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[TpennochbUIKK yIpaBIeHUs] KA4€CTBOM (POPMHUPYEMOTO
MTOKPBITHA U COSTMHEHUS €T0 C JIETAJIBIO TTPH
AIEKTPOKOHTAKTHOM MPUINEKAHUH

B cratbe mpemno’keHbI METOJMYECKHC IPEIITOCHUIKH, TO3BOILFOIINE OPraHM30BBIBATH MPOIICCC YIIPABICHI
Ka4eCTBOM TMOIy4aEMOT0 TIOKPBITHS W CTPYKTYPOH 30HBI COSIMHEHIS €TO C JCTANBI0, a TAKKE CTPYKTYPOH CaMOTO TOKPBITHS M,
CIICIOBATCIBHO, KAYCCTBOM BOCCTAHOBJICHHOH WM VIPOYHCHHOM ICTANH, 3AKIFOMAFONIACCS B TONYUCHHH HCOOXOTUMOMH
CTPYKTYPHI B 30HC MX COCOMHCHHS C IOMOIUBIO KOHTPOJEI BEIMHMHBI Ac(pOPMALMH, MICPOXOBATOCTH TIOBEPXHOCTH JCTAIIH,
CKOPOCTH OXJIKICHISL, IPAMCEHEHIS 3aIIUTHON CPEIbL, TPOMESKY TOUHBIX CIIOCB H T.IL
VIPABJICHIE KAYECTBOM, NIOKPBITHE, COCTIMHEHNE, ICTATH, 3IEKTPOKOHTAKTHOE MPHIICKAHIE

Beenenue. IIoBbileHne Ka4eCTBa U HA/IEKHOCTH BOCCTAHOBJIEHHBIX JieTajel paboTarommX B
YCJIOBUSX 3HAKONEPEMEHHBIX LUKINYECKUX WIIH yIAPHBIX Harpy30K, pasjMyHOIO BHAA M3HAIINBAHUS
(HanpuMep, abpa3sWBHOTO, aAre3MOHHOTO, KOPPO3UOHHOTO U T.II.) BCerna ObUIO aKTYaJbHOW 3a/1auei.
OnHUM U3 MEPCIIEKTHBHBIX MyTel PEeLIeHHsI TAKOH 3a/1a4H SIBJIAETCS CO3/1aHNe Ha pabodeli MOBEpXHOCTH
JIeTally CJIOsl C TOBBIIEHHON TBEPJAOCTHIO, KOPPO3UOHHOM U M3HOCOCTOMKOCTBIO B COBOKYIHOCTH C
IOCTH)KEHHEM (COXpaHEHHEM) BBICOKOH IUIACTUYHOCTH W BSI3KOCTH 30HBI COSIMHEHUS TOKPBITHS C
OCHOBHBIM METAJLIOM.

OnmanM 13 3((pEeKTUBHBIX CIIOCOOOB BOCCTAHOBJICHUS JIETANCH SIBISETCS 3JEKTPOKOHTAKTHOE
npurnekanue (JKII), koTopoe Mo3BOJAET HAHOCHTH Ha M3HOLIEHHBIE TIOBEPXHOCTH ACTANCH MOKPBITHS
U3 KOMIAKTHBIX (METaJUTMYecKasi JISHTA WM TPOBOJIOKA) M TIOPOLIKOBBIX MAaTE€PUAJIOB, a TAaKXKe HX
KOMITO3ULIMH.

Pe3yabTaTel ucciaenoBanuii. BeIOpaHHBIN MOIX0 K OOBSICHEHHMIO MEXaHM3Ma 00pa3oBaHUs
coemuaeHnst npu IJKII (c mosmimii COBpEMEHHBIX MPEACTAaBICHUH O (POPMUPOBAHMM COCTMHEHHS B
TBepaOl (haze) MO3BOMMI OOOCHOBaTh W MPEIJIOKUTh METOMUYECKHE TPEATIOCHUTKH YIIPABJICHHUS
KAueCTBOM IOJIy4aeMOTO MOKPBITUS U COEMHEHUsI €ro C JETalbl0. DTU MPEANIOChUIKN 3aKIIIOUatoTCs B
NOJTyYEHUH HEOOXOANMOH CTPYKTYpPbl B 30HE HX COEIUHEHHS C TIOMOINBIO KOHTPOJIS BEJMYHHBI
nedopMaliy, MEPOXOBATOCTH MOBEPXHOCTH JIETAIH, CKOPOCTH OXJIAJKAEHUS, NMPHMEHEHHUs! 3alUTHOM
cpenbl, IPOMEXYTOUYHBIX CJIOEB U T.IL.

