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MOAENOBAHHA NONAPU3OBAHOCTI CTAJI Y BEPLWWWHI KABEPHU 3
YPAXYBAHHAM BIJINBY CIPKOBOAHEBOI'O CEPEAOBULLA
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3anpononosana npoyedypa oyiHOGAHHL NOAAPUIOEAHOCE CMANL Y GEPUUHI KABEPHU 3 YPAXYBAHHAM
6NIUBY  CIPKOBOOHEB020 CEPedosUyd | MeXAHIUH020 HABaHmMAdicenHs (po3msey). 3anponoHogano
Mamemamuuny MoOoenb 05l OYIHIOBAHH eHePIeMmUYHUX XAPAKMEPUCMUK MINC@A3Hux wapie ma
aKmueayitiHux npoyecie, Ki Xxapaxmepusyroms Memal, cepedosuuje i OUHAMIKY KOpO3iluHo20 (AHOOH020)
PO3YUHENHS NOOAU3Y BEPUUUHU KABEPHU Y KOPOIIHOMY cepedosuyi muny Mopcvkoi 600u 3 CipKkogooHeM.
Kniouosi  cnosa: cipxogodenb, cmanb, KaBepHA, acpecugue cepedosuue, ereKmponim, MexaHiuHe
HABAHMAIICEHHS.

Ipeonooicena npoyedypa oyeHuBaHUsE NOAAPUZOBAHHOCHIU CIMATU 8 BEPUIUHE KABEPHLL C YYEMOM GIUSHUS
€epoB8OOOPOOHON Cpedbl U Mexanuueckol s3azpysku (pozmsicenus). Ilpeonooscena mamemamuueckas
MoOenb 05l OYEHKU IHEPSeMUYeCKUX XAPAKMEPUCTRUK MeNCHAZHbIX Cloes U aKMUBAYUOHHBIX NPOYECcos,
Xapaxmepuzyiowux Mmemaui, cpedy U OUHAMUKY KOPPOZUOHHO20 (AHOOHO020) pACMEOpeHus 60u3u
BEPUIUHBL KABEPHBL 8 KOPPOIUOHHOL CPede MUnAa MOPCKOU B00bl C Cepo80O0POOOM.

Kniouesvie cnosa: ceposodopod, cmanv, Kagepua, acpeccUusHas cpeoa, >NeKmpOoaum, MeXaHudyecKyio

Ha2py3Ky.

The stages of modelling and evaluation of steel polarized in a top cracks are offered taking into account
influence of sulphuretted hydrogen environment and mechanical loading (tension). A mathematical model
to assess the energy performance interfacial layers and activation processes that characterize the metal
environment and the dynamics of corrosion (anodic) dissolution cavities near the top in corrosive
environments such as sea water with hydrogen sulfide.

Keywords: hydrogen sulfide, steel, cavity, aggressive environment, electrolyte, mechanical load.

CTPYMH, CICKTPUYHI TOTCHINAIU, MEXaHIuHI
HaTpyxeHHs, nedopmariii, po3Mipu i HIBHIKOCTI

Beryn
Hanst KOHTPOJTIO KOpo3ii MeTaJIeBIX

KOHCTPYKI[I y MOpCBHKiM BOmi 3 CIPKOBOIHEM
HEOOX1THO BUBYATH OCOOJMBOCTI BILUIMBY Ha METal
($i3UYHMX Ta XIMIYHHUX TPOIECIB, AKi BiI0YBaIOThCS
B OKOIli BepIIMHU Jedekry (kaBepHH). Buxomsun 3
TEPMOJMHAMIYHUX MO3MI[IHM, IOUIIBHO IPOBECTH
MaTeMaTHYHE MOJCIIOBaHHS CHUTYyallli Ha TpaHHUIll
pO3Ily CTamb — arpecMBHE CEpeNOBHIIEC 3
ypaxyBaHHSIM  C€HEPTeTHYHHX  XapaKTCPUCTUK
Mik(}a3HHX mapiB.

