I'nasa 32. OcHoBbI PUBNKO-XUMHYECKHX METOI0B pa3MepHoii 00padoTku

K ¢usuko-xumideckum Meroam pasmepHoi 00pabotku (DXO) MarepriaoB OTHOCST METOJIBI,
o0ecrieunBaroIye cheM 00padaTbiBaeMOT0 Marepraia B pe3ybTare (PU3MKO-XUMHUYECKHX TPOIIECCOB.
[lo mexanm3my paspylleHHs U CbheMa Marepuaia Bce (U3MKO-XUMUYECKHE MPOLEecchl 00paboTKU
TO/IPA3ICIISAFOT Ha TPU TPYIITBL: deKTpodr3nuueckie MeTo bl 00paboTku (DDO), ameKTPOXHUMITIECKIE
MeTo 11 00paboTku (DXO) u KOMOMHHUpPOBAaHHBIE. PaccMOTpHUM OCHOBHBIE, HAHOOJIEE TIPUMEHSEMBIE U
TIEPCTICKTUBHBIE, METOIBI  OOpa0OTKHM:  AJIEKTPOAPO3UOHHYIO,  JJIEKTPOXUMHYECKYIO,  JTy4eBBIE,
YIILTPa3ByKOBYIO, a TAKXKe KOMOMHHUPOBAHHBIE CIIOCOOBI (CM. cxeMy Ha c. 556).

Kaxnpriit u3 merogoB ®@XO obnaiaeT yHUKATHHBIMA TEXHOJIOTHYECKHMMHI BO3MOYKHOCTSIMU, HO BCE
OHHM OoJiee PHEProeMKd U MEHee MPOM3BOJUTENBHbI B CPaBHEHMH C METOJAMU MEXaHOOOPaOOTKH.
[Tosromy ucnosnb3oBanue Meto10B @XO onpaBAaaHo TOJIBKO B CAEAYIOUIUX CIydasX:

- yIi  0OpabOTKM KOHCTPYKIIMOHHBIX MAaTepHaioB, HMEIONIMX HHU3KYI0 00pabaThiBaeMOCTh
JIe3BUMHBIM M a0pa3sWBHBIMHA WHCTPYMEHTaMH, B TOM YHCJIE BBICOKOJIETMPOBAHHBIX CTaJleld, TBEPIBIX
CIUTaBOB, (DeppPUTOB, KEPAMHUKH, TIOJTYIIPOBOHUKOB, CHTAJIA | JIp.,

- Ui 0OpabOTKM JeTalnel CIIOKHOW TEOMETPHYEeCKOH (opMbI W3  TPYyAHOOOpaOaThIBAEMBIX
MaTepuaioB (mpecc-(hopMBl, JICTAIH JIOTIATOK TYPOUH U T. IL.);

- Jy1s1 00pabOTKM MUHHATIOPHBIX TOHKOCTEHHBIX HEKECTKUX JCTANICH, a TakoKe JIeTajei CIIOKHON
(hOopMBI € 1Ma3aMu U OTBEPCTUSIMHU.

OddexrrBHOCTH TprMeHeHus1 MeToioB DXO mposBisieTcss TeM OoJblle, YeM CIiokHee (opma
00pa0aTpIBaEMOM TMOBEPXHOCTH JICTAH, BBIIIE (DH3UKO-MEXaHHYECKHE CBOMCTBA Marephajia M 4YeM
OOJIBIIIFE TPYTHOCTH BO3HHUKAIOT TIPH €€ M3IOTOBJICHUM METOIaMU MEXaHUYECKOH 00pabOTKH.

32.1. D1eKTPOIPO3UOHHASI pa3MepHas 00padoTKa
(390)

DIEKTpO3pO3MOHHAsT 00pabOTKa OCHOBAaHA HA WCTIOJB30BAHUM SIBJICHHSI JIEKTPUYECKOM P03 —
PpaspyIIeHns MaTepraa EKTPOIOB MPH AEKTPUUSCKOM POO0E MEKIIIEKTPOTHOTO TIPOMEKYTKA.

Cxembl npoueccoB 990. Pazmepras 930 3akimroyacTcs B M3MEHEHHH (hOPMBI, Pa3MEpPOB, IIEPOXOBATOCTH U

CBOMCTB IOBEPXHOCTH 3arOTOBKU ITyTéM CbeMa MaTepuaia IIPUIyCKa 3a CYET YIpPaBIIEMOro IIpOLiecca
JIIEKTPUYECKON SPO3HH.

Puc 32.1. YcnoBHas cxema mporiecca 9390:

1 — snekTpoa-uHCTPpyMEHT, 2 — oOpabaThiBaeMast MOBEPXHOCTh; 3 — T€HEPaTOp
ANIEKTPUUYECKUX UMITYJIbCOB, 4 — AIIEKTPUUECKUM pa3psij, 5 — ra3oBslil y3bIph; O —
NPOAYKTHI 3po3uH (1uiam), 7 — 3pO3HOHHAs JIyHKa, 8 — pabouast KHIKOCTh, 9 —
U30JIATOP

Cxembl nponeccoB I30. Pazmepras D30 3aknrodaeTcss B U3MEHEHUU (HOPMBI, pPa3MepoB,
[IEPOXOBATOCTH U CBOWCTB IMOBEPXHOCTH 3arOTOBKH ITyTE€M CheMa MaTepHaia IMPHUITyCKa 3a CYET
YIIPaBIISIEMOTO MPOIIECCa AMEKTPHUECKOM IPO3UH.

Ha puc. 32.1 nmpuBenena ycinoBHasi cxema mporecca 990. M30mupoBaHHBIE 3JIEKTPOI-
unacrpymenT 1 (OU) u oOpabaTpiBaeMast 3aroTOBKa 2 MOTPYKEHBI B PA00UYIO THUIICKTPUIECKYIO
KHUJIKOCTh M COCAMHEHBI C TEHEPATOPOM INIEKTPHUYECKHX MUMIYIbCOB 3. MEXIy AJIEKTPOJIOM H



JIETANIBI0 DJICKTPHUUSCKHUM TMPOOOEM MeX3JIeKTpoaHoro mpomexyrka (MOII) Bo30yxkmaercs
UMIYJIbCHBIA pa3psis 4, KOTOpPBIA MTHOBEHHO HAarpeBaeT MHUKPOYYACTKH JJIEKTPOJIOB H
KOHTAKTHPYIOIIYIO C HUMH XUAKOCTh. B pesynbTare B 30HE paspsga (GOpMHUpPYETCsl Ta30BbIH
my3bIpb 5. B KOHIIE KaKJ0T0 UMITYJIbCa TPOUCXOUT CXJIOMBIBAaHKUE ITy3bIps. [Ipu 3TOM mpoyk-
THI PO3UM — IUIaM — B BUJE TpaHyn 6 ynanstorcs u3 MOII paboueit xuakocteio 8, a Ha
MOBEPXHOCTH 3JIEKTPOJIA-3arOTOBKM 00pa3yeTcsi HIpO3WOHHAs JyHKa /. 3a BpeMms May3bl
MIPOUCXOAUT BOCCTAHOBJICHHE IEKTPUUECKOM mpouHocTd MOII o ucxoaHOoTro 3HaYeHUs. 3aTeM,
IpH T0/Ia4e CICIYIONMEr0 WMITYJIbCa HANpsHKCHUs, BECh MPOIECC MOBTOPSETCS, HO MPoOOid
MPOUCXOTUT YK€ TaM, T/ie HaNnpsHKEHHOCTh NMPUMET MaKCHMAabHOE 3HAa4eHHWEe, — B 3a30pe
MeXIy HauOoyiee ONM3KUMHU MHKPOBBICTYIIAMH ITOBEPXHOCTH 3arOTOBKM W WHCTPYMEHTA.
[Ipormiecc 3po3un 3aroTOBKH MPOJIOIDKASTCS 10 TIOJHOTO YAAJICHHS METallla, HaXOAAIIErocs Ha
paccTosiHuu dekTpryeckoro mpooos (0,01—0,15 mm).

Jlnst obecriedeHns: HEMPEPHIBHOCTH Tpollecca cheMa mpuiycka BenmuunHa MDII nomkHa
OCTaBaThCsl HEM3MEHHOM, ISl Yero CKOpOCTh  TJIABHOTO  JBWKEHUs OV B HampaBlieHHH
00pabOTKM JIOJDKHA COOTBETCTBOBAaTh CKOPOCTH 3pO3MM  3JIEKTpoJoB. OOpaboTaHHas
MOBEPXHOCTh MPEJCTABISACT COOO¥ MOBEPXHOCTh, OOPAa30BAaHHYIO MHOXKECTBOM JIYHOK (pHC.
32.2) rinyounoii h, u quamerpom D,

Puc. 32.2. Tlpo¢uns moBepxHocTH, 00padoTanHoit 220

IIpu wmHOrooOpasuu KuHeMaTuyeckux cxeM OO0 Bce CXeMbl YCIOBHO MOXHO
pacnpenenuTh Ha TPU TPYIIIIbIL.
[Tonydyenue tpebyemoii GOpMBI U TOYHOCTH TOBEPXHOCTH 3arOTOBKH KOIMHUPOBAHUEM (POPMBI
PO (HUITBLHOTO HHCTPYMEHTA, MPEACTABIISIONIET0 000t 06- paTHOE 0TOOpaXKeHUe (GOPMEBI JACTaIH.
[Io »TON cxeMe »3JEeKTPOA-UHCTPYMEHT BHEAPSETCS B 3aroTOBKY MpPU IOCTYNATEIbHOM
MEpPEMEIEHUU IO Mepe 3JIEKTPOIPO3UHM METajula 3aroTOBKH. JTa cxemMa Haubojee MIHPOKO
npumensiercss B npaktuke: 990. Omnepaiiy, BbINOJIHSIEMbIE 110 MEPBOM CXEMe, Ha3bIBAIOTCS
KOIUPOBaJIbHOE TpoiuBouHbIME (puc. 32.3, a, 0, 6).

Puc. 32.3. Kunematudeckue cxemsl mporecco 990
a — KOTIPOBaHHE, O — MPOIIUBAHKE MTOJIOCTEH C TIPSIMOM OCBIO; 8 — IMPOIIIMBAHIE OTBEPCTHI C
KPUBOJIMHEHHOM OCBIO; 2 — OTPE3Ka BPAIIIAFOIIMMCS TMCKOM; 0 — OTPE3Ka MPOBOJIOKOH (JIEHTOI), € —
numgoBanue; 1 — oOpadaTeiBaeMas AeTaib, 2 —HUHCTPYMEHT; 3 — T01a4a pabodel KUIKOCTH



1.3amannas Qopma netanm oOecmeYMBAETCs B3aUMHBIM TEPEMEIICHUEM 3arOTOBKUA U
HenpodunupoBaHHoro MHcTpyMeHTa. [lo 3Toil TexHomornyeckoit cxe-me 290 Npou3BOAAT C
WCTIOJIb30BAHMEM B KAueCTBE OJIEKTPOJA-MHCTPYMEHTA IPOBOJIOKY WM METAJUTHYECKHMA
Bpamaroruiics auck (puc. 32.3, 2, 0).

[Tony4yenue TpedyeMoi hopmBI obecrieunBaeTcst B3aUMHBIM nepemMenieHneM
npo(MIMPOBAaHHOTO WHCTPYMEHTa W 3arOTOBKH. DTH OTEpalMy TOJYYHIH HAaWUMEHb- IIee
pactipoctpanenre. OHHM HCIOJB3YIOTCS JUIE TPaBKU (DAaCOHHBIX 3JIEKTPOATIMAa3HBIX KpPYroB,
U3rOTOBJICHUs (DUTYPHBIX KaHAaBOK | HumudoBanus (puc. 32.3, e).

®uznko-xumuueckue ocHoBbI D0, Cymuocts 930 cOCTaBIAIOT NPOLECCH U SBJICHUS,
OTBETCTBEHHBIC 3a DJEKTPOIPO3HIO 3JEKTPOJOB. DTO TPEXKJE BCEr0 TPOIECCHl Harpema,
TUTABJICHHSI M yJTAJICHUSI METaJlIa M3 JIyHKH, 00pa30BaHMs YaCTHIl — IMPOIAYKTOB DPO3HH; 3aXBaT
Y 3BaKyallysi YacTHUI[ U3 3a30pa.

[Tpumensiemsbiii pu 230 pa3psa Bo30ykKAaeTcs 3JIEKTPUUIECKUM IPpoOoeM. DINEeKTpUdIeCcKuil
npo0Ooit pu mojade umIrynbca HanpspkeHuss 50—250 B nmpoucxoaut Mexy MUKPOBBICTYIIOM
AIIEKTPOA-3arOTOBKU M 00pabOTaHHON MOBEPXHOCTHIO JIEKTPOAa-MHCTPYMEHTa. B pesynbrare
npu 320 pa3pymarTcsi UMEHHO BBICTYIIBI, BBEIPAaBHUBAS MOBEPXHOCTH 3arOTOBKH TI0 BCEMY
MEXIJIEKTPOTHOMY 3a30py. B cirydae Bo3OyxknmeHus paspsiga 3ambikanueM MOII rpanymamu
nutamMa npouecc 990 HapyliaeTcs, U3MEHSIOTCS MapaMeTpbl pekuma, CHHUXKas TOYHOCTh U
Ka4eCTBO TIOBEPXHOCTH.

WHTEHCHBHOCTB 3PO3MHU 3aBUCHT OT BUJIa BO30YyxmaeMoro paspsaa. HauaneHas (MckpoBas)
CTamus, UIAIasacs ~10°—10" C, OTJINYAETCs HauOOJBIICH YyIEIHHOW MOIIMHOCTHIO, TaK Kak
IMaMeTp KaHala B HAYaIbHOW CTaJAWM BEChbMa MaJ W KOHIIGHTpAIMs SHEPruM Ha
0GpabarbiBaeMbIX MHKpoydacTkax cocraBiser ~10—108 Br/em?® Ilporecc sposun Meraiia
AJEKTPOJIOB OCYIIECTBIIIETCS HCHapeHuEeM. B KOHIIE HMCKpOBOW CTaAuM IMOJ JEHCTBUEM
BBICOKMX TEMIepaTypbl M JaBJICHUS B KaHaie paspsaga padbodas XHUAKOCTh NPUXOIUT B
IBIDKEHHE M KaHAI pacUIMpseTcss CO CBEPX3BYKOBOHM ckopocThio. [lpm yBemmueHuun
JUTATETFHOCTH UMITYJIbCA B PE3Yy/IbTaTe POCTa CEUEHUS KaHala yAelbHas MOIIHOCTh pa3psia
CHIDKAETCS M OH MEPEXOJUT B JYroByio cTajnto. CpaBHUTEIEHO BBHICOKOE 3HAYEHUE YNIEIBbHOM
MOIIIHOCTH JYyroBOW (pOpMBI pa3psna, ~10°—10* Br/em?, IIPU JIUTENBHOCTH, COOTBETCTBEHHO,
~10~°"—10% ¢ pu D50, 0OBACHASTCS OXJIAXKIAIONUM BO3JCHCTBHEM JKUIKOTO JTUAICKTPHUKA.
N3BecTHO, YTO MPUHYAUTEIBHOE OXJIAKICHHUE CTON0A AYTH ABJIsieTCs 3Q(PEKTUBHBIM criocoOOM
MIOBBIIICHUST KOHIICHTPAIMH 3JIEKTPHUUECKOTO TYyroBoro paspsjaa. IloaTomy BeICOKHE 3HAUCHUS
spo3un npu 390 obecnieunBaeT U yrosas Gopma paspsiia. B kauecTBe HCTOUHUKOB MTUTAHUS
pu 990 UCHOJB3YIOT F€HEPATOPHI UMITYIIbCOB.

[Io ¢dopme wuMIYTbCH MOAPA3ACISIOTCS HA: 3HAKONEPEMEHHBIE, aCHMMETPHYHBIC,
YHHIIOJIIPHBIE CHHYCOHJIAJIBHBIC; YHUTIOJISIPHBIE MIPSIMOYTOJIbHBIE; YHHUITOJISPHBIE TpeOeHYaTHIE.

[To cxeme mOIKITFOUEHUS 3IEKTPOIOB Pa3IMIalOT 00padOTKY Ha MPSAMOI MOJIIPHOCTH, KOTIa
WHCTPYMEHT TOAKIIIOYCH K «-» UCTOYHHKA, U HA O0OpAaTHON MOJSIPHOCTH, KOT/AA K «-» UCTOYHUKA
MOJIKJTIOYEHA 3aTOTOBKA.

Hcnons3yembie (GopMa HUMITyJbCa W TOJSPHOCTh CHIJIBHO CKa3bIBAIOTCS Ha XapakTepe
paspymeHuss  31eKTposioB. CHMMETpUYHBIE 3HAKONEPEMEHHBIE HMMIYJIBCHI  BBI3BIBAIOT
OJIMHAKOBYIO 3PO3HIO JJIEKTPOJOB W3 OJHOr0 Marepualsia. YHUIOJSPHBIA MUMIYIbC (MMITYIIbC
OJTHO¥ TIOJIIPHOCTH) OOECIEeYMBACT MPEHMYIIECTBCHHOE Pa3pyIICHHE OJHOTO M3 3JIEKTPOJIOB.
OObuHO HaMOOJBIIAS APO3US 3arOTOBKH OTMEUAeTCs IPH BO3ACHCTBUH  YHHITOJSPHOTO
UMIYJbca TPsAMOH mossspHOCTH. Ha TpakTHKe MIMPOKO HCIOIB3YIOTCS M 3HAKOTIEPEMEHHBIC
ACHMMETPHUYHBIE UMITYJIHCHI, B 3TOM CIIy4ae pa3InyaroT J[Ba MOJyNeproa mpoiecca — pabounii
Ha TIpsi-

MOW TOJSIPHOCTH C MAaKCHMaJIbHBIM TOKOM M XOJIOCTOM Ha OOpaTHOH MOJSPHOCTH C
MUHUMAJIBHBIM TOKOM, YTO OOECIIEYMBAET BHICOKYIO SPO3UI0 3arOTOBKM M HE3HAYHTEIHHYIO
SPO3UI0 UHCTPYMEHTA.

