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MHHOACHUTEJIbBHASA 3AIINCKA

HaHoxumus siBIsS€TCS €CTECTBEHHO-HAYYHONM OCHOBOM HAHOTEXHOJIOTUH, UIPAIOIIMNX KpalHe
BaXHYI0 pPOJIb B COBPEMEHHOM TEXHUKO-3KOHOMHUYECKOW mnapaaurme. Hanoxumusa wuccienyer
CTIOCOOBI MOJTYYCHHUSI U CTAOMITN3AIMH, CBOWCTBA, CTPOCHHE 51 0COOCHHOCTH XUMHAYECKUX
IIpEBpaIICHUI HAaHOOOBEKTOB M HAHOMATEPHUAJIOB, a TAKXKE MX MPAKTUUYECKHE MPUIIOKECHHUS.
Hanoxumus craia norudeckum pa3BUTHEM KOJUIOMIHOM XAMWH, c OJHOM
CTOPOHBI, i CYITPAMOJIEKYISIPHON XUMHUH — ¢ APpYyroi. O0e 3TUX NUCHUIUIUHBI KPUTUYHO BAXKHBI JIJIS
KOPPEKTHOTO MOHUMaHUSI HAHOXUMUYECKUX MOAXO0A0B.

Pa3Butne HAaHOXUMUU U HAHOTEXHOJIOTUH CeroNHs  CIYXUT  (HOKycoM
JUTS TIPAJIOKEHUS CWJI BEIyIIUX  YYEHBIXM MCCIEA0BATEIbCKAX KOJUIEKTHBOB.
Hanomatrepuanst Ha OPraHW4YeCKOM U  HEOPraHW4eCKOW OCHOBE IPUMEHSIOTCS B OTPOMHOM

KOJINYECTBE MPOIYKTOB COBPEMEHHOM MTPOMBITIUIEHHOCTH. OTIUChIBAEMOE HAMPABICHUE CITY>KUT
OJIHUM M3 CTONNOB Tak HasbiBaeMoii NBIC-koHBepreHIny, BXOASIIEH B PO MPEACKa3bIBAEMOTO
¢yryponoramu VI TexHOIOrHYECKOr0 YKiIaaa.
PabGouas mporpamma kypca BHEypodHOU aAesTeNbHOCTH «COBpPEMEHHBIE HUCCIIENOBAHUS U
JTOCTIDKCHHSI HaHOXMUMHH» (nmanee — I[Iporpamma) ecTecTBEHHO- HAYYHOW HANpaBICHHOCTH
MO3BOJIIET OCBETUTH oOydaromumcsi 10—11 KIacCOB OCHOBHBIE TE3MCHl HAHOXMMHH, a TaKKe
HaMETUTh OCHOBHBIC HAIIPABJICHUS PA3BUTHUS HAYKH O MUPE HAHOOOBEKTOB M €€ TEXHOJIOTHIECKUX
MPUJIOKEHUN, TTOYYUTh MOHITHE O COBPEMEHHBIX Hay4dHbIX MeTonax. Peamuzanusa I[Iporpammer
MO3BOJIUT JIOCTHYH 00JIee TIOJHOTO MOHMMAHMS IIKOJIHPHUKAMH €CTECTBEHHO-HAYYHOTO TMOJJX0/a K
H3YYECHUIO MPUPOJIBI U PA3BUTHIO HA €r0 OCHOBE TEXHOJIOTHI, MEHAIOIIUX MUP.

AkTtyanabHocTh [Iporpammabl

Hanoxumus B CBOMX HpPOSIBICHUSX OTHOCUTCS K OOJIACTHM €CTECTBEHHBIX HAayK B IIEJIOM.
N3nauanbHO cOPMUPOBABLINCH HA CTHIKE XUMUU U (PU3UKH, HAHOXUMHYECKHE TTOIX0AbI BO MHOTOM
BIIUSIIOT HA COBPEMEHHOE MOHUMAHHUE MOJIEKYJISIPHBIX OCHOB OMOJIOTHH U APYrUX HayK. TeM He MeHee
B IIKOJBHBIX Kypcax IO €CTECTBEHHO-HAYYHBIM IpeIMEeTaM TEMbl, CBSI3aHHBIE C HAaHOXUMUEH,
pacrojiaraloTcsi MOpo3Hb M 3aHMMAOT KpaliHe Malblii o0muil o0bemM. B dacTu BO3MOMKHOTO
nyomupoBanuss ¢ @OII COO mo mpeameTHo oOmactn «ECTECTBEHHO- HaydHbBIE MPEAMETHI»
[IporpaMmma moyTH He mepecekaeTcss HU ¢ (denepaibHOM paboueil mporpammoil mo y4eOHOMY
npeaMeTry «XuMus» (TeMbl «AJTOTponHble MoaubuKauun yriaepoaa», «lloHaTtue o AucCIepCHBIX
cucremax», «lIpencraBieHne o KOJUIOMTHBIX pacTBOpax» B pasfene «TeopeTHueckue OCHOBBI
XUMHWY», a TAK)KEe YIOMHUHAHUE HAHOTEXHOJIOTHH B pazjiene « XUMUS U KHU3HbY»); HU ¢ (penepaabHoil
paboueii mporpamMmoii 1o yaeoHomy npeamery «®dusnkay ( «[IoBepXHOCTHOE HATHKEHHE» B TEME
«ArperaTHble cocTosiHUSI BemiecTBa. (Da30Bble MEPEXOJbl»; YIMOMHUHAHUE
«[lonyyenue HaHomaTepuanoB» B TeMe «OCHOBBI MOJIEKYIIPHO-KUHETHUECKON TEOPHUH»); HU C
denepanbHOll paboueld MporpaMMoil MO y4eOHOMY MpeaMEeTy
«buonorus» («O0ume cBoiicTBa Ouosiornyeckux mMemOpaH» B TeMe «XHMHUYECKas OpraHu3anus
KIeTKkn»; «HaHoTexHOmoruu B OWMOJIOTUH U MEIUIIUHEY).

[IporpamMma pa3paboTaHa B COOTBETCTBHUU C TpeOOBaHUAMHU (elepalbHOTO TOCYIapCTBEHHOTO
oOpa3oBaTeNnbHOTO cTaHmapTa cpeanero obmero obpazoBanust (OPI'OC COO). HeobxoaumocTth
peanuzanuu [[porpaMmbl cBsi3aHa ¢ KpaitHe ITUPOKUM PacIPOCTPAHEHHUEM MPOIYKTOB HAHOXMMHUU B
COBPEMEHHOM  MHPE U BBIIICYIIOMSHYTHIM ~ HEJOCTAaTOYHBIM OTPaXKECHUEM OCHOBHBIX
MPUHIIMTIOB, HA KOTOPHIX OHA MOCTPOEHa, B OCHOBHOW  0Opa3oBaTelbHOU
nporpamme. [l 4acTUYHOW KOMIIEHCAIIMU TOTO pa3pbiBa B MOCKBE YK€ MHOTO JIET MPOBOIUTCS
OJIMMITHAJA TI0 HAHOTEXHOJIOTUSAM — OIMMIHA/IA IKOJIBHUKOB «BBICOKHE TEXHOJIOTHN U MaTepUAIIbI
OyIyIIEero.

3ananuss OnUMMUAIEl MO3BOJISIOT MIKOJIBHUKAM TOHSTH, HACKOJBKO  OHHOPUEHTHPYIOTCS B
ATOM MEXAUCIUILTMHAPHONW 00nacTu. CHCTeMaTHYecKoe K€ TMOJyueHHE 3HAaHUM  BO3MOXKHO
OpraHM30BaTh Ha YpPOBHE CPEIHETO o0riero 00pa3oBaHus B paMKax BHEYPOUHOU
NESITeNTbHOCTH WM JIOTIOJIHUTENBHOTO 00pa3oBaHUs, B YACTHOCTH MpH peaau3alud JaHHON
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IIporpammMmsl. bosbioe BHUManue B IIporpaMme yaeneHo MeToAaM MOJIYyYeHUS U U3Y4CHUS

HAaHOCTPYKTYPUPOBAHHBIX BEUIECTB U MaTepuaios. [Ipakrudeckas ctopona [Iporpammsl 11o3BosIsieT
YBHJIETh SIPKHE CTOPOHBI HAHOXMMHUHU NPU OTHOCUTEIHHON JOCTYMHOCTH BBIIOJHEHUS Y4eOHO-
HCCIIEI0BATENILCKOTO SKCIIEPUMEHTA M BO MHOTOM 0a3upyeTcst Ha mpuMepax J1abopaTopHbIX pador,
n3noxkeHHeIX B [lpakTukyme 1o HaHomarepuanaM M HaHoTexHojorusm A.b. Illep6akosa u B.K.
WBanoga [16]. M3yueHue HAaHOXUMUU OTKPBIBAET MHOTO HOBOT'O U HEOKUJAHHOTO KaK JUIsl y4EHUKOB,
Tak U ans nexaroros. [IpoekTHast U uccienoBaTenbckas AEATEIbHOCTh 10 HAHOXMMUH, KOTOpas
MOKET BBIIOJIHATECSA ¢ onopod Ha IIporpammy, mpu AOKHOM MOCTAHOBKE OyAET NMPUBOAUTH K
00BEKTHBHO HOBBIM PE3yJIbTaTaM, paHee HE ONMCAHHBIM B HAYYHOH JINTepaType.

