipn mpousBoACTBE CBApOUYHBIX PabOT Hambojee BEPOSTHONW CHUTyaluein

Ype3BBIYAHOIO XapakTepa sBisieTcs moxkap. [lokap MOXeT BO3HUKHYTH H3-3a
UCKp, OOpa3yloluxcs MpH CBapKe, TaK XE€ MPUYMHONW TMOXKapa MOXKET CTaTh
BBICOKAs TEMIIEpaTypa MeTajula, HarpeBarolEerocs: B MpoLecce CBapKu.
[Ipu oOecrieueHun TMOXKApHOH OE30MaCHOCTH PEMOHTHBIX paboT cieayer
pykoBojctBoBathkes [1I16 01-03 [42], P/1-13.220.00-KTH-367-06 [43] u apyrumu
YTBEPXKICHHBIMA B YCTAHOBJIEHHOM mopsake pernoHanbHbiMu CHull, H/I,
pPETIaMEHTHUPYIOIIMMH TPeOOBAHUS MTOKAPHON O€30TaCHOCTH.

Mecta, TIE€ OpOBOJATCS  CBapoO4yHble  PadOTHI, JIOJDKHBI  OBITh
YKOMIUICKTOBaHBI IEPBUYHBIMH CPEJICTBAMHU MOKAPOTYyIIeHUs1[43]:
acOecToBOE MOJIOTHO Pa3MepoOB 2X2 M — 2 IIIT.;
orHetymutenu nopomkoBbie OI1-10 — 10 mT., nim yriaexkucioTHbIe
OVY-10 — 10 wrtyk unu ogun oruerymmurens OI1-100 (OI1-50 2 m.);

Jonatel — 2 IIT.;

Benpa — 2 IIT.;

YV V.V V VYV VY

TOMOp, TOM — 1o 1 mT.

Jlommyck paOOTHHKOB K MTPOBEACHHIO pa0OT TOIKEH OCYILECTBISATHCS MOCTE
MPOXOXKIEHUSA HMH TPOTUBOIOXKAPHOTO HWHCTpyKTaxka. Eciaum mpoucxogut
U3MEHEeHUe crneuupukun padboT, TO HEOOXOAMMO NPOBECTH BHEOYEPEIHOMN
UHCTPYKTaX.

Bces nepenBukHas TexHuka B oxpanHoi 3oHe MH nomkHa ObITh 0OecrieueHa
MCKPOTACUTEIISIMU 3aBOJICKOTO U3TOTOBJICHUS.

MaiivHbl, CBapOYHbIE allapaTrbl, KOMIIPECCOPBI, 3aJCHCTBOBAaHHBIE B
MPOU3BOJICTBE TOJIMOTOBUTENBHBIX U OTHEBBIX PabOT, JOHKHBI OCHAIATHCS HE
MeHee ueM aByms orHetymurensmu OY-10, OI1-10.

[Iprka3oM yCcTaHaBIMBAETCS COOTBETCTBYIOLINN TIPOTUBOIIOKAPHBIN PEXKUM,
B KOTOPOM JIOJIKHO OBITh ycTaHOBIIeHBI [43]:

» TIOPSJIOK YTWIM3AIIMM TOPIOYUX OTXOJOB, MECTa XpaHEHUS MPOMACIICHHOM

CHEIOIEKIBI;



» TIOPSJIOK OTKITIOYEHUS OT MUTAaHUSI 3JIEKTPOOOOPYAOBAHMS B CITy4ae MOXKapa;

» TIOCJIENOBAaTEIbHOCTh MPOBEJACHUS OTHEBBIX W TI0XKAPOOMACHBIX paldoT,
JENUCTBUS U 00513aHHOCTU PAOOTHUKOB MPU BOBHUKHOBEHUHU TI0Kapa;

» TOpSJIOK H CPOKM TPOXOXKACHUS BHEOYEPEAHOTO IMPOTHBOIIOKAPHOTO
WHCTPYKTaXKa, BpeMsI IPOBEJICHUSI 3aHATUI MO MOJATOTOBKE K O0pb0e ¢ moxapom, a
TaKXK€ Ha3HA4YE€HbI OTBETCTBEHHBIE 3a UX MPOBEJICHHUE.

['oprourie 0OTXOABI, MYCOpP MAOJDKHBI CKJIQIUPOBATHCS HA CIEHHAIBHO
OTBEJECHHBIX ISl ’TOT0 MECTaX BBIJEIEHHBIX IUIOIIAJKaX B CIEIMAIbHOM Tape, a
3aTeM JOJKHBI ObITh YTUIU3UPOBAHBI.

Mecro npoBeneHus padOT HEOOXOAMMO OOECHEYHUTh MNPSIMOW CBS3bIO C
0N KaNIIIMM TIoJIpa3/ielieHUEM MoKapHOoU oxpanbl win oneparopom HIIC.

Crnenonexna pabodynx € Maciamu, JJaKaMH, KpacKaMu JJOJKHA XPAHUTHCS B
NOJIBEILICHHOM BHJI€ B METAJUIMYECKUX IIKa(aX, YCTAHOBICHHBIX B CHEILHUAIBHO

OTBCACHHBIX HJIA ATOM OcJan MECTax.

[Tpu paboTe KaTeropuyeCcKu 3aIperiaeTcsi KypuTh Ha paboyeM MecTe.

Ha pabGounx wmecTax MJOMKHBI OBITH BBIBEIICHBI MPEAyNPEAUTEIbHBIC
Hajanucu: “He kyputs”, “Orneonacuo”, “B3peiBoonacHo’.

B cnyyae BO3HMKHOBEHMs IOKapa HCHOJIb30BaTh MEHHBIE, MOPOIIKOBBIE,
YTICKUCIOTHBIE OTHETYITUTENN I MIPUCTIOCOOTICHHMS TSl PACTIBIIICHHS BOIBI.

