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AHHOTANMA

Kypc "CrpykrypHbie ¢popMbl yriiepona" mpeaycMarpiBaeT 03HAKOMIICHHE CTYJICHTOB C METOIaMH TOJTyYeHUS
YIJIEPOAHBIX CTPYKTYpP M PAcCMOTPEHHE MPUYMH (OPMHUPOBAHUS pa3IMyYHBIX (HOPM yIimepoaa, B YACTHOCTH
HAHOTPYOOK.

3amaun Kypca:

. ¢dopmupoBanue 0a30BBIX 3HAHWK B 00NAaCTH (PU3NYECKOTO MAaTepUAOBEACHUS KaK JUCIMIUINHBI,
WHTErpHUpyIone 0o0Imedru3nIecKyr0 M OOIIeTEOPETHYECKYI0 TOATOTOBKY (DM3UKOB M 0oOecTieurBaroIei
TEXHOJIOTUYECKHE OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeSTeILHOCTH;

¢ U3YUYCHHUC crmoco0oB MOJIYy4YCHUA OAHOCTCHHBIX YITICPOAHBIX HaHOTp}IGOK;

* mpuoOpeTeHne NPaKTHYeCKUX YMEHUH U HABBIKOB B OPraHU3ALMH SKCIIEPUMEHTAIBHOTO U TEOPETUIECKOTO
HCCIICAOBAHMS B OOJIACTH IOJIyYEHUS YIIEPOJHBIX HaHOTPYOOK B 3aBUCHMOCTH OT NPHUMEHEHMS Pa3IMYHBIX
KaTaJIn3aToOpOB.

OcHOBHOE cofiepyKaHHe Kypca U3JI0KEHO B CIIEIYIOLINX pa3/ienax:

1. MHOX€eCTBO CTPYKTYpHBIX (hopM yriepozaa

2. OnHocnoiHble HAHOTPYOKH - SWNT

3. lony4enue yriaepoJHbIX HAHOTPYOOK B mporiecce paznoxenus CO
4. YrnepoaHsle crieu(pUIecKre YaCTHUIIbI

5. HoBble nepcneKTUBHBIE METO/IBI POCTA YIICPOAHBIX MAaTepPHUAIOB
6. [TomyyeHne HaHOTPYOOK Pa3TMYHBIMHU METOIAMU

1. lean u 3apa4n

]_le.]'ll) AUCHUIIINHBI

* O3HAaKOMJIEHHUE CTYJIEHTOB C METOAaMU IOJYYEHMs YIIEPOAHBIX CTPYKTYp M pacCMOTPEHUE NPUUYUH
(hopMHUpOBaHUS PA3NTUYHBIX (OPM yIIIEpOsa, B YACTHOCTH HAHOTPYOOK.

33]13‘[1/[ JAUCHUIIINHBI

* (opmupoBaHue 0a30BBIX 3HAHWUH B 00NACTH (DUBUYECKOTO MATEPHATIOBEICHHUS KaK JUCIUILTUHBI,
HHTETrpUpYyIoLIe 001e(U3nIEeCcKyIO U 00IIETEOPETUYECKYIO MOATOTOBKY (PU3HKOB U 00ECIIEUNBaIOLIEH
TEXHOJIOTUYECKNE OCHOBBI COBPEMEHHBIX MHHOBAIIMOHHBIX c(hep AeATeIbHOCTH;

* M3y4YCHME CIIOCOOOB MOIYUYEHHUS OTHOCTCHHBIX YIIICPOIHBIX HAHOTPYOOK;

. NpUOOpETeHNE NPAKTUYECKHMX YMEHHH M HaBBIKOB B OPraHM3aLMU 3KCIIEPHUMEHTAIBHOTO W
TEOPETUYECKOTO HCCIICOBAHUS B OOJACTH TOMYYEHHUS YIVIEPOIHBIX HAHOTPYOOK B 3aBUCHMOCTH OT
MPUMEHEHHsI Pa3IMYHbIX KaTaJlIn3aTOPOB.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTraTax UcClIeI0BaHUN

[MK-1 Criocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrnocobeH  BBIABUTaTh  THIOTE3BI, CTPOUTH
pemars 3a/1a4u, B TOM YUCIIe pa3padaThIBaTh U |MareMaTHUeCKUe MOACTH JUIS  ONHCAaHUS — H3y4aeMbIX
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN SIBJICHUH U ITPOLIECCOB, OLICHUBATh KAa4eCTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOJACIH

aHaJIM3MPOBATh HAyYHbIC MPOOIEMBI, oTy4ath [[IK-1.3 CrnocobeH NpUMEHATH TeOpeTHYeckhe H (WIIH)

HOBBIC HAYyIHBIC PE3YILTATHI JKCIEPUMEHTANIBHBIE METOABI UCCICIOBAaHUN K KOHKPETHOU
HaydyHOH 3ajjad€ W MHTEPIPETHPOBATH IOIYYEHHBIC
PpE3yNbTaThI

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 AUCHMILINHE (MOLYJII0)
B pesynbTrare 0cBOGHHS AUCHUIIIMHBI 00y4aIOIINeCs JOIKHbI
3HAThb!



