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BBEJIEHUE

[Ipy co3maHuM HOBEMIIMX U3ACIUN  ABHALMOHHOW, KOCMHYECKON U
AJICKTPOHHON TEXHUKH, B MPUOOPOCTPOEHUH, CTPOUTEIBCTBE HCTIONIB3YIOTCS CBAPHBIE
TOHKOCTEHHBIE  TPyO4aThle KOHCTPYKIMH, OOJMIIOBOYHBIE  KOMITO3UIIMOHHBIC
MOKPBITUA W COCAUHCHUS CTEPKHEBBIX JECTAlNEH ¢ KOPOyCHbIMHU. [IpuMeHeHHE
TPAJAUIMOHHBIX METOAOB CBAPKH, B TAKUX CIIy4asx, 4aCTO ObIBACT HE BO3MOXKHO WJIU
SKOHOMHYECKH HE 3pHEKTUBHO. Llenecoobpasno UCIOJIb30BAHNE
BBICOKONPOU3BOJUTEIBHBIX MUMIYJBCHBIX METOJ0B 00pabOTKM, B YacCTHOCTH
MarHuTHO-uMnyabCcHOM cBapku (MUC). Opnako, TpamunmonHoii MUC ¢ kockim
COYJAPEHUEM  MOJYYUTh  TOHKOCTEHHBbIC, OOJUIIOBOYHBIE M  CTECPKHEBBIC
KOHCTPYKLMH TaK K€ HE BO3MOKHO. Heo0X0a1MMO, MCNosb3ysl YHUKAJIBHBIE CBOMCTBA
MarHUTHO-UMIYJIbCHOM 00paOOTKH, COBMENIATh MMMYJIbCHYIO CBapKy B TBEPJOM
(haze ¢ PopMOBKOI, BAKYYMHO-TEPMUUYECKONH 00pabOTKOM M KOBOUHOM OCaIKOM.

B moHorpauu wm3noxeHsl (PU3HMYECKUE OCHOBBI M TEXHUYECKUE PEUICHUS,
UCIOJIb3YEMbIC TIPU CO3/TAHUM KOMOWHMPOBAHHBIX METOJ0B MarHUTHO-UMITYJILCHOM
CBapKH. JlaHHBIE MPOLECCH 3HAYUTEIIBHO PACIIMPSIOT BO3MOXKHOCTH MPUMECHEHUS B
TEXHOJIOTHYECKUX MEJISIX UMITYJIbCHBIX MATHUTHBIX TTOJICH.

BniepBoii T7aBe NPUBENCHO ONMCAHWE MMIYJIBCHBIX NPOLECCOB CBAPKU C
WCIOJIb30BAHUEM E€MKOCTHBIX HakonuTesed sHeprur. Oco0oe MeCTO Cpead HUX
3QHUMACT TPAJUIHAOHHAS MArHUTHO-UMITYJIbCHASA CBapKa, CXEMa KOTOPOM IMIMPOKO
ucnosib3oBanack B pazpadorkax KyAW um. Koponera, UDC um. [Tarona, UAD um.
Kypuarosa, HUMTOIIa u apyrux oprasu3anmsx.

JUts ~ W3roTOBJICHUS ~ OOJICTYCHHBIX  KOPIYCOB  3JIEKTPOCOCTUHUTENCH
CHENUAIUCTBl KOCMUYECKOTO IieHTpa wuM. XpyHuuea u JAI'TY paspaboranu
TEXHOJOTHMI0 M O0OpYJOBaHUE TMO3BOJISIIOIICE HKCIOJB30BaTh  OJHOBPEMEHHO
MArHATHOC JABJICHUE, KaK JJIS IITAMIIOBKH, TaK W Ui CBapkh. Bo BTOpOil riiase
M3JI0KEHBI PE3YJIBTATHI UCCIIEA0BAHUI COBMEIIEHHOTO MPOLIECCa U PEKOMEHIALUH 110
pa3pabOTKE MHCTPYMEHTA U OCHACTKHU.

B Tperpeli rmaBe NPHUBEACHBI  PE3YJBTATHI  AKCIIEPUMEHTAIBHBIX U
1



TEOPETUUYECKUX MWCCIICIOBAHUI MPOIIECCOB CBAapKM M NPECCOBAHUS B BaKyyMe
AMUCCUOHHBIX MOKPHITUN. OOJMIIOBOYHBIE COCAMHEHUS OCECUMMETPUUHBIX Y3JIOB
NOJY4YEeHbl paJuaibHBIM MarHUTHBIM JABJICHUEM C MPEIBAPUTENIbHBIM PA30rPEBOM B
KOHTpoJupyeMoit cpene. KoMOMHUpOBaHHAS BaKyyMHOTEpPMUYECKAs W MarHUTHO-
UMIYJIbCHAsE 00pa0oOTKa MO3BOJISET 3HAYMTEIBHO COKPATUTh LUK W3rOTOBJICHMUS
KOMTO3ULIMOHHBIX Y3JIOB U3JIEIUNA HIEKTPOHHON TEXHUKH.

UYerBepTass IJlaBa TMOCBALICHA TOMCKOBBIM  MCCJCIOBAHUAM  yIApHOM
KOH/ICHCATOPHOM CBAapKW C MAarHUTHO-UMIYJIbCHBIM TpuBOAOM. Paspsia Oatapeu
KOHJIEHCAaTOPOB 00ECMEYMBAET MPOMYCKAHWE TOKA M MMITYJbCHOE MEXaHMYECKOE
BO3/ICHCTBUE HA 30HY COCMHEHUS CTEPKHEBBIX JIETANIEH ¢ KOPMYCHBIMU. TEMmIoBOE U
CUJIOBOE BO3JICHCTBME CHHXPOHM3MPOBAHbI 3a CUET TOTO, YTO 30HA CBAPKU W
WUHAYKTOP MAarHUTHO-UMITYJIbCHOTO BO3JACHCTBHSA BKJIIOYEHBI MOCJEAOBATEILHO B
LIEMb pa3psiia EMKOCTHOTO HAKOMUTENS.

[locneansis TaBa TMOCBSIIEHA MPOEKTHBIM M3bICKAHUSAM, CBS3aHHBIM C
CO3/IaHMEM  TMPOMBIIICHHOTO  CIEUTEXHOJOTUYECKOTO  Pa3psIHO-UMITYJIbCHOTO
oOopynoBanus. U3mokKeH aJropuT™M BbIOOpa WM pacuéra mapameTpoB 0OpabOTKW,
NPUBEICHBI CXEMbl BBICOKOMPOU3BOAUTEIbHBIX MHOTOKAHAJIBHBIX M KapyCEIbHBIX

YCTPOICTB MATHUTHO-UMITYJIbCHOU 0OPa0OTKH.



I'maga 1. UMnyJibcHBbIE METOABI KOHACHCATOPHOI CBAPKH

OnHUM U3 CaMbIX PacCMpPOCTPAHEHHBIX MMIMYJIbCHBIX MPOLECCOB SIBJIAETCS
KOHJICHCATOpHAs cBapka [14].

bnarogapsa cneunduueckum 0COOEHHOCTAM paspsia KOHIECHCATOPOB, CBapKa
METAJUIOB C TIOMOLIBIO aKKyMYJIMPOBAHHOW B HUX DHEPrUM MMEET psif
SHEPreTHYECKUX M, YTO emé 0oJee BaXXKHO, TEXHOJOTHYECKUX JTOCTOUHCTB.
OCHOBHBIM ~ PHEPreTUYECKUM JIOCTOMHCTBOM SIBJISIETCS Majlas yCTaHOBOYHAs
MOIIIHOCTh CBAPOYHOTO OOOPYNOBaHMUS, TaK Kak BpPeMs paspsaa KOHIECHCATOPOB
3HAUUTEJIbHO MEHBIIE BPEMEHM WX 3apsAakd. MOIIHOCTh, BbIAEHsAEMAas MpH
UMITYyJIbCHOM Pa3psiJc BO MHOTO Pa3 0OJbIIE MOIIHOCTH, MOTPEOIAEMO U3 CETH.

