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EJEKTPOXIMIYHMA METO/I KOHTPOJIIO EKCILIY ATAIIIMHOIX
JETPAJTAIIII MEXAHIYHUX BJACTUBOCTEHN CTAJIEN
MOPCBKHX NOPTAJIBHUX KPAHIB

Pe3ztome. [ocniooceno 3azanvHi 3aKOHOMIpHOCMI  eKcniyamayitnoi Oezpadayii mMexamiunux ma
eNeKMpOXIMINHUX @Nacmu8ocmell cmaineii MOPCbKUx NOpmManvHux Kpawie. Buseneno icmomue 3Hudicenns onopy
KPUXKOMY PYUHYBAHHIO MPUBANO eKCHIYAMOGAHUX cmanel, wo HeoOXIOHO 8paxo8yeamu Npu excnepmusi
mexHiuHo20 cmany Kpawie. [lokazano, uo ceped enekmpoXiMiuHux XapaKxmepucmux 00CMAamHb0 Yymaueum 00
eKCnIyamayitiHux 3MiH y mpusano exkcniyamoganux CMmanax € NONAPpU3AyiuHull onip, KUl Modce Clyzyeamu
inghopmamuenum napamempom decpadayii mamepiany 6npodosaic 11020 excniyamayii. Bcmanosneno xopensiyiio
Midc  3MiHaMu  YOapHoi 8’A3kocmi  ma  NoAApu3ayitiHo2o Onopy cmanell Kpawie, CHpUYUHEHUMU iX
excniyamayitinolo dezpadayiero. 3anponoHo8aHo Ol HepYUHIBHOI 0iaeHOCMUKU MeXHIYH020 cmaHy cmaneil
MOPCbKUX ~NOPMAIbHUX —KPAHIE  30CMOCO8Y8amu  eneKmpoximiynuti  memoo. Po3pobneno nopmamugny
eNeKmMpPOXIMIUHY KOMIPKY, A0anmoGaHy OJis GU3HAYEHHs eJIeKMpOXIMIYHUX @lacmugocmell cmanei y Nnolbosux
YMOBAX, 30 OYIHKAMU AKUX MOJICHA NPOSHO3YBAMU iX ONIp KPUXKOMY PYUHYBAHHIO.

Kniouosi cnoea: nopmanvni kpanu, excniyamayiiiHa 0e2paoayis, MeXaHiuHi enacmugocmi,
eNeKmpOXIMIUHI XapaKmepucmuKy, HepyuHieHa 0iazcHOCMuKa.

V. Pustovoi, I. Reshchenko, O. Zvirko

ELECTROCHEMICAL METHOD OF CONTROL of IN-SERVICE
DEGRADATION of THE MARINE PORTAL CRANES STEELS
MECHANICAL PROPERTIES

Summary. At the assessment of the technical state of marine port structures it is important not only to
detect in-service damages, but also to evaluate current physico-mechanical properties of the long-term operated
steels. The presence of cyclic mechanical loading and marine corrosive environment is the peculiarity of the
service conditions of the port structures. This peculiarity is an essential factor in reducing of metal plasticity
and, consequently, lowering resistance to brittle fracture. On the other hand, the change of metal state as a
result of long-term service causes changing the electrochemical characteristics of metal-environment system.

The paper is devoted to a finding general regularities of the mechanical properties operational
degradation of portal structures steels and electrochemical parameters, which are sensitive to in-service
changes in a metal, building correlation between them; and developing on this basis the engineering approach
of non-destructive diagnostics of the technical state of portal cranes steels.