PosrisiHeMo  BepumIMHY — KaBepHH — METaly,
3all0BHEHOI MOPCBKOIO BOJIOIO, SIKa  MICTUTh
cipkoBogenb (H,S) Ta iHmI arpecwBHi XiMiuHI
KoMIioHeHTH. st BcTaHOBIEHHS e(eKTHBHOCTI
KaTOMHOI  MOJIApH3allii  MOTPIOHO  OIIIHIOBATH
MOJISIPU30BAHICTh MiK(a3HOI TOBEPXHi, KOPO3iiHI

PO3BTKY JleeKTy.

Meroro po0OTH € OIliHKa BIUTMBY CipKOBOJHIO
Ha TIapaMeTpH, IO XapaKTepH3yIOTh KOpO3iliHe
PO3YMHEHHS CTalleBHX KOHCTPYKIiH, ruiathopMm y
BEpIIMHI KaBEpHH MeETaly, SKHHA 3HAXOJUTHCS Y
MOPCBKOMY  CEPEIOBHII  MPH  MEXaHIYHOMY
HaBaHTa)KCHHI.

B ocranHiX AoCTDKEHHSX 1 MyOmikaiisx 3
JaHoi npobiaeMu PO AAITH CIIEMEHTH
METOJOJIOTii  OIIHIOBaHHS  3MiH  IapaMeTpiB
TEPMOJIMHAMIYHOTO CTaHy MOONH3Y BEpIIMHH
KaBepHH y JedopMoBaHOMY MeTani, 3allOBHEHOI
KOpO3iiHUM cepefoBuiieM [1]. 3amporoHOBaHO
HU3KY (I3MKO-XIMIYHHUX TapaMerpiB 1 BiAMOBiTHI
CITIBBIHOIIIEHHS IMITaLiiiHOL MOJIENi, K1
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OMUCYIOTh ~ PO3BUTOK  KaBEpPHU  MEXaHIUYHO
HABaHTa)XEHOT'O METaNy 3 IMO3UIlil MeXaHOoXiMil 3
ypaxyBaHHSM  CHEPreTHYHUX  XapaKTEePHUCTHK
MOBEPXHEBHX IapiB. Y mpami [2] po3rispaeTbes
BIUIMB TMOJISIpU3allii Ha TPIMIMHOCTIMKICTh CTaji
28X2M®FB]], sxa 3HaxoauThes y 3,5 %-My po3unHi
MOpCBKOI coii 1 Mictuth 15 mr/n H,S. Bussieno,
mo s crain 28X2M®B/] kaToaHa mosspu3aliis B
niarmazoni  moreHmiamies  E=-(0,7+0,4)B €
3aXMCHOI0, a aHOJHA TOJISIPHU3allisl CTHUMYIIOE
PO3BHTOK  KOpPO3IMHHMX  KaBepH, AaKTHBYIOYH
JIoOKallbHE po3uMHeHHs Metany [2]. Y [3]
MpoaHali30BaHI 1 TEOPETHYHO  OOIPYHTOBaAHI
MIIXOAU 10 aHaTi3y €JISKTPOXIMIYHOI'O0 YHHHUKA B
3arajipHii CXeMi PO3BHTKY KOPO3IMHUX TMpOIIECiB
cTali y 1mopax mokpuBiB. Ha  ocHOBI
neGOpMaIifHOrO MiAXO0AY 1 MOJOXKEHb MEXaHIKH
pyiHYBaHHS MOOYJOBaHAa pPO3PaxXyHKOBa MOJIENb
JUIT BU3HAYEHHS TIEpiofy JOKPUTUYHOIO POCTY
KOpO3iifHO-MeXaHIYHOiI KaBepHH y Meraji (crai)
[4]. Po3rissHyTO BHTIIAJOK QHOIHOTO PO3UYMHECHHS Y
BEpIIMHI KaBEPHHU, KOIU TMPH KOHTAKTI METany 3
SNIEKTPOJIITOM TPOXOJIUTh €IEKTPOXIMIYHA PEaKIlist
3 BOAHEBOIO JCIIOJIAPU3AIIIETO.

