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O B/INAHNIN MATHUTHOI O NMOoJ1A HATIPOLECC
SNEKTPOOCAXAEHNA HNKETA

Jocnifpkysanu BNAMB 30BHILLHLOIO MarHiTHOrO Mosist Ha NPOLEC OTPUMAHHSA efIeKTPOXIMIYHOIO HiKeneBo-
ro NOKPUTTS 3 CyNb(haTHOro €NeKTPONITY HikentoBaHHS. MMOCTiliHI MarHiTW, SIKi CTBOPIOKOTL Mone, po3Ta-
LLOBYBa/M Haf, Nif Ta Ha NMOBEPXHi KaTofy. BusHaumnu, Lo MarHiTHe none Br/jvMBae Ha MOPKONOrito Mno-
BEPXHi Ta NPW3BOANTL 40 YTBOPEHHS APiGHOKPUCTaIYHUX 0CagiB HIiKento.

The influence of external magnetic field on the electrochemical nickel deposition from a sulphate electro-
Iyte was investigated. The magnetic field arised by magnets, situated on, under and over the surface of
cathode. It was found that the field can cause a modification to the surface morphology and produces a
nickel deposit with a fine grain.

OCHOBHOW 3agadei, Npy OCaXKAEHUN 3NEKTPOXUMUYECKNX HUKENIEBbIX MOKPbI-
TUIA, ABNAETCA NOMyYeHNe MIOTHbIX, Me/IKO3EPHUCTLIX OCALKOB, 06/1a4aroLWmX on-
pefeneHHbIMN (DU3NKO-MeXaHNYECKUMIN CBONCTBaMM M OTBEYatOLMM MpeabsaBse-
MbIM K HUM TpeboBaHWAM B 3aBUCUMOCTM OT UX (PYHKLMOH&IbHOrO HasHaveHns v
KOHKPETHBIX YCMOBMIA 3KCMnyaTaumn. VIi3smeHss TexHOMornyeckue (aktopbl npo-
Llecca 3N1eKTPOOCKAEHNA MeTaslNa, TakKMe Kak MIOTHOCTb TOKa, KOHLEHTpauus oc-
HOBHbIX KOMMOHEHTOB M MOBEPXHOCTHO-aKTUBHbIX BELLeCTB, pH pacteopa MOXHO
MONyYnTb MOKPLITUA C MOBBILWEHHOW MPOYHOCTBIO, TBEPLOCTHLHO, WM3HOCOCTOM-
KoCTbHO [1].
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Bce valle mvccnegosatenn npu U3yYeHUU BMSHUSE YCNIOBUIA 3NEKTPO/IN3A Ha
3NIEKTPOOCAXKAEHME META/INIOB NbITAKOTCA BO3L4ENCTBOBATL HA MPOLECC 3/1EKTPOKPU-
CTa/iNM3aunmn PALoM BHELHUX (hakTOpPOB, CMOCOOHbLIX U3MEHUTbL TEKCTYPY, a, Clle-
[0BaTefIbHO, U CTPYKTYPY ocagka. K nx uymcny 0THOCUTCA: BO3AEeNCTBME NOCTOAHHO-
ro MarHuTHoro nons (MIT), nasepHas CTUMYNALUMA, UCNOMb30BaHME YbTpasByKa U
HecTalMoHapHbIX METOAO0B 3/1eKTPOn3a [2 — 4].

A3yyeHne npoLeccoB HaHeCeHNs raibBaHMYeCKNUX 0CaAKOB B MarHMTHOM MoJie
MoKasaslo BO3MOXHOCTb AOCTWXKEHMA Takux 3((EKTOB Kak: 60siee 0fHOPOLHaNA
mMopdoniorma ocagkoB (Kak MUKpPOCKOMMYecKasd, TaK 1 MakKpoCKoMnu4yeckas), nsbe-
YKaHve pocTa AeHAPUTOB UM HAa060pOT MX YBEMYEHUE, N3MEHEHUE MUKPOHanps-
YKEHWn ocadkos [5, 6].

