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IHosicHUTEBHASA 3aIIMCKA

JlononHuTenbHas ood1iepaszBuBatoiias nporpamma «lIpoektHas nesteabHocTh. Hano.»
pa3zpabotana Ha ocHOBaHuM DeaepanbHOTO 3akoHa OT 29.12.2012 Ne 273-D3 «0O06
oOpa3oBanuu B Poccuiickoit denepanny», KoHnenuu pa3BuThs TOMOJHATEIEHOTO
obpazoBanus nereit 10 2030 roxa.

HanpasjieHHOCTH NPOrpaMmabl

ECTCCTBGHHOH&Y‘IH&H

AKTYaJIbHOCTh MPOTrPaMMbI

[To Mepe pa3BUTHs TEHACHIIMN MUHUMHU3AIMY TEXHUUYECKUX U MTH(GOPMAIIMOHHO-
TEXHUYECKUX CHCTEM, OOPETCHHUS MMM HOBBIX ()YHKIIMOHAJIHHBIX XapaKTEPUCTHK BCE
0oJee akTyaJIbHBIMHU CTAHOBSITCSI BOIIPOCHI CO3/IaHUS M IPUMEHEHUSI HAHOPa3MEPHBIX
MaTepHaJioB, TEXHOJIOTMH CHHTE3a M MPOU3BOJCTBA KOTOPHIX CTAHOBATCS OCOOCHHO
BOKHBIMU W TIEPCIEKTUBHBIMU. JIJ1s1 peacKa3pIBaHus, OICHUBAHUS W YIIPABICHUS
CBOMCTBAaMU HAHOTEXHOJIOTMYHBIX MPOIYKTOB, OMpEEIeHUs 00JIacTh HX pabOThI
HEOOXOJMMO TIOHMMAaTh, KAaK MEXaHW3MBI, JICKAIlHe B OCHOBE (HOPMHUPOBAHUS
HAaHOMATEPHAJIOB U HAHOPA3MEPHBIX CHCTEM, TaK M MPOTEKAIOIINE B HUX TPOIECCHI,
oOycaBnuBarome 0COOCHHOCTH UX paboThl. C BBIXOJ0M Ha PIHOK HAHOTEXHOJIOTHIA,
«YMHBIX» MaTEpPHAJIOB, HOBBIX MPUOOPOB M JICKAPCTBCHHBIX BEIICCTB 3HAHUS
MOJIPACTAIONIETO0 TIOKOJICHUsIT B JToi cdepe OyayT CcrmocoOCTBOBAaTH HOBBIM
TOCTIDKCHHUSIM BO MHOTHX OTpacisiX HAayKd W TMPOMBIIIJICHHOCTH, a MOJIOIBIM
crenuanucTam  obecrnedar  BBICOKYIO  KOHKYPEHTOCIIOCOOHOCTh UM OOJIBIIYIO
BOCTPEOOBAHHOCTh Ha phIHKE Tpyaa. lIporpamma «HaHOkBaHTym» HampaBlieHa Ha
pasBuTHE MPOGECCHOHATBHBIX KOMIIETECHIIUH, MPOAUKTOBAHHBIX COBPEMEHHBIMU
YCIIOBUSIMH E€CTECTBEHHOHAYYHONW W TEXHUYECKOW HANpaBJICHHOCTH, W TPHU3BaHA
chopMHpOBaTh y MIKOJIHHUKOB 3HAHUS O METOJAX W TEXHOJOTHUSAX IOTYYCHUS

HAHOMOPOIIIKOB, HAHOCJIOEB, HAHOTETEPOCTPYKTYP U HAHOCTPYKTYPUPOBAHHBIX



MaT€puajlioB, B OCHOBC KOTOPLIX IJICKAT Pas3IMYHbIC (I)I/IBI/I‘{CCKI/IC u (i)I/I?:I/IKO-

XUMHUYICCKHUC ITPOLCCCHI.

Ilenaroruveckas 1ejieco00pa3HOCTb NMPOrPaMMbI

[Iporpamma  «IlpoexktHas nestenbHOCTh. Hano», TaBHBIM — 00pazom,
HaIpaBjieHa Ha pelleHrue MpopOpPUEHTAMOHHBIX 3a/1a4, 00ecreynBas BO3MOXHOCTb
3HAKOMCTBa OOYyYaIOIMUXCA C COBPEMEHHBIM OOOpPYJIOBAHHEM W COBPEMEHHBIMU
TpeOOBAHUSIMU K ITPOPeccusiM eCTECTBEHHOHAYYHON HAPaBJICHHOCTH.

Hanpasnenue «HaHOKBaHTYM» OCHOBBIBAETCS HA U3YUYCHUHU MAaTEPUATIOBEICHHUS
Ha MUKPO- U HAHOYPOBHSIX U POPMUPYET Y yUaluxcs yriyOJeHHbIC 3HaHUs B 00J1aCTH
XUMHUHM, OMONOTHUU, (PU3MKHU, TEXHUKH, a Takke (OpPMHUPYET HABBIKM PadOThI C
COBPEMEHHBIM HAYYHBIM 000OPYA0OBAaHUEM.

OOOCHOBaHHOCTh ~ M3y4Y€HHUSI JAHHOTO Kypca BbI3BaHa 3HAYUTEIHHOU
HAyKOEMKOCTBIO  MPOIECCOB  pa3pabOTKU U  HW3TOTOBJICHHUS MPOAYKIUU U3
HAHOCTPYKTYPUPOBAHHBIX MAaTEPUAJIOB, HOBU3HON HAYUHBIX pa3pabOTOK U OOJIBIIIMMHU
pUCKaMH TpU  OlEeHKe J(OPEKTUBHOCTH UX MCHOJb30BAHUS JIJII  CO3JIaHMS
KOHKYPEHTOCTIOCOOHON HAaHOMPOAYKIIMU, HEOOXOIUMOCThIO OTCIIEKUBATH TOCTOSIHHO
HU3MEHAIONTYIOCS KOHBIOHKTYPY Ha PhIHKE HAHOMPOAYKIIUU U HAHOTEXHOJIOTHA.

