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: MaTepI/IaJIOBeI[CHI/IC HAaHOCTPYKTYPHUPOBAHHBIX MaTCPUAJIOB
0 HANIPaBJICHUIO: HpI/IKHaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)PIJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa HAHOMETPOJIOTUM U HAHOMAaTEPHAaJIOB

Kypc: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, (hopMBI IPOMEKYTOUHOH aTrTecTanuu: 8 (BeCeHHUN) - DK3aMeH

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

CamocrositensHas pabora: 75 gac.
[ToaroroBka x sk3ameny: 30 yac.
Bcero gacos: 135, Bcero 3au. en.: 3
[Iporpammy cocTaBuiu:

B.B. lBanos, n-p ¢u3.-mar. Hayk, npodeccop
J.A. CBuHIIOB, KaH/. ()U3.-MaT. HAyK

[Iporpamma obcyxieHa Ha 3acefjanny Kadeapsl HAHOMETPOJIOTHH U HaHoMaTepuaiioB 29.05.2020



AHHOTANMA

Kypc "MarepuanoBeaeHne HAHOCTPYKTYPUPOBAHHBIX MaTepUaIOB" MpeIycMaTpBacT U3y4eHue GU3NIECKIX U
XMMHYECKUX CBOMCTB HAHOMATEPHAJIOB U O3HAKOMIICHHE C IPUHIMIIAMU pabOThI TPUOOPOB HA UX OCHOBE.

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

- 3HAaKOMCTBO C TPUHLMIAMU pabOThl HAHOICKTPOHHBIX IPHUOOPOB HA OCHOBE IOIYIPOBOIAHUKOBBIX
MaTepHalloB;

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

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

- NPUHLOUIBI PabOThl IEKTPOHHBIX NMPUOOPOB HA OCHOBE MOIYNPOBOAHHUKOBBIX HAHOCTPYKTYp (IIOJICBBIC
TPaH3UCTOPHI, MTOTYITPOBOAHUKOBBIE JIa3€PHI).

YMeTs:
- aHATM3UPOBATh PabOTy COBPEMEHHBIX MPHUOOPOB HA OCHOBE HAHOCTPYKTYDP.

Bnaners:

- TEOPeTHMYECKHMMH  MOJENSAMM,  HCHOJB3yeMBIMH Uil ONHUCaHMA  (PU3MYECKHX  CBOWCTB
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

- U3y4yeHue (U3MUECKUX M XUMHUYECKHX CBOWCTB HAHOMATEPHAJIOB M O3HAKOMIICHHE C NPHHIUIIAMHU
paboThl MPUOOPOB HA UX OCHOBE.

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

- 3HAKOMCTBO C IPUHLIUIAMHU Pa0OTHI HAHOZJIEKTPOHHBIX MPUOOPOB HA OCHOBE MOJIYNPOBOAHUKOBBIX
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, VK-1.1 AnanusupyeT 3a7a4y, BbIICISAA dTallbl €€ PEIICHHUS,
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) OMMCAaHUS W HCCIEJOBaHUS MPOIECCOB U SBICHUH B
HCCIeI0OBaHUS COOTBETCTBYIOIUX HAYYHBIX 001aCTAX

[MK-4 Crioco0OeH KpUTHYECKH OIIEHUBATh [MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
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:

- TEOPETHYECKMMH  MOJENSAMH, HCIOJIb3YeMbIMH JUIi  ONUCAaHMSA  (U3NYECKHX  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 mnpeacTaBieHUs 00 W3MEHCHUU
1 CBOMCTB TBEpIbIX TEJ IpPH TEepexofie OT 4 10
MakKpo- K HAaHOMAcIITa0y.

[Tpunnune! paboTHI IOJIEBBIX

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

3 MacIITa0OMPOBaHUsSI U HOBBIE MaTepHAaIIbI 4 10

JJIA TIOJICBBIX TPAH3UCTOPOB.

Hogble maTepuaibl 11l MEXCOECIUHEHUM

4 4 10
B MHTETPAIBHBIX CXEMaXx.

5 [TonmynpoBOOZHMKOBEIE ~ HAHOCTPYKTYPBI 4 10
JUIsl J1a3epHBIX IPUMEHEHUH.

