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HOACHUTEJIBHAS 3AIIMCKA

Hanoxumus sBI€TCS €CTECTBEHHO-HAYYHOW OCHOBOM HAHOTEXHOJIOTHM,
WUTpaOIMX KpalHE BaXHYIO pOJIb B COBPEMEHHOM TEXHUKO-DKOHOMUYECKOU
napaaurmMe. Hanoxumus uccienyer cnocoObl MOJy4eHHs U CTaOUIIM3alluu, CBOIMCTBA,
CTpO€HHE U  OCOOCHHOCTM  XMUMHYECKHMX  MPEBpAllleHUd  HAHOOOBEKTOB
Y HAHOMATEpHAJIOB, a TAKXKE MX MpPaKTUYECKue NpwioxkeHus. HaHoxumus crana
JOTMYECKUM  Pa3sBUTHEM  KOJUIOMJHOW  XHMHM, €  OJAHOM  CTOPOHBI,
U CYyNpaMOJIEKYJIAPHON XUMHUH — ¢ Apyroid. O0e 3TUX AUCIUIUIMHBI KPUTUYHO BaXKHBI
JUIS1 KOPPEKTHOI'O TOHMMAaHUsl HAHOXMMHUYECKUX MTOAX0/I0B.

Pa3BuTHe HAHOXMMHUM M HAHOTEXHOJIOTMM CETOJHSA CIYKUT (POKYyCOM
JUIS TIPWJIOKEHMUST CWI  BEAYIIUMX YUYEHBIX M HCCIEAOBATEIIbCKUX KOJUIEKTUBOB.
Hanomarepuanel Ha OpraHMYECKOM H HEOPraHUYECKOM OCHOBE IPUMEHSIOTCS
B OTPOMHOM KOJINYECTBE NPOAYKTOB COBPEMEHHON MPOMBIIIIEHHOCTH. ONuchIBaeMoe

HamnpaBJIeHUE CIYXKHUT OJHUM U3 cToJNoB Tak Ha3piBaeMoil NBIC-xonseprenimu,
BXOZSIIEN B PO NpeacKa3biBaeMoro gyryposoraMu VI TeXHOIOrHYECKOTo yKiIaa.

PabGouass mnporpamma Kypca BHEypouHOH aestenbHOCTH «CoBpeMEHHBIE
UCCIIEIOBAaHNS W JIOCTH)KEHMsSI HaHoXxumum» (nmanee — IIporpamma) ecTecTBEHHO-
HAy9YHOW HAIpPaBJIECHHOCTH IO3BOJSIET OCBETHTH oOywatrommmcs 10—11 kmaccos
OCHOBHBIE TE€3UChl HAHOXUMUH, a TAK)K€ HAMETUTh OCHOBHBIC HAIPABJICHUSA Pa3BUTHS
HAyKH 0 MUPE HAHOOOBEKTOB U €€ TEXHOJIOTMUECKUX MPUII0KEHUH, TOJIyYUTh IIOHSATHE
O COBPEMEHHBIX Hay4HbIX MeTtomax. Peammsanms IIporpaMmsl MO3BOIMT JOCTHYb
0osiee MOJHOTO MOHHMMAHUS IIKOJbHUKAMU €CTECTBEHHO-HAYYHOIO TMOAX0Aa K

HU3YUYCHHUIO IIPUPOALI U PAa3BUTHUIO HAa €T'0 OCHOBC TeXHOHOFHﬁ, MCHAIOIIUX MHP.

AKTyaabHOCTh [IporpaMmmel

HaHoxuMmust B cBOMX MPOSIBIICHUSIX OTHOCHUTCSI K OOJIACTU €CTECTBEHHBIX HAYK
B uenoM. M3HauanpHO cGhOpMUPOBABIIMCH, HAa CTbIKE XUMHH W (PU3HKH,
HAHOXHMHUYECKUE TMOJAXOAbl BO MHOIOM BIHMSIOT HAa COBPEMEHHOE ITOHWMAaHUE

MOJIEKYJISIPHBIX OCHOB OMOJIOTHU U JPYrUX HayK. TeM He MeHee B IIKOJbHBIX Kypcax



M0 €CTECTBCHHO-HAYYHBIM TMpEAMETaM TEMbI, CBsS3aHHbIE C HAHOXUMHEH,
pacronararoTcss MOpPO3Hb W 3aHUMAIOT KpailHe Mainblii oOmuit oobem. B uactu
Bo3MoxHOro nyonuposanus ¢ @OIl COO no npeamerHor obnactu «EcTecTBeHHO-
Hay4HbIe TpeAMeThI» [IporpaMma nouTu He nepecexaercs Hu ¢ gpeaepaibHoi paboueit
MIPOrPAMMOM TI0 YIeOHOMY TIPEAMETY « XUMHUSD) (TEMBI «AJIJIOTPOITHBIC MOIU(DUKAITAN
yraepona», «lloHsTue o nucnepcHbIX cucteMaxy, «lIpencraBieHue o KOJJTOMIHBIX
pacTtBopax» B pazjene «TeopeTMueckne OCHOBBI XMUMHUW», a TaKXKe YIMOMHHAHUE
HAHOTEXHOJIOTUH B pasnuenie «XUMHUS W JKU3HB»); HU C QeaepanbHOi paboueit
nporpammoii mo ydeoHomy mpeamery «®Pusuka» ( «IIoBepXHOCTHOE HATSHKCHHE)
B TeMe «ArperaTHble COCTOSIHUS BeimiecTBa. Da30Bble MEPEeXO/abl»; YIOMUHAHHE
«llonyyenue HaHomarepuasoB» B TeMe «OCHOBBI MOJCKYISPHO-KMHETHYECKON
Teopun»); HU C (denepanbHON paboueld MporpaMmMorl Mo y4eOHOMY MpeaMeTy
«buonorus» («O0mue cBoiicTBa OMOJIOTHYECKUX MEMOpaH» B TeMe «XUMUYecKas
opranuzanus kietkn»; «HaHoTrexHomoruu B OMOJIOTUU U MEIUIITHE).
[Iporpamma pa3paboTaHa B COOTBETCTBHH C TpeOOBaHUSIMU (eaepaibHOTO
roCy/IapCTBEHHOTO 00pa30BaTEIBLHOTO CTaHJApTa CPEAHEro O0IIero oOpa3zoBaHUs
(PT'OC COO). HeobxogumocTs peanusarnuu [Iporpammel cBsi3aHa ¢ KpaitHe ITUPOKUM
pacnpocTpaHEeHUEM IPOYKTOB HAHOXUMUU B COBPEMEHHOM MUpE
Y BBIIICYIIOMSHYTHIM ~ HEJIOCTATOYHBIM OTPAKEHUEM  OCHOBHBIX MPUHIIHUIIOB,
Ha KOTOPBIX OHA TIOCTPOCHAa, B OCHOBHOM 0Opa30oBaTENIbHON  MpoTrpamMme.
JI714 9aCTUYHOM KOMIIEHCAIMU 3TOTO pa3pbiBa B MOCKBE yK€ MHOTO JIET MPOBOAUTCS
OJIMMITHAJIA TI0 HAHOTEXHOJIOTUSIM — OIMMIIHaa MKOJILHIKOB « BRICOKHE TEXHOIOTHI
1 Matepuainbl Oyaymero». 3aganus OIUMIHAABI MO3BOJSIOT IMIKOJBHUKAM TIOHATD,
HACKOJIBKO OHHM OPHEHTUPYIOTCS B OTOH  MEKIUCIUIUTMHAPHON  0OJacTH.
CucreMaTuyeckoe K€ TMONyYeHHE 3HAHWK BO3MOXKHO OPTaHHM30BaTh HA YpPOBHE
cpemHero ooOmero oOpa3oBaHWs B paMKaX BHEYPOUYHOW JEATEIBHOCTH WA
JIOTIOTHUTEIIBHOTO 00pa30BaHMsl, B YaCTHOCTH NpH peanu3anuu ganHou [Iporpammel.

bosbmioe BHuManue B [IporpamMe yaeneHo MeToaM NOJIYyYEHUS U U3yUYEHUS



HAaHOCTPYKTYPUPOBAHHBIX BEIIECTB U MaTepuanoB. [IpakTuyeckass CcTOpoHa
[IporpamMmbl TI03BOJISIET YBUJETH SPKUE CTOPOHBI HAHOXUMHH TMPU OTHOCUTEIHLHOU
JOCTYITHOCTH BBITIOJIHEHUST Y4€OHO-HUCCIIEI0BATENIbCKOTO AKCIIEPUMEHTA U BO MHOTOM
0aszupyeTcs Ha mpuMepax JIabopaTOpHBIX padoT, U3NOKEHHBIX B [IpakTHkyme
no HaHomartepuaiaM u HaHotexHojorusm A.b. Illep6akoa u B.K. VMBanosa [16].
N3ydeHre HAHOXUMUH OTKPHIBAET MHOT'O HOBOT'O U HEOKMJIAHHOTO KaK JIJI1 YYCHUKOB,
TaK U Ui niearoroB. [IpoekTHas U ucciaeaoBaTeIbCKasl ACSITELHOCTh 10 HAHOXUMHUH,
KOTOpasi MOXKET BBITIOIHATHCS ¢ onopor Ha [Iporpammy, mpu J0JKHOM MOCTAHOBKE
Oyner TpUBOAUTHL K OOBEKTHMBHO HOBBIM pe3yJibTaTaM, paHee HE OMHCAHHBIM B
HAay4YHOM JIUTEPATYPE.

HoBusna I[IporpamMmMsbl 3aKJIF04a€TCs B TOM, YTO OHA TTOCTPOSHA Ha MOIIaroBOM
03HAKOMJICHUH 00YYaroIMnXCcs ¢ OCHOBAMHU HAHOHAYKU U €€ MPUIIOKCHUSIMH.

Peanuzanus IIporpamMmbl criocoOCTBYET AeTalv3allMi 3HAHUNA 00YyYaroluxcs
0 (U3MKO-XMMHUYECKUX Mpolleccax, MPOTEKAIONIMX Ha HAHOYPOBHE, PACIIUPEHHIO
IOPEACTABICHUNA O BO3MOXKHOCTSIX IPUMEHEHHS HAHOXMMHYECKHX MOAXOMOB,
crocoOCTByeT nMpodopreHTaIuu 00yJaromuXcs.

