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I[NTOACHUTEJIBHASA 3ATIMCKA

HaHoxvmusi gB/IsieTCS eCTeCTBEHHO-HAay4YHOM OCHOBOM HAHOTEXHOJIOTUM,
WrPAOLMX KpallHe BaKHYK) pOJb B COBPEMEHHOM TEeXHHUKO-3KOHOMUYECKOU
napagurmMe. HaHoxumus vccienyeT criocoObl MOyueHUs U CTabnIn3aliiu, CBONCTBa,
CTpOeHWe W OCODEHHOCTM  XMMHYEeCKMX  TIpeBpallleHUid  HaHOOOBEKTOB
¥ HaHOMAaTepuasoB, a TaKXe WX MpakTU4YeckKue TpuaokeHusi. HaHoxumus crasna
JIOTUYECKUM  pa3BUTMEM  KOJ/UIOWJHOM  XWUMHHM, C  OJHOM  CTOPOHBI,
Y CyTpaMoJIeKyISIPHOM XUMUH — C Apyroi. O6e 3TUX AMCLUIIMHBI KPUTHUUHO BayKHBI
J/151 KODPEKTHOT0 MOHUMaHWs HAHOXUMHUYECKUX TOAX0/0B.

Pa3BuTHe HaHOXMMHMM W HAHOTEXHOJIOTUA CErofHSI  CJIY>KUT

(boKyCoM [i/151 TPUIIOKEHUS cun BeJyLLIUX

Y4eHbIX Y HCCIe[0BaTe/IbCKUX KOJUZIEKTHUBOB.

HaHomarepuasnbl Ha OpraHMYeCKOM M HEOPraHWYeCcKOM OCHOBe TIIPUMEHSFOTCS
B OrPOMHOM KOJIMYeCTBe TPOAYKTOB COBPEMEHHOMW MPOMBIIIIEHHOCTH.
OrnurcbiBaeMOe HaTlpaB/ieHWe CIY>KUT OJHHUM M3 CTO/MOB TakK Ha3biBaemoul NBIC-
KOHBEPTreHI1HY,

BXO/ISILLIeN B /IpO TMpejicKa3biBaeMoro ytyposioraMu VI TeXHO/J0ruuecKoro yKiaazja.

Pabouasi mporpamMma 37eKTHBHOrO Kypca «CoOBpeMeHHble WCCIe/IOBaHUSI U
JNOCTVDKEHUsT HaHOXUMUW» (gamee — Ilporpamma) ecTeCTBeHHO- Hay4YHOM
HarpaB/IeHHOCTU T103BOJIsSIeT OCBeTUTh oObOyuarorumcss 10-11 K/1accoB OCHOBHBIE
Te3UCbl HAHOXUMUH, a TaKKe HaMeTUTh OCHOBHbIE HArpaB/IeHUsI Pa3BUTUSI HAYKU O
MUDe HaHOOOBEKTOB M ee TeXHOJOTMUeCKUX TIPUIOXKeHUH, TOMyYUTh TIOHATHE O
COBpPEMEeHHbBIX Hay4HbIX MeTozax. Peanu3arius [IporpaMmbl TIO3BOUT JOCTHYB Oosiee
TOJTHOTO TIOHWMAaHUSl IIKOJbHUKAMH eCTeCTBEeHHO-HAYUHOI'0 MOAXO0Ja K HW3yYeHUIO

TIPUPO/bI ¥ PA3BUTHIO HAa €r0 OCHOBE TeXHOJIOTU, MEeHSIFOILIUX MHP.

AxkTtyanbHOCTh [Iporpammel

HaHoXuMUSI B CBOMX TIPOSIBJIEHUSIX OTHOCHUTCS K 00/1aCTH eCTeCTBeHHBbIX HayK
B 1esioM. M3HauasibHO C(OPMUPOBABIIMCh Ha CThbIKe XUMUU U (PU3KKH,
HaHOXWMUUECKUe TIOAXOAbl BO MHOTOM BJ/IMSIIOT Ha COBPEMEHHOe T[IOHHWMaHue

MOJIEKYJ/IADHBIX OCHOB Oouosioruu u ADYI'UX HayYK. Tem He MeHee B IIKOJIbHBIX KypCax



M0 eCcTeCTBeHHO-HayuHbIM TIpeJMeTaM TeMbl, CBs3aHHble C HaHOXWMUEH,
pacro/iaraloTcsl TOpPO3Hh M 3aHMMAKOT KpaiiHe Manblii o0mumii o6bem. B uyactu
BO3MOyKHOTO AyOsimpoBanus ¢ @OIT COO mo npeamMeTHol obmactu «EctecTBeHHO-
HayuyHble TIpeMeThbl» [IporpamMma TOUTH He TiepeceKaeTcs HU C dezepasbHON
paboueii rporpaMMoi 10 yueOHOMY IIpegMeTy «XHUMHs» (TeMbl «AJIJIOTPOITHbIE
MogudUKaIu yriepoza», «IIoHsITHe 0 JUCTepCHBIX cucTeMax», «[IpefcTraBieHue o
KOJUTOMIHBIX pacTBopax» B pasfiesie «TeopeThueckre OCHOBBI XUMHUW», a TaKXKe
yIIOMUHaHUe HAHOTEXHOJIOTUM B pa3jiesie «XUMHS U >KHA3Hb»); HU C (emepasbHOU
paboueii mporpammoii 10 yueOHOMy TipeaMmeTy «®Pusnka» ( «IloBepxXHOCTHOE
HaTsDKeHWe» B TeMe «ArperaTHble COCTOsSIHUSI BelljecTBa. a3oBbie IMepexo/bi»;
yIIOMUHAaHUe
«[TonmyueHre HaHOMarepuanoB» B TeMe «OCHOBBI MOJIEKY/ISIPHO-KUHETHUECKOU
Teopun»); HU C (eaepanbHOM paboueit TMporpaMMoil 10 yuyeOHOMY TpeaMeTy
«buosnorusi» («Ob61iye cBoiicTBa OHMOMOrMUecCKUX MeMOpaH» B TeMe «XHMUUecKas
opraHu3saiys KaeTku»; «HaHOTeXHOJOruU B OMONOTUNA U MeJULIHE).
[TporpamMMa pa3paboTaHa B COOTBETCTBMHM C TpebOBaHUsIMU (Pe/iepasibHOTO
rocyZlapCTBeHHOr0 00pa30oBaTe/IbHOTO CTaHAApTa CpefgHero oOIero o6pa3oBaHus

(®I"'OC COO). HeobxoaumocTs peanu3aiiui IIporpaMmbl cBsizaHa C KpaliHe

IMYPOKKWM DPACIIPOCTPAHEHHUEM IMpOAYKTOB HAHOXVWMHWU B
COBpEMEHHOM MHpe€ U BbIIEYIIOMAHYThIM
HEAO0CTaTOUHbBIMOTPA’>KEHHUEM OCHOBHBIX IMMPUHINUIIOB, Hd KOTOPBIX OHa
IMOCTPO€HAa, B OCHOBHOM 06p<':130BaTe}'II:>H0171

riporpamme. [1jisi YaCTUUHOM KOMIIeHCAI[MX 3TOr0 pa3pbiBa B MOCKBe yyKe MHOTO JieT
TIPOBO/IUTCS OJIUMIIMA/IA 110 HAHOTEeXHOIOTUsM — OJIUMITUA/Ia TITKOTbHUKOB
«BbICOKHMe TeXHOJIOTHU U MaTepuasbl Oyayiero». 3aganus OMMMIIHAaIb]
TO3BOJISIFOT LIKO/IbHUKAM TIOHSITh, HACKOJILKO OHU OPHEHTHUPYIOTCS B 9TOU
MEXXIUCIITITMHApHON  o6siacT. CrcTeMaTHUeCcKoe Ke ToyuyeHHe

3HaHUW BO3MOYKHO OPTraHM30BaTh Ha YPOBHE CpeHero o0Iiero

oOpa3oBaHusi B paMKaxX BHEYDOYHOW [esiTe/IbHOCTU WU
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JIOTIO/THATeTbHOT'O 00pa30BaHUsl, B UaCTHOCTH TPY pPeasn3aliiy AaHHOM [IporpamMmmel.

bonbiioe BHMMaHue B [IporpamMme yziesieHO MeTo/iaM MOMY4YeHUsI U U3yUYeHUsT



HAaHOCTPYKTYPUPOBAHHBIX BeIlleCTB M MaTepuanoB. [IpakThueckasi CTOpOHa
[TporpamMmbl M0O3BOJIsSIET YBUZETh SIPKME CTOPOHbI HAHOXMMWM TIPM OTHOCHTETBHOM
JOCTYITHOCTH BBITTOTHEHUS yueOHO-HCCIe/OBAaTe/TbCKOTO SKCIIeEPUMEHTa U BO MHOTOM
ba3upyercs Ha mMpuMepax JabopaTOpHBIX paboT, H3MOKEeHHbIX B IIpakTHKyMme
10 HaHOMaTepHanaM U HaHorexHosnorusm A.B. Illepb6akoBa n B.K. VBaHoBa [16].
N3yueHne HAHOXUMHUU OTKpPbIBAeT MHOTO HOBOTO W HEOXXUJAHHOTO KakK [Jsi
YUYEHHUKOB, Tak U j1s nejaroros. [IpoekTHast U ucciefjoBaTe/ibCKas AesiTe/IbHOCTD 10
HaHOXMMHU, KOTOpasi MOKeT BBITIOTHATLCS C OMopou Ha [Iporpammy, mpu A0/HKHOM
MOCTaHOBKe OyJeT TpUBOAWTh K OOBEKTUBHO HOBBIM pe3y/jbTaTaM, paHee He
OMMCaHHBIM B HAYYHOM JIUTEpaType.

HoBuszHa IIporpaMmsbl 3ak/jrOuaeTcs B TOM, YTO OHa T[IOCTPOeHa Ha
TMOLLIaTOBOM  O3HAaKOMJIEHMM 0O0ydJarollMxcsi C OCHOBaMM HaHOHAayKU U  ee
TIPUJIO’KeHUSIMU.

Peanmuzaiusi TIporpammbl CriocOOCTBYeT AeTanu3al[id 3HaAHUM 00yuarouxcs
0 (U3MKO-XMMHUUeCKUX TIpolieccax, MPOTeKarwIlUX Ha HAaHOYPOBHE, PaCIIMpPeHU0
Npe/iCTaB/ieHUd O BO3MOXXHOCTSIX TIPUMEHeHUsI HaHOXUMHYECKUX TO0/IXO/0B,
crioco6cTByeT nmpodhopreHTalMKU 00yUaroUXCs.

