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MMOBIPHICHA MOJAENb AOBrOTPUBAIOI MILHOCTI

KOHCTPYKUIMHUX MATEPIANIB HA OCHOBI KIHETUYHOI TEOPII

3anponoHoBaHa WMOBIpHiCHa MoAenb AOBroTpUBanoi MiLHOCTI, Aka 6a3yeTbcs
Ha KiHeTU4YHiIAW Teopii Ta Teopii HagiAnHocTi. Po3rnsHyTo ABa BUNagkW, Komnu
pyrMHYBaHHA WAe nepeBaXHO MO FPaHULUAX 3epeH 3 YTBOPEHHAM KIMHONOAIGHMX
TPiLLUMH Ta KONWU PYWHYBaHHA Wae nepeBaXHO MO rpaHMLUAX 3epeH 3 YTBOPEHHAM nop.
Ons cTyneHeBMX 3aKOHIB MNOB3YYOCTi Ta MiK3€pPEHHOI i BHYTPU3EepPEeHHOI
NOLIKOAXKYBAHOCTi BU3HAYE€HO cepeAHii 4Yac A0 PyMHYBaHHA Ta WOro, cepeaHe
KBagpaTuyHe BiaxuneHHA. [poBefeHO MNOPIBHAHHA TEOPETUYHMUX PO3pPaxyHKiB
3 pe3ynbTaTamMu  €KCMEPUMEHTIB Ha  [oOBroTpuBany  MiUHiCTb  3pa3kiB
3 Kopo3sinHocTinkoi crani 12X18H10T.

Knroyoei crnoea: doszompusana MiyHicmb; 1083ydicms; (UMO8IpHICMb HepyUHy8aHHS;
nowkooOxysaHicmp; 4Yac 00 pyUHy8aHHS, cepedHe keadpamu4yHe 8i0XureHHs 4vacy 00
PyUHY8aHHS.

Beryn. [1Ina onvcy npoueciB HakoMMYeHHsi MOLUKOAXKEHOCTI B MaTepianax,
LLIO EKCNNyaTyTbCA B LUMPOKMX Aiana3oHax HanpyXeHb i Temnepartyp y yaci,
LLUMPOKO BUKOPUCTOBYHOTBCS CTPYKTYPHI Ta doeHoMeHonoriYHi mogeni [1].

CTpyKTYpHi MoAeni 3acHOBaHi HA MaTEMaTUYHOMY OMUCaHHI Pi3nKM Npo-
Liecy HaKOMUYEHHS MOLLKOAXEHb Ha OOHOMY abo AEeKiNbKOX PIBHAX CTPYKTY-
pu [5]. 3a AONOMOrot HUX CTae MOXNBMM OBI'PYHTOBAHO OLiHIOBATU PU3MK
HaCTaHHS TPaHWYHOrO CTaHy, 3AINCHI0OBATU MEepeHeCcCeHHA MogeNbHUX pe-
3ynbTaTiB Ha BenuKorabapuTHi KOHCTPYKLIi, @ Takox ob'egHyBaTu B paMkax
OAHIiel Mogeni onuc NpoueciB HAaKOMUYEHHSA MOLUKOAXKEHb | PyNHYBaHHA Ma-
Tepiany. PyiHyBaHHA TyT pO3rnsgaeTbCsa sK HE3BOPOTHIN MpoUec Hakonu-
YEHHs1 MIKPOTPILWWH, WO BUHWKaOTb B pesynbTati TepModrnyKTyauiiHmnX
pPO3pMBIB MiXKaTOMHUX 3B'A3KiB B MEXaHiYHO HanpyxeHomy maTtepiani. [Npwu
Oyab-AKoMy BUrMs4i HaBaHTaXEHHST OCHOBHOK XapaKTepUCTMKOK BBaKa-
€TbCS1 AOBrOBIYHICTb, TOOTO Yac 3 MOMEHTY NPUKNaAaHHSA HaBaHTaXXEHHS 40
NOSIBU MaKpOTPILLUHW.

