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MO/JEJIMPOBAHUE ITPOLIECCA ITEPEHOCA
DJIEKTPOAHOI'O METAJIJTIA
[TP11 CBAPKE C KOPOTKNUMUA 3AMBIKAHUAMUN

0. b. TEUKHH, umx. (HIII «Texunorpon», r. Yebokcapsl, PD),
B. A. EPO®EEB, xaun. texu. Hayk (Tymbckuii roc. yH-t, P®), C. U. IOJIOCKOB, 1-p TexH. HayK
(HYLI «Capka u koHTpoib» npu MI'TY um. H. D. Baymana, r. Mocksa, P®D)

PaccmoTtpena ¢usnko-mMaTeMaTudeckasi MOJEIb SBICHUH KaIUlellepeHoca MpH CBapKe INIaBSIIAMCS 3IeKTPOIOM ¢ KOPOTKIMU
3aMBIKaHUSIMH JyTOBOTO NMPOMEXYTKA, YUHTHIBAIOIIAS YCIOBHs MEPEHOCA 3IEKTPOAHOTO METaliaa U B3aUMOJCHCTBHSA TyTU
C IEKTPUYECKUMHU MapaMeTpaMH UCTOYHMKA NMUTaHUsA. KoMIbproTepHas IporpaMma, peaausylollas 4YHCIEHHOE pelIeHHe
YPaBHEHHH MOJEIH, MO3BOJISET HCCIEI0BATh SIBICHHS IIPU CBapKe X 0OOCHOBAHHO OMPENETATh HE TONBKO TEXHOJIOTHIECKHE
rmapaMeTphl Tpolecca, HO M TEXHOJOTHUECKHE TpeOOBaHMsA K KOHCTPYMPOBAHHIO PA3IMYHBIX BHUAOB OOOPYHOBAaHMS IS

CBapKH IIaBAMIUMCS 3JICKTPOAOM.

Knioueevie cnoea: oyzosas ceapka, niagawutica dnexm-
PoO, 3awumnblil 2a3, AGIEHUs KANAenepeHocd, GUpmyanbHulll
npoyecc, UCMOYHUK NUManus, oyed, 0y2080t NPOMeNCYmoK, Ko-
POMKUE 3aMbIKAHUA, PUIUKO-MAMEMAMUYECKAs MOOelb, Ypas-
JsleMblil Kanjienepesoc

[Tpu BBITIOTHEHNT HEMTOBOPOTHBIX CTHIKOB CYIIIECTBYIOT
OOBEKTHBHBIE TPOOJIEMbI OOECIIeUeHHs YCTOHYHUBOTO
MepeHoca Karelb JIEKTPOJHOTO METAILIA B CBAPOYHYIO
BaHHy. Hamnbosee 3¢ ¢heKkTHBHO 3TOT TIEpeHOC obecTe-
YUBACTCS TIPU CBApKE C KOPOTKMMH 3ambikaHusiMu (K3)
JYTOBOTO TIPOMEXKYTKA ¥ JIOTIOTHUTENTHHBIMU BO3JIEHC-
TBUSAMH Ha KallIIO IIPW ee Tepexole B BaHHY. Emie B
1960-1970-x romax pa3paboTaHbl pa3IuyYHbIC BapHUaH-
ThI TaKMX BO3ICHUCTBUI HA KaIUIH AJIEKTPOIAHOTO Me-
tama [1-3], ogHako sddexTHBHAS peanu3aius mpes-
JIOKEHHBIX ~ CIIOCOOOB CBapKd C  YIPaBISIEMBbIM
karteriepeHocoM (YKIT) anekrpoaHoro meramwia crana
BO3MOXKHOH TOJBKO B cepemune 1990-x romos [4, 5]
Onaronapst pa3BUTHIO MHKPOIIPOLIECCOPHON TEXHUKH U
CO3/IaHHIO MOIIHBIX TPAH3UCTOPHBIX KITFouei [6], mos-
BOJISFOIIUX OCYIIECTBIISATH OBICTPYIO KOMMYTAIHIO CBa-
POYHOTO TOKA II0 CIIOKHOMY aITOPUTMY YIPaBJICHHSI.

