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ABSTRACT

The effect of glycine and nonionic surfactant (OP-10) on contact exchange processes and on the
electroreduction of copper and nitrate ions in acidic low-concentrated solutions of Cu(NO;), has been studied. It
has been determined that dense copper layers are formed on steel in the joint presence of glycine and OP-10. It is
noteworthy that the contact exchange process is completely eliminated, and the parallel course of the nitrate ion
reduction reactions is partially eliminated. It is shown that the pH value effects on the structure of copper
coatings and on the inhibitory action of the additive in the cathodic reduction of nitrate ions.

Complexes of copper with glycine displace ions of nitrate from the double electrical layer and partially
eliminate side reactions. This is evidenced by a decrease in the number of nitrite and ammonium ions that are
formed during the electrolysis of the solutions under study.

In order to clarify the role of the additive in the electroreduction of copper, a radiometric determination
of the amount of the additive is carried out, which is included in the copper coating as an impurity and affects the
characteristics of the coating. Studies have shown that copper coatings contain varying amounts of additives.
This depends on the composition of the electrolyte and the substrate material. The greatest amount of glycine
inclusions is observed in the case of electrodeposition of copper on a copper substrate from a solution with
glycine. The number of inclusions in the transition from a copper substrate to a steel substrate decreases. This
fact is explained by the influence of the structure of the surface layers of the substrate on the quality of the
resulting copper coating. The number of inclusions is related to the structure of the sediment. The introduction of
OP-10 into the solution significantly reduces the action of the additive, since the surfactant has a stronger
adsorption and displaces the glycine from the surface of the electrode. As a result, the electrodeposition reaction
does not occur by a mechanism that involves the surface formation of intermediate complexes of copper ions
with an adsorbed ligand.

The presence of glycine and OP-10 in the acidic solution of Cu(NOs), eliminates the course of the side
reactions of the reduction of nitrate ions due to the adsorption of the additive on the cathode and the surface
formation of copper complexes. Polarization studies have shown that an increase in the concentration of glycine
contributes to the growth of cathodic polarization. In this case, the electrode potential shifts toward negative
values.

The results of the studies indicate that copper complexes with glycine are formed on the surface of the
cathode, rather than in the volume of the nitrate solution, and they are directly involved in the electrochemical
copper precipitation process.

It is shown that the solution of the composition, mol/dm?, 0,125 Cu(NO;), + HNO; + 0,25 glycine and
with 0,1 g/dm’® OP-10 is electrochemically stable. It ensures the production of high-quality copper coatings that
are firmly adhered to the steel surface (pH 1,0 + 3,2, current density 1,0 + 2,0 A/dmz). The structure of the
coatings obtained depends on their thickness and pH of the electrolyte.

KEY WORDS: eclectrodeposition of copper, steel, glycine, surfactants, copper complexes, contact
exchange, low concentrated solutions.
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BCTYII