MECTO U pOJib OOIIMX BONIPOCOB HAYKH B HAYYHBIX MCCIICAOBAHUIX;

COBpPEMEHHBIE MPOOIeMbl PU3UKH, XUMHUH, MATEMaTHUKU;

TeopeTUYecKue MoJenH (PyHAaMEHTaIbHBIX NIPOIIECCOB U SIBICHUN B (PU3HKE U ee MPUIIOKEHUSX;
MPUHLUIIBI CAMMETPHH U 3aKOHBI COXPAaHEHHUS;

HOBEHIIINE OTKPBITUS €CTECTBO3HAHUS;

MOCTAHOBKY IPO0JeM (PU3UKO-XMMHUYECKOTO MOJICITMPOBAHUS;

0 B3aUMOCBS35X U (PyHJaMEHTAJILHOM €IMHCTBE €CTECTBEHHBIX HAyK;

HOBBIE NTEPCIIEKTUBHBIE METO/IBI POCTA YITIEPOIHBIX MaTepHaJIOB.

Ooooooooo

YMETb:
[l 3¢ ¢eKTHBHO UCTIONB30BaTh HA MPAKTHKE TEOPETHYECKHE KOMIOHEHTHI HAyKH: TIOHATHS, CYXKICHHS,
YMO3AKITIOUCHUs, 3aKOHBI;
[l mpeacTaBUTh IAaHOPaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHUS;
[l paboraTh Ha COBPEMEHHOM IKCIIEPUMEHTAIILHOM 000pYI0BaHHH;
[l abcTparupoBaThCsi OT HECYIIECTBEHHBIX BIMSHUM MPU MOJCIUPOBAHUM PEATBHBIX (PU3MIECKUX
CUTYALIUii;
[l IIaHUPOBATh ONTHUMAJIBHOE MIPOBEICHUE SKCIIEPUMEHTA.
BIIAJICTh!
[J TUIaHUPOBAaHUEM, TOCTAHOBKOW U 00pabOTKOM pe3ynbTaToB PU3NUECKOTO IKCIIEPUMEHTA;
[l Hay4YHON KapTHMHON MUDA;
[l HaBbIKAMH CaMOCTOATENIbHOH paboThl B J1a00OpaTopuy Ha COBPEMEHHOM SKCIIEPUMEHTaJIbHOM
000pyI0BaHNH;
[l MareMaTHYeCcKUM MOJIEIMPOBAHUEM (PU3MUECKHX 3a1ad.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJEeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl tuctMIInHbl (MOIYJIS) M TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
1 MHOXecTBO CTPYKTYPHBIX dbopm 6 5
yriepoaa
2 Onnocnoitabie HaHOTPYOKH — SWNT 10 4
3 [lonyuyenue yraepogHbIX HAHOTPYOOK B 10 3
npouecce paznoxerus: CO
4 VYreponsble cheprueckre 4acTHITBI 4 3
5 HoBble mnepcneKTHBHBIE METOABI POCTa 15 15
YIJIEPOAHBIX MaTeprajoB
6 [lonyyenne HaHOTPYOOK pazIUYHBIMU 15 15
MeTOoJaMU
Hroro wacos 60 45
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopaepxaHue AUCHUILTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 1 (Ocennwii)

1. MHOXeCTBO CTPYKTYpHBIX (hopM yriepozaa



TomosiiepHble cBs3u. sp-rubpuanzanus. CTpykTypHble (GOpMBI yriepoga 3a CHeT BKIIIOUCHHUS
TeNTaroHOB, IEHTAaroHOB M T.J. AJUIOTpomHble (OpMBI yriaepona: anmas, rpaduT, KapOuH.
Knaccuduranus mo XelimaHy c coaBTOopamu: TiepBasi W BTopas Tpymnmbl. «®DazoBas» auarpaMmma
yoiepoanbix gopm. IIpomexxyTounsie ¢GopMbl yriiepona W3 MOATWIPYNIEI A W U3 moArpynmsl B.
Pasnuunbie yrieposanbie (opMbl B Ta30BOi U TBepaol ¢aze. CTPYKTYphI CIOXKHOM (GOPMBI: IIETTOYKU
W3 HAHOYACTHIL, CIHpaJbHbIE HAHOTPYOKM W HHTH, 3aKpyueHHbIE HaHOTPYOKH, bamboo-shaped
HaHOTPYOKH, KOHYChl M KOHHYECKHE HAHOTPYOKHM, TeJIMKOMJIAIbHBIE M TOPOUAAIBbHBIE CTPYKTYPHI.
Ucnonb3oBanue karanuzaropos. Bead-like cTpyKkTypbl.

