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: MarepranoBeieHUE U TEXHOJIOTUN MaTepHaioB
Nnpo¢uJIb NOATOTOBKH: [lepcriekTuBHBIE (YHKINOHATBHBIE MATEPUAIIBI

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NKU U XUMHHA HAHOCTPYKTYP

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHui) - Dx3amMeH

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

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

[Iporpammy cocrtaBui: B.3. MopnkoBuy, I-p XUM. HayK

[Iporpamma obcyxneHa Ha 3acefjanny Kadenpbl PU3UKU U XUMHH 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

IIK-1.1 CriocobeH HaxomuTh, aHAIM3UPOBAThH U 0000IIATH
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  BbyIBHTaTh  THIIOTE3BI, CTPOUTH
MaTeMaTH4ecKue MOAEIH ISl ONUCAaHUA H3y4aeMBIX
SIBIICHUI | TPOLIECCOB, OIICHUBATh KAueCTBO pa3paboTaHHON
MOJENN

[IK-1.3 CrmocobeH mnpuUMEHATh TeopeTHUecKkue u (Win)
SKCIIEPUMEHTAIbHbBIE METOJIbl UCCIEAOBAHUN K KOHKPETHOMN
HAay4YHOM 3aja4e W HHTEPIPETUPOBATH  IOJyuYCHHBIE
pe3yabTaThl

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

3HAThb!
[l pa3HOOOpa3ue yrepoaHbIX HAHOCTPYKTYP U UX KJIACCU(UKAIHIO;
[l cnocoObl naeHTH(UKAINN YIIICPOJHBIX HAHOCTPYKTYP M CePTH(HKAIIIH MaTepHaiOB HA UX OCHOBE;
[l cnocoObl CO3MaHus YIIIEPOIHBIX HAHOCTPYKTYP M CepTH(UKAIIMM MaTepHaIOB HA UX OCHOBE;
[l cymIecTBYIOUIME M MEPCIIEKTUBHBIC IPAKTHYECKUE TPUMEHEHHS YIIICPOAHBIX HAHOCTPYKTYPHI;
(] 0 B3aMMOCBA3SX U (DyHIaMEHTAIBHOM E€JMHCTBE €CTECTBEHHBIX HayK.

YMETb:
[l 3¢ }eKTUBHO UCTIONIB30BaTh HA MPAKTHKE TEOPETHYSCKIE KOMIOHEHTHI HAyKH: TIOHATHS, CYXKICHHS,
YMO3aK/IIOUEHHs], 3aKOHBI;
[l mpeacTaBUTh NaHOpaMy YHHBEPCAJIbHBIX METOIOB U 3aKOHOB COBPEMEHHOTO €CTECTBO3HAHUS;
[J paboTarh HAa COBPEMEHHOM KCIIEPUMEHTAIEHOM 000pY/IOBaHHY;
[l abcTparupoBaTbCsi OT HECYIIECTBEHHBIX BIMSHUHA NMPU MOICIUPOBAHUM PEATBHBIX (PH3MYESCKHX
CUTYAaLUI;
[l IUIaHUPOBATh ONTUMAJIBHOE MPOBEICHUE IKCIIEPHUMEHTA.

BIIAJICTh!
O TUTAHUPOBAHUEM, ITOCTAHOBKOW W 00pabOTKOW pe3ynbraroB (U3WYECKOTO W XUMHUYECKOTO
IKCIIEPUMEHTA;
[J Hay4YHOU KapTUHOH MUpa;
[l HaBBIKAMH CaMOCTOSITEIILHOH pabOoTHl B JTaOOpaTopuy Ha COBPEMEHHOM SKCIIEPHMEHTaIbHOM
000pyIOBaHUY;

[] mMareMaTu4eCKUM MOACIIMPOBAHUCM (1)I/I3I/I"ICCKI/IX 3aaad.

