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INHOACHUTEJBHASA 3AIIMCKA

Hanoxumusi sBIs€TCS €CTECTBEHHO-HAYYHOM OCHOBOW HAHOTEXHOJOTHH,
UTPAIOIIMX KpallHE BaXXHYK) pOJb B COBPEMEHHOM TEXHUKO-3KOHOMUYECKOU
napaaurmMe. Hanoxumus ucciaenyeTr crnocoObl MOJyYeHHs U CTaOMIIU3aIuu, CBOMCTBA,
CTpO€HME U  OCOOEHHOCTM  XUMHUYECKMX  NPEBPAIECHUNA  HAHOOOBEKTOB
M HAHOMATEpHaJOB, a TAKXE HX IPAaKTUYECKHE MpuioxkeHus. Hanoxummus crana
JOTUYECKMM  pPAa3BUTHEM  KOJUIOMJHOM  XHMHMH, C  OJHOW  CTOPOHBI,
U CYIIPaMOJIEKYJISIPHON XUMUU — C Apyroil. O0e 3TUX TUCHMIUIMHBI KPUTUYHO BaXKHbI
JUIs1 KOPPEKTHOI'O IIOHUMaHUs HAHOXUMHUYECKHUX MTOAX0/I0B.

Pa3BuTHe HAaHOXMMHWHM M HAHOTEXHOJIOTMA CETOJHA CIY>KUT (POKYCOM
IUIA IPUIOKEHHUST CHJI  BEAYLIUMX YYEHBIX M HCCIENOBATEIbCKUX KOJUIEKTHUBOB.
Hanomarepuansl Ha OpraHMYeCKOM W HEOPraHUYECKOW OCHOBE NPHUMEHSIOTCA
B OTPOMHOM KOJIMYECTBE NPOIYKTOB COBPEMEHHON IPOMBIIIIIEHHOCTU. ONIUCBIBAEMOE

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

PaGouass mnporpamma Kypca BHEYpO4UHOUM pesiTenbHOCTH «COBpPEMEHHbIC
UCCIIEIOBaHMUSI U JOCTWKEHHUs HaHoXuMumu» (naiee — IIporpamma) ecTecTBEeHHO-
HAyYHOW HaIpaBJICHHOCTH TI03BOJIAET OCBETUTH oOyuaromumces 10-11 kiaccos
OCHOBHBIE TE€3UChl HAHOXUMUH, a4 TAK)KE HAMETUTh OCHOBHBIC HAIPABJICHUS PA3BUTHS
HAYKH 0 MUPE HAHOOOBEKTOB U €€ TEXHOJIOTMUECKHUX MPUIIOKEHUHN, TOTyYUTh MOHSATHE
O COBPEMEHHBIX Hay4HbIX MeTonax. Peasmszanmst [IporpaMmbl MO3BOJMUT JOCTHYb
0oJiee MOJHOrO MOHMMAHMS IIKOJbHUKAMHM €CTECTBEHHO-HAYYHOIO MOJX0Ja K

HN3Y4YCHUIO ITPUPOJLI U PA3BUTHIO HA CI'0 OCHOBC TCXHOHOFHﬁ, MCHAIOIIUX MHUP.

AKTyajabHocTh [Iporpammel

Hanoxumusi B CBOMX MPOSIBICHUSX OTHOCUTCS K OOJIACTH €CTECTBEHHBIX HayK
B 1enoM. HM3HauanbHO CQOPMHUPOBABIIMCH HA CThIKE XUMHM U (DU3HKH,
HAHOXMMHYECKUE TMOJAXOAbl BO MHOIOM BIMSAIOT HAa COBPEMEHHOE ITOHUMAHUE

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



[0 €CTECTBEHHO-HAy4YHbIM IMpEAMETAM TEMBI, CBSI3aHHbIE C HAHOXUMHUEH,
pacrmoJyiaraloTcs MOPO3Hb W 3aHMMAIOT KpalHe Maiblii oOmmii o0neM. B wactu
Bo3MOkHOTO AyomupoBanus ¢ @OII COO mo npeameTtHoi obnactu «EcTecTBeHHO-
Hay4yHbIe peaMeTh» [[porpaMmma nmoutu He epecekaercs Hu ¢ peaepanbHoit paboueit
IPOrpaMMoii o yueOHOMY TIpeIMETy « XUMHUSD (TEMBI « AJUIOTPOITHBIE MOIU(PUKALIUN
yraepoja», «lloHsTue o aucnepcHbIX cucrteMaxy», «lIpencraBieHne 0 KOJJIOWIHBIX
pacTBOopax» B paszuene «TeopeTnyecknue OCHOBBI XMMHUHU», a TaKK€ YIIOMUHAHUE
HAaHOTEXHOJIOTUH B pasziene «XUMHS W KU3HBbY); HU C deaepaabHol paboueit
nporpaMMoit mo ydeoHomy mpenmetry «Pusmkay ( «[IoBEepXHOCTHOE HATSKCHHE»
B TeME «ATrperaTHble COCTOSIHUSA BenlecTBa. Pa3oBble MEPEXOAbl»; YINOMHHAHHE
«lTonyuenne HanomaTepuasioB» B TeMe€ «OCHOBBI MOJICKYJISIPHO-KUHETUYECKOU
TEOpUM»); HU C (QeAepalibHOM pabodeld NporpaMmMo Mo y4eOHOMY HpPEeaMETy
«buonorus» («O0ume cBoiicTBa OUOJOTUUECKUX MeMOpaH» B TeMe «XuMuyecKas
opraHuzaius KieTkn»; «HaHoTexHOoJoTHUM B OUMOJOTUU U MEAUIIMHE).
[Iporpamma pa3paboTaHa B COOTBETCTBHM € TpeOOBaHUSMHU (eaepalbHOIO
roCyapCTBEHHOTO0 00pa30BaTENIbHOTO CTaHAApTa CPETHEro OOIIero oopa3zoBaHUs
(DI OC COO). HeobxomumocTs peanuzaiuu [IporpamMmMel cBs3aHa ¢ KpaifHe MUPOKUM
pacrpocTpaHEHUEM MIPOJTYKTOB HAaHOXUMUU B COBPEMEHHOM MUpe
Y BBIIIEYTIOMSIHYTBIM ~ HEJIOCTATOYHBIM OTPAKEHUEM  OCHOBHBIX MPUHIUIIOB,
Ha KOTOPBIX OHa IIOCTPO€Ha, B OCHOBHOM 0Opa30BaTeNbHOM  Mporpamme.
JI71 4aCTUYHON KOMITIEHCAIIUK 3TOTO pa3pbiBa B MOCKBE y»K€ MHOTO JIET IPOBOIUTCS
OJINMIINAJA [0 HAHOTEXHOJIOT UM — OuMITHaaa NKOJILHUKOB « BhICOKME TEXHOIOTUH
U Marepuaibl Oyaymero». 3aganuss OIUMIKAAABI MO3BOJISIOT MIKOJIHHUKAM TIOHSTH,
HACKOJIBKO OHHM  OPUEHTUPYIOTCS B 3TOM  MEKIUCIUIUIMHAPHOW  00JIacTH.
CucremMaTnyecKkoe K€ IMOJIYYEHUE 3HAHUM BO3MOXHO OpPraHU30BaTh HAa YPOBHE
cpemHero oOmero oOpa3oBaHHWsT B paMKaX BHEYPOYHOW JESTEIBHOCTH WA
JOTIOJTHUTEIHFHOTO 00pa30BaHusl, B YaCTHOCTHU TMPH peanu3aiuu JanHoi [IporpamMmei.

bonbiioe BHUMaHUE B HporpaMMe YACJICHO MCTOAAM ITOJIYUCHHA 1 NU3YUCHUA



HAaHOCTPYKTYPUPOBAHHBIX BEIIECTB MW MarepuanoB. [Ipakrtnueckas 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 ! JUIA 1enaroros. [ IpoekTHas u ucciaenoBaTenbCKas AesITENbHOCTD 10 HAHOXUMMUH,
KOTOpasi MOYKET BBINOJHATHCA ¢ onopou Ha [Iporpammy, npu AOJDKHOM IOCTaHOBKE
OyIeT NpUBOAUTh K OOBEKTUBHO HOBBIM PE3yJIbTaTaM, pPaHEE HE OMHCAHHBIM B
HAY4YHOU JIUTEPATYpE.

