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Beryn

JoOpe BigoMo, 10 eNeKTPOXiMidHa KOPO3is € OJTHUM
3 TFOJIOBHUX YMHHHKIB PYHHYBaHHS METalIOKOHCTPYKIIIH,
MeTaneBux BUPOOiB i1 ix netaneit. Cepen pizHHX i BUAIB
0coOJIMBO HEOE3MEeYHOI 3a CBOIMHM HACITIJIKAaMH € TaK
3BaHa JIOKaJlbHa KOpO3is, KOJM aHOJHI peakuii
CaMOPO3YMHEHHSI METaJy 30CEPEIPKYIOThCS Ha OKPEMHX
HEBEJIMKHX 3a PO3MipaMH JIUISTHKaX MOBEPXHI, TOAI SK Ha
pelTi MOBEpXHI NepeBaXaloTh KaTogHi mpouecu [1].
Braciitok mb0ro BHHUKAIOTH TIIHOOKI BHpa3ku abo SMKH
(mitr) 1 HaBITP HACKPI3HI OTBOpPH, IO € OCOOIUBO
HeOe3rmeunnM. CXWIBHICTE METaliB IO JIOKaJbHOL
KOpO3ii Ba)KKO BHUSIBUTH Ha MOYATKOBUX CTaisiX, TOMY
BOHA 1HOJII CTae MOMITHOIO JIMIIE TOJI, KOJIU pyHHAIs
BJK€ 3HA4YHA; 70 TOrO  BiJ Takux ii BUIIB, SK IMITHHIOBA
Ta UIUIMHHA KOPO3is, BAXKO HAMIHHO 3aXUCTUTHCS
TPaAMUIHUM LUISIXOM HAaHECEHHS 3aXMCHHUX IOKPHUTTIB
(ranpBaniyHUX, JakodapOboBux, Tomo) [1]. IlirmHroma
(ToukoBa)  KOpO3is  HaWOULTBII ~ HeOe3medHa  JUIs
Oararoa3HMX CIUIaBiB, 4epe3 T€ IO Yy BOJOrOMY
CepellOBUIIIl HAa MOBEPXHI TaKOro CIUIaBy BHACIIIOK
CHIIBHOI HEOTHOPITHOCTI CKJany BHHHKAE Mepexa
MIKpOTaJIbBaHIIHIX €JIEMEHTIB.

SIk mpaBUIIO, TOYOK, B SIKHX MOXKYTh BUHHKATH ITiTH,
nyxe Oarato. IIpoTe BHHHMKHEHHS MITHHTY Ha OJHIN
IUIAHII 3MEHIIye HMOBIPHICTH HOTO IMOSIBM HA CYCiIHIX
JUISTHKAax, TOMY Micus Jokaiizauii miTiB (GopMmyroTbes
caMe Ha TO4aTKoBiil cranii koposii. OTxe Bizyamizawis
MITIB HA IMOYATKOBIM CTAJil KOPO3ii MOXKE TaTH 3MOTY SIK
BU3HAYATH CXWIBHICTh METANy JO WITHHTY, TaK i
MPOTHO3YBaTH NOJAIBIINI Xi KOPO3IHHOTO MTPOIIECy.

Tenep CXWIBHICTH METaNiB O MITHHTOBOI KOpO3il
BU3HAYAIOTh METOJAaMH, SKi MOXHA YMOBHO MOILUIMTH
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CJIEKTPOXIMIUHI Ta XiMIiYHi.

EnexTpoxiMi4Hi METOIM NPOTHO3YBaHHS IITHHIY
MOJISITAlOTh Yy JOCHIDKEHI Tak 3BaHOTO MOTCHINATY
po0O0I0 TACUBOBAHOTO METAITY, aHOJIHO IOJIIPU30BaHOTO
BiJl 30BHIIIHBOTO pKeperna Hanpyr [1]. [Ipumyckaerses,
0 B MOMEHT IPOOOI0 MMOYMHAE PYHHYBaTHCA 3aXHCHA
IUTIBKAa BHACTINOK YTBOPEHHS MIiTiB. BBakaeTbcs, 1mIo
YUM BUIIHAN MOTEHIiaT MPOOO0, THM CTIHKIIIHA MeTan
II0/I0 MITHHTY.

