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Bnaoumup Jlebeoes

HNCITIOJIB30BAHME YIIPABJIAEMBIX IAPAMETPOB ITOJAYHN
JEKTPOJHOMN NPOBOJIOKU U KOJIEGAHUI BAHHBI
KAK JUHAMMWYECKHUX CUCTEM UUIs1 COBEPIIEHCTBOBAHUSA
AYT'OBBIX ITPOIECCOB CBAPKH N HAIIVIABKH

AKmyanvbHocms memol UCCIE008AHUA. [[)y206a51 C6APKA U HANIABKA C NPUMEHEHUEM UMNYIbCHOU NOOAYU INeKMPOOHOU
NPOBONOKU U MEXAHUYECKUX KONOAHUI C8APOYHOU 6AHHbL AGIAIOMCS IPPHEKMUSHBIM CPEOCMBAMU CYUjeCEEHHO20 NOBbLULe-
HUSL KA4ecmea pe3yibmamos npoGeoeHUs MexXHOI0SUYeCKUX NPOYecco8, GbINOIHACMbIX MEXAHUIUPOBAHHBIM UL AGMOMAMU-
yeckum 060pyoosanuem. /s payuonanoHo2o 6b160pa Napamempos UMIYIbCHOL NOOAYU U KONeOaHuil C6apOUHOL 6aAHHbL HE00-
X00uMa paspabomka MamemMamuyecKo20 ONUCAHUS Pe3VIbMAamoe NPUMEHEHUsL SMUX MEXHONI 02Ul C6APKU U HANAAGKU.

Ilocmanogexa npoonemsl. /[ns co30anius Memoouk 6olbopa NApamempos UMNYIbCHOU NOOAYU JeKMpPOOHOL NPOGOIOKU U
Konebanuil c6apoOYHOL 6AHHLL HEOOX0OUMO Npogecmil 6blOOP HAUOONEe XAPAKMEPHIX U NPUMEHUMbIX PopM 6030eiicmeull,
U3bICKAMb CHOCODbL UX MAMEMAMUYECKO20 ONUCAHUS U MeMOObl peuleHusl YPAGHeHU, ONUCLIBAIOWUX Pe3YTbmanmsl ux oeli-
Ccmeull Ha MexXHON02UYeCKUll npoyecc.

AHanu3 nociedHux uccinedosanuil u nyoaukauuil. Haubonee ucnono3yemolmu mexHuKo-mexHoI02UYeCKUMU npuémamu
GIUAHUSA HA NOKA3AMENU KA4eCmed C8apHO20 Uled U HANIAGIEHHO2O0 CIOsl, 8 MOM Yucie NPOYHOCU, SAGNSeMC MEXAHUYEeCKoe
/U meniogoe GIUsHUE HA C8APOYHYIO 8aHHY. B nociednee epems wiupoko npumeHumbl maxkiue Memoosl, KAk NEPUOOUYEeCKoe
6030eticmeue MazHUMHO20 NOJISL HA PACNIAG C8APOYHOL 6AHHbL, UMNYIbCHBLE PENCUMbL CEAPKU U HANIAGKU HA Oa3e 3A0aHHbIX
aneopummos ynpasiexusi pabomoti 060py008anus (UCMOYHUKY CEAPOUHO20 MOKA, MEXAHUZMbL NOOAYU DNEKMPOOHOU NPOBO-
JIOKU), NPUMEHEeHUe OONOIHUMENbHOO0 JeUPOBAHUsL HANAABIAEMO20 MEMAILA, d MAKICE KOMOUHUPOBAHHbBIE MEMOObL.

Boloenenue neuccnedosannvix uacmeit oougeit npoodaemol. Hecmomps na 3navumenvbHulii npozpecc 8 CO30aHUU HOBLIX
MUno8 060pyO0BAHUS ONIsL C6APKU U HANTABKU C UMNYTbCHOIMU ANOPUMMAMYU QYHKYUOHUPOBAHUS, 8 YACMHOCIU, MEXAHUZMOB
nooauu ¢ ynpasnaemMolMu Napamempamii O8UNCeHUs 00 HACMOAUIe20 BPeMeHU MAL0 UCCIeO08AHUI, NOCBAUEHHBIX MAMeMA-
MUYeCKOMY ONUCAHUIO OeTICIGUsL UMNYIbCOB PA3TUYHOU YOPMbL HA NPOYECChbl COAPKU U HANTABKU.

Ilocmanogka 3adauu. [Iposecmu ananuz axmopos, GIUsIOWUX HA CIMPYKNYPY MeMAnid Wed U HanidaeileHHo20 Closl C
Yenbio NOGbIUUEeHUSL KAYeCm8a pe3yilbmamos npoyeccos8 C6apKU i HANAAGKY, GbIAGUMb NPUMEHsIeMble (hOPMbl UMNYILbCHBIX 603~
Oeticmeuil, onpeoeuns MameMamuyecKue ONUCAHUSL UMNYIbCO8, ONUCAHUSL OUHAMUYECKUX NPOYECcCO8 NPU CApKe C YYEMom
osudiceHuti ceapounoll 6annvl. Haiimu cnocobul peuienis noiyueHHoIX OughpepeHyuanoHbix ypagHeHu.

H3noxcenue ochosnozo mamepuana. I1oxkazamor pe3yibmanvi UMNYIbCHBIX G030€UCMBULL HA CIMPYKNTYPY MEMAla ued,
obecneyusarouue cyujecmeeHHoe YayuuieHue MexaHuyeckux c8oUCme c6apHo20 COeOUHeHUs U HANNABNeHHO20 closl. Buibpatvl
U ONUCAHBL 8 MAMEMAMUYECKOU (hopMe UMNYIbCHL YAPABGIAEMO20 0GUNICEHUS INeKMPOOHOl nposonoku. Hailoenvl onucanus
npoyeccos npu 0y2060M 6030€UCMEUU, A MAKICE OBUNICEHUTI C8apouHOll 6aHHbl. Tlonyuenvl Juggepenyuanvhvle ypagrenus
UMNYTLCHBIX 6030elCMEUTl HA Pe3yIbmambl C8apouHo20 npoyecca. Pewenus nonyuennuix ypagrHeruil 0CHOBbLIBAIOMCS HA NPU-
MeHeHUU ONEPAYUOHHO20 UCUUCICHUSL.

Bb1600b1 6 coomeemcmeuu co cmamvéit. Hynynvcnas nooaua 21ekmpoOHOl BPOGOIOKU C YAPAGIAEMbIMU XAPAKMepU-
cmuKkamu 0aém 603MONCHOCHIb CYUWeCMEEHHO YIVUULUMb CIMPYKIMYPY MeMAaliad wed, Ymo 6 3HAYUMENbHOl CMeneHl noGbi-
waem nPoOYHOCMb CEAPHO20 COCOUHEHUSL U HANIAGIEHHO2O0 CILOSL, A MAKICE CHUNICAIOM IHEP2eMUNeCcKUe 3ampanbl U pecypco-
nompebnenue. Texnonocus ceéapku u HANAAGKU C NPUMEHEHUEM UMNYAbCHOU NOOAYU DAeKMpPOOHOU NPOBOIOKU HAubOIee
aphexmusHa npu payuoHanbHO BelOPAHHBIX NAPAMEMPAX UMNYI6CHO20 OBUNCEHUSI NPOBOIOKU, YIMO HEGOZMONICHO be3 Mame-
Mamuyeckoeo onucanus 3mozo npoyecca. Mamemamuueckoe onucauue 8 00CMynHom O NPAKMUYECK020 NPUMeHeHUs GUoe
NPaKmMuyecKu UCKIouaen sman 00CMamoyHo ONUMeNbHbIX U 3aMPAMHbIX IKCREPUMEHMANbHBIX UCCIe008AHUT, A MAKICe NO3-
GOJIsiem NPOSHO3UPOBAMb OJcudaeMvie pe3yivmamol. /[upghepenyuansvhvle ypasHenus, onucul8alouue UMIYIbCHble 6030eli-
cmeusl, yenecoobpasHo peuant Memooami meopun agMmoMamuiecKo20 pe2yiupoSanis, 8 YacnHOCMU ¢ UCNOIb308AHUEM One-
PAYUOHHO20 UCHUCTEHUSL.

Kniouesnie cnosa: snexkmpooy2o6as ceapra u 0y206as HANIAGKA, UMNYIbCHAS NOOAYA; AHAIU3, YOPMA UMNYIbCA; GbLOOD;,
MamemMamuyeckoe onucaHue.

Puc.: 1. Bubn.: 20.

