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B po06oTi 3ampornoHOBaHO METOZ MPOrHO3YBAaHHS JOBrOBIYHOCTI KOHCTPYKLIHHMX MaTtepiaiiB MmpH i30Tep-
Mi4Hiil HOB3y40CTi B yMOBaX CKJIaJJHOTO HAMPYKEHOTO CTaHy, SIKHIl alpo0OBaHMH Ha EKCIIEPUMEHTAIBHUX JaHHUX
Ha TPUBATY MILHICTh TPyOUYacTUX 3pa3KiB 3 jkapoMilHOro HikeneBoro ciiasy DU 4376Y-B]l npu temmeparypi
650 °C i omgHOuYacHiH Aif 0ChOBOTO i JOTHYHOTO HANpyXeHHS. B sKkoCTi mapaMeTpuyHOi MOAENi JOBrOBIYHOCTI
MPUIHATI CTyNeHeBa, eKCIIOHEHIIaNbHA 1 IPiOHO-CTyIIeHeBa 3aJeKHOCTI Yacy 10 pyHHYBaHHS Bijl €KBIBaJICHTHO-
rO HalpyXXeHHs. PO3IVISHYTO YOTHPH BHAM 3aJI€KHOCTI IS €KBIBAJICHTHOTO HAIIPY)KCHHSI.

Ha migcraBi ekCriepUMEeHTAIPHAX JaHUX MO TPUBATIHA MILHOCTI TPyO4YacTUX 3pa3KiB 3 )KapOMIL[HOTO HiKe-
nesoro cmiaBy DM 437BY-BJ] mpu temmneparypi 650 ° C 3 BHKOPHCTaHHSIM METOAy HAalMEHIINX KBaJpaTiB
OTpHMaHi OLIHKH MOCTIHHHX, IO BXOAATH B 3aJIEKHOCTI TPHBAIIO! MILIHOCTI, AJISI KOKHOTO 3 YOTHPHOX HPHUHATHX
BUPa3iB [l €KBiBAICHTHUX HAPYXKEHb.

J1iist KOXKHOT MapaMeTprUyHOi MOJENi AOBFOBIYHOCTI OTPHMAHO 3HAYEHHS JBOX BHIIB MOMUIIOK IPOTHO3Y-
BaHHs. [lokaszaHo, IO IS BCIX MapaMeTPHYHHX MOJENeH JOBrOBIYHOCTI MiHIMAJbHI 3HAYEHHS IMX ITOMHIIOK
JOCSATAIOTHCSI, KOJIM 32 eKBiBaIICHTHE HANPY)KEHHS IPHAMAEThCs KpuTepiit Mizeca.

Jlns ekcrioHeHiambHOT MOJIeNi TPUBAIOl MIIIHOCTI i €KBIBaJICHTHOTO HAIpYXeHHs 3a Mi3ecoM IpOBEICHO
MepeBipKy TiMOTe3H MPO HOPMAIbHUIT PO3MOALT BHIIAIKOBOI BEIMYMHH MOCTIHHOI JOBrOBIYHOCTI Ha mMmifCTaBi
3HaueHb {i BUOIPKOBOTO BEKTOpY. BHACIIIIOK Maol KUIBKOCTI €KCHEPUMEHTAIBHAX TAaHUX JUIS JAHOI [EepeBipKu
BHUKOPUCTOBYEThCS CTaTHCTUUHKI KpuTepiit Lllamipo—Yinka.

Otpumano rpadikn GyHKIIT 1 DIITBHOCTI PO3NOALTY Yacy 10 PyHHYBaHHS UL TpyOYacTHX 3pasKiB 3 jkapo-
MinHoro Hikenesoro ciwiasy OW437BY-B/ mpu ockoBomy Hampyxkenui 490,5 MIla, 1oTuuHOMY HampyXeHHi
245 MIla i remnepatypi 650 ° C, a Takox IPOTHO30BaHi 3HaYEHHS [IPU3HAUYCHOTO PECYpCy A Pi3HUX 3Ha4YEHb
rmapaMeTpiB HaBaHTAXKEHHs MpU (IKCOBAHMX PIBHAX IOBipuoi iiMoBipHOCTI. [Tokas3aHo, 1m0 mpH piBHI AOBipUOi
iimoBipHOCTI 0,99 BCi eKCIIEpUMEHTANIBHI 3HAUCHHS Yacy J0 PyHHYBaHHs JICKATh [PaBillie IPH3HAYCHOTO pecyp-
Cy, Ha BiIMiHYy Bijl 3Ha4€Hb, IO BiAMOBIAAIOTH PiBHAM I0Bipyoi iMoBipHOCTI 0,9 1 0,95.

