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MPOTHO3UPOBAHUE OTKA30B JETAJEA METAJLUTYPTUYECKOI'O
OBOPYJOBAHMUA 110 KPUTEPUAM ITPOYHOCTH, U3I'OTOBJIEHHBIX
N3 CEPOI'O YYI'YHA, HA OCHOBE MUKPOCTPYKTYPHOI'O
MOJAEJNPOBAHUSA HAIIPSI)KEHHOI'O COCTOSHUA

Annomauus. B cmamve npednazaemcsi Memoouxa OYyeHKU 2aMMa-npoyeHmHo2o pecypca oemaneu me-
MANTYPeUYECcKo20 000pyO08aAHUsl, U32OMOBIEHHBIX U3 CEPO2O UYeYHA, HA OCHOBE MUKPOCIPYKIMYPHO20 MOOe-
JUPOBAHUSL €20 HANPSINHCEHHO20 COCMOAHUS, KOMOPAs CHOPMYIUPOBAHA C UCHOTIb30BAHUEM U3BECTNHBIX 3A8U-
cumocmetl 0151 OYeHKU cpedHe20 pecypca 0emaieli MeXaHuyecko2o 000pyo008anus no Kpumepuro KuHemude-
CKOU NPOYHOCTHU, MEMOOA TUHEeAPU3AYUL CIYYAUHBIX APSYMEHMO8 NO36ONAIOWES0 OYEHUMb OUCNEPCUIO UC-
cedyemou YyHKyuU u UHCMPYMEHmMO8 MUKPOCMPYKIMYPHO20 MOOETUPOBAHUSL HANPSAICEHHO20 COCMOSHUS Ma-
mepuana. OHa no36o01sem Ha cCMAoUsX NPOEKMUPOSANUS U IKCIYAMAYUU YYUMbIBANb 6CECIOPOHHEe GlUsl-
HUe HA 2aMMa-nPOYEHMHBIU Pecypc YCI08ULL HASPYHCEHUS UCCAEIYeMO20 MEeXHUUECK020 00beKkma, e2o pabo-
yell memMnepamypbl, UIUUECKUX U MEXAHUYECKUX XaAPAKMEPUCMUK CIPYKIYPHBIX COCMABTSIIOUUX CEPO20 dy-
eyna. Eé enasnvimu omaudumenbHoIMu 0COOEHHOCAMU AGNAIOMCSL MAmMeMamuieckue 3a6UcUMocmi, no3eo-
JsIowUe OYeHUB8ams 6eUYUHY OUCNEPCUL NAPAMEMPO8 HEeODOXOOUMBIX OISl pACUema PecypCHbIX XapaKmepu-
CIMUK, a MAKIHCe B03MONCHOCHIL YUema AHU30MpoOnuL peaibHOU CIMPYKmMypbl Cepbix 4y2yHos. JJonoinumensro
npoeedena npoyedypa sepudurayuy npeoiazaemol MemoouKy CPAeHeHueM Meopemuiecki HOJYYeHHbIX 3HA-
YeHULl 2aMMa-nPOYEHMHO20 Pecypca C 6EIUYUHOL, YCMAHOBIEHHOU 8 HOPMAMUBHO-MEXHUYECKO OOKYMEeHmMA-
yuu. B kauecmee obvexma ucciedosanuii paccmompena pacnopuas nauma ujexosou opoounxu CM/-110,
uzeomasausaemas uz cepoeo uyeyna mapku C4-20, guzuueckue u MexaHuyeckue Xapaxmepucmuxy CmpyK-
MYPHBIX COCTNABNAIOWUX KOMOPO20, MAKUe KaK MOOYIb YAPY2OCMU U MUKPOMEEPOOCcmy no Bukkepcy, sxcne-
PUMEHMATILHO OYEHUBANUCL C UCHONb30BAHUEM MEmOo0d UHCMPYMEHmanvHo2o unoenmupoganus. Ouubka
npozHo3uposanus He npesviuaem 18 %, umo 6 ceor ouepedvb noomeepacoaem 0OCMAMOUHbIL YPOBEHb 00-
CMOBEPHOCIU NPEONALAeMbIX 8 HACMOAWell CMambe MeopemuyecKux peweHutl, Komopvie Mo2ym 0vbims Uc-
NOMb306AHBL NPU NPOEKMUPOSAHUU 0emanel MEemaiiypeuiecko2o 000py008anus, u320mogIeHHbIX U3 Cepblx
YYeyHO8, a MaKdice npu GOPMUPOSAHUL CMPYKMYPbl NEPUOOULHOCTIU €20 PEMOHMOS.

Knwouesvie cnosa: camma-npoyenmuulii pecype, 00J208€YHOCHb, MEMALIypeudeckoe 060pyodosanue,
HAnPsICEHHOe COCMOsHUE, MUKPOCTPYKIYPHOE MOOCTUPOBAHUE, CEPbILL YYSVH.

BBenenue. Cepbie 4yTryHBI MOTYYHITH IIHPOKOS
MPUMEHCHUE B METAUTYPTHY€CKOM MAIIMHOCTPOC-
HUM TIPU U3TOTOBJICHUW Pa3HOOOpa3HOW HOMEHKIIA-
TYpBI TPOMBINUICHHBIX U3JCITUH, KOTOpask BKIFOYACT
B ceO0sl: KPBIIIKY, 3yOuaThle Koyieca, MOPIIHHU, KOp-
MyCHBIE JETAIW PEIYKTOPOB, MaXOBHKH, MY(QTHI
CIICTUICHHUS, DJIEMEHTHl MaIllMH, paboTaloniye Ha
ckatue W T.0. OgHaKO OCOOEHHOCTHM WX MHKPO-
CTPYKTYPHI B OOJBIIMHCTBE CIyYaeB ONMPEACISICT U B
TOKE BpPEeMsl CUIILHO OTPaHUYMBAECT BO3MOXKHBIE 00-
JIACTH UCTIOJB30BAHMUSL.

BHermaHOBEIE OTKa3HI IeTAIel METAILTyprude-
CKUX MAIlIUH, U3TOTOBJICHHBIX U3 Pa3IMYHBIX MapOK
CEepBIX YYT'YHOB, TI0 KPUTEPHUSIM MPOYHOCTH TPUBO-
JIST K CYIIECTBEHHOMY TIOBBIIIICHUIO 3aTpaT Ha pe-
MOHTHBIC MEPOIIPUSATHS, HAIIPABIICHHBIC HA MOJIEP-
JKaHrue 000pyIOBaHMs B pabOTOCIIOCOOHOM COCTOSI-
HUU U CHIDKEHUIO MPOU3BOIUTEIIEHOCTH TIPOU3BOI-
CTBa.

Ha cramusix mpoeKkTHPOBAaHUS W SKCILTyaTallin
MEXaHUYECKOTO 000PY/I0BAHUS METAJLUTYPT HISCKOTO

MIPOU3BOICTBA ISl OLIEHKU PabOTOCIIOCOOHOCTH Jie-
TaJel M y3JI0B, U3TOTOBJICHHBIX U3 CEPhIX YYT'YHOB,
WCTIONB3YIOTCS TE e OOIINe MPUHIUIIGI, KaK U IS
JIPYTHX KOHCTPYKIIMOHHBIX MAaTEPHAaOB, KOTOPHIS
HE YYUTBHIBAIOT OCOOCHHOCTH CTPOSHUS UX MHUKPO-
CTpyKTyphl. B wdactHOCTH, (opMy TrpaduTOBBIX
BKIIIOUEHHUH, KOTOpas OMpeAesieT MpPOYHOCTHEIC
CBOICTBA CEPOTO YyT'yHA M BO3MOXKHEIE 00J1aCTH €T0
npuMeHeHus [1], oIHaKO B MHXKEHEPHOH NpaKTHKE
TIPH OTICHKE pab0TOCTIOCOOHOCTH U3TOTOBJICHHBIX U3
HETO JICTaJICH YYUTHIBAIOT JIHUIIb TOJIEKO MaKpOCBOH-
CTBa, TaKUE KaK MpeJeN MPOYHOCTH, TBEPAOCTh U
npyrue. IloaToMy akTyanbHBIM SIBISIETCS BOIIPOC
pa3pabOTKN KOMIUIEKCHOTO ITOAX0/a, MO3BOJISIO-
IIET0 MPOTHO3UPOBATH JOJITOBEYHOCTH JIeTallel Me-
TaJUTyprUYecKoro 000pyIOBaHMS, H3TOTOBIECHHBIX
U3 CephIX YYT'YHOB C YUYETOM OCOOCHHOCTEH peaib-
HOW WX MUKPOCTPYKTYPHI.

[Ipu mpoekTHpOBaHWM W IKCILTyaTalluy JeTa-
Jeil MeTajuTyprudecKkoro oOOpyAOBaHUS IS pac-
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geTa UX paboTOCTIOCOOHOCTH HCIOJIB3YeTCS CTATH-
YECKHIA KpUTepU MPOIHOCTH [2 - 4]. JlaHHBIN 1moA-
XOJI TIPEATIOaracT CPaBHECHNE MaKCUMAIIBHBIX pac-
YETHBIX HAIPSDKEHUH, BO3HUKAIOIIUX B UCCIIEAYye-
MOM TEXHHYECKOM O0BEKTE C BETMIMHOHN IIPEIEITHHO
JIOMTYCKaeMbIX, KOTOPBIE ONPEEIOTCS B QYHKIIUN
mpejena MPOYHOCTH WK TIpejeia TeKy4eCTH Mate-
puana. Ecnu pacdeTHble HanpsHKEHUS HE IPEBBI-
IIAfOT MpEeJeNbHO JOIMyCKaeMble, TO TOoJpa3yMeBa-
€TCsl, YTO yCIIOBHE PabOTOCIIOCOOHOCTH BBITIONHS-
eTCsl, U HCClelyeMas AeTalb MOXKET padoTaTh CKOJIb
YrogHO nonro. BeiBom o paborocmocodHOCTH (hOp-
MHUpPYETCS Ha OCHOBE 3HAYCHHUH 3armaca MpOYHOCTH,
OIIPEEIIIEMOT0 OTHOLIEHUEM MPEIENIHO IOy CKae-
MBIX HaIpsDKEHWH K pacdeTHBIM, MUHUMAJIBHO J0-
MycTUMasi BeIMYMHA KOTOPOTO Ha3HAdaeTcs TpHU
MMPOSKTUPOBAHUU TEXHUYECKOTO OOBEKTa COTIACHO
pexkoMeHmarusaM padot [2—4]. IIpu ucnoab30BaHUH
CTaTHYECKOTO KPUTEPHS MPOYHOCTH PECYpC AETAIH
HE MPOTHO3UPYETCSI.

B cnywae, ecnmu nertanb SKCILTyaTUpyeTcs B
YCIIOBHUSIX CTAIIMOHAPHOTO ITUKIMYECKOTO HarpyxKe-
HUSL, TO €€ CpeIHUI pecypc BEIYHCIAETCS U3 COOTHO-
IICHHUS KOJIMYECTBA [UKIIOB MPHUIIOKEHUS HArpy3Ku
710 TOCTIDKEHUS TIPEAEIBHOTO COCTOSIHHS K YaCTOTE
Harpyxenus [3—6]. OmgHako, M HCIOIH30BaHUS
YKa3aHHOTO MOJX0/1a HEOOXOIUMBI TaHHBIC O Tapa-
METpax KpUBOW ycTayiocTu Bemnepa, 4yTo B CBOIO
ouepens TpeOyeT MPOBEICHUS UTUTEIBHBIX U I0PO-
TOCTOSIIIUX T1a00PATOPHBIX UCIIBITAHUH.

VYkazaHHble TOIXOAbl [2—6] mpeamonaramT
OIIEHKY JIOJITOBEYHOCTH JI€TalIel C CIIOJIb30BaHUEM
TTOKa3aTeNIeh, MPEACTABIISIONINX COOOH TETEPMUHH-
POBaHHBIC BEJIMYMHBI, YTO B CBOI OUYEPEh MOXKET
OBITh HEJIOCTATOYHO HHPOPMATHBHEIM B CITydac pas-
pabotku permamernra TOuP Metammyprudeckoro
000pyTOBaHMS.

B paborax [7, 8] npuBeneHa MeToIMKa pacueTa
BEPOSTHOCTH OE€30TKA3HON pabOTHI JeTaIe MaIlIiH
M0 KPUTEPHUSAM MPOYHOCTH, KOTOpas OMpEIeIaeTCs
KaK BEPOSITHOCTh BBIMOJIHEHUS CIEAYIOLIETO YCIIO-
BUSA:

S>0, )
rae S = R — o — ciydaiiHas BenmuunHA; R - mpe-
JISJT TIPOYHOCTH WITU TEKYYECTH MaTeprana UCCIeay-
emoii nerann; O — MaKCHUMaJbHBIE HANPSDKEHUS B
JIeTalld, KOTOPEIC B CBOIO OYEPE/]b TOXKE MPUHUMA-
FOTCS CITy4aitHOW BETUYMHOM.

OCHOBHBIM JIOMyIIEHHEM TOIX0a, TIpearae-
Moro B pabotax [7, 8], aBnsieTcst TO, YTO pacipene-
JIHUE CITyYalHBIX BEIHMYWH NMPUHUMAETCS 10 HOP-
MaJbHOMY 3aKOHY, U B 3TOM CIllydae BEpOSITHOCTh
0e30TKa3HON pabOTHI AETal PACCUUTHIBAETCS C HC-
MOJI30BaHUEM HOPMHUPOBAHHBIX TAQJIHIL IO 3HAYC-
HUIO KBaHTHJIH.

