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INOACHUTEJBHASA 3AIIMCKA

Hanoxumusi sBIs€TCS €CTECTBEHHO-HAYYHOM OCHOBOW HAHOTEXHOJOTHH,
UTPAIOIIMX KpanlHe BaXHYK pOJIb B COBPEMEHHOM TEXHHKO-DKOHOMUYECKOU
napaaurmMe. Hanoxumus ucciaenyeTr crnocoObl MOJyYeHHs U CTaOMIIU3aIuu, CBOMCTBA,
CTpO€HME U  OCOOECHHOCTM  XUMHUYECKMX  NPEBPAIECHUNA  HAHOOOBEKTOB
M HAHOMATEPHAJIOB, a TAKXE WX IPAKTUYECKUE MNpuiokeHus. Hanoxmmms crama
JOTUYECKHM  pa3BUTUEM  KOJUIOMJHOM  XUMHHM, C  OJHOM  CTOpOHBI,
U CYIIPaMOJIEKYJISIPHON XUMUU — C Apyroil. O0e 3TUX TUCHMIUIMHBI KPUTUYHO BaXKHbI
JUIS1 KOPPEKTHOI'O IOHUMAaHUsI HAHOXUMHYECKUX ITOAXO/0B.

Pa3BuTHe HAaHOXMMHWHM M HAHOTEXHOJIOTMA CETOJHA CIY>KUT (POKYCOM
JUIS IPUJIOKEHHUST CHJI  BEAYIIMX YYEHBIX M HCCJIENOBATEIBCKUX KOJUIEKTUBOB.
Hanomarepuansl Ha OpraHM4eCKOW W HEOPraHWYECKONW OCHOBE IPUMEHSIOTCS
B OTPOMHOM KOJIMYECTBE MPOAYKTOB COBPEMEHHON MPOMBIIIIIEHHOCTU. ONIMCBIBAEMOE

HaIpaBJIeHUE CIY>KUT OJIHUM U3 CTONMOB Tak HaspiBaecMoi NBIC-kouBeprenmmm,
BXOJIAIIEH B AJIpO MpeacKa3biBaeMoro GpyryposoramMu VI TEXHOJOTHYECKOTO yKIaaa.

Pabouass mporpamma kypca «COBpPEMEHHbIE HCCIEAOBAHUS U JOCTHUKECHMS
HaHOXUMHM» (nanee — Ilporpamma) ecCTECTBEHHO- HAay4YHOW HaNpaBJIEHHOCTU
MO3BOJIIET OCBETUTH oOyJaromumcs 10—11 kiraccoB OCHOBHBIE T€3UChl HAHOXUMUU, a
TaK)K€ HAMETUTbh OCHOBHBIE HAIIPaBJICHUS Pa3BUTUS HAYKH O MUPE HAHOOOBEKTOB U €€
TEXHOJIOTUYECKUX MPUIOKEHUH, TOJYyUYUTh IOHATHE O COBPEMEHHBIX HayYHBIX
metonax. Peanmmzamus IlporpamMmel Mo3BONUT JOCTHYHL 00Jiee MOJHOTO MOHUMAaHMS
IIKOJIbHUKAaMH €CTECTBEHHO-HAYYHOTI'O MOAX0Ja K M3YYEHHUIO MPUPOJBI U PA3BUTHUIO

Ha €TI0 OCHOBC TGXHOHOFHﬁ, MCHAIOIINUX MHP.

AxTtyajabHocTh [Iporpammsi

Hanoxumusi B CBOMX IPOSIBICHUSX OTHOCUTCS K 00JACTH €CTECTBEHHBIX HAYK
B 1enoM. HM3HadanbHO CQOPMHUPOBABIIMCH HA CThIKE XUMHH U (DU3HKH,
HAaHOXMMHUYECKHE TOAXOAbl BO MHOTOM BIHUSIOT Ha COBPEMEHHOE MOHHMAaHUE

MOJIEKYJISIPHBIX OCHOB OMOJIOTHH U JPYTUX HayK. TeM He MeHee B IIKOJbHBIX Kypcax



[0 €CTECTBEHHO-HAy4YHbIM IMpEAMETaM TEMBbI, CBSI3aHHbIE C HAHOXUMUEH,
pacrmoJyiaraloTcs MOPO3Hb W 3aHMMAIOT KpaiHe Manblii oO0mmii o0seM. B wactu
Bo3MOxkHOTO AyonupoBanus ¢ @OII COO mo npeametHoi obnactu «EcTecTBeHHO-
Hay4yHbIe peaMeTh» [[porpaMmma nmoutu He epecekaercs Hu ¢ peaepanbHoit paboueit
IPOrpaMMoii o yueOHOMY TIpeIMETy « XUMHUSD (TEMBI « AJUIOTPOITHBIE MOIU(PUKALIUN
yraepoja», «lloHsTue o aucnepcHbIX cucremaxy», «lIpencraBieHne 0 KOJJIOWIHBIX
pacTBOopax» B paszuene «TeopeTnyeckne OCHOBBI XMMHUU», a TaKK€ YIIOMUHAHUE
HAHOTEXHOJIOTUH B pasjaeiie «XUMHUA W KU3HB»); HU C (eaepasibHOM pabouei
nporpaMMoit mo ydeoHomy mpenmetry «Pusmkay ( «[IoBEepXHOCTHOE HATSKCHHE»
B TeME «ATrperaTHble COCTOSIHUSA BenlecTBa. Pa30oBble MEPEXObl»; YINOMHHAHHE
«lTonyuenne HanomaTepuasioB» B TeMe€ «OCHOBBI MOJICKYJISIPHO-KUHETUYECKOU
TEOpUM»); HU C (QeAepabHON paboueld IporpaMmMo Mo Y4eOHOMY HpPEeaMETY
«buonorus» («O0ume cBoiicTBa OUOJOTUUECKUX MeMOpaH» B TeMe «XuMuyecKas
opraHuzanus KieTkw»; «HaHoTexHoIornr B OMOJOTUUA U MEIULIUHEY).
[Iporpamma pa3paboTaHa B COOTBETCTBUM € TpeOOBaHUSMHU (eaepalbHOrO
roCyapCTBEHHOTO0 00pa30BaTENIbHOTO CTaHAApTa CPETHEro OOIIero oopa3zoBaHUs
(D®I'OC COO). HeobxomumocTs peanuzaiuu [IporpamMMmel cBs3aHa ¢ KpaifHe MIUPOKUM
pacnpoCTpaHEHUEM IIPOAYKTOB HAaHOXUMUU B COBPEMEHHOM MUpE
Y BBIIIEYTIOMSIHYTBIM ~ HEJIOCTATOYHBIM OTPAKEHUEM  OCHOBHBIX MPUHIUIIOB,
HA KOTOPBIX OHa TIOCTPO€Ha, B OCHOBHOM 0Opa30BaTENbHOM  Mporpamme.
JIns1 yaCTHYHOM KOMIIEHCALIMU 3TOrO pa3pbiBa B MOCKBE YK€ MHOTIO JIET IPOBOAUTCS
OJINMITUAJIA 10 HAHOTEXHOJIOTUsIM — ONuMITHaAa IKOJILHUKOB « BhICOKME TEXHOIOTUH
U Marepuaibl Oyaymero». 3aganuss OIUMIKAAABI MO3BOJISIOT MIKOJIHHUKAM TIOHSTH,
HACKOJIbKO OHM OPHEHTUPYIOTCS B O3TOW  MEXKIUCHMIUIMHAPHOM  o0jacTu.
CucremMaTnyecKkoe K€ IMOJIYYEHUE 3HAHUM BO3MOXHO OpPraHU30BaTh HAa YPOBHE
cpemHero oOmEero oOpa3oBaHHWs B paMKaX BHEYPOYHOW JESTEIBHOCTH WA
JOTNOJTHUTENBHOTO 00pa30BaHusl, B YaCTHOCTHU IIPHU peanu3anuu JaHHoi [IporpamMmsr.

bonbmoe Buumanue B [Iporpamme yaeneno MeTogam noy4eHus U U3y4eHUs



HAaHOCTPYKTYPUPOBAHHBIX BEIIECTB MW MarepuanoB. [Ipakthueckas crTopoHa
[Iporpammel MO3BOJIAET YBHUJIETH SIPKME CTOPOHBI HAHOXUMHUU IPU OTHOCUTEIBHOU
JIOCTYITHOCTH BBITIOJTHEHUS Y4€OHO-HUCCIIEI0BATEIbCKOTO SKCIIEPUMEHTA U BO MHOTOM
OaszupyeTcs Ha MpuUMepax JIabopaTOPHBIX padoOT, MU3NOKEHHbIX B I[IpakTukyme
no HaHoMmarepuanaM u HaHoTexHoJorusiMm A.b. Illepbakosa u B.K. MBanosa [16].
N3yyeHne HAHOXMMUU OTKPBIBAET MHOTO HOBOT'O M HEOKHUJIAHHOTO KaK sl Y4eHUKOB,
TaK ! I 1enaroros. [ IpoekTHas u ucciaegoBaTenbCKas AeSITENbHOCTD 10 HAHOXUMMUH,
KOTOpasi MOYKET BBINOJHATBHCA ¢ onopoul Ha [Iporpammy, npu HOKHOM ITOCTaHOBKE
OyIeT NpUBOAUTh K OOBEKTUBHO HOBBIM PE3yJIbTaTaM, pPaHEE HE OMHCAHHBIM B
HAY4YHOU JIUTEPATYpE.

Hosusna IIporpamMmmsbl 3aKi1r04aeTcs B TOM, YTO OHA IOCTPOEHA HA MOLIArOBOM
O3HAKOMJIEHUHU OOYYAIOIIUXCSI C OCHOBAMU HAHOHAYKH U €€ MPUII0KECHHUSIMHU.

