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MeTo0M 3JIEKTPOXMMUYECKOr0 aHOAMPOBAHUS B PACTBOPE (PTOPHCTOBOJOPOAHON KHCIOTHI Ha
TIOBEPXHOCTH MOHOKPHCTAJUTMYECKUX KPEMHHEBBIX IIACTHH C(hOPMHUPOBAHBI CIION ME30ITOPHCTO-
IO KpeMHHA. DJIEKTPOXUMUYECKUM METOAOM B MOPUCTBIN KPEMHHI MIPOBEAECHO OCaXKICHHE HUKE-
as1. MccnenoBaHa 3aBUCHMOCTh IOBEPXHOCTHOIO MOTEHIMANAa ME30IOPUCTOrO KPEMHHS OT Bpe-
MeHH ocaxaeHus Hukens. CKaHupyroImas 3JIeKTPOHHAsS MUKPOCKOIUS HCHONB30BaHa JUIsl U3yde-
HUSI CTPYKTYPHI ITOJyYEHHBIX 00pa3loB. Y CTAaHOBJICHO, YTO HA HAYAIBHBIX CTaJMSIX OCAKICHHS B
HIDKHEH YacTH ITOPUCTOrO CIIOSl MPOHUCXOAUT (popMHpOBaHKE 3epeH HUKeNs pasMepamu g0 30—
60 aM. B mponecce ocaxaeHust pazMepsl 3epeH yBenuuuBarorcs 10 40-70 HM U yBenTM4HMBaeTCs
nx KonmdecTBo. [Tpn OonbIInx BpeMeHax Oca)JIeHHS! HAUMHACTCS POCT 3epeH HUKEIs Ha ITOBEpX-
HOCTH IUIACTHH, NMPUUYEM OCAXIAEMBII CIIOH HUKENS JOCTaTOYHO IJIOTEH, a Pa3Mephl 3epEH HUKeE-
JI1 B 9TOM cnoe He npesblmatoT 10 aM. ITokazaHo, 4T0, OCYIMIECTBIISISI KOHTPOJIb BEITUYUHBI I10-
BEPXHOCTHOI'O MOTEHLHANA B MPOLECCE ANIEKTPOXMMUYECKOTO OCAXKACHHS, MOXKHO OINpPENEIUTh
MOMEHT IIOJIHOT'O 3aMOJHEHUS KaHAJIOB IOP HUKEJIEM U Hadajla pocTa CIUIOIIHON IUIEHKHU Ha IOo-
BEPXHOCTH 00pasla.

Knrouesvie crnosa: OJICKTPOXUMHUYCCKOC aHOAUPOBAHUC KPEMHUA, JICKTPOXUMHUICCKOC OCAKICHUC
HHKCECIIA, HOpPICTBIﬁ erMHI/Iﬁ, CKaHUpYromag 3JICKTpOHHAass MUKPOCKOIIHA.

BBenenue

Hanocron6uku n3 geppomarantaeix Marepuanos (Ni, Co, Fe), uHKopnopupoBaHHbIe B MaT-
pUIy U3 JUAJIEKTPUYIECKOTO MaTeprana, BJISIOTCS IPEAMETOM MHTEHCUBHBIX MCCIEIOBAHUN MOCIEA-
Hero gecstuierusi. MIHTepec kK mOJ0OHBIM 00BbEKTaM BBI3BAaH TEM, YTO HA HUX HabOmromaercs 3ddekt
KOJIOCCAIBHOIO0 MarHUTOCONPOTHUBIEHUS [1], KOrepeHTHBIX CIMHOBBIX BONH [2] u ap. B cuiy 6omnb-
LIOT0 aCMEKTHOTO OTHOMIEHUS TAKMX HAHOOOBEKTOB UX OTIMYUTEINbHOW OCOOCHHOCTBIO SBISIETCS BbI-
COKasl MarHUTHasl aHU30Tponus. Bce 3TO B COBOKYNHOCTH J€a€T MX BECbMa MEPCHEKTUBHBIMH IS
CO3JIaHUs YCTPOMCTB MAarHUTHOM MaMATH C BEICOKOH IJIOTHOCTBIO YITaKOBKH.

