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HHOACHUTEJBHASA 3AIIUCKA

JlonoyHUTENbHAS o0mieobpaszoBarenbHast oOuiepa3BuBaroias nporpamma
«HaHOMUKpOCKONHS» OTHOCUTCSI K IporpaMMaM eCTeCTBEHHOHAYYHOHl HANpPaBJEHHOCTH
CTAPTOBOI'0 YPOBHAI.

HopmatuBHBIE JOKYMEHTBI, HA OCHOBaHUH KOTOPBIX pa3zpaboTaHa mporpamma:

- @enepanbHblii 3akoH OT 29 nekabps 2012 1. Ne 273-®3 «O06 obpa3zoBaHuM B
Poccuiickoit denepanuny;

- Pacnopspkenne [IpaButensctBa PO ot 4 centsops 2014 1. Ne 1726-p «Konnenmus
Pa3BUTHS JOMOTHUTEIHHOTO 00pa30BaHUs ACTE;

- Ilpuka3 MunucrepctBa npocsemenuss PO or 9 wosOps 2018 1. Ne 196 «O6
YTBEP)KJICHUH TOpPSAJKAa OpTraHU3alMl M OCYLIECTBICHUS 00pa30BaTEIbHOM
JESTEIIbHOCTH 110 IONOJHUTENIbHBIM 00111€00pa30BaTelIbHBIM IPOrpaMMam»;

- Ilpuxa3z MunmncrepcrBa npocsemenuss PO or 30 cenrsops 2020 r. Ne 533 «O
BHeceHMH  u3MeHeHuil B llopsgok  opraHumzanMd W OCYIIECTBICHHS
00pa30BaTeNbHON J€ATENbHOCTH 110 JONOJHUTEIBHBIM 00111€00pa3oBaTeIbHBIM
nporpaMmaM,  YTBEpPKACHHBIM  mpukazoM  MUHHUCTEpCTBa  MPOCBELICHUS
Poccuiickoit @enepanuu ot 9 Hos0ps 2018 1. Ne 196»;

- Pacnopsoxkenne Munucrepcrsa npocetieHuss PO ot 17 nekabps 2019 r. Ne P-139
«O0 yTBEpXKIEHUU METOJUYECKMX PEKOMEHJAIMIl 10 CO3JIaHUI0 JIETCKHUX
TexHonapkoB  «KBaHtopuym» B pamMKax  pErHOHANbHBIX  IPOEKTOB,
o0ecTeunBarOIINX JOCTHKEHHE LIEJIeH, IToKa3aTeNeil U pe3yabTaToB (heaepabHOro
MpoeKTa « Y clex KaxaI0ro pedeHKa» HallMOHAIBHOTO NpoekTa «O0pa3oBaHuey;

- IloctanoBnenue ['J1aBHOrO TrocyJapCTBEHHOTO CaHUTapHOro Bpaya PO ot
28.09.2020 No 28 «O06 ytBepxkaenun canuTapubix npasun CII 2.4.3648-20
«CaHUTapHO-3MUEMHOJIOTHYEeCKHEe TPeOOBaHUS K OpraHU3alUsM BOCIHUTAaHUS U
00yueHHMsI, OTJIbIXa U 03/I0POBIICHUS IETEH U MOJIOAEKI;

- Ilpuka3 [lemaprameHta oOpa3oBaHusi U Hayku KemepoBckoil obmactu ot
05.05.2019 r. Ne 740 «O6 ytBepxkaeHun IIpaBun nepcoHUPUIMPOBAHHOTO
(uHaHCUPOBAHUS JONOJHUTEIBHOTO 00PAa30BaHUs JETEI;

- YcraB MBY J1I0 «llenTp neTcKoro (FOHOIIECKOT0) TEXHMYECKOTO TBOPYECTBA
«Mepunnan».

AKTYaJlbHOCTH JIAaHHOW IIPOrpamMMbl NPOJAMKTOBAaHA PA3BUTHEM COBPEMEHHOIO MHpa B
00J1aCTH COBPEMEHHOI'0 MaTepHalOBEeICHUsI U HAHOTEXHOJIOTUH. [10 MHEHHIO MHOTHX HKCIIEPTOB
XXI Bek OyaeTr BeKOM HaHOHAyKH (HayKH O CBOMCTBaxX BEIIECTBa B HAHOMETPOBOM MacuiTale
pasMepoB) M HaHOTeXHoJoruil. B Hacrosiee Bpemst BceoOllee BHMMaHHE IPHKOBAHO K
HAaHOTEXHOJIOTHUSAM, KOTOpBIE CYJIAT pPaJAMKaIbHOE HW3MEHEHHE B JKU3HM YEIIOBEYECKOTO
oOmiecTBa. HaHOTEXHOJIOrMM MO3BOJISIOT CO3/1aBaTh M ONEPHPOBATH ¢ OOBEKTAMH, UMEIOLIUMHU
pa3Mepbl B JMana3zoHe OT JOJIeH 10 COTE€H HaHOMETpoB. OTMETHUM, YTO aTOM HMEET pa3Mep
OKOJIO OAHOH Jecaroil HaHoMmeTpa. [loaToMHas cOOpka MPUHIUIHAIBHO U3MEHSET MapagurMy
co3manus u3nenuil. Ecim 1o cux mop u3nenus CO3JaBIMCh W3 3arOTOBOK ITYyTEM YJaJIeHUs
HEHY’KHBIX 4acTel, KOTOpBIE IUIM B OTXObI, TO HAHOTEXHOJIOTUHU MTO3BOJISIOT MOIYy4YaTh U3AEIU
U3 OTZIEJBHBIX aTOMOB 0€3 0TXO0/I0B U 3arpsA3HEHUs OKPYXKAIOIIe cpeibl

Kypc moctpoen Takum 00pa3oM, 4TOOBI NMO3HAKOMHUTH HIKOJIBHUKOB C TEHJEHIMAMU
pa3BUTHS COBPEMEHHBIX MaTepUAJIOB, C HAHOTEXHOJIOTHSIMHU U 00JIaCThIO MX TPUMEHEHUS.

[Iporpamma coctaBiieHa 1O y4eOHBIM MaTepuainaM, MpeloCTaBICHHBIM (eaepaTbHbIMU
TBIOTOpPAMH JETCKUX TexHomapkoB «KBaHTopuym» mno HampaieHutro «HaHOkBaHTYM», Ha
ocHOBe cOopHHMKa «HaHOKBaHTYM TYJIKHT» KOJUIEKTHBa aBTOpoB: Myxun M., Myxun U.,
[oy6ox A. (M.: ®ona HOBBIX (hopM pa3BuTHs oOpasoBanus, 2019 — 116 ¢.).

Ilenarornyeckasi 1eJeco00Pa3HOCTb IPOIPAMMBl  3aKIIOYACTCI B OCOOCHHOCTSX
OpraHu3aly 00pa3oBaTENbHOIO MPOLECcCca: U3yYEHUE TEOPETHUECKOr0 MaTepHraia MPOUCXOANUT



yepe3 MPaKTUYECKYIO JAEATeIbHOCTh Ha OCHOBE Keic-TexHonoruu. IIpaktuyeckas pabota
SBIISIETCA Pe00IaaroIIe, 4To CIOCOOCTBYET 3aKPEIUICHUIO TIOTYYCHHBIX HABBIKOB.

Leap nporpaMmbl: pa3BUTHE WHTEPECA YUAIIUXCS K UCCIEAOBATEIbCKOM AesITeNbHOCTH
B 00JIACTH MaTepUaAIOBEICHUS 1 HAHOTEXHOJIOTHA.

3ajauu nporpaMmabl:
obpazoeamenvHule

— nath 0a30BBIE 3HAHUS O PA3IMYHBIX BUIAX M METOJAX HM3YYCHHS IOBEPXHOCTH
Pa3IMYHBIX MaTEPHAJIOB;

— TI03HAKOMHTb CO CTPYKTYPOH M CBOMCTBAMH PA3IMYHBIX MAaTEPHAIIOB, C POIIECCAMH
U SIBJICHUSIMH B HHX;

— cnocoOcTBOBaTh (OPMUPOBAHUIO MHTEPECA U MEPBOHAYAIBHBIX MPOGECCHOHATBHBIX
IpearnovYTeHuil B chepe MaTepraaoBeICHHS;

— HAY4YUTh OCHOBHBIM IpHEMaM W T[paBWjaM  BBIIOJHEHHS  MPOCTEHIINX
MaTepuaIoBEeTYECKUX U yUeOHO-UCCIIE0BATEIbCKUX PadoT;

— (opMupoBaTh HayaIbHbIC HaBBIKM KOMaHIHON pabOThI, pabOTHI ¢ uHpOpMaIuei (B
TOM YHCJIE U €€ MyOIMYHOe MPEICTaBICHUE);

paszeuearoujue

— pa3BUBaTh KOMMYHHKATHBHbIC Ka4eCTBa,

— pa3BUBaTh I0O3HABATEIbHYIO AKTHMBHOCTh, TBOPYECKYIO HMHUIIMATUBY M HUHTEpEC K
€CTECTBEHHOHAYUYHOMY U TEXHUYECKOMY HaNpaBICHUIO;

eéocnumamesnpHble

— BOCITUTHIBATh HABBIKM CAMOOPTaHHU3AIMH, CAMOCTOSTEILHON M KOMaHIHOW PabOTHI;

— TpuoOIIATh yYaIIUXCsl K HAYYHBIM IIEHHOCTSM U JJOCTH)KEHUSIM COBPEMEHHOW HAyKH
U TEXHUKH;

— cojeiicTBOBaTh MPOGECCHOHATILHOMY CaMOOINPEAETICHUIO YUaIIUXCSl.

