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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-1.1 CnocobGeH HaxomuTh, aHAIM3UPOBATh M 0000IATH
nHpopMaIrio 00 aKTyalbHBIX pe3yabTraTax UcCIeI0BaHUN




[TK-1 Criocoben crtaBuTh, (hOpMaIN30BBIBATH U
pemars 3aa4u, B TOM YUCIIe pa3padaThIBaTh U
MCCIIE/I0BaTh MaTeMaTHYECKUE MOJICIIN
M3y4aeMBbIX SBJICHUH U IMPOIECCOB, CACTEMHO
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJTy4aTh

HOBBIC

HAYYHBIC PC3YyJIbTAThI

IIK-1.2 CnocobeH  BbIBHTaTb THIIOTE3bl, CTPOUTH
MareMaTH4ecKue MOACTH JUI ONHCAHUS H3y4YaeMbIX
SIBIICHUI W MIPOIIECCOB, OIICHUBATh KAYECTBO Pa3pabOTaHHON
MOJENN

[IK-1.3 CrnocobeH NpUMEHATh TeopeTHdecKue M (WiIn)
SKCIIEPUMEHTAIbHBIE METOJIbI UCCIENOBAHUN K KOHKPETHOU
HAay4YHOM 3a7ad€ W HWHTEPOPETHUPOBATH  MOJIYUYCHHBIC
pe3yabTaThl

3. IlepeyeHb NIAHMPYEMBIX Pe3yJIbTATOB 00yUeHHUsI N0 JUCHMUILINHE (MOLYJII0)
B pesynbrare 0cBOEHHS AUCHUIIMHBI 00Y4aIOIINeCs JOIKHbI

3HATb.

YMETb:

pa3HoOOpa3ue yriepoAHbIX HAHOCTPYKTYP U UX KJIACCU(UKALIMIO;

croco0bl HICHTH(PUKALNY YIIIEPOAHBIX HAHOCTPYKTYP U CEpTU(PHUKAIIMYA MaTepHaioB HA MX OCHOBE;
CHOCOOBI CO31aHMs YIIICPOAHBIX HAHOCTPYKTYP M CepTH(UKAILIMN MAaTePHAIOB HA X OCHOBE;
CYLIECTBYIOIINE U MEPCIIEKTUBHBIC IPAKTUUECKUE MPUMEHEHHSI YTIIEPOIHBIX HAHOCTPYKTYPHI;

0 B3aUMOCBSA34X U (yHIaMEHTAIbHOM €ANHCTBE €CTECTBEHHBIX HayK.

3(1)(1)6KTI/IBHO HCIIOJIb30BATh HA MPAKTUKE TCOPCTUUCCKUEC KOMIIOHCHTBI HAYKU: TOHATUSA, CYXKICHUS,

YMO3aKITFOUCHUS, 3aKOHBI;

NPE/ICTAaBUTh ITAHOPAMY YHHBEPCAIBHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHUS;
paboTarh Ha COBPEMEHHOM DKCIIEPUMEHTAILHOM 000PY/I0BaHUY;
a0CTparupoBarbCsi OT HECYNICCTBEHHBIX BIUSHUN MPH MOJACIHPOBAHUU PEATbHBIX (PH3HMUYECKUX

CUTYAaLUI;

IJIaHUPOBATh OINTUMAJIBHOC MPOBCACHUC DKCIICPUMCHTA.