The general regularities of the operational degradation of mechanical and electrochemical properties
of marine portal cranes steels were studied. A significant reduction of brittle fracture resistance of long-term
operated steels was found that should be taken into account at an assessment of their technical state. It was
shown, that polarization resistance among the electrochemical characteristics is sufficiently sensitive to in-
service changes in long-term operated steels, which can serve as an informative parameter of the material
degradation during cranes operation. The correlation between changes in impact strength and polarization
resistance of portal steels, caused their operational degradation, is established. The electrochemical method was
proposed to use for non-destructive diagnostics of steels technical state of marine portal cranes. The portable
electrochemical cell adapted to determine the electrochemical properties of steels in the field conditions,
according to which their resistance to brittle fracture can be predicted was developed.

Key words: portal cranes, operational degradation, mechanical properties, electrochemical
characteristics, non-destructive diagnostics.



Beryn. 3HauHa yacTHHA MOPCHKHMX MOPTOBHX KOHCTPYKIIM B)KE BHUEpIaia CBiit
3allJJaHOBaHW pecypc Oe3medHoi eKcInlyaTarii, TOMY OCOOJHBO aKTyajdbHI ITHTaHHS
EKCIePTU3U iX TEeXHIYHOTO cTaHy. llpu 11 mpoBeleHHI BaXJIMBO HE TIJIbKU BHUSBISTH
eKCILTyaTalliiiHi e)eKTH, ajie i OIiHIOBaTH MOTOYHI (i3WKO-MeXaHIYHi BJACTHBOCTI TPHBAJIO
€KCILTyaTOBAaHOTO MeTaly. Taki MiXxoau BUKOPUCTOBYIOTh OCTAHHIM YacOM IpPH EKCIEPTU3i
cTaHy oOyiagHaHHs B eHepreTuili [1], madToximii [2], TpyOomnpoBiqHOMYy TpaHcmopTi [3-5],
aBlarpoOMUCIIOBOCTI [6], a Takoxk MeTanyprii [7]. 3araJpHIM BUCHOBKOM TaKUX JOCIIIKEHB €
ICTOTHE TOTIPIICHHS BUXIJTHUX XapaKTEPUCTUK IUIACTHYHOCTI Ta, OCOOIMBO, XapaKTEPUCTHK
OTIOpY KPUXKOMY PYHHYBaHHIO.

OCoONMHBICTIO YMOB eKCILIyarallii MOPTOBUX KOHCTPYKIIM € HasSBHICTh IHUKJIIYHOL
CKJIaJIOBOI MEXaHIYHOTO HAaBAaHTAKEHHS Ta HAsBHICTh KOPO3MBHO arpeCHMBHOTO MOPCHKOTO
Cepe/IOBHINA, IO CIYIyIOTh BaroMHM UYWHHHKOM BHUYEPITYBaHHS IUIACTHYHOCTI MeTany i,
BiJIIIOBIJTHO, 3HW)KEHHS OMOPY KPUXKOMY PYHHYBaHHIO. 3 1HIIOTO OOKY, 3MiHA CTaHy METaJly B
pe3ysbTari #oro TpHBaJol eKCIUTyararii CIPHYUHSAE TaKOX 3MiHY eJIeKTPOXIMIUHUX
XapaKTEePUCTHK CHUCTEMH METaJ—CepeZoBUIle, IO BUKOPUCTOBYIOTH JUISI PO3POOJIEHHS
METO/1iB HepYHHIBHOT'O KOHTPOJIIO IIOTOYHOTO CTaHy MEXaHIYHHUX BJIIaCTUBOCTEH [8,9].

Meta poGoTm — BUSBHUTH 3arajbHi 3aKOHOMIPHOCTI €KCIUTyaTalliifHOi Jerpamarii
MEXaHIYHHUX BIIACTHBOCTEH CTajed BaHTaXHHX IOPTOBHX KOHCTPYKIIH Ta €IeKTPOXiMidHi
MOKa3HUKH, YYTJIMBI JO eKCIUTyaTallifHuX 3MiH y MeTall, NOoOyAyBaTH KOpeJsIiiiHi
3aJIe)KHOCTI Mi’K HHMH 1 Ha IIiii OCHOBI 3aIpOIOHYBAaTH 1H)XXCHEPHUN METOJ| HepYWHIBHOTO
KOHTPOJTIO CTaHy MOPTAIbHUX KPaHiB.

