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AHHOTANHUS

JlaHo obocHOBaHUE 11€7€CO00Pa3HOCTH PUMEHEHHUS MIEKTPOKOHTAKTHOW 00paboTKM 1uist MoauduKamn
HCXOJHOM MOBEPXHOCTH HMPOBOJIOYHOTO HHCTPYMEHTA C LEJIbI0. MPUAaHus el pexyileil ciocooHoctu. [Ipusene-
HO OIIMCAaHWE TEXHOJOTHYECKHX CXEM M CO3JaHHBIX Ha MX OCHOBE YCTPOHCTB.AJIS 3JEKTPOKOHTAKTHON 00paboT-
KW TOHKOH ITPOBOJIOKH C NPHUMEHEHUEM 3JIEKTPOMATrHUTHOTO M 3JIEKTPOMEXaHMYECKOTO BUOPAaTOpPOB. Y CTaHOB-
JICHO, YTO B PE3yJbTaTe TaKOW 00paOOTKM MOIU(HIIMPOBAHHAS MOBEPXHOCTH IPOBOJOKH MPUOOPETAET PEXKy-
IIYIO CIIOCOOHOCTB.
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Abstract

The paper justifies the expediency of electric resistance machining for modifying the initial surface of
wire tool with the purpose of ‘imparting cutting capacity to it. It also gives technological schemes and units
based on them for electric resistance machining of thin wire with the usage of electromagnetic and
electromechanical vibrators. It isfound that the modified wire surface acquires the cutting capacity as aresult of
such machining.
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Beseoenue BBI3BIBAIOIINX paspylieHne (3po3uio) 00-
pabaThIBaEMOro MaTepuara.

IIpu pa3MepHON YJIBTPa3BYKOBOM
00paboTKe XPYyNKHUX MaTEpPHAIOB CBOOOI-
HbIM a0pa3MBOM TOHKAasl IMPOBOJIOKA BbI-
MOJHSIET POJIb KOJEOIIOIErocss WHCTPY-
MEHTa, 00eCHEeUnBaIONIero yIapHOe BHE-

Toukasi, ‘muamerpom ot 0,02 nmo
0,3 wmwm, BOoib(pamoBas, JNaTyHHas U
CTallbHAsl TPOBOJIOKA MIUPOKO HCIOJB3Y-
€TCS. TIPU BBITIOTHEHUU PA3IUYHBIX TEXHO-
JIOTUYECKUX omneparnuii o0paboTKu MaTte-
puaiioB. Tak, NpU AIEKTPOIPO3UOHHOM

BBIPE3aHUKM TOKOIPOBOJAIINX 3arOTOBOK ApeHue abpasMBHBIX 4YacTUI[ B MOBEPX-
110 KOHTYPY M HX Pa3pe3aHHU OHA CITYKHT HOCTb 3arOTOBKH, MPUBOIAIIEE K BBIKAJIBI-
ANEKTPOJAOM-UHCTPYMEHTOM,  Oo0ecreyu- BaHMIO 4acTyIl €€ MaTepuana [1].

BarOIUM MNPOTEKAHUE B MEKIICKTPOJHOM Tonkast cranbHas MpPOBOJIOKA, ILIA-
IIPOMEKYTKE JJICKTPUYCCKUX Pa3psAao0B, KHpOBaHHAaA JJaTYHBIO, HUCIIOJIB3YCTCA B Ka-
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4eCTBE MHCTPYMEHTA NP pa3eeHUH MO-
HOKPUCTAJUIOB IIOJIYIIPOBOJHUKOBBIX Ma-
TEpUaloOB HAa TOHKHME IUIACTHHBI. B 3TOM
cllydae, JBHTAsICh C OOJBIION CKOPOCTHIO
OTHOCHUTENILHO 00pabaThiBaeMOW IMOBEpX-
HOCTH 3arOTOBKH, OHa OOECIIeUYMBAECT Me-
XaHWYeCKoe BO3JIeiicTBUE Ha Hee abpa3uB-
HBIX YacTHI], TIOJJaBAeMbIX B COCTaBE CyC-
NEH3UN B 30HY OOpaOOTKH, BBI3BIBAIOIIEE
paspyluieHue ee matepuana [2].

Ha Bcex mepeuyrcieHHbIX OIepanusx
IIPOBOJIOKA, BBIIOJIHAIOIIAS POJIb UHCTPY-
MEHTa, HUCHOJB3YETCS B CBOEM HCXOJHOM
(mocne BOJIOYEHUS) COCTOSIHMH, a €€ TI0-
BEPXHOCTh, UMEIOIIAsl OYEHb Mallylo IIe-
POXOBaTOCTh, HE O0JIAAET PEXKYIIEH CIIo-
cobHocThi0. BMecTe ¢ TeM, mpexacraBiser
MHTEPEC NPUMEHEHHUE IPOBOJIOYHOIO HH-
CTPYMEHTa, UCXOJHAsl MOBEPXHOCTh KOTO-
poro MoaupUIMpOBaHA TaKUM O00pa3oM,
YTO OHA MPUOOPETACT PEXYIIYI0 CIIOCO0-
HOCTH, a TAaK)Ke€ IMOBBIIIAETCA €€ CI0Cco0-
HOCTh K YAEp)KaHHIO aOpa3svBHBIX YaCTHII,
NIOTAIAIONINX B 3a30p MEXIy Hell u o0Opa-
0aThIBaEMOI TIOBEPXHOCTHIO. BrImonHenue
MOCTICTHETO YCIIOBHSI TTO3BOJIUT MOBBICHTH
MPOM3BOAUTENHLHOCTE OIEpallii pa3zeie-
HUA XPYINKUX HEMCTAJUIMYCCKUX MATCpHa-
JIOB MPOBOJIOYHBIM MHCTPYMEHTOM C TIPH-
MEHEHUEM CBOOOIHOr0 a0pa3uBa.

