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[enbio Ucciea0Banuii THOPHUIHOTO JIA3ePHO-AYTOBOTO MPOIIECCa SBISUIOCH HAKOIUICHUE 3HAHUI O JIAHHOM IPOIIECCE MIPUMe-
HUTEJILHO K [TOJIyYCHUIO TPYyOHBIX COEIUHEHMI. PACCMOTPEHBI MHOTHE aCIIEKThI, TAKUE KaK JIOMYCKH, BIUSHUE OKPYKAIOIEeH
cpejibl, MOOMIIBHOCTH 000PY/IOBaHMSI U TEXHUKA CBAPKH B CMEICHHOM MOJI0KeHnH. OCHOBHOE BHUMAHHUE YJIEIECHO MCCIIEI0-
BaHUIO Y deKTa Jla3epHON CBapKH ¢ OOJIBIION TIIYOUHOM MPOILIABICHHS ISl TOTyYESHUsI BBICOKOKAUYECTBEHHOTO COEMHEHYS B
KOPHEBOM IPOXOJIE TIPH BbICOTE MPpUTYyIieHus 6. ..10 Mm. TIpOBOAMTCS CpaBHEHHE Pa3JIMYHbIX MOJIOKEHHI JIyda jia3epa U JIyTH,
KOTOPbIE MOTYT IIPUMEHSITHCSI [IPU TUOPUIHON CBApKE C Pa3IMYHBIMU TUIIAMH MTOJTOTOBKH O]l CBAPKY. TEXHUKA MOJIyYCHUS
TPYOHBIX COCMHEHUIT 3aKITI0YAIIACH B CBAPKE JIByX BEPTUKAJIBHBIX [IBOB B MOJIOKEHUU CBEPXY BHU3, UTO SIBJSIETCSI OOBIYHON
MPAKTUKOM [IPH CTPOUTENLCTBE TPYOOIIPOBOIOB U 3HAYUTELHO COKPAIIAET CTEIEHb CBOOOIBI IIPH PACIIOIOKEHHUH JIy4a jiazepa
U JIyTH, HEOOXOIUMOI JUISl JIOCTHKEHHSI TEXHHYIECKOTO OIITHUMyMa TIpy (POPMUPOBAHUHI COCAMHEHMIA. [IJIst IOy YeHHsI 3aMKHYTOTO
npoduIIst IBa B COEAMHEHUSX TOJIIMHOMN /10 12 MM BaJIMK IIBa PACTSATHBAIOT TIOCPEICTBOM HPOIODKEHUS JIBUKEHUSI yTOBOM
TOPEJIKHU, YTO TO3BOJISIET 3aBAPUBAThH MIEPBBII MIPOXO/I, UCIIOJIB3Ysl THOPHIHYIO CBAPKY, a MEPEKPBIBAIOLIMIA TIPOXO — CBAPKY
MAT 3a oauH uki cBapku. Kpome TOro, TOT 3aBepHIAIOIIHIA TIPOIIECC OKA3BIBAET MOJIOKUTEIILHOE BIIUSIHUE Ha MEXaHUYECKUE
CBOIiCTBa cBapHOTO 11Ba. bubnuorp. 3, Tadm. 4, puc. 8.

Knwouesvie cnoea: eubpuonas nazepno-0yeo8as ceapka, mpybnoe coeounenue, Koivbyesule uebl, 0bopyoosanue, napa-
Mempbl npoyecca capKu, IKCHEPUMEHMANbHAA YCIMAHOBKA

Hnst coenunenus Tpyo HedTe- ¥ ra30IpoBOIOB OOMb-
LIOT0 AMaMeTpa B TEYCHNUE MHOTHX JIET IPUMEHSUINCH
MIPOBEPEHHbIE U ONpPOOOBaHHBIE CIOCOOBI JYrOBOM
CBapku. Vcronb3yloT pa3iuyHble BAapHAaHTBI ITHX
CIOCO0OB CBapKH B 3aBHCHMOCTH OT JJIUHBI TPYyOO-
MPOBO/IA, TOJIIUHBI CTCHKH OTIENBHBIX TPYO M Ma-
Tepuana, u3 KOTOPOro OHU W3rOTOBJIEHHI. Jlnamazon
WX MPUMEHEHUS JIOCTaTOYHO IMUPOK — OT Py4YHOH
JYTOBOW CBAapKH IITYYHBIMHU 3JIEKTPOIAMH JIO OpOH-
TabHON myroBoi cBapku MUI/MAI, mOIHOCTEIO
MEXaHM3UPOBAaHHOTO IIpoLecca, TII€ HCIOIb3YIOT
JNEKTPONPHUBOLHBIE CUCTEMbl M 3aKMMHbIE KOJIbLIA
10 BCEH OKpYKHOCTHU TpyObl. Eciu no3Bonser anuHa
TpyOornpoBoaa 1 NpoduiIb MECTHOCTH, OAHOBPEMEH-
HO MOKET OBITh 33JICHCTBOBAHO HECKOJIBKO OpOUTANIb-
HBIX YCTPOMHCTB.

[Ipu 5TOM Kakaast OTAeNIbHAS CTAHIUS UCIIONb3Y-
eTcsl 7151 CBApKU OJTHOTO WIIM JIBYX CJIOEB, M 3aTEM I1e-
pemeniaercs Ha CIeAYIOMIMK CTBIK AJISl 3aBapKU 1IBA.
Taxue TPOU3BOJCTBEHHBIE arperarbl MOTYT HMETh
HECKOJIbKO CBAapOYHBIX TOJOBOK, YTO CBHJICTEIb-
CTBYET O BBICOKOM YpOBHE Pa3BUTHs 000pYyIOBaHUS
W CBapOYHOU TexHONOruH. OJIHAKO 3TH TEXHOJIOTUU
BBICOKO3aTpaTHHI (puc. 1). JlanpHeiliee ux ycosep-
LIEHCTBOBAHUE NPOOIEMAaTHUHO, IOCKOJIbKY JyTOBbIE
IIPOLIECCHI JOCTUIIIN CBOETO IIPeAesa ¢ TOUKU 3PEHUs
IIPOM3BOAUTENILHOCTH MpOLecca MIaBJICHUS U CKOPO-

© C. Kaiiremns, 5. Hoiibept, 2014
4/2014

CTH CBapKH. 3HAYUTEIHHOTO YIYUIICHHs B TOU 001a-
CTH HE JIACT JIaXkKe ONTHMHU3AIUS 000pYIOBaHUSI.

