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MHNOACHUTEJBHASA 3AIIMCKA

Hanoxumusi sBIs€TCS €CTECTBEHHO-HAYYHOM OCHOBOW HAHOTEXHOJOTHH,
UTPAIOIIMX KpanHe BaXHYK pOJIb B COBPEMEHHOM TEXHUKO-DKOHOMUYECKOU
napagurme. Hanoxumus ucciemyer cnocoObl MOTy4YeHHs M CTaOMIIM3aIiH, CBOWCTBA,
CTPOEHHME U  OCOOCHHOCTHM  XUMHYECKMX  HpPEBpPALICHHMH  HaHOOOBEKTOB
M HAHOMATEPHAJIOB, a TAKXE WX IPAKTUYECKUE MpuiokeHus. Hanoxmmmus crama
JOTUYECKUM  pPa3BUTHEM  KOJUIOMJHOM  XHMHHM, C  OJHOHM  CTOPOHBI,
U CYNPaMOJIEKYJIIPHON XUMUU — ¢ Apyroil. O0e 3TUX TUCHUIUINHBI KPUTUYHO Ba>KHBI
JUIS1 KOPPEKTHOTO IOHUMAHNS HAHOXHUMHUYECKHUX ITOIX0/I0B.

PazBurtue HaHOXMMHMM M HAHOTEXHOJIOTUH CETrOJHSA CIYXHUT (OKycoM
JUIS IPUJIOKEHHUS CHJI  BEAYIIMX YYEHBIX M HCCIENOBATEIBCKUX KOJUIEKTUBOB.
HanoMarepuansl Ha OpraHMYeCKOM U HEOPraHUYECKOW OCHOBE IPUMEHSIOTCA
B OTPOMHOM KOJINYECTBE MPOAYKTOB COBPEMEHHOM IPOMBIIUIEHHOCTH. 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
UCCJIEIOBAHUSI U JIOCTHXKEHUsT HaHoXxuMum» (manee — IIporpamma) ectecTBEHHO-
HAay4YHOM HAaIpaBJIECHHOCTH IM03BOJIAET OCBETUTH oOywarommmes 10—-11 kiaccos
OCHOBHBIE TE€3UChl HAHOXMMUH, a TAK)KE HAMETUTh OCHOBHBIE HAIIPABJICHUS Pa3BUTHS
HAyKH O MUPE HAHOOOBEKTOB U €€ TEXHOJIOTUYECKUX MPUITIOKEHUH, TOTYUUTh MOHSATHE
O COBPEMEHHBIX HayyHbIX Merogax. Peammsamus IIporpammel MO3BOJIAT JOCTHYb
Oosee NOJHOTO TMOHMMAHUSA NIKOJbHUKAMHU ECTECTBEHHO-HAYYHOrO0 TMOJIXO0Ja K

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

AxryajabHocTh [Iporpammel

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

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



[0 €CTECTBEHHO-HAy4YHbIM IMpEAMETaM TEMBbI, CBSI3aHHbIE C HAHOXUMUEH,
pacmoJiaraloTcs MOPO3Hb W 3aHMMAIOT KpalHe Malblii oOmmii o0neM. B wactu
Bo3MOxkHOTO AyomupoBanus ¢ @OII COO mo npeamerHoi 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», «llpencraBieHre 0 KOJJIOMIHBIX
pacTBOopax» B paszene «TeopeTnyeckue OCHOBBI XMMHUU», a TaKK€ YIIOMUHAHUE
HAHOTEXHOJIOTUH B pazjaeiie «XUMHUS U KU3Hb»); HU C (eaepaibHON padouei
nporpaMMoi 1o ydeoHomy mpenmery «Pusmkay ( «[IoBEepXHOCTHOE HATSKCHHE»
B TeME «ATrperaTHble COCTOSIHUSA BenlecTBa. Pa30oBble MEPEXObl»; YINOMHHAHHE
«lTonyuenne HanomaTepuasioB» B TeMe€ «OCHOBBI MOJICKYJISIPHO-KUHETHYECKOM
TEOpUW»); HU C (QeAepabHON pabodeld NporpaMMo Mo y4eOHOMY HpPEeaMETY
«buonorus» («O61mMe cBoiicTBA OMOJOTMYECKUX MEMOpaH» B TemMe «XUMHUYecKas
opraHuzanus KieTkw»; «HaHoTexHoIornu B OMOJOTUU U MEIULIUHEY).
[Iporpamma pa3paboTaHa B COOTBETCTBUM € TpeOOBaHUSAMHU (eaepalbHOrO
roCyapCTBEHHOTO0 00pa30BaTENIbHOTO CTaHAApTa CPETHEro OOIIero oopa3zoBaHUs
(D®I'OC COO). HeobxomumocTs peanuzaiuu [IporpamMMel cBsi3aHa ¢ KpailHE IUPOKUM
pacnpoCTpaHEHUEM IIPOAYKTOB HAaHOXUMUU B COBPEMEHHOM MUpE
Y BBIICYIIOMSIHYTBIM ~ HEIOCTAaTOYHBIM OTPAXXEHUEM  OCHOBHBIX IPUHILIMIIOB,
HA KOTOPBIX OHa TIOCTPO€Ha, B OCHOBHOM 0Opa30BaTENbHOM  Mporpamme.
JInsl yaCTUYHOM KOMIIEHCALIMU 3TOr0 pa3pbiBa B MOCKBE YK€ MHOTO JIET IPOBOAUTCS
OJIMMITHAJ1A [0 HAHOTEXHOJIOTHSIM — OJIMMITHA/1a IIKOJIbHUKOB « BBICOKME TEXHOJIOTUN
U Martepuansl Oyaymiero». 3aganus OIMMIIKAbl MO3BOJSIOT HIKOJIBHUKAM MOHSATD,
HACKOJIbKO OHM OPHEHTUPYIOTCS B O3TOW  MEXKIUCHMIUIMHAPHOM  o0jacTu.
CucremMaTnyecKoe K€ IMOJYyYEHUE 3HAHWM BO3MOXHO OPraHHM30BaTh Ha YpPOBHE
cpemHero oOmEero oOpa3oBaHWs B paMKaX BHEYPOYHOW JESTEIBHOCTH WA
JOTNIOJTHUTENBHOTO 00pa30BaHusl, B YaCTHOCTH P peanu3anuu JaHHoi [IporpamMmer.

bonbmoe Buumanue B [Iporpamme yzeneno MeTonam noy4eHus U U3y4eHus



HAaHOCTPYKTYPHPOBAaHHBIX BEIIECTB M MarepuaioB. IIpakTtuueckas cTopoHa
[IporpamMmbl MO3BOJISIET YBUAECTh SPKUE CTOPOHBI HAHOXMMHUHU TMPU OTHOCUTEIHLHOM
JIOCTYITHOCTH BBITIOJTHEHUS Y4€OHO-HUCCIIEeI0BATEILCKOTO SKCIIEPUMEHTA U BO MHOTOM
O0aszupyeTcs Ha MpUMeEpax JIabopaTOPHBIX padOT, MU3IOKEHHBIX B I[IpakTukyme
no HaHoMmarepuanaM u HaHoTexHoJorusiMm A.b. Illepbakosa u B.K. MBanosa [16].
N3ydeHre HAHOXMMHH OTKPBIBAET MHOT'O HOBOT'O M HEOXKMAAHHOTO KaK JIJI1 YYEHUKOB,
TaK ! JUIA 1efaroros. [ IpoekTHas u ucciaegoBaTenbCKas AeSITENbHOCTD 10 HAHOXUMMUH,
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 MOLIArOBOM
O3HAKOMJIEHUHU OOYYAIOIINXCS C OCHOBAMU HAHOHAYKH U €€ MPUII0KEHUSAMH.

Peanmuzanust [IporpaMmmMbl crmocoOCTBYET JeTaiu3alliyd 3HAHUW 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 yclnoBus s (popMuUpoOBaHUS y OOy4arOUIMXCsl €CTECTBEHHO-HAy4YHOU
KapTUHBI MHUpPA, Pa3BUBAET YMEHHUE KPUTUUECKOTO OCMBICICHHUS MHGOpMAIMH, 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 CAMOCTOATENLHOMY U3YYEHUIO K TBOPUECKOMY
Pa3BUTHIO; JTaHHAg 00JIACTh B HACTOSIIEE BPEMs SIBJISETCS OJHOM M3 «TOUYEK POCTa»
JUIS.  Pa3BUTHS IPOMBIIIJIEHHOCTH YW HAaXOJWT MHOIOYHUCICHHbIE NPUMEHEHHUS

B COBpeMCHHOI‘/’I TCXHUKCE.



