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INOACHUTEJIBHAS 3AIIMCKA

Hanoxumus sBisieTcs €CTECTBEHHO-HAYYHOM OCHOBOM HAHOTEXHOJOTHM, WIPAIOLIMX KpallHE Ba)XHYKO pOJIb B COBPEMEHHOM TEXHHMKO-
HSKOHOMHYECKOW mapaaurme. Hanoxumusi wccieayer crnocoObl MONMyd4eHUs] W CTaOMIM3aluu, CBOMCTBA, CTPOCHHE M OCOOCHHOCTH XWUMHUYECKUX
IIPEBpallleHN] HAHOOOBEKTOB M HAHOMATEPHUAIOB, a TAKKE MX IpaKTUYECKue MpuiokeHus. HaHoXumus craja JIOTUYECKUM pa3BUTHEM
KOJUIOMTHON XUMHH, C OJHOW CTOPOHBI, U CYNPaMOJEKYISIpHOW XUMHU — C JApyroi. O0Ge 3TUX AUCUMIUIMHBI KPUTUYHO BaXKHBI JUIS
KOPPEKTHOI'O TOHUMAaHUI HAHOXUMHUYECKUX ITOIXO/I0B.

Pa3BuTHE HAHOXMMHY ¥ HAHOTEXHOJIOTHH CETOJHS  CIYXHUT (OKYCOM ISl TPUJIIOKEHHS CHWJI  BEIYHIMX YYEHBIX HCCIIEOBATEICKIX
KOJUIEKTBOB. HaHOMarepuassl Ha OpraHM4ecKO M HEOPraHWYECKOM OCHOBE IPHUMEHSIOTCSI B OTPOMHOM KOJIMYECTBE IHPOLYKTOB COBPEMEHHOMU
IPOMBIIUICHHOCTH. OnMChIBA€MOE HAIPaBICHHE CIY)KUT OJHUM M3 cCTOJNoB Tak HaszbiBaeMoil NBIC-konBeprenuuu, Bxoasmed B sapo
npeacKa3piBaeMoro GyryponoraMu VI TEXHOJIOTHYECKOTO YKIIAAa.

Pabouas nmporpamma Kypca BHEYpOUHOU JeATenbHOCTH «COBpPEMEHHbIE UCCIIEOBAHUS U JOCTHKEHHMs] HaHOXuMUU» (nanee — Ilporpamma)
€CTECTBEHHO-HAyYHOU HaNpaBICHHOCTU MO3BOJSET OCBETUTH oOydarommumcest 10—11 kiaccoB OCHOBHBIE TE€3MChl HAHOXUMHH, a TaKXKe HAMETUTh
OCHOBHBIE HAaIpPaBJICHUS PA3BUTHUS HAYKH O MUPE HAHOOOBEKTOB M €€ TEXHOJIOTMYECKUX MPUIIOKEHUH, TOTyYUTh MOHATHE O COBPEMEHHBIX Hay4HBIX
Metonax. Peanmzanus Ilporpammel mo3BONUT AOCTHYL Oo0Jiee MOJHOTO MOHMUMAHMS IIKOJIBHUKAMHM €CTECTBEHHO-HAYYHOI'O MOJX0Ja K H3YyYEHUIO
IIPUPOJIBI ¥ PA3BUTHUIO HA €0 OCHOBE TEXHOJIOTUH, MEHSAIOIINX MHUP.

AkTtyajasHocTh IIporpammsl

Hanoxumus B CBOMX MPOSIBICHUSIX OTHOCHTCS K O0JIACTH €CTECTBEHHBIX HayK B IesoM. VI3HadanbHO c(hOpMUPOBABIINCEH HA CTHIKE XUMHUHU U
(GU3MKM, HAHOXUMHUYECKHE TOJIXO0Jbl BO MHOTOM BJIMSIOT Ha COBPEMEHHOE IMOHMMAaHHE MOJIEKYJISIPHBIX OCHOB OMOJIOTMH U ApYyrux Hayk. Tem He
MEHEE B IIKOJIBHBIX KypCax IO €CTECTBEHHO-HAYYHBIM IPEIMETaM TEMBI, CBSI3aHHBIE C HAHOXUMUEH, pacIionararoTcs MOPO3Hb U 3aHUMAIOT KpaiiHe
Mauiblii 001t 06bem. B uactu BozmoskHoro nyonupoanus ¢ @OIT COO no npeamerHoit obiactu «EctecTBeHHO-Hay4YHbIe peaMeTsl» [Iporpamma
MIOYTH He MepeceKaeTcst HU ¢ peepanabHoi paboueil nporpaMmoii mo yueoOHOMY npenMeTy «XUMHUs» (TeMbl « AJUTOTPOIIHbIE MOAU(DUKALINY YIIIEpOaay,
«IlonaTne o nucrepcHbIX cucreMax», «lIperncraBiieHHe O KOJUIOMIHBIX pacTBOpax» B pazuene «TeopeTnueckre OCHOBBI XUMHUN», a TaKkKe

YIOMHUHAHWE HAHOTEXHOJIOTHH B pasnene «XuUMHUS U KU3HBY»); HH C (enepanbHOM pabodeil mporpamMmoit mo ydeOHOMYy mnpenmery «Dwusznkay



(«IToBepxHOCTHOE HATSDKEHHE» B TeMe  «ArperaTHble  COCTOsHHsA  BemlecTBa. a3oBble  mepexoab»;, ynomuHanue «llomydenue
HaHOMaTepHaioB» B TeMe «OCHOBBI MOJICKYJIIPHO-KMHETHYECKOW TEOpUW»); HH ¢ ¢enepaabHOi pabodeld mporpaMMoil 1o  ydeOHOMY
npeamery «buonorus» («OOume cpoiicTBa OMONOTrMUECKMX MeMOpaH» B TeMe «XHMHUYeCKas OpraHu3anus KiIeTkn»; «HaHorexHomoruum B
OMOJIOTUM U MEITUITUHEY).

[Iporpamma pa3paboTaHa B COOTBETCTBHHM C TpeOOBaHUAMU (elepalbHOTO TOCYJAapCTBEHHOTO 00pa3oBaTEeNbHOTO CTaHAApTa CPEAHETrO
obmero o6pazoBanus (PI'OC COO). Heobxomumocts peanusanuu [Iporpammel cBsi3aHa ¢ KpailHe HIMPOKHM pPACIpPOCTPAHEHHEM IPOAYKTOB
HAaHOXMMHH B COBPEMEHHOM MHPE ¥ BBIIICYTIOMSIHYTHIM HEJJOCTATOYHBIM OTPAKCHHEM OCHOBHBIX  IPUHIIMIIOB, HA KOTOPHIX OHA IIOCTPOEHA, B
OCHOBHOI 00pa3oBarenbHOl mporpamme. Jljis 4acTUYHOW KOMIIEHCALIMU 3TOTO pasphiBa B MOCKBE YK€ MHOTO JIET MPOBOJUTCS OJIUMIIMAAA IO
HaHOTeXHOJOrusM — OIUMIIUAAa IIKOJIBHUKOB «BBICOKHE TEXHOIOTUU U MaTepHalbl Oyaymieroy». 3aganus OnuMIUagsl MO3BOJSIOT IIKOJIbHUKAM
MIOHSTh, HACKOJILKO OHU OPUEHTUPYIOTCS B 3TOW  MEXAUCHUIUIMHApHOW obOnactu. CHUCTeMAaTHYecKoe K€  IOJyYyeHHUEe  3HAaHUM  BO3MOKHO
OpraHM30BaThb Ha YPOBHE CPEIHETO o01ero o0pa3oBaHus B paMKaxX BHEYPOUHOH  JIESTENBHOCTH WM JIOMOJHUTEIBHOTO 00pa3oBaHMA, B
YaCTHOCTH TNpu peanuzauumu jAaHHod [Iporpammbl. bonbmoe BHuManue B IlporpamMme yaeneHo MeTojJaM TOJIYYEHUS U H3YyYCHHS
HAHOCTPYKTYPHPOBAHHBIX BEIIECTB M MarepuanoB. [IpakTtuyeckas cropoHa IIporpamMmbl MO3BOJISIET YBHJETH SIPKUE CTOPOHBI HAHOXUMHUU TIPU
OTHOCHUTENIbHOM JOCTYIHOCTH BBINOJHEHUS! y4E€OHO-UCCIEA0BATENbCKOT0 SKCIIEPUMEHTa U BO MHOTOM 0a3upyercss Ha NpuMepax JabopaTOpHBIX
pabot, wu3noxkeHHbix B [IpakTukyme 1o HaHoMarepuanam W HaHotexHosorusiMm A.b. IllepbakoBa n B.K. MBanoBa [16]. U3yyenue HaHOXUMHH
OTKPBIBAE€T MHOT'O HOBOT'O ¥ HEOKUAAHHOTO KaK JJIsl yYUeHUKOB, TaK U AJis refaroros. [IpoekTHas u uccieoBaTeNbeKas 1eATeIbHOCTh M0 HAHOXUMHUH,
KOTOpast MO>KET BBIMOJIHATHCS ¢ onopoii Ha [Iporpammy, npu TOKHOM MOCTaHOBKE OYyAeT MPUBOJUTH K OOBEKTUBHO HOBBIM pe3yJibTaTaM, paHee He
ONMCAaHHBIM B HAYYHOU JIUTEPATYpE.

Hosusna [Iporpammel 3aKi1r0o4aercs B TOM, UTO OHA [TIOCTPOEHA Ha MOIIaroBOM O3HAKOMJIEHWH OOYYaroIIMXCcs ¢ OCHOBAaMHM HaHOHAYKU U €e
MIPUIIOKECHUSIMU.

Peanmuzanus Ilporpammbl crocoOCTBYeT neTanu3alMM 3HAHUK oOydaromuxcs O (U3MKO-XMMHYECKHX Mpoleccax, MPOTeKaroluX Ha
HAaHOYPOBHE, PACIIUPEHUIO TPEJICTABICHUH O BO3MOMKHOCTSX NPUMEHEHHS HAHOXUMHYECKHX TOJIXOMOB, CHOCOOCTBYeT MpodoprueHTanN

o0y4Jaronmxcs.



Ilenarornyeckas mesnecoodpasnocTsb [IporpaMMel 3akiarodyaeTcs B TOM, YTO OHA CO3AA€T YCIOBHUS A (OPMHUPOBAHHS y OOydaroUmIuxcs
€CTECTBCHHO-HAYYHOH KapTHUHBI MUpPA, Pa3BHBACT YMEHHWE KPUTUYECKOTO OCMBICICHUS HWH(POPMAINH, JaeT BO3MOXHOCTh IOJYYHTHh HAaBBIK
NPOBEICHUS y4eOHO-UCCIIEI0BATEIBCKOTO HKCIEPUMEHTA, paciiupsieT 0a3uc s yriyOJIeHHOTr0 W3Y4YeHUs HAHOXUMHUYECKHX IPOLIECCOB B BBICHICH
LIKOJIE.

