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OT3eIB Beayuieii opranmsanuu

Ha IUCCEPTALHOHHYI0 paboTy AHUCHMOBOM Mapru AneKcaHIpOBHEI
«Mukpomexanuka GOPMUPOBAHKS YIPYTHX U TETIIOBLIX XapaKTEePUCTHK
METAJIOMATPUYHBIX KOMIIO3UTOB ¢ MHOTO(a3HOH MepexoaHOH 30HOM MexTy
BRIOMCHMAME ¥ MaTPULEI», IPECTABNIEHHYIO HA COMCKAHHE YIESHOH CTeleH
KaHIUIaTa (PU3UKO-MATEMATHUECKHX HAYK 10 CIIEIHAATBHOCTH
01.02.04 — Mexanuxa nedopMupyeMoro TBEPJOTO Tela

Ha oT3BIB mpesicraBieHsl: TekeT MHCCEPTALMOHHOM paboTer Ha 117 CTpaHulax,
colepxalux 28 pUCYHKOB u 5 Tabmuu, Gubmmorpaduueckuii cmucok u3 148
HaMMEHOBaHUM, aBTOpedepar Ha 18 cTpaHunax, BKIFOYAs CIIHCOK 13 9 nyoMKamii
110 TEME UCCePTalHH (M3 HUX 2 B PELEH3UPYEMbIX JKypHAIAX BAK). Jluccepraius

COCTOMT W3 BBCICHUS, INATH IJIAB OCHOBHOM YacTH IMCCEpPTaLMOHHON paGoTEI,

3aKJIFOYEHHA H CITUCKA JIATEPaTYPHI.

AKTYya1bHOCTDH BLIOPAHHOH TeMbI
MeraiioMatpudnble  KOMIO3HIMOHHBIE MATepUalbl  HAXOIAT HIAPOKOE
NIPUMEHEHUE B PA3HBIX OTPACHIAX HPOMBIILIEHHOCTH, IOCKOJIBKY IIPH ONTHMATEHOM
moi0ope cocTaBa, CHOCO0A M TEXHONOTHYIECKHX apaMeTpOB CHUHTE3d, MOMKHO
TOIy9uTe Ha OCHOBE METAUIMYECKHMX CIUIABOB W Pa3jM4HBIX HAIONHUTEIeH
KOMIIO3HT ¢ TPeOYeMBIMU SKCIUTYaTalldOHHBIME CBOHCTBAMH, KOTODBIE MTO3BOJISIOT
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|
20 CEH 2001, 201_r|




TETNOPUINYECKUX, MEXAHMYECKUX, TEXHONOTHIECKUX B APYIHX cBOHCTE. OcobbIi
HHTEPEC TPEICTABIIAIOT KOMIIO3UTHl C TBEPABIMH BKIIOUCHHSIMH, KOTOpbIe B
PE3ylpTaTe  NpeaBApPHUTENLHOH  00paboTku (byHKOWOHAMM3AIMY)  wWH
TEXHONIOIMYCCKUX  YCIIOBHA CHHTE3a MOIYT COEepXaTk  JNOIOIHUTENLHEIH
MeK(asHbli CII0H, HapHMeD, HAMBLICHIE METATITA, YTO YAYYIIaeT KOHTAKT MEKIY
qacTuleH u MaTpuuel. [loruManye poreccos, NpoTeKaomux Ha TpaHuLie pazaena
(a3 maeT BOZMOKHOCTH JETAIBLHO N3y4YUTh MEXaHW3MBI, BIUSIONAE HA CBOHMCTBA
TETCPOTCHHBIX MATEPHaJIOB, YTO MO3BOJIAET WCIONB30BATH WX IS JIOCTHKEHUS
Tpedyemoro s¢dexra.