MinHi TOKpUTTS HAHOCATh Ha BUPOOM 31 crayi HalyacTimie Wi dYac OTPUMAaHHS
0araToIapoBUX rajibBaHIYHUX OKPUTTIB, 1100 3aXMCTUTH NIEBHI TUITHKYA BUPOOIB MPH iX LEeMEHTAIII1,
K TEXHOJIOTIYHE MACTHJIO Ha pi3pbi OypoBux TpyO abo mim yac 0OpoOKHM MeTalliB THUCKOM.
3acrocyBaHHS I[iaHIJHUX ENEKTPONITIB JIa€ MOXJIMBICTH OJEpKYBaTH TOKPUTTS Miai Ha crami 3
SIKICHOIO aJIre3ito, MpoTe OJHOYACHO CTBOPIOE MpobiaeMu. besmocepente eneKTpoxiMiuHe HAHECEHHS
Ha CTaJib i3 MIHUPOKO IMOIIUPEHUX KHCIUX EISKTPOJIITIB HE 3MIHCHIOITh, OCKUIBKH 1€ IPU3BOIUTH 10
OTPUMAaHHSI TIOKPUTTIB i3 MOraHOI aJre3i€r0 A0 CTAJICBOI OCHOBH BHACIIOK KOHTAKTHOrO 0OMiHY [1].
[IpobnemMy migBUINEHHS aAre3ii MiAHOTO MOKPHUTTS i3 HEIIaHIAHMX EJICKTPOJIITIB MOXKHA BHPIIIATH
KUTbKOMa IIUIIXaMH: BUKOPHCTAHHSIM JY)KHHUX EIIEKTPOJITIB, JOJaBaHHSM ITOBEPXHEBO-aKTHBHHX
peuoBuH (ITAP) y Kuciuii eleKkTpolliT, mornepeHiM HaHECEHHIM TOHKOTO MIapy HiKelo. Y CYHEHHIO
KOHTAaKTHOTO BHTICHEHHS CIIPHS€E 3B’S3yBaHHS 1OHIB Millli B KOMIUICKCHI CIIOJYKH 3 BiJIIOBIIHUM
3CYBOM PIBHOBa)KHOTO MOTEHIliaNy B OiK HEraTUBHHUX 3HAYCHb.

TlepcreKTHBHUM Y 11bOMY IUIaHi BUABMBCS KHCIHI enekTpornit Ha ocHoBi Cu(NO;), [2]. Horo
3aCTOCYBaHHS € AaKTyaJlbHUM Yy BHUpINIEHHI MpOoOJieMHM TONIMIIEHHs EKOJIOTIYHOI cuTyamii y
rajbBaHiYHOMY BUPOOHUITBI. OCKIIbKM KaTOAHHWN TpaHuuHHi cTpyM BuaiieHHs Migi B Cu(NO;),
Oitbmn HiX B 1,5 pasu Bunmil nopiBasiHO 3 po3unHamu CuSO,, e Ja€ MOXKIHMBICTH CTBOPEHHS 1
BHUKOPHUCTaHHSI €JICKTPOJIITIB HOBOTO MOKOIIHHS — HU3bKOKOHI[EHTPOBAHMX PO3UMHIB, MPOAYKTHBHICTb
ENEKTPOOCAHKEHHS TIOKPHUTTIB 13 SKUX HE € HIDKYOI0, HIXK 13 BUCOKOKOHI[EHTPOBAHUX EIIEKTPOIIITIB.
[Ipu oMy Hemae JONATKOBHUX BUTpAT €HEPrii Ha MepeKadyBaHHS PO3YHMHIB 1 HEOOXITHOCTI 3MIiHM
ralbBaHIYHOTO YCTATKYBaHHS, 3MEHINYIOTbCS BHTPAaTH Ha 3HENIKO/KEHHS BiANpanbOBaHUX
SNEKTPOJITIB Ta IPOMUBHUX BOJI.

Mera 1iei poOOTH — JOCHIAMTH BIUTUB CKIQAy HITPATHOTO  CIEKTPONITY Ta
KOMIUIEKCOYTBOPEHHST Ha YCYHCHHS KOHTAaKTHOrO OOMIHY B CHCTeMi, Imiepebir mpoiieciB
CNIEKTPOBITHOBIICHHS HITPAT-10HIB Ta ENEKTPOKpUCTaTI3aIlil MiJi.

METOAUKA EKCIHEPUMEHTY

Ba3oBi poGoui posumnm Mictwmu 0,125 mol/dm’ Cu(NOs), i HNO; nans crBopeHHs
BianoBiaHOI BenmuunHK pH. Y 111 po34rMHM BBOAMJIU TaKi: JIOMIIIKH [IIIKH 1 HEIOHOM€HHY TTOBEPXHEBO-
aktuBHy pedoBuHY (ITAP) OII-10 — MoHoanKiI(peHUIOBHI edip MOJICTHICHIIIKOII0 Ha OCHOBI
nonimepauctiiaty CoHon CeH4O(CoH4O)H, e n=8 +~ 10, m= 10 + 12.

