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CkaukoB Biktop OuexkciiioBuy, mpodecop, TOKTOp TEXHIIHUX HAYK

IBanoB Bikrop Liutiy, crapmmit HaykoBHi CIIiBpOOITHHK

MMoxyeB Anapiii Bomogumuposuy, 3aB. kadenporo, Kauauaar GisuKo-MaTeMaTHYHUX HayK
PymsinueB Biaguciaas PocTuciaBoBHY, IOIEHT, KAaHAUIAT TEXHIYHUX HAYK

[0 OUIHKM HALIMHOCTI KOHCTPYKUIA 3 KOMMNO3MUTIB NI YAC MAJTOLMKNOBOIO
BAHTAXEHHA

Inoicenepnuii incmumym 3anopizpeko2o HaYioHAILHO20 YHIGEpCUMeny

Po3pobneHo meToauky obumcneHb HagiHOCTi KOHCTPYKLIN 3 KOMMO3MTIB, sIka OLHIOE NePEBULLEHHS Npunyc-
TMMOrO PiBHS MOMS CTPYKTYPHUX MOLUKOMAXEHb, L0 3YMOBMEHO PO3MOAINOM MIKPOCTPYKTYPHUX HanpyXeHb.
MikpOCTPYKTYPHI Hanpy>KeHHs BU3Ha4aloTb i3 BUPILLEHHA MOB’A3aHOI CTaTUCTUYHOI 3agadi gedopmadii Ta

PYNHYBaHHS MiKPOHEO4HOPIAHWX CEPEOOBULL.

KritoyoBi cnoBa: KOMNO3UTW, MIKPOCTPYKTYPHI HanpyXeHHs, MiKpOCTPYKTYpHI Aedopmadii, posnoain sunag-

KOBUX HanpyXeHb, HagilHICTb KOHCTPYKLIN

Bcmyn. BuUrotoBneHHs BiANOBITAIEHUX BUCO-
KOHABaHTOKEHUX KOHCTPYKIIN 3 KOMITO3UTIB, pyH-
HYBaHHS SIKHX MPU3BOJAUTH 10 KaTacTpoiuHUX Ha-
CNIJIKIB, TIPUITYCKA€ PO3POOKY METOMIB OI[IHKH iX
HaAIHHOCTI.

Bimomi MeToau OLIHKM HamidHOCTI KOHCT-
PYKLIH 3aCHOBaHO Ha TOJOXKEHHSIX Teopii WMOBIp-
HOCTi Ta BHUIIaJKOBUX TporeciB [1], ame He Bpaxo-
BYIOTb CTPYKTYpy M MeXaHi4Hy MOBEIiHKY Mare-
piany mijg 4ac ekcrutyaTanii KOHCTPYKIIii.

Y po6oTi [2] omiHKy HamIMHOCTI KOHCTPYKILii
MPONOHYIOTh BUKOHYBATH 3 YPaXyBaHHSAM CTPYKTY-
PHHX HampyXeHb, Ky pealli3yloTh Y BUTJISAl BUMA-
JTKOBUX TIONIB. Y MBOMY MiAXOII HE BPaxXxOBYIOTh
CTPYKTYpHI 3MiHIOBaHHS, 10 HAKOMHYYIOTHCS ITiJ|
Yyac (QYHKIIOHYBaHHSI KOHCTPYKIIiH.

Ilocmanoexa 3a60anns. MeToro poboTH € PO3-
poOka MeTONy OILIHKH HAJIHHOCTI KOHCTPYKIIH 3
KOMIIO3UTIB, B OCHOBY SIKOT'O 3aKJaJalOTh IPOLEC
MOSIBU Ta PO3BUTKY MIKPOCTPYKTYPHHX 3MiHIOBaHb.

Pospobra memoduxu obuucnenv. SIk xapakrte-
PUCTHKY HaJIIHHOCTI KOHCTPYKIIH BHKOPHUCTOBYBa-
JI1 WMOBIpHICTh 0€3BiqMOBHOT poboTu. OmHUM 3
YTOYHEHHX MiAXOMiB 1i OIIHKK € CTPYKTYpHO-
MEXaHI4YHUH, 10 BPaxoBye 3MiHIOBaHHS CTPYKTYp-
HUX TapaMeTpiB MaTepialy 3a YMOB TPHBAJIHX CTa-
TUYHUX 200 IUKITIYHUX BaHTAXKEHb.