Y BigoMux myOJikamisx He po3po0JieHO
JNOCTaTHHO  OOTPYHTOBAaHUX  MIAXOAIB MO0
OI[IHIOBaHHsI IHTCHCHBHOCTI KOPO3iHHUX TMPOIIECiB
JUIT KOHCTPYKIIHHUX MaTepiaiiB (cTanei), sKi
3HAXOMATBCS Yy  MOPCBKOMY  CEpEAOBHINI 3
ypaxyBaHHSIM MEXaHIYHUX HampykeHb. JIOIIbHO
3aCTOCYBaTH TEOPETHUYHI 3acaiu (Di3MKH MOBEpxXHi
JUIsl OMKCY SIBUII, IO XapaKTepH3YIOTh KOPO3iHHY
CHUTYaIlil0 Ha MOBEPXHI cTail y KaBeHI, 3alIOBHEHIN
MOPCBKOIO BOJIOIO 13 CipKoBOgHEM. Posismaemo
3B’A30K  MEXaHIYHUX Ta  EJIeKTPOXIMIYHHX
napamerpiB.

TeopeTuuna yacTuHa

PosrisiHeMO KOpO3iHHUI DIIEMEHT «IIOBEPXHS
METajeBoro 3paska — JHO KaBepHu». OOnacth
MeTany (IHO KaBepHH) KOHTAKTYE 3 €ICKTPOJIITOM.
B okom Mexi po3maily CepeioBHIN PO3MOILICHI
SNEKTPUYHI 3apsiii 1 MeXaHiuHi HanpyxeHHs [1],
SIK1 CTBOPIOIOTH TOJIBIHHUHN €NEKTPUYHUI mIap.

VY arpecMBHOMY CEpEIOBHIII B CHCTEMI "MeTal
— eNeKTporiT" (QYHKIIOHYIOTh TPU TaJbBaHOIAPH:
BEpIIMHA KaBEPHU — TOBEPXHsS CTalli, BEpIIMHA —
CTIHKA KaBEpHH, CTIHKM KaBEpHH — TIOBEPXHS
Metany [3]. OcHOBHUI BIUIMB Ha MPOLIEC PO3BUTKY
KaBepHU HAJIGKUTH JBOM IEPIIMM TajbBaHOMAPAM,
MIPUYOMY SNeKTpOopyIIiiiHa cuia (EPC)
ralbBaHONapH BEpIIMHA KaBEpHH — IOBEPXHS

3pazka Moxke pocsaratu 0,32 B, a ryctuHa ctpymy
TIpM PiBHOCTI IUIOII KaToza i anoma — 7 A/m” [3].

3acTocyeMO MAaKpOCKOIIYHUH MiaXif, SKOMY
BIJINIOBIIAlOTh  CHIBBIJHOIICHHS HEPIBHOBaKHOL
TEepMOJMHAMIKH Ta (DI3MKH TTOBEPXHi TBEPJOTO Tijia
[1]. [nst ommcy 3MiH €HEPreTHYHUX Ta MiK(pa3HHUX
napameTpiB BUKOPHCTAEMO 1H(opMaIlifo Mpo yMOBH
pyHHYBaHHS Til 3 KaBepHaMH B KOPO3IMHUX
cepemoBumax [1, 6]. Meranr 3 KaBepHOIO
MiJIA€THCS PO3TATY.

Eneprernunmii 6anaHc y mpoiieci MOIIMPEHHS
KOpO3iifHOT KaBEepHH B YMOBax HaBaHTa)KEHHS TiJia
(po3TAry) MOXKHAa ~ NPEACTAaBUTH  aHAJIOTTYHO
CHUTYyallii KOpO3iHHOTO pO3TPiCKyBaHHS: poOOTa
macTuyHoi aedopmainii — Ppr, 3MiHa MOYAaTKOBOTO
3amacy eHeprii W,,, BHJIUIEHHA eHeprii B mporeci
eNeKTpoXiMiuHOl peakiii W, MOB’s3aHI TaKUMHU
CHIBBIJHOIICHHSIMH [6]:

K’ (1-v?%) S
PPL :VVzp +VVec :—+Zsinc'ﬁ:
E g
K scc = m P _Z.yinaﬁ , (1)
ne K, — xoedillieHT IHTEHCHBHOCTI HaIpyXEHb,

Ta- \/; ; p — TycTHHA Matepiany (cTani), kr/m3; E —
monyib tOnra, I1a; v — koedirient Ilyaccona; z; —
(dbopManbpHHMI 3apsa  COJbBATOBAaHMX IOHIB, F =
96500 Kn/monbs — mocriiina ®apanest; 6 — BucoTa
($poHTY KaBepHW, IO HacyBaeTbcsa, Mm; M —
MOJsIpHA ~ Maca  Merainy, r/mMomb;  C —
MepeHanpyXeHHss aHoaHol peakmii, B; Kiscc —
MOpOroBe 3Ha4yeHHS Koe(illieHTa IHTEHCHBHOCTI
Hampy)keHb, TOOTO MiHIMajbHe 3HauYeHHs K, 11O
BIJMIOBiIa€  MOYATKy TIOMIMPEHHS  KOpPO3ilHOI
KaBepHH.