TexHonornyeckne TOCTOMHCTBA KOHICHCATOPHOM CBApKU CBSI3aHbBI C BBICOKOW
TOYHOCTBIO JTO3MPOBAHUS YHEPTMM B KOHACHCATOPAX M C KPATKOBPEMEHHOCTBIO WX
pa3zpsana (B CpEIHEM OT HECKOJBKMX JecaThix aojed mno 10-20 mkc). Ilocmennee
JETKO TIO3BOJIIET COEAMHATH METAJUIbI, HMMCIOIIME Pa3HbIE TEMIOPHU3NUECKUE
CBOMCTBA, a TaKXKe CYUICCTBEHHO Pa3JIMYHBIC TOJNUIMHBI (MU JIAAMETPHI).
KonpaeHcaropnas cBapka 0jarogapsi TOYHOMY AO3MPOBAHUIO SHEPTHH, MPU MPOUYUX
PaBHBIX YCJIOBHSX, 00ECIEUNBACT CTAOUIBHOCTh KQUECTBA COCTUHEHHIA.

B Hacrosuiee BpeMsi MPUMEHSIOTCS HECKOJbKO MPUHIMIUAIBHO PA3JIMYHBIX
CHOCO00B KOHACHCATOPHOM CBAPKH: CBApPKa COMPOTUBICHUEM TPAHCHOPMUPYEMBIM
pa3psaaoM KOHICHCATOPOB; CBapKa COMPOTHBICHUEM HEMOCPEICTBEHHBIM Pa3psIoM
KOHJCHCATOPOB;, IyroBas KOHACHCATOPHAs CBapKa, MAarHUTHO-MUMIYJIbCHAs CBAapKa,

yaapHasi KOHJACHCAaTOpHas cBapka [1, 6, 14].

1.1. YaapHasi KOHAEHCATOPHAadA CBapKa

B mnpouecce ynapHoii konaeHcaTopHoil cBapku (YKC), B ogHuX ciayyasx
TEIJI0TA BBIICSETCS MPU MPOXO0KIECHUN CBAPOYHOIO TOKA YEPE3 KOHTAKT, B IPYTHX -
B Jyre, ropAiled NOpH pas3psac KOHACHCATOpPOB. Ha pa3HbIX CTaausx MOryT

HCIIOJIL30BATLCA Pa3JIMYHbIC BUABLI BBLIACICHHA TCILIA, 4, BAPbUPyA IIapaMCTpaMu



00pabOTKK, MOKHO MOJTy4aTh COCIMHEHUS B )KUAKON U TBEPAOH (haze.

OcHoBHOlMl oTnHuuTenbHOM ocoOeHHOCTRIO YKC sBasgerca Hanmmuue, HE
3aBUCUMO OT TOT'O ObLJI JIM TPEABAPUTEIBHBIN KOHTAKT WJIA UMEJICA UCXOHBIN 3a30p,
B3aMMHOTO MIEPEMEICHUS CBAPUBAEMBIX JETajcii. ITO MEPEMEIICHUE 00ECTIEUMBAET
ocaaky aeranei B KOHIEe nponecca. [Ipuniunuanenas cxema YKC npuBencna Ha

puc. 1 [6].

Puc. 1. [Ipunumnuansras cxema YKC.

Kongaencatop C, 3apsbkeHHBIA 10 BbIOpaHHOTrO HampsikeHus U, TOIKITIOYEH
4yepe3 MEPEMEHHOE compoTuBicHre R (nmpm npaBoM mnonoxkenun kmouda K) k
JeTajsM, OJIHA U3 KOTOPBIX | yKperieHa HEMOABUAKHO, a Apyras 2 nepeMeniacTcs co
CKOPOCTBIO V Mo NEHCTBUEM MPYXKUHBI 3 U3 TIOJOKEHUS, B KOTOPOM YAEPKUBAJIach
KaKuM-I1100 cnocoOOM, JI0 COyJAapeHHUsl C EPBOH AETAIBIO.

YKC wuMeer npeuMyliecTBa MEpPeA APYTHMH CIOCO0aMU KOHJEHCATOPHOM
CBapKH, 00yCTIOBJICHHBIE HAJTMYUEM TaKOTo crnenuuiecKoro
BBICOKOKOHIIEHTPUPOBAHHOTO MCTOYHMKA HArpeBa, KAk JAyra, ropsuias Mpu pa3psae
KOH/eHCAaTOpoB. K TakuM MpEeMMYIIECTBAM OTHOCSATCS: BO-MEPBBIX, MpaKTUYeCKas
HE3aBUCUMOCTh KAueCTBA CBAPHOTO COECAMHEHHMS OT COCTOSHUSI CBApUBAEMbBIX
NOBEPXHOCTEH, T. €. HAJIWMYUA WJIM OTCYTCTBUSL HA CTBIKYEMBIX MOBEPXHOCTSX

OKHUCHBIX INIEHOK, METAJUTMUYECCKHUX MM OKCHJIHBIX TOKOIIPOBOAAIINX HOKpBITHﬁ,



KUPOBBIX MJIEHOK W T. T. MPH YCIOBHM, €CJIA MX TonmmHa meHee 0,05 mm) u, BO-
BTOPBIX, BO3MOKHOCTh COCAMHCHUN MPH CBAPKE MPOBOJIOK IMAMETPOM A0 2-3 MM
BEChMa 3HAUMTENBHOTO YUCIIA COYECTAHUH PA3HOPOAHBIX METAJUIOB (ropa3ao 0oJibLIe,
YEM JIFOOBIM IPYTUM CITOCOOOM CBapKH).

[Tpoiecc YKC B o00memM cioydae MOXKHO Pa3ICiuTh HA TPU CTaauu:
BO30Yy)KIEHUE Myru;, €€ TOPEHUE, BO BPEMS KOTOPOrO0 NPOMCXOAUT HArpeB
CTBIKYEMBIX MOBEPXHOCTEH M MX OYMCTKA OT MJIEHKA OKCHIOB M aACOPOMPOBAHHBIX
ra3oB, U OCAJKA CBAPUBACMBIX JETAJICH, MPU KOTOPOW B 3aBUCUMOCTH OT YAEIBHOTO
YCWIMSL PACIJIABJIICHHBIM METAI MOJIHOCTBIO WM YaCTHYHO YJAISETCA W3 30HBI
cteika. Bo30Oyxnenue ayru npu YKC npoucxoaur B pe3yJibTate mpoOosi BO3AYIIHOTO
NPOMEXKYTKA.

[IpenBapuTENbHBIE PACYETHI M SKCIEPUMEHTHI MOKA3AJIH, YTO C YBEITMUCHHEM
HANpPSDKEHUST  3apsAOKA  KOHJAEHCATOPOB W YMEHBIICHHA WX EMKOCTH PE3KO
COKpAaIaeTcsl BpeMs paspsiaa KOHACHCATOPOB, CYIIECTBEHHO BO3PAcTa€T CKOPOCTH
BBOJA SHEPrUM B pa3psAaHbIA  (IyroBOi) NPOMEXKYTOK, YMEHBIIAETCA Macca
PacCIIaBIEHHOTO METalIa.

Manoe Bpems nporecca YKC (00bIYHO HE MPEBBILIAONICE 3-6 MKC) MO3BOJISET
YCHEMIHO COSAWHATHh PA3HOPOJHBIE METAIBI (CTalb - ATIOMHHUN, CTallb - JIATYHb,
cTaib - Bodb(pam). Beicokoe pasnenue napoB B ayre mnpu YKC co3paer
€CTECTBEHHYIO 3aIIUTY 30HBI CBApPKH OT BO3JACHCTBUS OKPYKAIOLICH arMOcQepsl,
Onarogapss 4eMy LBETHbIE METAUIbl M WX CIUIABBI MOTYT CBapWBaThCsA 0€3
NPUMCHEHHUS 3AIIUTHBIX Ta30B.

