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)

o AMCHUIIJIMHE: MaTCpI/IaJIOBGI[CHI/IC HAaHOCTPYKTYPHUPOBAHHBIX MaTCPUAJIOB
0 HANIPaBJICHUIO: HpI/IKHaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)I(lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC

HpOrpaMMHpPOBaHKE U (PYHKIIMOHAIbHBIE MaTEePUAIIbI
®usrex-mrkoia nekrpoHuku, otonnku u Monexymnspraoit duzuku
kadeapa HAaHOMETPOJIOTUHN U HAHOMATEPHAJIOB

Kypc: 4
KBaJIMpUKALS: GakanaBp

CemecTp, (hopMBI POMEKYTOUHOM arTecTanuu: 8 (BECCHHHI) - DK3aMEH

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

CamocrosrensHas padora: 75 4ac.
[TonroroBka k 3x3ameny: 30 yac.
Bcero gacos: 135, Bcero 3au4. ex.: 3
[IporpamMmy cocraBunu:

B.B. UBanos, 1-p ¢u3.-Mat. Hayk, mpodeccop
J.A. CBuHIOB, KaHA. (U3.-MaT. HAYK

[Iporpamma obcyxaeHa Ha 3aceqannu Kadeapsl HAHOMETPOJIOrMK U HaHoMaTepuasioB 29.05.2020



AHHOTANMA

Kypc "MarepuanoBenenue HAaHOCTPYKTYpUPOBAaHHBIX MaTepHaioB" mpeaycMarpBaeT nu3yueHue pu3nieckux u
XMMHYECKUX CBOMCTB HAHOMATEPHAJIOB U O3HAKOMIICHHE C IPUHIMIIAMU pabOThI TPUOOPOB HA UX OCHOBE.

3amaun Kypca:
- 3HAKOMCTBO C JIEKTPOHHBIMU CBOMCTBaMH MOJIyTIPOBOAHUKOBBIX HAHOMATEPHAJIOB;

- 3HAaKOMCTBO C TPHHILUIAMH DPAaOOTHI HAHOAJIEKTPOHHBIX NPHOOPOB HAa OCHOBE MOJTYHPOBOTHHKOBBIX
MaTepHalloB;

- 3HAKOMCTBO C XMMHYECKHMMH CBOMCTBaAaMH HAaHOCTPYKTYPHUPOBAHHBIX MAaTCPUAJIOB.
Ilo pe3ysibTaTaM OCBOCHHA KypCa CTYACHT OOJIKCH:

3HaTh:
- TEOPETUYECKHUE OCHOBBI OMMCAHUS (PU3NISCKUX CBOWCTB HAHOPAa3MEPHBIX MAaTEpPUAIIOB;

- NPUHLUIBI PabOTHl JIEKTPOHHBIX NPUOOPOB HA OCHOBE MOJYHPOBOAHHUKOBBIX HAHOCTPYKTYp (IIOJIEBBIC
TPaH3UCTOPHI, MTOTYITPOBOAHUKOBBIE JIa3€PHI).

YMeTs:
- aHATM3UPOBATh PabOTy COBPEMEHHBIX MPHUOOPOB HA OCHOBE HAHOCTPYKTYDP.

Bnaners:

- TEOPETMYECKMMH  MOJEISIMM,  HUCIOJNB3yeMBbIMH s ONUCAaHWUS  (DU3NYECKUX  CBOICTB
HAHOCTPYKTYPHUPOBAHHBIX MaTe€pHajoB.

OcHOBHOE COACPIKAHUC KypCa U3JIOKCHO B CICAYIOIIUX pa3aciiax:

. O6H_H/IG MMpCaACTaBICHUA 00 U3MCHEHUHU CBOMCTB TBCPABIX TCJI IPpU NCPEXOAC OT MAKPO- K HaHOMaCH_ITa6y.
. HpI/IHL[I/IHLI pa60TBI MOJICBBIX TPAH3UCTOPOB U 3aKOHBI MaCH_ITa6I/IpOBaHI/I$[.

. Ol"paHI/I"IeHI/Iﬂ 3aKOHOB MaCH_ITa6I/IpOBaHI/I$[ Y HOBBIC MaTCpurajibl 1JIA ITOJICBBIX TPAH3UCTOPOB.

. HoBrie MaTcpHuaJibl IJId Me)KCOG,Z[I/IHeHI/Iﬁ B UHTCTPAJIbHBIX CXCMax.

. HOHynpOBOZ{HHKOBBIC HAHOCTPYKTYPBI AJI JIa3CPHBIX HpHMeHeHHﬁ.

. .Ha3€pHBIe HaHOCTPYKTYPBI JIA TCHCPALIUX TCPArcpuoBOTO U3JTYyUCHU.

. MexaHn4ecKue CBOiCTBa MaTcpualioB.

0 NN N bW

. OCHOBBI XUMUU HAHOMATEPHUAJIOB.
1. leau u 3apauun

eap AUCUMNIMHBI

- U3y4eHUe (U3MUYSCKUX M XUMHYCCKHX CBOWCTB HAHOMATEPHUAJIOB M O3HAKOMIICHHE C MPUHIWIAMU
paboThl MPUOOPOB HA UX OCHOBE.