Crnenyer momx4epKHYTh, YTO B CIICLIH-
QIHOW JTUTEpaType: OTCYTCTBYIOT CBEIC-
HUSI, KacalouIrecs. IIeIeHanpaBIeHHOH MO-
muUKanuy TIOBEPXHOCTH MPOBOJIOYHOTO
MHCTPYMEHTA, C UEIbI0 NPWAAHUS e yKa-
3aHHBIX SKCIITyaTallMOHHBIX ToKa3aTeJieH.
[TosTOMy .. pUCTYHast K. W3YYECHUIO STHX
BOITIPOCOB, B MEPBYIO-QUEPEIb HEOOXOMMO
OIPEAETUTH METOM 00pabOTKH MTPOBOJIOKH,
T. €. MOI[I/I(l)I/IKaLII/II/I €C IMOBCPXHOCTH, II0-
3BOJISIIOIIME IIpUAATh el HOBBIE (u3nye-
CKHE U TEOMETPUIECKHE XapaKTEPHCTUKH,
00ecIieunBaloIIe BHICOKHI YPOBEHb e€¢
pexyuieil crnocoOHOCTH, a TakXke Croco0-
HOCTH Y/Ep)KMBAaTh aOpa3MBHBIC YaCTHIIbI
B 30He 00pabGoTku. Ilpu 3TOM HCKOMBII
METOJl MOJM(HKALMH TTOBEPXHOCTH IIPO-
BOJIOYHOTO HMHCTPYMEHTa JIOJDKEH OBITh
IPOCT B peayu3anuu, 00ecreunBaTh BHICO-
KYI0 TIPOU3BOAUTEIHLHOCTE O00pabOTKH
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MO3BOJIATh 32 CUET M3MEHEHHUS DPEXHMOB
BBITIOJIHEHHSI OTIEpaIiU IIeJICHAIPABICHHO
BMATh (ynpamisiTh) Ha (Qusnyeckue u
reoMeTpUYECcKHe XapaKTepucTuku odpabdo-
TAHHOM MOBEPXHOCTH.

Obocnoeanue cnocooa moouguxkauuu
NOBEPXHOCMU NPOBOTIOUHOZ0
UHCmMpymenma

C yueroMm crienududeckux 0coOeH-
HOCcTeil oOpabaThiBaeMOl 3aroToBku (Ma-
JIBI TUaMeTp MPOBOJIOKHU, €€ OUYCHb HU3Kas
’KECTKOCTb) [Tl MOTUPUKALUK €€ TOBOPX-
HOCTH JOJDKHBI UCTIONB30BATHCS UMITYJIbC-
Hble WM OCECKOHTAaKTHBIC METOMIbI 00pa-
0oTku. M3 Bcero apceHana TakMx METOIOB,
TEXHOJOTUYCCKUE TOKa3aTell KOTOPHIX B
HanOOJIBIIEH CTENEHH COOTBETCTBYIOT pe-
[IaeMBIM 3aJ1a4aM, - CJICAYET BBIICIUTh
AJIEKTPOIPO3UOHHYIO,” BKIIOYAst 3JIEKTPO-
KOHTaKTHYI0, M Jla3epHylo o0pabotky. C
TOYKH 3pPEHHS TPOCTOTHI peajH3alld U
YHUBEPCAIBHOCTH TMPEANOYTCHUE CIICIyeT
OTJIaTh, AJIEKTPOKOHTAaKTHON 00paboTke
(PKO). B otiinune 0T KIaCCHYSCKOM JIeK-
TPOIPO3HOHHOU 00pabOTKH OHA HE Tpedy-
eT MPUMEHEHHUS CIIOXKHBIX CIEISIINX CHC-
TeM JUI TOJ/ICP)KaHUS TIOCTOSHHOM BEJIH-
YUHBl MEXKIJIEKTPOIHOTO IMPOMEXKYTKa, a
TAK)KE MCIOJIb30BAHUS CICIHATBHBIX I't-
HEpPaTOPOB MMITYJIbCOB (MCIOJIB3YETCS HC-
TOYHHUK TIOCTOSIHHOTO WJIM MEPEMEHHOTO
TOKa HHU3KOro HampspkeHus). [lpu aek-
TPOKOHTAKTHOU 00paboTke hopMupoBaHue
ANEKTPUUECKHX MMITYJIbCOB, BBI3BIBAIOLIHX
9po3ui0  00pabaThIBa€MOro Marepuana,
INPOUCXOIUT 32 CYET NPUHYAUTEIHHOTO
HEePUOANYECKOr0 IMPEphIBAHUST MEXaHUYe-
CKOTo (3JCKTPUYIECKOT0) KOHTAKTa MEKIY
AIIEKTPOJIOM-HHCTPYMEHTOM U 00padatshI-
BAaCMOW 3aroTOBKOW, BKJIIOUCHHBIMU B
Henb WCTOYHMKA mnuTaHusa. Kak u mpum
KJIACCUYECKOM 3IIEKTPOIPO3UOHHON 00pa-
00TKe, poILecC MPOTEKAET B MPUCYTCTBUU
TDJICKTPUIECKOM JKUIKOCTH.