BJIAJIETh:

IUTAHUPOBAaHKUEM, IOCTAHOBKOW W 00pabOTKOW pe3ynbratoB (U3WYECKOTO W XUMHUECKOTO

JKCIIEPUMEHTA;
Hay4yHOH KapTUHOU MUDA;

HaBBIKAMH CaMOCTOSTCILHOM pa6OTLI B naGopaTopHH Ha COBPCMCHHOM JSKCIICPUMCHTAJILHOM

000pyIOBaHUY;

MAaTCMaTU4CCKUM MOACIIUPOBAHUCM (I)I/IBI/I‘IGCKI/IX 3a1a4.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUIaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO paboTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTsr
pabora
Hcropust Hayku 00 yriepoie ¢ JPeBHHX
1 BpPEMCEH U €€ MECTO B (PyHJaMEHTAILHOM 2 5
SIMHCTBE €CTECTBEHHBIX HAyK
) [TpakTHueckue NpUMEHEHHs YIIEPOAHBIX 6 5
HAHOCTPYKTYp CETOIHS M 3aBTpa
3 Pa3nooOpasue YIJICPOITHBIX 4 5
HAHOCTPYKTYp U UX KJIacCupUKanus
4 CBoiicTBa YIVIEPOIHBIX HAHOCTPYKTYp M 6 5
METO/Ibl HX UCCIICIOBAHUS
CnocoObl MaAEeHTH(UKAIMN YIIIEPOIHBIX
5 HAHOCTPYKTYP u cepTuduKaum 4 5
MarepualioB Ha UX OCHOBE




Crroco0b1 CO3JaHUs YTIIEPOTHBIX

6 HAaHOCTPYKTYp W MarepuajoB Ha UX 8 5
OCHOBE

Htoro yacos 30 30

[ToaroroBka x sK3aMeHy

30 ygac.

Oobmas TpynoEMKOCTb

90 yac., 2 3au.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)

Cemectp: 1 (Ocennuii)

1. I/ICTOpI/IH HayKu 00 ymiepoac € ApCBHUX BPEMCH U €€ MCCTO B (bYHI[aMeHTaJ'H)HOM CINHCTBC
C€CTCCTBCHHbBIX HAYK

VYrnepoaHble MaTepualibl IPEBHOCTH: JPEBECHBIM yrojb, yrojbHas 4Y€pHb U II€4YHas caxa, uX
MIPUMEHEHNS B JIPEBHOCTH M COBPEMEHHOCTH. MHAycTpualbHasg 310Xa W OTKPBITHE AJUIOTPOIUU.
Teopust Kekyne u coBpeMeHHblE IPEACTaBICHUS O CTPOCHUU YIIEPOAHBIX MarepuanoB. Hobble
yoiepoaHble MaTepuaibl XX BeKa: KOKCHI, rpadUThl, yIIepOAHbIE BOJOKHA W MX HAaHOCTPYKTYpa.
OtkpsiTHE Qy/UIepeHa U B3PbIBHOE Pa3BUTHE HAyKH 00 YITIEPOIHBIX HAHOCTPYKTYPaX.

2. IlpaxkTryeckue NPUMEHEHUS YIVIEPOAHBIX HAHOCTPYKTYpP CErOJIHS U 3aBTpa

[TpumeHeHHs yIIIepoaHbIX HAHOCTPYKTYp B XX BeKe: KOKCBI, Ipa(Thl, yIJIEPOAHBIE BOJIOKHA, CAXKH
W YepHH, [CTOHAIIMOHHBbIE ayMasbl. [lepcreKTWBBI TNPUMEHEHHUS YIIEPOOHBIX HAHOTPYOOK,
¢GymulepeHOB M HOBBIX MaTepHalioB Ha HMX OCHOBE. PeanbHble M JereHIapHbIC MPUMEHEHHS:
opbutanbHbIl TUQT, QyuiepeH Kak JiekapcTBO. IlepcrekTUBBI HAHORNEKTPOHHBIX YCTPOMCTB Ha
OCHOBE YIVIEPOAHBIX HAHOCTPYKTYD.

