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AHOTAILIIS

llomonanvcoka K.€. IlporHo3yBaHHSI HaAIMHOCTI €JIE€MEHTIB KOHCTPYKIINA 3
JIOKATBbHUMHU KOPO3IMHUMHU TIOIMIKOKEHHSIMA Ha OCHOBI CTAaTUCTUYHOI OINIHKH
CTaTUYHOI Ta IUKJIIYHOT MilTHOCTI. — Ha mpaBax pykomnwcy.

Juceprariisi Ha 3100yTTS HAYKOBOTO CTYIIEHS KaHIWIaTa TEXHIYHUX HAayK 3a
cuemianbHicTio 05.02.09 — MuHaMiKka Ta MiHICTh MamuH (13 — MexaHiYHa 1HXEeHepis).
— HamioHaneHuii TeXHIYHUN yHIBEPCUTET «XapKiBCHbKUN MOTITEXHIYHUNA THCTUTYTY,

MiHicTepcTBO OCBITH Ta Hayku Xapkis, 2019.

AKTyalbHiCTb. MamuHOOY/IIBHI  KOHCTPYKIIi, IO 3aCTOCOBYIOTHCA B
CHEPreTUlll, MPAIIOI0Th B YMOBaX IHTEHCHBHUX UMKIIYHUX HABAaHTAXKEHb Ta Mii
arpecMBHMX 30BHIMIHIX abo poOoumMx cepedoBuIl. TpuBajga eKCIUTyaTallis
KOHCTPYKIIIH y TaKMX YMOBaX TMPHU3BOJUTH JIO KOPO3IMHOIO 3HOIICHHS a0o
dbopmyBaHHS 00’€MHUX J€(EKTIB Ha pPOOOYMX TOBEPXHSAX, CTOHIIEHHS CTIHOK
KoprmycHUX aertaneil Tomo. Lle mpu3BoguTh 10 MOSBH 30H J10JATKOBOI HaOyTOl
Jokanizaiii HanpysxkeHo-nepopmonanoro crany (HJIC) y enemenTax KOHCTPYKIIIi, 1110
3/IaTHI CYTTE€BO BIJPIZHATUCH BiJl MPOCKTHUX 3HAUYEHb, Ta PA30M 13 IUKIIYHUM
XapakTEePOM HABAaHTAXXEHHS NPU3BOAUTH JO IHTEHCHBHOIO HAKOMWYEHHS BTOMH
Matepiany 1 BUKJIMKae BiIMOBY. HecBoeuacHe iX BUSIBIIEHHS MOXKE CTaTH MPUYHUHOIO
BUHUKHEHHS aBapiHUX CHTYyaIliid, EKOJOTIYHHUX KaTtacTpod, 3aBAaTH CYTTEBHX
CHOXXHUBUMX 30UTKIB. [IpOrHO3YBaHHS MMOKAa3HUKIB HAIIMHOCTI €JIEMEHTIB TaKHX
KOHCTPYKI[IH € aKTyaJbHOI TMpOOJIEMOI0, BHUPIIICHHS SKOi Ja€ MOMJIMBICTD
MOTIEPEeIUTA 1X PamnToBl BIJAMOBH, CIUIAaHYBaTH PEMOHTHI pOOOTH, OIIHUTU
eKCIUTyaTalliitHl pU3UKHU TOIIO.

MeTo10 A0CTiTKEHHS € pO3pOOKa PO3PAXYHKOBHX MIIXOIB 10 MPOTHO3YBaHHS
HAJIWHOCTI Ta OIIHKH 3aJIUIIIKOBOTO PECypCy €JIEMEHTIB KOHCTPYKIIH, 110
BUKOPUCTOBYIOTBCS B TPAHCIOPTYBAHHI €HEProHOCIiB Ta B EHEPreTUYHOMY

MaIIMHOOYyBaHHI, Ta SIKI MalOTh HaOyTl MOUIKOIKEHHS KOPO31MHOI mpuUpoau Ha
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OCHOBI CTAaTHCTUYHO! OLIHKM KOHIEHTpalli Hampy>KeHO-I1e(pOpMOBAHOTO CTaHy 1
MPOIECiB HAKOTTMYEHHS BTOMH.