EnekTponi3 37iliCHIOBAIM B ENEKTPONITHUHIi KoMipii, 06’emM posumnis — 0,0001 .
Tpusanicte mpocniais 1800...3600 sec, Temmnepatypa po3uuniB 291...298 K. Marepiajgom po6odyoro
KaTo/a CIYKWIM MifHI TuiacTiHu Mapku M-1ta craneBi — mapku Ct 3. PoOoua moBepxHs KaTomiB
cranoma 0,001 m’. HepoGody 4acTMHY MOBEPXHi 3pa3Ka BiJl KOHTAKTY 3 PO3YHHOM i30/IFOBAJIH
TedonoM. CriBBITHOILICHHS TTOBEPXHI MIJHOTO aHOJIA J10 MOBEpXHi Kartona ~ 2:1. SIKICTh 34YeruIeHHs
MOKPHUTTS 3 OCHOBOIO BH3HAYalll HAHECEHHSM CITKM MOAPSTHUH. ENeKTpoxXiMidHi BHMIpIOBaHHS B
pI3HUX peXUMax BHKOHyBaiH Ha moteHmioctari [11-50-1 i3 mporpamaropom IIP-8, y po3uunu npu
11bOMY BBOJMJIM B SIKOCTi iHmmdepentHoro enektpority 1 mol/dm’ KNOs. PanioakTuBHicTs KaTona
BuMiptoBamu Ha ycraHoBIli PTIC 2-03T 3 niunneaukom CBT7.

OBI'OBOPEHHSI PE3YJIBTATIB

[lig yac gocmimkeHHs enekTpoiizy po3uuHiB Cu(NO;), BCTaHOBIIEHO Iepedir mapajebHuX
24+ . . o . . . . . .
pospsany Cu”'-ioHiB peakiliii BiTHOBIEHHS HITpaT-ioHIB 3a ydacTio ioHiB H;0":

NO; + 10 H;O" + 8 e — NH, + 13 H,0, E~=0870V (1)
HNO,+7H;0"+6 ¢ — NH; + 9 H,0, E;=0,864 V )
NO; +2 H;0" +2 ¢ — NO, + 3 H,0, Ey=0,835V (3)
Cu*'+2e — Cu’. Ey=0,340 V 4)

Lle miaTBEp/PKYIOTh BOJBTAMIICPHI 3aJICKHOCTI KaTOMAHOI MOJSpH3allil MiTHOrO €JIeKTpoaa B
posunHax Cu(NOs), 3 momimkamu pizHux kinmbkocted HNO; (puc. 1). OcoOauBICTIO KaTOIHOTO
BUJIJICHHST MiJli € HasBHICTh JBOX IUISHOK T'PAaHUYHOTO CTPYMY 3a TMPHUCYTHOCTI a30THOi KHCIIOTH.
[neHTHYHMI X1 KPUBHX Y BCIX €IEKTPOJITaX, 1110 MicTaTh HNO3, 1a€ MOXIUBICTh BUAUIUTH 3arajibHi
3aKOHOMIPHOCTI KaTOAHOro mpoiecy. B obnacti moreniianis 0,3...0,12 V, 110 BiAnoBigae moyaTky
KaTOJHOT TONApH3allil, CIOCTEpIracTbcsi MOHOTOHHE 3pOCTaHHS BEJIMYUHH CTPyMYy NpH 3CYBi
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MOTEHIliany B OIK HEraTUBHUX 3HA4YCHb. 3a3HaueHa 00J1acTh MOTEHI[IAIIB BIINIOBIIa€ YTBOPEHHIO 10HIB
OJTHO3aPSTHOT Miji Cu’, mo OyJiv BHSIBJICHI B PO3YMHI ITICJIS €IEKTPOJII3Y.