Hcnonb3ys cxoxee NOMyIIEHNE O pacipeese-
HUU pecypca JeTaleid U y3JI0B METaTyprHuecKux

MaITH TI0 HOPpMaJIbHOMY 3aKOHY, aBTOPHI paboT [9,
10] mpemraraioT nmpuMEHEHHE METOJa JIMHEeaph3a-
U (QYHKIIUU CIy4YaiHBIX apryMEHTOB, COTJIACHO
[11], nms olleHKU MOKa3aTeled TOJATOBEYHOCTH TH-
MOBBIX AJIEMEHTOB METAJLUTypruuecKoro o0opymoBa-
HUS, TAKUX KaK IMIECTePHU U KoJieca 3y09aThIxX mepe-
Jlad, TIOIIIUITHUKOB KaueHUs, a TAK)KE BAJIOB U OCEH.
OH MO3BOJISIET BBIMOIHATH MPOEKTHYIO OIEHKY OC-
HOBHBIX TIOKa3aTelNel JOITOBEYHOCTH HCCIIETyeMBIX
00BEKTOB, TAKUX KaK BEPOSITHOCTh OE30TKA3HOM pa-
0OTHI M TaMMa-TIPOIICHTHBIA PECypC AJIS CIEIYIO-
IIUX YCIIOBHM:

® JWCCIEAyeMbIC JETalld METaJUTyprUIecKOTO
o0opynoBaHus pabOTAIOT B YCIOBUSX ITHKJIHYE-
CKOT'O Harpy KCHUS;

e CIyJalHBIMA BEIMYMHAMH TPUHUMAIOTCS:
TEOMETPUUYECKUE pa3Mephl JeTald B TUala30Hax
YCTaHOBJICHHBIX JIOITYCKOB (COTIIACHO KOHCTPYKTOP-
CKOH JJOKYMEHTAIINM), YCIOBUS HarpyKeHus (KuHe-
MaTHYECKHE U CHIIOBBIE XapaKTEPUCTUKN), MEXaHU-
YECKHE XapaKTePUCTHKH MaTepHaoB.

[Tockonbky mpeiaraeMslii aBTopaMu pador [9,
10] moaxon 6a3upyercst Ha ONPEACICHUH CPETHETO
pecypca netaneil, GyHKIIMOHUPYIOUINX B YCIOBHAX
CTaIlMOHAPHOTO IIUKIIMYECKOTO HATPYKEHUS, TO IS
OTpeICNICHUS] €r0 TUCIEPCUH C HCIOJIb30BAHUEM
METO/1a JIMHEAPU3AIIH CITyJaifHBIX apryMeHTOoB [11]
HEOOXOIMMO YYHUTHIBATh pPACCESHHUE BO3MOXKHBIX
3HAYEHUI UCXOIHBIX JaHHBIX. TakuM 00pazom, ak-
TOp CIYyYaHOCTH MPU OMNPENEICHUN BEJIMYUH JIeH-
CTBYIOIINX HANPSHKEHUH M KOJIMYECTBA ITUKIIOB IPH-
JIOKEHUS. HArpy3KHd JO JIOCTIKCHUS IPEIEIbHOTO
COCTOSTHUSI YUUTBIBACTCS 3a CUCT paccesHUs 3Haue-
HUI TEOMETPUYECKUX Pa3MepOB JETall B AMAIa30-
HaX YCTaHOBJICHHBIX JOITyCKOB, KOTOpPBIE YKa3bIBa-
I0TCS B KOHCTPYKTOPCKOH mokymeHtanuu. Croxa-
CTHYECKHI XapaKTep MEXaHNIECKUX XapaKTePUCTHK
MaTepUaIoB OMpeAeNseTCS BO3MOXKHBIM JAHAaIa3o-
HOM 3HAYCHHI B CIIPABOYHOM TUTEpaType.

['amMMma-nipolleHTHBIN pecypc ompeaemnseTcs u3
ypaBHEHUS KBAaHTHJIM HOPMAJIBHOTO pacpeesieHIs
JUTSI U3HAYAIILHO 33J]aHHOTO 3HAYCHHS BEPOSTHOCTH
0e30TKa3HOW pabOTHl MCCIEYeMON JeTaau MeTal-
Typrudeckoro obopymnosanus [9, 10].

Hannerii moxxon [9, 10], kak u onMCaHHBIC
BHIIIIC, TaKXKe MPEeayCcMaTpuBacT HEOOXOAMMOCTh
MCTIOJIB30BaHMsI KPHUBOI YCTaIOCTH MaTepHaa.

M3Becren anamurmueckwii moaxon [12—15] k
OLIEHKE CpPEeJHEro pecypca JAeTajeid U y3JI0B MeTal-
JYPTUYECKOTO0 OOOPYJOBaHUS, B OCHOBE KOTOPOTO
WCTIONB30BaHbl  NPHUHIMIGI  MAapaMeTPHUECKOM
HagexxHocty MamuH A.C. [Iponukosa [16] u 6a3o-
BEIC TTOJIOKCHUS KHHETHYSCKOW KOHIICTIIIMK TIOBpe-
JKJIaeMOCTH M pa3pylieHus matepuanos B.B. ®eno-
poBa [17, 18]. OH MO3BOJISAET HA CTATUAX MMPOCKTH-
pOBaHMSI M SKCILTyaTallil PACCUUTHIBATH CPEIHUN
pecypc HCCIeIyeMOro TeXHHYECKOro OOBEeKTa II0
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Pa3IMYHBIM KPUTEPHUSM MPOYHOCTH B (QYHKIUHU pa-
Oouell TeMIepaTyphl, YCIOBUI BHEIIHETO Harpyke-
HUS, MEXaHUUYECKUX U TETUTO(PU3NICCKUX XapaKTe-
PUCTUK MaTepHuaa.

ABtopamu paboTs [19] npemmoxen ceMudTan-
HBI METOMOJIOTMYCCKUI TOAXOM MOCTPOCHUs (-
3MKO-BEPOSTHOCTHBIX MOJENEH OTKa30B OOBEMHO
Harpy>K€HHBIX JIeTalel MallliH, B paMKaX KOTOPOTO
MapaMeTpoM, OTUCHIBAIOIINM UX COCTOSTHHAE, TPUHU-
MaeTcs IJIOTHOCTh MOTEHIIMATBHON COCTaBISAIOIICH

BHYTPEHHEH OHEPTUH 1, , B COOTBETCTBUH C [12-15,

17, 18]. PaccmarpuBaeMblii  MeTOHOIOTHYECKUAN
MOJIXOJ] TIPETIOIaracT OEeHKY TaMMa-TIPOIIEHTHOTO
pecypca UCXOJs U3 JIOMYINEHUSI TOTO, YTO BBIOPaH-
HBIA [IAPaMETP COCTOSHMSA 1, MCCIELYEMOIO TEX-
HUYECKOTO O0BEKTa M3MEHSIETCS 10 HOPMAIbHOMY

3aKOHY pacHpe/elieHus, TaKUM 00pa3oM, 3aBHCH-
MOCTB JAJISI €ro OIICHKU IpuHuMaeT Buz [19]:

i, AL — (A 1, ) —([umn]

t =

; @)

/4 — 2
-2 2
ue |:unp(y) :| Gl't(,

rac I/IL u U” — MAaTeMaTU4YCCKOC OKHUIAaHUC U CPCA-

HEKBAPaTH4YECKOE OTKIOHEHHE CKOPOCTH IOBpE-
KITACMOCTH CTPYKTYPBI MaTrepuaia [19];
Au, = u,. —u,, — MATEMaTHIECKOE OKHIAHUE TIpE-

JICIIbHON BCIIMYMHEI napameTpa COCTOSAHMSA u, HC-

cnemyemoit peranu [19]; [unp(y)} — 3HaYCHUEC KBaH-

TUJIHA OTIPEJIeNIIEMOE BETUYMHON JOIMYCTUMOU Bepo-
SITHOCTH 0€30TKa3HOU PabOTHI.

B kaudecTBe mapameTpoB, OpeCTaBISIOUIUX CO-
00l CITyJ9aifHyIO0 BEIIMYHUHY, TO €CTh MMEIOIINX HC-
XOJTHO€ paccesiHHe, MPUHIMAIOTCA HadalbHOE 3Ha-
YEHHE IIOTHOCTH BHYTPEHHEH SHEPTUM u,, M CKO-

POCThb TOBPEXKIAEMOCTH CTPYKTYPhl MaTepHana i,

[19]. ABTOopamu paboTsl [19] BBOAUTCS DOIyIIICHIE
0 pacIpelielieHny UX 10 HOPMAIbHOMY 3aKOHY, CO-
rmacHo [11, 16]. OnHako cieayeT yuuThIBaTh, 4TO B
pamMKax paccMaTpHBaeMOr0 METOJOJIOTHIECKOTO
roaxona, [ 19] onpenensonero o0nIyo KOHIEIITHIO
MOCTPOCHUST (PU3UKO-BEPOSTHOCTHBIX MOJCNIEH OT-
Ka30B 10 KUHETHYECKOMY KPUTEPUIO TMPOYHOCTH,
JUTSL MICTIONTB30BAHMS 3aBUCHUMOCTH (2) HEOOXOIMMO
OTIpe/IeTICHNE YHCIIOBBIX 3HAYCHUH TUCTIEPCUU H
CPEIHEKBAJPATUIYECKOTO OTKIIOHCHHS TPUHSTHIX
CIIy4allHBIX MapaMeTpOB, YTO SIBIAETCS BECbMa 3a-
TPYTHUTEIHHBIM.

HecmoTps Ha 1ocTaTOYHO BRICOKHI TEOpEeTHYC-
CKAH YpOBEHb ONKCaHUS (PU3MYECKOTO Ipolecca
MOBPEXAAEMOCTH H Pa3pylICHUS MaTepHAIOB II0
Pa3IUYHBIM KPUTEPHUSIM MPOYHOCTH U HATMYUS 3aBH-
CUMOCTEH, MO3BOJISIONINX OICHUBATh CPEIHUN pe-
cypc netaneit mamuH [12—15, 19] B dyakumm pado-
yel TeMInepaTyphbl, yCIOBUI BHEIIIHETO HATPYKEHNUA,
MEXaHWYECKUX W TEIIO(PH3UUECKUX CBOHCTB MaTe-
puaa, He IpeayCMaTPUBAETCA BO3MOXHOCTh yu&Ta
AHM30TPOIIMK €T0 MHUKPOCTPYKTyphl. Ilpu omenke
MOKa3aTeNield JIOJTOBEYHOCTH HCIIONB3YETCSl BEIU-
YUHA MAaKpOHAIPSDKEHUH, KOTOpas MOXET OBITh
OTIpe/ieNieHa C HMCIIOJIb30BaHUEM KakK 3aBUCHMOCTEH
TEOPUHU CONPOTHBIICHUS MaTEPUAIOB, TaK U METOJA

KOHEYHO-IJIEMEHTHOTO pacyeTra HampsHKeHHO-Te-
(hOpMHUPOBAHHOTO COCTOSHHSI B paMKaxX OOIIHUX
MPUHLIMIIOB MEXaHWKU CIUIOIIHOW cpenbl. B sTom
ClTy4ae He YIUTHIBAECTCS HEOTHOPOIHOCTh PEAbHOM
MUKPOCTPYKTYPBl MaTepHuaia, a UMEHHO MPOIICHT-
HOE COOTHOIIICHUE CTPYKTYPHBIX COCTABISIONINX, NX
TEOMETPHUYECKUE TapaMeTphl U MEXaHHYECKUE Xa-
PaKTEpUCTUKH, COOTBETCTBEHHO HE MPEACTABISICTCS
BO3MOXHBIM OLICHUTD UX BIMSHHUE Ha BEJIUUMHY TO-
Ka3aTesneu TOJIrOBEYHOCTH UCCIIEyEMOU IETaNH.

AHanu3 U3BECTHBIX PabOT MOKasaj, 4ToO B OC-
HOBE IIMPOKO MPUMEHAEMBIX IMOJAXOJIOB K OIICHKE
JIOJITOBEYHOCTH JETaJieil M0 KPUTEPHUSIM MPOYHOCTH
JeXaT MaTeMaTHYecKhe 3aBHCHUMOCTH, TPeOyromue
SKCIEPUMEHTAJIBLHOTO ONPEACICHUS dMIUPUIECKUX
KOA((UITUCHTOB, B YaCTHOCTH ISl KPUBOM yCTaJIO-
ctu Matepuana [2-6, 9, 10]. bomee Toro, onu He B
MMOJTHOH Mepe COOTBETCTBYIOT pealbHON (hu3mde-
CKOW KapTUHE Mpoliecca pa3pylleHuss MaTepuana u
HE YYHUTHIBAIOT OCOOCHHOCTH peaNbHON MHKpO-
CTPYKTYpBl, B YaCTHOCTH CEpBIX UYTYHOB, MpH
OIICHKE TOKa3aTeNel JOJITOBEYHOCTH.