Jlo ceromgHs MHOTHE BOMPOCHI MPAKTHYECKOH pe-
anmuzannu YKII u BeIpabOTKH TEXHOJIOTHYECKUX Tpe-
OOBaHMIA K CBapOYHOMY OOOPYIOBaHHIO OCTAIOTCS
HEIOCTAaTOYHO M3YYEHHBIMH. JTO CBSA3aHO C T€M, UTO
JUTSE U3ydeHHs] OBICTPONPOTEKAOINX MTPOIECCOB MPH
JIYTOBOW CBapKe IJIaBSIIIUMCS 3JICKTPOIOM JKCIEpH-
MEHTAIBHBIMH METOJaMH HEOOXOJWMBI 3HAYUTEIb-
HBbIE MaTepUalbHbBIC 3aTPaThl HA MPOBEACHUE UCCIIe-
IOBaHUH, a cama 00paboTKa pe3yibTaTOB DKCIIEPH-
MEHTOB XapaKTepHU3YyeTcs BHICOKOH TPYAOEMKOCTHIO.
[MosToMy Haumbonee 3(P(GEKTHBHBIM METOAOM IOIY-
YeHUs HeOOXOIMMBIX KOJHMYECTBEHHBIX XapaKTepuc-
Tuk nporecca ¢ YKII sBisieTcst MmofenupoBaHue yka-
3aHHBIX BO3JIEHCTBUM M TIPUEMOB CBapkH. [Ipu 3Tom
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N0/ MOJEIMPOBAHHEM KaKoro-mmbo oOwvekTa (cHc-
TEMBI, TIPOIIECCa, SIBJICHUS) OOBIYHO MOHMMAETCS BOC-
MIPOM3BEICHHUE U UCCIIEIOBAHUE APYTOT0 OOBEKTA, I0-
JOOHOTO OpPWUTHHANY, C MOCIEIYIOIMNM MEPEHOCOM
MONly4YeHHBIX ~ PE3yNbTAaTOB HA  MOAEITUPYEMBIi
00bekT. [Ipn 5TOM MOAeIHpoBaHHE AOIKHO YUHUTHI-
BaTh KaK ()M3WYECKHE SBJICHUS TPH CBapKe, TaK U
MaTeMaTH4YecKhe 3aBHCHUMOCTH IPHU WX ONMHCAHHU.

Lenpro paboOTHI SBISIIOCH M3YUYEHHE aJITOPHUTMOB
yIpaBICHUS U OINpPECICHUE MapaMeTpOB CBapKH C
VYKII 351eKTpoAHOr0 MeTajia Ha OCHOBE MOJEIHMPO-
BaHUs sBJeHUI B ¢azax K3, mmaBienus smekrpona
u (HOpMUPOBAHMS KaILIH.

PabGoTrami MHOTHX aBTOPOB, MPEICTABICHHBIMHU B
0630pe [7], paspaboTaH «HeaNbHBIN» UK CBAPKU
¢ YK3, B koTOpOM OTAENBHBIE (a3bl IUKIA YIIPaB-
JSIOTCS 10 COOCTBEHHOMY anroputmy (puc. 1). Ber-
JIETICHbl CIEAYIOIINE CTaJid MHUKPOLMKIA TMepeHoca
KaIUIM 3JIEKTPOHOTO METajlla 4epe3 AyTroBOM Mpome-
KYTOK: 1, — IUIaBIEHHUE NEKTPOaA U (OPMUPOBAHHE
Karwm; 1, — ycriokoenue karm; t; — K3 1 Havano

Puc. 1. OctmmnorpaMMa Toka U HaIpsDKEHUS TyTH IPH UMITYITb-
CHO#t nyroBoii cBapke ¢ K3 (00603HaueHHs CM. B TEKCTE)
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nepeTeKkanns Kar B BaHHY; f, — OKOHYaHue rie-
peTekanus; t; — pasphiB NEPEMBIUKH PACILIABA MEXKITY
2JICKTPOIOM M BaHHOHW M Bo30OykaeHue mayru. Cramuu
t;, t, obpasyror dasy ropenus ayru t,, a t;—t; — dasy
K3 nponomkurenbHOCThIO .

[Ipobnemoii siBisieTCs onpeaeeHue MOMEHTOB 3a-
BEpIICHUST KAXKJOH M3 IepedyrciIeHHbIX (a3 B xoxe
cBapo4yHOro mpouecca. Hanbonee NOCTYHNHBIMH 3K-
CIEPUMEHTAJIbHBIMU ITapaMeTpaMH Mpolecca SBIIs-
FOTCSI U3MeEpsIeMbIE IIPY IEPEHOCE KAIlIu B BAHHY 3Ha-
YECHUSl TOKA M HANpsDKEHHUS OYTH.