[To MHEHHWTO aBTOPOB pa3pabOTKH B 00JIACTH TIO-
BBIIICHUS 3((HEKTHBHOCTH CBAPOYHBIX MPOILECCOB
clIeyeT MPOBOIUTD MO CIIEAYIOIIUM HAPABICHHUSM:

YMEHBIIIEHHE KOJIMYECTRA MTPOXO0B MPU CTAOUIb-
HOM Y BBICOKOM Ka4eCTBE II1Ba;

YMEHBIIICHUE KOJUYECTBA CBAPOYHBIX CTAHIIUU
W, CJIeJI0BaTEIbHO, PACXOJ0B Ha 000pyJIOBaHHUE H
MepCOHAIL.

CBapouHbie mpoiecchl Ha 0a3e jazepa TpeOdy-
10T, C OJIHOM CTOPOHBI, ONPEJECIIEHHBIX TEXHOJIOT UM
U, C Ipyroil CTOPOHBI — HEOOXOAMMOTO JIJIsi ITOTO
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' MPOM3BOACTBEHHbLIWA PA3MEN
obopynoBanusg. Hike aBTOpbl 000CHOBBIBAIOT ATH
TpeOoBaHMSL.

I'nOpuanas 1a3epHoO-1yropasi CBapKa KoJjble-
BBIX IIIBOB B YCJIOBHSIX, MOTOOHBIX HCMOJIb3yeMbIM
Ha cTpoimaomaakax. Obopyoosanue. J1ns nposep-
KM TIPUHIUITHAIEHON BO3MOKHOCTH HCITIOJIb30BAHHUS
rUOPHUIHOTO Ja3epHO-IyrOBOTO Mpolecca sl cBap-
KU KOJIBIICBBIX COCAMHCHUN MPUMEHSIIH OObIYHBIC
TexHoJoruu. McenenqoBanusi MpOBOJUIIN C TIOMOIIBIO
MIPOMBIIIJICHHON CUCTEMBI JIJIsl CBapKH TPYO KOMIIa-
Huu «Gullcoy.

JlanHas cucteMa OcHalleHa TPAaKTOPOM Ha KOJb-
IIEBOI HANPaBIIAIONICH ISl IPOBEACHUS OPOUTAIIb-
HOM CBapKH, a Take KOHTAKTHOM CUCTEMOM cie-
JKEHUS 32 IMBOM M CUCTEMON CKaHMPOBAHUS IIIBA C
JBYMSI OCSIMH TI€PEMEIIeHUS /IS TIONIEPEYHOTO JBH-
KEHUS W YCTAaHOBKH IO BBICOTE TEXHOJIOTHYECKUX
KOMITOHEHTOB OTHOCHUTENBHO pa3/ienki. KOHTaKTHBIHI
JIaTYHK, OTIPEACISIONININ MTPOIIeCC CBAPKH, PACIIONO-
JKEH BIIEPENIU TI0 HAIPABJICHUIO JBUKCHUSI.

Brinonnena HacTpoiika cCBapOYHOU TOJIOBKH IO
0CSIM CBOOOJIBI [T PETYTMPOBAHUS 110 BBICOTE C MPH-
MEHCHHEM Pa3IMYHBIX JIEMEHTOB JKeCTKOCTH. [010B-
Ka Ui THOPUIHOW CBapKU MUMEET JIOMOJIHUTEIbHBIC
CTEICHU CBOOOIbI JIJIsl 00SCIICUSHHSI BO3MOXKHBIX I10-
ClJIeZIOBATENbHBIX MIEPEMEICHHH JTy4a Jlazepa U JyTH
MAT (ta0m. 1).

Kax mokasano B Tabm. 1, 11 ympouieHus moiara-
JIU 9TO WM JIa3ep, WIN JTyTa HaXOnATCS B HEUTpalb-
HOM TTOJIOKECHHUH.

B kadecTBe MCTOUHHUKOB J1a3epPHOTO H3TydeHUsI ObLIH
BBIOpAHBI JIBE Pa3IMYHBIE CHCTEMbI OMTOBOJIOKOHHOTO

Tadauma 1. BapuaHTbl pacmoJioxKeHHs Jy4da Ja3sepa H
ayru MAT'

Howmep | OcHoBHoI mpo- N
. Bropoii nponecc
Bapu- | Lecc (HeHTpanb- Cxema mporecca
(TrooXkeHue)
aHTa | HOE TIOJIOKEHHE)
Topenxa
1 BIIEpENU

(HaKIIOH Ha3a)

Jlyu nazepa

T'openka no3zaau
(HaKIIOH BHIEpen)

Jlazepusbrit
3 Jyd BIEpenu
(HaKJIOH Ha3a)

Hyra

Jlasepnslil 1yu
4 no3ajau
(HaKJIOH BIIEpen)
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Puc. 2. Capounas ronoBka ¢ THOPUIHON OCHACTKOM JUIsl CBapKU
KOPHEBOT'O IIIBa U AYroBasg ropeciika Ui 3allOJIHCHUSA Pa3ACIIKU:
1 — na3epHas ontuka; 2 — rubpugHas nyra; 3 — cBapka MAT
BEPXHETO CII0sI

na3epa. Ha nepBom 3Tarne vcciaenoBaHuil Ipy BbICOTE
MIPUTYIUIEHUS 10 6 MM, IPUMEHSIIN JIA3ep C BBIXOAHON
MOIITHOCTHIO 4,5 kBT, a Ha BTOpOM (ITpH BBICOTE TIPHTY-
TieHns: § MM) — MOOMITBHBIHN Jazep SLV Mecklenburg-
Vorpommern morHocTbio 10 kKBT.