OOydeHue 1Mo JaHHOHW MPOTrpamMMe OCHOBAHO Ha CIENYIOIIMX NMPWHIMIAX: HAYYHOCTH,
CO3HATENBHOCTH, JOCTYNHOCTH, HArJsSAHOCTH, IOCIEI0BaTEIbHOCTH, CBSI3U TEOpUU C
NPaKTUKOM, BAPHATUBHOCTH.

O1rinuyMTeIbHAsE 0CO0EHHOCTH mporpaMmbl. B KkauecTBe Bemymied TEXHOJOTHH
00y4YeHHS SBISETCS UCTIONB30BAHUE KEHC-TEXHOJIOTHH.

KitoueBbie 0co6eHHOCTH!

— MHHOBAIIMOHHOCTb — KCIIOJIb30BaHHE B 00pa30BaTEIbHOM MPOLIECCE TOJIBKO CaMBIX
COBPEMEHHBIX  00pa30BaTENBHBIX  TEXHOJNOTHH W BBICOKOTEXHOJOTUYHOTO
o0opyaoBaHus;

— CMEIIaHHas TeXHOJIOTUsl 00y4eHHs, TO3BOJISAIONIAs OpraHu30BaTh yUeOHBIH mporece
kak B KBaHTOpHyMe W IIIomIagkax MapTHEPOB B OYHOM pEXHME, TaKk U B (opmare
JUCTAaHIIMOHHOTO 00y4YeHHs Ha 00pa3oBaTebHOI miardopme;

—  MEXIUCHUIUIMHAPHOCTh — y4YacTHE B MPOEKTaX, HAXOISAIIUXCS B TECHOM CBA3KE C
JIPYTHMH KBaHTYMaMHU,

— WHIUBUAyaTW3alMsl HW akaJeMudyeckas CBOOOJa, BBIpaXKAMOMAsACsS B OOJNBIIOM
NPOCTPAHCTBE Ui BBIOOpAa TPOEKTOB W 3aJaHWi, W TOCTPOSHHSI COOCTBEHHOMH
00pa30oBaTeNbHON TPAEKTOPHH;

— YHHUBEpPCAIBHOCTh MPOTPAMMBI BBIpKAETCS B €IWHOM Yy4eOHOM IUTaHE st
pa3IMYHBIX BO3PACTHBIX KaTeropui, 4Tro obecrednBaeT pecypcodPdeKTUBHOCTH
yueOHOro  Mpolecca; HHIMBUAyaIn3aluss OOydeHUs  JOCTHUraeTcss IyTeM
BapHUaTUBHOCTH 3aJIaHUI U TIPOCKTOB;

— TIPOEKTHO-OPHUEHTHPOBAHHOCTH — MPOTpaMMa HalleJeHa Ha MOJyYEHHH YYalliMUCS
HEOOXOIMMBIX 3HAHUN TOCPEICTBOM HM3YUYCHHMS TEOPETUYECKHX 3aKOHOB depe3
MpaKTUYECKOe MPUMEHEHHUE Mpu padoTe HaJ KeiicaMu WUITH POEKTaMH;



— BapUMaTUBHOCTh W Pa3HOYPOBHEBOCTb  —  BO3MOXKHOCTb  OpPraHM30BaTh
00pa3oBaTeNbHBIA MpPOIECC W TPOCKTHYIO pPadOTy Cpenu ydalluxcs pa3HbIX
BO3PACTOB U C Pa3HbIM YPOBHEM I1OATOTOBKHU;

— KOMIIETEHTHOCTHBIH TMOAX0X — (OpMHUpPOBaHME KaK JIMYHOCTHBIX, TaK U
npo¢ecCHOHATHLHO-OPHEHTUPOBAHHBIX KOMIIETEHIIUH y4auierocs qyepes
ucnosib3yemble (GOpMbl U METOAbl OOYUYEHMsI M HALEIEHHOCTh Ha NPaKTHYECKUe
pE3yJIbTATHI 110 3aBEPLLIEHUU IPOTPaAMMBI.

Anpecat mporpamMmbl. J[aHHas mporpaMma mIpeaHa3HadyeHa i oOydarommxcs 12-18
net. TpeboBaHUS K MUHUMAJIFHOMY YPOBHIO KOMITETEHLIMH ydyamuxcs npu Habope Ha oOyueHue
orcyTcTBYIOT. KosnmdectBo nereir B rpymme or 7/ go 15 dyenoek. Peanmsanus mporpammsl
JIOITyCKAaeT Pa3HOBO3PACTHOM COCTaB yYalluxcs, YTO CIOCOOCTBYET COIMAJIBHOMY DPa3BHUTHUIO
nerei, popMHUPOBaHUIO YMEHHsI pab0TaTh B pa3HOBO3PACTHOM KOJIJICKTHBE.

HabGop yuamumxcs B 0O0beIMHEHHE OCYIIECTBISAECTCS Ha JOOPOBOJIBHONH OCHOBE.
3ayucieHye B TPYIIbl IPOM3BOJUTCS HAa OCHOBAaHUM 3allOJIHEHUS] POJUTEISIMH (3aKOHHBIMU
HPE/ICTABUTEIISIMHE) 3asIBJICHHS O 3a4MCIICHUU B Y4eOHOE 00bEAMHEHHE.

O0beM U cpok ocBoeHMs1 porpammal. [Iporpamma «Hanomukpockonus» paccuuTaHna
Ha 72 yaca, pealnu3yercs B T€UE€HUE 3 MecAlleB KaKk BBOAHBIN MoayJb Ha O6a3ze KBantopuyma B
yueOHOM KaOuHeTe ¢ HeoOXOIUMBIM OOOpYJOBAaHUEM, TEXHHYECKHUM U  PECYpPCHBIM
o0ecrieyeHHeM B COOTBETCTBHU C MEPEYHEM, YKa3aHHBIM B Y4€OHO-METOAMYECKOM ITOCOOHH
«HaHOKBaHTyM: TYJIKHUT».

3aHATHS IPOBOAATCS 1O 6 YacoB B HEJENIO: 2 pa3a B HEIENIO M0 3 akaJeMUUYECKUX yaca
WK 3 pa3a B HEZIENIO 110 2 aKa/JleMUYeCcKUX Jaca.

®opma o0yuyeHust — o4Hasg. OcoOeHHOCTHbIO OpraHus3aluu oOpa30BaTEIbLHOU
NeSITEbHOCTH SIBJISICTCSI BO3MOYKHOCTh IPOBEACHUS 3aHATHA C INPUMEHEHHEM 3JIEKTPOHHOI'O
o0y4YeHHsI W JUCTAHLIMOHHBIX OOpPA30BATEIbHBIX TEXHOJOTHH, YTO O0ECIeYyMBaeT OCBOCHHE
yyalmuMucs 00pa30BaTeNIbHOM MpOrpaMMbl B IOJHOM OOBEME HE3aBHCHMO OT MeCTa HX
HaxoxnaeHusa. llpu mnpoBeaeHMM 3aHATUH C TNPUMEHEHHEM JJIEKTPOHHOrO OOy4eHHs U
JMCTAHIIMOHHBIX 00pa30BaTEIbHBIX TEXHOJOTMH MCMONB3YIOTCS oduumaneHelii cadt MBY J10
«lentp «Mepunnan», maaTGopmsbl 1 JUCTAHIIMOHHOTO OHJIaH 00y4Y€HUsl, COLUAIbHBIE CETH.

®opMbI U MeTObI PA0OTHI: JEKIIMH, HHTEPAKTUBHBIE JIEKIIUU, KEHC-METO/I, TUCKYCCHUH,
MO3TrOBOHM IITYpM, I'PYIIOBbIE 00CYXKIEHUS, KPYIJIbli cTOJ, paboTa B rpymnmnax, J1adopaTopHO-
npakTuyeckas paboTa ¢ IeMeHTaMU MPOEKTHON AEATeNbHOCTH, HKCIIEPUMEHT, JaTa CKayTHHT,
PAKTUYECKUE YIPAKHEHUS, NPAKTUKYMbl, HHTEJUIEKTyaJbHblE€ W [EJIOBbIE WIPbl, aHAIN3
NPaKTUYECKUX CHUTyallMi, co3JaHue MpoOJIEMHBIX CHUTyallMid, SKCKYPCHH, MEpONpHUSATHS,
TBOpUYECKass MacTepckas, paboTa ¢ pPa3NUYHBIMM HCTOYHUKAMU HH(OpMaluM, BBICTABKH,
TBOPYECKHE OTYETHI, Pa3pabOTKa U 3al[UTa IPOEKTOB, MHIUBUAyalbHbIE KOHCYJIbTAIlUU U JP.

