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INHOACHUTEJBHASA 3AIIMCKA

Hanoxumus sBIs€TCS €CTECTBEHHO-HAYYHOM OCHOBOM HAHOTEXHOJIOTHM,
UTPAIOIIMX KpallHE BaXXHYK) pOJb B COBPEMEHHOM TEXHUKO-3KOHOMUYECKOU
napaaurmMe. Hanoxumus ucciaenyeTr crnocoObl MOJyYeHHs U CTaOMIIU3aIuu, CBOMCTBA,
CTpO€HME U  OCOOEHHOCTM  XMUMHUYECKMX  NPEBPAIEHUNA  HAHOOOBEKTOB
M HAHOMATEpHaJOB, a TAKXE HX MpPAKTUYECKUE MNpuioxeHus. Hanoxumus crana
JOTUYECKMM  pPAa3BUTHEM  KOJUIOMJHOM  XHMHMH, C  OJHOM  CTOpOHBI,
U CyIIPaMOJIEKYJISIPHON XUMUU — C Apyroil. O0e 3TUX TUCHMUIUIMHBI KPUTUYHO BaXKHbI
JUIs1 KOPPEKTHOI'O IIOHUMaHUs HAHOXUMHUYECKUX ITOAXO0B.

Pa3BuTHe HAaHOXMMHHM M HAHOTEXHOJIOTMA CETOJHA CIY>KUT (POKYCOM
JUIA IPUWIOKEHHUST CHJI  BEAYLIUMX YYEHBIX M HCCIENOBATEIbCKUX KOJUIEKTUBOB.
Hanomarepuansl Ha OpraHMYeCKOM W HEOPraHUYECKOW OCHOBE NPHUMEHSIOTCA
B OTPOMHOM KOJIMYECTBE NPOIYKTOB COBPEMEHHON IPOMBIIIIIEHHOCTU. ONIUCBIBAEMOE

HalpaBJI€HUE CIYKHUT OJHUM M3 cTOJIOB Tak Ha3biBaeMoil NBIC-konBeprenuum,
BXOJISIIIEHN B SIIPO TIPEICKa3biBaeMoro gyryposioraMu VI T€XHOIOTHYECKOTO yKiIaja.

PaGouass mnporpamma Kypca BHEYpO4UHOM pesiTenbHOCTH «COBpPEMEHHbIC
UCCIIEIOBaHMUSI U JOCTHKEHHUs HaHOXuMumU» (nainee — IIporpamma) ecTecTBEHHO-
HAyYHOW HaIpaBJICHHOCTH TI03BOJIAET OCBETUTH oOyuaromumces 10-11 kiaccos
OCHOBHBIE TE€3UChl HAHOXUMUH, a4 TAK)KE HAMETUTh OCHOBHBIC HAIPABJICHUS PA3BUTHS
HAyKH O MUPE HAHOOOBEKTOB U €€ TEXHOJIOTMUECKHUX MPUIIOKEHUHN, TOJTyYUTh ITOHSATHE
O COBPEMEHHBIX Hay4HbIX Meroaax. Peammzanms [IporpamMmbl mO3BOJUT JOCTHYB
OoJiee MOJHOrO MOHMMAHMS IIKOJbHUKAMHM €CTECTBEHHO-HAy4HOro MOAXOoAa K

HN3YUCHUIO IIPUPOALI U PA3BUTHIO HA €TI0 OCHOBC TGXHOJ’IOFHﬁ, MCHAIOIIUX MHUP.

AKTyajabHocTh [Iporpammel

Hanoxumusi B CBOMX IPOSIBICHUSIX OTHOCUTCS K 00JIACTH €CTECTBEHHBIX HayK
B LejaoM. M3HauanbHO CQOPMHUPOBABIIUCH HA CThIKE XUMHM U (DU3HKH,
HAHOXMMHYECKUE TMOJAXOAbl BO MHOIOM BIMSAIOT HAa COBPEMEHHOE ITOHUMAHUE

MOJIEKYJIIPHBIX OCHOB OMOJIOTHU U IPYTUX HayK. TeM He MeHee B IIKOJbHBIX Kypcax



[0 €CTECTBEHHO-HAy4YHbIM [MpEAMETaM TEMbI, CBSI3aHHbIE C HAHOXUMHUEH,
pacrmoJyiaraloTcs MOPO3Hb W 3aHMMAIOT KpalHe Maiblii oOmmii o0neM. B wactu
Bo3MOxkHOTO AyomupoBanus ¢ @OII COO mo npeameTtHoi obnactu «EcTecTBeHHO-
Hay4yHbIe peaMeTh» [IporpaMmma nmoutu He mepecekaercs Hu ¢ peaepanbHoit paboueit
IPOrpaMMoii o yueOHOMY TIpeIMETy « XUMHUSD (TEMBI « AJUIOTPOITHBIE MOIU(PUKALIUN
yraepoja», «IloHstue o aucnepcHbIx cucreMax», «lIpencraBieHne o KOJIOUIHBIX
pacTBOpax» B paszuene «TeopeTnyeckre OCHOBBI XUMHW», a TaKKE YIOMUHAHUE
HAHOTEXHOJIOTHH B pazjaelie «XUMUS W KH3HBb»); HU ¢ QeaepanbHOil pabodeit
nporpaMMoi 1o yueoHomy mpenmery «Pusmkay ( «[ToBEepXHOCTHOE HATSIKCHHE
B TeME «ATrperaTHble COCTOSIHUSA BenlecTBa. Pa3oBble MEPEXOAbl»; YINOMHHAHHE
«lTonyuenne HanomaTepuasioB» B TeMe€ «OCHOBBI MOJICKYJISIPHO-KUHETUYECKOU
TEOpUW»); HU C (QeAepalibHON pabodeld NporpaMmMo Mo y4eOHOMY HpPEeaMETy
«buonorus» («O0ume cBoiicTBa OUOJOTHUECKUX MEMOpaH» B TeMe «XHUMHYECKas
opraHu3anys KiIeTkw»; «HaHOoTexHOJIIOrnr B OMOJOTUUA U MEIULIUHEY).
[Iporpamma pa3paboTaHa B COOTBETCTBHM € TpeOOBaHUSMHU (eaepalbHOIO
rOCyJIapCTBEHHOI'O 00pa30BaTEIBHOTO CTaHJApPTa CPEJHET0o 00IIero oopa3oBaHus
(DI OC COO). HeobxomumocTs peanuzaiuu [IporpamMmMel cBs3aHa ¢ KpaifHe MUPOKUM
pacnpoCTpaHEHUEM MIPOJTYKTOB HAaHOXUMHUU B COBPEMEHHOM MUpe
Y BBIIIEYTIOMSIHYTBIM ~ HEJIOCTATOYHBIM OTPAKEHUEM OCHOBHBIX MPUHIUIIOB,
Ha KOTOPBIX OHa IIOCTPO€Ha, B OCHOBHOM 0Opa30BaTelbHOM  Mporpamme.
JI714 9aCTUYHOM KOMITEHCAIMH 3TOTO pa3pbiBa B MOCKBE Y€ MHOIO JIET MPOBOJAUTCS
OJINMITNAJA [0 HAHOTEXHOJIOT UM — OuMITHaia IKOJILHUKOB « BhICOKME TEXHOIOTUH
U Matepuainbl Oyaymero». 3aganuss OIUMIKAAABI MO3BOJISIOT MIKOJIBHUKAM TIOHSTD,
HACKOJIBKO OHHM  OPUEHTUPYIOTCS B 3TOM  MEXKIUCIUIUIMHAPHOW  00JIacTH.
CucremMaTnyecKkoe K€ IMOJIYYEHUE 3HAHUM BO3MOXHO OpPraHU30BaTh HAa YPOBHE
cpenHero oOmero oOpa3oBaHHMsT B paMKaX BHEYPOYHOW JESATEIBHOCTH WA
JOTIOJTHUTEIHFHOTO 00pa30BaHusl, B YaCTHOCTHU TMPH peanu3aiuu JanHoi [IporpamMmei.

bonbiioe BHUMaHUE B HporpaMMe YACJICHO MCTOAAM IMOJIYUCHHUA N U3YUCHUA



HAaHOCTPYKTYPHPOBAaHHBIX BEIIECTB M MarepuanoB. [IpakTthueckas cTopoHa
[Iporpammel MO3BOJIAET YBHUIETH SIPKHUE CTOPOHBI HAHOXUMHUU IMPH OTHOCUTEIBHOU
JIOCTYITHOCTH BBITIOJTHEHUS Y4€OHO-HUCCIIEI0BATEIbCKOTO SKCIIEPUMEHTA U BO MHOTOM
OaszupyeTcs Ha MpUMepax JIabopaTOPHBIX padoOT, MU3NOKEHHbIX B IIpakTukyme
no HaHoMmarepuanaM u HaHoTexHoJorusiMm A.b. Illepbakosa u B.K. MBanosa [16].
N3yyeHne HAHOXMMUU OTKPBIBAET MHOTO HOBOT'O M HEOKHMJIAHHOTO KaK ISl Y4eHUKOB,
TaK U 1 negaroros. [IpoekTHas U nccaeaoBaTebeKas 1eATeIbHOCTh 10 HAHOXUMHUH,
KOTOpasi MOKET BBINOJIHATHCA ¢ onopou Ha [Iporpammy, npu AOJDKHOM IMOCTaHOBKE
OyIeT NpUBOAUTh K OOBEKTUBHO HOBBIM PE3yJIbTaTaM, pPaHEE HE OMHCAHHBIM B
HAY4YHOU JIUTEPATYpE.

Hosu3na IIporpaMmmasl 3aKi104aeTcsi B TOM, YTO OHA IOCTPOEHA HA MOIIarOBOM
O3HAKOMJIEHUHU OOYYAIOIINXCSI C OCHOBAMU HAHOHAYKH U €€ MPUII0KECHHUSIMU.

Peanuzanust [IporpaMmbl criocoOCTBYET JeTalu3alliy 3HAHUNA O0ydaronuxcs
0 (PUBHMKO-XMMHUYECKUX IMPOLEcCcax, MPOTEKAIOUMX Ha HAHOYPOBHE, PACIIMPEHUIO
NPEACTABICHU O BO3MOXXHOCTAX MPUMEHEHHUS HAHOXMMUYECKHX IOAXOOB,
criocoOCTBYET PO OopUECHTAITUN 00YUAIOIITHXCS.

IHeparornyeckas mesiecooOpasHoctb [Iporpammel 3akiroyaercss B TOM, 4TO
OHA CO3/aeT ycloBus s (popMuUpOBaHUS y OOy4arOUIMXCsl €CTECTBEHHO-HAy4YHOU
KApTUHBI MHpA, Pa3BUBAET YMEHHE KPUTUYECKOIO OCMbBICIEHUS MH(POpMALMH, JAeT
BO3MOXKHOCTh ~ MOJYYUTh  HABBIK  MPOBEACHUS  y4eOHO-HCCIIEOBATEIBCKOTO
HKCIIEPUMEHTA, paciiupsieT 0a3uc JUisl YIUIyOJIEHHOTO HM3YyYEHUsS HAHOXUMUYECKUX
MIPOLIECCOB B BBICLIEH IIKOJIE.

