OT3bIB

o(bUIIMATBHOrO OMNIOHEHTa Ha auccepTanmo Kpasuyka Koncrantuna Cepreesuya

M3MEPEHHE TPUBOJIOTMYECKUX CBOMCTB IMOKPHITUI 1 KOMITO3UITMOH-
HBIX MATEPUAJIOB HA CYBMHUKPOHHOM 1 HAHOMETPOBOM MACILUTABAX

[PEJICTABICHHYIO Ha COMCKAHKE YICHOU CTEIIEHH
Kapuaara Gu3nKo-MaTeMaTHYECKUX HAayK
no crieransaoct 01.04.07 — Pusuka KOHASHCUPOBAHHOTO COCTOSHUA

JluccepranmoHHas paboTa oCBAIleHa pa3paboTKe HOBBIX IKCIEPUMEHTAIBHBIX Me-
TOJIOB U3yHYEHHS CBOMCTB KOMIO3UIIMOHHBIX MaTepHaioB i (yHKIMOHATBHBIX TTOKPBITHH Ha
HAHOYPOBHE, MTO3BOJISIOIIMX ONEHUBATH UX TPHOOIOIMUECKHE XapaKTePHCTUKA. OCHOBHBIC
PE3YNBTATEl JUCCEPTAIH, 00YCIIaBIUBAOIINE €€ AKTYyalbHOCTh U HOBU3HY, CBS3aHBI C CO-
BPEMEHHBIM, UHTCHCHBHO DPAa3BUBAOLIMMCS HAIPABICHHEM HAyKH O TPCHHE W H3HAIIMBA-
HUW — HAaHOTPHUOOIOTHEN.

PafoTa HOCUT SKCTIEPMMEHTAIBHBIA XapaKTep, BHINOJHEHHBIC B HEH TCOPETHICCKIE
BEIKJIA/IKA B OCHOBHOM HCITOJIB3YEOTCS Ul 00pabOTKH ¥ MHTEPIIPETAIIMH ITOJTYICHHBIX KC-
NEPUMEHTAIBHBIX PE3YJIETATOB.

JluccepTaltyis BBIITOJHeHa B o0beme 138 cTpaHull, COAEPIKHUT BBE/ICHUE, IIATh 1VIaB, 3a-
KJIFOUEHUE ¥ CIIMCOK JIUTepaTyprl. bubiuorpadus HacuurteiBaeT 111 HauMeHOBaHUI.

BBejieHre COJICPIKUT 0OIIee ONMMCcaHHe IIPOOTEMBI, paccMaTpUBAaEMOH B IUCCEPTALHH.
O60cHOBaHA aKTYaILHOCTH paboTHl, CPOPMYIIMPOBAHEI 1IN U 3a1a4i UCCIICNOBAHMIL, 00o-
3HaveHa HaydHAS HOBM3HA M IIPAKTHYECKAs LEHHOCTH BBIIOJHEHHON pAOOTHI, H3/I0MKEHEI
OCHOBHBIE IIOJIOKEHMS, BEIHOCHMBIE Ha 3aLUTY.

[lepBas TaBa JUccepTaliy MOCBAIeHa 0030py METON0B U MPUOOPHOH 6a3bl i HC-
CIIeI0BaHus TPHOOJOTMYECKUX U MEXAHUUECKHUX CBOMCTB MOBEPXHOCTH TBEPIBIX TEJI: TBEP-

JI0CTh, MOJLYJIb YIIPYTOCTH, H3HOCOCTOHKOCTD, TPEIHHOCTONKOCTD, IIEPOXOBATOCTD.

Bo BTOpO# Ij1aBe OMHCHIBAKOTCS IIPUHITUIIBI PAOOTHI UCTIOIB3YEMBIX M3MEPHTCIBHBIX
npu6opoB. JIaHO OIMFCaHHE OCHOBHBIX M3MEPHUTE/IBHEIX METOJOB, PEAM30BAHHBIX B STHX
npubopax, B yacTHOCTH, B pudope «HanoCkan-3D».

