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JlekoMNo3uLIHHUNA METOA PpO3B’sA3aHHA CHCTeM JAudepeHIliallbHUX pIBHAHb B 3ajadax
MO/IEJIFOBAHHS MPOLIECiB KOpo3iitHOTrO nehopMyBaHHs

3enennos J.I'., JIsmenko O.A.

Y  nmaHiii  poOOTI TPOMOHYETbCS 1 OOIPYHTOBYETbCS  METOJ  PO3B’SI3aHHS  CHCTEM
mudepenuianbHux piBHsIHb (CIP), ski MOJemolTh Mpolec 3MIHM B dYaci HampyKeHo-
neGopMOBaHOTO CTaHy KOHCTPYKLIN BHACTIOK BIUIMBY arpecHBHUX CepeloBHUI (Tpoliec
KOpo3iiiHOTO jAedopMyBaHHs). 3aBIaHHSAM MOJEIIOBAHHS € BHU3HAYEHHS JOBTOBIYHOCTI
KOHCTpYKLii, ToOTO yacy ii 6e3BiaiMoBHOI pobotu. Posmipuicts CIIP, sika Mojentoe mporec
KOpO31iHOTO epopMyBaHHs, BU3HAYAETHCS CKIHYCHHO-EJIEMEHTHOIO MOJICTUTIO JTOCITIIKYBAHOTO
o0'exta. [IpaBi yacTHU OUQepeHLiaTIbHUX PIBHSAHD MICTATh (YHKIII MEXaHIYHUX Hampy>KeHb.
Jlnst oOuMCIIeHHsI HAIpy)KeHb BUKOPHUCTOBYETHCS METOJI KIHIIEBHX elleMeHTiB. [IpomoHoBaHmMit
JIEKOMIO3HULIHHUI MeTo/, SKUH 3aCHOBAaHO Ha IEPETBOPEHHI BUXITHUX JU(epeHIiaTbHUX
PIBHSIHb CHCTEMHU IIJISXOM BBEJCHHS B HUX (YHKIIHM, OO0 OMHUCYIOTh BIUIMB 1HIIMX PIBHSIHb, 1
MOJAJILIIIOMY BHPIIIEHH]I OJHOTO 3 WX piBHAHB. Ha migcraBi aHanizy (akTopis, siKi BIUIMBAIOTh
Ha 3MiHY Halpy>XeHHs B 00JacTi JaHOTO KIHIIEBOTO €JEMEHTA, 3alpPOIOHOBAHO BBECTU Y
BIJNOBIHE JAudepeHiiaibHe pIBHAHHSA (YHKIIIO, sIKa allpOKCUMY€ 3MiHM BHYTPIIIHIX 3YCHIIb B
yaci. B npomy Bumanky po3ODKHICTH pe3ynbTaTiB po3B’sizaHHs BuxigHoi CJIP 1 okpemoro
piBHsAHHA Oyzne BHM3HAYATHUCS JIMIIE MOXUOKOI ampoKCUMalii 3aleXHOCTI BHYTPIIIHBOTO
3ycuyuts Big 9acy. B po6oTi mokaszaHo, 110 1€ T03BOJUTH 0araTopa3oBO 3HU3UTH 00UYMCITIOBAIbHI
Butpatd. Kpim Toro, B wiil crarri ans uucenbHoro po3B’sizaHHd CJIP  mpomnonyeThest
BUKOPHUCTOBYBATH MOJIM(IKOBaHUHN aaroputM Merony Eiinepa 31 3MIHHUM KpPOKOM 1HTETpyBaHHS
1o apryMeHTy. Pe3ynbTaTom pillieHHs € BU3HAYeHHS JOBIOBIYHOCTI KOPOIYIOUHUX KOHCTPYKLIH,
TOOTO dYacy poOOTH 10 MOMEHTY BHUEpHaHHsS Hecydoi 3matHocTi. Jlms imrocTtpartii
3allPpOIIOHOBAHOTO METOJy pO3B'SI3aHO 33/7a4y PO3PAaXyHKY JOBIOBIYHOCTI KOPOAYIOYOI
TUTOCKOHANIPY’KEHO1 TUTaCTHHU. HaBOIATHCS pe3yibTaTH YHCEIBHUX EKCIEPUMEHTIB, SIKi
HiATBEPKYIOTh  TOYHICTH  MPONOHOBAHOTO  YWCENBHOIO  pPIIIEHHS MNpH  MiHIMaJIbHHUX
O0YHCITIOBAJIbHUX BUTpAaTax. 3alpoloOHOBAHUNA B CTATTi JEKOMIIO3ULIMHUNA METOJ PO3B’A3aHHS
CIP, sxi MOAETIOIOTH MpoLIeC KOPO3iHHOTO AeGopMyBaHHS MJIOCKOHANPYKEHUX IIACTUH, MOXKe
OyTH y3araJibHEHHUH Ha 1HIII KJIACH KOHCTPYKIIIH.
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JIeKOMITO3UIIMOHHBIN METOJ] perieHus: cucteM audQepeHInanbHbBIX ypaBHEHUN B 3ajadax
MOJICJIMPOBAHMSI TPOLIECCOB KOPPOZUOHHOTO JIe(POPMUPOBAHUS

