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AHHOTANMA

JlucrriiHa TMpeAHa3HadeHa Ui CTYJICHTOB, NMPOCIYIIABIIMX Kypc oOmed (HU3MKH, Kypchl KBaHTOBOM
MEXaHUKH, (U3NYECKON ONTUKM M aTOMHOW CIeKTpockonuu. [Iporpamma Kypca BKIIOYAET CIEIYIOIIUE
OCHOBHBIC pazJielibl: (yIJIepeHsl U KiacTepsl, MeToa XapTpu-DPoka u ero 006001IeHNs, Teopust PyHKIIMOHATA
IUIOTHOCTH, yIJIEPOIHbIE HAHOTPYOKH, METOJ TMHEHHON KOMOMHALIMM aTOMHBIX OpOUTalied, TUCTIEPCHOHHbBIE
COOTHOIIEHUS Il YIJIEPOAHBIX HAHOTPYOOK, ONTHYECKHE CBOWCTBA IOJIYNPOBOAHUKOBBIX I'€TEPOCTPYKTYD,
IUTa3MOHBI, TOBEPXHOCTHBIC IJIA3MOHBI, METOAbl MOJYYEeHUS HAHOYACTHL, KBAHTOBBIC TOYKH, SIBJICHHE
Mepratonieii Qayopecriennnu. B pesynbrate oOBnajeHHs TUCIMILIMHON OOyYarolUiics MOMyduT OazoBbIC
MPEICTABICHHUST O MOAXOAAX, WCIOIb3YEMBIX NMPU TEOPETUUYECKOM PACCMOTPEHHH B3aHMMOICHCTBHS CBETa C
CHCTEMaMH, COCTOSIIIUMHU U3 OOJIBIIOTO YUCIIa aTOMOB, CBOWCTBAX aTOMHBIX KJIACTEPOB ¥ HAHOYACTHII, TOHKHX
IUICHOK, HAHOCTPYKTYPUPOBAaHHBIX TOBEPXHOCTEH U JIp.

1. leau u 3apa4u

eap AUCUMNIMHBI

Lenp xypca coctouT B 00y4eHHH CTyAEHTOB crapmux KypcoB M®PTU OCHOBHBIM TeOpeTHYECKUM
[IOJXOAAM, MCIIOJIb3yEMbIM IIpY OIMCAaHUU IPOLIECCOB B3aMMOJEHCTBUSI CBETa CO CIPYKTypamu
HAaHOMETPOBOro MacmTaba. YCIEemHOe OCBOEHHE MaTepHalioB AAHHOTO Kypca IOJDKHO ITO3BOJIUTH
BBIITyCKHUKaM CBOOOJHO OpPUEHTUPOBAThCSA B HauOoee AaKTyaJbHBIX BONPOCAX CIEKTPOCKOIHU
HaHOPa3MEPHBIX CUCTEM.

33]13‘[1/[ JAUCHUIIINHBI

1) Hepexo;[ OT PACCMOTPCHUSA OTACIIBHBIX ATOMOB MU HpOCTeﬁHIHX MOJICKYJI K U3YUYCHUIO ITPOLCCCOB,
MMPOUCXOAAIINX IIPU B3aHMMO/ICHCTBUU CBETA C CUCTCMaMH, COCTOAINIMMU U3 OOJIBIIOTO YKCIIa AaTOMOB.

2) W3ydeHue moaxon0B K OMMCAHUIO ONTUYECKHUX CBOWCTB KJIACTEPOB M HAHOYACTHII.

3) Ormucanue TEOPETUYECKUX METOIOB M3YUYEHHS IPOLIECCOB, MPOUCXOASIMINX MPH B3aUMOIEHCTBUI
CBETa C TOHKUMH TJICHKAMHU ¥ HAHOCTPYKTYPHUPOBAHHBIMU TTOBEPXHOCTSIMH.

4) O0630p Haubosee aKTyaabHBIX BOIPOCOB HAHOONTHKH.
2. Ilepeyens opMupyeMbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMHN

I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-6 CriocoGeH onpenessTh U peaan30BbIBaTh

YK-6.1 Ymeer pemars 3a1a4ui COOCTBEHHOTO JIMYHOCTHOTO

MIPHOPUTETH COOCTBEHHOM ACSITEIHHOCTH H U npodeccHOHANBLHOTO  pa3BUTHUS,  ONPEACIsTH U
CIIOCOOBI €€ COBEPIIICHCTBOBAHHS Ha OCHOBE peann30BBIBATH TIPUOPHUTETHI COBEPIICHCTBOBAHUS
CaMOOILIEHKH cOOCTBEHHOM AEATENHHOCTH
OIIK-1.1 3HaeT W CIOcOOEH  WCIIONB30BAaTh B
nmpoeCCHOHANBFHOW  NIeATEeNhbHOCTH  (PyHIaMEHTaIbHBIC

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaIbHBIX
Hay4YHbBIX 3HaHUH B o0acTu
(u3MKO-MaTeMaTHYECKUX HayK

Hay4HbIe 3HaHHA B 00JacTH (PU3NKO-MaTeMaTH4eCKUX HayK

OIIK-1.2 Crmocoben 00001maTs ¥ KPUTHYECKH OILCHUBATh
OIBIT M PE3yJbTaThl HAYYHBIX MCCIICAOBaHUII B 00JacTH
mpoeCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTMHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKH ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoQecCuoHaNbHON e TeTbHOCTH

OIIK-2 Nmeer nipeacraBicHre 00 aKTyalTbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHAIBHOH JIeTENNLHOCTH, CIIOCOOCH
Ha HAayYHOM S3bIKe (hOPMYIHPOBATH
npodecCUOHANBHEIC 3aJIauu

OIIK-2.1 NUmeeT npeacTaBIeHAE O COBPEMEHHOM COCTOSTHUHU
WCCIIC/IOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoei
npodecCuoHaTbHON e TEHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJIbHOCTh
UCCIICAOBAaHUM B obnmactu cBoed mpodeccrnoHambHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnageer mnpodeccHOHaNbHOW TEPMUHOIOTHEH,
HCIIONB3YEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayYHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAIUN




OIIK-3 Cnioco6en BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOIAXO/IBI K PEIICHHIO THITOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATEIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, [JIAHHUPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHHUPOBATh CIIOCOOBI
peneHuns

