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PO3PAXYHKOBA MOJIEJIb 1JIS1 BUSHAUYEHHS
3AJIMIIKOBOI'O PECYPCY TOHKOCTIHHUX EJIEMEHTIB
KOHCTPYKIIIHA 3A JIi TPUBAJIOTIO CTATUYHOI'O
HABAHTAKEHHS I KOPO3IMHOI'O CEPEJTOBHIIA

Pestome.  Cohopmynvosano  pospaxynkogy mooenv Onsi  OO0CHIONCeHHs Npoyecié  pPYUHY8aHHs
MOHKOCMIHHUX e/leMeHMI8 MemanOKOHCMPYKYili 3 mpiyuHamu 3a cyMicHoi 0ii 0082OMpuUGanux Ccmamuinux
HABAHMADICEHb | KOPO3IUHO-azpecusHux cepedoguly. B ocnogy moodeni noknadeHo enepeemuunuii nioxio, a
MaKodic OCHOBHI NONIOJNCEHHA Mexauiku pyunyeanusa. Ha ocnoei yvoco, a makooic eioomux 6 nimepamypi
pe3ynemamie MamemMamuyHo20 ONUCY eNeKMPOXIMIMHUX peakyiil | OKpemux NON0NCeHb MEXAHIKU PYUHYEAHHS
OMPUMAHO PIGHAHHA OJIsL ONUCY KIHEMUKU NOUWUPEHHS KOPO3IUHO-MeXaHiuHux mpiwun. Bxazane pienanns pazom
3 NOYAMKOBUMU [ KiHYe8UMU YMOBAMU i CKIAOAE NPONOHOBAHY MAMeEMAMUYHY MOOelb GUSHAYEHHS Nepiooy
OOKPUMUYHO20 pOCMY KOPO3IUHO-MEXaHIYHUX mpiuun y memanesux mamepianax. Kopexmmuicmo ompumanux
AHANTMUYHUX pe3yTbmamie niomeepodceHa Gi0OMUMU 6 JIIMmepamypHux Odxicepenax eKcnepumMeHmanbHuMu
OaHuMu.

Knwuoei croea: koposiiino azpecugne cepedosuuye, KOHYeHMpayis 600HIO, KOeiyieHm iHMeHCUeHOCmI
HAnpystceHsb, MOHKOCMIHHI eneMeHmu KOHCMPYKYil, nepiod OOKPUMU4YHO20 pOCHY KOPO3ItUHO-MeXaHIUHUX
mpiwuH.

P. Popovych, L.Dobrovolska

DESIGN MODEL FOR DETERMINATION OF RESIDUAL
OPERATING-LIFE OF THIN-WALLED STRUCTURAL ELEMENTS
UNDER DURABLE STATIC LOADING AND CORROSIVE
ENVIRONMENT