B HbIHelLHee BpeMs OMbITHbIE AaHHbIe, Kacalowmecs BAUAHUA MarHUTHbIX MO-
Nei Ha 3NeKTPOXUMUYECKUE peakLn, Bbinn npeacTasieHbl rnaBHbIM 06pa3oM B 3a-
py6exxHon nutepatype. PaboTbl M0 AaHHON TeMe MOXHO pa3fennTb Ha TpW KaTero-
Py, UMeroLLIMe OTHOLLEHWE K BIMAHUIO MarHUTHOIO NONS:

a) Ha npoLeccbl MacconepeHoca B pacTBopax,

0) Ha KMHETUKY 3/IEKTPOAHBIX Peakumi,

B) HA MOPMONOrNI0 N CTPYKTYPY 3NEKTPONNTUYECKUX 0CaaKoB [7]. Bo3aencr-
BMe MOJA Ha MaccornepeHoc SBNSeTCA 00Lenpu3HaHHbIM, B TO BPEMSA KaK pe3y/bTa-
Tbl M3YYeHWNA ero BIMAHUA Ha KUHETUKY MPOTEKaHWUA CTaAun nepeHoca 3/1IeKTPOHa,
Ha 3/1EKTPOXMMMYECKOe paBHOBecKe 60/1ee MPOTMBOPEYNBBI.

Llenb gaHHOW paboTbl: onpefeneHne BAUAHWUSA BHELUHErO MarHUTHOIO Mons,
C03/aBaemMoro NnoCTOAHHbLIMM MarHUTaMu, Kak OgHOro M3 TeXHOMOrMYeCKUX pakTo-
POB Ha MOP(OSOTMI0 HUKENEBOrO MOKPbLITUSA, MONYYEHHOrO 3/1IEKTPOIMTUYECKNM
Cnoco6om.

MeToanKa 3KcnepumeHTa. Hukenesble MOKPbITUA HaHOCWIM Ha 06pasubl
KPYroi thopMbl B BuAe TabneTku BbICOTON h = 3 MM 13 CT 45 (S = 0,0254 am?) ¢
npeABapuTeNnbHO OTLUNNGOBAHHOM M OTNONMPOBAHHOW NOBEPXHOCTbIO.

AneKTpoocaXKaeHne NPOBOAMIOCL B LUMINHAPUYECKOW SiYeliKe C BEPTUKaIbHO
PacrnosioXKeHHbIMN 3/IEKTPOAAMN U3 CEPHOKMUCIONO 3/1IEKTPOSIUTA HUKENMPOBAHNA
cocrtaBa, r/n: NiSO4 — 300; NiCl, — 30; H3sBO3; — 30; NMAB (pH 4,5 - 4,8) npwu
T =30 °C, NNIOTHOCTM KAaTOAHOrO TOKa i, = 2 A/gm2. MpoLiecc NpoTeKan B YCI0BUSX,
NCK/THOYaoLWMX MepeMeLlnBaHie 1 MexaHN4ecKoe BO3LENCTBME Ha KaTof, Haxoas-
LMIACA Ha [He BaHHbl. AHOAOM CNy)XXuna nnacTMHKa HUKeNs, pasMeLLeHHas napasn-
NeNbHO K Katoay. Bpems ocaxaeHUsA coCTaBuso 6 u.
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MMOKPbITMS OCaXAann B MOMAX MOCTOAHHbIX MarHUTOB LMIMHAPUYECKON (op-
Mbl. /ICNonb30Baiv TpY BapuaHTa UX PacrnosioXKeHNss OTHOCUTENIbHO KaToaa.

