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PABOYAA ITPOTPAMMA
KYPCA BHEYPOUYHO! JIEATEJIbHOCTU

COBPEMEHHBIE UCCUIIEJOBAHUA U JOCTU/XKXEHUA HAHOXNMHN

s obyuaromuxcs 10-11 knaccoB



HOACHUTEJIBHASA 3AIIMCKA

Hanoxumusi sBIs€TCS €CTECTBEHHO-HAYYHOM OCHOBOW HAHOTEXHOJOTHH,
UTPAIOIIMX KpanHe BaXHYK pOJIb B COBPEMEHHOM TEXHUKO-DKOHOMUYECKOU
napaaurmMe. Hanoxumus uccienyer crnocoObl OJIyYeHHs U CTaOMIIM3aluu, CBOMCTBA,
CTPOEHME M  OCOOCHHOCTHM XMMHYECKHX IPEBPALIECHUI HAHOOOBEKTOB M
HAaHOMATEPHUAJIOB, a TAaKXe HUX IPaKTHYECKHe IpuiiokeHusa. Hanoxmmus crana
JOTUYECKUM  PAa3BUTHEM  KOJUIOMAHOM  XUMHUH, C  OJHOM  CTOpPOHBI, H
CYIIPaMOJIEKYJIIPHOW XUMUH — ¢ Jipyro. O6e 3TUX AUCUMILIMHBI KPUTUYHO BAXKHBI
JUIS1 KOPPEKTHOTO IOHUMAaHNs HAHOXUMHUYECKHUX MTOAX0/I0B.

PazBurtue HaHOXMMHM M HAHOTEXHOJIOTUH CETrOJHSA CIYXHUT (OKycoM
JUIS IPUJIOKEHHUS CHJI  BEAYIIMX YYEHBIX M HCCIENOBATEIBCKUX KOJUIEKTUBOB.
HanoMarepuansl Ha OpraHMYeCKOM M HEOPraHUYECKOW OCHOBE IPUMEHSIOTCA
B OTPOMHOM KOJINYECTBE MPOAYKTOB COBPEMEHHOM TPOMBIIIEHHOCTH. ONKCBIBAEMOE

HaIlpaBJICHUE CITY)KUT OJHHUM W3 CTOJIOB Tak Ha3biBaeMoii NBIC-koHBeprenium,
BXOJIAIIEH B AJIpO MpeAcKa3biBaeMoro GpyryposoramMu VI TEXHOIOTHYECKOTO yKIaaa.

PabGouass mnporpamma Kypca BHEYpo4yHOM jestenbHOCTH «COBpEMEHHbIE
UCCJIEIOBAHUS W JOCTHXKEHUS HaHoxuMum» (manee — IIporpamma) ectecTBEeHHO-
HAay4YHOM HAaIpaBJIECHHOCTH IM03BOJIAET OCBETUTH oOywarommmes 10—-11 kiaccos
OCHOBHBIE TE€3UChl HAHOXUMUH, a TAK)KE HAMETUTh OCHOBHBIE HAIIPABJICHUS Pa3BUTHS
HAyKH O MUpPE HAHOOOBEKTOB U €€ TEXHOJIOTUYECKUX MPUIIOKEHUH, TOTYUUTh MOHATHE
O COBPEMEHHBIX HayyHbIX Merogax. Peammsamus IIporpammel MO3BOJIAT JOCTHYb
0ojee TOJHOTO TMOHMMAHUSA HIKOJbHUKAMU €CTECTBEHHO-HAYYHOIO TOAXOJa K

HN3YYCHUIO ITPUPOJALI U PA3BUTHIO HA €I'0 OCHOBC TCXHOHOFHﬁ, MCHAIOIINX MUDP.

AxryajabHocTh [Iporpammel

Hanoxumusi B CBOMX MPOSIBICHUSX OTHOCUTCS K 00JACTH €CTECTBEHHBIX HAyK
B LenoM. M3HadanbHO CQOPMHUPOBABIIMCH HA CTHIKE XUMHH U (DU3HKH,
HAaHOXMMHUYECKHE TMOJAXOAbl BO MHOIOM BIMSIOT Ha COBPEMEHHOE ITOHMMAHUE

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



[0 €CTECTBEHHO-HAy4YHbIM IMpEAMETaM TEMbI, CBSI3aHHbIE C HAHOXUMHUEH,
pacmoJiaraloTcs MOPO3Hb W 3aHMMAIOT KpalHe Malblii oOmmii o0neM. B wactu
Bo3MOxkHOTO AyonupoBanus ¢ @OII COO mo npeamerHoi obnactu «EcTecTBeHHO-
Hay4yHbIe peaMeTh» [IporpaMmma nmoutu He mepecekaercs Hu ¢ peaepanbHoit paboueit
IPOrpaMMoii o yueOHOMY TIpeIMeTy « XUMHUSD (TEMBI « AJUIOTPOITHbIE MOIUPUKALIUN
yraepoja», «IloHstue o aucnepcHbIx cucreMax», «lIpencraBieHne 0 KOJIOUIHBIX
pacTBOopax» B paszuene «TeopeTnyeckne OCHOBBI XMMHW», a TaKKe YIOMUHAHUE
HAHOTEXHOJIOTUH B pazjaeiie «XUMHUS U KU3Hb»); HU C (eaepaibHON padouei
nporpaMMoi 1o yueoHomy mpenmery «Pusmkay ( «[IoBEepXHOCTHOE HATSKCHHE»
B TeME «ATrperaTHble COCTOSIHUSA BenlecTBa. Pa30oBble MEPEXObl»; YINOMHHAHHE
«lTonyuenne HanomaTepuasioB» B TeMe€ «OCHOBBI MOJICKYJISIPHO-KUHETHYECKOM
TEOpUM»); HU C (QeAepabHON pabodeld NporpaMmMo Mo y4eOHOMY HpPEeaMETY
«buonorus» («O0uwme cBocTBa OUOJOTHUYECKUX MEMOpaH» B TeMe «XHUMHYECKas
opraHu3zanus KieTkw»; «HaHOoTexHOIOrHMH B OMOJOTUH U MEIULIUHEY).
[Iporpamma pa3paboTaHa B COOTBETCTBUM € TpeOOBaHUSMHU (eaepalbHOrO
roCyapCTBEHHOTO0 00pa30BaTENIbHOTO CTaHAApTa CPETHEro O0IIero oopa3zoBaHUs
(D®I'OC COO). HeobxomumocTs peasnuzaiiuu [IporpamMel cBs3aHa ¢ KpaifHe MUPOKUM
pacnpoCTpaHEHUEM IIPOAYKTOB HAaHOXUMUU B COBPEMEHHOM MUpE
Y BBIIIEYTIOMSIHYTBIM ~ HEJIOCTATOYHBIM OTPAKEHUEM OCHOBHBIX MPUHIUIIOB,
HA KOTOPBIX OHa TIOCTPO€Ha, B OCHOBHOM 0Opa30BaTENbHOM  Mporpamme.
JInsl yaCTHYHOM KOMIIEHCALIMU 3TOr0 pa3pbiBa B MOCKBE YK€ MHOIO JIET TPOBOAUTCS
OJINMITUAJIA 10 HAHOTEXHOJIOTUsIM — OuMITHa A IKOJILHUKOB « BhICOKME TEXHOIOTUH
U Marepuainbl Oyaymero». 3aganuss OIUMIHAAAbI MO3BOJISIOT MIKOJIBHUKAM TIOHSTH,
HACKOJIbKO OHM OPHEHTUPYIOTCS B OJTOW  MEXKIUCHMIUIMHAPHOM  o0jacTu.
CucremMaTnyecKkoe K€ IOJIYYEHUE 3HAHUM BO3MOXHO OpPraHU30BaTh HAa YPOBHE
cpenHero oOmiero oOpa3oBaHHMs B paMKaX BHEYPOYHOW JESTEIBHOCTH WA
JOTNIOJTHUTENBHOTO 00pa30BaHusl, B YaCTHOCTH P peanu3anuu JaHHoi [IporpamMmer.

bonbmoe Buumanue B [Iporpamme yzeneno MeTogam noy4eHus U U3y4eHUs



HAaHOCTPYKTYPHPOBAaHHBIX BEIIECTB M MarepuaioB. IIpakTtuueckas cTopoHa
[IporpamMmbl MO3BOJISIET YBUAECTh SPKUE CTOPOHBI HAHOXMMHUHU TMPU OTHOCUTEIHLHOM
JIOCTYITHOCTH BBITIOJTHEHUS Y4€OHO-HUCCIIEI0BATENICKOTO SKCIIEPUMEHTA U BO MHOT'OM
OaszupyeTcs Ha MpuUMepax JIabopaTOPHBIX padOT, M3NOKEHHbIX B IIpakTukyme
no HaHoMmarepuanaM u HaHoTexHoJorusiMm A.b. Illepbakosa u B.K. MBanosa [16].
N3yueHre HAHOXMMHH OTKPBIBAET MHOTO HOBOT'O U HEOKUJAHHOTO KaK JJIsl Y4eHUKOB,
TaK U 1 negaroros. [IpoekTHas U nccaeaoBaTeNbeKas 1eATebHOCTh 10 HAHOXUMHH,
KOTOpasi MOYKET BBINOJHATBHCA ¢ onopoul Ha [Iporpammy, npu HOKHOM ITOCTaHOBKE
OyJIeT MpUBOIUTH K OOBEKTHMBHO HOBBIM pe3yJibTaTaM, paHEe HE OIMCAHHBIM B
HAY4YHOU JIUTEPATYpE.

Hosusna IIporpamMmmsbl 3aKi1r04aeTcs B TOM, YTO OHA IOCTPOEHA HA MOIIArOBOM
O3HAKOMJIEHUHU OOYYAIOIINXCS C OCHOBAMU HAHOHAYKH U €€ MPUII0KEHUSAMH.

Peanuzanust [IporpaMmbl criocoOCTBYET JeTalu3alliy 3HAHUWA O0ydaronuxcs
0 (PU3BMKO-XMMHUYECKUX MpPOLEcCcax, MPOTEKAIOUMX Ha HAHOYPOBHE, PACIIMPEHUIO
MPEACTABICHUM O BO3MOXHOCTSX TMPUMEHEHUS HAHOXUMUUYECKUX IOJX0JIOB,
crocoOcTByeT mpodoprueHTAUN 00yJarOIIHXCS.