Summary. The need to create a design model for metallic materials slow fracture under mutual
mechanical loadings and corrosive aggressive environments basing on the power approach taking
advantage of the first law of thermodynamics, has been interpreted. The design model, which describes the
processes of the cracked metal construction thin-walled elements fracture under mutual durable static
loadings and corrosive aggressive environment, has been stated. Power approach and fracture mechanics
fundamentals are the basis of the model. Mathematical dependences for finding the residual operating-life
rectilineal cracked plate uhich is subject to the symmetric durable static loadings relatively the crack
location line and corrosive aggressive environments, have been proposed. Analytical dependences of the
corrosive mechanical cracks propagation kinetics in a large plate comparing with the size of the crack
have been proposed. Basing on the obtained solutions the residual operating-life of the steel plate with
macroscopic crack under durable stretching and distilled water in the static problem statement has been
calculated. Basing on the analytical dependences interpreted in the article and available results of
mathematical electrochemical reactions and some principles of fracture mechanics the equation for
description of the corrosion - mechanical cracks propagation kinetics, has been obtained. This equation
together with the initial and finite conditions proved in the article make a mathematical model for
determination of the period of the pre-critical growth of corrosion-mechanical cracks in metallic materials.
The kinetic diagrams of cracks growth rate for the case of alloy steel specimens have been described.
Basing on the researches of the proposed analytical dependences and calculation schemes it has been
shown that with the increase of the crack initial size the residual durability of the plate decreases sharply.
The correctness of the obtained analytical results is testified by the available experimental data.
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Beryn. 3 [1-5], kopo3iiiHe cepe1oBHUIIEe TOCHIIOE PyHHYBaHHS METaJIeBUX MaTepialliB
3a JIOBTOTPUBAIOTO CTATUYHOTO HABAHTAXCHHS 1 BHUKIHMKAE TIONIMPEHHS KOPO3iHHO-
MeXaHIYHUX TpinmH. [l BU3HAYEeHHS pecypcy (3aMIIKOBOIO pecypey) MeTalleBUX
€JIEMEHTIB KOHCTPYKIIIH 3a JIOBTOTPHBAJIOTO CTATHYHOT'O HaBaHTaKEHHS 1 Jii KOPO3iMHUX
cepeIoBUIN HEOOXiAHO MaTH BiAMOBIIHI PO3paxyHKOBI Mojedi. binbmicts i3 Bitomux [1-10]
pO3paxyHKOBHX Mojeieii 1moOyJoBaHi Ha OCHOBI ONKHCY BHHSTKOBO JIOKAJIBHUX
eKCIepUMEHTAIbHUX JaHuX. Ha OcCHOBI JaHuUX Teopii MOXHA BH3HAYaTH pecype
(3UIAITKOBUH pecypc) OKpeMHUX eJIEMEHTIB KOHCTPYKIIIH BHHSATKOBO 3 MaTepiaiiB, Ha
eKCIepUMEHTATIBHUX JOCIIPKEHHSIX SKUX BOHM moOynoBaHi. B poGorti [11] 3anpomnoHoBano
PO3pPaxXyHKOBY MOJIeNib, MOOYJAOBaHY 3 JIONMOMOTOK JedopMaIlifHOro MiIXoay 1 TMEeBHHUX
MPUITYIIEHb CTOCOBHO KOPO3IWHUX IPOLECIB Yy BEPIIUHI TPILIIUHM, IO TAKOXK OOMEXYe
Jiana3oH 11 KOPEKTHOTO 3aCTOCYBaHHS.

Mertoro ocaigKeHb € CTBOPSHHS pO3PaXyHKOBOI MOJIENIi CIIOBUTEHEHOTO pyWHYBaHHS
METaJIeBHX MaTepialliB B yMOBaX CYMICHOI Jii MeXaHIYHUX HaBaHTaXEHb 1 KOPO3idHO-
arpecuBHUX CEpEIOBUIN 3 MO3MIIi €HEepreTHYHOro IMiJX0Jy Ha OCHOBI MEpIIOro 3aKOHY
TEPMOIMHAMIKH.

Pesynpratu pocnmimkenb. Po3risiHeMo BHMIIAJOK, KOJMM MeTaleBa IUIACTHHA 3
TPIIMUHOIO (prC.1) PO3TATYETHCS JOBTOTPUBAIMMHE 30BHIIMMHIMEA 3YCHIUISIMH 3 TapaMeTpOM
P . BBaxaerpcs, mo Taka IUTACTHHA MICTUTBCS B KOPO3iHHO-aKTHBHOMY CEPEIOBHUINI 3

MEBHUM BIJMOBIJIHO BOJHEBUM ITOKa3HUKOM CEpEJIOBHINA 1 rajibBaHO-TIOTSHINAIOM pH,, @, ,
sIKe TIOTAJ/Ia€ B CEPEMHY TPILIUHY 1 CTBOPIOE OiJIst 11 BEPIIMHM YK€ CBOI apaMeTpu pH,, ¢p ,
a MEXaHiuyHa CUTYyaIlis XapaKTepHU3YeThCs KOe(illieHTOM IHTEHCHBHOCTI HamlpyXeHb K. [4]

