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I'nasa 1

OIIEPATHUBHBIE CBOMCTBA
CBAPOYHBIX IJIEKTPO/I0OB U METO/IbI
UX UCCJEIOBAHUSA

1.1. BSBAUMOCBA3b ONIEPATUBHBIX CBOIICTB
IJNEKTPOA0OB C KAYECTBOM CBAPHbBIX IIIBOB
METAJIJIOKOHCTPYKIIHI U UX CJYKEBHBIMU
XAPAKTEPUCTUKAMU

KauecTBO CBapHBIX COEIMHEHUN, BBIMOJHEHHBIX B Pa3JUIHBIX
NPOCTPAHCTBEHHBIX MoJoxKeHusax (dopMupoBaHue IIBa, OTCYTCT-
Bue eeKTOB — MOP, NIJAKOBBIX BKIIOYEHUI U AP.), B 3HAYMTENb-
HOW Mepe 3aBUCUT OT OCOGEHHOCTEN IJIaBJAEHUST JJEKTPOoJa — dac-
TOTBI ¥ Pa3MEpPOB MEPEXOMAINIMX Kalejb, TJIyOUHbl BTYJOYKU
(4exnma) ma Topue asekTpoaa, Koadpdunumenta macchl (TOMIUHBI)
¥ 3KCIIeHTpucuTeTa mokportus [6, 12, 29, 30, 48, 54]. Taxk, c yse-
JINYEHUEM TOKPBITUS YXY/IIAeTCss CTaOUJIbHOCTb TOPEHUs [IyTH,
MOBBINIAETCSA CKJIOHHOCTb K MarHuTHoMmy “ayTthio” (oco6eHHo npu
CBapKe B BEPTHKAJIBHOM M IOTOJIOYHOM IOJIOKEHHUSIX), BO3PACTaeT
pa3bpbI3rUBaHKe 3JEKTPOJAHOTO MeTasia. B pesysibraTe B CBapHOM
mBe HaOJ0JAI0TC Takue [AedeKThl, Kak HempoBap U TOApe3bl
KPOMOK MeTaJiia. 3-3a MJI0XO# Ta3OIMJIaKOBOW 3aIUThI Karad Ha
TOpIIE 9JIEKTPO/IA CBAPHOU IMOB, KAK MPABUJIO, COAEPKUT OOJIbIIOE
KosmvectBo mop [12, 21, 53].

Veennuenne kosdduimenta Macchl (TOMIMHBI) NOKPBHITHA 3a
cYeT BBe/leHUs OOJIbIIOTO KOJHYECTBA SKEJE3HOTO TOpOIIKAa B I0-
kpbitie (40-50 %), GMarompuATHO BJUSET Ha BHEITHWHA BHUL U
MexaHnveckue cBoiictBa Merasma mBa [30]. Ilpu atom moxpbiTHE
cTaHOBUTCST 60Jiee JIETKOILIABKUM, YTO MO3BOJIIET IOJYUYUTb BTY-
JI0uKy He6osbiX pasmepos [30, 62].

Kak u3BecTHO, OCHOBHOI TIPOOJIEMOIl TIpU CBapKe 3JEKTPOoJaMu
C TIOKPBITHEM OCHOBHOTO BW/A SBJSETCS HHU3Kasg CTaOUJIbHOCTH
ropeHus Ayrd, o6ycJOBJEHHAs KPYITHOKAIEeJbHBIM MEPEHOCOM 3JIe-
KTPOJTHOTO MeTaJsljia, HAOJIOMAIONMNUMCS B OCHOBHOM HA MAJIbIX TO-
kax. Kpymmble mnepexosiiue KalJau daile BCEro0 BbI3bIBAIOT
“npuMep3anue” 3JIEKTPOJA K WM3J/I€JUIO, TIPU €r0 OTPbIBAHUM HEU3-
6exxno o6pasylorcst gedextol (1opbr). B MOHTaKHBIX yCIOBHAX
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BECTH CBAapKy 3JIEKTPOJAMM C KPYITHOKAIEJIbHBIM IE€PEHOCOM Me-
TaJIJIa BECbMa 3aTPYJHUTEBHO: OHU HE JOIYCKAIOT HU3KUX PEXU-
MOB, YTO OCOGEHHO Ba)KHO NPU CBapKe XJAJOCTOWKUX CTaseil, Tak
KaK MaJjas MOTOHHAs 3HEepPTrHsl CIOCOOCTBYET IOJYYEHUIO BBICOKHUX
3HAYEHWI yAapHON BS3KOCTH MeTajjia IMBa TPU OTPHUIATENbHBIX
TeMIIepaTypax.

B pa6ote [8] mokasano, urto B o6iactu Huskux temmepatyp (1o
=100 °C) BcaeacTBre O6IIEr0 OXPYNUMBAHUS M CTPYKTYPHOH Heyc-
TOWYMBOCTU MeETAJJIa 3HAYUTEJNbHO TIOBBINIAETCS BJUSHHUE HEIPO-
Bapa Ha MeXaHMYeCKHe CBOIICTBA CBAapHOTO coeAWHeHus. B artom
cJIydae MPOYHOCTb IBOB HA HU3KOJIETHPOBAHHBIX CTAJNSIX IMOHIKA-
ercst 10 10—15 %. Pe3yibraThl MCHOBITAHUI TOKa3ajM, 4TO HEMPO-
Bap W IJIOXO€ CILIaBJeHHe KPOMOK MeTaJia OOGyCJIOBJIEHBI dalle
BCEr0 HU3KUMH TeXHOJOTUYECKUMHU CBOMCTBAMU 3JIEKTPOIOB.

ABTOpBI pa6oThl [8] cumraioT, 4TO AJS MBOB, PabOTAIONIUX TIPH
OTPUIATETbHBIX TEMIIepaTypax, HeIpoBap SBJSETCS HEAOIYCTH-
MbIM JIe(DEKTOM, YMEHBINAONIUM TIpe/iel BBIHOCJIUBOCTH CBapHOTO
COCMTHEHNUS.

CBapHbIM I1IIBaM C TIEPEYHCJEHHBIMU BbIlle JedeKTaMu COOTBET-
CTBYIOT OCIIUJIJIOTPAMMBI PEXUMA CBAPKH, JJiI KOTOPBIX XapakTep-
HO 6oJibIlIoe KojiebaHue HAIpsDKEHWs Ha Jyre, BBI3BAHHOE HEpETy-
JISPHBIM W KPYITHOKAIEJbHBIM IEPEHOCOM 3JIEKTPOJHOTO MeTaJIa
[69].

B pa6orax [7, 36, 56] mokazaHo, 4YTO 3JIEKTPOAbI C MeEJKOKa-
IeJbHBIM IIEPEHOCOM PACILIABJICHHOTO MeTaaa 06ecleduBaioT
He3HAYMTEJNbHOE Pa36PBITHBAHUE 9JEKTPOJHOIO MeTajia M XOpOo-
MW TOBapHBIM BHJ cBapHOTO coeauHeHusi. CTaOUIbHBIN TpoIecc
TOpPEeHHs AYTW YMEHbINAeT UYBCTBUTEIHHOCTb TAKUX 3JEKTPOJOB K
MarHuTHOMY “ZyTblIO”, YTO MMeeT Ba’KHOe 3HaueHue IIPU CBapKe B
MOHTQJKHBIX YCJOBUSIX.

[Monoxurenpioe BAWSAHUE CTAOUJIBHOCTH TOPEHUsS [Jyrd Ha
CHIKEHNE MOPUCTOCTH U IIJIAKOBBIX BKJIOYEHHH B CBAPOYHBIX
mBax, aBTOPbl [67] 06bsACHAOT Jyulmell MeTaJIyprudeckoir obpa-
60TKOIT MeTasyla Ha CTaaud Kamad. MertamrorpadmieckuMu wc-
CJIEIOBAHUSAMU W MEeXaHWYECKUMH WCIBITAHUSAMHU YCTAaHOBJEHO [56],
YTO MEXKIY XapaKTepoM IIepeHOca, KadeCTBOM CBAPHOTO IMBA M €T0
MEXaHWYECKUMHU CBOWMCTBAMM CYIIECTBYET TIpsiMas CBs3b: OoJiee
MEJIKOKAIIeJIbHOMY U PETYJISIPHOMY IIEPEHOCY MeTaJlJia COOTBETCT-
BYIOT 1IBbI, B KOTOPBIX OTCYTCTBYIOT jedeKkTbl (IIOpbI, TpeuuHbl,
IIJTAKOBbIE BKJIIOYEHMsI) M KOTOPbIE MMEIOT BBICOKYIO MJIACTUYHOCTD
MeTajja, B YaCTHOCTH BBICOKYIO VAApHYIO BSI3KOCTb IIPH OTpPHIla-
TeJTbHBIX TeMIlepaTypax. B KadecTBe KpHUTepHsl OIEHKH ITIepeHoca
9JIEKTPOJHOTO MeTasjaa aBropamu [56] ObLia TpuHATA AJUTETb-
HOCTb KOPOTKMX 3aMbIKaHMi — IoOkasaTeab 7,, (Mc). Vimu GbLia
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YCTaHOBJIEHA ONTUMAaJbHas 06JAcTb 3HAYEHUN MOKa3aTesns T, [JIs
3JIEKTPOJIOB C PA3JUYHBIM BHUIOM IOKPBITHSI, KOTOPOH COOTBETCT-
BYIOT KayeCTBEHHbBIE IIBBI, JUIIEHHbIE TaKUX JAe(EKTOB, Kak He-
MPOBap, MOPUCTOCTD, MIJIAKOBbIE BKJIOUEHUS, W WUMEIOIIHE BBICOKUE
MeXaHWYEeCKHEe XapaKTEePUCTHKH. ABTOPBI [56] cuuraior, 4TO BeJH-
YMHa T,, IOpEBBIIaeT “KpuTudeckue” 3HadeHms (I 5JEKTPOJOB
MaMeTpoM 4 MM “KpuTHYeckoe” 3HaueHue T, paBHO 15—16 Mc
npu I, = 110 A) B Tex caydasx, KOTja MPOUCXOIUT CJEYIOIee:

“mpuMep3anue” 3JEKTPOJA K U3IEJNIO;

o6pBbIB JyTH B Ipollecce CBapKH, Korjga 3Hadenwe U, mpubun-
JKaeTcs K HAIPSIKEHUIO XOJIOCTOTO XO/1a;

gopMuUpoBaHWEe HA TOPIlE 3AJEKTPOAA CJAUIIKOM KPYIHOHN Karliu,
KOTOpas BbI3bIBAET HECKOJbKO TOCJIE/IOBATETbHBIX KOPOTKUX 3aMbl-
KaHWil U JIUIIb TOCJe 3TOr0 MEPEXOJUT B BAHHY.

YcranoBsieHHAs KOPPEJSIUS MEXKIYy XapaKTepoM IepeHoca
3JIEKTPOJHOTO MeTajljla M KAaueCTBOM CBApHOTO COEJIWHEHHS T03BO-
quna aBTopam [48, 56] paspaborarb MeTO[ KOHTPOJISI W TIpery-
npexaenns nedeKToB IBa B Tpoilecce cBapku. [lus aToil 1ean
uMu ObLT UCHOJB30BaH aHaaudatop Kourposs “Tamnosep-KHI”,
MTO3BOJISIIONINIT PErUCTPUPOBATh B TPOIECCE CBAPKU JIIUTEIbHOCTH
KOPOTKUX 3aMbIKAHUI, CTATHCTHYECKN WX aHAJTU3UPOBATD U OTBIC-
KUBaTh “KpuTmdyeckue”’ BEJUUYMHBI T,, C TOCJEAYIONEN Tomavei
CUTHAJIa Ha MEXaHW3M [ OTMETKHM JedeKTa Ha BaJuke ImBa. Ta-
KUM 006pa3oM BBISABJISIOTCS 30HBI CBApPHOTO IMIBa C TIOBBINICHHON
BEPOSITHOCTBIO 06pa3oBanus JAedeKToB. ITO MO3BOJISIET 3HAYUTEb-
HO COKDATUTb IIPUMEHEHWe TPAJUIMOHHBIX METO/IOB HEpa3pyllaio-
mero kourposs (paguorpadpust Winm yJabTPasBYK), OIpaHHYMB HX
paboTy OTMEYEHHBIMH 30HAMH.

[Tomo6GHBIE ammapaTbhl OTEYECTBEHHOTO IPOU3BOJCTBA [IJIT KOH-
TPOJISI KauecTBa CBAapHBIX COEJWHEHWH, BBITIOJHEHHBIX PYYHOH
JIyTOBOI CBapKoOii, B HAcTosllee BpeMs He HAILIM NPUMEHEHUS B
TEXHOJIOTUYECKOM IIPOIIECCE COOPY’KEHHS CBAPHBIX METAJLIOKOHCT-
pyKiuii HedTera3oBbIX O0OBEKTOB.

W3 u3I0KEHHOTO BBIIIE CJEIYeT, YTO KAayecTBO MeTasjia IBa 1
€T0 MeXaHWYEeCKUEe W KOPPO3MOHHBIE XapaKTEPUCTUKU HAXOIATCS B
MPSMON CBSI3W € OINEPATUBHBIMU CBOWCTBAMM TOKPBITBIX 3JEKTPO-
108 (cTaGUIBHOCTBIO TOPEHUsST YT U XapaKTepoM TEePeHOca dJIeK-
TPOJIHOTO METAJLIa).

[ToaToMy HempeMeHHBIM YCJIOBHEM YAOBJETBOPEHUS TOBBIIIEH-
HBIX TPeGOBAaHUU K CJIY3KEOHbIM M KOPPO3UOHHBIM XapaKTEPUCTHU-
KaM MeTaJjljia IBOB CBAPHBIX METAJJIOKOHCTPYKINH He(dTera3oBbIX
O00DBEKTOB SBJISETCS MPUMEHEHUE 3JIEKTPOJOB C YJIYUIIEHHLIMU CBa-
POYHO-TEXHOJIOTUYECKUMHU CBOWCTBAMU: BBICOKOW CTAOUIBHOCTDHIO
rOpeHus Jyrd U MeJKOKAIeJbHbIM IIEPEHOCOM PACIJIABIEHHOTO
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Meraia. B ¢Ba3u ¢ 3tuM 60JIbllIOe 3HAUYEHUE UMEIT OCOOEHHOCTHU
IJIABJIEHUSI U TIePEHOCA JJIEKTPOJHOrO MeTaJa, IIOCKOJbKY OHH
OTIPeIeIIIOT TPOJOKUTETPHOCTD W yIEJbHYI0 MOBEPXHOCTH B3au-
MOJIEHICTBUST MeTaJljla C OKPY’Kalolllel cpefioil B ero HamboJjee ak-
TUBHBIN TIEPUO/I.

1.2. OCOBEHHOCTH IIEPEHOCA
IJIEKTPOTHOTO METAJLJIA

MexaHu3M IJIaBJACHUS W TEpPEeHOca SKUJIKOTO MeTaJljia MOXKHO
MPEICTABUTD CJEAYIONUM 00PA30M.

B npornecce cBapku noj JefictBueM TelJia JyTHd Ha TOPIE 3JIEK-
Tpoga ob6pasyercs W pacTeT Kalsg pacijaBjieHHoro Merasuaa. [lo
Mepe ee YBEJUYEHMSI COKpallaercsa JJuHa [Jgyru. buoaropapsa
BO3/IEACTBUIO HJEKTPOMATHUTHBIX cua  (HampuMep MarHUTHOTO
“myThs’”) W B3PHIBOOOPAZHOMY BBIIEJIECHUIO TAa30B M3 06Pasylomencs
KaIlJin, Jyra W Kalljs MepeMenialoTcss B OCHOBHOM XaoTudecku [21].
B pesysabrare juuHa Jyrd, a, cJel0BaTeJbHO, W HaIPsLKEHHE He-
IPEPBIBHO U3MEHSIIOTCSI, KOJEGJACh OKOJIO HEKOTOPOTO CpeIHEro
3HAYCHUA.

Korma kamis pocTuraer onpeefeHHOW BEJTMYUHBI, MOJ JeicT-
BueM nuHY-3dderra mpoucxoautT cxkatue “meidkn” karan (T.e.
YaCTU MEX/y HEPACIJIABJEHHBIM KOHIIOM 3JEKTPOJa W KUAKON
Karieit) M, B 3aBUCHMOCTH OT METOJa CBApKU M BUJA IJIEKTPOJA,
OHA TEPeXOJUT B CBAPOYHYIO BaHHY IIyTeM KOPOTKOTO 3aMbIKAHUS
MEe>K3JIEKTPOJHOTO TIPOMEXKYTKA WJHN >Ke CBOOOTHO TepeTekaer 6e3
00pa30BaHUs KOPOTKOTO 3aMbIKAHUS.

B MoMeHT mepes OTPBIBOM KallJil HANpPsDKEHWE YTH MajaeT Jio
MUHUMAJbHOTO 3HAYEHWS, 3aT€M HAYMHAETCS MPOIECC OT/AEJICHUS
KaIlJId OT 3JEKTPO/la M IIePEHOC ee B CBAPOYHYIO BaHHY; MPU 3TOM
HaNpsDKeHWe Ha JIyre He OCTAeTCsl MOCTOSHHBIM, a CKAauKoOo6pasHO
CHUJKAeTCd, a TOK CPaBHUTEJbHO MeJJIeHHO I[oBblmaerca. Ilo
OKOHYAHUU TEpPEHOCca, KOr/a Kaljs MOJHOCTBIO MEPEXOJWT B BaH-
Hy, HampsiKeHWe yTH Pe3K0 BO3pacTaeT [0 3HAUYEHHS, XapaKTep-
HOTO JIJIT MOMEHTA /IO Tlepexo/ia Kalljid, a TOK MPU 3TOM yMEeHbIIa-
eTcs.

Kamng nepexoiuT B CBapOYHYIO BaHHY He MOJHOCTBIO, 4acTb ee
ocTaercs Ha 3JIEKTPOJE.

[Tocne 3aBepieHus: Tepexojia OCTABIIASCS Ha 3JEKTPOJE YacCTb
KallJid CHOBa HAYMHAET PACTH, T.e. MPOIeCC MEePUOUYECKU TTOBTO-
psetcs.

W3Menenue pa3MepoB KaleJb M TUIIA [€pEHOCA MeTaJljla 3aBH-
CUT OT COOTHOINEHUS CHJI, AEHCTBYIOMIMX Ha XUJAKYIO KallJio Ha
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topiie 3jexkTposa. OCHOBHBIMH CPeIM CHJI, CIOCOOCTBYIONIMX OT-
PBIBY KaIlJU, SIBJISIOTCS: CUJIA TSKECTH, 3JEKTPOMATHUTHAS M adpo-
JUHAMIYecKass CHUJbl. IIpOTHBOAEICTBYIOT OTPBIBY Karesb, B OC-
HOBHOM, CHJIa TIOBEPXHOCTHOTO HATSI’KEHUS W PEAKTUBHOE JaBJe-
HHe TIapOB M MOHOB, HelTpaju3oBaBiinxcs Ha karoge [11, 20, 29].

UccnenoBannio BAUSHUS TEPEYNCTICHHBIX CUJOBBIX (DaKTOPOB
Ha IEePEeHOC 3JIEKTPOJHOr0 MeTajja IocBsdiieHbl padorsr [11, 13,
15, 29].

3HavyeHUsT OTAEJTbHBIX CHUJI U HAIpaBJeHUue PaBHOAEHCTBYIOIIEH
3aBHUCIT OT CHJIBI M TOJSIPHOCTH TOKa, T€OMETPUYECKUX IapaMer-
POB Kalliu, Teryo(u3ndecKnuxX CBOICTB MeTaJljla KallJiu, IJaKka |
aTMocepsl AYTH.

1.2.1. CIJIbI, IEMCTBYIOIIUE HA 3JEKTPO/IHYIO KAILIIO

Cuna tskectn (€,) crmoco6CTBYeT OTPBIBY KalleJb NPU CBapKe B
HIDKHEM TOJIOKEHUH W TPOTUBOAEHCTBYET OTPBIBY IIPU CBapKe B
MOTOJIOUHOM ToJsioKeHnn. OHa CYIIECTBEHHO BJIMSIET HA IEPEHOC
MeTaJlIa JIMIb [PH CBAapKe Ha MaJjbIX TOKaX. Ee MOXHO ompeje-
JINTH TI0 yPAaBHEHWIO

P =mg=g % 2R = QR + 1) R -1 [, (1.1)
rage ., — paguyc 5J€KTPOAHOIO CTEPIKHHA; Y — ILJIOTHOCTDb JKUJIKO-

ro Meraia; R — paanyc KpUBU3HbBI MOBEPXHOCTH KAILJIHU.
Besnuuny R Bbruncasior no dopmyae, npeaioxkennoi M. K. Ilo-
xoaHeit [29]:

N =p! = (o, +0,50p; -1, (1.2)

rie N — oTHOocuTenbHas Macca Kamiu; P, = R /r, — OTHOCUTEJb-
HbBIIl pajuyC Kallju.

Cuna noBepxHocTHOro HaTskenus (€, ,) B npoiecce (hopmMupo-
BaHUS KaIljiM yJep:KUBaeT ee Ha Topile aJekTpoga. Ilpum 3ambixa-
HAW Kalljieil JyrOBOTO MPOMEXYTKA MOBEPXHOCTHOE HaTSIKeHUe
MeTaJJla BaHHBI BTSATUBAET KAILTI0O U TEM CIOCOOCTBYET OTPBLIBY ee
ot Topia. Bemwmuuna &, ompenessercs Meskda3HbIM HATSIKEHUEM
Ha TpaHWIle MeTajJ — Ta3 WJIM MeTasJ — IJaK M IeOMeTPUYeCKU-
MU pasmepamu Karm [20, 29]:

20 2
PILH = _nrc'r’ (13)
R
rje Me}KCl)aSHOB HaTAXEeHWE Ha TI'paHulle IJlaK — MeTaJlJ, paB-
Ho [24]
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o=21Tw T
V-2

-T

(1.4)

3necb T,, — KpuTHYecKasd TeMIeparypa, paBHasd TeMmIeparype
KHIIEHUs JKUAKOTO MeTasna, V, 1 V — MOJIEKY/JIAPHBIA M yJebHbII
006beMBI MeTaJjIIa KaILIu.

B pasjinuHbIX WCCAEAOBAHUAX [PUBOAATCI 3HAYEHUS O LIS
sxenesa or 1,25 o 1,86 Ik ,/m? npu 1820 K. Takue kone6Ganus
BEJNYNHBI O MOYKHO OOBSICHHUTH CTEIEHbI0O YHMCTOTHI MCXOJHBIX
MaTepuaJoB — MeTaJlia, ras3a, NOJJIOKKH. [l uucToro skesesa
XapakTepHbl OoJibllivie 3HaueHusi O. Kak mokasanam wucc/ieqoBaHus
psna asropoB [9, 30, 46], mpumMecu CyIIeCTBEHHO BJUSIOT Ha I0-
BEPXHOCTHOE HATsDKeHMe sKeqe3a. [Ipuuem HamboJiee TOBEPXHOCT-
HO-aKTUBHBIMHU SIBJISIOTCS Kucjaopoj u cepa. Tak, mo6asku 0,1 %
KHCJIOPOJIa B TEXHUYECKU YHCTOE >KeJje30 MoHmwkawor o ¢ 1,9 no
1,3 JIxx/m* npu temneparype 1923 K, uTO BBI3BAHO HCKIIOYH-
TeJIbHO cerperaiueil KUcJaopoja, KoTopas B CBOIO OuYepe/lb SIBJISIET-
cs1 (DyHKIMeH TeMImepaTypol.

A30T M BOJIOPOJI OKAa3bIBAIOT HE3HAUMTEJbHOE BJIMSIHUE Ha TIO-
BEPXHOCTHOE HATSKEHHE YMCTOTO JKeje3a W ero CILIABOB.

Mapranel], KpeMHUiI ¥ YTrJepo] B HU3KOYIJIEPOIUCTBIX U HU3-
KOJIETUPOBAHHBIX CTAJISIX HMEIOT CPAaBHUTEJbHO HEOOJBIIYIO II0-
BEPXHOCTHYIO aKTHUBHOCTbD.

Hanwnune 1mmaka Ha TOBEPXHOCTH METaJlJIa MOXKET CYIIECTBEHHO
U3MEHUTh TIOBEPXHOCTHOE HATSIXKEHUE.

Kaxk ycranoBseno B paGore [27], Bce MeTasiyprudeckue Iiia-
KU, KaK TPaBUJIo, CHIKAIOT MexkdaszHoe HaTsukeHue. IIpuuem oco-
GEHHO CHUJIBHO BJIMSIOT OKHUCJUTENbHble Tmaku. Tak, mesxkdasnoe
HaTsDKEHWe JKesie3a Ha TrpaHuie co muiakoM cucteMbl FeO-CaO-
MgO-SiO,, cogepxamum 6,2 % FeO, cocrasasger 750 m[x /M2
ITpu yBeamuenun coxpep:kanus FeO B uwiake mo 47,5 % wmexdas-
Hoe HaTSDKeHue esesa cHmxaerca 10 390 mx /M2 [27].

Kak cienyer u3 Boiphokenns (1.3), Besnuuna P, yMeHbInaercs
o Mepe pocrta Kamiau. Bmecte ¢ TeM pa3Mepbl MEPEHOCUMBIX 4Ye-
pe3 yroBOWl TPOMEXYTOK KaleJqb CHJIBHO 3aBUCAT OT peKuMa
cBapku. Tak, yBeqnWdeHuWe TOKa BBI3BIBAET POCT TEMIEPATyPhI Ka-
nejib, 4TO, B CBOIO OdYepe/lb, B COOTBETCTBUM C ypasHeHuem (1.4)
MPUBOJUT K CYIECTBEHHOMY CHIKEHUIO MOBEPXHOCTHOTO HATSIXKe-
HUS. JTO SIBJSIETCS OJHONH W3 BO3MOXKHBIX IPUYUH YMEHBIIEHUS
pasMepoB Karesib. lloBbIlieHNEe TeMIEpaTypbl  PaCIJIABJISIEMOTO
MeTaJlJla Ha TOPIlEe 3JIEKTPOJa BBI3bIBAET YBEJMYEHUE KOHIIEHTpA-
MW TapoB MeTajla B JYrOBOM TPOMEXYTKE, YTO CIIOCOGCTBYET
W3MEHEHUIO PEXKUMa TOPEHUs [yr'W, B pe3yJbTaTe Yero MpPOUCXo-
JIUT Tiepepaciipe/iejieHue 3JIeKTPOMATHUTHBIX CHJI, JeHCTBYIOUIIX
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Ha Kamaio. JTO MPUBOJAUT K 3a0CTPEHUIO KOHIIA 3JEKTPO/A U BbI-
3bIBaeT HAINPABJEHHDBIN CTPYiiHbIN mepenoc merasnna [15, 29].

Cieyer OTMETUTD, YTO BBejleHUe M06ABOK IMEJOYHBIX U IIEJ0Y-
HO3€MEJIbHBIX 3JIEMEHTOB B COCTaB 3JIEKTPOAHON IIPOBOJIOKH WUJIHU
MOKPBITUS PE3KO M3MEHSET dMUCCUIO 2JEKTPOHOB C KaTO/a, yBEJH-
YuBas MPHU 3TOM ILJIOMA/b AKTUBHOTO TISITHA, YTO TMPUBOAWUT K CHU-
JKEeHHWIO TIJIOTHOCTH TOKA B HeM. JTO, B CBOIO OuYepe/lb, YMEHbBINAET
OTTaJKUBalollee JelcTBUE 3JIEKTPOMArHUTHON CHUJBI, OceBag CO-
CTaBJIAIONIAs KOTOpOW OyZeT croco6CTBOBATH OTPBIBY Kamesb. Ta-
KM 06pa3oM, MOBBINIEHWE TEMIIepaTypbl KaleJb ITIPU BBEJEHUH B
IPOBOJIOKY WJIM 3JIEKTPOJHOE IMOKPBbITHE HOHM3aTOPOB (coeauHe-
auii [II3M) Taxke MOKeT CrocoGCTBOBATH YMEHBIIEHUIO TOBEPX-
HOCTHOTO HATSIKEHUS U, CJIE/JOBATEJIbHO, pa3Mepa KaleJb.

Cuna peaxktuBHOro masjenus napos (P,) BosHuKaer mu3-3za uc-
HapeHusd MeTajljla ¢ MOBEPXHOCTU KAaIlJIM M Ta30B, BBIAEJSIIONINXCSI
B pe3yJibTaTe MeTaJJIypruyecKoro B3aWMOJAEHUCTBUSA JKUJKOTO Me-
TaJJla cO MIJTAKOM U Tra3oBoil (a3oii. PaBHOmeNCTBYIOMAsS peaKTHUB-
HBIX CHUJI MPUJOKEHA K IEHTPY AKTUBHOTO TISITHA, TaK Kak MeTaJia
ucnapsiercsd HanboJiee UHTEHCUBHO B 06JIACTH AKTUBHBIX ISATEH, U
HalpaBjieHa B CTOPOHY IMPOTUBOMNOJIOKHYIO cTos6y myru. Ilepeme-
IIeHHe TISITeH BbI3bIBaeT M3MEHEHHe MecTa MPUJIOXKEHUS PEaKTUB-
HBIX CIJI, YeM OODBICHSIETCS MOJABUKHOCTD KAIlJIH.

BennunHa peakTWBHBIX CHJI 3aBUCUT OT pa3MepPOB aKTUBHBIX
MSTeH, TJIOTHOCTH TOKA B HHUX, TEMJIO(PU3NYECKUX CBOUCTB MaTe-
puaja aJeKTpojia M omnpejesercs corjacHo B.U. [lstioBy Bbipa-
skenueM [11]

P =(—D'Uu"a-")zv g (1.5)
1 gn K CB)? *

rae D — kosdduiment mponopuuoHansbHocTH, paBHbii 3,02:107 A;
U, — addextuBHOEe maneHne HANPSKEHUS y 3JIeKTpoAa; ¢, —

CKpBITasg TEIJIOTa WCIapeHus; i,, — IMJOTHOCTb TOKAa B aKTHBHOM
naTtHe; V, — YAeJbHbII 00beM Iapa MeTajia IIPU TeMIeparype
KUIIeHUs, paBHblii aaa cramu 4,4 - 10° em® /1.

KourparupoBanue ayrn HPUBOAMT K YBEJMYEHHUIO IJIOTHOCTH
TOKa B aKTUBHBIX IIFTHAX, YTO BbI3bIBAET IIOBBIIIEHUE PEAKTUBHOI'O
naByienus mapoB [11]. BBemenuwe B 2JIeKTpPOJHOE TOKPBITHE Be-
IMEeCTB ¢ HU3KON PaGOTOll BBIXO/A 3JEKTPOHOB, HATPUMEP, INEJ0Y-
HBIX W PEAKO3EMEJbHDBIX 3JIEMEHTOB, BBI3BIBACT yMeHbIleHUe 3-
(bexTUBHOTrO MaEHNsI HANPSDKEHUsT B KATOAHON o6jacTu. DTO IPH-
BOJIUT K CHIDKEHWIO PEAKTUBHOTO [JABJIEHWS I1apoB, YTO CIIOCOGCT-
ByeT U3MeJbYeHMIO KalleJb IIPU CBapKe Ha IPSAMOI IOJISIPHOCTH.

BimsHue peakTWBHOTO JaBJieHUS B GOJIbINEN Mepe TPOSBJSETCS
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Ha TPSAMOM TOJSPHOCTH, IMOCKOJbKY TJIOTHOCTD TOKA B KATOJAHOM
[ISITHE 3HAYUTEJbHO BBIIIE, YEM B aHO/HOM.

AsporHaMIUeCKast CUJIa OIPEeaseTcsl aPOUHAMUYECKUM TOP-
MOJKEHHEM Kallau B Ta3oBoM mnotoke (H,) W MarHUTOKMHeTHYeC-
kuvu cuaamu (P, ), 06ycioBJaeHHBIME Hec6aJaHCHPOBAHHOCTHIO
TUPOCTATHYECKOTO [IABJE€HUS BHYTPU KAl W Ha TOBEPXHOCTHU
pasnesia xkujakoctb — ras [3, 20, 29, 36].

Cua  a9pOAMHAMUYECKOTO TOPMOKEHUS  IIPOTOPIMOHATbHA
MJIOTHOCTH Ta3a, €ro CKopocTH M 3(POEKTUBHON TJIOTHOCTH Cede-
HUST KaIllJId BJIOJTb HANlpaBJeHUsT ra3oBoro noroka [20, 29]:

G
H, = 2 .2 2 .SM’
2g-m Ny

(1.6)

rae G — ceKkyH/IHBII pacxojl Tasa; A - guaMerp mokphirua siaext-
pona; | — pouna ayru; y,, — o6beMHbBIN Bec rasza, o6pasyionierocs
MpHU TJIABJEHUU 3JIEKTpoa; S, — MujeseBo ceueHne uau 3pdex-
TUBHOE CeYeHue KallJii, CIPOEKTHPOBAHHOE Ha HAlpaBJEeHUE Ta30-
BOTO IIOTOKA.

Marnutokunernueckaa cuna (P, ) [0 BeIwdymHe IIPOIOPIHO-
HaJIbHA KBAJPATy CHJIbI TOKA U [J€HICTBYeT B HAIPABJIEHUH OTPHIBA
KaIlIi, KOT/a paauyc Kamiau 6oJjibliie paaudyca crosba Iyrd, U Ofl-
penessieTcst o ypaBHenusim [29, 36]

4
I,
P lar2.p - 11(&) 12 upur, st A1.7)
T 4 4x\r,
1 1
PMAK = _n : r]{z : PM = _L ICZB HpI/I rK > r37 (1-8)
2 4 4n

rae P, — Hec6amaHCHPOBAHHOE CTAaTHUECKOE JaBJICHHE BHYTPH U HA
MOBEPXHOCTU KAaIlIW; I, — pajuyc KallJd; W — MarHUTHas IIPOHU-
11aeMOCTb BakyyMa; W,/ 4mx — Koad@uiimeHT nponopuuoHaJbHOCTH.

Ilo Mexkkepy BeqmumHa €, MOKeT OBITb OIpejesieHa BbIpaxe-
nueM [29]

P=12, -] (1.9)
2 4n

dnextpomarnutias cuaa (P, ) mosBiseTcs B pesyJbTaTe Ha-
JIMYUS BOKPYT 9JEKTPOJa MPH TPOTEKAHWHM 110 HEMY TOKA MarHUT-
HOTO CHJIOBOTO TIOJIsI, OKa3bIBAIOIIEro CKUMalolee /JAeiicTBrue Ha
snexkrpon (muuu-apdexr). PaamansbHOHApaBJIEHHAS CHKUMAIOIAS-
ca cnna (munu-adpexr) y6biBaer K mepudepun Mo Mepe yBeJau-
YeHUSA PACCTOSTHUA OT MPOBOHUKA.

W3 pa6oter [20] caemyer, 9TO B KUAKOM U Tra3o06pa3HOM IPO-
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BOIHUKE 3Ta CHJA CO3JAa€T TUAPOCTAaTUYECKOE [laBJI€EHUE, OIlpe/e-
JIAEMOE BbIpasK€HUEM

. 2
P. =M/1—p—; , (1.10)
4 rC
rie p; — paccrosHume oT ocu Iposoanuka (cronba ayrm) gm0 pac-
cMaTpHBaeMoil TOuKH; F, — pajguyc cToaba JyTd; j — HJIOTHOCTD
TOKa B ITPOBOJTHUKE.
BpraSI/IB TOK 4Y€pe3 €ro IJIOTHOCTb U IJIOoIIa/[b IIOIIEPEYHOIO
ceueHuda HPOBO,[[HI/IK&, HOJIy‘{I/IM

-2
P. =%(I’3—p?). (1.11)

Ecan cedyenwe 10 JJIMHE TPOBOJAHHUKA TIEPEMEHHOE, HAIPUMeEpP
OpU CBapKe IJIABANIMMCS 3JIEKTPOJOM, TO HApSIAy C OCEBOI co-
CTABJIAIONIEH TIJIOTHOCTH TOKa J, BO3HHMKAET paJuaJibHas COCTaB-
JIAIONIAst j,, CO3JAIONIasi OceBble cuJbl HuHY-a(deKTa, Mo gect-
BHEM KOTOPBIX MPOUCXOMUT OTPBIB dJeMEHTa OOJBIIETO CEUEHUS OT
aJeMeHTa MeHblnero ceuenns [40].

B.U. [darnoB [11] npeasoxua BeJUYUHY OCEBOI COCTABJAIONIEN
orpeziesiATh 10 dopMy.Jie

P, =Kl = A3|33(1 + 4,61gi) : (1.12)
r3
rie K, — koapuument nponopunonanbuoctu; A, = 5-107% H /A%
r. — pagmyc cronba IyTH; F, — paguyc IOMEPEYHOr0 CEYEHUs 3JIeK-
TPOJIA.
Paguyc cromba ayrum (st CBOGOAHO pacHIMpSIONIENHcs: JIyTH)
OTIPE/IEIAIOT CJAeAYIONUM Bbipaxkenuem [11]:

|2/3
ro=—o (1.13)
1,25U; 1y

rae U;,, — o dexTuBHbIil MoTeHInal MOHU3ANK Ta30B.

3amenus B Bblpakenun (1.12) paauychl cToan6a JyTU U DJIEKT-
po/ia Ha TJIOTHOCTh TOKA B HUX, TOJYYUM B OKOHYATEJBHOM BHJIE
ypaBHEHHE

R, = Asl;i(1 + 2,31g’:—°) , (1.14)
Je

rje j, — IJIOTHOCTb TOKa B 3JIEKTPOJIE; j. — IJIOTHOCTb TOKa B
crosbe ITyTH.
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IKCIIEPUMEHTAJbHO YCTAHOBJIEHO, YTO IIPU CBAapKe HAa MaJIblX
CUJIaX, MENCTBYIOMNX HA KAIlIO, U IJIOTHOCTH TOKA HA 3JIEKTPO/IE,
Korjla pagumyc crosba Ayru MeHBbIe paguyca 3JeKTPOoAa, BTOPOU
uinen ypasuennii (1.12) u (1.14) cranoBuTCSI OTpPHUIATENBHON Be-
JUYUHON u [feficTBHe mnHHY-a(pdexta OymeT yMeHBIIATHCS, YUTO
MOJKET BbI3BaThb M3MeHeHue 3Haka cuiabl P, ,. CaenoBaTenbHO, TIpHU
O4YeHb MaJIbIX CHJIaX, JEHCTBYIONIMX Ha Kallaio, ¥ HeGOJbIINX
IJIOTHOCTAX TOKa MNuHY-3ddeKT OyJeT MpernsiTCTBOBATL OTPBIBY
Karesb.

AstopoM [23] mpeasnoxkeHa opMyJa, YYUTHIBAIONIAS OIHOBpe-
MEHHO BEJHYNHY OCEBOH COCTABJSIONIEH 3JEeKTPOMArHUTHOW CILIBI,
pa3Mepbl aKTUBHOTO TISITHA Ha 3JEKTPOJe M AMaMeTp 3JeKTPoja:

R, =L, lnsﬂ—(h 1 )+ 2 _n—2—1, .15
siny 4 1-cos@® (1 - cos®) 1+ cos©

rae © — yrog MeXxAy ocbio cdepudecKoil Kamam U obpasyromiei
KOHYyCa, OCHOBaHHE KOTOPOTO PABHO /MaMeTPy aKTUBHOTO IISITHA, a
BEpIUHA HAXOAWTCS B IEHTPE Kalau; | — YroJ MeXXJy OChbIo Kall-
Ju u o6pasylonieil KOHyca, OCHOBAHHWE KOTOPOTO PaBHO HaMETPY
9JIeKTPO/ia, a BepIIMHA HAaXOAUTCS B IleHTpe Kamaum; P = 180°.

Opnako ata ¢opMyJsia TMO3BOJSET JHIIb OPHEHTHUPOBOYHO pac-
CUMTATh BEJMYUHY KPUTUYECKMX TOKOB, Npu Kotophlx P, uamens-
€T 3HaK, T.e. HAUMHAET GJIArOIPUITCTBOBATH OTPBIBY KalleJib.

3HauyuTeJ bHAd TOTPEIIHOCTb B pacyeTax BbI3BaHA PSJOM JOIY-
MIeHW, TPUHATBIX B pabore [23]. DTO, B 4YacTHOCTH, HE3aBUCHU-
MOCTb IIJIOTHOCTH TOKAa B aKTUBHBIX IISITHAX OT IOJSIPHOCTH, CO-
cTaBa 3JEKTPOJa M 3AlIMTHOrO rasa, MOCTOSHCTBO MOBEPXHOCTHOTO
HATSKEHUS W HE3aBUCUMOCTb €r0 OT TeMIIEPaTyphl.

Ciieqyer OTMETUTb, YTO HEOOXOJMMBIM YCJOBHEM KOJMYECTBEH-
HOW OIEHKM BEJWYMHDBI 3JEKTPOMATHUTHBIX CHUJI SIBJSIETCS 3HAHUE
IIJIOTHOCTH TOKAa B aKTUBHBIX NATHAX M MX Iomanu. B Hacrogiiee
BpeMs IJIOTHOCTb TOKAa B ISITHAX 9KCIEPUMEHTAJIbHO OIpejesieHa
JIATTL /IS TIPOCTBIX CJIyYaeB CBApKU TIPW KPAaTKOBPEMEHHOM Tope-
HUU JYTH.

ITomumo oceBo#l cocTaBJigioNiedl 3JI€eKTPOMArHUTHON CHUJIBI, Tie-
peHocy MeTajia CIOCOOCTBYET paJauasbHas COCTABJSIONIAsI, CO-
3mamomnas B JKHJIKOM MeTaJle W CToJ6e [Jyrd TUAPOCTATUYECKOe
JlaBjIeHNe, JOCTUTAollee MAaKCUMAaJIbHOIO 3HAYEHUS II0 OCH CHMMeE-
tpun. Ctos6 Ayru, Kak W3BECTHO, dYalle BCETO MMeeT KOHycooGpas-
Hyio ¢opMy, B pe3yJbTare Yero moJ[ JAeHCTBUEM Pa3HOCTH 3JIEKT-
POMATHUTHBIX CHJI B HEM BO3HUKAIOT MOIIHbIE ra3oBble (ILaas-
MeHHbIE) MOTOKH, BbIPABHUBAIOIIKME JaBJIEHUE 110 OCH CTOJN6A IyTH.
HenocpepcTBeHHO 1O/ Kamjiell paciiaBJIeHHOTO MeTaJljia JlaBJeHue
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ra3a OKa3bIBaeTCS MEHbBIINUM, YeM BHYTPHM KaIlJiM, BCJEJICTBUE Yero
Kamas npuobperaer komycoobpasuyio ¢opmy. I[lpum cBapke Ha
60JIBIINX TOKAX, HAIPUMED, B CJIydae ILJIaBJIEHHS CTAJbHON TIpO-
BOJIOKM B WHEPTHBIX Tas3aX Ha OOPATHOH MOJSIPHOCTH, W3 TOpPIA
KaIllJIM 3a4acTyi0 OTAENSIOTCS MeJKHe KAallld, 4YTO CO3/aeT BIle-
yaTJieHne HenpepbiBHOW cTpyu. Kak mokasanm wuccaeqoBaHus
N.K. Tloxoxuu [29], BbIlIOJIHEHHbIE C ITOMOIIBI0 PEHTTEHOChEMKH,
TaKO} MepeHoC MPOUCXOAUT KaK TP IIJABJIEHUM HOKPBITBIX 3JIEK-
TPOJOB, TaK M IPHU cBapke 1o (hJrocoM.

Takum ob6pasoM, cuna P,, COCTONT W3 ABYX CHJ: OJHA W3 HUX
HallpaBJieHa LEePHEHIUKYISIPHO K OCU 3JEeKTPoJa, Apyras I10 3aKo-
ny Ilackana peiicTByeT BJOJIb OCU M HalpaBJeHa OT MeEHbIIErO
cedeHus K OouiplieMy. Ecam pa3Mepbl aKTUBHOTO TSATHA MEHbIIIE,
YyeM JMaMeTp 3JIEKTPOo/a, TO oceBasi cuja Oy/leT MPernsiTCTBOBATDH
OTPBIBY KaIlIM ¥ HA060POT.

ABTop paboter [16] ormewaer, WTO TpU AWAMETpe 3JIEKTPOJA
1 MM ajexTpoMarHuTHas cuja 6yAeT yAep:KUBaTh KaIllio Ha 3JeK-
Tpozie TIpM CBapKe B aproHe, eCJN CUJia TOKA He TpeBbimaer 32 A.

[laBienune WMOHHOrO TOKAa P; HAa aKTUBHbBIE MHATHA OOGYCJIOBJIEHO
W3MeHeHNeM KOJMYeCTBA JBUXKEHUS WMOHOB HAa TPaHUIle Ta3 — Me-
TaJJI B pe3yJbTaTe WX HEHTpaJM3aluyu Ha IOBEPXHOCTH KaToJa.
[laBjieHye MOHHOTO TOKa IIPENATCTBYET IIEPEHOCY Kallelb U Hau-
60Jiee CHJIBHO MPOSBJSETCS TIPU CBapKe HA IPSIMOH MOJSIPHOCTH.

Astopamu [20, 21] npeasoxxeno MpUOIUKEHHO OIEHUBATH JIaB-
JIeHWe MOHOB BBIPAKEHUEM

P, =1,15-107"- 12/ (1.16)

[laBienne 3J1eKTPOHHOTO TOKa P, Ha aKTWBHBIE MATHA OGYCJIOB-
JIEHO W3MEHEHWEM WX KOJWYEeCTBA BIJKEHHWS HA TPaHUIE Ta3 —
metasn [11, 20]. Dro naBienHue MO3BOJISIET YIrIyOUTHCS AHOJHOMY
NATHY AYTH B XKUAKYIO cTaib Ha 1,5—2 mM. OHO B 4—5 pa3 6oJiblie
yray6JIeHnusT KaTo[IHOTO TISITHA, 4YTO OODBSICHSIOT JIEHCTBUEM TIOTOKA
ra3oB WJIM IAapoB Ha aHojHOe IaTHO [20].

Benwuuna ero pasua [20]

Pe=ja\/me-z(e~u.d—3K~TK)’ (1.17)

e2
rjae j, — MJIOTHOCTh TOKAa B aKTUBHOM IISITHE; M, M € — Macca u
3apsia asnekTpona; U, — aHomnoe majenue Hampsukenus; K — 1o-
crosiiHas Boapnmana; T, — temmepaTypa Karoza.
[laByienue 3J€KTPOHHOTO TOKA IIPEISITCTBYET IMEPEHOCY Kalesb
u HamboJiee CHUJIBHO IPOSIBJISETCS TIPU CBapKe Ha OOpPATHON TIO-
JISPHOCTH.
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Ha mepeHoc aJeKTpOJHOTO MeTajijia BJIMSIOT ITPOIIECCHI XUMU-
YEeCKOTO B3aUMO/IEHCTBUS KaIlJId CO IIJIAKOM U ra3oBoil (asoii. Cuu-
TaloT [46], 4TO OCHOBHOE BJIMSIHWE OKA3bIBAET TMPOIECC OKHUCIEHUS
YTJIEpPO/Ia.

YcranoBneno [38], 4ro okucJjeHuwe yriaepojga MPOUCXOAUT B OC-
HOBHOM Ha TIOBEPXHOCTH KalleJib, MPUYEM PEaKTUBHOE JaBJeHUe
OKHCHU YTJIepo/ia Bbi3biBaeT aeOPMUPOBAHNE KAIlJU, OTTAJKWBAHUE
ee oT BaHHBI. [IpM cBapke 3JeKTPOJaMH OCHOBHOTO BHa OKHCJE-
HUe yrjaepo/la He3HAYNTEJbHO BJIMSET HAa MEPEHOC PaCIJIABJIEHHO-
ro Merasia [38].

Pacuer 6ananca cus, AeiiCTBYIONIMX HA KaIlJi0o MPU TJIaBJIEHUU
QJIFOMIHUEBON TIPOBOJIOKM B aproHe, BBIMTOJHEHHBIH AMCOHOM W
Canrepom [29], u npoBosioku CB-08T2C B cpene CO, — B.U. [lar-
goBbIM [11], mOKasas, YTO MarHUTOKWHETHYECKWe Cuabl P, ., u
aspoauHaMudeckoe TopMmoskernne H, cocrasisior 70—80 % cuu, cro-
COOCTBYIOIUX TIepeHocy Karesib Mertayua. [lo muenuio B.U. [lsat-
goBa [11], BequuMHA 3JEKTPOMATHUTHOW CUJIBI TIPU CBapKe TOKPDI-
TBIMH 3JIEKTPOJIAMU HE3HAUWTETbHAs, B pacyeTax €l MOXKHO Tpe-
HeOpeyb.

AHanu3 TpPUBEIEHHBIX BbIIIE yYPABHEHUN [O3BOJISIET BBIICHUTDH
OCHOBHBIE (DAKTOPbI, BJMAIONINE HA Pa3Mep 3JEKTPOJHBIX KalleJb.

OCHOBHOW CHUJION, y/Iep>KUBAOIIEN KaIlTio Ha 3JEeKTPOJe, SBJ-
€TCcsl CUJia MOBEPXHOCTHOTO HATsKeHus. Ee MOKXHO yMEHBINUTDH 3a
CYeT WMCMOJH30BAHUS B COCTABE 3JIEKTPOJHBIX MOKPBITUI MOBEPX-
HOCTHO-aKTUBHBIX BEIECTB M YBEJWYEHUS CBApPOYHOTO TOKA, a,
CJIeOBATENbHO, TEMIIEPATyPbl MOBEPXHOCTU KaIllik, 4TO0 Oyler
CIOCOOCTBOBATh YMEHBIIEHUIO Pa3MEPOB 3JEKTPOIHBIX KalleJb.

C yBeJMYEeHWEM CBApPOYHOTO TOKA 3HAYUTEJTBHO BO3PACTAIOT
2JIEKTPOMArHUTHAS W a’POJMHAMHMYECKAST CHJIBI, CIOCOOCTBYIOIINE
OTPBIBY W TEPEHOCY Kamesb, a TakkKe WHTEHCUMUIUPYIOTCS peax-
uuu razoobpaszoBaHus B Karie. OJIHOBPEMEHHO C POCTOM TOKa
MOBBIIIAETCS UCTIApEHWE MeTasja C MOBEPXHOCTH KAaIlJd M XUMH-
YecKoe B3aWMOJIECTBHE 3JIEKTPOMHBIX KalleJb CO ILJIaKOM U Taso-
BOi (pba30ii, BbI3BIBalONIeE OGpasoBaHMe M BbLgesenne rasa (B oc-
nosaoM CQO), 4TO IPUBOAMT K BO3HMKHOBEHUIO PEAKTUBHBIX CHJI,
JleficTByIOmuX Ha Kamuo. OJHAKO OHM 3HAYNTEJbHO MEHbIe CHJI,
BBI3BIBAIOIINX OTPBIB Karesb oT ajektpoja [18]. Ilostomy yBesu-
YeHHEe CBAPOYHOTO TOKA IPUBOAMUT K POCTY CHJI, CHOCOGCTBYIOUIMX
OTPBIBY M MeEPEHOCY Kalesb, a, CJIel0BATeNbHO, K HU3MeJIbUeHUIO
MOCJIETHUX.