WHTepec K 3aHATHUAM THOBBILIAET MCIOJIb30BAaHME 3aHUMATENbHBIX MaTEpUAIOB U
1ab0paToOpHBIX paboT, MPAKTUKO-OPUEHTUPOBAHHBIX KEHCOB U 3aJjaHui, ydacTe B MPOPHIbHBIX
meponpusaTusx Ksanropuyma.

3aKII0YUTEIbHOE 3aHATHE 110 IpOorpaMMe U MO KaXJIOMYy pas3felly IpoBOASTCS B Gopme
00CYX/IeHUSI BOIIPOCOB, KOTOpbIC, TaK WM WHAuye, 3aTparuBaroTcs B KelcaX, IO BOIPOCaM,
peIoKEHHBIM B cOopHUKEe « HaHOKBAHTYM TYJIKUTY.

ITo uToram ocBOEHHsI JaHHOH MPOrpaMMBbl Y yyaiuxcs GOpMUPYIOTCS ITepBOHAYAIbHBIE
3HAHUS W HaBBIKM JUIS ajibHeHIero o0ydyeHus mo nporpaMMam yriiyOJIeHHOTO YPOBHS B
HanokBaHTyMme U IpyruX KBaHTyMax.

Peanuzamuss mporpaMMbl  IpearoyiaraeT  MCIOJb30BaHHE  30pOBbecOeperaromumx
TEXHOJIOTUH. 310poBbecOeperaroiias 1esTeIbHOCTh peau3yeTcs:

- 4Yepe3 co3AaHHe 0e30MacHbIX MaTePHATIbHO-TEXHUUECKUX YCIOBHIA;

— BKJIIOUYEHUEM JIMHAMUYECKHUX I1ay3, IEPUOJINYECKON CMEHBI JEATENIBHOCTH YUaILUXCS;

— KOHTPOJIEM COOJTFOZICHUS yUalTUMHUCS MPaBUII PabOTHI C 000PYyT0BAHHEM,

- uepe3 CO3JaHHMe OJNaronpHUATHOTO ICHUXOJIOTMYECKOro KiIMMara B y4eOHOW rpymme B

LIEJIOM.



I[Inanupyemble pe3yJbTaThl

IIpenmernbie u npeanpodeccuoHabHbie pe3yabTarsl (hard koMnereHumn)
B pe3ynbrare ocBOeHUS IPOrpaMMbl yHaIUecs
OyayT 3HATD:

POJIb €CTECTBEHHBIX HAYK M HAYYHBIX UCCICIOBAHHIA B COBPEMEHHOM MHUPE;
COBPEMEHHBIC IIPOOJIECMbI MATEPUATIOBEICHUS;

pa3jinyHbIC ~ HAMpaBJICHUS  Pa3BUTHS  COBPEMEHHOTO  MAaTEePHAJIOBEICHHS,
HAHOTEXHOJIOTMA M CMEXKHBIX OTpaciicii 3HaHus (B 00dacTH (GHU3MKH, XHMUH,
OMOJIOTUH, TEXHUKH);

NEpBOHAYAIbHBIC  CBEJCHHS O HAHOCOCTOSIHMM, CTPYKTYpe ¥  CBOWCTBax
HAHOMAaTEePHUAJIOB;

pUMEpbl HAHOMATEPUAJIOB U MX MPUMEHEHHE;

OCHOBHBIC ~METOABI W TEXHOJOTMH TPOU3BOJCTBA HAHOCTPYKTYPHPOBAHHBIX
MaTepualoB;

NPUHIUITB pA0OTHI C COBPEMEHHBIM HAyYHBIM 000PYI0BaHUEM;

METOJbl  WMCCIICJIOBAHUA: HAOJIOJCHHE HEBOOPYKCHHBIM  B3IJISIIOM WA €
UCIIOJIb30BAHUEM ONTHYCCKUX HWJIM MHBIX MPUOOPOB, BU3YAIN3AIIUHU JKUBBIX CTPYKTYP
U MIPOIIECCOB, HEJAOCTYITHBIX IS TIPSMOTO HAOJIOICHHS;

METO/IbI (PHUKCAIIUH U OKPAIINBAHHS;

OCHOBHBIE BH/Ibl MUKPOCKOIIOB, IIPaBHJIa pabOThI C HUMH;

TEXHUKH MHKPOCKOIIHH;

CTPYKTYpY IPOEKTA;

OyAyT yMeTh:

OpraHU30BBIBATH pabouee MEeCTO;

paboTaTh C pa3InYHBIMU BUJJAMU COBPEMEHHBIX MUKPOCKOIIOB;

coOuo1aTh TEXHUKY O€30MacHOCTU IPHU BBIMOJHEHUH IMPAKTUKO-OPUEHTUPOBAHHBIX
3aJJaHuN;

TEXHOJOTMYECKH TPaBUIBHO oOpamarbcss ¢ 000pyJAOBAaHHEM M HWHCTPYMEHTAMHU
HanokBaHTyMa Ipu BBIOJHEHUH PAKTUKO-OPUEHTHUPOBAHHBIX paboT;

BJIAJICTh TEPMUHOJIOTHEW U OCHOBHBIMHU OIPEJEICHUSIMU B 00JIaCTH HaHOTEXHOJIOTUI
N MaTCpHUATIOBCACHUSA

IPOBOAMUTH (PU3MUECKHM SKCIIEpUMEHT U 00pabaThiBaTh IMOJTYYEHHbIE JaHHbIE Ha
HayalbHOM YpPOBHE;

UCIOJIb30BaTh TEXHUKH MUKPOCKOIIMH Ha MPAKTHKE;

BBIIBUT'aTh TUIIOTE3EI, IINIAHUPOBATDh U IMTPOBOANTE SKCIICPUMCHTHI;

UHTEPIPETUPOBATh TOJYYEHHbIE PE3YJIbTaThl, MPOBOAUTH 00pabOTKY pe3ylbTaToB
U3MEPEHUH ¢ UCTIOIb30BaHUEM IAKeTa NMPHUKIAJHBIX TPOTPaMM;

aHAJTM3UPOBATH PE3YJIbTATHI ONBITOB,;

YUTATh U U3TOTABIMBATH POCTEHIIINE MUKPOIIPETIApaTHl.

JIMYHOCTHBIE U MeTanpeaMeTHbIe pPe3yJbTaThl (soft KoMmeTeHMH)
JIn4HOCTHBIC

YMEHME F€HEpUPOBATh UAEH YKa3aHHBIMU METOJAMU;
yMEHHUE B3aUMOEHCTBOBATD C IPYTMMHU YJIeHAMHU Y4eOHOW IpYTIIbI;

yMEHHE apryMEHTHUPOBAHHO OTCTaUBATh CBOIO TOUKY 3PEHMS;

yMeHHEe UcKaTh HH(OpMaIHIO B CBOOOIHBIX UCTOYHHKAX U CTPYKTYpUPOBATH €€;
yMeHHe KOMOMHUPOBATh, BUAOU3MEHSTh U yIydllaTh UJEH;

HaBbIKM KOMaHJAHOHN paboThI;

yMEHHE I'PaMOTHO YCTHO U TUCbMEHHO ()OPMYJIUPOBATH CBOU MBICIIH;



