degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO

JupexTop pu3TEeX-IMIKOJIbI

3JIeKTPOHHUKH, JOTOHMKHU U

MOJICKYJISIPHOH QU3UKH
B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

10 JMCHMILIMHE: Du3uKa 1 XUMHUS YIIEPOTHBIX HAHOCTPYKTYP
110 HANIPABJICHUIO: [Ipuxagaeie MaTeMaTHKa U GU3NKA
Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepPCIeKTUBHBIX TEXHOJIIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE

HpOrpaMMHpPOBaHKE U (PYHKIIMOHAIbHBIE MaTEePUAIIbI
®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadenpa QU3NKU ¥ XUMHUA HAHOCTPYKTYP

Kypc: 1
KBaJIMpUKALS: MarucTp

CemecTp, hOpMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynuropHbIx yacoB: 30 Bcero, B TOM 4HCIIE:
nexkuuu: 0 gac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrosrensHas padora: 30 gac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrasuin: B.3. MopakoBud, a-p XuM. HayK

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl GU3UKU 1 XUMHHA HaHOCTPYKTYp 29.05.2020



AHHOTANMA

Kypc "Ousuka u XuUMHA YIIEPOAHBIX HAHOCTPYKTYp' TpeaycMarpuBaeT OCBOCHHE CTyACHTaMU
(dyHIaMEHTaNbHBIX 3HAHUM B O0JACTH XMMHU M (PU3UKHU YIIIEPOAHBIX HAHOCTPYKTYp; M3Y4YECHHE CIOCOOOB
CO3IaHUSI MaTepHaliOB M YCTPOHCTB HAa OCHOBE YINICPOJHBIX HAHOCTPYKTYD; M3YYEHHE JKCIIEPHMEHTAIbHBIX
METO/IOB MJICHTU(HKAINY PA3IMYHBIX YIIEPOJHBIX HAHOCTPYKTYP, @ TAaKKE CIIOCOOOB HCCIIEIOBAaHMS HMX
CBOMCTB M 001aCTel X MPAKTUIECKOTO TPUMEHEHHUS.

3anauu Kypca:

. ¢opmupoBaHrue 0a30BBIX 3HAHUK B 00JacCTH XUMHH U (DU3MKH YIIEPOOHBIX HAHOCTPYKTYp Kak
JTUCLUIIMHBL, MHTETPUPYIOMEH IOArOTOBKY B PAa3iIMYHBIX 00NacTIX (DU3MKU TBEPAOTO Telda M CMEXKHBIX
oOnacTsXx (U3MKM Ha MpUMEpe MaKCUMaJIbHOTO Ppa3HoOoOpas3us HAHOCTPYKTYp U MaTepHualios,
o0ecreunBaeMbIX YHUKAIbHBIMU BO3MOXKHOCTSIMH YTJIEPO/IA;

. oOydeHHe CTyIEHTOB MpPUHIMIIAM CO3JaHUS pa3sHOOOPA3HBIX YIIEPOAHBIX HAHOCTPYKTYp,  HX
UACHTU(UKALMHI U OCHOBAM MIPAKTUYECKOTO IPUMEHEHUS;

o pe3ynbraram 0CBOEHUS Kypca CTYAEHT JOJKEH 3HATH!

[J pa3zHooOpasue yriaepoJHbIX HAHOCTPYKTYP M UX KJIACCH(PUKALIUIO;
[J cnocoObl HACHTU(UKALNH YIIIEPOIHBIX HAHOCTPYKTYP M CepTU(UKAUN MAaTEePUAIIOB HA UX OCHOBE;
[J cmocoObl co31aHusl YIIIEPOAHBIX HAHOCTPYKTYP U CepTU(PHUKALMN MaTepruajoB Ha UX OCHOBC;

[l cymecTByroME U NEPCIEKTUBHBIE TPAKTUYECKUE IPUMEHEHUS YIIICPOAHBIX HAHOCTPYKTYPHI;

[J 0 B3auMOCBS35X U GyHIAMEHTAIBHOM E€AMHCTBE €CTECTBEHHBIX HaYyK.