[Ipu po3B’s3aHHI c(HOpPMYIBOBAHHMX Ha OCHOBI BKa3aHOI METH 3aBJaHb OyJ0
YIOCKOHAJIEHO TIAXiT [0 OIIHKA HaAIMHOCTI €JEMEHTIB KOHCTPYKIIH, SKi
BUKOPDUCTOBYIOTBCSI B TPAHCIIOPTYBaHHI €HEPrOHOCIIB Ta E€HEPreTUYHOMY
MaIIMHOOYAYyBaHHI 3 KOPO3IHHO TMOIIKOMKCHUMHU JIISHKAMHU, SK1 JO3BOJISIOTH
CIPOTHO3YBaTH  MOXJIMBHM  PO3BUTOK  KOPO3IMHMX  MOIIKOIKEHb IMPOIECH
HAKOIMYEHHS BTOMM, 10 MalOTh HACTYITHY HAYKOBY HOBH3HY:

OTpumaHi HOB1 3aKOHOMIPHOCTI, IIOJ0 BIUIUBY 00’ €MHHUX A€(PEKTIB KOPO31iTHOT
OPUPOAM HA KOHIIEHTPALII HANpyKeHb B €JIEMEHTAaX KOHCTPYKUINH, SIKI
BUKOPHCTOBYIOTbCSI TMPU TPAaHCHOPTYBAaHHI EHEPrOHOCIIB Ta B EHEPreTUYHOMY
MalmMHOOYAYBaHHI 3a P13HUX NapameTpiB UUX AEPEKTIB HA KPUBOJIHIMHUX TIISHKAX
KOHCTPYKITiH;

1. Bnepiue oTpuMaHI CTaTUCTUYHI OINIHKM MO0 MOXKJIMBOI Bapiamii
KOHLIEHTpAalli HalpyKeHb B €JE€MEHTaX KOHCTPYKIiH, SIKi BUKOPUCTOBYIOTHCA MpPHU
TPaHCIIOPTYBaHHI €HEPTrOHOCIIB Ta B €HEPreTUYHOMY MAaIIMHOOYIyBaHHI B yMOBax
MIPOTHO3Y MOYKJIMBOTO CTOXACTHYHOTO PO3BUTKY KOPO3ii y 4aci Ta 3 ypaxyBaHHSIM
eKCIUTyaTaIliHOT Bapiallii IUKJIIYHOTO HaBAaHTAKCHHS.

2. 3HANIUIM MOJATBIIANA PO3BUTOK CTATUCTUYHI MOJCII Ta METOJU OILIIHKH
MPOLIECY PO3BUTKY MOUIKOKYBAHOCTI IIpHU Oarato- Ta MaJlo-IIMKJIOBIHA BTOMI, 10 Ha
BIIMIHY BiJ ICHYIOUMX MOJEJIel BpaxOBYIOTh BUIMAAKOBY 3MiHy mapamerpiB HIIC B
yaci, fika BUKJIMKaHa (OpMYBaHHSM KOHIIEHTpAllli HAaIpy»X eHb HABKOJO 00’ €MHHX
MOBEPXHEBUX JE(EKTIB.

3. Bnepie BCTaHOBICHO 3aKOHOMIPHOCTI BIUIMBY HAsSBHOCTI KOPO3IWHUX
ne(deKTIB PI3HOTO CTYINEHs PO3BUTKY HA MPOTHO3 HAIIMHOCTI 3aJUIIKOBOTO PECYPCY
€JIEMEHTIB KOHCTPYKIlIHHA OCHOBI YJIOCKOHAJIEHUX CTATUCTUYHUX MOJIENIEH OIIHKU
IPOLECY HAKOMTUYEHHS BTOMHUX MOIIKOKEHb.