CymiecTByeT HECKOJIIBKO METOJOB MONTY4eHHs] HAHOCTOIONKOB (heppomarHeTnka. K TakoBbIM
OTHOCHTCSl BAKYYMHOE OCa)KI€HHE Ha MOPUCTYIO OMIOKKY. [lonoOHBIM 00pazom B padore [3] Obutn
copMupoBansl HaHOCTONOUKH M3 Co B MaTpHlle MOPUCTOro aHoAHOro okcuaa amoMmuHus (ITAOA).
OnHako CTeneHb 3aMOJHEHUS MOp MPU BaKyyMHBIX METOJAaX HEBENMKA, a JUAMETP MOMydyaeMbIX Ha-
HOCTOJIOMKOB, ONPEJIEsIEMbId TUAMETPOM II0p, HENb3sl CHU3UTh A0 3HadeHud MeHee 100 HM. Baky-
YMHOE OCaXKJICHWE METajula B MEHBLINE MOPHl BBITJISAUT BechbMa MpoOieMaTnyHbIM. C 3TOH TOYKH
3peHMs] IEPCIEKTUBHBIMU SIBJISIFOTCA METOJBI XUMHUYECKOTO U 3JIEKTPOXUMHUYECKOTO OCAKIECHUS Me-
TaJUIOB B HAHOIIOPHCTHIE MOUTOKKH.

[Nogasnsromiee yncino padboT Mo MONYUEHHIO TUIOMIAeH HAHOCTOJIONKOB U3 (heppOMarHUTHBIX
MaTepHaioB BBIMOJHEHO ¢ McHoib30BaHueM MaTpullsl u3 [IAOA [4]. BmecTe ¢ Tem, TOIIOKKHA U3
nopuctoro kpemausa (I1K) mpemocTaBisifoT IOMOMHUTENbHBIE YHHKAJIBHBIE BO3MOKHOCTH, CHHXKAas
pasMepsl op A0 €AMHUI] HAHOMETPOB M yBEIMYHUBAs UX MIyOHMHY A0 COTEH MHKpOMETpoB. Ilpu sTom
MOPUCTOCTh 00Pa3IOB BapbUPyeTCs B MIMPOKKX mpenenax, ot 20% a0 80%. B cBsi3u ¢ 3TuM MaTpullsl

76



n3 [IK npencraBastoT ocoOblii MHTEPEC B KaUECTBE TEMIUIDWTOB ISl BHIpAIMBAHUS HAHOCTOJIOUKOB
MAarHUTHBIX MaTEPUATIOB C BBICOKOM MarHUTHON aHU30TPOMHUEH.

Merann B mopsl [1IK mMoxeT ocaxxaaTecs XUMUYeCKUM MeToioM. OcaxkieHre BEJIETCs HEemo-
CPEICTBEHHO M3 pacTBopa anekrponuta. K HemocTaTkaM JaHHOO METOAA OTHOCHUTCS YaCTUYHOE
OKHUCJICHHE KPEMHHUS B IIPOLIECCE OCAXKACHUS METaJlia, YTO MOKET HETaTUBHO CKAa3aThCA HA DICKTPO-
(PM3HUYECKHUX CBOMCTBAX CTPYKTYp, WIH, B 3aBUCUMOCTH OT COCTaBa M KUCIIOTHOCTH 3JICKTPOJIUTA, BhI-
JIeNIcHUE BOJIOPO/Ia, YTO MPEMATCTBYET 3aIllOJHEHHUIO MOp MeTamuioM. Heo0XomuMo OTMETHTh, Y4TO B
OOBIYHO HCITONB3YIOTCSI IOCTATOYHO HU3KUE KOHIIEHTPAIMK NOHOB METaJlia B paCTBOPE, YTO HETaTUB-
HO CKa3bIBAETCS Ha CKOPOCTH OCaXJeHUs [5].

B 10 ke BpeMs anekTpoxumMuueckoe ocaxaeHue meraioB B [1K sBnsercs mpocTsiM, HO OC-
TaTOYHO ((HEKTUBHBIM CITOCOOOM IMOJTYIECHUS PA3IMYHBIX KOMIIO3UTHBIX CTPYKTYp [6-9].

B Hacrosmieii paboTe nccaenoBaHbl 0COOCHHOCTH AIICKTPOXHUMHUYECKOTO OCAXK/ICHHS HUKEIS B
00pasIipl ME30MOpUCTOro KpeMHus. [1opucThIii KpeMHU, METaJUTM3UPOBAHHBIN HHUKEJIEM, TPEICTaB-
JIIeT MHTEpeC I CO3JaHus OeTa-BOMbTaUdeCKUX Mpeodpa3oBarereil 3Heprun [9] U1 MarHUTHBIX YCT-
POMCTB XpaHeHus: HH(pOpMaLuy, Oarogapss HaTMYUIO aHU30TPOIIMK MarHUTHBIX cBOHMCTB [10].