OIIK-3.2 CnocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METObl TNPHU PEIICHUN HOBBIX 3a]ay, PUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAyKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEIHLHBIMUA
METOJ]aMU pEIICHHs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
TpaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeICHUN

OIIK-4 CriocoOeH ycrenHo peanu3oBbIBaTh
peleHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara U MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHUECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIOJIb30BAaHHIO MH(pOpPMaMOHHO-KOMMYHUKAIIMOHHBIX
TEXHOJIOTUH I MOUCKA M U3YyYEHUS] HAYYHOH JIUTEpPaTyphl,
MPUMEHEHHSI IPUKIIaJHBIX TPOTrPAMMHBIX ITPOYKTOB

OIlK-4.2 CrocobeH TpuUMEHSTh 3HaHWS B 0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1auk, (POPMYJIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-5 CriocoOeH 1 roTOB K MOBBIIIEHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJICKTHBOM B chepe cBocit
podeCcCHOHAILHOMN IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCUOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMurcss K TIOIXYYECHHUIO HOBBIX 3HAHHM,

IpoQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen cTtaBuTh, HhOpMann30BHIBATH U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4HbIE TPOOIEMBI, [TOyYaTh
HOBBIE Hay4YHbIEC PE3yJIbTaThI

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJdbHBIX pe3yJbTaTax MCCIe0BaHUN B
paMKax TeMaTW4YeCKOW OOJACTH CBOEH MpodeCcCHOHATLHON
IEITEILHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAHUA H3y4aeMBIX
SIBIICHUI W TPOLIECCOB, OIICHUBATh KaueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrnocobeH mnpuUMEHATh TeopeTHyeckue u (Win)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIEAOBAHUN K KOHKPETHOMN

HaydyHOW 3ajjaye W MHTEPIPETHPOBATH  IOJTYYEHHBIC
pE3YNBTaThI
IMK-3.1 Tlonmmaer npuUHOUNBI pPabOTHl HUCIOIB3YEMOTO
K3 C 5 5 00opyI0BaHUS (cenanm3upPOBaHHBIX MaKeTOB
-3 Criocob6en npogeccuoHanbHO paboTars ¢ MPUKITAHBIX TPOTPAMM)
WCCIIEIOBATEIIHCKIUM U UCTIBITATEIbHBIM
I1K-3.2 Crocoben IIPOBOJNTH AKCIIEPUMEHT

o0opynoBanueM (MpruOOpaMH U yCTaHOBKaMH,
CHeIHaIN3UPOBAHHBIMH MTAKETAMH MTPHUKIIATHBIX
MporpaMm) B n30paHHON MTPEIMETHOM 00IacTH

(MonenupoBaHKe) C HCIOIb30BAaHUEM HCCIIEIOBATEIBCKOTO
00opynoBaHus (IIAKETOB MPUKIIAAHBIX IPOTPAMM)

IMK-3.3 CnocobeH oIleHHBaTh TOYHOCTH IOJyYEHHBIX
9KCIIEPUMEHTAIILHBIX (UUCIICHHBIX) PE3YJIbTaTOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

- OCHOBHBIC HAIPABICHUS PAa3BUTHS HAHO(DHU3HUKH;
- Cnienn¢uky pu3nueckux SBICHHI, TPOUCXOSIINX HA HAHOMETPOBBIX MaciTadax;

- CrhekrpallbHble CBOWCTBa
TeTepOCTPYKTYp C KBAHTOBBIMU SIMAMU;

MOJYIIPOBOAHUKOBBIX W  MCTAJUIMYCCKHUX  YaCTHIIL,

HAHOTPYOOK,

- OCHOBHBIE (1)I/I3I/I"ICCKI/IG 3aKOHOMCPHOCTH, OMNPCACIIAOIINC OITUYCCKUC CBOICTBA OCHOBHBIX BHUJIOB

HAHOCTPYKTYD;

- MeTO}IBI HCCIICAO0BAaHUS CIICKTPAJIbHBIX CBOICTB HaHO4YaCTHIL,
- OCHOBHEIE TCOPECTUUCCKUC METO/AbI UCCIICAOBAHUA CUCTEM, COCTOAIINX M3 OOIIBIIIOrO YKCIIa qacTull.

YMETb:




- BriOupars ONTUManbHBIA IMyTh JUIS OINpPENENICHUS] JJCKTPOHHBIX M CIHEKTPaJIbHBIX CBOWCTB
HaHOCTPYKTYD;
- Mcnionb30BaTh NMOMyYCHHBIC 3HAHUS 1711 OLICTPOTO OCBOCHUE HOBBIX METO/IOB MCCIIEJIOBAHUS CUCTEM
HaHOMETPOBOTO MacITada.

BIAJCTh:
- Metogom Xaprpu-Doka u ero 0000IIeHIIMY;
- OcHoBaMu TeopuH (yHKIIMOHATA IOTHOCTH;
- MeTtonoM nMHEWHONH KOMOMHAITMM aTOMHEIX OpOUTaNeH;
- TeopeTnueckMMH OCHOBAMH JKCHEPUMEHTAJIBHBIX METOJIOB HCCIEIOBAHUS ONTHYECKUX CBOMICTB
HAHOCHCTEM.

4. Coep:xanue TUCUMILTUHBI (MO1YJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

4.1. Pa3znenbl TUCIMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YU€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Jlekrum | Cemunapsr | JlaGopar. paboTsr Camocr.
pabora
1 @ynnepeHsl ¥ KIacTepsl. 1 3 5
2 Meron Xaptpu-®doxka u ero 060011eHHS. 1 3 5
3 Teopus pyHKIHMOHATIA ITIOTHOCTH. 1 3 5
4 VYrepoaHbie HAHOTPYOKH. 1 2 5
5 Mertox JTMHENHON KOMOMHAIMU aTOMHBIX 1 5 5
opoOuTaei.
6 JIUCHIepCHOHHBIE ~ COOTHOILCHMS  JUIA 1 ’ 5
YIJIEPOAHBIX HAHOTPYOOK.
7 OnTunueckue CBOMCTBa 1 5 5
MOJTYIPOBOJJHUKOBBIX TE€TEPOCTPYKTYD.
8 [11a3MOHBL. 1 2 5
9 [ToBepxHOCTHBIE TITA3MOHBI. 1 2 5
10 |MeTtonp! noxyyeHUs] HAHOYACTHIL. 2 3 5
11 KBanToBbIE TOUKH. 2 3 5
12 |SBnenue mepuaromieit GpayopecieHmu. 2 3 5
Nroro yacos 15 30 60
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2. CopepxaHue TUCUUIUTHHBI (MOAYIISA), CTPYKTYPHUPOBAHHOE 110 TeMaM (pa3zesiam)
Cemecrtp: 2 (Becennuit)
1. ®ynnepeHsl U KIacTephl.