6 JlazepHsble HaHOCTPYKTYpHI JUIs 4 10
TeHepaluy TeparepuoBOro N3ITyYEHUsI.

7 MexaHuueckue CBOMCTBa MaTepPHUAIOB. 4 5

8 OCHOBBI XMMHH HaHOMAaTEPHUaJIOB. 2 10

Hroro 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. OOmwme npencraBicHusi 00 M3MEHCHHWH CBOWCTB TBEPHABIX TENl MPH TEPEXOJe OT MaKpo- K
HaHOMACIITa0y.

BinsHre KOHEUHOTo pasmepa KpHCTalula Ha 3JEKTPOHHBIN CIEKTp. PasMepHOe KBaHTOBAHHME M €TI0
JKCIIEPUMEHTAJIBHO H3MEpsIEMbIE IIPOSIBICHUSI. OJEKTPUUECKOE CONPOTUBJIEHUE HAHOCTPYKTYD.
CriekTpbl ONITHYECKOTO MOMIOEHHS U JJIOMHUHECLIEHIIMM HAaHOMAaTepHaloB. XUMUYECKast aKTUBHOCTD
HaHOMAarTepHasoB.

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

Oddexr mons B momynpoBoaHukax. YcrpoitctBo MJII - TpaH3ucTtopa M €ro XapakTEpHCTHKH.
TexHosornyeckyue omnepanuu JUisl CO3[AaHUs IIOJEBOIO TPAH3UCTOpPA HA OCHOBE KPEMHUS!
sutorpadusi, HAHECEHHE TOHKUX TUAJICKTPUUYECKUX CIIOEB, JETUPOBaHHE, MeTauIn3auus (0030pHO).
Cxema noruueckoro uHBepropa Ha ocHOB MJIII-Tpan3uctopoB. CBs3b MaKCMMaJIbHOW YaCTOTHI
MEPEKITIOUYEHUS C JUIMHOW KaHaa U MOIBIKHOCTBIO HOCUTEIIEH 3apsaaa. 3aBUCUMOCTH MaKCUMaJIbHON
4acTOThl IEPEKIIOUCHMsI, HAIPSDKECHMsI IUTAaHUS M MOIIMHOCTH TEIUIOBBIAEICHUS OT pa3Mepa
TpaH3UCTOpa (3aKOHBI MaCIITAOMPOBAHHUS).

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

OrpannueHus 3aKOHOB MAacCIITAOMPOBAHMS M HOBBIE Marepualibl Ul IOJEBBIX TPAaH3UCTOPOB.
O¢ddekTsl, OrpaHMYMBAIONIME  POCT  MPEACIbHOM  YacTOThl — HEPEKIIOUCHHs]  MOJEBBIX
HAHOTPAH3UCTOPOB: CHIDKEHHE BBICOTHI Oapbepa HANpsDKEHHEM CTOKA, Iapa3sUTHBIE EMKOCTH,
TyHHEJbHbIE TOKH YTEUKH uepe3 AMdNIeKTpHK. [Ipobrmema HSHEproBBIACIICHUS W TEIUIOOTBOAA B
OBICTPONICHCTBYIOIINX MHTETPANbHBIX cxeMax. OrpaHu4eHue IOABIKHOCTH HOCHTENeH 3apsnaa,
CBSI3aHHOE C paccesHUEeM Ha JICTUPYIOIIUX npuMecsx. HoBble MaTepualibl ¢ BHICOKOW 3JIEKTPOHHON
MOJIBM)KHOCTBIO. TpaH3UCTOPBI Ha OCHOBE 0OBeMHBIX coenuHenuid A3BS5. [Ipobrmema omuueckoro
KOHTaKTa W Ppa3iIuuusi SJIEKTPOHHOW M ABIPOYHOW IOABHXHOCTH. TpaH3UCTOPHI C BBICOKOH
MOABMXHOCTBIO 3JIEKTPOHOB HAa JBYMEPHBIX OJJIEKTpOHAX. OJEKTPOHHBIE CBOMcTBa TrpadenHa u
HAHOTPYOOK, KBa3U-PESTUBUCTKUN 3aKOH TUCIEPCHHM 3JIEKTPOHOB, IOAABICHHWE OOpaTHOro
paccesHHS KaK IPUYMHA BBICOKOM SJIEKTPOHHOMW IOJBMXKHOCTH. ODKCHEPUMEHTAIBHBIC METOMBI
nony4yeHus rpagena. Mexx30HHOE TyHHEIMpoBaHUE B rpadeHe U mpodiieMa 3aKphITOr0 COCTOSHUS B
TpaH3UCTOpax Ha ocHOBe rpadeHa. Momudukainuu rpadena, odnagaronMe 3anperneHHon 30HOM:
JBYXCJIOHHBIN rpad)eH W HAaHOJEHTHI. | eTepOCTPYKTYpbl HA OCHOBE CJIOMCTBIX MarepuaioB (MoS2,
BN, WS2) u TyHHEJIbHBIE TPAH3UCTOPHI HA KX OCHOBE.