Peanuzanust [IporpaMmbl criocoOCTBYET JeTalu3alliy 3HAHUNA O0ydaronuxcs
0 (PU3MKO-XMMHUYECKUX MpPOLeccax, MPOTEKAIOUMX Ha HAHOYPOBHE, PACIIUPEHUIO
NPEACTABICHU O BO3MOXXHOCTAX MPUMEHEHHUS HAHOXMMHUYECKHX IOAXOOB,
crocoOcTByeT podoprueHTAuN 00yJarOIIHXCSI.

IHeparornyeckas mesiecooOpasHoctb [Iporpammel 3akiroyaercss B TOM, 4TO
OHA CO3/aeT YycioBuUs Il (popMUPOBaHUS y OOYYAONIMXCS €CTECTBEHHO-HAYyYHOMU
KApTUHBI MHpA, Pa3BUBAET YMEHHE KPUTUYECKOIO OCMbBICIEHUS MH(POpMALMH, JAeT
BO3MOXKHOCTh ~ MOJYYUTh  HABBIK  MPOBEACHUS  y4yeOHO-HCCIIETOBATEIBCKOTO
HKCIIEPUMEHTA, paclIupseT 0a3zuc JUisl YIIIyOJIEHHOTO HM3YyYEHUsS HAHOXUMHUYECKUX
IIPOIIECCOB B BBICIIEH LIKOJIE.

Hean IIporpammbl — 1aTh 00y4YaIOIIMMCS KPATKUN SKCKYPC B MEKIIPEIMETHYIO
00J1aCTh HAHOTEXHOJIOTUN ¥ UMITYJIBC K CAMOCTOATENILHOMY U3YYEHHUIO U TBOPUECKOMY
Pa3BUTHIO; JTaHHAs 00JIACTh B HACTOSIIEE BPEMs SIBJISETCA OJHOM M3 «TOYEK POCTa»
JUIS.  Pa3BUTHS IPOMBILIJIEHHOCTH Y HAXOAUT MHOIOYHCICHHbIE MPUMEHEHHUS

B COBpeMCHHOI‘/’I TCXHUKCE.



Bapuantsl peasmzanuu [IporpamMmmMbl 1 (popMbI IPOBeIeHUA 3AHATHI

Peammzanuss ~ IIporpamMmbl  mpeamonaraer — COYETaHWE  JIEKIMOHHOU
U ceMuHapckoi ¢GopM pabOThl C 3AJIEMEHTAMHU MPaKTUKyMa: JEKIUU, CEMUHaphI,
JTUCKYCCUHM, 3alllUThl  MPOEKTOB, Y4E€OHO-MCCIEIOBATEIbCKUNA  AKCIIEPUMEHT,
IpakTHUeCKUe paboThl — H300paKeHWE XUMHUYECKHX (OpMYI, BHU3yaIU3aLIHs
TPEXMEPHBIX 0OBEKTOB U TIP.

B ceMunapckoii yacTH BO3MOXHA CMEHA WHANBUAYAIbHBIX U TPYIIOBBIX (POPM
IIPOBEJICHHSI B 3aBUCUMOCTH OT IPEANOYTEHUM Ienarora. B mpaktudeckoi vacTtu
BCTPEYAIOTCS KaK Y4EOHO-MCCIIEA0BATENbCKUI IKCIIEPUMEHT, TaK U KOMITbIOTEPHBIN
MIPAKTUKYM.

[Ipn peanmszamuu [lporpamMmbl UCHOJIB3YETCS BBIYMCIUTENbHAS TEXHUKA,
oOecreynBaIas A0CTyl K CHEUUAIU3UPOBAHHOMY MNPOrPAMMHOMY OOECIEYEHHIO
U Hay4YHOU JIUTEpaType.

JInst  caMOCTOATENIBHOTO  W3Y4Y€HHUs MPENYyCMOTPEH CIIMCOK AaKTyaJIbHOM
JUTEPATYphl MO OINUCHIBAEMOW O00JIACTH, PACCUMTAHHBIM KaKk Ha YYUTENeH, 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. OOlIee KOIMYECTBO BPEMEHH, OTBOJAMMOIro Ha ocBoeHue lIporpammsl,
cocraisiet 68 yacoB. [Iporpamma peanusyercs 1 pa3 B nenento o 1 yacy. Bapuantom
peanuzauuu MoxeT ObITh uzydenue Ilporpammel B 10 kiacce B pexxume 3aHATHNA 2
yaca B HEZCIIIO.

@DopMbI KOHTPOJISI CIYKaT ISl ONpENesieHUs Pe3yJbTATUBHOCTH OCBOCHUS
[Iporpammbl  oOydarommmucs. ATrectanus mnpoBoautcss | pa3 B Trox:
POMEKYTOUHAs — [0 UTOTaM MEPBOTO Trofa 00y4YeHus, UTOroBas — BECHOM BTOPOTO
rojia oOy4eHwus.

Dopmbl nposedeHus ammecmayuu.

® TECTUPOBAHUE;

® [PAKTUYECKUE 3aHATUS;

® 3a4YC€THasda pa60Ta.



B3anmocBashb ¢ pegepanbHoi padoyeid NporpaMMoil BOCIIUTAHUS

[Iporpamma pa3paboTaHa ¢ y4eToM peKOMeHmanui deaepaabHol pabodei
MIPOTrpaMMBbl BOCITUTAHUS TSI 00IIe00pa3oBaTeIbHBIX opranmu3anuii. OHa yIUTHIBAaCT
MICUXOJIOTO-TIEIArOTMYECKIE 0OCOOEHHOCTH COOTBETCTBYIOIIEH BO3PACTHOM KaTeropuu
oOy4Jaronmxcsi.

B wactHoctn, B xome peanusaunuu I[IporpaMmbl BO3MOXHO COYETaTh Kak
WHTEJUICKTYaJbHOE, TaK U COLUAIILHOE Pa3BUTHE O0YUYaAIOIIUXCS, CO3/IA0IIEee OCHOBBI
JUISL UX CAMOOTIPEAEIIEHUS] HA OCHOBE TYXOBHO-HPABCTBEHHBIX LICHHOCTEM.

K 3amauam peanusanuu gaHHod IIporpamMMbl MOKHO OTHECTH JOCTHUKEHUE
JMYHOCTHBIX Pe3yJbTaTOB OCBOEHHUS 00IIe00pa30BaTEIbHBIX MPOrpaMM MO (U3HKE,
xuMuu 1 ounosioruu B cootBercTBUU ¢ ®I'OC COO, a uMeHHO: cHhOPMUPOBAHHOCTD
[IEHHOCTE CaMOCTOATENLHOCTH M  WHUIMATUBBI, TOTOBHOCTh OOYyYaIOIIUXCS
K CaMOpPa3BUTHUIO, CAMOCTOSITEIbHOCTH M TMYHOCTHOMY CAMOOIIPEEIECHUIO, HATUYNE
MOTHBAllMM K  [EJICHANPABJICHHOM  COIMAIbHO  3HAYUMOW  JIESITEIbHOCTH,
c(hOpMHPOBAHHOCTh BHYTPEHHEH TMO3UIMU JIMYHOCTH KaK OCOOOTO I[EHHOCTHOTO
OTHOIIICHUS K ce0€e, OKPYKAIOIIUM JIFOSIM U KU3HU B LIEJIOM.

[Iporpamma  COOTBETCTBYET  CIEAYIOIIMM  OCHOBHBIM  HaIlpaBIICHUSM
BOCIIMTAHUS: TPa)XIAHCKOE BOCIHUTAHWE, MATPUOTUYECKOE BOCHUTAHHUE, TYyXOBHO-
HPABCTBEHHOE BOCIHTAHUE, ICTETUYECKOE BOCHUTAaHUE, (POpMHUpPOBAHUE KYJIHTYpbI
3I0pOBOTO 00pasza >KW3HH, TPYJIOBOE BOCIHMTAHHE, SKOJOTHYECKOE BOCIHUTAHHE,

BOCIIUTAHUC [ICHHOCTU HAYYHOT'O ITO3HAHM:.

OcobGennoctu padorel nexarora no Iporpamme

[lepen mpenomaBareneM, paborarommM 1o [Iporpamme, cTouT 3agada
TapMOHUYHOTO COYCTAHMS JJICMEHTOB XUMHUHU, OWOJIOTHH, (PU3UKK W MHPOPMATHKH,
KOTOPBIE HEOOXOIUMBI SISl KOHBEPICHTHOTO TTIOHUMAaHHS HAaHOXUMHUHU. TeM He MeHee
aKIICHT B cocTaBJieHnH [IporpaMMmebl cieiaH Ha XMMHUYECKHE aclieKThl HAaHOHAYKH, YTO
MOXET YaCTUYHO CMSATYUTHh KaJIpOBBIN BOMpoOC B peanu3anuu [IporpamMmmbl. Y cBoeHue
OOyYarOIIMMUCST HOBBIX 3HAHWM B JTOM O0JACTH TECHO CBS3aHO C YCHENIHOCTHIO

pcain3anuu y‘IC6HO-PICCJ'I@I[OB&TCHBCKOFO OKCIICPUMEHTA U IIPAKTUYCCKHUX pa60T,



3anokeHHbIX B [Iporpammy. Ilpu HEIOCTaTOYHOCTH MaTEpUATbHO-TEXHUYECKOTO
OCHAalIeHMWs] 00pa30BaTENbHOM OpraHM3alMU PEKOMEHIyeTCs CJelaTh AaKUEHT
B peanusanuu Ilporpammel Ha paGoTy ¢ mUPPOBBIMH pecypcamu. Bo3moxHO
COKpAIllEeHHE KOJMYECTBA IUIAHUPYEMBIX MPAKTUUYECKUX paboT i yriayOneHus
paboTHI Ha/I TEOPETUUIECKUMHU pazenamu [IporpaMMel.

