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wormhole size so that the maximum size corresponded to the minimum strength.
The main crack is opened from the top side of the sample just above the defect
and after that sample loses its resistance to fracture by a factor of 2.

Samples which had only a chain of voids as a defect show similar type of
facture yet their strength was higher as compared to those with wormholes.

Those samples which contained only the remnant joint line had different
type of fracturing i.e, crack has been developing along this line from the root
side of the joint thus forming rather smooth fracture surface. The lowest strength
was found for a sample with well-developed remnant joint line decorated by
aluminum oxide particles intermixed. The highest strength has been shown by
the sample where this remnant joint line was less pronounced and almost clear
of the oxides.

So we observed different types of fracture behavior depending on the type
and size of the FSW joint defect. This would allow working out the FSW
standards and determining the allowable size of the both types defects.
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B pabore mpemnaraeTcs 1OAXOA K MOJEIHMPOBAHHMIO IMPOLIECCOB
pa3pylicHUsT TOHKOCTCHHBIX KOHCTPYKIIMM W3 XPYINKUX MaTepUaioB, B
YaCTHOCTH, CTEKJIA, IIPH COYJAPCHHH C YacCTUIIAMH CO CKOPOCTSIMHU IO 3 KMm/cC,
HalpuMep, TP BO3JACHCTBUM OTHOCHUTEIIBHO MEJICHHBIX MHUKPOMETCOPUTOB Ha
COJIHCYHBIC DJICMEHTBHI KOCMHYCCKHX almaparoB. IIpm Takux CKOPOCTSX
COYJIApCHHS IKCIICPHUMCHTAILHO HAOJOJACTCS aKTUBHOC TPCIIMHOOOPA30BAHKE
u (hparMeHTaIMsA MaTepHalia B 30He yaapa ¢ o0pa3oBaHUEM KpaTepa CO CTOPOHBI
yZapa 1 BOPOHKOOOPa3HOM 30HBI OTKOJIA C ThUTbHON TOBEPXHOCTH.

[IprMcHEHHE CETOYHBIX MCTOJIOB IIPH PCHICHUHU 3aad (pparMeHTAllud U
pa3pyliCHUS XPYIKHX MATCPHAIOB COIPSHKCHO C  PSAJIOM  TPYAHOCTCH,
BBI3BAHHBIX OOJIBIINMH MCKaXKCHUSAMU pacdeTHON ceTku. C 3THX IIO3HULHMI OUYCHb
NEPCIEKTUBHBIM BBIMJISAAUT NMPUMEHEHHE OCCCEeTOYHBIX METOJ0B, TaKMX KakK
MeTon rmiaakux vactuil. K HegoctaTkaM MeToaa TJIaJKHX YacTHI[ MOXKHO
OTHECTH CIIO)KHOCTh peaju3alldd TPaHWYHBIX  YCJIOBHH, OCOOCHHO B
MHOTOMEPHBIX 3aJadax. BTOphIM HEAOCTATKOM MHOTHX BapHaHTOB METOAA
IJIaJKUX YacTHUIl SBISICTCS HHU3Kas TOYHOCTH ammpokcumariuu. OpHako, €ro
0C3yCIIOBHBIM JIOCTOMHCTBOM SIBJISICTCSI IIPOCTOTA peajM3allid U BO3MOKHOCTD
MOJICIINPOBAHUS OOJBIINX JcHopMaIiil U pa3pyHICHUS.

B pabote npeanaraercst BapuaHT MeTOAa IMIaJKUX YaCTHI], OCHOBAaHHBIN Ha
c1aboi  BapHAIMOHHON TMOCTAaHOBKE JMHAMUYECKOM 3aJa4dl MEXaHUKH
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CIUIOIIHBIX CpEld, [OIMOJHCHHBIA aJrOpUTMOM BOCCTAaHOBJICHUSA Y3JIOBOM
COTJIACOBAHHOCTH 15§ obecricueHus rapaHTUPOBAaHHOMN TOYHOCTH
aTpOKCUMAITUH.

[Tepexoxq K BapWAIMOHHOW TIOCTAHOBKE 3aJa4yM IO3BOJUI  yOpaTth
TPYOHOCTH, CBA3aHHBIE C  pealu3alMeld  TPaHWYHBIX  YCIOBUM U
HEOOXOJIMMOCThIO  BBIYMCIICHUS]  MPOCTPAHCTBEHHBIX  MPOW3BOJHBIX  OT
HaIpsHKeHUH Ha CBOOOTHBIX TMTOBEPXHOCTSAX U TPAHUIAX KOHTAKTA.