CTpyKTYpHi MOAENI TAKOX J03BONSAIOTE 3HAWTM CMOCIO NEPEHOCY EKCNepUMEH-
TanbHWX JaHUX, OTPUMaHUX OfS OOHOro 3 BUAIB HABAHTAXEHHS Ta MOBELiHKM
MaTepiany Ha iHLi, a TakoX AO03BONsATbL 00'egHYBATU eKCriepuUMeHTanbHi AaHi,
LLIO BiAHOCATLCA A0 Pi3HMX BUAIB HANPY>XEHOro CTaHy Ta 30BHILLHBOrO BrNMBY.

deHoMeHonoriYHi Mogeni € GinbLl NPOCTUMK 3 MaTeMaTUYHOT TOYKM 30pYy
i HA MakpopiBHi JOCUTb MOBHO BigOOpaXkalTb OCHOBHI 3aKOHOMIPHOCTI MpPo-
Lecy NOLKOOXEHHS maTepianis, Xxo4a i He BKN0YaloTb OMNUCY NOro MexaHis-
MiB. Y UMX MOZENAX 3a KpUTepid pyrMHyBaHHS NPUAMAETbLCA MUTTEBE Nepe-
BUWLLEHHSA HAKOMMYEHO MOLLKOAXYBAHICTIO rPAaHUYHO AONYCTUMOrO PiBHS.
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Mpw gocnimkeHHi eHOMEHONOorYHMX MOAENEN Crif, PO3Pi3HATY ABa MigxoauW.

OAOuH 3 HUX — KIHETUYHWIA, B pamMKax SIKOro 3aCTOCOBYHOTbCS PidHi Kputepil
pyMHyBaHHSA. Ha npakTuui 3anexHo Bid yMOB i XapakTepy HaBaHTaXXeHHS
BMKOPWUCTOBYIOTLCS Pi3Hi YABMEHHSA MPO MILHICTb MaTepiany i OAMHULI BUMI-
py Moro npauesgaTHoCTi. Y BaraTtboX TEOpPETUYHNX SOCHIIKEHHSAX napaMmeTp
NOLLKOAXKYBAHOCTI Mae (PEHOMEHONNONYHUIN XapaKTep, 3B'A30K AKOro 3 pea-
NIbHOO 3MIHO CTPYKTYpWU mMaTtepiany He posrnsgaetbces. MisHiwe 6ynu ony-
GnikoBaHi poboTH, B AKUX Lieri napamMeTp B13Ha4YaBCs Yepes 3MiHy CTPYKTypu
MaTepiany 3a Jonomorot isndHmx abo meTtanorpadivyHnx MeToqis.

B HamnpocTilwomy BapiaHTi NOLLKOOKYBaHICTb OMUCYOThb OEeSKUM CKans-
poMm, napameTpoM cyuineHocTi 0 <y <1 JI. M. KayaHoBa [3] abo napamer-

pom nowukogxyBaHocTi 0 <w<1 KO. M. PaboTHoBa [8]. Y noyaTkoBoMy CTaHi,
MNPy BIOCYTHOCTI MNOLLUKOMKYBAHOCTI, MaemMo =1, o=0 3 nnuHoMm uacy

YHKUIA Y cnagae, a NOWKOAXYBaHICTb m 3pocTae. MoxHa BBaxaTtu, WO
vy =1-mw. BennunHy o mMoxHa iHTeprnpeTyBaTh 5K BiAHOCHY MIoOLLy nonepe-

YHOrO Mepepisdy, AKa 3anHATa TpilMHamMK, Mikponopamu, MikpogedekTamu.
3riaHO UbOro MoXHa 3pobuTM BUCHOBOK, LU0 3a Krnacu4Hot Teopieto KavaHo-
Ba — PabGoTHOBa NOTOYHMIA CTaH BHYTPILLIHLOT MOLIKO)KYBAHOCTI 3pa3ka MoXe
OyTM npeacTaBneHMn 3a [OMOMOrOI EAMHOIO CKanspHOro napameTtpa w,
KNI s1BNSiE COB0K0 MOHOTOHHO 3pocTatody (PyHKLit0 Yacy.