Ileparornyeckas uesjecoodpasHoctb IIporpaMmbl 3aKitO4aeTcs B TOM, YTO
OHA CO3/aeT YCJIOBHUS Uil (DOPMHUPOBAHUS y OOYHYAIOMIMXCA €CTECTBEHHO-HAyYHOMH
KapTUHBI MUpPA, Pa3BUBAET YMEHHUE KPUTHUUYECKOTO OCMBICICHUS WH(MOpMAIUH, TaeT
BO3MOXHOCTh  TOJYyYUTh  HABBIK  MPOBEACHHUS  Y4eOHO-HCCIEI0BATEIHCKOTO
AKCIIEPUMEHTA, paCIIUpseT 0a3uc JUisl YIIIyOJIGHHOTO H3y4YeHUS HAHOXMMHYECKUX
MPOLIECCOB B BBHICIIEH IIKOJIE.

Heanb IIporpaMMbl — 1aTh 00YYaIOIITUMCSI KPATKUH AKCKYPC B MEKITPEAMETHYIO
00J1aCTh HAHOTEXHOJIOTUH M UMITYJIBC K CAMOCTOSTETLHOMY U3YYCHHIO i TBOPUECKOMY
Pa3BUTHIO; JaHHAs OOJACTh B HACTOSILIEE BPEMS SBIISIETCS OJHOM U3 «TOUYEK POCTa»
JUISL  Pa3BUTUSL MPOMBIIIJIEHHOCTH M HAXOJIUT MHOTOYHUCJIEHHbIE NPUMEHEHUS

B COBPEMEHHOM TEXHHUKE.



Bapuants! peanuzanuu IIporpaMmMebl 1 (popMbI IPOBeAeHUS 3aHATHI

Peanuzanus [Iporpammel [peanoaaraet coyeTaHue JEKUUOHHOMN
U ceMuHapckoil (opm paboOThl € 3JIEMEHTaMU NPAKTUKyMa: JIEKIUH, CEMHHApHI,
JTUCKYCCUM,  3alIUThl  MPOEKTOB, Y4YEOHO-UCCIEAOBATENbCKUI  3KCIEPUMEHT,
IpakTUYeckue paboThl — U300paKEHWE XUMHYECKUX (opmys, BU3yaIU3alus
TpEXMEPHBIX 0OBEKTOB H TIp.

B cemmHapckoii yacTH BO3MOXHA CMEHA MHIUBUIYAIbHBIX U TPYNIOBBIX (OpM
NpOBEJICHUsI B 3aBHUCHUMOCTH OT NIpPEANoOYTeHHH mnenarora. B mpakTtuyeckoi uactu
BCTPEUAIOTCS KaK y4eOHO-UCCIEI0BATEIbCKUM SKCIEPUMEHT, TaK U KOMIIbIOTEPHBII
PAKTUKYM.

[Ipu peanuzamuu [Iporpammbl UCHONB3yeTCs] BbIYMCIUTENbHAS TEXHUKA,
oOecrieunBaromas J0CTYI K CHEIUAIU3UPOBAHHOMY MPOrPAMMHOMY OOECIEeUEeHUIO
Y HAay4YHOU JIUTEpPATYPE.

JIns  caMOCTOATENIBHOTO HW3Y4YEHHsS] MPEIyCMOTPEH CIUCOK aKTyaJlbHOMH
JUTEPATypbl MO OIMUCHIBAEMON 00J1aCTH, pPACCUMTAHHBIA KaK Ha YYHUTENeH, Tak
Y Ha IIKOJBHUKOB, YUYaCTBYIOIIMX B peann3auuu [Iporpammel.

[Iporpamma pa3zpaborana s oOydaroruxcss npodmibHeix 10—11 kmaccos
(ecTtecTBeHHO-HayuHbIH Npoduib oOydeHus). IIporpamma paccumrana Ha 2 roja
oOydenus. OOIee KOJIMYECTBO BPEMEHHU, OTBOAUMOTO Ha ocBoeHue [Iporpammsl,
cocraBisieT 68 yacos. [Iporpamma peanuzyercs 1 pa3 B nenenro o 1 yacy. Bapuantom
peanuzanuu MoxeT ObITh u3ydeHue lIporpammer B 10 kiacce B pexume 3aHATHI 2
qaca B HEZEIO.

@opMBI KOHTPOJIA CIyKaT g ONpPENEICHUs pPE3yJbTaTUBHOCTU OCBOCHHS
IIporpammel  oOydarommmucs. Arrectauuss npoBoaurcas 1| pa3 B rox:
IIPOMEKYTOUYHAsI — [10 UTOraM MEPBOro roja oOy4eHusi, UTOroBasi — BECHOM BTOPOToO
roja oOy4eHus.

Dopmbl nposedeHUss ammecmayuu.

® TECTUPOBAHUE;

® [IPaKTUYECKUE 3aHSTHS;

e 3ayeTHas padora.



B3aumocBsashb ¢ QpeaepaibHOil padoyeil NPOrpaMMoil BOCIIUTAHUA

[Iporpamma pazpaboTrana ¢ ydeToM pekoMmeHaanui denepaibHoil paboueit
MIPOrpaMMbl BOCIIUTAHUS Uil 0011e00pa3oBaTelibHbIX opranu3anuil. OHa y4uThIBAET
MICUXOJIOT0-TIeIarOrMYeCKre 0COOEHHOCTH COOTBETCTBYIOIIEH BO3PACTHOM KaTErOpuu
00y4Jarouuxcsi.

B uactHocTH, B Xo0ae peanusanuu [Iporpammbl BO3MOXKHO cCOYETaTh Kak
UHTEJJIEKTYaIbHOE, TAK U COLMAIBLHOE Pa3BUTHE 00YUAIOIIKUXCS, CO3/IAI0IIEE OCHOBBI
JUISL KX CaMOOIIPECIICHHs] HA OCHOBE JyXOBHO-HPABCTBEHHBIX LIEHHOCTEM.

K 3agauam peanuzauuu naHHoil IIporpaMmbl MOXXHO OTHECTH JIOCTHUKEHHE
JUYHOCTHBIX Pe3yJbTaTOB OCBOEHHUS OOLICO0pa30BaTENIBHBIX MPOTrpaMM MO (U3HKE,
xumuu u o6uosorun B cootBeTcTBHM ¢ PI'OC COO, a umeHHO: chOPMUPOBAHHOCTH
[IEHHOCTEH CaMOCTOSITEIbHOCTY M HMHMIMATHBBI, TOTOBHOCTH OOYyYaroUIuXxcs
K CaMOpa3BUTHIO, CAMOCTOSITEIBHOCTH U JINYHOCTHOMY CaMOOIPEIENICHUI0, HATHUNe
MOTHBAallUM K  IIEJICHANPABICHHONW  COLUMAJbHO  3HAYUMOUW  JAESTEIbHOCTH,
c(hOpMHPOBAHHOCTh BHYTPEHHEW MO3UIMU JMYHOCTH KaK OCOOOT0 IEHHOCTHOTO
OTHONICHHS K ce0e, OKPY>KAIOITUM JIFO/ISIM U )KU3HU B I[EJIOM.

[Iporpamma  COOTBETCTBYET  CIEAYIOIIMM  OCHOBHBIM  HaIpaBICHUSIM
BOCIIUTAHMS: TPAXKIAHCKOE BOCIHUTAHHE, MATPUOTHYECKOE BOCIUTAHHE, JTYXOBHO-
HPABCTBEHHOE BOCIMTAHME, ICTETUYECKOE BOCHHUTAHHME, (POPMUPOBAHHE KYJIBHTYPHI
3I0pOBOTO 00pa3za JKU3HHU, TPYIOBOE BOCHHUTAHHE, HJKOJOTUYECKOE BOCIHUTAHUE,

BOCIIMTAHHC ONCHHOCTHU HAYYHOI'O IIO3HAHUA.

Oco0ennoctu padorsl nexarora no Iporpamme

[lepen mnpemomaBatenem, pabortaromum 10 [Iporpamme, crouT 3amaya
TAPMOHUYHOTO COYETAHMS DJIEMEHTOB XUMHUHU, OMONOTHUU, (PU3UKU U WHOOPMATHKH,
KOTOpPbI€ HEOOXOIUMBI ISl KOHBEPIE€HTHOI'O MOHUMAaHUSI HAHOXUMUU. TeM He MeHee
AKIEHT B cocTaBiieHUH [IporpaMmel caenaH Ha XUMUYECKUE ACTIEKThl HAHOHAYKH, YTO
MOYKET YaCTUYHO CMSATYUTH KaJAPOBBIM BONPOC B peanusanuu lIporpammel. YcBoeHue
0o0y4JarolMUMHCSl HOBBIX 3HAHMI B 3TOM 00JIACTU TECHO CBSI3aHO C YCHEUIHOCTHIO

pcain3aliiu y‘—Ie6HO-I/ICCHeI[OBaTCHBCKOFO OKCIICPUMCHTA KW IIPAKTHYICCKHUX pa60T,



3anokeHHbIX B Ilporpammy. Ilpm HenoCTaTOYHOCTH MaTEPHATBHO-TEXHUYECKOTO
OCHAalIeHMsT O00pa30BaTEIBHOM OpraHu3allid PEKOMEHJYeTCs CAENaThb aKLEHT
B peanmuzauuu IIporpammel Ha paboTy ¢ uudpoBbIMH pecypcamu. Bo3MoxHO
COKpAIllEHHE KOJMYECTBa IUIAHUPYEMBIX MpPaKTUYECKUX paldoT nais yrayOjeHus
paboThl HAJl TEOPETUUYECKUMHU pasnenamu [IporpamMmei.

