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| OT3bIB
oduumansHoro onnonenta Gomuna B.M. na AUCCEpPTaUMOHHYI0 padory Pajuenko I1.A.
Ha Temy «Cos/ianne YMCITeHHBIX MOJCNEH 1 HCC/IeI0BAHIE [IOBEJIEHHS] KOMITO3UTHBIX U
METAIHIECKUX MATCPHUANIOB M KOHCTPYKUMH U3 HUX TIPM YAaPHO-BOJIHOBBIX Harpys3Kax»

AKTYalIbHOCTh TeMbI AHCCEPTALUH

OTOT pasjieln AuCcCcepTaLUK, HA MO B3IJISIA, OAMH U3 CaMBIX TPYAHBIX B HAITUCAHUHM, TAK
KaK Heo0XoauMO BBIOPAThL CBOE MECTO B JAHHOM npobneme. Hccnenosanue 3amaum
B3aUMOJICHCTBHS yapHUKa ¢ IIPerpajioi mpu PasIMYHBIX CKOPOCTSX yAapa B HacTosIee
BpEMS HACUMTHIBAeT GOJNee BeKa, W Jarb KauyecTBEHHBI 0030p nUTEpaTypHl B 3TON
00J1aCTH UCCIIeIOBAHUS OYEHD TPYHO, 8 U, MOYKET ObITh, He Hy®)HO. DU3KKa OBENEHHS
MHOTHX M30TPOITHLIX MaTe€pUaiOB IIPH ylape HCCiefoBaHa J0CTATOUHO XOpOIOo, TaK Kak
UX PE3YJIBTaThl yKE AKTHBHO MCIOJL3YIOTCS NPAKTHKAMH TNPH CO3NAHHH Pa3IuYHOM
OpoHesamuTEl. DTO OTHOCHTCS M K CO3MAHMIO YUCICHHBIX AJICOPUTTMOB, KOTOpBIE
HCNIOJIB3YIOTCA Ha COBpeMeHHbIX JBM npu peruenuu s1oit npobnemsl. 3a nociensue 50
fIeT 3A€Ch yXKe OTH AITOPUTMBI YCTOSUIMCH M BHECTH YTO-TO MPHHIMUIMATLHO HOBOE
3aTpynuuTensHo. llostoMy nuccepraHT BBIGpan TpaBHILHBIMN nyTe. M3 Gonplioro
KOJIMHECTBA 3a1ad OH OCTAHOBHIICA Ha HCCIAEAOBAHUU TIOBENEHUS aHU30TPOITHBIX
MATCpUaIOB M KOHCTPYKUMH NP OONBLIMX AMHAMHYECKHX HArpyskax. B kadecTse
AHW30TPONHBIX MaTepHaNoB ObLIM B3AThl OETOHHBIE Mperpajbl, KOTOpble TpHU ynape
MOIIH paspyLIaThesi NPH B3aUMOJEHUCTBUH CHIIBHBIX YJAPHBIX BOJH W BOJIH pPasrpysKu,
CO3MaBas IpH 5TOM HOBYIO paspyIIeHHYIO Cpely, KOTopas B obILieM ciyuae BiHsSeT Ha
BeCk Tporece ynapa. BetOpannas 3ajaua mist MCCIEOBAHHS OCHOBAHA Ha ee GOJBIIOM
PaKTHYCCKOM NMPUMEHEHHMH, U €€ PCIIEHHE HOCUT aKTyalbHBIH XapakTep.

Crpykrypa n conepmxanue pa6orsi

Ha o13pB npencrabnena mucceprauvonnast paGota, cocTosias us BBEJICHUS, TISATH
PA3ACNOB, 3AKMOICHNS U CIUCKa JaTepaTypbl. OOLMi 00beM IHCCEpTALUN COCTABIIET
283 crpanuusl, 135 pucynkos, 16 Tabmun. CHucok JUTEpaTyphl BKIOuaeT 283
OubnuorpaduuecKkux HaUMeHOBAHUS.
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Bo BBemenun copMysMpoOBaHbl AKTYalbHOCTb, [EJb paboThl, OCTOBEPHOCTH,
HPaKTHHECKas U TeOPETUHECKas UEHHOCTh, HOBU3HA PAabOTHI, IMYHBIN BKIA COHCKATENS,
anpobarys paboTsl.