YMeHbIIeHNe CHJIbI PEaKTUBHOTO JABJEHUS IAapOB JIOCTUTAETCS
WCIIOJTb30BAaHNEM B 3JIEKTPOJAHOM TMOKPBITHM BENECTB € HU3BKON
pa6oToil BBIXO/Aa TPH OJHOBPEMEHHOM oOrpaHudeHuu dropcoaep-
JKAIUX COeJMHEHNIT, BBI3bIBAIONIMX KOHTPArupoBaHue cToaba Iyru.
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JlaBieHre Ta30BOTO TMOTOKA HA KaILIO 3aBUCUT OT COCTaBa W
KOJIMYECTBA B MOKPBITUH ra3000pasyonux KOMIOHEHTOB (Mpamopa,
MarHe3uTa, IeJII0N03bl U T.1.). [109TOMY HU3MeHssT XUMHYECKUii
COCTaB W TOJIIUHY MOKPBITUS, PEXUM CBAPKHW, MOXKHO PETYJIUPO-
BaTb A9POAUHAMUYECKYIO CUJY IS PEATU3ANUN  MEJKOKAIEJIbHOrO
HepeHoca JEKTPOHOTO METAJLIA.

H. Bynr ¢ corpyauuxkamu [56] skclepuMeHTaJbHO YCTAaHOBUII,
4TO MEK/Y I[MKJIOM MEPEeHOCa 3JEKTPOAHOTO MeTaja U OCIHJLIO-
rpaMMaMi CBapOYHOTO HAMPSIKEHUS WJM TOKA CYIIECTBYET TecHast
CBSI3b.

Ha puc. 1.1 mpeacraBieHa ocHu/JIOTpaMMa HAIPSLKEHUS [JIYTH
NPHM CBapKe JJIEKTPOJIOM C KOPOTKMMHM 3aMbikanusmu (k.3.). Ha
Hell YeTKo passmuaiorcss uHTepBasabl pocra (t,) um mepexoja Karau
(t,). B nauane nepexoga (Touka 1) HanpsbKeHHE IIOHUKAETCH, BO
BpeMsl Tlepexoja MeJJieHHo ToBbimaercst (3ona 2-3). OkoHuanue
mepexojia Kalljid, T.e. Pa3pylieHne MOCTHKA W3 SKUIKOTO METaJlia,
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Puc. 1.1. Xapakrep uamenemusi U, u |, M cxeMa perucTpanuu /JuTebHOCTel
KODOTKHX 3aMbIKaHMii T, , U UHTEPBAJIOB MEK/Ay HUMHU T, NPH CBapKe Ha INOCTOSHHOM

(a) u nepemennom (&) roke ( U; — ypoBeHb JUCKPMMHHAIMM HANPSLKEHUS HA AyTe)
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COIIPOBOXK/IAETCS PE3KUM IOBBINIEHUEM HAIPSIKEHUsT Ha [Jyre, 3a-
BEPLIAIOMIMMCS JOCTUKEHNEM MaKCHUMAaJbHOH ero BeanmyuHbl (Touka
4). 91y Besmunny @. Ipamanu-Ecuutiep [56] Hassan nukom
MOBTOPHOTO BO36Y:kJAeHUSA Ayru. llo-BuMOMy OH OOYCJIOBJIEH ca-
MOMHAYKIMeH ucrounuka (remeparopa).

B cuaydae mepenoca kKamedb MeTassia 6e3 KOPOTKUX 3aMBIKAHUMN
HaIIPSUKEHME He JOCTHTAeT CTOJIb HU3KUX 3HaueHwit, a Bpems t,
3HAYUTEJTHHO MEHBIIIE.

Kak ycranopumu @. Ipamann-Ecuuruep ¢ I.E. Baiinmenkom
[57] uw A.T. Masenp [21], ipu TJIaBJEHUH 3JEKTPOJA MOTYT BO3-
HUKaTh U Apyrue 3¢ deKxTsr, HaIpuMep, KPaTKOBPEMEHHbIE KaCaHUsI
pacILIaBAEHHONH Kaliu ¢ BaHHOH (IJINTENTBHOCTh TAKUX K.3. OOBIY-
HO cocraBaser t;, < 2—3 Mc, OHH TpeKpamanTcsa 6e3 TMepeHoca
Kamau B BaHHY). ITOT THUIl ILJIABJEHHWS dYalle HaGII0AaeTcss Npu
CBapKe 2JIEKTPOJAMU C KPYITHOKAMETbHBIM MEPEHOCOM METaJsLIa.

WMuoraa Kamiu MeTasia, TOKPBITBIE IIJIAKOM, KAacaloTCsl BaHHBI,
¥ YacTh IMIJlaKa WM MeTajlia C IJIEHKOH IJlaka CTeKAeT B BaHHY
6e3 moracanuu Ayru [57]. Takme KacaHWs Kaljd W BaHHBI HE CO-
MIPOBOXKIAIOTCS KOJEOAHUSAMU HANPSDKEHUST U 1103TOMY J6O BOBCE
He3aMeTHBI, JU60 ¢Jab0 pas3JIudyuMbl Ha OCIUJJIOTPAMMeE, XOTS
Marepuan (B JaHHOM Cjydae HLJIAK C HU3KOH 3JEKTPOINPOBOLHOC-
THIO MJIM KAILIS CO IIJAKOM) MEPEXOJUT B BaHHY.

ITomo6HbBIE SIBJIEHUS SIBJISIOTCS HEGJAarOmpUSTHBIMHU, OJHAKO, KaK
OTMEYaroT aBTOPBI [21, 57], cymiecTByoNe METOJbI UCCJAEOBAHUS
MO3BOJISIIOT WX OTJIWYUTD W BBIAETUTb, OCTABUB B UYNCTOM BHJE
KapTUHY, XapaKTepUsyollylo IepeHoCc MeTajlia.

Takum 0o6pa3oM, TepeHoC MeTajja 3aBUCUT OT COOTHOIIEHUS
CWJI, TIDUJIOKEHHBIX K Kaljle Ha TOpIe 3JeKTpoja. BeaumunHbl
ATUX CHJI MOYKHO PETYJIMPOBATh XUMHYECKUM COCTABOM TTOKPBITHUS
(mnaka), xo3(PUIMEHTOM MacChl TMOKPBITHS, PEKUMOM CBAPKH.
Tem caMbIM MOXKHO BJIMATh HA pPa3Mepbl Kallesb C IEJIbI0 YJIydIie-
HUSI TEXHOJOTHYECKUX CBONCTB 3JEKTPOJIOB.

JlIMTenbHOCTD M NEPUOAMYHOCTh cHagoB Hampsxkenus (oco-
GEHHO NP KPYHHOKAIIEJbHOM MNEPEeHOCE 3JIEKTPOJHOI0 MeTaJia),
CBsI3aHHbIE C W3MEHEHUSMHU J[JIMHBI IyrH [PHU TIePeXoje KaIlliu,
JaloT WHGOPMAIMIO O YACTOTE MEPEX0/a Kaleb W KOCBEHHO I03-
BOJISIOT CYAUTb 06 MX paszMepax. ITH JaHHble MOTYT ObITh HCIIOJIb-
30BaHbl JIJIsI CPABHUTEJbHOW OIEHKH XapaKTEPUCTUK IepeHoca
MPU CBapKe Pa3JIMUHBIMU JTEKTPOJIAMU.

[l pa3pabGoTKM 3JIEKTPOJOB C MEJKOKAIEJIbHbIM IEPEHOCOM
MeTajlla W BBICOKOH CTAOMIBHOCTHIO TOPEHUST AyTH OYeHb BasKHO
0ObEKTUBHO OIIEHUTH TIOKAa3aTeJu TIepeHoca W CTaOUJIbHOCTH B
3aBUCUMOCTH OT pasanuHbix (axtopos (cocraBa TOKPBITUS, pe-
SKUMa CBApKU U Ip.).
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1.2.2. OCOBEHHOCTH IIEPEHOCA METAJLJIA IIPH CBAPKE
JJEKTPOJAMHU C MMOKPBITUAMI OCHOBHOI'O BUJA

B szaBucumoctn ot cocrasa nokpbitua (11aKa), reoMeTrpun Topiia
ssextposa (rayOuHbl BTYJIOUKH), KOa(duUIMeHTa Macchl TTOKPbITHS,
peXXMMa CBapKH, Kak TokaszaHo B paborax [6, 11, 19, 29, 30], xa-
pakTep MepeHoca MeTajjia MOKET CYIIECTBEHHO H3MEHSTHCS.

Bimgnue cocraBa MOKPBITUS

A.A. Epoxun [12] moka3an, 4To HaHeceHHWe Ha CBAPOYHYIO IIPOBO-
JIOKY OJTHOKOMITOHEHTHOTO TIOKPBITUS W3 MpaMopa, KBapIeBOTO Tec-
Ka M IJIABUKOBOTO IIIIaTa W3MEHsIET paclpejiesieHrne JSHEPruu B
Jlyre 4, Kak CJe/CTBHE, CKOPOCTb ILJIABJEHUS 3JIEKTPOJa M Maccy
Karjiv, a TakKe TMOJOXKeHUe KAaTOHOTO TSTHA W HAalpaBJeHUE CUJI,
JIENCTBYIOIMX HA KaIIi0. JTO 3HAUMTEJIbHO WM3MEHSIET XapaKTepu-
CTUKH KalleJbHOTO repeHoca. Hampumep, MpaMOp yMeHBITAeT Mac-
Cy Kallesib, MEPEXOASNNUX Yepe3 [IyroBOM MPOMEXKYTOK, a KBapile-
BbIf IIeCOK M IIJIaBUKOBBIY IMIIatT — yBeJuuuBaioT. V3mesbueHue
KalleJib 1PU YBEJMYEHUU CO/IEPKAHMSA MPaMopa B MOKPBITUM MOXK-
HO OODSCHUTDH TEM, YTO NPHU €ro PacHoJoXeHUH 0o6pasyercsl MOII-
HBIl Ta30BbIIl TIOTOK, CIIOCOOCTBYIONIUI OTPBIBY 00Jiee MEJKUX Ka-
nesib. O6pasyiomascss B 3TOM caydae Bce 6oJiee TIyO6OKas BTYJIOUYKA
W3 TIOKPBITHS TPUJAET Ta30BOMY TIOTOKY OOJIBINYI0 HalpaBJeH-
HOoCcTh. Kpome Toro, yBejwueHue OKHCJMTEJBHOTO MOTCHIIHAJIA
MOKPBITUSL CIIOCOGCTBYET POCTY OKHUCJEHHOCTH JJIEKTPOJHBIX Ka-
MeJib ¥ CHUJKEHWIO TTOBEPXHOCTHOTO W MeXX(a3HOTO HATSKeHusS Ha
TPaHUIle MEeTaJJI — MIJIaK.

BBesienne B 2J1eKTPOJIHOE TIOKPbITHE KpeMHe3eMa, 00JIaaloNiero
BBICOKOI paboTOil BBIXOJa 3JEKTPOHOB [9], BbI3BIBaeT yBesnueHuE
apdexTuBHOrO TMaseHUs HANPSKEHUS B MPUITEKTPOAHBIX obJsac-
TAX. OJTO MPUBOJUT K MOBBIINIEHUIO PEAKTUBHOIO JABJIEHUS MapOB,
YTO BBI3bIBAET YKPYIIHEHHE 3JICKTPOAHBIX KalleJb.

DTopucThiil KaJbIWi BJNSIET Ha XapaKTep MepeHoca JBOSKO:

1) yBenmmuuBaer Mex(asHOe HaTAKEHHE HA I'DAHHIE METasl —
mtak [2, 39];

2) crmoco6CTBYeT CKATUIO CTOJM0A YT U YAEPKAHUIO Kallid Ha
Topiie ajektposaa [11, 29].

N.K. Tloxomueit [29] ycraHOBJ€HO, 4TO OKUCJEHUE Kallegb Me-
TaJJla TMyTeM YMEHBIIEHUS coJep:Kanus (heppocCIiaBoB, yIAJTHHEHUS
JIyT'H, TIOBBINIEHUS COOTHOIIEHWS MpaMOp — ILJIaBUKOBBIN MITaT
(= 6:1) IpU MOCTOSHHOM ypPOBHE PACKUCJIEHHUS NPUBOIUT K CHU-
JKeHWI0 MeK(a3HOro W IMOBEPXHOCTHOTO HATSKEHHS MeTajjga |
pasmepoB Kanesab. OJHAKO 3HAYUTEJNbHO YBEJUYMBATH COJlEP)KaHUe
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MpaMopa B TOKPBITHH HEJNb3sI, TaK KaK TaKOW 3JEKTPOa He obectie-
YHBAaeT KAYeCTBEHHON CBAapKU B PA3JUYHBIX IMPOCTPAHCTBEHHBIX
MOJIOKeHUsIX. B TO ke BpeMsi CHMIKEHME COJIEP:KAaHUs TLIaBUKOBOTO
mmara (< 20 % mo Macce) BbI3bIBaeT yXyjumenue (popMUPOBAHUS
MeTajljla IBa W OTAEJUMOCTH IIJAKOBOW KOPKH, a TakyKe Hapylie-
HHUe TLIaKkoBol 3ammThl mBa [30].

B pa6ore [30] nmokazaHno, 4To cocTaB TOKPBITUS U THUI KUKOTO
CTEKJa, WCIOJb3yeMOT0 B KAayecTBE CBI3YIOIIETr0, CYUIECTBEHHO
BJMSIOT HAa YUCJAO KOPOTKUX 3aMbIKAHUI, BBI3ZBAHHBIX IEPEXOIOM
KareJab 4yepe3 JyroBoil TPOMEXKYTOK. Harmpumep, ¢ yBesuueHuEM
COMIEp)KaHMsI B TOKPBITHU ILIABUKOBOTO Iimarta, (eppoCHJInIus,
KBapIEeBOro TecKa 4uca0 KOpoTkux 3ambikanuil (N, ) yMeHbIimaer-
ca B 5—10 pa3, a ¢ yBeJUYEHHWEM COJIEPKAHUS TI0JIEBOTO INIIATA,
nao6opot, N,, Bospacraer B 2—3 pasa. [Ipm wuCIOJb30BAHUH B
KauecTBe CBSI3YIOUIEr0 KaJMii-HATPUEBOTO JKUIKOTO CTEKJa, IIOJY-
yeH 6oJiee MEJKOKAIEJbHBIA TIEPEHOC MEeTaJljia, YeM MPH MpUMeHe-
Hum HatpueBoro [26, 30]. BuaromnpustHoe BiaMsHUE I10JEBOIO IIIa-
Ta W KaJMEeBOTO KMIKOTO CTEKJa Ha MEPEHOC MeTasaa MOKHO 00b-
SICHUTH TEM, UYTO COAEPKAIINecsl B HUX COEJWHEHUS KaJIusl Pe3KO
U3MEHSIOT MUCCHIO 3JIEKTPOHOB € KATO/A, MPU ITOM YBEJHMYUBA-
ercs ILIONA[b AKTHMBHOTO IISITHA, CHHU’KAETCS ILJIOTHOCTh TOKa B
HeM. [loBblllleHre TeMIlepaTypbl KalleJib, BBI3BAHHOE YBEJHMYEHUEM
MOBEPXHOCTH TEILJIONEpPe/[aun uepe3 aKTHUBHOE MHATHO, M CHIDKEHNe
PEaKTUBHOTO [aBJIEHUS MAPOB BCJEICTBUE YMEHBINEHNUS JIOTHOCTH
TOKAa B AKTWBHOM TSITHE TNPUBOAAT K W3MEJTbUEHHWIO Kareab IPHU
CBapKe Ha TPSMON TOJSIPHOCTH.

Biusinne xoaddunuenta macepl (TOMMUHBI) U KOHCTPYKIIUU
NOKPBITUSA

O Baustanu koddduimenta Macebl (TOMIMHBI) MOKPHITHS Ha pas-
Mepbl KaleJb HeT TT0Ka eIUHOTO MHEHUS.

K. Wmmzaku [55, 56] ycranoBws, 4TO pa3Mepbl Karejb yMeHb-
MAI0TCS TPU yBEJWYEHUH TOJIIMUHBI TOKPBITUS 10 ONpPeeJEHHBIX
pasmepoB. B To ke Bpems u3 paborol [29] caenyer, 4yTo nipu cBap-
Ke 9JIEKTPOJIaMK OCHOBHOTO BUJA HA ITIPSIMOIl MOJISIPHOCTH C YBeJu-
YeHUEM TOJIMIUHBI MOKPBITHS Macca Karesb, TePeXOsAlnX 4Yepes
JIYyTOBOI MPOMEKYTOK, He uaMeHseTcs. lIlpm cBapke Ha o6parHOM
MOJIIPHOCTY  YCTAHOBJIEHO YBEJMYEHNE MAcCChl Kalejb € POCTOM
BesmunHbl K, . [lo MHeHWIO aBTOpa, 3TO BBI3BAHO TTOBBLINEHHBIM
MepPexXo0/IOM PACKUCJAUTEJNEN B Kallii U CHUXKEHUEM COJIePKAHUS
KHUCJIOPO/a B HUX.

B.B. baxenosbim [3] mokasano, uto ¢ yBemuuenuem K, ot 20
10 70 % CeKyH/JHDII BbIXO/| ra3oB, 00PA3yIOIIUXCS MPH PasJiorKe-
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HAW MpaMopa B IIPOIlecCe TITABJEHUS MOKPBITHS, YBEJIUYNBAECTCS
or 0,034 no 0,060 r/c, 4To BbI3bIBAET yBeJUYEHUE AIPOJUHAMUYE-
CKOil cuibl 60siee yeM B 4,5 paza U CIOCOGCTBYET U3MeJTbUeHUIO
3JIEKTPOJAHBIX Kameab. OAHAKO, KaK M3BECTHO W3 MPAKTUKH, MPH
Ype3MepPHOM YTOJIIEHUH TOKPBITHS 06pa3oBaHuWe “KO3bIpbKa” 3a-
TPYAHSET MaHWUIYJUPOBAHUE 3JEKTPOJOM W BeJeT K YacThbIM He-
MIPOU3BOJIbHBIM O6pBIBAM JIyru u3-3a ee yaaunenus. C Bo3pacTaHu-
€M TOJIIIMHBI MOKPBITUSI YXY/IIAETCS IIPOBAP KOPHS TABPOBBIX U
cTbIKOBBIX 1BOB [80]. Bospacraer mpm aToM u 4YyBCTBUTETBHOCTD
3JIEKTPOZIOB K MarHutHoMy “mytbio”. Iloatomy mpu BbIOOpE ONTH-
MaJIbHOTO 3HaueHust K, YHUBEpPCAJBHBIX 3JEKTPOJOB HYKHO YYH-
TBIBATh BCE YKa3aHHBIE BbINIE (DAKTOPDI.

U3 pa6ot [19, 29, 30, 34, 35, 56] caemyer, uTo MMeeTcsA eTie
OJIMH IIyTb MOJyuYeHus: 60Jiee MEJKOKAIeJabHOro IepeHoca MeTaJlia
B 3JIEKTPOJAX OCHOBHOTO BH/A — BBIMOJHEHUE 3JEKTPOJHOTO TIO-
KDPBITHS JABYXCJOHHON KOHCTpyKuuu. IIpm 3TOM BO BHYTpeHHEM
CJIOE PACIoJIaraloT B OCHOBHOM MpaMoOp, & B HApy>KHLIH CJIOW BbI-
HocaAT ropua  Kambimsa. OcTajbHble KOMIIOHEHTBI pPas3MeniaiT
PaBHOMEPHO TIO cJiosiM. B pe3yJibTare 3HAYUTEJBHO YMEHBITAETCS
orpunarenbioe Biusgaue CaF, na mepeHoc merasia, YTO MO3BOJIS-
eT M3MeJbyaTh KAIlJIIO U OJHOBPEMEHHO TOBBIIMIATH CTAOUIBHOCTD
TOpeHHs AyTd HeCMOTpPSI Ha BBICOKOe ofIee cojeprkaHue (Topuaa
KaJbIUS B TIOKPBITUU. I[IpuMeHEeHWE 3JEKTPOJOB C MOKPLITHEM
JIBYXCJIOWHON KOHCTPYKIIUM TIO3BOJSIET 3HAUUTETbHO PaCIIUPUTH
[INANa30H 3HAYEHUN CBApOYHOTO TOKa. lIpW BBINOJHEHUU BEpPTH-
KaJbHBIX U MOTOJIOYHBIX IIIBOB B MOHTAXKHBIX YCJOBUSIX, ‘TIPUMeEp-
3aHuMe” 2JIEKTPOJOB AMAMETPOM 4 MM K WM3[eJUI0 He HabJIiogaercs
naxe Ha Tokax 90—100 A [30]. HecmoTpss Ha BBICOKHE CBAapOYHO-
TEXHOJIOTMYECKNE CBOMCTBA 3JIEKTPOJIOB C JIBYXCJIOWHBIM MOKPBITH-
€M, peanu3als WX Ha MPaKTUKe B HACTOSIIEEe BPEMsS OTPAHWYNBA-
eTcss HeOOXOMMOCTBIO CHEIMATbHOrO 0OOpYIOBAHUS [Jis HaHece-
HUS TTOKPBITUM.

Bamgnue pP€KuMa CBApPKH U IIOJSAPHOCTH TOKa

[Ipn cBapke Ha UPSMON IOJISIDHOCTH TI€PEHOC 3JIEKTPOJHOIO Me-
taysa 6ojiee MeJKOKAIe bHbIH, yeM Ha obGpartHoit [12, 29, 30, 41].
Agtopnr [20, 29, 30] 06bICHSIOT 3TO TOBEIEHHEM KATOAHOTO TISATHA,
KOTOpPO€ B NMPUCYTCTBUM (PTOPUJIOB B MOKPBITUU CKUMaeTcss u Oec-
MOPSIZIOYHO [IePEMENIAETCST 110 MTOBEPXHOCTU KAallJu, BbI3bIBAsSI OTPHIB
OT Hee MeJKUX vacTwuek. Kak caenyer u3 pa6orsl [12], Ha mps-
MOIl MOJISPHOCTH JlaBJieHUe Ha Kario 6oJiblile, yeM Ha 0O6paTHOU, B
pe3yJibTaTe 4ero Karuis MOXKET JAPOOUTHCS.

Bimsnue cuibl Toka Ha pasmepbl (Maccy) Kareab NpH CBapke
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3JIEKTPOJAMH C TOKPBITUEM OCHOBHOTO Buja B pabore [29] He yc-
TAHOBJEHO. B aKcmepuMeHTaX WCHOJb30BAJIN 3JJIEKTPOIbI MapKu
VOHWU-13 /55 pumamerpom 8 MM (ILIOTHOCTH TOKAa WH3MEHSANACh B
npegenax or 4 go 14 A/mm?). Opnako A.A. Epoxumbiv [12] n
A.T. Mazenem [21] mokasaHo, 4TO ¢ YBEJUYEHHEM CBAPOYHOTO TOKA
YMEHbBITAeTCS pa3Mep KaresJb W BpeMs Tepexojia WX 4epe3 JyroBoi
IIPOMEKYTOK, a 4acTOTa KOPOTKUX 3aMblkaHuil yBesnuusaercd. Ilo-
BU/IIMOMY, 3aKOHOMEPHOCTH TJIABJIEHHSI U TIepeHOca MeTaJjia IMpu
CBapKe 3JIEKTPOJIaMK MAMETPOM 8 MM HeJb3s OJ[HO3HAYHO IIpUMe-
HUTb K CJIY4Yal0 CBAPKM 3JIEKTPOJAMH JUAMETPOM 4 MM, YTO MOJKET
6bITb O0YCJIOBJIEHO 3HAUYMTEJbHBIM BJIUSHUEM JUMAMETPa 3JEKTPOIa
¥ TOJIIUAHBI MOKPBITUS Ha Tpoltecc (GOPMUPOBAHUS KallJd Ha TOP-
1le 3JIEKTPO/Ia U €€ OTPBIB.

Hapsany ¢ uaMesnbueHuneM Kalljiv, yBeJHMYeHHE CBAPOYHOTO TOKA
BBI3bIBAET 3HAUNTEJIbHOE Pa3OPBI3TMBAHKUE 3JEKTPOIHOTO METaJlja.
OrpaHuyeHne CHJIbI TOKA JIJISl YMEHbIIEHUS pa30pbI3rMBaHUS CHU-
JKaeT IPOU3BO/UTENBHOCTh CBAPKHU.

B To xe Bpemsi, kKak oTMeuaeT aBTOp pabotrbl [21], nmpu cBapke
3JIEKTPO/IAMHU, [ KOTOPBIX XapaKTepeH KPYITHOKaINeJbHBbIH Iepe-
HOC MeTaJsljia, ¢ yMeHbllieHueMm l., pasMep Kamjiu MOXET HAaCTOJIbKO
BO3PACTH, YTO BBI3OBET JJTUTEIbHOE KOPOTKOE 3aMbIKAHHE YTOBOTO
MPOMEXKYTKA, BCJEJACTBHE UYEr0o BO3MOXKHO “IpuMep3aHue” 3JeKT-
polla K M3/eJUIO.

Kpartkuii 0630p JnTepaTypbl TTOKa3bIBAET, YTO XapakTep Iepe-
HOCa MeTaJljia 3JEKTPOJOB C TMOKPBITUEM OCHOBHOTO BU/IA 3aBUCHUT
OT CBapOYHOrO TOKa, cocraBa MoKpbiTusa (maaka), koadduimenta
Macchl (TOJIIMHBI) M KOHCTPYKIMHM TMOKPbITHS. Tak, BBejeHHe B
MOKpbITHE (TOPH/Ia KaJbIUsI, KBapIEBOTO TecKa, (eppociiaBoB
(FeTi, FeSi, FeMn) cnoco6CTByeT BO3pacTaHWIO Pa3MEPOB JJIEK-
TPOMHBIX Kallesib, TOT/Ia KaK MpaMop, II0JIEBOi IIIAT, OKUCJBbI Ka-
JUS W HATPHS, a TaKXKe yBeJUWYeHWE TOJIIMHBI TOKPBITUS U CBa-
POYHOTO TOKA YMEHbIIAIOT UX pa3Mepbl.

1.3. CTABJIbHOCTb T'OPEHUA AYIU IIPU CBAPKE
IJEKTPOJAMMU C ITIOKPHITUAMHN OCHOBHOI'O BU/JIA

Kak yske 6blJIO OTMEUEHO BbIIle, KAYECTBO CBAPHBIX COEIMHEHHIT,
BBIIIOJIHEHHBIX B PA3JUYHBIX IPOCTPAHCTBEHHBIX IOJIOXKEHUIAX, B
3HAUUTEJbHOI Mepe 3aBHCHUT OT XapaKTepa IlepeHoca MeTajljla U
CTaOMJIBHOCTH TOPEHUS AYTH.

N3-3a  HeysOBJETBOPUTEJNBHBIX CTAOMJIM3UPYIOIUX  CBOWUCTB
9JIEKTPO/BI € TIOKPBITHEM OCHOBHOTO BH/A NEPBOHAYAIBHO TIpe[-
HA3HAYAJINCh [UJIST CBApKHM IIOCTOSTHHBIM TOKOM. IIOKpbITHS 6O0JIee
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MO3HUX Pa3pabOTOK € OTPaHWUYEHHBIM KOJUYECTBOM ILJIABHKOBOTO
hiara, cojepsKaiue >KeJe3Hblll IOPOLIOK, KaJMeBble CHJNKATbI,
MOTalll, HAYaJd WCIO0Jb30BaTh JJsi CBADKU IEPEMEHHBIM U II0CTO-
SIHHBIM TOKOM.

CraGuIbHOCTh TOPEHHS [AyTd TEPEMEHHOTO TOKA OIpPEIeIsieTcst
COCTOSTHUEM MEKIJIEKTPOJHOrO MPOMEKYTKA B MOMEHT CMEHBI IIO-
JpHOCTH TOKa. /[lJs yCTOMYMBOrO MOBTOPHOIO 3a)KUTAHUS IyTH
[IePEMEHHOI0 TOKA BasKHBIM MOMEHTOM SIBJISIETCS co3jaHue OJaro-
IPUSITHBIX YCJOBUHU JJisi Pa3BUTHS Paspsiia B 00JacTH, HEMOCPe]-
CTBEHHO WPUJEraioleil K 3JEeKTPOAy, Ha KOTOPOM B HOBOM IIOJIy-
nepuoge dopmupyercst Katox. Habmomaercss KOPPEJSIUS MEXKITy
paGoToil BBIXOMA IJTEKTPOHOB U HANPSDKEHUEM 3a’KUTaHUSA [IyTd
MPU CBApKe TIOKPBITBIMU JJIEKTPOJAMU: C YMeHblleHueM pPaGoThl
BBIXO0/Ia 3JIEKTPOHOB CHIKAETCS HANPSUKEHUE 3aKUTAHUS JIyTH, 4TO
YKa3bIBAET HA BAJKHYIO POJIb MEXaHU3Ma TEPMOIJEKTPOHHOM 3MuUC-
CHH B MpOIleccax PasMHOKEHUST 3apsiIoB TP MOBTOPHBIX BO30YK-
nernax ayru [19].

CHmxenne paboOThl BBIXOAA 3JIEKTPOHOB TPU HAJUYUH TIJIEHKA
MaKka Ha MOBEPXHOCTH MeTasga WM 3a CYeT CIEeNUaIbHOTO Je-
IMPOBAHMUS 3JIEKTPOAHOIO ¥ CBAapMBAEMOI0 MeTaJjljia, II03BOJISIeT
JIOCTHYD IIJIOTHOCTEH TEPMO3JIEKTPOHHOTO TOKA, COU3MEPUMBIX C
IJIOTHOCTBIO TOKA 3askuraHus ayru [28]. BBemenuwe B coctaB aJek-
TPOJHOTO TOKPBITUSI COEAMHEHWH, COAepsKAIINX 3JEKTPOOTPHUIlA-
TesbHBIE deMeHThl (B OCHOBHOM (pTOpa), 3aTpyaHSET NOBTOPHOE
3a)KUTaHWe [yrd IIePEMEHHOT0 TOKA U YXYyAIaeT CTaGuJIbHOCTDb
ropeuus Ayru nocrosiuHoro Toka [21, 29, 41]. [lecrabunusupyio-
mee geiictBue ¢dropa OGBIYHO OOBSCHAIOT O6GEIHEHUEM I11a3Mbl
TOKOHOCHUTEJISIMH 3a CYeT 3axXBaTa 2JeKTPOHOB dropom [21] nim
VXYIIIEHEM SMUCCHH TPU OOPA30BAaHUU PA3JUYHBIX ILJIEHOK Ha
Karojie, TaK Ha3blBaeMbIM “OTpaBJjeHHeM”’ TIOBEPXHOCTH KaToja
(maenkn mmaxa) [29]. IIpUMEHMTENIPHO K OKCHAHBIM KAaTOJAM 3TO
sBJjeHre 06bsACHAIOT 06pasoBaHUEM 3alMPAIONIEro 3JEeKTPOCTATH-
YeCKOTO I0JIsI, TIOJIYYaromerocss M3-3a aicopOIuu 3JEKTPOOTPHUIlA-
TeJIbHBIX aTOMOB KHCJOPOJa WU TajoreHoB Ha Kartone [41]. Omna-
KO [IJIs1 3aMETHOTO YMEHBIIIEHUST 3JEKTPOHHOTO TOKa IMyTEM 3axBaTa
3JIEKTPOHOB (DTOPOM HYIKHBI OYeHb OOJIbIITHE KOHIeHTpauu (ropa
B atMocdepe ayru [24, 25].

[To muenuio A.T. Magena [21], dropcomep:kamue NIaKK Ha
Kato/ie He BCerja yXy/IIAT 3MUCCHUIO, TaK KaK MOTyT 006JajaTh
JIOCTATOYHO BBICOKOI dMHUCCHOHHOU CITOCOGHOCTBHIO.

Astoper [30] cumraroT, YTO TJIABHBIM MEXaHH3MOM J[€CTaOW/Iu-
3MPYIONIEro AeHCTBHUS 2JEKTPOOTPHUIATENbHBIX deMeHToB (propa)
Ha TIOBTOPHOE 3a)KUTAHUE [yTU sIBJsSETCs 00pa3oBaHue HECKOMIIEH-
CHPOBAaHHOI'O OTPUIATEIBHOIO OObBEMHOIO 3apsija B IePeXOIHbIi
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MOMEHT Yy MOBEPXHOCTH 3JIEKTPO/Ia, HAa KOTOPOM B HOBOM IIOJIyIIe-
puose dopmupyercs katon. KommneHncanus oTpuiiatebHoro obGbeM-
HOTO 3apsila B OTCYTCTBHE BHEINTHETO 3JIEKTPUYECKOTO TOJISI OCYIIle-
CTBJISIETCSI TOJIOKUTEJbHBIMU MOHAMH, 06pa3yOIIUMHUCSI B NPHAJIe-
KTPOAHBIX o6sacTsaX. OCHOBHBIMU HCTOYHUKAMH TOJOKUTEIbHBIX
WOHOB B TEPEXOJHBIN TEPUOJ SBJSIOTCS TEPMOUOHHAS SMUCCHS U
MMOBEPXHOCTHAS MOHM3aIusA. KoinyecTBO MOHOB TIPM 3TOM OIpejie-
JITETCST COJIEP’KAHMEM JIETKOMOHU3UPYEMbBIX 9JIEMEHTOB, TeMIlepa-
Typoil 1 pa6oToil BbIXO/IA TIOBEPXHOCTU 3JIEKTPOJIOB.

B pa6ore [30] ycraHOBJIEHO, YTO MOJOKUTENbHBIX HMOHOB, NMHU-
TUPYEMBIX CBAapOYHBIMU NIIaKaMU U 0OOPa3yoIMXcs B IMPOIecce
WOHU3AIUKA B MEXIJIEKTPOJHOM ITIPOMEXKYTKE, MOXKET OBIThb JOCTa-
TOYHO JIJisI KOMIEHCAIIMUA OTPHUIIATEJbHOTO 00beMHOro 3apsiga. Tok
OMUCCHUU 3JIEKTPOHOB U IIOJIOKUTEJbHBIX HOHOB C IOBEPXHOCTH
CBApPOYHBIX IIJIAKOB 3aBUCUT OT UX COCTABA U TEMIIepaTypbl Ha-
rpeBa. lllmaxkm, coaepskamiye IeJOYHBIE 3JIEMEHTBI, HAIPUMED
KaJInii, B pe3yJbTare TEPMOAJEKTPOHHOW SMHUCCHH CIIOCOGCTBYIOT
YCTONYMBOMY TIOBTOPHOMY 3a)KUTAHWIO [IyTH TEPEMEHHOTO TOKA MPHU
HU3KUX 3HAYEHUSX HanpsoKenus 3axkuranus. Crabuan3upyioniie
CBOWMCTBA Kajus TIPOSIBJISIOTCS B yBEJMYEHHH BPEMEHH CYIIECTBO-
BaHUsI OCTATOYHOM TIIa3Mbl ¥ B TOBBINIEHUN TPOBOAUMOCTH CTOJI6A
nyru. B pa6ore [30] mokazano, uto aecrabuausupyioiiee JeicTBre
CaF, MoxeT ObITh CYNIECTBEHHO OCJIaGJeHO HE TOJbKO CHYKEHHEM
€T0 KOHIIEHTPAIIMY B MOKPBITHN U J00ABKaMU JIETKOMOHW3UPYEMOTO
anemenTta (Kaaus), HO U M3MEHEHHWEM SMUCCHOHHBIX CBOWCTB Ka-
tona. Ilocnenree mocTuraercs BBeleHHEM B IIOKPbITHE AKTUBHBIX
packucsuteneir (FeTi, FeSi, FeMn) npu oQHOBpEeMEHHOM oOrpa-
HIUYEHNN B HEM COJEP’KAHUS BBICHINX OKHICJOB 3THUX 3JIEMEHTOB
(TiO,, MnO,, Si0O,), 4TO CBA3aHO C YJy4NIEHHEM TEPMOIMHUCCHOH-
HBIX cBOIcTB miaakos [30].

Pa6ora BbIXO/Ja 3JEKTPOHOB W3 IJAKOB CHJIBHO 3aBUCHT OT MX
OCHOBHOCTH ¥ BAJIEHTHOCTH JJIEMEHTOB, O0ODPA3YIOIUX OKUCJIDBI: C
yBeJTMYEHHEM OCHOBHOCTU OHa yMeHbinaercs. llmaku, coxmeprkamiie
BBICIIIE W HU3IINE OKHUCJbI OJHUX WM TeX >X€ 2JIEMEHTOB, OTJIHYa-
I0TCST TI0O TEPMOAMUCCUOHHBIM CBOWCTBAM, a 3JEKTPOIBbI — CTAOUJIb-
HOCTBIO TOpeHus1 ayTu. Tak, ¢ BBeneHuneM B mokpbiTue CaF, moxa-
3aTesib CTaOUJIbHOCTU TOpPeHus Ayru yMmenbinaercss B 11 pas mpu
cBapke asekrponamu, cojepxkamnumu FeTi. O6bscusercs ato TeM,
YTO B cJayd4ae ucrosib3oBanuss FeTi aMuccusi TepMOaJIeKTPOHOB ¢
MOBEPXHOCTH BaHHBI U TOPIA 3JEKTPOAAa HACTOJDBKO YCHJIMBAETCS,
YTO CIOCOOHA 3HAYUTEJBbHO OCHAOUTh JEMOHU3UPYIOIlee BJIUSHUE
CaF, [30].

Cuurator [20, 30], yTO OKUCJIBI HEKOTOPHIX METAJIJIOB HECTEXMO-
METPUYECKOTO COCTaBa ¢ “;epUIUTOM” KHCJOPOAA MPUOOPETAIOT

26





6OJIBIIIOE KOJMYECTBO TaK HA3BIBAEMBIX JOHOPHBIX IIEHTPOB, B CBSI-
31 C 4YeM IJIOTHOCTb TOKA TEPMOAMUCCUU YBEJIMYUBAETCSI HA He-
CKOJIBKO TIOPSITKOB.

TurtaH, Kak W3BECTHO, oOpa3yeT TaMMy HH3IIUX OKHCJOB C
ouenp Mamoil pa6oroil Beixoga (TiO — ¢ = 2,96...3,2 5B [9]). Py-
THJI, KaK KHUCJbIH OKUCEJ, CHOCOOCTBYET CHIKEHUI0 OCHOBHOCTHU
[IJIaKa, T.€. YXY/IIEHUI0O TEPMOIMUCCUOHHBIX CBOUCTB. B cBsizu ¢
TEM, YTO BBeJleHNE B 3JIEKTPOJHOE MOKPBITHE HU3MIMX OKuCJI0B Ti,
Mn, Si BbI3BIBaET YKPYITHEHHE TEPEXOIANINX B CBAPOYHYIO BAHHY
KaneJsb, TPU BbI6OPE ONTHMAJBHOTO WX COJEPIKAHUS HYXKHO YyUH-
TBIBATh 3TOT (HAKTOP.

Bonpocy BJIUSHUS COCTaBJISIONNX TOKPBITHS 3JEKTPOIOB OC-
HOBHOTO Bu/[a HA CTaGUJBHOCTb TOPEHUS [IYI'M IIEPEMEHHOTO TOKA
nocesien psag paéor [20, 21, 29, 30, 41, 56]. Oanako us-za orcyT-
CTBUS HAJIEKHOTO METO/Ia OIEHKU CTAaGUIBHOCTU [IyTH MMETOTUECs
JlaHHbIE HOCST JIWIIb KadyeCcTBEHHBbIN Xapakrtep. Hampumep, nsse-
CTHO, 4TO ¢ yBeamueHnueMm coorHomenuss CaCO;/CaF, B anexrpos-
HOM TIOKPBITHH CTaGUJIbHOCTb TOPEHWs [Iyru ToBbimaercs [29,
30, 41].

[lecrabunusupyioiiiee jeiicTBUE HA [yry OKa3bIBAIOT TJIUHO3EM
n KBaplesbiii iecok [30].

C yBeJUYEHUEM COJIEPIKAHMSA B 3JEKTPOJHOM TOKPBITHH JKeJe3-
moro moporka or 0 g0 60 % u CHHTETHYECKOH CJIOABI OT 5 [0
15 %, cTaGUJIBHOCTD TOPEHHUsl Ayru Bospactaer B 2,6-2,7 m 1,3—
1,4 pasa coorBercTBenno [30].

B pa6orax [14, 18, 29, 30] mpuBemenbl pe3yJbTaTbl OIIEHKHU
BJIMSAHUSI CBAPOYHOTO TOKa Ha mapamerpbl saskuranus ayru (U, 1,
t,). YcraHoBsieHO, 4TO BBEJEHHE B MEKIJEKTPOJAHBIA ITPOMEKYTOK
JonoaHuTebHON Momuoctn (mpu yBeawuyennn ) yBenrmumBaer
MTOCTOSTHHYIO BPEMEHHN OCTATOYHON IJA3Mbl W 3a CYET ITOro 0OJer-
YaeT TMOBTOPHOE 3a)KUTAHUE [IYTH.

AHanu3 TIepPBOUCTOYHUKOB II0KA3aJ, YTO MEXKIY XUMUYECKHM
COCTABOM IIIJIAKOB, CBOWCTBAMM JYyTM W DPAGOTOW BBIXOJA 3JIEKTPO-
HOB W3 COEJMHEHUS, HAHECEHHOTO Ha 3JEKTPOJ, CYIIECTBYET KOp-
peJISIus: BBeJeHWe AKTUBHBIX PACKHUC/IHWTENEH B INLIAK yJIyYIIaer
OMUCCUOHHBIE CBONCTBA 3JIEKTPOJA, B PE3YJbTATE YErO TOBBINIAET-
cs1 cTabUIbHOCTD roperus ayru. JlocTarouyHo u3yueHa 3aBUCUMOCTD
CcTabUJIbHOCTUA [JYT'H OT COJEP’KAHUSI M COOTHONIEHUSI B IOKPBITHU
MpaMopa, TJIaBUKOBOTO TITATa, MOJEBOrO MITaTta, KpeMHe3eMa, TJIU-
HO3eMa W Jp. VMeroniuecs JaHHBIE IMO3BOJISIOT BBIPAGOTATH KOH-
KpeTHble PEKOMEHIAINU 0 BbIOOPY ONTHMAaJbHOTO COCTAaBa U TOJI-
IIMHBI TOKPBITHS, PEXKHMa CBapKH, O0ECIEeYMBAIONINX BBICOKYIO
CTaOUJIBHOCTh TOPEHUsT JAYTH TI€PEMEHHOTO TOKA.





1.4. METO/bI UCCJIEJOBAHUA 1 KPUTEPUN
OIEHKHN INEPEHOCA 9JIEKTPOAHOTIO METAJIJIA
N CTABUJIBHOCTU TOPEHUA AYIU

1.4.1. METO/IbI UCCJIEJOBAHUA IIEPEHOCA METAJIJIA

Pazsimyaior aBe Tpymnmbl METOOB WMCCJIEJOBAHUS II€PEHOCA 3JIEKT-
POJHOrO MeTaJsiia:

1. Meroapl, KOTOpbIE HEMOCPEACTBEHHO BBIIBJSIOT KapTUHY
NJIABJIEHUST 3JEKTPOJa U TOBENeHUs Kaledb Ha €ro TOpIlle, B TOM
qucJIe:

1.1. “Mexannveckne” (MCKyCCTBEHHOE BbBIJEJIEHUE KalleJdb Me-
Taja ¥ ux c60p B BOAY C TOCJEAYIONIUM CUTOBBIM aHAJIM30M)
[21, 45];

1.2. ®oto-, cBero- u penrrenorpacduveckue [29, 30, 47—49,
S37—-60];

2. KocBeHHbIe METO/IbI, MO3BOJISIONINE U3MEPUTD W OIEHWTH Ta-
pameTpbl, (PU3NYECKH CBS3aHHBIE C TEPEHOCOM PACIJIABJIECHHOTO
MeTaJjaa, a UMEHHO:

2.1. AKycTuUuecKue MeTO/[bl, OCHOBAHHbIE HA WCCJEJIOBAHUU 3BY-
KOBOTO [IaBJIEHUSI M CIIEKTpa IIyMa, COMPOBOXKIAIONIETO CBAPOYHBIN
npottecc [45, 62, 54];

2.2. OcuunorpadupoBanye CBAPOYHOTO HAINPSIKEHUS WU TOKA
¢ mocaenyronuM ux anaamsom [16, 19, 20, 41, 59, 63, 64, 75, 76];

2.3. Usmepenune u o6paborka uHdOpMAIMM, [T0JTy4aeMON IIpu
aHaJIM3e CBAPOYHOTO HAIPSDKEHUs WJIM TOKA, B PEAJbHOM MACIITA-
6e BpeMeHHU C MOMOIIBbIO 3JEKTPOHHOI ammaparypsl [29, 30, 48, 57,
61, 68, 70, 72, 73].

OG6bIyHO HaOJI0/IeHrEe 32 00pPa30BaHUEM M POCTOM, TPAEKTOpHUei
W KMHEMaTHUKOW JBMKEHUS KalleJb TOCJe WX OTPhIBA OT 3JEKTPO/a
yare BCero MpOU3BOAAT 1O (puabMaM CKOPOCTHOH (POoTO- U peHTre-
HOKUHOCHEMKH. OTO I03BOJISIET IOJYYUTh OCHOBHbBIE IpE/CTaBJIE-
HUS O XapakTepe ITepeHoca MeTasia, XOTS U UCKJII0YaeT BO3MOXK-
HOCTb W3yYeHWs] MeXaHW3Ma M KOJMNYECTBEHHBIX XapaKTePHCTHK
TLIABJIEHUS 3JIEKTPO/IA.

HexoTopbie oco6eHHOCTH TiepeHoca MeTajjga TpU CBapKe To-
KPBITBIMH 3JIEKTPOZAMM MOXKHO HM3y4aTh 10 OCIUWJJIOTpAaMMaM Ha-
npssxkeHusd M Toka Ayru. OcnusnorpadupoBaHue B CBSA3H C €ro
MaJoll WHEPIHOHHOCTBIO HCIIOJIb3YeTCs JJid OIIEHKH ITOBeIeHUs
KamesJb TPH CBapKe MOKPBITBIMH 3JEKTPOJAMHU, XOTS U HE MOXKeT
JlaTh HMCUYEPIBIBAOINIEH XapaKTEPUCTUKH TEPEHOCA METaJa.

KaxaoMy m3 mepeuncaeHHBIX METOIO0B UCCJEOBAHUS MPUCYIIN
oTIpe/ieJieHHbIE TTpEeUMyINecTBa U HepocTaTku. Hanpumep, Gosbinas
TPY/IOEMKOCTb ¥ OrPAHMYEHHOCTb II0 BPEMEHU MEeTOJa OCIUJLIO-
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rpadupoBaHusg, HU3Kas JOCTOBEPHOCTD PE3yJibTaTa; HEIOCTATOYHAS
TOYHOCTb U3MEPEHUs, OUeHb Majas CTAaTUCTUKA ¥ BbICOKAas TPYIO-
€MKOCTh CKOPOCTHOW KUHOCHEMKH.

MHorue W3 TMepeyncJeHHbIX METOJIOB OIEHKH XapakTepa Iepe-
HOCa 3JIEKTPOJHOTO MeTajiia [JsS CHUCTEMATUYECKUX U OOMIMPHBIX
WCCJICZIOBAHWI MOTYT MPUMEHSITHCS JIUITh OTPAHWYEHHO.

B nocnennee BpeMs /I UCCJIEIOBAHUS TIEPEHOCA IJIEKTPOIHOTO
MeTajjla MOJYYUJU IIMPOKOE PACIHPOCTPAHEHUE pPAa3JudyHble MPU-
6OpbI — aHAJMU3ATOPbI M CYETUMKU, MPUHIMI JEHCTBUS KOTOPBIX
OCHOBAaH Ha aBTOMATHUYECKOW PETUCTpAIMKM U TOCJeAyIolell obpa-
60TKe XapaKTepHbIX HM3MeHEeHUUl TOKa M HAIpPSIKEHHS CBapOYHOI
JIyTH, BLI3BAHHBIX MEPEX0/0M uYepe3 Hee Kamesb [29, 30, 42, 47, 61,
62, 65, 70, 72, 73, 77]. llpuMeHeHue yKa3aHHBIX HPUOOPOB [T
OIIeHKM TIepeHoca MeTaJlia M3BECTHO [0CTaTOYHO AaBHO. Tak, Burm
(Tepmanus) eme B 1948 r. c IIOMOIIBIO CYETYMKA IIEPEXO/SAININX
KareJb W MHTErPUPYIONIETO BOJBTMETPA MCCJEN0BAJ CBAPOYHO-TEX-
HOJIOTHYECKHE CBOICTBA TOJIOH 3JEKTPOJHON mpoBoJoku [74]. B
CITA B xonie 40-x rogoB ObLT pa3paboTaH aHAJIM3ATOP, II0O3BO-
JISIOMAHA TTOAPA3IEJUTh KOPOTKNE 3aMBIKAHUSI HA TPU BPEMEHHBIX
kaacca [59]. Byanrtom [47] omy6amnKoBanbl pe3ysbTaThl OIpejeJie-
HKs OGIIEro KOJMYECTBA KOPOTKMX 3aMbiKanuil (K.3.) ¢ IOMOILIBIO
CYETUYMKA K.3. C YCTAHABJWBAEMBIM TIOPOrOM cpabaTbIBaHUS IO Ha-
MPSKEHUIO JIYTH.

B mameit ctpaHe omyO6IMKOBaH psia paGoOT, B KOTOPBIX XapakTep
IepeHoca 3JIEKTPOJHOTO METaJlJia UCCJE/I0BAJIN C UCIOJb30BAHUEM
aJieKTpoHHO# ammaparypbsl [77]. Heo6xoaumMo oTMeTHTb, 4YTO U3Be-
CTHBIE JI0 HACTOSIIETO BPEMEHHM OTEYECTBEHHBIE TTPUOGOPDI JOBOJHHO
MPOCTBI W MPUMEHSIOTCS B OCHOBHOM TOJIBKO JIJISI aBTOMAaTHU3aINU
Ipoliiecca U3MepeHusT XapaKTEePUCTUK IepeHoca MeTaJlia.