Bech mepeHOCHOW 3IEKTPOMHCTPYMEHT JIOJDKEH OBITh  00s13aTeIhHO
MOJKJIIOYEH Yepe3 yCTPOUCTBO 3aluTHOro oTkioueHus (Y30).

[Tpon3BOACTBO CBApOUYHBIX pabOT 3alpelieHO BO BPEMs CHETa WU JTOXKIA
0€3 HCIOoNb30BaHMsI CIIEHUANIbHON CBAapOYHOM MajlaTKW HaJ MECTOM IPOBEICHUs
paboT u npu ckopoctu BeTpa Oombiie 10 m/c.

3ampemiaercss  MPOBEACHHE  CBAPOYHO-MOHTAXKHBIX M MOTPY304YHO-
pasrpy304YHBIX paboT B TPO3Y.

[Ipn mepeBo3ke OAUIOHOB C Ta30M Ha HHUX JOJDKHBI OBITH HAaBUHYCHBI
3alIUTHBIE Kosmaku. HaxoxkaeHnue nojeil B Ky30Be aBTOMOOWIIS MPHU MEPEBO3KE

0aJIJIOHOB C Ta30M CTPOTO 3alpCIICHO.



bamnonsl Uil rasa JOJKHBI MEPUOJWYECKH MPOXOAUTh TEXHUUYECKHIA
ocMoTp. Ha ropnoBuHe OamioHa AokHA OBITh HaHECEHA JAara CIEAYIOLIEro
TEXHUYECKOTO OCMOTpa. BasIoOHBI HE MpomIeaIIME OCBHIETEIbCTBOBAHHE K
AKCILTYyaTallMU HE JOIYCKAOTCS. ballsIoHbI TOJKHBI OBITh YKPBITHI OT BO3/IEUCTBUS
IPSIMBIX COJHEYHBIX JIy4€W, a PacCTOSHHME OT MCTOYHHUKOB OTKPBITOIO OTHS 10
OaJUIOHOB JIOJDKHO OBITH HE MeHee 5 M. PeayKTopbl, KOTOpbIE MCHOJIB3YIOT IS
CHW)KEHMS JaBJIEHUS, JOJDKHBI ObITh BBIKPAIEHbI B TOT € LBET, YTO M I'a30BBII
OayuioH.  3ampemaercsi  UCIOJIb30BAHWE — PEAYKTOPOB,  KOTOpBIE  UMEIOT
HEUCIIPaBHbIE WJIM HE IPOBEPEHHBIE MAHOMETPBI. 3alpeniaeTcsi MOJ0TrPEBATh

OaJIJIOHBI JJIA ITIOBBIIIICHUSA JaBJICHUA.

7.4 3akoHoaaTEJIbHOE PeryJTHPOBaHUe MPOEKTHBIX pPellleHui

[ToapsnHbie opraHu3aiuy, J04epHUE KOMIIAHUS U aKIITMOHEpHBIE 00111eCTBa,
KOTOpbIE 3aHUMAIOTCS CTPOUTEIHCTBOM TPYOOIPOBOJIOB M OCYIIECTBISIOT Ha
MarucTpajgbHbIX TpPyOONpoOBOJax TpaHcHopT HedTH, o00si3aHbl 00ecHeuYnBaTh
CBOMX pPAOOTHUKOB BCEMHU MAaTEPHAIBHBIMU M COIMAIbHBIMU OJlaraMu B
COOTBETCTBHUH C TPYIAOBBIM KojgekcoM P® ot 30.12.2001 Nel197-D3 [44].

B coorBercTBUM co crathel «lIpaBo paboTHMKa Ha TpPyd B YCJIOBUSX,
OTBEYAIOIINX TPEOOBAHUSIM OXPaHBI TPYa» PAOOTHUK UMEET MPaBO Ha:

— pabouee MecCTo;

— CBOEBPEMEHHYIO OTLIATY;

— COLIMAJIbHOE CTPaXOBaHHWE OT HECUACTHBIX CIydyaeB Ha MPOU3BOJICTBE
U ipoheccruoHaIbHBIX 3a00JICBaHU;

— TIOJIy4eHHUE IOCTOBEpPHOUM MH(OpMaInu oT paboToiaresns 00 yCIOBUIX
U OXpaHe TPYyAa,;

— OTKa3 OT BBIMIOJIHEHHS pa0OT B CIIy4ae OMAaCHOCTH JIJIS YKU3HU;

— obecrieueHne cpeCTBAMH NHINBUAYATbHON 3aIUTHI;

— oOydeHue 3a c4eT paboToaaTeNs;

— MEJIULMHCKUH OCMOTp U T.JI;



Yacte TpyOOIPOBOAOB TMpPOJOKEHBI B pailloHax KpailHero cesepa.
PabGoTHuKH, KOTOpBIE TPYyOATCSA B YCJIOBHUSX KpailHETo ceBepa, HUMEIOT
JIOTIOJTHUTEIILHBIE IBIOTHI B COOTBETCTBUHU € 3aKOHOM P®D ot 19.02.1993 N 4520-1
«O TOCYmapCTBEHHBIX TapaHTHUAX M KOMIICHCAIUSAX IJIs JIMI, pabOTalIMUX |
npoxkuBaronmx B padioHax KpaitHero CeBepa u TNpHUPaBHEHHBIX K HUM
MeCTHOCTAX»[44].
OmHOM W3 OCHOBHBIX JIBIOT, TPENOCTaBISEMBIX JaHHOW KaTerOpUU
pabOTHUKOB, sBIIsAETCS paroHHbIH KO3 ¢uiment. CoracHo ct. 315 TK P®[44]
omiara Tpyaa B paiioHax Kpaiitnero CeBepa M NpUpaBHEHHBIX K HUM MECTHOCTSIX
OCYIICCTBIISICTCS ¢ TMPUMEHEHHEM palOHHBIX KOA()DPHUIIMEHTOB W TMPOICHTHBIX
HaJ0aBOK K 3apabOTHOM TIaTe.
Kpome Ttoro, xoadduimeHT HauuciaseTcss Ha Haa0aBKM W JOIUIaThl K
Tapu(HBIM CTaBKaM (JIOJDKHOCTHBIM OKJIaJlaM) U KOMIICHCAI[MOHHBIC BBITLIATHI,
CBS3aHHBIE C PEXKUMOM pPaOOTHI U YCIOBHSIMHU TpyAa, K KOTOPBIM OTHOCSITCS
Ha0aBKu[44]:
— 3a KJIACCHOCTbh, 3BaHME MO MPodecCru, HEMPEPHIBHBINA CTaX pabOTHI O
CHEIUATBHOCTH U T.J.;