Ilegarornueckas 1je/iecoo0pasHocTb [IporpaMMbl 3aK/IFOUaeTCsl B TOM, UTO
OHa CO3/]aeT YCIOBUS /i1 (DOPMUPOBAHHS Y OOYUArOIIMXCS eCTeCTBeHHO-HayUHOU
KapTUHbI MUpa, Pa3BUBaeT yMeHHe KPUTUUECKOTO OCMbIC/IIeHUs1 MH(OpMalUu, JaeT
BO3MOXXHOCTh ~ TIO/IyUUTh  HaBBIK  TPOBe/IeHUs  yueOHO-MCC/IeZj0BaTeTbCKOTO
9KCTIepUMeHTa, pacimmpsieT 6a3uc jys yriybgeHHOro W3ydeHWss HaHOXUMHYEeCKUX
TIPOLIECCOB B BBICILIEN LIIKOJIE.

Iens IIporpaMmbl — JaTh OOydYalmOIIMMCS KpaTKAWA  3KCKypC B
MeXMpeaMeTHyI0 00/acTh HaHOTEXHOJIOTUM W WMMIY/IbC K CAMOCTOSITEJTbHOMY
M3y4eHUI0 ¥ TBOPUECKOMY pa3BUTHIO; aHHAsA 00/IaCTh B HACTOSIITIee BPeMs SIBIISIETCSI
OJIHOW M3 «TOUEK pOCTa» JJjsl  pa3BUTHUS  TIPOMBILLIEHHOCTM W HaXOAUT

MHOT'OYMCJ/IEHHbIE TIpDUMEHEHH B COBpEMEHHOﬁ TexXHHKe.



BapuanTtsl peanu3zanuu IIporpamMmmsl u popMbl ipoBeieHUsI 3aHATHA

Peamuzatma  IlporpaMmbl  mpefriosiaraeT — coueTaHWe — JIEKLIMOHHOU
M ceMUHapCKoi ¢opM pabOThl C 3/IeMeHTaMH TPaKTHUKyMa: JIeKI[UH, CeMHHaphbI,
JUCKYCCUM,  3all[UThl  MPOEKTOB, yueOHO-MCC/ie[oBaTeIbCKANM  SKCTIePUMEHT,
npakTUueckre paboTbl — wu300pakeHHe XUMHUUecKUX ¢GopMyJi, BU3yalu3alys
TpexXMepHbIX 00BeKTOB U TIp.

B cemuHapckoii yacTy BO3MOKHa CMeHa MHVBU/lyalbHbIX U TPYNNOBBIX (HOPM
TIpOBe/leHHs] B 3aBHCHUMOCTHU OT MpeANOoUYTeHHN Tiefarora. B TpakTuueckoW 4acTu
BCTPEYAIOTCSI KaK yueOHO-MCCIel0BaTe/TbCKUM IKCIIEPUMEHT, TaK U KOMITbIOTEPHBIM
TPaKTHUKYM.

[Ipy peanuzaiuu IlporpaMMbl MCTMO/B3YyeTCS BLIUMCIUTENbHAs TEXHUKA,
obecrieunBaroiiasi JOCTYI K CIeLUaJM3UPOBaHHOMY TPOTPAMMHOMY 00ecrieueHHIo
Y Hay4HOU JUTepaType.

[ caMOCTOATe/NBHOTO W3YyueHusl TMpefyCMOTpPeH CIIMCOK —aKTya/llbHOM
JIUTEPATypbl IO OIMMChIBaeMOH 00/1aCTH, paCCUMTAHHBIM KaK Ha YuHTe/led, Tak
Y Ha IIKOJIbHUKOB, YYaCTBYIOL[MX B peanu3anuu [IporpaMmsl.

[Tporpamma pa3pabotaHa Ajis oOyuaronuxcs mpodunpHeIX 10-11 Kmaccos
(ecTrecTBeHHO-Hay4HBIA MpoduaL 00yueHus). IlporpaMma paccuvMraHa Ha 2 rofa
oOyuenusi. OOiijee KOIMUeCTBO BpeMeHH, OTBOAMMOrO Ha OCBoeHue IIporpamMmel,
cocraBsigeT 68 uacoB. I[Iporpamma peamusyerca 1 pa3 B Hemento mo 1 dacy.
Bapuantom peanusaijuu MoxxeT ObiTh u3yueHue [Iporpammsl B 10 K/iacce B pexxume
3aHATUM 2 Yaca B HeJleto.

@opMbI KOHTPOJIS CIy>KaT [Jig OIpejesieHus pe3y/JbTaTUBHOCTA OCBOEHMS
[TporpaMMbl  oOyuaroIUMHCS. ATTecTalusi TIPOBOAWATCS 1 pa3 B TOZ:
MIPOME’KYTOUHasi — 110 UTOTaM TepPBOro rojia 00y4yeHus, UTOrOBasi — BECHOW BTOPOTO
rofia o0yueHws.

dopmbl npogedeHuUss ammecmayuu:

® TeCTUPOBaHUE;

® TIpaKTUYeCKUe 3aHATUS;

¢ 3auyeTHas pabora.



B3aumocBsna3b ¢ (pepepanbHO padoyeil mporpaMMoii BOCIIUTAHUS

[TporpamMMa pa3paboTaHa C y4yeToM peKOMeHAalui ¢enepanbHON paboueid
TIpOrpaMMbl BOCTIUTaHUS i1 0011jeo0pa3oBaTe/ibHbIX opraHu3auuii. OHa yuuThIBaeT
TICUXO0JIOTO-Teflaroruueckre 0CO0eHHOCTH COOTBETCTBYIOIIel BO3pacTHOM KaTeropuu
00yyJaroImxcsi.

B uacTtHOCTH, B XOfe peanusaiuu lIporpaMMbl BO3MOKHO COYeTaTb Kak
VHTeJI/IeKTyalbHOe, TaK U COL[Ma/ibHOe Pa3BUTHe 00yUarol[uXcs, CO3/atoliee OCHOBBI
JJ1s1 UX caMooTpe/iesieHUs] Ha OCHOBe J1yXOBHO-HPaBCTBEHHBIX L|EHHOCTEM.

K 3amauam peanusanuu gaHHod [IporpamMmbl MOXXHO OTHECTH AOCTH>KEHHE
JTMYHOCTHBIX pe3y/bTaTOB OCBOeHUs 00IjeoOpa3oBaTenbHBIX TIPOrpaMM 110 (u3MKe,
XUMUU 1 6uosioruu B cootBeTcTBUM ¢ PI'OC COO, a uMeHHO: chOpMHUPOBAHHOCTh
I[EHHOCTeH CaMOCTOSITe/IbHOCTY ¥ WHMIMATHUBBI, TOTOBHOCTH OOYYarOIIUXCS
K CaMOpa3BUTHIO, CAMOCTOSATE/IbHOCTH U JIMUHOCTHOMY CaMOOIIpe/ie/IeHHI0, Hauuue
MOTHBAllMM K  [leJleHallpaB/eHHOM  COLMa/JIbHO  3HAUMMOM  JlesiTe/TbHOCTH,
cchOopMHUPOBAaHHOCTh BHYTPEHHeN TO3UI[UH JIMYHOCTH KakK 0c060To I[eHHOCTHOTO
OTHOILIeHHsI K cebe, OKPY KarOIUM JIFOJSIM U >KHU3HU B LIe/IOM.

[IporpaMma  COOTBETCTBYeT  C/ie[lyIOLIMM  OCHOBHbIM  HarlpaB/IeHUSIM
BOCIIUTAHUS: TPaXKJAAHCKOe BOCIUTAaHWE, TMaTPUOTMUYECKOe BOCIUTAHUE, AYXOBHO-
HPaBCTBEHHOE BOCIUTaHUe, 3CTeTUYeCKOe BOCIUTaHue, (POpMUpPOBaHUE KY/bTYPhI
310pOBOTO OOpa3a >KU3HHW, TPY/IOBOE BOCIIUTAHUE, 3KOJIOTHYECKOe BOCIIHMTaHUe,

BOCIIMTdHHWE LEHHOCTHU Hay4YHOI'O MMO3HaHMH.

OcobenHoctu padoTsI nejarora mo Ilporpamme

[Mepen mnpemnogaBareneM, pabortaroiM 1o I[Iporpamme, CTOWUT 3ajaua
rapMOHUYHOTO COYETaHUsSI 37IEMEHTOB XUMHH, OHUO0/IOrHH, GU3UKU U UH(DOPMaTHKH,
KOTOpbIe HEOOXOZMMBI /I/I1 KOHBEPTeHTHOrO ITOHUMAaHHsS HaHOXUMHH. TemM He MeHee
aKI[eHT B cocTaB/ieHuu [IporpaMmbl cziejlaH Ha XUMUUYECKHe acrieKThl HaHOHAYKH,
YTO MOXKET UYaCTUYHO CMSTYUTh KaZIpOBBIM BOMPOC B peanu3ariuu IIporpaMmbl.
YcBoeHre 0O0yuarolMMKCS HOBBIX 3HaHWM B 3TOM 00/7aCTH TECHO CBSI3aHO C

YCITeIITHOCTBI0 ~ peanu3al[ii  yueOHO-MCC/ie[loBaTelbCKOTO — KCTleprMeHTa |



TIPaKTUYECKUX padoT,



3a/iokeHHbIX B [Iporpammy. IIpy HeJOCTaTOYHOCTH MaTepHa/ibHO-TeXHUUYECKOTrO
OCHaIlleHWs: 00pa3oBaTe/lbHOM OpraHu3allid PEeKOMEHJYeTCs CZe/laTh aKIeHT
B peanusauuy IIporpamMmel Ha paboTy ¢ LUQPOBBIMU pecypcamu. Bo3mMoKHO
COKpallleHre KOJMUeCTBa TUIAHMPYEeMBIX TIPAaKTHUeCKUX paboT it yriayOsieHus
paboThI Ha/l TeOpETUUEeCKUMU pa3ziesiaMu [IporpaMmel.

OTtnvuuTtenbHasi ocobeHHOCTh [IporpamMmbl  COCTOUT B TOM, UTO B ee
TIOCTPOEHWY U peasr3aluu:

® Da3BUBAKOTCSI  MEXKIIpeAMEeTHble CBS3W, 3a/IOKEHHble B  OCHOBHOM
oOpa3oBare/ibHOU TTPOrPaMMe;

® BOCMOJHSIETCA ~ JeULUT  COBpPeMeHHOW  HayyHoW  WH(pOpMalUH,
TPOCJ/IE’KUBAETCS B3aUMOCBS3b K/1aCCUYECKUX TOCTH)KEHUM XUMHUWA U (U3UKU C UX
TIPU/IO’KEHUsIMUA B COBPEMEHHOM HaHOTeXHOJIOTHY;

® pa3BHBAIOTCs TI03HABATe/IbHbIE KOMITeTEeHIIUH 00yYaroluxcs;

® aKTHUBHO WCIOJTb3YHOTCS COBpeMeHHbIe SKCriepUMeHTa/TbHbIe u
BBIUMC/IUTE/TbHbIE METO/IbI;

® [OAJepPKUBAeTCs  OpHeHTaluss  oOydalwluxcs Ha  MOCTeAyHOIIyIo

crieliaan3alyio B 06/1acT Kak GhyH/jaMeHTalbHOM, TaK U TIPUK/IaHOW HayKH.