Bapuantsl peasuzauuu Illporpammbl 1 popMbI IpoBeIeHUA 3aHATHH

Peamuzanmss  I[IporpaMmbsl  mpexmonaraeT — COYETAaHHWE  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 cemuHapckoif 4acTH BO3MOKHA CMEHA MHIUBUYAJIbHBIX U I'PYNIOBBIX (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,
oOecreynBaoas A0CTyl K CHEUUAIU3UPOBAHHOMY MHPOrPAMMHOMY OOECIEYEHHIO
Y HAY4YHOM JIuTeparype.

s camMOCTOATENBHOTO H3YyYEHHUS MPEIYyCMOTPEH CHOUCOK aKTyaJbHOU
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 o00yuyeHus). [Iporpamma paccuutana Ha 2 roja
oOyuenusi. OOIee KOIMYECTBO BPEMEHH, OTBOJMMOIO Ha ocBoeHue IIporpammel,
cocraBisieT 68 yacos. [Iporpamma peanusyercs 1 pa3 B Heaento o 1 yacy. Bapuantom
peanuzauuu MoxeT ObITh uzydenue IIporpammel B 10 kiacce B pexxume 3aHATHNA 2
yaca B HEJIEIIO.

@opMBI KOHTPOJS CIYyXKaT IJIsl ONPENENICHHS] PE3yJIbTATUBHOCTH OCBOCHMS
[Iporpammel  oOydarommmucs.  ATrectanus mnpoBoautcss | pa3 B TOx:
MPOMEKYTOUHAs — M0 UTOTaM MEPBOTO Trofa 00y4YeHus, UTOroBas — BECHOM BTOPOTO
rojia oOy4eHwus.

Dopmbl nposedenuss ammecmayuu:

® TECTUPOBAHUE;

® [IPAaKTUYECKUE 3AHATUS;

¢ 3adeTHas pabora.



B3aumocssss ¢ gpeaepaibHoil padodeil MPOrpaMMoil BOCIUTAHUS

[Iporpamma pa3paboTaHa ¢ ydeToM pekoMmeHaalui denepaabHol paboueit
porpamMMbl BOCIIUTAHUA ISl 00111€00pa3oBaTeNbHbIX Opranu3anuid. OHa y4UThIBaCT
MICUXO0JIOTO-TIEAArOTHYECKUE OCOOCHHOCTH COOTBETCTBYIOIIECH BO3PACTHON KATErOPUH
oOy4JaroIuxcs.

B wyactHOCTHM, B XOoze peanmzauuu IIporpaMmbl BO3MOYKHO COYETaTh Kak
WHTEJJIEKTYaJIbHOE, TaK U COLIMATIbHOE Pa3BUTHE O0YYAIOUIUXCS, CO3/1at0IIee OCHOBBI
JUISL UX CaMOOTIPEIENICHHS] HA OCHOBE JYXOBHO-HPABCTBEHHBIX [IEHHOCTEN.

K 3amauam peanusanuu naHHod IIporpamMMbl MOXHO OTHECTH JOCTHKEHUE
JIMYHOCTHBIX PE3YJIbTaTOB OCBOCHUS OOIIE00pa30BaATEIbHBIX MPOrpamMM Mmo (hU3MKe,
xuMuu 1 ouosorun B coorBeTcTBHU ¢ PI'OC COO, a uMeHHO: chOPMHUPOBAHHOCTH
IIEHHOCTEM CaMOCTOSITEILHOCTH M  WHUIUATHBBI, TOTOBHOCTH OOYYarOIIUXCS
K CAMOPa3BUTHUIO, CAMOCTOSITEIbHOCTH U JTUYHOCTHOMY CaMOOIPE/IEICHUIO, HATUYUE
MOTHBAIlMM K  [I€JICHAIPABJIECHHOM  COLUMAJIBHO  3HAYUMOM  JEATEIbHOCTH,
c(hOpMUPOBAHHOCTh BHYTPEHHEW MMO3UIMU JIMYHOCTU Kak OCOO0OTO IEHHOCTHOTO
OTHOIIEHUS K ce0e, OKPYKAIOUUM JFOJSIM U )KU3HU B 1IETIOM.

[Iporpamma  COOTBETCTBYET  CIEAYIOIIMM  OCHOBHBIM  HaIlPaBICHUSIM
BOCIIMUTAHUS: TPa)XAAaHCKOE BOCIHUTaHWE, MATPUOTUUYECKOE BOCHUTAHHUE, TyXOBHO-
HPABCTBEHHOE BOCIUTAHUE, ICTETUYECKOE BOCHUTaHUE, (GOPMHUPOBAHUE KYIbTYPHI
3I0pOBOTO 00pasza >KW3HH, TPYIOBOE BOCHHTAHHE, JKOJOTUYECKOE 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 clienan Ha XUMUYECKHE aCTIeKThl HAHOHAYKH, UTO
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 HNPAKTUYICCKUX pa60T,



3anmoxkeHHbIX B IIporpammy. Ilpy HEZOCTATOUYHOCTHM MaTepUATBHO-TEXHUYECKOTO
OCHalIeHHWs] 00pa3oBaTENbHOM 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 peali3alu:

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

® BOCIOJHSETCS  AeUUUT  COBPEMEHHOM  Hay4yHOW  HMH(pOpMaluu,
MPOCIEKUBAETCA B3aMMOCBA3b KJIACCUYECKHX JOCTH)KEHHH XUMHHM M (PU3HKU C UX
MPUWIOKEHUSIMU B COBPEMEHHOI HAHOTEXHOJIOTHH;

® DPa3BUBAIOTCA MO3HABATENbHBIE KOMIIETEHIIMN O0YYarOIINXCS;

® AKTHBHO HCIOJIB3YIOTCSl COBPEMEHHBIE SKCIIEPUMEHTAIBHBIE U BEIUMCIIUTEIBHBIE
METO/IbI;

® MOAJEPKUBACTCA  OpHUEHTALMS  OOydyaloIIMXCi HAa  MOCIEAYIOUIYIO

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



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

10 KUIACC

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

Tema 1.1. Beeoenue 6 Ilpocpammy

Teopusi. ®opMbl U MeTOABI JeATenbHOCTH. [lman pa®oThl Ha y4eOHBIN TOI.
HMHCcTpyKTaX 10 TEXHUKE 0€30I1aCHOCTH.

Ilpakmuxka. IlepBudHas 1uarHoctuka. BXo/iHOE TECTUpOBaHUE.

Pa3nen 2. UcTopusi HAYKH 0 TMCIIEPCHBIX CHCTEMAX

Tema 2.1. Hauano u3yuenus NOGEPXHOCHMHBIX AGNEHUN U OUCHEPCHBIX
cucmem

Teopus. Kamumnsapsel u 3akoH Jlammaca. M3ydenne aacopomuu (K. Illeerne,
T. JloBui). Metaiumnueckue 3omau (M. ®dapaneit). bpoyHosckoe nsuxkenue. Ocmoc
u quamm3 (T. I'pam). Komnouaneie cuctembl. OmpeneneHue uucia ABOraapo
(OK. Ileppen). Dddexr Pebumnmepa. TepMuH «HAHOTEXHOJIOTHH», HCTOPHS €0
nosiBneHus u nomyispusanuu (P. ®eitnman, H. Tanurytu, 2. Jpekciuep).

IIpaxkmuka. Y4eOHO-HUCCIIeN0BATENbCKUN IKCTIEpUMEHT: M3yueHue agcoporuu
KpacuTeseil ¢ MOMOUIbI0 aKTUBUPOBAaHHOTO yris. OmnpeneneHue ero copOLUOHHOM

CIIOCOOHOCTH.

Pa3nen 3. OcHoBBI (PU3UKHU OBEPXHOCTH U TUCTIEPCHBIX Cpejl

Tema 3.1. Ocnoebl husuku nosepxnocmu

Teopua. DU3NKO-XMMUYECKUE  CBOWCTBA aTOMOB HAa  IIOBEPXHOCTH.
[ToBepxHocTHOE HaTsDKeHUE. AncopOuusi. CMauyuBaHue.

Ilpakxmuka.  Y4eOGHO-UCCIENOBAaTENbCKUM  dKcrepuMeHT:  OmnpenencHue
MOBEPXHOCTHOT'O HATSLKEHUS BOJIBI METOJIOM OTPBIBA KaIleJlb.

Tema 3.2. Ceoiicmea oucnepcHwix cpeo

Teopus. INEKTpUYECKUE CBOMCTBA. Y CTOMYMBOCTh. PDU3MKO-XMMUUYECKas
MEXaHUKa.

10



Ilpaxmuxa. Y4eOHO-UCCIIENOBATENbCKUM IKciepUMEHT: OIleHKa TOJIIUHbI

FpaCI)HTOBOfI JIMHUHU B 3aBUCUMOCTH OT MATKOCTH KapaHAalia.

Pa3znen 4. /IlucniepcHbie CHCTEMBI: MOJIyUYeHUE U IPUMEHEHHE

Tema 4.1. Knaccugpuxayus oucnepcuwix cucmem

Teopus. Knaccuduxanus nucniepcHbix cucteM. [loHsATHS «HaHOMaTepuay,
«HaHO00BEeKT». Buapl HaHooObekTOB (0D, 1D, 2D; Mukpo-, Me30- 1 MaKpOIIOPUCTHIE).
SApxue npuMepsl NPOsBIECHUS pa3MEPHOTo dpdeKTa.

