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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 "Ousumka u XUMHS YIICPOAHBIX HAHOCTPYKTYp" TpEoyCcMaTpuUBacT OCBOCHHE CTYICHTaMH
(dyHIaMEHTaNbHBIX 3HAHUM B O0JACTH XMMHU M (PU3UKHU YIIIEPOAHBIX HAHOCTPYKTYp; M3Y4YECHHE CIOCOOOB
CO3/IaHUSI MaTepHAJIOB U YCTPOICTB Ha OCHOBE YIICPOAHBIX HAHOCTPYKTYP; M3YUCHUE DKCIEPUMEHTAIBHBIX
METO/IOB MJICHTHU(UKAINYN PA3IMYHBIX YIIEPOAHBIX HAHOCTPYKTYpP, @ TaKXKe CII0OCOOOB MCCIEJOBAHUS HX
CBOMCTB M 001aCTel X MPAKTUIECKOTO TPUMEHEHHUS.

3anauu Kypca:

. ¢dopmupoBaHue 0a30BbIX 3HAHWKA B OONACTH XMMHUW W (HU3UKH YIIEPOIHBIX HAHOCTPYKTYP Kak
JUCLUIIMHBL, MUHTETPUPYIOIEH IOArOTOBKY B PAa3IMYHBIX 0ONAacTAX (M3UMKU TBEPAOTO Tela M CMEXKHBIX
oOnacTsX (U3MKM Ha [pPUMEpPEe MAKCUMAJIbHOTO Ppa3HOOOpas3us HAHOCTPYKTYp M MarepHualios,
o0ecreunBaeMbIX YHUKAIbHBIMU BO3MOXKHOCTSIMH YTJIEPO/IA;

. oOyueHHe CTYIEHTOB NPUHLIMIAM CO3JaHUS Pa3HOOOpA3HbIX YIIEPOIAHBIX HAHOCTPYKTYp,  HX
UACHTU(UKALMHI U OCHOBAM MIPAKTUYECKOTO IPUMEHEHUS;

o pe3ynbraram 0CBOEHUS Kypca CTYAEHT JOJKEH 3HATH!
pa3zHooOpa3ue yrepoaHbIX HAHOCTPYKTYP U UX KilacCU(UKAIHIO;
cnoco0bl HICHTH(PUKALNY YIIIEPOAHBIX HAHOCTPYKTYP U CEpTUPHUKAIIMYA MaTepHaioB HA KX OCHOBE;
crocoObl CO3aHus YIIIEPOJHBIX HAHOCTPYKTYP U CepTU(UKALIMHI MAaTepPHaiOB Ha X OCHOBE;
CYIIECTBYIOIINE U MEPCIEKTUBHBIEC TPAKTUUECKUE PUMEHEHUS YIIIEPOAHBIX HAHOCTPYKTYPBI;
0 B3aMMOCBSI3SIX U (PyHIaMEHTaIbHOM €IUHCTBE ECTECTBEHHBIX HAyK.

OcHOBHOE COACPIKAHUC KypCa U3JIOKCHO B CJICAYIOLIUX pa3aciiax:

1. Ucropus Hayku 00 yriepose ¢ IpEeBHUX BPEMEH M €€ MeCTO B ()yHIAMEHTAILHOM €IMHCTBE €CTECTBECHHBIX
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 CTyACHTaMM (yHIAMEHTAJIbHBIX 3HAHUH B 00NACTH XUMHUHM U (PU3MKH YIVIEPOIHBIX
HAHOCTPYKTYp; H3y4Y€HHE CHOCOOOB CO3/JaHUSl MaTepHalOB W YCTPOMCTB Ha OCHOBE YIIEPOTHBIX
HAHOCTPYKTYp; H3y4YCHHE SKCHEPHUMEHTAJIbHBIX METOIOB HJICHTU(HUKALUHU PA3INYHBIX YIIECPOIHBIX
HAHOCTPYKTYp, @ TaKKe CII0COOOB HCCIIEIOBAaHMS HMX CBOWCTB M OOJACTe HMX HPAKTHUYECKOTO
[IPUMEHEHMUSL.

