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1. OcobeHHOCTN ANEKTPONUTHO-MNIIa3MEHHON 0DPabOTKU

Ol ynaneHne antoMUHUAHOIO NOKPLITUSA CO crnasa
XKCe6Y, 370 B, 50 °C 5 muHyT. Boigepxka 1 c.

ONeKTPONUTHO-Na3MeHHas obpaboTka (AMN0O) —
PaA3HOBUOHOCTb 3fIEKTPOXUMUYECKON 06paboTKM, NPOBOANMOMN
Npn NMOoBbILWEHHbIX HanpsXxeHuax nopsaaka 150-600 B

OTnnuntenbHble 0cobeHHOCTU — napora3oBas obonouyka ([1M0O)
N MUKpopaspsabl

[TPUMEHNTENBHO K 3MEKTPONUTHO-NNA3MEHHOMY MNONMNPOBaHUIO
(AI11): obpaboTka Ha aHoAEe (MCTOYHUK HaMpPsXXeHUs)

PacnpeneneHHbIn Tnewmn paspsag ¢ aNeKTpormMTHbIM KaTo4oMm

[Ty3bIPbKOBbLIN UNU MEepPeXoaHbIn TUM KUMNEHUS B NaporasoBou
oboroyke

[TpoBoasLLAas NOBEPXHOCTL AeTanu (Manas 4ons OKCMaoB)

Llagauee 9JIEKTPO3PO3NOHHOE BO3aencTeune (nerkoe
YNPOYHEHME)

[(MpoanHammuyeckoe NonmpoBaHMe NOBEPXHOCTU
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OcobEeHHOCTU AMNEKTPONUTHO-NNa3MeHHOM 06paboTKK

OcuunnorpaMMbl TOKa
UCTOYHUK Y
100-500 B
NMATAHUA
I
Uuﬂ BAX
Mhs\
[}
0
U
Tunbl kmneHuusa B NIMrO: OcHoOBHOe nageHue
- Ny3bIPbKOBbLIN HanpsHKeHus:
- NSTIEHOYHbIN - Ha napora3oBon oboroyke
- NepexoaHbIN (npoBoOAsLLAs NOBEPXHOCTb
aetanu)
Buabl MMKpopas3psaaos: - Ha OKCUOHOM croe

- IOKanM3oBaHHbIN B Nopax NokpbITUS  (HenposoasLas
- pacnpegenenHbin B MIMO NOBEPXHOCTb AeTanmn)

= JKkonornyeckasa 6esonacHoCTb

= BogHble pacTBopbl 6e30nacHbIX COnen HU3KOW
KOHLIEHTpaunm

= Bbeicokasi ckopocTb 06paboTKu

= Ypanenwe nokpblitnin (3M1M) — 1...3 MKM/MWH
= PocTt nokpbitun (M30/MAO) — 1...3 MKM/MUH

= Bbicokoe kauecTBo 06paboTKu

= lllepoxoBaTtocTb Ra nocne 3N — go 0,1 Mkm

= Toku koppo3um nocrne NMN3I0/MOO ymeHbLatoTCA
KakK MMHMMYM Ha NOpsaOK

=  3HauynTenbHOE 3HepronoTpedneHne
= 100...600 B; 0,1...1,0 A/cm?, 100...500 Br/cm?

* HenMHENHOCTb 3NEeKTPUYEeCKon
Harpys3Kku

= Yyactku BAX ¢ oTpuuatensHbIM
ANHaMUYECKUM COMpPOTUBIIEHNEM

= [loBbIlIeHHbIE TPeboBaHMS
Oe3onacHoCTU

*  Acnonb3yemble HanpsiXXeHNs HaMHOro BhiLLe,
YyeM npu TpaguLMOHHON ANEKTPOXMMNYECKON
obpaboTke
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BrinsHmne naporasoBomn oboroyku Ha npouecc Il1M1

YctonuuBas Nro HeyctonumBas Nro
Ny3bIPbKOBbIA TUM KUNEHUA nepexoaHbIN TUMN KUMEeHUS