[II0THOCTh TOKA MPOTEKAIOIIEro uepe3 KOHTAKT, cocTasiser 10 °-10 © A/em?.
OTO MNPUBOAMT HA BTOPOM CTaaAMM NpoLEcCa K MPAKTUYECKM MOMEHTAIBHOMY
B3PBIBOOOPA3HOMY MCIMAPEHUIO KOHTAKTa. HarpeTeie 10 HECKOIBKUX THICSY IPayCcoB
MOJIEKYJIBI JIETKO HOHU3UPYIOTCA B 3JIEKTPUYECKOM I0JIE, HAMPSKEHHOCTh KOTOPOTO
B 3a30pe Mexay Actansamu npepbimaet 1000 B/cm. Bo30yxnaercs umnybcHas ayra.
Ota cTtaaus npouecca JMTCS 3-6 MKC, B TEUEHUE KOTOPBIX MPOUCXOIUT OTIABIICHHUE
CTBIKYEMBIX TOBEPXHOCTEH. J[yroBoil MPOMEKYTOK MPH B3PBIBE W TOPECHHHU

HMHy.]'IBCHOﬁ AyTrya 3aloJHACTCA IIapaMHu CBApUBACMOI0O MCTalllla, HaXOAAIIUMHUCA



IOJT BHICOKUM JAaBjcHHEM [15].

JlyroBas crtagusi paspsaa JUIMTCA 0 TeX MOp, MOKA TABJICHUE NApPOB HE
CHU3UTCSA 0 3HAYCHHUS, HECKOJILKO MEHBIIETO, YEM YCUITUE TIPYKHAHBI.

Ecmm  ycunme, nmepenaBacMo€ MPYXKMHOW — JETaNM, HE  MPEBBIIACT
ONPENEIICHHOr0 3HAYE€HWs, PACIUIaBICHHOW JYyrol MeTaul JIAb YaCTUYHO
BBITJIECKUBACTCS W3 CBAPOYHOW BAHHBI W COCAMHEHUE TMPOUCXOAUT 3a CUET
COBMECTHOM KpHUCTAUIM3allMA MeTajuia. [Ipu  yBEeJIMYCHWM MNaBJICHUS CBapKa
OUYMIIICHHBIX MTOBEPXHOCTEN OCYIIECTBISACTCA B TBEPAOM COCTOSIHUU.

OcoOblif MHTEPEC MPEACTABISAET BOMPOC OLECHKHU JIABJICHUS MapoB METallia B
uckporoM paspsne npu YKC. Hccnenosarenu [16] oOHapyKuu SKCIEPUMEHTAITLHO
M PACUETHBIM IyTEM TOPMOKEHUE MEXAHU3MA COYAAPECHUS CUJIaMU, BO3HUKAOUIMMHU
B UMNyJIbCHOM nayre. UMu MoOriam ObITh 3JICKTPOMArHUTHBIC CHWJIBI WA CHJIBI
ANEKTPUUECKOTO TMOJs, a TaKKE MEXaHUYECKHE BO3ACUCTBUS, OOYCIIOBJICHHBIC
VBCIIMUYCHUEM IUIOTHOCTH Tra3a B HCKPOBOM TMPOMEKYTKE TMPU UCHAPEHUU
cBapMBaeMEIX MaTepuaoB. [Ipu mioTHocTsX Toka 10°-10 ° A/cm® BRIAEIAIOMAsACS HA
AJIEKTPOJIaX BecbMa OOJIbIIAss HHEPrUsl HE YCIEBAET 3aMETHO PACCEAThCA W
nepenaéTcss 0O4eHb HEOONBIIOMY MO Pa3MEPY Y4aCTKy MOBEPXHOCTH METalIa, B
PE3YJBTATE 3TOTO OH B3PBIBOOOPA3HO Mcnapsercs. UcnapeHne MeTaia 3IeKTPOI0B
B OSTOT MEPUOA TMPOUCXOJUT B BUAE CTPYH WM (PaKeaoB, MUMEIOLIUX CKOPOCTh
WCTCUCHHS HECKOJIBKO THICSY METPOB B CEKYHIy. KaueCTBEHHBIN PacuéT MOKA3BIBACT,
YTO JaBJicHHEC B 00nacT KoHTakTta MoxkeT mgocturarb 100 MIla. Kak Osuio
YCTAHOBJICHO MHOTOYMCIIEHHBIMHA WCCIEAOBATENSIMA WCKPOBOTO paspsAna, CTPpyH
napa, wid (akesbl, pacmpoCTPAHSIIOTCS HOPMAJIbHO K MOBEPXHOCTH HJIEKTPOJOB W
MOTYT MEXAHWYECKHA BO3ICHCTBOBATH HA MPOTHUBOMOJIOKHBIM SJICKTPOJ, a TaK KE
CO3/1aTh PEAKTUBHOC JIABJICHUE HA TOBEPXHOCTh UcTapenus [17].

JIita onpeaeIICHUsT MPOUCXOKACHUS CUJI, CO3/IAaBIINX MOBBIIICHHOE /TABJICHUE B
JyTe, U MOPSAJKA BEIMYMHBI 3TOTO AaBjicHUd P. X0ibM ObLT MOCTABJICH SKCIEPUMEHT
C MAATHUKOBBIM MEXAHU3MOM.

OKCIIEPUMEHTHI MoKa3aju,  4YTO  yrod OTKJIOHEHUA  MAaATHUKA,

COOTBETCTBYIOLIUI CPEIHEMY YCHIIMIO, NEHCTBYIOLIEMY HA 3JIEKTPOJIbI, HE 3aBUCHUT



OT JWaMETPa MPOBOJOKU. DTO CBUACTEILCTBYET O CIa0OM BIMSHWUM HA JIABJICHHE
AJICKTPOMArHUTHBIX M AJICKTPOCTATUYECKUX CWJI, NPONOPLUUOHATIBHBIX TIOTHOCTH
TOKA.

[Ipn 00paboTKE MOJYYEHHBIX JAHHBIX BBISBICHA MPSAMO MPOMOPLMOHATBHAS
3aBMCUMOCTh MEXKIY CPEIHMMHU CHIAMH, ACHCTBYIONIMMHU HA SIEKTPOAbL, F, u

KBaJpara TOKa Ich (cM. puc. 2).

F . H Meow Cmane Antomunuii
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Puc. 2. 3aBUCHMOCTE CPEIHUX CHJI, JEACTBYIOIIMX Ha dIEKTPOARL, F, OT

KBaapara CpCaHCro 3Ha4CHUA CBAPOYHOI0 TOKAa Ich.

Takum o0pazom Obula J0Ka3aHa NpeoOiaaarolias posib MapoB CBAPUBACMBIX
METAJIJIOB B TMOBBIMICHUH AABJICHUS B UMIYJILCHOM pa3psje.

[TonyueHHbIE Pe3yabTaThl TO3BOJMIA TPEUIOKUTh PACUETHYIO (HOPMYITY IS
OIICHKM JIaBJICHUS, KOTOPHIC TOSBJISIOTCA B HWMITYJLCHOM JyrOBOM paspsic u
BO3/ICHCTBYET HA CBAPUBACMBIC TIOBEPXHOCTH:

T

rIe r— TemioTa ucnapeHus marepuana, Jx/Kr.



JUIs alFOMUHUEBBIX JJIEKTPOJOB AABJICHUE MMAPOB HMMIYJIBCHOW ayru Py,
okazanoch paBHeIM ipumepHOo 30 MIa, st cramm — 44 MlTa, nns menu — 52 MI1a.

Cronb BBICOKME 3HAYCHHS MABJICHUS MAPOB B MMIYJbCHOW JyT€ W CHJI WX
BO3JICUCTBUS Ha JJIEKTPOJBI, JAXE 3a MajJoe BpeMsl paspsiga, OOyClIaBIMBAET
UMITYJIbCBI, CIOCOOHBIC 3HAYUTEIBHO W3MEHATh KOJWYECTBO JIBUKCHUS TPH
coyaapeHun. BO3MOXKHBI JaKE OCTAHOBKU WJIM U3MEHECHUS HAIPABJICHUS JBUKCHUSA
ANEKTpoa Ha oOparHoe. [losydeHHbIE JaHHBIE TPUMEHHMBI IS paspsja
KOHJICHCAaTOPOB B PA3JMYHBIX  YCJIOBUSX: MEXIYy COMMKAIOMUMUCA — WIH
PacnoJIOKEHHBIMU B HAYAJIbHBII MOMEHT 0€3 3a30pa EKTpoaaMHu [6].