HoBuzna IIporpammbl 3akiiodyaeTcs B TOM, 4YTO OHA IIOCTPOEHA Ha IOIIAaroBOM
03HAaKOMJIEHUHU O0y4aloNINXCsl C OCHOBaMU HAaHOHAYKU U €€ TPUJIOKEHUSIMU.

Peanuzanus Ilporpammel cnocoOCTByeT AeTanu3alMyd 3HAaHUN oOydarouuxcs o (PU3MKO-
XUMHMUYECKUX TMpOIeccax, MPOTEKAOIUX Ha HAHOYPOBHE, pACIIMPEHUIO MPEICTaBIEHUH O
BO3MOXHOCTSIX MPUMEHEHHUS HAHOXMMHUYECKUX TIOJXO0J0B, CIOCOOCTBYET MNpodopUeHTAINH
00yJaronuxcs.

Ilenarornueckas uesjecoodpasnoctsb [IporpaMMel 3akirodaercs B TOM, YTO OHa CO3JaeT
ycloBUs JUid GOPMHUPOBAHUS y 0OydarolUXCsS €CTeCTBEHHO-HAYyYHOW KapTHUHBI MHUpa, pa3BUBAET
yYMEHHE KPUTHUECKOTO OCMBICTIEHUS HH(OPMaIUH, 1a€T BO3MOXKHOCTD IMOTYYUTh HABBIK TPOBEACHMUS
y4eOHO-HUCCIEA0BATEIbCKOTO AKCIIEPUMEHTA, paciupseT Oa3uc i yriayOJeHHOTO W3y4YeHHUs
HAaHOXMMHUYECKHUX MTPOLIECCOB B BBICHIEH LIKOJIE.

Heas IMporpammbl — 1ath oOyyarommMcesi KpaTKUM 3KCKYypC B MEXIPEIMETHYIO 00JacTb
HAaHOTEXHOJIOTUH U UMIYJIbC K CAMOCTOSITEIbHOMY HM3YYEHHIO U TBOPUYECKOMY Pa3BUTHIO; JaHHas
001acTh B HACTOsIIIEE BPEMS SBJIAETCS OHOM U3 «TOYEK pocTay Al Pa3BUTUS MPOMBIIIIECHHOCTH
U HaxOJUT MHOTIOYMCIICHHbIE IPUMEHEHUS B COBPEMEHHOI TEXHUKE.

Bapuantsl peanu3anuu [Iporpammsl u popmbl poBeeHUsI 3aHATHIA

Peamuzanmss  [Iporpammbl  mpeamnosiaraeT  COYETaHWE  JICKIMOHHOW U CEMUHAPCKOM
dbopM pabOTHI C dIEMEHTaMH TPAaKTUKyMa: JICKIIUH, CEMUHApBI, TUCKYCCHH, 3aIIUTHI MPOEKTOB,
yueOHO-HMCCIIeIOBATEIbCKHI AKCIIEPUMEHT, MPAKTUYECKHE Pa0dOThl — HM300paKEHHE XUMUYECKUX
bopMmyIt, BU3yaau3alus TPEXMEPHBIX O0OBEKTOB H TIP.

B cemuHapckoii yacTu BO3MOXKHA CMEHA HHIMBU/IyalbHBIX U TPYIIIOBBIX ()OPM IPOBEICHHUSI
B 3aBHCHMOCTH OT TPEANOYTEHHH reaarora. B mMpakTHYecKold 4acTH BCTPEYAIOTCS Kak y4eOHO-
UCCIIEI0BATEIILCKUH SKCIIEPUMEHT, TaK M KOMITBIOTEPHBIN TPAKTHKYM.

[Tpu peanuzarmu [IporpaMMbl UCIIOJIB3YETCSl BHIYUCIUTENbHAS TEXHHUKA, 00ECIICUnBAIOIIast
JOCTYI K CHEIHMAIM3UPOBAHHOMY IPOTPAMMHOMY OOECIICUCHHIO M HAYYHOH JINTepaType.

Jlsisi caMOCTOSITEIBHOTO M3YUYEHHsI MPEIYCMOTPEH CIIMCOK aKTYaJIbHOW JUTEpaTypbl IO
OIKCBHIBAEMOM OO0JIACTH, PACCUMTAHHBIM KaK Ha YYUTEJNCH, TaK W Ha MIKOJHHUKOB, yUYaCTBYIOIIMX
B peanu3aruu [IporpaMMel.

[Iporpamma pazpabortana ans oOydarormuxcsi npoduiabHbix 10—11 KiaccoB (ecTecTBEHHO-
Hay4yHbl npoduib oOyuenus). [Iporpamma paccunrtana Ha 2 roga oOydeHus. OOiiee KOJIMYECTBO
BpEMEHH, OTBOUMOr0 Ha ocBoeHue [Iporpammel, coctaBmisietr 68 wacos. [Iporpamma peanuzyercs 1
pa3 B Hezemto 1o 1 yacy. Bapuantom peanusanuu MoxxeT ObITh n3ydenue [Iporpammel B 10 kinacce B
peXHMe 3aHITHI 2 yaca B HEJIENIO.

@opMBI KOHTPOJSL CAY)KAT HOJs OMpeNeNieHUs pe3yabTaTUBHOCTH OCBOeHHs [Iporpammer
oOyuaronumucs. ATTecTarus npoBouTcs 1 pa3 B TOJ: MPOMEXYTOYHASI — [10 UTOTaM MEPBOTO roja
0oOyueHus, UTOrOBasi — BECHOM BTOPOTO rofia 00y4eHHUS.

Dopmbl nposedeHUs ammecmayuul:

® TECTUPOBAHUC,
® [IPAKTUYCCKHUEC 3aHSITHSA,

® 3ayeTHas pa60Ta.



B3anmocss3b ¢ denepaibHoi padoueil MporpaMMoil BOCIUTAHUS

[Iporpamma paszpaGoTana ¢ y4eToM peKOMEeHAalni ¢enepanbHOi pabdoyeil mporpaMmbl
BOCIUTAaHUA OJIs1 06H1e06pa30BaTeanHx opraHmaqu/i. Omna YUYHUTBIBACT IICUXOJIOTO-IICAAaTrOTUYCCKUC
OCOOCHHOCTH COOTBETCTBYIOIIEH BO3PACTHOM KATErOPUHU O0YIAFOIIIUXCA.

B YaCTHOCTH, B XO0AC pCain3aluu HpOFpaMMBI BO3MOJXHO COYCTATh KaK MHTCIIJICKTYAJIbHOC,
TaK U COIMAJIbHOE Pa3BUTHE OOYYAIOIIMXCS, CO3IAIONIEe OCHOBBI [UII WX CaMOOIIPENCNICHUS Ha
OCHOBE J1yXOBHO-HPaBCTBEHHBIX LIEHHOCTEM.

K 3aa4aM pcajin3aluun II&HHOﬁ HpOFpaMMI)I MOXHO OTHECTH HOOCTHKCHHUC JIMYHOCTHBIX
pe3yabTaTOB OCBOCHHUS 00MIE00pa3oBaTENbHBIX NpOrpaMM MO (U3WKE, XUMHH U OHOJOTHH B
cootBercTBUU ¢ DI'OC COQO, a uMeHHO: chOPMHUPOBAHHOCTD IIEHHOCTEH  CaMOCTOSTEIBHOCTH U
HWHHUIIUATUBBI, T'OTOBHOCTbH O6y‘~IaIOHII/IXC${KC3MOp33BI/ITI/HO, CaMOCTOATCIBbHOCTHU U JINYHOCTHOMY
CaMOOTIPENICICHNIO, HAJIMYME€ MOTHBAIMM K  IEJICHANPABICHHOW CONMAIBHO  3HAYUMOU
NEeSITeNIbHOCTH, C(OPMHUPOBAHHOCTh BHYTPEHHEH NO3MIMM JMYHOCTH KaK 0COOOro IEHHOCTHOTO
OTHOILIICHUS K CC6C, OKpPYXarouiuMm JOA4AM U )KU3HU B LCIIOM.

HporpaMMa COOTBCTCTBYCT CIICAYIOIIUM OCHOBHBIM HaIpaBJICHUAM BOCIIUTAHU A
rpaXXJaHCKOC BOCIIUTAHHEC, MATPUOTUYUCCKOC BOCIUTAHUC, AYXOBHO- HPABCTBCHHOC BOCIHTAHHEC,
ACTETUYECKOE BOCMHTaHHWE, (POpMUpOBaHHWE KYyJIBTYPHl 3I0pPOBOTO 00Opa3a >KH3HH, TPYAOBOE
BOCIIMTAHHUE, SKOJIOTUYCCKOC BOCIIMTAHUEC, BOCIIMTAHUEC ICHHOCTHU HAYYHOI'O IMO3HAHUS.