3anpornoHoBaHO METOJMKY ieHTH(IKaIll KOHCTAHT MMOB3YYOCTi Martepially, sika 3aCHOBaHa Ha CTaTHCTHY-
Hill 00poOIli eKCIIepUMEHTAIbHUX KPUBUX MOB3YHYOCTI Ta 3aCTOCYBAaHHI METOJIB Teopil HMOBIpHOCTEH i MaTeMa-
THUYHOI CTATUCTHKH, & TAKOXK METO/(IB ONTUMI3allil.

B pabore npemoixkeH METOJ NPOTHO3UPOBAHUS TOJITOBEYHOCTH KOHCTPYKIOHHBIX MAaTepPHaIOB IIPH H30-
TEPMHUUECKOH TON3ydeCTH B YCIOBHAX CJIOXKHOTO HANPSDKEHHOTO COCTOSHHS, KOTOPBIN alpoOUpOBaH Ha dKCIIe-
PUMEHTAIBHBIX TaHHBIX Ha JUTHTENBHYIO MPOYHOCTH TPYOUaTHIX 00PAa3IoB U3 )KapONPOYHOTO HUKEIEBOTO CIIaBa
DU437BY-B/] npu temneparype 650 °C u 0IHOBPEMEHHOM JACHCTBUHM OCEBOTO M KacaTeJIbHOrO HampsykeHus. B
Ka4yecTBEe IapaMeTPHUYECKOH MOMENH JOJTOBEYHOCTH IPHHSATHI CTENeHHAs, JKCIIOHEHIWaldbHAas W JpOOHO-
CTeleHHas 3aBHCHMOCTH BPEMEHH [0 pa3pyIIeHHs OT SKBUBAJIEHTHOIO HANpsDKeHUs. PaccMOTpeHsI 4eTkipe BHIA
3aBHCHUMOCTH JUIS 9KBHBAJICHTHOTO HAIIPSDKEHHUS.

Ha ocHOBaHHU DKCIEPUMEHTANbHBIX JAHHBIX MO AIUTENBHON MPOUYHOCTH TPyOUaTHIX 0OPA3IOB M3 >Kapo-
MpoYHOro Hukenesoro cruiaa DM4376Y-B/] npu Temnepatype 650 °C ¢ ucnonb30BaHUEM METO/da HAUMEHBIITHX
KBaJIPaTOB TOIy4YEHBbI OLIEHKH MOCTOSHHBIX, BXOASAIIHUX B 3aBHCUMOCTU JIUTENIBHON IPOUHOCTH, IS KaXKIO0To U3
YeThIpEeX IMPHUHSATHIX BEIPAXKEHUH 11 SKBUBAJICHTHBIX HAIPSDKEHHH.

Jlnist ka0l mapaMeTpU4eckoi MoJieIn H0NATOBEYHOCTH MOIy4eHbl 3HAUeHUsI JBYX BUIOB OIIHOOK IIPOTHO-
3upoBaHus. [lokazaHo, 9TO JUIS BCEX IMapaMeTpUISCKUX Mojelell JOIroBeYHOCTH MUHHUMAIbHbBIE 3HAYCHHS 9TUX
OMmUOOK JOCTUraIOTCs, KOT[a 32 DKBUBAJICHTHOE HANPsDKEHHE IPHHUMAaeTcs: KpuTepuil Museca.

J1J1s1 9KCIIOHEHIIMAIBHOM MOJIENH ITTHTENBHON IIPOYHOCTH M SKBUBAICHTHOTO HANPSDKEHUS 10 Musecy mpo-
BeJIeHa MIPOBEPKa I'MIOTE3bI O HOPMAILHOM PACIpPENENCHHN CIy4alfHONH BENMYHHBI MIOCTOSHHON JOITOBEYHOCTU
Ha OCHOBAHWH 3HAYCHHH €& BEIOOPOYHOro BEKTOpA. B cIeACTBUM Majoro KOJMYECTBA SKCIEPUMEHTAIBHBIX JTaH-
HBIX 711 JaHHOM NMPOBEPKH UCIOb3yeTcs cTaTucTHueckuil kputepuit Lllanupo—Yunka.

