OT3bIB

o(umaNBEHOTO ONMIOHEHTA 0 IuccepTanuu 3ainesa Imutpust Bukroposuua
«DPu3nvecKre MeXaHu3Mbl 1ehopMaIiy U pa3pyIICHUs B MaTEpUAIax ¢ Pa3BUTON
HUepapXUuecKor CTPYKTYpou. J[eHTHH 1 smanb 3y00B», IPEICTaBICHHON Ha
COUCKAaHME YUYEHOU CTerneHu JOKTOpa (GU3HUKO-MaTeMaTHYECKUX HAYyK 110

cnenuanbHocT 01.04.07 - du3nka KOHIEHCUPOBAHHOTO COCTOSIHUSL.

AKTYaJIbHOCTb TeMbI IUCCEPTAIHM.

HeobOxomuMocTh pa3pabOTKM HOBBIX JICTKHX MAaTEpUAIOB, OOJIAAIONINX BBICOKHMH
XapaKTEepUCTUKAMU MPOYHOCTUM B IIMPOKOM JMana3oHe HWHTEHCUBHOCTEM BO3IEMCTBUS, B
YCIOBUSAX HArpyXeHMs, BKJIIOYas OKPYXAlOIIyl0 Cpely, CONpPOBOXKAAETCS YCTOMYMBON
TEHJEHIMEH aHalM3a MPUPOJIHBIX MaTepUajoB, HU3YUYEHHIO HX apXUTEKTYpbl, KOTOpas
npuoOpeTaeT HaWBBICIIYIO CTENEHb (YHKIMOHATBHOCTH B OHOJOTMYECKHX KOMIIO3UTAX.
COBOKYITHOCTh CBOMCTB, O0€CIIEUMBAIONINX HAJIS)KHOCTh OWOKOMIIO3UTOB, JIOCTUTAETCS B
nociaeqHuX Osaroaapst cenu(pUK MHOTOMAcCIITaOHOTO B3aUMOAEWUCTBUS U POJIM KOMIIOHEHT,
ONpeseNsomuX (QYHKIHMOHAIBHOCTh CBONCTB Onarojiaps pa3HOOOpa3HbIM MEXaHHU3MaM
CTPYKTYypHOM penakcauuu. HecmMoTps Ha OrpaHM4eHHOCTh (M TPAaIUIMOHHOCTb) Habopa
TUMUYHBIX ~MEXAaHWYECKMX XapaKTepUCTHK, BO3HUKAIOT (yHIAMEHTAJIbHbIE MPOOJIEMBI,
CBSI3aHHBIE C ONPEEICHUEM 3TUX XapaKTEPUCTUK JJIS TaKUX (PYHKLIHMOHAIBHO OPraHW30BaHHbBIX
matepuaioB. K YHCIly OCHOBHBIX ClE€JyeT OTHECTH IOJAIOTOBKY OOpasloB M3 peabHBIX
OMOJOrNYECKMX OOBEKTOB C YUETOM MAJIOr0 pa3Mepa MOCIEIHUX, BBIPAKEHHON aHM30Tponuen
CBOICTB, KOTOpasi MpOSIBISIETCA, B TOM 4YHUCIE, B aHM30TPOIHUU PEOJIOTMYECKHUX CBOMCTB,
O0OyCJIOBJEHHBIX pealn3alueil MPUHUUONAIBHO Pa3IMYHBIX MEXaHU3MOB CTPYKTYpPHOMH
penakcauuu. [IpoGiembl peanu3anuy TPaJAULMOHHBIX W CIHEIHUATIBHBIX CXEM Harpy>XeHUs B
COYETaHUM C IOHMMaHUEM CIEeUU(UKHU MOBEACHHS] OMOKOMIIO3UTOB SIBISIFOTCSI KJIFOUEBBIMH MTPH
pEIIeHNN aKTyallbHbIX SKCIIEPUMEHTANBHBIX 3a/a4 (U3UKU TBEPAOIrO Tela NMPUMEHHUTENBHO K
(YHKIMOHAIBHO-OPTaHM30BAHHBIM MaTepuajaM TpU YCIOBHM METOAMYECKH KOPPEKTHOU

pcajm3aniui MOCTaHOBOK. COBOKYIIHOCTh Cd)ODMVJII/IDOBaHHLIX 3aa4 1 UuX pCHICHUC COCTABJIAIOT

OCHOBY AaKTYAJIBbHOT'O HMCCJICAOBAHHUA HW C€ro HOBH3HBI B IIJIAHC d)VHJIaMeHTaJ'IBHBIX n

METOAHMYCCKHUX IMOCTAHOBOK, PCAJIM30BAHHBIX B JTUCCEPTAIIMHN B obnact d)I/I3I/IKI/I TBEPAOTO TEJIa

d)VHKI_II/IOHaJ'IBHO-ODFaHI/I3OBaHHBIX HCPAPXHUICCKHUX MATCPHUAJIOB.




C yyeToM MOCTaBJICHHOM LIETH - OIpeaeieHne GU3NIeCKUX MEeXaHU3MOB JiehopMaluu U
paspylieHust B JCHTUHE M 3MaJH JJIs pa3paOdOTKH MaTepHajioB Ha OCHOBE MHUKPOCTPYKTYpPHI

OMOJIOTMYECKHUX TBEPABIX TKaHEH — c(HOPMYITHPOBAHBI CIETYIOIINE OCHOBHBIC 3aIa4u:

-pa3pa60TKa MCTOJUKHU ITPUTOTOBJICHUSA MaJ'IOFa6apI/ITHBIX 06pa3u0B U3 ACHTHHA U 5MaJlu pa3H0171

TCOMETPHH AJId MEXaHNYCCKUX HCITBITAHUI Ha CciXKaTue, I/ISFI/I6, CABUTI U TMaMETPAJIbHOC CKATHE,

- U3y4eHHUE MUKPOCTPYKTYpBI 00pa3loB TBEPABIX TKaHEH 3y00B mocie aedopmManud Ha MUKPO-,

Me30- U MaKpo- YpOBHSIX;

- U3Y4YCHUC MEXAHHUYECCKUX CBOMCTB JACHTUHA, SMaJIi U JCHTHUHOSMAJICBOI'O COCAWHCHUSA IIpU

KOMHAaTHOW TeMIepaType U IMpH TeMIepaType KUIKOro a30Ta;

- CpaBHI/ITeJII)HI)If/'I aHaJu3 IIe(l)OpMaIII/IOHHOI‘O MMOBCACHUA TBCPABIX TKaHEH 3y6OB C MOACJIBbHBIMU

XPYIKHUMU U INTACTUYHBIMH MaTcpuaiaMu.

AKTYaJlbHOCTB O0YCIIOBJIEHA NEPCHEKTUBHOCTbIO NPUMEHEHUs pe3yJbTaTOB HCCIIEAO0BaHUM,
OCHOBAHHBIX Ha MOJEIMPOBAHUU CBOMCTB ()YHKIIMOHAJIbHO-OPIaHU30BAHHBIX OMOJOIMYECKUX
CTPYKTYp, Ul psla TEXHUYECKUX U OMOMEAMIMHCKUX NPUIIOKEHUH. MHOrouucieHHble
UCCJIEIOBAHMSI, MOCBSIICHHbIE aHAJIM3y MHOIOMAaclITa0HOM HepapXUu MEXaHWYECKHUX CBOMCTB
OMOKOMIIO3UTOB U IMPHUPOJHBIX MAaTEPHUAIOB, HE MO3BOJSIOT CHOPMYIUPOBATH METOIUYECKU
000CHOBaHHBIE MPEJICTABICHUS O CTPYKTYPHBIX MEXaHU3MaxX U, KaK CJIEJCTBHUE, Pa3BUTh METO/IbI
U TOJIXOAbl JJI MOJIyY€HUs CHHTETHYECKUX KOMHUH ATHX MaTepuaioB. TBepiable TKaHU 3yOOB
YyelloBeKa (JIEHTUH M HMallb) SIBISIFOTCS MPUMEPOM MATEPHAIOB C KOMILIEKCOM BBICOKHX
MEXaHUYECKUX CBOMCTB, OOYCIIOBJIEHHBIX (YHKIIMOHAIHLHO-OPHEHTUPOBAHHON HepapXHuecKon
CTPYKTYpOil, oOecnieunBaroliell CoYeTaHWe YHUKAIbHBIX MPOYHOCTHBIX CBOMCTB B YCIIOBHUSX
MPOJOKUTEILHOTO BO3JIEHCTBUS arpECCUBHON CpeJibl MOIOCTH pTa. [loATOMY IEHTHH U 3Majb
3y0OB 4YeJ0BEKa paccMaTPUBAIOTCS KaK MEPCHEKTUBHbIE MaTepuaibl NIl U3YYEHHs C LIEJIbIO
CO3/1aHUsSI HAYYHBIX M METOJIMYECKUX OCHOB JUI pa3pabOTKHU HOBOTO Kiacca (yHKIHOHAIbHBIX

MaTCpHuaJIoB JJIA paSHOO6p8.3HBIX TCXHUYCCKUX U MCIUIIMHCKHUX HpPIJ'IO)I(CHPIfI.