JimatenbHocTh cramuu ) u Tok |, onpenensior
pasMep Kaiuii, B IpocTeiiieM ciydae MX 3a/JaloT B
3aBUCHMOCTH OT JIMAMETPa U CKOPOCTH MOJauH dJIeK-
tpona. Momenr 3aBepiuenus (asel t, nerko dukcu-
pyeTcs YMEHBIICHUEM HaIPSDKEHUST TyTH HIKE CyM-
MBI QHOAHOTO W KAaTOAHOTO NaJeHWH HaNpssKeHMS
nyru. Hambonee clIOKHBIM SIBISCTCS OMpeJielieHHE
MOMEHTa OKOHYAHUS CTajInH {5, TaK Kak B 9TOM MHK-
POLIMKIIE CYIIECTBYIOT ABE IIEPEMBIUKHU, OJHA B 30HE
KOHTaKTa KallUlsi—BaHHA, BTOpas B 30HE KarlIs—TIpo-
BoJsioka. [lonararor [8], uto 3a Hawano cragum t, MOX-
HO TIPUHATH MOMEHT, C KOTOPOTO CONPOTHBIICHUE Jy-
TOBOTO INPOMEXKYTKa (WM HampsHKeHHe) HaunHaeT
BO3PAcTaTh, OMHAKO M3MEHEHHEM KaKOH W3 TMepeMbl-
YeK 3TO 00YCIIOBICHO HeoUeBUAHO. Eme Ooee ciiox-
HBIM SIBIISIETCS ONpEAEJICHUE MOMEHTa OKOHYaHHMs
crajuu t,, T. €. MOMEHTa IOJauu MMITyJibca ToKa |
JUIsl yCKOpeHus nepeHoca karu. [IpuznakoM Havana
paspbiBa MEPEMBIYKH B 30HE KaIUII—IPOBOJIOKA SIB-
nsiercsi OBICTPOE YBEJIMYEHHUE CONPOTUBICHUS Iyro-
BOr0 nmpoMexyTKa (rin Hanpspkenust Boie 8...10 B).
Onucannsie craguu YKII peanusyrorcs mo paszinud-
HBIM aNropuTMam yrpasieHus [9], B Tom uucie co
cTabmIn3anye Toka WIH HampspDKeHUS B ¢ase dop-
MHUPOBaHUS Kalllk, C Mojavyedl u 0e3 mojadyd MM-
mynsca Toka B (aze K3 oT ormenbsHOro mim OCHOB-
HOT'O MCTOYHHKA.

B nanHO# paboTe BBITIOIHEH CPaBHUTEIBHBIN aHa-
JIM3 ONMCAHHBIX BBIIIE BAPHAHTOB YIIPABJICHUS HA OC-
HOBE MOJICIIMPOBAHHUS MPOUCXOISIIUX TIPH 3TOM (PH-
3UYECKUX IPOILIECCOB.

Du3nKo-MaTeMaTH4YecKasi Mojedb. B 0OCHOBY
MOJIEIH [IOJI0KEHBI YPABHEHHS, OIIMCHIBAOLINE TJ1aB-
JIeHHE 3JIEKTPOAHON MPOBOJIOKH JYTOH € y4eTOoM Har-
peBa BoiteTa snekrpoaa [10, 11]. TnaBHbIM OTIHYHEM
CO3JJAaHHOW MOJIENIU SIBJISAETCSI BO3MOKHOCTH HATrJIsII-
HOT'O BOCIIPOW3BEACHUS U CPaBHUTENBHBIA aHAIN3
Pa3INYHBIX AITOPUTMOB HMILYJIbCHOTO YIpPaBJICHUS
nepeHocoM kanens npu K3 gyroBoro mpomexyTka.

Onexmpuueckue npoyeccel. Ilpu onucanuu smex-
TPUYECKHUX MPOLECCOB YYUTHIBAIN HHAYKTHBHOCTS L,
aKTHBHOE CONMpPOTHBIeHNE R MCTOYHWKA ¥ IENH Iu-
TaHUS IyTH, a TaKKe CONPOTUBIICHUE BBUIETA 3JIEK-
tpomHoit mposonoku R(T).

Tox myru |, onpenensiy 1o ee BOJIbT-aMIIEPHON
xapakrepuctuke (BAX) ¢ ydeTom 3aBUCMMOCTH Harl-
psokenust ayru U, u ee jmnbl |
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a
roe U . — CyMMa aHOIHOTO M KaTOJHOTO MajCHHs
HanpsbkeHuid Ha ayre; grad U — rpaaueHT moTeH-

nuajga B CTONIOE OyTH; |K — 3HAYCHHUE TOKa, IMPHU
KOTOpOM HampsbkeHue ayru MUHUManbHO (Tok K3).

ConpoTHBIIEHHE BBUIETA JICKTPOJA OIPEICIIIH
[0 PACHPECICHUIO TEMIEPAaTyphl B BBUICTE

|

4 e
=— T.(2))dz,
R(T) =~ df{p,; (2)dz o

rae d; — JuaMeTp 3JeKTPOIHOM TpoBonoku; |, —
JUTMHA BbIJIETa DJIEKTPOIHON MMPOBOJIOKH OT TOPIIA TO-
KOMOJIBOAISIET0 MYHIITYKa 10 AyrH; p(T) — 3a-
BUCUMOCTL YACJIBHOI'O COIPOTHUBJIICHUA MaTCpuaia
3IIEKTPOJa OT €ro TeMIEparypsl T, Z — opauHaTa
OCEBOTO TIEPEMENIEHHUs JIEKTPOIHOM TPOBOJIOKH H
Karmjin B BaHHY.