Metonosmornyeckomn OCHOBOM IPOrpaMMBbl SIBJISIETCS CHUCTEMHO-
NEATCIbHOCTHBIM ~ TOAXOJl, COYETAIONIMIICA C  pa3IMYHbIMH  COBPEMEHHBIMU
o0pa30BaTeIbHBIMU TEXHOJOTUSMHU, TAKUMH KaK TEXHOJOTHS PAa3BUTHUS MMOHSTUHHOTO
MBIIIJICHUSI, TEXHOJIOTHUS  HMCCIIENOBATEIbCKOM M  TMPOCKTHOW  ACATEIIHbHOCTH.
[IpuMeHeHUe  CHUCTEMHO-JEATEIbBHOCTHOTO  mojaxoaa Haubonee 3h(PeKTUBHO
CIIOCOOCTBYET (POPMUPOBAHUIO YHUBEPCATIHHBIX YU€OHBIX JEHCTBUMN.

ear mporpaMmmbl — TOpHUBJICYCHUE OOYYAIOIMIMXCS K HCCIIEI0BATEIIbCKOM,
M300peTaTeNbCKOM, HAyYHOW W WHXKEHEPHOW  JEATEIbHOCTH,  OBJIAJICHHUE
OOyYarOIIMMHUCS  COBPEMEHHBIMH  MPEJCTABICHUSMU O HaHOMarepuajgax u
HAHOCUCTEMAaX, a TaKX€ BO3MOXHOCTSIMU HWX UCIOJb30BAHUSA TIPU CO3/IaHUU
HayKOEMKOM IIPOIYKIIUH.

3axayu nporpamMmsbi:



- O3HAKOMJIGHHE OOydvaromuxcs ¢ 0a30BbIMH 3HaHUSIMU B 001acTH
HAHOTEXHOJIOTHUM;

- OCMBICIICHE€ OCHOBHBIX OTJIMYMUTEIBHBIX OCOOEHHOCTEH MaTepuasos,
HaXOAIIUXCS B HAHOCOCTOSTHUY;

- OBJIAJICHUE COBPEMEHHBIMH IPEACTAaBICHUSIMH 00 OCHOBHBIX MPHOOpaxX M
METOJaX HAHOJAWArHOCTUKU U UX aHAJIMTUYECKUX BO3MOKHOCTSX;

- OCBOCHHME OCHOBHBIX METOJIOB ITOJIYyYEHHS] HAHOMATEpUAIIOB U HAHOCTPYKTYD;

- 00yueHue HaBBIKaM OBICTPOrO OCBOEHMSI HOBBIX HHCTPYMEHTAJbHBIX H
TEXHUUYECKHUX CPEJICTB, B TOM YHCIE BBICOKOTEXHOJOTUYHOTO OOOpYyIOBaHUS U
MPUHIUIIOB paOOThI C HUM;

- (hopmupoBaHHe Y 00yUaIOLIUXCsl CHCTEMHBIX 3HaHUN O (PU3NUYECKHX OCHOBAX,
WHCTPYMEHTAJIbHBIX MPUHUMIAX M JUATHOCTUYECKUX BO3MOXHOCTSIX METOOB
CKaHHUPYIOIIEH 30HI0BOM MUKPOCKOIUU, crieKTpockonuu U autorpaduu (C3M, CJI),
SBIIIOLIUXCSI OAHUMHU U3 0a30BBIX METOJ0B COBPEMEHHON HAHOAMArHOCTUKH;

- (popMupoBaHUE y HIKOJIBHUKOB CUCTEMHBIX 3HAHUK O METOAAX U TEXHOJIOTHUSX
MOJYYEHHS] HAHOPA3MEPHBIX CUCTEM U UX MPAKTHYECKON peann3alini;

- OCBOEHUE IIKOJbHUKAMH TEPMUHOJIOTMH U OCHOBHBIX MOHATUMN, CBA3aHHBIX C
HaHOMAaTepHUaJlaMUd U HAHOTEXHOJIOTUSIMU;

- O3HAKOMJICHHE C  MPAKTUYECKOM  MaTreMaTHKOW; H3y4YE€HHE  OCHOB
KOMOMHATOPUKH, TEOPUH MHOKECTB, MATEMATHUYECKOW JIOTUKU; U3YYEHUE U pacyeT
TEOPHUH BEPOSITHOCTH;

- (hopMupoBaHME NpPEICTABIECHUN O MPOBEIECHUN MAaTEMAaTUYECKUX PACUYETOB C
MOMOILBIO POTPaAMM;

- pa3BUTHE MTO3HABATEILHOIO HHTEpPECA K MPOEKTHOMN JAEATEINBHOCTH, PELIEHUIO
M300peTaTeNbCKUX 3a/1a4, HAyYHO-TEXHUYECKOMY TBOPUYECTBY;

- OBJIQZICHUE OOYYaIOIMMUCS HAaBBIKAMH TPOCKTHOM JEATEIBbHOCTH, WX
MOJIFOTOBKA B 00JIACTH MPOEKTHOM 1€ATEILHOCTH HAa COBPEMEHHOM YPOBHE;

- O3HAKOMJICHHE C TMpaBWJIaMH TEXHUKM Oe30MacHOCTH TMpu padore ¢

BBICOKOTCXHOJIOI'MYHBIM O60py,Z[OBaHI/IeM;



- 00yueHue HaBbIKaM MCIOJIb30BAaHUSI HAYYHO-TIOMYJISIPHOW W CHPaBOYHOM
JUTEPaATypbl, UHTEPHET-UCTOYHUKOB;

- BBIpaboTKa y OO0y4aromuxcs HaBBIKOB KOMAaHJHOW paOOThl U ITyOJIMYHBIX
BBICTYIUIEHUH, JOKJIA0B.

- 03HAKOMJICHHE C TEXHHYECKHMMH TNpOoQeccHssMH M OOEeCIeueHue YCIOBUM
po(eCcCUOHANEHOTO CaMOOTIPEIEIICHHUS;

- pa3BUTHE HAOIOMATETLHOCTH, BHUMAHUSA, CIIOCOOHOCTH yYalIuXcs K
CaMOCTOATEILHOMY PEIICHUIO BOZHUKAIOIIUX MPoOIieM;

- MOMYJISIPU3AIUS HAYYHO-TEXHUUECKUX 3HAHUM.

Azpecatr mporpamMMmbl — y4ainuxcsi B Bo3pacte 14-15 ner, xenaroniyge 3aHUMAThCS
UCCJICIOBAHUSIMU B 00JIACTH HAHOTEXHOJIOT M.