Bompoc yuera BiusiHES 0COOEHHOCTEH peab-
HOW MHKPOCTPYKTYpPHI MarepHajia Ha JI0JITOBEY-
HOCTh Harpy>K€HHBIX JETaledl METauTypruuecKoro
000pyIOBaHUS MOXET OBITh PEIEH C MCIOJIh30Ba-
HUEM METOa MUKPOCTPYKTYPHOTO MOJETHUPOBAHUS
ero HaIpsHKEHHOTO cocTostHuS [20-24].

Lenpto uccaenoBanmii B TaHHOW paboTe SBIIS-
eTcs pa3paboTKa METOIUKH BEPOSTHOCTHON OIICHKH
IOoKa3aTelsiel TONrOBEYHOCTU ETaled METAJUIypPIHu-
YeCKOro 000pyI0BaHUS, U3TOTOBJICHHBIX U3 CEPOTO
YyryHa, Ha OCHOBE MUKPOCTPYKTYPHOT'O MOJEIUPO-
BaHUS €Tr0 HAIIPSDKEHHOTO COCTOSHISL.

Martepuansl u Metoanl. Pa3paboTka Mmero-
KU TPEAnojaraeT COBMECTHOE HCIOJIb30BAHUE
OCHOBOTIOJATAIOIINX TPHUHITUIIOB:

® [1apaMEeTpPUYECKOH Teopuu
A.C. Ilponukosa [16];

® KUHETHUYECKOW KOHUEMIUHU pa3pylICHUs Ma-
tepuanoB B.B. denoposa [17, 18];

HAEKHOCTH
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® AHAIWTHUYECKOTO MOJIXOJa K OIIEHKE Cpe-
HEro pecypca JeTajeil u y3JI0B METaJIypriHIecKoro
obopynoBanus [12 - 15];

e MeTOoJa JIMHEapW3allil CIy4aiiHBIX apry-
MeHTOB [11];

® MUKPOMACIITaOHOTO MOJICTTUPOBAHHS
HaIpPSDKEHHOTO COCTOSIHHUS PEaTbHOW MHUKPOCTPYK-
TypbI MaTepHana.

Bepudukaius paspadaTbiBaeMOil  METOIUKU
MPEIIToIaraeTcsl Ha MPUMEPe MOJICIIMPOBAHUS JKC-
ITyaTallud PacIIOPHON TUTATHI IIEKOBOM JIPOOHITKH
CM/I-110, m3roroBierHoi n3z CHU-20.

OKCIepUMEHTAIbHBIC HUCCIICOBAHUS MO/IPa3y-
MEBaIOT BBITOJIHCHUE:

® WCCIIEJIOBAaHUN MHKPOCTPYKTYpPBI 00pa3lioB
u3 ceporo gyryna Mmapku CU-20 myis mociaeayromero
(hopMUpOBaHUS 3JIEMEHTAPHOTO PEIPE3CHTATHB-
HOro 00BbeMa;

® OmpeAeneHrne MHUKPOTBEPIOCTH M MO
YOPYTOCTH OTIENBHBIX CTPYKTYPHBIX KOMIIOHEHTOB
WCCIIeTyeMOll MapKH 4YyTryHa, 3HAUYEHUS KOTOPBIX
HEOOXOUMBI JUIS OIEHKU HANPSHKEHHOTO COCTOSI-
HUSl peNpe3eHTAaTHBHOTO o0beMa W ToKazaTelneit
JONTOBEYHOCTH HCCIEAYEMOT0 TEXHUYECKOTO 00b-
€KTa C MCIOJL30BaHUEM IPEIaracMON METOMKH.

MonenupoBaHue HANPSHKCHHOTO COCTOSIHUS
HCCIIeTyeMOTo MaTepraia Ha MaKpo- 1 MUKPOYpPOB-
HSX BBINOJTHAJIIOCH B TPOTPAMMHOM KOMILICKCE
SIMULIA ABAQUS c ncnonp30BaHHEM pelaTens
Static General.

OcHoBHas yacTb. MeToAUKA OLIEHKU raMMa-
MPOLEHTHOT0 pecypca JeTajieil MeTaLTyprude-
CKOT0 000py10BaHMS, M3TOTOBJIEHHBIX U3 CEPOro
YyIr'yHa, HA 0CHOBE MUKPOCTPYKTYPHOI0 MO/1€JIH-
POBaHUs HATPIKEHHOI0 COCTOSSHHA. B ocHOBe
MOCTPOCHUST TIpeUIaracMOi METOAMKH HCIIOJIb30-
BaHa (u3HYecKas MOJeNb pa3pyImIeHHUs TBEPIbIX
TeJ, U3NOKEeHHas B padorax [12-15, 17-19], koTo-
pas mpenoaraeT, 4To MOBPEKIaeMOCTh MaTepHrala
B XOJIe Harpy>KeHHs BbI3BaHA MPOILIECCOM HAKOILIe-
HUA B IehOPMHUPYEMBIX 00beMax dJIEMEHTAPHBIX JIe-
(ekToB. B sTOM Citydae momaraeTcsi, 4To paspylie-
HUE TBEPJIOTO TeJla MPOUCXOIUT TOTA, KOTZIa B €T0
o0beMax MIOTHOCTH JIE(EKTOB U MOBPEXKICHUHN JI0-
CTUTAET NMpeAeSbHON BeIuunHsI [19].

CoBMECTHOE UCTOIB30BAHUE OCHOBHBIX MOJIO-
JKeHUH (HU3UIECKON MOJEIH pa3pyIICHHS TBEPIBIX
ten [12—-15, 17-19], mocTpoeHHON B COOTBETCTBHH C
KHHETUYECKOW KOHIICTIIINEH WX TOBPEXKIAEMOCTH,
MEeTOo/la JIMHEAapH3aI[i CIydallHBIX apryMEHTOB
[11], TO3BOJIAIOIIETO OIEHUTE AUCIIEPCHIO UCCIICTY-
eMoli (DYHKIIUM M WHCTPYMEHTOB MHKPOCTPYKTYP-
HOTO MOJICIIMPOBAHMS HAMPSIKCHHOTO COCTOSHUS,
MO3BOJISIET CHOPMYITHPOBATh METOIUKY, MPEATIONA-
TarolIyl0 OIIEHKY TaMMa-IIPOIICHTHOTO pecypca Jie-
Tajei, U3rOTOBJICHHBIX U3 Pa3IMYHBIX METaJLTHYC-
CKHX MaTepHajoB, B YaCTHOCTH M3 CEPHIX UyTyHOB.

ba3oBbIMH 3aBUCHMOCTSAMU IS OIEHKH MaTe-
MaTHYECKOTO OXKHIAHHUS pecypca HCCIEIyeMOoro
TEXHMYECKOTr0 00BEKTa B HACTOAIICH paboTe mpwu-
HSTHI ypaBHEHUs, OlyOIMKOBaHHbIE B padoTtax [12,
15, 19], xoTopble MpeanoNaraloT MpPH HATHYAN
ompeAeNEéHHOr0 KOMITIEKCa UCXOAHBIX TaHHBIX BBI-
MOJTHEHUE pacyéTa BEIMUYMHBI CPEIHETO pecypca.

OpHako A7 OLIEHKH T'aMMa-TIPOIIEHTHOTO pe-
cypca B IaHHOM cCllydae HeoOXOJMMbl MaTeMaTH4e-
CKHE 3aBHCHUMOCTH, MO3BOJISIOIINE ONPENEIUTh HE
TOJIEKO CPEeIHUHN pecypc (MaTeMaTHYECKOE OXKHUJIa-
HUE), HO U BEJIMYNHY €T0 JUCTIEPCHUH.

Jlnst onpeienieHus BETUYUHBI TUCTICPCUU TTapa-
METPOB, BXOJSAIINX B METOAUKY OLICHKH CPEIHETO
pecypca TEXHHYECKHX OOBEKTOB MO KPUTEPHUSIM
npounoctH [12-15, 17-19], npemmaraercss UCIIONb-
30BaHHE METOJa JIMHEApH3allMH CIy4YailHBIX apry-
MeHTOB [11], KOTOpBIi OBUT YCIIEIITHO anpoOupoOBaH
B paborax [9, 10].

CormacHo pabortam [12-15, 17-19], 3HaucHHe
pecypca uccieayeMou IeTaiu, padoTaromieH B yCiI0-
BUSIX, MPUBOAIINX K €€ 0TKa3y 10 KPUTEPHSIM IPOU-
HOCTH, 3aBUCHUT OT CJICIYIOIIUX [1apaMeTpoB, KOTO-
phI€ B CBOIO OYepelb MOTYT OBITh HEJACTCPMHHHUPO-
BaHHBIMH BEJIMYMHAMHU: PU3HUYECKHE (MOILYIb YIIPY-
roctu, ko3ddunuent [TyaccoHa, IIOTHOCTh), MeXa-
HUYeCKHe (Tpeien TEKy4ecTH, TBEpJOCTh 1Mo Buk-
Kepcy) u Ttemioduznueckue (yIaelbHas TEIIoeM-
KOCTb, KO3 QUITUEHT TMHEHHOTO TETIIOBOTO PACIIIH-
peHUs, PHTaNbIHS TUIABJICHUS B TBEPJOM COCTOS-
HUM) XapaKTePUCTUKH MaTepuana. B 3tom ciydae
pecypc mpeacTaBisieT co0ok (HYHKIUIO CIIydaiHbIX
apryMeHTOB, COOTBETCTBEHHO SIBJISIETCS CIIydyalHON
BEJIMYMHOW, KOTOpask XapaKTePU3yeTcs TUCTIepCUci
¥ MaTeMaTU9IeCKUM OKHIaHUEM.

IIpu BBIBOJIE 3aBUCHUMOCTEHN 1Sl OLIEHKH BEJIU-
YUH JUCIIEPCUH U CPEIHEKBAIPaTUICCKOTO OTKIIO-
HEHUS Ha OCHOBE NMPHUMCHEHHUS METOJa JHMHeapu3a-
[IUU CITy9aiHBIX apryMEHTOB HCIIOB30BaH MOIXO,
npeacTaBiIeHHbIN B padote [11].

Bonee Toro, cornacHo moaxony, N310XKeHHOMY
B paboTax [12—15, 19], cpennamii pecypc HarpyxeH-
HOM JIeTalld ONPeAesAeTCsS B PYHKIIUN HAIPSIKECHUH
U XapaKTEepPUCTUK MaTepuajla Ha MaKpOypOBHE, Ta-
KHX KaK TpeAeN TeKydecTH, TBEpAOCTh Mo Buk-
KepCy, MOAYJIb YIPYTOCTH M He IpeanoiaraeT yueT
(hakTHUECKOW HEOTHOPOAHOCTH €ro MHUKPOCTPYK-
TYPHI.

['maBHBIM TEOpETHYECKUM TOJIOKEHUEM TIPe-
JlaraeMoil METOAMKH SIBISCTCS PAacyeT PEeCypCHBIX
XapaKTePUCTUK MaTepualia B 3aJaHHBIX YCIOBUIX
Harpy>keHusl Ha OCHOBE MOJIETTUPOBAHUS HAIPsKEH-
HOTO COCTOSIHHS €TO OTJIENIbHBIX CTPYKTYPHBIX CO-
CTaBJISIOIINX, Pa3pylICHHE KOTOPBIX B CBOIO OuUe-
peap ompeAenseT MCKOMBIE MOKa3aTeiIy JO0ITrOBeY-
HocTh. TakuM 0Opa3zoMm, pecypc JeTalu U3 Ceporo
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Yyr'yHa MOXKET ObIThb OIIPENeSICH UCXOs U3 PE3YIlb-
TaTOB OLICHKH HAINPSLKEHHOT'O COCTOSIHUS €0 CTPYK-
TYpHBIX KOMIIOHEHTOB (IlepiuTa, ¢eppura, rpa-
¢uTa) U 3HAUCHUI X PU3MUECKUX, a TAKKE MEXaHH-
YECKUX XapaKTEPUCTUK.

C yueToM BBIIIEH3II0KEHHOT'0, HU)KE IIPEJCTaB-
JICHBI OCHOBHBIE 3aBUCUMOCTH JJIsl pacueTa MaTeMa-
TUYECKOI0 OXHJAHWA M AMCHEpCUM pecypca, a
TaKXe ONPEEJIIONINX €r0 1apaMeTpOB.

CornacHo [12— 15, 19], cpenuuii pecypc (MaTe-
MaTUYECKOe OXKUAAHHE pecypca) UCCIEoyeMOH me-
TaJIY 10 KPUTEPUIO NIPOYHOCTU OIPEAEISIETCS C UC-
MOJIb30BaHUEM CIIEAYIOIEH 3aBUCHUMOCTH:

t=(u,—u,)/u,, (3)

rae u, =AH,, —c-p-T — npenensHoe 3HaYEeHHE

IUIOTHOCTH BHYTpPEHHEH SHEPTUH NeeKTOB MaTepu-
ana cooTBeTCTBEHHO [12 — 15, 19];

ueo=((0,067~Hﬂ)u-kg)z/(6-G) ~ pe-

ACJIBbHOC U NCXOJHOC 3HAYCHUEC IIIIOTHOCTHU BHYTPECH-
H€I>’I OHEpPTHUn I[e(l)eKTOB Marcpuajia COOTBCTCTBCHHO
[12-15, 19];

LTte =jk,, U (O'O,T /.) - CpelHss CKOpOCTh
MOBPEXAAEMOCTH CTPYKTYpbl MaTepuana [12 — 15,
19];

H , — muxpoTBepaocts 1o Bukkepcy crpyk-

TYpHOU COCTaBIIAIOLIEH HCCIETyEMOT0 MaTepHana;

t

rae D, , D, , D. — pucnepenn mapamerpos,

BXOZSIIUX B ypaBHeHHE (1).