33}13‘-[1/1 JAUCHUIIINHBI
- 3HAKOMCTBO C 3JICKTPOHHBIMHU CBOMCTBaMH IMOJIYTIPOBOAHHUKOBBIX HAHOMATCPUAJIOB;

- 3HAKOMCTBO C NPHHIUIIAMHU pabOThl HAHOIEKTPOHHBIX NMPHOOPOB HA OCHOBE IHOJYNPOBOJHUKOBBIX
MaTepHalioB;

- 3HAKOMCTBO C XUMUYECKUMHU CBOMCTBAMM HaHOCTPYKTYpHPOBAHHBIX MaTEPHAIIOB.
2. Ilepeyens opMupyeMbIX KOMIIETeH M

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

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1 CriocoGeH oCcymiecTBIsITh MOKCK, VYK-1.1 AnanusupyeT 3a7a4y, BbIJICTSI STallbl €€ PEIICHUS,
KPUTHYCCKUI aHAIU3 U CUHTE3 HHpOpMAIHK,  |ACHCTBHS IO PEIICHUIO 3a/1a4K

OPUMCHSATH CACTEMHBIN MOAXox i pemennst | VK-1.3 PaccmarpuBaeT pasiuyHbIe BapHaHTBl PEIICHUS
TNOCTaBJICHHBIX 3a1a4 3a/1a4M, OIICHMBACT UX MPCHUMYIISCTBA K HCIOCTATKH




[1K-1 CriocoGeH mIaHMpoBaTh U NPOBOIANTH [IK-1.1 ~ Bmageer  dyHZaMEHTAaNbHBIMH  NOHSTHAMH,
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON 3aKOHAMU U TEOPHUSIMU COBPEMEHHOU (DPU3UKH

npeaMeTHOH obnacty) u (uan) teopetndeckue |[IK-1.4 VYmeer CTpOUTh MareMaTHYECKME MOJECIM LIS
(aHaMTUYECKHE U UMUTAITMOHHEIE) ONMCAHUS W WCCICAOBAHMS TPOIECCOB U SIBICHUA B
HCCIeI0OBaHUS COOTBETCTBYIOIUX HAYYHBIX 001aCTAX

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh [IK-4.3 CnocobeH 000CHOBaTh NPUYMHHO-CIIC/ICTBCHHBIC
MPUMEHUMOCTb HUCITOJIb3YEMBIX METOIHK H OTHOIICHUS HCITOJIb3YEMBIX TIOHATUN U MOjeIeh

METOJ/IOB

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOeHHS JUCUUIUIMHBI 00yYaromuecs JOJKHBI
3HATh:
- TEOPETHUYECKNE OCHOBBI ONUCAHMs (PU3MUECKUX CBOMCTB HAHOPa3MEPHBIX MaTEPHAIIOB;
- NPUHOMIIBI pabOTBl AIEKTPOHHBIX MNPHUOOPOB HAa OCHOBE IOJYNPOBOIHUKOBBIX HAHOCTPYKTYP
(ToeBBI€ TPAH3UCTOPHI, TOTYTIPOBOAHUKOBEIE JIA3€PHI).
YMETh:
- aHAIM3UPOBATh pabOTy COBPEMEHHBIX MPHUOOPOB HA OCHOBE HAHOCTPYKTYP.
BIIA/IETh:

- TEOPETUYECKUMH  MOJENISIMH, HCHOJB3yeMBIMH JUISI  ONHMCAaHUs  (PU3MYECKHX  CBOMCTB
HAHOCTPYKTYPHUPOBAHHBIX MaTe€pHajoB.

4. Coep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAaHHOE 10 TeMaM (pa3iesaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIINHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb 10 BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.

Jlekrum | Cemunapsr | JlaGopar. paboTsr pabora

OO0mue mnpencrapieHuss 00 W3MEHESHUU
1 CBOMCTB TBEpIbIX TEN MPH TEpPexoine OT 4 10
MakKpo- K HAaHOMAcIITa0y.

[Tpunnune! paboTHI IIOJIEBBIX

2 TPaH3UCTOPOB u 3aKOHBI 4 10
MacIITaOMpPOBaHUSI.
OrpanuueHust 3aKOHOB

3 MacIITa0OMPOBaHUSI U HOBBIE MaTepHabl 4 10

JJIA TIOJICBBIX TPAH3UCTOPOB.

Hogble marepuaibl 11l MEXCOECAUHEHUN

4 4 10
B MHTETPaJbHBIX CXeMaX.

5 [TorynpoBoTHUKOBBIC HaHOCTPYKTYPhI 4 10
JUTSI Ta3€PHBIX PUMEHEHUH.

6 JlazepHbie HaHOCTPYKTYPBI JUTSt 4 10
TeHEepaluy TEPArepLuoBOTrO U3TyUCHHUS.

7 MexaHuueckue CBOMCTBa MaTepPHUAIOB. 4 5

8 OCHOBBI XUMUHY HAHOMATEPHAJIOB. 2 10

Htoro yacos 30 75

[TonroToBka K 3K3aMeHy 30 gac.

Oobmas TpynoEMKOCTb 135 gac., 3 3au.ex.

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




Cemecrtp: 8 (Becennuit)

1. O6mme mpencraBieHus 00 W3MEHEHUHM CBOKMCTB TBEPIBIX TEJN MPH MEPEXole OT MaKpo- K
HaHOMACIITa0y.

BinsHre KOHEUHOro pasmepa KpHCTajula Ha 3JIEKTPOHHBIN cHEkTp. PazMepHOe KBaHTOBAHHE M €TO
IKCIIEPUMEHTAJIbHO H3MEpsIEMble IPOSABICHUS. OJIEKTPUYECKOE COIPOTUBIEHUE HAHOCTPYKTYP.
CriekTpbl ONITHYECKOTO MOMIOEHHS U JJIOMHUHECLIEHIIMM HAaHOMAaTepHaloB. XUMUYECKast aKTUBHOCTD
HaHOMAarTepHasoB.

