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AHHOTANMA

Kypc "CrpykrypHble popMbI yriieposa" mpeaycMaTpuBaeT 03HAKOMIICHUE CTYJCHTOB C METOJaMH TIOTY4YCHUS
YIJIEPOAHBIX CTPYKTYP M PAacCMOTPEHHE MPHUYUH (POPMHUPOBAHMS PA3IMYHBIX (OPM YIiepona, B YaCTHOCTH
HAHOTPYOOK.

3amaun Kypca:

. ¢dopmupoBanue 0a30BBIX 3HAHMW B 00NACTH (DU3NYECKOTO MaTEpPHAJOBENCHHS KaK TUCHUIUINHEI,
HHTErpHUpyIone 0o0IedrU3nIecKyr0 ¥ OOIIETEOPETUYECKYI0 TOATOTOBKY (U3WKOB M 0O0ECIIeYHBAIOIICH
TEXHOJIOTUYECKHE OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeSTeILHOCTH;

¢ U3YUYCHHUC crmoco0oB MOJIYy4YCHUA OAHOCTCHHBIX YITICPOAHBIX HaHOTp}IGOK;

* mpuoOpeTeHne NPaKTHYeCKUX YMEHUH U HaBBIKOB B OPTraHU3aIMH SKCIIEPUMEHTAIBHOTO U TEOPETUIECKOTO
HCCIICAOBAHMS B OOJIACTH MOMYyUYEHHs YIIIEPOAHBIX HAHOTPYOOK B 3aBHCHMOCTH OT MPUMEHEHHUS Pa3IUYHBIX
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 METOaMU IOJIYYEHUs YIIEPOAHBIX CTPYKTYp M PacCMOTPEHUE INPUUYUH
(hopMHUpOBaHUS PA3NTUYHBIX (OPM yIIIEpOsa, B YACTHOCTH HAHOTPYOOK.

33]13‘[1/[ JAUCHUIIINHBI

* ¢opmupoBaHue 0a30BBIX 3HAHHMU B 00NACTH (HU3UYECKOTO MATEPHATIOBEIACHUS KaK TUCIIMILIMHEI,
HHTErpUpYyIoLei 001mepru3niecKyIo 1 00IEeTeOPETUIECKYIO TOATOTOBKY (hU3UKOB 1 oOecreunBalomen
TEXHOJIOTUYECKNE OCHOBBI COBPEMEHHBIX MHHOBAIIMOHHBIX c(hep AeATeIbHOCTH;

* M3y4YCHME CIIOCOOOB MOIYUYEHHUS OTHOCTCHHBIX YIIICPOIHBIX HAHOTPYOOK;

. npuoOpeTeHne NPAKTHUYECKUX YMEHHH W HAaBBIKOB B OpPraHM3aldd AKCIEPUMEHTAIBHOTO M
TEOPETUYECKOTO HCCIICOBAHUS B OOJACTH IMOJYYEHHUS 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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTraTax UcClIeI0BaHUN

[MK-1 Crocoben craButh, GopmanuzoBbiBath 1 |[IK-1.2  CrnocobeH  BbABUrarb  THIIOTE3bI, CTPOUTH
pemars 3a/1a4u, B TOM YUCIIe pa3padaThiBaTh |MaTeMaTUUecKue MOJCTH Ui ONHCAaHUS — H3y4aeMBIX
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN SIBJICHUH ¥ ITPOLIECCOB, OLIEHUBATh Ka4eCTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOJACIH

aHAJIM3MPOBATh HayYHbIC MPOOIEMbI, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATH TeOpeTHYecKHe H (WIIHN)

HOBBIC HAYyIHBIC PE3YILTATHI JKCIEPUMEHTAJIBHBIE METOMBI UCCIEAOBAHUM K KOHKPETHON
Hay4yHOH 3ajadye W HHTEPHPETUPOBATh  IOJyYECHHBIE
PpE3yNbTaThI