Ilpaxmuxa. Tlpaktuueckas pabota: MojenupoBaHue CTPYKTYPhl HAHOYACTHI]
pa3HOro pa3mepa, CpaBHEHHE JOJW T[OBEPXHOCTHBIX aTOMOB M  YHCIIA
HECKOMIIEHCUPOBAHHBIX BAJICHTHOCTEH.

Tema 4.2. /lucnepcusvie cucmembsl, codeprcaujue 2azoeyio gazy

Teopus. 11enbl, a3p030JI4 U aA3POTEIIHN.

Ilpakmuxa.  YueOHO-UCCIIEIOBATEILCKUM  dKcniepuMeHT:  OmnpeneneHue
YCTOMYMBOCTH MEHBI MOIOIINX CPEACTB.

Tema 4.3. [lucnepchuvie cucmemel, cooeprcauiue Hcuokyro gazy

Teopus. 3oy, Tenu, SMyJibcuU U cycrnieH3uu. [losioxeHune 301€i Ha mKaie
JMCIIEPCHOCTU KOJJTIOMIAHBIX CUCTEM.

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

Tema 4.4. /lucnepcuovie cucmemsl, cooeprcaujue nOGEPXHOCMHO-AKMUBGHbLE
eeujecmea

Teopusi.  TloBEepXHOCTHO-aKTHUBHBIE  BemecTBa. MemOpaHbI,  MUIICIUIBI
Y JTUIIOCOMBI. bruosnornyeckue 1UCnepcHbIe CUCTEMBI.

llpakmuka. YueOHO-UcCIeAOBATEIbCKUN dKCepuMeHT: M3yueHue BIUSHUS
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB HA MOBEPXHOCTHOE HATSKEHHUE.

Tema 4.5. MemooOwt euzyanuzayuu Hano4acmuy

Teopus. Dbdext Tunnans. AHaIN3 TPASKTOPHI IBIKCHUSI HAHOYACTHII.

Ilpakmuxa.  Y4ueOHO-UCCIIEOBATEIbCKUNA  JKCIEpUMEHT:  JleMoHcTparus

s dexrta TunmANA HA AUCTIEPCHBIX CUCTEMAX Pa3IMYHOIO POJIa.
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Pazgen 5. Meroabl CHHTe3a HAHOCTPYKTYPHPOBAHHBIX BellECTB
U MATEPHAJIOB

Tema 5.1. Ilpunyun «ceepxy-eHu3»

Teopusa. 1lpuHIMIBI TOJYYEHUS HAHOCTPYKTYP: «CBEPXY-BHH3» U «CHHU3Y-
BBepx». [lomyuyenue rpadena. OcobeHHocTr pabOTHI TUTAHETAPHBIX METBHHUII.

Ilpakxmuxa: llpaktuyeckass pabota: IlocTpoeHne Mojenu MIaHETapHOU
MEJIbHULIBI.

Tema 5.2. [Ipunyun «cHu3y-86epx»

Teopus. OcHoBBI cynpamoiieKyisipHod xumun. CamocOopka. MeTo/ibl cuHTe3a
HAHOYACTHUI: «MATKOM XUMHEW» — 30Jb-T€lIb, «TOMOT€HHOTO OCaXICHUS,
oOpaIieHHO-MULICJUTSIPHBIN, MHUKPOAMYJIbCHOHHBIN; Tepmonu3, CVD. Meroms
cTaOWIM3allMM ~ HAHOYACTUIl:  CTepUYecKasl, XellaTHas, JJIEKTpPoCTaThyecKas,
uMMoOMIM3aIueln B Marpuile. HarmpaBineHHBIM CHHTE3 HAHOOOBEKTOB: KBAHTOBBIC
TOYKH, HAHOIUICHKH, OOBbEMHBbICE HaHOMarepuaiabl. Moaudukanus CBOWCTB
HaHOMAaTEpHUaJoB.

Ilpakmuka: Y4yeOHO-UCCIENOBATENbCKUN dKCIepUMEHT: ['a3oda3Hblii CUHTE3
HAaHOKPHUCTAJUIMYECKOro XJjopuaa amMMmoHus. [lonmydeHuwe 3o07€d HaHOMAarHeTHTa,
HAHOPA3MEPHOTO JMOKCHIAa TUTaHA, OEpIMHCKOW Jazypu. [lonmydeHue HaHOTUICHOK
cepeOpa Ha CTEKJISTHHOM motoxkKe. OIeHKa UX TOJITUHBI.

Hpomeofcymouua}z ammecmauusi.

11 KJIACC

Pa3znen 6. Metoabl mcc/ieloBaHMA HAHOCTPYKTYPMPOBAHHBIX BelleCTB
U MaTepuajioB

Tema 6.1. Onmuueckue memoowt

Teopus. ~ OnrTuyeckue  CBOWCTBA  HAHOYACTHII Y HAHOMAaTEpHAJIOB.
Muxkpockonus. Judpakunonusiii mpenen. dotomerpus. CrnextpodoToMeTpus:
U3MEpEeHHe  MPOMYCKAaHWsA, [MOTJOLIEHUS, JIIOMMUHECUEeHUUU. J(MHaMuyeckoe

CBCTOPACCCAHUC.
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Ilpakmuxka: llpaktudeckas padora: MUKpOCKONUYECKOE N3YUEHUE TIPenapaToB
HaHOcepeOpa Ha CTeKIax.

Tema 6.2. InekmpoHHan MUKpoCKonus

Teopus. DNEeKTpOHHAsT MHUKPOCKOIHS: MPOCBEYMBAKOIIAS M CKAHUPYIOILIAS.
Oco0eHHOoCTH U3y4YeHUs] OMOJIOTUYECKUX 00BEKTOB Ha HAHOYPOBHE.

Ilpakmuka: Tlpaktudeckass paborta: CpaBHUTENbHBIN aHAIW3 H300paKEHUN
HAaHOCTPYKTYP, HOJIYUYECHHBIX JJIEKTPOHHOU MUKPOCKOITUEH.

Tema 6.3. Penmezenosckasn ougppakmomempusn

Teopus. Pentrenodas3oBwlii aHanmu3. YIIMPEHHE TMHUKOB Kak MPHU3HAK
HAHOOOBEKTA M KaK CIOCO0 OIIEHKH pa3Mepa KPUCTALUTUTOB. PEHTIeHOCTPYKTYPHBIi
ananu3. OnpeneneHue CTpyKTypbl HAHOPa3MEPHBIX 0OBEKTOB HA aTOMHOM YPOBHE.

Ilpaxmuxa: Tlpaktuueckas padorta: Busyanuzaius CTpyKTyp OHMOMOJIMMEPOB,
IIOJIyYEHHBIX METOJIOM PEHTT€HOCTPYKTYPHOTI'O aHAJIA3A.

Tema 6.4. Ckanupyrwuwias 30100641 MUKPOCKORUSA

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 IOMOIIBI0 COBPEMEHHOTO IPOIPAMMHOI0
oOecrniedyeHus. Y4eOHO-UCCIIEOBATENbCKUN SKCIEPUMEHT: M3yueHue moBepXHOCTU

MCTOJOM aTOMHO-CHJIOBOM MHUKPOCKOIINH.

Pazgen 7. @OyHKUHMOHAJIBbHbIC CBOMCTBA HAHOCTPYKTYPHUPOBAHHBIX
BeIlECTB M MATEPHUAJIOB

Tema 7.1. @yukyuonanvHuwvle ceolicmea eeuiecmea, odecneuusaemvle
Hanomamepuaiamu

Teopus. CBepxHU3Kas CMa4yuBaE€MOCTb. CBepXNHpOYHOCT.
BricokotemnepaTypHas cBepXnpoBoauMocTb. CrepxdunbTparus. CBEpXbIPKOCTh
ceeroucnyckanus. Cyxas aare3us (OMOMUMETHKA FreKKOHAa). MarHuTHbIE CBOMCTRA.

Ilpakmuka. Y4eOHO-UCCIENOBATENLCKHUIN dKCTIepuMeHT: M3yuenue «dddexra

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

Tema 8.1. Cospemennsvie npumeHeHus HAHOMEXHOTOZUU

Teopus. CoBpeMeHHbIEC MPUMEHEHHUS] HAHOTEXHOJIOTUH, OO 0030p.

lIpaxmuxa. Buktoprna: HaHOTEXHONIOTHH B HAIIEW KU3HMU.

Tema 8.2. Yenepoouvie Hanomamepuaivl

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

Ilpakmuxa. llpaktuyeckas paborta: MojenupoBaHue NPOCTPAHCTBEHHOM
CTPYKTYpPbI (DyJIIEPEHOB.