Opyrvn nigxig — kputepianeHUi, Wo nepenbadae Bubip KpUTepiiB onopy
MeTanis TpuMBanomy pyrHyBaHHto0. Cepef Takux cnifg Big3Ha4uMTU KpuTepii,
AKi 6a3yr0TbCs Ha KOHLENLii Tak 3BaHOro eKBiBaneHTHOro HanpyeHHs. [pu
LbOMY OCHOBHa yBara NpuAINsSeTbCA BCTAHOBIEHHIO 3aNeXHOCTi eKBiBaneH-
THOrO HanpyXeHHs1 G, Bif FONIOBHUX HaMNpPyXeHb Gp,G5,03 (Gl >0y >G3)

MPpu Pi3HMX BUAAX CKMAAHOro HaMpyXEHOro CTaHy Ta 3anexHoCTi vacy pyn-
HYBaHHSA Bial G, .

OpgHak, ¢heHomMeHonorivYHi mMogdeni NoB3y4OCTi, WO BUKOPUCTOBYHOTHCS
OCTaHHIM 4YacoMm, a TakoX AOCTYMHi pe3ynbTaTtu po3paxyHKiB Ha OOBroTpu-
Basny MiLHICTb 3BMYaHO OOMEXeEHi i30TepMiYHMMKM yMoBamu. Po3wmnpeHHs
HassBHUX MOAeren 4O BapiaHTiB, WO BPaxoBYOTb 3MiHY TeMnepaTypu, BUMa-
rae Jopormx eKCnepmMMeHTiB Ha MOB3YYiCTb i, K HACMIAOK, BEMMWKOI KibKOCTi
KOHCTaHT NOB3Yy40CTi maTtepiany.

BuBYeHHs1 hisnyHOi Npupoan pyrHyBaHHSI MpW MOB3YYOCTi B LUMPOKOMY
Aianas3oHi 3MiHWM HanpyXeHHs, LWBWAKOCTI Mpouecy, TemnepaTypu W 4Yacy
nokasye, WO ANA TpuBanux NpoLeciB BUCOKOTeMMepaTypHOi MOB3Yy4oCTi,
KON 3MiLLHEHHSAM MOXHa 3HEBaXWUTU, AOCUTb OOMEXUTUCS ABOMA CTPYKTYp-
HUMK NapameTpa ®; W ®,, WO BigobpaxalTb HAaKOMUYEHHS MOLLUKOAXEHb

BiQNOBIAHO Big MaKCUMManbHUX HOPManbHUX Hanpy>XeHb, NPy SKUX BUHUKa-
I0Tb KMMHOMOZIOHI TPILLMHU Ha CTUKaxX rpaHuUb 3epeH i MakcumanbHUX AoTu-
YHUX HaMpyXeHb, NPU SKUX BUHUKAOTb MIKPOMOPK Ha rpaHuudax 3epeH. [iga
BMAMN HAKOMWYEHHST MIKPOMOLLKOOXKYBAHOCTI Bif Ail HOPManbHUX i OTUYHUX
HanpyxeHb BigobpaxatTb AyaniamMm MiKPOMOLLKOAXKYBAHOCTI NPU MOB3Y4OCTi
M 003BONSAOTb NIABULMTM TOYHICTbL ONMUCy npouecy AedopMyBaHHA N pyin-
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HyBaHHS Ha BENMKI YacoBii 6asi, Sk NpU CTaTUMHOMY HaBaHTaXEHHI B YMO-
Bax PO3TAraHH4, TaK i NPy CKNagHOMY HarnpyXeHOMY CTaHi 1 3HaKo3MiHHOMY
HaBaHTaXeHHi.

YMOBa He3anexHOCTi KiIHETUKM YTBOPEHHA W PO3BUTKY MIKpONpPOLECiB
pPyMHYBaHHSA NpW NOB3Y4OCTi NPUBOAMTL A0 HANMPOCTIWMX (PEHOMEHOMOT -
YHUX MoZenew, AKi NpuaaTHi Ana NPakTUYHUX PO3paxyHKIB Ha OOBroTpusa-
ny MiUHICTb.