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



MECTO U pOJIb OOIIMX BONIPOCOB HAyKH B HAYYHBIX MCCIICTOBAHUIX;
COBpEMEHHBIE TPOOTIeMbl PU3NKU, XUMHUH, MATEMaTUKH;
TEOpeTHYECKUe MoJIeTH (PyHAaMEHTAIbHBIX NIPOIIECCOB U SIBICHUN B (PU3MKE U ee MPUIIOKEHUSX;
MPUHLIUIIBI CAMMETPHH U 3aKOHBI COXPAaHEHHUS;
HOBEMHIIINE OTKPBITUS €CTECTBO3HAHUS;
MOCTAHOBKY MPo0JeM (PU3UKO-XMMHYECKOTO MOZICITMPOBAHUS;
0 B3aUMOCBSA3X U (yHIaMEHTAJILHOM E€MHCTBE €CTECTBEHHBIX HAyK;
HOBBIE NTEPCIIEKTUBHBIE METOIBI POCTA YITIEPOIHBIX MaTepHasOB.
YMETB:

3G dEKTUBHO UCTIONB30BaTh HA MPAKTUKE TEOPETUICCKUE KOMIIOHEHTHI HAYKH: TTOHSITHS, CYXKJICHUS,
YMO3AKIIOUECHUS, 3aKOHBI;

MIPEeICTaBUTh MTAHOPaMy YHHUBEPCAIbHBIX METOJIOB M 32aKOHOB COBPEMEHHOTO €CTECTBO3HAHMUS;

paboTaTh Ha COBPEMEHHOM 3KCTIEPUMEHTaILHOM 000pY/IOBaHNH;

abcTparupoBarbCsi OT HECYIIECTBEHHBIX BIMSIHUN TP MOJEITHPOBAHUN PEalbHBIX (U3NYESCKUX

CUTYALIUii;

IJIaHUPOBATh ONTUMAIBHOE TIPOBEIEHIE SKCIIEPUMEHTA.

BJIAJETh:

TUTAHUPOBAaHUEM, TIOCTaHOBKOM 1 00pabOTKON pe3ynbTaToB (PU3NIECKOTO IKCIICPUMEHTA;
Hay4YHOW KapTHHON MUDa;
HaBBIKAMM CaMOCTOATEJIHONH paboThl B J1aOOpaTopuM Ha COBPEMEHHOM AKCIIEPUMEHTAIbHOM
000pyI0BaHNH;
MaTeMaTHYeCKUM MOZAEIUPOBaHUEM (pU3NYEeCcKHX 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




T'omosiiepHble cBs3U. sp-ruOpuamsanma. CTpykTypHble (opMmbl yriepoia 3a CUeT BKIFOYECHUS
TeNTaroHOB, IEHTAaroHOB M T.J. AJUIOTpomHble (OpMBI yriaepona: anmas, rpaduT, KapOuH.
Knaccuduranus mo Xelimany ¢ coaBTopaMu: ImepBasi U BTopas Trpymibl. «®Da3oBas» auarpamMma
yoiepoanbix gopm. IIpomexxyTounsie ¢GopMbl yriiepona W3 MOATWIPYNIEI A W U3 moArpynmsl B.
Pasnuunbie yrepoanbie GopMbl B Ta30B0oi 1 TBepAoH (aze. CTPYKTYphI CIIOXKHON (HOPMBI: IIETIOUKA
W3 HAHOYACTHIL, CIHpajJbHblE HAHOTPYOKHM W HHTH, 3aKpydeHHbIE HaHOTpYyOku, bamboo-shaped
HAHOTPYOKM, KOHYCHl M KOHHYECKHE HAHOTPYOKH, IeJIMKOMJAIbHbIE U TOPOHIAJIBHBIE CTPYKTYPHI.
Ucnonb3oBanue karanuzaropos. Bead-like cTpyKkTypbl.