[Tpu Bcex pocromHcTBax YKC, B 4acTHOCTH, OTCYTCTBHE HEOOXOAMMOCTH
MPEABAPUTEIIBHON OYUCTKUA COEIWHAEMBIX MOBEPXHOCTEN, UMEETCSA CYIIECTBEHHBIN
HEJOCTATOK - CUJIOBOE BO3JACHCTBHUE OCYIICCTBIIECTCH CHELUATIBHBIM MPYKUHHBIM
MEXaHU3MOM. [IepCrEeKTUBHO WCIONB30BAHUE [JIA LIEJIE MArHUTHOIO JABJICHHS,
BOZHMKAIOIIETO MPU HMHAYKIUOHHOW 00padOTKe, B YAaCTHOCTH, WHIYKIIMOHHOM

cBapke [4, 5].

1.2. TexHoJ10rHsl CBAPKH UMILYJIbLCHOI Ayroi

B nmanHOM pasgene pedyb HMAET O TEXHOJNOTHM KPEIUIEHUS CTEPIKHEBBIX
AJIEMEHTOB C MCMOJB30BAHUEM SHEPrUM, 3anmaceHHOW B KoHaeHcatope (CD Stud
Welding) [81].

Pazmuuator Texnonoruro CD Stud Welding ¢ npeaBapuTelbHBIM TOABEMOM
KPENEKHOT0 AIEMEHTA U € IPEABAPUTEIILHBIM KOHTAKTOM.

TexHONIOrUsA KPEIUIEHUA CTEP)KHEBBIX JJIEMEHTOB C  IPEABAPUTEIBHBIM
NOABEMOM pHUC. 3 3aKIIOYaeTcs B caeayroweM. l[IpuBapuBacMblii  KpPENEKHBIN
JieMEHT (puc. 3,a) YCTAHABJIMBAECTCS B CBAPOYHBIA MHUCTOJIET, CHAOKEHHBIM
NPYXUHHOW WA TUAPABIMYECKON CUCTEMOH MOABEMA/OITy CKAHUS, O3ULUOHUPYETCS
U TIPHOKUMAETC K MOBEPXHOCTU. Ha TOpIe KPeneKHOro 31eMeHTa U3r0TaBIMBACTCA
MHUKPOBBICTYII.

ONHOBPEMEHHO € pa3paaoM OaTapeu KOHIEHCATOPOB MPOMCXOIUT MOABEM



crepxkHs BBEpx (puc. 3,0). OOpasyercs AyroBod paspsa (puc. 3,B), KOTOPBIA
OIJIABJISET MUKPOBBICTYN INMWIBKM W 4YacTh MMOBEPXHOCTH TUIOCKOM JeTamu.
OnyckaHue WMWIBKKA B CBAPOYHYIO BaHHY (PUC. 3,T') COMPOBOXKAACTCA COBMECTHOM

KpUCTaJTH3aluel 1 00pa3oBaHNEM CBAPHOTO COCMHEHMUS B KUIKOH (paze.
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Puc. 3. Texnonorusa CD Stud Welding ¢ npeaBapuTenbHbIM NOABEMOM KPENEKHOTO

AJIEMEHTA.

Cymrocts TexHonoruu CD Stud Welding ¢ mpeaBapuTenbHbBIM KOHTAKTOM

puc. 4 3axmouvaercs B ciaenyomeMm. [IpuBapuBacMblii  KPEMEKHBIA SIEMEHT
YCTAHABJIMBACTCA B CBApPOYHBIA MHUCTOJIET, MO3MLMOHUPYETCS W TPHKUMAETCS K
NOBEPXHOCTH (puc. 4,a). DHEprus, HAKOMJIECHHAs B Oaraped KOHICHCATOPOB,
MPOXOJUT 4Y€pPe3 MUKPOBBICTYM (puc. 4,0), oOpasyercsa AYroBOi paszpsia, KOTOPIMA
OMJIABJISIET TOPEL KPEMEKHOTO DIIEMEHTAa M IUIOCKOH aetanu. OnyckKaHue
KPENEXKHOTO 3JIEMEHTA B CBAPOYHYIO BaHHY (PUC. 4,B) COMPOBOXKAACTCS COBMECTHOM

KpUCTaJITH3aLuell 1 00pa3oBaHMEM CBAPHOTO COCMHEHUS B KUIKOH (pasze.

a 0 b

Puc. 4. Texnonorus CD Stud Welding ¢ npeaBapuTenbHbIM KOHTAKTOM.

Hepej:[ CBapKOﬁ HCTOYHHK IMHUTAHHUA MNOAKIIOYAKOT K CCTH KW HPOU3BOAAT



3apANIKY KOHACHCATOpHOUM Oatapen O00mbmiol eMKocTH (0T 12MKD g0 150MkdD).
3apsanHoe HanpspkeHnue 10 S00 B, BenuurHAa CBapOYHOrO TOKA MPHU 3TOM JOCTUIacT
5000 A.

CyllEeCTBEHHBIMU HEOCTATKAMUA JAHHOH TEXHOJIOTWUM SIBJISIETCS OTCYTCTBUE
CUJIOBOTO BO3JCHCTBUSA BO BPEMs CBAPKH, MOIYYEHUE CBAPHOIO COCAUHEHUS B
KUIKOW (hpa3e, YTO HEKENATEIBHO MPU CBAPKE LIBETHBIX METAJJIOB M WX CIUIABOB W
PA3HOPOJHBIX MATEPHATIOB.

1.3. MarHuTHO-UMITYJIbCHASI CBAPKA € KOCHIM COYAApEHHEM

Ha wcnons30BaHMM CUJI 3IEKTPOMEXAHUYECKOTO B3aUMOJACHCTBUS MEKIY
BUXPEBBIMM TOKAMH, HAaBEJACHHBIX B CTEHKaxX oOpalbareiBacMOW JA€Tand MpH
NEPECEUEHUHN UX CHUJIOBBIMU MAarHUTHBIMH JIMHUSIMH UMITYJIbCHOTO MAarHUTHOTO TTOJIS
M CAMHM MAarHATHBIM TOTOKOM HMITYJIbCA OCHOBBIBACTCS MArHUTHO-HMITYJIbCHAS
oOpadotka (MHUO) wmeramioB. B ormamume OT JApyruX HM3BECTHBIX METOJOB
nepopmupoBanuss  npu  MHWO  snekTpuueckas — SHEPTUS.  HEMOCPEICTBEHHO
npeo0pa3yeTcss B MEXaHUUECKYIO, 4 HMITYJIbC AABJICHUSI MATHUTHOTO TOJIA ACHCTBYET
HEMOCPEACTBEHHO Ha 3aroTOBKY O€3 ydacThs Kakoi-1uMO0 mepenarouieii Cpenbl.
JlepopMupoBaHue MOKHO OCYLIECTBJISAITh KaKk B BaKyyMe, TaKk M B JIHOOOW He
MPENATCTBYIOLIEH  pACIpPOCTPAHCHMIO  MAarHMTHOrO mnons  cpexe  [3]. B
TEXHOJIOTMYECKUX ILEJIAX MCMOJIb30BAHMEM HWMITYJBCHBIX MAarHUTHBIX — TOJEH
3auumarores B MI'TY um. H. O. baymana, UOC um. E. O. I1arona, AI'TY u apyrux
opranm3anusax. Bce oHM OOBEIMHEHBI B MEKIYHAPOJHYIO aCCOLMALMK) MArHUTHO-
uMIynbCHOM 00pabotku [7]. Ha 3anaxe naubosice M3BECTHBI pa3pabOTKU (PUPMBI
«Maxcgemny CHIA. IpuamunuansHas cxema MUO npuBeneHa Ha pUuCyHke 5.