— JIOJDKHOCTHBIM JIUIIAM W TpakaaHam, JOMYIIEHHBIM K TOCYIapCTBEHHOM
TalHe;

— 3a BBICAYTY JIeT (HEMPEPHIBHYIO palOoTy), a TaKKe BO3HATPAXKICHHE 3a
BBICITYTY JIET, BBIIUTAYMBAEMOE €KEKBAPTAIHHO WU €AMHOBPEMEHHO;

— 10 uToraMm paboThl 3a roj;

— 3a ycJloBHS TpyAa mpu paboTe B HOYHOE BpeMs, CMEHHYIO paloTy, 3a

coBMeIeHue npodeccuit (T0MIKHOCTEN).

B cocrtaB 3apaboTka, TIe HauMclIgeTcs palloHHbIA KO3(PQPUUUEHT, HE
BKJIFOYAIOTCS: TIPOIIEHTHBIE HAM0aBKH K 3apa0OTHOM IuiaTe 3a paboTy B palloHax
Kpaiinero CeBepa W TPHpPaBHCHHBIX K HUM MECTHOCTSAX, a TaK)Ke B FOXKHBIX
paiionax Bocrounoit Cubupu u [anpHero BocToka; Bce BHIBI BBHIILIAT TI0
cpenHeMy 3apaboTKy (OTITyCKHBIE, orylaTa 00y4deHus: paOOTHUKOB, HAPABJICHHBIX

Ha MPo(eCCUOHATIBHYIO MOJITOTOBKY, MOBBIMICHUE KBAIM(pHUKAIIUU WM OOydeHUe



BTOpPBIM TpodpeccusiM, © Jp.); MaTepuaibHas TOMOIb; €IMHOBPEMEHHbIE
MOOIIPUTENIbHBIE BBIIJIATHI, HE MPEIyCMOTPEHHBIE CHCTEMOM OIUIaThl Tpyda
OpraHu3aluu

CeBepsiHaM Takke JIO/DKHA BBIIUTAYMBATHCS TPOICHTHAS Haja0aBKa K
3apaboTHOM miarte. B oTimume or palioHHOro Kod(uiMeHTa Npu BHIILIATE
HaJ0aBOK HEOOXOJMMO YYHUTHIBaTh CTaX paOOThl B JaHHBIX paiioHAX WIU
MecTHOCTsIX. Pa3mep MNponeHTHOW Han0aBKU U TMOPSAJOK €€ BBILIATHL (KaKk H
paiionHbIi K03 duiment) ycranarnuBaroTcs [IpaBurensctBom PD (ct1. 317 TK
P®, cr. 11 3akona N 4520-1)[44].

Crates 116 TK P® ycraHaBnuBaeT  ceBepsitHAaM  €XKETrOJHbIC
JOTIOJTHUTENbHBIC OIUIauMBaeMble OTHycka. [lpu sTom paboTomaTenu ¢ ydeToM
CBOUX MPOU3BOACTBEHHBIX U (PUHAHCOBBIX BO3MOXKHOCTEH MOTYT CaMOCTOSITEILHO
yCTaHaBJIMBAThH JJI1 PAOOTHUKOB JIOMOJHUTENIbHBIE OTIYCKA, MOPSAOK U YCIOBUS
MPEAOCTABICHUSA KOTOPBIX, OMNPEACISAIOTCA KOJUIEKTUBHBIMH JOTOBOpPaMHU HWIIU
JIOKaJIbHBIMM HOPMAaTUBHBIMU aKTaMH, KOTOPbI€ MPUHUMAIOTCS C Y4ETOM MHEHUS
BBIOOPHOTO OpraHa MepBUYHON MPO(COI03HON OpraHU3aIuu.

Kpome cBoux pabOTHHKOB, HedTemepeKkayuBarollie OpraHU3alid TOYHO
TaKk e, 00s3aHbl CIIEUTh 3a HETaTUBHBIM BIUSHUEM WX JEATEILHOCTH Ha
OKPY’KAIOIIYI0 Cpeay, W 3allUIlaTh HACEJICHUE OT YPE3BbIYAWHBIX CUTyaluud. B
OCHOBY yIpaBJieHUsI 1OJ0KeH 3akoH PD «O 3amure HaceleHus: U TEPPUTOPUI OT
Ype3BbIUANHBIX CUTYAIUI IPUPOTHOTO U TEXHOTCHHOTO XapakTepa»[39].