[Ipu motenmianax Big +0,12 mo -0,05 V cTpy™m nmocsrae TpaHHYHOrO 3Ha4yeHHsS. B oOmacti
noreniianie -0,05...-0,1 V BimOyBaeThcsi MOAANBINEG 3POCTaHHS CTPYyMY, IICAS 4YOr0 B IHTEpBai
norenmianie -0,1...-0,25 V coocrepiraeTbcs Apyra AUISIHKA TPaHUYHOrO CTPyMYy, IIOB’si3aHa,
HaifiMoBipHile, 3 BigHOBIeHHsAM ioHIB NO; (peakuii 1, 3), ockilbkM Ha KpHBHX 0€3 J0/JaBaHHS
A30THOI KUCIIOTH BOHA BincyTHsI (puc. 1, kpua /). [Toganbiie 301IbIIEHAS CTPYMY Ha MOJISIPH3aIiiHii
KpUBIii TIOB’s13aHE 13 BUIUICHHSIM BOJHIO.

J» mA/cm’
300 A

2004

100 4

Puc. 1. BonbTaMIiepHi 3a€KHOCTI KATOJHOI MOJISPHU3ALlii MiTHOTO €JIEKTPOo/ia B PO3YMHAX
0, 125 momns/om’ Cu(NO3), 3 momimkamu HNO; (MOJ'H)/I[M3)Z 1-0;2-0,01; 3-0,03; 4—-0,25.

Fig. 1. Current-voltage dependencies of cathode polarization of copper electrode in solutions of
0, 125 mol/dm® Cu(NOs), with HNO; additives (mol /dm®): 7 —0; 2—0,01; 3 —0,03; 4 — 0,25.

TakuMm YUHOM, Yy HITpPaTHIN CHCTEMi, KpIM KOHTaKTHOTO OOMiHY, MPOIIECOBI MiJHEHHS CTalli
3aBa)karoTh 1€ i MOOIYHI MPOIIeCH BiIHOBIICHHS 10HIB HITpATy Ta MPOAYKTIB iX BiIHOBJIEHHS (peakxiii
1-3). Sk mokazanm MJOCHIDKCHHS, YCYHYTH IX TMepedir MOXIJIMBO JOAaBaHHSAM JI0 PO3YHHY
KOMILIEKCOYTBOPIOrOU0i 100aBku riinunHy i [TAP emynsraropa OIl-10. Po3paxyHku mokasanw, 110 B
nyke Kuciii obmacti pH y mili cucTeMi nepeBa)karoTh BUTBHI 10HM Mimi. Y 3B’SI3Ky 3 LUM CTa€
3pO3yMiTUM, YoMy minBuilieHHs pH po3uuny Bix 0,9 1o 2,4 nmpu3BOIUTH 0 MIABHUINEHHS KAaTOIHOTO
Buxoay miai 3a ctpymoM (BC,Cu) Ta mokpaiieHHs SKOCTi MiTHUX MOKpUTTIB (Tadn. 1). KoMruiekcu
Miji, SIKi YTBOPIOIOTBCS MpH MiABHIIeHHI pH po3umHy Ta 30UIBIICHHI KOHIEHTpAIii JIOMIIIKH,
BUTICHSAIOTh 10HH HITPAaTy 3 TIOJBIMHOTO €IEKTPUYHOrO APy 1 YaCTKOBO yCYBAIOTh Mepedir moOiyHux
peakuiii. [1po 1ie cBiMYUTH 3MEHIIICHHS KUIBKOCT1 10HIB HITPUTY Ta aMOHII0, 1[0 YTBOPIOIOTHCS ITiJ] 4ac
CIIEKTPOII3Y JOCTIKYBAaHUX PO3YMHIB 13 JOMIIIKOIO, TIOPIBHSIHO 3 po3unHaMK Oe3 Hei.