Hesas IIporpammsbl — 1aTh 00yYarOMUMCS KPaTKUN IKCKYPC B MEXKIIPEIMETHYIO 00JaCTh HAHOTEXHOJIOTUI U UMITYJIbC K CAMOCTOSITEIbBHOMY
W3YYCHHUIO M TBOPUECKOMY Pa3BUTHIO; JIaHHASI 00JIACTh B HACTOSIIEE BPEMs SIBISICTCS OJHON M3 «TOYEK POCTa» JUISl  PA3BUTHUS  IPOMBIIUICHHOCTH

U HaxXOoAWUT MHOI'OYHMCJICHHBIC ITPUMCHCHUA BCOBpCMeHHOI\/JI TCXHHUKE.

BapuanTsl peanusanuu [IporpaMmbl u (popMbI NpoBeeHUs 3aHATHIT

Peannsanus [Iporpammsl [IpEAIonIaracT COYECTaHUE JEKIMOHHON U CEMUHApPCKON (opM pabOThI C 3IEMEHTaMHU IPaKTUKyMa:
JIEKIMH, CEMUHAPBI, JUCKYCCHH, 3alIUTHI IIPOCKTOB, YI€OHO-UCCIIEAOBATEIBCKUIN IKCIIEPIMEHT, IIPAKTHYECKUE PadOTHI — N300pakeHUEe XUMUIECKUX
(bopMmyI1, BU3yanu3aus TpeXMEpHbIX 00bEKTOB U TIp.

B cemuHapckoil yactu BO3MOXKHA CMEHAa MHAMBUIYAIbHBIX M TPYNIOBBIX ()OPM MPOBEACHUS B 3aBUCUMOCTH OT MpEANOYTEeHUH nenarora. B
MIPAKTUYECKON YaCTU BCTPEUAIOTCS KaK yueOHO-UCCIIe10BaTEIbCKUI SKCIIEPUMEHT, TaK U KOMITBIOTEPHBIN MPAKTUKYM.

[Ipu peanuzauuu Ilporpammbl HUCHOJB3YyeTCSl BBIYMCIUTENbHAs TEXHUKA, oOOecCHeurBamomas JOCTyll K CHEHHaTU3UPOBAHHOMY
IPOrpaMMHOMY OOECIIEUEHHUIO U HAayYyHOH JINTEpaType.

JUis caMOCTOSATENIBHOTO M3YYEHHUsl MIPEYCMOTPEH CIUCOK aKTyaJbHOW JMTEpaTyphl MO ONUCHIBAEMOW O0O0JAaCTH, pAacCUMTAHHBIA Kak Ha
yuuTesne, Tak M Ha MIKOJbHUKOB, y4acTBYIOIIUX B peanu3anuu [IporpamMmel.

[Iporpamma paspaborana ans oOyuaromuxcst npoduiabHbix 10—-11 kimaccoB (ecrecTBeHHO-HayuHbIM npoduib oOyuenus). [Iporpamma
paccuntaHa Ha 2 roga oOydeHus. OOmiee KOJIMYECTBO BPEMEHH, OTBOAUMOro Ha ocBoeHue IIporpammsbl, cocraBisier 68 uacos. [Iporpamma
peanmuzyercst 1 pa3 B Hepemto no 1 yacy. Bapuantom peanuzanuu MoxkeT ObITh u3yueHue Ilporpammer B 10 kiacce B pexume 3aHATHH 2 yaca B
HEJICITIO.

@opMBI KOHTPOJISL CIYXKaT AJIsl OMpeeNieHus] pe3yabTaTUBHOCTU ocBoeHMs [Iporpammbl oOydaromumucs. ATrecTaus npoBoaurcs 1 pas B



roa: IpOMEXYTOUYHAs — I10 UTOraMm mepBoro roaa O6y‘IGHI/I$I, HTOTrOBasi — BECHOMU BTOPOI'O Iroga O6y‘leHI/I${.

Dopmbl nposedeHUs ammecmayuu.
] TECTUPOBAHHUE;
° MIPaKTUYECKHE 3aHATHS,;

L4 3a4CTHasA pa60Ta.

B3aumocBsi3b ¢ deaepabHoil padoyeil MPporpaMMoil BOCTIMTAHUS

[Iporpamma pa3paboTraHa C y4eTOM peKOMEHJanuil QenepaibHOil paboyeil mporpamMmbl BOCHUTaHHS I 00IIe00pa30BaTENbHBIX
opranu3anuii. OHa y4uTBIBAaET IICUXO0JIOr0-II€AArOTHYECKIE OCOOEHHOCTH COOTBETCTBYIOIIEH BO3PACTHOM KaTEropuu 00y4aroImuxcsl.

B uwactHoCTH, B X0n€e peanu3anuu [IporpamMMbl BO3MOXHO COYETAaTh KaK MHTEIIEKTYaJbHOE, TaK U COLUAIbHOE pa3BUTUE OOydaroIIMXcCs,
CO3/1a0ILIEE OCHOBBI JUIsSl UX CAaMOONPEEIICHNS HA OCHOBE TyXOBHO-HPABCTBEHHBIX LIEHHOCTEN.

K 3amauam peanuzanum naHHoM IIporpamMMbl MOXHO OTHECTH JOCTHMIKEHUE JIMYHOCTHBIX PE3yJIbTaTOB OCBOEHHs 00IIe00pa3oBaTeIbHBIX
nporpaMMm 1o gusuke, xXumuu u 6uosaoruu B cootBeTcTBUU ¢ ®PI'OC COO, a uMeHHO: cHOPMUPOBAHHOCTh IIEHHOCTEH  CAMOCTOATEIBHOCTH U
MHULMATUBBL, TOTOBHOCTh  OOYYalOLIMXCS K CAMOPA3BUTHUIO, CAMOCTOSTEIbHOCTH U JIMYHOCTHOMY CaMOONPEEICHHUI0, HAINYUE MOTUBALMU K
L[eJICHANPABICHHOW COLMAIbHO 3HAYUMOW JEATENbHOCTH, C(HOPMUPOBAHHOCTh BHYTPEHHEH MO3UIMM JIMYHOCTH Kak 0cO0Oro II€HHOCTHOTO
OTHOIIECHMS K ce0e, OKPYKAIOIUM JIFOJSIM U )KU3HU B IEJIOM.

[IporpaMMa COOTBETCTBYET CIIEAYIOIIMM OCHOBHBIM HAIpPaBJIEHUSM BOCHUTAHMS: T'PaXIaHCKOE BOCHHUTAHME, MaTPUOTHUYECKOE BOCIUTAHUE,
JyXOBHO-HPABCTBEHHOE BOCIHMTAHUE, 3CTETUYECKOE BOCHUTaHME, (HOPMHUpPOBAHHE KYJIbTYPhI 3I0pOBOTO 0O0Opa3a >KHU3HH, TPYIOBOE BOCIHTAHHUE,
JKOJIOTMYECKOE BOCIIUTAHUE, BOCIIUTAHUE LIEHHOCTH HAyYHOT'O ITO3HAHUS.

Ocob6ennoctu padorsl negarora no Illporpamme

[Tepen mpenonaBarenemM, padoTatonuM mo [Iporpamme, CTOUT 3a7adya TapMOHUYHOTO COYETAHUS DJIIEMEHTOB XUMUHU, OWOJIOTHH, (DU3UKH U

I/IH(bOpMaTI/IKI/I, KOTOPBIC HCO6XOI[I/IMI>I JJIs1 KOHBEPIr€HTHOIO IIOHMMAaHUSA HAHOXHUMHUHU. TeMm He MEHEe aKIIEHT B COCTABIICHUM HpOFpaMMBI CIcJIaH Ha



XUMHUYECKHE aCMeKThl HAHOHAYKH, YTO MOYKET YaCTUYHO CMSTUUTH KaJIpOBbIN Bompoc B peanusanuu [Iporpammel. YcBoeHHE 00y4arOIIMMUCS HOBBIX
3HaHUI B 9TOW 0O0JACTH TECHO CBA3aHO C YCICUIHOCTBIO pealu3allii Yy4eOHO-HCCIIEOBATENbCKOIO S3KCIEPUMEHTa M IMPAKTHYECKUX pPadoT,
3anoxeHHbIX B [Iporpammy. [Ipu HeZOCTaTOUHOCTH MaTEPHAIBLHO-TEXHUYECKOTO OCHALICHUS OO0pa30BaTEeIbHOM OpraHM3allid  PEKOMEHAYETCS
caenatb  akleHT B peanu3auuu I[Iporpammbl Ha paboTy ¢ HUPPOBBIMH pecypcamu. Bo3MOXXHO cokpalleHrne KOJIMYecTBa IUIaHUPYEMBIX
MPAKTUYECKUX PadoT Jyist yriayOneHust paboThl HaJ TeOpeTHYecKUMH pasnenamu [IporpaMmel.

OtnuuutenbHas ocooeHHOCTh [IporpaMMbl COCTOUT B TOM, UTO B €€ IOCTPOEHUU U pealu3aliiu:
° Pa3BUBAIOTCS] MEKIIPEIMETHBIE CBSI3H, 3aJI0)KEHHBIE B OCHOBHOW 00pa30BaTeNIbHOM pOorpamMmme;

° BOCIIOJIHACTCA ,Z[C(bI/II_II/IT COBpCMeHHOﬁ HaquOﬁ I/IH(i)OpMaI_II/II/I, IMPOCIIC)KUBACTCS B3aUMOCBA3b KIIACCHYCCKHX ,Z[OCTI/I)KGHI/Iﬁ XUMHHU U

(1)I/I3I/IKI/I C UX IIPHIIOKCHHUAMU B COBpeMeHHOﬁ HAHOTCXHOJIOI'HH,
° Pa3BUBAIOTCA IMO3HABATCIIbHBIC KOMIICTCHIIMHN 06yqa}onmxc;1;
° AKTUBHO UCIIOJIB3YIOTCS COBPEMCHHBIC OKCIICPUMCHTAJIBHBIC U BBIYUCITUTCIIBHBIC MCTO/IbI;

° MMOAACPIKUBACTCS OPUCHTALUA 06yqa}oumxc;1 Ha NOCIICAYIOIIYIO CIICIUAJIN3alluio B 00J1acTH KaK q)YH,HaMeHTaHBHOﬁ, TaK U HpHKHaHHOﬁ

HayKH.