AKTYaJILHOI, HAPsITy C Pa3BUTHEM HOBBIX MIPEJICTABICHUN O (PU3UKE MPOIIECCOB, MPOTEKAIOIINX
B OWOKOMMO3uTax TpH AchOpMAIMH, SBISCTCS TAKXKE PEIICHHUE CIIOXKHBIX METOJIUYECKHX
npo0JieM MHOTOMAaCIITa0HOTO HWCCIETOBAHMS MEXaHUYECKHUX CBOWMCTB JCHTHHA U OMajH, 4TO
MO3BOJIJIO  CO3JaTh OKCIHEPUMEHTAIBHYKD OCHOBY [UI MOJEIJBHBIX MPEACTABIEHUU O

dbopmupoBaHUH (PYHKITMOHAITBHO-OPHUEHTHPOBAHHBIX CBOMCTB MaTEPHUAJIOB.

Leabto paGoTsl ABIsIETCS onpeeneHrne GU3NYeCKuX MEeXaHU3MOB Je(opMaluy U pa3pyleHus
B JICHTHHE U SMaJii 3yOOB 4eloBeKa JJIsl CO3/1aHusl HayyHOU 0a3bl MpHU pa3paboTKe MaTepHajoB,

YUUTBIBAIOIINX 3aKOHOMEPHOCTH MUKPOCTPYKTYPBI OMOJIOTHYECKUX TBEP/IBIX TKAHEH.



JlaHHas ue/ib peaju3yeTcs MPHU pelieHNH CJIeAYIOIMX OCHOBHBIX 3a/1a4:

- pa3paboTKa METOJIWKH TPUTOTOBJIICHUS MAJIOTa0apUTHBIX OOpa3lOB M3 JIEHTHHA U SMaJH
YeNIOBeKa pPa3HOW TeOMETPUHU JJIi MEXAaHWYECKHX HCIBITAaHWA Ha CKaTUe, WU3Tru0, CABUT U

JAUaMETPaIbHOC CKATUEC,

- U3y4eHUE MUKPOCTPYKTYphI 00pa3oB TBEPAbIX TKaHEl 3y00B mocie aedopManuu Ha MUKPO-,

Me30- U MaKpo- YPOBHSIX;

- U3Y4YCHUC MCXAHUYCCKUX CBOMCTB ACHTUHA, SMAJIM U JACHTUHOSMAJICBOIO COCAWHCHUSA IIPU

KOMHAaTHOW TeMIlepaType U MpH TeMIepaType >KUKOro a30Ta;

- CpaBHCHHC )Ie(l)opMaI_II/IOHHOl"O MMOBCACHHA TBCPAbIX TKaHEH SY6OB C MOACIIbHBIMU XPYIIKUMH U

IJIAaCTUYHBIMU MaTCpUualaMu.
ITocTaB/ieHHBbIE HEJIU U PE3yJabTaThI XapaKTCPU3yHTCHA Hay‘{HOﬁ HOBI/I3HOﬁ, B TOM YHCJI€E:

- ompeneneHbl (U3MUECKHEe MEXaHU3Mbl HeoOpaTuMoil nedopmanuu B JIEHTHHE U 3Mally,
KOTOpPbIE PEANM3YIOTCS B JCHTUHE 3a CUET BKJIAJIOB OPraHMYECKOW MAaTpULbl M IOPUCTOCTH
MEXTPYyOOUKOBOTO JICHTHHA, a B AMAJId NPH W3TUOC dMAICBBIX CTEP)KHEH 3a CUET CICTIICHHS

MEX1y COOOM NMaJOYKOBHU/IHBIX KPUCTAILIOB;

- IIOKa3aHoO, 4YTO I[e(l)opMaL[I/IOHHOG INOBCACHHUC [OCHTHHaA B ynpyroﬁ obnacTu 06YCJ'IOBJ'I6HO
peaKuI/Ieﬁ MSTKOM MaTpHUIlbl, HaIlOJITHEHHOH TBCPAbIMU YaCTUIIAMHU ~60% 110 Maccec, OAIMHAKOBOI'O

pasmepa ~1Mkwm;

- 000CHOBaHO, YTO 3MaJlb MOKET PAcCCMaTPHUBATHCS KaK HAIpPaBJIEHHBIM IMJIOTHOYNAKOBAaHHBIN
BOJIOKHUCTBIM KOMIIO3UT, C BOJOKHAaMH, ITUMETPOM ~SMKM, COEAUHEHHBIMH APYr C APYIOM

TOHKON MATKOU IIPOCIIOMKOH, T/1€ IPOUCXOAUT CIBUT CTEPKHEN OTHOCUTENIBHO APYT Ipyra.

- BICPBLIC MPOBCACHHBIM HCCICIOBAHHUEM, MO3BOJMBIIUM YCTAHOBUTD, CIIOCOOHOCTE JCHTHHA

IIPU CKATHH K OOJIBILION yNIPYroil U 3HaUNTENbHON HeoOpaTuMoil nedopmanuu;

- BIICPBBIC YCTAHOBJICHHBIM MCXAdHU3MOM OCTAHOBKH TPCHIMH B IACHTUHC MPH PACTAKCHUU,
06YCJ'IOBJ'ICHHBIM Opr&HH‘-ICCKOfI ManPII.IefI npu 06pa3OBaHI/II/I MOCTOB Ha TMCPCIICTCHUN

SMAaJIEBBIX CTEPKHEM;

- TIOKa3aHO, 4YTO TOJyYEHHBIE PE3ylbTaThl MO OOOCHOBaHWIO  (PYHKIIMOHAIBHO-
OpUEHTUPOBAHHBIX CBOWCTB Ha MpUMEpe ACHTHHA M AMAIM MOTYT OBITh HCIOJIB30BAHBI IS
pa3paboTKu MojeNell, OMUCBHIBAIOIINX JePOpPMAIIMOHHOE TOBEIECHHE OMOKOMIIO3UTOB M HX

TECXHUYCCKUX aHaJIOI'OB.



Jluccepramnusi COCTOUT W3 BBEIEHUS, pa3jieia, MOCBSIIIEHHOT0 METOIUKH SKCIIEPUMEHTA,
TpEX OpPUTMHAJIBHBIX TIJaB, OCHOBHBIX BBIBOJOB U CHHUCKa IIUTUPYEMOM JUTEpaTyphl,
BKIIfOUaromero 227 HauMEHOBaHHWS W cCIHCKa oOo3HaueHWid u cokpanienuit. ConepikaHue
JMCCepTaIluy U3JI0KeHO Ha 277 cTpanumnax, Bkirovas 202 pucyHka u 45 tabmmuil.
B BaBenenum oTMmeyaeTcs, 4TO, HECMOTPS Ha OOJBIIYIO COIUAIBHYI0 M TPAKTHYECKYIO
3HAYUMOCTh MPOOJEMBI TPOYHOCTH TBEPABIX TKAaHEH 3y0OB © OOJBIIOrO0 KOJMYECTBA
OIMyOJIMKOBAHHBIX PabOT, MEXaHUYECKUE CBOMCTBA ITHX MPHUPOJHBIX OMOKOMIIO3UTOB H3y4YCHBI
HEJI0OCTaTOYHO, YTO CBSI3aHO C METOJMYECKHUMH CJIOKHOCTSIMH HW3TOTOBJICHHUS 00pasloB Jis
MEXaHHUYECKUX HCIBITAHWH IPH MaKPOCKOIMMYECKHX cxemax naedopmanuu (cxkarme, H3ruo,
pacTsKeHHe) U He0OXOAMMOCThIO pa3pabOTKH MUKPOCKOIIMUECKUX CXEM HarpyxeHust (MUKPO-
HAaHOWHICHTUPOBAHKUE) C IICJIbI0 TOJIYYCHHS JAaHHBIX O MHOTOYPOBHEBOM J€(POpPMAIIMOHHOM
MOBEICHUH B YCIOBUSAX BBIPQKCHHONW aHA30TPOMHUH JAe()OPMALMOHHBIX M PEOJIOTHYECKHX
cBoMcTB. [IpMHIMNHAIBHOW SIBISETCS TakKe poJib JaHHBIX (PAKTOpOB B MeXaHH3Max
pa3pylieHus, KOTOPbIE COMPOBOXKAAIOTCS POCTOM MaruCTpajbHON TPEIIUHBI B ICHTUHE U SMaJi
3a CYET 3apOXKIACHUS U CIUSHUS CATEJUIMTHBIX TPEUIUH MEepe]] €€ BEPIIMHOM, YTO CBA3BIBACTCS C
o0pa3oBaHMEM OPTraHUYECKUX MOCTOB M3 KOJAreHOBBIX BOJIOKOH MEXKAY KpasMu TpPEIIuH,
KOTOpBIE HE pa3pyLIAlOTCS MPH MPOXOXKIECHUU TPEUIMHBI 4Yepe3 XPYNKHM JEHTUH U dMallb.
Ornpezeniennst B3aMMOCBSI3H MEXKTy MUKPOCTPYKTYPOU U MPOYHOCTHBIMU CBOMCTBAMHU JICHTHHA U
SMaIM TpPENnogaraeT METOAUYECKHA BBIBEPEHHOE H3YyYEHHE MEXAaHWYECKHX XapaKTEPUCTHK C