Cornacno [39] kOMIUIEKC MEPOIIPUSTUH 10 3aIIMTE HACETICHHS BKIIOYAECT:

ONOBELICHHE HACEJIEHUs 00 ONAacHOCTH, €ro HWH(MOPMHUPOBAHUE O

MOPSAJIKE JEUCTBUN B CJI0KUBIIMNXCS YPE3BBIYANHBIX YCIOBUSIX;
~  DBAaKyallMOHHBIE MEPOIPUSITHS;
~  MEpHI IO UHKECHEPHOU 3aIlUTE HACCIICHUS;
~  MEpPBI paAUAIMOHHON U XUMHUYECKOM 3aIlIUTHI;
~  MEIUIMHCKHE MEPONPUATHS;

— HOAT0TOBKY HACCJICHUS B o0OacTn 3aIllUThI OT I—Ipe3BI>I"IItlf/‘IHI)IX CHTyaHHﬁ.



MaructpanbHbie TPYyOOTIPOBOABI OTHOCSATCS K OMACHBIM MTPOU3BOICTBEHHBIM
o0OBeKTaM, TIOATOMY OpTaHU3AIHMH, 3aHUMAIONIMECS WX OKCIUTyaTalluew,
noguuHstorcss denepanbHbli 3ak0OH OT 21  wHrond 1997 1. Nell6-®3 «O

IPOMBITIICHHON 0€301IaCHOCTH OMACHBIX MTPOU3BOICTBEHHBIX 00BEKTOB»[46].
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2. AUTOMATIC WELDING IN SHIELDING GASES

1. PPULSED WELDING PLASMA SOURCE

1.1 Introduction

Argon-arc welding with a non-consumable electrode provides a high weld
quality when constructing metal structures for critical applications. One of the
disadvantages of this method is low melting capacity. Various methods and means
to eliminate this disadvantage can be found in literature. The dynamic mode of arc
burning is among them. This method allows increasing the melting capacity by 25-
30 % [54] with a more concentrated heat input into the product, in comparison with
the conventional welding mode. This improves weld formation and mechanical
properties of the welded joint.

It is known [54, 55] that in the dynamic mode of arc burning the pulse
duration is to be less than 450 ps. The resumption of the electric discharge occurs
through gas molecule ionization in the arc gap. When the arc is powered by short-
time current pulses with a steep front and edge, ionization processes leg behind the
change in the current, and the arc discharge does not become steady. This process
provides a contracted arc column and anode spots adjacent to the column. The arc
discharge in the dynamic mode is characterized by a greater density of the energy
input into the product and greater melting capacity if compared with those of the
arc discharge by a stationary arc with the current equal to the average current of the
dynamic mode. Since the concentration of the heat input in the product in the
dynamic mode is greater due to the arc energy parameters without auxiliary
structures and devices used, the study of this discharge for practical purposes is of
great interest.

The lack of technical means for implementation of the dynamic mode of arc
burning hinders its wide application.

1.2 Theoretical analysis

The analysis of the scientific literature showed that the energy storage of the
electrical network and its further conversion into the welding current pulses can be
provided by chemical elements; a centrifugal mass; magnetic elements; coaxial
cables and forming lines.

Electrochemical energy storage devices utilize the energy from chemical
reactions for energy storage and regeneration [56]. When using an accumulator, the
energy is accumulated due to the chemical reactions between the electrodes



immersed in the electrolyte solution. The upper limit of the currents flowing
through the accumulator is equal to 300 A. To use the accumulator as the energy
storage device, for the dynamic mode of arc welding, in particular, is not rational
due to the increased heat losses and, consequently, low efficiency, if compared to
the stationary mode and other energy storage devices.

The rotating masses are most economical in comparison with capacitors and
inductors. The accumulation of energy in the inductive load occurs in two stages:
1) the prime mover of small capacity accelerates the rotor of the impact-excited
generator up to the nominal speed; 2) the impact excited generator converts the
stored kinetic energy into the electromagnetic one and transmits it to the inductive
load. The losses of the rotating mass energy are insufficient if compared with the
transmitted energy, i.e. the efficiency of the charging unit is high, and the weight-
size parameters of the system are large.

A homogeneous artificial forming line (AFL) is of great importance in
creation of the current pulse which provides the dynamic mode of arc burning [4,
5].

The line (Figure 1) consists of Lc and Cc cells with equal inductance values
of chokes Lc and capacitances Cc . When analyzing the processes occurring in this
line, the resistance of the chokes is typically taken into account and the losses in
the capacitors are neglected.

RSC;

__CI:'II

Figure 1 — Equivalent circuit of the homogeneous artificial line.

In this system, the capacitor is charged through charging choke Lo and the
charge thyristor, and discharging to the arc gap is carried out through the discharge
thyristor. The discharge of this line produces rectangular pulses with a steep front
and edge. The disadvantage of the system is a limited pulse formation frequency
due to a sufficiently long phase of capacitor pre-charging and possible occurrence
of the through current which causes failure.

In addition to the AFL, coaxial cables or stripline circuits can be used as a
device for pulse formation and energy storage [60]. Such lines are used to generate



pulses of nanosecond duration. However, their practical application is attended by
structural difficulties; limited duration (from 20 ns to 0.5 us); low operating
voltage.

1.3 Practical implementation

To eliminate the identified shortcomings, the discharge of the forming
element (FE) and its recharge are to be combined within the time of the pulse
current travelling through the arc gap. For this purpose, the FE is included in the
diagonal of the bridge converter, and the other diagonal of the bridge converter is
connected in series with the welding arc to the external circuit of the constant
current source.

A functional diagram of the developed experimental model of the power
system is presented in Figure 2 [59].
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Figure 2 — A functional scheme of the device.

The device consists of three-phase rectifier Urec with a rigid external
characteristic and regulated open circuit voltage. To reduce the internal resistance
to output terminals Urec, the capacitor bank of high capacitance C is connected.

The connection of the FE to the diagonal of the bridge and presence of
capacitor bank C allows for FE recharging from the opposite polarity through the
arc gap, in the sequential opening of key pairs K1 — Kland K2 — K2, without pre-
charging from the power supply unit.