BKCHepI/IMeHTaJI])HaH qacTb

Jns monmyderns oOpas3ioB ME30IMOPHCTOrO KPEMHUS UCTIONB30BATNCH KPEMHHUEBBIE TNIACTUHBI
muamerpoM 100 mm mapku K9C-0,01 ¢ opuenranueii (100). [TnacTune! Obu1H BBIpE3aHbl U3 MOHOKPH-
CTAJUIMYECKUX CIUTKOB, BBIPAIEHHBIX MeToaoM Yoxpaibckoro. [lmacTuHbl moasepraiuch XMMUYe-
cKoll 00paboTKe B MEPEKUCHO-AMMHUAYHOM PACTBOpPE, CYIIMINCH Ha LIEHTPU(YTE U 3aTEM pa3pe3ajrch
Ha KBaJpaTHble 00pasiusl pasMepoM 3x3 cM. [y mpoBemeHHs 3JIEKTPOXUMHUYECKHX IMPOIECCOB MC-
MoJb30BaNach (hTOPOIIIACTOBAs siUEHKA ¢ AKTUBHOM 00JacTbio 00pa0OTKH B BUAE Kpyra IUIOMAABIO
2 cM”. KOHTaKT K 0BpaTHOI CTOPOHE 06pa3LoB obecreunBancs rpahuToBEIM IeKTpoIoM. B kauecTse
BCIIOMOTaTENbHOI O 3JIEKTPO/Ia UCIOJIB30BaJIOCh KOJBIO U3 IJIATHHOBOW MpoBonokH. Ilepen anekrpo-
XMMUAYECKUM aHOIUPOBAHHUEM C 00pa3l0B KPEMHHUS YAAJUICS €CTECTBEHHBIN OKucen B 5%-M BOTHOM
pactBope ¢ropucroBomoponHoi kucnotsl (HF). Crnon mopucroro xpemuust GpopMupoBamInch 3iieK-
TPOXUMHUYECKHM aHOAWPOBAaHHEM B BOJHO-CIIMPTOBOM pacTBope (PTOPHCTOBOAOPOTHON KHCIOTHI CO-
craBa 1:3:1=HF:H,0:(CH;),CHOH. AnomupoBaHue MpOBOAWUIOCH B TaJIbBAHOCTATUYECKOM PEKUME
MpU TUIOTHOCTH Toka 80 MA/cM’ B Tedenne 200 ¢, 4TO 00ECIeUHBAIO MOJTYYEHUE CIIOEB ME30IIOPUCTO-
ro KpeMHHs ¢ mopucTocTbio 70% u TommuHoNn 10 MKM.

Huxkens ocaxxpajcs B TOPUCTBIM KpPeMHHH W3 BOAHOIO 3JEKTpoiHTa coctaBa 213 r/n
NiSO47H,0, 5 r/n NiCl,'6H,0, 25 r/n H3BO; u 3 1/n caxapuna. Vcnons3oBaics rajsBaHOCTaTHYC-
CKHil PEKHM OCAXKICHMS IPH IIOTHOCTH Toka 3,5 MA/cm”. TIpHMEHEHHE JAaHHOTO JIEKTPOIHTA U
CPaBHHUTEIBHO HEOOMBION TUIOTHOCTH TOKA MTO3BOJISIET MPOBOJUTE OCAXKICHUE HUKENS BIIyOb MOpHC-
TOTO cJI0s1, u30eras 3aKyIOpKU MOp Yy MOBEPXHOCTH HA PaHHUX CTaAusxX mpouecca [6, 7]. bouto usro-
TOBJIEHO 5 00pa3loB C pa3HBIM BpEeMEHEM OCaKICHUS HHKeIs. BpemeHa ocaxIeHHs COCTaBILSLIIH 5,
15, 30, 60 u 80 mun. Bo Bpemst ocaskaeHus] HUKETS TP TTOMOILH XJIOp-CepeOpsHOro 3JIEKTPOAa CpaB-
HEHUs U3MepsIcs MOTEHIIMA Ha TPaHUILIEe IOPUCTHIN KPEMHUM — 3JIEKTPOJIUT.

Jns u3ydeHus! CTPYKTYphl oOpas3loB HMCIOJIB30BAJICA PACTPOBBIA JIEKTPOHHBIA MHUKPOCKOI
(POM) Hitachi-S4800 u sneprogucnepcronsslii criektpomerp tuna AVALON 8000 B komIiekce ¢
POM Stereoscan-360.