COAEPXAHUE KYPCA «COBPEMEHHBIE NCCJ/IEJOBAHUA 1
JOCTVMKEHUSA HAHOXUMWN»

10 KV/TIACC

Pa3pen 1. OpranusanuoHHoe 3aHsATUe «HaHOXMMUS U HAHOTEXHOJ/IOTHSA
KaK MeXXJUCIUIUTHHAPHAaA 001acTb». Llem u 3ajaun Kypca. MTHCTpyKTax

Tema 1.1. Beedernue & IlIpozpammy

Teopus. ®opmbl U MeTOAbl AesTeqbHOCTU. [1aH paboThl Ha y4eOHBIN Trof,.
WHCTpyKTaX 1Mo TeXHUKe 6e30MacHOCTH.

Ilpakmuka. IlepBruyHas guarHocTvka. BXo[HOe TeCTUpOBaHUe.

Pa3pen 2. icTopust HayKM 0 JUCIIEPCHBIX CUCTeMax

Tema 2.1. Hauano u3yuyeHUsi NOBEPXHOCMHbIX si6/eHULl U OUCNEPCHbIX
cucmem

Teopus. Karmnnsipel 1 3akoH Jlammaca. M3yuenuwe aacopormm (K. Illeere,
T. JloBuir). Metaniuueckue 3o1u (M. ®Papageii). bpoyHoBckoe aBwkeHue. OcMoc
u guamu3 (T. I'psm). Komnowpneie cucremsl. OripefieneHue uncia ABoragpo
(K. Tleppen). Oddexr Pebunmepa. TepMuH «HAaHOTEXHOJOTHW», HCTOPHSI €T0
nosiByieHus ¥ nonysisspusauuu (P. @erinman, H. TanuryTy, 3. [Ipekcnep).

IMpakmuka. YueOGHO-UCC/IelOBaTeILCKUHN 3KCTIepUMeHT: V3yueHue afcopOormm
KpacuTe/sieli C MOMOIIBI0 aKTUBUPOBaHHOTO yTJisi. OmpefiesieHre ero COpOIMOHHON

CIIOCOOHOCTH.

Pa3pgen 3. OcHoOBbI (pU3UKHU NOBEPXHOCTH M AMCIIEPCHBIX Cpe]

Tema 3.1. OcHo8bl (puzuKku nogepxHocmu

Teopus.  @PU3NKO-XMMHYECKWE  CBOMCTBA aTOMOB Ha  MOBEPXHOCTH.
[ToBepxHOCTHOe HaTsDKeHHe. Acopoisa. CMaunBaHue.

IMpakmuka.  YueOGHO-WICC/IEIOBATEe/ILCKUM  IKCITEPUMEHT:

OripejienieHrie MOBEPXHOCTHOI'O HATSXKEHUs BOZbl METO[0M

OTpbIBa Karie/b.

Tema 3.2. Ceolicmea oucnepcHbix cpeo

Teopusi. DnekTpuyeckrde CBOMCTBA. Y CTOMYUBOCTb. DU3MKO-

XUMHnyeckKasd MexaHHKd.
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IMpakmuka. YuebOHO-UCCe10BaTebCKUM 3KcriepruMeHT: OrjeHKa TOJIUHbI

rpaUTOBOM TMHUM B 3aBUCUMOCTU OT MSITKOCTH KapaHJallia.

Pa3pen 4. lucniepcHble CUCTEMBbI: I0/Iy4eHHe U IPUMeHeHne

Tema 4.1. Knaccugukayus oucnepcHbIX cucmem

Teopusi. Knaccudukaiiysi AucriepCcHbIX cucteM. TToHSTUSI «HaHOMaTepuan»,
«HaHO0OBeKT». Buabl HaHO00BeKTOB (0D, 1D, 2D; MUKpPO-, Me30- U MAaKPOIIOPHUCTHIE).
SIpKuye rprMepsbl NIPOSIB/IeHHs] pa3MepHOro 3ddekra.

INpakmuka. Tlpaktuueckass pabora: Mope/nvpoBaHHe CTPYKTYpbl HAaHOUACTHI]
pasHOro pasMepa, CpaBHeHUMe [OJM [IOBEPXHOCTHBIX aTrOMOB U  4YUCJIA
HEeCKOMITeHCHUPOBAHHBIX BaJICHTHOCTEN.

Tema 4.2. [JucnepcHbie cucmembl, cooepicaujue 2a3oeyio ¢pazy

Teopus. I1eHbl, a3p030J11 U a3POTeJIn.

IIpakmuka.  YueOHO-UCC/IeOBaTeNbCKUN  3KcriepuMeHT:  OmpegeneHue
YCTOMUYUBOCTH TI€HbI MOIOII[UX CPE/ICTB.

Tema 4.3. [JucnepcHble cucmembl, coO0epxcaujue HCUuoKyto ¢azy

Teopus. 3oy, renu, SMy/JIbCAA U CyclieH3ud. [TonokeHne 30/1eM Ha LIKase
JIMCMIEPCHOCTU KOJIUJIOUJHBIX CUCTEM.

IMpakmuka. YueOGHO-HCCTeJOBaTe/IbCKUN dKCTIepUMeHT: [lonyueHue 3osteid
HaHOCTPYKTYPUPOBAHHOTO cepedpa.

Tema 4.4. /JucnepcHble cucmembl, cooepicaujue N08EpXHOCMHO-AKMUGHbLe
eewjecmea

Teopusi.  [loBepXHOCTHO-aKTWBHbIEe  BelllecTBa. MeMOpaH®bl,

MULIEeJ/JIbI ¥ JTMTIOCOMBL. Broornyeckue AucriepcHble CUCTEMBI.

IMpakmuka. Yue6GHO-UCCIe[0OBaTe/IbCKUNM SKCTIepuMeHT: VI3ydyeHue BIMSHUS
TIOBEPXHOCTHO-aKTHUBHBIX BeIlleCTB Ha IOBEPXHOCTHOE HATsDKEHHUe.

Tema 4.5. MemoOb! eu3yanuzayuu HaHOUYacmuy

Teopusi. Dbdekt TuHaansa. AHaIU3 TPaeKTOPUHM JBW)KEHUS HAHOYACTHULI.

IMpakmuka.  YuebGHO-UCC/eIOBATe/ILCKUM  JKCIIEPUMEHT:  JleMOHCTpalys

3¢ ¢pekTta TrHAaMA HA AUCTIEPCHBIX CUCTEMAaX Pa3/IMYHOIO poJa.
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Paspgen 5. Metoabl CHMHTe3a HaHOCTPYKTYPMPOBAHHBIX BelecTB
U MaTepHaJioB

Tema 5.1. IIpuHyun «ceepxy-eHuU3»

Teopusa. IlpvHOMIBI MOJIyYeHUsT HAHOCTPYKTYP: «CBepXy-BHU3» U «CHU3Y-
BBepx». [lonyueHue rpadena. OcobeHHOCTH PabOTHI MJIaHETaPHBIX MeTbHMULI.

IMpakmuka: Tlpakthyeckass pabota: IlocTpoeHue wofenu TlaHeTapHON
MeJIbHULIBI.

Tema 5.2. IIpuHyun «CHU3y-88epx»

Teopusi. OcHOBBI cyTipaMoJieKy/isipHO# xuMuu. CamocOopka. MeTosibl cuHTe3a
HAaHOYACTHULl: «MSTKOW XUMHEW» — 30/b-Te/lb, «TOMOTE€HHOTO OCaXKAEHUs»,
oOpail[eHHO-MULIe/UIIPHBINA, MHKDPO3MY/IbCUOHHBINM; TepMmosiu3, CVD. MeToasl
cTabunuM3alii  HAHOYACTHUI[:  CTepuueckas, XejaTHas, 3JeKTpOoCTaThuecKas,
umMMoOuM3alet B mMarpuije. HaripaBieHHbIM CUHTe3 HaHOOOBEKTOB: KBAaHTOBBIE
TOUKWA, HAHOIUIEHKW, OObeMHble HaHOMaTepuanbl. Moaudukalus CBOWCTB
HaHOMaTepUuasoB.

IMpakmuka: Y4ebOHO-HCCeI0BaTeIbCKUM dKCTieprMeHT: ['a30¢a3Hblii CHHTE3
HaHOKDUCTA/VIMUECKOT0 XJopuja amMMoHusA. llosyueHre 307eM HaHOMAarHeTWTa,
HaHOpa3MepHOI'0 JUOKCH/A TWUTaHa, Oep/MHCKOM sa3ypu. [lomydyeHre HaHOTIEHOK
cepebpa Ha CTeKJ/ITHHOM MozyioXKKe. OLleHKa WX TOJII[HHBL.

IIpomesxicymounass ammecmayusi.

11 KJTACC

Pa3pen 6. Mertoabl ucc/1ei0BaHMsI HAHOCTPYKTYPUPOBAHHBIX BelleCcTB
U MaTepuaioB

Tema 6.1. Onmuueckue Memoobl

Teopuss.  OnTuueckrve  CBOMCTBA  HAHOUACTUI] UM HaHOMaTepUasoB.
Mukpockonusi. [udpakuuvonssii  npegen. doromerpus. CrieKTpooToMeTpus:
v3MepeHue  TIPOMYyCKaHWs, TMOIJIOL[eHUs, JIIOMUHeCLleHUUH. JIuHaMudeckoe

CBeTOpacCCessHHe.
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IMpakmuxka: Tlpaktuueckasi paboTa: MUKpOCKOTIMUeCKOe U3yueHre TIperapaToB
HaHocepeOpa Ha CTeK/ax.

Tema 6.2. D/1eKMpoOHHAA MUKpOCKoNnus

Teopusi. DneKTpOHHasi MUKPOCKOIMS: MPOCBEUMBAOLasi M CKaHWPYHOLLasl.
Oco6eHHOCTH M3yueHHs1 OM0I0ruUYeCcKX 00BeKTOB Ha HAHOYPOBHE.

IMpakmuka: Tlpaktruueckass paborta: CpaBHHUTE/bHBIM aHa/INA3 W300pakKeHHH
HaHOCTPYKTYP, MOJIyYeHHBIX 3/IeKTPOHHOM MUKPOCKOTIHEM.

Tema 6.3. PeumzeHoeckas ougpakmomempus

Teopusi. PentreHoda3oBbli aHa/MW3. YIIUpeHUWE TIMKOB KaK TIPU3HAaK
HaHOOOBEKTa M KakK CIoco0 OI[eHKH pa3Mepa KPUCTA/IIUTOB. PeHTTeHOCTPYKTYPHBIN
aHasm3. Oripe/iesieHre CTPYKTYPbl HAHOPa3MepHBIX 00bEKTOB Ha aTOMHOM YPOBHE.

INpakmuxka: TlpakTtuueckass pabora: Busyanu3aius CTpyKTyp GuUOIonvMepos,
TO/TyYeHHBbIX MEeTO/IOM PEHTTeHOCTPYKTYPHOI'O aHaJIn3a.