Obpabamuvleaemocms  Pa3IMUHBIX MAaTEPUAJIOB TIPHU AJICKTPOIPO3UOHHON 00paboTKe

oneHuBaeTca KodpuuueHToM obpadaTeiBaeMocTd. YwucioBoe 3HavYeHHE KOAPPUIIMEHTA



00pabaThIBa€MOCTH PaBHO, KaK U Mpu 00pabOTKe pe3aHHEM, OTHOLIEHUIO SKCIEPUMEHTAIbHO
YCTaHOBJIEHHOUM CKOPOCTH Che€Ma JIaHHOTO MaTepHalia K CKOPOCTH CheMa cTaiu 45 mpu Tex ke
napamerpax 2320. Kosddunument obOpadbareiBaemoctu ctanu 45 NPUHUMAETCS 32 €IUHUILY,
Torjga Kodp@uiueHT o0pabaThIBAEMOCTH COCTABISET. IS JKAPONPOUYHBIX M HEPIKABEIOIIMX
craneit — 1,4; s amomunans — 2,4; s meau — 0,9; g tutana — 0,6; s Bosibppama —
0,5; mns TBepapIx cruraBoB — 0,3.

l'azocuopoounamuyeckue u euopasiuveckue npoyeccol ¢ M O II OTBETCTBEHHBI 3a
oOpa3oBaHue, 3aXBaT, HYBAKyallMI0 YACTHI[ M3 MEXKDJICKTPOJHOTO 3a30pa M BOCCTAaHOBJICHHE
anekTpudeckoit mpounoctu MOII mocre pazpsiaa. PaccmoTpum mocneaoBaTenbHOCTh U PUBUKY
MIPOUCXOISIIIUX TTPOLIECCOB.

B pesynbrare TEmI0BOro KOHTAKTa MIa3Mbl pa3psiia ¢ )KUAKOCTHIO TIPOUCXOIUT €€ pa3oTrpeB
U ucnapeHue ¢ o0pa3oBaHUEM Ta30BOro Immy3bips. JlaBieHue rasa B my3bipe mocturaer (10—
100)-10° Ila, MO OKOHYAHHH HMIIYIbCa Paspsga OHO PE3KO MAgaeT 10 3HAYCHMI HIDKE
arMocgepHoro. Pe3koe majnenne gaBneHus HaJ PacIUIaBICHHBIM EPErPETHIM METAIIIOM BEJIET K
BBIOPOCY €ro W3 JIYHKH B BUZE Kareib >KUIKOW (a3bl mpu TeMIepaTypax HIKE TeMIIepaTyphl
KATIEHUST MeTayuta. JKuaKue MHKpOIOPLIMM MeTajula B BHJIE Karellb BBIOPACHIBAIOTCS BO
BHYTPEHHIOIO TOJIOCTh CXJIOMBIBAIOMIETOCS IMy3bIpsi HA €r0 CTEHKU. B pe3ynbraTe cOmpuKOCHO-
BEHUSI ¢ paboyeil >KUAKOCTHIO MPOAYKTHI SPO3HMH 3aCTHIBAIOT B BHJE TPaHYN MApooOpasHOi
¢dopmbl. [Ipu cxymombIBaHUH ITy3BIPS TPOAYKTHI SPO3HH BBITAIKUBAIOTCS U3 MEXKIJIEKTPOIHOTO
3a30pa yIapHBIMH BOJHAMH BMECTE C OKPYKAIOMIEH WX KUAKOCTHIO. DTOT MPOIECC POUCXOTUT
BO BpeMs May3 MEXKIY AJIEKTPHUECKUMHI UMIYJIbCaMU. B 3TOT MOMEHT MEXKAJIEKTPOIHBIN 3a30D
JOJDKEH TOJIHOCTBIO OYHCTHTBCS OT MPOJIYKTOB APO3UHU AIEKTPOJOB, a pabodast )KUIKOCTh —
MOJTHOCTBIO BOCCTAaHOBUTBH DJICKTPUYECKYIO IPOYHOCTh, OOECHEUMBAIONIYIO0 TTOCTOSIHCTBO
HanpspKeHUs po0ost U 3a30pa npu oOpadoTKe.

[lpu paGote Ha (OpPCHPOBAaHHBIX peKXUMax (BBICOKAsh MOIIHOCTh W JUIMTEIBHOCTD
UMITYJIbCa) MPOUCXOTUT Pa30rPeB AICKTPOJOB M BhIOPACHIBACMBI M3 JIYHKH METAT HAJIHUIIACT
Ha JJIEKTPOA-UHCTPYMEHT, 00pa3ys HapocThl. OOpa3oBaHUN HApOCTa HApPYIIA€T TOYHOCTh U
KadecTBO 0OpaboTanHOW moBepxHOCTH. C TeM YTOOBI YCTPAHHUTH 3TO SBIICHHE, TPUMEHICTCS
UCKYCCTBEHHasl Ipokauka auekrposutoB uepes MOII. Ilpokauky mpoBOJST € MOMOIIbIO
HACOCOB, PAacXo]] JKUIKOCTH TPU MPOKAYKe BXOJUT B OCHOBHBIC TEXHOJIOTHUECKUE TTapaMeTPhI
nporecca 00paboTKH.

ConyrctByronuMm siBjieHueM npu OO0 sBIsSETCS pasfiokeHHuE paboyed KUIKOCTH IO
JIEWCTBUEM BBICOKHX TEMIEpaTyp — TMHPOJN3. B IKHIKHX yrIIeBOJAOPOJax, HMEIOIMINX
temnepatypy kurenust 150—200 °C, B 30He yroBoro paspsiaa

oOpasytorcst mapel cocraBa CpHon. I[lpu compukocHOBEHMH TMApoB C HarpeThIMH Y4acTKaMH
AJIEKTPOJIOB IPOUCXOAMUT PA3I0KEHHE MapoB C OCAXJIECHUEM Ha IOBEPXHOCTU Yriepoja U
BbIJIEJIEHUEM BOJIOposa. B3auMoaelcTBys ¢ MOBEPXHOCTSIMU 3JEKTPOOB, YIJIEPOJ U BOJAOPOJ
MOTYT OKa3bIBaTh KakK ITOJIOKUTEIFHOE, TaK U OTPHUIIATEIbHOE BIHsIHUE. Tak, B3aUMOJICHCTBHE C
oOpabaTpiBaeMON MOBEPXHOCTHIO JI€TAIM BEIET K M3MEHEHUI0 XUMHUYECKOrOo COCTaBa
MIOBEPXHOCTHOTO CJIOSl, 4YTO B OOJILLIMHCTBE CIIy4aeB HEXenareabHo. B To ke Bpems
B3aUMO/ICHICTBUE C MOBEPXHOCTHIO MHCTPYMEHTA BEAET K OOpa30BaHMIO HA €ro MOBEPXHOCTH
ciosi muporpaduTa, KOMICHCUPYIOIIETO €ro 3pO3HWI0 B Mpoliecce 00padOTKU. DTO SIBJICHHUE
WCTIOJIB3YETCS JUISl TOBBIIICHUSI CTOMKOCTH MHCTPYMEHTA.

DiexkTpoabl-uHcTPpyMeHThl (DU) u padoune kuakoctu (PXK). Ilpoduruposannviti DU
3ajaeT KoH(urypauuio o0pabaThiBaeMOl MOBEPXHOCTH JAeTainv. Marepuan 3JieKTpoja-
WHCTPYMEHTa JOJDKEH 00JIaJaTh BBICOKOW SPO3MOHHOM CTOMKOCTHIO, MPOYHOCTHIO, MAJIBIM
OMHYECKHM COTIPOTUBIICHUEM U BHICOKOI 00pa0daThIBAEMOCTHIO METOIAMH PE3aHHS.

DPO3UOHHBIN U3HOC AEeKTpoa mpu D0 He ABIAETCS JIOKATBHBIM, KaK TP MEXaHUYECKON
00paboTKe, a OXBaThIBa€T BCIO pabOYyl0 IMOBEPXHOCTh M OIICHUBACTCS OTHOIICHUEM
M3pacxoJ0BaHHOTO 00beMa MEKTPoa K 00beMy YJAJIEHHOTO MeTallia.

B kauectBe Marepmana uig  JNEKTPOAOB IpU 0OpabOTKE BBICOKOYIIIEPOIUCTHIX
WHCTPYMEHTAIBHBIX CTAJIeH W JKapOIPOUYHBIX CIUIABOB HAa HHUKEJICBOW OCHOBE PEKOMEHIYIOTCS



rpadgur, Meap U KommosuiuoHHbl Matepuan MHB-3 (97% menm u 3% Hutpuma 6opa).
Hanmvenspmiemy W3HOCY TIOABEPKEH MENHBIA DJJEKTPOJ, TAK KaK €ro 3JIEKTPOIPO3Us
KOMIIEHCUPYETCSl YIJIepoJOM, OTKIIAJbIBAIOIIUMCA B pe3yjibTaTe MUPOJIM3a YIIIECOoAEp Kallux
pabouux xuakocted. [ns ymanenus mmama w3 MDOII B 3yeKTpoJie M3rOTABIMBAETCS
HEOOX0JMMOe Yucio oTBepcTHil (cM. puc. 32.3, @, 0). YaaneHue oCyIIecTBISETCS MPOKAYKOM
WM OTCOCOM paboyeil )KUIKOCTH U3 3a30pa.

B xauectBe Henpoguruposarnnoco uncmpymenma npu 930 HanboJbIIIEe pACIPOCTPAHCHNE
MOJTyYHJTH MEITHBIC WM JIATYHHBIE JUCKKA M TOHKas mpoBoJioka nuamerpoM 0,02—0,3 MM u3
M€Y, JTaTyHH, Bosbhpama u MoiubaeHa. [ns odecriedeHus TOYHOCTH 0OpabOTKH M CHIDKCHHS
M3HOCA MPOBOJIOKA-3JIEKTPOJI B Ipoliecce 0O0pabOTKMU IepeMarbIBaeTcsi ¢ OAHONM OOOMHBI Ha
JPYTyI0, UCTIBITHIBAST YCHITUE PACTSIKEHHUS.

B kauectBe pabouyMxX IKMIKOCTEH HCIOJIB3YIOT HU3KOMOJIEKYISPHBIE YIJIEBOJIOPObI
pa3IuuHON BsA3KOCTH (KEpOCHH, HHIyCTpHaibHOe Maciio M12A, TpancdopMaTopHOE MAciIo U UX
CMECH), BOJY, KDEMHUHOPraHUYECKUE KHUIKOCTH U BOJHBIC PACTBOPBI JIBYXaTOMHBIX CITUPTOB.

JUis  yMeHbIIEHHs] KOPpO3UM  AJIEKTpojoB B  Boay jobasmsitor 4%  CayCos
(kanpuMHMpOBaHHAs coja). [IOBBIIEHWE TEXHOJIOTHYECKHX CBOMCTB  00ECIEeYMBACTCS
BBEJCHUEM  IIOBEPXHOCTHO-akTHBHBIX  BemectB  ([IAB),  Hampumep — KOMIO3WLUI
3JIEMEHTOpPraHn4eckux coeaquHeHunit Ba, Ca u apoMaTnyeckux BELIECTB.

[IpenenbHO AomycTuMasi MaccoBasi KOHIEHTpaLus laMa B paboyeil *KUAKOCTH 3aBUCUT OT
pexxuma o6pabdotku. Hampumep, ¢ yBemmuenmem dyactoTel oT 0,4 no 44 kI gomyctumas
KOHIICHTpPAIUS JOJDKHA OBITh, COOTBETCTBEHHO, CHIDKeHa ¢ 0,49 o 0,19%.

TexHonornueckne mnapamerpbl M pexumbl II0. [lpouzsodumenvnocmsv npoyecca
OLICHUBAETCA CKOPOCTbIO Che€Ma MaTepuajia 3aroToBku. [IpuONMKeHHyI0  OLEHKY
IPOM3BOJUTEIBHOCTH mpolecca (MM® /MuH) 6e3 ydera Iuiomagn oOpaGOTKH Jaer
COOTHOILIEHUE!

Q = ke fW,, (32.1)

rae ki = r, /h, , ko — 3HaYeHne 3po3un MaTepuaga 3arOTOBKH HPU OMPEACICHHBIX YCIOBHSIX
00paboTKH, I, © h, — COOTBETCTBEHHO paauyc U IiIyOMHA JIYHKH, f— 4actoTa; W, — sHeprus
UMITYJIbCA.

W3 cootHomrenus (32.1) ciemyer, 4TO MPOM3BOAUTEIBHOCTDh OIMPEICISCTCS JHEPrUeH H
YaCTOTOM CJIE0BAHUSA UMITYJIbCOB.

[To sHeprum 3meKTpUYECKUEe PEeXHUMbI moapasaenstor Ha xectkue (0,5—5 JIx), cpeanue
(0,1—0,5 1), nerkue (0,05 — 0,1 /Ix) u ouens nerkue (menee 0,05 Jx).

[Io TEXHOJNOTMYECKUM IOKAa3aTeNsiM OTH PEXKHMBI  COOTBETCTBYIOT  YEPHOBBIM,
MOJIyYHCTOBBIM, YHUCTOBBIM M JOBOJOYHBIM. B Tabn. 32.1 mpueaensr pexumbsl 2330
MPSIMOYTOJIbHBIMU UMITYJIbCAMH W 3Ha4YeHHs npousBoauTenbHocTd D00 mns cramu 45. U3
tabi. 32.1 criegyer, 4TO MaKCUMalbHas TPOW3BOAUTENLHOCTH OO0 obecneumBacTcs Ha
KECTKUX (YEePHOBBIX) peKUMax 00pabOTKH.

Tabnuma 32.1. Pexxumbl 00pabOTKH ¥ TPOn3BoAUTENIEHOCTH D0

Hazpanue pexxuma | Yacrorta, kI'n | Cpennuii Tox, A | IIpou3BoAUTETBHOCTS,
cM® IMuH
YepHoBOit 8 35—45 12000
[TomyaepHoBOI 22_24 30—35 200—300
Yucropoii 66-100 25—20 5—30
J10BOTOYHBIH 440 10—15 1—-5




Tounocms o0bpabomku, HecoOoTBeTCTBHE (GOpMbI aeranei pasmepam DU mpu 530,
0OYCJIOBJICHO HAJIMYUEM MEXKDIJIEKTPOJAHOTO 3a30pa M HM3MEHEHHEM €ro pa3MepoB MO XOay
NBWKeHUsT pabouert >kunkoctu B MOIL. JIpurasce B MDOII, »xumkocTe oOoramaercs
MpOJIyKTaMu 00pabOTKM M HArpeBaeTcs, M3MCHSS CBOM CBOHCTBA. B pesynbpTare Ha 3THX
y4acTKaxX MPOUCXOMT IMOBBIIICHHBI ChEM METallla, BBI3BIBAasS KOHYCHOCTH y 0OpabOTaHHBIX
MOBepXHOCTEH. J[JIsl TOBBIIICHUSI TOYHOCTH TIPU Pa3pabOTKE TEXHOJIOTHH IPEITyCMATPUBAIOT
ONTHMAJIGHBIC ITyTH 3BaKyalldd MPOJIYKTOB 3PO3UH IIyTEM. HU3TOTOBJICHHUS CIEIHATbLHBIX
TEXHOJIOTHYECKHUX TOJIOCTCH B MHCTPYMEHTE M 3aroTOBKe; (DOPMHPOBAHHS HAMPABJICHHS TEUe-
HUS JKUIKOCTH B 3a30p€ 3a CUET MPUHYAUTEIBHOMN MPOKAYKH MK oTcoca (puc. 32.4).
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Puc 32.4. Xapakrep uzmenenust pazmepo MOII 1o mmiHe B 3aBUCHMOCTH OT CIIOCOOOB TIOJIauH
paboueii xumrocTd (PXK), yaanstoreii mpoayKThl SPO3HUH:
a— TpOKaJKa; 6 — 0Tcoc; 1 — 3aroToBKa; 2— 3JICKTPOI-HHCTPYMEHT, 3 — IIIaM

Kpome Ttoro, morpemHoctat (GopMbI CHIDKAIOT KOPPEKTHPOBKOM MCXOMHBIX pasmepoB U (opmbl DU Ha
BEJIMYVHY BO3MOKHBIX [TOTPEIIHOCTEM.

[IlepoxoBaTOCTh MOBEPXHOCTH OINpPEAENAeTCs 3JIEKTPUUECKUMH M TMIPABIMYECKUMH IapaMeTpaMu
nporiecca. IllepoxoBarocte R, 3aBHCHT OT pa3mepa JIyHKH W CTCHEHHM HEPEKPbITHS JIYHOK (cMm. puc. 32.2).
[TpnGmikeHHas KONMYECTBEHHAs CBSA3b IApaMETPOB ILEPOXOBATOCTU C SHEPrHeld MMITY/IbCa OIHCHIBACTCS
CJIeIyOILIMM COOTHOILICHUEM!

R =%k:jﬁ‘;’ (xcae), (32.2)

e B — Ko3(PUIMEHT MEPEKPBITHS JIYHOK, 2 > > 1, 3aBHCSIIMI OT YaCTOThI UMITYJILCOB TOKa; k—
K02 UIMEHT, 3aBUCSIIAI OT MaTepraia 3aroToBku; W, — sHepTust UMITyJbCa.

CrienoBatenbHO, YCIOBHS MOMyYEHHUS! MUHUMAJILHOM IIEpOXOBATOCTH TPeOYIOT BEIEHHS IPOLIecca Ha
MOBBIIIICHHBIX YacTOTaX C MHUHUMAIbHOW BHEprued uMmyibca. [lomMuMo TOro, mepoxoBaTocTh
MOBEPXHOCTH 3aBUCHT OT KOHLIGHTpAllMM IIJJaMa B MEXIJIEKTPOAHOM 3a30pe, OINpenesseMon
3 PEeKTUBHOCTHIO €ro yhaneHus: paboder >KuAKocThio. [Ipr paboTe Ha MATKUX PEeKUMax C MaJbIMU
3a30paMu SPHEKTHUBHO YIAISFOT IILIAM JKUIKOCTH ¢ HU3KUM 3HAYCHHEM BSI3KOCTH (THUITA KEPOCHHA).