MeToauka eKcepUMEHTAJBHUX T0CTiKeHb. O0’€KTH JOCIIKCHh — TOPTabHI
KpaHu Taiy «Ansopext», «['anm» ta « Cokiny, BUTOTOBIEHI 3 JIUCTOBOI cTanmi Tuiy St 38b-2
Ta eKCILTyaToBaHi BIPOJIOBXK 36...45 pokiB: kpaHu «AnsOpexT» (Al, A2, A3 micis 45, 38 ta
40 pokiB ekcrutyartanii BiamoBigHo), «["anmy (I') micns 39 pokiB ekcmuryaraii, «Coxkimy (C1
ta C5 — micig 39 ta 36 pokiB eKcIuTyaTarii BiAmoBiIHO). BU3Havamm craHmapTHI MeXaHidHI
XapaKTEPUCTUKH PO3TATOM MUJIIHIPUYHKUX 3pa3KiB Ta ymapHy B’s3kicTh KCJV Ha 3paskax
[Tapmi. PesympraTh, oTpuMaHi 3a BHIPOO EKCILTyaTOBAaHUX CTajei, MOPIBHIOBAIM 3 1X
BUXIJTHIMH BJIACTUBOCTSIMHU, HABEJACHUMH Yy cepTHdiKaTax 3aBOJy-BUTOTOBIIOBAYA. 3pa3Ku
BHpI3QJId 3 PI3HUX XapaKTepHUX JUISHOK KOHCTPYKINH (KpPOHIITEWH KOJIOHH, CTpina,
KOPOMHUCJIO TPOTHUBArv, Xo0OT) Y3J0BXK HANpsSIMy BaJIBIIOBAHHS JIMCTOBOTO MaTepiamy.
MiHIMaTBbHO JONMYCTHMI 3HAYCHHS MEXaHIYHHX XapaKTEePHCTHK 3a PpO3TATY TaKi:
602 = 240 MlIla, o = 380 MIIa, 6 = 25 %.

EnexkTpoximiuni JociipkeHHs TpoBoawyim Ha moteHiiocrari IPC-Pro. ba3osi
€JIEKTPOXIMIUHI XapaKTepUCTUKU cTalieil (cTauioHapHuil moreHmian Ky Ta TYCTHHY CTPyMY
KOpPO3il i.,) BU3HAYATH 3 TOJSPHU3AIHHIX KPUBHUX, 3HATHX Y MOTCHIIIOJUHAMIYHOMY PEXKUMIi
(mBHUIKICTh po3ropTku noTeHIiany 1 MB/cek). BukopuctoByBanu TpueaeKTpOaHy KOMIPKY 3
HACHYCHUM XJIODHJCPIOHMM €JEKTPOJOM TIOPIBHSHHS Ta JOIMOMIKHHUM ITUIATHHOBUM
eJIeKTPoIoOM. 3a KOpo3uBHE cepenoBulie ciayryBas po3unt 0,3% NaCl 3a mpupoaHoi aepartii.
EnexkTpoxiMidHI BIACTHBOCTI €KCIUTyaTOBAaHHMX CTaJicil IMOPIBHIOBAM 3 XapaKTEPHCTUKAMH
ctani Ct3cn y BUXiTHOMY cTaHi (BiTUM3HsIHUM anamor ctaii St 38b-2). [onspusarifinuit omip
R, po3paxoByBaiu rpadidHO-aHAII THIHAM MeTOIOM 32 piBHstHHsIM Crepra—Tipi [10]

AE/Ai=R, =K/i,,,
b, xb,
2.3x(b,+b,)
PesyabraTm  gocaimkeHb.  3akonomipnocmi  excnayamayiunoi  0eepaoayii
MexaHiyHux 61acmueocmen cmaei.

