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IHosicHUTEIbHAS 3aNIUCKA

JononuurenbHas odepa3BuBatonias nporpamMmma «lIpoextnas aestenbHocTs. Hano.»
pa3paboTtana Ha ocHoBaHuU DenepanbHOro 3aKoHa oT 29.12.2012 Ne 273-d3 «O6
oOpaszoBanuu B Poccuiickoit deneparun», KoHuenuu pa3BuTus JOMOJHUTEIBHOTO
obOpazoBanus nereit 10 2030 roja.

HanpasjieHHOCTH NPOrpaMMbI

ECTCCTBCHHOHay‘IHaH

AKTYaJIbHOCTH MPOTPAMMBI

[To Mepe pa3BUTHS TCHACHIIMM MUHUMHU3AIIMH TEXHHYSCKUX M HH(OPMAIIMOHHO -
TEXHHYECKUX CUCTEM, OOPETCHHSI MMM HOBBIX (DYHKIIMOHAIBHBIX XapPaKTEPUCTHK BCE
0oJiee aKTyaJIbHBIMH CTAHOBSITCS BOIIPOCHI CO3/IaHUS M IPUMCHEHHUS HaHOPa3MEPHBIX
MaTepUaJIOB, TEXHOJIOTHH CHHTE3a U MPOU3BOJICTBA KOTOPHIX CTAHOBSITCS OCOOEHHO
BOXHBIMU W TIEPCIIEKTUBHBIMU. [l TpeicKa3bIBaHMsI, OIICHUBAHUS M YIPABICHUS
CBOWMCTBAMH HAHOTEXHOJIOTUYHBIX TPOAYKTOB, OMpPEIEICHHUS O0JacTh HUX PabOTHI
HEOOXOAMMO TOHMMAaTh, KaK MEXaHU3MBI, JIeXallhue B OCHOBE (opMHpoBaHUS
HaHOMATEpUaJIOB U HAHOPA3MEPHBIX CHCTEM, TaK M MPOTEKAIOIIUE B HUX MPOIIECCHI,
o0ycnaBiIyBarone 0COOEHHOCTH BX paboThl. C BBIX0I0M Ha PHIHOK HAHOTEXHOJIOTHH,
«YMHBIX» MaTepUaJIOB, HOBBIX TPUOOPOB W JIEKAPCTBEHHBIX BEIISCTB 3HAHMS
MO/IPACTAIOIIETO TIOKOJEHUsS B JTOH cdepe OyayT crnocoOCTBOBaTH HOBBIM
JTOCTIDKEHUSIM BO MHOTHX OTpPAclifiX HAyKd W MPOMBIIUICHHOCTH, a MOJIOJBIM
cCrenuanucTaM  o0ecredyar BBICOKYI0 KOHKYPEHTOCTIOCOOHOCTh W OOJBIIYIO
BOCTpeOOBaHHOCTH Ha pbIHKE Tpyaa. llporpamma «HanokBaHTym» HampaBieHa Ha
pa3BUTHE MPOPECCUOHATBHBIX KOMIIETCHIINM, MPOJUKTOBAHHBIX COBPEMEHHBIMHU
YCIIOBUSIMH E€CTECTBEHHOHAYYHOM W TEXHHYECKOW HAMPaBICHHOCTH, W MpPHU3BaHA
chopMHpOBaTh y IIKOJIBHUKOB 3HAHUA O METOJaX W TEXHOJOTHSX IOJTyYCHUS

HAaHOMOPOUIKOB, HAHOCJIOEB, HAHOTETEPOCTPYKTYP M HAHOCTPYKTYPHPOBAHHBIX



MaTepualioB, B OCHOBE KOTOpBIX JieXKaT pa3inyHble (PU3HUEcKHe U (UBHKO-

XUMHUYCCKHUEC ITPOUCCCHI.

Ilenarornyeckasi Hejieco00pa3HOCTH MPOIPAMMbI

[Iporpamma  «IIpoexTHass gestenbHOCTh. HaHo.», TiaBHBIM — 00pazom,
HaIpaBJieHa Ha peleHue NpoopueHTAMOHHBIX 3a/1a4, o0ecrneynBas BO3MOKHOCTD
3HAKOMCTBA OOYYaIOLIUXCS C COBPEMEHHBIM OOOPY/IOBaHMEM M COBPEMEHHBIMHU
TpeOOBaHUAMHU K MPOo(decCcusiM eCTECTBEeHHOHAYYHOW HalpaBIE€HHOCTH.

Hamnpasnenue «HanokBaHTyma» OCHOBBIBAETCSA Ha U3y4YECHUU
MaTepuajoBeJCHUs Ha MHUKPO- W HAHOYPOBHSAX H (QopMupyeT Yy ydammxcs
yriyOJICHHbIE 3HAHUS B 00JIACTU XUMHUH, OUOJIOTHH, (DU3UKH, TEXHUKH, a TaKKe
dbopMupyeT HaBBIKA PaOOTHI C COBPEMEHHBIM HAyYHBIM 000PYI0OBAHUEM.

OOOCHOBaHHOCTh ~M3YUY€HHS JAHHOTO Kypca BbI3BaHA 3HAYUTEIbHOU
HAyKOEMKOCTBIO  MPOILIECCOB  pa3pa0OTKM W  U3TOTOBJIEHUSA TMPOAYKIHH U3
HAHOCTPYKTYPHUPOBAHHBIX MAaTEPHAIOB, HOBU3HOM HAYYHBIX pa3pabOTOK U OOJIBIITUMHU
puckamMu Tpu  oneHke AGOEKTUBHOCTH HX HCHOJIB30BaHUS JUISl  CO3JIaHUS
KOHKYPEHTOCIIOCOOHON HAaHOMPOAYKIINH, HEOOXOIUMOCTHIO OTCIEKHUBATH TOCTOSIHHO
U3MEHSIOLIYIOCS KOHBIOHKTYPY Ha PbIHKE HAHONPOAYKIIMU U HAHOTEXHOJIOT U .

