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9HEPTOCBEPETAIOIIUE TEXHOJOTUH CUHTE3A MHOT'OCJIOMWHBIX TOKPHITHAM
AKTUBHBIMU JUIJIEKTPUKAMH

BBenenne. VHTEepec K MONMYYEHHIO MHOTOCIOWHBIX MOKPHITHH aKTHBHBIMH TURJICKTPUKAMH OOYCIOBICH
BO3MOJKHOCTBIO MOJIYYEHHsI MarHuTodsiekTpudeckoro (MJ) addexra, 3HaUUTENBHO MPEBOCXOMSIIETO COOTBET-
CTBYIOII[€ 3HAYCHMs B M3BECTHBIX OJHOPOAHBIX MarHUTOANEKTpUUeckux Marepuanax [1-3]. HaubGosee mep-
CIIEKTUBHBIMHU BEILECTBAMH I MoydeHus: Haubonbuiero MD sddekra sBiustorcs depputsr (ZnO-Fe,0y4) u
cerHeTodIeKTpukH (Bay Sty Tiy Zr(1.y)O3). OOHEM 13 NEpCIeKTHBHBIX HANPABJICHHI NCIOIb30BAHUSA KOMIIO3HU-
IIUOHHBIX (DEPPUT-CETHETOIIEKTPUUECKIUX MaTEPHAJIOB SIBJISIETCS CO3[aHUE NATYUKOB (PM3MUECKUX BEIMYHMH C
MIMPOKMM YaCTOTHBIM JTHAMIa30HOM.

CymIecTBYIOT pa3IMuHbIe TEXHOJIOTUH (OPMUPOBAHHS MHOTOCIONHBIX MMOKPBITHH, CPEI KOTOPHIX Hanboiee
pacnpocTpaHEHHBIMH SBIISIFOTCS. METOJIBI HAIBIICHNS U TipeccoBanus. OJHON W3 MPUYHMH BBICOKOH cebecTonMo-
CTH TOKPBITHI TOJIy4aeMbIX 3TUMH METOJAMH SBJISCTCA HEOOXOIMMOCTH HCIIOJIB30BAHMS JOPOTOCTOSIIETO
KpYMHOrabapuTHOTO 000PYJOBaHHMS C BBICOKMM SHEPTONOTPEOICHUEM.

Takum o0pa3om, pa3paboTka sHeprocoeperaroieii TeXHOIOrnu HOPMUPOBAHUS MHOTOCIONHBIX MOKPBITHIA
AKTUBHBIMH JUAJIEKTPUKAMU SBJISIETCS aKTyaJbHOM HaydyHO-IIPAKTUYHOI 3aadeid, koTopas 00ycIOBHIa HANpaB-
JICHUE UCCJIeJOBaHUI TaHHOW paboTHI.

MeTtoauka 3KcrnepuMenTa. MHOTOCIOMHBIC OKPHITHS aKTHBHBIMH JHAJICKTPHKAMU (OPMUPOBAIE B Tajb-
BaHOCTATHYECKOM PEKHME M3 BOAHBIX PACTBOPOB DJIEKTPOJUTOB C JOOABICHHEM BHICOKOIHMCIIEPCHBIX YaCTHI]
(pasmepom 1-10 mxm) deppura (ZnO-Fe,0,) u cerneroanextpuka (Bay Sri) Tly Zr(1.,)O3). B kauecTe pabounx
9JIEKTPOIOB MCIIOIB30BAIM 00pa3Ilbl U3 CIUIaBa aMOMUHMS pazmepoM 20 x 20 MM, BCIOMOTATENbHBIN 3JIEKTPO]T
— Hep)aBerolasi cTajb. [l0BEpXHOCTh 0Opa3loB HCCIENOBAIN CKAaHMPYIOIIUM DJIEKTPOHHBIM MHUKPOCKOIOM
ZEISS EVO 40XVP, mukpodororpaduu nomyyanu npu yenuueHun 100—-10000 pa3. Xumuueckuid coctas 1o-
BEPXHOCTH HCCJIEIOBAIN TIPH MOMOIIM aHAIM3a XapaKTepUCTUUECKOTO PEHTIEHOBCKOTO CIIEKTpa, KOTOPBIH pe-
THCTPUPOBAIX IIPU TIOMOIIH YHEPro-aucnepcuoHHoro crekrpomerpa INCA Energy 350.

