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IHosicHuTe/IbHAA 3aIINCKA

JononautenbHas oOuiepa3BuBaronias nporpamma «lIpoektHas aesrensHocts. Hano.»
pa3paborana Ha ocHoBaHuu denepasibHOro 3axkoHa ot 29.12.2012 Ne 273-®3 «O6
oOpazoBanuu B Poccuiickoit @enepanuny», KoHnuenuu pa3BuThs T0MOJIHUTEIEHOTO
oOpazoBanus neteit 10 2030 roma.

HanpaBJsieHHOCTH NPOrpaMMbI

EcrecTBeHHOHAy4HAas

AKTYaJIbHOCTH IPOTrPaMMbI

ITo Mepe pa3BuTHS TCHACHIINA MUHUMHU3AINN TEXHHYECKUX ¥ MTHGOPMAITMOHHO -
TEXHUYECKUX CUCTEM, OOpPETEHUSI UMH HOBBIX ()YHKIIMOHAJIBHBIX XapaKTEPUCTUK BCE
0oJee akTyaJIbHBIMH CTAHOBSITCS BOIIPOCHI CO3/IaHUS M IPUMEHEHUST HAHOPa3MEPHBIX
MaTepHaIOB, TEXHOJOTHH CHHTE3a M MPOU3BOJACTBA KOTOPHIX CTAHOBATCS OCOOCHHO
BOKHBIMU M MEPCHEKTUBHBIMU. [IJs1 mpejcKa3biBaHusl, OIEHUBAHUS W YIIPABICHUS
CBOMCTBAMH HAHOTEXHOJIOTHYHBIX TPOIYKTOB, OMPEACICHUS 00JIACTH WX pPabOTHI
HEOOXOJMMO TOHWMATh, KaK MEXaHW3MbI, JeKallhue B OCHOBE (OPMHPOBAHUSA
HAHOMATEPHUAJIOB U HAHOPA3MEPHBIX CHCTEM, TaK W MPOTEKAIOIINE B HUX MPOIECCHI,
o0ycaBIUBarone 0COOEHHOCTH UX PaboThI. C BHIXO0M Ha PHIHOK HAHOTEXHOJIOTHIA,
«YMHBIX» MaTEpHaJIOB, HOBBIX MPUOOPOB M JIEKAPCTBEHHBIX BEIIECTB 3HAHUS
MOAPACTAIONIETO TOKOJICHUsT B 23ToM cdepe OyAayT CcrmocoOCTBOBaThH HOBBIM
JOCTIDKEHUSIM BO MHOTHX OTpaciisiX HayKd W TMPOMBIIUICHHOCTH, a MOJIOABIM
CHeruaiucTaM o0ecredyar BBICOKYI0O KOHKYPEHTOCTIOCOOHOCTh U OOJIBIIYIO
BOCTPeOOBAHHOCTh Ha pPBIHKE Tpyna. IIporpamma «HaHOKBaHTyM» HampaBlieHa Ha
pa3BuTHE MPOPECCUOHANBHBIX KOMIETCHINHN, MPOJAUKTOBAHHBIX COBPEMEHHBIMHU
YCIIOBHSIMH €CTECTBEHHOHAYYHOH W TEXHHYECKOW HANpaBIICHHOCTH, W TIPH3BaHA
chopMHpOBaTh y NIKOJIBHUKOB 3HAHHWS O METOJAaX W TEXHOJOTHSAX ITOTYUYCHUS

HAHOIIOPOILIKOB, HAHOCIJIOEB, HAHOTETEPOCTPYKTYP M HAHOCTPYKTYPUPOBAHHBIX



MaTepuajoB, B OCHOBE KOTOPBIX JIeXKaT pa3duuHble Qu3nueckue u (Husmko-

XUMHUYCCKUEC IIPOLCCCHI.

Ilemaroruveckas nenecoo0pa3sHOCTb NPOTrPaMMBbI

[Iporpamma  «IlpoekTHass nesrenbHOCTh. Hano», TIaBHBIM  00pa3zoM,
HamnpaBlieHa Ha pelieHne Mpo(OpHEHTAMOHHBIX 3a/1a4, 00eCeunBas BO3MOXKHOCTh
3HAKOMCTBa OOYYalOIUXCA C COBPEMEHHBIM O0OpYJOBAHMEM W COBPEMEHHBIMU
TpeOOBaHUAMU K MPOGECCUSIM €CTECTBEHHOHAYYHON HAPaBIECHHOCTH.

Hamnpasnenue «HaHOKBaHTYM» OCHOBBIBAETCSl Ha U3yUEHUU MaTepUATIOBEICHUS
Ha MUKPO- M HAHOYPOBHSX U (POPMUPYET Yy ydalluxcsl yriayOJeHHbIe 3HaHUs B 00J1acTh
XUMUH, OMOJIOTHH, (PU3MKH, TEXHHKH, a TaKke (OPMHUPYET HABBIKH pabOThl C
COBPEMEHHBIM HayYHBbIM 000PYJOBAHHUEM.

OOOCHOBAaHHOCTh ~ HM3yY€HHsI JAHHOTO Kypca BbI3BaHa 3HAYUTEIBHOU
HAayKOEMKOCTBIO MPOLECCOB pa3pabOTKU U  H3TOTOBJICHHS MPOAYKIUU U3
HAHOCTPYKTYPHPOBAHHBIX MaTEPUATIOB, HOBU3HOM HAyUHBIX pa3pabOTOK U OOIBILINMU
puUcCKaMH TIpu OUEHKEe H(P(EKTUBHOCTH HX MCHOJIB30BAHMS [JIsl  CO3JIaHUS
KOHKYPEHTOCIOCOOHOM HAHONPOAYKIIMH, HEOOXOJUMOCTBIO OTCIIEKUBATH TOCTOSIHHO
W3MEHSIOIYIOCS KOHBIOHKTYPY Ha PbIHKE HAHOIIPOAYKLIUH U HAHOTEXHOJIOT U M.