Cmpykmypa u cocmag no8epxHOCMHO20 C¢l0s OOYCIOBIIEHBl TEIUIOBBIM BO3JIEHCTBUEM
AIEKTPUYECKOTO paspsia, a TakkKe XUMHUYECKUMH BO3ICHCTBUSMH IUIA3MBI paspsga u paboueit
KUIKOCTH.

B pesynbTare TEIUIOBOrO BO3ICHCTBHS MOBEPXHOCTh OIUIABIISACTCS M B TOBEPXHOCTHOM CJIOE
BO3HHKAIOT OCTATOYHBIC HANIPSHKCHUSI PACTSDKSHUS C MAKCHMYMOM Ha TIOBEPXHOCTH JICTATH, METAJLIT



MPETEPIEBAET HAKIICN M CTPYKTYpPHbIE M3MEHEHUSA. BO3MOXKHO HACBHIIIEHHE €r0 KOMIIOHEHTaMH,
BXOAIIMMHU B COCTaB MaT€pHajla MHCTPYMCHTA, U KOMIIOHCHTAMH, COACPKAIIUMUCA B pa6oqel71
JKUJIKOCTH.

MHUKpOTBEpPIIOCTh TIOBEPXHOCTHOTO CJIOSI MeTauia Bospacraet. [unyomHa crnos h, wuHOrma
Ha3bIBAEMOTO JIS(hEKTHBIM CIIOEM, 3aBUCUT OT TEIIOQU3NUECKUX CBOMCTB 00pabaThIBaeMOTO METAILIA,
IIEPOXOBATOCTH MOBEPXHOCTU U pexkrMa 00padoTku. OHa OTpeiesIsieTcsl CACAYIOIIMM COOTHOIIICHHUEM:

TAT, _R.

ho=4 & d (32.3)

rae A — Ko3()UIMEHT TEIIONPOBOTHOCTH; t; — ITMTEBHOCTS UMITYIThCa; C — TEII0EMKOCTh; p —
TJIOTHOCTB; R, — 111€poX0BaTOCTh MOBEPXHOCTH.

Cpennre 3HaueHHs Ka4ecTBa MOBEPXHOCTH B 3aBUCUMOCTH OT P&KIMa 00padOTKH TIPUBEICHBI B
tad. 32.2.

Taomuma 32.2. KauecTso nosepxsoctu npu 390

Tain Pexmd 330 | LlepoXoBaTosts CavOvRa VpopeHs
ofipaboTss OoBEpXHOCTH | nedexTHOro CNON, | OCTATOYMHEIX Ha-
MM NP AAKCHHE
T‘IEPHIII.H FKecrwow s VL 0,3—0,2 Buicoruit
Uucropas | Cpam Rafy Rty 02,1 Cpenmdif
Orpenowad | Marwoi "'!.}—I’{LI’ 0,1—0,05 Hrgraid
Craeps Mareni |M4—04) 0,05—0.001 OxenE HHIKIT

IIporecc ciemyeT MPOBOAUTH 32 HECKOJBKO TPOXOIOB. [Ipw mepBoM, YepHOBOM, MPOXOJIE HA
KECTKOM pexxnme cHumaercst 10 90% mpuirycka, a IMoCIe/yroIMe YUCTOBbIE MPOXObl HA MATKUX U
OYeHb MSTKHMX PEKHMax OOCCIIeUMBAIOT BBICOKYIO TOYHOCTh, HHM3KYIO IIIEPOXOBATOCTh U BBICOKOE
Ka4ecTBO MOBEPXHOCTH. YepHOBast M YMCTOBast 00paOOTKH BELYTCSI CMEHHBIM HHCTPYMEHTOM, TOYHOCTD
YHCTOBOIO HMHCTPYMEHTa JIOJDKHA ObITh Ha 1—2 Kiacca BhIIEe TpeOyeMOil TOYHOCTH 0OpabOTKH
TEeTaJH.

Crnemmduyecknii  xapakrep  TeOMETpHM  TOBEPXHOCTEH, a  TaKkKEe  BO3MOXKHOCTh
VIpaBJICHHs] TOJIIMHOW YIMPOYHEHHOTO CJOSi OOYCIOBHIM OTIMYME OSKCIUTyaTallMMOHHBIX CBOWCTB
noBepxHocTel, 06padoTanHbx 0. Tak, M3HOCOCTOUKOCTh TIOBEPXHOCTH M3-3a Y/ICP)KUBAHUS Macia
COBOKYITHOCTBIO JTYHOK M HAQJIMUMS YIIPOYHEHHOTO CJIOS BBIIIE, YeM MPH MEXaHH4YEeCKo 00paloTKe.
YcranocTHas MPOYHOCTH JETaId 3aBUCHT OT TOJIIMHBI YIPOYHEHHOTO CJIOSl U TIpU 00paboTke Ha
CPEIHMX M MSTKUX PEKUMAaX HECKOJIBKO BBIIIE, YeM JIeTANIeH, TIOJydEHHBIX Pe3aHUEM TP OJIMHAKOBOM
YHUCTOTE MOBEPXHOCTH, YTO MOKHO OOBSICHUTH MEHBIIICH TOJIIMHOM JedekTHoro ciosi. Kopposuonnast
CTOMKOCTh TOBEPXHOCTEH, TIOJY4EHHBIX HAa CPEOHUX PEKUMAX, AHAIOTMYHA CTOMKOCTH TIPH
MEXaHMYEeCKOH 00paboTke pezaHneM. OHa Bo3pacTaeT Mmpu OOpabOTKE Ha MSTKUX PEKUMaxX, HO
CHIDKAETCSI TPY 00pabOTKE HA TPYOBIX PeKUMAX.

Texnosiornueckue omnepauuu II0. 3acomosumenvHvlie onepayuu W WUCTONB3YIOT IS
TIOJTydEHHST 3arOTOBOK M3 MOJIMOJEHA, BOJb(pPaMa, HUKEIEBBIX CIUIABOB, CIUIABOB HA OCHOBE THTAHA,
METAUIOKEPAMUKH, HUTUHOJIA U IPYTUX TPYAHOOOpabaThIBA€MbIX MaTEPHAJIOB.

OTtpe3Ky 3aroTOBOK U3 MPOKaTa 1 METAJUNIOKEPAMUKH BBINOJIHSIOT JUCKOBbIMU DU U3 Meu, 1aTyHu.

Pazpezanne TOYHBIX MasIOradapUTHBIX 3ar0TOBOK BHITOJIHSIOT HA BBIPE3HBIX CTaHKax (cM. puc. 32.3,
0).



Ipowusanue omeepcmuii Ha TyOuHy 110 20 IMaMETPOB BHITIOJIHAIOT cTepkHEBbIM DU, 1o 40
JMaMeTpoB — TpyouaTeiM DU, mpu npormBKe xenarebHo BpamaTh DU (cm. puc. 32.3, 0).

Dopmuposanue pabouux noiocmetl MTAMIIOB, pecc-POPM U BBIPYOHBIX IITAMIIOB (CM. pHC.
32.3, a). O6braHO D90 IITAMITOB BBIMOJIHSIOT TIOCIE Olepalyy (ppe3epoBaHust, 00ECIICUMBAOIICH ChHEM
ocHOBHOM Macchl MeTasuia. [ltamrbt mocie 920 UMEIOT NOBBIIICHHYEO W3HOCOCTOMKOCTb IT0 CPABHEHHIO
CO IITaMIIaMH, U3TOTOBJIIEHHBIMH 00paOOTKON pe3aHHEM.

[IpsiMoe 1 0OpaTHOE KOMMPOBAHKUE TTO3BOJISIET M3TOTABIIMBATH ITYaHCOH 110 U3TOTOBJICHHOM MaTpHIIE
¥ HA00OPOT, YTO 3HAYHMTEIHHO YHPOIIACT TEXHOJIOTHIO MX W3TOTOBJICHHUS M HCKIFOYACT CIIECApHYIO
noBozIKy. OOpaboTka M0 METO/y KOMMPOBaHHS BEAETCS Ha KOIMMPOBAIHHO-IIPOIIMBOYHBIX CTaHKaX C
4Iry.

Obpabomka KpuBONUHEUHbIX KAHAN08 2A308blX MYpPOUH AIPOTMHAMUYECKOTO TMPOQUIISI
OCYILIECTBJISIFOT TIPOIIMBKOW C KPUBOJIMHEHHOM 0Chi0 (cM. puc. 32.3, B).

Buvipezanue WCTIONB3YIOT TIPU WM3TOTOBICHUHM JETANEH SIIEKTPOHHOW TEXHUKH, BBIPYOHBIX
IITAMITOB, IIA0JIOHOB, JieKall, ()aCOHHBIX Pe3lOB U T. . OOpabOTKa BEAETCS HA BBIPE3HBIX CTaHKAX
poBOJIOKO# (cM. pric. 32.3, 0).

W3rotoBiieHre CETOK, PEICTOK M IMa30B MPOBOJST METOJIOM KOIMMPOBaHUS TpyrmnoBbiM DU (cMm.
puc. 32.3, 0), omHoBpeMeHHO oOpabarbiBas 1o 800 orBepcruii u Oosnee auamerpom 0,2—2,0 mm,
rTyOuHOM 2 MM ¢ TogHOCTBIO £0,002 MM.

Dnekmpospo3uonnoe, wnugosanue TPUMEHSIOT TPH YHUCTOBOH 00pabOTKE HAPYKHBIX H
BHYTPEHHHX TIOBEPXHOCTEN TPYAHOOOpadaThIBAEMBIX MaTEPUAIIOB, MATHUTHBIX U TBEP/IBIX CIUIABOB U T.
1. (cM. puc. 32.3, e). TouHOCT ¥ Ka4eCTBO MOBEPXHOCTH MPU 00pabOTKE HA YMCTOBBIX U JIOBOJOYHBIX
pPEeKUMax COOTBETCTBYIOT UKCTOBBIM PEKMMaM, BBIIONHAEMbIM HUMQoBanueM. [Ipu 3toM 30Ha
TEPMUYECKOTO BIMSIHHS [IPH JOBOJIOYHBIX pexknMax He ripepbimaet 0,003 mm.

32.2. DnekTpoxumMuyeckasi pa3mepHasi 00padoTka
(3X0)

Pasmepnas DXO 3akmouaercss B TOMydeHUH Jetaieil TpeOyeMoil TreoMerpuyeckoil (popmsl,
pa3MepoB M KauecTBa MOBEPXHOCTEH ITyTeM CHATHS C MOBEPXHOCTH 3arOTOBOK CJIOSI METaylIA TIPUITYCKa
AMEKTPOXUMHUYECKIM PACTBOPEHUEM. DJIEKTPOXHUMHUYIECKast 00pabOTKa OCHOBaHA Ha SIBJICHHH aHOHOTO
PacTBOPEHHSI METAJUIOB TIPH JICKTPOJTH3E.

Kaaccnduxkanus m cxembl mpoueccoB IXO. OO6macte 3PPEKTUBHOTO NPUMEHEHUS
ANEKTPOXUMUYECKOM  00pabOTKM  OOYyCJIOBJIEHAa  CICAYIOINIUMU  TEXHOJIOTHYECKUMHU
O0COOEHHOCTSIMU:

-croco0 1mo3BosisieT 00padaThIBaTh TOIBKO AIEKTPOIPOBOIHBIE MATE-PUAIIBI;
-TIPOM3BOIUTENIFHOCTh CIIOCO0a HE 3aBHCUT OT TBEPIOCTH M MPOYHOCTH 00pabaThIBAEMBIX
MaTepHajioB U B HECKOJBKO pa3 IMPEBOCXOAUT MPOM3BOJUTEILHOCTh OOpa0OTKH pe3aHHeM
3aroTOBOK M3 BBICOKOIIPOYHBIX TBEPAbLIX CIIIABOB, MCTAJIJIOKCPAMHUKU U cTajeil B 3aKaJeHHOM
COCTOSIHUH;

- crioco0 1o3BoJIsieT 00padaThIBaTh MOBEPXHOCTHU JIH000H (HOPMBI,

-B MeTajuie 00pabOTaHHOU MOBEPXHOCTH OTCYTCTBYIOT OCTATOYHBIC HANIPSHKCHHS U HAKJIETI.

HGHOCTaTKOM MCTOAA ABJACTCA OIrpaHUYCHUC €TO0 IIPUMCHCHHA O6pa6OTKOI\/’I TOJIBKO TaKUX
AIIEKTPOMPOBOIHBIX ~ MaTepUAOB,  KOTOpbIE  TPH  pPACTBOPEHHH  HE  00pa3yioT
TPYAHOPACTBOPHUMBIX IIJICHOK. I[J'I?I OTUX MaTCpuajioB HapAay C OSBICKTPOXHUMHUYCCKHUM
BO3JICHCTBHEM TPEOYeTCs] MEXaHHUYECKOE WJIM JIEKTPOTEPMHUUYECKOE BO3JICHCTBHUE, yIAISIONIEe
00pasyroniuecs: OKCUIHBIC TIIICHKH.

PaccmoTpum cxemy mnpomecca DXO Ha mnpumepe 00pabOTKM 3aroTOBKM M3 JKele3a B
ANEKTPOJIMTE — BOJHOM pacTBope xjopuaa Hatpus (puc. 32.5).
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Puc. 32.5. YcnoBnas cxema 9XO:

1 — 37eKTPOI-UHCTPYMEHT; 2 — IJICKTPOJIHT; 3— HUCTOYHHK ITUTAHUS TTOCTOSHHOTO
(mepuoanyeckoro) Toka; 4 — obpabaTeiBaeMast 3aroroBka (aHom); 5 — muiam; d; . d,— 3a30pbl
MOIT; AZmaxy AZvin — COOTBETCTBEHHO, MAKCUMAJIBHOE 1 MUHUMAJIBHOE 3HAYEHUS MPUITYCKa Ha
00paboTKy; v, — CKOPOCTb MPOKAYKHU IIEKTpoauTa uepe3 MOII

3aroroBka 4 MOACOEIUHSECTCS K IIOJIOKUTEILHOMY TMOJIIOCY MCTOYHHWKA THTaHUS 3 U
SIBJISIETCS] aHOJIOM (1), @ HHCTPYMEHT — K OTPUIATEIbHOMY TIOJIFOCY U SIBJIIETCS KAaTOA0M (-).

B snektponute 2 MOJIEKYIbI BEMIECTBA AUCCONMUPYIOT Ha DIIEKTPHUECKH 3apsKEHHBIE HOHBI
Na' u CI', a nons! pacTBoputens — uHa nousl H' 1 OH". Korja k MeTauImdecKuM MeKTpOIaM,
MOTPY)KEHHBIM B AJIGKTPOJIMT, TPHKIAABIBAIOT PA3HOCTh TOTEHIMAJIOB, IMOJIOKUTEIHLHO
3apsHKCHHbIC HMOHBI (KaTHOHBI) JBIDKYTCS K  KaTOJy, @ OTPHIATCIBHO 3apsDKCHHBIC HOHBI
(aHMOHBI) — K aHOAY, B pe3yJbTaTe IJICKTpUYECKas IeNb 3aMbikaeTcs. [Ipu 3TOM mepeHoc
AIIEKTPUYECKUX 3aps/I0B B METALTMYECKUX IPOBOAHHUKAX OCYHIECTBISIOT JJIEKTPOHBI, a B
IEKTPOJINTE — WOHBL. V3MeHeHHne HocuTenen 3apsiia B JIEKTPUYECKOM LIEH IPOUCXOJUT HA
MOBEPXHOCTH IIEKTPOIOB, MOTPY)KEHHBIX B 3JICKTPOJIUT.

Ha aHonme mo neiicTBUEM AIIEKTPUYECKOTO TIOJS DIIEKTPOHBI MEPEMEIIA0TCs K UCTOYHHUKY
MUTAHUSA, €OTTATHBASICH» OT MMOBEPXHOCTH aHOJ[a BHYTPh METAILIA,

oOyerdasi HEMOCPEJACTBEHHOE B3aWMOJICHCTBHE MOJIEKYJl BOJBI C TIOJOXHTEIBHBIMH HMOHAMHU
pEIIeTKH MeTalia aHO/1a.

DTO SBIGHWE HaApyIIaeT MEXKAaTOMHBIC CBSI3M B MPUIIOBEPXHOCTHOM CJIO€ MeTalia |
00YCJIOBIMBACT MEPEXO]] MOJOKUTETBHBIX HOHOB METAIIA B AJIEKTPOJIUT — PAacTBOpPEHHE aHOo1a. B
ANIEKTPOJIMTE HOHBI MEeTAJIa aHoa 00pasyroT ruapokcu] metaiuia Fe(OH),, KoTopslii Beinaaaet
B 0CAJIOK B BUJIC IUIaMa M YHOCUTCS IBIKYIIIMMCS DJIEKTPOIMTOM CO CKOPOCTBIO TPOKAYKH U,

Kunemarnka omnepammit 3XO BO MHOIOM CXO0Ka C  KHHEMAaTWKOM  IPOLIECCOB
AIIEKTPOIPO3HUOHHON 00pabOTKH, HO MMEET HEKOTOphIE OCOOCHHOCTH. Tak, HEKOTOpPHIE OIepaIu
3XO0, e Tpebdyromue chemMa 0oIbIINX 00bEMOB METaJIa, TAKUE, KaK MOJIMPOBAHUE, KaTMOpOBaHUE
Y MapKUPOBAHHUE, BBIIOJIHSIIOTCS TIPH HEMOBIKHBIX AekTpoaax (puc. 32.6). Crpenkamu yKazaHbI
HAITPaBJICHUS MTOJIAYM MHCTPYMEHTA M 3arOTOBKH, a TAKXKE HAIPABJICHUS JABWKEHHUS AIICKTPOJIUTA B
MEKAIIEKTPOTHOM 3a30P€.