OnToBOJIOKOHHBIN Ja3ep MOWHOCTHIO 4,5 kBT,
BoIymeHHbIH B 2003 1., OBIT OZHUM M3 MEPBBIX
HMCTOYHUKOB M3JIy4€HHU JUIsl CBApPKHU JAHHOTO Kjacca
MOIITHOCTH, 3aPEKOMEH/IOBABILUI ceOsl KaK CTaOWIIb-
HbII nucTouHuK. Ha puc. 2 nmoka3zana cBapoyHas ro-
JIOBKA, OCHAILICHHAS YCTPOWCTBAMU JIsi THOPUIHON
CBapK{ U BCTPOCHHON BTOPOM JyrOBOW rOPEJNIKOM st
CBapKM MEPEKPHIBAIOILErO NIPOX0Ja OJHUM BEPTU-
KaJIbHBIM JBUKEHUEM CBEPXY BHU3.

CBapKy BBHIIIOJHSUIA Ha OTPE3Kax TPyObl UTMHON
10 6 M. B aToM ciydae gomycku ObLTH OONBITAMH T10
CPaBHEHUIO C COSAMHEHNEM KaINOPOBaHHBIX TPYO.

Puc. 3. CBapka Tpy0 ¢ MOMOIIBIO YCTAHOBKH ISt UCTIBITAHUH
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Tadauuma 2. Makpouutudbl coelHeHHI, MOJTYYeHHBIX
ra0puaHoi cBapKoi

Paznenka 3aMKHYTBIN

IlepBsrIii croit
KPOMOK POQIITH IIBA

BrixonHast MmomHoCTb J1azepa 4,6 kBt
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Ha puc. 3 nokazana yctaHoBKa AJi UCOBITAHUN B
cOope ¢ KOMIIOHEHTaMH.

IIpogedenue mexnonocuyeckux UCNbIMAanUll i ux
pe3ynbmamuyl. VICIbITaHUS MPOBOAMIIN C MCIOIB30-
BaHHEM JIByX HCTOUYHHUKOB JIA3€PHOTO M3ITyUSHHUS Pa3-
HOM BBIXOAHOU MoHOCTH. [Ipn 3TOM NEPBYIO CEPUIO
WCIIBITAaHUHN JJIS ONpe/ieNIeHUs] OCHOBHBIX Iapame-
TPOB THOPHUIIHOW TYTH M YYBCTBUTEIHLHOCTH K JIOITY-
CKaM THOPHUIHOTO Ipolecca NP MOCTOSHHO MEHSIO-
LIeMCsl TTOJIOKEHUHU CBapKH 110 OKPYKHOCTH TPYObI
IIPOBOJMIIM C UCIIOIB30BAHUEM Jla3epa MOILHOCTHIO
4,5 xkBt. Bropoii aTam ucnbITaHUA POBOAUIN IS
OIIEHKH MOTEHIIMaja THOPUIHOTO Tpoliecca mpu 00-
Jiee BBICOKHX mapamerpax nasepa (10 kBt) u ognHo-
BPEMECHHOM YBEJIIMYEHHUH BBICOTHI IPUTYILJICHUS B
KOPHEBOM HIBE OT 6 10 8§ MM.

Janee paccMOTpeHBI pe3yabTaThl UCCIEA0OBAHUN
Ha Makpouuindax MepBOro Cios MpH THOpHIHON
CBapke W Bcero mpo¢uisi 3aMKHYTOTO IIBa, MOJIY-
YEHHOTO C UCTIOJIb30BAHUEM JIONIOJIHUTENBbHON AyTH,
MPYU pa3IMYHBIX BapHaHTaX pa3eKd KPOMOK IMOJ
CBapKy M BBIXOAHOU MOIIHOCTH Jlazepa 4,6 u 6,5 kBT
(tabm. 2).

YcTaHOBIEHO, YTO NPU U3MEPEHHBIX JOIYyCKax
Ha TPyOHBIX COEIMHEHUSIX U PEKOMEHyEMBIX Iapa-
MeTpax CBAapKU MOXHO HOJYYUTh IOJOKHUTEIIbHbBIE
pe3ynbTaThl IPU PA3INIHBIX JOMYCKaX I[apaMeTpoB
mporecca.

JlaHHbIe HCCIIeI0BaHMS 3aBEpLIAIN ONPEACICHH-
€M pacrpeiesieHHs] TBEPJOCTH, B YACTHOCTH, B KOPHE-
BOM IIB€, IOCKOJIBKY HMEHHO TaM I10J] BO3/1CHCTBHEM
nyd4a na3epa B 3TB HaOmonaeTcs NoBbIICHHAS TBEP-
nocTb. B mpouecce nccnenoBanuii 3aBapKy KOpHEBO-
ro mBa 0e3 mepeKphIBAIOLIETO MPOX0/ia CPaBHUBAIN
CO CBapKOi1 1IBa 3aMKHYTOTO MPOQHIIS ¢ UCTIOIH30Ba-
HUEM BCIIOMOTaTeIbHON AyrH. Pe3ynbrarsl 3THX HC-
CJIeTIOBAaHUH TOKAa3aHbI HA PUC. 4.

HauGonee BaxxHOH 1edabI0 HUCCIETOBAHNUN SIB-
JI7I0Ch OIIpe/ie/IeHue CTaHAapTHBIX JONYCKOB IpU
CTPOUTENIBCTBE TPYOONIPOBOAOB U ONPENEICHUS UX
BIUSHUS Ha TIpoliecc THOpHUIHON cBapku. B mporec-
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Puc. 4. 3aBucuMocTh TBEpPAOCTH B 00I1ACTH KOPHS IIBA OT MPO-
CTPAHCTBEHHOTO MOJIOKCHHUS CBAPOUHOM TOIOBKH [2]

Ce MCIBITAaHUI TPYOHbIE COCTUHEHUS PaCHOIarain
B OTIPEJICIICHHOM ITOJIOKEHUH B (PUKCUPOBAIN CTaH-
JApTHBIM HHCTPYMEHTOM M OOBIYHBIMH CIIOCOOaMH,
YTO 00ECIEYHIIO MOTYIEHHE IOMYCKOB, XapaKTePHBIX
IPH CTPOUTENBCTBE TPyOOIIPOBOIOB. BBIBOIBI O BIH-
SIHUM JaHHBIX JIOIYCKOB JieflaMM, U3MEPsIsl CMEILCHHE
KPOMOK B CBAPHBIX COCANHECHHUSX.

