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HA®TOrMA30MNPOBOAIB ENIEKTPOXIMIYHHUMUN METOLOAMU
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Toxazano, wo 0nsa oyiHIOBaHHA eKCnayamayiinoi Oeepadayii mamepiany 6eauxi NepcneKmusu Maec
BUKOPUCMAHHA  e/IleKMPOXIMIYHUX HNOKA3HUKIE AK Y AAO0pAmMOpHUX YMO8ax, mak i O1a MeXHIYHO20
OdiaeHocmysanuss CmMany mamepianié KOHCMPYKYil, wo excniyamyromocs. Pospobaeni Haykogo
O00IpYHMOBAHI NiOX00U O BUKOPUCMAHHA GI0OMUX 1 VOOCKOHALEHUX ABMOPAMU eNeKMPOXIMIUHUX
MemoOie  00CNiOJCeHb Y BUBHEHHI  eKCHAyamayiunoi  Oeepadayii  cmaneu  MAaciCmpaibHUux
Haghmoeazonpoeodie. Bcmanosneno pisHy yymaugicmo eieKmpoXiMiUHUX HOKA3HUKIE 00 eKCHIYyamayiiHol
Oeepadayii mpyonux cmaneu. Hatleuworo makow uyymaugicmio 60100i€ NOAAPUZAYTUHUL  ONIp.
Excnepumenmu euxonani na mpyouit cmani 1711C ¢imuusnsano2o supoOHuymea, a maxoxc cmaii X52
imaniticoxoz2o eupobruymea (muny 17ILC) i muny 10 I'C mpy6 (ppanyy3oko2o eupobruymea y suxionomy
cmani (konmponvha mpyba y cmani nocmasxku) ma nicisa excnayamayii 6io 28 oo 40 poxis. Bcmanoséneno
BUCOKY YYMAUBICMb eIeKMPOXIMIYHUX NOKA3HUKIE 00 CIMPYKMYPHO— XIMIYHOI HEOOHOPIOHOCMI PI3HUX 30H
38apHo20 3’ €OHaHuA. [lokazano nepcnekmugHicms BUKOPUCHIANHA eNeKMPOXIMIYHUX MemO00i8 00CTI0NCEHD
07151 HEPYUHIBHO20 KOHMPOIIO CIMAHY Memaiy mpybonposody 6 npoyeci tio2o eKcniyamayii.

Kurouoei cnosa. nomenyian xoposii, xoegiyienmu Taghenss, cmpym Koposii, noaspusayiinuii onip,
CMPYKMYPHO— XIMIYHA HeOOHOPIOHICMb, MIKPOELEKMPOO.

THokazano, umo 015 oyeHKu IKCHIYAMAYUOHHOU Oe2padayuu Mamepuana 60viiue nepcneKmuesbl umeem
UCTIONBL306AHUE  DNICKMPOXUMUYECKUX noKazamenel, Kak 6 J1aO0pamopHuiX YCIogusax, Maxk u Ol
MEXHUYECK020 OUACHOCMUPOBAHUSL COCIOSIHUSL MAMEPUATO8 KOHCIMPYKYULL, KOMOPble IKCIILYAMUPYIOMCS.
Paspabomanwr nayuno obochosanuvie noOX00bl K UCHOIb30BAHUIO UZBECHHBIX U YCOBEPUICHCINBOBAHHBIX
asmopamu Memooos8 INeKMPOXUMULECKUX UCCIe008AHULL 8 U3YUEeHUU IKCHIAYAMAYUOHHOU Oe2padayui
cmanei  MAacuCmpanrbHulX — He(hme2azonpogooos.  YCmamoeneno — pasiuunylo  4yCMEUmenbHOCHb
INEKMPOXUMULECKUX NOKA3amenell 8 IKCNIyamayuoHHou oeepadayuu mpyousix cmanei. Camotl 60160
YYECBUMENLHOCMbIO  0071a0aem NOAAPUSAYUOHHOE CONnpomueieHue. IKCNepUMeHmyl BbINOIHEHbl HA
mpyonoti cmanu 17I11C omeuecmeennozo npou3eoocmea, a makxce cmaiu X952 UMAIbAHCKOZ0
npoussoocmea (muna 17I1C) u muna 10 I'C mpy6 gpanyy3zckoco npouzso0cmea 6 UcCX0OHOM COCMOSIHUU
(xonmponvuas mpyba ¢ cocmosnuu nocmaexu) u nocie skcnayamayuu om 28 0o 40 nem. Yemanosnena
BbICOKASL  YYBCMGUMENbHOCL — DNIEKMPOXUMUYECKUX — nokazamenei K CHPYKIMYPHO-XUMUYECKOU
HEOOHOPOOHOCIMU PA3IUYHBIX 30H C8APHO20 coedunenus. Tlokazana nepcnekmugHOCHb UCHOTb308AHUSL
IAEKMPOXUMUYECKUX MEMOO08 UCCAeO08AHULL OISl HEPA3PYUAIOWe20 KOHMPONS COCMOSHUSL Memanla
mpybonposooa 6 npoyecce e20 IKCHILYamayuu.

Kniouesvie cnosa:. nomenyuan xopposuu, kodgguyuenmol Taghens, mok xoppozuu, NOAAPUZAUUOHHDLU
conpomugneHue, CIMpyKmypHO-XUMU4eCcKas He0OHOPOOHOCHb, MUKPOIIEKMPOO.

Electrochemical indexes have great potential for evaluation of operational degradation of the material use
in laboratory conditions and for technical diagnostics of material structures with long operating time.
Experiments were performed on steel pipe 17G1S produced in Ukraine and steel X52 of Italian production
(such 17G1S) and type 10 GS pipes of French production in the initial state (control pipe as delivered) and
after operation from 28 to 40 years. Science-based approaches were developed for using well-known and
improved methods by authors of electrochemical research in the study of operational degradation steel of
trunk pipelines. Different sensitivity of electrochemical performance was found for operational degradation
of pipe steels. The highest sensitivity has polarizing resistance. The high sensitivity of electrochemical
parameters was found for the structural and chemical heterogeneity of the different zones in the welded
joint. The prospects of using electrochemical research methods were showed for nondestructive testing of
pipelines’ metal during its operation.

Key words: corrosion potential, Tafels’ indexes, corrosion current, polarization resistance, structural and
chemical heterogeneity microelectrodes.
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3 KOXHHUM pPOKOM HadTOra3oTpaHCIOpTHA
cucTeMa YKpaiHu cTapie, HapOCTaloTh MPoOIeMH 3
HagiiHOCTI Ta edeKTUBHOCTI 11 eKcIuTyaTarii.
TakuM uHMHOM, Ha Ti3HIA CTamii ekcruTyaTarii
radroraszonposoais (HI'TI) oco6muBo akTyaabHOIO
HAYKOBO-TEXHIYHOIO po0IEeMOF0 cTae
3a0e3MeyeHHs] TeXHIYHOI HAAIHOCTI Ta Oe3medHoi
eKCIUTyaTalii MA3eMHUX TPYOONMPOBOIB LIISIXOM
3aCTOCYBaHHs METOJIIB TEXHIYHOTO MiarHOCTYBAaHHsI
Ta pPO3po0JieHHS e(QEeKTUBHUX METOJIB OIIHKH
Mpare3 aTHOCTI  €KCIIyaTOBAaHOTO  MarTepiaiy.
OcraHHIM YacoM Taki MOCHTI/DKCHHS Ha0yBaroTh
IHTEHCHBHOTO PO3BHUTKY [1-3].