Eneprernyna xapakTepucTUKa TOBEpXHI Ppp
BXOAUTH Y KpuTepiit mirtHocTi ['piditca-OpoBana:

AE-P,

AE-P,
n-L(1-v*)’

= 2
O

Tyr mnepma QopMynaa CTOCYETbCS ITUIOCKOT
nedopmariii, apyra — TUIOCKOTO HAaMpPY>KEHOTO
CTaHy; . — KPUTHYHE HANpPYXeHHs (G» = Or , OF —
TpaHUIl TEKydoCTi; G. = G, , O, — TIpaHMI
MIITHOCTI 3pa3ka); L — TOBKHHA KaBEpHH.

PiBHOBaXkHMI CTaH HaBaHTAKEHOTO
MPYKHOIUTACTUYHOTO TiJla 3 KaBEPHOIO HA MOMEHT
JOCATHEHHS KPUTUYHOTO PO3KPUTTS 01 (67 = 01¢) 1
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JIOB)KMHA TUIACTHYHHUX 30H d B OKOIN BEpIIMHHU
OIUCYIOThCS CIIBBIIHOMEHHSMH [6]:

KZ

8,(L,6,)=0,,, 8, =—1C 3)

E-o,

2 2
d=0578c 4 T Kic (4)

T, 8-07
ne d, d, — xapakrepHi po3Mipu IS IUIOCKOT
nedopmarii 1 TUIOCKOTO HANPYKEHOTO CTaHy,

BIZIIOBIIHO.

3 BHKOpUCTaHHSM criBBigHOmEHb (1)+(4)
MPOBEJICHO OILIIHIOBAHHS ILJIOII aHOJAHOI 00JacTi y
BEpIIMHI KaBepHU JUIA 3pa3ka cram 20 1 oTpuMaHo
3nauenns S, = 1,49-10-10 m”* [6].

Ha ocHOBI ekcriepuMeHTaNbHUX JaHUX [2] st
_10-5
9, =107 m

CTPyMy i =6,3 Am’

PozpaxoBane ans nporo po3kpurts [6] 3HAYEHHS
20)
eKCIIepUMEHTaIbHOTO.
orpumMano y  [3]

PO3KPUTTSI  KaBEpHU OTPUMaHO

T'YCTUHY KOpo3ii

ryctuan  ctpymy i, = 8,3 A/M>  (cTamb

BIIPI3HIETHCS BIJI
AHanoriyHui  pe3ynbTaT

. 2
iy =7 A/M". TakuMm 4MHOM, MOXHA BBa)kKaTH, IO

CTpyMy
(6,3+8,3) A/M°. BigMiHHOCTI Mi OTpPHMAHHMH

Jiarna3oH 3MiHM TYCTHHH CTaHOBHTH

JaHUMH MOXYTb OyTH 3YMOBJICHI HEIEBHICTIO
EKCIIEPUMEHTY, MapKOIO CTali, Pi3HUMHU (QopMaMH
KaBepHHU, TOJSIPH3ALIAHAMA XapaKTepUCTUKAMHU
CNMEKTPOMHUX peakuiii i omopoM anuddy3iiiHIX
MOTOKIB.