AKTYaJIbHOCTBH TeMbI HccieqoBaHust. JlyroBas cBapka W HallJaBKa C MCITOJIb30BAaHHEM
MJIABSIIIETOCS DJIEKTPOIA SIBJISIFOTCSI OTHUMU U3 OCHOBHBIX B COBPEMEHHBIX TEXHOJOTHYECKIX
mporieccax MpH CO3JaHUU HOBBIX OOBEKTOB MAITHHOCTPOCHUS, B CTPOUTEIHCTBE, PEMOHTE H
BOCCTAHOBJICHUH YK€ KCILTyaTUPYIOIIUXCS y3JIOB | jieTaneil. Bc€ aTo HaxouT nmpruMeHeHne
IpH paboTe B CaMBIX Pa3IUYHBIX YCIOBHIX, B TOM YUCJIE U B BOAHOM cpenie [ 1] mpu peasm3anuu
CBapKu MOKPBIM cIIOcOO0M. Pa3zBuTre TyroBBIX MPOIIECCOB CBAPKH U HAILIIABKH, 000PYIOBAHUS
JUTSL X pean3anuu 0a3upyeTcsl Kak Ha UCTOJIh30BaHUU BeE Ooee (P (PEeKTUBHBIX CBAPOYHBIX
MaTepHaoB, 3alIUTHHIX CPeJl, aKTUBATOPOB CBAPOYHOTO IIPOIlEcca, TaK U HA MOCTOSIHHO COBEP-
MIEHCTBYIOMEMCS 000PYA0BAaHUH M IIPUMEHSIEMBIM JIOTIOJIHATEIIBHBIM CUCTEMaM [2].
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Pa3BuBaroTcs M TOCTOSIHHO COBEPIIEHCTBYIOTCS HAIIPABJICHUS, CBSI3aHHBIE C UMITYJIbCHBIMU
U MOJYJUPOBAHHBIMH JITOPUTMaMH pabOThl CUCTEM CBApOYHOI'O 00OpYI0BaHUS, I/I€ UX BBI-
XOJHBIE XapAKTEPUCTUKU U3MEHSIOTCSA 110 3aJaHHBIM I1apaMeTpaM WM aJalTUPYIOTCs K CBa-
POYHOMY HJIM HAIlJIAaBOYHOMY IIpoIieccaM, yIydlnasi pe3yibTaTbl HX padoThl.

1o HamemMy MHEHUIO, IMEHHO UMITYJIbCHBIE BO3JCHCTBUS Ha YIIPABIEHHE CBAPOYHO-HAILIA-
BOYHBIM TPOIIECCOM MMEIOT IMUPOKHE MEPCIeKTUBBI U OyIyT pa3BUBATHCS U B JalbHEHIIIEM,
SIBJISITHCSL OCHOBOM JIJIs1 HOBBIX TEXHUKO-TEXHOJIOTHYECKUX PELICHUH, B TOM YUCJIe ¢ KOMOUHHU-
POBaHHMEM BO3JCHCTBUI OT pa3HbIX T€HEPATOPOB UMITYJIHCOB.

ITocTanoBka nmpo6Jiembl. [{enbio HacTosmel paOoTHI SABISETCS PACCMOTPEHUE W aHAIIU3
OCHOBHBIX TE€HJICHIIMI B PA3BUTUU UMITYJIbCHBIX TEXHUKH U TEXHOJOTUM CBAPKU-HAIUIABKU Ha
OCHOBE MEXaHU3Ma I0Ia4U JIEKTPOIHON IIPOBOJIOKH C OIIPEAECIICHUEM HAIIPABICHUN UX JaJlb-
HEWIIEro COBEPIICHCTBOBAHUS C ITOJyYEHUEM AaHAIMTHYECKUX BBIPAXKCHUN JUUIsL OLICHKU BIIUSI-
HHSI UMITYJIbCHBIX BO3JCHCTBUM HA XapaKTEPUCTUKU MeTajula IIBa U DHEPreTHYECKUE Iapa-
METpbl Ipollecca, KaK OCHOBHBIX COCTAaBJISIIOIIMX OOECHeYMBAIOMIMX KayecTBO U
SKOHOMHWYHOCTB IIOJIyYEHHs CBAPHBIX IIIBOB U HAIUIABJICHHBIX BAJIUKOB.

B cBs3u ¢ TeM, uTO TeopeTnueckas 0a3a 1o yNpaBICHHUIO IPOLECCOM CBapKH- HAIJIABKH C
HCIOJIb30BAHUEM COBPEMEHHBIX UCTOYHUKOB CBAPOYHOI'O TOKA C UMITYJILCHBIM BO3JAEHCTBUEM
Ha IIEPEHOC JIEKTPOJHOI0 METAJIa, B TOM YHCIIE U CHHEPreTHYECKUM YIIPABICHUEM J0CTa-
TOYHO pa3BUTa U ONKCAaHA B TEXHUYECKOU nuTeparype, Hanpumep [3; 4], B HaCTOsIIIeM Mate-
puase Mbl OyieM B OOJIbIIIEH CTENEHU yIEsTh pad0Te CUCTEM UMITYJILCHOM MOIauy 3JIEKTPO/I-
HO MPOBOJIOKH, KOTOPBIE TaK:Ke MOTYT padoTaTh B CHHEPT€TUYECKUX PEKAMAaX.

CrnenyeT OTMETUTbH, YTO OCHOBHOE Ha3HAUEHUE MMITYJIbCHON CHCTEMBI MOJIauM 3JIEKTPO-
HOW IIPOBOJIOKU 3TO OpraHu3anus yIupasisseMoro IepeHoca JIEKTPOAHOTO METAJLIa, IIPU 3TOM,
B 3aBUCHUMOCTH OT CII0CO0a YIpaBIIEHUs IEPEHOCOM MOTYT OBITh pElIeHbI CIETYIOINE OCHOB-
HBIE 3a7]a4U:

- OpraHu3anys IepeHoca JIEKTPOJIHOr0 METAJIa ¢ 3aJaHHbIMU YaCTOTHBIMU XapaKTEpH-
CTHKaMH (4acToTa, CKBAXKHOCTh) U oOecriedeHneM cTabUIbHOCTH MpoIecca;

- YIIpaBJIEHUE TEOMETPUUECKUMH IapaMeETPaMU CBAPHOTO 1IBA U HAIJIABJIEHHOI'O BaJIMKA.

- CHUOKEHHE DHEPreTUYECKUX 3aTpar, B TOM YHUCIIE 3a CUET CHUIKEHUS TEIUIOBJIOKEHUN B
IIpoIIECC;

- yIpaBJieHHUE TIporieccoM (pOpMHUPOBAHUS CTPYKTYPBI METaJIIa KHUIKO BAHHBI 32 CUET BITH-
STHUS Ha (GPOHT KPUCTAIUIN3AINH;

- BO3MOKHOCTB BEJICHUSI CBAPOYHOI'0 Y HAIIJIABOYHBIX IIPOLIECCOB C KAYECTBEHHBIM PE3YJIb-
TaTOM B IIOJIOXKEHUSAX OTIIMYHBIX OT TOPU30HTAIBHOIO;

- IOJIyYeHNE Ka4eCTBEHHBIX Pe3yJIbTaTOB CBApKU-HAIIABKH Ha 00EUX IMOJISIPHOCTSIX C HC-
MOJIb30BAaHUEM HX MOJIOKHUTETHHBIX () (DEeKTOB, B TOM uucie (OpMUPOBAHUE ITBA U HAIIJIABJICH-
HOT'O BaJlUKa, ITyOUHBI MPOIJIaBICHUS U 30HbI TEPMUYECKOTO BIIUSHHUS;

- o0ecrieueHre CHUYKEHHS JI0JIM OCHOBHOTO MeTajljla B CTPYKType HaIlJIaBJICHHOTO YIpOU-
HSIOLIETO HAIJIaBJICHHOTO CJIOS;

- peleHre mpobieM CBApKU-HAIIABKH ISl pa3HBIX METAJIOB (CTaJIA, B TOM YHCIIE HepXkKa-
BEIOINME, YyTyHa, CIUIABOB AJIFOMHUHMS) IPU UCIOJIB30BaHUU 000PYOBAHUS ¢ UMITYILCHBIMU
BBIXOJIHBIMU XapaKTEPUCTHKAMH MPH 3TOM BaKHBIA () (EKT, KOTOPHIA MOXHO 0c000 OTMe-
TUTB — 3TO BO3MOKHOCTh KaUeCTBEHHO! CBApKU 0COOOT0 BU/IA COETUHEHUI Pa3HOPOIHBIX JTyTI-
JIEKCHBIX CTaJei.

JlocTrKeHre OTMEYEHHBIX pPe3yJbTaTOB BaXXHO B CO3JAHUU ATOMHBIX SHEPIeTHYECKHUX
YCTaHOBOK, KOPITYCHBIX 3JIEMEHTOB CYJOB U APYTUX CIOKHBIX U OTBETCTBEHHBIX KOHCTPYKIUN
U COOPYKEHUI.

Ou4eBuHO, YTO MOJIHBIN BHIOOP BCEX MIPEUMYIIECTB C UCIOJIb30BAaHUEM UMITYJIbCHBIX aJlr0-
PUTMOB YIPABJICHUS JYTOBBIX MPOIECCOB OJHOBPEMEHHO JIOCTATOUHO CJIOKeH. OJHAKO psiJ
3¢ (HeKTOB OJHOBPEMEHHO MOKHO MOTYYHTh, UCTIOIB3YsI BO3MOXKHOCTH HACTPOUKHU PEKUMOB U
(hopMHpOBaHHMS TAPAMETPOB UMITYJILCHBIX BO3/JICHCTBHM.
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[Ipu 3TOM MOTyUEHHEIE, a TAK)KE OXKUaeMbIe pe3yIbTaThl OCHOBBIBAIOTCS HA JETATHHOM H3Y-
YEHUH MPOIIECCOB U Pe3yJIbTaTOB YIIPABJICHUS IEPEHOCOM JIEKTPOJHOTO METaJIa, COBPEMEHHBIX
JOCTHKCHUSIX TEXHUKH, a TAKXKe Ha TPEOOBAHUSX, PEIBSIBIIIEMBIX TEXHUYECKUM MTPOTPECCOM.