MeTononornyeckomn OCHOBOM MPOrpaMMBbl ABJIACTCS CUCTEMHO-
NEATENIbHOCTHBIA  IMOJAXOJ, COYETAIOIIMMCI C  Pa3jIuYHbIMU  COBPEMEHHBIMU
o0pa3oBaTeIbHBIMHU TEXHOJIOTHUSIMU, TAKUMHU KaK TEXHOJOTUS PAa3BUTHUS MMOHATUHHOTO
MBILUIEHUS, TEXHOJOTUS  MCCIENOBATEIbCKOM W IMPOEKTHOM  JACATEIIBHOCTH.
[IpuMeHeHne  CHCTEMHO-JESATENIbHOCTHOIO  Moaxona  Haubonee  3(p(EKTUBHO
CIIocOOCTBYET (POPMUPOBAHUIO YHUBEPCAIBHBIX YUCOHBIX JICHCTBHIA.

Hear nmporpamMmbl — TpuBICUEHHUE OOYYAIOMIMXCA K HCCIEI0BATEIBCKOM,
M300peTaTeIbCKOM, HAydYHOH W  HWHKCHEPHOW  JEATCIIbHOCTH,  OBJIQJICHHE
OOyYarOMMMHCS  COBPEMEHHBIMH  MPEACTABICHUSIMH O HaHOMaTepHaliax |
HAaHOCUCTEMAX, a TAaKX€ BO3MOXXHOCTSMU HX HCIOJb30BaHUS IIPU CO3/IaHUU
HAYKOE€MKOW MPOYKIIHH.

3aja4yu NporpaMmbi:



- O3HaKOMJIEHHE OOydYarolmuxcs C 0a30BbIMM 3HAHUSIMU B 00JacTu
HAHOTEXHOJIOTHU;

- OCMBICJICHHE OCHOBHBIX OTJIMYUTENBHBIX OCOOEHHOCTEH MaTepHUalIoB,
HaxXOJAIIKUXCSl B HAHOCOCTOSIHUM;

- OBJIQJICHHE COBPEMEHHBIMH MPEJCTaBICHUSIMU 00 OCHOBHBIX IpHOOpax u
METO1aX HAHOAUArHOCTUKY U UX aHAJTUTUYECKUX BO3MOKHOCTIX;

- OCBOCHHE OCHOBHBIX METOJI0OB I10JIy4YE€HHUs] HAHOMATEpUAJIOB U HAHOCTPYKTYD;

- 00yueHue HaBbIKaM OBICTPOTO OCBOEHHS HOBBIX MHCTPYMEHTAJIbHBIX U
TEXHUYECKUX CPEACTB, B TOM YHCJIE BBICOKOTEXHOJOTUYHOTO OOOpYHOBaHUS U
OPUHIIMIIOB PabOThI C HUM;

- (hopmupoBaHue y 00yyarouMXxcsi CACTEMHBIX 3HAaHUHM O U3NYECKUX OCHOBAX,
UHCTPYMEHTAJIbHBIX MPUHLMIIAX U JUAarHOCTUYECKUX BO3MOXKHOCTSAX METOA0B
CKaHUPYIOIIEH 30H0BOM MUKPOCKONWH, crieKTpockonuu u jaurorpaduu (C3M, CJI),
ABJIAIOMIMXCSA OAHUMH M3 0a30BbIX METOJ0B COBPEMEHHON HAaHOAMATHOCTUKY;

- (hpopmupoBaHME y MIKOJBHUKOB CHCTEMHBIX 3HAHUN O METO/IaX U TEXHOJIOTHUIX
[I0JIyYEHUSI HAHOPA3MEPHBIX CUCTEM U UX IPAKTUYECKOU peau3anuu;

- OCBOCHME IIKOJIBHUKAMU TEPMUHOJIOTUHA U OCHOBHBIX IIOHATHUH, CBA3aHHBIX C
HaHOMAaTepuajaaMy U HAaHOTEXHOJIOTUSAMU;

- O3HAKOMJICHHE C  IIPAaKTMYECKOM  MATEeMaTUKOW; W3y4€HHE  OCHOB
KOMOMHATOPUKH, TEOPUU MHOMKECTB, MAaTEMaTHUECKON JIOTUKU; U3yUYEHUE U PACUET
TEOPUU BEPOSITHOCTH;

- (hopMHUpOBaHUE MPENCTABICHUN O MPOBEJEHUN MATEMaTUYECKUX PACUETOB C
[IOMOIIBIO [IPOrPaMM;

- pa3BUTHE NTO3HABATEIILHOTO UHTEPECA K IMPOEKTHOU JEATEIBHOCTH, PEIICHHUIO
M300peTaTeNbCKUX 3a1a4, HAyYHO-TEXHUYECKOMY TBOPYECTBY;

- OBJa/ICHHE OOYyYarOUMMHUCS HAaBbIKAMHM IIPOEKTHOW JAESTENBHOCTH, HX
MIOJITOTOBKA B 00JIACTH MPOEKTHOM AESATENBHOCTH HA COBPEMEHHOM YPOBHE;

- O3HAaKOMJICHHE C TpaBWJIaMU TEXHUKH O€30MacHOCTH Tpu padboTe cC

BBICOKOTCXHOJOI'MYHBIM 060py,[[0BaHI/IeM;



- oO0ydyeHHEe HaBbIKaM KCIOJIb30BAHUS HAYYHO-TIOMYJSIPHOM U CHpaBOYHOMU
JIUTEpaTypbl, UHTEPHET-UCTOYHUKOB;

- BBIpa0OTKa y OOy4Yarouuxcs HaBBIKOB KOMaHIHOW paOOThl U MyOIMYHBIX
BBICTYIUIEHUH, TOKJIA/10B.

- O3HAaKOMJICHHE C TEXHMYECKMMH mpodeccusiMu u oOecreyeHue YCIOBUN
po(eCcCUOHaTBFHOTO CaMOOIIPEACIICHNUS;

- pa3BUTHE HAOJIOAATEILHOCTH, BHHMAaHMUSI, CIOCOOHOCTH YYalIUXCA K
CaMOCTOSITEJIbHOMY PEIICHUIO BO3HUKAIOUIUX MPOOIIEeM;

- MOMYJISIPU3AIMS HAYYHO-TEXHUYECKUX 3HAHUM.

AZlpecaT mporpamMmsbl — ydamniuxcsi B Bozpacte 14-15 nert, xenaronyge 3aHUMAThCS
UCCJIEIOBAaHUSAMHU B 001aCTH HAHOTEXHOJIOTHA.