1. MarHuT [gnameTpoM, paBHbIM AMameTpy CTa/IbHOro Katoga, MoMeLLann rnog
ero NnoBepxHOCTLIO.

2. Maruut guametpoMm 4 MM pacrnofiaraiv Ha noBepxHOCTU obpasua B6/1M3n
nepumeTpa.

3. OMH MarHUT HaxoA4u/ICsA NOA KaToAOM, a ApYrou, napasisesibHO eMy CBepXY
Haf, aHOLOM, YTO MO3BON/IO CO34aTb MarHUTHOE MNoJie, HarnpaseHHOe NepreHanKy-
NAPHO MO OTHOLLIEHMIO K CTa/lbHOMY 06pasLy.

doTorpaun WANMPOB HUKENSA MOMyYeHbl C WUCMO/b30BaHWEM 3/IEKTPOHHOIO
ckaHupyrowero mukpockona APOH — 3 (yeenuueHune x 800). CHUMKKN NOBEPXHO-
CTW HUKeNs chenaHbl ungposor potokamepon (ysenuueHme x 10), hparMeHTbl Mno-
NYYEHHOr0 NMOKPbITUS — LU(POBOM (POTOKaMepOK € MOMOLLbIO MUKpockona (yBesn-
YyeHue x 125).

13mepeHve MUKPOTBEPLOCTM Ha 06pasLiax Npon3BOAMIM HA MUKPOTBEPLOMEpE
MMT - 3.

JKcnepnMeHTa/IbHbIE pe3ynbTaThl U UX aHaNU3. Jna HUKend, Noy4eHHOro
3NIEKTPOOCaXKAEHMEM B OTCYTCTBUM BHellHero MI1, xapakTepHa rnagkas nosepx-
HOCTb, 6€3 [eHAPWUTOB, C PaBHOMEPHO pacrpefesieHHbIM HUKEeNeM Mo M0CKOCTU
NMOBEPXHOCTM obpasua (puc. 1a).

B HWKeneBbIX NOKPLITUAX, NOMYYEHHBIX NPU HANIOXKEHUW MONS, CO34aBaeMoro
MarHuTamun, HabntofaeTca M3MeHeHWe penbeda M CTPYKTYPbl MOBEPXHOCTU MO
CpaBHEHWIO C 0CafKamMun, HAHOCMMbIMUX B OTCYTCTBUW MarHuTOB.

Mo Kpasm Kpyrnoro obpasya NpoMCXOAUT HanpaBNeHHbIA PoCT AeHAPUTOB
BLO/Ib CUMNOBbIX JIMHUA MarHUTHOTO NONS, B 061aCTU UX HaMbO/bLLIEN KOHLEHTPa-
ummn (BapuaHT 1, puc. 16). Ecnm HaHOCUTL 0CafloK B MPUCYTCTBUM OJHOTO MarHuTa,
pacnonoXeHHOro Ha NoBePXHOCTW KaToda (BapuaHT 2, puc. 1B), 1 B Mnose co3faBae-
MOM [BYMSI MOCTOSHHbIMW MarHuTamy (BapuaHT 3, puc. 1r) To He HabntogaeTcs
CKOMNeHNs AeHAPUTOB.

13BECTHO, UTO 3/IEKTPOOCAKAEHMNE HUKENA COMPOBOX/AAeTCA NOOOYHOM peak-
LiMeR BblAeNeHNs BOAOposa. ATO ABNAETCA OLHUM U3 (PaKTOPOB, 06YCNaBNMBAOLLMX
06pas3oBaHue Mop B MOKPbITUN (MUTTUHIOB). Ha noBepxHOCTN HUKens B MI nwve-
HOTCA KansesuaHble, AMO0OOpasHble yriybneHus, BO3HMKalOLWMe B MeCcTax npuavna-
HUSA Ny3bIPbKOB rasa K MoBepXHOCTW Katofa. B pesynbTare AencTBus nons, cosga-
BaeMOro OHWM MarHuWTOM, PacrosioKeHHbIM NOJ KaTOAOM, MUTTUHIX KPYT/0i
(hOpMbl 3aMONHAOT BCHO MOBEPXHOCTb HNKENEBOrO 0CaAKa, YTO CBUAETE/bCTBYET O
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AJIMTENbHOM  3KPaHWPOBaHWM  Ny3blpbKaMy  BOAOPOLA MOBEPXHOCTU  HUKeNs
(puc. 2a). B cny4yae ¢ ABymA napasinefibHbIMKM MarHuTamu (puc. 1r) KonmyecTBO
MUTTUHIOB PE3KO YMEHbLUWMOCS.