PesynbTathl u ux o0cy:kaeHue

Ha puc. 1 nmpuBeneHpl 3aBUCHMOCTH MTOTCHIIMAJIA HA TPAHUIIC TOPUCTHIN KPEMHHI — 3JIEKTPO-
JIUT OT BPEMEHHU B TIPOIECCE OCAKICHUS HUKENS. 3aIUCh TOBEPXHOCTHOTO MOTEHIINAIA HAYMHAJIACH 32
10 MuH 10 HaYasla OCaXKJCHUS JUIS CTA0MIIN3AIMY MPOIIECCOB Ha MOBEPXHOCTH 00Opasma (oTpe3ok —10
— 0 mMuH Ha ocu BpemenH). [locie ocTaHOBKH IMpoliecca 0CaxaeHUs (ITUM MOMEHTaM COOTBETCTBYIOT
pe3KUe CKaYKH TIOTSHITHANA ) TOTESHITHAI 3aITChIBAJICS €Ile HEKOTOPOE BpeMsl.

W3 puc. 1 BugHO, 9TO A1 BCeX 00pa3IOB MOBEACHIE MTOBEPXHOCTHOTO MOTEHIIMAIA CXOJTHO.
OOparraer Ha cebs BHUMaHUE MEJIEHHOE yBenudeHue nmotennuana ot 0,85 B mo 0,95 B mns obpas-
uoB 4 u 5 B paiione 35 — 60 MuH ocaxkneHus. Takoe MOBeJIEHUE MOTEHIIMANA CBSI3aHO CO CTPYKTYp-
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HBIMH U3MCHCHUSIMH O6p33HOB B XO0J¢ mponecca oCaxXACHUA, a UMCHHO — C (bOpMI/IpOBaHI/ICM Ha 110-
BCPXHOCTHU o6pa3u013 MMOPUCTOI'0 KPEMHUSA CIUIOIIHOM IVICHKHA HUKE.
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Puc. 1. 3aBucruMoCTH NOTEHIMAA HA TPAHULIE TOPUCTBIA KPEMHUM — AJIIEKTPOJIUT OT BPEMEHHU, U3MEPEHHbIE
XJIOp-CepEeOPSTHHBIM IICKTPOIOM CPABHEHUSI OTHOCHTEIIEHO 00paTHON CTOPOHBI KPEMHHUEBOH ITaCTUHEI
B MPOLIECCE OCAXKJICHUSI HUKEISI ISl Pa3InYHbIX TUTEIbHOCTEN OCAXACHUS:
1 —5wmun, 2 — 15 mun, 3 — 30 muHn, 4 — 60 muH, 5 — 80 MuH.

Jns u3ydeHus CTPYKTyphl 00pa3loB HA Pa3IMUHBIX CTaAUAX OCAXICHHS ObUIM MOTydeHBI
POM-u3006pakeHns moBepXHOCTEH U ckosoB 06pa3uoB 1, 2 u 5 (5, 15 u 80 MUH ocakaeHUs] HUKEIs

8
Puc. 2. POM u300paxeHus moBepxHocTel o0pasnos: 1 (a),2 (6) u 5 (s)

IToBepxHocTh 0Opasna 1 (5 MUH ocaxkaeHHs), puc. 2,a, TIPENCTABISET THIMYHYIO MOBEpX-
HOCTb MOPUCTOrO KpeMHHUs. Juamerpsl mop coctaBisatoT oT 15 no 80 HM. TonmmHa CTEHOK CKenera
KpEMHUSI MKy KaHajlaMu IOp y MoBepxXHOCTU coctaBisier 6—10 am. Ha moBepxHocTn He HaOmoa-
IOTCSI YACTULBI HUKEIIS,, YTO MOKET TOBOPHUTDH O TOM, YTO Ha HaYaJIbHBIX dTalaxX OCa)XIEHHUE MPOXOJUT
B ITyOHHE TIOP.

[ToBepxHOCTh 00pa3na 2 (15 MuH ocaxkaeHwusl), puc. 2,0, HOKPBITa YaCTUL[AMH HUKEIS, pa3Me-
PBI KOTOPBIX BapbUpyIOTcsa B Anana3one 15-50 aM. B 10 jxe BpeMsi BUIHO, YTO OOJBIIOE KOTUYECTBO
MOP OTKPHITO. DTO CBUAETENHCTBYET O TOM, YTO MOPHI 3alIOJHEHBI HUKEIEM HE MOIHOCTHIO, @ 4YaCTHY-
HO.

[ToBepxHocTh 06Opasna 3 (80 MUH ocakaeHus), pHC. 2,6, TOJTHOCTBIO MOKPHITA CILIOMIHBIM
CJI0eM HHKEJS, IOPUCTOTO CIIOS HE BUIHO.