2. IlpuHumns! paboThI HONEBBIX TPAH3UCTOPOB U 3aKOHBI MAaCIITAOUPOBAHUSL.

Oddexr mons B momynpoBomHukax. YcrporictBo MJII - TpaH3uCTOpa M €ro XapaKTEPUCTUKH.
TexHosornyeckyue omnepanuu JUlsl CO34aHUS II0JEBOIO TPAH3UCTOpa HA OCHOBE KpPEMHUS:
sutorpadusi, HAHECEHHE TOHKUX IUIEKTPUUECKHUX CIIOEB, JIETHPOBAHUE, MEeTaTU3alus (0030pHO).
Cxema noruueckoro uHBepropa Ha ocHOB MJIII-Tpan3uctopoB. CBs3b MaKCMMaJIbHOW YaCTOTHI
MEPEKITIOUYEHUS C JUIMHOW KaHala ¥ TMOJIBUKHOCTBIO HOCUTENEH 3apsaaa. 3aBUCUMOCTH MaKCUMaJIbHON
YacTOThl IEPEKIIOYEHMs], HANPSIKEHUs MMUTAHUS W MOIIHOCTU TEIUIOBBIACIIEHUS OT pa3Mmepa
TpaH3UCTOpa (3aKOHBI MaCIITAOMPOBAHHUS).

3. Ol"paHI/I"IeHI/IX 3aKOHOB MaCH_ITa6I/IpOBaHI/I$[ Y HOBBIC MaTCpuraJjibl 1JIA ITOJICBBIX TPAH3UCTOPOB.

OrpannueHus 3aKOHOB MacIUTAaOMpPOBAHUS M HOBBIC MaTEepHAibl JJIS TIOJIEBBIX TPAH3UCTOPOB.
OddekTsl, OrpaHMYMBAIOIIMNE  POCT  OPEACTBHOW  YAaCTOTBl  MEPEKIIIOYEHUS  ITOJIEBBIX
HAHOTPAH3MCTOPOB: CHIDKCHHE BBICOTHI Oapbepa HANpPsHKEHHEM CTOKa, Iapa3suTHBIE EMKOCTH,
TyHHEJIbHBIE TOKH YTEUKM uepe3 IudJeKTpuk. [Ipobiema »HEproBblAENeHHs W TEMJIOOTBOIA B
OBICTPONEHCTBYIOIINX MHTETPANbHBIX cxeMax. OrpaHudyeHue IOIBMKHOCTH HOCHTENeH 3apsia,
CBSI3aHHOE C paccesHUEeM Ha JIETUPYIOIUX NnpuMecsx. HoBbie MaTepuaiibl ¢ BBICOKOH 3IEKTPOHHOR
MOJIBM)KHOCTBIO. TpaH3UCTOPBI Ha OCHOBE 00beMHBIX coeauHeHuit A3BS5S. [IpoGnema omuueckoro
KOHTaKTa W Ppa3duyusl 3ICKTPOHHOW M JABIPOYHOH TOIBMKHOCTH. TpaH3MCTOPBL C BBICOKOI
MOABMXHOCTBIO 3JIEKTPOHOB Ha JABYMEPHBIX OJJIEKTPOHAX. OIJIEKTPOHHBIE CBOWCTBAa rpadeHa H
HAHOTPYOOK, KBa3U-PESITUBUCTKUNA 3aKOH JUCIIEPCHM DJIEKTPOHOB, TMOJABICHUE OOpPaTHOIO
paccesHHS KakK IPUYMHA BBICOKOW JJIEKTPOHHOW MOABMKHOCTU. OKCIIEPUMEHTAJbHBIE METO/bI
nony4yeHus rpagena. Mexx30HHOE TyHHEIMpoBaHUE B rpadeHe U mpodiieMa 3aKphITOr0 COCTOSHUS B
TpaH3UCTOpax Ha OcHOBe TpadeHa. Moaudukanun rpadeHa, oONaaroNUe 3arpenicHHON 30HON:
JBYXCJIOHHBIN Tpad)eH U HAHOJIEHTHL. [ eTepocTpyKTyphsl Ha OCHOBE CIOHUCTBHIX MarepuaioB (MoS2,
BN, WS2) u TyHHEJIbHBIE TPAH3UCTOPHI HA KX OCHOBE.

4. HoBble Marepualbl OJisd MEKCOEIMHEHUN B HWHTCTPAJIbHBIX CXEMaX.

HoBrle Matepuanbl At MEXKCOEAMHEHHH B HMHTErpalbHBIX cxeMax. ONTHYecKue U IUIa3MOHHBIE
MEXCOEIMHEHH. OJIEKTPUYECKOE COIPOTUBICHUE TOHKUX META/UNIMYECKUX MEKCOEIUHEHUN.
Mopaens pacnpoCTpaHEHHs 3JIEKTpUUecKkoro curHaira mo RC-memouke W 3aiepiKKH, BHOCHUMBIE
MexcoeuHEeHUAMU. (DOTOHHbIE BOJHOBOJBI HAa OCHOBE CTPYKTYp «KPEMHMH Ha H30JATOpE» VIS
MEXXCOCIMHeHUI Ha KPUCTaJUIe U OTPaHUYCHUS B X MaciuTtabupyemoctd. [loHsTHE O TIIa3MOHHBIX
BOJTHOBOJIaX, po0ieMa KOMIIEHCALIUH [TOTEPh MJIa3MOHOB.