3. PazHooOpa3zue yriepoaHbIX HAHOCTPYKTYP U UX KiaccuuKaius

Teopust rubpuamzanuu [lomuHra u Goee COBPEMEHHBIC MPEACTABICHHS O NMPHHIUIIAX CTPOCHHUS
YIIEPOIHBIX  KJIACTEPOB. BO3MOKHOCTH  CYIIECTBOBaHHMS OTPAHMYCHHBIX U  IPOTSHKCHHBIX
YIJIEPOIAHBIX HAHOCTPYKTYp. B3ammHast cBs3p rpagura u rpadena. @ymiepeH. HaHoBonmokHa u
HAHOTPYOKH Kak CTPYKTypHOE pa3BUTHE (QyJUlepeHa M KaK CTPYKTYpHOE pa3BuUTHE TpaduTa.
Krnaccudukanust  yriepoaHbIX HAHOCTPYKTYp. YIIEPOIHBIE HAHOCTPYKTYphl B  YIJIEPOIHBIX
MarepHaiax, KOMIIO3UTaX, HAHOKOMIIO3UTaX ¥ HHTEPKAIMPOBAHHBIX CTPYKTYpaXx.

4. CBoliCcTBa yIIEPOIHBIX HAHOCTPYKTYP ¥ METObI UX HCCIIEIOBAHUS

CBsi3p MEXIYy CTPYKTYpPOH M CBOMCTBaAaMM YIJIEPOAHBIX MarepuaynoB. PHU3MUYECKHE U XHUMUYECKHE
cBolicTBa. PeanbHble U JlereHAapHble YHUKAJIbHBIE CBOMCTBA Pa3IMYHBIX YIIIEPOAHBIX HAHOCTPYKTYD:
dbeppomarueTu3M HaHorpadurTa, XUMUYECKas CTOMKOCTh CTEKJIOYIIIEpOoa, MEXaHW4YecKasi IPOYHOCTb
YIJIEPOAHBIXHAHOBOJIOKOH, OaJTUCTUYECKasT MPOBOAMMOCTh YIIEPOOHBIX HAHOTPYyOOK. MeTtoabl
IKCTIEPUMEHTAIBHOTO HCCIICI0OBAHUS CBOWCTB, MPEICTABUTEIEHOCTh METO/IOB.

5. CnocoObl MACHTH(UKAIMM YIIEPOAHBIX HAHOCTPYKTYP M CepTH(UKAIMM MaTepuasioB Ha HX
OCHOBE

[IpocBeunBaromasi 3JI€KTPOHHAs MHKPOCKONHUSA KakK «aOCOJIOTHBINY METOJ HICHTU(HUKALUH
YDIEPOAHBIX ~ HAHOCTPYKTYp, HENOCTaTKW W  OrPaHWYEHHs 3TOr0  METoJa. Hpyrue
ANEKTPOHHO-MHUKPOCKOITNYECKUE, 30HA0BBIC, CIIEKTPATIbHbIC, XUMUYECKHE METOIbl MICHTU(PHUKALIUH.
OnTumManbHasg crparervs WACHTU(GHUKALIUM C MPUMEHEHHEM HECKOJIBKHX METOAOB HCCIIEJOBaHUS.
[TpoGiembl M TpakTHYecKas peaau3aunus cepTHU(UKAIMU MaTepHalioB HAa OCHOBE YIJIEPOIHBIX

HaHOCTPYKTYP.

6. Crioco0Obl co3aHus yIIIEPOIHBIX HAHOCTPYKTYP U MaTepUaIOB Ha UX OCHOBE



Camo3apoXkaeHue YIIepogHbIX HAaHOCTPYKTyp B mpupoge. CrnocoObl co3fgaHus yIIIEPOIHBIX
HAHOCTPYKTYP «CHHU3Y BBEpPX»: 3apOXKICHHUE B IUIa3Me (JyroBble, aOISLIMOHHBIC), Ta30BbIH MHPOIN3,
poct u3 paciuiaBoB. CriocoObl CO31aHUs YIIIEPOAHBIX HAHOCTPYKTYP «CBEPXY BHHU3»: paclleIieHHE,
MHTEPKAJIMPOBAaHKUE, HATPABICHHBIM CHHTE3 METOJaMH OpraHuyeckoil xumuu. CrnocoObl co3maHus
YDJIEPOAHBIX HAHOCTPYKTYpP Ha MaTpulax: KaTaliu3, OCAKICHHE B HEHTpaJbHBIE MAaTPHIIbIL.
VYrepoaHble MaTepuaibl 1 MHOTOKOMIIOHEHTHbIE KOMIIO3UTBI Ha OCHOBE YIJIEPOIHBIX HAHOCTPYKTYDP.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLIeCTBJIECHHNS 00pa30BATEILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