Ha cerommsmmbmii genp GOJBIIUHCTBO paspabOTaHHBIX TEOPETHYECKHX
MOZENICH  ONMCBIBAIOT ~ CBOMCTBA  KOMITO3MIIMOHHOTO MaTepuana  IIo
IKCIEPUMCHTATBHLIM  TAHHBIM O CTPYKType TIOTOBOTO MaTephala, TO ecTh
YUUTBIBAIOT KOHEUHEIH (Da30BHIH COCTAB M pasMep MEpPEXOMHON 30HEbL. Opnaxo, B
NpoLecce CHHTE3a KOJMYECTBO (ba3 M WX IIMPHHA MOTYT MEHSTECS CO BPEMEHEM,
ITO - MOXCT IPUBCCTH K TOSBICHHIO HEKENATCIBHBIX HIM  yMEHBIIEHHIO
HEOOXOIUMBIX KOMIIOHEHTOB. Moznenuposanue 3aKOHOMEPHOCTEM H3MEHEHUs
YUpYTHX W TEINOBBIX CBOHCTB METAaIUIOMATPHYHBIX KOMIIO3HTOB B IIPOLIECCE
CHHTE3a C y4eTOoM (OPMHPOBaHHA Mex(hasHOro CIos HpeacTaBiIsieT OOJbIIOo
WHTEPEC, IOCKOJLKY SKCIEPMMEHTANbHOE MCCIeOBAaHHE JAHHOTO BOIpOCA
3aTPy/IHEHO. B CBs3M C 3THMM, aKTyalbHBIM SBISIETCS OBOBINCHHE W3BECTHBIX
AHATHTHYCCKAX W  YHCIEHHBIX MeTOHOB peLIeHHd 3afaudl [OMOTEHH3AI[HH
[E€TEPOreHHbIX CPel U pa3paboTka Mozenei popMupoBaHus Mex(a3sHOTO CIIOS, UTO
Y SBJIAETCA OTHOM U3 IeNed TaHHOU paboThl.

Iens puccepraumonnoii paGorel AmmcumoBoii M.A. 3aKirougeTcs B
YCTAHOBIICHUH METONAMH MUKDOMEXaHUKH COOTBETCTBHS MEXIY 3(h()EeKTHBHBIMU
CBOWCTBAME METAINIOMATPUYHOTO KOMITO3HUTA H pasMepoM U COCTaBOM MEPEXOMHON

30HBI, (QOPMHPYIOLIEHCS MEXKIY TBEPABIMU BKITFOUSHUSIMH ¥ MATPHIEH B TIporiecce

CHHTE3A.



Kpartknii ananus comepranus

JluccepTranys COCTOUT U3 BBEICHNUS, TISTH TI4B OCHOBHOM JaCTH, 3aKIIIOYEHUS
1 CITHCKa TUTEPaTyphl U3 148 HanmeHoBaHwMiA, U comepiKut 28 PHUCYHKOB H 5 TabumIy.

Bo BBemennn 0GOCHOBaHA aKTyalBHOCTH TEMbI UCCIIEIOBAHM, TIOKA3aHa
CTCNEHDb €€ paspabOTAHHOCTH B HAY4YHOIl NUTEpaType, CHOPMYITHPOBAHEI [ENU U
3aliadi NCCIIEOBAHMS, IIOTIOXKEHIS, BHIHOCHMEBIE Ha 3aLLHATY, MPOAEMOHCTPHPOBAHA
HayqHas — HOBM3HA ¥  IIPaKTUYeCKas 3HAYUMOCTH paboThl, 06OCHOBaHA
AOCTOBEPHOCTD IIONYYCHHBIX Pe3YIbTATOB, NPUBEACHEI JaHHbIE O JTHYHOM BK/I4me
aBTOpA.

B mepBoii riaaBe W3NONKEHEI OCHOBHBIE CBEJCHHS O KOMIIO3UIHOHHBIX
MaTepuanax, IpUBE/ICHBl NaHHble 00 MX KIACCHOUKAIHMH [0 BHAY apMHDPYIOLHX
HacTHIl M METOLAX MX NONydeHusl. IIpoaHanusupoBaHb! pesynbTaThl aKTyalbHBIX
OKCICPUMEHTAILHBIX M TEOPETHYECKUX UCCIENOBAHUSIX I10 BIHSHUIO PA3IHYHBIX
HAanoNHKUTeNeld (¢ y4eToM u Ge3 ydeTa MepPexOTHOro Cllosi) Ha (U3HKO-
MEXaHHYCCKME  CBOMCTBA  KOMIIO3HTOB. PacCMOTpEHEI  METONBl  OLEHKH
5Q(GEKTHBHBIX CBOUCTB TeTEPOTeHHBIX MarepuanoB. JlurepaTypHeiid 0630p
3aHUMAcT 3SHAYUTCIBHYIO 4YacTh pabOTEl M CBHIETENBCTBYET O XOpOLIEi
OCBE/IOMIIEHHOCTH TUCCEPTAHTA 10 TEME JUCCEPTALMOHHOr0 HCCITEI0BAHMNS.