Ilepcnexmuenvie paspabomku 060opydosanus u
mexHonozuu. Baxknas 1enp npoBeJeHHBIX HUCCIIEA0-
BaHUH 3aKII0Yaach B TOM, YTOOBI 1OKa3aTh MPUH-
UUMHAATBHYIO BO3MOXKHOCTD IPUMEHEHUS THOPHTHON
CBapKH MPH CTPOUTENILCTBE TPYOOIIPOBOJOB B Oosiee
CYPOBBIX KIMMATUYCCKUX YCJIIOBHSIX. HonyquHa;I
I/IH(I)OpMaHI/ISI JOKa3bIBACT 3HAYUTCIIBHOC BJIUAHHNEC
KOHCTPYKIUH 000pYyIOBAaHMS Ha IPOLIECC CBAPKH.

OnbsITHBIA 00pa3er CreruaIu3upoOBaHHOTO 000-
pyZmoBaHus, TOCTPOCHHBIN Ha 0a3ze yKa3aHHOW ycTa-
HOBKH (pHc. 5), s peaan3annyi HeoOXOTUMBIX TIe-
peMelneHnii pHu KOJBIIEBOW CBapKe THOPHUIHBIM
Ja3epHO-AYTOBBIM CcIOcOOOM 1is TpyO amame-

Puc. 5. Cnennann3npoBaHHas ONMBITHAS YCTAaHOBKA JUISl CBApKU
TpyOOTIPOBOIOB
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' NPOW3BOACTBEHHbLIN PA30EN

Tadauuma 3. MexaHuyeckue CBOHCTBA CBAPHBIX COeIHHE-
Huii cranu L360NB ¢ pa3pyuniennem 1o 0CHOBHOMY MeTaJLIy

6y, Mlla | o, MIla | 8, % v, % KCV,, Dox/em?
345 532 42 71
136...1
368 539 39 69 36...177

TpoM 500...700 MM, UMEET CIAEAYIOIIUE TEXHUYE-
CKHE XapaKTePHUCTHUKHU: MapIIEBYI CKOPOCTh IMPH
MMO3UIIMOHUPOBAHUU JI0 6, TIpU CBapKe 10 3 M/MUH;
BO3MOXXHOCTb M3MEHEHHMS NTaPaMETPOB PEXKHUMA B 3a-
BHCHUMOCTH OT TOJIOKEHMS; CUCTEMY CIIE)KEHHS 3a Ha-
IIpaBJICHUEM IIIBA.

Berpoennas pabodas nazepHast TOJIOBKa MO3BOJIS-
€T MPUMEHATh BOJIOKOHHBIE TBEPIOTENbHBIE Ja3ephl ¢
BBIXOJIHOHM MOIIHOCTEIO 10 20 KBT.

C onHOM CTOPOHBI, OCHOBHOE BHMMaHHE B JIaH-
HBIX MCCTIE/IOBAHMAX OBIJIO HAIpaBIIEHO Ha OIpeserne-
HUE BO3MOXXHOCTH (POPMHUPOBAHUS [IIBA M €0 KOPHS
C MPUMEHEHHEM JIa3ePOB YKa3aHHOW MOITHOCTH H, C
IPYTO CTOPOHBI, HA XapaKTEPUCTUKH TEPEeKPHIBa-
IOIIMXCS 30H B HaJaJjle IIBa MPU CBapKe ABYMS Bep-
THUKAJIBHBIMHU TIPOXOJIaMHU Ha CITyCK TI0 OKPYKHOCTH
TpYOBI.

Orta ¢aza uccienoBaHUN 3aBEpIINAIACh TPOBEJIEC-
HUEM MCTIBITAHUU JJIS ONPECIICHHUS] MEXaHHIECKUX
cBoiicTB cranu L360NB. Pesynsrarel ucnbsiTanuii Ha
pacTsKeHHE U cpeiHee 3HAUEHUE yAapHOU BA3KOCTH
o6pazuos tuna ISO-V npu Temneparype UCTIBITaHUI
0 °C npuBenens! B Tabm1. 3.

CBapka Tpy0 HeDOJBIIOI0 AMaAMeTpa ¢ TOJI-
muHON cTeHku 3...5 mm. Ilens BTOporo uccienno-
BaTEJIBCKOTO MPOEKTA 3aKI0YANach B ONPECICHIH
HEoOXOoIMMOCTH pa3pabOTKH OMBITHOTO 0Opasia
YCTaHOBKH, MTO3BOJISIONIETO COYETATh OPOUTATHHYIO
JIA3epHYIO CBAPKY CTalbHBIX TpyO Majoro auame-
Tpa M UX UcHbITaHue. B nanHom ciyvae pa3pabot-
Ka JIOJDKHA ObLIa BKIIFOUATh COUETAHHUE Pa3THYHBIX
croco0OB UCTBITAHUN JJIS MOJNYYCHHSI HAJSKHBIX
pe3yabTaToB.

