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JononuurenbHas oduepa3BuBatonias nporpamMmma «lIpoextHas aestenbHOCTh. HaHo.»
pa3paboTtana Ha ocHoBaHuU DenepanbHOro 3aKoHa oT 29.12.2012 Ne 273-d3 «O06
oOpazoBanuu B Poccuiickoit @enepanuny», Konmenuu pa3BuTus AOMNOIHUTEILHOTO
oOpazoBanus nereit 10 2030 roja.

HanpasjieHHOCTH POrpamMMbl

EcrecTtBeHHOHayYHAas

AKTYaJIbHOCTH MPOTPAMMBI

ITo Mepe pa3BUTHS TCHACHIIMA MUHUMHU3AIINH TEXHHUYSCKUX ¥ NH(POPMAIIMOHHO -
TEXHHUYECKUX CUCTEM, OOPETCHHS MMM HOBBIX ()YHKIIMOHAIBHBIX XapaKTEPUCTHK BCE
0oJiee aKTyaTbHBIMH CTAHOBSITCS BOIIPOCHI CO3/IaHUS M IPUMEHEHUSI HAHOPa3MEPHBIX
MaTEPHAJIOB, TEXHOJOTUH CHUHTE3a M IPOM3BOJICTBA KOTOPHIX CTAHOBSTCS OCOOCHHO
BaXHBIMH W TICPCIICKTUBHBIMU. JIJIsl TIpeCKa3bIBaHUS, OIICHUBAHUS W YIIPABICHHUS
CBOMCTBAMH HAHOTEXHOJIOTMYHBIX TMPOAYKTOB, OMPEICICHUS 00JIacTH HMX PadOThI
HEOOXOJMMO TIOHMMAaTh, KaK MEXaHU3MBI, JIeXallne B OCHOBE (opMHpOBaHUS
HaHOMATEepUaJIOB U HAHOPA3MEPHBIX CHCTEM, TaK M MPOTEKAIONIUE B HUX MPOIIECCHI,
oOycnaBiuBaronme 0co0eHHOCTH X paboThl. C BEIXOIOM Ha PHIHOK HAHOTEXHOJIOTHH,
«YMHBIX» MaTepUaJIOB, HOBBIX TNPUOOPOB U JIEKAPCTBEHHBIX BEIISCTB 3HAHMS
MO/IPACTAIOIIETO TIOKOJEHUsS B JTOH cdepe OyayT cHnocoOCTBOBaTH HOBBIM
JIOCTH)KCHHUSIM BO MHOTHX OTpacisiX HAyKH M TMPOMBIINIJICHHOCTH, a MOJIOJBIM
crienuanucTaM — obecredar  BBICOKYKD  KOHKYPEHTOCTIOCOOHOCTh M OOJIBIIYIO
BOCTPeOOBaHHOCTh Ha phIHKE Tpyna. llporpamma «HaHOokBaHTYym» HampaBlieHa Ha
pa3BUTHE MPOPECCUOHATBHBIX KOMIIETCHIIMM, MPOJUKTOBAHHBIX COBPEMEHHBIMHU
YCIIOBUSIMH E€CTECTBEHHOHAYYHOM W TEXHMYECKOW HAMpaBICHHOCTH, W TMpPHU3BaHA
chopMHpOBaTh y NIKOJBHUKOB 3HAHUA O METOJaX W TEXHOJIOTHSIX MOIyYCHUS
HAHOTIOPOIIIKOB, HAHOCJIOEB, HAHOTETEPOCTPYKTYP U HAHOCTPYKTYPUPOBAHHBIX
MaTepHalioB, B OCHOBE KOTOPBIX JieXKAaT pa3IuyHble (U3ndeckue u (HU3MKO-

XUMHUYCCKHUC ITPOLCCCHI.



Ilenarornyeckasi nejieco00pa3sHOCTh MPOIrPaMMbI

[Iporpamma  «IIpoexTHass gestenbHOCTh. HaHo.», TJaBHBIM  00pazom,
HalpaBJieHa Ha pelieHue npodopUEeHTAIMOHHBIX 3a/1ad, 00ecreunBas BO3MOXKHOCTD
3HAKOMCTBA OOYYalOUIMXCSI C COBPEMEHHBIM OOOpPYJAOBaHUEM W COBPEMEHHBIMU
TpeOOBaHUSAMHU K TPOPECCUsIM €CTEeCTBEHHOHAYYHOU HAMPaBICHHOCTH.

Hanpasnenune «HaHOKBaHTyMa» OCHOBBIBAETCA Ha W3yYCHUU
MaTepuagoBEICHUsI HAa MHUKPO- U HAHOYPOBHSAX M (QopMHpYyeT Yy ydaluxcs
yrayOJICHHbIE 3HAHUS B 00JIACTM XUMHH, OWOJIOTHH, (DU3MKH, TEXHUKH, a TaKXKe
dbopMupyeT HaBbIKKA PaOOTHI C COBPEMEHHBIM HAyYHBIM 000pPYA0BAHUEM.

OOGOCHOBAaHHOCTh HW3YYEHHUsI JAHHOTO Kypca BbI3BaHAa 3HAYUTEILHOU
HAyKOEMKOCTBIO TIPOLIECCOB  Pa3pa0OTKU ¥  U3TOTOBJICHUS TPOIYKIHU U3
HAHOCTPYKTYPHPOBAHHBIX MaTepHaIOB, HOBU3HOU HaYUHBIX Pa3pab0OTOK M OOJIBIITUMU
puckamMu TIpu  OlEeHKe H(PPEKTUBHOCTH UX HCIOJIB30BAHUA I CO3JIaHMUSI
KOHKYPEHTOCIIOCOOHOM HAHOMPOIYKIINHU, HEOOXOUMOCTBIO OTCIIC)KHBATH MOCTOSTHHO
U3MEHSIOIIYIOCS KOHBIOHKTYPY Ha PHIHKE HAHOMPOAYKIUN U HAHOTEXHOJIOTUH.