B ToM1 e yac npu po3pobui MeToaiB po3paxyHkiB AOBrOTpUBanoi MiLHOC-
Ti KOHCTPYKUIMHUX MaTepianiB i 3aCTOCYBaHHi LMX METOAIB A0 AOCNIAXEHHS
pearnbHUX KOHCTPYKLiA HEOOXigHO 3BaXkaTu Ha AOCUTb BENWKUA PO3KMA JOC-
nigHUX gaHMx 3a 4acoMm A0 pyWHyBaHHA [2]. Hanbinbl npupogHin wnsx
onucy poskuay nonsrae B nobyaosi di3nyHO afeKBaTHOI iMOBIpPHICHOT Moae-
ni pyNHyBaHHSA M BUKOPUCTaHHI MeTOoAiB CTaTUCTUYHOI goismku. Len wnsax, y
3aCTOCYBaHHi A0 pO3rnsiHyToi Npobnemu, NoB'a3aHuin 3 BEMWUKUMU TPYAHO-
lWamMn 4epes CKNagHiCTb i pisHomMacLuTabHOI HEOOQHOPIAHOCTI CTPYKTYPHUX
enemeHTiB TBepaAnX Tin. MoXnmMBoOCTi ogepKaHHA TaknMM LUNAXOM KiNbKICHWUX
XapakTepUCTUK OOBrOBIYHOCTI Cy4aCHMX TEXHIYHMX MaTepianiB y 3arafnbHOMY
OO0CUTb OOMEXeHI. 13 npuknagHoT TOYkKM 30py Binbll ePekTUBHI CTaTUCTUYHI
MeTOAM, WO CNMpalTbCs Ha NpsMi eKcnepyuMeHTarnbHi AaHi Npo poskua i Ha
HaWnpocTiLWi iMOBIpHICHI Mogeni.

OcHoBHa 4acTuHa. Y [5- 7] po3rnsgHyTa MMOBIpHICHA MogeNnb pynHy-
BaHHS KOHCTPYKUiIHMX MaTtepianis npu noB3y4ocCTi, Wo 6a3yeTbcs Ha nosu-
Lisx Teopii HaginHocTi. MpunyckaeTbesA, WO Npy pyWHYBaHHI 3paska nig gieto
MOCTIAHOT HaBaHTaXXeHHS MK BenM4YMHOK Aedopmadii NoB3y4ocCTi &, HaKo-
nMyeHoi 3a 4ac t, i IMOBIpHICTIO He pyiHyBaHHA P 3paska B 4aHWA MOMEHT
yacy icHye yHKLUioHanbHa 3anexHictb. B Teopii HagiNnHOCTI LWMPOKO BUKO-
PUCTOBYETHLCA MOKA3HMK, LLO Ha3MBAETbCH iIHTEHCMBHICTIO BiAMOB, SKUIA MO-
B'A3aHO 3 NMOBIPHICTIO 6e3BiAMOBHOI POOOTU (MMOBIPHICTIO HEPYNHYBAHHS)

P(t) HACTYMHO 3anexHicTo [1]
t
P(t)=exp| ~[2(t)dt |. )
0

Y GinblwocTi BUNagkiB yHKUis iHTEHCMBHOCTI BiAMOB X(t) 3MIHIOETBCS 3

NAYHOM Yacy HEMOHOTOHHO i Mae U — obpasHy dopmy. Tunosa kpuea 3a-
NEeXHOCTI WBMAKOCTI AedhopMallii MOB3y4oCTi Big4 4acy Mae aHarnoridyHuin

XapakTtep, TO6TO pyHKLUHO X(t) 3 TOYHICTIO 4O NOCTINHOI MOXHa NpeacTaBu-
TV Yy BUrNSAi

A(t)=C-&(t). @)
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MigctaBngaoun Bupas (2) B (1), BpaxoByun Lo 8(0)=0, OTPUMYEMO
P(t):exp[—C-a(t)]. MocTtinHa C BU3Ha4aeTbcs 3 ymoBM P =R npw
€ =& (P — MMOBIpHICTb HepylHyBaHHSI 3pa3ka Npu OCArHEHHI gedopma-

uieto I'IOB3y‘-IOCTi BeJIMYNHN &« , € &x — CepedH€E 3Ha4YeHHA Benn4vnHu ae-

dopmaLii NoB3y4OCTi Y MOMEHT pynHyBaHHS). [icna HecknagHux nepeTso-
peHb MAaeEMO HacTyrnHe CniBBiHOLEHHS