To ensure the arc continuity within the inter pulse interval, the interval is
shunted by resistor R to provide the background current flow through the arc gap.
The range of the background current values is limited by a minimum value
(requirements for the arc physical stability and protection), and by a maximum
value (technological requirements).

The power supply unit (PSU) supplies power to the control circuit. The
frequency of the device operation is determined by the adjustable frequency
generator (AFG) capable of varying frequency from a few hertz to several
thousand hertz with a corresponding decrease in the welding current pulse width.
The sequence of pulses from the generator is supplied to the input of the T-trigger
to divide the frequency by two. The pulse sequence frequency is two times less
than the adjustable generator frequency, and the pulses shifted relative to each
other by the period of the generator pulse frequency are fed to keys K1 — K1 and
K2 — K2from the two outputs of the T-trigger.

The AFL consisting of n-th number of cells is used as a forming element of
the FE (Figure 3).In turn, each cell consists of series-connected capacitor Cc and
choke Lc .

The last cell choke is designed as a rapidly saturated choke (RSC) with the
core having are ctangular magnetization curve, and the inductance in a saturated
state is equal to the inductance of the cell chokes.

Figure 3 — A forming element

The device operates as follows. When feeding the control pulses to keys K1
— K1 located in the opposite arms of the bridge, the lower plates of capacitors Cc
are negatively charged and the upper plates of the AFL capacitor are positively
charged. Capacitor bank C is always charged from rectifier Urec with the upper
plates being positive. When keys K1 - K1 are opened under total power supply
voltage Urec and the voltage of charged capacitors Cc , the AFL is recharged as



follows: rectifier Urec (plus) — key K1 — FE — RSC — key K1 — arc gap (between
the product and the electrode) — rectifier (minus). When recharging is completed,
capacitors Cc change their polarity: the lower plates become positive, and the
upper plates become negative.

When keysK2 — K2 are opened, the recharging process of the AFL is similar
to the recharging process with keysK1 — K1 opened. In this case, unipolar current
pulses travel through the arc gap.

The energy is transferred from the device to the welding arc via the coaxial
cable to reduce the welding circuit inductance. The oscillogram of the welding
process was recorded by a non-inductive shunt.

Figure 4 shows typical oscillograms of one of the dynamic arc welding
recorded under the following parameters: the arc length (distance from the
electrode end to the plate surface) was maintained equal to 3.5 mm. The welding
conditions were as follows: Ip =320 A; Iii = 16 A; pulse duration was 70 us; Up =
32 V. The tungsten electrode had a spherical surface that enhances the operational
life and did not violate the spatial stability of the arc column in the dynamic
burning mode. The pulse frequency of the welding current was 3.3 kHz.




Figure 4 — Oscillograms of a — arc current pulse, and b — arc voltage.
The current pulse amplitude in the welding circuit was determined by [56]:
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Where U, Uc , Ud are voltages of power supply Urec, the AFL charge, and

the arc gap, respectively; P=vL:/C: is the AFL impedance; Lc is the choke
inductance of the AFL cell; Cc is the capacitance of the AFL cell capacitor.

The superimposed oscillations occur at the top of the current pulses; the
number of oscillations depends on the number (n) of the AFL cells. The value of
the first maximum spike of the current and voltage oscillations [59] is virtually
independent of the number of the AFL elements and it is determined by the
parameters of the first cell. However, due to severe requirements for the constancy
of the pulse peak, the peak is to be corrected. [56]. A rapidly saturated choke is
used for the first oscillation spike reduction and smooth transition from the
background current to the pulse (at low currents). The active duration of the
current pulse to be formed is [3]:

1,=22n(L -C_, @)

where n is the number of cells in the forming line.

The high rate of the current rise and arc voltage assumes that the arc behaves
like active resistance within the edge pulse interval. When the current of the pulse
peak arc is conventional dc, the voltage drops smoothly due to the development of

the ionization processes in the arc column. The properties of the arc column as



nonlinear energy storage are observed at the pulse edge. A large number of charge

carriers in the arc column facilitate the transition of the arc column voltage to the

negative region. This owes to the fact that the number of charge carriers from the

power supply required to provide the background current flow should be less than
the number of carriers in the arc column volume.

Figure 5 — A dynamic volt-ampere characteristic of the arc.

The dynamicvolt-ampere characteristic(DVAC) of the arc presentedin
Figure 5indicates a dynamic mode of arc burning, which causes the hysteresis. The
upper branch of the DVAC correspondsto thepulse front edge, but the branch
cannot be clearly seen on the oscilloscope screen because of the rapidrise of the
currentandarc voltage. The lower branch of the DVAC corresponds to the pulse
edge.

1.4 Conclusion

The pulsed device consisting of a bridge converter with the AFL-based
forming element connected to one of its diagonals, which is connected in series
with the welding circuit, enables generating welding current pulses of a near
rectangular shape, provides a dynamic mode of arc burning, and increases its
reliability.

The proposed circuit of the power unit increases the frequency of welding
current pulse generation through combining the charging and recharging processes
of the AFL during the welding current pulse.



The proposed circuit, if compared to known circuits, enhances the AFL
efficiency with the same cell parameters through generating current pulses under
the total effect of the power supply and pre-charged capacitors of the homogeneous
artificial line to increase the current amplitude.

2. CONTROL OF THE ELECTRODE METAL TRANSFER BY MEANS
OF THE WELDING CURRENT PULSE GENERATOR

2.1 Introduction

A number of power supplies have been developed for pulsed arc welding
with a consumable electrode. They are made as separate pulse generators, which
operate in aggregate with standard power supplies or in combination with a normal
power supply [64, 65].

The easiest way to form welding current pulses is by means of direct or
transformed discharging current or a capacitor bank of charging current through
the arc space.