ToncTtaa MO (350 B, 90 °C) ToHkaa NMO (250 B, 70 °C)
Bupeo co cBetom n 6e3 ceeTta Buaoeo co cBeTom
Peaynbrat: 3I1M Pe3ynbTaT: pacTtpaB NOBepPXHOCTU

LinnuHapudeckne obpasupl, gnametp 5 mm, gnvHa 50 mm, cnnas XKC6Y
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rmapokcunaos Fe, Cr, Ni, Al Ha noBepXHOCTb
*Yerokhin et al., Electrochimica Acta, 2019
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TUNWYHBIE NPUMEHEHUS ANEKTPONUTHO-NTA3MEHHOIO MONMMPOBAHNA

- Meps.biit nateHT — [P, No. 238074, aBTopb| R L \
Xovep X. n gp. (1986) . \ B

[MonupoBaHue n3oenuimn N3 HepPXXaBeKLEN cTanu W
i

° Me,EI,I/ILI,I/IHCKI/Ie MHCTPYMEHTbI N UMIMJ1aHTAaTbl a
- JlonaTtku rasoBbIX TYpOMH
- buxytepusa
YnaneHne NoKpbITUA Npu peMoHTe nonatok T[]
[TonnpoBaHue getarnen n3 KOHCTPYKUNOHHbIX
cTaneu
[MonupoBaHue getanen 3 MeaHbIX, HUKENEBLIX,
XPOMOBbIX CMNJ1aBOB

- 3anopHas apmaTypa
- MeguumHcKkMe umnnaHTaThl

[lonupoBaHne getanen N3 TUTaHOBbLIX CMJ1aBOB
. MeLI,VILI,VIHCKVIe MMMNINaHTaTbl
- Jlonatkn komnpeccopos

[MonupoBaHue MeTannmMyeckux nsgenun,
I'IOJ'Iy‘-IaeMbIX agaAnTNBHBIMU TEXHOJTIOTUAMMU *Parfenov et al., Materials. Technologies. Design, 2019



http://www.google.ru/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwivgu703tPMAhWCXCwKHQ_iDj0QjRwIBw&url=http://uravia.narod.ru/p_vpp.htm&bvm=bv.121658157,d.bGg&psig=AFQjCNE6HMSuKlKpYM1EBKwrV0EiytboTA&ust=1463115169250873

XI MT® "NHHoBauun. TexHonoruu. Nponssoacteo” MHHOBaumoHHble TexHonornn pemoHTta I T - NapdeHos E.B.

2. ViccnenoBaHue yoaneHust antoMMHUOHbLIX NOKpbITUA metogom Il 1T

h, MKm h, MKm h, MKm _
500 DS200 700 IN100 500 YC70Y-BUA
700 —e—300B 80°C 60,0 —e—300B 80°C 450
k . 400 —e—300B 80°C
60,0 250B 80°C 500 250B 80°C :
50,0 —a—250B 60°C ' —#—300B 60°C 35,0 2508 80°C
2 40,0 —&—250B 60°C 300 —+—250B 60°C
40,0 25,0
30,0
30,0 20,0 %
20,0 20,0 15,0
10,0
10,0 10,0 tmuH 5,0 t
) ,MWH
0,0 t,MuH 0,0 00 N
0 5 10 15 20 25 0 5 10 15 20 25 30 0 5 10 15 20 25
300 B 80°C

BHewHAs 30Ha BHyTpeHHsa 30Ha BHewWwHsAsa 3o0Ha « BHYTpeHHsIst 30Ha BHelwHAdA 30Ha « BHYTpeHHss1 30Ha

* YpareHue rnokpbITUsa UAeT NOCIOMNHO, C PasfIMYHON CKOPOCTbIO A pasHbIX NOKPLITUW, YCIOBUU N 3MEKTPONUTOB
» [lpeBanupyetr mexaHn3mM aHO4HOIro PacTBOPEHMUSA, HET 3NEKTPOIPO3NOHHOIO NOBPEXOEHNS NOBEPXHOCTM
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iccnenosaHue yoaneHus antoMmMHMOHOro NokpbItua metogom Il