DJEeKTPOKOHTAKTHYI0 00pabOTKy OT
Ja3epHON OTIIMYAET OIAThH XKE MPOCTOTA H
HA/IeKHOCTh TPUMEHSIEMOro 000pya0Ba-
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HHS, a TAKKE BO3MOXKHOCTH ITOJYYCHUS Ha
MOJIU(UIIMPOBAHHON MOBEPXHOCTH ~CIie-
duyeckoro penbeda, NpeCTaBISIONIETO
cOo0OW  COBOKYITHOCTH MHOXECTBa IIepe-
KPBIBAIOLIMX Jpyr Apyra JyHOK (kparte-
pOB), 00pa30BaBUIMXCS B PE3yJIbTaTe pac-
IUIABJICHHUS U MCIIAPCHUSI METaJlla B MECTE
MPOXOXKICHHS DICKTPUUECKOTO pas3psia.
Mexmy co0oii 3TH JIyHKH CBSI3aHBI Iepe-
MBIYKaMH, KOTOPbIC ONpPaBIaHHO paccMmar-
puBaTh Kak CBOEOOpa3HbIE PEKYIINE
KPOMKH  (3JIEMEHTBI), B COBOKYITHOCTH
NPUIAIONINE TOBEPXHOCTH PEXKYIIYIO CIO-
COOHOCTh. DTO TMOATBEPHKAACTCS HMCIOJIb-
30BaHMEM TaKOH MMOBEPXHOCTH Juisi 00Opa-
OOTKH 3JICKTPOJIOB-HHCTPYMEHTOB U3 Tpa-
(UTOBBIX MaTEpUAIOB CIIOCOOOM BUXPEBO-
ro xKonupoBanus [1], mpu KOTOpOM JTyHKH
Ha MOBEPXHOCTH KOIUPYEMOW JIeTaau pa-
0OTalOT KaK MHUKPOJIE3BUsI, yaaisis rpadu-
TOBBII MaTepuall.

Takum 00pa3zoM, U3 pacCCMOTPEHHBIX
METOJIOB 00pabOTKH MPOBOJIOYHOTO WHCT-
PYMEHTa C LEIbI0 TPUIAHHS €ro TOBEpPX-
HOCTH PEeXYIIEH CIIOCOOHOCTH HaWIyd-
IIAM C TOYKH 3PEHHS €ro TEXHOJIOrHHe-
CKHX BO3MOXKHOCTEH M TIPOCTOTHI peann3a-
UM SIBISICTCS. METOJ DJICKTPOKOHTAKTHOM
00paboTKH.

Texnonozuueckan cxema
IIEKMPOKOHMAKMHOU 0OpadomKu
NnO8EPXHOCMU NPOGOIOUHO20
uHCmpymenma

Jlis-ocy1ecTBIeHHS IIpoLecca JIeK-
TPOKOHTAaKTHON 0O0pabOTKH HEO0OX0IUMO
o0ecreynTh NpPephIBUCTOC KOHTAKTHPOBA-
HUE TIOBEPXHOCTEMN MPOBOJIOKU U 3JIEKTPO-
Ja-UHCTPYMEHTA, BKIIFOUEHHBIX B LIENb UC-
TOYHMKA TUTaHUs IOCTOSHHOTO Toka. B
pe3yJIbTaTe ‘MEKIy HUMHU BO3HHMKAIOT pas-
PAIOBLAAEKTPUUECKOTO TOKA, BHI3BIBAIOILINE
paspylleHHe METAUIMYECKUX IOBEPXHO-
CTE€H * 3aTOTOBKM U  DIJIEKTPOJa-UHCTPY-
MEHTa. Xapakrep JEHCTBYIOIIMUX pa3psaoB
(MCKpOBOM WM [IyroBO) MpU TMPOYUX
PaBHBIX YCIIOBUSX 3aBUCUT OT JUIMTEIbHO-
CTU WX JIEUCTBHUS, KOTOpas, B CBOIO OYe-
peab, OmpelensieTcss 4acTOTOM IMpepbiBa-
HUS dnekTpuueckod nenu. [lostomy st
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pean3ay Pa3InYHBIX YCIOBUH MpOTe-
KaHUs TIPOIecca AIEKTPOKOHTAKTHOH 00-
paboOTKH UCTIONB3YEMBIN BUOPATOP TOIKEH
obecrieunBaTh H3MeHeHHe (perynaupoBa-
HUE) YaCTOThI MPEPHIBAHUS DIICKTPUUCCKON
nenu. [ToMuMoO 3TOro, OH JIOJDKEH HMETh
HPOCTYI0 KOHCTPYKIIHIO M BBICOKYIO HaIEXk-
HOCTh B YCJIOBHSX JIMTENBbHOM paboThl. C
YUETOM 3TUX TpeOOBaHMII aBTOpaMHU Tpea-
JIO’KEHBI JIBE TEXHOJOTUUECKHAE CXEMBI AJIEK-
TPOKOHTAKTHOW OOpPaOOTKH TOBEPXHOCTU
MPOBOJIOYHOTO MHCTPYMEHTA, OTIIMYAIOIINE-
Cs TUTIOM MIPUMEHSIEMOTO BUOpaTopa.

Ha puc. 1, a nmpegcTaBieHa TeXHOJIO-
rUYeckasl cxema C HCTOJIb30BaHUEM JJICK-
TPOMarHUTHOT O BHOpATOpa.