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 yriiepone ¢ JIpeBHUX
1 BpPEMEH U €€ MECTO B (pyHJaMEHTAILHOM 2 5
SIMHCTBE €CTECTBEHHBIX HAyK
) [TpakTHueckue MpUMEHEHHs yIIIePOAHBIX 6 5
HAHOCTPYKTYp CETOIHS M 3aBTpa
3 Pa3nooOpasue YIJICPOITHBIX 4 5
HAHOCTPYKTYp U UX KJIacCupUKanus
4 CBoJ¥iCTBa YIVIEPOIHBIX HAHOCTPYKTYP H 6 5
METO/Ibl HX UCCIICIOBAHUS
CnocoObl maeHTH(UKAIMK YTIIEPOIHBIX
5 HAHOCTPYKTYP u cepTuduKaum 4 5
MarepualioB Ha UX OCHOBE




CnocoOsbt CO3JlaHMs YIJIEPOIHBIX
6 HAaHOCTPYKTYp M MarepuaJioB Ha UX 8 5
OCHOBE

Htoro yacos 30 30

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 1 (Ocennuii)

1. I/ICTOpI/IH HayKu 00 ymepoac € APpCBHUX BPEMCH U €€ MCCTO B (I)YHI[aMGHTaHBHOM CIUHCTBC
C€CTCCTBCHHbBIX HAYK

VYrnepoaHble MaTepualibl IPEBHOCTH: JIPEBECHBIM yIojb, yrojbHas 4YepHb U II€YHas caxa, Ux
MIPUMEHEHNS B JIPEBHOCTH M COBPEMEHHOCTH. MHAyCTpHalbHAs 310Xa M OTKPBITHE AJIOTPOIHUU.
Teopust Kekyne u coBpeMeHHbIE IPEACTABICHUS O CTPOCHUU YIIEPOIHBIX MarepuanoB. Hosble
yoiepoaHble MaTepuanbl XX BeKa: KOKChI, TpaduThl, YIIICpOAHBIC BOJOKHA W HUX HAHOCTPYKTYpA.
OtkpsiTHE Qy/UIepeHa U B3PbIBHOE Pa3BUTHE HAyKH 00 YITIEPOIHBIX HAHOCTPYKTYPaX.

2. IlpaxkTryeckue NPUMEHEHUS YIVIEPOAHBIX HAHOCTPYKTYpP CErOJIHS U 3aBTpa

[TpumeHeHHs yIIIepoaHbIX HAHOCTPYKTYp B XX BEKe: KOKCHI, IpaHThl, yIICPOAHbIE BOJIOKHA, CaKH
W YCepHH, [CTOHAIMOHHBbIE ayiMa3bl. [lepcreKTUBBI NPUMEHEHHUS YIJIEPOJHBIX HAaHOTPYOOK,
¢GyuiepeHOB M HOBBIX MAarepualioB Ha UX OCHOBe. PeaipHble U JIeTeHOapHBIC HPUMEHEHHS:
opbutanbHbIl UQT, QyUIepeH Kak JieKapcTBO. llepcrneKTHBbI HaHOZJIEKTPOHHBIX YCTPOWCTB Ha
OCHOBE YIVIEPOAHBIX HAHOCTPYKTYD.

3. PazHooOpa3zue yriepoaHbIX HAHOCTPYKTYP U UX KiaccuuKaius

Teopust rubpuauzanmu [lomuara u Goee COBpEMEHHBIC MPEACTABICHHS O NPHHIUIAX CTPOCHHS
YIIEPOIHBIX ~ KJIACTePOB. BO3MOXHOCTH CyHIECTBOBAHUS OIPAaHUYCHHBIX M IPOTSHKEHHBIX
YIJIEPOIAHBIX HAHOCTPYKTYp. B3ammHast cBs3p rpagura u rpadena. @ymiepeH. HaHoBonmokHa u
HAHOTPYOKH Kak CTPYKTypHOE pa3BUTHE QylUlepeHa W Kak CTPYKTYpHOE pasBuThe rpadura.
Krnaccudukanust  yriiepoaHbIX HAHOCTPYKTYp. YIIEPOAHBIE HAHOCTPYKTYPHI B  yIJICPOIHBIX
MarepHaiax, KOMIIO3UTaX, HAHOKOMIIO3UTaX ¥ HHTEPKAIMPOBAHHBIX CTPYKTYpaXx.