D,=(a) (b, +D,

k,=(6,47-10°-H,+1,2:10°)" — xom-

IJIEKCHBIM CTPYKTYPHBIN Napamerp maTrepuana Jie-
TaJIv, ONpeaessieMblid B GYHKIIMH MUKPOTBEPIOCTH
€ro COOTBETCTBYIOIIEH CTPYKTYpPHON COCTaBIISIO-
mei [12 - 15,17 - 19];

G —MOoZyJb CIBUI'A MaTEpHaIIa;

AH ,, — 5HTaNBINA NIaBIEHU MaTepuana uc-
cieayeMoil etan B TBepAOM cocTosHuu [12 - 15,
17 - 19];

¢ U p — yHenbHasg TEIUIOEMKOCTb W ILIOT-
HOCTh MaTepUaa;

T — pabouas TemmepaTypa HCCIETyEMOM
Harpy>KeHHOU JeTalu.
J — pe3yibTUpyIOIas yAelbHas CKOPOCTh

HaKOIUICHUs NIe()eKTOB MaTepraia 6e3 ydaera conpo-
tuBneHus cpeapl o Jle-Illatense [12-15, 19];

k,— cpenHuit 3a Bpems aedopMuUpOBaHUS

cmp

uccieayeMoro oobekTa kodhpunuent Jle-Illarenne,
YYUTBIBAIOIINN CONPOTHBIICHUE CTPYKTYPHI MATEPH-
ana e€ nmoBpexaaemoctu [12—-15, 19];

U (O'O,T f) — BBICOTA CHMMETPHYHOTO SHEpre-

THdeckoro Oapnepa [12—15, 19], xoTopas MOXeT
OBITH OTIpeieicHa B PYHKIIUU TIpeJiea TEKY9IeCTH 1
MUKPOHAMNPSKEHUH, BO3HUKAIOIIUX B CTPYKTYpPHOH
COCTaBIISIFOIIEH HCCIIETyEMOM AeTau.

VYpaBHeHue O pacyeTa JUCIEPCHH pecypca
OyJeT UMETh BUJI:

+((u—u,) D, )/7) )

3aBUCHMOCTH IJId pacdeTa JUCHICPCUM Tapa-

k

METpOB U, U, U,, k_,

e0

OTIPEICTISAIONTNX BEJIH-

YUHY pecypca JeTallu 10 ypaBHEHUIO (3), IpUHU-
MAroT CIEAYIOUTUNA BUI:

D, =D,, +T*(p*-D,+¢*-D,)+(=c-p) Dy, (5)

D, =((0.067-1,)" -k /(36-G*)|(5.747- 11V, * D, +4-k7-D_ +Ds/G?).  ©
D. =(k,, U(0,.T,)) -D,+(j-U(e,.T,)) -D_ +(j-k.,) Dyt (7)

D, =((—6,47-10‘6)/(6,47~10‘6 -HV, +1,2-10‘3)2)2 Dy, ®)

wae D, > De. Dy, Dr, Dy > Do, D, Dy

— NWCTIEPCHU TapaMETPOB, OMPEAETSAIONINX 3HAYe-
HUE pecypca U yKa3aHHBIX B OMUCAHUU YpaBHEHUSA
(3).

B nanHO# cTathe MPUBOIATCS TONBKO OA30BBIC
YpaBHEHHUS, ¥ W3JIAraeTCsl MPUHIIUI ONpeeSeHUs

IACTIepCUil mccneayeMoil hyHKIIMA U OTPEIeIIsIo-
mux e€ apryMeHTOB Ha OCHOBE MPUMEHEHHS METOIa
nuHeapuzanuu [11].

3aBUCUMOCTH, MOJIYYCHHBIE C UCTIOIb30BAHUEM
MeTOJ1a INHeapu3alliy CITy4ailHBIX apryMeHTOB, CO-
riacHo [11], nyst pacuera Tucnepcuu MpeanoiaraT
BO3MOXHOCTb OLIGHKH BJIMSIHUSI PACCESIHUSI KQKI0T0
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U3 apryMEHTOB Ha JUCHEPCHI0 UCCIeayeMoi (QyHK-
LUK, B HaleMm ciydae pecypca. OnHako cieayer
YUUTBIBaTh, YTO YeM OOJblIe MCXOTHBIX IMapamerT-
POB SBIISIIOTCS CITy4aiiHBIMH, TEM OOJIbLIE paccesHue
umeeT uccnexyemas ¢pyHkus. Ilostomy 3aBucHMO-
CTH U1 OIPEAEIICHUS JUCIIEPCUI MOTYT OBITh yIIPO-
LIEHBI, OCKOJIBKY 3HA4YEHHUs AMCIIEPCUM Mapamer-
POB, HE UMEIOLIMX paccesHue OyAyT paBHbI HYJIIO.

["amMMma-TIpOTICHTHBIN peCcypc MOXKET OBITH OIIpe-
JeNieH MCXOJs M3 IOMYIIEHHUs, 4TO pecypc Oyaer
MOTYMHATECS HOPMAJIbHOMY 3aKOHY paclpesele-
HUS, TOCKOJBbKY €r0 BEJIMYMHA 3aBUCUT OT 0O0Jb-
LIOr0 YHMCJIa TapaMeTPOB, KOTOPHIE B CBOIO OUEPEH
HUMEIOT cToXxacTudeckuid xapakrep [11]. B atom ciy-
Yyae 3aBUCUMOCTb JJIsl €r0 OLICHKU IIPUMET BUJ:

t,=t—z-\D,, 9)

IZIe z — KBAaHTWIb HOPMaJIBHOTO PaCIPEICIICHUS.
Hapamerpst U, u k_, cormacho [12-15, 17—

o
19], ompenenstorcss B (QYHKITMH MaKpoXapakTepHy-
ctuk. OJHAKO, TOCKOJbKY OCHOBHBIM TEOpPETHYE-
CKUM TIOJIOKCHHEM TIpeJIaraeMoOi METOIIUKU SBJISI-
eTcs Olpe/ielicHHe TToKa3aTeleil JOIrOBeYHOCTH Jie-
TaJ HA OCHOBE aHAIIN3a HANPSKEHHOTO COCTOSHHUS
MUKPOCTPYKTYpPHEI MaTepuaia, TO JAJIs pacyera Ipu-
BEJICHHBIX BBIIIIC TTAPAMETPOB HEOOXOMMO HCIIOIb-
30BaHHME XapaKTEPUCTUK OMPECISIONINX CBOHCTBA
€ro CTPYKTYPHBIX COCTABISIONINX, TAKUX KaK MHK-

porsepaocts HV, , Moayib ynpyroctu E,. unp.
Mukporsepnocts HV, , a Takxe MOAyIIb ynpy-

roctd E,, CTPYKTYpHBIX COCTABISIOIIMX MaTepHa-

J0B ((peppurta, nepaura, rpapuTa U T.1.), B 4aCTHO-
CTH JUIsl CEPhIX YYT'YHOB, HE SBIISIFOTCSI CIIPaBOY-
HBIMH JaHHBIMH, TIO3TOMY JUISI WX OTpEACICHUSI
He00XOUMO TPOBEACHNE JTOTOTHUTEIBHBIX JKCIIe-
PUMEHTATBHBIX UCCIIETOBAHNN.

JIsist OLIEHKH CpeHero pecypca, COrJIacHO Me-
ToauKam paodort [12-15, 19], Heobxoaumo omnpenee-
HUE BEJIWYMHBI HAMPSDKEHUH, BO3HUKAIOIINX B HC-
CIIeAyeMOll NleTajdy Ha MaKpOypOBHE, YTO B CBOIO
ouepeb MpEAroiaraeT MpeCTaBIeHUe MaTepuaa
KaK M30TPOIHOM cpeibl. JJaHHbINA TOAXO0/] HE YUUTHI-
BaeT HEOJHOPOJHOCTh PEaTbHONH MUKPOCTPYKTYPHI
MaTepHuaia ¥ BIMsSHHE €€ OCOOCHHOCTEH (IuaMeTp
3epeH no depeTy, MPOLEHT UX COACPKAHUS, HEOI-
HOPOJHOCTH pacIpeesIeHUsI CBOUCTB 110 00beMy) Ha
MOKAa3aTeNnn JOJTOBEYHOCTH UCCIELYyeMOro TEXHH-
YeCcKoro 00BeKTa.

B macrosme#t pabote npemraraeTcss mpuMeHe-
HUE METOJIa MHKPOCTPYKTYPHOTO MOJICITUPOBAHUS
HaNpsDKEHHOTO COCTOSIHUSL Marepuaia, KOTOPBIN
MO3BOJISIET YYHUTHIBATh €ro anm3orpomnuio. OH 3a-
KITI0YaeTCsl B pacyeTe HapsHKEHHOT'O COCTOSIHUS pe-
npe3eHTatuBHOrO oobema (Representative Volume
Element (RVE)), Tpexmepnas Momeilb KOTOPOTO

(hopmupyeTCst Ha OCHOBE Pe3yIbTaTOB MUKPOCTPYK-
TypHOTO aHallM3a MaTepualia, B XO/Ae KOTOPOTO
OTIPEACIISIOTCS CTPYKTYPHBIC COCTABJISIONING, WX
MPOIEHTHOE COOTHOIICHHWE, a TAK)KE IeoMeTpHue-
CKHE TIapaMeTphl.

B cootBercTBUM ¢ pabotamu [20-24], MOXKHO
c(hopMyITMpOBaTH OOIIYIO MOCTIEIOBATEILHOCTD 3Ta-
MOB MHUKPOCTPYKTYPHOTO MOJETUPOBAHUS HAIps-
JKEHHOT'O COCTOSIHHS MaTepuaa:

1. TlpoBeneHre MHKPOCTPYKTYPHOTO aHallM3a
MaTepuana, pe3yJabTaToM KOTOPOTO SIBIISCTCS IUd-
POBOI (POTOCHUMOK € OTOOPAKEHHEM CTPYKTYPHBIX
COCTaBJISIONINX, 4 TAKXKE ONPECIICHUE UX MPOIICHT-
HOT'O COOTHOIIICHUSI.

2. Bemonnenne rpaduueckoit  0OpabOTKH
CHUMKa MUKPOCTPYKTYPHI C IIEJIbIO BBIACIEHUS OT-
JISNBHBIX CTPYKTYPHBIX (ha3 M TMOCIEAYIOUIeH ero
BEKTOPH3AIINN.

3. ®opMmupoBaHHE TPEXMEPHON MOJIETH pe-
MPE3CHTaTUBHOTO 00beMa Ha OCHOBE IOJIYYCHHOTO
BEKTOPHOTO M300paKCHUST MHKPOCTPYKTYPBI MaTe-
pHuasia ¢ y4eToM MOJHOTO COOTBETCTBHUSA I'€OMETPH-
YECKUX Pa3MEPOB KaXJOTO CTPYKTYPHOTO KOMIIO-
HeHTa RVE, TeM, 4TO yCTaHOBIEHBI ISl peabHBIX
00pasmoB.

4. Haznauenue (QU3UICCKUX M MEXaHUICCKUX
XapaKTePUCTHK KaXJI0M CTPYKTYPHOH COCTaBIISIO-
IICH, B JAHHOM CITydae JUIs epinTa, (heppuTa U rpa-
(uTa, TaKMX KaK MOJIYJIb YIIPYTOCTH, TNIOTHOCTH, KO-
a¢punment [lyaccona, mpeaen TeKydecTH.

5. IlpoBenenne mnpoueaypsl MOIEIUPOBAHUSA
HANPSHKEHHOTO COCTOSHHS FHCCIEIyeMOro perpe-
3EHTATUBHOTO 00bEeMa ¢ MUCIOJIB30BaHNEM (DYHKITH-
OHANILHBIX ~ BO3MOXKHOCTEH  CyOMOJETUpOBaHUS
(Submodeling) peann30BaHHOIO B MPOrPaMMHOM
komrmiekce SIMULIA ABAQUS. B stom ciyudae,
pe3yNbTaThl HANPSHKEHHOTO COCTOSHUS IS TJIO-
OampHOM Monmenu (MaKpOMOJEIH) HCCIEAYEMOTO
TEXHHYECKOTO 00BEKTa MOCITyKaT B KaUeCTBE YCJIO-
BUW HArpyKEHUs JUIS 3JIEMEHTapHOTO pENpe3eHTa-
TUBHOTO 00beMa.