3 BHUKOPHUCTaHHSAM pO3POOJIEHOrO MiAXOAY A0 NPOTHO3YBaHHS HAAIMHOCTI

€JIEMEHTIB KOHCTPYKLIN OyJIM BUPILIEH] HACTYIHI NPAKTUYHI 3a1a4i:
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1. BuznaueHo mapameTpu MOIIKOIKYBAHOCTI Ta KUTHKICTh IIUKIIIB JI0 BIIMOBHU
KOJIIHAa TPyOOIPOBOAY 3 TPUBUMIPHUM MOBEPXHEBUM JACPEKTOM CEPEIHIX PO3MIpiB 3
ypaxyBaHHSM €KCILUTyaTalliiiHoi Bapiallli HaBaHTaXeHHS, SIK1 MalOTh 3HAYEHHS B MEKax
Bix 1 mo 50 mukmiB (1o 1,5 pokiB) MpU MaKCHMAaJIbLHO MOYKJIMBOMY HaBaHTaKEHI Ta BiJl
70 110 470 mukstiB (Bia 2 10 10 pokiB) pu MiHIMaJIbHOMY HaBaHTaXKEH1 Y TPyOOTIPOBO/I1
3 1eheKTOM cepeIHIX PO3MipiB, A Y BUTIAJIKY 1€(PEKTY, 1110 CTOXaCTUYHO PO3BUBAETHCS
KUTBKICTB ITUKJIIB 710 BimMoBH ckiaznae Big 42 mo 700 (Big 14 micsmis go 20 pokiB) mpu
MaKCUMaJIbHO MOKJIMBOMY HAaBaHTa>KEHHI.

2. JIOoCHIIPKEHO BIUIMB KOMIIO3ULIIMHOTO 0aHaxy Ha pecypc TpyOOmpoBoay 3
nedexroM cepeaHix po3MipiB. [IpoBeneHi po3paxyHKu 1Jis BU3HAYEHHS palliOHATbHUX
PO3MIpIB KOMIO3UIIKHOTO OaHJaXy JJIsi KPUBOJIHIKHOT YaCTUHU TPYOONpPOBOAY 3
ne(eKToM 13 cepelHIMU po3MipamMu. Bu3HaueHO 3HaUYE€HHS BHYTPIIIHBOIO TUCKY, IIPH
SKOMY EKBIBAJICHTHI HAIpPYXKEHHS JOCITal0Th TPAHUIl MIIHOCTI y TPyOOIpoOBOIl 3
OanmaxeM pi3HOi TOBIIMHU (BiA 25 MM a0 175 mMm). BetanoBieHo, 1110 TpU HAsBHOCTI
Oanmaxy 75 mm npu riubuHi nedexty menie Hix 40 % BiJ TOBIIMHU TPYOOIPOBOLY
€KBIBaJICHTHI HANPYXEHHS 3MeHIIYI0Thcs Ha 10 % Ta nmpu MakCUMaIbHO MOKIMBOMY
HABAHTAKEHHI HE BUHUKAIOThH IJIACTUYHI AeopMalii. Y BUNAAKY MTHOUHU AePEeKTy
outbmie HiXK 40 % Big TOBIMIMHM TPyOONMpoOBOMY Yy TpyOONpPOBOJI €KBiBaJEHTHI
HAIMpY>KEHHA 3MeHIIyIoThes Bin 25% mno0 50% mpu pisHHX po3mipax JedexTy
BI/IMOBIJHO Ta JOPIBHIOOThH IpaHUll MIMHHOCTI KiIbKICTh IIUKIIIB 10 BIAMOBHU MpPH
BUKOPUCTAaHHI KOMIMO3UIIIHHOTO OaHpaxy 360umbmuiack y 100 pasiB, mo poOUTh
MOXJIMBOIO MOJIAJIBIITY €KCILTyaTallilo TpyOOpoBoIy.