W3nayanbHO OBLIO ONpeEesieHo, YTO OMBITHBINA 00-
pazel yCTaHOBKH JIOJKEH MMETh MaKCHUMAaJIbHO JIeT-
KYIO B YIIPaBICHUN KOHCTPYKIIHIO, C MUHUMAIbHBIMU
rabapuramu. /[ yKa3aHHBIX 00IacTei MpUMEHEHUS
MMOKpBIBa€Mast TONIIMHA CTEH CTABHBIX TPYO JOIIK-
Ha COCTAaBIIATH 3...5 MM (COOTBETCTBYET BHEITHUM
nuameTrpam Tpyo 100...400 mm). Bo3smoxkHbIE 10-
ITyCKW Ha CBapOYHBIN 3a30p U BBISBISIEMbIE pa3Me-
pHI 1e(heKTOB JOIDKHBI COOTBETCTBOBATH TEXHOJIOTHH
HCIIBITAaHU .

OOopynoBanue HeoOXOIMMMO pacriojiaraTh Ha
pPacCTOSTHUU OT CBAPOYHBIX UCTOYHUKOB MUTAHUS U
YCTPOUCTB 00pabOTKH M3MEPHUTEIBbHBIX CUTHAJIOB.
CBsI3b 00ecTieYnBaeTCs COOTBETCTBYIOIIUMU JIMHUS-
MU 00CITyKHBaHUSI, MO3BOJISIFOIIUMH MTOKPHIBAaTh 3HA-
YUTEJbHBIE PACCTOSHUS MEXAY TEXHOJIOTHYECKUM
00opynoBaHHWEM U peajbHBIM PA0OYUM U3JEITHEM.
OTO MO3BOJISIET, B 3aBUCUMOCTH OT OOJIACTH TPHUMeE-
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HEHHsI, YCTAHOBHUTH 000PYJIOBaHHE Ha TPAHCTIOPTHOM
CPE/ICTBE 10 MECTY BBIIIOJIHEHHSI PaOOoT.

Onvimuasa ycmanogka u Memoouka npo8edeHus
9KCnepumMenmos. [ yCremHoro pemeHus oCHOB-
HOW 33734, MPEXJIe BCEr0 He0OX0UMO OBIIO CIIPO-
E€KTUPOBATH YCTPOUCTBO JIJIs IIEPEMEILICHHUS JIa3epPHOU
OTTHKH TI0 OKPY)XKHOCTH TPYOBI Tipu cBapke. Kpome
3TOT0, HEOOXOIUMO OBIJIO MPEIyCMOTPETh MECTO IS
CEHCOPHOM CUCTEMBI, TTpeTHA3HAYCHHOHN TSI CIIeXKe-
Hus 3a niporieccoM cBapku (LWM) u mpoBeieHus He-
paszpymaromiero KoHTpois. OCHOBHOE BHIMaHUE MPU
MCCIIeIOBAaHUSIX YIACISIIOCHh pa3paboTKe equHOM cTpa-
TETUU KOHTPOJISL U UCIIBITAHUH C aHAIM30M KauyecTBa
IIBOB HETMIOCPEICTBEHHO MOCIIE 3aBEPILICHUS CBapKH.
B03MOXXHO MOJTYyYUTh HEOOXOAUMYIO IS ATOTO WH-
¢dopmanmio niepe]] cBapKoi, BO BpeMsi CBapKH U MOCIIe
OKOHYAaHUS MPOIECca B BUJE PA3TUUHBIX CUTHAJIOB.
AHanu3 HEOTHOPOJHOCTEN B CBAPHBIX COETMHEHUAX
MOKAa3bIBAET, YTO OOJBIIMHCTBO U3 HUX BBI3BAHO Ha-
PYIICHUS MU B MOCJIEIO0BATEIbHOCTH TEXHOIOTHYE-
CKuXx ornepaiuil. B cBoro ouepenb, mpuurHa 3TOro 3a-
KITFOYaeTCsA B KaueCTBE MOTOTOBKY COCIMHEHHS TIO]T
CBapKy (reoMeTpus pa3AeliKi, HaJudre 3a30pa WIH
HECOOTBETCTBYIOIIIEE CMEIICHHE KPOMOK), a TaKKe B
HapyIIEHUU HEOOXOUMBIX CTaHIAPTOB YHCTOTHI.

Ha nepBom sTane Obuta pazpaboTaHa KOHCTPYK-
U] YCTAHOBKH U COOTBETCTBYIOIIAss KOMIIOHOB-
Ka YCTPOMCTB IJIsl NBUXKCHHUS JIa3epHOU ONTHUKHU
M0 OKPYXKHOCTH TPYOBI, BKIFOUAOIIAs 38)KUMHOE
YCTPOMCTBO, HEOOXOAUMOE AJIsl COSANHEHUS U (DUK-
callMy NpH Ja3epHOl cBapke TpyO HOMHHAIBHBIM JIU-
amerpoM 80...150 MM ¢ TOTIIMHON CTECHKHU 2...5 MM.

YcTaHOBKA COCTOMT M3 YETHIPEX KOIbIleoOpas-
HBIX TUTACTHH, OTKPBIBAIOLIUXCS BHU3 M MTO3BOJISIO-
IIMX Pa3MeCTUTh cBapuBaemble TpyObl. Kaxmas u3
JIBYX BHEIIHUX TUTACTHH COEJINHEHA C OJHON U3 TPYO
C TTIOMOIIBIO 32KUMHOTO YCTpoiicTBa. /[Be BHyTpeH-
HUE TUTACTUHBI KECTKO COCIUHEHBI JIPYT C IPYTOM.
Mesx Iy STUMHU KOJBIIAMH PACTIOI0XKEHBI KOMITOHEH-
THI, TIPEJHA3HAYEHHBIE ISl BHITIOMHEHUS OTIepaInit
COCTMHEeHHS U UCTIbITanus (puc. 6).

HentpoM 3KCriepUMEHTaIbHON YCTAHOBKH SIBJISI-
eTCsl Mepenaroluil TeXHOIOTHYEeCKUN ONTUYECKUN
anemeHT Tna Y W30 ¢upmsr «Precitecy ¢ marpuueit
JIaTYUKOB, BCTPOEHHBIX KOAKCHATIBHO MO0 OTHOILEHHUIO
K TPAeKTOPHH MEepeMeLIeHHs JTy4a, Al cOopa cooT-
BETCTBYIOIIMX M3JIy4YE€HUH MPH JIa3€pHOI cBapke. ITO
ONTUYECKOE YCTPOUCTBO alalTUPOBAHO ISl IIPOBEIE-
HUS DKCTIEPUMEHTA.