Ilenarornyeckasi nesiecoodpasnoctb [Iporpammel 3akiroyaercs B TOM, YTO
OHA CO3/aeT ycnoBus s (popMuUpOBaHUS y OOy4arOUIMXCsl €CTECTBEHHO-HAy4YHOU
KapTUHBI MUpPA, Pa3BUBAET YMEHUE KPUTUUECKOTO OCMBICICHUS MHGOpMAIUH, aeT
BO3MOXXHOCTh ~ MOJYYUTh  HABBIK  MPOBEACHUS  Yy4eOHO-HCCIIEOBATEIBCKOTO
HKCIIEPUMEHTA, paclIupseT 0a3zuc JUisl YIIIyOJIEHHOTO HM3YyYEHUsS HAHOXUMHUYECKUX
IIPOIIECCOB B BBICIIEH LIKOJIE.

Heasb [Iporpammbl — 1aTh 00y4YaIOIIMMCS KPATKUAN IKCKYPC B MEKITPEIMETHYIO
00J1aCTh HAHOTEXHOJIOTUN ¥ UMITYJIBC K CAMOCTOATEIbHOMY U3YYEHHUIO U TBOPUECKOMY
Pa3BUTHIO; JTaHHAsg 00JIACTh B HACTOSIIEE BPEMs SIBJISIETCA OJHOM M3 «TOYEK POCTa»
JUIS.  Pa3BUTHS TPOMBIIIJIEHHOCTH YW HAXOJWT MHOTOYUCICHHBIC MPUMEHEHUS

B COBpeMCHHOI‘/’I TCXHUKCE.



Bapuantsl peasuzauuu Illporpammvbl 1 popMbI NpoBeIeHUA 3aHATHH

Peamuzamms  I[IporpaMmsl  mpeanonaraeT — COYETaHHWE  JICKIMOHHOM
U ceMuHapckoi ¢GopM pabOThl C 3AJIEMEHTAMHU MPaKTUKyMa: JEKIUU, CEMUHapHhI,
JUCKYCCUM,  3alIUThl  MPOEKTOB, Yy4EOHO-UCCIEIOBATENbCKUM  AKCIEPUMEHT,
IpakTHUYeCKue padoThl — H300paKeHWE XUMHUYECKHX (OpMYI, BHU3yaTU3aLUS
TPEXMEPHBIX 0OBEKTOB U TIP.

B cemunapckoii yacTv BO3MOXHA CMEHA WHANBUAYAIBHBIX U TPYIIOBBIX (OPM
IIPOBEJICHHSI B 3aBUCUMOCTH OT IPEANOYTEHUM Ienarora. B mpaktudecko 4acTtu
BCTPEYAIOTCS KaK Y4EOHO-MCCIIEA0BATENbCKUI AKCIIEPUMEHT, TaK U KOMITbIOTEPHBIN
MPAKTUKYM.

IIpu peasmsanuu IIporpamMMmbl UCHOJIB3YETCS BBIYMCIUTENbHAS TEXHUKA,
oOecreynBaoIas A0CTyl K CHEUUAIU3UPOBAHHOMY MNPOrPAMMHOMY OOECIEYEHHIO
Y HAY4YHOM JIuTeparype.

JInst  caMOCTOSATENIbHOTO H3y4Y€HHUS NPEIyCMOTPEH CIHCOK aKTyalbHOU
JUTEPATYphl MO OINUCHIBAEMOW O00JIACTH, PACCUMTAHHBIM KaKk Ha YYUTENeH, Tak
Y Ha IIKOJIBHUKOB, YYaCTBYIOUIUX B peanu3auuu [I[porpaMmel.

[Iporpamma paspaborana st oOywaromuxcs npopuiabHbeix 10—-11 kmaccos
(ecrecTBeHHO-Hay4HbId npodunas o0yuyeHus). [Iporpamma paccuuTtana Ha 2 roja
oOyuenusi. OOIee KOIMYECTBO BPEMEHH, OTBOJMMOIO Ha ocBoeHue IIporpammel,
cocrapisieT 68 yacoB. [Iporpamma peanusyercs 1 pa3 B nenento o 1 yacy. Bapuantom
peanu3anuu MoxeT ObITh u3ydenue IIporpammel B 10 kiacce B pexume 3aHATUH 2
yaca B HEZCIIIO.

@DopMbI KOHTPOJISI CAYKaT Jis ONpeNeNieHUs Pe3yJIbTaTUBHOCTA OCBOCHUS
[Iporpammel  oOydarommmucs.  ATrectanus mnpoBoautcss | pa3 B TOx:
MPOMEKYTOUHAs — [0 UTOTaM MEPBOTO rofa 00y4yeHus, UTOroBas — BECHOM BTOPOTO
rojia oOy4eHwus.

Dopmbvl nposedeHuUss ammecmayuu:

® TECTUPOBAHUE;

® [IPAaKTUYECKUE 3AHATUS;

e 3adeTHas pabora.



B3aumocssss ¢ gpeaepaibHoil padodeil MPorpaMMoii BOCIUTAHUS

[Iporpamma pa3paboTaHa ¢ ydeToM pekoMmeHaalui denepaabHol paboueit
IporpamMMbl BOCIIUTAHUA JUIsl 00111€e00pa30oBaTeIbHBIX opraHu3anuii. OHa y4uThIBAET
MICUXO0JIOTO-NIEAArOTHYECKHE OCOOCHHOCTH COOTBETCTBYIOIIECH BO3PACTHON KATErOpUU
oOy4JaroIuxcs.

B wyactHOCTHM, B XOoze peanmzauuu IIporpaMmbl BO3MOYKHO COYETaTh Kak
MHTEIJIEKTYaJIbHOE, TaK U COLIMAIbHOE Pa3BUTHE O0YYAIOIIUXCS, CO3/1AI0IIEe OCHOBBI
JUISL UX CaMOOTIPEIEJIEHHS] HA OCHOBE JYXOBHO-HPABCTBEHHBIX [IEHHOCTEN.

K 3amauam peanusanuu naHHod IIporpamMMbl MOXHO OTHECTH JOCTHKEHUE
JIMYHOCTHBIX PE3YJIbTaTOB OCBOCHUS OOIIE00pa30BaATEIbHBIX MPOrpamMM Mmo (hU3MKe,
XuMuu U ouojorun B coorBeTcTBHM ¢ PI'OC COO, a uMeHHO: chpOpMHUPOBAHHOCTD
IIEHHOCTEM CaMOCTOSITEILHOCTA M HWHUIUATHBBI, TOTOBHOCTh OOYYalOIIUXCS
K CaMOPa3BUTHUIO, CAMOCTOSITEIbHOCTH U JJUYHOCTHOMY CaMOOIPEEICHUIO, HATUYUE
MOTHBAIlMM K  [I€JICHAIPABJIECHHOM  COLUMAJIBHO  3HAYUMOM  JEATEIbHOCTH,
c(hOpMUPOBAHHOCTh BHYTPEHHEW MMO3UIMU JIMYHOCTU KaKk 0COOOro II€HHOCTHOTO
OTHOIIEHUS K ce0e, OKPYKAIOUTUM JTFOJSIM U )KU3HU B 1IETIOM.

[Iporpamma  COOTBETCTBYET  CIEAYIOIIMM  OCHOBHBIM  HaIlPaBICHUSIM
BOCIIMUTAHUS: TPa)XAAaHCKOE BOCIHUTaHWE, MATPUOTUUYECKOE BOCHUTAHHUE, TyXOBHO-
HPaBCTBEHHOE BOCIUTAHUE, DCTETUUECKOE BOCMUTaHWE, (HOPMHUPOBAHHUE KYIHTYpPbI
3I0pOBOTO 00pasza >KW3HH, TPYIOBOE BOCIHTAHHE, SKOJOTUYECKOE BOCIHUTAHHE,

BOCIIMTAHNUC ICHHOCTH HAYYHOTI'O ITO3HAHM.

OcobGennoctu padorsl nexarora no Iporpamme

[lepen mnpenogaBateneM, pabotatomm 1o Ilporpamme, cTouT 3amaya
TapMOHUYHOTO COYETAHHS JJIEMEHTOB XUMUHU, OUONOTHH, (Pu3uku U WHGOPMATUKH,
KOTOPbIE HEOOXOIUMBI ISl KOHBEPIeHTHOTO MOHUMAaHHsI HAHOXMMHUH. TeM He MEeHee
aKIIeHT B cOCTaBJeHUH [IporpaMmbl cieman Ha XUMUYECKHE aCTIeKThl HAHOHAYKH, YTO
MOKET YaCTUYHO CMSATYHUTHh KaJIpPOBBIN BOMPOC B peanm3aiuu [Iporpammel. Y cBoeHME
OOyJaroOIMMHUCST HOBBIX 3HAHWH B 3TOH OOJIACTH TECHO CBSI3aHO C YCIEUIHOCTHIO

pcain3anuu y‘-Ie6HO'I/ICCJIeI[0BaTCJ'IBCKOFO OKCIICPUMCHTA U HPAKTUUICCKUX pa60T,



3anmoxkeHHbIX B IIporpammy. Ilpy HEZOCTATOUYHOCTHM MaTepUATBHO-TEXHUYECKOTO
OCHalIeHHWs] 00pa3oBaTENIbHOM OpraHM3allMd PEKOMEHIYeTCS CJellaTh AaKIEHT
B peanuzauuu Ilporpammel Ha pab®oTy ¢ uHU@ppoBbIMH pecypcamu. Bo3moxkHO
COKpAIICHHE KOJMYECTBA IUIAHUPYEMBIX NPAKTHUECKUX padoT i yriayOleHus
paboThl Haj TeopeTndecKkuMu pasnenamu [Iporpammel.