Heanb IIporpammbl — 1aTh 00yUYaIOIIMMCS KPATKUN IKCKYPC B MEKIIPEIMETHYIO
00J1aCTh HAHOTEXHOJIOTUN ¥ UMITYJIBC K CAMOCTOSATEIbHOMY U3YYEHHUIO U TBOPUECKOMY
Pa3BUTHIO; JTaHHAs 00JIACTh B HACTOSIIEE BPEMs SIBJISETCA OJHOM M3 «TOYEK POCTa»
JUISL Pa3BUTHSA TMPOMBIIIJIEHHOCTH M HAXOJUT MHOTOYHMCICHHbIE MPUMEHEHUs

B COBPEMEHHOM TEXHHUKE.



Bapuants! peasmuzanuu [IporpamMmmMsl 1 (popMbI IPOBeIeHUA 3AHATHI

Peanuzaumss ~ [lporpamMmbl  mpennonaraeT  COY€TaHUE  JICKIIMOHHOM
U ceMuHapckoi ¢GopM pabOThl C 3AJIEMEHTAMHU MPaKTUKyMa: JEKIUU, CEMUHaphI,
JTUCKYCCUHM, 3alllUThl  MPOEKTOB, Y4E€OHO-MCCIEIOBATEIbCKUNA  AKCIIEPUMEHT,
IpakTHUeCKUe paboThl — H300paKeHWE XUMHUYECKHX (OPMYJ, BU3yaIHU3aIHs
TPEXMEPHBIX 0OBEKTOB U TIP.

B cemunapckoii yacTv BO3MOXHA CMEHA WHANBUAYAIBHBIX U TPYIIOBBIX (POPM
MPOBE/ICHUS] B 3aBUCUMOCTH OT MpEANOYTeHUM mnenarora. B mpakTtuueckoil yacTu
BCTPEYAIOTCS KaK Y4EOHO-MCCIEN0BATENBCKUI IKCIIEPUMEHT, TaK U KOMITBIOTEPHBIN
MPAKTUKYM.

[Ipn peanmszamuu [lporpamMmbl UCHOJIB3YETCS BBIYMCIUTENbHAS TEXHUKA,
oOecreynBaIas A0CTyl K CHEUUAIU3UPOBAHHOMY MNPOrPAMMHOMY OOECIEYEHHIO
Y HAY4YHOM JIuTeparype.

JUIst  caMOCTOATENIBHOTO  W3Y4YEHHUs MPENYyCMOTPEH CIIMCOK AaKTyaJIbHOM
JUTEpaTyphl MO ONHMCHIBAEMOl 00JacTH, pacCUMTaHHBIA Kak Ha Y4MTENeH, Tak
Y Ha IIKOJIBHUKOB, YYaCTBYIOUIUX B peanu3auuu [I[porpaMmel.

[Iporpamma paspaborana st obydwaroutuxcs npoduiabHbix 10—11 kmaccos
(ecrecTBeHHO-Hay4HbId npo¢uias o00ydyeHus). IIporpamma paccuutana Ha 2 ropaa
oOyuenusi. OOIIee KOIMYECTBO BPEMEHH, OTBOJAMMOIO Ha ocBoeHue lIporpammsl,
cocraisieT 68 yacoB. [Iporpamma peanusyercs 1 pa3 B nenento no 1 yacy. Bapuantom
peanu3anuu MoxeT ObITh u3ydenue IIporpammel B 10 kiacce B pexume 3aHATUN 2
qaca B HEZACIIIO.

@DopMbI KOHTPOJISI CIYKaT ISl ONpPENeSICHUs Pe3yJbTATUBHOCTH OCBOCHUS
[TporpamMmMbl  oOyuwatrouiumucs. Atrectanusi npoBoautrcs | pa3 B TOA:
POMEKYTOUYHAs — [0 UTOTraM MEPBOTO rofa 00y4YeHHus, UTOroBas — BECHOM BTOPOTO
rojia oOy4eHwus.

Dopmbl nposedeHUs ammecmayuu.

® TECTUPOBAHUE;

® [IPaKTUYECKUE 3AHATHUS;

e 3ayeTHas pabora.



B3anmocBashb ¢ GpegepanbHoi padoyeid MporpaMMoil BOCIIUTAHUS

[Iporpamma pa3paboTaHa ¢ y4eToM peKOMeHmanui deaepaabHol pabodei
MIPOTrpaMMBbl BOCITUTAHUS TSI 00IIe00pa3oBaTeIbHBIX opranmu3anuii. OHa yIUTHIBAaCT
MICUXOJIOTO-TIEIArOTMYECKIE 0OCOOEHHOCTH COOTBETCTBYIOIEH BO3PACTHON KaTeropuu
oOy4Jaronmxcsi.

B wactHoctn, B xome peanusaunuu I[IporpaMmbl BO3MOXHO COYETaTh Kak
MHTEJUIEKTYaJIbHOE, TaK U COLUAIIbHOE Pa3BUTHE O0YUYaIOIINUXCS, CO3/Ia0Iee OCHOBBI
JUISL UX CAMOOTIPEAEIEHUS] HA OCHOBE TYXOBHO-HPABCTBEHHBIX LICHHOCTEM.

K 3amauam peanuszanuu naHHou IIporpamMMbl MOXHO OTHECTH JOCTHUKEHUE
JMYHOCTHBIX Pe3yJbTaTOB OCBOEHUS 0O0IIe00pa30BaTEIbHBIX MPOrpaMM MO (U3HKE,
xuMuu 1 ouosoruu B cootBercTBUU ¢ ®PI'OC COO, a uMeHHo: chOpMUPOBAHHOCTH
[IEHHOCTE CaMOCTOATENBHOCTH M HWHUIMATUBBI, TOTOBHOCTh OOYyYaIOIIUXCS
K CaMOpPa3BUTHUIO, CAMOCTOSITEIbHOCTH U JJUYHOCTHOMY CaMOOIPEEICHUIO, HATUYUE
MOTHBAllMM K  [EJICHANIPABJICHHOM  COLMAJIbHO  3HAYUMOW  JIESITEIBHOCTH,
c(hOpMHPOBAHHOCTh BHYTPEHHEH MO3UIMU JMYHOCTU KaK OCOOOTO IEHHOCTHOIO
OTHOILICHUS K ce0e, OKPY>KAIOIIUM JIFOASIM U KU3HU B LIEJIOM.

[IporpaMma  COOTBETCTBYET  CIEAYIOIIMM  OCHOBHBIM  HaIlpaBJICHUSIM
BOCIIMTAHUS: TPaXIAHCKOE BOCIHUTaHUE, MATPUOTHYECKOE BOCIHUTAHUE, AYXOBHO-
HPABCTBEHHOE BOCIHTAHUE, ICTETUYECKOE BOCHUTAaHUE, (POpMHUpPOBAHUE KYJIHTYpbI
3I0pOBOTO 00pasza >KWU3HHU, TPYIOBOE BOCIHMTAHHME, SKOJOTMYECKOE BOCIUTAHUE,

BOCIIMTAaHHNC HCHHOCTHU HAYYHOI'O IIO3HAHHA.

Ocob6ennoctu padorsl nexarora no Iporpamme

[lepen mnpemomaBateneM, pabotatomm 1o Ilporpamme, cTouT 3amaya
TapMOHUYHOTO COYCTAHMS JJICMEHTOB XUMHUHU, OWOJIOTHH, (PU3UKK W WHPOPMATHUKH,
KOTOpbIE HEOOXOIUMBI IS KOHBEPTEHTHOTO TTIOHMMAaHUsI HAHOXUMUHU. TeM He MeHee
aKIICHT B COCTaBJICHUH [IporpaMMbl cliemaH Ha XUMUYECKHE aClIeKThl HAHOHAYKH, UTO
MOKET YaCTHYHO CMSATYHTH KaIpPOBBIH BOIPOC B peanm3aiuu [IporpamMmmel. Y cBOCHHE
OOyYarOIIMMHUCS HOBBIX 3HAHWNA B ATOM 0O0JACTH TECHO CBS3aHO C YCIHENTHOCTHIO

peanm3anMu  y4eOHO-HCCIIEI0BATENBCKOTO JKCIIEPUMEHTa M IPAKTHUYECKUX pPadoT,



3anokeHHbIX B [Iporpammy. IIpu HEIOCTaTOYHOCTH MaTEpUATbHO-TEXHUYECKOTO
OCHAalIeHMWs] 00pa30BaTENbHOM OpraHM3alMU PEKOMEHIyeTCs CJellaTh AaKUEHT
B peanusauuu IlporpamMmmel Ha paGoTy ¢ 1uppoBBEIMH pecypcamu. Bo3moxkHO
COKpAlleHHE KOJMYECTBA IUIAHUPYEMBIX NPAKTHUUECKUX pabdoT Ayl yriryOJieHus
paboTHI Ha/I TEOPETUUIECKUMHU pazenamu [IporpaMMel.

OTtnuuutenpHas oco0eHHOCTh [IporpaMMbl COCTOUT B TOM, UTO B €€ TOCTPOCHUU
U pean3anuu:

® Da3BUBAIOTCA  MEXKIIPEAMETHBIE CBSI3M, 3aJI0)KCHHbIE B  OCHOBHOU
o0pa3zoBaTeILHON TPOrpaMMme;

® BOCIOJIHSETCS  A€UUUT  COBPEMEHHOM  HaydyHoH  uH(popmanuw,
IPOCJIEKUBAETCS. B3aUMOCBA3b KIACCHUUYECKUX JOCTHKEHUN XMMHMM U (PU3MKU C UX
IPUIIOKEHUSIMU B COBPEMEHHOM HaHOTEXHOJIOTUH;

® DPa3BUBAIOTCA MIO3HABATEIbHBIE KOMIIETEHIINN O0YYaIOIIUXCS;

® AKTHBHO MCHOJB3YIOTCSI COBPEMEHHBIE SKCIIEPUMEHTATBHBIC U BHIUMCIUTEIILHBIC
METO/IbI;

® NOJJCPKUBACTCS  OpPHEHTalUUs  OOyyaroumxcs Ha  IOCIEIYIOIIYIO

CHEeIUaIN3aIMI0 B 00J1aCTH Kak (PyHIaMEHTaIbHOM, TaK U MPUKIIATHON HAYKH.