Y4ETOM POJIM MUKPOCTPYKTYPBHI.

B mnepBoM pa3gene npencraBlieHa METOAMKAa HKCIEPUMEHTOB, BKIIOYArOUas JAETAIbHOE
U3JI0’)KEHUE METOJIOB IPHUrOTOBJIEHHE OOpas3loB M aTTeCTalUs MUKPOCTPYKTYPBI JI€HTHHA U
SMalld C TOMOIIBIO METO/JO0B ONTHYECKOH, OMOJOTMYECKUI M 3JIEKTPOHHOW MHUKPOCKOIIUU.
OO0pa3ipl eHTHHA, SMATM M 00paslibl, coepkalinue JeHTHHo-aManueBble coequnenus ([12C),
JUTSE MEXaHMYECKHUX HCTIBITAHUN MMEJH Pa3indHyi0 (GopMy B 3aBUCUMOCTH OT THIA UCIIBITAHUN
(omHOOCHOE CXaTue, W3rud, CIABUT, IUAMETPAJIbHOE CXKATHE, MEXaHUYECKHE HCIBITaHUS B
cpene). ns arrecTtaliii MHUKPOCTPYKTYpPBHl JEHTHHA M 3Majd IOATOTABIMBAJIUCH IUIOCKHE
o0pa3siiel, pabodrie MOBEPXHOCTH KOTOPBIX OBUIH JIMOO MapaisieNbHbl, MO0 MepIeHANKYISIPHBI
[JIaBHOH ocu 3y0a; MeTtaiorpaduueckue WCCIEAOBAHUS MHUKPOCTPYKTYPHI MPOBOIMIN
METOJaMH ONTHYECKOW (Ha OTpakeHue), OMOJIOTHYEeCKOW (Ha TIPOCBET) W DIICKTPOHHOU
MUKpOcKormmH (ckaHupyromuii Mukpockon JSM-6390 LV u JSM-6490 u mpocBednBarOInii
mukpockorn JEM-200CX). O6pasist ans COM, noAroTaBIuBaIich METOIOM packoia o0pa3iioB
(6e3 MexaHWYEeCKOW H XHMMHYECKOM TOJUPOBKH); KPHCTAJUIMYECKass CTPYKTypa 0Opa3iioB
aTTECTOBAJIACh METOJOM PEHTTEHOCTPYKTYpHOro aHanmu3a Ha audpaxromerpe Bruker DS

Advance u JIPOH -4 B Cuk, uznydennn (mar 0.05°, Bpemsi ckanupoBaHusi B Touke 10 cexyH).



MexaHHUeCKHEe WCIBITAHUS TMPOBOAMIM Ha pas3peiBHOM Marmmue Shimadzu AG-X 50KN.
CrienuanpHbple METOJMKH ObUIM pa3paOOTaHbl JJIsl UCCIEIOBAaHHUS MEXAaHHMUECKOTO TOBEACHUS
00pa3IloB IEHTUHA U AMAIIM B TMPUCYTCTBUU KHUIKHUX CpPEJ, BKJIIOYAs WUCIBITAHUS TPU HUIKUX
Temneparypax (B )kuakom azote). [IpoBeneHHbIe Hccae10BaHUS TOKA3aIH, YTO JEHTHH SIBIIIETCS
MPOYHOW TKaHBIO CHOCOOHOM K 3HAYUTEIIBHOW YIPyrod W HeoOpaTumou aedopManuu,
00HapYXHUBAIOLIEH CIIOCOOHOCTH K A((PEKTUBHOMY MOJIABICHUIO POCTA TPEIIUH, B TOM YHCIE 32
CUET BABKOYNPYTHUX CBOWCTB, OOYCIIOBIEHHBIX MEXaHHM3MAaMU CTPYKTYPHOH pellaKkCalluH,
BKJIIOYAIOIIMX Pa3BUTHE TPELIMH. YCTAHOBJIEHO, YTO COOTHOLICHHE MEX/y BKIIaaMH YIPYrou u
HeoOpatuMoil nedopManiu MOTYT H3MEHSATHCA B 3aBUCUMOCTH OT YCIIOBUH HUCHBITaHUH,
BKJIIOYasi COOTHOIICHUE PACTATMBAIOIIMX M CXKMMAIOMIMX HanpspkeHui. [lokasaHo, 4Tto neHTHH
MOXXHO paccMarpuBarh, Kak W30TpomHoe Teno A0 17% nedopmaruu, Korma JIEHTUH
MOJBEPraeTcsl yIpyrol U 3HAUMTENbHON HeoOpartumoinl nedopmanuu. J[eHTUH YemoBeKa MOXKHO
OTHECTH K HAIOJIHEHHOMY IOJIMMEpY, YIPYrHe CBOWCTBA KOTOPOTO MOICIUPYIOTCA CHCTEMOM
«MATKask MaTpuia ¢ TBEPJbIM HamoJHHUTENEM». JleopManMOHHOE MOBENEHHE AMATH MOXKHO
paccMmaTpuBaTh, KaKk XPYIKOE MNPH CXKATHH M PACTHKCHUHM, TOTAA KaK TPU MPUIOKCHHH
HANPSDKEHUN  TEepPIEeHINKYISIPHO HMAJIeBBIM CTEPXKHSIM OHa CHOCOOHAa K 3HAYUTENbHON
HeoOpatumoit nedopmaruu. [lokazano, 4ToO AEHTUH U SMailb CIOCOOHBI A(PGEKTUBHO MOIABISAThH
UX POCT TPELIUH: JACHTHH, O1arogapsi CiocCOOHOCTH K BBICOKOM JedopMaIiii MEXTPYyOOUKOBOTO
o0beMa; B SMalld — BCIIEACTBHE OCTAHOBKHM POCTa TPEIIMHBI MpH 0Opa3oBaHWE MOCTOB Ha

MEPCIICTCHUAX SMAJICBBIX CTep)KHCI\/’I.