®opma 00y4eHUs U BUbI 3AHATHI

®opma oOydeHHS — OYHAs, BO3MOXKHO HCIIOJIb30BAHUE JTUCTAHIIMOHHBIX
00pa30BaTeIbHBIX TEXHOJOTUNA U AJCKTPOHHOIO O0y4YeHHUs. 3aHSATHUSI IPOBOJATCS I10
rpynmnaM. KonuyectBo oOyuarommxcs B rpymnne — 10 12 yenosek. [lpu peanuzanmu
MPOrpamMMbl, MOTYT ObITh OpPraHU30BaHbI U MPOBEJACHBI MACCOBBIE MEPOIIPHUSATHUS JJIs
COBMECTHOM JEATEIbHOCTH O0YyJaIOIIUXCS U POAUTENCH (3aKOHHBIX MPEJICTABUTENCH ).

[Iporpamma mpeamnosiaraer BoIOOp (OpM 3aHSITUH, TaKMX Kak JIEKIMOHHBIE,
7abopaTopHble U TpaKTUYECKHe padOThl, CEMHHAPHI, MPOBEIACHHE IKCIICPUMEHTA,
UCCIIeI0BATENbCKas U MPOEKTHAs padoTa.

[To Tumy opraHu3zanuu B3aUMOJCHCTBUSA TEAAroroB ¢ OOYYaIOIIUMHUCS, TPH
peanu3aiu MporpaMM UCIOIb3YIOTCS JIMYHOCTHO-OPUEHTUPOBAHHBIE TEXHOJIOTHU
o0y4eHus (TEeXHOJIOTHUU MPOEKTHOU U UCCIIEIOBATENHCKON JEATEIHLHOCTH).

Peanu3zanus pOrpaMMbl MpeAnoJiaraet UCIIOJIb30BaHUE
3JI0pOBbeCcOeperarouMx TEXHOIOTUH, Peallu3yIOIIUXCA Yepe3 co3qaHue 0e30MacHbIX
YCJIOBUHM, TaKUX KaK BKIIOYEHUE B 3aHITUE JAUHAMUYECKUX IMay3, MEpUOIUYECKast
CMEHa JICITeIbHOCTU 00yUYaOINUXCs; KOHTPOJb COOTIOICHUS OOYHIArOITUMUCS TIPABUIT

pabots! Ha 11K coznanue 6;1aronpusaTHOrO MCUXOJIOTMYECKOro KIuMaTa B Ipyrre.



OTan4yuTeIbHAA 0CO0EHHOCTH MPOrPaMMbI

[IpeacraBnsiemass mporpaMma OCHOBaHa Ha MeETOAMYECKOM MHCTPYMEHTapuu
HacTaBHUKA «HanokBanTyM Tynkut» (M.MyxuH u nip. — 2-¢ u3j., nepepad. u oM. —
M.: ®onn HOBBIX (hopm pa3BuTus oOpazoBanusd, 2019), uMeeT MOAYIBHYIO CTPYKTYPY
U 3QJ0KEHHYIO BO3MOKHOCTBH CETEBOr0 B3aUMOAECHCTBHS. MoOaynu, MOCTPOEHBI HA
MIPAKTUKO-OPUEHTUPOBAHHBIX ~ MHKEHEPHBIX UM  HCCIENOBATEIbCKUX MPOEKTaX
(MHAMBUAYaIbHBIX WIHA IPYNIIOBBIX ), HAPABJIECHHBIX HA PELIEHUE 3a7a4 IPUKIaJHOTO
1 GyHIAMEHTAIBHOTO XapaKTepa.

Opranu3anMoHHO-NeJArOru4ecKue ycJI0BHsA

[Ipu peanuzanuu  JOMOJHUTENBHOM  OOIEpa3BUBAIONICH  MpOrpaMMbl
UCITOJIB3YETCSI TEXHOJIOTUSL TPOEKTHOM JEATEIIBHOCTH.

JlaHHasi mporpaMma pealm3yeTrcsli B pPAMKax CETEBOrO0 B3aWMOJCHUCTBUSA U
ABJISIETCA YaCThIO IPOrpaMM  IUT1aHa BHEYpouHO#l AesitensHocTH OOIT OOO0.

[Iporpamma npeanoyiaraeT 2 ypoBHS OOYYEHHMs: BBOJHBIA, MPOEKTHBIMN.
Kaxxnplii n3 ypoBHEN UMEET 3aKOHYEHHYIO CTPYKTYPY CO CBOMM LEISIMH, 3aJa4aMU U
OKMJIAEMBIMU PE3yJIbTaTaMH U 3aKaHYMBAETCA 3aILUTON IPOEKTA.

Peanuzanus nmporpaMMbl MOKET OBITh OCYILIECTBIIEHa KaK Ha COOCTBEHHBIX
pecypcax KBaHTOpUYyMa, TaK U MPU TMOIACPKKE CETEBbIX WU HMHIYCTPHAIBHBIX
IIAPTHEPOB YEPE3 CETEBOE B3aMMOICUCTBHE.

CoBMecTHast  JAEATENBHOCTh  YYaCTHHKOB  00pa3oBaTENILHOIO  Ipollecca
BBICTPAMBACTCS HA NPUHLOUIAX OMOIMOHAIBHOM 3HAYMMOCTH, OTKPBITOCTH,

JEATEIIbHOCTH, 00OpPaTHOM CBSA3U U CYOBEKTHOCTU 00YUYarOIIErocs.

Cpok ocBo€eHMsI TPOrPaAMMBbl, PEKUM 3aHATHI

Cpok ocBoeHHUs OOlIepa3BUBAIOIIEH MPOrpPaMMBbl OMpPEACNsICTCS B y4eOHOM
IJIaHe, KOTOPBIM SBISCTCS TIPHUIOKCHHEM MW MOXET OOHOBJIATHCS IO MEpe
HEOOXOIMMOCTH.

[TponomkuTenbHOCT, ONHOTO 3aHsATUS — 45 MuHYT. KonuyecTtBo 3aHATHN B
JI€Hb, HEJICTIO OMPECISIETCS B COOTBETCTBUU C YYEOHBIM TUIAHOM U KaJCHIAPHBIM

rpadukom.