[To mpwHIIMNY aHaJM3a W OIEHKU TEPEXOIHBIX MPOIECCOB W3-
BeCTHbIE U3MepPUTEJbHbIE YCTPOUCTBA MOXKHO IIOJAPA3JIeJUTh Ha
caenytomue tunel (puc. 1.2) [55]:

1. C peryiupyeMbIM aMILIATY/AHBIM TOPOTOM (JIMCKPUMUHATOPOM )
W CUETOM TIaJIeHuil HampsukeHus [55, S56];

2. C peryaupyeMbIM aMILUIATY/IHBIM W BPEMEHHBIM IOPOTaMU U
CYeTOM TaJleHuil Hanpsuskenus [57, 68, 72];

3. C npeaBapuTebHBIM HAKOIJIEHMEM aHAJOTOBOrO mjn udpo-
Boro curnaga [50, 52, 55, 72];

4. C perympyeMbIM TIOPOTOM IO aMILJIUTY/E€ U HECKOJbKUMHU pe-
TYJUPYEMBIMH TOPOTaMU [0 BPEMEHU, a TaKXXe OJ[HOBPEMEHHBIM
CUYETOM IIa/[eHUI HAIPSKEHUsI B PA3JIMYHbIX KJaccaX B COOTBETCT-
BUU C TIoporamu Bpemenu [55, 75, 80, 82];

5. C HeCKOJbKUMHU pPEryJupyeMbIMU TOPOTaMU aMILIUTYIbl U
BpEMEHHU, IIPOrpaMMUPYEMbIM IUMPOBbIM [O/Apa3/eTeHueM st
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Cucrema aHaju3a.
IIpUHUMN ¥ OLIEHKA aHAJIN3a

! :

AMIUTUTYAHBIH aHAIU3 BpemenHoii aHau3
OmnpeaesieHue 0611€ro Yucaa OnpeaeneHue oomeii ATUTEILHOCTH
HMIYJILCOB HANPSIXKeHUs AyTU najieHNii HANpsiXKeHusl Iyru
Bblllle HJIH HHJKe IOPOroBOro BbIllle HJIH HHKE MIOPOroBOro
3HAYEHHS 3HAYEHUSs

Puc. 1.2. IlpunnunmaipHasi cXxeMa aHAJIH32a U OLEHKH HMITYJIbCOB HanpspkeHus [33]

KJIACCOB YacTOT, a TaK’yKe CYeTOM U 3aHECeHHEeM B IaMsITh 3Haye-
HUU HAIPSKEHUS B COOTBETCTBUM C AMILIUTYAHBIMU U BPEMEHHbI-
mu kaaccamu (amammsatop “Tammosep”, Tepmanusa) [55];

6. C peryampyeMbIM MOpPOrOM IIO0 aMILIUTY/E, CYETOM U 3aHece-
HUeM B NaMaThb MHGOPMAIMKM O BeJUYMHE TOKA U HAIPSDKEHUS C
YacTOTO CTPOOGUPOBAHMS, TPOTPAMMHUPYEMBIM IM(PPOBBIM YCTPOIi-
CTBOM [UJISI UCCJIEJIOBAHUST KOPPEJSIIUU MEX/]Yy BPEMEHHBIMU Tiepe-
mennbiMu Besmuunamu (U, 1.,) [85, 86].

7. C HeCKOJbKMMM pEeTryJUPYEMbIMU TIOPOTAMU aMILJIUTYIbl U
BpEMEHH, IPOrPaMMUPYeMbIM UM POBBIM TOIpa3/ieJeHIueM [IJs Kjac-
COB 4acToT, Hampumep, anaiuszatop “Ipa” dupmbr “Opa” (Tep-
manus) [71], “MONOOI” pupmbr “Ospaukon” (Ilseiinapus) [64].

Anamus surepaTypHbIx naHubix [20, 21, 41, 42, 43, 55, 57, 68§,
72, 80, 82, 84] nokaspiBaeT, YTO MHOTMM W3 BbIIIEIEPEUYNCIEHHBIX
TUTIOB YCTPOMCTB aHaJM3a W OIEHKU TePeHOCca 3JIEKTPOJHOTO Me-
TaJIJIa MPUCYI IeJblil Psiji HeJOCTATKOB, B YACTHOCTH:

HU3Kasi TOYHOCTb PE3YJIbTATOB U3MEPEHUIl;

OTCYTCTBUE HAJEKHOW BOCIPOM3BOJIUMOCTU PE3YJIbTATOB;

MOJIy4eHne JIOCTOBEPHOU MHQOPMAIMU TOJbKO MPU CBapKe IO-
CTOSTHHBIM TOKOM;

JUTUTENBHOCTh 0OPAGOTKHU OIBITHBIX JIAHHBIX.

OpHako, Ha HAIl B3IJSAJ, OCHOBHBIM HEIOCTATKOM SIBJSETCS TO,
YTO C UX MOMOIIBIO TOJYUYAIOT TOJBKO CPeHUe 3HAYEHUS H3Mepsie-
MBIX NapaMeTpoB (HapuMep, YHCJI0 M JJIMTEJbHOCTb I1aJeHHi
Hanpskenus). Ilpu stom 06beM MH(POPMALMU B CUJy CJIO0KHOCTH
06paboOTKH Pe3yJIbTaTOB, KaK MPaBUJIO, HEOOJBIIONH. JTO HE IM03BO-
JISieT B TIOJTHOW Mepe CYAHWTb O XapakTepe MePeXO/HBIX ITPOIECCOB.

[Toaromy msist Hac TPEACTABJSAIOT UHTEPEC AHAJU3ATOPBI THIIA
“dpa” (mpombluteHHass Mojeab aHaiausaropa “lanHosep”) u
“MONOOI”. Onun mnpenHa3HAYEHBbI [ WCCJAEAOBAHUS OTMEPATUB-
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HBIX CBOHCTB 3JIEKTPOJIOB, MCTOYHUKOB NMUTAHUS M KOHTPOJIS Kaue-
CTBAa CBAapOYHBIX MAaTepUAJIOB NPU HU3TOTOBJEHHM, a TaK¥Ke IIPo-
(eccronanbHOl MOATOTOBKM CBAapHIMKOB. CyTh METOAUKHU COCTOUT B
CTATUCTIMYECKOM aHajm3e MHQOpMAIUN O YaCTOTe U AJUTETHHOCTU
KOPOTKUX 3aMbIKaHWW, 4TO OYeHb Ba’KHO NMPU HU3YyYEHUU OCHOBHBIX
XapaKTEePUCTUK TIPOIecca CBApPKH.

W3 cxemarnuecku IIPeJCTaBIEHHON OCHUJJIOIPaMMbl HallpsiKe-
nua (puc. 1.3) BuHAHO, YTO IO CYIIIECTBY BCerja MMeloTcd /Ba
Buja wuHpOpPMAIMU O IIPOTEKAHWU CBAPOYHOTO HANPSIKEHUS, a
UMEHHO: aMILJIUTy/a ¥ BpeMsl.

[TosTOoMy cTatucTUYeCKHE METO/bI OIEHKM CBAPOYHBIX IapaMeT-
poB (B [MaHHOM cJyvae HANpPSKEHUSA) MO3BOJAIOT KIaCCUPUIUPO-
BaTbh WX IO aMILJTUTY/le U BPEMCHH.

a
UL1 , B
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a o
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Puc. 1.3. Ocuuiio-
rpamMmma CBapOYHOro
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yenHoM mMacmraGe (- ) o
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[Ipubopsr “I'anHoBep” m “Opa” MO3BOJMSIIOT aHAJN3UPOBATD Te-
KyIIe dKCTPeMasbHble 3HAYEHUs HANPsKEHWs B JBAJALATH KJac-
cax. lloyosxkeHusi m 06bEM KJIACCOB OMPEIESAIOTCS AUCKPUMUHATO-
pom ot 0,5 1o 50 B uepes unrepsas, pasubrii 0,5 B.

[Tasenve HanpsKeHUs HIKE YCTAHOBJEHHOTO W PETYJUPYEMOTO
MTOPOTOBOTO 3HAYEHUS PETUCTPUPYETCA KaK JAJIUTETbHOCTH KOPOT-
KOTO 3aMbIKaHWs, a BBIIIE TIOPOTOBOTO 3HAYEHHS — KaK JIJIUTEJb-
HOCTb MHTEPBAJIOB MEXK/Y KOPOTKUMH 3aMbIKAHUSIMU.

Krnaccuduramum moaiexar MMITYJIbChl HATPSKEHWS JIJTHTENb-
Hoctbio ot 0,1 g0 1000 mc. Vmnymabesl amutenbHocThio 0,1-5 Mc,
SIBJISIONIUAECS PE3YJIbTaTOM KPAaTKOBPEMEHHBIX KACAHWI Kaljd o
BaHHy 6e3 ee TMOCTEAYIONEro IMepexo/a, OOBYHO OTMOUILTPOBLI-
BAIOTCS C TIOMOIIBIO [UCKPUMHUHATOPA.

PesysbraThl u3MepeHus1 M aHaJnu3a MNaJeHUH HalpsKeHUus B
BU/IE YaCTOTHOTO pacIpe/leJieHHs 0 KJIaccaM HaKOILISIOTCS B TIPO-
Iecce CBapKHU U TepefaioTcs Ajs o6paboTku B KoMmbioTep. OKOH-
yaTeJbHass WH(MOPMAIUS BBIJIAETCS IMEYATAIONMM yCTPOHCTBOM B
Buze Tabaun uau rpaduros (rucrorpamm).

C 1I0MOIIIbI0 PACCMOTPEHHOI0 METOJIa aBTOpHI [53, 36, 73, 74, 79,
83] wucciemoBasum  XapaKTePUCTHKKU IIEPEHOCA  PACILIABJIEHHOTO
MeTaJlJla TPH CBapKe MOKPBITBIMU 3JEKTPOJAMH ¥ B 3alIUTHBIX
razax. /[laHHble, TOJIyuYeHHBIE ASTHUMU aBTOpPaMH, [OKA3aJH, YTO
CTATUCTUYECKAs OI[EHKA OCHOBHBIX TapaMETPOB IPOIECCa CBAapKH,
B OCOOEHHOCTH € KOPOTKMMHU 3aMBIKAHWSIMU, TO3BOJISET 6oJiee TJIy-
6OKO M3YYUTDL €r0 CYNIHOCTb W MPABUJIbHO ONPEAETUTb ONTUMAJb-
Hble YCJIOBHS €ro IIPAaKTUYECKOil peasn3aiun.

W3 pa6ot [55, 56, 83] BbITEeKaeT, 4TO perucTpaimu u o6paboTKe
MO/IJIESKUT OJHOBPEMEHHO GOJIBbIIIOE KOJMYECTBO MapaMeTpoB CTOXa-
CTUYECKUX TEPEXOHBIX TMporieccoB. Ho kak cuemyer u3 pabor [48,
79], anammsaroper “TanHoBep” m “IJpa”’ He TO3BOJISIOT OIHOBPE-
MEHHO U3MepsATb U 00pabaThiBaTh MHOTHE MAapaMeTpbl. JTO 3HAYU-
TEJHHO YCJOXKHSET OLEHKY IePEXOHBIX IIPOIECCOB IIPU CBapKe.

OrevecTBEHHBIX NMPUOGOPOB, CIIOCOOGHBIX pemaTh MOJ0OHbIE 3a7a-
YH, 10 HACTOSIIEro BPEMEHH He MMEeJOCh.

N3 3apy6eXHBIX MOXHO OTMeTUTh anaiuzatop “MONOOI”
dupmer  “Ospiukon”  (IIselinapus), KOTOPHIA KOHCTPYKITMOHHO
BBITIOJTHEH BMecTe ¢ MUKPOOBM u mnpumensiercss i MccJeoBa-
HUST ¥ KOHTPOJISI CBAPKH.

Takum o6pasoM, M3ydyeHUE JUTEPATYPHBIX [JaHHBIX ITOKA3aJo,
YTO CYIIECTBYIONINE METOJbI MCCJIEIOBAHUS MEPEHOCA 3JIEKTPOIHOTO
MeTaJJla JIAl0T Y/IOBJETBOPUTEJbHBIE PE3YyJbTAaThl, HO TPeGyIoT
6OJIBIITUX 3aTpaT BpeMeHW Ha 00paGOTKy JaHHBIX ¥, KaK MPaBUJIO,
JIOCTOBEPHOCTb PE3yJbTAaTOB HHU3KA H3-3a OTPAHUYEHHOTO YHCJIA
OIIBITOB.
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ITUX HEJOCTATKOB B 3HAYUTEJBHOU CTENEHW JUINEHbl CTATHC-
TUYeCKHe METO/[bl WUCCJE/0BAHUS, KOTOPbIe SBJSIOTCS HauboJsee
UHOOPMAIIMOHHBIMI U TPUEMJIEMBIMU [IJISI U3YYEHUsT MEePEeXOTHBIX
IIPOIECCOB TIPH CBapKe MOKPBITBIMU 3JjieKTpogamMu (aHamM3aToOpbI
“Tannosep”, “9Ipa”, “MONOOI”).

CratucTudyeckue MeTOAbI M3MEPEeHUs 3JIEKTPUIECKUX W BPEMEH-
HBIX I1apaMeTPOB CBAPOYHOTO KOHTypa OO0JIAJAI0T BBICOKOW JOCTO-
BEPHOCTBIO U YYBCTBUTEJIBHOCTHIO U MO3BOJIIIOT HUCIOJIb30BAThH
CPENCTBA BBIYUCJIUTENIBHON TEXHWKU, YTO MHOTOKPATHO COKpAIIaeT
BpeMsI CTATHUCTUYECKOH 06paboTKM WH(GOPMAIUU C OXHOBPEMEHHBIM
yray6JeHreM ee MaTeMaTHYecKOro aHaJn3a. DBBICOKHe CKOPOCTH
06pabOTKN M BBIBOJAA MH(OPMAINHN TO3BOJITIOT TaKKe WCIOIb30-
BaThb 3TU METOJbI JIJISI ONEPATUBHOTO KOHTPOJIS KayecTBa BBIMTYCKa-
€MBIX CBApOYHBIX MATEPUAJIOB MPHU IIOTOYHOM IIPOM3BOJICTBE, &
TaK)Ke TEKYIIEero KOHTPOJIS TIPOIlecca CBAPKH, YTO MOATBEPKIEHO B
paborax [26, 30].

K anexTpuyeckuM mapaMeTpaM CBapOYHOTO KOHTYPA OTHOCSITCS:

HanpsizKeHne M TOK Kopotkoro sambikanus (U, ., 1.,);

HaMpsKeHWe ¥ TOK MepuoJia TOPEHWs [yTH, T.e. MEX[JIy KOpOT-
kumu 3ambikanusvu (U, , 1,);

cpelHee 3HAUYEHUE HANPSIKEHUST OYTH M TOKA CBAPKU C YYETOM
HAlPSDKEHNUST M TOKA KaK B MOMEHT KOPOTKHMX 3aMbikaHuii (k.3.),

TaK u B uHTepBanax Mexay mumu (U, 1),

[Ipn ananm3e mpoiecca IyroBoW CBApKHM TPEACTABJISIOT HWHTe-
pec MHUHUMAJbHBIE, MAKCUMAJbHbIE U CPeJHHE 3HAYCHUS YKa3aH-
HBIX MapaMeTpoB. K BpeMEHHBIM MapaMeTpaM CBAapOYHOTO KOHTYPa
OTHOCSTCS:

JUINTEJBHOCTD K.3. KallJledl pacIIaBJeHHOTO MeTajia MesKdJeK-
TpogHOrO TpoMexyTKa (T, .,);

JUINTEBHOCTD MHTEPBANOB Mekay K.3. (T,,).

Ecyiu mporecc ropeHust Iyru He COMPOBOXKAAETCS K.3., TO MOXK-
HO U3MEPHUTb TOJHKO MUHMMaJbHOE, MaKCUMaJbHOE U CpejiHee 3Ha-
JyeHHe aJeKTpuueckux mapamerpos U, u I, .

TakuM 006pa3oM, CTaTHCTUYECKHE METO/bl OIEHKH XapakTepa
MepeHoca MeTaja M U3MEePEHUsT 3JEeKTPUIECKHX apaMeTpPOB CBa-
POYHOTO KOHTypa MOTYT ObITh Peajn30BaHbl HA TPAKTUKE HECKOJb-
KUMHU CIIOCO6AMMU:

OyTeM WUCIIOJIb30BAHUS CIENUATU3UPOBAHHBIX HH(OOPMAIHOHHO-
M3MEPUTEJbHBIX CHUCTEM, BKJoUalomux B ce6ss IBM [30];

C TOMOIIBIO TEPCOHAJBHBIX KOMIBIOTEPOB u Apyrux IBM,
UMEONNX YCTPOMCTBO CBSI3M € OGBEKTOM M COOTBETCTBYIOIIHE
TeXHUYECKHE [apaMeTpbl;

nyteM 1uieiihoBoro ocuustorpadupoOBaHus HAIPSIKEHUS JyrH
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U TOKA CBapKd C MOCJEAYIOIeld pydHoil 006pabOTKOi OCIUJLIO-
rpamm.

Hawub6osiee mmpokoe pacmpocTpaHeHue B IIOCJEIHUE TOJBI Ha-
meJs TepBbIl crmoco6 ¢ TpuMeHeHWeM WH(OOPMAIMOHHO-I3MePH-
TEJbHBIX CHCTEM.

CraTtucTryeckre MeTO/bl aHaJu3a PeaJn30BaHbl B aHAJIU3ATOPE
AHII-1, paspa6otanHOM WHCTUTYTOM SIE€PHBIX HUCCJIEIOBAHUN
HAH ¥Yxkpaunbl coBmectao ¢ M9C um. E.O. IlaTona, mpejcrasJsio-
meM cob6oii nepByio B ObiBiieM CCCP Mopenb crienuaJu3upoBaH-
HOIl MH(MOPMAITMOHHO-N3MEPUTEIbHON CHCTEMBI, TO3BOJISIONIYIO 06-
pabartbiBaTh B peajbHOM Maciutabe BpeMeHu OOJbIIONH 00beM WH-
dopmartmm o mporecce cBapku [32]. Omna npemHasHavyeHa IS
HCCJIe/IOBAHUSI, KOHTPOJIS U 0OpaGOTKU OJIHOBPEMEHHO TpeX Iapa-
MeTpoB (HanpsiKeHne, TOK U BPeMsA) IPU CBapKe IOCTOSHHBIM |
nepeMeHHbBIM TOKOM. 3HAueHUs IoKasaTeseil IepeHoca MeTaJia
(IMTEIbHOCTD KOPOTKUX 3aMbIKAHUH U WHTEPBAJOB MEKIY HUMMU)
U3MEPSIOTCS B aHAJU3aTOpPe CIENUAJbHBIM CYETYMKOM, OKOHYA-
TesapbHas o6paboTka wHMOpMaIun ocytecTBasgercs IBM.

TakuM o6pa3oM, JHUTepaTypHbIe [aHHBIE CBUAETENbCTBYIOT O
TOM, YTO CYIIECTBYIOIIME METOJbI MCCJEJOBAHUS IIePeHOCa JJIEKT-
poaroro Merasia (ociuuaorpagupoBaiue, CKOPOCTHAsE KMHOCHEM-
Ka) TpeOyloT GOJbIIMX 3aTpaT BpeMeHH Ha 06palOTKy MaHHbBIX H,
KaK TpaBWJO, O6GJAJA0T HU3KOW JOCTOBEPHOCTHIO W3-3a OIpaHU-
YEHHOTO YHCJA OMBITOB.

ITUX HEJOCTATKOB B 3HAYUTEJbHOU CTENEHW JUINEHbI CTATHUC-
TUYECKUE METO/bl MCCJEN0BAHUs, BKJIOYAIONIMe 06paGOTKy pe3yJib-
TATOB U3MepeHUil ¢ momoiibio DBM, koTopble sABASIOTCS WHDOP-
MATUBHBIMU U TIPUEMJIEMBIMH [J W3YYEHUS IEPEeXOAHBIX IpOIlec-
COB TIpU CBapKe TOKPBITBIME ajiekTpofamu. CraTuctudyeckue
METOBI WCCJEOBAHWUS TO3BOJSIOT TOJYYUTHh JIOTIOJHUTEJIbHYIO
undopmaiuio 06 0COGEHHOCTIX IJIABJEHUS W ITIEPEHOCA MEeTAJLIa,
KOTOpasi MOXKeT ObITb KCIIOJIb30BAaHA IIPU CO3JAHUU 3JIEKTPOIOB,
UMEIONINX YJIyYIlIeHHbIe TEXHOJOTHMYecKne CBOICTBA.

B mpomecce mpoBeAeHHS KOMIJIEKCA WCCJIEIOBAHUI HAMU WC-
MoJIb30BaJiach WH(MOPMAIIMOHHO-U3MEPUTEJIbHAS cucTeMa “ AHAJH-
3arop HecranumoHapubix mpoueccoB” (AHII-1) m 9BM (M-6000).
Ucnonp3oBanue awmanuszaropa AHII-1 ¢ rubkoit cucremMoil 1mpo-
rPaMMHUPOBAHMS TI03BOJUJIO BbI6paTh Hanbosee HUHOOPMATUBHDIE
MOKA3aTeJN M aJTOPUTMBI 06PAGOTKY MOCTYMaoIieil nHGOPMaInn.

Kak mokasasu JaHHBIE SKCIIEPIMEHTOB, M3MEHEHWE 3JeKTphye-
CKUX W BPEMEHHBIX IapaMeTPOB TIOJYUHSETCS MPEUMYIIECTBEHHO
HOPMaJIbHOMY 3aKOHY paclpe/ieieHHusl, HO BMeCTe C TeM IoJyJae-
Masg B TIpoliecce cBapku HH(MOpPMAIUS XapaKTepu3yeT OJHOBpe-
MEHHO HECKOJIbKO IPOIECCOB, B CBSI3M C YeM PETUCTPUPYEMbIe
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pacripe/ieJieHuss UMEOT BUJ [IByX-, TPeX-, a WHOT/A U YETBIPEXMO-
nanpubix. [loaromy morpe6oBasioch IPEACTABIATb Takyio WHOOP-
MalMio Ha dKpaHe Tpaduueckoro AUCIIeS A JOCTOBEPHOTO OIpe-
JeeHnss 0o6pabaThIBA€MOTO y4yacTKa THUCTOTPaMMBI. Takoil peskuM
06paboTKN TOKaszaTeseil W3MepeHnH BIIOCIeJCTBUN ObLT peaan30-
BaH B MOJEeJIW BTOPOTO TIOKOJEHUS WH(MOPMAIMOHHO-U3MEPH-
tenpHOi cuctemMbl — AHII-2 [30]. OTa cucrema Ttak:ke sBJsIeTCs
coBMmectHoit paspa6orkoit MIC um. E.O. Ilatona u WA HAH
YKpauHbl U TpenacTaBysger co6oil ycTpoiicTBo Ha 6aze MHUKpoIBM
“Inexrponnka-60M” n kpeiita KAMAK, Bk/iouaoiiero ¢yHKIHO-
HaJbHbIe Moaysm. Masorab6aputHas cucrtema AHII-2 oTmmuaercs
or AHII-1 asronomuocTbio (MMeeT BCTPOEHHYIO MUKPOIBM),
YJIYYIIEHHBIMU TEXHUYECKUMU XaPAKTePUCTUKAMU U IpeHa3Haya-
eTcss JJ1s pabGoThl HE TOJBKO B JIaOOPATOPHBIX, HO U B 3aBOJICKUX
(tpaccosbix) ycaoBusx (puc. 1.4).

Cucrema AHII-2 mpegnazHaveHa AJS WCCJAEIOBAHUN M KOHTPO-
JIT TEXHOJIOTMYECKNX CBONCTB CBapOYHBIX MarepuasoB (31eKTpo-
JIOB, TIPOBOJIOK TIOPOIIKOBOTO M CILJIOIIHOTO CEYEHUs, (PJIIOCOB U
T.1.) U UCTOYHUKOB IMHUTAHUS; aHAJIN3A TPOIECCa BCEX BUJOB Jyro-
BOH CBapKu.

OHa TO03BOJISIET MCCJIE0BATH CTAGUJIBHOCTD TOPEHUS AYyTU WU
IepeHoc MeTaJlja MpPU CBapKe HAa MePEeMEHHOM M ITOCTOSTHHOM TOKe,
MPOBOAUTH CTATUCTHYECKUI AHAJHU3 3JEKTPUUECKUX M BPEMEHHBIX
mapaMeTpoB CBapoyHOro KoHTypa. llpw mcciemoBanum cTaGUIBHO-
CTH JIyTW TIEPEMEHHOTO TOKA M3MEPSIOTCS HANpshKeHWe, TOK W Bpe-
MsI IIOBTOPHOTO 3a’KUT'aHUsI 1yTH (U, I, ut) s IIOJIyTIEPHO/I0B
npsIMONl M 06PATHON TIOJISIPHOCTH C BBIYMCJEHWEM II0Ka3aress CTa-
6unbrocTu G, (cM. 1. 2) U MUHUMAJBHOIO HANPSIKEHUSI XOJOCTO-

Monyib
HHAHKAUHUH
Moayas
NpeABAPUTEILHOIO [€>]
U 0T00pa TAHHBIX Mozytb
—> Moayab BbIBO/1a
7 | Bxommmix = AL undopmaunu
—>| yeTpoiicTB
MukpodBM
Jucnei
Mazucmpans | Iy
KAMAK

Puc. 1.4. Baok-cxema unpopmaiuoHHo-uaMepuressHoii cucremsr AHII-2 [30]
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TO X0/la CBapOYHOTO TpaHchopMaTopa, Ha KOTOPOM Jyra TOPUT elie
6e3 o6pesoB (U™ ). Ilpm oIeHKe XapakTepa IepeHOca MeTaJlaa

JIyTH TIEPEMEHHOTO W TMOCTOSHHOTO TOKA M3MEPSIOT MapaMeTpbl Ty,
u 1., Kpome Toro, usmepsior HampspKeHHe OIyTH U TOK CBapKW.
Wamepennble 3navyenus mapamerpos U, I, U, I, t, ., T,
mocTymnaioT B MUKpoIBM, T/ie mMpou3BOAUTCA HAKOIJIEHWE M OKOH-
yaTesbHas o6pa6oTka WH(POPMAUU B COOTBETCTBUU C 3apaHee
BBeZIeHHBIMU B DBM mporpammaMu 06paboTK.

Kaxnass mporpamMmMa MOKeT ObIThb BbI3BaHA Ha)KaTHEM COOTBET-
CTBYTOTIEH KJIABUIITH, YTO YMEHbBIAET BPEMs MOJATOTOBKH CUCTEMBI K
pabore.

Boisog nndopmanuu  (cpegHue 3HAUEHUsI, CPEAHEKBaJpaTHYeC-
KUe OTKJOHEHHS M K03 UIMEHTbl BapUallUU 3IJIEKTPUYECKUX WU
BPEMEHHBIX IIapaMeTPOB CBAapOYHOIO KOHTYpa, MX THCTOIPAMMDI,
(parMeHTbl KPWBBIX TOKA M HANPSIKEHHS JAyTH) OCYIIECTBJISETCS
Ha 1udpoBoe Tabso, mudporeyataoniee yCTPOUCTBO W Tpadudec-
KWW [ucriieil, KOTOPbIi BO BpeMs CBapKu paboTaeT B peKUMe
1udpoBoro ociuIorpadgupoBaHus.

[Tocsie BBIBOAA TUCTOTpAMMBI Ha JWCILIEH B cIydae HEOOXOIMMO-
CTH, MOKeT OBITb WCIIOJb30BAH METO[| TOATAIHON 06pabOTKU THC-
TOTpaMM, KOTOpbINi peanu3oBan B cucrteme AHII-2 caexyromum
ob6pazoMm. Ha axpane aucnesi, HUKe H300PAKEHUS THCTOTPAMMDI,
BBICBEUMBAIOTCA JBe cBeToBble moJockn (puc. 1.5), yupasisembie
orieparopoM. IIpm HEOOXOAMMOCTH aHaJKM3a ONPEAEJEHHOTO y4acT-
Ka TUCTOTPAMMbl CJIeJlyeT YCTaHOBUTb CBETOBBIE ITOJIOCKH TaK, 4TO-

X.X

e -...
® e s -..

Puc. 1.5. Onpenesienust na-
p
npsokennss U, ¢ momomurpio

K.

CeéemosgbLe MeTOAa MOJTanmHoH 06pa-
nonocrku ey — Gorku rucrorpamm (mpes-
B craBjena rucrorpamma U,
S NP aBTOMATHYECKOH cBap-

-— xe B cpege CO,) [26]
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Obl aHAJM3UPYEMbIHl yYACTOK TUCTOTPAMMBI ObLT pa3MeIleH MeXIy
numu (cM. puc. 1.5). 3areM, HakaTHEM COOTBETCTBYIOIIEH KJIABU-
MY BKJIOYAIOT 06pabaThIBAIONIYIO MPOTPAMMY, B DPe3yJIbTaTe Yero
OTIpeIeIIIOT KOJUYEeCTBEHHbIE MOKa3aTesnd JAHHOTO y4acTKa TUCTO-
rpammbl (cpeaHee 3HAYEHHE IapaMeTpa, €ro CpeAHeKBaApaTHdec-
KO€ OTKJIOHEHWE W T.II.).

Bpems usMepeHHsl yKa3aHHBIX NapaMeTPOB HE OTPAHUYEHO, HO,
Kak mpasusio, He mnpesbimaer 20—40 c. OG6pa6orka undopMauu
OCYIIECTBJISIETCS B peajbHOM MaciTabe BpemeHu. OOiiee BpeMms
IKCIIepUMEHTAa OT Havaja W3MepeHWs [0 OKOHYAHWS BBIBOJA pe-
3yJIbTATOB cocTaBJseT He 6osee S0—60 c.

[Ipn amanmmse xapakTepa IepeHOCAa MeTajjIa U3MepseTcs, Kak
npasusio, or 100 (cBapka mokpbITbIME daekTpogamu) g0 1000 u
6onee sHaveHuil T, u ., (MexaHusupoBaHHAsd M aBTOMaTHYECKAsd
cBapKa).

YacroTa m3MepeHUs] HAMpPSDKEHUS IYyTHM U TOKA CBApKU MOXKET
u3mensaTbest or 100 I'm mo 20 xI'm. IlocTtpoenwe rtucTtorpaMmbl ma-
pamerpos U,, |, u BbluMc/leHre MX CPeJHUX 3HaueHUU U Xapak-
TEPUCTUK paccesHus mpoBoautcsd Ha ocHoBanum 10—100 tpic. u3-
MepeHui.

Nudopmanmonno-uameputenbias cucrema AHII-2 mMoxer ObITh
UCTI0Jb30BaHA [JIS aHAJAW3a JIOOBIX JIPYTHX IPOIECCOB, IMapaMeT-
PBI KOTOPBIX MOTYT OBITb MpeACTaBJeHbl B (hopMe 3JEKTPUIECKUX
curHaoB. B dWactHoCcTH, A aHanW3a CTAaGUIBHOCTH [IyTU TTOCTO-
SHHOTO TOKa M (haKTOPOB, OKAa3bIBAIOIINX BJUSHHUE HAa Hee, B CHC-
teme AHII-2 peann3oBaH yHUBEDPCAJbHDIH PEKUM CTAaTHCTHYECKON
06pa6OTKM HANIPSDKEHUST TYTH M TOKA CBAPKH, MO3BOJISIONIUN TIPE-
cTaBJATh nHpOpMaIuio B Bujae rucrorpamm U, u |, mpudem 3Ha-
venust U, u |, usmepstiorcst ¢ gacroroil kBanroBanus (1o 20 k).

Hwxe mpuBemeHa TexXHUYECKasi XapaKTePUCTHKA CHCTEMbI
AHII-2 [30]:

Yucao BxoaoB (Hampsbkenue u
TOK) « ettt 2

Yucuo Z[e]IeHI/II‘/JI IIKaJbl II0 KaiXX-
JA0MYy U3 U3MEPsAEMbIX IlapaMeT-

070) ;T 256

[lManasoH M3MepseMbIX Halps-

SKEHUIA:
no Bxony U, B................ 0-64 (0,25 B/ nen) 0—-128 (0,5 B/ nen)
o Bxoay I, MB................ 0-12,8 (0,05 MmB/nen) 0-128 (0,5 MB/nen)

JlnanazoH  u3MepseMbiX — JIJIH-
TeJIbHOCTEI, MC:

KOPOTKHE 3aMbIKAHHSI. ........ 0-64 (0,25 ¢/ nen)
UHTEPBAJT MEXKIy KOPOTKH-
MH 3aMBIKAHUSAMH ............. 0—1280 (5 mc/ nen)
[PEJIyroBOil MEePUOL . ........ 0-6,4 mc (0,025 mc/ nen)
Yacrora ksantoBanus (umamepe-
HUA), KII .o 0,1; 1; 10; 20
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C nomortpio nH(GOPMAIMOHHO-U3MepuTebHON cuctembl AHII-2
ObLIYM TIPOBEIEHDbI MCCJIEOBAHUS [0 OTPABOTKE METOAUKH H3Mepe-
HUST 3JIEKTPUYECKUX M BPEMEHHBIX I1apaMeTPOB CBAPOYHOTO KOHTY-
pa. Tak kax mosydeHHBIe DPE3yJIbTATBI MPEACTABJSIOT OIpe/eJeH-
HBIIl METOJIMYECKUN W TPAKTUYECKUN WHTEpPEeC, PacCMOTPUM WX
moAPOGHO € TIEJbI0 COTIOCTABJECHUS W aHAJIW3a C TOJYYEeHHBIMU
panee [30].

Omnpe/eieHne mapaMeTpoB MepeHOCa MeTajia

Omnpenenenne AJIUTENTBHOCTH K.3. M WHTEPBAJOB MEXIy HUMH OC-
HOBbIBaeTcsl Ha aHauamuse kpusoit U, = f(t).

Kak mnpaBusio, rucrorpaMmbl IIOKa3arensi T,, [IBYXMOJAJbHblE
(puc. 1.6), 4TO TOBOPUT O HAJIMYUM JBYX BH/OB K.3.. “JIOKHBIX" —
CIyYaifHBIX KPATKOBPEMEHHBIX K.3., BO BPEMSI KOTOPBIX He IIPOMC-
XOJ/UT TEPEXO0/] HJIEKTPOJHOTO MeTajlla B CBapOUYHYl0 BanHy (sieBast
YacTh THCTOTPAMMBI T,,), W K.3. C TIEPEHOCOM 3JIEKTPOJHOTO Me-
tasa (mpaBast 4acTh THCTOTPaMMBI T, ,) [26].

a 7]
n, T n, T
20+ 20
18 - 18
16 - 16
14 14
12 - 12
10 10
8 8
6 6
4+ 4
2r 2
L L n L 1N
0 10 20 ¢ me 0 10 20 1 ye

Puc. 1.6. Tummusbbi Bua rucrorpaMMbl mapaMeTpa T, , NpPH CBapKe MOKPBITHIMH

asiekTpoaamu [26]:

1 — c pasgesieHneM KOPOTKHMX 3aMbIKaHWNl Ha “JI0JKHbIe” ¥ JeliCTBUTEbHbIE;
6e3 pas/ieleHis] KOPOTKUX 3aMbIKAHUN Ha “JI0KHbIE” W JIeldCTBUTETHHbBIE
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TakuM 06pa3oM, aTH [[B€ YaCTH THCTOTPAMMBI T, , OTHOCSTCS K
PasHbIM SABJICHUSIM W II03TOMY PpaccMaTpUBaTbh WX CJEIyeT pas-
JleJIbHO, Olpeaesss AJs KaXJIOH M3 HMX € IOMOIIbIO MeTojAa IIo-
aTamHON 06pabGOTKU TUCTOTPAMM Cpe/lHee 3HAUeHWe MOKa3aTess T,
U WX XapaKTEPUCTUKU PaCCESTHUS.

[Ton MeTogoM TO3TAnHON 0OPAGOTKU THCTOTPAMM TIOAPA3yMeBa-
eTcs crocol, KOrja aHaJu3upyeMas TrucTorpamMma pa3OuBaercss Ha
YYaCTKU W I KaXKJOTO ydYacTKa OIpe/esisieTcs cpe/lHee 3HavYeHue
napaMeTpa, €ero XapaKTePHUCTHKHM PacCcesiHusd, YUCJI0 HU3MepeHUui
(mmomaap yuyactka). CpaBHUBas IUIOMIAAb PA3JUYHBIX YYaCTKOB
TUCTOTPAMMbI, MOKHO OIIEHUTb BEPOSTHOCTH TOTO WJIW WHOTO SBJie-
musa. Tak, HampuMep, YnCa0 “JTOKHBIX  K.3., KaK MPaBUJIO, MEHBIITE
yncaa JAeficTBUTETbHBIX K.3. CiiefoBaTesibHO, CJydaiiHble KacaHWs
KalleJib MOBEPXHOCTH BAHHBI MPOMUCXOMAT pexke, YeM K.3. C Iepe-
HOCOM MeTaJlia.

Heo6xoauMocTh TpeAcTaBiIeHHs pPe3yJbTAaTOB U3MEPEHUs [JIH-
TEJTBHOCTH K.3. B BHJIE€ THCTOIPAMMBI OOGYCJIOBJIEHA ellle W TeM, UTO
OTIPE/IEJIUTH MMOPOTOBOE 3HAUEHUE T, ,, MEHBIIE KOTOPOTO K.3. “JIOXK-
HbIe”, a BbBINIE — JeHCTBUTEJIbHBIE, MOXXHO TOJBKO aHAJU3UPYys
¢opmy ructorpammor T, ,.

[Ipu cBapke TMOKPBITBIMEU 3JEKTPOJAMU TTOPOTOBOE 3HAYEHUE T, ,
Haxoqurca B npegenax ot 1,5 no 3,0 Mc, a npu cBapKe CIJIOIIHbI-
MU ¥ MTOPOIIKOBBIMHU TIpoBoJiokamu B cpene CO, — ot 0,5 10 1,5 Mc.

IIpn u3aMepeHMM JJIUTETbHOCTH T,, CBAPOYHBIX MaTEpPHUAJIOB,
XapaKTEePU3YIOIIUXCS MeEJKOKAIleJbHbIM IIePEHOCOM MeTaJslia, BO3-
MOJKHO TOJIydyeHWe TUCTOTPaMMbl 3TOTO TapaMerpa, Ha KOTOPOW HeT
YeTKO BBIPAKEHHOW TPAHUIIBI MEXIY “JOKHBIMH W U JIeHCTBUTENb-
HeiMu K.3. (cM. puc. 1.6). B atom ciyuae pasjenbHoe paccMoTpe-
HUe JIeBOM M MpaBOi YacTedl TUCTOTpaMMBbI T, , HE TPEACTABISAETCS
BO3MOZKHDBIM.

I13mepeHne 3JeKTPHYECKUX NMAapaMeTPOB CBAPOYHOIO KOHTYpa

Pe3kre MOHMIKEHUS HANPSOKEHUS [IyTH OT 3HAYEHUH, COOTBETCT-
BYIOITUX TEPUOY TOPEHWS IyTH, J0 3HAUYEHUN KOPOTKOTO 3aMbIKa-
nug (puc. 1.7, ) npuBOAAT K MOJYYEHHIO JBYXMOJAJIBHBIX THCTO-
rpamm napamerpa U, (puc. 1.7, -). JleBas yactb rucrorpammbr U,
cooTBeTCTBYeT napamerpy U, ,, mpasasg — mapamerpy U, .

B kaxxgoMm m3 aTMX pacrpejiesieHnil BepOATHOCTEH MOKHO Haii-
TH MWHUMAaJbHble W MaKCUMaJbHble 3HAUEHUS YKA3aHHBIX Tapame-

tpo (U, UM, UM UMY), a TtaxsKe MX CpefHNE 3HAYCHHS

K.3 ? K.3 ? r.a
(UL UP), uenosib3ysi METO/I MOITAHONW 06paGOTKH MHCTOrPAMM.

K.3? L

CKOpOCTb M3MEHEHHS] TOKAa CBAPKU IPU KOPOTKUX 3aMbIKaAHUSAX
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»
»

t

Puc. 1.7. Tunmynbii Bug ocuusiorpamMmsel (1) U rucrorpamMmbl (- ) HalpsbKEHHsI KyTH
NpU CBapKe ¢ KOPOTKHMH 3aMbIKaHusMu [26]

3aBUCUT B OCHOBHOM OT WHAYKTHBHOCTH CBapoOYyHOTO KOHTypa [89].
[Ipu 60sb1I0IT WHAYKTUBHOCTH CBAPOYHOTO KOHTYPAa TOK KOPOTKOTO
3aMbIKAHMS BO3PACTAET Me/JIEHHO U TaK)Ke MeJIEHHO yMEHbIIAeTCs
1o okonvanuu K.3. (puc. 1.8, 1). Ilpuuem, ecau K.3. KpaTKOBpe-
MEHHBI, TO TOK KOPOTKOTO 3aMBIKaHWS MOKET He [OCTUTATh MaKCH-
MaJIbHO BO3MOXKHBIX 3HaueHmil (rmcrorpamma ma puc. 1.8, ).
OGpabatbiBas Takyio THcTorpamMmy mapametrpa |, MOXHO TO-
JIYYUTb MHWHHUMAJIbHOE 3HAa4Y€HUE€ TOKa IiepuoJa TropeHusd Ayru

max
IK.3

»
»

t I

»
»

Puc. 1.8. Tumuusbii Bux ocmuutorpammel (1) W rucrorpaMmel (- ) TOKa IpH CBap-
Ke C KOPOTKMMH 3aMbIKaHHsIMH H GOJIBIION HHIYKTHBHOCTH CBApPOYHOrO KoHTypa [26]
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max

(1""), makcumanbhoe 3nadenue toka k.3. (1)) u cpeamee 3mua-

K.3

yenue Toka capku (177).

[Ipu He3HaunTeJbHOU WHAYKTUBHOCTH CBAPOYHOTIO KOHTYpPa TOK
B HAYaJbHBIH MOMEHT K.3. BO3pacTaeT Pe3Ko M, Jaxke MPHU KpaTKo-
BPEMEHHBIX K.3., MOXXET JOCTMraTb MaKCHUMaJbHO BO3MO>KHbBIX 3Ha-
uennii (puc. 1.9). Tloc/ie OKOHYAHUS K.3. TOK TaKKe PE3KO yMeHb-
mraeTcs.

Takoll xapakTep HM3MeHEHHUSI TOKAa CBapKW IPUBOJUT K II0JIyde-
HUIO JIByXMOJAJIbHBIX rucrorpamm mapamerpa I, (em. puc. 1.9).
JleBoe pacnpeneseHue cooTBeTcTByeT napamerpy l.,, ImpaBoe —
napametpy l.,. B aroM ciy4ae npu aHanmse rucrorpaMMbl Iapa-
metpa |, mMeeTcsi BO3MOXXHOCTb OTPEAENUTh MHHWMAJbHOE, MakK-

min max
|

cuMasibHOe W cpejHee 3HaveHue Toka ropenus ayru (I

ra 0 ra

I cp

”l), a TaKyXK€ MUHHUMAJIbHOE, MaKCUMaJIbHOE€ 1 Cpe/[HEE 3HaueHue

min | max pep )

TOKa Kopotkoro 3ambikarust (1., 11 1P

[Ipu o6paborke rucrorpamm mnapamerpos U, u |, c mnomormibio
OBM Heo6X0AMMO ONpeiessiTh He TOJbKO CpeHHe 3HAYeHUs Ta-
pamerpoB U, ,, U, U, I, I, u |, H0O U UX XapaKTepuUCTUKN
paccesnus (kosddunuent Bapuammn K, cpeaHexBaapaTHYecKoe
OTKJIOHEHHE O M T.II.).

Cpeanue 3HaveHHsI YKa3aHHBIX MapaMeTpoB &, a Takxke K, u o
OTIPEIEJIAIOT U3 CJEIYIONUX BbIpaxkeHuit [4]:

7
n A
a
v 1 Iy
A
U, ﬂ
N\~
1
CB J

Puc. 1.9. Tunuunbii Bug ocumsutorpammsl () u rucrorpammsl (- ) TOKa NpH CBapKe
C KOPOTKHMH 3aMbIKaHHSIMU M MaJIOil HHAYKTHBHOCTH CBapO4YHOro KoHtypa [30]

41





M = 3 x,/n, (1.18)

rjAe X; — 3HaueHue Cﬂy‘{aﬁHOﬁ BE€JNYMHbBI; N — YUCJO0 HSMCPEHHﬁ;

o= J(x=M)?/(n-1); (1.19)

K, =-2100(%). (1.20)
M

Koaddunuenr sapumanuu K, mpeacraniser co6oii 6e3pasmep-
HBIIl TI0Ka3aTesb, KOTOPBIM YAOGHO TIIOJTb30BATLCS TIPH AaHAJN3e
TUCTOTPAMMbl TIapaMETPOB, WMEONINX pa3Hble eIUHUIBI H3Mepe-
HUS.

PaccmaTpuBaeMas MeTO/MKA M3MEPEHUS 3JIEKTPUUYECKUX TMapa-
METPOB CBAPOYHOrO KOHTYpa MOXKeT ObITh UCIIOJb30BaHA [IJISI OLEH-
K CTAaGUJIBHOCTH J[yTH, B YACTHOCTH, TIPU MEXaHW3UPOBAHHOW U
aBTOMaTHyecKkoil cBapke B cpege CO, u 1mox (JIIOCOM TIABAIIMMCS
9JIEKTPOJIOM.

B aTuX yca0BUSAX MCHOJNB3YIOTCS, KaK MPAaBUJIO, WCTOUYHUKHU TTH-
TaHMUSI C KECTKOM BHEIHeHl XapaKTepUCTUKOH, B pe3yJibTaTe Yero
Hanpsiokenne xosocroro xoma (U, ) u Hanpsskenue ayru He3Ha4u-
TEJbHO PA3JIMYAOTCS MeXAy co6oil. DTo MPUBOAUT K TOMY, 4UTO
IpHU HecTaGUJIbHOM TOPEHUM AYTH Hampsokenne U, MOXKET OCTHT-
HYTb 3HAYEHHS XOJIOCTOTO XOJla M Jyra JUO0 KPaTKOBPEMEHHO 000-
peerca (puc. 1.10, 1), 6o nmoracHeT OKOHYATEBHO.

[IpuMeHeHME B 3TUX YCJOBUSX CTATUCTHYECKOTO METOJA U3Me-
penua napamerpos U, u |, nossosger IojyyaTb TUCTOIPaMMbl
cnoxHoil opmbr (Tpexmopmanbubie) (puc. 1.10, -, ,), ananus
KOTOPBIX JaeT BO3MOXKHOCTb KOJHYECTBEHHO OIIEHUTDb CTa6WIh-
HOCTDb [JIyTH.

Tak, MOXHO ompeaesuTh B3aWMHOE OTHOINEHWE IIJIoIafell ydJa-
crroB rucrorpammbl U, (U, U, u U, ) 1 y4aCTKOB THCTOIPaMMbI
I, (I, L,ul,=0).

C yaydimreHneM CTaGUJIBHOCTH JyTH IJIOMIAAb YYACTKOB THCTO-
rpaMMbl COOTBeTcTByMomux mapamerpam U, ., U, I, u I, = 0
yMenbinaercs. ONTUMAJTbHBIM BapUaHTOM, C TOYKM B3pEHHS CTa-
6UIBHOCTH AYTH, SIBJSETCS TOT, Korja Ha ructorpammax U, m I,
MMOJTHOCTBIO OTCYTCTBYIOT YYacTKHM, COOTBETCTBYIOIIME TlapaMeTpam
U, U, I,ul,=0. Ognako 310 He 03HAYaeT, YTO JaJbHEWINAs
OlleHKa CTAGWJIBHOCTH JIUIIEHA CMBICJA, T.€., YTO JOCTUTHYTA HAW-
Jy4imast cTabuabHOCTb ayru. [lasbHelimas oIlleHKa CTaGMJIbHOCTH
JIlyT OCHOBBIBAETCS YK€ Ha OIpE/eJIEHUN XapaKTePUCTHK paccesi-
Hust BepositHoctell mapamerpoB U, , u I, (K, o). C yuyue-
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UK.3

LA

Puc. 1.10. Tummubii Bua ocuutorpammel (1) u rucrorpamm mapamerpos U, (-),
I, (,) NIpH HECTAGUILHOM FOPEHUH JYTH OT HCTOYHHKA NUTAHMS C KECTKON BHEIIHEH
xapakrepuctukoii [30]

HIEeM CTaOMJBHOCTH AyTHW 3Ha4YeHHe TokasaTesaeit K, m o yMmeHb-
1TaeTcs.

O BosmoxkHOCTSAX anajausatopa AHII-2 MoxHO cyautb 10 pe-
3yJbTaraM, TpejacTtaBieHHbiM Ha puc. 1.11. Kak umsBectHo, ¢ poc-
TOM MHIYKTHBHOCTH CBapoyHoro KoHTypa (L) yMeHblmaercsi Mak-

max

cuMasnbHoe 3HadeHne toka K.3. (1. ) W pacrer JJIMTENbHOCTb €ro

K.3

IPOTEKaHUsA, YTO MOATBepskaaercs kpusbimu 1M = f(L) u T,

K.3
= f(L) na puc. 1.11, f, - . O nosbienuu cTa0UAbHOCTU IIPOTEKA-
HUS TIpoIlecca C POCTOM HHAYKTHUBHOCTH JIO OTIPEJeeHHOTO 3Haue-
HUSI CBUJETENbCTBYET yMeHbIeHHe Koa(dUIeHTa Bapuanun TOKa
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max
]K.'i ’

>

600
500
400
300 -

200
100

60 -
50 1
40
30
20+

0,3 0,6 0,9
L, mI'n

T s » MC
6L 1
5+ 2
4 -
3
3 L
2 -
I -
1 1 1
0 0,3 0,6 0,9
L, mI'n
2
Ky, %
I5F 2 1
I
5 -
1 1 1
0 0,3 0,6 0,9
L, mI'n

Puc. 1.11. Bimsnne MHAYKTHBHOCTH CBapOYHOrO KOHTYPA HA TOK KOPOTKHUX 3aMbl-

kanmii 1™ (1), noureabnocts to, (- ), koadduiuenT Bapuanuu Toka ceapku K

v

(,) u xoadpdumuent pas6poisrusanus K, (,) Hpu aBTOMATHYECKOH CcBapke B
cpeae CO, Ha mocTOSIHHOM TOKe 00paTHO# moJsipHoct [30]:
1-3- 3aBUCUMOCTH, IIOJIyUY€HHbIC [IPpU CJICAYIOMUX IlapaMeTpax:

Kpusas 1 2 3
Uu,B 24 24 32
l,, A 200 200 150

d,, . 1,6 1,2 1,0






K{, %

75
50

°
25+ A

o

o

1 1

0 50 100 [/

Puc. 1.12. Bimsinue 4actoTbl IepeHOca Kamejb MeTaia Ha KoddduienT Bapuaiuu

JMTETbHOCTH KOPOTKOTO 3aMbikanusi K Tipu aBroMaTtwueckoii csapke B cpeae CO,
Ha TOCTOSIHHOM TOKe 00paTHO# nojsipHoctH [6]

nK.S’ C']
o e 08 70—150A
. ® o 1,0 100—200 A
A 1,2 100—250 A
o 1,4 150—300A
o 1,6 200—300 A
100 +
[ ]
50+
PY [ ]
: 1 1 1 1 1 1 1 1
0 18 20 22 24 26 28 30 32U,,B

Puc. 1.13. Bimsnue HanpspkeHHsi TOPeHHsI yTH HA 4acTOTy NepeHoca MeTaJula IpH
aBroMaTuyeckoii cBapke B cpese CO, Ha MOCTOSIHHOM TOKe 0GpaTtHOii noJsipHoctu [6]





P, % P, %
KV(UH)=I5% KV(IQB)=3I %
30 30
20
10

0 100 200 30014, A

CB’

P, % P, %
Kyw,) =6 % Kyie)=9 %
30} 30}
20 + 20+
10} 10F
1 Kl 1 1 1

0 10 20 30 U,B 0 100 200 3001, A

Puc. 1.14. T'ucrorpammbr mapamerpoB U, u |, npu aBTOMaTHYECKOl CBapKe NOPOMI-
KOBOI1 IPOBOJIOKOIT 6e3 BBejeHus1 106aBok (1) M co cTaGHIMBHPYIOIUMHI /{06aBKaMH

(-) [6].