COJIEP)KAHUE KYPCA BHEYPOUYHOM JEATEJBHOCTHU
«COBPEMEHHBIE NCCJIEAOBAHUA U JOCTUXEHUA HAHOXUMUN)

10 KJIACC

Paznen 1. Opranuzanuonnoe 3ansaTue « HaHoXuMusi 1 HAHOTEXHOJIOTUS
KaK MeXXIUCHUILINHAPHAA 00JacThb». Lleqn u 3agaun kypca. UHCTpyKTAaK

Tema 1.1. Beeoenue 6 Ilpocpammy

Teopus. ®opmbl 1 MeToAbl AesTenbHOCTH. [lman paboThl Ha y4uyeOHBIH TOI.
HucTpyKTax 1Mo TexHUKE 0€30MacHOCTH.

Ilpakmuxka. IlepBrudHas 1uarHoctuka. BXo/iHOE TeCTUpOBaHUE.

Pa3nen 2. UcTopusi HAyKM 0 IMCIIEPCHBIX CHCTEMAax

Tema 2.1. Hauano u3yuenus NOGEPXHOCHMHBIX AGNEHUN U OUCHEPCHBIX
cucmem

Teopus. Kanumnsapsl 1 3akoH Jlammaca. M3ydenne aacopouuu (K. Illeene,
T. JloBui). Metamnueckue 3omu (M. ®dapaneii). bpoyHosckoe nsuxkenue. Ocmoc
n quamm3 (T. I'pam). Komnouwaneie cucrtemsl. OmpeneneHue uucia ABOraapo
(K. Ileppen). Dddexr Pebmnmepa. TepMuH «HAHOTEXHOJIOTHH», HCTOPHS €O
nosiBiieHus U nonyisapuszauuu (P. @eitnman, H. Tanuryth, 3. Jlpekcuep).

Ilpaxkmuka. Y4eOHO-HUCCIIeN0BATENbCKUN IKCTIEpUMEHT: M3yueHue agcoporuu
KpacuTeseil ¢ MOMOUIbI0 aKTUBUPOBAHHOrO yris. OmnpeneneHue ero copOLHUOHHOM

CIIOCOOHOCTH.

Pa3nen 3. OcHoBBI (PU3UKHU NMOBEPXHOCTH U JUCTIEPCHBIX Cpejl

Tema 3.1. Ocnoevl puszuku nosepxnocmu

Teopus.  OUBMKO-XMMHUYECKHE  CBOMCTBA aTOMOB HAa  TOBEPXHOCTH.
[ToBepxHOCTHOE HaTsHKeHUE. AfcopOuus. CMaurBaHue.

Ilpaxmuxa.  Y4eOHO-WccnenoBaTenbckuil  akcnepuMeHnt:  OmpeseneHue
MOBEPXHOCTHOTO HATS)KEHUS BOJbI METOJIOM OTPhIBA KAIElb.

Tema 3.2. Ceoiicmea oucnepcHuvix cpeo

Teopus. DNEKTpUYECKHE CBOMCTBA. YCTOMUYMBOCTh. {DHU3MKO-XUMHUUYECKasS
MEXaHUKA.
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Ilpakxmuxa. Y4eOHO-UCCIENOBATENbCKUM dKciepuMeHT: OIleHKa TOJIIIUHBI

Fpa(I)I/ITOBOI\/'I JIMHUH B 3aBUCUMOCTH OT MAT'KOCTHU KapaHaIlla.

Pa3znen 4. /lucnepcHbie CHCTEMBI: MOJIyUYeHUE U IPUMEHEHHE

Tema 4.1. Knaccugpuxayus oucnepcuwix cucmem

Teopus. Knaccuduxamuss aucniepcHbIX cucteM. [loHATHS «HAHOMAaTEepHaD»,
«HaHO000BEeKT». Buapl HaHooObekTOB (0D, 1D, 2D; Mukpo-, Me30- 1 MaKpOIIOPUCTHIE).
Spxue npumepsl IPOsIBIICHUs pazMepHOro dddekTa.

Ilpaxmuxa. Tlpaktuueckas pabora: MojaenupoBaHHe CTPYKTYPbl HAHOYACTHI]
pa3HOro pa3Mepa, CpaBHEHUE JIOJM I[OBEPXHOCTHBIX aTOMOB W  4YHCJa
HECKOMITEHCUPOBAHHBIX BAJICHTHOCTEH.

Tema 4.2. /Tlucnepchvie cucmemel, cooeprcauiue 2azoeyio ghaszy

Teopus. 11enbl, a3p030JId U aA3POTEIIN.

Ilpakmuxa.  Y4ueOHO-HCCIIEIOBATEIbCKUN  3KcmepuMeHT:  OmnpenencHue
YCTOMYMBOCTH MEHBI MOIOIIINX CPEJICTB.

Tema 4.3. /lucnepchvle cucmemul, cooeprcauiue Hcuokyro gazy

Teopus. 3omu, renau, sMyJbcud U cycrnensuu. [lonoxenue 3o5el Ha mIkane
JMCTIEPCHOCTU KOJIJTOUIAHBIX CUCTEM.

Ipaxmuxa. Y4yeOHO-UCCIEAOBATENBCKUN dKciepuMeHT: [lomydyenue 3oiei
HAaHOCTPYKTYPHPOBAHHOTO cepedpa.

Tema 4.4. /Tucnepchnoie cucmemul, cooepircauiie n0GEPXHOCHHO-AKMUBHbBLE
eeuiecmea

Teopusi.  1loBepXHOCTHO-aKTHMBHBIE  BellecTBa. MemOpaHbl,  MUIEIUIbI
U JTUTIOCOMBI. bruosiornyeckue 1UcCnepcHble CUCTEMBI.

Ilpakmuka. Y4ueOHO-UCCIENOBATENIbCKUN dKCTIEpUMEHT: M3yueHue BIUSHUS
MOBEPXHOCTHO-aKTUBHBIX BEIIIECTB HA MIOBEPXHOCTHOE HATSHKCHHE.

Tema 4.5. Memoowl su3yanuzayuu Hanouacmuy

Teopus. Dpdext Tungans. AHanu3 TpaeKTOPUN JBMKCHHUS HAHOYACTHII.

Ilpaxmuxa.  Y4eOHO-WCCNENOBATENbCKUI  JKCHepUMEHT:  JlemoHcTparus

sabdexra TuHmANA HA AUCTIEPCHBIX CHCTEMAaX Pa3IMYHOIO POJIA.
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Paszpen 5. Meroabl CHHTE3a HAHOCTPYKTYPHPOBAHHBIX BelIeCTB
U MaTepHuaJIoB

Tema 5.1. Ilpunyun «ceepxy-6Hu3»

Teopus. llpuHIMNBI NOJIYy4EHUS HAHOCTPYKTYp: «CBEpPXY-BHM3» M «CHHU3Y-
BBepx». [lomyuenue rpadena. OcobeHHocTH pabOTHI TUTAHETAPHBIX METBHHUII.

Ilpakxmuxa: Tlpaktuyeckas pabota: IlocTpoeHne MoJenu IUIaHETapPHOU
MEJbHHUIIBI.

Tema 5.2. IIpunyun «crnu3zy-66epx»

Teopus. OcHOBBI cynpamosiekysipHoi xuMun. CamocOopka. MeToibl cuHTe3a
HAHOYACTHIL: «MSTKOM XUMHUEH» — 30JIb-T€lb, «TOMOI€HHOIO OCAXJICHUD,
oOpaIieHHO-MULICJUTSIPHBIN, MHMKPOAMYJIbCHOHHBIN; Tepmonu3, CVD. Meroms
cTaOWiIM3alM  HAHOYACTULL:  CTEpUYECKas, XeJaTHas, dJIEKTPOCTaTHYecKas,
umMMmoOuIn3anueil B marpuue. HampaBiaeHHbI CHMHTE3 HAaHOOOBEKTOB: KBAHTOBBIE
TOYKHM, HAHOIUIEHKM, OObEMHblE HaHOMaTepuaiabl. Monaudukanuss CBOMCTB
HAaHOMAaTEpHUaJIOB.

Ilpakmuka: Y4yeOHO-UCCIEAOBATENbCKUI SKCEpUMEHT: ['a3oda3Hblii CHHTE3
HAaHOKPUCTAJUIMYECKOTO XJjopuaa aMMoHus. IlomydeHne 3051 HaHOMArHeTHWTA,
HAHOPA3MEPHOro JMOKCHAA THUTaHa, OepiuHCKON jda3ypu. llomyueHue HaHOIJICHOK
cepeOpa Ha CTEKJISIHHOM nouiokke. OLleHKa UX TOJIIKHBI.

Hpomeofcymouua}l ammecmauusi.

11 KJIACC

Pasnen 6. MeToabl HcCCJIeI0BAHUSI HAHOCTPYKTYPHPOBAHHBIX BellleCTB
U MATepuaJioB

Tema 6.1. Onmuueckue memoosi

Teopus. Onrtuyeckue  CBOMCTBA  HAHOYACTUI[ W HAHOMATEpPHUAJIOB.
Mukpockonus. Judpakumonnsii npenen. doromerpus. CrekTpodoTOMETpHS:
U3MEPEHUE  TNPOIYCKaHWs, TMOTJIOUIEHUS, JIOMHHECUEeHIHH. [uHamuueckoe

CBCTOPACCCAHUC.
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Ilpaxmuxka: Tlpaktudeckas pabora: MUKpOCKOIIMYECKOE N3YUEHUE TIPEapaToB
HaHOcepeOpa Ha CTeKIax.

Tema 6.2. Inekmponnas MuUKpocKkonus

Teopus. DNEeKTpOHHAsT MHUKPOCKOIHMS: MPOCBEYMBAKOIIAS M CKAHUPYIOILIAS.
OcoOeHHOCTH U3y4YeHUs] OMOJIOTUYECKUX O0BEKTOB Ha HAHOYPOBHE.

Ilpakmuka: Tlpaktudeckass padota: CpaBHUTEIBHBIM aHaU3 H300paKEHUM
HaHOCTPYKTYP, MOTYYEHHBIX AJIEKTPOHHON MUKPOCKOIIUEH.

Tema 6.3. Penmeenosckasn ougppaxmomempus

Teopus. Pentrenodas3oBblii aHanmu3. YIIMPEHHE TMHUKOB Kak MPHU3HAK
HAaHOOOBEKTA M KaK CIOCOO OIIEHKU pa3Mepa KPUCTALUIUTOB. PEHTIeHOCTPYKTYpHBIi
ananu3. OnpeneneHue CTpyKTypbl HAHOPa3MEpPHbIX 00BEKTOB HA aTOMHOM YPOBHE.

Ilpakmuxka: TlpakTnueckas pabota: Buzyanuzauus CTpykTyp OMONOJIMMEPOB,
MOJYYEHHBIX METOJOM PEHTT€HOCTPYKTYPHOTO aHAJIN3a.

