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JonomautensHas oOuiepa3BuBaronias nporpamma COOTBETCTBYET
JNEHCTBYIOMUM  (befepaibHbIM, PETHOHAJBHBIM HOPMATHUBHBIM  [JOKYMEHTaM
Poccuiickoi ®Denepandi W JIOKalbHBIM HOpMatuBHbBIM akTam I['BIIOY JIO
«KKTuCy.



HosicHuTEIbHASA 3aIIUCKA
JlonosHATENBHAS oO11epa3BUBAOIIAs nporpamMmma «HaHokBaHTyM»
(yriyOneHHbI ypoBeHb) pa3paboTaHa Ha OcHOBaHMM DenepaabHOr0 3aKOHAa OT
29.12.2012 Ne 273-®3 «O6 obpazoBanuu B Poccuiickoit @enepannny», Konuenuuu
Pa3BUTHUSA JIOTIOJIHUTEIHLHOTO 0Opa3oBanust aeteit 1o 2030 rona.

HanpasjieHHOCTH NPOrpaMMblI

JlonosHUTENBHAS oO1Iepa3BUBAOIAs nporpaMmma «HaHOKBaHTYM»
(yriyOneHHbIH YPOBEHB) UMEET €CTECTBEHHO-HAYYHYIO/ TEXHUUECKYIO
HaIpPaBJIEHHOCTb.

AKTYaJIbHOCTH MPOTPAMMBI

[To Mepe pa3BUTHS TCHACHIIMM MUHUMHU3AIMH TEXHHYCCKUX ¥ HH(OPMAIIMOHHO -
TEXHHYECKUX CHUCTEM, OOPETCHHSI MMM HOBBIX (DYHKIIMOHAIBHBIX XapaKTEPUCTHK BCE
0oJiee aKTyaJIbHBIMH CTAHOBSITCS BOIIPOCHI CO3/IaHUS M IPUMCHEHHUS HaHOPa3MEPHBIX
MaTEPHAJIOB, TEXHOJOTUHA CHUHTE3a M IPOU3BOJICTBA KOTOPHIX CTAHOBSITCS OCOOCHHO
BRXHBIMU W TIEPCIIEKTUBHBIMU. [l mpeicKa3bIBaHMsI, OIICHUBAHUS M YIPABICHUS
CBOWMCTBAMH HAHOTEXHOJIOTUYHBIX MPOAYKTOB, OMpPEIEICHHUS 00JacTh HUX pPabOTHI
HEOOXOAMMO TIOHMMAaTh KaK MEXaHHW3MBI, JIeKalde B OCHOBE (DOPMHPOBAHHS
HaHOMATEepUaJIOB U HAHOPA3MEPHBIX CHUCTEM, TaK M MPOTEKAIONINE B HUX IPOIIECCHI,
o0ycnaBinuBarone 0coO0eHHOCTH uX paboThl. C BBIX0JIOM Ha PHIHOK HAHOTEXHOJIOTHH,
«YMHBIX» MaTepUaJIOB, HOBBIX NPUOOPOB W JIEKAPCTBEHHBIX BEIISCTB 3HAHMS
MOJIPACTAIOIIETO TOKOJEHUA B JToH cdepe OyAayT CHocoOCTBOBATH HOBBIM
JOCTIDKEHUSIM BO MHOTHX OTpPAcliiX HAyKd W MPOMBIIUICHHOCTH, a MOJIOJBIM
crenuanucTaM  o0ecredyar BBICOKYIO  KOHKYPEHTOCIOCOOHOCTh H  OOJBIIYIO
BOCTpeOOBaHHOCTH Ha pbIHKE Tpyaa. llporpamma «HaHOkBaHTym» HampaBlieHa Ha
pa3BUTHE TMPOPECCUOHATBHBIX KOMIIETCHIINI, MPOJUKTOBAHHBIX COBPEMEHHBIMU
YCJIOBUSIMH E€CTECTBEHHOHAYYHOW W TEXHHYECKOW HAMPABICHHOCTH, W MPHU3BaHA
chopMHUpOBaTh y UIKOJIHHUKOB 3HAHUS O METOJAX M TEXHOJOTHSAX TOTyYeHUS

HAaHOMOPOUIKOB, HAHOCJIOEB, HAHOTETEPOCTPYKTYP M HAHOCTPYKTYPHPOBAHHBIX



MaTepualioB, B OCHOBE KOTOpBIX JieXKaT pa3inyHble (PU3HUEcKHe U (UBHKO-
XUMUYECKHUE TIPOLIECCHI.
Ileparornyeckasi Hejieco00pa3sHOCTH MPOIPAMMbI

[Mporpamma «HanokBaHTym» (YriyOJCHHBI YpOBEHB), TJIABHBIM 00pa3oM,
HaIpaBJieHa Ha peleHue NpoopueHTAMOHHBIX 3a/1a4, o0ecrneynBas BO3MOKHOCTD
3HAKOMCTBA OOYYaIOIIUXCA C COBPEMEHHBIM O0OpYJOBAaHUEM U COBPEMEHHBIMU
TpeOOBaHUAMH K  MpodeccusiM  €CTECTBEHHOHAYYHOM M TEXHUYECKOU
HaIIPaBJIEHHOCTH.

Hamnpasnenue «HanokBaHTyma» OCHOBBIBAETCS Ha U3Y4YEHUN
MaTEepUAIOBEACHUSI HAa MHUKPO- M HAHOYpPOBHAX M (OPMHUpPYET Yy Yydalluxcs
yrayOJeHHble 3HaHUS B OOJACTH XUMHUH, OMONOTUU, (U3HKH, TEXHUKH, a TaKKe
(dbopMupyeT HaBBIKK pabOThI C COBPEMEHHBIM HAYYHBIM 000PYI0BAHUEM.

OOOCHOBaHHOCTh ~M3YUY€HHS JAHHOTO Kypca BbI3BaHA 3HAYUTEIbHOU
HAyKOEMKOCTBIO  MPOILIECCOB  pa3pa0OTKM W  U3TOTOBJIEHUSA TMPOAYKIHH U3
HAHOCTPYKTYpHUPOBAHHBIX MaTEPHAJIOB, HOBU3HON HayYHBIX Pa3paboTOK M OOJIbIIUMHU
pUCKaMu IpU OLEHKE H(P(PEKTUBHOCTH UX HCHOJIb30BaHUS Uil CO3/aHUs
KOHKYPEHTOCIIOCOOHOW HaHOMPOAYKLUHU, HEOOXOJUMOCTBIO OTCIIEKUBATH TOCTOSTHHO
U3MEHSIONIYIOCS KOHBIOHKTYPY HA PBIHKE HAaHONPOAYKIIMU U HAHOTEXHOJIOTHH.