Ocobennoctu padorsl negarora no Iporpamme

Ilepen mpemomaBatenem, pabortatomM 1o IlporpaMme, CTOMT 3ama4a TapMOHHUYHOTO
COYETAaHMs DIIEMEHTOB XUMHH, OMOJOTHH, GU3HKH U MHPOPMATHKH, KOTOPHIC HEOOXOTUMBI IS
KOHBEPIreHTHOT0 MOHUMAaHUsI HAHOXUMHH. TeM He MeHee aklIeHT B cocTaBiieHuu [IporpamMmel caenan
Ha XMMHMYECKHE acCleKThl HAHOHAyKH, YTO MOKET YacTHUYHO CMSTYUTh KaJpOBBIA BOIPOC B
peanuzanuu [IporpamMmel. YcBoeHHE 00y4JatONIUMHUCS HOBBIX 3HAHUM B 3TOM 00J1aCTH TECHO CBSA3aHO
C YCHEIIHOCThIO peaTu3aluu YyueOHO-HCCIENOBATENbCKOIO OKCIEPUMEHTa M IPAKTHUYECKUX
paboT, 3anoxeHHbIX B [Iporpammy. [Ipu HegOCTaTOYHOCTH MaTepUATbHO-TEXHUYECKOTO OCHAIIICHUS
o0pa3oBaTeNlbHOM OpraHu3alMd PEKOMEHAYeTCs CclelaTh akleHT B peanusauuu [IporpamMmel
Ha pabory ¢ uudpoBeIMH pecypcamMu. BO3MOXKHO COKpallleHHe KOJIUYECTBA IJIAHHUPYEMbIX
MPAKTUYECKUX paboT [isl yriayOneHus paboThl HaJl TeOpeTUYecKUMU pasaenamu [IporpamMmel.

OtnuuutenbHas ocoOeHHOCTh [Iporpammbl COCTOUT B TOM, YTO B €€ IOCTPOCHHH U
peau3aluu:

® Da3BUBAIOTCA MEXKIPEIMETHBIC CBSI3U, 3aJI0KEHHBIE B OCHOBHOM 00pa3oBaTeIbHOM
MPOrpaMMme;

® BOCIIOJHSCTCH ,Z[e(l)I/II_[I/IT COBpeMCHHOﬁ Haquoﬁ I/IH(i)OpMaI_[I/II/I, IPOCIICIKNBACTCA
B3aHMMOCB3b KIIACCHYCCKHUX ,I[OCTI/I)KGHI/Iﬁ XHMMHHU 1 (bHSI/IKI/I C UX IIPUIIOKCHUAMU B COBpeMeHHOﬁ
HAaHOTCXHOJIOI'UH,

® Ppa3BHBAIOTCS II03HABATEIIBHBIC KOMIICTCHIIUU 06yqa}01u1/1xc;1;

® AKTMBHO HUCIIOJIE3YIOTCs COBPEMEHHBIC DKCIICPUMEHTAILHBIC ¥ BEIYMCIIMTCIIBHBIC METOIbI,

® [IOJJICPXKUBACTCA OpUEHTAlMs OOydarolMXCsl Ha MOCIEIYIOUIYIO0 CIEHUaTN3alUio B
o0acT KaKk (pyHIaMEHTaIbHON, TaK U MPUKIAJHON HAYKH.



COJIEP)KAHUE KYPCA BHEYPOUYHOM JEATEJbHOCTH
10 KJIACC

Paznen 1. OpranmsanmonHoe 3aHaTHe «HaHoxMMHMs ¥ HAHOTEXHOJIOTHS Kak
MeKIUCHUININHAPHas 00sacThy». [leau u 3anaun kypca. UHcTpyKTaXK
Tema 1.1. Benenue B [Iporpammy
Teopusa. ®opmbl U MeTOIbl AedrenbHOCTU. [lnan paboTel Ha yuyeOHBIH TOA.

WHcTpyKTax 1o TexHuKe 0€30IacHOCTH.

Ilpaxmuxka. IlepBrudHas tnarHocTrka. BxoaHoe TecTupoBaHueE.

Paznen 2. I/ICTOPHH HAYKH 0 JUCIICPCHBIX CUCTEMaX

Tema 2.1. Hauano n3ydeHus NOBEPXHOCTHBIX SIBICHUM U JUCIIEPCHBIX CUCTEM

Teopus. Kanumnsapel u 3akoH Jlammaca. Usyuenume ancopOuum (K. [leene, T. Jloswui).
Merammueckue 3omu (M. @Dapaneit). bpoyHoBckoe nBmwxkenue. Ocmoc u guanu3 (T. T'pam).
Komnounueie cucrembl. Ompenenenne uncna Asoraapo (K. Ileppen). Dddexr Pebunaepa.
TepMUH «HaHOTEXHOJIOTHI», UCTOPUS €ro nosBiIeHus U nomynspuzauuu (P. ®eiitnman, H. Tanuryry,
3. dpexcnep).

Ilpakmuka. Y4eOHO-UCCIENOBATENBCKII IKCTIEpUMEHT: M3ydenne ancopOumu kpacurenei ¢
MTOMOIIBIO0 aKTUBUPOBAHHOTO yriid. Omnpenenenye ero COpoIMoOHHOM CIOCOOHOCTH.

Pa3nen 3. OcHOBBI GU3MKHM MOBEPXHOCTH M TUCIEPCHBIX CpPeN

Tema 3.1. OcHOBBI (pM3UKH TTOBEPXHOCTH

Teopus. DUBUKO-XUMUYECKHE CBONCTBa aTOMOB Ha  TOBEPXHOCTH.
[ToBepxHOCTHOE HaTsDKeHUE. AncopOius. CMaynBaHUE.

Ilpaxmuxa. Y4eOHo-uccne10BaTeIbCKui SKCIEPUMEHT: Onpenenenue
MTOBEPXHOCTHOTO HATSKEHUS BOJIBI METOI0OM OTPhIBA KaIlelb.

Tewma 3.2. CBolicTBa JUCIIEPCHBIX CPEJT

Teopua.  DneKTpUYECKHE CBONCTBA. Y CTONYMBOCTD. OU3NKO-XUMHYECKas
MEXaHHUKa.

Ilpakmuxa. Y4eOHO-uUcclenOBaTeNbCKUN dKcepuMeHT: OIlleHKa TOJIIHUHBI TpaduTOBON
JUHUY B 3aBUCUMOCTH OT MATKOCTH KapaH/AaIla.

Pa3nen 4. [lucnepcHblie CUCTEMbI: NOJIyUeHHe H IPUMeHEeHne

Tewma 4.1. Knaccudukanusi TUCIIEPCHBIX CUCTEM

Teopus. Knaccuduxauus IUCHEpCHbIX cuUcTeM. [IoHATHS «HaHOMaTepHay,

«HaHO00BekT». Buapl HaH000BekTOB (0D, 1D, 2D; Mukpo-, Me30- 1 MakpoIopHcThie). SIpKue mpuMepbt
MPOsIBJICHUS pa3MepHOro 3¢ dekra.

Ilpakmuxa. Ilpaktuueckas pabGota: MozjenupoBaHue CTPYKTYpbl HAHOYACTHIl Pa3HOTO
pasMepa, CpaBHEHHE JI0JIM TIOBEPXHOCTHBIX aTOMOB M YKCJIa HECKOMIIEHCUPOBAHHBIX BaJICHTHOCTEM.

Tema 4.2. JlucniepcHble CUCTEMBI, COTEpKAIINE Ta30BYIO hazy
Teopus. 1lenpl, a3p03071 U adPOTEIIH.

Ipaxmuxa. Y4eOHo-uccnea0BaTenbCKUit 3KCIIEpPUMEHT: Omnpenenenue
YCTOMYUBOCTH MEHBI MOIOLIUX CPEICTB.



Tema 4.3. JlucniepcHbIE CUCTEMBI, COTCPKAIINE KUIKYIO a3y

Teopus. 3onu, renu, sMylibcud U cycnien3uu. [lonoxkenue 30Jiei Ha IMIKajie AUCTIEPCHOCTH
KOJUIOUJHBIX CUCTEM.

Ipaxmuxa. YyebHo-uccne0BaTeIbCKUM AKCHEPUMEHT: [Tonyuyenue 30J1€11
HaHOCTPYKTYPHUPOBAHHOTO cepedpa.

Tema 4.4. JluciepcHbie CUCTEMBI, COACPIKAITUE TTOBEPXHOCTHO-AaKTUBHBIE BEIIECTBA

Teopus. [ToBepXHOCTHO-aKTUBHBIE BEILIECTBA. MemO6pansl, MHILIEILIIBI
Y JTUTIOCOMBI. bronornvyeckue JUCrepCcHbIe CUCTEMBI.
IIpakxmuxa. Y4eOHo-Hccae10BaTeNbCKUi HKCIIEPUMEHT: Nzyuenue BIIASTHUS

MTOBEPXHOCTHO-aKTUBHBIX BEIIECTB HAa IOBEPXHOCTHOE HATSHKEHHUE.
Tema 4.5. Metopl BU3yanu3ay HAaHOYACTHLL

Teopus. Odbdext Tunnans. AHanU3 TPACKTOPUA JBUKEHUST HAHOYACTHII.

IIpaxkmuka. Y4eOHo-uccnea0BaTeNbCKUi DKCIIEPUMEHT: JemoHcTpanus
addexra TungaNS HA AUCTIEPCHBIX CUCTEMAaX Pa3IUYHOTO poJa.

Paznen 5. MeToabpl CHHTe3a HAHOCTPYKTYPHMPOBAHHBIX BellleCTB U MATEPHAJIOB
Tewma 5.1. [IpuHIIU «CBEPXY-BHU3

Teopus. TIpUHIMIBI TIOJMYYCHUS HAHOCTPYKTYP: «CBEPXY-BHU3» W «CHH3Y- BBEPX)».
[Tony4yenue rpadena. OcoOGeHHOCTH pabOTHI IIAHETAPHBIX METHHUIIL.
Ilpaxkmuxka: Tpaktuyeckas padota: [loctpoenue Moaeny miIaHeTapHON METHHUIIBI.
Tewma 5.2. [IpuHIUIT «CHU3Y-BBEPX)»

Teopus. OcHOBHI cynpaMoJieKyisspHoi xumun. Camocbopka. MeTo sl CHHTE3a HAaHOYACTHII;
«MATKOW XMMHEW» — 30Jb-Te€llb, «TOMOT€HHOTO OCaXACHUSD», OOpalIeHHO-MULEIISPHbIH,
MHKPOSIMYJIbCHOHHBIN; Tepmonu3, CVD. Meroapl cTabuinu3aiuu HAHOYACTHUIL. CTepHUYecKas,
XelaTHas, dJEKTPOCTaTHYeCKas, HWMMoOWIM3anue B Marpuie. HamnpaBneHHBIH CHHTE3
HAaHOOOBEKTOB: KBAHTOBBIE TOYKHM, HAHOIUIEHKH, OOBEMHble HaHOMaTepuasibl. Monudukanus
CBOMCTB HAHOMATEPUAJIOB.