OcHOBHOE cofepX)aHue Kypca H3JI0KEHO B CIEAYIOMINX pa3aesax:

1. Ucropus Hayku 00 yriepoze ¢ JpEeBHUX BPEMEH H €€ MECTO B ()yH/JIaMEHTAIbHOM €INHCTBE €CTECTBEHHBIX
HayK

2. [IpakTHyeckue MPUMEHEHHUS YIIIEPOIHBIX HAHOCTPYKTYP CETO/IHS U 3aBTpa

3. PazHooOpa3zue yriepoaHbIX HAHOCTPYKTYP U X KiaccuuKaius

4. CBoiicTBa YIIIEPOAHBIX HAHOCTPYKTYP ¥ METO/BI UX MCCIICOBAHUS

5. CriocoObl HACHTH(UKALMH YIIICPOAHBIX HAHOCTPYKTYD M CEpTU(HKAIIMN MAaTEPUaIOB Ha HX OCHOBE

6. CriocoObl co31aHuUs YIIIEPOIHBIX HAHOCTPYKTYP U MaTepUalioB Ha HX OCHOBE

1. lean u 3apa4un

Henp AucoMnInHbI
*  OCBOGHHE CTyJeHTaMH (yHJAMCHTAJIbHBIX 3HAaHUM B OOMACTH XUMHU M (U3UKH YIIEPOJHBIX
HAHOCTPYKTYpP; H3yY€HHE CIOCOOOB CO3aHHS MaTepualioB M YCTPOHCTB Ha OCHOBE YIVIEPOAHBIX
HAHOCTPYKTYp; M3yYCHHE SKCHEPUMEHTAIBHBIX METOJOB HACHTH(UKAIMU PA3IMYHBIX YIVIEPOIHBIX
HAHOCTPYKTYp, @ TaKkKe CIIOCOOOB HCCIICAOBAaHMS HX CBOMCTB M oOnacTteil WX MPaKTUYECKOTO
[IPUMEHEHMUSL.

3anauu QUCHUTNIHHBI
*  ¢opmupoBaHre 0a30BbIX 3HAHWH B 00NACTH XUMUU U (U3UKU YTIEPOIHBIX HAHOCTPYKTYP Kak
JTUCUUIUIAHBI, WHTETPUPYIOMIEH IOArOTOBKY B PpAa3IMYHBIX OONacTaX (U3UKU TBEPAOTO Telna H
CMEXHBIX 0071acTX (PU3UKH Ha IPUMEpEe MAaKCUMAaIBHOTO Pa3HO00pa3usi HAHOCTPYKTYP M MaTepHalIoB,
o0ecreunBaeMbIX YHUKAIBHBIMU BO3MOKHOCTSIMH YTJIEPO/Ia;
*  0o0yyeHHE CTYICHTOB TNPHHLUIIAM CO3IaHHS Pa3HOOOPA3HBIX YIJICPOAHBIX HAHOCTPYKTYp, HX
UJICHTU(UKAIIMY U OCHOBAM ITPAKTHYECKOTO IIPHMEHEHHS;
. (opMHpOBaHUE TOAXOIOB K BBHIOJHEHUIO HCCICIOBAHUM CTYJCHTAaMH B OO0JAaCTH HOBBIX
MarepualioB B paMKaxX BBIITYCKHBIX Pa0OT Ha CTENIEHb MarucTpa.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronmx KOMHGTGHL[HﬁI

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN | I/IHILI/IKaTOpBI JOCTHIKCHHUA KOMIICTCHIIMH




[IK-1 Criocoben craBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
UCCIIE/I0BaTh MaTeMaTHYECKUE MOJICITN
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh

HOBBIC

HAYYHBIC PC3YyJIbTAThI

[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON
JEATEIIEHOCTH

[IK-1.2 CnmocoOeH  BbABHrarh  THUIIOTE3bl, CTPOUTH
MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3ydaeMbIX
SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON
MOJENN

[MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

YMETB:

[l pa3HOOOpa3ue ymepoaHbIX HAHOCTPYKTYP U UX KJIACCU(UKAIHIO;

Il
OCHOBE;

croco0bl MACHTU(PHUKALNN YIIEPOIHBIX HAHOCTPYKTYP U CepTU(UKALMHM MaTepUAIOB Ha HX

[J cmocoObl cO31aHusl YIIEPOAHBIX HAHOCTPYKTYP U CepTU(HUKALIMN MaTepHUajoB Ha UX OCHOBC;

U
[] 0 B3auMMOCBS3SIX U (I)YH,I[aMeHTaJILHOM

CYLIECTBYIOIIUE U NIEPCIIEKTUBHBIC IIPAKTUYECKHUE IPUMEHEHUSI YTIIIEPOIHBIX HAHOCTPYKTYPBI;

CANHCTBC CCTCCTBCHHLIX HAYK.