Bo Bropoii rnase nposeneHo MoenMupoBanue CBOHCTE MeTaIOMAaTPHIHBIX
KOMIIO3HTOB €O  COEpPHYECKUMH  BKIIOYEHHAMH. MCHOTB30BAHA  cXeMa
FoMoTreHusalun MakcBelia, 3aKoYatomascs B 3aMeHe HeKOTOPOil HeOXHOPOIHO
00acTH ¢ BKIIOYEHMAMH SKBHBAJIEHTHON OMHOpOIHOM ¢ 3bhdheKTUBHEIMU
XapakTepucTukamu. IIpuBejenbl pe3ymbraThl pacyeToB IS KOMIIO3HITHOHHOLO
Marepuana Ha OCHOBE THTaHa C [0DaBIeHNeM YacTUIl KapOHIa, CHINIUIA | Oopuma
THTaHa (O€3 ydeTa nepexoHOro ¢uos) u s MaTepHaIoB Ha OCHOBE AIOMUHUS C
M00ABICHHEM aNMa3HBIX HACTHI C BONb(GPAMOBHIM TOKPLITUEM U C YYeTOM
00pa3oBaHus MOPHCTOCTH. VICTIONB3ys MOITydeHHbIe 3aBMCHMOCTH, yCTaHOBJIEHA
B3AMMOCBASE  MEXJIY — KOI(QQHUIMEHTOM  TEINOBOTO  pPACHIMpEeHHS W
TCIIONIPOBOHOCTBIO, & Takke Mexjy koddouumentom auddysuu u

KO3 QHUIMEHTOM TEILIONPOBOIHOCTH.



B Tperbeii raase mposeero HCCIIeIOBaHKE TIPOLECCOB, NPOTEKAIONMX HA
FpaHumax pasnerna (a3 MEXIy YacTUIed ¢ TOKPBITHEM U MaTpuLei. [Tpeqmoxennas
MOZICJIb YHUTHIBACT U(DDY3HOHHEIE H KHHETHYCCKHIC TPOLECCEL, TIPOTEKAIOIIHE B
Tpoliecce cunTesa. B pasnene npusenena omenxa apaMeTpOB MOZAEINH U TIOAPOGHO
M3IMOKCH ~ aITOPUTM  pelieHHs 3aja4d. PesyisTaTsl YHCIEHHOrO aHanusa
NPEACTABNCHEl UL [IBYX TEeMIepaTyp Ipolecca CHHTe3a | 103BOJLIFOT
TPOAHAIMSHPOBATL U3MCHEHHE COCTABA M pasMepa NIEPEXO/IHOM 30HEI ¢ TeYeHHEM
BPEMEHH,

B 4yerBeproii rnase PAacCMATPUBACTCA 3372494 O POCTE HOBBIX ¢az B pamxax
Au(Qy3HOHHBIX Momeeit JUISL TeJI CepudecKoii Gopmel. 3anaua ¢ mouBHKHBIME
TPaHHlaMK pellieHa B KBA3UCTATHUECKOM IMPHOIMAKCHHH, IMpoananusuposana
CKOPOCTE  IBHXKCHMS TPAaHHMII B 3aBHCHMOCTH OT 3HAYCHMI [penenon
pacTBOpUMOCTH. Ha OCHOBaHWM mpeIoKeHHOMN MOJICITH IpOBeIeHa OIleHKa
HAalPSDKEHUH | JeopMalltii B mepexomHoM clioe c y‘IGTOM‘ obpazoBanus
HECKOJILKIX IIOCIIENI0BATENBHO PACIONIOKEHHEIX (as.

AHaM3 pesynbTaToB [uist cucTeMbr Al-W ¢ Y4eTOM 00pa30BaHMs ABYX HOBBIX
da3 mokaszan BnwsHKE TEMIICPATypPBI Ha CKOPOCTB M XapaKTep ABUKEHMS PAHMIL,
Hnsa cucremsr Ti-C  nposeneno CPaBHCHHE MPOLECCOB pPOCTa O IHO(GAZHOrO
TICPEXONHOTO CJIOK ¥ CJOSI, COCTOAIIEr0 M3 TPeX HEePABHOBECHDIX dba3z. B obomx
CIydaix MaKCHMAalbHBIC 3HAYEHMsS HAUDPSKEHHH paclomararorcs GimKe K
BHYTPCHHEH IDaHULE M 3aBHCAT OT pasiWYds CBONCTB MaTepHana MaTpUIlsL,
HYaCTHUIIBI U IIEPEXOIHOIO CIO4.

