MyuuuunaabHoe aBTOHOMHOE 06meobpasoBaTenbHoe yupexnenne «'amuazus Nely»
MYHHIHIAIbHOr0 00pasoBanus «ropoja Byrypycaan»

Pacemotpena
Ha 3acenanuu [[IMO
[Ipotokon Nel

ot «29» asrycra 2022 r.

Pykosomurens [IMO
T.A. Ucakosa

-

TO‘-IKA! rOoCTA

CorsnacoBana
3aMECTHTENb THPEKTOpa
1o y4yeOHo# pabote
MAOY «l'umuazus Nely

Q)

- KR 0t e

-
m
=

« IO aBrycra 2022 r.

MHH=562400925831, CHWI1C=04438943576,
E=0-mail56@mail.ru, C=RU, S=OpeH6yprckasi obnactb,
L=BYTI'YPYCINAH, O="MYHULUUMNANBbHOE
ABTOHOMHOE OBLLEOBPA30BATETIbHOE
YUYPEXOEHME "TUMHA3MA Ne 1™
MYHULMNANTBHOIO OBPA30OBAHUA " TOPOA
BYI'YPYCNAH™", G=Oner AnekcaHaposuy,
SN=Ky3bMuH, CN=Ky3bmuH Oner AnekcaHaposuy

A NOATBEPXKAA0 3TOT JOKYMEHT

2022-09-02 09:24:59

JONOJIHUTEJIbHASL OBIIEOBPA30BATEJBHAS [TIPOTPAMMA

«HAHOTEXHO.JIOI'51»

PaspaGorunk:

[[Tatunosa Huna Hukonaesra,
Y4HUTE]Ib MATEMATHKH H (H3HKH
MAOY «I'nmuasus Nel»

BbICIIEH KBATH()UKAHOHHOM KaTeropuu

Byrypycnan,2022 r



AHHOTANUA

JlomomHuTenpHas 001meoOpa3oBaTebHas 00Iepa3BUBAIOIIAs ITporpaMMa MporpaMmma st
yuamuxesd 11 kmacca «HaHoTexHOJOrus» HMEET €CTECTBEHHOHAY4YHYIO HAIIPaBICHHOCTb U
OpHUEHTHPOBAaHA HA CTAHOBJICHHE HAYYHOTO MHPOBO33PEHUS, OCBOCHHE METOJOB MO3HAHUSI MUpA.
3aHATUS CIIOCOOCTBYIOT Ppa3BUTHIO TI03HABATENBHOW AKTHUBHOCTH, YIUIYOJCHHUIO 3HAHUM,
COBEpIICHCTBOBAHMIO HABBIKOB MO ¢usuke. OOyuyaromiyecss ydarcs HaxXOAUThb W 0000LIaTh
HYXKHYI0O HH()OpPMaIUIO, JIeHCTBOBaTh B HECTaHIAPTHBIX CHUTYalMsX, paboTaTh B KOMaHJE,
MOJIy4al0T HAaBBIKM KPUTUYECKOTO BOCHPUATUS HWH(GOPMALMU, DPAa3BUBAIOT CIIOCOOHOCTh K
TBOPUYECTBY, HA0JI0IaTEIbHOCTh, JII0003HATEILHOCTD, N300PETaTEIbHOCTD.

[Iporpamma  «HaHoTexHOnOruUs»  COCTaBlieHAa B  COOTBETCTBUM ¢  DenepanbHbIM
roCy/1apCTBEHHBIM 00pa30BaTeIbHBIM CTAHIAAPTOM CpeIHEro o0Iiero oOpa3oBaHMsl U Ha OCHOBE
aBTOPCKOM MPOrpaMMsl AEKTUBHOIO Kypca «Hanorexnonorus» 1.B. PazymMoBcKoi.

Hanorexnonorus — onHa U3 Haubojee AMHAMUYHO Pa3BUBAOIIMXCS 00JacTell COBpeMEHHOU
¢bu3uky, 1o psaay npoOiieM TrpaHHyamas ¢ XuMued u Ouosnorueid. OIHOBPEMEHHO 3TO OCHOBA
HOBOM TEXHHUKH, YTO MO3BOJIIET TOBOPUTH 00 OUEPEIHON TEXHUYECKOW PEBOJIOLUU BO BCEX 00-
JacTSIX OKU3HENEATENbHOCTHM uyenoBeka. «I[lo MHOrmM mnporHozaM, HMEHHO pa3BUTHE
HaHOTexHoJorui onpeaenuT oonmuk XXI Beka, MOgOOHO TOMY KaK OTKPHITHE aTOMHOW SHEpPrHH,
n300peTeHne Jiazepa W TpaH3WCTOpa ompeaenuan obmmk XX crojerus». M3ydeHue OCHOB
HAaHOTEXHOJIOTUMA IMO03BOJSET MOATOTOBUTh HOBBIE IOKOJEHUS K OCO3HAHHOMY BOCIHPHUSATHIO
MIPUHLUIIAAIBHO U3MEHHBILIETOCS MOIX0/1a K CO3/JaHUI0 MAaTEPUAJIOB U yCTPOMCTB TeXHUKH X XI B.

AKTYaJIbHOCTb JJAHHOU [TPOrPaMMbl COCTOUT B CJIEAYIOLLIEM:

e Iporpamma Kypca «HaHOTeXHOJIOTHI» TO3BOJISIET YCTPAHUTh WH(POPMALIMOHHBIH TPoOe B
3HAHUAX OOyyaroumxcs, chopMUpOBaTh OoJiee BBICOKUN YPOBEHb €CTECTBEHHOHAYYHOM
IPaMOTHOCTH;

e IOMOTraeT GOPMUPOBATH Y 00YUAIOIINUXCS HABBIKK HAYYHO-HCCIEI0BATEIbCKOM 1eATeTbHOCTH;

e IPOBOJUT NPOPOPUEHTALIMOHHYIO pabOTy B IPUOPUTETHOM AJisi PO HanpaBieHuu.

IIporpamma peanusyercst B TeueHue 1 roga B o6béme 34 uacoB. 3aHATHS MpoBojsaTcs 1 pa3 B
HEIEIIO.

JlononHuTtenbHas o6ueoOpazoBarenbHas mnporpamMma «HaHoTexHOJOrMs» NpeaHa3HaueHa s
yuamuxcs 11 kiaccos.

IIporpamma BkiItOyaeT B ceOsi: MOSCHUTENBHYIO 3allUCKy, CTPYKTYpYy MpenMeTa, MecTo
nperMera B ydyeOHOM IUIaHE, IUJIAHMPYEMbIE Ppe3yibTaThl (JUYHOCTHBIE, METANpEAMETHBIE U
NpEeIMETHbIE JIOCTHXKEHUS Y4YalMXcCs), COJAep)KaHHe Yy4yeOHOro mpeaMera, TeMaTH4ecKoe
MJIAHUPOBAHUE, METOIMYECKOE U MH(GOPMAIITMOHHOE 00eCTICUeHHE.



1. HOSACHUTEJIBHASA 3AIINCKA
JononaurtenpHas obmeoOpa3oBarenbHas mporpamma «HaHOTEXHOJOTHS» COCTaBlIeHA B
cootBeTcTBUU ¢ PI'OC cpeanero odmero obpazoBanus Nel578 B pemakmmm ot 31.12.2015r.
Pabounii xaneHJapHO-TEMATUYECKUI IUIaH TPYIIIOBBIX COCTaBJIEH HAa OCHOBE I[POrpamMMbl
snektuBHOrO Kypca «Hanorexuosmorus» WM.B. Pasymosckoii.( Hanorexmomorums. 11 kimacc:
AJIEKTHBHBIC KypCHI : yaeOHoe mocobue / . B. PasymoBckas. - Mocksa: lpoda, 2009)

HanpagBiieHHOCTH IPOrpaMMbl

JononHutenbHass — oOmieoOpa3oBatenbHas mnporpamma  «HaHOTeXHOJIOTHS» — MMeEeT
€CTECTBCHHO-HAYYHYIO HAMPaBICHHOCTD.

[IporpaMMa OpHEHTHpOBaHA HAa CTAHOBJICHUE HAYYHOTO MHPOBO33PCHHS, OCBOCHHUE
METOJIOB TO3HAHUS MHUpA. 3aHATHS CIIOCOOCTBYIOT PAa3BUTHIO IMO3HABATEIHHOW AKTUBHOCTH,
YIIYOJICHHIO 3HAHWH, COBEPIICHCTBOBAHUIO HABBIKOB IO (u3mke. JleTH ydaTcsi HaXOAHMTh U
0000maTe HYXHYIO HH(pOpPMAIHIO, ACHCTBOBATH B HECTAHNAPTHBIX CHUTYaIUAX, padoOTaTth B
KOMaH/Ie, MTOJTy4aroT HaBBIKU KPUTUIECKOTO BOCTIPUATHS HH(DOPMAIIMH, Pa3BHBAIOT CIIOCOOHOCTh
K TBOPYECTBY, HaOIIOJaTEILHOCTD, JTF0003HATEILHOCTh, H300PETaTEIbHOCTD.

AKTYaJIbHOCTb NPOTrPaMMBbI

HanorexHonmoruss — oaHa w©3 HauOolee JWHAMUYHO pa3BUBAIOLIUXCS oOmacTeit
COBPEMEHHOW (DM3HKH, IO Py MpobIeM rpaHnvainas ¢ XumMuei u ononorueid. OTHOBPEMEHHO
9TO OCHOBA HOBOW TEXHHKH, YTO TO3BOJISIET TOBOPUTH 00 OUEPETHON TEXHUUECKON PEBOIOIHH
BO BCEX 00JaCTAX JKU3HEACATEIBHOCTH 4enloBeka. «Ilo MHOTMM mporHo3aMm, UMEHHO pa3BUTHE
HaHOTexHoJoruil onpeaenut ooauk XXI Beka, mo100HO TOMY KaK OTKPBITUE aTOMHOW SHEPTUH,
nu3o0pereHne jaszepa U TpaH3ucTopa ompenenunu obnuk XX cronerus». W3ydeHue ocHOB
HAaHOTEXHOJIOTUM IO3BOJISIET MOATOTOBUTh HOBBIE IOKOJEHUS K OCO3HAHHOMY BOCHPHSITHIO
MPUHIMIUAIBHO U3MEHUBILIETOCSA OAX0/1a K CO3JaHUI0 MAaTEPUATIOB U YCTPOUCTB TeXHUKH X XI
B.

AKTYaJlbHOCTh IaHHOM MPOrpaMMbl COCTOUT B CIIEAYIOLIEM:
o JlomonHuTenbHas 001eoOpa3oBarensHas nporpamma  «HaHOTEXHOJIOTHS MO3BOJISIET
yCTpaHUTh UHPOPMAIIMOHHBIN MTpoOes B 3HAHUAX o0yyarouuxcs, chopMupoBath 6osee
BBICOKHI YPOBEHb €CTECTBEHHO-HAYYHOUN IPaMOTHOCTH;
e moMoraet (OpMHUpOBaTh y OOyUaAIOUINXCS HaBBIKA HAYYHO-HCCIIEI0BATEIbCKON
JIeATEIbHOCTH;
e TPOBOAMT MPO(OPUEHTALMOHHYIO Pa0OTYy B IPUOPUTETHOM Jij1si PD HampasieHuu.

HoBu3Hna nporpammsl

HoBu3Ha mporpammbl 3akiioyaeTcs B TOM, 4YTO 3HAKOMHMT OOydYaroUIMXCS C
COBPEMEHHBIMH HayYHBIMU HCCIIEJJOBAHUSIMH, OTKPBITUSMHU B MPUOPUTETHOM aisi Poccuiickoit
HayK{ HalpaBJIEHUH — HAHOTEXHOJIOTUH, KOTOPOE BKIIIOYAET B ce0sl caMble HOBBIE IOCTHKEHHUS
bu3UKHN, XUMUH U OUOJIOTHH.