3anauu QUCHUTNIHHBI
*  ¢opmupoBaHue 0a30BbIX 3HAHWUH B OOJACTH XUMUHM M (U3IUKU YIIEPOTHBIX HAHOCTPYKTYP Kak
JMCUUIUIAHBI, WHTETPUPYIONMIEH IIOArOTOBKY B Ppa3IMYHBIX O0ONacTsX (U3UKK TBEPHOTO Tela M
CMEXHBIX 001aCTAX (PU3UKK Ha MPUMEPE MaKCHMAJILHOTO Pa3HOOOpa3usi HAHOCTPYKTYP U MaTepuaos,
o0ecreunBaeMbIX YHUKAIBHBIMU BO3MOKHOCTSIMH YTJIEPO/Ia;
*  0o0y4yeHHE CTYICHTOB IPHHIMIIAM CO3JaHMs Pa3sHOOOPA3HBIX YIIEPOIHBIX HAHOCTPYKTYp, HX
UJICHTU(UKAIIMY U OCHOBAM ITPAKTHYECKOTO IIPHMEHEHHS;
. (opMHpOBaHUE TIOAXOIOB K BBIIOJIHEHUIO HCCICAOBAHMN CTYJCHTaMH B OOJAacTH 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

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMAINHIO 00 aKTyaIbHBIX pe3ylbTaTax UCCISIOBaHHH B
pamMKax TeMmMaTH4ecKoi o0macTé cBoed MpodeccHOHATLHON
JEATEIIEHOCTH

[IK-1.2 CnocoGeH  BbLABHrarb THIIOTE3bl, CTPOUTH
MaTeMaTUYecKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
SIBIICHUH W MIPOLIECCOB, OLICHUBATh KAYeCTBO pa3padOTaHHON
MOJENN

[MK-1.3 CrnocobeH NpUMEHATh TeopeThudeckue W (W)
JKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHOM 3ajadye W  HMHTEPIPETHPOBATh  IOTyYEHHbIE
pE3yIbTaThl

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

3HAThb:

YMETB:

pa3HooOpa3ue yrepoaHbIX HAHOCTPYKTYP U UX KilacCU(UKAIHIO;

Croco0b! HICHTU(DHUKALNY YIIICPOAHBIX HAHOCTPYKTYP U CepTH(UKAIIMK MaTepHaioB HA UX OCHOBE;
CrocoObl CO3aHus YIIIEPOJHBIX HAHOCTPYKTYP U CepTU(UKALIMHI MAaTepPHaiOB Ha X OCHOBE;
CYLIECTBYIOIINE U NIEPCIIEKTUBHBIE IIPAKTUYECKHUE IPUMEHEHNSI YIIIEPOIHBIX HAHOCTPYKTYPHI;

0 B3aMMOCBSI3SIX U (PyHIaMEHTaIbHOM €IUHCTBE ECTECTBEHHBIX HAyK.

3 (EKTUBHO HCIIOIH30BaTh HAa MIPAKTUKE TEOPETUUECKUE KOMIIOHEHThI HAyKH: TIOHATHS, CYXKJICHHUS,

YMO3aKJIKOYCHHA, 3aKOHBI;

[IPECTABUTh [IAHOPaMy YHUBEPCAJIbHBIX METOJOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHMSI;
paborars Ha COBPEMEHHOM SKCIIEPUMEHTAILHOM 000PYI0BaHUY;
abcTparnpoBarbCsi OT HECYLIECTBEHHBIX BIMSHUN NPH MOJAEIHMPOBAHUYU PEATBHBIX (PU3MUECKHX

CUTYALIUii;

IJIAaHUPOBATH ONITUMAJIBHOC IIPOBECACHNUEC DOKCIICPUMEHTA.

BJIAJIETh:

IJIaHUPOBAHUCM, IIOCTAaHOBKOH H 06p360T1<01‘/’1 PE3YJIbTAaTOB (1)I/ISI/ILICCKOFO n XUMHYCCKOT'O

JKCIIEPUMEHTA;
Hay4YHOW KapTHHON MUDa;

HaBBIKAMM CaMOCTOSATEJIHONH paboThl B J1aOOpaTopuM Ha COBPEMEHHOM AKCIIEPUMEHTAIbHOM

000pyI0BaHNH;

MAaTEMAaTU4CCKUM MOACINPOBAHUCM (1)I/ISI/I‘IGCKI/IX 3aJaa4.