Merognonoruueckoin OCHOBOM IPOrpaMMBbl SABIISIETCS CUCTEMHO-
NEATEIbHOCTHBIA ~ MOJAXOJ, COYETAIOLUIICS C  pa3IMYHBIMA  COBPEMEHHBIMU
o0pa3oBaTeIbHBIMHU TEXHOJIOTUSIMU, TAKUMHU KaK TEXHOJIOTUS Pa3BUTHUS MMOHATUHHOTO
MBIIUICHUS, TEXHOJIOTHSl HCCIEAOBATEIbCKOW M  IMPOEKTHOW  JIESITENBHOCTH.
[IpuMeHeHHE  CHUCTEMHO-JIEATEIBHOCTHOIO mojaxona Hambosiee  3h(eKTHBHO
crocoOCTBYeT (OPMHUPOBAHUIO YHUBEPCAITBHBIX YICOHBIX JCHCTBHIA.

Heas mporpamMmmsbl — TpuBIEYEHHUE OOYYAIOMIMXCA K MCCIEI0BATEIBCKOM,
M300peTaTeIbCKOM, HAydyHOH W  HHKCHEPHOM  JICATCIIBHOCTH,  OBJIQJICHHE
OoOy4JaroIMMHCS  COBPEMEHHBIMU  TPEACTABICHUSIMH O HaHOMAaTepHalax |
HAaHOCUCTEMAX, a TAaKX€ BO3MOXHOCTSMU HX UCIOJIb30BaHUS IIPU CO3/IaHUU
HAYKOE€MKOU MPOYKIIHH.

3agaun NporpaMmaml:

- O3HaKOMJIEHHE OOydvaromuxcsi ¢ 0a30BBIMH 3HAHMSIMH B 0o0yactu

HAHOTEXHOJIOTHUH;



- OCMBICJICHHE OCHOBHBIX OTJIMYUTEIBHBIX OCOOEHHOCTEH MaTepHalIOB,
HaXOJALUXCS B HAHOCOCTOSIHUM;

- OBJIQ/ICHHE COBPEMEHHBIMH IMPEJCTaBICHUSIMU 00 OCHOBHBIX IpHOOpax U
METOaX HAHOAUArHOCTUKU U UX AaHATUTUYECKUX BO3MOKHOCTIX;

- OCBOCHHE OCHOBHBIX METO/I0B [0JIY4YEHHUs] HAHOMATEpUAJIOB U HAHOCTPYKTYD;

- 00yyeHue HaBbIKaM OBICTPOTO OCBOEHHS HOBBIX HMHCTPYMEHTAJIbHBIX U
TEXHUYECKUX CPEACTB, B TOM YHCJIE BBICOKOTEXHOJOTUYHOIO OOOpYIOBaHUS U
OPUHIIMIIOB PaObOThI C HUM;

- (hopmupoBaHue y 00y4arOMMXCsl CUCTEMHBIX 3HAHUH 0 (PU3MUYECKUX OCHOBAX,
UHCTPYMEHTAJBHBIX MPUHUMIIAX U JUAarHOCTHYECKUX BO3MOXKHOCTSAX METOA0B
CKaHUPYIOIIEH 30H0BOM MUKpPOCKONUH, crieKTpockonuu u aurorpaduu (C3M, CJI),
ABJIAIOMIMXCA OAHUMU M3 0a30BbIX METOJ0B COBPEMEHHON HAHOIMArHOCTHUKHU;

- (popmupoBaHKE y MIKOJLHUKOB CUCTEMHBIX 3HAHUN O METO/IaX U TEXHOJIOTHSIX
IIOJIy4YEHUSI HAHOPA3MEPHBIX CUCTEM M UX IPAKTUYECKOU peannu3anuu;

- OCBOCHME IIKOJBHUKAMUA TEPMUHOJIOTUYA U OCHOBHBIX IOHATUH, CBA3AHHBIX C
HaHOMAaTepuajaaMy U HAaHOTEXHOJIOTUAMU;

- O3HAKOMJIEHHE C  IIPAaKTMYECKOM  MATEeMaTUKOW; W3y4eHHE  OCHOB
KOMOMHATOPUKH, TEOPUU MHOXKECTB, MaTEMaTHUECKON JIOTUKU; U3yUYEHUE U PACUET
TEOPUU BEPOSITHOCTH;

- (hopMHpOBaHUE MPENCTABICHUN O MPOBEJECHUN MAaTEMaTUYECKUX PACUETOB C
[IOMOILBIO IIPOTPAMM;

- pa3BUTHE ITO3HABATEIILHOTO UHTEPECA K IIPOEKTHOU JEATEIBHOCTH, PEIICHUIO
M300peTaTeNbCKUX 3a1a4, HAyYHO-TEXHUYECKOMY TBOPUECTBY;

- OBJIaJIcHUEe OOYy4YaloIMMUCS HaBbIKAMH MPOCKTHOW JEATEIbHOCTH, HUX
MOJIFOTOBKA B 00JIaCTU MPOEKTHOM J1€ATEIbHOCTH Ha COBPEMEHHOM YPOBHE;

- 03HAaKOMJICHHE C TpaBWJIaMU TEXHUKH O€30MacHOCTH Tpu padboTe C
BBICOKOTEXHOJIOTHUYHBIM 000PYZOBaHUEM;

- oOydyeHre HaBBIKAM HCIOJB30BAaHUS HAYYHO-TIOMYJSIPHOM M CHpPaBOYHOM

JIATEPATYPbl, UTHTEPHET-UCTOUYHHUKOB;



- BBIpa0OTKa y OOYy4YaronIuxcsi HaBBIKOB KOMaHJIHOW palOOThl M MYOJMYHBIX
BBICTYIUIEHUH, TOKJIAI0B.

- 03HaKOMJIEHHE C TEXHHYECKHMMH mpodeccusiMu H 0OecreueHue YCIOBHIA
po(heCCUOHATBEHOTO CaMOOIIPEACIICHNUS;

- pa3BUTHE HAOMIOJATEIBHOCTH, BHHUMAaHUSA, CIOCOOHOCTH YyYalluxci K
CaMOCTOSITEJIbHOMY PEIICHUIO BO3HUKAIOUIUX MPOOIIeM;

- MOMYJISIPU3ALM HAYYHO-TEXHUYECKUX 3HAHUMH.