OTtiimunTebHbIE 0COOCHHOCTH NMPOTrPAMMBI:
e CTUMYJHUpPOBaHME Y4eOHO-HCCIIENIOBATEIbCKOW W MPOEKTHOM eATeNbHOCTH IIKOJIEHUKOB
e TmpeobnamaHue TBOpPYECKUX (opM paboTel, Omaromapss BemyIledl pOJHW TMPOSKTHONH U
UCCIIEI0OBATEIbCKON AEATENbHOCTH U OOYUYEHHUIO B COTPYIHUUECTBE
e BKJIIOUEHHE DJIEMEHTOB 3aHHMATEIbHOCTH B COYETAaHWHW C HAYYHOCTBIO, CO3Jaroliee
MOJIO’KUTEIBHYIO MOTHBAILIMIO K OCBOEHHUIO MaTEpHaa;
e co3aHue 0a3bl ISl OPUEHTALMU O0yJaIOUINXCSd B MUPE COBPEMEHHBIX Mpodeccuii;

IHeparoruveckas uesaecooOpPa3sHOCTb

[TporpaMMa COOTBETCTBYET 3afauaM, CTOSAIIUM Iepen oOydeHueM (QHU3UKe B CTAPIINX
KJlaccax CpeAHe IIKOJIBI, CIIOcOOCTBYET (POPMUPOBAHUIO LIEIOCTHOM KapTUHBI MUpa Ha Pa3HbIX
YPOBHSX PAa3MEPHOCTH (UINYECKUX CcHCTeM. M3yueHue NpoIeccoB CaMOOpraHH3alud MpU
(GbopMHpPOBaHUN HAHOCTPYKTYP M MPUMEPHI UCHOIB30BaHU OMOJIOTMYECKUX HAHOCTPYKTYpP Kak
3JIEMEHTOB TEXHOJIOTUU MO3BOJISIOT C €AMHBIX MO3UIMI paccMaTpUBaTh MPUPOAHBIE U UCKYCCT-



BEHHbIE HAHOCTPYKTYPBI, UTO CIIOCOOCTBYET (POPMHUPOBAHUIO OOIIEr0 HAYYHOIO MUPOBO33PEHUS.

Henn:
e (dopMHpOBaHHE IIEJTOCTHONH E€CTECTBEHHOHAYYHOW KApTHHBI MHpA C YYETOM JOCTH)KCHUU
HAyK{ ¥ TEXHUKH B 00J1aCTH HAHOTEXHOJIOTUH;
e yrinyOseHue 3HaHUK OCHOBHOTO Kypca (PM3MKH U TOBBIIICHWE HHTEPECA K €r0 N3YUEHHIO;
e (opMHpOBaHUE YMEHUS KOJUICKTUBHO PEIIATh IIOCTABJICHHbIE 3a/1a4H;
e ($opMHpOBaHNE INYHOCTHBIX M METanpeIMeTHbIX Y'Y /1;
e mnpoOyXkaeHHe uHTepeca Yy OO0ydalolmuMxcs K MCCIEJOBaTEIbCKON IEATENIbHOCTH U
WH)XEHEPHOW paboTe B 00J1aCTH HAHOTEXHOJIOTHIA.

3agaun:

Oo0pa3zoBaTteinbHbIE:
e MpuOOpEeTEeHHE Yy4YallUMHCS 3HAaHUI: O BIMSHUM DPAa3MEPOB ATOMHBIX CTPYKTYp Ha HX
¢u3uveckue CBOMCTBA; 0 KOHKPETHBIX HAHOCTPYKTYpPax M MEPCHEKTHBAX WX HCIIOJIB30BAaHUS B
COBPEMEHHOM TEXHHKE; O COBPEMEHHBIX METOAAaX HAOMIOACHUS OTAEIbHBIX AaTOMOB M
MaHUIYJIUPOBAHUS OTAEIbHBIMM aTOMAMU; O JOCTMIKEHMSIX M IEPCHEKTUBAX HCIOJb30BaHUS
HAaHOTEXHOJIOTUM B TEXHMKE, OMOJIOTUM, MEIUIMHE, BBIYMCIUTEIbHONM TEXHUKE; 00 HCTOPHH
Pa3BUTHSI HAHOTEXHOJIOTUU U HAYYHOH J1€ATEIbHOCTH CO3/1aBaBIIUX €€ YUEHBIX;
e mpuoOpeTeHHe 00IIey4YeOHBIX yMEHMI: paboTarh co cpeacTBamMu uHpopmanuu (y4yeOHOM,
CIIPaBOYHOM, HAYYHO- MOMYJSPHON JTUTEPaATypou, CPeACTBAMHU JIUCTAHIIMOHHOTO OOpa30BaHMUI,
TeKylel HaydyHol nHpopmanueld B IHTepHeTe); TOTOBUTh COOOLIECHUS U JOKJIAAbI, OPOPMIIATH
UX ¥ TPEACTaBIATh, 0000IIAaTh 3HAHWA, IOJNYYCHHbIE NpPU HM3YYCHHH (QHU3UKH, XUMHUU W
OMOJIOTHH; HCHOJIB30BaTh TEXHUUYECKHE CpPEeACTBAa OOyYeHHUs U CpeJCTBa HOBBIX HMH(pOpMaIu-
OHHBIX TEXHOJIOTHi; y4acTBOBaTh B AUCKYCCUU;
e (opMHpOBaHUE TNPEACTaBICHUN 00 MCIOJIB30BAHUU PA3JIMYHBIX (U3UYECKUX CBOICTB U
OCOOEHHOCTENl HAHOCTPYKTYp B COBPEMEHHOW TEXHHMKE, pOJIM SKOHOMHUYECKOTO M D3KO-
JIOTMYECKOr0 (paKTOPOB; O POJIU KOMIIBIOTEPHOI'O MOJAEIMPOBAHUS B CO3JAaHUU HOBBIX CTPYKTYD
U MaTepUaJIoB;

PassuBaromme:
e pa3BUTHE y yyalIMXCs (PYHKIMOHAIbHBIX MEXaHU3MOB MICUXUKHU — BOCIPUSTHS, MBILUICHHUS,
pedn, a TakKe THUIOJOTMYECKUX W HWHAMBUAYAJIBHBIX CBOMCTB JIMYHOCTH: HWHTEPECOB,
CIIOCOOHOCTEH, B TOM UHCIIE TBOPUYECKUX, CAMOCTOSATEIbHOCTH, MOTUBALIMH.

BocnurbiBawoiue:

BOCIIUTaHHE HAYYHOI'O MUPOBO33PEHMS U 3CTETHUECKOE BOCIIUTAHHUE;
OcHoOBHBIC TUAAKTHYECKHE IPHHIUIIBI Kypca:
e [[pyHIMI IEIEHANPABIEHHOCTH peHIaeTcsd IMYTEM KOMIUIEKCHOTO pPAa3BUTUS MOPAIBHO-
BOJIEBBIX, KOMMYHHUKAIIMOHHBIX KayeCTB JIMYHOCTH; pELIEHUS 3aJad HpPaBCTBEHHOTO,
ACTETUYECKOT0, YMCTBEHHOT'O Pa3BUTHS CTApIIMX IIKOJIBHUKOB.
e [lomuTexHUUECKNH  NPUHIUI IIPOSIBIISIETCS. B MEXKIIPEIMETHOW CBA3M C IpeIMeTaMHu
pa3IUYHBIX 00pa30BaTENbHBIX 00JIACTEH.
e [IpuHIMI TPHUPOAOCOOOPA3ZHOCTH MPOSBISAETCS B MPEIOCTABIEHUU O0OydaroImuMcs IMpaBa
BbIOOpa 33/JaHUsl U CIOCO0a BBINOJIHEHUS 3aJaHUs B COOTBETCTBUU C TIOJOM, MHTEpECaMH,
NOTPEOHOCTSIMU, COLTUAIBHBIMU CBSI3SIMHU.
e [IpyuHIMN B3aMMOJEUCTBUS U COTPYIHUYECTBA AETEH U B3POCIBIX HAXOIUT CBOE MPOSBICHUE
B NPUHATHH YCIOBHM COBMECTHOW OpraHu3alui y4eOHOW IesTeIbHOCTH, CaMOCTOSTENLHOM
nooope TeMbl cooO1IeH N, PopMbl pabOTHI HA 3aHATHH.
e [IpuHIMN MPOYHOCTHU peanu3yeTcs yepe3 €AUHCTBO 00pa30BaTEIbHOIO, BOCIUTATEILHOTO U
pasBuBatoIiero 3pdexra o0yueHus.
e [IpuHIMI CUCTEMHOCTH NPOSBISETCA B Pealn3allii TEXHOJIOTHI 37J0pOBbecOepeKeHHs pU
OCYILIECTBIIEHHMH 00pa30BaTEIBLHOTO MpoIecca.
e [[pyHIMI CO3HATEIBHOCTH M AKTUBHOCTU 3aKJIIOYAETCSl B aKTMBHOM OBJIAJICHUM CTapIIUMU
LIKOJIbHUKAMH 3HAHMSAMHM M YMEHMSMHM HAa OCHOBE HMX OCMBICIICHHs, IPUMEHEHHs B IIpoOLEcCe
KOMMYHHUKAIIUH CO CBEPCTHUKAMHU.

MeTon0I0THYECKYI0  OCHOBY — ITPOTPAaMMBI yueOHoro kypca «HanoTtexHomorus»
COCTABIIAIOT: TPEJICTaBlIeHUs] O BooOpakeHMH Kak mporecce (A. B. Ilerposckmii, M. T.



Apomenckuii, B.I', Kazakos, JI. JI. KonaparbeBa), Kak CHCTEeMHOW CIEIHPUICCKOIN
nesitenbHocTr (JI. JI. Cromsipenko, b. M. TemnoB), cucremusiii moaxon (B.I1.becnanbko);
cyobekTHO-nesTenbHOCTHRIM  moaxon  (C.JLPyounmreitn, I .M.Illykuna, T.W.IllamoBa),
MOJIOKEHHUSI 00 YIPaBICHUH MPOIeccoM (OPMHUPOBAHHSI M PA3BUTHUSL JTHYHOCTH TOCPEICTBOM
CO3JIaHMs TEJAarOTHYECKUX YCIOBUNM B 00pa30BaTENbHOM YUPEXKIECHUHU, CO3IAHHS CUTYyalluu
yenexa (I.K.Cenesko, H.E.lllypkoBa, A.H.Tybennsckuii, E.A.SIMOypr, A.O.3BepeB, A.C.benkun

u ap.).