Bropoii pa3aes NoCBAIIEH UCCIEJOBAHUIO IEHTHHA, CBOMCTBA KOTOPOr0, KaK IPUPOJHOTO
UEPAPXUUECKOr0 KOMIIO3UTA, OMNPEIENSIOTCS TPeMsl CTPYKTYPHBIMHU YPOBHSIMH: IEPBBIM,
COOTBETCTBYIOIMK MaciTabaM KpHUCTaNIOB T'MApPOKCHANaTUTa Kanbliusg pazmepoM 20-50 HM,
3aMOIHSAIONIME IPOCTPAHCTBO MEXY KOJUIAr€HOBBIMU BOJIOKHAMM M OAVHOYHBIE KOJUIAT€HOBBIE
BOJIOKHA, 1uameTpoM ~ 100 HM; BTOpOH — CETKa U3 KOJUIAr€HOBBIX BOJIOKOH, OPUEHTUPOBAaHHAS
MPEUMYIIECTBEHHO MEPHEeHINKYISIPHO JEHTHUHHBIM KaHajlaM; TpEeTUH - JEeHTHHHbIE KaHaJbl,
TUaMEeTpoOM 3-5 MKM, OKpY>KEHHBbIE BHICOMHUHEPAJIN30BaHHOM 000JIOUYKON M pacmojiararoiuecs
Ha paccrossHuM ~ 10 MkM Jpyr or apyra. JleHTMH npezacTaBisieT coO0OW apMHUpPOBAHHBIN
KOMITO3UT CO CJIOKHBIM PacHpeesIEHUEM apMUPYIOIINX IEMEHTOB B BUJE JEHTUHHBIX KaHAJIOB,
3aMOJIHEHHBIX JKUIKOCThIO M KOTOpble (OPMHUPYIOT IMJIMHIAPUYECKOE BOJIOKOHHOE YCHIIEHUE.
OTtmedaercst BaxHasi poJib MOPUCTOCTU, KOTOpasi BKIIIOYAET MOPUCTOCTh JTEHTHHHBIX KaHAJIOB U
MIOPUCTOCTh B MPOCTPAHCTBE MEXAY KOJIJIAr€HOBBIMU BOJIOKHAMHU. Martpuia KOMIO3UTa B BHJIE
HEopraHuueckoi (hasbl B IGHTHHE ABISIETCS OCHOBHOM, cocTapisieT npuMepHo 50% ot oObema u

COCTOHUT M3 KPUCTAJIJIOB allaTUTOB KaJIbIHA.



[TpuBeneHbI pe3yapTaThl MEXaHUYECKUX HCIBITAHUN JEHTUHA IIPU PA3IMYHBIX YCJIOBHUAX
Harpy)xeHusi (C)kaTue, pacTsDKEHHe, W30, CIOBUT, TOYEYHOE HArpy)KEHHE) C MEeJbio
000CHOBAaHHS MOJENIM MEXaHUYECKOI'O IOBEACHUS JIEHTUHA. 32 OCHOBY IPHUHSTHI MOJIEIbHbBIE
IpEICTaBlIcHNs, pa3BuTele (Gao C COTPYAHMKaMH, OTPaXKAKOUIME MPEANOIOKEHUE O
OMOJIOTMYECKUX HEepapXUYeCKUX MaTepuajaX KaK CHUCTEM, JEMOHCTPUPYIOIIUX ONTHUMAallbHbIE
($yHKIMOHATIBHO- OPUEHTHPOBAHHBIE MEXaHUYECKUE CBOMCTBA.

OO0cyxnarTcs 3aKOHOMEPHOCTU Pa3BUTHUS TPELUUH B ACHTHUHE MIPU CTATUYECKUX U LUKIMYECKUX
Harpy3kax, U IOKa3aHo, 4YTO TPEUIMHOCTOMKOCTb 3aBUCUT OT OPUEHTUPOBKH JICHTUHHBIX KaHAJIOB
B 00Opasle, 0OHapy)KMBaeT MMHHUMAJIbHOE 3HAY€HHE, KOIJa TpeIldHa PacTeT MEepHEeHIUKYIIPHO
JEHTUHHBIM KaHaJlaM M MAaKCHMaJlbHA, KOIJa OHa pacHpOCTpaHseTcs BOJIb KaHAJIOB. JTO
paznuuue SBISETCS HE3HAUUTENbHBIM U, IIO3TOMY, JCHTHH HEJb3d paccMarpuBarh, Kak
OJHOHAITPABJICHHBIM BOJOKHHMCTBII KOMIIO3UT, TaK JUIsl ATOrO TUIIA MaTepUallOB XapaKTepHa
OosblIasi 3aBUCUMOCTb MEXAHWYECKMX CBOWCTB OT OpPUEHTHPOBKH APMUPYIOLIMX BOJIOKOH.
[ToxazaHo, yTO HaWOONBIIMKM BKJIAJ NPU W3MEHEHUM TPAECKTOPUM TPEUIMHBI B YMEHBIIECHUE
HaNpsOKEeHUsT HAOII0aeTcsl NpU MEPHEHAUKYIIPHOW OPUEHTUPOBKE TPEIIMHBI K JEHTHHHBIM
KaHajaMm. B ciydae, korga OCHOBHasl TPEIMHA B3aMMOJAEHUCTBYET C JOYEPHHUMHU TPEUIMHAMH B
BepLIMHE, GOPMHUPYS 00JaCTU HE Pa3pyLICHHBIX YYacTKOB, IPOUCXOANIO 00pa30BaHUE MOCTOB.
Hcxons w3 3TOroO, Jeiaercs 3akKIOYEHHE, YTO MPOYHOCTh JEHTHHA 3aBUCUT HE TOJBKO OT
JEHTUHHBIX KaHaJIOB, HO M OT OpPUEHTHPOBKU DJIACTUYHBIX KOJJIATEHOBBIX BOJIOKOH U
(GopMHpOBaHUS HEPa3pYyLICHHBIX YYacTKOB (MOCTOB) MEXAY KpasMu TpemuHbl. [Ipu stom
KOJIJTAT€HOBBIE BOJIOKHA 00Pa3yloT CETKY, NEPIEHAUKYISPHYIO OCH KaHalla, 4YTO COMPOBOXKIAETCS
o0pa3oBaHMEM MOCTOB, U NMPUBOJUT K BBICOKOM MPOYHOCTH NpU MapajielbHOW OpUEHTalUu
JEHTUHHBIX ~KAaHaJOB. OTO TakKXe, YAaCTUYHO, OOBICHSIET aHU30TPONUIO0 BEIMYUHBI

TPGMHHOCTOﬁKOCTH JACHTHHA.

Ha ocHOBe SKCHEPHMMEHTOB MO HCCIICIOBAHUIO MEXaHWYECKUX CBOMCTB JICHTMHA Ha
c)KaTue TPOBENCHO M3y4YeHHE BIUsSHUSA pa3MmepHoro »s¢dexkra u sdpdexkra ¢GopMbl Ha
MEXaHHUYECKUE CBOWCTBA. AHAIM3 PE3YJIbTATOB MO3BOJIMII CIETAaTh BBIBO, YTO Je(OPMAI[HOHHOES
NOBE/ICHNE JCHTHHA HE 3aBUCHT OT pa3MepoB oOpasna ¢ moctosHHbIM d/h oTHOmIEHHWEeM B
UCCJIEJOBAaHHOM pa3MepHOM Juamna3one. [loka3zaHo, 4ro B JeHTHHE HaOmomaercs 3hQexT
dopmbl mpu  cxarun. OOpasubl ¢ d/h OTHOIIEHWEM MEHbBIE EIUHHMIBI MPH HCIBITAHUN
pa3pylIainuch, TOT/a, KaK OCTaJbHbIC TPYIIbBI 00pa3ilbl COXPAHSUIH CBOIO (OpMY, HECMOTpPS Ha
0O0JIBIIIOE KOJIMYECTBO TpelMH. Mertautorpaduyeckuii aHanu3 oOpas3loB TOCIE HWCIBITaHHS
TIOKa3all, YTO Ha OOKOBBIX MOBEPXHOCTSAX 00pa3uoB ¢ d/h oTHOmEHHEM MeHbIIe 1 MpakTUYECKH
OTCYTCTBYIOT TpelIHbL. [10yueHHbIe TaHHbIC MO3BOJIMIM YCTAHOBUTD, YTO B JICHTHHE €CTh J[Ba

MeXaHHM3Ma peaKcallii HaNpsHKeHUs MpU CKATUU: POCT TPEUUHbI U Aegopmarus. Bxknaa nmm