s ouiHIOBaHHS Jerpajamnii MaTepiany BeHKi
MEPCICKTUBH MAa€ BUKOPHUCTAHHS €IEKTPOXIMITHHIX
MMOKa3HUKIB SIK y JJaOOpPaTOpHUX yMOBaX, Tak 1 s
TEXHIYHOTO JIIarHOCTYBAaHHS CTaHy MaTepialiB
KOHCTPYKILiif, (0 TPHBAJIO CKCILTyaTyIOThCS [4]. o
MOKA3HUKIB, SIK1 NOTEHI[IHHO MOJKHA
BUKODHCTOBYBAaTH JUlsl L€l MeTH, HalexaTh
[TOTEHLI AT K0p0311 Ecor, kK0eimientn Tadems byi by,
CTPYM KOpO3ii Ta CTPyM 3a NEBHOIO INOTEHIIany
(HaHpI/IKJ'IaI[, —3OOMB jeor 1 J-300 BIAMOBITHO,
nomsipusaniiinmii omip Rp [3]. B poborax [3, 5]
BCTAHOBJICHO 3MiHY IOJIIPU3AIIITHOTO OMOpPY CTal
17/m1C ra30IpPOBOY, CIIPUYUHEHY fioro
eKCIUTyaTaIli€elo, TpPH IIbOMY BIiH 3MCHIIYETHCS
MPAKTHYHO MPOMOPIIIHHO POCTY Yacy eKCIUTyaTaiii
Ta Crajy MEXaHIYHUX MapaMeTpiB MEeTamy.

OTxe, iCHye KOpemALis MiX, 3 OZHOTO OOKY,
3MIHOI0O MEXaHIYHUX BJIACTHBOCTEH, a 3 IHIIOr0 —
3MIHOIO EJIEKTPOXIMIYHHX ITOKa3HHUKIB. SIKmo ix
BU3HAYaTH Ha MPAKTHIII, TO TAKy KOPEJSIIII0 MOXHA
BUKOPUCTAaTH Ui PO3pOOJICHHS  BiAMOBITHOTO
METO/ly HEPYHHIBHOTO KOHTPOIIIO CTaHy Marepiaiy.
Bin cayryBaTuMe iHAMKAaTOpOM SK CTPYKTYPHHX
3MiH, TaK 1 CyOMIKPONOLIKO/DKEHOCTI MeTaly Ha
paHHIX  CcTamifx, OCKUTBKM ~ BOHM  SIBHO
€JICKTPOXIMIYHO JYTIIHUBI.
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Tomy wMeTo0 [aHOi POOOTH € TIiIBHINCHHS
HaJIMHOCTI (QyHKIIOHYBaHHsA Marictpanbaux HI'TI
HIITXOM PO3pOOJICHHS Ta BUKOPHUCTAHHS
SIEKTPOXIMIYHUX METOMIB JOCIiKEHb.

ExcnepumeHTH BUKOHAHI Ha TpyOHiM crami
17T1C BiTUM3HSIHOTO BUPOOHMIITBA, 4 TAKOXK CTalli
X52 iraniticbkoro BupoOHmirTBa (THmy 17T1C) i
iy 10I'C 1py6 (panuysskoro BUpoOHMUTBA Y
BUXITHOMY cTaHi ( KOHTPOJIbHA pr6a y craHi
HOCTaBKI/I) Ta micns ekcioryatarii Bim 28 mo 40
pokiB. [iameTpu TpyO ctanoBunu 275...1420Mm a
TOBIIMHA CTIiHOK 7...21mM XiMIiuHMNM cknang i
MEXaHiYHI BJIACTUBOCTI JIOCHIDKYBAaHUX CTaslei
HaBeneHl B Ta0u. 1 1Tadi. 2.

CrpykTypa JAOCHDKYBaHUX TPYOHHX Craleii
CKJIa/aJiach, I(le 3epeH (eputry 1 mepiuity, i3
BUTATHYTHX CTPIYKOBUX BKJIIOYECHb CYNIb(DITy
Maprasirio. SIk rapsyekaTaHUM CTaJsAM M BIIACTHBA
TEKCTYpOBaHa CTPYKTYpa, BOJIOKHA SIKOT
opleHTOBaHl B Hampsami TPOKATKH — TBlpHOl TpyOH.
3arajgoM MIKpOCTPYKTYpYy CTaJied y BUXIIHOMY Ta

eKCIUTyaTOBaHUX  CTaHaX  MOXKHA  BBa)KaTH
OJTHAKOBOIO.

[HTeHCHBHICTP  KOpO3iHHMX  MpomeciB i
HABOJHIOBAHHS BIIPOJIOBXK eKCTUTyaTamii

TpyOOIIPOBOY yV HIDKHIHM 1 BEpXHIH YacTHHAX TPYyO
MOXe BiApi3HATHCA. TOMYy y HOCTIIKCHHIX YacTo
BuAULIM 1i (parmentu TpyO (puc. 1). 3aBusku
LBOMY MO’KHa OyIo TIOPiBHIOBATH
(hi3MKO—MEXaHIUHI Ta_eNCKTPOXiMi4Hi BIACTHBOCTI
cTajei y HWKHIH 1  BepXHIH  JOIJSHKAX
eKCIUTyaTOBaHHX TPYO.

EnekTpoxiMivHi  JOCHIUKCHHS. [POBOJMINCH
3rifHO BimoMux MeToauk [6] Ha moTeHIiocTaTax
I[1-5827M ta IPC-Pro 3a TphOXEIEKTPOIHOO
CXEeMOI:  3pa3oKk —  pobouuit  enexTpon,
JTOTIOMDKHHUN €JIeKTPOJ — IUTATHHOBHH, €IEKTPOJ
MOPIBHSHHSA — HACHUYCHMH XIopcpiOnmit (puc.2).

Taoaunsa 1 —PeriiamenroBanui ximiunmii ckiaajn craaeit 17I'1C, X52 i 10I'C

Crainp C, % M, % Si, % V, % Nb, % S, % P, %

17m1c 0,20 1.3 0,4 - - <0,04 <0,01
X52 0,23 0,94 0,33 0,015 0,03 0,018 0,006
101C 0,10 1,58 0,30 0,03 0,029 0,004 0,019

Taoauus 2 —PerstamenroBani MexaHiuHi BiaactuBocTti crajei 17T1C, X52 i10I'C

Cranb oB, MIla c0,2,MIla 3,% KCV-40°c, Tdcm2
1711C 510 363 20 39,6

X52 464 366 21 -

101rcC 445 270 22 -
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H-3

"B—3" — gepx-306niwmniil; " B— BH" — sepx-
enympiwniu;, " H— BH" — nu3z-enympiuniil;
"H=3" — nusz-308HiwHil

Pucynox 1 — BepxHsi Ta HUKHS JOCTiTKyBaHi
OUITHKHY €KCIJIyaTOBaHUX TPYO

Hust JIOCITIJPKEHb BUKOPUCTOBYBAJIN
LHWIHIPHYHI 3pa3Kd, BHUpi3aHi 3 CTajal Tpyou y
pi3HHX  cTaHaX. 3pa3Kd  3alpecoBYBAIM Y
¢rToporulact, poOOUOI0 MOBEPXHEIO CIYryBaB
Topens ImMIiHApa (miamerp 4 MmM). 3 MeTOIO
OTPUMAaHHSI TOBTOPIOBAHUX PE3yJIbTaTiB MPH 3aIUCi

MONSIPU3AlifHUX ~ KPUBHX  OCOOJIMBY  yBary
OPUAUIUIA ~ MATOTOBI — IHOBEepXHi.  Pobouy
HOBEPXHIO  Mepel  KOXKHHM  EKCIIEPUMEHTOM
3aydIad  JIpiOHO3EPHUCTHM  HUTIQyBaTbHUM

nanepoM, 3HEKHUPIOBAIN B alleTOHI, MPOMUBAIIN B
IACTHIROBAHI  BOAI, MCIS  TPOCYITyBaJIH
¢binpTpyBasIbHUM TanepoM. BukopucroByBamu Tpu
3pa3Ku U1 KO’KHOTO BHMIPIOBAaHHS, OTpUMAaHi JaHi
yCepeaHIOBAIIH.