O marmutHO-uMMyJibcHON cBapke (MUC) mepBoe yNMOMUHAHHE UMEETCS B
nateHte Jlapuna @. Bpoyspa [8], B KOTOpOM aBTOp MATEHTYET METOA (POPMOBKH W
YCTPOMCTBO 75 €ro ocyuecTsiaeHus. [1o bpoyspy CylHOCTh CBapKM 3aKIIOYAETCA B
cnenyromem. CpapuBacMble JETaad YCTAHABIMBAIOT C TOCTOSHHOM BEITWYMHOM
3a30pa 0 MEXKAy HMUMH. 30HY CBApKW F€PMETH3UPYIOT KOKYXOM, M CO3/AIOT B HEWM
HEUTpaJbHYIO aTMOocepy.

C mnomoubl0 MHAYKTOpAa OT TFeHEeparopa TOKOB BBICOKOM YacTOTHI JETajM
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HarpeBaroTCs NEPE CBAPKOi, MOCHE YEro Ha 3TOT K€ MHAYKTOP MOAAETCA UMITYJIbC
TOKA OT MarHUTHO-UMMYJILCHON yCTaHOBKHM. OTTAJKUBAIOLINE YCUIUS BO3HUKAIOT B
pe3yabTare B3aMMOACHCTBUS MAarHUTHBIX TMOJEH MHAYKTOpa U METaeMo#l AeTaiu, B
pe3yabTaTe KOTOPBIX 3Ta ACTallb METACTCS B HAMPABJACHUM HEMOABUKHOW AeTalu, U

IMPOUCXOIUT UX CBAPKA.

Py

\
o
—

A\

@
!
A

©)

-
|
A
©

5 D0
|
*
® © ®

a
1
P!
@ @ [© © ©

@ © (@O @O @

—
N

o

/
o

Puc. 5. [IpuHimMnuaisHas cxeMa MarHUTHO-UMITYJIbCHOM 00paboTKK MeTasia.

C — HakonuTeNnbHbIA 00K, P — paspsaanuk; 1 — uHaykTop, 2 — oOpabarbiBacMas
nerans; Fy, — MarauTHOE JaBiieHue;, H — CHIIOBBIE IMHUM MAarHUTHOTO NoyH (© —
JMHUM Pa3psAAHOTO U MHIYIIMPOBAHHOTO TOKA.

HoBasg cxema marHutHo-umnysibcHOM cBapku (MUC) onucana B padote [1].
TexXHOTOrnYeCKrne CXEMBI 3TOTO MPOLECCA MPUBEAEHBI HA PUCYHKE 6.

Heramu 1 m 2, cornmacHO pa3paboTaHHOMY CIOCO0Y, YCTaHABJIMBAKOTCS MO
OCTPHIM YTJIOM 0 BHAXJIECTKY APYr K JAPYTy W C 3a30poM O Mexay Humu. Ha

MOBEPXHOCTU NPOTUBOIIOJIOKHOM CBAPUBAECMOM YCTAHABIIMBAIOT UHAYKTOP 3.
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Puc. 6. TexHOIOTHYECKHUE CXEMBI MAaTHUTHO-UMITYJILCHOM CBAPKH.
a) C PaCHOJIOKEHUEM JAETaicid MoaA yriioM; 0, B) ¢ M3MEHSIOMUMCS BJAOJL 30HBI
00pabOTKM MAarHWTHBIM JABJIEHUEM; T) 00pa30BAaHUEM KYyMYJISTUBHOW CTPYH; 0O, O —

UCXOJIHBIN yroJl v 3a30p; Py - MarHuTHOE AaBiCHHUE.

B omope 7 KECTKO 3aKPEIUBIIOT ACTAb 1 Ui IPEAOTBPALICHHS NEPEMELICHUS TIPH
CBapKe. 3aKPEIUICHUE NETaNd 2 JOJKHO OOECHEUMTh MEPEMELICHUE CBAPUBAEMOTO
KOHLIA B HANpAaBJICHUU AcTaU 1. MHAYKTOP 3 MPUCOEAUHAETCA CBOMMH BBIBOAAMH K
TeHEpaToOpy MMMYJIbCHBIX TOKOB. llocne 3apsakm Oarapeld KOHAECHCATOPOB OT
3apAHOTO YCTPOMCTBA N0 3aJaHHOTO HAIPSIKEHUS BKIOYACTCS KOMMYTHPYIOLIEE
YCTPONCTBO, KOTOPOE 3aMBIKAcT 0arapero KOHIEHCATOPOB HAa MHAYKTOp. B 3a3ope
MEXAY MHAYKTOPOM M 3arOTOBKOM MpHW paspsake 0araper KOHIEHCATOPOB BOZHUKAET
CUJIBHO€ MArHUTHOE TIOJI€, WHAYKTUPYIOLIEE B ATOM 3arotoBke TOK. CHItbl
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OTTAJIKUBAHUS MEXKIAY HWHIAYKTOPOM M JETaNb0 2, BO3HUKAIOT B PE3YJIBTATE
B3aMMOJCHCTBUSA TOKAa WHAYKTOpPAa C WHAYUHMPOBAHHBIM TOKOM B 3aroTOBKE, B
pE3yJbTaTe 3TOr0 JETallb 2 MTHOBEHHO C OOJIBIIOW CKOPOCTBIO MEpEeMEnacTcs OT
MHAYKTOpPA B HANPAaBJICHUM HEMOJABWKHOW neranu 1; B 30HE KOHTaKTa NpH
COYAAPEHUY Pa3BUBAIOTCS BEICOKUE IABJIEHUS, U MPOUCXOIUT 0Opa30BaHUE CBAPHOTO
COCIMHEHMS.

B otimure ot cnoco6a bpoyaspa cBapky MOMKHO OCYIIECTBIIATE HA BO3AyXe 0€3
NPEIBAPUTEIILHOTO MOJOTPEBA KaK IMJIOCKMX TaK W TpyOuarbix aeranci. OmHy w3
CBApUBACMbIX  J€Taleil A CBApKA  PA3HOPOJHBIX  MATEPUAIOB  MOXKHO
MPEABAPUTENIBHO HArpeTb. B  4acTHOCTH, U1 TEJIECKONMMYECKOTO COCIMHEHHUA
CTAJIbHOM W QJIFOMWUHHMEBBIA KOHEL OAHOH M3 TPyO BBIMOJHAIOT KOHUYECKUM, a
CTAJIbHYIO TPyOy MPEABAPUTENBHO HArPEBAKOT [8].

HuctutyTom snektpocBapku uM. E. O. Ilatona pazpaboTan cnmocod MarHuTHO-
UMIYJbCHOW CBAapKM PA3HOPOAHBIX TPYyO PA3IMYHBIX OUAMETPOB W Pa3IMUHbBIX
TOJILIMH CTEHOK, A3TUM CIOCOOOM CBApUBAOT TPyObl - TEPEXOJHUKHA W3
HEPKABEIOLIEH CTAIM W QIIOMUHUA, MEAUM W aMOMUHMA. [IpOYHOCTH CBapHBIX
COCIMHEHMWI OJIM3Ka K MPOYHOCTH LIEJIbHOM anmfoMUHHEBON TpyOsl. UccnenoBanus
MUC ¢ npeaBapuTENbHBIM PACONI0KEHUEM CBAPUBAEMBIX IOBEPXHOCTEH aeTaneit
MO/ YIJIOM APYT K APYTY M 3a30pOM MEKIYy HUMH IIPOBEICHBI B PAAC MOCIEAYIOIIUX
pabor.

MarsuTHO-UMIYJIbCHOM ~ CBAPKOH  MOXKHO ~ TOJIy4aThb  HAXJIECTOYHBIE
COCIMHEHMS PABHO - U PA3HOTOJILIMHHBIX TOHKOCTEHHBIX TPYO.

[IpumMepsl OCYIUECTBIEHUS MArHUTHO-UMITYJIbCHOM CBapKA NPHUBEACHBI Ha
pucyHke 7. UHIYKTOp yCTaHABIMBAIOT BHYTPH WM CHApYy:kH TpyOuaroil neramm [20].