MeTononornyeckomn OCHOBOM MPOrpaMMBbl ABJIACTCS CUCTEMHO-
NEATENbHOCTHBI  IMOAXOJ, COYETAIOIUKCS C  pa3IuYHbIMH  COBPEMEHHBIMHU
00pa30BaTEIbHBIMU TEXHOJIOTHSIMH, TAKUMH KaK TEXHOJIOTHUS Pa3BUTHS MOHATUHHOTO
MBIIIJIEHUS, TEXHOJOTUS HCCIEAOBATEIbCKOW M MPOEKTHOM  AESATEIBHOCTH.
[IpuMeHeHne  CHCTEMHO-JESATENIbHOCTHOIO  Moaxona  Haubonee  3(p(EKTUBHO
croco0cTByeT (POPMHUPOBAHUIO YHUBEPCAIBHBIX YUEOHBIX 1EHCTBUII.

Leapr mporpamMmbl — mOpuBJIeYeHHE OOYYAIOIIUXCS K HCCIIEI0BATENIbCKOMH,
M300peTaTeIbCKOM, HAYYHOW W WHXXCHEPHOW JESATCIBHOCTH, OBIQJACHUE WMU
COBPEMEHHBIMH MPEICTABICHUSAMM O HAHOMATEPHAIAX W HAHOCHCTEMAX, a TaK¥Ke

BO3MOKHOCTAX UX HUCIIOJb30BaHUA IIPHU CO3AaHNHN HaYKOGMKOfI IMPOAYKIHH.



3agaym nNporpaMMal:

-O3HaKOMJIEHHE oOydarommxcsi ¢ 0a30BbIMH  3HAHUSIMU B 00JacTu
HAHOTEXHOJIOTHUH;

-OCMBICJICHHE OCHOBHBIX OTJIMUUTENIBHBIX OCOOCHHOCTEH MaTepuasos,
HaXOJAIINXCS B HAHOCOCTOSIHUM;

-OBJIaJICHUE  COBPEMEHHBIMU MPEJCTABICHUSIMU 00 OCHOBHBIX NMpUOOpax u
METO/IaX HAHOJAUATHOCTUKHU U UX AHATUTUYECKUX BO3MOKHOCTSIX;

-OCBOEHHE OCHOBHBIX METO/IOB MOJIyYEHUS] HAHOMATEPUAJIOB U HAHOCTPYKTYP;

-00ydyeHHe HaBbIKaM OBICTPOTO OCBOCHHUS HOBBIX HWHCTPYMEHTAIBHBIX U
TEXHUYECKUX CPEJCTB, B TOM YHCJIE BBICOKOTEXHOJOTHMYHOTO OOOPYIOBaHUS H
MPUHITUIIOB pabOThI C HUM;

-popmupoBaHue Yy 00YyYaIONMIUXCs CUCTEMHBIX 3HaHUN O (PU3HUYECKUX OCHOBAX,
WHCTPYMEHTAJbHBIX TPUHIUIAX M JUArHOCTUYECKUX BO3MOXXHOCTSAX METOJO0B
CKaHUPYIOIIEH 30HI0BOM MUKPOCKOMUH, crieKTpockonuu u autorpaduu (C3M, CJI),
SIBJISTIOIIIUXCSL OJJHUMHU M3 0A30BBIX METOJ0B COBPEMEHHON HAHOUATHOCTUKH;

-(opmMupoBaHme y MIKOJbHUKOB CUCTEMHBIX 3HAHUM O METOAAaX U TEXHOJIOTHSIX
IIOJIy4YE€HUSI HAHOPA3MEPHBIX CUCTEM M UX IIPAKTUYECKOU peann3anuu;

-OCBOCHHUE WIKOJIBHUKAMU TEPMHUHOJIOTUA U OCHOBHBIX ITOHSITUH, CBSI3aHHBIX C
HaHOMAaTepUajJaMu U HAaHOTEXHOJIOTUSMU;

-O3HaKOMJICHME C  MPAaKTUYECKOW  MaTEMAaTUKOW; HW3YYEHHE  OCHOB
KOMOMHATOPUKH, TEOPUHU MHOXKECTB, MAaTEMAaTUYECKON JIOTUKH; U3YYEHHE U pacyer
TEOPUU BEPOSITHOCTH;

-(opmMupoBaHue MPEACTABICHUN O MPOBEACHUN MAaTEMAaTUYECKUX PACUETOB C
IIOMOIBIO MPOrPaMM;

-pa3BUTHE MMO3HABATEIBHOIO MHTEPECA K MPOEKTHOU AECATEIBHOCTH, PELICHUIO
M300peTaTeNbCKuUX 3a/1a4, HAyYHO-TEXHUYECKOMY TBOPUYECTBY;

-OBJIa/ICHNEC HABBIKAMHM TPOCKTHOW JESTEIBHOCTH, TMOJATOTOBKA B 00JaCTH
MMPOEKTHOM JAEATENBHOCTA HA COBPEMEHHOM YPOBHE;

-O3HAKOMJICHHE C TIpaBWJIaMH TEXHHKH Oe3omacHOoCTH Tpu pabore ¢

BBICOKOTCXHOJIOI'MYHBbIM O60py,[[0BaHI/IeM;



-00yueHHne HaBBIKAM WCIIOIb30BAHUS HAYYHO-TIOMYJSIPHOW M CIPaBOYHOM
JTUTEPATYPbl, UHTEPHET-UCTOYHHKOB;

-BBIpa0OTKa HABBIKOB KOMAaHIHOW pPAaOOTBI W MyOJWYHBIX BBICTYIUJICHUH,
JOKJIAJI0B;

-03HAKOMJICHHE C TEXHHUYECKUMHU TPOPEeCcCHsIMHU M OOCCICUCHHE YCIOBUU
po(eCCHOHATBEHOTO CaMOOIIPEACIICHHUS,

-pa3BUTHEC HAOIIOAATCIIPHOCTH, BHUMAaHHUSA, CIOCOOHOCTH yYalUXCsS K
CaMOCTOSITEIILHOMY PEIICHUIO BO3HUKAIOITUX MPOOJIEeM;

-ITOMYJIAPU3AINSA HAyYHO-TEXHUYECKUX 3HAHHM.
Azpecat mporpaMMmbl — yJamuxcsi B Bozpacte 12-13 ner, xenaromiye 3aHUMAThCS
UCCJICIOBAaHUSMH B 00JIACTH HAHOTEXHOJIOTHH.