4. HoBble Marepualbl OJisd MEKCOEIMHEHUN B HWHTCTPAJIbHBIX CXEMaX.

HoBrle Matepuanbl uii MEXCOCOUHEHWH B MHTETPAJbHBIX cxeMax. ONTHYECKHEe M TUIa3MOHHBIE
MEXCOCIMHEHH. OJIEKTPUYECKOE COIPOTUBICHUE TOHKUX METAUNIMYECKUX MEXCOCIUHEHUH.
Mopaens pacnpoCTpaHeHHsI 3JIEKTpUUecKoro curHaia mo RC-memouke W 3aJepKd, BHOCHMBIC
MexcoeuHEeHUAMU. (DOTOHHbIE BOJIHOBOIBI HAa OCHOBE CTPYKTYP «KPEMHHUI Ha H30JTOpEe» IS
MEXXCOCIMHEHUH Ha KPUCTAJUIE U OTpaHMYeHHs B MX MacmTabupyemocTH. [loHsATHE O MIa3MOHHBIX
BOJTHOBOJIaX, po0ieMa KOMIIEHCALIUH [TOTEPh MJIa3MOHOB.

5. IloaynpoBOIHUKOBBIE HAHOCTPYKTYPHI JJIS JIA3€PHBIX IPUMEHEHU.

Jlazepbl Ha KBaHTOBBIX sfMax M KBaHTOBbIE KacKalHble Jiazepbl. lHBepcHas HaceleHHOCTh B
MOJTYTIPOBOJHUKAX M HEOOXOOUMOE YCIIOBHUE J1a3epHOW reHepanuu. [lomynpoBoaHMKOBEIN ja3ep Ha
OCHOBE CHJIBHO JIETMPOBAaHHOI'O P-N-TI€peXojla, IOPOroBbld TOK Ja3epHOW reHepauuu. Jlasepsl Ha
OCHOBE T€TEPOCTPYKTYP M MX MPEUMYILECTBA: JTOKAIU3ALHUS TI0JIs, CHIDKEHHE TOKOB yTeuku. Jlazepsl
Ha OCHOBE KBAHTOBBIX SIM M YIPaBJIECHUE YAaCTOTOM MEX30HHOIO IEpexofia ¢ IOMOLIbI pa3MEPHOIo
kBaHTOBaHUS.  [loMynmpOBOIHMKOBBIE  CBEPXPELIETKM W MX  DJEKTPUYECKHME  CBOICTBA.
TyHHenupoBaHue B cBepxpelleTkaXx. Bo3MOKHOCTh yCHJIEHHs 3JIEKTPOMAarHUTHOIO M3JIy4eHHs Ipu
nepexogax Mexay MoA30HaMHU pa3MEpPHOTO KBaHTOBaHUS. KBaHTOBBIE KacKaIHBIE J1a3€pHl.