2. OpHocnoitable HaHOTPYOKH — SWNT

Cpoiictea  SWNT.Crioco6 mnomyuenuss SWNT. Arc-meton mnomyyenus. OO6jgacTv NpUMEHEHHS
SWNT. Mexanuszm 3apojplieoOpa3oBaHusi ¥ pocTa. MeTolnsl TMOMydYeHHs] OJHOCTONHBIX
HAHOTPYOOK:  3JIEKTPOAYTOBOM, JIa3epHBIA, pasjokeHue ymieBogopoxoB u CO, wmeton
IIyIbCUPYIOLIETO IeKTpopaspsana. Hamuune meTtananueckoro karajiu3aropa. XapaKTepUCTUKU arc
Metona. [lpuHOMNUaNbHAs cXeMa YCTaHOBKM METOJa Ja3epHOro oOimydeHHs. XapaKTepUCTHKa
MeTofa JasepHoro oOmydyenus. Cxema YCTpOWCTBa MeToAa pas3ilokeHHs yrieBoxopozaa.Cxema
ycTpoiictBa mupponusa c karaimmzaropom Fe(CO)S [lpurorosienue karanmuzaropa. [lapamerpst
metonoB CVD. beskaranuzaropusie metoas!l cuaTe3a SWNT. Karanuzatops! n aktuBatopsl. Buabl
KaTaJu3aTopOB, IPOLIEHTHOE COOTHOLIEHHE, UCXOAHOE COCTOSHUE METallIa-KaTaJIn3aropa.

Mertonpl uCClEIOBaHHUSA: PAMaHOBCKAs CHEKTPOCKOIUS, PEHTICHOBCKas MU(PaKUUs, JICKTPOHHAS
mudpaknus, MK criekrpockomnusi.

Mopdonorus yriiepoaHsix ocaakoB 1 MUKpocTpykrypa SWNT. Ponb naBnenus raza B arc- MeTojie, B
laser metozne, npu CVD metone. OntumainbHbie TeMIIEpaTypsl pocTa HAHOTPYOOK. CXeMbl METOIOB
cuateza SWNT. 3aBHCHMOCTH MHTEHCHBHOCTH W3IyYEHHUs Jlazepa M TeMIepaTyphbl OKpYKaromiei
cpeabl u gasneHus Ha nomydeHue SWNT. Mexanusmbl pocta SWNT: poct nmo mexanusmy [DKK,
pPOCT C Karajau3aTopaMH U3 PEeIKO3EMENbHBIX 3JIEMEHTOB, POCT IIPU OJHOBPEMEHHOM HCIApEHHUU U
COKOHJICHCALIUW aTOMOB YIJepoJa M MeTajlla-Karaiau3aropa. MexaHu3Mbl pocTa MpH JIa3epHOM
obmydenun. [lomydyenue UIMHHBIX TpyOOK M (OPMHUpPOBAHHE OKOHUYATENBHBIX CTPYKTYp B BH[E
CBSI30K M HUTOK.

3. llony4enue yriaepodHbIX HAHOTPYOOK B mpouecce pasznoxenus CO

[Honyuyenue yrnepoaHbix HaHOTPYOOK B mpouecce paznoxkeHus CO. IlpeumymiecTBa 3T0r0 MeToAa.
Uccnenosan s peakuuu bynyapa. Karanuzaropsl.

MexaHu3M KaTaJIMTHYECKOro pocta HaHOTpyOok. Karamuzatoper — Mertamnsl. HMccnenoBaHus
peakuuu Bymyapa merogamMu arMoc(epHOTO JaBIEHHs, METOJOM BBICOKOIO MaBJICHHSA. MexaHH3M
KaTaJIMTH4ecKkoro pocta HaHoTpyOok. IIpeBpamenne CO. CocraB M pacxoa Ta30BOH CMeEcH.
Karanuszaropsl: pasmep u (opma 4YacTHll, XMMHUYECKHH cocTaB. [IpuMeHsieMble KaTalan3aTophl.
[loBpimenne akTuBHOCTH Karaiuzaropa. CooTHomeHue ymiepon/merami. IlpeaBapurenbHbie
9KCIIEPUMEHTAIbHBIE PE3YyJbTaThl: IKCIIEPUMEHTHI IIPU BBICOKOM IABJICHUH, OSKCIIEPUMEHTHI B
KBapLeBOM peakTope. AHanu3 pe3ynsratoB. CTpaTerusi pocTa HAaHOTPYOOK O/ BEICOKHM JIaBJICHHUEM.

4. YrneponHble chepudecKue YacTHUIIbI

VYreponnbie  chepudeckue vactuipl  (Carbon  onions, Tanocapsules, carbon = spheres).
Bo3HHKHOBEHHE «OHHOHOB». METOABI MOMYYCHUSI OHHOHOB. DJIEKTPOHHOE OONydYeHHE aMOpQHBIX
HUTEH, JICHTOYHBIX CTPYKTYp, HAHOTPYOOK M HaHOUYacTHI, anMa3Hbix yactuil. BN u BCN
marepuanoB. Cdepuueckue onuoHbl. HecrabunbHocTh OHMOHOB. OOmydeHHME MeTacTaOMIIbHOM

dopMbl  ymiepon — anMma3. 3aKOHOMEPHOCTH IpeBpamieHus anMaszal lrpadur. Ilomyuenue
nanocapsules. KapOoHmsamust B TNpHUCYTCTBHM KaTaau3aropa M3 OKCHAOB C IEPEMEHHOU
BAJICHTHOCTBIO.