OTnuuurenpHas 0coOeHHOCTh [IporpaMMbl COCTOUT B TOM, YTO B €€ TOCTPOEHUU
U peanu3aiuu:

® Da3BHUBAIOTCS  MEXKIPEIMETHBIE  CBSI3M, 3aJI0O)KEHHbIE B  OCHOBHOM
00pa30BaTeIbHON IPOrpaMMe;

® BOCHOJIHAETCA  JACPUIUT  COBPEMEHHOM  HayyHOW  uH)oOpmanuwy,
POCJIEKUBACTCS B3aUMOCBSI3b KJIACCUUYECKUX JOCTHIKEHUN XUMUU U (PU3MKH C UX
NPUJIOXKEHUSIMU B COBPEMEHHOW HaHOTEXHOJIOTUH;

® DPa3BUBAIOTCS MO3HABATEIbHBIE KOMIIETEHIIMU O0YYaIOIIUXCS;

® AKTHBHO MCIOJb3YIOTCSI COBPEMEHHBIE SKCIIEPUMEHTAIIBHBIE Y BBIYUCIINTEIbHBIE
METO/BI;

® NOJJCPKHUBACTCSI ~ OpUEHTAlMsl  OOyYaroIIMXCS  Ha  IOCIEAYIOUIYIO

CHEIUATM3AIMIO B 00J1aCTH KaK (PyHIaMEHTaIbHOM, TaK U MPUKIATHON HAYKH.



COJIEP KAHUE KYPCA BHEYPOUHOH JESTEJbHOCTH
«COBPEMEHHBIE UCCJUIEJOBAHUSA U JOCTUKEHUA HAHOXUMHUN»

10 KJIACC

Pa3znen 1. OpranuzanuonHoe 3anaTue « HaHoxuMusi 1 HAHOTEXHOJIOTHS
KaK MeXIUCHUITHHAPHAS 00J1acTh». Ilean u 3agauyu kypca. MHCTpyKTa)K

Tema 1.1. Beeoenue ¢ Ilpocpammy

Teopus. ®opMbl U METOMBI JeATeIbHOCTH. [l1aH paboThl Ha Y4YEOHBIH TOI.
HMHCTpyKTaX 1O TEXHUKE 0€30MTaCHOCTH.

Ilpakmuxa. IlepBruHas 1uarHocTrka. BXoIHOE TECTUPOBAHUE.

Pasnen 2. UcTopusi HAyKH 0 TUCHEPCHBIX CHCTEMAaX

Tema 2.1. Hauano usyyenus nOGEPXHOCHMIHBIX A6NEHUI U OUCHEPCHBIX
cucmem

Teopus. Kanmumnspel u 3akoH Jlammaca. M3yuenue aacop6ruu (K. Illeerne,
T. JloBur). Metaimnueckue 3oiu (M. ®apaneii). bpoyHoBckoe asumxkeHue. Ocmoc
u guamu3z (T. I'pam). Kommouansle cucteMsl. OmnpegeneHue uuciaa ABOrajapo
(OK. Ileppen). Dddexr Pebunmepa. TepMuH «HAHOTEXHOJOTHH», HCTOPHS €ro
nosiBiieHus v nonyisipuzanuu (P. ®@eiiuman, H. TanuryTu, 2. JIpekcinep).

Ilpaxmuxa. Y4eOHO-UCCIEA0BATEILCKUHN dKCIIepUMeHT: M3yuenne aacopOoiuu
KpacuTesel ¢ MOMOIIbI0 aKTUBUPOBAHHOTO yriis. OmnpejeneHne ero COpOIMOHHOU

CIIOCOOHOCTH.

Pa3nen 3. OcHOBBI (PU3UKHU MOBEPXHOCTH U JUCTEPCHBIX Cpe/l

Tema 3.1. Ocnoevl puzuxku noeepxnocmu

Teopusi. DUBMKO-XUMUYECKHE  CBOWCTBA aTOMOB HAa  MOBEPXHOCTH.
[ToBepxHocTHOE HaTsKEHUE. AncopOnusa. CmadnBaHue.

Ilpakmuxa.  Y4yeOHO-HCCIAENOBATEIbCKUN  dKcnepuMeHT:  OmpenencHue
MOBEPXHOCTHOTO HATSYKEHUS BOJIbI METOJIOM OTpPbhIBA Kameb.

Tema 3.2. Ceoiicmea oucnepcHuvix cpeo

Teopusi. DNEKTpUYECKUE CBOWCTBA. Y CTOMYHUBOCTh. DU3MKO-XUMHUUYECKas

MCXaHHKa.
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IIpaxmuxa. Y4eOHO-UCCIEN0BATENbCKUN dKCHepUMEHT: OIeHKa TONILHUHbI

Fpa(i)HTOBOfI JIMHUU B 3aBUCHMMOCTH OT MATKOCTH KapaHJalia.

Pa3nen 4. [IlucnepcHble cucTeMbl: MOJIy4eHHe U IPUMEHeHHe

Tema 4.1. Knaccugpuxayusa oucnepcHwix cucmem

Teopusa. Knaccudukanus gucriepcHbIx cucteMm. [loHsATHS «HaHOMaTEpHa»,
«HaHO000BEeKT». Bumbl HaHooObekTOB (0D, 1D, 2D; MuKpO-, ME30- 1 MAKPOIIOPUCTHIE).
Spkue npuMepsl NposiBIEHUS pa3MepHOTro 3 dekxTa.

Ilpakmuxa. Tlpaktuyeckas pabora: MoaenupoBaHue CTPYKTYpbl HAHOYACTHII
pa3HOro pasMepa, CpaBHEHHE JIOJIM TOBEPXHOCTHBIX AaTOMOB U  4YHCI]a
HECKOMIICHCUPOBAHHBIX BaJICHTHOCTEH.

Tema 4.2. /Tucnepchvie cucmemul, cooeprcaujue 2azosyio gazy

Teopus. 1lenbl, a3p030JIM U a3pOrENu.

Ilpaxmuxa.  YdeOHO-HccIenoBaTeNbcKUl  dkcniepuMeHT:  OmpezaeneHue
YCTOMYHUBOCTH MEHBI MOIOLIUX CPEICTB.

Tema 4.3. /lucnepcusvie cucmemol, cooeprcauiue Hcuokyro gazy

Teopus. 3o0nm, renyu, SMyJdbCcud U cycnieH3uu. [lonoxeHue 305eil Ha mIKale
TUCIIEPCHOCTU KOJUIOUIHBIX CUCTEM.

Ilpaxmuxa. Y4eOHO-HCcleNOBaTENbCKUN dKcniepuMeHT: [lomydeHue 3o:meit
HAaHOCTPYKTYpUPOBAHHOTO cepedpa.

Tema 4.4. /{ucnepcrvie cucmemsl, cooepicanjue n0BEPXHOCHHO-AKMUGHDbLE
eeujecmea

Teopusa.  IloBepXHOCTHO-aKTHBHBIE  BemecTBA. MeMmOpaHbl,  MUIICIIIBI
1 Tunocombl. buonornueckne 1UCIEpCHbIE CUCTEMBI.

Ilpaxmuxa. Y4eOHO-UCCIENOBATEILCKUIN dKCTIEpUMEHT: V3yueHue BIHMsTHUS
MMOBEPXHOCTHO-AKTUBHBIX BEIIECTB HA MOBEPXHOCTHOE HATSKEHHUE.

Tema 4.5. Memoowt eu3yanuzayuu HaHoOUacmuy,

Teopus. Ipdext Tunnans. AHaau3 TPAaCKTOPUM IBHIKCHHUS HAHOYACTHII.

Ilpakmuka.  YuyeOHO-UCCNENOBATENbCKUNA  AKCHEpUMEHT:  JleMoHcTpaius

s dexra Tunnang Ha AUCHEPCHBIX CUCTEMAaX Pa3IMYHOTO poja.
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Pasznen 5. Meroasl CHHTE3a HAHOCTPYKTYPUPOBAHHBIX BelIeCTB
U MaTepHuaJioB

Tema 5.1. IIpunyun «ceepxy-eHu3»

Teopus. IlpuHIUIBI TOJYYEHUS] HAHOCTPYKTYP: «CBEPXY-BHU3» U «CHH3Y-
BBepx». [lonydyenue rpadena. OcobeHHOCTH pabOThI MJIAHETAPHBIX MEJIbHMUII.

Ilpakmuxa: Ilpaktudeckas pabora: IlocTtpoeHue wMopenu MIaHETapHOU
MEJIbHUIIBI.

Tema 5.2. IIpunyun «cHu3y-66epx»

Teopus. OcHoBBI cynpaMosiekyigspHoil xumun. Camocbopka. Metobl cuHTe3a
HAHOYACTHUI. «MSTKOM XHMHENH» — 305Ib-T€llb, «TOMOT€HHOTO OCAXICHUS»,
oOpalleHHO-MULICIUISIPHBIN, MUKPOAMYJIbCUOHHBIN; Tepmonu3, CVD. Meroasl
CTaOWJIM3allM  HAHOYACTHUIl:  CTEpUYECKasl, XeJaTHas, JJIEKTPOCTaTHYecKas,
uMMoOUIM3amel B matpuile. HampaBiieHHbIH CHHTE3 HAHOOOBEKTOB: KBAaHTOBBIC
TOYKH, HAHOIUICHKH, OObeMHbIe HaHOMarepuanbl. Moaudukanus CBOWCTB
HAaHOMAaTEPHUAJIOB.

Ilpakmuxa: Y4eOHO-UCCIIENOBATEIBCKUN dKCIIEpUMEHT: ['a30¢a3HbIil cCUHTE3
HAHOKPUCTAJUIMYECKOTO XJopuaa amMoHusa. [lomyueHue 301€ii HAaHOMAarHeTHUTA,
HAaHOPA3MEPHOTO NIMOKCUIA TUTaHa, OepiuHCKOW Nazypu. IlonmydyeHre HaHOMICHOK
cepeOpa Ha CTEKISTHHOM Mmook Ke. OleHKa X TOJIINHBIL.

Hpomeafcymouuaﬂ ammecmauus.

11 KJIACC

Pasnen 6. MeToabl HcCCJIeI0BAHUS HAHOCTPYKTYPHMPOBAHHBIX BelleCTB
U MaTepHuaJioB

Tema 6.1. Onmuueckue memoost

Teopus.  Ontuyeckue  CBOMCTBA  HAHOYACTHI] W  HAaHOMATEpPUAJIOB.
Muxkpockonusa. udpakuumonusiii npeaen. Doromerpus. CnexkrpodoromeTpus:
W3MEPEHHE  MPOINYCKAHWs, TMOTJOIICHUsA, JIIOMUHECHEHUMU. J(mHamuueckoe

CBCTOPACCCAHUC.
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llpaxmuxa: TlpakTuyeckas pabota: MUKpOCKOMMYECKOE N3yUECHHE TTpenapaToB
HaHocepeOpa Ha CTeKJIax.