XiMigHI METOAM TOJraloTh y BUTPUMYBaHHI
MEBHUA dYac MOCHiKYBaHMX 3pa3KiB y arpecHBHUX
€JIEKTPOJITaX, MICIs YOro 3a JOMOMOIOK MIKpOCKOIa
MiIPaxOBYIOTh KUIBKICTh BHHHKIHMX IITIB, 32 SKOIO
BHU3HAYAIOTh CTIHKICTh METAJIy JI0 TOUYKOBOI KOpo3ii [1].

OTrxe, yci Lli METOIU € JNOCHTh TPYJOMICTKUMH, a
rojoBHe, 0a3ylOThCSI Ha JOCTIDKEHHI KOposii 3a
IITyYHHX YMOB, a TOMY HE MOXYTh JaTH HaIiiHHOTO
MPOTHO3Y IMONO NPUPOAHOI KOpo3ii Merarmy. Meroro

OBOTO  JIOCHIKEHHS Oyl0 BHSBHTH  MOJJIHBOCTI
xeMorpadiuHoro metoay [2] MIOAO CIIOCTEPEIKESHHS
MITUHTY Ha WOro paHHid cramgili Ta JIOCHIOUTH
ocobmuBocTi i€l  cramii  MITHHrOBOI  KOpO3ii

HEO/HOPITHUX 32 XIMIYHUM CKJIaJI0M [TOBEPXOHb.

I. ExcnepumeHTA/IbHI pe3yJibTaTH

Jmst mocmiKeHHsT MTHHTOBOiI KOpO3ii Ha paHHIK
ctanii HamMu OyJI0 BUKOPUCTAHO METOJ XeMorpadii, siKuid
JTO3BOJISIE Bi3yalli3yBaTH cJ1a00IHTEHCHBHI OKHCHI PEeaKIlii
Ha MOBEPXHI TBEPIUX T 3a IOMOMOIOK (DOTOILTIBKH.
CyTp MeTOmy IIOJSira€ B HACTYNHOMY. Y LIKOBHTIH
TEMPSIBi TIOBEPXHIO TBEPAOTO TilIa MIPUBOASTH HA TIEBHUMA
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CBiTJIOHEHDOHHKHa IoCYOHHA

Puc. 1. 3aranpHa cxema onepKaHHS XeMorpaMm. YMOBHO IMOKa3aHO AM(Y3iHHHHA pyX XeMmorpadidyHO aKTUBHHX

MIPOJYKTIB Bix Jpkepera 10 GoroeMyIbeii.

Yac y KOHTakT 3 eMyJbciero (oToruliBku (auB. puc. 1).
[Ipyu UpOMY MPOAYKTH KATOAHUX UM AHOJHHUX PEaKIii
(HaliiMOBipHiIIE, aTOMapHUA BOICHb) pEarywTh Y
¢dotoemynbcii 3 KpucTamamMu OpOMHCTOTO  cpibma,
BHACIIIOK 4YOro B HIiif YTBOPIOETbCS TPHUXOBaHE
300paxkeHHs] TOBepXHi TBepmoro Tina. Hacrynna
00poOka (HOTOIUIIBKM 3a CTAaHIAPTHOIO TEXHOJIOTIE0
MPOSIBJICHHS Ta 3aKPIIUICHHS JTO3BOJISIE OJIEPIKATH YIiTKE
300pa)KCHHS TOBEPXHI JOCIIDKYBaHOTO 3pa3Ka
xeMorpamy. Po3nozin onTH4YHOI TYCTHHM XeMOrpamu
BIITBOPIOE KOPO3iiiHYy aKTHBHICTH IIOBEpXHI 3pasKa:
YOpHINII  JUISHKA XEMOTpaMH  BiJIOBITAlOTh THM
OUITHKaM  TOBEPXHI  JOCTIMHKYBAaHOTO 3paska, e
OKHCIICHHS BiOyBaocs aKTHUBHIIIE.