AHaJH3 NocJIeJTHUX HccaeI0BaHUi B myOaukanuii. [loydyenue TeM wim apyruM crnoco-
0aM MEJIKO3EpPHHUCTOM MePBUYHON MUKPOCTPYKTYPhI METaJIa IIIBa 3TO OCHOBHOM (akTop, Mo3-
BOJISIFOIIMM B 3HAUUTEIHHON CTENIEHU YIIyUIIUTh Ka4eCTBO IIPOIECCOB AJIEKTPOIYTOBOM CBapKU
Y HaIJIaBKH. B 9TOM ciiydae BpeaHbIe MpuMecu OoJiee paBHOMEPHO pacIpeessFoTCs 1Mo rpa-
HUIIaM TEPBUYHBIX 3€pEH, CHUXKAsl, TAKUM 00pa30M, CKJIOHHOCTh K XPYNKOMY pa3pyIIE€HUIO.
YMEHBIIHUTH pa3Mephl CTOIOYATHIX ICHIPUTOB MOKHO MOTU(DUIIMPOBAHNEM, HATIPUMED, TTYTEM
BBEJICHUS B CBAPOYHYIO BAHHY HAHOYACTHUI[ OKCHJIOB TUTaHA WJIM IUPKOHUS [S], a TakKe pery-
JTUPOBAHUEM TIPOIEcca KPUCTAIUIA3AINH, OCYIIIECTBISIEMOM TIPU MaJioM TerioBiokeHuu. [1o-
clIeJTHEE MOKHO PeaTn30BaTh, €CJIM UCIIOIb30BATh B [TOJIHOM Mepe BO3MOKHOCTU HHBEPTOPHBIX
WCTOYHUKOB MUTAHUS C CHHEPTETHUYECKUM YIIPaBIEHUEM, a TaKXKe UMITYTHCHON MOTauu dJIeK-
TPOJHON IPOBOJIOKU WIIM PA3JIMYHBIX CIIOCOOOB MEXaHMUECKUX KOJIeOaHU CBApOYHON BaHHBI,
B TOM YHUCJIE U TeX, KOTOPbIE U3YYAIOTCS HAMHU.

Crnemyer OTMETHTH, YTO BaKHOW OCOOCHHOCTHIO MPHUMEHEHHsS] MMITYJILCHBIX IPOIECCOB
CBapKH M HAIUIABKM HAHECEHHE aHTUKOPPO3UOHHBIX MOKPHITHA, B YACTHOCTHU IIPH BBHIIOJHEHUU
OrpaHUYEHUH M0 CoAePIKaHUIO O-(heppuTa, KOTOPHIA CHIKAET IIIACTUYHOCTH M TTOBBIIIAET XPYII-
KOCTh HAIUIaBJICHHOTO cJosl. IMIyJIbCHBIE allrOpUTMBI Pa0OTHI COBPEMEHHBIX HCTOUHMKOB CBa-
POYHOTO TOKA M CHCTEM I0/Ia4H AJIEKTPOTHON MPOBOJIOKH 00ECTIEUNBAIOT CHIYKEHHE TETLIOBIIO-
’KEHUS U CTETIeHU NepeMelINBaHUs HAIUIaBIsIeMOr0 MeTalllla ¢ OCHOBHBIM, a CJIe/I0BaTeIbHO, 1
coziepxkanue d-peppura, 4yTo MO3BOJISIET PE3KO COKPATUTh 00HhEM HAILIABIEHHOTO CJIOs [6].

B TexHuueckoil qurepaType paccMaTpUBAIOTCSI BOIIPOCHI, CBS3aHHbBIE C JICHIPUTHOM JIHK-
BallMell B MeTaJie CBAPHOTO IIBA WJIM HAIUIABIIEHHOTO BaJIMKa KaK BeChbMa HEXelaTeIbHOTO
SIBJICHHS [ 7], TIpH 3 TOM OTMEYEHBI CTIOCOOBI OOPHOBI ¢ HUM, BKJIIOYAs M BBEJICHHE PA3HOTO BHJIA
MEeXaHWYeCKUx KoyiebaHwii. BBenenue Takux koiebaHWll MOXKET OBITh peajr30BaHO PSIOM
CI0co00B, OCHOBHBIE U3 KOTOPBIX 3TO UMITYJIbCHAS 10/1a4a 3JIEKTPOIHON MTPOBOJIOKH, Koje0a-
HUSI CBApUBAEMOT0 WJIM HaIUIaBjsieMoro uzaenus [8; 9], BBeeHne KojieOaHUN JOMOTHUTEb-
HBIMU ycTpoiicTBamu [10].

Bonpimas gacte pe3yiapTaToB, MOTYyYaeMbIX IPH UMITYJIBCHOM Moaue K TPOTHOM TPOBO-
JIOKH cBs3aHa ¢ 0oJiee MHTEHCUBHBIMU KOJIEOAHUSIMU CBApOYHON BaHHBI, IPOU3BOJIMMBIMHU, B
TOM YHUCJI€ CUIIOBBIMH BO3CHCTBUSIMH JTyTH.

B pabote [11] Takxe paccMOTpeHBI HEKOTOPHIE BO3MOXHOCTH 3KOHOMHUH JJIEKTPOIHEPTUU
TP CBAapKE C UMITYJIbCHBIMU COCTABJISIFOIIIUME CKOPOCTH TPH Toaue dIIEKTPOAHOM MPOBOIOKU
C YUETOM TEXHUYECKHUX W TEXHOJIOTHYECKHUX 3()(YEKTOB H BO3MOYKHBIX JIOMOJTHATEIFHBIX 3aTpar.

Crnenyer yka3aTh, YTO HETIOCPECTBEHHBIE 3aMephl Pacxoia dJIEKTPOIHEPTHH Ha TIJIaBIICHHE
AIIEKTPOJHOM MTPOBOJIOKH MPH YTOBOM CBapKe CO 3HAYUTEIHHBIMH KOJIEOaHUSIMU TOKA M HAIIPSI-
JKEHHS TIPOIIECCca OCYIIECTBUTE JOCTATOUHO CIOXKHO. TpedyroTcss mpuOOphl, YUHTHIBAIOIINE U3-
MEHSIOIINICS BO BpEMEHH U 110 BEJIMUMHE XapaKTep CBAPOYHOI0 TOKA U HAIIPSKEHUSL, 0COOEHHO
BbIpakeHHBI Tipu cBapke B CO, ¢ KOPOTKUMH 3aMBIKAHUSIMU TYTOBOTO TPOMEKYTKA.

JI71st OLIeHKM SHEepreTHUeCcKUX 3aTpaT MpH Pa3IMYHBIX BUJAX MepeHoca 3JIEKTPOHOTO Me-
Tajia MpeJUI0KEeHO UCIOIh30BaTh OMpPEIeICHHE MIEKTPOIHEPTUU, KOTOPOe HEOOXOIUMO s
peanu3alyy cBapovHoro mnpoiiecca. [Ipu 3ToM yunThIBaeTCs, YTO MEXaHU3UPOBAaHHAs AyTroBas
CBapKa OCYIIECTBISIETCS OT UCTOUYHUKOB C JKECTKON BOJIbTAMIIEPHON XapaKTepucTukou. Jlims
3TOro pazpaboTaHa cUCTeMa U3MEPEHHUs, KOTOpasl MPUMEHSIIACH NIPU ONPEIEIIEHUN YIeTbHBIX
3aTpaT AJIEKTPUYECTBA B IISITH BapHAHTaX MEPEHOCA DIIEKTPOTHOTO MeTalljia IPH CBapKe B Cpejie
CO2 B ciryyasix HEBO3MYIIEHHONW M MMITYJIBCHOH MMoa4uu 3eKTpoaHoi mpoBojoku CBOSI2C
muametpom 1,2 MM. Crucrema moipoOHO paccMoTpeHa B pabote. IMetoTcst OpuruHaIbHbBIE CH-
CTEMbl U3MEPEHUS], BBIXO/IHBIM ITapaMEeTPOM KOTOPBIX SIBISIETCS KOJMYECTBO JIEKTPHYECTBA,
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3aTpayrBaeMoe Ha IpoIlecc CBapKu. XapaKTepUCTHKH epeHoca MIEKTPOJHOTO MeTallla U pac-
XOJbI AJIEKTPOIHEPTUH € YIETOM aJIEKBATHOCTH 3aTPAYeHHOT0 3JIEKTPHUYECTBA U DJIEKTPOIHEP-
T'UH NIpUBEJEHBI B Ta0. 1.
Tabmmma 1
Yoenvnvie pacxoovl snepeuu npu pasnvix xapakmepucmukax u cnocooax c6apku

C ynpasJjisieMbIMH

be3 KOPOTKHX 3aMbIKaAHU
KOPOTKMMH 3aMbIKAHUSAMHU

C ecTeCTBEHHBIMU

Cnoco6 nepeHoca VYckopeHnue B | YcKopeHue B
KOPOTKHUMHU Bennuuna Bennunna
3J1eKTPOAHOT0 MeTaJljIa HMITyJIbCE WMITyJIbCE
3aMbIKAaHUSIMH ) s NMITyJIbCa HMITyJTbCa
m/c, m/e, Toka, A, 50 | Toka, A, 100
20-30 40-60 > T
VYV nenbHbIi pacxon 3JeKTpu- 2.5-2.7 2.1-23 1.9-2,0 1.8 10 1.6

9€CTBA, q mr, A-C/MM

[Ipu uccrnenoBaHUsIX, TPOBEJECHHBIX HEKOTOPOE BpeMsl TOMY Ha3ajl, UCIIOJIb30BAJICS MOJTY-
aBTomat tuna [TI1071 ¢ MmexaHu3MOM UMITYJIbCHOW TOJjauu, 0OecIeunBalouii MexaHuye-
CKUMH YCTPONCTBAMH PETYINPYEMYIO (OPMY UMITYITHCA, TIO3BOJISIFOIIUH MOTYYUTh Pa3IHIHbIC
YCKOPEHUSI DIIEKTPOAHOM ITPOBOJIOKH U BBIOPATh U3 HUX HEOOXOMMEIE.