Figure 6 shows an equivalent circuit to form welding current pulses in this
type of devices.
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Figure 6 — An equivalent welding current pulse-forming circuit, where L is
the total inductance of the circuit; C is a capacitor bank; K is a half-controlled
switching device; Ud (v) is capacitor charge voltage; Rc is circuit resistance, Ra is
arc resistance.

When welding with a consumable electrode in shielding gas environment,
the arc static characteristic is of a restoring character. In the working area, it may
be represented in the form of emf and arc resistance Ra connected in series.

The process occurs in a decaying oscillatory or aperiodic manner, which
depends on the circuit parameters. The pulse amplitude in these devices is adjusted
by changing the capacitor charge voltage, and the pulse length is adjusted by
changing the capacitance value or inductance that simultaneously affects the
current pulse amplitude [66].



Figure 7 — Dependence of the aperiodic discharge current waveform on
adjustable parameters; a) capacitor voltage, b) inductance, c) capacitance, d) real

resistance.
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Figure 8 — Dependence of the current waveform on adjustable parameters
under decaying oscillatory discharge; a) inductance, b) capacitance, c) capacitor
voltage, d) real resistance.

Figures 7 and 8 show the curves of the current change over time and the
impact of the change in one of the variables on the current curve for aperiodic and
oscillatory processes, respectively.

The required pulse amplitude of the welding current, which detaches a
droplet from the electrode, is determined by equation
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where Tcy is critical temperature of the metal electrode wire, °K; Te is a melting
point of the metal electrode wire, °K; Re is an electrode wire radius, m; M is
molecular weight of the metal electrode; vy is specific weight g/cm3 ; Rc is an arc
column radius, m.

To enhance the stability of the electrode material transfer, the current pulse
amplitude value should have a 1.2 ... 1.3 time increase (1), i.e.

I=(12+13)_ "

In case of large disturbances in the arc voltage, the pulse amplitude is to be
increased.

Figures 4 and 8 show a conventionally plotted horizontal line corresponding
to the calculated value of the desired pulse amplitude value. The time during which
the current pulse has an effective impact on the molten metal at the end of the
electrode is determined as the time during which the pulse current exceeds the
calculated current value.

Figures 7 and 8 demonstrate that the total pulse duration measured at the
base does not provide data on the time of the effective impact on a droplet. This
may explain a wide spread of the values of pulse duration required for droplet
detachment in the published data, as it is determined as the total duration of the
pulse at the base.

As can be seen in Figures 7 and 8, a change of a single parameter causes a
change in both amplitude and duration of the welding current pulses, therefore, the
amplitude and duration of the current pulses cannot be controlled independently.

To obtain a uniform criterion when assessing the current pulse duration
required for detachment of a droplet, it is recommended to use the concept of the
active current pulse duration for any pulse shape. It is to be formed for the current
value equal to the calculated current value.

According to the suggested criterion, the active duration of a sinusoidal
current pulse is 0.378 ... 0.445 I of the total duration. Due to the pulse, undesirable



heat input into the product occurs within the rest of the time, which deteriorates the
quality and energy data of welding.

A major shortcoming of sine and aperiodic current pulses is insignificant
front and edge steepness. Under the impact of external disturbances, such kind of
steepness disturbs the transfer stability as the active duration changes significantly
(this pulse shape is not optimal).

Figure 9 shows the shapes of the welding current pulse, which can be formed
depending on the principles and techniques used.

A horizontal line plotted in Figure 9 corresponds to the calculated value of
the current pulse amplitude.

The analysis of the presented pulse shape shows that virtually all of the
pulses introduce the energy in the arc space, which exceeds the energy required to
detach a droplet and accelerate its transfer to the molten pool. In Figure 9, it is
shown in shaded areas. Trapezoidal pulses are the most preferable to this effect.
The active duration of these pulses tap under the calculated pulse amplitude of the
welding current pulse significantly differs from total pulse duration ttp. Hence, it
can be concluded that for energy reasons near rectangular or at least near
trapezoidal pulses are most preferable

The energy of the pulse of this shape is minimal, if compared to other pulse
shapes, which is advantageous in terms of both quality and energy. The stability of
the electrode metal transfer is considerably higher, since the active pulse duration
during welding under arc voltage disturbance changes insignificantly.

A near trapezoidal current pulse shape can be formed using the artificial
forming line [67,68]. Figure 10 shows an electrical schematic of the pulse
generator power unit based on a homogeneous artificial line.
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Figure 10 — An electrical schematic of the generator power unit.

Acrtificial line is a three-phase step-down transformer, primary windings,
secondary windings, a discharge thyristor, a charging choke coil, cell choke coils,
cell capacitors, a rapidly saturated choke coil.

The artificial forming line consists of homogeneous elements with lumped
parameters. Each of the elements is a cell consisting of choke coil Lc and capacitor
Cc connected in series.



Rectangular-shaped pulses are generated due to the discharge of the pre-
charged line to the welding arc. A rectifier with stepped regulation of the idling
mode for varying the line charge voltage is used to charge the forming line, and,
hence, the amplitude of current pulses. The inductance value of charging choke
coil L3 is chosen such that the minimum duration of the pulse repetition could
exceed the half-period of the charging circuit natural oscillations, since small value
L has no significant effect on the process of capacitor charging.

The discharge of the forming line to the arc space is carried out when
thyristor VS4 is open. The shape of the current pulse is near trapezoidal with the
amount of ripples at the top equal to the number of cells n. At first, the direct wave
of the forming line discharge travels causing the discharge of cell capacitors Cc by
one half. Then, a backward wave travels causing the complete discharge of the
capacitors and the overcharge of the capacitors with an opposite polarity up to the
voltage sufficient to turn off thyristor VS4 by reverse voltage.