Tperbsl IV1aBa TOCBSINEHA aHATH3Y penbeda moBepxHocTd MO C3M-u300paXeHHUIO.
[IpeicraB/ieH alrOpUTM ONPENEIICHUS MapaMeTpOB HMapalvHbl, HAHECEHHON MUpamuianib-
HBIM MHICHTOPOM U Pe3yJIbTaT €ro SKCIepUMEHTANbHON peain3aruy. 1IpuBoasTCs pesyib-
TATHl MCCIIEMOBAHUS ITOBEPXHOCTH HAHOKOMIIO3UIIM AIOMHHHUS M MeIU ¢ QYIUIEPEHOM,
BJKHEN MM CBOMCTBOM KOTOPOTO SIBJISETCS pa3Mep KPUCTAITTUTOB.

YeTpepTas 1J1aBa IMOCBAIICHA MCCICIOBAHUIO BIIMAHHSA MEXaHUUYECKHX CBOUCTB KOM-

[OHEHTOB YIVIEPO/I-YIJIEPOJHOr0 KOMIIO3UIMOHHOI0 MaTepuajia Ha TPHOOIOrHYecKue
cBoiicTBa 00pasna B IIEJIOM.
B msToii raBe paccMOTPEHBI PE3yJIBTATHl HCCIEIOBAHNA MEXAHUYCCKUX CBOMCTB HE-
KOTOPEIX HAHONOKPBITUIA. [IpHBOISITCS Pe3ylbTaThl UCCIICIOBAHUN CBOHCTB NOKPHITHA Ha
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OCHOBE OKCHJIOB, IIOJYYEHHBIX KapOOKCHJIATHBIM METO/aMu, (U3UMKO-MEXaHHYECKUX
CBOMCTB IOBEPXHOCTH 00pa3lloB U3 MojukKapOoHaTa M moauMeTriImerakpuiaara. [peicras-
JIEHBI PE3y/IBTATHl AHAIHM3a MOKPBITHS U3 JIMHEHHO-IIEIIOYEYHOro yriiepoaa, HAaHeCEHHOI0 Ha
MOBEPXHOCTH MOJHYpeTana, IIPUBOATCS JaHHBIE [T0 TPEIIMHOCTOMKOCTH TBEPOTO aIMa3o-
110J00HOr0 MOKPHITHA HA KPEMHHUEBOH IOITI0NKKE.

3aKIIOYCHAE COJEPIKUT BBIBOJIBI U OIKUCAHHUE OCHOBHEIX PE3YJIbTATOB, MOJTYUCHHBIX B
JMccepTallMOHHON padore.

Lenplo jMccepranmy  sABISETCAS pa3pabdoTKa KOMIIIEKCHOTO HJKCIEPUMEHTAIBHO-
TEOPETHYECKOIO TOJAXO0/a K HCCISTOBAHUI0 MEXAHHYECKUX M TPUOOJOrMYECKUX CBOWCTB
MaTepHaoB, Pealr3yeMBIX Ha CyOMHMKPOHHOM H HAaHOMETPOBOM MaciiTabax, CpaBHEHHE
OJY49aeMBIX C MX IOMOIIBIO PE3YJIBTATOB C TPAJANIIHOHHBIMY TPUOOJOrMYECKUMH HCIIbITa-
HUSMH.

AKTYaJbHOCTh TEMBI JIMCCEPTAIIMH, ITOCTABICHHBIX W PEIIEHHBIX B HEH 3a1a4 CBI3AHEI
¢ TOTPeOHOCTAMH COBPEMEHHOW HayKh B HOBBIX CpEACTBAX M3YYEHUS (DU3UKO-

MEeXaHWYECKAX CBOMCTB MarepUaioB Ha HAHOYPOBHE, MO3BOJIAIONIAX BBIABIATL QyHIaMeH-
TaJBHBIEC 3aKOHOMEPHOCTH ITOBEJICHUS HOBBIX ITEPCIEKTHBHLIX MarepuanoB. Kpome Toro,
AKTyaJIbHOCTE paboThl 00yciTaBIuBaeTcsl MOTPEOHOCTAMH COBPEMEHHOM TEXHHKH, B KOTO-
poit Bce GOJIBINE HMCTONB3YIOTCS pa3iMuHble MHUHHATIOpHBIE ycTpoiicta Thma MEMS,
NEMS.