COJIEP)KAHUE KYPCA BHEYPOYHOM JEATEJbHOCTH
«COBPEMEHHBIE UCCJIEJOBAHUA U JOCTUKEHUA HAHOXUMUN»
10 KJACC
Paznen 1. OpranumszamuonHoe 3aHsTHe «HaHOXMMHSI M HAHOTEXHOJIOTMSI KaK MeKIHCUHMILUIMHApHAas o0jaacTby». Lleau u 3agauum
Kypca. UHcTpyKTa)K
Tema 1.1. Beeoenue 6 Ilpozpammy
Teopus. ®opMbl 1 MeTOABI AesTenbHOCTH. [lnmaH paboTel Ha y4eOHBINA TOJ. MIHCTpYKTaXX MO TEXHHUKE OE30IMaCHOCTH.

Ilpakmuxka. IlepBuyHas quarHoctruka. BxogHoe TectupoBaHue.

Pa3nen 2. UcTopusi HAyKH 0 IMCIIEPCHBIX CHCTEMAX

Tema 2.1. Hauano u3yuyenus n06ePXHOCHIHbIX A6IEHUN U OUCNEPCHBIX CUCHIEM

Teopus. Kammmnsipet u 3akoH Jlammaca. M3yuenwe ancopoumm (K. Ieene, T. JloBum). Metammuueckue 3omu (M. ®Dapaneii).
bpoynoBckoe asmwxkenue. Ocmoc u nuanusz (T. I'pam). Komnmomauslie cucremsl. Omnpenenenue uuncna Aporagpo (K. Ileppen). Dddexr
Pebunnepa. TepMuH «HaHOTEXHOJIOTHM», UCTOPUS ero nosiBieHus u nomynspuzauu (P. @eitunman, H. Tanurytu, 3. [pekciep).

Ilpakmuxka. Y4eOHO-UCCIEAOBATENbCKUN 3KcepuMeHT: WM3yueHue ajcopOuMuM KpacuTenell ¢ TOMOIIbI0 AaKTUBHUPOBAHHOIO YIS
Ompenenenue ero COpOIIMOHHON CITOCOOHOCTH.

Paznen 3. OcHOBBI (PM3UKHN MOBEPXHOCTH M AMCIEPCHBIX Cpel

Tema 3.1. Ocnosbl huzuku nosepxnocmu

Teopus. PU3NKO-XUMHUYECKUE CBOICTBa aTOMOB Ha  noBepxHocTu. IloBepxHOCTHOEe HaTsKeHHe. AcopOuus.
CmauuBanue.
Ilpakmuxa. VYuebHo-ucciae0BaTeNbCKH IKCIepuMenT: Onpe/iefieHre MOBEPXHOCTHOTO HATSKEHUS BOJIbI METOJIOM OTPBIBA Karelb.

Tema 3.2. Ceoticmea oucnepcHvix cpeo

Teopus. DNEKTPUYECKHUE CBOMCTBA. Y CTOMYMBOCTh. PUBUKO-XMMHUUYECKASI MEXAHUKA.



Ilpakmuxa. Y4yebHO-UCCIIeOBATEIbCKUN 3KcHepuMeHT: OlleHKa TOJNIIMHBI TpadUTOBON JIMHUU B 3aBUCUMOCTH OT MSTKOCTH KapaHjania.

Pa3nen 4. IucnepcHble cUCTEMBbI: NOJIy4eHHe U IPUMEHEHUe

Tema 4.1. Knaccugpukayun oucnepcrulx cucmem

Teopus. Knaccudukanust IUCHEPCHBIX cHCTeM. [IOHATHS «HaHOMAaTepual», «HaHO0OBeKT». Buabl HaHooOwekTOB (0D, 1D, 2D; Mukpo-,
Me30- U MaKpOIMOPUCThIE). SIpKre mpuMepsl POsBIECHUS pa3MepHOro 3ddekxTa.

Ilpaxmuka. IlpakTuyeckas padbora: MoaenupoBaHue CTPYKTYpbl HAHOYACTHI] Pa3HOTO pa3Mepa, CpaBHEHHUE JI0JIU MOBEPXHOCTHBIX aTOMOB U
YHCJIa HECKOMIIEHCUPOBAHHBIX BaJICHTHOCTEH.

Tema 4.2. /Tlucnepcusle cucmemol, cooeprcaujue 2azosyo aszy

Teopus. Ilenbl, a3p03071 U A3POTENH.

Ipaxmuka. Y4eOHO-HCCIISIOBATEIBCKHI dKCIIEpUMEHT: OnpeiesieHIe YCTOHIMBOCTH TIEHBI MOFOIIIUX CPECTB.

Tema 4.3. [lucnepcuvie cucmemol, codeprcawjue Hcuokyio gazy

Teopus. 30nm, renu, SMyJIbCUU U cycrieH3uu. [lonokeHne 3o0ieil Ha IIKaje JUCIEPCHOCTH KOJUIOMAHBIX CUCTEM.

Ipaxmuxa. VYyeOHo-HccaenoBaTeNbCkUil dKkcnepuMenT: [lomyueHue 307eii HAaHOCTPYKTYpUPOBAHHOTO cepedpa.

Tema 4.4. /lucnepcnuie cucmembnl, codepricauiue nOGEPXHOCIHO-AKMUGHbLE GeU{eCMEd

Teopus. [1oBepXHOCTHO-aKTUBHBIE BelleCTBA. MeMOpaHbl, MUIIEIIIBI U JTUTIOCOMBI. bruosiornueckue quctnepcHbie CHCTEMBI.

Ilpaxmuxa. Y4eOHO-UCCIENOBATENLCKUM OSKCIepUMEHT: VI3yueHue BAMSHHS TOBEPXHOCTHO-aKTUBHBIX BEIIECTB Ha TMOBEPXHOCTHOE
HaTsDKEHUE.

Tema 4.5. Memoow! eusyanuzayuu HaHOYACMUY,

Teopus. Dddext Tunnans. AHaINU3 TPAeKTOPUI IBMKCHUST HAHOYACTHII.

HpaKmuKa. qu6HO-I/ICCHCI[OBaTCJIBCKI/II71 SKCIICPUMCHT: I[GMOHCTpaLII/IH B(I)q)CKTa Tunpans Ha JAUCIICPCHBIX CUCTECMAX Pa3JIMYHOI'0 poJa.



Pazpen 5. Meroabl CcHHTe3a HAHOCTPYKTYPHPOBAHHBIX BelleCTB U MATEPHAJIOB

Tema 5.1. Ilpunyun «ceepxy-eHu3»

Teopus. IIpUHIMIIBI TOTyYEHHS] HAHOCTPYKTYP: «CBEPXY-BHHU3» U «CHU3Y-BBepx». Ilomydyenue rpadena. OcoOeHHOCTH pabOTHI IUIaHETAPHBIX
MEJIbHHII.

Ilpakmuxa: Ilpaktudeckas pabora: [loctpoeHne Mozeny riaHeTapHONH METbHULIBL.

Tema 5.2. IIpunyun «crHu3y-eeepx»

Teopus. OcHOBBI cynpaMosieKyasipHoi xuMuu. CamocOopka. MeToabl CUHTE3a HAaHOYACTHUI[: «MATKONH XUMUENH» — 30J1b-T€llb, «TOMOI'€HHOI'O
OCaXJICHHs», 00pallleHHO-MHULEIUIAPHBIN, MUKPOIMYJIbCUOHHBIHN; Tepmosn3, CVD. MeToapl cTabuan3anuy HAaHOYACTHUI]: CTepUYecKas, XeJaTHasd,
3JIEKTpOCTaTUYeCKas, MMMoOunau3anueid B Martpuue. HanpaBiaeHHBIM CHHTe3 HaHOOOBEKTOB: KBAaHTOBbIE TOYKM, HAHOIUICHKH, OOBEMHBIE
HaHoMaTtepHalibl. Monudukanus cBOHCTB HAaHOMATEPHAJIOB.

Ipaxmuxa: Y4ueObHO-UCCIIEOBATEIbCKUN SKCIIEpUMEHT: ['a30(a3Hblil CHHTE3 HAHOKPUCTAIIIMYECKOT0 Xjopuaa aMmmoHus. [lomyuenue 3omeit
HaHOMarHeTHTa, HAHOPa3MEPHOI'o TMOKCHA TUTaHa, OepinHCKOH na3ypu. [lonyueHre HaHOIUIEHOK cepedpa Ha CTEKJISHHOU moasoxke. OreHka ux
TOJILIUHBI.

Hpoxneofcymouuaﬂ ammecmauusi.
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Paznen 6. MeToabl HMcCC/Ie0BAHHS HAHOCTPYKTYPHPOBAHHBIX BelleCTB M MaTepHAJIOB

Tema 6.1. Onmuueckue memoowt

Teopua. OnTudeckre CBOWCTBA HAHOYACTHI[ M HaHoMarepuaioB. Mukpockonus. Judpaknuonusii mnpeaen. doromerpus.
CrniexktpodoToMeTpHs: U3MEPEHUE MPOITYCKAHNUS, TIOTIIONICHHUS, JIIOMUHECIICHITNH. J[HHaMIYecKoe CBETOPaCCEsTHUE.

Ipaxmuxa: IlpakTrueckas pabora: MUKpOCKOITMUECKOE N3yUeHHE TpenapaToB HaHOCepeOpa Ha CTeKJIaxX.

Tema 6.2. Dnekmponnas muKkpockonus

Teopus. DNeKTpOHHAasT MHUKPOCKOINHUS: MpOCBeUHBaromiass U ckaHupyoomas. OcoO0eHHOCTH H3y4YeHHs] OHOJOTMYEeCKHX OOBEKTOB Ha



HaHOYPOBHE.

Ipaxmuxa: llpaktudeckas padora: CpaBHUTENBHBIN aHATH3 U300paKEHUH HAHOCTPYKTYP, MOTyYECHHBIX JIEKTPOHHONH MUKPOCKOTIHEH.

Tema 6.3. Penmeenoeckan ougppaxmomempus

Teopus. PentreHo¢a3zoBblii aHanu3. YIIMpeHHE NHMKOB Kak IPU3HAK HAHOOOBEKTAa M Kak CIOCOO OLIEHKHM pa3Mepa KpUCTAJUIUTOB.
PentrenoctpykTypHblil ananus. OnpeaeneHue CTpyKTypbl HAHOPa3MEpPHBIX OObEKTOB HA aTOMHOM YPOBHE.

Ilpaxmuxa: llpaktuueckas padota: Buzyanusauus cTpykTyp OMONOINMEPOB, MTOJIYYEHHBIX METOJIOM PEHTT€HOCTPYKTYPHOT'O aHAIM3a.