OHa BKIIIOYAET CUCTEMY. JIEPEMOTKH
IPOBOJIOKH | 1, €OCTOSIIIYIO U3 IBYX OIHMHA-
KOBBIX_KaTylieK 2 v 3, UMCIOLINX MPUBOIbI
WX BpAWIATEIILHOTO" ABMKCHUSI M CHCTEMY
HATSHKEHUST TPOBOJIOKK. B 3aBHCHMMOCTH OT
HaNpaBJICHHs.. €€ TEPEMOTKH BKIFOUAETCS
MPUBOJI OJMHOM KaTyIIKH, a BTOpas B 3TO
BpeMsl_HOATOPMaKUBACTCS, YeM OOecrieyn-
BaeTes HaTsHKEHHE TPOBOJIOKH, M HA0O0POT.
B-mpotiecce ABMKEHHS MIPOBOJIOKA C TIOMO-
[bI0 JIBYX HAMpaBISIONIUX BTYIOK 4 u 5
MOAETCSl K Y3IIy AJIEKTPOKOHTAKTHON 00pa-
60Tk. OH COCTOHUT W3 CTaJbHOM TUIUTHI 6,
Ha KOTOPOW dYepe3 3JIEKTPOU3OIHPYIOILYIO
(TEKCTONMMTORYIO) MPOKIAAKY 7 3aKpervieHa
CTaJIbHAs TUIACTMHA 8, BBHIMOJHSIONIAS POJIb
TokoBoMa. Ha ee paGoueil mOBEpXHOCTH BbI-
nonaeH na3 9 riryounoit 0,3...0,5 quamerpa
npoBojoku (puc. 1, 6), mocpeacTBOM Ko-
TOporo odecrneunBaercs ee 0a3upoBaHue B
nporecce 00paboTKH.

Ha croiike 10 cMOHTHpOBaH 3JICK-
TPOMarHuTHBIA BUOpaTop 11, B yacTHOCTH,
ATO MOKET OBITh pejie MOCTOSHHOTO TOKa,
Ha SKOpPE KOTOPOTO 3aKperyieH WHCTPY-
MeHT 12 ¢ 1utockoit paboueil MOBEpXHO-
cThio. BuOpaTtop ycTraHOBIEeH Ha Hampas-
JSIOMNX, JOMYCKAIOIMMX €ro peryiupo-
BOYHOE TMEpEeMEIIeHHe B BEPTUKAIBHOM
HaIlpaBJICHUU IIPU HACTPOMKE y3ia dJeK-
TPOKOHTAaKTHOH 0OpabOTKM Ha pabouwii
pexxum. YacTora KoneOaHUi MHCTPYMEHTA,
COBEpILIaEMBbIX MNEPIEHAUKYIIPHO 0Opada-
THIBAEMOI MOBEPXHOCTH MPOBOJIOKH, OIpe-
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JIeTISIIOINAsT 4acTOTy CIEJOBAaHMS DIIEKTPH-
YEeCKAX MMITYJIbCOB, 337aeTCI M PEryiupy-
eTcs ¢ TOMOUIbI0 OJIOKAa YIpaBieHHUs] BUO-
paropom (BYB). Ha miure 6 3akperuieHa
BaHHOUKa 12 ju1sa cOopa AMAIEKTPUUECKON
KHUIAKOCTH (MAaclio, TUCTHJUTUPOBAHHAS BO-
Jla ¥ 1p.), M0JIaBaeMoil B 30Hy 00pabOTKU

a)

6)

KanejapHO WiM nonuBoM. I[IpoBosioka u
WHCTPYMEHT BKJIFOUEHBI B JICKTPUUECKYIO
uenb (cM. puc. 1, a), cocrosiiyro u3 HC-
TOYHWKA MUTAHUA ITOCTOSTHHOTO Toka MII,
koHJeHcaTopa C, BKJIIOYEHHOTO Mapaji-
JIeTbHO KOHTAKTUPYIOIIUM 3JIEKTPOJIaM, H
TOKOOTpaHUYMBAIOIIEro pesucropa R.

Puc. l-Texnosornuyeckas cxema JIEKTPOKOHTAKTHOH 0OpabOTKH MOBEPXHOCTH MPOBOJIOYHOTO MHCTPY-
MEHTa C 3JIEKTPOMarHUTHBIM BHOpaTOpoM (a) U cxeMa 30HBI 3Toi 00paboTKH (0)

Od4eBuaHO, UYTO MPU 00pPadOTKE MPO-
BOJIOKH 32 OJIMH MPOXOJ, T. €. TIPH €€ He-
W3MEHHOM 0a3MpPOBAHUU OTHOCHUTEIHHO
KOJICOJTIONIETOCS AJIEKTPOa-HHCTPYMEHTA,
pexyIel CrocoOHOCThIO (HATHMUUEM JIy-
HOK) Oyzmer 00saaaTh TOJBKO YacTh €€ I[H-
JMHIPUYICCKON TOBEPXHOCTH. UTOOBI MpH-
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JaTh 3Ty CHOCOOHOCTh BCEH MOBEPXHOCTHU
IIPOBOJIOYHOTO HMHCTPYMCHTA HWJIH, IIO
KpaifHell Mepe, OobIIeH ero yacT, Heoo-
XOJIMMO OCYIIECTBIISITH 00pabOTKy ¢ U3Me-
HEHHEM 0a3upoBaHMs MPOBOJIOKU OTHOCH-
TEJIBHO 3JIEKTpoJla-uHCTpyMeHTa. [IpakTu-
YECKH 3TO HECJIOKHO OCYIIECTBUTH U 3a
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OJIUH TMPOXOJ IMPOBOJIOKH, UCTONb3Ys IS
00paboOTKH €€ TOBEPXHOCTH HECKOJIbKO
JIEKTPOMEXaHUYECKUX BHOPATOPOB-UHCT-
PYMEHTOB, PACIOJIOKEHHBIX BJOJb HAa-
NpaBJeHUs] JBM)KEHUS MPOBOJIOKH TOJ YI-
JIOM JpyT K apyry B npexenax 360°, T. e.
peanu3oBaTh ~ MHOTOMHCTPYMEHTAJIbHYIO
napajiebHyl0o  o0pabotky. OdeBumHO,
KOJINYECTBO TaKUX MHCTPYMEHTOB JOJIKHO

OBITh MHHHMAJBHBIM, HO JOCTATOYHBIM
J1s1 TOroO, 4TOOBI npuaaTb IMOBECPXHOCTH
MPOBOJIOKH JaHHOTO JUaMmeTpa HauOOIb-
IIYIO PEXYIIYIO CIOCOOHOCTb.