Ilo pesympTaTamMm MOIEIHPOBAHHUSA HATPSKEH-
HOTO COCTOSIHHISI PETIPe3eHTaTHBHOTO 00beMa Marte-
puyaia uccieayeMon JAeTany ONPeAesSIOTCS MaKCH-
MaJIbHBIE HANPSKEHHS, BOSHHUKAIOIINE B COOTBET-
CTBYIOIIEH CTPYKTYPHOM COCTaBIISIOLIEN, a TaKkKe
MecTa WX Jokanmu3anuu. Ha ocHOBE MOydeHHBIX
JTAHHBIX O HAMPSHKEHHOM COCTOSHUH, C MCTIOJIb30Ba-
HUeM 3aBucuMocTel (3) — (8), a Takke SKCIIepUMEH-
TaJbHO ONPEACIEHHBIX 3HAUYCHUH MUKPOTBEPIOCTH
U MOJYJIS YIPYTOCTH CTPYKTYPHBIX COCTABIISIFOIINAX
MaTepuraia, BO3MOXXHO IIPOTHO3MPOBAaHHUE ITOKa3aTe-
JIeil TOJITOBEYHOCTH, TAKUX KaK BEPOATHOCTb 0€30T-
Ka3HO! pabOTHI U TaMMa-TIPOLICHTHBIN pecypc, AeTa-
Jel METaJUTypru4eckoro 0OOpYAOBaHUS H3TOTOB-
JICHHBIX U3 Pa3IMYHBIX MApPOK CEPHIX UYTYHOB.
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Pe3yabTaThl 3KCNIEPUMEHTAIBHBIX HCCJIE0-
BaHuii 00pa30oB u3 ceporo uyryna mapku CH-20.
st popmupoBanus 3d Momenu 3IE€MEHTAPHOTO pe-
npesenTatuBHoro oovema (RVE) ceporo uyryna
Mapku CU-20 ObLIH TPOBEICHBI HCCIISAOBAHIS MUK-
poctpyktypel B HUM «Hanoctanei» ®I'bOY BO
«MI'TY um. I'"'M. HocoBa» ¢ UCHIOIB30BAHUEM HH-
BEPTHPOBAHHOI'O MHKpOCKoma Zeiss Axio Observer
3, pe3ynbTaThl KOTOPOTO OTOOpaKEHBI HA PUCYHKE
la.

Uccnenyemsblii obpasen mpencTaBisieT coOoi
(eppUTO-TICPIIUTHYIO CTPYKTYPY C BKIIOUCHHSIMHU

F.d

i

i1 . . s
Puc. 1. Pe3ynbTarsl uccaeq0BaHUN M

KpOCprTprI o0pasma u3 ceporo uyryrna CU-20 (ysenuuenue 500x):

wiactTuHyatoro rpadpurta. Ha ciemyromem srare,
MIPUMEHsIs TIporpaMMHbIH KoMiuieke Thixomet, BbI-
MoJTHeHa OWHAapU3aIMs C BBIICIIEHHEM COOTBETCTBY-
IOLINX CTPYKTYPHBIX (a3, ogHaKo u1st OoJiee 1eTalb-
HOTO OTOOpa)KEHHUS BCEX KOMIIOHEHTOB CTPYKTYPHI
CU-20 mpoBeaeHa JONOJIHHUTEIbHAs 00pabOTKa B
CICIMATU3UPOBAHHBIX Ipa)UIECKUX peAaKTopax, B
pe3yabTaTe Yero IMoJy4eH CHUMOK (cM. puc. 10)
MUKPOCTPYKTYpPbI NPUTOAHBIM ISl MOCIERyIOIEen
BekTopHu3aunu. KpacHBIM IIBETOM BbIEIEHA MeEp-
JIMTHAsl OCHOBa (MaTpula), 3eJIeHbIM — (DeppUTHBIC
BKITFOUCHUS, YePHBIM — IUTACTHHYATHINA TpaduT.

a) CHUMOK MHKPOCTPYKTYpBI 00pasia u3 ceporo uyryHa CU-20,
0) pe3ynbTaThl 00pabOTKH CHUMKA MUKPOCTPYKTYPHI IS ocieayromero ¢gopmupoBanust RVE

JlomomHUTENbHO ONpEAeNéH XUMHYECKHH CO-
CTaB HCCIIEAYEMBIX 00pa3IloB HA ONTHYECKOM SMUC-
CHOHHOM CIIEKTpoMeTpe SpectromaXx, KOTOPBIH
MoKazaj CJIEAYIONEe COJEpKaHUE OCHOBHBIX Alle-
mentoB: C — 3,45 %; Si — 2,05 %; Mn — 0,8 %; P —
0,145 %; S — 0,075%. [lomy4ueHHBIE pe3yNbTATHI CO-
OTBETCTBYIOT TpeboBaHMsM, ycTaHoBiIeHHbIM [[OCT
1412-85.

JInst BBITIOTHEHUS BCECTOPOHHUX HCCIIENOBa-
HUM MokazaTesnedl JOJTOBEYHOCTH paccMaTpuBae-
MOTO TEXHHUYECKOT'O 00BEKTa, C TO3UIH MPOTHO3H-
pOBaHHMA MOMEHTa Pa3pyIICHUs] OTIACIBHBIX CTPYK-
TYpPHBIX COCTAaBJISIONIMX €ro Marepuana, HeoOXo-
JUMO TPOBEJCHHUE JOTONHUTEIBHBIX SKCIIEPHUMEH-
TaJbHBIX MCCIICIOBAHMIA MO OICHKE BEIIMYMHBI MUK-
poTtBepaocTH. B 3TOM ciydae Hanbosee npeanovTy-
TENBbHBIM SIBJISIETCSl TIPUMEHEHHE METOJAa HHCTPY-
MEHTaJIbHOTO WHACHTHUPOBAaHUS, KOTOPHIH IO3BO-
JIIeT OIEHUTh MUKPOTBEPAOCTHh OTIEIBHBIX CTPYK-
TYPHBIX COCTABJISIFOIINX MCCIIEyeMOT0 MaTepHraa.

OneHky 3Haue€HUH MHUKPOTBEPIOCTH Mo Buk-
KepCy MPOU3BOIMIH C UCTIOIH30BAHUEM JWHAMHUYE-
ckoro MukpoTBepaoMepa Shimadzu DUH-211S B
cootercTBuM ¢ OCT P 8.748-2011 u ISO 14577-1
Annex A.

Cormacao 'OCT P 8.748-2011, m3mepenwue
MHUKPOTBEPAOCTH MPOU3BOAMUTCS IIPU HETIPEPHIBHOM

BHEJIPCHUU B MaTepuall UHACHTOPA, KOTOPBIH TIpeI-
CTaBJISIET COOOM aJIMa3HbIH HAKOHCUHUK (MHICHTOP
bepkosuua) ¢ yriom npu BepmuHe 115 Tpamycos,
MoJI JeMCTBUEM IUIABHO HapacTalolleld Harpy3ku ¢
nocjeayonuM e€ cHITUEM. B mpoiiecce mnposejie-
HUSI UCTIBITAHUH MPOUCXOTUT HETIPEPhIBHOE OTCIIe-
KUBaHUE W PETHCTPaLs 3aBUCHMOCTH IepeMele-
HUS UHJICHTOpA OT MPUKJIAIbIBACMON HArPy3KH.

[Ipu mpoBeacHUM UCIBITAHWKA OBUIM HPUHATHI
CIIeTyoIre 3HAYeHUS TapaMeTPOB HATPYIKCHHUS:

a) MaKCHMaJlbHas Harpy3ka HWHICHTUPOBaHUS
200 MH npu ucciea0BaHuu OOIIEro 3HAYCHUS MUK-
poTBepocTH Matepmia u 25 MH npu onpeaeneHnn
3HAUEHUH U KaXI0H ero CTpYKTYpPHOH COCTaBIIfA-
IOILICH;

0) MuHMMaTbHAS Harpy3ka 1,96 mH;

B) ckopocTb HarpyxxeHus 70,067 mH/c;

T) JUIUTEIBHOCTh BBLICPKKH MPU MaKCHMallb-
HO¥ Harpy3ke 2 c;

1) IJIATENFHOCTD BBIACPKKH MPH MHHAMAJb-
HOM Harpys3ke 2 c.

®dortorpaguu OTHEYATKOB HHIEHTOPA, IOJY-
YEHHBIX BXOJI€ MPOBEAEHUS MCTIBITAHUN 110 U3MeEpe-
HUIO AMHAMHYECKON TBEPIOCTH M MOIYJS YIpPYro-
CTH CTPYKTYPHBIX COCTaBJISIFOIIAX Yyr'yHa MapKH
CUY-20, mpeacraBieHbl HA PUCYHKE 2.
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Puc. 2. ®ororpaduu 0TIEYaTKOB MHICHTOPA IPU H3MEPCHUH JUHAMHYECKOW TBEPIOCTH
CTPYKTYPHBIX cocTaBisiomux yyryna CH-20

B Xxome mpoBeneHWs HCHBITAHUN OLpPEAET- ® MOIyJb YyOPYroctu E, .
JHCB. Pe3ynpraThl 5KCEPUMEHTAIBHON OLIEHKU 3Ha-
® TBEpHOCTH MO mkane Maprenca HM , YEHUH MHUKPOTBEPIOCTH M MOAYJA YIPYrOCTH
omnpezenseMas 110 HaKJIOHY KpUBOIl Harpy»keHus Ha CTPYKTYPHBIX COCTaBIISIOLIMX 00pa3LoB U3 CEPOro
F-h-nmnarpamwme; yyryHa mapku CY-20 npu MHCTpyMEHTAIbHOM HH-

neatupoBannu B cootBercTBrH ¢ ['OCT P 8.748-

® TBEPJOCTh WHACHTUPOBAHUS [
2011 oToOpaxeHs! B TabumIe 1.

IT;
* MHKPOTBEpAOCTb 110 Bukkepey HV  ;
Tabauya 1

Pe3ysbTaThl 3KCIIEPUMEHTAJIbHOI OLlCHKH MUKPOTBEPAOCTH U MOIYJIsl YIPYTOCTH CTPYKTYPHBIX
COCTABJISIIOIIUX ceporo yyryna Mmapkn CU-20 npu nHCTPYMEHTATbHOM HHICHTHPOBAHNHU
no 'OCT P 8.748-2011

TBeproCTh UH- TBeprocTh N0 MuxkpotBep- Monyinb
CrpyKTypHas COCTaBsIOMAs MaTe- IEHTHPOBaHMA | mKaime Maprenca nocts HV yIpYrocTu
puaa H, ,Mlla HM , MIla MITa E, ,MIla
Cpen. 3Hau. 12425,038 3698,712 3137,95 4,063-10°
[epmut* CraHJ. OTKIL. 2290,349 554,07 550,885 6,76:10*
Koad. Bap. 0,184 0,150 0,176 0,166
Cpen. 3Hau. 9035,778 2798,93 2299.63 4,129-10°
Depput* Crasj. OTKIL. 1650,643 487,998 342.246 6,805-10*
Koag. Bap. 0,183 0,1743 0,149 0,165
Cpen. 3Hau. 658,139 747,517 198,985 6,586-10*
I'padpur* CraHJ. OTKIL. 113,658 130,368 33,5751 1,241-104
Koad. Bap. 0,173 0,174 0,169 0,188
Obiuee siauere Cpen. 3Hau. 3080,351 2182,085 2808,227 1,115-10°
1% MaTepHana** CraHj. OTKIL. 568,65 422,96 502,684 1,7047-10*
Konad. Bap. 0,185 0,193 0,179 0,15
[Ipumeuanue:
*3HaueHMNs MMOJTyYeHbl IpH ycrmu 25 MH;
**3HaueHus noxydyeHsl npu yeuiauu 200 mH.
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Pe3ynbraTer 1a60paTOpHBIX UCCISTOBAHUNA HC-
TI0JTH30BAHBI NPH BEpUPHUKAIMH pa3padOTaHHON Me-
TOJMKH HAa MPUMEPE OICHKH TaMMa-IIPOICHTHOTO
pecypca pacnopHo# mekoBoii apoounku CMI-110
CO CJIOKHBIM JIBIDKEHHEM IICKH.

Bepuduxauusa TeopeTuyecKuX pelieHnd HA
NpuMepe pacopHOi IJIMTHI IIEKOBOH IPOOHIKH.
Bepuduxkaiius npeajaraeMbix B HacTOsIIEeH padoTe
pelIeHnii ToApa3yMeBaeT CPaBHEHHWE pacCUETHBIX
3HAYCHUI TaMMa-TIPOIICHTHOTO pecypca C BEIUYHU-
HOH, yCTaHOBIEHHOW HOPMAaTUBHO-TEXHUYECKOMN J10-
KyYMEHTaIlUeH McciemyeMoro oobekta. B kadectse
00BEKTa MCCIIECIOBaHMI BHIOpaHA PacIlOpHAs TLTUTA
mexoBoi apoomikr CM/I-110 co clioKHBIM JIBYKE-
HUEM IIEKH, KOTopasi UIMPOKO MCTOJIB3YETCs B pas-
JUYHBIX OTPACISIX MPOMBIIUIEHHOCTH W MPHUMEHS-
€TCsl JUI KPYITHOTO U CPEIHETO JIPOOJICHUS TOPHBIX
TIOPOJI ¢ TpeenoM npodHocty He 6onee 300 MIla-
Pacnophas nnuta siBisieTCsl HEOThEMIIEMOM YacThIO
KOHCTPYKITUH IPOOWIIKY U BEITIOJTHSICT MPEIOXPAHU-
TeIbHYI (YHKIMIO, B ClIydae TOMaJaHus B pado-
4yl0 Kamepy He ApoOMMOro marepmuana, KOTOPBIi
MOJKET MPUBECTH K TIOJIOMKE 00JIee TOPOTOCTOSIIINX
KOMIUIEKTYIOIINX, TAKAX KakK JPOOSIIMX TUTHT WU
HOJIBUKHOU IIEKU.