Ha puc. 3,a npuBeneno POM-u3obpaxenue (yBenuuenue 7000) ckoma obpasma 1 (5 mun oca-
skaenust). TonmmHa nopuctoro ciost coctasisier 10 Mmxm. HeogHOpOIHOCTE CTPYKTYpBI Op B cepe-
IUHE 00pasla CBs3aHa C HEpaBHOMEPHBIM pacKaJlbIBaHHEM 00pa3iia MpH MPUTOTOBICHHH CKOJIA.

Ha puc. 3,6 npuBeneno POM-uzo0paxenue (yBenuuenue 50000) BepxHeii yactu ckona 00-
pasua 1. Ha dororpaduu ckona He BUAHO HUKAaKUX yacTHI HUKens. [lopbl mpencTaBisioT coboit Bep-
TUKaJbHBIC KaHAJIBI C OTBETBICHUSIMU. 13-3a pa3BUTON MOBEPXHOCTH CTEHOK MOP 1OCTATOYHO CIOKHO
OLIEHUTH UX TONIIMHY, OJHAKO MOXHO CKa3aTb, 4TO OHa Bapbupyerca or 10 o 40 HM, uTo Oonblie,
4eM Ha n300payKeHNH MoBepXHOCTH oOpasua (puc. 2,a).

Ha puc. 3,6 npuBeaeno POM-uzobpaxenue (ysenumuenue 50000) meHTpaabHOR yacTH CKoJia
obpasua 1. Xopomro BUIHO OONbIIOE KOJMYECTBO 3€PEH HHUKENS 0 BCel Iuromaan u3oopaxeHus. B
BEpXHEH 4YacTu M300pa)KeHUs MX KOJIMYECTBO yMeHbIuaercs. Pasmepsl 3epeH cocraBisor ot 30 1o
60 HM. 3aKymopKy KaHaJIOB MOP HEe HAaOJII0JAaeTca U, TAKUM 00pa3oM, HET MPEMATCTBHHA I JaTbHEH-
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LIET0 OCAXKACHUS HUKENsl. AHAJIOTMYHAS CUTyallus HAOMIOAeTcs U B HIDKHEW YacTH MOPUCTOTO CIOS
Ha rpaHuIle C MOHOKPUCTAJIIOM KpeMHHUs (puc. 3,2).

a
Puc. 3. POM-u300paxxenue ckosoB obpasna 1 (5 MUH ocaXkiaeHHs1): a — CKOJI BCero o0pasna; 6 — BepXHsisl 4acTb;
6 — IIEHTpaJIbHAs YacTh; & — HIKHSS YacTh

U3 puc. 3 cnemyer, 4TO OCakJeHNUE HUKENS HAUMHAETCS B HM)KHEH YacTH MOPUCTOTO CJIO0S Ha
HEPOBHOCTSX CTEHOK Mop. HuKens HauMHaeT oca)kAaThCs B BUJE OTACIBHBIX 3epeH. 3aKylopKu Nop U
OCaXKJICHHUS HUKEJS Ha IOBEPXHOCTH 00pasla 1nocjie 5 MUH OCaKACHHS HE IPOUCXO/IHT.

Ha puc. 4,a npuseneno POM-uzobpaxenue (ysenuuenue 8000) ckoma obpasua 2 (15 mun
ocaxkeHns). HeomHOpOZHOCTs MOPHUCTOTO CIIOSI Y TOBEPXHOCTH 00pasma cBs3aHa C HEPOBHOCTBHIO
cKkona B 3Toi obnmactu. OOpariaer Ha ce0si BHUMaHHUE YBEIHYCHUE KONMMYECTBA HUKENS B HIKHEH yac-
TH o0pasia, B TO BpeMs KaK B BEpXHEH 4acTH 4acTUIIBI HUKEIS MO-TIpexXHeMy He HaOmromatotcs. Ha
puc. 4,6 npuBeneno POM-m3o0paxenue (yBenmuuenue 50000) BepxHelt yactu ckona obpasua. B Hik-
HEl 9acTH HUKENb MPAaKTHUECKH OTCYTCTBYeT. OJHAKO B BEpXHEH 4acTH M300pa)KeHUsl BHIHO HEKO-
TOpPOE KOJIMYECTBO HUKEIEBHIX 3epeH pazmepoM 30—40 am. Ha moBepxHOCTH 00pasia 4acTULIBI HUKE-
751 He HAOMIOAAI0TCsI, HECMOTPSL Ha TO, YTO Ha M300pa)KEHUH MOBEPXHOCTU (pHC. 2,0) OHU NPUCYTCT-
BYIOT B 3HAUYUTENBHOM KOJIMYECTBE. DTO MOXKET OBITh CBSI3aHO C HEBBICOKOW aire3nel OTAeNbHBIX 3e-
PEH K IOBEPXHOCTH 00pasua.