Ha puc. 2 npencraBneHa TeXHOIOTH-
gecKkas cxXema D3JIEeKTPOKOHTaKTHOH o0pa-
OOTKH TOBEPXHOCTU MPOBOJIOYHOTO HHCT-
PYMEHTa C WCIIOJIb30BAaHHEM DIIEKTPOMeE-
XaHMYECKOT0 BUOpaTopa.

Puc. 2. Texnomornyeckasi cxema 3JIKTPOKOHTaKTHOW 00pabOTKH MOBEPXHOCTH MPOBOJIOYHOTO MHCTPY-
MEHTA C MCIIOIb30BaHUEM IEKTPOMEXaHUIECKOro BUOpATOpa

Omna BKITIOUYAET y3€I IePEMOTKH TIPO-
BOJIOKM 1, cocTosmiuii, Kak.u B HPEAbIAY-
eM cliydae, U3 JIBYX Karyliek 2 u 3;-00ec-
MIEUYMBAIONINX HEOOXOAMMOe ec HaTsDKEHUE
B TIporecce . 00pabOTKH, ~HATIPABISIONTNX
BTYJIOK (4 ¥ 5, 0/lHA U3 KOTOPBIX OIHOBpE-
MEHHO BBITOJHSCT ~POJIE  TOKOIOJBO/IA.
DNEeKTPOMEXaHUYECKUI BUOPATOp COCTOUT
U3 JJICKTPOJIBUFATEIIS TIOCTOSTHHOTO TOKa 6
C peryiMpyemMoid 4acTOTOW BpallleHHs, Ha
BaJly KOTOPOTO YCTAaHOBJICHA CTaJbHAs 3a-
YKUMHas OMpaBKa /, B KOTOPOU 3aKperyIeHbI
TOHKHEG ITPOBOJIOKH 8, BEITIOJHSIONIUE POJTHh
BPAILAIOIIUXCS DIIEKTPOAOB-UHCTPYMEHTOB.
C .HOMOIIBI0 TOKOChEMHUKA 9 OHHM TOJ-
KITIOYAIOTCS K OJTHOMY U3 TOJOCOB UCTOY-
Huka nutanusa WII, a Bropolt — depe3 Ha-
MIPABISIONIYIO BTYIKY 4 K MpoBosioke. Me-
KTy COOOM AIEKTPOBUTATEINH U 00pabaThI-
BaeMasi MPOBOJIOKA DIEKTPUYECKH H30JIU-
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POBaHBHI.
B mpouecce BINMOIHEHHS ONEpariu
DIIEKTPOABHUTATENh IyTEM COOTBETCTBYIO-
IIUX PETYJIHMPOBOYHBIX NEPEMEIICHUN yc-
TAHABJIMBACTCSI OTHOCUTENIBHO 00padaThl-
BacMOM MPOBOJIOKH TakuM oOpa3oMm (pac-
crosiure h), 4ToOBI OOecmevYnBanIoch mpe-
PBIBICTOE KOHTAaKTHPOBAaHHE C €€ TOBEpPX-
HOCTBIO  BpAIIAIONMUXCSA  TPOBOJOYHBIX
AIIEKTPOJOB-HHCTPYMEHTOB. B 3TOM Cy-
Yae dYacToTa CIIEJJOBAHUS AIIEKTPHUUECKUX
UMITYJIbCOB ONpEAENSIEeTCSl 4acTOTOW Bpa-
IICHUS BaJia AJIEKTPOJBUTATEINS U KOJINYe-
CTBOM HPOBOJIOYHBIX 3JIEKTPOJOB-HHCTPY-
MEHTOB, 3aKPETUICHHBIX B OINpaBKe. B 30HY
00pabOTKH MMOJMBOM WM KameJIbHO T0ja-
eTCSl  TUDJICKTPUYECKass IKHUIKOCTh, ISt
cbopa KoTopo# ciykut BanHouka 10.
Crnenyer MOMYEpKHYTh, YTO B JaH-
HOM Cilydae NpU HEM3MEHHOM Oa3upoBa-



Becmnux Benopyccko-Poccuiickoeo ynusepcumema. 2012. Ne 1 (34)

HUHU TPOBOJIOKM 32 CUET PEBEPCUPOBAHMUS
HaMnpaBJIE€HUs BPalICHUS BaJla JIEKTPOABHU-
ratensi MOXHO 00pabaThIBaTh MPOTHUBOIIO-
JO)KHYIO €€ MOBEPXHOCTh. XOTs, KaK U B
MpeabIyIIeM BapuaHTe, Uis 00pabOTKU
BCEH MWIMHAPUYECKOW MOBEPXHOCTH MPO-
BOJIOKM MO>KHO MCIIOJIb30BaTh MHOT'OMHCT-
PYMEHTAIBHYIO MMAPAJUIEIBHYIO CTPYKTYPY
BBITIOJIHEHUSI OTIEPALIUH.