Tema 6.4. Ckanupyrouwias 30100641 MUKPOCKORUA

Teopus. TyHHeNnbHAasE MUKPOCKONUS. ATOMHO-CHJIOBass MUKPOCKOIHS. AHAIU3
HAHOCTPYKTYpbl ~ MOBEpXHOCTeH. (CTaTHUYECKHM W JUHAMHAYECKHM  PEXKUM
CKaHHPOBAHUS.

Ilpakmuka: TlpakTtudyeckas pabota: AHaAIW3 HN300paKEHUH, TOTYYSHHBIX
METOJ0M aTOMHO-CHJIOBOW MUKPOCKOIIMH, C IOMOIIBEO COBPEMEHHOTO IPOIPAMMHOI0
oOecrniedyeHus. Y4eOHO-UCCIIEOBATEIbCKUN SKCIEPUMEHT: 3yueHue mnoBepXHOCTU

MCTOJOM aTOMHO-CUJIOBOM MHUKPOCKOIINH.

Pazgen 7. @DyHKHUHOHAJBbHBbIE CBOWCTBA HAHOCTPYKTYPHUPOBAHHBIX
BeLIeCTB U MATEPHAJIOB

Tema 7.1. @yukyuounanvuvlie ceolicmea eeuwjecmea, obdecneyusaemvle
Hanomamepuaiamu

Teopus. CBepxHHU3Kast CMa4HUBaEMOCTb. CBepXIIPOYHOCTb.
BricokotemnepaTypHas cBepXnpoBoauMocTh. CrepxdunbTparus. CBEpXbIPKOCTh
cBeroucnyckanus. Cyxas aare3us (OMOMHUMETHKA TeKKOHAa). MarHuTHbIE CBOMCTRA.

Ilpakmuka. Y4eOHO-UCCIENOBATENLCKHUM dKCTIepuMeHT: U3yuenue «ddexra

JI0TOCa» Ha MPUMeEpPE JierecTKa po3bl. MizmepeHue kpaeBoro yria.
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Pa3nen 8. HaHoTexHO/I0THYM — MEePCNEKTUBBI PA3BUTHS U COCTOSIHUE HAYKH
HAa CeroAHAIIHUN JeHb

Tema 8.1. Cospemennble npumeHeHuUss HAHOMEXHOI0ZUU

Teopus. CoBpeMeHHbIE MPUMEHEHHS] HAHOTEXHOJIOTUH, OOIIHNIT 0030p.

lIpakmuxa. Buktoprna: HaHOTEXHONIOTHH B HAIIEW KU3HMU.

Tema 8.2. Yenepoouvie Hanomamepuaivl

Teopus. Ocobast ponb yriaepoaa B HaHomupe. Dymiepensl, rpadeH,
HAHOTPYOKH.

Ilpakmuxa. TIlpaktudeckass pabota: MojenupoBaHue IMPOCTPAHCTBEHHOU
CTPYKTYpPbI (DyJIIEPEHOB.

Tema 8.3. Hanomamepuainwl 015 IHep2emuKu

Teopua. HanHoMmarepuasiel B  TOIUIMBHBIX  JJIEMEHTax. JIMTHUII-MOHHBIE
aKKyMyJISITOpbl. CyIepKOHIEHCATOPHI.

Ilpakmuka. Y4ueOHO-UCCIENOBATENbCKUI dKCTIEpUMEHT: M3mMepeHune eMkocTu
JUTHN-UOHHOTO aKKyMYJISITOPA.

Tema 8.4. Hanoanekmponuka

Teopusi. 3akon Mypa. TexHonormyeckuid  MOpoUEcC  MPOU3BOJCTBA
WHTErpabHBIX MUKpOocXxeM. CHCTEMBI 3anucu nHOpMaIiu.

Ilpaxmuxa. Tlpaktnyeckas pabora: AHanMM3 HW300paKEHUS TOBEPXHOCTH
KOMIAKT-/IUCKA.

Tema 8.5. Hanomamepuanvt 6 meouyune u IKo102uu

Teopus. Hanommarnoctuka. IIpumMeHeHne HaHOMaTepuaioOB B TEpaIuu.
Hanocop6enTsi. @oTokatanuzatopbl. CaMoOUnCTKA.

Ipakmuxa. [Tpaktndeckast pabota: Buzyanuzaius mpoCTpaHCTBEHHOM CTPYKTYPHI

HaHO6I/IOHpeHapaTOB C IOMOIIBIO COBPECMCHHOI'O IIPOIPaMMHOI'0 o0OecIeyeHus.

Paznen 9. AxkryajbHble mpodjeMbl B 00J1aCTM  HAHOXUMMU
U HAHOTEXHOJIOTHH

Tema 9.1. /Tluckyccusn

Teopus. AxtyanbHble TPoOJIeMbl B 00JIaCTH HAHOXUMHUHU M HAHOTEXHOJIOTUH.

Ilpaxmuxa. UTtoroBas atrrectainus. 3aueTHas padoTa.
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MJIAHUPYEMBIE PE3YJbTATHI OCBOEHUS KYPCA BHEYPOUHOM
AEATEJBHOCTHU « COBPEMEHHBIE UCCJIEJOBAHUA
N JOCTUKEHUS HAHOXUMHNHN»

JIMYHOCTHBIE PE3YJIBTATHI

B cgpepe epaswcoanckozo ocnumanusi:

CTIOCOOHOCTH OTPEAETATh COOCTBEHHYIO TIO3HIIMIO TI0 OTHOIIEHHIO K SIBJICHUSM
COBPEMEHHOM KU3HU U OOBSICHSTH €€;

TOTOBHOCTh K COTPYAHHYECTBY B TIPOIECCE COBMECTHOTO BBIMOTHECHUS
y4eOHBIX, TO3HABATEIBHBIX U UCCIEIOBATENbCKIX 3a/1a4, YBAKUTEIHHOTO OTHOIIICHUS
K MHEHUIO ONIOHEHTOB MPU 00CYKIAEHUH CIIOPHBIX BOIIPOCOB €CTECTBEHHO-HAYYHOTO
COJZIepKAHUS.

B cipepe nampuomuueckozo ocnumanusi:

yB@)XEHHE K IMPOILIECCy TBOpYECTBA B OOJIACTH TEOPUU U TMPAKTUYECKOTO
IPUJIO’)KEHUSI HAaHOHAYKH, OCO3HAHUS TOTO, YTO YCHEXH HAyKU M TEXHOJOTUHU €CTb
pe3ynabTaT JIUTENBHBIX HAOMIOACHUN, KPOTIOTIMBBIX dKCIEPUMEHTATbHBIX TOMCKOB,
MOCTOSTHHOTO TPYZa YUEHbIX U MPAKTUKOB;

CIIOCOOHOCTH OIICHUBAThH BKJIAJ POCCUHUCKUX YUEHBIX B CTAHOBJICHUE U Pa3BUTHE
HAaHOXUMUH, TTOHUMaHUE 3HAYEHUs] HAyKU B MO3HAHUU 3aKOHOB NMPHUPOIbI, B KU3HU
4eJI0BeKa U COBPEMEHHOI0 OOLIECTBa.

B cgpepe oyxoeno-npascmeenno2o 60cnumanusi:

OCO3HaHWE JIMYHOTO BKJIaJa B IOCTPOEHUE YCTOMUMBOTO OyAyIIEro;

CIIOCOOHOCThH OLIEHHMBATh CUTYallUI0 M MPUHUMATh OCO3HAHHBIE PEIICHHUS,
OPUEHTHUPYSICh HA MOPAJIbHO-HPABCTBEHHBIE HOPMBI U LIEHHOCTH.

B cipepe scmemuueckozo éocnumanus.:

ACTETUYECKOE  OTHOLIEHHE K MHpY, BKJIIOYas 3CTETHUKY  HAyYHOI'O
Y TEXHUYECKOTO TBOPUYECTRA.

B cghepe ghopmuposanus kynemypet 300powsi:

coOyofieHre TpaBuUi Oe30MmacHOro ooOpallleHus ¢ BelIecTBaMH B  OBITY,

ITIOBCEJHEBHOM XKU3HU, B TPYJIOBOU JESATEIBHOCTH;
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OCO3HAHHE TMOCJEICTBUA W HEMPUATHE BPEAHBIX MPUBBIYCK (YMOTPEOICHUS
aJIKOT0JIs, HAPKOTUKOB, KYpEHUS);

MNOHUMAHUE [EHHOCTH TPAaBWI HWHAUBUAYAIBHOIO U  KOJUIEKTUBHOTO
0e30MacHOr0 MOBE/ICHUS B CUTYAIUAX, YIPOXKAIOIIUX 3JOPOBBIO U KU3HU JIIO/ICH.

B cgpepe mpyodoeozo eocnumanusi:

KOMMYHHUKATHUBHAs! KOMIIETEHTHOCTh B y4€OHO-HUCCIIEI0BATEBCKOM JIEATEIbHOCTH,
OOIIECTBEHHO MOJIE3HOM, TBOPUECKON U JPYTUX BUIAX ACSITEIbHOCTH;

WHTEpEC K MPAKTUYECKOMY HM3yYEHHUIO MPOQECCuil pa3InyHOTO pojaa, B TOM
YHCJI€ Ha OCHOBE MPUMEHEHHUSI MPEIMETHBIX 3HAaHUI M0 XUMUU U PU3HKE;

YBOKEHUE K TPYAY, JIOJAM TPyJa U pe3ybTaTaM TPYAOBOU NESITEIbHOCTH;

FOTOBHOCTh K OCO3HAHHOMY  BBIOOPY  WHJMBHAYaJIbHOM  TpPaeKTOpUU
oOpazoBanus, Oyaymieil mpodeccun u peaan3aiuu COOCTBEHHBIX JKU3HEHHBIX TIJIAaHOB
C y4e€TOM JIMYHOCTHBIX HHTEPECOB, CHOCOOHOCTEM K HayKe, HWHTEPECOB
U IOTpeOHOCTEM 0011IecTBa.

B cghepe sxonocuueckoeo socnumanus:

HKOJIOTHYECKH I1IeJIecO00pa3HOe OTHOUICHHWE K TMPUPOJEC KaK HCTOYHUKY
CYILIECTBOBAHMS )KM3HU HA 3€MIIE;

HaJIMYue Pa3BUTOTO SKOJOTMYECKOTO MBIIIJICHUSI, YKOJIOTUYECKOU KYJIbTYPHI,
OTBITA JEATEIIBHOCTH SKOJIOTHYECKON HAMPABICHHOCTH, YMEHUS PYKOBOJICTBOBATHCS
UMHU B TIO3HABATEIbHON, KOMMYHUKATUBHON M COITMATIBHON MPAKTHKE, CIOCOOHOCTH
Y YMEHUSI aKTUBHO MPOTUBOCTOATH UACOJIOTMU XeMo(poOuu;

CIIOCOOHOCTh HUCIOJIB30BaTh MPUOOpETacMble MPU HM3YYCHUU HAHOXUMHHU
3HAHUS W YyMEHUS TMPU PpEHIeHUH TMpoOJieM, CBSI3aHHBIX C palMOHATLHBIM
MPUPOOTIOIB30BaHUEM (COOIOCHUE TIPABWIT TIOBEICHUS B IPUPO/IE, HATTPABICHHBIX
Ha COXpaHEHUE PABHOBECHS B AKOCUCTEMAX, OXPaHy BUIOB, SKOCHCTEM, OMOChEpPHI);

OCO3HaHHUE TJI00AILHOrO XapakTepa JKOJIOTHYECKUX MpoOJeM M TyTel uXx
pelieHusl.