OueHKy Ka4decTBa COEMHEHMs IMOKPBITHA C JETalblo, CAMOIO TMOKPHITUS M BOCCTAHOBJIEHHOM
JeTad  OCYIUECTB/SUIA C TIOMOLIBKO CTaHNAPTHBIX WIIM CHEHUATBPHO Pa3padOTaHHBIX METOMUK:
MPOYHOCTHBIX HCIBITAHUI Ha Cpe3, Ha CONPOTUBJIEHHWE YAAPHOMY Cpe3y, Ha VIApHYIO BS3KOCTE;
MUKPOTBEPIOCTH U W3HOCOCTOMKOCTH, OIPENENeHHss OCTaTOUHBbIX HANpPSOKEHUM B NOKPBITUY,
MHKPOPEHTT€HOCIEKTPAJIbHOTO ~ aHAIN3a, METAUOrpaQuyecknX, YCTAIOCTHBIX M KOPPO3HOHHBIX
ucnbiTanuil. PaspabotaHa merommky pacdera U CHEIHalbHAs Iporpamma CWTemp I
KOMIIBIOTEPHOIO  MOJEJMPOBAHUS  TEIUIOBOIO COCTOSIHUS M3AENUs C  TOKPBITUEM  IpHU
3JIEKTPOKOHTAKTHOM MPUIIEKAHUH.

© B.H Kopx , JI.A Jlonara, B. 5. Hukonaitayk, FO.JI. Xomskosckuii, A.B.Tarapos, 2010
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PucyHnok 1 — O01acT HCTIONB30BAHMAS 3JCKTPOKOHTAKTHOTO YIIPOYHCHHMS (HAIUIABKH, IPUIICKAHH)

PazpaboranHbpie mporpamMMa TMO3BOJSIET PACCUUTBIBATH M MPOTHO3MPOBATH pPacHpenesieHre
TeMriepaTypsl (puc.2,a,0,B) IpU BOCCTAHOBJICHUH U yripouHeHnH nerajieit DKL

IIpu 3TOM pacder pacrpeneseHue TeMIepaTrypbl B PaAUAIbHOM CEYEHUM JE€TAId MPOBOAMIIN
METOJOM KOHEUHbIX pa3HUIl [1,4-5] B COOTBETCTBHM C ypaBHEHUEM
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e 1 (I”,Z,t )- MPOCTPAHCTBEHHO-BPEMEHHOE paclpesesieHue TeMIepaTypbl B AaHHON

CUCTEME 7/1.(T) C.(T);

1

/L(T ) - IUIOTHOCTb, TEIUIOEMKOCTb W KO3(P(HUIMEHT TEIUIONPOBOAHOCTH MaTepuaia

ACTAN U IOKPBITUSA,

w.

int
ucroyHuka. Muanekcel i = 1 nmpuHaaiekaT MaTepuay AeTalH, a 1= 2 MaTepHajy MOKPBITHS.

HOKaSaHO, YTO YHIPABJIATh KAYECCTBOM (HJ'IaCTI/ILIHOCTbI'O u BﬂSKOCTbI'O) COCAUHEHUS TMOKPBITHA C
neranmpto mipu OKIT kommakTHOro marepuana (METaUTMYeCKON MPOBOJIOKH WM JIGHTBI) MOXKHO B
pe3yibTare €ro.

— MPEBAPUTENTHHOTO JIe(OPMUPOBAHHUSI B XOJIOJJHOM COCTOSIHUMY,

— IIPY MCTIOJIb30BAHUH 3AIUTHON aTMOC(ephl, HAPHMEP aproHa,

— co3faHreM Ha noBepxaocTH aerany nepen IKII mukpopenbeda ¢ 3aJaHHO BBICOTONH,

= Wit (7', Z,t) - o0ObeMHass WHTEHCUBHOCTD BBCACHHUA TCIUIA OT BHYTPCHHETO



— IpPH UCNOJIB30BAHUN MMPOMENKYTOUHOI'O CJI0A M3 MOPOLIKOBOIO Mar€pualia, pacrojara€Moro
MEXKAY COCAUHACMBbIMHA MMOBEPXHOCTAMMU.
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merans - Crane4S, nmaea - 0.4 M, paguyc - 0,01 M; mokpsrrue - [TT-C1, TommuHa cnos - 0,002 M
PucyHox 2 — BamaHue yCIOBHH PEXKHMA 3NIEKTPOKOHTAKTHOIO MPUIECKAHKUA HA TEMIEPATYPHOE MONE
LIUIHHAPOBOM AETATH ¢ MOKPBITHEM (B MOMEHT, KOTIA 3NIEKTPO MPOILIE NOJIOBHHY JIHHBI ICTATH)