Ilpakxmuxka: Y4ebHo-Huccne10BaTeIbCKUN SKCIEPUMEHT: ["azodaznbiii CHUHTE3
HAaHOKPHUCTAJUIMYECKOTO Xyopuaa ammoHus. [lomyyenue 3o5ieli HaHOMarHeTUTa, HAHOPAa3MEPHOTO
JMOKCHIa TUTaHa, OepiuHcKol nazypu. [lonydeHne HaHOTUIEHOK cepeOpa Ha CTEKJITHHOM MOAJIOKKeE.
OneHka ux TOJIIUHBI.

Ilpomesrcymounas ammecmayus.
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Pazgen 6. MerToasl HCCIEIOBAHHS  HAHOCTPYKTYPHPOBAHHBIX  BeleCTB H
MaTepuaioB
Tema 6.1. OrTHuecKkre METOILI

Teopua. Onrudyeckue CBOWCTBA HAHOYACTUL M HAHOMAaTepHaloB. MHUKpPOCKOMHS.
Hudpakuonnsii  npenen. @dotomerpus. CrekTpodoToOMeTpHs: HU3MEpEeHHe MNpPOIYyCKaHHUS,
MOTJIOLEHUS, IIOMUHECHEHIIMH. [IMHAMUUECKOE CBETOPACCESHUE.

Ipakmuxa: TlpakTrueckas pabota: MUKpOCKOIIMUECKOE U3yUYEeHUE MpernapaToB HaHOocepeOpa
Ha CTeKJax.
Tema 6.2. DneKTpoHHAsE MUKPOCKOIIHS

Teopus. DnEKTpOHHAs MUKPOCKOIMS: MPOCBEUMBAIONIAS M CKAaHUPYIOMIAs.
Oco0eHHOCTH U3yUeHUs OMOJIOTHYECKUX 0OBEKTOB Ha HAHOYPOBHE.

Ilpakmuxa: Tlpaktudeckas pabora: CpaBHUTENbHBIN aHATU3 W300paKEHUIH HAHOCTPYKTYD,
IIOJIyYEHHBIX 3JIEKTPOHHON MUKPOCKOIIHUEN.



Tema 6.3. PenrrenoBckast qudpaxromerpus

Teopus. Pentreno¢a3oBblii aHamu3. YIIMPEHHUE NMHKOB KaK MPHU3HAK HAHOOOBEKTAa M KaK
CIIOCco0 OILEHKM pa3Mepa KPUCTAUINTOB. PeHTreHOCTpyKTYpHbIH aHanu3. OnpeneneHue CTpyKTypsl
HaHOPa3MEPHBIX 0OBEKTOB Ha aTOMHOM YPOBHE.

Ilpaxmuxa: Tlpaktudeckas padora: Buszyanuszamust cTpykTyp OHMOTIOIMMEPOB, MOIY4YECHHBIX
METO/I0M PEHTI€HOCTPYKTYPHOT'O aHaIHU3a.

Tema 6.4. Cxanupyroriasi 30H10Basi MUKPOCKOITHS

Teopus.  TyHHenbHasT  MHKPOCKOIHUSA.  ATOMHO-CHUJIOBasi ~ MHUKPOCKONMS.  AHanu3
HAaHOCTPYKTYpbI oBepxHOCcTeH. CTaTUUECKU U IMHAMUYECKUI PEXUM CKaHUPOBAHUS.

Ilpakmuxka: TlpakTudeckas paborta: AHanu3 U300pakKeHUM, MOTy4EHHBIX METOJIOM aTOMHO-
CHJIOBOM MMKPOCKOIMM, C IIOMOIIbI0 COBPEMEHHOI'O IpOrpaMMHOro obecreyeHus. YdeOHo-
HCCIIEIOBATENIbCKUM  BKCepuMeHT:  M3yueHue MOBEPXHOCTH  METOJOM  aTOMHO-CUIJIOBOM
MUKPOCKOTIHH.

Paznen 7. @yHKUHMOHAJbHBbIE CBOWCTBA HAHOCTPYKTYPUPOBAHHBIX BelleCTB U
MaTepuajioB

Tema 7.1. ®yHKUIHMOHAIbHBIE CBOWCTBA BElleCTBa, 00ecreurBaeMble HaHOMaTepualaMu

Teopus. CBepxHU3Kas CMa4MBaeMOCTb. CBepXnpo4YHOCTb.
BricokoTemMneparypHas CBEPXIPOBOIUMOCTb. CeepxdunbTparusi. CBepXbIPKOCTD
cBeroucmyckanus. Cyxas aare3us (OMoMuMeTHKa TeKKoHa). MarHuTHbIE CBOMCTBA.

Ilpakmuka. Y4ueOHO-HCCIIEIOBATEILCKUM dKCIIepuMeHT: M3ydenne «dddexra moTocay Ha
IIpUMeEpE JIETIECTKA po3bl. MI3MepeHne kpaeBoro yria.

Paznen 8. HaHOTeXHOIOTMH — NEPCNEKTHBBI Pa3BUTUSI M COCTOSIHME HAYKHM Ha
CerogHsAIIHUN NeHb
Tewma 8.1. CoBpeMeHHBIC TPUMEHEHHU ST HAHOTEXHOJIOTUH

Teopus. CoBpeMEHHBIEC TPUMEHEHNSI HAHOTEXHOJIOTHH, 001N 0030D.
Ilpakmuxka. Buktopuna: HaHOTEXHOJOTUM B HAIIIEH KU3HMU.

Tema 8.2. YriepoiHbie HaHOMaTEpUAIIBI

Teopus. Ocobas  ponp  yriaepoga B HaHOMHpE. OynnepeHsl, rpadeH,
HaHOTPYOKH.
Ilpaxmuxa. [IpakTuyeckas pabota:  MogaenupoBaHue MIPOCTPAHCTBEHHOM

CTPYKTYpPHI (PyJsIepeHoB.
Tema 8.3. HanomaTepuasbl A5l SHEPreTUKH

Teopus. Hanomarepuainst B TOIUIMBHBIX 3JIEMEHTAaX. JInTuii-noHHbBIC
aKKyMyJisaTopbl. CynepKOHIEHCATOPBI.

Ilpakmuka. Y4eOHO-HCCIICOBATEIBCKUNA JKCIEPUMEHT: V3MepeHue eMKOCTH JIMTHIi-
MOHHOTO aKKyMYJIATOpA.

Tema 8.4. HanoanekTpoHuKa

Teopus. 3aKoH Mypa. TexHonorndeckui Ipo1ecc [IPOU3BOJICTBA
MHTETPATIBHBIX MUKpocXeM. CHcTeMBbI 3aUCcH HH(POPMALIUH.
IIpaxkmuka. IIpakrtrnyeckas pabota:  AHaiuM3  M300paKEHUS MIOBEPXHOCTU

KOMIIAKT-UCKA.
Tema 8.5. HanomaTepuansl B MEIUIIUHE U IKOJIOTHH

T eopusl. Hanommarsoctuka. HpI/IMCHeHI/IG HaHOMAaTCpuajioB B  TCpallnu.

Hanocop6enTsl. @oTokaranuzaropbl. CaMOOYHCTKA.



Ipaxmuxa. Ilpaxtuaeckas padota: Busyanusarms mpocTpaHCTBEHHON CTPYKTYPbI
HAHOOMOIIPENapaToB C IOMOIIBIO COBPEMEHHOTO IIPOIPaMMHOTO 00ECIICUeHHUS.

Paznen 0. AKTyaJbHbIe npodIeMbl B o0nacTm HAHOXMMUHU U
HAHOTEXHOJIOTHH

Tema 9.1. luckyccus
Teopus. AkTyanbHbIe TPOOJIEMBI B 00J1aCTH HAHOXUMUU U HAHOTEXHOJIOTHH.

IIpaxmuxa. I'ToroBas arrecranus. 3aueTHas padoTa.



INJIAHUPYEMBIE PE3YJIbTATHI
JINMYHOCTHBIE PE3YJIbTATHI
B cpepe epadxcoanckozo eocnumanusi:

CIOCOOHOCTh ONPEAETATh COOCTBEHHYIO IO3WIMIO IO OTHOIICHUIO K SIBICHUSIM
COBPEMEHHOM KU3HU U OOBSICHITH €€;

FOTOBHOCTb K COTPYJIHUYECTBY B IPOLECCE COBMECTHOI'O BBIIOJHEHMS Y4eOHBIX,
[IO3HABATENIbHBIX M HCCIIEOBATENBCKUX 3a]a4, YBAKUTEIbHOI'O OTHOIIEHUS K MHEHHIO
ONIOHEHTOB IIPH 00CYXIEHUH CIIOPHBIX BOIPOCOB €CTECTBEHHO-HAYYHOI'O COJIEPKAHMSL.