Pucynok 2 — TpboxesleKTpoAHAeJIeKTPOXiMiuHa
KOMipKa, mix e1HaHa 10 mMoTeHIiocTaTa
IPC-Pro, kepoBaHOro KOMII' O TEPOM
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[Ticns 3aHypeHHs 3pa3Ka y pO3UUH PEECTPYBaH
MOTEHINa] YNPOJOBX HE MEHIIe TPhOX TOJIVH,
mpuiiMaroud 3a cTaumioHapHui moteHuian Ecr
MOTEHIliaJl HANpHUKiHII BUTPUMKH 32 YMOBH, IIO
3MiHa TmoTeHmiady 3a ocranHi 0,5rom He €
oinpmoro 5 MB.

Ilpu moCHiKEHHSX KIHETUKH EIEKTPOIHHUX
MIPOIIECiB MOTEHLI0JMHAMIYHUM METOJIOM
MOTEHIIad ENIEKTPOLY 3MIiHIOBAIM 3 IEBHOIO
moctifinoro mBuakictio (1 MB/c Ta 50 MB/c) Ta
(dikcyBanu 3MiHy cTpymy. Ha ocCHOBiI aHami3y
orpuManux mojspusarniinux kpusux (E = f (Ig i)
BU3HAYaNX 0a30Bi €JIEKTPOXiMiUHI XapaKTepPUCTUKU
JIOCITI/DKYBAHOI CTalli — TOTEHINan Koposii F,
CTPYM KOPO3ii icor TPAaHMYHMIN qU(Y3IHHUNE CTPYM ig
ta koe(imientu Tadens a, b.

B pobori [7] Ha ocHOBi aHajily aHOIHHUX i

KaTOAHUX  MOJSAPH3AIlHUX  KPUBUX  PI3HHUX
KOPO3iHHHX CHCTEM <«MeTall — CepeJOBHILE»
BHUSIBJICHO, M0 HaXWI TMOJAPHU3AIAHOT KpPHUBOI
AE/Ai 1ipy 3HAYEHHSX IOTEHIANIB OJU3BKUX 10
MOTCHITIATY KOopo3ii XapaKTepHU3ye omip
€JIEKTPOXIMIYHOI peakwii Kopo3ii:

AEIANi = R, = Klicr, (2)

ne R, — nmonsgpusauniiiauii onip, K — KOHCTaHTa, 10
3rifgHo 3 [8] BU3HAYAETHCH TaK:

K = bybJ/[2,3~(ba+ by)], &)

b, i by — xoedimientu B piBHsHHI Tadens aHOAHOT
Ta KaTOMHOI peakxilii BiJ{OBITHO.

Oco0IMBOCTI  €JCKTPOXIMIYHMX IPOLIECIB Ha
BHYTDIIIHIA TIOBEpXHI CTajeBOi TpyOW mpu
TpaHCIIOPTYBaHHI ~ HAaQTH  MOJEIIOIOTHCS  Ha
auckoBomy obeproBomy enektpoai (AOE) [9+12].
Meton [JOE € 0co0muBO KOpPUCHHUM IIpH
JOCHiDKeHHsIX — audy3idiHUX — cTamidi  Koposil
(Hmampukiaam, B HEHTpalbHHX CePeloOBHUINAX). Y
BOMY BHUMAJKy MIBUAKICTE PO3YMHEHHS HE
3aJICKUTh BiJl TPUPOIU METANy 1 KOHTPONIOETHCS
nudys3iiHO KiHeTHKOO [9)].

B enekTpoxiMiyHiii KoMipii 3 00EpPTOBHM
JIMCKOBUM  €IICKTPOZOM 00'eM  po3unHy (3a
TPaHUISIMH TIOABIMHOTO MIAPy) PO3ALISAIOTE HAa TPH
o0jacti: obmacTh AU(QY3iIHHOTO TPAHUYHOIO APy
dq; 00NacTh TiIPOAMHAMIYHOTO TOTPAHUYHOTO
mapy O, 00JacTh IHTEHCHBHO HEPEMILIyBaHOIO

pO3uMHy, SKHH  3HAaXOAWTHCS 33  MEKaMH
TiApOAMHAMIYHOTO MMOTPaHUYHOTO mapy.
Hudysiiiauii rpaHUYHUA Ta TiIpOAMHAMIYHHUHA

NOTPAaHUYHUN [apyd MAlOTh OJHAKOBY TOBIIUHY
JUTSL YCIX TOYOK ITOBEPXHI OOCPTOBOIO E€JIEKTPOJa,
TOMY TYCTHHAa CTPyMy Y BCiX TOYKax JUCKY
OJTHAKOBA.

3rigHo 3 po3paxyHKaMH, TOBIIHHA AU(Y31HHOTO
mapy Oq Ha OOEpPTOBOMY IHCKOBOMY €IIEKTPOIi
nopiHoe [9]

8q=1,620"°v"° 02, (3)
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Jie ® — KyTOBa IIBUIKICTh O0EpPTaHHS TUCKY, paj/c
(co = 2mn, e N — uncno obepTiB AUCKY 32 CEKYHIY,
¢™); v — kiHeTH4Ha B'I3KicTh posunHy, cmi/c; D —
koediient audysii i0HIB, MO PO3PSIHKAIOTHCH,
cmTc.

Bukopucrosytoun ¢dopmyny (3), 3HaXOIUMO
BUpa3 JUIst TYCTHHU TU(Y3IHHOTO CTPyMY i

o= O’GZFD2/30)1/2V—1/6_ c° - @, (4)

ne C° — o0'eMHa KOHIEHTpAIlis IOHIB, IO
PO3PAIKAIOTECS, MOJB/CM3; cC KOHIICHTpAIIist
10HIB, IO PO3PKAIOTHCS HA TIOBEPXHI €IIEKTPOa,
MOJIb/CM3; Z — BaJICHTHICTBh peakuii nepeHocy; F —
crana ®Papanes, K.