2. OpHocnoitable HaHOTPYOKH — SWNT

Cpoiictea SWNT.Cnioco6 mnomyuenust SWNT. Arc-meron momyueHus. OO0nactd HpUMEHEHHS
SWNT. Mexanuszm 3apoablimieoOpa3oBaHusi W pocTta. MeToasl TOMYYEHHS OIHOCTOWHBIX
HAHOTPYOOK:  3JIEKTPOAYIOBOH, Ja3epHBIA, pasnoxkeHue ymieBopopomnoB u CO, wMertox
yJIbCUPYIOLIETO AIeKTpopaspsna. Hamuuue meramnuueckoro karainusaropa. XapaKTEpUCTHKHU arc
Metona. [lpuHOMNUaNbHAs cXeMa YCTaHOBKM METOJa Ja3epHOro oOimydeHHs. XapaKTepUCTHKa
MeTofa JasepHoro oOmydyenus. Cxema YCTpOWCTBa MeToAa pas3ilokeHHs yrieBoxopozaa.Cxema
ycTpoiictBa mupponusa ¢ karaiuzatopom Fe(CO)S IlpuroroBinenue karanusaropa. llapameTpsr
meronoB CVD. beskaranuzaropusie metoasl cuaTe3a SWNT. Karanuzarops! u aktuBaTopsl. Busisr
KaTaJu3aTopOB, IPOLIEHTHOE COOTHOLIEHHE, UCXOAHOE COCTOSHUE METallIa-KaTaJIn3aropa.

Mertonpl UCCNeNOBaHUA: PaMAaHOBCKas CIIEKTPOCKONHMSI, PEHTI€HOBCKas AU(paKiusi, 3IeKTpOHHAS
mudpaknus, MK criekrpockomnusi.

Mopdonorus yriepoaHbix ocagkoB 1 Mukpoctpykrypa SWNT. Ponb napnenus raza B arc- MeToze, B
laser metozne, npu CVD merone. OnTuManbHble TEMIIEPATYPhl pOCTa HAHOTPYOOK. CXeMbI METOI0B
cuateza SWNT. 3aBrucMMOCTH WHTEHCHUBHOCTH H3Iy4YEHHS Jiazepa W TEeMIEpaTyphbl OKpY>Karolei
cpeasl u gasneHust Ha noydeHue SWNT. Mexanusmel pocta SWNT: poct nmo mexanmsmy [DKK,
pOCT € Karajau3aropaMH U3 pPelKO3eMEIbHBIX 3JIEMEHTOB, POCT IPU OJHOBPEMEHHOM HCHAPEHUU U
COKOHJICHCALIMW aTOMOB YIJIepoJa M MeTaljla-KaTanu3aropa. MexaHu3Mbl pocTa IpU JIa3epPHOM
obmydenun. [lomydyenue UIMHHBIX TpyOOK M (OPMHUpPOBAHHE OKOHUYATENBHBIX CTPYKTYp B BH[E
CBSI30K M HUTOK.

3. llony4enue yriaepodHbIX HAHOTPYOOK B mpouecce pasznoxenus CO

[lonyuyenue yrnepoaHblx HaHOTPYOOK B mpouecce paznoxkenus CO. [IpenmyiiecTBa 3TOro MeTozna.
Uccnenosan s peakuuu bynyapa. Karanuzaropsl.

MexaHu3M KaTaJUTHYECKOro pocta HaHOoTpyOok. Karamuzaroper — wMetamisl. WccnenoBanust
peakuuu Bymyapa meromamMu atMoc(epHOTrO JaBJI€HHs, METOIOM BBICOKOTO IaBieHus. MexaHu3m
KaTaJuTH4eckoro pocta HaHOTpyOok. IIpeBpamenne CO. CocraB M pacxon Ta30BOH CMECH.
Karanuszaropsl: pasmep u (opma 4YacTHll, XMMHUYECKHH cocTaB. [IpuMeHsieMble KaTalan3aTophl.
[loBpimenne akTuBHOCTH Karaiuzaropa. CooTHomeHue ymiepon/merami. IlpeaBapurenbHbie
9KCIIEPUMEHTAIbHBIE PE3yIbTaThl: AIKCIIEPUMEHTHl HPU BBICOKOM JABJICHHM, 3KCHEPUMEHTHI B
KBapLeBOM peakTope. AHanu3 pe3ynsratoB. CTpaTerusi pocTa HAaHOTPYOOK O/ BEICOKHM JIaBJICHHUEM.