IIpososioka auamerpom 2 MM, pexknm cBapku U, = 24 B, 1, = 200 A

ceapku (K!) (pumc. 1.11, ,). Upesmeproe yBeJHYeHHE WHIYK-
TUBHOCTU MOJKET BBI3BATb HapylleHHe IIPOLEecca CBApKU M3-3a He-
JIOCTATOYHON BEJIUYUHBI

1 u mosromy K| naymnaer pactu. AHa-
JIOTUYHBIA XapakTep MMeeT 3aBUCUMOCTDb KOa((UIlMeHTa MoTeph Me-
tanna (K,) or mHAyKTHBHOCTH cBapouHoro konrypa (puc. 1.11, ),
4TO I03BOJSAET CAENaTh IPEANOJJOKEHHE O BO3MOKHOCTU OLEHKH
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Ta6bauma 1.1
Xapakrepuctuka nepenoca. Onbitabie 31ekTpoasr B-E121. IocTosHubIii TOK

JlIMTeIbHOCTD KOPOTKUX 3aMbIKAHUI
Hduamerp Tok cBapku < me
3JIEKTPO/IA I, A K3
d,, mm Cepus 1 Cepus 2
2,0 40 8,1 8,0
2,5 50 35,2 5,3
60 4,2 4,3
2,5 60 9,7 9,3
80 6,3 6,3
90 6,0 5,9
3,15 90 12,6 12,9
110 9,2 9,3
130 7,8 7,7
4,0 130 16,6 15,6
160 12,4 12,3
180 10,0 9,6
5,0 180 22,1 21,2
205 15,6 15,8
230 13,1 12,7
6,3 250 25,0 25,9
300 19,2 18,5
360 18,0 18,1
8,0 360 29,9 31,0
400 26,8 26,8
450 24,7 25,1
I[IpumMevanue. OaekTposabl cepun 1 ObLIM M3TOTOBJIEHBI B MOJHOM COOT-
BETCTBUU C TEXHOJOTMYECKUM IMpeAliucaHneM, a Cepuun 2 — u3 006Ma304YHONI
Maccbl 6e3 OOBIYHON KOPPEKTUPOBKH COCTaBa IIMXTBHI MO cOJepsKaHnio ¢eppo-
Mmaprania u ¢deppocuanius. Heo6xomumas uucToTa dKCHepuMeHTa o6ecredn-
BaJIach MCKJIIOYEHUEM BJIMSHUS APYrux (pakTOpOB, HAIPUMEpP, COJEepIKaHHUs CBs-
3YIOIIEr0, XapaKTePUCTUK CBIPbs, MPOU3BOICTBEHHOrO 000PYAOBAHUS U [IP.

pas6pbITUBaHUsI MeTajya 1O KOI(PUIMEHTY Bapualuud TOKa
CBapKH.

[Tpu cBapke or m060TO THHA MCTOYHMKA NUTAHWS YacTOTa K.3.
majjaeT € POCTOM HAMpPSDKEHMS [IYTH, YTO BIOJHE COBIAfAeT C
W3BECTHBIMU TPEACTABJECHUAME O XapaKTepe W3MEHEHHUS 3TOM
BEJIMYMHBI B 3aBUCHMOCTH OT IIADAMETPOB PEXKMMA CBAPKH
(puc. 1.12).

Kak Bugno us puc. 1.13, koadduimenT Bapuauu IJUTETbHO-
et K.3. (K{) yMeHbIIaeTcss mpy yBEJMYEHUH YacTOThl IlepeHoca
merasna (n,). CuaemnoBatesbHO, ¢ POCTOM N, CTaOUIU3UPYETCS
pasMep KaresJb 3JEKTPOJHOTO MeTajja, IEPeXOAdMNX B BaHHY.
[Tpu stom HabuonaeTcs yiydieHne (GOpMUPOBAHUS IIBA.

TakuM 006pa3oM, ¢ TOMOIIBIO aHaJu3aTopa 006ecTeunBaeTCS
BIIOJTHE [[OCTOBEPHAS M TOYHAs MHMOPMAINs, KOTOPas MOKeT ObITh
UCIOJb30BaHA I Pa3paGOTKM KOCBEHHBIX KpPUTEpHEB OOBEKTUB-
HOU OIeHKU TEXHOJIOTUYECKUX CBOWCTB MCTOYHMKOB NHUTAHUS.
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T f<p3 » MC
28
I'panuya
2+ | “npumepsanuii’”
INeKmpooa
20
d,=4 mm
16 | Odnacmo d,=6,3 mm
“npumepsanuir” d,=5 mMmm
NeKmpooa
12 1.=25 Oobnacmo
<) MM omcymemeusn “npumep3anuii”
sk INeKmMpooa
i d,=2 mMmm
1 1 1 1 1 1 1 1
0 100 200 300 400 14, A

Puc. 1.15. 3aBucuMoctp 3HavyeHHs1 mapameTpa T,,, OT TOKa CBapKH H AHaMeTpa
3JIEKTPOa

ITo dopme rucTorpaMm HANpPsLKEHUS AYTH U TOKA CBAPKU MOXKHO
CYIUTh TaK)Ke W O BJUSHUU XUMUYECKOTO COCTaBAa CBAPOYHBIX MPO-
BOJIOK Ha CTaGUJIbHOCTb TOPEHUS JYTH.

Tak, HampuMep, BBeJeHHE B COCTaB IOPONIKOBBIX ITPOBOJIOK
CTabUIN3NPYIONNX A06ABOK TIPUBOJAUT K YMEHBIIEHUIO YHCaa 06-
PBIBOB JIyTH TIyTE€M KOPOTKUX 3aMbIKaHWH W UX JuurteabHoctu. [lpn
9TOM IJION[A/lb y4acTKOB ructorpaMmM U, m I, COOTBeTCTByIOIMX
napamerpam U, ,, U, I, u |, B MomenT o6peBa ayru (1, = 0),
yMmenbiraercst (puc. 1.14), 4To CcBUIETENBCTBYET 06 YJIYYHIEHUN
crabusbnoctu nayru. C momoribio AHII-2 usywanoch Takske BUms-
HUE JUaMeTpa 3JEeKTPOJIOB Ha MEPEeHOC 3JEKTPOJHOTO MeTasa. M3
JaHubix Taésa. 1.1 m puc. 1.15 u 1.16 BUAHO, YTO C yBEJTUYEHHEM
JliaMeTpa 3JIEKTPOJIOB JJINTEJTBbHOCTh KOPOTKMX 3aMbIKaHHMII BO3pa-
cTaer. YBeJWYEHHE CBAPOYHOTO TOKA IIPU TOCTOSHHOM JHaMETPe
3JIEKTPO/IAa CIIOCOOCTBYET COKPAIIEHUIO T, .

Ha puc. 1.15 mokasana 06J1acTh KPUTHYECKUX 3aMbIKAHUI, Tpe-
BbIIIEHE KOTOPBIX IPHUBOAUT K IOSIBJIEHUIO CJy4YaeB ‘“TpuMep-
3aHus” 3JIEKTPOJIOB.

Takum o6pasoMm, pa3paboTaHHble CTAaTUCTUYECKUE METO/bl M3-
MEPEHUI 3JIEKTPUUECKUX U BPEMEHHBIX [MApaMeTPOB CBAPOYHOIrO
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d,=8 mm
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24 r
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16

2| dy=4 mm

d,=3,15 mm
Nﬁ’s .
4| d,=2 mm

0 4 8 12 16 J, Almm?

Puc. 1.16. 3aBucuMocTb 3HauyeHHs mapaMerpa T,, OT ILIOTHOCTH TOKA CBapKH H
AuaMeTpa dJIEKTPOja

KOHTYpa OCHOBAHBI Ha MO3TAMHON 06paGoTKe THCTOTPaMM JIJINTEJb-
HOCTM K.3., HaIPSDKEHWST AYTH U TOKAa CBAapKH C BBIYHCJICHUEM
CpeHNX 3Ha4YeHUI NapaMeTpoB M XapaKTepUCTUK paccesHus. s
peasu3aluy yKa3aHHbIX METOZOB CO3/[aHbI CIEIHAJN3UPOBAHHbIE
nndopmarmonno-uamepureabioie cucrembl AHII-1 u AHII-2, nos-
poJsiomue MHorokpatHo (B 100—-1000 pas) cokpaTuTh BpeMs CTa-
TUCTUYECKON 00paboTKH WHGPOPMAIUU C OJHOBPEMEHHBIM yriybJie-
HUEM ee MaTeMaTU4YecKOro aHa/u3a.

1.4.2. KPUTEPUH OLEHKHU INEPEHOCA 3JEKTPOJHOTI'O METAJIJIA

[Toucky addekTUBHBIX KPUTEPUEB OIEHKH XapaKTepa MepeHoca
3JIEKTPOIHOTO MeTaJljla MOCBsmeHbl padoTel [48, 51, 52, 55, 56, 68,
70, 72, 73, 74, 80, 84, 85, 86]. C aroil 1eabI0 UCCAETOBATUCH Pas-
JIMYHDbIE COYETAHUS CIOCOOOB TMOJYUYEHUS JAHHBIX M HUX OIEHOK.
Tak, MeTomaMu CKOPOCTHON KHMHO- M PEHTTEHOCHEMKHU OIPeIeIsIn
Takue TOKa3aTesJu mepeHoca, Kak pasmep (Maccy) kameab u yac-
TOTY UX Mepexoja.

Ilepenoc mertasna npu csapke B samutHbiX rasax (CO,, BoagHoil
nap) K. Pecnep [76] onennBan AByMS KPUTEPUAMHU: CKOPOCTBIO Ha-
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dl
pactaHusg TOKa KOPOTKOIO 3aMbIKaHUA (%) U OTHOIIEHHEM

TOKa KOPOTKOI'0 3aMbIKaHUuA K CpEeAHEMY 3HAYE€HNIO CBapOYHOI'O

I .

TOKa ( I“) , KOTOpble M3MepSJ 1Mo ocuuaaorpammaM. [lokazaHo, 4To
CB

¢ pocroMm Toka |, yckopserca OTpbIB KalleJb OT 3JEKTPoJa,

HO TIPU 3TOM peNIaiolee 3HAYeHWe HMEET CKOPOCTbh HapacTaHHs

TOKA, C yBEJUYEHUEM KOTOPOH YMEHLIIAETCS BpeMs POCTa Kalljin

Ha Topliie aJiekTpoaa. OaHaKo, Kak oTMevaeT aBTOp [76], kputepun

dl |
(ﬁ) u (&) He MOTYT OBITb UCIIOJb30BAHBI /I OLEHKU IIepeHo-

ca MeTajia, TaK KaK HE OTPAKAIOT PeaJbHOM KapTHHBI MepPeHoca
U TPYIOEMKU B OTIpe/eJeHNUH.

I'. Mosep [72] ykasbiBaeT HA TO, YTO AMEPUKAHCKUMHU Y4YEHBIMU
MPEIJIOKEHO B KayecTBEe KPUTEPHEB OIEHKM XapaKTepa IepeHoca
pacmpaBJIeHHOTO MeTaJljia P CBapke oA (JIIOCOM YHCJI0 U [JIH-
TEJbHOCTh TaJeHWI HaNpPSKeHWs. BIocaeAcTBUM 3TH KPUTEPUU
ucnonb3oBamu K. Illtpom6epr [84] u I'.H. Irayare [80]. Omgraxo
B GOJIBIIIMHCTBE CJIy4aeB BBINIEYIIOMSIHYTble KPDUTEPUU HE BbIPAXKA-
Jn OObEKTUBHOII XapaKTepUCTHKM IIepeHOca MeTajla, TaK KakK B
TO BpeMsl He ObLIO MPUOOPOB /ST CTATUCTUUYECKON 06pabOTKH pe-
3ysabratoB uaMepenuii. C MosBIeHHEM 2JIEKTPOHHONW H3MEPHUTEb-
HOM ammaparypsl MOSBUJIACH BO3MOKHOCTb PACIIMPHUTh KPYT IMOKa-
3aTeJiel mepeHoca.

I'. Mosep [72], K. IlItpom6Gepr u K. Ilnaun [83] B xauecTBe TO-
KasaTesjs TMepeHoca MeTajla MPEIJTOKNIIN  HUCITOJAb30BaTh  JIJIH-
TEeJbHOCTH KOPOTKMX 3aMbikanuil (t,,, Mc).

ITOT KpuTepuii aBTOphl [72, 83] mpeactaBuM B BHE paclipe-
JleJIeHusT TIOTHOCTel BepositHocTell  (ructorpamm). JlydmmM cuu-
TAeTCsl TOT CBAapOYHBIA MaTepuaj, y KOTOPOTO THUCTOTpaMMa JIJId-
TEJHHOCTEN KOPOTKUX 3aMbIKaHWN GoJiee y3Kasi M PACIOJIaraercs B
0o6J1acTi MUHHUMAJIbHBIX 3HauYeHuit [55, 74].

Asropamu [54, 73] ¢ TIOMOIIBIO CKOPOCTHOW KUHOCHEMKHU, aHa-
JIN3aTOPA UMIYJIbCOB M OCHUJIIOrPadUpPOBAHUS YCTAHOBJIEHA Kade-
CTBEHHAs] B3aMMOCBSI3b MEXK/Y JJIUTEJIbHOCTBIO KOPOTKHX 3aMbIKa-
HUI ¥ MacCoil Kamesb: ¢ yBeJUYEHHEM MAaCcChl Kalleb YBeJMIHBa-
eTcsl ToKasareb T,,. Heo6XOAMMO OTMETHTh, YTO [0 CHX IOp He
YCTaHOBJIEHA KOJMYECTBEHHAS B3aMMOCBSI3b MEKIY T,, W Maccoi
(pasMepaMu) SJEKTPOAHBIX KaIleJb, YTO OYEHb BAYKHO JJIS OIIpe-
JleJIeHUsT TTOKasaTesell TIaBJIeHWs W TepeHoca pacIIaBJeHHOTO
MEeTaJIJIa, MCIOJb3YEMbIX B KHMHETHYECKUX PACUETaX.

B pa6orax [54, 72, 81, 83] uccienoBasn BAMsIHAE Pa3JHYHBIX

CB

30





daxrTopoB (cuabl M MOJIPHOCTH CBAPOYHOTO TOKA, XMMHUYECKOTO
coCTaBa CBAapOYHOW TPOBOJIOKH, XapPaKTEPUCTUK MCTOYHUKOB TOKA,
MOJIOKEHUsT TIBa TIPH CBapKe) Ha JJUTEJbHOCTb KOPOTKHUX 3aMbl-
KaHUIl TP CBapKe TOKPBITBIMU 3JIEKTPO/IAMU.

JlerupoBanwue cBapouHoil mpoBosioku Mo, Nb, V, Cr u apyrumu
aaeMeHTaMn croco6eTByeT ykpynHennio kamau (puc. 1.17, ,).

Jto o6bscHseTcs, HA HAIl B3I, CBI3BIBAHUEM KHUCJIOPOJA,
KaK IOBEPXHOCTHO-AKTHBHOTO 3JIEMEHTA, JIETUPYIOUIMMU JJIeMeHTa-
MU, 06J1aJAI0NUMU GOJIBITIM XUMUYECKUM CPEJCTBOM K KHCJOPOAY,
HeXKequ OOBbIYHbIE pacKucauTean Mn, Si, 4To BBI3bIBAET yBeJnve-
HU€ TIOBEPXHOCTHOTO HATSKEHUS KUIKOTO MeTaJsiia.

OJIEKTPO/IbI, W3TOTOBJIEHHbIE HA PA3JUYHBIX 3aBOJIAaX, OTJUYA-
I0TCS MeXAy cOO0i XapaKTepoM IepeHoca, 4YTO IOATBEPIKIAETCs
nanubivu (puc. 1.17, -). To-BUAMMOMY TaKo# XapakTep 3aBUCHMO-
cTeil 00yCJIOBJIEH PA3UUUSIMU B XUMUYECKOM COCTaBE M JUCIIEPC-
HOCTH KOMITOHEHTOB 3JIEKTPOJHBIX MOKPBITUI. IJTO Ba’KHO, TaK Kak
MMO3BOJISIET MCIIOJb30BATh CTATUCTUYECKUE METO/bI WCCJE[OBAHUS
JUIT KOHTPOJIST KauyecTBa 3JEKTPOJIOB B MPOIECCE WX M3TOTOBJIEHUS.

W3 puc. 1.17, §, - BuJHO, YTO 3JIEKTPO/IbI OCHOBHOTO BH/Ia Xa-
pakTepusyioTcss OGOJIbIIUM 3HAYEHUEM T, ,, HEXKEJU 3JEKTPOJbl C
PYTUJIOBBIM M TI€JIJTIOJIO3HBIM MOKPBITHEM, YTO OOYCJIOBJEHO JIyd-
MMM PACKUCJEHUEM PAaCIlJIaBJEHHOTO MeTasia. HaumMmeHblwe 3Ha-
YeHUS T, , 00ECIIEYNBAIOT 3JIEKTPOABI C JABYXCJONHOW KOHCTPYKITH-
el mokpeiTus ¢ BbhiHecenubiMm CaF, B Hapyxubii caoit (puc. 1.17,
-, KpuBag 2).

Kak caenyer u3 puc. 1.17, %, 37eKTPOJbl C TOKPBITHEM OCHOB-
HOTO BHJIa TIPU CBapKe B BEPTUKAJBHOM IOJIOKEHWH XapaKTepHu-
3ytorcs 6ojiee KPYIHOKAIEJbHBIM TIEPEHOCOM, HEXKeJIH B HUKHEM.
Astopbr [83] cumraior, 4TO 9TO BHI3BAHO H3MEHEHHWEM HallpaBJe-
HUS JIeHCTBUS CWJI, TPUJIOKEHHBIX K JKHUJIKOW Karje Ha TOopIle
3JIEKTPOJIA.

B pa6ore [83] mokaszaHo, 4TO [AJs1 CPABHUTEJbHON OIEHKHU ITe-
peHoca MeTajijia TPU CBapKe pasJUYHbIMU 3JIEKTPOJaMU HeO6XO-
JIMMO KCITOJIb30BaThb OJIMH WM TOT K€ WCTOYHMK TOKa. Hapsmy c
9TUM TIPU WCIIOJb30BAHWHM OMHON W TOH Ke MapKé 3JeKTpoaa IIo-
KazareJb T,, MOXKeT OBbITh PEKOMEH/IOBaH JJIsI OIEHKU BJIUSHUS
UCTOYHUKA HAa MEPEHOC MeTajia. 3aBUCUMOCTb T, OT TUIA HCTOY-
HHMKA CBApOYHOTO TOKa npuBejeHa Ha puc. 1.17, A. Menbinue 3Ha-
YeHUsS T, , [TOJYYEHDI TIPU CBapKe OT BBINIPSIMUTENS U NpeoOpasoBa-
TeJIST, UTO, MO-BUAUMOMY, OOBSICHSETCS WX JIYUINIUMH CTAaTHUYECKUMU
U AWHAMWYECKUIMH XapaKTEPUCTHKAMU.

Y cTaHOBJIEHO, YTO 3JIEKTPOABI OCHOBHOTO BH/A XapaKTePHU3YIOT-
csi GOJIBIIMM 3HAYEHUWEM II0KA3aTessl T,,, T.e. Oojiee KPYITHOKA-
MeJbHBIM TePEHOCOM, TIPU CBapKe Ha OOpaTHOM MOJSPHOCTH TI0
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Puc. 1.17. PacnpesesieHue NIOTHOCTEil BEPOSITHOCTEIH //INTEJIbHOCTH KOPOTKUX 3aMbl-
Kauuii npu csapke [83]:

1 — ronoii npososokoit (1), anexrpogamu nemososuoro (2), pyrunosoro (3) u
ocnoBHOro (4) BUAA; - — 9JEKTPOJAAMHU  PA3JUUYHBIX 3aBOJOB-U3rOTOBHUTENEH; , —
asexTposamu, jernposanubiMu Cr, Mo, V (1); Cr, Mo (2); Cr, Ni, Mo, Nb (3);
Cr, Ni, Nb (4); ,, — snekrpogamu Bpyunyio (2, 4) u na asromare “Kenn6epr” (1,





cpaBHenuio ¢ mpsamoii (puc. 1.18), 4rto Xopomo cormacyercss c
pesysbTaTaMu, II0JIy4eHHbIMU aBropamu [21, 29].

Aropbl [81] mokaszanu, 4TO TEpEHOC MeTaJla IIPH CBapKe py-
TUJIOBBIMU 3JIEKTPOJAMK OIEHWBATh IIOKa3arejeM T,, BecbMa 3a-
TPYIHUTEJbHO, TaK KAaK IPOIECC MEPEeHOca MPU CBapKe Ha PeKo-
MeHayeMbix pexkuMax (s ajektpomos jauamerpom 4 mm I, =
= 140...200 A) mouTH He COMPOBOMKAAETCS KOPOTKUMH 3aMbIKAHWSI-
mu. Jlydmimii pe3yJbTat MOXKHO MOJYYHTb HPH CBAPKE HA MAJbIX
pesxkumax (s anekrpogoB auamerpoM 4 mm I, = 90...100 A).

B pa6orax [52, 55, 56, 73, 74] npu uccJe0OBaHUU TLIABJICHUS U
MepeHoca 3JEKTPOAHOTO MeTaJlia WCIIOJIb30BAJN HECKOJbKO KpU-
TEPUEB, a UMEHHO:

JUTMTENIbHOCTD KOPOTKUX 3aMblKaHuil (T,,) M WHTEPBAJOB MEXK-
ny Koporkumu 3ambikanusmu (T, ,);

JIOJIIO JIJTUTEJbHOCTH KOPOTKHMX 3aMbIKaHWil B 0OO6IIEM BpeMeHU
TOPEHUsT AyTH

K=—"xa 100 %;

‘c]{u’i + TKAB

JA0JII0  [NJIMTEJIbHOCTU MHTEPBAJIOB MEX/AY KOPOTKHMUM 3aMbIKa-
HUAMU B 06HI€M BpEMEHU ropeHusa Ayru
T

K = —%—100 %;
T,

K.3 + T"KAB

Cpe[IHeCTATUCTUYECKOE 3HAUEHNE HANPSHKEHNs KOPOTKOTO 3a-
mbikarus (U, ;) u ropenns ayru (U,).

PesysbTaThl CpaBHUTEIbHBIX WCIBITAHWIL, BLITIOJHEHHBIE aBTO-
pamu [52, 55, 56, 72, 74, 81, 83, 85], mokaszaju, 4TO BEJUUHHA T, ,
Jaer 0O6OOIIEHHYIO OIEHKY I[€PeHoca PaCILIABJEHHOTO MeTaJjlia
MPU CBapKe MOKPBITHIMU 3JEKTPOAAME, B OCOOEHHOCTH C TIOKPBITHU-
eM ocuosHoro suga (cm. puc. 1.18).

I'. Mosep [72] kuaccuduinupyer mepeHoc MO [IJUTEJbHOCTU
KOPOTKUX 3aMBbIKAHUI CJIEAYIONUM 06pa3oM:

1) MeJKOKAIeJbHBIN IIepeHoc, ecan T, , = 0...2 Mc;

2) CpefHEKAlebHBIN, €CU T, , = 2...5 MC;

3) mepexom OT cpefHe- K KPYIHOKANEJbHOMY, €CIH T, = o...
10 mc;

4) KpyIHOKAIeJ bHbIH, ecu T, > 10 Mc.

3); % — sMeKTpoflaMu B HUKHEM IOJIOXKeHWH [HamtaBka Bainka (1), yrioBoil 1o
(2)] u BepruxasbHoM noJoKeHuu [Hannaska Baiuka (3) u B pasgeaxy (4)]; A —
aeKTpolaMK OT cBapouHoro Boinpsmuresns (1), npeo6pasosarens (2), tpancdop-
maropa (3), remepatopa (4)

33





n, % Puc. 1.18. Pacnpenenenne
40 ILIOTHOCTE# BEpOATHOCTEH
JUIMTEJbHOCTH KOPOTKHX 3a-
MBIKAaHMII TP CBapke Ha
1 npsivoii (1) u oGparnoit (2)
noJisipHoOCTSIX [72]
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MeJsKOKATIeIbHBIH MePEeHOC MeTajlla XapakTepeH st 3JIEKTPO-
JIOB C PYTUJIOBBIM, PY/AHOKUCJBIM U IIEJIIOJO3HBIM IOKPBITHEM, a
KPYITHOKATIEIbHbBI — /IS 3IeKTPOIOB OCHOBHOTO BH/IA.

U3 puc. 1.19,  caemyer, 4T0 MIUTENTBHOCTD WHTEPBATIOB MEXKY
KOpOTKUMU 3aMbikanusiMu (T, ,) OJHO3HAYHO XapaKTepusyeT mepe-
HOC MeTajljia TPH CBapKe 3JIEKTPOJaMU, M3TOTOBJEHHBIMU DPa3Jjind-
HbIMU 3aBofiamu. OH 3aMETHO M3MEHSIeTCS B IMMPOKOM WHTEpPBAJe
cBapounoro Toka (puc. 1.19, -). C yBeqnyeHneM TOKa IPU CBapKe

a 73
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Puc. 1.19. Pacnpenesenue NIOTHOCTell BepOSITHOCTEH [IMTEIbHOCTH HHTEPBAJIOB
MEe’K/y KOPOTKMMH 3aMbIKaHHSIMU IIPH CBapKe 3JEKTPOJaMH OCHOBHOIO THIIA Pa3jiHy-
HBIX 3aBozoB-uarorosureJeil (1) [56], npoBosokoii Mmapku 10MnSi8 B CO, (- ) [85]
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B CO, mnoxasartenp T,, yMEHbBIIAETCsI, TaK Kak OBICTpee PaCTyT
KaIlJIi HA TOPIle JIEKTPOJA U yBEIMYUBAETCS YACTOTA HUX IIEPeXo-
Jla. ITO XOPOIIO COTJACYeTCsl € JaHHbIME aBTOpoB [21, 29], moy-
YeHHBIMU TIPU HCCJETOBAHUH MOKPBITBIX 3JEKTPOJIOB.

ABTOpPBI [54] TIpU WCCeIOBAaHWK TIPOIECCOB CBAPKU PYTHUJIOBBI-
MU 3JEKTPOJaMi M AJTIOMIUHUEBON TTPOBOJIOKOW B aproHe yCTaHOBU-
JIM, YTO [0 THCTOIPAMMaM CpPeIHeCTATUCTHYECKUX 3HAYEeHUN Ha-
MPSDKEHUsT KOPOTKOTO 3aMbIKAHWS U TOPEHUS AYTU TPYIAHO CYIUTb O
XapaKTepe MepeHoca W BJIMSHUHM Pa3JUYHBIX (PAKTOPOB Ha HETO, B
TO BpeMsI KaK IIOKa3aTeJb T,, OJHO3HAYHO TIIO3BOJIIET OIIEHUTD
mepeHoc Merasia. KiaaccuduKaiuio sJ1eKTPOAOB MO MOKA3aTeNIo
K (K:r"—*‘, %| BBITOMHWIN aBTOPbI paborbl [83]. Jlyurreit

TK.S + TK.(S

XapaKTEePUCTUKOIN TepeHoca 06JIaZlaeT 3JeKTPOJ, MMEIOINN MeHb-
nree 3uavenume mokasartesst K. 3Havenme moxasatens K B 3aBucu-
Moctu or pexknma csapku (I, = 100...200 A 11 571€KTPOJOB [Ma-
METPOM 4 MM) MOXKET COCTaBUTb 3...3,5 %. E. Pemenbr [75] moxka-
3aJ1, 4TO MakcuMaJjbHoe 3Havenue K IpuHUMaeT TP JJIUTETbHOC-
TH WHTEPBAJOB MEXAY KOPOTKMMHU 3aMblKaHuamu oT 1 mo 2,5 Mmc
(cBapka B cpene CO, u Ar).

B pat6ore [52] omenuBaJu xapaktep IepeHOca IMPU CBapKe T0-
KPBITBIMU 3JIeKTpogaMn U B samuTHbix rasax (CO,, CO, + Ar)
Mo O01Iell AJIUTETBHOCTH U OOIIEMY KOJUYECTBY KOPOTKUX 3aMbIKa-
HUU 32 BpeMs CBapKu. AHAJOTHYHbIE KPUTEPUU HUCIOTb30BAJH
takxke E. Kerep ¢ E. Maprunbim [68], E. Penenst [75], . Mo-
3ep [72].

OTH KpPUTEpUU HE HANLIM B JaJbHelIIeM IHUPOKOTO TpUMeHe-
HUS, Tak Kak 10 HUM TPYAHO CYIUTb O CBOWCTBAX CBAPOYHBIX Ma-
TEPUAJIOB B CBSI3W C TEM, YTO OHM He BbIpaKaioT AuddepeHnupo-
BAHHO CPEIHECTATHCTUYECKYIO [JIUTENbHOCTD U YACTOTY KOPOTKOTO
3aMBIKAHUS.

Asropwr [12, 21, 29, 56, 70, 81] nepenoc MeTaJjia OIEHUBAIOT
YacTOTOIl Iepexo/ia Kalesib ¢ KOPOTKUME 3aMBIKAHUSIMU. JTOT IIO-
KasareJb J0 CUX TIOP HAXOJUT IIMPOKOE NPUMEHEHHEe Ha TMPaKTH-
Ke, XOTS TI0 HeMy TPYAHO CYAWTb O Tipoliecce mepeHoca. E. Pe-
HesipT [75] mpu cBapke B cpene CO, u CO, + Ar moJyuus sKcTpe-
MaJbHYIO 3aBUCHMOCTh YACTOTHI TIEPEXOJA KameJgb OT CHJIBI
cBapounoro Toka (puc. 1.20), XOpOIIO COrIACYIOILYIOCS C Pe3YJib-
tatamu [.E. Baiinmenka [86] u A. Mazens [21] mas mOKpPBITHIX
anexktponoB u K. Ilpo6era [54], K. Pecnepa [76] nas cBapku B
cmecu CO, u CO, + Ar. Takywo saBucumocts N, ., = f(l1_) Moxno
0ObSICHUTD, Ha HAII B3TJISA, T€M, YTO ¢ yBenudenuem |, yBeamdn-
BAaeTCsT YMCJO Karejb, IEePEXO[SAINX JyroBoil MPOMEXYTOK 06e3
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Puc. 1.20. 3aBucuMOCTb 4acTOThI INepexoja KameJb € KOPOTKUMH 3aMBIKAHMSIMH
(N, ,) OT BeJHYHHBI CBAPHOTO TOKa:

1 — cBapka B IOTOJIOYHOM HoJOXKeHHn aJekrpogamu YOHMWM-13,/45; cBapka B
HIDKHEM noJiokeHun: 2 — agexrpogamu Y OHU-13 /45, 3 — agexrpopamu [IM-7
[21]; cBapka mpoBosiokoit mgumamerpom 1,2 mm: 4 — mapkn MBKS, 5 — wmapku
MnSi5CO, [76]; cBapka npososokoii auamerpoM 1,6 mm mapku 10MnSid>: 6 — B
cvecn Ar + CO,, 7 — B cpene CO, [75]

KOPOTKHMX 3aMbIKaHMil. IJTOT BOIPOC Tpe6yeT JOMOJTHUTEIbHBIX
UCCJIeIOBaHMIT, TaK KAaK [AaHHbIe O YUCJE Kallesib, NePeXOsIluX B
CBApPOYHYIO BaHHY C KOPDOTKMMM 3aMbIKAHUSIMU U 6e3 HUX, II03BO-
JIAT [OTIOJHUTH CBEIEHUS O MeXaHW3Me ILJIABJEeHUs W TepeHoca
3JIEKTPOHOTO MeTaJjga W MOTYT OBITb HCIIOJb30BAHBI B pacueTax
MeTaJIypru4ecKuX peakiuil.

Astopnl [11, 24] udyvyaau KpuTepuu OIEHKH TIepeHOCAa MeTaJslia
METO/IaMH aMILJIUTY/THOTO ¥ BPEMEHHOrO aHaju30B. Pe3yJbTaThl
U3MEpPEHUIl UCIOJb30BATN [IJII IOCTPOEHUST THCTOTPAMM 3HAYeHUN
HATPSKEHWs] AYTH, BBIYUCJIEHUS MOMEHTOB M JPYTHX CTATHUCTUYEC-
KUX OIeHOK (acMMMeTpusi, SKCIIEHTPUCUTET, SHTPOIUS, DKCIIECC)
7 OIeHKN JWHAMHUYECKIX CBONCTB IIpoIlecca CBapKu. Pe3ysbTaTel
CPAaBHUTEJbHBIX HCIBITAHUNH ITPOMBINIJIEHHBIX 3JEKTPOJIOB Pa3Jmy-
HbIX MAapOK II0Ka3aJu, YTO 3T KPUTEPUH MeHee IPABUJIBHO
BBIPA)KAIOT CBOMCTBA 3JIEKTPOAOB, HEXKEJIU [JTUTEJbHOCTb KOPOT-
KNX 3aMbIKaHWIl, HO BCe K€ MOTYT HCIIOJIb30BATHCS KaK [OMOJHU-
TeJbHBIE.

36





ﬂaHHbIe AMIVINTY/THOTO aHaJin3a HalPAKEHUA OKa3aJuCb HeE-
nHGOPMATUBHBIMH.

Paccmotpennbie Bbillie paGOThl 1O UCCJAEAOBAHUIO KPUTEPHEB
OIIEHKU TIePEHOCa 3JEKTPOJHOrO MeTajljla UMeJW, Ha Hall B3IJISI,
MeTOJMYecKe HefocTaTKu. He Besicsd MOWCK KpHUTEPUEB B 3aBUCH-
MOCTH OT PEXUMa CBAPKU, COCTaBa W TOJIIUHBI MOKPBITHS, AUaMe-
Tpa aJjekTtposa. CTaTHCTUYECKHE OIEHKHU IO CYIIECTBY OTHOCATCS
K HEKOeMy paclpe/leJIEHUIO, AlPOKCUMUPYIOIEMY THCTOIPaMMY.
UeM MeHbIle paclpelesieHuii B TUCTOTpaMMe, TeM WH(OopMaTuBHel
OIlEHKA.

Cynsg o myOJHMKaIusM, B HACTOSIIEe BpeMs TIPOJOJIKAETCS TI0-
WUCK KPUTEPUEB, KOTOPBIE MO3BOJUIN Obl HE3aBUCUMO KBaJU(UIIH-
pOBaTbh CBapIUKa, OIEHUBATH 3JEKTPOJbI U XapaKTepPU30BaTb HC-
TOYHUK CBAPOYHOTO TOKA.

Takum o6pasoM, u3 0630pa JUTEPATYPHBIX JJaHHBIX CJELYET,
410 Hambosiee MHGPOPMATHUBHLIMU KPUTEPUSIMHU OIEHKH XapaKTepa
MepeHoca 3JEKTPOAHOTO MeTaJlIa SBJSIOTCS JIJUTETbHOCTH KOPOT-
KUX 3aMbIKaHUU U MHTEPBAJIOB MEXAY HUMU, OOJA AJUTEJIBHOCTHU
KOPOTKHUX 3aMbIKaHUII B 06H_[eM BpeMEHHU IlJIaBJIEHUA OSJEKTPOLa Hu
YacCTOTa IIepexo/ia KalleJib. Nx UCIIOJNb3YIOT, B OCHOBHOM, IIpU
CBapKe 2JIEKTPOJAMU C KPYITHOKAIEJbHBIM MEPEHOCOM, B TO BPEMs
KaK CpeJHEeCTaTUCTHYECKOe 3HAaueHWe HAIPSLKEHWs [JyTH, JTUCIIep-
CUSI W SHTPONHS, a TaKXKe IKCIECChl XOTS W MeHee IPaBUJIbHO
XapaKTepu3yloT KapTUHY IMepeHoca, HO BCe K€ MOTYT ObIThb TpH-
TOJHBI TIPU CBapKe 3JIEKTPOJAMH C MEJKOKAIECJIbHBIM MEPEHOCOM.
[pyrue ke KpuTepuu He MO3BOJIIOT TaK Xe 0O0BEKTUBHO CYJHUTb O
XapakTepe IepeHoca pacljiaBJeHHOTO MeTaJlia.

1.4.3. METO/Ibl UCCJIEJOBAHUA 1 KPUTEPHUN OLIEHKU
CTABNJIbHOCTH IT'OPEHUA AYTU

CrabUIbHOCTD TOpPEHHWS [JYTH IIePEMEHHOTO TOKa OIpefessieTcs
CTENEHbI0 Pa3pyIIeHNUs OCTATOYHOH IJIa3Mbl B MOMEHT Me€pexoja
TOKA 4epe3 HYJb.

XapakTepus3oBaTb CTAOUJIBHOCTb TOPEHUsT JYTd MOKHO BeJUYH-
HOW M BOCIPOU3BOJUMOCTBIO €€ 3JEKTPUUECKUX XaPaKTePUCTHK
(ToKa, HANIPSKEHUS M T.J.) B KasKIAOM IHOJyNEPHO/IE.

KauecTBeHHO CTaGMJIBHOCTD IYyTH MOXKeT OBITh OIleHeHa KOCBEH-
HBIMHW METO/IaMW, HAllpUMep JJWHOW eCTeCTBEHHOTO pa3pbiBa [IyTH,
6ajiaMu, 9acToTOW OGPBIBOB U T.II.

[lo HacTosiiero BpeMEHU IIUPOKO IIPUMEHSIETCS  MEeTOMKA
K.K. Xpenona [40], ocHoBanHast Ha OlpeeJeHUN CPEIHETO 3Haue-
HUS JIJTAHBI AYTH B MOMEHT OOPBbIBA TIPU MHOTOKPAaTHOM TIOBTOPEHHU
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OIBITOB, HO OHa JaeT pas3bpoc pe3ysbratoB B mpegenax 15-30 %
[42].

E.M. Kysmak [18] npeasoxusn XapaKTepu3oBaThb CTaOUJIU3H-
pYIOIIIe CBONCTBA 3JIEKTPOJOB O KO3(PPUINEHTY, YUUTHIBAIOUIIEMY
YACTOTY €CTECTBEHHDBIX OOPBIBOB JIYTH.

ABTop [18] omenuBan cTabuABHOCTD TPOIECCA CBApKW B yrJie-
KHUCJIOM Tra3e BpPeMeHeM 3aKUTaHWus AyTd U Kod(PUINEHTOM pas-
OpbI3TMBAHUS pACIJIABJE€HHOro Meraja. I[lokasamo, dveMm Bbiiie
CTabUJIbHOCTD TOPEHWS IYTU, TEeM MeEHbIe BpPeMs ee 3aKUTAHUS U
pa36pbITUBaHUE 3JEKTPOJHOTO METAJLIA.

B nocrneanue roapl pa3paGoTaHbl HOBbIE METO/bI OIEHKH CTa-
OUJIbHOCTH TOPEHMS JyTH HepEeMEHHOTO TOKA, OCHOBAHHbIE HA W3-
MEpEeHNH 3JEeKTPUYECKUX Xapakrepuctuk ayru [1, 17, 21, 41, 77].

I''U. Jleckos [20] BrepBble NpeATONKUI KOJTHMYECTBEHHYIO METO-
JIKY, COTJIACHO KOTOPOIl KPUTEPHEM YCTOWYMBOCTH TOPEHUS MIyTH

. (dl,
CJIYJKUT 3HAaUY€HUE IIPON3BOJHON (d—:) B MOMEHT I€pexo/la TOKa

yepe3 HyJsb. 3HaueHue INPou3BoAHOI (B A/c) BbIYMCIAETCA 110
OCITUJLIOTPAMMAaM TOKA, KOTOpble PETHCTPUPYIOTCS C ITOMOIIBIO
KIHO- M (DOTOCHEMKH € dKPaHa OCIIIorpada.

[lns ympouieHus ompe/iesleHns CKOPOCTell M3MeHeHWs] TOKa NP
MTOBTOPHOM BO30YK/JCHUW AYTH TPUMEHSIOT (Pa3oBble TPAEKTOPHH,

npeacTassgione co6oil sasucumoctb (pue. 1.21) [41, 42] %

= f(1,). Otu Tpaekropuu MOJIy4YAOT HA IKpaHe ocuusIorpada,
NO/IaBasi HA TOPU30HTAJIBHO OTKJIOHSIONIUE MJACTHHBI MPOIOPIIHO-
HaJbHOE TOKY IYTH HANpsDKEHHE, CHUMAaeMOe C BOIOOXJAXKIAeMOTO
6e3MHIYKIMOHHOTO INMyHTA, M HAa BEPTUKAJBHO OTKJOHIIONHE —

dl, 4

® 7 ©

v

Puc. 1.21. da3zoBasi Tpaekro-
pus Toka ayru [42].
Honsproctp:  “mmioc” — 06-
paTtHasg, “MuHyc” — TpsMas
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" L dl, .
CUTHAJI, NPOIOPUUOHAJIBHBIA ITPOU3BOJHOU d_tl’ IIOJIYyYCHHOHN €

nomortbio Juddepennupyiomieii syeiiku RC.
Kputepusmu orieHKM cTaGUIBHOCTU TOPEHWS AyTH ciayxkart [41,
42]:

Jdde oy dide (1.21)

dl, /dt dl, /dt
3necw dl,/dt — MuHUMaIbHASI CKOPOCTh HapaCTaHWS TOKA B CBa-
POYHOII 1lenu TocJje ero nepexona vepe3 HyJb; dl, /dt — ckopocTb
yObIBaHUS TOKA B KOHIE IMpeabiayiiero monaymnepuoga; dl,/dt —
CKOPOCTb M3MEHEHWs] CHHYCOUAATIBHOTO TOKA, PABHOTO CBAPOYHOMY
10 aMILIUTYZAHOMY 3HAUEHHIO.

Ycranosneno [42], uto HmkHUM npepesoM Benmumuel dl, /dt,
XapaKTepu3yomiell ycTOHYnBOe TOPEHWe [IyTH TIePEeMEHHOTO TOKa
npu ee mutanuu ot TpancdopmartopoB ¢ U, > 60...65 B, caenyer
cuutath 10 KA /c.

B.1IO. Ankayckac u U.P. Hapymxkesuutoc [1] cumraior, 4ro mc-
noJsib3oBanne KoapduimentoB K, n Ky, y1o6HO, Tak Kak HCKIOYa-
eTcsl HeoOXOIMMOCTD B TPAJyMPOBKe MPUOOPOB M M3MEpPEHUH a6Co-
JIOTHBIX BEJWYUH TPOU3BOIHBIX, OJHAKO [IJIT [IOCTOBEPHOTO OTIpe-
nenenust BeqmuuHbl K, m K, Tpebyercsd MpPOJOKUTETbHOE Ha-
6monenne 3a (asoBbiMu TpaekTopusMu (Kak PaBUsio, CBapKa
TPeMsl — TISITHIO AJIEKTPOAAMM).

B pa6ote [1] mokaszaHo, 4TO A/ peaju3aluil 3TOW METOAMKHU
HEOOXO/IMMO YCTPOMCTBO CHHXPOHU3ANMK C allaparypoil Ajs Ku-
HOCBEMKHM € 3KpaHa ociuuiorpadga, a Takke CHCTeMa 3alycKa
aydeii. OJHAKO OTCYTCTBUE KOHKPETHBIX IIPUMEPOB HCIIOJb30BAHUS
paccMaTpuBaeMoil MeTOJUKH He II03BOJISIET OIIEHUTb BOCIIPOU3BO-
JIMOCTb ee pe3yJbTaTOB M YJ0O6CTBO B TI0Jb30BAHUMU.

Kak cumraer B.A. Tpounkwmii [37], ckopocTh mnepexoja TOKa
yepe3 HYJb OIPEIEJSIeTCs TOJbKO XapaKTePUCTHKONH WCTOYHUKA
MUATAHUS W, CJEeIOBATEJbHO, BJIHUSIHUE CBOIMCTB CBAapOYHBIX MaTe-
puasos na dlI/dt mo/mkHO 6bITh HE3HAYUTEJIBHO.

N.U. 3apy6a u B.B. [Ipimenko [13] mpemsoxxuau uHTErpaJb-
HBIIl TTOKa3aresb CTa6UJIbHOCTH TOPEHUs AyTH, B KOTOPOM OGberu-
HUJTM TTapaMeTpbl TepeHoca PacCIIaBJIEHHOTO METAJIa, MOBTOPHOTO
3aKUTAHUS JYTH, CBOWCTB IJIa3MOOGPA3yIONIETO ra3a W CBAPOYHBIX
WCTOYHUKOB MUTAHUS.

Boipaskenne mokasarens K umeer BU:

A

| |
K=lo o © [y sing-2en,r? 3%} (1.22)
T 2arcsin(U,/U,) \om,

rone |, — TOK, HUIKE KOTOPOTrO Ayra MOJKET IIOTaCHYTb IIpU IIPOXOK-
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JICHUU dYepe3 Hee KAl 3JEKTPOJHOTO MeTasia; T — BpeMs, B Te-
YyeHye KOTOPOro HAIPsKeHUE HA JIyTOBOM IIPOMEXKYTKe MeHbIlle Hall-
pAKeHUS 3aKUTaHUSA; I, — PaJnyC KalleJb 3JEeKTPOJHOTO MeTajlja;
N,i — KOHIEHTPAIMs 2JEKTPOHOB B CTOJ0E Jyru; M; — Macca aToMa
na3Moo6pasyoriero rasa; A — saplh snekrpona; T — temmepary-
pa mIasMbel B crosbe ayru; kK — koadpdumnument Bosabrvana; U, —
Hanpspkenne saxurawus gyru; U,, |, — aMnuurynnble 3HadeHus
HaIPSIKEHUS XOJOCTOr0 Xojia TpancdopMaTopa M TOKa CBAaPKH.

[To muenuio aBropa [12], ucmosb30BaTh MPEIJIOKEHHBIH IMOKA-
3atesb K MOXHO TOrjia, Korja IepeHoc MeTajjia OCYIIeCTBJSETCS
6e3 KOPOTKMX 3aMbIKAHUI.

[ls onpenenienus nokasaresiss K Heo6X0uMo:

MPOBECTU CKOPOCTHYIO KMHOCBHEMKY JYTHM U CHHXPOHHOE IIJeki-
¢oBoe ocruorpadgupoBanue HAIPSKEHUS U TOKA [IyTH;

usmeputb U,;

OIIPE/leJIUTh BEJUYUHY T;

N3MEpUTh TPAHYJOMETPUYECKUII COCTaB Kalesab 3JIEeKTPOIHOTO
MeTaJlJIa, TIePeXO/SIMNX Yepe3 TyTOBOH MPOMEKYTOK;

OTIPe/IeIUTh Pa3Mepbl Kamejdb I, MepeJeTaioNnuX MeXKIJIEKT-
POZHBIN TPOMEXYTOK B KOHIIE IIOJyIlepuojia, T.e. B HUHTepBaJe
BpeMeHH OT T,/ 2 0 KOHIIA MOJYIIEePUO/a;

y4ecTb BeJUMYUHy M;;

U3MEPUTHh KOHIIEHTPAIHIO Ng;;

ompeneanth 3Havenuss U, u 1.

Mpbl cunTaeM, YTO [AHHBIH METOJ] OTJUYaeTcss OOJIbIION TPYyIo-
€MKOCTbIO, YTO 3aTpyAHSeT ero INMUPOKoe IIpuMeHeHue. Kpome
Toro, mokasareab K paspa6oran s cBapku 6e3 KOPOTKUX 3aMbl-
KaHUil, a 1103TOMY /Il PYYHOH JyroBOW CBapKHU IIOKPBITBIMHU 3JIEKT-
poJaMu B GOJIBIINHCTBE CJyYaeB OH He TIpPHEMJEM, TaKk Kak B 3TOM
cIydae TEepeHOC PACIJIABJIEHHOTO MeTajjla OCYIIECTBJISIETCS TIPeH-
MYIIECTBEHHO € KOPOTKUM 3aMbIKaHueM. K ToMy ke Hajau4me KO-
3bIpbKa M3 IMOKPBLITHS HA TOpIlEe 3JEKTPOJa He IMO3BOJISET UCIIOJIb-
30BaTb KHUHOCBEMKY J[IJIsl OlpejesieHus I, U MOMEHTa OTpbIBa Ka-
nejb OT 3jekTpoja. IloaToMy aTOT IOKasaresb He PEKOMEHyeTcs
NMPUMEHATHh Ja’ke B TOM CJiydae, KOTJa MPHU CBapKe MOKPBITBIMU
3JIEKTPOJAMH TIEPEHOC MeTajaa OCYIIeCTBJseTCS 6e3 KOPOTKUX
3ambiKanuii (HampuMep, cBapKa JEKTPOJAMU C PYTHJIOBBIM BUJIOM
HOKPHITUSA Ha (POPCUPOBAHHBIX PEKUMAX).

B kauecTBe KpuTEpHs OIEHKH CTAGUJIBHOCTH TOPEHUS OYTU aB-
top [78] npennaraer mokasarenab tg O, paBHbBII OTHOIIEHHWIO Ha-
TPSDKEHNS XOJIOCTOTO XO/la MCTOUHMKA MUTAHWS K MaKCHMAJTbHOH
BEJIMUMHE TOKA KOPOTKOTO 3aMBIKAHUS, T.€.

tgd=U_ /1.
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3uauenusa |2° ompeaessioT MO OCIUJIOTpaMMaM TOKa.
Cunraior [78], uto Xopoieii cTaGUIBHOCTBIO TOPEHUS IyTH 06-

JIAZIAIOT T€ AJIEKTPO/bI, JUIS KOTOPBIX BeJau4yMHa I2° Majo orjnya-

eTcsl OT “CTaTUYeCKOTO” TOKAa KOPOTKOTO 3aMBIKAHUS, OIpeesIseMO-

ro B TeyeHWe mepexofa Kamium B ceapounyio Bauny, (1. /1., =
~ 1,3...1,5), Tak Kak B 9TOM CJy4yae 3HAUUTEJHHO MEHbINEe HapyIia-

erca npouecc ropenus ayru (puc. 1.22).
JlauHblii KpuTepuil MOKeT ObITh MCIIOJb30BAH [/ ONEHKH Xa-

I max

PaKTEPUCTUK HCTOYHMKOB IIUTAHUSA, TaK Kak BejaumyumHa I.o° B oc-
HOBHOM 3aBUCUT OT CBOKCTB MCTOYHMKA (MHAYKTUBHOCTH, MAarHWT-
HOTO KOHTYpPa U T.IL.).