AZlpecat mporpamMmsbl — yJamuxcsi B Bo3pacte 14-15 ner, xenaronye 3aHUMAThCS
UCCJIEIOBAaHUSMHU B 00JIACTH HAHOTEXHOJIOT UK.

®opma 00y4eHHUs] M BUAbI 3aHATHH

®dopma o0O0ydeHHST — OYHas, BO3MOXHO HCIIOJIb30BAHUE JIUCTAHITMOHHBIX
00pa3oBaTEIbHBIX TEXHOJOTUM M AJIIEKTPOHHOTO O0y4YeHUsl. 3aHSATHUS MPOBOISATCS TIO
rpynnam. KonaudectBo oOyuaromuxcsi B rpymme — 10 12 yenosek. [lpu peanuzanuu
IpOrpaMMBbl, MOTYT OBITh OPTaHU30BAaHBI U MPOBEICHBI MACCOBBIC MEPOTIPUSTHS JJIsI
COBMECTHOM JAESTEIILHOCTH 00YUaIOIIUXCS U POJUTENEH (3aKOHHBIX IIPEICTaBUTENEH ).

[Iporpamma mpenmnonaraer BoIOOp (OpM 3aHATUHM, TaKUX Kak JIEKIIMOHHBIE,
nabopaTopHble U TMpaKTUYECKHUE paldOThl, CEMUHApbI, MPOBEICHUE JKCIEPUMEHTA,
UCCleIoBaTeNbCKas U MPOEKTHas pabora.

[lo Tumy opraHu3zanuu B3aUMOJACHCTBHUS TEAAroroB ¢ OOyYaIOIIUMUCA, TPH
peanu3aly MporpaMM HUCIHOIb3YIOTCS JIMYHOCTHO-OPUEHTHUPOBAHHBIE TEXHOJIOIMU
oOy4deHust (TEXHOJIOTUH MPOCKTHON U UCCIEOBATEILCKON IEATETLHOCTH).

Peanuzanus MPOrpaMMBbl MpEeIoIaraet UCIIOJIb30BaHUE
3I0pOBbECOEPETAIONINX TEXHOJIOTUN, PeaU3YIOLUINXCA Yepe3 co3JaHue Oe30MacHbIX
YCJIOBUHM, TaKMX KaK BKIIOUEHHE B 3aHATHE JMHAMUYECKHX May3, NEpPUOAHYECKas
CMEHa JICITeIbHOCTH 00y4YaIoIUXCsl; KOHTPOIb COOMIOACHUS 00yJatOIIUMHUCS TIPABUIT

pab6ots! Ha [IK; co3ganue 61aronpusaTHOTO MCUXOJIOTHYECKOTO KIIMMAaTa B TPYIITIE.

OTin4uTebHA 0COOCHHOCTH MPOrPaMMBbI



[IpencraBnsgemas mporpaMma OCHOBaHa Ha MeTOAMYECKOM HHCTPYMEHTapHH
HacTtaBHUKa «HanokBanTyM Tynkut» (M.MyxuH u 1p. — 2-¢ u3a., nepepad. u Jo1m. —
M.: ®onp HOBBIX (popM pa3BuTHA 00pa3oBaHus, 2019), UMeeT MOAYIBHYIO CTPYKTYPY
U 3QJI0)KEHHYIO BO3MO>KHOCTb CETE€BOI'0 B3aUMOJECHCTBUSA. MOAYIH, MOCTPOECHBI Ha
MPaKTUKO-OPUEHTUPOBAHHBIX HMHXKEHEPHBIX U  HCCIEOBATEIbCKUX  MPOEKTaX
(MHAMBHUYaTbHBIX WK TPYNIIOBBIX), HAIIPABJICHHBIX HA PEIICHHE 3a/1a4 MPUKIIATHOTO
1 (yHIAMEHTAIBHOTO XapaKTepa.

OpraHu3anMoOHHO-NeJArornyecKue ycJa0BUsA

[Ipu peanuzanuu  JTONOJHUTEIBHOM  OOLICOPA3BUBAIOIICH  MPOTrpaMMBI
UCIIOJIb3YETCS TEXHOJIOTHUSI TMPOEKTHOM eITeTbHOCTH.

JlanHasi mporpaMma peanu3yercs B paMKax CETEBOr0 B3aUMOJACUCTBUS U
ABJISIETCS YACThIO IpOrpamMM  I1aHa BHeypouHou fearesnbHoct OOIT OOO0.

[Iporpamma  mpenmnonaraeT 2 ypoBHS OOY4Y€HHS: BBOJHBIN, MPOEKTHBHIM.
Kaxxnp1il 13 ypoBHEH MMEEeT 3aKOHUEHHYIO CTPYKTYPY CO CBOMM LIEJISIMU, 3aJja4aMu U
OKMJAEMBIMU PE3YyJIbTaTaAMU U 3aKaHYMBAETCS 3AIMUTOM MPOEKTA.

Peanusanus nporpamMmsl MOKET OBITh OCYIIECTBJIEHA KaK Ha COOCTBEHHBIX
pecypcax KBAaHTOPHUYMAa, TaK W IIpU MOAACPKKE CETEBBIX W HHIYCTPHAIBHBIX
[apTHEPOB Y€pe3 CETEBOE B3aUMOJICHCTBHE.

CoBMecTHast ~ J1eATENbHOCTh  YYaCTHMKOB  00pa3oBaTeiabHOro  Ipoliecca
BBICTPAWBACTCSI HAa NPHHOMIAX 3MOLMOHAIBHOM 3HAYMMOCTH, OTKPBITOCTH,

NEeATeIIbHOCTH, 0OPAaTHOM CBSI3M M CYyOBEKTHOCTH 00YyYaroImerocs.

Cpok ocBOeHMS NIPOrPaMMbl, PeKUM 3aHATHIA

Cpox ocBoeHHs 00IIepa3BUBAIOIIEH MPOTPAMMBI OMpEEIsIeTCs B Y4eOHOM
IJIaHe, KOTOPBIM SABISETCS TPUIOKEHUEM ¢ MOXET OOHOBISITBCS TI0 Mepe
HEOOXOAMMOCTH.