ApecaTt nporpaMmmbl
ITporpamma «HaHoTexHonorus» npeaHasHadeHa Juis yyamuxcs 11 xkiaccoB. Copepxanue
pPOrpaMMbl ONMUPAETCS HA 3HAHUA, OJyYEHHBIC YUAlIUMUCS MPU U3YYCHUU (DU3UKHU, XUMUU U
OMOJIOrMH B OCHOBHOM IIKOJIE.
Cpoxu peanm3anuv NporpamMmbl
[Tporpamma peanusyercs B TedeHue 1 roga B 00béMe 34 gacoB. 3aHATUS POBOASITCS 1
pa3 B HEJIEIo.
DopMbI U PEKUM 3AHATHH
[Ipu mpoBeneHuN 3aHATHIA 11eeco00pa3Hbl Takue GOpMbI 00YUEeHHsI, KaK JEKIUH (BBOIAHbBIC
K paszjgenaMm), CEeMHUHApbl, CaMOCTOSTENbHAas paboTa ydyamuxcs (KOJJICKTHBHAS, TPYIIOBasd,
WHAUBUAYyallbHAsA), KOHCYJIbTAIlMHM. Y4Yallluecs CaMOCTOSTENIbHO HaXOAAT HH(OpMaIuio Ams
JIOKJIQJIOB M COOOIICHUH, MOIOUPAIOT U pedepupyroT TEKCTH U3 y4eOHOU, HaydYHO-TIOMYISIPHOM
JIUTEepaTyphl, caliToB MHTepHETa, KOMIBIOTEPHBIX OOYYaIOIIMX MPOTrpamMM, BBIOMPAIOT COOT-
BETCTBYIOIIMN WIIOCTPAaTUBHBIN MaTepuan. KpoMme nmucbMEHHOro MpeicTaBieHUsl TOKIAl0B U
COOOIIEHNH BO3MOXKHO HMX TpEJCTaBI€HHEe B BUAE OOIIEro mpoekTa. YpOBEHb ca-
MOCTOSITEJIBHOCTH PU OCYIIECTBIEHUU ITON JEATEIbHOCTH YUALUMUCS U XapaKTep MOMOILHU CO
CTOPOHBI YYMTEJS BapbUPYETCS B 3aBUCHUMOCTH OT HMX MOATOTOBIEHHOCTH M CJIOXHOCTHU
MaTepuaia.

Teopemuueckue 3ansimusi IIpakmuueckue 3ansmus
(ypounas,  6HeypouHas, (YpOUHASA, 6HEYPOUHAS, BHEUWKONbHAS):
BHEUKOIbHASL)
v" Becembl v TBOpUECKHE TPOCKTHI
v CooOreHust v’ UccreioBarelibckue paboTsl
v TIpocmotp u o0CyxIeHne v [pe3eHTanuu
BHJIEOMaTEpHaa

v' Jluckyccus

OcHoOBHbBIE METO/JAbI U TEXHOJIOI'MU.

Memoovl  nposedenus  3auamuil: Oecema, caMoOCTOSATEILHAS pabora, 3amuTa
HCCIIEIOBATENLCKUX padOT, MUHHU- TPOCKTHI, KOHCYIbTAIIHSI.
Memoowt  KoHmpons: 3alUTa MCCIEAOBATENbCKUX paboOT, Mpe3eHTalus, MHHHU-

KOH(EpeHIHs, HayYHO-HUCCIeIOBaTeNIbcKasi KOH(EpeHIus, ydacThe B  WHTEIUICKTyalbHBIX
KOHKYpCaXx, OJIMMITHA aX.

TexHO0JI0THH, METOTUKM:

ypoBHeBas AuddepeHnnanms;

npobieMHOe 00ydeHue;

MO/JICIIUPYIOIIAs A TEITHHOCTD;

MIOUCKOBAs 1A TEIbHOCTD;

WH(POPMAIIMOHHO-KOMMYHUKAIIMOHHBIE TEXHOJIOTHH;

pOoOJIEMHO — CUTYallMOHHBIM METOSI;

METOJTbI MOTHBAITUN M CTUMYJIUPOBAHUS;

METOJ 00y4aronero KOHTPOJIs, B3AMMOKOHTPOJISI U CAMOKOHTPOJIS;
3/10poBbecOeperaroe TeXHOIOTHH

LU



[InanupyemMble pe3y/bTaThl U CIIOCOOLI ONpPe/ie/ieHUs UX Pe3yIbTATUBHOCTH

JIMYHOCTHBIE Pe3yJbTATHI 00yUYeHUsI

Yyamuics Q0JKeH:

UCIBITHIBATH!

e YBAXKEHHE K OKPYXKAIOIUM - IMPH3HABATh IPABO KaXKJOIO0 HAa COOCTBEHHOE MHEHHE U
MPUHUMATD PELICHUS C YYETOM MO3UIIMIA BCEX YYaCTHUKOB;

e  CaMOYBaXXE€HHUE M 3MOLMOHAJIbHO-II0JIO)KUTEIBHOE OTHOIIIEHUE K ce0e;

[pU3HABaTh:

e IIEHHOCTb 3/I0POBbsI (CBOETO U OKPYKAIOIIHX );

e  HEOOXOAMMOCTbH CAMOBBIPAKEHHUSI, CAMOpEATH3AIIH;

OCO3HABaTh:

e  TOTOBHOCTH (WJIM HETOTOBHOCTH) K CAMOCTOSITENIbHBIM MOCTYIIKaM M JEHCTBUSAM, MPUHITHIO
OTBETCTBEHHOCTH 3a UX PE3YJbTAThI;

e TOTOBHOCTHh (WJII HErOTOBHOCTH) OTKPBITO BBbIpaKaThb W OTCTAaUBaTh CBOIO MO3UIUI0 U
KPUTHUYHO OTHOCUTHCS K CBOUM MOCTYIIKaM;

MIPOSIBIIATH!

e  J100pOXKENaTeabHOCTh, JIOBEPUE W  BHUMATEIBHOCTb K  JIIOJSIM, TOTOBHOCTb K
COTPYIHUYECTBY U JIpYxO€, OKa3aHUIO MOMOIIY HYXIAIOIIUMCS B HEM;

e  YCTOWYMBBIM I103HABATEIbHBIH MHTEPEC, UHULIMATUBY M JIIOOO3HATEIBHOCTh B H3yYEHUH
MUpa BEIIECTB U PEaKIIUii;

e  IIEJEYCTPEMJIEHHOCTh U HACTOWYMBOCTb B JOCTUKEHHUH LI€JI€H, TOTOBHOCTb K MPEOI0JICHUIO
TPYIHOCTEH;

e yOSXIEHHOCTh B BO3MOXKHOCTH TIO3HAHUS HPUPOJIBI, HEOOXOIUMOCTH Pa3yMHOTO
MCIIOJIb30BaHUs JOCTUKEHUIM HAYKH U TEXHOJOTHH JIJIsl pa3BUTHSI OOIIECTBA;

YMETb.

e  YCTaHABIMBATH CBSI3b MEXAY LENbI0 WM3YYCHHUS HAHOTEXHOJIOTMA M TeM, IJI1 4Yero OHa
OCYIIECTBIISIETCS.

MeTtanpeaMeTHBIMH pe3yJIbTATAMH M3Y4YCHHS Kypca sIBJISIIOTCH:

e YMEHHE CaMOCTOSITEIbHO IUJIAaHUPOBaTh IYTH JOCTUXKEHUS LeJed, B TOM 4HCIe
JIbTEpHATHUBHBIE, OCO3HAHHO BBIOMpaTh Hanbosee 3¢ (hekTuBHBIE CIOCOOBI pelIeHus] y4eOHBIX U
MO03HABATEJIbHBIX 33/1a4;

e YMEHHE COOTHOCUTb CBOU JEWUCTBHA C IUIAHUPYEMBIMU pE3YJIbTaTaMH, OCYILIECTBIISTH
KOHTpPOJIb CBOEH JESATENIbHOCTH B MPOLECCE JOCTHXKEHUS pe3ysbTara, ONpeAeNsiTh CIOCOObI
JIecTBUI B paMKax MpesIOKEHHBIX YCIOBUI U TpeOOBaHUM, KOPPEKTUPOBATh CBOM JECUCTBUS B
COOTBETCTBUU C U3MEHSIOIICHCS CUTYallUEH;

e YMEHHME OLIEHUBaTb MpPAaBUIbHOCTh BBINOJHEHUS y4eOHOW 3ajgaud, COOCTBEHHbIE
BO3MO>KHOCTH pEIICHNUS;

e BIAJICHHE OCHOBAMHU CAMOKOHTPOJISI, CAMOOLEHKH, IPUHATUSA PELICHUM MU OCYILECTBICHUS
OCO3HAHHOTO BBIOOpA B y4eOHOM M TTO3HABATEIHLHOM eI TEILHOCTH;

e YMEHHE OIpeNeNsiTh TMOHATHUSA, CO37aBaTh OOOOLICHMs, YCTaHABIMBATh AaHAJOTHH,
KJIaCCU(UIIUPOBATh, CAMOCTOSITENILHO BBIOMPATh OCHOBAHUS U KPUTEPUU NS Kiaccuukaiuu,
YCTaHABIMBAaTh IPUYUHHO-CIEJCTBEHHBIE CBS3H, CTPOMTH JIOTMYECKOE  pacCyKICHHE,
YMO3aKJIIOUE€HUE U JIeTaTh BBIBObI;

e YMEHHE OpraHU30BBIBATh Yy4eOHOE COTPYIHHUYECTBO M COBMECTHYIO JESTEIBHOCTh C
YUHTEJIEeM U CBEpCTHUKAaMU; paboTaTh MHIMBUIYaJIbHO U B TPYIIE: HAXOIUTh oOllee pelieHrue u
paspemiate KOH(IMKTHI Ha OCHOBE COTJIAaCOBAHUS MO3UIMIA; (OPMYIUPOBATH, ApTyMEHTHPOBATh
U OTCTauBaTh CBOE MHEHHUE;

e YMEHHE OCO3HAaHHO HCIOJIb30BAaTh PpEUYEBBIE CPEACTBA B COOTBETCTBUUM C 3ajadyel
KOMMYHMKAIIUM I BBIPQKEHHUS CBOMX MBbICIEH, IUIAHUPOBAHUS M PETYJSIUU  CBOEH
JESATENILHOCTH; BIIAJIETh YCTHON M MUCbMEHHOM pe4bl0, MOHOJIOTHYECKON KOHTEKCTHOH peyblo.
IIpenmeTHble pe3yJIbTaThl H3yYeHHS Kypca:

oO1ure pe3ynbTaThl U3y4eHHs npeaMeTHON o0nactu «EcTecTBEeHHbIE HAYKI»:

o (opMHpOBaHUE IETOCTHON HAYYHOW KaPTUHBI MUPA;



e T[IOHMMaHHE BO3PACTAIOUICH PpOJIM E€CTECTBEHHBIX HAYK M HAaY4YHBIX MCCJIEIOBAaHUN B
COBPEMEHHOM MHpE, IOCTOSIHHOTO TIpoliecca HBOJIOLUMM HAay4HOrO 3HAHUS, 3HAYUMOCTHU
MEKTYHapOAHOTO HAYYHOT'O COTPYAHUYECTBA;

e OBJAJICHHE HAYYHBIM MOJX0JIOM K PEIICHUIO Pa3IMYHbIX 33724,

e OBJQJACHHE YMEHHUSAMH (OPMYIHpPOBATH THUIMOTE3bl, KOHCTPYHUPOBaTh, IPOBOJIUTH
HKCIIEPUMEHTHI, OLICHUBATh MOJIYY€HHbIE PE3YJIbTATHI;

e OBJIQJICHUE YMEHHEM COIOCTABJIATH SKCIEPUMEHTAJIbHbIE W TEOPETUYECKHUE 3HAHUS C
00BEKTUBHBIMU PEATUSIMH JKU3HU;

e BOCIIMUTAHHE OTBETCTBEHHOTO M OE€PEKHOTO OTHOIICHHS K OKPYKAIOIICH cpefie;

e (dopMmupoBanne yMeHUW Oe3omacHOro W AIPPEKTUBHOTO HCIIOIB30BAHUS JIA0OPATOPHOTO
000pyIOBaHUs, TPOBEICHHUS TOYHBIX M3MEPEHUH H aJCKBAaTHOM OIICHKH IOJYYCHHBIX
pe3yibTaTOB, TMpPEACTaBICHUS HAY4YHO OOOCHOBAaHHBIX apPryMEHTOB CBOMX JI€HCTBH,
OCHOBAHHBIX Ha MEXITPEJIMETHOM aHAJIM3€ YUCOHBIX 3a/1a4;