TpuBama  ekcIulyaTamiss TMOPTAIRHUX  KpaHIB  BIUIMHYJIAa Ha  MEXaHIvHi
XapaKTEePUCTUKH CTaJled MOPIBHIHO 13 MOKAa3HUKAMU BUXiAHOTO cTaHy (tabis.l). Jlns kpana
«["aHI» 3HWKYETHCS TpaHUISI IUTMHHOCTI, OJHAK il 3HAYCHHsS HE OIYCKAIOTHCS HIDKYE

ne K — KOHCTaHTa, b, i b, — koHCcTaHTH Tadens aHoHOT Ta KaTOMHOT peaKIIii.
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TPaHUYHO JOMYCTUMOTrO piBHS. ['paHUId MIIHOCTI Ta IJIACTUYHICTH HE 3a3HAIM ICTOTHUX
3MiH, aje yJIapHa B’SI3KICTh CTaJi KPOHINTCHHY KOJOHH OJIM3bKE JI0 MIHIMAJIBHOTO Y
BUXIIHOMY CTaHi, a JJIsl CTajl CTPUIN — HaBITh HIDKYE.

JInst KpaHiB THITY «AJBOpeXT» HE3aJe)KHO BIJl TEPMIiHY eKCIUTyaTallil TpaHHUIll
IUTMHHOCTI KOPOMUCIIAa MPOTUBAru HIbKYa BiJl 3HAYEHHS Y BUXITHOMY CTaHi, a JJIs KpaHa A2
HaBITh MEHINIA BiJl rpaHUYHO AomyctuMoro piBHS (230 Mlla nmpotu 240 Mlla). J{ns mporo x
KpaHa CIOCTEPIraeThesl TAKOXK MaiHHS TPAHUII MIITHOCTI cTajed BCIX JOCITIJKEHUX BY3JIiB.
JIJIs BCIX 1HIIMX BY3JTiB XapaKTEPUCTUKH MIITHOCTI CTaJIeH MPaKTUIHO He 3MiHIOIThCS. OTHAK
BUsiBJIeHO 3HWXkeHHs] KCV cTanelt MpakTUYHO yCiX BY3JiB, 0COOIUBO s KpaHa A3, mpruuomy
3a HEe3HAUYHUX 3MiH XapaKTEePUCTHK IUIACTUYHOCTI. 3a3HAYMMO, IO BHIAIKH ITiBUIICHHS
yJIapHOI B’SI3KOCTI ITOB’si3aHi 3 MEPEOpi€HTALIEI0 TPIIIMHU B HANpsMi BaJIbLIOBAHHS, L0 #
BH3HAYAJIO MiJBHUIINCHI CSHEPreTHYHI 3aTpaTd, a He IOKpAIleHHsS CTaHy MeTaly BHACIIJIOK
eKCILTyaTarfii.

Tabommuna 1
MexaHi4Hi BJaCTHBOCTI CTaJlelt MOPTAIbHUX KPaHiB
YMmoBHe . MexaHi4Hi BIaCTUBOCTI
. Tepmin . .
MOSHAMEHRA L THIL | o\ oo, HocnimkysaHi oo o, W, 5. KCV.
MOPTOBMX | pOKH By MIa | MIla % % Jhx/em®
KOHCTPYKIIif
0 - 269 426 - 31 161
I — Kpan «[anmy Kpommeli | 3 | 423 | 684 | 31.8 | 164
39 KOJIOHU
Crpina 256 426 | 63,9 | 29.9 126
0 - 287 443 - 26 120
Al - Kopomucno
Kpan «AnsOpexT» 45 Hp[())TI/IBaFI/I 247 490 64 29,2 101
Crpina 294 476 68,9 | 29.9 181
0 - 287 538 - 31 109
A2 — Kpan Kopowmeno |30 1 g5 | 67 | 31 163
«AnBOpexT» 38 fpoTHpary
Xobot 321 497 66 27 143
Crpina 289 451 63 30 131
0 - 300 474 - 32 123
A3 - Kpan Kopommeno | =57 1 493 | 63 | 30 | 181
«AnbOpexT» 40 [poTHMBark
Xo6ot 320 523 58 27 -
Crpina 333 478 64 28 78