Puc. 1. doTorpatmm NoKpbITUA HUKENS, NOMYUYeHHbIX 63 UCMO/Mb30BaHMS MarHUTOB (a),
C UCMO/b30BaHMEM MarHuTa HaxoAsLLEerocs noj KatoAom (6), MarHuTa ¢ MasibiM AYaMeTpoM,
pa3MeLLEHHOr0 Ha NoBEePXHOCTM 06pasLia (B) U Napbl MarHUTOB, CO3AAOLLMX MONE,
NepreHauKysPHO HanpaBeHHOe K MoBepXHOCTU KaTof, (r).

Ecnm umnnHApUYECKnini MarHUT NOMECTUTbL Ha MOBEPXHOCTb 06pasua, To NUT-
TUHTN UMEIKOT HECKOJIbKO BbITAHYTYHO (DOPMY M YeTKO KOHLEHTPUPYHOTCA BAOSb Ha-
NpaBfieHnin CUNOBbIX NNHWIA NONS co3aaBaeMoro numv (puc. 1., 26).

a) 6)

Puc. 2. ®parmMeHTbl NOBEPXHOCTU HUKENEBOIO MOKPbLITUS NOMYYEHHOr0
a) C MarHMTOM 1 6) B MPUCYTCTBUM MarHMTa Ma/loro AvaMeTpa, PacrofoXXeHHOro Ha 06pasLie.
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CtpykTypa. C uenbto onpeaeneHns CTPYKTYPbl MOKPLITUIA HA 3/1eKTPOHHOM
CKaHMPYIOLLEM MUKPOCKOrMe, Oblnv npeaBapuTesibHO MOATrOTOB/IEHbI MOMEPeYHbIe
UMbl 06pa3L0B MO CTaHAAPTHON METOANKE, MPUHATON B MeTasnorpagun.

[Na MUKPOCTPYKTYpPbl HUKENeBOro ocagka (puc. 3a) nmosy4vyeHHoro 6e3 Mr,
XapaKTepeH SBHO BbIPaXKEHHbIA POCT KPUCTa/INIOB B HAMpaB/IEHNW 3/1EKTPUYECKOrOo
nons, NPUBOAALLMIA K NOSBIEHNIO CTONBOYATLIX OPUEHTUPOBaHHbIX MepreHANKyNap-
HO K MOBEPXHOCTX OCHOBHOIO MeTalla Kpuctanamtos. HanoxkeHne MIT npuBoauT K
SBHOMY YMeHbLUEHWNIO pa3mepa 3epHa (puc. 36, BapmaHT 1), OTK/IOHEHUS OT BEPTU-
KaJIbHOr0 pocTa Ocafka He Hab/oaaeTcs.

: r)

Puc. 3. doTorpatmm MUKPOCTPYKTYPbl HUKENEBLIX NOKPbITHIA.
a) MUKPOCTPYKTYpa HUKeNs Nosy4eHHOro 63 MarHUTHOrO Mons;

6) MUKPOCTPYKTYPa HUKENEBOrO MOKPbITUS, NOYYEHHOT0 B NPUCYTCTBUAM OfIHOTO MarHnTa;
B) UAUMbI HUKENSs, NONYYEHHOT0 B MPUCYTCTBUN [IBYX MarHUTOB C HanpaB/ieHUEM CU/OBbIX
MarHUTHbIX MHWIA NPOTUBOMOOXHbLIM HANPaB/IEHNIO MUTPALLMM 3aPSHPKEHHBIX YacTuL, K
MOBEPXHOCTYM KaToAa; I') C COBMaAaroLLIMM HanpaBeHnem