OCHOBHBIM HEJOCTATKOM TTPEAJOKEHHBIX METOJUK M KPUTEpPHEB
SIBJISIETCSI HU3KAsT TOYHOCTb OOPAGOTKM OCHUJIJIOTPAMM U TPY/I0EM-
KOCTb pacuera. [l mMoJydeHUs HAJEKHBIX JAaHHBIX HEOOXOINMO
MPUMEHATH TpaHCHOPMATOPHI ¢ MUHUMAJbHLIM HCKaKeHWeM (GopM
KPUBOH TOKa KOPOTKOTO 3aMbIKaHWS, YTO HE MO3BOJISET YYUTHIBATDH
BJIUSIHWE XapaKTePUCTUK WCTOYHUKA TMUTAHUS Ha TEPEXO/HbIe
mpoiieccol pu cBapke [49, 77, 86].

Kak ormevator T. Camamxen u C. bBoapna [77], a Takxke psin
aBropoB [17, 47, 49, 86], xapaKkTepUCTUKN CBAapOYHBIX MaTepPHAJIOB
HEeJIb3S WMCCJIEJOBATh B OTPBIBE OT CBOWCTB TpaHChOPMATOPOB, Tak
KaK CKOPOCTb HapacTaHWs TOKa I0CJe Tepexojia 4epe3 HyJb, T.e.
MPOIIECChl MOHU3AIMU [YrOBOTO IPOMEXYTKA, OIPEIeNIIOTCsS B

a
I A
o
IA
\__ N\__
— —
e e
NM (<] NN o~
8 Byl ¢ 8 g Eg| ¢ 8
~ ~ ~ ~ ~ ~ ~ ~
\ > / / Yy
1 2 3 4 t 1 2 3 4 t

Puc. 1.22. OcuuiiorpaMMbl TOKa IIpU cBapke ¢ Goubwoi (1) u mMauoii (- ) ammmry-
JI0ii TOKa KOPOTKOro 3ambikaHus [78].

Bpemennbie yuacTku o6o3Havaior: 1 m 4 — HOpMasIbHO Topsmas jyra, o6pasoBaHue
Kamn; 2 — Tepexo/l Kallji, KPAaTKOBPEMEHHBIH “IMHAMHYECKHN” TOK KOPOTKOTO
3aMBIKanus; 3 — MepeXo/ KaIlJId, TedeT elle “CTaTHYeCKHii” TOK KOPOTKOTO 3aMBbI-
KaHUS

61





3HAYUTEIbHOU Mepe JAMHAMUYECKUMHU CBONCTBAMU HCTOYHUKOB ITH-
TaHUSI.

[Toatomy A. Becconom [47] mpensoxkeHn Kputepuii cTabUIbHOC-
TH [yTW, YYATBIBAIONIMII CBOWCTBA CBApOYHBIX MAaTEPUAJOB U
TpaHC(HOPMATOPOB MO CTENEHN OTKJOHEHWS KPUBOW CBApOYHOTO
TOKa OT uaeasbHOll (cuHycoumambHOil) HOopMBbI.

[To mpenmnoxenuto aBTOopoB [77], xpurepuii beccona ynobuee
BBIUUCIUTD II0 KACaTeJbHBIM K TpaekTopusaM Toka (puc. 1.23):

A=tga/tg B, (1.24)

r7ie o 1 B — yIJIbl HAKJOHA KacaTeJbHBIX K KPHUBOW TOKAa B KOHIlE
(B) u B Hawane (o) mosynepuosa.

Uem 6/mske K eMHUIE YKa3aHHOE COOTHOIIEHHE, TeM BBIIEe YC-
TOWYMBOCTb roperus Ayru. CreneHb WCKAaXXEHUST KPUBOI TOKa 3a-
BHCHT KaK OT 3JIEKTPUUYECKUX CBOWCTB JyTH, TaK W OT KOHCTPYK-
THUBHbIX XapPaKTEPUCTHUK HMCTOYHUKaA IMUTaHWA, B YaCTHOCTHU TPpaHC-
dopmaropa, n xkpurepuii A. beccona y4uTbIBaeT 3Ty OCOOEHHOCTD.
ﬂeﬁCTBHTeﬂbHO, COTJIaCHO Dpe€3yJibTaTaM aHaJin3a, BbIIIOJHEHHOTO
T. Canamxenom u C. Boapua [77], aror Kputepuii MOXKeT OBITb
MpeCTaBJIeH B Pa3BEPHYTOM BH/IE:

A= a0y (1.25)
NV2Uy g sing +U

U3 soiphokennsa (1.25) caemyer, yto kputepuii A Bkaouaer B
cebs XapaKTepUCTUKU KOHCTPYKIMN Tpanchopmaropa U,,, ¢ u
U,. Vccnenosanus no onpejiesieHuto kpurepusi A, IpoBejieHHbIE B
pa6ote [79], mokasanu, YTO STOT KPUTEPHIl TOCTOBEPHO OTPAKAET
BJIMSIHUE XAPAaKTEPUCTUK CBAPOYHBIX MaTepuajJoB U TpaHcdopMa-
Topa.

OHAKO TOYHO ONPEIeJUTh IOJOXKEHHE KacaTeJbHBIX IO OC-

A
ICB

v

Puc. 1.23. Cxema us-
MepeHHsi  NapaMeTpoB
kpurepusi Beccona [47]
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[UJIJIOrPAMMaM TOKAa BeCbMa CJOXHO, 4YTO SIBJISETCS CEPbe3HbIM
HEJIOCTATKOM PAcCMATPUBAEMON METOIUKHU.

YTouHeHUe MOJOXKEHMsT KacaTeJbHBbIX, TPEJI0XKEHHOEe B pabore
[47], moBbIITaeT TOYHOCTD OIIEHKH, HO OJHOBPEMEHHO W YCJOXKHSET
ee, TaKk Kak TpeOyeT OIpeIeseHus [OMOJTHUTEIbHBIX MapaMeTPOB
tparcdopMaTopa B PeKUME XOJOCTOTO XO[A.

I'. Errepc [48, 49] Buepsbie pa3paboTan CTaTUCTUYECKUN METO[
UCCJIeIOBAHUS CTAOUIU3UPYIOMIUX CBONCTB 3JIEKTPOJOB IIPU CBap-
Ke Ha TIepEMEHHOM TOKE, CyTb KOTOPOTO COCTOUT B PETHCTPAIINH,
c6ope u 06pabOTKe MUHUMAJTBHBIX BEJUYUH aMILTUTY/bI KoJeOaHui
HaAIPSUKEHUS Ha Iyre. AMIUIUTYAY W 9acTOTy KOJeOaHWHA M3MePSLIH
C TIOMOIIBIO CIEIUATHHOTO CYETUYMKA MMITYJTbCOB, & Pe3yJabTaThl 00-
pabarbiBaJu HA KOMIIBIOTEDE U TPEACTABJSIN B BU[E TMCTOIPAMM.

Knaccudukanuio MUHUMATbHBIX 3HAYEHUN aMILIATY/IbI HAIPSI-
JKeHHsT Ha [ayre npousBoausaun B 20 kJaccax (or 14 mo 34 B npm
mmpune kaacca — 1 B).

B kauecTBe [OIMOJHUTETHHBIX IOKA3aTeNEH HCIIOJb30BAIH Be-
JIMYUHY CTAHJAPTHOTO OTKJOHEHWS, XapaKTepPU3yIoIlyio pa3bpoc
MOJIyYeHHBbIX 3HAYEHWI HANpsyKeHus, U 0O0Ilee YUCI0 MUHUMAJIb-
HbIX 3HAYEHWIT KOJeGaHWil HANPSDKEHUS Ha [yre 3a U3MepseMblil
MPOMEKYTOK BPEMEHM.

B pa6ore [49] ¢ moMoIIbIO MaHHONW METOAUKH WCCJEIOBAJIN
BJIMSIHUE CTATHYECKUX W JUHAMHYECKUX XaPAKTEPUCTUK MCTOYHU-
KOB THUTaHUs HAa CTAaOGUJIbHOCTb TOPEHWs MyTW TIPU CBapKe 3JIEeKT-
poJlaMi ¢ MTOKPBITHEM OCHOBHOTO U pyTHaoBOro Buzaa. CraTuueckue
U [UHAMHYECKHE XAPAKTePUCTUKH WMMUTHUPOBATKUCH CIIENUATbHOM
2JIEKTPUYECKON CXEMOIi, BBIMOJTHEHHOH HA THPHCTOPAX.

[ToryueHHBIE PE3YIBTATHI MTOKA3AJM, YTO CTAOMIHBHOCTD TOPEHUS
Qyrd B 3HAYHUTEJbHOI CTENEeHN ONPEHessIeTcs AUHAMUYECKUME
XapaKTepUCTUKAMU WCTOYHWKOB THUTaHUSA. ABTOP [49] 3TO 00Dsic-
HsIeT BJIMSHUEM HAa CTaOUJIBHOCTb AYTH 3JIEKTPUUYECKUX IIPOIECCOB,
MIPOUCXO/AIINX B CBAPOYHOM KOHTYpPE, KOTOPble B 3aBUCUMOCTH OT
MaTrHUTHOTO TIOJIsI, CO3/1aBaeMOr0 BHYTpH TpaHcdopmaropa, To-
pPa3sHOMY W3MEHSIOT TOK M HaIpsDKEHIe BO BPeMs CBAPKH.

Hecmotps Ha TO, 4To pabora [49] BbITOJHEHA Ha XOpoIieM Me-
TOJMYECKOM YPOBHE, aBTOP HE IIbITAJICS YCTAHOBUTH KOPPEJISIIHIO
MEXIy CTaOUJIbHOCTHIO TOPEHUS [yrd MPU CBApKe MOKPBITHIMU
AJIEKTPOJAMU M JIUHAMUYECKUMH XapPaKTEPUCTUKAMU HCTOYHUKOB
TOKa. AHAJN3 TPUBEIEHHBIX THCTOTPAMM MUHUMAJbHBIX 3HAUEHUH
HANPSDKEHUST Ha [yre He T03BOJISIET OJHO3HAYHO OIEHUTH CTabu-
JIN3UPYIOIINE CBOIMCTBA 3JIEKTPOIOB, TAK KAaK IOYTH HET Pas3Induil
MEX/y CPeIHEeCTAaTHCTUYeCKUMK 3HaveHmsiMu U, M uX cTaHmaprt-
HBIMU OTKJIOHEHUSIMU O [IJISI 3JEKTPOJOB OCHOBHOTO U PYyTUJIOBOTO
Bujga. B To ke BpeMs M3 JUTEpPATYpPbl U IMPAKTUKU XOPOIIO U3Be-
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CTHO, YTO TMOKPBITHS 3TUX 3JIEKTPOJOB MMEIOT pa3JjudyHble cTabu-
JU3Upylone cBoiicTBa.

Ha mamr B3raisia, oxnoit u3 nmpuuud toro, uro I'. Errepc [49] me
MOJIYYUJ KOPPEJSIUN  MEX/Iy CTaOUJIU3UPYIOIMUMU CBOMCTBAMU
3JIEKTPOJIOB M IMHAMUYECKUMHU XaPaKTePUCTUKAMKU HCTOYHWKOB ITH-
TaHus, SBUJOCH WCIOJH30BAHUE HECOBEPIIEHHON MPOTpaMMBbI /st
MaTeMaTHYecKoil o6paboTKN pe3yJbTaToB Ha Komibiotepe. K Tomy
JKe OH He TBITAJCS OIEHUTh BJHSHNE Ha CTaGUIBHOCTH IMPOIlecca
CBapKHM XapakTepa TEPeHOCAa pPAaCIIaBJIEHHOTO MeTaJlja, KOTOPBIH
3HAYNTEJBHO OTJIMYAETCS JJISI 3JEKTPOJOB C MOKPBHITUSIMU OCHOBHO-
TO U PYTUJIOBOTO BH/IA.

B pa6orax [17, 22, 74] npeanpuHuMaiach MONbITKA UCCJEI0BATD
JIMHAMUKY TIPOIECCOB U3MEHEHUS CBAPOYHOTO HAIPSKEHUS W TOKA,
TaK KaK Ha Hee CUJIbHO BJUSET MepPeHoC 3JeKTpojHoro merana. C
3TON IeJIbI0 CTPOUJIMCH MATPUIlbI, OTPAXKAION[Ne B3aWMMOCBS3b Tie-
PEXOJIOB MEK/ly YCTAHOBJEHHBIMU YPOBHSIMU, HO OHM OBLIU MaJo-
nHGOPMATUBHBIMU, TaK KaK He OblA BbIOpAaH €IUHBIN KpUTEpUil
(8...10 moxasatemeii). KpoMme TOro, CTPOMINCH OLEHKH aBTOKOPPE-
JSIUOHHON (DYHKIIUHU CIIEKTPATbHOM MOITHOCTHU HANIPSIXKEHUS Ha JIyTe,
O/THAKO He ObLIM UHTEPIPETHPOBAHDI MOJyYEHHbIE PE3YJIbTATHI.

B.E. Ilaton [22] npeanoxua oneHUBAThb CTAGUJIBHOCTD AYTU TI0
BeJTMYMHE TUKOB HAIPSDKEHUST 3a’KUTaHUS. IJTOT TIOAXOJ[, HA HaIl
B3IJISIZI, TPABUJIBHBIN, TaK KaK OTpPa’kaeT COCTOSIHWE ILJIa3Mbl B
MEKAJIEKTPOJTHOM TIPOMEXKYTKEe B HamboJiee BasKHBIA TIPEIIYTOBON
Tepuo/I.

[IpuBeeHHBIIT BbIlIE aHAJN3 MMOKA3bIBAET, YTO PAGOTHI IO IMOWC-
Ky ONTUMAJbHBIX KPUTEPHEB OIEHKH CTAOUJIBHOCTH TOPEHUS IyTd
MepEMEHHOT0 TOKAa MMeJn W MeToamdeckue Hemoctatku. He Bescs
MMOVCK WHTETPAJbHBIX KPHUTEPUEB, B KOTOPbIE BXOMWJIN Obl aHAJM-
3upyeMmble BeJWYWHBI. llpensaraeMble KPUTEPUU YUUTHIBATH JUOO
TOK, JIUOO HaIpsLKeHUe, JuO0 BpeMs.

B N9C um. E.O. Ilatona HAH Ykpaunbl 6blia pazpaboraHa u
anpo6upoBaHa METOAMKA ONpeleJeHus CTaOUJIbHOCTH TOPEHUs
JIyT'¥, OCHOBaHHasT Ha OOBEKTUBHON OIlEHKE 3JIEKTPUUECKUX Iapa-
METPOB MEK3JIEKTPOJIHOTO TIPOMEXKYTKa, KOTOpasg MpaKTHYecKn
JIUIIeHa TepevyucaeHHbx HepocratkoB [30, 32].

Wcnonbsys ycjaoBue [JUHAMUYECKOH YCTOHYMBOCTH JLyrOBOIO
MPOMEXKYTKA B 06JIACTU HYJIEBBIX 3HAUEHUII TOKA

. (1.26)
eRO Q

rie € u Ry — eMKOCTb LlelId U CONPOTHUBJIEHHE MEKIJIEKTPOLHOIO
npoMexyTka; Q = Q,/P, — mocTosiHHAas BpPEMEHHU, T.c. BpeMsd, B
Te4eHrue KOTOPOTO 3HEPTUs TeJs, BXOIANMX B IyTOBOH IIPOMEKYTOK,
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TIOJIHOCTBIO pacceeTcsl NPHU CpeJHell MOITHOCTH IOTepb, PaBHOU
€,). IJKCIIepUMEHTAJbHO OBLIO YCTAHOBJEHO, YTO XapaKTePUCTUKY
CTabUJIbHOCTA TOpPEHUS JYTH JIydYllle BCErO MPEACTaBJIATb B BHUJE
noKasateJieii, KOTopble OTpaskaloT conpoTusjieHue (UM TIPOBO/IU-
MOCTB) MEK3JIEKTPOJHOTO MPOMEKYTKA. B KauecTBe TaKOTO MoKasa-
tess aBtopamu [30] ObLTO TPeAsOKEHO WCIMOJb30BATh BEJTUUUHY
cpefiHell CKOPOCTM HapacTaHWsS IPOBOAUMOCTU MEXK3JEKTPOIHOTO
MPOMEKYTKA B TedyeHHe IIPEeIJyroBOro nepuoja, T.e. OT MOMEHTa
nepexo/la TOKAa 4yepe3 HyJb [0 MOMEHTA IOBTOPHOTO 3a’KUTaHUs
ayru (puc. 1.24):

B otao b (1.27)

r/ie ¥, — MPOBOANMOCTD JyTOBOTO TPOMEKYTKA B MOMEHT 3a’KUTAHMUsI
ayru, Om™'; U, n |, — manpsukenuwe Ha snektpogax (B) m Tok B
MEKIJIEKTPOJAHOM TIpoMeskyTKe (A) B MOMEHT 3a)KUTaHUST [IyTH;
t, — JUIMTENbHOCTD MPE[yrOBOTO MEPHO/Ia, C.

[Tosnoe Bobiphskenue s mokasarens G, umeer Bua [30]:

B;; _ 2af - 1,
( u, \

U,JLarcsinW—cp}

rae T — vacrora Toka; @ — yroJ caura mo Qase MeKIy TOKOM U
HaIPSIKEHNEM XOJIOCTOTO XOJIa.

@ Ha Inekmpooe
-

N\ Uxx
\

13

1

Ux.x \\ P
@ Ha 31eKmpoode

Puc. 1.24. Xapakrep H3MeHEHHS] 3JEKTPHYECKHX MapaMeTPOB Me:K3JEKTPOJHOTO
NPOMEKYTKA IIPU Nlepexoje TOKa yepe3d Hyb (6e3 HHAYKTHBHOCTH B L€NH).

Ilepemennpiii Tox, oqun nepexoj. U, — Hanpsokenue 3ambikanud, |, — Tok K Mo-
MEHTY 3a)XuraHus, t, — AJIUTeJbHOCTb NpejayroBoro mepuosaa; 1, 2, 3, ... — mpen-

noJjraraeMbie MHTEPBaJbl U3MEPEHUA Uul

(15}





Bugno, yto mokasatesb C, BKJOYaeT B ceGSd OCHOBHbIE Mapa-
METPBl AJEKTPUYECKON IleMM W OTpaskaeT HUX BJUIHUE HA CTa-
6ubHOCTD TopeHus Ayru. OH yBeJMYMBAETCS C BO3PACTAHUEM TOKA
l,, gacrorer f, HampspKeHHs Xosoctoro xozxa U, ., yria casura mo
(asze TOKAa OTHOCHTEJBHO HANPSIKEHUS XOJOCTOTO XOAa @ U C
yMmenbiieHneM U,. V3 mpakTuKkM XOpOIIO M3BECTHO, YTO HM3MeHe-
HU€ TEePEYNCJEHHBIX BEJIMYNH B YKAa3aHHOM HAIPAaBJEHUM JeHCT-
BHUTEJbHO CONPOBOX/JAETCS IOBBIIIEHNEM CTAOUJIBHOCTH TOPEHUs
JyTU TIEePEeMEHHOro TOKA.

B pa6orax [6, 20] ycTraHOBJEHO, YTO YCJOBHS 3aKUTAHUS [IYTU
Pa3JUYHbBI B TIOJYTEPUO/bI pasHoil mossipHoctu. Hawmbosiee TpymaHO
karoz ¢dopmupyercs Ha BanHe (mokasatenb C, wWMeeT MUHUMAJb-
Hoe 3HaueHwe). [0sTOMy B KauecTBe IIOKa3aTeJss CTaGUJIbHOCTH
ObLIO TIPUHATO 3HAUeHWe C, B 3TOT MOJYIIEPUON.

PesynbraThl mccieqoBaHMil MOKA3aJaM, YTO MoOKaszaTenb C, o6b-
eKTUBHO OTpa’kaeT M3MEHEHWS B CTAOUJIbHOCTH TODEHWS IYTH Iie-
PEMEHHOTO TOKa IO/l BJAUSHUEM BapbUPOBAHUS COCTABOM TOKPBITHS
AJEKTPOJIOB, PEKUMOM CBapku u Apyrux ¢akropos (puc. 1.25)
[30].

3HavyeHUsT TTapaMeTpPoB, BXOJANINX B IMoKasarenb C,, paHee u3-

B,, Om-! ¢!
450 o K

360

270

180

\H  Puc. 1.25. Biusmue coor-
somenusi CaCO;/CaF, u
IIEJIOYHbIX 3JIEMEHTOB Ha
CTaOUIBHOCTD TOPEHHUST 1y-
TH.

[Mosynepuoanl: 1 — moJio-

90

0 1 SKUTEJNbHBIN, 2 — OTpHUIla-
13 26 39 CaCOj3;, % TeJIbHDI; KUJIKOE CTEeK-

no: K — kamueBoe, ¢ —
39 26 13 CaF,, % HaTpUEBOe

66





MEPSJIM BPYUYHYIO TI0 OCITUJIIOTPAMMaM peXUMa CBAapKH, 3allUCaH-
HBIM HIIEH(HBIM ocIuLIorpad oM.

[ToaTomy omepanus onpejejeHus Inokasdatens C, Tpynoemka, a
usMepeHHble BesuuuHbl U,, 1, u t, MOryT BHOCUTb 3HAYUTEJIbHYIO
MOTPENTHOCTD B OKOHYATEJbHBIN PE3yJIbTaT.

OTH HelOCTaTKU B OOJBINONI Mepe YCTPAHSIOT, UCHOJb3ys CTa-
TUCTUYECKUE METOJbl MCCJEOBAHNS, CHUIKAIONINE TPY/I0EMKOCTb 1
MOBBIIIAIONME TOYHOCTb M /IOCTOBEPHOCTDb PE3yJbTATOB M3MEpPEHUS.

g oHOBpEeMEHHOTO M3MepeHUsl HECKOJbKUX IapaMeTpoB pe-
JKUMa CBapKH WM CTaTHCTUYECKON 06paGOTKM pe3yJbTaToB H3Mepe-
HUW B peasbHOM MaciiTabe BpeMEHU B IOCJEJHHWE TOIBI CO3/IaHbI
CTENUATN3NPOBaHHbIe WH(MOPMAIMOHHbIE W3MEPUTEJIbHBIE CHUCTE-
MblI, UCIIOJb30BAaHUE KOTOPBIX B MCCJEOBAHUSX ITI0O3BOJISET B 3HA-
YUTEJbHOU Mepe M36eXXaThb YKA3aHHBIX HEJOCTATKOB.

Cieyer OTMETHUTD, YTO HA CTAOGUJIBHOCTH TOPEHUS IyTH BJIUSIET
XapakTep MepeHoca 3JIEKTPOAHOro Merasiia (KPYNHO- WM MEJKO-
KareJbHbIA), KOTOPBIil B M3BECTHOH Mepe MOJKET OIPEAENATh yC-
JIOBUS TIOBTOPHOTO 3aKUTAHUS IyTH. IDTOT (HAKTOP B GOJILITUHCTBE
UCCJIeIOBAaHUI  CTAGUIBHOCTU IYTH UTHOPUPOBAJICS.

C 1esibio BbI6OPA CTATUCTHYECKU J[IOCTOBEPHBIX KPUTEPUEB CTa-
OUIBHOCTH TOPEHUs AYTH, YYUTHIBAIOIIUX OCOGEHHOCTH IepeHoca
3JIEKTPOJHOIO MeTaJjljla, IPOBOAMJNCH CIIelUaIbHble HCCJe10Ba-
HUS.

[lyig 5KCTIepUMEHTOB TPUMEHSTM TIPOMBINIJICHHBIE W ONBITHBIE
3JIEKTPO/IBI C TIOKPBITHEM OCHOBHOTO Buja AuameTpoM 4 MM. CBapky
BBITIOJHSIN OT COEJIMHEHHBIX IOCJe/0BaTeJbHO TpaHc(OopMaToOpoB
CTII-500 u CT3-34. Ilpu asToM HaNpsKEHHE XOJOCTOTO XO/a
tpanchopmaropa CTI-34 cTyneHdaro peryJaupoBau U3MEHEHUEM
qrcJa BUTKOB BTOPHYHOW 06MOTKH. [l 6osiee 4eTKOro ompejeJie-
HUS TapaMeTpPOB TOBTOPHOTO 3a’KUTAaHUs Jpoccesn TpaHcdopma-
TOPOB OTKJIIOYAJIM, & BEJMYNHY CBAPHOTO TOKA pEryaupoBaiym Oa-
JlacTHBIM peoctatoM. Cpe/HeCcTaTUCTUYECKHE 3HAYEHUS HCCJeye-
MbIX IOKazaTesell 3askuranuss Ayru: Ttoka l,, Hampssxenud U, u
BpeMeHH t,, a Takyke UX CpeJHEeKBaJpaTHUecKue OTKJIOHEHUS ollpe-
JIeJIANN ¢ TIOMOIIbI0 m3Mepurenbnoil cuctembl AHIT-1 (cm. rir. 2).

N3sBectHO [22], 4TO ecam MWHWMAJTbHOE AOMYCTUMOE HAITPSIKe-

HHe xojoctoro xozxa U!\" okaxercs GoJibllle, 4eM HaIpsKeHUe

xoJ10cTOr0 Xoja Tpancdopmaropa U, ,, To ayra ropetb He Oyer.
UTo6bl MCKJIOYUTH TlepepbiBbl B ropenun ayru (06pbIBbI jyrn),
HEOOXOUMO JIOCTATOYHO TOYHO ONpeAessiTh BeauunHy U, s
KOHKDETHBIX MapOK 9JIEKTPOJIOB, TaK KaK OHA HaXOJUTCS, Kak Ipa-
BUJIO, B y3kux npenenax (58...80 B).

B.E. IlatomoM mpeanoxeHo ompeneasars U] ¢ HOMOIIBIO
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CPE/HUX 3HAYEHMI HANPSKEHUS IOBTOPHOIO 3a’KUTaHUS JIyTH B
MOJIyTIepHoibl 06paTHON TosipHOCTH U, U KPUBBIX, CBS3bIBAIOIIINX
UM u U,, ¢ yueToM BIUSHHUA ITyHTUPYOIUX Ieneii [22].

min

[loBOJIBHO HIMPOKO PpaclpocTpaHeH MeTof ounpegenenus U

OTIBITHBIM TIYTEM IIPU TIOMOIIN TPaHC(OPMATOPOB € MU3MEHSIOMMMCS
HalpsKeHneM XoJioctoro xoga U, .
OaHaKo yKa3aHHbIE METOIBI MMEIOT HEJIOCTATKU — CYODbEKTHUB-

min

HOCTb OLIEHKM M HM3KYyIl0 TOuHOCTb ompenesenusa U . Ilpexsarae-

Masi METOIUKA SIBJISIETCS TaJbHENIINM YCOBEPIIEHCTBOBAHUEM METO-
Jla, M3JI0KeHHOTo B pabore [22], u ocHOBaHa Ha CTAaTUCTHYECKON
oépaéoTKe JIaHHbIX C HOCJIe/]yIOH_II/IM BbIUYUCJICHUCM napaMeTpa

l_J min

X.X

Kak mokasbiBaioT uccJgae0Band, Ayra NNEepeMEHHOTO TOKa TOPpUT
CTaéI/IJIbHO, €eCJin COéJIIOZIaeTCH HEPaBEHCTBO

Ui, =U™, (1.29)

rae Ul — aMIummTy/JHOe 3HAY€HWe HANPSKEHUS XOJIOCTOTO X071

tpaHchopmaropa, B; U™ — mMakcumanabHOE 3HauYeHHe HAIpSKe-
HUS 3a’KUTaHus QyTM B MOJyNepuoabl o6paTHON moaspHocTH, B;
09TOMY /Il OIEHKH CTaGMJIBHOCTH TOPEHHs IyI'M HEeOOGXOJNMO
omnpesensats Hanpspskenue U, OmHako, CTPOro TOBOPS, IMOCJE-
Hee — cJjydvaliHasg BeJUYWHA, 3aBUCAIIAs OT MHOTUX (DAKTOPOB M
CyIIeCTBEHHO m3MeHsomasacs (Kak ycTaHOBJEHO, B Ipejenax OT 5
g0 10 B) or ombita k onbity. B cBssu ¢ atum B dopmyse (1.29)
Heo6X0MMO MCIIOJIb30BaTh HauboJee BepOATHOE 3HaYeHHe Harps-
xenusa U™, pacrpesiesienne TMIOTHOCTH BEPOSITHOCTH KOTOPOTO,
KaK IOKa3aJu aHaJM3bl, MOMYMHAETCS HOPMaJbHOMY (raycCoBCKO-
My) 3aKOHY.

Torpa Benmmuuny U™ MokHO onpeaeuts mo ¢dopmyJe, u3Be-
CTHO M3 TEOpUH BEPOATHOCTH M MareMaTHuecKoil cratuctukm [4]:

Ur™ =U® + 30, (1.30)

rje U;p — CpeAHECTAaTUCTUYECKOE 3HaY€HHUE HaIIPpAKEHUA 3aKU-

TaHWS B TIOJIYIIEpPHOABI o6paTHOI MoJisIpHOCTH, B; 0 — cpemHekBas-
paTHyecKoe OTKJIOHEHWEe HANPSKeHWs 3a’KuraHus, B.

IKcnepuMeHThl mokaszasn, 4ro (opmysaa (1.30) maer xopomryio
CXO/IMMOCTb 3HaueHnit U, /Ji1 pa3jMyHbIX OIBITOB.

3uas UM u yunteisas opmyay (1.29), MOKHO HallTH MUHM-
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MaJbHOE HaIpsDKeHNe XOJOCTOro Xojaa TpaHcdopmaropa, MIpH
KOTOPOM jiyra elile 6y/JeT roperb 6e3 06pbIBOB:

UMt o Um /2 (1.31)
C yuerom (1.31) mosyyum
yrn - Ys v30 (1.32)
\/ 2
Mapamerp U, BoramcieHHbiil A1 KaX[0ro 9IeKTPOAa, MOKET

CJIYKUTb TIPHMEPOM OIIEHKH €ro CTaOMJIM3NPYIONINX CBOMCTB.
YcnoBue cTaGUIBHOTO TOPEHHS AYTH TIEPEMEHHOTO TOKa IIPHU
CBapKe MOKPBITBIMHU 3JIEKTPOJAMH BBITVISIAUT CJIEAYIOMNM 06pasoM:

AU > 0,

rie AU = U, — U™ — pasHOCTb MeX/y HAMPSXKEHUEM XOJIOCTOTO
XO0[la M PACYETHbIM 3HAYEHNEM MHHUMAJIBHO [OIYCTHMOTO HAIps-
JKEHHMsI XOJIOCTOTO XoJa TpaHcdopmaropa, elre 006ecreqnBaOIIM
cTabuJabHOE TOpPEHWe AyrH MpH CBapKe ajekrpogamu. IIpu arom,
yeM Gouibiie BenuunHa AU, TeM Bblle CTaOUJIBHOCTD TOPEHUS
IyTH.

B Ta6n. 1.2 npencrasiensl pesyabratbl omnpegeaenus UM 1o
Ipe/IIaraeMoil METO/IMKE JIJIsI HECKOJIbKMX MapOK HPOMBIIIEHHBIX U
OMBITHBIX JIEKTPOIOB.

Buano, uto sHauenus mokaszatens UM Tem Jryurme, yeM CHJIb-

Hee U, pearupyer Ha W3MeHEHWE IepPeHOCA 3JEKTPOJHOTO MeTaJ-
ga. JlelficTBUTETbHO, KaK MOKAa3aJW pPe3yJbTaTbl COOCTBEHHBIX WC-
CJIC/:[OBaHI/Ifl, BDbBIIIOJTHEHHbBIX C IIOMOIIbIO CKOpOCTHOfI KHUHOCbhEMKHN

Ta6auma 1.2

Pesybrarsl onpe/ieieHHs HaNpsKeHUsi MUHEMAJIbHOTO X0JIOCTOTO X0/a
tpancdopmaropa (B B) npu cBapke 2/1€eKTpoJaMu ¢ IOKPBITHEM OCHOBHOTO BH/A
(1, =170 A)

CB

Mapka s1eKkTposa +U 5 ymas ymin
(cTpaHa M3TOTOBUTEJb) 3 3 o
YOHU-13,/55 (Poccus) 52 19,8 111,5 80
AHO-11 (Vkpaunna) 40 14,5 83,5 60
“Burtoma” (Bosrapus) 44 15,0 89,0 64
“Pyen” (Bosrapus) 46 17,5 98,5 71
EB-1.46 (ITospmma) 1 20,0 111,0 79
EB-2.46 (IloJba) 44 18,5 102,5 73
“Cynep6as” (Pymbiins) 40 13,2 79,6 57
“Yum6asz” (Pymbrams) 37 13,0 76,0 54
E-44.83 (Yexus) 42 15,1 87,3 62
E-48.83 (Uexusa) 43 16,4 92,2 66
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U CUHXPOHHOTO ociusaorpadgupoBanus, BequmunHa U, cyiecTBeH-
HO 3aBHCHUT OT XapaKTepa IIlepeHoca 3JEeKTPOJHOro Meraa. Tak,
€cJu IOBTOPHOMY 3a)XKMUTaHUIO AYTH IPEAIIeCTBOBAJ IE€PeX0/] Ka-
1eJb, COIPOBOXKIAIONIMICSA KOPOTKUM 3aMbIKAHMEM MeXX3JeKTPO/l-
HOTO MPOMEXKYTKa JAJUTETbHOCTHIO 15...18 Mc um 6oJiee, TO BeJsH-
yuna U, moxxer pocrurathb 40...60 B; npu t,, < 10...15 wmc 3Haue-
nust U, cocraBasiior ve Gosee 28...35 B. Kak ycranosieHo patuee,
KPYIIHbIe KAIJIM HepexoJdaT B BaHHy ¢ dvactoroil 5...20 I (t.e.
uepes Kaskzpie 5...20 moJyrnepronos), noatomy npumepto 10...20 %
MOJIYTIEPUO/IOB OT WX OOIIEero KoJmuecTBa GyAyT MMETHb ITOBBIIIEH-
Hble 3HAYEHWS HAIPSKEHHWS MOBTOPHOTO 3a’KWUTAaHWUS JyTH, 00yc-
JIOBJIEHHBIE TTEPEHOCOM 3JIEKTPO/HBIX KaIleJib.

Kpome Toro, ycTaHOBJIEHO, YTO C YBEeJUYECHUEM T, , TOBBINIAETCS
pas6bpoc 3HaueHuii U, OTHOCHUTEJbHO CpeHell BeJUYUHBI, T.€.
pacrteT UX CpeJHEKBaJpaTH4YecKoe OTKJOHeHUEe O. IKCIePUMEHTbI
nokasbiBatloT (puc. 1.26), 4To MUHMMaJbHOE 3HAYEHHWE JJIsI Pac-
npejeneHus Hanpspkeaus U, HaOa0maeTcss TPU CBapKe YTOJbHBIM
anekrpoaom (mepeHoc Karmesb oTcyTcTByer). Ilpu cBapke ke Tia-
BSANIMMCS 3JIEKTPOAOM GoJjiee BBICOKME 3HAYEHUS O IS HaIpsiKe-
HUS 3a’KUTaHUS XapaKTepHbI [ 3JIEKTPOJOB € OTHOCUTEJbHO
KPYIHOKAIeJIbHbIM IIEPEHOCOM MeTaJLIa.

B cBasu ¢ TeM, 4TO BeJMYMHA O UCIOJIb3yeTcs IS olpejeJie-

uus mapamerpa UM (em. dopmyay 1.32), sto mossosser B 6oib-

mell Mepe y4yuTbIBaTh BJMSIHHME XapaKTepa IepeHoca paclJaBJeH-
HOTO MeTaJjijia Ha CTAaGUJIbHOCTb TOPEHUS yTH, YeM HPHU MCIIOJb30-

n, %

30

20 |

10
Puc. 1.26. Tucrorpamma pac-
npefieleHus]  HanlpsKeHus B
MOMEHT 3aKMTaHusI JyTH.
duaekTpoabl: 1 — yrosbHble,
2 — ¢ OCHOBHBIM BH/JOM IIO-

0 KDBITHS
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BaHuu kKpurtepus U,. Ito BumHO u3 Taba. 1.3, rhe npeactaBjieHbl
pe3yJIbTaThl MU3MepPeHus: IMOoKa3aTesell cTaGUJIbHOCTU TOPEHUs [AyTH
U TepeHoca 3JEeKTPOIHOTO MeTaJLa.

Tak, ecau Hampumep 3JjekTpoabl “Pyen” m EB-2.46, “Yuu6as”
u AHO-27, EB-1.46 u YOHU-13 /45, a takKe Psiji ONBITHBIX 3JIEK-
TPOJIOB MMEIOT MPUMEPHO OJWHAKOBBIE CpefHuMe 3HadueHus U,, To

BesnunHa U] y HUX PasjnyHa, YTO MOXKeT OBITh CBSI3aHO C HEO-

AUMHAKOBBIM XapaKTEPOM II€pEHOCa SJEKTPOJHOTO MeETaJlja. Z[eflCT-
BUTEJIbHO, JId COIIOCTABJIAEMbIX JJIEKTPO/OB HaéJIIOlIaeTCH JIOBOJIb-
HO 4Y€TKad TeHJAeHInuA — 60JIbIIIEll BeJMYMHE T COOTBETCTBYET U

K.3
60siee BbIcOKOe 3HaveHwe mokazarens U['. OTMeueHHas 3aBUCH-

MOCTb TIOTBEP/MIACH TAKKe IIPHU HCCJAEJOBAHUN OIBITHBIX 3JICKT-
ponos (cm. Tab. 1.3).
O/HaKo, 1O HameMy MHEHHIO, OIeHKa CTaGMIbHOCTH TOPEHHs

Ayru ToabKO 1o mapamerpy UM' Hemoctatouno mnoamas. [leno B

TOM, UYTO TIEPEXOJl 3JEKTPOJHBIX KaleJb, KpPOME KOCBEHHOTO
(nposiBasiiomerocst yBesmuennem U, U O), OKasblBaeT M HPSIMOE
BO3/IEfICTBIE HA CTAGMJIBHOCTb TOPEHUsT AyTH. Tak, TPHU CJMIIKOM
JUITNTETHbHOM KOPOTKOM 3aMBIKAHWUU 3JEKTPOJ| “TpuMep3aer”’ K U3-
Jlenio, a Jayra mpu atoMm racHer. Ilociennee 0co6eHHO 4YacTo
BCTpEYaeTCs TP 3a’KWTAHWW JYTU TIOCJE CMEHBI 3JIEKTPOJIA.
Astopamu [30] ycTaHOBJI€HO, YTO BEpPOSTHOCTb “TpuMep3aHus”
3JIEKTPOJIA BEJMKA, €CJU CPEAHSIS AJUTETbHOCTh KOPOTKOTO 3aMbl-
Kanua T, , = 16 mc (mas saexrpomos aumamerpom 4 Mm). Bemexcrt-
BH€ 3TOTO, BEJWYMHA T, ,, paBHas 16...18 Mc u OGoJsiee, TpuUHATA B

Kp
K.3°

KadecTBe KPUTUYECKOU T

Ta6bnuma 1.3

XapaKkTepHCTHKH CTAGHIBHOCTH FOPEHHUsSI IyTH U IIEPEHOCa MeTalIa IPH CBapKe
nepeMeHHbIM TOKOM 3JIeKTpoamMu ocHoBHoro Buza (1, = 170 A)

Mapxka (uHzexc) U. B u™ B T . M
3J1EKTPOJA » X 1
“Yuu6as” 41,8 64,4 7,2
AHO-27 41,5 67,0 10,4
“Pyen” 50,3 83,6 10,6
EB-2.46 50,4 77,5 8,1
EB-1.46 53,6 86,0 10,4
YOHWU-13 /45 53,1 77,8 7,2
B-1° 47,4 74,6 9,8
B-2" 47,0 71,5 7,9
A-17 52,8 77,6 10,2
A-2" 53,0 71,8 8,6
" OnbITHBIE 3JEKTPOJIBI.
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HOQTOMy JIOITIOJIHUTEJIbHBIM YCJIOBUEM CcTaOUJIbHOIO ropeHua my-
'l ABJIAETCA COéJIIO]j[eHI/Ie HepaBEeHCTBa:

At > 0, (1.34)

rae At = t% — 1 — pasHOCTh MeXAy KPUTHYECKOH BeJMUYMHON
JUTUTEJbHOCTH KOPOTKOTO 3aMBIKAHWS M CPEIHUM €ro 3HaycHUEM,
OTIpe/leJIEHHBIM [IJI1 KOHKPETHOTO HCIIBITYEMOTO 3JIEKTPOJa M pe-
skuMa cBapku. CBapoyHBIN TOK, IPU KOTOpOM T, , = 16 Mc, saBiser-
¢sl MUHUMAJIbHO JIOIyCTUMBIM VIS IAHHOTO 3jiekTpoaa (amamerpom
4 mm). C ysesmuenueM |, BeqMunHa T, , YMEHBIIAETCS, CHUIKAETCS
BJIMSIHWE TlepeHoca Karmeib Ha Bequunny U, m o, a, cjeloBaTesb-

HO, m Ha U.

Takum OépaSOM, JJIA lIOCTOBepHOfI OII€EHKN CcTabUJIBHOCTHI rope-
HuA AyTH IIEPEMEHHOIO TOKa HeO6XOlII/IMO OIpe/le/INTh CpeAHECTa-

TucTHueckoe 3sHadenue U, u T, paccumrtarh Bemuunny UM wu

paszsoctu AU u Ac. Ilpu atoM, ecaum g JAHHOTO CBAapOYHOTO
TOKa pasHocTb At > 0, TO cTabUJIbHOCTb TOPEHHS MYTd B JAHHOM
caydae OyeT ONpeNessiTbcsl TOJbKO Beqwunnoit AU, mpuuem oHa
6yner TeM Bbllie, yeM GoJibliie Besnunaa AU. B to ke Bpems npu
At < 0 He3aBUCHMO OT BeJuywHbl AU BepOSTHOCTH OOGPBLIBOB yTU
O6yJeT BechbMa BBICOKA BCJEACTBUE “TIPUMEpP3aHUs”’ 3JEKTPOJa K
U3/1eJUI0.

TakuMm 06pa3oM, paccMOTpPeHHas MeTO[MKA OCHOBBIBAETCS Ha

min

CTATHCTUYECKOM OIlpejiesleHHU IoKaszaresas UL, XapaKTepuaylo-

ero MUHUMAJIbHO [IOMYCTUMOE 3HAYeHUe HAMPSIKEHUS XOJOCTOTO
xo/ia TpancdopMaTopa U emie 06eCIeunBaoNIero ropeHne ayru 6e3
0OPBIBOB.

s npoBepku [JaHHON METOAMKH MPOBOJUJIUCH HCCJEOBAHUS
BJIMSTHUS TOKA M COCTaBa JKUAKOTO CTEKJA Ha CTAaGUJIBHOCTH TOpe-
HUS JIyTH, Xapakrepusyiomeiics senmannoii UM".

N3BecTHO, Y9TO C 11€JbI0 TOBBINIEHUS CTAOUIHHOCTH TOPEHUS [Iy-
M TPU CBapKe TIEPEMEHHLIM TOKOM 3JEKTPOJlaMU C MOKPLITHEM
OCHOBHOTO BH/Ia B 30HY [YI'M BBOJSATCS DPAa3JUYHble 3JEMEHTHl —
aKTUBATOPbI, O6JajaloNine HU3KUM IIOTEHIMa oM noHusaimu (Ha-
npuMep, HaTpUil, KaJabluii U [Ap.) WM UX coequHeHus. [Ipu stom
OTHUM W3 HamboJjiee PAlMOHAJBHBIX IyTell BBeJEHNE aKTUBATOPOB
B MEX3JEKTPOJHBIN TIPOMEXYTOK TIPM PY4YHOH [JYTOBOH CBapke
SABJIAETCA WUCIOJb30BAHUE B MOKPBITHM CBaA3ylonero (GKUIKOro
CTEKJIa), COJAEPIKAIIEr0 COeMHEHUsI COOTBETCTBYIONUIMX JIETKOMOHU-
3UPYEMBIX 2JIEMEHTOB.

B mepBoii cepum ONBITOB WCCJEAOBAJACh 3aBUCHMOCTb Xapak-
TEPUCTUKN CTAOUIHHOCTUA TOPEHHS JYTH OT THIA KUIKOTO CTEKJIA.
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Puc. 1.27. BimsiHue BeJMYHHBI UminB
CBapOYHOr0 TOKA HA MUHHMAJHHOE XX
HAIpSIKEHHE X0JI0CTOr0 X0/1a TPAHC-

(bopMaTopa U)T)in 80 - \ .
AN Li
.D\D\D_ Na
60 - \ K

Cs

40
100 120 140 160 180 1., A

[ aTOll 1eMM WCIOJIb30BAJUCH JKUAKWE CTEKJa C HPUMEPHO
O/IMHAKOBbIMEU MOJLyisiMi  (MOJIIPDHOE  OTHOIEHHE KpeMHe3eMa K
IEJIOYHBIM OKUCJIaM).

Bo BTOpoil cepum HM3yvasoch BJIUSHUE COCTaBa KOMOWHUPOBAH-

Horo skuakoro crekia (ornomenne Na,O /K,0) ma U™

B mocsienHell cepun Omnpenessiioch BJIUSHEE MOIYJs HATPHEBO-
kasmesoro (Na,O /K,O = 70 : 30) skuaKoro crekjga Ha cTaOUIN3U-
pyIOIIfe CBOMCTBA TOKPBITHS.

Pesyabrarsl akcriepuMeHTOB TpuBeseHbl Ha puc. 1.27—-1.29.

Kak mokasbiBaeT aHaJn3 MOJy4eHHBbIX pesysbratoB (puc. 1.27),
3aMeHa B IOKPBITUM JUTHEBOTO KUIKOTO CTEKJA HA HATPHUEBOE, a
0COGEHHO KaJWeBOe WJN I[e3UeBOE COIPOBONKIAETCS CHUKEHHEM
MIHUMAaJbHOI BEJWYMHBI HANPSKEHUS XOJOCTOTO XO/Aa TpaHcdop-
Maropa, TpefyeMoil st o6ecliedeHus Ha/[e)KHOTO IIOBTOPHOIO 3a-

Usx, B .
min
omoa| UsxB

801 5 A 180 A 80 +
/
60 | /

60

s | | o II0A
o w0 WKO0% AL80A ,
100 60 20 Na,O,% 25 30  35m

Puc. 1.28. 3aBucumMoctp MHMHHMAJBHOIO Puc. 1.29. Bmsine MOxyJst >KHIKOro
HaNpsSDKEHHsI X0JIOCTOro XoJa TpaHcopMa-  CTeKJa Ha MHHHMAJBHOE HalpspKeHHe
Topa ot coorHomenusi Na,O/K,O B koM-  xoJocToro xozxa tpancgopmarTopa
OUHMPOBAHHOM KHMIKOM CTEKJIE
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SKUTaHusg Ayru. VIcnosb3oBaHUE I1€3MEBOTO JKUIKOTO CTEKJa B TI0-
KPBITUM 3JIEKTPOJIOB 110 CPABHEHUIO C 3JIEKTPOJaMU, U3TOTOBJEH-
HBIMM Ha JIMUTHEBOM >KM/IKOM CTEKJIe, MO3BOJIIET CHU3UTDb BEJUUYNHY

UM Gomee uem Ha 20 %, 4TO JaeT BO3MOKHOCTD BBINOJHATD CBap-

Ky anextponamu YOHMU-13 /55 mepeMeHHBIM TOKOM OT CTaHIapT-
HBIX TpaHchOpPMATOPOB € HANPsLKEHWEM XoJoctoro xoma U, =
=60...65 B.

[IpoBepKa MOJyYeHHBIX pacueTHbX 3Hauvennii UM nma coot-
BETCTBYIONIMX 3JIEKTPOJOB C HCIOJIb30BaHHEM TpaHcopMaTopa ¢
namensionmmMest U, 1okasaja XopoImyio CXOAMMOCTb TeopeTHyec-
KMX ¥ peasbHbix (IMPaKTHYeCKNUX) BEJUYMH MUHUMAJbHOTO Ha-
MPSKEHUsT X0JI0CTOr0 Xoja TpancdopMaropa.

OnHako W3MeHEHNe MOJYJIsl HaTPUEBO-KAJUEBOTO SKUIKOTO CTEK-
Jla 3aMEeTHO BJIMsIET TOJIBKO Ha IapaMeTphbl MTOBTOPHOTO 3a’KUTaHUS
n MuHEManbHylo Beawmumny U, . Ttpancdopmaropa (puc. 1.29).
ITpu aTOM, KakK IOKa3aJu HKCIEPUMEHTDbI, CHUKEHUE MOMIYJS KHU[I-

KOTO CTeKJa BbI3blBaeT yMeHblienne esnunn U™', ¢ u cooTset-
crBerno UM".

Cuwmkenue Benmunabl UM" 10 Mepe 110C/Ie10BaTeNbHON 3aMeHbI

JINTUEBOTO JKHUJKOTO CTEKJia Ha Ile3MeBOoe BbI3BaHO 6oJiee HU3KUM
MOTEHITMAJOM WOHU3AINN 1e3UsI 110 CPaBHEHUIO C KaJueM, HaTpH-
eM u jutneM (U,; 3TUX 5J7eMeHTOB cocTaBidgioT 3,87; 4,33; 5,11 u
5,40 B coorsercrBenno). Kak ussectno [30], yBenmuenume comep-
JKaHWST B JIyTOBOM IIPOMEXYTKE 3JeMeHTOB ¢ Oosiee HU3KUM U,
CTIOCOOCTBYET TIOBBINMEHUIO BPEMEHHM CYIIECTBOBAHUS OCTATOYHON
IJIa3Mbl [IPU TIOTACAHUU IYTH BCJEJCTBUE CMEHBI TOJSIPHOCTH 3Jie-
KTpO/ia, 4TO O6Jierdaer yCJOBUSI MMOBTOPHOTO 3)KUTAHUS. JTUM JKe
OOBSICHSIETCS BJUSHUE COCTaBa W MOJIYJisI KOMOMHUPOBAHHOTO JKUJI-
KOrO CTeKJIa Ha CTaGUJIU3UPYIONINE CBOWCTBA 3JIEKTPOIOB.