Ilnanupyembie pe3yabTaThl 0CBOCHHS 00pa30BaTeJIbHON MPOrPaMMbI
3HaHueBbIe U NPOodeccHoHATbHbIE KOMIIETEHMHT

3HaHUE/IOHUMAHHUE YYalluMHUCA .

- IpeaMeTa HAHOTEXHOJIOTHH;

- OCHOBHBIX BHUJIOB HAHOOOBEKTOB W HAHOMATEPUATIOB, UX OTIUYUTEIbHBIX
0COOEHHOCTEM;

- IpuOOPOB U YCTPOMCTB, pa3padaThiBAEMbIX Ha OCHOBE HAHOMATEPUAJIOB,;

- IPUHIIAIIA Pa3MEPHOTO KBAHTOBAHWSI WM YCJIOBHS HAOIIOICHHUS KBAaHTOBO-
pa3MEPHBIX SBJICHUM;

- OCHOBHBIX MTapaMETPOB, OMPEACIISIONINX CBONCTBa HAHOOOBEKTOB, METOJIBI U
pUOOPHI X XapaKTePU3AIINH;

- KJIaccupuKalui, BO3MOXKHOCTEH W Ha3HAYCHHS OCHOBHBIX METOJIOB
MOJIy4eHHUS] HAHOMATEePUaJIOB;

- TEXHOJIOTHYECKOTO OOOpYJOBaHUS W OCHOBHBIX METOJIOB ITOJTYYCHUS
HAHOTIOPOIIIKOB, HAHOCJIOEB M KOMIIAKTHBIX HAHOMATEPHUAJIOB;

- OCHOBBI 00pabOTKM HAHOCTPYKTYPHUPOBAHHBIX MATEpPUAJIOB; METOJOB H
TEXHOJIOTHH MOTYyYCHUST HAHOKOMITO3UTOB;

- IPUHITUIIOB, 3AJI0KEHHBIX B KOHCTPYKIIMH U ITporpammMHoe obecnieuenue C3M;

- (pu3MYECKUX U XUMHYECKUX CHCTEM IMOHMKCHHOU Pa3MEpHOCTH,

- OCHOBHBIX HAyYHO-TEXHMUYECKHX MPOOJIeM HAHOTEXHOJIOTMM W TIEPCIEKTUB
pPa3BUTHUS TaHHOU 00JIaCTH 3HAHUMH;

- OCHOB KOMOMHATOPUKH, TCOPHH MHOXKECTB, MATEMAaTUICCKON JIOTUKH; TCOPHH
BEPOSITHOCTH; TEOPHH rpadoB.

Ymenus:

- IPOTHO3UPOBATh  YCTOWYMBOCTh W (DU3UKO-XUMHUYECKHE  CBOWCTBA
HAaHOOOBEKTOB U HAHOMATEPHAJIOB;

- aHAJIM3UPOBATh W TIPENCKA3bIBaTh TEHACHIIMU Pa3BUTHS CErMEHTA PpHIHKA
MPOIYKIIMYA HA OCHOBE HAHOPA3MEPHBIX CUCTEM;

- BBIOMPATh ONTUMAJIbHBIE PACXOIHbIE MAaTEPHUAIbI;
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- ODUEHTHUPOBATHCS B COBPEMEHHOW JINTEPATYpE M BECTH JHUCKYCCUIO MO
HAaHOTEXHOJIOTUU;

- CAMOCTOSITEIBHO CTaBUTh 3aJa4d 1O CO3JaHUI0 WU TPAKTUYECKOMY
MPUMEHEHUI0O HAaHOOOBEKTOB M HAHOMATEPUAJIOB IS PEIICHUS KOHKPETHBIX 3aaad
HAaHOTEXHOJIOTUU;

- ODUEHTHUPOBATHCS B METOAAX MOJYYEHUS U HUCCIEAOBAHUS HAHOCTPYKTYP,
CKAHUPYIONIEH TYHHEIbHON MUKPOCKOIIUU U CIIEKTPOCKOIIUY;

- IPOBOJUTH MATEMATUYECKUE PACUETHI C IOMOUIBIO MPOrPAMM;

- IPUMEHSATh MAaTeMaTUYECKUE HHCTPYMEHThI B MPOEKTHOW JEATEIBHOCTH.

dopmMupoBaHUE HABLIKOB:

- TBOPYECKOTO 0000IIIEHUS MOTYYECHHBIX 3HAHUI;

- paboT1hl Ha C3M pa3inyHBIX TUIOB;

- aHaJiM3a JJAHHBIX, TIOJIYYEHHBIX ¢ moMoIbio C3M;

- KOHKPETHOTO U OOBEKTUBHOTO HM3JIOKEHHSI CBOMX 3HAHWNM B MUCHbMEHHOU U
YCTHOU popme,

- pyHIaMeHTanpHBIX 3HAHUW O croenu@uKe TOBEIEHUsS BEIIeCTBA B
HAaHOMETPOBOM Pa3MEPHOM JIMara3oHe,

- IOHUMaHUS MEXaHW3Ma BO3HUKHOBEHHS pPa3MEpPHBIX (PU3WYECKHX U
XUMUYECKUX P PEKTOB;

- INIJAHUPOBAHUS W BBIMOJHEHUS YYCOHOTO TIPOEKTa C HCIOJIb30BAaHUEM
000pyZ0BaHUs, MOJIETIEH, METOJIOB ¥ PUEMOB, 3aIUTHI IPOEKTA.

YHuBepcajbHble KOMIETEHIIUM:

- YMEHHUE TeHEPHUPOBATh UACH YKa3aHHBIMU METOIaAMU;

- YMEHHUE CIyIIaTh U CIBIIIAThL COOCCETHUKA;

- YMEHHE apTyMEHTHPOBAHHO OTCTAaUBATh CBOIO TOUKY 3PCHHUS;

- YMEHHE HaxoIuTh WH(OOpPMAIMI0O B  CBOOOJHBIX HCTOYHUKAX U
CTPYKTYPHUPOBATH €€;

- yMEHHE KOMOWHHUPOBATh, BUAOU3MEHSATh U YIyUIIaTh UICH;

- HABBIKK KOMaHTHON paOoTEHI;

- YMEHHUE IPAMOTHO MUCbMEHHO (OPMYIHPOBATH CBOU MBICIIH;

8



- KpUTUYECKOE MBIIICHUE U yMEHHE OOBEKTHBHO OIIEHHUBATh PE3YJIbTaThI
CBOECH pabOTHI;

- OCHOBBI OPaTOPCKOT0 MacTEPCTBA.