Merononornyeckon OCHOBOM IIPOTrPaMMBbI SABJISIETCSA CHUCTEMHO-
NEATEIbHOCTHBIA  MOAXOJ, COYETAOIMMKUCSI C  pa3IMYHbIMM  COBPEMEHHBIMU
00pa30BaTeIbHBIMU TEXHOJIOTUSMU, TAKUMH KaK TEXHOJOTUS PAa3BUTHUS MOHATUHHOTO
MBIIUIEHUS, TEXHOJOTHUS MCCIEJOBAaTENbCKOM W  IPOEKTHOW  JEATEIBbHOCTH.
[IpuMeHEHHE  CHUCTEMHO-JICATEIIBHOCTHOIO  Mojaxoaa Hambojee 3h(PeKTUBHO
crioco0CTBYET (hOPMUPOBAHUIO YHUBEPCATBHBIX YUEOHBIX JICUCTBUMH.

Leap mporpamMmsbl — mpHBIEYEHHE OOYYAIOMIMXCS K MCCIEI0BATEIbCKOM,
M300peTaTebCckoi, HAay4yHOW W  WHXKCHEPHOM  JIESITCIILHOCTH,  OBJIAJICHHE
OOy4aronIMMHUCS  COBPEMEHHBIMM  MPEJCTaBICHUSIMA O HaHOMarepuajgax u
HAaHOCUCTEMAX, a TakK€ BO3MOXHOCTAMHM MX HCIOJIb30BaHUS IIpU CO3J1aHUU
HayKOEMKOH ITPOAYKILIUU.

3agayu nporpamMmmbi:



- O3HAKOMJICHHE OOydJarmmxcs ¢ 0a30BBIMH 3HAHUSIMH B  00JacTH
HAHOTEXHOJIOTH;

- OCMBICJICHUE€ OCHOBHBIX OTJIMYUTEIBHBIX OCOOCHHOCTEW MAaTepHUalioB,
HaxXOJSIINXCSl B HAHOCOCTOSIHUH;

- OBJIQJICHUE COBPEMEHHBIMH MPEJCTABICHUSIMU 00 OCHOBHBIX MpUOOpax U
METOJIaX HAHOJAMArHOCTUKU U UX aHAJIMTUYECKUX BO3MOKHOCTSX;

- OCBOCHHME OCHOBHBIX METOJIOB MOJYyUYECHUS] HAHOMAaTEPUAJIOB U HAHOCTPYKTYD;

- 00yueHrne HaBBIKAM OBICTPOTO OCBOCHUS HOBBIX HHCTPYMEHTAIBHBIX H
TEXHUYECKUX CPEACTB, B TOM YHUCJIE BBICOKOTEXHOJOTUYHOTO OOOpYAOBAHUS U
MPUHITUTIOB pabOThI C HUM;

- popmupoBaHue y 00y4arommuxcsi CACTEMHBIX 3HAaHUN O (PU3UYECKUX OCHOBAX,
WHCTPYMEHTAJIbHBIX NPUHUWIAX W JUACHOCTUYECKHX BO3MOXKHOCTSX METOAOB
CKaHHUPYIOUIEH 30HI0BO MUKPOCKOIIUH, crieKTpockonuu U autorpapuu (C3M, CJI),
SBJISIIOIIUXCS OJTHUMH M3 0a30BBIX METOJ0B COBPEMEHHOM HAHOAMArHOCTUKY;

- (hopmupoBaHUE y MIKOJIbHUKOB CUCTEMHBIX 3HAHUN O METOAaX U TEXHOJIOTHSIX
MOJTYYEHUS] HAHOPA3MEPHBIX CUCTEM U UX MPAKTHUECKON peann3aliui;

- OCBOCHHE IIKOJbHUKAMH TEPMUHOJIOTHH U OCHOBHBIX TIOHSITUM, CBA3AHHBIX C
HaHOMAaTepUaJlaMl U HAHOTEXHOJIOTUSIMU;

- O3HAKOMJICHHE C  TMPAKTUYECKOW  MATEMaTUKOM; H3YYEHHE  OCHOB
KOMOWHATOPUKH, TEOPUH MHOKECTB, MATEMATHUYE€CKOW JIOTUKU;, U3YUYEHUE U pacyueT
TEOPUU BEPOSTHOCTH;

- (hopmupoBaHue MpeCTaBICHUN O MPOBEIECHUN MAaTEeMAaTUYECKUX PACUYETOB C
MTOMOIIBIO MPOTPAMM;

- pa3BUTHE MTO3HABATEIHLHOIO MHTEPECA K MPOSKTHOU NEATEIbHOCTH, PEIICHUIO
M300peTaTeNbCKUX 3a/1a4, HAyYHO-TEXHUYECKOMY TBOPUYECTBY;

- OBJIaJICHUE OOYYaIOIIUMUCS HAaBbIKAMH TMPOEKTHOM JIESITEIBHOCTH, WX
MOATOTOBKA B 00JIACTH MPOEKTHOM JAEATEILHOCTH Ha COBPEMEHHOM YPOBHE;

- O3HAKOMJICHHE C TpaBWJIaMH TEXHUKH O€30macHOCTH Tmpu padore ¢

BBICOKOTCXHOJIOT'MYHBIM O60py,Z[OBaHI/ICM;



- 00yueHrue HaBbIKaM WCIOJIb30BAHUSI HAYYHO-TIOMYJISIPHOW W CIPABOYHOM
JUTEpaTyphl, UHTEPHET-UCTOYHHUKOB;

- BBIpa0OTKa y OOYyYaroImMXCs HAaBBIKOB KOMAaHJIHOW paOOThl U ITyOJMYHBIX
BBICTYIUICHUH, JTOKJIA/IOB.

- 03HAKOMJICHHE C TEXHHYECKHMMH TMPOQPEeCcCCHsIMH M OOECIeUeHHEe YCIOBUI
po(hecCHOHATFHOTO CaMOOIIPEIETICHHUS;

- pa3BuTHE HAOMIOJATCILHOCTH, BHHUMAaHHUS, CIOCOOHOCTH YYallUXCsl K
CaMOCTOSITEIFHOMY PEIICHUIO BO3HUKAIOIIUX MPOOJIeM;

- IOMYJISIpU3aIHs HAyIHO-TEXHUIECKUX 3HAHUH.