PyiinyBaHHS MaTepiany 3a BUIIE3ralaHNX YMOB
BUKOHYETHCSI 0ararocTalifHO, OJHOYACHO KOXKHA
CTaJisl BiIOYBAETHCS HA MaclITaOHOMY PiBHi, MOpi-
BHSHHOMY 3 €J€MEHTaMU MiKpOCTPYKTYpH, LIO CY-
MPOBOKYETHCSI 3MIHIOBAaHHAM CTPYKTYPHHUX elie-
MEHTIB, SIK Ha MIKPOCKOITIYHOMY, TaK i MaKpOCKOITi-
YHOMY PIBHSX.

Jo cTpyKTypHUX TEpeTBOpEHb HAJIEKUTh Ha-
KOIIMYEHHST MiKPOTIOIIKO/KEHb, SIKI PEai3ylOThCs B
OKpEMHX eJIeMEeHTax Marepiany (3epHax, apMyr4nx
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1 3B’sBylounx eneMeHTax). [losiBa Mikpomomiko-
JOKEHb XapaKTepU3YETbCS IEPEBHUILCHHSAM BHIAJ-
KOBOTO TIOJISI MIKpOHAIPYKEHb, IO CIIOCTEPIraloTh
B €JEMEHTax MIKPOCTPYKTYpH, TPaHUYHO-AOIYC-
TAMIA TIOBEPXHI, SKa BU3HAYAETHCS KPUTEPISIMH
pyVHYBaHHSL.

Jnst o6uucneHb MOMiB MiKpOHANpyXeHb BHPi-
IIyIOTh TIOB’s13aHy 3amady aedopmarii Ta pynHy-
BaHHsI HEOAHOPIAHUX TiJl 32 YMOB LUKITIYHOTO BaH-
TaxkeHHus [3,4]:
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ne P"(£,S) — HMOBIpHICTH pyHHYBAHHS €IIEMEHTIB
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MakpockoniuHe pyiHyBaHHS KOHCTPYKIIi Ha-
CTa€ i Yac MOPYIICHHS MUTICHOCTI MaKpOCKOIid-
Horo enementy d'V . PyiinyBanus d'V 3a ymoB
[UKJIIYHOTO BaHTA)XEHHS OINHCYIOTh BHUIIAIKOBOIO
byHKITIEI0 n r,N

MoMmeHTHY (DYHKIIIO TIEPIIOro MOPSAKY BU3HAYAIOTh 3 BAKOPUCTAHHSIM 3aJIS)KHOCTI
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Sk mokasaHo y po0oTi [5], mig yac He3aleKHO-
ro pyiiHyBaHHS €JeMEHTIB d'"V HaKONWUYCHHS Mak-
popyliHyBaHb Bif0OyBa€ThCs 3riHO 13 3akoHOM [ly-
accoHa. VIMOBIpHICTh pyHHYBaHHS KOHCTPYKIIii
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ne C, — CTymiHb NOIIKO/KEHHS OHCTPKIIi1, IKY 00-
YUCIIIOIOTh 3 BUKOPUCTAHHAM METOIUKH, IO I10ja-

HO y poboTax [8,9].
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Pucynok 1 — Pe3ynbratu 004KcieHb TOHKOCTIHHOT 000JIOHKH HUJIHAPUYHOT (OpPMHU
13 crami CII-53
a) KpHBa 3MIHIOBaHHSI MIKPOCTPYKTYPHHUX HAIPY)KEHb:
1- <§11> ; 2- <é11>_3(H1111)0Y5 ; 3- <§11>+3(Hlll1 o8
0) KpHBi HAKONIMYCHHS CePEeIHIX 3HAYCHb MIKPOCTPYKTYPHHUX MOIIKOKECHb
B) KpWBa 3HIDKCHHSI HAAIHHOCTI 0OOJIOHKH 3aJIEKHO BiJ KITPKOCTI IIUKITIB BAaHTaXKCHHS