[l a¢pdexTHBHO HCIONB30BATh HA MPAKTHKE TEOPETHUECKIE KOMIIOHEHTHI HAyKH: IOHATHS, CY)KICHUS,

YMO3aKJIKOYCHHA, 3aKOHBI;

[J mpeacraBuTh NaHOPaMy YHHUBEPCAJIbHBIX METOAOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHUS;
[J paboTarh Ha COBPEMEHHOM 3KCIIEPUMEHTAIBHOM 000pYIOBaHHU;

0
CUTYALUii;

abCcTparnpoBarhCsl OT HECYIIECTBEHHBIX BIMSHUM NPU MOJEIMPOBAHHM PEAIBHBIX (PU3NUECKUX

[J miaHMpOBATh ONTHUMAJIBHOE IPOBEIEHUE IKCIIEPUMEHTA.
BJIaJIETh:

0
JKCIIEPUMEHTA;

[l Hay4YHON KapTHMHON MHDA;
O
000pyI0BaHNH;

IJIaHUPOBAHUCM, IIOCTAaHOBKON U O6pa60TKOI>i PE3YJIIbTATOB (bPISI/I‘{eCKOFO n XUMHYCCKOI'O

HaBBIKAMM CaMOCTOSTENIbHONH paboThl B J1a0OpaTopuy HAa COBPEMEHHOM JKCIEPUMEHTAIEHOM

[J MareMaTH4ecKHM MOJEeMpOoBaHHeM QU3NICCKUX 3a7ad.

4. Conep:xanue TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE IO TeMaM (pa3jejiaM) ¢ yKa3aHueM
OTBEJeHHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYIIS) M TPYAOEMKOCTH IO BUAAM yUeOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM YYeOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
Hcropust Hayku o0 ymiepone ¢ JIpeBHUX
1 BPEMEH U €€ MECTO B (pyHAaMEHTAIbHOM 2 5
€IMHCTBE €CTECTBEHHBIX HAyK
) [IpakTryeckue MPUMEHEHUS YIIIEPOAHBIX 6 5
HAHOCTPYKTYp CETO/HA U 3aBTpa
3 PasznoobOpazue YTIIEPOTHBIX 4 5
HAHOCTPYKTYP H X Kiaccupuranus
4 CBoiicTBa yrepogHbIX HAHOCTPYKTYp H 6 5
METO/Ibl UX UCCIIEOBAaHUS




CriocoObl  MACHTU(UKAIMK  YIIIEPOAHBIX

5 HaHOCTPYKTYP u cepruduKauu 4 5
MaTepualioB Ha UX OCHOBE
Crioco6st CO3aHUs YIJIEPOIHBIX

6 HAaHOCTPYKTYp W MarepuajoB Ha UX 8 5
OCHOBE

Nroro yacos 30 30

HO,I[FOTOBKa K 3K3aMCHY

30 gac.

OO01mas TpynoEMKOCTh

90 ygac., 2 3ad.em.

4.2. CopaepxaHue IUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)

Cemectp: 1 (Ocennuii)

1. Uctopust Hayku 00 ymiepoie C APEBHUX BPEMEH M €€ MeCTO B (yHIAMEHTAIbHOM €IMHCTBE
€CTECTBEHHBIX HayK

VYrieponHble Marepualbl APEBHOCTH: APEBECHBIM yTOib, YrojibHas YEpHb W IEYHAs caxa, HX
IIPUMEHEHMsI B APEBHOCTU U COBPEMEHHOCTH. MHIycTpuanbpHasl 310Xa M OTKPBITHE AJUIOTPOIHH.
Teopuss Kekyne M COBpEMEHHBIE IPEJNCTABIEHUS O CTPOCHUHM YIIEPOAHBIX MarepuanoB. HoBble
yriepoaHble Marepuanbl XX BeKa: KOKChI, Tpa(uThl, YIIEpOAHbIE BOJIOKHA M UX HAHOCTPYKTYpa.
OTkpeiTHE QylsiepeHa U B3pbIBHOE pa3BUTHE HAYKU 00 YIIEPOAHBIX HAHOCTPYKTYpax.

2. IlpakTnyeckre NTpUMEHEHHS YINIEPOJHBIX HAHOCTPYKTYP CETOAHS U 3aBTpa

[TpumMeHeHHs yIIIepOHBIX HAHOCTPYKTYp B XX BEKe: KOKCHI, IpaUThl, YIICPOIHbIC BOJIIOKHA, CaKH
U YCpHHU, JCTOHALMOHHBIC ajMa3bl. [lepcrieKTHBBI TPUMEHEHHs YIICPOAHBIX HAHOTPYOOK,
¢Gy/uIepeHOB M HOBBIX MarepualioB Ha WX OCHOBE. PeaibHble W JIeTCHOApHBIE NPUMEHEHHUS:
opOuTanbHBIN TUQT, QyUIepeH Kak JieKapcTBO. [lepcreKTHBBI HAHOZJIEKTPOHHBIX YCTPOWCTB Ha
OCHOBE YIJIEPOIHBIX HAHOCTPYKTYD.