4. YrneponHble chepudecKue YacTHUIIbI

VYreponubie  chepudeckue uvacturpl  (Carbon  onions, Tanocapsules, carbon spheres).
Bo3HHKHOBEHHE «OHHUOHOB». METOABI MOMYYCHUS OHHOHOB. DIEKTPOHHOE OOJIydeHHE aMOp(HBIX
HUTEH, JICHTOYHBIX CTPYKTYp, HAaHOTPYOOK W HaHOYacTHll, anmasHblx uactuin. BN u BCN
marepuanoB. Cgepudyeckue oHnoHbl. HecTaOunbHOCTH OHHMOHOB. OOnmyuyeHHe MeTacTaOWUIBHOMN

dopMbl  ymiepon — anMma3. 3aKOHOMEPHOCTHM IpeBpauieHust anmaszarpadut. Ilomyuenue
nanocapsules. KapOoHuzamust B TpPUCYTCTBHM KaTajau3aTtopa M3 OKCHJIOB C IEpEeMEHHOMN
BAJICHTHOCTBIO.

Cemecrtp: 2 (Becennuit)

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



Mertozabl pocTa ¢ HCIOJIB30BAHUEM S>KUAKHX YIIEPOACOACPIKAIIMX HMPEKYypCOpOB: METOJ Ha Iofade
MapoB JKUJKOTO YIVIEBOJOpOIA M KaTalnu3aTopaB MOTOKE HECYIIETO ra3a B PEaKIHOHHYIO 30HY
TpyOuaroif medm, MeTOA CTAlMOHApHOTO pa3MENICHMs KaTaau3aropa, METOI  CHHTe3a
HENOCPEICTBEHHO B XHIKOM IpeKypcope. MerToj mUaBaiomiero KaTajlin3aTopa: CXeMbl MeToa
spraying, cxema MeToAa pumping, pas3JesibHas 1nojada napoB yIieBoJOPOIOB U NAapOB KaTaau3aTopa.
Merox co cTanMOHApHBIM pa3MElICHHEM KaTaimu3aropa W ero cxema. CHHTE3 B KHIKOH (ase.
Mertoabl pocTa € HCHONB30BAHMEM TBEPABIX YIIEPOACOAEpXAlIMX  HpekypcopoB. CuHTe3 ¢
WCIOJB30BaHUEM  yIIIeponHOro  mopomika.TepmooOpaboTka caxapo3sl 0e3  Karanauszaropa.
Tepmuueckoe paznoxenue kamdopsl — CIO0H110/ Kunkue yriepojaconepxkaiiie MpeKypcopsbl.
Pe3ynbraTel 5KCIIEPUMEHTOB C pa3iW4YHBIMHU Ipekypcopamu B meronax floating (spray), floating
(nebulized spray), floating, floating (pumping), floating (pa3nmenbHasi mojmada) CTaIIOHAPHOE
pa3MelnieHue Karaau3artopa. BeiBompl.

6. [lony4yenre HaHOTPYOOK pa3IMYHBIMU METOJAMH

Poct mexny nazepHbiMu ciiegamu. Poct u3 HaHonop noiokku. CocTaB M CTPYKTypa IIOAJIONKKH.
Poct HaHOTpyOOK Ha TMOIUIOKKE M3 MOPUCTOrO KpeMHHA. POCT mNEepneHAuKyIsIpHO IJIaJKOH
MOBEpXHOCTH MOIOKKH. Poct HaHOTpyOOK MeToom PE-HF-CVD.Poct ¢ ncnosibp3oBannemM TeHEBOM
MacKy Ha MOPUCTON MOBEPXHOCTH MOIOKKH. PocT B moTtoke raza. [lapamerps! mpouecca. Cxema
MeToJia pocTa B OToKe rasa. Poct Ha noBepxHoctu kpucramia SiC npu ero cyOIMManuy B BaKyyme
(6e3 kxaranmuszaropa). TeMIIeTHBII METON pocTa MPH HMUPOJU3E YIIIEBOAOPOAOB B MPSMBIX KaHAIaX
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)



CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIMM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbI, JOJKEH HAYUYUTHCSA IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynabrare W3ydeHMs OUCLUIUIMHBI CTYAEHT IOJDKEH 3HAaTh OCHOBHBIE ONPEACIICHUS M IMOHATHS
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 y4yeOHOro MaTepuaina, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSTENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAaaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— IOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKyIeW U MPOMEXYTOUYHON aTTECTAIUH.

[lokazarenem BiajeHHUs MaTEpUaIOM CIY)KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLIAIUIMHBIL.

BaxxHo 1oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYIbTalUAMH K
MIpenoAaBaTesto.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHMS 33a4 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

kBaTuuKkanus: 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

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BblABUrarb  THIIOTE3BI, CTPOUTH
pemarh 3a/1a4u, B TOM YUCIIe pa3pabaTbiBaTh U |MaTeMaTHUeCKUe MOJENH Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAyYHBIC MPOOIEMBL, 101y4ath ([IK-1.3 CrnocobeH NpUMEHATh TeopeTHueckue H (W)

HOBBIC HAYTHBIC PE3YJIbTAThI 9KCIEPUMEHTAJIBHBIE METOABI UCCIEI0BaHUN K KOHKPETHON
HayyHON 3ajade W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3yIbTaThI

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

3HATh:
MECTO U pOJIb OOIIMX BONPOCOB HAYKH B HAYYHBIX HCCIICTOBAHUSIX;
COBpEMEHHBIE TPOOIIEMBbl (GPU3UKH, XUMHUH, MATEMATHKH;
TEOpeTUIeCKue MoJeTH (DyHAaMEHTaIbHBIX MPOIIECCOB U SBICHUN B (PU3MKE U €€ IPUIIOKCHUSX;
HNPUHINIBI CHMMETPHH Y 3aKOHBI COXPAHEHHUS;
HOBEHIIINE OTKPBITHS €CTECTBO3HAHMS,
MOCTaHOBKY MPOOIeM (PU3HKO-XMMHUYECKOTO MOJICITHPOBAHUSI;
0 B3aUMOCBSI3SX U (yHIaMEHTAJILHOM €IMHCTBE €CTECTBCHHBIX HAYK;
HOBBIE IIEPCIIEKTUBHBIE METOIBI POCTA YIIIEPOJHBIX MATEPHAJIOB.
yMeThb:
3 (PEKTUBHO HCIIOIH30BaTh HA MPAKTUKE TEOPETUIECKUE KOMIIOHEHTHI HAyKH: TIOHATHS, CYXKIICHHS,
YMO3aK/IIOUEHHsI, 3aKOHBI;
NPE/ICTAaBUTh ITAHOPAMY YHHBEPCAIBHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
paboTarh Ha COBPEMEHHOM DKCIIEPUMEHTAILHOM 000PY/I0BaHUY;
a0CTparupoBarhCsi OT HECYNICCTBEHHBIX BIUSHUN MPH MOJACIHPOBAHUU PEATBbHBIX (PH3HMYECKUX
CUTYaLUiI;
TUIAHUPOBATh ONTHMAJIEHOE TIPOBEICHUE IKCIIEPUMEHTA.
BJIA/IETh:
TUTAHUPOBAHHUEM, ITOCTAHOBKOW M 00paOOTKOW pe3ylbTaToB (PH3HYECKOTO IKCIICPUMEHTA,
Hay4yHOH KapTUHOU MUDA;
HaBBIKAMH CaMOCTOSTEIILHONH paboThl B JIAOOPAaTOPHH HA COBPEMEHHOM JKCIIEPUMEHTAIBHOM
000pyIOBaHUY;
MaTeMaTHYeCKIUM MOJACITHPOBaHHEM (PU3NIECKHX 3a1ad.