OTnnunrensHas 0cOOEHHOCTh [[porpaMMbl COCTOHUT B TOM, UTO B €€ TOCTPOEHUU
U peali3aliu:

® Da3BUBAKOTCA  MEXKIPEAMETHBIE  CBSI3M, 3aJI0)KCHHBIE B  OCHOBHOM
o0pa3zoBaTeILHON TPOrpaMMme;

e BOCIOJIHSETCS  AeUUUT  COBPEMEHHOM  HaydyHOM  uH(poOpmanuwu,
MPOCIEKUBAETCA B3aMMOCBA3b KJIACCUYECKHX JOCTH)KEHHH XUMHHM M (PU3HKU C UX
MPUWIOKEHUSIMU B COBPEMEHHOI HAHOTEXHOJIOTHH;

® DPa3BUBAIOTCA MO3HABATEIbHBIE KOMIIETCHIINN O0YYaIOIIUXCS;

® AKTMBHO HCHOJB3YIOTCSl COBPEMEHHBIE SKCIIEPUMEHTAIBHBIE U BEIUMCIIUTEIBHBIE
METO/IbI;

® MOAJEPKUBACTCA  OpHUEHTALMS  OOydyaloIIMXCi HAa  MOCIEAYIOUIYIO

CHEeIUaIN3alMI0 B 00J1acTH Kak (PyHIaMEHTaIbHOM, TaK U MPUKIIATHON HAYKH.



COJIEP)KAHUE KYPCA BHEYPOUYHOM JESATEJIBHOCTHU
«COBPEMEHHBIE UCCJIEAOBAHUA U JOCTUXEHUA HAHOXUMUN)

10 KUIACC

Paznen 1. Opranu3anuonnoe 3anaTne « HaHoXxumMusi 1 HAHOTEXHOJIOTUSA
KaK MeXXIUCHUILINHAPHAdA 00JacThb». Lleqn u 3agaun kypca. UHCTpyKTAaK

Tema 1.1. Beeoenue 6 Ilpocpammy

Teopusi. ®opMbl U MeTOABI JesATenbHOCTH. [lnan pa®oThl Ha y4eOHBIN TOI.
HMHCTpyKTaX M0 TEXHUKE 0€30I1aCHOCTH.

Ilpakmuxka. IlepBrudHas 1uarHoctTuka. BXo/iHOE TECTUpOBaHUE.

Pa3nen 2. UcTopusi HAYKH 0 TUCTIEPCHBIX CHCTEMAX

Tema 2.1. Hauano u3yuenus NOGEPXHOCHMHBIX AGNEHUN U OUCHEPCHBIX
cucmem

Teopus. Kamumnspsl u 3akoH Jlammaca. M3ydenne aacopouuu (K. Illeene,
T. JloBui). Metaiumnueckue 3omu (M. ®dapaneit). bpoyHosckoe nsuxkenue. Ocmoc
u quamm3 (T. I'pam). Komnouaneie cuctembl. OmnpeneneHue uyucia ABOraapo
(OK. Ileppen). Dddexr Pebunnepa. TepMuH «HAHOTEXHOJOTHW», HCTOPHUS €T0
nosiBiieHus U nonyiapuszauuu (P. @eitnman, H. Tanuryth, 3. Jlpekciuep).

IIpakmuka. Y4eOHO-HUCCIIeN0BATENbCKUNA IKCTIEpUMEHT: M3yuenue agcoporuu
KpacuTeseil ¢ MOMOUIbI0 aKTUBUPOBAHHOrO yris. OmnpeneneHue ero copOLHUOHHOM

CIIOCOOHOCTH.

Pa3znen 3. OcHOBBI (PM3UKHU MOBEPXHOCTH U TUCIIEPCHBIX CpPe

Tema 3.1. Ocnoewl husuku nosepxnocmu

Teopua.  DU3NKO-XMMUYECKUE  CBOWCTBA aTOMOB Ha  IIOBEPXHOCTH.
[ToBepxHocTHOE HaTsDKeHUE. AncopOuusi. CMauynBaHue.

Ilpaxmuxa.  Y4eOHO-WccNenoBaTeNnbckuil  3kcnepuMeHnt:  OmpeseneHue
MOBEPXHOCTHOTO HATS)KEHUS BOJbI METOJIOM OTPhIBA KAIEllb.

Tema 3.2. Ceoiicmea oucnepcHvix cpeo

Teopus. DNEKTpUYECKUE CBOMCTBA. Y CTOMYMBOCTh. PDUBMKO-XMMUYECKas
MEXaHUKA.
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Ilpaxmuxa. Y4eOHO-UCCIENOBATENbCKUM IKcepUMEHT: OIleHKa TOJIIHUHbI

FpaCI)HTOBOfI JIMHUU B 3aBUCUMOCTH OT MATKOCTH KapaHAallia.

Pa3znen 4. /lucnepcHbie CHCTEMBbI: MOJIyYeHUE U IPUMEHEHHE

Tema 4.1. Knaccugpuxkayus oucnepcuwix cucmem

Teopus. Knaccudukanus nucniepcHbix cucteM. [loHsTHS «HaHOMaTepua»,
«HaHO00BEeKT». Buabl HanooObekTOB (0D, 1D, 2D; Mukpo-, Me30- 1 MaKpOIIOPUCTHIE).
SApxue npuMepsl NPOsBIECHUS pa3MEPHOTo dpdeKTa.

Ilpaxmuxa. Tlpaktuueckas padbota: MojenupoBaHue CTPYKTYpPhl HAHOUYACTHII
pa3HOro pa3mepa, CpaBHEHHE JOJW T[OBEPXHOCTHBIX aTOMOB M  YHCIIA
HECKOMIIEHCUPOBAHHBIX BAJICHTHOCTEH.

Tema 4.2. /Tucnepcusvie cucmemsl, codeprcaujue 2azoeyio gazy

Teopus. 11enbl, a3p030JI4 U aA3POTEIIHN.

Ilpakmuxa.  YueOHO-UCCIIEIOBATENIbCKUM  3KcnepuMeHT:  OmnpenencHue
YCTOMYMBOCTH MEHBI MOIOIINX CPEACTB.

Tema 4.3. /lucnepchuvie cucmemel, cooepricawiue Hcuokyro gazy

Teopus. 3omu, Tenu, SMyJibcuu U cycrnen3uu. [losioxenne 301ei Ha mIKaie
JMCIIEPCHOCTU KOJJTIOMIAHBIX CUCTEM.

Ilpakmuxka. Y4eOHO-UCCIEAOBATENbCKUIM AKciepuMeHT: [lomydyeHue 3oiieit
HAaHOCTPYKTYPHPOBAHHOIO cepedpa.

Tema 4.4. /lucnepcuovie cucmemul, cooeprcaujue nOGEPXHOCMHO-AKMUGHbIE
eeujecmea

Teopus.  1loBepXHOCTHO-aKTHUBHBIE  BemecTBa.  MemOpaHbl,  MUIICIUIBI
Y JTUIIOCOMBI. bruosnornyeckue 1UCnepcHbIe CUCTEMBI.

llpakmuka. YuyeOHO-UcCCIeAOBaTEIbCKUN dKCepuMeHT: M3yueHue BIUSHUSA
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB HA MOBEPXHOCTHOE HATSKEHHUE.

Tema 4.5. MemoOwt euzyanuzayuu Hanowacmuy

Teopus. Dbdext Tungans. AHaIN3 TPASKTOPHI IBIKCHUS] HAHOYACTHII.

Ilpakmuxa.  Y4ueOHO-UCCIIEOBATEIbCKUNA  JKCIEpUMEHT:  JleMoHcTparus

s dexrta TunmANA HA AUCTIEPCHBIX CUCTEMAX Pa3IMYHOIO POJIa.

11



Pazgen 5. Meroabl CHHTe3a HAHOCTPYKTYPHPOBAHHBIX BellECTB
U MATEPHAJIOB

Tema 5.1. Ilpunyun «ceepxy-eHu3s»

Teopusa. 1lpuHIMIBI TOJIYYEHUS HAHOCTPYKTYP: «CBEPXY-BHH3» U «CHU3Y-
BBepx». [lomyuyenue rpadena. OcobeHHocTr pabOTHI TUTAHETAPHBIX METBHHUII.

Ilpakxmuxa: llpaktuyeckass pabota: IlocTpoeHne Mojenu MIaHETapHOU
MEJIbHULIBI.

Tema 5.2. IIpunyun «cHu3y-86epx»

Teopus. OcHOBBI cynpamosiekyisipHoi xumun. CamocOopka. MeTo/ibl cuHTe3a
HAHOYACTHUI: «MATKOM XUMHEW» — 30Jb-T€lIb, «TOMOT€HHOTO OCaXICHUS,
oOpaIieHHO-MULICJUTSIPHBINA, MHKPOAIMYJIbCHOHHBINA; Tepmonu3, CVD. Metosasl
cTaOWIM3allMM ~ HAHOYACTUIl:  CTepUYecKasl, XellaTHas, JJIEKTpPoCTaThyecKas,
uMMoOOMIM3aIue B Marpuile. HampaBieHHBI CHUHTE3 HAaHOOOBEKTOB: KBAaHTOBBIC
TOYKH, HAHOIUICHKH, OOBbEMHBbICE HaHOMarepuaiabl. Moaudukanus CBOWCTB
HaHOMAaTEpHUaJoB.

Ilpakmuka: Y4yeOHO-UCCIENOBATENbCKUN dKCIepUMEHT: ['a3oda3Hblii CUHTE3
HAaHOKPHUCTAJUIMYECKOr0 XJjopujaa amMMoHus. llomyueHue 307€eli HaHOMAarHeTuTa,
HAHOPA3MEPHOTO JMOKCHIAa TUTaHA, OEpIMHCKOW Jazypu. [lonmydeHue HaHOTUICHOK
cepeOpa Ha CTEKJISTHHOM mouioxkKe. OleHKa UX TOJIITUHBI.

Hpomeofcymouuaﬂ ammecmauusi.

11 KJIACC

Paznen 6. Meroabl ucc/ie10BAHUST HAHOCTPYKTYPHPOBAHHBLIX BelIeCTB
U MAaTEePHAJIOB

Tema 6.1. Onmuueckue memoonvt

Teopus. Onrtuyeckue  CBOMCTBA  HAHOYACTUI[ W HAHOMATEpPHUAJIOB.
Muxkpockonus. Judpakunonusiii mpenen. dotomerpus. CrnextpodoToMeTpus:
W3MEPECHHE TPOIMYCKAHWS, TOTJIONIEHUS, JIOMHHECIeHIMU. JluHaMudeckoe

CBCTOPACCCAHUC.
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Ilpakmuxka: Ilpaktudeckas padora: MUKpOCKONUYECKOE 3YUEHUE TIPEenapaToB
HaHOcepeOpa Ha CTeKIax.

Tema 6.2. Inexkmponnan MuKpockonus

Teopus. DNEeKTpOHHAsT MHUKPOCKOIHS: MPOCBEYMBAKOIIAS M CKAHUPYIOILIAS.
Oco0eHHOCTH U3y4YeHUs] OMOJIOTUYECKUX OOBEKTOB Ha HAHOYPOBHE.