3. [IpoBenieHO OIIHKY 3aTUIITKOBOI MIITHOCTI HAacoca, SKUH BUKOPUCTOBYETHCS B
CHEPreTHYHOMY MAIlTMHOOYyBaHHI 3 ypaxXyBaHHSM 3MCHIIEHHS TOBIIUHU CTIHOK
KOPITYCHHUX JieTajiel B epo31iHO-Kopo3iitHoTo 3HOCY. Busnaueno H/IC koHcTpyKiii
pU CTOHIIEHHI CTiHOK Koprycy Bim 10% mo 30%, sike MOXJIMBO MPU TPUBATIH
excrutyararnii. OTpuMaHi 3HaYeHHS KUTBKOCTI IUKIIIB JI0 BIIMOBU TPU ypaxyBaHHI
HAKOIMWYEHHSI BTOMHHMX TIOIIKOJPKEHb Ta BIUIMBY €KCIUIyaTaliiHOTO 3HOCY

KOHCTPYKIIIi.
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006’eKkTOM I0CJIIZKEHHSI € TIPOTIECH HAKOIMMYEHHS HEJIOKAI30BaHOI BTOMHOI
MOIIKOKYBAHOCTI, @ TaKOXX BIUIMB HASBHOCTI Ta PO3BUTKY Y dYaci JIOKaTi30BaHUX
KOpO31MHUX Je(EeKTIB Ha MIIHICTh Ta HAAIWHICTh €JIEMEHTIB KOHCTPYKIIIH, SKi
BUKOPUCTOBYIOTHCS TIPU TPAHCTIOPTYBaHHI EHEPrOHOCIIB Ta B CEHEPreTUYHOMY
MaIIMHOO Y/ TyBaHHI.

Ipeamer aociixkeHHsI — IMOKa3HUKM HAJIMHOCTI, a TaKOX HMOBIPHICHI
xapaktepucTukd  mapamerpiB  HJIC Ta BTOMHOI  TOIIKO/KYBaHOCTI,  SIKi
HAKOIMUYYIOThCSA B €JIEMEHTaX KOHCTPYKIIIHA, IO JOCIIKYIOThCS, 3 ypaxyBaHHSIM
HasIBHOCTI Ta IPOTrHO3Y CTOXAaCTUYHOI'O PO3BUTKY KOPO31MHUX N€(PEKTIB B HUX.

OcHoBHa yacTuHA AucepTauii Bkiaw4vae Beryn, Po3nin 1 — «AHani3 cyyacHux
MIIXOIB J0 BUPIMICHHS 3a/Ja4 HaAIMHOCTI €JIEMEHTIB KOHCTPYKIIM 3 HaOyTuMu
MOIIKOKEHHAMUY, Po3min 2 — «TeopeTudyHi OCHOBM MOJEIIOBaHHS €JIEMEHTIB
KOHCTPYKIIiH 3 1eeKTaMu KOpo3iiHOTo THITy», Po3ain 3 — «IMoBipHICHE OlLlIHIOBaHHS
MIIHOCTI Ta HaJAIMHOCTI TPyOONPOBOIB 13 KOPO3IMHUMHU JePEeKTaMUu Ta MPOTHO3 iX
3QJIUIIKOBOTO pecypcy», Po3zain 4 — « AHami3 MOXJIMBOCTI MiABUIIEHHS HAIIMHOCTI
KOHCTPYKIIi IIJITXOM BUKOPUCTAHHS KOMIO3UTHUX PEMOHTHHMX HAKIaA0K», Po3min 5
— «Or1iHKa 3aJIUIIKOBOTO PECYpPCY KOPIYCHUX €JEMEHTIB HACOCIB €HEPreTUYHOl
cucteMm» Ta BUCHOBKH, a TaKOXK MICTUTh 72 pUCYHKH Ta 18 TaOIuIIh.

Y Beryni o0rpyHTOBAaHO aKTyalIbHICTh TEMHU JUCEpTallii, chopMyIbOBaHO ii
METY 1 3a7]a4l, BA3HAYEHO 00’ €KT, MPEIMET 1 METOAM JIOCHIIKEHHS, HAYKOBY HOBU3HY
Ta MPAKTUYHY 3HAYYIIICTh POOOTH.