3. PazHooOpa3zue yrepoaHbIX HAHOCTPYKTYP U X Kiaccu(uKaus

Teopust rubpuauzanuu Ilonuara u Gonee COBpeMEHHBbIE MPEACTABICHHUS O NPHHIUIAX CTPOCHUS
YIIIEpPOIHBIX  KJIacTepoB. BO3MOXHOCTH CyIIECTBOBaHHA OrPAaHUYEHHBIX M IPOTSHKEHHBIX
YIJIEPOIHBIX HAHOCTPYKTYp. B3ammHuas cBs3p rpadura m rpadena. DyminepeH. HaHoBojokHa u
HAaHOTPYOKH Kak CTPYKTypHOE pa3BUTHE (QyiUlepeHa W Kak CTPYKTYpHOE pas3BuTue rpadura.
Krnaccuduxanust  ymiepoaHbIX HAHOCTPYKTYp. YIVIEPOAHBIE HAHOCTPYKTYPhl B yIJIEPOAHBIX
MaTepuranax, KOMIIO3UTax, HAHOKOMITO3UTaX H NHTEPKAIHPOBAHHBIX CTPYKTYpaXx.

4. CpolicTBa YIDICPpOAHBIX HAHOCTPYKTYP U MCTOABI UX UCCIICAOBAHU

CBs3b MEXIYy CTPYKTYpOW M CBOWMCTBAMH YIVIEPOAHBIX MaTepHasioB. DHU3MUECKHE U XUMHUYECKHE
cBOMcTBa. PeanbHble U JlereHjapHble YHUKAJIbHbIE CBOMCTBA PA3JIMYHbIX YIJIEPOIHBIX HAHOCTPYKTYD:
(deppomMaraeTsm HaHorpapuTa, XUMHUECKasi CTOMKOCTh CTEKJIOYIJIepo/ia, MEXaHWYeCKasi IPOYHOCTh
YIIEPOAHBIXHAHOBOJIOKOH, OaJuIMCTHYECKas IPOBOAUMOCTh YIVIEPOAHBIX HAHOTPYOOK. MeTtombl
JKCIEPUMEHTAIBHOTO HCCIIEN0BAHUS CBOMCTB, MPEACTABUTEIBHOCTh METOIOB.

5. CnocoObl uIeHTH(PUKALNUK YIIEPOAHBIX HAHOCTPYKTYP M CEepTH(MKALUK MaTrepuajoB Ha HX
OCHOBE



[IpocBeunBaromiasi 3JCKTPOHHAS MHUKPOCKONHSA KaK «a0CONIOTHBIM» METON HWACHTU(UKALIH
YDJIEPOAHBIX ~ HAHOCTPYKTYp, HENOCTaTKM M  OrpaHUYEHHUs 3TOI0  METoJa. Hpyrue
3NIEKTPOHHO-MHUKPOCKOIIMYECKHUE, 30H0BBIC, CIIEKTPaIbHBIC, XHMUYECKHUE METOABI ACHTU(UKALIIH.
OnrtumanbHas cTpaTerus MASHTH(UKAIUU C NMPUMEHEHHEM HECKOJBbKHX METOJIOB HCCIIEAOBAHUS.
[Ipobnembl W mpakTHYecKash peaiu3anusi cepTUUKAIUMH MaTepruajsoB Ha OCHOBE YIVICPOIHBIX

HAHOCTPYKTYD.

6. Crioco0bl co31aHMs YITIEPOAHBIX HAHOCTPYKTYP U MaTepHaIOB HA UX OCHOBE

Camo3apoKaeHue YIIepOJHBIX HAHOCTPYKTYp B mpupome. CrocoObl co3gaHMs YIIEPOAHBIX
HAHOCTPYKTYP «CHHU3Y BBEpX»: 3apOKICHHUE B IUIa3Me (JyroBble, aOSAIMOHHBIE), Ta30BBII MUPOIIH3,
poct u3 paciuiaBoB. CrocoObl co3AaHus YITIEPOJHBIX HAHOCTPYKTYP «CBEPXY BHH3»: paclierlicHHE,
MHTEPKAJIMPOBAaHKUE, HAIPABICHHBIH CHHTE3 METOAAMH OpraHudeckoi xumuu. CriocoObl co3naHus
YIJIEPOAHBIX HAHOCTPYKTYp Ha MaTpulax: KaTalW3, OCaXICHHE B HEUTpaJbHbIC MAaTpHIIL.
VYrnepoaHble MaTepuaibl 1 MHOTOKOMIIOHEHTHbIE KOMIIO3UTBI Ha OCHOBE YIJIEPOIHBIX HAHOCTPYKTYDP.