P(t)= exp{%ﬁ’(t)} , 3)

e m=-InR. >0 - napameTp, SiKuii BU3HAYaETLCA 3a pesynbTaTamu BU-

npobyBaHb MaTepiany Ha NOB3YyYiCTb 4O PYNHYBaHHS.
CepegHin 4yac oo pynHyBaHHA (1,) i MOro cepegHe kBagpaTuyHe Bigxu-

neHHa (G;) B yMOBax MOB3Yy4OCTi BU3HAYalOTLCS Ha OCHOBI NepLIoro i Apy-
roro MOMEHTY po3noAiny y Burnsagi

t,) = j P()dt ;
0

1/2
(oy) = 2[ tP(t)dt - jp(t)dt . 4)
0 0

3HeBaxaroumn 3MiLHEHHSIM Ha MepLUin cTagii npouecy (cnpaBeanueBo Ans
TpUBanoi BMCOKOTEMMEPAaTYpHOi MOB3Y4YOCTi), MOXHa 3anucatu HacTyrHy
CUCTEMY KIHETUYHMX PiBHSHD:

¢=acg exp(ne)(1-o;) ™1, j=1,2; (5)
iy =bok exp(ke)(1— o)) ; (6)
d, =cof exp(pe)(1—ay) 8, )

he o1 o, - Mbx3epeHa i BHyTpu3epeHa NOLLKO[KYBaHICTb; G, - eKBiBa-
NEHTHe HanpyxeHnHsi; a ,b,c,pP,n,k,q ,r,s - nocTiiHi matepiany npu
dikcoBaHi Temneparypi.

®i3nyHi piBHAHHS (5) — (7) cnpaBeanuBei npyu NpocTux abo Grm3bkux Oo
HMX HaBaHTaXXEHHSX, KON TEH30p HanpyxeHb y Oyab-AKin Touui Tina 3anu-
LAETLCA NOCTIMHUM, HE3BaXKarun Ha Te, Lo B Pi3HUX TOYKaX BiH € PisHUM. Y
BMNaZKy OAHOPIOHOINO Hampy)XeHOro CTaHy HaBaHTaXEHHs OGyge npocTuM,
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AKLWO 30BHILIHI HaBaHTaXXeHHSA 3pOCTaloTb i3 MOMEHTY iX godaTtka nponop-
LiNHO ogHOMY 3aranbHOMY napameTpy.

Posginuewm piBHsHHA (5) Ha piBHAHHSA (6) | Ha (7), oTpumMaemo andepe-
HUianbHi piBHAHHA AN YHKLUIN 0, PO3B'A30K SAKNX Ma€e BUMMSA

1/(r—q+1)

€
1o = {1_wcg(“_k)jexp[—(n—k)a]ds )
0
c 1/(s—q+1)
o = {I_M%—(n—m [expl-(n-pe]de N
a
0

MigcTtaBngaoun B (4) Bupas (3) Ta Bpaxosytoun (5) — (9) ogepxmmo cnis-
BIOQHOLIEHHA ONS Yacy pyMHYBaHHSA i MOro cepefHeE KBagpaTU4HOro BiOXW-
NEeHHs y ABOX BMNagKax:

1) ansa pyvHyBaHHS, sike e NepeBadkHO MO rPpaHMLSaX 3epeH 3 YTBOPEHHAM
KNMHONOAIGHNX TPILLUH

Ex

<te>=n j exp[—(n + me)] f, (e)de (10)
0
<oy >=nt; {2 I [ I exp[—(n + mex)] f, () de]exp[—(n + mex) f, (e)de -
0 0
e 1/2
~([ expl-(n+mefy()de) | (11)
0
e 1) =0~ [expl-(n—k)eaey =L sy I NG
iy r—-q+1 n r-qg+lt,

t, =1/(ancy) - 4ac B'I3KOro PyNHyBaHHS (PYHYBaHHS Aae NepeBaxHO o Tiny

3epHa); t, =1/[b(1+ r)cg] -4ac KPUXKOro pyWMHYyBaHHs (pyvHyBaHHS nae

NnepeBaXkHO 3 YTBOPEHHSAM KIMHOMOZIOHMX TPILLMH;
2) Ana pyviHyBaHHS, SKke nae nepeBaxHO MO rpaHuLsX 3epeH 3 YTBOPEH-
HAM rop
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Ex
<te>=nt j exp[—(n+mex)]f, (e)de;
0