AjpecaTt nporpaMmabi:

ydamuecs: B Bo3pacte 12-13 net, uHTepecyromuecs: UCCIIeI0BaHUsIMU B cepe

HAaHOTEXHOJIOTHH.
KoumnuyecTBo 00y4aromuxcs B rpynmne:
- BBOJIHBIN ¥ yri1yOJeHHbIH Moy - oT 10 1o 12 yesnoBek;
- MPOEKTHBIA — OT 6 70 10 yenoBexk.
@®opMbI 00y4eHU S U BUJAbI 3aHATHI
[Tpunsitas B mporpamme mojenb oOyuenus Cuctemsl 4K BiItouaer B ce0s Kak

IPYNIOBBIC, TaK U UHANBUAYaIbHbIE ()OPMBI OpPTaHU3AINH ICITEILHOCTH yYaIlUXCSl.
[Iporpamma mpenmonaraeT cBOOOIHBIN BEIOOP (HOPM ayAUTOPHBIX 3aHATUH (JICKIIHH,
Oecenpl, 0OCYXKJIEHHS, UTPOBbIE (OPMBI paOOThI, MPAKTHYCCKUE 3aHATHUS, METO]
MPOEKTOB) BBIOOP KOTOPHIX OOyCIIaBIMBAEeTCS TEMOW 3aHATHS U (POpPMOH ero
npoBenenus. Komanmgnas pabora  mpenmonaraeT — OOCYyXJACHHE  IPOEKTOB,
corjacoBaHue paboT, COOpPKy HTOTOBOTO TMPOAYKTa, OOIIEHHE C KypaTOpOM.
[Ipaktnueckas paboTra - BBOJHBIC 3aHATHUS, TPAKTHUKYMbBI, KOHCYJIBTAIlUU C
MpeToiaBaTessMu, COOPKY MPOTYyKTa U UCTIBITAHMUS.

Bo3MoOXHBI  BCTpeuM ¢ TMPUTIIAMNIEHHBIMH ~ CIOUKEPaMH, COBMECTHBIC
KoH(epeHInr, BUICOKOHGEPEHIIMN WM BEOWMHApHI C JAPYTMMH KBAaHTyMaMu H

OKCIICPTaMH, MHAWBUAYAJIbHBIC U I'PYIIIIOBBIC KOHCYJIbTAIlUH.



[lo Tumy opraHu3anuy B3aUMOJEHCTBUSA IENAaroroB ¢ OOyYaroIIMMHCS MHpH
peanu3anuu MporpaMM HCIOIb3YIOTCS JIMYHOCTHO-OPUEHTHUPOBAHHBIE TEXHOJIOTMHU
0o0y4eHHsl (TEXHOJIOTUU MPOEKTHOM U UCCIE0BATENIbCKON IEATETLHOCTH).

Peanuzanus IIPOrpaMMBbl MIPEAIOoIaraeT UCITOJIb30BAHUE
310pOBbECOEPEraroMX TEXHOJOTHH, pealu3yIOIUXCsl Yepe3 co3aaHue 0e30MmacHbIX
YCJIOBHUM, TaKUX KaK BKJIIOUEHHE B 3aHATHE JMHAMUYECKHX Iay3, MEPUOANYECKAs
CMEHa JICSITeIbHOCTH 00YyUalolIUXCsl; KOHTPOJb COOMI0AEHUS 00yUarOIUMHKCS TTPaBUII
pa6otel Ha IIK; co3ganue 61aronpusTHOTO MCUXOJOTUYECKOTO KIIMMAaTa B TPYIIIIE.

OTiIn4uTe/IbHAA 0COOCHHOCTDH NMPOrPaMMBbI

[IpencraBnsgemass nmporpaMma OCHOBaHa Ha METONMYECKOM WHCTPYMEHTapUU
HacTtaBHUKa «HaHokBaHTyM Tyakut» (M.MyxuH u 1p. — 2-e u3[., nepepad. u J0M. —
M.: ®oup HOBBIX QopM pa3BuUTUA 00pazoBanus, 2019), uMeeT MOAYIBHYIO CTPYKTYPY
U 3aJ0KEHHYI0 BO3MOXHOCTb CETEBOI'0 B3aMMOJEHUCTBUSA. MOAYyJIM NOCTPOEHBI Ha
IPaKTUKO-OPUEHTHPOBAHHBIX ~HMHKEHEPHBIX W  HCCIIEIOBATEIbCKUX  IPOEKTAX
(MHIMBUIYATbHBIX WK TPYNIOBBIX), HAIIPABJICHHBIX HA PEIICHHE 3a/1a4 MPUKIIATHOTO
1 GyHIAMEHTAIBHOTO XapaKTepa.

Oprann3zanuoOHHO-Nearornyeckne yCaoBus

[Ipu peanuzanuu  JTOMOJHUTEIBHOM  OOIICOPA3BUBAIONIEH  MPOrpaMMBbI
UCTONIb3yeTcs (opMa, OCHOBaHHAs Ha MOAYJIBHOM TPUHIIUIE TPEIACTABICHUS
coJiep kaHusl 00pa30BaTEIHLHOM MPOTrpaMMBbI M IOCTPOCHUS YIEOHOTO IJIaHa.

[Iporpamma  mpenamnonaraer 3 ypoBHS OOy4YeHHS: BBOJHBIA, yTiyOJIEHHBIMH,
MPOEKTHBIN. KaX1plii U3 YpOBHEW UMEET 3aKOHUYCHHYIO CTPYKTYPY CO CBOMM LEIISIMU,
3a/layaMi U OXHUAAeMbIMU pe3yibTaTamMu. OOydaromuiics HAYMHAET HU3Yy4YEHUE
MpOrpaMMbl C BBOJHOT'O YPOBHS, MOXKET IEpEeUTH Ha YriyOJNEHHBIM U Jaliee Ha
MIPOEKTHBIM, & MOKET OCTAHOBUTHCS TOJIBKO HAa U3YYEHUH BBOJHOIO ypoBHs. Kaxxabii
W3 YPOBHEN 3aKaHYMBAECTCA 3aIIUTON IPOEKTA.

Peanuzammst mporpaMMbl MOXKET OBITh OCYIIECTBIIEHA KaK Ha COOCTBEHHBIX
pecypcax KBaHTOPUYyMa, TaK W NPU MNOAAECPXKKE CETEBBIX M HMHAYCTPUAIBHBIX

MapTHEPOB YEepPEe3 CETEBOE B3aUMO/ICHCTBUE.



CoBMecTHass  JI€ATEIBbHOCTh YYAaCTHUKOB  00pa3oBaTeIbHOr0  Ipolecca
BBICTpaMBaeTCs HA NPUHIMUIIAX HOMOIMOHAIBHON 3HAYUMOCTHU, OTKPBITOCTH,
NEeATeNIbHOCTH, 0OPATHOU CBSI3U U CYyObEKTHOCTH 00YYarOIIEeToCsl.

BHyTpu Ka)X10ro YpOBHS CYIIECTBYET MOJYJIBHOE MOCTPOCHHE MPOTPAMMBI,
BKJTIOYAlOIEee B ceOsl HEMOCPEICTBEHHO MOJIYJIb MO0 HAMPaBJICHUIO KBaHTyMa (HaHO),
KpOM€ TOT0, 00y4YaroIIMMCs MOXET OBbITh MPEIOKEHO enié 2—3 MOJyIsl, UCXOsl U3
BO3MOKHOCTEM opraHuzaiuu (1axmaTsl, TEXHUYECKUH aHTJIMIUCKUM, MaTEMaTHKa).