®opma 00y4eHHUsI M BUAbI 3aHATHH

dopma o0O0ydeHHST — OYHas, BO3MOXKHO WCIOJIb30BAHUE JTUCTAHIIMOHHBIX
00pa3oBaTEIbHBIX TEXHOJOTUM M AJIIEKTPOHHOTO OOyuYeHHUsl. 3aHSATHUSI MPOBOISATCS TIO
rpynnam. KonudectBo oOyuaromuxcsi B rpymnmne — 10 12 yenosek. [lpu peanuzanuu
IPOrpaMMbl, MOTYT OBITh OPraHU30BaHBI U MPOBEICHBI MACCOBBIE MEPOIPUITUS IS
COBMECTHOM JESTEIIBHOCTH 00YUaIOIIUXCS U POJIUTENEH (3aKOHHBIX MIPeICTaBUTENEH ).

[Iporpamma mpenmnonaraer BoIOOp (OpM 3aHATUHM, TaKUX Kak JIEKIIMOHHBIE,
nabopaTopHbIE U TMPaKTUYECKUE paldOThl, CEMHUHApbI, MPOBEICHUE JKCIEPUMEHTA,
UCCIIeIOBaTEeNbCKast U MPOEKTHAs paboTa.

[lo Tumy opraHu3aiu B3aUMOJCHCTBHUS TEAAroroB C OOYyYaIOIIUMUCS, TPH
peanu3alu MporpaMM HUCIOIb3YIOTCS JIMYHOCTHO-OPUEHTHPOBAHHBIE TEXHOJIOIMHU
oOy4eHwusl (TEXHOJIOTUH MMPOCKTHOW W UCCIIEIOBATEIILCKON IEITETLHOCTH).

Peanuzanus MPOrpaMMBbl MpeaIoaaraet UCIIOJIb30BAHUE
3I0pOBbECOEPETAIONINX TEXHOJIOTUH, PeaU3YIOUINXCSA Yepe3 co3JaHue Oe30MacHbIX
YCJIOBUH, TaKWX KakK BKIIOUEHHE B 3aHATHE JMHAMUYECKHX TMay3, MEepUOANYEcKas
CMEHA JIeATEeIbHOCTU 00YUaIOIINXCsl; KOHTPOJIb COONIOEHUS 00yUYaroIIMMUCS TTPaBUI

pab6otsl Ha [IK; co3ganue 61aronpusTHOTO MCUXOJIOTUIECKOTO KIIMMaTa B TPYIITIE.



OTanuyMTeIbHAsA 0CO0EHHOCTH MPOrPaAMMBbI

[IpencraBnsgemas mporpaMma OCHOBaHa Ha MeTOAMYECKOM HHCTPYMEHTapHH
HactaBHUKa «HanokBantyM Tynkut» (M.MyxuH u 1p. — 2-¢ u3a., nepepad. u Jo1m. —
M.: ®oHa HOBBIX opM pa3BuUTHA 00pazoBanus, 2019), uMeeT MOAYIBHYIO CTPYKTYPY
U 3aJI0)KEHHYI0O BO3MOXXHOCTb CETE€BOI'0 B3aMMOJEWUCTBHsS. MOIyJNH, MOCTPOEHBI HA
MPaKTUKO-OPUEHTUPOBAHHBIX HMHXKEHEPHBIX M  MCCIEJOBATEIIbCKUX  MPOEKTaxX
(MHAMBHYaTbHBIX WK TPYNIIOBBIX), HAIIPABJICHHBIX HA PEIICHHE 3a/1a4 MPUKIIATHOTO
1 QyHIAMEHTAJIHOTO XapaKTepa.

OpraHu3anMoOHHO-NEeJArornYecKue ycJa0BUsA

[Ipu peanuzanuu  JTONOJHUTEIBHOM  OOLICOPA3BUBAIOIICH  MPOTrpaMMBI
UCIIOJIb3YETCA TEXHOJIOTUSI TPOEKTHOM eITeTbHOCTH.

JlanHasi mporpaMma peanu3yeTrcss B paMKaX CETEBOTO B3aUMOJICUCTBHS U
ABJISIETCS YACThIO IpOrpamMM  I1aHa BHeypouHoi nedaresnbHoct OOIT OOO0.

[Iporpamma  mpenmnonaraeT 2 ypoBHS OOyYEHHMs: BBOJHBINA, MPOEKTHBIM.
Kaxxp1il u3 ypoBHEH MMEET 3aKOHUEHHYIO CTPYKTYPY CO CBOMM IEJSIMU, 3a/la4aMu U
OKMJAEMBIMU PE3yJIbTaTaMU U 3aKaHYMBAETCS 3AIMUTON MPOEKTA.

Peanusamnus nporpamMmbl MOKET OBITh OCYIIECTBJIIEHA KaK Ha COOCTBEHHBIX
pecypcax KBAaHTOPHUYMA, TaK W IpPU MOAJECPKKE CETEBBIX M HHIYCTPUAJIBHBIX
apTHEPOB Y€pE3 CETEBOE B3aUMOJIEHCTBHE.

CoBMecTHast ~ J1€ATENbHOCTh  YYaCTHMKOB  00pa30BaTeNbHOrO  Ipolecca
BBICTPAWBACTCSI HAa NPHHOMIAX 3MOLMOHAIBHOM 3HAYMMOCTH, OTKPBITOCTH,

NEeATeIIbHOCTH, 0OPAaTHOM CBSI3M M CyObEKTHOCTH 00YyUaroIIerocs.

Cpok 0CBOEHHS MPOTPAMMBI, Pe:KUM 3aHATHI

Cpox ocBoeHHsI 00IIEepa3BUBAIONIEH MPOTPAMMBI OIpPEAEIsieTCS B y4eOHOM
IJIaHE, KOTOPBIM SBISETCS NPWIOKEHUEM W MOXKET OOHOBISITRCA 1O Mepe
HEOOXOTUMOCTH.

[IpogoikuTeNbHOCT OJHOTO 3aHATUA — 45 MuHyT. KoimuecTBO 3aHATHI B

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



oOHOBIsieMbIM  mpuioxkeHueM Nel), kajneHAapHbIM TrpapuKOM  (SBIISIOIIMMCS

OOHOBJISIEMBIM NPUIIOKEHHEM No2).