Temmneparypa MeTaula B BbUIETE OINpPEAEIAETCS
C YUCTOM HM3MCHCHUA TOKa AYI'M BO BPEMCHU

t

16 2
T=—o5 | p M)k,
f 2\2 e f'a
Cp(nd)” ~ 3)
re T=I|/V; — BpeMs NepeMelieHus MeTauia oT

TOKOMOIBOASIIETO HAKOHEYHHKA Ha paccrosHue | e
OT €ro Topla; p — IUIOTHOCTh MaTepuaia 3JIeKTpo/a;
C — yJenbHas TEIJIOEMKOCThb; I — BpeMs LHUKIa
MepeHoca OJTHOM KaIllu 3JEKTPOAHOTO MeTalljia, coc-
TOSLLIEE U3 MUKPOLHKIOB ta+ tK.

DNEKTPUYECKUE MPOIECCHl B IEMH MUTAHUS AYTH
ONHUCaHbl ypaBHEHHUEM, KOTOPOE CBS3bIBAET TOK HU
HaNpsHKEHUE B UCTOYHUKE C DHEPreTUYECKUMHU Ta-
paMeTpaMH AYTH IO YCJIOBUSIM KOMMYTAIlUU

t
|a:%.|'(UX.X_UK—Rmax(I", 1)dt, @
0

rae U — 3a/laHHOe HanpsKEeHHe XOJOCTOro Xoja
UCTOYHUKA, UK — HampspkeHne Kioda K; |6 — 3a-
JIaHHBIHA 0a30BBIH TOK.

HaHpH)KCHI/Ie Ha KJIKHYEC HU3MCHACTCA B TCUCHHUC
Kaxmoi cramun (MHKPOLMK/IA) MEpeHoca Kalulk B
BAHHY

Omnpu te (t2, t3)utet5,
K" 5
U mputet Utet, ©

Hanpsokenue Ha TyroBoM MPOMEXYTKe B (hasze ro-
penus ayru onpenensercs ee BAX, a B paze K3 —
MaJIcHUEeM HAIpPSHKCHUS HA BBUICTE 3JICKTPOJa U B
NEpEMbIUYKaX 30H KalUIA—BaHHA W KarlIa—IIpOBOJIOKaA.
OOuiee compoTuBiieHne nepemMbIuek R paccunThiBa-
€TCA B COOTBCTCTBHUU C HU3MCHCHHEM (bOpMI)I Karujin
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¥ OTTMCHIBACTCS KK QYHKIMSA KOOPJUHATEI Z 1IEHTpa
TSKECTU KaIlIH

D
“d(D-2Z)(D+d,—-6Z)’ (6)

R~p

i€ p, — YJAEIbHOE CONPOTHBIICHUE paciuiaBa; D —
TEKYIIUHA JAHaMeTp Karuiu.

IInasnenue npogonoku u opmuposanue Kaniu.
Pasmep karum omnpenensieTcss CKOPOCTBIO TIIaBICHUS
JIEKTPO/IHOTO METAJIA Vi, 3aBUCSIIEH OT TEIIoIe-
pemaun nyrH K karwie. [Ipu aToM TermmoBast MOIITHOCTh
JyTd yBEJIMYHUBAET CPEOHIOI0 TEMIIEPATYpPY KaIllellb
CO CKOPOCTBIO, paBHOMU

2

nd;
ar Ul g (T=T)
Tdt T D° ’ v
@76
rae A — TEeIUIONPOBOAHOCTh METaIa JJIEKTPOa;

T, — rtemneparypa miasienus; T — TeKyuas cpel-
HSAS TeMIlepaTypa Kariid.

OOHOBPEMEHHO B 30HE KaIUIA—AJIEKTPOAHAs MpO-
BOJIOKAa BO3HHMKAET TEIUIOBOW MOTOK MOIIHOCTHIO

22

P, =ndf 5 (T,~T). -
DTOT TEMIOBOW MOTOK BEI3LIBAET JOIIOJTHUTECIIb-

HOE TUIABJICHUE DJICKTPOIHON MPOBOJOKM C Hapac-

TaHHEM TEKyIIEro oObema Karmm V. CO CKOPOCThHIO

v, P,

b S B .

dt  cp(T -T)+H, ©)
rac HL —_— y):[eJ'IBHaSI TCIJIOTA IIJIABJICHUA.