5. Onucanue MaTepuaJbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYylIeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCHUILINHE (MOIYJII0)

HeobOxonrmoe 000pyaoBaHue U NPAKTHYESCKHUX 3aHATHIA: ydeOHast ayIUTOPHsI, KOMITBIOTEPHI U
MyJIBTUMEIUITHOE 000pyI0BaHue (ITPOEKTOP, 3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPaATyPbI

OcHoBHas nuTeparypa
1. VYrnepomabie HAaHOTPYOBI M pojicTBeHHBIE CTPYKTYphl. HoBble MaTepuansl XXI Beka /. Xappuc I1.,
M.: Texnocdepa, 2005, 336 c. ISBN 5-94836-013-X.
2. @ynnepensl/. Cunopos JI.H., FOposckas M.A., bopmesckuit A. ., Tpymkos U.B., Mopde N.H.
Mocksa: Dk3amen, 2005, 687 c. ISBN 5-472-00294-X
3. Electron microscopy of nanotubes / edited by Zhong Liu Wang, Chun Hui, Dordrecht: Kluwer
Academic Press, 2003, 310 p., ISBN 1-40204-361-5
4. ®ynnepensl B Ouosnoruu / [Tuorposckuii JI.b., Kucenes O.U., CII6: Poctok, 2006, 336 c. ISBN
5-94668-039-0

JlononHuTeNbHAS TUTEPATypa
1. Mopakosuu B. 3. CBepXBBICOKONIPOYHBIE YIIIEPOAHbIE HAHO-BOJIOKHA/ XUM. IpoM. ceronus, 2003,
Ne2,c.12-21
2. HanotexHonorus: OU3NKO-XUMUSI HAHOKJIACTEPOB, HAHOCTPYKTYPH HaHOoMarepHaios/. Cy3naneB
W.I1. Uzn. 2-e, uctip. — M.: Kamxnbiit tom «JIMBPOKOM», 2009. — 592 ¢/ ISBN
978-5-397-00217-2.
3. Carbon fibers and their composites / Morgan P., Boca Raton: CRC Press, 2005, 1153 p. ISBN
0-8247-0983-7
4. KypHaJjsl M0 yIIepoJHbIM MaTepuanaM U HaHocTpyktypam (Carbon, Fullerenes, nanotubes and
carbon clusters, u np.)

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

HocrynHeie yepes Internet HayyHble M HAYYHO-TEXHUYECKHE XKYPHAIBI: http://scitation.aip.org/,
http://www.sciencemag.org/ 311eKTpOHHbIE KOHCIIEKTHI JICKIHiA, y4eOHbIe TOCOOUs 1 COOPHHUKH 3a/1ad,
paspaboTraHHbIe 7S TaHHOTO Kypca. ObecieueHre caMOCTOsITeTbHON paboThl - 0a3bl JAHHBIX 110
xypHanam Physica Status Solidi b, Physical Review, ,J of Apply Physics.

8. IlepeyeHb MH(POPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJII0OYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 oldecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HE NPEeNyCMOTPEHBI.



9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_IyJ'lﬂ)

CTyneHT, W3ydYarolmMid JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHSITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbIL, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynerare M3ydeHUs IUCHUIUIMHBI CTYAEHT JOJDKEH 3HATHh OCHOBHBIE OINPENEIEHUS AUCIUILINHEL,
YMETb IPUMEHSTH [10JIyUEHHbIE 3HAHUA JJIs1 PELICHUsS Pa3IM4HbIX 3a/ady.

VYenenrHoe ocBoeHUE Kypca Tpedyer:

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

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITEIEHOM PaboThI CTYy/IEHTA.

CamocrosiTenbHas paboTa BKIIOUAET B Ce0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4eOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BOMPOCHI, MpPEAHA3HAYECHHBIX [UIS
CaMOCTOSITENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIEW U MPOMEXYTOUYHON aTTECTALUH.

[loka3zarenem BiajgeHHs MaTepHUajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI IO TEMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHH4YECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHUS OTICIBHBIX TEM, BOIPOCOB, CleIyeT oOpamiarbcs 3a KOHCYIBTALMSAMU K
MIpENoAaBaTelio.

Bo3MOXeH npoMeXyTOUHBINH KOHTPOJIb 3HAHUH CTYACHTOB B BHJIE PEIICHHA 337ad B COOTBETCTBUU C
TEMaTHKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIG Mar€MaTuKa nu (1)I/I3I/IKa

Nnpo¢uJIb NOATOTOBKH: ®Du3uKa MepCIeKTUBHBIX TEXHOJIOTUH: aJIbTepHATUBHAS SHEPreTHKa, HayYHOE
IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI

®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadenpa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1

KBau(pukanus: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH artectanuu: 1 (oceHHUH) - DK3aMeH

Pa3zpatGoTunk: B.3. MopakoBud, -p XUM. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kon 1 HanmMeHOBaHUE KOMIICTEHIIUH WNHAMKATOPBI JOCTHIKEHHSI KOMIIETCHIIN