Ili1anupyemble pe3yabTaThl OCBOCHHUSI 00Pa30BaTEJIbHOM MPOrPaMMbI
3HaHueBbIe U NPOeCCHOHATIBbHbIE KOMIIETEHIIUU

3HaHKE/TIOHUMAHHUE YYalmnuMHucCH.

- IpeAMETa HAHOTEXHOJIOTHH;

- OCHOBHBIX BHJIOB HaHOOOBEKTOB W HAHOMATEPHAIOB, WX OTIMYHUTCIBHBIX
0COOEHHOCTE;

- MPUOOPOB M YCTPOMCTB, pa3padaThiBACMBIX HA OCHOBE HAHOMATEPHAJIOB;

- IPUHITMIIA PAa3MEPHOTO0 KBAaHTOBAHWUS M YCJIOBHS HaOJIOJICHUS KBAaHTOBO-
pa3MepHBIX SBJICHUI;

- OCHOBHBIX TapaMETPOB, OMPEACIISIONINX CBOHCTBA HAHOOOBEKTOB, METOJIbI U
nprOOPHI UX XapaKTEePU3aIIUH;

- K1accupuKanyMyu, BO3MOXKHOCTCH W  Ha3HAYCHHWs] OCHOBHBIX METOJIOB
MOJIyYeHHUsI HAHOMAaTEPHAJIOB;

- TEXHOJIOTHYECKOTO O0OpYJOBaHUS W OCHOBHBIX METOJOB TOJYyYCHHS
HAHOIIOPOIITKOB, HAHOCJIOEB U KOMIIAKTHBIX HAHOMATEPHAJIOB;

- OCHOBBI 00pabOTKM HAHOCTPYKTYPUPOBAHHBIX MAaTE€pUAJIOB, METOJIOB U
TEXHOJIOTHH TOJTy4YeHNSI HAaHOKOMITO3UTOB;

- PUHIIMIIOB, 3aJI0’KEHHBIX B KOHCTPYKIIMH U IporpamMmMHoe obecrieuenue C3M;

- pU3HUECKUX U XUMUYECKUX CHCTEM ITOHUKEHHON Pa3MEepHOCTH,

- OCHOBHBIX HAyYHO-TEXHHUUYECKUX IMPOOJIEM HAHOTEXHOJIOTHU W TEPCIEKTHB
pa3BUTHS JaHHOM 00JIACTH 3HAHU;

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

YMeHus:

- MPOTHO3UPOBATh  YCTOMYMBOCTh W (DU3UKO-XUMHUYSCKHE  CBOMCTBA

HaHOOOBEKTOB U HaHOMATCPHUAJIOB,



- aHaJIM3UPOBaTh M NPEJICKa3blBaTh TEHACHIMHM Pa3BUTHS CErMEHTAa pbIHKA
MPOIYKIMU HA OCHOBE HAHOPa3MEPHBIX CUCTEM;

- BBIOMPATh ONTUMAIbHBIE PACXOJHBIE MATEPUAJIBL;

- OPUEHTUPOBATHCA B COBPEMEHHOHN JMTEpaType M BECTH JHUCKYCCHIO IO
HAaHOTEXHOJIOTUH;

- CAaMOCTOSITEJIbHO CTaBUTh 3aJauyd IO CO3JaHUI0 WM MPAKTHYECKOMY
MPUMEHEHUI0 HAaHOOOBEKTOB M HAHOMATEPUAJIOB JJI PEUICHUS KOHKPETHBIX 3aaad
HAaHOTEXHOJIOTUH;

- OPUEHTUPOBATLCA B METOJAaX IMOJYYEHHS U HCCIEAOBAHMS HAHOCTPYKTYP,
CKaHUPYIOIIEH TYHHEIbHON MUKPOCKONHMH U CIIEKTPOCKOIUH;

- IPOBOJIUTh MAaTEMAaTUYECKHUE PACUETHI C TOMOIIBIO MPOTrPaMM;

- IPUMEHATh MaTEMaTUYECKUE HHCTPYMEHThI B MPOEKTHOW AESTEIbHOCTH.

dopMUpOBaHUE HABLIKOB:

- TBOPYECKOT0 0000IIECHUS MOJYICHHBIX 3HAHUM;

- paboTthl Ha C3M pa3IMYHBIX TUIIOB;

- aHAJIM3a TaHHBIX, TIOJYYEHHBIX ¢ ToMoIbio C3M;

- KOHKPETHOTO ¥ OOBEKTHBHOTO W3JIOKEHUs CBOMX 3HAHWUU B NMHCHMEHHON H
yCTHOU ¢opme,

- GyHIaMEHTaNbHBIX 3HAHUH O CHelu(UKe TIOBSJACHHUS BEIIECTBA B
HAaHOMETPOBOM Pa3MEpPHOM JUaIa30He,

- MOHMMAaHUs MEXaHW3Ma BO3HUKHOBEHHUS pa3MEpHBIX (PU3NICCKUX H
XUMUYECKUX d(PHEeKTOB;

- IJJAHUPOBAHMS U BBIMOJHEHUS YYEOHOrO0 TMPOEKTa C HCIOJIb30BaHUEM
o0opyoBaHUs, MOJIeNIEH, METOJIOB U IPUEMOB, 3aIIUTHI TIPOEKTA.

YHuBepcajbHble KOMIETEHIMHU:

- YMEHHUE TeHePUPOBATh UJICH YKa3aHHBIMHU METOIAMU;

- YMEHHUE CITyIIaTh U CIIBIIIATh COOCCEeTHHKA,;

- YMEHHUE apTyMEHTUPOBAHHO OTCTAUBATh CBOIO TOUKY 3PEHUS;

- yMEHHUE HAXoauTh WHPOPMAIMIO B  CBOOOJHBIX HWCTOYHUKAX U

CTPYKTYpHUPOBATH €€;



- YMEHHE KOMOMHUPOBATh, BUOU3MEHSITh U yIIy4lllaTh UCH;

- HaBBIKM KOMaHJHOU paboThI;

- YMEHHE TPAMOTHO MTUCbMEHHO (POPMYIUPOBATH CBOU MBICIIH;

- KPUTUYECKOE MBIIUICHHE U yMEHHE OOBEKTHBHO OLICHHBATH PE3YJIbTAThI
cBOEl paboTHI;
- OCHOBBI OpPAaTOPCKOT'0 MacTEepCTBA.