VY miif poOoTi 3a JOMOMOTOI0 MeToxy Xxemorpadii
Bi3yalri3oBaHO (hOpMyBaHHs MHITIB Ha MOBEPXHI 3pa3KiB
mropaio J[16, BKpUTHX TOHKOFO IUTIBKOIO Mimi (puc. 2, 3,
4), Ha TOBEpXHI 3pa3Ka CTajli, BKPUTOIO TOHKOIO
IUTIBKOIO LUHKY (pUC. 5), moBepxHi Si 3 HaHECEHOIo
almoMiHieBOIO TUTiBKOIO (puc. 6). Ha mpencraBieHux
xemorpamax (puc. 2, 3) BHIHO, IO BXXE Ha CaMOMY

1oyaTtky KOpO3IMHOro Tpolecy Ha JOCITIKYyBaHUX
IDTiBKaX BHHUKAae Ayke Oarato npiOHmx miTiB. Tak, 3a
HalUMHM ~ [iApaXyHKaMd  JUIA ~ BUNAJAKY,  SKHH
NPEACTABIICHO Ha pHC. 2a, T[OBEpXHEBa TyCTHHA
BUHHUKJIMX HAa BKPHUTIH MIIHOIO IUTIBKOO YaCTHHI AFOPAIIS
niTie cknamae 270 + 40 mitis/cm? npu IXHbOMY AiameTpi
0,10+0,25 MM. 3 yacoM BiZJHOCHO HEBEJIMKA 3a KUIBLKICTIO
X yacTHHa “BWXKMBAE” 1 IOYMHAE PO3BUBATHUCH. Tak, /s
uiei x crpykrypu micins 29 roauH ii OKMCIEHHS Ha
noBitTpi  (puc. 2c) TOBepXHeBa TYyCTHHA IITiB
3MeHIIIach 10 ~4 miTis/cM> TpH 36iNBIIEHHI iXHBOTO
nmiamerpy mo 0,63+1,00 mm. [leski 3 BETUKUX IITIB,
aKTUBHO  “BHCBITHBIIMCHL’, 3aracaroTh, HAaTOMICTh
3’ SBIAIOTHCA iHII. VIMOBIPHO, YTBOPEHHIO AKTHBHHX
TIiTiB CIPUSIOTH HEOTHOPITHOCTI OTOYYIOYOTO
CepelloBHINA: HANpHWKIa#, Ha puc. 4 BUAHO, LIO
nepeBaykHa OUIBIIICTh BUHMKIMX IITIB yTBOpHJacs B
MICLISIX KOHTaKTy IOBEPXHI 3pa3ka 3 MpPOKIAAKOI0, sKa
3aJaBaja MNPOMDKOK MDK (DOTOILIIBKOIO 1 3pa3KoM.
OueBUIHO, Y TaKUX MICISIX OOMEXKEHICTh MPOCTOPY ISt
qudysii  3yMOBJIIOE TIOCWIEHHS UIIUIMHHOI  KOpPO3ii

Cc

Puc. 2. BizyanizoBana meronom xemorpadii gerpazanist y Bozi mopais J[16 3 ragpBaHiuHO HAHECEHOIO ITIBKOIO

Mizi (Ha mpaBiif YacTUHI 3pa3ka):

a) mepmi 15 xBuIMH iepeOyBaHHS CTPYKTYPH Y BOJII;

b)

¢)
HITIB y BUDJISA/ CBITHUX TOYOK.