Cpok 0CBOEHUS POTPAMMBI, Pe:KUM 3aHSITHIA

Cpox ocBoeHHMs 00Iepa3BUBAIOLIEH MPOTPAMMBbI ONpENEsSeTCs B y4eOHOM
IiaHe, KOTOPBIA SIBISETCA TMPUIIOKEHUEM UM MOXKET OOHOBIATHCS 10 Mepe
HEO0OXOUMOCTH.

[TponomxuTeIbHOCT OJHOTO 3aHATHUA — 45 MuHyT. KonwdecTBo 3aHATHI B
JIeHb, HEJEII0 OMPEIENISICTCS B COOTBETCTBUU C YUYEOHBIM IIJIAHOM U KaJICHJIApHBIM
rpaduxom.

Ilnanupyembie pe3yjbTATHI 0CBOEHHUSI 00Pa30BaTEIbLHOI MPOrpaMMbl

3HaHueBbIe U NPO(eCcCHOHATbHbIE KOMIIETCHIMHU

3HaHUE/TIOHMMAHUE YYaliuMHucA.

- IpeAMEeTa HAHOTEXHOJIOTUH;

- OCHOBHBIX BHUJOB HaHOOOBEKTOB M HAHOMATEPHAIOB, UX OTIMUYUTEIBHBIX
0COOEHHOCTEMN;

- IpUOOPOB M YCTPOMCTB, pa3pabaThiBAEMbIX HA OCHOBE HAHOMATEPHAJIOB,;

- IPUHIIMIIA PAa3MEPHOTO0 KBAHTOBAHUS M YCJIOBHs HaOIIOJIEHUS KBAaHTOBO-
pPa3MEpHBIX SIBJICHUN;

- OCHOBHBIX MapaMeTPOB, ONMPEACISIONINX CBONCTBA HAHOOOHEKTOB, METOIBI U
mpuOOPHI UX XapaKTePU3aIIUU;

- KiaccupuKanMyM, BO3MOXKHOCTEH W  HAa3HAYCHHWS OCHOBHBIX METOJ/IOB
MOJTyYCHHS] HAHOMATEPHAJIOB;

- TEXHOJIOTUYECKOTO O0OpYJOBaHUSI ¥ OCHOBHBIX METOJOB TMOJYYCHHS

HaHOIIOPOIIKOB, HAHOCJIOCB U KOMIIAKTHBIX HAHOMATCPHUAJIOB,



-OCHOBBl 00pa0OTKM HAHOCTPYKTYPHUPOBAHHBIX MaTEpPUATIOB; METOJ0B U
TEXHOJIOTU I MMOJyYEHNsS] HAHOKOMIIO3UTOB;

-IPUHIIMIIOB, 3aJI0)KEHHBIX B KOHCTPYKLIMM M MPOTpaMMHOE oOOecreueHue
CKaHUPYIOIIEro 30H10BOoro Mukpockomna (C3M);

-pU3HYECKUX U XUMUYECKUX CUCTEM MOHUKEHHON Pa3MEpHOCTH,

-OCHOBHBIX HAYYHO-TEXHUYECKUX MPOOJEM HAHOTEXHOJOTMH W TEPCHEKTHB
Pa3BUTHS TaHHOM 00JIaCTH 3HAHUM;

-OCHOB KOMOWHATOPUKH, TEOPUH MHOXKECTB, MATEMaTUYECKON JIOTUKH; TEOPUHU
BEPOSITHOCTH; TEOPUU TpadoB.

YmMmenus:

-IIPOTHO3UPOBATh  YCTOWYMBOCTH M (DU3UKO-XMMHUUYECKHE  CBOMCTBa
HAaHOOOBEKTOB M HAHOMATEPHUAJIOB;

-aHAJIM3UPOBATh U TMPEJACKA3bIBATh TEHJCHIUM PA3BUTUS CETMEHTa pbIHKA
MPOAYKIIMM HA OCHOBE HAHOPA3MEPHBIX CUCTEM;

-BBIOUPATH ONTUMAJIBHBIC PACXOHBIC MaTEPHUAIIBI;

-ODUEHTHUPOBATHCSI B COBPEMEHHOW JMTEPATYPE M BECTH JUCKYCCHIO IO
HAHOTEXHOJIOTUH;

-CAMOCTOSATENIBHO CTaBUTh 3aJaud IO CO3JAaHHUI0 WIH TPAKTHYECKOMY
NPUMEHEHUI0 HAaHOOOBEKTOB M HAHOMATEpPHUAJOB JJIsl PEIICHHS] KOHKPETHBIX 3a/1a4
HAHOTEXHOJIOTUH;

-OPUEHTHUPOBATHCS B METOJAX IOJYYEHHUS M HCCIEIOBAHUS HAHOCTPYKTYP,
CKaHMPYIOILIEH TYHHEIbHON MUKPOCKOIIMU U CIIEKTPOCKOIIHNY;

-IPOBOJAUTH MAaTEMATUYECKUE PACUETHI C IIOMOILBIO IPOrPAMM;

-IIPUMEHSATh MAaT€MaTUYECKUE HWHCTPYMEHTHI B IIPOCKTHOW JAEATEIbHOCTH.

dopMUpOBAaHUE HABLIKOB:

-TBOPYECKOT0 0000IICHUS MOTYUYECHHBIX 3HAHUK;

-pabotbl Ha C3M pa3nuyuHbIX TUIIOB;

-aHaJIM3a JAaHHBIX, TTOTYUYEHHBIX ¢ ToMOIIsI0 C3M;

-KOHKPETHOTO M OOBEKTHMBHOTO W3JIOKCHHsI CBOMX 3HAHWW B MUCHMEHHOU W

ycTHOH (opme,



-pyHIaMeHTaIpbHBIX 3HAaHWUH O croenuduke TOBEJACHUS BEIIECTBA B
HAaHOMETPOBOM Pa3MEPHOM JHANa30HE;

-MIOHUMAHUs MEXaHW3Ma BO3HHKHOBEHHUS pa3MEpPHBIX (DHU3UYECKUX H
XUMHUYECKUX 3P PEKTOB;

-IJIJAHUPOBAHUSA ¥ BBIMIOJHEHUS YYEeOHOTO TIPOEKTa C HCIIOJIb30BAaHUEM
o0opyaoBaHUs, MOJIeIeH, METOIOB U IPUEMOB, 3allIMTHI IPOEKTA.

YHuBepcajgbHble KOMIIETEHIUN !