Cemecrtp: 2 (Becennuit)

5. HoBble nepcreKTUBHBIE METO/Ibl POCTA YIVIEPOJHBIX MaT€pPHAJIOB



Mertozbl pocTa ¢ HCHOJIB30BAHUEM JKUAKHX YIIEPOACOACPIKAIIMX MPEKypCOpOB: METOJ Ha Iojave
MapoB JKUJIKOTO YIIEBOAOPONA M KaTajJM3aTopaB IOTOKE HECYIIEr0 Ta3a B PEaKIMOHHYIO 30HY
TpyOuaroif medm, MeTOA CTAlMOHApHOTO pa3MENICHMs KaTaau3aropa, METOI  CHHTe3a
HENOCPEICTBEHHO B JKUAKOM IpeKypcope. MeTon IUIaBalolero Karajau3aropa: CXembl MeTona
spraying, cxemMa MeToa pumping, pa3zienbHas 1ojada MapoB yIIIEBOIOPOAOB U ApOB KaTalnu3aropa.
Merton co cTagMOHapHBIM pa3MelleHHeM Karaiau3aropa M ero cxema. CHHTE3 B JXKUAKOH (asze.
Mertonbl pocTa € HCIOIB30BAaHMEM TBEPABIX YIVIEPOACOAEpKAIMX  MpekypcopoB. CuHTE3 ¢
WCIOJBb30BaHUEM  yIlieponHoro  mopoimika.TepmooOpaboTka caxapo3sl 0e3  Karanamsaropa.
Tepmuueckoe paznoxkenue kambopsl — C10H110/ Kuakue yriaepojcoaepkaiiue MpeKypcophl.
Pesynbrarel 3KCIEpUMEHTOB C pa3iIMYHBIMU NpeKkypcopamu B Mmeronax floating (spray), floating
(nebulized spray), floating, floating (pumping), floating (pa3menpHas Toga4a) cTalMOHAPHOE
pa3MelnieHue Karaau3artopa. BeiBompl.

6. [lony4yenre HaHOTPYOOK pa3IMYHBIMU METOJAMH

Poct mexny nasepueiMu ciegamu. Poct u3 Ha"onop noanoxku. CocraB U CTPYKTypa IOIUIOKKH.
Poct HaHOTpyOOK Ha TMOIUIOKKE M3 MOPUCTOrO KpeMHHA. POCT mNEepneHAuKyIsIpHO IJIaJKOH
MOBEPXHOCTH MOIOKKH. PocT HaHOTpyOOK MeTogoM PE-HF-CVD.Poct ¢ ucnons3oBanreM TeHeBON
MacKy Ha MOPUCTON MOBEPXHOCTH MOIOKKH. PocT B moTtoke raza. [lapamerps! mpouecca. Cxema
MeToJia pocTa B MoToke raza. Poct Ha moBepxHocT Kpuctamuia SiC npu ero cyOimmanuy B BaKyyMe
(6e3 xaranmuszaropa). TeMmeTHBII METOI poCTa MPU MUPOJIM3E YIIIEBOJOPOAOB B MPAMBIX KaHajax
MOPUCTHIX OKCHIHBIX MeMOpaH 0e3 Karanu3aropa.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIECHHS 00pa30BaTEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

yueOHast ayTUTOpHs, OCHAIICHHAS KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa
1. JlozoBuk IO.H., ITomoB A.M. Ycnexu ¢pusudeckux Hayk. T 167, Ne 7, 751-774, 1997.
2. Uganora B.C. u gp. IlepcniektuBnbie marepuainbl, Ne 1, 5-14, 1998.
3. Pakos 3.I". Ycnexu xumun, 70 (10), 934-973, 2001.

JlononHuTeNbHAS TUTEPATypa
1. Eneuxwuit A.B. Yenexu ¢pusudeckux Hayk. T. 167, Ne 7, 945-981, 1997.
2. UBanosckuit A.JI. Yenexu xumum. T.68, 119-135, 1999.
3. Eneuxwuii A.B., CmuponoB B.M. Ycniexu pusudeckanx Hayk. T. 165 977-998, 1995.
4. Kacanosckwii 3.51. u np. [lucema B dKOT®. T.56, 26-30, 1992.
5. Xypnauns! o ¢usmke TBepaoro Tena (Pusuka rBepaoro tena, Kpucramnorpadus, KT, [Tucema B
JKT®, Physica Status Solidi b, Physical Review B u ap.)

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

Obecrieuenue caMOCTOSTETLHON paOoTHI - 0a3bl JaHHBIX 10 KypHanaM Physica Status Solidi b,
Physical Review, J.Appl.Phys., Science, Chem.Phys.Lett. u T.x1.