Ycranosneno, uro rpu IKII merammieckoi IEHThI WK MPOBOJIOKH, MOJTYYEHUE TIACTHYHON 1
BSI3KOHM 30HBI COEIMHEHUS MMOKPBITHSL ¢ OCHOBOM TMPUBOIUT K TOBBILIEHUIO COTIPOTUBJICHUST YAAPHOMY
u3rudy W YCTaJOCTHOH MPOYHOCTH BOCCTAHOBJICHHBIX WJIM YIPOYHEHHBIX nerajed. [loBbimeHne
TUTACTHYHOCTH U BSI3KOCTH 30HBI COEIMHEHHSI B 3TOM ClIy4ae CBsI3aHO ¢ 00pa3oBaHME OOIINX 3epeH
MPU TPOTEKAHWU TMPOLECCOB PEKPUCTAUIM3ALMN B 30HE COCOUHEHUS, pPean3allid KOTOPOH, B
YaCTHOCTH, MOXKHO JIOCTUTHYTh MPEIBAPUTEIBHON XOJOAHOM nedopmaliieli OTHOrO U3 COSNUHIEMBIX
i 000MX MaTepUaioB TIEPE CBAPKOIA.

[Ipy mpoBeneHUHM SKCIEPUMEHTOB MPENBAPUTENBbHYIO ne(GOopMaluio CTajlbHON JIEHTHI B
XOJIOJJHOM COCTOSIHUM OCYIIECTBJISLIM Ha BenuuuHy €=5,0...65,0 %. AHanu3 30HBI COCOUHEHUS
obpasuos, nonyderabix JKIT npu J=5,5. ..6,5 kA, P=1,4 kH, t=0,06 ¢ noka3a, uto npu e,=5,0 %
rpaHulla pasnena HaOmomaeTcs mo BCel IiuHe 30HbI coenuHeHus. C yBenmueHuem e, a0 20%
rpaHulla pa3fieNia CTAHOBHUTCS TMPEPHIBUCTOM, W HA OTHENBHBIX yHaCcTKaX MPOCMATPUBAOTCS OOIIne
Uil COCANHseMbIX MeTauioB 3epHa. Ilpu e=25 % rpanuma paznena B 30HE COCHMHEHHUS HE
HaOJoaeTcs. JTO CBUAETENBCTBYET O TOM, YTO B 30HE COENUHEHWs] 00pasoBaMch OOLIue st
coennHsieMbIXx MeTa/IoB 3épHa. [locnenyromee ysenuuenue Ex 1o 40...65 % npuBoguT CHOBa K
MOSIBJICHUIO TPAHUIBI pasfena. Takum oOpa3oM, MOXKHO 3aKIOUUTh, YTO JJIsl TIOBBIIICHHUS
TUTACTUYHOCTA M BS3KOCTU 30HBI COENWHEHMSI W, CJIENOBATENIbHO, TOBBIMIEHUS] KCIUTyaTallHOHHBIX
CBOWCTB  BOCCTAHOBJICHHBIX WJIM  YIOPOYHEHHBIX  JeTajieidl, paboTarommx B YCIOBHSIX
3HAKOTIEPEMEHHBIX [HUKJINYECKUX WA YAAPHBIX HArpy30K, MPUBAPUBACMBIA METAJUI, HANpUMeEp
cranpHyt0 JeHTy, mepen OKII cnemyer mnpenmsaputenbHO mpoaeopMHUpoOBaTE B XOJOAHOM
COCTOSIHUH Ha BENUYMHY =25 %.



Ha puc.3 mnpencrasieHbl pe3ysbTaTbl HUCIBITAHWN 30HBI COEIMHEHHUs HAa CONpPOTHUBJICHUE
yaapaoMy cpesy. Buano, uro npu OKII ¢ npensapurensHbM 1eOPMUPOBAHIEM CTAIBHOM JICHTHI B
XOJIOZIHOM COCTOSTHMM Ha BenuuuHy 25... 35% yBenuuuBaeTcsi CONPOTHUBIIEHHE YAaPHOMY Cpe3y B
30HE COSMHEHHNS TOKPBITHS C OCHOBHBIM METAJUIOM, MPHOIU3UTEIBHO, Ha 37%.
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PucyHoxk 3 — 3aBHCHMOCTB Ey OT BEIIMYHHBI IIPEIBAPUTEILHON Te(hOPMALHH CTATBHOH JICHTHI B XOJIOJHOM

COCTOSIHHH
VYCTaHOBIEHO Tarke, 4TO0 MHUKpopenbed mnoepxHocty aeranu nepen OKII okaseiBaeT
BIIUSTHUE Ha (POPMUPOBAHHE MOKPBITUS U MPOYHOCTb COSAMHEHUS €r0 ¢ OCHOBHBIM METAJIOM

(puc.4).