YpoBeHb CHOPMUPOBAHHOCTH U OCBOCHHOCTH HABBIKOB BBISIBISIETCS B XOJE
3aIIUT YY4EOHBIX MPOEKTHBIX PaboOT.

[To utoram oOyueHUs TOKHO CHOPMHUPOBATHCS MPECTABICHHE O CIOCO0E
MPOBEJICHUS HAYYHOTO HCCIEHOBAHMS, aKTyaJbHBIX 3aJa4yax, CaMOOMPEAEIEHUE C
00J1aCTBIO JTanbHeuII e MPOEKTHO-UCCIIEI0BATEIbCKOM JIeATCIBLHOCTH,
IPOJIEMOHCTPUPOBAHA CITOCOOHOCTh M TOTOBHOCTH MMPUMEHSTh MOy YSHHBIE 3HAHUS Ha
MpaKTHKE.

PaGora TIpOEKTHBIX TPyNIl MPOBOAUTCA IO pPa3HBIM  HAMPABJICHUSIM
UCCJICIOBAaHUN C YUETOM MHTEPECOB yUaIIUXCHI.

@DopMbI aTTECTALUM
OcHOBOII aTTECTAIMHU SBIISIETCSA MPOCKTHAS JIESITEILHOCTD YUAIUXCS.
IIpome:xxyTouHasi aTrecTalmMsi — BBINOJIHEHHE  ONPEACIEHHOr0 HATama
MIPOEKTA MO/ PYKOBOJCTBOM HAaCTaBHUKA.

HToroBoii arrecramueii sBaseTcs pa3padoTKa U 3aIuTa IIPOCKTa .

CucreMbl OLIEHKH Pe3yJbTATOB 0CBOEHHSI 00pa30BaTeIbHONH MPOrpaMMbl

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

KpuTepuu oneHKH my0JJUYHO Npe3eHTAluU MPOEKTA:

AKTyaTbHOCTh M 3HAUUMOCTH TIpoekTa (0T 0 10 5 6aioB).
CooTBeTcTBUE pe3yibTaTa noctaBieHHou uenu (0-5 0anios).

YpoBeHb 3aBepiieHHOCTH MpoekTa (0-5 0anoB).

B W npoE

YpoBeHb CaMOCTOATENIBHOCTH MPHU BBIMOJHEHUH padoThI (0-3 Oana).



5. KauecTtBo npe3enrtanuu npoekra (opopmiienue, au3zaiin) (0-3 Oanna).
6. KaudectBo 3ammrthl npoekta (yCTHOE BBICTYIUIEHHME) M Yy4YacTHE KaKIOro B
3amute (0-3 6amna).
1. YMeHue oTBe4aTh Ha BOMPOCHI U OTCTaWBaTh CBOIO TOUKY 3penus (0-3 Oanna).
8. AHalM3 HAy4YHbIX U WH)XEHEPHBIX MCTOYHUKOB, KOHKYPEHTHBIX MOAXOIOB K
aHaJIOTUYHOM Win Oan3Kkoi 3amade (0-3 Oamia).

VY4eHukaM, yCremHo 3aluTUBIIUM IpoeKT oT 20 6aJIJI0B U BBILLIE, TOCETUBIIUM
70% 3aHATUI 110 TPOrpaMMe PEKOMEHAYETCS MTPOJOJIKUTH 00YyUEHUE Ha CIEeAYIOLEM
ypOBHE. YUeHUKaM, HAOPaBIIUM IO pe3yJIbTaTaM 3allUThI poekTa MeHee 20 6aoB,
a Taxke nocetuBmiuM MeHee 70% 3aHATHI MO mporpaMme peKOMEHyeTcsl BbIOpaTh
oOydyeHHe IO Jpyrol JOMOJHUTENbHOW oOmepa3BuBatonieil mnporpamme T
«KBaHTOpHYM).

Mertoanueckoe obecneyeHue

MeTtoapl, MCHOJAb3yeMble MeAAroroM — pa3jMYHbIE MPUEMbl AKTUBU3ALMU
MHTEpeca K MPEeIMETHOMY COACPIKAHUIO:

- acunmuTanus;

- MOZIEpalIts;

- HCIIOJIb30BAaHUE MTPOBOKATUBHBIX METO/IOB B TEOPUH O0yUEHHUS U TBOPUECTBE;

- Mpo0JIeMaTH3aIIHS;

- CXeMaTHu3alHusl.

Y4eOHO-MeTOANYECKHE U THIAKTHYECKHE CPeICTBA 00yYeHU:

- BUKTOPUHBI, aHKETHI;

- Keiic-3a1anus, OJIM3KUE IO TEMATUKE COJEPIKAHUIO 3aHATHI;

- Hay4YHO-TIOMYJISIpHBIE (PUIIBMBI, BUJICOMATEPUAIIBI,

- IPE3E€HTalNH, IOJATOTOBJIEHHBIE TIEAATOTOM;

- cipaBouHble  Tabmuubel  (MeHneneeBa,  pacTBOPUMOCTH,  BSI3KOCTH,
TEMIIepaTypbl KUTICHHUS], TUTABJICHUS U JIP.).

MarepuajbHO-TeXHHYECKOE o0ecneyeHune
OobOopynoBanme:

- MUKPOCKOIBI (ONITHYECKU, METAITOTpapuiIeCKuil, HHBEPTUPOBAHHBIN );

10



- BEChI (AaHAIUTUYECKUE, TPEIIU3UOHHBIC);

- CIIEKTPOOTOMETP;

- LeHTpU(yTra, MarHUTHasI MEUIaJKa;

- CKaHUPYIOLIUHN 30HAOBBI MUKPOCKOII,

- IEPCOHANIbHBINA KOMIbIOTEp (HOYTOYK) C BBIXOAOM B ceTh HWHTepHET u

YCTAaHOBJICHHBIM CIICTIHAJIU3HUPOBAHHBIM IIpOI'paMMaM O6CCHC‘ICHI/ICM;

- BCIIOMOT'aTCIbHOC

o0opynoBaHue (mucmeprarop,

TUACTUILIATOP,

yJIbTPa3ByKOBasi MOMKa, BO/IsTHASL OaHsl, CYIIUIbHBIN 1IKad, pedpakromerp u T.11.);

- IPOCTHIE U3MEPUTEIbHBIE npuOopsI (undposoit

IITAHTEHUIUPKYJIb U T.I1.);

- Habop 1abopaTOPHOM MOCYIbL;

- naboparopHas Mebeb, 0011e1a00paTOPHBIC MPUHAICKHOCTH;

- pacXoJiHble MaTep

Habl;

- CIICH. OACKAA-XAJIAThl, 3dallIUTHBIC OYKH, IICPUATKHU.