Heobxonumoe 000pynoBaHue U NPAKTHYECKHUX 3aHATHIA: ydeOHas ayIUTOPHsI, KOMITBIOTEPHI U
MyJIBTUMEIUIHOE 000pyI0BaHue (ITPOEKTOP, 3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
1. VYrnepomable HAaHOTPYOBI M pojicTBeHHBIE CTPYKTYphl. HoBble MaTepuansl XXI Beka /. Xappuc I1.,
M.: Texrocdepa, 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: OU3HUKO-XUMUSI HAHOKJIACTEPOB, HAHOCTPYKTYPH HaHOMarepuainos/. 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 yIJIepoJHbIM MaTepuanaM U HaHocTpyktypam (Carbon, Fullerenes, nanotubes and
carbon clusters, u np.)

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

JHocrynHeie yepes Internet HayyHble M HAYYHO-TEXHUYECKHE XKYPHAIBI: http://scitation.aip.org/,
http://www.sciencemag.org/ 31eKTpOHHbIE KOHCIIEKTHI JICKIHiA, y4eOHbIe TOCOOUs 1 COOPHHUKH 33124,
paspaboTraHHbIe A7 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 NIPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NPOrpaMMHOI0 odecredeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

HE NPEeNyCMOTPEHBI.
9. Metonu4yeckne yKkazaHusi JUIsl 00y4AIOIIMXCH 10 OCBOCHUIO M CHUILTHHBI (MOXYJIs)

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

B PE3IYIBTATC UIYUYCHUA AUCHUILIMHBI CTYACHT AOJDKCH 3HATH OCHOBHBIC OIIPCACIICHUA AUCHUILIIIMHBIL,
YMETb NPUMCHATD IMOJYUYCHHBIC 3HAHUSA IJIA PCIICHUA pa3IMYHbIX 3aa4v.

VYenenrHoe ocBoeHUE Kypca Tpedyer:



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

— BEJICHUS KOHCIICKTa 3aHATHH;

— HanpspKEHHOW CaMOCTOSITEIEHOM PaboThI CTy/IEHTA.

CamocrosiTenpbHas paboTa BKIIOUAET B CE0s:

— YTEHHE PEKOMEH0BAaHHOM JINTEPaTyphl;

— TpopaboTKy y4yeOHOro MaTepuana, IOATOTOBKY OTBETOB HA BOIIPOCHI, NPEJHA3HAUYCHHBIX I
CaMOCTOSITENBHOTIO U3yUEHUS;

— pelueHue 3aaad, MpeAIaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKYIEW U POMEXYTOUYHON aTTECTALUH.

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

BaxHo 10oOWTHCS MOHMMaHMS U3y4yaeMOro Marepuaia, a He MEXaHHYECKOro ero 3amomuHaHus. llpu
3aTPYHEHUU H3y4YEeHHS OTIENbHBIX TEM, BOIIPOCOB, CIEAyeT OOpamiarbesi 3a KOHCYIbTAlUAMH K
MIpEeNoAaBaTelio.