B mepBoii riase an kpaTkuii 0630p HCCIeOBAHMI IO TeMATHKE paboTel, MpHUBEAEHEI
OCHOBHBIE [IOHATHS, CBSI3AaHHBIE ¢ AHU30TPOIUEL MaTepHAIOB.

Bo Bropoii riaee onmcana MmatemaTHueckas [10CTAHOBKA, COPMYNIHPOBAHEI
IPCANOMCHHBIC MOZCIH, OMHUCBHIBAIOIINE [OBEJCHUE HCCIEIyeMbIX MAaTepUaloB IpH
JVHAMUYECKUX HArpy3Kax, HavajbHbIE M rpanudHble ycioBus. Onucan asTopckuit
aIrOPUTM MHOFOKOHTAKTHOTO B3aUMOJICHCTBHSI M DPO3HOHHOTO paspyiuenus. [Iposeaensl
TECTOBBIE HCCICIOBAHUSA, MOATBEPKAAIOIINE AJEeKBATHOCTD MPEJIOKEHHBIX MOJeIel u
YHCIEHHBIX aITOPUTMOB.

B Tperbeii rmase uccnenoBaHO MoBeleHHe pa3sHECEHHBIX nperpaj Ipd ypaape,
MPOAHANIM3UPOBAHO BIMAHUE BpaIICHUS © (OPMBl TOJNOBHOH 4YacTH YyAapHHKa Ha
NPOHUKAHUE B Iperpajbl, MPOBEICHO MOMAENMPOBAHME BHEIPEHHE YIAPHUKOB U3
PasiMYHBIX CIUIABOB. lIpoBeneHa KOMIUIEKCHAs OLIGHKA BIMSHHUS KHHEMATHYECKHX M
FEOMETPHYECKUX YCIOBUMH Ha MPOLECC B3aMMOJICHCTBHS METAIMUECKUX YAAPHUKOB C
lIperpafaMu M3 JIETKUX CIUIABOB NIPH HU3KOCKOPOCTHOM yuape. MccienoBaHo Biusmue
BpallCHUs yNapHUKa BOKPYT IPOAOJLHOH OCH Ha IPOLECC €ro BBICOKOCKOPOCTHOIO
B3aUMOJIEMCTBUU C MTPETPAI0H.

UerBepras riaa nocssileHa CpaBHEHMIO MOBE/ICHHS AHU3OTPOIIHBIX MOHONMTHBIX 1
Pa3HECCHHBIX Mperpaj, aHalu3y BIMSHUAS OPUEHTALMM OCel CUMMETPUM HA IMOBECHHEe
[perpajl Ha npejene NpoduTHs, & TaKKe BIMAHMIO YIUIa ATak¥ YAAPHUKA HA [IPOHHKAHHE
B aHW3O0TPOIHBIE NPErpajbl. Y CTAHOBIIEHO, YTO (OPMUPOBAHKE U HAPABJICHHUE PA3BUTHS
30H  paspyLICHMS B IMperpaje ONpee/serTcs OpueHTalued ocell CcUMMeTpuH
dHW30TPOIIHOrO MaTepualia [0 OTHOUICHHIO K HalpaBIeHHIO yjapa. BeisBieHo, 4ro
2P hEKTUBHOCTE KOHCTPYKIHMH M3 PA3HECEHHBIX B IIPOCTPAHCTRE 3J1EMEHTOR BO3pAaCTaeT ¢
YBCJIMUCHUEM CKOPOCTH B3aMMOJICHCTBHSI ¥ ONPENENAETCs HE TONBKO YIPYIUMH H
NPOYHOCTHBIMH CBOHCTBAMH, HO ¥ CKOPOCTSMM PAacIIpOCTPAHEHHUs! BOJIH B AHH30TPOITHOM
MaTepuaie, 3aBUCAIIMMM OT HaMpaBICHUS W ONPENENAIOIMMU JUHAMMKY BOJHOBBIX
MPOLECCOB U pa3pyllICHUS.