[IpogomkuTenbHOCT OJHOTO 3aHATUA — 45 MuHyT. KonmuecTBO 3aHATHI B

ACHb, HCACIIO OIPCACIIACTCA B COOTBCTCTBHH C y‘—IC6HI)IM IIJ1aHOM (HBJ’IHIOHH/IMC}I



oOHOBIsieMbIM — mpuioxkeHueM Nel), kaneHAapHbIM TrpapukoM  (SBISIOLIUMCS

OOHOBJISIEMBIM NPUIIOKEHHEM No2).

Ili1anupyemble pe3yJibTaThbl OCBOCHHUSI 00Pa30BATEJIbHOM MPOrPaMMbl
3HaHueBbIe U NP0 eCCHOHATIBbHbIE KOMIIETEHIIUU

3HaHKE/TIOHUMAHHUE YYalmnuMHucsH:

- IpeAMETa HAHOTEXHOJIOTHH;

- OCHOBHBIX BHJIOB HaHOOOBEKTOB W HAHOMATEPHAJIOB, WX OTIMYHTEIBHBIX
0COOEHHOCTE;

- MPUOOPOB M YCTPOMCTB, pa3padaThIBACMBIX Ha OCHOBE HAHOMATEPHAJIOB;

- IPUHITMIIA PAa3MEPHOTO0 KBAaHTOBAHUS WM YCJIOBHS HAOJIOICHUS KBAaHTOBO-
pa3MepHBIX SIBJICHUI;

- OCHOBHBIX TTapaMETPOB, OMPEACIISIONIMX CBOHCTBA HAHOOOBEKTOB, METOJIBI U
nprOOPHI UX XapaKTEePU3AIINH;

- Kaccu(UKalul, BO3MOXKHOCTEH M Ha3HAYeHUS OCHOBHBIX METOOB
MOJIyYeHHUsI HAHOMAaTEPHAJIOB;

- TEXHOJIOTHYECKOTO O0OpYJIOBAaHUS W OCHOBHBIX METOJOB TOJYYCHHS
HAHOIIOPOIITKOB, HAHOCJIOEB U KOMIIAKTHBIX HAHOMATEPHAJIOB;

- OCHOBBI 00pabOTKM HAHOCTPYKTYPHPOBAHHBIX MAaTEPHUAJIOB, METOJOB U
TEXHOJIOTUH TOJTy4YeHNSI HAHOKOMITO3UTOB;

- IPUHIIMIIOB, 3AJI0’KEHHBIX B KOHCTPYKIIMH U IporpaMmmMHoe obecrieuenue C3M;

- pU3HYECKUX U XUMUYSCKHX CHCTEM TTOHMKEHHON Pa3MEepHOCTH,

- OCHOBHBIX HAyYHO-TEXHHUYECKHX IMPOOJEeM HAHOTEXHOJOTHU U TEPCIEKTUB
pa3BUTHS JaHHOM 00JIACTH 3HAHU;

- OCHOB KOMOMHATOPHUKH, TCOPHH MHOXKECTB, MAaTEMaTHICCKOM JIOTUKH; TSOPHHU
BEPOSITHOCTH; TeOPHH rpadoB.

YMeHus:

- MPOTHO3UPOBATh  YCTOMYMBOCTh W (DM3UKO-XUMHUYSCKHE  CBOMCTBa

HaHOOOBEKTOB U HaHOMATCPHUAJIOB,



- aHAJIM3UPOBATh M NPEICKa3bIBaTh TEHACHIIMM PAa3BUTUS CErMEHTa pbIHKA
MPOIYKLIMU HA OCHOBE HAHOPa3MEPHBIX CUCTEM;

- BBIOMPATh ONTUMAIbHBIE PACXOHBIE MaTEPUAIbI;

- OPUEHTUPOBATHCA B COBPEMEHHOH JMTEpaType M BECTH JHUCKYCCHIO IO
HAHOTEXHOJIOTUH;

- CAMOCTOSITEJIbHO CTaBUTh 3aJauyd IO CO3JaHUI0 WIH MPAKTHYECKOMY
MPUMEHEHUIO HAaHOOOBEKTOB M HAHOMATEPUAJIOB JJI PEUICHUS KOHKPETHBIX 3ajad
HAaHOTEXHOJIOTHH;

- OPUEHTUPOBATLCA B METOJAaX MOJYYEHHS W HCCIEAOBAHMUS HAHOCTPYKTYP,
CKaHUPYIOIIEH TYHHEIbHON MUKPOCKONMH U CIIEKTPOCKOIUH;

- IPOBOJIUTH MaTEMATUUYECKHUE PACUETHI C TOMOIIBIO IPOTrpaMM;

- IPUMEHATh MaTEMaTUYECKUE HHCTPYMEHThI B MPOEKTHOW AESTEIbHOCTH.

DopMHUpPOBaHNE HABLIKOB:

- TBOPYECKOTO 00OOIICHUS MTOTyUYEeHHBIX 3HAHUM;

- pa6oTsl Ha C3M pa3nUYHBIX TUIIOB;

- aHaJM3a JAHHBIX, TOJYYEHHBIX ¢ ToMolbio C3M;

- KOHKPETHOTO U OOBEKTHUBHOTO H3JI0KEHHsI CBOMX 3HAHUW B MHUCHbMEHHOW U
yCTHOU ¢opme,

- pyngameHTanpHBIX 3HAHUM O crOenuduKe TOBEACHHUS BEIIeCTBA B
HAaHOMETPOBOM Pa3MEPHOM JIhaIa30He,

- IOHUMAHUsI MEXaHW3Ma BO3HUKHOBEHMS pPa3MEpPHBIX (PHU3UYECKUX U
XUMUYECKUX d(PHEKTOB;

- IJIJAHUPOBAHMSI W BBIMOJHEHUS YYEOHOrO0 TPOEKTa C HCIOJIb30BaHUEM
o0opyaoBaHUs, MOJIeNIeH, METOJIOB U IPUEMOB, 3aIIUTHI IPOEKTA.