Hosusna IIporpamMmmsbl 3aKi1r04aeTcs B TOM, YTO OHA IOCTPOEHA HA MOLIArOBOM
O3HAKOMJIEHUU OOYYAIOIINXCS C OCHOBAMU HAaHOHAYKH U €€ MPUII0KEHUSAMH.

Peanuzanust [IporpaMmbl criocoOCTBYET JeTalu3alliy 3HAHUNA O0ydaronuxcs
0 (PUBHMKO-XMMHUYECKUX IMPOLIECcCax, MPOTEKAIOUMX Ha HAHOYPOBHE, PACIIMPEHUIO
NPEACTABICHU O BO3MOXKHOCTAX IPUMEHEHHUS HAHOXMMHYECKUX TOJXOJIOB,
crocoOcTBYeT MpodoprueHTAIUN 00yUIaIOIIHXCS.

IHeparornyeckas mesiecooOpasHoctb [Iporpammel 3akiroyaercss B TOM, 4TO
OHA CO3/aeT YycioBuUs Il (popMUPOBaHUS y OOYYAONIMXCS €CTECTBEHHO-HAYyYHOMU
KApTUHBI MHpA, Pa3BUBAET YMEHHE KPUTUYECKOIO OCMBICIEHUS MH(OpManuu, 1aer
BO3MOXKHOCTh ~ MOJYYUTh  HABBIK  MPOBEACHUS  Y4eOHO-HCCIIEOBATEIBCKOTO
HKCIIEPUMEHTA, paciiupsieT 0a3uc JUisl YIUIyOJIEHHOTO HM3YyYEHUsS HAHOXUMUYECKUX
IIPOLIECCOB B BBICIIEH LIKOJIE.

Hean IIporpammbl — 1aTh 00y4YaIOIIMMCS KPATKUN SKCKYPC B MEKIIPEIMETHYIO
00J1aCTh HAHOTEXHOJIOTUN ¥ UMITYJIBC K CAMOCTOATENHOMY U3YYEHHUIO U TBOPUECKOMY
Pa3BUTHIO; JTaHHAs 00JIACTh B HACTOSIIEE BPEMs SIBJISETCA OJHOM M3 «TOYEK POCTa»
JUISL Pa3BUTHSA TMPOMBIIIJIEHHOCTH M HAXOJUT MHOTOYHMCICHHbIE MPUMEHEHUs

B COBPEMEHHOM TEXHHUKE.



Bapuants! peasmuzanuu [IporpamMmmMsl 1 (popMbI IPOBeIeHUA 3AHATHI

Peanuzaumss ~ IlporpamMmbl  mpennonaraeT — Cou€TaHWE  JIEKIMOHHOM
U ceMuHapckoi ¢GopM pabOThl C 3AJIEMEHTAMHU MPaKTUKyMa: JEKIUU, CEMUHaphI,
JTUCKYCCUHM, 3alllUThl  MPOEKTOB, Y4E€OHO-MCCIEIOBATEIbCKUNA  AKCIIEPUMEHT,
IpakTHUYeCKue padoThl — H300paKeHWE XUMHUYECKHUX (OpMYI, BHU3yaTIH3aLUS
TPEXMEPHBIX 0OBEKTOB U TIP.

B ceMunapckoii yacTH BO3MOXHA CMEHA WHANBUAYAIbHBIX U TPYIIOBBIX (POPM
MIPOBE/ICHUS] B 3aBUCUMOCTH OT MpEANOYTeHUM mnenarora. B mpakTtuueckoil yactu
BCTPEYAIOTCS KaK Y4EOHO-MCCIIEA0BATENbCKUI IKCIIEPUMEHT, TaK U KOMITbIOTEPHBIN
MPAKTUKYM.

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

JInst  caMOCTOSATENIBHOTO  HM3Y4YEHHs NPEIyCMOTPEH CIHMCOK aKTyaJlbHOU
JUTEPATYphl MO OINKUCHIBAEMOM O00JIACTH, PACCUMTAHHBIM KaKk Ha Y4YuTeleH, Tak
Y Ha IIKOJIBHUKOB, YYaCTBYIOUIUX B peanu3auuu [I[porpaMmel.

[Iporpamma paspaborana st obydwaroutuxcs npoduiabHbix 10—11 kmaccos
(ecrecTBeHHO-Hay4HbId npodunas o0yuyeHus). [Iporpamma paccuurtana Ha 2 roja
oOyuenus. OOlee KOJIMYECTBO BPEMEHHU, OTBOJAMMOIO Ha ocBoeHue I[Iporpammel,
cocraisiet 68 yacoB. [Iporpamma peanusyercs 1 pa3 B nenento o 1 yacy. Bapuantom
peanu3anuu MoxeT ObITh u3ydenue IIporpammel B 10 kiacce B pexume 3aHATUN 2
qaca B HEJEIIIO.

@opMbI KOHTPOJISI CHyKaT I ONpENeNieHUs Pe3yJIbTaTUBHOCTA OCBOECHUS
[Iporpammbl  oOydarommmucs. ATrectanus mnpoBoautcss | pa3 B Trox:
POMEKYTOUHAs — [0 UTOTaM MEPBOTO Trofa 00y4YeHus, UTOroBas — BECHOM BTOPOTO
rojia oOy4eHwus.

Dopmbl nposedeHUs ammecmayuu.

® TECTUPOBAHUE;

® [IPaKTUYECKUE 3AHATHUS;

e 3ayeTHas pabora.



B3anmocBashb ¢ GpegepanbHoi padoyeid MporpaMMoil BOCIIUTAHUS

[Iporpamma pa3paboTaHa ¢ y4eToM peKOMeHmanui deaepaabHol pabodei
MIPOrpaMMbl BOCITUTAHUS ISl 001Ie00pa3oBaTeIbHBIX opranm3anuii. OHa y4nUTHIBAET
MICUXOJIOTO-TIEIArOTMYECKIE 0OCOOEHHOCTH COOTBETCTBYIOIIEH BO3PACTHOM KaTeropuu
oOy4Jaronmxcsi.

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

K 3amauam peanuzanuu naHHou IIporpamMMbl MOXKHO OTHECTH JOCTHKEHUE
JMYHOCTHBIX Pe3yJbTaTOB OCBOEHHUS 00IIe00pa30BaTEIbHBIX MPOrpaMM MO (U3HKE,
xuMuu 1 ounosioruu B cootBercTBUU ¢ ®I'OC COO, a uMeHHO: cHhOPMUPOBAHHOCTD
[IEHHOCTEH CaMOCTOATENBHOCTH M HWHUIMATUBBI, TOTOBHOCTh OOYyYarOIIUXCS
K CaMOpPa3BUTHUIO, CAMOCTOSITEIbHOCTH U JJUYHOCTHOMY CaMOOIPEEICHUIO, HATUYUE
MOTHBAllMM K  [EJICHANIPABJICHHOM  COIMAIbHO  3HAYUMOW  JIESITEIIBHOCTH,
c(hOpMHUPOBAHHOCTh, BHYTPEHHEH TMO3UIMU JIMYHOCTU KaK OCOOOT0 I[€HHOCTHOTO
OTHOIIICHUS K ce0€e, OKPYKAIOIIUM JIFOSIM U KU3HU B LIEJIOM.

[IporpaMma  COOTBETCTBYET  CIEAYIOIIMM  OCHOBHBIM  HaIlpaBJICHUSIM
BOCIIMTAHUS: TPaXIAHCKOE BOCIHUTaHUE, NMATPUOTHYECKOE BOCIHUTAHUE, AYXOBHO-
HPABCTBEHHOE BOCIHTAHUE, ICTETUYECKOE BOCHUTaHUE, (POPMUPOBAHUE KYIBTYpPbI
3I0pOBOTO 00pasza >KW3HHU, TPYJIOBOE BOCHHMTAHHE, SKOJOTMYECKOE BOCHHUTAHHE,

BOCIIMTAaHHNC HCHHOCTHU HAYYHOI'O IIO3HAHHA.