6. JIazepHble HAHOCTPYKTYPBbI Ul TEHEPALIUU TeParepLioBOro U3J1y4eHusl.

[lpoGiiema reHepanuy W ACTEKTHPOBAHUS TEPAreploBOTO H3IYYCHHUS («TepareproBasi IIEiby).
KBaHTOBBIE KacKaJHbIE CTPYKTYypbl C OJHM3KO DACIIOJOKCHHBIMH YPOBHSMH [UISi TEpareproBOi
Ja3epHON reHepauun. BO3MOXKHOCTH TeparepuoBOM Jla3epHOW TeHEepalud B Y3KOUICIEBBIX U
OecmieneBbix monynpoBonHukax (rpaden, HgTe). VYcuienune pexoMOMHAIMKM B Y3KOIIEJIEBBIX
MOJYIIPOBOJTHUKAX ¥ TIOIVIONICHWE HA CBOOOIHBIX DJIEKTPOHAX KaK OCHOBHBIC MPOOJIEMBI CO3JaHMUS
TepareploBbIX JazepoB. [logxom K TeHepaluy TepareploBOrO H3JIY4YEeHHS CO CTOPOHBI
PaIuodIEKTPOHHBIX MPHOOPOB. [10MyIPOBOIHUKOBEIE TPHOOPHI C BBICOKOYACTOTHOW OTPHIIATEIBHOM
NPOBOJAMMOCTBIO:  PE30HAHCHO-TYHHENbHBIC  JMOABI,  IPOJETHbIE  JTHOAbL.  [lIa3MeHHbIE
HEYCTOWYMBOCTH B IIOJIEBBIX TPAaH3UCTOPAX C BBICOKOW OIICKTPOHHOW NOABMKHOCTBIO U UX
UCIIOJIb30BaHKE JUIsl TCHEPAIMHU TePareprioBOro H3IyeHUs..

7. MexaHU4eCKUE CBOMCTBA MAaTEPUAIIOB.

Hanoanexrpomexannueckue cUCTEMBbI. 3MEHEHME MEXaHWYECKUX CBOWCTB MAaTepUalioB IIPU
mepexoge K HaHomacmTa0y. CoOCTBEHHBIE YacTOTHl KojeOaHWU  3aKpeIUICHHOW  OaliKu.
HanomexaHnueckne CUCTEMBI /ISl IETEKTUPOBAHUS BHICOKOYACTOTHBIX CUTHAIOB: yrpoieHaas RCL
— Mojienb. HanosnekTpoMexaHndecKkne CUCTEMBI Ha OCHOBE rpadena.

8. OCHOBBI XUMUU HaHOMAaTCpHaIoB.

Marepuansl Al XMMHUYECKHX CEHCOPOB. XHMMHUYECKas AaKTUBHOCTh HAHOMAaTapwioB M HX
IpUMEHEHMUs] I Karajnu3a. XHUMHUYECKHME CEHCOpbl Ha OCHOBE HAHOCTPYKTyp. I3meHeHue
JNIEKTPUYECKUX M OINTHYECKHX CBOWCTB HAaHOMATEpPHAJIOB INpU aAcOpPOLUMH 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)

VYenemHoe ocBoeHNE Kypca TpeOyeT MoCeIeH s 3aHsITUH U HaPsHKEHHOH CaMOCTOSITENIbHOW PadoThI
cTyaeHTa. B mporpamme Kypca ImpHBEI€HO MUHHMMAIbHO HEOOXOIMMOE BpeMs Ui paboThl CTyJACHTa
Hajx TeMoi. CamocTosTenbHas paboTa BKIIOYAET B ceosl:

— YTEHHE ¥ KOHCIIEKTHPOBAaHNE PEKOMEHOBaHHOW JIUTEPATYPhI;

— mpopaboTKy ydeOHOro marepuana (Imo y4eOHOH M HaydHOW JHMTEparype), MOATOTOBKY OTBETOB Ha
BONPOCHI, MNpENHA3HAUYEHHBIX [UIS CaMOCTOSTEIbHOIO M3YYEHHUsS, JI0Ka3aTeJIbCTBO OTACIbHBIX
YTBEPKIECHUM, CBOICTB;

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

— MOATOTOBKY K 9K3aMEHY.

PykoBOACTBO W KOHTPOJIb 32 CaMOCTOATENBHOM pabOTOH CTyJeHTa OCYIIECTBIsAEeTCS B Qopme
WHAWBHUIYaJIbHBIX KOHCYJIBTAIUM.