OTHOIICHUE MEXKAYy OTHMH MEXaHHM3MaMH 3aBUCHT oOT oTHomeHus d/h, dro cBs3aHO
pacipeneneHueM HanpsbKeHui B oOpasie. M3ydenne TpeluH B JeHTuHE ¢ moMotisio [19M npu
yBenuueHusx nopsaka x10000 mokasano, 4yTO yros pacKpbITUS OCHOBHOM TpEIIMHBI HE
npesbimaer 10°, a mepen ee BepUIMHON MPOMCXOLMT YTOHCHHE MaTepuana u oOpa3soBaHHE
CaTeJUIMTHBIX TPEIMH, YTO XapaKTepHO JUIS POCTa TPEHIMH B OOBEMHBIX 00pa3lax M TOHKUX
donbrax MIACTHYHBIX METAJJIOB, KOTJAa pelakcalus HampsDKeHUH B BEPIIMHE TPEIIHHBI
MIPOUCXOUT KaK 3a cueT AeopMalliu, Tak ¥ 00pa30BaHUs CBOOOTHOM MOBEPXHOCTH (CIHSHHUS C
JIouepHUMH TpemuHamu). MccienoBanue 3aBUCMMOCTH J1e()OPMALlMOHHOTO TOBEAEHUS OT
CKOPOCTH HArpyXeHHsl MO3BOJMJIO BBIIBUTH MHUKPO-MEXaHH3Mbl pelaKcallid HaNpsHKeHUH U
YCTaHOBUTH, YTO TIPEJENl MPOYHOCTH U IMPEAe MPOMOPIHOHAIBHOCTH ACHTUHA HE 3aBUCUT OT
CKOpOCTH Harpyxerus. OJJHaK0, U3MCHEHHE Je(OPMAITMOHHBIX CBOHCTB TIO3BOJISET CBSA3ATh UX C
BA3KOYIIPYrOl peakuueld [eHTHHA, OINpeAensieMOld  CBOMCTBAMU HEOpPraHW4eckoil ¢asbl —
KpUCTAJJIaMH anaTuTa Kanbius. HMcciemoBanue nedOpMallMOHHOTO TIOBEJEHUSI B PEKHUME
MOJI3YYECTH MOATBEPAMIIO BSI3KOYIPYTHe CBOMCTBA JICHTHHA. V3ydueHHe BIUSHUS KUJAKUX CPEIl
Ha MEXaHWYECKUE CBOMCTBA JICHTHHA OOHAPYXKIIO 3aBUCHMOCTh OT THITA KUAKOCTH (B OOJbIICH
CTEMEeHH - BOJIbI): HAONIOAANOCh, CHIKEHUE MPOYHOCTH U CIIOCOOHOCTH JEHTHHA K YHPYroi
nedopMaiuu, Torjaa Kak ImiacTHYHOCTh U TMoJHas Aedopmaius yBeianuuBaiack. MccnenoBanue
MEXaHH3MOB, OTBETCTBCHHBIX 3a Je(OpMAallMOHHOE TOBEICHUE JICHTHHA, OCYIIECTBIUIOCH
METOJIaMU PEHTICHOCTPYKTYPHOTO aHalu3a M YCTAaHOBJIICHO, YTO HeoOpaTumas aedopManus B
JIEHTHHE peanu3yercs Onaronaps BKIAAy OpraHu4eckor (pa3pl U MOPUCTOCTH MEKTPYOOUKOBOTO
neHTrHa. OOCyXIaroTcss MexaHU3MbI dpdekTa maMatu (opMbl, KOTOPHIE CBSA3BIBAIOTCA KaK CO
CBOMCTBAMH MaTepuaiga, TaK W C OKCIECPUMEHTATBHBIMH (aKTopaMu (POJbI0 HMCTUHHBIX
HaNpsDKEHWH). 3HAYWTENbHOC BHUMAHHE YICIICHO W3YYCHHIO MEXAaHWYCCKUX CBOWCTB B
YCIIOBUSX pacTsDKEHHs (TIPU AHAMETPATbHOM CKATHH, B TOM YKCJIEe IPU HU3KUX TEMIIEPATypax),
YTO TMO3BOJWJIO YCTAHOBUTh HENWHEHHBIM XapakTep AeGOpPMAIMOHHOTO TOBEACHUS U
MHOKECTBEHHBI POCT CTAOWIBHBIX TpenmH. OTCYTCTBHE IUIACTHYHOCTH TIPH TEMIIEpaType
KHJIKOTO a30Ta, MO3BOJIJIO CIENAaTh BBIBOJ, YTO TUIACTHYHOCTh B JICHTHHE NPH PACTSHKCHUU
peanu3yeTcsl 3a CYeT OpPraHMYeCKUX KOMIIOHEHT. VIcmbITaHus Ha W3TUO MO3BOJMIM OIICHHUTH
nedhopMallmOHHOE TIOBEIeHHE 00Pa3IOB MPU BHICOKOM YPOBHE PACTATHBAIONIMX HANPSOKEHUH B
€ro HIKHEW dYacTh. B oTiauume OT pacTsbkeHus, 3Ta JedOopMaIlMOHHAs CXeMa IO3BOJIHIIA
OIICHUTh  YIPYro-TUTACTHYHBIC  CBOWCTBA  XPymKuX  marepuasioB.  CoIlocTaBiieHHE
neOpMaAIMOHHOTO TOBEJCHHUS JEHTHMHA C KBAapIEBBIM CTEKJIOM, OKCHJIOM QITIOMUHUS U
OpPICTEKJIOM TIO3BOJMJIM CJAeNaTh BBIBOJA, 4YTO CBOWCTBA JIGHTWHA AaHAJOTUYHBI CBOWCTBAM
WCCIICIOBAHHBIX XPYIMKUX MareprayioB. CpaBHUTEIBHBIN aHAJIN3 MEXaHWYECKOTO TIOBEICHUS

JEHTHUHA W HAINOJHEHHBIX IOJIUMEPOB (MCIONb3yEeMbIX IPH PECTaBpallud TBEPAbIX TKaHEH



3yOOB) MO3BOJIMII OLIEHUTh BO3MOXXHOCTh MPUMEHEHHUS MepapXU4eCKOW MOJIENU AJsi OMUCaHUS
MEXaHHYECKUX  CBOWCTB OWMOMHUHEpanoB Ha mpuMmepe JaeHTuHA. [ms  cpaBHEHHS
ne(OpPMALMOHHOTO TOBEICHUS JEHTHHA C HAMOJHEHHBIMH IOJMMEpaMU OBUIM TPOBEACHBI
UCIBITAHUS HA C)KaTHUe, T1e 00pa3ibl JeHTUHA ObUTH aAre3uBHO 3a(PUKCHPOBAHBI C MATEPUAIIOM.
3HAYUTENBbHBI 00bEM OPHUTMHAIBHBIX HCCIEIOBAHUM JePOpPMAIIMOHHBIX CBOWCTB JIEHTHHA
MO3BOJIMJI KJIACCH(HUIMPOBATh MEXAHMU3MBI Je(OpMallui U pa3pylIeHUss B JCHTUHE M CHENaTh
CJIEIYIOINE BBIBOJIBI:

- COOTHOIIICHHE MEeXIY BKJIaJaMH yIpyrod u HeoOparuMoil aegopmanuu MOTYT U3MEHSTHCS B
3aBUCUMOCTH OT YCJOBHMM HCHBITAaHUI (OTHOILIEHHUS pACTSATMBAIOIIUX HANpsSOKEHUH K
CYKHMAFOIITHM);

- HeoOparuMasi AedopMaIisi MUHIMAITbHA, KOT/Ia PACTATUBAIONINE HAMIPSHKEHUS MAaKCUMAJIbHBL

- HeoOparumasi Aedopmaiis B JIEHTUHE OOYCIIOBIEHA CBOMCTBAMM OPraHUYECKON MAaTpHIIBI U
MOPUCTOCTHIO MEKTPYOOUKOBOTO JCHTHHA.