IMockonbky pacniopHas minTa GyHKIMOHUPYET
B YCJIOBUSIX IIMKJIMYECKOTO HATPY>KECHUS HA CIKATHE,
MO3TOMY B Ka4eCTBE MaTepHalia s €€ U3roTOBIIC-
HUS TIPUMEHSIOTCSI Cepble YYTYHBI, MpenMyIie-
ctBeHHO Mapok CY-20 u CU-25.

B cnyuae, ecnu npoOunka (yHKIMOHUDPYET B
CTaIlMOHAPHOM pEeXHME, TO TPH YCIOBUU OTCYT-
CTBUS HE APOOMMBIX OOBEKTOB B pabouell Kamepe
peCypC PacIoOpHOM TUIUTHI TOJKEH COOTBETCTBOBAThH
TpeOOBaHUAM, YCTaHOBICHHBIM cucTeMoi TOwuP
JAHHOTO arperara, MOCKOJIbKY BHETUIAHOBBIE OT-
Ka3bl, BRI3BAHHBIC €€ MTOJIOMKOW, MOTYT TIPUBECTH K
CYIIECTBCHHBIM ()MHAHCOBBIM 3aTPaTaM, CBI3aHHBIM
C BBIHY)KJICHHBIMH ITPOCTOSIMH Ha peMOHT. [loaTomy
obecriedeHue TpeOyeMoro ypoBHsI JOJITOBEYHOCTH
JPOOWIIKY TI0 KPUTEPHIO IUKIUYESCKON MPOYHOCTU
pacTOpHOM IIJIUTHI SBIAETCS aKTyaJbHOM MpaKTHie-
CKOH 3aJ1a4eil.

[IporHo3upoBanue ramMma-mpoIEHTHOTO pe-
cypca pacropHOH IUTUTHI IIEKOBOU Apoowikun CM/I-
110 npoBoamiiocs B 4 3Tama.

Ha nepBomM 3Tame BBIMOJHSIACH OIICHKA Tapa-
METPOB HArpy>KeHHUs PACHOPHON ILIUTHI COTJIACHO
MeToAuKaM padot [25, 26] mist Hanbosee CI0KHBIX
YCIIOBUI 3KCIUTyaTalluy, KOTOPBIE MPEIIONararT
IpobJieHNe Kycka mopoabl pazmMepoM 500 MM ¢ mipe-
JIEJIOM TIPOYHOCTH Ha cxkatue 285 Mlla, ¢ yuetom
TOTO YTO €ro HAacChIHAsg Macca Iocie ApOoOSeHUs
nomwkHa Obith 1,8 T/M°. Jlns 3amaHHbIX yCioBuit
OTIpe/ieNicHa BEJMYMHA COKUMAIOIIETO YCUIHS, JCH-
CTBYIOIIIETO HAa PAaCHOPHYIO IUIUTY, KOTOPOE COCTa-
Buio 2,913 MH.

Ha BTOpOoM 3Tame mpoBeneHa OLEHKa HaIps-
JKEHHOTO COCTOSTHUS MaTepHajia PacliOpHON ITITUTHI
KaK M30TPOMHON Cpeibl B MPOrpaMMHOM KOMILIEKCE
SIMULIA ABAQUS. OcCHOBHBIM BOIpPOCOM HpHU
OpTraHM3alM{ BBHIOJHEHUS MPOLEAYPHl MOAEIUPO-
BaHUS SBIISIETCS OMpPEeNIeHUe THUIIa U BEIOOP METOa
HaJIO)KEHUS CETKH KOHEYHBIX IEMEHTOB. B manHoO#
paboTe paccMaTpUBaINCh TPY BapuaHTa TeHEPALUU
KOHEYHO-IJIEMEHTHOW CETKH: C HCIOJIb30BaHUEM
¢ynkuuu Adaptive remeshing u mocrpoeHuem rpa-
(hmKa KOHBEPreHIINHY; C YTOYHEHUEM pa3Mepa KOHed-
HOTO DJIEMEHTa B MPEATOIaraeMOM MECTe KOHIICH-
TpalUuK HamnpsLKEHHH; GOpPMUPOBaHHUE CETKH C TIO0-
CTOSTHHBIM pa3MEpOM IO BCeMy 0O0BbeMy HCCIenye-
MOTO MaKpOOOBEKTa.

TlepBBiii BapuaHT mNpeanonaraeT MOCTPOEHUE
aJaNTUBHOM CETKM KOHEYHBIX JIEMEHTOB, YTOUHSS
e€ pa3Mep B COOTBETCTBYIOIINX yJacTKaX MCCIeaye-
MO JTeTajli Ha OCHOBE PE3yJIbTAaTOB OIICHKH HAaIpsi-
JKEHHOT'O COCTOSIHUA, TOJTyYEHHBIX B paMKax Mpebl-
Iyliel pacyeTHOU urepauuu. JlauHblit MeTo peasu-
3yeTcs ¢ WHCmoib3oBaHueM (yukuuun Adaptive
remeshing mporpammuoro kommiekca ABAQUS.
ANTOpPUTM BBINIOJIHEHHS PacueTOB C HCIIOJIB30Ba-
aueM ¢yHkImu Adaptive remeshing mpemcrapiser
€000 TOCIeI0BATEILHOCTD CIICIYIONTHUX OTIePAITHH:

1. BrimonHenue mepBoi pacdeTHOM HTepanuu
MpearogaraeT Ha3HAYeHHE ITOCTOSHHOIO pa3Mepa
KOHEYHOT 0 AJIEMEHTA CETKH, JUISI KOTOPOTO IMTPOU3BO-
JIUTCSI OLIEHKA HaNpsKEHHOTO COCTOSIHUS UCCIIETye-
MOM pPAacIOpHOM IUINTBL, W OMNPEAEISAIOTCS MecTa
KOHIIEHTPAI[MH MaKCUMAaTbHBIX HATPSKECHHIH.

2. Bo BTOpoOii pacueTHO#l uTepammH, MO pe-
3yJIbTaTaM OLIEHKH HampsbkeHHoro coctosnus (HC)
MPEIBIYIIEro 3Tana, MPOU3BOANTCSA YTOYHEHHE
pa3Mepa CeTKH KOHEYHBIX 3JIEMEHTOB B MECTax JIO-
KaJu3alud MaKCHUMaJbHBIX HaNpsDKEHUH, Tocie
yero pacueT HC BozoOHOBNsIeTCA. JlaHHas onepanus
MOBTOPSIETCS B paMKaxX KaxJoil mocieayromen pac-
YETHOH UTEpalty.

3. Ilocne BEINOTHEHMSI BCEX PACUETHBIX UTEpa-
Ui, YUCIIO KOTOPBIX OIpeNessieT WCCIIeN0BaTENb
CaMOCTOSITETIFHO, BBITIONHSETCS IOCTPOCHUE Tpa-
(hmKa KOHBEPIeHIIUHN U COOTBETCTBYIOLIAS IPOBEPKA
CXOIMMOCTH Pe3yNbTaToB. Pacuer mpu3HaeTcs BbI-
MOJTHEHHBIM, a €70 Pe3yJIbTaThl KOPPEKTHBIMH, €CITH
pasHUIa MEeXIy 3HAYCHUSMH HAaIlpsDKEHWH, MOTy-
YEHHBIX HA TEKYILIEM U MPEbIAYIIEM IIare BbIYUC-
JICHUM, HE TMpPEBBIIAET YCTAHOBJIEHHBIA TMpee.
Ecnu mpoueHT pacxokIeHHsl pe3yIbTaToB MPEBBI-
I1aeT yCTAaHOBJIEHHOE 3HAYE€HUE, TO MOACITUPOBAaHUE
HANPSHKEHHOTO COCTOSHHS MCCIENyeMOro OOBEeKTa
MPOAOJDKAETCS ¢ YyTOYHEHHEM pa3Mepa KOHEYHOTO
3JIEMEHTA CETKM B MECTaX KOHIIEHTpAIMM HaIlpshKe-
HUH.
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Pe3ynpTaThl OLIEHKH HAIPSIKEHHOI'O COCTOSIHUS
pacnopHON IJIMTHI JUIsl IIEPBOIO BapHaHTa I'eHepa-
LUK CETKH KOHEUHBIX 3JIEMEHTOB IIPECTABICHBI HA
puCyHKe 3a.

MogenupoBaHue HaNpPsHKEHHOT'O COCTOSIHUSA
MPOBOJMIIOCH € HCIIONB30BaHUEM pemareis Static
General. McxomHBIMU TaHHBIMH AJISI pacueTa siBIisi-
THCh GU3MYECKUE M MEXaHMIECKUE XapaKTePUCTUKU
ceporo uyryna mapku CH-20 [27] Takue Kak MmioT-
HOCTb, MOXYJb YIPYTOCTH, Mpelesl TeKy4YecTH, a
TaKXKe MapaMeTpbl HarpYKEHUS B BUJIEC YCHIIUS CKa-
THsl, JEHCTBYIOLIErO HA PaCNOPHYIO IUINTY. [ 'eHepa-
LU CETKH OCYILECTBISUIACH AECATHY3IOBBIM TETpa-
sapudeckum sneMeHToM C3D10M ¢ ncxogHsIM pas-
MepoM 20 MM, KOJIHYECTBO KOTOPBIX COCTABHIIO
64945. Tlpu wucnonws3oBanun QyHkwH Adaptive
remeshing ycTaHOBIIEHBI CIEIYIOIIUE YCIOBUS CXO-
JTUMOCTH:

e JIOKaJbHBII THI CXOIUMOCTH (KOHBEPI€H-
IIUM) pa3MeIleHNsI KOHEUHbIX 3JIEMEHTOB CETKH;

® YHCJIO PacUETHHIX UTepanuii 15;

® [IPOLEHT PacXOXIEHHs pe3yIbTaTOB HE A0JI-
JKeH npeblmath 1 %.

Ha pucynke 36 npeacrasnen rpaduk KOHBEp-
TeHLINH, TIOJIyYCHHBIH B PE3yJIbTaTe MOIEIUPOBAHUS
HaIPsDKEHHOI'O COCTOSIHUS PACIIOPHOM IUIUTHI C MC-
HOJIB30BaHUEM (YHKIIMOHAIBHBIX BO3MOKHOCTEH
Adaptive remeshing. MakcumanbHble SKBUBAJICHT-
HBIe HamnpspkeHus: mo Mmsecy coctaBuinn 141,014
MIla u ObLTH OTIpeIeNICHBI TT0 Pe3yIbTaTaM JACBITOM
pacuetHoil uteparuu. OmmMOKa pacxokICHUs 3HA-
yeHUH HanpskeHnit Museca Ha 8-oif u 9-01 pacuér-
HBIX uTepanusx coctasmia 0,73 %, 94To B CBOIO OUe-
peab yIOBIETBOPSET YCTAHOBICHHOMY KPHTEPHIO.

160 Ié

Hanpsxenns Museca, MIla
8

1 2 3 4 5 6 7 8

"
=
=)

Homep pacuernoii nrepanmun

Puc. 3. Pe3ynbraTsl OLIeHKH HanmpskeHUH Mu3eca MakpoMOAETH PacliOpHON IUTUTHI:
a) IOCTPOEHHE CETKH ¢ ncnonb3oBanueM Adaptive remeshing, 0) rpaduk KOHBepreHIMH (CXOIMMOCTH)
TIPY BBITIOJIHEHUM MOJIEITMPOBaHMS C ucroyib3oBanneM Adaptive remeshing, B) yrouHeHHE pa3MepOB CETKU
B TIpeIIIoIaracéMoM MecTe KOHIIEHTPaIUH HalPsDKeHNH, T) pUKCHPOBAHHBIN pa3Mep KOHEYHOTO SJIEMEHTa CEeTKU

B pamkax nessitoii pacuetHoi nutepamu 3d Mo-
JIeJIb pacTioOpHON IUIMTHI BKIIoYana B ceds 159569
KOHEYHBIX 3JIEMEHTOB.

B xone MonennpoBaHus HaIpsSKEHHOTO COCTO-
SITHAS YCTaHOBJIEHO, YTO MECTO KOHLIEHTPAILlUN MakK-
CUMAaJIbHBIX HANlpsDKCHUN BO3HUKAET B OTBEPCTHH,
PaCIIOJIOKEHHOM B LICHTPaJIbHOM YacTU PaCIOpPHOU
IUTUTHI, 9YTO B CBOIO OUEPEb MOATBEPKAAETCS MpaK-
TUKOM 3KCIITyaTalluy, TaK KaK UMEHHO B 3TOM MECTE
MIPOMCXOJUT 3apOXKACHUE YCTAIOCTHON TPEIIUHBI U
HOCIENYIOLIee Pa3pyLICHUE.

Bropoii BapmaHT TreHepanuM KOHEYHO-3JIe-
MEHTHOW CETKH Tpejroarain e€ HaloXeHue ¢ Gpuk-
CHUpPOBAaHHBIM 3HAUCHHEM pa3Mepa 1o BceMy 00beMy

TPEXMEPHOI MOJIENN PaCTOPHON IUIUTHI 32 HCKIIIO-
YEeHHEM MECTa, B KOTOPOM Hauboiiee BEpOsITHO I10-
SIBIICHHE KOHLIEHTPATOPOB HANPSDKEHHH, B JAHHOM
cllyyae OTBEpCTHs B €€ LIeHTpaibHOH YacTu. B 00na-
CTH OTBEpPCTHsI pa3Mep KOHEYHBIX DJIEMEHTOB HeE
HPEBBIIAT 5 MM, KOT/Ia KaK BEJIMYMHA B OCTAIEHOM
o0Beme coctapisiia 20 MM.