Ilpakmuka: Tlpaktudeckass paborta: CpaBHUTENbHBIN aHAIW3 H300paKEHUN
HaHOCTPYKTYP, MOTYYEHHBIX SJIEKTPOHHON MUKPOCKOIUEH.

Tema 6.3. Penmeenosckasn oughpakmomempusn

Teopus. Pentrenodas3oBblii aHanmu3. YIIMPEHHE THUKOB Kak IMPHU3HAK
HAHOOOBEKTA M KaK CIOCO0 OIIEHKH pa3Mepa KPUCTALUTUTOB. PEHTIeHOCTPYKTYPHBIi
ananu3. OnpeneneHue CTpyKTypbl HAHOPa3MEPHBIX 0OBEKTOB HA aTOMHOM YPOBHE.

Ilpakmuxka: TlpakTnueckas pabota: Buzyanuszauus CTpykTyp OMONOJIMMEpPOB,
IIOJIyYEHHBIX METOJIOM PEHTT€HOCTPYKTYPHOTI'O aHAJIA3A.

Tema 6.4. Ckanupyrouwias 30100641 MUKPOCKORUA

Teopus. TyHHenbHAass MUKPOCKONUS. ATOMHO-CHJIOBass MUKPOCKOIHS. AHAIU3
HAHOCTPYKTYphl ~ MOBEpXHOCTEH. (CTaTHUYEeCKHMI W JUHAMHAYECKHM  PEXKUM
CKaHHPOBAHUS.

Ilpakmuka: TlpakTudeckas pabota: AHaAIW3 HN300paKEHUH, TOTYYCHHBIX
METOJ0M aTOMHO-CHJIOBOW MUKPOCKOIIMH, C IOMOIIBIEO COBPEMEHHOTO IPOIPAMMHOI0
obecrniedyeHns. Y4eOHO-UCCIIEOBATEIbCKUN SKCIEPUMEHT: 3yueHue mnoBepXHOCTH

MCTOJOM aTOMHO-CUJIOBOM MHUKPOCKOIINH.

Pazgen 7. @OyHKUHMOHAJIBbHbIC CBOMCTBA HAHOCTPYKTYPHUPOBAHHBIX
BeIlECTB M MATEPHUAJIOB

Tema 7.1. @yuxkyuonanvHwvle ceolicmea eeuiecmea, oodecneuugaemvle
Hanomamepuaiamu

Teopus. CBepxHHU3Kas CMa4HUBaEMOCTb. CBepXITPOYHOCTD.
BricokotemnepaTypHas cBepXnpoBoauMocTb. CrepxdunbTpanus. CBEpXbIPKOCTh
ceeroucnyckanus. Cyxas aare3us (OMOMUMETHKA FreKKOHAa). MarHuTHbIE CBOMCTRA.

Ilpakmuka. Y4eOHO-UCCIENOBATENBCKUIN dKcTiepuMeHT: M3yuenue «dddexra

J0TOCa» Ha MpUMEpE JleTecTKa po3sl. Mi3MepeHue KpaeBoro yria.
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Pa3nen 8. HanoTexHO/I0THYM — ePCIEKTUBBI PA3BUTHS U COCTOSIHNE HAYKH
HAa CeroAHAIIHUN JeHb

Tema 8.1. Cospemennvie npumeHeHus HAHOMEXHOTOZUU

Teopus. CoBpeMeHHbIEC MPUMEHEHHS] HAHOTEXHOJIOTUH, OO 0030p.

lIpaxmuxa. Buktoprna: HaHOTEXHOIOTHH B HAIIEW KU3HMU.

Tema 8.2. Yenepoouvie Hanomamepuaivl

Teopusa. Ocobasi ponb yriepona B HaHomupe. DymiepeHsl, rpadeH,
HAHOTPYOKH.

Ilpaxmuxa. llpaktuyeckas paborta: MojenupoBaHue MPOCTPAHCTBEHHOM
CTPYKTYpPbI (DyJIIEPEHOB.

Tema 8.3. Hanomamepuainwl 014 IHEP2emMuUKu

Teopusa. Hanomarepualibl B  TOIUIMBHBIX JJIEMEHTax. JIMTHII-MOHHBIE
aKKyMyJISITOpbl. CyIepKOHIEHCATOPHI.

Ilpakmuka. Y4yeOHO-UCCIENOBATENbCKUI dKCIIEpUMEHT: M3mMepeHue eMkocTu
JUTUN-UOHHOTO aKKyMYJISITOPA.

Tema 8.4. Hanoanekmponuka

Teopusa. 3akoH Mypa. TexHONOTrMYECKMH  MOpPOLECC  MPOU3BOACTBA
WHTErPabHBIX MUKpOocXxeM. CHCTEeMBI 3anucu HHMOpMaIiu.

Ilpaxmuxa. Tlpaktnyeckas pabora: AHanMM3 HU300paKEHUS TOBEPXHOCTH
KOMIAKT-/IUCKA.

Tema 8.5. Hanomamepuanwvt 6 meouyune u IKo102uu

Teopua. Hanommarnoctuka. IIpumeHeHne HaHOMaTepuajioB B TEpalUU.
Hanocop6enTsl. oTokatanuzatopbl. CaMoouncTKA.

Ipakmuxa. ITpaktnyeckast pabota: Buzyanuzaius mpoCTpaHCTBEHHOMN CTPYKTYPHI

HaHO6I/IOHpeHapaTOB C IOMOIIBO COBPECMCHHOI'O IIPOTPaMMHOI0 oOecrieueHusl.

Paznen 9. AxkryajbHble mpodjeMbl B 00J1aCTM  HAHOXHMMU
U HAHOTEXHOJIOTHH

Tema 9.1. /luckyccusn

Teopus. AkTyanbHble IPOOJIEMBI B 00J1ACTH HAHOXUMHUHU U HAHOTEXHOJIOTUH.

IIpakmuka. UToroBas arrecranus. 3aueTHas padoTa.

14



IIJIAHUPYEMBIE PE3YJIbTATHI OCBOEHUS KYPCA BHEYPOUHOM
NEATEJBHOCTU « COBPEMEHHBIE UCCJIEJOBAHUSA
N JOCTUKEHUS HAHOXUMHNHN»

JIMUHOCTHBIE PE3YJIbTATDBI

B cipepe epasicoanckozo ocnumanusi:

CIIOCOOHOCTH OMPENENISITh COOCTBEHHYIO TIO3UITUIO IO OTHOIICHUIO K SIBICHHSIM
COBPEMEHHOM KU3HU U OOBSICHSITH €€;

TOTOBHOCTh K COTPYJIHMYECTBY B TIPOIIECCE COBMECTHOTO BBIMOJHEHUS
y4eOHBIX, TTO3HABATEIBHBIX U UCCIICIOBATEIBCKUX 3a/1a4, YBAKUTEIHHOTO OTHOIIICHHUS
K MHEHHIO ONIMIOHEHTOB MPHU 00CYKJIEHUU CIIOPHBIX BOMPOCOB €CTECTBEHHO-HAYYHOTO
COJIep>KaHuSI.

B cgpepe nampuomuueckozo ocnumanusi:

YBOXEHHE K TMPOIECCY TBOPUYECTBA B OO0JACTH TEOPUH U TMPAKTHUECKOTO
MPWIOKEHUSI HAHOHAYKH, OCO3HAHMSI TOTO, YTO YCHEXH HAYKH M TEXHOJOTHHU €CTh
pE3yNbTAT NIUTEIBHBIX HAOIIOACHUH, KPOTIOTIUBEIX 3KCIEPUMEHTAIBHBIX MOWCKOB,
MOCTOSTHHOTO TPY/Ia YUYE€HBIX U MPAKTUKOB,;

CIIOCOOHOCTH OIICHUBATH BKJIA]] POCCUICKUX YUCHBIX B CTAHOBJICHUE U Pa3BUTHE
HAHOXMMHH, TIOHUMAaHHE 3HAYEHUS HAYKH B TO3HAHWUU 3aKOHOB MPHUPOJII, B KU3HU
YeJIOBeKa M COBPEMEHHOTO 00I11eCTBa.

B cgpepe oyxoeno-npascmeenno2o 80Cnumanus:

OCO3HaHWE JIMYHOTO BKJIaJla B TOCTPOCHHE YCTOWYMBOTO OYIyIIero;

CIIOCOOHOCTh OIICHMBATh CHUTYaIlMI0O W TNPUHUMATh OCO3HAHHBIC PEIICHHS,
OPUEHTHUPYSICHh Ha MOPATbHO-HPABCTBEHHBIC HOPMBI M IIEHHOCTH.

B cgpepe sacmemuueckozo éocnumanusi:

ACTETUYECKOE OTHONIIEHHE K MHpPY, BKIIOYas OCTETUKY HAYYHOTO
¥ TEXHHUYECKOTO TBOPYECTRA.

B chepe ghopmuposanus kynemypet 300powsi:

coOnrofieHne TpaBmwil 0€30MacHOTO OOparieHusi ¢ BeMeCTBAMH B  OBITY,

IMOBCEIHEBHOM KHN3HHU, B TPYHOBOﬁ JCATCIIbHOCTH,
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OCO3HaHUE TOCJIEICTBUI W HETPUSTHE BPEAHBIX MPUBBIYCK (YIOTPEOICHUS
aJIKOT0JIs, HAPKOTHKOB, KYpPEHHUS);

NOHMMAHWE [IEHHOCTHM MpPaBWJ HWHAMBUAYAIBHOTO M  KOJUJIEKTUBHOI'O
0€30MacHOro MOBEICHUS B CUTYalHsIX, YTPOKAIOIIHNX 3J0POBbIO U )KU3HU JIFOACH.