TakuM 4YHMHOM, TpHBaJla eKCIUTyaTalmis JOCTiPKYBaHUX MOPTAIBHUX KpPaHIB
CIpUYMHSE, B TEPIIy 4Yepry, ICTOTHE S3HIDKCHHS OIOPY KPHUXKOMY pPYHHYBaHHIO, IO
HEOOXiTHO BPaxOBYBAaTH IPH €KCIIEPTU31 iX TEXHIYHOTO CTaHYy.

Obrpynmy6ants SUKOPUCMAHHS eNeKMPOXIMIYHUX NiOX00i6 Ol NpPOSHO3)8AHMHS
oeepadayii MexamivHux 61acmueocmeil Cmaieu.

Jlerpanariisi MexaHiYHUX BJIACTHBOCTEH CTaliell MOPTAIFHUX KpaHiB BHACTIJOK iX
TPHUBAJIOI €KCILTyaTallii CylmpOBOKYETHCS MOTIPIIEHHSM 1X €JIEKTPOXIMIYHMX BJIACTHBOCTEH
(puc.1, Tab1.2). 3okpema, cralioHapHHH MOTeHIan ekciryaToBaHux craired Al, Cl1, CS
XapaKTepU3YEThCs BiJI eMHIIAM 3HadeHHIM (-650, -660 Ta -660 MB BiIOBIIHO) MTOPIBHSIHO
31 cTalllOHapHUM TOTEHIIaJoM cTajil y BHXigHoMY cTaHi (-640 mB). Bomnouac rycruna
CTpyMY KOpoO3ii cTayileil TpHBAJIO €KCIUTyaTOBaHUX MopTainbHUX KpaHiB (Al, C1, C5) e BuImOI0O
(7a =10...20%) mopiBHSHO 3 i, HeeKcIUTyaToBaHo1 cTani Ct3cm, a iX monspu3ariiftauii onip —
HIOKIAM. TakuM 4YHHOM, TpHBaja eKCIUTyaTallii TOPTOBHUX BAaHTAXHUX KOHCTPYKIIIH
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CIPUYMHSE TOTIPIIEHHS HE JIMIIe MEXaHIYHUX XapaKTEepUCTHK MeTally, 30KpeMa OIHopy
KPUXKOMY PYHHYBaHHIO — yJAapHOI B’SI3KOCTi (Tabi.1 Ta 2), a TakoX WOTO €JIEKTPOXIMIYHUX
BJIACTUBOCTEH, a camMe — CTallOHApHOIO TMOTeHLialy, TYCTHHH CTpyMy KOpo3ii,
noJsipu3aniiHoro omopy. OTKe, T0CTaTHRO YyTIUBUM JI0 €KCIUTyaTaIlifHIX 3MiH Y TPHBAIO
eKCIUTyaTOBaHUX CTaJISIX HMOPTAJIBHUX KPaHiB € MOJSIPU3ALIRHUN OIlip, SIKUI MOXe CIIyTryBaTu
iH(pOPMATHBHAM TTapaMeTPOM JIeTpaJIallii MaTepialy BIIPOJIOBXK HOT0 eKCILTyaTarlii.