For a larger number of cells (n > 8), the depth of ripples at the top of the
pulse is insignificant, but this causes a high rate of the current rise both at the
beginning of the pulse front and during the current edge decrease. This can cause
failure in the arc zone shielding, electrode metal spattering and weld deterioration.

Theoretical and experimental studies [69,70] proved that a rapidly saturated
choke coil used as the last cell choke coil with a rectangular hysteresis loop results
in a bell-shaped pulse. The inductance of this type of the choke coil is comparable
with the inductance of cell Lc in a saturated state. The rapidly saturated choke coil
at the beginning of the pulse front is unsaturated and its inductance is greater than
that of cell Lc . This ensures a smooth current change at the beginning of the front
and at the end of the pulse edge.

The combination of the parameters of the device, such as a forming line and
a rapidly saturated choke coil, which is the choke coil of the last cell of the forming
line, results in a bell-shaped pulse with a cut and almost flat top. This fact provides
the optimum pulse shape, minimum energy input during a pulse, an increase in the
electrode metal transfer stability, and improvement of the welded joint quality.

The experimental test has shown that in Al-based alloy welding using a 1.2
mm diameter wire, the developed pulse shapes provide the total duration of
0.6...0.9 ms, and the duration of sinusoid shaped pulses is 1.5-2.3 ms. In addition,
the stability of the electrode metal transfer into the molten pool is provided.



The parameters of Lc—Cc cells should be fulfilled according to the following

relation:
L
||(—‘ =p>R.,
‘ (5)

where Lc is cell choke inductance; Cc is cell capacitance; p is cell wave resistance;
Rc is welding circuit resistance.

The current pulse amplitude is determined by

2p . (6)

where Uc is capacitor charge voltage in the artificial forming line; Ua is arc space
voltage.

The pulse duration is determined by

=2 -
t,=2nfL -C 7)

The maximum current pulse frequency is 300 Hz.
It can be smoothly varied within the range of 0...300 Hz.
The advantages of the device are as follows:
— the possibility to smoothly adjust the current pulse frequency;

— input of the minimum energy required to transfer a droplet within the pulse
duration;

— independence of the active pulse duration of the welding current on the
arc space voltage disturbances.

The experimental studies have shown that application of the considered
pulse shape formed by means of an artificial forming line can be extended. In
particular, the considered pulse shape can be used to control electrode metal
transfer for gas mixtures and self-shielded flux-cored wires in a straight polarity
manner. The pulse actual shape is shown in Figure 11.



4 14 24 34 44 54 64 74 t g

Figure 11 — The actual shape of the pulse

The discharge of the artificial forming line to the arc space is a near
trapezoidal pulse with a number of pulses at the top equal to the number of cells n.

2.2 Conclusion

A homogeneous artificial line is the most prospective for the development of
a welding current pulse generator with energy storage.

According to the pulse shape estimated by the criteria parameter, the
trapezoidal shape is optimal, and the edge duration is about 3 times greater than the
pulse front duration.

Presence of the rapidly saturated choke coil in the welding circuit allows
reducing both the rate of the pulse current rise at the initial stage and the rate of the
decrease in the pulse edge current at the final stage. This fact has a beneficial effect
on the welding process.

Active duration of the current pulse does not change significantly under the
arc voltage disturbances. It is possible to adjust the welding current pulse
frequency smoothly. The input of the minimum pulse energy required to transfer a
droplet is provided.

Consistent productivity, high quality and low costs are all key components
in a successful welding operation. Gaining these advantages depends on everything
from the equipment and filler metals to the skill of the welding operators and the
techniques being used in the process. The shielding gas also plays a critical role.

Both the gas metal arc welding (GMAW) process (using solid or metal-cored
wires) and the gas-shielded flux-cored arc welding (FCAW) process require the
use of an external shielding gas, each type of which offers distinct characteristics.



Knowing how to select the appropriate one for the application can go far in helping
obtain the desired welding performance and minimizing the downtime for rework
caused by poor weld quality.

To help, following are some basics of what you should know about shielding
gases.

The role of shielding gases
The primary purpose of shielding gas is to protect the molten weld pool against
elements in the atmosphere, including oxygen, nitrogen and hydrogen. The
reaction of these elements with the weld pool can create a host of problems,
including (but not limited to) porosity and excessive spatter.

Shielding gas also plays an important role in determining weld penetration profiles,
helping maintain arc stability and achieving the desired mechanical properties in
the finished weld. Shielding gas can also affect the transfer of the filler metal from
the arc to the weld joint, which in turns contributes to the efficiency of the welding
process and the quality of the weld. Other important factors that shielding gas help
determine include the weld bead appearance, and weld toughness and strength.

Selecting the right shielding gas
The four most common shielding gases used in the welding process are carbon
dioxide, argon, helium and oxygen. Each has specific characteristics and factors
such as cost, available labor (i.e., for weld preparation) and the weld properties
desired — all considerations when selecting which shielding gas is best for a given
welding application.

Carbon dioxide (CO2): This gas is the most common of the reactive gases used in
the welding process and also the least expensive of the shielding gases. It is also
the only

one able to be used without the addition of an inert gas. One of the biggest
advantages of pure CO2 is that it provides deep weld penetration, which is useful
when welding thick material. It does, however, tend to create a less stable arc and
more spatter than when it is mixed with other gases, including argon. This
additional spatter can lead to downtime for post-weld cleaning. Pure CO2 is also
limited to use in short circuit welding processes.

Argon: When welding aluminum, magnesium or titanium, it is common to use 100
percent argon as a shielding gas due to its stable arc features. Adding argon to a
CO2 shielding gas is also an option for materials like carbon steel. It provides
consistent weld quality and appearance and good weld pool control, and can help
minimize post-weld cleanup. Argon also produces a narrow penetration profile,
making it useful for fillet and butt welds.