Tema 6.2. InekmpoHnas MuKpockonus

Teopus. DnEKTpOHHAasT MHKPOCKOINUSA: IMPOCBEUMBAIOIIAA W CKaHHPYIOLIAS.
Oco0eHHOCTH U3YyUYEeHHS OMOJIOTMUECKUX 00BEKTOB HA HAHOYPOBHE.

Ilpakmuxa: Tlpaktudeckas pabora: CpaBHUTENbHBIA aHAU3 W300pakKeHUMN
HaHOCTPYKTYP, MOJIYYEHHBIX DJIEKTPOHHON MUKPOCKOIHEH.

Tema 6.3. Penmeenoeckasn ougppaxmomempus

Teopusa. PentreHogaszoBblii aHanu3. YIIUPEHUE TMKOB KaK TMPU3HAK
HAaHOOOBEKTA M KaK CIOCO0 OLEHKH pa3Mepa KpHUCTAJUIMTOB. PEHTTeHOCTPYKTYPHBIH
ananu3. OnpeneneHue CTpyKTypbl HAHOpa3MEpPHbIX 0OBEKTOB Ha aTOMHOM YPOBHE.

Ilpaxmuxa: Tlpaktuueckast pabora: Busyanuzamus cTpykTyp OHOMOIMMEPOB,
MOJIYYEHHBIX METOJIOM PEHTI€HOCTPYKTYPHOI'O aHaIU3a.

Tema 6.4. Ckanupyrouwiasn 30H006as1 MUKPOCKORUS

Teopus. TyHHENbHAasE MUKPOCKONUS. ATOMHO-CHJIOBAasi MUKPOCKONUS. AHAJIN3
HAHOCTPYKTYpbl ~ mNoBepxHOocTed. (Crarudeckuidk W JUHAMUYECKUA  PEXKUM
CKAHHPOBAHHSL.

Ilpakmuxa: llpakthueckas paboTa: AHaiIM3 W300paKEHUM, TOJIYICHHBIX
METOAO0M aTOMHO-CUJIOBOM MUKPOCKOIHH, C IOMOIIBIO COBPEMEHHOTO MTPOrPaMMHOTO
obecrieueHus. Y4eOHO-HCCIIEIOBATEIbCKUM SKCIIEPUMEHT: M3ydeHue MOBEPXHOCTH

MCTOJOM aTOMHO-CUJIOBOM MHUKPOCKOIIHUH.

Pazgen 7. DOyHKUMOHAJIBHbIE CBOMCTBA HAHOCTPYKTYPHPOBAHHBIX
BellleCTB U MATEPHUAJIOB

Tema 7.1. @yukyuonanvuvle ceolcmea eeuiecmea, odecneuugaemole
Hanomamepuanamu

Teopus. CBepxHHU3Kast CMa4HnBaEMOCTb. CBepXIIPOYHOCTD.
BricokotemnepaTtypHasi cBepXnpoBoguMocTb. Ceepxdunbtparus. CBEpXbIPKOCTh
ceeroucnyckanus. Cyxas aare3usi (0uoMuMeTHKa rekkoHa). MarHuTHbIe CBOMCTBA.

llpakmuxa. Y4eOHO-UCCIIEIOBATENbCKUN 3KcniepuMeHT: M3yuyenue «addekra

JIOTOCA» Ha IMPHUMCPC JICIICCTKA PO3bI. I/I3MepeHI/Ie KpacBoOro yria.
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Pa3jnen 8. HaHOTeXHO0JI0TUM — ePCHEKTUBLI PA3BUTHS U COCTOSTHME HAYKH
HA CeroJHSIIIHUI IeHb

Tema 8.1. Cospemennsvie npumeneHus HAHOMEXHONOZUU

Teopus. CoBpeMeHHbIE MPUMEHEHUSI HAHOTEXHOJIOTUH, O0IIH 0030p.

Ilpakmuxa. BuktopuHa: HaHOTEXHOJIOTUM B HAILIEH KU3HU.

Tema 8.2. Yznepoonvie nanomamepuanvt

Teopua. Ocobas ponb yriepoga B HaHomupe. Dymnepensl, TrpadeH,
HAHOTPYOKHU.

Ilpaxmuxa. Ilpaktudeckas pabGota: MogenupoBaHue MNPOCTPAHCTBEHHOU
CTPYKTYpPBI (DYIIIEPEHOB.

Tema 8.3. Hanomamepuainwt 01 IHepzemuKu

Teopua. Hanomarepuasibl B TOIUIMBHBIX JJI€EMEHTaX. JIMTHUI-MOHHBIE
aKKyMyJsaTopbl. CyniepKOHIEHCATOPBHI.

Ilpakmuxa. Y4eOHO-UCCIIENOBATENBCKUN IKCIIEPUMEHT: V3MepeHne eMKOCTH
JUTUN-UOHHOTO aKKYMYJISITOpA.

Tema 8.4. Hanoinekmponuka

Teopua. 3akoH Mypa. TexHOJOrMYECKHI  MpollecC  MPOU3BOACTBA
UHTETPaTbHBIX MUKpOcXeM. CUCTEMBI 3alTUCH UH(GOPMAITIH.

Ilpakmuka. Tlpaktudeckass paboTa: AHanu3 H300paKEHUS TOBEPXHOCTH
KOMIIAKT-/IMCKa.

Tema 8.5. Hanomamepuainwl ¢ meouyune u 3K0102uu

Teopua. Hanonmarnoctuka. IIpuMeHeHue HaHOMaTepuaaoB B TEpallUU.
Hanocop6entsi. doTokatanuzatopsl. CaMoOO4HCTKA.

IIpakmuxa. ITpaktndeckast paboTa: Busyanusaius mpoCTpaHCTBEHHOW CTPYKTYPHI

HaHO6I/IOHpeHapaTOB C IOMOIIbO COBPECMCHHOI'O IIPOIrpaMMHOTIO oOecIeueHMSI.

Paznen 9. AKkTyajibHble npo0JeMbl B 00JacCTH  HAHOXMMHHU
U HAHOTEXHOJIOTHH

Tema 9.1. luckyccus

Teopus. AktyalibHbI€ IPOOJIEMBI B 00JIACTH HAHOXMMHUHU U HAHOTEXHOJIOTHH.

IIpakmuxa. toroBas arrectanus. 3ayeTHas padoTa.
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IJIAHUPYEMBIE PE3YJIbTATBI OCBOEHUSA KYPCA BHEYPOUHOM
AEATEJIBHOCTHU «COBPEMEHHBIE HCCJIEJOBAHUA
N JOCTUKEHUSA HAHOXUMUNN>

JIMYHOCTHBIE PE3YJIbTATHI

B cghepe epascoanckoeo socnumarnus:

CIIOCOOHOCTH OIPEALISITH COOCTBEHHYIO MO3UITUIO 10 OTHOIICHUIO K SIBICHHSIM
COBPEMEHHOM KU3HU U OOBSICHSITH €€

TOTOBHOCTh K COTPYJHHMYECTBY B TIPOIIECCE COBMECTHOTO BBIMIOJTHCHUS
y4eOHBIX, TIO3HABATEIBHBIX U HCCIICIOBATEIIBCKUX 3a/1a4, YBAKUTEIBHOTO OTHOIIICHUS
K MHCHHIO OIITOHEHTOB TP 00CYKJIEHUHU CIIOPHBIX BOIIPOCOB €CTECTBCHHO-HAYYHOTO
COJICPIKaHUSI.

B cghepe nampuomuuecxoco eocnumanusi:

yBOXCHHE K IPOIECCY TBOPYECTBA B OOJIACTH TCOPUU M IPAKTUUCCKOTO
NPWIOKCHUSI HAaHOHAYKH, OCO3HAHHUs TOTO, YTO YCIIEXW HAyKW W TEXHOJOTHUU €CTh
PE3yJIbTAT JUTUTEIBHBIX HAOIIOACHHUM, KPOIOTIMBBIX SKCIICPUMEHTAIBHBIX TTOUCKOB,
TIOCTOSIHHOTO TPYJa YYCHBIX U IIPAKTHUKOB;

CIIOCOOHOCTPH OIICHUBATD BKJIAJ POCCHMCKUX YUCHBIX B CTAHOBJIICHUE U Pa3BUTHE
HAaHOXHWMHH, IOHUMAHHE 3HAYCHUS HAYKH B IMO3HAHWM 3aKOHOB IPHPOJBI, B )KU3HU
YeJIOBEKa M COBPEMEHHOTO 00IIECTBa.

B cghepe oyxoeno-upascmeennozo socnumanusi:

OCO3HaHHE JIMYHOTO BKJIaJa B IOCTPOCHHUE YCTOMYUBOTO OYAYIIETO;

CIIOCOOHOCTh OILICHWBATh CUTYAllMI0 U TMPUHUMATh OCO3HAHHBIE PEIICHHS,
OpPUEHTHUPYSACH Ha MOPaJTbHO-HPABCTBEHHBIC HOPMBI M IICHHOCTH.

B cghepe scmemuueckozo 6ocnumanusi.

ACTETHYECKOE OTHONICHWE K MHPYy, BKIIOYas OCTETHKY HAy4YHOTO
¥ TEXHHUYECKOT'O TBOPYECTBA.

B cipepe gpopmuposarnus kyniemypol 300po6wsi:

coOJo/ieHre TMpaBWsl 0€30MacHOro OOpallleHus C BellecTBaMu B OBITY,

MMOBCEHEBHOM KU3HU, B TPYJAOBOU JI€SITEIbHOCTH;
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OCO3HAHHE TOCJICICTBHA W HEMPUATHE BPETHBIX MPUBBIYCK (YIIOTPEOICHUS
AJIKOT0JIsI, HAPKOTUKOB, KYpEHUS );

NOHMMaHWE I[IEHHOCTH TMPaBWJI WHAWBUIYAIBHOTO H  KOJUIESKTHBHOTO
0€301acHOT0 MOBEICHUS B CUTYAIUAX, YIPOXKAIOIINX 370POBBIO M KU3HH JIFOJICH.