IMony4uens! rpadyky QyHKINH U IUIOTHOCTH PACIPEACNICHHS BPEMEHH 10 Pa3pyIICHUs! JUIsl TPyO4aThIX 00-
pasloB M3 XKaponpoyHoro HukeneBoro cruaBa DM437bY-B/l npu oceBom Hanpspkeruu 490,5 MIla, kacarens-
HOM Harnpspkenun 245 MIla u remniepatype 650 °C, a Takke NpOrHO3UPYEMblE 3HAYEHHsI HA3HAUEHHOTO pecypca
JUISL pa3sIMYHBIX 3HAYEHMII MapaMeTpoB HArPYKCHHs IMpPH (pUKCHPOBAHHBIX YPOBHSAX JOBEPUTEIHHON BEPOATHO-
ctu. Iloka3aHo, 4TO NPH ypOBHE OBEPHUTENBHON BeposiTHOCTH 0,99 Bce SKCIEepUMEHTAIBHBIE 3HAYCHNST BPEMEHH
JI0 pa3pylIeHHs JIeXaT IpaBee HA3HAUeHHOTO pecypca, B OTIMYME OT 3HAYEHMIl, COOTBETCTBYIOIIHX YPOBHIM
JoBepuTensHoi BepositHocTd 0,9 1 0,95.

Ipennoskena MeToauKa HASHTHGHUKAIMK KOHCTAHT MOM3YYeCTH MaTepHana, KOTOpas OCHOBAaHA Ha CTaTH-
CTHYECKON 00pabOTKe IKCIEPUMEHTAIBHBIX KPHUBBIX MOJN3YYECTH M MPUMEHEHUH METOI0B TEOPHU BEPOSATHOCTEH
¥ MaTeMaTHYECKOU CTATUCTHUKH, a TAKOKe METOJO0B ONTUMU3ALNH.
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This paper proposes a method for the prediction of structural material life in isothermal creep under combined
stress conditions verified using experimental data on the durability of tubular specimens of EI437BU-VD heat-
resistant nickel alloy at 650 °C under the simultaneous action of an axial and a tangential stress. A power, an
exponential, and a fractional power dependence of the time to failure on the equivalent stress were adopted as
parametric durability models. Four expressions for the equivalent stress were considered.

Based on experimental data on the durability of tubular specimens of EI437BU-VD heat-resistant nickel alloy
at 650 °C, the constants appearing in the expressions for the durability were estimated for each of the four expres-
sions for the equivalent stress using the least squares method.

For each parametric durability model, two types of prediction error were calculated. It was shown that for
each model the errors are minimized if the Mises criterion is taken as the equivalent stress.

For the exponential durability model and the Mises equivalent stress, the normal distribution hypothesis for
the random durability was tested using the values of its sample vector. Because of the small amount of experi-
mental data, the Shapiro-Wilk statistical criterion was used in the test.

The paper presents graphs of the distribution function and distribution density of the time to failure for tubu-
lar specimens of EI437BU-VD heat-resistant nickel alloy at an axial stress of 490.5 MPa, a tangential stress of
245 MPA, and a temperature of 650 °C and the predicted specified life for different values of the load parameters
at a fixed confidence probability. At a confidence probability of 0.99, all the experimental values of the time to
failure lie on the right of the specified life, as distinct from the values that correspond to a confidence probability
of 0.9 and 0.95.

A technique for material creep constant identification is proposed. The technique is based on statistical
treatment of experimental creep curves and uses probability theory, mathematical statistics, and optimization
methods.

Knroueevie crnosa: onumenvras npo4Hocms, Mmooenu ()0]12066111-!00}7’!14, nocmo-
SIHHble nojzyyecmu, epems 00 paspyutlerusl, IKeUeAleHNMHoe HanpsdsiceHue, ouubKu
NPOCHO3UPOBAHUAL.

B Hacrosimee Bpemst Uit 000CHOBaHHOTO Ha3HAYCHUSI CPOKA DKCILTyaTaluu
KOHCTPYKLUH, paboTalommx B SKCTPEMAIbHBIX YCIOBHSX, OCOOYI0 Ba)KHOCTb
MpeacTaBsieT BONpPOC pa3pabOTKH METOJOB NPOTHO3UPOBAHHS IOJITOBEYHOCTH
Pa3IMYHBIX KJIACCOB KOHCTPYKIMOHHBIX MaTepHaJIOB, KOTOPbIE IKCILTYyaTUPYIOTCS
B YCJIOBHSIX BBICOKOTEMIIEPATYPHOI MOJI3y4eCTH MPHU CIOKHOM HANPSKEHHOM CO-
crostHud. [Ipy 5TOM HEOOXOUMO YUUTHIBATh, YTO MPUMEHSEMBIE METOJIBI TIPOTHO-
3UPOBAHUS JJOJDKHBI OBITH C OJTHOW CTOPOHBI pu3nyeckr 000CHOBAHHBIMH, a C JIPY-
ol — JOCTATOYHO MPOCTBIMU U YIOOHBIMH JIJIS1 UX MCIIOJIb30BAHUS B HHKEHEPHBIX
pacuerax. Jis coXKHOTO HANPSHKEHHOTO COCTOSIHUSI HanboJiee eCTECTBEHHBIM ITy-
TEM pelieHHus JaHHOHW MPOOJEMBl CUMTAETCS HCIIOIB30BAHUE KPUTEPHAIBHOTO
MO/IX0/1a, KOTOPBIM 0a3upyercss Ha BBEJACHUU DKBHUBAJEHTHOTO HANpPSKEHHS B Ia-
paMeTpPUIECKYI0 MOJIEINb JUINTEIRHOUM TpouHocTH MaTepuana [1]. OCHOBHOHM TpyI-
HOCTBIO 3JIECh SIBJISETCSI BHIOOP ONTHMAIBHOTO KBHBAJCHTHOTO HANPSDKCHUS U
rapaMeTpUUecKOil MOJIENH, OTIMCHIBAIOIIEH 3aBUCUMOCTh BPEMEHH 0 Pa3pyIIEHUS]
MaTepHaia OT BRBIOPaHHOTO SKBHBAJICHTHOT'O HANIPSKEHHS.