4. Conep:xanne TMCUMILIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKazaHueM
OTBEJ€HHOI'0 HA HMX KOJIMYeCTBA aKaJeMHYeCKUX YacOB 1 BH/I0B YUeOHbIX 3aHATHI

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOYAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znein) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOTHI
pabora
Hcropust Hayku 00 yriepoie ¢ JpeBHHUX
1 BPEMEH U €€ MECTO B (pyHIaMEHTaIbHOM 2 5
€IMHCTBE €CTECTBEHHBIX HAyK
) [IpakTryeckue NPUMEHEHUs YIIEPOAHBIX 6 5
HAHOCTPYKTYp CETO/HA U 3aBTpa
3 PasznooOpazue YTIIEPOTHBIX 4 5
HAHOCTPYKTYP H X Kiaccupuranus
4 CpoiicTBa YIIepOOHBIX HAHOCTPYKTYp HU 6 5
METO/Ibl UX UCCIIEOBAaHUS




CriocoObl  WACHTUDUKAIMK  YIIIEPOIHBIX

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

6 HaHOCTPYKTYp 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. Uctopus Hayku 00 ymiepoie C APEBHUX BPEMEH U €€ MecCTO B (yHIaMEHTAJIbHOM E€INHCTBE
€CTECTBEHHBIX HayK

VYrieponHble MarepHalibl APEBHOCTH: APEBECHBIM yroib, YrojbHas 4YEepHb W I€YHas Ccaxka, HuX
IIPUMEHEHHs] B APEBHOCTU U COBPEMEHHOCTH. MHAycTpuanbHasl 3110Xa U OTKPHITHE aJUIOTPOIIUU.
Teopuss Kekyne um COBpEMEHHBIE IPEICTABIEHUS O CTPOSHUM YIIEPOAHBIX MarepuanoB. HoBble
yriepoaHbsle Marepuanbl XX BeKa: KOKCBI, TpaUThl, yIJIEPOAHbIE BOJOKHA M MX HAHOCTPYKTYpA.
OTkpeiTHE QylsiepeHa U B3pbIBHOE pa3BUTHE HAYKU 00 YIIEPOAHBIX HAHOCTPYKTYpax.

2. IlpakTnyeckre NTpUMEHEHHS YINIEPOJHBIX HAHOCTPYKTYP CETOAHS U 3aBTpa

[TpumMeHeHHs yIIIepoIHbIX HAHOCTPYKTYp B XX BEeKe: KOKCHI, Tpa(HThI, yIJICPOIAHBIC BOJIOKHA, CAXKH
U YEpHHU, JCTOHALMOHHBIC aiMa3bl. [lepCrieKTHBBI TNPUMEHEHMS YIJIEPOAHBIX HAaHOTPYOOK,
(Gy/ulepeHOB M HOBBIX MaTepHalioB Ha HMX OCHOBE. PeanbHble M JIeTeHIApHBIE MPUMCHEHHUS:
opOuTanbHBI TUQT, Qy/UlepeH Kak JliekapcTBO. [lepcrekTUBBI HAHOANEKTPOHHBIX YCTPONCTB Ha
OCHOBE YIJIEPOIHBIX HAHOCTPYKTYD.

3. PazHooOpa3zue yrepoaHbIX HAHOCTPYKTYP U X Kiaccu(uKaus

Teopust ruGpuauzanuu Ilonuara u Gonee COBpEMEHHBIE MPEACTABICHHUS O NMPHUHIUIAX CTPOCHHUS
YIIIEPOIHBIX  KJIACTEPOB. BO3MOXXHOCTH  CyIIECTBOBAHUSA OTPAaHUYEHHBIX M  IPOTKEHHBIX
YIJIEPOIHBIX HAHOCTPYKTYp. B3ammHuas cBs3p rpadura m rpadena. DyminepeH. HaHoBojokHa u
HAaHOTPYOKM Kak CTPYKTypHOE pa3BUTHE (yJulepeHa M KaK CTPYKTYpHOE pa3BuUTHE TIpadura.
Knaccuduxamust yriepoaHblX HAHOCTPYKTYp. YIIEpPOIHBIE HAHOCTPYKTYpHl B  YIIEPOJHBIX
MaTepuranax, KOMIIO3UTax, HAHOKOMITO3UTaX H NHTEPKAIHPOBAHHBIX CTPYKTYpaXx.