[To nepBomy BapumaHnTy (puc. 7,a) Tpyb6a 1 ¢ 0TGOPMOBAHHBIM YCEUEHHBIM HA
KOHYC KOHIIOM BCTABJISIETCS B JPYIylO TPyOy 2 WM OTBEPCTHE JETaId 3a30POM
MEXY CBAPUBACMBIMU NOBEPXHOCTAMU. [lepen CBapKOi COCAMHIEMBIE TOBEPXHOCTH
00e3)kMpHBalOT W 3aunlaroT. CHapyku Ha TpyOy 2 A8 NPEeAoTBpAILCHUs €€
naedopManiu NPy CBAapKE HAJEBAETCs MeTamueckas oboiima 4. Ilpm mocratounoit

KECTKOCTU JIETANIM 2 CBAPKY OCYIIECTBIAIOT 0e3 000iMbl. BHyTph TpyObl 1 B 30HY
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YCCUCHHOI0O KOHYyCa BCTABJIAKOT HHIAYKTOD 3, MOJCOCAUHEHHBIA K MAarHUTHO-

MMITYJIbCHON YCTaHOBKE.
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7( 2 311 1,5 3 68 7 7
/ LY
B y
3 d|
a o | 6 HN_-_NK
377@97& L2 9 7
a 1= ,
[ —
o
@ s
d| T
2 a

Puc. 7. IlpuMepsl OCYyILIECTBIACHNA MAarHUTHO-UMITYJIbCHOW CBAPKU MPH

PacioJIOKCHHUHN CBAPUBACMBIX HOBerHOCTeﬁ noa yriioMm u € 3a30poOM MCKAYy HUMH.

[lo nmepBoMy BapuMaHTy MOKHO CBapuMBaTh TOHKOCTEHHBIE  TPYOBI,
Pa3HOTOJIIMHHBIE TPYOBI, KOr1a TOHKOCTEHHAS TPyOa PaconokKeHa BHYTPH, a TAKKE
TOHKOCTECHHBIE TPYOBl C OXBATHIBAOIIMMH KOHCTPYKTHBHBIMU ACTANAMM ((praHIamMmu
U ap.).

[1o BrOpoMy BapuaHTy (puc. 7,0) TpyOy 1 ¢ KOHYCHO# OTOOPTOBKOH HA KOHLE
HAJCBAIOT HA APYrylo TPyOy 2 WM UWIMHIPUYECKHANA CTEPKEHB C 3a30POM MEXKIY

NpCaBapuTCIILHO O6€3)I(I/IpeHHI>IMI/I u 3aYHUIIICHHBIMHA CBapHUBACMBIMH
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NOBEPXHOCTAMU. J[Jisl mpeoTBpaleHust cMATHSA TPYObl 2 B POLIECCE CBAPKK BHYTPb
e€ 0e3 3a30pa BCTABIAIOT METAIMYECKYIO ONPABKY 5, yAamseMyrO nocie cBapku. B
CJIydae €CJIM HEMOABHKHAS TPyOa JOCTATOUHO KECTKASL, YTOOBI BBIACPKATh JABJICHUAC
OpHU CBapke 0€3 ocTaTouyHbIX AcdopManuii, HEOOXOOAUMOCTh B OMPABKE OTIAIAET.
CHapy:xu Ha TpyOy 1 Ha y4acTKE KOHYCHOW OTOOPTOBKM YCTaHABJIMBAIOT UHIYKTOP
3.

[lo BTOpOMY BapHWaHTy CBapKd BO3MOXHO [OJIYYCHHE COCAMHCHUMN
TOHKOCTEHHBIX TPy0, PA3HOTOJIIMHHBIX TPYO C TOHKOCTCHHOH TpyOOil CHapyxw,
TOHKOCTEHHBIX TPYO CO CIUTOIIHBIMY LMIMHAPUYECCKUMH JETAIAMH (TITH U JIP.).

JIns noKanu3alMKu 3IEKTPOMATHUTHOTO JIaBJIEHUST B 30HE CBApPKH MOKHO
NPUMEHHATH KOHUEHTPATOP SJIEKTPOMArHUTHOTO TMOJIA 7 — METAUTMYECKUI BKIIaAbIII
C TPOJOJILHON HICNIBbIO-Pa3pE30M, U30JUPOBAHHBIA ¢ 00EUX CTOPOH MPOKJIaJAKaMu 6.
HaunGonee 3¢pekTHBHO MPUMEHEHNE KOHLEHTPATOPa 7 MPH YCTAHOBKE €TI0 CHAPYXH
Ha TpyOy, CBapUBAEMYIO CO CTEpP:KHEM 8 (pHC. 7,B), UEM JTOCTHUTAETCS 3HAYMTEIIHLHO
YMEHBIICHUE JJIMHBI HAXJIECTA COCAUHIEMBIX JICTAJICH.

TunUYHEIM MPUMEPOM  UCMHOJB30BAHUS MArHMUTHO-HMITYJIbCHOH — CBapKu
ABJIICTCS MPUBApKa K CTaKaHaM 3ariylliek 9, ycraHaBnuBaeMbIX Ha ymopsl 10 (puc.
7,r) 1 K TpyOam (puc. 7,0). Bo BTopom cityyae K Hapy>KHOW MOBEPXHOCTH 3ariayLIKA
KpENUTCA ChEMHAS LEHTpUpyomas BcTaBka 11. 3arnymika BMECTE CO BCTaBKOWM
ycTaHaBnmBacTcs B TpyOy. Ilociie cBapkuM LEHTpHUPYOIIAs BCTABKA CHUMAETCS C
3arJIyLIKY.

MarHuTHO-UMIYJIbCHOH ~ CBApKOM  MOXHO  MOJIy4aTb  KAYECTBECHHBIC
COCIMHEHUS OJHOPOJHBIX M PA3HOPOJHBIX METAIJIOB B BO3AYIIHON WM WHEPTHOM
Cpele, a TaKkKe B BAKyyMe C IMPEABAPUTEIIBHBIM HArPEBOM CBApPHBACMBIX JCTaCH
win 0e3 Harpesa. [IpaBka coennHeHna U MexaHuueckas o0paborka nocie MUC He
HY’kHa. [[pOYHOCTH CBAPHOTO COCIMHEHNS HE HAKE IPOYHOCTH MATEPUAJIa HAUMEHEE
npo4yHoi naetanu. COeOIUHEHUE TEPMETHYHO, 00JaNacT BAKyyMHOUM IUIOTHOCTBIO W
BBIICPKMBACT BUOPALIMOHHBIC HArPy3KH [1].

Ocobennoctero npouecca MUC, ornuuaromuii €ero oT APYruxX M3BECTHBIX

croco00B 1e(hOPMUPOBAHUS, SBISETCA BOZHUKHOBEHUE AC(POPMUPYIOIIUX YCUIIAA B
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camoM Mmetamie, nmostomy MUC ocymecTBisercs 0€3 NMepenaTouHbIX Cpea. IT1a
ocobernHocTs MUC mo3BosIsieT BO3ACHCTBOBATh HA CBAPUBAEMBIC JCTAJM B BAKYYME,
3al0UTHOM atMocepe W APYruxX CpPeAax MArHUTHBIM —TMOJEM  HMHAYKTOPA,
PacCIoOI0KEHHOTO BHE 3THX cpen [9].

JlaBieHWE HA METAaEMYK 3arOTOBKY OrPAaHMYMBACTCA TNPOYHOCTHIO W
JOJITOBEYHOCTHIO MHAYKTOPA, LIMPUHA 30HBI COCIUHEHHS OIPAHUYECHA HECKOJIBKUMHU
JECATKAMU MUWIIUMETPOB, Mo3ToMy MUC Henmb3st HCMONIBb30BaTh ISl MJIAKUPOBAHUS
OOJIBIIMX MOBEPXHOCTEHN, BCE ATO OTHOCUTCA K HepocTatkam MUC.

HakannmuBaemast B 6aTapee KOHACHCATOPOB SHEPIHsl CPABHUTEIIBHO HEBEJIMKA.
O(PPeKTUBHOCTh UCHONB30BAHUS 3TOM SHEPrUM HA Pa3rOH METAEMOIO 3JIEMEHTA
3aBUCHT OT MPABWJIBHOTO pacyéra 3NEKTPOAMHAMHUYECKUX CHJ, NCHCTBYIOIIMX HA
UHAYKTOp H Jae)OpMHUPYEMYyIO0 3aroToBKy. [l03TOMYy BaXKHO 3HATh OCHOBHBIC
napaMeTpsl MPOLECCAa MATHUTHO-UMITYJIbCHOM CBAPKHA METAJIIOB.