Jl71s1 OLIeHKM CBAapHOTO IIBa, B YaCTHOCTH, B OT-
HOIICHUH [IEHTPOBKU KPOMOK W HAJIWYH 3a30pa, C
MTOMOTIIBI0 KaMEpHhl PETUCTPUPYETCS BaIWK, MOTY-
YEeHHBIN JIMHEHUHBIM JIa3€pOM B HaNpaBJIeHUH IOIIe-
peuHoM coenuHeHuro. Kamepy u nuHelHbIN azep
pasMeniaT BOJHM3U JIa3€pHON ONTHKH 1O IIEHTPY
MEXIy JBYMSI BHYyTPEHHHUMH TUTACTHHAMH HECYIIeH
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Puc. 6. Cnenuann3npoBaHHast ONIBITHAS yCTAHOBKA C YCTPOMCTBOM JUISL YIBTPa3ByKOBOTO KOHTPOJIS

CHUCTEMBI U MEePEMENIAoT M0 OKPYKHOCTH BOKPYT
TpyOb1. [0 OKOHUaHWHM MTpoliecca CBApKH KaMephbl 3a-
MMCBHIBAIOT TEOMETPHUIO MOBEPXHOCTH CBAPHOTO IIIBa.
B aTom ciyuae ocoboe BHUMaHUE YIENIIeTCs 3a30py
U LIEHTPOBKE KPOMOK IIpU IIOJTOTOBKE IO/ CBAPKY, I'e-
OMETPUUYECKUM OTKJIOHEHUSIM I1IBa U HAPYXHbBIM CBa-
pPOYHBIM eeKTaM.

VYCTpolCTBO AJIs YIBTPa3ByKOBOIO KOHTPOJISI COCTO-
UT U3 Iproopa 1l YJIBTPa3ByKOBOIO KOHTPOJISL U POJIH-
KOBBIX YIVIOBBIX JIy4eBbIX 30HA0B. [Ipnbop npencrasis-
eT co00il MHOTOKaHAJIbHYIO YJIBTPa3ByKOBYIO CUCTEMY
C IATBIO KaHAJIaMH, OTAEIEHHBIMHU JIPYT OT Jpyra C I0-
MOIIBIO MyJIBTUILIEKCOpa. Kpome Toro, mpuMeHsoTCs

Puc. 7. YerpoiicTBO Is YIIBTPa3ByKOBOTO KOHTPOJS: [ — 3aKHUM-
HOE yCTPOHCTBO JUI yABTPA3BYKOBEIX 30HJOB; 2 — yIBTPa3By-
KOBBIE POJIMKOBEIEC 30H[BI; 3 — OCH Ui TPyOO# perymupoBKu

T10 BBICOTE; 4 — OCH JJISl PETYIUPOBKH PACCTOSHHUS 10 CBAPHOTO
COEIMHEHHS

4/2014

CIIeMAIIbHBIE POIMKOBBIE YITIOBBIE JTyYEBbIC 30H/IBI IS
HAKJIOHHOTO YJIETPa3BYKOBOIO BO3ACHCTBHS IO YIIIOM
55° ¢ yactoroii 6 MI'1. DTH 30HAbI OTJIMYAIOTCS TEM,
410 3(h(heKTHBHAS CBS3b OCYIIECTBISICTCSI HE C TIOMO-
IIbI0O KOHTAKTHOHM CPEJBL, @ C IIOMOILBIO0 CHIIMKOHOBOM
HIMHBL 30H] IEPEMEIIIASTCs 10 3TOH IIMHE HaJl KOMIIO-
HEHTOM, 4YTO 00€CIeUNBAET IIepeMEIeHHE TOJIBKO Ia-
PAaJIIEIBHO LIBY.

B ¢wuHansHOM cTagnm mpoekTa pa3padoTaHbl OT-
JEJIbHBIE CHUCTEMBI, COCTOSIIIIAE U3 CBAPOYHOM ONTH-
K{, KaMepBbl AJIS1 PErHCTPALl T€OMETPUU OBEPXHO-
CTH COCAMHEHUS U TEKYILIEro KOHTPOJIS IpoLecca, a
TaK)K€ CKOMIIOHOBAHBI YIbTPa3BYKOBBIE POJMKOBBIE
30H/IBL.

Jly1s HemocpeACTBEHHOM OIICHKH BHYTPEHHHX Je-
(eKTOB B LIBE [1BA YJIBTPA3BYKOBBIX POJIMKOBBIX 30H-
Jla HampaBJIsUIM BOKPYT TPyOBl Ha 3aJlaHHOM pac-
CTOSIHUM JIpyT OT JpyTa, clieBa W CIpaBa OT LIBA.
YCTpOoHCTBO U1 yABTPA3BYKOBOIO KOHTPOJIS ITOKa3a-
HO Ha puc. 7.

KoHTaKT Mexy yIbTpa3ByKOBBIMHU POJIMKOBBIMU
30HaMH U TPyOOI MOAIEP)KUBAETCS C IIOMOILBIO Ha-
TSDKEHMS TIPY>KuHBI. 7151 TpyO pa3nuyHbIX JUaMETPOB
BO3MOJKHA PETYJINPOBKA 10 BBICOTE.