YaCTHBIC PE3YNIbTaThl U3yUeHUs yueOHOTo npeameTa «Du3uKay:

e (opmupoBanue mnpeacTaBiaeHUH O (GU3HYECKUX OCHOBAaX HAHOTEXHOJIOTHH: MacmTadbax
HAaHOMHUPA, OCHOBHBIX IPEICTABICHUIX KBAHTOBON MEXaHHMKH, OCHOBHBIX THUIAX U YHUKAIbHBIX
CBOMCTBAaX HAaHOCTPYKTYP, METOJAX UX MOJTYYEHUS U UCCIIEIOBAHMS;

e (dopMHpOBaHWE YMEHUW YCTAaHABIMBAThL CBSI3W MEXKIY pEATbHO  HAOJIOTaeMbIMU
(GU3HMYECKUMHU SIBJICHUSIMH M TIPOLIECCAMU, IMPOUCXOAIIMMHA B MHUKPOMHUPE W HAHOMHPE,
OOBSICHATH TPUYUHBI PA3INUMs CBOMCTB BEIIECTB, 3aBUCHUMOCTh CBOMCTB OT COCTaBa U CTPOCHUSI,
a TaK)Ke€ 3aBUCUMOCTh TPUMEHEHUS BEIIECTB OT UX CBOWCTB;

Ilocie n3yvyenust Kypca yqyauuecsi J10JKHbI:

3HaTh (Ha YpPOBHE BOCIPOU3BEACHUS) OTIIMUYUTENIbHbIE OCOOCHHOCTH HAaHOCTPYKTYP B IIEJIOM
Y OCHOBHBIE NMPUMEPHI TPUPOIHBIX U CUHTE3UPOBAHHBIX HAHOCTPYKTYP; OCHOBHBIC JTOCTUKEHUS
U TIEPCIICKTUBBl MPUMEHEHHS HAHOTEXHOJIOTHH B JJIEKTPOHHUKE, OMOJOTHH, MEAHUIIMHE, OXpaHEe
OKPY’KaIOIIEH Cpebl; MCTOPUIO PA3BUTHUsI HAHOTEXHOJOTHMU; MMEHA M OCHOBHBIC HAy4HbBIC
JIOCTH>KEHUS YUEHBIX, CAEJIABIIMX CYIIECTBEHHBIN BKJIAJ] B €€ pa3BUTHUE;

NMOHUMATH POJIb HAHOTEXHOJOTHMH B LEJIOM B KU3HEAECATEIBHOCTH 4enoBeka B XXI B.;
MPUHIIMIIAATIBHOE BIMSHUE Pa3MEpOB HAHOYACTHUIl Ha MX (PU3NYECKHE CBOWMCTBA; MEPCIEKTUBBI
TaK Ha3bIBAEMOTO  «MOJICKYJSIPHOTO JH3aifHa», BKIIOYAIOMIETO HAHOCTPYKTYpPHI  Kak
HEOPraHMYECKOTO, TaK U OPTaHMYECKOT0 U OMOIOTHYECKOTO MPOUCXOXKICHUS;

yMeThb paboTaTh CO CpecTBaMu WH(OPMAIMHU, B TOM YHCII€ KOMITBIOTEPHBIMH (YMETh UCKATh
U oTOMpaTh MHPOPMAIUIO, CUCTEMATU3UPOBATh U KOPPEKTUPOBATh €€, COCTABIIAThH pedepaTsl);
TOTOBHUTH COOOIIEHUS U JIOKJIAJbI U BHICTYNATh C HUMH; YYaCTBOBATh B JUCKYCCHUSX; 0QOPMIISITH
COOOIleHUsT W JOKJIaAbl B TMHCHBbMEHHOM M JJIEKTPOHHOM BHJE, MOAOUpaTh K JIOKJIalaM,
coo0IIeHusIM, pedepaTam WLTIOCTPATUBHBIA MaTepual U KOPPEKTUPOBATH €TO.



2. COIEPXAHHUE HEOFPAMMLI C YKA3BAHUEM d>Olf'M OPI'AHUM3AIIUU YUEBHBIX
3AHATHUHU, OCHOBHBIX BUIOB YUYEBHOU JESATEJIBHOCTH
«HaHOTEeXHOJI0T U

Ne
H/I

HaunmeHoBaHue pa3esioB
H TeM

Koa-Bo
4acoB 110
nporpamme

B Tom

qucie
Teopus /
NPaKkTHKA

®opma
3aHATHH

Dopmbl
aTTecTaluu
(KOHTPOJIs)

Buasbl yuebHoii n
MO3HABATEJIbHOM
JesITeJIbHOCTH.

Ilonsarue o
HAHOOOBEKTAX U
HaHOMaTepHalax

5

2,5

2,5

TEOPETUUYECKOE
3aHATHE,
ceMUHap

CooO1eHus,
[Ipe3eHTalN

3HaKOMSTCS c
OCHOBHBIMH
MMOHATHSIMH B 00JIaCTH
HAHOTEXHOJIOTHA.
VY3HaoT 0 nopsake
pa3MepoB
HaHOOOBEKTOB.
PaccmarpuBarot
OPUYMHBL  PA3BUTHUS
HaHOTEXHOJIOTHUH, TpU
stana HTP.

[IpuBoasaT npUMeEpHI
3HAYMMBIX COOBITHH B
pa3BUTUHU
HAHOTEXHOJIOTHH.

9KCHepI/IMCHT8.J'II>HBIe
METOJbI — «TJjiaza» u
«I1aJIbIbI»
HaAHOTCXHOJIOIT'NH

1,5

1,5

TEOPETHYECKOE
3aHATHE,
CceMUHap

CooO1ienus,
[pe3eHTalu

3HaKoOMSTCA C
TYHHEJIbHBIM

s dexToMm n
IPUHLIUIIOM pabOThI
CKaHHPYIOLIETO
TYHHEJIbHOTO
MHUKPOCKOIIA.
[IpuBOoasAT IpUMeEpHI
UX IPUMEHEHHUS.
VY3HaT yCcTpOUCTBO
aTOMHOTO CHJIOBOTO
MHUKPOCKOTIA,
MarHUTHOTO CHJIOBOTO
MHUKPOCKOIIA U
ONTUYECKIO
MHUKpPOCKOIIa
OJIM)KHETO 1O,
ONTUYECKOTO U
MarHUTHOTO
HUHIIETOB.

VYyarcs BbIpaxkaTh
CBOM MBICIIH.
PaGorarot B rpynmnax
10 NTOMCKY U
o0paboTke
uHpopMaluy, ¢
MOCIIEAYIOIUM
IIPEJICTaBICHUEM
pe3yabTaTOB PabOTHI.

OyinepeHsl U
HaHOTPYOKHU

TEOPETHIECKOE
3aHATHE,
CEeMHHAp

Coo0mieHus,
MIpe3eHTAIUN

3HaKOMATCS C
0COOEHHOCTSIMU
YTIIEPOIHBIX

HAHOCTPYKTYD,
OCHOBaMH




TYHHEJIbHOU
MUKPOCKOIIHH,
CBOMCTBaMH,
criocodamu
BBIpAIIUBAHUS U
PUMEHEHUEM
HaHOTPYOOK.

VYuyarcs BbIpaKaThb
CBOU MBICIIH.
PaboraroT B rpymmax
10 TIOUCKY U
obOpaboTke
uHpopmanuu, ¢
HOCIETYIOIUM
IpeCTaBICHUEM
pe3yabTaTOB PaOOTHI.

MarsuTHbIC KJIIaCTCPbI
1 MaroHuTHBIC
HaHOCTPYKTYPbI

1,5

1,5

TEOPETHIECKOE
3aHATHE,
ceMHuHap

CooO1ienus,
MPE3CHTAINN

3HaKOMSATCS C
MAarHUTHBIMU
KJIacTepaMu Ha
OCHOBE JKeJIie3a U
Maprasiia,
OCOOCHHOCTSIMU KX
MAarHUTHBIX CBOMCTB
(«me30ockonuyecKue
MarHuThI»). Y3HAIOT
00 UCIOJIb30BaHUHU
MAarHUTHBIX
KJIACTEPOB B
3allOMHHAOLIUX YCT-
pOMCTBaxX C BEICOKOH
INIOTHOCTBIO 3aIIMCH
uH(pOopMaLnu.
[IpuBoasT npumepsl
MAarHUTHBIX
HaHOKJIAaCTEPOB B
MeIUIIHHE.

VYyatcs BbIpaxathb
CBOH MEBICIIH.

HanomemOpans! u
BTOpUYHbBIE
CTPYKTYpbI Ha UX
OCHOBE.
Hanomnposoioku

TEOPETUYECKOE
3aHATHE,
CEMHUHApP

CooO1ienus,
MIpe3eHTAIUN

VYuyarcs BeIpaxaTb
CBOM MBICITH.
PaboraroT B rpymnmnax
IO TTOWCKY |
obOpaboTke
nHpopmanuu, ¢
HOCIETYIOIUM
MIPEICTaBICHHEM
pe3yabTaTOB pabOTHI.

KBanTOoBBIE TOUKH,
MOJYIIPOBOTHUKOBBIE
CBEpPXPEIIETKH

1,5

1,5

TEOPETHIECKOE
3aHATHE,
CEMHUHAp

CoolmieHus,
Ipe3eHTAlNU

VYyarcs BbIpaxkaTh
CBOU MBICIIH.
PaGorator B rpynmnax
10 TIOUCKY U
o0paboTke
uHpopMauy, ¢
HOCIETYIOIUM
NpeACTAaBICHUEM




pe3yabTaTOB PabOTHI.

@DOTOHHBIE KPUCTAILIBI
- ONTHYECKHE
CBEPXPELIETKH

TEOPETHYECKOE
3aHATHE,
CEeMHHAp

Coo01eHus,
MPE3CHTAINN

Yuyarcs BbIpaKaTh
CBOU MBICITH.
PaGoraroT B rpymmax
10 TIOUCKY U
obpaboTke
uHpopmanuu, ¢
HOCIETYIOIUM
IpeCTaBICHUEM
pE3yJIBTaTOB PaOOTHI.

KoHncomuaupoBaHnHbie
HaHOCTPYKTYPBI

1,5

1,5

TEOPETHIECKOE
3aHATHE,
ceMUHap

CooO1ienus,
[IPEe3CHTALINN

W3y4aioT MpUHIIMIIGI,
TEXHOJIOTHH U
METOJUKU CO3TaHUS
TPEXMEPHO
YIOPSA0YEHHBIX
CTPYKTYp u3
HAaHOOOBEKTOB.
VYyarcs BbIpaKaTh
CBOH MBICIIH.
PaGorator B rpynnax
0 MOUCKY U
obOpaboTke
uHpopmanuu, ¢
MOCIETYIOIUM
pe/ICTaBICHUEM
pe3yabTaTOB paOOTHI.

HanoTtexHomnorus B
OUOJIOTUH U MEIUIINHE

2,5

2,5

TEOPETUYECKOE
3aHATHE,
CEMHUHApP

CooO1ienus,
MPE3CHTAIUN

3HAKOMSITCS C
MOHSITUEM
HaHOPOOOTOB B
OpraHU3Me YeJIoOBeKa
VY3HaKT 0 TKaHEBOM
WHXXEHEPHUH.
IIpencrasmnsror
pe3yabTaThI
MPOEKTHBIX U
HCCIIeI0BATEIHLCKUX
pador.

PasBurtne
HAaHOTEXHOJIOTUH B
Poccnn n npyrux
CTpaHax MHpa

0,5

0,5

TEOPETHIECKOE
3aHATHE,
CEMHUHAp

CooOmeHus,
MIPE3EHTAUN

Brisgsisior
OmKaIe
TIePCIIEKTUBBI
pa3BUTHUSA
HAHOTEXHOJIOTHUH B
P® u B Mupe.
[IpencraBnsitor
pe3yabTaThl
MMPOEKTHBIX U
HCCIICA0BATEIbCKUX
pabor.