BaxxHo 1oOuThCcA MOHMMaHMS M3y4aeMOIo MaTepHaja, a He MEXaHHYECKOTo ero 3amoMuHaHus. [Ipu
3aTPyOHEHUN H3YYCHHUS OTACIBHBIX TEM, BOIPOCOB, CIEAYEeT OOpamaThCsi 3a KOHCYJABTAUSMH K
[IPENoJaBaTeo.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
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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 Ananusupyet 3aaady, BBIAEISSA 3Tallbl €€ PelIeHus,
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
ONMHMCAHMSI W MCCIEAOBaHHUA TIPOLECCOB M SABIEHUH B
COOTBETCTBYIOIUX HAYYHBIX 001aCTIAX

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

[MIK-4.3 CnocobeH 0060CHOBaTh NPUYUHHO-CIICACTBEHHBIE
OTHOIICHHS UCTIONB3YEMbIX TIOHITUH U MOJesei

2. Iloka3areim OLleHUBAHUS KOMIIEeTeHITHH

B pesynbrare W3y4eHUS JAUCIMIUIAHBI
00yJaronuiics JOmKeH:

3HATb:

«MarepuanoBeieH€ HaHOCTPYKTYPUPOBAaHHBIX MaTEpHAIIOBY

- 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:

- TEOPETHYECKHMMH  MOJEISMH,
HAaHOCTPYKTYPUPOBAHHBIX MaTe€pUasOB.

HCIOJIb3YyCMbIMU

JUISL OIIMCaHUsA (1)I/I3I/I"IGCKI/IX CBOICTB

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

C 1menpl0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpoC 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. O6ume mnpencraBieHHs 00 HM3MEHEHHWH CBOMCTB TBEPIBIX TeJN IPH IEPEeXofe OT Makpo- 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. O6mue mnpencraBieHus 00 W3MEHEHHHM CBOWCTB TBEPABIX TeEI

HaHOMacHTaly

npu rmnepexoac OT MaKpo- 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):
*  CHUCTEMaTU3UPOBaHHbBIC, IIyOOKHE M MOJHBIE 3HAHUS IO BCEM pasjenaM y4eOHOIl mporpammsbl, a
TaKKe 110 OCHOBHBIM BOIIPOCAM, BBIXO/SIINM 32 €€ MPEeibl;
. TOYHOE HCIIOJb30BAHWE HAYYHOM TEPMHUHOJIOTUM (B TOM YHWCIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;
*  Oe3ympedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW IWUCIUILTUHBI, yMEHHE ero 3(pQPEeKTHBHO
WCIOJIb30BaTh B IOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;
. BBIP@KEHHAs! CIIOCOOHOCTh CaMOCTOSITENIbHO M TBOPUYECKHU peIIaTh CIOKHBIE NpoOIeMbl B
HECTaHJAPTHOW CUTYyalUu;
*  TIOJHOE W DIIyOOKOE yCBOEHHE OCHOBHOW M JOTMOJHHUTENBHON IUTEparyphl, PEKOMEHJIOBAaHHOMN
y4eOHO mpoTrpaMMOi TUCITUTUINHEI,
* yMEHHE OPHUEHTHPOBATHCS B TEOPHAX, KOHLENIMIX U HANPaBICHUIX 0 U3y4aeMOW AMCLUUIUINHE U
JlaBaTh UM KPUTUUYECKYIO OLIEHKY, UCII0JIb30BaTh HAYUHbIE JOCTHXKEHUSI JPYTUX JUCLUIUINH;
*  TBOpYECKas CaMOCTOSTEIbHAs paboTa Ha MPAKTUYECKUX, JTaOOPAaTOPHBIX 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 HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BJIAJICHUE MHCTPYMEHTapueM Yy4eOHOW NUCLUIUIMHBI, yMEHHE ero 3(QQEKTUBHO HCIIOIL30BaTh B
MOCTAHOBKE M PELICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 331a4;

*  CHOCOOHOCTH CAMOCTOSATEIBHO M TBOPUYECKH peEIIaTh CIOKHBIE MpoOseMbl B HECTaHIAPTHOM
CUTyalud B paMKax Y4eOHOW MporpamMmbl, IOJHOE YCBOCHHE OCHOBHOW U JIOMNOJHU "TEIbHOM
JUTEpaTypbl, PEKOMEHIOBAaHHON Y4eOHOW POTpaMMO TUCTIUITITHBI;

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOMU
JTUCIUIUIMHE U 1aBaTh UM KPUTHUYECKYIO OLIEHKY;

*  caMOCTOsTENbHas padoTa Ha MPAKTUYECKHX, JaOOpaTOPHBIX 3aHITHUAX, TBOPUECKOE y4yacTHE B
IPYIIOBBIX 00CYKICHUAX, BBICOKUI YPOBEHb KYJIBTYphl HCIIOJTHEHHS 3aJaHuUil.