OCHOBHBIE TOJIOKEHUS U PE3YABTATHI JACCEPTAIIMMI 3aK/II0YAI0TCA B!

a) pa3paboTKe KOMIUIEKCHOTO TOIX0/a K OIEHKE TPUOOTEXHHYECKUX XapakTepUCTHK
HAHOKOMITO3WTHBIX MATEPUAIOB, BKITIOYAIOIIEr0 OIpEeIe/IeHHe Ha HAaHOYPOBHE TBEPIOCTH,
MOJLYJI YIIPYTOCTH, 3JEKTPOCONIPOTUBICHHS, [1apaMEeTPOB TPEIIMHOCTOMKOCTH, TPECHUA U
W3HAIIMBAHUS;

6) anpobanun MPeII0KEHHOT0 110X0/a B OTHOIIEHHH Psijla COBPEMCHHBIX HaHOMATe-
pUAIOB: METAUIOMATPUYHbIE HAHOKOMIIO3HUTBI ¢ JI00aBKOH ¢ysuiepeHa, yriepon-
YIIIEpOIHBIE KOMIIO3UTHI, [TOKPLITHS Ha OCHOBE JIMHEHHO-LEII0UEYHOT0 YIilepo/ia, KapOok-
CHJIATHBIC OKCH/IHBIE U CUJIOKCAHOBBIE IOKPBITHA.

JIOCTOBEPHOCTL OCHOBHBIX IIOJIOKEHUH U Pe3yIbTATOB AUCCEPTALINH 00eCTIeunBaETCs
MCTIOTB30BAaHHEM CepTU(GUIIMPOBAHHOIO SKCIIEPUMEHTAILHOr0 06opynosanus (COM, C3M,
HAHOMH/ICHTOPHI), anpoOMpOBaHHBIX MOJEIeH MEXaHUKH CIUIOUIHBIX Cpell U YHUCICHHBIX

METO/IOB JJIsl HHTEPIPETAIIMK IKCIIEPUMEHTATbHBIX JaHHbIX, 4 TAaK )K€ COIOCTaBICHUEM T10-
JIy4EHHBIX PE3YJIBTATOB ¢ W3BECTHRIMH PE3yNbTaTAMU JPYTHX aBTOPOB. DTO MO3BOJSCT yT-
BEPIKIATh O BBICOKOU CTEMeHH 000CHOBAHHOCTH HAYUHBIX IOJIOKCHHM, pe3yIbTaToOB U BEI-
BO/I0B, cQOPMYTHPOBAHHLIX B JIUCCEPTALIUM.

OCHOBHBEIM 2JIEMEHTOM HOBH3HBI JMCCEPTAIIMN SBISIETCS MOJI0KEHNE 00 MCIOJIB30Ba-
HHUM eIMHON CHCTEMBI o0Opasel] — H3MEPHUTENbHBIN 30H7 (KOHTPOOpAsel) s W3MEpeHHs
GUBNKO-MEXAHUYECKMX CBOMCTB MaTEPHANOB U OIEHKHM UX TpUOOXapaKTepucTuK. J[laHHoe
06CTOATEIBCTBO CYLIECTBEHHO IOBEIMIAET TOCTOBEPHOCTH U aleKBaTHOCThH OLIEHKH TpUOO-
JIOTMYECKUX CBOMCTB HUCCIIElyEMbIX MaTepHUasIoB.

CoziepiKanue JIMCCEPTALME B OCTATOYHOM CTETIEHU OTPAXKEHO B Iy OIMKAIIMAX aBTOpa
W JIOKJIA/BIBAJIOCHE UM Ha HAaydHBIX KoHMepeHnumsx. CieiyeT OTMETHUTh BBICOKHH yPOBEHB
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myO/MKalmii o TeMe JMCCcepTaliy, MHOTHE U3 KOTOPBIX MHIEKCHPYIOTCS B CHCTEMax
Scopus, Web of Science. Asropedepar BKIOYACT OCHOBHLIC [IOJIOYKEHHST AUCCEePTALNKM U

COOTBETCTBYCT €€ COOCPIKaHULO.