B kauecTBe HCTOYHMKA CBAPOYHOTO TOKA BBIOpAH MPOCTOM MO KOHCTPYKIIUU BHIIPSIMUTEb
tuna BC300 ¢ peryiaupoBaHueM HaIpsDKEHHsI XOJIOCTOTO XOJa IMEPEKIIOYEHHEM OOMOTOK
TparcopmaTopa, T.e. ¢ HCUCKaXXEHHON (hOPMOI BBIXOTHOTO HAIPSIKEHUS, TTO3BOJISIONICH HC-
KIIIOYHTh BIMSIHAE (OPMBI HAMIPSKEHUS HA TUIABJICHUE 3JIEKTPOIHOM MTPOBOJIOKH.

N3 tabn. 1 BuaHO, 9TO HA MOTPEOJICHHE YHEPIUU TIPU CBApPKE CYIIECTBEHHO BIIUSET CIIOCOO
CBAapKH: ITPU UMITYJIGCHOH I10/1a4€ 110 CPAaBHEHUIO C OOBIYHON (HEBO3MYIIIEHHOH IToaueii) moTpeo-
JIEHUE HIIEKTPOIHEPIHU CHIXKACTCS, TIPH STOM C YBEIIMYEHUEM YCKOPEHUSI JBHKEHUS! AJIEKTPOTHOM
MIPOBOJIOKH B UMITYJIbCe (PUKCHPYETCS CHUKEHHE TMOTPEOICHHS AIIEKTPOIHEPIUU. ITO YACTHUHO
MTOATBEPIKIEHO B padoTax [12; 13], Ho TpeOyeT MpoA0IDKEHHSI HCCIISIOBAHUM B 9TOM HAIPABJICHUH.

MOHO 3aKIIIOYHUTh, YTO MapaMeTpbl UMITYJICHON MOJIaui BIMSIIOT HA HOTpeOJIeHHE dHep-
TUH IIPU UMITYJILCHOM JABH)KEHUHU AJIEKTPOJIHOMN MPOBOJIOKH.

BriaesieHne Hencc/leI0BAHHBIX YacTell 00meii mpodaemMbl. COBpeMeHHbBIE CTIOCOOBI UM-
MyJIbCHOM MOJIayM XapaKTepU3YIOTCSI BOSMOXXHOCTSMHU YIIPABJICHUS YaCTOTOU, CKBAXKHOCTBIO,
a Taxke (GopMoil U Jaxke BO3MOXKHOCTHIO PEBEPCHPOBAHUSI HANPaBIeHUs JIBUXKEHUs. Takoe
pa3zHooOpa3ue BOZMOKHOCTEH yIpaBieHUsI IPeoTIpeiesisieT MOUCK MaTeMaTHIeCKOro onuca-
HUS BIMSIHUASL UMITYJILCHOM MOJauy 3JIEKTPOJIHOM MPOBOJIOKU Ha (pOpMHUpPOBaHUE (M3MEHEHUE)
XapaKTepUCTHK JYTOBOTO Ipollecca, B YaCTHOCTH TOKA MPH CBAapKe, HAIUIABKE C KOPOTKUMU
3aMBIKQaHUSIMU JTyTOBOTO IPOMEXYTKA. DTO TaK’Ke OTHOCHUTCS K H3BICKAHHIO 3aBUCUMOCTEH
BIIUSIHUSL UMITYJIbCHOM OJJauM Ha XapaKTepUCTUKU JBUKEHHS paciljlaBa CBapOYHO-HAIJIaBOY-
HOM BaHHBI, OIPEJIEIISIONIET0 BO3MOKHOCTH CHUKEHUS POCTa CTOJIOUATHIX KPUCTAIIIOB.

B nocnennee BpeMsi co3iaHa HOBasi TEXHOJIOTUS JyTOBOM CBAPKH € JJO3UPOBAHHOM Mojauei
AIIEKTPOAHOM TPOBOJIOKH, TIO3BOJISIONIAS PeIIaTh eI psi/] MpobieM, BOSHUKAIOIMUX IIPU pe-
aNM3aly MpoIecCOoB CBapKHU-HAIUIABKU IUIaBSIUMCs 3eKTposioM. [loapoOHo mpouecce onu-
caH B pabore [14]. biaronaps HoBomy Habopy nmapametrpoB B IDC um. E. O. [latona co3nana
CTaHJapTHAasl TEXHOJIOTHUS, 00ECIIeUnBaIOINasl HAJI)KHYIO, SJKOHOMUYHYIO U BBICOKOKAUeCTBEH-
HYIO CBapKy C BOCIIPOM3BOJUMBIMH pe3yJIbTaTaMU U MUHUMAJIbHO HEOOXOTUMOHN JOPaOOTKOM
cBapHbIX m3genuit. [llupokuil nuama3oH peryJivpoBaHMsI 3HAUUTEIBHO paciIupsieT 00JacTh
MPUMEHEHHsI B OTHOLICHUHU TOJIIIMHBI MaTepuaa 1o CpaBHEHHUIO C aHAJOTMYHBIMU CTaHIapT-
HBIMU HabOpaMu MapaMeTpoB.

Panee Takast yacTh paGOTHI BBIIOIHSIIACH 10 OTHOIICHUIO K BBISIBJICHUIO 3aBUCUMOCTH Xapak-
TEPUCTUK UMITYJILCHOM IOJJauM Ha TOK JYTOBOT'O IpoIiecca JUis Ipoliecca TyroBOM CBApKH IJIaBsi-
LIAMCS 3JIEKTPOJIOM B 3alUTHOM ra3e ¢ KOPOTKUMH 3aMbIKaHUSIMU JTyTOBOT'O MpoMexyTka [15].
CrnenyeT 3aMeTUTb, YTO B 3TOU paboTe paccMaTpUBAJICS, KaK TENeph OMPEeNICHO, TOJIBKO YaCTHBIN
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ClTy4ai, KOTOPBI OTHOCHJICS K BO3MOXKHOCTSIM U3BECTHBIX B TO BpEMsI MEXaHU3MOB UMITYJILCHOU
nozmaun. K HacTosmemMy BpeMeHH pa3paboTaHbl M Pean30BaHbl B KOHCTPYKIMSIX HOBBIE CHCTEMBI
MIOJIAYH AIIEKTPOAHOM IPOBOJIOKH, Oa3UpyIOIIHecs: Ha IPUMEHEHUH Oe3pelyKTOPHBIX MEXaHU3MOB
C BEHTWIBHBIMH JIEKTPOABUTATEISIMI C MAKPOITPOIIECCOPHBIM YIIPABICHUEM U PETYIHPOBAHHUEM.
Takue cucTeMbl MO3BOJIAT MOMYUUTh UMITYJIBCHOE JBMYKEHHE AIIEKTPOJHON MPOBOJIOKHU, PAKTHU-
YeCKH ¢ IFOOBIMH ITOPUTMaMH (OPMHUPOBAHNS 3aKOHOB 3TOTO JBIKCHUSL.

IHocranoBka 3agaun. [ peanusanuy BO3MOXXHOCTeH Hanbosiee 3¢ (HeKTUBHOTO UCIIOIb-
30BaHMS UMITYJIBCHBIX BO3JCHCTBHUI HAa CBAPOYHBIN MPOIECC U HETIOCPEICTBEHHO BaHHY pac-
IJTABJICHHOTO MeTajlsla HeOOXOIMMO HOJTyYeHHEe MaTeMaTHUECKOTO OMIMCAaHUs BIMSHUS XapaK-
TEPUCTUK MUMITYJIbCHOTO JIBIDKCHHS HA TOK ITpoIlecca M ABMKCHUE pacIulaBa MeTajjla BaHHBL
BnusiHue ckopocTH 1mojiaun 3J1eKTPOTHON MPOBOJIOKHM HA CBAPOYHBINM TOK MOYKHO W3ydaTh, 3a-
JlaBasi pa3IMIHbIC 3aKOHBI JBIKCHNS IIPOBOJIOKH.

H3n0:keHne ocHOBHOro Matepuana. [ pemeHus 3Toi 3anaun popmanusyeM (Gopmbl
UMITYJIECOB Mo1auu. 1Ipu 3TOM ompenennM J1Be OCHOBHBIE TPUMEHSEMbIC ()OPMBI: TIPAKTHYe-
CKU CHHYCOHUJIAJIBHYIO (MOIYJIb CHHYCA) U IPUOIMKAIOLIYIOCS K IPSIMOYTroiibHOH. Takas dop-
Mayu3anus rpaguecKy mnpejicTaBieHa Ha puc. 1.

v V“

Via Va4

< > - > >
T T T

a 0
Puc. 1. Hoeanuzuposannvle popmvl umMnyibCHOU noOayu 31eKmpooHol NPOBOIOKU. d — CUH)-
couoanvHas, 6 — NPUOTUNCEHHASL K NPAMOY20IlbHOU

MaremaTrueckue OnucaHue UMITYJIbCOB IOAAYHN 3JIEKTPOJHON IPOBOJIOKU CHHYCOMANIb-
HOM 110 MOJTyJTFO OPMBI, TIPE/ICTaBICHHBIX Ha puc. 1 OyaeT umeTh BUHI (puc. 1, a).