B cgpepe yennocmeii nayuno2o nosHaHusi:

MOHMMAaHUE CIenu(pUKH HAHOHAYKH, OCO3HAHHWE €€ POJu B (POPMHUPOBAHUU

pPAallMOHAJIBHOTO HAYYHOI'O MBIIIJICHUA, CO3AAaHUC NCIIOCTHOIO IMPCACTABICHUS
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00 OKpy’KaroIeM MUpe KaK O €IMHCTBE MPUPO/IbI, YeJIOBEKa U 00IIeCTBA, B TO3HAHUH
NPUPOAHBIX 3aKOHOMEPHOCTEH M PEIICeHUH NpoOJIeM COXpPaHEHUS MPUPOJIHOIO
paBHOBECHS,

MOHMMAHUE CYIIHOCTA METOJI0OB TMO3HAHMS, MCIOJIb3YEMBIX B €CTECTBEHHBIX
HayKax, ClIOCOOHOCTH UCIOJIb30BATh MOTyYyaeMble 3HAHUSI JIJIS1 aHAIU3a U OObSICHEHUS
SBJICHUM OKPY>KAIOUIEro MUpa U MPOUCXOASIIMX B HEM U3MEHEHHM, YMEHUE JIeTaTh
00OCHOBaHHBIEC 3aKJIIOUEHUSI HAa OCHOBE HAYYHBIX (DAKTOB M JAHHBIX, MOJIYYEHHBIX
B XO0JI€ Y4YEOHO-HCCIEAOBATEIbCKOTO JKCIEPUMEHTa, C LEJIbI0 MOJyYeHHUS
JIOCTOBEPHBIX BBIBOJIOB;

3aMHTEPECOBAHHOCTh B TOJIYYEHHH E€CTECTBEHHO-HAYYHBIX 3HAHHI B LEJAX
MOBBIMICHUS OOIIEH KYJIbTYpbl, €CTECTBEHHO-HAYYHOU TPAMOTHOCTU KaK COCTaBHOM
4acTH (PYHKIIMOHAIBHON IPaMOTHOCTH, (POpMUPYEMOH TIpH 00yUYEHUH;

FOTOBHOCTh M CIIOCOOHOCTH K HENpPEPbBIBHOMY  0Opa30BaHUIO
1 caM0o0Opa3oBaHUI0, K AKTUBHOMY IIOJIYYCHUIO HOBBIX 3HAHUW B COOTBETCTBUU

C ) XU3HCHHBIMHA HOTpC6HOCT$IMI/I.

METAIIPEAMETHBIE PE3YJIbTATHI

B cgpepe o06nadenun noznaeamenvHvoIMU YHUBEPCATbHOIMU YUCOHBIMU
oelicmeuamu:

ba3zoevie nocuueckue oeticmeus:

caMOCTOsITeTbHO  (OpPMYJIIMPOBATH M aKTyaJu3UpoBaTh  MOpoOsIeMy,
paccMaTpuUBaTh €€ BCECTOPOHHE;

WCIIOJB30BaTh IIPH OCBOCHWUM 3HAHUW IIPHUEMBI JIOTHYECKOTO MBIIUICHHUS
(aHanu3a, CHUHTE3a, CpPaBHEHMS, KJIacCU(UIIMPOBAHUS, OOOOIIEHHUS), PACKPHIBATH
CMBICII HAay4YHBIX TOHSATHUH (BBIACISTH MX XapaKTepHbIC MPU3HAKH, YCTAaHABIWBATH
CBSI3M C IPYTUMH TTOHSTHUSIMH );

OTpENCNATh WETN JEATCILHOCTH, 3ajaBas TapaMeTpbl W KPUTEPHH UX
JTOCTHKCHHSI, COOTHOCHUTD PE3YNIBTATHI ACATEIHPHOCTH C TTIOCTABICHHBIMHA LICIISIMU;

HCIIOJIb30BATb HAYYHBIC ITIOHATHUSA 1JIA 00BICHEHUS (baKTOB U SIBJICHUU IIPpUPOALI;
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CTPOUTH  JIOTMYECKUE  pacCykJAeHUs  (MHIYKTUBHBIC,  JEIYKTHBHbIE,
[0 AHAJIOTHH), BBISBISATH 3aKOHOMEPHOCTH M MPOTHUBOPEUHS B pPacCMaTpUBAEMBbIX
SBIICHUSX, (DOPMYIHPOBATH BHIBOABI U 3aKIIOUCHHS,;

IPUMEHATh CXEMHO-MOJENbHBIE CPEACTBA JUJISl IPEJICTABIICHUS CYIIECTBEHHBIX
CBSA3€H U OTHOLUEHUM B U3y4aeMbIX OOBEKTAX, & TAK)KE MPOTUBOPEUUI Pa3HOIO poja,
BBISIBJICHHBIX B PA3JIMYHBIX HH(HOPMAIIMOHHBIX HCTOYHUKAX;

pa3palaTeiBaTh IUIaH PEIHICHHUA MNPOOJIEMBI C YYETOM aHajdn3a HWMEIOIIUXCS
MaTepHaIbHBIX U HEMATEPUAJIbHBIX PECYPCOB.

ba3zosvie uccneoosamenvckue oeticmsusi:

BIAJCTh HAYYHOW TEPMHUHOJIOTMEW, KIFOUEBBIMU IOHATHUSAMU M METOAaMU
HAaHOHAYKU;

BJIa/IETh HaBbIKAMHU y4€OHO-HCCIIEI0BATEIbCKON M MPOEKTHOM N1EATEIbHOCTH,
HaBBbIKAMHU pa3pelieHus Ipo0JeM; CHOCOOHOCTHIO U TOTOBHOCTBIO K CAMOCTOSATEIBHOMY
MOMCKY METOJIOB PEIICHUs MPAKTUYECKUX 3a/1ay, IPUMEHEHHUIO PAa3JIMYHbIX METOOB
IIO3HAHUS;

UCITOJIB30BATh PA3JIMYHbIC BUJIBI JEATEIBHOCTH I10 MOJTYYEHUIO HOBOI'O 3HAHUSA,
€ro MHTEepIpeTalny, MPeoOdpPa30BaHNIO U MPUMEHEHUIO B YUEOHBIX CUTYyallUsIX, B TOM
YHUCJIE MPU CO3JaHUMU YUYEOHBIX U COLIMATIBHBIX MPOEKTOB;

dbopMupOBaTh HAYYHBIA TUIl MBIIUICHUS, BIAJETh HAYYHOU TEPMUHOJIOTHUEH,
KJIFOUEBBIMU MTOHATUSIMU U METO/IAMH;

CTaBUTh U (POPMYJIMPOBATH COOCTBEHHBIE 33/1a4M B 00pa30BaTEIbHON AEATEIbHOCTH
Y )KU3HEHHBIX CUTYalUsIX;

YMETb UHTETPUPOBATh 3HAHUS U3 Pa3HBIX MPEAMETHBIX 001acTeil.

Paboma c ungpopmayueii:

BJIAJ€Th HABBIKAMU MOJyYEHUS MH(OpMAIMU M3 UCTOYHUKOB Pa3HbIX THUIIOB,
CaMOCTOATEJIBHO OCYILECTBISATh MOUCK, aHAJIN3, CUCTEMATU3aLHI0 U HHTEPIIPETALIUIO
uH(OpMaIUU PA3TUYHBIX BUIOB U (POPM MpeCTaBICHUS;

OLICHUBATh IOCTOBEPHOCTh MH(POPMAIIUH;

bopMyaMpoBaTh 3aMpochl U MNPUMEHSTh Pa3IUYHbIE METOJbl TNPHU TOUCKE

u otOope nHdopmalu, HeoOXO0TMMOM TSI BBITIOJTHEHUS yUeOHBIX 3a/1ay;
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CaMOCTOATENLHO  BBIOMpATh  ONTUMAIBHYIO  (OpPMYy  TPEACTABJICHHS
uHpopMaruu (cxemsl, rpaduKu, JUarpaMmbl, TaOJIUIIBI, PUCYHKHU U JIp.);

UCIIONB30BAaTh HAY4YHBIM SI3bIK B KauecTBE CpeacTBa mpu  paboTte
c nHpOpMaNKel: TPUMEHATh XUMHUYECKUE, (PU3NUEeCKHe W MaTeMaTHYEeCKHE 3HAKH
Y CUMBOJIBI, bopMyIIBI, ab0peBHuaTypy, HOMEHKJIATypYy, HCIIOJIb30BaTh
U TIpeoOpa30BhIBaTh 3HAKOBO-CUMBOJIMYECKUE CPEICTBA HATIISITHOCTH.

B cghepe o6naoenun ynueepcanbHoimu KOMMYHUKAMUBHBIMU OCUICHBUAMU:

OCYIIECTBIISTH OOIIEHUE BO BHEYPOUHOM ACATEIbHOCTH;

pPa3BepHYTO U JIOTMYHO U3JIaraTh CBOIO TOYKY 3PEHHS C HCIIOJIb30BAHHEM
SI3BIKOBBIX CPEJICTB;

MOHUMAaTh W MCIOJIb30BaTh MPEUMYIIECTBA KOMAHIHON M WHAMBHUIYaIbHOU
paboThI;

BBEIOMPATh TEMATHKy M METOJBI COBMECTHBIX ICHCTBUHA C YYETOM OOIIHMX
WHTEPECOB M BO3MOKHOCTEHN Ka)KJ0T0 YjieHa KOJUICKTHBRA,;

MPUHUMATh TEITH COBMECTHOM NESATETHHOCTH, OpraHU30BHIBATH
U KOOPJIWHUPOBATh JEUCTBUS MO €€ JOCTHKEHUIO: COCTaBIIATH IUIaH JCHCTBUH,
pacnpenensiTh PO C YYETOM MHEHUW YYaCTHHKOB, OOCYXIAaTh pPe3yJbTaThl
COBMECTHOM paboThI;

OIICHMBATh KA4E€CTBO CBOETO BKJIAJa M KaXKIOTO YYACTHUKA KOMAaHJIbI B OOIIIHIA
pe3yabTaT 1Mo pa3pabOTaHHBIM KPUTEPHSIM;

npeasiaraTh HOBBIE TPOEKTHI, OICHUBATh HJIEU C TO3UIMA HOBHU3HBI,
OPUTHHATBHOCTH, IPAKTUICCKON 3HAUNMOCTH;

OCYIIECTBJISATh TO3UTUBHOE CTPATETHYECKOE TOBEICHWE B  PA3IUYHBIX
CUTYaIHsIX, IPOSIBJISITH TBOPUYECTBO U BOOOpaKeHNE, OBITh MHUIINATHBHBIM.