Tema 8.3. Hanomamepuainwl 014 IHEP2emMUKU

Teopus. Hanomarepuasibl B  TOIUIMBHBIX  JJ€MEHTaX. JIMTHUH-MOHHBIE
aKKyMyJISITOpbl. CyIepKOHIEHCATOPHI.

Ilpaxmuxa. YdeOHO-UCCIEA0BATEILCKUN dKCIIEpUMEHT: M3MepeHue emkocTu
JUTUN-UOHHOTO aKKyMYJISITOPA.

Tema 8.4. Hanosnekmponuxa

Teopusa. 3akon Mypa. TexHONOTMYECKMH  MOPOLECC  MPOU3BOACTBA
WHTErPabHBIX MUKpOocXxeM. CHCTEeMBI 3anucu HHMOpMaIiu.

Ilpaxmuxa. Tlpaktnyeckas pabora: AHanmM3 uU300paKEHUS TMOBEPXHOCTH
KOMITaKT-/TUCKa.

Tema 8.5. Hanomamepuanwvl 6 meouyune u IKo102uu

Teopua. Hanommarnoctuka. IlpumeHeHne HaHOMaTepuajioB B TEpalUU.
Hanocop6enTsl. oTokaranuzatopbl. CaMoOunCTKA.

Ipakmuxa. ITpaktryeckast pabota: Buzyanuzaiusi mpoCTpaHCTBEHHOM CTPYKTYPHI

HaHOOMOTIPENapaToB ¢ MOMOIIBIO COBPEMEHHOTO MMPOTPAMMHOTO 00€CIICUEHUSI.

Paznen 9. AxryajbHble mpoGjeMbl B 00J1aCTM  HAHOXHMMHU
U HAHOTEXHOJIOTHH

Tema 9.1. /luckyccusn

Teopus. AkTyanbHble IPOOJIEMBI B 00JI1ACTH HAHOXUMHUH U HAHOTEXHOJIOTHH.

IIpakmuka. UToroBas arrecranus. 3aueTHas padoTa.
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IIJIAHUPYEMBIE PE3YJIbTATHI OCBOEHUS KYPCA BHEYPOUYHOM
NEATEJBHOCTU « COBPEMEHHBIE UCCJIEJOBAHUSA
N JOCTUKEHUS HAHOXUMHNHN»

JIMYHOCTHBIE PE3YJIbTATHI

B cipepe epasicoanckozo ocnumanusi:

CIIOCOOHOCTH OMPENENATh COOCTBEHHYIO TTO3UIIMIO 10 OTHOIIEHHUIO K SIBIICHUSIM
COBPEMEHHOM KU3HU U OOBSICHSTH €€;

TOTOBHOCTh K COTPYAHHYECTBY B TIPOIECCE COBMECTHOTO BBITIOJTHCHHUS
yueOHBIX, TO3HABATEIBHBIX U HCCIICIOBATEIBCKUX 3a/1a4, YBAKUTEIIBHOT'O OTHOIIICHUS
K MHEHHIO OTITIOHEHTOB MPHU 00CYXICHUH CITIOPHBIX BOIIPOCOB €CTECTBEHHO-HAYYHOTO
COJICpKAHUS.

B cgpepe nampuomuueckozo ocnumanusi:

YB@)KCHHE K IPOILECCY TBOpPYECTBA B OO0JIACTH TEOPUU M IMPAKTUYCCKOTO
MPUJIOKEHUST HAaHOHAYKH, OCO3HAHUS TOTO, YTO YCIIEXH HAyKH M TEXHOJOTHUHU €CTh
pe3yJbTaT JIMTEIBHBIX HAOIIOACHUN, KPOIOTIMBBIX 3KCICPUMEHTAIBHBIX MOUCKOB,
TIOCTOSTHHOTO TPYJa YICHBIX U MTPAKTHKOB,;

CTIOCOOHOCTH OIICHUBATH BKJIAJ] POCCUHUCKUX YUCHBIX B CTAHOBJICHUE U Pa3BUTHE
HAaHOXWUMUH, TIOHMMaHUE 3HAYCHUS HAYKW B IMO3HAHWW 3aKOHOB MPHUPObBI, B KU3HU
YeJIOBEKa U COBPEMEHHOTO OOIIECTBa.

B cgpepe oyxoeno-npascmeenno2o 60Cnumanusi:

OCO3HAaHWE JIMYHOTO BKJIaJa B TIOCTPOSCHUE YCTOWYHMBOrO OyAyIIero;

CIIOCOOHOCTh OILIEHHWBATh CUTYallMI0 M TMPUHUMATh OCO3HAHHBIC PEIICHUS,
OPUEHTHPYSICh HA MOPAJIbHO-HPABCTBEHHBIC HOPMBI M [IEHHOCTH.

B cgpepe sacmemuueckozo éocnumanusi:

ACTETUYECKOE OTHONICHHE K MHpY, BKIIOYas JCTETHKY  HAYYHOTO
¥ TEXHUYECKOTO TBOPUYECTBA.

B chepe ghopmuposanus kynemypet 300powsi:

coOnrofieHne TpaBmwil 0€30MacHOTO OOpalieHusi ¢ BEHIECTBAMH B  OBITY,

IMOBCEIHEBHOM KHN3HHU, B TPYHOBOﬁ JCATCIIbHOCTH,
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OCO3HaHUE TOCJIEICTBUI U HEMPUSTHE BPEAHBIX MPUBBIYCK (YIOTPEOICHHUS
aJIKOT0JIs, HAPKOTHKOB, KYpPEHHUS);

NOHMMAHWE [IEHHOCTHM MpPaBWJ HWHAMBUAYAIBHOTO M  KOJUJIEKTUBHOI'O
0€30MacHOro MOBEICHUS B CUTYallUsAX, YTPOKAIOMINX 3J0POBBIO U KU3HU JIFOCH.

B cgpepe mpyoosozo eocnumanusi:

KOMMYHHKATHUBHAsI KOMIIETEHTHOCTh B y4€OHO-MCCIEI0BATENLCKON 1€ TETBHOCTH,
OOLIECTBEHHO MOJIE3HOW, TBOPUECKOW U APYTHX BUJIAX ACSITEIbHOCTH;

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

YBaXXEHUE K TPYNY, JIOAM TPYAa U PE3ybTaTaM TPYAOBOU AEATEIbHOCTH;

TOTOBHOCTb K OCO3HAHHOMY  BBIOOPY  MHAMBUAYAJIBHOHM  TpPaeKTOPHH
oOpaszoBanusl, Oyayiiel npodeccuu U peanr3anui COOCTBEHHBIX KU3HEHHBIX 1JIAHOB
C YYETOM JIMYHOCTHBIX HMHTEPECOB, CIOCOOHOCTEN K HAyKe, HWHTEPECOB
U IOTpeOHOCTEM 0011IeCTBA.

B cpepe sxonocuueckozo eocnumanusi:

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

HaJIM4ME Pa3BUTOrO KOJIOTMYECKOTO MBILUICHUS, KOJIOTMYECKOW KYJIbTYpHI,
OMbITA JIESITEIIBHOCTU 3KOJIOTMYECKOW HANpaBIE€HHOCTH, YMEHUS PYKOBOJICTBOBATHCS
UMHU B TIO3HABATEIbHOW, KOMMYHUKATUBHON W COITMAIILHOW MPAKTHKE, CTOCOOHOCTH
Y YMEHHS aKTUBHO MPOTUBOCTOSTH UACOJIOTUN XeMOPoOuu;

CIIOCOOHOCTh HMCIOJIb30BaTh NPHOOpETaeMble MPU H3YYEHUHU HAHOXUMHUHU
3HAHMSI W YMEHUS TMpU PpEIIeHUH MpoOJEM, CBSI3AHHBIX C PALMOHAIBHBIM
IPUPOIONIOIB30BAaHUEM (COOJIIOIEHUE TIPABUII TTOBEACHUS B TIPUPO/IE, HAPABICHHBIX
Ha COXpaHEHUE PABHOBECHS B AKOCUCTEMAX, OXPaHy BUIOB, IKOCHCTEM, OMOChEphI);

OCO3HaHUE TJI00AJIBHOIO XapakTepa HKOJOTUYECKUX MpoOIeM W MyTed HX
peLIeHus.