Ex ¢

(12)

<oy >=nti2 j [ j exp[—(n+ Mex)] 5 (£)de]exp[—(n+ Mex) f, (£)de —

00
o 1/2
~([ expl-(n+mefy(e)de) | (13)
0
€
n-p .y s+l . 1+s n-p ty
f =d——]exp|—-(n—- d 2,}\':—’ = 1
ge (o) =0 E ook (- hy = = == S

0

t; =1/[c(1+5)cP] - yac KpUXKOro pyiiHyBaHHS, KONW PyNHYBaHHs Mae nepe-

Ba>XHO NO rpaHnUAxX 3epeH 3 YTBOPEHHAM Mnop.

MoxnuBi gBa BapiaHTK pO3B'A3Ky 3agadi Ans OBOX KpuTepiiB TpuBanoi

MiLLHOCTi.

BapiaHm 1. BenuunHa gedopmalii NoB3y4ocTi IpsAMYe A0 HECKIHYEHHOCTI.
3 piBHocTewn (8) i (9) BunnuBae, WO iCHyE AesKe KiHUueBe 3HayYeHHs MoLu-
KOMPKEHHA AN OBOX PO3rMsAHYTUX BUNAOKIB, KOMN ] =Mx N M) = Wy , SKi

BiQNOBIAAOTb MOMEHTY pyNHYyBaHHS. Mpuyomy

| 1/(r-q+1)
T

Vi
1/(s—q+1)
1
(,0*2 =1- {1 — V—} .
2

Y uboMy BMNagaKy cniesigHowweHHs (10) - (13) npuiimaloTe BUrNsg

<t >=nt ~Iexp[—ns] fi(e)de;
0
<o; >=0;

<t >=nt ~Iexp[—na] f,(e)de;
0
<oy >=0.
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BapiaHm 2. YMoBa pyWHyBaHHS max{s,col,mz}:[s*Ul], AK BUNNMBaE 3

(8) i (9) pocsraeTbeca Npu AesAKOMy KiHLEBOMY 3Ha4yeHHi aAecdopmadii noB3y-
YOCTi, K& BU3Ha4YaeTbCs OOHMM 3i CNiBBIOHOLWEHb A8 PYNHYBaHHSA, SKe rhae
nepeBaXXHO MO rPaHNLAX 3ePEH 3 YTBOPEHHSAM KITMHOMOAiIOHUX TPILLMH

Ak
n kMg —qan e ] (16)

8*1 = —

ana pyVIHyBaHHH, sKe nge nepeBaXxHo No rpaHnuUAax 3epeH 3 yTBOPEeHHAM nop

1 a(n— _
by = ——Inp1— 2 =P)_npy (17)
n-p c(s—q+1)

3 piBHoCTew (16) i (17) 3HaxoanTbes AedopMallisi MOB3Y4OCTi Y MOMEHT
PYWHYBaHHS € i €xy, a 3i cnieBigHoweHb (10) - (13) — cepepHi Yacu o
PYMHYBaHHS i IX cepegHbOoKBaApaTUYHI BiOXMITEHHS.

3i cniBBigHOWeEHb (16) i (17) MOXHa OTpUMATK YMOBU PYWHYBaHHS OnS
BMMNAKIB KON PYNHYBaHHA 3A4INCHIOETBCA MO MPaHNLAX 3epeH 3 YTBOPEHHAM
KNMHONOAIGHNX TPILLUH

1/(n—k)
b(r-g+1) -,
Ge<| ——— =c,. (18)
a(n-k)

Ta, KOnu pyriHYBaHHSA 34INCHIOETLCH MO rPaHMUSAX 3epeH 3 YTBOPEHHSAM
nop

1/(n—p)

-q+1
O < C(S—q+) =0p. (19)

a(n-p)