[Mupuna Opycka mropains: 13 Mm.
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xeMorpama cTpykTypu uepe3 30 XBmiHH ii nepebyBaHHA y BoAi (dac xemorpadivnoi ekcro3uii — 15 xB.);
XeMorpama CTpyKTypH uepe3 29 roauH 1i nepeOyBaHHs y Boxai. Ha xemorpami 4iTKO BHJHO MiCIsl YTBOPEHHS
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Puc. 3. BizyanizoBana MeToiom xemorpadii aerpaaariist Ha MOBITPi aHAIOTIYHOT CTPYKTYpH — Atopajib J[16 3 ranbBaHiuHO

HAHECEHOIO TUTIBKOIO Mijli (Ha HW)KHIIM YacTHHI 3pa3ka):

a) Bigpa3sy micisi HaHeceHHs MifHoT riiBku. Yac xemorpadiuHoi ekcrio3uiii — 15 XB.;

b) wuepe3 1 o0y nepeOyBanHs 3pa3ka Ha noBiTpi. Yac xemorpadiynoi ekcriozuii — 20 xB.;

c) d4epe3 2 nobu nepeOyBaHHs 3paska Ha noBiTpi. Yac xemorpadiynoi excriozuuii — 40 xB.;

d) wuyepe3 3 nobu nepebyBaHHs 3pazka Ha NoBiTpi. Yac xemorpadiynoi ekcrozuiii — 100 xB.;

e) uepes 6 ni0 nepeOyBaHHs 3pa3ka Ha MoBiTpi. Yac xemorpadidnoi ekcriosuuii — 4 roz..

YMOBM HaHECEHHSI IUTIBKH: OYMIIEHY Bijl OKHCITy TOBEPXHIO AIOPAJIs [0 IMOJIOBUHM 3aHypeHO Ha 15 xB. y po3unn CuSOy (1

MoJIb / JtiTp). Po3mipu 3paska mropais: 40 x 37 Mm.

BHACJIIJIOK 3MiHH XIMIYHOTO CKIaxy po3unHy. CTpyKTypa
BUHHKJIMX IITiB pi3Ha: 1€ 1 NMPOCTO CBITHI TOYKH, 1
XapakTepHi MOTPiHHI CTPYKTypH: CBITHAa TOYKa, OTOUCHA
B pafiadbHOMY HAampsMi CIIOYATKy TEMHHM KiTbIEM, a
manmi — cBiTnuM KiteneMm (muB. puc. 7). Lle BimmoBimae
YCTaJCHOMY B JITeparypi VSBICHHIO PO IIT K IIPO

a ' b

KOpOJylou€ TOYKOBE 3arjIMOJICHHS, OTOYeHE 110
NeprUMEeTpy OKHCIIOM MeTaly (BIANOBiZa€ TEMHOMY
KIJIBLIIO), 32 SIKUM 3HaXOAWThCS 30HA KATOMHOTO 3aXHCTY
(BiamoBimae cBiTIOMY KiTbINiO) [1].

OKHCIEHHS TOHKMX IUTIBOK PpI3HUX MeETaliB Ha
pi3HUX MiAKIAAKaX BigOyBaeThCS IMO-Pi3HOMY: B OITHUX

Puc. 4. BizyanizoBana meronoM xemorpadii gerpagarmist Ha moBiTpi aropamst {16 3 HaHECEHOI0 METOIOM BaKyyMHOTO

PO3TOPOIIEHHS MiTHOIO TUTiBKOIO:

a) micis HAanopoleHHs MifHoi riiBku. Yac xemorpadiuHoi excrosuiii — 20 XB.;

b) wuepe3 1 noOy nepedyBanHs 3pa3ka Ha noBiTpi. Yac xemorpadiunoi excriozuii — 20 xB.;
c) depe3 2 noOu nepeOyBaHHs 3pa3ka Ha noBiTpi. Yac xemorpadiynoi ekcriozuii — 80 xB.;
d) dyepes 4 nobu nepebyBanHs 3pa3ka Ha noBiTpi. Yac xemorpadiunoi excrio3uuii — 2,5 ro..