1) = Vl‘sin a)t‘ ©>0 (1)

rae V; — aMImuTy IHOe 3HaYe€HHEe CKOPOCTH UMITYJIBCHOM MOJauu AJIEKTPOIHOM MPOBOJIOKH;
@ — 9acToTa CIIeJIOBAaHUS UMITYJILCOB (puc. 1, 6).

nT <t<nT+rt

V.
H=g > 2
/>(1) {o, nT+r<t<(n+DT, n=1273.. @

rac V> — BenuunHa OpAMOYTOJIBHOI'O UMITYJIbCA; T T — BpeMs JEUCTBUS HUMITYJIbCa U T1ay3bI

MPSIMOYTOJIBHOTO UMITYJIbCA COOTBETCTBEHHO.

CymecTByeT psiJi clioco00B MaTEMATUYECKOTO OMMCAHUS IEPEXOHBIX MPOIIECCOB MPH pa3-
JUYHBIX BO3JAEUCTBUSIX, KOTOPBIE, KaK MPaBUJIO, 0a3UPYIOTCSI HA MAaTEMaTHYECKOM ariapaTe Teo-
pUHM aBTOMAaTHYECKOTO PEryJMpoBaHMs. AHAIU3UPYS 3TU CIOCOOBI HAMH BBIOpaH, IO HAllleMy
MHEHUIO, HanOoJiee parMOHATIBHBINA TSl TE€X 3aj1a4, KOTOPbIE OMPEIEISIOT TapaMeTphl IPU M-
MyJILCHBIX BIUSHUSX CO CTOPOHBI CUCTEMBI [T0JIa4H 3JIEKTPOIHON IPOBOJIOKH — 3TO UCIIOJIH30Ba-
HUE ONEePAIMOHHOT0 UCUHUCIICHUS, MATEMATUYECKUH anmnapaT KOTOPOro U3BECTEH U JIOCTATOYHO
LIMPOKO IPUMEHSETCS, B TOM YHCIIE, U IIPH UCCIIEJIOBAHUY ITEPEXOTHBIX ITPOIECCOB.

Jlanee paccMOTpUM MaTeMaTH4eCKOe ONMMCAHUE MPOIECCOB, TPOUCXOISIINX B O0BEKTE UC-
CJIETOBAHMS — [yTOBOM IIpOIlecce P UMITYJIbCHOM BO3JEHCTBUH CO CTOPOHBI II0JIa4H I1JIaBs-
HIeicst 3JEKTPOJHON IPOBOJIOKU U CIETIAEM 3TO B JIBYX aCHEKTaXx:
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- HaxXOXJIeHHe TOKa JIyTOBOTO IMpoIlecca B 3aBUCUMOCTH OT MapaMeTPOB UMITYJIbCOB JIBH-
’KEHUS IPOBOJIOKH, YTO SIBJSIETCS HEOOXOIUMBIM, B TOM YHCJIE H JUIS PEIICHUS 3a1a4 OIpe/ie-
JICHUSI DHEPTETHYECKUX XapaKTEPUCTHK MpoIlecca CBApKU IPU MMITYJIHLCHOM BO3JICHCTBHH CO
CTOPOHBI CHCTEMBI TIOJIAYH;

- HaxOXKJICHHE MapaMeTpOB KOoIeOaHU BaHHBI KUIKOTO METallIa, 3aBUCSIINX OT XapaKTe-
PHUCTHK MMITYJIBCOB, UTO OMpeAeNisseT XapaKTep JABMKEHUS paciljiaBa, a B UTOTE Ka4eCTBO Me-
TaJljIa ITBa MIPH UMITYJIHCHOM BO3JICHCTBHY TIPH TT0/1a4€ AJIEKTPOIHOM IPOBOJIOKH.

B mutupyemoii pabote [15] BrIBeIeHO ypaBHEHHUE, CBI3BIBAIOIIEE TOK JIyTOBOTO MpoIecca
¥ CKOPOCTH ITO/Ia4H JICKTPOTHON MTPOBOJIOKH ISl AYTOBOW CBAPKH TUIABSIIIAMCS 3JIEKTPOIOM
B 3aIIUTHOM Tra3e ¢ KOPOTKUMH 3aMbIKaHUSIMU JTYTOBOTO MPOMEXKYTKa B ONEpaTOpHOl hopme
B Bujie n3o0paxkeHus. Vicrosn3yeM ero B cieIyIoleM Bue

_E
i(p) _ (R+0,5b)
v(p) Ip*+p+k’ 3)

IJIe [, Vv — TeKyIIlue 3HAUCHMsI TOKa JIyTOBOT'O IpoIlecca U CKOPOCTH T0J[auu 3JICKTPOIHOM Mpo-
BOJIOKH COOTBETCTBEHHO; p — onepaTop JudPpepeHITnpOBaHHUS;

I AHE

= R+0.5b. R+0,5b

/i€, B CBOIO ouepeib L, R — MHIYKTUBHOCTb U SKBUBAJIECHTHOE COITPOTUBIICHUE CBAPOYHOU 1Ienu
COOTBETCTBEHHO; b — KOA(PQUIMEHT, XapaKTepU3YIOIMUil HAKIOH CTaTHYECKOH XapaKTepH-
CTUKH JIyTU K OCH TOKOB; E — HampsiKEHHOCTH DSJEKTPUYECKOrO MOJISI B CTOJIOE IyIH;

1
A= ~ H=U_(0,285-0,0052U) rtne Ui« — Hampsskenne X0MOCTOTO X0 HCTOYHHKA

Mmr” 5

ceapounoro toka, a M=Cy T —Cy T +ry, rne C, C,— TeIIOEMKOCT METAILIA IIPH TEM-
b

neparypax IUIaBJICHUS M OKPYKAIOMIEH Cpellbl COOTBETCTBEHHO; Vs, Yo — IUIOTHOCTH MeTaylIa
P TeMIiepaTypax IJIaBICHUS U OKPYXKAIOIIEH cpeibl COOTBETCTBEHHO; 7, —CKPBITAsl TEIJIOTa
wiaBnenust; 1y, To — TeMIepaTypa IUIaBJIeHUS dIIEKTPOTHOTO MeTallia M TEMIIepaTypa OKpyKa-
IOIIeH cpeJibl COOTBETCTBEHHO.

B paborte [16] moka3ano, 4To B IIpoliecce KpUCTAUTH3ANHU (B 30HE pOCTa JICHPHJIOB) TIPH-
CYTCTBYIOT YEThIPE OCHOBHBIX (DM3MUECKHX SIBJICHUS: TEIUIONepeada, pocT KPUCTAILIOB, Tiepe-
XOJ] IpAUMeECei, TBUKEHUE JKUIKOTO MeTalllla, KOTOpOe MOXHO omucath AuddepeHnraibHbpM
ypaBHeHueM. [Ipu sTom monydeno nuddepeHimanpbHoe ypaBHEHHE TUHAMUYECKOW CHCTEMBI
KpUCTAJUTN3AIIIH CBAPOYHO-HATUIABOYHOW BAaHHBI B KAHOHMYECKOM BHJIE, KOTOPOE TPH HaYalIh-
HBIX HYJIEBBIX YCIOBUSX U UCCIIEIOBAHUY BIIUSIHUS U3MEHSIFOIIUXCS BO3JICHCTBHI CHCTEMBI Ha
KPUCTAJUTM3AIIMI0 METallla, B YAaCTHOCTH HMITYJLCHON MOJA4d 3JIEKTPOTHON IPOBOJIOKH,
MOJKHO TIpe/IcTaBUTh B BUje JlammacoBa n3obpaxenus. Onupasch Ha pe3ysibTaThl UCCIIEI0Ba-
Hust [17] 1 yauThIBas M)A HACTOSINEH pabOThI 3aIUIIIEM HECKOJBKO MpeoOpa3oBaHHOE ypaB-
HEHUE, KOTOPOE CBS3BIBAECT CKOPOCTH UMITYJILCHOM MOAauH SJEKTPOIHON MPOBOJIOKHU U JBUKE-
HUE pacIlIaBIEHHOTO MeTaJlIa B ONepaTOPHOH Gopme, 0 KOTOPOMY MOYKHO CYAHTH O CTEIICHH
BITUSHUS XapaKTEPUCTUK MMITYJIbCOB HA MHTEHCUBHOCThH YKAa3aHHOTO JBUKCHWS, a, CJIeJI0Ba-
TEJBHO, HA POCT JICHAPHUIOB KPUCTAILTH3YIONIETO METa/lIa B BUIe N300pasKeHMS:

VB(P) _ bp+b1
wp) aptepte’

TAC V¢ — TCKYHICC 3HAYCHUA KoJicOaHmit CBaquHOﬁ BaHHBI COOTBETCTBCHHO

“
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b=B+C=(1—k) M o
ZO SO

TJIe B CBOIO O4epe.b ko — paBHOBECHBIN K03 pHUIIMEHT pactpeenieHus IpuMecei (IS CTad |
yriiepoaa ko = 0,46); cp — uCXoTHAsI KOHIICHTPAIHSI IIPUMECH B paciljiaBe BaHHBIL, S1, N1 — KO-
3¢ HUIIEHTHI ONTUCHIBAIOIINE COCTOSIHUE IIPUMeceil B paciiiaBe; 4 — KO3 HUIIUEHT pocTa CKO-
POCTH JIBHXKCHHS (PpOHTA KPUCTAILTU3AIMH OT TEPEOXJIXKICHUS; [0 — TPOTSHKEHHOCTH 30HBI
AKTUBHOTO POCTA JIEHAPHUIHBIX 3apoablmei So, C — COCTaB M KOHIIEHTpAIHS ITpAMeceil B 30HE

paciuiaBa akTUBHOT'O pocTa JASHIPUIHBIX 3apOoabIieit; b — , TJIe y — IJIOTHOCTh pacIliaBa;

ly
Lk, tky, k= (1-k)ByCos Ny
ci=1; ¢c= —l , T1e kn — ko3 unmeHT Macconepenaun; K,; = S , TIe
0 0
So— Ko3hHUIIUEHT IMaJIeHus TeMITepaTyphbl JIMKBUAYC B ciiaBe; Co — K03 PHUIMESHT TPHUMECH B
. _ Botuy
XuJKo ¢aze; €3 = T
0

B ypasrenun (4) Bemmunnei X, (P)u X, (P) 0603Ha9a10T BXOIHON ¥ BBIXOHOI CHT-

HaJbl COOTBETCTBEHHO. B KauecTBe BXOIHBIX CUTHAJIOB IPUMEHSIOTCS UMITYJIbCHBIE BO3JIEH-
CTBUSI, IIPEJICTaBICHHBIE HA PUC. 1, C UX MPEJCTABICHUSIMHU, TAaHHBIMU B BbIpakeHUsX (1), (2).