OTtnuuutenpHas oco0eHHOCTh [IporpaMMbl COCTOUT B TOM, UTO B €€ TOCTPOCHUU
U peaju3anuu:

® Da3BUBAIOTCA  MEXKIIPEAMETHBIE CBSI3M, 3aJI0)KEHHBIE B OCHOBHOU
o0pazoBaTeILHON TPOrpaMMe;

® BOCIOJIHSETCS  A€UUUT  COBPEMEHHOM  HaydyHoH  uH(popmanuw,
IPOCJIEKUBAETCS B3aMMOCBA3b KJIACCHUUECKUX JOCTIXKEHUH XUMHHM U (QU3UKU C UX
IPUIIOKEHUSIMU B COBPEMEHHOM HaHOTEXHOJIOTUH;

® DPa3BUBAIOTCA MIO3HABATEIbHBIE KOMIIETCHIINN O0YYaIOIIUXCS;

® AKTHWBHO MCHOJB3YIOTCSI COBPEMEHHBIE KCIIEPUMEHTATBHBIC U BBIUMCIUTEILHBIC
METO/IbI;

® TOJJICPKUBACTCS  OpPHEHTaUUs  OOyyaroumxcs Ha  IOCIETYIOIIYIO

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



COAEPKXAHUE KYPCA «COBPEMEHHBIE HCCJIEAOBAHUA U
JOCTNKEHUA HAHOXUMHUN»

10 KUIACC

Paznen 1. Opranuzanuonnoe 3ansaTue « HaHoXuMusi 1 HAHOTEXHOJIOTUS
KAaK MeXXIUCHUIUINHAPHAasA 00aacTh». Lleqn u 3axaun kypca. UHCTpyKTAXK

Tema 1.1. Beeoenue 6 Ilpocpammy

Teopusi. ®opMbl U MeTOABI JeATenbHOCTH. [lman pa®oThl Ha y4eOHBIN TOI.
HHcTpyKTaX M0 TEXHUKE 0€30MaCHOCTH.

IIpaxmuxka. IlepBuyHast fTMarHocTuka. BXogHoe TecTupoBaHue.

Pa3nen 2. UcTopusi HAyKM 0 IMCIIEPCHBIX CHCTEMAax

Tema 2.1. Hauano u3yuenus NOGEPXHOCHMHBIX AGNEHUN U OUCHEPCHBIX
cucmem

Teopus. Kamumnsapsl u 3akoH Jlammaca. M3ydenne aacopomuu (K. Illeene,
T. JloBui). Merammuueckue 30mu (M. ®dapaneit). bpoyHoBckoe nBumkenue. OcMoc
u quamm3 (T. I'pam). Komnouaneie cuctembl. OmpeneneHue uyucia ABOraapo
(OK. TIleppen). Oddexr Pebunaepa. TepMuH «HAHOTEXHOJIOTHU», HUCTOPUS €O
nosiByicHust 1 onysipuszanuu (P. ®eiinman, H. Tanurytu, 3. JIpekciep).

Ilpakmuka. Y4eOHO-HUCCIIeIOBATEIBCKUN dKCTIEpUMEHT: V3yuenue ajacopOiuu
KpacuTeseil ¢ MOMOUIbI0 aKTUBUPOBAHHOTO yris. OmnpeneneHue ero copOLHUOHHOM

CITIOCOOHOCTH.

Paznen 3. OcHOBBI (PM3UKHU MOBEPXHOCTH U TUCIIEPCHBIX CpPeT

Tema 3.1. Ocnoewl husuku nosepxnocmu

Teopua.  DU3NKO-XMMUYECKUE  CBOWCTBA aTOMOB Ha  IIOBEPXHOCTH.
[ToBepxHOCTHOE HaTsHKeHUE. AfcopOuus. CMayrBaHue.

Ilpakmuxa.  YueOHO-UCCIIEIOBATEIbCKUM  skcnepuMeHT:  OmnpeneneHue
IMOBEPXHOCTHOTO HATSYKEHUS BOJBI METOJOM OTPbIBA KaNEJlb.

Tema 3.2. Ceoiicmea oucnepcHuvlx cpeo

Teopus. NEKTpUYECKUE CBOMCTBA. Y CTOMYMBOCTh. PDU3MKO-XMMHUUYECKas

MCXaHUKa.

10



Ilpaxmuxa. 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. Knaccugpuxkayus oucnepcuwix cucmem

Teopus. Knaccuduxamuss aucniepcHbIX cucteM. [loHATHS «HAHOMAaTEepHaD»,
«HaHO000BEeKT». Buabl HanooObekTOB (0D, 1D, 2D; Mukpo-, Me30- 1 MaKpOIIOPUCTHIE).
SApxue npuMepsl NposBICHUS pa3MepHOTro ddexTa.

Ilpakmuxka. TlpakTudeckass padota: MojennpoBaHue CTPYKTYpPbl HAHOYACTHI]
pa3HOro pa3Mepa, CpaBHEHUE JIOJM I[OBEPXHOCTHBIX aTOMOB W  4YHCJa
HECKOMIIEHCHUPOBAHHBIX BAJICHTHOCTEM.

Tema 4.2. /Tlucnepcuvie cucmemel, cooeprcaujue 2azoeyio ghaszy

Teopus. 11enbl, a3p030JId U aA3POTEIIN.

Ilpakmuxa.  Y4ueOHO-HCCIICIOBATEIBCKUN  3KcmepuMeHT:  OmpenencHue
YCTOMYMBOCTH MEHBI MOIOIIINX CPEJCTB.

Tema 4.3. /lucnepchvie cucmemel, cooeprcawiue Hcuokyro gazy

Teopus. 3onu, Tenu, SMyJibcur U cycnen3uu. [losoxxenue 305ei Ha IIKaie
JMCTIEPCHOCTU KOJIJTOUIAHBIX CUCTEM.

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

Tema 4.4. /Tucnepchnuie cucmemul, cooepirrcauiue n0GEPXHOCHHO-AKMUBHbBLE
eeuecmea

Teopus.  11oBEepXHOCTHO-aKTHMBHBIE  BellecTBa.  MemOpaHbl,  MUIIEIUIbI
U JTUTIOCOMBI. bruosiornyeckue 1ucnepcHble CUCTEMBI.

Ilpakmuka. Y4ueOHO-UCCTENOBATEIbCKUN dKCTIEpUMEHT: M3yueHue BIUSHUS
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB HA IOBEPXHOCTHOE HATSXKEHHUE.

Tema 4.5. MemoOwt euzyanuzayuu Hano4acmuy

Teopus. Dbdext Tunnans. AHaIN3 TPASKTOPHI TBIKCHUS] HAHOYACTHII.

Ilpakxmuka.  Y4eOHO-UCCNENOBATEIbCKUI  SKCIEpUMEHT:  JleMoHcTpanus

s dexra TuHAAMS HA TUCHIEPCHBIX CUCTEMAX PA3IUYHOTO POJa.

11



Paszpen 5. Meroabl CHHTEe3a HAHOCTPYKTYPHPOBAHHBIX BelIeCTB
U MaTepHuaJIoB

Tema 5.1. Ilpunyun «ceepxy-6Hu3»

Teopus. llpuHIMNBI NOJIYy4EHUS HAHOCTPYKTYp: «CBEpPXY-BHU3» M «CHHU3Y-
BBepx». [lomyuyenue rpadena. OcobeHHOCTH PaOOTHI MIIAHETAPHBIX METBHUII.

Ilpakxmuxa: Tllpaktuyeckas pabota: IlocTpoeHwe Mojenu IUIaHETapPHOM
MEJbHHUIIBI.

Tema 5.2. IIpunyun «cnu3zy-66epx»

Teopus. OcHOBBI cynpamosiekysipHoi xuMun. CamocOopka. MeToibl cuHTe3a
HAHOYACTHIL: «MSATKOM XUMHUEH» — 305b-T€Ib, «TOMOI'€HHOIO OCAXKICHUD,
oOpaIlieHHO-MULICJUTSIPHBINA, MHUKPOAMYJIbCHOHHBIN; Tepmonu3, CVD. Meroms
cTaOWiIM3alM  HAHOYACTULL:  CTEpUYECKas, XeJaTHas, dJIEKTPOCTaTHYecKas,
umMMmoOuIn3anueil B marpuue. HampaBiaeHHbI CHMHTE3 HAaHOOOBEKTOB: KBAHTOBBIE
TOYKHM, HAHOIUIEHKH, O0ObEeMHble HaHOMaTepuaibl. Monaudukanuss CBOMNCTB
HAaHOMAaTEpHUAaJIOB.

llpakmuka: Y4yeOHO-UCCIEAOBATENbCKUI SKCepUMEHT: ['a3oda3Hblii CHUHTE3
HAaHOKPUCTAJUIMYECKOTO Xjopuaa amMMoHus. [lodyuyeHue 3o0s€ii HaHOMAarHeTuTa,
HAHOPA3MEPHOro JMOKCHAA THUTaHa, OepiuHCKON jda3ypu. llomyueHue HaHOIJICHOK
cepeOpa Ha CTEKJISIHHOM noutoxkKe. OleHKa UX TOJIIHUHBI.

Hpomeofcymouua}z ammecmauusi.

11 KUIIACC

Paznen 6. Metoabl ucc/ieJ0OBaHMA HAHOCTPYKTYPMPOBAHHBIX BelleCTB
1 MaTepHaJIOB

Tema 6.1. Onmuueckue memoowt

Teopus.  Onruyeckre  CBOMCTBA  HAHOYACTUL M HAHOMAaTEPHUAJIOB.
Muxkpockonus. Judpakunonusiii mnpenen. dortomerpus. CnexrpodoTomeTpus:
U3MEPEHHE  TNPOIYyCKAaHWs, MOMVIOLEHUs, JIIOMUHECHEHIMU. JluHamudeckoe

CBCTOPACCCAHUC.
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Ilpaxmuxa: Ilpaktuueckas pabota: MUKpPOCKONMUYECKOE U3yUYCHUE MTPENnapaToB
HaHOcepeOpa Ha CTeKIax.