VY Pozaiii 1 npexacraBiieHO aHami3 poOiIT, sSIKI COPsIMOBaHI HAa MPOTHO3YBaHHS
HAJIIHHOCTI €JIEMEHTIB KOHCTPYKIIIH y MalIMHOOYAyBaHH1, 31IMICHEHO aHaJI13 HAYKOBO-
TEXHIYHOI JIITepaTypu MO0 JOCTIIKEHHS KOPO3IMHO TMOIIKOIKCHUX EJIEMEHTIB
KOHCTPYKIIM, 110 BHUKOPUCTOBYIOTHCS B TPAHCIOPTYBAaHHI EHEProOHOCIiB Ta B
CeHepreTMYHOMY MAaIIMHOOYyyBaHHI. BuIieHO OCHOBHI MeTOAM [JIsi BU3HAUYEHHS
3JIMIITKOBOTO PECypCy KOHCTPYKIIIHA, sIKI BUKOPUCTOBYIOTHCS B TPaHCHOPTYBaHHI
€HEProHOCIiB Ta EHEPreTUYHOMY MAIIMHOOYIyBaHHI Ta MalOTh HAOYT1 B €KCIUTyaTarii
nedextu. [IpoanamizoBaHO MIAXOAW O  OIMHKA  HAKOMWYEHHS  BTOMHOI

HOHIKOI[)KYB&HOCTi .



5

Y Po3mini 2 TpencTtaBieHO TEOPETHUYHI OCHOBU PO3B’S3aHHS  3ajadi
CTaTUCTUYHOI OIIHKH €JIEMEHTIB KOHCTPYKIIii 13 MOIIKOIKEHHIMH, 30KpeMa, OIliHKa
MIPOTHO30BAHUX ra0apUTHUX PO3MIPIB 1eEKTIB IPH CTATUCTUYHOMY MOJICTIOBaHH1 Ta
BHM3HAUEHO METOJIOJIOTII0 JOCHIKeHHA. HaBeneHo BHpIIIEHHS 3a1adl MpY>KHO-
MJIACTUYHOTO JeOopMyBaHHS 3 KIHEMaTHYHUM 3MIIIHEHHSAM IIPU KYCKOBO-JIIHIMHIN
niarpami  gedopMyBaHHS. Bu3HaueHO 3aJ€KHOCTI KIHETHKH POCTY PO3MIpPIB
KOPO3iHHOTO Ie(heKTy y TPhOX HAMPsMaX Y Yaci, a TAKOXK, 110 Horo rabapuTHI po3Mipr
y (hikcoBaHMIT MOMEHT 4acy, BUIIAJIKOBI Ta MIAMNOPSIKOBYIOTHCS JIOT-HOPMAJIbHOMY
3aKOHY po3nojAiieHHs . B pamMkax KOHTHHyaJdbHOI MEXaHIKA MOIIKO/KYBaHOCTI
YAOCKOHAJIEHI METOJW OI[IHKM HAaAIMHOCTI Ta MPOTHO3Y 3aJUIIKOBOTO pPECypcCy
MOIIKOJPKEHUX JIUITHOK €JIEMEHTIB KOHCTPYKITIH.

Y Pozaini 3 po3pobiieHO MmapamMeTpudHi MaTeMAaTHUYHI MOJENl BU3HAUYCHHS
HaIpY>KEHO-1e(OPMOBAHOTO CTaHy KpHUBOJIIHIHHOT YacTUHHU TPYyOONpoOBOAY 3a
HAsSIBHOCTI TPUBUMIPHOT'O TOBEPXHEBOTO JAePEKTY KOPO31MHOT0 XapakTepy. 3A1HCHEHO
JOCTiKEeHHsT 0co0muBOCTel (hopMyBaHHS KOHIIEHTpAIlii HANPY>KEHb B TIOITKOKEHUX
TUISTHKAX €JIEMEHTIB KOHCTPYKIIH 13 ypaxyBaHHSM €KCIUTyaTaiiifHoi Bapiarlii
HABAaHTA)XCHHS Ta CTOXAaCTUYHOTO XapaKTEPy PO3BUTKY KOPO3IHHOTO MOIIKOKEHHS.
3 BUKOPHUCTAHHIM PO3pOOJIEHOTO MiAXOMY J0 MPOrHO3yBaHHS HAAIMHOCTI €JIEMEHTIB
KOHCTPYKIII BHU3HAYEHO TMapamMeTpH IMOIIKOKYBAHOCTI Ta KIIBKICTh IHKJIIB J0
BI/IMOBH KOJIIHA TpPyOONpPOBOAY 3 TPHUBUMIPDHUM IIOBEPXHEBUM JAEPEKTOM, W10
PO3BUBAETHCS Y YaCl 13 ypaxyBaHHSIM €KCIUTyaTalliiiHOI Bapiallii HaBaHTa>KEHHS.