OcHnoBHbIe npoueccbl 1 napamerpbl IXO. OCHOBHBIM AJIEKTPOXUMHUYECKHM MPOLIECCOM
DXO sBusercs Tpolecc pacTBOpeHUs aHoxa. JIMHEHHas CKOpPOCTh  pacTBOpPEHHS,
XapaKTepHu3yIomias Mpou3BoauTeNbHOCTE DXO, ompezensercs w3 mepBoro 3akoHa Dapames.
[Tocne psga mpeoOpa3oBaHMii, YYUTHIBAIONIUX PEATBHBIN MPOIIECC AIEKTPOJIN3a, YpaBHEHUE IS
JIMHEWHOM CKOPOCTH PACTBOPEHMS aHO/1a IPUHUMAET CJIETYIOLUI BHI:



;= (Ko/Xog) Ma (Us-A@)3, (32.9)

rae K — 3JeKTpOXMMHUYECKHI SKBHBAJICHT pacTBOpseMOro BemiecTBa; X3¢ — sddexTuBHasS
ylenabHas 3JEKTpUYECcKass MPOBOJUMOCTb JJIEKTPOJUTA; 1), — KOIPPUIMEHT, YYUTHIBAIOIINMA
MOTEpU TOKA Ha HAarpeB MEKTPoJIUTa U Jp.; U, — HanpspkeHue, NpUIIoKEHHOE K 3JIeKTpoiaM; A@
— CyMMa DJIEKTPOJIHBIX MOTEHIUAIOB MOJSpU3AMU aHOJAa M KaToJa; 0 — MEXDJIEKTPOIHBIN
3a3op (MD3) B paccmarpuBaeMoM yuacTke MDII Mexay MOBEPXHOCTSIMHU 3JIEKTPOIOB,
M3MEpPEHHBIN 110 HOpMaU K 00padaThiBaeMON OBEPXHOCTH.

U3 ypaBuenus (32.4) cnenyer: 1. CKOpOCTh pacTBOPEHHsI Y4acTKOB aHOJA, MPH MPOYUX
PaBHBIX yCIOBUSX, 00paTHO MPONOPLUOHANIbHA 3HauUeHu0 M3 Ha

ATHUX y4acTKaX: V1 / V2 = 81/ 82. DM 00BSICHSIETCS BRIPABHUBAHUE TIOBEPXHOCTH aHo1a B MOII
nmpu OXO U TOBBIIEHHWE MPOU3BOJUTEIBHOCTH OO0pabOTKM C YMEHB-IIEHHUEM 3a30pa.
MuHUMaITEHO J0TTyCTUMBIM 3a30poM Tipu D XO mpunsart 3a30p 0,02 mm.

2.1lpu moxaye HaNpsHKEHUS HA DIIEKTPOABI PACTBOPEHUE aHOJA UJET C Pa3HOW CKOPOCTHIO,
HO MO Bcel 00pabaThIBaeMOM MOBEPXHOCTH, YTO OCIJIOKHSET IMOJIydeHUe JAetaneid ¢ Tpedyemoil
TOYHOCTBIO pazmepa u (JOpMBI.

3. CKOpOoCTh paCTBOPEHUS 3aBUCUT OT AJIEKTPHUYECKON MTPOBOTUMOCTH DIIEKTPOJIUTA, TOITOMY
(baxTOphl, BIUSIONIME HA 3JIEKTPHUYECKYIO MPOBOIUMOCTH, OMPENEISIOT MPOU3BOIUTEIHHOCTD
3XO.

4. CkopocTb pacTBOpEHHS BO3pacTaeT C yBEJIMYEHHEM HampspkeHus. OJHako
AKCTIEPUMEHTAIBHO ycTaHOBJIEHO, uTo mpu Uz = 30 B mpoucxomuT sieKTpuUecKuii mpoOoit
3a30poB, ucrnosb3yeMbix npu DXO, mosromy 006paboTka BeeTCs IpU HanpshkeHuH -15 B.

Onekmponumsi. IAEKTpUYECKass MPOBOJAUMOCTh JJIEKTPOJIMTA 3aBHUCUT OT €ro cocTaBa U
MIPOUCXOAIIMNX B AeKTposuTe siBaeHuil. Hanbonee pacnpocTpaHeHHBIMU 3JEKTPOIUTAMU MIPU
DXO sBISIOTCS HEUTPAJIbHBIE BOJHBIE PACTBOPHI HEOPraHUUYECKUX COJICH: XJIOPUAbI, HUTPAThl U
cynbdaTrsl HaTpus U Kainus. [IpuroroBieHue 3NEKTPOJUTOB TpeOyeMoro cocraBa H
KOHLIEHTpAallUh OTHOCUTCS K OCHOBHOW omepauun IXO. OnrtumaibHble 3HAYCHHS
KOHLIEHTpalUH, 00eCleynBaoluX MaKCUMaJbHOE 3HAYEHHE AJIEKTPUYECKON HPOBOAMMOCTH
AJIEKTPOJIUTA 33J]aHHOTO COCTaBa, MIPUBOJATCS B CHpaBOYHOU JuTeparype. Hampumep, makcu-
MaybHas dJeKTpHyeckas mpoBoauMocTh diekTpoinra NaOH obecnieumBaercss mpu  ero
KOHLIEHTpAlLlMU B BoJie, paBHOM 15%.

KonuenTtpauus snexrponuta B npouecce 9XO MOKET U3MEHSATHCS M3-3a 00pa3yrolerocs
1u1aMa, Hapymasi npu 3toM mpouecc 9XO u CHMXKasl ero Mpou3BOAUTENbHOCTh. [locTostHCTBO
KOHLEHTPAIMN 3JIEKTPOJIUTa 00ECHeunBaeTCsl TEXHOJIOIMYECKH — €ro ouducTkoil. Jlyis 3toro
UCIIOJIB3YIOTCS  METOJbl  HeHTpudyrupoBanus  (BO3ICHCTBUS  LEHTPOOCKHBIX  CHII),
(GuIbTPOBAHUS C IMOMOIIBIO MOPUCTBIX MAaTEPUANIOB, OTCTAMBAHUS B CIIELUATIBHBIX pe3epByapax
1 (roTalMKM — OYMCTKYU BCIUIBIBAIOLIMMH ITy3bIpbKAMHU Ia3a WK BO3yXa.

Ha onekrpuyeckyro MpOBOJMMOCTh 3JEKTPOJIMTA CYIIECTBEHHOE BIMSHHUE OKAa3bIBAET
COITYTCTBYIOLLMH 3JIEKTPOJIN3Y HArpeB 3JIEKTPOIUTA POXOSIIUM TOKOM. Tak, HarpeB AJEeKTPOIUTa
13 BOJHOTO PAacTBOPA COJIEH HA OJIMH IPajJyC YBEJIMYMBACT €T0 AIEKTPUUECKYIO TPOBOJAUMOCTD Ha
2—2,5%. [Tosromy niprt DXO 15 BBIBEACHHS [IJIAKOB M BBIPABHUBAHKS TEMITEPATYPHI SIEKTPOIIUTA
MIPUMEHSIOT TIPOKauKy nekrponuta dyepe3 MOII nox gaBnerneMm. HeoOxoaumast CKOpOCTh TEUCHUS
ANIEKTPOJIUTA V, OTIPEIEIISIETCS U3 YCIOBUS YIAJICHUS IPOIYKTOB AJIEKTPOJIN3a CO CKOPOCTbIO, IIPEBbI-
LIalOLIeN CKOPOCTh UX 00pa30BaHUsl, U TEXHOJOTMYECKH 3a/Ia€TCsl IaBIEHUEM BBOJMMOTO B PaCTBOP
anektposmTa. s crabunmzanmu Temmeparypel IeKTpoiuTta B craHkax OXO npUMEHSIOT
TEMJIO0OMEHHUKN C aBTOMAaTUYECKUMH TEPMOPETYJSTOPaMH, BCTPOCHHBIMU B CHUCTEMY IOJa4YH
AIIEKTPOJINTA.

Tounocms pazmepos u ¢opmur neraneit npu 3XO omnpenensercs TOYHOCTbIO IEKTPOJa-
MHCTPYMEHTa U TOYHOCTBIO €r0 MOJIOXKEHHS MPU 00paboTKE OTHOCHUTEIBHO OCH €ro IJIaBHOTIO
JBUKEHUS, HEPABHOMEPHOCThI0O AZ TpPUITyCKAa 3arOTOBKM U CTaOUIILHOCTBIO BCEX IMAapaMeTpoB
peXHMa, OTBETCTBEHHBIX 3a IPOLIECC DIEKTPOXUMHUYECKOTO PACTBOPEHHUS.

Bo Bcex ciywasx OXO MNOABMKHBIM M HEMOJBM)KHBIM HHCTPYMEHTOM (opMa U pa3Mepbl



o0Opa0aThIBaeMbIX MOBEPXHOCTEH OMPENENAIOTCS KaK CyMMa WIH pa3HOCTh pasMepoB DU u
MEX3JIEKTPOTHOTO 3a30pa COOTBETCTBEHHO [UII HAPYKHBIX W BHYTPEHHHX TIOBEPXHOCTEH.
[TosTOMy WX TOYHOCTH 3aBHCHUT OT TOYHOCTH DU W CTaOMIBHOCTH 3a30pa B IpoIecce
06pabotku. B mporecce 06padoTku DU He u3- HaIMBAETCs, OJTHAKO, HAXOJSICh B DJICKTPOJIUTE,
OH MOXET KOPPO3HPOBaTh, IOITOMY pabOUYyd dYacTh 3JEKTPOJIOB H3TOTABIUBAIOT U3
HEpPIKABEIOIIEH CTalli, a TIPU U3TOTOBIICHUH 3JICKTPOJIOB CIIOKHOW (POPMBI UCTIONB3YIOT XOPOIIIO
oOpabaTbIiBaeMble KOPPO3MOHHOCTOWKHAE METHBIE CIIaBbl — JaTyHb U OpoH3y. [loBepXHOCTH
DU oOpabaTeiBaeTcsi ¢ TOYHOCTHIO, Ha JBa KJlacca IpeBbIAONEH TpeOyeMyl0 TOYHOCTb
00pabaThIBa€MOi 3arOTOBKH.

Bennuunna 3a3opa (0) Okas3bIBacT BIMSHUE HA TOYHOCTH 00paboTKH. CHIKCHHUE BETHMYUHBI
3a3opa A0 MuHUManbHO gomyctumoro (0,02 M) oOecnieunBaeT HaAMOOJBINYIO TOYHOCTb.
CrabunpHOCTh BETMUMHBI 3a30pa B mpouecce D XO obecrieunBaeTcs cTabUIM3aueil mapaMmeTpos
pexuMa vy , X, TeMIepaTyphl JJIEKTPOJIUTa M CKOPOCTH IOJAaYd HHCTPYMEHTa L, 33 CYeT
aBTOMATH3allMU TIpollecca ¥ TPUMEHEHHUS CHEeNHalbHON ammaparypel. Tak, ITOCTOSHCTBO
3aJJAHHOTO HAIPSDKEHHSI 00eCIeUMBACTCSl CTAOMIM3aTOPOM HAIPSDKEHUS; CKOPOCTh TOJaul —
MPEIU3HOHHBIM MIPUBOJIOM TOJIAYM U CHUCTEMOU €€ pEeryJupoBaHUs, TeMIleparypa — TeIIo-
0OMEHHHUKaMH C TEPMOPETYIIATOPAMH; KOHIICHTPAIUHU DJIEKTPOJIUTa — MPOKAYKOH U OYUCTKOU
AIIEKTPOJIHTA.

CHkeHMe HacJeCTBEHHOIO BIMSHHS HEPaBHOMEPHOCTU Mpuiycka AZ Ha TOYHOCTb (OPMBI
3arOTOBKM PEIIaeTCs TEXHOJOTWYECKMMH METOJaMH. Bo-TIepBBIX, IMOBBIIICHUEM TOYHOCTH
MCXOJIHBIX 3arOTOBOK, BBIMOJHAEMBIX MeToAaMH JuThsi, OMJl u MOPOIMIKOBOW METaJLTyprHH.
Bo-BTOphIX, yBennueHHeM MpHITycKa Ha 00paboTKy, B 6—9 pa3 mpeBBIMIAIONIETO HUCXOIHYIO
NOrpemHocTh AZpyin. B 3TOM ciydae oOecrieunBaercsi ycioBUE Ul BbIpaBHUBAHUS BCel
00pabaTbIBaEMOI MOBEPXHOCTH , HO TEM HE MEHEE METO]1 00eCIIeYMBAET TOYHOCTH ()OPMBI HE BBIIIIE
+0,1 MM.

Lllepoxoeamocms  nogepxuocmu u  dKcnayamayuornsvie ceoticmea. lllepoxoBaTocTh
oOpaboTanHblx OXO MOBEPXHOCTEH OIpenensieTcs MNpPOLEcCCaMU PacTBOPEHUsS DJIEKTPOa,
yIaJIEHUS [ITaMa, UCXOTHOHU IIePOXOBATOCTHIO U (ha30BBIM COCTABOM MaTepualia 3arOTOBKH.

[ToBbIIeHNE aHOTHOHN TIOTHOCTH TOKA, YBEIIMYCHHE CKOPOCTH MPOKAYKH DJIEKTPOJIATA T0]T
OOJNIBIIM [TABJICHUEM W CHIDKCHHE €ro TeMIepaTyphl IMOBBIIIAIOT YHCTOTY 00pabOTaHHOM
MTOBEPXHOCTH.

[Ipouecc DXO He oka3biBaeT Ha 00pabaTbIBAEMyI0 MOBEPXHOCTh HU TEMIIEPATypHOTO, HU
CHJIOBOTO BO3CHCTBUS, B IOBEPXHOCTHBIX CIOSX OTCYTCTBYIOT OCTAaTOYHBIC HATPSHKCHHS U HE
MIPOUCXOJAT CTpyKTypHble H3MeHeHus. Iloatomy DOXO oOecrnieunBaeT BBICOKOE KayecTBO
TMOBEPXHOCTEH C WIEPOXOBATOCThIO B amamazone O“N—1%V. Dkcruryarammonmsie cBoiicTsa
ITOBEPXHOCTEN HAXOAATCS HA YPOBHE CBOMCTB MaTepHaIa.

OnHako Mpu 3HAYUTEIBHOM XUMHUYECKOM M (Da30BOM HEOAHOPOJHOCTU 0O0padaThIBAEMBbIX
MaTepraioB HAOIOMACTCS SBIICHUE PACTPABIMBAHMUS T'paHUIl 3epeH U (a3 Ha riryouny 1o 0,01 mm.
B sToM ciyuyae sKCIUTyaTal[MOHHBIC CBOWMCTBA JICTaM, YyBCTBHUTEIbHbBIC K Haape3y (LMKIHMYEcKas,
yaapHasi IPOYHOCTH), CHIbKaroTcst Ha 5—10%.

K mapamerpam pexxuma DXO OTHOCSTCS: HampsHKEHHE Ha DIIEKTPOAAX, TOK, CKOPOCTb
nonaun DU, BenmuanHa MEXAIIEKTPOIHOTO 32304, AaBJICHHE TPOKAYH-

BAaGMOTO  JJIGKTPOJIATA M €ro cocraB. B KkadectBe 00OpymoBaHUS Uil pa3MEpHOM
DXO HUCHONMB3YIOTCSA  CTAHKH, KOTOPbIE COCTOST W3. KCTOYHHKA TOKA B BHIC  BbI-|
npsivurenst (tok 5000—30000 A);  3/IEKTPOXMMHYECKOW  SUCHKH, B KOTOPOW  Ipo-

WCXOMUT  aHOJHOE  pacTBOpeHHe  o0padaThiBaeMOro  Marepuana;,  CHUCTEMbl  TIPOKay-
KA OJJEKTpOJIMTa € YCTPOMCTBaMM I TEPMOCTAOMIM3allMM U OYHCTKH,  CHCTEMBI
[01a4Yn Karo/a, IO IEPKUBAOLLIEH IIOCTOSIHHBIM 3HAYCHUEM MOIL IIponecc

OXO ofecrieumMBaeT  IIMPOKOE  PETYIIMPOBAHME  PEKUMOB  OT  YEPHOBBIX  JIO  YHCTO-
BBIX 0€3 CheMa JICTaM CO CTaHKa.
B coBpemeHHpIx  craHkax ~ mporieccoM  oOpaGoTku  ympaeiser  cuctema YTV



OHa 3amaeT W  KOHTPOJMPYET 3HAUCHWS HANPSDKEHWST W TOKA, TOCTOSHCTBO — padode-
ro  3a30pa, CKOPOCTh M  KOHIIGHTPAIMIO  TIOTOKA  OJIEKTPOJIMTA.  YHHUBEPCAIHHBIE
AMEKTPOXUMHUIECKUE CTaHKH TIO3BOJISTIOT 00pabaTbIBaTh TIOBEPXHOCTH TUTOIIA/IBIO;
600 oM’ u OGomee ¢ TouHoctslo +H01—03) MM M IPOM3BOIMICABHOCTBIO 10  CTAIH
5—25 eV IMHEL.

IIpumepsbl TexHonornyeckux omepaumii IXO. 3acomosumenvrvlie onepayuu. MeToJbl
OXO HCHONB3YIOT UIS PE3KH 3aroTOBOK W3 TPYAHOOOPAOAaTHIBAEMBIX JKAPOIIPOUYHBIX CTajed W
CIUIABOB, TUTAHOBBIX CIUIABOB M BBICOKOIIPOYHBIX CTalel. /IMCKOBBIM M JICHTOUHBIM METAITIECKIM
MHCTPYMEHTOM Pa3pe3aroT JICHTOUYHBIH MPOKAT, a BEIPE3KY (DaCOHHBIX 3ar0TOBOK U3 JIFICTA BBIOJHSIOT HA
crankax ¢ UITY (puc. 32.6, n). TlonoxurenbHON OCOOCHHOCTBIO CrIoco0a SBISETCS OTCYTCTBHE HA
3aroTOBKE 3ayCCHIICB.

Dopmoodpazyrowue onepayuu MUAPOKO MPUMEHSIOT NMPH HW3TOTOBJICHUM JETANICH METOAAMHU
KOITMPOBAHHs, AICKTPOXUMUYESCKOTO ToueHHs U npoinuBanus (puc 32.6, a, 6, 6).