@yiiepeHsl U KJIacTepbl: CTPOCHUE, METOABI IIOJIyUYEHUs, MEXaHUYECKUE U JIEKTPOHHbIE CBOWCTBA,
00JIaCTH IPUMEHEHHS.

2. Meton Xaptpu-®Poxka u ero 00001eHusI.

Meton Xaptpu-®oka. Ucnonb3oBanue nicepaonoTeHnuanoB. O0oo6menus metoga Xaprpu-Doxka.




3. Teopus QpyHKIHMOHANA INIOTHOCTH.

Teopust dynknmoHana mwioTHocTH. YpaBHenus: Kona - [1Iama. [Ipubnnxkenne nokaibHOM TIIOTHOCTH.
Mogens xele 1 ee IPUMEHUMOCTb B CIydae KJIacTepoB U (yJUIEPEHOB.

4. YreponHble HAHOTPYOKH.

Crpoenne HaHOTPYOOK. XwupalbHOCTb. TpyOKHM THIA «Kpeciuo» u «3uriar». dusnueckue u
JNIEKTPOHHBIE  CBOMCTBa HAaHOTPYOOK. MHorociolHsie HaHOTPYOKH. CBs3b XHPaJbHOCTU
OJTHOCJIOWHBIX TPYOOK C MX MPOBOAUMOCTBIO0. CIIOCOOBI IONY4YeHHUsI HAHOTPYOOK.

5. Meroj TUHEWHOW KOMOMHAIIMN aTOMHBIX OpOUTAICH.

Meton JIKAO. HcnonszoBanue merona JIKAO nis ompeneneHust SIEKTPOHHBIX YPOBHEH HEPTHUU
MOJICKYJIAPHBIX CUCTeM. ©- U m-opbutamu. Ilpumenenne wmeroma JIKAO k mpocreiimum
yrieosiopofiam. Teopema biioxa. ®@ynkiun broxa. IMonsrtue 06 obpartHolt pemietke. [Ipumenenne
metona JIKAO k nenoykam aroMoB. JlMCIIepCHOHHBIE COOTHOLICHHS AJISl BOMOPOAHON U YIIIEPOIHOM
LIEIIOYKH aTOMOB.

6. JlucriepcnoHHbIE COOTHOILIECHUS JUIS YITIEPOAHBIX HAHOTPYOOK.

m-opOutanu HaHoTpyOOK (n,n) m (n,0). Yyer mpunnuna [laynu. 3aBUCMMOCTH MPOBOJUMOCTH OT
XUPAITbHOCTH.

7. OnTuyeckue CBONCTBA MOTYIPOBOJHUKOBBIX TETEPOCTPYKTYP.

OnTudeckue CBOMCTBA MOMYMPOBOAHUKOB. OKCUTOHBI MoTtta u @penkens. YpoBHH 3Hepruu
SKCUTOHOB. BpeMmsi >KHM3HM 3KCUTOHOB M CIOCOOBI €ro MOBBIMICHUS. DKCUTOHBI B JABY-, OAHO- U
HYJIb-MEPHBIX CHCTEMAX.

8. Illma3sMOHEL.

OObemuble M1a3MoHBL. IlnazmenHast yactora. CHekTp miiasMOHOB. /IMCIIEpPCHOHHOE COOTHOIICHHE
U1 0ObEMHBIX TJIA3MOHOB.

9. IIoBepXHOCTHBIE TIA3MOHBI.

HOBerHOCTHbIe IUIA3MOHBI.  YCJIOBHS BO3HUKHOBEHUS MOBECPXHOCTHBIX TIIJIA3MOHOB. CHGKTp
MOBCPXHOCTHBIX IIJIa3MOHOB. I[I/ICHepCI/IOHHBIG COOTHOHICHUA JIs1I TMOBCPXHOCTHBIX IIJIA3MOHOB.
HonyquI/Ie TMOBEPXHOCTHBIX IJIA3MOHOB.

10. Metozp! MOTy4YeHHs] HAHOYACTHIL.

O0630p GpU3NUECKUX U XUMHUYECKHX METOAOB IOJyYeHNSI HAHOYACTHIL Pa3IMYHOIO COCTaBa, OPMBI U
pa3MepoB.

11. KBaHTOBBIE TOUKHU.

KBaHTOBBIC TOUKH. DHEPreTHYCCKHI CHEKTP JKCHTOHOB B TIOJIYIPOBOJAHUKOBBIX HAHOYACTHIIAX.
KBanToBo-pasmephbiii  3gdexr. CrekTpanbHbIe CBOWCTBA MOJYMPOBOJHUKOBBIX HAHOYACTHII.
Hanouactuus! tTuma «core-shelly.

12. SBnenue mepuaromieii GpayopeciieHIny.

SBnenue mepuatonieit guyopecteHn. CTaTUCTHKA «On»- U «off»-nHTepBaIoB. 3aXBaT HOCHTENCH.
[ToBepXHOCTHBIE COCTOSTHHSI.



5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHS 00pa30BaTEJIHLHOIO
npouecca 1no JUCHUILInHE (MOIYJII0)

VYueOHast aymuTopus, 10CKa, MEAUAIIPOEKTOP, SKPaH.
6.IlepeyeHnb pekoMeHAYeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa
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2. A.V. Eletskii, B.M. Smirnov, «Fullerenes and carbon structures», Physics — Uspekhi 38 (9) 935
(1995) // http://www.ufn.ru/ufn95/ufn95_9/Russian/r959a.pdf

3. A.B. Eneuxuii, Yrepoausie HaHoTpyOku, YOH 167, 945 (1997)

4. 1O.E. Jlo3oBuk, A.M. [Tornos, O6pazoBaHue U pOCT yIIIEPOIHBIX HAHOCTPYKTYP — QYIIICPEHOB,
HaHOYACTHII], HAHOTPYOOK 1 KoHycoB, YDH 167, 751 (1997)