8 6amnoB — (IIOUYTU OTIIMYHO):

* CHCTEMaTHU3UPOBAaHHbIC, NNIyOOKHE M IOJIHBIC 3HAHUS 110 BCEM IMOCTABJIEHHBIM BOIIPOCaM B 00beMe
y4eOHON MpOrpaMMel;

*  HCHOJb30BaHUE HAYYHOH TEPMHUHOJIOTHMH, CTHIIMCTUYECKH TIPaMOTHOE, JIOTMYECKH NPaBUIBHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAHHbIE BBIBOJIBI;

* BIAJICHUE MHCTPYMEHTapueM y4eOHOH AMCIMIUIMHBI (METOJaMU KOMIUIEKCHOTO aHAJIN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE M PEUICHUU HAyYHBIX U
poQecCHOHAIBHBIX 3a/a4; CIIOCOOHOCTh CaMOCTOSTENIBHO peIIaTh CIIOXKHBIE MPOOJIeMbI B paMKax
y4eOHON MpOrpaMMel;

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJILHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHON NpOrpaMMoit
JUCLUIUIMHBL,

* yMEHHE OPHEHTUPOBATHCS B OCHOBHBIX TEOPHUSAX, KOHLEMLUSIX M HAMPABICHUAX MO H3Y4aeMOU
JUCLMIUIMHE W JaBaTh UM KPUTHUYECKYIO OLIEHKY C IO3ULUI rocydapCTBEHHOH wuieoioruu (o
JUCHUTUTMHAM COLUAIbHO-TYMaHUTAPHOTO LIKKJIA);

* aKTHBHAs CaMOCTOsTENIbHAs paboTa Ha MPAKTUYECKHX, J1a00PATOPHBIX 3aHATHUSIX, CUCTEMATHUECKOE
ydacTue B IPYIIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

7 6annos — (OYEHb XOPOILLO):

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

* HCII0JIb30BAaHKUE HAyYHOU TEPMUHOJIOIMHM (B TOM YMCJIE HA HHOCTPAHHOM SI3bIKE), IUHIBUCTUYECKU U
JIOTUYECKH MPAaBUIILHOE U3JIOKEHHE OTBETA Ha BONPOCH], YMEHHE AeNaTh 000CHOBAaHHBIC BHIBOJBL;

* BIIAQJICHUE MHCTPYMEHTapHeM y4eOHOW NUCLMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE U
pELIeHNU HAayYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;



*  YCBOCHHME OCHOBHOW W JIOTIONHUTEIHLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHON MpOrpaMMoit
JVCIUIUIAHBL;

*  yYMEHHE OpPHUEHTUPOBAThCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUAX IO H3y4acMOM
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;

*  camocTosTeNnbHas padoTa Ha MPAaKTUUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
00CYXIIEHUSIX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJHEHUS 3aJaHUH.

6 6ayoB — (XOPOILO):

* JIOCTaTO4YHO MOJHbIE U CUCTEMAaTU3UPOBAaHHBIC 3HAHUSI B 00beMe yueOHOH porpaMmbl;

*  HCIOJIb30BaHHE HEOOXOAMMOHN HAayYHOW TEPMHUHOJIOIHWHU, CTHIMCTUYECKH T'PaMOTHOE, JOTHYECKH
MPaBUWIILHOE M3JI0KEHUE OTBETA Ha BONIPOCHI, YMEHHUE JieNlaTh 000CHOBaHHBIE BHIBOIBI;