Paznen 3 mocBsilieH ¥CCIEOBAaHUIO MEXAaHM3MOB AC(POPMUPOBAHHS M Pa3pyLICHHUs MU C
YU4ETOM CTPYKTYPHBIX OCOOEHHOCTEH 3TOro MPUPOJHOrO0 OMOKOMIIO3MTA, COAEpIaliero ao 7
CTPYKTYPHBIX YpPOBHEW: IUIOTHOYIAKOBAHHBIE KpPHUCTAJJIbl AalaTUTOB KajbLUsl, 3SMajieBble
CTEpXKHHU, aHcamMOnu CTepXKHEeH C paguanbHOW U TMepeKpeIIUBaOIIEHCs OpHUeHTalueH,
MOPHUCTOCTh, HEOpraHuyeckas (aza (THAPOKCHANATHTA KAJIBIUS), OpTaHUYECKass KOMIIOHEHTa
(cmech mpotenHa/nentuioB). [IpoBeaeH 0030p MEXaHMUYECKUX CBOMCTB AMAJIM TIPH UCIIBITAHUSAX
Ha C)KaTHe, pacTsDKeHHE, TOYEYHOE HarpyKeHHUe, IMOJOKEHHbIE B OCHOBY BBIOOpa MOAETH
nedopMalmoHHOTO ToBeneHus: sManu. OO0cyxknaercs MOJENbHOE MPEICTaBICHHE dMalld Kak
IByx(}a3HOro Marepuana, B KOTOPOM TBEpAbIE YACTUIBI YEPEIyIOTCS C OPraHUYECKUM
MaTepuaioM, oOJalalolliM 3HAYUTENBHO 00Jee HU3KOM MPOYHOCTHIO. AHAIU3 MEXaHU3MOB
pocTa TpELIMH, BO3HUKAIONIMX NPHU YCTAJOCTHOM U CTAaTUYECKOM Harpy>KeHHH, MO3BOJIMII
CIENaTh BBIBOJ O MPEUMYIIECTBEHHOM PACIPOCTPAHEHUH MOCIEAHUX B HANPABICHUU BHEIIHUX
W BHYTPEHHHX TpPaHHI], YTO KOHTPOJHMPYETCS MEXaHU3MaMH CTPYKTYPHOW pellakcaluu
COOTBETCTBYIOIINX CTPYKTYpPHBIX ypoBHeH. Metogom [IOM Oblmn Taxke oOHapyKeHBI 00J1acTH
HEPa3pyIICHHON 3Malli Tepel BEepPIIMHONW TPEIIMHBI M CATeJUIMTHBIE TPEUIUHBI, 00Jaaaroliue
nopoo6paszHoii gopmoii BOmm3u [IC. IlpoBeneHo uccienoBaHe MEXaHUYECKOTO TOBEIEHUS
HSMAJIEBBIX MPU3MATHUECKUX O0Opa3loB TMpH CXKATUMU. YCTAHOBJIEHO, 4YTO 0Opaslbl He
pa3pyliajguch B MPOIECCe UCTIBITAaHMS, HECMOTPS Ha MOSABJIEHUE OOJILIIOr0 KOJIMYECTBA TPEIIHH
Ha UX TIOBEPXHOCTH, IIPU STOM B HEKOTOPBIX CIyYasiX OT KpaeB 00pa3lloB OTAEISUIUCH TIOBOJIBHO
KpymnHble GparmeHTsl. opma nedopMannoHHONW KPUBOM dMaIl OTIMYAETCs OT ACHTHHA U JBa
y4acTKa: HETWHEWHBIH W JuHehHbI. JledopMannoHHOe TOBeAeHHE OOpasloB HSMalld C

paznuunbiM /N OTHOIIIEHHEM KAuyeCTBEHHO HE OTJIMYAIOCh APYT OT jApyra. [IpoTsKeHHOCTh



HEITMHEHHOTO ydYacTKa yBenu4uBaercsi ¢ poctoM d/h OTHOIIEHHS, MPH 3TOM 3aBHCHMOCTD
NPOYHOCTHBIX cBOWCTB OT d/h oTHOIICHMsT O0Opa3la IMaIK aHAJIOTUYHA OOBIYHBIM MaTepHaIaM.
HcnpiTanue o0pas3oB 5Maiy B JAMANAa30HE HECKOJIBKHUX MOPSIKOB CKOPOCTEH HarpykeHus (ot
0,001 mo 10 MM/MHH) TTOKa3aIH CIa0YI0 3aBUCUMOCTh MEXaHUYCCKUX XaPAKTEPUCTUK dMATH OT
CKOPOCTH HArpyXeHHs,, 4YTO CBSI3bIBAa€TCS C MajbiM COJAEpP)KAaHMEM B HEW OpraHMYecKHX
KOMITIOHEHT. M3yueHne crnocoOHOCTH 3MajiH BBLICP)KUBATh MOCTOSHHBIE HArpy3ku (B pexuMe
noysydectu B auanasone or 100MIla no 450MIla B TeueHue 5 4acoB) NO3BOJIUIIO YCTaHOBUTH
HE3aBUCUMOCTh Je(QOPMAIIMIOHHOTO TMOBEACHHUA OT BEJIUYMHBI MPHIOKEHHON HarpysKu.
[Tpoduns gepopmalioHHOM KPUBOI IMAIM COBMAIal C IEHTUHOM, XOTsI BeJIMYMHA JehopMaluu
BO3HHUKAIOIIECH MNpH yIep)KaHUM Harpy3ku ObUla 3HAYUTENBHO MEHBLIE IO CPAaBHEHHIO C
JNeHTUHOM. Hmu3KkoTemmepaTypHoe TMOBeIeHHEe OHMald (IpU CKaTHH B JKUIKOM a30Te),
KaYeCTBEHHO HE OTJIMYAJIOCh OT IIOBEIEHUS MPU KOMHATHOW TemIiieparype. ATTecTarus
KPUCTAIIMYECKON CTPYKTYpPbl 3Malld MPOBOIMIACH METOJOM PEHTTEHOCTPYKTYPHOTO aHaiu3a
00pa3IoB B MCXOAHOM COCTOSHUH W TPH HANPSDKEHUH, KOTJIa BO3HUKAIM TPEIIMHBI B 00Opasie
(0~500MlIla). AHanu3 KpUCTAUIMYECKON CTPYKTYpbl 3Majld B MCXOAHOM COCTOSIHMM I1OKa3al,
YTO 3Mallb HAXOAUTCS B KPHUCTANIMYECKOM COCTOSHUU, MPU ITOM LIMPHUHA MUKOB B 3Malld
3HAYUTENILHO yXKE M0 CPaBHEHUIO ¢ eHTHHOM. HalmroneHrne o6pasiioB SMaiu HEMOCPECTBEHHO
II0JT Harpy3Koi IMOKa3ajo, 4To B MPOLIECCE UCIIBITAHMS Ha CKaThue 00pasilbpl He pa3pyIiainch s
Bcex d/h oTHOIIEHUH, HECMOTPS Ha 0OJIBIIOE KOJMYECTBO TPEIIHMH, HAOI0aeMbIX Ha OOKOBBIX
noBepxHOCTAX. JlaHHOE 0OCTOSTENBCTBO CBSI3BIBACTCA C (DAKTOM, YTO POCT TPEIIMHBI B dMAIU
peanusyeTcs B 00BbEME MEXAY COCEAHMMH AdMalieBbIMH mpu3Mamu. [lokazaHo, 4To TpemmuHa
pacTeT BAOJNb OMaNEBBIX TPU3M 33 CUET OOBEIUHEHHS C CATEJUIUTHBIMH TPEIMHAMH,
dopmupyromumucs B ee Qponre. MccremoBaHme MeEXaHMYECKHX CBOWCTB SMald  TIpU
pacTsDKEHUU (DKCIIEPUMEHT IO JUAMETPaIbHOMY CXKATHIO) MO3BOJMIO YCTAHOBUTH JTHHEHHYIO
nedOpMaIMOHHYIO 3aBUCUMOCTh U CJIENaTh BBIBOA O Je(OPMAIMOHHOM MOBEICHUU SMAIH Kak
XPYIKOTO MaTepHaia, ph 3TOM pa3pylieHue (MPH CTaTHUYECKUX W YCTATOCTHBIX MCIIBITAHUSX )
COIIPOBOKIAETCS 3apOXKJACHWEM UM POCTOM OCHOBHOW TPEIIUHBI TPH B3aUMOACWCTBUU C
MHOECTBOM CaTEJIUTHBIX TPEIIMH. Y CTAHOBJIEHO, 4TO JiehopMallMOHHOE MOBEACHUE 00pa3ia
SMalld B TIOJIE PACTATUBAIOIIMX HAIMPSHKCHUN TPU TUAMETPaIbHOM CKAaTHU B JKHJIKOM a30Te
Ka4eCTBEHHO HE OTJIMYAJIOCh OT TOBEACHUS 00pa3IOB, UCIIBITAHHBIX ITPH KOMHATHBIX YCIIOBHSIX.
AHam3 TIOKa3ajd TaKke, YTO aHWU30TPONHS MEXaHWYECKHX CBOWCTB B HMajM 4eJOBEKa
MOSIBJISIETCS, KOTJa TPOMCXOAMUT HENMHEWHas TuiacThdeckas aedopmanust B oOpasiie.
[IpoBenneHHOE SKCHEPUMEHTAIBHOE MCCIEIOBAHUE IO3BOJIMIIO CHENaTh BBIBOJ O TOM, 4YTO
neGOpMalMOHHOE TOBEJCHUE SMald MOXHO paccMaTpHUBaTh, KaK XPYNKOE IMPH CKATHU WU

pacTsDKEHUHM, TOrJa KakK IpU MPUIOKEHUH HaNpsHDKEHUH MNEpIeHIUKYISIPHO 3MajieBbIM



CTEP)KHSIM, OHA CIIOCOOHA K 3HAYMTENIbHOW HeoOpaTumon nedopmaruu. [lokazaHo, 4To sMaib
JEMOHCTPUPYET aHU3OTPOINHIO MEXaHWYECKHUX CBOMCTB, HO B OTJIMYME OT JACHTHHA, TJE
MJIOCKOCTh, MEPIEHIUKYJISIpHAst ACHTUHHBIM KaHaIaM, sIBJISETCS JIETKOU JIJIs pa3pyLICHUsI.