Ha puc. 4,6 npuBeneno POM-uzo0paxkenue (yBenmuenne 50000) cpenHeld yactu ckomna o0-
pasua. Kak u B cimyuae obpasua 1 (puc. 3,6) Ha ckoiie HaOMOAAaeTCsl HEOONbIIOE KOJTHYECTBO 3€PEH
Hukens. OgHako pa3mepsl ux coctaBistoT 40—70 HM, 9TO HECKONbKO Oorble, yeM y obpasua 1. Ko-
JIMYECTBO 3€PEH HUKENS TaKKe YMEHBIIACTCS K BEpXHEH 4acTH N300pakeHHsl.

Ha puc. 4,2 npuseneno POM-uzobpaxenue (yBennuenue 50000) HukHel yacTu ckoia 00-
pasua. Curtyanus KapJUHAIBHEIM 00pa3oM OTIH4YaeTcsa oT oopasna 1. Pazmepsl oTaenbHBIX 3€peH co-
craBisitoT 40—70 HM, KaKk U B cpenHel yacTu ckoia (puc. 4,6), OAHAKO KOJMYECTBO YACTHUI] HUKENS B
HECKOJIBKO pa3 Beime. OTAeIbHbIE 3epHa HUKEISI HAUWHAIOT CPACTaThCsl MEXKIY COOOM.

Puc. 4. POM-u300paxenue ckonoB odpasna 2 (15 MuH ocakaeHus):
a — CKOJI BCero o0pasia; 6 — BEpXHsS 4acTh; @ — [IEHTPAJIbHAS YacTh; & — HIDKHSS YacTh

Ha puc. 5,a npuseneno POM-u300paxenue ckona obpasna 5 (80 mun ocaxnenus). [lepen
MPUTOTOBJIEHHEM CKoJla 00pa3iia BBHYy HEBBICOKOH aJre3uy TUICHKA HUKENS, IIOKPhIBAIOIIAs TOBEPX-
HOCTH 00pa3sia, Obuia yaaneHa. Ha puc. 5,6 mpuBeaeH CKOM 3TOH OTIENEHHOW MOBEPXHOCTHOH MIICHKN
HUKENS, KOTOpas SBJSIETCS] TOCTATOYHO IUIOTHOW, M TOJIIMHA KOTOPOW B CBOOOAHOM COCTOSIHUH CO-
CTaBJIsIeT MopsAaKa 2 MKM. 13 puc. 5,6 BUAHO, YTO MOPUCTHII CIIOM 3aMOJTHEH HUKEIEM, IPUYEM YKe
HE B BHJE OTACIBHBIX 3€pEH, a B BUJE O0Jiee KPYMHBIX KOHTJIOMEPATOB 3€PEH.

Ha puc. 6,a npuBeneno POM mnzobpaxenune (yBenuuenue 50000) BepxHeil yactu ckoia 00-
pasua 5. B HuxkHel yacTu n300paskeHrs OCaKACHHBIN HUKEIbh 00pa3yeT CTOIOMKH M3 CPOCLINXCS 3e-
peH. B BepxHeil yactu BUAHBI OTAETbHBIE 3epHA pa3mepoM 10 120 HM. Heobxoaumo oTMeTHTh, 4TO
MPUTOTOBJIEHHE CKOJIa 00paslia, MOBJIEKIIee 3a OO0 OTCIIOEHUE TIOBEPXHOCTHOT'O CJIOSI HUKEINS, MOT-
JI0 TIOBPEIUTH CTONOMKY HUKENS B KaHaJax 1Mop B BepxXHel yacTu oOpasua.
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Puc. 5. POM-u300paxenue ckoinoB odpasna 5 (80 MuH ocakiaeHus):
@ — CKOJ Bcero 00pasia; 6 — CKOJI MOBEPXHOCTHOW IUICHKH HUKEIS

Ha puc. 6,6 npuseneno POM-uzobpaxenue (yBenmnuenue 50000) cpemneii yactu ckoia 00-
pasia 5. CTONOUKH HUKENS JOCTATOYHO MOHOJUTHBI. HepOBHOCTH MOTYT OBITH CBSI3aHBI C TEM, UYTO
OHHU COCTOSIT U3 CPOCIIUXCS 36PEH HUKEISA, UIIH XKE ¢ CHIBHO Pa3BUTON MOBEPXHOCTHIO CTEHOK IOP, B

KOTOPBIX OHH (hOPMHUPOBAIIHCE.
Ha puc. 6,6 npuBeneno POM-u3o00pakeHne HUXHEH 4acTH ckona obpasua 5. KauyecTBo 3a-