B cipepe yennocmeii nayuno2o nosHanusi:

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

pAaMOHAJIBHOTO HAYYHOI'O MBIIJICHUA, CO3AAaHUC NCJIIOCTHOTO MPCACTABICHUSA
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00 OKpy’KaroIeM MUpEe KaK O €IUHCTBE MPUPO/IbI, YeJIOBEKa U 00IEeCTBA, B TIO3HAHUH
NPUPOAHBIX 3aKOHOMEPHOCTEH M PEIICeHUH NpoOJeM COXpaHEHUS MPUPOIHOIO
paBHOBECHS,

MOHUMAaHUE CYUIHOCTH METOJOB IO3HAHMS, WCIOJIB3YEMbIX B €CTECTBEHHBIX
HayKax, ClIOCOOHOCTH UCIOJIb30BATh MOTydyaeMble 3HAHUS JIJISl aHAIU3a U OObSICHEHUS
SIBJICHUM OKPY>KAIOIIEr0 MUpa U MPOUCXOASAIIMX B HEM U3MEHEHHM, YMEHUE JIeaTh
000OCHOBaHHBIEC 3aKJIFOUCHHS] HAa OCHOBE HAYYHBIX (DAKTOB W JAHHBIX, MOJYYEHHBIX
B XO0/I€ Y4YeOHO-MCCIEAOBATEIbCKOTO JKCIIEPUMEHTa, C LEIbI0  MOJyUYCHHUs
JIOCTOBEPHBIX BBIBOJIOB;

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

FOTOBHOCTh M CIIOCOOHOCTH K HENpPEephIBHOMY  0Opa30BaHUIO
1 caM0oOOpa3oBaHUI0, K AKTUBHOMY IIOJIYYCHHUIO HOBBIX 3HAHUW B COOTBETCTBUU

C JKU3HCHHBIMU HOTpC6HOCT5IMI/I.

METANPEAMETHBIE PE3YJIbTATBI

B cgpepe o06n1a0enuna noznasamenvHvbIMU  YHUBEPCATLHOIMU YUEOHBIMU
oelicmeuamu:

ba3zosvie nocuueckue oeticmausi:

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

WCIIOJIb30BaTh TIPU OCBOCHUHM 3HAHWUW TIPUEMBI JIOTUYECKOTO MBINIJICHUS
(aHayM3a, CHWHTE3a, CpPaBHEHMS, KJIacCHU(PUIIMPOBAHUS, OOOOIIEHUS), PACKPHIBATH
CMBICIT HAyYHBIX TOHSATHUH (BBIACISTH MX XapaKTepHbIC MPU3HAKH, YCTAHABIWBATH
CBSI3U C IPYTUMH TTOHSTUSIMH );

ONpeNeNaTh Lelu ACATEIbHOCTH, 3ajlaBas MapameTpbl U KPUTEPUU UX
JOCTHKEHUSI, COOTHOCUTD PE3YNITATHI ACSTENHHOCTU C TOCTABICHHBIMU LIETSIMU;

HCIIOJIb30BATh HAYYHBIC ITIOHATHUA IJIA 00OBsICHEHUS (I)aKTOB U SIBJICHUM IIpUPOALI;
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CTPOUTh  JIOTHYECKHE  pacCyXkaAcHUs  (MHIYKTUBHBIC, JCHYKTUBHBIC,
[0 AHAJIOTHH), BBISBISATH 3aKOHOMEPHOCTH M MPOTHUBOPEUHS B pacCMaTpUBAEMBbIX
SBJICHUSIX, (DOPMYJIUPOBATH BBIBOJIBI M 3aKITIOUCHUS;

MPUMEHSTh CXEMHO-MOJIEJIbHBIE CPEICTBA VISl PE/ICTABIICHUS CYIIECTBEHHBIX
CBsI3€H M OTHOIIIEHUH B M3y4aeMbIX OOBEKTAX, a TAK)KE MPOTUBOPEUNN PA3HOTO PO,
BBISIBJICHHBIX B PA3JIMYHBIX HH(HOPMAIIMOHHBIX HCTOYHUKAX;

pa3pabaThiBaTh IJIaH pEHICHUS MPOOJEeMbl C YYETOM aHalIn3a HMEIOIIUXCS
MaTepHATbHBIX M HEMATEPHUATLHBIX PECYPCOB.

ba3zosvie uccneoosamenvcrue oeticmsusi:

BIAJCTh HAYYHOM TEPMHUHOJIOTHEH, KIIOUYEBBIMU TOHATHSIMU M METOJaMU
HAHOHAYKU;

BJIAJICTh HABBIKAMHU YYEOHO-MCCIIECOBATEIIBCKON U MPOEKTHOW NEATEeIbHOCTH,
HABBIKaMU pa3pelieHus mMpooIeM; CIOCOOHOCTHIO M TOTOBHOCTBIO K CAMOCTOSITETEHOMY
MOMCKY METOJIOB PEIICHUS MPAKTHUECKUX 3a/1a4, TPUMEHEHHUIO Pa3TUIHBIX 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,
KJTFOUEBBIMHU MTOHATUSIMHU U METO/IAMH;

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

YMETh HHTETPUPOBATH 3HAHUS M3 PA3HBIX MPEIMETHBIX 00JIaCTEH.

Paboma c ungpopmayueii:

BJIAJICTh HABBIKAMU TOJyYCHUS WH(OpPMAIMU W3 UCTOYHUKOB Pa3HBIX THUIIOB,
CaMOCTOSATEIFHO OCYIIECTBIISATh TIOUCK, aHATN3, CHCTEMATH3aIIUI0 U HHTEPIIPETAITUIO
uH(pOpMaIUU Pa3TMYHbIX BUIOB U (DOpM MpeCTaBICHUS;

OLICHUBATh JIOCTOBEPHOCTh MH(POPMAIUH;

bopMyIMpoBaTh 3anpochl U MNPUMEHSITh Pa3IUYHbIe METOJbl TPU 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.);

WCIIOJIP30BAaTh HAYYHBIM S3BIK B KA4eCTBE CpEACTBA TMpu  paboTe
c uHGOpMaLIMEH: MPUMEHATh XUMHUYECKUE, (PU3NYECKUEe U MaTeMaTHYECKUE 3HAKU
Y CUMBOJIBI, bopmyIbl, ab0peBuarypy, HOMEHKJIATYpYy, UCIOJIb30BaTh
U TIpeo0pa30BBIBATH 3HAKOBO-CUMBOJIMYECKUAE CPEACTBA HATIISTHOCTH.

B cpepe o06nadenusn ynusepcanvHbimu KOMMYHUKAMUBHBIMU OCIICIBUAMU:

OCYIIECTBJISATH OOIICHHE BO BHEYPOUHOU JACSITETLHOCTH;

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

MOHUMAaTh U MCIOJIb30BaTh MPEUMYIIECTBA KOMAHIHON M HWHAMBHUIYaIbHOU
paboTHI,

BBEIOMPATh TEMATHKy M METOJBI COBMECTHBIX ICHCTBUHM C YYETOM OOIIHMX
WHTEPECOB M BO3MOKHOCTEHN KaXKJ0T0 YjieHa KOJUIEKTHBRA,;

MIPUHUMATh 1 (17 COBMECTHOM NEeATETHHOCTH, OpraHU30BHIBATH
Y KOODPJIMHUPOBATH ACUCTBUS MO €€ JOCTHKECHUIO: COCTABJIATH IUUIAH JIEWCTBUM,
pacnpenensiTh poJid C YYETOM MHEHUW YYaCTHUKOB, OOCYXJaTh pe3yJbTaThbl
COBMECTHOM paboThI;

OIICHMBATh KA4€CTBO CBOETO BKJIAJa U KaXKJIOTO YYACTHUKA KOMAHJIbI B OOIIHIA
pe3yibTaT 1Mo pa3pabOTaHHBIM KPUTEPHSIM;

npemyiaraTh HOBBIE TPOCKTHI, OIICHWBAThH WJECH C TIO3WIIMA HOBHU3HBI,
OPUTHHATBHOCTH, TPAKTUYECKON 3HAYNMOCTH;

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

B cpepe o6nadenusn ynueepcanvHoimu pecynamueHbIMu O€liCEUAMU:

Camoopeanuzayusi:

WCIIOJIb30BAaTh HAYYHBIC 3HAHUS IS BBISIBICHHUS MPOOJIEM U WX PEIICHUS
B KU3HEHHBIX U YUYEOHBIX CUTYaIIMSIX;

CaMOCTOATENIbHO OCYUIECTBJISATh IMO3HABATENIbHYIO NI€ATE€IbHOCTh, BBISBISATH

npo0IeMbl, CTaBUTh U (POPMYIMPOBATH COOCTBEHHbIE 33]1a4H;
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CaMOCTOSITENIFHO COCTAaBIISITh ITUJIAH BBITIOJHEHUS Y4eOHO-MCCIEI0BATEIBCKOTO
IKCIIEPUMEHTAa C YYETOM HMEIOIIUXCS PEeCcypcoB, COOCTBEHHBIX BO3MOKHOCTEH
Y IIPEAIIOYTEHU M,

pacmvpsaTh paMKd y4eOHOro mpeaMeTa Ha OCHOBE JUYHBIX MPEINOuYTEHU;

JIe71aTh OCO3HAHHBII BBIOOP, apryMEHTHPOBATH €0, OpaTh Ha ce0s1 OTBETCTBEHHOCTh
32 PEIICHHUE;

OILICHHMBATH MPUOOPETCHHBIH OTIBIT;,

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

Camoxkoumpons.