Pesyabrarhl HcnbITAHUI MaTepuasioB. /s
OIpeieIeHNs] MEXaHMUECKHUX CBOMCTB CBapHBIX COe-
JUHEHUH Ha TPyOax, MOJyYSHHBIX J1a3€PHON CBAPKOH,
Obla MpoBeeHa cepusl IKCIIEPUMEHTOB B yCIIOBH-
X, UJICANBHBIX C TOUYKH 3PEHUS TIOATOTOBKH KPOMOK
MOZI CBapKy M 0e3 MCKyCCTBEHHBIX JedekToB. M3 mo-
Jy4EeHHOTO KOHTPOJBLHOTO o0pasma BbIpe3aiu 1o
OKPY)KHOCTH MeTajutorpapuieckue num@sl mocie-
J0BaTeNIbHO o[ yriioM 45°. O0pa3ibl mOKa3aHbl Ha
puc. 8 (3HaueHUs B Tpaycax — yIbl 3aruda Tpyo).
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Puc. 8. Makponutid o6pa3nos coequHeHui (yBeand. B 3,5 pa3) ¢ pa3IMYHBIME YIJIaMU 3aru0a TpyOs!

Tadoauma 4. MexaHnyecKHe CBOWCTBA CBAPHBIX COeMHe-
Huii cranu L360NB TomuHoli 5 MM B nomnepe4yHoM Hanpas-
JleHuH (pa3pylieHue 10 OCHOBHOMY MeTaJLIY)

0%;2‘:& Gy MIla | o, Mlla 8, % v, %
1 448 487 20,1 70
2 418 467 245 70
3 416 466 21,6 67
4 413 463 25,8 62

Kak BuaHO 13 pucCyHKa, Ha BIOpPaHHBIX IIapaMe-
Tpax He MPOCIICKUBACTCS BIMSHUS IOCTOSIHHO MEHsI-
IOLIETOCs MOJIMKEHUsSI IPU OPOUTAILHON CBapKe, YT
MIOATBEPXKAACTCS IOCTOSIHHBIM YPOBHEM CUTHAJIa OT
CHCTEMBI KOHTPOJISL. DTO OTHOCUTCS KaK K TE€OMETPUH
LIBa HA €r0 BEpXHEH M HWKHEH MOBEPXHOCTSX, TaK
1 K 00pa3oBaHUIO0 BHYTPEHHUX Ae(eKToB B 1IBe. B
pe3ynbTare yCTaHOBJICHO, YTO OLIEHKA B BHIOPAHHBIX
YCIIOBUSIX COOTBETCTBOBasA rpymnmne B cormacno DIN
EN ISO 13919-1.

UccnenoBanus Mo omnpeneieHru0 CTaTHYeCKOn
MPOYHOCTH U BSI3KOCTH LIBOB B COOTBETCTBUU C
DVGW Worksheet GW 350 taxxe He 0OHApY MK
HUKaKUX aHoMajuid. B Tabin. 4 nmpuBeneHsbl pe3yib-
TaThl UCTIBITAHUH Ha pacTsHKEHHE 00pas3IOB CTAIH
L360NB. Cpennure 3Ha4eHUS yIapHOU BI3KOCTH 00-
pasuoB tuna [SO-V mpu Temneparype 0 °C ¢ Hagpe-
30M B LEHTpe IuBa cocraBuiu 62...71 JIx/cM? u Ha-
npesom B 3TB — 41...55 Ix/cm>.

42 A BRI RIBECIAS)

3akiaouenue

C TOYKM 3peHHus NOBBILCHHA 3()PEKTHBHOCTH IPU
CTPOHTEICTBE TPYOOIPOBOIOB OOMNBILIOE 3HAYCHHE
MMEIOT HCCIIEIOBAaHUS HOBBIX MPOLIECCOB CBAPKU TPYO,
B KOTOPBIX OCHOBHOE BHHUMaHHE Y/IEINSETCS TOBBIIIC-
HHIO CKOPOCTH CBApKH TPH COKPAIICHHOM KOJIMYECTBE
MPOXOJI0B. BO3MOXKHOW anbTepHATUBON SIBIAIOTCA Jia-
3epHasi cBapKa M TMOpHIHAsS JIa3epHO-TyTroBasi CBapka,
Onmaromapst pa3paboTke BOJIOKOHHOTO JIa3epa, peIcTaB-
JISFOTIETO COOOM MCTOYHHK J1a3epHOTO U3ITyUeHHUs C HO-
BBIMH O0ITACTSIMU TTPUMEHEHHS [2].

OrnucaHHbIe UCCIIEOBAHUS TIOTBEPKIAIOT PUH-
LUNHATIbHYI0 BO3MOXKHOCTh MCIIOJIb30BaHUS IPOLEC-
COB JIa3epHOM CBAapKH IIPHU CTPOUTEILCTBE TPyOOIpo-
BOJIOB, a TAKXKE€ OMPE/EICHUS XapaKTEePUCTHK ITUX
MPOLIECCOB MPU CBapKe B CMEIICHHOM I0JIOKEHUH,
XapaKTepHOM JIS1 TaHHOTO PUMEHEHHSL.

OHH TaKkXe MOATBEPKAAIOT MEPCHEKTUBHOCTH
TEXHOJIOTHH JIa3epHOM CBAPKHU C MPUMEHEHHEM J1a3e-
POB BBICOKOU BBIXOJTHOM MOIIIHOCTH U COOTBETCTBYIO-
HIMMH XapaKTePUCTUKAMH JTy4a.

[Ipennaraercs nCnoap30BaTh THOPUIHEIHN MPOIIECC
JUTS 3aBapKH KOPHEBOTO TIPOXO/1a BEICOKOTO Ka4decTBa
MpH BBICOTE MpUTyIDIeHus 12...15 MM. DT0T moxxon
WHTEHCHBHO HCCJIETyeTCs B HACTOSIIEE BPEMSI.

