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CKBO3HOE 2JIEKTPOXUMHNYECKOE ®PE3EPOBAHUE ME/IN
lNananun C.A., CmupHoB A.O.

(KocTpoMcKo# TOCYAapCTBCHHBIH TEXHOJIOTUYECKUN YHUBEPCUTET)

Hccneoosan npoyecc CK803H020 3NEKMPOXUMUUECKO20 (Ppe3eposaHuis.
MOHKUX MeOHbIX naacmun. lIpeonodcenvl mexnonocuueckue peKomMeHoayuy no
€20 0CyujecmeeHuro.

KitoueBbie ciioBa: anexmpoxumuieckas obpabomka, ckeosHoe gpesepo-

6aHue.

Bsenenue

CoBpeMEHHBIN AU3alH OBEIUPHO-XYN0KECTBEHHBIX U3EIUNA HEMBICIUM
0€3 HCIOJIb30BAHUS CIIOKHONPO(QUIMPOBAHHBIX MOBepxHOCTel. YacTto B m3ne-
JIUSIX, BBIMOJHEHHBIX U3 TOHKOTO JUCTOBOTO MaTepHalia, He0OX0AUMO Bbi(pese-
POBBIBATh CKBO3HBIE (DUTYpHBIE OTBEPCTUS, MPEACTABIAIOLIUNE COOON HaIIUCU
Wi pucyHku. Hambosnee mporpecCUBHBIM METOJOM IOJYYEHHsI TaKHX OTBEP-
ctuit sBasiercst ucnonbzoBanue OKI' (mazepoB). OxgHako sazepHoe 000pyI0Ba-
HUE J0CTaTOYHO JOPOT0 U HE BCET1a JOCTYIIHO.

AJNBTEpHATUBON JIa3epy MOKET SBISATHCS DIEKTPOXUMUUECKOe (pe3epo-
BaHUE CKBO3HBIX PUCYHKOB IO Tpadapery, MO3BOJIAIOIIEe TPU MUHUMAIbHBIX
3aTpaTax IMoJlyuyaThb KaueCTBEHHBIH pe3ynbTar. JlaHHas paboTa MOCBSIIEHA BBI-
paboOTKe TEXHOJOTMYECKHX PEKOMEHAALMI M0 MPOBEAEHUIO Mpoliecca HopmMu-
pPOBaHUS CKBO3HBIX (DUTYPHBIX JIEKOPATUBHBIX OTBEPCTUN METOIOM AJIEKTPOXHU-

MHUYECKOT0 (ppe3epoBaHUs HA MENIH.

MeToauka npoBeieHusi IKCIePUMEHTA
Hcnonb3oBanuce o0pasiubl pazmepom 30x50%2 MM (MU Apyrod TOJIIU-

HbI, OTOBOPEHHOH CIENMAIbHO) U3 MeAu Mapku M1, npokaTaHHble U MOABEPT-



HYTbIE€ PEKPUCTATUIM3AMOHHOMY OTXUTY. [loBepxHOCTh 00pa3ioB 0OpabaThiBa-
Jach CBsI3aHHBIM a0paszuBoM (mikypka Ne320), 3aTteM oOkjienBaiach KIEUKOM
[IBX neHTOMl («CKOTY»), B KOTOPOU CKaJIbIIEJIEM IIpope3ajicss HEOOXOUMBIN pu-
cyHOK. HenocpeicTBEHHO epe/l TpaBICHUEM HE3aKPbITasl JIEHTOM IMOBEPXHOCTh
o0e3kupuBasiach aneToHoM. Jlims oOpabOTKM HCIONB30BaJach CTAIlMOHApHAS
BaHHA U3 MOJUNpPOINMICHA. TpaBiieHre NPOBOIUIOCH TPU KOMHATHOW TeMIepa-
Type€ B 3JEKTPOJIUTAX CIECTYIOIINX COCTABOB:

1) HNO; (komir.) — 10 mu; H,O — 990 mu;

2) NaNO3z— 180 r/m; H,O — 1000 M.
CocTaBbl 3JIEKTPOJIUTOB 3aUMCTBOBAHbI U3 TuTepaTypsl [1-19]. [nsg ux mpuro-
TOBJICHUS UCIIOJIB30BAINCh XUMHUYECKHE peakThBbl Mapku XY wnu Y, quctui-
aupoBaHHas Boja. Jlns oOpaOOTKM B MEPBOM 3JEKTPOJUTE HCIOJIB30BAJIC
CTaHJAPTHBIN UCTOYHUK MOCTOSHHOTO TOKa, BO BTOPOM UMIMYJbCHBIM UCTOYHUK
nuTaHus, GOPMUPYIONIMNA HA BaHHE HEMPEPHIBHYIO IMOCJIEAOBATEIBLHOCTh MpS-
MOYTOJBHBIX HUMITYJIbCOB TOKa PEryJUPYEMbIX aMILUTUTYIHO-BPEMEHHBIX Mapa-
MeTpoB. B skcnepumenTax 1-5 oOpasiibl MpOTPaBIUBAIUCH HA ONPEACIEHHYIO
rIIyOuHY, B JPYTUX — HACKBO3b.