B cgpepe nampuomuueckozo socnumanus:

YBOXCHHE K TIPOIIECCY TBOPUECTBA B 00JIACTH TEOPUHU U MTPAKTHIESCKOTO MPHIIOKEHUS
HaHOHaYKI/I, OCO3HaHUA TOT'O, UTO YCHGXI/I HaYKI/I " TCXHOJIOTHUHU CCThb pCSYJ'II)TaT JJINTCIIBHBIX
Ha6J'IIOI[eHI/II\/JI, KpOHOTJ'II/IBI)IX BKCHGI)I/IMGHTEU'II)HI)IX IIOUCKOB, ITIOCTOAHHOI'O prz[a y‘-ICHI)IX n
IIPAKTUKOB;

CIIOCOOHOCTh OIIEHWBATh BKJIAJ POCCUHCKUX YUYCHBIX B CTAHOBJICHUE W PA3BUTHE
HAaHOXUMHHU, IOHUMAaHUEC 3HAUYCHU A HaYKI/I B ITIO3HAHHUHU 3aKOHOB HpHpOI[I)I, B JKU3HH 4YCJIIOBCKA
1 COBPEMEHHOTO 00IIeCTBa.

B cghepe dyxo6Ho-npascmeenno2o 60CNUMAanusL:

OCO3HaHME JIMYHOIO BKJIA/Ja B MOCTPOEHHE YCTOMUYMBOrO OYyAyILEro; CIOCOOHOCTh
OIICHUBATh CHUTYallMI0 M MPUHUMATh OCO3HAaHHBIE pELICHUs, OPUEHTUPYACH Ha
MOPaJIbHO-HPaBCTBEHHbIE HOPMBI U LIEHHOCTH.

B cqbepe acmemu4ecKkoco 60CNUMAaHUA.

ACTETHYECKOE OTHOIICHHUE K  MUpy, BKJTIOUast ACTETHK HAYYHOTO
Y TEXHHYECKOTO TBOPYECTBA.
B cghepe chopmuposanus xkynemypui 300po6wsi:

CO6J'IIOI[CHI/IG IIpaBHJI 0e30macHoOro O6paH_I€HI/IH C BfeUieCrBaMu B
6BITy, HOBCCHHGBHOﬁ JKH3HHU, B pr,HOBOﬁ JACATCIIBHOCTH,

OCO3HAHME TIOCIICACTBUIA M HENPUATHE BPEIHBIX MPUBBIYCK (YIOTPEOICHUS AIKOTOJIS,
HapKOTUKOB, KYPEHHS);

TTOHUMaHUe IICHHOCTH paBUII WH/IUBU/TyaIBHOTO u
KOJIJICKTUBHOTO O€3011acCHOTO TOBEACHUSI B CUTYAIUSIX, YTPOXKAIOIIUX 30OPOBBI0 U JKU3HU
JIOAEN.

B cghepe mpyoosozo éocnumanus:

KOMMYHHKATHBHAsE KOMIIETEHTHOCTh B  y4eOHO-HMCCIIENIOBATEIbCKOW  JIESTEIBHOCTH,
OOIIECTBEHHO MOJIC3HOM, TBOPUECKOM U APYTUX BUAAX ACATCIBHOCTH;

HHTEPEC K MPAKTUYECKOMY H3YYCHHIO MPO(GEecCHil pasiHyHOrO poja, B TOM YHCIE
Ha OCHOBE MPUMCHEHHS TIPEJAMETHBIX 3HAHH I 110 XUMHUH U (PU3HKE;

YBOKEHHE K TPYAy, JIOAIM Tpylda M pe3ylbTaTaM TpPYIOBOW JIEATEIHbHOCTH;

TOTOBHOCTh K OCO3HAHHOMY BBIOOPY WHJIMBHIyaIbHOW TPAaeKTOPHU
oOpa3zoBanusi, Oyaymied mpodeccuu W peanu3anuyd COOCTBEHHBIX YXHU3HCHHBIX ILIAHOB C
y4eTOM  JIMYHOCTHBIX  WHTEPECOB,  CIOCOOHOCTEH K  HayKe,  MHTEPECOB U
noTpedHOCTeH 0011IecTBa.

B cqbepe IKOJIo2UYeCKo20 60Ccnumanru.

OKOJIOTHYCCKH HCHCC006p3.3HOC OTHOIICHUC K Ipupoac KakK HCTOYHHUKY
CYIICCTBOBAHHA KU3HU HA 3CMHG;

HaJIMYHUC Ppa3BUTOI'0 3KOJIOTMYCCKOTO MBIIIJICHUS, 9KOJIOTMYECKOM KYJIBbTYpPBI, OIIbITA
JIESITEIbHOCTH SKOJIOTHYECKOM HAIpaBJICHHOCTHU, YMCHHA PYKOBOACTBOBATHCA HMHU B
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MO03HABATEIbHON, KOMMYHUKATUBHOM W COIMAJIBbHON IMPAaKTHKE, CIIOCOOHOCTH U YMEHUS
aKTHBHO MPOTUBOCTOSATH HJCOJIOTHU XeMO(pOOHH;

CIOCOOHOCTh MCIONB30BaTh MpUOOpETaeMble MPH W3YYCHUH HAHOXWMUU 3HAHUS H
YMEHMSI NPU PEIICHUH NpoOJEM, CBSI3aHHBIX C PALMOHAIBHBIM IPUPOJOIOJIB30BAHUEM
(cobmrofeHne mpaBuil MOBEICHHS B IPUPO/IC, HAIIPABJICHHBIX HA COXpAaHEHHE PaBHOBECHS B
IKOCUCTEMAX, OXPaHy BHJIOB, IKOCUCTEM, OMOChephl);

OCO3HAHHUE IJI00aJIbHOI0 XapaKkTepa SKOJIOTMUYECKUX MPo0OIeM U MyTe UX peleHHs..

B cgpepe yennocmeii nayunozo nosnanus:

[IOHMMaHWe cHenupuKd HaHOHAYKH, OCO3HAHHWE €€ pojlu B (HopMHUpPOBaAHUU
pPallMOHAIBHOTO  HAYYHOTO  MBIIUICHUS, CO3JaHME IEJIOCTHOTO  MPEACTaBIECHUS 00
OKpY)KaIOIlleM MHpE KakK O €IWHCTBE MPUpPOAbI, YeloBeKka M OO0IIecTBa, B MNO3HAHUU
MIPUPOIHBIX 3aKOHOMEPHOCTEN U pelieHNuH NMpo0IeM COXpaHEHUs! PUPOJHOTO PaBHOBECHUS;

MMOHMMAaHHE CYIIIHOCTU METOJOB MO3HAHHUS, UCIOIb3YEMbIX B €CTECTBEHHBIX HAayKax,
CIIOCOOHOCTH HCHOJIB30BaTh IOJy4yaeMble 3HAHUS IS aHaIW3a U OOBSICHEHUs SBICHUI
OKPY’)KAIOILIEr0 MUpPA U MPOUCXOIALIUX B HEM M3MEHEHUM, yMEHUE JejaTb 000CHOBaHHbIE
3aKJIIOUEHUSI HAa OCHOBE HAy4yHBIX (PAKTOB U JAHHBIX, IOJYYEHHBIX B X0j/€ y4eOHO-
HCCIIEIOBATENICKOTO SKCIIEPUMEHTA, C LIEJIbIO MOJTyYeHUs JOCTOBEPHBIX BBHIBOJIOB;

3aMHTEPECOBAHHOCTh B TIOJYYEHHM €CTECTBEHHO-HAyYHBIX 3HAHUN B HENsIX
MOBBIIIEHUS 00IIEN KYIbTYpbl, €CTECTBEHHO-HAyYHON I'PaMOTHOCTH KaK COCTaBHOW YacTH
(YHKIIMOHATBHOM IPaMOTHOCTH, POpMHUpYyEMOi IpU 00y4EeHUH;

TOTOBHOCTD u CHOCOOHOCTD K HENpepbIBHOMY 0o0pa3oBaHuI0 U
caM000pa3oBaHNI0, K AaKTMBHOMY TIIOJYYEHHIO HOBBIX 3HAaHHUH B COOTBETCTBHH C
AKHU3HEHHBIMU NOTPEOHOCTAMM.