B nsTodi rnase npuBOAMTCS HWCClIeNOBaHME IOBEJEHMS OETOHHBIX OATIOK C
METANIMHECKUM U HEMCTAITHYECKHM apMUPOBAHMEM IPH MMILYJIbCHOM HArpY:KeHHH, a
TAKIKE aHallM3 3alUTHBIX CBOMCTB JKeNe300eTOHHOH O00OJOYKH aTOMHON CTAHIIHH.
[IpenyioxkeHa MOeNb MOBEIEHMs KOMIIO3HTOB Ha OCHOBE GETOHA MU JMHAMUYECKHX
Harpyskax, y4dThIBAIOIIAs WX CleLU(UIECKHe CBOWCTBA: PA3HOMOIYIBHOCTH, OTITHYHE
NPOYHOCTHBIX XapaKTEPUCTHK M IUIACTHYHOCTH KOMIOHEHTOB, 3aBHCHMOCTH MPOYHOCTH
OT  CKOpOCTH  Je(hOpPMHPOBAHHMS. Hccnenorano BIIUSTHUE aHU30TPOITHOM
CTEKJIOTIIACTUKOBOKM apMaTyphl Ha HECYIIYI0 CIOCODHOCTh H3rHOAEMBIX 3JIEMEHTOB
HECYIUX KOHCTPYKIHM.

B 3akiovenun quccepranyu prBOASTCS OCHOBHBIE PE3YJIBTAT U BBIBOIbI.

PesyneraTel, BBIBOABI M MONOXEHWs, BBIHOCHMbIE HA 3aLIMTY, MMEIOT BBICOKYIO
cTeneHb O00OCHOBAHHOCTH, KOTOpPAs IOATBEPIKIAETCS COBPEMEHHBIMH METONAMH M
MOAXO/aMH, ~ CPaBHEHMEM W CONOCTABJIEHMEM  IIONYYEHHBIX  pe3yJbTaToB ¢
JUTEPATYPHBIMHA  JIAHHBIMM ¥ OKCIEPUMEHTANBHBIMU  pe3yJNbTaTaMH, a TaKxke



HCTOJIE30BAHMEM M3BECTHBIX TEOPETHUYECKHX MPEJCTABICHHUN, TONOKEHHBIX B OCHOBY

pa3padaTeIBaeMbIX MOJENEH.

HocroBepHocTs  moyueHHBIX PE3YILTATOB  NOATBEPKAACTCS  (PU3MUECKOMN
00OCHOBaHHOCTBIO IPUMEHSIEMBIX Mojieei MaTepualos, KOPPEKTHOCTHIO
MaTEeMaTHYECKOM MOCTAHOBKU 3a/Ja4, CpaBHEHUEeM PE3YIBTATOB C 3KCIIEPUMEHTAILHBIMH
AQHHBIMA M YHCJICHHBIMHM  PE3yNbTaTaMH, MOJIyYeHHBIMH APYT'AMH  aBTOpPaMH,
MCIIOJIL30BAHUEM M3BECTHBIX, aIPOOUPOBAHHBIX YHCIIEHHBIX aJIrOPUTMOB.

Ilony4yennsle B auccepranuoHHOM padore Papuenxo ILA. Hayumnple pe3yJibTaThl
SIBIISIOTCSI HOBBIMM.

Hayunas wu npaxkruyeckas sumaummocts paboTel  o0ycnoBieHa ¢ Tem, uTO
MOJIy4eHHbIE B paboTe pesynnTaThl NAIOT HOBBIE, Gojee riyOOKUe TpesCTaBICHHUS O
CBOHCTBAX MAaTEPUAOB H KOHCTPYKIMH [P AHHAMUUCCKIX Harpyskax:

— B pamKaX (peHOMEHOJOrHYECKOro MoiX0aa MeXaHHKM nehopMUpPYEeMOro TBepaOro

© CO3JAHBI MOJENH W YMCIIeHHAS METO/MKA PELIeHUs] MHOIOKOHTAKTHBIX 3aj1ad,
MCCIICIOBAHKUA CBOMCTB M 3aKOHOMEPHOCTEH IOBEIeHUe IUPOKOTO  KjIacca
MATCpHaNOB M KOHCTPYKUMH IIPM JMHAMHYECKHX HArpy3KaxX B TPeXMepHOit
IIOCTAHOBKE;