Anpobayin memoduxu. 3apONOHOBAHUM TMij-
XiJ BUMPOOOBYBaNIM TiA 4Yac OOYHUCIIEHb CTaJeBOi
TOHKOCTIHHOI muIiHApu4HOi 00ononku (ctams CII-
53), sika 3HaXOJUTHCSA 32 YMOB Jii MYyJIbCYIOHOTO
BHYTpilHboro TUcKy [10]. Jlns wiei 0o6og0HKH BU-
3HAYaAJIM 3aJICKHOCTI BHUIAIKOBD[ MIKpOCKOIMYHHX
HampyXeHpb (puc. 1.a) i MOMeHTHUX (YHKIH po3-
MOJIIJTy MIKPOIIOIIKO/PKEHb Bijl KUJIBKOCTI IIMKJIIB
BaHTA)XCHHS, OOYHCITIOBAIN CepeHI 3HAUYEHHS MiK-
POTIOMIKO/KEHD Ta 1X JUCIIEPCii 3aJIeKHO BiJ| Kilb-
KOCTI IIUKJIIB BaHTaXCHHs, a TaKOX BUKOHYBAJIH
OIIIHKY HMMOBIPHOCTI 0€3BIAMOBHOI pPoOOTH i€l
KOHCTPYKIIi.

BceranorieHo, 1o HMOBIPHICTH O€3BiAMOBHOL
pPOOOTH KOHCTPYKIIIH 3HAYHO 3HIKYETHCS Ha TEp-

IIMX IUKJIaX BaHTQKEHHS Ta IiJ Yac HACTYIHOIO
BaHTa)XCHHS 3MEHIIYETHCS 3HAYHO TOBUIBHIIIE, IO
3YMOBIIOETBCSl SIBUIIEM IPUCTOCOBHOCTI, TOJIOB-
HOIO MPUYHHOIO SKOTO € CTPYKTYPHE BIIOPSIKOBY-
BaHHSI.

Bucnosxu. HaBeneHuii miaxia mo3Bossie Bpaxo-
BYBaTH CTPYKTYpPHI TapaMeTpd Marepially KOH-
CTPYKIIiH, 110 MPAIOIOTh MiJ Yac HUKIIYHOTO BaH-
TaXEHHsI Ta, OTXKE, OJIep)KaTH TOYHINTY OIIHKY Ha-
niitHocTi. Moro 3actocyBaHHsS Moxke GYTH KOpHC-
HUM IiJi 4Yac OI[IHKA HaIIHHOCTI KOHCTPYKIIHA 3
KOMITIO3HUTIB 3 OOOB’SI3KOBUM BHKOPHCTaHHSIM Yy3a-
raJlbHEeHb, [0 3aIPOMIOHOBAHO y poOoTi [8].
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TO DEFINITION OF CONSTRUCTIONS RELIABILITY FROM COMPOSITES AT LOW-CYCLE
LOADING

The method of calculation for reliability of unique constructions from composites, which is estimated by ex-
ceeding of the limited level of structural damages field, conditioned by distributing microstructure tensions, is
developed. Microstructure tensions are determined from the decision of the connected statistical task for de-
formation and destruction of microunhomogeneous environments. As description of reliability of construc-
tions was used probability of faultless work. One of the specified a preaches of her estimation structural-
mechanical that takes into account change of structural parameters of material on conditions of the pro-
tracted static or cyclic loading. Destruction of material at the above-mentioned terms is executed high-
volume, simultaneously every stage takes place at scale level, comparable with the elements of microstruc-
ture which is accompanied by treason of structural elements, both on microscopic and macroscopic levels.
For the calculations of the fields of microstresss decide the constrained task of deformation and destruction
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of heterogeneous bodies on conditions of the cyclic loading At a cyclic ladening process of accumulation of
damages condition influence of historical data destruction. Offered approach it was tested during the
calculations of the steel thin-walled cylindrical shell (steel of CI1- 53) which is on conditions of action of
pulsating intrinsic pressure. Dependences of stochastic determined for this shell microscopic tensions and
moment functions of distribution of microaccidentfroms the amount of cycles of loading, calculated the mean
values of microaccidentfroms and their dispersion depending on the quantity of cycles of loading, and also
executed the estimation of probability of faultless work of this construction. It is set that probability of faultless
work of constructions considerably goes down on the first cycles of loading and during the next loading
diminishes considerably slower, that is predetermined by the phenomenon of adaptability, main reason of
which is structural arrangement. Application of the worked out approach can profit at the estimation of relia-
bility of constructions from composites with the obligatory use of generalizations, offered before.

Key words: composite materials, microstructure tensions, microstructure deformations, distributing of casual
tensions, reliability of constructions
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