BaxHoii siBIsieTCsl BOBMOXKHOCTH OLIEHKH METOJaMH TEOPUU aBTOMATHUECKOIO PeryIupo-
BaHUS YCTOMYMBOCTH CUCTEM, ONUCHIBAEMBIX YpaBHEHUSIMU (3), (4) IpHU UMITYJILCHOM BO3/IEH-
CTBUU CO CTOPOHBI CUCTEMBI NTOauu AJIEKTPOIHOM MPOBOJIOKH.

OmnpeneneHbl pa3ieIbHO MAaTEMATUUECKUE ONTUCAHUS ABYX THUIIOB BXOJHBIX CUTHAJIOB JIJIs
JIBYX BUJIOB UX BJIMSIHUNA Ha CBapOuHBI mporiecc. [Ijist Toro yToOsl UMETh MOJIHbIE MaTeMaTu-
YECKHUE OMUCAHUS CUCTEM BXOJIHOM CUTHAI — Pe3yJIbTaT ero AeCcTBUs, HEOOXOAUMO UX MpUBE-
CTH K €JMHOMY BUIY. DTO MOXET ObITh IIOJHOE UCIIOIH30BAaHIE METOJ0B ONEPALIMOHHOIO HUC-
YUCJIEHUS], TOT/Ia CHUTHAIBI BXOJHBIX BO3JCHCTBUNA HEOOXOJMMO TPEJICTaBUTh B BHJIE
COOTBETCTBYIOIIUX M300pakeHuil. BTopbiM cr1ocoGoM MOKHO BOCIIOJIB30BAThHCS, MPEACTABUB
CUTHAJIbl BO3JIEUCTBHUM B yJIOOHOM JIJIsl MCCJIEIOBAHUI MaTeMaTHYECKOM OIMCAaHUHU U Olepa-
TOpPHBIC H300paKEHUS TIepeaTOYHBIX PYHKIWH (3), (4) B BHJIe ©X OPUTHHAJIOB.

BrimonmauM Bee 3TH mpeoOpa3oBaHus ISl ONpeieNieHus B JaibHeimeM Hanbonee dhdek-
TUBHOTO c110co0a MCCe0OBAHUS ITOJIyUEHHBIX U MOJTy4YaeMbIX YPaBHEHUH, UCIOIB3YsI METObI
TEOpUHU aBTOMaTH4ecKoro peryiaupoBanus [18]. [Ipu aTom, kak u3BecTHO, H300pakeHue GpyHK-
WU TIEPUOINYECKON OCIE0BATEILHOCTH UMITYJIBCOB JJISl IPUMEpA C TUTETFHOCTHIO CUTHA-
JIOB TIPUHSATHIE YCIOBHO KaK 0 U mepuoioM 7' B o0IeM BUE ¥ JJI1 BO3MOXXHOCTH BBIOOpa Xa-
PaKTEpPUCTUK UMITYJIbCHBIX BXOJHBIX BO3JICHCTBHUH BBITIAIUT CIEAYIOUIM 00pa3oM:

1-e”
o=y 5)
Hcnone3ys GpyHKIUIO XeBucaiaa
0,t<0
Pt —0)= Liss [ (6)

MOZKHO 3aIlliuCaThb, YTO UMITYJIbCHAA CTyIICHYATasd (I)YHKI_II/IH BpEMCHU tc nepuoaom T mmeet BUJI:
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A,Osrs&}

7
0,0 <t<T 7

J(t)—A—-Ag(t-9) ={
e A=cons.
Jts meproAMdecKoi MoCIeI0BaTeIbHOCTH UMITYJIBCOB C JUTATEIHEHOCTHIO CHTHAJIOB O U TTe-
puogom 1" opuruHai uzodpaxenus F(p) MOXKHO 3amUcaTh Kak:

JO)=A—Apt —0)+ Apt —T)— At —T—-O)+ At 2T — At —2T— ) +..., (8)

YunTeIBas epruoOAMIHOCTh QYHKIMA f(1) ISl aHAIM3a TOBEJCHHUS CHCTEMBI JOCTaTOYHO
paccMaTpuBaTh €€ 3HaYCHHE Ha MPOTSHKEHUHU OJTHOTO Tepuoa 7' clieloBaHus UMITYIbCOB. Ta-
KO€ YCJIOBHE OOYCIIOBIIEHO HEOOXOIMMOCTHIO TPeOOBAaHHS TEXHOJOTHUYECKOTO MPOIecca UM-
MyJIBCHON TMOJaul 3JIEKTPOJHON MPOBOJIOKH 0OECIIEUUTh B Hadaie KaKJAO0Tro IMOCIEIYIOLIero
Mepro/ia CIIeJI0BaHuUs UMITYJICOB HyJIEBbIe HaYalIbHBIC YCIOBUS pabOTHI CHCTEMBL. B TpoTHB-
HOM citydae OyJIeT HapyIIeHO TeYeHUEe CBApOYHOI0 Mpoliecca.

[Tpencrasum Beipaskerue (1) I fi(2) KCTIONB3Ys TAOMYHBIC TAHHBIC B OIIepaTopHOi hopme:

a)ctg(Q)
20

(p*+0°) €))
Bripaxxenue (2) 11t f>(¢), Ipu NCTIOIB30BAaHUM TaOIMYHBIX JaHHBIX B OTIepaTOpHOM popme
MIPUMET BU/I:

4 |sin a)t| sz

V,(1—e™™)
p(l—e™)

V,, nT<t<nT+7 f,(1)©

(10)
0, nT+r<t<(n+1)T
MoxHo 3amucath 4 ypaBHEHHs, ONHUCHIBAIOIINE B ONEPATOPHON (GopMe 3aBUCUMOCTH
MEX/1y BBIXOJHBIMHU IIapaMeTpaMU U BXOJHBIM UMITYJICHBIM BO3JIEHCTBUEM HCIOJIB3YS HOTY-
yeHHbIe ypaBHeHUs (3) u (4) B BeipaxeHusix (9) u (10)
E —
1. OGo3HaunB BenM4MHY (R +(,5h)  » NOJYYAM BBIDOKEHHE B ONEpaTOpHOH opme,

OTIpeIeTISTIoNIee TOK JYToBOTO Ipoliecca i(p) st uMmirybea 1mo (1)

a)ctg(ﬂ) H
il(p):VI 2 2&2)
(p°+0®) Tp° +p+k (1)

2. JIns mmnynbea 1o (2)
V,l-e”) H
p(l—e ") Tp* + p+k (12)

3. Jlns onpe/iesieHus BIUSHUS UMITYJIBCHOM TI0/1a4H 3JIEKTPOTHOM MPOBOJIOKY Ha JBUKECHUE
B BaHHE JKHJIKOTO METaJlIa Vi(p) MOKHO JUIsl BXOJTHOTO UMITyJibca 1o (1) 3amucarh

L(p)=

p
wcgG ) bp+h

2 2 2
(p~+07) qp tc,ptey

4. BniusitHue AecTBUS UMITYJIBCHOU MoAauu Mo (2) Ha XapakTEpUCTUKU JBUKEHUU B CBa-
POYHOM BaHHE V2(p) ONMUCKHIBAETCS CIISAYIOIMHUM 00Pa3oM:

vi(p) - v, (13)
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V,l—e") bp + b,
p(1- e_pT) C1p2 te,ptey

v,(p)= (14)

Vpasuenus (11), (12), (13), (14), npu ux pemeHnn Jar0T BO3MOXKHOCTb OIPEICTUTh Xapak-
Tep MepexXoHOr0 ToKa JUIsl TOKa AYrOBOTO Ipollecca U JBUKEHHsS B KUIKOM BaHHE OT JIBYX
TUTIOB UMITYJIbCHBIX BO3JIEUCTBUI. PellieHne 3TUX ypaBHEHUH, T. €. HAXOXKICHUE OPUTUHAIIOB
BO3MOXHO MalllMHHBIMU CIIOCO0aMU UJIH C UCIIOJIb30BAHUEM YIIPOIEHUH, KOTOPBIE JAlOT pa3-
JI0’KEHUSI B CTEIIEHHBIE PSJIbl, HarpuMep, B psa Teinopa. [Ipumensis Takue pazinokeHus ¢ He-
CKOJIBKUMH YJIEHAMH MOXHO € JOCTATOYHBIMU IO TOYHOCTH pe3yJIbTaTaMU MOJIyYUTh U300pa-
JKE€HUS BXOJHBIX CUTHAJIOB B YIPOIIEHHOM BUJIE.