[IpoBepka TOYHOCTM METOJA OCYIICCTBISLIACH HA PEIICHUU TECTOBBIX
3a71ad U 1O BBHITIOJTHCHUIO 3aKOHOB COXpPAaHCHMS M TOKas3ala €ro BBICOKYIO
TOYHOCTb.

[Ipennaraemelii MeTO T OBLT MCITOIB30BAH JIIS pacuera yjaapa U NpoOuTHs
TOHKHUX CTEKJISIHHBIX IUJIACTUH MEJKUMU METEOPUTHBIMU YacTuilaMu. [loBenenue
CTEKJIa OINHKCHIBAJIOCH ABYMSA MOJCISIMU: MOJCIBIO HICAIBHOTO XPYIKOIO
Marepruaiga u mopciabio XoJMKBHCTAa- JlkoHcoHa-II. Mcmonp3oBanue mojenn
Jxxoncona-Xonmksucra-II  00yciioBiicHO TeM, 4YTO B paccMarpUBacMOM
IIPOLIECCE ITPOUCXOAUT HE TOJIBKO OTKOJIBHOE Pa3pyILICHUE XPYIIKOIO Marepuia
MpPU BBIXOJIE YJAPHBIX BOJIH HA MOBEPXHOCTb, HO WU PA3pPyUIEHHE CIHKATOTO
Marepuaia Ha (pPOHTE yJAapHOW BONHBI, NpU TOM dPdEKTh (parMeHTaIuu
BBIpaXKCHBI KpaliHe ¢J1a00, XOTS UMCIOT MECTO OOJIBINIHE JIchOpMaITnu.

B pabote mnpuBOAATCS pe3yNbTaThl YHUCICHHBIX pPACUCTOB, CpaBHCHUC
MCIIOJIB30BaHHBIX MOJCJICH M UX OTIUYMS, a TaKKE CpaBHCHUE C HEKOTOPBHIMH
pe3ylibTaTaMu APYTruxX aBTOPOB.

Pabora BeimoHeHa rpu ¢duHaHcoBoi noaaepxkke PODU, rpant Ne 13-08-00092.

INPUMEHEHUE BEMBJIET-AHAJIN3A J1JI5SI PACUETA

JTE®OPMAIIMI B UEPAPXNMYECKHUX CTPYKTYPAX

C HECKOJIbBKUMHN MACIITABHBIMH YPOBHSIMH
UYepenanos P.O.", Kpexrynesa P.A.% Uepenanos O.1.

' Hayuonansnwiii uccredosamenscuti Tomexuii 2ocyoapcmeerHublll yHugepcumem, Poccus,
Hayuonansnwiii ucciedosamenscxuii Tomckuti nonumexnuseckuti yrusepcumem, Poccus,
3STomckuti 20cydapemeeninbiii yHugepcumen cucmem ynpasieHus u paouosnekmponuxu, Poccus
rcherepanov82(@gmail.com, rakrekt@mail.ru, oi_cherepanov@mail.ru

MHOroypoBHEBBIN  1I0JX0J] PACCMATPUBACT PAa3BUTHUE IUIACTUYECKOU
nedopmalii BO BCEHl MEpapXuu YPOBHEH: HaHO-, MHUKpPO-, ME€30- U MaKpo.
XapakTepHble pa3Mepbl 0OBEKTOB IPH 3TOM MOTYT M3MEHSATHCS Ha HECKOJBKO
MOPAJIKOB, YTO MOXKET BbI3BaTh CYIIECTBEHHbIE TPYJAHOCTH MPU MNPIMOM
YUCJICHHOM MOJEIUPOBAHUNA MHOTOYPOBHEBBIX UEPAPXUUYECKUX CTPYKTYP.

B nanHoii paboTe npemiaracTcsl BHIYUCIUTEIbHBIN TOAXO0, TTO3BOJISIONTUI
B SIBHOM BHJIE Y4YECTh HECKOJIBKO CTPYKTYPHBIX YPOBHEH, XapakTCpHbIC
pa3sMepbl KOTOPBIX MOI'YT OTJIMYAThCSl HA HECKOJIBKO IIOPSIKOB.

OcHoBOIl  MeTOna  SIBIAKOTCS  BapHAIMOHHOE  YpPaBHEHHE  TEOPUH
MJIACTUYHOCTH, KOTOPOE UMEKOT BU:
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