3amacaemasi 3Heprus B 0arapee KOHACHCATOPOB SBJISIETCA OJHUM M3 HanOoJiee
Ba)KHBIX MAPAMETPOB:

W:OTU’ (2)

rac  C — eMKOCTh KOHJEHCATOpa, D,

U — HanpsbkeHue 3apsaa, B.

[Ipy MarHUTHO-UMITYJIbCHOH 00pa0OTKe mapaMeTpsl pa3pssaHOTO KOHTYpa, Kak
NPaBWIIO, MOAOUPAIOTCS TAKUMHU, YTOOBI pa3psi ObLI KOJIEOATETBHBIM.

910 BBIIOJHACTCA, CCJIHM OCYIICCTBIIACTCA OI'DAHUYCHHUC JId AaKTHBHOI'O

L
T, < 2\/g (3)

HpI/ILIéM AKTHUBHOC COIIPOTHUBJICHUC KOHTYPaA I,

COIIPOTHUBIICHHUA T,!

r,=r, +r,_, 4)
a UHAYKTUBHOCTh Pa3psAIHOTO KOHTYpa:
L=L +L_, (5)

rac ry; — aKTUBHOC COIIPOTHUBIICHUC CUCTCMbI HHAYKTOP-3arOTOBKA,
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Iy — QKTUBHOE COITPOTHUBJICHUE MATHUTHO - UMITYJIbCHOH YCTAHOBKH,

Ly 5 — MHAYKTUBHOCTH CUCTEMBI HHIYKTOP - 3arOTOBKA;

Ly — coOCTBeHHasd MHIYKTUBHOCTh MAarHWTHO-MMILYJIbCHOW YCTAHOBKH B
pexuMe K. 3. [1].

Ecmu ycnoBue (3) BBIMOJHSAETCSA, TO TOK B IEMM WHAYKTOpPA NPHU Pa3psie

KOH/ICHCATOPHOM OaTaper MOKET ObITh ONMPEACIEH BHIPAKCHUEM:
C 0,51 !
05,
I,=U/—-¢ L . sin oo, (6)
L

N3 (6) crnemyer, 4TO HM3MEHEHHME TOKA HMMEET XapaKTep MNEPUOIUYECKOTO

rae t-—Bpemsd.

3aTyXaroUIero paspsiia ¢ KpyroBoi 4acToToll ®, ompeneisieMoil B 0oOIIEM cCiiydae

COOTHOLICHUEM
W=——. (7)
3Has ® MOKHO ONPEAENNUTH nepruoa paspsana T:

T=2" (8)
@

Hanpsok€eHHOCTh  MAarHUTHOTO MOJAs B JIOOOH TOYKE  OKPYKAKOUIETO
MPOCTPAHCTBA MPOMOPIMOHAJIBHA TOKY pa3psia;

H=k, -1, 9
rie ki — xko3(pPUIHECHT MPONOPIUOHAIBHOCTH, 3aBUCAIIUN OT T€OMETPUUECCKUX
MapaMETPOB CUCTEMbI MHAYKTOP - 3arOTOBKA U KOOPJAMHAT TOUKH.

JlaBjieHHME MarHUTHOrO TMOJII MOXHO  XapaKTepU30BaTh  IUIOTHOCTHIO
sHepru [11]:
P =0,5BH, (10)
rae  B=HU — uHaOyKnusa MarHuTHOr O MoJis;
L — MarHUTHas! IPOHUIIAEMOCTh CPEJIbI.
Kornpa 3Hauenme B 1npu MarHUTHO-UMNYJbCHON 00paboOTKe OoJblie
HACBIICHKS ()EPPOMArHUTHBIX MAaTEPUAIIOB, | CIEAYET 3aMEHUTh HA |l — MATHUTHYIO

noctossHHYr0. Toraa ¢popmyny (10) MOKHO 3anHcaTh B CIEAYIOLIEM BHJIE:
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P, =0,5u,-H?. (11)
CornacHo BelpaxeHuto (11), naBjaeHWE MAarHMUTHOTO TOJS MPU  XOPOLICH
WHAYKTABHOH CBSI3W CHCTEMBl HMHIYKTOP-3arOTOBKA MPSAMO NPONOPLUOHAIBEHO

KBaJ[paTy pa3psaaHOro Toka:

P =k, I, (12)
WK
[ C t. .
P =k, -U (—] exp(0,5r, —) - sin wt, (13)
L L
rie ky - kOdpUIMEHT, YUYUTHIBAIOWIMNA COOTHOIIEHUE TE€OMETPUUYECCKUX

MapaMETPOB CUCTEMBI MHAYKTOP-3ar0TOBKA.

B GosIbIIMHCTBE MPOLIECCOB MArHUTHO-UMITYJILCHON 00pabOTKH, B TOM YHCIIE U
IIPY MArHUTHO-MMITYJIbCHOM CBapKe, 3aroTOBKA NMOJ JCHCTBUEM MArHUTHOTO MOJIA
Ae(OPMUPYETCS, UYTO BEACT K H3MEHEHMIO O W P, BCIEACTBHE WM3MEHEHUS
NapaMmeTpOB CUCTEMBI MHAYKTOP-3aroToBKa. [Ipy MarHUTHO-UMITYJILCHOM 00paboTKe
METAJLIOB 3TO 3HAYUTEIBHO YCIOKHIET pacuér [10].

Cnenyer CTpEMUTHCA K YMEHBLICHUIO MOTEPh SHEPTUU HA HArPEB YCTAHOBKHW,
WHAYKTOpPA U 3aroToBKH, 4To0bI oBbICUTH KII/I mpouecca.

TerioBple  MOTEPU  MPONMOPLUMOHAIBHBI  AKTUBHOMY  COIPOTHBIICHHUIO,
3aBHCAIIEMY OT TJyOMHBI MPOHWUKHOBEHHMS MArHMTHOTO MOJIA A, KOTOpas IOJKHA
OBITh MEHBIIIE TOJIIIMHBI MAaTEPHAJIa 3arOTOBKH t;

A<t,. (14)

[Tpn GonbwIOi yacToTe paspAna M YACIbHON SNMEKTPUYECKONH MPOBOAUMOCTH
MaTepuanga 3aroTOBKM TIyOMHA NPOHMKHOBEHHMS MAarHWTHOTO TMOJIA HEBEIMKA, W
OTPaHUYMBAETCS MMOBEPXHOCTHBIM CIIOEM 3arOTOBKH.

[Ipn pacuyérax aKTHUBHOTO CONPOTHBIIEHWSA NPOBOJHWUKA CYUTAIOT, YTO TOK
ITPOTEKAET TOJIBKO B CJI0€ TOJNIIMHON A ¢ pABHOMEPHOM IIIOTHOCTBIO, a 3a MPEACIAMHU
ATOTO CJIOSL OTCYTCTBYET.

ToyHOE OmpenesieHue aKTUBHOTO CONMPOTHUBIICHUS CHCTEMBI  MHAYKTOP-
3ar0TOBKA MPEJACTABIACT 3HAUYMUTEIBHBIE TPYAHOCTHM, TAaK Kak B IPOLECCE
aeopManu  3aroTOBKM BCIEACTBHE W3MEHEHWS KPYrOBOH YacTOTHI paspsaa
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M3MEHSETCS TOJMIMHA CKMUH-CII0S A, @ BCJIIEACTBUE HATPEBA MTPOBOIHUKOB U3MEHACTCA
UX YIAENBHOE CONPOTUBIEHUE P. /ISl yIpoOIIEeHHs Pacy€TOB NMPUHUMAIOT, YTO BECH
TOK COCPENOTOYEH B CEPEIMHE CKUH-CIIOS. PACUETHBINA 3a30p MEXKAYy UHAYKTOPOM U
3arOTOBKOM B CBA3M C 3TUM MOKHO OINPEICIIUTh COOTHOLICHUEM:

Z,=72:+0,5(Ay + Ay, (15)
rae 7, — FeOMETPUYECKUM 3a30p MEXKIY HHAYKTOPOM U 3arOTOBKOM;

Ay, A, — my0MHA TPOHUKHOBEHUS TOKa s MATE€PUAJIOB HMHAYKTOpa W
3arOTOBKH.