Ocob6ennoctu padorel nexarora no Iporpamme

[lepen mnpenogaBateneM, pabotatomm 1o Ilporpamme, cTouT 3amaya
TapMOHUYHOTO COYCTAHMS DJICMEHTOB XUMHUHU, OMOJIOTHH, PU3UKU W WH(OOPMATHKH,
KOTOpbIE HEOOXOIUMBI JIJIs KOHBEPT€HTHOTO TIOHUMAaHKSI HAHOXUMUHU. TeM He MeHee
aKIICHT B cOCTaBJICHUH [IporpaMMbl cliemaH Ha XUMUYECKHE aClIeKThl HAHOHAYKH, YTO
MOKET YaCTHYHO CMSATYHTH KaIpPOBBIH BOIPOC B peanm3aiuu [IporpamMmmel. Y cBOCHHE
OOyYarOIIMMHUCS HOBBIX 3HAHMM B 9TOM OOJACTH TECHO CBS3aHO C YCHENIHOCTBHIO

peanm3anMy  y4eOHO-UCCIIEN0BATENBCKOTO JKCIIEPUMEHTa M IPAKTHUUYECKUX pPadoT,



3anokeHHbIX B [Iporpammy. IIpu HEIOCTaTOYHOCTH MaTEpUATbHO-TEXHUYECKOTO
OCHAalIeHMUs] 00pa30BaTENbHOM OpraHM3alMM PEKOMEHJyeTCs CJellaTh AaKUEHT
B peanusanuu Ilporpammel Ha paGoTy ¢ mUPPOBBIMH pecypcamu. Bo3moxHO
COKpAlleHHE KOJMYECTBA IUIAHUPYEMBIX IPAKTUUYECKUX paboT i yriayOseHus
paboTHI Ha/I TEOPETUUIECKUMHU pazenamu [IporpaMMel.

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

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

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

® DPa3BUBAIOTCA MIO3HABATEIbHBIE KOMIIETCHIINN O0YYaIOIIUXCS;

® AKTHBHO MCHOJB3YIOTCSI COBPEMEHHBIE SKCIIEPUMEHTATBHBIC U BHIUMCIUTEIILHBIC
METO/IbI;

® TOJJICPKUBACTCS  OpPHEHTaUUs  OOyyaroumxcs Ha  IOCIETYIOIIYIO

CHEIUaIN3alMI0 B 00JIaCTH KaK (PyHIaMEHTaIbHOM, TaK M MPUKIATHON HAYKH.



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

10 KJIACC

Paznen 1. Opranuzanuonnoe 3ansaTue « HaHoXuMusi 1 HAHOTEXHOJIOTUS
KAaK MeXIUCHUILINHAPHAA 00JacThb». Llesn u 3agaun kypca. MHCcTpyKTa)K

Tema 1.1. Beeoenue 6 Ilpocpammy

Teopus. ®opmbl 1 MeToAbl AesTenbHOCTH. [lman paboThl Ha y4uyeOHBIH TOI.
HMHCcTpyKTaX M0 TEXHUKE 0€30I1aCHOCTH.

Ilpakmuxka. IlepBrudHas 1uarHoctuka. BXo/iHOE TeCTUpOBaHUE.

Pa3nen 2. UcTopusi HAyKM 0 IMCIIEPCHBIX CHCTEMAax

Tema 2.1. Hauano u3yuenus NOGEPXHOCHMHBIX AGNEHUN U OUCHEPCHBIX
cucmem

Teopus. Kamnumnsapsl u 3akoH Jlammaca. M3ydenne aacopouun (K. Illeene,
T. JloBui). Metaiumnueckue 3oau (M. ®dapaneit). bpoyHoBckoe nsuxkenue. Ocmoc
n quamm3 (T. I'pam). Komnouwaneie cuctembl. OmpeneneHue uuciaa ABOraapo
(K. TIleppen). Dddexr Pebmnmepa. TepMuH «HAHOTEXHOJIOTHH», HCTOPHS €TrO
nosiBiieHus U nonyisapuszauuu (P. @eitnman, H. Tanuryth, 3. Jlpekcuep).

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

CIIOCOOHOCTH.

Pa3nen 3. OcHoBBI (PU3UKHU NMOBEPXHOCTH U JUCTIEPCHBIX Cpejl

Tema 3.1. Ocnoevl puszuku nosepxnocmu

Teopus.  @OU3NKO-XMMHUYECKHME  CBOWCTBA aTOMOB Ha  IOBEPXHOCTH.
[ToBepxHOCTHOE HaTsKeHUE. AnicopOuus. CMaynBaHue.

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

Tema 3.2. Ceoiicmea oucnepcHuvix cpeo

Teopus. nEKTpUYECKHE CBOMCTBA. YCTOMYMBOCTh. {DUMKO-XUMHUUYECKAs
MEXaHUKA.
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Ilpakxmuxa. Y4eOHO-UCCIENOBATENbCKUM dKciepuMeHT: OIleHKa TOJIIIUHBI

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

Pa3znen 4. /lucnepcHbie CHCTEMBI: MOJIyUYeHUE U IPUMEHEHHE

Tema 4.1. Knaccugpuxkayus oucnepcuwix cucmem

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

Ilpaxmuxa. Tlpaktuueckas padbora: MojienupoBaHHe CTPYKTYPbl HAHOYACTHIL
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-HCCIIEIOBATEIbCKUN  3KcmepuMeHT:  OmnpenencHue
YCTOMYMBOCTH MEHBI MOIOIIINX CPEJICTB.

Tema 4.3. /lucnepchvle cucmemul, cooeprcauiue 3cuokyro gazy

Teopus. 3onu, Tenu, SMyJbcuU U cycnen3uu. [losoxxeHue 3051ei Ha IIKaie
JMCTIEPCHOCTU KOJIJTOUIAHBIX CUCTEM.

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

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

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

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

Tema 4.5. Memoowl su3yanuzayuu Hanowacmuy

Teopus. Dpdext Tungans. AHanu3 TPaeKTOPUN JBMKCHHUS HAHOYACTHII.

Ilpaxmuxa.  Y4eOHO-WCCNENOBATENbCKUI  JKCHIepUMEHT:  JlemoHcTparus

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

Tema 5.1. Ilpunyun «ceepxy-6Hu3»

Teopus. llpuHIMNBI NOJIy4EHUS HAHOCTPYKTYp: «CBEpPXY-BHM3» M «CHH3Y-
BBepx». [lomyuenue rpadena. OcobeHHocTH pabOTHI TUTAHETAPHBIX METBHHUII.

Ilpakxmuxa: Tllpaktuyeckas pabota: IlocTpoeHwe Mojenu IUIaHETapPHOM
MEJbHHUIIBI.

Tema 5.2. IIpunyun «crnu3zy-66epx»

Teopus. OcHOBBI cynpamosiekysipHoi xuMun. CamocOopka. MeToibl cuHTe3a
HAHOYACTHIL: «MSATKOM XUMHUEH» — 305b-T€Ib, «TOMOI'€HHOIO OCAXKICHUD,
oOpaIieHHO-MULICJUTSIPHBIN, MHMKPOAMYJIbCHOHHBIN; Tepmonu3, CVD. Meroms
cTaOWiIM3alM  HAHOYACTULL:  CTEpUYECKas, XeJaTHas, dJIEKTPOCTaTHYecKas,
umMMmoOuIn3anueil B marpuue. HampaBiaeHHbI CHMHTE3 HAaHOOOBEKTOB: KBAHTOBBIE
TOYKHM, HAHOIUIEHKM, OObEMHblE HaHOMaTepuaiabl. Monaudukanuss CBOMCTB
HAaHOMAaTEpHUaJIOB.

llpakmuka: Y4yeOHO-UCCIEAOBATENbCKUI SKCepUMEHT: ['a3oda3Hblii CHUHTE3
HAaHOKPUCTAJUIMYECKOTO XJopuaa aMMoHus. IlomydeHne 3051 HaHOMArHeTWTA,
HAHOPA3MEPHOro JMOKCHAA THUTaHa, OepiuHCKON jda3ypu. llomyueHue HaHOIJICHOK
cepeOpa Ha CTEKJISIHHOM nouiokke. OLleHKa UX TOJIIKHBI.

Hpomeofcymouua}l ammecmauusi.

11 KJIACC

Paznen 6. Meroabl ucc/ie10BAHUST HAHOCTPYKTYPHPOBAHHBLIX BelleCTB
U MATepuaJioB

Tema 6.1. Onmuueckue memoosi

Teopus. Ontuyeckue  CBOMCTBA  HAHOYACTUI, W HAHOMATEpPHUAJOB.
Mukpockonus. Judpakumonnsii npenen. doromerpus. CrekTpodoTOMETpHS:
U3MEPEHUE  NPOIYCKaHWs, TMOTJIOUIEHUS, JIOMHUHECUEeHIHU. [uHamudeckoe

CBCTOPACCCAHUC.
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Ilpaxmuxka: TlpakTudeckas pabora: MUKpOCKOIIMYECKOE N3YUEHUE TIPEmapaToB
HaHOcepeOpa Ha CTeKIax.