-yMEHHE TCHEPUPOBATh HJICH YKa3aHHBIMH METOJIAMU;

-yMEHHUE CIYIIATh U CJIBIIIATh COOCCETHUKA;

-yMEHHE apryMEHTUPOBAHHO OTCTaMBATh CBOIO TOUKY 3PCHUS,

-yMEHUE  HAaXOJWTh WHQPOPMAIMIO B  CBOOOJHBIX HCTOYHUKAX U
CTPYKTYPHPOBATh €¢;

-yMeHHE KOMOMHUPOBATh, BUJIOU3MCHSITh U YJIy4lllaTh HJICH,

-HaBBIKM KOMaH/JHOW padOThI;

-yMEHHE TPaMOTHO MUCbMEHHO (POPMYJIMPOBATH CBOM MBICIIH;

-KpUTUYECKOE MBIIIUICHUE U YMEHUE OOBEKTHUBHO OLICHUBATH PE3YJIbTATHI CBOCH
paboTHI;

-OCHOBBI OPaTOPCKOTO MacTEPCTBa.

VYpoBeHb cHOpMHUPOBAHHOCTH M OCBOCHHOCTH HABBIKOB BBISBISIETCS B XOJ€
3aIIUT YYEOHBIX MPOSKTHBIX PaboT.

[To mToram oOyueHUs TODKHO CHOPMHUPOBATHCS MPECTABICHHE O CIOCO0e
NPOBEJICHNS HAy4YHOTO WCCIIEIOBAaHUS, aKTyaJbHBIX 3a/adax, camMoOIlpe/esieHue ¢
00J1aCThIO JNaJIbHEUIIIEH MIPOCKTHO-UCCIEN0BATEIbCKOMN JIEATENBbHOCTH,
MPOJIEMOHCTPUPOBAHA CTIOCOOHOCTH U TOTOBHOCTH IPUMEHSTH IMOTYy4YEHHBIC 3HAHUS Ha
MIPaKTHKE.

PaGota mpOEKTHBIX TPyHm TPOBOAUTCS TIO Pa3HBIM  HANPABICHUSM

I/ICCJ'ICZ[OBaHI/Iﬁ C YYCTOM HMHTCPCCOB y4YalllUuXC.
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DopMbl aTTECTALMH
OcHOBOM aTTecTAallMM SIBISETCS IPOEKTHAs JAEATEIBHOCTh YYallUXCS I10
HaIlpaBJICHUIO 00Ie00pa30BaTeIbHONM NPOrpaMMbl M YYacCTHEM B Pa3IUYHBIX
COPEBHOBAHUX NHKECHEPHOW HAIIPABIEHHOCTH.
IIpoMexyTOUHAsi aTTeCTAMSA BBIIOJHEHUS IPOTPAMMBI U CTEIIEHH YCBOCHHUS
Marepurala MPOU3BOINUTCS C TOMOIIBIO BBIITOJIHEHNS KEHCOB.
HroroBoii arrecraumeil sBisieTcss pa3paboTka M 3alllUTa MPOEKTa B BHJIEC

Y4acCTus B BHYTPUT'PYHIIOBBIX BBICTABKAX, KOHKYPCAX, IPE3CHTAUAX.

Kpurtepynu oneHKH myO0JJTHYHOM NMPe3eHTAlMU MPOEKTA:

1 AKTYyaJIbHOCTh M 3HAYUMOCTh MpoekTa (o1 0 10 5 6anios).
2 CooTtBeTcTBUE pe3ylibTaTa nocraBieHHou uenu (0-5 6anios).
3 YpoBeHb 3aBepiiieHHOCTH npoekTa (0-5 6anoB).
4, VYPpoBEeHb CAaMOCTOSITEILHOCTH NPH BhINOJHEHUU padboTsl (0-3 Gama).
5 KauecTtBo npe3enrtanuu npoekta (opopmienue, au3zaiin) (0-3 6amna).
6 KauectBo 3ammrthl npoekrta (yCTHOE BBICTYIIEHHE) M y4acTHE KaKJIOro B
sammure (0-3 Oanna).
7. YMeHure 0TBe4aTh Ha BONPOCH M OTCTauBaTh CBOIO TOUuKy 3peHus (0-3 Gama).
8. AHanu3 Hay4YHBIX M WH)XCHEPHBIX MCTOYHHMKOB, KOHKYPEHTHBIX IMOIXOJOB K
aHaJOTUYHOM Wi Oym3koi 3anade (0-3 Gama).

Y4eHunkam, yCrenrHo 3aimuTuBIIUM IpoeKT oT 20 6aIoB U BBIIIE, TOCETUBIINM
70% 3aHATHH 110 IPOrpaMMe PEKOMEHIYETCs TPOJIOJKUTh 00YyUEHHE Ha CIEAYIOIIEM
ypoBHE. YueHuKkaM, HaOpaBIIUM IO pe3yJbTaTaM 3alluThl IpoekTa MeHee 20 6aos,
a Takke nocetuBmnM MeHee 70% 3aHATUN MO MporpamMMe PeKOMEHAYETCsl BhIOpaTh
oOyyeHrne TI0 JpYyrod JOMOJHHUTEIBbHOW oOmiepa3BuBatomeii mporpamme T

«KBaHTOpHYM).
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Mertoanueckoe obecnedyeHue

MeToabl, MCHOJIb3yeMble MEJAroroM — pa3IMYHbIe MPUEMbl aKTUBU3ALMU
MHTEpECca K IPEIMETHOMY COAEPKaHUIO:

- pacunuTanus;

- MOZIepalus;

- HCIIOJIb30BAaHUE TPOBOKATUBHBIX METOJ0OB B TEOPUHU OOYyUYEHHUS U TBOPUECTBE;

- mpobJyIeMaTU3aIus;

- cXeMaTu3alus.

Y4eOHO-MeTOANYECKUE U THAAKTHYECKHE CPeACTBA 00yYeHH I :

- BUKTOPUHBI, aHKETHI;

- Keiic-3aanus, OJIM3KUE IO TEMATUKE COJAEPIKAHUIO 3aHATU;

- HAYYHO-TIOMYJISIpHBbIE (DHIIBMBI, BHI€OMATEPHUAIIBL;

- IPE3EHTAallMHU, TTOITOTOBJIEHHBIE TIEArOroM;

- cipaBouHble  Tabmuubl  (MeHpaeneeBa,  pacTBOPUMOCTH,  BSI3KOCTH,
TEMIIEpATyPhl KUTICHHUSI, TUTABJICHUS U JIP.).