[Tonyuenubie pe3yJbTaThl € HCIOJb30BAHUEM TIEPEMEHHOTO CO-
CTaBa M MOJYJIS JKUJKOTO CTEKJA TOKA3aJu CJeAYIONIee:

1. ITocsemoBaTesibHAST 3aMeHa JUTHEBOTO JKUJKOTO CTEKJA B IIO-
KPBITUU 3JIEKTPOJIOB OCHOBHOT'O THUIIA HA HATPUEBOE, KAaJUEBOE HJIHU
1[e31eB0oe MPUBOIUT K IMOBBINIEHUIO CTAOUIBHOCTU TOPEHUs TyTH.

2. Yay4mmuTb mHOKazaTeld CTaOUJIBHOCTU 3JIEKTPOJOB MOKHO
noBbimenneM cootnomenus K,O,/Na,O B cocraBe KOMOMHUPOBaH-
HOT'O JKHIKOTO CTEKJIA.

3. CHmXeHNE MOIYJS JKUAKOTO CTEKJA CIIOCOOGCTBYET HEKOTOPO-
MY TIOBBINIEHUIO CTAOUJIU3UPYIONIMX CBONCTB TIOKPBLITUS TIPU CBap-
Ke Ha IIepeMEHHOM TOKe.

CrenoBaTebHO, MPOBEPKA METOAWKH IOKa3aja XOPOIIYID CXO-
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JIMMOCTD 3KCIEPUMEHTAJIbHBIX W PACYETHBIX PE3YJIbTATOB IIpUMeE-
HUTEJbHO K CBAapKe 3JIEKTPOJAMU C OCHOBHBIM IOKpbiTHeM. [locTo-
UHCTBOM €€ SBJISIETCS BO3MOXKHOCTH HEIOCPEJCTBEHHOTO ydYera
BJINSTHUS TI€PEHOCA 3JIEKTPOJHOTO MeTaslia Ha CTaGUJIbHOCTH TOpe-
HUS JYTH TIEPEMEHHOTO TOKA.

TaxkuM o6pasoM, M3 pacCMOTPEHUS JUTEPATYPHBIX JAHHBIX CJe-
JIyeT, 4YTO METOJWKA OlpejeseHuss CTaOUJbHOCTU TOPEHUus [Iyru
[IePEMEHHOr0 TOKA, OCHOBAHHAS HA CTATUCTUYECKUX MeTo/ax obpa-
60oTkn wHbOpManUU c moMomnbio IBM, moBBINIAET TOYHOCTH U
JIOCTOBEPHOCTb ~ PE3yJbTAaTOB W3MEPEHWs, IIPOU3BOIUTEJBHOCTD
9KCIIEPUMEHTOB ¥ IO3BOJISIET MOJYYUTh 6oJjiee TOJHYH HWHQpOpMa-
M0 0 MEePeXOJHBIX TPOoIleccaX B CBAPOYHON AyTe.

B kauectBe KpuTepmeB CTAaOUIBHOCTU [yTU MOXKET OBITh HC-
[I0JIb30BAH MMOKa3aTesib C,, XapaKTepusyiollnii CpeJHIOI0 CKOPOCTb
HapacTaHWsl IPOBOAMMOCTH MEXK3IJEKTPOJIHOTO TIPOMEXKYTKA 34
IpeIAyToBOIl MepHo/ W OTPaKAIINN CTAaGUIN3NPYIOIINE CBOHCTBA
JIyTH TIO/i BJWSIHUEM BapHallMii B COCTaBe TOKPBITHI 3JEKTPO/IOB,

peXXmMa cBapKu m Apyrux ¢axTopos, a takxke U™ m U

IIpensoxennnie nokasatenu C,, U, u U, umeoT onpejeseH-
Hble [TOCTOMHCTBA M HeJOCTAaTKHU. Tak, MOoKa3aTesb CTaGUIBHOCTU
C, TT03BOJISIET KOJWYECTBEHHO OIEHUTH BJNSHUE HA CTAOUIBHOCTD
JYTH COCTaBa TOKPBITHS 3JIEKTPOJIOB, PEKMMa CBAPKH, XapaKTepH-
cruk ncroynnkoB nutanus (puc. 1.30), wo mpm sTOM Tpebyert-
csi coO6JIIO/IaTh OJIMHAKOBbBIC YCJOBUS 3KCIEPUMEHTA, HalpuMep,
UCIOJIb30BATh OJUH U TOT K€ UCTOYHUK IUTAHUS HPHU HCCJIeI0Ba-
HUW 3JIEKTPOJOB M PEXKMMa CBapKU HJIU, HAOG0POT, OJHY MapKy
3JIEKTPOJIOB M PEKMM CBApKU MpPH HCCJAEIOBAHUSAX TpaHChOpMaTo-
pOB.

WNuorpa 6piBaeT yAOOHO MCHOJB30BAaTh B KauecTBe IOKA3aTeJIst
cTaGUIbHOCTH HampsiKeHue 3akuradust (WM [POU3BOJHOE OT
nero manpsbkenne U™'), tak kak U,, xak ycranosunt B.E. Ilona-
MapeB [26], mpakTHYecKn He 3aBUCUT OT HANPSIKEHUS XOJOCTOTO
xo/a TpaHcopMaTopa U Majo 3aBUCHT OT BEJNYWHDBI WHAYKTHBHO-
CTH CBApOYHOM I[N W CBApPOYHOTO TOKA.

Kpome Toro, npu Hagmuuu OLIei(OBBIX OCHUAIOTPAgOB 3TUMHU
MIOKA3aTeIMU MOKHO II0JIb30BATHCS PAKTUYECKH B JIOOBIX Ja6o-
paTopusix, OMHAKO MPHU ITOM HEOOXOJUMO JUMIb YYUTBIBATH G6OJIb-
MIyI0 TPYAOEMKOCTb CTATUCTHYECKON O6pPaGOTKHU OCITUJITIOTPAMM.

W3 n3n10:xeHHOTO BBINIE, MOXKHO C/IEJATh CJEAYIOIINe BBIBOIBI:

1. Pa3gmep Kamesb 3JEKTPOAHOTO MeTajjga W 4YacToTa WX Tepe-
HOCA 3aBHUCST OT COOTHOUIEHWS] CUJI, AEHCTBYIOUUX HA  KHUJIKYIO
KaIlJIi0 Ha TOPIE MOKPBITOro 3jekTpoaa. OCHOBHbIE M3 HHUX — IIO-
BEPXHOCTHOE HATS)KEHWE, DEaKTHBHOE [aBJeHUE IIapoB, 3JIEKTPO-

(6}





U,,B t;, MC

60 12k
X X X
X X % AHO-11 *
40 0,8 |
[ ] ‘ '
B AHO-4 +
20 04}
1 1 1 | | 1
B,, Om1.c-!
1200 |
20 800 |
x AHO-11__ AHO-11
10 Lx . % 400 -
b3 X X
% X
0 1 1 1 0 1 1 1
80 100 120 U,,,B 80 100 120 U, ,,B

Puc. 1.30. 3aBucuMocTh napaMeTpoB Ayru mepeMensoro toka or U, . Tpancdopma-
TOpa B MOMeHT nosropHoro 3axuranus (1, = 180 A) [30].
Anexrpoab: AHO-11 — ocnosnoro Buga, AHO-4 — pyTtnioBoro Buma

MaTHUTHAs W a’poJMHAMUYecKas CHJBbI — 3aBUCAT OT COCTaBa o
TOJIIIUHBI TOKPBITHS, PEKUMA CBApKHU, U3MEHSS KOTOpble MOKHO
CYIIECTBEHHO BJIMATH HA XapaKTep IepeHoca 3JEKTPOJHOTO Me-
TaJJIa ¥ TEXHOJOTMYEeCKHe CBOICTBA 3JIEKTPO/IOB.

2. OkucyeHNe KareJyb 3JEeKTPOJHOTO METajja 32 CUeT yMeHbIIe-
HUS B TIOKDPBITHH COZEp KaHust (PeppoCIIaBOB W TIOBBLIIIEHIE COOT-
vomerunss CaCQO;/ CaF, npuBoANUT K YMEHBIIEHNIO Pa3MepPOB KaleJb.

Nmetorecst B auTepaType pe3yJabTaTbl O BJIUSHUM OCHOBHBIX
ra3olnIakoo6pa3yonX KOMIOHEHTOB TOKPBITHS U PEXKUMOB CBap-
KU Ha XapaKTep IepeHoca MeTaJlaa U CTaGUJIbHOCTb TOPEHUs MIyTH
TIOJIy4eHbl Ha 3JIEKTPOJHBIX TOKDPBITHSAX PA3JIMYHOTO COCTaBa C
MCTI0JIb30BAaHNEM PA3JINYHBIX METOJOB WCCJEJOBAHUN W KPUTEPHUEB
OIIEHKM, YTO 3aTPyAHSET UX COTOCTABJIEHNE W aHAJU3.
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3. CymiecTByIonye MeTO/bl MCCJIEOBAHUS TIEPEHOCA 3JIEKTPO/I-
HOTO MeTa/ula ¥ CTaGUJIbHOCTU TOPEHWS [YI'M IIEPEMEHHOTO TOKa
XapaKTepU3yIOTCS BBICOKOH TPYJAOEMKOCTbIO U AJUTEJbHOCTHIO
06pabOTKN JAHHBIX, HU3KOH TOYHOCTBIO ¥ JOCTOBEPHOCTBHIO TIOJY-
YEeHHBIX PE3YJbTATOB. IJTUX HEIOCTATKOB JIUINEHBI ObICTPOEHCT-
BYIOIlME 3JIEKTPOHHbIE W3MEPUTEJbHbIE CHCTEMbl, BKJIOUAIONINE
06paboTKy pe3yJbTaTOB M3MepeHuil ¢ momoiibio IBM.

4. V3BecTen p4j moKasaTeseil mepeHoca 3JeKTPOJAHOTO MeTaslia
(AMTETBHOCTD KOPOTKUX 3aMbIKAHUH, aCUMMETPHUS, HKCIEHTPUCH-
TET, HHTPOIMsI, HKCIECC U Ap.) u crabuabHoctu ropenust ayru (1,
U, t, C,, U™ u ap.), koTopble MOryT GbITb MOIyYeHbl 06paGoT-
KOH 3JIeKTPUYECKUX M BPEMEHHBIX IlapaMeTPOB CBAapOYHOW JYTH C
MIOMOIIBIO 3JIEKTPOHHBIX M3MEPUTEJbHBIX cucteM. OHaKo 17
OLIEHKM TIepeHOca MeTalla M CTAaGUMJIBHOCTU TOpPEHHS AYTU C TIO-
MOIIbIO CTAaTUCTUYECKUX METOJOB MCCJEJOBAHUS IIPU CBapKe 3JeK-
TPOJlaMU C OCHOBHBIM TIOKPBITHEM TpeOyeTcs KOHKPEeTU3anusd U
yTOUHEHUE 3TUX IOKasaTeJseil.










I'iasa 2

METOAUKA NCCIEAOBAHUSA ITEPEHOCA
IJEKTPOJIHOI'O METAJIJIA 1 CTABNJIbHOCTU
IFOPEHUA AYTU C IOMOILIbBIO HTHOOPMAIIU-
OHHO- U3BMEPUTEJIbHOI1 CUCTEMbBI AHII-1

2.1. METOAUKA NCCJIEJOBAHUA 1 KPUTEPUN
OIEHKU INEPEHOCA 3JIEKTPOJHOI'O METAJIJIA

[IpuHIUT OIleHKM IMOKasaTesell 3aBHCHUT OT XapaKTepa ILJIaBJICHUS
U TepeHoca pacIJiaBJIeHHOTO MeTauia. Ecam mepeHoc MeTasia
IPU CBAapKe HA IIOCTOSIHHOM TOKe 6e3 KOPOTKUX 3aMbIKAHUI COIpPO-
BOXK/aeTcs HeGOJbITNMY M3MEHEHUSIMU HATPSKEHWs] Ha [Jyre, BbI-
3BAHHDIMM XAOTMYHBIMM IIepeMELIeHMSAMU KallJIi Ha TOPIle 3JIEeKT-
pofa, TO dYacToTa IlepeHoca KalleJb OIpeessercsl IyTeM CIIeI-
QJIBHON aHasoroBOi mjau IMU@PPOBOIT 06PAGOTKYM TTOJYYEHHBIX CHUT-
HaysoB. AmnajoroBass 06paGoTKa MOYKeT BKJIOYATh (DUIBTPAIHIO
CUTHAJA C MOCJEIYIONUM BblJIeJIEeHHEM OTHOCHUTEJbHBIX MUHUMYMOB
(MaKCHMyMOB) HAIIPSIKEHHUSI.

ITouck xapakTepHBIX 3SKCTPEMyMOB HalpsDkeHUs Ha (oHe I10-
MeX TPOU3BOJUTCS M0 CIenuajbHOW mporpamme B IBM. 3naun-
TeJbHO MPOIIe AHAJIM3UPYETCs] MPOIECC € KOPOTKUMU 3aMbIKAHISI-
MM JIyrOBOTO MPOMEKYTKA KalUIIMHU PaciiaBieHHoro Merajia (cM.
ra. 1, puc. 1.1, ). Yacrora Takux KOPOTKMX 3aMbIKaHMHd M HX
JUINTEJbHOCTD XapaKTepU3YIOT IEePEHOC 3JIEKTPOAHOIO MeTajjia B
cBapouHyio BaHHy. Hecmorpkl Ha TO, 4TO OHM MEHSIIOTCS B 3HAYU-
TeJbHBIX IpeJesaX B Kak/IOM KOHKPETHOM CJydae, paclipe/eseHus
TJIOTHOCTEW BEPOSITHOCTEN [JUTEIbHOCTH KOPOTKMX 3aMbIKAaHUN 1
WHTEPBAJIOB MEX/y HUMHU [aiOT OIpe/leJIeHHbIC IPEJICTaBJICHUS O
nepeHoce U CTaGUJIbHOCTU CBAPOYHOIrO IPOIECCa.

Bo BpeMs KOPOTKOro 3aMblKaHUS HAIIPSKEHHE Ha JIyTOBOM IPO-
MEXyTKe, HIYHTUPDYEMOM IepexoJsllell Kameil, najaer 10 He-
CKOJIbKUX BOJIBT. [|MTETHbHOCTh KOPOTKHUX 3aMBIKAaHUH T, ,, a, CJe-
JI0BATEJbHO, W CHIDKEHNS HANPSDKEHUS Ha [Iyre UMeeT TIOPS/IOK
e[IMHUI] U JIECITKOB MUJIIUCEKYH/, a UHTEPBAJ MEXKIy HuUMH 1., —
coteH MuJucekyHA. C TOMOIIbIO AMCKPUMUHATOPA C PEryJaupye-
MBIM MOPOTOM MOXKHO 3apaHee YCTaHOBHUTb 3aJlaHHBI YpOBEHb I10
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HAIPSDKEHHUIO, TaK Has3biBaeMblil, “mopor cpabarbBanus’ (U] Ha

puc. 1.1, 1), u no Bpemenn (t'). Kak Tosmbko Hanpldkenue cru-
JKaeTcsl HUKe yCTaHOBJEHHOro yposHs (“mopora cpaGaTbiBaHus”,
U’), HauMHaeTcsA cpaBHEHWE JJUTEJIbHOCTH STOTO Claja T € 3apa-
Hee BBIOPAHHBIM 3HAYEHWEM YDPOBHS BPEMEHHOW MUCKPUMUHAINN
tv'. Ecan Bpimosnserca yciaosue U, < U’ u t < T/, cHUXeHHUE
HaIIPSIPKEHUST PETUCTPUPYETCS CUCTEMOM Kak Iepexo/| Kallau 3JieK-
TPOAHOTO MeTajlJia B CBapouHylo BaHHY (KOpOTKOe 3aMbIKaHue,
T,,). 3HadeHus ypoBHe# auckpuMuHamumu U’ m T’ ycTaHaB/IMBa-
I0oTcs Ha naHean Omoka ynpasaenuss cucremoit (BYC) B nHawame
9KCIIEPUMEHTA.

[Tocne mepexona Kaiiu HANpsKEHUWE HA Jyre BO3pacTaeT, W B
MOMeHT BpeMmenu, korza U, > U’, usmepeHmne AJIUTEJIbHOCTU KO-
POTKOTO 3aMblKaHU4 3aKaHUYMBAETCS, caMa dTa BeJUYMHA 3aHOCHUTCS
B namaTh IBM. Ilpu aroM HaunmHaercs OTCYeT [JIUTEJBHOCTH Iay-
3bl T JI0 CJIEIYIOIIEr0 KOPOTKOTO 3aMBbIKAHUs, KOTJAa CHOBA BBIMOJI-
Haercst yeaoBue U, < U’ ut < v'. 3HaueHue T Takke 3aHOCHUTCS
B COOTBETCTBYIOMIYIO sTUeiiky mamsaru JBM.

KopoTkue 3aMblkaHUS, KOTOPbIE HE COMPOBOXKIAIOTCS ITIEPEHO-
COM MeTaJjlja U SBJSIOTCSA Pe3yJbTaTOM CJyudailHbIX KacaHuil pac-
IJIABJICHHON KAl W W3/JeJus, He [OJUKHbl PErUCTPUPOBATHCH.
[TockobKy OHM OYeHb KPATKOBPEMEHHBI, WX MOXKHO OT(UJIBTPO-
BaTh C TIOMOIIbIO BPEMEHHOTO AuCKpuMuUHATopa. [lopor muckpumu-
HaIlUU [IOJKEeH ycTaHaBawBatbesl B mpexaenax ot 0,1 mo 1 mc.

[Ipn n3MepeHun AJWUTETBHOCTEN KOPOTKMX 3aMbIKaHUN Ha Tie-
PEMEHHOM TOKE HYXKHO MCKJIOUUTD IEPEX0/bl CUHYCOU/bI TTUTA0-
1ero HaIpPsKeHWs 4epe3 HyJb. [JNTEJbHOCTb TaKUX IEPEX0/I0B
cocrasiser 0,5...1 mMc. IloaToMmy mopor BpeMeHHOTO AMCKPUMHUHATO-
pPa KOPOTKHUX 3aMblKaHUNl B 3TOM CJIyyae YCTaHaBJUBaeTCd Ha Be-
JuanHy, 6osbiryio 1 Mc.

Bpemennbie unTepBanbl T u 1 usMepklorcs B cucreMe ofHUM U
TEeM XK€ CYETYNKOM, KOTOPBI BKJIOYAETCS B paboTy IMOCJe TOro,
KaKk CTaOMJIU3UPOBAJICA TMpollecc TOpeHus mayru, T.e. cuycrs 10...
15 ¢ or Havasa 3aKUTAHUS JYTH.

[luTeTbHOCTD aKCIepuMeHTa W 00beM ToJay4daeMoil mHboOpMa-
IUU OIIPEJEJISIOTCS 3a/laHHbIM 3apaHee YUCJOM KOPOTKUX 3aMbIKa-
HUW, TOJJIEKANIX CTAaTUCTUIECKOMY aHAJN3Y.

OxonuarespbHas o6pa6oTka WHOOPMAIUKA OCYIIECTBJSETCS B
I9BM, koropas BbiaeT ee B TpaUUYecKOM BH/E€ HA JBYXKOOD/U-
HAaTHOM CaMoOIIMCIle WJW Ha 3Kpane auciies. OmgHoBpeMeHHO 1ud-
porieyaTaioliee yCTPONUCTBO TPEACTABJSET JaHHbIE B BHIE TaGJHII
WJIA TIJIOTHOCTEN BEPOSITHOCTEH.

Kpowme Toro, crarucruueckass o6paboTka wuHpopmaiuu o6 oc-
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HOBHBIX TIOKaszarensax (T, u 1,,) MO3BOJSET JOTMOJHUTETBHO 060-
raTUTh HAIIU 3HAHUS O IEPEXOJHBIX IIPOIECCaX, T.€. IMOSBJSIETCS
BO3MOJKHOCTb BBISIBUTH XapaKTep CTAaTUCTHUYECKOTO pacIpeleseHusd,
BesnyuHy (TpaHuIbl) PacCesTHUS U T.[.

[Ipu oleHKe TepeHOCAa MeTajjia ¢ KOPOTKUMM 3aMBIKAHUSMU
BBIYUCJISIACH CJEAYIONNE XapaKTEePUCTUKN CTATUCTUYECKUX COBO-
KYITHOCTEe!l XOpOIIO M3BECTHbIX M3 TEOPUH BEPOSITHOCTEH u Mare-
MaTU4YeCKON cTaTHUCTUKU [4]:

1. Cpennsis BemunHa

i=N

1
M=—Y%X, 2.1)
N -1
rae N — KoamdecTBO M3MEpPEHMH [JaHHOTO mapamerpa; X; — TeKy-
1ee 3HAYEHNe MapaMeTpa.

2. ucnepcus

LS - My
D—N_“;(X, M) (2.2)

Bemnunna D xapakrepuayer pa3Obpoc HM3MepsSeMbIX BEJUYUH
OTHOCUTEJTbHO CPETHETO 3HAUCHMSI.
3. CpeaHekBaJpaTUYHOE OTKJOHEHUE

o =D, (2.3)

rae D — mucnepcus.

[lasHbIil MeTo/; aHaiW3a IT03BOJISET TOJYy4YaTh Pe3yJabTaTbl W3-
MepeHuit T, ,, 1., ¢ Touroctbio 0,1 Mc.

Bocmpoussoaumocts pesynbratoB cocrasiser 90...95 %. Ha-
puUMep, MPHU CBapKe 3JeKTPOJaMU OJHON W TOW Ke MapKu Cpej-
HECTATUCTUYECKUE 3HAUYEHUS JJINTEIbHOCTEH KOPOTKUX 3aMbIKaHUI
(t,,) ormmuaiorca He Gosee, yem Ha 1,5 mc (puc. 2.1).

W3noskentast BbIllle METOAMKA CTATHCTHYECKON OIEHKU Xapak-
Tepa TMepeHoca 3JEKTPOAHOTO MeTauia Oblla peajn30BaHa MyTeM
UCIOJb30BAHNSA WHMOPMAIMOHHO-U3MEPUTETBHON CHCTEMBI, BKJIO-
yajolieir B ce6s1 “aHagn3aTop HecTalMOHApHBIX TporeccoB” AHII-1
n OBM. Kpome Toro, B cucteMy BXOIWJIU KOHTPOJBHBINH OCIIHJIIO-
rpad C1-48b, nucnneit va 6ase ocnumanorpada C1-30, doroperuc-
tpatop MOP-2, andasurHo-mmudposoit aucnieii “Bugeoron 340" n
JABYXKOOPAMHATHBIN Tpadomnoctpontensb NE-230.

[TepBoHaYaIbHO /I TIPOBEPKH METOIUKHU HUCCJIEIOBATH JOCTA-
TOYHO XOPOIIO M3y4YeHHOe pPsgoM aBTopoB [21, 29] orpumaresnbhoe
BsiHNE (DTOPUCTOTO KAJBIUS HA TIEPEHOC IJEKTPOIHOIO MeTaslia
NpPU Pa3HbIX 3HAYEHUSIX CBApoyHOro Toka. CBapKa BBIMOJHSIACH
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Puc. 2.1. 3aBHCHMOCTb JJMTEJHHO- Tk.ss MC
CTH KOPOTKUX 3aMbIKaHuii T, , OT 30

BEJIMYMHBI CBAPOYHOTO TOKA.
DJEeKTPOABl AuamMeTpoM 4 mm: 1 —
OK 48, 23; 2 — LB-52R
25+
20 +
15
10
5tk
2
] ] ] ] ]

0
50 90 130 170 210 I, A

Ha o6paTHON moJssipHOCTH OT TeHepaTtopa dupmer “Kjellberg” mo-
nemu SII (Tepmanusa). B ta6a. 2.1 npuBeaeHbl pe3yabTaThl HCCJIE-
JIOBAaHUH CEPUU IJEKTPOJOB AUAMETPOM 4 MM C TIEPEMEHHBIM COOT-
vomenuem CaCQO,,/CaF,. Kpome kap6oHata u (gpropuja Kajabliug B
coctraB nokpbitusa Bxoauan FeMn, FeSi u Fe mnopomoxk. Coaepska-
Hue (eppociiaBoB BBIOMPATIOCh TaKUM o6pas3oM, 4TOOBI obecrie-
YUTh TI0 BO3MOKHOCTH OJMHAKOBBI YDOBEHb PAaCKUCJEHUS Ha-
IJIABJIEHHOTO MeTaJLa.

C mosbrmmenueM cogepskanusg CaF, B MOKPBITHH AJTUTEJTBHOCTD
KOPOTKUX 3aMbIKaHWIl YBEJIMYUBAETCS, T.€. TEPEHOC 3JIEKTPOIHOTO
MeTajjia CTAaHOBUTCS 6oJiee KDPYITHOKANEJIbHbIM. IJTO XOPOIIO CO-
TJIacyercsi ¢ paHee MOJYYEHHBIMU Pe3yJbTAaTaMH C TIOMOIIbIO CKO-
POCTHOI peHTreHOKHHOCHheMKU [29] u ocrmsnorpaduposanus [21].

Ta6bauma 2.1

BimsiHue cocraBa NOKPBITUS HA NMOKAa3aTeJH IEPEHOCa 9JEKTPOHOTO MeTaLia
(d,, = 4 mm)
aa

Wneke Cogepxanue, % l,=120 A l,=170 A
9JIEKTPO/IA CaCO;, CaF, T, MC I, MC | T, MC I, MC
HII-1 70 0 7,1 205 3,5 171
HII-2 60 10 9,2 234 4,4 212
HII-3 30 20 11,5 265 6,1 243
HII-4 40 30 16,7 298 6,8 267
HII-5 30 40 19,2 321 7,4 285
HII-6 20 50 20,8 335 8,2 302
HII-7 10 60 21,6 392 9,8 325
HII-8 0 70 22,7 457 12,3 342
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n, % n, %
15
1

10 +

2
5k

1 1 1 1 1 1 1 1

0 5 10 15 20 25 0 100 200 300 400
Ti.3s MC Ty, mc

Puc. 2.2. Pacnpeaesienne II0THOCTe!l BepOSITHOCTEH /JIMTEbHOCTH KOPOTKUX 3aMbl-
Kkanuii () ¥ uHTEpBaJIOB MeXAy HUMH (- ):

% - SJIGK;“pOL[bI pyrunosoro Buga (AHO-4); 2 — 571eKTpoAbl OCHOBHOrO BHA
AHO-11

Ha puc. 2.2, $ npezacraBjieHo TUIUYHOE pacCIpeiejieHue TJI0T-
HOCTE!l BEpOSITHOCTEW MJUTEIbHOCTENW KOPOTKUX 3aMBIKAHUN s
3JIEKTPOJIOB C MOKPBITHEM PYTHJIOBOTO M OCHOBHOTO BH/IA, CYIIECT-
BEHHO pa3JMYaIoONIUXCs XapaKTePOM TIePeHOCca PACIJIaBJIEHHOTO
MeTaJa.

BugHo, 9TO TpM CBapKe pPYTUJIOBBIMH 3JEKTPOJAMH, KOTOPbBIE
XapaKTepU3yIOTCS MEJKOKAMEJbHBIM TEPEHOCOM MeTajia, HalJro-
JAIOTCST MaJible 3HAYeHUs T,, W HeOOJBIINE WX OTKJOHEHWS OT
craTUCTHYeCKH HambGoJiee BeposATHhIX sHadenuit (10...20 %).

[Ipu cBapke ajeKkTpojaMu C TMOKPBITHEM OCHOBHOTO BW/a BEJH-
YUHA T,, PE3KO BO3PacTaeT B MIMPOKOM HWHTEPBAJE CBAPOYHOTO
Toka. OJHOBPEMEHHO pacTeT W Juanas3oH pa3bpoca 3HAYEHUU T,
(20...40 %), T.e. mpomecc IepeHoca JAEKTPOLHOIO METAJLIa OTJIH-
yaeTcs HecTaOUJIbHOCTBIO.

[Tomo6HBII BUT UMEIOT paclpefeNeHnust IS JINTEJbHOCTEN WH-
TepBaJIOB MEX/y KOPOTKMMU 3aMblkanusamu (puc. 2.2, -).

[Tosryyennble gaHHBIE O BJMSHUW COCTaBa TOKPBITHS W CBapoy-
HOTO TOKa Ha TIEPEHOC 3JIEKTPO/HOTO MeTaJsja XOPOIIO COTJaCyIoT-
cA C pe3yJbTaTaMu, M3BECTHBIMU W3 Juteparypbl [21, 29, 41], n
MOATBEPIKJAIOT BBICOKYI0 UYYBCTBUTEJIBHOCTH IPUMEHSEMOM METOo-
JIIKH.
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2.2. BSAUMOCBA3b MEKAY NJIUTEJIbHOCTDIO
KOPOTRKUX 3AMBIKAHHNHN N XAPAKTEPOM
IEPEHOCA 9JIEKTPOAHOTI'O METAJIJIA

Ananus sureparypHbix gaHHbix (cM. rir. 1) mokasan, uTo HamGo-
Jsee MHQPOPMAITMOHHBIM W TPUEMJIEMBIM Ha TPaKTUKEe KpPUTEpUEM
nepeHoca 3JEKTPOJAHOTO METaJlJa TPU CBapKe IOCTOSHHBIM TOKOM
SIBJISIETCS JIJIUTENbHOCTb KOPOTKUX 3aMbIKaHUil T,,. UTOObBI CyauTbH
Mo BEJUYHWHE T, , HEMIOCPEJACTBEHHO O pa3MepaxX M Macce Karesb,
HEOOXOJMMO 3HATh KOPPEJSINI0O MEXIAy HUMHU B ITUPOKOM JMaria-
30HE CBAapOYHBIX TOKOB. ITOCKOJIbKY CTaTHCTHYECKWE METOJbI TMO03-
BOJIAIOT OTIPENEJSTh HE TOJBKO CPEJHUE 3HAUEHUS MOKA3ATENS T, .,
HO W TPAHUIIBl PACCESHUS, MOSIBJSIETCS BO3MOXKHOCTb CYAHUTb O
HEKOTOPOM paclpejesieHiy Kalleab 110 pasmepam (Macce), T.e.
pacHIUpuUTL HAIM 3HAHUS O XapakTepe TepeHoca.

[lo cux mop aBTopwI [54, 73] HA OCHOBAHWM JAHHBIX, MOJYYEH-
HBIX C MOMOINBI0 OCIUJIOTPAMUPOBAHUS U CKOPOCTHOH KHHOCDHEM-
KU TIpoIfecca CBapKy aJIOMUHUEBON MPOBOJIOKHU TPE/NOJIATAIH, YTO
MEX/Y JTUTEJIbHOCTHI0 KOPOTKUX 3aMblKaHuii u pasmepom (mac-
COi1) Karlesib CyIeCTBYeT IPONOPIHUOHAIbHOCTh. OJIHAKO JaHHbIE O
KOJINYECTBEHHOI B3aMMOCBSI3U MEK/Y YKAa3aHHBIMHU TMOKa3aTeJasIMU B
3TUX paboTax OTCYTCTBYIOT. /[lJisi NpOBEPKM BO3MOMKHOCTH yCTa-
HOBJIEHUSI TaKO#l KOppeasinuu HaMu OblIu 0OpaGoTaHbl IKCIEpPH-
MEHTaJbHbIE JaHHbIE aBTOPOB [57, 81], moJsydyeHHbIEe TPU HCCJIEI0-
BaHUU 3JIEKTPO/IOB PYTUJIOBOTO W OCHOBHOTO BHUJIA METOJIOM CKOPO-
CTHOW KuHOCbeMKu. [l mepecyeTa [JOJM U YaCTOTBI KOPOTKUX
3aMbIKaHuil B OOIEM BPEMEHM CBApPKM HA WX [JIUTEJbHOCTH WUC-
MOJTb30BAJM PE3YJIbTAThl U3MEPEHUN CKOPOCTH IIJIABJEHUS IJIEKT-
ponoB. PesymbraThl pacuera mpuBeieHbI HA puc. 2.3.

BugHo, 9TO ¢ yBeJqWYEHHWEM [JTUTETHBHOCTH KOPOTKMX 3aMbIKa-
HUU T, , TPONOPIIMOHAJBHO YBEJUUUBACTCS TUAMETP KalleJb.

CoMHeHIe BBI3BAJIO TO, YTO HU3KAS TOYHOCTH METOIOB HMCCJIE/0-
BaHMS M HEJIOCTATOYHAS [JOCTOBEPHOCTh W3MEpPEHUU TIoKasare-
Jiell TlepeHoca M3-3a OTPAHMYEHHOTO YUCJA OINBITOB MOTJU BHECTHU
3HAYUTEJbHYIO MOTPENIHOCTh B OKOHYATEJbHBIN pesyJabrar. Cie-
JIOBATEJIbHO, 3TOT BOMPOC TPeGOBaJ IKCIEPUMEHTAILHON TMpo-
BEPKH.

CJI0KHOCTb U3YyYeHUsI B3AUMOCBSI3U MEXKIY IOKA3aTeseM T, , U
pasmepamu (Maccoii) KalleJab COCTOMT B TOM, YTO IIPH CBapKe IO-
KPBITBIMU 3JIEKTPOJIAMU TIEPEHOC KalleJb TOJbKO C KOPOTKUMH 3a-
MbIKaHuAME (Ha MaJjIbIX TOKax) MEPEXOJHUT B IIEPEHOC CO CBOOOIHO
getaumMu Kamaamu (Ha GOIbIIMX TOKAaX) — COKPAIMIAeTCs KOJIMYe-
CTBO KOpPOTKMX 3ambikanuii. Ha rpaduke, xapakrepusyiomeMm 3a-
Bucumoctb N, , = f(l_), 3TOT MOMEHT APKO BbIpa)keH — HMEETCS
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D, mm

0 3 6 9 12 15 18 21T, mc

Puc. 2.3. B3auMocBsi3b MeXIy [HAMETPOM Kamesb U [THTEJIbHOCTbIO KOPOTKHX 3a-
MBIKaHHil T, , TIPH CBapKe dJeKTpogaMH pyTHiaoBoro (1, 2) u ocHoBHoro (3) BHIOB
(no mauubiM paGor [34], [57]).

Tox capkn: 1 — 1., = 170-200 A; 2, 3 — 1, = 100-200 A

makcumyMm (puc. 2.4). Hanpumep, npu cBapKe 3JEKTPOJIAMU J(Ha-
MeTpoM 4 MM oH cooTBerctByeT I, = 140...160 A.

BaXHO OTMETHTB, 4TO B OGJACTH MAJbIX TOKOB 3aBUCHMOCTH 3Ta
JguHeiiHa. Bo BceM [manasoHe pekuMa CBAapKU €  yBeJIUYeHUEM
TOKA pacTeT JIMHEHHAs CKOPOCTDb ILJIABJEHUsI 3JEKTPOJa, T.e. CTa-
HOBHUTCSI OYEBHIHO, YTO YACTh KAI€Jb MMEPEXOAUT MEKITEKTPOIHBIH
MPOMEKYTOK Ge3 KOpPOTKUX 3ambikanuii. [loatomy BaskHO ormpese-
JIUTh Cpeu OOIIero KOJMYECTBA MEPEXO/ANINX KalleJgb Ty [I0JIO,
epexo/i KOTOPO# COMPOBOXKAAETCS KOPOTKUMU 3aMBIKAHUSIMU. 3HAast
JIOJII0  KalleJib, MEPEXO/SAININX MEKIJIEKTPOMHBIH TPOMEKYTOK C
KOPOTKUMH 3aMbIKAHUSIMHU, YACTOTYy HX I€PeXoja U JHHEHNHYIO
CKOPOCTb CBapK{, MOKHO BBIYHCJUTH OCTABIIYIOCS YacTh KaIlleJb,
Mepexo/l KOTOPbIX He COMPOBOXKIAICSI KOPOTKUMU 3aMbIKAHUSIME, a
TaK)Ke MOTEPH MeTasia Ha Pa3OPbI3TUBAHNE W BBITOPAHIE.

Takum o6pasoM, 4ToObI yOEUTHCS B MPABOMEPHOCTH HCIIOJIbH30-
BaHUS T,, B KaueCTBE IIOKA3ATEJsl, XapaKTePU3YIONIEro peasbHbIe
pa3Mepbl MePeXO/AIINX Kaleab, a TaKKe [AeTaJbHO HU3YIUTb MeXa-
HU3M TIEPEHOCA JJIEKTPOJHOTO METAjjia B IIMPOKOM [HAMA30HE
PEKMMOB CBApPKH, IIPOBOJUIN JOMOJHUTENbHbIE HCCJIETOBAHUS.

OG6bexkToM uccaenoBanuss ObLIN JabOPATOPHBIE U ITPOMBINILIEH-
HBI€ 3JIEKTPOJIBI € TOKPBITHEM OCHOBHOTO, PYTHJIOBOTO U WJIbMEHH-
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Puc. 2.4. 3asucumocrb yactotbl N Nyas el

K.3

nepexosia KamneJib ¢ KOPOTKHMH 3aMbl-

KaHHSMH OT TOKa NPH CBapKe 3JEKTPO-
JlaMi C TOKPBITUSIMH OCHOBHOro (1 — 12k
YOHU-13 /55, 2 — AHO-11) u pyru-
aooro (3 — AHO-6, 4 — AHO-4)
BH/IOB
8k

3
4
1
o
2

110 130 150 170 1901, A

TOBOTO BU/IOB. /lmaMeTp 3JEKTPOMOB 4 MM, TOJIIIMHA TIOKPBITUS Ha
ctopory — 1,2 mM. CBapKy NpOM3BOAMJM OT T€HEparopa IOCTOSH-
Horo toka moneau SII ¢upmbr “Kenbbepr” ¢ U,, = 80 B. B mpo-
I[ecce CBAPKHU [IJINTETBHOCTb KOPOTKUX 3aMBIKAHUI T, , OTPEesISIn
C TOMOILIbI0 aHaJ M3aTopa HecTanuoHapHBIX mporeccos (AHII-1).
Pexxum cBapKy perHCcTpUpPOBATIN OJHOBPEMEHHO Ha ocnujaorpade
H117 /1.

Meronnka skcliepuMeHTa cocTosiia B cJaefylomeM. Ha meqnoi
BOJIOOXJTAXKJAEMOIl TITACTUHE, YCTAHOBJEHHOH HajJ KOpoOOM C BO-
Joft, mpomsBoAuIN cBapky. OG6pasymwomuecss B IIpOIecCe CBapKH
KallJId TIOMaJajJid B BOMY, TJle WHTEHCHBHO oxJaxkmanuch. [locue
OKOHUYAHUS CBApKHW KalJau CcOOWpAJH, OYWINAJA OT OCTaBITUXCS
YacTUYEeK NIJIaKa W MPOCYITUBAJIN.

[Tocsie npoceuBanus yepe3d curta no 'OCT 6613-73 u T'OCT
9758-68 u B3BemMBaHUA IMOJyYaJu UX KJacCUUKAIMIO O pasMme-
paM U Macce, a TaKKe BBIYHCJSAIN 06Iiee KOJIMIECTBO.

[Ipu 3TOM HeyduTeHHbIE TOTEPU MeTaJla Ha pas3OpbI3TUBAHUE
HaXOAWJINCh B Tpeaesaax oT 3 10 5 %. OmbIT moBTOpsian 8 pas.

Ha ocuoBanuu snureparypubsix [45, 47—-52] u co6CTBEHHBIX 3JKC-
[EPUMEHTANbHBIX JAHHBIX IPUHUMAJIHU, YTO KAXKIOMY KOPOTKOMY
3aMbIKannio (K.3.), U3MEPEHHOMY TIPH CBapKe Ha MeAHYIO MJaCTH-
Hy, COOTBETCTBYET IIePEXO/ KallJu ompeleseHHOTO pasMepa. [lpum
3TOM CUYHUTAJH, 4eM OOJIbIIE JIJTUTENTBHOCTD K.3., TeM OO0JIbIlle pa3Mep
(Macca) mepexoaamunx Kameab. [109TOMy mocjie MpocemBaHUS BCEX
Kamesb, 06pa3yIonuxcs B MPOIECCe CBApKU, HaMu ObLIO BbIYKCIIE-
HO 06lIlee KOJUYECTBO Kalesb, MEPEXOASIIUX [IyroBOi MPOMEKYTOK
Cc K.3. u 6e3 HuUX. 3Hasd KOJUYECTBO KOPOTKUX 3aMBIKAHWIi, IIOJY-
YeHHOe ¢ momomibio aHamusatopa AHII-1, Mbl pasgenmpHO ompene-
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Pe3yJIbTaTI:I HU3MEPEHUA KOJMYECTBa KalleJib, NNePpexXoAAluX ¢ KOPOTKUMH 3aMbIKaHUSIMU (NKAB) u 6e3 HUX

Tabnuma 2.2

CBapoyYHBIN TOK, A

Mapxka 110 160 200
SeRTPOAA N, ,, T ZNK, mT Nx-a{)ENx’ N, ,,mT ZNK, mT Nx-a{)ENx’ N, ,,mT ZNK, mT Nx-s{)/OZNK’
YOHU- 127...148 | 164...178 | 77,5...83,5| 190...213 | 250...254 74...85 95...114 | 795...1000 | 9,5...14,3
}A:)I)-{(‘)lil 75...89 87...94 86...95 185...214 | 246...248 74,5...86 130...156 | 405...430 30...38,6
AHO-6 300...366 | 358...385 84...94,5 385...421 | 500...494 77...85,5 33...50 525...844 3,9...9,5

IIpumeuvanue. ZNK — o0IIlee KOJIMIECTBO Kallesb.

Ta6bauima 2.3

Ortnomenust koamyectsa (XN, ) u Macesl (2&, ,) KaneJb, NEPEXOAAUIUX AYTOBOI MPOMENKYTOK ¢ KOPOTKHMHU 3aMbIKAHUSIMH,
K o6memy koumuectBy (XN,) u cymmaproii Macce (Z&,) kaneas (d,, = 4 Mm)

CBapouHbIil TOK, A

Mapka aseKTpozna 110 160 200
N M N M N M
‘[K. 3’M(_: K.3 ) (y K.3 s Ly ‘EK. 3 ,MC K.3 s Ly K.3 s 0/ ‘cx. s ,MC K.3 s 0/ K.3 s (y

SN I SN Em T SN Em
YOHMU-13/55 oc HOBHO#H 11-13 | 52,9-59,5| 65,5-60,5 7-9 24-35 | 30,5-58,5| 34,56 3,5-9,5 5-20,5
AHO -11 sa6opaTopHbie 17,5-18 66-75 8597 9,6-12,5 | 39-50,5 | 50-68,5 | 5,5-7,5 16-23,5 | 20,5-38,5
AHO -11 npoMbIIILIEHHBIE 18-21 65-73,5 84-95 10-13 40-49 52-70 6-8,5 18-26,6 23-40
(OCHO BHOI1)
AHO -6 nIpMeHUTOBBIN 79 39-49,5 | 50-65,5 4-6 19,5-24,5| 25-42 2—4 1,1-4,1 | 1,5-14,5
AHO -4 pyTUIOBBIT 7,5-9 37-46,5 52-66 4,5-7 20-16 26-44 2,5-4 1,5-5 2-15,5






Puc. 2.5. 3aBucuMocCTb
obuiero uncaa kameab N
(MYHKTHP) M  KOPOTKHUX
3ampikaamii N, (crurom-
HbIE JIMHHH) OT BEJIMYMHBI
CBapOYHOrO TOKA.
daexrpoaer: 1 — YOHU-
13/45; 2 — AHO-11; 3 —
AHO-6

Ny Ny, IT

1000

800

600

400

200

st 1 1 1 1 — 3

|
110 130 150 170 190 I, A

CB’

JIMJIN B TpoIlecce MPOCEMBAHUSA IO OCTATKy HA CHTAaX KOJUIECTBO
U AMaMeTp Kallesb, MEePEXOJSNUX AYTOBOW TPOMEXYTOK C KOPOT-
KUMU 3aMBIKAHUSAME U 6e3 HUX, C IIOCJEJYIONIMM B3BelINBAHUEM
kakaoir dpaknuu. [lo pesdysbrataM ONBITOB MOCTPOWJIH THCTO-
rpaMMbl TPaHyJIOMETPHYECKOTO cocTaBa Kanedb (1o pasmepam u
Macce). JlaHHble M3MEPEHUN W BBIYUCJEHUIT JUISI DJIEKTPOJIOB JHa-
METpOM 4 MM TIpuBe/leHBI B Tabu. 2.2 u 2.3 u Ha puc. 2.5 u 2.6.
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Puc. 2.6. BaauMocBa3b MeKy YHCJIOM KOPOTKHX 3aMbIkanmii N

kaneab N, Ipu cBapKe 3JI€KTPOJaMH:
1 - YOHU-13/55; 2 — AHO-11; 3 — AHO-6
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Puc. 2.7. Pacnpesesienue niorHocreii BepositHocTeil auametpos (f, - ) u Maccesl (,)
KamneJb, MEPEeXOASIlUX ¢ KOPOTKHMMH 3aMbIKAaHUSIMH U 0€3 HUX NPU CBapKe 3JEKTPO-
namu AHO-6, AHO-11 u YOHU-13 /55 (auametp 3JeKTPOAOB 4 MM).
OG6o3HAYEHUST CM. B TEKCTE





W3Mepenue KonuyecTBa W JuaMeTpa MEPEXOJSIINX Kaleab U
COIOCTaBJIEHNE WX C YHCJIOM M JIJINTEJbHOCTHIO KOPOTKUX 3aMbIKa-
HUIl MTOKAa3aJu, YTO MPH CBapKe 3JEKTPOJAMU OCHOBHOTO M PYTH-
goBoro Buga (amamerpoM 4 MM) B MHTEpBaJe CBapOYHOTO TOKa
110...200 A HeT 4eTKO¥ TPAHWIIBI MEXK/IYy pasMepaMH Karesb, Iepe-
XOJSIMINUX JYTOBOW TPOMEXYTOK ¢ KOPOTKMMH 3aMBbIKaHUSIMU U 6e3
uux (puc. 2.7, ). IlepBoHavyasbHO TOCJAE NPOCEMBAHUS U B3Be-
IIMBAaHMS BCEX KalleJb IOJy4Yaad pacipejejieHne IJI0THOCTed
BEPOSITHOCTEH AMaMeTPOB M Macc KareJb. [loToM omnpenensiim Ko-
JIMYECTBO Karesb, NEPEXO/SNUX C KOPOTKUMY 3aMbIKAHUSIMU, PaB-
HOe Ymcay K.3. OcraBmiascs YacThb COOTBETCTBOBAJIA KOJUYECTBY
KareJjb, MepexoAdlInX AyrOBOH MPOMeEsKyTOK cBoGoaHo (6e3 X.3.).
[Mocne pasgempbHOrO TPOCEMBAHUSA M B3BENIMBAHUS Kalesb, Tepe-
XO[AMMX € K.3. ¥ 6e3 HUX, HOJYdYaJal TUCTOTPAMMBI [UAMETPOB U
Macc Kaneab (kpusble 2 u 3 Ha puc. 2.7, -, ,).

Ha ocnoBanun onbitoB 6bLao ycranosaeno (cMm. puc. 2.7), 4ro
cylecTByeT “mepexomnas” rpaHunma pasmepoB (Maccel) Kamesb
(o6macts 11 wa puc. 2.7, 1), orgensionmas o6aacTi ¢ ABYMsl THIIA-
MU mepeHoca Metasia: objactb |, T/ie Kamiu 1epexojsit ¢ KOpOoT-
KuME 3aMblKaHusmMu, u objacts 111 — 6e3 k.3. Benmnumna mepe-
XOJIHOH 06J1aCTH 3aBUCUT OT PEKMMA CBAPKU U COCTaBa TOKPBITHUS.
Tak, npu ceapke asexrpogamu AHO-11 (quamerpom 4 MM) Ha TOKe
160 A xammm guamerpom 1,7...3,7 MM TepexojsiT [yTrOBOW IIpoMe-
KYTOK TOJBKO C K.3., B TO BpeMs Kak Kamaum auamerpom 1,3...
1,7 MM MOTyT TIEPEXOAUTh KaK C K.3., Tak u cBoGoaHo (6e3 K.3.).

Ha puc. 2.8, -, , mpe/JcraBJieHbl JaHHble O paclpejeseHun
o6I1ero KoJimyecTBa Karmejb 10 uX pasmepam (quamerpy) u macce
JUIST 9JIEKTPOJIOB C MOKPBITUSIMA OCHOBHOTO ¥ PYTHJIOBOTO BHU/IOB,
XapaKTePU3YIOMUXCSI COOTBETCTBEHHO KPYIHO- W MeJKOKAIeTbHbIM
nepenocoM. Buano, 4rto ¢ yBesudenueM cBapouHoro toka or 110 mo
200 A puameTp M Macca KaleJb YMEHbBINAIOTCS.