B pesynbrare npogenaHHOH paOOTHI 1O pa3padboT-
K€ CTpaTerny UCIIBITAHUN Ha MECTE BBITIOJIHEHUS pa-
00T M TeKyIIero KOHTPOJIS IpoLiecca JIa3ePHOM cBap-
KM TpyO Ha 1abopaTopHOM ypoBHE ObLIa JOKa3aHa
3 PEKTUBHOCT U IEPCIIEKTUBHOCTD JAHHOTO MOJX0-
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na. B wactHOCTH, 5TO 0O3HAUaeT, 9TO MCIIBITAHUS COe-
JIMHEHWH, TTOJIyYEHHBIX JIa3epHON CBApKOW C MCIIOJIb-
30BaHHEM YJIBTPA3BYKOBOTO KOHTPOJSI, BOSMOXXHBI B
JIara3oHe TOMIIWHBI CTEHKH 3...5 MM OTHOCHUTEIIEHO
KPUTHYECKUX Je(DEeKTOB, TAKMX KaK HECIUIABICHHE,
KOpHEBBIE Ae(eKThl (HEMpoBap) U NOPUCTOCTh. Mc-

paboT TIaHupyeTcs JadbHEUIass ONMTHMHU3AITNS BBI-
SIBIITEMBIX pa3MepoB e(PEeKTOB B CBAPHBIX ITBaX.

Aemopul gvipadcarom npuznamenvrocms Dede-
PANbHOMY MUHUCIEPCNEY IKOHOMUKU U MEXHOA02UU
T'epmanuu 3a Qunancuposanue npoexma.

CIIeJOBaHMsI MOCIEIHEH BepCUU 000pyIOBaHUS T1O-
KaszaJjig, 4To IIOCTI/IFHyTO peaanoe B3aI/IMOI[CI\/'ICTBI/Ie
OT/IENBHBIX CUCTEM KaMephbl, yCTPOUCTB (POTOONTHYE-
CKOT'O KOHTPOJIS TIPOIIeCCa U YCTPOHCTB yIbTPa3ByKo- 2.
BOTO KOHTPOJISl. DTO OBLIO JOKA3aHO C TIOMOIIBIO MO-
JlenMpoBaHus norpemHocteil. Ha cienyromiem srarie

1. Blackman D., Dorling V., Howard R. High-speed tandem
GMAW for pipeline welding // 4th Intern. pipeline conf.,
Calgary, Alberta, Canada, 2002. — P. 517-523.

Keitel S., Neubert J., Stréfer M. Laser based girth welding
technologies for pipelines — GMAW gets support // [IW
Intern. conf. on advances in welding and allied technologies,
Singapore, 2009. — P. 289-294.

[ocrynuia B penaknuio 14.01.2014

HOBAX KHHUTA

Bo Bropom kBaptaiie 2014 1. BBIAIET B CBET KHUTA

JI. M. Jlobanos, B. U. Maxuenxo, A. C. Munenun. Ilpaktudeckue pexkomengauun Mucerury-
Ta 3iekTpocBapku uM. E. O. [Tatona HAH YkpauHbl 10 peMOHTY CBApKOH MarucTpaJjib-
HBIX TPYOONPoBOI0B 0€e3 BbIBOAA U3 IKcIIyaTtanun. — Kues: MexyHapoaHasi accoruanus
«CBapka», 2014. — 8 neu. 1.

W3nanue nocBAIIeHO BONPOCaM OLIEHKH HeCyIlel ClocOOHOCTH MarucTpalbHbIX ra3o- U He-
(TenpoBoOIOB ¢ 0OHAPYKEHHBIMH XapaKTEPHBIMU TEXHOJIOTMYECKUMH U HKCIUTyaTallMOHHBIMH
nedpexraMu (pOpMbl U HECIUIOIHOCTHA MaTepHala, a TaKKe TUIIMYHBIM METOJaM PEMOHTA CBap-
Ko 0e3 BbIBO/Ia M3 JKCIUTyaTaluu. B yacTHOCTH, 0000II€Hbl OCHOBHBIE ACTIEKThl aKTyaJlbHBIX
OTEUECTBEHHBIX U 3apyOEKHBIX HOPMATHBHBIX JOKYMEHTOB, COBPEMEHHBIE IOJIXOJbl MEXaHH-
KM pa3pyllieHUs] ¥ YUCIEHHOTO aHaJIN3a HaNPsKEHHO-Ie(OPMHUPOBAHHOIO COCTOSHUS CBAPHBIX
KOHCTPYKIMH, HOBeimue pa3paboTku cneuuanuctoB MHctutyta snmekrpocBapku uMm. E. O.
[Narona HAH VYkpaunsl. ChopMynupoBaHbl MpaKTHYECKUE WHKEHEPHBIC alTOPUTMEI, TI03BO-
JSIIOINME OLEHMBATh (DAKTUYECKYIO CTENEHb MOBPEKACHHOCTH YYaCTKOB MaruCTpajlbHBIX TPY-
OG0ONpPOBOZOB HA OCHOBE JITAHHBIX TEXHUYECKOM TMAarHOCTUKH, IUIAHUPOBATh PEMOHT JI€(EKTHBIX
TpyOOTIPOBOIHBIX 3JIEMEHTOB 0€3 BBIBOJIA MX M3 AKCIUTyaTalllu C MO3UIUH 3()(HEKTUBHOCTH U
0€30MacHOCTH MPOBeIeHUs PadOT, IPOrHO3UPOBATH PECYPC IKCIUTyaTallMH Y4aCTKOB TPyOOIpo-
BOJ1a IIOCJIE PEMOHTA.

Jliss MH)KEHEepHOro MepcoHajda OpraHM3alvi, 3KCILTyaTHPYIOIIMX MarucTpajbHble TpyOo-
MIPOBOJIbI, CIELUATNCTOB HEPA3pPyLIAIOIIEro KOHTPOJIS U TEXHUYECKOW TMarHOCTUKHU TPyOo-
MIPOBOJHBIX CHUCTEM, HAyYHBIX PAOOTHHKOB, 3aHMMAIOILIMXCS] BOIPOCAMHU MPOYHOCTH CBAPHBIX
KOHCTPYKLUI U METOlaMU BOCCTAHOBJIEHUSI UX HECYLIEH CIIOCOOHOCTH, U IPENOAABATENbCKOIO
COCTaBa BBICHIMX YYE€OHBIX 3aBEJCHUI COOTBETCTBYIOIIETO NMPO(UIIsL.

3aka3bl HA KHUTY HAIIPABIATh B PEJAKIHIO )KypHalla « ABTOMAaTHYECKasl CBapKay.
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