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JIeKOMIO3UIIIMHUE METOA pO3B’sI3aHHA CUCTEM JU(EepeHLiaIbHUX pIBHAHb B 3ajadax
MO/ICIIFOBAHHS MPOIIECiB KOPO3iitHOTO AehopMyBaHHS

3enennos [.I'., Jlsmenko O.A.

Y  panii  poOOTI TPOMOHYETHCSI 1 OOIPYHTOBYETHCS METOJl PO3B’SA3aHHS  CHUCTEM
mudepennianbaux piBHAHb (CIIP), AKi MOIETIOTH MpoIec 3MIHM B 4Yaci HampyKeHO-
nehOpMOBAHOTO CTaHy KOHCTPYKIIM BHACTIZIOK BIUIMBY arpeCMBHUX CepeloBHUI (IIpolec
KOpo3iiiHOro jAehopMyBaHHs). 3aBAaHHSAM MOJCIIOBAHHA € BHU3HAUEHHS JOBTOBIYHOCTI
KOHCTpYKLii, ToOTO uacy ii 6e3BiaMoBHOI pobotu. Posmipuicte C/IP, sika moxentoe mporiec
KOpO31iHOI0 J1e(opMyBaHHsI, BU3HAYAETHCS CKIHUEHHO-EJIEMEHTHO0 MOJIEIIIIO JOCIIKYBAaHOTO
o0'exta. [IpaBi yacTuHM nudepeHIialbHUX PIBHAHDb MICTATh (DYHKIIT MEXaHIYHUX HAIMPYKEHb.
Jliss oGuMciIeHHsT HalnpyXeHb BUKOPUCTOBYETbCS METOJ KIHLIEBUX €JeMEeHTIiB. IIpornoHoBaHMi
JEKOMITO3UIIIMHAN METOMA, SKHA 3aCHOBAaHO Ha TEPETBOPEHHI BHUXIIHUX IU(EpeHIliaIbHUX
PIBHSIHb CHCTEMHU ILJISXOM BBEICHHS B HUX (DYHKIIN, 110 OMHCYIOTh BIUIMB IHIIMX DPiBHSHB, 1
MOJAJILIIIOMY BHPIIICHHI OJHOTO 3 IIMX piBHAHB. Ha mincTaBi aHaimizy (akTopis, sKi BIUTMBAIOThH
Ha 3MIHY HamnpyXeHHs B oO0JIacTi JaHOro KIHIIEBOI'O €JEeMEHTa, 3allpOIIOHOBAHO BBECTH Y
BiZMOBiHE Au(epeHIiaabHe PiBHSIHHS (YHKIIO, SIKa alPOKCUMY€E 3MiHM BHYTPIIIHIX 3yCHIIb B
yaci. B npomy Bumaaky po30iKHICTH pe3ynbTariB po3B’s3aHHs BuxigHoi CIIP 1 okxpemoro
piBHsSHHS Oyzne BH3HAUaTHCS JIMIIE IMOXMOKOIO ampoKCHMAIlil 3aJeKHOCTI BHYTPIIIHBOTO
3ycwLIs Big 4acy. B po6oTi moka3aHo, 1o 11e J03BOJIUTH 0araTopa3zoBo 3HU3UTH OOUUCITIOBAIbHI
Butpatn. KpiMm TOoro, B mii crarTi Ui 4ucenbHOro po3’sizanHs CJIP  mpomonyeThes
BUKOPUCTOBYBAaTH MOM(pIKOBaHUH aaroputM merony Eisiepa 31 3MIHHUM KPOKOM 1HTEIpyBaHHS
M0 apryMeHTy. Pe3ynbpTaToM pillieHHs! € BU3HAYEHHS JOBTOBIYHOCTI KOPOIAYIOUHMX KOHCTPYKIIIH,
TOOTO uacy poOOTH [0 MOMEHTY BHYepHaHHsS Hecydoi 3maaTHocTi. /[l imroctparii
3alpOMOHOBAHOTO METOJy pO3B'S3aHO 3aJady pO3paxyHKY JOBTOBIYHOCTI KOPOIYIOYOi
IUIOCKOHANPY)KEHOI TJIaCTUHU. HaBOAATBCS pe3yNbTaTH YHCENbHUX EKCIEePUMEHTIB, sKi
HIATBEPKYIOTh  TOYHICTh  MPOMOHOBAHOTO YHCEIBHOIO  PpINIEHHS NpU  MIHIMAJIbHUX
00YMCITIOBAIBHUX BUTpaTax. 3alpONOHOBAHUI B CTATTI JEKOMIIO3ULIHHUNA METOJl PO3B’A3aHHS
CJIP, siki MOJENIOI0Th MPOLEC KOPO31MHOTO JeopMyBaHHsI TUIOCKOHANPYKEHUX TUIACTUH, MOXKE
OyTH y3arajibHEHUH Ha 1HIII KJIacH KOHCTPYKLIH.
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negopMmyBaHHsI, cucTeMa Ju(pepeHIiaIbHUX PIBHSHB, INIOCKOHANPYXEH1 KOPOAYI0Ui UTACTUHH.

JIeKOMIO3UIIMOHHBII MeTox peleHust cucteM Aaud@epeHnranbHbIX ypaBHEHMH B 3ajayax
MOJIETTUPOBAHUS MPOLECCOB KOPPO3UOHHOTO Je(hOPMUPOBAHUS

3enennos [.I'., Jlsmenko O.A.