B cghepe mpyooeoeco eocnumanusi:

KOMMYHHKATHBHAsI KOMIIETEHTHOCTh B y4eOHO-MCCIICIOBATEIILCKOM A TEITLHOCTH,
OOIIECTBEHHO MOJIE3HOM, TBOPUYECKON U APYTHX BHJIAX JCSITCIILHOCTH;

MHTEPEC K MPAKTHYCCKOMY U3YUYCHUIO Tpodeccuii pa3auvyHOro poja, B TOM
YKCJIC HA OCHOBE MPUMEHEHHUS MMPEAMETHBIX 3HAHUM 110 XUMHH B (PU3UKE;

YBOXCHHUE K TPYAY, JIOIIM TPYJa U pe3yabTaTaM TPYIOBOH JIEATCIbHOCTH,

TOTOBHOCTb K OCO3HAaHHOMY BBIOOpDY WHAMBUAYAJIbHOH  TPaCKTOPHH
oOpazoBanus, Oyayiiei mpodeccuu u peanuszaui COOCTBEHHBIX KU3HEHHBIX TUTAHOB
C Y4YeTOM JIMYHOCTHBIX HWHTEPECOB, CIIOCOOHOCTEH K HayKe, WHTEPECOB
U TOTpeOHOCTEel 00IIIeCTRA.

B cghepe sxonocuueckoeo socnumanus:

HKOJIOTHYECKH I11eJIec000pa3Hoe OTHOLIEHHWE K TMPHUPOJAE KaK HCTOUYHHUKY
CYIIIECTBOBAHHUS KU3HHU HA 3eMIIE;

HAJIMYME Pa3BUTOTO SKOJOTUYECKOTO MBIIUICHHS, DKOJIOTHMUECKONW KYJIbTYPHI,
OTIBITA JIEATEILHOCTH YKOJOTUUECKON HAIMPaBICHHOCTH, YMEHUS PYKOBOACTBOBATHCS
UMHU B TIO3HABATEIbHON, KOMMYHUKATUBHONW M COIIMAIIBHOW MPAKTHUKE, CIIOCOOHOCTHU
Y YMEHHSI aKTUBHO TIPOTUBOCTOSITh UI€0JI0THN XeMo(poouu;

CIIOCOOHOCTh HMCTONB30BaTh NPHOOpETaeMble TMPU H3YYEHUHW HAHOXHUMHUU
3HaHMSI W YMEHHS TIPU PEIIEHWH TPoOJeM, CBSI3aHHBIX C palMOHAIBHBIM
MIPUPOAOIIOTB30BaHNEM (COOIIIOICHIE TIPABUII TIOBEJICHUS B IPUPOJIE, HATTPABICHHBIX
Ha COXpaHEHHE PaBHOBECHS B IKOCUCTEMAX, OXPaHy BUIOB, IKOCHCTEM, OnoCchepsl);

OCO3HAaHHE TJI00ATBHOTO XapaKTepa HSKOJOTHYECKHX MpoOJeM W MyTed uX
PEIICHHS.

B cghepe yennocmeu nayunoeo nosuanusi:

MOHNUMaHUE CHenupUKA HAHOHAYKH, OCO3HAHHWE €€ POl B (HOPMHPOBAHUU

PAaOdUuOHAJIBbHOI'O HAY4YHOI'O0 MBIIUICHUA, CO3AAaHHC LICJIOCTHOIO IIPCACTABICHMA
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00 OKpY’KalollleM MHUpE KaK O €IMHCTBE MPUPO/JIbI, YETOBEKA U 0OIIECTBA, B IO3HAHUU
NPUPOAHBIX 3aKOHOMEPHOCTEH M PEIIEHHH Npo0JeM COXpaHEHUs MPHUPOJHOIO
paBHOBECHS;

NOHUMAHHUE CYIIHOCTHM METOJOB IO3HAHUS, MCIOJB3YEMBIX B €CTECTBEHHBIX
HayKax, ClIOCOOHOCTH UCIOJIb30BaTh MOJy4YaeMble 3HAHUS JIs1 aHAIN3a U O0BbSICHEHUS
SABJICHUN OKPYKAIOLIEr0 MUpPA U MPOUCXOJAIINX B HEM M3MEHCHHI, YMEHUE J€aTh
000CHOBaHHbIEC 3aKJIIOUEHHUS Ha OCHOBE HAYYHBIX (DAKTOB W JaHHBIX, MOJYYEHHBIX
B XOJ¢ Y4YeOHO-UCCIIEOBATEIbCKOIO OJKCIEPUMEHTAa, C LEIbI0 MOJy4YeHUs
JOCTOBEPHBIX BBIBOJIOB;

3aMHTEPECOBAHHOCTh B TMOJYYEHUM €CTECTBEHHO-HAYUYHBIX 3HAaHUW B LEJAX
NOBBILIECHUSI O0IIEH KYJIbTYpbl, €CTECTBEHHO-HAYYHONU I'PAaMOTHOCTH KaK COCTaBHOM
4acTH (PYHKIIMOHAJIILHON TPaMOTHOCTH, (POpMUPYEMOH TTPH 00yUEHUH;

TOTOBHOCTh U CIIOCOOHOCTD K HEIPEPBIBHOMY 00pa30BaHUIO
U caMOOOpa30BaHUIO0, K AKTUBHOMY IIOJYYEHHUIO HOBBIX 3HAHUH B COOTBETCTBHUHU

C JXU3HCHHBIMH HOTpG6HOCTHMI/I.

METAIIPEIMETHBIE PE3YJIBTATBI

B cepepe o6naoenus noznagamenvHviMu YHUBEPCATbHHIMU YUEOHBIMU
oelicmeuamu:

basosvie nocuueckue deticmaus:

caMoCTOATeTbHO  (opmMynupoBaTh M aKTyaJdu3upoBaTh  mpobiemy,
paccMaTpuBaTh €€ BCECTOPOHHE;

UCIIOJIb30BaTh NIPU OCBOCHUM 3HAHUM MPUEMBl JIOTUYECKOTO MBIIUICHUS
(amanmu3a, cwWHTE3a, CpaBHEHHS, KJIACCU(PUIIMPOBaHMS, OOOOIIEHHUs), PACKPHIBATH
CMBICJI HAYYHBIX MOHATHMN (BBIAETSATH MX XapaKTEPHbIC MPU3HAKH, YCTAHABIMBATH
CBSI3U C IPYTUMHU MOHATHUSIMH);

OMpeNeNaTh LeNu ACSTEIbHOCTH, 3ajJaBas MapamMeTpbl U KPUTEPUH HX
JOCTHKEHUS, COOTHOCUTH PE3YJIbTaThl ACSTEILHOCTH C TOCTABICHHBIMU LIEJISAMU;

WCIIO0JIb30BaTh HAyUHbIE OHSTHS JIJIs1 O0BCHEHUSI (PAKTOB U SIBICHUN IPUPOIDL;
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CTPOUTh  JIOTMYECKHUE  pacCCYXACHHS  (MHIYKTUBHBIC, JCIYKTHBHBIC,
10 AHAJIOTHH), BBISBISATH 3aKOHOMEPHOCTH M TIPOTHBOPEUHS B pacCMaTpPUBAEMBIX
SIBJIICHUSX, (DOPMYJTMPOBATH BBIBOJIBI M 3aKITIOUCHUS;

NPUMEHSTh CXEMHO-MOJICIIBHBIE CPEJICTBA IS TPE/ICTABICHUS CYIIECTBEHHBIX
CBsI3€H M OTHOIICHUH B M3yd4aeMbIX O0OBEKTAX, a TAK)KE MPOTUBOPEUYUH Pa3HOTO PoJa,
BBISIBJICHHBIX B Pa3IUYHBIX HHP)OPMAIIMOHHBIX HCTOYHHKAX;

pa3pabaThiBaTh IUTAH PEIICHUS TPOOJIEMBI C yU4ETOM aHajlu3a HMEIOIINUXCS
MaTePHAIIbHBIX U HEMaTepUaTbHBIX PECYPCOB.

Fbazosvie uccredosamenvcxue oeticmaus:

BJIQJICTh HAYYHOW TEPMHHOJIOTHUEH, KIIOYCBBIMH IOHATUSIMH W METOJIaMH
HaHOHAYKU;

BJIQJICTh HAaBBIKAMH Y4YCOHO-HCCIICIOBATEIBCKOW W MPOCKTHOW JCATEIBHOCTH,
HaBBIKAMU pa3perieHus mpo0JeM; CIIOCOOHOCTHIO ¥ TOTOBHOCTBIO K CAMOCTOSITETLHOMY
MIOUCKY METOJIOB PEIICHUs MPAKTHYECKHUX 3aj]a4, TPUMEHEHHUIO PAa3IMIHBIX METO/IOB
TIO3HAHUS;

UCTIOJIh30BaTh PA3IMIHBIC BUIBI IEATEIHHOCTH TI0 MOJIYICHUIO HOBOT'O 3HAHHMS,
€ro MHTEPIIPEeTalliy, MPeOoOPa30BAHNUIO M IPUMEHEHHUIO B YUYEOHBIX CUTYAIHsIX, B TOM
YHCIIE TIPY CO3/IaHUN YUEOHBIX U COIMATIBLHBIX MMPOCKTOB;

(GopMUpPOBaTh HAYYHBIA THI MBIIUICHUS, BIAJCTh HAYYHOW TEPMUHOJIOTHEH,
KITFOYEeBBIMU TIOHATHSMHU U METOaMH;

CTaBUTH U (OPMYITUPOBATH COOCTBEHHBIC 33/1a41 B 00pa30BaTEIbHON A TEIHHOCTH
1 )KU3HEHHBIX CUTYyaIUsX;

YMETh UHTETPUPOBATH 3HAHUS U3 PA3HBIX MPEIMETHBIX 00JIaCTEH.