Tema 6.2. Inekmponnas MuUKpocKkonus

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

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

Tema 6.3. Penmeenosckasn ougppaxmomempus

Teopus. Pentrenodas3oBblii aHanmu3. YIIMPEHHE TMHUKOB Kak IMPU3HAK
HAaHOOOBEKTA M KaK CIOCO0 OIIEHKU pa3Mepa KPUCTALTUTOB. PEeHTreHOCTpYKTYpHBIH
ananu3. OnpeneneHue CTpyKTypbl HAHOPa3MEpPHbIX 00BEKTOB HA aTOMHOM YPOBHE.

Ilpaxmuxa: Tlpaktrueckas paborta: Busyanuzaius CTpyKTyp OHMOMOJIMMEPOB,
MOJYYEHHBIX METOJOM PEHTT€HOCTPYKTYPHOTO aHAJIN3a.

Tema 6.4. Ckanupyrouwias 30100641 MUKPOCKORUA

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

Ilpakmuka: TlpakTudeckas pabota: AHaAIW3 HN300paKEHUH, TOTYYCHHBIX
METOJ0M aTOMHO-CHJIOBOW MUKPOCKOIIMH, C IOMOIIBIE0 COBPEMEHHOTO IPOIPAMMHOI0
oOecrniedyeHus. Y4eOHO-UCCIIEOBATEIbCKUN SKCIEPUMEHT: 3yueHue mnoBepXHOCTU

MCTOJOM aTOMHO-CUJIOBOM MHUKPOCKOIINH.

Pazgen 7. @DyHKHUHOHAJBbHBbIE CBOWCTBA HAHOCTPYKTYPHUPOBAHHBIX
BeLIeCTB U MATEPHAJIOB

Tema 7.1. @yukuyuonanvHvle ceolicmea eeujecmeqa, obecneyusaemvle
Hanomamepuaiamu

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

Ilpakmuka. Y4eOHO-UCCIENOBATENLCKHUM dKcTIepuMeHT: M3yuenue «dddexra

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

Tema 8.1. Cospemennble npumeHeHuUss HAHOMEXHOIOZUU

Teopus. CoBpeMeHHbIE MPUMEHEHHUS] HAHOTEXHOJIOTUH, OO 0030p.

lIpakmuxa. Buktoprna: 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.

Ilpakmuka. Y4ueOHO-UCCIENOBATENbCKUI dKCIIEpUMEHT: M3mMepeHue eMKocTu
JUTHN-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. Hanomamepuanwvt ¢ Meouyune u 3K0J102un

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

Ipakmuxa. [Tpaktndeckast pabota: Buzyanuzaius mpoCTpaHCTBEHHOM CTPYKTYPHI

HaHO6I/IOHpeHapaTOB C IOMOIIBO COBPECMCHHOI'O IIPOTPaMMHOI0 oOecrieueHusl.

Paznen 9. AxkryajbHble mpodjeMbl B 00J1aCTM  HAHOXHMMU
U HAHOTEXHOJIOTHH

Tema 9.1. /Tluckyccusn

Teopus. AxtyanbHble TPoOJIeMbl B 00JIaCTH HAHOXUMHUHU U HAHOTEXHOJIOTUH.

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

JIMYHOCTHBIE PE3YJIBTATHI

B cgpepe epaswcoanckozo ocnumanusi:

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

TOTOBHOCTh K COTPYAHHYECTBY B IIPOLECCE COBMECTHOTO BBIIOJIHEHHUS
y4eOHBIX, TO3HABATEIBHBIX U UCCIEIOBATENbCKIX 3a/1a4, YBAKUTEIHHOTO OTHOIIICHUS
K MHEHUIO ONIOHEHTOB MPHU 00CYXAEHUU CIIOPHBIX BOIPOCOB €CTECTBEHHO-HAYYHOT'O
COJZIepKAHUS.

B cipepe nampuomuueckozo ocnumanusi:

yB@XEHHE K TMPOILECCy TBOPYECTBA B OOJACTH TEOPUU U MPAKTUYECKOTO
IPUJIO’)KEHUSI HAaHOHAyKH, OCO3HAHUS TOTO, YTO YCHEXH HAyKU M TEXHOJOTUHU €CTb
pe3ynabTaT JIUTENBHBIX HAOMIOACHUN, KPOTIOTIMBBIX dKCIEPUMEHTATbHBIX TOMCKOB,
MOCTOSTHHOTO TPyZAa YYEHbIX U NPAKTUKOB;

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

B cgpepe oyxoeno-npascmeenno2o 60cnumanusi:

OCO3HaHHWE JIMYHOTO BKJIaJa B IOCTPOSHUE YCTOMUUBOTO OyAYIIETO;

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

B cipepe scmemuueckozo éocnumanus.:

ACTETUYECKOE  OTHOLIEHHE K MHpY, BKJIIOYas JCTETUKY  HAy4YHOI'O
¥ TEXHUYECKOTO TBOPUYECTBA.

B cghepe ghopmuposanus kynemypet 300powsi:

coOiofieHre TpaBUi Oe30MacHOro ooOpallleHus ¢ BellecTBaMH B  OBITY,

ITIOBCEJHEBHOM XKU3HU, B TPYJIOBOU JESATEIBHOCTH;
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OCO3HAHHE TMOCJEICTBUA W HEMPUATHE BPEAHBIX MPUBBIYCK (YMOTPEOICHUS
QJIKOT0JIs, HAPKOTUKOB, KYpEHUS);

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

B cgpepe mpyodoeozo eocnumanusi:

KOMMYHHUKATHUBHAs! KOMIIETEHTHOCTh B y4€OHO-HUCCIIEI0BATEBCKOM JIEATEIbHOCTH,
OOIIECTBEHHO MOJIE3HOU, TBOPUECKOM U IPYTUX BUAAX ACSATEIbHOCTH;

WHTEpEC K MPAKTUYECKOMY HM3yYEHHUIO MPOQECCuil pa3InyHOTO pojaa, B TOM
YKCJI€ HA OCHOBE MPUMEHEHHUS MPEIMETHBIX 3HAHUI M0 XUMUU U (PU3HKE;

YBOKEHUE K TPYAY, JIOJAM TPyJa U pe3ybTaTaM TPYAOBOU NESITEIbHOCTH;

FOTOBHOCTh K OCO3HAHHOMY BBIOOPY  HHJMBHAYyaJIbHOM  TpaeKTOpUU
oOpazoBanus, Oyaymieil mpodeccun u peaan3aiuu COOCTBEHHBIX JKU3HEHHBIX TIJIAaHOB
C y4eTOM JIMYHOCTHBIX HWHTEPECOB, CHOCOOHOCTEM K HaykKe, HHTEPECOB
U IOTpeOHOCTEM 0011IecTBa.

B cghepe sxonocuueckoeo socnumanus:

HKOJIOTHYECKH I1eJIecO00pa3HOe OTHOILIEHHWE K TPHUPOJAEC KaK HCTOYHHUKY
CYILIECTBOBAHMS )KM3HU HA 3€MIIE;

HaJIMYue Pa3BUTOTO SKOJOTMYECKOTO MBIIIJICHUSI, YKOJIOTUYECKOU KYJIbTYPHI,
OTBITA JEATEIIBHOCTH SKOJIOTHYECKON HAMPABICHHOCTH, YMEHUS PYKOBOJICTBOBATHCS
UMHU B TMO3HABaTEIbHOW, KOMMYHUKATUBHOW U COIMATBHOM MPAKTHKE, CIOCOOHOCTH
Y YMEHUSI aKTUBHO MPOTUBOCTOATH UACOJIOTMU XeMo(poOuu;

CIIOCOOHOCTh HUCIOJIB30BaTh MPUOOpETacMble MPU HM3YYCHUU HAHOXUMHHU
3HAHUS W YyMEHHUS TpU peHieHuu mpobJieM, CBSI3aHHBIX C palMOHATbHBIM
MPUPOIOTIOIB30BaHUEM (COOTIOACHNUE TIPABWIT TIOBEICHHS B IPUPO/IE, HATTPABICHHBIX
Ha COXpaHEHUE PABHOBECHS B AKOCUCTEMAX, OXPaHy BUIOB, SKOCHCTEM, OMOChEpPHI);

OCO3HaHHUE TJI00AILHOrO XapakTepa JKOJIOTHYECKUX MpoOJeM M TyTel uXx
pelieHusl.