YpoBeHb CHOPMHUPOBAHHOCTH W OCBOCHHOCTH HABBIKOB BBISBIISCTCS B XOJIE
3aIIUT y4eOHBIX MTPOCKTHBIX PabOT.

[To utoram o0ydeHHs] TOKHO CHOPMUPOBATHCS MPEICTABICHUE O CIIOCOOE
MPOBEICHUS HAYYHOTO MCCIIEIOBAHUA, AKTYaJIbHBIX 3a/a4aX, CaMOOIIPEIICIICHUE C
00J1aCThIO JanbHENIIeH MIPOEKTHO-UCCIIEI0BATEIbCKOM JEATEILHOCTH,
MPOJIEMOHCTPHUPOBAHA CITOCOOHOCTH M TOTOBHOCTh MMPUMEHSITh MOJyY€HHbIC 3HAHUS HA
MPAKTHUKE.

PaGota mpoOEKTHBIX TPyHI NPOBOJUTCS IO pa3HBIM  HANPABJICHUIM
MCCIICIOBAHUN C yUETOM MHTEPECOB yHAIIUXCA.

DopMbI aTTECTALMH
OcHOBOI aTTeCTAlUM SIBIISIETCS TPOEKTHAS ACATEIBHOCTD YUAIINXCS.
IIpome:xyTouHass arrecTalMsi — BBIIIOJHEHUE OIPEICIEHHOTO JTara
IIPOEKTA 110 PYKOBOJCTBOM HACTABHHUKA.

HToroBoii arrecramnueii spisieTcsa pa3padoTKa U 3alldTa MPOEKTA.

CucremMbl OLICHKH Pe3yJIbTATOB OCBOCHUSI 00Pa30BaTe/JIbHOM MPOTrPaMMbI

OcBoeHHEe TPOorpaMMbl Ha KaXJ0M YPOBHE 3aKaHUMBAETCS 3AIIUTON MTPOEKTOB.

Kpurepuu oneHky ny0JIM4YHON Npe3eHTANNH MPOEKTA:

1 AKTyaJgbHOCTB M 3HAYMMOCTb npoekTa (ot 0 10 5 6asioB).

2 CooTBeTcTBHE pe3yibTara nocrapieHHoi mnenu (0-5 6aioB).

3 VYposens 3aBeprieHHOCTH poekTa (0-5 6amioB).

4, YpoBeHb CaMOCTOSITEIbHOCTH MPU BBIMOJHEHUH padoThI (0-3 Oaa).

3) KauectBo mpesenrtanuu npoekta (opopmienue, nuzaita) (0-3 6ama).

6 KadectBo 3ammThl mpoekTa (yCTHOE BBICTYIUICHHE) M Yy4YacTHE KaXKJIO0ro B

3amure (0-3 Gamna).



7. YMeHue oTBeYaTh Ha BOMPOCHI M OTCTaMBaTh CBOIO TOYKY 3peHus (0-3 Oaa).
8. AHallU3 HAYYHBIX U WHKEHEPHBIX MCTOYHUKOB, KOHKYPEHTHBIX MOJIXOJOB K
aHaJIOTUYHOM Win Om3koit 3anaue (0-3 6ama).

Y4eHnukam, yCIenHO 3alUTUBIIAM TPOEKT OT 20 6aJIIOB U BBIIIE, TOCETUBIITUM
70% 3aHATUI 1O POrpaMMe PEKOMEHAYETCS MPOAOIIKUTh O0YUYEHHUE Ha CIIEYIONIEM
ypoBHE. YueHukam, HaOpaBIIUM IO pe3yJbTaTaM 3alllUThl IpoekTa MeHee 20 6allioB,
a TaKke nocetuBInM MeHee 70% 3aHATHI 110 IpOrpaMMe PEKOMEHIYEeTCsl BbIOpaTh
oOydyeHrne 10 JPyrod JOMOJHUTENIBHOW oOImepa3BuBameii mporpamme T
«KBanToprym».

MeTtoauueckoe odecneyeHue

MeToabl, MCNOJIb3yeMble MeXaroroM — pasJIMuHble NMPUEMbl AKTUBU3ALMU
MHTEpPECA K IPEAMETHOMY COACPKAHUIO:

- (hacumuTanys;

- MOJIepauus;

- UCTI0JIb30BaHKUE MPOBOKATUBHBIX METOJIOB B TEOPUU 00YUEHHUS U TBOPUECTRE;

- Mpo0eMaTH3aIus;

- CXeMaTHU3aIusl.

Y4eOHO-MeTOAMYECKHE U TUAAKTHYECKHE CPEACTBA 00yUYeHUA:

- BUKTOPUHBI, aHKETHI;

- Kelic-3a1aHus1, OJIM3KHUE 10 TEMATUKE COJICPKAHUIO 3aHSTUI;

- HAy4YHO-TIOMYJISIpHBIE (PUIIbMBI, BUIEOMATEPUAIbI;

- IPE3EHTALNH, TOATOTOBJICHHBIE TIEIarOroM;

- cipaBouHble  Tabnuubl  (MeHueneeBa,  pacTBOPUMOCTH,  BSI3KOCTH,
TEeMIEPATypbl KATICHUS, TUIABJIECHUS U JIp.).