Tema 6.2. Inekmponnas MuUKpocKkonus

Teopus. DNEeKTpOHHAsT MHUKPOCKOIHMS: MPOCBEYMBAKOIIAS M CKAHUPYIOLIAS.
Oco0eHHOCTH U3y4YeHUs] OMOJIOTUYECKUX O0BEKTOB Ha HAHOYPOBHE.

Ilpakmuka: Tlpaktudeckass padota: CpaBHUTEIBHBIM aHaNU3 H300paKEHUI
HaHOCTPYKTYP, MOTYYEHHBIX AJIEKTPOHHON MUKPOCKOIIUEH.

Tema 6.3. Penmeenosckasn ougppaxmomempus

Teopus. Pentrenodas3oBblii aHamu3. YIIMPEHHE THUKOB Kak IMPHU3HAK
HAaHOOOBEKTA M KaK CIOCO0 OIIEHKH pa3Mepa KPUCTALUTUTOB. PEHTIeHOCTPYKTYPHBIi
ananu3. OnpenesieHne CTPYKTYpPbl HAHOPa3MEPHBIX OOBEKTOB HA AaTOMHOM YpPOBHE.

Ilpaxmuxa: Tlpaktuueckas padorta: Busyanuzaiusi CTpykTyp OHOIOIMMEPOB,
MOJYYEHHBIX METOJOM PEHTT€HOCTPYKTYPHOTO aHAJIN3a.

Tema 6.4. Ckanupyrouwias 30100641 MUKPOCKORUSA

Teopus. TyHHeNnbHAasE MUKPOCKONUS. ATOMHO-CUJIOBass MUKPOCKOIHS. AHAIU3
HAHOCTPYKTYphl ~ MOBEpXHOCTEH. (CTaTUYECKHM W JTUHAMHAYECKHM  PEXKUM
CKaHHPOBAHUS.

Ilpakmuka: TlpakTudeckas pabota: AHaAIW3 HN300paKEHUH, TOTYYCHHBIX
METOJIOM aTOMHO-CHUJIOBOM MUKPOCKOTIMHU, C TOMOIIBbI0 COBPEMEHHOTO TPOTPAMMHOIO
oOecrieueHus. Y4eOHO-HCCIIEOBATEIbCKUNA IKCIIEpPUMEHT: M3ydeHune moBepxHOCTU

MCTOJOM aTOMHO-CUJIOBOM MHUKPOCKOIIHH.

Pazgen 7. @DOyHKUHHOHAJBbHBIE CBOWCTBA HAHOCTPYKTYPHUPOBAHHBIX
BeIIECTB M1 MATEPHAJIOB

Tema 7.1. @yuxyuounanvhvle ceolicmea eeuiecmea, oodecnedugaemvle
Hanomamepuaiamu

Teopus. CBepxHHU3Kast CMa4HUBaEMOCTb. CBepXIIPOYHOCTb.
BricokoTemneparypHasi CcBEpXIpoBOIUMOCTh. CBepxduibrpanus. CBepXbIPKOCTb
ceerorcnyckanus. Cyxas aare3usi (OMoMUMeTHKa reKKOHa). MarHuTHbIE CBOWCTBA.

Ilpakmuka. Y4eOHO-UCCIENOBATENLCKUN dKCTIepuMeHT: M3yuenue «dddexra

JO0TOCa» Ha MpUMEpeE JleTecTKa po3sl. Mi3MepeHue KpaeBoro yria.
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Pa3nen 8. HaHoTexHOJI0THYM — EePCIEKTUBBI PA3BUTHS U COCTOSIHUE HAYKH
HAa CeroAHAIIHUN JeHb

Tema 8.1. Cospemennble npumeHeHuUss HAHOMEXHOIOZUU

Teopus. CoBpeMeHHbIE MPUMEHEHHUS] HAHOTEXHOJIOTUH, OO 0030p.

lIpaxmuxa. BuktoprHa: HaHOTEXHONIOTHH B HAIIEW KU3HMU.

Tema 8.2. Yenepoouvie Hanomamepuaivl

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

Ilpaxmuxa. Ilpaktuyeckas pabota: MojenupoBaHue MPOCTPAHCTBEHHOM
CTPYKTYpPbI (DyJIIEPEHOB.

Tema 8.3. Hanomamepuainwl 015 IHep2emMUKu

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

Ilpaxmuxa. YdeOHO-UCCAEA0BATEILCKUN dKCIIEpUMEHT: M3MepeHune emkocTu
JUTUN-UOHHOTO aKKyMYJISITOPA.

Tema 8.4. Hanosnekmponuka

Teopusa. 3akoH Mypa. TexHOJOrMYECKHMH  MpolecC  MPOU3BOJCTBA
WHTErpabHBIX MUKpOocXxeM. CHCTEMBI 3anucu nHOpMaIiu.

Ilpaxmuxa. Tlpaktuyeckas pabora: AHaMM3 HW300paKEHUS TOBEPXHOCTH
KOMIAKT-/IUCKA.

Tema 8.5. Hanomamepuanwvl 6 meouyune u IKo102uu

Teopua. Hanommarnoctuka. IIpumeHeHne HaHOMaTepuajioB B TEpalUU.
Hanocop6enTsl. @oTokatanu3aTtopbl. CaMOOUMCTKA.

Ipaxmuxa. ITpaktndeckast pabota: Busyanuzaiust mpoCTpaHCTBEHHOM 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 00JI1ACTH HAHOXUMHUHM U HAHOTEXHOJIOTUH.

IIpakmuka. UTorosas arrecranus. 3aueTHas padoTa.
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IINTAHUPYEMBIE PE3YJIbTATBI OCBOEHUA KYPCA
«COBPEMEHHBIE NCCIEAOBAHUA n JOCTHUKEHUA
HAHOXUMHUMN»

JIMYHOCTHBIE PE3YJIbTATDBI

B cgpepe epaswcoanckozo éocnumanusi:

CHOCOOHOCTB OIPEAENATh COOCTBEHHYIO MO3UIIMIO IO OTHOLIEHUIO K SIBICHUSM
COBPEMEHHOW KU3HU U OOBSICHITH €€;

TOTOBHOCTh K COTPYAHHYECTBY B IIPOLECCE COBMECTHOIO BBINOJIHEHUS
y4eOHBIX, TO3HABATENBHBIX U UCCIIEIOBATEIBCKUX 3a/1a4, YBAKUTEIHHOTO OTHOIIICHUS
K MHEHHIO OMIOHEHTOB MPHU 00CYXACHUH CITIOPHBIX BOMPOCOB €CTECTBEHHO-HAYYHOTO
COJZICpKAHUS.

B chepe nampuomuuecrkozo éocnumanusi:

yB@XEHHE K TMPOILIECCy TBOpYECTBA B OOJIACTH TEOPUU U TMPAKTUYECKOTO
MPWIOKEHUSI HAHOHAYKH, OCO3HAHMS TOTO, YTO YCHEXH HAYKH M TEXHOJIOTHH €CTh
pE3yNbTAaT AJIUTEIBHBIX HAOIIOJECHUHN, KPOTIOTIUBBIX dKCIEPUMEHTAIBHBIX MOWCKOB,
MIOCTOSTHHOTO TPY/la YUYCHBIX U MMPAKTUKOB,;

CIIOCOOHOCTH OIICHUBAThH BKJIAJ POCCUHUCKUX YUEHBIX B CTAHOBJICHUE U Pa3BUTHE
HAaHOXHMMHWH, TIOHUMAaHWE 3HAYEHUS HAYKH B TMO3HAHUU 3aKOHOB MPHUPOBI, B KU3HU
YeJIOBEKa U COBPEMEHHOT0 00IeCTBa.

B cgpepe dyxoeno-npascmeenno2o 60cnumanus:

OCO3HAaHWE JUYHOTO BKJIaJa B TIOCTPOCHHWE YCTOWYMBOTO OYIYIIETO;

CIIOCOOHOCTh OILIEHWBATh CUTYallUI0 W TMPUHUMATh OCO3HAHHBIC PEIICHUS,
OPUEHTHUPYSICHh Ha MOPATbHO-HPABCTBEHHBIC HOPMBI M IIEHHOCTH.

B cghepe acmemuuecrozo éocnumanusi:

ACTETUYECKOE  OTHOLIEHHE K MHpY, BKJIIOYas JCTETUKY  HAYYHOI'O
¥ TEXHUYECKOTO TBOPUYECTBA.

B chepe ghopmuposanus kynemypet 300po6wsi:

coOJro/ieHre TpaBuUil  0€30MMacHOTO OOpallleHHsT C BEIIeCTBaMH B  OBITY,
IIOBCETHEBHOM KU3HHU, B TPYZAOBOM ACATEIBLHOCTH;
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OCO3HaHUE TOCIEICTBUI U HETPUSTHE BPEAHBIX MPUBBIYCK (YMOTPEOICHHUS
aJIKOT0JI5l, HAPKOTUKOB, KYPEHHUS);

IIOHMMAHWE [IEHHOCTHM MPAaBWJI HWHAMBUAYAIBHOIO M  KOJUIEKTUBHOIO
0€3011aCHOr0 MOBEJCHUS B CUTYalUsIX, YIPOXKAIOIIMX 3J0POBBIO U KU3HU JIHOCH.

B cgpepe mpyoosozo eocnumanusi:

KOMMYHHKATUBHAsI KOMIIETEHTHOCTh B y4EOHO-MCCIEI0BATENLCKON IEITETBHOCTH,
OOIIECTBEHHO MOJIE3HOM, TBOPUYECKOM U APYTUX BUAAX AEATEIbHOCTH;

MHTEpEC K MPaKTUYECKOMY HU3YyYEHHUIO MPOQPECCUil pa3IinyHOro pojaa, B TOM
YHCJie HA OCHOBE MPUMEHEHUSI IPEIMETHBIX 3HaHUHN 10 XUMHHU U (PU3HKE;

YBaXXEHUE K TPYNY, JIOIAM TPYa U PE3YJIbTaTaM TPYIAOBOM AESATEIbHOCTH;

TOTOBHOCTb K OCO3HAHHOMY  BBIOOPY  MHAMBUAYAJIBHOHM  TpPaeKTOPHH
oOpaszoBanusl, Oyayiiel npodeccuu U peanu3anui COOCTBEHHBIX KU3HEHHBIX IJIAHOB
C YYETOM JIMYHOCTHBIX HMHTEPECOB, CIIOCOOHOCTEM K HayKe, HWHTEPECOB
U IOTpeOHOCTEeM 0011IecTBA.