TMOJIHCHHUA KaHAJIOB MTOP HUKEIEM HMKC, UCM B LICHTpaJ'II:HOﬁ qacTu (pI/IC 6,6), Oomee BBIPAXKCHBI OT-
JACJIBHBIC 3CpHA. DTO MOXKET OBITH CBSI3aHO C ILI/I(I)(I)ySI/IOHHI:IMI/I OrpaHNMYCHUSAMU HAa IMMPOHUKHOBCHUC
QJICKTPOJIMTAa B HUKHIOIO YaCTh IIOP MPU CHUJIIBHOM HX 3allOJIHCHUC 10 BCel FHY6I/IHG.

15,0kV 50,0k SE(M)

50,0k SE(M)

Puc. 6. POM-u300paxkenne pa3IM4HBIX yacTel ckona obpasna 5:
a — BEPXHSIS 4acTb; O — CPEHSS YacCTb; 6 — HIDKHSIA 9acTh

I[J'ISI boiee ACTAJIBHOTO UCCICAOBAHUS KUHCTUKU POCTA HUKCIIA B IOPUCTOM CJI0C OBLI IMpoBEC-
JCH peHTI‘eHOBCKI/Iﬁ MHUKpPOaHaJIn3 CKOJIOB BCCX 06p3.3LIOB. bein TMOJIYUCHBI paclipeACiICHUA KOHLICH-
TpaI_II/Iﬁ HUKCEIIA 110 T J'IY6I/IHC o6pa3u013 OT IMOBCPXHOCTU OO0 AHA NOPUCTOrO CJIOA. P C3yJIbTAaThl aHaJIN3a

MIpUBENEHBI Ha puc. 7.
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Puc. 7. [lpodunu pacnpeneneHns: HUKEIS 10 TOIIMHE 00pa3noB 1-5

Ananuzupys npopwIn pacnpenesieHus HUKENS B IOPUCTOM KpeMHHH (puc. 7) U JaHHBIE O
CTPYKTYype 00pa3ioB (puc. 2—6) MOXKHO CUUTATh, YTO OCAKACHUE HUKEISA B TIOPUCTHIA KPEMHUU MPO-
UCXOIUT CeAylomuM oopazoM. Ha HauanmpHBIX cTagusx ocaxkaeHus (obpasen 1, 5 MUH ocaxaeHHs ) B
HWDKHEH YacTH mopuctoro cios (rmyouHa 6—10 MKM OT TOBEPXHOCTH) HMPOUCXOAUT (HOPMHPOBAaHUE
3epeH HuKens pazmepamu 10 30—60 HM. B mpornecce ocaxkaenus (odpasen 2, 15 MUH ocakaeHus) pas-
Mephl 3epeH yBenuunBatoTcs 10 40—70 HM B yBeTMYMBAETCS] MX KOJMYECTBO B LIEHTPAJIbHOM 001acTH.
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3arem (oOpaszen 3, 30 MUH Oca)XICHHS) YBEIUIUBACTCS KOIUYECTBO HUKENS B IIEHTPAIbHOW U HHXK-
Hell JacTsax nopuctoro ciost (3—10 MKM) 10 MPaKTUYECKH MOTHOTO 3aMOJHEHHUS! KaHAIOB TIOP ITOpHC-
toro cios. [lpu stom auddysrnoHHbIEe OrpaHNYEHHS NPEMSTCTBYIOT JOCTABKE «CBEKEro» DIIEKTPOIIH-
Ta B HIWKHIOIO YacTh KaHAJIOB IOpP M HUKENb OCAXJaeTcsl B BUJAE OTACNBHBIX 3epeH. Ha crnenyromeit
cragun (oOpaszen 4, 60 MUH OCa)KICHUS) MPOUCXOAUT YBEIMYECHUE KOJIMYECTBA HUKENS B BEpXHEH
gacTu o0paslia U MOJHOE 3aloHEeHNE POCTPAHCTBA TIOP HUKENEM, O YeM MOXKET TOBOPUTH IOBeE/e-
HHUE TOBEPXHOCTHOTO MOTEHIUana mnpu ocaxaeHuu (puc. 1). Ilpu 3ToM cymecTBeHHOro pocra Toj-
LIMHBI CJIOSl HUKENS Ha MIOBEPXHOCTH He MpoucxoauT. Y, HakoHell, mpu OOJBbIINX BPEMEHAX OCaXKIe-
HUs (oOpasen 5, 80 MUH ocaXIeHHs) HAaYMHAETCS POCT 3€peH HHKENS Ha MOBEPXHOCTH o0Opasua
(puc. 1, monoras yactb Ha rpaduke noreHguana, 60—-80 MUH Ha OCH BpEMEHH ), IPUYEM OCaKJaeMBIN
CJIOM HHKENs TOCTaTOYHO IIJIOTEH, pa3Mephl 3epeH HUKEN He MpeBbIaoT 10 HM.