METAIIPEJMETHBIE PE3YJIbTATDBI

B cdepe oBnanenus mo3HaBaTeIbHBIMIA YHUBEPCATHHBIMU YI€OHBIMU JCHCTBUSMU:
Basosvle no2uyeckue oelicmeusi:

CaMOCTOSTEIIBHO (DOPMYITHPOBATh U aKTYaJIM3UPOBATh MPOOJIEMY, pACCMATPHUBATD €€
BCECTOPOHHE;

WCIOJh30BaTh MPU OCBOCHHWU 3HAHWM MPHEMBI JJOTHYECKOTO MBIIUICHHs (aHAIU3a,
CHHTE3a, CpaBHEHWs, KIacCU(UIIMPOBAHUS, OOOOIIEHHS), PAaCKPbIBATh CMBICI HAyYHBIX
MOHATUH (BBIIENATh WX XapaKTepHbIC NPU3HAKH, YCTAHABIMBATH CBS3U C JIPYTUMHU
TOHSATHSIMH);

OTIPENICNIATh 1EJIU JCATEIILHOCTH, 3a/1aBasi apaMeTPbl U KPUTEPUU MX JTOCTHIKCHHS,
COOTHOCHTB PE3YJIbTAThl ICATSILHOCTH C MOCTABICHHBIMU IICIISIMH;

UCIIOJIb30BaTh HAYYHbIC TIOHTHUS U OObSCHEHUS (DAKTOB U SBJICHUI IPUPOJIBL;

CTPOUTDH JIOTHYCCKHC PacCyKACHUA (I/IH,I[YKTI/IBHBIG, ACAYKTUBHBIC, 110
aHaHOFPII/I), BBIABJIAITE 3aKOHOMCPHOCTU W IIPOTUBOPCYUHA B paCCMATPHUBACMBIX SABJICHUMAX,
q)OpMy.]'II/IpOBaTB BBIBOAbBI M 3aKJIIOUYCHU A,

NPUMCHATH CXCMHO-MOJCJIIBHBIC CPCACTBA AJId TPCACTABICHHUA CYIIIECCTBEHHBIX CBs3EH
U OTHOILIEHUH B HN3y4acMbIX 06’beKTaX, a TaKXC HpOTI/IBOpe‘lI/Iﬁ pa3HoOTO poJa, BEIABIICHHBIX B
Pa3JINIHBIX HH(bOpMaI_IHOHHBIX HCTOYHHKAX,

paBpa6aTLIBaTB IUIaH PCHICHUA HpO6J’I€MBI C Y4YCTOM AaHAJIM3a UMCHOHIUXCS
MaTCpHUaJIbHBIX U HEMATCPHAJIIbHBIX PECYPCOB.

Basosvie uccneoosamenvckue oeticmeus:

BJIaJCTh HaquOﬁ TCpMHHOJ’IOFHCﬁ, KIIFOYCBLIMU INOHATHUAMHA U MCTOAAMU HAHOHAYKU,

BJIaJCTh HaBbIKaMH y‘IC6H0-I/ICCHCILOBaTC.HBCKOI7I n HpOCKTHOfI ACATCIBHOCTH,
HaBbIKaMH pa3spCIICHUA HpOGJ'IeM; CIIOCOOHOCTBIO M TOTOBHOCTBIO K CaMOCTOATCIIBHOMY ITIOUCKY
MCTOJZOB PCHICHUA MMPAKTUYCCKUX 3a1a4, IPUMCHCHHUIO PA3JIMYHBIX MCTONOB MMO3HAHUS,

HCIIOJIb30BATH PA3JIMYHBIC BUJbI ACATCIIBHOCTH I10 ITOJIYYCHUIO HOBOI'O 3HAaHUA, CTO
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MHTEPIpPETAINH, TPEeoOpa30BaHHUIO U IPUMEHEHUIO B YIEOHBIX CUTYAIHSIX, B TOM YHUCIIE TIPU
CO3/IaHUH Y4EOHBIX U COIIMATIBHBIX IPOCKTOB;

(opMUpPOBaTh HAYYHBIH TUI MBIIUICHHUS, BIIJIETh HAYYHOW TEPMUHOJIOTHEH,
KIIFOUEBBIMU MOHATHSAMHU U METO/IaMU;

CTaBUTH M (HOPMYIMPOBATH COOCTBEHHBIE 3a7]a4l B 00pa30BaTeIbHOM JESTETHEHOCTH U
KU3HEHHBIX CUTYalUsIX;

YMETb UHTETPUPOBATh 3HAHUS U3 Pa3HbIX MIPEJAMETHBIX 00JIaCTEN.

Paboma ¢ ungpopmayueri:

BJIQJIETh HaBbIKAMM IOJY4eHHUs] MH(OpPMALMKU W3 HCTOYHUKOB pa3HbIX THUIIOB,
CaMOCTOSITEJIBHO OCYIIECTBIIATh IIOUCK, AHAIN3, CUCTEMATHU3alUI0 W HUHTEPIPETALUIO
nH(pOpMaLIUK PA3IUYHBIX BUI0B U GOPM IPEICTABICHUS;

OIIEHUBATh JJOCTOBEPHOCTH MHPOPMALINY;

dbopmMynupOBaTh 3ampoChl W TMPUMEHSTH pPa3IUYHbIE METOJbl TIPH TIOWCKE H
oTO0pe MHpOpPMAILIHH, HEOOXOIMUMOM JIJIsl BBITIOJIHEHUS Y4eOHBIX 3a/1a4;

CaMOCTOSITENIbHO BbIOMpaTh ONTHMAlbHYIO (OpMy mpeAcTaBieHUus HHpopMauuu
(cxembl, rpauku, qUarpamMmbl, TaOIUIIbI, PUCYHKH H JIp.);

WCIIOJIb30BaTh ~ HAay4YHbI  S3bIK B KadyecTBe cCpeAcTBa Npu  paborte ¢
nHpopmalyend: NPUMEHATh XUMUYeCcKHe, (u3Mueckne ¥ MaTeMaTH4eCKHe 3HaKu U
CHUMBOIJIBI, hopMyIbL, ab0peBuarypy, HOMEHKJIATypYy, HCIIOJIb30BaTh U
IpeoOpa30BbIBATh 3HAKOBO-CUMBOJINYECKHE CPEACTBA HAIJISITHOCTH.

B cdepe oBnanenus ynuBepcaaibHbIMU KOMMYHUKATUBHBIMU JIEHCTBUSAMMU:

OCYIIIECTBJISAITH OOIIIEHNE BO BHEYPOUHOU IEATEIHHOCTH;

Pa3BepHYTO U JOTMYHO M3JIaraTh CBOIO TOUKY 3PEHHS C UCMOJIb30BAaHUEM SI3BIKOBBIX
CpPEICTB;

MMOHUMATh U UCIOJIB30BaTh MPEUMYIIECTBA KOMaHAHON 1 HHIUBUYaIbHON paboThI;

BBIOMpATh TEMATHUKY U METOJIbl COBMECTHBIX ACUCTBUI C y4E€TOM OOILIMX HHTEPECOB
Y BO3MO>KHOCTEH Ka)kKJIOTO 4JIeHa KOJIEKTHBA,

MPUHUMATD eJu COBMECTHOM JEeSITeNIbHOCTH, OpraHU30BBIBATH U
KOOPJIMHUPOBATH JICHCTBUS 10 €€ TOCTHXKEHUIO: COCTaBJIATh IUIaH ACWCTBUM, paclpeesiTh
POJIK C Y4€TOM MHEHHH Y4aCTHUKOB, 0OCYXAaTh Pe3yabTaThl COBMECTHOU PabOTHI;

OIICHMBAaTh KAayeCTBO CBOEr0 BKJIaJa M KaXIOr0 YYaCTHHUKAa KOMAaHIbl B OOLIUit
pe3ynbTaT 1o pazpaboTaHHBIM KPUTEPHUSIM;

npeaiaraTb HOBbIE MTPOEKTHI, OLICHUBATD M€Y C TIO3UIIMHA HOBU3HBI, OPUTUHAIBHOCTH,
MPAKTUYECKON 3HAYMMOCTH;

OCYILIECTBIISITh MO3UTUBHOE CTPATETHYECKOE MOBEACHHUE B PA3IMYHBIX CHTYAlMsIX,
MIPOSIBIIATH TBOPUYECTBO U BOOOpaxKeHHe, ObITh HMHUIIMATUBHBIM.

B C(bepe OBJIaJICHUA YHUBCPCAIIbHBIMU PCTYIIATHBHBIMHA HeﬁCTBHHMHZ
CaMOOPZCIHZ/BaL}M}Z.'

HCIIOJIb30BAThH HAYYHBIC 3HAHHUA [JId BBIABJICHUA np06neM H HUX PpCUHICHUA B
JKHN3HCHHBIX U y‘Ie6HBIX CUTYyalluiX,

CaMOCTOATCIBHO OCYIICCTBJIATDH IMO3HABATCIIbHYIO ACATCIIbHOCTD, BBISIBJIIATH
HpO6J’IeMH, CTaBUTb U (1)0pMy.TII/IpOBaTI:> COOCTBEHHBIC 3aga4u,

CaMOCTOSITEJIbHO ~ COCTaBJATh IUIAH BBINOJIHEHUS y4eOHO-HCCIe0BaTeIbCKOIO
SKCMEPUMEHTAa C Yy4YeTOM HMEIOIIMXCS PECYpcoOB, COOCTBEHHBIX BO3MOKHOCTEH M
MIPEANIOYTEHUN;

pacuIupATh paMKH y4eOHOTO IMpeaMeTa Ha OCHOBE JIMUHBIX NMPENNOYTeHUH; AeNaTh

OCO3HAHHBIN BHIOOD, apryMEHTHPOBATH €0, OpaTh Ha ce0s1 OTBETCTBEHHOCTh
3a pelleHHuE;
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OILICHUBATh NPUOOPETECHHBIH OIIBIT;

crocoOCTBOBATH (POPMUPOBAHUIO U MPOSIBIICHHUIO SPYIUIIMH B 00JIACTH €CTECTBEHHBIX
HayK, IOCTOSIHHO MOBBIIIATH CBOM 00pa30BaTeNbHBIN U KYJbTYpPHBIH yPOBEHb.
Camoxonmpons:

JaBaTh OIIGHKY HOBBIM CHTYallWsIM, BHOCHUTh KOPPEKTHBBI B JCSATCIHLHOCTD,
OIICHUBATH COOTBETCTBUE PE3YJIBTATOB IEIISIM;

MIPUHAMATH MOTHUBBI W apryMEHTHI OpYTUX  TpH  aHAIW3e
PE3yIBTATOB JCATEIILHOCTH;

WCIOJIb30BAaTh TPHEMBI pedICKCUU Il OIEHKH CUTyallud, BbIOOpA BEpPHOTO
pelIeHus;

YMETh OIIEHUBATh PHUCKU 51 CBOEBPEMEHHO MIPUHUMATH pereHus
o HX CHIDKEHHIO.