AJipecaT mporpamMmbl — y4anuxcs B Bo3pacte 14-15 jer, skenaronue 3aHUMAThCs
UCCJICTOBAaHUSIMH B 00JIACTH HAHOTEXHOJIOTUH.

®opMma 00y4eHHUsI M BUbI 3AHATHI

dopma oOy4YeHHS — OYHAs, BO3MOYKHO HCIIOJIH30BAHUE JIUCTAHITMOHHBIX
00pa30BaTeIbHBIX TEXHOJOTUHA W AJCKTPOHHOTO OOyUYEHHUs. 3aHSATHUS TIPOBOATCS II0
rpynnaM. KonudectBo oOyuaromuxcsi B rpymnmne — 10 12 yenosek. [lpu peanuzammu
MIPOTPaMMBbI, MOTYT OBITH OPTraHU30BAHbBI M MPOBEIACHBI MACCOBBIE MEPOIIPHUATHS IS
COBMECTHOM JEATEIHHOCTH O0yUAIOIINXCS ¥ POJIUTENCH (3aKOHHBIX MTPEACTABUTENCH).

[Iporpamma mpenmnonaraer BbIOOp GOpM 3aHSATUN, TaKUX KakK JICKIIMOHHBIE,
nabopaTopHbIE W TPaKTUYECKHE PaOOThI, CEMHHAPHI, TPOBEICHUE SKCIECPUMEHTA,
UCCIIeIoBaTeNbCcKas U MPOEKTHas padoTa.

[To Tumy opraHW3anuy B3aWMOJCHCTBUS TEAArOTOB C OOYYAIOMIUMHUCS, TPH
peanu3aiuy MporpaMM HUCIOJIb3YIOTCS JTUYHOCTHO-OPUEHTUPOBAHHBIE TEXHOJIOTHH
oOy4eHwUsl (TEXHOJIOTUH MPOSKTHOMN U UCCIEOBATENBCKOMN IEITETLHOCTH).

Peanmuzamus IPOTPAMMBI npeanoaaraet UCTIOJIb30BaHNE
3I0pPOBBECOEPEraroIIUX TEXHOJIOTHMA, PEAIU3YIOIIUXCS Yepe3 co3/laHue Oe30MacHbIX
YCIIOBHM, TaKWX KaK BKIIFOYCHHE B 3aHATHC TUHAMHUYCCKHX May3, MEePUOINYECKas
CMEHa JeSTeIbHOCTH 00yYJatOIInXCsl; KOHTPOJIb COOMIOACHHS 00YJIarOIIUMUCS TTPABHUIT

pab6otsl Ha [1K; cozmanue 61aronpusaTHOTO TMICUXOJIOTUYECKOT0 KIIMMaTa B TPYTITe.



OTtanvuTebHAsA 0CO0EHHOCTH MPOTrPaMMbI

[IpencraBnsiemas mporpamMma OCHOBaHa Ha MeTOIMYECKOM HMHCTPYMEHTapuu
HacTtaBHHKA «HaHnokBanTyMm Tynkut» (M.MyxuH u np. — 2-¢ u3., nepepad. u 101, —
M.: ®onn HOBBIX (hopMm pa3BuTus 0OpasoBanus, 2019), uMeeT MOAYIbHYIO CTPYKTYPY
U 3aJ0KEHHYIO BO3MOYKHOCTb CETEBOI0 B3auMOAEWCTBUsS. MoOnynH, OCTPOEHbI HA
IPAKTUKO-OPUEHTUPOBAHHBIX WHXEHEPHBIX UM  HMCCIEAOBATEIbCKUX IMPOEKTaxX
(MHIUMBUYaJBHBIX WM FPYIIOBBIX ), HATIPABJICHHBIX Ha PEIICHUE 3a/1a4 PUKIIATHOTO
1 (yHAAMEHTAIBHOIO XapaKTepa.

Oprasan3anoHHO-NeIarorn4ecKue yCcJI0BUs

[Ipu peanuzanuu  JONOJHUTENIBHOM  oOuLIepa3BUBAIOUIEN  MpPOTrpamMMbl
UCIIOJIB3YETCSI TEXHOJIOTUSI TPOEKTHOM JESITEIbHOCTH.

JlanHasi mporpamma peaju3yeTcsi B paMKaX CETEBOIO B3aUMOJICHCTBUS U
ABJISIETCSA YAaCThIO IPOrpaMM  ITaHa BHEYpouHOU AesTensHocTH OOII OOO0.

[Iporpamma  mpeamonaraeT 2 ypoBHS OOy4YEHHS: BBOJHBIN, MPOEKTHBII.
Kaxxaplii u3 ypoBHEH HMeEET 3aKOHYEHHYIO CTPYKTYPY CO CBOMM LIEISIMU, 3aJjauaMi U
OKUJAEMBIMU PE3yJIbTaTaMU U 3aKAaHUYMBACTCS 3AIIUTOMN MPOEKTA.

Peanuzanus nmporpammbl MOKET OBITh OCYILECTBIEHA KaK Ha COOCTBEHHBIX
pecypcax KBaHTOpMyMa, TaK U NpPU MOAJEPKKE CETEBBIX M WHIYCTPUAIbHBIX
NapTHEPOB YEPE3 CETEBOE B3aUMOJICHCTBHUE.

CoBMecTHast JI€ATENbHOCTh  YYaCTHUKOB  0OOpa3oBaTeNbHOrO  Ipoliecca
BBICTPAWBACTCSl HA TMPHUHIMIAX OSMOIMOHATBHONW 3HAUYMMOCTH, OTKPBITOCTH,

JeSATEIIbBHOCTH, 0OPaTHOM CBSA3U U CYyOBEKTHOCTH 00YUYarOIIETOCS.

Cpok 0cBOeHHS IPOTrPAMMBI, PEKUM 3aHATHH

Cpox ocBoeHHUsI 00IIEepa3BUBAIOIICH MPOTPAMMBI OTPEICTSETCS B YyUeOHOM
IJlaHe, KOTOPBIA SABIAETCS MPUIIOKEHHEM M MOXKET OOHOBJIATHCA 1O Mepe
HEOOXOIMMOCTH.