Heo0xommMo OTMETHTh, YTO OOJILIIMHCTBO SKCHEPUMEHTAIBHBIX JaHHBIX Ha
JUITUTENBHYIO MPOYHOCTh KOHCTPYKIIMOHHBIX MAaTE€PHAJIOB TOIYYEHbI B YCIOBHSAX
MIPOCTOTO OJHOOCHOTO PAaCTSDKEHHS, YTO 00YCIIOBIEHO JTOCTATOYHO MPOCTOM CcXe-
MO# TPOBEAEHHS JKCIEPUMEHTOB 10 CPAaBHEHHWIO C WCIBITAHUAMU B YCIOBHAX
CIIO)KHOTO HAIPSDKEHHOTO COCTOSIHUSA, MPOBEICHHE KOTOPHIX COMPOBOXKIACTCS
3HAYUTENBHBIMA TEXHUYECKUMH M SKOHOMHYECKUMH TpyaHOCTAMHU. OMHAKO s
MIOJTy4eHHs] JOCTOBEPHBIX OIEHOK JOJTOBEYHOCTH KOHCTPYKIIMOHHBIX MaTepHaIOB
B YCJIOBHSIX CJIO’KHOTO HAIPSHKEHHOTO COCTOSIHUS HEOOXOIWMO HaJIHMYHE COOTBET-
CTBYIOIIMX AKCIEPUMEHTOB, KOJIWYECTBO KOTOPHIX B CBS3H C IEPEUNCICHHBIMH
TPYIHOCTSMH JOCTATOYHO OrpaHuyeHo [2 — 7].

B nanHO# paboTe NpeIoKeH METO/] IPOTHO3UPOBAHUS JTOJTOBEYHOCTH KOH-
CTPYKIITMOHHBIX MAaTEPHAJIOB NMPH M30TEPMUIECKON TOI3YyUECTH B YCIOBHAX CIIOXK-
HOTO HANpsKEHHOTO COCTOSIHHSI, KOTOPBIH armpoOMpOBaH Ha 3KCIIEPUMEHTAIBHBIX
JaHHBIX HA JUTUTEIBHYIO MPOYHOCTH TPYOUaThIX 00pa3oB M3 KapONPOYHOTO HHU-

94



keneBoro cruiaBa OM4376Y-B/l npu temmepatype 650 °C i oTHOBpEMEHHOM JICH-
CTBUH OCEBOI'0 G, a TaK)KE KacaTeJbHOI0 T HampsbkeHuid [8]. DKcrmepuMeHThI
npoBoAwiauchk Ha yctanoBke YMMT-1500, koTopass obGecneunBaia OIXHOBPEMEH-
HYIO0 Tiepeady Ha TpyOuaTblii oOpasen pacTsaruBaromieid cuinsl P u kpyrtamiero
momeHnTa M . Ilpu sToM Ui OCeBOro G, KacaTeIbHOTO 7, a TaKkKe TJaBHBIX
HaNpsDKEHUH Gq, G5, O3 UMEIOT MECTO CIEAYIONINE COOTHOLICHUS:

2P
°= DD d)’ @)
4M

S 2

! D ?(D -d) @
o +Vo? +412

1= (3)

o, =0, (4)
G—\/62+4‘52

Og=—— (5)

rae D, d — cooTBeTCTBEHHO HapY)XHbBI M BHYTPCHHHUII THaMeTphl TpyOUaTtoro

oOpa3sra.