3enennoB [.I'., JIsmenko O.A.

B Hactosmelt pabore mpemyaraercsi M OOOCHOBBIBA€TCS METOJ pEIICHUS CHCTEM
muddepennnanbibix ypaBHenuit (C/AY), mopenupyromux mpoliecc M3MEHEHUS BO BpEMEHU
HANPSOKEHHO-EDOPMUPOBAHHOTO  COCTOSIHUS ~ KOHCTPYKIIMH  BCIIEJICTBHE  BO3JCHCTBUS
arpecCHUBHBIX cpeja (MpOoIecC KOPPO3HOHHOTO AeGOpMHUPOBAHUsA). 3adadeld MOJETUPOBAHUS
SBIISICTCA OIpEJIeNIeHHe JIOJTOBEYHOCTH KOHCTPYKIIMH, TO €CTh BpeMeHH e€ Oe30TKa3zHOU
pabotel. Pasmeprnocts CJIY, KoTOpas MoaenupyeT Mporecc KOPPO3UOHHOTO AehOpMHUPOBAHMS,
OIpeiesiieTCs] KOHEYHO-3JIEMEHTHOH MOJeNbl0 HcciexyeMoro oObekra. IIpaBele wactu
mudepeHInanbHbIX  YpaBHEHUN cojaepkaT (YyHKIUA MEXaHWYECKUX HampspkeHuil. J{ms
BBIYMCIICHUS] HAIpPsDKEHUH HCIONB3YETCS METOJ KOHEYHBIX dJeMeHTOB. Ilpemyaraemsbrit
JEKOMIIO3ULIMOHHBIA METOJ] OCHOBaH Ha MpeoOpa3oBaHWU MCXOAHBIX JU(depeHInaTIbHbIX
ypaBHEHUH CHUCTEMBI MyTEM BBENEHUS B HUX (PYHKIMN, OMUCHIBAIOIINX BIHSHHE OCTATBHBIX
YpPaBHEHUH, U TMOCIEIYIONIEM PEMIEHUH OJHOI0 M3 ATUX ypaBHeHMH. Ha ocHOBaHuu aHanmza
(hakToOpOB, BIUAIOIIMX HA U3MEHEHUE HAIMpPSHKEHHUS B OONACTH JAaHHOTO KOHEYHOTO DJIEMEHTA,
MPEAJIOKEHO BBECTH B COOTBETCTByIomiee auddepeHnnanbHoe ypaBHeHHE (DYHKITHIO,