[IpoIOKATENBHOCT OAHOTO 3aHATHS — 45 MuHyT. KoiaudecTBo 3aHATHI B
JI€Hb, HEJIETI0 OMPEIEISIETCS B COOTBETCTBUU C YUEOHBIM TUIAHOM U KaJeHAAPHBIM

rpadukom.



Ilnanupyemble pe3yabTaThl 0CBOEHHS 00Pa30BaTeJIbHON MPOrPaMMBbI
3HaHueBble U MPOdeccCHOHAJIbHbIE KOMIIETEHIIUN

3HaHUC/TTOHMMAHHUE YYalmnMHUCA .

- [IpeIMETa HAHOTEXHOJIOTUH;

- OCHOBHBIX BHUJIOB HaHOOOBEKTOB M HAHOMATEPHAJIOB, UX OTIMYUTEIbHBIX
0COOEHHOCTEI;

- IprOOPOB U YCTPONCTB, pa3pabaTbIBa€MbIX HA OCHOBE HAHOMATEPHUAJIOB;

- IPUHLMIIA PA3MEPHOIO KBAHTOBAHWS M YCIIOBUS HaOJIIOJEHHUS KBAHTOBO-
Pa3MEpHBIX SIBICHMIA;

- OCHOBHBIX IIapAMETPOB, ONPEAEISIIONIMX CBOMCTBA HAHOOOBEKTOB, METOJIBI U
npuOOphI UX XapaKTepU3alHH;

- KIacCU(UKallMM, BO3MOXKHOCTEH W HAa3HA4Y€HHS OCHOBHBIX METOJ/IOB
MOJIyYeHHUs] HAHOMATEepHaJoB;

- TEXHOJIOTMYECKOrO0 00OpYZOBaHHA M OCHOBHBIX METOJOB IOJTYYECHHUS
HAHOMOPOIIKOB, HAHOCJIOEB M KOMIAKTHBIX HAHOMATEPHUAJIOB;

- OCHOBBI OOpaOOTKM HAHOCTPYKTYPUPOBAHHBIX MAaTE€pUANOB; METOJIOB U
TEXHOJIOTU MOTyYEHUSI HAHOKOMITO3UTOB;

- IPUHLHUIIOB, 3AJI0KEHHBIX B KOHCTPYKIIMH U TporpammHoe o0ecneuenue C3M;

- (pU3MUECKUX U XUMUYECKUX CUCTEM MOHMXEHHOI pa3MepHOCTH,

- OCHOBHBIX HAyYHO-TE€XHMUYECKHX MpPOOJEM HAHOTEXHOJIOTMM W TEPCHEKTUB
pa3BUTHS TaHHOW 00JIACTH 3HAHUIA;

- OCHOB KOMOMHATOPHUKH, TEOPUH MHOKECTB, MAaTEMATUYECKOM JIOTUKU; TEOPUHU
BEPOSITHOCTH;, TEOPHUH TrpadoB.

YMenus:

- IPOTHO3UPOBATh  YCTOWYMBOCTh W (PU3UKO-XUMHUYECKHE  CBOWCTBA
HAaHOOOBEKTOB U HAHOMATEPHUAJIOB;

- QaHAJIM3UPOBAaTh W INPEJICKa3bIBaTh TEHACHIMU Pa3BUTUS CEIrMEHTA PpbIHKA
MPOIYKUMH HA OCHOBE HAHOPa3MEPHBIX CUCTEM;

- BBIOMPATh ONTUMAJILHBIE PACXOIHBIE MaTEPHAIbI;
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- OPUEHTHPOBATbCS B COBPEMEHHON JIUTEpaType M BECTU JHCKYCCHIO IIO
HAHOTEXHOJIOTUH;

- CAMOCTOSITEIBHO CTaBUTh 3aJa4d IO CO3JaHUI0 WIM MPAKTUYECKOMY
IPUMEHEHHI0O HaHOOOBEKTOB M HAHOMATEpUAJIOB JUIS PEIICHUs KOHKPETHBIX 3ahad
HAHOTEXHOJIOTUH;

- OPUEHTHPOBATbCS B METOAAX IOJYYEHUS W HCCIEHOBaHUS HAHOCTPYKTYD,
CKaHHUPYIOLIEN TYHHEIBHON MUKPOCKOIIMH U CIIEKTPOCKOIINH;

- IPOBOJIUTh MATEMATHYECKHE PACYETHI C TOMOILBIO IPOrPaMM;

- IPUMEHATh MAaTEMaTUYECKHE WHCTPYMEHTHI B IIPOCKTHOM JEATEIBbHOCTH.

DopMHUPOBAHNE HABBIKOB:

- TBOPYECKOT0 000OIIEHHS TOTYYEHHBIX 3HAHU;

- pa6othl Ha C3M pa3IuyYHBIX TUIIOB;

- aHaJM3a JAHHBIX, TOJTYYEHHBIX ¢ ToMOIIbI0 C3M;

- KOHKPETHOTO U OOBEKTUBHOIO M3JI0KEHHUSI CBOMX 3HAHUN B MUCHMEHHOW U
yCTHOM opme,

- pyHIaMeHTanbHBIX 3HAaHUW O coenupuke TMOBEACHUS BeEllecTBa B
HAaHOMETPOBOM Pa3MEpPHOM JIHAINA30HE,

- IOHUMaHUS MEXaHW3Ma BO3HUKHOBEHMSI pPa3MEpPHBIX (PU3UYECKUX U
XUMUYECKUX IP(PEKTOB;

- IJTAHUPOBAHUS Y BBIMOJHEHUS Y4YEOHOrO0 TIPOEKTa C HCIOJIb30BaHUEM
00opy0BaHUs, MOJIENEH, METOJIOB U IPUEMOB, 3AILUTHI MPOEKTA.