B cgpepe mpyoosozo eocnumanusi:

KOMMYHHKATHUBHAsI KOMIIETEHTHOCTh B y4€OHO-MCCIEI0BATENLCKON 1€ TETBHOCTH,
OOIIECTBEHHO MOJIE3HOM, TBOPUYECKON U APYTUX BUAAX EATEIHHOCTH;

MHTEpEC K MPaKTUYECKOMY HU3YyYEHHUIO MPOQPECCUil pa3inyHOro pojaa, B TOM
YHCJie HA OCHOBE MPUMEHEHUSI IPEIMETHBIX 3HaHUHN 10 XUMHUHU U (PU3HKE;

YBaXXEHUE K TPYNY, JIOIAM TPYa U PE3YJIbTaTaM TPYAOBOM AESATEIbHOCTH;

TOTOBHOCTb K OCO3HAHHOMY  BBIOOPY  MHAMBUAYAJIBHOHM  TpPaeKTOPHH
oOpaszoBanusl, Oyayiiel npodeccuu U peanu3anui COOCTBEHHBIX KU3HEHHBIX IJIAHOB
C YYETOM JIMYHOCTHBIX HMHTEPECOB, CIOCOOHOCTEN K HAyKe, HWHTEPECOB
U IoTpeOHOCTEeM 0011IecTBa.

B cghepe sxonozuueckoeo socnumanus:

HKOJIOTUYECKU 1eJIecO00pa3HOe OTHOUIEHHE K NPUpPOJe KaK HCTOYHUKY
CYILECTBOBAHMS )KM3HU Ha 3EMJIE;

HaJIM4ME Pa3BUTOrO KOJIOTMYECKOTO MBILUICHUS, KOJIOTMYECKOW KYJIbTYpHI,
OMbITA JIESITEIIBHOCTU 3KOJIOTMYECKOW HANPaBICHHOCTH, YMEHUSI PyKOBOJCTBOBATHCS
UMHU B TO3HABATEIbHOW, KOMMYHUKATUBHON W COITMATILHOW MPAKTHKE, CIOCOOHOCTH
Y YMEHUS aKTUBHO MTPOTUBOCTOSATH UACOJOTUH XeMO(hoOuH;

CIIOCOOHOCTh HMCIOJIb30BaTh NPHOOpETaeMble MPU H3YYEHUHU HAHOXUMHUHU
3HAHMSI M YMEHHUS TMpPU PEIIeHUH NpoOJeM, CBSI3aHHBIX C PalMOHAJIbHBIM
IPUPOIONOIB30BAHUEM (COOJIIOIEHUE TIPABUII TTOBEACHUS B IPUPOJIE, HAPABICHHBIX
Ha COXpaHEHUE PAaBHOBECHS B IKOCUCTEMAX, OXPaHy BUIOB, IKOCUCTEM, OUOChEpPHI);

OCO3HaHUE TJI00AJIBHOIO XapakTepa HKOJOTUYECKUX MpoOIeM W MyTed HX
pelIeHuUs.

B cipepe yennocmeii nayuno2o nosHanusi:

NOHMMaHHE CHEU(PUKN HAHOHAyKH, OCO3HAHUE €€ poju B (HOPMHUPOBAHUU

paMOHAJIBHOTO HAYYHOI'O MbBIIJICHHUA, CO3AaHUC NCIIOCTHOTO MPCACTABICHUSA
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00 OKpy’KaroIeM MUpe KaK O €IMHCTBE MPUPO/IbI, YeJIOBEKa U 00IIEeCTBA, B TIO3HAHUH
NPUPOAHBIX 3aKOHOMEPHOCTEH M PEIICeHUH NpoOJeM COXpaHEHUS MPUPOIHOIO
paBHOBECHS,

NOHMMAaHUE CYUIHOCTH METOJOB IO3HAHMSI, WCIIOJIb3YEeMbIX B E€CTECTBEHHBIX
HayKax, ClIOCOOHOCTH UCIOJIb30BaTh MOTydyaeMble 3HaHUSI JIJIS1 aHAJIU3a U OObSICHEHUS
SIBJICHUM OKPY>KAIOIIEr0 MUpa W MPOUCXOMASIIUX B HEM U3MEHEHU, YMEHUE JenaTh
00OCHOBaHHBIEC 3aKJIIOUEHHUS Ha OCHOBE HAYYHBIX (DAKTOB M JAHHBIX, MOJYUYEHHBIX
B XO0/I€ Y4YeOHO-HCCIEAOBATEIbCKOTO JKCIEPUMEHTa, C LEJIbI0 MOJyYeHHUs
JIOCTOBEPHBIX BBIBOJIOB;

3aMHTEPECOBAHHOCTh B TOJIYYEHHUHM E€CTECTBEHHO-HAYYHBIX 3HAHHN B LEIAX
MOBBIIICHUS OOIIEH KYJIbTYpbl, €CTECTBEHHO-HAYYHOU TPAMOTHOCTU KaK COCTaBHOM
4acTH (PYHKIIMOHAIBHON IPaMOTHOCTH, (POpMUPYEMOH TIPU 00yUYEHUH;

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

C JKU3HCHHBIMU HOTpC6HOCT5IMI/I.

METANPEAMETHBIE PE3YJIbTATBI

B cgpepe o06n1a0enuna noznasamenvHvbIMU  YHUBEPCATLHOIMU YUEOHBIMU
oelicmeuamu:

ba3zosvie nocuueckue oeticmeusi:

caMOCTOSITeTbHO  (OPMYJIIMPOBATH M aKTyaJu3UpoBaTh  MOpoOsIeMy,
paccMaTpHuBaTh €€ BCECTOPOHHE;

UCIIOJB30BaTh MPU OCBOEHUM 3HAHUW TMPUEMBl JIOTUYECKOTO MBIIUICHUS
(aHaynM3a, CHWHTE3a, CpPaBHEHMS, KJIacCU(UIIMPOBAHUS, OOOOIIECHHUS), PACKPHIBATH
CMBICIT HAyYHBIX TOHSATHUH (BBIACISTH MX XapaKTepHbIC MPU3HAKH, YCTAHABIWBATH
CBSI3M C IPYTUMH MTOHSATHUSIMH );

ONpEeNeNATh LeNd ACSTEIbHOCTH, 3aJaBas MapamMeTpbl U KPUTEPUU HX
JOCTHKEHUSI, COOTHOCUTD PE3YJIbTATHI ACSTENBHOCTU C TOCTABICHHBIMU LIETISIMU;

HCIIOJIb30BATb HAYYHBIC ITIOHATHA IJIA 00OBsICHEHUS (I)aKTOB U SIBJICHUM IIPpUPOALI;
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CTPOUTh  JIOTHYECKHE  pacCykaAcHus  (MHIYKTUBHBIC, JICHYKTUBHBIC,
[0 AHAJIOTHH), BBISBISATH 3aKOHOMEPHOCTH U TPOTHUBOPEUMS] B pPaccMaTpUBAEMBIX
SBJICHUSIX, (DOPMYJIUPOBATH BBIBOJIBI M 3aKITIOUCHUS;

MPUMEHSTh CXEMHO-MOJIEJIbHBIE CPEICTBA VISl PE/ICTABIICHUS CYIIECTBEHHBIX
CBsI3€H M OTHOIIEHUH B M3y4aeMbIX 00BEKTaX, a TAK)KE MPOTUBOPEUN PA3HOTO POJIA,
BBISIBJICHHBIX B PA3JIMYHBIX HH(HOPMAIIMOHHBIX HCTOYHUKAX;

pa3pabaThiBaTh IJIaH pEHICHUS MPOOJEeMbl C YYETOM aHalu3a HMMEIOUIUXCS
MaTepHATbHBIX M HEMATEPHUATLHBIX PECYPCOB.

ba3zosvie uccneoosamenvcrue oeticmsusi:

BIAJCTh HAYYHOM TEPMHUHOJIOTHEH, KIIOUYEBBIMU TOHATHSIMU M METOJaMU
HAHOHAYKU;

BJIAJICTh HABBIKAMU YYEOHO-HCCIIE0BATEIbCKON U MPOEKTHOU JEeATEIbHOCTH,
HABBIKaMU pa3pelieHus mMpooIeM; CIOCOOHOCTHIO M TOTOBHOCTBIO K CAMOCTOSITETEHOMY
MTOVICKY METOJIOB PEIICHUS MPAKTHUECKUX 3a/1ad, TPUMEHEHHUIO Pa3IUIHBIX METOIOB
MO3HAHUS;

WCITIOJIb30BATh PA3IUYHBIC BUJIBI JESTEIHLHOCTH O MOTYYEHUIO HOBOTO 3HAHUSA,
€ro UHTEPIPETAINH, TPEOOPA30BAHUIO U TPUMEHEHHUIO B yU€OHBIX CUTYAIUsAX, B TOM
YHUCJIC PU CO3JaHUH YICOHBIX M COIMATIBHBIX MTPOCKTOB;

dbopMHUpOBaTh HAYYHBIM THUIT MBIIUICHHS, BIaJI€Th HAYYHOW TEPMUHOJIOTHEH,
KJTFOUEBBIMU TTOHATUSAMHU U METO/IAMH;

CTaBUThH U (POPMYJIUPOBATH COOCTBEHHBIC 33/1a41 B 00pa30BaTEIbHON ACATEIHHOCTH
Y )KU3HEHHBIX CUTYaIlUsX;

YMETh HHTETPUPOBATH 3HAHUS U3 PA3HBIX MPEIMETHBIX 00JIacTEH.

Paboma c ungpopmayueii:

BJIAJICTh HABBIKAMU TOJyYCHUS WH(OpPMAIMU W3 UCTOYHUKOB Pa3HBIX THUIIOB,
CaMOCTOSATEIFHO OCYIIECTBIISATh TIOUCK, aHATN3, CHCTEMATH3aIIUI0 U HHTEPIIPETAITUIO
uH(OPMAITUHU PA3TMIHBIX BUIOB U (DOPM MpeICTaBIICHUS;

OLICHUBATh JIOCTOBEPHOCTh MH(POPMAIUH;

bopMyIMpoBaTh 3aMpochl U MNPUMEHSTh Pa3IUYHbIE METOJbl MpPU TOUCKE

u otOope nHpopMaluu, HeoOXOTMMOM TSI BBITIOJTHEHUS yUeOHBIX 3a/1a4;
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CaMOCTOATENLHO  BBIOMpaTh  ONTUMAIBHYIO  (OpPMYy  TIPEACTABJICHHS
nHpopMaruu (cxemsl, rpadUKu, AUarpaMMbl, TaOJIUIIBI, PUCYHKHU U JIp.);

WCIIOJIP30BaTh HAYYHBIM S3BIK B KA4eCTBE CpEACTBA TMpu  paboTe
c uHGOpMaLIMEH: MPUMEHATh XUMHUYECKUE, (PU3NYECKHEe W MaTeMaTHYECKUE 3HAKU
Y CUMBOJIBI, bopmyIbl, ab0peBuarypy, HOMEHKJIATYpYy, UCIOJIb30BaTh
U TIpe00pa30BBIBATH 3HAKOBO-CUMBOJMYECKUAE CPEACTBA HATIISTHOCTH.