Y Po3miai 4 J0CHIPKEHO BIUIMB KOMIIO3UINIMHOTO OaHAaXy Ha pecypc
TpyOonpoBogy 3  nedexrom. [l  BHU3HAYEHHS  palllOHAJIBHUX  PO3MIpIB
KOMITO3UINIMHOTO ~ OaHJaXy TIPOBEACHO PO3PAXyHKH KPUBOIIHIWHOT YaCTUHU
TpyOONpOBOAY 3 A€PEKTOM 3 po3MipaMH, siKi OyJIu OTpUMAaHi MiJ 4ac AIarHOCTUKH
TpyOOTIPOBOY, IO 3HAXOAUTHCA B EKCIUTyartaiii. 3AiHCHEHI pO3paxyHKH IS
BU3HAYCHHS PAIliOHAIBHUX PO3MIPIB KOMITO3UIIIMHOTO OaHAaXy JUIsl KPUBOJIHIMHOT
YaCTUHU TpyOOmpoBoay 3 AedEeKTOM 13 cepeaHIMH po3Mipamu. BiamoBigHO 10

PO3pO0ICHOI MAaTEMAaTHYHOT MOJIENI HAKOMTUYCHHS BTOMHUX TOIIKO/[)KEHb BU3HAYEHO
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KUTBKICTh IIUKJIIB [0 BIAMOBH MpPH BHUKOPHCTAHHI KOMIIO3MIIMHOTO OaHIaxXy Ha
KPHUBOJIIIHIWHINA YaCTHHI TPyOOIIPOBOAY 3 AEPEKTOM CEPEIHIX PO3MIpIB.

Y Pozaini 5 31iificHEHO OIIHKY 3aJIMIIKOBOI MIITHOCTI Hacoca, SKHi
BUKOPHCTOBYETHCSA B €eHEPTETUYHOMY MAIIMHOOYAYBaHHI 3 YpaxyBaHHSIM 3MEHIIICHHS
TOBIIMHKM CTIHOK KOPITYCHHMX JETajei BiJ epo3iiiHO-KOpo3iiHOro 3Hocy. Ha ocHOBI
pO3po0JIeHOT MAaTeMaTHUYHOI MOJIEJI HAKOMUYEHHS BTOMHMX TIOIIKOJKEHb Ta 3
BUKOPHUCTAaHHA OTpuUMaHuX pe3ynpTaTiB 00 HJIC koHCTpyKIilii BU3HAYEHO MapameTp
MOIIKOJ/KYBAHOCTI ISl YCIX MOJKJIMBUX PIBHIB CTOHIIEHHSI CTIHKM KOHCTPYKIIII.
[IpoBeneHO AOCHIPKEHHS 100 OLIHKA HAaAIMHOCTI JaHUX KOHCTPYKIINA 3
ypaxyBaHHSM €pO31HHO-KOPO31IHOr0 3HOCY.

Y BucHoBKax 3a3Ha4eHO HAYKOBO-TIPaKTUYHI 3ajadyi, 1m0 OYyJu pO3Bsi3aHl B
poOOTI, BHKJIAJECHI HAHOUIbII Ba)XJIMBlI HAyKOBI Ta MPAKTH4YHI pE3yJbTaTH, HaJlaHl
peKoMeHaLli I0JJ0 BIPOBAIKEHHS pPe3ybTaTiB TOCIIKEHHS.