JaBaTh OIICHKY HOBBIM CHUTYAaIlHsIM, BHOCHUTb KOPPEKTUBBI B JEATEIHHOCTH,
OLICHMBATh COOTBETCTBHE PE3YJIbTATOB LIEJISAM;

OpUHUMATh MOTUBbI U apryMEHTbl JpYTUX TpU aHaJu3€ pPe3ysbTaToB
JeSITENIbHOCTH;

UCIIOJIB30BaTh MpUEMbl pedeKCHH JUIsl OLEHKU CUTYalllH, BEIOOpA BEPHOIO
peleHus;

YMETh OIIEHWBAaTh PUCKM ¥ CBOEBPEMEHHO MPUHUMATh PEUICHHS MO  UX
CHI)KEHUIO.

Tpunamue cebs u Opyaux:

IIPUHUMATb ce651, IIOHHUMas CBOM HEJOCTATKHU U JOCTOMHCTBA,

NPU3HABATH CBOE MPABO U MPABO APYTHX HA OMIUOKH.

NPEIMETHBIE PE3YJIBTATbBI

1o utoram peanuzaruu [IporpamMmel oOydaromuecs OyayT 3HATH!

OCHOBHBIE MTOJIO’KEHHUS 3aKOHOB, TEOPUIA, 3aKOHOMEPHOCTEH, IPABHII, TUIIOTE3
B 00J1aCTH COBPEMEHHBIX HAHOHAYKU U HAHOTEXHOJIOTHH;

ouorpaduueckue JaHHBIE U OCHOBHBIE TIOCTHKEHUS BEAYIIHUX MPeICTaBUTENCH

HAayKH O JUCIICPCHBIX CPCAax N1 HAHOXUMUH,
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OCHOBOITOJIAraoIe HAHOXMMUYECKUE TEPMHUHBI U TMOHATUS (HAHOYACTHUIIA,
HaHOMAaTEPUAJIbl, HAHOCTPYKTYPhI, HAHOCUCTEMBI U JIP.);

CTPOCHHE OCHOBHBIX HAIMOJIEKYJSIDHBIX  CTPYKTYp, MNPHUCYTCTBYIOLIUX
B JUCIIEPCHBIX CPElax;

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

(YHKIMOHANIbHBIE ~ BO3MOXHOCTM  HAHOCTPYKTYPHUPOBAHHBIX  BELIECTB
U MaTEpHAJIOB;

OCHOBHBIE METOJIbl HAYYHOI'O IMMO3HAHUS, UCIOJIb3YEMbIE B HAHOXUMHUYECKHUX
Y HAHOTEXHOJIOTHYECKUX MCCIIEJOBAHUSAX;

KJIFOUEBBIE IOCTUKEHUS B 00JJACTH HAHOTEXHOJIOTHH;

OCHOBHBIC ITPUIIOKCHUA HAHOCTPYKTYPUPOBAHHBIX BCIICCTB U MAaTCPUAJIOB.

ITo utoram peanuzanuu [Iporpammel oOyyatomuecs Oy1yT yMeThb:

MI0JIb30BATHCSI TEPMUHOJIOTHEN, OTHOCSIIIEHCS K HAHOXUMHUH U HAHOTEXHOJIOTHH;

pasnu4arth pa3IUYHbIE YpOBHU OpraHu3aIiu MaTepuu
B HAHOCTPYKTYPHUPOBAHHBIX O0BEKTAX;

coOupaTh Mapo-CTEP>KHEBBIE MOJIENIN CTPYKTYP HAHOOOBEKTOB;

MPUMEHSTH TPOrPaMMHOE 0OecTieueHre I BU3yalu3allii MPOCTPAHCTBEHHOM
CTPYKTYpbl HAHOOOBEKTOB;

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

aHAIN3UPOBaTh M300paKeHUS HAHOCTPYKTYPUPOBAHHBIX 00BEKTOB,
MOJIYYCHHBIC PA3TUYHBIMUA METOAAMH H3yUCHHUSI,

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

OIICHUBATh OSTUYECKUE AaCTEeKThl COBPEMEHHBIX WCCIEAOBAaHUA B 00JIacTH
HAHOTEXHOJIOTHUH;

CaMOCTOATENFHO PAab0TaTh C MCTOYHHKAMHU JTOTIOJHUTEIBLHOW JIUTEpATypPhI

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 3anaTue « HaHOXMMUSI © HAHOTEXHOJIOTHS KaK

MEKINCHUIITINHAPDHAA 00J1aCTB»

1.1. | Beneuue
B [Iporpammy

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

0€e30I1aCHOCTH

IlepBuunas
nuar"HocTuka. BxomaHoe

TSCCTUPOBAHUC

Hroro no pazaeny

2

Pa3nen 2. UcTopusi HAyKu 0

AUCIIEPCHBIX CHCTEMAX

2.1 | Havano uzyuenus
MOBEPXHOCTHBIX
ABJICHUN

U JTUCTIEPCHBIX

CUCTEM

4

Kanunnsipel 1 3aKoH
Jlannaca. U3y4yenue
ancop6ouuu (K. Hleene,
T. JloBum).
Merammuaeckue 3011
(M. Dapaneit).
BbpoyHoBckoe
nemxkenne. Ocmoc

u quanmus (T. ['pam).
Kounouanble cucTeMsl.
Omnpenenenue yncia
Asoraapo (K. Ileppen).
Oddext Pedbunaepa.
Tepmun
«HAHOTEXHOJIOTHIY,
UCTOPHS €TO TOSBICHUS
U TIOMYJISIpU3aLuu

(P. ®deiinman,

H. Tanuryru,
9. [pekcnep)

Yuebno-
uccneo0o8amenbCKuil
IKCHEPUMEHM.:
Nzyuenue agcopoumu
KpacUTeJeH C IOMOIIBIO
AKTUBUPOBAHHOTO YTJIA.
Omnpenenenue ero
COpOLIMOHHOM

CIIOCOOHOCTH

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

3.1 | OcHoBBI Qu3UKH 4 OU3NKO-XUMUYECKHE Vuebro-
IIOBEPXHOCTU CBOIicTBa aTOMOB Ucce008amenbCKull
Ha MOBEPXHOCTH. OKCnEepUMenm.
[ToBepxHOCTHOE Ornpenenenne
HATSDKCHHUE. AICOPOLHSL. | [10BepXHOCTHOIO
CmaunBanue HATSDKCHUS BOJIBI
METO/I0M OTphIBA
Kanelb
3.2 | CroiicTBa 4 DneKTpudeckue Vuebno-
JUCIEPCHBIX CPe/ CBOWCTBA. uccne008amensCKuil
Y CTONYHUBOCTS. OKCRepUMEHm.
Ou3HKO-XMMUYECcKast OIleHKA TOJIIIHHBI
MEXaHUKa rpadUTOBOM TMHAN
B 3aBUCHMOCTH
OT MATKOCTH KapaHjalia
Utoro no pazneny 8

Pazgen 4. lucnepcHble CHCTEMbI: MOJIy4eHUe U IPUMEHeHHe

4.1 | Knaccudukauns 2 [TonsTrs IIpaxmuueckas paboma:
JUCTIEPCHBIX CHCTEM «HaAHOMAaTepHua», Monenupoasue
«HAHOOOBEKT. CTPYKTYpBl HAHOYACTHII
Bust HaHOOOBEKTOB pasHOrO pazMepa,
(0D, 1D, 2D; CpaBHEHHE JI0H
MHKPO-, ME€30- IIOBEPXHOCTHEIX aTOMOB
¥ MaKpOTIOPHCTHIE). U 4nciia
Apxue npumepsI HECKOMIICHCUPOBaHHBIX
IIPOABJICHUA BAJICHTHOCTEN
pasmepHoro 3¢ dexra
4.2 | ducnepcHble 2 [lensl, a3po3onu Vyebno-
CUCTEMBI, 1 asporein uccne0o8amenbCKuil
coaeprKarmue 9KCNepuUMeHm:
ra3zoByio ¢azy Onpenenenue
YCTONYMBOCTH TTEHBI
MOIOIIIUX CPEJICTB
4.3 | ducnepcHbie 2 3051, TN, SMYJIbCHH Vuebro-
CUCTEMBI, U CyCIICH3MH. UCCe008amenbCKull
coJieprKaIIue ITonoxenue 3omei SKCHEPUMEHM.
KUAKYIO (pazy Ha IIKAJIE UCTIEPCHOCTH | [TosnyueHue 30ieit