[ToBepxHOCTH 00paboTaHHBIX 00pasnoB ¢doTorpadupoBaniack Ha MUKPO-

ckonie MMY c yBennuenuem x10.

JKCcNepUMEHTAJIbHbIE Pe3yJabTAThI H HX 00CYKICHUE
Obpabomka 6 snexkmpoaume 1
1. TIpomomKHUTENBHOCTh 0OPAOOTKH T = 5 MUH, aHOJHAS IJIOTHOCTh TOKA |
= 9,3 A/cm’. BeITpaBIHBaICs IPAMOYTOIBHAK PA3MEPOM 2X8 MM.
TpaBieHre He paBHOMEPHOE, OCTPbIE YIJIbl CKPYTIISIOTCS, U3-32 OYpHOTO
BBIICJICHUS Ta3a Ha MecTe 00pa0OTKU METaJlJI HAYMHAET TPABUTHCS O] 3alUT-
HOM Tui€HKON. ChEéM MeTajuia mo riayouHe coctaBui 0,3 MM B LIEHTpE MPsIMO-

yroabHuka, 0,6 MM 1o kpasim (puc. 1).



Puc. 1. Pe3ynbrar BeITpaBiIuBaHUS MPSAMOYTOJIBHUKA PA3MEPOM 2X8 MM

B AsiekTposmuTe 1, skcnepuMent 1

2. BeiTpaBnuBaincs nNpsIMOYTOJIbHUK pazMepoM 7x6 mwm. [Ipomomkuresns-
HOCTB 0OpabOTKH T = 5 MUH, INIOTHOCTB TOKa | = 2,3 A/cM?.

Tak ke, kKak Ha pexxume |, TpaBjIeHHUE HEPABHOMEPHOE, OCTPBIE YIJIBI
CKpYTJISIIOTCS, U3-3a OYpHOTO BBIJEIEHUS ra3a METal HAUMHAET TPABUTHCS MOJ
3amuTHON MEHKON. ChéM Metamta no rinyoune 0,4 MM B IIEHTpE MPSIMOYTOIIb-

Huka, 0,7 MM 110 ero kpasMm (puc. 2).

Puc. 2. Pe3ynbrar TpaBieHus
IPSMOYTOJIBHUKA Pa3MEPOM 7X6 MM

B QJIEKTposUTe 1, SKCIIEpUMEHT 2

3. BeiTpaBnmuBaiics TpeyroabHUK pazmMepoM 10x10X2 MM U CTUIU30BaH-
HBIi poMO ¢ TEaroHamsMu 9x5 MM: T= 5 muH, i = 11 A/em®.

BriTpaBnuBanue pom6a paBHOMEpPHOE, OCTpPbIE YIJIbl CKPYTIIMIUCH. M3-3a
OypHOT0 Ta30BBIICIICHHUS TPU 00pa0OTKE METAJT Hayajd TPABUTHCS MOJI 3aIUT-
HOM TUIEHKOU. TpeyrosbHUK W3-3a HEOOJBIIONW HMIUPHHBI MPOTPABUIICS PaBHO-

MEpHO, HO TpaBJIEHUE HAYAIOCh U MOJ MJIEHKOW, MOATOMY YIJIbI CKPYTJIMIIUCH.



Cwém Metama no rimyoune 0,7 mm B Tpeyronsuuke; 0,7 MM mo kpasm u 0,4 Mmm

B IIEHTpe pomba (puc. 3).

Puc. 3. Pe3ynbraT BITpaBIMBaHUS
TpeyrojabHuka pazmepoM 10x10%2 mm
¥ poMOa ¢ IMaroHasIM| 9X5 MM

B AJIeKTpoJiuTe 1, SKCepuMeHT 3

4. BBITpaBIHMBAJICS PUCYHOK «pbIOKa ()» JUIMHONW 8§ MM, «moyphIOka (]»
JUTMHOW 7 MM, TpeyTrobHUK pazmepamu 10x10%2 mm: 1=2,5 muH, i = 16 Alem’.
BriTpaBnrBaHre paBHOMEPHOE, HO OCTPBIE YIJIbl CKPYTJIMJINWCh, METaJII
Hayaj TpaBUTCS MO 3aluTHON MminéHkoil. ChéM meTamia mo riryouHe 1 MM Ha

BCEX pHUCYHKax (puc. 4).