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOIYJII0), BKJII0OYasi epeYeHb He00X0AUMOr0 NPOrpaMMHOI0 olecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HE NPEeNyCMOTPEHBI.

9. MeToauveckue YKazaHnus NJist oﬁyqaloumxm 0o 0OCBOCHMIO JTUCHUIIJINHBI (MO)_Iy.Tlﬂ)



CTyneHT, W3ydYaroNmMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHUHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrare u3yuyeHHs IUCHUIUIMHBI CTYAEHT JOJDKEH 3HATh OCHOBHBIE ONIPENEIICHHA W TOHATHUS
JUCLUIUIMHBL, yMETh IPUMEHSTH NOJIYUYEHHbIE 3HaHUSA IS PEIIEHUS pa3IMyYHbIX 3ajad.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

— IIOCEIICHUS BCEX 3aHATHUH, TPEAYCMOTPEHHBIX YUE€OHBIM IJIAHOM IO AUCIMIUINHE,

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSTEIEHOM PaboThI CTYy/IEHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BaHHOH JINTEPaTyphl;

— TpopaboTKy y4ueOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX [UIs
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAaaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiajgeHHs MaTepHUajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JUCLIAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUSI M3y4aeMOro MaTepuala, a He MEXaHMYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, ClEIyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
MIpenoAaBaTesto.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHUM CTYAEHTOB B BHJE PEIICHHA 337ad B COOTBETCTBUU C
TEMAaTUKON 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1

KBAJM(PUKAIMA: MarucTp

CemecTpsl, HOPMBI IPOMEKYTOYHON aTTECTAIHH:
1 (ocennuit) - JIncdhepeHimpoBaHHbIH 3a4eT

2 (BeceHHMH) - DK3aMeH

Pa3paborunk: B.Jl. bnask, n-p ¢us.-mart. Hayk, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIIOTE3BI, CTPOUTH
pelIarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MareMaTHUeCKUe MOAETM Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAYYHBIC MPOOIEMBL, MoIy4arh [[IK-1.3 CrocobeH NpUMEHATh TeopeTHueckue u  (WIH)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIIEPUMEHTANIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOW 3ajadye M MHTEPIPETHPOBATH  IIOJIYYECHHBIC
pe3yabTaThl

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH
B pesynbrare uzydeHus quciuiuinHbl « CTpYKTYpHBIE ()OPMBI YIIIEPO/1ay 00yJarOIIUNACS JOIKEH:

3HATh:
MECTO U POJIb OOIIMX BOIIPOCOB HAyKH B HAYYHBIX HCCIICIOBAHUSIX;

COBpPEMEHHBIE MTPOOTIeMbl PU3UKH, XUMHUH, MATEMATHKH;

TEOpeTUIeCKUe Moy (DyHIaMEHTaIbHBIX MPOIECCOB U SABICHUN B (PU3MKE U €€ IPUIIOKCHUSX;
NPUHLUITEI CAMMETPUH U 3aKOHBI COXPAHECHUS,

HOBEHIIINE OTKPBITHS €CTECTBO3HAHMS,

MOCTaHOBKY MPOOIeM (PU3UKO-XMMHUYECKOTO MOJICITHPOBAHUSI;

0 B3aUMOCBS35X U (PyHJAMEHTAILHOM EIMHCTBE €CTECTBEHHBIX HAyK;

HOBBIE NIEPCIIEKTUBHBIC METO/IBI POCTA YIIICPOIHBIX MAaTEPUAJIOB.

I A B

yMeThb:
[l 3¢ }eKTUBHO UCTIOIB30BaTh HA MPAKTHKE TEOPETHYSCKNE KOMIOHEHTBI HAYKH: TIOHATHS, CYXKICHHS,
YMO3aK/IIOUEHHsI, 3aKOHBI;
[l mpeacTaBUTh NAaHOpaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHUS;
[J paboTarh HAa COBPEMEHHOM KCIIEPHUMEHTAIEHOM 000PY/IOBaHHY;
[l abcTparupoBaTbCsi OT HECYIISCTBEHHBIX BIMSHUHA MPU MOICIUPOBAHUM PEATBHBIX (PH3MYESCKHX
CUTYaLUiI;
[l IUIaHUPOBATh ONTUMAJIBHOE MPOBEICHUE IKCIIEPHUMEHTA.

BJIA/IETh:
[l IUTaHUPOBAaHUEM, IIOCTAHOBKOW M 00Pa0OTKOM pe3yabTaToB (PU3NIECKOTO IKCIIEPUMEHTA;
[J Hay4YHOU KapTUHOH MUpa;
[l HaBBIKAMH CaMOCTOSITEIILHOH pabOoTHl B JTaOOpaTopuy Ha COBPEMEHHOM SKCIIEPHMEHTaIbHOM
000pyIOBaHUY;
[l MareMaTHYeCKUM MOJICTHPOBAHHEM (PH3MYCCKHX 3a/ad.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylleMy KOHTPOJII0

C HCJIBIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcepuraja InpoOBOAUTCH YCTHBIfI OorpocC B
Ha4aJIC 3aHATHA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BOIMPOCOB U TeM [IJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
o0yuaruuxcst

Hepequb KOHTPOJIBHBIX BOIIPOCOB IAJId CAa4H ,I[I/I(l)(l)epeHLII/IpOBaHHOFO 3a4cTa:

1) T'omosinepHbIe CBA3U. SP-THOPUIN3ALIHSL.