Jiamerp 3paska gropais: 40 Mmm.
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Puc. 5. BizyanizoBana MeToioM xemorpadii Jerpaaaiiisi Ha MoBiTpi MOBEPXHI 3aJ1i3a, BKPUTOI HAHECEHOI METOIOM

BaKyyMHOT'O PO3IOPOLIEHHS ILUTiBKOIO Zn:

a) BiJpa3y micis HAMOPOUICHHs IMHKOBOT IUTiBKy. Yac xemorpadiunoi ekcrosuiiii — 25 xB.;
b) wuepe3 1 noOy nepedyBaHHs 3pa3ka Ha noBiTpi. Yac xemorpadiynoi ekcrosutii — 60 xB.;
c) depes 2 no6u nepeOyBaHHs 3pa3ka Ha MoBiTpi. Yac xemorpadiunoi ekcnosuii — 1,5 rox.;
d) w4epes 3 nobu nepedyBanHs 3pa3ka Ha noBiTpi. Yac xemorpadiuHoi ekcrio3uuii — 3 roz..

Posmipu 3pas3ka: 16 x 33 mm.
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Puc. 6. BizyanizoBana MetosoMm xemorpadii
JIeTpaiallisi aroMiHI€BOT TITIBKH, HAHECEHOT METOIOM
BaKyyMHOT'0 HAIOPOIICHHS Ha OBEPXHIO KPEMHIIO.

JIOCITiIaX TUTIBKK KOPOAYIOTh OJHAKOBO 110 BCiH OBEpXHI
(puc. 3, 4), B iHIIMX KOPO3is IUIBKH MOOIU3Y 11 kpato abo
migcuiaeHa (puc. 6), abo HaBmakw, ociadieHa (puc. 2).
OTxe MeTox xemorpadii 1a€e yHIKaIbHY MOXIUBICTh
mo0avYnTH TIpoIleC 3apO/KEHHS ITHHTOBOI KOpO3il i
TOYHO BHUSBUTH MICIS YTBOPEHHS IITIB HA IMOBEPXHAX
JOCII/DKYBAHUX 3pasKkiB OyKBaJbHO Bigpasy mmichs Ix
3apokeHHs. Haa3BuuaifHO BUCOKY 4YyTJIMBICTH METOIY
00yMOBIIIO€, IO-TIepLIe, T€, IO MPOLEAYPa MPOSBICHHS
doromiBkn micHmoe rycTHHy ii mouopHinHs y ~107
pasiB, a mo-pyre, MOXJIMBICTh HAKOMMYEHHS ITPOIYKTIiB
KOpo3ii 3a paxyHOK 30UIbIIEHHS 4Yacy xemorpadidHoi
excrio3unii. CHpUATIMBUM € Te, MO0 B II€peBaXkHii
OINBIIOCTI BHINAJKIB KOPO3is METaNiB BiOyBaeThcs B
CITa0OKOHIIEHTPOBAHUX €IIEKTPOITITaX, SIK1 HE
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Puc.7. Xemorpama KOpoOIyH4oi MiIHOI IUIIBKM Ha
moBepxHi 3pa3ka J[16 Ha HinsgHI BHHUKHEHHS TITY.

PO3KJIaaloTh KpucTanu OpoMucroro cpibma 1 He
BIUIMBAIOTh Ha TIIPOSIBIEHHS (OTOIUIIBKH, a TOMY
JIO3BOJISIIOTH  BECTH JOCIHIDKEHHS KOpO3il B Ppi3HHUX
CepeIoBHIIaX.

BucHoBku

TakuM 4YMHOM 3a JOIOMOrOI0 METOHy Xemorpadii
BIIEpIIE Bi3yaJi30BaHO IIOYAaTKOBY CTaJil0 KOpO3ii,
30KpeMa, pO3BUTOK miTWHTY. IIpencraBieHi mocmiam
OO0 Bi3yamizamii KOpO3iHHMX MPOIECiB BiIKPHBAIOTH
IIMPOKI TIEPCIIEKTUBU TMOAATBIINX JOCHIIKEHb KOPO3ii
HAMPI3ZHOMAHITHILIMX CUCTEM.
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An experimental results of vizualization of corrosion processes in metall — metall film systems are represent. An
initial stages of corrosion are vizualized for the first time, including the local corrosion and the development of pitting
particularly. This experiments offer the challenge for further inquiry of corrosion processes in manifold systems.
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