Tema 6.4. CkaHupyowjas 30H008as1 MUKPOCKONUS

Teopus. TyHHenbHasi MUKPOCKOIUSI. ATOMHO-CWJIOBasi MUKPOCKOIUA. AHaiu3
HaHOCTPYKTYpbl ~ ToBepxHOCTed. (CTaTMyecKMM U  [JUHAMUYECKUM  PEXHAM
CKaHUPOBAaHUS.

IMpakmuka: TlpakTthueckasi pabora: AHamu3 wu300pa)keHWM, TMOTyUYeHHbBIX
MEeTO[OM  aTOMHO-CHU/IOBOM  MHKDOCKOMWH, C  TOMOLIbK0  COBPEMEHHOr0
MpOrpaMMHOTO obecrieueHusi. YueOHO-UCC/e[0BaTeIbCKUM IKCTIepUMeHT: V3yueHue

IMOBEPXHOCTHU ME€TO40M aTOMHO-CH/IOBOM MUKPOCKOITHNH.

Pasgen 7. @OyHKUUOHA/bHbIe CBOWCTBA HAHOCTPYKTYPUPOBAHHBIX
BeleCTB U MaTepHUa/ioB

Tema 7.1. ®@yHKyuoHa/bHble CBOUCMEA 6eujecmeda, obecneuugaembie
HaHOMamepua.aamu

Teopus. CBepxHU3Kas CMauynBaeMOCTb. CBepxmnpoYyHOCTb.
BbicokoTemmiepaTypHasi CBepXIpoBoguMOCThb. CBepxduibTpaiusi. CBepXbIpKOCTb
cBeToucnyckanusi. Cyxas aaresus (brioMuMeTHKa reKKoHa). MarHuTHbIe CBOMCTBA.

IMpakmuka. YueOHO-UCC/Ie0BaTeLCKAN JKCIIepUMeHT: M3yueHue «3ddekTa

JIOTOCa» Ha IIpuMepe JjiernecTKa pO3bl. I/IBMEPEHHE KpaeBoro yriia.
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Pa3piesn1 8. HaHOTeXHO0/I0TrMY — NIePCNIeKTHUBbI Pa3BUTHS U COCTOSTHUE HAYKH
Ha CeroAHALIHUMN /eHb

Tema 8.1. CoepemeHHble npuMeHeHUs1 HAHOMeXHOo/102UU

Teopus. CoBpemMeHHbIe IPUMeHeHHs1 HAHOTeXHOJIOTHH, 001IMii 0630p.

Ipakmuka. BukTopuHa: HaHOTeXHO/IOTMY B Halllel »KU3HHU.

Tema 8.2. Yz2nepoOHble HaHOMamMepua/ibl

Teopusa. Ocobasi ponb yriepoja B HaHomupe. @DyriepeHbl, rpadeH,
HaHOTPYOKH.

IMpakmuka. TlpakTnueckass paborta: MopaenrpoBaHye

TPOCTPAaHCTBEHHOW CTPYKTYPhI (Py/I/1IepEHOB.

Tema 8.3. HaHomamepua/ bl 0/151 3Hep2emuKu

Teopus. HaHomaTepuasbl B TOIUVIMBHBIX 3jeMeHTax. JIUTU-UOHHBIE
aKKyMyJiITOpbl. CynepKOHeHCaTOPHI.

IMpakmuka. YuebOHO-UCC/Ie[OBaTeNbCKUN 3KCTIEPUMEHT: V3mMepeHHe eMKOCTH
JINTAW-WUOHHOTO aKKyMYJIATOPA.

Tema 8.4. HaHo3/1ieKmpoHUKa

Teopusi. 3akoH Mypa. TexHonormyeckMd  MOpOLECC  MPOM3BO/CTBA
VHTerpajibHbIX MUKpocxeM. CHCTeMbl 3arvcy MHMopMaluu.

INpakmuka. Tlpaktuueckasi paboTta: AHamu3 w300pakeHUsT TIOBEPXHOCTH
KOMIIaKT-/IUCKa.

Tema 8.5. Hanomamepuaibl 8 MeOUyuHe U 3K0/102uul

Teopus. HaHopuarHocTuka. IIpuMeHeHWe HaHOMaTepuasOB B Teparuu.
Hanocop6enTsl. @oTokaTamm3aTopbl. CaMOOUHCTKa.

IMpakmuka. TTpakTryeckasi pabora: Bu3yamm3aiiysi MpOCTPAHCTBEHHOM CTPYKTYPhI

HaHO6I/IOHpeHapaTOB C ITIOMOIIBIO COBPEMEHHOI'O ITPOrPAMMHOTO obecrieyeHusI.

Pa3gen 9. AkxkryasibHble mpoOseMbl B 00/1acTH
HAHOXUMHH ¥ HAHOTEXHO/IOTHH

Tema 9.1. TucKyccus

Teopus. AktyanbHble pob/iemMbl B 006/1aCT HAHOXMMHY M HAHOTEXHOJIOTUH.

INpakmuxka. IToroBas aTTectanys. 3aueTHasi pabora.
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IVTAHUPYEMBIE PE3YJ/IbTATbI OCBOEHUSA KYPCA
«COBPEMEHHBIE NCCJIEAOBAHUSAN JOCTHZKEHUA
HAHOXNMMWN»

JIMHHOCTHBIE PE3YJIBTATDBI

B cepe 2paxcoaHcko20 80CNUMAHUS:

CrIoCOOHOCTH Orpe/ie/isiTh COOCTBEHHYIO MO3ULIMIO 10 OTHOIIIEHUIO K SIBJIEHUSIM
COBpEMEeHHOMU YKU3HU U 00BSICHSTH €e;

TOTOBHOCTb K COTPYAHUUECTBY B TIPOL[eCCEé COBMECTHOTO BBIMOJHEHHS
yueOHbIX, TI03HABaTeJbHbIX M  HCCAe0BaTeNIbCKUX — 3aZlau, YBaKUTE/JbHOTO
OTHOIIeHWdA K MHEHHIKO OIIMIOHEHTOB IIpHU O6CY)K,E[€HI/H/I CIIODHBIX BOITIPOCOB
eCTeCTBeHHO-HayUHOT'0 CO/IepyKaHusI.

B chepe nampuomuuecko2o 60cnumMaHusi:

yBakeHWe K TIpollecCy TBOpYecTBa B 00/laCTM TeOpUM W TPaKTHUYeCKOro
IMMpUJIOKEeHHUA HdHOHAYKH, OCO3HaHMA TOI'0o, YTO YyCIIeEXWM HAYKH W TE€XHOJIOTHMU €CTb
pe3yJjbTaT AJIMTE/IBHbIX H&6J’[I-O,E[€HI/II‘/JI, KPOITOT/IMBBIX 3KCIIEPHUMEHTAJ/IbHBIX IMONCKOB,
TIOCTOSTHHOT'O TPY/la YUeHBIX U TIPAaKTHKOB;

CIIOCOOHOCTh  OI|eHWBAaTh BK/A[, POCCHHCKUX YYeHbIX B CTaHOBJIEHWE U
pa3BUTHE HAHOXWUMWU, TIOHMMaHVe 3HaueHWs HayKU B TTIO3HAHWHU 3aKOHOB MPUPO/BI, B
YKU3HU YesioBeKa U COBPEMEHHOTO0 0011[ecTBa.

B c¢pepe dyx08HO-HPABCMBEHHO20 80CNUMAHUSL:

OCO3HAaHWEe JIMYHOTO BKJIaZila B TIOCTPOEHHWEe YyCTOWuuBOro Oymyliero;

CrocoOHOCTh OLleHWBATh CUTYAlL[MI0 U TIPUHUMATh OCO3HAHHbBIE DelleHUs,
OpPHEHTHUPYSCh Ha MOPa/IbHO-HPABCTBEHHBIE HOPMBI 1 1[eHHOCTH.

B chepe acmemuuecko2o 80cnumMaHusi:

3CTeTUUeCKOe  OTHOIIleHWe K MWDy, BK/IIOYas  3CTETHKY

HAy4YHOTO ¥ TEXHUUECKOTr'0 TBOPYECTBa.
B cpepe cpopmuposaHus Kynbmypbl 300p08bSi:
cobmmofieHrie TIpaBU Oe30racHOTO OOpallleHusi C BellecTBaMH B

ObITY, MOBCeZIHEBHOM YKU3HU, B TPY/IOBOU JesITe/IbHOCTH;
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OCO3HaHUe TOC/e[CTBUM U HemnpusiTHe BpeAHbIX MpuBbIUek (yroTpebsieHus
aJIKOT0J1s, HAPKOTUKOB, KYpeHHUS]);

MOHMMaHWe LIeHHOCTM TpaBW/l HWHAWBUJYaTbHOTO W KOJUIEKTUBHOIO
Ge30macHOro MoBeZieHUsI B CUTYaLUsIX, YTPOXKAIOIIMX 3Z0POBbI0 U JKU3HU JTFOZEH.

B cpepe mpydosozo gocnumaHusi:

KOMMYHHKaTHBHasi KOMITETEHTHOCTh B YUeOHO-MCC/IeZIOBaTe/TbCKOMN /IesITe/TbHOCTH,
00111eCTBEHHO M0JIe3HOM, TBOPUYECKOW U APYTUX BUAAX JleATeTbHOCTH;

VMHTepeC K MPakTUYeCKOMY M3yueHHI0 Tpodeccuii pa3MUHOro poja, B TOM
yKCJie Ha OCHOBe MPUMeHEeHUs MpeAMeTHbIX 3HaHUM 110 XUMUU U (PU3KKE;

yBaKeHUe K TPYZY, JIOJsM Tpy/la U pe3yJsibTaTaM TPY/I0BOM esTe/IbHOCTH;

TOTOBHOCTb K OCO3HAHHOMY  BBIOODY  MHAWBHAYa/TbHOU

TPaeKTOPUU
obpa3oBanus, Oyayieil podeccuu U peanu3alii COOCTBEHHBIX XKU3HEHHBIX T1/IaHOB
C yYeTOM JINYHOCTHBIX WHTEPECOB, CIMOCOOHOCTeM K HayKe, WHTEPECOB
1 otpebHOCTeM 0b11ecTBa.