4. CBoliCcTBa yIIEPOIHBIX HAHOCTPYKTYP ¥ METObI UX HCCIIEIOBAHUS

CBsA3b MEXIYy CTPYKTYpOH M CBOMCTBAMM YIVIEPOAHBIX MaTepuasioB. PuU3MUECKUE U XUMHUYECKHE
cBolicTBa. PeanbHble U ereHaapHble YHUKAJIbHBIE CBOMCTBA PA3JIMYHBIX YIIIEPOIHBIX HAHOCTPYKTYD:
dbeppoMarueTu3M HaHorpaduTa, XMMHYECKass CTOHKOCTh CTEKJIOYIIIepOaa, MEXaHN4YeCKasi IPOYHOCTh
YIJIEPOAHBIXHAHOBOJIOKOH, OaNTMCTHUYECKasi IMPOBOAUMOCTh YINIEPOAHBIX HAaHOTPYOOK. MeTonbl
9KCIIEPUMEHTAJIbHOIO UCCIIEJOBAHUS CBOMCTB, IIPEICTABUTEIBHOCTh METOIOB.

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

[IpocBeunBaromas >JI€KTPOHHAS MHUKPOCKOMHUSA KakK «aOCOJIOTHBIM» METON HICHTU(HUKALUU
YDJIEPOAHBIX ~ HAHOCTPYKTYpP, HENOCTaTKM M OrPaHUYEHUS JITOro  MeEToa. Hpyrue
3NEKTPOHHO-MUKPOCKOITMYECKUE, 30H0BbIE, CIIEKTPAIbHbIE, XUMUYECKHE METO/bI NACHTU(UKALINY.
OnTuManbHas CTpaTerusi WACHTU(UKAIUN C NMPUMEHEHUEM HECKOJIbKHUX METOJOB HCCIICHOBAHHUS.
[TpoGiembl M mpakTHYecKas peanu3anus CepTH(PUKAIMM MaTepUaloB Ha OCHOBE YIJIEPOAHBIX

HaHOCTPYKTYP.

6. Crioco0Obl co3aHus yIIIEPOIHBIX HAHOCTPYKTYP U MaTepUaIOB Ha UX OCHOBE



Camo3apoXkeHue YIIepOOHBIX HAHOCTPYKTYp B mpupome. CrocoObl co3gaHMs YIIEPOAHBIX
HAHOCTPYKTYP «CHHU3Y BBEpX»: 3apOKICHHUE B IUIa3Me (JyroBble, aOSALMOHHBIE), Ta30BBII MUPOIIH3,
poct u3 paciuiaBoB. CrocoObl co3AaHus YITIEPOJHBIX HAHOCTPYKTYP «CBEPXY BHH3»: pacliellicHHE,
MHTEPKAJIMPOBAaHKUE, HAIPABICHHBIH CHHTE3 METOAAMH OpraHudeckoi xumuu. CriocoObl co3naHus
YDJIEPOAHBIX HAHOCTPYKTYpP Ha MaTpulax: KaTaliWm3, OCaXICHHE B HEUTpaJbHbIC MAaTpHIIbI.
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)

CTyneHT, W3ydYarolmMi JUCIUIUINHY, JIOJDKEH C OJHOH CTOPOHBI, OBIQJIETh OOIIUM IMOHITHHHBIM
anmnaparom, a ¢ Apyroil CTOPOHbI, JOJKEH HAYUYUTHCS IPUMEHSITh TEOPETUUECKUE 3HAHUS HA TIPAKTHUKE.

B pe3YIbTAaTC U3YyUYCHUA AUCHUIUIMHBI CTYACHT NOJDKCH 3HATH OCHOBHBIC OIPCACICHUSA AUCHUIIINHBI,
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 y4deOHOro Marepuaja, MOATOTOBKY OTBETOB Ha BONPOCHI, MpPEAHA3HAYECHHBIX VIS
CaMOCTOSITENBHOTIO U3yUEHUS;

— pelueHue 3aaad, MpeAIaraéMbeIX CTyAeHTaM Ha 3aHATHAX;

— MOATOTOBKY K BBINOIHEHHIO 3aJaHUH TEKYIEW U POMEXYTOUYHON aTTECTALUH.

[lokazarenem BiajgeHHs MaTepHajoM CIYXHT yMEHHE 0e3 KOHCIIEKTa OTBeYaTh Ha BOMPOCHI [0 TeMaM
JUCLUAIUIMHBIL.

BaxxHo 10oOWTHCS MOHMMAaHUS M3y4aeMOro MaTepuala, a He MEXaHM4YECKOro ero 3amomuHaHus. llpu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOINPOCOB, CleIyeT oOpamiarbcs 3a KOHCYIBTALMSAMU K
MIpEeNoAaBaTelio.