Puc. 4. Pe3ynbrar BeITpaBIMBaHUsA
TpeyroJbHHUKa pazmepom 10x10x2
MM,

«pbI0KH ()» JIUHOU 8 MM,
«moJtypsIOKH (]» muHON 7 MM

B 3JICKTPOJIUTC 1, OKCIICPUMCHT 4

. - 2
5. BeiTpaBnuBaiuch JBe «phIOKW» — JUIMHOM 2 1 7 MM: T =2 MuH, | =25 A/cm”.
TpaBneHue paBHOMEpPHOE, OCTpPbIE YIJIbl COXPAHUWINCH, TPAHUIBI YETKHE.

Cném metara o riayoune coctasui 0,5 MM Ha 060uX pucyHkax (puc. 5).



Puc. 5. Pe3ynbTar BeITpaBIvBaHus
PHUCYHKOB «pbIOKa ()»
JUIMHON 2 MM U 7 MM

B 3eKkTpoauTte 1,

DKCIIEPUMEHT 3

6. CkBO3HOE MPOTpaBIMBaHUE (DIEKTPOXUMHUECKOE (hpe3epoBaHue) 00-

. . 2

pasma tommuuaor 1 MM: T= 6,5 MuH, | = 16 A/cm”.
B pesynbrate 00pabOTKHU yTibl OKOH CKPYTJWINCh, TPaHUIBl POBHBIE,

CTEHKH MEePIEHIUKYISIPHBI TOBEPXHOCTH oOpasua (puc. 6).

Puc. 6. Pe3ynbTaT CKBO3HOTO TPaBJICHHS] OKOH B 00pa3lie TOIIMHON 1 MM
B 3JICKTpOIUTE 1, SKCIEPUMEHT 6
7. CkBo3HOe TpaBiieHHe oOpasia tommuHon 0,4 mm: = 2 MuH, | = 22
AleM?
B pesynbraTre 00pabOTKM MPOU3ONLIO HE3HAYUTEIHHOE CKPYTJICHHE YT-

JIOB, TPaHUIIbl OKHA POBHBIE, CTEHKH MEPIEHIUKYIISIPHBI TOBEPXHOCTH (pHUC. 7).

Puc. 7. Pe3ynbTat CKBO3HOTO TpaBJieHUsI OKHA B o0Opasiie ToauHoi 0,4 MM

B AJIEKTpOJIUTE 1, SIKCIEpUMEHT 7



8. CkBO3HOE TpaBlieHHE 3aroToBKHU ToimuHon 0,4 MM: T = 2 muH, | = 20
Alem?.

CkpyrieHue yrioB, IO CPaBHEHHIO C 3KCIIEPUMEHTOM 7, YMEHBIIEHO,

TPaHMIIBI OKHA CTAJIM POBHEE, CTEHKU MEePIEHANKYIISPHBI TOBEPXHOCTH (puc. 8).

Puc. 8. Pe3ynbrar ckBO3HOTO
TpaBJICHUSI OKHA B 00pasiie
tommuHou 0,4 MM
B 3JIeKTpoauTe 1,

AKCIIEPUMEHT §

9. CkBo3HOe TpaBieHHe oOpasma toimuHor 0,4 mm: T = 30 ¢, i = 26
Ale?.

VYTbl HE3HAUUTEIBHO CKPYIJIMINCH, TPAHUIIBI OKHA POBHBIE, CTEHKH IIep-
neHAuKyJsIpHbl. CKBO3HOE TpaBlIEHHWE HAOIIOAAETCs HE TI0 BCEH IJIOMIAAN OKHA

(MTPOJOKUTEIBHOCT 00pa0OTKK HEOOX0AUMO yBenu4nuTh Ha 10—15 ¢) (puc. 9).

Puc. 9. Pezynbrat ckBO3HOTO TpaBieHUs OKHA B oOpasiie TonmuHoi 0,4 Mmm
B 3JIEKTpoauTe 1, SKCIepuMeHT 9
10. CkBo3HOe TpaBlieHue oOpasma Toimmuaol 0,4 mm: T = 45 ¢, | = 22
AleM?.
VYTIabl HEMHOTO CKPYIUIMJIUCh, TPAHUIIBI OKHA POBHBIC, CTEHKHU TEPIEHIUKYJISP-

HbI (puc. 10).



Puc. 10. Pe3ynpTaT CKBO3HOI'O TpaB-
JieHus1 OkHa B oOpasiie Tonmunou 0,4
MM B 3J€KTpoJmTe 1,

sKkcrepuMeHT 10

11. CkBo3HOe TpaBieHue ooOpasua Tommuoi 0,4 mm: T =30 ¢, 1 = 25
Alem?.

VYTIIBI HEMHOTO CKPYTJIMIIUCH, TPAHUIBI OKHA POBHBIC, CTEHKU TIEPIICH M-
KyJsipHbl. [lo rpaHuiiaM okHa HAOMIOJAIOTCS HE MPOTPABICHHBIE YYaCTKH (IIPO-

JOJKUTENFHOCTh 00paboTku HeoOXoauMo yBennuuTh Ha 5—10 ¢) (puc. 11).