Jlonatka BTopou ctyneHn n3a IN100

b i 300 B, 80°C
80
—e—1In100 —e— DS200
70 —e—chs70 e JnHenHas (DS200)
60 N JnHenHag (chs70)

y =-2,115x + 62,417
R?=0,9993

*e

y =289 + 62,633

y=-2,82x+431 "

g R? 20,9751
0 o . "'..
0 5 10 15 20 25 30
‘ t,MUH

UcxogHoe 5 MUHYT 15 muHyT 20 MUHYT
ATOMUHUAOHOE NOKPLITUE yaanaeTcsl NOSTHOCTbIO: Ycnosust 06paboTku:
« c nonatkm u3 cnnasa DS200 3a 21-22 MUHYTLI * Hanpsxenune 300 B
« c nonatkm u3 cnnasa IN100 3a 28-29 muHyT » Temnepartypa anektponuta 80 °C

« c nonatkm nus cnnasa HYC70Y-BU 3a 15-16 MuHyT obecneunBaloT yganeHue nokpbIiTna 6e3 pactpasa
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[Mpumep: pesynerartel Al nonatku sBTopon ctynenn ns IN100

Ra, MKMm
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3. MeToabl AnMarHOCTUKM LLIEPOXOBATOCTU U TOSLLUHBI Cbema crnosi B xoae Il I
U=250B U=300B U=350B R2
LLlepoxoBaToCTb Ra
! 0,8 0,8 0,8
NOBEpPXHOCTU MKM ‘
0,6 0,6 0,6
Ra = A-exp(-t/ 1)+C 0.4 04] 0.4 0,99
R2=0,992 - | |
Anepuoanyeckoe 3BeHO ’ 0.2 === 0.2
1- o — ———
o nopRAka 0 3 6 9 12 1EE’ MART O 0 3 6 9 12 1'} MUARL o 0 3 6 9 12 15 A
TonuwuHa cbema h, 32 32
NOBEPXHOCTHOIO MKM 0t |
cnos
16 | 1 0,99
h= V-1, 8 /:::24
R2=0,998 A T
WHTerpupytoLee 3BeHO o 5 10 15'[, MWH 0 5 10 15t MuH

T =70(—), 80(—), 90(==) °C
NnHnm Ne 1,.3,5 - Ra, =0,32 MKM Jivinn Ne 2,46 - Ra,=0,63 MKM Matepuan 20X13
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Cnocob anarHocTukn wepoxoBatoctn B xoae Il

(54) CIIOCOB U3BMEPEHUM S LITIEPOXOBATOCTHU IIOBEPXHOCTH B ITPOLIECCE

2475700 C1

RU

SJIEKTPOJIMTHO-TUIABMEHHOM OBPABOTKH

(57) Pedepar:

H300pereHHe OTHOCHTCS K  KOHTPOJIBHO-
U3MEPUTEIIBHOH  TEXHHMKE UM MOXET  OBIThb
MCIOJIB30BAHO B MAIIMHOCTPOCHUH ISt KOHTPOJIS
IIEPOXOBATOCTH MOBEPXHOCTH
JIEKTPOINPOBOAHBIX  W3/IEIIMA, HANpuMmep, U3
HEPKABEIOLIEH CTAajlM B MpOLEcce 3JIEKTPOIUTHO-
M1a3MEHHON 00paboTKH. CymHocTs:
MPHUKJIAJbIBAIOT  BBICOKOBOJIBTHOE  HAMpPSIKEHHE
Mekly oOpabaThiBaeMOM NeTaybio, SABISIOLIEHCS
aHoaoM, H kKarogom. M3mepsioT 3HaueHus
IUIOTHOCTH  TOKa j M BBICOKOBOJIBTHOTO
Hanpsikenus U. LllepoxoBaTtocTh MOBEpXHOCTH B
Xofe o00pabOTKM onpeaensior mno ¢opmyne:
Ra=R_, +R,-R_)Vexp(t/(t, +k,j+k,U))