B kadecTBe mapaMeTpUUECKOl MOJIENH TOJATOBEYHOCTH PACCMOTPHM CTEICH-
HYI0, 9KCIIOHEHIIMAIBHYIO U JIPOOHO-CTEIIEHHYIO 3aBUCHMOCTH BPEMEHHU 10 pas-
pyuIeHus t , OT 5KBMBAJIEHTHOrO HANpPsHKEHUs Gg [9]:

t, =acy", (6)
O
t, =aexp(—fj , @)
_ n
ty=a|22e| ®)
Oe

rae &, N — MOCTOsSHHBIE MaTepuaia NMpH (HUKCUPOBAHHOW TEMIIEpaType; O, —
npeaen KpaTKOBPEMEHHOM MPOYHOCTH MaTepuana npu (GUKCHPOBaHHON TeMIepa-

Type.
PaccMoTpuM ueThIpe BapHaHTa 3aBHCUMOCTH ISl SKBUBAJICHTHOTO HAIPsDKe-

HHSl G OT IJIABHBIX HANPSDKEHUH G, G,, o3 [10]:

0, =0, =0, €)]

2 2
O, =0, :\/O'l —0,0,+0; , (20)
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(11)

Op =0¢4 =0, 703 (12)
Cootromenus (6), (8) B norapupMudeckux KOopAnHATaX, a (7) B moiynora-
PUPMHYCCKHX UMEIOT BH/I:

Int, =b-nino,, (13)
O_e
int, =b-=* (14)
Intp:b+nln[6b_aej (15)
O-e

1
roe b=Iha.
Ha OCHOBAHHUHN E)KCHCpI/IMCHTaJH)HI)IX JAaHHBIX Ha I[J'II/ITGJ'II)HyIO HpO‘-IHOCTB

TpyO4YaThIX 00pPA3IOB U3 JKAPOIPOUYHOro HUKeneBoro cruiasa DM437BY-B/l npu
temneparype 650 °C meronom HauMmeHblux kBajaparoB (MHK) u3 coorHomenuit

A

(13) - (15) nomyuum ouenku b u N mapamerpos b,n a1s kaxmoro us yeTbpex
SKBHUBAJICHTHBIX HANPsDKEHUH (Tabmuma 1).

Tabnmna 1 — 3nagenns onerkn MHK mapamerpoB b,Nn mgns
mapaMeTPUIECKUX MoJeneit

SKBHBATCHTHOE 3nauenus onenku MHK Hapl\jga;;g:; b, N nna napamerpuyeckux
HaHpH)KeHHe CTCIICHHAsA J3KCIIOHCHIIUAJIbHAs I[pO6HO-CTeHeHHa$I
b=29,29 b=28,75 b=458
O-e = O-el A ~ _
A =4,03 n=8,78-10°° =2
b=7111 b=1526 b=6,34
O-e = O-e2 A A _ A
n =105 n=18,69-107° A =414
b =52,96 b=12,32 b=538
O¢ = O¢3 A A 3 A
n=1773 n=14,6-10 n=332
s b=2875 b=1393 b=634
¢ A =5296 A =1548-10 A =307

st BbIOOpa ONTHUMAJILHOM MapaMeTPUUYSCKOM MOJIEIM U SKBHBAJICHTHOI'O

HanpsbkeHus: B pabote [11] paccmarpuBaeTcs JBa BUJa OMIMOOK MPOTHO3UPOBA-
HUS:

1 —t; ?
widfee]
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N t . 2
Wi =2 | lo| = t(cek) , (17)

i=1 I

rae K =1,4 — mopsiIKOBBI HOMEp PacCMaTpUBAEMOTO SKBHUBAJICHTHOTO HAIpsi-
xenust, | =1,3 — MOPAAKOBBI HOMEP paccMaTpUBAEMON MAPAMETPHUYECKOH MO-
memd; i =1,N — Homep skcnepumenta;, N — KOJIMYECTBO MPOBEIEHHBIX KCIIE-

pUMEHTOB; T (Gek) — IPOTHO3UPYEMOE BpeMs 10 pa3pylIeHHs, COOTBETCTBYIO-

IIee IKCIEPUMEHTY C HOMEpOM | , {; — 3KCIepHUMEHTaIbHOE BpeMsi 10 pas3pyliie-
HUSI, COOTBETCTBYIOIIIEE IKCIIEPUMEHTY C HOMEPOM i .
B Tabnuile 2 npuBeAEHbI 3HAUEHUS OMIMOOK S oy ij JUISL BCEX paccMaTpuBa-

C€MBIX MTapaMETPHUICCKUX MOI[GJ'ICI\/'I 1 5KBUBAJICHTHBIX HaHpﬂ)I(eHHﬁ.