5. Y. Masumoto, T. Takagahara, Semiconductor Quantum Dots, Springer-Verlag Berlin Heidelberg
2002

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

He ncnonesyrores

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3YeMbIX NPH OCYLIECTBJICHUU 00Pa30BaTeJIbHOI0
npouecca o JHCHUIIMHEe (MOIYJII0), BKJIIOYAs NepedeHb He00X0ANMOro NpOrpaMMHOro odecrnedyeHunst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

J5is ocyIecTBICHUs 00pa30BaTeIbHOTO MPOIecca Mo AUCIUILTUHE HEOOXOAUM HOYTOYK U
MeIUanpoeKTop. B oTAeIbHBIX caydasx 00y4aroluecss MOTyT B paMKax CaMOCTOSITEIbHON PadOThl HIIH
MpH yrITyOJICHHOM BBITIOJTHEHUU KYPCOBOM pabOThI BBITIONHATE pacueThl B cucTeMax Mathematica,
Mathlab u T.11.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

CTyneHT, W3ydYarolmMi JUCIUILUIMHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHUHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJAKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrare u3yuyeHUs AUCUUIUIMHBI CTYACHT JNOJIKEH 3HATh OCHOBHBIC ONPEACICHUS NTUCLMILIUHBL,
YMETh IPUMEHATD MOyYEeHHbIE 3HAHUS IJIS PELICHUS Pa3InYHBIX 3a7a4.



VYeneniHoe OcCBOcHHME Kypca TpeOyeT HanpsKEHHOH CcaMOCTOSITeIbHOH paboThl  CTyJeHTa B
COOTBETCTBUH C JaHHBIMH B pabodei mporpamme. CamocTosTenbHas padoTa BKIIOYaeT B ceOsl:

— YTE€HHE PEKOMEHI0BAHHOW JIUTEPATYPBI;

— TpopaboTKy y4eOHOro Marepuaja, IMOATOTOBKY OTBETOB Ha BONPOCHI, MPEIHA3HAYEHHBIX IJIs
CaMOCTOATEJILHOIO U3yUCHMUS];

— pelleHue 3a/1a4, IpeAIaracMblx CTyIEHTaM Ha JIEKLUAX U IPAKTUUYECKUX 3aHATUAX;

— IIpU HEOOXOANMOCTH MOATOTOBKY K HPAKTHYECKUM 3aHITHSAM, KOJUDIOKBUYMaM, IK3aMEHY.
ITokazareneM BIIQAECHUS MaTepUaIoOM CIYXKHUT YMEHHE pemars 3aaadd. Jns GpopMUpOBaHHS yMEHHS
MPUMEHSThH 3HAHUA Ha MPAKTHKE CTYACHTY HEOOXOAMMO pelIaTh Kak MOXKHO OOJIbIIe 3a/1a4.

BaxxHo 1oOuThCcA MOHMMaHMS M3y4aeMOIo MaTepHaja, a He MEXaHHYECKOTo ero 3anoMuHaHus. [Ipu
3aTPyOHCHUN H3YYCHHUS OTACIBHBIX TEM, BOIPOCOB, CIEAYEeT OOpalaThCsi 3a KOHCYJIBTALUSMH K
JIEKTOPY WJIM NPENOoiaBaTeiio, BEAYyIeMy IPaKTUUECKUE 3aHATHSL.

Bo3MoxeH npoMexyTOUHbIM KOHTPOJIb 3HaHUI CTYJEHTOB B BUJIE PELICHUs 3a7a4 B COOTBETCTBUU C
TEMaTUKON 3aHSTUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HANPABJIEHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

npopuiIb NOArOTOBKHU: OO0was u npukiagHas Gusnka
OusTex-mkona QUMK U ucciaeoBanuil uM. Jlanaay
kageapa KBaHTOBOU pagro(U3NKu

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 2 (BECEHHUN) - DK3aMeH

PaszpatGoTunk: A.A. Hapuw, xaun. ¢us.-Mar. HayK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-6 Criocoben onpeiessTh U peaan30BhIBaTh

YK-6.1 YmMmeer pemarp 3a/laud COOCTBEHHOTO JTMYHOCTHOTO

MPHOPUTETHI COOCTBEHHOMW JCATEIBHOCTH U U npo(ecCHOHATBLHOTO  Pa3BUTHS,  ONPEACHATh U
CHOCOOBI €e COBEPILICHCTBOBAHMS HA OCHOBE peaNn30BLIBATh IPUOPUTETHI COBEPIIICHCTBOBAHUS
CaMOOIICHKH COOCTBEHHOM IEATEIbHOCTH
OIIK-1.1 3maer ®  CHOCOOCH  HCIOJIL30BaTh B
npo(eCCUOHANBHON  JIEATENBPHOCTH  (yHJAaMEHTAIIbHBIC

OIIK-1 Bnaneer cuctemolt pyHIaMeHTATbLHBIX
Hay4YHBIX 3HAHUH B 00sacTu
(u3HMKO-MaTeMaTHIECKUX HAYyK

HAy4YHbIC 3HAHU B obmacTu (I)I/I3I/IKO—MaT6MaTI/I‘IGCKI/IX HayK

OIIK-1.2 Cnocoben 00600mars U KpPUTHYECKH OIICHUBATH
OIBIT M PE3yJbTaThl HAYYHBIX HCCIICJOBaHUII B 00IacTh
npo(heCCHOHANTBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MeXAUCIUIIMHAPHBIC CBS3U B OOJIACTH
MareMaTHK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTh IPH
peleHun 3a1a4 NpoQeccuOHaTbHON AEATENbHOCTH

OIIK-2 Nmeet npeacrapieHne 00 aKTyalIbHBIX
mpobiemMax HayKH U TEXHHKH B 001acTH cBOeH
po¢eCcCUOHANBHON NesTENbHOCTH, CIIOCOOCH
Ha HayYHOM f3bIKe (hOPMYIHPOBAThH
npogecCHOHANBHBIE 3a]1a41

OIIK-2.1 NmeeT npeacTaBieHrne O COBPEMEHHOM COCTOSTHUU
WCCIICAOBAaHUA B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2.2 CrniocoGen OLICHUBATh AKTyaJIbHOCTh
WCCIIeZIOBAaHU B obnmactu cBoel  mpodeccrnoHambHON
JEATEIIFHOCTH U MX MPAKTUYECKYI0 3HAYMMOCTb