5. IloaynpoBOIHUKOBBIE HAHOCTPYKTYPHI JJIS JIA3€PHBIX IPUMEHEHU.

Jlazeppl Ha KBaHTOBBIX sIMax M KBAaHTOBbIE KacKaJgHble Ja3epbl. [HBepCHas HaCElIEHHOCTb B
MOJYTIPOBOJHUKAX M HEOOXOOUMOE YCIIOBHE J1a3epHOU reHepanuu. [lomynpoBOIHUKOBEIN J1a3ep Ha
OCHOBE CHJIBHO JISTMPOBAaHHOI'O pP-N-II€pexoja, IMOPOroBbli TOK Jla3epHOll reHepanuu. Jlaszepsl Ha
OCHOBE T€TEPOCTPYKTYP M HX MPEUMYILECTBA: JOKAIU3ALHUs M0JIs, CHIDKEHHE TOKOB yTeuku. Jlazepsl
Ha OCHOBE KBAHTOBBIX SIM M YIpPaBJIEHUE YAaCTOTOM MEX30HHOIO Ilepexofia ¢ MOMOLIbI0 Pa3MEPHOIo
KkBaHTOBaHUS.  [lOMynmpOBOIHUKOBBIE  CBEPXPEUIETKM W MX  DJEKTPUYECKHE  CBOMCTBA.
TyHHenupoBaHue B cBepXpelleTkax. Bo3MOXKHOCTh yCHUIIEHHS JIEKTPOMArHUTHOIO U3JIy4EHUs HpU
nepexogax Mexay MoA30HaMHU pa3MEpPHOTO KBaHTOBaHUS. KBaHTOBBIE KacKaIHBIE J1a3€pHl.



6. JIazepHble HAHOCTPYKTYPBbI Ul TEHEPALIUU TeParepLioBOro U3J1y4eHusl.

[IpoGiiema reHepanuu W JACTEKTHPOBAHUS TEParepLoBOTO H3IY4YECHHUS («TepareproBasi MICIbY).
KBaHTOBBIC KacKaJHbIE CTPYKTYypbl C OJM3KO DACIOJIOKCHHBIMUA YPOBHSMH IUIsl TepareploBoii
Ja3epHON reHepanun. BO3MOKHOCTH TepareploBOil J1a3epHON T'eHEpaluH B Y3KOIICIEBHIX H
OeciieneBbix monynpoBonHukax (rpaden, HgTe). VYcunenune pexkoMOWHAIIMM B y3KOIIEIEBBIX
MOJYIPOBOJTHUKAX M TIOTJIONICHNE HAa CBOOOIHBIX JJIEKTPOHAX KaK OCHOBHBIC MPOOJIEMBI CO3TaHUS
TepareploBbIX JazepoB. Ilogxom K TeHepaluu TepareploBOrO H3IY4YEHHsS CO CTOPOHBI
PaIuodIEKTPOHHBIX MPHOOPOB. [10yIPOBOAHNKOBEIE TPUOOPHI C BHICOKOYACTOTHOW OTPHLIATEIBHON
NPOBOJAMMOCTBIO:  PE30HAHCHO-TYHHENbHBIC  JMOABI,  IPOJETHbIE  JTHOAbL.  [lIa3MeHHbIE
HEYCTOWYMBOCTH B TIOJEBBIX TPAH3UCTOPaX C BBICOKOH OJJIEKTPOHHOH IOABIKHOCTBIO M HX
UCIIOJIb30BaHKE JUIsl TCHEPAIMHU TePareprioBOro H3IyeHUs..

7. MexaHU4eCKUE CBOMCTBA MAaTEPUAIIOB.

Hanoanexkrpomexannueckue cHUCTEMBL. [I3MEHEHUME MEXaHMYECKUX CBOMCTB MATEpUAJIOB IpU
mepexoge K HaHomacmTaOy. CoOCTBEHHBIE YaCTOTHl KOJEOAHWN 3aKpEIUICHHOW  Oamkw.
HanoMmexaHnueckne CUCTEMBI JIJIsl ICTEKTUPOBAHHS BHICOKOYACTOTHBIX CUTHANIOB: yrpomieHHas RCL
— Mojienb. HanosnekTpoMexaHndecKkne CUCTEMBI Ha OCHOBE rpadena.

8. OCHOBBI XUMUU HaHOMAaTCpHaIoB.

Marepuansl Al XMMHUYECKHX CEHCOPOB. XHMMHUYECKas AaKTUBHOCTh HAHOMAaTapwioB M HX
IpPUMEHEHMs] JUIsl Karajau3a. XHUMHUYECKHE CEHCOpbl Ha OCHOBE HAHOCTPYKTyp. lM3meHeHue
JNIEKTPUUYECKUX M ONTHYECKUX CBOWCTB HAHOMAaTEepHaJiOB MNPH aACOPOIMHM Ha IOBEPXHOCTH.
XUMHUYECKU 1yBCTBUTEbHBIE II0JIEBBIE TPAH3UCTOPHI.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHNS 00pa30BaATEJILHOIO
npouecca 1no JUCHUILInHe (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIICHHAS! KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas 1uTeparypa

1. Xannunk P., Xunn A. HanocTtpykrypHble Marepuaisl. - M.: TexHocdepa, 2009.

2. MarepuanoBeZieHre HAaHOCTPYKTYpUpoBaHHBIX Matepuaiio / [I. A. Cunnos, C. B. 3axapuenko, C.
A. 3aiines, A. FO. Ozepun. - M.: 3a-8o M®TH, 2011.

3. OpnuxoBckuii A. A. BBeaeHnue B HaHO3IeKTPOHHUKY. - M.: U31-Bo MI'TY um. baymana, 2009.

JomnonHurenbsHas auTeparypa

1. L. Venema «Silicon electronics and beyond» Nature, Tom 479 (2011).
2. K.S. Novoselov et. al. «A roadmap for graphene» Nature, Tom 490 (2012).