Ta6nuna 2 — 3HaueHus ommMboK S i ij JUISL TapaMeTPUUECKUX MOJENen
(6) — (8) 1 sxBUBaJIEHTHBIX HanmpshkeHui (9) — (12)

DKBHBAICHTHOE 3HadYeHHs OMHGOK S i w j A1 TAPaMEeTPHYCCKIX MOJICIICH
HApAKCHHC CTCIICHHAas JKCIIOHCHIIHMAJIbHAasA ,Z[pO6HO'CT€HeHHa$I
Ges s, =0,23 S, =0,22 S,,=0,22
W,, =12,01 W,, =11,59 W,, =11,59
Ges S,=0,12 S,,=0,12 S, =0,12
W, =4,31 W,, =4,19 W,, =4,2
Ges S,,=0,16 S,,=0,16 S,,=0,16
W, =7,2 W,, =7,26 W,, =7,29
Ges 5,,=0,18 S,,=0,19 S, =0,19
W,, =6,66 W,, = 6,85 W,, =7,17

Kak BumHO M3 TaOmuipl 2, UIs KaXIOW W3 TMapaMeTpHUECKUX Moelei

(6) — (8) 3HaueHMsa oOeux OIIUOOK Sjk, ij JIOCTUTAIOT CBOETO MHHUMYMa TIPU

Ge =OCgp, YTO CBUJETEIBCTBYET B IIOJIb3y BbIOOpA JAHHOTO SKBUBAJICHTHOTO
HanpsbkeHus. Eciy ke paccMaTpuBaTh B Ka4eCTBE HDKBHUBAJICHTHOTO HANPSOKCHHUS
Gep, TO U3 3TOH TaOIMIBI CIEAyeT, YTO 3HAUEHMs OLIMOKH Sjk COBIAJAIOT VIS

BCEX MapaMeTPUYSCKUX MOJICIIEH, a 3HAYCHHEe OIIMOKU ij JIOCTUTAET CBOETO MU-

HAMYyMa JIJTST SKCIIOHEHITHAIBHOU Mozenu (7).
PaccMoTpuM 3KCITOHEHITMATIBHYIO MOJIEITb JUTUTENILHOM TpodyHocTH Bua (7), a 3a
SKBHBAJICHTHOE HANIPSDKEHHE O, TPHHUMAaeM HHTCHCHBHOCTB HANPSLDKEHUH Gy (10).

Kak u B cimyyae mpocToro oHOOCHOTO HarpyskeHus [12], OyzneM caurarh, 94To
napaMeTp a SBJseTCs Cly4ailHOM BEJIWYMHOMN, a N — AETEPMUHUPOBAHHOU BEJIU-

YMHON HANPSHKEHHUS Ggp , KOTOpas paBHa cBoeii MHK-onenke N . Toraa cooTHo-

mMEHUEC 11 BLI60pO‘{HOFO BCKTOpa b OIMPEACIIUTCA B BUAC!

b= Intpi+Tz, i=1,N¢. (18)
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[IpoBeprM runore3y 0 HOpMajabHOM PACIIPEACACHHH CAyYaiHON BEIMYHHBI b
Ha OCHOBaHHMH 3Ha4eHUIl €€ BBIOOPOYHOrO BEKTOpa b. IlockonpKy KOIMYECTBO
MIPOBEJICHHBIX JKCIIEpUMEeHTOB N  M0CTaTOYHO Majio, TO IJsl JTaHHOW MPOBEPKH
BOCHOJb3yeMca cTatuctudeckuM KputepueMm Lllanupo—Yunka [13]. Ilpumenss
JaHHBIA KpuTepuil Ha ypoBHe 3HaunmMocTH o =0,05, momyuum 3HaueHue P -
ypoBHS — P =0,964 > o, UTO CBUIETEIBCTBYET O MPUHATUU CUIIOTE3BI PO HOP-
MallbHOE pacClpe/eiicHue CIy4ailHOi BenuuuHbl D, KoTopoe 0003HAYNM
N (ub , s,f ), Tae Uy , sg — MaTeMaTHYeCKOEe O’KHJAaHUE U JUCIIEPCHs CITy4aiHOM
Bemmunusl D coorBercTBenHO. OTCIO/A CIEYET, YTO CoydYaiiHas BEIMYHHA @ OY-

T HMeTh IOTHOPMANBHOE PAaclpeeeHie ¢ MapaMeTpaMH [l , Sg , KOTOpOe
o6o3HaunM LogN (pb, Sg).