KOJJIIOMAHBIX CUCTCEM

HAHOCTPYKTYPHUPOBAH-

HOTO cepedpa
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4.4 | lucnepcHble 3 IToBepxHOCTHO- Vuebro-
CHUCTEMBEI, AKTUBHBIC BCIICCTBA. ucenedosamenbCKull
coJiepiKaIe MeMO6paHbl, MULIEIUIBI IKCHepUMEHM:
MTOBEPXHOCTHO- 1 JINIIOCOMBI. W3y4eHne BIusHUA
AKTHBHBIE BEILIECTBA buonornueckue T1OBEPXHOCTHO-
JHUCIEPCHBIE CUCTEMBI AKTUBHBIX BEILIECTB
Ha OBEPXHOCTHOE
HATSDKEHNE
45 | Meroasl 1 Oddext Tunnans. Vuebro-
BU3Yyalln3aluu AHanu3 TpaeKTopHii uccne008amenbCKuil
HAHOYACTHI] JBHKCHHS HAHOYACTHIL | sxcnepumenm.:
JlemoHCTparus
s dexra Tunmans
Ha JUCHEPCHBIX
CHCTEMaX Pa3JIM4HOro
pona
Hroro no pazneny 10

Pa3nes 5. MeToabl CMHTE32 HAHOCTPYKTYPUPOBAHHBIX BellleCTB M MaTepHAJI0OB

5.1 | [IpuHnmm «cBepxy- 2 TIpUHIMIIBI TOTYYCHUS. | [Tpaxmuyeckas paboma.:
BHH3» HaHOCTPYKTYD. IMocTpoenune monenu
«CBCPXY-BHU3 IUTaHETapHOU
U «CHU3Y-BBEPX)». MEJTBHUIIBI
[Tonyuyenue rpadena.
OcobenHocTu paboThl
IUIAHETAPHBIX METbHUIL
5.2 | [IpuHimn «cHU3Y- 8 OcHOBBI Yuebno-
BBEPX» CYIpPaMOJIEKYJIIPHOM uccneo008amenbeKuil
xumun. CamocOopKa. 9KCnepuMeHm:

Mertoabl cMHTE3A
HAHOYACTHIL: «MATKOM
XHUMHEHY — 30JIb-TelIb,
«TOMOT'EHHOT'O
OCaKJICHH,
oOparniéHHo-
MULICIUISIPHBIN,
MUKPO3MYJIbCHOHHBIN;
tepmonus, CVD.
Meroab! cTadUIn3au

HaHOYaCTHII:

lNazodasznsiii cuaTe3
HaHOKPHUCTAJUINYECKOTO
XJIOpUJIa aMMOHUS.
ITonyuyenue 3oien
HaHOMarHeTuTa,
HaHOPa3MEPHOI 0
JTMOKCHU/1a TUTAHA,
OEpIIMHCKOM J1a3ypH.
[TonyuyeHue HaHOILIEHOK
cepeOpa Ha CTEeKIISTHHOM

nowtoxkke. Orenka ux
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CTepUYECKasi, XelaTHasl,
AIIEKTPOCTATUYECKAS,
AMMOOWIM3aLmen

B MaTpHIIE.
HampaBnenHsbIil cuHTe3
HaHOOOBEKTOB:
KBAaHTOBBIC TOUYKH,
HAHOIUIEHKH, 00bEMHBIE
HaHOMATEPHAIIBI.
Moaudukaius CBOWCTB

HaHOMAaTCpuajioB

TOJILIAHBI.
IIpomexxyrounas

arTecranus

Hroro no pazaeny

10

Bcero xosimuecTBo 4acoB

no Ilporpamme 3a rog

34
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11 KJIIACC

No Haumenosanue Konuyecmeo Ilpoepammmuoe Xapaxmepucmuka
n/n paszoenog yacos cooeporcanue oesimenbHOCIU
u mem Kypca obyuarowuxcs
Paznen 6. MeToabl ucciieJ0BaHUSI HAHOCTPYKTYPHPOBAHHBIX BellleCTB H MATEPUAJIOB
6.1 | Onruueckue 4 Onrtuyeckue CBOICTBA | Vyepno-
METOJIBI HaHO9ACTHIL uccne006amenbeKull
Y HAaHOMaTepHaJIOB. IKCHEpUMEHM:
Mukpockorms. Mukpockonuueckoe
JudpakioHHBIi M3Yy4YEHHUE MPErnapaToB
npezien. GoToMeTpHL. HaHocepeOpa Ha CTeKJax
CriektpodoToMeTpHs:
U3MEpEHUE MPOIYCKaHMs,
MIOTJIOILIEHMUS,
JIFOMHMHECLIEHIIMH.
JlmHamMu4deckoe
CBETOpACCESTHUE
6.2 | DnexTpoHHas 3 ITpocBeunBaromas IIpakmuueckas paboma:
MUKPOCKOIHS AIIEKTPOHHAs CpaBHUTENbHBIN aHAIN3
MUKPOCKOIIHS. n300pakeHH
Ckanupytomias HaHOCTPYKTYD,
AIIEKTPOHHAs MOJY4YEHHBIX
MUKPOCKOIIHSL. JIEKTPOHHOU
Oco6eHHOCTH U3YYeHHsI | MUKPOCKOMHEH
OMOJIOrYEeCKUX
00BEKTOB
Ha HAHOYPOBHE
6.3 | PenrrenoBckas 4 PentrenodasoBsrii Ipaxmuuyeckas paboma:
TU(PPaKTOMETPUS aHanu3. YIIHpeHue Buszyanuszanus cTpykTyp
IIAKOB KaK MMPU3HAK OMONOIMMEPOB,

HAHOOOBEKTA U KaK
croco0 OIIEHKH pa3Mepa
KPUCTAJIJTUTOB.
PeHTreHOCTpyKTYpHBII
ananu3. OnpeneneHue
CTPYKTYPBI
HAHOPa3MEPHBIX
00BEKTOB HAa ATOMHOM

YpOBHE

MOJIyYEHHBIX METOJIOM
PEHTTEHOCTPYKTYPHOTO

aHaJin3a
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6.4 | Cxanupyromias
30HOBas

MHKPOCKOITUSA

TynnenbHas
MHUKPOCKOTHSI. ATOMHO-
CUJIOBasi MUKPOCKOITHUS.
Amnanms

HaHOCTPYKTYPBI
ITOBEPXHOCTEH.
Cratnyeckui

U TUHAMHYECKUH

PEKUM CKaHUPOBAHUA

Yuebno-
uccne008amenbCKull
9KCNepUMEHM.
N3yueHne noBepxXHOCTH
METO/I0M aTOMHO-

CUJIOBOM MUKPOCKOIIUU.

Ilpaxmuueckas paboma:

AHanu3 n300paxeHu,
HOJYYEHHBIX METOZ0OM
ATOMHO-CHJIOBOU
MHKPOCKOIIHH,

C ITOMOIIBIO
COBPEMEHHOTO
POTrPaMMHOTO

oOecrieyeHus

Hroro no pazaeny

17

Pazgen 7. ®yHKIIMOHAJIBHBI

€ CBOCTBa HAHOCTPYKTYPHPOBAHHBIX BeLIECTB U MATCPHAJIOB

7.1 | ®yHKIMOHATBHBIC 5 CBepxHu3Kas Yuebno-
CBOIICTBa BEIIECTBA, CMauuBaeMOCTb. uccneo0o8amenbCKuil
obecrieunBaeMble CBepXIIPOYHOCTb. IKCHEPUMEHM:
HaHOMaTepHajJamMu Beicokoremmiepatypras | M3zyuenue «addexra
CBEPXIPOBOJIUMOCTb. JOTOCa» Ha pUMepe
CeepxdunbTparusi. JIETIECTKA PO3BbI.
CBepXbAPKOCTD N3mepenue kpaeBoro
CBETOUCITYCKaHUSI. yria
Cyxas anre3us
(bnommmeTHKa
reKKoHa). MarHuTHbIE
CBOICTBA
Hroro mo pazneny 5

Pa3nen 8. HaHoTeXHOJIOTHMH — MEePCNEKTUBBI PA3BUTHS M COCTOSIHME HAYKH

HA CeroAHANIHNA JeHL

8.1 | CoBpemeHHBIC
PUMEHEHUS

HaHOTCXHOJJIOT NN

OO6muit 0630p
COBPEMEHHBIX
[IPUMEHEHUN

HaHOTCXHOJIOTIMH

Buxmopuna:
Hanorexnonoruu

B HalllIEH KU3HU
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8.2 | Yruneponusie 2 Ocobas pons yrnepona | [lpakmuueckas paboma:
HaHOMAaTEePUAIIbI B HAaHOMHUpE. MogenupoBaHue
@yinnepensl, rpades, NPOCTPAHCTBEHHOM
HAHOTPYOKH CTPYKTYpHI (pyIiepeHoB
8.3 | Hanomatepuanl 2 Hanomarepuaiisl Yuebno-
JUISL DHEPTETUKU B TOTUTMBHBIX uccne006amenbCKull
3JIEMEHTaXx. 9KCNepUMEHM.
JIuTuii-noHHkIe N3mepenue eMKoCcTr
aKKyMYJISITOPBIL. JUTUI-UOHHOTO
CynepkoH1eHCaTOphI aKKyMyJIsITopa
8.4 | HanosnekTpoHuka 2 3akoH Mypa. Ilpaxmuueckas paboma:
TexHonoruueckui Ananu3 n3o0paxeHus
MpOIIeCcC MPOU3BOICTBA | MOBEPXHOCTH KOMITAKT-
MHTETPaJIbHBIX JIACKa
MukpocxeM. Cucremsl
3anucy HHGOpMaIU
8.5 | Hanomarepuanbl 2 Hanonuarnocruka. Ipaxmuueckas paboma:
B MEIUIUHE [Ipumenenue Busyanuzanus
U 3KOJIOTHH HaHOMaTepHaJoB POCTPaHCTBEHHOMH
B TepaIHH. CTPYKTYPBI
HanocopOeHTHI. HaHOOMOIpenaparos
doTokaTanu3aTopsl. C TIOMOUIBIO
CamoouncTka COBPEMEHHOTO
IPOrpPaMMHOTO
obecrieueHus
Hroro no pazaeny 9