MarepuajibHO-TeXHHYECKOe o0ecreyeHmne

Oo6opynoBanmne:

- MUKPOCKOIIBI (ONITUYECKUMA, MeTayuIorpauiecKuii, ”THBEPTHPOBAHHBIN);

- BeChl (aHAIMTUYECKHE, TPEIU3HUOHHBIE);

- CIEKTPOOTOMETP;

- HeHTpudyra, MarHuTHas MeIajKa;
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YCTAHOBJICHHBIM CIICHIUAJIIN3UPOBAHHBIM IIpOIpaMMaM O6€CH€‘1€HI/I€M;

- CKaHUPYIOLIUNA 30HI0BBII MHUKPOCKOTT;

- IEPCOHAIBbHBIA KOMITbIOTEp (HOYTOYK) C BBIXOJOM B ceTb VHTepHET u

- BCIIOMOTATEIILHOE o0opynoBaHue

(mucneprarop,

JTUACTUILISITOD,

yIIbTpa3ByKOBasi MOiiKa, BOJsiHas OaHs, CyIIMIbHBIN mKad, peppakTOMETp U T.IL.);

- IPOCTHIE U3MEpPUTEIbHBIC puOOpbI

HITAHT€HIUPKYJIb U T.I1.);

- Habop 1abOPaTOPHOM MOCY/IBI;

- nabopaTopHas Me0eb, 00IIeIa00paTOpPHBIC TPUHAIIICIKHOCTH;

- pacxoaHbIC MATCPUAJIBI;

(mudpoBoit

- CIICH. OACKAAa-XaJIaThl, 3allTUTHBIC OYKH, IICPYATKH.

YUYEBHO-TEMATHYECKUM IJIAH

MYJIBTUMETP,

KosmnuectBo yacos
Ne
HaumeHoBaHue TeMbI B ToMm unciie
n/n Bcero
Teopusi | [IpakTuka

1. Bronnoe 3anstue. Texnuka 6€30mMacHOCTH MPU 1 1 0

pabote B 1aboparopuu
2. YPOoBHHU OpraHu3ali MaTEpPUH 2 1 1
3. OnTryeckast MUKPOCKOTIHS 2 1 1
4. Hanomarepunansl 1 HAHOTEXHOJIOTUH BOKPYT 2 1 1

Hac
S. Keiic «Mup cuMMeTpuu KpUCTaIOB» 3 1 2
6. AnnoTtponHsle MOIU(pUKALIUY yTIIepo/ia 2 1 1
7. W3mepurenbHble TpUOOPHI B 1a00paTOPUH 2 1 1
8. Mertoabl cUHTE3a HAHOMATEPUAJIOB 1 1 0
9. Keiic «I[lonyuenne nHanovyactui cepedpa 2 1 1

METOZOM XUMHUYECKOTO BOCCTAHOBIICHHS
10. | Ketic «Ilomy4yeHre MarHUTHBIX HAHOYACTHI] 3 1 2

METOZOM XUMHYECKOTO OCAXKICHUS U3

pacTBopa»
11. | 301b-renb TEXHOIOTHS 2 1 1
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12. | PaGora na C3M NanoTutor 3 1 2
13. | [loaroroBka MpoeKToB 8 1 7
14. | 3amuTa IpOeKTOB 1 0 1

Hroro: 34 13 21
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COIAEPKXAHHUE INPOI'PAMMDBbI

mupe: JJHK, Bupycsl,
MHUKPOOPTaHU3MBl,

MAarouTOTaKTHYCCKHE 6aKTepI/II/I,

(1)
N Tema Teopus IIpakTuka
n/n
1. BBonHoe 3ansTHeE. [ToxxapHast 6e301acHOCTD B -
TexHuka «KBaHTOpuyme» u
0€30MacHOCTH TIpU «HanokBantyme». TexHuka
pabore B 0€301acHOCTH IIpH padboTe B
nabopaTopun nabopaTopud, pu padboTe co
CTEKJIIHHOU ITOCYZIOM, XUMUYECKUMU
peaKTHBaMH, SJIEKTPONPHOOpaAMH.
OKCKypcusi, 3HaKOMCTBO €
o0opynoBaHuEM
2. VYpoBuu opranuszauuu | [lonstue marepuu. Ilose n Pabota c paznuunbiMu
MaTepun BEIECTBO. ENMHUIIBI H3MEPEHUS npudopamu ass
quHblL. [IpuctaBku CU. Mukpo-, U3MEPEHUS
MaKpoO- ¥ MEraypOBHHU OPraHU3alUH | TEOMETPUUYECKUX
Marepuu. PasmMepHOCTh pa3mepos. IlepeBon
npocrpancTsa. [lonaTue €UHUL U3MEPEHUS.
HaHOOOBEKTa U HAaHOAMANA30HA Pacuér nnomanu n
o0bEMa
3. OnTrueckast Hcropust MUKPOCKOITUN. N3yueHne TexHukH
MUKPOCKOTIHS @yHIaMEeHTAIBbHBIN PAJIEEBCKUMA 0e30MmacHOCTH IpH padboTe
KpUTEpUH. Y CTPONUCTBO ONTUYECKOTO | C ONTUYECKUM
MHUKPOCKOIAa. XpOMaTH4YECKHE U MHUKPOCKOIIOM.
chepuyeckue abeppanuu HccnenoBanue pa3amdaHbIX
00pas3IoB Mo
MHUKPOCKOIIOM
4. Hanomarepuans! n Krnaccudukanus HaHomatepraaoB JemoHcTpanus
HaHOTEXHOJIOTHH 10 UX MPOUCXOKIECHUIO. Pa3IMYHbIX
BOKPYT HAac Hanoo0bekThl B OKpyXaromiem HaHOOOBEKTOB. PacuéTHble

3aJauu Ha ONpeieieHne
I[BETa KPbUIbEB 0a00UKH

10 U300pKEHUSIM
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TOPHBIE MTOPOJIBL, a3PO30JIH, FIPPEKT
JI0TOCA, JIATIKU TeKKOHA, KPBUIbS