HecMmeleHHble ¥ COCTOSITENBHBIE OIICHKM MATEMATHYECKOTO OXXUIAHUS U
JCTIEPCUU CITy4aifHON BETMUMHBI D ompenensTcst ¢ moMOIIBbIO COOTHOIICHHIA:

B _i’\‘
_NZ (19)
=ii(6—a)z. (20)
N_li:1 d b

OyHKIUSA pacnpeeiCHUsI BpEMEHU 10 Pa3pyLICHUS] IPUMET BUJ:
Ce
Fi, (x)=Fp| Inx =) (21)

Ha pucynkax 1, 2 npuBeeHbI COOTBETCTBEHHO Tpaduku GYHKIUH U TUIOTHO-
CTU pacHpesieIeHHss BpeMEHH 10 pa3pylLIeHust A1 TPyOUaTsIX 00pa3ioB U3 xkKapo-
MpoYHOTO HHKeneBoro cruiaBa OW437BY-BJl mpu oceBoM  HaIpspKeHUH
c6=490,5 MIla, kacarenbHOM HampspkeHun T=245,3 MIla u Temmeparype
T =650 °C.

},‘,(t) frl,(f)

1,0 0,030
038 0,025/
0,020
0,6/
0,015
0,4
0,010/
0.2| 0,005| |
0 S0 100 150 200 250 300t, 0 25 50 75 100 125 150 175 &y
Puc. 1 — I'padux pyHKINN pacnpeneneHus Puc. 2 — I'paduk MIOTHOCTH pacrpeeseHns
Fy . t) spemenu no paspymenus t , npu fi . t) spemenu no paspymenus t , npu
oceBom Hanpsokenun ¢ =490,5 MIla, ocesoM Hanpsokennn ¢ =490,5 MIla,
KacarensHoM Hanpsokenud T=245,3 MIla  kacarensnom Hampsokennn T = 245,3 Mlla
u temneparype 1T =650 °C u Temneparype T =650 °C
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Ha mpakTrke, KaK MpaBmiio, HEOOXOANMO ONPENeNsATh CPOK OE30TKa3HOW pa-
00THl (Ha3HAUYEHHBIM pecypc) dJeMEeHTa KOHCTPYKUMH t« C 3a7aHHOW BEpOSTHO-
CTBIO CL.

B nanHom cnmyuyae Ha3Ha4deHHBIN pecypc t« OmpenenauTcs Kak pelieHHe ypaB-
HEHHSI OTHOCUTEIIBHO X '

Fo (x)=1-a. (22)

B tabnuie 3 mpuBeACHBI 3KCICPUMCHTAIbHBIC 3HAYCHHUS BPEMEHH JI0 pa3py-
IICHUS, a TAKXKE €ro MPOTHO3UPYEMBIC OCHOBHEIE BEPOATHOCTHBIC XapaKTEPUCTUKHU
JUIS Pa3NUYHBIX SKCIEPUMEHTAIbHBIX 3HAYCHUH OCEBOr0 G M KacaTeIbHOTO T
HanpsoKeHUH.

Tabnuna 3 — DkcnepruMeHTabHbIC 3HAYCHUSI BPEMEHH 110 Pa3pYIICHHs, a TAKKE
€ro MPOrHO3MPYEMbIE OCHOBHBIC BEPOSTHOCTHBIC XapaKTEPUCTHKU ISl pa3jind-
HBIX 3HAYCHUI TAPAMETPOB HATPYKECHHS

Hampsokenue, Mlla CpennexBa-
Cpennee, paTtudeckoe

yac OTKJIOHEHHE,
qac

OKcnepuMeHTaIbHbIE
3HA4YEHHUs BPEMEHH JI0 | OCEBOE KacaTellbHOE
paspylieHus, Jac c T

29,5
33,5
31
28,5
58

50 637,7 0 37,3 12,1
25
17
15
13
15,5
709
65 392,4 196,2 96,8 35,3
425,5
7
20
72
28,5

490,5 245,3 29,9 10,2

B tabnune 4 mpuBeneHs! MPOrHO3WPYEMBIE 3HAYSHHSI HA3HAYEHHOTO pecypca
IJId pa3IMYHBIX OKCICPUMCHTAJIbHBIX 3HAYCHUN OCEBOI0 G M KAacaTeIhbHOTO T
HaNpsDKEHUH, a Takke TpEX YpOBHEH  JOBEPHUTENBHOW  BEPOSTHOCTH
a=10,9; 0,95; 0,99}.