B cepe sK0n102uUe€CKO20 BOCNUMAHUSA:

9KO0JIOTUYEeCKH 1iesiecooOpa3Hoe OTHOIIeHWe K TpUPOJe KakK WCTOUHHKY
CyLL[eCTBOBaHUS KU3HU Ha 3eMJie;

Ha/JlMuue Pa3BUTOrO 5KOJIOTMUECKOTO MBbIIUIeHHUS, SKOJIOTHUYECKOW KY/IbTYPBHI,
OTbITA JeSITe/IbBHOCTU 5KOJIOTMUeCKOUN HarpaB/JIeHHOCTU, YMEHHsI PYKOBO/ICTBOBAThCS
MMH B MO3HaBaTeIbHOM, KOMMYHUKAaTUBHON M COIMA/IbHOM TPaKTHUKe, CIIOCOOHOCTH
Y YMeHHsI aKTUBHO MIPOTUBOCTOSITh U/Ie0JI0THH XeMohobu;

CrIoCOOHOCTh MCIO/MB30BaTh MprobpeTaeMble TIPU H3YYeHUM HAHOXUMUU
3HaHHWS W YMeHUs TIpU pelleHnun TpobsieM, CBs3aHHBIX C paljMOHATbHBIM
TIPUPO/IOTIOIb30BaHueM (COo0/Ir0/[eHre TIpaBU/I TIOBe/IeHHs B TIPUPO/e, HarlpaB/IeHHbIX
Ha COXpaHeHHe paBHOBeCHs B 9KOCHCTeMaX, 0XpaHy BH/OB, IKOCUCTeM, buocdepsi);

OCO3HaHWe Tr100a/bHOr0 XapakTepa 3KO0JIOTUYeCKUX TpobsieM U MyTell ux
pelLLeHusI.

B ccpepe yeHHocmell HaQyUHO20 NO3HAHUSA:

MOHMMaHWe ChelU(pUKA HAaHOHAyKH, OCO3HaHWe ee POIM B (POPMUPOBAHUU

pallOHA/IbHOTO HAYYHOT'O MBIIIJIEHHs], CO37laHWe 11eJIOCTHOTO TIpe/iCTaB/IeHUs
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00 OKpy»KaroilieM MUpe Kak O e[MHCTBe MPUPO/Ibl, uejiloBeKa 1 0011jecTBa, B IO3HAHUU
TIPUPO/IHBIX 3aKOHOMEPHOCTel U pellleHWd TIpoOsieM CoXpaHeHUsI TPUPOJHOTO
pPaBHOBECHSI;

MOHMMaHWe CYILHOCTA MEeTO/OB MO3HAHUS, UCMOJIb3YEMbIX B €CTeCTBEHHBIX
HayKax, CroCOOHOCTH WCIIO/Ib30BaTh I[I0JiyuyaeMble 3HaHWS [jis  aHaiu3a W
O0BSICHEeHUSI SIBIEHHN OKPY>KaloIlero Mypa U TIPOMCXOZSIMIUX B HEM W3MeHeHUH,
yMeHUe feflaTh OOOCHOBaHHBIE 3aK/IOUeHHWs HAa OCHOBE HayuHBIX (DaKTOB W
JAHHBIX, TTOyYeHHBIX B XO7/le YueOHO-MCC/IeoBaTeIbCKOT0 YKCIIEPUMEHTa, C IIe/IbI0
TIO/TyU€HHs! JOCTOBEPHBIX BbIBOJIOB;

3aMHTepeCOBAaHHOCTh B TIOJyUeHUU eCTeCTBEHHO-HAyUYHbIX 3HAHWM B LIeJisX
TIOBBIIIeHUsT 00I1[el Ky/IbTyphbl, €CTeCTBeHHO-HayUYHOH I'PAMOTHOCTH KaK COCTaBHOM
yacTy GyHKI[MOHATLHOW IPaMOTHOCTH, (JOPMHUPYEMO TTpU 00yUeHNH;

TOTOBHOCTb M CIOCOOHOCTL K HEeTIPepLIBHOMY  00pa30BaHHIO
M caM0o00Opa30BaHUI0, K AKTHBHOMY IIO/lyUeHHI0 HOBBIX 3HAHUA B COOTBETCTBUU

C JKM3HEHHBIMH HOTPE6HOCTHMI/I.

METAIIPEJMETHBIE PE3YJ/IbTATHI

B c¢pepe o61a0eHuss no3HasamesibHbIMU yHUGEPCA/AbHBIMU yueOHbIMU
delicmeusimu:

Basosble no2uyeckue oelicmeus:

CaMOCTOATeJTbHO  (pOpMYy/MpOBaTH UM aKTyaJM3HWpOBaTh  IpobsieMy,
paccMaTpUBaTh ee BCeCTOPOHHE,

WCIIO0/Ib30BaTh TIPU OCBOEHWM 3HAHWUW TIPUEMBI JIOTHUYECKOTO MBbIIIIeHHUS
(aHamM3a, cuHTe3a, CpaBHEHWs, KIacCU(PHUIMPOBaHMs, 0000IeHNs1), pacKpbIBaTh
CMBIC/I HAYUHBIX TIOHSTHM (BBIZIE/IATh WX XapaKTepHbIe TIPU3HAKH, yCTAaHABIMBATh
CBSI3M C IPYTUMU TTOHSATHSIMU);

onpefieNiiTh 1[elM JesTeTbHOCTH, 3ajiaBasi MapaMeTpbl W KPUTEPUU WX
JOCTU)KEeHUSI, COOTHOCUTD Pe3y/IbTaThl JiesiTeIbHOCTH C TIOCTaB/IeHHbIMU 1]e/ISIMU;

WCTI0/Ib30BaTh Hay4yHble TIOHSATUS /1Sl 00bsiCHeHUsI (PAKTOB U SIBJIEHUH TIPUPO/bI;
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CTPOUTb  JIOTUYEeCKHWe  pacCcyaeHusi  (MHAYKTUBHbIe,  JieNYKTUBHbLIE,
10 aHa/IOTUM), BBISBJISATH 3aKOHOMEDHOCTH M TMPOTUBOpPEUHrsi B pacCMaTpUBaeMbIX
sIBJIEHUsIX, (DOPMYJIMPOBATh BHIBO/IbI U 3aK/TFOUEHHSI;

TIPUMEHSITh CXeMHO-MO/Ie/IbHble CPeJICTBa /ISl Tpe/iCTaB/IeHUs CyIl[eCTBeHHbIX
CBsi3el ¥ OTHOIIIEHWM B M3yuaeMbIX 00BbeKTax, a TakyKe IMPOTHBOPEUHii pa3HOro po/ia,
BbISIB/IEHHBIX B pa3/IMUHbIX HH(POPMAIIMOHHBIX HCTOUHHKAX;

pa3pabaThiBaTh IIaH pellleHUs] MPoOJeMbl C yU4eTOM aHa/i3a WMEROIIUXCS
MaTepHa/bHBIX M HeMaTepHUabHbIX PECYPCOB.

Baszosble ucciredosamesnbcKue 0elicmaust:

B/IaZIeTh HAayYHOW TEPMHHOJIOTHEN, K/IFOUEBLIMH TOHATUSIMH W METOJaMU
HaHOHAYKU;

B/IaZIeTh HaBbIKaMU yueOHO-UCC/IeZIoBaTe/IbCKOM U TPOEKTHOM [1eATe/TbHOCTH,
HaBbIKaM{  paspellieHHss  1pobsieM;  CrIOCOOHOCTBIO M TOTOBHOCTBIO K
CaMOCTOSITe/ILHOMY TIOMCKY MeTO/IOB pellleHHsI MpaKTUUeCKuX 3ajiad, MpHUMeHeHUI0
pa3IMYHbIX METO/IOB TI03HAHUS;

WCI0/Ib30BaTh Pa3/IMuHble BU/IbI [esITeIbHOCTH T10 TI0/TyYeHUI0 HOBOTO 3HaHMS,
ero WHTepIIpeTalyiy, Ipeodpa30BaHUI0 ¥ IPUMEHEHHIO B YUeOHBIX CUTYyaIHsiX, B TOM
YKC/ie TIPY CO3/IaHUN YUeOHBIX U COIMAIbHBIX TIPOEKTOB;

dbopMUpOBaTh Hay4HbIA THUIT MBIIIEHUs, BJ/aJleTh HAy4YHON TePMHHOJIOTUEN,
K/TIOUeBBIMU TTOHITHUSAMH U METOIaMHU;

CTaBUTb W (hOPMYJIMPOBaTh COOCTBEHHBIE 33/1aull B 00pa30BaTe/IbHOM eI Te/TbHOCTH
Y )KM3HEHHBIX CUTYal[UsIX;

yMeTb UHTeTPHUPOBATh 3HaHUS M3 Pa3HBIX TIPeIMETHBIX 00/1acTei.

Paboma c uHpopmayueli:

B/IaZIeTh HaBBbIKAMH TOyueHHs WHOOPMAI[H W3 UCTOYHHUKOB Pa3HBIX THIIOB,
CaMOCTOSTE/TbHO OCYII[eCTBJIATh TIOUCK, aHA/TM3, CUCTEeMATHU3al[ii0 ¥ UHTEPITPEeTaI|I0
MH(MOPMAaIMH Pa3IMUHbIX BUI0B U (HOPM Mpe/|CTaBIeHHS;

OLIeHHBAaTh JOCTOBEPHOCTh MH(MOPMALIUY;

dbopMyIMpoBaTh 3arpochkl W NPUMEHSTh pPa3/MUHble METOZbl TPU TIOHCKE

1 otbope nHpopmaln, HeobX0AUMOH /Il BRITTOTHEHHUS YueOHbBIX 3a/1ay;
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CaMOCTOSITeJIbHO ~ BbIOMpaTh  ONTUManAbHYO  (GoOpMy  TipefiCTaBeHUS
ynHbopMaLuu (cxembl, rpadyKy, AUarpaMMbl, TaOIULIbI, PUCYHKU U JP.);

WCMO/b30BaTh HAyuHbIM SI3bIK B KayecTBe CpeACcTBa mpyd  paborte
C UH(opMaLeil: TIPUMeHATb XUMUUYecKre, (pu3nueckre M MaTreMaTHUeCcKhe 3HaKU
Y CUMBOJIBI, dbopMyibl, ab6peBuaTypy, HOMEHK/IaTypy, WCI0JIb30BaTh
1 peoOpa30oBbIBaTh 3HAKOBO-CUMBOJIMUECKHE CPe/[CTBA HaTJISIAHOCTH.

B c¢pepe 0e1adeHus yHugepcaabHbIMU KOMMYHUKAMUGHbIMU 0elicCmeusimu:

OCYILeCTB/ISATh 001LjeHre BO BHEYDPOUHOU J1esITe/TbHOCTH;

pa3BepHYTO M JIOTUUHO HW3/1araTb CBOK) TOYKY 3DEHHs] C HCI0/Ib30BaHUEM
S13bIKOBBIX CPE/ICTB;

MOHUMAaTh M MCIOJb30BaTh MpPEeUMYIecTBa KOMaHAHOU W WHJWBUyaTbHOU
paboThI;

BbIOMpaTh TeMaTHWKy M MeTO/bl COBMECTHBIX [IeHCTBUH C ydyeToM OOIIMX
VMHTEpPeCcOB U BO3MOKHOCTeH KaXk/I0ro usieHa KOJIJIeKTUBa;

MPUHUMATh e COBMECTHOM J1esiTeIbHOCTH, OpraHM30BbIBaTh
Y KOOD/MHMPOBAThb JENCTBUS MO ee JOCTMXKEHUIO: COCTaB/ATb IJIaH [eMCTBUM,
pacripefiesiiTh pPOJIM C Y4eTOM MHEHUM YYaCTHUKOB, OOCY>KJAaTb pe3y/bTaThl
COBMeCTHOM paboTh;

OLIeHMBATb KaueCTBO CBOETO BKJIa/la U KaXKJOr0 yUaCTHUKA KOMaH/bl B 00L[uit
pe3yJIbTaT 110 pa3paboTaHHBIM KPUTEPUSIM;

rpejjiaraTb HOBbIEe TIPOEKThbl, OLIEHWBAaTb HJeW C TIO3ULMHA HOBU3HBI,
OPUTMHAbHOCTH, MPAKTUYeCKOW 3HAUMMOCTH;

OCYLIeCTB/ISITh TIO3UTUBHOE CTpaTerMueckoe TOBeJjeHWe B  Pa3/IUUHbIX
CUTYAL[USX, TIPOSIB/ISATE TBOPUECTBO M BOOOpakeHHWe, ObITh MHUIIMATUBHBIM.