Ipunsmue cebs u opyeux:

NpUHUMATh ce0si, MOHMMasi CBOM HEJOCTaTKM M JOCTOMHCTBA,
MPU3HABaTh CBOE MPAaBO U MPABO APYrUX HA OIINOKH.

[NPEJAMETHBIE PE3VJIbTATHI
[To ntoram peanuszanuu [IporpamMmmer oOy4daroniuecs OyayT 3HATH!

OCHOBHBIE IT0JIOKEHUSI 3aKOHOB, TEOPHI1, 3aKOHOMEPHOCTEH, MpaBuJl, TUIIOTE3 B
00JacTl COBPEMEHHBIX HAHOHAYKH 1 HAHOTEXHOJIOTHH;

ouorpaduueckue AJaHHbIE U OCHOBHBIE TOCTIXKEHUS BEAYIIHUX MPECTaBUTENEH HAYKU
0 TUCIEPCHBIX Cpeax U HAaHOXUMUMU;

OCHOBOIIOJIAral0Ie HAHOXUMHMUYECKHUE TEePMHUHBI U MOHSTUS (HAHOYACTHUIIA,
HaHOMAaTepHallbl, HAHOCTPYKTYpPbI, HAHOCUCTEMBI U JIp.);

CTpOEHUE OCHOBHBIX HA/IMOJICKYJISPHBIX CTPYKTYP, IPUCYTCTBYIOLIUX
B TUCIIEPCHBIX Cpeax;

BO3MOKHOCTH HAITPaBJIEHHOTO CUHTE3a U MO (PHKAIIMU HAHOCTPYKTYPUPOBAHHBIX
BEILECTB U MAaTepHAIIOB;

(GyHKIMOHAJILHBIE BO3MOKHOCTH HAHOCTPYKTYPUPOBAHHBIX BEIIECTB U
MaTepHasoB;

OCHOBHBIE METOJbl Hay4YHOTO MO3HAHMS, UCIOJIb3yeMble B HAHOXHUMHYECKUX U
HAaHOTEXHOJOTUYECKUX UCCIIEOBAHUSIX;

KITFOUYEBBIE JOCTHKEHHSI B 00J1aCTH HAHOTEXHOJIOTHH;

OCHOBHBIC ITPHUJIOKCHUSA HAHOCTPYKTYPUPOBAHHBIX BCIICCTB U MATCPHUAJIOB.

ITo utoram pcajin3aninuu HpOFpaMMH 06yqa}01unec>1 6y,ZLYT YMeETb. IOJIb30BAThCA
TepMHHOHOFHeﬁ, OTHOCSIIEHNCS K HAHOXMMHHU U HAHOTEXHOJIOT WU, pa3jindarb
PAa3IMYHbIC YPOBHU OPraHU3allli MATCPUHU B HAHOCTPYKTYPUPOBAHHBIX O6’beKTaX;

CO6I/IpaTL 1apo-CTCPKHEBLIC MOJCIIN CTPYKTYP HaHOO6’beKTOB;

NPUMCHATH IPOTPAMMHOC oOecreueHue AT BU3yaJin3aliun HpOCTpaHCTBeHHOﬁ
CTPYKTYPbI HaHOO6’BeKTOB;
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TEMATHYECKOE INTAHUPOBAHUE

10 KJIACC
Ne Haumenosanue Konuuecmeo Ilpoepammnoe Xapaxkmepucmuka
Wi pasoenos uacos cooeporcanue O0esimenbHOCm
u mem Kypca u
obyuarowuxcs

MEKIUCHUIITIMHAPDHAN 00J1aCTBhY

Paznen 1. Opraﬂmauuomloe 3aHaTHEe «HaHOXMMHIA U HAHOTEXHOJIOTUA KaK

1.1. | Beenenne
B [Iporpammy

DOopMBI U METOTBI
negareabHocTh. Inan
paboThl Ha y4eOHBI
roa. MHcTpykTax
0 TEXHUKE
0e3011acHOCTH

IlepBuunas
nmuargoctrka. BxomHoe
TECTUPOBAHUE

Hroro no pazneny

2

Paznen 2. Ucropusi Hayku o

AUCHIEPCHBIX CUCTEMAX

1 Hauano uzydyenus
MMOBEPXHOCTHBIX
SIBJICHUI

U JUCTIEPCHBIX
CUCTEM

4

Kanumspsl u 3akoH
Jlannmaca. U3yuenue
ancop6muu (K. [leene,
T. JloBum).
Mertannueckue 3011
(M. dapaneii).
bpoyHoBcKkoe
nemxenue. OcMmoc

u a3 (T. I'pam).
Komnonanbie cucteMsl.
Onpenenenue yucna
Asoranpo (K. Ileppen).
Dddext Pebunaepa.
Tepmun
«HAHOTEXHOJIOTUN,
UCTOPUS €ro MOSBICHUS
U TIOMYJISIpU3aLuu

(P. ®eitaman,

H. Tanuryru,

3. Jlpekcnep)

Yuebno-
uccne008amenbCKull
9KCnepumMenm.
Nzyuenue agcopoumm
KpacHUTeNel ¢ TOMOIIbIO
AKTUBUPOBAHHOTO YTJIA.
OnpeneneHue ero
COpPOITMOHHOM

CIIOCOOHOCTH

Hroro o pazneny

4

Paznen 3. OcHOBBI (U3UKH MOBEPXHOCTH U IMCIIEPCHBIX Cpe
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3.1 | OcHOBBI HHU3NKH 4 DU3NKO-XUMUYECKUE Vuebro-
IIOBEPXHOCTH CBOICTBA aTOMOB .
UCC1e008amebCKuil
Ha TIOBEPXHOCTH.
IToBepxHOCTHOE IKRCnepumenn.
HaTspkenue. Ancopouus. | Onpenenenue
CmaunBanue MIOBEPXHOCTHOT'O
HATSHKEHUS BOBI
METOJIOM OTPBIBA
Kareib
3.2 | CoiicTBa 4 DneKTpuYecKue Vuebno-
HCIIEPCHBIX CPE CBOIICTBA. .
A P pen 9 uccae00eamenbCKull
VY CcTONYNBOCTE.
Ddusuko-xuMuIecKas KCnepuUMenn.
MEXaHTKA O1eHKa TOJIIIIUHEI
rpaduTOBOM JTUHUH
B 3aBHUCUMOCTH
OT MSITKOCTH KapaHiaria
Hroro mno paznmery 8

Paznen 4. /lucnepcHble cUCTeMbI: MOJIy4YeHHe U IPUMEHeHHe

4.1 | Knaccudukanns 2 IonsTus Hpaxmuueckas paboma:
JIMCTIEPCHBIX CUCTEM «HAHOMAaTEpHaI,
Mo aenrpoBanue
«HAHOOOBEKT.
Bunbsl HaHOOOBEKTOB CTPYKTYpbI HAHOACTHIL
(0D, 1D, 2D; PasHOTrO pasmepa,
MHKPO-, M€30- CpaBHEHUE JIOJIH
;IIMaKPOHOPHCTHe)' MIOBEPXHOCTHBIX aTOMOB
KUE ITPUMEPBI
P PuMEp U 4Kcia
IPOSIBJICHUS
pasMepHOTo sbdeKTa HECKOMIICHCHPOBAHHBIX
BAJICHTHOCTEN
4.2 | lucnepcHble 2 I1ens1, aspo3omnu Vuebro-
CHCTEMBI, U adporeiu .
uccne008amenbCKuil
cozepxKariue
rasosyio dazy 9KCNEPUMEHM.
OnpeneneHue
YCTOWYHMBOCTH NEHBI
MOIOIINX CPE/ICTB
4.3 | [ucnepcHble 2 30111, Ik, SMYIbCUH Vuebno-
CHCTEMBI, U CyCIIEH3UM. .
. uccne0o8amenbCKuil
cozepxariue IMonoxenue 3o:7eit
KUIKYIO hazy Ha IIKajle AuctepcHocTn | N CHeEpuMenin.