YHuBepcajbHble KOMIETEHIMHU:

- YMEHHUE TEHEPUPOBATh UJICH YKa3aHHBIMHU METOJIAMU;

- YMEHUE CIIYIIAaTh U CIBIMIATh COOCCETHHKA,;

- YMEHUE apTYMEHTUPOBAHHO OTCTAUBATH CBOKO TOUKY 3PEHUS;



- YMEHHE HaxoIuTh HWHPOpPMALMIO B  CBOOOJHBIX HMCTOYHHMKAX U
CTPYKTYpPHUPOBATH €€;

- YMEHHE KOMOUHUPOBATh, BUIOU3MEHSITh U yIy4lllaTh UCH;

- HaBBIKM KOMaHJIHOU paboThI;

- YMEHHE TPaMOTHO MUCbMEHHO (POPMYITUPOBATH CBOU MBICIIH;

- KPUTHUYECKOE MBIIUICHHE U YMEHHE OOBEKTHMBHO OLICHHBATH PE3YJIbTAThI
cBOEl paboTHI;

- OCHOBBI OpPAaTOPCKOTI0 MacTepCTBA.

YpoBeHb CHOPMUPOBAHHOCTH U OCBOCHHOCTH HABBIKOB BBISBIISIETCS B XOJIC
3aIIUT YYEOHBIX MPOEKTHBIX PabOT.

[To utoram oOyueHusi MOKHO CHOPMUPOBATHCS MPEACTABICHUE O CIIOCOOE
MPOBEJICHUSI HAYYHOTO HCCIEHOBAHMS, aKTyaJbHbIX 3aJlayax, CaMOOMPEICIICHUE C
00J1aCTBIO TaabHEHIIeH MPOEKTHO-UCCIIEI0BATEIbCKOM JIeATSIILHOCTH,
IPOJIEMOHCTPUPOBAHA CITIOCOOHOCTh M TOTOBHOCTH MMPUMEHSITH ITOJTyUYCHHBIC 3HAHHS HA
MpaKTHKE.

PaGora TIpOEKTHBIX TPyHI MPOBOAUTCA IO pPa3HBIM  HAMPABJICHUSIM
UCCIICIOBAaHUN C YYETOM MHTEPECOB yUaIINXCsl.

@DopMbI aTTECTALUH
OcCHOBOI1 aTTECTALMU SABISICTCS MPOCKTHAS AEATEIBHOCTD YUAIIMXCS.
IIpome:xxyTouHasi aTrecTanMsi — BBINOJIHEHHE  ONPEACIEHHOr0 HTama
MIPOEKTA MO/ PYKOBOJCTBOM HAaCTaBHUKA.

HToroBoii arrecTanueii sBiseTcs pa3padoTKa U 3aIuTa IPOCKTa .

CucreMbl OLIEHKH Pe3yJbTATOB OCBOEHHSI 00pa30BaTeIbLHOI MPOrpaMMbl

OcBoeHKe NporpaMMbl Ha Ka)KJI0M YPOBHE 3aKaHUYMBAETCS 3aIlIUTON MPOEKTOB.

Kpurepun oueHkH my0JJUYHOM NMPe3eHTALUM MPOEKTA
TeopeTnveckasi MOAr0OTOBKA:

«1 6anny — ygammiicst ocBoni Ha 80-100% 00BEM 3HaHMIA, TPETYCMOTPEHHBIX
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MPOrpaMMoOi 3a KOHKPETHBIM MEPHOJ; CHELUAIbHbIE TEPMUHBI YHOTpPEOISIET
OCO3HAHHO M B IMOJHOM COOTBETCTBUHU C UX COAEP>KAHHUEM, MPOEKT BBIIIOJIHEH MPH
MOJJIEPIKKE NeJarora Ha BBICOKOM YPOBHEM CaMOCTOSITEIbHOCTH;

«2 Oamna» — 00bEM YycBOeHHbIX 3HaHUM cocrtaBigeT 50-80%; couertaeT
CHeUalbHYI0 TEPMUHOJIOTHUIO C OBITOBOM;

«3 OGammay — yuamuiics oBiaaen wMeHee dYemM 50% oObéma 3HaHWUM,
MPETYCMOTPEHHBIX IPOrPAMMOM, KaK MPaBUiIO, U30eraeT ynoTpeosTh crieuaibHbIe
TEPMUHBI.

IIpakTHyeckas NOAr0OTOBKA:

«l Gamn» — y4eHUK MpOSIBUI BBICOKMH YpOBEHb 3aWHTEPECOBAHHOCTH H
MOTHBUPOBAHHOCTH TIPU BBIMOJHEHUU TMPOEKTa, € 0O0OpyroBaHMEM paboTaer
CaMOCTOSITEJIbHO, HE HCHBITHIBAET OCOOBIX TPYIHOCTEH; BBITIONHSIET MPAKTUYECKUE
3aJlaHus C PJIEMEHTaMU TBOPYECTBA;

«2 Gannay — yyamuiics paboTaer ¢ 000pyJ0BaHUEM C MOMOIIBIO TEarora; B
OCHOBHOM, BBITIOJIHSIET 3a/IaHUs HA OCHOBE 00paslia;

«3 Gannay — ydaluiics UCTBITHIBAET CEpbE3HBIC 3aTPYAHEHHS MpU padoTe C
000pyA0BaHUEM, B COCTOSTHUU BBIMOJIHSTH JIMIIb TPOCTEHUIITNE TPAKTHUYECKUE 3aaHuUs
nejarora.