0abouek, omajaeCleHIIUs

NEPUOANUECKUX
HAHOCTPYKTYD, U3

KOTOPBIX COCTOAT KPbLIbs

Keiic «Mup [IpupoaHbie U UCKYCCTBEHHBIE JeMoHcTpanus
CUMMETpUU KpucTaisl. Kpucramioruaparsl. IPUPOJIHBIX KPUCTAIIIIOB.
KpHUCTAJIJIOB YcnoBus o0pazoBaHus KpucTauioB. | M3ydeHue TeXHUKU
AKTyasnbHbIE 3a/1a41 0e3011acHOCTH ITpU paboTe
HaHOTEXHOJIOTHH, CBSI3aHHBIE C C HEKOTOPBIMHU
KPUCTAININYECKUM COCTOSIHUEM KPUCTAJJIOTHIpaTaMH.
N3yuenue u ananus
Pa3JINYHBIX UCTOUHUKOB
nHpopmaruu.
BeipanuBanue
Kkpuctajos. Habmoienue
32 POCTOM KPHUCTAJIJIOB
AmoTponHsie Amnnorponus. Yriepon Kak N3y4eHnue cBOICTB
MOTU(UKAITIH BEIIECTBO C HAMOOJIBIIUM YUCIIOM Pa3IUYHbIX AJIOTPOIHBIX
yraepozna QTOTPOITHBIX MOAH(PUKAIIH. Mo T (pHUKAIAIA yTIIepo/a.
AMopdHbIe U KPUCTAJUINYECKHE Co3pnanue rpadena npu
JJIOTPOMHbIE MOAU(DUKALIUT IIOMOUIY KapaHJala u
yraepoaa. YriepoaHbie CKOTYa, UCCIIE0BAHUE €T
HaHOCTPYKTYpHI (TpadeH, ONTHUYECKUX CBOMCTB O]
yTJIepOJHbIE HAHOTPYOKH, MHUKPOCKOIIOM
¢yiepeHsl) 1 UX 0coOble CBOWCTBA
N3mepurenbHble [IpuHnmns! paboTel u 1aboparopuble | 3ydeHne TeXHUKU
puodopsI B MIPUMEHEHUSI MAHOMETPA, 0e30MmacHOCTH IpH padboTe
nabopaTtopuu 6apomeTpa, TepMOMETpa, C pa3IN4YHbIMU

rurpomerpa, pH-metpa,
KOHIYKTOMETpa, coJieMepa,

apeoMeTpa, MyJIbTUMETpa

U3MEPUTEIIbHBIMU
npudopamu. 3mepenue
JABJICHUSI, TEMIIEPATYPHI,
BIIaXKHOCTH, PH,
MPOBOJIUMOCTH,
COJIEHOCTH, IIJIOTHOCTH,
CHJIBI TOKA, HATIPSKEHUS,

COIIPOTUBJICHUA
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Mertonnl cuHTE3a

HaHOMAaTCpHaJIOoB

Hanomarepuaibl 1 HaHOpa3MepHBIE
00bekThI. [ToHsATHE HAHOPa3MEPHOTO
00BEKTa KaK MMPOMEKYTOYHOTO 3BEHA
MEXy OTJICIIbHBIM aTOMOM HWJIH
MOJIEKYJION U 0OBEMHBIM
marepuaiioM. [IpocTpaHcTBEHHbIE
pa3MepHOCTH HAHOMATEPHAJIOB.
MeTobl CHHTE3a HAHOMATEPUAIOB.
[Moaxon «cBepxy-BHU3» (top-down)
U TIOJX0JT «CHU3Y-BBepx» (bottom-
up). ®ortonurorpadus,
MOJICKYJISIPHO-ITYYKOBAs SMUTAKCHS,

JUCIIEPCHS, THIPOTEPMAJIbHBIN

CUHTE3
9. Keiic «Ilonyuenue Cepebpo, ocoOble cBOICTBA €ro N3yueHne TexHuKH
HaHoyacTull cepedpa | HaHodacTUll. CrocoObl MOTyYeHUs 6e3011acHOCTH IIpU paboTe
METOJIOM HaHOYACTHI] cepedpa METOJIOM C aMMMAKOM U IIeJI0YaMHU.
XUMHYECKOTO XUMHUYECKOTI0 BOCCTAHOBJICHHUS N3yuenue u ananus
BOCCTAHOBJICHUS» HMOHOB cepeOpa. Peakius pa3IMYHBIX UCTOYHUKOB
cepeOpsIHOTO 3epKajia Kak UHpOpMaLIUH.
WJUTIOCTPAIUS BOCCTAaHOBIICHUS [Tonydyenne HaHOYACTHIL
HMOHOB cepedpa TITI0K030it cepebpa. BeiaBmxkenue
TUIOTE3 [0 IPUMEHEHUIO
IIOJIyYEHHBIX HAHOYACTHIL
B Pa3IUYHBIX 00JACTIX
HAyKH, MEUIMHBI U T.1.
10. | Keiic «Ilomyuenue ®eppomarHeTUKy. JIBOIMHON OKCHUL N3yueHne TeXHUKH

MarHuTHBIX
HaHO4YaCTHIl METOAOM
XHUMHUYECKOI'O
OCaXIACHUS U3

pacTBopa»

’&KeJe3a, 0CoObIe CBOMCTBA €ro
HaHouacTHull. CrocoObl MOTyYeHHs
(heppOMarHUTHBIX HAHOYACTHI]
METOIOM XUMHUYECKOTO OCaKICHUS
u3 pactBopa. Crabunuzanus

HaHOYaCTHI]

0€30MacHOCTH IIpU paboTe
¢ ammuakoM. M3yuenune n
AHAJIN3 Pa3IMYHBIX
UCTOYHUKOB HH(POPMAIUH.
[TomyyeHne MarHUTHBIX
HaHOYaCTUI[ uX CMECH
COJIEH kKene3a.

BriaBrkeHue THIIoTe3 o
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IIPUMEHEHUIO
IIOJIY4YEHHBIX HAHOYACTHII
B Pa3JIMYHBIX 00JIACTSIX

HAyKH, MEJUIIUHBI U T.]I.

11. | 3omnb-rens JHucnepcHble cuctemsl. Komonansie | M3ydeHne TeXHUKU
TEXHOJIOTHS CUCTEMBI: 30JI1 U Telu. MeToIbl 0e30MmacHOCTH P padboTe
MOJTY4EHHS 30JIeH U rerneil. C Pa3IMYHBIMU
Onrtuyeckue CBOWCTBA KOJUIOMIHBIX | XUMHKaTtamHu. [lomyuenne
cucrem. Ddext Tunnans. 307b- 30JI€¥ U TeNeil U U3ydeHHe
reJib MPOLIECC UX CBETOMPOBOISAIINX
CBOMCTB
12. | Pabora na C3M Hcropusa C3M. Usyuyenue N3ydyenne TeXHUKU
NanoTutor KOHCTPYKIIMU ¥ IPUHIUIIOB Pa0OTHl | OE30MACHOCTH IpH paboTe
CKaHUPYIOLIETro 30H10BOT0 Ha C3M. Pabora Ha
MHKpPOCKOIa BUPTYAJILHOM TpEeHAXEpPE
C3M NanoTutor
13. | [HoaroroBka MpoeKToB. Y4eOHO-HCCIIE0BATENbCKAS U TIPOCKTHAS ICATEIIbHOCTH!
0COOCHHOCTH, ATaIbl, JXKU3HEHHBII LUK, pe3yiapTaTsl. Komanmgoobpa3oBanue.
Llenenonaranue
14. | 3amuTa npoekTtoB. CTeH0Basl, MPe3eHTAI[IOHHAs
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IINTAHUPYEMBIE PE3YJIBTATDBI