Jlnist OLIHKK aHOJHOTO PO3YMHEHHS Y BEpLUIMHI
KaBepHU Ha IOBEHUIbHIM TIOBEpXHI BHUKOPHCTAEMO
CHIBBIHOIICHHS [3]:

AE

I= :
R+P, /S, +P/S,

)

ne [ — cTpyM  KOpO3IMHOrO  PO3YMHCHHS:
AE = ¢, — ¢; — EPC kopogiitHoi ranbpBaHonapu
(AE=0,32 B); R — omip eIeKTPONITY B KaHall
kaBepuu; P,/S, i PJ/S; — nuromi monspu3aliiiHi
omopu anoma 1 xaroma (y [3] P, 1 P —
MOJIAPU30BAHOCTI AHOHOTO 1 KATOJAHOI'O TPOIIECIB);
S, 1 S, — momni aHoma (IHA KaBEpHHU) 1 KaToja,
BiamoBigHo. BBaxkaersces S, << S;. Ockinpku [ ~ 1-S,
, TO

. AE
[ =—-. (6)
R-S,+P,
Hns BuszHaueHHs P, 1 S, BHUKOPHCTOBYEMO

OI[IHKHM TUIONII FOBEHUTHLHOI MOBEPXHi, OTPUMaHi y
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mpaii [6], Ta HaBEICHI BHWILE 3HAYECHHS T'YCTHH

ctpymiB.  Otpumyemo  P,=0,0386 Om-M2 i
P./S§,=259 MOwm.

ITix Ii€ero CIPKOBOIHIO 3MIHIOKOTHCSA
XapaKTePUCTUKUA  IMOJIAPU30BAHOCTI  IOBEHILIBHOL

noBepxui P, i P,/S, y BepUIMHI KaBepHHU, IO HE
MOKpPUTa TACHBHOIO TIUTiBKOO. Ha 1iii moBepxHi
(aHOmHIM 00JacTi) BiIOYBA€ETHCSA EIEKTPOXIMIUHA
peakIlis mepexoay 1OHIB 3ajli3a y BOJHUU PO3YUH
SNEeKTPOITY. 3a ME&KaMH aHOMHOI JUISHKH Maibke
MUTTEBO YTBOPIOETHCS TacWBHA IUIiBKa [7]. 3a
JaHUMH, HABEJICHUMH Y mpaisix [2, 8], 30iU1bIeHHs
KOHIIGHTpAIlil  CIPKOBOAHIO  NPU3BOAUTH [0
3pOCTaHHS MBHUJIKOCTI (CTpyMy) KOpo3ii y ns = 3+5
pasiB. 3 BUKOPHCTaHHAM CIiBBimHOIIEHHS (6)
BH3HAYAEMO 3aJIeXKHICTh P, 1 P,/S, Bif BigHOIIEHHS
ns. Pe3ynpTaT po3paxyHKy IoJaHo Ha puc. 1.

[Ipu po3paxyHKax BpaxoBaHO, IO HasBHICTbH
CIPKOBOJIHIO TPU3BOJUTDH JI0 3POCTAHHS PO3KPUTTS
i, BIAMOBIAHO, ILIONI FOBEHUIBHOI TOBEPXHI Y
BEpIIMHI KaBepHU Opi€HTOBHO B 2,2 pasu [9].
30iIbIIeHHS I[i€] IO MPU3BOAUTE J0 3POCTAHHS
CTPYMY KOpO3ii.

Takum umHOM, 3a momomororo (1)+(6) mMaemo
MpOLEAYPY OIHIOBaHHS IapaMeTpiB  CTaHy 1
KOpO3iMHUX TPOLIECIB ISl EMEMEHTIB KOHCTPYKITii
i3 cTam y MOPCBKOMY CEpPEJOBHIII 3 CIPKOBOIHEM.
Mogenb mae MOXIHBICTb, 30KpeMa, BH3HAYATH
Koe(ili€HT TaJbMyBaHHs KOpO3ii, CTYIiHb 3aXUCTY
MeTajeBUX KOHCTPYKILiii [1, 9].

Pa Ra
0,0130 170
0,0110 + T 150
1 130
0,0090 + 1 110
0,0070 90

3,0 3,5 4,0 4,5 5,0
ns
Pucynok 1 — 3ajnexknicTb nuTOoOMoi
NMOJIAPU30BAHOCTI i MOJIsIpU3alliiiHOr0 OMOpY
P,=P,iR,= P,S, Bix BiiHOLIEHHS 1S, AKe
BilMOBia€ 3pocTaHHI0O IBUAKOCTI KOPO3ii mijx
niero cipkosoanio ([P,]=1 Om-M*; [R,]=1 MOm)

3 BHKOPHCTAaHHSAM OIUCAHOI Mozeni
TEOPETHUYHO MPOBEICHO OIIHIOBAHHS MOXJIMBOI'O
Jiarna3oHy 3MiH MHTOMOI MOJSpU30BaHOCTI P, 1
noJispu3aiiiinoro omnopy P,/S, mis cram 20 mix
BIJIMBOM CIPKOBOJIHIO B OKOJIi BEPIIMHU KaBEPHHU
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Ta orpuMmano ix 3HaueHHs: P,=(0,0077+0,0129)
Om-M” i P,/S,=(97+ 161) MOm.