(puc.1). Po3BUTOK TpIMHHM IIiJT HANpPYXEHHSIM Yy KOPO3iifHO-aKTHBHOMY CEpeIOBHIII
BiIOyBa€TbCss B yMOBaxX MEpiOAMYHOI MOSBU OUIs ii BEPIIMHM CBIKOYTBOPEHOI MOBEPXHI
(CVII), BiTbHOT Bij] MTACHBYBAJIRHOTO IMAapy i akTHBOBaHOI HaNpyxeHHsMU [10]. BuHUKHEHHS
i€l MOBepxHi € moyatkoM (yHKioHyBaHHs ransBaHonapu CVYII (aHon) — moBepxHs CTIHOK
TpiUHU  (KaTojd), BKpUTa TACHUBYBAIbHUM ImapoM. [Ipm 1bOMy BBaXXae€ThbCs, IO
nepeBaxatouuM KaTtoaHuM mpoiecoM B okosii CYII € BoaHeBa aenoisipusailis, mapaMmeTpu
SIKOT TOBHICTIO BH3HAuUaloThbes Bimomumu [6, 7, 10, 11] ekcmepuMeHTaIbHUMHU JTaHWMH.
OcTaHHS 3yMOBIIO€ Ha TOBEPXHI BEPIIMHU TPIIIUHU KOHIIEHTPAIIO BOJHIO C,(t), SIKY
HaOJIMKEHO MOYKHA BU3HAYUTH SIK 1 B podoTax [12, 13].

PosrisiHeMo KOHKpeTHY 3ajady, KOJH IUTACTHHA 3 MPSMOJIHIHHOK HACKPI3HOIO TPIIMHOIO
T T T T Tp JTOBXKHHHA 2[, (OuB. puc.2) 3HAXOAWTHCS Tia  JI€r0
CUMETPUYHUX BIJIHOCHO JiHIl pO3MIIIEHHS TPIIUHA
JOBFOTPHUBAIIMX CTATHYHUX HABAaHTAXEHb F 1 KOpPO3iiHO-
arpecUBHOTO CEpPEJIOBUINA, SIKI BUKIUKAIOTH TMOIIUPEHHS
KOpO3iHO-MEeXaHIYHO1 ~TPIIMHU. 3ajada ToJsrae y
BU3HAUEHHI 3QJMIIKOBOI JOBIOBIYHOCTI TakKol IUJIACTHHH,
TOOTO dWacy t=t,, KOJTM B PE3yJIbTaTi MeXaHIYHUX

HaBaHTaXECHb 1 KOPO3iMHO-arpeCHBHOTO  CepeIOBHUIINA
Pucynok 1. Cxema napantawenns ~ KOPO3IHHO-MEXaHi4HA TpIlMHA IIAPOCTE IO KPUTHIHOIO

TiJIa 3 TPILIMHOKO i Ji€r0 po3Mmipy [, 1 mimacTuHa 3pyWHYyeThbes. [l po3B’s3aHHS i€l
KOpO3IMHOTO CepeNoBHILa 3a71a4i BUKOPHCTAEMO 3allPOIIOHOBAHMM B poboTax [14, 15]
Figure 1. Scheme of cracked body CHEePTeTUIHNHN Hl,Z[XlIF, B OCHOBY SKOTO ITOKJIQICHO MEPITNH
loading and under corrosive 3aKOH TEpPMOJUMHAMIKH I BHIAAKy €JIEMEHTAPHOIO
environment IpOoCyBaHHS TPIIIUHYU HA BEIMUUHY Al 3a 4ac At
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t Tttt tF A=W+ +0+K. (1)
y