Ananus puc. 2.8, f, rje npuBe/leHbl T'MCTOIPAMMbI JIJIUTEJTHLHOC-
Tell KOPOTKUX 3aMblkauil (T, ,) [/ 5TUX 3JIEKTPOJOB, IIOKa3bIBa-
€T, YTO C yBEJUYEHUEM CBAPOUYHOIO TOKA BEJMYUHA T, , YMEHLIIA-
eTcsl, TpUYeM 3TO 3HaYeHue OOJIbIle [IJIS 3JEKTPOJOB C OCHOBHBIM
MOKPBITHEM, HeEXeJu ¢ pyTUIoBbIM. CpaBHEHWE TUCTOTPAMMBbI
pacipesieieHusl Karesib 10 pasMepaM, Macce W JIJIUTeJbHOCTH
KOPOTKMX 3aMbIKaHWi B MHIKPOKOM /HAalla30He PEKUMOB CBapKu
(cM. puc. 2.7, -, , u 2.8) nokasbiBaeT, 4TO MEX/y HUMH CYIIeCT-
BYET KOPpPEeJAlus, XapaKTepHas [JIsS OpPe/eJeHHbIX BEJUYUH CBa-
POYHOTO TOKa: C yMeHbHIeHWeM auamerpa (Macchl) Kamesab yMeHb-
maeTcsl JJAUTETbHOCTh KOPOTKUX 3aMbIKaHWW ¥ HAao60pOT. ITO
MOJIOKEHME MOTBEPIKIAETCS Pe3yJbTaTaMU CTATUCTHYECKO 06pa-
GOTKHU TIOJyYEHHBIX JAHHBIX, IPUBEIEHHBIX B TabJ. 2.4.
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Puc. 2.8. Pacnpeaesienne IIoTHOCTell BEepOSITHOCTEH [JIMTEbHOCTH KOPOTKUX 3aMbl-
Kanuii (), AuamMeTpoB (- ) U Macchl (, ) KaneJb IPH CBapKe JEKTPOJAaMU PYTHIOBO-

ro (1) u ocHoBHoro (2) BUIOB





Ta6bauma 2.4

IToka3saresm IIEpEeHoca JJEKTPOAHOIo MeTaJjijia U UX CTAaTHCTHYECKHE

XapaKTePUCTHKH
CraTucTukmn
Mapxka ITokasaTemn 110 A
3JIEKTPO/Ia nepeHoca & o JloBepHTe b bl
UHTEPBAJ [ §
AHO-11 Ty, MC 16,38 6,91 13,97< E <18,39
siaboparopHbie D, MM 2,80 0,48 2,07< € <3,53
a,r 0,095 2,2:107 0,064=< E <0,134
AHO-11 s MC 18,1 0,40 16,69< E <19,50
MIPOMBIIIIEHHbBIE D, MM 2,93 0,09 2,20< € <3,66
a,r 0,104 2,2:107 0,074< E <0,144
AHO-4 Ty, MC 8,7 3,50 6,93=< € <10,47
D, MM 1,65 0,34 1,14< € <2,23
a,r 0,023 1,410 2,96"107%< € <0,031
AHO-6 Ty, MC 8,36 0,41 6,91=< £ <9,80
D,, MM 1,24 0,02 0,88< & <1,60
a,r 0,016 1,4-107° 2,90= £ <0,024
YOHU-13 /45 Ty, MC 12,24 0,41 10,80< € <13,70
D,, MM 1,99 0,06 1,41< E <2,58
a,r 0,045 9,5-10™ 0,023=< € <0,068
IIpoagoanxkenne Tabua. 2.4
CraTucTuku
Mapxka ITokasarenn 160 A
3JIEKTPO/IA nepeHoca 8 & JloBepHTEbHbiT
WHTEPBAJ IS §
AHO-11 Ty, MC 10,40 4,98 8,47< € <12,33
sabopatopHbIe D,, MM 1,45 0,32 0,87< € <2,01
a,r 0,03 1,310 0,017< € <0,062
AHO-11 Ty, MC 11,25 0,38 9,83< € <12,67
MIPOMBIIIIJIEHHbIE D,, MM 1,80 0,07 1,18< € <2,42
a,r 0,044 1,310 0,017< € <0,072
AHO-4 Ty, MC 5,49 1,97 3,90< € <7,08
D,, MM 0,93 0,11 0,63< € <1,23
a,r 0,45"1072 2,210 0,12"107%< € <0,7771072
AHO-6 T, MC 5,24 0,42 3,74=< € <6,74
D,, MM 0,83 5,7°1073 0,66= € <1,00
a,r 0,4°1072 2,210 0,12"107%< € <0,7971072
YOHU-13 /45 Ty, MC 8,981 0,32 7,48< € <10,14
D,, MM 1,38 0,04 0,92< € <1,84
a,r 0,024 5,4107 0,01= € <0,044






Mpononxkenune Tabua 2.4

CraTucTuku
Mapxka ITokasarenn 200 A
9JIeKTpoaa nepeHoca E 2 JloBepHuTeIbHbBIN
e WHTEPBAJ AJs §
AHO-11 Ty, MC 4,14 2,83 2,55= € 5,73
snabopaTopHbie D, MM 0,85 0,06 0,63< € <1,07
a,r 0,57"1072 2,810°6 0,19"107%< € <0,9571072
AHO-11 Ty, MC 6,50 0,49 4,95=< € <8,12
npombliienusie] D, MM 0,96 9,6"1073 0,74< € <1,19
a,r 0,87"1072 2,810°6 0,39"107%< € =1,25"10?
AHO-4 Ty, MC 3,24 2,12 1,58=< € <4,90
D, MM 0,68 0,05 0,50=< € <0,86
a,r 0,66"107% 2,210°6 0,32"107°< € <0,99"107°
AHO-6 Ty, MC 3,47 0,36 2,02< € <4,90
D, MM 0,51 1,61073 0,42< € <0,60
a,r 0,610 2,2°1078 0,28"107°< € <0,92"107°
YOHU-13 /45 Ty, MC 5,24 0,47 3,69=< € <6,79
D, MM 0,71 3,5°1073 0,58< € <0,84
a,r 0,310 6,91077 0,11"107%< € =0,4871072

Bbum Mcrosb30BaHbl  CJEAYIONNE XAPAKTEPUCTUKU CTATUCTH-
YECKUX COBOKYITHOCTEW, W3BECTHBIE W3 TEOPWHW BEPOSTHOCTEH U
MaTeMaTUYeCKOU CTATUCTUKU [4]:

1) O — MaremMaTHuecKOe OXKHaHUE;

2) o — aucnepcus;

3) moBepuTENbHBIA MHTEPBaJ [AJaA £, KOTOPBIA OIpeAe/IsAeTCs
HEPaBEHCTBOM

Un

rae & — cayuaiinas sequunua (t.,, D, wm &,); N — 4ucao uH-
TEPBAJIOB pa3OueHMil.

Yro6bl yoeanTbCsi B MPABOMEPHOCTH  BBIYUCJIEHHBIX 3HAUEHUH
CTATUCTUYECKUX XAPAKTEPUCTHUK IIOKA3aTesell IepeHoca 10 THUCTO-
rpaMMaM JIJIUTEeJTbHOCTEH KOPOTKUX 3aMbIKaHUN W pasMepaM Ka-
1eJIb, BBITOJHUJIM POBEPKY HOPMAJbHOCTH PACIPEIeIeHrs] pe-
syabratoB usmepenuss (t.,, D,) mo TOCT 8.207-76. IIposepka
MOKa3aJia, YTO TUCTOTPAMMBI [[JTUTEJHbHOCTEH KOPOTKUX 3aMbIKAHHI
W IPaHyJOMETPUYECKOTO cocTaBa Kameab (10 pasMepam) TOXYNHS-
I0TCSI 3aKOHY HOPMaJIbHOTO (rayCcCoBCKOr0) pacipe/ie/ieHHus.

CpeaHecTaTucTuyecKkne 3HadeHUsT mepeHoca kamneab (T, ,, Aua-
MeTpa M MAacchl), TEPEXOANNX ¢ KOPOTKuME 3aMbikanusivu ( D,
M!) u 6e3 k.3. (D, M), npusegeust B Tab1. 2.5. Ilo manHbIM
tabu. 2.4 u 2.5 ObLIM MOCTPOEHBI 3ABUCUMOCTU MEXKIY [JIUTETbHO-
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Ta6auma 2.5

Paamepbl U MacChl KaneJb, MEPEXOASNINX ¢ KOPOTKUMH 3aMbIKAHUSMU
(D, M) u6es mux (D), M)

Csapounblit ToK, A

Mapxka 110 160 200
9JIEKTPO- ’ " ’ " ' " ' " ’ " ' "

b | Di| DI Mi| M, DDy M| MDY DY M M,

MM MM T T MM | MM T T MM | MM T T

AHO-11] 3,2 [1,75]0,140 0,025 | 2,1 [1,15] 0,040 0,007 [0,85]0,45[0,0025/ 0,0005
snabopa-
TOPHBIE
AHO-11] 3,5 1,950,190 0,035 | 2,3 [1,25| 0,05 |0,0085| 1,3 0,70| 0,009| 0,002
IIPOMBITIT
JIEHHDbIE
AHO-4 |1,75]0,92]0,025 0,004 | 1,1 |0,60|0,0055 0,001 |0,65/0,35/0,0015 0,0002
AHO-6 | 1,65]0,90]0,0200,0036/1,05/0,55| 0,005|0,0009/0,70/0,38 | 0,002| 0,0003
YOHU- | 2,5 |1,34]0,060 0,015 |1,75/0,95| 0,025 | 0,004 |1,05/0,58 | 0,005 | 0,00085
13,45

CTBIO KOPOTKMX 3aMblIKaHUil, Maccoil m auamerpoM Kamenab (puc.
29, FE ).

Bugno, yto ¢ yBeJqMYeHHEM JJUTEJIbHOCTH KOPOTKHMX 3aMblKa-
it (T, ,) TPOIOPHMOHANBHO yBeauuusaercss pasmep (amamerp)
TepexXoJdIMmuX B BaHHY Kamegb. JTO XOPOIIO COTJacyercsi ¢ pe-
3yJbTaTaMu, MPUBEJEHHbBIMUA Ha puc. 2.9.

BsauMocBsi3b MeX/y AMaMeTPOM KalleJb U JIJUTEJbHOCTHIO KO-
POTKHX 3aMbIKaHWH aHAJUTUYECKH MOXKHO IIPEICTaBUTb ypPaBHEHU-
eM perpeccuu nepsoro nopkhka (puc. 2.9, $):

r—
D! = 0,20r,, (2.5)
IS KaTle/ib, TIepeXoAsalInX ¢ KOPOTKUMH 3aMblKaHuamu (KpuBas
n);
D, = 0,18, ,
IS OOIIEero KOJIMYeCTBa Kallelb, TepeXoAaliX ¢ KOPOTKUME 3a-
MbikaHuAME 1 6e3 nux (kpusasg 1);
[ —
D’ = 0,111, (2.6)

[T KaneJb, Nepexogamux 6e3 KOPOTKHX 3aMblKanuii (Kpupas
).

BsanmocBs3b Mexxay Maccoi Kamesab W AJUTEJbHOCTBIO KOPOT-
KUX SaMbIKaHI/Iﬁ OIIMChIBAETCA ypaBHeHI/IeM peI‘peCCI/II/I TpeTbeFO
nopbhka (puc. 2.9, -):

- . —4 3

- =0,3310" T,

_ 3

&,=02010" 7,
— 3

M! =0,1410"" 1, — xpusas 1.

— xkpuBag Il;

.3

— kpusas I; 2.7)
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Puc. 2.9. Baaumocssasp Mexay auamerpom (1), Maccoii (- ) 3/1€KTPOAHBIX KaneJb W
JUIMTEJIBHOCTBIO KOPOTKUX 3aMbIKaHHMI [IPH CBapKe JJIEKTPOJAMH:

1 — AHO-11 (npompimtennsie); 2 — AHO-11 (naGoparopubie); 3 — YOHU-
13,/55; 4 — AHO-6; 5 — AHO-4

YcranoBaeHo, uTO 3aBUCHMOCTD (2.5) TMO3BOJISET C IOCTATOYHOMH
JIOCTOBEPHOCTBIO ONPEJAENATh TAKKE Pa3MePbl KOHKPETHBIX HJIEKT-
POJHBIX Karejb B AMana3oHe T, OT 3 g0 25 mMc. Ecim t,, MeHblne
3 Mc, TO 9TO CBH/IETEJNBCTBYET JIUIIb O KACAHUW KAIlJU O BaHHY U
He COMPOBOXKIAETCS €€ TEPEXOJ0M Yepe3 JyroBOH MPOMEKYTOK.
Ilpu t,, Gonee 25 Mc, TO JWHEHHOCTh ATOW 3aBUCUMOCTU HapyIla-
eTcs W ee WCIOJIb30BaHNe HEMPaBOMEPHO.

Vpasuenne (2.5) MoJyueHO /A 9JEKTPOJHBIX KAalleJb, HaXO-
JAUMXCS B TBEPAOM COCTOsTHUM. Tak Kak B MOMEHTbI KOPOTKHX
3aMbIKaHUH Kallii T[EePeXOJAT JYyTOBOH MPOMEKYTOK B SKUIKOM
cocrosnun  (ymenbHas IJIOTHOCTH MeTasaa Y, = 7,0 r/cm’
npu temmeparype 1800-2000 °C [5]), To ux pasmep (amamerp)
O6yner 6oJibllie HA BEJIWYUHY, PABHYIO KOPHIO KyOWYeCKOMY W3 OT-
HOIIEHUS yeNbHBIX TJOTHOCTEH TBEPAOr0 U JKHUAKOTO MeTaJlia:

3V /Y -37,8/7,0 = 1,03, T.e. ma 3 %. ITostoMy ypaBHEHHE
JUIS pacyera JuaMeTpa KalleJb B MOMEHT UX Iepexoja 4epes JIyro-

9%





BOIl IIPOMEKYTOK C y4YeToM IIONpaBKu OyAeT WUMETb CJie/yIoNuii
BUJL:

D, = 0,206, .. (2.8)

Koadpduuuent B ypashHenuun perpeccun (2.5) XapaKTepusyer
U3MEHEHHe PasMepoB Kallli TpuBeAeHHOTO (yCIOBHOr0) auamMerpa
B €IMHNUILy BPEMEHU B NPOIECCE €€ TePeTeKaHus 4epe3 MEeKIJIEK-
TPO/IHBIA ITPOMEXKYTOK.

Kak mokasana mposepka 1o F-kputepuio, Koad@UIMEHTb B
ypaBHeHusax perpeccuun (2.5)—(2.7) snaunmbl Ha yposhne € > 0,9.
Boruncaennable koadduimertsl koppesasmun ¢ = 0,94...0,99, duro
YKa3blBaeT Ha XOPOIIEe COOTBETCTBUE SKCIEPUMEHTATbHBIX [aH-
HBIX 3aJaHHBIM ypPaBHEHUAM perpeccuu. I1l0aTOMy TOJyYeHHbIE
ypasrenus perpeccun (2.5)—(2.7) MOTyT IPUMEHATHCA B IPAKTH-
YeCKHMX pacyerax, HAIPUMep, /s BBIYMCICHUIT Macchl U JMaMeTpa
KareJsb.

VpaBHeHHNEe PEerpeccuy, COCTABJIEHHOE MO pe3yJbTaTaM pacue-
Ta, MPUBEJEHHBIM Ha puc. 2.4, nMeeT CJAEAYIONUN BU/I:

D, = (0,14...0,19) -1, (Mm). (2.9)

Cpasnenne ypashenuii (2.5) u (2.9) nokasbiBaetT MX HIEHTHY-
HOCTh. [losyueHHbIE ypaBHEHUS] PETPECCUM SBJSIOTCS IMpocTeinieit
CTAaTHUCTHYECKOUW MOJIEJIbIO IIPOIlecca IepeHoca MeTasljia, 4TO I03-
BOJISIET UCIIOJIB30BATh UX JIJIS NPOTHO3HOU OIIEHKM MOKasaTeJiel 1e-
peHoca mpu CBapKe 3JEKTPOJaMU OCHOBHOTO U PYTUJIOBOTO BHUJIOB.

Ananus pesyJbTaToOB, NMpuUBeAeHHbIX B Tabj. 2.3, MOKA3bIBaeT,
YTO B JMarnaszoHe cBapo4yHbIX TOKOB oT 110 mo 160 A yucso kamnesb,
MEPEXO/IAINX € KOPOTKUMH 3aMBIKAHUSIMU, C POCTOM TOKA YBEJH-
uynBaerca. Ilpu stom gons takmx kKameab (N, ) B ux o6meMm Kosm-
YeCcTBe TaKyKe BeJnKa W COCTaBJISET

Nes =37..75 % (1,,= 100 A),
N

K

Nes =20...50,5 % (I,,= 160 A).
2N

K

B unrepsase 160...200 A, Hao60poT, YUCJIO KalleJb ¢ KOPOTKHU-
MM 3aMBIKAHUSAMHU YMEHBIIAETCS € POCTOM TOKa, HECMOTPS Ha TO,
4To o6mee WX KOJMYECTBO TPOIOPIHUOHAIBHO yBEJMYNBAETCS
(puc. 2.10 u 2.11). B srom cayuae ornomenne N, /SN, cocras-
ager 3,5...26,6 % (ana snexTpojoB ocHoBHOro Buga) m 1,1..5 %
(114 571€KTPOJIOB PYTUJIOBOTO M HMJBMEHHTOBOTO BuUja). MeHbInue
3HAYEHHsI COOTBETCTBYIOT, KaK IPABUJIO, JEKTPOJaM, IS KOTOPHIX
XapaKTepeH MeJIKOKAIEIbHBI MePEeHOC MeTaJlIa.
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Ny, ¢l Puc. 2.10. Bimsiame cuibi
CBapOYHOr0 TOKa HA YaCTOTY
NepeHoca Karnesb paciliaBJieH-
HOTO MeTalla TIPH CBapke
anexkrpogaamu  YOHU-13 /45
(MaMeTpoM 4 MM) IO /IaHHBIM
ocuusiorpadpuposanus (1) u
anaymzaropa AHII-1  (2).
(Ilo nanueiv B.H. Topnenio-
Ka).

Yacrtorta IepeHoca KameJb:
I — ¢ k.3.; Il — 6e3 K.3.;
Il — cymmapnas dacroTa
rnepeHoca Karmejab € K.3. U
6e3 K.3.
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Y4uTbIBas BBIIEU3TOXKEHHBIE PE3YJbTaTbhl, MOXKHO OTMETHTD,
YTO XapakKTep IEPEeHOCa 3JEKTPOJHOTO MeTajljia B 3HAYUTEJNbHOU
CTETIeHN OTIpe/iesisieTcsl PEKMMOM CBapKku. B jmama3one MaJjbixX
TokoB (/151 3eKTpooB auaMerpoM 4 MM |, = 100...160 A) mepe-
X0/l KaleJib COITPOBOMKIAETCSI KOPOTKUMM 3aMbIKAHUSIME, KOJHYECT-
BO KOTOPBIX YBEJMYMBAECTCS C POCTOM TOKa. Ha TIOBBINIEHHBIX pe-
skumax (1, = 160...200 A) xamam, B OCHOBHOM, TEPEXOAT Jyro-
BOII TIPOMEKYTOK 6e3 KOPOTKHUX 3aMbIKAHWU, [JUTEJIbHOCTb WU YUC-
JIO KOTOPBIX IIPU 3TOM YMEHbIIAeTc.

CienoBaTesibHO, €CJW TPUHATH, YTO KallJIW PACIJIABJIEHHOTO
MeTaJljla JOXOST /10 BaHHbI B HEM3MEHHOM COCTOSIHUHM, a HaOJo/a-
eMble OPBI3TH TIOSBJAIOTCS U3 BaHHbI [53], TO MOXKHO CUMTaTh, YTO
Cpe/IHECTATUCTUYECKUE 3HAUEHUS U XapaKTep paclpejeseHus -
TeJbHOCTEN KOPOTKUX 3aMbIKaHWI B IIpollecce pPYYHON /yroBOH
CBapKU MOTYT OBITH WCIIOJIb30BAHBI [JIS1 TIOJIYYEHUS CTATUCTUYECKU
JIOCTOBEPHBIX JaHHBIX 0 Maccax (pasMepax) Nepexo/sIInX Kaleb.

Pe3ynbTaThl MPOBEPKU KOPPEKTHOCTH TPE/JIOKEHHBIX 3aBUCH-
MOCTe# MeXy AMaMeTpOM, MacCOi Kamejb W AJUTEJbHOCTBHIO KO-
POTKHMX 3aMbIKAHUN TIPUBE/IEHBI HUKE.

Wcxommble JaHHbIE /s pacueta B3sTbl M3 pabotel [12]: sjekT-
ponst YOHU-13 /55, muamerpom 4 mm; I, = 140 A, T, = 10,5 mc;
YacTOTa KOPOTKMX 3aMblKanuii N, = 5 ¢!, t, = 30 ¢, ckopocTh
iasyienus anekrpoaa V,, = 0,32 r/c.
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Puc. 2.11. Bsaunmo- MK, r
CBSI3b MEXIY /IUTE]Ib-
HOCTBIO KOPOTKHX 33- ) 7
MBIKAaHHIiT W Maccoil ’
nepexoisiiiiX  KameJb

IpH CBapKe 3JEKTPO- o) 7()
JaMu YOHU-13 /45 ’
MaMeTpoM 4 MM.
([dannsie B.H. Topne- () 08
HIOKA).

Yci. 0603H. cM. Ha

puc. 2.10 0,06

0,04

0,02

1
0 2 4 6 8 10 12 Ty me

[TokasaTesu MepeHoca 3JIEKTPOJHOIO MeTaJljla PAcCYUThIBAIM
no ypasuenusam (2.5) n (2.7) n manuem taba. 2.3. Koawnuectso
KarneJb, MepexosaiuX JAyrOBOi MPOMEKYTOK ¢ KOPOTKWMH 3aMbIKa-

uusimu, pasuo » N, = n, - t,. Maccy xamneab M UX KOJUYECTBO
2 K.3 2 K.3

onpejensaan € y4eTOM OTHOIIEHUI EI\/II{ u ENK , NPUHATBIX
K K

st 1, = 140 A pasubiMu 40 u 60 % COOTBETCTBEHHO, T.e. PAaBHbI-
MH TIPOMEXKYTOUYHBIM 3HAUEHWSIM JTHX OTHOIIEHWH B WHTepBaJe
toka 110...160 A (cM. ta6a. 2.3). Macca pacIIaBUBIIETOCS 3JIEK-
TPOJHOTO CTepkHA paBHa G, =V, - ...

Pesysbrarel pacuera mpuBeneHbpl B Tabi. 2.6.

OtHocuTe bHAST TMOTPEIIHOCTh OlpejeseHuss oO6Ieil MacChl Ka-
nesb, TePexXO/sInX JYroBOil TMPOMEXYTOK ¢ K.3. u 6e3 K.3., Haii-

G, -YM
JIEHHAasT U3 BbIPAKEHUS PG—E“N)O (%), cocraBnser 3,5 %. Jna
P
cpaBHeHus B Tabj. 2.7 TpeACTaBJEHbI JJaHHbIE O Macce W pasMepe
NepeXOAdIInX Karesb, M3BeCTHbIE U3 JUTEPATYPHI.
CpaBHeHue JaHHBIX Ta6u. 2.6 U 2.7 NMOKa3bIBaeT WX XOPOUIYIO
CXOJIUMOCTbD.

Ta6auma 2.6

ITokasaresu nmepeHoca Metaia npu cBapke anekrpogxamu Y OHU-13 /55
(d,, =4mm, I, =140 A)

cB

: ' " ' " ' "
D,, mM| M, r| M/, r| Ny, wr| N/, mr EMK, r EMK, r EMK, r| G, T

2,1 0,038 | 0,016 150 220 3,7 3,5 9,2 9,6
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Ta6bnuma 2.7

Macca n AUAMeTP JJIEKTPOAHBIX KaleJb

Mapxka 1A D MM M. NcTtounuk
3JIEKTPO/IA cw? © © uadopmMann
YOHU-13,/55 140-160 2,2 0,04 [12]
YOHU-13,/55 140-170 1,7-2,2 0,04-0,06 [12]
JICK-50 140-160 1,8-2,5 0,95-0,07 [21]
KBIXS 120-150 2,0-2,4 0,03-0,06 [54]
YOHU-13 /55 180-200 1,5-2,4 0,035-0,054 [12]

OcHoBBIBasichb Ha TOJy4YeHHBIX pedyJbrarax, B./[. Makapenko n
B.H. TopneHiok npeyoKUIN PacueTHO-3KCIIePUMEHTAJbHBIH Me-
TOJl OTIpe/leJieHns TI0Ka3aTesell IepeHoca 3JEeKTPOJHOTO MeTaJa.
CyTb ero cocTouT B OIpPeAeJeHHH CTATUCTUYECKU J[OCTOBEPHBIX
pasmepoB (mamerpa), Macchl U KOJMYECTBA MEPEXOASANINX KalleJb
n UX paciipe/jesieHnuda ¢ UCIIOJAb30BaHUEM JaHHBIX O JIJIMTEJIbHOCTHU
W YacTOTe KOPOTKUX 3aMbIKAaHUN M MacCOBOH CKOPOCTH TIJaBJjie-
HUA SJEKTpOoJa, M3MEPEHHDBIX B IMHPOKOM [AMalla30HE CBAapPOYHBIX
TOKOB.

g olleHKHM KOPPEKTHOCTH MeETO/Jla OIpelelisjun IoKa3aTesan
IepeHoca 3JeKTPOJAHOro MeTasjga M COIIOCTABJISJIU UX C JaHHBIMH,
N3BECTHBIMN M3 JIATEPATYpPbl N II0JIy4Ya€MbIMHU B Hall€M OSKCII€EpU-
MeHTe. 3Has CPeIHECTATUCTUYECKWE 3HAUEHUS AJUTEIHbHOCTH KO-
POTKHUX 3aMbIKaHUN W UX KOJIMYECTBO, OIlpeaesasdemMble M3 TUCTO-
IrpaMM T, ,, MOKHO PacCYMTaTb CyMMapHYyIO Maccy Kalesb, IIepexo-

JISTIIUX ¢ KOPOTKUMHU 3aMBIKAHUSIMU (2 M?).
O6uryio maccy kaneab (¥M,), nepexoasmux Ayrosoit mpome-
JKYTOK ¢ KOPOTKMMHU 3aMbIKaHUSAMHU M (€3 HHUX, PAcCUMTHIBAEM C

MK.3
y4eTOM CPeJHUX 3HauYeHUH COOTHONIEHUS E—N‘I‘ , IpUBE/ICHHBIX B

K
Tabm. 2.3.

OKCIEePHMEHTAIBHO KOJIMYECTBO paciiaiaentoro meraira (G,)
oTpefiesiieTcs MO PA3HOCTH MAacChl 3JIEKTPOJHOTO CTEPXKHS [0 U
mocJie HallJIAaBKU BaJIMKa.

B Tabu. 2.8 npuBeneHbl pe3yabTaThl MPOBEPKU METOIMKH.

Bl moctaBiieHbl TakKe CHelaJbHble 9KCIIEPUMEHTBI, B XOJI€
KOTOPBIX  ONpPEesIsIJIn  MacCy PACIJIABUBIIETOCS — 3JEKTPOTHOTO
CTep>KHd U OpBI3T U OJHOBPEMEHHO C TIOMOIIBIO AHAJIM3ATOPA
(AHII-1) — AJuTebHOCTh U KOJMYECTBO KOPOTKHUX 3aMbIKaHWUii, a
TaK)ke paclpejeseHne [JINTETbHOCTEHl KOPOTKUX 3aMbIKAHWN B
quarazone cBapoyHoro Toka oT 110 1o 200 A nxist 37eKTpooB 1ua-
metpoMm 4 mM. [lo maHHBIM pacmpeneneHust T, , BBIUUCISIN Maccy
KamneJsb, MepexodaiuX ¢ KOPOTKUMHU 3aMbIkaHusmMu (K.3.):
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Ta6bnuima 2.8

PesyJbTaTsl pacueTa U U3MepeHHsl MoKa3aTeieil epeHoca 3JeKTPOAHOTO MeTalla
(d,, = 4 mm)
EN

Mapka DKCHEepUMEeHT Pacuer

3JIeK-

Tpoja 110 A 200 A 110 A 200 A

" BUJ cp cp K.3 K.3

HOKPbI- Ty Nlm.x’ Gp, T Ty NK.a’ Gp, T EM!( | EMK’ ?: EMK ’ EMK’ ?/’
s mMc | HIT Mc | IOT r ¢ % r N 4

AHO-6 | 8,1 | 160 | 11,5 3,9 | 30 | 17,0| 6,4 | 10,9]5,2| 1,25 | 15,4|9,4
HJabMe-
HUTOBBI
YOHU- | 13,4 | 150 | 14,8 5,9 | 105 | 19,9| 10,5 | 14,3 |3,4| 2,4 | 18,3|8,0
13,/55
OCHOB-
HOM
AHO-11| 17,2 75 | 12,3] 7,6 | 165 | 18,5| 10,8 | 11,8 4,1| 5,2 | 17,1]7,6
OCHOB-
HOM

Mpumeuanus 1. B taba. 2.8 npuBefensl cpennne pe3yiabTatbl U3 4—
5 W3MepeHuil.

2. IlorpenrHocTp O BBIYHC/ISJIN MO YPABHEHHIO: O = %21(100 %.
)

’ — . -4, .3
k() 0’33 10 Trs®)-
3aecb My ¥ T, — Macca Kame/b M 3HadeHUe JJIMTEJIbHOC

TU KOPOTKOTO 3aMbIKaHus B K-M WMHTepBaJjie TUCTOrPaMMbl JIJIUTEJb-
HOCTeHl KOPOTKUX 3aMblkanuii, rjge K = 1...64 (64 — MakcuMasbHO
BO3MOKHOE 3HauyeHue T,, B MC, KOTOPOe MOKeT ObITh H3MepPeHO
anasmsaropom AHII-1).

O61iyi0 Maccy Kamesb, MePeXOSIIUX J[yroBOi IPOMEXYTOK C
K.3. 1 6e3 K.3., BBIYUCJISIJIN CJAEAYIONNUM 06pa3oM:

k=64
DM =YMi+ Y M= k; Mg “Nigo + X M =
k=64
= 21 0,33:10" -1, - N, + SM/, (2.10)

rie M — cymMMapHag Macca Kalleb, Iepexoadimux 6e3 KopoT-
K

KuX 3amblkanuii; Y N/ — KOJMYECTBO KOPOTKHX 3aMbIKaHUil B

k-M wHTepBaJie TUCTOTPAMMBI T, ..
Maccy Karesip, mepexoaanux 6e3 K.3., BBIYUCISIN KaK Pa3HOCTb

IM=3IM, -FIM,,

a EMK HaXO/JMM U3 OTHOIIEHUS , BEJIMYMHA KOTOPOrO s

Sm
2

K
PA3JIMYHBIX 3HAYEHWH CBAPOYHOTO TOKA U COCTABOB MOKPBITHUS
npuBesieHa B Tabu. 2.3.
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Ta6auima 2.9
PesyubraThl pacueta H U3MepeHHs NOKa3aTeJeil nepeHoca ajaexkTpoaHoro Merania (d,, = 4 mm)

IKCIIEePUMEHT Pacuer

Mapka sreKTposa 110A 200 A 110A 200 A
¥ BUJl TOKPBITUSA . M M »

w  ZM e ZME T e e M SMy SV s SV SMn sy b,

MC E MK P ;p E M“ % P ® T T ) T % T T ¢ T %

% MC
AHO -4, pyrunossiit| 8,3 40 6,9 | 0,14 3,5 5 |10,2| 0,35 | 2,55 | 3,75 | 6,3 |6,7| 1,35 7,65 | 9,0 |83
YOHU-13/55, oc- 12,8 70 7,2 | 0,20 5,5 20 |11,1] 0,75 | 4,76 | 2,04 | 6,8 [4,7| 2,0 7,6 9,6 6,8
HO BHOM
AHO-11, ocuoBuo#t | 17,8 87 8,9 | 0,26 7,0 30 |10,4| 0,54 | 7,05 | 1,06 | 81 [6,1| 2,70 6,30 | 9,0 |83
48 H-13, ocHoBHOIT | 12,5 70 6,7 | 0,27 4,5 5 |11,3| 0,75 | 4,42 | 1,88 | 6,3 (44| 1,45 8,15 | 9,6 |84
LB-50A, ocuoBno#t | 12,3 | 65,5 | 8,4 | 0,10 5,1 20 |11,4] 0,45 | 5,25 | 2,75 | 8,0 [3,7| 2,10 8,40 | 10,5 | 4,9
Schwarz 3K, 15,7 #t 8,7 | 0,28 6,5 2% |10,7/ 0,70 | 6,80 | 1,13 | 8,1 [3,6| 2,40 6,8 92 |75
OCHO BHO
ICK -50, ocuoBHoit | 20,1 0 8,8 | 0,29 7,7 #A | 11,2] 0,72 | 7,47 | 0,83 | 8,3 [2,4| 3,35 6,45 | 9,8 |6,1
WUTC -4, ocHOBHOMI 10,9 | 65,5 | 7,0 | 0,22 4,2 17 |10,1| 0,53 | 4,25 | 2,25 | 6,5 |3,9| 1,50 7,30 | 8,8 |7,6
IT pu meu au usa: 1. Bra6u. 2.9 npuBeneHb! cpefure pe3yabTaThbl U3 TPEX M3Mepe HUM.
Gp - (E |\/|K + G6p)
2. Iorpemraocts O (% ) BBIYMCASAIN [0 ypaBHEeHMI0 0 = ——2———— 100 %.
P






3

K

ITTPOKOM JIMalla30He PEKMMOB CBAPKHU, B KAXKJIOM KOHKPETHOM CJIy-
yae 3HAYEHMS ITOTO OTHOIIEHWS BBIOMPAIOTCS CJEAyIOmuM o6pa-
3oM. Ecom maMepenHas BeWYWHA T, , TIPU CBapKe 2JEKTPOJAMH Ha
tokax 110, 160 u 200 A mpuMepHO paBHA CpeIHEMY 3HAYEHUIO
WHTEPBAJIOB U3MEHEHWH T, ,, YKa3aHHbIX B TabJ. 2.3, TO OTHOIIe-
5
EMK
Huo. Ecam ke BeawdWHA T,, paBHA MUHUMAJbHOMY WJN MaKCH-
MaJIbHOMY 3HAY€HUIO WHTEpPBaJia M3MEHEHWH, TO YKa3aHHOE OTHO-
lleHue BbIOUPAETCS PABHBIM MUHUMAJIBHOMY WM MAaKCHUMAJIbHOMY
3HAYEHWIO COOTBETCTBeHHO. lIpu cBapke Ha TOKaxX, BEeJUYUHA KOTO-
poix HaxoauTcs B mHTepBamax 110 <71, < 160 An 160 <1, <200 A,
5
2 M,
10 UX cpeAHUM 3HaveHUsIM /g TokoB 110, 160 m 200 A.

Maccy KameJsib, mepexoasmux 06e3 K.3., MOYKHO OIIPEIeTUTD
TaKke, 3Hasg MacCy PACIJIABUBIIETOCS 3JEKTPOIHOTO CTEPIKHS
G,: XYM/ =G, - YM|, tne G,=V,, t,.

PesynbpTaThl pacueta W M3MepeHHS IOKa3aTesell MepeHoca 3Je-
KTPOJHOTO MeTaJljia TPEeCTaBaeHbl B Taba. 2.9.

Omubka omnpezeseHns MOKa3aTeJell epeHoca MeTasga pacyer-
HO-3KCIIEPUMEHTAJbHBIM METOJIOM, BBIYMCJEHHAS 110 BBIPASKEHUIO

B cBasu ¢ TEM, 4YTO 3HAYCHHE OTHOIICHUNA N3MEHAECTCA B

50418

PEKOMEHAYETCA BbIéI/IpaTb PaBHbIM CpE€AHEMY 3Ha4e€-

OTHOIIIeHHue BbIYUCJIAETCA IIYTEM JIMHENHOMI NHTEPIOJAI NN

G, - (SM, +Gg,)

P

0= 100 %,

cocraasier 3,5...10 % (cm. Taba. 2.8 u 2.9). Boabmias morper-
HOCTb COOTBETCTBYET, KaK ITPAaBUJIO, 3JEKTPOAAM € MeJKOKare/b-
HBIM TEPEHOCOM, KOIJla 3HAUMTEJbHAsA 4YacTh Kaleab MepeXOuT
JIyrOBOH TIPOMEKYTOK 6€3 KOPOTKMX 3aMBIKAHUN. DTUM OODBSICHSAET-
cs  BO3pacTaHWe TOTPENIHOCTH TPU  CBapKe Ha TOBBIMEHHBIX
3HaueHnsx Toka. OpHAKO, B 11€JI0M, He3HaYMTeJabHas OMHUOKA OIl-
pejlelenns INoKasaTeseil nmepeHoca pacyeTHO-3KCIEPHUMEHTa bHbIM
metogom (<10 %) cBUIETEJNBCTBYET O TOM, YTO yCTaHOBJIEHHAS
B3aMMOCBSI3b MEK/AY JJIMTEJBHOCTHIO KOPOTKMX —3aMbIKaHMil |
Maccoii (pasmMepamu) Kalesib, OnpejefsieMas YPaBHEHUSMH per-
peccun, TMPaBUJIBHO OTPAKaeT 3aKOHOMEPHOCTH TJIABJICHUS W Iie-
peHoca 9JEKTPOJHOTO MeTaslla NPH CBapKe ¢ KOPOTKUMH 3aMbIKa-
HUAMM.
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Takum 06pa3oM, MPeNJIOKEHHBIH PACYETHO-IKCIEPUMEHTATHHBIN
METO/] MO3BOJIIET a/IEKBATHO OIPE/eJATh XapPaKTePUCTUKU IIePeHO-
ca 3JIEKTPOAHOTO METAJIa, KOTOPble MOTYT OBITb MCIIOJb30BAHBI B
pacueTax KUHETUKM METaJJIypIHYecKUX IIPOIECCOB IIPU CBapke
TTIOKPBITBIMU 3JIEKTPO/IAMU.

2.3. METOAUKA UCCJIEAOBAHUA CTABIIJIbHOCTI
TOPEHUA AYIU IEPEMEHHOTIO TOKA

N3BecTtHO, 4YTO cBapka Ha TepEeMEHHOM TOKE XapaKTepusyercs
TePUONIHOCTBIO TOPEHUs YTH, OIPeIesieMOll YacTOTOW WMCTOYHU-
Ka MUTAoNEero HanpspkeHus. [lyra 3askuraercsi, KOT/a HalpsbKeHue
WCTOYHMKA TIUTAHWS [OCTUTAET 3HAUEHHUd, JOCTATOYHOTO I €€
BO30OHOBJIEHUSI B HOBOM IIOJIYIIEPHOJIe, U TACHET, KOIJa 3TO Ha-
MpsKEHNEe CTAHOBUTCS MEHbIle HanpsiKeHus ropenust ayru. Ilepe-
XOJIHbIE TIPOIECCHI B JYTOBOM IMPOMEKYTKE OMNPENESIOT CTaOU/Ib-
HOCTb TOPEHUS TyTH.

[yra ycroiiuuBa, ecjJu MOILIHOCTb, BblAe/deMas B MEXKIJIECKTPO-
HOM IIPOMEXYTKE, W TOTEepH TelJa B OKpYysKakollee MPOCTPAHCTBO
KOMIIEHCUPYIOTCS II0/IBOJIUMON 3JIEKTPUYECKONW MOI[HOCTDIO.

YcaoBue IUHAMUYECKOH YCTONYMBOCTH [IyTOBOTO NPOMEKYTKA B
00JIaCTV HYJIEBBIX 3HAYEHU Toka mmeer Buj [32]:

EEE— 2.11)
CRy o

rae C 1 Ry — eMKOCTb LI U CONPOTUBJIEHHE MEK3JIEKTPOIHOTO
npoMexkyTka; Q = Q,/ P, — ocTosTHHAs BpeMEHU MyTH, T.e. BpeMs,
B Te€YeHHWEe KOTOPOTO HHEPTUS TeJs, BXOAANINX B JyrOBOH MPOMEXKY-
TOK ,, MOJHOCTBIO PACCEETCs TP CPejAHell MOUIHOCTH TOTEPb,
paBHoii P,.

W3BecTHbIE METOABI ONpPeeeHUs CTaCHIU3UPYIOIUX CBOUCTB
CBapOYHBIX MaTepHaJiOB OLEHUBAIOT COCTOSHHE MEXKAJIEKTPOIHOIO
POMEKYTKa, omnmcbiBaemoe HepaseHctBoM (2.11). Pesysbrars
ATOW ONEHKH BBIJAIOTCA B BHUJE KOCBEHHBIX MOKasaTesJed: ocTaTou-
HOTO ¥ MPEAJAYTroBOro TOKOB (MM CKOPOCTHM W3MEHEHUsl TOKa),
[UIKOBBIX 3HAYEHWH HANPSIMKEHUs IIPH IOBTOPHBIX 3aXKUTAHUAX
JYTH U T.JI.

3 nepasencrBa (2.11) caemyer, 4To XapakTePUCTHKY CTaGUJIb-
HOCTH TOPEHHs AYTH Jy4dlle BCErOo NPEACTABJIATH B BHJE MOKasaTe-
JIelf, KOTOpBlE OTpa’kaloT CconpoTuBjaeHne (UIM ITPOBOJUMOCTD)
MEKAJIEKTPOJHOTO MTPOMEIKYTKA.

B xaxaom HoBoM mostynepuoze (cm. . 1, puc. 1.24) npoxoaur
onpejeeHHOe BpeMs f,, IPeXae uYeM IOABOAUMAs K 3JIEKTPOAaM
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MOIITHOCTb /IOCTUTHET YPOBHS, HEOOXOIMMOTO /i BOCCTAHOBJICHUS
ayrosoro paspsaa. Ecan U, u I, — Hanpsi>keHue Ha 3JeKTPoJaxX U
TOK B MEXK2JIEKTPOJAHOM IIPOMEXKYTKE B MOMEHT BOCCTAHOBJIEHUS
paspsia, TO TOKasareab CTAaOMJIbHOCTH TOpPeHus Ayru B, MOKHO
BBIPA3UTh B BUJIE

B, =t om'-c. (2.12)
U. t.

373

On mnpejcTaBisseTr coO0i CPEIHIOI CKOPOCTb HAPACTAHUS 3JIEK-
TPUYECKOI TPOBOJAMMOCTH MEK3JEKTPOJIHOTO MPOMEKYTKA B TPEJ-
JLyTOBOW TIEPUOI.

s anasusa 1okaszartesist B, HPeACTaBUM HaIpsKeHUE 3aKu-
ranusg U, B cieayromnieM BUie:

U, =+2-U_sin(ot, + ¢). (2.13)

rie ® — yIJoBas 4acToTa; ¢ — yroJ cABHra no ¢ase Mexk/1Iy TOKOM
W HaIpSKEHHeM XOJIOCTOrO XOJa.
s (2.13) crexyer, uTo:

_ (arcsinUg/‘/E Uy -9 (2.14)

w

t

3

3amenuB o Ha 2nf u nogcrasus (2.14) B (2.12), nosyunm nos-
HOE BbIpaKeHHe s MoKasareas B,

_ 2nf1,
U,(arcsinU, /6UX,X -¢) ,

B Om' ¢, (2.15)

3

rae [ — wacrora Toka, [II.

BugHo, uyto mokasartesb B, BKJouaeT B ceGs Bce TapaMeTpbl
9JIEKTPUYECKON 1€ U IPaBUJBHO OTpaKaeT UX BJUSHUE Ha
CTaGUIbHOCTh TOpeHusT ayTu. [leficTBUTESbHO, TIOKasarenb B, yBe-
JINYUBAETCST C POCTOM TOKa [, 4acTOTbI TOKA [, HANPSIKEHUS XOJIO-
croro xona U, ,, yria casura 1o ¢ase TOKA OTHOCHUTEJbHO HAIPs-
JKEHUST XOJIOCTOTO XOAa ¢ W ¢ yMeHbineHueM U.,.

Kak usBectno [10, 26], uaMeHeHne NepevyrCIEHHbIX BEJIUYUH B
YKa3aHHOM HAIPaBJEHUN COTPOBOXK/AETCS YBEJTMYEHUEM CTAOUIb-
HOCTH [JIyTH.

Ormpe/iesieHHbII MHTEPEC IIPEACTABJSET 3aKOH HapacTaHus Ha-
MPSDKEHUST U TOKA HA MPEIYTOBOM yUYaCTKe.

YKkazaHHble BBIIIE TTapaMeTpbl HE OCTAIOTCS TIOCTOSIHHBIMH Ha
MPOTSIPKEHUHM TOPEHUS [yrv, a MEHSIOTCS B 3HAYUTEJbHBIX IIpejie-
JlaXx OT Tepuojia K mepuoqy. BosMmMoxkHO 6ojiee TOJIHOE OMUCaHUe
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TepexXo/HbIX IIPOIeCCOB B TeyeHue JJIUTeJbHOrO0 WHTepBaja Bpe-
Mern (Thicsiua U GOJIbIIE TIEPUOJOB), TaK KAaK 3HAYMTENbHYIO WH-
opManio NMpeCTaBIAIOT paclpeeseHnusl MJIOTHOCTEH BepPOSITHO-
cTell yKa3aHHBIX IIapaMeTpPOB B 3TOM HHTEpBaJe BPEMEHHU.

Pesyabrarel mamepeHnii mapamMeTpoB JAYTH HA TePeMEHHOM TOKe
3aBUCAT OT TOYHOCTH OIpe/eseHNusT MOMEHTa 3a)KWTaHusl OyTu. B
39TOT MOMEHT HalpsiKeHHe Ha [yTOBOM IIPOMEXYTKe Pe3KO yMeHb-
maercss WJIU 10 KpaliHell Mepe mepecraer HapacTaTb. Iloatomy
OKa3bIBAETCS BO3MOXKHBIM OIIPENEJUTh MOMEHT 3a’KMTaHUd 110 W3-
MEHEHUIO CKOPOCTH HapacTaHWs HAIPSKEHMS Ha JyTOBOM IIpOMe-
skyTke. [lo MOMeHTa 3a’KMraHusg — 3TO IPAKTHYECKH CHHYCOM/AJIb-
HOe HANpPSDKEHHE HEeHATPYsKeHHOTO CBApOYHOTO TpaHchopMaTopa.
[TockosibKy OHO B HECKOJIBKO Pa3 06o0Jibllle HANPSIKEHUS TOPEHUs
JIyTH, TO HAIpsKEeHHe Ha JYrOBOM MPOMEXYTKE /10 MOMEHTa 3aXKH-
TaHus M3MEHSETCS 1O 3aKOHY OJM3KOMY K juHeiiHoMy. Takum 06-
pasoM, ecJy U3MepATb PasHOCTb 3HAYEHMI JBYX COCEIHUX, CJle-
JIYIONINX dYepe3 OIpe/leJIeHHble WHTEepPBAJbl BPEMEHHW W3MeHEeHWH
HaIpSDKEeHNsI, TO 3TO OyJeT HMPUMEPHO MOCTOSHHAS BeJUYMHA Ha
BCEM IIPE/JIyTOBOM yuyacTKe.

B mnporecce 3axkuraHus JAyru HaNpsKeHHE MEXK3JEKTPOIHOTIO
IIPOMEKYTKA PE3KO yMeHblmaercss ([ 9JeKTPOJOB € MOKPHITHEM
OCHOBHOTO BH[a), Ju6Go 1mepectaer Hapactath (i 9JEKTPOJIOB €
HOKPBITHEM PYTUJIOBOrO Buja). CxeMa cpaBHEHUsI MO3BOJISIET Per-
CTPUPOBATb MOMEHT 3a’KWTAHUS AYyTH, KOTraa

U, - U, sAU, (2.16)

rae U, n U; — texymme (c 4actoToii cTpo6MpoBaHusi) 3HAYEHUS
Hanpsikenusi; AU — Hanepej 3ajanHas BejnduHa, pasHas 1...2 B
JUIS 3JIEKTPOIOB OCHOBHOTO BUa W HYJIO — JJISI 3JEKTPOJIOB PyTH-
JIOBOTO BH/IA.

Ecau ato ycnoBue BbinosHseTcsi, TO BeinunHa U; 3anoMuHaeT-
ca cxemoil kak U, (mampssxenme saxwuranus). OJHOBPEMEHHO C
BesmunHOi U, perucTpupyiorcss Takxke I; m t; U 3aIOMUHAIOTCS
Kak I, w t,, T.e. TOK n BpeMs 3axkuranus ayru (t, OTCUNTHIBAETCS
OT MOMEHTa Tepexo/ia HANPSKEHUS 4epe3 HyJb).

[lanpueiimas o6pabOTKa CUTHAJIOB M BBIYMCJEHUE MOKA3ATENs
ocymiectBasiercs B IBM. CorsacHo mporpamme, Beawuuny B, 17
MOJIOXKUTEJBHOTO U OTPHUIATEJbHOTO TOJYIEPUOJ0B PACCUNUTHIBATIN
o cpeaHuM 3Havenusm U, I, u t,.

PesynbTaThl 06pabOTKM TIpEACTaBJEHBI B BUJE THUCTOIPAMM
Ha caMOIHCIle Wan B BUe TabJaull Ha Iu@pomedaTaioieM yCcTpoii-
CTBE.

W3 pabor [26, 29, 30] cremyer, 4To [/ OleHKU CTAGUIUZUDPY-
IONUX CBOWCTB CBApPOYHBIX 3JIEKTPOJIOB HYKHO BbIJIEPKUBATH TIO-
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CTOSHHBIMU XapaKTePUCTUKUW MCTOYHMKA NuTaHug. CaM MCTOYHUK
MUTAHUS CJIeJYeT OIEHUBATL C 3TOM TOYKU 3PEHUS IPHU IOCTOSH-
HBIX CTAGMINBUPYIONIUX CBONCTBAX CBAPOYHOTO MaTepuaJa.

Wcnonb3ys JaHHYIO METOJAMKY, Mbl BBIIOJHUJIM PSJL UCCJEL0BA-
HUW, MOATBEPKIAOININX €€ XOPOIIyI0 TOYHOCTb W BOCIPOU3BOIH-
MOCTb pe3yJIbTaTOB.

a 0
n, % n, %
15 15
B
A
10H 10+
5 5F
1 1

0 10 20I,,A 0

6 2
n, % n, %
15 15

B

10 10 4

5t 5 H

1 1 1 1 1 1 1 1 1 1 1
0 10 20 30t,, 10%c 0 200 400 600 B;, Om-1.c-1

Puc. 2.12. Pacnpeesienue nioTHocreii BepositHocteii Toka (1) u Hanpspkenust (-) B

MOMEHT 3a)KMIaHusi JyrH, AJMTeJbHOCTEH MpeAAyroBoro nepuoga (,) M NoKasareJsi

crabuisHocta G, (,):

1(4 - aﬂelc)TpozlbI pymunosoro Buga (AHO-4); B — 51eKTPOAbI OCHOBHOTO BHIA
AHO-11

105





[lepBoHAYATBHO [IJIT TPOBEPKH KOPPEKTHOCTH METOJUKHU HUCCJIe-
JIoBau paHee M3yueHHOe jelicTBue (dTOpa HA CTAGUJIBHOCTD MyTH
nepeMeHHOro ToKa [29, 41].

Ha puc. 2.12 mpeacraBieHo THNUYHOE paclpe/eseHre TJI0THO-
CTell BEpPOSATHOCTEH HANPSLKEHNWS B MOMEHT 3Q)KWUTAHUS AYyTH IS
3JIEKTPOJIOB C PYTHJOBBLIM W OCHOBHBIM BH/IOM TIOKDBITHS, 3HAYM-
TEJHHO PA3IMYAIOIINXCS CTAOUIN3UPYIOMIUMHU CBOUCTBaAMU. Bujmo,
YTO TIPU CBAapKe PYTUJIOBBIMU 3JIEKTPOJAMHU, KOTOPbIE XapaKTepu-
3YI0TCS CTaOUJIbHBIM TODEHUEM IyTH, HAGJIONAIOTCS HU3KWEe 3Haye-
HUs U, 1 He6OJbIINE UX OTKJIOHEHWS OT CTaTHCTHYecKH Hambosee
BEPOSATHBIX 3HAYEHUI.

[Ipu cBapke ajeKkTpojaMnu € OCHOBHBIM MOKpbiTHeM U, pe3ko
Bo3pacraer. OJHOBpPEMEHHO pacTeT U Auanas3oH koJsebanuit U.,.

IMogo6uplii BuJ UMEIOT pacupegeenus g toka (puc. 2.12, a),
Bpemenn  3axkuranus (puc. 2.12, ¢) u 1oKasaress CTaGUIbHOCTH
B, (puc. 2.12, 2).