B cgpepe sxonocuueckozo 6ocnumanusi:

HKOJIOTUYECKU 1€JIecO00pa3HOe OTHOLIEHHE K NpUpOJie KaK HCTOYHHKY
CYILECTBOBAHMS )KM3HU Ha 3EMJIE;

HaJIM4ME Pa3BUTOrO KOJIOTMYECKOTO MBIIIJIEHUS, SKOJIOTHYECKON KYJIbTYpHI,
OMbITA JIESITEIIBHOCTU 3KOJIOTMYECKOW HANPaBJICHHOCTH, YMEHUSI PYKOBOJCTBOBATHCS
UMHU B TO3HABaTEIbHOW, KOMMYHUKATUBHON W COITMATIBLHOW MPAKTHKE, CIOCOOHOCTH
Y YMEHHS aKTUBHO MPOTUBOCTOSTH UACOJIOTUU XeMopoOuu;

CIIOCOOHOCTh HMCIOJIb30BaTh MNpPUOOpPETaeMble MpPU H3YYEHUU HAHOXUMUU
3HAHMSI M YMEHUS TMpPU PEIIeHUH TpoOJeM, CBSI3aHHBIX C PalMOHAJIBHBIM
IPUPOJIONIOIB30BAHUEM (COOJIIOIEHUE TIPABUII MTOBEACHUS B TIPUPO/IE, HAPABICHHBIX
Ha COXpaHEHUE PABHOBECHS B AKOCUCTEMAX, OXPaHy BUIOB, SKOCHCTEM, OMOChEpPHI);

OCO3HaHME TJI00aJIBbHOrO XapakTepa JKOJIOTMYECKMX MpoOJeM M MyTed ux
peLIeHus.

B cgpepe yennocmeri nayunoz2o noznanus:

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

pPAaMOHAJIBHOTO HAYYHOI'O MBIIJICHHUA, CO3AAHUC NCJIIOCTHOTO MPCACTABICHUSA
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00 OKpY’KaroIeM MUpe KaK O €IUHCTBE MPUPOIbI, YeJIOBEKa U 00IIEeCTBA, B TIO3HAHUH
NPUPOAHBIX 3aKOHOMEPHOCTEH M PEIICeHUH NpoOJIeM COXpPaHEHUS MPUPOJIHOIO
paBHOBECHS,

MOHMMAHUE CYIIHOCTA METOJI0OB TMO3HAHMS, MCIOJIb3YEMBIX B €CTECTBEHHBIX
HayKax, CIIOCOOHOCTH UCIOJIb30BATh MOTyYyaeMble 3HAHUS JIJIsl aHAIU3a U OObSICHEHUS
SIBJICHUM OKPY>KAIOIIEr0 MUpa U MPOUCXOMASIIUX B HEM U3MEHEHUI, YMEHUE JenaTh
00OCHOBaHHBIEC 3aKJIIOUCHUS HAa OCHOBE HAYYHBIX (DAKTOB W JAHHBIX, MOJYYEHHBIX
B XO0/I€ Y4YeOHO-MCCIEAOBATEIIbCKOTO JKCIIEPUMEHTa, C LEIbI0  MOJyYeHHUs
JIOCTOBEPHBIX BBIBOJIOB;

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

FOTOBHOCTh M CIIOCOOHOCTH K HENpPEepbIBHOMY  0Opa30BaHMIO
1 caM00Opa30BaHUI0, K AKTUBHOMY TIOJIYYCHHUIO HOBBIX 3HAHUW B COOTBETCTBUU

C JKXU3HCHHBIMU HOTpC6HOCT5IMI/I.

METAINIPEAMETHBIE PE3YJIBTATHI

B cepepe o6nadenus noznasamenvHviMu YHUGEPCATILHBIMU YUEOHLIMU
oelicmeuamu:

ba3zosvie nocuueckue oeticmausi:

CaMOCTOATENILHO  (opMynHMpoBaTh HM  aKTyallM3MpOBaTh  MPOOJIEMY,
paccMaTpuBaTh €€ BCECTOPOHHE;

UCIIOJIb30BaTh TIPU OCBOCHUHM 3HAHWUW TIPHEMBI JIOTUYECKOTO MBINIJICHUS
(aHayM3a, CHWHTE3a, CPaBHEHMS, KJIacCHUUIIMPOBAHUS, OOOOIIEHUS), PACKPHIBATH
CMBIC]T HAayYHBIX TOHSATHH (BBIACISITH MX XapaKTepHBbIC MPU3HAKH, YCTAaHABIUBATH
CBSI3M C IPYTUMH TTOHSTHUSIMH );

ONpENENATh LEeTu JeATeTbHOCTH, 3aJaBas mapamMeTpbl U KPUTEPUH UX
JOCTHKEHUSI, COOTHOCUTD PE3YNIbTATHI ACSTENHHOCTU C TOCTABICHHBIMU LIETSIMU;

HCIIOJIb30BATh HAYYHBIC ITIOHATHUA IJIA 00OBsICHEHUS (I)aKTOB U SIBJICHUM IIPpUPOALI;
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CTPOUTH  JIOTMYECKHE  pPACCYX ACHUS  (MHIYKTUBHBIC,  JECHYKTUBHBIE,
[0 AHAJIOTHH), BBISBISATH 3aKOHOMEPHOCTH M MPOTHUBOPEUHS B pPacCMaTpUBAEMBbIX
SBIICHUSX, (DOPMYIHPOBATH BHIBOABI U 3aKIIOUCHHS,;

IPUMEHATh CXEMHO-MOJENbHBIE CPEACTBA JUJISl IPEJICTABIICHUS CYIIECTBEHHBIX
CBSI3€H U OTHOLICHHUM B M3y4aeMbIX 00BEKTaX, a TAaKXKe MPOTUBOPEUUNA PA3HOTO POa,
BBISIBJICHHBIX B PA3JIMYHBIX HH(HOPMAIIMOHHBIX HCTOYHUKAX;

pa3palaTeiBaTh IUIaH PEIHICHHUA MNPOOJIEMBI C YYETOM aHajdn3a HWMEIOIIUXCS
MaTepHUaIbHBIX 1 HEMATEPUAJIbHBIX PECYPCOB.

ba3zosvie uccneoosamenvcrue oeticmsusi:

BJIAJICTh HAyYHON TEPMHUHOJIOTHMEH, KIIOUYEBBIMU MOHATUAMU U METOJAMH
HAaHOHAYKU;

BJIa/IETh HaBbIKAMHU y4€OHO-HCCIIEI0BATEIbCKON M MPOEKTHOM N1EATEIbHOCTH,
HaBBbIKAMHU pa3pelieHus Ipo0ieM; CHOCOOHOCTHIO U TOTOBHOCTBIO K CAMOCTOSITEIbHOMY
MIOMCKY METOJIOB PEIICHUs MPAKTHYECKUX 3a/1a4, IPUMEHEHUIO Pa3IU4YHBIX METO/IOB
MO3HAHUS;

WCITOJIB30BATh PA3JIMYHbIC BUJIBI JEATEIBHOCTH 10 MOJTYYEHUIO HOBOIO 3HAHUS,
€ro MHTEepIpeTalny, NPeoOdpa3o0BaHNIO U MPUMEHEHUIO B YUYEOHBIX CUTyallUsIX, B TOM
YHUCJIE MPU CO3JaHUMU YUYEOHBIX U COLUATIBHBIX TPOEKTOB;

dbopMupOBaTh HAYYHBIM TUI MBIILUICHUS], BIaJACTh HAYYHONH TEPMUHOJIOTHUEH,
KJIFOYEBBIMU MOHATUSIMU U METOJIAMU;

CTaBUTh U (POPMYJIUPOBATH COOCTBEHHBIE 33/1a4M B 00pa30BaTEIbHON ACATEIHHOCTH
U KU3HEHHBIX CUTYaIUsX;

YMETh HHTETPUPOBATH 3HAHUS U3 PA3HBIX MPEIMETHBIX 00JIaCTEH.

Paboma c ungpopmayueii:

BJIAJ€Th HABBIKAMHU MOJYyYEHUsS] MH(POpPMAIMK U3 UCTOYHUKOB Pa3HbIX THUIIOB,
CaMOCTOATEJIBHO OCYILECTBISATh MOUCK, aHAJIN3, CUCTEMATU3aLHI0 U HHTEPIIPETALIUIO
uH(pOpMaIUU PA3TUYHBIX BUAOB U (POPM MpeCTaBICHUS;

OLICHUBATh JIOCTOBEPHOCTh MH(POPMAIUH;

bopMyIMpoBaTh 3amnpochl U MNPUMEHSTh Pa3IUYHbIE METOJbl TPU TOUCKE

u otOope nHpopMaluu, HeoOXO0TMMOM TSI BBITIOTHEHUS yUeOHBIX 3a/1a4;
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CaMOCTOATENLHO  BBIOMpaTh  ONTUMAIBHYIO  (OpPMY  TIPEACTABJICHHS
nHpopMaruu (cxemsl, rpaduKu, JUArpaMMbl, TaOJIUIIBI, PUCYHKHU U JIp.);

WCIIOJIP30BAaTh HAYYHBIM SI3BIK B KA4eCTBE CpEACTBA TMpuU  paboTe
c uHGOpMaLIMEH: MPUMEHATh XUMHUYECKUE, (PU3NYECKHEe W MaTeMaTHYECKUE 3HAKU
Y CUMBOJIBI, dbopmyIbl, ab0peBuarypy, HOMEHKJIATYpYy, UCIIOJIb30BaTh
U TIpeo0pa30BBIBATH 3HAKOBO-CUMBOJMYECKUAE CPEACTBA HATIISTHOCTH.