MarepuajibHO-TEXHHYECKOE o0ecreyeHue

Oob6opynoBanmue:

-MHUKPOCKOIIBI (ONTUYECKU, MeTauiorpaduueckuii, HHBEpTUPOBAHHBIH );

-BECHI (AHAIUTUYECKUE, MPEIIU3UOHHBIC);

-CTIEKTPOOTOMETD;

-1IeHTpuyra, MarHuTHasE MEIIAJKa;

-CKaHUPY IO 30HA0BBI MUKPOCKOIT,

-IIEpCOHANIbHBIA KOMIBIOTEP (HOYTOYK) C BBIXOJIOM B ceTh HWHTepHET u
YCTaHOBIJICHHBIM CIEIUATN3UPOBAHHBIM MPOrpaMMaM 00eCIIeYCHUEM;

-BCIIOMOTI'aTEJIbHOE o0opynoBaHue (nucmeprarop, TUCTUIUISTOP,
yIBTPa3BYKOBAsi MOIKa, BOAsTHAS OaHs, CyIIWIbHBIN 1IKad, pedpakTomMeTp U T.11.);

-[IPOCTHIE U3MEPUTENbHBIC pUOOpPHI (mdpoBoit MYJIBTUMETP,
ITAHT€HUUPKYJb U T.I1.);

-Habop J1abopaTOPHON MOCYAbI;

-nabopatopHas Me0elb, 0011e1ad0paTOpPHbIEC MPUHATIEKHOCTH;
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-paCXoaHbIC MATCPHAJIBI;

-crieroiekaa (XaaaThl, 3alIUTHBIC OYKH, TICPUYATKH ).

Y4eOHBINA JIAH

Ha3zBanue monyiis

KonnuecTBO 4acoB B
HEJIEITIO

KonnuecTBO 4acoB BCETO

Hano

4

72

HUtoro

72
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COLEPKAHUE ITPOI'PAMMBI

NOJIYIPOBOAHHUKU U

JUDJICKTPHUKH

[Taynu. OcHOBBI 30HHON TEOPHH.
Pa3nnuus B 30HHBIX quarpammax
IIPOBOJIHUKOB, ITOJIYIIPOBOJAHUKOB U
JudIIeKTpuKoB. Hocurenu 3apsizaa.
IIpakTHueckue NpUMEHEHUS

IMOJIYITPOBOAHUKOB: CBETOAUO/bI,

o
N Tema Teopus IIpaxkTuka
n/n
1. BBoaHoe 3ansTHE. [ToxxapHas 6e3011acHOCTD B N3ydeHue npakTH4eCKUX
Texnuka «KBanTOpHYME» H IIPUMEHEHNH, HAa3HAYCHUN
0€3011acHOCTH MPH «HanokxBantyme». TexHuka Y Ha3BaHUU XMMHUYECKOMN
pabote B 0e30MmacHOCTH IpH padboTe B MOCY bl
nabopaTopun nabopaTtopuu, pu padoTe co
CTEKJITHHOM ITOCYJI0M, XUMHYECKHUMHU
peaKkTUBaMH, JIEKTPOIIPUOOPAMH.
ODKCKypcHsi, 3HAKOMCTBO C
obopyoBaHEM
2. OcHoBbl O6e3omacHoi | [louck nHdopmanuy B UHTEpHETE: N3yueHne TeXHUKH
pab6ortsl ¢ [1K. TTouck | aTanmbsl HHGOPMAITMOHHOTO ITOUCKA, 0e30macHOCTH MpHU padoTe
“H(pOpPMaIIUK ¥ BEIOOP | TPUHITUIIEI OTOOpa HH(OPMAITUH, c [1K. M3ydenne ocHOB
HCTOYHUKOB JOCTOBEpHBbIE UCTOYHUKU. [lone3Hbie | paboThl B TEKCTOBBIX U
MHTEPHET-PECYPCHI TaOJIMYHBIX MpOIECCOpaXx,
porpammax s
MIOATOTOBKHU MPE3EHTALIMI.
Hanucanue koHcnekra u
MOArOTOBKA MUHH-
JIOKJ1a/1a Ha HAYYHYIO
TEMATHUKY
3. IIpoBogHUKH, [Tocrynater bopa, mpunuun 3anpera | Pemenue pacuérHbix

3aJla4 Ha OIIPCACIICHUC
PAa3JIMYHBIX IIapaMETPOB

MOJIYIIPOBOIHUKOB
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($OTORIEMEHTBI, COTHEYHBIE

6arapeu. Merton Yoxpanbckoro

Keric «3roroBnenne

CBETOAHNOJa»

Buytpennnii hpororddexr.
[Ipunnun paboTsl cBeTOAMO !
MEK30HHAs! pEKOMOMHALIUS
HOCHUTEJIEH 3apsiaa PU IIPSIMOM
BKJIFOYEHMH P-N nepexona. «beinbrii»
ceeroauol. [Ipenmyiiecta u
HEJO0CTaTKU CBETOJMO/IOB Mepea

APYIruMHU UCTOYHHUKAMH CBCTA

N3ydeHune TeXHUKU
0e30IacHOCTH TIpH padboTe
C nasuibHUKOM. M3yueHue
Y aHAJIA3 Pa3TUIHBIX
HUCTOYHUKOB UHPOPMAITUH.
[ToaroroBka
TOKOTIPOBOISATITIX
MJIACTHH, padoTa ¢
KpUCTaJlJIaMH KapOuaa
KPEMHWUSI, U3TOTOBJICHHE
KOHTaKTOB, MIPOBEJICHNE

HUCTILITAHUN

Keiic «3roroBnenne

[IpuH1Mn paboThl COITHEYHOTO

N3ydenue TeXHUKU

COJTHEYHOTO JJIEMEHTa: TeHepalusi HoCuTenen Oe3omacHoCTU IpH padboTe
JJIEMEHTa» 3apsija Mpy OCBEILEHUU P-N ¢ masimpHUKOM. M3ydeHue
nepexona. [Ipeumymiectsa u U aHaJIu3 pa3IndHbIX
HEJOCTATKHU Pa3InYHbIX MAaTEPHAIIOB, | HICTOYHUKOB HH(OpMaLIUU.
UCIIOJIb3YEMBIX JJISl U3TOTOBJICHUS Uzrotosnenue
COJIHEYHBIX 3JIEMEHTOB. Y CTPOMCTBO | TOHKOIUIEHOYHOT'O
COJTHEUHOH Oarapeu COJIHEYHOT'O AJIEMEHTA U
U3MEpEHUE ero
apaMeTpoB
W3mepurenbHble [Tpunuumne paboTel U JabopatopHbie | M3ydeHne TEXHUKU
puOopkI B IPUMEHEHUS MaHOMETPA, Oe3omacHoCTU MIpH padboTe
naboparopuu OGapomeTtpa, TepMOMETPA, C pa3IMYHBIMU

rurpomerpa, pH-merpa,
KOHJIyKTOMETpa, cojiemepa,
BUCKO3UMETpPa, apeoMeTpa,
MYJbTUMETpA, pepakTomerpa,

crniekTpodoTomeTpa

HU3MEPUTEIIBHBIMU
npudopamu. 3smepenue
JABJICHUSI, TEMIIEPATYPHI,
BIIQXKHOCTH, PH,
MIPOBOJIUMOCTH,
COJIEHOCTH, BSI3KOCTH,
IUIOTHOCTH, CHIIBI TOKA,