YYEBHO-TEMATHUYECKHAM IIJIAH

MYJIBTUMETP,

KosaunvecTBo yacos
Ne
HaunmeHoBaHMe TeMbl B Tom 4ucie
n/n Bcero
Teopusi | [IpakTuka

1. Broanoe 3anstue. TexHuka 6€30MacHOCTH MPU 1 1 0

pabote B J1abopaTtopuu
2. YpoBHU OpraHu3alMKi MaTepun 2 1 1
3. OnTruyeckass MUKPOCKOTIHS 2 1 1
4, Hanomarepuaiibl 1 HAHOTEXHOJIOTUU BOKPYT 2 1 1

Hac
5. Keiic «Mup cuMMeTpUn KpHUCTALIIOBY 3 1 2
6. AmnoTponHbie MOIU(pUKALIUY yTepoaa 2 1 1
7. W3mepurenbHble TpUOOPHI B 1aOOPAaTOPUH 2 1 1
8. Mertoabl cuHTE3a HAaHOMAaTEePUaIOB 1 1 0
9. Keiic «ITomyuyenue HaHO4acTHIl cepedpa 2 1 1

METOJIOM XUMHUYECKOTO BOCCTAHOBICHUS
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10. | Keiic «IlomyueHre MarHiTHBIX HAHOYACTHUI] 3 1 2
METOZIOM XUMHYECKOTO OCAKIACHUS U3
pacTBopa»
11. | 301b-resb TEXHOIOTHs 2 1 1
12. | Pabora na C3M NanoTutor 3 1 2
13. | [loaroroBka MpoeKkToB 8 1 7
14. | 3amuTa NpoeKToB 1 0 1
Hroro: 34 13 21
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COLEPKAHUE ITPOI'PAMMBI

mupe: JJHK, Bupycsl,
MHUKPOOPTraHU3MBI,

MAaroMuTOTaKTHYCCKHEC 6aKTepI/II/I,

[
N Tema Teopus IIpaxkTuka
n/n
1. BBoaHoe 3ansiTHE. [Toxapnas 6€30MacHOCTD B -
Texnuka «KBanTOpHyME» H
0€301acHOCTH NIpU «HanoxBantyme». TexHuka
pabote B 0e3omacHOCTH TIpU padboTe B
nabopaTopun nabopaTtopuu, pu padoTe co
CTEKJITHHOM ITOCYJI0M, XUMHUYECKHUMHU
peakTUBaMH, JIEKTPOIIPUOOPAMH.
DKCKypcusi, 3HaKOMCTBO C
obopyroBaHEM
2. VYpoBuu opranuzanuu | [loustue marepun. [lose u PaGota ¢ paznuuabIMU
MaTepuu BeulecTBo. EnnHuIel nsmepenus npubdopamu 1Jist
JuHblL. [IpuctaBku CU. Mukpo-, U3MEpEHHUs
MaKpo- U MEraypoBHU OpraHM3alMi | F€OMETPUYECKHUX
Marepuu. PazmepHOCTh pazmepoB. IlepeBon
npoctpaHcTsa. [lonsaTne €AVHUL U3MEPEHHUS.
HAaHOOOBEKTa U HAaHOJUATa30Ha Pacuér nnomanu u
00BEMa
3. Onrtuyeckast Hctopus MUKpOCKOTIUH. N3ydeHue TeXHUKU
MHKPOCKOIIHS DyHAAMEHTAIBHBINA PAJICEBCKUN Oe3omacHOCTU MpH padboTe
KpUTEpUl. Y CTPOMCTBO ONTUYECKOTO | C ONTUYECKUM
MHUKpPOCKOIIa. XpOMaTH4YECKUE U MHUKPOCKOIIOM.
chepuueckue abeppanuu HccnenoBanue pa3inuHbIX
00pa3ioB moj
MHUKPOCKOIIOM
4. Hanomarepuainsl u Knaccudukanus HaHomatepranioB JemoHncTpanus
HaHOTEXHOJIOTUU 10 UX MPOUCXOKACHUIO. pa3IMYHBIX
BOKpYT Hac HaHo0OBeKTHI B OKpy KaromeM HaHOOOBEKTOB. PacuéTHble

3aJlayyl Ha OIpe/ieIeHne
[[BETa KPbLIbEB 0a00UKU

10 N300pakeHUsIM
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TOPHBIE TTOPOJIBI, a3PO30TH, P PEKT
JIOTOCA, JIATIKU TeKKOHA, KPbLIbS