B cpepe o6nadenusa ynusepcanvHbimu KOMMYHUKAMUBHBIMU OCUICIBUAMU:

OCYIIIECTBJIATH OOIICHHE BO BHEYPOUHOU ACSITCILHOCTH;

Pa3BEpHYTO M JIOTUYHO H3JIaraTh CBOIO TOYKY 3pPEHHS C HCIOJIb30BAaHUEM
SI3BIKOBBIX CPEJICTB;

MOHUMAaTh W MCIOJIb30BaTh MPEUMYIIECTBA KOMAHIHON M WHAMBHUIYaIbHOU
paboThI;

BBEIOMPATh TEMATHKy M METOJbI COBMECTHBIX ICHCTBUM C YYETOM OOIIUX
WHTEPECOB M BO3MOKHOCTEH KaXKJ0T0 YjieHa KOJUICKTHBRA,;

MPUHUMATh 1 (17 COBMECTHOI NEeATETHHOCTH, OpraHU30BHIBATH
Y KOOPJIMHUPOBATH ACUCTBUS MO €€ JOCTHKEHUIO: COCTABJIATH IUIAH JIEWCTBUM,
pacnpenensiTh poJid C Y4YETOM MHEHUW YYaCTHUKOB, OOCYXJaTh pe3yibTaThl
COBMECTHOM paboThI;

OIICHMBATh KA4E€CTBO CBOETO BKJIAJa M KaXKIOTO YYACTHUKA KOMAaHJIbI B OOIIIHIA
PE3YNBTAT MO Pa3pabOTaHHBIM KPUTEPHUSIM;

npemyiaraTh HOBBIE TPOCKTHI, OICHUBATh WJICU C TO3UIMA HOBHU3HBI,
OpPUTHHAIBHOCTH, IPAKTUICCKON 3HAYNMOCTH,

OCYIIECTBJISATh TIO3UTUBHOE CTPATETHYECKOE TIOBEICHUE B Pa3TUYHBIX
CUTYaIHSIX, IPOSIBIISITH TBOPUYECTBO M BOOOpaKeHNE, OBITh MHUIIMATHBHBIM.

B cpepe o6nadenusn ynueepcanvHoimu pecynamueHbIMu O€liCEUAMU:

Camoopeanuzayusi:

WCIIOJIb30BAaTh HAyYHBIC 3HAHUS ISl BBISBICHUS MPOOJEM W WX PEIICHHUS
B KU3HEHHBIX M YUYEOHBIX CUTYaIIMSIX;

CaMOCTOSATEIILHO OCYIIECTBIIATh TMO3HABATEIBHYIO JEATCILHOCTh, BBISBISTH

npo0IeMbl, CTaBUTh U (POPMYIMPOBATH COOCTBEHHbIE 33]1a4H;
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CaMOCTOATEJBHO COCTABJIAThH IUIAH BBINOJHEHUSA y4e€OHO-MCCIEI0BATEIBCKOIO
DKCIIEPUMEHTAa C YYE€TOM HMEIOUIUXCS PECYpPCOB, COOCTBEHHBIX BO3MOKHOCTEH
Y IIPEAIIOYTEHU M,

paciupsaTh paMKd Y4eOHOro MHpeaMeTa Ha OCHOBE JIMYHBIX IPEINOYTEHUI;

JIe71aTh OCO3HAHHBII BBIOOP, apryMEHTHPOBATH €0, OpaTh Ha ce0s1 OTBETCTBEHHOCTh
3a PELLECHHUE;

OLICHUBATh MPUOOPETEHHBIH OIbIT;

CrocoO0CTBOBaTh (OPMHPOBAHUIO W TPOSBICHHUIO S3pyIULIMA B 00JacTU
€CTECTBEHHBIX HAyK, IIOCTOSIHHO IMOBBIIIATh CBOI 00pa30BaTENbHBIN U KyJIbTYPHBIN
YPOBEHB.

Camoxoumpons.

JaBaTh OIICHKY HOBBIM CHUTYyAaIlMsIM, BHOCHTh KOPPEKTHBBHI B JEATEIHHOCTD,
OLICHMBATh COOTBETCTBHE PE3YJIbTATOB LIEJISAM;

OpUHAMATh MOTHUBBI W apTyMEHTBl JPYTUX TPU aHaJIM3€ pPe3yJlbTaToB
JeSITENIbHOCTH;

UCIIOJIB30BaTh MpUEMbl pedeKCuu JUisl OLEHKH CUTYalllH, BEIOOpA BEPHOIO
peleHus;

YMETh OLIEHUBAaTh PUCKM M CBOEBPEMEHHO MPUHUMATh PELICHHUS MO  HUX
CHW)KEHUIO.

Lpunsmue cebs u ()DV.?LLX.’

IIPUHUMATDb ce651, IIOHHUMasa CBOM HEAOCTATKHU U JOCTOMHCTBA,

NPU3HABATH CBOE MPABO U MPABO APYTHX HA OMIHUOKH.

HPEAMETHBIE PE3YJIBTATBI

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

OCHOBHBIE I10JIO’)KEHHUSI 3aKOHOB, TEOPHIA, 3aKOHOMEPHOCTEN, IPABUII, TUIIOTE3
B 00J1aCTH COBPEMEHHBIX HAHOHAYKH U HAHOTEXHOJIOTUH;

Oouorpauyeckue 1aHHblE U OCHOBHBIE JOCTUKEHUS BEAYIINUX NPEACTaBUTENEH

HAayYKH O JUCIICPCHBIX CPCJax N HAHOXUMUH,
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OCHOBOITOJIAraKIe HAHOXMMUYECKHE TEPMUHBI U MOHATHSA (HAHOYACTHUIIA,
HaHOMAaTEPUAJIbl, HAHOCTPYKTYPhI, HAHOCUCTEMBI U JIP.);

CTPOCHHE OCHOBHBIX HAIMOJIEKYJSIPHBIX  CTPYKTYp, MNPHUCYTCTBYIOLIUX
B JUCIIEPCHBIX CPElax;

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

(GyHKIIMOHAIBHBIE ~ BO3MOXXHOCTH ~ HAHOCTPYKTYPUPOBAHHBIX  BEIIECTB
U MaTEpHAJIOB;

OCHOBHBIE METOJIbl HAYYHOI'O IMO3HAHUS, UCIOJIb3YEMbIE B HAHOXUMHUYECKHUX
Y HAHOTEXHOJIOTHYECKUX HCCIIEJOBAHUSAX;

KJIIOYEBBIE TIOCTHXKEHUS B 00J1aCTH HAHOTEXHOJIOTUH;

OCHOBHBIE ITPUJIOKEHUS HAHOCTPYKTYPUPOBAHHBIX BEIIECTB U MATEPUAIIOB.

1o utoram peanusanuu IIporpammsl oOyvatomuecs Oy1yT yMeThb:

MI0JIb30BATHCSI TEPMUHOJIOTHEN, OTHOCSIIEHCS K HAHOXUMHUH U HAHOTEXHOJIOTHH;

pasnu4arth pa3IUYHbIE YpOBHU OpraHu3aIiu MaTepuu
B HAHOCTPYKTYPHUPOBAHHBIX O0BEKTAX;

coOupaTh Mapo-CTeP)KHEBBIC MOJICIIN CTPYKTYP HAHOOOBEKTOB;

MPUMEHSTH TPOrPaMMHOE 0OecTieueHre )11 BU3yalu3allii MPOCTPAHCTBEHHOM
CTPYKTYpbl HAHOOOBEKTOB;

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

aHAIN3UPOBaTh M300paKeHUS HAHOCTPYKTYPUPOBAHHBIX 00BEKTOB,
MOJIYYCHHBIC PA3TUYHBIMUA METOAAMH H3yUCHHUSI,

YCTaHABIIMBAaTh  B3aMMOCBSI3W  MEXKIy  HAyKOHW HM  TEXHOJIOTHSIMH,
HaHOMAaTepHUaJlaMU U KX CBOWCTBaMH, METOJIAMH MCCIICIOBAHUS U KX BO3MOXKHOCTSIMU;

OIICHUBATh OSTUYECKUE AaCTEeKThl COBPEMEHHBIX WCCIEAOBaHUA B 00JIacTH
HAHOTEXHOJIOT UM,

CaMOCTOATENbHO PabOTaTh C MCTOYHMKAMHU JIOTIOJHUTEIBLHOW JIUTEpaTyphl

Y UHTEPHET-PECypCcaMu, BKIKOYAsi pECYpPChl Ha aHTJIMICKOM SI3bIKE.
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TEMATHYECKOE INTAHUPOBAHUME

Ne Haumenosanue Konuuecmeso IIpozpammnoe Xapaxmepucmuxa
n/n pazoenos yacoe cooepoicanue oesamenbHoCmu
u mem Kypca obyuarowuxcs

Pa3nen 1. Opranusaunonnoe 3ansaTue « HaHOXMMUSI 1 HAHOTEXHOJIOTHS KaK

MEKINCHUIITINHAPDHAA 00J1aCTB»

1.1. | Benenue
B [Iporpammy

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

0€e30I1aCHOCTH

IlepBuunas
nuar"HocTuka. BxomaHoe

TSCTUPOBAHUC

Hroro no pazaeny

2

Pa3nen 2. UcTtopusi HAyKu 0

AUCIIEPCHBIX CUCTEMAX

2.1 | Havano uzyuenus
MOBEPXHOCTHBIX
SIBIICHHUI

U JTUCTIEPCHBIX

CUCTEM

4

Kanunnsipel 1 3aKoH
Jlarmaca. U3yuenue
aacopomuu (K. leerne,
T. JloBum).
Mertanueckue 3011
(M. Dapaneit).
BbpoyHoBckoe
nemxkenne. Ocmoc

u quanu3 (T. ['pam).
Kononnaele cucTeMEL
Onpenenenne yncna
Asorajnpo (K. [leppen).
Db dext Pebunaepa.
Tepmun
«HAHOTEXHOIIOTUIY,
HCTOPHS €TO MOSBICHUS
1 TIOTTYJISIpU3AIIT