Tema 6.4. Ckanupyrowas 30H006a:1 MUKPOCKORUA

Teopua. TyHHenbHas MHMKPOCKONUA. ATOMHO-CHWJIOBAas MMKPOCKONMUSA. AHanM3 HAaHOCTPYKTYphl mHoOBepxHocTel. CraTudeckuii u
JUHAMUYECKUN PEKUM CKaHUPOBAHMS.

Ilpaxmuxa: Ilpaktudeckas palOoTta: AHaIW3 U300paKEHWM, IOIYYEHHBIX METOJAOM aTOMHO-CHJIOBOM MHUKPOCKONHMH, C IOMOIIBIO
COBPEMEHHOI'0 IMPOrpaMMHOI0 oOecredyeHus. Y4eOHO-HCCIeA0BaTEIbCKUN AKCIEPUMEHT: VI3yuyeHue mNOBEpXHOCTU METOJOM aTOMHO-CHUJIOBOM
MUKPOCKOIIHH.

Pa3znen 7. DyHKUHMOHANbHBIE CBOMCTBA HAHOCTPYKTYPHPOBAHHBIX BEeLIECTB M MATEPUAJIOB

Tema 7.1. @ynKkyuonanvhbie ceolicmea eeuiecmea, odecneuugaemovle HAHOMAMEPUANAMU

Teopus. CBepxHU3Kasi cMauyuBaeMOCThb. CBEpXMpOYHOCTh. BricokoTeMiepaTypHasi cBepXnpoBoAUMOcTb. CBepxdunbTpanusi. CBepXbSIpKOCTh
ceeroucnyckanus. Cyxas ajnre3ust (0MOMHUMETHKA T'eKKOHA). MarHUTHbIE CBOWCTBA.

Ilpakmuka. Y4ueOHO-UCCIIEN0BaTENbCKUN KcriepuMeHT: M3yuenue «3ddexra notocay Ha mpumepe Jienectka po3bl. M3mepeHue KpaeBoro
yria.

Paznen 8. HaHOTEeXHOJIOTHM — MePCHEKTHBBI PA3BUTHS U COCTOSTHUE HAYKH HA CeroHSIIIIHUIN 1eHb

Tema 8.1. Coépemennvle npumeHenus HAHOMEXHOIOUU

Teopus. CoBpeMeHHbIE TPUMEHEHNSI HAHOTEXHOJIOTUH, 00N 0030D.

llpakxmuka. BuktoprHa: HaHOTEXHOIOTMH B HAIlIEH KU3HM.

Tema 8.2. Yenepoonvie Hanomamepuaivt
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Teopus. Ocobas poinb yriaepoja B HaHoMmupe. Oysiepensl, rpageH, HaHOTPYOKH.

Ipaxmuxa. [Tpaktuyeckas pabora: MoenupoBaHue MPOCTPAHCTBEHHOW CTPYKTYPHI QyJUIEPEHOB.

Tema 8.3. Hanomamepuainsl 015 IHepeemuKu

Teopus. HanomaTepuabl B TOIUIMBHBIX JIeMEHTaX. JINTHI-HOHHBIE aKKyMYJISATOPbI. CylIEpKOHIEHCATOPHI.

Ilpakmuxa. Y4eOHO-UCCIIEA0BATENbCKUI KCIIepUMEHT: V3MepeHne eMKOCTH JIUTUH-MOHHOTIO aKKyMYJIATOpa.

Tema 8.4. Hanosnekmponuka

Teopus. 3akon Mypa. TexHonornyeckuii mpouecc Nporu3BOICTBA MHTErPATIbHBIX MUKpocxeM. CHucTeMbl 3anucu HH)OPMALIUH.

IIpaxkmuxka. ITpakTuueckas pabota: AHaIN3 U300pakeHNs IOBEPXHOCTH KOMIIAKT-/INCKA.

Tema 8.5. Hanomamepuanwt ¢ meOuyune u IKonozuu

Teopus. Hanonuarnoctuka. [Ipumenenne HanomarepuaioB B Tepanuu. Hanocop6entsl. @oTtokatanuzaropbl. CaMOOUUCTKA.

Ipakmuka. Tlpaktuueckass paborta: Busyamusauusi MpOCTpaHCTBEHHOM CTPYKTYpbl HaHOOMONpPENaparoB C IOMOIIBIO COBPEMEHHOIO
IIPOrPaMMHOT0 0OecreueHHUs.

Pa3znen 9. AktyanbHble P006JieMbl B 00JIACTH HAHOXHUMHHU M HAHOTEXHOJIOTHH

Tema 9.1. /luckyccusn

Teopus. AxtyanbHble Ipo06JIeMbl B 0071aCTH HAHOXMMUU U HAHOTEXHOJIOTHH.

Ilpakxmuxka. I'ToroBas artectanus. 3aueTHas padboTa.
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IJIAHUPYEMBIE PE3YJbTATBHI OCBOEHUSA KYPCA BHEYPOUHOU JEATEJIBHOCTH «COBPEMEHHBIE
NCCIEJOBAHUA N JOCTUXKEHUA HAHOXUMHUN»

JINYHOCTHBIE PE3YJIbTATBI

B cghepe epasicoanckozo eocnumanusi:

CIOCOOHOCTH OMPEEIATH COOCTBEHHYIO TIO3HUIIMIO TI0 OTHOIICHHUIO K SIBICHUSIM COBPEMEHHOW KHU3HHU U OOBSICHATH €€;

TOTOBHOCTh K COTPYAHHYECTBY B IIPOIECCE COBMECTHOTO BBIMIOJIHEHHS YYEOHBIX, ITO3HABATENBHBIX M HCCIIEIOBATEILCKUX 3a7ad,
YBaXHUTEJILHOTO OTHOIICHHSI K MHEHHIO OIIIOHEHTOB IPU 00CYKICHUU CIIOPHBIX BOIIPOCOB €CTECTBEHHO-HAYYHOTO COICPKAHUSL.

B cghepe nampuomuueckoeo 6ocnumanus:

YBa)KEHHE K MPOIECCY TBOPUECTBA B OOJACTH TEOPUU M MPAKTUUECKOTO NMPUIOKEHUS HAHOHAYKH, OCO3HAHUS TOTO, YTO YCIEXW HAYKH U
TEXHOJIOTUH €CTh PE3YJIbTAT JAJIUTEIBHBIX HAOIIOJeHNH, KPOIOTIIMBBIX SKCIIEPUMEHTAIBHBIX TOUCKOB, IIOCTOSIHHOTO TPY/a YYCHBIX U IPAKTHKOB;

CIOCOOHOCTh OIICHMBAThH BKJIAJ] POCCUHCKUX YUYEHBIX B CTAHOBJIEHHME W PAa3BUTHE HAHOXMMHUHM, NOHUMAaHME 3HAU€HHUs HAyKd B MO3HAHUHU
3aKOHOB ITPUPO/IBI, B )KU3HU YEIOBEKA H COBPEMEHHOTO OOIIECTBA.

B cgpepe oyxosHo-npascmeennozo 60CnUmManus:

OCO3HaHME JIMYHOTO BKJIaJa B MOCTPOCHHME YCTOHYMBOrO OyayIlIero; CocOOHOCTh OLIGHUMBATh CUTYallMl0 U TNPHUHUMAThb OCO3HAHHBIE
peleHus,

OPHEHTHPYSCh HAa MOPAIbHO-HPABCTBEHHBIE HOPMBI M IICHHOCTH.

B cghepe scmemuueckozo socnumanusi:

ACTETUYECKOE OTHOLIEHUE K MHUPY, BKJIIOUasi ACTETUKY HAY4YHOI'O M TEXHHYECKOTI'O TBOPUYECTBA.

B cgpepe hopmuposanus kynomypsi 300posvsi:

coOuro/ieHre MpaBuil 0€30MacHOro OOpallleHus] € BEIIECTBaMHU B OBITY, IOBCETHEBHOM JKHU3HU, B TPYAOBOH 1€ATEIHHOCTH;

OCO3HAHWE TIOCIEJCTBUIA M HENPHUATHE BPEIHBIX MPHUBBIYEK (YHIOTPEOICHUS allKOTOJIsI, HAPKOTUKOB, KYpPEHH);

MOHUMAHNEC CHHOCTU MIPpaBUJI UHAUBUAYAJIbHOTI'O U KOJUICKTUBHOT'O 0€301I1acHOrO MOBCACHHUA B CUTyallUAX, YTPOKAOIINX 310POBbIO U KU3HU
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JIOJEN.

B cgpepe mpyoosoco socnumanus:

KOMMYHUKAaTHBHAsE KOMIIETEHTHOCTb B Yy4eOHO-HCCIIE/IOBATENbCKON AEATEIbHOCTH, OOLIECTBEHHO I10JIE3HOW, TBOPUECKOW M JPYruX BHIAX
NesTeNbHOCTH;

MHTEpEeC K MPAKTUYECKOMY H3YyUEHHIO Mpodeccuil pa3inmyHOro poja, B TOM YHCIIE Ha OCHOBE MPUMEHEHUS MPEAMETHBIX 3HAHUN 110 XUMUHU
u pu3uKe;

yBa)KE€HHE K TPYAY, JIOASIM TpyJa U pe3yJbTaTaM TPYJOBOH IeATeIbHOCTH; TOTOBHOCTh K OCO3HAHHOMY BBIOOPY MHIMBUYaJIbHOM TPAEKTOPHU
obpa3oBanusl, Oyayuiei npodeccuu 1 pean3aluyd COOCTBEHHBIX )KU3HEHHBIX IUIAHOB C  YYETOM  JIMYHOCTHBIX ~ MHTEPECOB,  CIIOCOOHOCTEH K
HayKe, MHTEPECOB U MOTpeOHOCTEN 00LIeCTBa.