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCHMILIUHBI (MOLYJIs1)

1. http://www.nature.com/
2. http://www.opticsinfobase.org/
3. http://scitation.aip.org/content/aip/journal/apl

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NIPH OCYLIECTBJICHNH 00Pa30BaTeILHOIO
npouecca 1o AMCUMILINHe (MOAYJII0), BKJIIOYasi lepeYeHb He00X0AUMOro NPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha JICKIIMOHHBIX 3aHATHIX UCIIONB3YIOTCS MYITBTUMEANIHBIE TEXHOIOTHUH, BKITIOYAst IEMOHCTPAIUIO
Npe3eHTALUN.



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

VYenenHoe ocBoeHne Kypca TpeOyeT MoCelleH s 3aHITUH 1 HanpsKEHHON CaMOCTOSITENIbHOW PadoThI
cTyaeHTa. B mporpamme Kypca ImpHBEI€HO MUHMMAJIBHO HEOOXOIMMOE BpeMs Ui padoThl CTyJAEeHTa
Hajx TeMoi. CamocTosTenbHas paboTa BKIIOYAET B ceosl:

— YTEHHE ¥ KOHCIIEKTHPOBAaHNE PEKOMEHOBaHHOW JIUTEPATYPhI;

— mpopaboTKy ydeOHOro Mmarepuaina (1o yuyeOHOW M HaydyHOU JIMUTEpaType), MOJATOTOBKY OTBETOB Ha
BONPOCHI, MNPEIHA3HAYEHHBIX [UII CaMOCTOSTEIBHOIO M3YYEHHUS, JIOKa3aTelIbCTBO OTAEIbHBIX
YTBEPKIECHUM, CBOICTB;

— pelieHue 3a/1a4, IpeaIaracMblx CTyIEHTaM Ha 3aHATUAX;

— MOATOTOBKY K 9K3aMEHY.

PykoBOACTBO W KOHTPOJNb 32 CaMOCTOSITENLHOW paboTOM CTyJaeHTa ocymiecTBisieTcss B (opme
WHAWBHUIYaJIbHBIX KOHCYJIBTAIUM.

BaxHo 100UTHCA NMOHMMAHMS HM3y4aeMOro Marepuana, a He MEXaHHYeCKOro ero 3anoMuHaHus. [Ipu
3aTPyJHCHUM M3YYEHHUS OTAEIBbHBIX TEM, BOIIPOCOB, CIEOyeT oOpalaTbcs 3a KOHCYJIbTalUsAMHU K
[IPENoJaBaTeo.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

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

HpO(l)I(lJIb MnoATrOTOBKMU: dusuka MEPCICKTUBHBIX TEXHOJIOTHI: AJIbTCpHAaTUBHAA SHCPTCTUKA, HAYYHOC

IpOrpaMMHpPOBaHKE U (PYHKIIMOHAIBHBIE MaTePUAIIbI
®usrex-mrkoia nekTpoHuku, otonnku u Monexymnspraoit Ouzuku
kadeapa HAHOMETPOJIOTUHN U HAHOMATepHAaJIOB

Kypc: 4

KBaTuuKanus: Oakanasp
CemecTp, (hOpMBI POMEKYTOUHOM arTecTanuu: 8 (BECCHHHI) - DK3aMEH
PazpaGoTunkm:

B.B. UBanoB, 1-p ¢u3.-Mat. Hayk, mpodeccop
J.A. CBuHIOB, KaHA. (U3.-MaT. HAYK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 Criocoben oCymiecTBIsTh [TOUCK,
KPUTHYECKUI aHAJIM3 U CUHTE3 HH(POPMALHH,
NPUMEHSATh CUCTEMHBIH MOXO/ sl PEICHUS
MOCTABJICHHBIX 33]1a4

VYK-1.1 Ananusupyert 3aaady, BBIJIEsS 3TAIbl €€ PelleHus,
JeMCTBUS IO PELICHUIO 3a1a91

VYK-1.3 PaccmarpuBaeT pas3iHyHBIE BapUaHTHl PELICHUS
3a[1auy, OLICHUBAET UX IIPEUMYILECTBA U HEOCTaTKU

[MK-1 CriocoGeH mi1aHupoBarh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIMOHHBIC)
WCCIICIOBAHMSI

I1IK-1.1 Bnameer  yHmameHTambHBIMH
3aKOHAMU M TEOPHUSIMU COBPEMEHHOU (DPU3UKH

IIOHATUSAMU,

I[IK-1.4 VYmeer cTpOoUTh MAaTEMaTUYECKUE MOACIH MJIA
OMHMCAHMSI W WCCIEAOBAaHUS TPOIECCOB U SBICHHA B
COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh
MPUMEHUMOCTD UCIIOJIb3YEMbIX METOIUK U
METO/IOB

[IK-4.3 CnocobeHn 000CHOBaTh NPUYMHHO-CJIC/ICTBECHHBIC
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOJesei

2. Iloka3areim OLleHUBAHUS KOMIIEeTeHITHH

B pesynbrare W3y4eHUsS IUCHUTUIMHBI
00yJaronuiics JOmKeH:

3HATb:

((MaTepI/IaJ'IOBGI[CHI/IC HAaHOCTPYKTYPUPOBAHHBIX MATCPUATIOB»

- TEOPETHUYECKUE OCHOBBI OIUCAHMsI (PU3MUECKUX CBOMCTB HAHOPa3MEPHBIX MaTEPHAJIOB;
- NPUHOUIBI PabOTHl 3JIEKTPOHHBIX IPUOOPOB HA OCHOBE IIOJYNIPOBOAHUKOBBIX HAHOCTPYKTYp
(mosieBbIe TPAH3UCTOPHI, TOITYIPOBOAHUKOBBIE JIA3EPhI).

yMeTh:

- AHAJIN3UPOBATh pa60Ty COBPCMCHHBIX HpI/I60p0B Ha OCHOBC HAHOCTPYKTYP.