(P. ®deiinman,

H. Tanuryru,
9. Hpekcinep)

Yuebno-
uccne0o8amenbCKuil
9KCHEePUMEHM.:
Nzyuenue agcopoumu
KpacUTEJEN C IIOMOLIBIO
AKTUBUPOBAHHOTO YTJIA.
Omnpenenenue ero
COpOLIMOHHOM

CIIOCOOHOCTH

Hroro no pazaeny
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Pasznen 3. OcHOBBI (1)I/I3I/IKI/I MMOBEPXHOCTHU U NUCHEPCHBIX CPEX

3.1 | OcHoBBI pusuku 4 DU3UKO-XMMUYECKUE Vuebno-
HIOBEPXHOCTH CBOIiCTBa aTOMOB UCCE008AMENbCKUIL
Ha TTOBEPXHOCTHU. IKCnepumerm.
[ToBepxHOCTHOE Ornpenenenne
HATSDKCHHUE. AICOPOLHSL. | [10BepXHOCTHOIO
CmaunBanue HATSDKCHUS BOJIBI
METO/IOM OTpHIBA
Karelb
3.2 | CoiicTBa 4 OneKkTpuyecKue Vuebro-
JUCIIEPCHBIX Cpen CBOMCTBA. uccne0o8amenbCeKuil
VY CTOWYHBOCTS. OKCRepUMEHm.
Ou3HKO-XMMUYECcKast O1eHKA TOJIINHBI
MCXaHHUKa rpaduToBOI TMHUH
B 3aBUCHMOCTH
OT MATKOCTH KapaH/aIa
Utoro no pazneny 8

Pa3nen 4. lucniepcHble CHCTEMbI: MOJIy4YeHUEe U PUMEHeHne

4.1 | Knaccudukauns 2 [TonsTrs IIpaxmuueckas paboma:
JIUCTIEPCHBIX CUCTEM «HaAHOMAaTepHua», Monenupoasue
«HaHOOOBEKTY. CTPYKTYPhl HAHOYACTHUII
Buisl HaHOOOBEKTOB pa3sHOro pasmepa,
(0D, 1D, 2D; CpaBHEHHUE J0JU
MHKPO-, ME€30- IIOBEPXHOCTHEIX aTOMOB
¥ MaKpOTIOPHCTHIE). 1 4nciia
Apkue npumeps! HECKOMIICHCUPOBAaHHBIX
HPOABICHUA BAJICHTHOCTEN
pa3MepHoro 3pdexra
4.2 | lucnepcHsle 2 ITensl, adpo3onu Vuebno-
CUCTEMBI, A asporeiimn uccneooeamenbCkuil
CoACpxKaMuUe 9KCNEPUMEHIN:
ra3zoByio ¢azy Omnpenenenue
YCTOMYMBOCTHU TIEHBI
MOIOIIIUX CPEJICTB
4.3 | HducnepcHble 2 3051, TN, SMYJIbCUH Vuebro-
CUCTCMBI, U CyCIICH3MH. UCCe008amenbCKull
coiepIKaIue ITonoxenue 3omei OKCHEPUMEHM.:
KUAKYIO ha3y Ha HIKaJIe TUCIIEPCHOCTH | [ToydyeHune 30mei

KOJJIIOMAHBIX CUCTCEM

HaHOCTPYKTYPHUPOBAH-

HOTO cepedpa
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4.4 HucnepcHbie 3 [ToBepxHOCTHO- Vuebro-
CHUCTEMBI, AKTHUBHBIC BCIICCTBA. uccnedoeamenbCKuil
coJiepiKaIye MemOpaHbl, MULIEIITBI IKCHepUMEHM:
IIOBEPXHOCTHO- H JIMITIOCOMBI. N3ydenue BIUsSHUS
aKTHBHBIC BEIECTBA buonoruueckue [IOBEPXHOCTHO-
JTUCTICPCHBIC CHCTEMBI AKTHBHBIX BELIECTB
Ha MIOBEPXHOCTHOE
HATSDKEHHE
45 | Meroasl 1 D¢ dexr Tunnans. Vuebro-
BU3Yyalln3aluu AHanu3 TpaeKTopHii uccneo008amenbCKuil
HAHOYACTHI] JBHKCHHS HAHOYACTHIL | sxcnepumenm.:
JemoHcTpanys
s dexra Turpans
Ha JIUCIIEPCHBIX
CUCTEMaXx Pa3IMYHOrO
pona
Wroro mo pazneny 10

Pa3nes 5. MeToabl CMHTE32 HAHOCTPYKTYPUPOBAHHBIX BellleCTB M MaTepHAJIOB

5.1 | IlpuHnun «cBepxy- 2 HpuHuMnbl NONYYCHUS | [Tpaxmuueckas paboma:
BHH3» HaHOCTPYKTYD: IocTpoenne Mmoaenu
«CBCPXY-BHU3» IUIaHETAPHON
U «CHHU3Y-BBEPX)». MEJTBHHIIBI
[Tonyuyenue rpadena.
OcobenHocTu paboThl
TUTaHETAPHBIX METTHHHI
5.2 | IlpuHnmn «cHU3Y- 8 OcHOBBI Yuebno-
BBEPX» CYIpPaMOJIEKyJIIPHOM uccneo008amenbeKuil
xumun. CamocOopKa. 9KCnepuMeHm:

MerToabl cHTE3A
HAHOYACTHII: «MSITKOM
XUMHEH» — 30JIb-T¢Ib,
«TOMOT'EHHOT'O
OCaKICHHU,
oOparniéHHo-
MULICIUISIPHBIN,
MUKPO3MYJIbCHOHHBIN;
tepmonus, CVD.
Mertop! cTaOUIN3aun

HaHOYaCTHII:

lNazodaznsiii cuaTe3
HaHOKPHUCTAJUINYECKOTO
XJIOpU/1a aMMOHHSL.
[Tonyuyenue 3oien
HaHOMarHeTuTa,
HaHOPa3MEpPHOIO
JMOKCUA TUTaHA,
OCpIMHCKOM Ja3ypH.
[TonyuyeHue HaHOILIEHOK
cepeOpa Ha CTEeKIISTHHOM

nou1okke. OreHka ux
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CTepUYECKasi, XelaTHasl,
AIIEKTPOCTATUYECKAS,
AMMOOWIM3aIuen

B MaTpHIIE.
HampaBnenHslIil cuHTe3
HaHOOOBHEKTOB:
KBAaHTOBBIE TOUKH,
HAHOIUIEHKH, 00bEMHBIE
HaHOMAaTEPHAIIBL.
Moaudukamus CBOWCTB

HaHOMAaTEpPHAJIOB

TOJILIUHBIL.
[TpomexxyTouHas

aTrTecranus

Hroro no pazaeny

10

Bcero xoau4ecTBo 4acoB

no [Iporpamme 3a rog

34
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11 KIIACC

No Haumenosanue
n/n pazoenos

U mem Kypca

Konuuecmeo

yacoes

Ilpoepammmuoe

cooepoicanue

Xapaxmepucmuxa
oessmenbHoCmu

obyuarowuxcs

Pa3nen 6. MeToabl HCC/1eI0BAHNUSI HAHOCTP

YKTYPMPOBAHHBIX BellleCTB U MATEPHAJIOB

6.1 | Onruueckue 4 Onrtuyeckue CBOICTBA | Vyepno-
MCTOBI HaHOYaCTHIL Uccne008amenbCeKull
¥ HAaHOMaTEPHAJIOB. IKCnepuMenm:
Mukpockommus. Muxkpockonu4eckoe
HupaKiuoHHbIi M3y4eHHE TIPENApaToB
npezien. GoToMeTpHL. HaHocepeOpa Ha CTeKJIax
Cnexrpodoromerpus:
M3MEPEHHUE MPOTYCKAHHS,
MOTJIOUICHUS,
JIFOMHUHECLIEHIIMH.
JlmHamMu4deckoe
CBeTOopaccesHue
6.2 | DmexTpoHHAs 3 [TpocBeunBaromas Ilpakmuueckas paboma:
MHUKPOCKOIIHS AIIEKTPOHHAS CpaBHMTENIbHBIN aHATN3
MHUKPOCKOTIHSL. n300pakeHH
Ckanupytomas HAHOCTPYKTYD,
AIIEKTPOHHAS MIOJTY4EHHBIX
MUKPOCKOIIHS. 3IEKTPOHHOU
Oco6eHHOCTH U3YYeHHsI | MUKPOCKOMHEH
OMOJIOrYEeCKUX
OOBEKTOB
Ha HaHOYpPOBHE
6.3 | PeHTreHoBckas 4 PentrenodazoBebrit Ilpakmuueckas paboma:
TU(PPaKTOMETPUS aHanu3. YIIUpeHue Buszyanuszanus cTpykTyp
IIAKOB KaK MMPU3HAK OMONOIMMEPOB,

HaHOOOBEKTa U KaK
croco0 OIIEHKH pa3Mepa
KPUCTAJLTUTOB.
PeHTreHoCTpyKTypHBI
ananu3. OnpenenexHue
CTPYKTYpBI
HAHOPa3MEPHBIX
00BEKTOB Ha aTOMHOM