B cghepe sxonocuueckozo 6ocnumanusi:

9KOJIOTHYECKH 11eJ1ec000pa3HOe OTHOUIEHUE K MPUPO/IE€ KaK UCTOYHUKY CYIIECTBOBAHUS KU3HU Ha 3eMIle;

HaJIMYKME PA3BUTOTO SKOJIOTUYECKOTO MBIIIJICHUS, IKOJIOTHYECKOH KYJIbTYpHI, ONbITA AEATEIbHOCTH YKOJOTHUECKON HAPaBICHHOCTH, YMEHUS
PYKOBOJICTBOBATHCSI MMM B TIO3HABaTENbHOW, KOMMYHHKATHBHOM WM COIMAJIbHON MPAKTUKE, CIIOCOOHOCTH ¥ YMEHHS aKTHBHO IPOTHBOCTOSTH
U700 XeMopoouu;

CIOCOOHOCTh HCHOJB30BaTh NpHOOpeTaeMble MPH HM3YYEHWHM HAHOXMMUU 3HAaHUS U yMEHHUS NpPU pelleHHH NpoOJieM, CBS3aHHBIX C
palnMoHaIBHBIM IPUPOAOIOIB30BaHNEM (COOMIOIEHUE MPaBUII MTOBEJICHHs B NMPUPOJIE, HAIIPABICHHBIX HA COXPAaHEHHWE PaBHOBECHS B dKOCHCTEMaX,
OXpaHy BUJOB, IKOCHCTEM, OHOCchepHl);

0CO3HAHHE TJI00ABHOTO XapaKTepa KOJOTHUECKUX MPo0IeM U IyTel UX PeIIeHus.

B cghepe yennocmeii Hayuno2o nosHanus:

NOHMMaHHe cheuu(UKU HAHOHAYKH, OCO3HAHHE €€ POoNM B (OPMHUPOBAHMM DPALMOHAIBHOTO  HAYyYHOTO  MBIIUICHUS,  CO3JaHHE
[IEJIOCTHOTO  TIPEJICTABIICHUSI 00 OKPYKAIOIIEM MHUPE KaK O €MHCTBE MPHPOIBI, YeTOBEKa U OOIIECTBa, B TIO3HAHUH MPUPOIHBIX 3aKOHOMEPHOCTEH H
peleHnn mpodIeM COXpPaHEHUS PHUPOTHOTO PABHOBECHST,

NMOHUMAHHEC CYIIHOCTH MCTOHNOB IO3HAHUSA, UCIIOJIB3YCMbIX B €CTCCTBCHHBIX HAYKax, CIIOCOOHOCTH HCIIOJIb30BaTh MMoJIy4aCMbIC 3HAHUA JIS
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aHalM3a U 00BSCHEHUS SBIICHUI OKPYKAIOIIET0 MUPA U MPOUCXOAAIIUX B HEM U3MCHEHU, YMCHHE JIeTIaTh 000OCHOBAHHBIC 3aKJTFOUYCHUS HAa OCHOBE
Hay4YHBIX ()AKTOB M JAHHBIX, MOJYYEHHBIX B XOJ€ Y4eOHO-UCCIIEIOBATEILCKOTO AKCIIEPUMEHTA, C IIEIbI0 MOy4EHUS JOCTOBEPHBIX BHIBOJIOB;

3aMHTEPECOBAHHOCTh B IIOJIyYEHHUU €CTECTBEHHO-HAYYHBIX 3HAHUN B IENAX MOBBIIICHUS OOLIEH KyJIbTYypbl, €CTECTBEHHO-HAYyYHOMU
IPaMOTHOCTH KaK COCTaBHOM 4acTu (yHKIIMOHATIBHONU I'PaMOTHOCTH, (hOpMHUpYEeMOii pu 00yueHuH;

TOTOBHOCTb u CIIOCOOHOCTD K HETPEPHIBHOMY 00pa3oBaHUIO W caMOOOPA30BaHHUIO, K AKTUBHOMY TMOJIYYEHHIO HOBBIX

3HAHHH B COOTBETCTBUM C )KM3HCHHBLIMH HOTp€6HOCT$IMI/I.

METAIIPEJIMETHBIE PE3YJIbTATHI

B cghepe o6nraoenusn nosnasamenvHoiMu yHUGEPCATbHOIMU YUEOHBIMU OCUICHIBUAMU:

baszosvle nocuueckue oeticmesusi:

CaMOCTOSITENIbHO (POPMYITUPOBATH U aKTyaIHU3UPOBATh MPOOIIEMY, pacCMaTPUBATh €€ BCECTOPOHHE;

HCIIONIb30BaTh MPU OCBOSGHUU 3HAHUI MPUEMBI JOTHUECKOTO MBIIUICHU (aHallu3a, CHHTE3a, CPaBHEHHS, KJIacCU(MUIIUPOBaHUs, 00OOIICHHS),
PacCKpbIBAaTh CMBICIT HAYYHBIX MTOHATUH (BBIIEISATh UX XapaKTePHbIE TPU3HAKH, YCTAHABIUBATH CBSI3U C JAPYTUMU MOHSATUSMH);

OTIPENIETISATH eI JACSITEIIbHOCTH, 3a/1aBasi MapaMeTPhbl U KPUTEPUH UX JOCTHXKEHUSI, COOTHOCUTD PE3YJIbTAThI JEATEILHOCTH C MIOCTABIEHHBIMU
LEIIMU;

WCIMOJIb30BaTh HAYYHBIE MOHATHS JJIs1 O0ObACHEHU (DAKTOB U SIBICHUIN MPUPOJIBI;

CTPOUTHh JIOTUYECKHE PACCYyXIEHUs (MHIYKTHUBHBIC, JCAYKTHBHBIC, MO aHAJOTUH), BBISBISATH 3aKOHOMEPHOCTH W TPOTHUBOPEUYUS B
paccMaTpuBaeMBbIX SIBJICHUSAX, (OPMYITHPOBATH BHIBOJIBI U 3aKITIOUCHUS,

MPUMEHSTh CXEMHO-MOJIENbHBIE CPEACTBA ISl MPEACTABICHUS CYIIECTBEHHBIX CBA3€H M OTHOIIEGHWH B HM3y4yaeMBIX OOBEKTaX, a TaKkKe
MPOTUBOPEUYUI pa3HOTO PO/Ia, BBISIBICHHBIX B Pa3IMYHbIX HHPOPMAIIMOHHBIX HCTOUHUKAX;

pa3pabaThIBaTh TUIAH PEIICHUS TPOOJIEMBI C YIETOM aHAIN3a UMEIOIINXCS MaTepUaIbHbIX 1 HEMaTepUATbHBIX PECYPCOB.

bazosvle uccneoosamenvckue oeticmsus:

BIaACTh H&y‘-lHOfI TepMHHOHOFHGﬁ, KJIIFOYCBBIMU IMOHATHUAMU U MECTOJaMH HAHOHAYKU,
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BJIAJICTh HaBbIKAaMH Y4€OHO-HMCCIIEJOBATEIBCKOM M MPOEKTHOM EATEIIbHOCTH, HABBIKAMU Pa3peleHus po0iieM; ClIOCOOHOCTHIO U TOTOBHOCTBIO
K CaMOCTOSITEIbHOMY IIOMCKY METOJIOB PELICHMsI PAKTUYECKUX 3a/1a4, IPUMEHEHHIO PA3JIMYHbIX METO/I0B NTO3HAHNUS;

UCIIOJIb30BaTh Pa3jIMyHbIe BHJIbl JAEATEIbHOCTH IO HOJIYYEHUIO HOBOI'O 3HAHMSA, €r0 MHTEpIpETalluu, NPeoOpa3oBaHUI0 U NPUMEHEHUIO B
y4eOHBIX CUTYallUsAX, B TOM YHUCJIE IIPU CO3/1aHUU YUYE€OHBIX U COLMAIIBHBIX IIPOEKTOB;

(dbopMHpOBaTh HAYYHBIH THUI MBIIUICHUS, BIQJETh HAYYHOU TEPMUHOJIOTHEN, KITFOUEBBIMU TOHATHIMU U METOJIaMH;

CTaBUTH U (DOPMYITPOBATH COOCTBEHHBIE 33]1a41 B 00pa30BaTENBHOM JIEATEIILHOCTH M JKU3HEHHBIX CHTYaIIUsX;

YMETbh UHTETPUPOBATH 3HAHUS U3 Pa3HbIX IPEIMETHBIX 001aCTeH.

Paboma c ungpopmayueii:

BJIAJICTh HABBIKAMU TIIOJIy4€HUS HWHGOpMAIMA W3 HCTOYHHKOB pA3HBIX THIIOB, CAMOCTOSITENIFHO OCYIIECTBISATH IIOWCK, AaHAJM3,
CUCTEMAaTU3aLMI0 U HHTEPIIPETALINIO MUHPOPMAIIMK Pa3IMYHbIX BUJOB U (hOPM IIpEICTaBICHMUS;

OLIEHUBATh JJOCTOBEPHOCTh MH(OpMALIUY;

dbopMynMpoBaTh 3ampochl W TMPUMEHATh pa3IMYHbBIE METOJbl IMPU MOHUCKE U 0TOOpe MH(POpPMaluU, HEOOXOAUMOM Ui BBINOJHEHUS
y4eOHBIX 33714,

CaMOCTOSITENIbHO BBIOMPATh ONTUMAJIBHYIO (OpMY IpesncTaBieHust HHPopMaluu (CXeMbl, rpaduKu, TuarpaMmsl, TaOJUII, PUCYHKHU U Jp.);

UCMOJb30BaTh HAayYHBIH S3bIK B  KauecTBe CpeACTBa Mpu  pabore ¢ MH(oOpMaruei: NpUMEHATh XUMUYeCcKHue, pU3ndeckue u
MaTEMaTUYECKUE 3HAKM U CHMBOJIBI, bopmysbl, ab0peBuaTypy, HOMEHKJIATYpYy, UCIOJIb30BaTh U MPeoOpa3oBbIBATH 3HAKOBO-
CUMBOJIMYECKUE CPEICTBA HATJITHOCTH.

B cgpepe o6nadenun ynusepcanbhvimu KOMMYHUKAMUGHBIMU 0EUCHGUAMU:

OCYILECTBIISATH OOIIEHNE BO BHEYPOUHOU JIESTEIbHOCTH;

pa3BEpPHYTO U JIOTUYHO M3J1araTh CBOIO TOUKY 3pEHUS C HCIIOIb30BAHUEM SI3BIKOBBIX CPEJICTB;

MOHMMATh U UCTOJIb30BaTh MPEUMYIIECTBA KOMAHIHOM U HHANBUAYAIbHON PaOOTHI;

BbIOHMpATh TEMATUKY U METO/IbI COBMECTHBIX JEMCTBUI ¢ y4eTOM OOLIMX HHTEPECOB M BO3MOYKHOCTEN Ka)XA0T0 WieHa KOJIJIEKTUBA;

MNpUHHUMAThL [CIIN COBMECTHOM ACATCIIbBHOCTHU, OPraHU30BLIBATH U KOOPAHUHUPOBATH IIGfICTBI/IH 10 €€ JOCTHMIXXCHUIO. COCTAaBJIATH IIJIaH
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JCUCTBHI, pacpeaesisaTh POJIH C y4€TOM MHEHUH YYaCTHUKOB, 00CYXIaTh pe3yIbTaThl COBMECTHOU pabOTHI;

OIICHUBATh KAUYECTBO CBOETO BKJIA/a U KAXKIOTO yYaCTHUKA KOMAaH/IbI B OOIIMIA Pe3yabTaT 10 pa3padOTaHHBIM KPUTEPHSIM;

IpeaJiaraTb HOBBIE POEKTHI, OLEHUBATh UJIEH C IMO3UIIMY HOBU3HBI, OPUTHHAIIBHOCTH, IPAKTUYECKON 3HAYUMOCTH;

OCYIIECTBIISITh TO3UTHBHOE CTPATETMYECKOE IOBEJACHHE B PA3IMYHBIX CHUTYalUsX, MPOSBISATH TBOPYECTBO M BOOOpaskeHUE, OBITh
WHULMATUBHBIM.