OObeMHBIM ~ KOIMMPOBAaHWEM  TOMY4arOT  JIOMATKM  TypOMH W3 JKapoONpoOyHbIX B
TUTAHOBBIX ~ CIUIABOB, pabourMe  dJIEMEHTHl  KOBOYHBIX  INTAMIIOB M mpecc-popM U3
BBICOKOTIPDOYHBIX ~ HWHCTPYMEHTAIBHBIX  CTaNlel;  TIyXWe  TOJIOCTH,  OTBEPCTHS  CIIOXK-
HOW  (opMbBI B  MAIIMHOCTPOMTENFHBIX W TNPUOOPHBIX  JIETASIX W3 TPyIHOOOpada-
TBIBACMBIX METALIOB U CIUIABOB (TOYHOCTH 00padoTKu 0,1 Mm).

Dnekmpoxumuueckoe Kanubposauue BBITIOJTHSIOT npu o J1-
BIDKHOM U HemogswkaoM DU (puc. 326, o). Hanpumep, DOXO mocme MexaHuye-
CKOM  00pa0OTKM  IIHEKOB, TOYHOCTH (OPMBI U  Pa3MEPOB  BUHTOBBIX  IIOBEPXHOCTEH

BO3pOCyTa B 3—4 paza, a IIepOXOBATOCTE CHI3HITACH 10 " N—"2Y
Omoenounvie onepayuu —YyIaJeHue 3ayCEeHIIEB " MOJINPOBAHHS
MOBEPXHOCTE  —  BBIIOJHSIOT  IpPH  HEMOJBIKHBIX  dnekrpofax. IOXO  mo3BossieT

yOQIATh ~ 3ayCEeHIIbl B  TPYIHOAOCTYNHBIX  MECTaX, HalmpuMep BO  BHYTpPEHHEH  IIO-
JIOCTY IIPU NIEPECEUEHUH OTBEPCTHH, MOTyYEHHBIX CBEPIICHUEM.

Dnexmpoxumuieckoe nonuposamue yIydIIaeT MHUKPOTEOMET-
puroO  jeramedl, CHIKasg €€ [IepOXOBarocTh Ha 2—3 KIacca, YBEJIMYMBACT  HPOYHO-
CTHBIE  XapakTepPUCTUKM  OOpaOOTaHHOW  TMOBEPXHOCTH,  MpPUAAET  €d  3epKaJIbHBIN

OJ1eCK, TIOJTy4ast IIIePOXOBATOCTh 00y,

Puc. 32.6. Kunemarndeckas cxema ormeparuii 9XO:
a — 00BEMHOE KOITUPOBAHKE; 6 — TPOIIMBAHKE; B — OTPE3Ka; 2 — KATMOPOBAHUE;
0 — BBIpe3ka; 1 — DU; 2— 3arotoBka; 3 — Ioj1a4a AeKTPOJIUTa



IIporiecc MMPOKO MCTIONB3YETCS MPU M3TOTOBJIEHUMM OTBETCTBEHHBIX JIETAJIE, METAUIMYECKOW ONTHUKU U
TIO/ITOTOBKE MOBEPXHOCTH /IS HAHECEHUS TOKPBITHIA.

32.3. YabpTpa3BykoBas abpa3uBHas pazMmepHas
o0paboTKa

VYabTpasBykoBast abpasuBHast pasMepHast 0opadbotka (Y3AO) 3akrouaeTcsi B M3MEHCHHH Pa3MEpOB,
(hOpMBI, TIIEPOXOBATOCTH U CBOMCTB TIOBEPXHOCTH 00padaThIBAEMBIX 3arOTOBOK 32 CUET CheMa MaTeprasia
TIPHITYCKa XPYITKAM CKIbIBAHHEM MUKPOOOBEMOB TIPH MMITYJIbCHOM YIAPHOM CHIIOBOM BO3ZICHCTBHHI
qacTHI[ CBOOOHOTO abpas3uBa ¢ yIbTPa3ByKOBOM acToToi f= 16—30 kI .

OO0mue mMOJIOKEeHMsT W CXeMbl 00padOTKH. YIbTpa3ByKoBas aOpasuBHas 0OpabOTKa
apdexTrBHa TIpH 00pabOTKE 3aroTOBOK M3 KOHCTPYKIIMOHHBIX MAaTepHaOB, MMEIONMX HU3KYIO
00pabaThIBACMOCTh PE3AHUEM, HIEKTPOPUZMUESCKUM H JIEKTPOXUMHUYECKUM METOJIAMH. ITO 3arOTOBKH
U3 XPYIKUX ¥ TBEPABIX HEIEKTPOIPOBOIHBIX, XMMHYECKH CTOWKUX MaTepHajioB, TAaKWX, KaK CTEKIIO,
KBapll, KepaMuKa, CHUTAUI, alMa3 , IOJYyIPOBOJHHMKH (TepMaHHid, KPEMHHM, apCeHHI TalIns),
A30TUPOBAHHBIX U HEMCHTHUPOBAHHBIX cTaJIel u Ap.

[Tpu 06paboTKe UCTIOB3YETCsl FHEPTUs YIBTPA3BYKOBBIX Kosiebanuii (puc. 32.7).

./ Y. .r.-"? /
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Puc. 32.7. YcnoBnas cxema nporecca Y3AO:
1 — 3aroToBka; 2 — yJIbTPa3BYKOBOM HMHCTPYMEHT; 3 — a0pa3vBHAs CYCIICH3HS

OOpabaTpIiBaeMyto 3aroToBKy 1 momemaroT B BaHHY 10l HHCTpYyMeHT 2. B 30Hy 00paboTKu
MIOJIMBOM WJIM TI0JT IaBJICHUEM I0JIAI0T a0pa3sHBHYIO CYCIIEH3HUIO 3, COCTOSIIYIO U3 aOpa3sMBHOTO
Marepuaia v BOJbl.

['maBHOE nBUXKEHHE IPH YIbTPa3BYKOBOW 00pabOTKE — MpPOJOJbHBIE KOJIeOaHMsI TopLa
MHCTPYMEHTa C YJIbTPa3BYKOBOM YAacTOTOW M aMIUIUTYyI0N A,.. JIBU)KEHHME HHCTpyMEHTa
OTHOCHUTEJILHO 3arOTOBKH SIBJISIETCSI BCIIOMOTATENbHBIM JBMKEHHEM nojaun DS, kotopast Mmoxer

ObITh pa3nuuHOi: mpopoibHoi DS,,, momepeunoit DS,, u kpyrosoii DS, (npu BpamieHuu
JIeTaT WM HHCTPYMEHTA).

B xone o0pa®oTku MHCTPYMEHT OO€CredMBaeT MOCTOSHHBIA MPHKUM aOpa3sUBHBIX 3€peH K
00pabaTpIBaeMOii MOBEPXHOCTH JISTAIM ¢ ycrimeM F;, papasiv 1—60 H.

Konebmomuiicst Toper HHCTPYMEHTa, yJapsisi 0 abpa3sUBHBIM 3€pHAM, IEpeacT UM 3HEPIHIO
KoyieOaHWH, a 3epHa, B CBOIO OYepEe/b, W3-3a HAIMYMS OCTPBHIX TPAHEH OTKAJIBIBAIOT YACTHIBI OT
XPYIKOrO MaTeprasia oopadaTbiBaeMoi 3arOTOBKH.

KaBI/ITaIII/IOHHBIG SIBJICHUSI, BO3HHUKAIOIIUE B )KI/I)IKOI\/’I CYCIICH3UU IIpU BO3)I€I\/’ICTBI/II/I

yIIbTPa3BYKOBBIX KOJieOaHUM, 00ecreyrBalOT MHTEHCUBHOE IEpeMellleHrue aObpa3uBHBIX 3€peH



nmoa HWHCTPYMCHTOM, 3aMCHY HW3HOMICHHBIX 3C€pPCH HOBBIMM M BbBIHOC CKOJIOTBIX YaCTHI]

00pabaTpIBaeMOro MaTepralia u3 30Hbl 00pabOTKH.

HctounnkoM  MexaHMYeCKMX  KoJjeOaHWid,  COOOIaeMbIX  HMHCTPYMEHTY,  SIBIISICTCA
MbE303JIEKTPUUECKII MITM MarHUTOXJICKTPHUUECKHUI MPeoOpa3oBarelib, MpeoOpa3yIOIIHid BBICOKOYAC-
TOTHBIE DJICKTPUYECKHE KOJeOaHWs, BbIpadaTeiBacMble CIICNUAIBHBIMA TEHEepaTopamH, B
MexaHuueckre kojeOanus. [lpuHumn paGoTsl mpeoOpa3zoBaTesnsi U IeHepaTopa TOKa aHAJIOTWYeH
COOTBETCTBYIOIINM YCTPOWCTBAM, UCIIOIB3yeMbIM ISl CBApKH (CM. pas. 4).

W3mensist popMy HHCTpYMEHTA W BHUJ TTOJaYM, MOKHO OCYIIECTBHUTH Pa3IMUHBIC OTICpaIHN
yIIbTPa3ByKOBOW 00pabOTKU CBOOOHBIMU aOpa3uBHBIMH 3€PHAMHU.

[To xunemaruke mpoueccsl Y3AO mnonHocThi0 uaeHTHYHbl D20. Bee cxembl 00paboTku
aensitest Ha Tpu rpymibl (puc. 32.8).

1 IlonyyeHre TOBEPXHOCTH  3aroTOBKM  KONHUpPOBaHUEM  (QOpMBI  IPOGHILHOTO

WHCTpYMEHTa. IHCTpYMEHT BHEIPSETCS B 3arOTOBKY IPH CBOEM IMOCTYMATEIHLHOM JIBHKCHUU

(puc. 32.8, a). A
3 _Fo

e
F,

Puc. 32.8. Kunematuueckue cxemsl oneparuii ¥Y30:
@ — KOITMPOBAHUE, O — BBIPE3aHKE HEMTPO(PITMPOBAHHBIM HHCTPYMEHTOM; 8 — IUTH()OBAHHE
TPOQHITMPOBAHHBIM MHCTPYMEHTOM; 0 — BBIPE3aHHUE OT BepCTHH, 1 — neTais, 2 — UHCTPYMEHT; 3 —
10- Jja4a abpa3uUBHBIX 3epeH; 4 —CTEKIIOTO KT KA

2. ®opMUpOBaHHE TIOBEPXHOCTH 3aroTOBKM B3aMMHBIM TIEPEMEIICHUEM 3arOTOBKH U

HenpoGUIMPOBAHHOTO HHCTpYMeHTa (puc. 32.8, 0).
3. opMupoBaHHE TOBEPXHOCTH IMYTEM B3aHMMHOIO MEpEMEIleHHs MPOQUIHLHOTO

HHCTPYMEHTA U 3aroToBKH (puc. 32.8, 6).

OcHoBbl mpouecca Y3AO. Cycnensust sBisercs (AKTUYECKUM HMHCTPYMEHTOM,
OCYILIECTBIISIOUIMM ChEM MaTepuajoB Ipu Bcex onepauusx Y3AO. AOpasuBHas cycreH3us,
npumMensttomascs nmpu Y3AO, o macce Bkimouaer 20—40% abpasuBHoro matepuana, 1—2%
uHruoutopa — aszorHokucioro Hatpus (NaNO,), ocranbHOoe — Boja. Beicokoe cojepkaHue
BOJbl B CYCHEH3UM OOECIeurBaeT LUPKYIAUI0 aOpa3uBa B pabouell 30HE U yJalieHUE
NpoayKTOB 00paboTku. B kauecTBe aOpasvBHBIX MarepraioB npuMeHstoTcs 3ap00p (BN),
anmvasusie moporku (C), kapou 6opa (B4C), kapoun kpemuust (SIC) u anexrpoxopyr i (Alx0s).

OCHOBHOM TEXHOJIOTUYECKOHN XapaKTEPUCTHKON aOpa3MBHBIX MAaTEPHAJIOB SIBJSIOTCS HX
pexXyIasi CrioCOOHOCTh OTHOCUTENBHO PEXYILEH CITIOCOOHOCTH aIMa3HOTrO MOPOIIKA U pa3Mep
abpa3uBHBIX 3EPEH.

[pu Y3AO npeuusHoHHBIX jeraeil HeGombwoi mwomamu (o 30 MM?) aGpasHBHYIO
CYCTICH3HMIO TIOJJAI0T B PabOYyi0 30HY BPYYHYIO: THIIETKAMH, KHCTOYKAMH WM PE3WHOBOM
rpyweii. bonbimne ruomanu oOpalOaThIBalOT C MNPUHYIUTENBHON Mojaadeil aOpa3suBHOM
CYCTIICH3WH TIIOJIMBOM, HAarHETaHHEM M BaKyyMHBIM OTCOCOM 4epe3 TEeXHOJOTHYECKUE
OTBEPCTHH.

WNuctpymentsl npu Y3AO mnpeacTaBiisiioT coOO0M CMEHHBIE 3JIEMEHThI KOJeOaTelbHOM
cucrembl. OHM oOecreunBalOT nepeaaydy yJIbTpa3BYKOBBIX KosieOaHHIl aOpa3uBy M IpHU 3TOM

OBICTPO M3HAITUBAIOTCS.



dopma u pa3Mepsl paboueld YacCTH HWHCTPYMEHTOB i OOJBIIMHCTBA OTEpAIIHi
(dhopmooOpazoBaHUs MOBTOPSIIOT pa3Mephl U (hopMy 00pabaThIBaEMBbIX JIEMEHTOB JIeTanu. J[ist
CHIDKEHHUSI BEJIMUYMHBl M3HOCA MHCTPYMEHT HM3rOTABJIMBAIOT M3 IUIACTHYHBIX, HO JOCTAaTOYHO
TBEPABIX OTOXOKEHHBIX cTalieli — Y8, Y10,40X, 45. MHCTpyMEHTHI CO CIIOXKHOU (opMoii
paboueil yactu A onepauyii 00bEMHOI0 KOIMMPOBAHUS U MapKUPOBAHUS U3rOTABIIMBAIOT U3
JaTyHHU.

HaubGonee mHTeHCHBHO H3HalIMBaeTcss paboumii Topen uHcTpymMeHTa. CTeneHb M3HOCA
MHCTPYMEHTAJIbHBIX MAaTEPHUaJIOB OLEHUBAETCS 110 OTHOILIEHUIO K U3HOCY 3arOTOBKH.

OpHEeHTHPOBOYHBIC 3HAYCHUS OTHOCHTEIIHPHOTO H3HOCA TIPU 00pab0TKEe HHCTPYMEHTOM M3
cTamu 45 pa3nudHBIX MaTepHalioB cieayromue: crekia — 0,5—1%; kepamukn — 2—10%;
TBepAbIX cmiaBoB — 40—150%. Takum o00pa3oM, €O CHHXKCHHEM XPYINKOCTH
o0OpabaTbIBaeMOTO MaTepHaia H3HOC HHCTPYMEHTa BO3PACTAeT.

JUii  MOBBIIEHUS] W3HOCOCTOMKOCTH  TMOBEPXHOCTh MHCTPYMEHTOB — YIIPOYHSIIOT — 3aKaJKOM,
[IEMEHTAITUCH, a30THPOBAHUEM U HAKIICTIOM.

Xapakmepucmuxu pasmepHol yivmpazeykoeol obpabomku. TOYHOCTH TOTYYEHHBIX
pPa3MepoB W 3HAYCHUS IIEPOXOBATOCTH ITOBEPXHOCTH COOTBETCTBYIOT 3HAUCHHSIM, TOTyIaeMbIM TIPH
unmdosanuu (cm. ¢. 582).

[Tpou3BOAMTETBHOCTH 0OPAOOTKH MOXKHO OLIEHUBATh B JIMHEHHBIX Q , (MM/MUH) WM 0OBEMHBIX
Q v (MvmyH) emHnuax. OHa 3aBUCHT OT CBOMCTB 00pa0aThBAEMOr0 MATEPHAN, HCIIONB3YEMOro
a0pasuBa, pa3MepoB €ro 3epeH, criocoda noaaun adpasuBa, PeKUMa YIbTPa3ByKOBOTO BO3ICHCTBHSI.

Ha mnpakrtuke mis ompenenenusi mpowsBoutenbHocTd Q , mporecca Y3AO mosb3yroTces
clIeyIoel IMIUPUYECKO POpPMYIIOH:

Q=y(AFa) f° (32.5)

r7ie Y — KO3 UITMEHT, YIUTHIBAIOIINIA BUI] 00padaThIBAEMOTO MaTepraia u adpasuBHOM CYCTICH3UH; A
— aMIUmMTyIa KosebaHuif; a u b — ko3(h(HUIMEHTBI, YUUTHIBAIOIINE CKOPOCTh MO/a4YM CYCIICH3UH U
TUIOIIA T 00paboTKH; F — oTHOCHTENBHOE yeuileHue padoueit mojaun; f — JactoTa KoJcOaHHH.

3HaueHust BceX Ko PUIMEHTOB cojiepKatcs B cripaBouHbIX Matepuarax mo Y3AO. [Ipu Y3AO, Tak
e KaK 1 Tipr 00paboTKe pe3anrem, 1 rpr 90 yBeIMUYEHUE IPOU3BOIUTEIIFHOCTH BhI3BIBAET CHIKCHUE
TOYHOCTH OOpabOTKH, TOATOMY OOpabOTKy ClEMyeT BBIIONHSTh KaK MUHAMYM 3a JiBa TPOXOia —
YEpPHOBOM, 00CCIICUMBAOIIIIA BBICOKYIO ITPOU3BOIUTEIIEHOCTD, M 3aTE€M YUCTOBBIC, TI03BOJISIONINE
obecnieunTh TPeOyeMyIO TOUHOCTD.

OCHOBHBIC TEXHUYECKUE XAPAKTEPUCTUKA Pa3MEPHOU YIBTPa3BYKOBOW aOpasMBHOW 00pabOTKH
MpHUBECHBI B Ta0I. 32.3.

Tabmima 32,3. OcHOBHbIE XapaKTEPUCTHKH Pa3MepHOii yJIbTPa3BYKOBOIi

00padoTKH
OOpabatbIBaeMbIi ITpomsBomurenpHoc| Yucrtora TouHOCTB OTHOCHTEIIBHBIN H3HOC
Marepuan Th, MM/MHH TOBEPXHOCTH [ 00pabOTKH, MHCTpyMeHTa, %0

MM

Crexo, KBapu, 5—20 4—6 005—01 0,5—1
CUTAILT
®epputh 3—8 6—7 003—0.1 1—2
TBepipIe CIUIaBbI 0,05—0,3 6—8 0,02—0,05 40—100

Cranxku i1 Y3AO 1o cBoeMy HUCIIOIHEHHIO aHAJIOTMYHBI CTaHKaM Il YIIbTPa3ByKOBOM CBapKH,
MIPUBEACHHBIM B pa3l. 4.