4. CpolicTBa YIDICPpOAHBIX HAHOCTPYKTYP U MCTOABI UX UCCIICAOBAHU

CBs3b MEXIy CTPYKTYPOH M CBOMCTBaMHU YyIIEPONHBIX MarepuaioB. PU3NUECKHE U XUMHUYECKHE
cBoMcTBa. PeanbHble U JlereHAapHble YHUKAIbHBIE CBOMCTBA Pa3IMUHbIX YIJIEPOAHBIX HAHOCTPYKTYD:
(deppomMarueTsmM HaHoOrpapuTa, XUMHUECKasi CTOUKOCTh CTEKJIOYIVIEPOAa, MEXaHH4YeCKast MPOYHOCTh
YIIEPOAHBIXHAHOBOJIOKOH, OaJIMCTHYECKass IPOBOIUMOCTb YIIEPOJHBIX HAHOTPYOOK. MeTossl
JKCIEPUMEHTAIBHOTO HCCIIEN0BAHUS CBOMCTB, MPEACTABUTEIBHOCTh METOIOB.

5. CnocoObl uaeHTH(UKALNU YIIEPOTHBIX HAHOCTPYKTYP M CepTHU(UKALMU MarepuajoB Ha HX
OCHOBE



[IpocBeunBaromiasi 3JEKTPOHHAS MHUKPOCKONHUS KaK «aOCONIOTHBIN» METoA HIeHTH(UKALUU
YDJIEPOAHBIX  HAHOCTPYKTYp, HEIOCTaTKU M  OrpaHMUYEHMss 3TOro  METoja. Hpyrue
3NIEKTPOHHO-MHUKPOCKOIIMYECKHE, 30HJOBbIE, CIIEKTPAIbHbBIC, XHMHUUECKUE METObl HICHTU(DHUKALIH.
OnrtumanbHas cTpaTerus HICHTU(HUKALUN C NPUMEHEHHEM HECKOJIBKUX METOIOB HCCIIEJOBAHMS.
[Ipobnembl W mpakTUYecKas peanu3alus CepTUPHUKAIMKA MaTepHAIOB HAa OCHOBE YIIEPOIHBIX

HAHOCTPYKTYD.

6. Crioco0bl co31aHMs YITIEPOAHBIX HAHOCTPYKTYP U MaTepHaIOB HA UX OCHOBE

Camo3apokaeHue YIIepogHBIX HAaHOCTPYKTyp B mpupoge. CrnocoObl co3gaHus yIIIEPOIHBIX
HAHOCTPYKTYP «CHHU3Y BBEpPX»: 3apOXKICHHUE B IUIa3Me (JyroBble, aOISLIMOHHBIC), TA30BbIH MHPOIN3,
pocT u3 pacruiaBoB. CriocoObl CO31aHUS YIIIEPOAHBIX HAHOCTPYKTYP «CBEPXY BHHU3»: paclleIlieHHE,
MHTEPKAJIMPOBAaHHUE, HATPABICHHBIM CHHTE3 METOaMH OpraHuyeckoil xumuu. CrnocoObl co3maHus
YDJIEPOAHBIX HAHOCTPYKTYpP Ha MaTpulax: KaTajliu3, OCAXKICHHE B HEHTpaJbHBIE MAaTPHIbIL.
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

JomnonHurenbsHas auTeparypa

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)

CryneHT, W3y4aromuid IUCIUILINHY, JODKEH C OJHOW CTOPOHBI, OBIAACTh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOpOHbIL, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pesynbrate M3ydeHus TUCHUIUIMHBI CTYAEHT TOJDKEH 3HAaTh OCHOBHBIC ONPEIECICHMS AWCLIMIINHBL,
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;

— NpopaboTKy y4yeOHOro Marepuana, IOATOTOBKY OTBETOB HAa BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITENBHOTO U3yUEHUS;

— peleHue 3aaad, MpeAIaraéMbpIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOJTHEHHIO 3aJaHUH TEKYIEW U MPOMEXYTOUYHON aTTECTALUH.

[lokazarenem BiajeHHUs MaTEpUaIoOM CIY>KUT yMeHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI 110 TeMaM
JUCLUAIUIMHBIL.

BaxHo 10oOWTBHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3Y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CJIEAyeT OOpamiarbesi 3a KOHCYJIbTalUAMH K
MIpENoAaBaTelio.