Bo3MOXeH NpoMeXyTOUHBIN KOHTPOJIb 3HAHWUHM CTYAEHTOB B BHJE PEIICHHA 337ad 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

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNHIO 00 aKTyaJIbHBIX Pe3yJIbTarax UCCIeJOBAaHUN

[IK-1 CnocoGen craButh, hopmanuzoBeiBath 1 |[IK-1.2  CnocobeH  BbIABUraTb  THIIOTE3BI, CTPOUTH
pelIarh 3a/1a4u, B TOM YUCIIC pa3pabaThiBaTh U |MareMaTHUeCKUe MOAETM Ui  ONHCAaHUS  H3y4aeMbIX
HCCJICA0BATh MaTeMaTHYECKUE MOJIEIH SIBIICHUH U MPOLIECCOB, OLEHUBATh KAYECTBO pa3paboTaHHON
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |MOAEIH

aHAIM3UPOBATH HAYYHBIC MPOOIEMBL, MoIy4arh [[IK-1.3 CrocobeH NpUMEHATh TeopeTHueckue u  (WIH)

HOBBIC HayIHBIC PE3YIIbTaThI 9KCIIEPUMEHTANIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOW 3ajadye M MHTEPIPETHPOBATH  IIOJIYYECHHBIC
pe3yabTaThl

2. Iloka3arei OLleHUBAHUS KOMIIEeTeHITHH

B pesynbrare usydenus AMCUUIUIMHBL «DU3KKa U XUMUSI YIIIEPOAHBIX HAHOCTPYKTYP» 00y4YalOLUIUICS JOIKEH:

3HATh:
[J pa3zHoOoOpasue yriepogHbIX HAHOCTPYKTYP M UX KJIACCH(PUKALIUIO;
[l cnocoObl nAEHTH(UKAINY YIIIEPOJHBIX HAHOCTPYKTYP M CepTH(UKAIIMM MaTepHaioB HA UX OCHOBE;
[J cmocoObl cO31aHusl YIIEPOAHBIX HAHOCTPYKTYP U CepTU(HUKALNN MaTepruajoB Ha UX OCHOBC;
[J cyliecTBYOLME U NEPCIEKTUBHbBIE IPAKTUUECKHUE IIPUMEHEHUS YIIIEPOJHBIX HAHOCTPYKTYPBI;
[J 0 B3auMOCBS35X U (GyHIAMEHTAIBHOM E€AMHCTBE €CTECTBEHHBIX HaYyK.
yMeTh:

[l 3¢ ¢eKTHBHO UCTIONB30BaTh HA MPAKTHKE TEOPETHYECKNE KOMIOHEHTHI HAYKH: TIOHATHS, CYXKICHHS,
YMO3aKJIIOUYEHNs, 3aKOHBI;

[J mpeacraBuTh NaHOPaMy YHHUBEPCAJIbHBIX METOAOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHUS;

[J paboTarh HAa COBPEMEHHOM 3KCIIEPUMEHTAIBHOM 000pYIOBaHUU;

[l abcTparupoBaThCsi OT HECYIIECTBEHHBIX BIMSHUM MPU MOJCIUPOBAHUM PEATBHBIX (PU3MIECKUX

CUTYALIUii;
[l TIaHMpOBAaTh ONTHMAJILHOE TPOBEACHHUE IKCIIEPUMEHTA.
BJIA/I€Th:
O TUIAHUPOBAaHUEM, ITOCTAHOBKOW W 00paOOTKO# pe3ynbTaroB (PU3WYECKOTO W XUMHUYECKOTO
JKCIIEPUMEHTA;

[l Hay4YHON KapTHMHON MUDA;

[l HaBbIKAMH CaMOCTOATENIbHOH palboThl B J1a00OpaTopyuy Ha COBPEMEHHOM SKCIIEPUMEHTaJIbHOM
000pyI0BaHNH;

[l MareMaTHYeCcKUM MOIEIMPOBAHUEM (PU3MUECKHX 3a1ad.