YHuBepcaJbHble KOMIIETCHIMH:

- YMEHHUE T€HEPUPOBATH UAEU YKAa3aHHBIMU METO/IaMH;

- YMEHHUE CIYIIATh U CIbIIIATh COOECETHUKA;

- YMEHHUE apTyYMEHTUPOBAHHO OTCTAMBATh CBOIO TOUKY 3PEHUS;

- YMEHUE HaxOJWTh HWH(POpMaIMI0O B  CBOOOJHBIX HCTOYHHUKAX M
CTPYKTYpPHUPOBATH €€;

- YMEHHE KOMOWHUPOBATh, BUAOU3MEHSTh U yIIy4IlIaTh UJICH;

- HAaBBIKM KOMaHTHON paboThI;

- YMEHHE IPaMOTHO MUCbMEHHO (POPMYITHPOBATH CBOU MBICIIH;
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- KPUTHYECKOE MBIIJIEHUE M YMEHHE OOBEKTHBHO OLIEHMBATh PE3YJIbTATHI
cBOEl paboTHI;

- OCHOBBI OPaTOPCKOI'0 MacTEePCTBA.

YpoBeHb cHOPMUPOBAHHOCTH U OCBOEHHOCTH HABBIKOB BBIABIISIETCS B XOJI€
3aIUT y4eOHBIX MTPOEKTHBIX paldOT.

[To mToram o0ydeHHs AOKHO CHOPMUPOBATHCS MPEICTABICHHUE O CIIOCO0e
MPOBEICHUS] HAYYHOTO WCCIIEIOBAaHUS, AaKTYaJIbHBIX 3aJadax, CaMOOIPEICIICHUE C
00J1aCThIO JajJbHENIIEH MMPOEKTHO-UCCIIEN0BATEIbCKOU NEATENBbHOCTH,
IPOJIEMOHCTPUPOBAHA CITIOCOOHOCTH U TOTOBHOCTh MPUMEHSThH MOy YCHHbIC 3HAHUS HA
IIPaKTHUKE.

Pabota mpOEKTHBIX TPyIIl NOPOBOAUTCS MO pPa3HbBIM  HANpPABJICHHIM
VCCJIEIOBAHUN C yYETOM MHTEPECOB YUaIUXCS.

@opmbI aTTECTALIUA
OCHOBOM aTTeCTALUM SBILIETCS MIPOEKTHAS AEATEIBHOCTD yUaIIUXCS.
IIpome:kyToyHast aTTecTAalMsl — BBIIOJHEHUE ONPENEIEHHOrO ATamna
MIPOEKTA MOJI PyKOBOJCTBOM HacCTaBHHUKA.

HToroBoii arTecTanmei saBisieTcst pa3padOTKa U 3alUTa MPOEKTA.

CucreMbl OLIEHKH pPe3yJIbTATOB 0CBOEHHsI 00pPa30BaTe/IbHOM NPOrpaMMbl

OcBoeHue nporpaMMbl Ha KaKI0M YPOBHE 3aKaHUMBAETCS 3aIIUTON TPOEKTOB.

Kpurepuu oneHky ny0JIM4YHON NPe3eHTANNH MPOEKTA:

1 AKTYyambHOCTb M 3HAYUMOCTh npoekTa (ot 0 10 5 6amioB).

2 CooTBeTcTBUE pe3ynbTara nocraBieHHoM menu (0-5 6amos).

3 VYpoBeHb 3aBepiiieHHOCTH npoekTa (0-5 6aoB).

4, YpoBeHb CaMOCTOATETLHOCTH MPH BhITIOJIHEHUH padoThI (0-3 Gara).

5 KauecTBo npesenraruu npoekrta (odhopmieHue, auzaiid) (0-3 6anna).

6 KadecTtBo 3ammuThl mpoekTa (YyCTHOE BBICTYIUICHHWE) M Y4YacTHE KaKJIOTO B

zamute (0-3 Gamna).



1. YMeHue oTBeYaTh Ha BOMPOCHI M OTCTaMBaTh CBOIO TOUKY 3perus (0-3 Gamra).
8. AHaIN3 HAYYHBIX U WHKXEHEPHBIX MCTOYHUKOB, KOHKYPEHTHBIX MOJAXOAOB K
aHaJOTHMYHOU 1an Onm3ko 3amade (0-3 OGamra).

VY4eHukam, yCreuHo 3aiuTUBIIUM TPOeKT oT 20 6aJJI0B U BBIIIE, TOCETUBIIUM
70% 3aHATHI 110 TpOrpaMMe PEKOMEHYETCS TIPOJOJIKUTE 00yUYEHUE Ha CIEAYIOIEM
ypOBHE. YUYeHHKaM, HaOpaBIlIMM MO pe3yJibTaTaM 3allUThl TpoekTa MeHee 20 0aoB,
a Takxke nocetuBmuM MeHee 70% 3aHATHI 1O pOorpaMMme pPeKOMEHIyeTCsl BhIOpaTh
oOyueHue MO JApPYyroil JOMONHUTEIBHOW oOImepa3BuBatomenr nporpamme T
«KBanTOoprym».

Meroanuyeckoe odecneyeHue

Metoabl, MCHOJb3yeMble MEeJAroroM — pa3iHYHbIE MPUEMbl AKTUBU3AIMHU
MHTEpeca K IPEIMETHOMY COJEP/KAHUIO:

- (acunuTanus;

- MOJEpALIHS;

- MCTIOJIh30BaHUE MTPOBOKATUBHBIX METOJIOB B TEOPUHU OOYUYEHHS U TBOPUECTBE;

- mpo0OyiemMaTr3anusi;

- cXeMaTHu3alusl.

Y4eOHo-MeTOANYECKHE M THAAKTHYECKHE CPeICTBA 00yYeHH:

- BUKTOPUHBI, aHKETHI;

- Keiic-3a1aHusl, OJIM3KKE TI0 TEMATHKE COJICPKAHUIO 3aHATHH;

- HAYYHO-TIOMYJISIpHbIC (PUIIBMBI, BUJIEOMATEPHUATIbI;

- PE3EHTAallUH, IOJrOTOBIICHHBIE [1€1ar0rOM;

- cipaBoYHble  Tabmunbl  (MeHnmeneeBa,  pPacTBOPUMOCTH,  BSI3KOCTH,
TeMIepaTypbl KATICHUS, TIJIaBJICHUS U JIp.).