IIpumepnr TexHosiornyeckux omepaumii Y3AO. Ilepen Y3AO 3arotoBku W3 TBEpbIX,
XpYIKUX MarepuajoB IPUKIEUBAIOT K MOJKIAJKE W3 OKOHHOIO CTeKIa, 4YTO MpeoTBpallaeT
00pa3oBaHKE CKOJIOB IPH BBIXO/I€ MHCTPYMEHTA U3 3arOTOBKH B KOHIIE 00Opa0OTKH.

Vaempaszeykosyto e vip e3ky (puc. 32.8, 2) nCnoap3yroT st GopMOOOpa3OBaHKSI 3ar0TOBOK



[0 HAapy)KHOMy KOHTYpy. IlIockue 3aroToBKM BBIPE3AIOTCSI M3 IUIACTHH IOJBIMM, OJHO- WM

MHOTOMECTHBIMU HMHCTpyMeHTamMH. [Ipu rpynmoBoi BbIpe3KE YAacOBBIX KaMHEH u3 pyOHHa
MHOTOMECTHBIM MHCTPYMEHTOM B BHJIC HaOopa TPyOOK OJHOBPEMEHHO BhIpe3aercsi 35 3aroTOBOK
mramerpoM 1,6 MM u TommpHOM 1 Mm. Mcrmone3ys aOpasuBHYIO SMYJIBCHIO ¢ KapOujoM Oopa,

BBIPE3KY OCYIISCTBIISIOT 32 3,5 MHH.
Vaempaseykosas npowuska (cm. puc. 32.8, 0) sBisercs Hanbosee PacHpOCTPaHESHHOM

orepaieid TpU TOJYYEeHUM CKBO3HBIX OTBEPCTUM pasMyHOM (QOpMBI C MPSIMBIMH U

KPUBOJIMHEWHBIMU OCSIMH, T1430B U LIETIEH.
[IpommBKa CKBO3HBIX OTBEPCTUN OCYILECTBISIETCS TIOJBIM HMHCTPYMEHTOM C  TPOKAYKON

abpa3MBHOM CYCITEH3WH TIOJ1 IABTICHHEM Yepe3 LIEHTPATLHOE OTBEPCTHE.
B cepuiiHOM MpOM3BOJCTBE NP MPOILIMBKE MCIOJIB3YETCS MHOTOMECTHBIA MHCTPYMEHT. Tak, B
TUTACTHHE U3 (hepprTa TOMIMHON 1 MM OJTHOBPEMEHHO IMOTy4aroT 256 oTBepcTrid 32 1 MHH.
Vaiempaseyrkoeoe wnugposanue (puc. 32.8, 6) HCHONB3YIOT MPEUMYIIECCTBEHHO IS
YUCTOBOM OOpaOOTKM TUIOCKMX HApPYKHBIX TIOBEPXHOCTEH BMECTO NUMM(OBAHUS aIMa3HBIM
uHcTpyMeHTOM. [Ipu 3TOM HcKirouatoTes ieeKTsl, MprcyIye NUTM(pOBAHUIO, TAKUE, KaK TPHKOTH U
TPEIWHBI, JIOCTHTaeTcss BbicoKas ToyHocth ~ 0,01 MM, mpumepHo B 2 pa3a Bo3pacracT

MIPOM3BOIUTENIHHOCTD, CHMYKAETCS IIIEPOXOBATOCTH MTOBEPXHOCTH.
Vavmpaseykosoe yoanenue 3ayceHyeé OCHOBAHO Ha KaBU-TALMOHHOM M aOpa3sMBHOM

pazpymieHun 3ayceHieB. OOpaboTka Bemercsi B paboueil KHIKOCTH, Tne oOpaldaThIBacMble
3arOTOBKH W a0pa3WBHBIC 3¢pHA YICPKHBAIOTCS BO B3BCIICHHOM COCTOSHHH TIOJ JICHCTBHEM
aKyCTUYECKUX TE€YEeHHUH, BO30YKIAEMbIX YIbTPAa3BYKOBBIMHU KOJEOAHUSMH. YIBTPa3BYKOM YcC-
MEITHO 00padaThIBAIOTCS 3ayCEHIIBI METALIMYSCKUX JICTalIe, MOJYYeHHBIC TPH INTAMIIOBKE

METOJaMH BBIPY6KI/I, JIMTBIC ACTAIN U3 TJIACTMACC IPU CHATHUHA 00104.

32.4. JlyuyeBble MeTOIbI pa3MepHOi 00padoTKI

K sydeBbIM MeTOmaM 3eKTpOGM3HUECKON 00pabOTKH OTHOCSTCS anekTponHonydeBas (J10) u
ceeronyueas  (CJIO) oOpaGotku. Pazmmume HocuTeneil SHEPruM  OOYCIOBHIIO TEXHOJOTHYECKUS

0COOEHHOCTU METOJIOB JTy4e€BOM 00pabOTKH.
DneKTpOHHO-TydeBass pasMmepHas o0OpaboTtka (DJIO). Ilpu 2yeKTpOHHOIYYEBOI  pa3sMepHOM

0o0paboTKe Il cheMa Marepuaia mpu (opMOOOpa3OBAHMH HCMOJIE3YIOT KHHETUYECKYIO SHEPIUIO
COKYCHPOBAHHOTO ITy4dKa SMEKTPOHOB (puc. 32.9). Iporecc DJIO oCYIIECTBISIETCS B BaKyyMe IPH

OCTaTOYHOM JaBJicHMHU rasa 5-10 —107° Ia.
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Puc. 32.9. YcnoBHas cxema mporiecca 3neKTp0HF;{o-nyquOI71 00paboTKu:
1 — snexkTpoHHO-TyYeBas Mymika; 2 — Katoa; 3— aHoJ;, 4 — QoKycupyromme u
OTKJIOHSIOLIME KaTYIIKH; 5 — BaKyyMHas Kamepa; 6 — oOpabaTbiBaeMasi JAeTajb; [ —
KOOPAMHATHBIN CTOJI



®opmupoBanme, POKYCHPOBKA U YIPABICHUE IEKTPOHHBIM JTy9OM OCYIIECTBIIFOTCS B AJIEKTPOHHOM
TMyIIKe. DJIEKTPOHBI, SMUTTUPYEMbIE KaTOIOM, YCKOpsitoTcs: HanpsbkeHneM 1o 150 kB, B pesynbrare
CKOPOCTB IEKTPOHOB B yde socturaer 20-10° m/c. TToce (OKYCHPOBKH TIOTHOCTS SHEPIHH B ITYHUKe
cocrapisier 10°— 10° Br/ew?. ChoKycHpOBaHHBIA ITyHOK EKTPOHOB TIPOXOUT B PAGOUyI0 KaMepy
OoMOapaupyer o0pabaThiBaeMylO0 MOBEPXHOCTh. [Ipum OGomOapmMpoBKEe KHHETUYECKas SHEPTHs
AJIEKTPOHOB TIpeoOpa3yeTcs B TEIUIOBYIO SHEPTHIO oOpabarhiBaeMoro BemiecTBa. [IpeoOpa3zoBanue
MIPOMCXO/IUT TIPYA HEYMPYTUX CTOJKHOBEHHSX OBICTPBIX AJIEKTPOHOB C AIEKTPOHAMH aTOMOB BEIIIECTBA
U TIOCTICYIOIIEM B3aMMOJICHCTBHM BO30YXK/ICHHBIX aTOMOB C aTOMHOM PEIIETKOM, BBI3BIBAIOIIEM
YBEIIMUCHUE TEMITEPATyPHI BEIIECTBA.

DNeKTPOHHO-TTy4€BOIl HarpeB BEAETCS B UMITYJIbCHOM pexume. [Ipu ncrnonb3yeMoit ynenbHOM
MOIIHOCTH TEIUIOBOE BO3/ICHCTBUE JIyda TPUBOIWAT K Da3pyIICHHIO HArpeBAEMOTO MHKPOOOBEMa
Mareprasa 3a BpeMsi OJHOTO UMITyJIbca. PaspyriieHne mporucXoauT 1o MEXaHH3MY B3PBIBHOTO BCKUITAHHS C
BBIHOCOM MarepHasia u3
30HBI 00pPabOTKU B BUJIE MApoB U Kareb. B pesynbrare Ha OOMOapAMpyeMOM 3JIEKTPOHHBIM JTy4OM
YYaCTKE MIOBEPXHOCTH (POPMHUPYETCS JTYHKA.

Ha mnoBepxHoct JyHKM 0Opa3yercss CIOM OIUIABJICHHOTO META/UIA, CHIDKAFOIIMA TOYHOCTH
00paboTku. Pa3mepbl NyHKH, HarpeB M J0Jd KUAKOTO METalla Ha €€ CTCHKAaX pPeryJlupyroTcs
MOIITHOCTBIO U JJTUTETHHOCTBIO UMITYJTBCA, & TAKKE THAMETPOM JTy4a.

@dopmupyemMble B pe3ylbTaTe dJIEKTPOHHO-ITYYEBOM OOpaOOTKM TOBEPXHOCTH OMPEIEISFOTCS
TPacKTOpUEH B3aWMHOTO TIEPEMEIICHUST JIyda W JIeTaIM. YCTaHABIMBAaGMbIi B pabodell Kamepe
MaHHITYJISITOP TIO3BOJISIET TIPUIABATh 3arOTOBKE TIOCTYNATEIBHOE M BpAIATeIbHOE JIBIDKCHHE, a
YCTaHOBJICHHAS B IEKTPOHHOM ITYIIIKE IeKTPOMArHATHAS CHCTEMa Pa3BEPTKH MO3BOJIIET CKAHUPOBATh
(mepemerath) MEKTPOHHBIN MyYO0K MO 331aHHOMY KOHTYDY.

OcHoBHbIE omepanuu 00pabOTKH — CBEpJIEHHE TJIYXUX U CKBO3HBIX OTBEPCTHH, B TOM
YHCIe IMOJ YIJIOM K TIOBEPXHOCTH, — BBIMOJHIIOTCS IPH HEMOJBI)KHOM H3JIIEIMU M Jy4e;
(dpe3epoBaHHE CKBO3HBIX M TJIyXUX T1a30B, KOHTypHas pe3ka JIMCTOBOTO MarepHasa
BBITIOJTHAIOTCS TP TIEPEMEUICHUHA W3ACTHs OTHOCHUTEIBHO HEMOJBIKHOTO JIyda WIIH
CKaHMPOBAHUU JIy4a 110 KOHTYPY pe3a MPH HETOIBIKHOM H3/ICITUH.

Texnonocuueckue napamempuol. llapamerpamu pexkuma IJIO sBmsrorcs: Tok Jyda |,
yckopsiioriiee  Hampspkenne U, Tok  Qokycupyromieii  cuctemsl g, (ompenensronmii - uamerp
aeKTpoHHOro Tmydka d), pabouee paccrosiue ((POKYCHOE paccTOSIHHE OT IEHTpa (OKYCHPYFOIICH
CHUCTEMbI JIO TIOBEPXHOCTH ICTAIH), CKOPOCTh TEPEMEILICHHS 3JIEKTPOHHOIO JIyda OTHOCHTEIBHO
W3IETHS D.

OJIHIM 13 ONPEIEISOLIHX APAMETPOB IIPOLIECca SIBISIETCS YeNbHasi MOHOCTS 0 (B/em?):

U
Y, 07 (32.6)

rae D — mamerp styrku (0060 Ha 10—15 % Gobime d).

IIpu OJIO mNpuUMEHSIOT UCKIIOUUTENBHO HMITYJIbCHBIE PEKHMbI, CHIDKas KOJMYECTBO
pacIIaBIEHHOTO MeTajlIa Ha 00padaThIBAEMOI MOBEPXHOCTH.

s pazmepHoit 3J10 xapakTepHpl CIISAYOIHE PEXUMBIL: MOHOUMITYJILCHBI — 00paboTKa BeAeTCS
OJMHOYHBIM HWMITYJIbCOM, T. €. OTBEPCTHE TIONY4aeTCsi 3a BpeMs OJHOTO HMITYJIbCa;
MHOTOUMITYJIbCHBIH — OTBepCcTHE (HOPMHUPYETCS B pe3yJbTare TOCIEIOBATEIBHOTO BO3/ICHCTBUSL
HECKOJIBKHX HMITYIIECOB; PEKUM OOpabOTKU C TIEPEMEIICHHEM AIeKTPOHHOTO JTyda OTHOCHTEIIBHO
3arOTOBKH C 33JaHHON CKOPOCTBIO.

VYCTaHOBNIGHBI ~ CJICMYIOIIME  SMITMPUYECKHE  COOTHONICHWS — TIapaMeTpoB  PeKMMa  C
T€OMETPHYECKIMH MTapaMeTpaMu 00Pa3YIOIIMXCST OTBEPCTHI H Ma30B.

Jnamerp d, u miryomHa H OTBEpCTHS YBEIMYMBAIOTCA C pocToM sHeprum W JHMHEHHO, a
3aBUCKMOCTB O, .11 H om JIMTENbHOCTH MMITYIIbCA T M TOKA JTyda UIMEET CTEIICHHOM XapakTep:



dK: kEW, H= CEW;

Ok = ral™; H = (a1 + b1+ 1) (327)
d.= k", H=c1",
rie Kg, ki, K, ¢ cg a,b, ¢ — xoadduirenTs!, 3aBUcsIIE OT CBOWCTB 00pabaThIBAEMOT0 Marepraa,
IIPUBOJATCS B CIIPABOYHOM JIUTEPATYPE.

VYron cxomuMocTH Jyda W TOJIOKeHHE (hOKyca Jiyda OTHOCHTEIIFHO 0OpabaThIBaeMOit
TOBEPXHOCTH OTIPEICIISIOT pa3Mepsl U GopMy oTBepcTusi. HanOosmbInyro riryOMHy W HAMMEHBIIINIA
JIMaMeTp OTBEPCTHS B Pe3yIIbTaTe BO3ICHCTBHS €IMHUYHOTO MMITYJIbCA JIOCTUIAIOT TIPH 3ariTyOeHIN
¢doxyca Ha 0,1—0,3 MM oTHOCHTEITLHO OOpabaThIBaGMOl TIOBEPXHOCTH. B 3TOM Citydae TimyOnHa
00padotku Bo3pacraeT Ha 30%. [Tpu onmuMaTbHOM TOJIOKEHUH (JOKYCa U JUTUTSITEHOCTH SMHIIHBIX
HMITYJTECOB, ~OOECTIEUMBAIOIINX MAaKCUMAJIBHYIO — IPOM3BOJUTENFHOCT  O0paOOTKH, TITyOMHA
MHKPOOTBEPCTUI B 3aBHCHMOCTH OT TOKa JIy4a, HANPSOKEHHS M YKCIA SMHUYHBIX WMITYJIECOB
BBIPOKACTCS SMITMPUUECKOI 3aBUCUMOCTEIO:

H=44108U°%12 n*, (328)

[lpouecc wummynecHOM OJIO Ha ONTUMAIBPHBIX PpPEXHMax XapaKTEepU3yeTCs —HAMYUEM
MHUHHAMAJIBHOTO KOJIMUECTBA YKUAKOU (Pa3bl 1, KaK CIIEICTBUE, BBICOKON TOUHOCTHIO 00Opa0OTKH.

Obnacmo npumenenuss 3J10. DNEKTPOHHBIM JIydOM 00padaThIBAIOTCS KaK AEKTPOIPOBOTHEIE,
TaK ¥ HEAIEKTPOIPOBOHBIE MaTepraiibl. VX 0OpabaThBaeMOCTh HE 3aBUCHT OT MEXaHUUECKUX CBOWMCTB
Marepriayia, a OIpeneNsieTcss ero (U3MYECKIMH XapaKTepHCTUKAMHU. TEMIIEPAaTypOil TUIABIICHHMS,
TEIUIOEMKOCTBIO, YAECIBHON TEIUIOTOW UCIIAPEHNUS U YIIPYTOCTHIO Iapa.

B mepByro ouepenp SMEKTPOHHBIA JIyd TPUMEHSIOT IS pa3MEpHON OOpadOTKH TBEPIbIX
TpyaHOOOpaOaThIBaGMBIX ~MATEpPUANIOB, TAaKWX, KaKk anMa3, Boib(ppaM, THTaH, TBEpAbIE |
BBICOKOJICTUPOBAaHHbBIC CIUIABbI, KOBap, WHBAp, KBapIl, KepaMHKa, PYOWH, KPUCTAIIBI KPEMHHUS,
repMaHusl, Pe3UCTUBHBIE TUICHKH HA CUTAJUIOBOW M KBAPIIEBOM IMOJITOKKAX.

B xauectse addexTrBHBIX prmMepoB mpumeHennst DJ10 MoxHO HazBath criemytomue. [lepdoparws
oteeperrit (puc. 32.10, ¢ — mosnyueHHe CKBO3HBIX M [JTyXHX OTBEPCTHIA) B Pa3fIMYHBIX Marepuaiax
WCTIOJIB3YETCSl TIPU M3TOTOBJICHUH (DITBTPOB, <TIOTEIONIMX» TOBEPXHOCTEH UII OXJIKICHUS Kamep
cropanws u Jionatok Typous. DJIO rmpy MOHOMMITYIILCHOM PEXKUME 00ECTICUMBACT TIOTyUYeHHE OTBEPCTHI

mamerpom 0,015—0,3 MM ¢ MakcUMabHOM TIIYOMHOM 3—5 MM €O CKOPOCTBIO Tepdopanuu 1o
5000 otB./c.