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

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcpuajia MmpoBOAUTCA YCTHBIfI OIIpoC 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 CIOKHOM (DOpMBI: LEMOYKM M3 HAHOYACTHIL, CIUpPAIbHBIE HAHOTPYOKHM W HUTH,
3aKpyuYeHHbIE HAHOTPYOKH, bamboo-shaped HaHOTPYOKH, KOHYChl M KOHMYECKHE 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) DnextpoHHoe 00dydeHHE aMOP(HBIX HUTEH, JICHTOYHBIX CTPYKTYp, HAHOTPYOOK M HAHOYACTHII,
anmasHbix yactull. BN u BCN marepuaiios.

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

14) 3akoHoMepHOCTH TIpeBpalieHus anmazarpadur. [lonyuenne 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 mMmoNydYeHHs] OAHOCTOWHBIX HAHOTPYOOK: DIEKTPOMYTOBOH, JIa3epHbBIN, pas3lioKeHHE
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. [lapamerpsr MmetogoB CVD. be3skaranuzatopHeie METOIBI CHHTE3a
SWNT. Karanuzatopsl 1 akTUBaTopbl. Buapl Karanu3atopoB, MPOLEHTHOE COOTHOLIECHHE, MCXOIHOE
COCTOSIHME MeTaJljIa-KaTaan3aTopa.

[TepeueHb KOHTPOIBHBIX BOIPOCOB VIS CIaYH YK3aMEHa!

1. Mopdomnorus yrnepoaasix ocaakoB 1 MEKpocTpykrypa SWNT. Ponb naBrnenus raza B arc- MeToje,
B laser metoze, mpu CVD metoze.

2. Cxemsl MeTo10B cuHTe3a SWNT.

3. 3aBHCHMOCTH MHTEHCHBHOCTH M3ITyU€HHUs Jla3epa U TEMIIEPATyphl OKPY>KAIOLIEH cpelbl U JaBIICHUS
Ha nomyudeHue SWNT.

4. Mexanusmbl pocta SWNT: poct no mexannzmy [DKK, poct ¢ katanuzaTtopaMu U3 peaKo3eMelbHBIX
3JIEMEHTOB, POCT IIPU OJHOBPEMEHHOM HCIAPEHMM W COKOHJEHCALlMM aroOMOB YyIVIepoja U
MeTaJula-KaTaau3aTopa.

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

7. Mertoapl UCCIEIOBaHMSA: PAMAaHOBCKAs CIIEKTPOCKOIHS, PEHTTCHOBCKAsT TU(PaKIHS, HICKTPOHHAS
mudpaknus, MK criekrpockomnusi.

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

10. HccnenoBanms peakuuu byimyapa merogamMu aTrMoc(epHOTO JaBiCHHS, METOIOM BBICOKOTO
JaBIICHHUSL.

11. MexaHW3M KaTaIMTHIECKOTO pOCTa HAHOTPYOOK.

12. Ipespamenune CO. CocraB u pacxon razoBoil cmecu. Karamuszaropsl: pasmep u gopma yacTHil,
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 nasepHbIMH ciiegamMu. PocT u3 HaHOmop MoUIoKKH. COCTaB M CTPYKTYpa MOIOXKKH.
Poct HaHOTpyOOK Ha TMOMUIOKKE W3 MOPUCTOrO KpeMHus. PocT mepneHIuKyIsipHO DIaIKoi
IIOBEPXHOCTH IOJUIOKKH.

16. Poct nanotpybok meromom PE-HF-CVD.Poct ¢ ucnonb3oBaHueM TEHEBOH MAackd Ha TOPHCTON
MOBEPXHOCTH MOUIOKKHU. PocT B moToke rasa.



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

18. TeMIuieTHBINH METO poCcTa NP MUPOJIN3E YITIEBOAOPOIOB B MPSIMBIX KaHAJIAX MOPHCTHIX OKCHIHBIX
MeMOpaH 0e3 Karaau3aropa.