OIIK-2.3 Brnameer mnpodeccHOHANLHONW TEPMUHOIOTHEH,
UCIOJNB3YyeMOH B  COBPEMEHHOH  HAayYHO-TEXHHYECKON
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
U3JIOKEHUSI PE3yJAbTaTOB HAyYHOW ACSTEIBHOCTH B paMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIIK-3 CniocobeH BbIOMpaTh 1 (MIIN)
pa3pabaThIBaTh MOJAXO/IBI K PEIICHHIO THIIOBBIX
Y HOBBIX 3371a4 B 00actu npodeccrnoHansHon
JEATeIIbHOCTH, YYUTBIBAsi OCOOCHHOCTH U
OrpaHUYCHUS Pa3IMYHBIX METOIOB PELICHHS

OIIK-3.1 CrocobeH aHamu3upoBaTh 3ajady, MJIAHHPOBAThH
MyTH PELeHHs, Mpeiaratb U KOMOMHUPOBATh CIIOCOOBI
peleHus

OIIK-3.2 CnoocoOeH HCIIOIb30BaTh HCCIIENOBATEILCKUE
METO/bl TNPU PEIICHUH HOBBIX 3a]a4, IPUMEHSsS 3HAHWS B
pa3nuyHBIX 001aCTIX HAYKH (TEXHUKN)

OIIK-3.3 Brnameer aHaIUTHYECKUMUA U BBIYUCIATEILHBIMHA
METOJJaMU pEIICHMs], TOHNMAeT U YYUTHIBACT HA MPAKTHKE
TPaHUIBl TIPUMEHUMOCTH MOTyYaeMbIX PeIICHUN

OIIK-4 CriocoOeH ycIenHo peann30BbIBaTh
pelIeHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS ¥ HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HAaBBIKU IIO
UCTIONIb30BAaHHIO MH()OpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I IOUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKIIaJHBIX TPOTrPAMMHBIX IIPOLYKTOB

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWS B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS TIOCTaBICHHOM
3a1auy, (POPMYIHPOBAHUS BBHIBOJOB M OLIEHKH MOJYYEHHBIX
pe3yabTaToB

OIIK-5 CriocoOeH 1 roTOB K MOBBIIICHHIO
KBaJTU(UKAIMH, TPOPECCHOHATLHOMY POCTY U
PYKOBOJICTBY KOJJISKTHBOM B chepe cBocit
podeCcCHOHAILHOM IS TeIbHOCTH, TOJIEPAHTHO
BOCIIPUHUMAsI COIMATbHBIC, STHUUECKUE,
KOH(ECCUOHAIBHBIC M KYJIBTYPHBIC Pa3Indus

OIIK-5.3 CrpeMurcss K TIOIYYECHHUIO HOBBIX 3HAHHM,

IpoQecCHOHAIBHOMY M TMYHOCTHOMY POCTY

[IK-1 CnocoGen craBuTh, hOpMann30BHIBATh U
pemIarh 3aJ1a4u, B TOM YUCIIe pa3pabaTbIBaTh U
HCCJIEA0BATh MaTEMaTHYECKUE MOJIEIH
M3y4aeMBbIX SBJICHHUH U MPOIECCOB, CUCTEMHO
aHaJIM3MPOBATh HAy4YHbIE TPOOIEMBI, [TOyYaTh

[IK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBaThH U 0000IIATH
nHpopMaIrio 00 akTyaJlbHBIX pe3yJabTaTax HCCIIeOBaHUN B
paMKax TeMaTH4YeCKOW OOJACTH CBOEH MpodeCcCHOHATEHON
EITENLHOCTH

IIK-1.2 CnocobeH  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTHYecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI W MPOLIECCOB, OIICHUBATh KAUeCTBO pa3paboTaHHON
MOJENN




HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKHue H (WIIH)
JKCIIEPUMEHTAJIbHBIE METOJIbl MCCIEOBaHUN K KOHKPETHON
HayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3ybTaThl

[IK-3.1 Ilonumaer npuHOUNBI pPabOTHl HCHOIB3YEMOIO
00opynoBaHUs (cienmanu3upoBaHHBIX [IaKETOB

IMK-3 Cniocoben npodeccnoHaabHO paboTarh ¢ NPUKITAHBIX TIPOTPAMM)

MCCIIEIOBATEICKUM H UCTIBITATEIIbHBIM
o0opynoBanueM (MpruOOpaMH U yCTaHOBKAMH,
CTIeATN3UPOBAHHBIMH TAKETaMH PUKIIAHBIX
porpamm) B U30paHHON TpeMETHON 00JIaCTH

[K-3.2 Criocoben MIPOBOANTD SKCIIEPUMEHT
(MozmenupoBaHUE) C HCIIOIB30BAHHEM HCCIEI0BATEIHCKOIO
o0opynoBaHus (ITAKETOB MPHUKIIAIHBIX IPOTPAMM)

[IK-3.3 CnocoOeH oOneHMBAaTH TOYHOCTh IOJyYEHHBIX
AKCIEPUMEHTANIbHBIX (UMCIEHHBIX) PE3yIbTaToOB

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIIUIA
B pesynbrare n3ydeHus AMCIUIUIMHBI «DU3KMKa HAHOCTPYKTYP» 00YHaIOIIUICS JOIKEH:

3HATb:

- OCHOBHBIC HAITPABIICHUS Pa3BUTHSI HAHO(DH3HKY;
- Crietuky (pU3NUECKUX SBICHHMA, IPOUCXOIAIINX HA HAHOMETPOBBIX MacIITadax;
- CrhexTpanbHble CBOMCTBA IOJYNPOBOAHMKOBBIX M  METAUIMYECKUX YaCTHL, HAHOTPYOOK,
TeTePOCTPYKTYP C KBAHTOBBIMH SIMAMH;
- OcHOBHBIE (PM3MYECKUE 3aKOHOMEPHOCTH, ONPEICISIONINEe ONTHYECKHE CBONCTBA OCHOBHBIX BHIOB
HAHOCTPYKTYD;
- MeTonp! nccenoBanys CIIEKTPAIbHBIX CBOWCTB HAHOYACTHIL;
- OCHOBHBIE TEOPETUUECKUE METO/IBI HCCIICAOBAHUS CUCTEM, COCTOSIINX U3 OOJIBIIOTO YMCIIA YACTHUII.
yMeThb:
- BeiOWpare ONTUMaNbBHBIA MYTh IS ONPEICICHHS OJIEKTPOHHBIX W CHEKTPAILHBIX CBOMCTB
HAaHOCTPYKTYD;
- Mcronb30Barhk MoMy4YeHHBIE 3HAHHS U OBICTPOTO OCBOCHUE HOBBIX METOIOB HCCIIEIOBAHHS CHCTEM
HAHOMETPOBOTO MaciiTada.
BJIaJIeTh:
- Metonom Xaprpu-Doka u ero 0000IIeHUsIMHY;
- OcHOoBaMu TeopHH (YHKIIOHAJA IUIOTHOCTH;
- MeTonom nrHEHHOW KOMOMHAIIUY aTOMHBIX OpOHTaleii;
- TeopeTHyecKMMH OCHOBAMHU JKCIIEPUMEHTAIBHBIX METOIOB WCCIEIOBaHMS ONTHYECKUX CBOWCTB
HAHOCHCTEM.