Tyr A — poOora 30BHIHIX cuiI; W — eHeprisa

B & nedopMyBaHHS Tijla IICIS TPOCYBAHHS TPIIIMHA Ha BEIUYHHY

Al ., siky pescTaBuMO y BHLIISIAL

I F 0
w=w,+W,"(1), 2)
Pucynok 2. Cxema
HaBaHTA>XCHHA IIJIAaCTUHU 3 . 1)
. . — IIPYXKH K B ) — 4YacCTHH TH
S —— e W, pyxHa ckmagoa W W V() acTMHa po0o
IIacTUYHUX  jgedopmariiif,  sKi  BUKIMKAHI  PIBHOMIPHO
Figure 2. Scheme of PO3MOMIICHUMH 3yCHJUIAMH F 1 3ajeKaTh TIUTBKH BiJl JOBKHHH

cracked plate loading TpiluHK [; [T — eHepris pyWHYBaHHS Tijla, AKa 3aJeXdTh Bix

JOBKMHU TPINIWHA [, XapaKTePUCTHK CEPEJIOBHINA 1 Yacy ¢; @ — BEJIMYWHA BHJIJICHOI
TEIUIOBOI €Heprii pH pyWHYBaHHI Tija, SKy BBa)KAIOTh BIJHOCHO MAaJIOKO BEJIMYMHOO 1 HEIO
OyZeMO HEXTyBaTH MpH OOYUCIICHHAX; K — KiHETHMYHA CHEPTis, sKa B JAHOMY BHIIQJIKy Oyie
TaKOX MaJIOI0 BEJIMYUHOK. Tak sk BHKOHYETbCs ymoBa OamaHcy eHeprii (1), To 3Bijacu
BUIUIMBAE, 10 Oy/ie BUKOHYBATHUCS YMOBa OajlaHCy IMIBUAKOCTEH 3MiHU CKJIaJIOBUX CHEPTiit

9A_ow dr 3)
o ot ot

[ligcraBisroun Bupas (2) B (3), 1110 yMOBY MOXKEMO 3allUCaTH Y BUTIISII

Llr-la-w w20 @

I3 piBHsIHHS (4) 3HANEMO BEJTMUMHY IIBUIKOCTI HOUMIMPEHHS TPILIMHU V = dl/dt

A O (a—w —w )
V_dt_ a;/az[r (A oWy )] )

Ha ocHoBi pe3ynbraTiB poOit [15, 16] Bupa3 y KBajpaTHHX JyKKaX y IMpaBiii YacTHUHI
piBHSHHS (5) 3amUIIEMO
9
2lr-la-w,-w0l- e -, ©)
ne 7, =0,0,—uToMa poOoTa IUIACTUYHMUX Jedopmaliii B 30HI mHepeiapylHyBaHHS OIS
BEPIIUHY TPIIMUHH; ¥ = S0, — 11 KpUTHYHE 3HAUCHHSL.

Hesigomy BemuuuHy I' 'y piBHSHHI (5) OyZeMO BH3HAYATH aHAJIOTIYHO JIO pe3yJIbTaTiB
npans [10, 14, 15]

T = AleGySec - 7

TyT 8, — pPO3KPUTTS y BEpIIHMHI TPIIIMHA 3a HABAHTAKEHHS F ; Spc — WOT0 KPUTHYHE
3HAYEHHs 32 KOPO3iWHOrO pPYHWHYBaHHS, o©,— yCEpeIHEHE 3Ha4YeHHs HANpyXeHb Y 30HI
nepeapyiHyBaHHSL.