IIpn LIBUKOMY obepTaHHi MIPOLECH
BIIHOBJICHHS Ha TIOBEPXHI MPOXOAATH IyXKe
IIBHJIKO, TOMY MOHa BBaxatu, mo C= 0. Toxi
noriepeiHs opMyiia Oye MaTH BUTIIS

inz = 0,62ZFD"P0™> 8. C°. (5)
Jns BUMIpIOBaHHS EJIEKTPOXIMIYHUX
XapaKTePUCTUK  BUKOPHCTOBYBAJIM  YCTAHOBKY

(puc. 3), ska ckimagaeTbcs 3  EICKTPOXIMIYHOTO
mporpamaTtopa, IO  peallidye€  eIeKTPOXIMiuHi
METOAUKU. [HKIIYHY  BOJBTAMIICPOMETPI0 B
KOMIipIIi 3 HEPYXOMHUM €IICKTPOJIOM,
BOJBTAMIICPOMETPi0O  HAa  CNEKTPOMi,  SKWi
obepraerncs. Ilomsipuzariiss JUCKOBOTO €IEKTPOa
3MIHCHIOETHCS JIHIHHO.

Mepen nocmimxenasm JIOE BcraBmsimm y
(hropomIacToBy ONpaBKy 1 IwIihyBaad TOpELb
JpiOHO3EPHUCTUM ILTIQYyBaILHUM MarepoM, Micis
YOro TMIPOMHUBAJIA  allETOHOM  Mapku  «XU»,
migcymyBanu — QiNbTpyBaJbHHUM — TalepoM  Ta
3arBUHYYBIH B By30n Jo yrnopy. [loxuOka
BCTAQHOBJICHHS IIBHIKOCTI OOEpPTaHHs eJeKTpola
0,2 +0,8 %. EnexkTpoxiMiuHi  XapaKTEPUCTHKH
3aMUCYBald Ha JIBOXKOOPAUHATHOMY CaMOITUCII
TUITY -307. BukopucToByBan CKJISIHY
elekTpoxiMiuny komipky (puc. 3), oOmamHaHy
OTBOpPaMH ISl JOMOMDKHOTO  €JeKTpoja Ta
€JIEKTPO/Ia TIOPIBHSIHHS, a TaKOX JUIS JOJAATKOBOTO
BBEJCHHS PO3YMHIB Ta TMOJA4i iHEPTHOTO rasy.
Jomomikanii  emexTpox (IIaTHHOBA IUIACTHHA)
3HaXOJHMBCS B €MHOCTi, 3allOBHEHIH PO3YHHOM
(DOHOBOIO  CIIEKTPOJITY Ta  CIOJYyYCHIH 3
JOCTIDKYBAHUM ~ PO3YHHOM.  [IpHETICKTPOTHUIA
MPOCTIp JOTIOMIXKHOTO EJIEKTPOAa BiJl pPO3UYHMHY B
KOMIpIIi BiJIOKPEMIICHHH MTOPUCTOIO TIEPETOPOIKOIO.
Enexrpon mopisusaus (AgQ|AQCI) min'ennanmii mo
KOMIpKH yepes Karisip Jlyrina—T"aGepa,
3alOBHCHUH PO3YMHOM (HOHOBOTO EJIEKTPOJIITY.
Jlns nocnmipkeHs TpU MABUIICHUX TEMIIepaTypax
(313 ta 323K BHKOPHUCTOBYBAIM aHAJIOTIUHY
CKJIIHY KOMIpPKY, OCHAIlEHY BOISHHM KOXYXOM,
i€ THAHUM IO TEPMOCTATA.
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Pucynok 3 — YcraHoBka 1/ nOaAsApu3amiiiHuX
pocaizkens Ha JJOE

JOE mpu 3amaHiii mBHAKOCTI 0OepTaHHS
BHUTPUMYBAIH 1O CTAaIliOHAPHOTO TOTEHINAy, Aaili
3ajJaBalld  aBTOMATHYHY KaToJHy a00 aHOIHY
posroprky morenmiany (50 mBlc). JocmimkeHHs
MPOBOAMIN TP TPHbOX IIBUAKOCTAX OOCpTaHHS
3paska (N = 10, 20,50 0f®) y ™MoaenbHOMY
CEPEIOBUIIII TTiITOBAPHOI BOJIH.

JIs  eneKTpOXiMIYHAX BHUMIPIOBAHb IITHPOKO
BUKOPUCTOBYETHCS MiKpOCJIeKTpOI[, KN
CKIIQJIA€ThCsl 3 €NIEKTPO/Ia TOPIBHSHHA 3'€/IHAHOTO 3
KaliIsipoM, — 3allOBHEHUM  €JEKTPONITOM, 1
JIOTIOMI>KHOTO TUTATHHOBOTO eJICKTPOJIa,
MIPUEIHAHOTO J0 CTIHKK Mikpokarissipa [13].

KoHucrpyxkitis B1JIOMOTO MIKPOEJICKTPoIa
JI03BOJISIE BUMIPIOBATH EJIEKTPOAHMN MOTEHLIAN 1
CTpyM B Kailli eNEKTPONiTYy Ha MOBEpPXHi
METaJICBOTO 3pa3Ka, aje He 3a0e3nedye MOKIMBOCTI
BUMIPIOBaHHS KOHIICHTPALIIl 10HIB B €JICKTPOJITI Ta
NIPOBE/ICHHS  €JIEKTPOXIMIYHMX BUMIDIOBaHb Ha
CTPYKTYPHHX CKIIaIOBHX IIOBCPXHI CIUIaBiB 1 B
KOPO3iHHUX TpillMHAX. s KOHCTPYKITis
3a0e3medye HEBHUCOKY TOYHICTH BHMIpIOBaHB, TaK
K JIONOMDKHHMI  [OJSPU3YIOYMA  TUIATUHOBHIA
CIIEKTPOJL, TOKPUTHIi JiCICKTPHYHOIO i30IIALIEI0 110
BCil O14HIi IOBEPXHi, BCTAHOBIICHUI Ha 30BHILIHIN
CTIHII MiKpoKanipa. Takoxk I KOHCTPYKIis He
3a0e3meuy€e MBUIKOTO 3aIOBHEHHS MIKPOKAILIApa
CIIEKTPOJIITOM, IO 1 BelAe [0 3HMKCHHS
MIPOTYKTUBHOCTI HAYKOBUX JTOCIIIKCHb.

Tomy OGyno mocTaBieHO 3ajady CTBOPHTH
TakWii  MIKPOCTCKTPOA I  EJICKTPOXIMIYHHUX
BUMIPIOBaHb, B SIKOMY JIOJAaTKOBE BBEJCHHS
10HOYYTIIMBOTO  €JIEKTPO/Ia, HOBE PO3MIMICHHS
JIONIOMDKHOTO  TIOJISIPM3YIOYOrO  €JIEKTPoja  Ta
I0HOYYTIMBOTO €NEKTPOAa B KaHaIl MIKpOKAmisipa
1 HOBE BIJHOLICHHS  30BHIIHBOIO  JiaMeTpa
JieNeKTPUYHOI  130MsMii IUX  eJIeKTPOIiB 10
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BHYTDILIHBOTO [JiamMeTpa KaHaly MiKpOKamiaspa
JO3BONIMIO O 3a0e3meyuTd 3MEHILEHHs BIUIUBY
ONMyKarouux CTPyMiB MpH KOPO3ii Ha pe3yiabTaTH
BUMIPIOBaHb Ta CKOPOYEHHs Yacy 3allOBHEHHS
MIKPOKAIIJIsipa €NEKTPOIITOM 1 38 PaXyHOK LHOTO
MiIBUIIMTA  TOYHICTH ~ Ta  TPOAYKTUBHICThH
NPOBEJCHHS ~ €IEKTPOXIMIYHMX ~BHUMIPIOBaHb Ha
CTPYKTYPHHX CKJIAQJOBHX HOBEpXHI CIUIaBiB i B
KOPO3iMHMX Ta KOPO3iHHO—MEXaHIYHUX TPIlIMHAX.