B nsToii rnase mpencrasnen METOA OUEHKH 3((PEKTUBHBIX CBOHCTB B
[IpOLECCe CHHTE3d B 3aBHCHMOCTH OT BPEMEHH, OCHOBAHHBLIN Ha KOMOMHAITHH
NPEITOAKCHHBIX BBINIC MOjenel. VCrons3ys aHaiuTUUecKHe BBIPAKEHHS JIJTs
OLEHKH 3(QEKTUBHEIX CBOMCTB U MOJEND pocTa (a3 ¢ MOIBHKHEIMY IPAHHIIAMH,
H3YHCHO BIMAHHC M3MEHEHHMs LIMPUHBI ¥ COCTABA MEPeXOMHOIO COS Ha o0mue
XAPAKTCPUCTHKH KOMITO3UIHOHHOTO MaTepuana B IIPOLecce CHHTE3a.

B zakmrouenun HIEPEYHUCIICHBI OCHOBHEIE PE3YNbTaThl B BEIBOJIbI paGOTBI.



JdocroBepHOCTE B 0GOCHOBAHHOCTL  BBHIBOIOB obecmeunBaeTcs
OPUMCHEHIEM (QyHIAMEHTAIbHBIX METOIOB M MOIXOJOB, CTPOrOM TTOCTAHOBKOM
3a/1a™ MCCICNOBAHMS, MCCIENOBAHUEM CXOJMMOCTH [pH BApPHUPOBAHHH IIATOB
NPOCTPAHCTBEHHOM CETKM, CPaBHCHHEM C M3BECTHBIMH aHATHTHYCCKAMH U
HHCTICHHBIMHE PEIICHHUAMH, COTOCTABICHHEM C JKCIEPUMEHTAILHBIMU JIAHHEIMH,
UMCIOLIMMHUCS B JIUTEPATYPE.

Anpodaumsi pe3yNbTATOB  AHCCEePTAIMOHHOMN paboTbl 06Cykaamace Ha
MHOKCCTBE BCEPOCCMMCKHX W MEXIYHAPOIOHBIX KOH(EPEHIMsIX u CEeMHUHapax.
PesyneTathl mecinenoBanmii mo Teme JHACCEPTAMM ONyONUKOBAHEl B 9 CTATHIX,
BKIIOYasi 2 CTATbH B PENEH3UPYeMbIX HM3AHMIX, PeKOMEHIOBaHHEX BAK u 7
CTaTel B KypHaIIax, BKIIOYCHHEIX B Gubruorpaduteckue 6a3sr uTupoBanus Web
of Science u Scopus.

Hay4nasi HOBH3HA HCC/IEX0BAHMS H NOJIYYEHHBIX pPe3y/bTATOB.

1. Paccunrampl >pdexTHBHBIE XapaKTepHCTHKH: MOJIYJIb  YIPYTOCTH,
KO3()pHUUMEHT TEMIOBOrO PacliupeHus, Ko3dduiuenT TEMNONPOBOIHOCTH, — JITIs
METAINIOMATPIIHOIO KOMIIO3UTA ¢ HEOJHOPOAHBIMM YacTHUAMM TPH YCIOBHH
HapyIIEeHUs CITONTHOCTH MEXKAY MATPULEH W BKITIOYEHHEM.

2. Yeranosnena cBs3b Mexny d>(QeKTHBHBIME KO3(Q(UITHEHTAMHU TEIIO0BOr0
PacliMPEHUS M TCIONPOBOAHOCTH (3aBUCAMMMHI OT YIPYTHX CBOCTB (a3), a
TaloKe Meky Koo puurenTom auddysun u kodshdurrerTOM TEIIONIPOBOAHOCTH
A1 METAJLTOMATPUYHEIX KOMIIO3HTOB C YITPOYHSIOMIUMY BKITFOUEHUSIMI.

3. [Ilpemmoskena Mojenb (GOPMHPOBAHMA IEPEXOTHBIX 30H MEXITY
cepraeckoll HacTHIEH, TOKPBITHEM B MaTpHULIEH C YY€TOM KMHETUYECKUX SBJICHHI
Ha mpumepe cuctembl C/W-Al

4. Chopmynrposana Moers pocTa HOBEIX (a3 B IIPOLIECCE CHHTE3a KOMITO3MTA
B paMKax TCOPUM DPEaKIMOHHOH mup(ysuu B chepHdeckodl CHMMETpHH,
TO3BOILIIOIIA  PACCYMTHIBATE MEXAHHYECKHE HANPSHKEHUS XAMHUYECKOH |
AUGQ(Y3HOHHOM MPHAPO/ILI B MEPEXOTHBIX 30HAX B OKPECTHOCTSIX IPaHUIl pazjena.