2) CrpykrypHble (popMBI yIiieposa 3a CHeT BKIIFOUCHHUS TeNTaroHOB, IEHTarOHOB U T.1I.

3) AnnotpomnHsie GOpMBI yriepoaa: aamas, rpadur, KapOuH.

4) Kiaccudpukauus no XeiimMany ¢ coaBTOpaMu: mepBas U Bropas rpynnbl. «@DaszoBasy» AuarpaMmma
YIJIEPOIHBIX (OPM.



5) TIpomexxyTounbie (hOpMBI yIepo/ia U3 MOATIIPYIIEI A U U3 OATPYMITbl B.
6) Paznmuunble yriiepoaHbie GOpMBI B Ta30BOM U TBepAOH da3ze.

7) CTpyKTypbl CIOKHOH (DOpMBI: LEMOYKM W3 HAHOYACTHI, CIUpPAIbHBIE HAHOTPYOKHM W HUTH,
3aKpyueHHbIE HAHOTPYOKH, bamboo-shaped HaHOTPYOKH, KOHYChl W KOHHUYECKHE HAHOTPYOKH,
TeJIMKOUAATIbHBIC U TOPOUAIBHBIC CTPYKTYPHL.

8) HUcnonn3oBanue karanuzaropos. Bead-like cTpykTypsl.

9) Vrneponusie chepuueckue yactuilel (Carbon onions, Tanocapsules, carbon spheres).
10) Bo3HukHOBEHHE «OHMOHOBY». MeToabl noiryueHust oHHOHOB. Ceprueckre OHUOHBI.
11) HectaGmibHOCTH OHHOHOB.

12) DnexTpoHHOEe 00dydeHHE aMOP(HBIX HUTEH, JIEHTOYHBIX CTPYKTYpP, HAHOTPYOOK M HAHOUYACTHII,
anmasHbix yactull. BN u BCN marepuaiios.

13) O6nyueHre MeTacTaOMIILHOM (HOPMBI YIIIEPO]] — aiMa3s.

14) 3akoHomepHOoCTH TipeBpaieHus anmaszal lrpadut. [Tomydenue nanocapsules.

15) Kapbonuzanust B MpUCYTCTBUM KaTalu3aropa U3 OKCUJIOB C IEPEMEHHON BaJIEHTHOCTHIO.
16) CotictBa SWNT.Cnoco6 nomydenuss SWNT. Arc-metos momydeHusl.

17) O6nactu npumenernss SWNT.

18) Meroapl moNydeHUs] OJHOCTOWHBIX HAHOTPYOOK: OJIEKTPOAYTOBOW, JAa3epHBIM, pa3iokKeHHE
yoieBooponoB U CO, MeToa MynbCUPYIOLIETO 3JIEKTPopaspsiaa.

19) Hannuue MeTaninueckoro Karaau3aropa. XapakTepUCTHKH arc METOAaA.

20) IIpuHuMnuanbpHas cxeMa yCTaHOBKM METOJa JIa3€pHOro 00IydeHusl.

21) XapakTepuCTHKa METO/IA JIA3EPHOTO OOTyUCHHUS.

22) Cxema yCTpoHCTBa METOa Pa3IOKEHHs YIIIEBOAOPOA.

23) Cxema ycrpoiicTBa nuppoinu3za ¢ karainuzaropom Fe(CO)S

24) IlpuroroBnenue karanuzaropa. [lapamerpsl meronoB CVD. be3karanuzaropHbie METOABI CHHTE3a
SWNT. Karanuzatopsl 1 akTUBaTopbel. Buapl Karanu3aropoB, NPOLIEHTHOE COOTHOIIEHHE, UCXOIHOE
COCTOSIHME MeTaJljIa-KaTaan3aTopa.

[TepeueHb KOHTPOIBHBIX BOIPOCOB VIS CIaYH YK3aMEHa!

1. Mopdomorus yrnepomasix ocaakoB 1 MEKpocTpykTypa SWNT. Ponbs naBnenus rasa B arc- MeToje,
B laser metoze, mpu CVD metoze.

2. Cxemsl MeTo10B cuHTe3a SWNT.

3. 3aBHCHMOCTH MHTEHCHUBHOCTH U3JIY4CHHUS Ja3epa U TeMIIepaTypbl OKPY>KaloLeH cpenbl U 1aBICHUS
Ha nomyudeHue SWNT.