BJIad€Th:

- TEOPETUYECKHMMH  MOJEISIMH,
HAaHOCTPYKTYPUPOBAHHBIX MaTe€pUasOB.

HUCIOJIb3yCMbIMU

JJIA OITMCaHUsA (1)I/I3I/I‘I€CKI/IX CBOICTB

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

C 1menplo KOHTPOJIS OCBOEHHS OOYYaroUIMMHUCS Y4eOHOro Marepuasia IpOBOIUTCS YCTHBIH OHpOC B
HayaJje 3aHATUS 110 TeME IPOIUIOHN JIEKIIMH WM B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

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

o0yvyarommxcst

Bomnpocs! a5 MOATOTOBKY K 9K3aMEHY:

1. Ob6ume mnpeacraBieHus 00 HM3MEHEHUMH CBOICTB TBEpAbIX TEN MpPU IEpexoie OT MakKpo- K

HaHOMacIITaly

2. HpI/IHLII/IHLI pa60TBI MOJICBBIX TPAH3UCTOPOB U 3aKOHBI MaCH_ITa6I/IpOBaHI/I$[

3. Ol"paHI/I"IeHI/ISI 3aKOHOB MaCH_ITa6I/IpOBaHI/I$I Y HOBBIC MaTCpurajibl 1JI OJICBBIX TPAH3UCTOPOB

4. HoBrle MaTcpuaJibl IJId Me)KCOG,Z[I/IHeHI/Iﬁ B UHTCTPAJIbHBIX CXCMaAX

5. IlonmynpoBOIHUKOBBIE HAHOCTPYKTYPBI JUIsl JTa3€pHBIX IPUMEHEHUN

6. .Ha3€pHBIC HaHOCTPYKTYPbI IJIAA TCHEPpALIUN TCPArcpHOBOT0 U3JTyUCHUA

7. MexaHn4YeCKHe CBOMCTBA MaTcpuaJioB

8. OCHOBBI XIMHUY HAHOMATEPHAIIOB
[Ipumeps! 3K3aMeHAIMOHHBIX OUIIETOB.

IIpumep 1.

1. O6H.II/Ie MMpCACTaBJICHUA 00 WU3MEHCHHHU CBOMICTB TBCPABIX TCJI

HaHOMacHTaly

npu 1Mmnepexoac OT MaAKpo- K




2. IlpuHuuns! paboThI HONEBBIX TPAH3UCTOPOB U 3aKOHBI MAaCIITAOUPOBAHUS

[Ipumep 2.
1. JIazepHblE HAHOCTPYKTYPBI Ul TEHEPALIUU TEParepLoBOro U3J1y4eHus
2. MexaHn4yecKkHe CBOMCTBA MaTEpPHAIIOB

Kpurepun onennBanus
10 6ainos — (ITIPEBOCXOIHO):
*  CHCTEMaTU3UpPOBaHHbIC, IIyOOKHE M TOJIHBIC 3HAHMS 10 BCEM paszeiaM y4eOHOH MporpamMMel, a
TaKKe 110 OCHOBHBIM BOIIPOCAM, BBIXO/SIINM 32 €€ MPEeibl;
. TOYHOE HCIOJIb30BAHUE HAYYHOM TEPMHHOJIOTMU (B TOM 4YHCIIE HAa HWHOCTPAHHOM SI3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;
*  OesympeuHoe BIAJCHUE HHCTPYMEHTapHeM Y4eOHOW IUCIMIUIMHBI, yMeHHe ero 3(QeKTHBHO
WCIOJIb30BaTh B IOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;
. BBIP@XXEHHAs! CIIOCOOHOCTh CaMOCTOSTEIbHO M TBOPYECKU peIIaTh CIOXKHBIE NPOOJIIEeMBI B
HECTaHJAPTHOW CUTYyalUu;
*  MOJIHOE W TIIyOOKOE YCBOGHWE OCHOBHOH M JOTOJHHUTENBHOM JUTEpaTyphl, PEKOMEHIIOBAHHOM
y4eOHO mpoTrpaMMOi TUCITUTUINHEI,
* yYMEHHE OPHUEHTHPOBATHCA B TEOPHUSIX, KOHIETLHUAX M HANPABICHUAX MO U3y4aeMOil AUCLUIUIMHE U
JlaBaTh UM KPUTUUYECKYIO OLIEHKY, UCII0JIb30BaTh HAYUHbIE JOCTHXKEHUSI JPYTUX JUCLUIUINH;
*  TBOpYECKas CaMOCTOSTENbHAs paboTa Ha MPAKTUYECKUX, JTa0OPAaTOPHBIX 3aHATHSIX, AKTUBHOE
y4acTHe B IPYNIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbl HCIIOJTHEHHS 3aJaHHMH.

9 6amnoB — (OTJIMYHO):

* CHCTEMaTU3UPOBAHHbBIEC, ITTYOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zeiaM yueOHOH MporpaMmbl;

. TOYHOE HCIOJb30BAHWE HAYYHOM TEPMHHOJIIOTMU (B TOM 4YHCIIE HAa HWHOCTPAHHOM SI3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BIAJICHUE MHCTPYMEHTapueM y4eOHOW IMCLUIUIMHBL, yMEHHE ero 3((EKTHBHO HCIIOIb30BaTh B
MOCTAHOBKE M PELICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 331a4;

*  CIIOCOOHOCTH CaMOCTOSITEIbHO M TBOPYECKM pEILIaTh CIOXKHBIE MPOOIEeMBbl B HECTaHIApTHOM
CUTyalluh B paMKax yd4eOHOH NpOorpaMMbl, MOJHOE YCBOCHHE OCHOBHOW U JIOTMOJIHU "TEJIBbHOU
JUTEpaTypbl, PEKOMEHIOBAaHHON Y4eOHOW POTpaMMO TUCTIUITITHBI;

*  YMEHHME OPHUEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMNLMAX M HAIpaBICHUIX 0 U3ydaeMoO
JTUCIUIUIMHE U 1aBaTh UM KPUTHUYECKYIO OLIEHKY;

*  caMocCToOsTelbHas paboTa Ha MPAKTHUYECKHUX, JaOOpaTOPHBIX 3aHATHSAX, TBOPUECKOE ydacTue B
IPYIIOBBIX 00CYKICHUAX, BBICOKUI YPOBEHb KYJIBTYphl HCIIOJTHEHHS 3aJaHuUil.