—  TPCVIOKEHBl  MOJENIM M  HCCIE/I0BAaHBl  3aKOHOMEPHOCTH YAapHO-BOJIHOBBIX
IPOLECCOB B aHU3OTPOIHBIX KOMITO3UTAX — YCTAHOBIEHO, YTO Gopmuporanne u
HAllpaBIIEHUC pPasBUTHS 30H paspylieHHS ONpENENSIETCA OpHEHTalMel ocel
CUMMETPHH aHHM30TPOIIHOIO MaTepuaia Mo OTHOLIEHUIO K HAIpPaBICHHIO ynapa,
lIPH 3TOM, B OTIMHYHME OT CTATHYECKUX 3a1ad, CYIIECTBEHHYIO POIb B Pa3BUTHH
PaSPYMICHUA UIPACT 3aBUCHUMOCTH OT HAIMPABICHUS CKOPOCTH pacrpocrpaHeHHs
BOJIH CYKATHsl U Pa3rpy3Kku;

—  IpCATOXKeHa MOJIe/Ib  TMOBEIEHHUs KOMIIO3UTOB HA OCHOBE GeTons npu
AUHAMMYCCKMX HArPY3Kax, Y4YMTHIBAIOIAS HX ChoenuduYeckue CBOMCTBA —
Pa3sHOMONYJIBHOCTH NMPOYHOCTHBIX XapaKTEePUCTHK, ILIACTUYHOCTh, 3aBUCHMOCTE
MPOYHOCTH OT CKOPOCTH JIe(hOPMUPOBAHHUS;

—  TPOBEACHA KOMILICKCHAsS OLIEHKA BIMSHUS KHHEMATHYECKMX M I€OMETpPHUIECKHX
YCTIOBHI Ha NMPOLECC B3aUMOJEHCTBHS METAIHUCCKUX YAAPHHUKOB C IperpagaMu
3 JIETKUX CIUIABOB IIPU HU3KOCKOPOCTHOM yjape;

—  HCCICNOBAHO BIMAHMS BPAIEHUs ylapHUKA BOKPYT MPOIOILHON OCH Ha Mpolecc
BRICOKOCKOPOCTHOTO B3aUMO/ICHCTBHH ¢ Iperpanoi. YcraHoieno, uro Bparienue
MPUBOANUT K MHTEHCH(UKALMM TNIacTHYecKoil aedopmannu u BPO3HOHHOTO
PAspYILICHUA yNapHUKa U [PErpafibl B KOHTAKTHOH 06NaCTH, YTO MOKET MPUBOIUTE
K CHWMCHHIO TIDOHMKAIOWIEH CIIOCOOHOCTH yHAapHHMKA, HAIMYMe BpalleHHs
YJapHUKA CHOCOOCTBYET €ro PUKOLIETY, TO €CTh MPUBOIUT K YMEHBIICHUIO yTJIa
B3AUMOJICHCTBHSI, [IPH KOTOPOM BO3HHKAET PHKOILET.

3ameuanusi u peKoOMeHAINH:

[Ipencrasinenue pesynbTaToB CleioBAO  Obl oOpalarelBaTh W NpPEACTARISTL B
Oe3pasMepHEIX KOOpOWHATAX C HCIIOJB30BAHUEM TCOPUH TI0JI00MS W pasMepHOCTH.
3aMeyaHus: HOCAT PeKOMEHIATENbHbIH XapaKkTep He BJIMAIOT Ha IOJIOMKHUTETBHYIO OIICHKY
AUCCepTalMOHHOM paboTel Pamuenko I1.A. u He craBsaT mom coMHeHue KBaJTU( U KALTHIO
aBTOpa JIM60 OCHOBHBIE BBIBOJIBI M [IOJIOKEHHS, BHIHOCUMBIE Ha 3allUTY.