Ha ocHoBi pe3ynbraTiB po0it [7, 10] TOBXHUHY elleMeHTapHOTO CTpHOKa Al TPIilIMHA
MPEJCTABUMO SIK CYMYy €JIEMEHTApHOIO TONIMPEHHS TPIIMHU [, 32 PaxXyHOK aHOJHOTO
PO3UMHEHHS ¥ MeEXaHIYHOTO CTpuOKa [, BHACTIJIOK MEXaHIYHOTO HaBaHTAXECHHS 1

m

HABOJHCHHS ITPH €JICKTPOXIMIUHIH KOpo3ii, TOOTO
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Al =1,+1,. (®)

BuxopuctoBytoun pesynbratu poOit [10, 13], Benuaunu Al,, 1,, Sqc, IO BXOISATH 10
dopmyit (8) 1 (9), MOKHA BU3HAYNTH TaK:

At
Ly = B8, =), 1, = Fm™'n™ [i()dt, Spe = S —ACy (An) )

0

Tyr F — uncno ®apazes; m — rpaM-eKBiBaJIeHTHa Bara MeTally; 7 — BaJCHTHICTb
MeTany; & B,A — KOHCTaHTH, SIKi BU3HAYAIOThCS 13 ekcriepumenTy [10].

PosrissHeMo ToOmmMpeHHS KOPO3iHHO-MEXaHiYHOI TPIIMHMA 3a MAaloro BIUIABY
aHOJHOTrO Tporecy. BBakaemo, MmO KOpo3iHO-MeXaHIYHAa TpillMHA TMOIIUPIOETHCS 3
BITHOCHO BEJIMKOIO IIBHKICTIO, KOJM MaJHW{ BIUIMB AHOJHOTO IPOIECY, a OCHOBHY DOJIb
BiJIirpae MeXaHiuHa CKJIaJIoBa CTpUOKA TPIilUHU, TOOTO [, >>1,. Toxi, miacraBistouan (6) — (9)
B (5) 1 BBaxarouu, 1o [, >>[,3 ypaXyBaHHSIM BiJOMHX pe3ynbTaTiB mpaup [10, 14, 15],
OTPUMAEMO PIBHSHHS JUISI BH3HAYEHHS NEPiOJy IOKPHUTUYHOTO POCTY TpimuHHA [ =1, B
IJTACTUHI NIPH i1 TOBrOTPUBAIUX 3YCHIIb F 1 KOPO3iHHOTO cepeoBUINa

ﬂ__[a(5cclm)/at]t=At ) (10)

dt Scc =9,

st moBHOTM MareMaTu4Hoi Mmojen Ao piBHsHHS (10) gomamMo BiAMOBIMHO Taki
ITOYATKOBY 1 KiHIIEBY YMOBH:

1=0, 1(0)=1,; (11)
t=t., I(t,)=1; (12)
7,L)=7c. (13)

Ha ocnosi (8), (9) cniBBigHomenHs (7) MOXHAa 3allMCaTH TaK:
F(t) = Goﬁ(é‘, _‘f)[é‘c _ACH (t)] . (14)

BukopucroBytoun pesyiaptatu pobotu [10], 3MiHY KOHIEHTpalii BOAHIO Cy(f) 3

YacoM At y 30HI NepeapyHHYBaHHs U BiJIHOCHO HETPHUBAJIOr0 Yac MOJXKHA IPEICTaBUTH
TaKUM YHHOM:

Cy (At)=~ BYAdi . . (15)

Toni, BpaxoByroun criBBigHOMmeHHS (14), (15), MOXiqHY, SIKa BXOAWTH IO PiBHSHHS
(10), Mmo’keMO 3amucaTu TaK:

I(OccAle)/ot = -5, &) . (16)

Tyt 7=025pABY(At)>i . . Yac Ar MHiATOTOBKH e€JIEMEHTApHOI0 CTPHOKA TPIilIMHH
JIOBXKHHOIO Al, MOYXHa HAOJIMKEHO 3alucaTH d4epe3 IMBUAKICTh ii MOIIMPEHHS V TaKuM
YHUHOM:

At =V7'AL. (17)
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BBaxarouun, mo &, >> ACy (r)1 mo3Havaroun &=4,,., Ha ocHOBI (8), (9), (16) i (17)

sce
piBasHHES (10) 3amumemo

ﬂ_nl(é‘t_é‘scc) _41 —3_- AB4 18
dl_ (5C_5t)4 »Th = 0 lmax(IB ) . ( )