Oo0yuaromuecs J10/KHbBI 3HATH:

- TCPMUHOJIOTUIO M OCHOBHBIC TOHSTHS, CBSI3aHHBIE C HAaHOMaTEpUAIAMU WU
HAaHOTEXHOJIOTUSMU;

- OCHOBHBIE€ METO/IbI IOJIyYEHNS HAHOMATEPUAIOB U HAHOCTPYKTYP;

- IEPCIIEKTUBBl  PA3BUTHS  METOAOB  IOJYYEHHS HAHOMATEpHUATIOB U
HaHOCTPYKTYP;

- METOJIBl M TEXHOJIOTUM TIOJYYEHHUS HAHOPAa3MEPHBIX CHUCTEM U UX
MPAKTUYECKON peaiu3allid Ha TPEANPUATUAX JIS TMOBBIIIECHUS YCTOMYMBOCTU U
KOHKYPEHTOCTIOCOOHOCTH MHHOBAIIMOHHOTO OHM3HEeCa;

- pusnUecKue OCHOBBI, MHCTPYMEHTAJbHbIC MPUHIUIIBI U JAUArHOCTUYECKUE
BO3MOYXHOCTH METOJIOB CKAHUPYIOLIEW 30HI0OBOM MUKPOCKOIIMH, CIIEKTPOCKOIHUU U
autorpaduu, SABISIOMETOCS OAHUM M3  0a30BBIX METOJOB  COBPEMEHHOM
HAHOJIMAarHOCTHUKH.

Ymersb:

- MOJIL30BATHCS JTA0OPATOPHBIM O0OPYIOBAHUEM: MUKPOCKOIIOM ONTHYECKUM,
WHBEPTUPOBAHHBIM, MeTajorpaguiaeckum, BECaMHU AHATUTUYECKUMH,
MPEIU3UOHHBIMH; CHEKTPOPOTOMETPOM, TEHTPUPYTrOl, MArHUTHON MEIIAJIKOM,
CKAHUPYIOIIUM 30HI0BBIM MHUKPOCKOIIOM;

- IOJIb30BaThCS  BCIIOMOTATEIBHBIM  OOOPYJOBAaHUEM:  JIUCIIEPTaTOpPOM,
JTUCTUWIISTOPOM, YJIBTPa3BYKOBOI MOMKOM, BOASHON OaHel, CyIIMIbHBIM IKahoM U
T.Il., TPOCTBIMU HU3MEPUTEIBHBIMU TpuOOpamMu (LUPPOBLIM MyIbTUMETpoM, pH-
METpOM H© T.I.), HabopoM JaboOpaTOpHOM TMOCYyHdbI, OOIIEIa00pPaTOPHBIMU
MIPUHAJJICKHOCTSIMUA U PEaKTUBAMU.

- paboTaTh C MEPCOHATBHBIM KOMIIBIOTEPOM (HOYTOYKOM) C BBIXOJIOM B CETh
WuTepHeT Ha ypoBHE MOJB30BATENsA, 3HATH OCHOBHBIE mporpammbl (MS Word, MS

PowerPoint, 6pay3epbi);
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- ICKAaTh, aHAJIM3UPOBATh U 0000111aTh HEOOXOAMMYIO HH(OPMALINIO, TIPOBOIUTH
e¢ BepuduKauuoo, paboTaTte ¢ HHPOPMAITMOHHBIMH MCTOYHUKAMU (B TOM YHCIIE Ha
AHTJIMIICKOM SI3BIKE);

- IOATOTOBUTh W TPEACTABUTH T'PAaMOTHYH) MPE3EHTAUUIO JUIS  3allUThI
IIPOEKTHOM padOThI, B TOM YUCJIE HA AHTJIMICKOM SI3bIKE.

Pe3yiibTaTOM yCBOCHHS 00y4al0LIMMUCS POrPaMMBI 110 Pa3BUBAIOIEMY H
BOCIIMTATEJbHOMY ACIEKTAM SABJIAIOTCH:

- YCTOMYMBBIA MHTEpPEC OOYYAIOIIMXCS K COBPEMEHHOMY €CTECTBO3HAHUIO U
HOBEWIIINM TEXHOJIOTHIM;

- aKTUBHOE yYaCTHE B HAYYHO-UCCIEN0BATENBCKON U POEKTHOU AEATEIBHOCTH;

- TOCTVIKEHHS B MACCOBBIX MEPONPUATUAX PA3JIMYHOIO YPOBHS;

- YMEHHME IUIAHUPOBATh NPEACTOSIINE NEUCTBUSI, CAMOCTOSTEIBHO pELIAThH
3aJ]a4uM B IpoLecce padoThl, pallMOHAIbHO BBINOJIHATH 33/1aHUS;

- pa3BUTUE  BOJIEBBIX  KAuecTB  JIMYHOCTU  (AMCLUUIIMHUPOBAHHOCTH,
LEJIECYCTPEMIEHHOCTD, CAMOCTOSITEIbHOCTH, OTBETCTBEHHOCTH, HACTOWYMBOCTH B
JOCTHKEHHUH ITOCTABJICHHOW LIEJIN U T.J.);

- YMEHUE CaMOCTOSITENIbHO OCYILECTBIATh MOUCK HH(GOPMAIMHU, HCHOIb3Ys
pa3JINYHbIE UCTOYHUKH, U CTPYKTYPUPOBATh €€;

- CIIOCOOHOCTh MPOJAYKTUBHO OOIIATHCS B KOJUIEKTHUBE, CIyLIaTh M CIBIILIATH
coOeceTHUKA;

- CIIOCOOHOCTB paboTaTh B KOMAH/E;

- yMEHUE TPaMOTHO (OpPMYJIUPOBaTH CBOM MBICIH, APTYMEHTHPOBAHHO

OTCTauBaTb CBOIO TOUKY 3pPCHHA.
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