Jost (11) momyuum ynpoméHHOe TPUMEHEHHUEM CTENEHHBIX psoB Teitnopa BeIpakeHne

1
g x— =P

m 3Q2w) (15)
20
Yupoménaoe BeIpakeHue i fi(1) OyaeT UMeTh BU/I:
2
20*( - 7;1’)
=V, 00
O =h— e (16)

Jost (10), paznoskeHne UMEET BU/T:

_ rt
(l_e—pt) N 1-(1-pt+ 2 )
T 3
p(l_e ) p[l—(l—pT'F pzz-)] (17)

[Tocre HECITOKHOTO TIPe0Opa30BaHUs YIIPOIMEHHOE BEIpAKEHUE JIIA f2(1) OyAeT HUMETh BUJT

2t—p
LO=N o pQr— p) (18)

VYpoméHHble MaTeMaTHUECKUE OMMCAHUSI BXOIHBIX UMITYJICOB MOTYT OBITH 10 aHAJIOTUU
c(11),(12), (13), (14) npumenens! A1t GopMUPOBAHUS yPABHEHUH, OTIPEIENISIONIUX pe3yIbTaT
BO3JICMCTBUS HA MPOIECC CBAPKHU C UMITYJIBCHON ITOJIAY€N 3IIEKTPOJHON MPOBOJIOKH C YIIPaB-
JSIEeMBIMU TTapaMeTpaMH.

PaccmoTtpum cnepyroiuii croco0 rccie0BaHus BIUSHIS UMITYJIbCHOM MOauH 3JIeKTPO/I-
HOM IMPOBOJIOKM Ha XapaKTEpUCTUKU Pe3yJIbTaTOB IYroBoro mpouecca. IIpu stom cremyer
HaWTH OOBIYHBIC BBIPAKECHUS JIJIST BXOJAHBIX CUTHAIOB (1) 1 (2) ¥ OpUTrHHAIIBI BRIpAXKEHUN JIJIs
n3o0paxenuit (3), (4).

JI71s1 BXOJTHBIX CUTHAJIOB 110 puc. 1, a, 6 HanboJee pallnOHAIBHBIN ITyTh — 3TO UX IPEICTaB-
JeHue B Buje paznoxeHus B psa Dypee. [lpu sTom anmpoxcumanust GpyHKIUH pa3IddHON
(dhopMEI 171 mMITYITbca 1o gopme (1) B oOmmem cirydae:

w 1— cosz—m

i) = Ve~7 n3>w¥“”

(19)

N3 ypaBuenus (19) Bo3pbMEM HECKOJBKO YIEHOB, YTO JOCTATOYHO JJISI TOYHOCTH HAIIHMX
UCCIIeIOBAaHMM U TIOciIe IpeoOpa3oBaHuil MOITydYuM
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2 33 2mx 3 4 7rx
R R I R o)

JIst TpsIMOYTOJIBHOTO HUT OJTM3KOTO K HeMy UMITyJibca 1Mo gopme (2) ¢ UCTIOIb30BaHuEM
o0111ero npeacTaBiIeHUS

1 2& 1 2k —
fz(t)ZVz[5+;kZ:; % sin 7735)] @1

N3 ypaBHeHus (21) BO3bMEM HECKOJBKO WIEHOB, YTO TaKXKe JOCTATOYHO JJII TOYHO HAIINX
HCCIIeIOBAaHUH U TIOCIIE TIPeoOpa30BaHUM MOTYyIUM

1 21. 1 . 3mx
() = Vz[z + ;(Esm(zﬂx) + sin E)]’ 22)

rae L — nepuo JUIMTEeIbHOCTU UMITYJIbCA.
Haiiném opuruHan Bepaxerns (3) ¢ ykasaHHOI Bbine 3ameHoit kak 15(P), ucmonssys

TabJIMYHbIE TPeoOpa30BaHUsl OPUTUHAJIOB B U300paKeHUsI U BHITIOJIHUB CIIEAYIOIIUE 3aMEHbI U
MOJICTAHOBKHU

H H
Tp2+p+k

T(p~+—+
(pTT)

g ~ g
(p+j)2+g2 P H2pj+ji+gts

le
j=r=i=y

Folte == \/T 4T2 (23)

B PE3YJIbTATC NMMPUBCIACHUS ITOJTYUYUM CICAYIOMIEC BBIPAKCHUC TSI CTAHIAPTHOTO BUJA H306pa-
KCHUA:

H___ H _H_ ¢
' +ptk o Pk T (pr v’ @4
T T

Fi(p) =

Opurunan n3o0paxkeHuss GyHKIuH F3(p) OyneT UMeTh BT
H
) =—e " sin(gr).

Hcnonp3ys mporeaypy cTaHIapTHOTO MPHBEIEHIS N300paskeHus (DYHKIMH JIJIST BRIpaXe-
Hust (4) B Buae Fi(p)

bp +b
Fi(p) = !
2 e p’ +e.p+c, (26)
BO3MOKHO ITPUITH K CTAHJAPTHOMY BBIPAKEHUIO BHJIA
p+a
P)=—F 7
A A+ b 27)

I[J'If[ HCII0JIB30BaHUA CTAHAAPTHOI'O BBIPAXKCHUS BBIIIOJIHUM ITOJCTAHOBKY
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a=-2; p= c_z__czz :
2¢, ¢ 4c (28)

[IpuBeném BCIO 1EMOUKY MpeoOpa3oBaHUi TSl MOTYUYSHHS UCXOIHOTO BBIPAKEHHs U300-
pakeHus F4(p) B onipeniesieHnn e€ opuruHaa f4(1)

pr e Gk G_o
bp+b b 2c 2¢ ¢ 4
F(p)=—abt b - - .
P HOPTG G 2y G e 6 Gy G 6
2¢," 4 T ¢, 4c 2¢," ¢ 4
(b, - )
_ b pta N 2¢, b
c, (p+a)y +b° ch  (p+a)+b* (29)
Opurunan nzobpaxenus (11) ynkmun Fa(p)
b, - ¢,b,
=2 coshrr— 25 o ginpy
! ¢, e,b (30)

Vcnonb3yst BBIBOABI [UIs OPMIHHANA MOYKHO C HEKOTOPBIM NPUOIMKEHAEM B aHAIMTHYE-
CKOM BHJI€ HAiTH M3MEHEHHMS TOKA JYTOBOIO IIpowecca i1(f) Ipy IeHCTBUH UMITYJIECOB:
o opme (1)
. 2 3 3 2m 3 4m M,
i(t) = Vil[==—(Zcos ——+=cos —)] —~€ " sin(g?),
3 2227 3 '8 3 7 grl (31)

o gopme (2)

(32)

C HEKOTOpPHIM IPUOJIMKEHUEM B aHATUTHYECKOM BH/JI€ HAWTH M3MEHEHHUsI CKOPOCTHU KOJe-
OaHUI BaHHBI JKUAKOIO MeTajlla Vi (1) IpU ACHCTBUN UMITYJIbCOB:

N 1 2.1 . 1 3w H o, .
L) = £, =V, [5 + ;(5 sm(z mx) + sin E)] o 7 sin( gt).

o opme (1)
_ab
2 33 2m 3 4m. b _ 2 .
V() VIZ - (Zcos 225 + Zcos —)] (e cosbt + ————L e " sin bt),
(VIS -5 Geos 5 +geos=0l G cb » 33)
o gopme (2)
V2(0) £u0) =Vl 42 Csin( ) +sin )
L]
b _u . —ar
e ™ cos bt + ————L ¢ " sin bt).
(cl cb ) (34)

Jiist onpeienieHus: OpUrMHaNIA OT MPOU3BEACHIS N300paXKESHH, KaK U3BECTHO, UCTIOTIB3YIOT
TEOpEeMY O CBEPTKe (YMHOXEHUH) X opuruHajioB [18]. B obmem Buge BhIpakeHUE CBEPTKH
OpUTHHAIIOB UMEET BU/I;
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KO /O =] 10 £0)d0 — F(p)F(p), -

rae f, (1), fz(f ) — (YHKIIUU BPEMEHU; F{ (p) , E( p) — ux u300paxenus no Jlamiacy, cooT-

BETCTBEHHO.
[Ipu npuMeHeHnr TeopeMbl CBEPTKHU B HAIIIEM CIIy4ae MOXHO UCIIOIb30BaTh KaK UCXO/HbBIE
onucanus. [Ipu vucnonp3oBaHUM UCXOIHBIX OMMCAHUN TTOTYYUM CBEPTKY ISl OTIpEICTICHUSI 11e-

PEXOJIHOTO TIpoIiecca o TOKY (t) mpu BozpeiicTeun 1o Trny (1) B BUzIE

H

t
(1) = sin w(t—1)le /" sin gr)dr,
l gT !' | ¢

(36)

e 0<£<7.
Haitném BIpaskeHue It CBEPTKH MIPH ONPEICICHUN TIEPEXOTHOTO MPOIecca Mo CKOPOCTH

neikennst Banusl V,(f) mpu Bosgeiicteuu o trmy (1) B BiIe

b,

t 2
: b _ ar
v (1) = Vlﬂsmco(t—r)‘ —Le™ cosbr+ie “sinbr |dr,
0 ¢ cb (37)

e 0<t<1.
3aMeTHM, YTO BRIpAXKEHHE JUISI BXOJHOTO CHTHAA 1o opMe (2) MOKHO 3aIicaTh B BUC

ft)=A—Apt—0). (38)

CBEpTKA IS OIPEIENICHHS IEPEXOIHOTO IPOIECca 1o TOKY AYTOBOro mporecca by (f ) npu
BO3/IeiicTBUU 1O TUILY (2) B BUJIE

ViH

gl

i,(t) = j[A—Ago(t—r)]e’” sin g7)dr,

(39)
e 0<?t<T.
HaiiyiéM BEIpaXkeHHe ISl CBEPTKHU MPH OIPEJIEIEHHH TIEPEXO0 JHOTO MPOIecca Mo CKOPOCTH

JIBIKEHUSI BaHHBI V, (f ) MIpU BO3/ICHCTBHM 110 TUTTY (2) B BUJE

_Gb

2

‘ b 2c
vw(O)=|[A-—Ap(t—17)]| Lte “cosbr+——L e sinbr |dr.
,(0) y o= v w0)

Nurerpaisl Beipaxkenuit (37), (39), (40) MoxxHO Ipy HEOOXOJIMMOCTH M MHTEpece K JlaH-
HOMY UCCJIEJJOBAaHUIO BBIUYUCIIUTD, UCIIOJIB3YsI COOTBETCTBYIOIUE KATbKYJIISTOPHI.