— KPUTHYECKOE MBIIUICHHE W YMEHHE OOBEKTHBHO OIEHUBATh PE3yJIbTaThl CBOEH
paboThL.
MeTtanpeameTHbie
pETyJISTUBHBIE YHUBEPCAIbLHBIC YICOHBIC JCHCTBHS:
- YMEHHE NPUHHUMAThH U COXPaHATh yUeOHYIO 3a/1a4y;
- yYMEHHE IUIAHUPOBATh TIOCIEAOBATEIBHOCTh OJTAllOB  MPOCKTHPOBAHUS  JUIS
JOCTUKEHUS 1IeIIH;
- YMEHHE ONPeCIATh IEPBOOYCPEIHEIC 3a/1a4H;
- ymeHue 3¢ (eKTUBHO UCIOIb30BaTh UMEIOIINECS PECYPCHI;
- YMEHHE OCYIIECTBIISITH UTOTOBBIN U MOIIArOBBIA KOHTPOJIb 10 PE3yIbTaTy;
-  CHOCOOHOCTH MPAaBWJILHO OPraHU30BBIBATH paboyee MECTO U BpeMs ISl JOCTHIKCHUS
MMOCTaBJICHHBIX IICJICH;
MO3HABaTENIbHbIC YHUBEPCAJIbHbIE YUeOHbIE JeHCTBUS:
- YMEHHE HaXOJWTh, aHATM3UPOBATH M UCIIOJIb30BATh PEIICBAHTHYIO HH()OPMAIIHIO;
- TIPOAYKTHBHOE MCHOJIb30BaHHE TEXHUUECKOH JIUTEPATYPHI AJIsl IOUCKA PEIICHU;
—  U3JI0’)KEHUE MBICII B YETKOW JIOTHYECKOH MMOCIICIOBATEILHOCTH, OTCTAMBAHKIE CBOCH
TOUKH 3PEHHUS, aHAIU3 CUTYallMH U CaMOCTOSITENIbHBII BHIOOP OTBETAa Ha BOIPOCHI
MyTEeM JIOTHYECKHUX PACCYKICHUH;
-  YMEHHE yCTaHABIMBATh AaHAJIOTUH, IPUINHHO-CIICJICTBEHHBIC CBS3H,
KOMMYHHKATHBHbIC YHUBEPCAIbHbBIC YUYCOHbIE 1eHCTBUSA:
- ymeHue pabotarh B KoMaHJe (paboTa B 00meM putme, 3G(HEeKTHBHOE paclipeieiICHIE
3aja4, paboTa B yCIOBUSAX OIPaHUYCHUI, CTPECCOYCTOMYUBOCTD U JP.);
- YMEHHE CIylaTh W CIBIIATh COOSCEHUKA, apryMEHTHPOBAHHO OTCTAMBATH CBOIO
TOUKY 3pEHHUS;
—  HaBBIKYU MyOJIMYHOTO BBICTYIICHUS M MPE3CHTAIMH PE3YJIHTATOB.

(I)OpMI)I KOHTPOJIA U MOABCACHUSA UTOI0B peajindaliuu nNporpaMmmal

Ha 3anATHMAX HCIONB3yHOTCA: BXOJHOM M TEKYyLIMH KOHTPOJb, IIPOMEKYTOUYHAs H
ATOT'OBAasT aTTEeCTaIIHs.

BxomHoit koHTpodBs TpenonaraeT cooecenoBanre, HabMOICHUE 3a AETHbMHU B MPOIECCE
paloThI.

Tekymuit KOHTPOJb OCYIIECTBISETCS TMOCPEACTBOM HAOMIOEHUS 3a JACSITEIBHOCTHIO
yYalmxcs Ha KaKIOM 3aHATHH, (QUKcalu MX YMEHUH BO BpeMs palOoThl Haj MpoliemMaMu
KEMCOB MO pasjesiaM, BO BpeMs BBITIOJHEHUsI NPAKTUYECKUX paboT. OTMeuaeTcs aKTUBHOCTH
y4acTUsl y4YalluXcsi B MEPONPHUSATHUSAK, CTENEHb CAaMOCTOATEIBHOCTH TMpU paboTe Hax
MPaKTUYECKUMH 3aJaHUSIMHU, CAMOCTOSITEIBHBIM TOUCK M pa3pabOTKa MHTEPECHBIX TeM st
noknmana (WA MUHHU-TIPOEKTa), UMEIONIMX OTHOIIEHHWE K  MATepUANOBEACHHIO U
HAHOTEXHOJIOTHSIM.

[TpomMexyTodHass M1 UTOTOBAs aTTECTAIMsI MIPEIoiaraeT MPe3eHTalNI0 PA0OTHl KOMaHIbI
WM TBOPYECKOW TPYyMMbl HAJI KEHCOM, TBOpPYECKOEe MOpPT(HOINO, ydacTHE B KOHKypcax H
MEPOTIPUATHSIX.

OuenouHble MaTepuabl 1anbl B [Ipunoxkenun.



YUYEBHO-TEMATHYECKHH ILTIAH

Ne Paznen / Tema KonunyecTBo yacos ®opMbI KOHTPOJISA/
n/n BCEro | Teopusi | IpakTUKa aTTeCTaINH
1. | BBeaeHHe B KBAHTYM 3 1 2 Habmionenue,
cobecenoBaHue
2. | CoBpeMeHHOe MaTepHaJIOBeleHHe 24 8 16 Pemenue keiica,
HPaKTHYECKHE
2.1. BBenenue B MaTepualloBEICHUE 3 1 2 paboTsl,
myOJIMYHBIE
2.2. 3aKOHBI B MUKPOMHpPE 15 5 10 BBLICTYILIICHHS,
00o0maronias
2.3. CoBpeMeHHbIE TTPOOIIEMBI 6 2 4 Oecena
MaTepHaIOBEICHHS
3. | 3HAKOMCTBO ¢ MUKPO- H 42 8 34 Pemenue keiica,
HAHOMHPOM HPaKTHYECKHE
3.1. CoBpeMeHHbII MUKPOCKOII 22 4 18 paboTHl,
TBOPYECKHE
3.2. Hano-mMukpockonus 20 4 16 3agaHus
4. | 3akJI0YHTeIbHOE 3aHATHE 3 - 3 [IpesenTanus
Bcero: 72 17 55

COJAEPKAHUE ITPOI'PAMMBI

Pa3nen 1. BBenenune B KBaHTYM - 3 yaca.

Obmas mHpopmanus o kBaHTyme. BBeneHue B HaHoTexHoioruu. Kpartkas ucropus u
dTambl Ppa3BUTHsL HaHOTexHoJorui. IlpeacraBieHue mnporpamMmbl, OXHIAHUN YYacCTHHUKOB,
npaBuil paboThl. BBOAHBIN MHCTPYKTaX M0 TexHUKe 6ezonmacHocTy B HanokxBanTyme. [IpaBuiia
OpraHu3any pabodyero Mecta. 3HAKOMCTBO YYacTHUKOB (MHIMBUAYyallbHas Mpe3eHTalus,
3HAKOMCTBO B MaJIbIX I'pyIax, UTpsl U Ap.).

Ilpakmuueckan paboma. Dxckypcus 1o KsantopuyMy. KoMMyHUKaTUBHBIE WIDBI.
Opranuszanys W TpPOBEJACHUE TNPAKTHKYMOB «COBpPEMEHHBI MHKPOCKOM» (3HAKOMCTBO C
MHUKpocKonaMu HaHOKBaHTyMa, X OCOOEHHOCTSAMH U TE€M, YTO HEBO3MOXKHO paccMOTpeTh 0e3
UCIIOJIb30BAHUSI CIICIIMAILHOTO 000PY/I0BaAHHS).

Pazgen 2. CoBpemeHHOe MaTepuaJioBeeHHe — 24 yaca.

Tema 2.1. BBenenue B MarepuajioBeieHue — 3 yaca.

B3aumocBsI3p MeXay COCTaBOM, CTPOEHMEM M CBOWCTBaMH MarepuanoB. CTpyKTypa H
cBoiicTBa MaTepuanoB. CBOMCTBA TBEPIBIX T, )KUAKOCTEH, ra30B. MeTaNInueCKue MaTepruabl
U ux cBoictBa. KoMmnosutHele Marepuanbl U UX CBOWCTBA. buoslornueckue marepuaibl M UX
cBoiictBa. IlpaBuna mpoBeaeHuss 1a0OpaTOPHBIX pabOT MO 3JIEMEHTAPHBIM OCHOBaM
HAHOTEXHOJIOTUH.

Ilpakmuueckan paboma. CpaBHEHUE JIOCTOMHCTB M HEJOCTAaTKOB pa3MYHBIX BHJIOB
UccleioBaTeabckoro obopynoanusa. OOCykaAeHHE MPOEKTOB B O0JIACTH MaTepHallOBE/ICHHS.
Opranuszanus ¥ mnpoBelneHHe mpakTHKyMoB «llIkompHbIIE  MuKpockom»  (McciieoBaHue
Pa3IUYHBIX MHKPOIIPENapaToB C HCIOJB30BaHUEM MHKPOCKOTIOB «OBpUKa»). [IpakTHKYMBI:
COCTAaBJICHUE XHUMHUYECKUX (OpPMyJ DPA3IUYHBIX BEIIECTB, MOJEIUPOBAHHE MOJIEKYII,
BBIUMCJIEHHME MacCOBOM [JOJM 3JEMEHTAa B DPA3IMUHBIX BEIECTBAX, COCTABICHHE YpPaBHEHUN
XMMHMYECKHX PEaKLMi, pelleHne 3ajad Mo CTPOSHHIO BelecTBa U Jp. JlaboparopHble pabOTHIL:



KiIaccupukanus XUMHYECKOHW TIOCyabl, paboTra ¢ o0OpyJOoBaHWEM HAHOKBAaHTyma s
IPOBEICHUS MAaTEPUATOBETUECKUX UCCIICTOBAHHIA.
Tema 2.2. 3akoHbl B MUKpoMHUpPe — 15 yacos.