B cpepe 06nadenusn ynusepcanvHbimu KOMMYHUKAMUBHBIMU OCIICIBUAMU:

OCYIIECTBJISATH OOIICHHE BO BHEYPOUHOU JACSITETLHOCTH;

Pa3BEepHYTO W JIOTUYHO H3JIaraTh CBOIO TOYKY 3PCHHS C HCIOJIB30BAaHUEM
SI3BIKOBBIX CPEJICTB;

MOHUMAaTh U MCIOJIb30BaTh MPEUMYIIECTBA KOMAHJHONW M WHAMBUAYaJIHHOM
paboThI;

BBEIOMPATh TEMATHKy M METOJBI COBMECTHBIX ICHCTBUHM C YYETOM OOIIHMX
WHTEPECOB M BO3MOKHOCTEH KaXKJ0T0 YJieHa KOJUICKTHBRA,;

MIPUHUMATh 1 (17 COBMECTHOM NEeATETHHOCTH, OpraHU30BHIBATH
Y KOODPJIMHUPOBATH AECHUCTBUS IO €€ JOCTHXKEHUIO: COCTABIATH IUIAH JIEVCTBUM,
pacnpenensiTh poJId C YYETOM MHEHUW YYaCTHHKOB, OOCYXIAaTh pPe3yJbTaThl
COBMECTHOM paboThI;

OIICHMBATh KA4€CTBO CBOETO BKJIAJa U KaXKJIOTO YYACTHUKA KOMAHJIbI B OOIIHIA
PE3yNBTAT MO Pa3paboTaHHBIM KPUTEPHUSIM,

mpemyiaraTh HOBBIE TPOCKTHI, OICHWBATh HJICH C TIO3WIMA HOBHU3HHI,
OPUTHHAIBHOCTHU, TPAKTUIECKON 3HAYNMOCTH;

OCYIIECTBJISATh TO3UTUBHOE CTPATETHYECKOE TOBEICHWE B  PA3IUYHBIX
CUTYaIHSIX, IPOSIBIISITH TBOPUYECTBO M BOOOpaKeHNE, OBITh MHUIIMATHBHBIM.

B cpepe o6nadenusn ynueepcanvHoimu pecyiamueHbIMu O€liCEUAMU:

Camoopeanuzayusi:

WCIIOJIb30BAaTh HAyYHBIC 3HAHUS ISl BBISBICHUS MPOOJEM W WX PEIICHUS
B KU3HEHHBIX U YUYEOHBIX CUTYaIIMSIX;

CaMOCTOATENbHO OCYUIECTBJISATh MO3HABATENBbHYIO JI€ATEIbHOCTD, BBISBISTH

npo0eMbl, CTaBUTh U (POpMYIMPOBATH COOCTBEHHBIE 3a/1a4U;
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CaMOCTOATEJBHO COCTABJIAThH IUIAH BBINOJHEHUS y4e€OHO-MCCIEI0BATEIBCKOIO
DKCIIEPUMEHTAa C YYE€TOM HMEIOUIUXCS PECYPCOB, COOCTBEHHBIX BO3MOKHOCTEH
Y IIPEAIIOYTEHU M,

pacmvpsaTh paMKd y4eOHOro mpeaMeTa Ha OCHOBE JUYHBIX MPEINOuYTEHU;

JIe1aTh OCO3HAHHBII BBIOOP, apryMEHTHPOBATH €r0, OpaTh Ha Ce0s1 OTBETCTBEHHOCTh
32 PEIICHHUE;

OLICHHMBATh MPUOOPETEHHBIH OTIBIT;,

CrocoOCTBOBaTh (OPMHPOBAHUIO W TPOSBICHUIO JPYIULIMUA B 00JacTH
€CTECTBEHHBIX HAyK, MOCTOSIHHO IMOBBIIIATh CBOM 0Opa30BaTENbHbBIN U KYJIbTYPHBIN
YPOBEHB.

Camoxkoumpons.

JaBaTh OIICHKY HOBBIM CHUTYyAaIlMsIM, BHOCHTh KOPPEKTHUBHI B JEATEIHHOCTD,
OLICHMBATh COOTBETCTBHUE PE3YJIbTATOB LEISIM;

OpUHUMAaThb MOTUBBI U apryMEHTbl JpYTUX TpH aHajJu3€ pe3ysbTaToB
JeSITENIbHOCTH;

UCIIOJIB30BaTh MpUEMbl pedeKCHH JUIsl OLEHKU CUTYallMH, BEIOOpA BEPHOIO
peleHus;

YMETh OIIEHWBAaTh PUCKM ¥ CBOEBPEMEHHO MPUHUMATh PEUICHHsS MO  HUX
CHW)KEHUIO.

Tpunamue cebs u Opyaux:

IIPUHUMATb ce6;1, IIOHHUMas CBOM HEAOCTATKH U JOCTOMHCTBA,

NPU3HABATH CBOE MPABO U MPABO APYTHX HA OMIUOKH.

NPEIMETHBIE PE3YJIBTATbBI

[To utoram peanuzarmu [IporpamMmmel oOydaromuecs OyayT 3HATH!

OCHOBHBIE MOJIO’KEHUS 3aKOHOB, TEOPUIA, 3aKOHOMEPHOCTEH, MPAaBUII, TUIIOTE3
B 00J1aCTH COBPEMEHHBIX HAHOHAYKU U HAHOTEXHOJIOTHH;

ouorpaduueckue JaHHBIE U OCHOBHBIE TIOCTHKEHUS BEAYIIHUX MPeICTaBUTENCH

HAayKH O JUCIICPCHBIX CPCAax N1 HAHOXUMUH,
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OCHOBOIIOJIAraoIIie HAHOXMMUYECKHE TEPMHUHBI U MOHATUS (HAHOYACTHUIIA,
HaHOMAaTEPUAJIbl, HAHOCTPYKTYPhI, HAHOCUCTEMBI U JIP.);

CTPOECHHE OCHOBHBIX HAIMOJIEKYJSIPHBIX  CTPYKTYp, MNPHUCYTCTBYIOLIUX
B JUCIIEPCHBIX CPElax;

BO3MO>KHOCTH HAIPaBJIEHHOTO CUHTE3a U MOIM(UKAIIMHY HAHOCTPYKTYPUPOBAHHBIX
BEILIECTB U MAaTEpUAJIOB;

(GyHKIIMOHAIBHBIE ~ BO3MOXXHOCTH ~ HAHOCTPYKTYPHUPOBAHHBIX  BEIIECTB
U MaTEpHAJIOB;

OCHOBHBIE METOJIbI HAYYHOI'O IMO3HAHUS, UCIOJIb3YEMbIE B HAHOXUMUYECKHUX
Y HAHOTEXHOJIOTHYECKUX MCCIIEJOBAHUSAX;

KJIFOUEBBIE IOCTUKEHUS B 00JJACTH HAHOTEXHOJIOTHH;

OCHOBHBIC ITPUITOKCHUA HAHOCTPYKTYPUPOBAHHBIX BCIICCTB U MAaTCPUAJIOB.

1o utoram peanuzanuu IIporpammsl oOyyatomuecs Oy1yT yMeThb:

MI0JIb30BATHCSI TEPMUHOJIOTHEN, OTHOCSIIEHCS K HAHOXUMHUH U HAHOTEXHOJIOTHH;

pasnu4arth pa3IUYHbIE YpOBHU OpraHu3aIiu MaTepuu
B HAHOCTPYKTYPHUPOBAHHBIX O0BEKTAX;

coOupaTh Mapo-CTEP>KHEBBIE MOJIENIN CTPYKTYP HAHOOOBEKTOB;

MPUMEHSTH IPOrPaMMHOE 0OecTIeueHre JJ11 BU3yallu3allii MPOCTPAHCTBEHHOM
CTPYKTYpbl HAHOOOBEKTOB;

IUTAHUPOBaTh M TPOBOAWTH  Y4EOHO-HCCICIOBATENbCKUI  DKCIIEPUMEHT
10 U3yYCHUIO CBOMCTB JIUCIIEPCHBIX CHCTEM;

aHAIN3UPOBaTh M300paKeHUS HAHOCTPYKTYPUPOBAHHBIX 00BEKTOB,
MOJIYYCHHBIC PA3TUYHBIMUA METOAAMH H3yUCHHUSI,

YCTaHABIIMBAaTh  B3aMMOCBSI3M  MEXKIy  HAyKOH WM TEXHOJIOTHSIMH,
HaHOMAaTepHUaJlaMU U KX CBOWCTBaMH, METOJIAMH MCCIICIOBAHUS U KX BO3MOXKHOCTSIMU;

OIICHUBATh OSTHUYECKUE AaCTEeKThl COBPEMEHHBIX HCCIEAOBAaHUA B 00JIacTH
HAHOTEXHOJIOTU;

CaMOCTOATENFHO PAb0TaTh C WCTOYHWKAMHU JTOTIOJHUTEIBLHOW JIMTEpaTypPhI

Y UHTEPHET-PECypCcaMu, BKIIKOYAs peCypChl HAa aHTJIMUCKOM SI3bIKE.
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TEMATHYECKOE INTAHUPOBAHUME

Ne Haumenosanue Konuuecmeo Ipoecpammnoe Xapaxmepucmuxa
n/n pazoenos uacoe cooepoicanue OoesimenvbHoCmu
u mem Kypca obyuarowuxcs

Pa3nen 1. Opranusaunonnoe 3ansaTue « HaHOXMMUSI 1 HAHOTEXHOJIOTHS KaK

MEKINCHUIITINHAPDHAA 00J1aCTB»

1.1. | Beneuue
B [Iporpammy

@DOopMBI U METOJIBI
nesreapbHocTh. Inan
paboThl HA y4eOHBIN
rox. MacTpykTax
10 TEXHUKE