BosmosxxHOCTH MOIENH POUILTIOCTPHPOBAHEI Ha npumepe Al-W u Ti-C cucrem.



5. B pamkax mcnonszopannoro MHKPOMEXaHUIECKOTO MOAX0/(A UCCIeI0BaHa
SBOMIONUA () (EKTUBHEIX CBOMCTB KOMIIO3WTA B IIPOLIECCE CHHTE3a B Pa3sHbIX
YCIIOBHSIX.

IIpakTH4yeckasi ¥ TeopeTHYeckasi MEHHOCTE paboTel HecomueHHa. Omna
OUPEACTIACTCA TEM, YTO PE3YNLTATEl HCCIENOBAHUI TIO3BONSIOT U3YYNUThH BIUSHHUE
YCIOBHI  CHHTE32 METANIOMATPHYHONO KOMIO3HTA  Ha 3aKOHOMEPHOCTH
(opMupoBaHHS  HepexoaHOro  cos MCKIYy dacTHUaMH W MaTpuued wu
IpOaHATM3UPOBATE BIMSAHUE HONM BKIIOYEHUH, IMHPUHEl U COCTABA IIEPEXOTHOrO
crost Ha 3 QeKTUBHBIE CBOMCTBA MaTepHaa.

llpenniokenHEle Momenu W pesynbTaThl HX aHANH3a TO3BOJIAIOT  JaTh
PCKOMEHIAIMM  TI0  yCTOBUAM  CHHTe3a, OOECIEYMBAIOIIMM  HEOBXOIIMELE
MEXaHHIECKUE U TeIUIO(QU3UIECKUE CBOHCTBA. Y CTAHOBIEHA B3aMMOCBS3E MEXTY
SODEKTHBHEIME CBOHCTBAMH pa3HOM IPUPOALI, YTO CHIOCOOCTBYET OOLIEMYy
PasBUTHIO METOZIOB SKCIIEPMMEHTAIILHOTO ONIpeIeNieHusl 2 )eKTHBHBIX CBOMCTE.

CooTsercTBHE COmepRAHAN AHCCEPTALMH YKA3AHHON CHEeNHAJIbHOCTH.

Coneprxanue juccepranuoHHoi paGoTel, ee ey u METOABI MCCIea0BAHUM
COOTBETCTBYIOT NYHKTaM 3, 7, 8 macnopta cnenuansroctu 01.02.04 — Mexanuxa
Ne(OpPMHUPYEMOTO TBEPIOrO Tend, GH3HKO-MATeMATHIECKHe HaYKH.

CoorsercTBHE conep:kaHus aBTopedeparTa ColepRaHUIO AUCCEPTAIHN.

ABropedepar JucCepTaNE M IyGIMKALAH alIeKBATHO W B TOJHOM Mepe

OTPAKAIOT COIEPIKaHUE PAOOTEL
3ameqaHMs 10 IMCCEPTALHOHH O paboTre:

1. O63op muTeparypsl B mpencTaBIeHHON AMCCepPTallH OYeHb OOIIHUpEeH u
TPCACTABIIACT ~ CAMOCTOATENBHYI0  LEHHOCTh /ISl LIHMPOKOTO KpyTa
CTICLUATIACTOB B 00JIACTH MEXaHUKH KOMIIO3UTOR. OXHAKO, OH 3aHHMAET OYTH
IOJIOBUHY 00BeMa CONepiKaTeNbHOM uYacTH pabotsr (100 ctp. 6e3 cmucka
JUTEPATYPEL), U OITOMY IPEICTABIIACTCS HECKONBKO H3OBITOUHBIM, Kak Ham
KaKCTCs, M3-3a 3TOr0 HECKOIMBKO IIOCTPANAIo Copepikanue auccepranuu. Tak
HaIlpuMep, TiaBbl 4 1 S paboTel B OTIWYHE OT 0030pa U3NOKEHbBI OYEHB CKYTIO.

31eCh SIBHO HEIOCTATOYHO 0B6CY K IAFOTCS TOCTAHOBKE 3aj1a4 ¥ UX (PU3HIECKUI