Ilo JuccepTanuiu UMCIOTCA cleIyroue 3aMedatmsL.

1. TIpeacTaBlIennble B AUCCEPTAIMU SKCIICPUMEHTAILHBIC METOB! ONNPAOTCA Ha ca-
MOE COBpEMEHHOE 00OpYI0BaHKE ISl HCCICAOBAHMI MATCPHAIOB HA maciirabax, OJIH3KHX
K aromMHoMy. OJIHAKO MCMONB3yEMBIE B AUCCEPTALIN TEOPETHICCKIE MOAETH OCHOBBIBAOT-
ci Ha BechMd TPaJMIMOHHBIX KOHICHIUAX KIaCCHICCKOW MEXaHMKH CIUTOUIHBIX cpen. Ta-
KOe HECOOTBETCTBUE MPE/CTABIAETCS CTPAHHBIM, TIPM TOM, YTO K HACTOAMIEMY BPEMCHM
pa3paboTaHo HeMalo TEOPETHYECKUX MOJICICH (B TOM uMCIIE, JIOCTATOUHO IPOCTHIX), YUH-
THIBAIOIIIX OCOGEHHOCTH KOHTAKTHOTO B3aMMOJEHCTBHS TENl HA HAHOYPOBHE, HANPHUMED,
haKTop MEKMOJIEKYTIIPHOTO B3AKUMOICHCTBHS (agrezun).

2. QOpMYJIHUPOBKH BEIBOJIOB O BIMAHNUM Ha H3HOCOCTOMKOCTH (PPUKIIMOHHBIX YITIEPOI-
YITIEPO/IHBIX MAaTEPHAJIOB IAPAMETPOB UX CTPYKTYPEBI (1.4 3axmouenus, ¢.123) npejcras-
IS10TCs HeOGOCHOBAHHO OGIIMMH 1 KaTeroprunbiMi. Ciie0Baio Okl OrOBOPHTS, YTO COOT-
BETCTBYIONIME PE3YIBTATHI OBLIM MOIYYICHBL I BIOJIHE OIPEICICHHOTO BHJIa yIIIEPOJ-
yriaepoaHsx Marepuanos (— ®KYM-1, 2, 3) W Ipu ONPEJEICHHBIX YCIOBUAX KCIIBITAHU I
(— pesxum Topmorkenus). To e caMmoe KacaeTes BRIBOJIOB 110 U3HOCOCTOMKOCTH IMOUMeEp-
HBIX MaTEpHAIOB ¢ HAHECEHHBIM CHIIOKCAHOBBIM TIOKPBITHEM (1.6 3axiodeHus, c.124).

3. B jccepTami HeIOCTATOYHO MOJTHO OIMCAHO OCHOBHOE SKCICPHMEHTATLHOC 000-
pyJlOBaHHEe — CKaHUPYHOUINI HAaHOTBEPAOMEP «HanoCkan-3Dy». B 4acTHOCTH, HE yKa3aHbl
TAKHE ero TeXHUMUECKAE XapaKTePUCTHKY KaK TOYHOCTh N3MEPEHHUS], [INANa30Hb! HArPy3ok 1
ckopocTeit BmKeHre nHaeHTopa. HescHo, kakue TpeGOBaHKS NPEABABIIAIOTCS K 00pasiam.

4. Psi popMyYN B JMCCEPTAIMU TIPUBOJNTCS Oe3 BHIBOJA WM CCRUIOK Ha WCTOYHUKH.
[TpumepoM TOMY CITYKHT Gopmyiia (2.13) ma ¢.57, KoTopas B /MCCEPTALMU BBIIHCHIBACTCA
6e3 000CHOBAHUIL, TIPH TOM, YTO I1OPOOHBIN €€ BBIBOJ COUCPIKHUTCA B pabote [31], coasro-
pPOM KOTOPOIt sIBJIAETCS aBTOP JUCCEPTALIHH,