Texymmii auaMeTp Kaili ONpeIeNseTcs ee

00BEMOM
\j—V .

TT K

o= (10

Dopmuposanue 0y206020 npomexcymka. JmuHy
JlyrOBOTO MPOMEXYTKa |, Onpeensnm 1o MUHUMAb-
HOMY PacCTOAHHIO MEXKIY MOBEPXHOCTSIMHU CBapoOy-
HOM BaHHBI U KaIlJId Ha 3JIeKTpojie. Tak Kak mapameTp
|, 3aBHCHT OT CKOPOCTH TI0/IauH JIEKTPOJIA Vs U JIHa-

a
METpa D Karjiyi, TO BEPHO COOTHOIICHUEC

d. dD

ot Tt v (11)

Ilepenoc kannu. JANMUTEIBHOCTD CTaAUU t1 MHK-
pOLMKIIA MEpPeHOca KaIllu 3ajaercs, a t, onpenens-
€TCs TI0 3HAYCHHIO JUTMHBI AYTH, KOTOPOES B MOMEHT
K3 paBHO HymI0 U ompenenseTcss pacroioKeHUEeM
IIEHTpa TSHKECTH KaIutd. PacmmooeHue 1eHTpa Mace
Karym Z_ 3aBUCHT OT €€ (OPMBbI U ONpEIENIeTCs
ypaBHECHHUEM
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a? F_+F+mg’ (12)
rae szénDsp — wmacca xamm; F_ o =
= nDo(1-Z /Z,) — cuna NOBEPXHOCTHOTO HATs-
Kenus; F ~ k|2D ZK/ Zl—l — aKcHuajbHas COCTaB-

JSFOIIAsT SJICKTPOMArHUTHOW CHWIIBI, HalpaBJICHHE W
3HAUCHUE KOTOPOH 3aBUCHT OT (YOPMBI KaIlld U KpH-
BU3HBI MOBEPXHOCTH BaHHBI MPU UX CIUSHHU.

CoBMECTHOE pEIlIEHHEe CHUCTEMbl YpaBHEHUI
(2)...(12) no3BoNSET BUPTYaAIBLHO BOCIPOU3BECTH IIe-
pPEHOC Karlellb paciulaBa ¢ 3JEeKTpoJa B BaHHY IpH
K3. Jns uncnenHoro perienus ypasuenus (1)...(12)
npeoOpa3oBaHbl B CUCTEMY OOBIKHOBEHHBIX Iudde-
PEHIMAIBHBIX ypaBHEHHMH MEpPBOTrO MOpsAKA, paspe-
HICHHBIX OTHOCHTENIFHO MPOM3BOJHBIX. Pemenne
BCEX ypaBHEHHH 3TOH CHCTEMBbI BBIIONHSIOCH B 00-
meM LuKIe BpeMeHH ¢ marom Menee dt = 107 c,
9TO TIO3BOJIMIIO JAETATBHO BOCIIPOM3BECTH OBICTpOTE-
KyILKE MPOLECCH MPH MEPEeHOCe KAIUIH C AIEKTPoaa
B CBapOYHYIO BaHHY, OT MEPBOHAYAIHHOTO KaCAHUS
ANIEKTPO/Ia M3JENUs 10 JOCTYIKCHUS YCTaHOBHBIIIE-
TOCsl COCTOSIHUSI.

Pe3yasTaThel MoneaupoBanusi. MoaenupoBaHue
BBINOJIHEHO JuIs ciTy4das ceapku B CO, npoBosokoi
mrameTpoM 1,2 MM 1 ckopoctu ee mogaun 120 mm/c
Ipy TNUTaHUM OT HCTOYHHMKA C HakJIoHOM BAX
0,08 B/A ¢ WHAYKTMBHOCTBIO CBapOYHON IIEMH
4 MI'H, 94TO COOTBETCTBYET MapaMeTpaM YCTaHOBKU
YACT-1 nns aBTOMaTuyeckoid opOUTANbHOM CBapKU
MarucTpajibHbIX TpybompoBonoB [12]. Ono mo3BO-
JIUJIO OTIPENICNUTh U3MEHEHHE ITapaMeTpoB Tpoliecca
nepeHoca Kamii B BaHHy Ha craausax K3, mnasnenus
3NIEeKTposa U (OPMHUPOBAHHS KAIUTM MPH Pa3HBIX ai-
TOpUTMAax YIpPaBJICHHUS KaIICTICPEHOCOM.