VYMEHBIIAETCA aKTUBHOE CEUYECHHME NMPOBOJHUKOB, CJIEIOBATEIBHO, YBEITMYMBACTCS
MX AKTUBHOE CONPOTUBJIEHUE, C YBETMYEHUEM KPYTOBOM YaCTOTHI Pa3psaa o.

[TosiBneHMe “MArHMUTHOM MOAYIIKW , TPM MAarHUTHO-MMITYJIbCHOW CBapKe B
METATMYECKYI0O MAaTPULly TOHKMX 3arOTOBOK, OOYCIIOBJIEHO NPOHHUKHOBECHHEM
MAarHMTHOTO MOJNS  4epe3 3aroToBky. OO0BEM TMOJIA TNPOHUKIIETO  MEXKITY
CBAPDUBACMBIMKA  TOBEPXHOCTAMM  3arOTOBOK  WJIM  MEXKIY  3arOTOBKOM W
METAJUIMYECKON MaTPULEH, YMEHBIIACTCA C YMEHBIICHUEM 3a30pa MExKay Humu [11,
12], B 5TOM H 3aKIIFOYAETCSA CYIUTHOCTh ATOTO SIBJICHHUS.

[TockoabKy 0OUIMii MArHUTHBIA MTOTOK:

®=H-F, (16)
rae  F, — nnomans npoHussiBacmas nonem, H — HanpsokEHHOCTH NOJIA B 3a30P€E NIPH
aedopManii 3aroTOBKM OyIET YBEIMYMBATHECA M MOXKET AOCTUYb 3HAYCHWH, MPH
KOTOPBIX OyAET HaOIOAaThCsl CHUKEHHUE CKOPOCTH 1€(POPMHUPOBAHMS.

Knaccnyeckoil MarHWTHO-UMITYJIBCHOM CBApPKOM €  KOCBIM  COyAapeHUEM
LITAMIIOCBAPHBIE  JETAIM  CJIOKHOM  KOH(UIrypauMel W  IMPOKOMOJIOCHBIE
OOJMIIOBOYHBIE COCAVMHECHHA IMOJyYUTh HEBO3MOKHO. Heobxomumo  mcKath
TEXHUYECKUE PEIIECHUS TO3BOJISIFOIIME OTKA3aTbCA OT KOCOTrO COYAApEHus |

COBMEILAThH CBAPKY € (POPMOBKOMH.
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I'maBa 2. MarHuTHO-uMIyJIbCHas1 cBapKa-gpopmoBka (MUCD)

2.1. ITpoOJiemMbI MOJTyHYeHUS TPYOUATHIX JeTaJICH CJI0KHOT (PopMBbI

TOHKONMCTOBBIE  3aMKHYTHIE  KOHCTPYKIMHM  LIMPOKO  MPUMEHSIOT B
npuOOPOCTPOCHUH, ABMALIMOHHOW M KOCMHUYECKOW TexXHUWKE. Jd 3TuX aAeranei
XapAKTEPHBI CJOKHBIA MPOPUIIE ceUeHHs, OOJIbLIINE MEPENaabl PA3MEPOB, U3MECHEHUE
(hOpMBI, HAJTMUME PA3TAYHBIX OTBEPCTHI, PEOEP KECTKOCTH U T. [I.

TpyOuatsie neranu, B OCHOBHOM, SIBIIIFOTCS KOPIYCHBIMH M O0€CIICUMBAKOT
MEXAQHUYECKYIO0 TMPOYHOCTh OTICJBHBIX YacTeil KOHCTPYKUMHA TpPU  3aJIMBKE
KOMIIAYHJIOM, HO Yalle BCErO, CIyKaT i1 SKPAHUPOBKH MAsHBIX 3JIEMEHTOB OT
paamonoMex. Marepuall, ©3 KOTOPOr0 HM3rOTaBJIMBAIOT TOHKOJIMCTOBBIE TPyOYarblie
JEeTalv, AOMKEH UMETh HU3KYIO TUIOTHOCTh M XOPOIIYIO 3JIEKTPONPOBOJAHOCTh. JTO
AFOMUHUWI, MEJIb, HUKEb, JIATYHb, CTAJIb TOJUMHOMN 0,1-2 MM.

KOHCTpYKTHBHBIE BHABI M TEXHUYECKHE XAPAKTEPUCTHKM TOHKOCTEHHBIX
TpyOUaThIX AeTANICH MOKAa3aHbl HA PUCYHKE 8.

HeoOXxommMOCTh  MCMOJIB30BAaHUS ~ TOHKOCTEHHBIX — TPyOYarhiX — JeTanei
OMPEACIIAET AKTYAIBHOCTh Pa3padOTKHA S3KOHOMUYECKH LENECO00PA3HOM TEXHOIOTHN
u 000pyAOBaHMA Uil WX WM3rOTOBIEHUS. CrmoCOOBl MONYYEHHS TOHKOCTEHHBIX
TpyOUaThIX AeTasIcH MPUBEACHBI B Ta0mue 1.

AHaJIA3 W3BECTHBIX TPAAMLIMOHHBIX TEXHOJIOTHIA U3rOTOBIICHUS TaKUX JCTAJICH
NOKa3aJl, YTO OHH UMEIOT P HEJOCTATKOB.

[Tonydyenne neranei cnokHOM (POPMBI U3 TOHKOJIMCTOBBIX MATEPUATIOB NPHU
MHOTOMEPEXOHON [ITAMIOBKE 3aTPYJHUTENILHO, @ UHOTAA HEBO3MOXKHO. CloXHas,
METAINIOEMKAsI OCHACTKA, HAJIMUME OOJIBIIOTO KOJIMYECTBA MEPEXOAO0B, HE MO3BOJISIET
WCIOJIb30BaTh JIAHHBIA METOA B OBICTPONEPECHATAKUBACMOM  MEITKOCEPUHHOM
NPOU3BOJCTBE.

[Tosyro 0OCECUMMETPUYHYO KOHCTPYKIMIO U3rOTaBIMBAIOT C OJHON YCTaHOBKH
B MMpEAenax OAHOH TEXHOJOTMYECKOH onepanyy Mpu TOKapHOH 00paboTKE, OJHAKO,

€CTh OrPAaHWYCHHS MO TOJMIIMHE 00padarbiBacMOil JeTaii HW  HEOOXOIUMO
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OTKa3bIBAThCSI OT PpEOEP KECTKOCTH. ITOT CNOCOO OTIIMYACTCA  HU3KUAM

ko3¢ punmenToM ucnosp3oBanus marepuana (KMM).

f

O a8

TEXHUYECKHUE XAPAKTEPUCTHUKH

1. Ucnionw3yemeiit matepuait: Cu, Al 1 ux CIIaBbl;

2. Tommuna: S = 0,1 - 2 MMm;

3. PaGouas temmeparypa: T C = 300 - 400°;

4. I'eomeTpuueckue pa3mepsl: Jnamerp (ImpuHa):

D(H) <100mmMm; d(h) > 10mm; mmmna: L =10 - 100 Mmm; L/D <2

Puc. 8. KOHCTI)YKTI/IBHBIG BUbI U TCXHUYCCKHUC XaPAKTCPUCTHKN TOHKOCTCHHBIX

TpyOUaThIX ACTAJCH.

DTOro HeAocTarka HET Yy IMITaMIocBapHOro BapuaHta. M3 nucra mo0oi
TOJIIIAHBI MPU MAKCUMAJILHOM KOA(P(UIIMEHTE MCNOb30BaHUS MaTepuajga MOKHO

IOJIYYUTb TOHKOJHMCTOBBIC 3aMKHYTBHIC KOHCTPYKIHHN 2THUM CITOCOOOM. OI[HaKO, uB
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