0abouYeK, omaaeCIeHIIUS

NEPUOANUECKUX
HAHOCTPYKTYD, U3

KOTOPBIX COCTOAT KPbLIIbA

Keiic «Mup [IpupoHbIE U UCKYCCTBEHHBIE JemoncTpanus
CUMMETpPUHU Kpuctajuibl. Kpucramioruaparsl. IPUPOJIHBIX KPUCTAILJIOB.
KPUCTAJUIOBY VYcnoBus 00pazoBaHusi KpUCTAIUIOB. | M3yueHne TEXHUKU
AKTyasnbHbIE 33]1a41 6e3omacHOCTH Mpu padoTe
HAHOTEXHOJIOT U1, CBSI3aHHBIE C C HEKOTOPbIMU
KPUCTAJUTMUECKUM COCTOSIHUEM KpUCTAJIIOTHApaTaMH.
N3yuenne n aHamm3
pa3IMYHbIX UCTOYHUKOB
uH(popMaLnu.
BeIpamuBanue
kpuctayios. Habmonenue
3a POCTOM KPHCTAJIOB
AnnoTponHsle Annotponus. YTiepoa Kak N3yueHne cBOWCTB
Moau(pUKAITIT BEIIECTBO C HAOOJIBILIUM YHCIOM Pa3IMYHBIX aNIOTPOIHBIX
yriepoja QJIJIOTPOIHBIX MOIUPHUKALIUHA. MoJUHKALMNA yriaepoa.
AMopGHBIE U KPUCTAIUTUYECKHE Coznanue rpadeHa mpu
QJJIOTPOIHbIE MOAUDUKALIUT MOMOIIY KapaHjauia u
yriaepoja. YIiaepoaHsle CKOTYa, UCCIIEZIOBAaHUE €TI0
HaHOCTPYKTYpBI (IpadeH, ONTUYECKUX CBOMCTB O]
yriepoHble HAHOTPYOKH, MHUKPOCKOIIOM
bynnepeHsl) U UX 0coObIe CBOHCTBA
W3mepurenbHbIe [Tpunune! paboTs! 1 JabopaTopHble | M3yueHue TexHUKH
puOopHI B IPUMEHEHHs MaHOMETpa, Oe3omacHoCTH IIpU pabore
nabopaTtopuun 6apomeTpa, TepMOMETpa, C pa3IMYHbIMU

rurpometpa, pH-metpa,
KOHIYKTOMETpa, cojemepa,

apeomMeTpa, MYJIbTUMETPaA

HU3MEPUTEIIBHBIMU
npudopamu. 3smepenue
JABJICHUSI, TEMIIEPATYPHI,
BIIQXKHOCTH, PH,
MIPOBOJIUMOCTH,
COJIEHOCTH, IJIIOTHOCTH,
CHUJIBI TOKA, HAIIPSKEHUS,

COIIPOTUBJICHU A
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Mertoanl cuaTe3a

HaHOMAaTepHUajoB

Hanomatepuaiibl 1 HaHOpa3MEpHbBIE
00bekThl. [ToHsITHE HAHOPAa3MEPHOTO
00BEKTa KaK MIPOMEKYTOUHOTO 3BEHA
MEXY OTJCIBHBIM aTOMOM HITN
MOJIEKYJIOH U 0ObEMHBIM
marepuanoM. [IpocTpaHncTBeHHBIE
pa3MEepHOCTH HAaHOMATEPHAJIOB.
Merto/1bl CHHTE3a HAHOMATEPUAJIOB.
[Moaxon «cBepxy-BHU3» (top-down)
U TIOX0]T «CHU3Y-BBepXx» (bottom-
up). ®@oronurorpadus,
MOJIEKYJISIPHO-ITyYKOBAs! SIMTUTAKCHS,

JUCIIepCHsl, TUAPOTEPMAIIbHBIN

CUHTE3
9. Keiic «Ilonyuenue Cepebpo, 0coObIe CBOMCTBA €0 Nzyuenne TexHuku
HaHOYacTHI] cepedpa | HaHOYacTUIl. CIIOCOOBI MOTyYEHUS 0e3omacHOCTH MpU padoTe
METOJIOM HaHOYACTHI] cepedpa METOJIOM C aMMHUaKOM U HIeJI0YaMHU.
XUMHUYECKOT0 XUMHUYECKOT'0 BOCCTAHOBJICHUS Nzyyenue u ananus
BOCCTaHOBJICHUS MOHOB cepelpa. Peakius Pa3IMYHbBIX UCTOYHUKOB
cepeOpsIHOTO 3epKayia Kak nHpopManum.
WJUTIOCTPALIMSI BOCCTAaHOBIJICHUS [TorydyeHne HaHOYACTHII
HMOHOB cepelpa rIIrK030it cepebpa. BeiiBikenue
TUIOTE3 [0 MPUMEHEHHUIO
MOJTy4YE€HHBIX HAHOYACTHII
B Pa3JIMYHBIX 001aCTAX
HAYKH, METUIIUHBI U T.]I.
10. | Keiic «Ilonyuyenue ®eppomarHeTuku. JIBOMHON OKCHUJL N3yueHune TeXHUKu

MardiuMTHBIX
HaHO4YaCTul MECTOA0OM
XUMHNYCCKOI'O
OCaAXIACHUIA U3

pacTtBopa»

JkKenesa, 0coObIe CBOIMCTBA €ro
HaHouacTHil. CriocoObl MOTy4YeHHs
(beppoOMarHuTHBIX HAHOYACTHII
METOJ0M XMMHUYECKOTO OCAXKICHUS
u3 pactBopa. Ctabunu3zanus

HaHOYaCTHI]

0e30macHOCTH MpHU padoTe
¢ ammuakoMm. Mzyuenue u
aHaJIU3 PA3IUYHBIX
HUCTOYHUKOB UH(POPMAITUH.
[TomydyeHne MarHUTHBIX
HAHOYACTHI] KX CMECH
CoJIEN XKenesa.

BriaBrxeHHe THIIOTE3 10

15




MIPUMECHECHUIO
MOJTy9YEeHHBIX HAHOYACTHII
B Pa3JIMYHBIX 0071aCTIAX

HayKH, MEJIULIUHBI U T.]I.

11. | 3onb-renp Hucnepcuble cuctemsl. Komnounnsie | M3yueHne TeXHUKU
TEXHOJIOTHSI CHUCTEMBI: 30JI1 U reu. MeTopl 6e3omacHOCTH Mpu padoTe
HOJTYYCHUS 30JI€H U TeTIeH. C pa3IMYHBIMU
OnTuueckre CBOMCTBA KOJUIOMAHBIX | XUMUKaTamu. [lomyuenne
cucteM. Dddext Tunnans. 301b- 30JI€H U TeNel U 3y4eHue
relb TPOoIecc UX CBETOIPOBOJISIINX
CBOMCTB
12. | Pa6ora ma C3M Uctopus C3M. N3zyuenue N3ydyeHne TeXHUKU
NanoTutor KOHCTPYKIUU U PUHIUIIOB paboThl | O€30MacCHOCTH MpHU paboTe
CKaHMPYIOILIEro 30H10BOI0 Ha C3M. Pabora Ha
MHUKPOCKOTIa BUPTYaJIbHOM TpEHaXEpe
C3M NanoTutor
13. | [loaroroBka MpoeKkToB. Y4eOHO-HCCIIEOBATENBCKAS U TIPOCKTHAS 1A TEIHOCTH!
0COOEHHOCTH, ITAIbI, )KU3HEHHBIH UKL, pe3ynbTaTsl. KomannoobpaszoBaHue.
Ilenenonaranue
14. | 3amuTa nmpoekToB. CTeHI0Bas, Mpe3eHTAIIMOHHAS
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IINIAHUPYEMBIE PE3YJIBTATBI