4. Mexanusmbl pocta SWNT: poct no mexanusmy IDKK, poct ¢ karanuzaropamu U3 penko3eMenbHbIX
JJIEMEHTOB, pOCT IIPU OJHOBPEMEHHOM HWCIApEHUM M COKOHJEHCAllMd aTOMOB yIiepoga M
MeTaJula-KaTaau3aTopa.

5. MexaHu3MBbl pocTa MpH JIa3epHOM OOITyUECHUH.
6. Ilomydenue IIMHHBIX TPYOOK U (POPMHUPOBAHNE OKOHYATEIBHBIX CTPYKTYP B BHJIE CBSI30K U HUTOK.

7. Metonpl UCCIenOBaHMs: paMaHOBCKasi CHEKTPOCKOIHUS, PEHTITCHOBCKas AH(paKIus, dIEKTPOHHAS
mudpaknus, MK criekrpockomnusi.

8. IMomyueHnue yriepoaHbIx HAHOTPYOOK B miporiecce paznokenus CO. [IpenmyniecTBa 3Toro MeTosa.
9. MexaHu3M KaTaJIUTHYECKOrO pocTa HaHOTPyOoK. Karann3aTopsl — MeTauIbl.

10. HccnenoBanus peakuuun bymyapa merogamm arMoc(epHOrO [aBlI€HHs, METOAOM BBICOKOTO
JaBIICHHUSL.

11. MexaHW3M KaTaIMTHIECKOTO pOCTa HAHOTPYOOK.

12. Ipespamenue CO. CocraB u pacxon razoBoil cmecu. Karanuszaropsl: pasmMep U gopma HacTHIL,
XuMuueckuii cocras. [IpuMmenseMble kaTanu3aropsl. I10BbIIEHME aKTUBHOCTH KaTaau3aropa.

13.  CoorHomenne ymniepon/merami. IIpenBapurenbHble  IKCIIEPUMEHTANbHBIE  PE3YJIBbTAThI:
9KCIIEPUMEHTHI IIPH BHICOKOM JIaBJICHHH, SKCIIEPUMEHTHI B KBApLIEBOM PEaKTOpe. AHAIN3 PE3YyNbTaTOB.
14. Crparerus pocta HaHOTPYOOK I10J] BBICOKUM JJaBIICHUEM

15. Poct Mexnay na3epHbIMU cienamMu. Poct u3 HaHomop moanoKku. CocTaB U CTPYKTypa MOIOKKH.
Poct HaHOTpyOOK Ha TMOIUIOKKE M3 IOPUCTOr0 KpeMHHA. POCT MNEpHneHauKyJIspHO IaJKOH
IIOBEPXHOCTH IOJUIOKKH.

16. Poct nanotpybok merogom PE-HF-CVD.Poct ¢ ucnonp3oBaHneM TEHEBOW MAacKH Ha MOPUCTOMN
MOBEPXHOCTH MOUIOKKHU. PocT B moToke rasa.



17. ITapametpsl mporecca. Cxema METOz1a pocTa B IOTOKE ra3a.

18. TeMIuIeTHBIH METOI POCTA MIPU MUPOIN3E YITIEBOIOPOAOB B MPSIMbIX KaHAJIaX HOPUCTHIX OKCHUAHBIX
MeMOpaH 0e3 Karaau3aropa.

19. MeTonb! pocta ¢ HCIOIB30BAHUEM JKUAKUX YIIIEPOACOAEPIKALINX MPEKyPCOPOB: METOA Ha IMojayde
MapoB JKUAKOTO YINIEBOAOPOJA M KaTajau3aTropa B IOTOKE HECYIIEro ra3a B PEAaKIHOHHYIO 30HY
TpyOuaroii ey, METo CTAMOHAPHOTO Pa3MEIICHNUs KaTajln3aTopa, METO CHHTE3a HEMOCPEACTBEHHO
B JKHJIKOM TIPEKypcope.

20. Meroa 1uIaBaroIero Karajau3aTopa: CXeMbl METO/la spraying, cxema MeTofia pumping, pasJeibHast
10/1a4a 1MapoB YIJIEBOAOPOIOB M MAPOB KaTaIH3aTopa.

21. Merox co cTaMoOHapHBIM pa3MelIeHueM Karainu3aTopa u ero cxema. CHHTE3 B XKHIKOH (dase.

22. Metonmpl pocta C HMCHONB30BAHHUEM TBEPABIX YIIEPOACOAECPKAIIMX IpeKypcopoB. CHHTE3 ¢
HCTIONIb30BaHUEM YITIEPOIHOTO ITOPOIIKA.

23. TepmoobOpaboTka caxapo3bl O6e3 KaTainu3aTopa.

24. Tepmuueckoe paznoxeHue kampops — C10H110

25. Pe3ynprarhl 3KCIIEPUMEHTOB C Pa3iIMYHBIMU NpeKypcopamu B Mmetonax floating (spray). floating
(nebulized spray), floating, floating (pumping), floating (pa3menbpHas Tmoja4a) CTaMOHAPHOE
pa3MenieHue KaTaau3aTropa

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.