B c¢pepe 0e1adeHus yHusepcaabHbIMU pe2y/isimMuUeHbIMU 0eliCmeusiMu:

CamoopeaHu3zayusi:

WCIIO0/b30BaTh HayYHble 3HAHUS /ISl BbISIBJIEHUs TIPOOJieM U WX peLlieHUs
B )KM3HEHHBIX U yueOHbIX CUTYalUsX;

CaMOCTOSITeJTbHO OCYILeCTBJISATh TI03HABATE/bHYIO /1eSTe/IbHOCTh, BbISBIISTh

1po6JieMbl, CTaBUTh U (POPMYJIMPOBATh COOCTBEHHbBIE 3a/jaul;
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CAMOCTOSITE/IbHO COCTABJISATh TJIaH BBITIOJIHEHUS yueOHO-HCCIeZI0BaTeTbCKOTO
SKCIIepUMEHTa C Y4YeTOM MMERIUXCS PecypcoB, COOCTBEHHBIX BO3MOXXKHOCTeM
Y Mpe/INouTeHNH;

pacIMpATh paMKA y4eOHOTO TipefiMeTa Ha OCHOBE JIMYHBIX TpeJrIouTeHUH;

JiefaTb ~ OCO3HAHHBI BBIOOp, aprymeHTHpoBaTb ero, Opatb Ha cebs

OTBETCTBEHHOCTh
3a pelleHue;

OL|eHUBaTh MPUOOPETeHHBIN OTbIT;

crioco6cTBOBaTh  (DOPMUPOBAHUIO U TIPOSIBJIEHWIO JpyAvLMM B objactu
eCTeCTBEHHbIX HayK, TIOCTOSIHHO TOBBILIATh CBOM 0Opa3oBaTe/bHbIN U KYJIbTYPHbIH
YPOBEHb.

CamMoKOHMpo/ib:

[laBaTh OLIEHKY HOBBIM CHUTYallUsiM, BHOCUTb KOPPEKTUBBI B [1€STE/IbHOCTD,
OLIeHWBaTb COOTBETCTBHE Pe3y/IbTaTOB L{eJIsM;

NMPUHUMAaTh MOTHBBI UM apryMeHThl [PYTUX TIpM aHaju3e

pe3y/IbTaToB /1eSITeIbHOCTY;

WCIIO0/Tb30BaTh TIpUeMbl pedieKCUU [IJIsi OLeHKH CUTYalluu, BbIOOpa BepHOTO
peleHus;

yMeThb OIleHWBaThb PUCKM U CBOEBPEMEHHO TNPUHUMATh peIleHus T10

VX CHIDKEHHIO.

IIpuHsimue cebs u Opy2ux:

INPpUHHUMATb CE6H, ITOHKMMas CBOU HeJJOCTATKH 1M TOCTOMHCTBA,

TIpU3HaBaTh CBOE TIPABO U TPaBO IPYTHX Ha OLIHOKU.

IMPEJMETHBIE PE3YJ/IbTATBI

I[To utoram peanu3anuu [IporpamMmMel obydarorpecs: OyayT 3HATh:

OCHOBHBIE T10J/I0KeHHsI 3aKOHOB, TeOpHI, 3aKOHOMEepPHOCTe!, TpaBU/l, TUIIOTe3
B 06/1aCTV COBPeMEHHbIX HaHOHAYKH ¥ HAHOTEXHOJIOTUH;

buorpaduyeckre aHHbIE U OCHOBHBIE JJOCTY)KEHUS BeAYIIUX Mpe/CTaBUTe el
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HayKH O OUCIIEPCHBIX Cpe/laX 1 HAHOXWUMUMU,
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OCHOBOIIOJIArarole HaHOXMMUYeCKre TepMUHBI U MOHATHSA (HAHOYaCTULa,
HaHOMaTepUasibl, HAHOCTPYKTYPhI, HAHOCHUCTEMBI U [Ip.);

CTPOEHHe OCHOBHBIX  HaJMOJIEKY/SPHBIX  CTPYKTYP,

MPUCYTCTBYIOIIUX B JMCIIEPCHBIX CPejax;

BO3MO>XHOCTH HarpaB/IeHHOTO CUHTE3a U MOAM(YKALMX HAHOCTPYKTYPHUPOBAaHHBIX
Bel[eCTB ¥ MaTepHuasoB;

(YHKLMOHa/IbHbIe ~ BO3MOXXHOCTW  HAHOCTPYKTYPHUPOBaHHBIX

Bell|eCTB U MaTepuasloB;

OCHOBHbIe MeTOZIbl HAyUHOrO MO3HAHMS, UCMO/b3yeMble B HAHOXUMHUUECKHUX
Y HAHOTeXHOJIOTMUeCKHX UCC/IeJ0BaHUsX;

KJTFOUeBbIe [JOCTYKeHHsI B 00/1aCTV HaHOTeXHOJIOTHY;

OCHOBHbIe MPUI0XKeHUs] HAHOCTPYKTYPUPOBAHHbIX BeIeCTB U MaTepHasioB.

ITo utoram peanu3ariuu [TporpamMmMbl oOyyJaroiecst OyayT yMmeTh:
TI0/Tb30BaThCSl TEPMUHOJIOTHEN, OTHOCSIIIEHCS K HAHOXUMUH U
HAHOTEXHOJIOTHH; Pa3/INYaTh pa3/MuHble  YPOBHU
OpraHu3aluu MaTepHuu
B HAaHOCTPYKTYPHUPOBAHHBIX 00BHEKTAX;
coOHMpaTh I1apO-CTeP>KHEBBIE MO/IE/TH CTPYKTYP HaHOOOBEKTOB;
NIPUMEHSITh ITPOrpaMMHOe o0ecIieueHue /1711 BU3yaar3ariiy IPOCTPAaHCTBEHHOU
CTPYKTYPbl HAHOOOBEKTOB;
TUIaHUPOBaTh U TIPOBOJMTH  YueOHO-MCC/IeA0BAaTe/IbCKUM  SKCITIEPUMEHT
TI0 U3yUEHUIO CBOWCTB JJUCTIEPCHBIX CUCTEM;
aHaJTM3UPOBATh 1300paykeHust HAHOCTPYKTYPUPOBAHHBIX
00BEKTOB, MIOTyUeHHbIe Pa3/IMYHBIMU METOJaMH U3yUeHUS;
yCTaHaB/IMBaTh  B3aMMOCBSI3M  MEXAy  HAayKOM U TEeXHOJIOTHSIMH,
HaHOMaTepHa/JaMH ¥ UX CBOMCTBaMU, METO/JaMH MCC/IeZIOBaHUS U UX
BO3MO>KHOCTSIMH; OL[€HHBATb 3THYECKHe aCTIeKThl COBpPEMEHHBIX
HCC/IeIOBAHUM B obactu
HaHOTEXHOJIOTHH;

CaMOCTOATEeJ/IbHO pa6OTaTI:> C MCTOYHHUKAMHN AOHOHHHTEHLHOﬁ JINTEPATYPbI
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Y UHTepHeT-pecypcaMu, BK/IH0Yasi peCypChl Ha aHTJIMKMCKOM SI3bIKe.
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TEMATHUYECKOE IVNTAHUPOBAHUE

10 K/TACC
No HaumeHosaHue Konuuecmeo IIpoepammmoe Xapakmepucmuka
n/n pazoenos uacos codepoicaHue Oesime/ibHOCMU
u mem Kypca obyuarowjuxcs

MEeXAMCLMIIMHAPHAsA 00/1acThb»

Pa3pen 1. Opranu3anuonHoe 3aHaTue « HaHoxumMusa ¥ HAHOTEXHO/IOTUSA KaK

1.1. | BegeHue

B [Iporpammy

@®opMbI U METO/IbL
JestesibHOCTHU. [1naH
paboThI Ha yueOHBIH
rof. VTHCTpyKTax
I10 TeXHUKe

0e30racHOCTH

[TepBuuHas
JuarHoctvka. BxogHoe

TeCTUPOBaHHE

Wtoro no paszgeny

2

Pa3pen 2. UcTopusi HayKy 0 JUCIIEPCHBIX CHCTeMax

2.1 Hauano usyuenus
IIOBEPXHOCTHBIX
sIBJIeHUN

Y [IMCIIepCHBIX

CucTteM

4

Kanunnsipel 1 3aKkoH
Jlariaca. M3yyeHue
agcop6oumu (K. [leene,
T. JloBun).
Mertanniiueckue 3011
(M. ®apageii).
bpoyHoBCcKkoe
JIBwkeHre. Ocmoc

u guanus (T. ['pam).
KonnowgHeie cucTeMsl.
OrnpefeneHve urcia
Aporagpo (K. Ileppen).
OddexT PebuHepa.
Tepmun
«HAHOTEXHOJIOTUW»,
WICTOPUSI ero MOosiBIeHusI
Y TIOMYJ/ISIpU3aLin

(P. ®eitnmaH,

H. Tanuryty,
3. [pekcnep)

YuebHo-
uccnedosamenbCKuil
3KCnepumeHm:
V3yueHue ancopOrmm
KpacureJsier C TTIOMOLIbIO
AKTUBUPOBAHHOTO YTJI.
Ornipegenenue ero
COpOLIMOHHOM
CrIocoOHOCTH

Wtoro no paszeny

4

Pa3pen 3. OcHOBBI (pM3UKY NTOBEPXHOCTH U JUCIEPCHBIX CpeJ
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3.1 OCHOBBI (PU3KKU 4 DU3UKO-XUMHYeCKe YuebHo-
TOBEPXHOCTH CBOMCTBa aTOMOB uccnedosamenbcKuil
Ha MOBEPXHOCTH. IKCnepumeHm:
[ToBepxHOCTHOE OnpefenieHye
HaTsDKeHue. AZICOPOLMSL. | 10BepXHOCTHOTO
CmauviBaHre HaTsDKeHUS BO/IbI
MeTOZIOM OTpbIBa
Karesb
3.2 CaoticTBa 4 OneKTpuuecKye YuebHo-
JHUCTIePCHBIX Cpefl CBOVCTBA. uccnedogamenbCcKull
Y CTOWUMBOCTS. 9KCNepuMeHm:
@uU3MKO-XUMHUUeCKast O1LleHKa TOIIUHEI
MeXaHMKa rpa(uUTOBOM JTMHUU
B 3aBUCHUMOCTU
OT MSITKOCTH KapaH/jaliia
Wtoro no pasgemny 8