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pelath 3a1a4u, B ToM uncie pa3padareiBath 1 [[IK-1.2  CrnocoOeH  BBIIBUTATh  TUIOTE3bI, CTPOMTH
KCCJIeIOBAaTh MaTEMAaTHYECKUE MOICTH MareMaTH4ecKue MOJAETH JUISl  OMUCAHHWS H3y4aeMBIX
M3yYaeMbIX SBJICHUH U MPOILIECCOB, CHCTEMHO  |SIBJICHHI M MPOIIECCOB, OICHUBATH KAUECTBO pa3paboTaHHOU
aHAIIM3UPOBATh HAYYHbIC TPOOJIEMBI, TONyYaTh |MOJEIH

HOBBIC HAayYHBIC PE3YJIbTaThI [MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
IKCIICPUMCHTAJILHBIC METOMbI MCCIICIOBAHUN K KOHKPETHOMN
HAy4YHOW 3aJa4e W HHTEPIPETUPOBATH  IOJyYCHHBIE
pe3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydeHus qUCIUIUIMHEI « DU3MKA U XUMHESI YIIIEPOIHBIX HAHOCTPYKTYP» 00ydJaromuics JOKEH:

3HATh:
[ pa3HOOOpasue yriaepoJHbIX HAHOCTPYKTYP B WX KIACCH(PHUKAIINIO;
0 crocoObl WACHTU(UKAINK YITIEPOMHBIX HAHOCTPYKTYp W CEepTU(UKANKA MAaTEpHAIOB HA WX
OCHOBE;
[ cnocoObl cO37aHus YITICPOIHBIX HAHOCTPYKTYP U CepTUHHUKAIIMN MAaTEPUAIOB HA UX OCHOBE;
[l cymiecTByIOIIME U MEPCIIEKTUBHBIC TPAKTUUECKUE TPUMEHEHHUS YTIIIEPOAHBIX HAHOCTPYKTYPBI;
[ 0 B3aUMOCBSA3sX U ()YHJAMEHTAIHPHOM €IMHCTBE €CTECTBEHHBIX HayK.
YMeTh:
[J ¢ ¢dexkTUBHO UCIIOIB30BaTh HA MIPAKTUKE TEOPETUYECKUE KOMITOHEHTHI HAYKH: TTOHSTHS, CYKICHUS,
YMO3AKIIOUEHUS, 3aKOHBI;
[l mpencTaBUTh TAHOPAMy YHHUBEPCAIbHBIX METO/IOB M 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHMUS;
[1 paboTarh Ha COBPEMEHHOM JKCIIEPUMEHTAIBHOM 000PYI0BaHUY;
[J  alcTparupoBaThCsl OT HECYIICCTBEHHBIX BIUSHHUA MPU MOACITUPOBAHUN pPEajbHBIX (DU3NICCKUX
CUTYALIUii;
[l TIaHMpOBAaTh ONTHUMAJILHOE TPOBEACHHUE IKCIIEPUMEHTA.

BJIAA€Th:
[ IJIaHUPOBAHUCM, IIOCTAaHOBKON U O6pa6OTKOI71 PE3YJIIbTATOB (bHSH‘{eCKOFO n XUMHYCCKOI'O
IKCIICPUMCHTA,

[l Hay4YHON KapTHHON MUDA;

[l HaBBIKAMHM CaMOCTOSATENIBHOWH paboThl B JabOpaTopuy HAa COBPEMEHHOM 3KCIEPHUMEHTAIbHOM
000pyI0BaHNH;

[l MareMaTHYeCcKUM MOJIEIMPOBAHHEM (PU3NUECKHX 3a1ad.

3. IlepeyeHb THNOBLIX (IPMMeEPHBIX) BONPOCOB, 32/1aHHUI, TeM /ISl HOATOTOBKH K TeKylleMy KOHTPOJII0

C 1enpl0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuana MPOBOAWUTCS YCTHBIH ONpoC B
Havaje 3aHsATHUsl.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0yuyarommxcst

Bomnpocs! k 3k3aMeHy:

1) OcHoBHBIE IOHATHS U BETUYUHBI HAHO- ¥ ONTORJIEKTPOHUKH.

2) llpuHIMI TOCTPOCHHUS CHCTEM OO0pabOTKM cuUrHalioB. KOHCTpyHpOBaHHE «CBEPXY-BHH3» U
«CHU3Y-BBEPX»

3) KBanroBo-mexaHHuyeckasi KOrepeHTHOCTb. KBaHTOBBIE SIMBI, IPOBOJIOKU M TOUYKH.



4) ABTO3MHCCHOHHBIE DJIEKTPOHHBIE MUKPOCKOTIBI Ha 0a3e 3nekTpoHHoi koaoHHs GEMINI.
5) JBymydeBble MUKPOCKOIIBI C MOHHOM KOJIOHHOM. HanomMaHumynaTopsl.
6) 30HI0BBIE MUKPOCKOIIBI.