ToMmy B MIKpOCNEKTPOIi IS €IEKTPOXIMITHHX

BUMIPIOBaHb, SIKHM CKIQIa€ThCS 3 €NeKTpoIa
MOPIBHSHHS ~ 3'€JIHAHOTO 3 MleOKaHIJ'I}IpOM
3alIOBHEHUM  CIIEKTPOJITOM, 1  JOMOMIKHOI'O
TOJISIPHU3YHOUOTO CJIEKTPOI1a, MTOKPHUTOTO
,Z[leJ'IeKTpI/I‘lHOIO 130JALIEI0 1O  BCld  OlyHIN

TNIOBEPXHI, NPUETHAHOTO 110 CTIHKH MIKPOKAIIIAPa,
3rifHo 3 BHHaxoAoM [14] nomaTKOBO MICTUTHCS
10HOYY TIMBHI €IEKTPOL, MOKPUTHUI
AICNCKTPUYHOIO  I30JILi€0 10  BCId  OivHii
noBepxHi. [IpugoMy JONOMIKHUIL MOJSPU3YIOUHii
€JIEKTPO/ Ta 1I0HOYYTIMBUHN €JIEKTPOJ BCTAHOBIECHI
eKCIICHTPUYHO 1 JJiaMeTpajJbHO TMPOTHIC)KHO B
KaHaJi MIKpOKamiisgipa 1 TMpHeAHaHI A0 Horo
BHYTPIIIHBOI CTIHKW. [lpw IhbOMY BigHOIIECHHS
30BHINTHKOTO JiaMeTpa MieTCKTPUIHOI 130JIAIIT ITHUX
eJIEKTPOMAIB 10 BHYTPILIHBOTO JAiaMeTpa KaHaly
MiKpOKaIiipa CKJIajae 1:(3+8). Topmi
JOTIOMDKHOTO TOJISIPU3YIOIOTO Ta 10HOYY TJIMBOTO
CJIEKTPOAIB JIEKATh B OJHIN IUIOWMHI 3 TOpLEM
MIKpOKaMiyspa.

[opiBHAIbHMH aHai3 3 MPOTOTUIIOM TOKA3ye, IO
PO3pOOIIEHHH  MIKPOETIEKTPO VISl EIEKTPOXIMIYHIX

BHMIDIOBAHb  BUIPI3HAETbCS  HASBHICTIO  HOBOTO
IOHOUYTJIMBOTO ~ €NIEKTPOJd, HOBHUM  PO3MIIIICHHSIM
JOTIOMDKHOTO ~ TIONISIPU3YIOUOTO  €JIEKTpoja i

IOHOYYTJIMBOTO €NEKTpoAa B KaHaJl MIKpoKamuipa i
Mae HOBE BIJHOIICHHS 30BHINIHBOTO JiamMeTpa
JUETICKTPUIHOI ~ 130JIsM0ii  [MX  €JIGKTPOHdiB 10
BHYTPIIITHLOT'O JiaMeTPy KaHATy MIKpOKaIIijsIpa.
BigHomenus 30BHIIIHLOIO JiameTpa
JeTIEKTPUIHOT 130711111 JIOTIOMIKHOTO
TOJISPU3YIOUOTO Ta I0HOMYTIMBOTO ENEKTPOAIB JIO
BHYTDIIIHBOIO JiaMeTpa KaHaly MiKpOKaIisipa i ix
PO3MIIIICHHST B KaHall MIKpOKamiispa, 3TiTHO 3
BUHAXOZOM, 3a0e3leuye  JOCATHEHHS  3ajadi
BUHAXOJy — 3MEHIICHHA BIUIMBY OJyKarouux
CTPYMiB IPX KOPO3ii Ha PE3yJIbTaTH BUMIPIOBaHb Ta
CKOPOYCHHS 4Yacy 3allOBHCHHS MiKpOKamiispa

€JICKTPOJIITOM.
Bunaxin TOSCHIOETBCS  KpPECIACHHSAMH. Ha
puc. 4,a MOKa3aHUi 3arajJIbHUNA BUTIJIS

MIKPOEJIEKTPO/Ia 3 MICIIEBUM pO3pi3oM; Ha puc. 4,60
— mornepeyHuii po3piz A—A (30ibIIeHMIT).
MikpoenekTpon TUIS €JIEKTPOXIMIYHUX
BUMIPIOBaHb CKIAJAETHCS 3 €ICKTPOaA ITOPIBHIHHS
1, 3'eqHaHOTO 3 MIKpPOKAMIIAPOM 2, TOTIOMIKHOTO
MOJIAPU3YIOUOTO  €NIeKTpoja 3,  MOKPUTOTO
JUCTIEKTPUIHOI 130sMi€r0 4 1o Bciii  OiuHIMA
MOBEpPXHI Ta 1OHOYYTJIIMBOIO  eleKTpoaa 5,
MOKPUTOTO JTICTICKTPUIHOIO 130JIAI1i€r0 6 1o BCiit
OiuHil moBepxHi. JIBa ocranHiX emexTpoau 31 5
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BCTAHOBIIEHI ~ €KCUEHTPUYHO 1  JAlaMeTPalbHO
NPOTWIEKHO B  KaHami  MiKpokamimspa 2 i
NpUETHAHI 10 Horo BHyTpimHbo1 cTinku 7. Topui 8
1 9, BIAMOBIAHO, JOTIOMI>XKHOTO TOJSIPU3YIOYOT03 Ta
I0HOYYTIIMBOTO 5 eNeKTpomiB JIeXaTh B OIHIN
wiomuHi 3 topuem 10 Mikpokaminsipa 2, axuit
3aMOBHIOIOTH enekTpomiTom 11,

MiKpoeneKkTpo MpaIioe HACTYIIHUM YHHOM.

3amoBHeHUI enekTporiTom 11 MikpoenmeKkTpos
BCTaHOBIIIOIOTh Ha TPUKOOPJAUHATHOMY
MIKPOMAHIIyJIATOPI, IMiAKIIOYAITh [0  CHCTEMH

BHMIPIOBAHb 110 BIAMOBINHIN CTaHIAPTHIA cxemi,
NPUAHSTIA Ui €JIEKTPOXIMIYHUX BHMIPIOBaHb, i
M1J{ MIKPOCKOIIOM MIABOIATH JIO JOCIIKYBaHOI
JUISHKA CTPYKTYPHOI CKJIaZIOBOI MOBEPXHI MeTaiy,
3aHYpeHOI B eNeKTpomT abo B KOpO3iiHO-
MEXaHIuHY TPILIUHY.

[Ipy BUMIPIOBAaHHI €NEKTPOJHOrO TOTEHI{ATY
CTPYKTYPHHX CKJIQJOBHX IOCII/DKYBaHOTO 3paska
MiAKIIOYaloTh  €JIeKTpod TopiBHAHHA 1 depes
KOHTakT 12 10 OAHOTO BXOAY BHCOKOOMHOI'O
BOJIbTMETpa, a JO0 JApPyroro HOro BXOIy
HiAKITI0Yal0Th AOCIIIKYBaHUH 3pa3oK.