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

C 1menplo0 KOHTPOJISL OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpoC 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) llpuHIMI TOCTPOCHHUsS CHCTEM O0pabOTKM cuUrHaioB. KOHCTpyHpOBaHHE «CBEPXY-BHH3» U
«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) Meroasl (GOPMUPOBAHUS HAHONIEKTPOHHBIX CTPYKTYp, OCHOBAaHHbIE HAa HCIIOJIb30BAaHHU
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) Hampspxennble ciou. BrnusiHue HanpsbkeHUN Ha BAJIGHTHYIO 30HY. 30HHAs! CTPYKTypa B KBAHTOBBIX
sMax.

17) CnocoObl ruOpuan3anuy aTOMOB yIIIEpoa.

18) MHoOrocteHHble M OIHOCTEHHBIE YIJIEPOAHBIE HAHOTPYOKH, ¢yiiepeHsl U (ynaepe-HOBbIE
MOJIMMEPBI, HaHOrpaduT, HaHOAIMa3 W aMOp(QHBIC aJIMa30NONOOHbBIE IJICHKH, YIJIEPOAHBIE 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) Ilpomecc TPOAOIHHOTO TEPEHOCA B  HAHOCTPYKTYpaX B  DJJEKTPUYECKHX  MOJISX.
DKcnepuMeHTalIbHbIE JaHHBIE TI0 IPOJIOJILHOMY HIEPEHOCY.

25) Ilonepeunslii mepeHoC.
26) Pe3onancHOe TyHHETMPOBAHUE.

27) BnusiHue monepedHbIX MEKTPUUECKUX MoJIe Ha CBOKWCTBA CBEpXpelieToK. KBaHTOBBINM 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 ormuyHo 10 OamoB - BBICTABJISIETCSl  CTYIEHTY, [IOKa3aBIIEMy BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, DIIyOOKHE 3HAHUS YYEeOHOW TWPOrpaMMbl IHCHUILIHHBL, TPOSBIISIOMIEMY
MHTEpeC K JaHHOW MPEeAMETHOH 001acTH, MPOJEeMOHCTPUPOBABIIEMY YMEHHE YBEPEHHO M TBOPYECKU
NPUMEHSATh X Ha MPAKTHKE MPU PEIIeHHH KOHKPETHBIX 3aj1a4, CBOOOIHOE U MPAaBUIbHOE 000CHOBAHUE
HNPUHATHIX PELICHAMN.

Ouenka omm4yHO 9 0OamoB -  BBICTAaBISETCS  CTYAEHTY, IOKa3aBIIEMY BCECTOPOHHHE,
CHCTeMaTH3UPOBaHHbIC, TIyOOKHE 3HAHUS y4eOHOW MPOrpaMMbl TUCLHHUIUIMHBI U yMEHHE YBEPEHHO
MPUMEHATh X Ha NPAaKTHKE MPU PeIleHNH KOHKPETHBIX 3a71a4, CBOOOIHOE U MPaBUIbHOE 000CHOBAHHUE
NPUHSATHIX PEIICHUH.

Onenka ommyHo 8§  GasnoB - BBICTaBJSIETCA  CTYICHTY, IIOKa3aBLIEMYy BCECTOPOHHUE,
CHCTEeMaTH3UPOBaHHbIE, ITyOOKHe 3HAHUS y4eOHON MPOrpaMMbl JUCLUIUIMHBI U yMEHHE YBEPEHHO
NPUMEHATh MX Ha MPAKTHKE MPU PEHICHUH KOHKPETHBIX 3a]ad4, MPaBUIbHOE 000CHOBAaHHME MPUHSATHIX
pelIeHni, ¢ HEKOTOPbIMU HEZ0UeTaMu.

Onenka xopomo 7 6aJoB - BBICTABISIETCA CTYACHTY, €CJIM OH TBEPJO 3HAET Marepuaj, PaMOTHO U O
CYILECTBY M3JIaraeT €ro, ymeeT HPUMEHATh IOJy4YCHHbIC 3HAHUS Ha MNPAKTHKE, HO HEAOCTATOYHO
rpaMOTHO 00OCHOBBIBAET MOITYUYCHHBIEC PE3YIIBTATHI.