Mpn n“cnosnb30BaHUM B MPOLLECCE 3MeKTPOOCAXKAEHNA HUKENA Mons AByx na-
pasinenbHbIX MOCTOSAHHLIX MAarHUTOB (BapuaHT 3), HarpasfieHWe CWUIOBbIX JIMHWIA,
C03[1aBaeMOro MMu, MOXeT ObITb NMPOTUBOMOOXHBLIM WM e COBMaaaTb C Hanpas-
NEHVEM JIMHWUIA MUTpaLmmn 3apsXKeHHbIX YacTuL, K MOBEPXHOCTM CTa/lbHOro 06pasLa.
B pe3synbTaTe, B M0OMyYeHHbIX MOKPbLITUAX NPOCMATPUBAETCSA OTK/IOHEHWE OT BepTU-
Ka/IbHOro pocta Kpuctanios (puc. 3B, puc. 3r). 310, NO-BMANMOMY, CBA3AHO C He-
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KOTOPbIM WCKPUB/IEHNEM JIMHWNIA 3M1IEKTPUYECKOrO MOJIA B 3MEKTPO/IUTE, T. €. Hapy-
LLIeHVeM OLHOPOAHOCTM 3M1EKTPUYECKOro nosis. PPoHT pocTa Cosi C KPUCTaIIN3N-
PYIOLWMMCA HUKeNeM MeHSIeTCA B HarpasfieHUW, 00YCNOBNEHHOM WCKPUB/IEHWEM
CUIOBbLIX NIMHMIA. CaMOl BaXXHOW OT/IMUMTENBbHON YEpPTOW MOMYYEHHbIX MOKPbITUN
AB/NAETCA TO, YTO OHM 60/IEe MENTKOKPUCTAIIMYECKNE, YeM Te, KOTOpPble HAHOCU/IUCh
6e3 NPYMEHEHNA OAHOI0 MarHUTa NN e NX KOMOMHaUNN.

MUnKpPOTBEPAOCTb. 3HAYEHUS MUKPOTBEPAOCTM MOKPLITUA, MOMYYEHHbIX Y3
CEPHOKMCOr0 3M1EKTPONNTA HUKENNPOBAHKA NPY NIOTHOCTY ToKa 2 A/aM?, n3meps-
N1 Ha MuKpoTeepaomepe MNMMT - 3.

Pe3y/bTaThbl UCCMEL0BaHWIA MOKa3aIn, YTO B CNyyae 3/1eKTPOOCAXKAEHNSA HUKe-
N C NPUMEHeHNeM OAHOro MarHuta (BapuaHT 1), MUKPOTBEPLOCTb MOKPbITUA
yMeHbLIMIachk B 1,6 pasa Mo CpaBHEHUO C HUKENeM, MOyYeHHbIM B 0ObIYHbIX YC-
nosmsax. Ho ecnn BO34eiNCTBOBaTb Ha MPOLECC OCAKAEHUA MOJSIEM ABYX B3aMMHO
napasinenbHbIX MarHATOB, TO 3TO MPUBOANUT K TOMY, UTO Y 3/IEKTPOXMUMUYECKUX HU-
KeNneBbIX NMOKPbITUIA TBEPAOCTb NOBbILLAETCA B 1,5 pasa.

3ak/toyeHme. JNeKTPOXMMMYECKIE HUKENEBbIE MOKPbITUSA, OCaXKAaeMble B MO-
Ne, CO3aBaeMOM MarHMTOM WK >e UX KOMOUHaLMeld, HECKO/IbKO OT/IMYatoTca OT
Mo/ly4YeHHbIX 6e3 NPUMEHEHNA MarHUTHOMO MOMA Kak Mo CTPYKTYpe, Tak U Mo CBOW-
CTBaM.

B cnyyae snekTpoocaxeHus B nosie O4HOr0 MarHuTa, pasmeLleHHOro rnog Ka-
TOAOM, 0CafKN HUKENA MMeKT HeOAHOPOAHYH MOBEPXHOCTb, 3arO/IHEHHYH MUT-
TUHramu, a Tak Xe UMEKT CKOMJIeHne AeHAPUTOB B MecTax HambosibLuen KOHLEeH-
Tpaunmn CUNOBbIX MarHUTHBIX NIMHKIA (N0 NepuMeTpy 06pasLa).