Pa3gen 9. AkryanbHble NpodJieMsbl B 00J1a

CTH HAHOXMMHUHU N1 HAHOTEXHOJI0I'NHA

9.1 | Juckyccus 3 AKxTyanbHble TipobsieMbl | MiToroBas arrecramms.
B 00JIaCTH HAHOXUMHUH | 3adeTHas paboTta
Y HAaHOTEXHOJIOTHUH

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 odecnedenue peajauzaunu [IporpamMmmel

[Ipu peanuzamuu IlporpamMbl B y4eOHOM MpOLIECCE  HUCIOIB3YIOTCS
METOJMYECKHE MOCOOUs, NUIAKTHUECKHE MaTepuaibl, (pOTo- U BHUAEOMATEPHUAIbI,
KOHCTPYKTOPBI Il CO3JaHUS LIAPO-CTEPKHEBBIX MOJEIEH XUMHUYECKUX CTPYKTYD;
KypHaJIbl W KHUTH, O0030phl U OpUTHMHAIbHBIE MyOauKaiuu, O0a3bl JTaHHBIX,
IporpaMMHOE 0OeCTICUeHHE VISl pUCOBAHUS XUMUYECKUX CTPYKTYp U BU3YaJIU3alUU
MPOCTPAHCTBEHHBIX 00BEKTOB, Tpoune MaTepuansl B Cetu MHTEpHET.

[Ipu npoBeneHnn 3aHATUNA UCTIOIB3YHOTCS:

® CJOBECHbIE  METOJIbI  OOy4YeHHs:  JIGKIIMH, OOBIACHEHHUs, Oecelpl,
KOHCYJIbTallNH;

® HarsiAHBIE  METOJbl  OOy4YeHHUs:  MpPE3eHTAIluu,  BUJEOMaTEpHUAaIbI,
BHU3yaJIN3alNHY;

® 1ICCJIC/IOBATEIIbCKUE METOAbl OOYyYEHHUSI — BBINOJHEHHUE OOYyYarolUMUCS
ONPEAEIECHHBIX UCCIIENOBATEIIbCKUX 3aJaHHM.

YcBoeHHEe Marepualia  KOHTPOJIUPYETCA TMPU  MOMOIIM  TECTHUPOBAHUS
Y BBITIOJIHEHUS TMPAKTUYECKUX 3aJaHHil. 3aKIIOYUTEIbHOE 3aHSITHE MPOBOJIUTCA

B (popMe 3aueTHOI pabOTHI.

MartepuajibHO-TeXHHYeCKHe Yc10BuA peajn3auuu [IporpamMmmbi

[TpomykTHBHOCTh PaOOTBI BO MHOTOM 3aBHCHUT OT KadecTBa MaTepHabHO-
TEXHUYECKOTO OCHAIeHus1 Tpoiecca. [Iporpamma peanmusyercs B ayJAUTOPUHU
oOpa30oBaTeIbHON OpraHu3allid ¢ MPUMEHECHUEM TEXHHYECKUX CPEICTB OOYyYCHHS
1 1abopaToOpHOTO 00OPYAOBAHHS:

® KOMITHIOTEPHI YUUTENS H 00YUIArOIINXCS;

® UHTEpaKTHUBHAS JOCKAQ,

¢ y4yeOHO-HayuyHOE 000PYI0BaHKE MO (PU3KUKE U XUMUHU.
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JIMTEPATYPA U DJIEKTPOHHBIE PECYPCbI

HopmaTuBHas 0a3a

1. ®enepanbubiil 3akoH oT 29 nekadbps 2012 r. No 273-03 «O6 obpazoBaHuu
B Poccutickoit @enepanumny.

2. ®enepalibHbI  TOCYAAPCTBEHHBIA 00pa30BaTEeNbHBIA CTAHIAPT CPEIHETO
oO1ero oopazoBanus (yTBepxkaeH npukazoM MunoOpHayku Poccuu ot 17 mas 2012
r. Ne 413; 3apeructpupoBan MuntoctoM Poccuu 7 urons 2012 r. Ne 24480).

3. @enepanibHast 00pa3oBaresibHas MIporpaMma CpeHero ooIero oopa3oBaHus
(yrBepxaeHa mnpukazom MunmnpocBemenuss Poccun ot 18 mas 2023 r. Ne 371;

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

Cnucok Jureparypsl

1. AxmMeroB M.A. BBejeHre B HAHOTEXHOJIOTHH. XUMHS : yuyeOHOe Imocobwme
s yaamuxces 10-11 kimaccoB cpemHux 001meoOpa3oBaTeIbHBIX yUpeKACHHA /
M.A. AxwmeroB. — Cankrt-IletepOypr : OOpa3zoBaTenbHbIN IIEHTp «YdacTuey,
O6pa3zoBarenbHbie poekThl, 2012. — 108 c.

2. AxmetoBa A.UN. «DemroCkan OwunaitH»: o00pabotka u QuibTpamus
nzoopaxenuit / A.M. Axmerosa, JI.1. Amunckuii, U.B. SImunckuit / Hanounayctpus. —
2024. —T. 17, Ne 3-4(127). — C. 178-183.

3. borateipeB B.A. MeTopI CHHTE3a HAHOYACTHII C TJIA3MOHHBIM PE30HAHCOM /
B.A. borateipes, JI.A. Jlpikman, H.I'. XneGmoB : yue6HOe mocobue. — CapartoB :
CT'Y um. H.I'. Yepnsbruesckoro, 2009. — 35 c.

4. BoakoBa C.A. CoBpeMeHHBbIE HUCCJIEAOBaHUS B O0JACTH HAHOTEXHOJIOTUM
B CO/IepaHuu Xxumuueckoro oopazonanus / C.A. BonkoBa. — Mocksa, 2015. — 304 c.

5. 'ymunun E.A. HanorexHonmoruu — npopsiB B Oyaymiee! / E.A. I'younun //
Oo6pazoBarenbHas noautuka. — 2020. — Ne S5. — C. 54-57.

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

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

9. Mukpo- 1 HaHOMHP COBpeMeHHbIX MaTepuaiios / mox pen. FO.J1. TpeTbsikoBa. —
Mockga : Xumdak MI'Y, 2006. — 68 c.

10. Hanorexnonoruu. A30yka ais Beex / mox pen. FO. /1. TpetwsikoBa. — MockBa :
OU3MATIINT, 2008. — 368 c.

11. O BKJIIOYEHHH OCHOB HAHOXMMUU B COJIEP’KaHUE HIKOJIBHOTO XMMHUECKOIO
obpazoBanus / C.A. Boakosa, A.A. Ubarymmn, C.B. Porateix [u ap.] /| Xumus
B mikone. — 2023. — Ne 6. — C. 19-24.

12. Tlatp  HOOENEBCKUX YPOKOB (IPAKTUKyM [UJIsi  CTapIICKIACCHUKOB
Mo cKaHupymouiei 30H70Bo Mukpockonuu) / A.B. bonbsmakoBa, E.B. JlyOpoBuH,
A.J1. TTporononosa [u p.]. — Mockaa : LlenTp nepcnektuBHbIX TexHomorwid, 2013. — 94 c.

13. Ceeryxun B.B. OcnoBbl HaHoTexHojoruid. 10—11 kmaccel : ydeOHOe
nocooue / B.B. Ceeryxun, N.O. SBrymenko. — 3-¢ m3a., crep. — Mocksa :
[Ipocsemenue, 2023. — 111 c.

14. CnoBapb HAHOTEXHOJIOTHYECKUX U CBSI3aHHBIX C HAHOTEXHOJOTHUSIMH
tepmudoB / I'.I'. bopucenko, WU.B. T'onpar, E.A. T'yaunun [u ap.]. — Mocksa :
OU3MATIINT, 2010. — 528 c.

15. Teopusi W TpakTUKa CKaHUPYIOUIEH 30HJO0BOM MHUKPOCKOIUU: HOBBIE
petieHus I GU3MKK, XUMUHW, Owonormu u Memuiuuel / AWM. AxmeToBa,
O.B. UBanoB, H.E. MakcumoBa [u np.] // Hawomnayctpus. — 2023. — T. 16,
Ne 2(120). — C. 88-95.

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

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