Tabnuug 1. Brutus koHueHTpauii rninuny i pH po3unny Ha sikicts nokputtiB Ta BC,Cu.
Cxuan posunny: 0,125 mons/mm’ Cu(NO;), + x HNO; + y ritmn, j, = 2 A/am’

Table 1. Influence of concentration of glycine and pH of solution on the quality of coatings and CE,Cu.
Composition of the solution: 0,125 mol/dm® Cu (NO;), +x HNO; + y glycine, ji = 2 A/dm’

Ne KQHHeHTpamH 3 pH BC.Cu, BnacTuBOCTI IOKPUTTS
noMimky, mol/dm 10 Hicns %
1 663 TOMILIIOK 0,90 0.95 18.2 TeMHO-KOpI/.I‘IHeBe, GaraTtooobacHe,
MOPOIIKOMOAI0HE, OKUCHEHA CTPYKTypa
5 Ge3 IOMILIOK 2.5 2,50 89.3 TemHo-poxeBe 3 (i0IIETOBUM BiATIHKOM,
OKHCHEHA CTPYKTypa

7 0,10 2,15 2,20 62,7 Bruckyde 31 ciaigamu Bijg Oyap0amiok rasy
8 0,15 2,40 2,45 55,3 Bruckyde 31 ciaigamu Bijg Oyap0amiok rasy
9 0,20 2,40 2,45 53,2 Bruckyde 31 ciaigamu Bijg Oyap0amiok rasy
10 0,25 2,40 2,41 56,5 biuckyde
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BuBYeHHs1 3MiHM KOHIIGHTpAIliid i0HIB Yy MPHKATOTHOMY IIapi 3aJeKHO BiJl TYCTUHH CTPYMY
noJispu33alii npu pisHux pHy mokasano, mo B kuciiit obnacti (1o pHy = 2,5) mix yac enekrposiszy
KOHIIGHTpAIlil TipaTOBaHMUX IOHIB MiJi 1 KOMILIEKCY CuGl’ (Gl — rminuH) 3MEHIIYIOTBCS 3
MiZIBUIICHHSAM TYCTUHU CTpyMy. Y TPHKATOJHOMY MIapi MPUCYTHI B HE3HAYHIM KiIBKOCTI TaKOXK
CuGl,, xoHIEHTpaIlis SKUX MaJo 3aJeXHUTh BiJi TYCTUHH CTPyMY. 3TiJIHO 3 IIMMHU JAHHMH, JOTIYHO
Oyyi0 O NPUITYCTUTH, IO YTBOPEHHS TIJIIIMHATHUX KOMIUIEKCIB Mii BiOYBa€eThCsA MEPEBAKHO HaA
MOBEPXHI KaTo/a.