B cghepe osnaoenusn ynusepcanvnvimu pecyiamugHovimu 0eiucmeuaAMu:

Camoopeanuzayusi:

UCIIONIb30BAaTh HAYYHBIC 3HAHHS JUISl BBISBICHHUS NPOOJIIEM M UX PEIICHUS B )KU3HEHHBIX U YUCOHBIX CUTYAIIHIX;

CaMOCTOSITEJIbHO OCYIIECTBJISTh TO3HABATEIBHYIO IESATEIBHOCTh, BBISBIATH MPOOJIEMBI, CTABUTH U (DOPMYIUPOBATH COOCTBEHHBIC 3a/1a4H;

CaMOCTOSITEJIbHO COCTAaBJISATh IUIAH BBINOJHEHUS Y4YEOHO-UCCIIEOBATEIbCKOIO HKCIEPUMEHTa C YYETOM HMEIOLIUXCS  PEeCcypcoB,
COOCTBEHHBIX BO3MOKHOCTEH U MPEINOUYTEHUII;

pacumpsaTh paMKd y4eOHOTo MpeaMeTa Ha OCHOBE JMYHBIX MPEANOYTEHH; JeiaTh OCO3HAHHBIN BBIOOp, apryMEHTHUPOBaTh €ro, OpaTh Ha cels
OTBETCTBEHHOCTH 32 PEUICHUE;

OIICHUBATH MPUOOPETEHHBIN OIIBIT;

Croco6cTBOBaTH (POPMHUPOBAHUIO U MPOSIBICHUIO SPYIUIIUN B 00JIACTH €CTECTBEHHBIX HAYK, TOCTOSHHO TMOBBIIIATH CBOM 00pa30BaTENbHBIN U
KYJIbTYPHBIN YPOBEHb.

CamokoHmpons:

JlaBaThb OIIEHKY HOBBIM CHUTYyallUsIM, BHOCUTb KOPPEKTUBBI B JIESITEIBHOCTh, OLEHUBATH COOTBETCTBUE PE3YJIbTATOB IEISIM;

MPUHUMATD MOTHBBl U  apTyMEHTHI Jpyrux  TpU  aHAIU3E€  PE3YJIbTATOB JIEATEILHOCTH;

HCIIONIb30BaTh MpPUEMbI PEQIICKCHH ISl OIICHKH CHUTYalllH, BHIOOpA BEPHOTO PEIICHHS,

YyMETh OLIEHMBATh PUCKA U CBOEBPEMEHHO IMPUHUMATh PEIICHHS IO MX CHHXKECHHIO.

Hpunamue cebs u Opyaux:

MMPpUHHUMATDH C€6$I, MMoHuMast CBOU HCAOCTATKH U JOCTOMHCTBA, IPHU3HABATL CBOC MIPABO U NPABO APYTUX HA OIIIHNOKH.
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INPEAMETHBIE PE3YJIbTATbBI
ITo ntoram peanuzauuu IIporpammel oOydaromuecs: OyayT 3HATh!
® OCHOBHBIC IIOJIOKEHHUSI 3aKOHOB, TEOpUH, 3aKOHOMEPHOCTEH, MpaBWJ, TUIIOTE3 B O0OJACTH COBPEMEHHBIX HAHOHAYKH H
HaHOTEXHOJIOTUH;
e Ouorpaduyueckue TaHHBIC U OCHOBHBIE IOCTHKCHUS BEAYIIUX MPEICTABUTENICH HAYKHU O AUCIEPCHBIX CpellaX U HAHOXUMHUH;
® OCHOBOIIOJIAraroIIMe HAaHOXMMHUYECKHE TEPMHUHBI M MOHATHS (HAHOUYACTHUIlA, HAHOMATEPHAJIbl, HAHOCTPYKTYpPbl, HAHOCUCTEMBI U JIP.);
® CTPOEHHE OCHOBHBIX HaJIMOJIEKYJISIPHBIX CTPYKTYP, IPUCYTCTBYIOLIMX B IUCIEPCHBIX Cpelax;
®  BO3MOXKHOCTH HAIpaBJIEHHOT'O CUHTE3a U MOJM(PMKALIMY HAHOCTPYKTYPUPOBAaHHBIX BELIIECTB U MATEPUAJIOB;
¢ (YHKUMOHAIBHBIE  BO3MOXHOCTHU HAHOCTPYKTYPUPOBAHHBIX BEILIECTB U MaTEPUAJIOB;
® OCHOBHBIE METOJbl HAYYHOr'O IO3HAHMS, HCIIOJIb3yEMble B HAHOXMMHUYECKHX U HAHOTEXHOJIOIMUECKUX HCCIIEA0BAHUSAX;
®  KJIFOUEBBIC JOCTUKEHUS B 00JaCTH HAHOTEXHOJIOTUY;
® OCHOBHBIE ITPHJIOKEHUS HAHOCTPYKTYPHUPOBAHHBIX BELIECTB U MaTEPUAJIOB.
ITo uroram peanuzauuu IIporpammel oOydaromuecs 0yayT yMeTh:
® [10JIb30BaThCsl TEPMUHOJIOTHEN, OTHOCSILEICS] K HAHOXUMUU U HAHOTEXHOJIOTHH;
®  pa3nMuaTh Pa3IMYHbIC YPOBHU OpPraHMU3allMM MaTepUU B HAHOCTPYKTYPUPOBAHHBIX O0BEKTaX;
e coOupaTh IapO-CTEPKHEBBIE MOEIH CTPYKTYP HAHOOOBEKTOB,;
® [IPUMEHSATH IPOrpaMMHOE OOECTIEYeHHE JUTsl BU3YaJIN3alluH IPOCTPAHCTBEHHON CTPYKTYpPbl HAHOOOBEKTOB;
e [JJAaHUPOBATH U MIPOBOJIUTH YU€OHO-HCCIIEI0BATENbCKUM SKCIEPUMEHT MO U3YYEHHIO CBOWCTB JUCIIEPCHBIX CUCTEM;
® AHAIM3HMPOBATH U300PAKEHHSI HAHOCTPYKTYPHUPOBAHHBIX O0BEKTOB, MOIYYEHHbIE PA3IMYHBIMU METOAAMH U3YUCHHUS;
® yCTaHaBJIMBATh B3aMMOCBSI3M MEX1Yy HAyKOH M TEXHOJOTMSMH, HAHOMAaTepHalaMu U UX CBOMCTBAMHU, METOJAAMH UCCIIEJOBAHMS U UX
BO3MOXKHOCTSIMU;

® OLCHHUBATH 9 THYCCKHUE aCIICKThl COBPEMEHHBIX I/ICCJ'IGIIOBaHI/Iﬁ B 001acTH HaHOTeXHOHOFHﬁ;
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CaMOCTOATCIIBHO pa6OTaTB C HCTOYHHKaMH I[OHOHHHTGHBHOﬁ JUATEPATYpPbl KW HUHTCPHET-pECYypCaMM, BKIIFOHYaA PECYPChlI Ha

AHTJIUUCKOM SI3BIKE.

TEMATHYECKOE IINTAHUPOBAHUE

10 KJIACC

Ne n/m

HaunmeHoBaHuUe pa3aesioB U
TeM Kypca

KoanuecrBo yacoB

IMporpammHoe cogep:kaHue

XapaKkTepuCTHKA TeATeTLHOCTH
o0yyaommxcsi

Pasznen 1. Opranu3annonnoe 3ansitue « HaHOXMMHUSI M HAHOTEXHOJIOTHS KaK MEKIUCHUILIMHAPHAS 00J1aCTh»

11

Bsenenue B [Iporpammy

2

@DOpMBI U METOJIBI ICATEITHHOCTH.
[Tnan paGoThl Ha y4eOHBI roI.
HNHCTpyKTa) 110 TEXHUKE
0e30macHOCTH

[IepBuunas nuarsocruka. BxoaHoe
TECTUPOBAHUE

Hroro no pazaeny

2

Paznen 2. I/ICTOPI/IH HAYKH 0 TUCHIEPCHBIX CUCTEMAX

2.1

Hauano uzyuyenus
ITOBEPXHOCTHBIX SIBJICHUN U
JUCIIEPCHBIX CUCTEM

4

Kamunmnsiper w  3akon  Jlamnaca.
Nzyuenne ancopouum (K. Illeene,
T. JloBum). Metamnnueckue 3071
(M. ®apaneit).  bpoyHOBckoe
nmwkenue. Ocmoc u nuamus (T.
I'pom).  KomnmowaHble  CHUCTEMBL.
Omnpenenenue uncna Aporaapo (K.
[leppen). DOddexkr Pebunnepa.
Tepmun «HAHOTEXHOJIOTUNY,
UCTOpUSL ~ €ro  TOSBJICHUA U
nonynsipuzanuu (P. ®eitaman, H.
Tanauryrn, J. [lpekciep)

Yuebno-uccneoosamenvcruii
akcnepumenm: VI3ydenue amcopOuuu
Kpacurenen c
aKTUBHPOBAHHOTO yrist. OmnpenencHue
€ro COpOIMOHHOM CITOCOOHOCTH.

IIOMOIIIBIO

Hroro no pazneny

4

Paznen 3. OcHoBbI pU3MKH MOBEPXHOCTH U JUCIIEPCHBIX cpej

3.1

OCHOBBI (DPU3UKH TOBEPXHOCTH

4

Du3nKo-xuMHUYECKHE CBOMCTBA
aTOMOB Ha TOBEPXHOCTH.