Pe3yabTaTsl ucciaenoBanuii u ux oocyxaenune. Panee [4, 5] Hamu ObUT MpeaioxkeH crocod GopMUPOBaHUSI
MHOTOCJIOMHBIX ITOKPBITHA aKTHBHBIMH JIM3JIEKTPUKAMH, KOTOPBII OCHOBAaH Ha MCIOJIb30BAHUM JBYX JIEKTPO-
XMMHYECKHX IPOLECCOB: MHKpoayroBoro oxcuiaupoBauus (MJIO) um 31eKTpodOpeTHYECKOro OCaxICHUSI
(BD0). Bribop coctaBa 3mmeKTponuToB (Tadi. 1) OCyIIecTBIAIN Ha OCHOBE aHalli3a HAYIHO-TEXHUIECKOI JInTe-
parypsl [6, 7], a TakKe MpenIecTBYNIIX pa3padoTok [8§, 9].

Tabmuma 1 — CocTaB 3JEKTPOJIUTOB AT MOJIyYEHHS MOKPHITHH aKTUBHBIMH TUAJIEKTPUKAaMH Ha CIUIaBax
ATFOMUHMS

IIpo- OIEeKTpOIHUT KonnenTparus, CopeprxaHue AUCIIEPCHOTO MaTepuaia, I/
1ecc MOJIB/JT CerHeToaneKkTpuK Oepur
MJI0 LIEJIOYHOI 0,15...0,3 - 20...100
200 KHUCJIBIN 0,1...0,4 40...120 -

JanHsrii criocod (puc. 1) mo3BoIsSeT CHHTE3UPOBATh PABHOMEPHEIC 110 TONIIMHE 0CaJKH (peppuTa U CerHeTo-
JJIEKTPUKA C BBICOKOH aJIre3Weil, a TaKkKe XapaKTEePHU3YyeTCsS MEHBIINM JHEPTONOTPEOICHHEM MO CPAaBHEHHIO C
METOJaMH HAIBUICHHUS U TIPECCOBAHMS.

Ha mepBoMm 3Tare mpoucxXouT OCaXKIACHUS MarHUTHOTO Mareprana MeTogoM M/IO u3 1meno4Horo pacTeopa,
MyTeM 3aIlOJIHEHUSI TIOPUCTON MATPHIIBl OKCHJIA aTIOMUHUS JUCTIEPCHBIMU 4dacTuaMmu (epputa. [lomydeHHoe
MOKPBITHE XapaKTepU3yeTCs] PA3BUTOM MOBEPXHOCTHIO M BBICOKOM aAre3neil K METAJTMYECKON MOII0KKE
(puc. 2, a). Ha cnemyroniem sTare oca)maaeTcst CJIOW CEeTHETOIICKTPUKA dIIEKTPOPOPETHUESCKUM METOJIOM M3 KH-
CJIOTO PacTBOpa, CHHTE3UPOBAHHOE MOKPBITHE MMEET MEIKOKPHUCTAJUIMIECKYIO CTPYKTYPY M BBICOKYIO paBHO-
MEpPHOCTb TI0 TONIIHHE (pHC. 2, 0).
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®opMOBKa MarHUTHOrO cios Mmeronom MJIO
U = 400-600 B, t = 40-60 mus;

A 4

[IpombiBKa Tennas
t=70°C

A 4

IIpombiBKa X0n0AHAS

A 4

DopMOBKa AUIIEKTPHUECKOTO ClIost MeToioM DDO
U =50-100 B, t = 1-10 mus;