B cghepe oenadenusn ynueepcanonvimu pezyiimusHolMu 0eicmeuamu:

Camoopeanuzayus:

WCIIOJIb30BAaTh HAyYHBIC 3HAHUS ISl BBISBICHUS MPOOJEM W WX PEIICHUS
B KU3HCHHBIX M YUCOHBIX CUTYAIIHSIX;

CaMOCTOSATEIILHO OCYIIECTBIISATh TMO3HABATEIBHYIO JIEATEbHOCTD, BBISBISTH

npo0sIeMBbl, CTaBUTh U (POPMYIIUPOBATH COOCTBEHHBIE 3a/1a4H;
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CaMOCTOSITENIbHO COCTAaBIISITh IUJIAH BBITIOJHEHUS Y4eOHO-HCCIEA0BATEIHCKOTO
IKCIIEPUMEHTAa C YYETOM HMEIOIIUXCS PEeCcypcoB, COOCTBEHHBIX BO3MOXKHOCTEM
Y IIPEAIIOYTEHU M,

pacimMpsATh paMKi y4eOHOTO MpeMeTa Ha OCHOBE JIMYHBIX MPEANOYTCHUNH;

JieNaTh OCO3HAHHBIHN BEIOOD, apryMEHTHPOBATH €0, OpaTh Ha ce0s1 OTBETCTBEHHOCTh
3a peIIeHHE;

OLIEHUBATh NPUOOPETEHHBIN OTIBIT;

cocoOCTBOBaTh (POPMHUPOBAHUIO M TPOSBICHUIO SPYIUIUH B 00JacTU
€CTECTBEHHBIX HAyK, MOCTOSIHHO IMOBBIIIATh CBOM 0Opa30BaTENbHbBIN U KYJIbTYPHBIN
YPOBEHb.

Camoxkoumpons:

JaBaTh OIICHKY HOBBIM CHUTYyAaIlMsIM, BHOCHTh KOPPEKTHBBHI B JEATEIHHOCTD,
OLICHUBATh COOTBETCTBUE PE3YIHTATOB IIEIISIM;

OpUHAMATh MOTHUBBI W apTyMEHTBl JPYTUX TPH aHaJU3€ pPe3yJbTaToB
JeSITETHHOCTH;

UCIIONIb30BaTh MPUEMBI pedIeKcuu JJIsl OIICHKU CHUTYyallud, BHIOOpA BEPHOTO
peleHus;

YMETh OLIEHUBAaTh PUCKM M CBOEBPEMEHHO MPUHUMATh PELICHHUsS MO  UX
CHIDKEHHUIO.

Ipunamue cebs u opyaux.

IMPpUHUMATb CC6$I, IIOHHUMAas CBOU HEAOCTATKH U JOCTOMHCTBA,

MPU3HABATh CBOE MPABO U MPABO JPYTUX HA OMIMOKH.

HPEAMETHBIE PE3YJIBTATBI

1o uroram peanuzanuu [Iporpammel oOyvaroniuecs: OyayT 3HATh!

OCHOBHBIE TIOJIOKEHHS 3aKOHOB, TEOPUI, 3aKOHOMEPHOCTEH, MPaBuJI, TUIIOTE3
B 00JIaCTH COBPEMEHHBIX HAHOHAYKH M HAHOTEXHOJIOTUH;

ounorpaguueckue JaHHbIE U OCHOBHBIE JTOCTHXKEHUSI BEAYLIUX MPEACTaBUTEIEH

HAaYKH O JUCIICPCHBIX CPCAax N HAHOXUMUU
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OCHOBOITOJIAraKIIe HAHOXMMUYECKHE TEPMHUHBI U MOHATHS (HAHOYACTHULA,
HaHOMAaTEPUAJIbl, HAHOCTPYKTYPhI, HAHOCUCTEMBI U JIP.);

CTPOCHHE OCHOBHBIX HAIMOJIEKYJSIDHBIX  CTPYKTYp, MPHUCYTCTBYIOLIUX
B JUCIIEPCHBIX CPElax;

BO3MO>KHOCTH HAMPaBJIEHHOTO CUHTE3a M MOIM(UKAIIMHY HAHOCTPYKTYPUPOBAHHBIX
BEILIECTB U MAaTE€pUAJIOB;

(GyHKIIMOHAIBHBIE ~ BO3MOXXHOCTH ~ HAHOCTPYKTYPUPOBAHHBIX  BEIIECTB
U MaTEpHAJIOB;

OCHOBHBIE METOJIbI HAYYHOI'O IMO3HAHUS, UCIIOJIb3YEMbIE B HAHOXUMHUYECKUX
Y HAHOTEXHOJIOTHYECKUX HCCIIEJOBAHUSAX;

KJIIOYEBBIE TOCTHKEHUS B 00J1aCTH HAHOTEXHOJIOTUH;

OCHOBHBIE ITPUJIOKEHUS HAHOCTPYKTYPUPOBAHHBIX BEIIECTB U MATEPUAIIOB.

1o utoram peanusanuu IIporpammsl oOyvatomuecs Oy1yT yMeThb:

M0JIb30BATHCSI TEPMUHOJIOTHEN, OTHOCSIIEHCS K HAHOXUMHUH U HAHOTEXHOJIOTHH;

pa3nuyaTth pa3IU4HbIC YpOBHU OpraHu3aIiu MaTepuu
B HAHOCTPYKTYPHUPOBAHHBIX O0BEKTAX;

coOMpaTh MAPO-CTEPIKHEBBIE MOJIETH CTPYKTYp HAHOOOBEKTOB;

MPUMEHSTH TPOrPaMMHOE 0OecTieueHre )11 BU3yalu3allii MPOCTPAHCTBEHHOM
CTPYKTYpbl HAHOOOBEKTOB;

IUIAHUPOBaTh W  TMPOBOAWTH  y4EOHO-UCCIEIOBATENbCKUN  OKCIEPUMEHT
10 U3yYCHHUIO CBOMCTB JAWCIICPCHBIX CHCTEM;

aHAJIN3UPOBaTh U300paKeHUS HAHOCTPYKTYPUPOBAHHBIX 00BEKTOB,
MOJIYYCHHBIC PA3TUYHBIMUA METOAAMH HU3yUCHHUS,

YCTaHABIIMBATh  B3aUMOCBS3M  MEXKIYy  HAyKOM W TEXHOJIOTHUSMH,
HaHOMAaTepHUaJlaMU U KX CBOWCTBaMH, METOJIAMH MCCIICIOBAHUS U KX BO3MOXKHOCTSIMU;

OIICHUBATh OSTHUYECKUE AaCTEeKThl COBPEMEHHBIX HCCIEOBaHUA B 00JIacTH
HAHOTEXHOJIOTHU;

CaMOCTOSITENILHO paboTaTh C WUCTOYHUKAMHU JOTMOJHUTEIBHON JHUTEpPaTyphl

Y MHTEPHET-PECypCcamMu, BKIIKOYAsl PECYPChI HA aHTJIMHCKOM SI3BIKE.
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TEMATHYECKOE INTAHUPOBAHUE

No Haumenosanue Konuuecmeo IIpoepammnoe Xapaxmepucmuka
n/n paszoenos 4acoe cooepoicanue oesamenbHoCcmu
u mem Kypca obyuaouuxcs

Pa3nen 1. Opranusaunonnoe 3ansaTue « HaHOXMMUSI 1 HAHOTEXHOJIOTHS KaK

MEKINCHUIITIMHAPDHAA 00J1aCTh»

1.1. | Beneuue
B [Iporpammy

DOpMBbI U METOJIBI
nesTenbHOCTH. Ilnan
paboThl Ha y4EeOHBII
roa. MucTpyKTax
10 TEXHHKE

0€e30I1aCHOCTHA

[TepBuunas
nuarHocTuka. Bxonnoe

TECTUPOBAHUE

Hroro no pazaeny

2

Pa3nen 2. UcTopusi HAyKu 0

AUCIIEPCHBIX CUCTEMAX

2.1 | Hauano nzyuenus
MTOBEPXHOCTHBIX
SIBJICHUI

Y JTUCIIEPCHBIX

CUCTEM

4

Kanwuispel u 3akoH
Jlammaca. 3yuenue
ancop6muu (K. leene,
T. JloBum).
Merammueckue 3014
(M. Dapaneit).
bpoyHoBcKoOe
nsmxkenne. Ocmoc

u quanu3 (T. ['pam).
KonnouHelie cuctemsl.
Ornpenenenne yncia
Asorazapo (K. Ileppen).
Db dext Pedunaepa.
Tepmun
«HAHOTEXHOJIOTUIY,
HCTOPHUSI €T0 MOSABIICHUS
U TIOMYJIsIpU3aluu

(P. ®eitaman,

H. Tanuryru,
3. lpekcrnep)

Yuebno-
uccne0o8amenbCKuli
IKCNEPUMEHN:
Nzyuenue agcopoumu
KpacUTEJIEHN C IIOMOLIBIO
AKTUBHPOBAHHOTO YIS
Omnpenenenue ero
COpOITMOHHOM

CIIOCOOHOCTH

Hroro no pazaeny
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Pazgen 3. OcHOBBI (U3MKH MOBEPXHOCTH U IUCIIEPCHBIX Cpe

3.1 | OcHoBBI pusuku 4 DU3UKO-XMMUYECKUE VuebHo-
HIOBEPXHOCTH CBOJiCTBa aTOMOB UCCE008AMENbCKULL
Ha TTOBEPXHOCTHU. 9KCnepumenm.
[ToBepxHOCTHOE Onpenenenne
HATSDKCHHUE. AICOPOLHSL. | [10BepXHOCTHOIO
CmaynBanune HATSHKEHHUS BOJIBI
METOZIOM OTphIBA
Kareib
3.2 | CroiicTBa 4 DneKTpuiecKue Vuebno-
JUCIICPCHBIX Cpen CBOMCTBA. uccne0o8amenbCKutl
Y CTOWYUBOCTb. OKCNEePUMEHIN.
du3HUKO-XMMUYEcKast OIleHKA TOJIIIHHBI
MEXaHHUKa rpaguToBOIl TMHUH
B 3aBUCHMOCTH
OT MSTKOCTH KapaH/aIa
Utoro no pazneny 8