Pa3nen 4 mocBsillleH HCCIEIOBAHUIO CTPYKTYPHBIX W MEXAHHYECKHUX CBOMCTB
JNeHTHHOAMANIEBBIX coenuHeHui (JIDC), mpeacTaBisionmx co00i 30HbI MEXK/TY IBYMS TBEPABIMH
BBICOKOMUHEPAJIU30BaHHBIMU  TKaHSIMH (JIGHTMH ¥ 53Mallb), OOJaJalolMMU  Pa3HBIMU
MexaHu4ecKkuMHu  cBocTBaMu. CTpyKTypa  COEAMHEHHUs  IPEJCTaBlieHa  MHOXKECTBOM
MapajulebHbIX KOJUJIAar€HOBBIX BOJOKOH, auameTpoM 80-120HM, KOTOpbIE, C OJHON CTOPOHBI,
BCTaBJICHBI B MUHEPAJIBI AMaJM, a C IPYrod, COCTUHSIOTCS C CETKOW OPTaHMYECKUX BOJIOKOH B
JIEHTUHHOM Marpule. AHadu3 SKCIEPUMEHTANBHBIX pe3yNbTaToB Ipu Harpyxenun [2C B
YCIIOBHSIX CXKATHSl, PACTSIKEHHUsS, TOUEYHOTO HATPYKEHUS, N3YYCHHE MEXaHU3MOB POCTa TPEIIUH
MoKazaj, 4YTO MNPOXOXKAEHHE TpewmuHbl ckBo3b JIDC compoBoxgaercs paspymenuem J[OC,
3apOXKACHUEM M POCTOM MHUKPOTPEIIMH B HAIpPaBICHUH OOpPaTHOM POCTY OCHOBHOW TPEIIMHBI.
Ha nedopmanmonnoii kpuBoi oOpasios, compepxamux JIIC, BbIIAENSIETCS TPU XapaKTEPHBIX
yuactka: jaedopmamms Ha TIEPBOM W BTOPOM Yy4YacTKe SIBJIISICTCS YIPYTOd, Ha TPETbeM —
HeoOpaTUMOW 3a cdYeT IIacTudeckoi nedopmanuu aeHThHA. JlepopmanmoHHOE IMOBEICHHE
obpastos, comepxkamux J[OC mpu cxaTUU B KHJIKOM a30T€, MOKHO OXapaKTEPU30BaTh, KakK
xpynkoe. JlepopmanmonHas KpuBas MPaAKTUICCKH MPSMOJIMHEHHAs; oOpa3elr He pacmanaincs Ha
YaCTH TIPU JOCTWKEHUU TIpeJiesia MPOYHOCTU MPU HATMYMU B HEM MHOXKECTBEHHBIX TPEIIHH.
Takoe mnoBeneHHE, XapaKTEPHOE NPU HCMBITAHUM JEHTHHA W 5SMalld B JKHJIKOM a30Te,
CBS3BIBAETCS C MEXaHM3MaMU OCTAaHOBKM TPEIIMHBI OOYCJIOBIECHHBIMU HEOPTaHUYECKUMU
KOMITOHCHTaMHU.

B unenom nuccepramus mnpenctaBiser co0OMl METOAMYECKH BBIBEPEHHOE, OOIIMPHOE
HKCIIEPUMEHTAIIbHOE HCCIEAOBAaHUE MEXAHMYECKHMX CBONCTB M CTPYKTYPHBIX MEXAHH3MOB
pa3pylieHus OMOKOMITIO3UTOB Ha OCHOBE JIEHTHHA, dMallk, JCHTHHA-dMAaJEBOTO COCAMHECHUS
KOCTHOM TKaHHW 3yOOB, COJIEPKUT 3HAYUTEIHHBIM OOBEM HOBBIX JAHHBIX, KOTOpPbHIE, HAPSAY C
OMOMEMIIMHCKUMH  TIPUJIOKEHUSMH, OTKPBIBAIOT HOBBIE BO3MOXXHOCTH IS CO3JIaHUSA
MaTepuasoB C YHUKAIBHBIM COYETAHHEM MPOYHOCTHBIX U MEXaHHUECKUX CBOMCTB. HeoOxoammo
OTMETUTh, YTO, HECMOTPS 3HAYUTEIHHOE KOJUYECTBO PAOOT MO MHUKPOCTPYKTYpPE TBEPIBIX
TKaHel OWOKOMITO3MTOB, CYIECTBYET SIBHBIM JeDUIIMT SKCIEPUMEHTAIBHBIX JIaHHBIX O
MPOYHOCTHBIX CBOMCTBAX OMOKOMITO3UTOB. DTO OOCTOSTEIHCTBO OOYCIOBIEHO TPYIHOCTSMH,
BO3HUKAIOIIUMHU TPU HU3TOTOBIECHUH OOpa3IoB Ui CTaHJAPTHBIX MEXAaHUYECKHX HCIIBITAHUM.
ABTOp HCIONB30BAI METOMBI, ampoOUpoBaHHbIE B (U3MKE TBEPAOro Tena, ISl M3Yy4eHUs
MEXaHWYECKUX CBOWCTB OMOJIOTMYECKUX TBEPIbIX TKaHed. MM paspaboraHa opuruHagbHas

MCTOJHKA IIPUTOTOBJICHUA 06pa3u013 JJI1 MEXaHHNYCCKHUX HCIIBITAaHUN U3 JCHTHMHa W 3SMalid,



KOTOpasi O3BOJIMIIA IETAIbHOE U3yYeHHE MPOYHOCTHBIX CBOMCTB 3TUX TKaHEH Ha cxkaTue, u3ruo,
CABUI W  JMAMETpaJbHOE  CXKATHUE/HENpsSMOE  pacTsKeHHe.  ATTectanus  00pasIoB
HEIOCPEACTBEHHO II0J HAarpy3koll Mpu C)KaTUM II03BOJIMJIA ONPEAEIUTh ONTHMAaJbHbIE
reoMeTpUuYecKre mapaMeTpbl o0pa3uoB ans  wucnbiTanus. CpaBHeHue JedopMalrOHHOTO
MOBEJICHUS JIEHTUHA M AMalld, UCIIBITAHHBIX NPU KOMHATHOW TeMIiepaType U B >KUIKOM a30Te,
MIO3BOJIMJIO BBISIBUTH MEXaHU3MBI UX HEOOPAaTUMOH J1ehopMaIy U pa3pyIICHUsI.

Hanbonee BaKHBIMU pe3ylbTaTaMu AUCCEPTAIMOHHON PaOOTHI SBISIOTCA:

1. YcTaHoBNEeHHBIE MacIHITa0HBIE YPOBHHM B MaTepHuajaXx C pa3BUTOM HepapXudecKou
CTPYKTYpOM#, ompeaensiomue pasHble JehOopMallOHHbIE MEXaHU3MBI, KOTOpbIE
AKTUBUPYIOTCSA B 3aBUCUMOCTHU OT CXCMbI HArpy>KCHHA W BCIMYUHBI HpHKHaHBIBaeMOﬁ
Harpy3KH.

2. JlanHbple O TOM, YTO JEHTUH CIOCOOEH K BBICOKOW YIPYyroil M 3HAYUTEIHHOM
HeoOpaTumolt  nedopmari. OMaib  BBIIEPKUMBAET  3HAUUTENBHYIO  YOPYTYIO
neopmanuio, Ho cocoOHa K HeoOpaTHUMOil AedopManuy Mpu NPUIOKEHUU HArpy3KH
NEPNCHAUKYIIAPHO OMaJICBBIM CTCPIKHAM, B IMPOTHUBHOM cirydac €c MOKHO
0XapaKTepU30BaTh, KaK XpPYHIKUNA MaTepual.