KOJIJIOMIHBIX CUCTEM

ITonydyenue 3oiein

HAHOCTPYKTYPUPOBaH-
HOTO cepedpa
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4.4 | ucnepcHble 3 [ToBepxHOCTHO- Vuebro-
CUCTEMBI, AKTUBHEBIC BEIECTBA. .
uccne0o8amenbCKull
coJiepxKalue MemOpaHbl, MULIEILITBI
9IKCHEePUMEHM.:
MTOBEPXHOCTHO- Y JIUTIOCOMBEI.
N3yuenue BnusHusS
AKTUBHBIC BEIIECTBA buonoruyeckue
MIOBEPXHOCTHO-
JUCTICPCHBIC CHCTEMBI
AKTHUBHBIX BEIICCTB
Ha TIOBEPXHOCTHOE
HATSDKCHUE
45 MeTo 16! 1 Oddexr Turmans. Vuebno-
AHanu3 TpaeKTopuit .
BU3yalIN3allnK I[BI/I)KGHI/ISI{) HaHofaCTI/Iu uccne008amenbCKuil
HaHOYaCTHI] IKCNepUMEHm.:
JemMoHcTpanus
s dexra Tunmans
Ha JIUCIICPCHBIX
cUCTEeMax pa3IMYHOTO
pona
Hroro mo paznueny 10

Pa3gen 5. Meroasl cHHTE32

HAHOCTPYKTYPHPOBAHHBIX BElIECTB U MATEPHAIOB

5.1 | IlpuHun «cBepxy- 2 [IpyuHIMNBI OTy4YeHUs Ipaxmuueckas paboma:
BHHU3» HaHOC TYyp:
TPYKTYP [Toctpoenne moaenu
«CBEpXYy-BHU3» 9
TTaHeTapHOU
[Tony4enue rpadena.
OcobeHHOCTH pabOTHI
MUTAHETAPHBIX MEJIbHHUIL
2 [TpuHIUI «CHU3Y- 8 OCHOBBI Yuebno-
BBEPX» CYIpaMOJIEKYISAPHOM uccne006amenseKuil
xumun. CamocOopka. 9KCNEepUMeHm:
MeToanl cuHTE3a I"a3zoa3nbiii cuaTE3
HAHOYACTUIL: «MSITKON HAHOKPHUCTAJUINYECKOTO

XHUMUEH» — 30JIb-T€lIb,
«TOMOTE€HHOTO
OCaKICHUS»,
oOpariéHHo-

MUILICIUIS PHBIH,
MUKPOSMYITbCUOHHBIH;
tepmoim3, CVD.
Metoapl cTaOHIN3aNH

HaHO4YaCTHIL:

XJIOpU/1a aMMOHHUSL.
[Tony4yenue 3o0ei
HaHOMAarHeTura,
HaHOPA3MEpPHOI0
JMOKCUJA TUTaHa,
OepJIMHCKOM J1a3ypH.

[TonyueHne HaHOTIIEHOK
cepeOpa Ha CTeKIITHHOM
nmooxkke. OleHka ux
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CTepHUYecKasi, XeJlaTHasl, | TOJIIUHBI.
AJIEKTpOCTaTUYECKasl, TpoMexyTOuHas
UMMOOMITH3aen ATTeCTALHS
B MaTpHIIE.
HanpaneHHb1l cuHTE3
HaHOOOBEKTOB:
KBAaHTOBBIE TOYKH,
HAHOIIJICHKH, 00OBEMHBIC
HaHOMAaTEpPHUAIIbI.
Mouduxanys cBOHCTB
HAaHOMAaTEPHAJIOB
Wroro mo paznmemy 10
Bcero xoiuyecTBo yacos 34
no IIporpamme 3a roa
11 KJIACC
Ne Haumenosanue Konuuecmeo Ilpoepammmnoe Xapaxkmepucmuka
Wi paszoenos yacos cooepoicanue desimenbHOCmU
u mem Kypca ooyuarowuxcs

Paznen 6. MeToasbl ncciie10BaHUSI HAHOCTPYKTYPHPOBAHHBIX BeIIECTB M MaTEPHAJIOB

Ha HAHOYPOBHC

6.1 | Onruueckue 4 OnTuueckue CBOUCTBA | Vyehro-
METOIEL HAHOHaCTHN uccne0o8amenbCeKull

¥ HaHOMAaTEepHaJIOB.
Mukpockomnusi. skenepumenm.
JTubpaKIMOHHEIIT MUKPOCKOIHYECKOE
npenen. PoToMeTpus. U3yUYCHHE TIPenapaToB
Crexrpodoromerpust: HaHocepebpa Ha CTEKJIax
M3MEpeHHe MPOITyCKaHMU,
MOTJIONICHUS,
JFOMUHECLICHIIH.
JnHamu4aeckoe
CBeTOpaccesHue

6.2 | DnekTpoHHas 3 [IpocBeunBaromas Ilpakmuueckas paboma:

MUKPOCKOTIHS AEKTPOHHAS CpaBHUTENbHBIN aHATN3

MUKPOCKOTIHSL. M300pakeHu
Ckanupyrormias HAHOCTPYKTYP,
ANEKTPOHHAS MOJTYYEHHBIX
MUKPOCKOTIHSL. AIIEKTPOHHOU
Oco0OeHHOCTH U3yUYeHHs] | MUKPOCKOTIHEH
OMOIOTUYECKIX
00BEKTOB
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6.3 | PentrenoBckas 4 Pentrenodazossrii Ilpakmuueckas paboma:
T(PPAKTOMETPHS aHanu3. YIIUpPEHHE Buzyanuzanus ctpykTyp
MTUKOB KaK MPU3HAK OMONOIMMEPOB,
HAHOOOBEKTA U KaK MOJTYYEHHBIX METOJIOM
CI0CO0 OLIEHKHU pa3Mepa | peHTTEHOCTPYKTYPHOTO
KPUCTAJITUTOB. aHanm3a
PentrenoctpykrypHsIi
ananu3. OnpejeneHue
CTPYKTYpBI
HaHOPA3MEPHBIX
00BEKTOB HAa AaTOMHOM
YpOBHE
6.4 | Cxanupyromas 6 TyHHenpHas Yuebno-
sonzoBAd MUKPOCKOTIHSL. ATOMHO- | uUcciedosamenbCKut
MHKPOCKOMHA CUJIOBasi MUKPOCKOTIMSL. | 9KCHEpUMEHM.:
Ananus N3yyeHue noBepxHOCTH
HAHOCTPYKTYDBI METOJIOM aTOMHO-
MOBEPXHOCTEH. CHUJIOBOY MUKPOCKOIIUH.
Crartnueckuit
W MEHAMHYECKHH Ipakxmuueckas paboma:
AHanu3 n300paxxeHunu,
PEXUM CKaHUPOBAHUS MOTYMEHHBIX METOIOM
ATOMHO-CHJIOBOI
MUKPOCKOIHH,
C IOMOUIbIO
COBPEMEHHOTO
IPOrpaMMHOT0
obecrieueHust
Hroro mo pazaeny 17

Pa3nen 7. ®yHKUIHMOHA/IbLHbIE CBOICTBA HAHOCTPYKTYPUPOBAHHBIX BellleCTB H MaTePHAJIOB

7.1 @O yHKIIMOHAJIbHBIE 5 CBepxHU3Kas Yyebno-
C]%OI/ICTBa BEIIIECTBA, CMa4YMBaeMOCTb. HCCTCO0BAMETb KU
obOecrieunBacMbIe gBerHpOHHOCTb. SKChepuMen:
HaHOMaTepUaIaMU BICOKOTEMIEPATYPHAS | 3vyenpe «dibekta
éBerHpOBOHHMOCTI" JI0TOCa» Ha IPUMEpe
BEpXPHIBTpAIHA. JierecTKa po3bl.
CBepXbSPKOCTh H3mepenue KkpaeBoro
CBETOUCITYCKaHHUSI. yria
Cyxas aares3us
(bnomumeTHKa
reKKoHa). MarHUTHbIE
CBOICTBa
Hroro no pazneny 5

18




Paznen 8. HaHOoTeXHO0/JI0rHH — MEPCHNEKTUBLI Pa3BUTUHA U COCTOSTHUEC HAYKH

HA CerOAHSIIIHUM JeHb

8.1 | CoBpemeHHbIE 1 OO6muit 0630p Bukmopuna:
MIPUMEHEHUS COBpPEMEHHBIX
. Hanorexnosnorumn
HAaHOTEXHOJIOTUHT IPUMEHEHHUN s
B HalICH KU3HU
HAHOTEXHOJIOTUU
8.2 | Yrumepoansie 2 Ocobas ponb yraepona | Ilpakmuueckas paboma:
HaHOMAaTEePUAITBI B HaHOMHpE. Mo empoBae
Pynnepensl, rpagen, IIPOCTPAHCTBEHHOM
HaHOTPYOKH CTPYKTYpBI QyJiIEpeHOB
8.3 | Hanomarepuaisl 2 Hanomarepuasnbt Yuebno-
JUTS SHEPTETUKH B TOTUTUBHBIX P TS —
OJICMCHTAX. oKCnepuMenm:
JInTnii-HOHHEIE U3Mepenne eMKOCTH
AKKyMyJISTOPBI. JIMTHIA-UOHHOTO
CynepkoH1eHcaTopsl AKKyMyJIATOpA
8.4 | HaHoanekTpoHHKa 2 3akoH Mypa. Ilpakmuuecxas paboma:
S AHanu3 n300paxeHus
nporiece mponssojicTBa | NOBEPXHOCTH KOMIIAKT-
MHTErPaIbHBIX AUCKa
MHKpocxeM. CHcTeMbl
3anmucu nHGOpPMaITun
8.5 | Hanomatepuansl 2 Hanommnarnocruka. Ilpakmuueckas paboma:
B MCZINLMHE [TpumeHenue Busyammsanus
Y DKOJIOTHUH .
HaHOMATCPHAJIOoB IPOCTPAHCTBEHHOM
B TEpaIuH. CTPYKTYpbI
Hanocop6enTr. HaHOOMOIPENapaToB
®DoToKaTaIU3aTOPHI. ¢ HOMOIIIBIO
Camoouuctka COBPEMEHHOTO
IPOrPaMMHOTO
obecrieueHust
Uroro no pazneny 9

Pa3nen 9. AkTyajibHbIe IPo0j1eMbl B 0012

CTH HAHOXUMHUHU U HAHOTEXHOJIOI'MA

9.1 | Huckyccus 3 AxTtyanbHble mpobneMsl | MTorosas arrecrarus.
B 00JTaCTH HAHOXUMHHK | 3adeTHas pabora
Y HAHOTEXHOJIOTUU

Hroro no pazneny 3

Bcero kosm4ecTBo 4acos 34

no IIporpamme 3a roa
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