CounanbHasi aKTUBHOCTD:

«l Oammy — yvamuiics TPUHUMAET aKTHUBHOE ydacThe B OOJBIIUHCTBE
npejjaraéMblX MEpONPUATUNA, KOHKYpCcaxX U COPEBHOBAHUSIX pa3IMUHOr0 ypoBHs (80-
100%) u 3aHUMaeT NpU30BbIE MECTA

«2 Oamnay — ywammiics npuHHMaeT ydactue B 50-80% mpeniaraembix
MEpONPUATUAX, KOHKYpCaX M COPEBHOBAHUAX pA3JIUMYHOTO YPOBHSI U 3aHUMAET
IIPU30BBIE MECTA,

«3 Gamray — yJamwuiicsi MpUHUMAET ydacTre MeHee ueM B 50% mpeiaraemMbIx
MEpONPUATUAX, KOHKYpPCAX U COPEBHOBAHUSX PA3JIMYHOTO YPOBHS M HE 3aHHMAET

MIPU30BbIE MECTA.
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MeTtoauyeckoe odecreyeHue
MeTtoabl, MCHOAb3yeMble MEAArOroM — pa3ju4Hble MPUEMbl aKTUBU3ALMU
MHTEpECca K IPEIMETHOMY COAEPKaHUIO:
- pacunuranus;
- MOJIepanus;
- HCIIOJIb30BAaHUE TPOBOKATUBHBIX METO/I0B B TEOPUH O0yUEHHUS U TBOPUYECTBE;
- mpobJieMaTH3aIus;
- cXemaTHu3allusl.
Y4eOHO-MeTOAUYECKUE U THAAKTHYECKHE CPeACTBA 00y4YeHHSI:
- BUKTOPUHBI, aHKETHI;
- Keiic-3aanus, OJIM3KUE IO TEMATUKE COJAEPIKAHUIO 3aHATU;
- Hay4YHO-TIOMYJISIpHBIE (PUIIbMBI, BUJICOMATEPUAIIBI;
- IPE3EHTAallUU, TOATOTOBIIEHHBIE TIEAArOroM;
- cipaBouHble  Tabmuubl  (MeHneneeBa,  pacTBOPUMOCTH,  BSI3KOCTH,

TEMIIEpaTyphbl KUTICHUS, TUTABJICHUS U JIP. ).

MarepuajibHO-TEXHUYECKOE o0ecredeHue

Oob6opynoBanmue:

- MUKPOCKOITBI (ONITHYECKUH, METALTOTpapuIeCKU, HHBEPTUPOBAHHBIN );

- BEChI (aHATTMTUYECKHE, TIPEIIU3UOHHBIC);

- CIeKTpOoOTOMETD;

- eHTpudyra, MarHuTHasi MEIaKa;

- CKAaHUPYIOIIHI 30HIO0BBIN MUKPOCKOIT;

- IEPCOHANIbHBIN KOMMBIOTEp (HOYTOYK) C BBIXOJOM B ceTh WHTepHET u
YCTaHOBIICHHBIM CIEIUATN3UPOBAHHBIM MPOrpaMMaM 00eCIieYeHUEM;

- BCIIOMOTaTeJIbHOE o0opynoBaHue (nucmeprarop, JTACTUILIATOP,
yIIBTPa3ByKOBAsi MOIKa, BOAsTHAs OaHs, CyITWIBbHBIN 1IKad, pedpakTroMeTp U T.11.);

- IPOCTHIE W3MEpPUTEIbHBIE pUOOpPHI (mdpoBoit MYJIBTUMETD,

IITAHTCHIUPKYJb U T.11.);
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- Habop 1abopaTOPHOM MOCYIbL;
- naboparopHas Mebelb, 001e1ad0paTOpHbIC MPUHAICKHOCTH;
- pacXOJHBIC MaTCPUAITHI;

- CIICH. OJCKJa-XalaThl, 3alllUTHLIC OUYKH, IICPIYATKH.

YYEBHO-TEMATHUYECKUWH IIJIAH

KosmnyecTBo yacos
Ne
o HaumeHoBaHue TeMbl Beero B Tom unciie
Teopus | IlpakTuka
1. Broanoe 3anstue. Texnuka 6e30macHOCTH MPU 1 1 0
paboTte B 1abopaTopun
2. Maxkpo-, MUKPO- 1 HAHOYPOBHH OpraHU3alluu 2 1 1
MaTepuu. ATOMapHasi CTPYKTypa BEIIeCTBa.
HanoTexnonoruu
3. OnTHueckasi MUKPOCKOTIUS 2 1 1
4. ArperatHble cOCTOsIHUS BemecTBa. Da3oBble 2 1 1
Mepexo a6l
5. Keiic «Mup cuMMeTpun KpUCTALIOB) 3 1 2
6. AmnorponHbie GOpPMBI yriiepoaa 1 0,5 0,5
7. dotoxpommzM. TepMoxpoMu3m 2 1 1
8. Mertozpl cUHTE3a HAHOMATEPUaIOB 1 1 0
9. Keiic «Ocaxnenue cepedbpa» 2 1 1
10. | I'maporepmanbHbiii cuHTE3. OCakICHHUE U3 4 2 2
pacTBOpOB. 30JIb-T€Ib TEXHOJIOTUS
11. | U3mepuTenbHble MpuOOPHI B 1ab0paTOpuH. 4 2 2
Pedpaxkromerpus. [lonspumerpus
12. | Pabora na C3M NanoTutor 4 1 3
13. | IloarotoBka MpOeKTHBIX pabOT 3 1 2
14. | 3amuTa MpoeKTOB 2 0 2
Hroro: 33 14,5 18,5
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COAEPKAHMUE ITPOI'PAMMDbI

[
N Tema Teopus IIpaxkTuka
n/n
1. BBonnoe 3ansrue. [ToxkapHast 6e301acHOCTh B
TexHuka KBantopuyme u HanokBaHnTy™me.
0€30MacHOCTH NpU Texnuka 6e3onacHOCTH Mpu padoTte
pabote B B 1a00PATOPUU CO CTEKISTHHOM
nabopaTopuu MOCYJ0H, XUMUUECKHUMHU ]
peakTUBaMH, IEKTPONpUOOpamu.
DKCKypcusi, 3HaKOMCTBO C
000pyTI0BaHHEM
2. Makpo-, MUKpO- U Martepus u nose. ®usnueckue tena | Pabota ¢ MosieKynsIpHbIM
HaHOYPOBHHU u BeuectBa. CtpoeHue, puznueckas | KOHCTpYKTOpoM. Pacuer
OpraHu3alun Y XUMMYECKasi CTPYKTypa BEIIECTB, | YMCJIa SIEMEHTapHbIX
Matepuu. AToMapHasi | aTOMbl U MoJieKyibl. Tabnuia yacTull (HeHTPOHOB,
CTpyKTypa BeniectBa. | Mennaeneesa. [IoHATHSA, TEpMUHBI, IIPOTOHOB, AJIEKTPOHOB),
Hanorexnosnornn BO3HUKHOBEHHE, UCTOPHUS 3apsA10BOTO YuCIa,
HaHOTEXHOJIOTUI MacCOBOI'0 4ucia
3. Onrtuueckas Hcropust MUKpocKoma. PaboTa ¢ ontuueckum
MUKPOCKOTIHS DyHIaMEHTAIBHBIN PAJICCBCKUI MHKPOCKOTIOM
Kputepuii. MeTopl CBETOBOM
MUKpOCKoNuH. [IpuHuun neicTBus u
YCTPOKCTBO ONTUYECKOTO
MHUKpPOCKOIIa
4, ArperatHbie TBEpabIe Tea M X CBOKCTBA. Ha6mronenue quddysun.