1 - pe3pba ¢ marom 0,25 MM; 2 - meCKoCTpyiiHas 00padoTka; 3 - TokapHas o0padoTka; 4 -
mmrdosanue; S - pessda ¢ marom 0,5 M.

PucyHok 4 — BamstHuEe TOATOTOBKH MOBEPXHOCTH HA MPOYHOCTh COSTMHEHUS NOKPHITHA 13 cTamn SOXDA ¢
MaTepHaIOM aeTaimu u3 cram 45 npu J=5,5 xkA; P=1.4 xH; t=0,04 ¢

IlokazaHa wenecooOpa3sHOCTh HAHECEHHs HAa IOBEPXHOCTh BOCCTAHABIMBAEMOW WM
ynpounsiemori peranu nepen IJKII mukpopenbeda Beicoroit h = 0,1... 35 Mkm (Hampumep,
00paloTKa BOCCTAHABIMBAEMOH WM YIPOUYHSEMOH MOBEPXHOCTH AETANH LUTM(OBAHUEM, TOKAPHOH
WIN TIeCKOCTpyHHOH oOpabotkoii). Ilpn yka3zaHHOH BbICOTE MHKpoOpenbeda BETMYIHA KOHTAKTHOTO
ANIEKTPOCOTIPOTUBIICHNSI MEXIY COECAMHSIEMBIMH TIOBEPXHOCTSIMH  OKa3bIBACTCS JIOCTATOYHOM IS
olecrieueHrsl Takoro TEIUIOBBIICIECHHST B 30HE KOHTAKTAa, NMPU KOTOPOM CO3JAKOTCS ONTHMAJIbHBIE
yCIoBUA ISl iepOPMALINL COSNMHAEMBIX METAJUIOB M PasBHTHSI TPOLIECCA MX B3AMMOZCHCTBUS. JTO
OOCTOSITENTBECTBO TTO3BOJISIET CO3/1ABATH B 30HE COSMMHEHMS OJIArONPHATHBIE YCIOBUSI Tl OOpa30BaHUs B
Hell OOImMX Ul COeMHAEMBIX METAJUIOB 3epeH, OOeCIeYMBAOLINX TOBBIIEHHE €€ IUIACTUYHOCTH U
BSI3KOCTH U, CJIEIOBATENBHO, TIOBBIIIEHHE COMPOTUBIICHHS LIUKJIMYECKAM H YIAPHBIM Harpy3KaMm.

HccnenoBaHo BIMSHHE MPOMEXKYTOUHOTO CJIOSI, PACIofiaraeMoro MEXAy COeTUHSEMbIMU
nosepxHocTsimu nipu IKIL, Ha kauecTBO POPMHUPYEMOro MOKPHITHS U COSAUHEHHST €r0 ¢ OCHOBHBIM
METAJUIOM.  DKCINEPHUMEHTAJIBHO TMOKAa3aHO, YTO HCIIOJIB30BAHME TNPOMEXKYTOYHOIO CJOs U3
noporkosoro Marepuaia npu IKII kKOMIakTHeIX MaTepHaioB, MPHONIU3UTENBHO, HA 10% noBbImaeT
VIapHYI Bs3KOCTh (puc. 5) oOpasuoB B cpaBHeHMH ¢ oOpasuamu, TONyYeHHbIMH Oe3
MPOMEKYTOUHOTO CJIOSI, & LIMKIIMYECKasi MPOYHOCTh Gy, NPUOIU3UTENbHO, paBHA G, cTamu 45 B
HUCXOAHOM COCTOSTHUU (puc. 6).
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1 — cranp 45 B HICXOAHOM COCTOSIHHH, 2 — ¢ IOKPBITHEM U3 cragn SOXDA; 3 — ¢ HOKPBITHEM U3 CTATTH
50X DA yepe3 mpoMEKyTOUHBIA CIIOH M3 MMOPOIIKOBOTO MAaTEPHATIA
Pucynox 5 — BrmstHue 3MCKTPOKOHTAKTHON MPHBAPKH HA YAAPHYIO BA3KOCTH 00pa3IoB
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PucyHOKk 6 — Pe3yapTaThl HCOIBITAHUH HA YCTAIOCTHYEO POYHOCTh

A4l

IokazaHo TaxKe, YTO MPUMEHEHHE MTPOMEXKYTOYHOTO CJIOSI TIO3BOJBIET, MPUOIM3HTENBHO, B 2,0
pa3a CHU3UTH OCTAaTOYHBIC HAINPSDKEHUs B IOKPBITUH, BO3HUKAKOIIME B HEM B PE3yJbTaTe
BO3/elicTBUA TepMoMexannueckoro uukia JKII u nocnenyromem mmdpoBaHuH B pazmep.