3. IlepeyeHb THNOBLIX (IIPHMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKyIleMy KOHTPOJII0

Temsl pedepatoB 1o Kypcy Pu3rka HAHOCTPYKTYP:

@
1. Crpoenne yrmiepomHblx HaHOTPYOOK. OIHOCIIOWHBIE W MHOTOCIIOWHBIE HAHOTPYOKH. MeTomsl
MOJTyYeHHS OTHOCTIOWHBIX 1 MHOTOCJIOWHBIX HAHOTPYOOK.

2. XupaJbHOCTh OJHOCIOWHBIX HAaHOTPYOOK. HanoTpyOkm Tuma «xpecno» u «3uriar». CUMMeTpHs
OZIHOCIIOWHBIX HAHOTPYOOK. CBSA3b NPOBOIMMOCTH HAHOTPYOOK € XHUPAIbHOCTBIO.

3. MexaHu4eckue CBOWCTBA OIHOCIONHBIX U MHOTOCIIOMHBIX YITIEPOJHBIX HAHOTPYOOK.

4. DNeKTpOHHBIE CBOWCTBA OJIHOCIOWHBIX M MHOTOCIIOWHBIX YIJIEPOAHBIX HAHOTPYOOK.

5. BBIBOI AHUCTIEPCHOHHBIX COOTHOIIEHHMM 715t [1-0007109€K HAHOTPYOOK (n,n).

6. BBIBOI AHCTIEPCHOHHBIX COOTHOIIEHHMH AJisi [1-0007049eK HaHOTPYOOK (n,0).

D)

7. CTpyKTypa MOBEpXHOCTHOM 3JEKTPO-MAarHUTHOW BOJHBI y IJIOCKOTO pasiesia METallIl-qUdJICKTPHUK.

VcioBrue BO3HHUKHOBEHHS MOBECPXHOCTHBIX IIJIA3MOHOB. BriBog BBIpAXXCHHUA U1 YaCTOThI cTosTucH
HOBerHOCTHOfI BOJIHBI.

8. BrIBom AMCIIEPCHOHHOTO COOTHOIICHHS IS MOBEPXHOCTHBIX IJIa3MOHOB Ha IJIOCKOW TpaHUIlE
MeTaJUI-TUAJIEKTPUK. BKag sIeKTpOHOB BHYTPEHHUX 000i0odek. Paznmuyre AMCTIEpCHOHHBIX KPUBBIX
JUTSL CITy4daeB cepedpa u 30J10Ta.

9. Mertoapl reHepalyu NoBepXHOCTHBIX BOIH. Cxembl OTTo 1 Kpeumana. /IudpakiinoHHbI METOI.




10. IlpuMeHeHre TOBEPXHOCTHBIX IJIA3MOHOB.

11. OnTuueckue CBOWCTBA METAJUIMYECKUMX HaHodacTHL cdepuueckoin (opmbl. BeipaxkeHus amns
CEYECHUH pacCcesHUs U NONIOLICHUS CBETAa HAHOYACTULEW B paMmkax Teopur Mu. Monbl menuymux
rajepen.

12. SIBneHne TOBEPXHOCTHOTO YCHJIGHHS KOMOMHALIMOHHOTO paccesHus. Ousnueckas cyTb,
JKCTIEPUMEHTANIbHBIE pealIn3alii, XapaKTepPHbIe BETNUUHBI (DAKTOPA yCHIICHHS.

(I1)

13. Metonpl cHmxeHHs 3(G(GEKTUBHOW Pa3MEPHOCTH KBAaHTOBBIX CHCTEM B MOJIYNPOBOJHHKOBBIX
cTpykTypax. KBaHToBBIE IMBI. 3aBUCUMOCTh SHEPIUU CBA3M 3KCUTOHA BaHbe-MoTTa OT LIMPUHBI SMBI.
CriocoObl OBBIILIEHUS SHEPTHH CBS3H SKCUTOHA B KBa3HIBYMEPHBIX CHCTEMaX.

14. Dkcutonsl Banbe-MoTTa B MOMYNPOBOJHUKOBBIX KBAHTOBBIX MpoBoAax. OLEHKa SHEPrUH CBSI3U.
[1noTHOCTE cocTOsHUM. OnTHYECKNE CBONCTBA [10JYIIPOBOIHUKOBBIX KBAHTOBBIX IIPOBOJIOB.

15. KsantoBble TOuku. Ilepexom OT 30HHOM CTPYKTYpHl CHEKTpa K JUCKPETHBIM YPOBHSM.
KBanToBOpasMepHbIii 3(p¢GeKT B CHEKTpax MONyNPOBOJHUKOBBIX KBAHTOBBIX TOYEK. PeXHMBI
KBaHTOBOPa3MEPHOTo 3 (eKTa 1 UX MPOSBICHUE B CIIEKTPAX IMOMVIOICHHUS CBETA.

16. KsanTtoBopasmepHbiii 3(Q(EKT TUIICKTPUUECKON TMPOHUIIAEMOCTH B  IMONYTPOBOJIHUKOBBIX
KBAaHTOBBIX TOYKax. MeTOombl TEOPETHYECKOro ONUCaHMs. BiusHMe Ha ONTHYECKHE CBOWCTBA
KBAaHTOBBIX TOUEK.