Pa3pen 4. [IlucnepcHble cCHCTeMBI: I0/Iy4YeHHe U IIPUMeHeHue

4.1 | Knaccudukarysi 2 [TonsiTust Ipakmuueckas paboma:
JUCTIEPCHBIX CUCTeM «HaHOMaTepHuasm, MogenrpoBaHue
«HaHOOOBEKT». CTPYKTYPbl HAHOUACTHL]
Buzib1 HAHOOOBHEKTOB pasHoro pasmepa,
(0D, 1D, 2D; CpaBHeHuUe JI0/1
MHUKpPO-, Me30- IIOBEPXHOCTHBIX aTOMOB
Y1 MaKpOIIOPUCTHIE). W Unca
SIpkuie mpUMepbI HECKOMTIEHCUPOBaHHbBIX
TIPOSIB/IEHUST BaJIEHTHOCTEH
pa3mepHoro 3¢ dekTa
4.2 JucriepcHble 2 [Tensl, aspo3oiu YyebHo-
CHUCTEeMBI, U a3porenu uccnedosamenbCKull
cofieprKaiiye aKcnepumeHm:
ra3oByto a3y OnpefienexHue
YCTOHUUHUBOCTH TIEHBI
MOHOILIUX CPEe/ICTB
4.3 HucrniepcHblie 2 30/14, reu, 3MYJIbCUU YuyebHo-
CUCTEMBI, 1 CyCITeH3UH. uccnedosamenbCckull
coiep)Kaiiye [MonoxxeHue 3071ei IKCnepumeHm:
KUZKYIO (asy HA LIKaJje JUCIePCHOCTH | [osydeHue 30/1eid
KOJIJIOUIHBIX CUCTEM HAHOCTPYKTYPHPOBaH-
HOro cepebpa
4.4 | ncnepcHble 3 IToBepxHOCTHO- YuebHo-
CUCTEMBI, AKTHBHBbIE BellleCTBa. uccneoosamenbCKull
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cofieprKariye
TIOBEPXHOCTHO-

dKTHBHbIE BelleCTBa

MemOpaHbI, MULIEJTBI
Y JIUTIOCOMBI.
Buosiornueckue

AUCTIepCHBbIE CUCTEMBI

3KcnepumeHm:
N3yueHnue BIUsiHUS
TIOBEPXHOCTHO-
aKTUBHbBIX Bel[eCTB
Ha MOBEPXHOCTHOE

HaTsDKeHle

4.5

MeTtoppl
BU3ya/In3aLin

HaHOUYdCTHIL]

O ekt Tunpans.
AmHanu3 TpaeKTopun

ABIDKEHHA HaHOUACTUI]

YuebHo-
uccnedosamenbCKuil
3KCnepuMeHm:
HemoHcTpauuys
sddekra Tungans
Ha IUCTIePCHBIX

CHUCTEMax pa3/IM4HOro

poza

WTtoro no paszgeny

10

Pa3pgen 5. MeTtoabl cuHTe3a

HAHOCTPYKTYPHMPOBaHHBIX BellleCTB U MaTepuaioB

5.1 | IlpuHLun «cBepxy- 2 IIpyHLMINBI TTONYYeHns | [Ipakmuueckas paboma:
BHU3» HaHOCTPYKTYP. [TocTtpoenue mozenu
«CBEpXYy-BHU3» T/IaHeTapHOU
U «CHU3Y-BBEPX». Me/TbHHUL[bI
[Tonyuenue rpadeHa.
OcobenHoCTH pabOTHI
TJIaHeTapHBIX MeJTbHUL]
5.2 | IlpuHLMN «CHHU3Y- 8 OcHoBBI YuebHo-
BBEPX» CyIpaMoJIeKyJIsIpHOU uccnedosamenbCKull
xumun. Camoc6opka. IKCnepumeHm:

Merto/pbl CMHTe3a
HAaHOYACTHI]: «MSTKOM
XUMUEN» — 30/1b-T€e/Ib,
«TOMOTEHHOT 0
OCaXKZIeHUSI»,
oOparréHHo-
MHULIeJ/ITSIPHBIN,
MUKDPO3MYJ/IbCOHHBIN;
Tepmosu3, CVD.
Mertop! cTabuIM3amu

HAHOYACTHII;

l"azoasnbiii cuHTe3
HAHOKPUCTA/TIUECKOTO
XJIOPHU/Ia aMMOHUSI.
[TonyueHue 3onei
HaHOMAarHeTHTa,
HaHOPa3MepHOT0
JVIOKCH/Ia TUTAHa,
Oep/MHCKO J1a3ypH.
[TosyyeHvie HaHOTIJIEHOK
cepebpa Ha CTeKJ/ITHHOMN

nozyiokke. OLieHKa ux

cTepyyeckKasi, XejaTHasl,

3JIGKTPOCTATHUYECKAs,

TOJIIIWHBI.

[IpomexxyTouHast
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MMMOOUTH3aLel
B MaTpHuLIe.
HarpaBneHHbI11 cuHTe3

HAaHOOOBEKTOB:

aTTecTalys

KBAHTOBbI€ TOUKH,
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11 KJTIACC

No HaumeHosanue
n/n pasoenos
u mem Kypca

Konuuecmso

yacose

IpoepammHoe

cooepacaHue

Xapaxkmepucmuka
Oesime/ibHOCMU

obyuarowjuxcs

Pa3zpen 6. MeTto/ bl HCC/Ie{0BaHHSA HAHOCTPYKTYPHPOBAaHHbIX Bellje

CTB 1 MdT€pUd/I0B

6.1 Orntrueckue 4 OrnTrueckrie CBOMCTBA YuebHo-
METO/bI HaHO4aCTHL uccnedogamenbCKull
Y1 HaHOMAaTepHUaJsoB. sKCnepumeHm:
Mukpockonms. MHUKpOCKONUYeCKoe
HrdpaKiOHHbIi M3yueHue rperapaToB
nipegen. doromerpus. HaHocepeOpa Ha CTeK/lax
CrniekTpohoTOMETpHS:
v3MepeHUe TIPOIyCKaHus,
TIOTJIOLLIeHUS,
JIFOMUHECLIeHLUH.
JvHamuueckoe
CBeTOopaccesiHye
6.2 OJIEKTPOHHAs 3 [IpocBeuuBaromias IMpakmuueckas paboma:
MUKPOCKOTIUS 3/1IeKTPOHHAs CpaBHUTe/IbHBIN aHa/IN3
MUKPOCKOMUSI. n300paykeHn i
Ckanupytomias HaHOCTPYKTYD,
3/1eKTPOHHAs TIOTy4eHHbIX
MUKPOCKOTHSI. 3/1eKTPOHHOM
OcobeHHOCTH U3yUyeHus] | MUKPOCKOMUelh
OrooTMUeCKUX
00BeKTOB
Ha HaHOYPOBHe
6.3 Pentrenosckas 4 PentreHnodasoBbiit IMpakmuueckas paboma:
IudpakToMeTpusi aHa/v3. YIMpeHue Busyanusaiusi CTpyKTyp
MUKOB Kak MpU3HaK O1OTI0/TMMEPOB,
HaHOOOBEKTa 1 Kak T0JIyYeHHBIX METOZIOM
crocob OLIeHKH pa3Mepa | PeHTTeHOCTPYKTYPHOTO
KPUCTa//TUTOB. aHanmsa
PeHTreHOCTPYKTYpHBI
aHanu3. OnpefeneHue
CTPYKTYPbI
HaHOpa3MepHbIX
00BeKTOB Ha aTOMHOM
yYPOBHe
6.4 | CkaHupyoljas 6 TyHHebHast YuebHo-
30H/I0Bast MUKPOCKOMUSL. ATOMHO- | uUcc/1e008amenbcKull
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MHKPOCKOITHSA

CUJIOBasi MUKPOCKOITHSI.
AHnanus
HaHOCTPYKTYPbI
TOBEPXHOCTeHN.
CraTuueckuit

Y IMHAMUUeCKUI

PE’KMM CKaHUPOBAHUS

SKcnepumeHm:
I/IBY‘JEHI/IE IMOBEPXHOCTHU
MeTO/10M aTOMHO-

CUJI0BOM MUKDOCKOITHH.

Ipakmuueckas paboma:
Amnanu3 n300pa>keHuH,
TIOTyY€HHBIX METOZIOM
aTOMHO-CHJIOBOU
MHKDOCKOTIHH,

C TIOMOLI[BIO
COBPEMEHHOTO
TPOrPaMMHOTO

obecreueHust

Wtoro no paszeny

17

Pa3zgen 7. ®yHKIMOHA/IbHbIE CBOMCTBAa HAHOCTPYKTYPHUPOBaHHbBIX

BellecTB U MaTepUa/I0B

7.1 @ YHKLWOHA/IbHbIE 5 CBepxHu3Kas YuebHo-
CBOICTBA BeLLeCTBa, CMauyKBaeMoCTb. uccnedogamenbcKull
obecrieurBaeMble CBepXmnpoYyHOCTb. 9KCnepuMeHm:
HaHOMaTepuaiaMu BricokotemniepatypHast | V3yuenue «3ddekTa
CBEPXMPOBOJAUMOCTb. JIOTOCa» Ha MpuMepe
Caepx¢unbTparys. JieriecTKa po3bl.
CBepXbSIpKOCTh V3mepeHue KpaeBOro
8.2 | YrnepogHbie 2 CROORF PN Mbpona | YIPdkmuueckas paboma:
HaHOMarepuaJibl B HAaHOMMpe. MogenvpoBaHue
®dyinepeHsl, rpadeH, MPOCTPAaHCTBEHHOM
HaHOTPYOKU CTPYKTYPHI (y//iepeHOB
8.3 | Hanomartepuasbl 2 Hanomarepuasbl YuebHo-
[J1s1 SHEePreTUKH B TOTJIUBHBIX uccnedogamenbCKull
3/1eMeHTax. 3KCnepuMeHm:
JIUTHII-UOHHBIE N3mepeHue eMKoCTH
aKKYMY/JISITODBI. JIUTUA-UOHHOTO
CyTiepKoH/ieHCaTOPbI aKKyMyJIITOpa
8.4 | HaHOos/eKTpoHMKa 2 3akoH Mypa. IMpakmuueckas paboma:
TexHonoruueckuit Amnanm3 nzobpaxkeHust