Makpomup. Mukpomup. Hanomup. 3akoHbl (QHU3UKM ¥ XUMHH B MHUKPOMHDE.
Ouznyeckue, XUMHUYECKHE, MEXaHUYECKHE SIBJICHUsS B OKpyskaroleM Mupe. CriocoObl U3ydeHus
marepuanoB. OOopynoBanue Ajsi M3ydyeHHs MarepuaioB. OCHOBHBIE METOJbI U TEXHOJIOTHU
MIPOU3BOJICTBA HAHOCTPYKTYPUPOBAHHBIX MaTepuasioB. OCHOBHBIE METOAbl HAHOJUATHOCTUKU
MmarepuaioB. llpaBuia mpoBeneHHsT XMMHUYECKHX W (U3UYECKUX HKCHEPUMEHTOB, 00pabOTKU
MOJTyYEHHBIX JaHHBIX.

Ilpakmuueckan paboma. Pabora c keilcoM «HaHooTkpbiTKa cBoMMH pykamu». OcBoeHHE
TEXHOJOTMM HaHohuTorpapuu u (opMHUpOBaHHE MOHHMMAHUS O BIUSHUU HU3MEPUTEIHHOTO
o0opynoBaHus Ha uccienyembiii oopasen. Co3ganne n300pakeHUs Ha TOBEPXHOCTU MaTepuala
MeToqoM HaHoiutorpaduu. IloaroroBka wu3o0OpaskeHus [Uisi TpoBeAeHHs] JuTorpaduu
(ONIMOHAIPHO, PUCYHOK WJIM TEPUOAWYECKas CTPYKTypa s HaONIOJCHHUS ONTUYECKUX
s dextoB). [TonroroBka oOpasia ajs MpoBeaeHUS Ha ero noBepxHoctu autorpaduu. Co3nanue
auTorpaguu  METOJOM CHJIOBOM wWiM anektponurorpaduu. HaOmronenue mnutorpaduu B
ONTUYECKUH  MHUKPOCKON U  OOCyXIeHuEe pe3yibTaroB. BrimonHeHwe — QU3NYECKUX
OKCIEPUMEHTOB M pEIICHHE NPAKTUYECKHX 3a/Ja4 C HCIOJb30BaHHEM 000py/IOBaHUs
HAHOKBAaHTyMa, KOTOpO€ IIpeiajaraeTcs s pelieHuss mnpoOieMbl Keiica.  BrimonHeHue
7a00paTOPHO-TIPAKTHYECKUX paboT C 3JIEMEHTAaMH TPOCKTHOW MAEATENBHOCTH B paMKax
TeMaTUKu Keiica. [IpedenTtamust paOoThl KOMaHABI B Keiice, MOCBALICHHAS HN3yYEHUIO
murorpaduu 00pa3noB. CaMOCTOSTENFHBINA TOUCK M Pa3padOTKa MHTEPECHBIX TEM JUIS JOKJIAaa
(MM MUHH-TIPOEKTA), MMEIOIIUX OTHOIIEHHWE K MAaTepPUATIOBEACHUI0 M HAHOTEXHOJIOTHSIM.
[IpakTUKyMBI: pelIeHne 3a1a4 Mo IPOCTPAHCTBEHHOMY CTPOCHHIO HAHOYACTHI], 110 IPUMEHEHUIO
HAHOYACTHI] U HaHOMarepuanoB M J1p. Jlabopartophble paboThl: ompeneneHue (HU3NUIECKUX
CBOWCTB BEIECTB C MOMOIIBIO OPTaHOB YYBCTB, OINpENeIeHHEe (U3MUYECKUX CBOWMCTB BEIIECCTB
CrellMalbHBIMU METOJJAMHU, OIIpeesIeHNe XMMUYECKUX CBOMCTB BEILIECTBA U JIp.

Tema 2.3. CoBpeMeHHbBIe P00JIeMbI MaTepHaIoBeleHHsI — 6 YacoB.

CoBpemeHHbIE MpOOJeMbl Haykdu B OOJAaCTH MaTEpUANOBEIEHUS M TEXHOJIOTUH

MaTepHajioB H TOKPHITHH. OCHOBHBIE TIpEACTaBICHUS (U3NYECKOTO MaTepPHaJIOBEICHHUS.
KommnbroTepHble TEXHOJIOTMHM B MaTepHaJOBEICHMU. MexaHHYecKHe CBOMCTBAa MaTepHasoB.
YnpodHeHHEe TOBEPXHOCTH, TMOKPHITHA. KOHCTPYKIMOHHBIE ¥ (DYHKIMOHAIBGHBIC THIIBI
marepuanoB. Komno3utsl. HaHOKOMIIO3UTEI.
Ilpakmuueckas padoma. IIpakTUKyMBI: MOJIEIMPOBAHUE MOJEKYJ, pEIIeHHe 3aaad o
IPOCTPAaHCTBEHHOMY CTPOEHHUIO HaHoYacTHI U T.1. JlaboparopHble paboThl: padyXkHas BOAA,
(dapaoHOBa 3Mesl, WM3TOTOBIIEHHE KPAacOK Ha pa3IMYHOM OCHOBE M Ha OCHOBE Kpaxmala.
CamocTosTenbHbIM MOUCK U pa3paboTKa MHTEPECHBIX TeM Ul AOKJIana (WIM MUHHU-TIPOEKTA),
UMEIOINX OTHOIIeHWe K Temathuke «CoBpeMeHHBIE TPOOJIEeMBl MaTepHaTOBEACHUSD.
Ob6cyxnenue npoOsieM, 3aTpPOHYTHIX B TeMme padoTel. [lomck pemeHuil.  3HAKOMCTBO ¢
000pyI0BaHUEM, KOTOPOE TMpeJIaraeTcs sl pemeHus mpoodsiempl. OT60p TOro 000pyI0BaHNUS,
KOTOpOE Yy4alluecs pealbHO IUJIAaHUPYIOT UCIONb30BaTh B CBOEH paboTe. Beimonnenue
7a00paTOPHO-TIPAKTHUECKUX pabOT C dSJIEMEHTaAaMH TIPOCKTHOH JEATENIbHOCTH B paMKax
TEMaTUKU paboThl. YINpaKHEeHHs Ha OBJAJCHWE HaBbIKAMU pPAaOOTHI B TpyIIE, HaBbIKAMH
BEJICHUSI JWCKYCCHH WM BBIIBIDKCHHS THUIIOTE3, MOMCKA M aHanu3a MH(OpMAIMH, TPOBEICHHIO
¢u3nueckoro sKcrepuMeHTa U 00pabOTKe MOJNyYeHHBIX JaHHbIX. [lOATrOTOBKa BBIBOJAOB M
MyOJIMYHOTO TPE/ICTABICHUS PE3yIBTaTOB paOOTHI.

Pa3nen 3. 3HaKOMCTBO ¢ MUKPO- 1 HAHOMHPOM — 42 yaca.
Tema 3.1. CoBpeMeHHbBIII MUKpOcKON — 22 yaca.

OnTHyeckre MHUKPOCKOIBL. DJIEKTPOHHBbIE MUKPOCKOMBI. PEHTreHOBCKME MHKPOCKOIIBI.
CkaHupyIOIIHMe 30HI0BbIE MUKPOCKOIIBI. XPOHOJIOTHUS Pa3BUTHS MUKPOCKOMNOB. Paszpemaromas
CIIOCOOHOCTh. Y CTPOMCTBO MUKPOCKOIIOB, X CXOJICTBO M OTJIMYKE, OCHOBHBIE XapaKTEPUCTHKH,



