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OT3hIB 

Be)lYllleH OpramI3aUHH 0 )lHCCepTaUHOHHOH pa60Te <PAEPlllTEMHA 

KOHCTAHTI1HA flEOHI1)].OBI1l{A «CHHTe3 HaHOCTpYKTYP BN H HX 

npHMeHeHHe )lml ynpolfHeHH5I JIerKHX MeTaJIJIHlfeCKHX MaTpHU Ha OCHOBe AI», 

npe)lCTaBJIeHHOH Ha COHCKaHHe YlfeHoH CTeneHH KaH)lH)laTa TeXHHlfeCKHX HaYK 

no CneUHaJIbHOCTH 05.16.09 - «MaTepHaJIOBe)leHHe (MeTaJIJIyprH5I)>> 

AlnyaJIbHOCTb pa60ThI 

Pa3pa60TKa KOMn03HUHOHHbIX MaTepHaJIOB Ha OCHOBe Al C nOBblweHHbIMH 

npolfHocTHbIMH xapaI<TepHCTHKaMH npH KOMHaTHoH H nOBblweHHOH TeMnepaTypax 51BJI5IeTC5I 

BmKHoH HaYlfHo-TexHHlfecKoH np06JIeMoH. PeweHHe )laHHOH np06JIeMbI n03BOJIHT YBeJIHlfHTb 

)lOJIrOBelfHOCTb pa60TbI H3)leJIHH npH CHH)l(eHHH o6111ero Beca KOHCTpYKUHH. B lfaCTHOCTH, )lJI5I 

a3poKocMHlfecKoH npOMbIWJIeHHOCTH, 3TO n03BOJIHT YBeJIHlfHTb nOJIe3HyK) HarpY3KY 

JIeTaTeJIbHbIX annapaToB, cOKpaTHTb paCXO)lbI TOnJIHBa H BbI6poCbI B aTMoc<pepy )lBYOKHCH 

yrJIepO)la. 

)].JI5I peWeHH5I )laHHOH rrp06JIeMbI, B HaCT05l111ee BpeM5I, aKTHBHO pa3pa6aTbIBalOTC5I 

)lHCrrepcHo-ynpolfeHHble KOMn03HUHOHHble MaTepHaJIbI Ha OCHOBe AI. I1cCJIe)lYlOTc5I 

KOMrr03HThI Ha OCHOBe AI, yrrpolfHeHHble Pa3JIHlfHbIMH HaHocTpYKTypaMH. B lfaCTHOCTH, 

60JIbWOe KOJIHlfeCTBO pa60T rrOCB5IllleHO npHMeHeHHlO MHorOCTeHHblX yrJIepO)lHbIX 

HaHoTpy6oK, HaHOlfaCTHU SiC, AhO), TiB2 B KalfeCTBe apMHpylOlllHx )106aBOK B KOMn03HTbl Ha 

OCHOBe AI. 

OPHrHHaJIbHbIM nO)lXO)lOM K pa3pa60TKe HOBbIX KOMn03HUHOHHbIX MaTepHaJIOB Ha 

OCHOBe Al 51BJI5IeTC5I, rrpe)lJIO)l(eHHOe aBTopoM, HCnOJIb30BaHHe HaHocTpYKTYP reKCarOHaJIbHOro 

BN (h-BN) B KalfeCTBe ynpolfH5IlOllleH )106aBKH K Al MaTpHue. COrJIaCHO npHBe)leHHbIM B 

pa60Te JIHTepaTypHbIM )laHHbIM, )lJI5I HaHocTpYKTYP h-BN xapaKTepHbI YHHKaJIbHO BblCOKHe 
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MeXaHH'-IeCKHe CBOHCTBa, a TaK)I{e BbICOKaSi CTOHKOCTb K BbICOKOTeMnepaTypHOMY OKHCJleHHJO. 

3
TIJlOTHOCTb h-BN COCTaBJlSIeT 2,2 r/cM , '-ITO .lleJlaeT ero caMbIM JlerKHM MaTepHaJTOM no 

cpaBHeHHJO C .llPYfI1MH apMHpYJOmHMH .ll06aBKaMH. KpoMe Toro, h-BN XOPOlliO CMa'-lHBaeTCSI 

)KH.llKHM AI, '-ITO 06eCne'-lHBaeT OTCYTCTBHe MHKponop H BhICOKYfO a.llre3HfO Ha rpaHHue AI/BN. 