MarepuajbHO-TEXHUYECKOE 00ecreyeHue

Oob6opynoBanmue:

- MUKPOCKOIIBI (ONITUYECKUM, MeTayuiorpauueckuii, ”THBEpTUPOBAHHBIN);

- BEChI (AHAIMTUYECKUE, MPELIU3UOHHBIE);

- crieKTpohoTOMETP;

- neHTpudyra, MarHuTHasE MEIIAJIKa;
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- CKaHUPYIOIIHUMN 30HI0BBIN MUKPOCKOIT,

- IEPCOHAIbHBIA KOMIBbIOTEp (HOYTOYK) C BBIXOJOM B ceTh HWHTepHeT u

YCTAHOBJICHHBIM CIICHHUAIM3UPOBAHHBIM IIpOIrpaMMamM OGCCHC‘ICHI/IGM;

- BCIIOMOI'aTCJIBHOC

obopyaoBaHue (mucneprarop,

AUCTUILIATOD,

yJIbTPa3BYyKOBasi MOMKa, BOJsTHAsL OaHs, CYIIMIBHBIN KA, pedpakToMeTp | T.I1.);

- IPOCTHIE U3MEPUTEIIbHBIE pUOOPHI (uudpooit

HMITAaHTCHIIUPKYJIIb U T.I1.);

- Habop 1abopaTOPHOU MOCYABI;

- nabopaTtopHas MebOelb, 0011Ie1a00paTOPHBIC MPUHAIIICIKHOCTH;

- paCcXOaHBIC MATCP

VaJIbI;

- CIICH. OJACKAA-XaJIaThbl, 3allTUTHLIC OYKH, IICPIATKU.

YYEBHO-TEMATHYECKHWH IIAH

MYJIBTUMETP,

KoumnuecTBo yacos
Ne
HaumeHoBaHue TeMbl B ToMm umciie
n/n Bcero
Teopusi | [IpakTuka

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

pabote B 1aboparopuu
2. YPOBHHU OpraHu3alii MaTEpUH 2 1 1
3. OnTHueckasi MUKPOCKOTHS 2 1 1
4. Hanomarepuassl 1 HAHOTEXHOJIOTUU BOKPYT 2 1 1

Hac
S. Keiic «Mup cuMMeTpUn KpUCTAILIIOB)» 3 1 2
6. AnnoTtponHbsle MOIU(pUKALIUN yTIepoia 2 1 1
7. W3mepurenbHble TpuOOpHI B 1a00paTOPUH 2 1 1
8. Mertoabl cUHTE3a HAHOMATEPUAJIOB 1 1 0
9. Keiic «ITonyuenue HanogacTuil cepedpa 2 1 1

METOZOM XUMHYECKOTO BOCCTaHOBIICHHSI
10. | Ketic «Ilony4yeHre 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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COIAEPKAHHUE ITPOI'PAMMBI

mupe: JIHK, Bupycsl,
MHUKPOOPTaHU3MBl,

MAarouTOTaKTHYCCKHUE 6aKTepI/II/I,

o
N Tema Teopus IIpakTuka
n/n
1. BBoanoe 3ansTue. [ToxxapHast 0e301acHOCTh B -
TexHuka «KBanTtopuyme» u
0€30MacHOCTH TIpU «HanoxBantyme». TexHuka
pabore B 0e301acHOCTH MpU padboTe B
nabopaTopuu naboparopud, pu padboTe co
CTEKJIIHHOM IIOCYI0M, XUMUYECKUMU
peaKTHBaMH, 3JIEKTPONIPHOOpaAMH.
DKCKypcHsl, 3HAKOMCTBO €
o0opyaoBaHHEM
2. VYpoBuu opranuszauuu | [lonstue marepuu. Ilose n Pabota c paznuunbiMu
MaTepun BelecTBO. ENnHULIBI U3MepeHus npudopamu ass
qHblL. [IpuctaBku CU. Mukpo-, U3MEPEHUS
MaKpoO- ¥ MEraypOBHHU OPraHU3alUH | TEOMETPUUECKUX
Marepuu. PasmepHOCTh pa3mepos. IlepeBon
npocrpancTsa. [IonaTne €IMHUI] U3MEPEHMUSI.
HaHOOOBEKTa U HAaHOAMANA30HA Pacuér nnomanu n
o0bEMa
3. OnTrueckast HcTopust MUKpOCKOTIHH. N3yuenue TexHUKU
MUKPOCKOTIHS @yHIaMEHTaJIbHBIN pAJIeeBCKUM 0e30MmacHOCTH IpH padboTe
KpUTEpUH. Y CTPONUCTBO ONTUYECKOTO | C ONTUYECKUM
MHUKPOCKOIIAa. XpOMaTH4YECKHE U MUKPOCKOIIOM.
chepuyeckue abeppanuu HccnenoBanue pa3amaHbIX
00pas3IoB Mo
MHUKPOCKOIIOM
4. Hanomarepuans! n Krnaccudukanus HaHomatepraaoB JemoHcTpanus
HaHOTEXHOJIOTHH 10 UX MPOUCXOXKIEHUIO. Pa3IUYHbIX
BOKPYT Hac HaHno00beKThI B OKpykKaroliem HaHOOOBEKTOB. PacuéTHble