Conep:kanue nporpaMmmbl
11 kaace (1 gac)
«HaHoTexHOJI0THD»
IlonsiTHe 0 HAHOOOBEKTAX U HAHOMATepPHaIaX
(59

HanocTpykTypsl — OOBEKTBI, MPOMEXKYTOUHBIE MEXKIY MOJIEKYJIaMH U MaKpPOCKOIMYECKUMU
tenamu. Ilpumepsl NpUpOAHBIX U CHHTE3UPOBaHHBIX HaHOCTPYKTYp (JAHK, wactumsl mpupoaHbix
IJIUH, QyIJiepeHbl, MarHUTHBIE KIacTepsl U Ap.). OCOOeHHOCTH (PU3MUECKUX CBOMCTB HAHOCTPYKTYP,
CBsI3aHHBIE C UX pa3MepaMu (pa3mepHblil 3¢ ¢exT). Ponb noBepxHocTH. [IposBiIeHNs] KBaHTOBBIX (-
¢dexroB. HoBast napaaurma rnosy4eHust MaTepUalioB COOPKOM «CHU3Y BBEPX».

HanoTtexHomoruss — ocHoBa TeXHMKH Oyaymiero. IlepcrnekTuBBI CO3aHUS U MCIIOJIB30BAHMS
MaTEpUajoB, CUCTEM M YCTPOMCTB €O CTpyKTypod B HaHomaciutabe. Ilonsartue o mponeccax
CaMOOpraHu3alMyM M HX poiib (camocOopka) B (OpMUPOBaAHMM HAHOCTPYKTYp. Konuenuus
Jlpekciepa: HAHOPOOOTHI U KX CAMOBOCIIPOU3BOJICTBO.

IKCNEePUMEHTAJIbHbIC METOAbI —
«ry1a3a» " «aJblbD> HAHOTEXHOJIOTUH
(3 9)

TynHenpHBIA YPPEKT U MPUHIMT pabOTHl CKAaHUPYIOWIETO TyHHeIbHOro Mukpockomna (CTM).
Ucropus cozganus CI'M. YcerpoiictBo CTM. [Ipumepsl ux npuMeHEHUSI.

Atomubiii cunioBoil Mukpockon (ACM). Ilpunuun pa®oTel, yCTPOHCTBO, PEXHUMBI PaOOTHI.
Omnpenenenne wmeronoM ACM  CTpYKTypbl HpPHUPOJIHBIX M HMCKYCCTBEHHBIX HaHOOOBEKTOB.
ManunynupoBanue ¢ nomouipo ACM oTAeIbHBIMA aTOMAaMHU.

MarHuTHbIM CHUJIOBOII MHUKpPOCKON M €ro BO3MOXKHOCTH. ONTHYECKUH MMKPOCKOI OJIMKHEro
110JIs1, IPEOA0JIEHUE TUPPAKIIMOHHOTO npeena. OnTUYecKuii 1 MarHUTHBINA TUHIIETHI.

®dyJiiepeHbl 1 HAHOTPYOKH
(44)

Uctopust otkpbiTHs ¢ymiepeHoB. CTpoeHHMe UM OCOOEHHOCTH D3JEKTPOHHOM CTPYKTYpBHI.
VYraeponHble HaHOTPYOKH. DysiepeHbl U YIiepoiHble HAaHOTPYOKH — HOBas ajuIOTpoIiHas (opma
yraepoaa. MeToipl oJIy4eHus yIiepoIHbIX HAHOTPYOOK.

3aBUCUMOCTh  DJIEKTPUYECKMX CBOWCTB  YIVIEPOAHBIX HAHOTPYOOK OT UX  CTPOCHHS.
Hcnonb3oBaHue yriaepoAaHbIX HAHOTPYOOK B HAHOAJIEKTPOHUKE (reTepornepexoi, AMUCIUIEH u mp.).
CBepXIpoBOIUMOCTh HAHOTPYOOK.

Teopernueckas TPOYHOCTb TBEPABIX TEI M BBICOKONPOUHbIE MaTepuanbl. [IpoyHOCTh
YIJIEPOAHBIX HAHOTPYOOK, MEPCIEKTUBBI UCIIOIB30BAHUS X MEXaHUUECKUX CBOMCTB.

Heyrneponnbsie HaHOTPYOKH, OCOOEHHOCTH UX CTPYKTYpPHI U cBOMCTB. HaHOKOHTEMHEpH! Ha Oaze
¢ymiepeHoB M HaHOTPYOOk. IlepcrneKTHBBI HMX HCHOJb30BaHUS B OHOJIOIMH W MEAMLUHE.
MHorocnoitHbie HAHOTPYOKH.

[TpuMeHeHNne HAaHOTPYOOK B KaueCTBE BECOB, KAHTUIJIEBEPOB U TIp.

MarnuTHble Kj1acTepbl H MATHUTHBIE HAHOCTPYKTYPbI
(34)

MarHuTtHble Ki1acTepbl Ha OCHOBE JKejle3a M MapraHiia, 0COOEHHOCTH MX MarHUTHBIX CBOMCTB
(«Me30CKONMYECKHEe MarHUTh»). MarHUTHBIE KIacTephbl U 3allOMUHAIOLINE YCTPOMCTBA C BBICOKOM
IJIOTHOCTHIO 3aKCH HH(OpMaLIUK.

CynepnapamarHeTus3M. SIBIeHHE TYHHETMPOBAaHHS MarHUTHOTO MOMEHTa B (peppOMarHUTHBIX
HaHouacTHIaXx. HaHomaTtepuansl ¢ 3(P¢GEKToM T'MTaHTCKOIO MAarHUTHOTO — CONPOTHUBIICHUS
(MarHUTHBIE MYJIBTUCIION), UX UCIOJIb30BAHME JUIA 3alIUCH M YTeHus uHpopmaruu. Mcnonb3oBanue
MarHMTHBIX KJIACTEPOB, U30JUPOBAHHBIX BHYTPU HAHOTPYOOK.

[TpMeHEeHre MarHUTHBIX HAHOKJIACTEPOB B MEAUIIVHE.

Hanomem0paHbl 1 BTOPUYHBbIE CTPYKTYPbI
Ha ux ocHoBe. HaHonpoBoJioku
2w
Hcnionb3oBanue YCKOPCHHBIX HWOHOB [JISI TMOJYYCHHUSA TPCKOBLIX IMOJIUMCPHBIX HaHOMeM6paH;
MIPUMEHEHUsI HAHOMEMOpaH.



[ToydyeHne ¢ TIOMOIIBIO AJICKTPOJIM3a BTOPUYHBIX CTPYKTYP — HAHOIPOBOJIOK. MarHuTHoe
COIIPOTHBIIEHUE B HAHONPOBOJIOKAX M HAHOMOCTHKax. HaHONpoOBOJOKM (HAaHOHUTH) Ha OCHOBE
JIPOMKKEBBIX OCITKOB.

KBaHTOBBIE TOUKH,
MOJIYyNIPOBOTHMKOBBIE CBEPXPEIIeTKH

()
Camocbopka repMaHUEBbIX «IIHPaMU». KBaHTOBBIE KOMITbIOTEPBHI, KyOUTBI.
[TonynpoBOIHUKOBBIE CBEPXPEIIETKA — HOBBIM THUI MOJXYNPOBOJAHUKOB. KOMIO3ULIMOHHBIE U

JIETUPOBAHHbBIE CBEPXPEIIECTKHU, UX UCIIOIb30BaHue. OTpUIIATEIBLHOE AIEKTPOCONPOTUBIICHHUE.
DOTOHHbIE KPUCTAJIBI —
ONTHYECKHE CBEePXPelIeTKH
(44)

JudpakimonHas penieTka Kak oqHoMepHast GOTOHHAs CTpyKTypa. KauecTBeHHOE mpeicTaBieHre
o audpaxkuy Ha ABYMEPHOU M TpeXMepHOH (POTOHHOU CcTpyKType. «30HHask TEOpHs» It (POTOHOB:
(hOTOHHBIEC TPOBOIHUKH, H30JISITOPHI, TOTYITPOBOJIHUKH U CBEPXIIPOBOTHUKH.

[lepcnexkTuBbl TIpUMEHEHUsT (OTOHHBIX KPUCTAJJIOB ISl TMOCTPOCHHS JIa3€pOB HOBOT'O THIIA,
ONTHYECKUX HMHTETPAIbHBIX CXEM, XpaHCHHs W Tepenadyd uHbopmaruu. Vcropus co3maHus
uccienoBanus GOTOHHBIX KpUCTALTIOB. KitacTepHas cBepxpemieTka omnaia.

[IpruMmeHeHue IparoleHHbIX KaMHENH B KBAHTOBBIX ONTHUYECKUX TexHomorusx XX—XXI BB.

KoHcomuaupoBaHHble HAHOCTPYKTYPbI
()

Hanouactunsl u kiactepel MeTauioB. Marudeckue uucna. [lonstue o ¢QpakranpHOU
pa3MepHOCTH. MeTrami-oju- MEpHblE HAHOKOMIIO3UTBHI, HAHOCTPYKTYPHBIE TBEP/bIE CIUIABBI,
HAHOCTPYKTYPHBIE 3aIIUTHHIE MIOKPBITUS U TIP.

HanoTtexHoJiorusi B 0M0JI0TMM U MeIHIIUHE
(S 9)

Hcnonp30BaHne CKaHUPYIOLIEH MUKPOCKOIUU ISl UCCIIEOBAHUS MUKPOCKOITMUECKUX CTPYKTYP
U TIpoLeCCOB B OMojoruyeckux cucremax. HaHopoOOThl B opranusme yenoBeka. HaHoakTroaTopbl
(HAaHOMOTOPBI), UCTIOIB3YIONINE OMOJOTUYECKHE HAHOCTPYKTYpHI. TKaHeBas WH)KeHepus (co3gaHue
O6uosiornyeckux TkaHei). Hanorexnonmorust msrorosnenuss JJHK-uumnoB u pacmmdppoBka reHoMoB
yenoBeKka M pacTteHuid. HaHoTexHomoruss M oxpaHa OKpyKaroleil cpelbl (HAaHOCTPYKTYPBI C
uepapxXu4eckoil camMocOOpKOM A afcopOIMM aTOMOB TSKENBbIX METaUIOB, HAHOMOPUCTHIE Ma-
TepHaJIbl ISl OYMCTKH BOJIbl, HAHOCEHCOPHI U TIP.).

Teopusi 1 KOMIIBIOTEPHOE MO/ICTUPOBAHHUE
HAHOCTPYKTYP
(1)
Pa3putne Hanorexnosnoruu B Poccum u Ipyrux crpanax mupa

1)



3. ®OPMbI ATTECTAIIUM U OHEHOYHBIE MATEPHAJIbBI

Pabora yuamuxcs 1mo mpelcTaBICHHOMY KypCy OLIEHHMBAeTCs B KOHIIE NEPBOTO M BTOPOTO
MOJIYTO/IAS C YYETOM aKTUBHOCTH, KaueCcTBa COACpX)aHUS M O()OpPMIICHUS JOKIAJI0B, BEICTYIUICHUN B
JMCKYCCUSX, TIOJrOTOBIIEHHBIX HATJISAHBIX MaTEPUaJIOB.

Tembl 10KJ12/10B U pedpepaToB

1. WcTtopus pa3BUTHUSI HAHOTEXHOJIOTUH, OCHOBHBIE TAIIbI.

2. YcrpoiictBo ACM, neMoHcTpaius n300paKeHU aTOMHBIX CTPYKTYp, oJydeHHbIX Ha ACM
(TOBEpXHOCTh KPEMHHSI; «3arOH JIJIsl CKOTay, IEMOHCTPUPYIOIIHMM BOJIHO BYIO IPUPOAY JIEKTPOHOB HA
MOBEPXHOCTU MEJU U AP.).