HaIpsPKCHUA,
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COIIPOTHUBIICHUS,
OIITUYECKOU IJIOTHOCTU U

KOHLCHTpAauu

OCHOBBI
AHAJIUTUYECKOU

XUMHHU

JlaGopaTopHbie METOIbI
WCCJIEIOBAHMI: TUTPOBAHMUE,
pCaKknus HHANKATOPOB,
Ka4YCCTBCHHBIC PCAKIIUN Ha

PA3JINYHBIC HOHBI

N3ydeHue TeXHUKu
Oe3omacHocTU IpHu padboTe
C pa3IMYHBIM
71a00paTOPHBIM
000py1I0BaHUEM U
XUMUKATaMHU.
KauecTBeHHbIE peakuuu
Ha OIpeieTIeHHe
CyJb(aToB, XJIOPUJIOB,
KapOOHATOB, METAJIJIOB,
aMMUaka, XJiopa.
NunukaropHoe
OTpe/ieNIeHUE BEIIECTB.
Onpenenenne )KeCTKOCTH
BOJIbI METOJIOM

TUTPOBAHUA

Metonarl cuHTEe3a

HaHOMaTCpHuajioB

Hanomarepuainbl 1 HaHOpa3MepHBIE
00bekThl. [loHsTHE HaHOpa3MepHOTO
00BEKTa KaK MPOMEXKYTOYHOT'O 3BEHA
MEX/1y OTJENIbHBIM aTOMOM WJIH
MOJIEKYJIONH U 0ObEMHBIM
matepuaioM. [IpoctpancTBeHHbIE
pa3MepHOCTH HAaHOMATEPHUATIOB.
KBanToBo-pazmepubie 3hPEKThI.
MeTtopl CHHTE3a HAHOMATEPHAJIOB.
IMoaxon «cBepxy-BHHU3» (top-down)
U TOJIX0J1 «CHHU3Y-BBepXx» (bottom-
up). ®oroaurorpadus,
MOJIEKYJISIPHO-TTYYKOBasl SMUTAKCHUS,
JCTIepCHsl, TUIPOTEPMATBHBIN

CHHTC3

N3ydeHue TeXHUKU
0e30macHOCTH MpHU padoTe
C KUCJIOTaMH.
Ucnonb3oBanue
Jcrepraropa.
Pa3paboTka ycTaHOBKH
JUISL TUAPOTEPMATHHOTO
CHUHTE3a YTJIePOJIHBIX
HAHOYACTHII.
BriaBmkeHue rumnores mo
MIPUMEHEHHUIO HAHOYACTHI]
B Pa3IMYHBIX 007aCTAX

HAayKH, MCIUIIUHBI U T. 1.
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Keiic «Ilonyuenue

HaHOYACTHI] cepedpa

Cepebpo, ocoObIe CBOICTBA €T0

HaHovacTHIl. CriocoObl MoTydeHust

N3ydeHune TeXHUKU

OezomacHoOCTH IIpU pabdoTe

METOJIOM HAHOYACTHII cepedpa METOI0M C aMMHUAKOM U LIEJI0YaMHU.
XUMHUYECKOI0 XMMHUYECKOTI'0 BOCCTAHOBJIEHUS N3ydenue u aHanus
BOCCTaHOBJICHUS» MOHOB cepeOpa. Peaxius pa3IMYHbIX UCTOYHUKOB
cepeOpsHOro 3epKaia Kak uH(popMaLuu.
WJUTIOCTPALMsI BOCCTAaHOBJIEHUS [TosrydyeHne HaHOYACTHIL
MOHOB cepedpa TItoK030it cepebpa. BeiaBuxkenue
TUIIOTE3 110 MPUMEHEHHIO
MOJTy4E€HHBIX HAHOYACTHI]
B Pa3IMYHBIX 00JIACTAX
HayKd, MEIULIMHBI U T.]I.
10. | MarauTHBIC MarnuTHbIe sBiIeHUs. MarHuTHbIE N3yueHne cBOWCTB
MaTepHabl MaTepHalbl U UX KiacCU(pUKaAIUs 0 | pa3IMYHbIX MarHETHKOB B
KOH(HUTYpaIuy UX MarHUTHBIX AKCIEPUMEHTaX C
CTPYKTYp: JHMaMarHeTHKH, CHUJIbHBIMU MarHUTHBIMU
rapaMarHeTuku, GeppoMarHeTHKH, MOJISIMHU, CO3/1aBa€MbIMU
aHTU(EpPOMAarHETHKH, HEOJIMMOBBIMH
beppUMarHeTHKH. Marautamu. HaGmonenne
CBepXnpoBOIUMOCTb SIBJICHUS JICBUTALIMM HAJ]
CUJIbHBIM MarHUTHBIM
noJjieM
11. | Keiic «Ilonydenue ®eppomarHeTuku. JIBoiHON OKCHL N3ydeHue TeXHUKH

MardiuMTHBIX
HaHO4YaCTHI[ METOJA0M
XUMHNYCCKOI'O
OCaXKXKACHHUA U3

pacTtBopa»

JKenesa, 0coOble CBOIMCTBA €ro
HaHoyacTHil. CrocoObl MOTyYeHHs
(beppoOMarHuTHRIX HAHOYACTHII
METOJIOM XUMHUYECKOT'O OCAKICHHS
u3 pactBopa. Crabunu3zanus

HaHO4YaCTHI]

Oe30macHOCTH MpHU padoTe
¢ ammuakom. Mzyuenue u
aHAJINU3 Pa3IUYHBIX
HUCTOYHUKOB UH(POPMAIUH.
[TomydyeHne MarHUTHBIX
HAHOYACTHI] KX CMECH
coJieit xkenes3a.
BriaBmkeHue rumnores mo
MPUMEHEHUIO
MOJTy4YEeHHBIX HAHOYACTHII
B Pa3IMYHBIX 007aCTAX

HAayKH, MCIUIIUHBI U T. 1.

17




12. | 3onb-rens Hucnepcusle cucremsl. Komutonansle | M3ydenue TexHUKU
TEXHOJIOTUsI CUCTEMBI: 30JI1 U Telu. MeTo bl OezomacHoOCTH IIpU pabdoTe
IIOJTy4€HUs 30J1€H U reneil. C pa3JInYHbIMU
OnTHyeckue cBOMCTBA KOJUIOUIHBIX | XuMuKatamu. [lonyuenue
cuctem. Ddpdext Turnans. 30ib- 30JICH U TelIeH 1 N3yUCHHE
reJib MPOLECcC UX CBETOIPOBOJASALINX
cBoricts. [lonyuenune
HAHOYACTHI] OKCHUJIA ITMUHKA

30JIb-T'CJIb METOJ0M

13. | IloaroToBKa NPOEKTOB. Y4eOHO-UCCIIEI0BATENIBCKAS M IPOEKTHAS JEATEIbHOCTD:
0COOEHHOCTH, 3Talbl, )KU3HEHHBIN IIUKJ, pe3ysbTaThl. KomannooOpa3oBaHue.