rae Ry, - MHHUMQIbHO [OCTHXKHMAas s
MCITOJIB3YEMOTO  3JIEKTPOJIUTA  LIEPOXOBATOCTD
MoBepxHocTH; Ry -  Hawanplioe  3HAueHUe
LIEPOXOBATOCTH TMOBEPXHOCTH 0OpabaThIBaEMOii
JeTajli; L - BpeMs; j - IMJIOTHOCTh Toka; U -
HAMpsAKEHUE, Ty - CpeaHee 3HAUeHUE MOCTOSHHOM

BPEMEHH; ki, k> - KO3 GUUHEHTHI
MPONOPUMOHATBHOCTH, 3aBUCAILME OT MaTepuasia
JICTAJIW, MPUPO/bl U KOHUEHTPAUMH 3JeKTPOJIUTA.
Benuuunsl 1), k|, k; BBIUMCIAIOT MO CEeMEHCTBY
TAPUPOBOYHBIX KPHUBBIX 3aBUCUMOCTH MOCTOSHHOM

BpEMEHH CHWKEHUS ILIEPOXOBATOCTH oT
HanpsbkeHuss U ¥ TJIOTHOCTH TOKa j. TexHUuecKuhn
pes3ysbTar: yBeJIMUEeHUE OBICTPOICHCTBUA
u3Mepenus. 1 tabm., 2 u.
Ra
Ro

Rumin

Gur. |

RU 2475700 C1

7
o

250 //;40 / 24/

[Mony4deHbl nateHTbl (RU): 2119975, 2133943, 2202451, 2227181, 2240500, 2360045, 2440878, 2475700
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4. Ctpyktypa ACY TI1 9I1T1

LHepoxoBaToCTn nMoBepxXHOCTN W TOJIWUHDI

CBOEBPEMEHHO ocTaHoBUTb npouecc A npyn gocTUKEHUN LeneBbiX 3HAaYEHUI

cbema Crio,

XapaKkTepucTuk
4YTO MO3BONSAET
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YcTaHoBKa A ANEKTPOJINMTHO-TJ1Ta3MEHHOTIO MNOoJ1IMPOBaAHUA

ST

B asmsxHo M

wKagp _

.. "

Time

~ XonoaunbHUK

WUCTOuHUK -~

TOKa

Oco6eHHOCTbL pa3paboTKu:

KoHTponb LLIEpOXOBATOCTH
nosepxHoctn B xoge O3l Ha
OCHOBE KOCBEHHOW OUAarHOCTUKU Mo
crneKTpanbHbIM napameTpam
ANEKTPUYECKNX XapaKTEPUCTUK

5 - [

TexHUYeckue xapakrepucTukm yctaHosku SlI:
MolLHoCcTb no 18 kBt
Pabouee HanpskeHue 300 B
MakcmanbHbIA TOK 63 A
Temnepatypa anekTponuTa 70-90 °C
[MnoTHOCTb TOKa 0,3-0,6 A/lcm?
O6beM BaHHBbI 30 n
ObpabaTbiBaemas nnotiuanb 0o 200 cm?
Hocturaemas wepoxosatoctb Ra 0,05 MKm
[OnntenbHOCTb 06pPaboTKK 00 5 MUHYT
O6pabaTbiBaeMble maTepuarnbi:

Hep)kaBerLne cTanu, HUKeneBble Cynepcnnasbl,
KobanbT-XpOMOBbLIE, MeHbI€ CrraBbl

TexHnyeckasn 3agava:

CHWXEHME LIEPOXOBATOCTN MOBEPXHOCTU U3AENUN
Ha 2 knacca, BNnoTb OO 3epkanbHOro onecka, npu
MCNOMNb30BaHNN BOOHbIX HETOKCUYHbLIX COMNEn Manown
KOHLIEHTpaLuu, Ha OCHOBEe BO34eNCTBUSA
napora3oBov 060104KM U aHOAHOrO PacTBOPEHUS