Ilpu BuUMiprOBaHHI  Pi3HUII
MOTCHITIATIB CTPYKTYPHHX CKIIaJTOBUX
MIKpPOEJIEKTPOA ~ MiABOIATH 33  JIOIOMOTOI0
TPUKOOPJUHATHOTO MIKPOMAHIIYJISATOpa 10 JBOX
CTPYKTYPHHX CKJIQOBHX [0 4ep3i, a 3HAYCHHS
pi3HUII BHU3HAYAIOTHh SIK PI3HULIO JBOX IMOKAa3iB
BHCOKOOMHOTO BOJBTMETpA.

s mpoBeeHHS MOJSAPU3ALiHUX BUMIPIOBAaHb
Ha CTPYKTYpHHX CKJIaJOBUX JOCIIIXYBaHOTO
3pa3ka IMIKII0YaloTh EIEKTPON TOpiBHAHHSA 1
yepe3 KOHTAKT 12 10 0JHOro BXOAy BUCOKOOMHOTO
MOTEHIliocTaTta, a JdO0 JApPYyroro #oro BXOXIy
MiIKITIOYaloTh  JTOCITIKYBaHUM 3pa3ok  (pobounii
enekTpoa). Jlo TpPeThOro BXOAY MiJKIIOYAIOThH
JOTIOMDKHMN TIOJISIPU3YIOUUI  €JICKTpoA 3 depe3
koHTakT 13. [l 1poBeACHHS BUMIPIOBaHHS
KOHILIEHTpalii i0HIB B MiKpooO'eMax eJIeKTpPOJIiTY,
HANPUKIAA, HaJ KOPOAYIOUOI0 TOBEpXHer abo B
KOPO3iiHO—MEXaHIYHIM  TPINIWMHI, MTiIKI0YaI0Th
eNeKTpoA TOpiBHAHHA 1 dwepe3 koHTakT 12 1o
OIHOTO BXOJly BHCOKOOMHOTO BOJBTMETpa, a [0
Jpyroro HOro BXOAy HiAKIIOYAIOTh 10HOWYTIMBHN
enektpoa 5 vepe3 kourakt 14. Tlpu upomy neii
BOJIETMETp TIOMEPEIHbO KaOpPyIOTh Ha OCHOBI
BUMIPIOBaHHs KOHLEHTpAIlii 1OHIB CTaHIAPTHUX
Oy(dhepHHX PO3UHHIB.

EnextpoxiMidHi XapaKTEpUCTUKH TPAJAHINIHHO
BUKOPUCTOBYIOTh  SIK  TOKa3HUKH  KOPO3iHHOI
TPUBKOCTI METaJTy Ta JUIST BCTAHOBJICHHS MEXaHI3My
pyiiryBanHs. [lopsim 3 THM BOHHM YyTJIHBI 10
CTPYKTYpHOT'O Ta HANpy>KEHOTO CTaHy MeTaiy,
TaKOXX HOro momkomkeHocti. Ile o3Hagae, 1m0
3MiHa CTaHy MeTaly, SKa CHpUYMHEHa HOoro

CIICKTPOAHUX

JIOBTOTPUBAJIOIO eKCIUTyaTalli€ro, MTOBUHHA
BIIOWBATHCA TAaKOXX HA HOro EJIEKTPOXIMITHHUX
XapaKTePUCTUKAX HE3aJIeKHO Bl TOro, 4YH
EKCILTyaTyBaBCs MeTal y KOPO3iiHOMY

CEpEIOBHIII, Y1 Hi.
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PucyHok 4 — 3araabHuii BUTJISA]
MiKpoeJIeKTpoAa 3 MiclieBUM Po3pi3oM i
NoNepevYHnM 30lIbIIEHNM po3pizom A—A

Enexrpoximi4Hi XapakTCPHCTHKU CTaiueil [0
PI3HOMY YyTIMBI 10 SKCIUTyaTaliifHOI Aerpajauii.
ToMmy 1iX BapTO TOPIBHIOBATH, TPUBIBIIU IIi
XapaKTePUCTHKH  JIO TICBHOTO  HOPMOBAHOTO
3HAYCHHsI, sKe O BiZOOpaxkano BIXHOCHY 3MiHY
TNOKAa3HUKA 32 OJJHAKOBOTO CTYNEHs Jerpajarii
marepiany. Toxi 1i HOPMOBaHi 3HAYEHHSA MOXKHA
BUKOPHCTOBYBATH B SIKOCTI IOKA3HHUKIB CTYICHS
Aerpazanii. 3a Taki HOpPMOBAHI 3HAYCHHS IPUIHSIA
Bignomends Ilp /Il ne Ilp — BenwuumHa mMEBHOI
XapakTePUCTUKH JierpajoBanoro marepiany; Ilo —
BEJIMUMHA ITi€] K XapaKTePUCTHKH JISl BUXIIHOTO

MaTepiaiy.

Ile cmiBBiAHONIGHHS BUKOPHCTOBYBAIU Y
BHUITAJIKy, KOJH aOCOJIOTHI  BETWYHHH  ITi€i
XapaKTEPUCTHKH 3MEHITYIOTBCS 13 POCTOM CTYIICHS
Jierpaaarii MaTtepiainy, HaIpuKIa,
TIOJISIpU3AIIIHUI OTTip.

Y BUMAJKY, KOJIN BEJINYMHU miel

XapaKTePUCTUKH 30LIBLIYIOTECS 13 POCTOM CTYICHS
Jerpajamii Mmarepiaiy, BUKOPHCTOBYBAJIU:
obepueHy BenmumHy Takoro BimHomeHHs (ITp

Ilp) ', moTeHIian Kopo3ii, rycTHHA CTPyMy KOPO3ii,
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TYCTHUHa aHOJHOTO CTPyMy 3a IOCTIHHOTO
noteHriany. IloTeHmian xoposii TpyOHOI cTami

10I'C mpakTu4HO HE 4YyTAUMBUN 10 ii aerpanarii
(puc. 5).
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Pucynox 5 — BiuiuB TpHUBaJIoi ekcniryarTaiii Ha
eJieKTpoxiMiuHi xapakTepucTuku crajii 100C,
BiJlHeCeHi 10 iX M0YATKOBOr0 3HAYEHHSI

Pozunnenns crani  10I'C  micna 28 p.
eKCIUTyaTalii BifOyBaeThCs aKTUBHIIIE OPIBHSHO 3
BUXITHMM  CTaHOM. BiamoBigHo  TadeniBChKi
Z[iJ'I}IHKI/I KaTOAHOI Ta aHOL[Ho'l' KpI/IBo'l' g
MaTepiany HU3y TpyOM MaroTh HalMEHIIWH HaxXwuil
(Haiimwk4i 3HaveHHs Koediuientis b i b,) ToGTO
KOpO3iffHM{ Tpolec Ha JAerpajoBaHid craii
mpoTikae  Jjierme. 3 pHUC. 5  BUAHO, IO
HaW4IyTIUBINIAMA A0 AETpajarii cTaji € TyCTHHA
CTpyMy KOpo3ii Ta TOJApH3alIMHUNA  OTIip.
Haii0inpm cyTTeBe 3HMIKEHHS 3a MEpioll TPUBAJOi
eKCIUTyaTalii  TpyOONpOBOAIB Ma€  BEIWYHMHA
nongpusaniiiHoro omnopy R, ska mnoripuryerscs
OinpIne, HiX B 5 pasis.