lle mnpumymeHHS MiATBEPUKYIOTh pPaJiOMETPUYHI JOCHI/DKEHHS MIJIHUX MOKPHTTIB,
OTPUMaHMUX 13 HITPATHOrO eNeKTpoiiTy. BoHuM mokazamu (puc. 2), MmO 3aleKHO Bif CKIamy
SNEKTPONITY 1 MaTepiany MiAKIAJAKA OJep>KyBaHi MiTHI MOKPUTTS MICTATh Pi3HY KUIbKICTh BKJIIOUCHb
JOCIiKyBaHOT JoMilIKH. HaifOinplia KimbKICTh BKIIOYEHB TIIIMHY CHOCTEpIradd y BHIAAKY
SNEKTPOOCADKEHHSI MiJi Ha MiJHY WiAKIaJKy 3 HITPaTHOrO PO3YMHY 3 TINUHOM (KpuBa 4).
3MEHIIIEHHS KUTBKOCTI BKIIIOUYCHD MPH TEPEXO/I1 Bil MiTHOT MiIKIaJKH 10 CTAJCBOI, OYEBUIHO, MOXKHA
MOSICHUTH BIUTUBOM CTPYKTYPH TOBEPXHEBUX IAPIB OCHOBU Ha CTPYKTYPY OJIEPKYBAHOTO MiJHOTO
MOKPHUTTS, & KUIBKICTh BKIIOYEHb € TICHO TOB’s3aHa 31 CTPYKTyporo ocaay. KilmbKicTh BKIIOYEHB
3aJIeKHUTh TAKOXK BiJl MaCH eJIeKTpoocapKeHoi Miji 1 mpucytHocti [IAP y pozunni. BBenenns OI1-10 y
po3unH (KpuBi /, 2) MOMITHO 3HM)KYE KUIBKICTh BKJIFOYEHB AOMIIIKH. OCKUIBKH MOBEPXHEBI XIMIYHI
peakiii € yyrnuBuMu 10 Ail IIAP, To nmpu BBemeHHI OUTBII CHIIBHO ajcopOoBaHOi opraHiuHoi [TAP
JOCII/PKyBaHa  JIOMIIIKA BHTICHSETBCS 13 TOBEPXHI  enekTpoia. B pesymbraTi  IHOTO
YHEMOXKJIUBITIOETHCSL TIEpedir eNeKTPOXIMIUHOI peakilii 3a MeXaHi3MOM, IO BKIIOYa€e IOBEpXHEBE
YTBOPEHHSI TPOMIKHUX KOMIUIEKCIB 1OHIB MiAl 3 ajcopOoBaHHM JiranaoM. ToMmy croctepiraerbest
3MEHILICHHS KUTBKOCT1 BKIIIOYEHB TIIIHHY .

2,0
d 4
mmolx10™
1,6
12- y 3
2
0,8
1
0.4- /'/

20 40 60 80 m, mg 100
Puc. 2. 3anexHicTh KUIBKOCTI BKIIIOUEHD TJIIMHY BiJl CKJIay €IEKTPONiTY i Marepiany karoaa. Ckiaa po3unuHy
(MOJIL/;[M3): 1, 2-0,125 Cu(NO;), + 0,12 HNO; + 0,25 i + 0,1 /v’ OI1-10;
3, 4-0,125 Cu(NOs), + 0,12 HNO; + 0,25 tinun; /, 3 — Katof ctaib; 2, 4 — KaToI Mijb.
Fig. 2. Dependence of the number of glycine inclusions on the composition of the electrolyte and cathode
material. Composition of the solution (mol/dm®): 7, 2 — 0,125 Cu(NOs), + 0,12 HNO; + 0,25 glycine + 0,1 g/dm’
OP-10; 3, 4—0,125 Cu(NO3), + 0,12 HNO; + 0,25 glycine; , 3 — cathode is steel; 2, 4 — cathode is copper.

Ha nomspuzaniiinnx kpuBux (puc. 3) 4iTKO BHJHO, IO BBEACHHS TJINHUHY Ta 30UIBIICHHS
Horo konmeHTpamii (kpuBi 2, 3) cHOpHAIOTH 3CyBY TNOTEHIiaNy B OIK HETaTHBHUX 3HAYCHb.
ExcriepuMeHTanbHi JaHi, TpenCTaBlieHI HAa pUC. 3, TaKOX CBiAYaTh NPO 3POCTaHHS KaTOAHOI
noJsipu3anii mpu 30UIbIICHHI KOHIEHTpalii THIMHY B po3unHi. J{UISHKa TpaHUYHOTO CTPyMY
Jp = 0,028 A/ent’ mpu KoHienTpauii raimuay 0,05 mol/dm’ (kpuBa 2) 3HaXOOMTHCS B O6IACTi
norentianis 0,08...-0,17 V. 36inbIuenns koumenTpanii zomimku 10 0,25 mol/dm’ nesnauno ii 3cyBae:
E,-0,05...-0,18 B, j, = 0,03 A/cm’ (kpusa 3).
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Puc. 3. TapiianbHi KpHBi KATOXHOT MONAPH3AIi Mii B pO3UHHi CKIaLy (MOIB/IM):
0,125 Cu(NOs), + HNO; + 1KNO; + rmimun: [ — 6e3 momimok; 2 — 0,05; 3 —0,25; pH=2.4.