COCTOsAHHUA BCUICCTBA.

dazoBrIe nepexoabl

Kpucrannuueckas peuierka.
JKunkoctu u ux cBoiicTsa. ['a3pl 1
nx cBoiicTBa. Ilimasma u e€ cBoMCTBA.
®dazoBble EPEX0Ibl. DJHEPTUS
MEXMOJIEKYISIPHOTO
B3anuMoercTBHS. OCHOBEI

TECPMOJUHAMHUKNU

I/I3yquI/Ie arperaTHbIX

COCTOSTHHAM BOJBI
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Ketic «Mup
CUMMETPHUH

KpHUCTAJIJIOB»

OO6pa3oBaHue KPUCTAIIIOB, POCT,
¢azoBoe paBHOBECHE, U30MOPPH3M,
nosumopdusm. [Ipupoausie u

HNCKYCCTBCHHBIC KPpHUCTAJIJIbL

Pacuer ycnosuii pocra
3apojiplllia KpucTalia.
IIpurorosiienue
3aTpaBOYHOrO PacTBOpA.
N3Bnieuenue 3apoapiiia,
3aKpEIUICHHUE.
[IpuroToBnenue pactBopa

IUIsl pocTa

AnnoTtponHsie (OPMBI

[1aTh aNIOTPOTTHBIX MOAM(PUKAIIHIA

[Tonyuenue rpadena npu

yriepona yriaepoja: aaMmasbl, rpadur, IIOMOIIIM CKOTYa
KapOuHbI, rpadeH, QyuiepeH.
CBoiicTBa 1 oTIInYUs. MeTO bl
MOJTY4ECHHS
DOTOXPOMHU3M. DOTOXMMUYECKNE PEAKLIAH. IIpoBeneHue OnbITOB,
Tepmoxpomuzm POTOXPOMHBIE MAaTEPUAIIBL. CBSI3aHHBIX C

Tepmoxpomusm. XKuakue
KPUCTAJIJIbI: OTKPBITUE, HEOOBIYHbIE

CBOMCTBaA

MOTJIONIEHUEM CBETa U
BBI3BIBACMBIMU UM
W3MEHECHHUSAMH B
BEIIIEeCTBAX.
Uccnenosanue
TEPMOXPOMHBIX JIUH3,

KpacHuTesnei, IOPOIIKOB

Metoapl cuHTE3a

HaHOMAaTCpUuaJoB

[TonsiTe HaHOpa3MEepPHOTO 0OBEKTA
KaK MPOMEKYTOYHOTO 3B€HA MEXKIY
OT/JIeJIbHBIM aTOMOM HJIA MOJIEKYJIOH
u 00beMHBIM MaTepuanioM. 0D, 1D u
2D naHo-pa3mepHbie 00beKTHI. 1D,
2D u 3D HaHO-pa3MepHbIE CUCTEMBI.
MerTo b1 IOTy4eHUs
HaHomaTepuasioB. [logxon «cBepxy
BHU3» (top-dOWN) U MOX01 «CHU3Y

BBepx» (bottom-up)

Keiic «Ocaxnenune

cepedpa»

OCHOBBI MOJIy4YCHHA HAHOYAaCTHUI,

MCTOAHNKA IMOJIYUCHUA IJICHOK

OcaxaeHue cepebdpa.

BriaBMXEHME THIIOTE3 MO
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MCTAJIOB MCTOJOM OCAXJICHHA U3

pacTBOpoOB

MIPUMECHECHUIO
MOJTyYEHHBIX HAHOYACTHII
B Pa3JIMYHBIX 001aCTIAX

HAayKu, MCOAULUHBI U T.A.

10. | l'mapoTrepMallbHBIHI Komnonnoe cocrosinue u N3ydenune TexHuku
cuHTe3. OcaxaeHue JICTIEPCHBIE CUCTEMBI. 0€30MaCHOCTH.
13 pacTBOPOB. 30J1b- Hanoxwuakoctu. Meron ocaxaenust | [losrydenue 3051b-rens u
relib TEXHOJIOT s U3 pacTBOpOB. 30J1b-T€Ib €ro CBETOIPOBOSILINE
TEXHOJIOTHS. MeToAbl MOJy4EeHUS CBOICTBA
30J1eil. DU3NYECKUN U XUMHYECKU
renb. 30J1b-Telb IPolecc
11. | U3meputenbHble pH-MeTpuest, KOHAYKTOMETpHS, N3yyenne TeXHUKN
puOopHI B myasTuMeTp. 3yuenue pabotsl pH- | 6e3onacuoctu. pH-
nabopaTopuH. MeTpa, MoHsTHe OydhepHOoro MeTpusl, KOHTYKTOMETPHSI,
Pedpakromerpusi. pacTBopa, U3MEPEHHE BOJIOPOJHOTO | U3MEPEHUE
[HonsipumeTpus MoKa3aress B pa3HbIX cpenax, AIIEKTPOTPOBOIHOCTH,
H3MepeHue 3EKTPOIIPOBOTHOCTH, pacueT OTHOCUTEIHLHOM
BO3MOKHOCTH MYJIbTUMETpA. BiaxHoctu. HabGmonenue
Hasznauenue ncuxpomerpa u MoKa3aHui OapomMeTrpa 1
rurpomerpa. BozmoxHoctn MIpeACKa3aHNue MOrO/Ibl.
O6apomerpa. Pagnomerp, manometp, | M3ydeHue TeXHUKH
apeoMeTp, BUCKO3UMETP, Oe3omacHOCTH IpH padboTe
HITaHTeNbIUPKYIb. PedpakTomerpus | ¢ pedppakromeTpom u
U MOJISIPUMETPUS, UX IPUMEHEHHE. MOJSIPUMETPOM.
Onrtrueckas aKTUBHOCTb. Ornpenenenne KoJINYeCcTBa
AHu3oTpONUA caxapa B pacTBOpe
12. | Pabora na C3M N3yuenne ocaos C3M. N3y4yeHne TEXHUKH
NanoTutor N3ydeHne KOHCTPYKIIUU U 0€30MMacHOCTH.
OPUHIMIIOB paboThI Mpudopa. N3roroBnenue