Pe3ynbTaThl mpoBEeAECHHBIX HCCIECAOBAHUNM CBHJETEIBCTBYIOT O TOM, YTO M3rM0 Ha rpaduke
MOBEPXHOCTHOTO MOoTeHnana (60 MUH Ha OCH BpEMEHH) CBS3aH C 3all0THEHHEM KaHAJIOB MOp YaCTH-
aMH HUKENS W HadaJoM (OPMHPOBAHUS CIUIOMIHOW IUICEHKH HHKENS HAa MOBEPXHOCTH MOPUCTOTO
KpeMHus. JJaHHBIA (akT MOXKET MCIOJIB30BAThCS AJIsl KOHTPOJISI 3aIlOTHEHUsI KaHaJloB Mop mpu ¢Gop-
MUPOBAaHUHU KOMITO3UTHBIX CTPYKTYpP «ITOPUCTHIN KPEMHHI — HUKENb.

3akjoueHmne

MeToaoM 3MEKTPOXUMHUYECKOTO OCAKIECHHS MONYYEHBl CTPYKTYPBI «ME30MOPHUCTBIM KpeM-
HUI — HUKeNb». M3ydeHbl 0cOOEHHOCTH KHHETUKHU 3aIMIOTHEHUS KaHaJIOB TIOp HUKENEM Ha Pa3HbIX JTa-
nax ocaxJeHus. C MOMOIIBIO pacTPOBON ANIEKTPOHHOM MHUKPOCKONHMH IMOKa3aHO, YTO HA Ha4yaJIbHOM
JTane OCa)KJICHHs HUKEIb BHICA)KUBAETCSI HA CTEHKAX TIOP CO CTOPOHBI MOHOKPHCTAIIMYECKOTO KPEM-
HUS B BHJE M30JIMPOBAHHBIX JIPYyT OT JIpyra HAHOKJIACTEpoB pazMepoM mopsaka 50 HM. C pocTom
BpPEMEHH OCa)KICHUS TUIOTHOCTh HAHOKIACTEPOB PACTET; PACcTET TaKKe M 00JacTh 3allOJHEHUS UMH
nopsl. Ha 3aBepiiaroriemM starme ocaxkaeHus B mope popMupyroTcsi HuKenIeBble HaHocTonOuku. Kpome
TOr'0 YCTaHOBIIEHO, YTO, OCYIIECTBJISIA HAOMIONEHNE 32 BENMYMHOM MOBEPXHOCTHOrO MOTECHIHANA B
MIPOLIECCE ITEKTPOXUMHUIECKOT0 OCANXKAECHUS, MOKHO ONPEAEIUTh MOMEHT MOJIHOTO 3aNI0JTHEHNS KaHa-
JIOB TIOp HUKEJIEM U HadaJla pocTa CIUIOIIHOM IJICHKH Ha MOBEPXHOCTU o0pasua.

Pabota Brimonnena B pamkax 3amanus 2.4.12 I'MTHU «PyHKIMOHAIBHBIE MAITTHOCTPOUTENb-
HbIE MaTepHalbl, HAHOMaTEepUaJb».

FEATURES OF ELECTROCHEMICAL DEPOSITION OF NICKEL IN
MESOPOROUS SILICON

A.L. DOLGIY, S.L. PRISCHEPA, V.A. PETROVICH, V.P. BONDARENKO

Abstract

Layers of mesoporous Silicon were formed on the surface of monocrystalline silicon wafers
by electrochemical anodization in a solution of hydrofluoric acid. Nickel was electrochemically de-
posited in porous silicon. The dependence of the surface potential of mesoporous Silicon versus
Nickel deposition time was investigated. Scanning electron microscopy was used to study the struc-
ture of the samples.

At the initial stages of deposition in the lower part of the porous layer 30—60 nm grains of
Nickel are formed. During the deposition the grain size increases up to 40—70 nm as well as their
quantity. For large time of deposition the growth of Nickel grains starts also on the sample surface,
and the deposited Nickel layer is quite dense, the size of Nickel grains in this layer does not exceed
10 nm. By monitoring the magnitude of the surface potential during the electrochemical deposition,
we can determine the moment of complete filling of channels of pores with Nickel and beginning of
the growth of Nickel continuous film on the surface of the sample.
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