Ha ocHoBe cosmanHOl umcieHHON MeToxMKH MOKa3aHo, YTO MOYKHO HCCIIEIOBATh
ANHaMHUYCeCKOe IIOBeJeHUe LITUPOKOTI0 Kjacca H30TPOITHBIX M AHHU30TPOIHBIX MaTepHalioB
C PasiM4HON OpUEHTAalWel ocell CUMMETPHH U CTEleHbIO aHU30TPOIUHU; MPOBOIUTH
KOMIIBIOTEPHO® ~ KOHCTPYMPOBAHHE  MEPCIEKTHBHBIX MATEPHAOB ¢  3a7aHHBIMH
CBOMCTBAMH [IJIi KOHKPETHBLIX YCIOBHIA Harpy:eHust. PaspaboTaHHBIH nporpaMMHEIH
kommnexke EFES nossonsier npornosuposars mosegenye MaTEpHaIOB KOHCTPYKIIMH TpH
PA3TATHBIX TUMAX NHHAMAYECKUX BO3JEHCTBHH, UTO MO3BOIMUT COKPATHTH NpPOBE/CIHe
AIOPOTOCTOSIINX ~ OKCIIEPUMEHTOB.  [IpakTHueckas  3HAYUMOCTD NOJTBEPsK/1aeTCs
BHCAPEHHCM PE3YJILTaTOB UCCIEIOBAHUN U IPOTPAMMHOrO KOMIIIEKCA B NPaKTUKY paboT
OpraHHM3alyH, 3aHUMAOIIUXCS Pa3paboTKON U CO3AHMEM OTBETCTBEHHBIX KOHCTPYKIIUH,
HUCHBITHIBAIOIINX AWHAMHYECKHE DKCILIYaTallHOHHbIE HATPY3KH.

Taxum o6paszom, nuccepraums Pajuenko IT.A. Ha conckamue YYEHOM CTerneHu 1oKTopa
(DM3MKO-MATEMATHYECKUX — HAyK  [peACTABNIsSeT  coBoi 3aBCPIIEHHYIO  HAyulI0-
KBAIM(DUKAIMOHHYIO PaboTy, B KOTOPOM HA OCHOBAHHM BBINONHEHHLIX aBTOPOM
HCCIeNOBaHKMK  paspaboTaHbl — TEOPETUUYECKHE  IOJOIKEHUS, KOTOpBIE  MOJKHO
KBaNM(UIMPOBATh KAaK HAYYHOE MOCTIYKEHHE B 06IACTH AHU30TPOITHONH MeXalHuKh
nepopmupyemoro TBepporo Ttena. JuccepranuonHast pabora «Co3ganue 4YMCIIEHHBIX
MOJIeNIel W MCCNe/IOBAHME MOBEACHUS KOMIIO3UTHBIX U METATIHYECKIX Marepranon M
KOHCTPYKIUMK M3 HUX INPH YJAaPHO-BOJIHOBBIX HAIpPy3Kax» COOTBETCTBYET TpeboBatiisiM
it 9 u 10 «[lonoxenns o mopsijike mpucyKIeHws yueHsx crenenen» (Ilocranonneiue
IIpaButenscrBa Poccuiickolt ®enepannu or 24 centabps 2013 r. Ne 842) B wacry,
KacarolleHcs yUeHO! CTeneHu JIOKTopa Hayk, a ee aBTop, Pamuenko Ilaper Annpeesiy,
JIOCTONH TPUCYKNCHHS YHEHOH CTEMEHM IOKTOpa (PM3UKO-MATEMATHYECKUX HAYK I10
crienanpHocTy 1.1.8 Mexanuka aedopMupyemMoro TBepioro tena.

Haro coznacue na obpabomiy nepconansuvix dannvix, ceaAzannyio ¢ zawumoti Padueiko
llasna Anopeesuua.

OdunmaneHeIil ONNIOHEHT:

Hayunsiit pykosogurens ®epepaibHOro rocyapeTBEHHOrO GOIKETHOTO YUPEIKIC S
HayKd VHCTUTYTa TEOPETHYECKON W TpPHKIaAHON Mexauukd uMm. C.A. Xpuctuanoniiua
Cubupckoro otzienenns Poccuiickoll akaneMun HayK, aKageMuk PAH, noxrop ¢pusnko-
MaTeMaTHYEeCKUX HayK, Npodeccop, HayUHbIE CIIEIHaLHOCTH !

01.02.04 — Mexanuka Ae(OpMHUPYEMOro TBEPOrO Tena

01.02.05 — MexaHuxa >KMAKOCTH, ra3a U ITa3MBl.
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