OcHoBbl Teopun nocrpoenus C3M
U300paKeHMs: yueT
UHCTPYMEHTAJIBHOTO BKJIaga (POPMBI
30H/1a B U3MEpIeMOM Ipoduiie

penbeda, JeKOHBOIOIHSI.

BOJIb()PAMOBBIX 30H/IOB
METOJI0M
AIIEKTPOXUMHUYECKOTO
TpasneHus. Pabora Ha

C3M NanoTutor
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Ckanupyrolas TyHHEJIbHas
MHKPOCKOIIHS U CKAaHUPYIOIIas

ATOMHO-CHUJIOBAasA MUKPOCKOIIUSA

13. | IloaroroBka mpoeKTHEIX paboT. [lorpykeHne B MPOCKTHYIO ACSITEILHOCTh. Y 4eOHO-
HCCIIEA0BATENbCKAs U IPOCKTHAS JACSATEIBHOCTh: 0COOCHHOCTH, TAIbl, )KU3HEHHBIM 1TUKIT,
pesynbTaThl. Komangoobpazoanue. CkpaM-MeTOT

14. | 3amura nmpoekToB. CTeHI0Bas, Mpe3eHTAIIMOHHAS, OYKIIETHI, CTaThU
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IIJTAHUPYEMBIE PE3YJIBTATDI

Oo0yyaromuecst mMoJy4aT BO3MOKHOCTh Y3HATD:

- OCHOBHBIE TMOHSTUS M 33Ja4d COBPEMEHHOIO €CTECTBO3HAHMS, a TaKKe
MEPCIIEKTUBBI Pa3BUTHs HAHOTEXHOJIOTUIA;

- 0COOCHHOCTH MOYYCHHSI U U3YYCHUS MUKPO- U HAHO-CTPYKTYD;

- TEPMUHOJIOTHIO W OCHOBHBIE€ TOHSTHSA, CBSI3aHHbIE C HAaHOMAaTepHalaMH U
HAHOTEXHOJIOTHSIMH;

- IPUHIIUATIBI ¥ METOJIMKH TSI UCCIIEIOBAHUS OOBEKTOB U MaTEPUATIOB;

- METO/Ibl ITPOBE/ICHUS HAYYHOT'O HCCIIEOBAHUSI.

Oo0yuaromuecs mMoJy4aT BO3MOKHOCTh HAYYUThCSH

- paboTtaTh C COBPEMEHHBIM JIA0OPATOPHBIM W  HMCCIEIOBATEIILCKUM
o0opy10BaHUEM;

- pabotaTth co cpeactBamMu HHpopManuu (yMeTb HCKaTb M OTOMpaTh
UHGOPMAILIHIO);

- BBIOUpaTh OOBEKT HcciaefoBaHus, (GOpMyIupoBaTh pabodyl0 THIIOTE3Y,
IPOBEPSATH €€ U OLIEHUBATh JJOCTOBEPHOCTD MOJYUYEHHBIX PE3yIbTATOB.

Pe3ynbTaToM ycBoeHHUs! 00y4alOIIMMHUCS IPOrPaMMBbl 10 Pa3BHBAKOLIEMY H
BOCIINTATEJIbHOMY ACIIEKTAM SIBJISIFOTCS S

- pa3BUTBHI HMHTEpPEC Y Yy4YalIUXCd K COBPEMEHHOMY €CTECTBO3HAHUIO MU
TEXHOJIOTUSIM;

- IOJIOKUTENNbHAS ~ JMHAMMKA T[IOKa3aTejedl  pa3BUTUS  [O3HABAaTEJIbHBIX
CIOCOOHOCTEH 00yUaroIMXcs (BHUMAaHMSI, TAMSATH, H300pETaTEeIbHOCTH, JIOTHIECKOTO
MBIIIJICHUS U T.11.);

- co37aHMe OOYYaloIMMUCSA TBOPYECKUX paboT, ydyeOHBIX M HAY4YHO-
HCCIIEIOBATEIbCKUX MPOCKTOB;

- CIIOCOOHOCTh 00YYAIOMIMXCSl CAMOCTOATEIBHO BBIMOJIHATH YUeOHBIE 3aJaHus,
npejjaraTh CBOM BapUaHThI PEIICHUS MPoOJieM, aKTUBHO BKIIOYATHCSI B KOMaHIHBIC
MIPOEKTHI;

- TOCTH>)KEHUS B MACCOBBIX MEPOIIPUATHUAX PA3JIUUHOTO YPOBHSI;
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- pa3BUTUC OPraHU3allMOHHO-BOJICBBIX KAa4CCTB JIMYHOCTH IJIA YCHCIHHOﬁ
ACATCIIBHOCTH : AKKYpPAaTHOCTb, OpraHnU30BaHHOCTD, HUCIIOJITHUTCIIbHOCTD,
AUCHUTIIIMHUPOBAHHOCTDL U OTBETCTBCHHOCTD.

- YMCHHUC IIPOJYKTHUBHO 06IIIaTBC§I )51 pa6OTaTB B KOJUICKTHUBC, BBIIIOJHATDH

IIPOCKTELI B KOMAaHAC.
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