Crnemyer OTMETUTD, YTO UMITYJIbCHBIE MTPOIIECCHI CBAPKHU U HAILIABKU MOTYT OBITh UCIOJIb-
30BaHbI HE TOJIKO MPU CBApKE M HAIUIABKE B CPeJie 3alllUTHBIX ra30B, HO U MPU IPUMEHEHUN
MOPOIIKOBBIX AJIEKTPOJIHBIX IIPOBOJIOK, & TAKXKE B JAPYTUX CIIOCOOaX JYroBOM CBApKU, HAIPH-
Mmep [19; 20].
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PaccmoTpenHble Ba crioco6a pemeHus 3a1a4n Onpe/esieHus 3aBUCMOCTEN TOKa TyTOBOTr0
Tporiecca 1 KoJieOaHWi CBapOYHOI BaHHBI OT HaHOOJIee TPUMEHUMBIX (DOPM HMITYJIBCHOM T10-
JIaYM AJIEKTPOTHON MPOBOJIOKU JOCTATOYHO TOYHBI JIJIsI aHAIIM3a UCCIIEyEeMbIX UMITYJILCHBIX
IIPOIIECCOB M PE3YJIHTATOB UX JCHCTBHS.

BbIBOBI B COOTBETCTBHH €O CTATHEI.

MMty ThCHBIE METOIBI BO3JIEHCTBHS Ha ITPOIIECCHI yTOBOM CBAPKH M HAIUIABKH IUIABSIIIAMCS
AIIEKTPOJIOM OKa3bIBAIOT 3HAYMTEIbHBIE A(P(EKTH Ha TEXHOIOTHYECKUE PE3YJIbTAThI, CIIOCO0-
CTBYsS 00pa30BaHMIO HamOoJee KAYeCTBEHHBIX CTPYKTYp KaK HAIUIABICHHOTO MeTajula, TaK U
OKOJIOIIOBHOM 30HBI, @ TAK)KE CYIIECTBEHHO BIIUSIIOT HA CHIDKEHHE SHEPreTUYECKHX 3aTpar, Mpu
ATOM 3HAYHUTENBHBIX PE3YJIHTATOB MOKHO JOCTHYb, UCIIOJIB3YSI HMITYJILCHBIE aJlTOPATMBI (PyHK-
IIMOHUPOBAHUSI CHCTEM ITOJIaYH C YIPABJISIEMBIMH MapaMeTpaMu.

3BecTHBIE pe3yIbTaThl BO3ICHCTBHUS HA Pa3IMYHbIE XapaKTEPUCTHKH JyTOBOTO Iporecca
UMITYJILCHBIX CITOCOOOB MOJaYH AJIEKTPOTHOM MTPOBOJIOKU HE MOTYT OBITh TAKOBBIMHU, KOTOPBIE
B ITOJTHOI Mepe OMHCHIBAIOT MCCIIeAyeMble SIBICHUS 0 TOKY U KojieOaHWH BaHHBI, TaK KaK HE
MO3BOJISIIOT 3apaHee yCTaHABIMBATh MapaMeTphl HMITYJIBCHOTO JABHXKCHUS DIIEKTpoJIa 0e3 IKC-
NePUMEHTAIBHBIX paldoT, Clle0BaTEIbHO, HEOOXOIUMBI MAaTEMAaTHYECKUE ONMCAHUS OXKHUJIae-
MBIX PE3YJIFTaTOB OT 337aBaCMbIX BAPHAHTOB UMITYJIHCOB.

Haubonee >¢¢pexTuBHBIMU cIIOCOOAMH MaTEMAaTUYECKOTO ONMUCAHMS BO3ACHCTBII UMITYJIbC-
HOI TOa"M 3MIEKTPOHON MPOBOJIOKH SIBIISTFOTCSI CHOCOOBI, HCIIOJIb3YEMbIE B MATEMATHIECKOM all-
napare TEOpHU aBTOMATHYECKOTO PETYIMPOBAHMSL, B YACTHOCTH ONIEPAIIOHHOTO UCYHCIICHUSI, TIPH
3TOM OCHOBOH TaKOTO UCCIIEIOBAHUSI SIBJISTIOTCS] ONMCAHMS HCCIIEAYEMbIX ()parMeHTOB TEXHOJIOTH-
YeCKOT0 MpOoIiecca C UX Mpe/ICTaBIeHUEM B BUJIE YPaBHEHHIA ONIEPAIIMOHHOTO NCUUCIICHHSL, a TAKXKE
onwcaHust popMaTN30BaHHBIX UMITYJIECOB HanOoJIee MPIMEHSIEMBIX (OpM.

[ToxydeHHbIe pe3ynbTaThl B BHJIE KaK MPHOIMKEHHBIX, TAK H TOYHBIX YPaBHEHHM, ONTMCHI-
BAIOIINX HCCIIETyeMble BO3ICHCTBHS C MEHBIIEH U OOJbIIeil TPYAOEMKOCTHIO IPIMEHEHUS, C
JIOCTaTOYHOM TOYHOCTBIO JIJISI BRIOOPA MapaMeTpOB UMITYJIbCHBIX BO3JCUCTBHIA JUIS OICHKH W
IPOTHO3WPOBAHMS OMHCHIBAIOT HEOOXOAUMBIE [UIS TTIOJTyYeHHUSI KaUeCTBEHHOTO pe3ysbTaTa Kak
10 COCTaBy MeTaJla IIBa, TaK U 0 SHEProcOepeKEeHHUIO.
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USE OF CONTROLLED PARAMETERS OF ELECTRODE WIRE SUPPLY
AND THE POOL VIBRATION AS DYNAMIC SYSTEMS FOR IMPROVING
THE ARC WELDING AND SURFACING PROCESSES

Urgency of the research. Arc welding and surfacing with the use of pulse feed of electrode wire and mechanical vibrations
of the weld pool are effective means of significantly improving the quality of the results of technological processes performed by
mechanized or automatic equipment. For a rational choice of the parameters of pulse feed and oscillations of the weld pool, it is
necessary to develop a mathematical description of the results of the application of these welding and surfacing technologies.

Target setting. To create methods for choosing the parameters of the pulse feed of the electrode wire and oscillations of
the welding pool, it is necessary to select the most characteristic and applicable forms of influences, find ways of their mathe-
matical description and methods for solving equations describing the results of their actions on the technological process.

Actual scientific researches and issues analysis. The most used technical and technological methods of influencing the
quality indicators of the weld and deposited layer, including the strength, is the mechanical and / or thermal effect on the weld
pool. Recently, methods such as the periodic effect of a magnetic field on the melt of the weld pool, pulsed modes of welding
and surfacing based on specified algorithms for controlling the operation of equipment (welding current sources, electrode
wire feeders), the use of additional alloying of the deposited metal have been widely applied as well as combined methods.

Uninvestigated parts of general matters defining. Despite significant progress in the creation of new types of equipment
Jfor welding and surfacing with pulse algorithms of functioning, in particular, feed mechanisms with controlled motion param-
eters, there are still few studies devoted to the mathematical description of the effect of pulses of various shapes on the welding
and surfacing processes.

The research objective. To analyze the factors affecting the structure of the weld metal and the deposited layer in order
to improve the quality of the results of surfacing welding processes, to identify the applied forms of impulse effects, to determine
the mathematical descriptions of impulses, descriptions of dynamic processes in welding, taking into account the movements
of the weld pool. Find ways to solve the resulting differential equations.

The statement of basic materials. The results of pulsed impacts on the weld metal structure are shown, which provide a
significant improvement in the mechanical properties of the welded joint and the deposited layer. Pulses of the controlled
motion of the electrode wire are selected and described in mathematical form. The descriptions of the processes under arc
action, as well as the movements of the weld pool are found. Differential equations of impulse effects on the results of the
welding process are obtained. The solutions of the obtained equations are based on the application of operational calculus.

Conclusions in accordance with the article. Pulse feeding of electrode wire with controlled characteristics makes it
possible to significantly improve the structure of the weld metal, which significantly increases the strength of the welded joint
and deposited layer, and also reduces energy costs and resource consumption. The technology of welding and surfacing with
the use of a pulse feed of an electrode wire is most effective with rationally selected parameters of the pulse movement of the
wire, which is impossible without a mathematical description of this process. The mathematical description in a form accessible
for practical application practically excludes the stage of rather lengthy and costly experimental research, and also allows
predicting the expected results. Differential equations describing impulse influences, it is advisable to solve the methods of the
theory of automatic control, in particular, using operational calculus.

Keywords: electric arc welding and arc surfacing; impulse feed; analysis; pulse shape; choice; mathematical description.
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