3. 30HHAas CTPYKTypa YIJIEPOIHBIX HAHOTPYOOK M UX JIEKTPUYECKHUE CBOMCTBA.

4. Ucnonp3oBaHue OWOJIOTMYECKUX OOBEKTOB TMPU IMOJYy YEHUH HAHOCTPYKTYp U
HaHOJBUTATEIICH.

5. HoBble METO/IbI 3aMMCH U CUUTHIBAaHUS HH(POPMAIIMH Ha OCHOBE HAHOTEXHOJIOTHH.
Hanocencopbl — JOCTHKEHHS M TIEPCTICKTUBHI.

HobGeneBckue naypeatsl B 00J1aCTH HAHOTEXHOJIOTHH.
KBanToBbie 3 PeKThI B HAHOCTPYKTYpaX.
HoBas mapagurma nomydeHusi CTpyKTyp U MaTepHalioB «CHU3Y BBEPX).

© 0N

4. OPTAHU3AIIMOHHO - IEJAT'OI'MYECKHUE YCJIOBUSA PEAJIM3ALIUU
INPOI'PAMMBI

Opeanuzayuonnvie:

v/ NIpeIBapuUTEIbHYI0 CAMOCTOATEIBHYIO MOATOTOBKY IEIarora B YaCTH CO3/IaHMs MPe3eHTAIMiI
1 ToAOOPOK BHIEOMaTepHaa.

Mamepuanvhvie:

v/ IIpOBeJEHUE 3aHATHI B KIACCHBIX KOMHATaX, COOTBETCTBYIOIMX TpeOboBanusM CanlluH;

v/ HamM4Ke pa3nYHbIX HCTOYHUKOB HH(POPMAIIHH;

v/ HaJIM4Ke BHIXOJa B HHTEPHET.

JlononHuTtenbHas yyeOHas TuTepaTypa Ipy IpOBEIeHUH Y4eOHOro MOAYIs Kypca He TpeOyeTcsl.

CpencrBa o0yueHust

Craiiibl (IMaI03UTHBHI).

['padmueckue WITIOCTPALIUH.

Caiitel B IHTEpHETE, pacnieyaTKy CaiToB.

Hayuno-nonyinspHas nureparypa.

JlunakTrueckue MaTepHalbl.

YueObHukH 110 HU3NKe, XUMUHU, OUOJIOTHH IS CTAPIINX KJIACCOB CPETHEH IIKOJIBI.



TEMATHYECKOE INIAHAPOBAHME 11 KJAcC (34 YAcCA)

«HAHOTEXHOJIOT Us1»
Ne Tema 3ausiTus Conep:xanue KouuyectBo | B Tom uncie ®opma Hara Hara
4acoB no 3aHTHl no miany | ¢gakr.
NporpaMme | Teopust NPAKTHKA
IlonsiTHe 0 HAHOO0ObEKTAX U HAHOMAaTepuaJax (54)

1. HanocTpyKkTypshl. HaHoCTpyKTYphl — OOBEKTHI, IPOMEKYTOUHBIE | 1 0,5 0,5 Teopernuec
MEXIy MOJICKYJIaMU M MAKPOCKOTTUYECKIUMH KOe
tenamu. [Ipumepsl IPUPOAHBIX U 3aHsTHE,
CUHTE3UPOBAaHHBIX HaHOCTPYKTYp (AHK, pabora B
YaCTHULIBI MPUPOJIHBIX TJIHH, (QyIJIEPEHBI, rpynmnax
MarHuTHBIC KJIACTEPHI U JIp.).

2. dusznueckue OcobeHHOCTH (PU3NYECKUX CBOWCTB HAaHO- 1 0,5 0,5 Teopernuec
CBOWCTBa CTPYKTYp, CBSI3aHHBIC C UX pa3MepamMu KOe
HAHOCTPYKTYD. (pa3mepnblii 3¢ dexT). Porb moBepXHOCTH. 3aHSTHE,

[TposiBneHust KBaHTOBBIX (P PEKTOB. pabora B
rpynmnax

3. HoBas  mapaaurma | HoBasi mapagurma moxy4eHust MaTepuaioB 1 0,5 0,5 Teoperuuec
MOJTy4eHUs CcOOPKOI «CHH3Y BBEPX). KOe
MaTepHajoB 3aHSTHE,
cObopxoii «CHHU3Y paboTa B
BBEPX). rpynmnax

4. Hanorexnonoruss — | HaHOTE€XHOJIOTHSI — OCHOBA TEXHUKH 1 0,5 0,5 Teopernuec
OCHOBa TEeXHUKH | Oymymiero. [lepcreKkTHBEI co3IaHus U KOe
Oymy1iero. UCIIONIb30BaHUsI MaTepUasIoB, CUCTEM U 3aHsTHE,

YCTPOMCTB CO CTPYKTYpOI B HAaHOMAcIITa0e. pabora B
rpynmnax

5. ITonsarue o | [lonsiTie 0 mporeccax caMOOpraHU3aIul U UX 1 0,5 0,5 Teopernuec
mporueccax poJib (camocOopka) B pOpMUPOBAHUH KO€
caMOOpranu3anuu | | HaHocTpykTyp. Konnenuus Jpekcnepa: 3aHATHE,
ux poIb B | HAHOPOOOTHI U UX CAMOBOCIIPOU3BOJICTBO. pabora B
dhopmMupoBaHUN rpynmnax
HAHOCTPYKTYD.

Konnemnmusa
Hpexkciepa.




Ne Tema 3anusiTus Conep:xkanue KouauyectBo | B Tom uncie ®opma Hara Hara
4acoB mno 3aHTHH 10 IVIa”Hy | ¢akrT.
NporpamMmme | Teopusi NPAKTHKA
JKCNepUMeHTATbHbIE METOAbl — «IJ1a32» U «MAJblLbD» HAHOTEXHOJI0ruM (3 1)

6. TyHHenbHBIN TynHenpHbIN 3P PeKT 1 mpUHIUIT PaOOTHI 1 0,5 0,5 Teopetnuec
3¢(deKT U MPHUHLMI | CKAHUPYIOIIETO TYHHEIbHOTO MUKPOCKOIA Koe
paboThI (CTM). Uctopus coznanus CI'M. YcTpoiicTBo 3aHsTHE,
CKaHUPYIOLIETO CTM. IIpumMepbl UX TPUMEHECHUS. pabora B
TYHHEJIBHOTO rpymmax
MHUKPOCKOIIA.

7. ATOMHBIN  CHIJIOBOH | ATOMHBIH critoBoit Mukpockor (ACM). 1 0,5 0,5 Teoperuuec
MHUKPOCKOTI. [Tpunumn paboTsl, yCTPOHCTBO, PEKUMBI Koe

pabotsl. Onpenenenue merogom ACM 3aHsTHE,
CTPYKTYpbI IPUPOIHBIX U UCKYCCTBEHHBIX paboTta B
HaHOOOBEKTOB. MaHUTYJIMPOBAHUE C TOMOIIBIO rpymmax
ACM oTnenbHBEIMU a@TOMAaMH.

8. MarauTHsbII MarauTHbIN CHIIOBOM MUKPOCKOIT U €r0 1 0,5 0,5 CeMHHAp,
CHJIOBOM BO3MOXXHOCTH. ONTHYECKUIT MUKPOCKOI paboTta B
MHUKPOCKOTI. OJIVMHKHETO TIOJISL, TIPEOI0JICHHE rpymmax

JUQpaknoHHOrO mpeaena. ONTHYecKui 1
MarHUTHBIN IUHIETHI.
@ynepeHbl H HAHOTPYOKH (4 u)

9. OynnepeHs u | Ucropus otkpeitust QymnepeHoB. CTpoeHne u 1 0,5 0,5 Teoperuuec
yTJIepOHbIE 0COOEHHOCTH 3JIEKTPOHHOM CTPYKTYPBHI. KOe
HAHOTPYOKH Yrneponusie HaHOTPYOKH. DyITepeHs! u 3aHATHE,

yTJIepOJHbIE HAHOTPYOKH — HOBAsl aJuIOTPOII- pabota B
Has Gopma yriepoaa. MeTobl MOTydeHHs rpymnmax
YIJIEPOJHBIX HAHOTPYOOK.

10. | DaekTpuyeckue 3aBUCHMOCTH JIEKTPUICCKUX CBOWCTB 1 0,5 0,5 Teoperruec
CBOHCTBa YIJIEPOJHBIX HAHOTPYOOK OT MX CTPOCHHUS. Koe
YIIEPOTHBIX Hcrionp30BaHne YTIepoIHBIX HAHOTPYOOK B 3aHATHE,
HAHOTPYOOK HAHORJIEKTPOHUKE (reTeponepexoi, AMCIUIed U pabora B

p.). CBepXNpoBOAMMOCTh HAHOTPYOOK. rpymnmax

11. | Mexanuueckue Teoperuueckas IPOYHOCTh TBEPABIX TN U Teoperuuec
CBOMCTBA BBICOKONIPOYHBIE MaTtepuainsl. [IpounocTs KO€
YTJIEPOHBIX YIJIEPOJHBIX HAHOTPYOOK, MEPCIIEKTUBHI 3aHATHE,
HaHOTPYOOK MCIOJIb30BAaHUSI UX MEXAaHHUUECKHUX CBOWCTB. pabora B




Ne Tema 3anusiTus Conep:kanue KouauyectBo | B Tom uncie ®opma Hara Hara
4acoB mno 3aHTHH 10 IVIa”Hy | ¢akrT.
nporpamMmme | Teopusi NPAKTHKA

rpymnmnax

12. | Heyrnepoansie Heyrnepoanbie HaHOTPYOKH, 0COOEHHOCTH HX 1 0,5 0,5 Teoperuuec
HaHOTPYOKH U UX CTPYKTYpBHI U cBOMcTB. HaHOKOHTElHEpH! Ha KO€
CBOMCTBA. 0aze QymiepeHoB U HaHOTPYOOK. [lepcrieKTHBEI 3aHsTHE,
ITpumenenue UX UCMOJIb30BaHUS B OMOJIOIMH U MEJUIIMHE. pabota B
HaHOTPYOOK. MHorocnoiiHble HAaHOTPYOKH. rpynmnax

[TpumeHeHne HAaHOTPYOOK B KaueCTBE BECOB,
KaHTUJIEBEPOB U 1P
MarHuTHbI€e KJIACTEPbl H MATHUTHbIE HAHOCTPYKTYPHI (34)

13. | MaruuTHbIE MarsuTHBIE KIacTephl HA OCHOBE XKeJe3a U Teopernuec
KJacTeppl M MX | Maprasua, o0COOEHHOCTU UX MarHUTHBIX CBOWCTB Koe
CBOICTBA. («Me30CcKONMYECKre MarHUThI»). MarHuTHbIe 3aHsTHE,

KJIacTephbl M 3aIIOMHUHAIOIINE YCTPOICTBA C pabota B
BBICOKOM IJIOTHOCTBIO 3alMCH HH(OPMALIHH. rpynnax

14. | MaruuTHble CynepnapamarHeTusm. SIBineHue Teoperuuec
MYJBTUCION M HUX | TYHHEIMPOBAHHUS MArHUTHOTO MOMEHTA B Ko€e
HCIIOJIb30BaHNUE. (beppoMarHuTHBIX HaHOYacTUIax. Ha- 3aHsTHE,

HOMaTtepuaibl ¢ 3h(HEKTOM rMraHTCKOTO pabora B
MarHUTHOTO CONPOTHUBIICHUS (MArHUTHBIE rpymnmnax
MYJIBTUCIION ), UX UCIIOIb30BAaHUE JIJIS 3AITUCH U

yreHus uH}opmarun. Vicnonbp3oBanue

MarHMTHBIX KJIACTEPOB, U30JUPOBAHHBIX BHYTPU

HaHOTPYOOK.