Bo3MoxeH nMpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHUS 33a4 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

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie paspadareBath 1 |[IK-1.2  CrnocoGeH  BbIIBUTATH  THUIOTE3Bl, CTPOUTH
UCCIIe10BaTh MaTeMaTHYECKHE MOJIENN MaTeMaTHYeCKHe MOAENHM M ONMCAHHWA HU3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |sBJICHHUH U MPOIIECCOB, OLICHUBATh KAYeCTBO pa3paboTaHHOM
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
OKCIIEPUMEHTAIBHBIC METOJIbl MCCICAOBAHUN K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B pesynbrare u3ydenus AMCUUIUIMHBL «DU3KKa U XUMUSI YIIIEPOAHBIX HAHOCTPYKTYP» 00y4dalOLUIUICS JOIKEH:

3HATh:
pa3HooOpa3ue yrepoaHbIX HAHOCTPYKTYP U UX KilacCU(UKAIHIO;
Croco0b! HICHTU(DHUKALNY YIIICPOAHBIX HAHOCTPYKTYP U CePTH(UKAIIMK MaTepHaioB HA UX OCHOBE;
CcrocoObl CO3aHus YIIIEPOJHBIX HAHOCTPYKTYP U CepTU(HUKALHI MAaTepPHaiOB Ha X OCHOBE;
CYLIECTBYIOIINE U NIEPCIIEKTUBHBIE IIPAKTUYECKHUE IPUMEHEHNSI YIIIEPOAHBIX HAHOCTPYKTYPHI;
0 B3aMMOCBSI3SIX U (PyHIaMEHTaJIbHOM €IUHCTBE ECTECTBEHHBIX HAyK.

yMeTh:

3 (EKTUBHO HCIIOIH30BaTh HAa MIPAKTUKE TEOPETUUECKUE KOMIIOHEHThI HAyKH: TIOHATHS, CYXKJICHHUS,
YMO3aKJIIOUYEHNs, 3aKOHBI;
[IPENCTABUTh IAHOPAMy YHUBEPCAJIbHBIX METOJOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHMSI;
paborars Ha COBPEMEHHOM SKCIIEPUMEHTAILHOM 000PYI0BaHUY;
abcTparnpoBarbCsi OT HECYLIECTBEHHBIX BIMSHUN NPH MOJAEIHMPOBAHUYU PEATBHBIX (PU3MUECKUX
CUTYALIUii;
IUTAHUPOBATh ONTUMAJILHOE IIPOBEACHUE SKCIIEPUMEHTA.
BJIaJeTh:
[UIAaHHPOBAaHUEM, IIOCTAHOBKOM W 00pabOTKON pe3ynbTaroB (U3MYECKOr0 W XHUMHUYECKOTO
JKCIIEPUMEHTA;
Hay4YHOW KapTHHON MUDa;
HaBBIKAMM CaMOCTOSATEJIHONH paboThl B J1aOOpaTopuM Ha COBPEMEHHOM AKCIIEPUMEHTAIbHOM
000pyI0BaHNH;
MaTeMaTHYeCKUM MOZAEIUPOBaHUEM (PU3NYIEeCKHX 3a1ad.

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

C 1menplo KOHTPOJIS OCBOEHHS OOYYaroIIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
Hayaye 3aHsATHUsl.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

Bomnpocs! k 3k3aMeHy:

1) OcHOBHbIE MOHATHS U BEJIMYMHBI HAHO- M OITORJIEKTPOHUKH.

2) IlpuHnmm mnocTpoeHusi cucTeM o0paboTKM cUrHanoB. KOHCTpyHpOBaHUE «CBEpXy-BHU3» H
«CHU3Y-BBEPX»

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

4) ABTO3MHCCHOHHBIE HJIEKTPOHHBIE MUKPOCKOTIBI Ha 0a3e 3nekTponHoi kojaoHHE GEMINI.



5) JBymydeBble MUKPOCKOIIBI C MOHHOM KOJIOHHOM. HanomaHumynaTopsl.
6) 30HI0BBIE MUKPOCKOIIBI.

7 HenuHelinble BOJIBTaMIEPHBIE XAapAaKTEPUCTHUKXA M aKTUBHBIE 3JIEMEHTHl MOJIEKYJISIPHOM
IEKTPOHUKHU.

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

11) bamnucrtuyeckuil TpaHcmopT Hocutenei 3apsina. [logBmkHOCTh 3apsimoB. TyHHenu-poBaHue
HOCHTEJIEH 3apsaa.