Ax BurmumBae 3 piBHSHHA (18), mpu &, =8, MBHAKICTH KOPO3iHHO-MeXaHIYHOT
TPIIIUHU JOPIBHIOE HYJIIO, a IPU J, < I,

scc

— Big emHa. lle o3Hauae, 110 ipu 6, < &, TPIIIIHA HE
OyJe MOIMPIOBATHCS, TOOTO J,.€ HWIKHE IOPOTOBE 3HAYCHHS HA KIHETHYHIM Jiarpami
MTOIIMPEHHS KOPO3iHHO-MEXaHIYHOT TPIIUHH [2].

PosrnsiHemMo BUTIaAOK MaKpOCKOIIYHOI TPIIIWHH, KO CIIPaBEITUBI CITiBBIIHOIICHHS
[16]

L@:@ 5”:1{;2&’ 5.(1)= . (19)

Scc KIZC ’ ok oyE

[Tincrapmsroun (19) B (18), oTprMaeMo

dl_mIKIO=Ked 0% o BABY 20
@ KZ-KOF " (B0 fas (PABY” 20

Tyt K, — xoedimieHT iIHTEHCUBHOCTI HaNpyXeHb; K., K,,, — HOTO BIJIMOBITHO BEpXHE

.
i HYWKHE TIOPOTOBI 3HAYCHHS HAa KIHCTHYHIN JiarpaMi MOIIMPEHHS KOPO3iHHO-MEXaHIYHOI
TpimuHU. JIJi1 MOBHOTH MaTeMaTH4HO1 Mojeni 0 piBHsHHS (20) gogamo Ha ocHOBi (11)—(13)

i (19) Taki MOYaTKOBY 1 KiHI[EBY YMOBH:

t=0, 1(0)=1,;
t=t., lt,)=1; K,()=K. (21)

Vym/c Takum yrHOM, SKIO EMOIPUYHO 3HAI/IEHO XapaKTepUCTUKH

Kic, Ky 1, 1 mOOymOBaHO QpopMymu ayist BusHaueHHs K,

il
10 TO O3B’ 130K IIOCTaBJIEHO]I 3a1a4i AEThCA

criBBigHOIIeHHSME (20), (21).

CrpaBeiuBICTh OTPUMAHOTO BHpa3y (20)
mepeBipsiii  Ha  JocmiaHux ganux [17] gna  cram
45XH2M®A (BunpoOyBaHHS B JIUCTHIBOBaHINA Boji). Sk
OaunMo 13 puc.3, eKclepuMeHTalbHI JaHi (KBaJpaTHKH)

10-64 . . . | HE3HAYHO BIIXUJISIOTHCS Big CYIUTBHOT TiHiT
10 20 30 Ki MPaym (cuiBBigHOmenHs (20)), IO MiATBEPIKYE KOPEKTHICTH
Pucysok 3. Hopisssis 3aHp0H(1;HOBaH01 po3paxynkoBoi mozemi (20), (21). .
PO — O3MJIAHEMO BHIAJIOK, KOTM € BENMKA aKTHBHICTh

PO3paxyHKOBHX J@aHUX if crani  AHOJHMX HPOIECIB, TOOTO Mae Miclle 3aJIekKHICTh [, 1, .

45XHZM®A Toxni mommMpeHHs: KOPO3iHO-MEXaHiYHOI TpinmHU Oyae B

Figure 3. Comparison of OCHOBHOMY  POXOJIUTH an6JH/13H0 3 OJIHAKOBOIO
experimental and calculation data ~ [IBWIKICTIO, @  KiHETHYHA Jiiarpama MIBHIKOCTI POCTY
for steel 45KHN2MFA tpimmuau (IIIPT) 6yae matu maro [1, 2, 5]. Sk npukian, Ha
puc.4 mpencraBieHa  KiHetwyHa miarpama IIIPT crami