B cgpepe yennocmeii nayuno2o nosHaHusi:

MOHMMAaHUE CHeUU(PUK HAHOHAYKH, OCO3HAHUE €€ poJju B (OPMHUPOBAHUU

pPAallMOHAJIBHOTO HAYYHOI'O MBIIIJICHUA, CO3AAaHUC NCIIOCTHOIO IMPCACTABICHUS
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00 OKpy’KaroIeM MUpe KaK O €IMHCTBE MPUPO/IbI, YeJIOBEKa U 00I1eCTBA, B TIO3HAHUH
NPUPOAHBIX 3aKOHOMEPHOCTEH M PEIICeHUH NpoOJIeM COXpPaHEHUS MPUPOJIHOIO
paBHOBECHS,

MOHMMAHUE CYIIHOCTA METOJI0OB TMO3HAHMS, MCIOJIb3YEMBIX B €CTECTBEHHBIX
HayKax, CIIOCOOHOCTH UCIOJIb30BATh MOTyYaeMble 3HAHUSI JIJIs1 aHAIU3a U OObSICHEHUS
SIBJICHUM OKPY>KAIOIIEr0 MUpa U MPOUCXOMASIIUX B HEM U3MEHEHUI, YMEHUE JenaTh
00OCHOBaHHBIEC 3aKJIIOUEHHUS] Ha OCHOBE HAYYHBIX (DAKTOB M JAHHBIX, MOJYYEHHBIX
B XO0/I€ Y4YEOHO-HCCIEAOBATEIIbCKOTO JKCIIEPUMEHTa, C LEJIbI0 MOJyYeHHUs
JIOCTOBEPHBIX BBIBOJIOB;

3aMHTEPECOBAHHOCTh B MOJYYEHHUH E€CTECTBEHHO-HAYYHBIX 3HAHHN B LEIAX
MOBBIMICHUS OOIIEH KYJIbTYpbl, €CTECTBEHHO-HAYYHOM T'PAaMOTHOCTH KaK COCTaBHOM
4acTH (PYHKIIMOHAIBHON IPaMOTHOCTH, (POpMUPYEMOH TIpH 00yUYEHUH;

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

C ) XU3HCHHBIMHA HOTpC6HOCT$IMI/I.

METAIIPEAMETHBIE PE3YJIbTATHI

B cgpepe o06nadenun noznaeamenvHvoIMU YHUBEPCATbHOIMU YUCOHBIMU
oelicmeuamu:

ba3zoevie nocuueckue oeticmeus:

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

WCIIOJB30BaTh IIPH OCBOCHWUM 3HAHUW IIPHUEMBI JIOTHYECKOTO MBIIUICHHUS
(aHaynM3a, CHWHTE3a, CpPaBHEHMS, KJIacCU(PUIIMPOBAHUS, OOOOIIECHHUS), PACKPHIBATH
CMBICII HAay4YHBIX TOHSATHUH (BBIACISTH MX XapaKTepHbIC MPU3HAKH, YCTAaHABIWBATH
CBSI3M C IPYTUMH TTOHSTHUSIMH );

OMpENCNATh IETU JeATCILHOCTH, 3aJaBas IapaMeTpbl W KPUTEPHH UX
JOCTHKCHHSI, COOTHOCHUTD PE3YJIBTATHI ACATEIPHOCTH C TTIOCTABICHHBIMHU LIETISIMU;

HCIIOJIb30BATb HAYYHBIC ITIOHATHUSA 1JIA 00BICHEHUS (baKTOB U SIBJICHUU IIPpUPOALI;
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CTPOUTh  JIOTMYECKUE  pPACCYX ACHUS  (MHIYKTUBHBIC,  JEIYKTHBHbBIE,
[0 AHAJIOTHH), BBISBISATH 3aKOHOMEPHOCTH U TPOTHUBOPEUHS] B PacCCMATPUBAEMBIX
SBIICHUSX, (DOPMYIHPOBATH BHIBOABI U 3aKIIOUCHHS,;

IPUMEHATh CXEMHO-MOJENbHBIE CPEACTBA JUJISl IPEJICTABIICHUS CYIIECTBEHHBIX
CBSA3€H U OTHOILIEHUM B U3y4aeMbIX OOBEKTAX, & TAK)KE MPOTUBOPEUUI PA3HOIO POJa,
BBISIBJICHHBIX B PA3JIMYHBIX HH(HOPMAIIMOHHBIX HCTOYHUKAX;

pa3palaTeiBaTh IUIaH PEHICHHUA MNPOOJIEMBbI C YYETOM aHadu3a HMEIOIIUXCS
MaTepHaIbHBIX U HEMATEPUAJIbHBIX PECYPCOB.

ba3zosvie uccneoosamenvcrue oeticmsusi:

BJIAJICTh HAYYHON TEPMHUHOJIOTHUEH, KIIOUEBBIMU MOHATUAMU M METOJAMHU
HAaHOHAYKU;

BJIa/IETh HaBbIKAMHU y4€OHO-HUCCIIEI0BATEIIbCKONW U MPOEKTHOM NEATEIbHOCTH,
HaBBbIKAMHU pa3pelieHus Ipo0ieM; CHOCOOHOCTHIO U TOTOBHOCTBIO K CAMOCTOSITEIbHOMY
MOMCKY METOJIOB PEIICHUS MPAKTUYECKHUX 3a/lay, IPUMEHEHHUIO PAa3JIMYHbIX METOOB
MO3HAHUS;

UCITOJIB30BATh PA3JIMYHbIC BUJIBI JEATEIBHOCTH I10 MOJTYYEHUIO HOBOI'O 3HAHUSA,
€ro MHTEepIpeTalry, IPeoOpa3oBaHUIO U IPUMEHEHHUIO B YUEOHBIX CUTYyaIUsX, B TOM
YHUCJIE MPU CO3JaHUMU YUYEOHBIX U COLUATIBHBIX TPOEKTOB;

dbopMupOBaTh HAYYHBIA TUIl MBIIUICHUS, BIAJETh HAYYHOU TEPMUHOJIOTHUEH,
KJIFOYEBBIMU MOHATUSIMU U METOJIAMU;

CTaBUTh U (POPMYJIMPOBATH COOCTBEHHBIE 33/1a4M B 00pa30BaTEIbHON AEATEIbHOCTH
U KU3HEHHBIX CUTYaIUSX;

YMETh UHTETPUPOBATH 3HAHUS U3 PA3HBIX MPEIMETHBIX 00JIaCTEH.

Paboma c ungpopmayueii:

BJIAJ€Th HABBIKAMU MOJyYEHUS MH(OpMAIMU M3 UCTOYHUKOB Pa3HbIX THUIIOB,
CaMOCTOATENIBHO OCYILECTBIISATh MOUCK, aHAJIU3, CUCTEMATU3aLUI0 U UHTEPIPETALUIO
uH(OpMaIUU PA3TUYHBIX BUIOB U (POPM MpeCTaBICHUS;

OLICHUBATh IOCTOBEPHOCTh MH(POPMAIIUH;

bopMyaMpoBaTh 3aNpochl U MNPUMEHSITh Pa3IUYHbIE METOJbl MNPHU TOUCKE

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

UCIIONB30BaTh HAy4YHBIM SI3bIK B  KAadecTBE CpeAcTBa mpu  paboTte
c nHpOpMaNKel: TPUMEHATh XUMHUYECKUE, (PU3NYEeCKHe U MaTeMaTHYEeCKHE 3HAKH
Y CUMBOJIBI, bopMyIIBI, ab0peBHuaTypy, HOMEHKJIATypYy, HCIIOJIb30BaTh
U TIpeoOpa30BhIBaTh 3HAKOBO-CUMBOJIMYECKUE CPEICTBA HATJISITHOCTH.