Pe3ynomamul npedsapumebHplx
IKCnEPUMEHmMO8 no Moouduxkayuu
UCXOOHOU NOBEPXHOCMU NPOBOTOYHOZ0
UHCMPYMEHma nymem ee
9/1eKMPOKOHMAKMHOU 00padomku

Jns  moarBepkaeHHs paboTOCIIO-
COOHOCTH TPEAJIOKEHHBIX TEXHOJIOTHYe-
CKHX CXEM JJIEKTPOKOHTAKTHON 00paboTKH
MOBEPXHOCTH TIPOBOJIOYHBIX HHCTPYMEH-
TOB OBUTM M3TOTOBIIEHBI JCHCTBYIOIIUE
MakKeThl COOTBETCTBYIOIIUX YCTPOMCTB,
(dbotorpaduu pabounx 30H KOTOPHIX IPE-
CTaBIICHBI HA pHC. 3.

Ha ¢ororpadusx BumHo, 4Tto mnpu-
MEHEHHE KaK 3JeKTPOMAarHUTHOTO, TaK ‘W
AJIEKTPOMEXaHUUECKOTO BHOpaTopa 00ec-
neyrBaeT (HOpMHUpPOBAHHE B 30HE. PEPHI-
BHCTOTO KOHTaKTa MPOBOJIOKU C BJIEKTPO-
JaMU-HHCTPYMEHTAMU WIEKTPHUECKIX
paspsoB, T. €. MOJHOCTBIO \PEaTH3yIOTCs
YCIIOBUS DJIEKTPOKOHTAKTHON 00pabOTKH.

Memoouxa nposedeHus
IKCHEPUMEHMATIBHBIX UCCIe008AHUIL

DKENEPUMEHTHI TIPOBOAMINCH C WC-
TTOJTb30BAHUEM CTAIBHOW TIPOBOJIOKH JTHa-
meTpom 0,3 0,8 MM Tipr IIpsIMO# TIOJISIPHO-
CTH, T. €. aHOJIOM SIBISUIACh TMPOBOJIOKA, a
KaTOZIOM — JJICKTPOABI-UHCTPYMEHTHI. CKO-
POCTh TIEPEMOTKH MPOBOJIOKK ObLIa ITOCTO-
SHHOM u..cocrasiana 0,6 m/mun. Yacrora
MpephIBaHUs = MEXaHUYECKOTO KOHTAKTa
AIEKTPOIOB-UHCTPYMEHTOB C 00padaThl-
BaeMOM TTOBEPXHOCTBIO 3arOTOBKU TIPH HC-
HONb30BAaHUM KaK dJEKTPOMArHUTHOTO,
TaKk ¥ 3JEKTpOMEXaHudeckoro (¢ aByMs
MIPOBOJIOYHBIMHU DIIEKTPOAaMHU) BHOpaTOpa
coctapisiia 6 ['1. BeixonHoe HampsikeHHe
WMCTOYHUKA TUTaHUS OBUIO TPUHATO IIO-
CTOSSHHBIM M paBHstoch 40 B, emkocTh
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KoHzeHcaTopa cocraBisuia 43 Mk®d. OOpa-
00TKa OCYIIECTBIUIACH KaK Ha BO3IyXE, TaK
U C NMPUMCHEHHUEM HAJICKTPHUCCKOW KHI-
KOCTH (IMCTHUTMPOBaHHAsE BOJA), KOTOpas
KarejabHO TII0/1aBajlach B 30HY KOHTAaKTa
AIIEKTPOJIOB-MHCTPYMEHTOB € TTOBEPXHO-
CTBIO TIpOBOJIOKH. Ha Heli oOpaGathIBasics
yuactok jimuHoi 100 MM, YTO J0OCTaTOYHO
JUIS M3YYEHUsSI TIOyYEHHOTO Ha TIOBEpPXHO-
CTH TIPOBOJIOKU pejibeda M OICHKH €ro pe-
Kyler crocodoHocTu. McecnenoBanue Tomo-
rpadun 06pabOTaHHBIX TOBEPXHOCTEH PO~
M3BOJMIOCH BU3YAIILHO € IOMOIIBI0 MUK~
pockonnia MHUM-10, a Takke’ hororpadupo-
BaJIOCH 1M(DPOBHIM,PoToarmmapaTom, +ycra-
HABJIMBaeMbIM BMECTO-OJJHOTO U3 OKYJISIPOB
B OKYJBIPHOE THE3/I0 OMHOKYJISIPHOH ‘HacaI-
K MHUKPOCKOMNA € TOMOILBIO CIIEINATBLHOTO
OKYJISIPHOTO aJianrepa.

Ha puc. 4 npeacrasnensr ¢dotorpa-
¢buy MOBEpPXHOCTH NPOBOJIOKH, MOTYyYEH-
HOU B pE3yJIbTaTe €€ DIEKTPOKOHTAKTHOU
00paboTKH.

Kak. BuaHO, MoauduIMpoBaHHAs TO-
BEPXHOCTBh XapaKTepPH3yeTCsl HAIMYUEM Ha
HEH, JIyHOK, pAacCIOJIOKEHHBIX BJIOJIb OCH
HPOBOJIOKM B HAIPABICHUU €€ TEPEMOTKH.
LIpu 5TOM JTyHKH, TIOTydaeMble TIPH UCTIONb-
30BaHUM dJIeKTpoMarHuTHoro (puc. 4, a) u
AIIEKTPOMEXAHNUECKOTO BHUOPATOPOB,
UMCIOT TPAKTHYECKU OJIMHAKOBBIC Iapa-
METpPHBI, XOTSl B TIOCJIETHEM Cllydae Ha To-
BEPXHOCTH TPOBOJIOKH OCTAIOTCS CJICIIBI
(puCKH) OT MEXaHMYECKOTO BO3JCUCTBHS
Ha Hee BpAIIAIONMXCSA TPOBOJIOYHBIX
anekTpoaoB (puc. 4, B). [IpuMeHeHue au-
DIIEKTPUYECKON JKUAKOCTH CHOCOOCTBYET
cTa0WIM3aluu  TMPOTEKaHWs  Mpoliecca
AIIEKTPOKOHTAKTHON 00paboTKH, Oyarojaa-
ps 4yeMy TIOIy4aeMble Ha IOBEPXHOCTH
MPOBOJIOKH JIYHKH UMEIOT BEChMa OJIM3KHE
napamMeTpel, 4ero He HaOIromaeTcss Mpu
obpabotke Ha Bo3ayxe (puc. 4, 6). Kpome
TOTO, B TOCIEIHEM CIydae HMMEET MEeCTO
MEPEHOC W 3aCThIBAHWE HA TMOBEPXHOCTHU
NPOBOJIOKH  PAcCIIaBIEHHOTO  MeTajuia
AIIEKTPOAA-UHCTPYMEHTA. XOTS HE MCKIIO-
YEeHO, YTO HaJIM4YHe TAaKUX DJIEMEHTOB Ha-
PAIIEHHOTO MeTaJljla TaK)Ke MOXKET MpHa-
BaTh TIOBEPXHOCTH PEKYIIYI CIIOCO0-
HOCTb.
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6)