Kuro4ogi ciioBa

HaniiiHicTh, 3aNMIIKOBUI pecypc, KOHTUHYaJIbHA MOILIKOKYBaHICTh, BTOMA,

KOpo3iiiHi AedeKTH, MaricTpaibHi TPyOOIPOBO/IU, BIIIIEHTPOBI HACOCH.
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ANNOTATION

Potopalska K.E. Predicting the reliability of structural elements with local
corrosion damage based on the statistical evaluation of static and cyclic strength. -
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Machine-building structures used in power engineering are worked under
conditions of intense cyclic loading and the action of aggressive external or working
environments. Long-term using of structures in such conditions is led to corrosion or
formation of volumetric defects on working surfaces, thinning of the walls of hull parts
and other. It can have led to the appearance of additional zones of localization of
deformeted state in structural elements that can be differ significantly from the design
values, and together with the cyclic nature of the load can led to an intensive
accumulation of fatigue of the material and failure. Untimely detection of that defects
caused of emergencies, environmental disasters, and cause significant consumer losses.
Predicting the reliability of elements of such structurals is an urgent problem whose
solution makes it possible to prevent them from sudden failures, to plan repair work,
to evaluate operational risks, and so on.

The aim of the work is to develop computational approaches to predicting the
reliability and estimation of the residual life of structural elements used in energy
transportation and power engineering, which have acquired corrosive nature defects
based on a statistical evaluation of the stress-strain concentration and fatigue
accumulation processes.

For solving the tasks formulated on the basis of the stated aim, the approaches
to the estimation of the reliability of structural elements used in transportation of
energy carriers and power engineering with corrosion-damaged areas has been
improved, which are allowed to predict the possible development of corrosion damages

and the processes of accumulation of fatigue, which have the follow scientific novelty:
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1. New regularities have been obtained concerning the effect of volumetric

defects of corrosive nature on the concentration of stresses in structural elements used
in the transport of energy carriers and in power engineering under different parameters
of these defects in curvilinear sections of structures.

2. For the first time, statistical estimate has been obtained regarding the possible
variation of stress concentration in structural elements used in energy transportation
and in power engineering in the conditions of forecast of possible stochastic
development of corrosion in time and taking into account operational variation of
cyclic loading.

3. The statistical models and methods of estimating the process of development
of damage in multi- and small-cycle fatigue have been developed, which, unlike the
existing models, are taken into account the randome change of the deformated state
parameters over time, which is caused by the formation of stress concentrations around
volumetric surface defects.

4. For the first time have been established the regularities of the influence of
corrosion defects of various degrees of development on the prediction of the reliability
of the residual life of structural elements based on the improved statistical models of
the estimation of the process of fatigue damage accumulation.

Using the developed approach to predict the reliability of structural elements,
the following practical problems were solved:

1. The parameters of damage and the number of cycles to failure of the elbow of
the pipeline with three-dimensional surface defect of the average sizes were defined,
with taking into account operational variation of load, which have values in the range
from 1 to 50 cycles (up to 1.5 years) at the maximum possible load and from 70 to 470
cycles (2 to 10 years) at minimum load in the pipeline with a defect of medium size,
And in the case of a defect stochastically developing number of cycles to failure is from
42 10 700 (from 14 months to 20 years) at the maximum possible load.

2. The effect of composite bandage on the mean-sized pipeline resource was
investigated. Calculations have been made for determine the rational dimensions of the

composite bandage for the curved portion pipeline with the mean-sized defect. The
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value of the internal pressure at which equivalent stresses reach the strength limits in

the pipeline with a bandage of different thickness (from 25 mm to 175 mm) was
determined. It is established that in the presence of a 75 mm bandage with a defect
depth of less than 40% of the thickness of the pipeline, the equivalent stresses are
reduced by 10% and plastic deformation does not occur at the maximum load. In the
case of a defect depth is greater than 40% of the pipeline thickness in the pipeline, the
equivalent stresses are reduced from 25% to 50% at different defect sizes, respectively,
and equal to the yield strength. The number of cycles to failure when using a composite
bandage has increased 100 times, which is making possible for the pipeline to be
operated further.

3. Estimation of the residual strength of the pump used in power engineering has
been made, taking into account the reduction of the wall thickness of the body parts in
consequence from erosion-corrosion wear. The design deformated state was
determined when the walls of the housing are thinned from 10% to 30%, which is
possible for long-term operation. The values of the number of cycles to failure were
obtined with taking into account the accumulation of fatigue damage and the impact of
operational wear of the structure.