Pa3nen 4. lucniepcHble CHCTEMbI: MOJIy4YeHUEe U PUMEHeHne

4.1 | Knaccudukauns 2 [Monsitus IIpaxmuueckas paboma:
JUCTIEPCHBIX CHCTEM «HaHOMaTepuam., MozenupoBanue
«HaHOOOBEKT. CTPYKTYpPbI HAHOYACTHIL
Buisl HaHOOOBEKTOB pa3sHOro pasmepa,
(0D, 1D, 2D; CpaBHEHUE J0JU
MHKPO-, ME€30- IOBEPXHOCTHEIX aTOMOB
¥ MaKpOTIOPHCTHIE). 1 4nciia
Spxue nmpumeps! HECKOMIIEHCUPOBAaHHBIX
IIPOSABJICHUSA BaJICHTHOCTEMN
pasmepHoro 3¢ dexra
4.2 | JucnepcHble 2 [lens1, a3po3onau Vyebno-
CHCTEMBEI, U a3poresu uccieoosamenbCKuil
coaepKarue 9KCHepUMEHM.:
ra3zoByio ¢azy Onpenenenue
YCTONYMBOCTH TIEHBI
MOTOIINX CPEJICTB
4.3 | HducnepcHble 2 3051, TN, SMYJIbCUH Vuebno-
CUCTEMBI, A CYCIICH3UM. UCCce008amebCKull
coiep KaIiue ITonoxenue 3omei IKCHEpUMeHM.
KUIKYIO (hazy Ha IIKaJIe TMCIIEPCHOCTH | [[omyueHue 301€ei

KOJINTIOMJHBIX CUCTEM

HAHOCTPYKTYpPUPOBAH-

HOTO cepedpa
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4.4 HucnepcHbie 3 [ToBepxHOCTHO- Vuebno-
CHUCTEMBI, AKTUBHBIC BCILICCTRBA. uccnedoeamenbCKuil
coJiepiKaIye MeMOpaHbI, MUTIEILITBI IKCHEpUMEHM:
IIOBEPXHOCTHO- U JTAIIOCOMBI. N3ydenue BIusHUS
AKTUBHBIC BEIIECTBA buonorndeckue [10BEPXHOCTHO-
JUCTICPCHBIC CHCTEMBI AKTHBHBIX BELIECTB
Ha MMOBEPXHOCTHOE
HaTSDKEHUE
45 | Meroasl 1 O¢pdexr Tunpans. Vuebno-
BU3YyaJIM3alluU AHasus TpaeKTopui uccne008amenbCKuil
HAHOYACTHI] JBHKCHUS HAHOYACTHIL | sxcnepumenm.
JemoHcTpanys
s dexra Tungans
Ha JTUCTIEPCHBIX
CUCTEMaXx Pa3IMIHOrO
pona
Wroro mo pazneny 10

Pa3nesn 5. MeToabl CMHTE32 HAHOCTPYKTYPUPOBAHHBIX BellleCTB M MaTepHAJIOB

5.1 | IlpuHuun «cBepxy- 2 IIpHHIMTIBL IONYYCHUS | [Tpaxmuueckas paboma:
BHH3» HaHOCTPYKTYD: IHocTpoenne moaenu
«CBCPXy-BHU3» IUIaHETapHON
U «CHU3Y-BBEPX)». MeJTBHHIIBI
[Tomyuyenue rpadena.
OcobeHHOCTH PabOTHI
IUTAHETAPHBIX METbHUIL
5.2 | IlpuHnmn «cHU3Y- 8 OcHOBBI Yuebno-
BBEPX» CYIpPaMOJIEKyJIIPHON uccne008amenbeKull
xumun. CamocOopKa. 9KCnepuMeHm:

MeTtoapI CHHTE3a
HAHOYACTHIL, «MATKOI
XHUMHEHY — 30JIb-TeIb,
«TOMOTI'€HHOT'O
OCaKICHHU,
obparéHHo-
MULICIUISIPHBIN,
MHUKpPO3MYJIbCHOHHBIH;
tepmoisns, CVD.
MeTtoanl CTaOMIN3AIUN

HaHOYaCTHII:

lNazodaznsrii cuntes
HaHOKPUCTAJUTUIECKOTO
XJIOpU/1a aMMOHHSL.
[Tonyuyenue 3oien
HaHOMarHeTuTra,
HaHOPa3MEPHOTO
JMOKCUA TUTaHA,
OepIMHCKOM Ja3ypH.
[TonmyyeHne HaHOIIIIEHOK
cepeOpa Ha CTEeKIISTHHOM

noroxke. OneHka nx
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CTepUYeCcKasi, XelaTHasl,
AIIEKTPOCTATUYECKAS,
AMMOOWIM3aLuen

B MaTpHIIE.
HampaBneHHsbIi1 cuHTE3
HaHOOOBEKTOB:
KBAaHTOBBIE TOUKH,
HAHOIUIEHKH, 00bEMHBIE
HaHOMAaTEPHAIIBL.
Moaudukamus CBOWCTB

HAaHOMAaTEPHAJIOB

TOJIIUHBI.
[Ipomexyrounas

aTrTecTanus

Hroro no pazaeny

10

Bcero xoau4ecTBo 4acoB

no [Iporpamme 3a rog

34
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11 KJIACC

No Haumenosanue
n/n pazoenos

U mem Kypca

Konuuecmeo

yacoes

Ilpoepammmuoe

cooepoicanue

Xapaxmepucmuxa
oessmenbHoCmu

obyuarowuxcs

Pa3nen 6. MeToabl HCC/IeI0OBAHNSI HAHOCTP

YKTYPMPOBAHHBIX BellleCTB U MATEPHAJIOB

6.1 | Onruueckue 4 OnTuueckue CBOMUCTBA | Vyehro-
METOBI HaHOYaCTHIL UCC1e008amenbCKull

¥ HAHOMaTEPHAJIOB. oKCnepuMenm.:
Muxkpockomus. Mukpockonu4eckoe
JudpaxunonHbIi U3Yy4YEHHUE MIPENapaToB
npezen. GoToMeTpHL. HaHocepeOpa Ha CTeKJIax
Cnextpodoromerpus:
M3MEPEHHUE MPOTYCKAHHS,
MOTJIONICHUS,
JIFOMHUHECLIEHIINH.
JImHaMu4yecKoe
CBeTOpaccesHue

6.2 | DrexTpoHHAs 3 [IpocBeunBaromas Ilpakmuueckas paboma:

MHUKPOCKOIIHS AIIEKTPOHHAs CpaBHMTENIbHBIN aHATH3

MUKPOCKOIIHS. U300pakeHUM
Ckanupyrouiast HaHOCTPYKTYD,
AIIEKTPOHHAS MOTY9IEeHHBIX
MHUKPOCKOIIHS. JIEKTPOHHOU
Oco0eHHOCTH U3YYeHHs | MUKPOCKOMHEH
OMOJIOrYeCKuX
OOBEKTOB
Ha HaHOYpPOBHE

6.3 | PeHtrenoBckas 4 PentrenodazoBebrit Ilpakmuueckas paboma:

TU(PPaKTOMETPUS

aHanu3. YImpeHue
MUKOB KaK NMPHU3HaK
HAaHOOOBEKTA U KaK
croco0 OIIEHKH pa3Mepa
KpUCTAJJTUTOB.
PeHTreHOCTpyKTYpHBI
aHanu3. Onpenenenue
CTPYKTYPBI
HaHOPa3MEPHBIX
00BEKTOB Ha aTOMHOM

YpOBHE

Busyanusanus cTpykTyp
OMONOIMMEPOB,
MOJTyYEHHBIX METOJIOM
PEHTT€HOCTPYKTYPHOTO

aHaJIn3a
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6.4 | Cxanupyromias 6 TyHHenpHas Yuebno-
30H/10Bast MUKPOCKOIHA. ATOMHO- | UCCe008amebCKuUll
MUKPOCKOIHS CUJIOBasi MUKPOCKOIIUSL. | 9KCHEPUMEHM.:
Ananuz N3ydeHue noBepXHOCTH
HAHOCTPYKTYPbI METOJIOM aTOMHO-
IIOBEPXHOCTEH. CUJIOBOM MUKPOCKOIIUU.
Crarnueckuit
U TUHAMHUYECKUIN Ipakxmuueckas paboma:
PEXUM CKaHUPOBAHUS AHanu3 n300pakeHui,
MOJTy4YEHHBIX METOJOM
ATOMHO-CHJIOBOU
MUKPOCKOIIHUH,
C TIOMOIIIBIO
COBPEMEHHOTO
POrPaMMHOTO
o0ecrieueHus
Utoro no pazneny 17

Pa3znen 7. ®yHKIIHOHAIBHBI

€ CBOiMcTBa HAHOCTPYKTYPHUPOBAHHLIX BEIIECTB U MaTEpHUAJI0B

7.1 | ®dyHKIMOHAIBHBIE ) CBepxHu3zKast Yuebno-
CBOICTBA BEILIECTBA, CMa4YMBaEMOCTb. uccne008amenbCKull
obecrieunBaeMble CBepXNnpOYHOCTb. 9KCNepUMeHm.
HaHOMaTepHalaMU Bricokoremmiepatypras | M3zyuenue «addexra
CBEpXITPOBOAMMOCTb. JOTOCa» Ha IpUMepe
CaepxunbTparus. JIENIECTKA PO3BI.
CBepxbApPKOCTh W3mepenue kpaeBoro
CBETOHCITYCKaHHSI. yria
Cyxas aares3us
(OnommumeTHKa
reKKOHa). MarHuTHbIe
CBOICTBa
Hroro no pazaeny 5

Pa3nen 8. HaHoTeXHOJIOTHMH — MEePCNEKTUBBI PA3BUTHS M COCTOSIHME HAYKH

HA CerOAHAIIHMNMI A1eHb

8.1 | CoBpemeHHbIE
TIPUMEHCHHUS

HaHOTCXHOJOI'MH

OO6muit 0630p
COBPEMEHHBIX
IIPUMEHEHUN

HaHOTCXHOJOI'MH

Buxmopuna:
Hanorexnomornu

B Halllel >KU3HA
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8.2 | YrumeponaHsie 2 Ocobas pons yraepona | IIpaxmuueckas paboma:
HaHOMAaTEePHUAIIBI B HAHOMHpE. MonenupoBanue
®ynnepensl, rpades, MIPOCTPAHCTBEHHOU
HAHOTPYOKH CTPYKTYpHI QyIiepeHOB
8.3 | Hanomatepuabl 2 Hanomarepuainsl Yuebno-
JUTSL SHEPTETUKU B TOIJIMBHBIX uccne008amenbCKuil
DIIEMEHTaX. 9KCHEePUMEHM.:
JIuTnii-noHHkIe H3mepenne eMKoCTH
AKKYMYJISTOPBIL. JUTUNR-TOHHOTO
CynepKoH1eHCATOPBI aKKyMyJIsITopa
8.4 | HanosnexktpoHnuka 2 3akoH Mypa. Ilpaxmuueckas paboma:
TexHonmornueckuit AHanu3 n300pakeHus
MIPOIIECC TPOU3BOJICTBA | MIOBEPXHOCTH KOMITAKT-
WHTETPATBHBIX JIICKa
MukpocxeM. CrcremMbl
3arucH HHPOPMAIHH
8.5 | Hanomarepuanbl 2 Hanoguarnocruka. Ilpakmuueckas paboma:
B MEIMIIMHE [Ipumenenne Busyanuzanus
Y 3KOJIOTHH HaHOMaTepHUalioB IPOCTPAHCTBEHHOU
B TEpaITnU. CTPYKTYPBI
HanocopOeHTsi. HaHOOMONpenapaToB
doToKaTaANU3aTOPHI. C TIOMOIIBIO
CamoouncTka COBPEMEHHOTO
IPOTPaMMHOTO
o0ecrieueHus
Wroro mo paznery 9