Bo3MoxeH nmpoMeKyTOUHBINA KOHTPOJIb 3HAHUI CTYIECHTOB B BHJE PELIEHUS 33a4 B COOTBETCTBUU C
TEMaTUKOW 3aHATUH.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB

Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUATIBI
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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 usydenus AMCUUIUIMHBL «DU3KKa U XUMUSI YIIIEPOAHBIX HAHOCTPYKTYP» 00y4YalOLUIUICS JOIKEH:

3HATh:
pa3HooOpa3ue yrepoaHbIX HAHOCTPYKTYP U UX KilacCU(UKAIUIO;
croco0b! HICHTU(HUKALNY YIIICPOAHBIX HAHOCTPYKTYP M CepTH(UKAIIMN MaTepHaioB HA UX OCHOBE;
CrocoObl CO3aHus YIIIEPOJHBIX HAHOCTPYKTYP U CepTU(UKALIMHI MAaTepPHaiOB Ha X OCHOBE;
CYLIECTBYIOIINE U NIEPCIIEKTUBHBIE IIPAKTUYECKHUE IPUMEHEHNSI YTIIIEPOIHBIX 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;
abcTparnpoBarhCsi OT HECYLIECTBEHHBIX BIMSHUN NPHU MOJAENHMPOBAHUU PEATBHBIX (PU3MUECKHX
CUTYALIUii;
IUTAHUPOBATh ONTUMAJILHOE IIPOBEACHUE SKCIIEPUMEHTA.
BJIaJeTh:
IUIAaHAPOBAaHUEM, IIOCTAHOBKOH M 00pabOTKOM pe3ynbTaroB (U3MYECKOr0 W XHUMHUYECKOTO
JKCIIEPUMEHTA;
Hay4YHOW KapTHHON MUpa;
HaBBIKAMM CaMOCTOSATEJIHONH paboThl B J1aOOpaTopuM Ha COBPEMEHHOM HKCIIEPUMEHTAIbHOM
000pyI0BaHNH;
MaTeMaTHYeCKUM MOZAEIUPOBaHNEM (PU3NYIEeCKHX 3a1ad.

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

C 1menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOTo Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
Hayaje 3aHsATHUsl.

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

Bomnpocs! k 3k3aMeHy:

1) OcHoBHBIE IOHATHS U BETUYUHBI HAHO- ¥ ONTOAJIEKTPOHUKH.

2) IlpuHnmMm mnocTpoeHus: cucTeM o0paboTKM cUrHanoB. KOHCTpyHpOBaHUE «CBEPXy-BHU3» H
«CHU3Y-BBEPX»

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

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

5) JIBymydeBbie MUKPOCKOITBI ¢ MIOHHOHM KOJIOHHOHM. HaHOMaHHITYIATOPHI.



6) 30HI0BBIE MUKPOCKOIIBI.

7) HenvHelinble BOJIBTaMIEPHBIE XAapAKTEPUCTHUKXM M aKTUBHBIE 3JIEMEHTHl MOJIEKYJISIPHOM
IEKTPOHUKHU.

8) Xumuueckue peakMoHHO-Au((y3HOHHBIE CpeIbl U CPEeACTBa 00PadOTKU MHPOPMALIUH.
9) PeaknmnonHO-1M((HY3UOHHBIN TPOIECCOP.
10) [Im0THOCTE COCTOSIHUI U Pa3MEPHOCTH CHCTEMBI.

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

12) Meroapl (GOpPMHUpPOBAaHUS HAHOIEKTPOHHBIX CTPYKTYyp, OCHOBaHHbIE Ha HCIOJIb30BaHUU
CKaHUPYIOLIUX 30H/0B.

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

15) IlpsamoyronbHas TOTEHUMAJbHAA siMa KOHeyHOW myOuHbl. Ilapabonuyeckass u TpeyrojbHas
KBaHTOBBIC sMBIL. [lapabonudeckas NOTEHIMATIbHAS SIMA.

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

17) CnocoObl ruOpuan3anuy aTOMOB yIIIEpoa.

18) MHoOrocteHHble M OJHOCTEHHBIC YIJIEPOAHBIE HAHOTPYOKH, (yiuiepeHsl U (yiiepe-HOBbIE
MOJMMEpPBI, HaHOrpaduT, HaHOoamMa3 M aMop(dHble anmMa3omnofoOHbIE IUICHKH, YIJIEpOJHbIE U
a30T-yIVIEpOJHbIC HAHOBOJIOKHA.