Bugro, 9to Gosee yAOGHBIM B HCIIOJIb30BAHUN CJEAyeT CUYUTATh
moKasaTteab B,, TpeAcTaBJASIONWH €000l CpeIHeCTATUCTHYECKYIO
XapaKTePUCTUKY CTAGUJIBHOCTU TOPeHHs Ayru u 0606Iaonmii oc-
Hosuble ee mapamerpbl (U, I, t,). Tak, A1 B3ATbIX HaMU [BYX
BUJIOB 3JIEKTPOZOB C PYTUJIOBBIM U OCHOBHBIM IOKpbITHEM B, cooT-
BeTCTBeHHO paBHO 750 u 75 Om ' ¢!,

2.3.1. BAUAHUE COCTABA IIOKPbITUA

OO6beKTOM HCCJIE0BAHUS B MEPBOil CEPUU OIBITOB ObLIN 3JEKTPO-
JIbl C Pa3JUYHBIM COOTHOIIEHHEM MPAaMOpPA K ILJIABUKOBOTO IINATA B
nokpeiTuE. CyMMapHOe UX COJep’KaHHe COXPAHSJIOCh TOCTOSTHHBIM,
pasubiM 70 % (rabur. 2.10).

OcranbHass YacTh MOKPBITUS TTPUXOJWJAch Ha PyTHJI, deppo-
Mapraner, (eppoOCHIUINI ¥ JKEJE3HBIN TOPOIIOK, COOTHOIICHUS
MEXKY KOTOPBIMU COXPAHSJIN TOCTOSTHHBIMU.

PesyabraTel onbiToB mpenactaBieHbl B Taba. 2.10 u ma puc.
2.13.

Bugno, uto ¢ ymeHnbienueM cofepskanus CaF, B mokpoiTuu 1M0-
KazareJb CTaOMJbHOCTU TOPEHUS AYTHM BO3PACTa€T, YTO XOPOIIO
TTOATBEP KAAeTCST TTPAKTUKOM.

Bo BTOpOIi cepun cymMMapHOe CoJep:KaHue MpaMopa U ILIaBUKO-
BOrO IINATa B HOKPBITHU COXPAHIAIOCh HOCTOAHHBIM (52 %). Oc-
TaJbHAas YacTh ITOKPBITHS TPUXOAMJIACh HA PYyTHJI, Qeppomapra-
Hell, ¢heppoCUJUINil U >KeJe3HBII ITOPOIIOK, COOTHOIIEHUE MEKIY
KOTOPBIMU He u3MeHsin. Cepus 3JIEKTPOIOB, 0603HAUEHHAS WHJIEK-
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Ta6bnuma 2.10

Bumisinne cocraBa MOKPBITHS Ha IIOKa3aTe.ib CTAGHIBHOCTH TOPEHHs AYTH NepeMEeHHOro
TOKa U ero napamerpsl (d,, = 4 mm)

Conep:xanue, ITonoKkuTebHbII OrpunareabHbIit
Wunekc % MOy IEPHO/T MOJTYTIEPHO/T
9JIEKTPO-| o B., v, | 1, t,, B.,

ma | CaCOy CaF,\ U, B| I,, Alt,, c107! oy-T.c-t| B 1074 |OMm Toc!
HII-1 70 0 32,9 | 9,2 7,7 364,2 | 30,2|8,7| 7,8 371,2
HII-2 60 10 | 48,2 | 5,6 6,8 171,0 | 34,3| 9,7 | 10,8 | 261,6
HII-3 50 20 | 52,0 | 4,7 6,4 141,2 | 28,5|11,6| 14,8 | 276,3
HII-4 40 30 | 52,1 | 4,4 7,1 119,3 | 29,3 |11,8] 16,5 | 242,3
HII-5 30 40 | 56,1 | 3,8 6,6 103,2 | 29,9|10,5| 19,7 | 178,9
HII-6 20 50 | 629 | 3,9 12,8 48,5 | 32,1 [11,8| 19,3 | 190,1
HII-7 10 60 | 78,1 | 5,5 16,2 43,4 | 33,6[10,0| 16,7 | 179,4
HII-8 0 70 | 86,7 | 8,0 21,6 42,7 42,01 9,8 | 17,2 | 136,4

coM H, M3roToBJieHa Ha HATPUEBOM JKUJKOM CTEKJE, a WHAEKCOM
K - na xamesom (cM. ra. 1, puc. 1.25). JuaMerp 5JIeKTPOAOB
4 MM, TOJIIHMHA MOKPbITUA Ha cTOopoHy — 1,1 MM. Mcrounuk mnura-
HUS — TOCJe0BaTeIbHO coeauueHHble Tpancdopmaropsr TC/-500
n CT3-34 ¢ cymmapubim U, = 135 B. [luisg 6osiee 4eTKOTO BBISIBJIE-
HUS TEPEXOJHBIX MPOIECCOB JIpoccei TpaHCcOPMAaTOpPOB  OT-
KJIIOUHMJIA, & CBAPOYHBIN TOK PETYJUPOBAJN OAJTACTHBIMU PEOCTa-
TaMH.

Kak Bugno us puc. 1.26 (cm. ra. 1), ¢ yMeHbleHHeM cojepka-
Huss CaF, B moxkppiTum mokasarenb CTAGMJIBHOCTH TODPEHUS IyTH
Bospactaer. Oco6eHHO pe3Koe yBeqwmueHne B, Habmaiomaercs y
3JIEKTPOZIOB cepun K, TaK KaK COeMHEHUS Kajaus OcJabJsSIoT Jiec-
tabunusupympomee geficteue CakF,.

Hwuskas cTabuabHOCTD JYTH C OCHOBHBIM BHUJ/IOM IMOKPBITUST JJIEK-
TPOZOB OODBSCHSIETCS NeCTabUIN3UPYIONUM JeiicTBueM ¢rTopa, 4YTo
OOBIYHO CBSI3BIBAIOT C BBICOKOIl  3JIEKTPOOTPHUIATEIBHOCTBIO €ro
aTOMOB, BCJIEJICTBUE YEr0 B OXJAXKIAIONIEMCS MEXKIJIEKTPOIHOM
MPOMEKYTKE B TIEPEXOHBINA TEPHOJ] ObICTPO CHUXKAETCS KOJHYECT-
BO 3JIEKTPOHOB, T.e. HamboJiee TOJABWKHBIX HOCHTEJEH TOKa
[33].

[Ipy Hamuuum coeauHEeHUN Kajns, O0O0JAJAIONIET0 HU3KHUM TI0-
TEHIIMAJIOM WOHW3AIMU, OCTATOYHAs IIIasMa B MEXK3JEKTPOIHOM
IPOMEXKYTKE [IOJIbIIE COXPAHSETCS BO BPEMEHH, dYTO obJerdaer
mpotiecc MoBTOPHOTO 3axkuranus ayru [30].

[Ipu omHOM W TOM K€ COCTaBe TOKPBITHS TMOKasaTeib B, MeHb-
e B TOM TOJIyHepuojie TOKa, Korja Katoja (hopMUpyeTcss Ha BaHHE.
Yem xyxke cTaGUIU3UPYIONINE CBOWCTBA TOKPBITHS, TeM O60JIblie
aTa pasHuia. /laHHBIA BBIBOJ TOATBEPINJICS MPH UCIBITAHUHN 3JIEK-
TPOZIOB MHOTHX OIIBITHBIX M IPOMBIIIJIEHHBIX MapOK C PYTUJIOBBIM U
ocHOBHBIM TOKpbiTusMu (puc. 2.14). IlomydeHHYI0 B3aMMOCBS3b
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U’;’B t,, MC

3

20

15

10

0 20 40 60 CaF,,% 0 20 40 60 CaF,,%

IS’A B;, Om-l.c-1

200

100

0 20 40 60 CaF,,% 0 20 40 60 CaF,,%

Puc. 2.13. Bumsinue cocraBa nokpbitusi (cogepxkanusi CaF,) Ha cTaGuiabHOCTD rope-
HUST JIyTH:

U, — HampsbKeHMe 3a’KMraHus; f, — JUIMTEJIbHOCTb IPEJyroBOro mepuoja; I, — TOK
3aKUTaHus; B, — mokasaTenb CTaGMJIBHOCTH MOTyNeproaa; ! — MOJOXKHTETbHDIMH,
2 — oTpuIaTeJbHBII

TOKA W HANPSKEHUS /1S JI060T0 TOJyNIepuo/ia OJHON TOJSAPHOCTH
TOKa MOKHO BBIpa3uTh ypasBHenueM P = U/, = const, u arto nox-
TBEPJKAAeT IIPEANOJIOKeHHEe O MOCTOSHHONH MOIIHOCTH TOBTOPHOTO
3ackuraHus ayru [22]. Ecan ke cpaBHUBATb pasHble IOJYTIEPHOIBI
TOKA, TO TOCTOSHCTBO 3TOW MOIMHOCTH He Ha6mogaercs. [l 1mo-
JIOKUTENBHOTO TIoNTyrepuofa Toka (IIoc Ha 2JeKTpoje) B3au-
MocBsA3b U, m [, XOpOHIO OINUCHIBAETCS SMIIMPUYECKUM BbIpaxKe-
HHUEM
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0 4 8 12 16 20 1,, A

Puc. 2.14. Bzaumocs#s3p Mexay HampspkennemM U, m TokoMm |, 3a’kuraHusi IyTd npu
CBapKe ONBITHBIMH U IMPOMBIILIEHHBIMH 3JIEKTPOJAMH C PYTHJIOBBIM H OCHOBHBIM BHIOM
HOKpBITHSA (MCTOYHHKH muTaHust — TpaHcdopmaropsr ¢ U, = 80 u 135 B). ([aunsie
B.H. I'opnienioka).

Tlonynepuon: 7 — noJiokuTesNbHBIN, 2 — OTpPUIIATEIbHbII
100
U =19 90, (2.17)

3

a [UId OTPUIATEJbHOTO IMOJYIIEPNUO/Ja OHa UMEET BUJL

U =2 4 10. (2.18)
13

CienoBaTesbHO, B IIOJIyIIEPUOJ TOKa, Korjga kartoj, hopMupyercs
Ha BaHHe, IIOJBOANMAsI MOITHOCTb, HeOOXOAWMAs /JSI BOCCTAHOBJIE-
HHUS JIYTOBOTO Pa3psifia, CYMIECTBEHHO OoJible OJaroapst OTHOBpeE-
MeHHOMY yBesuuenuio U, u I,.

B To ke BpeMs TOUKM, Olpejle/ieHHbIe [JI PAa3HbIX IOJYIEepPUO-
108 Toka (B OHOM M TOM K€ 9KCIEpHMEHTe), KaK MPaBHJO, pas-
MEIaloTCsl Ha NPsIMOM, cTpeMslleiicss K Hadany KoopauHaT (Ha
puc. 2.14 Takme npsMbIe TTOKasaHbl TOHKMMHU JuHEsSMHU). Kora-
TeHC yIJIa HaKJOHA 3TUX IIPSIMBIX TIPEJCTaBJsSeT co60il TpoBOAU-
MOCTb MEK3JIEKTPO/IHOTO ITPOMEXKYTKa B MOMEHT IIOBTOPHOTO 3aKH-
ranug ayru. EcTecTBeHHO, U [ NMPSIMOTO, W Ui 06PATHOrO MOJIy-
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TMepuoJ0oB TOKA JAHHBIM TOKa3aTeJab OJWHAKOB. Bemuuuna B, ams
Pa3HBIX MOJYHNEPHO/0B Pa3jNyHa, MOCKOJbKY OJIHA U Ta 3Ke Ipo-
BOAMMOCTD JIOCTHTaeTcsl ObICTpee B TOM cJiyuae, KOTJa KaToJOM
CJIYKUT 3JIEKTPOJ, a HE BaHHA.

AcummeTpus mokasaressi B, B MOJyTepHo/bl Pa3HO# TOJSPHOC-
TH TMOATBEpPKAaeT, 4To (hOPMUPOBAHNE KAaTOJa HA BaHHE JHEPTETH-
yecku GoJjiee 3aTPy/HEHO, 4eM Ha 3JEeKTpoje. ITO, BHIUMO, CBI3a-
HO C MeHblIeil cpenHeil TeMmIepaTypoil MeTaJijla CBapO4YHOI BaHHBI
1 GOJIbIIIEN CKOPOCTBIO OXJIAXKJEHUS AKTUBHBIX TSTEH B Pe3yJbTa-
Te TemIooTBoga B muazesne [20].

2.3.2. BIMAHHUE CBAPOYHOTIO TOKA

Puc. 2.15 masmoctpupyer BJAMSIHUE CBApOYHOTO TOKAa HA IOKa3a-
Tesib B,. CBapKa BBINOJHSAJIACH 3JIEKTPOJIAMU JIMAMETPOM 4 MM C
OCHOBHBIM BHJIOM TIOKDBITHS C IIUTaHWEM OT TpaHcdopMaTopa
CTII-500-80 (U, = 80 B). 3uauenue B, Bo3pacTaer IIPOMNOPIMO-
HaJIbHO CBApPOYHOMY TOKY IpU 06enx TMOJSIpHOCTAX. OHO W B 3TOM
cJydae MeHbIe mpu (POPMUPOBAHUHN KaTO/la HA BaHHE.

C yBesMyeHNEM CBAapOYHOTO TOKA BO3PACTAIOT TeMIlepaTypa M
Macca PAacIIaBJIeHHOTO METaJlIa, YTO IIOBBIIIAET TEIJOBYI0 HHEp-
IIUOHHOCTb 3JIEKTPOZOB U DHEPTHIO TeJ, BXOJSINIMX B MEXKIJIEKT-
POIHDBIN MpOMeKyTOK. lloBbImatomasics B CBSI3W C 3THM IIOCTOSH-

B,;, Oml.c!

300 -

200

100 -
Puc. 2.15. BimsiHue cBapoYHOrO TOKA
Ha NOKAa3aTesb CTAGMIBHOCTH TOPEHNS
ayru (auamerp ajeKkrpoaa 4 MMm).

0 L 1 L L [Toxynepuoa: / — MOJOKUTEJIbHDBIH,

110 140 170 1

B * A 2 — oTpuIlaTeJbHBIIH
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Hada BpeMeHUn AyTn CHOCOéCTByeT CHUKEHUIO COIIPOTUBJIEHUA MEK-
5JIEKTPOJIHOTO HPOMEKYTKa M OOJIEryaer IIOBTOPHOE 3akKMraHue
JTyTH.

TakuM 06pa3oM, U3 M3JI0KEHHOIO BbINIE CJIEAYET, YTO ITIOKa3a-
Teab CcTaGUIbHOCTH B aBidgercs (yHKIMEH peknMa CBapKu H
cocraBa mtaka (IOKpbITHA). B ¢BSA3M ¢ TeM, 4YTO 3aBUCHMOCTH
CTaéI/IJIbHOCTI/I ropeHua Ayrn oT yKaSaHHbIX Cl)aKTOpOB ABJIAETCA
CJIO’KHON, ONTUMAJIbHBIN BapUAaHT COCTaBA 3JIEKTPOHOTO MOKPBITHS
(1mmaka) A0/KeH BbIOGUPATHCS C y4YETOM BBISIBJEHHBIX OCHOBHBIX
3aKOHOMEPHOCTEIA.










OIJIABJIEHUE

BBEIEHME ...ttt

I'naBa 1. OnepaTuBHbIe CBOICTBA CBAPOYHBIX 3JEKTPOAOB U METO/bI HX MCCJIe-
100051 17 P

1.1. B3auMOCBsI3b OIEPATUBHBIX CBOWCTB 3JIEKTPOJOB C KayeCTBOM CBAapPHBIX
[IBOB METAJIOKOHCTPYKIIMH M HUX CJIYKEOHBIMH XapPaKTEPUCTUKAMMU ............

1.2. Oco6eHHOCTH I1I€PEHOCA 3JIEKTPOAHOTO METAJIA «..uvenreenneeeeeanneanneen.
1.2.1. Cunpl, gelicTByIONE HA ITEKTPOAHYIO KATLIIIO ....nuuueeenneneeennnnnne..
1.2.2. Oco6GeHHocTH TlepeHoca MeTajljla [P CBapKe 3JEKTPOJaMU C TI0-
KPBITUSMI OCHOBHOTO BHJIA. . .« .ttt ette ettt et et ettt et et e nieeaeeanees

1.3. CrabuibHOCTD TOPEHUs! [IyTH TP CBApKe 3JEKTPOJAMU C MOKPBITHSIMU
0162 o)1z o) o <3 1t

1.4. Metoap!l mcciaeoBaHMsS W KPUTEPUU OIEHKH IepeHoca 3JIEKTPOHOTO
MeTaJlJIa M CTAOMIIBHOCTH TOPEHUS JIYTH. ..ttt et et et e aiee et aineaneanns
1.4.1. MeToabl MCCTEOBAHUS MEPEHOCA METATIIA . .uuveeennneeeennneeeannnnann.
1.4.2. Kpurepnu oleHKN TepeHoca 3JeKTPOJHOTO METAJIA............
1.4.3. MeToapl WCCIEAOBAHMS W KPUTEPUHU OIEHKU CTAOUIBHOCTH roOpe-

TiaBa 2. MerouKa HcCeI0BaHUSI IEPEHOCA DJIEKTPOAHOTO MeTAlIa ¥ CTaGHIIb-
HOCTH TOpEHHMsI AYTH C IOMOIIbI0 HH(POPMAIMOHHO-U3MEPHTEIBHON CHCTEMbI
AHII-L

2.1. Meroinka UCCIEIOBAHUS U KPUTEPUH OIEHKHM IIEPEHOCA 3JEKTPOIHOTO
Pl T s PSSP

2.2. BsanMocBA3b MeXy AJUTENbHOCTBIO KOPOTKUX 3aMbIKaHUI M XapaKTe-
POM TIEPEHOCA 3JIEKTPOJHOTO METAJIIIA ... .uunteentt ettt aeeaeaeananeaannns

2.3. Merosuka uCCaEOBAHUS CTAOMJIBHOCTH TOPEHUSl JyrH IIepeMEeHHOTO
TOKQ « e ettt ettt ettt e et e e e et
2.3.1. BiustHUE COCTABA TOKPBITHST «..vtntt ettt ettt et et et e nieenieeanaen
2.3.2. Bimsinue cBapoYHOTO TOKa

CIIHCOK  JTHTEPATYPBL. .. eette ettt ettt ettt et et et et et et e e e eaee

10
1

21

78

78

83

102
106
110

112










CIINCOR JIMTEPATY PbI

1. Anxaycxac B.FO., Hapywxesuwioc H.P. KoiuuecTBeHHast — OLeH-
Ka CTaGUJIbHOCTH TOBTOPHOTO BO30OYKIeHHS CBapouyHoil mayru,/ /AB-
ToMaTmueckas cBapka. — 1974. — Ne 8. — C. 9—10.

2. bBac T. [eiictBue ¢pTopucToro Kajbliug Ha nuiaku,/ / dusnyeckas Xu-
mus crageBapenus. — M.: Hayka, 1960. — C. 20—65.

3. baxenoe B.B., Oeuunnuxos B.A. Dusnmdeckue yCJIOBUA 3alIUATHI
[JIABAIIETOCS MeTasjla IPU  JIyTOBOH CBapKe IOKPBITBIMU  3JIEKTPO/a-
mu/ / CBapounbie Mmatepuasibl. — Kues: UIC, 1972. — C. 37—49.

4. Beneuxuii U.I', Kumvouwes I'.C. OCHOBBI TeOpPUH BepOATHOCTEH u
MmaTteMaTudyeckoil craructuku. — M.: Crarucruka, 1968. — 360 c.

5. TI'eopeues M.H. BsI3KOCTb MaJIOYTIJIEPOAUCTBIX crasieil. — M.: Meras-
ayprus, 1973. — 224 c.

6. I'opnentox B.H., Ilonomapee B.E. O cBsi3u MexxJy U3MEHEHHEM 3Jle-
KTPHYECKNX TapaMeTpoB U gedexroobpazoBanneM B cBapHoM IuBe/ Tes.
JokJ. Beecotosnoil koHepeHIny M0 CBapOYHbIM MatepuasaM, Hepernoselr,
okTsI6pb 1983 1. — Kues: UDC, 1983. — C. 82-84.

7. I'puensx M. CpapuBaemoctb crtasieii. — M.: MammHocrpoenue, 1984. —
215 c.

8. I'pyodsunckuii b.B., Cmenanos I'.A., Auxoe A.Il. Biusuue Herposa-
pa Ha TpovHOCTh cBapHbIX coeaunenwii cramm X18H10T npm kpuorenHoii
temmeparype,/ / CBapounoe 1pousBozcTBo. — 1973. — Ne 12. — C. 31-33.

9. dobpeyos JI.H., T'omowonoéa M.B. IMUCCHOHHAS DJEKTPOHHUKA. —
M.: Hayka, 1966. — 564 c.

10. Aposdos A.1l., Ilax K., Py6yos H.H. BiusiHue MarHUTHBIX MOJ€H
Ha KAyecTBO CBAPHBIX COEAMHEHMN KOHCTPYKIMH W3 HU3KOJETMPOBAHHBIX
craJeii / / CBapouynoe mpousBoctBo. — 1977. — Ne 10. — C. 16—18.

11. [amnoe B.H. DneMeHTBl TeOpUH TIEpEHOCA JJEKTPOIHOTO MeTaJljaa
[P 3JIEKTPOAYTroBoii cBapke,/ /HoBble mpo6seMbl CBApDOYHOH TEXHUKH. —
Kues: Texnuxka, 1964. — C. 167—182.

12. Epoxun A.A. OcHOBbI cBapKu IIasjienueM. — M.: Mammunocrpoenue,
1973. — 448 c.

13. 3apy6a HU.U., [Joimenxo B.B. Bimsinue KalejbHOro IepeHoca Me-
TajJla Ha YCTOWYMBOCTb CBAPOYHOI [yTH TIepPEMEHHOro TOKa,/ / ABTOMATH-
yeckas ceapka. — 1983. — Ne 12. — C. 14-20.

14. 3axapos B.Il. Bausanue atMocdepbl JyTu ¥ BEIIECTBA 3JIEKTPO/IOB
Ha yCTOHYMBOCTb TOPEHUs AyTH,/ /ABTOMarmdeckas cBapka. — 1961. —Ne 1. —
C. 14-16.

15. Hmupo K., Kadsymaca H., Katinopu M. Csapka cram ¢ 3,5 % Ni
mos (JIIOCOM, UCIOJNb3YyeMON TP HHU3KUX TeMieparypax / / TexHosorus

capku. — 1977. — Ne 11. — C. 77-82.

112





16. Kupodo H.B. O busnyeckux Mpoleccax Mpu TTOBTOPHOM 3aXKUTaHUU
JIyTH TIEpeMEHHOTO ToKa,/ /ABTOMarmueckas cBapka. — 1956. — Ne 3. —
C. 1-16.

17. Kopsixxun B.B., Jlyeun B.1l., Hecmepos H.B. OleHka IIPUTOIHO-
CTH WCTOYHUKOB THTAHWS [JI1 PYYHOH CBAapKdM IepeMeHHBIM  TO-
koM / / CBapounoe npousBojcTBo. — 1978. — Ne 3. — C. 53-55.

18. Kysmax E.M. Bonipochl MIUXTOBAHMS 3JIEKTPOJIHBIX MMOKPBITHIT / / AB-
TorenHoe seno. — 1938. — Ne 12. — C. 6-9.

19. Kywastiko P. Metoj| o1leHKH CTaGUJILHOCTH CBapOYHOTO TIpoliecca. —
C6. COB “Undopmanuonnsie marepuanpi’. — Kues: UIC, 1977. -
Bpm. 2. — C. 183—185.

20. Jlecxos I'. 1. dnexrpuueckast cBapouyHas ayra. — M.: MammnocTpoe-
uue, 1970. — 335 c.

21. Masenv A.I'. Texnonorndeckue CBONCTBA 2JIEKTPOCBAPOTHON AYyTH. —
M.: Mammunoctpoenue, 1969. — 178 c.

22. ITamon B.E. O6 olleHke CTaGMIM3UPYIONINX CBOMCTB (DJIIOCOB st
AaBTOMATUYECKOIl cBapku/ /ABromartmueckasi cBapka. — 1950. — Ne 2. —
C. 85-89.

23. IIamon B.E. O pa3Mepe 3JIEKTPOJHBIX KalleJb IIPpU CBapKe 1oj (uio-
com/ / ABToMatnueckast cBapka. — 1950. — Ne 4. — C. 45—48.

24. I[lamon B.E., Illeiixo I1.1II. YnupaBieHnue IepeHOCOM MeTajIa IPH
JIyTOBOWl CBapKe ILJIABSIIUMCS 3JEKTPOAOM,/ /ABTOMAaTHYECKasT CBapKa. —
1965. — Ne 5. — C. 1-7.

25. Heuennuxos B.H., Kpowxun B.A., Pybenuux FO.H. Hobie asex-
TPOJIBI JIJIsSI CBAPKM XJIAJIOCTONKON HU3KOJIETHPOBAHHON crtasm,/ /CBapouHoe
npomsBozacTBo. — 1979. — Ne 10. — C. 38—39.

26. Ilonomapes B.E. Metoayka OLEHKH IPUTOJHOCTH 3JEKTPOJOB IS
cBapKu mepeMenubiM TOKoM,/ /Te3. moki. Bcecoiosnoii koudepeHnuu Imo
cBapouyHbIM MaTtepuasam, Yepernonell, oktsa6pb 1983 r. — Kues: M3C, 1983.
- C. 9-10.

27. Honeav C.H. MexdaszHoe HaTsKEHUE Kese3a M ero pacljiaBoB Ha
TPaHUIIE C OKCH/IHBIME cHcTeMaMil,/ Teoplsl MeTa/uTypruieckux IIPOIECCOB
(C6. YIIN um. C.M. Kuposa). — M., 1963. — C. 44—50.

28. Ilonoé B.®d. BimusHue MUKpPOM06ABOK Ha CBOWCTBA 3JIEKTPOHOMN
TIPOBOJIOKNU U IIBA IIPU CBapKe OTKPBITON ayroii,/ [Ipon3BofcTBO CBAapHBIX U
6ecioBHbIX TPY6. — M.: Metamayprus. — 1969. — Boin. X.

29. IToxoons H.K. Taspl B cBapubix ImBax. — M.: MaimmnocTpoenue,
1972. — 255 c.

30. Hoxoonss H.K., T'opneniox B.H., Muauuenxo C.C. u ap. Meran-
sqyprus ayrosoii cBapku. — Kues: HaykoBa gymka, 1990. — 224 c.

31. Hoxoons H.K., Asdowun H.P., Kapmawnos B.H., Boimxke-
6uy B.I'. MexaHusm cIelJieHHs 1JIAKOBONH KOPKH C MOBEPXHOCTHIO 1iBa,/ /
ABToMarnyeckast ceapka. — 1974. — Ne 5. — C. 5-9.

32. Hoxoous U.K., Ogenzenden P.I., I'opnenwx B.H. un ap. Undop-
MAIlMOHHO-U3MEPUTE/IbHAS CUCTEMA /U1 WCCJEOBAHUS TEXHOJOTMYECKUX
MIPOIECCOB, CBAPOYHBIX MATEPHUAJIOB, OOOPYAOBAHUS WU TIPOIECCOB CBap-
ku,/ / ABromatnueckast cBapka. — 1979. — Ne 10. — C. 67-68.

33. Iloxoouss H.K., Cmapody6ues JI.B., Illéauxo B.H. u ap. Imuc-

113





CHSI TIOJIOXKMTENBHBIX MOHOB CBAPOYHBIMHU IIJIAKAMU U €e BJMSHUE HA CTa-
OUJILHOCTD [IyTH TIEpEMEHHOTO ToKa,/ / ABTOMarmueckast cBapka. — 1980. —
Ne 4. — C. 24-27.

34. IIpuoanyes M.B. Biusuue npuMeceil 1 peIKO3eMeJNbHBIX 3J€MEHTOB
Ha cBoiicTBa cmaBoB. — M.: Metamryprus, 1962. — 208 c.

35. Illpsdunoe B.B. BimsiHue TuTaHa Ha CBOICTBA YIJIEPOAMCTOIl CTa-
au/ /Cramp, 1953. — Ne 10. — C. 926-930.

36. Texnonozus dNEeKTPUIECKON CBAPKU METAJJIOB U CILJIABOB ILJTABJIEHH-
em; [Tox pen. akaza. Ilatona B.E. — M.: Mammnocrpoenue, 1974. — 767 c.

37. Tpouuxuii B.A. Bimguue MHAYKTUBHOCTH Ha (OopMy KpHBOIi Iiepe-
MEHHOTO TOKa CBapo4yHOil myru,/ /ABromMatuueckasi cBapka. — 1974. —
C. 8-11.

38. @ponos B.B. Du3nKo-XxUMUYECKHUE ITIPOLECCH B CBAPOYHOW Jyre. —
M.: Mamrus, 1954. — C. 14-30.

39. @pymun H.H. llpepynpesxienue 1op Npu CBapke U HalJIaBKe MOJ
(procom / / ABTomMarnueckasa csapka. — 1956. — Ne 6. — C. 1-30.

40. Xpenos K.K. Ojnexrtpmueckas cBapouHas nyra. — M.: Mamrus,
1949. — 204 c.

4. Hlappanckuu J.I., Abpawun A.B. [[eMOHU3UPYIOIIEE BIIUSHUE
IIJIABIKOBOTO INTAaTa HPH CBapKe 3JEKTPOJaMH C IOKPBITHEM (HTOPHUCTO-
KaJspimeBoro Tuma,/ /CBapouynoe tmpousBojactBo. — 1974, — Ne 12, —
C. 12-13.

42. Hlagpancxui JI.I. OueHka yCcTONYMBOCTU TOPEHUSI AYTU TI€pPEMEH-
Horo tToxka,/ / ABromaruveckast ceapka. — 1972, — Ne 4. — C. 18—19.

43. Illeavease M. MaremaTnueckasi MOJENb TIEPEXOJHBIX IIPOLECCOB B
CBApOYHOI JIyre U ee ucciefoBanue,/ /ABromatnyeckas cBapka. — 1971. —
Ne 7. - C. 13-16.

44. Illenveaze M. CpaBHeHre CBapOYHBIX CBOWCTB MCTOYHWKOB MUTAHUS
M0 CyObeKTUBHBIM ¥ OOBEKTHBHBIM MeTOJaM OIeHKH IpH CBapke B
CO,/C6. COB “Undopmannonnsie marepuannt”. — Kues: U9C. — 1976. —
Bom. 2. — C. 46—49.

45. Illymaxos B.H., Pasuxoe H.M. Metoanka UCKYyCCTBEHHOTO BbI/le-
JICHUS  KamleJb 3JEKTPOJHOrO MeTala TIpu  JAYroBoil  cBapke,/ /As-
ToMaTnyeckas capka. — 1979. — Ne 12. — C. 63.

46. Axob6awsuru C.B. TloBepXHOCTHBIE CBOWCTBA CBAPOUYHBIX (HJIIOCOB 1
ntakos. — Kues: Texnuka, 1970.

47. Bedrin C., Theolier M. Influence des caracteristiques electriques
des generateurs sur les conditions de Soudage / /Soudage et techniques. —
1972. = N 7-8. — P. 192-198.

48. Eggers H. Anwendung eines Computers bei der Entwicklung von
Schweisszusatzwerkstoff / /Schw. u. Schn. — 1973. = N 8. — S. 298-300.

49. Eggers H. Einfluss der dynamischen Kennlinie von Schweissgleich-
stromquellen auf das Schweissverhalten umbhiillter Stabelektroden,//
Schw. u. Schn. — 1974. = N 6. — S. 205-209.

50. Erdmann-Jesnitzer F. Beitrag zu physikalischen Jesetzmas-
sigkeit bei Elektronschweissverfahren und Nutzung magnetischer
Felder / /Schweisstechnik (DDR). — 1967. — N 5. — S. 53-56. N 6. —
S. 66—69.

114





51. Erdmann-Jesnitzer F., Feustel E., Rehfeldt D. Akustieche Unter-
suchungen am Schweisslichtbogen / /Schw. u. Schn. — 1967. — N 3. —
S. 95-100.

52. Erdmann-Jesnitzer F., Feustel E., Rehfeldt D. Impulszahlgerat
zur Tropfenanalyse beim Lichtbogenschweissen,//Schw. u. Schn. -
1966. — N 5. — S. 226—229.

53. Erdmann-Jesnitzer F., Pysz G. Entstehungsort, Zeit und Ursache
von Schweissspritzen beim Lichtbogenschweissen,//Schw. u. Schn. —
1969.—-N 8. —S. 303-331.

54. Erdmann-Jesnitzer F., Rehfeldt D., Kroker H. Ursachen unter-
schiedlicher =~ Abschmeizcharakteristik ~ umbhiillter Stabelktroden / /
Schweisstechnik (DDR). — 1972. — N 8. — S. 169-175.

35. Erdmann-Jesnitzer F., Rehfeldt D. Messmetodik und Messtechnik
zum Werkstoffubergang bei elektrischen Schmeizschweissverfahren. — Teil
I: Der Analysator Hannover, ein Digitalrechner zur Analyse des Werk-
stofiuberganges / /Schw. u. Schn. — 1968. — N 4. — S. 163—168.

56. Erdmann-Jesnitzer F., Rehfeldt D. Precedes et appareils d'analyse
electronique en vue du controll et du reglage des parameters en sondage
arc/ /Sondage et Techniques connexes. — 1970. — N 5-6. — P. 181-193.

57. Erdmann-Jesnitzer F., Weinschenk H.-E. Beitrag zur Veranderung
des Abschmeizcharakters von ummaltenten Elektroden durch den
elektronischen Anschlusskreis,/ /Schw. u. Schn. — 1959. — N 12. -
S. 449-454.

58. Essers W., Tichelaar G., Gelmorini G. The transfer of metal from
coated electrodes,/ /Metall Constraction and British Welding Journal. —
1971. = N 4. — P. 151-154.

59. Evans G.M. Effect ofmenganese on the microstructure and proper-
ties ofaall-weld- metal Deposits,/ /Welding Journal. — 1980. — N 3. —
P. 67-75.

60. Evans G.M. Einfluss der Streckenergie auf Mikrogefuge und
Eigenschaften von C-und Mn-haltigen reinen Schweissgutem / /Oerlikon-
Schweissmitt. — 1980. — N 92. — S. 20-35.

61. Fvans G.M. Einfluss der Schweissposition auf Mikrogefuge und
Eigenschaften von C-und Mn-haltigen reinen Schweissgutem //Oerlikon-
Schweissmitt. — 1980. — N 94. — S. 4-18.

62. Fvans G.M. Einfluss der Zwischenlagentemperatur auf Mikroge-
fuge und Eigenschaften von C-und Mn-haltigen reinen Schweiss-
gutem / / Oerlikon-Schweissmitt. — 1979. — N 87. — S. 7-31.

63. Evans G.M. Einfluss von Mangan auf Mikrogefuge und Eigen-
schaften von reinen Schweissgut/ /Oerlikon-Schweissmitt. — 1978. —
N 82. — S. 4-19.

64. Grafen H., Gerischer K. Erfahrunger mit hochfesten Feinkombaus-
tahlen im normalgegliihten Zustand aus der Sicht der Apparate and
Druckbehaltertreiber / /Schw. u. Schn. — 1981. — N 5. — S. 207-210.

65. John R., Kemp P.,Welland W. Welding structural and pressure
vassel steels for low temperature applications,/ /Metal Construction. —
1976. — N 11. — P. 488-492.

115





66. Keen B.J., Mills K.C., Bryant J.W. Effect of interaction between
surfase active elements on the surfase tension ofiron/ /Can. Met. Quart. —
1982. — N 4. — P. 393-403.

67. Killing R., Thier H. Uber den Ablauf der metallurgischen reak-
tionen bein Lichtbogenschweissen,/ /Der Praktiker. — 1981. — N 6. —
S. 134-135.

68. Kohler E., Martin E. Registriergerat fur Materialubergange bei
der elektrischen Lichtbogenschweissung,/ /Schwesstechnik (DDR). -
1957. = N 3. — S. 535-542.

69. Krohn H., Gurk E. MBL-Schweissen von austenitischen Cr-Ni-
Rohren / /ZIS-Mitt. — 1974. = N 6. — S. 776-782.

70. Master R.C., Martin D.C., Leatherman A. Analising metal traufer
im arc Welding / /The Welding Journal. — 1949. — N 12. — P. 575-583.

71. Migel R., Rugo V. Hydrogen as alloy element,/ /Schw. u. Schn. —
1973. = N 7. — S. 250—-252.

72. Moser H. Uber Untersuchungen der Werkstoffuberganges im
Schwesslichtbogen / /Schw. u. Schn. — 1966. — N 11. — S. 559-560.

73. Rehfeldt D., Evdmann-Jesnitzer F. Untersuchungen zum Materi-
alubergang beim Metall Schutzgasschweissen. Teil I. Das Schweissen mid
Aluminium-Drahtelectrode unter Argon-Schutsgas,//Metall. — 1971. —
N 12. = S. 1367-1370.

74. Rehfeldt D. Untersuchungen zum Materialubergang beim
Metall-Schutzgasschweissen. Teill I. Prinzip und Einsatz des Analysator
Hannover / /Metall. — 1971. — N 4. — S. 369-374.

75. Renelt E. Kohlendioxid-Argon-Jasgenische zum Schutzgass
schweissen / / ZIS-Mitt. — 1966. — N 10. — S. 1395-1409.

76. Rossler K. Der Einfluss der Stromquellencharakteristik und der
Schweissparameter auf den Werkstoffbergang, die Spzitz — und Abbrand-
verluste bei der Wasserdampfschweissung / /ZIS-Mitt. — 1966. — N 2. —
S. 1856—1864.

77. Salagean T., Boama C. Asurvey ofresserch on the dynamic beha-
vior of Weldinctransformers,/ /Welding in the World. — 1970. — N 3. —
P. 155-167.

78. Schreiber M.H. Aufbau und Wirkungsweise von Schweiss-
stromquellen / /Der Praktiker. — 1972. — N 10. — S. 130—136.

79. Spahn C. Processrechner als Messmittel beim Litchtbogenschweis-
sen,/ / Schw. u. Schn. — 1979. — N 11. — S. 480.

80. Staudte H-J. Elektronisches Zahlgerat zur Tropfenanalyse
beim Litchtbogenschweissen / /ZIS-Mitt. — 1967. — N 1. — S. 46-53.

81. Stromberger C., Elbeck J. Vergleichsergebnise zwischen klassier-
enden Zahlen der Spannungeseinbriiche und Subjektiven Beobachten beim
Litchtbogenschweissen / /Schw. u. Schn. — 1968. = N 1. — S. 503-508.

82. Stromberger C., Elbeck J. Zahl -und Klassiergerat zum Regist-
rieren von Spannungseinbriichen beim elektrischen Litchtbogenschweis-
sen,/ /Werkst. u. Betr. — 1967. — N 10. — S. 785-789.

83. Stromberger C., Spahn C. Jebrauch des Computers bei der
Entwicklung von umhullten Stabelectroder //Werkst. u. Betr. — 1974. —
N 2. - S. 93-97.

116





84. Stromberger C. Untersuchungen an Elektrodenwerkstoffen fur
elektrische Litchtbogenschweissen,//Werkst. u. Betr. — 1962. — N 6. —
S. 325-326.

85. Ulrich L., Rolzin W., Schellhase M. 71S-994-ein Gerat zur Klassi-
fizierung de Litchtbogenbrennzeit,/ /ZIS-Mitt. — 1974. — N 12. -
S. 1400—-1404.

86. Weinschenk N.-E., Muller W. Messmetoden zur Untersuchung
des Werkstofiuberganges im  Schweisslichtbogen / /Schweisstechnik
(DDR). — 1968. — N 11. — S. 505-509.










BBEAEHUNE

TonnmmBHO-3HEpreTHYECKUl KoMILIeke 3amagHoin Cubupu sBisieTcs
O/THUM HM3 OCHOBHBIX (PAKTOPOB PAa3BUTHSI HAPOJIHOTO XO35UCTBA H
OKa3bIBaET pemiamliee BJAUSHUE HA TEMIIbl HAYYHO-TEXHUYECKOTO
nporpecca, WHTeHCH(UKAIMIO OOGIIECTBEHHOTO TPOM3BOJCTBA, IIO-
BBINIICHUE €T0 TEXHWKO-TEXHOJOTMYECKOTO YPOBHS, YJYUIIEHHE YC-
JIOBUH TPy/Zla, a TakyKe BO MHOTOM OIIPE/eJIIeT TEMITbl POCTa HaIlW-
OHAJIBHOTO JI0XO/Ia CTPAHDI.

OTBeTCTBEHHbIE METAJJIOKOHCTPYKIIUU He(Tera3oBbiX 0ODBEKTOB,
B YAaCTHOCTH, MAarucTPaJbHbie W ITPOMBICJOBBIC HedTe- M Tra3oInpo-
BOJIbI, TIPUMEHsSEMble [Jig JOObIYM W TPAHCIOPTUPOBKU HedTH U
raza, 3adacTyio paGoTaloT B 3KCTPEMAJBHBIX KJIUMATUYECKUX U
MIPUPOHO-TEOJOTUIECKUX YCJIOBUIX, KOHTAKTUPYS € KOPPO3UOHHO-
arpecCUBHBIMU  TMPOJAYKTAMW; WX Ppa3pyllieHue COMPOBOKAAETCS
KPYIHBIMU MAaTE€PUAJbHBIMU U 3KOJOrmYeckuMu mnorepsmu. Ilo-
CKOJIBKY OCHOBY TpPYOOIIPOBOIHOTO CTPOUTENBCTBA  COCTABJISIOT
CBAPOYHO-MOHTAKHbIE PAGOThI, B 3HAYMTEJBHOI CTENEHU OIpe/e-
JITIONINE HAJEKHOCTb COOPYIXKAEMBIX OODBEKTOB, TO B PeabHBIX
TPyOOIIPOBOIHBIX KOHCTPYKIUSAX TIOSIBJIEHNE TPEIuHbl HauboJsee
4acTo 0OYCJIOBJIEHO HAJUYMEM CBAapHbIX coenunenwuii. [lostomy K
Ka4ecTBY CBapKHU TIPU CTPOUTEJNBCTBE TAKUX OOBEKTOB MPEIbSIBJIS-
I0TCSI OYEHb BBICOKHE TPeOOBAHUS.

Kpome Toro, B 3HAUMTENbHOI Mepe CPOK CJayKObl TPyOGOIPOBO-
JIOB, 3KCILJIyaTHPYEMbIX B KOPPO3MOHHO-aKTUBHBLIX 30HAaX HedTera-
30BbIX MECTOPOK/AEHUH, omnpe/esseTcss KOPPO3MOHHOW CTONHKOCTBIO
CBAapHBIX IMBOB M coeiwHenuii. Takue nedekTvl, Kak HEIPOBAPHI,
MO/IPEe3bl, IMIJIAKOBbIE U HEMETAJJINYECKHE BKJIIOYEHUS M IMyCTOTHI B
CBApHOM TIBe OOYCJIOBJUBAIOT 3apOXKJCHUE MHUKPOTPENUH W WX
WHTEHCUBHOE PA3BUTHE BIIOTH /10 Pa3pyIlleHUs, YTO B KOHEYHOM
UTOTEe TPUBOJIUT K aBAPUUHBIM yTEUYKaM MPOJYKTA.

OCHOBHBIM CIIOCOG0OM CBApPKKH HEMOBOPOTHBIX CTBHIKOB TPyGOIpO-
BOJIOB TIPW COEJAWHEHWHM CEKIMM WJIM OTAEJTbHBIX TPyO B Helpe-
PBIBHYIO HHUTKY, a Tak)Ke IPU IPOBEJEHUN PEMOHTHBIX paboT Ha
TPyOOIPOBO/IaX, Ta3rojbiepax, HedTeXpaHUJUIAX U JAPYTUX 00b-
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eKTaX B HACTOSIIEEe BPEMS OCTAeTCS PydYHAs JyroBasi cBapKa II0-
KPBITBIMH 3JIeKTpoiaMu. Bosbimoil yaesbHbI BeC Py4YHOW IyTOBOH
CBapKU MLITYYHBIMU SJIEKTPOJAMU CPeAU [APYTUX CBAPOYHBIX IIPO-
11ecCcOB OODBSACHIETCS YHUBEPCAJILHOCTHIO, MAHEBPEHHOCTHIO, MPO-
CTOTOW OGOPYIOBAaHUS, BO3MOXKHOCTBIO CBApPKHM B TPYAHOMOCTYITHBIX
MecTaX B yCJOBUSX MOHTaXKa. B TO ’Xe BpeMsl KayecTBO CBAapHBIX
ITBOB TIPW WCIOJb30BAHWN HamboJiee PaCIpPOCTPAHEHHBIX MapoK
MOKPBITBIX 3JEKTPOJOB 3a4aCTyi0 Y:Ke He YIOBJIETBOPSET TPEIbsB-
JISeMBIM K HUM BCe BO3pacTaioluM TpeboBaHusAM. Kak mokasbiBaer
MpaKTUKa, KAuyecTBO CBAPHBIX COEJIWHEHWI BO MHOTOM 3aBHUCHUT OT
OTIEPATUBHBIX CBOWCTB 3JEKTPOJOB, MO/l KOTOPLIMU TOPAa3yMeBaIOT
XapakTep TMepeHOca PpaclJIaBJEHHOTO MeTajajga W CTaGUIbHOCTD
ropeHus Ayru. ITo — HamboJiee BasKHBIE TOKA3aTeJ! CBAPOYHO-
TEXHOJIOTHYECKUX CBOMCTB 3JEKTPOJOB, OCOOEHHO C TMOKPLITHEM
OCHOBHOTO BHa. Tak, HanmpuMmep, KPYIHOKAIeEJbHBII MEepeHoc 3a-
TPYAHSET CBApKy B BEPTHKAJBHOM W TOTOJOYHOM MOJOKEHUSIX,
CTOCOOCTBYET “NpUMep3aHuio” 3JEKTPoAa K M3/EJUI0, YTO COMPO-
BOXKJaeTcsl oOpaszoBanmeM naedeKToB B MeTayue mBa. Omacasich
“mpuMep3aHus” 3JeKTPOJa, CBAPIINKN BBIHYXJAEHBI YAJWHATD AYTY,
YTO MPUBOJUT K TOSBJEHWIO TIOP B METaJLJe ITBA.

HecrabusbHoe TOpeHWe AyTW TPU CBapKe 3JEKTPOZAMHU C TIO-
KPBITHEM OCHOBHOTO BW/Ia HA MEPEMEHHOM TOKE MOJKET COMPOBOXK-
JaTbcst ee “oOpbIBaMn” U HEOOXOAMMOCTHIO BO30OHOBJISATH CBAPKY
IIOBTOPHO, 4YTO TIPUBOAUT K OépaSOBaHI/IIO TaK Ha3bIBa€MbIX
“cTapTOBBIX” TIOP, HEMPOM3BOJUTEJNbHBIM 3aTpaTaM pabouero Bpe-
MEHU.

Hwuskass cTabuJbHOCTD TOPEHUS JYTH 3aTPyAHSET WCIOJb30Ba-
HUE 3JIEKTPOIOB OCHOBHOTO BUJA JIJIST CBAPKU TEPEMEHHBIM TOKOM.

YKa3aHHbIE HEJOCTATKU CEePbe3HO OTPAHWYMBAIOT TPUMEHEHUE
3JIEKTPOJIOB € MOKPBITHEM OCHOBHOTO BHUJIA.

B cBg3u ¢ aTuM 6oJbIoe 3HaYeHue TTPUOOPETAIOT OCOOEHHOCTH
MJIaBJEHUS W TepPeHOca 3JIEKTPOJAHOTO METasia, TOCKOJbKY OHU
OTIPEIEJIAIOT TTPOJIOKUTENBHOCTD U YIEJbHYIO MOBEPXHOCTh B3au-
MOJIEICTBHSI MeTajljla ¢ OKPYysKakollell cpeoil B €ro aKTWBHBIN Tie-
puoja. /s W3ydeHus 3TUX IIPOIECCOB TPUMEHSIOTCS Pa3JuyHbIe
METOAbI M KpUTEpUU, OAHAKO CBEACHUA O HHUX, IIPUBEJACHHBIC B
MePUOMYECKON CHEINaJbHON JUTepaType, BeCbMa OTPBIBOYHBI, a
3a9aCTyi0 W MOPOTUBOPEYUBDI, YTO HABJIACTCA MTPENATCTBUEM [IJIA
6osee TIyOOKOTO TOHMMAHUS TEMJOMU3NUECKUX W KHHETUIECKHUX
MPOTIECCOB B CBAPOYHON Jyre W He BCEr/a TO3BOJSET Pa3paboTaThb
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HAyYHO OOGOCHOBAHHBIE PEKOMEHAAIMN 10 COBEPIICHCTBOBAHUIO
CBAPOYHO-TEXHOJOTMYECKIUX CBOUCTB MOKPBITHIX 3JeKTpoioB. Cie-
J0BaTE€/JIbHO, IIOBBIIICHUE 3(1)(1)6KTI/IBHOCTI/I CBapOYHO-MOHTAKHBIX
paboT W TEXHOJOTUYECKON HAAEKHOCTH TPYOOIMPOBOJOB SBJSETCS
aKTyaJbHON Mpo6JeMOli, 3HAaUeHWEe KOTOPOM BO3PACTaeT € YBEJH-
yeHmeM O0BEMOB CTPOUTEJNBCTBA OOBEKTOB B CBSI3U C OCBOEHHEM
HeTETa30BBIX MECTOPOKICHUI B CEBEPHBIX paiioHaxX J3amajaHon
Cu6upu. Ilpu ocBoeHUM 3TOTO PETMOHA BO3HUKJIN HOBBIC TCOPETH-
yecKue W IpakTudeckue mpob6jeMbl B 00JIaCTH  CBApOYHO-
MOHTaKHBIX TEXHOJIOTHI, KOTOpbIe TPEOYIOT CBOETO PEIICHMUS.

B mnpennaraemoit paGore ciesaHa TONBITKA O60OIIUTH HMEIO-
IUicsT MaTtepuaJl 1Mo BOMPOCAM METOJIOB, allllapaTypbl U KPUTEPHUEB
OTIEHKU OTEPATUBHBIX CBOWCTB CBAPOYHBIX 3JTEKTPOJOB PA3THIHOTO
Ha3Ha4YCHUAg. HpI/I HAIMCAHUM KHUTU MCIIOJb30BAH MHOTOJIETHUN
OTIBIT ABTOPOB TI0 PAcCMaTpPUBAEMBIM BOMPOCaM, a TakyKe MaTepua-
JIbl HAYYHO-MCCJIEIOBATEIbCKUX OPTaHW3aluii, OmyOJMKOBAHHBIE B
CIICIINAJbHbIX U3JAHUAX.

ABTOpBI BbIpaykatoT OarofapHOCTh axageMuky HAH YxkpauHbi
N.K. Tloxogne, xanamparam TexHmdyeckux Hayk A.E. Mapuenko,
B.H. Toprienoky, B.E. IlonomapeBy, mpenojaBaTejssM W COTPYA-
HukaM HwukaeBapTOBCcKOTO (humana TIOMEHCKOTO TOCYIapCTBEHHO-
ro HedTera3oBOTO YHUBEPCHUTETA 3a TMOMOIIL, OKA3aHHYI0 B paboTe
HaJ KHUTOM.