IopiBrsHHS eKCIUTyaTaliiHIX 3MiH
CIICKTPOXIMIYHMX IMapaMeTpiB 1 ymapHOi B'S3KOCTI
3pa3KiB 3 V-TIOMIOHUM KOHIICHTPATOPOM BKa3ye Ha
YiTKy KOpeJslio Mk HuMH (puc. 6).
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PucyHnok 6 — 3anexxHoctiMixk BimHOCHIME
3MiHAMM €JIeKTPOXiMiYHHUX XapaKTePUCTUK
I/, i ynapuoi B'sizkocti (KCVp/KCV,) B
pe3yabTati 28-piunoi excruryaranii cragi 100C
HagTonposony: 1 — ju; 2= jeors 3 — Ry
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Sxmo OIIIHIOBATH i CICKTPOXIMITHI
napamMeTpu Ha MPaKTUI, TO TaKy KOPEJSAIio
MOJKHA BUKOPHCTATH TUIS po3pobIieHHS

BIIMOBIJIHOTO  METOy HEPYHHIBHOTO KOHTPOIIIO
craHy marepiany. Bin cayrysatume iHxukatopom
SK  CTPYKTYpHHX 3MiH, Tak 1  pO3cisHOi
MIiKPOITOIIIKO/IKEHOCTI METAITy.

Cepen ycix eNeKTPOXIMIUYHHX XapaKTEePUCTHK
TPYOHHMX  CTajeid HaWBWILYy YYTJIUBICTH [0
Jlerpajallii ctam y MOISIhbHOMY PO3YHHI BOTHOTO
KOHJICHCATy TIPOSBIISAB TaKOX TOJSpHU3aIliiHAN
omip. Tak, mmt cram 1A41C TpyOu 3amacy
TNOJSPHB3ALIAHMIT OMp KOpiBHIOBaB RP=2, 75 kOmeM’, a
TICTIS COPOKA POKIB eKcrimyararii — 1, 79k0m M, TOOTO
TIOTIPIICHHST IHOT0 TIAPaMETPy CTAHOBHTH IPHOJM3HO
35%.

HOHHpI/ISaHII/IHI/II/I omip crami X52y BuXigHOMY
CTaHi Jemo BUIIUH mopiBHsAHO 31 crtaywmo 17T1C i
craHoBuTh R,;=3,5kOm- -cM?. Kpim Toro, pe3ysrat
BUMIPIOBAaHHS IIBHIKOCTI KOPO3ii IMOKa3aIl BHUIILY
KOpO3iiiHy cTifikicTh ctami X52. OmpHak it
CKCIUTyaTOBAaHOI  BIIPOLOBXK 30 p. cram X52
3HIDKCHHS TOJISIPU3ALiHOrO omnopy € Habarato
cyrresiwe i cranoButh g0 70%. Jlyxke momitHO0O
CTa€ pI3HUISL B CICKTPOXIMIYHUX IOKa3HUKAX
BEpPXHIX 1 HIWKHIX (parmeHTiB Tpyd. Huz tpyom
Mae TpHUOIM3HO B JIBa pa3d HWKYI ITOKa3HUKU
NoJsIpU3aliifHoro omopy crani X52 mopiBHIHO 3
BEPXHBOIO IIISTHKOIO.

BcraHOBIIEHO BHCOKY Uy TIHBICTE €IICKTPOXIMITHIX
TIOKA3HUKIB 70 CTPYKTYPHO-XIMIYHOI HEOTHOPIAHOCTI
pI3HEX 30H 3BapHOTO 3 €IHAHHS, B TOMY YHCII
TaKWX, SKi BHHUKAIOTH IICIS EKCIUTyaTaliiHOl
Jerpajgamii Ta MOXYTh OyTH HE BUSIBICHUMHU
IHIIUMHA METOIAMHU.

Ha puc.7 maBemeni pani posmopity pisHuii
€JIEKTPOTHUX TIOTCHINIATIB 1 MIKPOTBEPJOCTI ISt
MeTaJly 3BapHOTO IIIBA, 1110 BXKE CKCIUTyaTyBaBCs, Ta
mBa y BHUXIJHOMY CTaHi. 3 TMPEACTaBICHUX
3aJIE)KHOCTEH BHJHO, 110 3HAYCHHS EIEKTPOIHUX
MOTCHITIAMB MeTay 000X IIBIB 1 30H IEPETpiBY
OipII Bim'€eMHI, HI)K OCHOBHOTO METaly, a B 30HI

TUIABJICHHS - TIO3UTUBHIIIIL. MakcumarnbHa
€JIKTPOXIMIYHA ~ HEOAHOPIAHICTH  SK  3BapHOTO
3'€MHaHHA Vy BHXIIHOMY CTaHi, TaK 1 CIA
nmepeOyBaHHS MOTO0 B eKCIUIyaTallii CTaHOBUTH

ommspko 50 MB. Opnak napameTp Ag s
EKCIUTYyaTOBAHOTO 1IBA 3CYHYTUH BBEPX NOPIBHSHO
i3 mBOM y  BHXigHOMYy  craHi. Ilum
MATBEPIKYIOTECS  pe3ynbTaTi  pobotd  [3] mpo
OKPHMXUCHHS CTalli MariCTpaibHOro TpyGorposony
3a yac #oro pobOTH Ta MIABULICHIH ii 4yTIMBOCTI
J10 KOPO3iiHOro pyHHYyBaHHS!.

I[aHl puc. 7 CBl}.‘[‘laTI: 0  eIeKTPOIHI
MOTEHIIAIN Ta MIKpOTBEPAICTh Yy PI3HUX 30HAX
3BapHOrO0 3’ €HAHHS ~ CYTTEBO  3aJIeXkaTh Big

CTPYKTYPHO-XIMIYHOI HEOIHOPIMHOCTI Marepiamy.
IIpu 1pOMy pO3MOJIN ENEKTPOIHOTO MOTCHIATY
Mae xapakrep, AHAJIOTIYHUH po3nofiny
MIKPOTBEPAOCTI.
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Pucynok 7 — Po3noain piznuui esiekTpogHux
norenuiaxi (1) i mikporBepaocti (2) st
MeTaJly IIBa, 10 Nepe0yBaB B eKcIIyaTamii, Ta
Y BHXiTHOT0 3BapHOI0 IIBa

HesBaxkaroun Ha BUSABICHE EIEKTPOXIMITHUM
METOJOM OKPHXYEHHS TpyOHOI crani 3a dac ii
po0oTH, MIKpPOTBEPIOCTI 30H 3BapHUX 3’ €JHAHb Y
BUXIJIHOMYy Ta  CKCIUIyaTOBAaHOMY  CTaHax
MPAaKTHUYHO OJHAKOBi. TOMy 3a XapakTepHUCTHKaAMHU
MIKPOTBEPAOCTI MaTepialy He MOXKHA CYAWTH IIPO

3MiHH HOro CTaHy 1, 3HAa4YWUTh, IIPOTHO3YBATH
BJIACTUBOCTI  TpyOHMX  cramed B  mpoueci
eKCIuTyaTarii.