B cghepe o6naoenun ynueepcanbHoimu KOMMYHUKAMUBHBIMU OCUICHBUAMU:

OCYIIECTBIISTH OOIIEHUE BO BHEYPOUHOM ACATEIbHOCTH;

Pa3BEpHYTO M JIOTUYHO H3JIaraTh CBOIO TOYKY 3PEHHUS C HCIOJIb30BAHUEM
SI3BIKOBBIX CPEJICTB;

MOHUMAaTh W MCIOJIb30BaTh MPEUMYIIECTBA KOMAHIHON M WHAMBHUIYaIbHOU
paboThI;

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

MPUHUMATh TEITH COBMECTHOM NESATETHHOCTH, OpraHU30BHIBATH
U KOOPJWHUPOBATh JEUCTBUS MO €€ JOCTIKEHUIO: COCTaBIIATH IUIAH JCHCTBUM,
pacnpenensiTh PO C YYETOM MHEHUW YYaCTHHKOB, OOCYXIAaTh pPe3yJbTaThl
COBMECTHOM paboThI;

OIICHMBATh KA4E€CTBO CBOETO BKJIA/a M KaXKJIOTO yYaCTHHUKA KOMaHJIbI B OOIIHiA
pe3yabTaT 1Mo pa3pabOTaHHBIM KPUTEPHSIM;

nmpeasiaraTh HOBBIE TPOEKTHI, OICHUBAaTh WJEU C TO3UIMA HOBHU3HBI,
OPUTHHATBHOCTH, IPAKTUICCKON 3HAUNMOCTH;

OCYIIECTBJISATh TO3UTUBHOE CTPATETHYECKOE TOBEJICHUE B  Pa3IUYHBIX
CUTYaIHSIX, IPOSIBIISITH TBOPYECTBO M BOOOpaKECHUE, OBITh MHUIIMATHBHBIM.

B cghepe oenaoenun ynueepcanonvimu pezyiimusHolMu 0eicmeuamu:

Camoopeanuzayus:

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

CaMOCTOSATEILHO OCYIIECTBIISATh MO3HABATEIBHYIO JEATEILHOCTh, BBISBISTH

npo0eMbl, CTAaBUTh U (POPMYIIMPOBATH COOCTBEHHbIE 33/1a4H;
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CaMOCTOSITENIFHO COCTAaBIISITh IUJIAH BBITIOJHEHUS Y4eOHO-HCCIIEA0BATEIHCKOTO
IKCIIEPUMEHTAa C YYETOM HMEIOIIUXCS PEeCcypcoB, COOCTBEHHBIX BO3MOXKHOCTEM
Y IIPEAIIOYTEHUM;

pacimMpsATh paMKi y4eOHOTO MpeMeTa Ha OCHOBE JIMYHBIX MPEANOYTCHUNH;

JienaTh OCO3HAHHBIHN BEIOOD, apryMEHTHUPOBATH €0, OpaTh Ha ce0sl OTBETCTBEHHOCTh
3a peIIeHHE;

OLIEHUBATh NPUOOPETEHHBIN OTIBIT;

cocoOCTBOBaTh (POPMHUPOBAHUIO M TPOSBICHUIO SPYIUIUH B 00JacTU
€CTECTBEHHBIX HAyK, MIOCTOSIHHO IMOBBIIIATh CBOI 00pa30BaTENIbHBIN U KyJIbTYPHBIN
YPOBEHb.

Camoxoumpons.

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

OpUHAMATh MOTHUBBI W apryMEHTBl JPYTUX TPU aHadu3€ pPe3yJbTaToB
JeSITETHHOCTH;

UCTIONIb30BaTh MPUEMBI pedieKcuu NJIsl OIICHKU CHUTYyallud, BHIOOpA BEPHOTO
peleHus;

YMETh OLIEHUBAaTh PUCKM M CBOEBPEMEHHO MPUHUMATh PELICHHUS MO  HUX
CHIDKEHHUIO.

Ipunamue cebs u opyaux.

IMPpUHUMATb CC6$I, IIOHHUMAas CBOU HEAOCTATKH U JOCTOMHCTBA,

MIPU3HABATh CBOE MPABO U MPABO IPYTUX HA OIIMOKHU.

HPEAMETHBIE PE3YJIBTATBI

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

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

Oonorpaguueckue JaHHbIE U OCHOBHBIE TOCTHXKEHHS BEAYIUX MPEICTaBUTEIEH

HAayYKH O JUCIICPCHBIX CPCJax U HAHOXUMUH,
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OCHOBOITOJIAraKIIe HAHOXMMUYECKHE TEPMHUHBI U MOHATHS (HAHOYACTHULA,
HaHOMAaTEPUAJIbl, HAHOCTPYKTYPhI, HAHOCUCTEMBI U JIP.);

CTPOCHHE OCHOBHBIX HAIMOJIEKYJSIDHBIX  CTPYKTYp, MPHUCYTCTBYIOLIUX
B JUCIIEPCHBIX CPElax;

BO3MO>KHOCTH HAIPaBJIEHHOTO CUHTE3a U MOIM(UKAIIMHY HAHOCTPYKTYPHUPOBAHHBIX
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:

M0JIb30BATHCSI TEPMUHOJIOTHEN, OTHOCSIIEHCS K HAHOXUMHUH U HAHOTEXHOJIOTHH;

pa3nuyaTth pa3IU4HbIC YpOBHU OpraHu3aIiu MaTepuu
B HAHOCTPYKTYPHUPOBAHHBIX O0BEKTAX;

coOMpaTh MAPO-CTEPIKHEBBIE MOJIETH CTPYKTYp HAHOOOBEKTOB;

MPUMEHSTH TPOrPaMMHOE 0OecTieueHre )11 BU3yalu3allii MPOCTPAHCTBEHHOM
CTPYKTYpbl HAHOOOBEKTOB;

IUIAHUPOBaTh W  TMPOBOAWTH  y4EOHO-UCCIEIOBATENbCKUN  OKCIIEPUMEHT
10 U3yYCHUIO CBOMCTB IMCIIEPCHBIX CUCTEM;

aHAJIN3UPOBaTh U300paKeHUS HAHOCTPYKTYPUPOBAHHBIX 00BEKTOB,
MOJIYYCHHBIC PA3TUYHBIMUA METOAAMH HU3yUCHHUS,

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

OIICHUBATh OSTUYECKUE AaCTEeKThl COBPEMEHHBIX WCCIEAOBaHUA B 00JIacTH
HAHOTEXHOJIOTHU;

CaMOCTOSITENILHO paboTaTh C WUCTOYHUKAMHU JOTMOJHUTEIBHON JHUTEpPaTyphl

Y MHTEPHET-PECypCcamu, BKIKOYasl PECYPChl HA aHTJIMHACKOM SI3BIKE.
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TEMATHYECKOE INTAHUPOBAHUE

No Haumenosanue Konuuecmeo IIpoepammnoe Xapaxmepucmuxa
n/n paszoenos 4acoe cooepoicanue oesamenbHoCmu
u mem Kypca obyuarouuxcs

Pa3nen 1. Opranusaunonnoe 3ansaTue « HaHOXMMUSI 1 HAHOTEXHOJIOTHS KaK

MEKINCHUIITIMHAPDHAA 00J1aCTh»

1.1. | Beneuue

B [Iporpammy

DOpMBI U METOJIBI
nesreabHocTy. Ihnan
paboThl HA y4eOHBIN
roa. MHcTpyKTax
10 TEXHHUKE

0€e30I1aCHOCTH

[lepBuuHas
IuarHocTuka. Bxonnoe

TECTUPOBAHUE

Hroro no pazaeny

2

Pa3nen 2. UcTopusi HAyKu 0

AUCIIEPCHBIX CUCTEMAX

2.1 | Hauano nzyuenus
MTOBEPXHOCTHBIX
SIBJICHUI

Y JTUCIIEPCHBIX

CUCTEM

4

Kanwuisapel u 3akoH
Jlarutaca. U3yuenue
aacopomuu (K. leerne,
T. JloBum).
Merammuaeckue 3014
(M. Dapaneit).
BbpoyHoBckoe
nsmkenne. Ocmoc

u quanu3 (T. ['pam).
Konnounaneie cucteMsl.
Omnpenenenue yncia
Asoraapo (K. Ileppen).
Db dext Pedunaepa.
Tepmun
«HAHOTEXHOJIOTUIY,
UCTOPHUSI €T0 TOSABIICHUS
U TIOMYJISIpU3aLuu

(P. ®eitaman,

H. Tanuryru,
3. Jpexcnep)

Yuebno-
uccne008amenbCKuil
IKCHEPUMEHM:
Nzyuenue agcopoumu
KpacUTEJIEHN C IIOMOLLBIO
AKTUBUPOBAHHOTO YTJIAL.
Omnpenenenue ero
COpOIIMOHHOM