Paboma c ungpopmayueii:

BJIQ/ICTh HABBIKAMH TOJTy4YeHUS WHPOPMAIMN U3 UCTOYHUKOB PA3HBIX THUIIOB,
CaMOCTOSITEIILHO OCYIIECTBIISTh MOUCK, aHATN3, CUCTEMATH3AIIMI0 U MHTEPIPETAIUIO
nH(MOPMAINH Pa3IMYHBIX BUIOB U (HOPM TPECTABICHUS;

OIICHUBATh IOCTOBEPHOCTH HH(POPMAITUH;

dbopMynupoBaTh 3amMpoChl W TPUMEHSTH PA3IUYHBIC METOJBI TPH TOWCKE

1 oTOope nHpopmaluu, He0OOXOUMOM ISl BHITIOTHEHUS YICOHBIX 3a/1a4;
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CaMOCTOSITEJILHO  BBIOMpaTh  ONTUMaNbHYIO  (opMy  MOpelCcTaBICHUS
uH(popmaiuu (cxemMbl, rpaduKH, JTUarpaMMbl, TaOJIUIbI, PUCYHKH U JIp.);

UCIIOJIb30BaTh ~ HAY4YHBIM SI3BIK B KayecTBE CpeAcTBa IMpu  pabdote
¢ uHopManmeil: TpUMEHATh XUMHUYECKUEe, (PU3nueckue M MaTeMaTUYeCKUE 3HAKU
Y CUMBOIJIHI, dbopmyIbI, ab0peBuarypy, HOMEHKJIATYpY, HCII0JIb30BaTh
1 TIpeoOpa30BbIBATh 3HAKOBO-CUMBOJIUYECKHUE CPEICTBA HATJISITHOCTH.

B cpepe oénadenus ynusepcanoHblmu KOMMYHUKAMUGHBIMU OCUICIEUAMU:

OCYIIECTBJISITH OOIIIEHHE BO BHEYPOUHOU JACSATEIHLHOCTH,

pa3BEpHYTO U JIOTUYHO U3JIaraTh CBOI TOYKY 3PEHHSI C HCIOJIb30BAHHEM
SI3LIKOBBIX CPEJICTB,;

MOHUMATh M MCIOJIb30BaTh MPEUMYIIECTBA KOMAHIHON W WHIWBHUIYaJTbHOU
paboThI;

BBLIOMpATh TEMATHKY W METOJIbl COBMECTHBIX JICHCTBUN C y4eTOM OOIIUX
MHTEPECOB U BO3MOXKHOCTEH Ka)I0r0 YieHa KOJIJIEKTHBA;

NPUHUMATh 11 (0% COBMECTHOM NesITEeHHOCTH, OpraHU30BbIBATH
U KOOPIWHUPOBATH JEUCTBUA IO €€ JOCTHKEHHUIO: COCTAaBJIATh IUIAH JIEWCTBHIA,
pacupenensiTh poJid C YYETOM MHEHUW YYaCTHHKOB, OOCYXKIAaTh pE3yJIbTaThl
COBMECTHOM pabOTHI;

OIICHMBATh KA4€CTBO CBOETO BKJIAJIa M KaXKJIOT0 yYACTHUKA KOMAHIbI B OOIIHiA
PE3yNbTAT MO pa3paboOTaHHBIM KPUTEPHUSIM;

npeayiaraTb HOBBIE TMPOEKThl, OIEHUBATh WAEH C TMO3UIMU HOBU3HBI,
OpUTMHAJILHOCTH, MPAKTUYECKON 3HAUHUMOCTH;

OCYLIECTBIISITh MO3UTHBHOE CTPAaTErMYECKOE IIOBEICHHE B  Pa3IUYHBIX
CUTYaIUsIX, POSBIIATH TBOPYECTBO U BOOOPAKEHNE, OBITh MHUIIMATHBHBIM.

B cepepe osnaoenusa ynusepcanvHoimu pecyiamueHbIMu 0CUCMEUAMU:

Camoopeanuzayus:

UCIIOJIb30BaTh HAay4yHbI€ 3HAHUS MJIA BBISBICHUS NPOOJEM M UX pElIeHUs
B JKU3HEHHBIX U YYEOHBIX CUTYaIIUSIX;

CaMOCTOSITEJIbHO OCYILECTBIISATh MO3HABATEIBHYIO NESITEIBHOCTD, BbBISBISITH

po0JieMbl, CTaBUTh U (POPMYJIUPOBATH COOCTBEHHBIE 33/1a4H;
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CaMOCTOSITEJIbHO COCTABJIAThH IUIAH BBIMOJHEHUS y4eOHO-HCCIIE0BATEIBCKOTO
HKCIIEPUMEHTa C YYE€TOM HMEIOIIMXCA PECYPCOB, COOCTBEHHBIX BO3MOKHOCTEH
U NIPEANIOYTECHU N,

pacuIupsiTh paMKH y4eOHOTO MpeMeTa Ha OCHOBE JIMYHBIX MPEANOYTEHUIH;

JIeJIaTh OCO3HAHHBIN BBIOOP, apryMEHTHPOBATH €0, OpaTh Ha ceOst OTBETCTBEHHOCTh
3a pelIeHUE;

OIICHUBATH MPUOOPETCHHBIN OIIBIT;

croco0CTBOBaTh (OPMHUPOBAHUIO W TPOSBICHUIO JSPYIUIUU B 00JacTH
€CTEeCTBEHHBIX HAyK, TOCTOSSHHO TMOBBINIATH CBOM O0Opa30BaTENbHBIN U KYJIbTYPHBIH
YPOBEHb.

Camoxoumpons:

JaBaTh OIIEHKY HOBBIM CHUTYyalldsM, BHOCHUTh KOPPEKTHUBBHI B JICSTEIHHOCTD,
OLIEHUBATh COOTBETCTBUE PE3YJIbTATOB LIEJISIM;

OPUHUMATh MOTHBBI M apryMEHThl JPYTrMX TpU aHAIU3€ pe3yJbTaTOB
NEeATENbHOCTH;

UCIIOJIb30BaTh MPUEMBI PeQIIEKCUU JJI OLIEHKU CUTyallud, BHIOOpa BEPHOTO
peueHus;

YMETh OLICHHBAaTh PUCKA M CBOEBPEMEHHO MMPUHUMATh PEHIEHUS 1O  UX
CHUKEHUIO.

Hpuﬂﬂmue cebs u ()DVZMX.'

I[IPUHHUMATDb C€6H, IMOHKUMas CBOM HCJOCTAaTKM M JOCTOMHCTBA,

PU3HABATh CBOE MPABO U MPABO JIPYTUX HA OLINOKH.

HNPEAMETHBIE PE3YJIbTATHI

1o uroram peanuzauuu [Iporpammer oOyyaromuecs: OyayT 3HATH!

OCHOBHBIE MOJIOKEHUS 3aKOHOB, TEOPUI, 3aKOHOMEPHOCTEH, TPaBUJl, TUIIOTE3
B 00JIaCTH COBPEMEHHBIX HAHOHAYKU U HAHOTEXHOJIOTUH;

Oouorpaduueckre JaHHbIC U OCHOBHbBIE JJOCTHKEHUS BEAYIIUX IIPeACTaBUTENEH

HAaYKH O JHUCIICPCHBIX CPC€aaX U HAHOXUMHM
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OCHOBOIIOJIAra0IME€ HAHOXMMUYECKHE TEPMUHBI U MOHATHS (HAHOYACTHULA,
HaHOMAaTepUaJibl, HAHOCTPYKTYPbl, HAHOCUCTEMBI U JIp.);

CTPOCHHE OCHOBHBIX HAJAMOJIEKYJSIPHBIX  CTPYKTYp, HPHUCYTCTBYIOIIHUX
B JIUCIIEPCHBIX CPEAAX;

BO3MOKHOCTH HAIIPABJIEHHOTI'O CUHTE3a U MOAM(UKAIIMY HAHOCTPYKTYPUPOBAHHBIX
BEILIECTB U MAaTEPUAJIOB;

(yHKIIMOHATBHBIE ~ BO3MOXHOCTH  HAHOCTPYKTYPUPOBAHHBIX  BEIIECTB
Y MaTepuasoB;

OCHOBHBIE METOJIbl HAYYHOI'O IMO3HAHUS, UCIIOJIB3YEMBIE B HAHOXMUMHUYECKHUX
Y HAHOTEXHOJIOTUYECKUX UCCIEOBAHUSIX;

KJTIOUYEBBIE IOCTHXKEHUSI B 00J1aCTH HAHOTEXHOJIOTUH;

OCHOBHBLIC ITPHUJIIOKCHUA HAHOCTPYKTYPUPOBAHHBIX BCUICCTB U MATCPUAJIOB.

ITo utoram peanuzanuu [IporpaMMbl oOydaromuecs OyayT yMeTh:

M0JIb30BaTHCS TEPMUHOJIOTHEN, OTHOCSIIEHCS K HAHOXUMHUH U HAHOTEXHOJIOTHH;

pasnuyath pa3IUYHbIC YpOBHU OpraHu3aIiu MaTepuu
B HAHOCTPYKTYPUPOBAHHBIX O0BEKTAX;

coOupaTh mapo-CTEP>KHEBBIE MOJIETTU CTPYKTYP HAHOOOHEKTOB;

NPUMEHSTH MPOrpaMMHOE 00ecTieueHue JJIsi BU3yalu3aluy MPOCTPAHCTBEHHON
CTPYKTYpPbl HAHOOOBEKTOB;

IUTAHUPOBaTh M TIPOBOAMTH  Y4€OHO-HCCIENOBATEIBCKUN  DKCIIEPUMEHT
0 U3yYCHUIO CBOMCTB JUCIIEPCHBIX CUCTEM;

aHATU3UPOBATH U300paKeHUs HAHOCTPYKTYPHUPOBAHHBIX O00BEKTOB,
MOJIYYCHHBIC PA3TMYHBIMUA METOAMH H3YUCHHUS;

YCTaHABIIMBAaTh  B3aMMOCBS3M  MEXIy  HAyKOW HW  TEXHOJOTHSMH,
HaHOMAaTepHUaJIaMy U KX CBOMCTBAMH, METOIAMH UCCIICIOBAHUS M MX BO3MOYKHOCTSIMH,

OIICHWBATh OJTUYECKUE AaCIEKThl COBPEMEHHBIX MCCICOBAHUN B 00JACTH
HAHOTEXHOJIOTUM;

CaMOCTOSATETILHO PAabOTaTh C WCTOYHHUKAMHU JOTIOJHUTEIBHOW JUTEPATYPHI

Y UHTEPHET-PECYPCAMU, BKJIIOUAS] PECYPCHI HA AHTJIMHCKOM SI3bIKE.
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TEMATHUYECKOE IINTAHUPOBAHHUE

No Haumenosanue Konuuecmeo Ipoepammnoe Xapaxmepucmuxa
n/n pazoenos 4acoe cooeporcanue oesamenbHocmu
u mem Kypca ooyuarowuxcs