Puc. 3. ®oTorpadun pabounx 30H YCTPOHUCTB IS SJICKTPOKOHTAKTHON 00pabOTKH MMOBEPXHOCTH TPOBO-
JIOYHOT'O MHCTPYMCHTA. a — ¢ NPUMEHEHHEM 3JIEKTPOMArHUTHOTO BUOpaTopa; O — ¢ IPUMEHEHHEM 3IEKTPOMEXaHUYECKOro BUOpaTopa
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6)

bW

Puc. 4. ®ororpaduu moBepxHOCTH MPoBoJIokH (yBenmdenue 10X), momydeHHO# B pe3ysbTaTe ee IeKTPOKOH-

TaKTHOU 06p3.60TKI/IZ a — ¢ IpUMEHEHHeM >JIeKTPOMArHHTHOIO BHOpaTopa U JUCTHLIMPOBAHHOM BOIBL, 6 — Ipu 0OpaboTKe Ha BO3IyXE;
B —00paboTKa 2IIeKTPOMEXaHIIECKAM BHOPATOPOM C AUCTHIUTHPOBAHHOI BOZIOH; 1 — HCX0/HAs IIOBEPXHOCTH; 2 — JIYHKH; 3 — PHCKU
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JUis SKCepUMEHTaNbHOTO MOATBEP-
XKAeHusi Toro (akra, 4to MOAUGHUIIUPO-
BaHHasi MOBEPXHOCTh IPOBOJIOKM IPHOO-
peTaeT pexyuryr crnocoOHOCTh, T. €. 0e3
ee OIeHKH, ObUIa MPUMEHEHa OYeHb MpOo-
CTast, HO HATJISATHAsE METOINKA C UCTIOJB30-
BaHUEM HOXXOBKM 1Mo Mmertamny. Ha mecrte
PEXYILETo MOJIOTHA 3aKPeTUIsiach M HaTS-
rMBajlach IMPOBOJOKAa COOTBETCTBYIOIICH
JUIUHBI ¢ 00paOOTaHHBIM Ha €€ MOBEPXHO-
CTHM Y4YacTKOM. 3aTeM BpPYYHYIO, [0 aHaJo-
THH C pPacHIMBaHHEM, OCYIIECTBISIACH
00paboTKa AepeBsIHHOTo Opycka.

B pesynbraTe mnpoBEAEHUA TaKUX
HKCHEPUMEHTOB YCTAHOBJIEHO, YTO MOJM-
(duKays UCXOMHOW TOBEPXHOCTH MPOBO-
JIOKM 3a CUEeT €€ IJIEKTPOKOHTAKTHOH 00-
pabOTKH TIO3BOJISIET MPUIATH €l PEKYITYIO
CMOCOOHOCTh, YTO YOEIUTENIBHO IMOITBEP-
KIAeTCsl HATMYUEM JCPEBSHHBIX OIUIIOK
(MUKPOCTPY)KKH), a TaKKe XapaKTepHOTO
JUTsl TIpoliecca pe3aHusl 3ByKa, Yero He Ha-
OyroaeTcst mpu 00pabOTKE MPOBOJIOKOW B
MCXOJTHOM COCTOSIHUH €€ ITOBEPXHOCTH.

Buvieoow

1. Ha ocHOBaHMU aHanM3a. orepa-
WA MEXaHWYECKON oO0paboOTKH, I/i€ B Ka-
YCCTBC I/IHCTPYMCHTB_ I/ICHOJII:3yeTCSI ME-
TaJUTMYeCcKasl IMPOBOJIOKA, TWOKA3aHO, UTO
JUIsE TIOBBIIEHHST 3 (HEKTUBHOCTU HX  BbI-
TIOJTHEHUS 1eJIECO00Pa3HO OCYIMIECTBIIST
MOIU(DUKAINIO HUCXOIHONW TOBEPXHOCTH
IIPOBOJIOKH C-HCTBIO TIPHIAHUS el PeKy-
el CIIOCOOHOCTH.

2. Ha OCHOBaHMHU “CONOCTAaBJICHUS
TEXHOJIOTHYECKUX MOKAas3aTenell BO3MOXK-
HBIX METOJIOB 00pabOTKH MPOBOJIOYHOTO
I/IHCTp}IMeHTa C LICJIBIO HpI/II[aHI/IH €ro 11o-
BEPXHOCTH ~PEKYILEH CIIOCOOHOCTH IIOKa-
3aHO, YTO. HAWTYUYIIUM C TOYKH 3PEHUS Xa-
PaKTEPUCTHK TIOydaeMoro penbeda, yHH-
BEPCAIBHOCTH U TPOCTOTHI peaH3aliu
ABJIIETCS METOJ DJEKTPOKOHTAKTHON 00-
PaboTKH.