19. MeTtonbl pocTa ¢ UCHOIB30BAHUEM KUAKHX YITIEPOACOACPKAIINX MPEKYPCOPOB: METOJ Ha mojade
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. MeTox muaBaroILIero KaTaln3aTopa: CXeMbl METOJa spraying, cxema MeToja pumping, pasienbHas
10/1a4a 1MapoB YIJIEBOAOPOIOB M MAPOB KaTaIH3aTopa.

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

22. Metonel pocTa € HCIOJIB30BAaHMEM TBEPABIX YIIEPOACOIEpKalIMX MmpeKypcopoB. CHHTE3 ¢
HCTIONIb30BaHUEM YITIEPOIHOTO ITOPOIIKA.

23. TepmoobOpaboTka caxapo3bl O6e3 KaTainu3aTopa.

24. Tepmuueckoe paznoxeHue kampops — C10H110

25. Pe3ynbprarhl 3KCIIEPUMEHTOB C pa3jMYHBIMU NpeKypcopamu B merogax floating (spray). floating
(nebulized spray), floating, floating (pumping), floating (pa3menbHasi Tomada) CTalMOHAPHOE
pa3MenieHue KaTaau3aTropa

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.

1. Mexanu3msl pocta SWNT: poct mo mexanuzmy [DKK, poct ¢ karanuzaropamu U3 peako3eMeIbHbIX
SNIEMEHTOB, POCT TMPH OJHOBPEMEHHOM WCIIAPDEHUH W COKOHICHCAIlMM arOMOB yIJIepoja H
MeTajula-KaTalnu3aropa.

2. TepmooOpaboTka caxapo3bl O3 Karaau3aropa.

[Ipumep 2.
1.MexaHU3M KaTaJIUTHYECKOTO pOCTa HAHOTPYOOK.

2. Ipespamenne CO. CoctaB u pacxona razoBoii cmecu. Karamuzatopbl: pasMep u Qopma dacTuil,
XUMHYecKui coctaB. [IpumenseMbie kaTanu3aTopsl. [IoBbIIIEHNE aKTUBHOCTH KaTaln3aTopa.

Kpurepun oneHuBaHus
Onenka ommuyHo 10 OamoB - BBICTABIISIETCSI  CTY[EHTY, IOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIE, DIyOOKHE 3HAHUS Y4eOHOW MpOorpaMMbl AWUCHMIUIMHBI, MPOSBISIOMIEMY
HWHTEpeC K JaHHOM NpeAMETHOW 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHATH UX Ha IPAKTHUKE TPH PEIICHNH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHATHIX PELIEHUM.
Onenka omamuHO 9  0amoB -  BBICTABNSIETCSl  CTYACHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
MPUMEHSThH X Ha MPAKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka ommmuHo &  0GanoB - BBICTaBJsI€TCS CTYIEHTY, II0Ka3aBLIEMY BCECTOPOHHUE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHHUE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE IPHU PEIICHUH KOHKPETHBIX 3a/1ad, MPaBUIbHOE 00OCHOBAHUE MPUHATHIX
pELIeHN, ¢ HEKOTOPBIMH HEOUETAMH.
Ouenka xoporio 7 6aj0B - BBICTABISETCS CTYAEHTY, €CJIM OH TBEPIO 3HAET MaTepuall, 'paMOTHO U TI0
CYLIECTBY M3JIaracT €ro, yMeeT NPHUMEHATH IOJYYCHHBIE 3HAHHWA Ha IPAKTUKE, HO HEJOCTaTOYHO
IpaMOTHO 0OOOCHOBBIBAET MOJYYECHHBIC PE3YIIbTAThI.
Onenka xopomio 6 0ajoB - BBICTABIAETCS CTYACHTY, €CJIM OH TBEpAO 3HAET MaTepuall, TPaMOTHO U 10
CYLIECTBY U3J1araer ero, yMeer NPUMEHATh [10JyUYCHHbIC 3HAHUS Ha [IPAKTUKE, HO JIOILyCKAeT B OTBETE
WJIM B PELIEHUH 331349 HEKOTOPBIE HETOYHOCTH.
Ouenka xopouro 5 6anoB - BBICTABISIETCS CTYJCHTY, €CJIM OH B OCHOBHOM 3HA€T Marepual, rpaMOTHO
U IO CYLIECTBY M3JIAraeT €ro, yMeeT NPUMEHTh MOJIyYEHHbIE 3HaHHUS Ha NPAKTHKE, HO JOIYCKAeT B
OTBETE WJIH B PEIICHUH 3371a4 JOCTATOYHO OOJIBIIOE KOJTUYECTBO HETOYHOCTEH.