15. | IIpumenenue [IpymMeHeHre MarHUTHBIX HAaHOKJIACTEPOB B ceMHHap,
MarHUTHBIX MEIULIMHE. pabora B
HAHOKJIACTEPOB B rpynmnax
MEIMIIMHE.

HanomemOpaHbl H BTOPHYHBIEC CTPYKTYPBI Ha uX ocHOBe. HanonpoBosioku (2 4)

16. | [HomumepHsbie Hcnonb30BaHne yCKOPEHHBIX HOHOB JUIS Teopetnuec
HaHOMEMOpaHbI ¥ UX | MOJYYEHHS TPEKOBBIX MOJUMEPHBIX Koe
HCII0JIb30BaHNUE. HaHOMeMOpaH; MpUMEHEHHsI HAaHOMEMOpaH. 3aHATHE,

pabora B
rpymnmnax

17. | HanonpoBosioku u | [TomydeHue ¢ mOMONIBIO SJIEKTPOIH3a Teopernuec




Ne Tema 3anusiTus Conep:xkanue KouauyectBo | B Tom uncie ®opma Hara Hara
4acoB mno 3aHTHH 10 IVIa”Hy | ¢akrT.
nporpamMmme | Teopusi NPAKTHKA

HAaHOMOCTHKHU. BTOPUYHBIX CTPYKTYp — HaHOIIPOBOJIOK. KOe
MarHuTHOe CONPOTHUBICHUE B HAHOIIPOBOJIOKAX 3aHATHE,
Y HaHOMOCTHKax. HaHOmpoBOJIOKM (HAHOHUTH) pabora B
Ha OCHOBE JIPOAOKEBBIX OEJIKOB. rpynmnax
KBaHTOBBIE TOYKH, OJYNIPOBOIHUKOBbIE CBepXpemieTkH (3 1)

18. | CamocOopka CamocOopka repMaHUEeBBIX «ITHPAMHI. 1 0,5 0,5 Teoperuuec
repMaHHUEeBbIX KBaHTOBBIE KOMIIBIOTEPBI, KYOUTHI. KO€
«ITUPAMUIY. 3aHATHE,
KBanToBbIE pabota B
KOMITBIOTEPHI, rpymmax
KYOHTBI.

19. | HomynpoBoauukoBsl | [TomyrpoBOIHUKOBBIE CBEpXPEIIETKA — HOBBIA | 1 0,5 0,5 Teopetunuec
€ CBEpPXPELIETKH — | THUII HOJIYIPOBOJHUKOB. Koe
HOBBIN THII 3aHsTHE,
HOJTYIIPOBOIHUKOB. pabota B

rpymmax

20. | Kommno3zurmonnsie 1 | KOMIO3UIIMOHHBIE U JIETUPOBAHHBIE 1 0,5 0,5 Teopernuec
JIETUPOBAHHEIE CBEpXpEIIeTKH, UX HCIoNb30Banue. OTpu- KOe
CBEpPXPEIIETKH, UX LATEJIbHOE 3JIEKTPOCONPOTUBIICHHE. 3aHATHE,
WCIIOJIb30BaHHUE. pabora B

rpymnmnax
@oTOHHBbIE KPUCTAJLIBI - ONTHYECKHE CBepXpenieTKH (4 4)

21. | JudpakunonHas JudpakumoHnHas pemerka Kak 0JJHOMEepHas 1 0,5 0,5 Teopetnuec
pemeéTKa KaKk ¢doronHas cTpykTypa. KauectBeHHOE KOe
OJTHOMEpHas npejcTaBiIeHne o AMPpakuy Ha ABYMEPHOU U 3aHATHE,
dboToHHAs TpeXMepHOU (DOTOHHOM CTPYKTYpeE. pabora B
CTPYKTYpa. rpymnnax

22. | «3oHHas  Teopus» | «30HHAS TEOpUs» s GOTOHOB: (POTOHHBIE 1 0,5 0,5 Teopetnuec
111 POTOHOB. MPOBOTHUKH, U30JIATOPBI, TOTYIPOBOJHUKH U Koe

CBEPXIIPOBOTHHUKH. 3aHATHE,
pabora B
rpymnmax




Ne Tema 3anusiTus Conep:xkanue KouauyectBo | B Tom uncie ®opma Hara Hara
4acoB mno 3aHTHH 10 IVIa”Hy | ¢akrT.
NporpamMmme | Teopus NPAKTHKA
23. | ®oroHHbBIE [TepcnekTHBBI TPUMEHEHUS! (POTOHHBIX 1 0,5 0,5 Teopetnuec
KPUCTAIBI U WX | KPUCTAJUIOB JJIsi IOCTPOEHUS J1a3epOB HOBOT'O Koe
MIPUMCHCHHE. THUIIA, ONTUYECKUX HWHTETPAILHBIX CXEM, 3aHSTHE,
XpaHeHus U nepefadu nHpopmauu. Mcropus pabora B
CO3IaHUS U UCCIICIOBaHMS (POTOHHBIX rpymnmnax
kpuctayyioB. KiactepHas cBepxpenieTka onarna.
24. | IlpumeHeHue [IpuMeHeHue aparoreHHbIX KaMHel B 1 0,5 0,5 Teopernuec
JParoueHHbIX KBAHTOBBIX ONTUYECKUX TeXHOJIOTusAX XX—XXI KOe
KaMHen B | BB. 3aHsTHE,
KBAaHTOBBIX  OITH- pabora B
YEeCKUX rpynmnax
TEXHOJIOTUSAX XX—
XXI BB.
KoHcouaupoBaHHbIe HAHOCTPYKTYPHI (3 4)
25. | Hanouactuusl u HaHovacTHIlbl U KJTacTephl METAJLIOB. 1 0,5 0,5 Teopernuec
KJIaCTepHl METAJLJIOB. KOe
3aHsTHE,
pabora B
rpynmnax
26. | Maruueckue uncna. | Marudeckue yucina. [loHsTre 0 GppakTambHOMi 1 0,5 0,5 Teoperrnuec
[Tonstue o pa3MepHOCTH. KOe
(dbpakTanbHON 3aHATHE,
Pa3MEpPHOCTH. paboTa B
rpynmnax
27. | KoncomunupoBanusl | KoHconuaupoBaHHble HAHOCTPYKTYpbI .Metami- | 1 0,5 0,5 Teopetnuec
€ HAaHOCTPYKTYPHI. MOJTN- MEPHBIC HAHOKOMITO3HTHI, KOe
HAHOCTPYKTYpPHBIE TBEP/IbIE CIUIABHI, 3aHsTHE,
HAHOCTPYKTYPHBIC 3aIUTHBIC IIOKPBITHS U TIP. pabora B
rpynmnax
HanoTexHos10THs1 B OM0JIOTUH ¥ MeauIuHe (5 1)




Ne Tema 3anusiTus Conep:xkanue KouauyectBo | B Tom uncie ®opma Hara Hara
4acoB mno 3aHTHH 10 IVIa”Hy | ¢akrT.
nporpamMme | Teopusi MPaKTHKA

28. | Hanorexnonorus B | Mcnonp3oBaHue CKaHUPYIOUIEH MUKPOCKOIIUN 1 0,5 0,5 Teopetnuec
ouonoruu u JUISL HCCIIEIOBAHNSI MUKPOCKOTTHYECKUX KOe
MEIUIHE. CTPYKTYP U MPOLIECCOB B OMOIOTMYECKUX 3aHATHE,
Ckanupyrormas cucTeMax. pabora B
MHUKPOCKOTIHSI. rpymnmax

29. | HanopoGoTsl u Hanopo6oTsI B opranmu3me 4eaoBeKa. 1 0,5 0,5 Teopetrnuec
HAaHOMOTOPBI. HanoakTioaTopsl (HAHOMOTOPBHI), KOe

UCTIONB3YIONINE OMOIOTUYECKHE 3aHATHE,
HAHOCTPYKTYPHIL. paborta B
rpymnmax

30. | TkaneBas TkaHeBas HHKEHEPHS (CO3/IaHHE 1 0,5 0,5 Teopernuec
VH)KEHEpUs OMOJOrNYECKHUX TKaHEN). Koe

3aHsTHE,
pabora B
rpynmnax

31. | Hanorexuomorus Hanotexnonorus u3roropnenus [JHK-uumnos u 1 0,5 0,5 Teoperuuec
nzrorosnenus JJHK- | pacmm¢ppoBka reHOMOB 4eI0BeKa U pacTeHUH. KOe
YHITOB H 3aHATHE,
pacudpoBka pabota B
T€HOMOB YeJIOBEKA U rpymnmax
pacTeHUN.

32. | HanotexHonorus u | HaHOTEeXHONIOTHS M OXpaHa OKpyxKaromei cpeasl | 1 0,5 0,5 Teoperuuec
OXpaHa (HaHOCTPYKTYpBI C HEPAPXUUECKOM KOe
OKpYJKarole cpe- | caMocOOpKOM JJIst aCOPOITUU aTOMOB TSKEITBIX 3aHSTHE,
bl METaJIOB, HAHOIIOPUCThIE MAaTePUAIIbI JUIs pabora B

OYHMCTKH BOJIBI, HAHOCEHCOPHI U TP.). rpymmax
Teopusi M KOMIIBIOTEPHOE MOJICJIMPOBAHNE HAHOCTPYKTYP (1 9)

33. | Teopus u Teopust 1 KOMITBIOTEPHOE MOJICITUPOBAHHE 1 0,5 0,5 Teoperuuec
KOMITbIOTEPHOE HAHOCTPYKTYP Koe
MO/JICIIUPOBAHHE 3aHATHE,
HAHOCTPYKTYP pabora B

rpymnmax
Pa3putne HanorexHosnoruu B Poccun n apyrux crpanax mupa (1 1)




Ne Tema 3anusiTus Conep:xkanue KouauyectBo | B Tom uncie ®opma Hara Hara
4acoB mno 3aHTHH 10 IVIa”Hy | ¢akrT.
nporpamMme | Teopust NPaKTHKA

34. | PazBurtue Pa3BuTre HaHoTexHOMOTHMU B Poccuu u apyrux 1 0,5 0,5 Teopetrnuec

HaHOTEXHOJIOTUH B CTpaHax Mupa KOe
Poccun n npyrux 3aHATHE,

CTpaHax MHpa

pabora B
rpynmnax




Metoanueckoe odecreueHue JOIOJTHUTEJILHOMI 001eoOpazoBaTeJIbHOM
o01mepa3BuBaloLIeil MPOrpaMMbl.

B pabore ucnonb3yroTcs BHIBI AEATENBHOCTH, Pa3BUBAIOIIME JIMYHOCThH: IO3HAHHE, YYEHUE,
obmienue, TBopuecTBo. [Ipu 3TOM cOOIIOAAIOTCS CIeAYIOIUE TPaBUIIa;

BHUbI JACATCIIbHOCTH JOJI?KHBI OBITh p33H006p33HBIMI/I, coraJIbHO 3Ha4YMMBbIMH,

HaIlIpaBJICHHBIMU Ha pCAIN3allUI0 JTUYHBIX HUHTCPCCOB 06yqafom1/1x051;
HpI/I OIIPEACIICHUH COACPKAHUS ACATECIbHOCTH YYUTBIBAOTCS CICAYIOIMNEC IPUHIIMIIBI.

BOCITUTHIBAIOLICTO XapakTepa TPyaa;
CBSI3U TEOPUU C MTPAKTHKOMH;
CHCTEMATHYHOCTH U MOCIICIOBATEIIbHOCTH;
JOCTYITHOCTH M MTOCUIIBHOCTH;
CO3HATEJILHOCTH ¥ aKTHBHOCTH;
HATJISTHOCTH.