I'paduueckoe mpencraBieHue pe3yabTaTOB
OLICHKH HANPSHKEHHOTO COCTOSIHUSI  PAcCIOpHOI
IUTUTHI C UCTIONIB30BAaHUEM BTOPOT'O CIIoco0a reHepH-
pOBaHUS CETKH KOHEUHBIX 3JIEMEHTOB OTOOPaKEHO
Ha pHCyHKe 3B. MakcuMmanbHblE SKBHUBAJICHTHBIC
HanpspkeHus mo Musecy coctasmnu 141,078 Mlla.
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PacxoxmeHne pe3ynbTaToB MEXAy MEPBBIM U BTO-
PBIM CITOCOOOM OKa3aI0Ch HE3HAYUTEIHHBIM.
Tpetuii BapuaHT HAJIOKEHUSI CETKH KOHEYHBIX
AJIEMEHTOB TMojApa3zymMeBaeT e€ (opMUPOBAHHUE 110
BceMy O00BEMY HCCIIETyeMOH TPEXMEPHOW MOIEITH
pPactopHOH IUIUTHI C MOCTOSHHBIM 3HAYEHHEM pa3-
Mepa, IPUHATEIM 5 MM. B 3ToMm ciyyae mozens pac-
MTOPHOM IIMTHI BKJIIOYaja B ceOst 932192 snemenra.
Pesynprarer MopenupoBaHUsI HAIPSKEHHOTO COCTO-
SIHUS TIPEJICTaBJICHBI Ha pucyHke 3r. Kak u npemmno-
JIarajaoch, KOHIICHTPAIUS MaKCUMAaTbHBIX HAITPsDKe-
HUl ObLIa BEISIBIICHA B paiioHe IICHTPAILHOTO OTBEP-
CTHS, YTO B CBOKO OUEPE/Ih ITOITBEPKIACTCS TIPAKTH-
KOW O3KCIUTyaTalui. BenmuunHa MaKCUMAallbHBIX
HanpspkeHui 1o Musecy cocrapmia 141,887 MlIla.
CrnemyeT OTMETHTB, YTO JJISl BCeX TPEX BapHaH-
TOB TCHEPAIIMH CETKU PE3YyIbTAaThl MOICITUPOBAHUS

HE3HAYUTEIHHO OTIIMYAINCH JIPYT OT Apyra. OqHaKo
HEOOXOIMMO YYUTBIBATh, YTO IJI IOCIEAYIOMmEH
MIOCTAaHOBKH 3aJja4l MHUKPOCTPYKTYPHOTO MOJEINHU-
poBaHus HanboJiee MPEANOYTHTENBHBIM OyIeT Tpe-
THUM BapyaHT, IPeANoJiarariini HaJ0KeHUE CETKH C
MOCTOSTHHBIM pa3MepoM KOHEYHOTO 3JIEMEHTa II0
BCEMY 00bEMY HCCIEYyEMOI0 MaKpOOOBEKTA.

Ha tpetbem aTarme mpoBeneHa npoueaypa MUK-
POCTPYKTYpPHOTO MOJEIHPOBAHNAA HAMPSIKEHHOTO
cocTostHUs ceporo uyryHa Mapku CU-20 ¢ yuerom
€ro aHWU30TPONHH, UCIOIB3YEMOT0O Ul U3rOTOBIIE-
HUS HCCIIEAyeMOH paciopHOM mnThel. Cxema, oTpa-
JKarolas MPUHIMI OPraHu3alld MUKPOCTPYKTYp-
Horo mozaenupoBanust HC otoOpakeHa Ha pHUCyHKe
4.

Puc. 4. [IpuHuunuansHas cxeMa IpoBeACHHUSI MUKPOCTPYKTYPHOTO MOJEIUPOBAHUS HANIPSDKEHHOTO COCTOSIHUS
CY-20 pacniopHoii TIHATHI eKoBo apoowmmku CM/JI-110

MHUKpPOCTPYKTYpHOE MOJEIUPOBAaHUE Hampsi-
’KEHHOTO COCTOSIHUSI MaTepuaia npeanonaraet Gpop-
MHUPOBAHUE TPEXMEPHOH MOJEIH 3JIEMEHTapHOIO
penpesentatuBHoro oosema (RVE) Ha ocHoBe pe-
3yJIbTaTOB €r0 CTPYKTYPHOTO aHalu3a, BBIPa)KEH-
HBIX B BUJIE CHIMKA C BBIICJIICHHEM OTICNBHBIX (a3
(cm. puc. 16 u puc. 4). HeoTpemueMbIM yCIOBHEM
SIBJISIETCS. COOTBETCTBUE M€OMETPUUECKUX Pa3MEpPOB
KaXJ0ro CTpyKTypHoro komnoneHta RVE, tem, uto
YCT@HOBJICHBI B PE3YJbTaT€ MHUKPOCTPYKTYPHOTO
aHann3a 00pa3loB peaJbHOro MaTepuaa.

Tpexmepnas monens RVE ¢popmupyercs Ha oc-
HOBE BBIMIOJIHEHHUS OTEpaliy BEKTOPU3ALMU H300-
paskeHHsl, 0TOOpa)KEHHOTO Ha pUCyHKe 10, mpu 3ToM
BBOJUTCS JOMYIIECHHUE O TOM, YTO B JIFOOOM CEUCHUU
PENpe3eHTaTUBHOTO 00beMa JIOJDKHO COXPAHATHCS
MPOIIEHTHOE COOTHOIIEHHE CTPYKTYPHBIX KOMIIO-
HEHTOB € COOJIOAEHMEM MaciTaOHoOro Qakropa u
€ro COOTBETCTBHsI CHUMKY Ha pUCYHKe la.

[Nocie noydeHust MOJETH PEIPEe3eHTATUBHOTO
o0beMa KaKIOH CTPYKTYPHOHM COCTaBISIIOIICH, B

JaHHOM CIIydae MepiuTy, Gepputy u rpagury, npo-
U3BOJUTCA IIPUCBOCHUE 3HAYCHUN (U3UYECKUX U
MEXaHUYECKUX XapaKTEPUCTHK, COTTACHO Pe3yJIbTa-
TaM HCCIeJOBaHUM, OMyOJIMKOBAaHHBIX B paboTax
[28-30]. B xadecTBe HCXOMHBIX MAPAMETPOB, OTIpe-
JEISIIOIINUX CBOMCTBA CTPYKTYPHBIX COCTABIISOILNX
RVE, Ob111 IpUHATHL: MOLYJTb YIIPYTOCTH, 3HAUCHHS
KOTOPOro OBUIM OIPEAENeHbI IPH WHCTPYMEHTAb-
HoM uHAeHTupoBanuu o I'OCT P 8.748-2011 (cm.
tabn. 1), koapduunent [lyaccona, mioTHOCTE, KpH-
BhIE TeKyudecTu [28—30].

Jlis BBIIOJNIHEHMsI IPOLEAYpPhl OLEHKH Hampsi-
JKEHHOTO COCTOSIHUSI C(OPMUPOBAHHOTO €IUHUY-
HOTO DJIEMEHTapHOTO PEeNpe3eHTaTUBHOIO O0BeMa
UCIIOJIB3YIOTCA  (DYHKIIMOHAJBbHBIE BO3MOXHOCTU
cyomonenuporanus (Submodeling), peannzoBaH-
Hble B iporpammuoi cpene ABAQUS. VcnoBusmu
HarpyxeHusi RVE OynyT sBnAThCS pe3yiabTaThl pac-
yeTa HaIlPSXKEHHOT'O COCTOSTHUA MaKpOMOJENH pac-
TTOPHOU TUTUTHI MEKOBOU apoduinku (puc. 3r). Dop-
MHUPOBAHUE CETKU OCYIIECTBIISICTCS ACCATHY3I0BBIM
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terpadapudeckum siementom C3D10M. Kommae-
CTBO KOHEYHBIX 3JIEMEHTOB B C(HOPMHUPOBAHHOM pe-
MPE3eHTaTUBHOM 00BbeMe cocTaBiisuio 334618.

Ha pucynke 5 mnpeactaBieHbl pe3yJbTaThl
OLICHKH TJIaBHBIX M SKBUBAJICHTHBIX HAPSOKCHUIH

Mapku CU-20. C nenpio Ooliee NETaTBHOTO aHAIH3a
IIOJIy4EHHBIX Pe3yJIbTaTOB, HA PUCYHKE 5 IpeicTaB-
JIEHO CEeYeHHE PENpPEe3CHTaTUBHOIO 00beMa, B KOTO-
pOM OTOOpakaroTcs MecTa JIOKalIU3alMd MAaKCH-
MaJIBHBIX HaIIPSIKEHUH.

Mmu3eca penpe3eHTaTHBHOTO 00beMa Ceporo 4yryHa

165,592 Mila

157,867 Mila

185947 Mila

182,306 Mo

-56,619 Mia

180,459 Mila
-55.816 Mia

Puc. 5. PesynbraTs! onenku HanpspkeHHOTo coctostaus RVE ceporo uyryna mapkun CH-20:

a) HanpspkeHust Museca, 0) Hanpsokenus o, (S11), B) Hanpsokenust 0, (S22), r) Hanpskenus o, (S33)

PesynbpTaTel TEOpPETUUECKUX HCCIEAOBAHUNA

HaNpPSDKEHHOTO  COCTOSHUSI  PeIpe3eHTaTHBHOTO
obwema uyryHa mapku CY-20 mpencTaBiieHBI B
Tabnmuie 2, B KOTOPOH OTOOpaKeHBI 3HAUCHHS

TTIABHBIX, SKBUBAJICHTHBIX M KacaTEeIbHBIX HArps-
JKEHUH JUIs KaKIOW CTPYKTYPHOM COCTaBIIAIOIIEH.

Hanpsokenus, 0003HaYeHHBIC HA PUCYHKE 5 H

B TaOJIHIIE 2, UMEIOIIHE MOJIOKUTEILHOE 3HAUCHUE
— paCTATHBAIOIIUE, 4 OTPUIATEILHBIC — HATIPSDKE-
HUS COKATHA.

Tabauya 2

Pe3ysbTaThl HCC/IeI0BAHUSI HANPSIZKEHHOTO COCTOSIHUSA penpe3eHTaTuBHOro odbrema CH-20
pacnopHoii miauTel Apoduaxkn CM/-110

CTpyKTypHas COCTABJISIONIAs MaTepHaa
Hanpsoierns, MITa [epaut Deppur I'padur
Hanpsoxenust Museca o (S) 165,592 145,923 14
o (SI) Pacr. - Pacr. 157,867 Pacr. 25,587
i Cxar. -185,947 Cxar. -148,326 | Cxar. -66,125
o (S22) Pacr. 22,375 Pacr. 182,306 Pacr. 14,667
Y Coxar. -38,595 Coxar. -20,901 Coxar. -56,619
o (S33) Pacr. 13,605 Pacr. 180,459 Pacr. 13,368
: Coxar. -46,414 Coxar. -25,999 Coxar. -55,816
T (S12) Pacr. 65,390 Pacr. 19,310 Pacr. 8,043
i Cxar. -60,226 Cxar. -23,996 Cxar. -8,035
r (S13) Pacr. 11,685 Pacr. 113,477 Pacr. 1,020
A Coxar. -21,403 Coxar. -65,551 Coxar. -1,826
T (S23) Pacr. 5,687 Pacr. 7,034 Pacr. 1,159
et Coxar. -14,219 Coxar. -25,278 Coxar. -1,440
IIpumeuanue. 3HaK «-» MOKa3bIBAaCT XapakTep (HampaBiieHHEe JCHCTBHs) HANPSDKEHUN U IeopMalvi, B TaHHOM
cllydae HampsHKeHUsl CKATHS.

BBuay ocobeHHOCTEH CTpOCHUS CEpBIX UYry-
HOB M WX IIOBEACHUS NPHU AECUCTBUU Pa3IMUHBIX

YCIIOBUH HArpy>KEHUsI, IPUHUMAETCS, YTO ONpeNes-
[oIee 3HAYeHHE TPU OIEHKEe paboToCrmocoOHOCTH
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JeTanei OyayT SIBISITHCS TIIaBHBIC HAIPsDKEHUS [27].
Bonee toro, ananm3 HanmpsHKEHHOTO COCTOSTHUS HC-
CIIEAYeMOT0 PENpe3eHTaTUBHOrO 0o0beMa IoKasal,
4TO JUIS HETO XapaKTEpPHO BO3HWUKHOBEHHE, KaK
HaMpPsDKEHU CKAaTHA, TaK U pacTITUBAIONINX HAIPS-
xeHui. OJHAKO CIeAyeT YIUThIBATh, YTO IS METa-
JIMYECKUX MATEPHAJIOB CKMMAIOIIUE HAIPSDKEHUS,
cornacHo [31], He BRI3BIBAIOT MPOIIECC TPEIIUHOOO0-
pa3oBaHUs U HE IPUBOJIAT K Pa3pyIICHUIO.