Fig. 3. Partial curves of cathode polarization of copper. Composition of a solution (mol/dm?):
0,125 Cu (NO3), + HNO; + 1KNO; + glycine: / — without additives; 2 — 0,05; 3 — 0,25; pH = 2,4.

TpuBane BHKOPHUCTaHHS HITPATHOTO EIEKTPONITY 3 JOMIIIKOI TJINHHY TOKa3aio, 10
eIeKTPOXIMIYHO CTAGUIEHUM € PO3duMH Takoro ckiamy (mol/dm’): 0,125 Cu(NOs), + HNO; + 0,25
roimue + 0,1 g/dm’ OII-10. TMojgankiue KOPUIyBaHHS IBOTO EIEKTPOIITY JA€ 3MOIY OTPHMYBATH
sAKicHi MinHi moxpuTTs Ha crani. Kopurysanns 3a pH notpi6ue uepes koxsi 20...30 A-h/dm’. fkichi
MOKPUTTSL 3 JIOCTATHBOIO aJre3i€l0 Ha CTajeBid MiAKIAANI MOXXHAa OTPUMYBaTH B IHTepBali
pH = 1,0...3,2, onTumanbHa ryctuna ctpymy — 1,0...2,0 A/dm?; Gnuckyui i HamiBGmuckydi — mpu
pH = 1,0...2,3. Cnig TakoX 3a3HaYUTH, M0 31 30UIBIICHHSAM TOBIIMHHM IIOKPUTTS 3a OJHAKOBOI
T'YCTUHU KaTOIHOTO CTPYMY 3MIHIOEThCS Horo xapakrep. Tak, HANpHUKIAA, MTOKPUTTS 3 TOBIIMHOO
10...15 um XxapakTepU3yKOThCs TEKCTYPOBAHICTIO, a 3 TOBIIMHOK Oulbine, HDK 20 pum —
JPiOHOKPUCTAIIIYHOIO 130MEPHOIO CTPYKTYPOIO.

BUCHOBKH

1. EnexTtpoocamkeHHs MIUTBHUX IIapiB Mijli Ha CTalb 13 PO3YMHIB HITPATy € MOXJIUBHM 32
cymicHoi aii riminay Ta OI1-10. ITpu 11boMy TpoliecH KOHTAKTHOIO OOMiHY B CUCTEMi 10HH MiTi—3aii30
YCYBAIOTHCS MOBHICTIO, a MapallelIbHOT0 Nepediry peakiiiii BiTHOBIICHHS 10HIB HITPATy — YaCTKOBO.

2. PamioMeTpuyHUM METOJOM BHSBIICHO, IO TJIILIKMH BKIIOYAETHCS B MiIHI MOKPHUTTS, 1€ €
MiATBEPPKEHHIM KOHIICTIIIT Oe3mocepeJHhO1 y4acTi KOMILJIEKCIB Iijl Yac eJIeKTPOOCaPKEHHS METalliB.
Beenennst OI1-10 y HiTpaTHUI PO3YHH Ta BUKOPUCTAHHS CTAJIEBOI IIIKIAKU TOMITHO 3HIKYE Killb-
KiCTh BKIJIFOYEHOI JIOMIIIIKH, 110 CBITYUTH PO MOBEPXHEBE YTBOPEHHS KOMILJIEKCIB MijIi 3 TIIIIIHOM.

3. BusHaueHO yMOBH OTpHMMAaHHS SIKICHUX MiJIHUX TOKPUTTIB Ha cTami. SKicHI TMOKpHTTS i3
3aJIOBUTBHOI0 aJre3i€l0 Ha CTajeBid MiAKIaAli MOXHa oTpuMyBatd B iHTepBaii pH = 1,0...3,2 3a
ONTHMAaJIbHOI TycTHHHU cTpyMy — 1,0...2,0 A/dm’.
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