CO'-leTaHHe YKaJaHHhIX CBOHCTB, .llaeT OCHOBaHHe nOJlaraTh, '-ITO KOMn03HThI Ha OCHOBe AI , 

ynpO'-lHeHHhle HaHocTpYKTypaMH h-BN, MorYT 06Jla.llaTh BbICOKHMH 3Ha'-leHHSIMH Y.lleJlhHOH 

npO'-lHOCTH H )I{apOnpO'-lHOCTH npH HH3KOM Bece KOHCTPYKUHH. 

O.llHHM H3 OCHOBHhIX <paKToPOB, C.llep)I{HBaJOmHx HCCJle.llOBaHHSI B 06JlaCTH npHMeHeHHSI 

HaHocTpYKTYP h-BN B Ka'-leCTBe ynp0'-lHSIJOmHx .ll06aBOK B .llHCnepcHo-ynpO'-leHHhle 

KOMn03HUHOHHhle MaTepHaJThI Ha OCHOBe AI, SIBJlSIeTCSI OTCYTcTBHe oTpa60TaHHoH TeXHOJlOfI1H 

HX nOJlY'-IeHHSI. 3TO, npe)l{.lle Bcero, CBSI3aHO C He.llOCTaTKOM HH<p0pMaUHH 0 MexaHH3Me 

06paJoBaHHSI H pOCTa h-BN HaHOCTpYKTYp. 

TaKHM 06PaJOM, .llHCCepTaUHfO K.JI. <l>aeplliTeHHa, nocBSImeHHYJO paJpa60TKe HOBhIX 

HaY'-IHhIX H TeXHOJlOfI1'-1eCKHX nO.llXO.llOB K cHHTe3Y HaHocTpYKTYP BN H HX npHMeHeHHfO .llJlSI 

C03.llaHHSI KOMn03HUHOHHhIX MaTepHaJTOB C BbICOKOH Y.lleJlhHOH npO'-lHOcThJO, a TaK)Ke 

HCCJle.llOBaHHJO HX MeXaHH'-IeCKHX CBOHCTB, TaKHX KaK npO'-lHOCTh npH KOMHaTHoH H 

nOBhIllieHHoH TeMnepaTypax, H HCCJle.llOBaHHfO CTPYKTYPhI nOJlY'-IeHHhIX KOMn03HToB, CJle.llyeT 

C'-IHTaTh BeChMa aKTYaJThHOH. 

HaYQHaH HOBH3Ha pa60ThI 

AHaJTH3 .llHCCepTaUHOHHoH pa60ThI K.JI. <l>aeplliTeHHa nOKaJhIBaeT, '-ITO HM nOJlY'-IeH 

60JlhlllOH 06beM 0pHrHHaJTbHhIX pe3YJlbTaTOB. B pa60Te 3<p<peKTHBHO HCnOJlh30BaHbI MeTO.llhI 

CTPYKTYPHhIX HCCJle.llOBaHHH (CKaHHPYJOmaSI H npOCBe'-lHBafOmaSi 3JleKTpOHHaSI MHKpOCKonHSI, 

3HeprO.llHCnepCHOHHhIH aHaJTH3, cneKTpOCKonHSI KOM6HHaUHOHHoro pacceSIHHSI H 

peHTreHOCTPYKTYPHhIH aHaJTH3), a TaK)I{e MeTO.llhI HcnhITaHHH MeXaHH'-IeCKHX CBOHCTB, 

nOJlY'-IeHHhIX MaTepHaJTOB npH KOMHaTHOH H nOBhIllleHHhIX TeMnepaTypax, pe3YJlhTaThI KOTOPhIX 

a.lleKBaTHO npOaHaJTH3HpOBaHhI H 0606meHhI aBTopOM. TIOJlY'-IeHHhle pe3YJlhTaThI nOKaJaJTH 

B03Mo)KHOCTh .llOCTI1)KeHHSI BhICOKoro 3Ha'-leHHSI npO'-lHOCTH Ha paCTSI)I{eHHe .llJlSI 

KOMn03HUHOHHhIX MaTepHaJTOB Ha OCHOBe Al (386 MTIa npH KOMHaTHOH TeMnepaType H 187 

MTIa npH 5000 
C), lfrO SIBJl.5leTCSI O.llHHM H3 .llOCTOHHCTB .llHCCepTaUHoHHoH pa60ThI, 

3aCJlY)J(I1BafOmHX oc06eHHoro BHHMaHHSI. 

HaH60Jlee Ba)l{HhIM H OpHfI1HaJThHhIMH pe3YJlhTaTaMH .llHCCepTaUHoHHoH pa60ThI 

SIBJlSIJOTCSI CJle.llYJOmHe: 

1. 3KcnepHMeHTaJThHO YCTaHOBJleHa KaTaJTHTH'-IeCKaSi aKTHBHOCTh OKCH.llOB meJlO'-lHhIX H 

meJlO'-lH03eMeJlhHhIM MeTaJTJlOB npH CHHTe3e HaHOCTpYKTYP BN. 