OueHka ynoBIETBOPUTENHHO 4 0aja - BBICTABISICTCS CTY/ICHTY, IOKa3aBIIEeMy (parMeHTapHBIN,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPAaBHWIbHBIE (POPMYIUPOBKH 0a30BBIX IMOHSITHH,
HapYyILEHUS JIOTHYECKON MOCIIEI0BATEeIbHOCTH B U3JI0KEHHU [IPOrPAaMMHOIO Marepuasa, HO IpH 3TOM
OH OCBOWJI OCHOBHBIE Pa3Jeiibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul MAJbHEWIIEro OOydeHHs, U
MOXXET IIPUMEHSATH [OTyYCHHBIE 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka y/nOBIETBOPUTENHEHO 3 0ajla - BBICTABISICTCS CTY/ICHTY, IOKa3aBIIEeMy (parMeHTapHBI,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIyCKAIOUIEMy OIMMOKA B (OpPMYIHpOBKax 0a30BBIX MOHSITHH,
HApYILCHUS] JIOTUYECKOH IOCIIeIOBAaTEIbHOCTH B HW3JIOKEHHH IIPOrPaMMHOIO Marepuaia, ciaabo
BJIaJICET OCHOBHBIMU paszieliaMu y4eOHOH IpOorpaMMbl, HEOOXOJUMBIMU IS abHEHIIero o0y4eHus 1
C TPYZIOM IIPUMEHSET ITOJyYCHHbIC 3HaHHS IAKE B CTAaHIAPTHOW CUTYaIHH.

OueHka HEyJOBJIECTBOPUTENILHO 2 0alia - BBICTABISICTCS CTYACHTY, KOTOPBIH He 3HaeT Ooublieil yacTu
OCHOBHOTO cOAepXaHUsI y4eOHOH MporpaMMBbl JIUCHUIUIMHBI, JOIMyCKaeT rpyOble OmHMOKH B
(bOpMyIHPOBKaX OCHOBHBIX NPUHIMIIOB U HE YMEET HCIIOIb30BATh IOJIYYCHHBIC 3HAHUS IIPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEyHOBICTBOPUTENBHO | Oan - BBICTABIACTCS CTYACHTY, KOTOPBIH HE 3HA€T OCHOBHOIO
cojiep KaHusl y4eOHOW MpOorpaMMbl TUCHUILTUHBI, JOMycKaeT rpyOeiie omuoK B GOpMYTUPOBKaX
0a30BBIX TOHITUH IUCUUILIMHBI ¥ BOOOIIE HE MMEET HABBIKOB PEUICHUS THIIOBBIX MPAKTUYCCKHX
3aj1au.

5. MeTonuyeckne MaTepuaJbl, onpeaesioIe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

I[Ipu mpoBenennn yctHOro U QGEPEHIMPOBAHHOTO 3adeTa M dK3aMeHa oOydJaromiemycs
npepocrasisiercss 30 MuHYT Ha moarotoBky. Ompoc oOywaromerocs 1Mo OWIeTy Ha yCTHOM
nehdepeHIIMPOBAHHOM 3a4eTe U dK3aMEHE HE JOJDKSH IPEBBINIAaTh OHOTO ACTPOHOMUYECKOTO Yaca.