1. Mexanuzmsl pocta SWNT: poct o mexanuzmy IIDKK, poct ¢ karanuzaropamu u3 peaxo3eMenbHbIX
SNIEMEHTOB, POCT IPH OJHOBPEMEHHOM HWCIAPCHWHM M COKOHJIEHCALMM aTOMOB yIiepoia |
MeTajula-KaTalnu3aropa.

2. TepmooOpaboTka caxapo3bl O3 Karaau3aropa.

[Ipumep 2.
1.MexaHU3M KaTaJIUTHYECKOTO pOCTa HAHOTPYOOK.

2. Ipespamenne CO. CoctaB u pacxoja razoBoil cmecu. Kartammzatopbel: pasmep u GopMa 4acTuil,
XUMHYecKui coctaB. [IpumenseMbie kaTanu3aTopsl. [IoBbIIIEHNE aKTUBHOCTH KaTaln3aTopa.

Kpurepun oneHuBaHus
Onenka ommyHo 10 OamoB - BBICTABJISIETCSL  CTYIEHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, DIIyOOKHE 3HAHMS Y4eOHOW NporpaMMbl IUCHUIIIMHBL, TPOSBIAIOIIEMY
HWHTEpeC K JaHHOW NpPEAMETHOW 00JacTv, MPOJEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPUYECCKH
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHATHIX PELIEHUM.
Onenka oTaMuHO 9  OaloB -  BBICTABISIETCS  CTYHOCHTY, I[IOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHSTh UX Ha MPAKTHKE NMPH PElICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 00OCHOBaHHE
HPUHATHIX PELICHAMN.
Ouenka ommmuHo &  0GanoB - BBICTaBJsI€TCS CTYIEHTY, II0Ka3aBLIEMY BCECTOPOHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PELICHNH KOHKPETHBIX 3a]ad, MPaBWIbHOE 00O0CHOBAaHHE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xopomro 7 6ajoB - BBICTABISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MaTepual, IPaMOTHO U IO
CYILIECTBY M3JIaracT €ro, yMeeT NPHUMEHSTh IMOIYy4YEHHBIC 3HAHMS Ha NPAKTHKE, HO HEIOCTAaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
Onenka xopomo 6 6aJoB - BEICTABISIETCA CTYACHTY, €CIIM OH TBEPJO 3HAET Marepuaj, PaMOTHO U IO
CYLIECTBY M3JIaraeT €ro, yMeeT IPUMEHTh II0JIy4YEeHHbIE 3HaHUsI Ha IIPAKTUKE, HO JOIyCKaeT B OTBETE
WJIM B PELIEHUH 331349 HEKOTOPBIE HETOYHOCTH.
Ouenka xopomio 5 6ajioB - BBICTaBISETCS CTYAEHTY, €CIIM OH B OCHOBHOM 3HAeT Marepuall, FpaMOTHO
U IO CYLIECTBY M3JaraeT €ro, yMeeT NPUMEHAThH MOJyYeHHbIE 3HAHMS Ha IMPAKTHKE, HO JTOMYCKAeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.



OueHka ynoBIETBOPUTENbHO 4 Oajla - BBICTABISICTCSl CTYJACHTY, IOKa3aBIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHIbHBIE (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILICHUS JIOTUUECKOW MOCIIEeA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOTO MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NaJlbHEWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka y/IOBIETBOPUTENBHO 3 0aja - BBICTABISICTCS CTYIACHTY, IOKa3aBIIeMy (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMUOKA B (OPMYIHPOBKaX Oa30BBIX MOHSATHH,
HApYILICHUS JIOTMYECKOH MOCJIEOBAaTEIbHOCTH B M3JIOKCHUM HPOrPAMMHOIO Marepuaia, ciiabo
BJIaJICeT OCHOBHBIMU pa3JeliaMy yueOHOU MpOorpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00ydeHHs U
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OneHKa HEy/IOBIETBOPUTEIBLHO 2 0ana - BBICTABISCTCS CTY/ICHTY, KOTOPBIA HE 3HAaeT OobIIei YacTu
OCHOBHOTO COJCp)KaHUsl y4eOHOH MporpaMMbl JUCIHMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMYIHPOBKaX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS MTPU PEIICHUN
THUIIOBBIX 33/1a4.

OrneHka HEYHOBICTBOPUTENBHO | 0an - BBICTABISIETCS CTYIACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiine omuOKu B (GOpPMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX MPAKTHYCCKHX
3aj1au.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[lpu mpoBenernn yctHOTO  JMUGGEPESHIIMPOBAHHOTO 3adeTa ©  9K3aMeHa oOydaromemycs
npepocrapisiercss 30 MuHYT Ha monroroBky. Ompoc oOywaromerocs 1o OwieTy Ha YCTHOM
nehdepeHIIMPOBAHHOM 3a4eTe U dK3aMEHE HE JOJDKSH IPEBBINIAaTh OHOTO ACTPOHOMUYECKOTO Yaca.