3aJauu Ha OINpeieieHne
I[[BETa KPbUIbEB 0a00UKU

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

0abouek, onajaecleHIus

HNEPUOANYECKUX
HAHOCTPYKTYp, U3

KOTOPBIX COCTOAT KPbLIbs

Keiic «Mup [IpupoaHbie U UCKYCCTBEHHbBIE JeMoHcTpanus
CUMMETpUU Kpuctaisl. Kpucramioruaparsl. IPUPOJIHBIX KPUCTAIIIIOB.
KPUCTAILIIOBY YcnoBus o0pazoBaHus KpUcTauioB. | M3yueHue TeXHUKU
AKTyanbHble 331241 0e3011acHOCTH ITpU paboTe
HaHOTEXHOJIOTHH, CBSI3aHHBIE C C HEKOTOPBIMHU
KPUCTAIJINYECKUM COCTOSIHUEM KPUCTAJJIOTHIpaTaMH.
N3yuyenue u ananus
pa3JINYHBIX UCTOYHUKOB
uHpopmanuu.
Bripanusanue
Kkpuctayios. Habmoenue
332 POCTOM KPUCTAIIJIOB
AnnorponHsie Annorponus. Yriaepo Kak N3yuenue cBoiicTB
MOTU(UKAITIH BEIIECTBO C HAMOOJIBIIUM YUCIIOM Pa3IUYHbIX AJNIOTPOIHBIX
yriiepoa QTOTPOITHBIX MOAH(PUKAIIH. Mo (UK yraepoaa.
AMopdHbBIe U KpUCTAJUINYECKHE Co3pnanue rpadena npu
JJIOTPOMHbIE MOAU(DUKALIUT MIOMOIIY KapaHjaamia u
yriaepoza. YTiepoaHbie CKOTYa, UCCIIE0BAHUE €T
HaHOCTPYKTYpHI (rpadeH, ONTHUYECKUX CBOMCTB O]
yIJIepOJHbIE HAHOTPYOKH, MHUKPOCKOIIOM
¢yiepeHsl) U UX 0coOble CBOWCTBA
N3mepurenbHble [IpuHnmns! paboTel u 1aboparopubie | 3yueHune TEXHUKU
puodopsI B MIPUMEHEHUSI MAHOMETPA, 0e30MmacHOCTH IpH padboTe
nabopaTtopuu 6apomeTpa, TepMOMETpa, C pa3IN4YHbIMU

rurpomerpa, pH-metpa,
KOH/IYKTOMETpa, coliemMepa,

apeoMeTpa, MyJIbTUMETpa

U3MEPUTEIIbHBIMU
npudopamu. 3mepenue
JABJICHUSI, TEMIIEPATYPHI,
BIIaXKHOCTH, PH,
MPOBOJIUMOCTH,
COJIEHOCTH, IIJIOTHOCTH,
CHUJIBI TOKA, HATIPSIKEHUS,

COIIPOTUBJICHUA
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Mertonnl cuHTE3a

HaHOMAaTCpHaJIOB

HanomaTepuaiibl 1 HAaHOpa3MEPHBIC
00BekThI. [ToHsATHE HAHOPAa3MEPHOTO
00BEKTa KaK IMPOMEKYTOYHOTO 3BEHA
MEXy OTJICIIbHBIM aTOMOM HWITH
MOJIEKYJIOH U 00BEMHBIM
marepuaiioM. [IpocTpaHcTBEHHbIE
pa3MepHOCTH HAHOMATEPHAJIOB.
MeTobl CHHTE3a HAHOMATEPUAIOB.
[Moaxon «cBepxy-BHU3» (top-down)
U TIOJX0JT «CHU3Y-BBepXx» (bottom-
up). ®ortonurorpadus,
MOJICKYJISIPHO-ITYYKOBas SIUTAKCHS,

JUCIIEPCHS, THIPOTEPMAJIbHBIN

CUHTE3
9. Keiic «Ilomyuenune Cepebpo, ocoOble cBOICTBA €ro N3yudeHne TeXHUKH
HaHoyacTull cepedpa | HaHodacTUll. CriocoObl MOTyUYeHUS 6e3011acHOCTH IIpU paboTe
METOJIOM HaHOYACTHI] cepedpa METOA0M C aMMMAKOM U IIEeJI0YaMHU.
XUMHYECKOTO XMMHUYECKOI'0 BOCCTAaHOBJICHHUS N3yuenue u ananus
BOCCTAHOBJICHUS» HOHOB cepeOpa. Peakius pa3IMYHBIX UCTOYHUKOB
cepeOpsIHOTO 3epKajia Kak UHpOpMaLIUK.
WJUTIOCTPAIUsS BOCCTAaHOBIICHUS [Tonyuyenne HaHOYACTHIL
HMOHOB cepedpa TITIoK030i cepebpa. Beiasuxkenue
TUIIOTE3 [0 IPUMEHEHUIO
IIOJIyYE€HHBIX HAHOYACTHI
B Pa3UYHBIX 00JACTIX
HAyKH, METUIMHBI U T.1.
10. | Keiic «Ilomyuenue ®eppomarHeTUKU. JIBOMHON OKCHUL N3ydeHne TeXHUKH

MAarHuTHBIX
HaHO4YaCTHIl METOAOM
XHMHUYECKOI'o
OCaXIACHUS U3

pacTtBopa»

’&KeJe3a, 0CoObIe CBOWCTBA €ro
HaHouacTHll. CrocoObl MOTyYEeHHS
(heppOMarHUTHBIX HAHOYACTHI]
METOJIOM XUMHUYECKOTO OCAKICHUS
u3 pactBopa. Crabunuzanus

HaHOYaCTHI]

0€30MacHOCTH IIpU paboTe
¢ ammuakoM. M3yuenne n
aHAJIN3 Pa3IUYHbIX
UCTOYHUKOB HH(POPMAIUH.
[losny4yeHne MarHUTHBIX
HaHOYACTHI] X CMECH
COJIeH JKeme3a.

BriaBmkeHue runoTes mo
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IIPUMEHEHUIO
IIOJIyYEHHBIX HAHOYACTHII
B Pa3JIMYHBIX 00JIACTSIX

HayKH, METUIIAHBI U T.]I.

11. | 3onb-renp JHucnepcHble cuctemsl. Komonansie | 3yueHune TeXHUKU
TEXHOJIOTHS CUCTEMBI: 30JI1 U Telu. MeToIbl 0e30MmacHOCTH NP padboTe
MOJTY4EHUs 30JIeH 1 Tereil. C pa3INYHBIMU
Onrtuyeckue CBOWCTBA KOJUIOMIHBIX | XUMHKaTamu. [lomyuenne
cucrem. Dpdext Tunnans. 307b- 30JI€H U TeNeil U u3yueHue
reJib MPOLIECC UX CBETOMPOBOJISIINX
CBOMCTB
12. | Pabora na C3M Hcropus C3M. Usyuenue N3yuyeHne TeXHUKU
NanoTutor KOHCTPYKIIMU ¥ IPHHLIUIIOB Pa0OThl | OE30MAaCHOCTH IpH paboTe
CKaHUPYIOILEro 30H10BOT0 Ha C3M. Pabora Ha
MHKpPOCKOIa BUPTYAJIBHOM TPEHaXEPE
C3M NanoTutor
13. | [HoaroroBka MpoeKTOB. Y4eOHO-HCCIIEIOBATENBCKAS U TIPOCKTHAS ICATEIIHOCTB!
0COOCHHOCTH, ATaIbl, JXKU3HEHHBII LUK, pe3yabTaTsl. Komanmzoobpa3oBanue.
Llenenonaranue
14. | 3amuTa npoekToB. CTeH0Basl, Mpe3eHTAI[IOHHAs
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INJIAHUPYEMBIE PE3YJIBTATBI