3. C ucnoip30BaHUEM 3JICKTpOMAr-
HUTHOTO U 2JIEKTPOMEXaHUYECKOTo BHOpa-
TOpOB, BBITTOJIHAROIITUX pOJ'IB HpepBIBaTeJ'Iﬂ
MEXaHUYECKOro  (JEKTPUYECKOTr0) KOH-
TaKTa MEXIY JJIEKTPOAOM-UHCTPYMEHTOM
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Y 3arOTOBKOM, pa3paboTaHbl TEXHOJIOTHYE-
CKHE CXEMBI JUIS 3JICKTPOKOHTAKTHOW 00-
paboTKH MPOBOJIOKH, BKIIOYANOIINE TEpe-
YCHb OCHOBHBIX €€ MEXaHHUYECKUX W DJICK-
TPUYECKHX Y3JIOB U DJIEMEHTOB.

4. Ha ocHOBe 3THX CXE€M CO3IaHBI
JEHCTBYIONINE MAKEThl COOTBETCTBYIOIIUX
TEXHOJIOTUYECKUX YCTPOWCTB, TO3BOJISIO-
[IF€ OCYIIECTBISITh DICKTPOKOHTAKTHYIO
00pabOTKy TOBEPXHOCTH TIPOBOJIOKH C
BapbUPOBAHUEM YCJIOBHI U PEXKUMOB BHI-
MOJIHEHHST 3TOM omeparuu. Pa3paborana
METOJIMKA TPOBEICHUS . MPEABAPUTEIHHBIX
AKCIIEPUMEHTATBHBIX WCCIICTOBAHIH,
BKJIIOUAIOIAsl HA3HAYCHNE PEKUMOB JJICK-
TPOKOHTAKTHOW 00pPabOTKH  CTaNBHON W
MEIHOW TIPOBOJIOKK COOTBETCTBEHHBIX
JTMAMETPOB, H3YUCHHUE MOJIYICHHOTO Ha UX
MOBEPXHOCTAX penbeda u ompenencHUe
TOTO, 9TO MOIU(PUINPOBAHHAS ITOBEPX-
HOCTb MPOBOJIOKU TPUOOPETACT PEXKYIIYIO
CIIOCOOHOCT-

5. Ha ocHoBanuu aHanm3a mody4eH-
HBIX JAHHBIX YCTAHOBJICHO CIICTYFOIIIEE.

5.1. MoauduinupoBaHHasi IMOBEPX-
HOCTH XapaKTepU3YyeTCsl HATMYUEM Ha Hel
JAYHOK OT yJaJe€HHOr0 MeTallja, Pacrlojo-
KCHHBIX BJIOJb OCH IPOBOJIOKH B HAIIPaB-
JeHun ee mnepeMoTku. [Ipu 3Tom nyHKH,
MOJTy9YCHHBIC TPU HCIIOB30BAHUH DJICK-
TPOMAarHUTHOTO M 3JEKTPOMEXaHUYECKOTO
BUOPATOPOB, UMCIOT MPAKTHYECKU OJIMHA-
KOBbIE TMapaMmeTphl, XOTS B IMOCIETHEM
ciydae Ha 00OpabaThIBaeMON MOBEPXHOCTH
JIOMOJTHUTEIBHO OCTAIOTCS Clie/ibl (PUCKH)
OT MEXaHWUYECKOTO BO3JICHCTBUS Ha HeEe
BPAIAIONINXCSI POBOJIOYHBIX IJIEKTPOJIOB-
WHCTPYMEHTOB.

5.2. TlpumeHeHHEe AUAICKTPUUSCKOU
KUJIKOCTH (IMCTH/UTMPOBAHHAsI BOJA) CITO-
coOCTBYyeT CTa0MIM3AlMM  MPOTEKAHHUS
nporiecca AIEKTPOKOHTAKTHOW 00paboTKH,
Onmarogaps 4yemy MOJTy4YeHHbIE HAa TOBEpX-
HOCTH TPOBOJIOKH JIYHKA HMEIOT BEChbMa
ONMu3KHMe mapaMeTphl, Yero He HabmoaaeT-
cs mpu 00paboTke Ha Bo3ayxe. Kpome To-
ro, B MOCIIETHEM Cllydyae UMEeT MECTO Iie-
pPEHOC U 3aCThIBAHUE HA MMOBEPXHOCTHU IPO-
BOJIOKM DACIUIaBJICHHOIO MeTallja dJeK-
TPOJa-HHCTPYMEHTA.



Becmnux Benopyccko-Poccuiickoeo ynusepcumema. 2012. Ne 1 (34)

5.3. B oriauuue OoT MCXOIHOU, MO- Tajia, KOTOpble B COBOKYITHOCTH (popmu-
TUQPUITIPOBAaHHAS TTOBEPXHOCTH IPOBOJIO- PYIOT Ha TIOBEPXHOCTH MPOBOJIOKH PEKY-
KU B pE3yJbTaTe €€ 3JIEKTPOKOHTAKTHOU 1€ DJIEMEHTHI, CIIOCOOHBIE PH MEXaHH-
00paboTKH TPUOOpPETAET PEXKYIIYIO CIIO- YECKOM BO3JICUCTBUU CHUMAThb CTPYXKKY
COOHOCTB, YTO OOYCIIOBJICHO HAIMYUEM Ha Ha Oollee MITKOM, Ye€M MPOBOJIOKA, MaTe-
HEH MHOMKECTBA JIYHOK YJAJICHHOTO Me- puaire.
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