12) Meroasl (GOpPMHUpPOBAaHUS HAHOIEKTPOHHBIX CTPYKTYyp, OCHOBaHHbIE Ha MCIOJIb30BaHUU
CKaHUPYIOLIUX 30H/0B.

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

15) IlpsamoyronbHasi HOTeHUMAJbHAA sMa KOHeyHOW myOuHbl. Ilapabonuyeckass u TpeyrojbHas
KBaHTOBBIC sMBIL. [lapabonudeckas NOTEHIMATIbHAS SIMA.

16) HanpspxkenHsle ciion. BausHue HanpsoKeHU Ha BaJCHTHYIO 30HY. 30HHAS CTPYKTYpa B KBAHTOBBIX
sMax.

17) CnocoObl ruOpuIn3auy aTOMOB yIIIEpoa.

18) MHoOrocreHHble M OJHOCTEHHBIC YIJIEPOAHBIE HAHOTPYOKH, (yiuiepeHsl U (yiiepe-HOBbIE
MOJMMEpBI, HaHOrpaduT, HaHOoamMa3 M aMop(dHble anmMa3onogoOHbIE IUICHKH, YIJIEpOJHbIE U
a30T-yIVIEpOJHbIC HAHOBOJIOKHA.

19) I'pahenoBBIC HAHOATIEKTPOHHBIE YCTPOMCTBA.

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

21) HampspkeHHBIE TeTEpOCTPYKTYphI Ha ocHOBe SiGe.

22) MonynupoBaHO-JIETHPOBaHHBIE KBAaHTOBbIE SIMBbl. MHOKECTBEHHBIE KBaHTOBBIE MBI (MQW).
23) Konuenmus cBepxpernieTok. Monenb cBepxpemerku Kponura-Ilennu.

24) Ilpouecc TPOAONBHOTO TEpPEHOCa B  HAHOCTPYKTYypaX B  JJIEKTPUYECKHX  TOJAX.
DKcnepuMeHTalIbHbIE JaHHBIE TI0 IPOJIOJILHOMY HIEPEHOCY.

25) Ilonepeunslii mepeHoC.
26) Pe3onancHOE TyHHETMPOBAHUE.

27) BnusiHue monepedHbIX EKTPHUECKUX T0JIel Ha CBOMCTBA cBepXpelieTok. KBaHTOBBIN nepeHoc B
HAHOCTPYKTypax.

28) BozneiicTBHE MArHUTHOTO TOJIS HA KPUCTAILIBL.
29) IloBeneHne CUCTEM MOHUKEHHON Pa3MEPHOCTH B MATHUTHBIX TOJISAX.

30) [InoTHOCTH COCTOSIHUI JBYMEPHBIX CHCTEM B MarHUTHBIX moJisix. Dddexr Aponosa-boma. Iddekr
[lyOHukoBa-ze ['a3a.

31) KsanroBbiii adext Xosta. Mcrnons3oBanne KBaHTOBOTO 3¢dexTa Xoia B METPOJIOTHH.

32) OnTuueckne XapakTepUCTUKH KBAHTOBBIX TOUEK M HAHOKPHUCTAJLIOB.

33) DnexrpoonTrueckue 3PQPeKThl B KBAHTOBBIX Toukax. KBanToBo-pasmepuslii a¢dext [Tapka.
34) DnexrpoonTtrueckue 3PQPeKThl B CBEPXpEIIETKAX.

35) TpaH3ucTOpbI HAa TOPAYHX 3JIEKTPOHAX. OAHORIEKTPOHHBIE TPAH3UCTOPHI.

36) Jlazepsl Ha TOIXYHIPOBOAHUKOBBIX IT'€TEPOIIEPEXOAAX.

37) Jlazepbl Ha TOTYIPOBOAHUKOBBIX KBAHTOBBIX SIMaX.

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

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.
1. KBaHTOBO-MeXaHU4€ECKas KOTepEHTHOCTh. KBaHTOBBIE SIMBI, TPOBOJIOKH U TOUKH.
2. DnexrpoonTryeckre 3pQeKTsl B KBAaHTOBBIX TouKax. KBanToBO-pasMepHslil s ekt [Tapka.