HanoxeHre MarHUTHOrO Nosist ABYX MOCTOSHHbIX MapasiieslbHO PacrofioKeH-
HbIX MarHUTOB, HanpaB/ieHWe CWIOBbIX JIMHUIA KOTOPbLIX MO0 COBMajaeT, M6o
MPOTMBOMOMIOXHO  HAaMNpPaBNeHUO JIMHUAM MUTpaumMy 3apspKeHHbIX YacTuy, K Mo-
BEPXHOCTU poCTa 0cajKa NPMBOAUT K YMEHbLLUEHWIO Pa3MepoB 3epeH HUKeNs 1 yBe-
NNYMBAET MUKPOTBEPAOCTb ocafka B 1,5 pasa. [MOBEPXHOCTb TaKUX MOKPbITUIA Me-
Hee NopuCTa, HeXeNn y Tex, KOTopble MoJTyYeHbl C UCNO/b30BaHWEM O4HOI0 MarHu-
Ta.
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MEOHO-CY/TIb®ATHbIW 3NEKTPO/, CPABHEHNA B
MOHUNTOPUHI'E KOPPO3MOHHbIX NMPOLIECCOB

JocnifpKeHo KiHETUYHI NapaMeTpm Midi B cynbgati Migi 3 AoMillKamm eTUIEHTNIKOM0 Ta ANOKCULY KpeM-
Hit0 B yMOBax G/M3bKMX A0 piBHOBaru. BuHaueHO CTpym 0OMiHY Ta nonsipusauiiHuin onip, SiKi cBigyaThb
NpPo MOX/IMBICTb TPUBANOro NepebyBaHHs Mifi B LMX po3dmHaX, WO Mae Micle B MiHO-CyNb{aTHOMY efe-
KTPOZi NOPiBHAHHS.

The kinetic parameters of copper in sulphate of copper with the additives of ethylen glycol and dioxide of
silicon in conditions close to equilibrium are investigated. Are determined a current of an exchange and po-
larizing resistance, which testify to an opportunity of a long presence of copper in these solutions, that takes
place in copper-sulphate electrode of comparison.

MeaHo-cynbaTHbIA anekTpon cpaBHeHNs (M3OC) Haxo4MT LLUMPOKOE MUCMOJIb-
30BaHMe Mpu N3MEPeHUAX MOTEHLNAIOB KOPPOAUPYIOLLNX METa/I/INYECKUX COOpY-
YXeHui (Tpy6bonpoBoAoB, MOA3EMHBLIX COOPYXKEHMiN). OH ABNAETCA OCHOBHOWN YacTbiO
CTaHUMIN KaToAHON 3awmThl [1, 2]. Ero ctaymoHapHbIA NoTeHUMan B HaCbILLEHHOM
pactBope CuSO4 B NPUCYTCTBUN ITUMIEHTIUKONA U KOMOMAHOIO KpemHesema (as-

pocuna) coctansetr E_.. . =0.3+0.01 B OTHOCMTENbHO CTaHAAPTHOrO BOAOPOA-

HOrO 3/1eKTPOo/a No YC/IOBHON BOAOPOAHON LKane. B cBA3M €O 3HAUMTENbHbLIM pac-
LUIMPEHMEM WCMONb30BAHMA MOA3EMHbIX METaN/IMYECKMX COOPYXKeHWiA (Tpy6onpo-
BO/lbl, CTPOUTE/NbHbIE KOHCTPYKLIMW 1 APYTue CTa/lbHble Y3/bl, 3KCMAYaTUPYEMbIE C
KOHTPOMMPYEMbIM MOTEHLMANIOM) B HACTOsILLLEe BPEMSt OCTPO CTOMT npobnema pas-
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