The object of the study is the processes of accumulation of non-localized fatigue
damage, as well as the influence of the presence of localized corrosion defects which
is development over time on the strength and reliability of structural elements used in
energy transportation and in power engineering.

The subject of the study is the reliability indicators, as well as the probabilistic
characteristics of the parameters of the deformated state and fatigue damage, which are
accumulated in the elements of the investigated structures, taking into account the
presence and prediction of stochastic development of corrosion defects in it.

The main part of the dissertation includes Introduction, Section 1 — «Analysis of
modern approaches to solving the problems of reliability of structural elements with
acquired damage», Section 2 — «Theoretical bases of modeling elements of structures
with corrosion defects», Section 3 — «Probability assessment of strength and reliability

of pipeline with corrosion defects and the prediction of their residual life-time» ,
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Section 4 — «Analysis of the possibility of improving the reliability of the structure by

using composite bandage», Section 5 — «Assessment of the residual life-time of the
housing elements of pumps of the energy system» and Conclusions, and also contains
74 figures and 18 tables.

The introduction substantiates the relevance of the dissertation topic, formulates
its aim and objectives, defines the object, subject and methods of research, scientific
novelty and practical significance of the work.

Section 1 is presented the analysis of works aimed at predicting the reliability of
structural elements in mechanical engineering, the analysis of scientific and technical
literature on the study of corrosion-damaged structural elements used in energy
transportation and in power engineering. The main methods for determining the
residual life-time of structures used in energy transportation and power engineering
and which have acquired defects were identified. Approaches to the estimation of
fatigue accumulation were analyzed.

Section 2 is presented the theoretical foundations for solving the problem of
statistical estimation of structural elements with defects, in particular, the estimation of
the predicted overall defect sizes in statistical modeling, and a research methodology
is defined. The solution of the problem of elastic-plastic deformation with kinematic
hardening at a multi-linear deformation diagram is presented. The dependences of the
Kinetics of growth of the corrosion defect sizes in three directions in time are
determined, and also that its overall dimensions at a fixed moment of time are random
and obey the log-normal distribution law. Within the framework of continuous damage
mechanics, methods of reliability estimation and prediction of residual life-time of
damaged sections of structural elements have been improved.

In Section 3 the parametric mathematical models for determining the stress-
strain state of the curved part of the pipeline in the presence of a three-dimensional
surface defect of corrosive character are developed. The peculiarities of stress
concentration formation in the damaged parts of structural elements were studied,
taking into account the operational variation of the load and the stochastic nature of the

development of corrosion defect. Using the developed approach to predicting the
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reliability of structural elements, the parameters of damage and the number of cycles

to failure of the pipeline elbow with volumetric defect, which develops over time with
taking into account the operational variation of the load, were determined.

Section 4 is investigated the effect of composite bandage on a life-time of
pipeline with defect. In order to determine the rational dimensions of the composite
bandage, calculations of the curved part of the pipeline with defect with the dimensions
obtained during the diagnostics of the pipeline in operation were performed.
Calculations were made to determine the rational dimensions of the composite bandage
for the curved portion of the mean-sized defect pipeline. According to the developed
mathematical model of accumulation of fatigue damage, the number of cycles to failure
using a composite bandage on a curved part of a pipeline with a defect of medium size
was determined.

Section 5 is assessed the residual strength of the pump used in power engineering
with taking into account the reduction of the wall thickness of the body parts from
erosion-corrosion wear. On the basis of the developed mathematical model of
accumulation of fatigue damage and using the results obtained on the deformated state
of the structure, the parameter of damage for all possible levels of thinning of the wall
of the pump was determined. Research to evaluation the reliability of these structures,
taking into account erosion-corrosion wear has been carried out.

The conclusions are summared the scientific and practical problems that have
been solved in the paper, outlined the most important scientific and practical results,

and provided recommendations for the implementation of the research results.

Keywords
Reliability, residual life, continual damage, fatigue, corrosion defects, main

pipelines, centrifugal pumps.
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