7) HenuHelinble BOJIBTaMIEPHBIE XAapAaKTEPUCTHUKUA M aKTUBHBIE 3JIEMEHTHl MOJIEKYJISIPHOM
IEKTPOHUKHU.

8) Xumuueckue peakMoHHO-Au((Hy3HOHHBIE CpeIbl U CPEACTBAa 00pPadOTKU MHPOPMALIUH.
9) PeaknmonHO-11((HY3UOHHBIN TPOIECCOP.
10) [1m0THOCTE COCTOSIHUI U Pa3MEPHOCTH CHCTEMBI.

11) bamnucrtuyeckuil TpaHcmopT Hocutenei 3apsina. [logBmkHOCTh 3apsmoB. TyHHenu-poBaHUE
HOCHTEJIEH 3apsia.

12) Meroasl (GOPMUPOBAHUS HAHONIEKTPOHHBIX CTPYKTYp, OCHOBAaHHbIE Ha HCIIOJIb30BAaHUU
CKaHUPYIOLUX 30H/0B.

13) Hanonurorpadus. dnekrponHo-iaydesas aurorpadus. [lepreBas HanomuTorpadus.
14) OcHoBHBIE XapaKTEPUCTUKH JIBYMEPHBIX OITYIPOBOAHUKOBBIX HAHOCTPYKTYP.

15) IlpsamoyronbHas HOTEHUMAJbHAA sMa KOHeyHOW myOuHbl. Ilapabonuyeckass u TpeyrojbHas
KBaHTOBBIC sMBI. [[apabonudeckas NOTEHIMATIbHAS SIMA.

16) Hampspxennble ciou. BrnusiHue HanpsbkeHUN Ha BAJIGHTHYIO 30HY. 30HHAs! CTPYKTYypa B KBAaHTOBBIX
sMax.

17) CnocoOsl ruOpuIn3aui aTOMOB yIIIEpoIa.

18) MHoOrocteHHble M OIHOCTEHHBIE YIJIEPOAHBIE HAHOTPYOKH, ¢yiiepeHsl U (ynaepe-HOBbIE
MOJIMMEpPBI, HaHOrpaduT, HaHOAIMa3 W aMOpQHBIC aJIMa30NONOOHbIE IJICHKH, YIJIEPOAHBIE U
a30T-yIVIEpOJHbIC HAHOBOJIOKHA.

19) I'paheHoOBBIC HAHOANIEKTPOHHBIE YCTPOMCTBA.

20) I'ereponiepexonsl. ['eTeponepexoapl ¢ MOTYTHPOBAHHBIM JIETHPOBAHTHEM.

21) HampspkeHHBIE TeTEpOCTPYKTYphI Ha ocHOBe SiGe.

22) MonynupoBaHO-JIETHPOBaHHBIE KBAHTOBbIE SIMBbl. MHOKECTBEHHBIE KBaHTOBBIE MBI (MQW).
23) Konuenmus cBepxpenieTok. Monens cBepxpemetku Kponura-Ilennu.

24) Ilpomecc TPOAOIHHOTO TEPEHOCAa B  HAHOCTPYKTYypaX B JJEKTPUUECKUX  MOJISX.
DKcnepuMeHTalIbHbIE AaHHBIE TI0 IPOJIOJILHOMY HIEPEHOCY.

25) Ilonepeunslii mepeHoC.
26) Pe3onancHOe TyHHETMPOBAHUE.

27) BnusiHue monepedHbIX MEKTPUUECKUX MoJie Ha CBOKWCTBA CBEpXpelieToK. KBaHTOBBIN nepeHoc B
HaHOCTPYKTypax.

28) BozneiicTBHE MArHUTHOTO TOJIS HA KPUCTAILIIBL.
29) IloBeneHne cUCTEM MOHUKEHHON pa3MEPHOCTH B MATHUTHBIX TOJISX.

30) [InoTHOCTH COCTOSIHUI JBYMEPHBIX CHCTEM B MarHUTHBIX molisix. Dddexr Aponosa-boma. ekt
[yOHukoBa-ze ['a3a.

31) KsanroBbiii adext Xosta. Mcnons3oBanue kKBaHTOBOTO 3¢dexTa Xoa B METPOJIOTHH.

32) OnTuueckne XapakTepUCTUKH KBAaHTOBBIX TOUEK M HAHOKPHUCTAJLIOB.

33) DnexrpoonTrueckue 3PQPeKThl B KBAHTOBBIX Toukax. KBanTtoBo-pasmepuslii s ekt LTapka.
34) DnexrpoonTtrueckue 3PQeKThl B CBEPXpeIIeTKAX.

35) TpaH3ucTOpbI HAa TOPAYHX JIEKTPOHAX. OAHORIEKTPOHHBIE TPAH3UCTOPHI.