8 6amnoB — (IIOUYTU OTIIMYHO):

* CHCTEMaTH3MPOBAaHHbIE, INTyOOKHE U TOJHBIC 3HAHHS MO BCEM IOCTABJICHHBIM BOIPOCAM B 00beMe
y4eOHON MpOrpaMMel;

*  HCNOJIb30BaHHE HAyYHOM TEPMUHOJOTMH, CTHIMCTUYECKH TPAMOTHOE, JIOTHUECKH NpPaBUIbHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAHHbIE BBIBOJIBI;

* BJaJICHUEC MHCTPYMEHTAapHeM yueOHOW MUCLUILIHMHBI (METOIaMH KOMIUIEKCHOTO aHA/IN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJb30BaTh B MOCTAHOBKE M PELICHUM HAyYHBIX U
npoQecCHOHAIBHBIX 33/1a4; CIIOCOOHOCTh CAMOCTOSATENIFHO peIlaTh CIOKHBIE MPOOIEMBI B paMKax
y4eOHON MpOrpaMMel;

* YCBOCHHME OCHOBHOW W JIOTOJIHUTENBLHOW JIUTEPATypbl, PEKOMEHIOBaHHOW y4eOHOH mporpammon
JUCLUIUIMHBL,

* yYMEHHE OPHEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHUENIMAX M HAMpaBICHHUIX MO H3y4aeMOU
JUCLMIUIMHE U JaBaThb UM KPUTHUYECKYI OLIEHKY C IO3ULMHM TroCylapCTBEHHOW wuieosnoruu (1o
JUCHUTUTMHAM COLUAIbHO-TYMaHUTAPHOTO LIKKJIA);

* AaKTHBHAs CaMOCTOSTENbHasi paboTa Ha MPAKTUYECKUX, TaOOPaTOPHBIX 3aHITUSAX, CHCTEMaTHYECKOE
ydacTue B IPYIIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

7 6annos — (OYEHb XOPOILLO):

* CHUCTEMaTHU3UPOBAHHbIC, NTyOOKHE U MOTHBIE 3HAHMUS 110 BCEM pa3zieiaM yueOHOM MporpaMmel;

* HCIIOJIb30BaHHE HAyYHON TEPMUHOJIOTHH (B TOM YHCJIE HA HHOCTPAHHOM SI3bIKE), TMHIBUCTHUYECKH U
JIOTUYECKH MPAaBUIILHOE U3JIOKEHHE OTBETA Ha BONPOCH], YMEHHE AeNaTh 000CHOBAaHHBIC BHIBOJBL;

* BJQJICHUE MHCTPYMEHTapueM y4eOHOW AHMCUUIUIMHBI, YMEHUE €r0 HCIIOJIb30BaTh B MOCTAHOBKE U
pELIeHNU HAayYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;



*  YCBOCHHE OCHOBHOW W JIOTOJIHUTEILHOW JINTEPATYpPhl, PEKOMECHIOBAHHOW y4eOHOM mporpammon
JVCIUIUIAHBL;

* yMEHHE OpPUEHTHPOBATHCS B OCHOBHBIX TEOPHUSAX, KOHLEMIUAX W HANPABICHUAX IO H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  caMmocCTofATeNlbHas paboTa Ha NMPAKTUYECKUX, JJAOOPAaTOPHBIX 3aHATHIX, y4acTHE B TPYMIIOBBIX
00CYXIIEHUSIX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJHEHUS 3aJaHUH.

6 6ayoB — (XOPOILO):
* JIOCTaTOYHO ITOJHBIC U CHCTEMAaTU3UPOBAHHBIC 3HAHUS B 00beMe yueOHO! MPOrpaMMEl;

° HCIIOJIBb30BaHHEC HeO6X0):[HMOI>'I HaquOﬁ TCPMUHOJIOTHUH, CTUIUCTUYCCKU T'PAMOTHOC, JIOTUYCCKU
IPaBUIJIbHOC U3JIOKCHHUEC OTBETA HA BOIIPOCHI, YMCHUC NCJIAaTh 000CHOBaHHBIE BBIBOJBI,

*  BJAQJCHUE HHCTPYMEHTapueM Y4YeOHOW IWMCUUIUTMHBI, YMEHHE €ro HCIOJIb30BaTh B DPELICHUU
y4eOHBIX U NMPOoGEeCCHOHANBHBIX 33J1a4; CIIOCOOHOCTh CAMOCTOSATENILHO MPUMEHSTh TUIIOBBIC PEIICHHS
B paMKax y4eOHOH MporpaMMel;

* YCBOCHHE OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBAaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OpPHUEHTHPOBATHCS B 0A30BBIX TEOPHUSIX, KOHUEIIMAX M HANPABICHUAX [0 H3y4aeMOM
IUCIMIIMHE M JaBaThb WM CPaBHUTEIBHYIO OICHKY; AaKTHUBHAas CaMOCTOsTenbHas pabora Ha
MPAKTUYECKUX, JTA0OPAaTOPHBIX 3aHITHUAX, NEPUOAMYECKOE YYacTUE B TPYIIOBBIX OOCYXKICHHSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUM.