0€e30I1aCHOCTH

IlepBuunas
IUar"HocTuka. BxomaHoe

TSCTUPOBAHUC

Hroro no pazaeny

2

Pa3nen 2. UcTopusi HAyKu 0

AUCIIEPCHBIX CUCTEMAX

2.1 | Hauano uzyyenus
MOBEPXHOCTHBIX
ABJICHUN

U JTUCTIEPCHBIX

CUCTEM

4

Kanunnsipel 1 3aKoH
Jlammaca. 3yuenue
ancop6uuu (K. eene,
T. JloBum).
Merammueckue 3014
(M. Dapaneit).
bpoyHoBCKOe
nBrxenne. OcMoc

u quanu3 (T. ['pam).
KonnounaHele cucteMsl.
Ornpenenenuie yncna
Asoraapo (K. Ileppen).
Dddext Pebunnepa.
Tepmun
«HaHOTEXHOJIOTUN»,
HCTOPHS €TO MOSBICHUS
U TIOTTYJISIPU3AIIT

(P. ®eiinman,

H. Tanuryru,
9. [pekcnep)

Yuebno-
uccne0o8amenbCKuil
IKCNEPUMEHN:
Nzyuenue agcopoumu
KpacUTeJIEN C IIOMOLIBIO
AKTUBUPOBAHHOTO YTJIAL.
Omnpenenenue ero
COpOLIMOHHOM

CIIOCOOHOCTH

Hroro no pazaeny
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Pa3nen 3. OcHOBBI (PM3HKHU MOBEPXHOCTH M THUCIIEPCHBIX CPe/

3.1 | OcHoBBI Qu3UKH 4 OU3NKO-XUMUYECKHE Vuebro-
IIOBEPXHOCTU CBOIfCTBa aTOMOB UCCc1e008amenbCKull
Ha IOBEPXHOCTH. IKCnepUMenm.
[ToBepxHOCTHOE Onpenenenne
HATSDKCHHUE. AICOPOLHSL. | [10BepXHOCTHOIO
CmaynBanune HATSHKEHHUS BOJIBI
METO/IOM OTphIBA
Kareib
3.2 | CroiicTBa 4 DneKTpudeckue Vuebno-
JUCIEPCHBIX CPE/ CBOWCTBA. uccne0o8amenbCKuil
Y CTONYHUBOCTS. OKCHepUMeHm.
du3HUKO-XMMUYEcKast OIleHKA TOJIIIHHBI
MEXaHHKa rpadUTOBOM JIMHUU
B 3aBUCHMOCTH
OT MATKOCTH KapaHjala
Utoro no pazneny 8

Pa3nen 4. lucniepcHble CHCTEMbI: MOJIy4YeHUEe U PUMEHEeHne

4.1 | Knaccudukauns 2 [TonsTusa IIpaxmuueckas paboma:
JUCTIEPCHBIX CHCTEM «HaHOMaTepuam., Monenupoasue
«HaHOOOBEKT. CTPYKTYpBI HAHOYACTHUII
Buast HaHOOOBEKTOB pasHOrO pazMepa,
(0D, 1D, 2D; CpaBHEHHE JI0JHU
MHKPO-, ME€30- IOBEPXHOCTHEIX aTOMOB
¥ MaKpOTIOPHCTHIE). W 9ucia
Apxue npuMepsI HECKOMIICHCUPOBaHHBIX
IIPOSABJICHUSA BaJICHTHOCTEMN
pasmepHoro 3¢ dexra
4.2 | ducnepcHble 2 [lens1, a3po3onu Vyebno-
CUCTEMBI, 1 a3porein uccne0o8amenbeKuil
coaeprKarmue 9KCHEPUMEHN.
ra3zoByio ¢azy Onpenenenue
YCTONYMBOCTH TIEHBI
MOTOIIMX CPEJICTB
4.3 | HducnepcHble 2 3051, TN, SMYJIbCUH Vuebro-
CHUCTEMBI, U CyCIICH3UU. uccne008amenbCKuil
coJieprKaIiue ITonoxenue 3omei SKCHEPUMEHM.
KUAKYIO (pazy Ha IIKAJIE UCTIEPCHOCTH | [TosnyueHue 30Meit

KOJJIOUAHBIX CUCTEM

HaHOCTPYKTYPHUPOBAH-

HOTO cepedpa
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4.4 | lucnepcHble 3 IToBepxHOCTHO- Vuebro-
CHUCTEMBEI, AKTHUBHBIC BCIIICCTBA. uceneoosamenbCKull
coJiepiKaIe MemOpaHbl, MULIEILITBI IKCHEpUMEHM:
MTOBEPXHOCTHO- 1 JINIIOCOMBI. W3y4enue BiusHuA
AKTHBHBIE BEILIECTBA buronornueckue ITOBEPXHOCTHO-
JMCIEPCHBIE CUCTEMBI AKTUBHBIX BEILIECTB
Ha [TOBEPXHOCTHOE
HaTsDKEHUE
45 | Meroas! 1 O¢pdexr Tunpans. Vuebno-
BU3YyaIU3alUU AHainu3 TPaeKTOpHil uccne0o8amenbCKull
HAHOYACTHI] JBHKCHUS HAHOYACTHIL | sxcnepumenm.:
JlemoHCTparus
s dexra Tunmans
Ha UCIIEPCHBIX
cucTeMax pazIMyHOro
pona
Utoro no pazneny 10

Pa3nesn 5. MeToabl CMHTE32 HAHOCTPYKTYPUPOBAHHBIX BellleCTB M MaTepHAJIOB

5.1 | [IpuHmm «cBepxy- 2 TIpUHIMIIBL TOTYYCHUS. | [Tpaxmuyeckas paboma.:
BHH3» HaHOCTPYKTYD.: IMocTpoenne monenu
«CBCPXY-BHHU3 IUTaHETapHOU
U «CHU3Y-BBEPX)». MeJTBHHIIBI
[Tomyuyenue rpadena.
OcobeHHocTH paboTh
IUTAHETAPHBIX METbHUIL
5.2 | [lpuHimn «cHU3Y- 8 OcHOBBI Yuebno-
BBEPX» CYIpPaMOJIEKYJIIPHOM uccne008amenbCKull
xumun. CamocOopKa. 9KCnepuMerm:

MeTtoapl CHHTE3a
HAHOYACTHII; «MITKOU
XHUMHEHY — 30JIb-TelIb,
«TOMOT'€HHOTI'O
OCaKICHH,
oOparni€HHo-
MULICIUISIPHBIN,
MHUKpPO3MYJIbCHOHHBIH;
tepmonus, CVD.
Meroab! cTaduIn3au

HAHOYACTHIL:

lNazodasznsiii cuaTe3
HAHOKPUCTAJUTUIECKOTO
XJIOpU/1a aMMOHHSL.
[Tonyuyenue 3oien
HAaHOMAarHeTHTa,
HaHOPA3MEPHOTO
JMOKCUA TUTaHA,
OepIIMHCKOM J1a3ypH.
[TonyyeHnue HaHOILIEHOK
cepeOpa Ha CTEeKIISTHHOM

nomioxke. Orenka ux
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CTepUYECKasi, XelaTHasl,
AIIEKTPOCTATUYECKAS,
AMMOOWIM3aLuen

B MaTpHIIE.
HamnpaBneHHbIi1 cuHTE3
HaHOOOBEKTOB:
KBAaHTOBBIC TOYKH,
HAHOIUIEHKH, 00bEMHBIE
HaHOMAaTEPHAIBL.
Moaudukaius CBOWCTB

HaHOMAaTCpuajaioB

TOJIIAHBI.
IIpomexxyrounas

aTrTecTanusi

Hroro no pazaeny

10

Bcero xosimuecTBo 4acoB

no IIporpamme 3a roa

34

25



11 KJIIACC

No Haumenosanue Konuyecmeo Ilpoepammmuoe Xapaxmepucmuka
n/n paszoenog yacos cooepoicanue OesimenbHOCmU
u mem Kypca obyualowuxcs
Paznen 6. MeToabl ncci1eJ0BaHUSI HAHOCTPYKTYPHPOBAHHBIX BellIeCTB H MATEPUAJIOB
6.1 | Onruueckue 4 OnTuueckue CBOUCTBA | Vyehro-
METOJIBI HaHO9aCTHIL uccne006amenbCKull
Y HaHOMAaTepHaJoB. IKCHEpUMEHm:
Mukpockomnus. Mukpockonuueckoe
JugpaKitoHHBIi U3Yy4YEHHUE MPErapaToB
npezen. GoToMeTpHsL. HaHocepeOpa Ha CTeKJ1ax
CrekrpodoTomerpus:
W3MEpEHHE MPOITYCKaHUs,
MIOTJIOILIEHMUS,
JFOMUHECHECHIIHUH.
JImHaMu4yecKoe
CBETOpaccesHue
6.2 | DnekTpoHHAs 3 [IpocBeunBaromas Ipakmuueckas paboma:
MUKPOCKOIHS AIIEKTPOHHAs CpaBHUTENBHBIN aHAIN3
MHUKPOCKOIIHS. n300pakeHui
Ckanupyromiast HaHOCTPYKTYP,
AIIEKTPOHHAs MOJTyYEHHBIX
MUKPOCKOIIHSL. NIEKTPOHHOU
Oco0eHHOCTH U3YYEHHs | MUKPOCKOMHEH
OMOJIOrYeCKuX
00BEKTOB
Ha HAHOYPOBHE
6.3 | PenrrenoBckas 4 PentrenodazoBsrii Ipaxmuueckas paboma:
TU(PPaKTOMETPUS aHanu3. YImpeHue Buszyanuszanus cTpykTyp
IIMKOB KaK MMPU3HAK OMONOIMMEPOB,

HAHOOOBEKTA U KaK
croco0 OIIEHKH pa3Mepa
KPUCTAJIJTUTOB.
PeHTreHOCTpyKTYpHBII
aHanu3. OnpeneneHue
CTPYKTYPBI
HaHOPa3MEPHBIX
00BEKTOB Ha aTOMHOM

YpOBHE

MIOJIyYEHHBIX METOI0OM
PEHTTEHOCTPYKTYPHOTO

aHaJin3a
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6.4 | Cxanupyromias 6 TyHHnenbHas Yuebno-
30H10Bas MHUKPOCKOIHSI. ATOMHO- | UCC1e008amenbCKull
MHUKPOCKOTIHSI CUJIOBAsi MUKPOCKOIIHSL. | 9KCHEPUMEHM.
Ananmmz N3ydenne moBepXHOCTH
HaHOCTPYKTYPBI METOJ0M aTOMHO-
IIOBEPXHOCTEH. CUJIOBOM MUKPOCKOIIUU.
Cratuueckuit
Y TUHAMHAYECKUH Ilpaxmuueckas paboma:
PEKHUM CKaHUPOBAHUS AHanu3 n300pakeHuH,
MOJy4YEHHBIX METOJOM
aTOMHO-CHJIOBOM
MHUKPOCKOITHH,
C MMOMOIIILI0
COBPEMEHHOTO
IPOTPAMMHOTO
obecrieueHus
Utoro no pazneny 17