O0yyarwmuecs 10/15KHbI 3HATh:

- TePMUHOJIOTUI0O U OCHOBHBIC TOHSTHS, CBSI3aHHBIE C HaHOMaTepHAIaMU U
HAaHOTEXHOJIOTUSIMH;

- OCHOBHBIE METO/IbI MOJyYSHUSI HAHOMATEPUAJIOB U HAHOCTPYKTYP;

- IEPCTIEKTUBBl  Pa3BUTUSI  METOJOB  TOJYYEHUS HAHOMATEpUAJIOB U
HAHOCTPYKTYD;

- METOJIBI M TEXHOJIOTUU TOJy4YeHUsT HAHOPa3MEPHBIX CHUCTEM M HX
MPaKTUYECKOW peanu3aliuu Ha MPEANPUATHSAX Ui TOBBIINICHUS YCTOWYMBOCTH U
KOHKYPEHTOCIIOCOOHOCTH MHHOBAIIMOHHOTO OM3HECa;

- pusnueckue OCHOBBI, MHCTPYMEHTAJIbHbIE MPUHIUIBI U JTUATHOCTUYECKHUE
BO3MOXKHOCTH METOJIOB CKaHUPYIOIIEH 30HJI0BOM MHUKPOCKOIHMH, CIIEKTPOCKOIUHA U
autorpaduu, SABISIOMIETOCS OJHUM M3  0a30BBIX METOJOB  COBPEMEHHOM
HAHOAMATHOCTHKHU.

Ymers:

- IOJIB30BAThHCS JTA0OPATOPHBIM 000PYIOBAHHEM: MUKPOCKOTIOM ONTHYECKHUM,
UHBEPTUPOBAHHBIM, MeTaiorpad@uuecKum, BECAMHU aHAJIUTUYECKUMH,
IPEIU3NOHHBIMH; CIIEKTpooTOMEeTpOM, MEHTPpU(PYro, MarHUTHON MeEIIAIKOM,
CKAHUPYIOIIUM 30HIOBBIM MUKPOCKOIIOM;

- IOJIb30BAThCS ~ BCIIOMOTATENBHBIM  OOOpPYAOBAaHHEM:  JTUCIIEPTraToOpoM,
JTUCTUJUISITOPOM, YJIBTPa3BYKOBOII MOWKOM, BOASHON OaHEH, CYIIUIBLHBIM ITIKaQoM H
T.I., TPOCTHIMU H3MEPHUTEIBHBIMU TpuOopamMu (MUPPOBHIM MYyIbTUMETpOM, pH-
METpOM H© T.I.), HaOopoM 1abOpaTOpHOW TOCYIbI, 00IIeNIad0paTOPHBIMH
MIPUHAJICKHOCTSIMU U PEAKTUBAMH.

- paboTaTh C MEPCOHATHHBIM KOMITBIOTEPOM (HOYTOYKOM) C BBIXOJOM B CETh
WNuTepHeT Ha ypOBHE MOJIB30BaTeNsl, 3HATh OCHOBHBIE mporpammbl (MS Word, MS

PowerPoint, 6pay3epsr);
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- UCKaTh, aHAIM3UPOBATh U 00001IaTh HEOOXOAUMYIO UH(OPMAIIUIO, IPOBOIUTH
e€¢ Bepudukanuo, padbotath ¢ UHGOPMAIMOHHBIMU MUCTOYHUKAMH (B TOM YKCIIC Ha
AHTJIMICKOM SI3BIKE);

- IOATOTOBUTh MW TPEACTaBUTh TIPAMOTHYIO MPE3EHTALMIO0 [UIsl 3allUThI
MPOEKTHOU pabOThl, B TOM YHCII€ HA AHTJIMHCKOM SI3bIKE.

Pe3ybTaToM ycBOeHHMSs 00y4al0IIMMUCS NPOrPaMMBbI 110 Pa3BUBAKOIIEMY U
BOCIIUTATEJIbHOMY aCHEeKTaM SIBJISAIOTCSH:

- YCTOWYUBBIA HHTEpeC OOYyYAIOMIMXCA K COBPEMEHHOMY E€CTECTBO3HAHUIO U
HOBEHIIINM TEXHOJIOTHSIM;

- aKTUBHOE y4acTHE€ B HAYYHO-UCCJIE0BATENHCKON U MPOSKTHOM A TENbHOCTH;

- TOCTH)KEHHUS B MAaCCOBBIX MEPONPUITHUSIX PA3IMYHOTO YPOBHS;

- yMEHUE IUIAHMPOBATh MPEJICTOSIINE JIEUCTBUS, CAaMOCTOSITEIbHO pEelIaTh
3a/layu B mpolecce padboThl, pallMOHAILHO BBITIOIHSATD 3a/1aHMUS;

- pa3BUTHE  BOJIEBBIX  KAaueCTB  JIMYHOCTH  (JIMCUUILTMHUPOBAHHOCTH,
LEJICYCTPEMIIEHHOCTh, CAMOCTOSITEIBHOCTH, OTBETCTBEHHOCTH, HACTOMYMBOCTH B
JOCTH>KEHUU MTOCTABJICHHOW LIEJIH U T.[1.);

- YMEHUE CaMOCTOSITENIbHO OCYIIECTBISTh TMOUCK HHGPOPMAIMH, HCIOIb3YS
pa3InYHbIE UCTOYHUKH, U CTPYKTYPUPOBAThH €€;

- CIIOCOOHOCTh MPOIYKTUBHO OOIIATHCS B KOJUIEKTUBE, CIYIIATh U CIBIIIATH
co0eceHHKA;

- COCOOHOCTH PaboTaTh B KOMAaH/IE,

- yMEHUE TPaMOTHO (OPMYIUPOBATH CBOM MBICIH, aPTyMEHTUPOBAHHO

OTCTanBaTh CBOIO TOYKY 3pPCHUAI.
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