17. MeTozbl co3qaHus MOIYTIPOBOAHUKOBBIX HAHOKPUCTAIIOB Pa3InUHBIX (hopMm.

Crnucok auTeparypsbl:

@

1. TI.H.JIpsiukoB, DeKTpOHHBIE CBOWCTBA U IPUMEHEHHE HAaHOTPYOOK, YacTh | u pazaenst 2.2-2.4.
2. A.B.Exeuxuii, YOH 167, 945 (1997)

3. S. Reich, C. Thomsen, J. Maultzsch, Carbon Nanotubes, Wiley, 2004

4. H. Rafii-Tabar, Computational Physics of Carbon Nanotubes, CUP, 2008

5. Z.Ren et al, Aligned Carbon Nanotubes, Chap. 2, Springer, 2013

6. S. Saito, A. Zettl, Carbon Nanotubes. Quantum Cylinders of Graphene, Elsevier, 2008

(11)

7. B.B.KimmoB, Hanormasmonuka, riassl 3, 4, 6.

8. H.B.Bpanar, B.A Kyns6aunnckuii, KBazngactuisl B pr3uke KOHIEHCHPOBAHHOTO COCTOSIHUS, TJIaBa
12.

9. T.B.BapraunsH, E.B.Bamenko, BBeaenue B HaHOIIa3MOHUKY, T1aBa 4

10. J.HoBotHsIi, b.XexT, OCHOBBI HAHOOIITHKH, TJIaBa 12

11. A.McGurn, Nanophotonics, riaBa 4

12. E.L.Ru, P.Etchegoin, Principles of Surface-Enhanced Raman Spectroscopy, rassi 1,3,4.

13. M. Pelton, G. Bryant, Introduction to Metal-Nanoparticle Plasmonics, rmassi 1,7.

(I11)

14. H.b.bpaunr, B.A.Kynw0aunnckuii, KBasuuacTuisl B (u3MKEe KOHJICHCHPOBAHHOTO COCTOSHUSA,
masa 10.

15. JLE.BopoObes, JI.E.Iony6, C.H.Janunos, E.JI.MBuenko, JI.A.®upcos, B.A.lllankirusy,
OnTHyecKue SIBICHUS B MOJYNPOBOJIHUKOBBIX KBAHTOBOPA3MEPHBIX CTPYKTYpax

16. C.Delerue, M.Lannoo, Nanostructures. Theory and Modeling. Paznensr 2-5.

17. Z.L.Wang, Nanowires and Nanobelts, Volume 1: Metal and Semiconductor Nanowires.
18. Z.M.Wang, One-dimensional nanostructures.

19. Y.Masumoto, T.Takagahara, Semiconductor Quantum Dots. Paznen 2.

20. J.Stangl, V.Holy, G.Bauer, Structural properties of self-organized semiconductor nanostructures,
Rev. Mod. Phys. 76, 725 (2004)
21. C.Burda, X.Chen, R.Narayanan, M.A El-Sayed, Chem. Rev. 105, 1025 (2005)

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

[TepeueHb KOHTPOIBHBIX BOIIPOCOB K IK3aMEHY:
1. OynepeHsl U KiacTepbl: CTPOSHUE, METO/BI OTYyYeHHS, MEXaHHYECKHE M JJICKTPOHHBIC CBOWCTBA,
00JIaCTH TPUMEHEHHUSI.



. Meron Xaprpu-®oxka.

. Mcnionb30BaHue [1CEBAOIOTEHIIMATIOB.

. O606menust Metona Xaprpu-Doka.

. Teopust pyHKITMOHANA TIOTHOCTH. YpaBHeHus1 Kona - [1Iama.

. [Tpubnmxenue TOKaITbHON TIIOTHOCTH.

. Mozens xene u ee IPUMEHUMOCTb B Cllydae KJIacTepoB U (yiiepeHoB.
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. CTpoenune HaHOTPYOOK. XUPaTbHOCTb. TPYOKH THIIa «KPECIO» U «3UT3ary.

9. ®u3nueckre 1 AMEKTPOHHBIE CBOWCTBA HAHOTPYOOK. MHOTOCIIONHBIE HAHOTPYOKH.

10. Cpsi3b XHMPATBHOCTH OJHOCIOWHBIX TPYOOK € WX MPOBOAUMOCTBIO. CHOCOOBI MONydYEHHUS
HaHOTPYOOK.

11. Metox JIKAO. Ucnons3oBanue merona JIKAO st onpeneneHus 31eKTPOHHBIX YPOBHEH sHEpruu
MOJIEKYJISIPHBIX CHCTEM G- U M-OpOUTaIH.

12. Ilpumenenue metoga JIKAO k mpocreiinm yrieBogopoaam. Teopema broxa.

13. @ynknuu bioxa. [Tonstre 06 oOpaTHOH perieTke.

14. IIpumenenne merona JIKAO k nienouykam aromoB. [lucnepcrioHHbIe COOTHOIIEHUS ISl BOAOPOIHON
U YIJIEpOJHOM 1IETIOYKH aTOMOB.

15. m-opburanu HanoTpyOOK (n,n) u (n,0). Yuer npunnuna Ilaynu. 3aBUCHMOCTD NPOBOAUMOCTH OT
XUPaAJIBbHOCTH.

16. OnTHueckue cBOWCTBA MOTYIPOBOJHUKOB.

17. Oxcutonsl MoTTa 1 @peHkena. YpOBHU SHEPTUU SKCUTOHOB.

18. Bpemst )kU3HU DKCUTOHOB U CITOCOOBI €T0 TTOBBIIICHUSI.

19. DKCUTOHBI B ABY-, OTHO- U HYJIb-MEPHBIX CUCTEMAX.

20. O6beMuble mIa3MoHbl. [nazmenHas yacrora.

21. CnekTp 11a3MOHOB. JlucnepcoHHOE COOTHOIIIEHHE JUIT 00hEMHBIX TJIA3MOHOB.

22. IloBepXHOCTHBIE IUIA3MOHBI. YCIIOBYSI BO3HUKHOBEHHUS IOBEPXHOCTHBIX IJIA3MOHOB.

23. CrieKkTp OBEpXHOCTHBIX IIJIA3MOHOB.

24. ]JlucniepCUOHHBIE COOTHOILEHUS JUIsl ITOBEPXHOCTHBIX I11a3MOHOB. IloinydeHune IOBEPXHOCTHBIX
IJ1a3MOHOB.

[Tpumeps! 5K3aMEHAIIMOHHBIX OHJIETOB:

burer 1.

1. OynepeHsl U KiacTepbl: CTPOSHUE, METO/BI OTyYeHHs, MEXaHHYECKHE M JJICKTPOHHBIC CBOWCTBA,
00JIACTH TPUMEHEHHUSI.

2. Ilpumenenue merona JIKAO k npocteitimum yrieBogopoaam. Teopema bioxa.

buner 2.