2. OnpelleneHa onTHMaJJhHa51 TeMnepaTypa CHHTe3a HaHoTpy60K BN npH 

Hcnonh30BaHHH LhO B KalleCTBe KaTaJJH3aTopa. 

3. ITpellnO)l{eHa 3MnHpHlleCKa51 1\1011enh 3apO)l{lleHH5I H pOCTa HaHoTpy60K BN, comaCHO 

KOTOPOM POCT HaHoTpy60K BN OCYlll.eCTBn5leTC5I H3 pacnnaBa 60paTa, 06pa30BaHHOro 3a ClleT 

peaKUHH Li-cOllep)l<alll.HX coellHHeHHM C BN nOllnO)l{KoM. 

4. Ha OCHOBaHHH npellnO)J(eHHoM MOllenH pOCTa, 6hIJ1 pa3pa60TaH HOBhIM MeTOll CHHTe3a 

BN HaHOCTpYKTYP 3a ClleT np5lMOM peaKUHH 60paTa Li C aMMHaKOM. 

5. YCTaHOBneHhI onTHMaJJhHhIe TeMnepaTyphI lln51 CHHTe3a HaHoTpy60K, 

rpa¢eHonoll06HhIX nHCTOB 11 HaHOllaCTHU BN. 

6. BnepBhIe non)'1:leHhI KOMn03HUHOHHhIe MaTepHaJJhI Ha OCHOBe AI, ynpollHeHHoro 

HaHocTpYKTypaMH BN, C npHMeHeHl1eM MeTOllOB cnHHHHHrOBaHI151 H3 pacnnaBa H HCKpoBoro 

nna3MeHHOro CneKaHI151. 

7. 3KcnepHMeHTaJJhHo YCTaHoBneHo cYlll.ecTBeHHoe 

KOMn03HTOB no cpaBHeHHlO C llHCThIM Al KaK npH KOMHaTHoM, TaK H npH nOBhIllleHHOM 

TeMnepaType. 

npalnHQeCKaH 3HaQHMOCTh pa60Thi 

Pe3ynhTaThI, nonYlleHHhIe B llHccepTaUHoHHoM pa60Te, npellCTaBn5l1OT HeCOMHeHHhIM 

npaKTHllecKHM HHTepec C n03HUHM HX Hcnonh30BaHH5I B pa3nHllHhIx TeXHHlleCKHX 06nacT5Ix. B 

pa60Te llaHhI npaKTHllecKHe peKoMeHllaUHH no nonYlleHHlO BhIcoKonpollHoro 

KOMn03HUHOHHoro MaTepHaJJa, KOTOPhIM MO)l(eT 6hITh Hcnonh30BaH llJUI KOHCTPYKUHOHHhIX 

3neMeHTOB a3POKOCMHllecKoM, aBToM06HnhHoM H BeTp03HepreTHllecKoM npollYKUHI1. 

OnpelleneHa CB5I3h Me)l{llY onTHMaJJhHhIMH TeXHonomlleCKHMH pe)l{HMaMH nonYlleHH5I 

peaKUHoHHhIX CMeceM H KOMn03HUHOHHhIX MaTepHaJJoB, KOHueHTpauHeM ynpollH5I1OllI.eM ¢a3hI 

BN, CTpYKTYPOM H MexaHHlleCKHMH CBOMCTBaMH KOHellHhIX npollYKTOB. 

ITo pe3ynhTaTaM 11I1CCepTaUHoHHoM pa60ThI 6hIJ1H nOllaHhI 3a5lBKH Ha naTeHThI «Cnoc06 

nonYlleHH5I rpa¢eHonoll06HhIX nl1CTOB H3 HHTpHlla 60pa» H «Cnoc06 nonYlleHH5I HaHoTpy60K 

HHTpHlla 60pa». 