NpUHIUI JAecTBUA. TexHuka paboTel ¢ MHKpockomoMm. IloaroroBka MuMKpockoma K padore.
Yxox 3a MukpockornoMm. TexHuka 0€30MacHOCTH MpHU padoTe C MUKPOCKONOM. Bo3moxkHOCTH
COBPEMEHHBIX MHUKPOCKOIIOB, HX HCIIOJIb30BaHUE B Pa3HbIX cdepax IesATEIbHOCTH 4YEJIOBEKA.
[TpaBuia paboThl ¢ MUKPOCKOIIAMH U T.I1. 000pYyJ0BaHUEM. MeTO bl MCCIIEI0BAHMSL, TOITOTOBKH
K MCCIENOBAHUIO CTPYKTYPHBIX BeIIECTB. MUKpPOCKONMYECKHN METOX HcCcienoBaHusA. Tumsl
MHUKponpenapatoB. TpeboBaHuss K MuUKporpenaparam. I[IpurororieHue MHKpOIpenapaToB.
HccnenoBanust Ouosoruyeckux BemiecTB. MccienoBanuss MeTaiioB M ciiaaBoB.  CrocoObl
00paboTKH pe3yIbTaTOB MU3MEPEHUN M METOJBI WX mpenacTaBieHuid. OdopmiieHre MPOTOKOIA U
aHaJIu3 pPe3ysbTaToB UCCie0BaHMsl. MaTepuasl ¢ IaMATbIO (POPMBI U OIBITHI C HUMH.
Ilpakmuueckasa padoma. llpaktukym «Kak pabotarb ¢ MuKpockonmom». IlpakTukym 1o
W3Y4YCHHIO W HCIOJB30BAHUIO DA3JIMYHBIX BHUAOB MHUKPOCKONOB. HM3yuenue neranein
MHUKPOCKOIOB. BBIOOp 1 MOATrOTOBKA MCCIENyeMbIX MaTepHaoB. BhImonHeHne sKCrepuMeHTOB
Y PELIEHUE MPAKTUYECKUX 3a/1a4 110 UCCICJOBAHUIO TEXHUYECKUX XapPaKTEPUCTUK MUKPOCKOIIOB,
110 U3MEPEHHIO Pa3IMYHBIX 00bEKTOB. JlaboparopHbie paboThl: 0OHApYyKeHHE d(HUPHBIX Macel B
arneJbCUHOBOM KOpKe, OOHapy)KeHHE Macel B CeMeHax IOJCOJIHEYHMKA, sA1pe KEIAPOBOIO M
IrpeuKoro opexoB u Ap. IIpakTMkym 1O NOArOTOBKE METALNIMYECKUX ITOBEPXHOCTEH U
UCCIIEOBAHNE HX IIOBEPXHOCTH, MCCIENOBAHUE HEMETAUIMYECKUX BKJIIOYEHHUH CTalu U €€
CTPYKTYpBI, HCCIECJOBAaHUE CTPYKTYpPbl LBETHBIX METaJUIOB. [loaroroBka BBIBOJOB U
nyOJIMYHOrO MPEeACTaBICHUS pPEe3ylbTaToB paldOThl MO mpojenaHHoW pabore. IIpeseHTanus
paboTel koMaHAbl. CaMOCTOSITENBHBIN MOUCK U Pa3padoTKa MHTEPECHBIX TEM Ul JAOKJaja (Uiau
MHUHH-TIPOEKTA), UMEIOLINX OTHOLIEHNE K TEMAaTHKE MPaKTUKYMa.

Tema 3.2. Hano-muxkpockonusi — 20 yacos.

Ckanupyromuii TyHHeIbHbIH MUKpockon. dusnueckue ocHoBbl padoTel CTM. @yHKuus
cocrosiHusl cuctembl, ypaBHenue lllpenunrepa. TynHenvHbli 3ddext. TyHnnenpHbid 3¢ dexr B
KBAa3MKJIACCUUECKOM  NpUOJIMKEHHU. 30HHAs  CTPYKTypa  METaJIOB, 3HEPreTHMYecKoe
pacrpenesieHHe IEKTPOHOB B MeTajule. TyHHENIBbHBIA TOK B CUCTEME METAJLI-IUIEKTPHK-
metamut (MIAM). ®opmyna John G. Simmons. ®opmyna John G. Simmons B ciay4ae majuoro,
IPOMEXKYTOUHOTO M BBICOKOTO HampshkeHus. «Habmonaembie» gusnyeckue Bennuunsl B CTM.
Bonsramnepnas XapaKTEpUCTHKA. XapakTepucTuka TOK-PacCTOSIHUE. N3mepenne
pacnpeneneHns IUIOTHOCTH 3JEKTPOHHBIX cocTossHMM. M3Mepenue pacnpeneneHus padbOThI
BbIXoJa 3eKTpoHOB. [IpuHuun paborst ACM. ACM kantuieBepsl. 3akoH ['yka. OTKIOHEHUS
NoJl AeMCTBUEM BEPTHKAIbHOU (HOpMasibHOM) cuiibl. OTKIOHEHHUE MO JIEHCTBUEM MPOI0JIbHON
cuibl. OTKJIOHEHHE TMOJ JeicTBueM momnepeyHoil cuibl. TeH3op o00paTHOM KecTKOCTH
KaHTuieBepa. O¢¢ekTuBHass Macca U CcOOCTBeHHass 4yacToTa KaHTwieBepa. Cuiosoe
B3aMMOJICHICTBHE 30HAA C MOBEPXHOCTHIO. [loTeHIman B3aMMOAEHCTBHS 30HAA C OOpa3LIOM.
Pexxumer pabotst ACM. Ynpyrue B3aumoaeiictsus. 3agada ['epua. [ToctanoBka 3amauu I'epua.
Pemenune 3amaun I'epma. Tounas mocraHoBka 3amaun I'epua M ee pemieHue B oOLIEM BUJE.
Brnustaue ynpyrux aedopmanmii B sxcriepumente. Kamunnsipasie cuibl. OCHOBHBIE TIOJIOKEHUS
TEOpUHU MOBEPXHOCTHOIO HaTskeHus. KamwinsapHas cuia, neiictByromas Ha 30H7A. Cuna Ban-
nep-Baansca.  MarauTHoe = B3aMMOJEHCTBHE.  DJEKTPOCTATHYECKOE  B3aMMOJICHCTBHE.
B3aumopelicTBue npu HaIW4YMM 3apsiioB M aunosei. B3anmoneiicTBue 30H1a M oOpasna npu
NPWIOKEHUN HampsbkeHus. B3aumonelicTBue, 00yCIOBIIEHHOE KOHTAaKTHOM — pa3HOCTHIO
noTeHUuanoB. AnaresuonHele cuibl. Ilpupona agresun. Monens DMT anresum TBEpABIX TEII.
Mopens JKR anresum TBepasix Ten. Mogenr Mayruca aare3suu TBepAsix Ten.CpaBHEHUE
moneneit DMT, JKR, Mayruca. Jluneitnsie konebanus kantuieBepa. CoOCTBEHHbBIE KOIeOaHusI.
KonebGanuss npu Hamuuuu cun TpeHus. KoneOaHus mpu HaaM4MM BHEUIHEH BBIHYKJAIOLIEH
NepuoIM4ecKoil cuiibl. Manble KosiebaHus KaHTWJIeBepa B cuiioBoM Imoiie. KpuBble mojaBoja
30H/a K 00pa3ity. Henuneiinbie konebanus kanTwieBepa. KauectBeHHOE paccMoTpeHue. AHaIN3
YpaBHEHHUs JBUKECHMs KaHTHJIeBepa (Teopus BO3MyIlEHUi). Meronuka pacuera pe30HaHCHBIX
xXapakTepucTuk. KpuBble MOABOAA-0TBOJA. MOJEIMpOBaHHE HETWHEHWHBIX KOJeOaHM.
[IpenensHOE pa3pelieHHe B KOHTAKTHOM pexume. Biusaue ynpyrux aedopmanmii. Brousaue
pannyca 3aKpyrjieHHMs 30HJAa W yIVIa pacTBOpa KoHyca. JlaTepanbHble CHIIBI B3aUMOJIEHCTBUS



3oHm1a u oOpasma. Ilpupoma cun Tpenus. Jlebopmamuu KaHTHIEBEpa TOJA JICHUCTBHEM
narepanbHbIX  cui.  KanmOpoBka oONTHYECKOW cHcTeMbl peructpanuu. KadecTBeHHas
WHTEpIpeTanus pe3ynbTatoB. D((PEKT NpuIunaHus-CKOJIbXKEHUs B HaHomacmTade. Dddexr
NPUIMIIAaHUSA-CKOJIBKEHHsT B MUKpoMmaciTabe. KonuuecTBeHHass MHTEpIIpETanusl pe3ysibTaToB
MarHuTHO-CHJIOBOM mMukpockonuu (MCM). O6mas uaes MCM. AnropuTMbl BOCCTaHOBIICHUS
¢u3nueckux napaMeTpoB obpasua mno peszyiapsraraM MCM. B3anMoneicTBUs MarHUTOXECTKOTO
30HJa C MArHUTHBIM TIOJIEM HCCaeayeMoro ooOpasna (oOmmii ciydaid). Ilpubnmxenue
3(Q(PEKTUBHOTO  IUIOJIBHOTO  MarHUTHOrO  MoMeHTa.  [Ipubmwkenue 3¢ QPeKTHBHOTO
MOHOITIOJILHOTO MarHUTHOTO 3apsjaa. B3aumonelcTBue MarHUTOMATKOTO 30HJa C MarHUTHBIM
HOJIeM HCclieayeMoro oopasua. B3anmoseiicTBue mapaMarHUTHOTO 30HAAa ¢ MAarHUTHBIM I1OJIEM
uccieayeMoro oopasua. Meroabl SKCIEPUMEHTANIBHOTO ONpeAeNeHUs] TapaMeTpOB MarHUTHOTO
KaHTHJIeBepa. MarHuTHOE 1oJIe MPSIMOYTOJIBHOTO MPOBOJIA ¢ TOKOM. MarHuTHOE 1MoJie KOJbLa ¢
TOKOM. MarHutHoe 1moJie MepuoINYECKuX MapajuieabHbIX 10MeHOB. CKaHUPYIOIIas ONTUYECKast
mukpockorus. «Kiaccuueckasp» ontuueckast MUKpockonusi. KonpokambHas MUKPOCKOTIHSL.
Ilpakmuueckan paboma. Pabora c keiicom «Pe3oHaHc — OT MCKyccTBa K Hayke», «llepBbrit
“B3ry1si1” HA HAHOMUD». 3HAKOMCTBO C MPUHLUMIIOM padboTel C3M B MOIYKOHTaKTHOM PEXKUME,
dbopmupoBanue HaBblkOB paboTel ¢ C3M mukpockonom. [lomyueHue nepBoro uzoOpaxeHHs
meronoM Ckanupytomeir CunoBoii  Muxkpockornmu (CCM). BeimonHeHnne  (Gu3HUECKUX
SKCIIEPUMEHTOB U pEIIeHHWEe NPAKTHUECKUX 3a7ad C HUCHOJIb30BAaHUEM OOOpYyHOBaHUS
HAaHOKBAHTOPHYMa, KOTOpOE IMpeyiaraeTcs Mjis pelieHus mpoOiieMbl Keiica. BwimomHenue
71a00paTOPHO-NIPAKTUYECKUX PAOOT C JJIEMEHTaMU MPOEKTHOW JIEATENbHOCTH B paMKax
TeMaTuku Keica. [loaroToBka BBIBOJIOB M MYOJIMYHOTO HPEACTABICHUS PE3yJIbTaTOB PaOOTHI B
keiice. Ilpesentanus paboTel koMaHIbl B Keiice. CaMOCTOSTENbHBIM IMOUCK W pa3padoTka
MHTEPECHBIX TeM JJIS TOKIaaa (M1 MUHH-TIPOEKTA).