Puc. 32.10. Cxemst DJIO: a — nepdoparust OTBEpCTHH; 6 — KOHTYpHAs pe3Ka; B —
(dbpe3epoBaHre CKBO3HBIX U TIIyXUX Ma30B

W3roToBiieHHe eAUMHUYHBIX CKBO3HBIX U TJIYXUX OTBEPCTUH PU CBEPIICHUH KPEMHHEBBIX
CHTAJUIOBBIX MOJJIOKEK, PYOMHOBBIX YaCOBBIX KAMHEH, YSPHOBOM CBEPJICHHH aJIMa3HbIX BOJIOK,
NpU M3TOTOBJICHUHM TOIUIMBHOW ammapaTypbl IBUraTejell BHYTPEHHErO CrOpaHus U APYIHX
m3nenuii. Meton oOecrieunBaeT Toiyde Hue otBepctuit guamerpom 0,01—05 mm ¢
MakcuManbHOU rinyouHoi 10 mm (uis metamioB) u 15—20 MM (Juist AUAIEKTPUKOB).



dopmoobOpazoBaHue JeTaneil cioXHOW (OpMBI M3 JIUCTA M IUIACTHH C HCIOJIb30BAaHUEM
KOHTYpHO# pe3ku (puc. 32.10, 6). MeTo O3BOJISET MOJYYaTh ACTAIH U3 PeppuTa, KPEMHHUS,
repManust 1 Guiibepbl ¢ mmpuHoit peza 0,015—0,4 MM npu HanOombInei TIIyOnHEe 00pabOTKH
3 MMm. @pe3epoBaHrEe CKBO3HBIX U TITyXUX Ma30B IpuBeaeHo Ha puc. 32.10, 6.

DJIO obecrieunBaeT BBICOKYHD TOYHOCTh U Majyl IIEPOXOBATOCTh 00pabOTaHHOI
noBepxHOCTH. Tak, IEPOXOBATOCTH COCTaBISIeT: MpPH CBepieHnil otBeperiii — O—10;
KOHTYPHOU pe3Ke — 08_R#&0\ "3 rounocts MoJTy4yaeMbIX OTBepcTuil cocraBisieT ~1 % ot
IraMeTpa.

K HemocraTtkam MeTo/ja OTHOCATCS: HEOOXOIMMOCTH HMCIIOB30BAaHUSI BaKyyMHOH CpeEIIbI
pu 00paboTKe JIFOOBIX MaTEPHUAIOB; OTPAaHMYEHHBIN KPYT BBITIOJIHAEMBIX OTIEpPAIIHii; BRICOKAS
CTOMMOCTH BBICOKOBOJIETHOTO M BAKYYMHOTO 000y IOBAHHSI.

CaetouyuyeBasi (;1a3epHasi) pa3MepHasi 00padoTKa HCIIOJIB3YET Ui CheMa MaTepHhaja
npu GopmMooOpazoBaHUU JAeTaiedl CPOKYCHPOBAHHBIM MOTOK 3JIEKTPOMAarHUTHOM 3HEPrUU
BBICOKOH MOIIHOCTH, C(OPMHPOBAHHBIH ONTUYECKUM KBaHTOBBIM reHepatopoM (OKT).
CseronyueBas (masepHasi) obpadotka (CJIO) BO MHOTHX Clay4asx 3aMEHSET JJIEKTPOHHO-
Jy4eBYIO, TaK Kak Jla3epHas oOpabOTKa BemeTcss Ha BO3AyXe M He TpeOyeT CHerraaIbHBIX
BakyyMHbIX Kamep. OHa mo3BoiisieT oOpalaThiBaTh JHOObIE MaTepHalibl HE3aBHUCHUMO OT HX
TBEPIOCTH M BS3KOCTH. METOJ UCHOJB3yeTcs sl CBEPJCHHS OTBEPCTUH, BBIpE3aHUS
3aroTOBOK, (hpe3epoBaHU M1a30B U T. 1.

brnarogaps co3gaHHMiO MOILHOTO TNPOMBIIUIEHHOTO 000pPYAOBaHUS J1a3epHas pa3MepHas
00paboTKa HCHOJB3yeTCsT HE TOJBKO Uil OOpaOOTKHM MPENM3HOHHBIX JeTaneld, HO W B
MAaIIMHOCTPOCHHH.

CxeMmbl ITporieccoB mpuBeeHs! Ha puc. 32.11, a, 6.

IEDLEM
(CRCHITH,
PECLNAE)

Puc. 32.11. YciioBHbIe cXeMbI Jla3epHOH 00pa0dOTKH (a) 1 razonasepHoit pe3ku (0): 1 —
ONITHYECKUH KBAHTOBBIN I'eHEepaTop; 2 — 3epKajio; 3 — 3aTBOp; 4 — JuH3a; 5 — OKHO; 6 —
oOpabartbeiBacMoe u3zienue; (—iyHka (Kpatep)

WHTEeHCUBHBIN MOTOK IEKTPOMArHUTHOM 3HEPruu GOpMUPYETCs] ONITUYECKUM KBAaHTOBBIM
renepatopom (OKI'). B 3aBHCHMOCTH OT TEXHOJOTMYECKOH 3aqau nuaMeTp jyda B (oKyce



ontryeckoit cucreMsl coctapisier 0,001—O0,2 MM 1 yenbHass MOITHOCTh 1-10°—1-10° Br/cm?.

[Maparommii Ha MOBEPXHOCTh 00pabaTHIBAEMOro MaTepHana CBETOBOM MOTOK YaCTHYHO
OTpa)kaeTcs, a OCHOBHAas YacTh €ro TOTJIONIAeTCS OJIEKTPOHAMH TPOBOJAUMOCTH B
MOBEPXHOCTHOM CJIO€ MaTepualia, yBEIHMYUBAs UX SHEPTHIO. DJIEKTPOHBI TEPENAl0T YHEPTUIO
KPUCTAJNTMIECKOM peleTKe, BhI3bIBas HATPEB, IUIABJIICHUE W HCIapeHue MeTayuia. Harpes npu
CJIO Benercst B uMIy/IbCHOM pexxuMme. [lpu ynenbHONH MoILHOCTH 10’—10° Br/cm? Temmosoe
BO3/ICICTBUE JIyda BBHI3BIBACT pa3pylICHHE HArpeBacMoro Marepuana 3a BpeMs OIHOTO
UMITyJIbCa. Pa3pymieHuss MpOUCXOISAT 10 MEXaHHW3MY B3PBIBHOTO OOBEMHOIO BCKHIIAHHS C
BBIHOCOM MaTtepHaja B BUAE IapOB M Kamellb. BCKHUITaHUIO CIIOCOOCTBYIOT PacTBOPEHHBIC B
MaTepualie rasbl. B pesynbraTe Ha y4acTke BO3JCHCTBUS JIA3EPHOTO JIyda (GOPMHUPYETCs JTyHKA.

[pakTyeckoe HCIOIB30BAHUE Pa3pyLLUEHHs METAIOB OObEMHBIM BBIKUIIAHUEM M OCOOCHHO
ucriapeHneM TpeOyeT BBICOKMX BHEprosarpar. 3aMETHOE CHIDKEHHE OBHeprosarpar JOCTHIaeTcs
UCIIOJIb30BaHMEM BCTIOMOTaTeIbHOIO rasa il yAAIeHUs! POLyKTOB Pa3pyLLEHHs U3 30HbI 00pabOTKU.

I[pu nazepuoii peske nanyueHne OKI™ obecrieunBaer JoKaIbHOE IUIABIEHNE METAUIA, a Y/laJIeHUe
pacIiiaBa 13 KaHasa pe3a OCYIIEeCTBICTCS IMHAMIYECKIM BO3/IeHcTBIeM Taza (cM. puc. 32.11,6).

B mporecce oOmydeHusi 4acTh MAAAIOIMIEr0 CBETOBOTO JIyda OTPAKAeTCsi OT 00paldaThiBacMOit
noBepxHocT. s cHwkenus otpaxkeHus npu CJIO wucmonb3yercss depHeHHe 0OpabaThiBacMoi
MIOBEPXHOCTH.

OddexrrBHBIM criocobom moBbnmienus KI1/] mpoiiecca razonazepHoi pe3ku METAIOB ¥ TOPIOYMX
MatepuaiioB (MOJIMMEPOB, ICpPEBa U T. I1.) SBJISCTCS KCIIOIB30BaHKE B KAYECTBE raza
CTpyH KHCIIOpOJia WM BO3AyXa. OJTOT MpoLiecC MOMydWsl Ha3BaHWE razojazepHoi pesku. Crpys
KUCJIOpOZIA  CIIOCOOCTBYET — IPE/BAPUTENIbBHOMY OKHCIEHHIO METalla U YMEHBLIEHHIO €ro
OTpaXKaTeNbHOM CIOCOOHOCTH; BCTYINAsl B FA30TEPMUUECKYIO PEAKIMIO C HArpeBaEMbIM MaTepHasioM,
YCHJIMBAET TEPMHUUYECKHUE BO3/IEHCTBHS CBETOBOTO M3IIYYEHHS U CIIOCOOCTBYET YIAICHUIO paciulaBa U3
30HBI pe3a.

Texnosoruueckue ocHoBbl npouecca CJIO. [l pasmepHoit CJIO xapakTepHbI CIIETyOITHE
cXeMbl 00pabOTKU: MOHOMMITYJIbCHasE — oOpaboTka Bemercs OmuMHOUHBIM uMITyiibcoM OKI u
OTBEPCTUE TIOJy4alOT 3a OJWH HMITYJIbC; MHOTOMMIIYJIbCHas — OTBEPCTHE MOJIY4alOT TIpU
TMOCJIEZIOBATEIIbHOM  BO3JICUCTBUM HE- CKOJBKUX HMITYJIbCOB; PEKUM HMITYJIILCHOW 00paboTKu ¢
MepEMEILIEHUEM CBETOBOTO JIy4a OTHOCHTENILHO 3arOTOBKH; PEKUM (Dpe3epoBaHusl U I'a301a3epHOIl pe3-
KU C IIEpEMEILIEHUEM CBETOBOI'O JTyda OTHOCUTENBHO 3arOTOBKH.

VCTaHOBJIGHBI OCHOBHBIC ~COOTHOIIEHHS TAPaMETPOB DPEKMMA C TCOMETPUYECKMMH  [TapaMeTpaMu
00pa3yroIIMXCsl OTBEPCTHH, Ta30B M pe30B, BbinonHseMbx CJIO. [py nporimBke OTBEPCTHIA JIa3epOM ¢ 3a1aHHOM
JUTATETBHOCTBEO MMITYJThCA TITyOUHA OTBEPCTHS M €10 MAMETP OIPEICIISFOTCS U3 CIISAYIOLIMX COOTHOIICHHUIA:

ol Y W,

+ = —r 2); 32.9
WD) g, 7 EYP G2
3, te(e/2)
d=2r,  —a B 10]
Ty nl, (32.10
rae W, — oSHeprust M3iydeHUs: B MMITYIIbCE; 1, — Y/ICIbHAs SHEPrHsl WUCIapeHHs BEIECTBa, 2—

pamiyc c(hOKYCHPOBAHHOIO TisITHA; (/2 — TOJIOBUHHBIA YroJl pacTBOpa CBETOBOIO KOHYCA; 7-—UYHCIIO
WIMITYJTECOB TIPH MHOTOMMITYJIHCHOH TPOITMBKE.

[loBbmireHne KadecTBa M TOYHOCTH OOPAOOTKM OOECTIEUMBACTCS YMEHBIIICHHEM KOJIMUECTBA
oOpazyrorieiicst B mporiecce (GoOpMUPOBaHMST OTBEPCTHS KUAKOM (asbl 3a cUeT 00pabOTKH KOPOTKUMHU
MMITYJIbCAMH X MHOTOUMITY/IbCHOM 00pa0OTKY ITPY MUHUMAaJIbHOW SHEPTUH B UMITYJIbCE.

[lpr razomazepHOil pe3ke B3aMMOCBSI3b TEOMETPUYECKUMX MapaMETPOB pe3a C Tapamerpamu
pEeXIMa Ka4eCTBEHHO OIICHMBACTCS U3 OalaHca SHEPIUH TPU PE3KE:



hob(c, Ty + Liy)=nP, (3211)

rae b u h—ryOuHa 1 mmprHa pe3a COOTBETCTBEHHO; V — CKOPOCTh PE3KH; Ly, — yebHas SHEprus
TUIABJICHUST MeTauia; 1| — 3(hQEKTUBHOCTh TIPOIIECCa, PaBHAs IMPOM3BENCHUIO A((PEKTUBHOTO U
Tepmudeckoro KIIJI; P — cymmapHas MOITHOCTb JIa3€PHOTO UTYYEHHS M SK30TEPMUYECKON PEAKIIMN
OKHCIICHUS.

Tak kak mpu JazepHON pe3ke U (pe3epoBaHMM MA30B IIMPHHA pe3a OM3Ka IO CBOEMY
3HAUCHHUIO K JMAMETpPy JIa3epHOro Jiyda, To u3 ypaBHenus (32.11) criemyer, uto mpu pes3ke JmcTa
TOJIIMHON N CKOpOCTh pe3aHusi v MPOMOPIMOHATIBHA MOIIHOCTH P. M3 TOro ke COOTHOIICHHS
CJIEILYeT, YTO CKOPOCTh Pe3aHust v 0OPAaTHO MPOTIOPIMOHATBHA TOJIIUHE JICTA.

Oneparmu CJIO BKITIOYAIOT ONEpaIMy Pe3KH M KOHTYPHOM OOpaOOTKM JIMCTOBOTO MaTepHaa,
nepdopaliii ¥ CBEPIICHUSI OTACIBHBIX OTBEPCTUH, (pe3epOBaHUS CKBO3HBIX W TIIyXHUX T1a30B,
CKpaitorpoBaHusi, 00pabOTKU MOKPBITUIA U INIEHOUHBIX CTPYKTYP.

Oneparmu  CBEpIieHUsT TMPEIM3MOHHBIX OTBEpCTUH, mepdopaim ¥ (pe3epoBaHusi Ma30B U
CKpaiilOMPOBAHUSI TIPOM3BOJIITCS TIPEUMYIIIECTBEHHO C TIOMOIIIBIO UMITYJILCHBIX JIA3ePOB HA TpaHaTe u
CO,-nmazepoB, pabOTAIOIINX B IMITYITbCHOM MIEPHOAMIECKOM PEKUME.

TexHONOrNYECKHEe BO3MOYKHOCTH JIA3EPHOM TEXHOJIOTMH HA YKA3aHHBIX OTIEPAIMSIX CPABHIMBI C
BO3MOKHOCTSIMH SJIEKTPOHHO-ITY4EBOI TEXHOJIOTHH.

[Ipy BBINOJHEHNM YyKa3aHHBIX oOIEpalyii 0OpaldaTbIBAIOT IMPAKTUUECKH JIFOObIE Marepuabl;
TOJIY4aIOT OTBEPCTHSI MAJIbIX THAMETPOB (OT HECKOJIBKUX MUKPOMETPOB J10 0,3 MM) ¢ COOTHOIIICHHEM
TIyOuHBI K auamerpy, paBHbIM 10—25; meros Wcronb3yercs Mpu TOJMY4eHHH OTBEPCTHH, OCh
KOTOPBIX PpAacloJI’KEHa IMOJ YIJIOM K 00pabaThIBacéMOM IOBEPXHOCTH; METOJ] OOECIeurBaeT
MOJTYYCHUC KaK INTYXUX, TaK U CKBO3HBIX OTBepCTI/II\/’I 11a30B.

[To cBoeii pomsBoauTenbHOCTA CJIO yemenHo KOHKYpUpYeT Ha MPEIM3HOHHBIX OTEpaIsX C
3JI0. Ha cerousiiHuii IeHb, MpU BBITOJIHEHUH Mpel3uoHHbIX omeparuii, CJIO yerynmaer 3JI0 mo
TouHocTH, TosToMy CJIO HacTo MCHONB3YIOT B KaueCTBE YEPHOBOM OOpabOTKH € TOCITETYIOIIUM
MOBBIILICHUEM TOYHOCTH METOAAMU MEXaHWYECKOH, YIBTPA3BYKOBOM WIIM 3JIEKTPOXUMHYECKON
00paboTKH.

Haubospiiee npuveneHre B mpombiiuieHHOCTH cpemy orepauuii CJIO Hamum oneparmu
ra30Ja3epHO KOHTYPHOM 00paOOTK! M Pe3KH JIMCTOBBIX MaTepuaioB ToympHOH 0,2—10 mm. B 3tom
JMana3oHe Jia3epHas pe3ka YCIeNHO KOHKYPHPYET C CYIIECTBYIOIIMMH Ta303JICKTPUUECKUMHI
METOJ]aMH, OOECTIeUrBasi Ka4ecTBO Pe3a, JIOCTaTOYHOE ISl TOTO, YTOOBI JIMOO IOJHOCTBIO, MO0
YaCTUYHO WCKITIOYUTHh TIOCTEAYIONIYI0 00paboTKy Kpomku. Hambomnee 1enecooOpa3Ho ee uc-
MOJIb30BaHUE ISl TOJyYE€HHsI JETaliel CIOKHOTO KOHTYpa B YCJIOBHSAX MEJIKOCEPUMHOIO
MPOM3BOJICTBA M3 HauOOJiee TPUMEHSEMBIX KOHCTPYKIMOHHBIX CIUIABOB. YITIGPOAMCTHIX U
HEPYKABEIOIIMX CTaJIel, TUTAHA Y AJTFOMUHUSL.

OpuentupoBounbie pexumsl pezanrsi COrmazepom (b = 0,2 MM) pa3IMUHBIX METALUTHYECCKUX
MaTepHaJIOB MPUBEICHBI B Ta0. 32.4.