BUCHOBKHU

Po3pobmneni HaykoBO OOTpYHTOBaHI TIAXOMH IS
BUKOPWCTAHHS BIJOMHX €JICKTPOXIMIYHMX METOJIIB
JIOCITIDKEHh y BWBUCHHI EKCIDIyaTOBAHOI JeTpaiarii
cTarei MaricTpaIbHIX HadTOra30mpoBoOIiB.
Broockonariena KOHCTPYKLisSE ~MIKpOETEKTpoAa  JUIs
eNIEKTPOXIMIYHUX BHMIpIOBaHb. BCTaHOBIIEHO pi3HY
YYyTIUBICTh  €NEKTPOXIMIYHMX  TOKA3HHKIB [0
eKCIUTyaTaliiHol jgerpajanii TpyOHuMX craneil. Bona
3£00Tae Yy TaKkomy MOpS/KY: MOTEHIia]d KOpo3ii

cor - xoedimientn Tadens % aﬁ, CTpyM HpH
TMEeBHOMY AHOJHOMY MOTCHIIami Ta CTPyM KOpO3ii

Ja 1 JCO’ BIJIIIOBIAHO, a TaKOX HOJ‘IHpI/I3aLIII/IHI/II/I

omip Rp. IlopiBHAHHA eKCIUTyaTaliHUX 3MiH
€JIEKTPOXIMIYHUX 1 MEXaHIYHUX MapaMeTpiB BKa3ye
Ha 4YITKy KOpEJSLil0 MK HUMH. BcTaHoBieHO
BUCOKY YYTJIHMBICTH EJIEKTPOXIMIYHUX TOKA3HUKIB
O CTPYKTYPHO-XIMiYHOi HEOJHOPITHOCTI Pi3HUX
30H 3BapHOTO 3’ €THAHHS, B TOMY YHCII TaKWX, SKi
BHHHKAIOTH TICJSA eKCIUTyaTalliifHoi jerpazgarii ta
MOXXYTb OyTH HE BHSABJICHHUMH iHIINMU METOJaMH.
Ile Bka3zye Ha NEPCIEKTHBHICTH BHUKOPHCTaHHS
CJEKTPOXIMIYHUX  METOIIB  JOCHIUKEHb IS
HEepyHHIBHOTO KOHTPOJIIO CTaHy MeTaty
TpybompoBony B mpoueci Horo ekcruryaraimii. B
MOJANBIIOMY IUIAHYETHCS BUBYUTH MPUIAATHICTD A0
OLIIHIOBAHHSA eKCIUTyaTalliitHo Jerpanarii
TpyOOTIPOBIMHUX CTAJIEH METOAy BHYTPIITHHOTO
TEPTS METaiB.



ISSN 1993-9981 Memooma npunaou koumponro akocmi, Ne 29, 2012

1. Mexanika pyunysanns ma  MiyHicmo
mamepianie. Joeion. nocionuk | ITio 3ae. peo. B.B.
Ianacwoka. T. 11. Miynicmo i 0oseosiunicme
Hapmoeazosux mpybonposodie i peszepsyapis |
I'"M. Huxugpopuun, C.I'. [lonaxos, B.A. Yepsamiok
[ma in] /[ ITio peo. I'M. Huxugopuuna. — Jlvéie.

Cnonom, 2009. — 504c. 2. Illempuna M.IO.
Ouyinrosanns eKcniIyamayitinoi Odezpaldayii
mpyoonposioHux cmanetl 3a yoapHumu
BUNPOOYBAHHAMU — YUNIHOPUYHUX — 3DPA3KIE 3

kinoyesumu mpiwunamu | J[.FO. Ilempuna, B.P.
Hlynap, F0.J]. Ilempuna /I Memoou ma npunaou
xkoumpomnio sikocmi. — 2012. —Nel (28). —C. 52 —

60. 3. llempuna J[.IO. Bnaus excniyamayiinoi
Oezpadayii  mamepianie i 36apHux 3 COHAHb
MazicmpanvHux — Hagmoeaszonpogodie  Ha - ix

npaye3oamuicmy. asmoped. ouc. Ha 3000ymms
Hayk. cmynenst ookm.mexH.Hayk. cney. 05.15.13 —
“ Tpybonposionui mpancnopm,
nagpmozazocxosuwa” | [.FO. Ilempuna. —
Ieano— @panxiscox, 2011. — 36c. 4. Nykyforchyn

145

neu | I'T". Yaue, P.V. Pesu. — JI.: Xumus, 1989. —
455 ¢. 8. llpauep J1.JI. Kopposus:. Cnpasounux
[JLJI. llpaiiep. —M.: Memannypeus, 1981. — 632.

9. Ineckos 10.B. Paszeumue  memooa
epawaiowe2ocs ouckoeozo enekmpooa | IO.B.
Ineckoe, B.FO. @ununoeckuii Il Umozau nayku u
mexnuku. Cep. nekmpoxumus. — 1976. —Ne 11, —

C. 57 — 108. 10. Use of Rotating Cylinder
Electrodes to Simulate Turbulent Flow Conditions
in Corroding Systems / R.A. Holser, G. Prentice,
R.B. Pond Jr [et al.] // Corrosion. — 1990. — Vol.
46, No. 9. — P. 764 — 769. 11. Silverman D.C. The
Rotating Cylinder Electrode for Examining
Velocitty—-Sesitive Corrosion — A Review / D.C.
Silverman // Corrosion. — 2003. — Vol. 59, No. 11. —
P. 1003 — 1023. 12. Liu G. Relationships Between
Rotating Disk Corrosion Measurements and
Corrosion in Pipe Flow / G. Liu, D.A. Tree, M.S.
High // Corrosion. — 1994. — Vol. 50, No. 8. — P.
584 - 593. 13. @okun M.H. Memoowt
KOppo3uonnvlx ucneimanuti memanioe | M.H.

H.M. Mechanical, corrosion — mechanical and®oxun, K.A. Kuzanosa. —M.. Memannypeus, 1986.

electrochemical parameters sensitive to corrosion— 80 c.

14. Ilam. 393034 Vkpaina, MIIK7

hydrogen degradation of structural steels undeG01N23/30Mixkpoerekmpoo Ons enekmpoximiuHux

long - termin

— service conditions [/ H.M.esumiprosans | Pon'sax JIL.A., [lempuna J.IO., Illyrap

Nykyforchyn // Advances in Materials Science. FO. [ma in.]; namenmosenachux IPHTYHI. — Ne

2007. — 70 1 (11). —P. 176 — 183. 5Boonesa
dezpadayiss. mMpueano eKCniyamosaHux —cmanel
mazicmpanvhux  2azonposooie 10.T. upynvnux,
I'M. Huxugpopuun, J.IO. Ilempuna [i in.] I/
@Diz.—xim. mexanixa mamepianie. — 2007, —=Ne 5. —
C. 97 — 104. 6Ilpakmukym no srexmpoxumuu |
oo peo. b.B. Jamacxkuna. — M.. Bwicwias wxona,
1991. — 28&. 7. Yaue I'l". Kopposus u bopvba c

2000010334: 3aaen.
15.06.2001, BwoaNe 5.

20.01.2000; onyo6n.

Hoctynuaa B penakuir 26.10.2012p

PexomenayBaB 10 JAPYKY JOKT. Te€XH. HAYK,
npod. I'pyn3z B. 5.