99



Tabnuma 4 — IlporHo3upyemble 3HaAYCHHSI HA3HAYCHHOTO pecypca A pas3-
JUYHBIX 3HAYCHUH MapaMeTpOB HAarPYXEeHUS IPH (GUKCHPOBAHHBIX YPOBHIX
JIOBEPHUTENHEHON BEPOSTHOCTH

Hanpsixenue, Mlla JoBeputensHas | Ha3znaueHHbI pecypc
0CEeBOE © KacaTelbHOe T BEPOSATHOCTb Ol t«, gac
0,9 21,8
637,7 0 0,95 17,4
0,99 9,2
0,9 51,5
392,4 196,2 0,95 38,7
0,99 14,6
0,9 16,9
490,5 245,3 0,95 13,2
0,99 6,2

Kak cnemyer u3 tabmuiel 4, mpu ypoBHE JOBepHUTEIbHON BeposTtHOCcTH 0,99
BCE JKCIEPUMCHTAJIbHBIC 3HAYECHUS BPEMEHH [0 pa3pyLICHUs JeXKaT IpaBee
Ha3HAuYEHHOTO pecypca, B OTINYME OT 3HAYCHHUH, COOTBETCTBYIOIIMX YPOBHSIM I0-
BeputensHOi BeposTHOCTH 0,9 1 0,95, 9T0 CBHIETENBCTBYET O HATHYNE BHIOPOCOB
U3 PacYeTHOI0 3HAUEHHS pecypca Ui MOCIeIHUX ABYX YPOBHEH. B cBs3M ¢ 3TUM B
MPUKIAIHBIX pacueTax PEKOMEHAYETCS HCIIOJIb30BaTh YPOBEHb OBEPUTEIBHOM
BepositHocTH 0,99.

BoiBoabl. [IpeayioxkeH cTOXaCTHUECKU METOJA MPOTHO3UPOBAHUS JOJTOBEY-
HOCTH KOHCTPYKLIMOHHBIX MaTEpHaioB MPHU U30TEPMUUECKON MOI3YYECTH B yCIIO-
BUSIX CJIOKHOT'O HANpsDKEHHOT'O COCTOSHUS. PaccMOTpeHO HECKOJIBKO Pa3iIHMyYHBIX
napaMeTpUUECKUX MOJENEH UIMTEIbHONH NPOYHOCTH M HECKOJBKO 3aBHCHMOCTEH
SKBUBAJIEHTHOTO HANPSKEHMS OT TJIaBHBIX HamnpspbkeHuil. Ha mpumepe skcnepu-
MEHTAJbHBIX JaHHBIX IJIS TPyO4aThIX OOpa3LOB M3 >KapOINPOYHOIO HHUKEJIEBOTO
crutaBa DUM4376Y-B]l npu temnepatype T =650 °C mokas3aHo, 4TO ONTHMAIb-
HBIMM OKa3aJIMCh IKCHOHEHIMAIbHAS MOJENb JJIUTEIbHOW MPOYHOCTH M IKBUBA-
JICHTHOE HalpshKeHHe 1Mo Mmusecy, Ha OCHOBAaHMU KOTOPBIX pa3paboTaHa cToxa-
CTUYECKash MOJEJIb, [I03BOJISIONIAs 110 3aJaHHbIM 3HAUYEHHSIM OCEBOIO U KacaTelb-
HOTO HaIIPSKEHUHN OIpeNesIATh BEPOSITHOCTHOE paclipe/ielieHe BPEMEHU 10 pas-
pyuieHus: Matepuana. [lpeanoxena MeToIUKa WACHTU(QHUKAINN KOHCTAHT MOJ3Y-
4eCTH MaTepuasa, KOTopasi OCHOBaHA HAa CTATHCTHUYECKOI 00paboTKe SKCIepUMEH-
TaJbHBIX KPUBBIX IMOJI3Y4ECTH M NMPUMEHEHWH METOJO0B TEOPHH BEPOSITHOCTEH U
MaTEeMaTHYECKON CTAaTHCTHUKH, a TaKK€ METOJOB ONTHUMH3aIu. PaccuntaHsl oc-
HOBHBIE BEPOSITHOCTHBIE XapaKTEPHCTUKH PACIIpPENIeTIeHHs BPEMEHHU 10 pa3pyle-
HUSl MaTepuayia M IOKa3aHo, YTO JiJIsi 0OOCHOBAaHHOTO IMPOTHO3MPOBAHUS Ha3Ha-
YEeHHOTO pecypca 3JIEMEHTOB KOHCTPYKIHMH Ha 3Tarne WX MPOEKTHPOBAaHUS PEKO-
MEH/yeTCs HCIIOJIb30BaHNE YPOBHS JOBEpHUTEIHHON BeposiTHOCTH 0,99.
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