ANIPOKCUMUPYIOIIYI0O HW3MEHEHME BHYTPEHHUX YCWIMHA BO BpeMeHU. B 3ToM ciydae
pacxokaeHue pe3ynbpTatoB pemieHuss ucxomnod CJIY wu oTaenbHOro ypaBHEHUS OyAyT
ONPENENATHCS JIMIIB MOTPELIHOCTBIO ANNPOKCUMAlUU 3aBUCUMOCTH BHYTPEHHETO YCWIIUSA OT
BpeMeHH. B pabore moka3aHo, 4TO 3TO MO3BOJIMT MHOTOKPAaTHO CHU3UTH BBIYHCIUTENIbHBIE
3arparbl. Kpome Toro, B Hacrosimed cratbe [uisi uucieHHoro pemenus CIY npemnaraercs
UCIIONIb30BaTh MOIUGUIIMPOBAHHBIM aIrOpUTM MeToAa Oiliepa € NEpPEeMEHHBIM IIarom
MHTEIPUPOBAHU 10 apryMEHTy. Pe3ysbTaToM peleHus sBiseTcs: ONpEACIICHUE JOJITOBEYHOCTH
KOPPOAUPYIOIIUX KOHCTPYKLHUH, TO €CTh BpeMEHH paboThl 10 MOMEHTa HCUepIaHus Hecyulel
crnocoOHOCTH. s  WIIIOCTpallMM  MpeularaeMoro  MeToja pelleHa 3ajada  pacuéra
JOJITOBEYHOCTH TUIOCKOHAIPSKEHHOM IIJIaCTHHBI, TMOJBEPKEHHOM KOPPO3HOHHOMY H3HOCY.
IIpuBogsTcs  pe3ysbTaTbl  4YHUCIEHHBIX  OKCIEPUMEHTOB, IOATBEPKIAIOIIHAE  TOYHOCTH
MIPEAJIaraéMoOr0 YWCJIEHHOTO pENIeHUs INPH MHUHUMAJIbHBIX BBIUYHACIUTENBHBIX 3aTPATax.
[IpensioxkeHHBIN B cTaTbe AEKOMNO3UIMOHHBIA MeTo petieHuss CY, Moaenupyommx npouecc
KOPPO3UOHHOTO J1e(hOpMUPOBAHUS TUIOCKOHANPSKEHHBIX IUIACTUH, MOXKET OBITh O0OOIIEH Ha
IPYTUe KIACChl KOHCTPYKIIMMA.

KuroueBrblie c10Ba: 1EKOMIO3UIIMOHHBIMN METOJI, arpecCUBHAs CPela, MPOLECC KOPPO3ZHOHHOTO
nepopmupoBanus, cucreMa  Aud@epeHInANbHBIX  YpaBHEHUH,  IJIOCKOHAINPSDKEHHBIE
KOPPOJAUPYIOIINE IUIACTUHBI.

Decomposition method for solving systems of differential equations for the problems of
modelling corrosion deformation processes

Zelentsov D.G., Liashenko O.A.

The article offers and justifies a method for solving systems of differential equations (SDE) that
simulate time changes of stress and strain state due to the influence of corrosive environment
(the process of corrosion deformation). The task of modelling is the determination of the
construction durability that is the time of its flawless operation. The finite element model of the
object under study determines dimension of SDE modelling the process of corrosion
deformation. The right-hand sides of the differential equations contain functions of mechanical
stresses. The finite element method is used for calculating stresses. The proposed decomposition
method is based on the transformation of the initial differential equations by introducing in them
functions describing the influence of the remaining equations and the subsequent solution of one
of these equations. Based on the analysis of the factors influencing the stress change in the area
of the given finite element, we propose to introduce into the corresponding differential equation
a function approximating the change of internal forces over time. In this case, the discrepancy
between the results of the initial SDE solution and an individual equation is determined only by
the error in approximating the dependence of the internal force on time. The article shows that
this allows a multi-rate reduction of computational costs. In addition, for a numerical solution of
SDE, we propose to use a modified algorithm of the Euler method with a variable integration
step by argument. The result of the solution is determination of corrosive construction durability,
1.e. operating time before exhaustion of bearing capacity. To illustrate the proposed method, we
solved the problem of calculating the durability of a flat-plate subjected to corrosive wear. The
article provides the results of numerical experiments confirming the accuracy of the proposed
numerical solution with minimal computational costs. The decomposition method for solving
SDE modelling the process of corrosion deformation of plane-stressed plates can be generalized
to other classes of constructions.
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