MEKINCHUIVIMHAPHAA 00J1aCTBY

Paznen 1. Opraﬂmauuomwe 3aHaTHEe «HaHoXMMHIA U HAHOTEXHOJIOTUA KaK

1.1. | BBenenue
B [Iporpammy

DOopMBI U METOIBI
negareiabHocTh. Inan
paboThl Ha y4eOHBI
ron. MucTpykrax
0 TEXHUKE

0€e30IacHOCTH

IlepBuunas
nmuargoctrka. BxomHoe

TECTHUPOBAHNE

Hroro no pazneny

2

Paznen 2. UcTtopusi HAyKu 0

AUCIIEPCHBIX CUCTEMAX

2.1 | Hauano mzy4yenus
MTOBEPXHOCTHBIX
SIBJICHUI

U JUCTIEPCHBIX

CHUCTCM

4

Kanumspsl 1 3akoH
Jlannmaca. U3yuenue
ancop6muu (K. [leene,
T. JloBum).
Merannuueckue 3011
(M. dapaneii).
BbpoyHoBckoe
nemxenue. OcMmoc

u a3 (T. I'pam).
Konnouanslie cucreMsl.
Omnpenenenue yncna
Asoranpo (K. Ileppen).
Dddext Pebunaepa.
Tepmun
«HAHOTEXHOJIOTUNY,
UCTOPHS €ro MOSBICHUS
U TIOMyJISIpU3aluu

(P. ®eitaman,

H. Tanuryru,
3. lpexciep)

Yyebno-
uccne008amenbCKull
9KCnepuMenm.
Nzyuenue agcopoumu
KpacuTesel ¢ IOMOIIbIO
AKTUBUPOBAHHOTO YTJIA.
OnpenenexHue ero
COpPOITMOHHOM

CIIOCOOHOCTH

Hroro no pazgeny
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Paznen 3. OcHOBBI (l)I/I3I/IKl/I MOBEPXHOCTH U JUCITEPCHBIX CPEl

3.1 | OcHOBHI QpuU3NKN 4 DU3HKO-XUMHYCCKHC Yuebno-
MOBEPXHOCTH CBOWCTBA aTOMOB UCCIe008amenbCKuil
Ha IOBEPXHOCTHU. IKCNEePUMEHM.
IloBepxHOCTHOE Omnpenenenne
HaTSDKCHHE. AJICOPOLMSA. | 110BepXHOCTHOIO
CmauuBanue HATSDKEHUS BOJIBI
METOJIOM OTPhIBA
Karenb
3.2 | CpoiictBa 4 OneKTpuyecKkue Vuebno-
JIMCTIEPCHBIX CPeT CBOJCTBA. uccnedosamenbCeKull
Y CTONYHMBOCTS. oKCnepuMenm:
DU3NKO-XUMHUYECKast OlLIeHKa TOJIIHUHbI
MEXaHHKa rpaduTOBOM JTMHUH
B 3aBHCHMOCTH
OT MSTKOCTH KapaHiaria
Hroro mo paznueny 8

Pa3nen 4. lucnepcHbie CHCTEMbI: MOJyUeHNe U TPUMEHEeHUe

41 Kiaccunduxarmst 2 [MousTHs Ipaxmuueckas paboma:
JTUCTIEPCHBIX CUCTEM «HAHOMAaTEepHa, Mo ienmpoBaHue
«HAHOOOBEKTY. CTPYKTYPHI HAHOYACTHII
Bunbsl HaHOOOBEKTOB pasHoOTo pasMepa,
(0D, 1D, 2D; CpaBHEHUE JOJIH
MHUKpPO-, ME30- MMOBEPXHOCTHBIX aTOMOB
1 MaKpOTIOPHUCTHIE). W 4Kciia
Spxue npumepst HECKOMIIEHCUPOBaHHBIX
HIPOSABJICHUA BAJICHTHOCTEH
pasmepHoro 3¢ dekra
4.2 JlucnepcHbie 2 [Tensl, adpo3osm Vuebro-
CUCTEMBI, A a3poreim UccneooeamebCkuil
coJieprkanue 9KCnepumenm.
ra3oBylo (asy Omnpenenenne
YCTOWYMBOCTHU TICHBI
MOIOIIHNX CPEJCTB
4.3 JucnepcHbie 2 30414, TeNu, SMYIbCUH Vuebro-
CHCTEMBI, U CyCIICH3UHU. UCCIe008amebCKULL
cojiepKarime Ilonoxxenue 305ei OKCHEPUMEHI.:
JKHUIKYIO (I)a3y Ha MIKaJIC JUCIICPCHOCTU | []o JIy4YEHHE 30 N

KOJIJIOMIHBIX CUCTEM

HaHOCTPYKTYpUPOBaH-

HOTO cepedpa
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4.4 JucnepcHbie 3 [ToBepxHocTHO- Vuebro-
CHCTEMBHI, aKTUBHbBIE BEIIECTBA. uccnedosamenseKull
coJieprKaiiue MemOpaHbI, MUTICILITBI oKCnepuMenm:
MMOBEPXHOCTHO- Y JIATIOCOMBEL. V3yueHue BIHsHUS
AKTHBHBIE BEIIIECTBA Buonorunueckue [10BEPXHOCTHO-
JUCTICPCHBIC CHCTEMBI AKTUBHBIX BEIIECTB
Ha TIOBEPXHOCTHOE
HATSDKEHHE
45 MeTom1 1 Dddext Tunnans. Vuebro-
BU3yaJIM3alUN AHanu3 TpaeKTopuit ucenedosamenbekuil
HAHOYACTHI] JBHKCHUS HAHOYACTHIL | 5xcnepumenm.
JemMoHcTpanus
abdexra Tunmans
Ha JINCIICPCHBIX
CUCTEMaXx Pa3InIHOTO
pona
Hroro mo paznmery 10

Paznesn 5. MeToabl CHHTE32 HAHOCTPYKTYPHPOBAHHBIX BellleCTB U MAaTepPHAJIOB

5.1 | [IpuHuun «cBepxy- 2 IIpyHIMNIB IOTYICHUS. | [Tpaxmuueckas paboma:
BHU3» HaHOCTPYKTYP: [Toctpoenue moaenu
«CBEpXYy-BHU3» IUIaHeTapHOH
U «CHU3Y-BBEPX». MeJTBHUIIBI
[Tony4enue rpadena.
OcobeHHOCTH pabOTHI
IUTAHETAPHBIX MEJIbHHUIL
5.2 | [IpuHnum «cHU3Y- 8 OCHOBBI Yuebno-
BBEPX» CYIpaMOJIEKYIISIPHOM uccne0o8amenbCKuil
xumun. CamocOopka. 9KCNEepUMeHm:

Metoanl cuHTE3a
HAHOYACTHIL: «MITKOM
XHMHUEH» — 30J1b-TeIb,
«TOMOTE€HHOTO
OCaXKICHH,
oOpatéHHo-
MULIEIUISPHBIN,
MUKPO3MYJIbCUOHHBIN;
tepmoins, CVD.
Metoapl cTaOUIN3alUN

HaHO4YaCTHIL:

["a3oasHeblii cuHTE3
HAHOKPUCTAJTUYECKOTO
XJIOpHU/Ia aMMOHHUSI.
ITony4yenue 3oen
HAHOMAarHeTHTa,
HaHOPa3MEpPHOTO
JMOKCHJIa THTAHA,
OepIMHCKO J1a3ypu.
[MonyueHre HaHOTIICHOK
cepeOpa Ha CTeKIITHHOMN

nomioxke. Orenka ux
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cTepuyecKas, XxelaTHas,
ANIEKTPOCTATUYECKAS,
MMMOOUIN3aLen

B MaTpHIIE.
HanpasneHHb1l cuHTE3
HaHOOOBEKTOB:
KBAHTOBBIC TOYKH,
HAHOIIJICHKH, 00ObEMHBIC
HaHOMAaTEpHUAITHI.
Moaudukarius CBOMCTB

HaHOMAaTepHaJIoB

TOJILLUHBI.
IIpomexxyrounas

aTTeCTalusa

Hroro no pazneny

10

Bcero xosimuecTrBo 4yacoB

no IIporpamme 3a roa

34
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11 KJIACC

Ne

n/n

Haumenosarnue
paszoenos

u mem Kypca

Konuuecmeo

uacoe

Ilpoepammnoe

cooepoicamue

Xapaxkmepucmuka
oesameibHocmu

ooyuarowuxcs

Paznen 6. Metoabl ucc/ie10BaHUSA HAHOCTP

YKTYPHPOBAHHBIX BellIeCTB 1 MATEPHAJIOB

6.1 | Onrudeckue 4 Onruueckue CBOUCTBA | Vyepno-
METOIBI HAHOYACTHI] uccne0o8amenbCekull
¥ HAaHOMaTePHaJIOB. oKCnepuMenm:
Mukpockorms. Muxkpockonuyeckoe
HAudpakimonHsii U3y4eHHE IIPEnapaToB
npenen. PoToMeTpHsL. HaHocepeOpa Ha CTeKIIax
CrnexrpodoTomeTpus:
W3MEpEHHE IPOITYCKAHMS,
TIOTJIOIICHUS,
JFOMHUHECTICHIIHH.
JvnHamuueckoe
CBeTOpaccesHue
6.2 | DieKTpoHHAS 3 [IpocBeunBaromas Ilpakmuueckas paboma:
MHKPOCKOTIHS 3JIEKTPOHHAS CpaBHUTENIbHBIN aHATIN3
MHUKPOCKOTIHSI. H300paKeHU I
Cxanupyromas HaHOCTPYKTYD,
JNEKTPOHHAS MOJTyYEHHBIX
MUKPOCKOTIHSL. AIIEKTPOHHOU
OcoOCHHOCTH M3YYCHHS | MUKPOCKOIHEH
OHOJIOTUYECKIX
00BEKTOB
Ha HAaHOYPOBHE
6.3 | PentreHoBckas 4 Pentrenodazoblit Ilpakmuueckas paboma:
T(PPaKTOMETPHS aHau3. YIIUpeHue Busyanuzamnus ctpykTyp
MUKOB KaK MPU3HAK OMOTIOINMEPOB,