)1,oCToBepHOCTh H 06ocHoBaHHocTh pe3YJIhTaTOB 

)locToBepHOCTh pe3ynhTaToB, nonYlleHHhIX B xOlle llHccepTaUHoHHoM pa60ThI 

K.fl. <DaeplllTeMHa, nOllTBep)l{llaeTC5I 3HallHTenhHhIM 06beMoM llaHHhIX, nonYlleHHhIX 

COBpeMeHHhIMH MeTOllaMH HccnellOBaHH5I cTpyKTyphI H MexaHHlleCKHX CBOHCTB 

KOMn03HUHOHHhIX MaTepHaJJoB Ha OCHOBe AI, CXOllHMOCThlO nonYlleHHhIX llaHHhIX C 

pe3ynhTaTaMH, npellcTaBneHHhIMI1 B OTelleCTBeHHOM H 3apy6e)l(HOH HaYllHoM nHTepaType. Bce 
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HaYYHbIe BbIBOnbI H 3aKJ1IOyeHlUI, npenCTaBJ1eHHble B nHCCepTaUHOHHOH pa60Te, 5!BJ15!IOTC5! 

060CHOBaHHbIMH H nOCTOBepHbIMH. 

PeKOMeH)1.aUHH no HCnOJlb30BaHHIO pe3YJlbTaTOB )1.HcCepTaUHH 

Pe3YJ1bTaTbI, nOJ1yqeHHble B Xone nHccepTaUHOHHOH pa60TbI, H OCHOBHbIe nOJ1o)KeHH5!, 

BbIHOCHMble Ha 3aruHTY, MorYT 6bITb HCn0J1b30BaHbI B npaKTHKe nOJ1yqeHH5! BN HaHOCTpYKTYP 

H KOMn03HUHOHHbIX MaTepHaJJOB Ha OCHOBe AI, CPYHnaMeHTaJJbHbIX HCCJ1enOBaHHH HX 

CTPYKTYPbI H MeXaHHyeCKHX CBOHCTB, a TaKn(e B KayeCTBe YQe6HOrO MaTepHaJJa B Kypcax 

J1eKUHH no MaTepHaJJoBeneHHIO. 

3aMe'laHHH no L\HCCepTaUHoHHoH pa60Te 

1. 	 B pa60Te npenJ1O)f(eHa 3MnHpHYeCKa5! MOneJ1b 3apo)l<.lleHH5! H pOCTa HaHoTpy60K BN, 

COrJ1aCHO KOTOPOH POCT HaHoTpy60K BN ocyrueCTBJ15!eTC5! H3 paCnJ1aBa 60paTa, 

06pa30BaHHOro 3a CQeT peaKUHH Li-conep)KaruHx coenHHeHHH C BN nOnJ1o)KKOH, 

O.llHaKO OTCYTCTBYIOT pe3YJ1bTaTbI TeopeTwreCKoro MOneJ1HpOBaHH5! naHHoro 

npouecca, nOnTBep)f(naIOruHe HJ1H onpOBepraIOruHe npenJ1O)f(eHHYIO MOneJ1b. 

2. 	 Bmr<HOH 3KCnJ1yaTaUHoHHoH xapaKTepHcTHKOH KOMn03HUHOHHbIX MaTepHaJJoB Ha 

OCHOBe Al 5!BJ15!eTC5! HX npOYHOCTb npH nOBbIll1eHHbIX TeMnepaTypax. B rJ1aBe 5 B 

pe3YJ1bTaTe HCnbITaHHH Ha paCT5!)f(eHHe npH 500°C nOKa3aHO, YTO nOJ1YQeHHble 

KOMn03HUHOHHble MaTepHaJJbI neMOHCTpHPYIOT cyrueCTBeHHOe nOBbIll1eHHe 

npOYHOCTH Ha pa3pbIB npH naHHOH TeMnepaType no cpaBHeHHIO C YHCTbIM Al H 

CnJ1aBaMH Ha ero OCHOBe. OnHaKo, OTCYTCTBYIOT HCCJ1enOBaHH5! H3MeHeHH5! 

MeXaHHyeCKHX CBOHCTB, nOJ1yyeHHbIX 06pa3UOB nOCJ1e nJ1HTeJ1bHOH Bblnep)KKH npH 

.llaHHbIX TeMnepaTypax. 

3. 	 B pa60Te OTCYTCTBYIOT pe3YJ1bTaTbI HCCJ1enOBaHH5! TaKHX Ban(HbIX 

3KCnJ1yaTaUHoHHbIX xapaKTepHcTHK nJ15! KOHCTPYKUHOHHbIX MaTepHaJJoB KaK rvIOnYJ1b 

ynpyrocTH, npeneJ1 npOYHOCTH Ha H3m6 H ynapHa5! B5!3KOCTb. 