A 4

Cymika
T =40-60 °C, t = 0,5-5 mun

PI/ICyHOK 1 — Brok-cxema npounecca (l)OpMI/II)OBaHI/IH MHOTOCJIOMHBIX HOKpBITI/Iﬁ AKTUBHBIMHU OUDJICKTPUKaAMHU

w51 Dac 2010
Time 40:10206

Pucynok 2 — Mukpodortorpaduy HOKpITHS aKTUBHBIMH INDJIEKTPUKaMu: (eppuT (a) U hepput / cerHeToaneKTpuk (6)

B tabnuie npuBeneHs! pe3ybTaThl pacyeTa SHEPronoTPeOJICHNsT PEUIOKEHHON AIIEKTPOXUMHYECKO Me-
TOJIOJIOTHH B CPAaBHEHUHU C JaHHBIMHM METOAOB HAIBICHHS U IPECCOBAHUS.

Tabsmua 2 — Pe3ynbTaThl pacueToB HEProNnoTPEOIeHUs TEXHOIOTHI TOTyYeHHUS TOKPBITHH

Ne TexHomnorus [Torpebnenune 51eKTPOIHEPTUH,

kB uac/cm?

1 | Hansutenue 43
2 | TIpeccoBanue 30
3 | MJO/3D0 0,05

BoiBoabl. [IpeasioskeH dIEKTPOXMMHYECKAN CIMOCOO CHMHTE3a PaBHOMEPHBIX IO TOJIIWHE MHOTOCIONHBIX
MOKPBITHI aKTUBHBIMA AWAJICKTPUKAMH C BBICOKON aAre3nei K MEeTaJUIMIECKOH TOAIOKKE. AHAIN3 Pe3yIbTaTOB
pacdeTa KOJIMYECTBA IEKTPOIHEPTHH HEOOXOIUMOTO [T (OPMHUPOBAHUS MHOTOCIIOIHOTO MOKPHITHS YKa3bIBa-
€T Ha SKOHOMHYCCKYIO IIeJICCOO0Pa3HOCTh HCIOIB30BAHUS DIICKTPOXUMHUYCCKOW TEXHOJOTHH B CPAaBHCHHH C
METO/IaMH1 HaNbUICHUS U IPECCOBAHUSI.
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EHEPT'O3BEPITAIOYI TEXHOJIOT'TI CHHTE3A BATATOIIIAPOBUX ITOKPUTTIB
AKTUBHUMMU JIEJEKTPUKAMUA

OcraHHIM 4acoM 301IBLIMBCS IHTEPEC 10 MarHiTOSJISKTPUYHUX MaTepiaiB, Y SIKUX MiJ Ai€l0 MarHiTHOTO I1o-
JIsl yTBOPIOETHCS €JIEKTPUYHA ToJsipy3alist Ta HaBnaku. Cepes iCHYFOUMX TEXHOJIOTiH (hopMyBaHHSI IIapyBaTHUX
CTPYKTYp aKTUBHHMH JieJICKTPUKAMH HaHOLIbII eHepro30epirarodiil € 3aporoHOBaHA METOJIOJIOTIS, SKa CKIla-
JAETHCS 3 IBOX ENEKTPOXIMIYHUX NPOLECIB: MIKPOAYrOBOrO OKCHUIYBaHHS Ta eNEKTPO(GOPETHUHOTO OCaPKSHHS.

Sakhneko N.D., Proskurin N.N., Ved M.V., Bogoyavlenskaya E.V.

ENERGYSAVING TECHNOLOGY SYNTHESIS OF ACTIVE DIELECTRICS MULTILAYER
COATINGS

The last time the interest in magnetoelectric materials, which has electric polarization in magnetic field has
been increased. The represented method that consists of two electrochemical processes microarc oxidation and
electrophoresis deposition is the most energysaving among the active dielectric multilayer coatings forming
technologies.
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