1. Metox Xaptpu-®Poxka.

2. ®ynknuu broxa. [Morstrue 06 0OpaTHO pemeTke.

Kpurepun onennBanus
Onenka ormuuao 10 OamnoB - BBICTABJISIETCSl  CTYACHTY, IIOKa3aBIIEMy BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, [IyOOKHE 3HAaHUS Y4YEOHOW NPOrpaMMbl TUCLMIUIMHBI, MPOSBISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
MPUMEHSATh UX Ha MPAKTHKE NP PELICHUH KOHKPETHBIX 3aa4, CBOOOTHOE U PaBUIbHOE 00OCHOBAaHHE
HPUHATHIX PELICHAMN.
Ouenka ommMyHO 9 OamuoB -  BBICTABISETCA  CTYHACHTY, II0OKa3aBIIEMy BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW MpOrpaMMbl JUCLUUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIlIeHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
MPUHATHIX PELICHUH.
Onenka ommyHO § OamioB - BBICTAaBJIIETCS CTYHCHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTeMaTH3UPOBaHHbIE, ITyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh UX HAa MPAKTUKE MPU PELICHUH KOHKPETHBIX 3ajlad, NPaBUIIbHOE 00OCHOBAHHE MPUHATBHIX
peleHui, ¢ HEKOTOPbIMU HEIOUETAMH.
Onenka xopomio 7 0aioB - BBICTABIISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MarepHuall, TPaMOTHO U 1O
CYLIECTBY M3JIaraeT €ro, yMmMeer IPUMEHTh I0JlyuY€HHblE 3HaHMS Ha IIPAKTUKE, HO HEIOCTaTOYHO
rpaMOTHO 00OCHOBBIBAET MOIYUYCHHBIEC PE3YIJIBTATHI.



OueHka Xopoto 6 0ajioB - BBICTABISETCS CTYIACHTY, €CII OH TBEPIO 3HAET MaTepHaj, IPaMOTHO H I10
CYILIECTBY M3JIaraeT ero, yMeeT MPUMEHSTD MOJTyUYCHHBIC 3HAHUS Ha MPAKTHKE, HO JIOMYCKAeT B OTBETE
WM B PEIICHUH 3a]1a4 HEKOTOPBIE HETOYHOCTH.

OueHka xopo1o 5 6ajuIoB - BBICTABISACTCS CTY/ACHTY, €CIIH OH B OCHOBHOM 3HAaeT MaTepuall, paMOTHO
W TI0 CYIIECTBY M3JIaraeT €ro, yMeeT IMPUMEHSTH IOJyYCHHBIC 3HAHMS Ha MPAKTUKE, HO JIOMyCKaeT B
OTBETE WJIY B PEILICHUH 33/1a4 JOCTATOYHO OOJIBIIOE KOJTHYECTBO HETOYHOCTEH.

OueHka yIOBICTBOPHTENbHO 4 Oamiga - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HAHWH, HEJIOCTATOYHO IPaBHJIbHBIC (OPMYIMPOBKH 0a30BBIX MOHITHH,
HapYILCHUS JIOTUUECKON MOCIIECA0BATEIBHOCTH B U3JIOKEHHH NIPOrPaMMHOI0O MaTepHala, HO IPU ITOM
OH OCBOWJI OCHOBHBIE Pa3JIeibl yueOHOW MPOTrpaMMBbl, HEOOXOAMMBIC Ul NalbHEHWIIero oOy4eHHs, U
MOXXET IIPUMEHSATH [OJIyYCHHBIC 3HAHUS 110 00pa3ily B CTaHIAPTHON CUTYaIHH.

OueHka yIOBICTBOPHTENBHO 3 Oajula - BBICTAaBISIETCS CTYICHTY, MOKa3aBLIEeMY (parMeHTapHBIH,
pa3pO3HEHHBIN XapakTep 3HaHHi, JOIYCKAIOUIEMy OIMUOKM B (OPMYIHPOBKaX O0a30BBIX MOHSATHH,
HApYILCHUS] JIOTMYECKOH MOCJIEOBAaTeIbHOCTH B M3JIOKCHHUM NPOrPAMMHOIO Marepuaina, ciiabo
BJIaJICET OCHOBHBIMU pa3JeliaMi yu4eOHOU MpOrpaMMbl, HEOOXOMUMBIMHE JUTS JaJIbHEHUIIEro 00yUeHHs U
C TPYZIOM IIPUMEHSET ITOJy4YCHHbIC 3HaHHS IAKE B CTAaHIAPTHON CUTYaIHH.

OneHKa HEYIOBIETBOPUTEIBHO 2 0ajuia - BHICTABISIETCS CTYACHTY, KOTOPBIA HE 3HAeT OOJbIIECH YacTH
OCHOBHOTO COJCp)KaHUsI y4eOHOHW MpOrpaMMbl JUCIMIUIMHBI, JONyCKaeT rpyOble OIMMOKH B
(OpMyIHPOBKaxX OCHOBHBIX PUHIIUIIOB M HE YMEET UCIIONB30BaTh MOTYyYCHHBIC 3HAHHS NTPU PEIICHUN
THUIIOBBIX 33/1a4.

OreHka HEYNOBIETBOPUTEIBHO | 0ajml - BBICTABISIETCS CTYACHTY, KOTOPBI HE 3HAET OCHOBHOTO
cojiep KaHusl y4eOHOH MpOorpaMMbl IUCHUILTUHBI, JOMycKaeT rpyOeiiinne omnOKy B (GOpMYITUPOBKAX
0a30BBIX TOHATHH TUCHUIUIMHBI U BOOOIIE HE WMEET HABBIKOB DPEIICHUS THIIOBBIX IPAKTHYCCKHX
3aj1au.

5. MeTonu4eckne MaTepuabl, onpeneasone Npouexypbl OeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

DK3aMeH IpoBoxuTCa Mo Ouieram. B kaxaom OmiieTe mpeacTaBlICHO JiBa TEOPETUYECKUX BOIPOCA.
[lpn mpoBeneHUHM YCHOTO SK3aMeHa oOydaromemycsi npenocrasisercss 30 MUHYT Ha IOATOTOBKY.
Omnpoc obyuaromerocs He JOJKEH MPEBHIIATh OAHOTO aCTPOHOMHYECKOTO Yaca.