Paznen 4. 3akiounTeabHoOE 3aHATHE — 3 yaca.

O06o0061ieHne n3yueHHoro Mmarepuana. [logsenenue UToros.
Ilpakmuueckas padoma. IlyOnuyHOE BBICTYIUICHWE YYACTHHUKOB C IPEICTABICHHEM CBOCH
paboThl B Kelice, MPaKTUKyMe C Mocienyromei quckyccueir. CoBMecTHOE 00CYyKIEeHHE UTOTOB.
OpFaHI/I?;aIII/Ifl )51 HpOBC}IeHI/IC MaCTCp-KJ’IaCCOB 158 HpaKTI/IKYMOB II0 TCMAaTHUKEC KBAHTA.

KAJIEHJIAPHBIN YUEBHBIN T'PA®UK

KomgecTBo yueOHBIX Hemens — 12.

KonnuecTBo yueOHbIX AHEH — 24.

[TpomomKUTETFHOCTh KAHUKYIT — HET.

JlaTel Havaa ¥ OKOHYaHUS Y4eOHBIX epuoaoB — 15 cenTsiops — 15 nexabpsi.

METOANUYECKOE OBECIIEYEHHUE

[Tpuémsl U METOTBI
N TexHuueckoe DopMmbl
Paznen . OpraHu3aIyu Junaktiuaeckuit
DopMEBI 3aHATHIA OCHAIIICHUE MIOJTBEICHUS
MPOTPaMMEI 00pa30BaTEeILHOTO MaTepuan .,
3aHATHH HUTOTOB
mporecca
Bsoanoe Becena, urpa, CnoBecHoO- Hab6op Anb00MBEI, Hab6monenue,
3aHATHE JIEMOHCTpPALHs HarJIsTHBIN. PUCYHKOB, KapaHjaliu, cobecenoBanme
TBOpUeckux pador, | [Ipuydenue k oOpa3siiel pabot, | Oymara s
HHCTPYKTAX, BEITIOJTHCHHIO 3arnucei,
MIpaKTH9IeCKast TpeOOBaHUIA
pabora

10




CoBpemeHHOE Becena, pabora B CnosecHo- O6pasusl pador, | Kapangamiu, Pemenue keiica,
MaTepualioBesie | mapax, HAarJIsIHbIH, TOTOBBIE WHCTPYMEHTEI MPaKTHKYM.
HHE paccMmarpuBaHue YaCTHYHO- n3aenus, JUIS TIOJITOTOBKK | ITyOJTMYHBIE
WILTIOCTPALHH, TIOUCKOBBIN PUCYHKH, 3aroTOBOK, BBICTYIUICHHS,
coO0OIIeHH s IeTeH, TeMaTHYEeCKUe JTabopaTopHOe o0obmaromas
UTPBI OI00PKHU o0opyoBaHue Oecena
3HAKOMCTBO C WnpuBuayansHas CrosecHo- Wmmoctpamu, | JlabopatopHoe Pemrenue keiica,
MHKpPO- H paboTa ¢ neTpMH, HaTJISTHBIN, o0pa3usl pabot, | obopyaoBaHUE MIPOEKTHI,
HaHOMHPOM UTPHI, YaCTUYHO- TOTOBEIC KapaHJalllH, MPaKTUYECKUE
MIpaKTHYeCKas TIOUCKOBBIN U3IeTHs HWHCTPYMEHTEI paboThl,
pabora JUIS TIOJITOTOBKH | TBOpYECKUE
3aroTOBOK, 3a7aHus,
PHUCYHKH BBHICTaBKa
3axmountensHoe | ManuBuayansHast u | CioBecHO- O0pasusl pador, | JlaboparopHoe IIpesenTanus,
3aHATHE rpyImoBast paboTa. | HarJISJHBIN. TOTOBBIE obopyioBaHue BBICTaBKa
BricTaBka, U3EIIHA, KapaHjauy,
Npe3eHTalHMs, Urpa TOTOBBIC HHCTPYMEHTEI
TPOCKTEL, IUIsL IOATOTOBKH
TEeMaTHYEeCKUe 3arOTOBOK, MYJIb-
MOAOOPKH. THMEIUHHOE
000pyI0BaHHE

KAJIEHJIAPHBIN IIJIAH BOCIIUTATEJBbHOM PABOTHI OFBEIUHEHUS

Ne Coneprxanue, BUAbL, (HOPMBI JESATETLHOCTH Cpoxku
/o MTPOBEACHUS
Moayab «BocnuThiBaeM 1 MO3HAEM)
1.| Dxckypc «Mukpomup» CEHTS0pb
Nccnenoanust «CoBpeMeHHBIC TPOOJIEMbI MATEPHATOBEICHHSD) OKTSIOph

OKTSIOpb-HOSIOPb

2
3. | IlpoBeneHue 1a00paTOPHBIX PabOT U IKCIIEPUMEHTOB
4

[IpesenTanus IPOEKTHBIX padOT C MOCIEAYIOMIEH TUCKYCCHEH - nexkadpb
«Kpyruslii ctom»
Mopnyas «BocniutbiBaeM, co3iaBasi 1 COXpaHAs TPAAULNID)
1.| Yuactue B Meponpusitun «HAHOBBII rog» B pamkax coObITHi CEHTS0pb
oOuiepoccuiickoil o0pa3oBatenbHOi nporpammsl «lllkonbHas nura
POCHAHO»
2.| Yuactue B Meponpusatuu «MHXxeHepHble KaHUKYJIbD» B paMKax OKTSIOpb
HallMOHAIBHOTO MpoekTa «O0pa3oBaHUE)
Monyas «IlIpodopuentanus
1.| becena- mpe3eHTanusi « ATaac HOBBIX Tpodeccuiin CEHTSIOPh
2 PorneBbie Urpsl M0 NPOQUITIO, 1EI0BBIE UTPHI HA Pa3BUTHE TBOPUECKUX, OKTSIOpb
' | KOMMYHHUKaTHBHBIX CIIOCOOHOCTEN B KOJJIEKTUBE
3 [Touck n nadopmupoanue «llocneaHre HOBOCTH B 00JIaCTH HOSAOPb
' | HamoMuKpOCcKomumny»
Monayab «BocnmuTbiBaeM BMecTe»
1.| «/Inu otkpeIThIX ABepeit» B 1T KBantopuym. CEHTSI0pb
2.| Pogurennckoe codpanne «Mubopmarmsi o HaHokBaHTyMeY. OKTSIOpb
3.| UHnuBuayanbHble KOHCYJIBTAIMU U1l POAUTENEH B TEUYEHUE
(IMCTaHIIMOHHBIN U OYHBIH (hopMaT OOIICHHMS). y4eOHOT0
nepuoaa
4.| Ponurtensckoe coopanne «Harmm 1ocTHKeHUs. » HOSIOpb-JIeKa0pb
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Moayab «Poccuiickoe apu:kenue mkoabHukos (PJIL)»