*  BIQJCHUE WHCTPYMEHTapueM Yy4eOHOH IMCLMWIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U NMPO(pECCHOHAIBHBIX 33a4; CIOCOOHOCTh CaMOCTOSTEIbHO IPUMEHATh THUIIOBBIC PEIICHUS
B paMKax y4eOHOH MporpaMMel;

* YCBOCHHE OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBAaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OPHUEHTHPOBATHCS B 0A30BBIX TEOPHUAX, KOHUEHIMAX M HANPABICHUSAX IO H3Y4aeMOM
IUCIMIIMHE M JaBaTh WM CPaBHUTEIBHYIO OICHKY; AaKTHUBHAas CaMOCTOsTelbHas pabora Ha
MPAaKTUYECKUX, JIAOOPATOPHBIX 3aHATHSX, MEPUOJUYECKOE y4YacTHE B TPYNIOBBIX OOCYKACHUSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUM.

5 6annos — (ITOYTU XOPOULIO):

* JIOCTarO4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTrpamMMBbl;

*  HUCIOJb30BAaHUE HAYYHOH TEPMHUHOJIOTMH, CTWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IPaBUIIBHOE
U3JI0KEHUE OTBETA HA BOIPOCHI, YMEHHUE JI€JIaTh BHIBODI;

*  BIQJCHUE WHCTPYMEHTapueM Yy4eOHOH IMCLUIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
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, KOHIEMUUSAX M HANpaBICHUSAX MO H3ydaeMOi
JUCLUUIUIMHE M JaBaTh UM CPaBHUTEIbHYIO OLEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIA0OPATOPHBIX 3aHATHSX, Y4acTHE B TPYMIIOBBIX
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

*  HUCIOJIb30BaHUE HAYYHOM TEPMHUHOJIOTMH, CTHIMCTUYECKOE U JIOTMUECKOE H3JI0KEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JEJaTh BBIBOJABI 0€3 CYIIECTBEHHBIX OMINOOK;

*  BIQJCHUE WHCTPYMEHTapueM y4eOHOH IMCLUIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
CTaHAAPTHBIX (TUIIOBBIX) 3a71a4;

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

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOM
JUCIUIUIMHE U 1aBaTh UM OLICHKY;

. pabora mox PYKOBOACTBOM IIPEMOJABATENsl HA MPAKTUYECKUX, JAOOPATOPHBIX 3aHITHX,
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;

*  HCIOJb30BaHUE HAYYHOH TEPMHHOJIOTUM, W3JIOKEHHE OTBETAa Ha BOIPOCH! C CYLIECTBEHHBIMU
JIUHTBUCTHYECKAMH U JIOTHYECKUMH OLIHOKAMU;

*  cnaboe BiaJeHHE HHCTPYMEHTApHEM Y4YeOHOW IMCLUIUIMHBI, HEKOMIIETEHTHOCTh B PEILICHUHU
CTaHAAPTHBIX (TUIIOBBIX) 3a71a4;

*  HEyMEHHE OpPHUEHTHPOBAThCS B OCHOBHBIX TEOPHUAX, KOHIEMIMSAX W HAMpPaBIECHUSX H3ydaeMou
JIHCIHILIAHDI,

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

2 6amta — (HEYVIOBJIETBOPUTEJILHO):

* (parMeHTapHbIC 3HaHUS B paMKax 00pa30BaTelbHOIO CTaHapTa;

. 3HAHHUSA OTJEJIBHBIX JINTEPATYpPHBIX MCTOYHHKOB, PEKOMEHIOBAHHBIX Yy4eOHOW mporpaMMoi
JVCLUUTUIHHBL,



. HEYMEHHE HCIIONb30BATh HAYYHYH0 TEPMHUHOJIOTHIO JUCIMILIMHBI, HAMYUE B OTBETE TIPyObIX
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. MeTonuveckne MaTepuabl, onpeneasione Npoueaypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJIbHOCTH

[lpu mpoBeneHnn sk3amMeHa oOyudaronemycsl npeaocrasisercs 30 MHHYT Ha ToAroToBKy. Ompoc
oOyyaromierocsi mo OusaeTy He JODKEH MPEBBINIATh ABYX ACTPOHOMHUYECKHX YAacOB B YCTHOHM M (WIIN)
MUCHMEHHOM (hopMe.