19) I'padheHoOBBIC HAHOANIEKTPOHHBIE YCTPOMCTBA.

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

21) HampspkeHHBIE TeTEpOCTPYKTYphI Ha ocHOBe SiGe.

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

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

25) Ilonepeunslii mepeHoC.
26) Pe3onancHOe TyHHETMPOBAHUE.

27) BnusiHue monepedHbIX JEKTPHYECKUX 0l Ha CBOMCTBA CBepXpelieTok. KBaHTOBBIN nepeHoc B
HAHOCTPYKTypax.

28) BozneiicTBHE MATHUTHOTO 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) Ksanrosbiii aext Xosta. Mcnons3oBanue KBaHTOBOTO 3¢dexTa Xoia B METPOJIOTHH.

32) OnTuueckne XapakTepUCTUKH KBAaHTOBBIX TOUEK U HAHOKPHUCTAJLIOB.

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

35) TpaH3ucTOpbI HAa TOPAYHX JIEKTPOHAX. OAHORIEKTPOHHBIE TPAH3UCTOPHI.

36) Jlazepsl Ha TOTYIPOBOAHUKOBBIX IT€TEPOIIEPEXOAAX.

37) Jlazepbl Ha TOTYIPOBOAHUKOBBIX KBAHTOBBIX SIMaX.

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

[IpumMepsl 3K3aMEHALMOHHBIX OUJIETOB.

IIpumep 1.

1. KBaHTOBO-MeXaHU4€ECKass KOTepEHTHOCTh. KBaHTOBBIE SIMBI, TPOBOJIOKH U TOUKH.

2. DnexrpoonTryeckre 3pQeKTsl B KBAaHTOBBIX TouKax. KBanToBO-pasMepHsiii s ekt [Tapka.
[Ipumep 2.

1. I'ereponiepexonpl. ['eTeponepexoasl ¢ MOAYIUPOBAHHBIM JIETUPOBAHTUEM.

2. TpaHSI/ICTOpBI Ha ropa4ux 3JICKTpOHAax. OL[HOBHCKTPOHHBIC TPAH3UCTOPHI.

Kputepun oniennBanus



Onenka ommuyHo 10 OanoB - BBICTABJISIETCSl  CTY[EHTY, IIOKa3aBIIEMY BCECTOPOHHHUE,
CHCTEeMaTH3UPOBaHHBIC, DIIyOOKHE 3HAHUS YYEOHOW MPOrpaMMbl JUCIHMIUIMHBI, MPOSBISIOMEMY
MHTEpeC K JaHHOW MpPEeAMETHOH 00IacTH, MPOAEMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO U TBOPUYECKH
NPUMEHSATh X Ha IPAKTHKE TPH PEIICHUU KOHKPETHBIX 3a]1a4, CBOOOIHOE U MPaBHIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka omm4yHO 9 0OamoB -  BBICTABISETCS  CTYIEHTY, IOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3HPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOH MpPOrpaMMbl JUCHUILUIMHBI U YMEHHE YBEPEHHO
IPUMEHATH UX Ha MPAKTHUKE MPH PEIICHNU KOHKPETHBIX 3aj]1a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHUE
NPUHSATHIX PEIICHUH.