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



Kpurepun onennBanus
Onenka ommuyHo 10 OanoB - BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHUCTEMaTU3UpPOBaHHbIC, T[IYyOOKHE 3HAHUS YYEOHOH MNporpaMMbl AMCHUIUIMHBI, TMPOSBISIOMIEMY
MHTEpeC K JaHHOW MpPEeAMETHOM 00acTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
MPUMEHSTH X Ha MPaKTHKE MPH PEILICHUH KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPAaBUIILHOE 0OOCHOBAHHE
HPUHATHIX PELICHAMN.
Ouenka omm4yHO 9 0OamoB -  BBICTABISETCS  CTYIEHTY, IOKa3aBIIEMY BCECTOPOHHHE,
CHUCTEMaTH3UpPOBaHHbIC, IIyOOKHE 3HaHMA Y4eOHOW NpOrpaMMbl AUCLUIUIMHBI U YMEHUE YBEPEHHO
MPUMEHATH UX Ha IPAKTHUKE TPH PELICHNH KOHKPETHBIX 3a/]1a4, CBOOOHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.
Onenka ommyHO §  GasnoB - BBICTaBJSIETCA CTYICHTY, IIOKa3aBLIEMYy BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHOH MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
peleHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.
Onenka xopomio 7 0ajoB - BBICTABIAETCS CTYACHTY, €CJIM OH TBEPAO 3HAET MaTepHall, TPaMOTHO U IO
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTAaTOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YJIBTATHI.
Ouenka xoporio 6 6aj0B - BHICTABISETCS CTYAEHTY, €CJIM OH TBEPIO 3HAET MaTepuall, 'paMOTHO U IO
CYLIECTBY M3J1araer ero, yMeeT NPUMEHATh MIOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELLICHNH 3a]1a4 HEKOTOPbIe HETOYHOCTH.
Onenka xopomo 5 6aoB - BBHICTABISETCS CTYIEHTY, €CJIM OH B OCHOBHOM 3HA€T MaTepuall, TPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAHHUs HA MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOYHOCTEH.
OneHka ynoBIETBOPHUTEIbHO 4 Oana - BBICTABISIETCS CTYACHTY, IOKa3aBHIeMy (parMEeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSTHI,
HapyIIEHUs JIOTHYECKON MOCIE0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOydeHus, u
MOYKET IPUMEHSTH MOJy4YeHHbIE 3HAaHUA 110 00pa3iy B CTAHJAPTHON CUTYyallnH.
OneHka yIOBIETBOPHUTEIbHO 3 0Oajia - BBICTABISIETCS CTYACHTY, IOKa3aBIIeMy (parMEeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynmpoBKax 0a30BBIX MOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHWM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU pasziesiaMy yueOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIIEro 00ydeHus 1
C TPYZIOM IIPUMEHSIET [TOJyYCHHbIE 3HAHUS AaKe B CTAHAAPTHOW CUTYalHH.
OneHka HEYIOBIETBOPUTEILHO 2 0asia - BHICTABIISICTCS CTYACHTY, KOTOPBIA He 3HaeT Oosblie yacTu
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JAOIyCKaeT rpyOble OmHOKH B
(hopMyIIMpPOBKaX OCHOBHBIX IPUHIIUIIOB U HE YMEET UCIOIb30BATh MOIYUYCHHBIC 3HAHUS [P PELICHUU
THUIIOBBIX 33/a4.
OrneHka HEyZOBICTBOPUTENbHO | 0am - BBICTABIAETCS CTYAEHTY, KOTOpPBIH HE 3HAeT OCHOBHOIO
cozepkaHusl yueOHON MporpaMMbl IUCLUILTUHBI, JOMycKaeT rpyOeiimue omuOKd B (GOPMYIUpPOBKaX
0a30BBIX MOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNINe MPoueIyPbl OIleHNBAHUS 3HAHUI, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBeneHUH yCTHOro 3K3aMeHa oOydamomiemycs npeaoctasisiercss 30 MUHYT Ha MOATOTOBKY.
Ompoc ofyuatomerocs 1o OwileTy Ha YCTHOM OJK3aMEHE HE JO/DKEH IPEBbIIIAaTh OIHOTO
aACTPOHOMMYECKOTO Yaca.