CornacHo pabote [32], BciencTBue NEHCTBUSL
PacCTITHMBAIOIINX HAIPSKEHUH Cephble YyTYHBI pa3py-
IIAFOTCS BA3KO C HAIMYHEM SIMOYHOTO M3JI0Ma, KOTO-
POMY COOTBETCTBYET TPAaHCKPUCTAJUIUTHOE DPas3py-
menue [33]. TIockonbKy CTpyKTypa Ceporo 4yryHa
MPeCTaBISIET COOON METAJUIMYECKYIO OCHOBY C Tpa-
(PUTOBBIMH BKJIIOYEHHUSAMH, pa3Mep M TPOIEHT CO-
Jep KaHusl KOTOPBIX ONPEJeNsieT ero MeXaHUn4eCKUe
XapaKTepUCTUKH, B 3TOM CIy4yae CJIEIyeT YYHTHI-
BaTh, YTO IJIACTHHYATHIA rpadUT SBJISETCS HCTOYHH-
KOM BO3HHMKHOBEHHS KOHIICHTPATOPOB HANPSKCHUIMA
Ha rpaHuIax ¢ 3epHaMu nepiura u geppura [1, 32].
BBuny Toro, 4ro rpadut B cpaBHEHHUH C IEPITUTOM H
(dbeppuToM 00MamACT 3HAYUTEIHHO 0OJICe HU3KUMU
MEXaHUYECKUMH XapaKTEPUCTUKAMU, TO B ONpe/e-
JICHHBIX CIy4asX €ro peKOMEHIyeTCsS CUHUTATh ITy-
CTOTaMH WX TPEIUHAMH B METAJUIMYECKOW OCHOBE
[1, 32]. Pe3ynbraTel KOMIBIOTEPHOTO aHAIH3a
HaIpPsHKEHHOTO COCTOSHUS UCCIIEyEMOT0 PETIPE3EH-
TaTUBHOTO OOBeMa ceporo uyryHa mapku CY-20,
npeAcTaBiIeHHbIE Ha PUCYHKE 5 U B Ta0uuue 2, mos-
TBEPKIIAIOT TAaHHBIC yTBEPKIeHUs. Bo Bcex cimyyasx
KOHIIEHTPATOPbl HANpPSKEHUH, KOTOpbIE B TOW WU
WHOM CTENeH! MOTYT OBITh IPUIHHON 00pa30oBaHUS
TPEIWH, BBISABICHBI Ha TPaHUIAX C TPaPUTOBBIMH
BKJTIOUEHUSIMHL.

Ha cnenyromem srtamne ucciegoBaHUNA TPOBeE-
JIcHa TIpoIleTypa BepUPHUKAINH TPEIaraeMbIX TEO-
PETUYECKUX pEeIICHH, IPEATIOaraoiias CpaBHEeHHE
pacdeTHBIX 3HaUYEHUI raMMa-TIPOIIEHTHOTO pecypca
C BEJIMYMHOW, YCTAHOBJICHHOW HOPMATHBHO-TEXHU-
YECKOM JOKYMEHTalMeHd UCCIeayeMoi IeKoBOU
TPOOHITKH.

CoriracHO TpeOOBaHMAM PYKOBOJICTBA IO DKC-
ryataruu Apoounku CMJI-110, cpeaHuii peMoHT,
B paMKax KOTOPOTO MPOU3BOAMTCS 3aMEHa pacrlop-
HOW TUIMTHI U CyXapel MexaHu3Ma peryJMpOBaHUS
pasrpy304HOM LIENH, OCylIecTBIsAETCS Kaxabpie 2400
gacoB. Takum o6pazom, s obecrieueHus decrepe-
OOMHON U CTaOMILHOW PabOTHI MPOOHIIKH, B CIIydae
OTCYTCTBHS B Kamepe APOOJICHHUsI HEAPOOUMBIX Ma-
TEPUANIOB, PECYpC PACTIOPHOHN IUIUTHI B paccMaTpH-
BaE€MbIX YCIOBHUSX JKCIUTyaTallid MTOJDKEH IPEBHI-
IaTh YCTAHOBJIICHHOE 3HAUYEHNE MEPHUOTUIHOCTH Te-
KYIIHX PEMOHTOB.

Ha ocHoBe pe3ynbTaToB MOJETUPOBAHUS
HaIpPSDKEHHOTO COCTOSIHHS HCCIIEAYEeMOTO perepe-

3€HTATUBHOT'O 00BEMa C HCIIOJIh30BAHUEM Ipe]|Iara-
emoit merommku (3) — (9), a TaKkKe SKCIEPUMEH-
TaJdbHO TIOJIYYCHHBIX 3HAYCHUA MUKPOTBEPIOCTH

H Vﬁ u Momyns ympyroctu £, cTpykTypHBIX co-

CTaBIIIOMUX ceporo uyryHa mapku CU-20 mpu uH-
cTpyMeHTanbHOM wuHAeHTUpoBanuu mno ['OCT P
8.748-2011 paccunTaHbl BETMYMHBI MOKa3aTenel
JIOJITOBEYHOCTH PACIOPHOM IUIUTHI IIEKOBOU JpO-
ounku CM/-110 ans 3amaHHBIX YCIOBHHA KCILTya-
TallMK: CpeJHHUN pecypc (pecypc C BEpOSTHOCTBIO
6e3oTkazHoi padoTel 50 %) coctaBmi 3314 yacoB u
JIEBSTHOCTOTPOIEHTHRIN pecypc 2830 wacos. Koad-
¢unuenT Bapuanuu He npesbimaet 11 %.
WcxoqHpIMI JaHHBIMH, B KQ4E€CTBE CITy9alHBIX
BEJIMYMNH HMMEIOIINX PACCEesTHUe, MPUHSATHI MHUKPO-

tBepaocts H Vﬁ u Moztysb ynpyroctu E | 3maue-

HUS KOTOPBIX OTIPENEIICHBI B X0/I€ SKCIIEPIMEHTAb-
HBIX UCCJICIOBAHUNA W TIPEICTaBIICHBI B Ta0IHIIC 1.

AHaNUTUYECKU MTOTyYeHHBIE 3HAUCHUSI pecypca
MPEBBIIIAIOT yYCTAHOBJICHHBI HOPMATHBHO-TCXHH-
YeCKOM JOKYMEHTAllMEH, 4YTO B CBOIO OYEPE/]b CBU-
JIETEIILCTBYET O pPabOTOCIIOCOOHOCTH PACIIOPHOM
TUTMTHl U TIOATBEPKIACTCS TPAKTUKON SKCILTyaTa-
ITUH.

ITockonpky mekoBas npobuinka CM/I-110, co-
r1acHo [16], OTHOCUTCS K TEXHOJOTHYECKOMY 000-
PYIOBAaHMIO TIEPBOTO KJIacca HANEKHOCTH, IMOJa-
raeM, 49TO BEJIMYMHA MEXPEMOHTHOTO IepHOJa,
YCTaHOBJICHHOTO PYKOBOJICTBOM TIO 3KCILTyaTaIluH,
COOTBETCTBYET JICBSIHOCTOITPOILIEHTHOMY pecypcy. B
3TOM ciyd4ae, OomrOKa MPOrHO3UPOBAHHUS HE TIPEBHI-
maet 18 %.

Y4uuThIBas MOJYYCHHBIC PE3YJIBTAThI, MOMXKHO
3aKJIIOYNTH, YTO TIpeAsiaraeMasi METOJHMKA OIICHKH
ramMma-IporeHTHOTO pecypca JeTaieil MeTauTypru-
YECKOT0 000pPYHIOBaHUS, U3TOTOBICHHBIX U3 CEPOTO
YyryHa, HA OCHOBE MHUKPOCTPYKTYPHOT'O MOJACIUPO-
BaHUS HANPSHKEHHOTO COCTOSHUS 00JafjaeT AocTa-
TOYHBIM YPOBHEM JIOCTOBEPHOCTH.

BriBojbI.

1. Pa3paboTtana MeTOAMKa OIIEHKH TaMMa-IIpo-
HEHTHOTO pecypca JAeTajeil MeTaTyprudecKoro
00opyoBaHUS, U3TOTOBICHHBIX U3 CEPOT0 YyTyHa,
Ha OCHOBE MHKPOCTPYKTYPHOTO MOJIEITHPOBAHUS
HanpsHKEHHOTO cocTossHus. OHa TpernoiIaraeT coB-
MECTHOE HCIIOJIb30BaHNE M3BECTHBIX 3aBHCUMOCTEH
JUTSL OIICHKU CPEIHEr0 pecypca JeTaneii MexaHude-
CKOTO 000pYZOBaHUS M0 KPUTEPUIO KMHETHYIECKOU
MPOYHOCTH, METOJIa JIMHEAPU3AINY CITYYalHbIX ap-
TYMEHTOB, ITO3BOJISIOIIETO OIICHUTh JTUCTICPCHUIO UC-
ciemyeMoit (GYHKIIUH U HHCTPYMEHTOB MUKPOCTPYK-
TYypHOTO MOJISITMPOBAHNS HAIIPSHKEHHOTO COCTOSTHUS
Matepuana. K oTimauTenbHpIM 0COOCHHOCTSIM TPEI-
JaraeMoil METOAWKH, OTPEACTSIONINM 3HAYHMEbIe
Hay4YHBIE PE3YyJIbTATHI, CIEAYEeT OTHECTHU: MaTeMaTH-
YECKHE 3aBUCHMOCTH, ITO3BOJISIOIIAE PACCUUTATh
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JUCTIEPCUH TTapaMEeTPOB HEOOXOIUMBIX ISl OICHKH
PECYPCHBIX XapaKTEPUCTUK UCCIEyeMOTO OOBEKTa;
BO3MOXHOCTh Y4€Ta aHU30TPOIUH PEabHOM CTPYK-
TYpPBI CEPBIX YYT'YHOB MPU BBHINOJTHEHUH NPOLEAYPHI
BBIUMCJICHUA TIOKa3aTeJell JO0ITrOBEYHOCTH Harpy-
KEHHBIX JIeTallell MEeTaJUIyprudeckoro o0opyaoBa-
HUSL

2. TIpoBeneHa mporeaypa BepuQUKaiys npe-
JlaraeéMo¥ METOIHMKH ITyTeM CPaBHEHHS pacueTHBIX
3HAUYCHUN raMMa-TPOIEHTHOIO pecypca C BEIUYHU-
HOM yCTaHOBJIEHHON HOPMAaTHUBHON JOKYMEHTaIeH
HCCIIETyeMOro TeXHHYecKoro oObrekTa. B kauectse
00BEKTa HCCIEOBAaHMI pPAcCCMOTPEHA pPAaCIIOpHAs
uTa mekoBoi npoowmntku CM/I-110, uzrorasivBa-
eMas u3 ceporo ayryna mapku CU-20. Omuoka mpo-
THO3MPOBAHUA JIEBIHOCTOIPOIICHTHOTO pecypca He
npessiaet 18 %.

3. IlpencraBiieHHBIE B HACTOSIIECH CTaThe pe-
[IeHUS. MOTYT OBITh MCTIOJIB30BAHBI HAa CTAMIX TPO-
EKTHPOBAHUSI U SKCIUTyaTalluu AeTajiedl MeTaluTyp-
TUYECKOTO 000pYHOBaHUs, U3TOTOBJICHHBIX W3 Ce-
PBIX YYTYHOB, JUUISl BBITTOJTHEHUS TIPOIIE Iy PhI TIPEANK-
TUBHOW BEPOSTHOCTHOM OILICHKM TOKaszaTeled ux
JIONTOBEYHOCTH, & TaKXkKe TMpH (OPMHUPOBAHUH
CTPYKTYPHI IEPUOTUIHOCTH PEMOHTOB.
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FAILURE PREDICTION OF METALLURGICAL EQUIPMENT PARTS BY STRENGTH
CRITERIA, MADE OF GREY CAST IRON, ON THE BASIS OF MICROSTRUCTURAL
MODELLING OF STRESS STATE

Abstract. The article proposes a methodology for estimating the gamma-percent life of metallurgical
equipment parts made of grey cast iron on the basis of micro structural modelling of its stress state, which is
formulated using known relationships for estimating the average life of mechanical equipment parts by the
criterion of kinetic strength, the linearisation method of random arguments allowing to estimate the variance
of the function under study and tools of micro structural modelling of the stress state of the material. It allows
at the stages of design and operation to take into account the all-round influence of loading conditions of the
investigated technical object, its operating temperature, physical and mechanical characteristics of structural
components of grey cast iron on gamma-percent resource. Its main distinctive features are mathematical de-
pendences allowing estimating the value of dispersion of parameters necessary for calculation of resource
characteristics, as well as the possibility of taking into account the anisotropy of the real structure of grey cast
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iron. In addition, the procedure of verification of the proposed methodology by comparing theoretically ob-
tained values of gamma-percent resource with the value established in the normative and technical documen-
tation is carried out. The spacer plate of SMD-110 jaw crusher, made of grey cast iron of GI-20 grade, is
considered as an object of research physical and mechanical characteristics of its structural components, such
as modulus of elasticity and Vickers micro hardness were experimentally evaluated using the method of in-
strumental indentation. The prediction error does not exceed 18%, which in turn confirms a sufficient level of
reliability of the theoretical solutions proposed in this article, which can be used in the design of metallurgical
equipment parts made of grey cast iron, as well as in the formation of the periodicity structure of its repairs.
Keywords: gamma-percentage resource, durability, metallurgical equipment, stress state, microstruc-

tural modeling, gray cast iron.
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