Yuebno-uccneoosamenvcruii
akcnepumenm: OnpenecHue
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[ToBepXHOCTHOE HATSKCHHUE.
Ancop6rsi. CMauriBaHue

IOBEPXHOCTHOI'O HATSAXCHUA BOAbL
MCTOJIOM OTpPbIBA KaIlCJIb

3.2 CBolicTBa AUCIIEPCHBIX CPENL 4 DNEeKTpUYECKHUE CBOICTBA. Yuebno-uccreoosamenvckuii
YcroitunBocTb. PU3MKO- akcnepumerm: OUEHKA TOJIIUHBI
XUMHUYECKasi MEXaHUKa rpaduTOBOI JTMHUM B 3aBUCUMOCTH OT
MSTKOCTH KapaHzamnia
Utoro no pazneny 8
Pa3nen 4. /lucniepcHble CHCTEMBI: NOJIyYeHHe U IPUMeHeHHe
4.1 Knaccudukanus aucnepcHbIX 2 [lonsaTus «HaHOMaTEpUATD», Ilpaxmuyeckas paboma:
cucreM «HaHOOOBEKT». Bupl MopnenupoBaHue CTPyKTypbl
HanooObekToB (0D, 1D, 2D; Mukpo- | HAHOYACTHII PA3HOI'O pa3Mepa,
, ME30- U MaKpOIIOPHCTHIE). SIpKre | cpaBHEHHE JOJIM MOBEPXHOCTHBIX
MIPUMEPHI MPOSBICHHS pa3MEPHOTO | aTOMOB U YHCIa
addexra HECKOMITCHCHPOBAHHBIX BAJICHTHOCTEH
4.2 JlucrepcHble CUCTEMBI, 2 [Iensl, a3po305u 1 a3porenu Yuebno-uccneoosamenvcxuti
CoJIeprKalye razoByto (hazy akcnepumenm: OnpeneneHue
YCTONYMBOCTH TEHBI MOIOIIIUX CPEJICTB
4.3 JlucniepcHbie CUCTEMBI, 2 3051, TeNu, IMYJIBCUH U CYCICH3UU. | YuebHo-uccredosamenvckuii
cojiepaKallie KUAKyo (azy [Tonoxenue 3o;med  Ha  wKane | oxcnepumenm:. Ilomydenue 30mei
JIMCTIEPCHOCTH KOJUIOMIHBIX CHCTEM | HAHOCTPYKTYPHUPOBAHHOTO cepedpa
4.4 JlucriepcHbIe CHCTEMBI, 3 [ToBepXHOCTHO-aKTUBHBIE Yuebno-uccneoosamenvcuti
cozieprKalie MOBEpXHOCTHO- BeriecTBa. MeMOpaHbl, MHLICIUTBL U | 9Kkcnepumenm.  VI3ydeHue  BIMSHHS
aKTUBHBIE BEIIECTBA Tunocomsbl. buonornueckue MOBEPXHOCTHO-aKTHBHBIX BEIIECTB Ha
JIVICTIEPCHBIE CHCTEMBI MTOBEPXHOCTHOE HATSHKCHUE
4.5 MeTto1b1 BU3yanu3anuu 1 Oddexr Tunnans. Ananuz Yuebno- uccneoosamenvckuii
HAHOYACTHI] TPaeKTOPHUIl IBMIKCHUSI HAHOYACTHI] | sxcnepumenm. JlemoHcTpamms 3 dexra
Tunmans Ha TUCIEPCHBIX CUCTEMAX
pa3IMIHOTO poja
Htoro no pazaeny 10
Pa3nen 5. MeToabl CHHTE32 HAHOCTPYKTYPHUPOBAHHBIX BelllECTB M MATEPHAJIOB
5.1 IIpuHOUI «CBEPXY-BHU3» 2 [TpuHDHTIBL nonyvenus | [lpakmuueckas paboma: IloctpoeHue

HAHOCTPYKTYpP: «CBEPXY-BHHU3» H

MOACIN nnaHeTapHoﬁ MCJIbHUIIBI
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«CHH3Y-BBEPX». [MosnyueHue
rpaderHa. OcoOEHHOCTH PabOTHI
IUIAHETAPHBIX MEJTbHHUII

5.2 [IpuHuuUn «CHU3Y-BBEPX» 8 OCHOBBI CYTIPaMOJICKYJISIPHOM Yuebno-uccreoosamenvcxui
xumun. CamocOopka. MeTob axcnepumenm. 1'a3oda3Hplii CHHTE3
CUHTE3a HAHOYACTHII: «MSATKOU HAHOKPUCTAITMYECKOTO XJIOpUIa
XHUMHEN» — 30J1b-T€llb, ammoHnus. [lonydenue 3oieit
«TOMOTEHHOTO OCAXKICHUS, HAaHOMAarHeTUTa, HAHOPA3MEPHOTO
00paléHHO-MUTEIIISPHBIA, JTMOKCH/Ia TUTaHa, OEPIMHCKOM J1a3ypH.
MHUKPOIMYJIbCHOHHBIHN; TEPMOJIHU3, [Tonyuyenue HaHOIUIEHOK cepebpa Ha
CVD. Merons! crabrim3anuu CTEKIIHHOW momioxkke. OIleHka Hux
HAHOYACTHIL; CTepUUYECKas, TOJIIIMHEI.
XelaTHas, JIeKTpOoCcTaTHUECKasl, [IpomexxyTouHas aTTecTanus
MMMOOUIT3alIEN B MaTPHUIIE.
HampaBneHHbIi cHHTE3
HAaHOOOBEKTOB: KBAHTOBBIC TOYKH,
HAHOTUIEHKH, 00bEMHBIE
HaHoMmartepuaibl. Moaudukanus
CBOWCTB HAHOMATEPHAJIOB
Utoro no pazneny 10
Bcero koJmuyecTBO 4acoB IO 34

IIporpamme 3a roa
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11 KJTIACC

Ne i/ HaumenoBanme pasaesioB u | KosmmyecrBo yacos IIporpammHoe copep:kaHue XapakTepucTHKA JesITeJIbHOCTH
TeM Kypca o0yvaroumxcs
Pa3nen 6. MeToabl McciieJOBaHUSI HAHOCTPYKTYPHMPOBAHHBIX BellleCTB H MATEPHAJIOB

6.1 OnTuyeckre MEeTO bl 4 Onrtuyeckre CBOMCTBAa HAHOYACTHL | YuebHo-ucciedosamenbckuii
Y HaHOMaTepHuanoB. MUKpocKonus. | axcnepumerm: MUKPOCKOIIMUECKOE
JudpakiimOHHBIA TTPEIE. W3y4eHHUE TpenapaToB HaHOCEepeOpa Ha
®otometpusi. CnekTpopoTOMETpHUs: | CTEKIax
M3MEpEeHue MPOITYCKaHUS,
TMOTJIOIIEHUS, TFOMUHECIICHIIHH.
JlnHaMH4YecKoe CBETOpacCEsHNE

6.2 DNEKTPOHHAS MUKPOCKOIIHS 3 [IpocBeunBatoiias AIeKTpOHHAS Ilpakmuueckas paboma:
Mukpockonust. CkaHupyromias CpaBHUTENBHBIN aHAIN3 N300paKEHUI
AJIEKTPOHHAsI MUKPOCKOIIHSL. HAHOCTPYKTYD, TTOJTy4EHHBIX
Oco0eHHOCTH U3yUYCHHUS ANEKTPOHHOU MUKPOCKOTIHEH
OMOJIOTNYECKUX OOBEKTOB Ha
HaHOYPOBHE

6.3 PentrenoBckas 4 PentrenodasoBelit ananms. Ilpakmuueckas paboma:

IuQpaKToOMeTpus YmpeHnue NUKoB Kak MpU3HAK Busyanu3zanus cTpykTyp

HaHOOOBEKTA U KaK CIIO0CO0 OLEHKH | OMONOJIMMEPOB, MOIYYEHHBIX METOJIOM
pa3Mepa KpUCTaJUIUTOB. PEHTT€HOCTPYKTYPHOTO aHAIIN3a
PeHTreHocTpyKkTypHBIN aHANIN3.
Onpenenenue CTpyKTypbl
HaHOpa3MEpPHBIX 0OBEKTOB Ha
aTOMHOM YpPOBHE

6.4 Ckanupyroniasi 30H10Bast 6 TyHHEIBHAsT MUKPOCKOIIUSI. Yuebno-uccneoosamenvckuii

MHKPOCKOIINA

ATOMHO-CHIJIOBasi MUKPOCKOIIHS.
AHann3 HaHOCTPYKTYPBI
noBepxHocTer. CTaTH4ecKuil 1
JUHAMUYECKHN PEXKUM
CKaHUPOBAHUSA

aKcnepumenm: VI3yueHne noBepxXHOCTH
METOJ0M aTOMHO-CHJIOBOU
MHUKPOCKOIINH.

Ilpakxmuueckasa paboma: Ananus
n300pakeHH, TOTYYEHHBIX METOJIOM
ATOMHO-CHJIOBOW MUKPOCKOIINH, C
IOMOIIbI0 COBPEMEHHOTO
MIPOrPaMMHOTO 00ECTICUCHUS
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Uroro no pazneny

17

Pa3nes 7. ®yHKIHMOHAJIbHBIE CBOHCTBA HAHOCTPYKTYPHPOBAHHBIX BELECTB

n MaTepuajaoB

7.1 OyHKIMOHAIBHBIE  CBOWCTBA ) CBepxHHU3Kast CMAYMBAEMOCTb. Yuebno-uccreoosamenvcxui
BeleCTBa,  oOOecreurnBaeMbIe CBepXITpOYHOCTb. akcnepumenm: W3ydenune «ddekra
HaHOMaTepuajaMu BeicokoTemmnepaTypHas JIOTOCA» Ha IPUMEPE JICTIECTKA PO3BI.