3 cniseigHoweHb (18) i (19) BMTIKae 3anexHiCTb MK MOCTINHUMW NOB3Y-
yocTi b, c, k,r,S,p, LLIO XapakTepu3ytoTb HAKOMMYEHHST MOLLKODKEHD BiAMoBiaHO Bif,
MaKkcUMarbH/UX HOpMarbHWX HamnpyXeHb (KMMHOMOAIOHI TPILLMHM Ha CTMKax rpa-
HUUb 3epeH) i MakcumarnbHUX OOTUYHMX HanpyXeHb (MIKpONopu Ha rpaHuuax
3epeH)

1/(n—k) 1/(n-p)
b(r—q+1) _lc(s—g+1)
a(n—k) a(n-p)
Byno npoBeaeHO NOPIBHAHHSA TEOPETUYHUX PO3PaxyHKIB 3 pe3ynbTaTtamu
BMNpoOyBaHb Ha OOBroTpuBany MILHICTb 3paskiB 3 KOPO3iNHOCTINKOI cTani

12X18H10T npn TemnepaTtypi 850°Cy BMNagKy NpoCTOro po3TAraHHsA, KOnm
PYViHYyBaHHs e 3 YTBOPEHHAM KNMHONOAIOHMX TpiwmnH [2]. KoHcTaHTu maTe-
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piany Bu3Hadanucsa nicns obpobku BiANOBIOHWMX E€KCMEPUMEHTIB Ha MOB3y-
YiCTb i 4OBroTpuBany MiuHiCTb:

a=0,63-10"MITa>? - 200; n=3,2; ¢=0,7;

c=0,58-10"" MITa~>"%200; k=312, r=1,56. m=0,4.

Y 1abn. 1 HaBedeHi ekcnepvMeHTanbHi (TpeTin | YeTBepTU CToBNL) i
pO3paxyHKOBi (N'ATUMA | LIOCTMA CTOBMUI) 3HAYEHHS 4Yacy OO0 PYMHYBaHHS
3paskiB i iX cepedHbOKBaOpaTUYHI BiOXUITEHHS, BM3HAYEHi 3a OOMOMOroH
cnieeigHoweHb (10) i (11).

Tabnuusa 1 — EkcnepyMMmeHTanbHi i po3paxyHKOBi 3Ha4YeHHS Yacy A0 PyWHYBaHHS

ana mopeni (10), (11) Ha npuknaai ekcnepuMeHTanbHUX AaHuX ANA 3pa3kiB
3 Kopo3sinHocTinkoi ctani 12X18H10T npu TemnepaTtypi T= 850°C

N Cg » Mlla te,200 |Op, MIla | <tx>, 200 | <Gy >, 200
10 39,24 51,3 14,5 52,3 16,1
11 49,05 21,8 51 26,0 8,0
6 58,86 16,4 5,0 14,7 4,5
2 78,48 6,0 0 6,0 1,8

Y nepiomy cToBnui Tabn. 1 3a3HavyeHo KinbKicTb 3paskiB N, siki BUNpo-
ByBanuch Npu hikCOBAHOMY 3HaYEHHI HAaNPYXeHHs G .

3 Tabnuui 6aunumo, WO TeopeTuyHi pesynbTaTn OOpe y3rogxytTbecsa 3
pe3ynbTaTamu eKCrnepuMeHTIB siK 3a YaCOM PYMHYBaHHS, Tak i 3a Noro cepe-
OHbOKBaApaTUYHUM BiOXUINEHHSAM.

BucHoBku. 3anponoHoBaHa NMMOBIpHICHA MoAernb AOBroTpmMBanoi MilHo-
CTi MOXe BMKOPUCTOBYBATUChb MpWU NPOrHO3yBaHHI Yacy pyMHYBaHHsI eneme-
HTiB KOHCTPYKLIiN, SKi MpauiooTh B yMOBax TeMnepaTypHOi NOB3Y4OCTi.
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PROBABLE MODEL OF LONG-TERM STRENGTH OF STRUC-
TURAL MATERIALS BASED ON KINETIC THEORY
A probabilistic model of long-term durability based on kinetic theory and reliabil-
ity theory is proposed. Two cases were considered, when the fracture proceeds
mainly along the grain boundaries with the formation of wedge-shaped cracks and
when the fracture proceeds mainly along the grain boundaries with the formation
of pores. For the power laws of creep and intergranular and intragranular damage,
the average time to failure and its root mean square deviation are determined.
The comparison of theoretical calculations with the results of experiments

on the long-term strength of samples made of corrosion-resistant steel 12X18H10T
was carried out.