06lUaH XapaKTepHCTHKa L\HCCepTaUHoHHoH pa60Thi 

AHaJJH3 pa60TbI nOKa3bIBaeT, YTO, HeCMOTp5! Ha YKa3aHHble 3aMeQaHH5!, nHccepTaUH5! no 

CBOHM ueJ15!M, COnep)f(aHHIO, npHMeHeHHbIM 3KcnepHMeHTaJJbHbIM nOnXOnaM H 3HaYHMOCTH 

pe3YJ1bTaTOB 3aCJ1Y)f<HBaeT BbICOKOH oueHKH. OHa COOTBeTcTByeT cneUHaJJbHOCTH 05.16.09 

«MaTepHaJJoBeneHHe (MeTaJJJ1ypm5!)>>. TeKCT pa60TbI H3J10)f(eH B HanJ1e)f(arueM CTHJ1e H 

ocpopMJ1eH B COOTBeTCTBHH C YCTaHOBJ1eHHbIMH Tpe6oBaHH5!MH. Pe3YJ1bTaTbI pa60TbI 

ony6J1HKOBaHbI B peueH3HpyeMblx HaYYHbIX )KypHaJJax, peKOMeHnOBaHHbIX BAK Pet> nJ15! 
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3aruHThI KaHnHnaTCKHX nHCCepTallHH, H o6CY)KneHhI Ha p~ne POCCHHCKHX H Me)KnYHapOnHhIX 

KOHcpepeHllHH. ABTOpecpepaT H ny6JIHKallHH nHCCepTaHTa nOCTaT04HO nOJIHO OTpa)KaJOT 

OCHOBHhle nOJIO)KeHH~ pa60ThI. 

llHCCepTallHOHHa~ pa60Ta K.J1. <l>aeplllTeHHa ~BJI~eTC~ 3aKOH4eHHhIM Hay4HhIM 

HCCJIenOBaHHeM, BhInOJIHeHHhIM Ha aKTYaJIhHYJO TeMY, H COOTBeTCTByeT Tpe6oBaHH5IM 

«IloJIo)KeHH5I 0 nOp~nKe npHcy)K}J,eHH~ Y4eHhIX CTeneHeH». Pe3YJIhTaThI, nOJIj'YeHHhle B Xone 

pa60ThI, npenCTaBJI~JOT C060H cyrueCTBeHHhIH BKJIan B pa3BHTHe HaY4HOrO HanpaBJIeHH~, 

CB5I3aHHOrO C pa3pa60TKOH nepCneKTHBHhIX KOMn03HllHOHHhIX MaTepHaJIOB. 

llHCCepTallH~ OTBe4aeT Tpe6oBaHH~M, npen'h5IBJI~eMhIM K KaHnHnaTCKHM nHccepTallH5IM, 

a caM nHccepTaHT 3aCJIY)KHBaeT npHcy)J<neHH~ eMY HCKOMOH Y4eHOH CTeneHH KaHnHnaTa 

TeXHH4eCKHX HayK no CnellHaJIhHOCTH 05.16.09 - «MaTepHaJIOBeneHHe (MeTaJIJIyprH5I)>>. 

llHccepTallHoHHa~ pa60Ta K.J1. <l>aeplllTeHH o6cY)KneHa Ha 3acenaHHH JIa60paTopHH 

MeTaJIJIOBeneHH~ llBeTHhlX H JIerKHX MeTaJIJIOB I1MET PAH. IlpoTOKOJI 3acenaHH~ NQ 37 OT 

31 ~HBap~ 2017 rona. 

3aM.3aB.JIa6opaTopHeHMeTaJIJIOBeneHH5I 

llBeTHhlX H JIerKHX MeTaJIJIOB I1MET PAH, 

n.T.H., npocpeccop J1.J1. POXJIHH 

rokhlin(a),imet.ac.ru - POXJIHH J1a3aph J1eoHoBH4 (+7(499) 135 8660) 

kolmakov(q)imet.ac.ru - KOJIMaKOB AJIeKCeH feOprHeBH4 (+7 (499) 135 4531) 
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I1HCTHTYT MeTaJIJIyprHH H MaTepHaJIOBeneHH~ HM. AA. J3aHKoBa POCCHHCKOH aKaneMHH HayK 
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OCHOBHbIe HaYQHbIe HanpaBJleHHH: 

- <1>H3HKo-XHMH'LfeCKHe OCHOBhI MeTaJIJIypmH UBeTHhIX H pe.LlKHx MeTaJIJIOB. 

- MeTaJIJIOBe.LleHHe UBeTHhlX H JTerKHX MeTaJIJIOB. 

- KOHCTPYKUHoHHhle CTaJIH H CrrJIaBhI. 

- <1>H3HKOXHMH5:l aMoPCPHhIX H HaHOKpHCTaJIJIH'LfeCKHX CrrJIaBOB. 
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