Pazgen 7. ®yHKIIMOHAJIBHBI

€ CBOCTBa HAHOCTPYKTYPHPOBAHHBIX BeLIECTB U MATCPHAJIOB

7.1 | ®yHKIMOHATBHBIC 5 CepxHu3Kast Yuebno-
CBOIICTBa BEIIECTBA, CMauuBaeMOCTb. uccneo0o8amenbCKuil
obecrieunBaeMble CBepXIIPOYHOCTb. IKCHEPUMEHM.:
HaHOMaTepHajJamMu Bricokoremmiepatypras | M3zyuenue «addexra
CBEPXIPOBOJUMOCTb. JOTOCa» Ha pUMepe
CaepxunbTpanusi. JIETIECTKA PO3BbI.
CBepxbApKOCTb N3mepenue kpaeBoro
CBETOUCITYCKaHUSI. yria
Cyxas aares3ust
(bnommmeTHKa
reKKoHa). MarHuTHbBIE
CBOICTBa
Hroro mo pazneny 5

Pa3nen 8. HaHoTeXHOJIOTHMH — MEePCNEKTUBBI PA3BUTHS M COCTOSIHME HAYKH

HA CerOAHAIIHNHT JeHb

8.1 | CoBpemeHHBIC
PUMEHEHUS

HaHOTCXHOJJIOT NN

OO6muit 0630p
COBPEMEHHBIX
IIPUMEHEHUN

HaHOTCXHOJIOI'MH

Buxmopuna:
Hanorexnomorun

B HaIllel KU3HA
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8.2 | Yruneponusie 2 Ocobas pons yriepoaa | [Ipakmuueckas paboma:
HaHOMAaTEePUAIIbI B HAHOMMpE. MonenupoBanue
®yinepensl, rpades, IIPOCTPAHCTBEHHOU
HAHOTPYOKH CTPYKTYpHI (yIiepeHoB
8.3 | Hanomatepuanl 2 Hanomarepuainsl Yuebno-
JUISL DHEPTETUKU B TOIJIMBHBIX uccne008amenbCKuil
HJIEMEHTaXx. 9KCNepUMEHM.:
JIuTnii-noHHkIe H3mepenne eMKoCTH
AKKyMYJISITOPBI. JUTUI-UOHHOTO
CynepKoH1eHCaTOPBI aKKyMyJIsITopa
8.4 | HanosnekTpoHuka 2 3akoH Mypa. Ipaxmuueckas paboma:
TexHonornueckuit Ananuz n3o0paxeHus
IIPOLIECC IPOU3BOJICTBA | IOBEPXHOCTU KOMIIAKT-
MHTErPaJIbHBIX JIACKa
MukpocxeM. Cucremsl
3anucy HHGOpMaIU
8.5 | Hanomarepuanbl 2 Hanonuarnocruka. Ipakmuueckas paboma:
B MEIMIIMHE [Ipumenenne Busyanuzanus
U 3KOJIOTHH HaHOMaTepHaJoB MIPOCTPAHCTBEHHOU
B TepaIHH. CTPYKTYpBI
HanocopOeHTHI. HaHOOHOIpenaparos
doTtokaTanuzaTopsl. C TIOMOILBIO
CamoouncTtka COBPEMEHHOTO
IPOrpPaMMHOTO
o0ecrieueHus
Hroro no pazneny 9

Pa3gen 9. AkryanbHble npodJieMsbl B 00J1a

CTH HAHOXMMHHU U HAHOTECXHOJIOTHHA

9.1 | Juckyccus 3 AKxTyanbHbIe TIpoOsieMbl | MiToroBas arrecramms.
B 00JIaCTH HAHOXUMHUH | 3adeTHas paboTta
Y HAaHOTEXHOJIOTHH

Hroro no pazaeny 3

Bcero xoau4ecTBo 4acoB 34

no IIporpamme 3a rox
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OPTAHU3AIIMOHHO-ITEJAT'OI'MYECKHME YCJIOBUS PEAJIM3ALIUN
IHPOI'PAMMBI

MeTtoaudeckoe odecneyenue peajauzanuu [IporpamMmmel

[Ipu peanuzamuu IlporpamMbl B y4eOHOM MpOLIECCE  HUCIOIB3YIOTCS
METOJMYECKHE MOCOOUs, NUIAKTHUECKHEe MaTepuaibl, (pOoTo- W BHUAEOMATEpPHUAIbI,
KOHCTPYKTOPBI JUIsl CO3JIaHMS IIApPO-CTEPKHEBBIX MOJIENIEH XUMHUYECKUX CTPYKTYD;
KYpHaJbl W KHWUTH, O0030pbl M OpUTHHAJIbHBIE MyONHMKanuu, Oa3bl JaHHBIX,
IporpaMMHOE 00€ecriedeHHe JUIsl PUCOBAHUS XUMUUYECKUX CTPYKTYpP U BU3YyaIU3alUU
IIPOCTPAHCTBEHHBIX 00BEKTOB, Mpoure Matepuaisl B Cetu IHTEpHET.

IIpu npoBeeHNN 3aHATUN UCITIOJIB3YHOTCS:

® CIIOBECHBIE  METOAbl  OOyueHus:  JieKuuu, OoOBsicHeHus, Oecepl,
KOHCYJIbTALINH;

® HarsigHble  METONbl  OOyYeHHs:  MPE3EeHTalUH,  BHJIEOMAaTepUabl,
BU3YyAJIN3ALUH;

® UCCJENI0BATEIbCKUE METOAbl OOY4YEHHUS — BBINOJHEHUE OO0YYaroIMMHUCS
OINPEIEIICHHBIX UCCIEN0BATEIbCKUX 3aJaHNUMN.

YcBoenne marepuana  KOHTPOJHPYETCA NPU  IMOMOIIA  TECTUPOBAHMS
Y BBINIOJIHEHUSI NPAKTUYECKUX 3aaHU. 3aKIIOYUTENBHOE 3aHSATHE IPOBOJIUTCS

B (popMme 3aueTHOI pabOTHI.

MartepuajibHO-TeXHHYeCKHe Yca0BuA peajn3auuu [IporpamMmmbi

[TpomykTHBHOCTh PaOOTHI BO MHOTOM 3aBHCHUT OT KadyecTBa MaTepHaIbHO-
TEXHUYECKOTO OCHAIeHus1 Tpoiecca. [Iporpamma peanmusyercs B ayJAUTOPUHU
oOpa30BaTeIbHON OpPraHu3allid ¢ MPUMEHECHUEM TEXHHYECKUX CPEICTB OOYyYCHHS
1 1abopaToOpHOTO 00OPYAOBAHHS:

® KOMITHIOTEPHI YUUTENS U 00YUIArOIINXCS;

® UHTEpaKTHUBHAS JOCKAQ,

® y4eOHO-HayuyHOE 000PYI0BaHKE MO (PU3KUKE U XUMUHU.
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JIMTEPATYPA U DJIEKTPOHHBIE PECYPCbI

HopmaTuBnas 6a3a

1. ®enepanbubiil 3akoH oT 29 nekabps 2012 r. Ne 273-03 «O6 obpazoBaHuu
B Poccutickoit @enepanumny.

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

3. @enepasibHast 00pa3oBaTelibHAsI IPOrpaMMa CpeTHEro o0IIero oOpa3oBaHus
(yrBepxaeHa mnpukazom MunmnpocBemenuss Poccun ot 18 mas 2023 r. Ne 371;

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

Cnucok Jureparypsl

1. AxmetroB M.A. BBejeHHe B HAaHOTEXHOJIOTHU. XUMHS : yueOHOe Imocobwue
s yaamuxces 10-11 kimaccoB cpemHux 001eoOpa3oBaTeNbHBIX yUpEKACHUA /
M.A. AxwmeroB. — Cankrt-IletepOypr : OOpa3zoBaTenbHbIN IIEHTp «YdacTuey,
O6pa3zoBarenbHbie poekThl, 2012. — 108 c.

2. AxmeroBa A.M. «®PemroCkan Omnnaiin»: o0paboTka W (rubTparus
nzoopaxenuit / A.M. Axmerosa, JI.1. SAmunckwuii, N1.B. SImunckuit / Hanounayctpus. —
2024. —T. 17, Ne 3-4(127). — C. 178-183.

3. boratbeipeB B.A. MeTopI CHHTE3a HAHOYACTHII C MJIA3MOHHBIM PE30HAHCOM /
B.A. borateipes, JI.A. Jlpikman, H.I'. XneGioB : yueO6HOe mocobue. — CaparoB :
CT'Y um. H.I'. Yepnsbruesckoro, 2009. — 35 c.

4. BoakoBa C.A. CoBpeMeHHbIE HUCCJEAOBaHUS B O0JACTH HAHOTEXHOJIOTUM
B COJIepaHuu Xxumuueckoro oopazonanus / C.A. BonkoBa. — Mocksa, 2015. — 304 c.

5. 'ymunun E.A. Hanorexnonoruu — npopsiB B Oyaymiee! / E.A. I'ynunun //
Oo6pazoBarenpHas monmuTuka. — 2020. — Ne S5. — C. 54-57.

6. Epemun B.B. Hanoxumus u Hanorexnonoruu / B.B. Epémun, A.A. Jpo3noB. —
Mockaa : [Ipoda, 2009. — 112 c.

7. 3umon A.Jl. 3armmarenbHas koimmouaHas xumus / A.J[. 3umoH. — MockBa :
URSS, 2017. -253 c.
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8. MenbaukoBa H. IlonmyueHue u u3ydeHHE CBOMCTB BEIIECTB, COCTOSIIUX
U3 4acTHIl HaHO- U MUKpopa3mepoB / H. MensuukoBa, E. ['HeymeBa, b. Mamrakos. —
Cankr-IletepOypr : lkonwHas aura, U3parensctBo «Jlema», 2013. — 20 c.

9. MuKpo- 1 HaHOMHP COBpeMeHHbIX MaTepuaios / mox pen. FO.J1. TpeTbsikoBa. —
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