HaHOOOBEKTA U KaK
croco0 OLEHKH pa3zmepa
KPUCTAJIIUTOB.
PeHTreHocTpyKTypHbIT
aHanu3. OnpenaeneHue
CTPYKTYPbI
HAHOPa3MEPHBIX
00BEKTOB Ha aTOMHOM

ypoBHE

MMOJIY4CHHBIX MCTOJAOM
PEHITCHOCTPYKTYPHOI'O

aHaJIn3a
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6.4 | Ckanupymomas 6 TyHHenbHas Yuebno-
30HI0Bas MUKPOCKOTIHS. ATOMHO- | UCC1e008amenbCKul
MUKPOCKOTIHS CUJIOBasi MUKPOCKOIIMSL. | 9KCHEPUMEHM.:
Ananus N3yyenue noBepxHOCTH
HAHOCTPYKTYPbI METOJIOM aTOMHO-
MIOBEPXHOCTEM. CUJIOBOM MUKPOCKOIIHH.
Cratnueckuit
Y TUHAMWYECKUN IIpakmuueckas paboma:
PEX UM CKaHHPOBAHMS AHanus n300paxeHui,
MOJTyYeHHBIX METOJIOM
aTOMHO-CHJIOBOHN
MHUKPOCKOTIHHY,
C TIOMOUIbIO
COBPEMEHHOTO
IPOrpaMMHOT0
obecrieueHust
Hroro mo pazaeny 17

Pa3nen 7. @ yHKIIHOHAJIBHBI

€ CBOIiCTBa HAHOCTPYKTYPHPOBAHHBIX BellIeCTB M MaTepUAJI0B

7.1 | OyHKIIMOHAJILHBIC 5 CBepxHHU3Kas Yuebno-
CBOJCTBa BEIIECTBA, CMaunBaeMOCTb. uccne0o8amenbCeKull
obecrieunBaeMble CBepXITpOYHOCTb. 9KCNEepUMeHm:
HaHOMaTepUAIaMU Beicokoremneparypnas | M3ydenne «3ddexra
CBEPXIPOBOIUMOCTb. JI0OTOCa» Ha IpUMeEpe
CaepxunbTparus. JIeriecTKa po3bl.
CBepXbIPKOCTh N3mepenne kpaeBoro
CBETOUCITYCKaHHUSI. yria
Cyxas aare3us
(bnomumeTHKa
reKKoHa). MarHuTHbIe
CBOICTBA
Hroro no pazneny 5

Pazgen 8. HaHOTeXHOJIOr MM — IePCHEeKTUBBI PA3BUTHS H COCTOSTHHE HAYKH

HAa CeroaHAIIHMI JeHb

8.1 | CoBpemeHHbIE
MIPUMEHEHUS

HaHOTCXHOJIOT U

OO6muit 0630p
COBPEMEHHBIX
[IPUMEHEHUN

HaHOTCXHOJOI'MH

Buxmopuna:
Hanorexnosoruu

B HaIllel KU3HHA
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8.2 | Yrnepoanbie 2 Ocobas pons yrepona | Ilpaxmuueckas paboma:
HaHOMaTepUaJIb B HAaHOMMpE. MonenupoBanue
Oymnepensl, rpade, IIPOCTPAHCTBEHHOMN
HaHOTPYOKH CTPYKTYpHhI QyJiIEpeHOB
8.3 | Hanomarepuaisl 2 Hanomarepuasnbt Yuebno-
JUTS SHEPTETUKU B TOIIMBHBIX uccne0o8amenbCeKull
AJIEMEHTAX. 9KCNEpUMeHm:
JIntnit-nonHsle N3mepenue eMKocTH
AKKyMYJISITOPBI. JUTUNA-UOHHOTO
CynepkoHieHCaTophl aKKyMyJsITOpa
8.4 | HaHO2nekTpoHHUKA 2 3akon Mypa. IIpakmuueckas paboma:
TexHonornuecknit AHanus n300paxeHus
MPOLIECC TPOU3BOJICTBA | MOBEPXHOCTH KOMITAKT-
WHTETPATIbHBIX JICKa
MHUKpocxeM. Cucremsl
3anucu uHpopMaluu
8.5 Hanomarepuaist 2 Hanonuarnoctuka. Ilpakmuueckas paboma:
B MEIUIIMHE [Ipumenenne Buzyanuzanus
1 DKOJIOTHUH HaHOMAaTepHaJoB MIPOCTPAHCTBEHHOU
B TEpaIuH. CTPYKTYpbI
HanocopOeHThI. HaHOOWOTpeTapaToB
DoTOKATATH3ATOPHI. C IIOMOIILIO
CamoouncTka COBPEMEHHOTO
IPOrpPaMMHOTO
obecrieueHust
Hroro mo pazaeny 9

Pa3nen 9. AkTyasabHble podJieMsbl B 00.1a

CTH HAHOXHUMHUHU U HAHOTEXHOJI0I'MA

9.1 | Huckyccus 3 AxryanbHble npoOnemsl | Mtorosas arrecrarus.
B 00J1acTH HAaHOXUMUHU | 3aueTHas pabdoTa
Y HAHOTEXHOJIOTHH

Utoro no pazneny 3

Bcero kou4ecTBo 4yacos 34

no IIporpamme 3a rog

28



OPITAHMUBAIIMOHHO-ITEJAT'OI'MYECKUE YCJIIOBUSA PEA/IN3ALIUN
IHPOI'PAMMBI

Metoanueckoe odecneyenune peanusanuu Ilporpammsi

IIpu peanuzauuu IlporpaMmbl B y4yeOHOM TIpOLECCE HCMONb3YHOTCS
METO/IMYECKHE TNOCOOus, NUIAKTUYECKHE MaTepHualyibl, (OTO- W BHIEOMATEpPHUAbI,
KOHCTPYKTODPBI JUIl CO3JaHUsS IIAPO-CTEPIKHEBBIX MOJEJIEN XUMHUYECKUX CTPYKTYD;
KypHaibl M KHUTH, 0030pbl M OpHUTMHAJbHbIE MyOJUKaluu, O0a3bl JaHHBIX,
nporpaMMHOe oOecrieueHre JUisl pUCOBAHUSL XUMHUECKUX CTPYKTYp U BU3yalH3allUU
IPOCTPAHCTBEHHBIX 00BEKTOB, Mpoure Marepuansl B Cetn MHTEpHET.

[Ipu npoBeaeHNN 3aHIATUN UCTIOJIB3YHOTCS:

® CJOBECHbIE  METOAbl  OOy4YeHHs:  JIGKIUH, OOBbsACHEHus, Oecelpbl,
KOHCYJIbTallUH;

® HarsIiHble ~ MeTOoAbl  OOyuyeHuWs::  Ipe3eHTalud,  BUIeOMaTepHalIbl,
BU3YyaJIN3aLUU;

® JCCIIEJIOBATEIbCKUE METOJIbl OOY4YEHMs] — BBIIOJHEHHE OOYyYarOUIMMHUCS
OIPEIEIICHHBIX UCCIIEN0BATEIbCKUX 3aJaHUMN.

YcBoeHMe  Marepuasia  KOHTPOJIMPYETCS 1P IIOMOLIM  TECTUPOBAHUSA
U BBIIOJIHEHUS MPAKTHUYECKUX 3aJaHUN. 3aKIOYHUTEIBbHOE 3aHATUE IPOBOAMTCS

B (hopMe 3a4eTHOM pabOTHI.

MarepuajibHO-TeXHUYeCKHe yca0Bus peaausanuu [lporpammel

[IpoaykTuBHOCTE pabOTBI BO MHOTOM 3aBHUCHUT OT KadecTBa MaTepUaIbHO-
TEXHUYECKOr0 OCHaileHus: mnpouecca. [Iporpamma peanusyercs B ayAUTOPUH
o0pa30BaTeIbHON OpTaHMW3AIMU C TMPUMEHEHHUEM TEXHUYECKHX CPEICTB OOyUCHHUS
1 1a00paTOpHOr0 00OPYIOBAHUS:

® KOMIIBIOTEPHI YUUTEI U 00YUaIOIINXCS,

® HHTEpPAKTUBHAS JIOCKA;

e y4eOHO-Hay4YHOE 000py0BaHuE 110 (PU3UKE U XUMUHU.
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JIMTEPATYPA U 3JIEKTPOHHBIE PECYPCbI

HopmaTuBHas 0a3a

1. ®enepanbubiii 3akoH 0T 29 nexadps 2012 r. Ne 273-03 «O0 obpa3oBaHUM
B Pocculickoii @enepauumny.

2. ®enepalbHbIil TOCYapCTBEHHBI 00pa30BaTENbHbI CTaHAAPT CPEAHErO
oOmrero oopa3oBanus (yTBepxkaeH npukazoM MunoOpHayku Poccuu ot 17 mas 2012
r. No 413; 3apeructpupoBan Muntoctom Poccun 7 utons 2012 r. Ne 24480).

3. ®enepanbHasg oOpazoBarebHasl MporpaMMa CpeHero oo1ero 0opa3oBaHus
(yrBepxaeHa mpukazom Munnpocsemenuss Poccuum ot 18 mas 2023 r. Ne 371;

3apeructpupoBad MuntoctoM Poccun 12 uronst 2023 r. Ne 74228).

Cnmcok Jqurepatypsl

1. AxmetoB M.A. BBeneHre B HAHOTEXHOJIOTHU. XUMHS : ydeOHOE mocoOue
s ydammuxess 10-11 kmaccoB cpemHuxX 00IIe00pa3oBaTebHbIX YUpeKIecHUH /
M.A. AxmeroB. — Cankrt-IletepOypr : OOpa3oBaTelbHBIM HEHTp «YUacTuey,
O6pa3zoBarenbHbIe MPoekThl, 2012. — 108 c.

2. AxmetoBa A.U. «DemtoCkan Ownmaitn»: o00paboTka u GUIbTpaLUs
n3zobpaxenuii / A.M. Axmerosa, J[.W. SAmunckwmii, 1.B. SImunckwuii / Hanoungycrpus. —
2024. —T. 17, Ne 3-4(127). — C. 178-183.

3. borateipeB B.A. MeTobl CHHTE3a HAHOYACTHI] C IIA3MOHHBIM PE30HAHCOM /
B.A. borateipes, JI.A. Jlpikman, H.I'. XneGmoB : yuebnoe mocobue. — Caparos :
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