Onenka ommyHo 8§  GasnoB - BBICTaBJSIETCA  CTYICHTY, IIOKa3aBLIEMYy BCECTOPOHHUE,
CHCTeMaTH3UPOBaHHbIE, IIyOOKHE 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI M YMEHHE YBEPEHHO
NPUMEHATh UX Ha MPAKTHKE TPU PEIICHUN KOHKPETHBIX 3a/1ad, MPaBWIbHOE 000CHOBAHUE MPUHSTHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xopomio 7 0ajoB - BBICTABIAETCS CTYACHTY, €CJIM OH TBEPAO 3HAET MaTepHall, TPaMOTHO U I10
CYILECTBY M3JIaraeT €ro, ymMeeT NPUMEHSATHh IOJy4YEHHbIC 3HAHUS HA INPAKTUKE, HO HEIO0CTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xoporio 6 6aj0B - BHICTABISETCS CTYAEHTY, €CJIM OH TBEPIO 3HAET MaTepuall, 'paMOTHO U TI0
CYLIECTBY M3J1araeT ero, yMeeT NPUMEHATh [IOJyUYCHHbIE 3HAHUS Ha MPAKTHUKE, HO JIOIYCKAET B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka xopomo 5 6anoB - BBHICTABISIETCS CTYIEHTY, €CIM OH B OCHOBHOM 3HA€T MaTepuall, TPaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT NMPUMEHSTh NOIyYeHHbIC 3HAaHHUs HAa MPAKTHKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka yIOBIETBOPHUTENBbHO 4 0ana - BBICTABIACTCS CTYAEHTY, IMOKa3aBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUH, HEIOCTATOYHO IpPaBUIbHBIE (OPMYIUPOBKH 0a30BBIX MOHSITHI,
HapyILIEHUs JIOTHYECKON MOCIe0BaTeIbHOCTU B U3JI0KEHUN MPOTPaMMHOTO MaTepuana, HO MPH 3TOM
OH OCBOWJI OCHOBHBIC Pa3Ziebl yueOHOW MpOrpaMMbl, HEOOXOAMMBIE Ul JalbHEWIIEero oOydeHus, u
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBJIETBOPUTENBHO 3 0ana - BBICTABIACTCS CTYIEHTY, IMOKa3aBHOIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, Jomyckaroniemy omuOku B (popMynrpoBKax 0a30BbIX HOHSTHH,
HapyIIEHUs] JIOTUYECKOH IMOCIeq0BaTeIbHOCTH B H3JIOKEHUM NPOTPAMMHOTO MaTepuana, ciado
BJIaJICET OCHOBHBIMU paszieslaMy y4eOHOH IporpaMMbl, HEOOXOAUMBIMHU IS AaJbHEHIEro 00y4eHus 1
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HEYIOBIETBOPUTEILHO 2 Oasia - BHICTABIISICTCS CTYACHTY, KOTOPBIA He 3HaeT Oosblie yacTu
OCHOBHOTO COJEp)KaHUs y4eOHOH IpOrpaMMbl JUCHMIUIMHBI, JOIyCKaeT TrpyOble OmHOKH B
(OpMyITHpPOBKaX OCHOBHBIX IMPHUHIIMIIOB i HE YMEET MCIOIb30BaTh NOIYYCHHbBIC 3HAHUS TP PEIICHUN
THUIIOBBIX 33/a4.

OrneHka HEyZOBIETBOPUTENbHO | 0an - BBICTABIAETCS CTYAEHTY, KOTOpPBIH HE 3HAeT OCHOBHOIO
coziepKaHusi yu4eOHOW MPOrpaMMBbl TUCHUILTUHEL, JTOMyCKaeT rpyOeiinire ommoku B (GOPMYIHPOBKAX
0a30BBIX TMOHATUH IUCLUIUIMHBI M BOOOIIE HE MMEET HAaBBIKOB PELICHUS THUIIOBBIX HMPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuaIbl, ONpeIesoNIne MPoueIypPbl OIleHHNBAHUS 3HAHU, YMEHUIl, HABBIKOB U
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBeneHUH YCTHOro 3K3aMeHa oOydamomiemycs npeaoctasisiercss 30 MUHYT Ha IOATOTOBKY.
Ompoc ofyuaromerocs 1o OwileTy Ha YCTHOM OJK3aMEHE HE JO/DKEH IPEBbIIIAaTh OIHOTIO
aACTPOHOMMYECKOTO Yaca.