[Tapametpsl mponecca B pa3HBIX BapHaHTax YII-
paBieHus (HapsDKEHHE XOJIOCTOTO X0Ja HCTOYHHKA
UTAHUS lex, 0a30BbI TOK |6, JUINTEIIBHOCTh HM-
IyJIbCa TOKA IUIABJIEHHUS T; U JUINTENBHOCTD 3a/IEPKKH
BKJIFOYEHHS TOKa Tg nocie Havana K3) npusenenbt
B Tabn. 1. B Tabn. 2 mpenacraBiieHbl OCHOBHBIE pe-
3yJIBTaThl pacuyeTa XapaKTepPUCTHK Mpoliecca IpH pas-
HBIX aJITOPUTMAax yIpaBieHHs. BapuaHTsl ymnpasie-
HUSI COOTBETCTBYIOT aJrOPUTMaM YIpPaBJICHUs, MPH-
BeIcHHBIM B TadOm. 1.

Ha puc. 2-5 nokazaHbl pe3ysbTaThl IMUTALMH B
BUjie TPa(UKOB U3MEHEHUSI TOKA, HAPSDKEHUS U JIJTH-
HBI IyTH B T€YCHHE HECKOJIBKUX IIEPUOJIOB NIEpeHoca
ANIEKTPOJHOTO METalla B CBApPOYHYIO BaHHY (mua-
METp DJICKTPOIHOH MPOBOJIOKH 1,2 MM, CKOPOCTH TT0-
nagn 120 MM/C TIpH TMTaHUM OT MCTOYHHUKA C HaK-
moanoM BAX 0,08 B/A, IIHTENBHOCTH HMITYJIbCA
0,02 c).

[Mony4yeHHbIE pe3ynbTaThl MOKA3aJH, YTO MIPH UM-
MYJIECHOM YIPaBJICHUH NPOLIECCOM TOK JIyTH, IIEPUOJ
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Tao6anuma 1. 3aganHble 3HaYeHHs MapaMeTpoB mponecca cBapku ¢ K3 npu pa3sHbIX ajJropurMax ynpaBiieHHsI

Ne n/nn AJITOpHUTM yTIpaBIICHUS u.,B Ia’ A lo A Ty MC | Tg MC |6' A
1 |C 3agaHHBIM HaNpsDKEHUEM MCTOYHHKA U MOJHBIM OrpaHuueHneM Toka K3 35 — — 20 05 40
2 |C 3aaHHBIM HAMpPSHKEHHEM UCTOYHHKA U MMITYJIbCoM mpu K3 35 — — 20 0,5 40
3 C 3a/1aHHBIM 3HAYEHHEM TOKOB MMITYJILCOB IUTaBieHus 1 K3 — 250 350 — — —
4 |Heynpasisiemblii KaruierepeHoc 1eKTPOJHOI0 MeTaslIa 30 — — — 0 0

Taoaunna 2. [lapamerpsl nponecca, MoJTy4eHHbIe IPH MOJEJIHPOBAHUI

nepenoca 3j1ekTpoaHoro meraaia ¢ YKII

Bapuant max Ilepuon T mojorpesa
yIpaBie- e A Ipr A 137, Mm 122, Mm t. Mc nepeHoca D, MM T,°C - T;’p 5
HUS Kareib, MC cra,

1 270 172 0,9 0,48 5,6 33 1,65 1780 330
2 265 185 0,9 0,47 54 33 1,65 1750 370
3 350 184 0,94 0,50 5,2 32 1,64 1737 400
4 210 198 0,62 0,19 40 16 1,25 1680 372

MepeHoca Kareib ¢ JJIEKTPOoja B CBAPOYHYIO BaHHY,
pasmep Karenb ¥ MakCUMallbHas JUIMHA JIyTH CyIIec-
TBEHHO OOJbIIE, YeM B HENPEPHIBHOM PEXKHUME IPHU
OTCYTCTBHHU ympaBiieHus (Tabi. 2), OMHAKO CpPEIHHUE
3Ha4YeHHs TOKa IYTH paznudarorcs mano. Halmrona-
eTCsl CYIIECTBEHHOE yBEJMUYCHHUE pa3Mepa Kareilb U
MaKCHUMAaJIbHON IJTUHBI AYyTH. DTO 00YCIIOBICHO yBe-
JMYEHHEM TOKa IyTH B (paze POpMUPOBAHUS KarlIH,
KOTOpOE SIBIISIETCSl CJICACTBHUEM OOJBIINX 3HAUYCHHN
HaNpsDKEHMsI XOJIOCTOTO XOJla WCTOYHHMKA ITHTaHUS
MPY UMITYJIGCHOM YIIPABJICHUH. Y BEIMYECHUE IIEPHOIA
nepeHoca Kamenb 1 JummTensHoctu K3 sBisercs mps-
MBIM CJIEICTBUEM BO3PACTaHUSI MaKCUMAIILHOW JJIH-
HBI JAyTH, TUaMeTpa W Macchl Kamenb. [Ipu orpanu-
YeHUW ToKa Ha Bech mepuoa K3 mimurensHOCTH 3a-