Tabmuna 32.4. PexxuMbl U ITapaMeTphl pe30B
KOHCTPYKIHMOHHBIX MaTCPpHAJIOB U CIIJIaBOB

Tommuua |  Mom- | Crkopocts | JlaBienue
Marepuan JUCTA, HOCTh | PE3KH, rasa, [TapameTtpsl pe3oB
MM |masepa, Br| m/mun MIla
[JTyOu- | ILIEpOXO0-
HHpHHa, Ha 3TB, | BaTOCTS,
MM
MM MKM
YriepomucTas craib 1,0 1000 6,0 0,15 0,41 0,08 -
10,0 1000 0,37 0,15 0,82 0,4 80
Hepxageromas ctanp 2,0 1000 3,5 0,25 0,39 0,98 —
Turan 2,0 1000 2,2 0,15 0,344 — —
AmoMIHMIA 2,0 1000 0,2 0,15 0,377 — —




B 30He TepmHueckoro BIMSHHS Ha TOBEPXHOCTH PE3a pacIioiaracTcs JIATOM OIUIaBICHHBIN
MeTaljI, HACBIILIEHHBIM [a30M C M3MEHEHHbIM XMMUYECKUM COCTaBOM M3-3a BBITOpaHus U aupdy3un
XUMUYECKUX DJIEMEHTOB. B ymroli 30He HAOMIONAIOTCS TOpBI, TPELIMHBI W BHYTPEHHHE
HanpspkeHus. Jlanee ciexyer 30Ha

MeTaljIa, MCHBITHIBAIOIIETO BO3JEHCTBUSI BBICOKHMX TEMIIEpPATyp, ¢ HM3MEHEHHbIM XUMHUYECKHUM U
CTPYKTYPHBIM COCTaBOM.

TommuHa citost 30HBI TepMHUYecKoro BimsHHS He mpeBbimmaer 0,2—0,5 MM, HO ee HaM4Me
HEOOXO/IMMO yYMTHIBaTh TIPH OIICHKE OSKCIUTyaTAI[MOHHBIX CBOMCTB TOJMy4aeMbIX JeTayieid. Tak,
00paboTaHHasi TMOBEPXHOCTh CTalel M TUTAHOBBIX CIUIABOB B pE3YJbTaTe pPE3KH YIPOUHSETCS
BCJIEZICTBUE 3aKAJIKH, TIOBEPXHOCTh BBICOKOJIETMPOBAHHBIX CTaleH M3MEHSET MEXaHMUECKUE CBOICTBA
(KOpPO3MOHHYFO CTOMKOCTB, JKApOIPOYHOCTH M T. TI1.). [lo3TOMy BOHpOC O HEOOXOIMMOCTH
rocIenyromieii 00padoTKH Te(EKTHOTO CJIOSl PEIIAeTCsl B KOKIOM KOHKPETHOM CIydae WCXOId W3
AKCIUTyaTalMOHHBIX TPEOOBAHUI K JICTAIISIM.

JUIi  TOpenm3MOHHOM PpEe3KM TOHKOJIMCTOBBIX KOHCTPYKLIMM, NPOIIMBKM OTBEPCTHH H
(pe3epoBaHus 1Ma30B B KOHCTPYKLUHMOHHBIX Marepuajax HUCHOJIb3YIOT UMITYJILCHO-TIEPUOUYECKOE
U3JTy4eHHUEe TBEPJOTENbHBIX JIa3epoB. B 3ToM citydae mosy4aroT OoJjiee TOYHBIE U KAau€CTBEHHBIE
pe3bl, OJIHAKO TPOM3BOJAMUTEIBHOCTE PE3KM B OTOM Cllydae HaMHOro Hwke. Pacumpsiercs
MPUMEHEHWE JIa3epHOM M Ta30J1a3epHOM PE3KH W KOHTYPHOM 0O0pabOTKM HEMETATUTMYECKUX
MareprainoB. OOpabaTbIBaeMble MaTepHaIbl U PEXKHUMbI 00paOOTKH TPUBEACHBI B Tabm. 32.5.

Tab6mmia 32.5. PexxuMbl J1a3epHOM 1 Ta30J1a3ePHOM PE3KH HEMETAITNYSCKIX
MaTepHaioB

Matepuan TommmHa 00pa-| Crkopocts | MorHocTs 13- | Mcross3ye-
OartbIBaeMOro | pe3ku, M/C | JTydenus, KBt | Mbrii ra3
marepuasia, MM

CTeKII0IIacTHK 2,4 0,01 0,2 Bo3ayx
Koxxa 3,2 0,01 0,2 »
HCKYCCTBCHHAS 50,0 0,002 0,2 »
JlpeBecuHa 10 0,05 0,25

Txann

[Ipy BBINOIHEHNHN OTEpaIN PE3KH Kpasi pe3a OCTAFOTCS YHCTHIMH, a Ka4eCTBO KPAaeB CPABHUMO C
TIOJTy4aeMBIMH TIPA MEXaHHIECKOM PE3Ke.

32.5. KomOMHMpOBaHHbIE METOIbI pa3MepHOii 00padoTKH

KoMOMHHMpPOBaHHBIMM HA3BIBAIOT METOJIBI, OJHOBPEMEHHO COBMEIIAIONIAE B OJJHOM IIpOIecce
pa3MepHOi 00pabOTKH 3ar0TOBKH HECKOJIBKO (1Ba M 00JIee) TPAIUIIMOHHBIX METO/IOB, PACCMOTPEHHBIX
BBIIIIE, HATIPHIMEP XUMHYECKYIO M MEXaHHIECKYIO 00pabOTKy pe3aHueEM.

KoMOMHMpOBaHHBIE METONBI SIBISFOTCS PE3YJIBTATOM HAyYIHO-TEXHHYECKOTO COBEPIICHCTBOBAHMUS
MPOLIECCOB pazMepHOr 00paboTKU. OHM MOBBILIAIOT MPOU3BOAUTEILHOCTh, TOYHOCTH OOpabOTKH U ee
SKOHOMHYECKHE TIOKA3ATEIH.

PaccmoTpriM  BOBMOKHOCTM ~ pa3pabOTaHHBIX ~HA  CETOAHSIIHMA J€Hb W OCBOCHHBIX
MIPOMBIILICHHOCTHIO KOMOMHUPOBAHHBIX METO/IOB Ha MPUMEPE YIIBTPa3BYKOBOM OOpPaOOTKU PE3aHUEM,
IUIA3MEHHO-MEXaHNUECKON 00pabOTKH U ANEKTPOXUMHUECKOT0 NN (OBAHUS.

YabTpa3BykoBasi MexaHuueckasi oopadorka (Y3MOP) Brmrouaer onepaid  TOYCHHS,
(pe3epoBaHust, CTPOTaHWs, IPOTATUBAHKSI, CBEPIICHHS, 3¢HKEPOBA-HUS 1 HApE3aHUs Pe3b0.

VYIBTpa3ByKOBBIE KOJICOAHHS TIPHKIIAIBIBAIOTC K MHCTPYMEHTY B OCEBOM HalpaBJICHUH Toaqn. B



3aBUCUMOCTH OT KMHEMATHKU JBMKEHUI 3ar0OTOBKM OTHOCHUTEIIBHO PEXKYILEH KPOMKUA OHU MOTYT OBITh
MIPOJIOBHBIMH, KPYTWIBHBIMH M HM3THOHBIMH. MeXaHu3M BO3ICHCTBUS YABTpa3sByKa Ha IIPOIIECC
00pabOTKKM 3aKITIOYACTCS B CHIDKCHHH COIPOTHUBJICHHMS 00pabaThIBAEMOTO Marepualia IIaCTHYECKON
nehopMalid B 30HE CTPYKKOOOPA30BaHHS, CHIDKCHUM TPEHUS B KOHTAKTHBIX 30HAX M OOJIErdeHUH
MOCTYIUICHHS cMa3ouHO-oxaxaaronux sertects (COB).

Ilog neidicTBMEM NPWIOKEHHBIX K HMHCTPYMEHTY YJIBTPa3BYKOBBIX KOJICOAHWM HANpsHKEHUsS B
TUIACTHYECKH IepOpMHUPYEMOI 30HE Pe3aHusl MPUOOPETAIOT MyJIbcupyrommii xapaktep. [lo aeiictBuem
MYJILCHPYFOIIMX HAPSDKSHUI TUCIIOKALIMK TIEPEMEITIAIOTCS (TakoKe MEHSISI 3HAK), OTXO/IS OT MPETISITCTBUI
U mpeojionieBas UX. B pe3ynprare nmpoucxoquT pa3OMOKMpOBKA THUCIOKALMMA, YUCIO OJHOBPEMEHHO
MPEOJIOJIEBAEMBIX TIPEMATCTBUI CHIDKAETCS], TOBBIIIAs MOABIKHOCTL JUCIOKaimu. U, kak criencrsue,
TIPOVICXOJIUT CHIDKEHHE COTIPOTUBIICHUS TUIACTUYUECKOM JeopMaliiy B 30HE pe3aHus — CHUYKACTCS
CHJIa pe3aHusl.

Konebanust unctpymenta ymydmaror 1oaBo7, COB B KOHTakTHbIE 30HbI M, MOBbIIIAs CKOPOCTbH
MEPEMEILIEHNST OTHOCUTENLHO 00paldaThIBaeMOil TOBEPXHOCTH, CHIKAIOT KOA(D(PUIMEHT TPEHWs.
PesynmbratoM 9TOrO SIBISIOTCS CHIDKCHHE TEMIIEpPaTypbl B KOHTAKTHBIX 30HaX W HUCKIIOUCHHE
00pa3oBaHusl HApPOCTA, CHIKECHHE IUIACTUYECKOM aedopMaiy o0padaThiBaeMON TOBEPXHOCTH, €€
Hakjerna M 3HAYeHWs OCTATOYHBIX HAINPSDKEHWH, YIydllleHHe YCJIOBHM CXOZa CTPY)KKH, MOBBIILICHHE
M3HOCOCTOMKOCTH PEXYIIET0 HHCTPYMEHTA.

[Ipn TOUeHMM peXxymas KpOMKa COBEpIIAeT KOJICOAHHS TMEPIEeHIUKYISIPHO 00padaThiBacMoi
TIOBEPXHOCTHU €O 3HaueHHeM aMIuTyasl 2A = 18 mxwm. [Ipu dpesepoBanny TOPIIEBEIMEI U KOHIIEBEIMU
(dbpezamu ucnonk3yroT KpyTrwibHble Y3K, a nmpu nmpotsruBaHry — TpoIoJIbHBIE. YepHOBOE CBEpIieHHE
BBITOJTHACTCS C TPOJIOJBHBIME, a paccBepymBanre — ¢ KpyrwibHbiME Y3K. Hamnbonee a¢dextrBHO
ucrnonb3oBanre Y3K npu Hape3aHny HapyKHBIX i BHyTpeHHUX pe3r0. [Ipr Hape3anun pe3n0bl METUMKOM
U TUTAIIKaMH OHO BBITIOJIHAETCS C HAIOKEHHEM TIPOJIONIBHBIX KOJIEOaHHH U TIO3BOJISIET YMEHBIIIUTE B 6—
8 pa3 MOMeHT pe3aHust, IPEIOTBPATUTH HAJIMITAHHE CTPY)KKH Ha PEKYIIHE KPOMKH P 00pabOTKe TUTAHA,
MOBBICUTh CTOMKOCTh HMHCTPYMEHTOB, CHHU3UTh HakJell MeTaula B 30HE OOpabOTKH, COKPaTUThH
TPYAOEMKOCTh OIEpAIMH, TMPOM3BO/A HAPE3KY MEHBIIAM YHCIOM METYMKOB (HAmpumep, cpasy
BTOPBIM).

B kauectBe 0OOpynOBaHMSA IpH YIBTPa3ByKOBOM MEXAaHHUUYECKOM PE3aHUM  HCIIONB3YIOTCS
CTaH/IApPTHBIC CTAHKH, OCHAILIECHHBIE CMEHHBIMH YIIBTPA3BYKOBBIMU TOJIOBKAMU. (HPEKTUBHOCTH
MPUMEHEHHs Croco0a OIpeIeNsieTcsl HaeKHOCTBIO padOThI YIIbTPa3BYKOBBIX TOJIOBOK U KaueCTBOM
aKyCTUUYECKUX KOHTAKTOB.

IL1asmenHo-MexaHnyecKass 00pa00TKA BKIIOYACT JIOKAIBHBI HAarpeB CPE3aeMoro  Ciost
IUIA3MEHHOM CTPYEH U NOCIIEAYOLIHUI ChEM 3TOIO CIOSI PEXKYILUM HHCTPYMEHTOM.

OCHOBHBI€ 3aTpaThl SHEPIHH TP PE3AHUH UJTYT Ha IUIACTUIECKYIO JiehopMariio 00padaTsiBacMoro
METa/UIa BBIIIE TOBEPXHOCTH Cpe3a. YCTAHOBIICHO, YTO B 30HE CTPYKKOOOpa30BaHHsS B TPOIIECCe
TUTACTHYECKON JehopMaIl yriiepocTasi CTallb HarpeBaeTcst 10 TEMIIEPATyp, He TPEBBIIIAIONIIX
300 °C. Tepmuueckuii HarpeB 30HbI 10 800—1000 °C yBemmumMBaeT €€ IUIACTHYHOCTh. [Ipu TOoM
CHIDKaeTcs ycwime naedopmaiii — YCWIME pe3aHdsi — W YMEHBIIAeTcsi O0beM MeTaia,
BOBJICYCHHOTO B YIPYTOIIIACTUYECKYO AepOPMAILIHIO TIPH PE3aHHH.

Vaansemplil 1pU pe3aHMM METAUT HArpEBAIOT IUIA3MEHHBIM 3JIEKTPUYECKUM  paspsiioM Ha
PacCTOSIHUYM, WCKITIOYAIONIEM DPa30rpPeB PEXYIIET0 HHCTpyMEHTa. PerymipoBaHueM Toka paspsiia
00ecIieyrBaeTCsl HarpeB METAIlIA Ha ITTyOUHY pe3aHus 10 BBICOKHUX TEMIIEpATyp.

VBenuueHne IUIaCTUYHOCTA Marepriajia M CHIDKEHHWE €ro COMPOTHBICHHS Je(OPMHPOBAHUIO
TIO3BOJISTFOT YBEJTMYHUTH TTPOM3BOIMTENIFHOCTD TIPOIIECCa PE3aHksl, PH 3TOM B 2—3 pa3a BO3pacTaer
CTOMKOCTh PEXKYIIEr0 MHCTPYMEHTA. PeXHMBI IIa3MEHHO-MEXaHMUYECKOM 00pabOTKM HEKOTOPBIX
MaTreprualioB MpuBeaeHbl B Ta0n. 32.6. M3 mpuBeneHHBIX pe3ysIbTaToB CIEMYeT, YTO TPU YEPHOBOM
TOYCHUH HArPeB YBEJIMUIMUBACT MPOU3BOIUTEIIHHOCTH 00pabOTKH B 4—8 pas.

Ta6muma 32.6. PexxuMbl 1U1a3MEHHO-MEXaHHYECKOH 00paOdOTKH CTaICh



O0pabatsiBacMast PesxxuMBI IloBbmicHNe

3aroToBKa IIPOM3BO M-
TEJILHOCTH,
Harpesa pesanust %
Tok, A | Hanpsoxenue, | Cxopocts | IyOuna
B pes3anus, |pe3aHus, MM
M/MUH
Touenne
Cmurok 10 H2ZMDA 300 400 18 25 700
Ormuska 110I'13J1 600 130 10 5 800
IToxoBKa
1592H2M®A 260 140 100 7 400

[Ipornecc uncToBoi 00pabOTKH MPOBOAUTCS Ha TEX XK€ CTAHKAX, HO YKe 0€3 MCIOIb30BaHUs
IJ1a3MEHHOro Harpesa. [l niaa3MeHHO-MeXaHUueCcKOH 00pabOTKH HCIIOIb3YIOTCS CTaHJapTHBIE
CTaHKH, OCHAI[CHHBIC TUIA3MEHHON yCcTaHOBKOHM MormmHOCThI0 150 KBA ¢ pabounm toxom 200—
500 A, nampspkenmem 100—270 B. B kadecTBe Mmia3mMoo0pasyroliero rasa B INIa3MaTpoOHE
HCIOJIb3YIOT BO3/IYyX.

AaexkTpoxumuueckoe nuiudosanue (IXI) BBHINOIHAIOT TOKOMPOBOIS-IIAM aIMa3HBIM
WK abpa3uBHBIM KPYroM Ha METAJJIMYECKOM CBSI3KE, SBISIOLIUMCS KaTOJIOM B AJIEKTPOJIUTE.
[Ipeumymectsa DX o cpaBHEHHIO C TPAAULUOHHBIM HUIM(OBAHUEM CIIEAYIOLIHUE!

- UCKJIIOYAIOTCA  CKOJIBl M TpelMHbl B  MeTaiyie 1npu  oOpaOoTKe  XpYHKUX
crutaBoB (tuma FOHJIK35T);

- ICKJTFOUAIOTCS TIPUXKOTH MpH 00paboTke Bsa3kux crajiei (tuna 12X 18HIT);

- PE3KO TMOBBIIIAETCS TPOU3BOIUTEIBHOCTD.

UucroBoe OXII mno3BosiseT BBINTH Ha NpPelNeiabHO BO3MOXKHYIO YHCTOTY 00pabOTKH
OOBIYHBIM METOIOM 01y

[Ipy sneKTpoXUMHUYECKOM HUIM(OBAHUU HECKOJIBKO CHIDKAETCS HM3HOC Kpyra U €ro
3acajguBaHue, odecrnieynBaeTcsi 00paboTKa MaTepuanoB, 00pa3yIOLINX HEPACTBOPUMBIE TUIEHKH,
HcKIIovarIue o0padboTky marepuana metoaamu DXO.

KOHTpOJIbeIe BOIIPOCHI

1 KakoBa (hrrdeckast CyIHOCTb MEKTPOPUMICCKIX METOJIOB pa3MEpPHOI 00paboTKN?

2. KakoBbI CYIITHOCTH IEKTPOXUMHIECKOM 00paOOTKH 1 00JIaCTh €€ MPUMEHEHHS ?

3.HazoBuTe OCHOBHBIC TapaMeTphbl AICKTPOIPOSHOHHOM OOpabOTKM W TPeOOBAaHUS K MarepUaTy
n3aenus!

4. HazoBuTe MEXaHM3M paspylIeHUsI ¥ MTyTH CHIOKEHUSI M3HOCA AJEKTpoaa-MHCTpyMeHTa mpu D20 u
3XO.

5. YeMm ompeiessroTesl TOYHOCTh M KA9eCTBO MOBEPXHOCTH TIpr D07?

6. HasoBuTe TexXHOJNOrMYECKHe BO3MOXKHOCTH JIa3epHOi 00paboTku (0OpadaThiBacMblii MarepHal,
orepary 00paboTKH).

Bozmoxub! 1 930 1 DXO kepamuku?