OOyuaromuecs 10/KHbI 3HATD:

- TEPMHHOJIOTUI0O M OCHOBHBIE TOHSTHS, CBSI3aHHBIE C HAaHOMAaTEpUalaMu U
HaHOTEXHOJIOTUSIMU;

- OCHOBHBIE METO/IbI ITOTyYEHUSI HAHOMATEPHUATIOB U HAHOCTPYKTYP;

- IEPCIEKTUBBl  PAa3BUTHS  METONOB  IIOJYYEHHS HAHOMATEpUaJIOB U
HAaHOCTPYKTYD;

- METOBI M TEXHOJIOTMM TIOJIYYEHUsS HAHOPa3MEPHBIX CHUCTEM M HX
IIPaKTUYECKOM peanu3aldyd Ha NPEAUpPHIATUSAX I NOBBIIMICHHUS YCTOWYUBOCTH WU
KOHKYPEHTOCIOCOOHOCTH MHHOBALIMOHHOTO OM3HECA;

- (hU3MUECKHe OCHOBBI, MHCTPYMEHTAJIbHbIE NPUHLUIBI U JUarHOCTUYECKHUE
BO3MOYKHOCTH METOJI0B CKaHHUPYIOUIEH 30HJI0BOM MHUKPOCKOIWHU, CHEKTPOCKONHUHU U
auTorpaduu, SBISIOIIErOCS OAHUM M3  0a30BBIX METOJOB  COBPEMEHHOM
HAHOJMATrHOCTHUKH.

Ymersb:

- II0JIb30BAThCA J1AOOPATOPHBIM O0OPYAOBAaHUEM: MHKPOCKOIIOM ONTHYECKUM,
VHBEPTUPOBAHHBIM, MeTaJIOTpapUUecKuM, BECAMH aHAJIMTUYECKUMU,
NPEU3UOHHBIMHU; CHEKTPOPOTOMETPOM, UEHTPUPYrol, MarHUTHOM MEIIAJIKOM,
CKaHHPYIOLIUM 30HI0BBIM MHUKPOCKOIIOM;

- IOJIb30BAaThCAd  BCIIOMOTaTeIbHBIM  OOOPYJOBAaHUEM:  JIUCIIEPraTOpPOM,
TUCTUIUIATOPOM, YJIBTPa3BYKOBOII MOMKOM, BOJITHON OaHEH, CyIMIbHBIM MKahoM U
T.I., TMPOCTBIMH H3MEPUTEIbHBIMU TpubopamMu (UGPOBBIM MYyJIbTUMETpOM, pH-
METpOM U T.Il.), HaOboOpoM J1labopaTOpHOM TMOCYAbl, 00IIeTa00paATOPHBIMU
MPUHAIEKHOCTSIMU U PEaKTUBAMH.

- paboTaTh ¢ MEPCOHATBHBIM KOMIMBIOTEPOM (HOYTOYKOM) C BBIXOJOM B CETh
WNHTepHeT Ha ypOBHE MOJB30BATENsA, 3HATh OCHOBHBIE mporpammel (MS Word, MS

PowerPoint, Gpay3epsi);
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- UCKAaTh, aHAJTM3UPOBATh U 000011aTh HEOOXOAUMYIO HH(DOPMALINIO, TPOBOIUTH
e¢ Bepudukanuo, padotats ¢ HHOOPMAIMOHHBIMA MCTOYHUKAMH (B TOM YHCIIE Ha
AHTJIMIICKOM SI3BIKE);

- IOATOTOBUTh W TPEACTaBUTh TPAMOTHYIO TMPE3EHTAIUIO ISl  3allUThl
MPOEKTHOM pabOThI, B TOM YUCJIE HA AHTJIIMICKOM SI3bIKE.

Pe3yibTaToOM ycBOeHUsI 00y4aIOIIUMHUCS IPOrpaMMbl 110 pa3BUBaIOLLEMY U
BOCIIUTATEJILHOMY ACHEKTAM SIBJISIOTCSH:

- YCTOMYUBBIA MHTEpEC OOyYarolmUXCsd K COBPEMEHHOMY €CTECTBO3HAHUIO U
HOBEHIIINM TEXHOJIOTHSIM;

- aKTUBHOE y4aCTUE B HAYYHO-UCCIIE0BATENbCKOM U MPOEKTHOM J1€ATEIbHOCTH;

- TOCTH>KEHHSI B MACCOBBIX MEPOIPUATHUAX PA3ITHMYHOTO YPOBHS;

- YMEHHE IUIAHUPOBATh MPEICTOSIINE JEUCTBUSA, CAMOCTOSITEIBHO pEIaTh
3aJlayy B IIpolecce padoThl, pallMOHAIBHO BBIOJIHSTH 3aJaHUS;

- pa3BUTHE  BOJIEBBIX  KAue€CTB  JIMYHOCTH  (AMCHUIUIMHUPOBAHHOCTH,
LEIEYCTPEMIEHHOCTh, CaMOCTOATEIBHOCTH, OTBETCTBEHHOCTH, HACTOMYHMBOCTH B
JOCTH>KEHHUH MTOCTABJICHHOM LIEJU U T.JI.);

- YMEHHE CaMOCTOSATENIbHO OCYLIECTBIIATH MOUCK WH(GOpPMAIUU, HCIONb3Ys
pa3iMyYHbIe HCTOUYHUKHU, U CTPYKTYPUPOBAThH €€;

- CIOCOOHOCTh MPOAYKTUBHO OOIIATHCS B KOJUIEKTHMBE, CIYIIATh M CIIBIIIATH
coOeceIHHKa;

- CMIOCOOHOCTH paboTaTh B KOMaH/E;

- yMEHHE TpPaMOTHO (POPMYJIUPOBATH CBOM MBICIH, apPryMEHTHPOBAHHO

OTCTauBaThb CBOXO TOYKY 3PCHU.
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