Keywords: long lasting strength, creep, probability of non-destruction, vulnerability,
time to destruction, root mean square deviation of time to failure.

In the work, it is assumed that when the sample is destroyed under the
action of a constant load, there is a functional dependence between the
value of the creep deformation e accumulated over time t and the probabil-
ity of the sample not being destroyed P at this moment in time.

The average time to failure(t,) and its root mean square deviation (cy)
under creep conditions are determined on the basis of the first and second
moments of the distribution.

Neglecting hardening at the first stage of the process (just for prolonged
high-temperature creep), the following system of kinetic equations can be
written:

¢ =acy exp(ne)(1-o;) ™%, j=12;
iy =boX exp(ke)(1-o));
é, =Cop exp(pe)(1-a,)®,

where are intergranular o; and intragranular ®, damage; o, is equivalent

stress; a ,b,c, p ,n.,k,q,r,s are constants of the material at a fixed

temperature.
Based on these equations, the relationships for the time of destruction
and its mean square deviation in two cases are obtained:
1) for destruction that proceeds mainly along grain boundaries with the
formation of wedge-shaped cracks
Ex
<t >=nf I exp[—(n+me«)]f; (e)de;
0
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<oy >=nt 42 I [ I exp[—(n+mex)] f, (£)de]exp[—(n + mex) f, () de -
0 0
1/2

~([ epl-n+menfye)de)
0

€

where f(g)=f1-"—K j exp[-(n—K)elde}1 ™! ; 4, =
Vi 0 r-q+1

t, =1/(ancy) is time of viscous destruction (destruction occurs mainly along

the body of the grain); t, =1/[b(1+r)c£] is the time of brittle failure (the

failure occurs mainly with the formation of wedge-shaped cracks;
2) for destruction, which proceeds mainly along grain boundaries with the
formation of pores

r+1 . l+r n-k t .
1Vl=_—_1
n r-qgq+lt,

Ex

<t >=nt J. exp[—(n+me«)]f, (e)de;

0
<oy >=nt zj' [Iexp[—(n +me)] f, (£)de]exp[—(n + mex) f, (e)de —
00

1/2

Ex

—( J' exp[—(n+ mex)]f,(e)de)2 L
0

€

where fz(s):{l—n;IeXp[—(n—p)s]da}kz_l; Ay =
V2 0

t; =1/[c(1+s)cf] isthe time of brittle fracture, when the fracture occurs

mainly along grain boundaries with the formation of pores.

The comparison of theoretical calculations was made with the results of
tests on the long-term strength of samples of corrosion-resistant steel
12X18H10T at a temperature of 850°C in the case of simple stretching,
when the destruction proceeds with the formation of wedge-shaped cracks.

Material constants were determined after processing the relevant exper-
iments on creep and long-term strength

s+1 . 1+s n-p t3
Vo= ——————
s—-q+1 n r—q+l1t

a=0.63-10MPa>? -hour; n=32; q=0.7,
c=0.58-107 MPa>"hour; k=312, r=1.56. m=04.
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Table 1 shows the experimental (third and fourth columns) and calculated
(fifth and sixth columns) values of the time to failure of the samples and their
root mean square deviations determined using the obtained ratios.

Table 1 — Experimental and calculated values of the time to destruction
on the example of experimental data for samples of corrosion-resistant
steel 12X18H10T at a temperature of T = 850°C

N Gg , MPa t« , hour Gt » MPa <tx >, hour | <o} >, hour
10 39.24 51.3 14.5 52.3 16.1
11 49.05 21.8 5.1 26.0 8.0
6 58.86 16.4 5.0 14.7 4.5
2 78.48 6.0 0 6.0 1.8

The first column of Table 1 shows the number of samples N that were
tested at a fixed stress value o, . From the table, we can see that the theoret-

ical results are in good agreement with the experimental results both in
terms of the time of destruction and in terms of its root mean square devia-
tion. The proposed probabilistic model of long-term strength can be used in
predicting the time of destruction of structural elements operating under
conditions of temperature creep.
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