YpOBHE

MOJIYYE€HHBIX METOAOM
PEHTTEHOCTPYKTYPHOTO

aHaJIn3a
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6.4 | Cxanupyromias 6 TyHHenbHAS Yuebno-
30H/10Bast MUKPOCKOIHUSA. ATOMHO- | UCCe008amelbCKuUll
MUKPOCKOIHS CUJIOBasi MUKPOCKOIIMSL. | 9KCHEPUMEHM.:
Ananuz N3ydeHune noBepXxHOCTH
HAHOCTPYKTYPbI METOJIOM aTOMHO-
ITOBEPXHOCTEH. CUJIOBOM MUKPOCKOIIUU.
Cratuueckuii
U TUHAMHUYECKUIN Ipaxmuueckas paboma:
PEXKUM CKaHUPOBAHUS AHanu3 n300paxxeHu,
MOJTyYEHHBIX METOJIOM
ATOMHO-CHJIOBOU
MUKPOCKOIIHUH,
C TIOMOIIIBIO
COBPEMEHHOTO
IPOrPaMMHOTO
obecrieueHus
Utoro no pazneny 17

Pa3znen 7. ®yHKIIHOHAIbHBI

€ CBOiicTBa HAHOCTPYKTYPHUPOBAHHBIX BEIIECTB U MAaTEPHUAJIOB

7.1 | ®dyHKIMOHAIBHBIE ) CBepxHu3Kas Yuebno-
CBOICTBA BEIIECTBA, CMa4YMBaEMOCTb. uccne0o8amenbCKull
obecrieunBaeMble CBepXNpOYHOCTb. 9KCNePUMEH.:
HaHOMaTepHalaMU Bricokoremmiepatypras | M3zyuenue «addexra
CBEPXITPOBOAMMOCTb. JOTOCa» Ha IpUMepe
Caepx¢punbTpanys. JIENIECTKA PO3BI.
CBepXbAPKOCTD N3mepenue kpaeBoro
CBETOHCITYCKaHHSI. yria
Cyxas anre3us
(bnommmeTHKa
reKKoHa). MarHuTHbIe
CBOICTBA
Hroro no pazaeny 5

Pa3nen 8. HaHoTeXHOJIOTHMH — MEePCNEKTUBBI PA3BUTHS M COCTOSIHME HAYKH

HA CerOAHAIIHMNMI A1eHb

8.1 | CoBpemeHHbIE
HPHMCHEHUSI

HaHOTCXHOJJIOT NN

OO6muit 0630p
COBPEMEHHBIX
[IPUMEHEHUN

HAHOTCXHOJIOTHUH

Buxmopuna:
Hanorexnonoruu

B HAlllIEH KU3HU
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8.2 | Yrumeponansie 2 Ocobas pons yriepona | [Ipakmuueckas paboma:
HaHOMAaTEePUAIIbI B HAaHOMHUpE. MonenupoBanue
@ynepensl, rpades, IPOCTPAHCTBEHHOM
HaHOTPYOKH CTPYKTYpPHI PyJUIepEeHOB
8.3 | Hanomatepuabl 2 Hanomarepuansl Yuebno-
JUTSL SHEPTETUKU B TOIUTMBHBIX uccne0o8amenbCKull
AIIEMEHTAX. 9KCHEePUMEHM.:
JIuTuii-noHHkIe N3mepenue eMKoCcTr
aKKyMYJISITOPBIL. JUTUI-UOHHOTO
CymnepKoHIeHCATOPBI aKKyMYJISITOpa
8.4 | HanosnexkTpoHnuka 2 3akoH Mypa. Ipaxmuueckas paboma:
TexHonmornueckuit AHanu3 n300paxeHus
MpOIIeCC MPOU3BOICTBA | MMOBEPXHOCTH KOMITAKT-
WHTETPaTbHBIX JIACKa
MukpocxeM. CrucremMbl
3arucy HHPOPMAIHH
8.5 | Hanomarepuanbl 2 Hanoguarnocruka. Ilpakmuueckas paboma:
B MEIUIUHE IIpumenenue Busyanuzanus
Y 9KOJIOTHH HaHOMaTepHUalloB POCTPAaHCTBEHHOMH
B TepaIHH. CTPYKTYPBI
HanocopOeHTHI. HaHOOMOIpenaparos
doTokaTanu3aTopsl. C TIOMOMUIBIO
CamooumncTka COBPEMEHHOTO
IPOrpPaMMHOTO
o0ecrieueHus
Wroro mo paznery 9

Pa3gen 9. AkryanbHble NpodJieMsbl B 00J1a

CTH HAHOXMMHUHU N HAHOTEXHOJIOI'UHN

9.1 Huckyccus 3 AkxTyanbHble poOnemMsl | MTorosas arrecrarius.
B 00JaCTH HAHOXMMUHU | 3ayeTHas paboTa
Y HAaHOTEXHOJIOT U

Hroro no pazaeny 3

Bcero ko1m4uecTBo 4acoB 34

no IIporpamme 3a rog
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OPTAHU3AIIMOHHO-ITEJATI'OI'MYECKHE YCJIOBUS PEAJIM3AIIUN
ITPOI'PAMMBI

Metoanueckoe ooecniedenue peaausanuu [lporpammei

[Ipu peanuzamuu IlporpamMMbl B y4eOHOM MpOLIECCE  HMCIOIB3YIOTCS
METOJUYECKUE IMOCOOUs, NUJIAKTHYECKHE MaTepHaybl, (OTO- U BHUACOMATEPHUAIBI,
KOHCTPYKTOPBI JUIsl CO3JIaHMsI 1IApPO-CTEPIKHEBBIX MOJICNICd XUMHUYECKUX CTPYKTYD;
KypHaJIBl W KHUTH, O0030pbl W OpUTMHAJbHBIC MyOJauKaruu, Oa3bl JaHHBIX,
MpOrpaMMHOE OOECIIEUCHHE JIJI1 PUCOBAHUSI XUMUYECKUX CTPYKTYp U BU3yaau3alluu
MPOCTPAHCTBEHHBIX 00BEKTOB, ITpoune MaTepuansl B Cetu MHTEpHET.

IIpu npoBeaeHUM 3aHITUIA UCTIOIB3YIOTCS:

® CJIOBECHbIE  METOAbl  OOyuYeHHs: JIGKIIMH, OOBSICHEHHUsS,  Oecenpl,
KOHCYJIbTallNH;

® HarIsAHBIC  METOJAbI  OOy4YeHHs:  MPE3CHTAIlMH,  BHUJCOMaTEPHAIIbI,
BU3YyaJIM3allUH;

® IICCJIC/IOBATEIIbCKUE METOAbl OOYyYEHHUSI — BBINOJHEHHUE OOYyYarolIUMUCS
ONPEACICHHBIX NCCIICI0BATEIbCKUX 3aJaHH.

YcBoeHue marepuaiga KOHTPOJUPYETCS TPU  TMOMOIIU  TECTUPOBAHUS
Y BBIMIOJIHEHUS TPAKTUYECKUX 3aJaHUi. 3aKJIIOYUTENIbHOE 3aHSATHE IMPOBOJMUTCS

B (popMme 3aueTHOM pabOTHI.

MartepuajibHO-TeXHHYeCKHe Yca0BuA peajn3auuu [IporpamMmmbi

[TpomykTHBHOCTh PaOOTBI BO MHOTOM 3aBHCHUT OT KadyeCTBa MaTepUaIbHO-
TEXHMUYECKOTO OCHameHus mporecca. [Iporpamma peanusyercs B ayIdUTOPHH
o0pa30BaTeIbHON OpPraHu3allid ¢ MPUMEHEHUEM TEXHHYECKHX CPEACTB OOYUCHHSI
1 1a0opaTopHOro 000pyI0BAHUS:

® KOMITHIOTEPHI YUUTENS i 00YJIArOIINXCS;

® UHTEPaKTUBHAS JOCKA;

¢ ydeOHO-HayYyHOE 000pyI0BaHKE TIO (PH3UKE U XUMHUHU.
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JIMTEPATYPA U 3JIEKTPOHHBIE PECYPChbI

HopmatuBHas 0a3a

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

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

3. ®enepanbHas oOpa3oBaTesbHas IporpaMma CpeIHero oo1ero oopa3oBaHus
(yrBepxaeHa mnpukazoM Munnpocsemenuss Poccun ot 18 mas 2023 r. Ne 371,

3apeructpupoBad MuntoctoM Poccun 12 utons 2023 r. Ne 74228).
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Mockasa : Xumpak MI'Y, 2006. — 68 c.

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

11. O BKJIFOUEHUH OCHOB HAHOXMMHH B COJIEPKAHHUE IIKOJIBHOIO XMMHUYECKOTO
obpazoBanust / C.A. BonkoBa, A.A. Ubarymumn, C.B. Porateix [u np.] /| Xumus
B mikose. — 2023. — Ne 6. — C. 19-24.

12. [Iatp HOOENEBCKUX YPOKOB (NMPAKTUKyM JJs  CTapIICKIACCHUKOB
M0 CKaHUpYIOIIeH 30HI0BOoM Mukpockonuu) / A.B. bonbmakosa, E.B. [lyOpoBuH,
A.J1. IIporononosa [u ap.]. — Mockaa : LlenTp nepcriektiBHbIX TexHosmoruii, 2013. — 94 c.

13. Ceryxun B.B. OcnoBel HaHoTexHonormii. 10—11 xmaccer : ydeOGHOE
nocoobue / B.B. Cmeryxun, MN.O. SBrymenko. — 3-¢ u3m., crep. — Mocksa :
[Ipocsemenne, 2023. — 111 c.

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

15. Teopuss ¥ NpakTUKa CKaHUPYIOUIEH 30HIOBOM MMKPOCKOIHMH: HOBBIE
pemieHuss IS (GU3MKH, XUMHH, Owosorud W wMemuimuabl /| AWM. AxmeTosa,
O.B. BanoB, H.E. MakcumoBa [u np.] // Hawomnnyctpus. — 2023. — T. 16,
Ne 2(120). — C. 88-95.

16. IllepbakorB A.b. IlpakTrikym mo HaHOMaTepuajgaM W HAHOTEXHOJOTHAM /

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