Typical mixtures include a balance of 75 to 95 percent argon with 25 to 5 percent
CO2. An argon/CO2 shielding gas mixture allows the use of a spray transfer
process, which lends itself to high productivity rates and visually appealing welds.



Helium: Helium is generally used when welding non-ferrous metals. It is also used
in a tri-mix formula of argon and CO2 for welding stainless steels. The gas
produces a wide, deep penetration profile, making it suitable for welding thick
materials, and also creates a hot arc, which helps increase travel speeds and
productivity rates. Helium is typically used in ratios of 25 to 75 percent helium
with an appropriate balance of argon. Adjusting these ratios changes the weld
penetration, bead profile and travel speeds.

It’s important to note that helium is more expensive than other gases and requires a
higher flow rate than argon (because it is so light). For this reason, it’s imperative
that companies calculate the value of the productivity increase against the
increased cost of this gas.

Oxygen: Oxygen is a reactive gas typically used in ratios of 9 percent or less. The
addition of the gas to a mixture with argon helps to improve weld pool fluidity,
weld penetration and arc stability, particularly when welding carbon, low alloy and
stainless steels. Because the gas causes oxidation of the weld metal, it is not
recommended for use with aluminum, magnesium, copper or other exotic metals.
Tips for getting the most out of your shielding gas
To achieve the best results out of a chosen shielding gas, it’s important to select the
proper front-end consumables. These consumables — the gas diffuser, contact tip
and nozzle — play a critical role in delivering the shielding gas to the weld pool
and also protecting it from the atmosphere. Consider these tips to help with the
selection.

1. Choose consumables that have a smooth surface to help resist spatter build-up
that could block shielding gas flow and lead to issues, such as porosity.

2. Choose an appropriate size nozzle for the application. A nozzle that is too
narrow for the application can easily become clogged with spatter, again, hindering
its ability to deliver enough shielding gas to the weld pool to protect it.

3. Consider using nozzles with a built-in spatter guard. These designs add a
second phase of shielding gas diffusion, resulting in even smoother, more
consistent shielding gas flow.

4. Be certain to select quality gas diffusers to ensure smooth and balanced gas
flow. Consult with a trusted welding distributor for recommendations.

A long-distance oil/gas pipeline is connected by joints of steel pipes with an
average length of 12 m upon pipe joint welding. The whole joint welding
procedure is composed of pipe end grooving, joint matching, root welding, hot
welding, filling welding and cover welding with steel pipe fixed during welding,
and manual arc welding. Semi-automatic welding or automatic welding can also be
used to weld pipe jointS at all positions. Full-position welding of pipes generally
takes downward welding at present. Compared with the single welding state of
plane welding, the whole all-position welding process of pipes is a complex
changing process from a plane welding state to a vertical welding state and then to



an overhead welding state, and welding parameters also change in real-time with
different welding positions.

The welding torch of a self-shielded flux core wire is mounted on a welding
carrier on the guide rail fixed near a pipe joint to be welded. Welding parameters
are preset in the auto-control system to accurately control the spatial position of
welding torch, welding speed, wire feeding speed, welding voltage, amplitude,
swing trace, swing rate, etc., thus to realize an efficient and all-position automatic
welding of pipe girth welded joints. Arc striking starts from a 12 o'clock position
by a welding carrier at first during welding, and welding is toward a 6 o'clock
position along one side of a girth welded joint, then another welding carrier is
moved to the 12 o'clock position afterwards for arc striking, and welding is
conducted at the 6 o'clock position along the other side of the girth welded joint
The minimum time interval of arc striking is maintained on the premise of no
interference between the space of the two welding carriers to ensure a basic
symmetrical stress on both sides of the welded joint during welding, thus to realize
hot welding, filling welding and cover welding of a girth welded joint in sequence.
It should be noted that deslagging is required for the previous welding layer before
the welding of the next layer.



3AK/IIOYEHUE

1. B xone BblmonHeHHs paOOThl ObLI NPOBENEH aHAIW3 OCHOBHBIX CHII,
JEHCTBYIOIMX Ha CBAapOYHYIO BaHHY B IPOLIECCE CBApKH B CpelE YIIEKUCIOTO
ra3a JJis HEIIOBOPOTHOI'O CTHIKA MaruCTPaIbHOTO TPyOOIpoBOAa.

2. B xome wuccinenoBaHuil  OBLIO YCTaHOBJEHO, YTO JUIS yJEp)KaHUA
CBApOYHOM BaHHBI B IPOLIECCE CBAapKHM HEOOXOJUMO H3MEHATh Yrojl HAKJIOHA
AIEKTPOJA U JJIUTENBHOCTh UMITYJILCOB

3. OKCIEPUMEHTAIBHO JOKA3aHO, YTO CBAPOYHAsl BAaHHA IIPHU UMITYJIbCHOM
NUTaHUU CBAPOYHOM AYT'M COBEPIIAET KOJIEOaHUs C YACTOTOM CJI€I0OBAHUS
UMITYJICOB, IIPY 3TOM HAaXOJSCh B TMHAMHUYECKOM PaBHOBECHH B JIFOOBIX
IIPOCTPAHCTBEHHBIX ITOJOKEHUSAX.

4. DKOHOMHYECKAsl OLIEHKa MOKa3zaja, 4TO MPUMEHEHHWE HOBOTO METoja
CBapKH B CpeJe YIJIEKUCIOro ra3a C HUMIYJIbCHbIM NHUTaHUEM 3(QeKTHUBHEE
cyliecTByouero crnocoba cBapku B cpeae CO,. DkoHOMHUS 3aTpaT Ha CBapKy 1 kM

TpyOomnpoBoza pe3epByapa coctaisier 509 000 pyo.
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