Puc. 2. Pesysnprar nmuTaimu mpotecca ceapku ¢ K3 npu 3aganun
HaNpsDKEHHUST XOJOCTOTO XOJa HCTOYHHKA MHUTAHHSA U IOJHOM
orpanmuennn Toka K3 (U, , = 35 B)
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MBIKaHHUSI HECKOJIBKO OOJIBIIe, YeM MU MoJaue M-
IyJIbca TOKa B 3aKIIIOYUTENBbHON ctammm K3.
AHaIN3 TEXHOJOTHYeCKUX 0COOeHHOCTel mpo-
necca ceapku ¢ YKII. ['naBHBIM HETOCTaTKOM He-
YOpPaBIIIEMOro mpouecca ayroBod cBapku ¢ K3 sB-
JsieTcd OYeHb Y3KHI Mama3oH MapaMeTpoB Mpolec-
ca, B KOTOPOM peau3yeTcs yCTONYMBBIA IPOIECC
IepeHoca EKTPOJHOI0 MeTaljia B CBapOYHYIO BaH-
Hy [13]. [lpu UMIYJIBCHOM YIpPABICHUH UTATENb-
HOCTH ()OPMHUPOBAHMS KAIUIH 33J][aHa, YTO MO3BOJSET
YIPaBIATH MpoieccoM (HOpMUPOBAHUS KaIUuld, Pery-
Tupys TOK uMmnyibca. [Ipu 3ToM MMeeTcs BO3MOX-
HOCTh UCIIOJIb30BaHUS 3PPeKTa caMOperyIMpOBaHHs
IIyTH, €CITH 33]IaBaTh HE TOK UMITYJIbCa, a HaNPsHKEHNE
HWCTOYHMKA MUTAHUS OyTH. DTO 00eCleynBaeT aBTo-
MaTHYeCcKoe M3MEHEHHe TOKa TPW W3MEHEHHH CKO-

Puc. 3. Pesynbrar umurtanmu nporecca ¢ K3 npu 3ananun Hain-
PSDKEHUSI XOJIOCTOT0 X0/Ia UCTOYHUKA MMUTAHUS U [O1aue UMITYJIb-
ca Toka B 3aBepuiatonteil dase K3 (3amepika uMmmynbca TOKa
mociie K3 0,0005 c)
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Puc. 4. Pesynprar nmuTaruu nporecca cBapku ¢ K3 npu 3aganmm
TOKa B (haze 00pa30BaHMs KaIlIK ¥ TOKa B 3aBepiuatomei paze K3
(ammnTyma uMmyneca TOKa Ha CTaand (GOPMUPOBAHHUS KAILIH
260 A, ua craguu ycrnokoenust 40 A, mpu K3 350 A)

Puc. 5. Pesynbrar vMHUTAIINN HEYTIPABIIIEMOTO TIPOLIECcca AyTOBOM
ceapku ¢ nepuoandeckumu K3 (U, . = 30 B)

POCTH TIOJIa4H 3JICKTPOJTHON ITPOBOJIOKH, & TAKIKE OC-
Ja0JIsIeT BIUSHUE HECTAaOMIBHOCTH XapaKTEPHCTHK
3IEKTPOAHON IPOBOJIOKU HA JUIMHY YT Ha PasMep
¥ Tepuoj clepoBaHus Kamenb. [locnenHee, B cBOIO
ouepe/lb, yIydliaeT cTa0mIbHOCTh POPMHUPOBAHUS H
MMOBBIIAET Ka4€CTBO CBApPHBIX COGI[I/IHCHPlﬁ.
VYka3zaHHBIC MPEUMYIIECTBA PACIIUPSIOT 00JIACTh
MapaMeTpoB, B KOTOPBIX peann3yeTcs mpoliecc crap-
ku ¢ nepuoandeckumu K3. OrpaHnueHreM JIIuTeb-
HOCTU W AaMIUIMTYJAbl HUMIIYJIbCa TOKa B (1)336
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(hopMHUPOBaHMS KAl SIBISETCS €€ MaKCHUMAaJIbHBIN
pasMep, pu KOTOPOM KaIulsl yAepKUBAeTCs Ha K-
Tpoze. MakcuManbHOE 3HaUCHHE HalPsDKEHUS UCTOY-
HUKa MUTaHUS HE OTPAaHWYEHO, & MUHUMAJIbHBIM TOK
JIEKYpPHOW OYTH OTPaHWYEH TOJBKO YCIOBHEM IOJI-
JeprkaHust chOpMUPOBABILECHCS KAl B pacIIaBieH-
HOM COCTOSTHHH.