CBEPXIPOBOJUMOCTb. H3mepeHue KpaeBoro yria
Caepxdunbrpanus. CBepXbSIpKOCTh
cBeroucmyckanus. Cyxas aaresus
(OmoMHMeTHKa FeKKOHA).
MarHuTHbIE CBOMCTBA
Wroro no pazneny 5
Pa3nen 8. HaHOTeXHOJIOTMH — MEePCNIEKTUBBI PA3BUTHS M COCTOSIHME HAYKH HA CeroAHSIIIHMIA 1eHb

8.1 CoBpeMeHHbIE MIPUMEHEHUS 1 OO61uit 0630p COBPEMEHHBIX Buxmopuna: HanorexHonoruu B
HAHOTEXHOJIOTHH MIPUMEHEHHNI HAHOTEXHOJIOTHU HaIei JKU3HU

8.2 VYrnepoaHbie HAaHOMATEPHAITBI 2 Ocobast posb yraepoja B Ilpakmuueckas paboma:

HaHoMmupe. Dynepensl, rpadeH, MozenupoBaH#e NPOCTPAHCTBEHHOM
HaHOTPYOKH CTPYKTYPHI yJIIepeHoB
8.3 Hanomarepuaisl i 2 Hanomatepuaiisl B TOINIMBHBIX Yuebno-uccnedosamenvckuii
SHEPIreTUKU aneMeHTax. JInTuil-nonHpie akcnepumenm: I3MepeHne eMKOCTH
AKKyMYJISITOPBIL. JUTUI-UOHHOTO aKKYMYJISATOpa
CynepKoHIeHCaTOPBI
8.4 Hanoanekrponuka 2 3akoH Mypa. TexHonornueckuii Ilpakmuueckas paboma: Ananus
MpoIiecc MPOU3BOICTBA M300pakeHUs TOBEPXHOCTH KOMIIAKT-
MHTErPAIbHBIX MUKPOCXEM. JIMCKa
Cucrembl 3anMcH UHGOpMAIIH

8.5 Hanomarepuansl B MEUIIMHE 2 Hanonunarnoctuka. [Ipumenenue Ilpakmuueckas paboma:

Y DKOJIOTUH HAaHOMATEPHAJIOB B TEPAITHH. Buzyanmsanus mpocTpaHCTBEHHON
Hanocop6eHTsl. CTPYKTYPbI HAHOOHMOTIPETIapaTOB C
dorokarann3aropsl. CaMOOYMCTKA | TOMOIIBIO COBPEMEHHOIO

IPOrpaMMHOT0 00ecTIeueHHsI
Htoro no pazneny 9

22




Pasznen 9. AKTyaJ’IbHBIe l'[pOﬁ.]'IeMbI B 00J1aCTH HAHOXMMHUH M HAHOTEXHOJIOTHHU

9.1 Huckyccus 3 AkrtyanbHble npoOsieMsl B obnactu | UTtoroBas  arrecranusi. 3ayeTHas
HAaHOXMMUU U HAHOTEXHOJIOTHH pabora
Utoro no pazneny 3
Bcero koamnuecTtBOo 4acoB mo 34

IIporpamme 3a roja
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OPTAHU3AIIMOHHO-IIEJATOI'MYECKHUE YCJIOBUSA PEAJIM3ALIUU ITPOI'PAMMBbI

Metoanueckoe odecnieuenue peajauzanuu [lporpammsi

[Mlpu peamuszaumu IIporpamMmbl B y4eOHOM IpoOLIeCCe HCHONB3YIOTCS METONMYECKHE IOCOOMS, IUIAKTHYECKUe Marepuanbl, (HoTo- H
BUJICOMATEPHAJIbl, KOHCTPYKTOPHI Ul CO3/aHUS IIApO-CTEPIKHEBBIX MOJENICH XUMUYECKUX CTPYKTYp; KYPHAIbl M KHUTH, 0030pbl U OPUTHHAIbHBIC
nyOnuKanuu, 06a3pl TaHHBIX, IPOrpaMMHOE OOecCreueHue Ui PUCOBAHHUS XMMHUYECKUX CTPYKTYp M BH3yalU3allid MPOCTPAHCTBEHHBIX OOBEKTOB,
npoure Marepuansl B Cetu IHTEpHET.

IIpu npoBeneHNN 3aHATHIA UCIIOJIB3YOTCA:
° CJIOBECHEIC METOBI o0y4deHus: JICKIINH, OOBSICHCHHS, Oece/pl, KOHCYIIbTAIIHH,
o HarJsIHbIC METOJIbI 00y4YeHHUS: MpE3CHTALINH, BUJIEOMATEpHAJIbl, BU3yaIu3aluu;

° UCCIIEIOBATENIbCKUE METObl OOYy4eHHUs — BBINOJIHEHHE OOYy4aroIlMMUCS ONpPEAEICHHbBIX UCCIe10BaTENbCKUX 3aaHUH.

YcBoeHne MaTepuana  KOHTPOJIMPYETCS TMpU  TOMOIIM  TECTUPOBAHHUS M BBIOJHEHHUS MPAKTUYECKUX 3aJlaHUuil. 3aKII04YHUTEIbHOE
3aHATHE MPOBOAUTCS B (hopme 3aueTHOU padoThlI.

MarepunanbHO-TeXHH4YeCKHe ycaoBus peanusanuu IIporpammbl

[TpoayKTUBHOCTH pabOTHl BO MHOI'OM 3aBHCHUT OT KayecTBa MaTepHalbHO-TEXHHMUECKOTo OCHalleHus mporecca. [Iporpamma peanusyercs B
ayAMTOpUH 00pa30BaTeIbHOM OpraHM3allii C NPUMEHEHHEM TEXHHYECKHX CPEICTB O0Yy4eHHUs M J1abopaTOpHOro 000pyrOBaHMS:

° KOMIIBIOTEPBI YUUTENS U 00Y4aIOIIUXCS;

L4 HUHTCpaKTUBHAA JOCKA,

° yueOHO-HAayYHOE 000pyI0BaHUE MO (PU3UKE U XUMUH.
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JIMTEPATYPA U DJIEKTPOHHBIE PECYPCBbI

HopMmaTuBHasi 6a3a
1. ®enepansusblii 3akon ot 29 nexabps 2012 r. Ne 273-®3 «O6 o6pasosanuu B Poccuiickoit denepanuny.

2.  ®enepanbHbI TOCYIapCTBEHHBIH 00pa30BaTENbHbBI CTAHIAPT CPENHErO 00IEro oOpa3oBaHMs (YTBEPKICH NPHUKa30M MMHOOpHAyKH

Poccun ot 17 mast 2012 r. Ne 413; 3apeructpupoBad Muntoctom Poccun 7 utons 2012 r. Ne 24480).

3.  ®enepanbHas 00pa3oBaTelbHass MPOrpaMMa CpelHero obmero obpasosanus (yTBep:KaeHa IpuKa3oM Munnpocsemenus Poceun ot 18
Mmas 2023 1. Ne 371; 3apeructpupoBad Muntoctom Poccuu 12 utons 2023 r. No 74228).

Cnucok JMTepaTypbl

1. AxmeroB M.A. BpeneHHe B HAHOTEXHOJIOTMH. XuMHUA : ydeOHOoe 1ocobue i ywamuxcs 10-11  kmaccoB  cpemHmx

obmeoOpa3oBarenbHbIx yupexxaeHuii / M.A. AxmeroB. — Cankr-IlerepOypr : OOpa3oBarenbHblii HeHTp «Ydactuey, OOpa3oBaTelbHbIC MPOEKTEHI,
2012. - 108 c.

2. AxmeroBa AU. «®emroCkan Omnaiiny»: 006paboTka 1 guiabTpamus nzodpakenuii / AWM. Axmerosa, JILW. SImunckuii, U.B. SIMunckwmii //

Hanounnycrpusi. — 2024. — T. 17, Ne 3-4(127). — C. 178-183.

3. Boratsipes B.A. MeTo/ibl CHHTE3a HAHOYACTHI] C TJIA3MOHHBIM pe3oHancoM / B.A. Borateipes, JI.A. Jlpikman, H.I'. XneOuoB : ydeGHOE

nocobue. — Caparos : CI'Y um. H.I'. Yepnsimesckoro, 2009. — 35 c.

4. Bonkosa C.A. CoBpeMeHHbIE HCCIIEJIOBAaHUS B O0JACTH HAHOTEXHOJIOTHI B COAEpKaHUM XUMHUYeckoro oopasosanus / C.A. Bomkosa.
— Mocksa, 2015. — 304 c.

5. T'ymunuu E.A. Hanorexnonoruu — npopsis B 6yayiuee! / E.A. T'yaunun // O6pasosarenbhas nomutuka. — 2020, — Ne S5. — C. 54-57,
6. Epemun B.B. Hanoxumus u nanorexnonoruu / B.B. Epémun, A.A. JIposos. — Mocksa : JIpoda, 2009. — 112 c.

7. 3umon A.Jl. 3annmarensHas komtonaHas xumus / A.JI. 3umon. — Mocksa : URSS, 2017. — 253 c.
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8. Menbnukopa H. IlomyueHne M W3ydeHHE CBOWCTB BEIIECTB, COCTOAIIMX M3 YacTUIL HAHO- U MHKpopasMepos / H. MenbnukoBa, E.

I'neymeBa, b. MamrakoB. — Cankr-IlerepOypr : HlkonbHast nura, M3natensctBo «Jlema», 2013. — 20 c.
9.  Mukpo- u HaHOMMP coBpeMeHHbIX MaTepuanos / o pea. FO.JI. Tperbsakosa. — Mocksa : Xumpak MI'Y, 2006. — 68 c.

10.  Hanorexunonoruu. A36yxka as Beex / oz pex. FO.J1. Tpetbakosa. — Mocksa : DUIMATIINT, 2008. — 368 c.

11. O BxIIOYEHHM OCHOB HAHOXMMHUHM B COJIEPKaHHUE IIKOJBHOrO XuMHUueckoro oopasosanus / C.A. Bonkosa, A.A. U6arynaun, C.B.

Porateix [u ap.] // Xumus B mkoie. — 2023. — Ne 6. — C. 19-24.

12. Tlar»  HOGeneBckuX  ypokoB  (IIPaKTHKyM Ul CTApIIEKIACCHUKOB MO CKAHMUPYIOIIEH 30HI0BOM MuKpockomuu) / A.B.

bonbmakosa, E.B. [lyopoBun, A.Jl. [Iporomomnosa [u np.]. — Mocksa : LlenTp nepcriektuBHbIX TexHomorui, 2013. — 94 c.

13. Cseryxun B.B. OcHoBbl HaHOTexHONoruit. 10—11 kmacchl : yuebHoe mocodue / B.B. Ceeryxun, 1.0. Ssrymenko. — 3-e u3., crep. —

Mocksaa : IIpocsemenue, 2023. - 111 c.

14. Cnosapb HAHOTEXHOJOTMYECKUX M CBA3AHHBIX ¢ HAHOTeXHONOorusMu TepmuHoB / .. Bopucenko, U.B. Tonsar, E.A. Tyxunun [u ap.].

— Mocksa : DUSMATIINUT, 2010. — 528 c.

15. Teopus u npakThka CKaHHPYIOLIEH 30HI0BOM MHKPOCKOIMHK: HOBBIE PEIICHUS I (DU3HKH, XMMHM, OHOJIOTMM M MEIMIUHBI [
AWM. Axwmerosa, O.B. UBanoB, H.E. MakcumoBa [u nap.] // Hanomnmyctpus. — 2023. — T. 16,
Ne 2(120). — C. 88-95.

16. Illep6akor A.B. [IpakThkym o HaHoMatepuanam ¥ HaoTexHosorusm / A.B. Illep6axos, B.K. MBanos. — Mocksa : MI'Y, 2019. — 368
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