Pa3gen 9. AkryanbHble npodJieMsbl B 00J1a

CTH HAHOXMMHHU U HAHOTECXHOJIOTHHA

9.1 | Huckyccus 3 AktyanbHble poOnemMsl | Mtorosas arrecrariusi.
B 007acTH HAHOXMMUHU | 3ayeTHas paboTa
¥ HAHOTEXHOJIOTUU

Hroro no pazneny 3

Bcero ko1m4uecTBo 4acoB 34

no IIporpamme 3a rog
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OPTAHU3AIIMOHHO-IIEJATI'OI'MYECKHUE YCJIOBUS PEAJIM3ALIUN
ITPOI'PAMMBI

MeTtoaunueckoe odecneyenue peanusanuu [Iporpammsi

[Ipu peanuszaumu Ilporpammbl B y4eOHOM TPOLECCE  HCIOJIB3YIOTCSA
METOJMYECKHE TOCOOMs, NUIAKTUUYECKHEe MaTepuaibl, (HOTO- U BHIEOMATEpUAIbI,
KOHCTPYKTOPBI JUIsl CO3JIaHMs IIAPO-CTEPKHEBBIX MOJEIEH XHUMHYECKHX CTPYKTYD;
KYpHaJIbl U KHUTH, O030pbl W OpHUTHMHAJIbHBIC IyOJMKAallMKM, Oa3bl JaHHBIX,
IIPOrpaMMHOE 0OECTIeUeHHE ISl PUCOBAHUSA XUMUYECKUX CTPYKTYp U BU3YaJU3aLUH
IPOCTPAHCTBEHHBIX O0OBEKTOB, Ipoune Marepuansl B Cetn IHTEpHET.

[Ipn npoBeneHnn 3aHATUNA UCTTOJIB3YFOTCS:

® CIIOBECHbIE  METOAbl  OOyueHus::  JieKuuu, OoOBsiCHeHus,  Oecepl,
KOHCYJIbTALINH;

® HarsIIHBlE ~ METOoAbl  OOydyeHMs:  Ipe3eHTalud,  BUAEOMAaTepHaIbl,
BHU3YyAJIN3ALUH;

® UCCJEI0BATEIbCKUE METO/Abl OOY4YEHHUS — BBINOJHEHUE OO0YYarOIMMHUCS
OIPEIEIICHHBIX UCCIEN0BATEIbCKUX 3aJaHUMN.

YcBoeHue marepuana  KOHTPOJHPYETCA NIPU  IOMOIIMA  TECTUPOBAHMS
Y BBIITOJIHEHUS TMPAKTUYECKUX 3aJaHMM. 3aKIIOYUTEIBHOE 3aHATHE NPOBOIUTCA

B (popMme 3aueTHOM pabOTHI.

MartepuajJibHO-TeXHHYeCKHe Yca0BuA peaju3auuu [IporpamMmmbi

[TpomykTHBHOCTh PaOOTBI BO MHOTOM 3aBHCHUT OT KadecTBa MaTepHaIbHO-
TEXHMUYECKOTO OCHaImeHusi mporecca. I[Iporpamma peanusyercss B ayIuTOPUHU
o0pa30BaTeNbHON OpraHu3allid ¢ MPUMEHEHUEM TEXHUYECKUX CPEICTB OOy4CHHS
1 1a0opaTopHOro 000pyI0BAHUS:

® KOMITBIOTEPHI YUUTEIS M 00YJIArOIIHXCS;

® WHTEpaKTHUBHAS JOCKa,

e y4yeOHO-HayyHOE 000pyI0BaHKE MO (PU3MKE U XUMHUHU.
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JIMTEPATYPA U 3JIEKTPOHHBIE PECYPChbI

HopmatuBHas 0a3a

1. ®enepanphbiii 3akoH oT 29 nexadps 2012 r. Ne 273-03 «O6 obOpazoBaHUU
B Poccutickoit @enepanumny.

2. ®enepalibHbI  TOCYAAPCTBEHHBIA 00pa30BaTEeNbHBIA CTAHIAPT CPEIHETO
oOmero oopa3oBanus (yTBEpKaeH npukazoM MuHoOpHayku Poccun ot 17 mas 2012
r. Ne 413; 3apeructpupoBan MuntoctoM Poccun 7 nrons 2012 r. Ne 24480).

3. @enepanibHast 00pazoBaresibHas MporpaMma CpeaHero oomero oopa3oBaHus
(yrBepxkaeHa mnpukazom MunmnpocBemenuss Poccun ot 18 mas 2023 r. Ne 371;

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

Cnucok JureparTypsl

1. AxmetoB M.A. BBeneHue B HaHOTEXHOJIOTUU. XUMHS . yueOHOE mocoOue
i yyamumxces 10-11 kimaccoB cpeaHux 00IIeoOpa3oBaTeIbHBIX yupexaeHuit /
M.A. AxwmeroB. — Cankrt-IletepOypr : OOpa3zoBaTenbHbIN IIEHTp «YdacTuey,
Oo6pa3zoBarenbHbie poekThl, 2012. — 108 c.

2. AxmeroBa A.M. «®emroCkan Omnnaiin»: o0paboTka W (uubTparus
nzoopaxenuit / A.M. Axmerosa, JI.1. SAmunckuii, U.B. SImunckuii // Hanounaycrpus. —
2024. —T. 17, Ne 3-4(127). — C. 178-183.

3. borateipeB B.A. MeTopl CHHTE3a HAHOYACTHII C MJIA3MOHHBIM PE30HAHCOM /
B.A. borateipeB, JI.A. Ipikman, H.I'. XneOmop : yue6HOe mocobue. — CaparoB
CT'Y um. H.I'. Yepnsbresckoro, 2009. — 35 c.

4. BoakoBa C.A. CoBpeMeHHBbIE HUCCIEAOBaHUS B O0JACTH HAHOTEXHOJIOTUH
B CoJlepkaHnu XxuMudeckoro oopazoBanus / C.A. Bonkosa. — Mocksa, 2015. — 304 c.

5. 'ynunun E.A. Hanorexnonoruu — npopsiB B Oyaymiee! / E.A. I'yaunun //
Oo6pazoBatenbHas noautuka. — 2020. — Ne S5. — C. 54-57.

6. Epemun B.B. Hanoxumus u Hanorexnonoruu / B.B. Epémun, A.A. Jpo3nos. —
Mockaa : [Ipoda, 2009. — 112 c.

7. 3umon A.Jl. 3anumarenbHas koimouaHas xumus / A.Jl. 3umoH. — MockBa :
URSS, 2017. -253 c.

30



8. MenpHukoBa H. IlonmyueHune ¥ m3ydeHHE CBOWCTB BEIIECTB, COCTOSIIHMX
W3 YacTHI] HaHO- U MUKpopa3mepoB / H. MenbHukoBa, E. I'neymesa, b. Mamrakos. —
Cankr-IletepOypr : lkoneHas aura, U3parensctBo «Jlema», 2013. — 20 c.

9. MuKpo- 1 HaHOMHP COBpeMeHHbIX MaTepuaiios / mox pen. FO.J1. TpeTbsikoBa. —
Mockasa : Xumpak MI'Y, 2006. — 68 c.

10. Hanorexnonoruu. A3oyka s Beex / mox pea. FO. /1. TpetwsikoBa. — MockBa :
OU3SMATIINT, 2008. — 368 c.

11. O BKIIIOUEHUU OCHOB HAHOXUMUU B COJICP’KAHHUE IIKOJILHOIO XUMUYECKOTO
obpazoBanust / C.A. BonkoBa, A.A. Ubarymmn, C.B. Porateix [u ap.] /| Xumus
B mikose. — 2023. — Ne 6. — C. 19-24.

12. [Iatp HOOENEBCKUX YPOKOB (MPAKTUKyM [JJIsl  CTApIICKIACCHHUKOB
M0 CKaHUpYyoIIel 30H10BoM Mukpockonuu) / A.B. bonbmakosa, E.B. [IyOpoBuH,
A.JL. IIporononosa [u ap.]. — Mockaa : LlenTp nepcriektiBHbIX TexHomoruii, 2013. — 94 c.

13. Ceryxun B.B. OcnoBel HaHoTexHojormii. 10—11 xmaccer : yudeOGHOe
nocoobue / B.B. Cmeryxun, MN.O. SBrymenko. — 3-¢ u3ma., crep. — MockBa :
[IpocBemenue, 2023. — 111 c.

14. CnoBapb HAHOTEXHOJIOTHYECKUX U CBSI3aHHBIX C HAHOTEXHOJOTHUSIMH
tepmunoB / I'.I'. bopucenko, U.B. T'onpar, E.A. T'ymunun [u ap.]. — Mocksa :
OU3MATIIAT, 2010. — 528 c.

15. Teopuss M NpakTUKa CKAaHUPYIOUIEH 30HIOBOM MHMKPOCKOIHMH: HOBBIE
pemieHus Ui GU3MKK, XUMHH, Owosornd W wMemuimuabl /| AWM. AxmeTosa,
O.B. BanoB, H.E. MakcumoBa [u np.] // Hawomnnyctpus. — 2023. — T. 16,
Ne 2(120). — C. 88-95.

16. IllepbakoB A.b. Ilpaktrkym mo HaHOMaTepuajaaM W HAHOTEXHOJOTUAM /

A.b. lllep6akos, B.K. MBanoB. — Mockga : MI'Y, 2019. — 368 c.

NHTEepHET-UCTOYHUKHU
1. Bcepoccuiickasi MHTEPHET-0JIMMIINAAA IO HAHOTEXHOJIOTUAM [ DNEKTPOHHBII

pecypc]. — URL: https://enanos.nanometer.ru/

2. Hanorpan [Dnexkrponnsiii pecypc]. — URL: https://palm.school/

31


https://enanos.nanometer.ru/
https://palm.school/

		2026-09-30T11:38:32+0300
	Мержуева Луиза Майрбековна