5. PaccuntriBaemast 1o gopmysam (2.5) — (2.9) (c. 47 — 48) BenuyMHA 4 HA3bIBACTCs
aBTOPOM KOI(Q(HUIIMEHTOM TPEHHs M [OMY4aeTCs BBIACICHHEM U3 oOwei cunbl F, COMpo-

THBJICHHs! CKOJIBKEHUIO MHACHTOPA neGopMaMmoHHON cocrapinsomei 7'. OxHaKo, coriac-
HO TIPMHATOW B TPHOOJOTMHM TCPMUHOJIOIMH, TaKylOo BEIMHUHY NpaBMWIILHO Ha3bplBaTh ajre-
3HOHHBIM K0P ULHEHTOM TpeHust. 3/1echk CIeAyeT OTMETUTh, 1TO [UTA OLIEHKH 3KCIuTyarTa-
IMOHHBIX TPUOOXAPAKTEPUCTHK MaTepuaia TIaBHBIH MHTEPEC IHPE/ICTaBIACT IIOJTHEIA KO-
G QULUUEHT TPEHHA, onpeelsieMblii KaKk OTHOLICHHE [ / P, a HE €ro COCTaBJISFOUIHE.

6. OnpeiesieHns MHTEHCUBHOCTH N3HALITABAHILA (c.45): J= Ltv/h 1 TBEpAOCTH (c.49):
H =S,/ F, NpejCTaBIsIOTCA HEKOPPEKTHBIMM — COOTBCTCTBYIOLLME JApo0M CIELyeT Iepe-
BEPHYTb.

7. JluccepTaist COAEPIKHUT Psiji OTIEHaTOK:
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a) B ornmapjieHAn ¥ TEKCTE AMCCePTaliu IPUCY TCTBYIOT ABA paszena 1o Homepom 3.1.

6) B dopmyne (1.1) ma c.16 mpucyICTBYeT CTpaHHBIA apryMeHT y GYHKIMH CHHYCa:
sind /2.

B) B nesoii uacTu Gopmyns (2.7) Ha ¢.48 BMECTO F, JIOIDKHO CTOATE Fops

r) B dopmyie (3.5) Ha ¢.75 npomylieH oKa3aTe/lb CTEICHH! 2 y MHOXHTEJA tan .

1) B dopmynupoBke 1.1 3aKIHOUCHIS (¢.123) NpUCYTCTBYIOT SBHO JIMIIHUE CIOBOCOTCTA-
HUSL.

Cie/TaHHbIC 3aMEUYaHuss He CBUICTENBCTBYIOT O HATMEUH OIMOOK B [UCCEPTAllNA U
He BIHSIOT Ha JOCTOBEPHOCTH MOIYYEHHBIX B HEW pe3yabTaTOB. HecoMHEHHO, 4TO ITOCTaB-
JleHHBIE B JUCCEPTAIUH 1IEIH JIOCTUTHYTHI, OHA ABJIACTCH caMOCTOSATEIBHON U 3aKOHYEHHON
Hayu4HO-MCCIIeI0BATETHCKON paboTOM Ha aKTyalIbHy TEMY H 061a1aeT Hay4HOM HOBU3HOM.
ITo 3HAYUMMOCTH [ONYYEHHBIX Pe3yIbTaTOB YPOBEHD TUCCCPTALN B [[EJIOM COOTBETCTBYET
Ionoxennto BAK o mopsaxe OpuCcyKICHUA yHCHBIX crerneneii, a ee apTop — KpaBuyk KoH-
crantud CepreeBud, 3acily)KUBAaeT TIPUCYIKACHUA EMY CTEeleHy KaHguaaTa QH3UKO-
MaTeMaTUYeCcKMX HayK IO ClIeNHaIbHOCTH 01.04.07 — du3zuKa KOHJICHCHUPOBAHHOTO CO-
CTOSTHHSL.

OdurmranbHBIA OTIIMOHEHT,

JOKTOp QH3MKO-MAaTEMATHUECKIX HAYK,

BeyILE Hay4HBIA COTPY AHHK

MucTrTyTa npodieM MEXaHUKH

umenu A JO. MmmHCKOTO

Poccuiickoit AkageMuH HAyK A
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