Pa3paboTtan pacuérHO-3KCIEPUMEHTAIBbHBI METOJ ONPENeNeHHUs] TMPOYHOCTH COCAUHEHUS
MOKPBITUST C JIETANBI0 U [IIYOMHBI 30HBI TepMmudeckoro BinustHus (3TB) ot BemmumHbl nedopmarmm
KOMITAKTHOTO MaTepuayia, Hampumep crajabHOW JieHThl, B mpouecce OKII Tlokazano, yro mpwu
ONTUMAJIBHON BeIWYMHE Ae(OPMAaLIUH MPOYHOCTb COSTMHEHHNS paBHA MPOYHOCTH OCHOBHOTO METAJLIA,
a riyomHa 3TB we mnpepbimaer 0,4..0,41 mm. OtMedeHo, 4YTO BenW4MHY AehopMaLuu
NIpUBapUBAEMOro MaTepHala JIErko KOHTpoJupoBarh kak B npouecce JKII, Tak u nmocne, 4to gaer
OCHOBaHME ISl Pa3padOTKH aKTMBHOTO METOZA KOHTPOJISI Ka4eCTBA IMOJy4aeMOTrO COENWHEHMs IpU
BOCCTAHOBJICHUH WJIU YIIPOYHEHUU JETAJIN.

BoiBoapl. C y4eToM MONydeHHBIX PE3YJIbTATOB pa3padOTaHbl TEXHOJIOTHYECKIE PEKOMEHIAINN
BOCCTaHOBJeHUss U ympouHeHus feraiell OKII KOMIakTHBIX U MOPOLIKOBBIX MaTepUasoB,
MO3BOJBIIOINUE  YIIPABJIATh CTPYKTYPOM 30HBI COEAVHEHMsI TMOKPBITHSI C OCHOBHBIM METAJIOM,
CTPYKTYPOH CaMOrO MOKPBITUSL H, CIEAOBATENbHO, Ka4eCTBOM BOCCTAHOBJIEHHOM WM YIPOYHEHHOMN
nmeramu. IlokazaHo, 4ro ceOeCTOMMOCTh BOCCTAHOBJIEHHBIX petaneii cocrasisier 20-50% ot
CTOMMOCTH HOBBIX IPH CPOKe OKynaemocTH He donee 1,5...2,0 rona.
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B. Kopore, JI Jlonama, B. Hixonatiuyk, FO. Xomarxoscekuti

MepenymoBn ynpapaiHHS AKICTIO  (DOPMOBAHOTO TIOKPUTTH i 3'€IHAHHS §ioro 3 JeTAU0 NpH
€JIEKTPOKOHTAKTHOMY NPHITIKAHHI

VY crarTi 3ampomoHOBaHI METOJMYHI TEPEAYMOBH, IO JI03BOJMEFOTH OPraHI30BYBATH IPOLEC YIPABTIHHS SIKICTIO
OTPHUMYBAHOTO TIOKPHTTS 1 CTPYKTYPOIO 30HH 3'€THAHHA HOTO 3 JCTAJUTEO, A TAKOK CTPYKTYPOKO CAMOTO TOKPHTTS i, OTKE,
SIKICTFO BIZTHOBJICHOI a00 3MIITHECHOI JeTaf, IO TOJrarTh B OTPHMAHHI HEOOXITHOI CTPYKTYPH B 30HI iX 3'€THAHHS 3a
JIOTIOMOTOFO KOHTPOJTEO BEIMUHHHA AC(hOPMATTi], IMOPCTKOCTI TIOBSPXHI ACTANIL, MIBHIKOCTI OXOIOMKYBAHHS, BYKUBAHHS 3AXHCHOI
cepe, POMDKHIX MIAPIB 1 TOMY HOiOHE.

V. Korzh, L. Lopata, , V. Nikolaychuk, Y. Khomiykovskiy

Pre-conditions of quality management of the formed coverage and connection of him with a detail at
electrocontact burning

In the article methodical pre-conditions are offered allowing to organize the process of quality of the got coverage and
structure of area of connection of him management with a detail, and also structure of coverage and, consequently, by quality of
the recovered or consolidated detail, consisting in the receipt of necessary structure in the area of their connection by control of
size of deformation, roughness of surface of detail, cooling speed, application of protective environment, intermediate layers etc.
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