CIIOCOOHOCTH

Hroro no pazaeny
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Pazgen 3. OcHOBBI (U3NKH MOBEPXHOCTH U IMCIIEPCHBIX Cpe

3.1 | OcHoBBI pusuku 4 DU3UKO-XMMUYECKUE VuebHo-
HIOBEPXHOCTH CBOJiCTBa aTOMOB UCCE008AMENbCKUIL
Ha TTOBEPXHOCTHU. IKCnepumerm.
[ToBepxHOCTHOE Ornpenenenne
HaTSDKCHHUE. AICOPOLHSL. | [10BepXHOCTHOIO
CmaunBanue HATSKCHUS BOJIBI
METO/IOM OTpHIBA
Karelb
3.2 | CroiicTBa 4 DneKTpuuecKue Vyebno-
JUCIICPCHBIX Cpen CBOMCTBA. uccne0o8amenbCKull
VY CTOWYHBOCTS. OKCRepUMEHm.
Ou3HKO-XMMUYECcKast O1eHKA TOJIINHBI
MCXaHHUKa rpauToBO TMHUU
B 3aBUCHMOCTH
OT MATKOCTH KapaH/aIa
Utoro no pazneny 8

Pa3nen 4. lucniepcHble CHCTEMbI: MOJIy4YeHUEe U PUMEHEeHne

4.1 | Knaccudukauns 2 [Nonstus IIpaxmuueckas paboma:
JUCTIEPCHBIX CHCTEM «HAHOMAaTepHua», MozenupoBanue
«HAHOOOBEKT. CTPYKTYpPbI HAHOYACTHIL
Buisl HaHOOOBEKTOB pa3sHOro pasmepa,
(0D, 1D, 2D; CpaBHEHHUE J0JU
MHKPO-, ME€30- IIOBEPXHOCTHEIX aTOMOB
¥ MaKpOTIOPHCTHIE). 1 4nciia
Apkue npumeps! HECKOMIICHCUPOBAaHHBIX
IIPOSABJICHUSA BAJICHTHOCTEN
pasmepHoro 3¢ dexra
4.2 | JucnepcHble 2 [1ensl, a3po3onau Vyebno-
CHCTEMBEI, U a3poresu uccieooeamenbCKkuil
coaepKarue 9KCHEePUMEHM.:
ra3zoByio ¢azy Omnpenenenue
YCTONYMBOCTH TIEHBI
MOIOIINX CPEJICTB
4.3 | HducnepcHble 2 3051, TN, SMYJIbCUH Vuebno-
CUCTEMBI, A CYCIICH3UM. UCCe008amebCKuil
coiep KaIiue [Tonoxenue 3oieit OKCHEPUMEHI.:
KUIKYIO (hazy Ha IIKaJIe TMCIIEPCHOCTH | [[omyueHue 301€ei

KOJITTIOMJHBIX CUCTEM

HAHOCTPYKTYpUPOBAH-

HOTO cepedpa
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4.4 HucnepcHbie 3 [ToBepxHOCTHO- Vuebro-
CHUCTEMBI, AKTHUBHBIC BCIICCTBA. uccnedoeamenbCKuil
coJiepiKaIye MeMOpaHbI, MUTIEILITBI IKCHEpUMEHM:
IIOBEPXHOCTHO- U JTANIOCOMBI. N3ydenue BIUsSHUS
AKTUBHBIC BEIIECTBA buonoruueckue IIOBEPXHOCTHO-
JTUCTICPCHBIC CHCTEMBI AKTHBHBIX BELIECTB
Ha MMOBEPXHOCTHOE
HATSDKEHHE
45 | Meroasl 1 O¢dexr Tungans. Vuebno-
BU3YyaJIM3alluU AHaius TpaeKTopui uccne008amenbCKuil
HAHOYACTHI] JBHKCHUS HAHOYACTHIL | sxcnepumenm.
JemoHcTpanys
s dexra Turpans
Ha JTUCTIEPCHBIX
CUCTEMaX Pa3IMYHOrO
pona
Wroro mo pazneny 10

Pa3nesn 5. MeToabl CMHTe32 HAHOCTPYKTYPUPOBAHHBIX BellleCTB M MaTepHAJIOB

5.1 | IlpuHuun «cBepxy- 2 HIpuHIHTIBI IONYYCHUS | [Tpaxmuueckas paboma:
BHH3» HaHOCTPYKTYD: IToctpoenune moaenu
«CBCPXY-BHU3» IUIaHETAPHON
U «CHU3Y-BBEPX)». MEJTBHHIIBI
[Tonyuyenue rpadena.
OcobenHocTu paboThl
IUIAHETAPHBIX METbHUIL
5.2 | IlpuHnmn «cHU3Y- 8 OcHOBBI Yuebno-
BBEPX» CYIpaMOJIEKyJIIPHON uccneo008amenbeKuil
xumun. CamocOopKa. 9KCnepuMerm:

Mertoapl CHHTE3a
HAHOYACTHIL, «MATKOM
XHUMHEHY — 30JIb-TeIb,
«TOMOT'€HHOI'O
OCaKICHHU,
obparéHHo-
MULICIUISIPHBIN,
MHUKpPO3MYJIbCUOHHBI;
tepmoisns, CVD.
MeTtoanl CTaOMIN3AIUN

HaHOYaCTHII:

lazodaznsiii cuntes
HAHOKPUCTAITHYECKOTO
XJIOpU/1a aMMOHHSL.
[Tonyuyenue 3oien
HaHOMAarHeTuTa,
HaHOPa3MEPHOTO
JMOKCUa TUTaHAa,
OepIAMHCKOM Ja3ypH.
[TonmyuyeHne HaHOTIIIEHOK
cepeOpa Ha CTEeKIISTHHOM

noioxke. OneHka nx
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CTepUYECKasi, XelaTHasl,
AIIEKTPOCTATUYECKAS,
AMMOOWIM3aIuen

B MaTpHIIE.
HampaBnenHslIil cuHTe3
HaHOOOBHEKTOB:
KBAaHTOBBIE TOYKH,
HAHOIUIEHKH, 00bEMHBIE
HaHOMAaTEPHAIIBL.
Moaudukarus CBOWCTB

HaHOMAaTEpPHAJIOB

TOJILIUHBIL.
[TpomexxyTouHas

arTecTanus

Hroro no pazaeny

10

Bcero xoau4ecTBo 4acoB

no [Iporpamme 3a rog

34
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11 KJIACC

No Haumenosanue
n/n pazoenos

U mem Kypca

Konuuecmeo

yacoe

Ilpoepammmuoe

codeporcanue

Xapaxmepucmuxa
oesmenibHoCmu

obyuarowuxcs

Pa3nen 6. MeToabl HCC/IeI0OBAHNSI HAHOCTP

YKTYPMPOBAHHBIX BellleCTB U MATEPHAJIOB

6.1 | Onruueckue 4 Onrtuyeckue CBOICTBA | Vyepro-
METOBI HaHOYaCTHIL Uccne008amenbCeKull

¥ HAaHOMaTEPHAJIOB. oKCnepuMenm:
Muxkpockomus. Mukpockonu4ecKoe
HupakioH b M3y4eHHE TIPENApaToB
npezen. GOoToMeTpHL. HaHocepeOpa Ha CTeKJIax
Cnexrpodoromerpus:
M3MEPEHHUE MPOTYCKAHHS,
MOTJIOUICHUS,
JFOMUHECIICHIINH.
JlmHamMu4deckoe
CBETOpaccesHue

6.2 | DrexTpoHHAs 3 [IpocBeunBaromas Ilpakmuueckas paboma:

MHKPOCKOTIHS AIIEKTPOHHAS CpaBHUTEIBHBIN aHAIH3

MUKPOCKOIHSI. N300paKeHUH
Ckanupytomas HAHOCTPYKTYD,
AIIEKTPOHHAS MIOJTY4EHHBIX
MUKPOCKOIIHS. 3IEKTPOHHOU
Oco6eHHOCTH U3YYeHHsI | MUKPOCKOMHEH
OMOJIOrYEeCKUX
OOBEKTOB
Ha HaHOYpPOBHE

6.3 | PeHtrenoBckas 4 PentrenodazoBebrit Ilpakmuueckas paboma:

TU(PPaKTOMETPUS

aHanu3. YIIHUpeHue
MIMKOB KaK MMPHU3HaK
HAHOOOBEKTA U KaK
croco0 OIIEHKH pa3Mepa
KpUCTAJLJTUTOB.
PeHTreHoCTpyKTypHBI
ananu3. OnpenenexHue
CTPYKTYPBI
HaHOPa3MEPHBIX
00BEKTOB HAa aTOMHOM

YpOBHE

Buszyanusanus cTpykTyp
OMONOIMMEPOB,
MOJTyYSHHBIX METOJIOM
PEHTT€HOCTPYKTYPHOTO

aHaJIn3a
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6.4 | Cxanupyromias 6 TyHHenpHas Yuebno-
30H/10Bast MUKPOCKOIIHSA. ATOMHO- | UCCe008ameNbCKuUll
MUKPOCKOIHS CUJIOBasi MUKPOCKOIIMSL. | 9KCHEPUMEHM.:
Ananuz N3ydeHune noBepxXHOCTH
HAHOCTPYKTYPbI METOJIOM aTOMHO-
ITOBEPXHOCTEH. CUJIOBOM MUKPOCKOIIUU.
Cratuueckuii
U TUHAMHUYECKUIN Ipaxmuueckas paboma:
PEXKUM CKaHUPOBAHUS AHanun3 n300pakeHu,
MOJTy4YEHHBIX METOJIOM
ATOMHO-CHJIOBOU
MUKPOCKOIIHUH,
C TIOMOIIIBIO
COBPEMEHHOTO
IPOrPaMMHOTO
obecrieueHus
Utoro no pazneny 17

Pa3znen 7. ®yHKIIHOHAIBHBI

€ CBOiMcTBa HAHOCTPYKTYPHUPOBAHHLIX BEIIECTB U MaTEpHUAJI0B

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

Pa3nen 8. HaHoTeXHOJIOTHMH — MEePCNEKTUBBI PA3BUTHS M COCTOSIHME HAYKH

HA CerOAHAIIHMNMI A1eHb

8.1 | CoBpemeHHbIE
TIPUMEHCHHUS

HaHOTCXHOJOI'MH

OO6muit 0630p
COBPEMEHHBIX
[IPUMEHEHUN

HaHOTCXHOJIOT'NH

Buxmopuna:
Hanorexnomorun

B HAllIEHN KU3HU
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8.2 | YrumeponaHsie 2 Ocobas pons yriepona | [lpakmuueckas paboma:
HaHOMAaTEePHUAIIBI B HAHOMHpE. MonenupoBanue
@ynepensl, rpades, IPOCTPAHCTBEHHOU
HAHOTPYOKH CTPYKTYpHI QyIIepeHOB
8.3 | Hanomatepuabl 2 Hanomarepuansl Yuebno-
JUTSL SHEPTETUKU B TOIJIMBHBIX uccne008amenbCKuil
AIIEMEHTAX. 9KCHEePUMEHM.:
JIuTuii-noHHkIe N3mepenue eMKoCcTr
AKKYMYJISITOPHI. JUTUNR-TOHHOTO
CymnepKoH1eHCaTOPhI aKKyMYJIsITOpa
8.4 | HanosnexktpoHnuka 2 3akoH Mypa. Ilpakmuueckas paboma:
TexHonmornueckuit AHanu3 n300paxeHus
MIPOIIECC IPOU3BOJCTBA | MTOBEPXHOCTH KOMIIAKT-
WHTETPaTbHBIX JICKa
MukpocxeM. CrucremMbl
3arucy HHPOPMAIHH
8.5 | Hanomarepuanbl 2 Hanoguarnocruka. Ilpakmuueckas paboma:
B MEIMIIMHE [Ipumenenne Busyanuzauus
Y 3KOJIOTHH HaHOMAaTepHUaJIOB IPOCTPAHCTBEHHOU
B TEpAITUU. CTPYKTYPBI
HanocopOeHTsl. HaHOOMONpenapaToB
doToKaTaNU3aToOPHI. C TIOMOIIBIO
CamoouncTka COBPEMEHHOTO
IPOTPaMMHOTO
o0ecrieueHus
Wroro mo paznery 9

Pa3gen 9. AkryanbHble npodJieMsbl B 00J1a

CTH HAHOXMMHHU U HAHOTECXHOJIOTHHA

9.1 | Huckyccus 3 AktyanbHble poOnemMsl | Mtorosas arrecrariusi.
B 00JaCTH HAHOXMMUHM | 3ayeTHas paboTa
¥ HAHOTEXHOJIOTUU

Hroro no pazaeny 3

Bcero ko1m4uecTBo 4acoB 34

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

MeTtoaunueckoe odecneyenue peanusanuu [Iporpammsi

[Ipu peanuszaumu Ilporpammbl B y4eOHOM TPOLECCE  HCIOJIB3YIOTCSA
METOJMYECKHE TOCOOMs, NUIAKTUUYECKHe MaTepuaibl, (OTO- U BHIAEOMATEpUAIDI,
KOHCTPYKTOPBI I CO3/IaHHs IIAPO-CTEPHKHEBBIX MOJIENEH XUMHUYECKUX CTPYKTYD;
KYpHaJIbl W KHUTH, O030pbl W OpHUTMHAJbHBIE IyOJUMKalUWW, Oa3bl JaHHbIX,
IIPOrpaMMHOE 0OECTIeUeHHE ISl PUCOBAHUSA XUMUYECKUX CTPYKTYp M BU3YyaJIU3alUH
IPOCTPAHCTBEHHBIX O0OBEKTOB, Ipoune Marepuansl B Cetn IHTEpHET.

[Ipn npoBeneHnn 3aHATUNA UCITOJIB3YFOTCS:

® CIIOBECHbIE  METOAbl  OOyueHus::  JieKuuu, OOBsiCHeHus, Oecepl,
KOHCYJIbTAllHH;

® HarsIIHBlE ~ METOoAbl  OOydyeHMs:  Ipe3eHTalud,  BUAEOMAaTepHaIbl,
BU3YaJIN3al1y;

® HCCJENI0BATEIbCKUE METO/Abl OOY4YEHHUS — BBINOJHEHUE OO0YYaroIMMHUCS
OIPEJEICHHBIX UCCIIEIOBATEIBCKUX 3aJaHUN.

YcBoeHne Martepuania  KOHTPOJIMPYETCS IPU  I[OMOIIM  TECTUPOBAHMS
Y BBIMIOJIHEHUSI NPAKTUYECKUX 3aJaHUil. 3aKIIOYUTENbHOE 3aHSITHE MPOBOJIUTCS

B (popMme 3aueTHOM pabOTHI.

MartepuajJibHO-TeXHHYeCKHe Yca0BuA peaju3auuu [IporpamMmmbi

[TpomykTHBHOCTh PaOOTHI BO MHOTOM 3aBHUCHUT OT KadyecTBa MaTepHaIbHO-
TEXHMUYECKOTO OCHameHus mporecca. [Iporpamma peanusyercs B ayIdUTOPHH
o0pa30BaTeIbHON OpPraHu3allid ¢ MPUMEHEHUEM TEXHHYECKHX CPEACTB OOYUCHHSI
1 1a0opaTopHOro 000pyI0BAHUS:

® KOMITBIOTEPHI YUUTEIS M 00YJIArOIIHXCS;

® WHTEpaKTHUBHAS JOCKa,

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

HopmatuBHas 0a3a

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

2. ®enepalibHBI  TOCYAAPCTBEHHBI 00pa30oBaTENbHBIA CTaHIAPT CPEIHETO
oOmero oopa3oBanus (yTBEpKaeH npukazoM MuHoOpHayku Poccun ot 17 mas 2012
r. Ne 413; 3apeructpupoBan MuntoctoM Poccun 7 nrons 2012 r. Ne 24480).

3. ®enepanbHas oOpa3oBaTesbHas IporpaMma CpeIHero oo1ero oopa3oBaHus
(yrBepxkaeHa mnpukazom MunmnpocBemenuss Poccun ot 18 mas 2023 r. Ne 371;

3apeructpupoBad MuntoctoM Poccun 12 utons 2023 r. Ne 74228).
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M.A. AxwmeroB. — Cankrt-IletepOypr : OOpa3zoBaTenbHbIN IIEHTp «YdacTuey,
Oo6pa3zoBarenbHbie poekThl, 2012. — 108 c.
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2024. —T. 17, Ne 3-4(127). — C. 178-183.
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