Kaxxnoe 3aHsTHE CIUTAHUPOBAHO TaKMM 00pa3oM, 4TOOBI OOYYAIOIIUKCS MOT MPUMEHHUTH CBOH
3HAHUS MPU BHINOJHEHUH TBOPUYECKOTO 3aJIaHMsI, ATO IMO3BOJISET YCBOMTH 3HAHMS Ha 0OJiee BBICOKOM
Ka4eCTBEHHOM YpPOBHE.

Ha 3aHATHSAX MPUMEHSIOTCS CIIEAYIONIME METOIbI 00YUYEeHUS U NIEAarOTHYeCcKue MPUEMBI:

MeToabl:

00BSICHUTENbHO-UIUTFOCTPATUBHBIIH;
IIPOIYKTHUBHBIN;

MPpOOJIEMHBIH;

YaCTUYHO MTOMCKOBBIN.

Ilenarornyeckme npuemMsbi:

Opranuzanuu aesTenbHOCTH (YIpaKHEeHHE, M0Ka3, MoJIpakaHue, TpeOoBaHUE)
CtumynupoBaHue W KOppekiwus (IOOIIPEHHE, IOXBaJia, COPCBHOBAHHE, OIICHKA,

B3aUMOOIICHKA U T.JI.);

COprI[HI/I‘IeCTBO, no3pojromee negarory " BOCIIMTAHHUKY OBITE [mapTHEepaMu B

yBIIEKATEIBHOM TpoIiecce 00pa3oBaHus;

CBO6OI[HI>II>1 BI:I60p, Korga JACTAM IIPEAOCTABIACTCA BO3MOKHOCTH BBI6I/IpaTB JJIsA ceOs

HaIpaBJICHUE CIICUaIn3alun, CTCIICHDb CJIOKHOCTHU 3aJaHu U T.II.
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2008.

3. borganog K. 1O. Yto moryt Hanotexnosoruu / K. FO. bornanos. — M., IIpocsemenne, 2009.

4. 3yokoB HO.H., Kagoukun A.C., Koznos /[.B., Haropunos 10.C, HoBukoB C.I'., CBeryxun
B.B., Cemennor JI.M1.BBenenue B HanoTexHosorun. Monynb «Dwusukay. YueOHoe mocoOue s
yuanmuxcs 10—11 kmaccoB cpeannx obmeodpazoBatenbHbiX yupexaeHuil. — CI16: OOpa3oBaTenbHbIi
neHtp «Yuactuey», O6paszoBarenbhbie TpoekThl, 2012. (Cepus «Hanomkoay).

5. Peibankuna M. Hanorexuomoruu mnsi Bcex. bombmoe B mamom / Mapus PeibankuHa. —
Nanonews.net.ru, 2005.

6. Coiu B.®., Mpoxmuna E.II., CamxanmoBa A.D. BeneHue B HAaHOOHOJOTHIO W
HAaHOOMOTEXHOJIOTHH. — YdeOHoee mocobue i ywammxces 10-11  ximaccoB  cpemHmx
obmeoOpazoBarenpHbix  yupexkaeHud. —  CII6:  OOpa3oBaTenbHBI  IEHTp  «YdacTuey,
O6pazoBatenbHbie MPoeKThI, 2012 (Cepust «Hanomkomay).

Jlureparypa AJisl y4uTe/ s

1. borganos K.IO. Uto moryTt HaHo-TexHOJ0ruu. — M: [Ipocsemenue, 2009.

2. Jlpexciep D. MamvHbl CO3UIAHUS: TPSAYIIAS dpa HAHOTEXHOJIOTHHA.

3. 3yoxos F0.H., Kanoukun A.C., Koznos /[.B., Haropuos FO.C, Hosukos C.I'., CBeTyxun
B.B., Cemennon /I.1. BBenenue B HaHoTexHOJIOTHHA. Moaynb «DPusnkay. YueOHOe TocoOue st
yuamuxcs 10—11 knaccoB cpeqnux obireoOpazoBarenbHbix yupexaenuii. — CI16: O6pa3oBaTenbHbIit
1eHTp «Yuactuey, OdpazoBatenbuble npoekTsl, 2012. — 160 c. (Cepust «Hanomkomnay).

DJIeKTPOHHbBIE U3JaHus, o0pa3oBarTenbHbie UKT-pecypcebl
http://schoolnano.ru/node/4655
http://www.nanometer.ru/
http://edunano.ru/view_doc.html?mode=home
www.strf.ru
www.portalnano.ru
www.scincephoto.com
www.ntmdt.ru
WWW.MICroscop.ru
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MarepnanbHO-TeXHUYECKHE YCJIOBHUSA:

1. KabuHer, COOTBETCTBYIOIIUN  CAHUTAPHO-TUTMEHWYECKUM  HOpMaM  OCBEUICHHUS WU
TEMIIepaTypHOro PeXHMa, B KOTOPOM MMEETCsl PAKOBHHA, OKHO C OTKphIBarolIeics GpopToukoit s
MIPOBETPUBAHUS

2. OGopynoBaHue: CTOJBI [l TEOPETHUUECKUX U MPAKTHUECKUX 3aHATUH, MIKa(bl U CTEIAXKU
JUISL XpaHEHUs1 MaTepuasoB, 000pyA0BaHuUs, JIUTEPATYPHI.

3. TCO: aynuo, Buneo, ¢poto, UHTEPHET, KOMIIBIOTED, IKPaH, IPOEKTOP.


https://www.google.com/url?q=http://schoolnano.ru/node/4655&sa=D&ust=1549749189673000
https://www.google.com/url?q=http://www.nanometer.ru/&sa=D&ust=1549749189674000
https://www.google.com/url?q=http://edunano.ru/view_doc.html?mode%3Dhome&sa=D&ust=1549749189674000
https://www.google.com/url?q=http://www.strf.ru&sa=D&ust=1549749189675000
https://www.google.com/url?q=http://www.portalnano.ru&sa=D&ust=1549749189675000
https://www.google.com/url?q=http://www.scincephoto.com&sa=D&ust=1549749189675000
https://www.google.com/url?q=http://www.ntmdt.ru&sa=D&ust=1549749189676000
https://www.google.com/url?q=http://www.microscop.ru&sa=D&ust=1549749189676000

KOHTpOJIbHO-I/I3MepI/ITe.leHI)Ie MaTepuaJbl.

Tect mo «HaHOTEXHOJIOTHH»

3amanue 1

Bomnpoc:

Kakumu nHCTpyMEHTaMU MOJIb3YIOTCS HAHOTEXHOJIOTH?

Br16epute oauH U3 4 BApMaHTOB OTBETA!

1) TyHHEIBHBIM MUKPOCKOIIOM

2) ONBITHBIM MUKPOCKOIIOM

3) npeinbro

4) 3d MUKpPOCKOTIOM

3amanue 2

Bomnpoc:

Yro Takoe HaHO?

Br16epute oauH U3 3 BapMaHTOB OTBETA!

1) onHa MumuapHas

2) ogHA MUJUTMOHHAS

3) onHa necsAras

3ananue 3

Bompoc:

Ha ceronnsinuil 1eHb HAHOTEXHOJIOTUH JIEJT Ha Tpy HanpasiieHus. Kakue?
Bri6epute HECKOTIBKO U3 5 BAPHAHTOB OTBETA:

1) cOopka U3 OTAETBHBIX ATOMOB JIFOOBIX BEIIECTB M 0OBEKTOB

2) cOopka HEOOBIYHBIX OOBEKTOB U BEIIIECTB

3) U3roTOBJIEHHE TEKTPOHHBIX CXEM Pa3MEPOM JI0 HECKOJIbKHUX aTOMOB
4) coznanue poOOTOB

5) co3naHye HaHOMAIIUH (MEXaHU3MOB Pa3MEPOM B HECKOJIBKO aTOMOB)
3aganue 4

Bomnpoc:

HanouacTuis! npuHauiexxaT OqHOMY U3 U3MEPEHUMN:

Bri6epute oauH U3 3 BapuaHTOB OTBETA!

I)or 1 no 1 000 000 000 HaHOMETPOB

2) ot 1 no 100 HaHOMETpPOB

3) ot 1 10 2 HAaHOMETPOB

3ananue 5

Bormpoc:

Kak naspiBaeTcs 3HaMeHuTas kHura J. [Ipekciepa, MocBsIIEHHAs HAHOTEXHOJIOTUU?
3anuiuTe OTBET:

3aganue 6

Bomnpoc:

B kakom rony P. ®@eitHMaH BBIABUHYI U0 O Pa3BUTHUH HAHOTEXHOJIOTUN?
3anuImnTe YUC0:

3aganue 7

Bomnpoc:

ConocraBbTe yU€HBIX M UX JOCTHKCHUSIMU B 00JIaCTH HAHOTEXHOJIOTUH:

VYKaxuTe COOTBETCTBUE ISl BCEX 4 BApUAHTOB OTBETA:

1) mpeackasain nepBoe ynoMUHAHUE O METO/1aX, KOTOPbIE BIOCIIECTBUA HA30BYT HAHOTEXHOJIOTUSIMU
2) BBEN TEPMUH «HAHOTEXHOJIOTHH)

3) uznan kaury «MalmHbl CO3UAaHUS: HACTYIUIEHUE 3Pbl HAHOTEXHOJIOTUIA»

4) co3nan TpaH3UCTOP Ha OCHOBE HAHOTEXHOJIOTHI



___Hopwuo Tanurytu  Opuk [dpekciep

_ Puuapn @eituman  Cees [lexkep

3amanue 8

Bomnpoc:

CorunacHsl 11 BbI?

VYKaKuTe MICTUHHOCTbD WUJIH JIO)KHOCTh BAPUAHTOB OTBETA!

__HanotexHnonoruu o0ecrneynBaroT BO3MOKHOCTb CO3JaBaTh U MOAU(PULUPOBATH OOBEKThI, KOTOPBIE
BKJIIOYAIOT KOMIIOHEHTHI ¢ pazmepamu 6osee 1000 HaHOMETPOB, MPUHLIUIINAILHO HOBOTO KauecTBa.

__ Baxneiimeli cocTaBHOM 4aCTb0 HAHOTEXHOJIOTUU SIBJIAIOTCS HAHOMATEPUAIIbI.

__T'oBops 0 HaHOUACTHIIAX, OOBIYHO MPEATONAraT, uTo ux pasmeps! ot 0,01 Hanomerpa 1o 1 000
HaHOMETPOB.

__ HanotexHosoruu npuMeHstOT HOBEHMIINE TEXHOJIOIMY MaHUITYJIUPOBAaHUS €AMHUYHBIMA aTOMAMHU WU
MOJIEKyJIaMH (IlepeMelleHHe, IEPEeCTAHOBKH, HOBbIE COUETaHMUS).

3ananue 9

Bonpoc:

B kakom rony uzo0penu yuénsie u3 ABM niepBplii HHCTPYMEHT JIJ1s1 MAHUITYJISILIUU
aTOMaMU — TYHHEJIbHBII MUKPOCKON?

3anuImmTe YuciIo:

3aganue 10
Bomnpoc:
B kakux cepax nesTenbHOCTH JIOJEH nMporpecc B MPUMEHEHUHU HAHOTEXHOJIOTUH yKe BHJIEH Ha
CETOIHAIIHUN NeHb?

Bri6epute Heckonbpko u3 10 BapuaHTOB OTBETA!
1) Meaununa 2) cnopt

3) nenaroruka 4) CeIbCKOE XO3SICTBO

5) anekTpoHHKa 6) IHEpPreTHKa

7) skosorus §) muieBasi IPOMBIIIIEHHOCTh

9) 6uonorus 10) nérkast NPOMBIIIUIEHHOCTh
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