Umerowmmnca 3agen:
3awmuweHo 2 kaHgupgaTckmx M 1 gokTopckas
auccepTauum, peanu3oBaHo 2 rpaHta POoU

YpoBeHb rOTOBHOCTU TEXHOJNOIUM:
TRL 6 — lNonHodyHKUMOHanNbHbIN 0bpaseL

MNaTeHTbI PD:
2240500, 2360045, 2440878, 2475700

MpeanpusaTUA-napTHepbI:
OO0 «ECMpy, HIMA «TexHonapk AT»

KpaTtkoe onuncaHune paspaGoTku

PaspabotaHa  OMbITHO-NpPOMbIWEHHas  ycTtaHoBka  Jl1M1,
obecneyvnBaolas ap@EKTUBHYIO 1 3Konorndyecku 6esonacHyro
NOSIMPOBKY AeTarien CroXXHOM popMmbl.

KpaTKoe ornncaHmne TeXHOI10rmn

ONEeKTPONUTHO-NNIasMeHHoe nonuposaHue (M)  — anekTpo-
Xxummyeckas obpabotka npu Gonbwmnx HanpsxkeHusx 250-350 B.
[etanb nogknioyaeTcs B KadyecTBe aHoda v obpabaTtbiBaeTcsa B
anekTponuaepe. OTnnumTenbHble 0COBEHHOCTM — napora3oBad
obornoyka, HA3KO-TeMMnepaTypHas nnasma.

TexHonorn4yecknn pesynerart

HeTanb B xoae A1

0 |

A M 4
e 4o g o

B TemHoTe C noacseTKon

[NoTeHumManbHbIe 3aKa34unKn

MpeanpuaTna MawMHOCTPOEHUS, NPOU3BOAUTENN MeOULMHCKON
TEXHWKW, METU30B, CTONMOBbLIX Npnbopos, bmxyTepumn
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BbiBOObI

1.

ONeKTPoNUTHO-NNasMeHHasa obpaboTka — 3To anekTpoxmmmuveckasi obpaboTka npu
BbICOKMX HaMpshKeHUNAX, oTnnvatoLlasacs obpasoBaHMeM naporasoBom 000N0OYKK
n/Mnn MMKpopaspsaaoB

[TokaszaHa BO3MOXHOCTb yaarneHuna metogom Il antoMMHUAOHBIX MOKPbLITUN
TonwmHon 40-70 MKM C PEMOHTHBLIX UMMOPTHBLIX Nnonatok 13 criyiasos IN100 um
DS200 n c oteyecTBeHHbIX sionatok 3 YC70Y-BW 3a Bpems He 6onee 30 MUHYT

[TpoaeMOHCTPMpPOBaHbl METOAbLI ANArHOCTUKN HEHADNIOJaeMbIX XapakTepUCTUK
NOBEPXHOCTHOIO CI0SA — LWEPOXOBATOCTU NOBEPXHOCTU N TOSLLMHbI CbEMAa CNnosl B
xoge npouecca Il

[loka3aHa CTpyKTypa aBTOMaTM3NPOBaHHbIX YycTaHoBOK Al onga yoaneHus
MOKPbITUI 1 NONNPOBAHNA NOBEPXHOCTU HA OCHOBE ANArHOCTUKM COCTOSIHUS
MOBEPXHOCTHOIO Cros, NO3BONSALLNX CBOEBPEMEHHO OCTaHOBUTL Npouecc Al
NpwY OOCTUXKEHUWN LIeNIEBbIX 3HAYEHWUN

[Mpepnaraetca noctaBka yctaHoBoK Al npoussoacTea YYHUT ana pemoHTa
nonatok I'T



XI MT® "UHHoBaumn. TexHonoruun. MNMponssoacTeo” MHHOBaLMOHHbIE TexHonornm pemonTa ' T[ - MNMapdeHos E.B.
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