36) Jlazepsl Ha TOTYIPOBOAHUKOBBIX T€TEPOIIEPEXOAAX.

37) Jlazepbl Ha TOTYIPOBOAHUKOBBIX KBAHTOBBIX SIMaX.

38) Jlazephl Ha HANIPSDKEHHBIX CTPYKTYPax ¢ KBAHTOBBIMH siIMaMu. Jlazepbl HA KBAHTOBBIX TOUKaX.

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.
1. KBaHTOBO-MeXaHU4€ECKass KOTepEHTHOCTh. KBaHTOBBIE SIMBI, TPOBOJIOKH U TOUKH.
2. DnexrpoonTryeckre 3pQeKTsl B KBAaHTOBBIX ToUKax. KBanToBO-pasMepslil a¢ ekt [lTapka.

[Ipumep 2.
1. I'ereponiepexonpl. ['eTepornepexoasl ¢ MOAYIUPOBAHHBIM JIETUPOBAHTUEM.
2. TpaH3UCTOPHI HA TOPSYUX NMEKTpoHaX. OIHOIIEKTPOHHBIE TPAH3UCTOPHI.



Kpurepun onennBanus

Onenka ormuyHo 10 OamoB - BBICTABJISIETCSl  CTYIEHTY, [IOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHWS YYeOHOW NPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHATh X Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPAaBUIBHOE 000CHOBAHUE
HPUHATHIX PELICHAMN.

Ouenka omm4yHO 9 0amoB -  BBICTAaBISIETCS  CTYAEHTY, IOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, IIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.

Onenka ommyHO 8§  GasnoB - BBICTaBJSIETCA CTYIACHTY, IIOKa3aBLUIEMYy BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPaKTHKE MPU PEHICHUH KOHKPETHBIX 3a1ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xopomo 7 6aJoB - BBICTABISIETCA CTYACHTY, €CIIM OH TBEPJO 3HAET Marepuaj, 'PaMOTHO U IO
CYILECTBY M3JIaraeT €ro, ymMeeT HPUMEHATh IOJY4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIJIBTATHI.

Ouenka xopouro 6 6ajoB - BHICTABISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MaTepual, IPaMOTHO U IO
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MPAKTUKE, HO JOIMYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.

Onenka xopomo 5 6anoB - BBICTABIISETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT MarepHall, rpaMOTHO
U 10 CYIIECTBY HM3JIaraeT €ro, yMeeT NPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIONyCKaeT B
OTBETE WJIM B PELLICHUH 33a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajla - BBICTABISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJIOCTATOYHO IpPaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYUICHUS JOTUYECKOU IOCIIEOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO MaTepuaa, HO TIPU STOM
OH OCBOWJI OCHOBHBIC Pa3JieNibl yueOHOW NMpOrpaMMBbl, HEOOXOAMMBIE Ul JaJbHEHIIero oOy4eHus, U
MOKET MMPUMEHSTh TOJTyYSHHBIC 3HAHUS 110 00pa3ily B CTAHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 Oama - BBICTaBISICTCS CTYICHTY, IMOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOmycKaronlemy OmHOKH B (POpMyIrpoBKax 0a30BBIX MOHATHUH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B HM3JIOKEHMHM IPOrPaMMHOrO Marepuaia, ciaalo
BJIaJIeET OCHOBHBIMHU pa3JesiaMH y4eOHO! MporpaMmbl, HEOOXOANMBIMHE JUIS JaJIbHEHIIEro o0y4eHus U
C TPYAOM IIPUMEHSET MOTYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHUTYAIIHH.

OneHka HEYIOBIIETBOPUTENHHO 2 Oana - BBICTABISIETCA CTYIEHTY, KOTOPBIM He 3HaeT OoJbLIeH yacTu
OCHOBHOTO COJEp)KaHUs y4eOHON IporpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmUOKH B
(OpMyITHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BaTh ITOJyYCHHBIC 3HAHHS TP PEIICHUN
THUIIOBBIX 33/a4.

OneHka HEyIOBIETBOPUTENbHO | 0an - BBICTABISIETCS CTYIACHTY, KOTOPBIH HE 3HAeT OCHOBHOTO
cozepKaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKd B (popMyITUpOBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE MMEET HABBIKOB DPEIICHHS THIOBBIX MPAKTHUYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeneasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

[Ipu npoBeneHun ycTHOro sk3ameHa oOydaromemycs mnpepoctasisercs 30 MUHYT Ha HOATOTOBKY.
Ompoc oOyuatomerocs 1o OujaeTy Ha YCTHOM OSK3aMEHE HE JOJDKEH IIPEBBIIIAaTh OIHOTO
aACTPOHOMMYECKOTO 4Yaca.