B Hacrosmelr pabore nmpennaraercsi U OOOCHOBBIBA€TCS METOJ| PELIEHUS CUCTEM
muddepentmanbabiXx ypaBHeHui (CY), monenupyrommx mnporecc M3MEHEHHs BO BpPEMEHHU
HaNpsDKEHHO-1€(DOPMUPOBAHHOTO  COCTOSIHMSI ~ KOHCTPYKUUM  BCIIEJCTBHE  BO3JIEHCTBUS
arpeccuBHBIX cpea (mpolecc KOPPO3MOHHOTO jaedopMupoBaHus). 3agayeil MoAeIMpOBaHUs
ABIIIETCSL OIpe/eJIeHHe JOJTOBEYHOCTH KOHCTPYKIUMH, TO €CTh BpeMEeHH e€ Oe30TKa3HOU
pabotel. Pazmeprocts C/IY, koTOpas MoenupyeT MpoLecc KOPpO3UOHHOTO AedhopMupoBaHHUs,
onpezenseTcss KOHEYHO-JIEMEHTHOM Mojenbio Hcciaeayemoro oObekra. [IpaBele wactu
muddepeHMaIbHbBIX  YpaBHEHUN cojepkaT (YHKIMHM MEXaHWYEeCKUX HanpsokeHud. s
BBIUMCJICHUS] HANpsHKEHU HCIOJb3yeTcs MEeTOJ KOHEYHBIX »3yeMeHToB. [Ipeanmaraemsbrit
JICKOMITO3UIIMOHHBII METOJ] OCHOBAaH Ha MNpeo0pa3oBaHMM HUCXOIHBIX IU(QepeHIIHaTIbHBIX
YPaBHEHMH CHUCTEMbI IYTEM BBEACHUS B HUX (YHKLUH, ONMUCBHIBAIOUIMX BIMSHHE OCTalbHbIX
YPaBHEHUH, U IOCJIEAYIOIEM PEIICHUM OJHOIO M3 3TUX ypaBHeHMH. Ha ocHOBaHuu aHanu3za
(akTOpOB, BIUAIOUIMX HAa M3MEHEHUE HAIpPSKEHHWs B O0JIACTH JAHHOTO KOHEUHOTIO 3JIEMEHTA,
IpPEUIOKEHO BBECTH B  COOTBETCTBYyIomee auddepeHnnanbHoe ypaBHEHHE —(YHKIHIO,



alllIPOKCUMHUPYIOLIYIO H3MEHEHUE BHYTPEHHUX YCWIMM BO BpeMeHH. B asrom ciydae
pacxokJieHue pe3ynbTatoB pemeHus ucxoaHoil CIAY u oThaenbHOro ypaBHEHUs OyayT
OIPENEIATHCA JIHUIIb ITOIPEIIHOCTBIO ANIIPOKCUMALMYA 3aBUCUMOCTH BHYTPEHHErO YCWIHS OT
BpeMeHH. B pabore moka3aHo, 4TO 3TO IMO3BOJMT MHOTOKPAaTHO CHHU3HUTH BBIYHCIUTEIbHbBIE
3arpaThl. KpoMe Toro, B Hacrosuieil cratbe ans uumciaeHHoro pemenuss CY npennaraercs
UCIIONIb30BaTh MOJIU(UIMPOBAHHBIM aIrOpUTM MeToAa Diliepa € NEPEeMEHHBIM Iarom
WHTEIPUPOBAHU 10 apryMEHTy. Pe3ynpTaTom penieHus sBiaseTcs: ONpeAeIICHUE JOJITOBEYHOCTH
KOPPOAUPYIOIIUX KOHCTPYKUHUN, TO €CTh BpeMEHH paboThl 10 MOMEHTA HCYEpIaHusl Hecyllen
cnocobHocTu. s  wuocTpalMM  IpeUlaraéMoro  MeToAa pelleHa 3ajada  pacuéra
JIOJITOBEYHOCTH ITUIOCKOHAIPSKEHHON IJIACTUHBI, IOJIBEPKEHHOH KOPPO3MOHHOMY H3HOCY.
IIpuBogsTcs  pe3yibTaTbl  YHUCIEHHBIX  OKCIIEPUMEHTOB, IOATBEP)KIAAIOLIME  TOYHOCTH
MPEAJIaraéMoro 4YUCJICHHOTO pEHIeHUs IMpPU MHUHUMAIbHBIX BBIUYHCIUTENIBHBIX 3aTPATaXx.
[IpensioxkeHHBIN B CTaThe AEKOMIO3UIIMOHHBIN MeToa pemienus CIY, Mmoxenupyoomux mnpouecc
KOPPO3UOHHOTO J1e(hOPMUPOBAHUS TUIOCKOHAMPSHKEHHBIX TUIACTUH, MOXKET ObITh 000OMIEH Ha
JIpYyrue KiIacchl KOHCTPYKIIHIA.

KuiroueBblie c10Ba: 1€KOMIIO3MLIMOHHBIN METOJI, arpecCUBHAsl Cpea, MPOLEecC KOPPO3ZUOHHOIO
nepopmMupoBaHus, cucTteMa AU QPEepeHIHATbHBIX  ypaBHEHHWH,  IUIOCKOHANPSIKEHHBIC
KOPPOJAUPYIOIIHE IJTACTUHBI.

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,
I.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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