BriBoabI

1. Jlna w3ydeHUs alropuTMOB YIIPABICHUS U OIpe-
nenenua napamerpoB YKII anexTponHoro meramia
paspaboTtana pu3nKo-MaTeMaTHUeCKas MOAEIh MPO-
1ecca JyroBOM CBAapKHU B 3allIUTHBIX Ta3axX B CUCTEME
HACTOYHHK MUTAHUA—IYTa, KOTOPBIE YUYUTHIBAIOT OBIC-
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2. Peanuzanus Mozenu B BUIEC KOMIIBIOTEPHOM
MPOTPaMMBI ISl BUPTYaJIILHOTO BOCIIPOU3BEICHUS
OBICTpOINpOTEKAONMX sIBJICHUH B (azax K3, mnas-
JIeHHS dJeKTpoa U (POPMUPOBAHUS KATUIH MIPH CBap-
K€ TIUIABSIIUMCS DJICKTPOJIOM TIO3BOJISIET 00OC-
HOBAHHO OIPEENATh HE TONBKO TEXHOJOTHUYECKUE
napaMeTphl Ipolecca, HO U TEXHOJOTHYECKUE Tpe-
OoBaHUS K KOHCTPYHPOBAHWIO PA3IUYHBIX BHJIOB
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The physical-mathematical model is considered, describing the short-time phenomena occurring in metal-electrode welding
with short-circuits of the arc gap, and allowing for conditions of electrode meta transfer and interaction of the arc with
electric parameters of the power supply. The software realisng numerical solution of the model equations makes it
possible to study the phenomena occurring in welding and justifiably determine not only the technological parameters
of the process, but also the technologica requirements to designs of various types of metal-arc welding equipment.

[Moctynuna B penakimio 01.12.2008

BHUMAHUKO MOJIOA4bIX YHEHBIX U CTIEUNAJINCTOB!

lNpuanawaem Bac npuHame y4acmue 8 pabome V omkpbimol BceykpauHCKoU Hay4YHO-mexHUYeCcKoU
KOHGbepeHUUU Moo0bIX y4eHbIX U crieyuanucmos «Ceapka U poOCmeEHHbIE MEXHOM02UU, MOCBUUEHHOU
75-nemuro MOC um. E. O. [Nlamona.

OpeaHu3zamopom KOoHgepeHyuu ebicmyrnaem WHcmumym anekmpoceapku um. E. O. [NamoHa npu
yvyacmuu Cosema Hay4HOU MOJI00EXuU.

Oxudaemcs y4acmue 8 pabome KoHgbepeHuuu Mosioobix y4eHbix (0OKmMopos8 Hayk, OOKmMopaHmos,
KaHOUdAamos Hayk), Hay4HbiX COmMpPYOHUKO8, acrupaHmos u creyuanaucmos U3 MHO2UX peauoHo8 YKpauHbl
u briuxHezo 3apybexnsi.

OcHo@HbIe HarnpaessieHUs1 KOHghepeHyuu:.

e [IporpeccuBHbIE TEXHOJOTUU CBAPKU U COEAUHEHUSI MAaTEPUAJIOB

e [IpoYHOCTh, HAIEKHOCTD U JOATOBEYHOCTh CBAPHBIX KOHCTPYKLIUN

e TexHOIOrny HAIUIaBKY, HAHECEHHUSI MMOKPBITHI U 00pa00TKU TOBEPXHOCTEH

e HoBbie KOHCTPYKIIMOHHBIE ¥ (DYHKITMOHAIBHBIC MATEPUAIIBI

e TexHUYeCKasi AMArHOCTUKA U HEPA3PYLIAOIINI KOHTPOJIb

e ABTOMAaTH3AIUs POIECCOB CBAPKH U POJCTBEHHBIX TEXHOJIOTHIA

o OyHIaMeHTaIbHBIE HCCIIEN0BAHMS (PH3UKO-XUMHUYECKHX MPOIEcCOB (TEPMOANHAMIKA, KHHETHKA,
MHKPOCTPYKTYpa, (ha30BbIe TPEBPAIEHHS, SJIEKTPOHHAS CTPYKTYpa, CBOHCTBA)

e MaremaTnyeckoe MOJENNPOBaHNE U NH(POPMAIIMOHHBIE TEXHOJIOTHH B CBAPKE U POJICTBEHHBIX
TEXHOJIOTUSX

Mo eonpocam yyacmusi 8 KOH¢hepeHUyUU
npocbba obpawamscsi 8 op2KomMumem:.
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e-mail: vorzel2009@gmail.com
http://www.paton.kiev.ua/rus/events/conf2009.html
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