45XH2M®A y BoaroMy posumni CrO;> [17]. HasBuicth Takoi xoudirypauii giarpamu [IIPT

MOSICHIOEThCSI TUM [2], 1m0 B pe3ylbTaTi TPUBAIOTO Yacy At IHKyOaIlifHOTO Tepiomy

1075 |
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MIJITOTOBKK €JIEMEHTApPHOTO CTPUOKA TPIIWHH HPOXOIUTH 3 POCTOM K, 3aTyIUICHHS il

BepmuHH. lle, B CBOIO dYepry, MpHU3BOJWTH JIO 3MEHIICHHS KOHIEHTpauii HampyXeHb i,
BIIITOBIHO, cTaOimizamii mBuakocTi V. [lpum Ttakmx kinetwynmx miarpamax I[IIPT moxHa
BBaXXAaTH, 10 KOPO3iifHO-MeXaHIYHa TPIIMHA BeCh Yac PyXaeTbCs HAOIMIKEHO 3 OJHAKOBOIO
MIBUAKICTIO V, 1 3aJIMIIKOBA JOBTOBIYHICTH ¢ =t TOHKOCTIHHOTO €JIeMeHTa KOHCTPYKIIii Oye

BHU3HAYATHUCH (3 TOXUOKOIO B 3amac JJOBrOBIYHOCTI ) 32 GOpMyJIOr0

t,=V.(t,— 1) . 22)

Kinemuxa nowupenns Kopo3iiHo-Mexanidynoi
mMpiyuHu y 6enuKiil (NOPIGHAHO 3 pOIMIpAMU MPIYUHU)
niacmuni. Po3risHeMO KBaJapaTHy IUIACTUHY 31
CTOPOHOIO (I, 3 TIOYATKOBOIO TPIIIUHOIO JOBXKUHH [,
gKa MiagaHa  Jii KOopo3iHOro  cepemoBHWINA i
PO3TATYETHCS IMMOCTIHHUME PIBHOMIPHO PO3IOIIICHUMHA
JIOBTOTPUBATTUMHU CTaTUYHUMU 3YCHILISIMU

10 | |

| ]
20 40 60 80 Ki MlMavx

Pucynok 4. Kinernuna niarpama
MIBUAKOCTI POCTY TPIlUH CTaNi

45XH2M®A B BogHoMy po3uuti CrO; 2

IHTEHCHBHOCTI F, SKi HampaBlieHI MEPICHIUKYISIPHO
JI0 TiHiT po3MilleHHs TPIIMUHU (TUB. puc. 2). 3agada
MOJIATaE Yy BU3HAUEHHI 4acy f=t., MICIS JTOCSTHEHHS

SIKOTO TPIIITHA TAPOCTE IO KPUTHYHOTO PO3MIpy [ =L

1 TUTacTUHA 3pYHHYETHCA.

Jlnsg  copolmeHHsS pPO3B’S3Ky 3aaavi  Oyaemo
BBXAaTH, 110 PO3MIpH IIACTHHH HaOarato OB Bif
pO3Mipy TpPIlUHHU, TOOTO a>>[. Y JaHOMY BHIIQJIKY Iie Oyzae aHajor 3amadvi ['piddirca mis
BUMAJAKY TOMIMPEHHS KOPO3iHHO-MEeXaHIYHOi TPIIMHM B IUIACTHHI 1 TOMY Koe(illieHT
IHTEHCUBHOCTI HaNpyXeHb K, OyJe BU3HauaTHCA 32 (POPMYJIIOIO

Figure 4. Kinetic diagrams of cracks
growth rate of 4SKHN2MFA in water

solution CrOy 2

=Fa . (23)

[linctaBnsroun (23) B piBHsHHS (20), UIS BU3HAYEHHS B JAaHOMY BHITQJIKY TEpiOAy
t=t. TOKPUTHYHOTO POCTY TPIIIUHU OTPUMAEMO TaKy MaTeMAaTUYHy MOJIETb:

5 al _ M (24)
K dt (K -arF?1t’
- t=0, 100)=ly; (25)
310° t=t., 1t,)= K,(l)=Kc. (26)
110° [aTerpytoun (24) 3a ymoB (25), (26), oTpumMaemMo

0,2 04 0.6 €
PucyHok 5. 3anexHictb

. . . [K[C
3JIMILIKOBOI JTOBIOBIYHOCTI 7,

ﬂin Kie a1’y 27)

BiJI TOYATKOBOI JOBKUHU Kiee

TpIIUHU &,
Jie BeIMUMHA [, BU3HAYA€Thes 13 (23) 1 ocTanHBOI popmymnu (26)

TaKMM YHMHOM:

Figure 5. Dependence of
residual durability ¢, on

initial length of crack g
l,=Kpn'F2. (28)
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BBaxkaemo, 110 mactuHa BUrotopiena 3i ctam 45XH2M®A, mis skoi [17]
K. =9MaJn, 7, =11-10°(MIa)* v*c™ | F =120MIla , K, =50MIan 1, =0.055u .

BukopucToByrouH 11i J1aHi, CIiBBiTHOMEHHS (27) 3alUIIeMO TaK:

t, = 353104j

€0

[1-el’ =
de ,E= lol* . (29)

Ha ocuoBi ¢opmymu (29) Ha puc.5 moOymoBaHa rpadiyHa 3aIeKHICTh 3TUITIKOBOTO
pecypcy IacTuHU ! = [, BiI 0€3p03MipHOrO 3HA4Y€HHs NOYATKOBOIO PO3MIpY TpiIMHH €.

Sk 6aurmo i3 prc.S, 30UTBIIEHHS TOYaTKOBOTO PO3MIPY TPIITMHH Pi3KO 3MEHIIYE 3aTUIIIKOBY
JIOBTOBIYHICTH IJIACTHHH.

BucHoBkH. 3ampomoHOBaHO pO3PaxyHKOBY MOJENb, SKa ONHUCYE TPOIECH
pYHHYBaHHSI TOHKOCTIHHMX €JIEMEHTIB METAJOKOHCTPYKILIN 3 TPIIIMHAMHU NPH CHUIBHIA il
JIOBFOTPHUBAJIMX CTATHYHUX HABAHTAXEHb 1 KOPO3iHHO-arpecCHBHUX CepeloBHUIN. B OCHOBY
MOJIeTli TIOKJTAJIEHO €HEePreTUYHWH MiaxiJ. 3ampormnoHOBAaHO MaTeMaTW4HI 3aJeKHOCTI s
BH3HAYCHHS 3aJIMINKOBOTO PECYPCy IUIACTHHU 3 MPSAMOJIIHIHHOK HACKPI3HOIO TPIIUHOIO, 110
3HAXOJUTHCS MiJ JI€I0 CUMETPUYHHUX BITHOCHO JIHIT PO3MIIIEHHS TPIIIUHU JOBrOTPUBAINX
CTaTUYHHUX HaBaHTaKEHb, a TaKOXX KOPO3ilfHO-arpecWBHOTO ceperosuina. llokazano, mo 3i
301IbIIEHHSIM MOYATKOBOTO PO3MIpY TPIIIMHU 3AJMIIKOBA JOBIOBIYHICTH IUIACTHHU PIi3KO
3MEHIIYEThCS.

Conclusions. Design model, which describes the processes of the thin-walled
elements fracture in cracked metallic materials under combined action of durable static
loadings and corrosive aggressive environment, has been proposed. Power approach is the
basis of the model. Mathematic dependences for determination of the residual operating- life
of the plate with the rectilinear crack under durable static loadings relatively the crack
location line and corrosive aggressive environment have been proposed. It has been shown
that with the increase of the crack initial size the residual durability of the plate decreases

sharply.
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