T T T T T T T T T T T T T T T T T T T T T T T T T T T T
0,80 0,75 -0,70 0,65 0,65 -0,60 0,55 -0,50

a) 6)
Pucynok 1. IToteHuiogrHamiuHi nonspusaliiidi katoaHi (a) Ta anoaHi (6) kpusi craneit y 0,3%-My po3uuHi
NaCl: 1 —cranp Ct3cm; 2 — A1;3-C1;4-C5

Figure 1. Potentiodynamic polarization cathodic (a) and anodic (6) curves of steels in 0.3% NaCl solution:
1-Cr3cm,2-A1,3-C1,4-C5

Tabmuus 2
BB TpuBanoi ekcriyartariii Ha eJIeKTpOXiMidHi BIACTHBOCTI Ta yJapHy B S3KICTh CTallel y
0,3%-my po3unni NaCl

. Tepmin Teors R, KCV,
Marepian eKCIUTyaTallii, poku Eq, MB uA/em® | Om-em® | Jhwlem®
Ct3cn 0 -640 14,8 925.6 109
Al - Kpau 45 650 | 167 | 817.7 86
«ANBOpexT»
C1 - Kpan 39 660 | 161 | 848.1 97
«Cokim»
CS —Kpan 36 660 | 17,5 | 7803 80
«CoK1m»

Bu3HaueHHsS eNeKTPOXIMIYHHX XapaKTEPUCTHK CTali MOXHA WPOBOTUTH H Yy
MMOJIbOBUX yMOBaxX HEPYWHIBHUM cIocoOoM. Tomy, BpaxoBYIOYHM NOJIOHICTH TEHJICHITIN
3HWKEHHS NOJSIPU3aIlifHOro omopy Ta yJapHOi B’SI3KOCTI CTalli B Ipoleci ii TpUBayIoi
eKCIUTyaTallii, MepcrleKTUBHUM € MOJKJIHUBICTh MPOTHO3YBAaHHS MOTOYHOTO OMOPY KPUXKOMY
pYWHYBaHHIO CTajel TpPUBAJIO EKCINTyaTOBAaHUX IMOPTAIBHUX KpaHIB 3a 3MIHOIKO IX
noJisipu3aniiaoro omopy. Jlims mpakTHuHOI pealmizaimii Takoi MOMJIMBOCTI HEOOXIJHOIO €
KOPEJISIisl MIXK YAapHOIO B’SI3KICTIO Ta MOJIIPU3AIiIHHAM OITOPOM.

Ha puc.2 npencraBnena KopesiliiiHa 3aJIe)KHICTh MK BiIHOCHIUMHE 3MiHAMH YIapHOT
B’S3KOCTI Ta TMOJSpU3aIliiHOTO omopy cramedr Ttumy St 38b-2, chopuumHEeHUMH  1X
eKCILTyaTaIlifHoO Jerpajariero. TakuM 4YHHOM, 3 OIJISIy HEPYHHIBHOI JIarHOCTHKH
TEXHIYHOTO CTaHy CTajell MOPCHKUX MOPTAIBHHUX KPaHIB MEPCHEKTUBHUM JJIsi KOHTPOIIO
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eKCITyaTarliiHol  jerpajgamii  1X  MeXaHIYHUX  BJIACTHBOCTEH €  3aIpONOHOBAHUI
EIeKTPOXIMIYHUN METO.
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Pucynok 2. KopensiuiiiHa 3a1eXXHICTb MiXK BiTHOCHUMY 3MiHAMU YA2pHOT B’SI3KOCTi Ta MOJSAPU3aLiiHOTO OMOpYy
(BiIHOLIEHHS MONAPU3ALIHOTO OMOPY AerpasoBaHOro MaTepiamy R,” 10 mosspu3aLiiiHoro onopy craiiy
BHXiJHOMY CTaHi Rpo) IUTSL TPUBAJIO €KCIUTyaToBaHMX craneit St 38b-2

Figure 2. Correlation between the relative changes in impact toughness (the ratio of impact strength of degraded

material KCV* to impact strength of material in the initial state KC¥”) and polarization resistance (the ratio of

polarization resistance of degraded material R,” to the polarization resistance of steel in the initial state Rpo) for
long-term exploited St 38b-2 steels

IHocenepre  supiuieHHs  eeKMPOXIMIYHUX — GUMIPIOBAHL HA  eKCNILYAMOBAHUX
00 'ekmax.