Ilin 4wac po3paxyHKIB BpaxoBaHO, IO
HASBHICTh CIPKOBOAHIO MPHBOAUTH IO 3POCTAHHS
PO3KPUTTSA 1, BIAMOBIAHO, IUIOII FOBEHUILHOT
MOBEPXHI Yy BEpIIMHI KaBEpHH OPIEHTOBHO Y
2,2 pasu [9]. 30UIbIICHHS i€ TUIOIII TPUBOIUTD 110
3pOCTaHHS CTPYMY KOpO3ii.

Takum YMHOM, HA OCHOBI CHiBBiHOMIEHD (1) +
(6) mMaemMo mpolenypy OILIHIOBaHHS IMapaMeTpiB
CTaHy 1 KOpPO3IMHUX TIPOILECIB JUIsI EIEMEHTIB
KOHCTPYKIIiH 13 cTaimi B MOPCHKOMY CEpeoBHUIII 13
cipkoBogHEeM. MoJielib a€ MOXKIIMBICTh, 30KpEMa,
BHU3HAYaTH Koe(illieHT TambMyBaHHA KOpO3ii,
CTYITIHb 3aXHCTy METaJIEBUX KOHCTpYKii [1, 9] Ta
THIII TapaMeTpH, 110 BXOAATh y Bupasu (1) + (4).

BUCHOBKHM.

Ha ocHoBi cmiBBifiHOIIEHs (HI3UKK TTOBEPXHI
3alpONOHOBAHO  MaTeMaTHYHy  MOJENb  JJIs
OI[IHIOBaHHS CHEPreTUYHUX XapaKTePUCTHK
MiK(]a3HHX IIapiB Ta aKTUBAIIHHUX MPOIECIB, SIKi
XapaKTepU3yloTh METall, CEPEAOBHUIIE 1 TUHAMIKY
KOpPO3iHHOr0o (aHOMHOrO) PO3YMHEHHS MOOIU3Y
BEPUIMHMA KaBEPHH Yy KOPO3IMHOMY CepeloBHII
THUITy MOPCHKOi BOAM 3 cipkoBomHeMm. J[iis aHamizy
KOpO3iMHOro pyiHyBaHHA craigi 3 jAedekramu
BUKOPUCTAHO CHCTEMY CHIiBBIIHOIIEHb, Y SIKi
BXOJSITh 3 OJHOI CTOPOHHM KpHTEPil MIITHOCTI IS
TN 3 KaBepHAMH, 3 IHINOI — BUpPA3W JJIsI CTPYMIB,
SKi BIAMOBIJAIOTh EIEKTPOXIMIUHIA peakiii Ha
TpaHMII METally 3 KOPO3HBHUM cepefoBuiieM. Jlis
IOBEHITFHOI MOBEPXHI Y BEPIINHI KaBEPHU MeETay
(cramp 20), sKUil MiATAETBCS PO3TATY, BIIEpIIE
MPOBENICHO TEOPETHYHE OLIHIOBAHHS  MUTOMOI
MOJIAPU30BAHOCTI P, Ta MOJAPH3AI[IHOIO OIopy
P./S, 1 orpumano 3nauenus P,=0,0386 Om-M* Ta
P./S§,=259 MOwm. Ha ocHOBI po3po0iieHoi Moaeri 3
BUKOPUCTAHHSIM  CKCHEPUMCEHTAILHUX  JaHUX
MOJKHA OI[IHIOBATH Jialla30HU 3MiH MapaMerpiB, sKi
XapakTepu3ylOTh BIUIMB CIPKOBOJHIO Ha CTpec-
KOpO3iliHe pyHHYBaHHS METaJICBUX ILIATPOPM Ta
THIINX KOHCTPYKIIH y MOPCHKIH BOII.
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