1. | 3nakomctBo c caiitom P/IILI. O630p MeponpusTuii Ha HOBBIA yueOHBIN CEHTA0pb
2. ngacme B Meponpusatusax P/IL no BEIOOpY B COOTBETCTBUU C B TECUEHUE
HarpaBJIeHHEeM y4eOHOTO 0ObeIMHEHUS y4eOHOro
nepuoja
MATEPHUAJIBHO - TEXHUYECKOE OBECIIEYEHHUE
YcnoBus peanuzanuy IporpaMMsbl: y4eOHbIH KaOWHET, OCHAIIEHHBII 000py/10BaHHEM.
[lepeuenp HEOOXOIUMOTO OOOPYIOBAHNUS M PACXOTHBIX MAaTEPUAIIOB!
Ne HanmenoBanue Konunuectso (1it.)
YyebHoe 060pynoBaHNe
MUKpOCKOIT IIKOJIBHBIA « DBPUKaA» 3
Habop muxpomnpemnapatoB 2
Ha6op nabopatopHoii mocyabl 1 000py10BaHUS 2
MuKpOoCKoOIT onTHYeCKuid MeTauiorpadguieckuii MMP-3 1
1 Cxkanupyromuii 30H710BbIH MUKpockon NanoTutor 1
YcrpoiictBo usrorosienus 30u108 Etchenger 1
Mukpockon ckaHupyromuii 30110861 MicProbe 1
Muxkpockon Mukpomen [TOJIAP-1 1
Muxkpockon MeTayutorpaduueckuii ckanupytommii buOnruk CMI- 1
400
KommerotepHoe o6opyaoBanue
HoyTtOyx 10
2 KommnbroTep 2
[TpunTtep 1
CereBoll yJUIMHUTEND 3
[Tpe3eHTanroHHOE 000PYAOBaHHE
LED manens 1
3 Hacrennoe kpernicHue 1
WMHTEepakTUBHBIA KOMIUIEKT 1
Me6enb
4 KommuiexT mebenu 12

NHOOPMAIIMOHHOE OBECIIEYEHMUME IMTPOT'PAMMBI

CIIMCOK JIMTEPATYPBI IJIAA IEJAT'OT'A

. T'yces, A. 1., HHOMaTepuainsl, HAaHOCTPYKTYpbl, HaHoTexHoJoruu / A. U. T'yceB. — M.:
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11.

12.

13.

=

OU3MATIIUT, 2007. — 416 c.

Cysnanes, U. II. HanotexHomnorus: (pu3MKO-XUMHUSI HAaHOKJIACTEPOB, HAHOCTPYKTYP M
nanomatepuasio / U. I1. Cyzmaned. - M.: KomKnura, 2006. — 592 c.

Kamoxusiid, C. B. CiioBapp HaHOTEXHOJIOTHYECKUX U CBSI3AHHBIX C HAHOTEXHOJIOTHSIMU
tepmunoB / C. B. Kamoxusiit. - M.: ®DU3MAT-JINUT, 2010. — 528 c.

I'ymunun, E. A. borarctBo Hanommupa. ®otopenoprax u3 riayoun BemectBa / E. A.
I'yaumua. — M.: BUHOM. Jla6oparopus 3nanmii, 2010. — 171 c.

Hedoeiic, K. Yausurtenbueie HaHOCTpYKTYphl / K. Jleddeiic mepeBoa moa penakmueit
JI.H.ITatpukeeBa, M.: BUHOM. JlaGopatopus 3Hanuii, 2011. — 206 c.

Muponos, B. JI. OcHOBBI ckanupytoren 3001080l Mukpockonuu / B. JI. Muponos. - M.
Texno, 2009. — 144 c.

Odexnapman, b. XuMmusi HOBBIX MaTEpPHUAIOB U HAHOTEXHOJIOTHIA / TIEPEBOJT MO PEAAKIIHCH
0. JI. TperbsikoBa u E.A. ['ynununa. - Jonronpyansiii: U3gatensckuit Jom

CIIMCOK JIMTEPATYPBI IJIA YHAIIUXCA

CrnoBapb HAaHOTEXHOJIOTHYECKUX M CBSI3aHHBIX ¢ HAHOTEXHOJIOTMSIMU TEPMUHOB/ IO pej.
C.B. Kamoxnaoro, M.: ®©USMATIJIAUT, 2010. — 528 c.

Borarcteo Hanomupa. ®otopenoprax u3 riyoun Beriectsa /['yaunun E.A. u ap., mox
pen. FO. . TperbsikoBa. — M.BUHOM. Jlaboparopust 3Hanwuii, 2010.

I'punBya, H. Xumus snementoB: B 2 tomax / H. I'punByn, A. Opumo. — M.: BUHOM.
JlabopaTopus 3nanui, 2010.

I'younun, E.A. borarctBo Hanomupa. ®@otopenoprax u3 riyOuH BellecTBa / MO pej.
0. . Tperbsikoa. — M.: BUHOM. JlaGoparopus 3nanuii, 2010. — 171 c.

I'yces, A.l. Hanomarepuaibl, HAaHOCTPYKTYphl, HaHoTexHoJoruu / A.W. T'yceB. — M.:
OU3MATIIUT, 2007. — 416 c.

Heddeiic, K. YausurensHole HaHocTpykTypbl / mon pen. JL.H. IlatpukeeBa. — M.:
BMHOM. Jla6opatopus 3Hanuit, 2011.

XKypnan «Kanm» 3a 1970 — 2007 rr. — M.: Hayka.

Mupono, B.JI. Mwup ¢usuku u TexHuKH. OCHOBBI CKaHUPYIOIIEH 30HJIOBOU
mukpockornuu / B.JI. Muponos. — M.: Texno, 2009.

Hossie matepuanst / nox pen. }0.C. Kapabacosa. — M.: MUCUC, 2002 — 736 c.

. ITyn, Y. Mup marepuainos u texHonoruid. Hanorexnonorun / Y.Ilyn-mi., @ Oysue. — M.:

Texnocdepa, 2006. — 336 c.

Conun, A.C. Jlopora JIMHHOIO B BEK: U3 UCTOPHH OTKPBHITUS U UCCIEIOBAHUS KHUIAKUX
kpuctaiios / A.C. Conun. — M.: Hayka, 1988.

Cyznanes, W.I1. HanorexHonorus:: (QU3MKO-XUMHS HAHOKJIACTEPOB, HAHOCTPYKTYp H
nanomatepuanon / WL.II. Cy3nanes. — M.: KomKnura, 2006. — 592 c.

®expman, b. Xumus HOBBIX MaTepuaioB U HAHOTEXHONOTUN. YueOHoe mocodue. Ilep. ¢
auri.. Hayunoe wm3manme / b. ®exneman — [onrompyansni: M3matenbckuii Jom
«naTemnekty, 2011, — 464 c.: uB.BKIL

MHTEPHET UHCTOYHUKH

CaiiT o HaHOTeXHONOTHsAX: http://www.nanonewsnet.ru/

CalT HaHOTEXHOJIOTHYECKOro coobiecTBa Hanometp http:// www.nanometer.ru/
Omnnaiin-kypceel  MuTepHer-kype «Hayka pans  geTeil: HarisgHble OMBITBI  IOMay
https://stepik.org/course/Hayka-1is-aeTeli-Haris JHbIe-OMBITHI-1oMa-1725
WuTepHeT-Kype «Fundamentals of  Nanoelectronics: Basic Concepts»
https://www.edx.org/course/ fundamentalsnanoelectronics-basic-purduex-nano520x
Wutepuer-kype «Coursera: Nanotechnology and Nanosensors» https://www.class-
central.com/mooc/5200/ courserananotechnology-and-nanosensors-partl
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http://www.nanonewsnet.ru/
http://www.nanometer.ru/
https://stepik.org/course/Наука-для-детей-наглядные-опыты-дома-1725

6. HuTepHer-kypc «Concepts in Nanotechnology» https://www.
canvas.net/courses/concepts-in-nanotechnology

KAZIPOBOE OBECIIEYEHHE

[lemaror,  peanu3ylomuid  JaHHYIO  JOTIOJHUTEIBHYIO  00mIe00pa3oBaTEeIbHYIO
o0IIepa3BUBAIOIIYIO ITPOrPaMMY, JOJDKEH UMETh BhICIIeE MPO(ECCHOHATbHOE 00pa30BaHNEe HUIIH
cpeaHee mpodeccuoHaIbHOE 00pa3oBaHME IO HAIPABICHHIO MOATOTOBKH «OOpa3oBaHue u
nelaroruka» Wid B O0JIACTH, COOTBETCTBYIONIICH IperojaBaeMoMy TIpeaAMeTy, 0e3
npeIbsBICHUsT TPeOOBaHUI K CTaxy paboThl; OO BhICIIEE MPO(EecCHOHATFHOE 00pa3oBaHHE
WA cpeiaHee MNpodecCHOHAIbHOE O00pa3oBaHWE 0 HANPABICHUIO JCSITEIHHOCTH B
00pa30BaTeIbHOM YUpPEKIACHUN 0€3 TPebsIBICHUS TPEOOBAHUH K CTaKy pabOTHI.

[Ipu peanmuzanuu mporpaMMbl IEAATOTH TPOXOMAT OOydeHHEe Ha 00pa30BaTEIbHBIX
CecCHUsIX JUIl HAaCTaBHUKOB JleTckoro TexHomnapka « KBaHToprym».
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