Jlnst BU3HAYEHHS €NeKTPOXIMIYHUX BIIACTUBOCTEH B MOJHOBUX YMOBAX, 3@ OLlIHKAMH
SKHX MOJXHA TIPOTHO3YBaTH ONIp KPUXKOMY pYHHYBaHHIO €KCIUTyaTOBaHUX CTaJei,
po3poOnIM TMOPTATUBHY aJanTOBaHy eJIEKTPOXIMIYHY KOMIpKy (2), sika 3a JOMOMOTOIO
mapHipHOi MiBicKH (4) a00 MOHTaXKHOI IMaiOn (5) KpIiMHUThCS JIO JAOCITIKYBAHOI ITOBEPXHI
JUISIHKY KpaHa (puc.3).

EnexTpoxiMiuHOIO KOMIPKOIO CIIy>KUTh (PTOPOIUIACTOBUHN IMIIIHAP, Y SKOMY € OTBIp
miamMeTpoM 16 MM, MmO dYepe3 TYMOBY MPOKIAIKY MIUIPHO TPHUTHUCKAETHCS JIO ITOBEPXHI
MeTaJleBOi KOHCTPYKIIiT JIOCHI)KYBAaHOTO KpaHa ¥ dYepe3 SKHA KOpO3iifHEe CepelOBHIIE
KOHTAKTye 3 MeTasoM. /o Koprmyca KOMipKH MpUETHYETHCS KPUIIKA 3 OPTaHIYHOTO CKJIa, sKa
Ma€ 1’ATh OTBOPIB. J[Ba OTBOpHM NpW3HAUEHI JUIS €JIeKTPOAa IMOPIBHSHHS Ta JOMOMIKHOTO
€JIEKTPOJa, @ TPH OTBOPH — ISl MOTPAIUITHHS KOPO3iMHOTO PO3YMHY B KOMIPKY i BHXOIY
MOBITPSI TPU 3allOBHEHI fAKi 3aKPUBAIOTHCS (DTOPOILTACTOBUMH KOpkKamu. EjekTpoximiuna
KOMipKa € TePMETHYHOIO i MOJKE BCTAHOBIIOBATHCH y TOPH3OHTAIBLHOMY M BEPTHUKAILHOMY
MOJIOKEHHSIX a00 IMiJ] HAXUIIOM (KPIM CTEITbOBUX IOJIOKEHB ).
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PucyHnok 3. KpirieHHs: TOPTaTUBHOT €JI€KTPOXiMIUYHOT KOMIpKH 10 AOCIiIKyBaHOT JiITHKM KpaHa LIapHipHOIO
niaBicKoto (a) ab0 MOHTaXKHOIO 1aiiboro (0): 1 — mociimKyBaHa AiNsTHKA; 2 — eNeKTPOXiMiuHa KOMIpKa;
3 — NpUTHCKHWI TPHUCTPiif; 4 — MapHipHA migBicKa; 5 — MOHTaXXHa [Iaiida; 6 — TOTOMIXKHUI €NeKTPOL;
7 — eneKTpOo.I MOPiBHAHHS; 8 — KOpO3iitHMii po3unH; 9 — raiika 3 maiiooro; 10 — mmeka; 11 — rymMmoBa
MPOKJIa/IKa

Figure 3. Mounting of the portable electrochemical cell to the investigated area of crane by hinged support (a)
or by mounting washer (b): 1 — investigated area; 2 — electrochemical cell; 3 — clamping device; 4 — hinged
support; 5 — mounting washer; 6 — auxiliary electrode; 7 — reference electrode; 8 — corrosive solution; 9 — nut
with washer; 10 — pin; 11 — rubber gasket
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Pucynok 4. TlopraTuBHMIA €TEKTPOXIMIUHUI KOMIUIEKC [Tl BU3SHAUYEHHS eNIeKTPOXiMIiYHUX BIIACTUBOCTEN B
TOJTLOBHUX YMOBaX: | — MOTEHIIOCTAT; 2 — KOMIT FOTep; 3 — eJIEKTPOXiMidHa KOMipKa; 4 — TOTIOMIXKHUIA eJIeKTPOI;
5 — enexTpox MOpiBHAHHA