Puc. 11. Pe3ynpTaT CKBO3HOTO TpaBJieHUs OKHA B 00pasiie TomuHoi 0,4 MM
B 3sekTponuTe 1, skcriepumenr 11
12. CkBo3HOE TpaBiieHue oOpasma Tommuoi 0,4 mm: T =25 ¢, 1 = 25
AleM, 3atem TpaBJI€HUE NMPOJI0KaAETCs 35 ¢ IPU IJIOTHOCTH TOKa 2,5 Al
YMEHBIINIIOCH CKPYTJIEHUE YIJIOB (M0 CPaBHEHUIO C HKCIIEpUMEHTOM 11),

TpaHUIIBI OKHA POBHBIC, CTEHKHU MIEPIICHIUKYIISPHEI (pHc. 12).
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Puc. 12. Pe3ynbTar CKBO3HOTO TpaBJieHHUs OKHA B 00pa3iie TonmuHou 0,4 mm

B AniekTposuTe 1, sxcnepumenT 12



13. CkBo3HOe TpaBiieHue oOpasma Toimmuaon 0,4 mm: T = 30 ¢, | = 22
Alem?, 3aTem 35 ¢ mipu 2,2 Alem®.
JIOCTUTHYTO MUHHUMAJIBHOE CKPYIJICHHE YTJIOB C(HOPMHUPOBAHHOT'O OKHA,

I'PaHULIbl POBHBIE, CTCHKU MEPIEHANKYIIIPHBI MOBEPXHOCTH 00pa3na (puc. 13).

e 1R 7

Puc. 13. Pe3ynpTaT CKBO3HOTO TpaBJICHUS OKHA B 00pasiie ToimuHou 0,4 MM
B AJIeKTpoiuTe 1, akcriepuMeHt 13
Obpabomka 6 snekmpoaume 2
14. BeiTpaBnuBaiics kBaapatr pazmepom 10x10 mm: t = 3 mun, | = 5,7
Alem’.
TpaBieHre HEpaBHOMEPHOE, OCTPBIE YIJbl HEMHOI'O CKPYIJIWIHCh, W3-3a
OypHOTO Ta30BBIJCICHUS METAJUT Hadyajl TPABUTCS MOJI 3AIUTHOW TIIEHKOM.

Cpém metata coctaBuia 0,2 MM B ieHTpe KBajpara, 0,5 MM o kpasim (puc. 14).

Puc. 14. Pe3ynbprar BeITpaBIuBaHus
KkBajzipara pazmepom 10x10 mm

B BJIEKTPOJIUTE 2, SKCIIEPUMEHT 14

15. BeitpaBnuBancs kBaapat pazmepom 10x10 mm: T = 15 mun, 1 =3,43
Alem’.
Pesynprar aHanorudeH, nmosrydeHHoMy B 3kcriepumente 14. CréM metan-

Ja cocTaBmI 1 MM B LIEHTpe KBajapata, 1,6 MM o kpasm (puc.15).



Puc. 1.15. Pe3ynbTaT BITpaBIMBaHUS
KkBajpaTa pazmepoM 10x10 mm

B DJICKTPOJIUTE 2, SKCIEPUMEHT 15

BbiBOABI M peKOMeEHIAUMHT

CkBO3HOE TpaBiieHHE (DIECKTPOXUMHUUYECKOE (Ppe3epoBaHME) OKOH CIOXK-
HOW (hopmbl B 0Opasnax ToiamuHoi 0,4 MM 1esnecoo0pa3Ho MPOBOJUTH B DJICK-
tposute 1 (HNO;3 (kon1r.) — 10 mur; H,0O — 990 mur) mpu KOMHATHON TeMIiepaType
IIPU CJIEAYIOIIEM PEXUME:

MPOJOJDKHTEILHOCTE TpaBiieHus T = 30 ¢ IpH IUIOTHOCTH TOKa | = 22
A/eM?, 3ateM 35 ¢ IpH IIOTHOCTH ToKa 2,2 A/cM®.

dopmupyeTcsi CKBO3HOW PUCYHOK 0€3 OCTpBIX YIJIOB, C POBHBIMU I'DaHU-
aMU PUCYHKa 0€3 CYIIECTBEHHOI0 MOJATPABIMBAHUS MO/ 3aIUTHOE MOKPBITHE
n3 munkor IIBX jeHThl «CKoY», ¢ NEPIEHAUKYIISIPHBIMU IOBEPXHOCTH CTEHKA-
MHU.
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