Ilenenonaranue

14. | 3amuTa npoektoB. CTeH10Bas, IPE3EHTA[IOHHAS

YYEBHO-TEMATHUYECKH IIJIAH

KomnnuecTBO yacoB
Ne Bcero B ToMm uncie
/1 Tema Teop. [TpakT.

BBogHoe 3ansaTHe. TexHuka 6e30macHOCTH
1 | mpu pabote B 1abopaTopuu 2 1 1

OcHoBbl O6e3omacHoi padoTsl ¢ TIK. ITonck

2 | nHpopMaIu U BEIOOP HCTOYHUKOB 3 1 2
[TpoBOHUKH, TOTYTIPOBOTHUKHU U

3 | IUATIEKTPUKHU 2 1 1

4 | Keiic «3roToBiieHHE CBETOIAOIA» 6 2 4
Keiic «3roroBjieHne COITHESYHOTO

5 | amemeHTa» 6 2 4

6 | U3smepuTenbHbIe MPUOOPHI B JIAOOPATOPHH 4 2 2

7 | OCHOBBI QaHAJIUTHUECKON XUMHUH 6 2 4

8 | MeTtospl CHHTE3a HAHOMATEPHAJIOB 4 2 2

Keiic «ITomydyenne HaHogacTuIl cepedpa
9 | METOOM XUMHUYECKOTO BOCCTAHOBJICHUSI 6 2 4

10 | MarHuTHBIE MaTepUaIbI 2 1 1
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Keiic «llomyyenne MaraHuTHbIX

HAaHOYaCTHULl METOJOM XUMUYECKOTO
11 | ocaxeHus U3 pacTBOpay 6 2 4
12 | 3osb-renb TEXHOJIOTHS 4 2 2
13 | [TonroToBKa MPOEKTOB 20 2 18
14 | 3ammTa npoeKToB 1 0 1

Bcero: 72 22 50

IIJNTAHUPYEMBIE PE3YJIBTATBI

Oobyyarwmuecs 10/15KHbI 3HATh:

- OCHOBHBIE TIOHATUS M 3aJlaud COBPEMEHHOI'O0 €CTECTBO3HAHUSA, a TaKKe
NEPCIEKTUBBI Pa3BUTHUSI HAHOTEXHOJIOT U,

- 0COOCHHOCTH TIOJIYYEHUS U U3YYCHUSI MUKPO- U HAHO-CTPYKTYD;

- TCPMUHOJIOTHIO U OCHOBHBIE TOHSTHSA, CBSI3aHHBIE C HAaHOMAaTepUalaMU U
HAaHOTEXHOJIOTUSIMU;

- PUHIIMIBI K METOJIUKH JJISI UCCIIEAOBAHUS 00BEKTOB U MAaTEPHUAJIOB;

- OCHOBHBIE METO/IbI IOJyYEHUSI HAHOMATEPHUAJIOB U HAHOCTPYKTYP;

- IEPCIIEKTUBBl  Pa3BUTHUS  METOAOB  IIOJYYEHHS HAHOMATEpUAJOB U
HAHOCTPYKTYP;

- METO/IbI IPOBEACHUSI HAYYHOT'O UCCIIEIOBAHUS.

Ymers:

- CTPOUTH TPAEKTOPUHU BBITIOJIHEHHUS UCCIIEA0BATENBCKUX TPOEKTOB;

- BBIOMPATh ONTUMATbHBIC PACXOHBIC MATEPUAJIbI;

- AaHAJIM3UPOBATH MOJYUYECHHbIE JTAHHBIE;

- IOJTB30BATHCS JTA0OPATOPHBIM 000PYTOBAHHUEM: MUKPOCKOTIOM ONTHYECKHUM,
MHBEPTHPOBAHHBIM, MeTaiorpaduuecKum, BECaMU AHAINTHYECKUMU,
MPEIU3NOHHBIME; CIIEKTPO(POTOMETPOM, IIEHTPUPYTOM, MATHUTHON MEIIAIIKO;

- OJTb30BATHCS ~ BCIIOMOTATENBbHBIM  OOOpPYZOBAaHHEM:  JTUCIEPTaTOPOM,
TUCTHIIISITOPOM, YIBTPa3BYKOBOW MOWKOM, BOJSHON OaHEW, CyIHUIbHBIM IMKaQOM U
T.I., TPOCTBIMA H3MEPHUTEIBHBIMU TpuOopamu (MUPPOBHIM MyIbTUMETpOM, pH-
METpOM H® T.I.), HaOopoM 1abOpaTOpHOW TOCYIbI, O0IIeNTa00paTOPHBIMH

MNPpUHAAJIC)KHOCTAMHU N PCAKTHUBAMM,
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- paboTaTh C TMEPCOHAIBHBIM KOMIBIOTEPOM (HOYTOYK) C BBIXOJIOM B CETh
WHuTepHeT Ha ypOBHE MOJIb30BaTeNsl, 3HaTh OCHOBHBIE mporpammbl (MS Word, MS
PowerPoint, 6pay3epsi).

Pe3yibTaToM yCcBOCHHs 00y4al0LIMMHUCH IPOrPaMMBbI 110 Pa3BUBAKOLIEMY U
BOCIIMTATEJIbHOMY ACIEKTAM SIBJISIIOTCH:

- YCTOMYMBBI MHTEpPEC OOYYarOUIUXCs K COBPEMEHHOMY €CTECTBO3HAHHIO U
HOBEUIINM TEXHOJOTHSM;

- AKTUBHOE y4acTHE B HAYYHO-UCCIIEI0BATEILCKOU U IPOEKTHOM ACATEIBHOCTH;

- TOCTUKEHUS B MAaCCOBBIX MEPONPHUSITHUAX PA3IUYHOTO YPOBHS;

- YMEHHE T€HEPUPOBATh UJIEN YKAa3aHHBIMU METOJAMU;

- YMEHHE CIIylIaTh U CIbIIATh COOECEeTHHKA,;

- YMEHHE apryMEHTHUPOBAHHO OTCTAWBAaTh CBOKO TOUKY 3PEHUS;

- HaBBIKM KOMaHJIHOU paboThI;

- KPUTUYECKOE MBIIIUIEHUE U YMEHUE 00bEKTUBHO OLICHUBATh PE3YJIbTaThl CBOCH
paboThI;

- OCHOBBI OPaTOPCKOT'0 MaCTCPCTBA.
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