Figure 4. Portable electrochemical system for determining the electrochemical properties in the field:
1 — potentiostat; 2 — computer; 3 — electrochemical cell; 4 — auxiliary electrode; 5 — reference electrode

Jlis  BU3HAYEHHS  CJCKTPOXIMIYHMX  BJIACTUBOCTEH B  IMOJIbOBHX  YMOBax
BHKOPHUCTOBYETHCS TIOPTATHBHHUM €IIEKTPOXIMIYHUN KOMIUTIEKC (pHUC. 4), SIKAH CKIIATaeThes 3
notenmioctata (1), KoMm'roTepa 3 MpPOrpaMHHUM 3a0e3nedyeHHsM (2) Ta eIeKTPOXIMIYHOI
KOMIpKH (3) 3 eJeKTPOIOM MOPIBHSHHSA (4) 1 TOTIOMIXKHUM eJIeKTPoJIoM (5).

BucnoBkn. TpuBana ekciuiyaTaiis MOPCHKUX IOPTAJIbHUX KpaHIB CIPUYUHSE
ICTOTHE 3HWKEHHS OIOPY KPUXKOMY pYHHYBaHHIO, IO HEOOXITHO BpaxoBYBaTH MIPH
eKCHepTHU3i iX TeXHIYHOTOo cTaHy. J[0CTaTHRO YYTIMBHUM JI0 €KCILTyaTaIlifHUX 3MiH Y TPHBAJIO
eKCILUTyaTOBAaHUX CTalIsIX TOPTAITBHUX KpaHIB cepell eNeKTPOXIMIYHMX XapaKTepUCTHK €
noJIIpU3aliiHuil omip, SKUM MoOKe cIyryBaTH iH(OpPMaTHBHMM HapaMeTpoM Jerpazaiii
MaTepially BIPOJOBXK HOTO eKcILIyaTallii. BcTaHOBIIEHO KOPENSIiIo MK 3MiHAMH YIapHOT
B’SI3KOCTI Ta MOJISIPU3AIIWHOTO ONMOPY CTajel KpaHiB, CIPHUYMHEHUMHU 1X €KCILIyaTalliifHO
nerpajgamiero. Jms  HepyWHIBHOI JTIarHOCTHKH TEXHIYHOTO CTaHy CTalleh MOpPCHKHUX
MOPTAJIbHUX KpaHiB 3alPONOHOBAHO 3aCTOCOBYBATH EIIEKTpOXiMiuHHN MeToa. Po3poGieHo
MOPTAaTHBHY €NEKTPOXiMIYHY KOMIpKY, aJanToOBaHy JMJIsS BH3HAYCHHS EJEKTPOXIMIUHHX
BJIACTHBOCTEH JErpajJioBaHUX CTaledl y TIOJILOBHX YMOBAaX, 3a OI[iHKAMH SKHX MOXKHa
MIPOTHO3YBATH 1X OIip KPUXKOMY PYHHYBaHHIO.

Conclusions. Long-term operation of marine portal cranes causes a significant
reduction of brittle fracture resistance that must be taking into account at the assessment of
their technical state. The polarization resistance among the electrochemical characteristics is
sufficiently sensitive to in-service changes in the long-term operated steels of portal cranes,
which can serve as an informative parameter of the material degradation during its operation.
The correlation between changes in impact strength and polarization resistance of gantry
steels, caused their operational degradation, is established. The electrochemical method is
proposed to use for non-destructive diagnostics of technical state of steels of marine portal
cranes. The portable electrochemical cell adapted to determine the electrochemical properties
of degraded steels in the field according to which we can predict their resistance to brittle
fracture is developed.
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