5 6ammoB — (ITOYTU XOPOILIO):
* JIOCTarO4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTrpamMMBbl;

® HCIIOJIB30BaHUC HaquOﬁ TCPMHUHOJIOTUU, CTUJIIMCTUYCCKU TI'PaMOTHOC, JIOTUYECKU ITPABUJIBHOC
H3JI0KCHHUC OTBCTA Ha BOIIPOCHI, yMCHHC [1CJIaTh BBIBO/bI,

*  BIQJCHHEC HMHCTPYMECHTapueM Y4YeOHOH IMCIMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B PEHICHUH
y4eOHBIX U IPOPECCHOHAIBHBIX 3a/1a4;

* CII0OCOOHOCTH CAMOCTOSITENILHO MIPUMEHSTH THIIOBBIE PELICHUS B paMKaxX yueOHOM MPOrpaMMBl;
* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTUTNHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIENIUSAX M HANpPaBICHUSAX IO HM3ydaeMoil
JUCLUUIUIMHE M JaBaTh UM CPaBHUTEIbHYIO OLEHKY;

*  caMocCTosTelbHas padoTa Ha MPAKTUUYECKHX, JaOOpPaTOPHBIX 3aHATHUSX, Y4acTHE B TPYIMIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHUS 33/1aHHH.

4 6amia — (YAOBJIETBOPUTEJIBHO), 3AYTEHO:

* JIOCTaTOYHbIM 00BEM 3HaHMI B paMKax 00pa30BaTeIbHOTO CTaHIaPTa;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTUTNHBL

*  HUCIOJb30BaHUE HAaydHON TEPMMHOJIOTUM, CTHJIMCTUUYECKOE U JIOTUYECKOE W3JIOKEHHE OTBETa Ha
BOTIPOCHI, YMEHHE JEJaTh BBIBOJABI 0€3 CYIIECTBEHHBIX OMINOOK;

*  BJAJCHUE HHCTPYMEHTapueM Y4YeOHOW IWMCUUIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B DPELICHUU
CTaHAAPTHBIX (TUIIOBBIX) 3a71a4;

* yYMEHHE [0 PyKOBOJCTBOM ITPENOAABATENs PELIaTh CTAaHJAPTHBIE (TUIIOBBIC) 3aa4H;

*  YMEHHME OPHUEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHLENLMAX M HANpaBICHUIX 10 U3ydaeMO
JUCIUIUIMHE U 1aBaTh UM OLICHKY;

. pabora mox PpPYKOBOACTBOM NpenojaBaresii Ha NPAKTUYECKHX, J1a0OpaTOpHBIX 3aHATHUSX,
JIOITyCTUMBIH YPOBEHb KYJIBTYPbl UCIIOJIHEHUS 3aJlaHUH.

3 6anna — (HEYZAOBJIETBOPUTEJIBHO), HE3AYTEHO:

* HEIOCTATOYHO IOJIHBIN 00BbEM 3HAHMI B paMKax 00pa30BaTeNIbHOTO CTaHIAPTA;

* 3HAHWE YaCTH OCHOBHOH JINTEPATypPhl, PEKOMEHI0BAHHON Y4eOHOM MPOTrpaMMOi TUCIUILTHHBL;

® HCIIOJIB30BaHUC Haquoﬁ TCPMHHOJIOIUU, H3JIOKCHHUC OTBETA Ha BOIIPOCHI C CYIIECTBCHHBIMU
JIMHTBUCTHYCCKUMU U JIOTHYCCKHUMHU OIHI/I6KaMI/I;

. cmaboe BIaJCHWE WHCTPYMEHTApUeM YYeOHON IUCIUIUIMHBI, HEKOMIIETEHTHOCTh B PEHICHUH
CTaHJIAPTHBIX (TUIOBBIX) 3aJ1a4;

*  HEyYMEHHE OpPHUEHTHPOBATHCS B OCHOBHBIX TEOPHSAX, KOHIEMIHMSIX W HANpaBICHUSIX H3ydaeMon
JIHCIHILIAHDI,

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHHA YPOBEHb KYJIBTYPHl UCIIOTHEHUS
3aJIaHUM.

2 6amta — (HEYVIOBJIETBOPUTEJILHO):

* (parMeHTapHbIC 3HaHUS B paMKax 00pa30BaTelbHOIO CTaHapTa;

. 3HAaHUSl OTJCNBHBIX JIUTEPATypHBIX HCTOYHUKOB, PEKOMEHJIOBAHHBIX Y4YeOHOW MpOrpaMMoii
JIHCIHILIAHDI,



. HEYMEHHE HCIIOJh30BaTh HAyYHYH) TEPMHUHOJIOTHIO JTUCIHIUIMHBI, HAaJUYHWE B OTBETE IPyOBIX
CTHJIMCTHYCCKUX U JJOTMYECKUX OIIUOOK;

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHHA YPOBEHb KYJIbTYPHl UCIIOTHEHUS
3aJIaHUM.

1 6amt — (HEYIOBJIETBOPUTEJILHO):

* OTCYTCTBHE 3HAaHMH M KOMIIETCHLIMI B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuyeckne MaTepuaJbl, onpeaesiioe NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHNH, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[lpu mpoBenennu sk3ameHa oOyuaromiemycst npepoctarisiercs 30 MUHYT Ha MmOAroToBKy. Ompoc
oOyyaromerocst mo OWiIeTy He JOJDKEH MPEBBILATh JBYX aCTPOHOMHUYECKHX YacOB B YCTHOW U (WMJIH)
MUCHMEHHOM (hopMe.