Ouenka xopouro 6 6ajoB - BBICTABISIETCS CTYACHTY, €CJIM OH TBEPJO 3HAET MaTepual, IPaMOTHO U TI0
CYLIECTBY M3JIaraeT €ro, yMeeT MPUMEHSITh NOITY4YCHHbIC 3HAaHHUSI Ha MIPAKTUKE, HO JOIYCKAeT B OTBETE
WIN B PELICHNH 3a]1a4 HEKOTOpbIe HETOYHOCTH.

Onenka xopomo 5 6aoB - BBICTABIISIETCS CTYACHTY, €CJIM OH B OCHOBHOM 3HAeT Marepuall, rpaMOTHO
U TI0 CYIIECTBY M3JIaraeT €ro, yMeeT INPUMEHATH MOJyUYCHHbIC 3HAHUS Ha MPAKTHUKE, HO JIOMyCKaeT B
OTBETE WJIM B PELICHUH 3a]a4 JOCTATOYHO OOJBIIOE KOJIMYECTBO HETOUYHOCTEH.

OreHka yIOBIETBOPUTEIBHO 4 Oajla - BBICTABISICTCS CTYICHTY, IMOKa3aBIIEMY (parMeHTapHBIH,
pa3pO3HEHHBII XapakTep 3HAHUM, HEJAOCTATOYHO IpaBHUJIbHBIE (OPMYIUPOBKH 0a30BBIX MOHITHH,
HapYUICHUS JOTWYECKOU IOCIIEOBATEILHOCTH B U3JIOKEHHU TPOrPAMMHOTO MaTrepuaa, HO TIPU STOM
OH OCBOWJI OCHOBHBIE Pa3Jieibl yueOHOW MpOorpaMMbl, HEOOXOAMMBIE Ul JaJbHEWIIero oOy4eHus, U
MOKET MMPUMEHSTH TIOJTyYeHHBIC 3HAHUS 110 00pas3ily B CTAaHJAPTHOW CHTYaIlHH.

OreHka yIOBIETBOPUTEIBHO 3 0ama - BBICTABISICTCS CTYICHTY, MOKa3aBIIEMY (parMeHTapHBIH,
pa3po3HEHHBIH XapakTep 3HaHWM, JOomycKaronlemy OmHOKH B (GOpMyIrpoBKax 0a30BBIX MOHATHH,
HapyIIEHUs] JIOTUYECKOH TI0CIEe0BAaTeIbBHOCTH B H3JIOKEHHHM IPOrPaMMHOrIO Marepuaia, ciaalo
BJIaJICET OCHOBHBIMHU pa3jesiaMH y4eOHOW porpaMmbl, HEOOXOAUMBIMHE JUTS TaJIbHEHIIEro o0ydeHus U
C TPYAOM MIPUMEHSET MMOJYYCHHBIC 3HAHUS JJa)Ke B CTAHAAPTHON CHTYAIIHH.

OneHka HEYIOBIIETBOPUTENHHO 2 Oana - BBICTABISIETCA CTYIEHTY, KOTOPbIM He 3HaeT OoJbLIel yacTu
OCHOBHOTO COAEp)KaHUs y4eOHON IpOorpaMMbl JUCHMIUIMHBI, JONyCKaeT rpyOble OmMOKH B
(OpMyIHPOBKaX OCHOBHBIX IMPHHIUIIOB U HE YMEET UCIIOJIb30BATh ITOJyYCHHBIC 3HAHHS TPH PEIICHUN
THUIIOBBIX 33/a4.

OneHka HEyIOBIETBOPUTENbHO | 0an - BBICTABISIETCS CTYIACHTY, KOTOPBIH HE 3HAaET OCHOBHOTO
coziep)KaHusl yu4eOHOW MPOrpaMMBbl TUCHUIUIMHBI, JOIyCKaeT rpyOeiinne ommOKu B (popMyITupoBKax
0a30BBIX MOHATUH JUCLUIUIMHBI U BOOOIIE HE HMMEET HABBIKOB DPEIICHHUS THIOBBIX MPAKTHYECKHX
3ajay.

5. MeTonuueckne MaTepuajbl, onpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu npoBeneHun ycTHOro sk3ameHa oOydaromemycs npepoctasisercs 30 MUHYT Ha HOATOTOBKY.
Ompoc oOyuatomerocs 1o Oujery Ha YCTHOM »OSK3aMEHE HE JIOJDKEH IIPEBBIIIAaTh OIHOTO
aACTPOHOMMYECKOTO Yaca.