3. JlanHblE O TOM, YTO JEHTUH M OMalb, SBJSSCH AHU30TPOIHBIMH MaTepUaTaMU,
JIOTTYCKAIOT MOJENIbHOE TpeAcTaBieHue uzorponuu 10 17% u 5% nedopmaruu casura,
COOTBETCTBEHHO. I1ITOCKOCTD NEpNCHAUKYJIApHAsd JCHTHUHHBIM KaHaJlaM SBJIACTCA JIETKOU
JUTSL pa3pyIIeHus], TOT/Ia KaK B YMaJIU IJIOCKOCTh NEPIICHIUKYISIPHAS CTEPKHIM SBISETCS
TPYIAHOU I pa3pyIICHHUS.

4. Pe3ynbrarel  CTPYKTYpHBIX  HCCIIEIOBaHHM, yCTaHOBUBIIWE, YTO HeoOpaTumas
negopmanusi B JEHTHHE O0ECTIeYMBAETCS 32 CUYET OPraHWYECKOH (a3pl M MOPUCTOCTH
MEXTPYOOUKOBOTO JleHTHHA. lIpm 3TOM OCHOBHOW BKJaJ IpPHU PAaCTSHKEHUU BHOCUT
oprannueckas (asza, a Tmpu CKATHH MOPUCTOCTh. HeoOpatumas aedopmaius B sManu
peanusyeTcss mMpu W3rHOEe SMalIeBBIX CTEPKHEH 3a CUeT CIEIUICHHS MEXIy CoOou
MAJIOYKOBUAHBIX KPpHUCTAJIJIOB

5. Y CTaHOBNIEHO, YTO peaKcalis HAMPsDKEHUS B OTHX TBEPABIX TKAHSIX MPOUCXOAUT TAKKE
3a c4yeT pocTa TPEIIUH, IPU 3TOM JIEHTHH U 3Mallb COCOOHBI 3 (HEKTUBHO MOJABIATH UX
pOCT: JEHTHH, Omarojapsi CroCOOHOCTH K BBICOKOH JedopManui MeXTpyOOUKOBOTO
JACHTHUHA; B OMaJIX OCHOBHBIM MCXAHHU3MOM OCTAHOBKH PpOCTa TPCHIUHBI ABJIACTCA
o0pa3oBaHHE MOCTOB Ha MEPEIUIETEHHSIX SMAJEeBbIX CTEp)KHEH. J|eHTHHHbIE KaHaJIbl
BKJIIIOYAIOTCS B MPOLIECC pa3pylleHus, Korga K oOpas3lly NpUKIIaJbIBalOTCS
pacTAruBarOmiu€ Harpy3kd, B IPOTUBHOM CJIydac, KOrja CXKXHMAOIUE HArpy3Knu

MaKCHMaJbHbI, pa3pyIlIeHUE PEaTU3yeTCa B MEKTPYOOUKOBOM JEHTHHE.



6. JlaHHbBIE, TO3BOJMBIIAE YCTaHOBUTb, YTO COCIAMHEHUE JECHTUHA C OSMaJbI0 WIpacT
BO)XHYIO POJIb B JI€(pOPMALIMOHHOM MOBEICHUN 3y0a, KOMIICHCUPYS HANPSIKCHUS MEXTY
3TUMHU TBEPAbIMH TKaHSIMHU, OOJANAIONIMMU PA3HBIMU TNPOYHOCTHBIMH CBOWCTBAMH.
CraOuIbHOCTh COEIUHEHUs JOCTUraeTcs 3a CYeT TOro, YTO MEXaHHMYECKHE CBOICTBa
JICHTHHA U HMAJI CHUXKAIOTCS BOJIU3U IPAHULBI U CTAHOBATCS OJIU3KUMU.

Pabora He cB0O0OO/IHA OT HEJOCTATKOB U YMECTHBI CIIEIYIOIINE 3aMEUaHUS:

1. KomnoHoBKa nuccepranuy, KOHCIEKTHMBHOCTb H3JIOKEHUS PE3YJIbTaTOB U BBIBOJOB

HEKOTOPBIX pa3esioB CYLIECTBEHHO OCIOXHSIOT IOHMMaHue (U3MYECKHX OCOOCHHOCTEH

IIOBEJICHUS UCCIIEyeMbIX OOBEKTOB, BBIJEJICHHE XapaKTEPHBIX IMPU3HAKOB U, KaK CIEICTBHUE,

000CHOBAHHOCTb MOJIEJIbHBIX IIPEJICTABICHUI;

2. OOpamaer Ha ce0sl BHUMaHHE CTUJIMCTHYECKas HEKOPPEKTHOCTb IPHU OIPENEICHUU

(U3UKO-MEXaHNYECKUX CBOMCTB JACHTHHA, SMAJIM U OMOKOMIIO3UTA B 1I€JIOM (BBICOKOYIIPYTHE U

T.J....), YTO NPUBOJUT K TPYJHOCTSIM B MHTEPIPETAUU CTPYKTYPHBIX M MEXaHHUYECKUX

3aKOHOMEPHOCTEN HAa OCHOBE IPUBJIEKAEMBIX MOJEIbHBIX IIPEICTABIICHU;

3. CrunucTuyeckue M IpaMMaTUYECKUE OIEYaTKH, 3aTpPYAHSIONIME NOHMMAaHHUE psijia

COJIepKATENbHBIX PE3YJIbTaTOB PAOOTHI.

JloOCTOBEpPHOCTH MOJIYy4eHHBIX B padoTe pe3yJIbTaTOB U IO0JIOKEHHMH, BBIHOCUMbIX Ha 3allUTY,

o0OecrieunBaeTcs  MCIOJIb30BAHUEM COBPEMEHHBIX METOJOB  HCCIIENOBAaHUS  CTPYKTYPbI

MarepuasioB (OnTHYeCKas MeTaiorpadus, dJICKTPOHHAs CKaHUPYIOIIas W IPOCBEUHBAIONIAsS

MHUKPOCKOIHUSA), CEpTUPHUIMPOBAHHBIM O00OpYIOBaHMEM IpU TMPOBEICHHUM MEXaHMYECKHX

UCTIBITAHUH, COINOCTaBIEHUEM C pe3yjibTaTaMH OINYyOJIMKOBAaHHBIX HCCIIEAOBAHUM JPYrUx

aBTOPOB.

B menom gucceprammonnas paborta 3aitnieBa JI.B. sBisercs camMoCTOATEIbHBIM
3aKOHYEHHBIM HAy4YHbIM HCCJIEIOBAaHUEM, COOTBETCTBYIOIIMM «llomoxkeHuto o mnopsake
npucyxaeHus yuéHbix creneHein» BAK P®. BeiBoabl U M0ON0XKEHUS, BBIHOCUMbBIE Ha 3alllUTY,
CIIENYIOT U3 COJIEPKaHMS quccepTanui. Pe3ynpTaTsl paboThl JOCTATOYHO MOJTHO OMYyOJIUKOBAHBI
B OTEUECTBEHHOW U MEXIyHApOJHOM HayuyHOHl meuyaTu. ABTOopedepaT u myOIMKAUU

COOTBCTCTBYIOT COACPKAHUTIO pa6OTLI 1 JOCTAaTOYHO MOJHO €€ IpeaACTaBJIAIOT.

COBOKYNIHOCTb, TPEACTABIEHHBIX B JAUCCEPTALIMM BHIBOJOB M TOJOXKEHUH, MOXXHO
KBaJIM(ULMPOBATh KaK 3HAUMTENbHBIA BKJIAJ B peUIeHHe MpoOsieM, CBA3aHHBIX C MOHMMAHHUEM
MEXaHU3MOB JedopMallid U pa3pylleHUs KOMIIO3UTHBIX MaTepHasoB (Ha mpuUMepe
OMOKOMIIO3UTOB) C  HEPApXUYECKOM  CTPYKTYpoH —  BaxHOro pazznena  (U3MKU

KOHACHCUPOBAHHOI'O COCTOSHUS.



Cuymraro, 49ro pamccepramus YZIOBJICTBOPSIET ~ TpeOOBaHUSIM,

IPEABABIACMBIM K

JIOKTOPCKAM  JMCCepTanuaM, a e€ aprop, 3aiiues JMuTpmit BukTopoBud,» 3aciyxusaer

IIPUCYIKOCHUS y‘{eHOI;'I CTCIICHU MHOKTOpa (I)I/I3I/IKO-M3T€MaTI/I‘I€CKI/IX HayK II0 CHENHAJIbLHOCTH

01.04.07 - ®usuka KOHAEHCHPOBAHHOTO COCTOSHH.
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