TIpOLIecC TIPOM3BO/CTBA
VIHTerpaJIbHbIX
MUKpocxeM. CUCTeMbl

3arnucy uHhopMaLuu

MOBEPXHOCTHU KOMIIAKT-

JIACKa
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8.5 | HaHomarepuasbl 2 HanoguarHoctuka. IMpakmuueckas paboma:
B MeIULINHe [TpumeHeHue Busyanuzanust
Y 3KOJIOTHH HaHOMaTepHaJioB TPOCTPAHCTBEHHOMH
B Teparuu. CTPYKTYPbI
Hanocop0OeHT®bl. HaHOOHOTIperapaToB
@OTOKaTa/IM3aToPHI. C TIOMOII[bIO
CamoouncTKa COBpPEMEHHOT0
MPOrpaMMHOT0
obecrieueHust
Wroro no paszgeny 9

Pa3pen 9. AkTya/sibHbIe IIPO

0/1eMbI B 00/1aCTU HAHOXUMHUHU ¥ HAHOTEXHO/IOTUH

9.1 Hduckyccus 3 AxTyanbHble ipobsieMel | VIToroBasi aTTecTarys.
B 06s1acTV HaHOXUMUM | 3aueTHast paboTa
Y HAHOTEeXHOJ/IOTUU

Wtoro no paszeny 3

Bcero Ko/sinuecTBo yacoB 34

no IIporpamme 3a rop
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OPI'AHUBALIMOHHO-IIEJAT'OT'MYECKHUE YCJ/IOBUSA
PEAJIN3AIINU ITPOI'PAMMBbBI

MeToauueckoe odecrieueHue peamsanuu I[IporpamMmbl

[Mpu peamu3anuu IlporpamMmbl B yueOHOM mpoljecce HCIOMb3YHOTCS
MeTO/JUUecKre TI0CcoOUs, AUJaKTHUecKHe MaTepuanbl, (OTO- U BUJj€OMAaTepHaIbl,
KOHCTPYKTOPHBI [/I1 CO3/IaHUS 111apO-CTePXKHEBBIX MoO/iefleld XUMHUUYeCKUX CTPYKTYD;
KYpHa/llbl W KHUTH, 0030pbl W OpWTMHAJbHBIE MyO/JMKaLyu, 0a3bl JJaHHBIX,
rporpaMMHOe obecrieueHue Jijisi PUCOBAaHUSI XUMUUYECKUX CTPYKTYDP Y BU3ya/Id3alluu
TIPOCTPAHCTBEHHBIX 00BHEKTOB, Mpouke MaTtepuasbl B CeTu VIHTepHeT.

[Tpu TipoBeIeHUH 3aHSATHI UCITO/Ib3YIOTCS:

® (C/l0OBeCHble  MeTO[bI ~ OOyueHWs:  JIeKI[UHM, OOBSICHEeHUs,

becepl, KOHCY/TbTALUH;

® HaryIiAHble  MeTOAbl  OOyuYeHWs:  TIpe3eHTallud,  BHeoMaTepuasbl,
BH3ya/IH3alliy;

® KCceloBaTeIbCKUe MeTO/bl 00yUeHHsl — BBITIOIHEHHE O0YUaroIMMUCS
oripeie/ieHHBIX UCC/IeloBaTeTbCKUX 3a/laHuH.

YcBoeHrWe Marepuasia KOHTPOJUPYeTCs TpU TIOMOIIU  TeCTUPOBaHMUS
Y BBITIOJIHEHUSI TIPAKTUUECKUX 3a/[aHui. 3aK/IIOUuWTeIbHOe 3aHATHEe TTPOBOMUTCS

B (hopMme 3aueTHOM PabOTHI.

Marepua/ibHO-TeXHHYECKHe yC/I0BUsI pean3aiuu IIporpamMmbl

[TpoAyKTUBHOCTE PAbOTHI BO MHOTOM 3aBUCHT OT KaueCTBa MaTepHa/IbHO-
TEXHUUECKOTO OCHallleHusi Tipoijecca. [Iporpamma peanu3yeTcss B ayAWTOPUU
oOpa3oBaTe/bHOM OpraHu3al[iM C TMPUMEHEHHEM TeXHUUYECKMX CPeZCTB O0yueHHs
1 1abopaTopHOro 060pyA0BaHUS:

® KOMITbIOTEDBI YUUTE/ISI M 00YUarOL[HUXCST;

® JHTepaKTUBHAas /I0CKa;

¢ yueOHO-HayuHOe 060pyioBaHMeE TI0 (hH3MKe U XUMUU.
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JINMTEPATYPA 1 3JIEKTPOHHBIE PECYPCbI

HopmaruBHas 6a3a

1. ®egepanbHbBIi 3aK0H OT 29 mekabpsi 2012 r. Ne 273-®3 «O6 obpa3oBaHuHU
B Poccuiickon denepaiium».

2. ®efepanbHbIM TOCy/lapCTBEHHBINA 00pa3oBaTe/bHBIA CTaHZAPT CPeIHEro
ob1iero obpa3oBanusi (yTBep)KJeH nprka3oM MuHoOpHayku Poccun ot 17 mas 2012
r. Ne 413; 3apeructprpoBad Munroctom Poccun 7 utons 2012 r. Ne 24480).

3. ®enepanbHas oOpa3oBaTesibHasi IPOrpaMMa cpefiHero obiriero o6pa3oBaHUs
(yTBepxkaeHa mipuka3oM Munnpocseljenuss Poccun ot 18 mas 2023 r. Ne 371;

3apeructprupoBadH MuHroctoM Poccum 12 urons 2023 1. Ne 74228).

CnMcoK /iuTeparypsbl

1. AxmetoB M.A. BBesieHre B HAaHOTEXHOJIOTMH. XUMHS : ydueOHOe TiocoOue
ans yuamuxcss 10-11 kmaccoB cpegHux 061ieo0pa3oBaTebHBIX YUPEXXJeHUN /
M.A. AxwmetoB. — Cankr-IletepOypr : OO6pa3oBarenbHbili LIEHTP «YdacThe»,
OO6pa3zoBaTenbHble TIPoeKThl, 2012. — 108 c.

2. AxvetoBa A.U. «DPemroCkan OwnaiiH»: o6paboTtka u ¢uabTpaLys
n3obpakenuii / A.M. Axmetosa, [I.W. SAmunckuii, 11.B. AmunHckmii / HaHoMHY CTpUSL.
—2024.-T. 17, Ne 3-4(127). - C. 178-183.

3. borateipeB B.A. MeTozbl CMHTe3a HAHOYACTHL] C IJIA3MOHHBIM Pe30HaHCOM
/ B.A. boratbipes, JI.A. IbikmaH, H.I'. Xe6110B : yuebHOe mocobue. — CaparoB :
CI'Y um. H.I'. Yepnsieckoro, 2009. — 35 c.

4. BonkoBa C.A. CoBpemeHHble HMCC/IeZIOBaHHSA B 007aCTH HAHOTEXHOIOTHM
B COJiep>KaHWUU XUMHUueckoro obpasoBanus / C.A. BonkoBa. — Mocksa, 2015. — 304 c.

5. 'younuna E.A. HaHotexHonoruu — npopsiB B Oyayiee! / E.A. I'yaqunun //
O6pa3zoBatenbHas noautuka. — 2020. — Ne S5. — C. 54-57.

6. Epemun B.B. Hanoxumus u HaHotexHosioruu / B.B. Epémun, A.A. [Ipo310B.
— Mockga : Ipoga, 2009. — 112 c.

7. 3umMoH A./l. 3aHrmaresibHas Ko/uiouaHas xumus / A.[l. 3uMoH. — Mockaa :

URSS, 2017. -253 c.
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8. MenvHrkoBa H. [lonyueHrve W W3yuyeHUe CBOWCTB BeLLECTB, COCTOSILMX
Y3 YaCTHL] HaHO- U MUKpopa3MepoB / H. MenbHuKOBa, E. I'HeyieBa, b. Maiurakos. —
Cankr-IletepOypr : Il1IkonmpHast nura, M3marenbctBo «Jlema», 2013. — 20 c.

9. MUKpO- 1 HAHOMUP COBpeMeHHbIX MaTepuasos / 1o pes. FO.[. TpeTbsikoBa.
— Mockga : Xumpak MI'Y, 2006. — 68 c.

10. Hanorexnonoruu. A30yka ayist Bcex / mof, pef. FO.J1. TpeTbsikoBa. — MockBa
: DUSMATIIUT, 2008. — 368 c.

11. O BK/IFOUEHUY OCHOB HAHOXVMMUU B COJZleprKaHue IIKOJbHOI0 XUMUYeCKOIo
obpaszoBanus / C.A. BonkoBa, A.A. UbarymiuH, C.B. Poratbix [u gp.] // Xumus
B wwiKose. — 2023. — Ne 6. — C. 19-24.

12. TIatb  HOOeneBCKMX YPOKOB (TIPAKTUKYM [l CTapIIeK/JIaCCHUKOB
10 CKaHWPYIOIed 30H10BOM MHUKpocKormuu) / A.B. BosbliiakoBa, E.B. [lybpoBuH,
A.[l. TIportoronosa [u Ap.]. — Mockga : LleHTp nepcrneKTUBHbIX TexHosorui, 2013. —
94 c.

13. Ceeryxud B.B. OcHoBbl HaHoTexHonoruid. 10—11 kjaccel : yuebGHOe
nmocobue / B.B. Ceryxun, W.O. fBTymieHko. — 3-e u3f., crep. — MOCKBa :
[Ipocserenue, 2023. — 111 c.

14. CnoBapp HAHOTEXHOJIOTUYECKUX W CBSI3aHHBIX C HAHOTEXHOJIOTUSIMU
tepmuHoB / I'.I'. Bopucenko, U.B. TNonpar, E.A. I'younun [u gp.]. — Mocksa :
OU3MATIINT, 2010. — 528 c.

15. Teopuss ¥ TIpaKTWKa CKAHUPYHOIIENM 30HAOBOM MHMKDPOCKOIWU: HOBbIE
pemieHuss Ay GU3UKH, XUMHH, OwWosorud W MeaunuHbl / AWM. AxMeToBa,
O.B. BanoB, H.E. MakcumoBa [u ap.] // Hanounpycrtpus. — 2023. — T. 16,
Ne 2(120). — C. 88-95.

16. IllepbakoB A.B. IIpakTHKyM MO HaHOMaTepuajaM W HAaHOTEXHOJIOTHSAM /

A.B. Illep6akos, B.K. lBaHoB. — Mockga : MI'Y, 2019. — 368 c.

NHTepHeT-NCTOUHNKHU
1. Bcepoccuiickasg UHTEPHET-0/IMMIMaZa TT0 HAHOTEXHOJIOTUSIM

[DnekTponHbIi pecypc]. — URL: https://enanos.nanometer.ru/
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2. Hanorpayg [3nektponnsbiii pecypc]. — URL: https://palm.school/
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Paszpabomuuku npoepammbi:

3. BoakoBa CBet/iaHa A/leKCaHAPOBHa,

4. NOKTOp Te/laroruuecKyx Hayk, rpodeccop, npodeccop Kade/psbl
MeTO/IUKH TIperofiaBaHusi XUMuH, OK0J/I0THH, SKOJIOTHUHU U
reorpaduu ®I"AOY BO «I'ocyaapCcTBeHHbIN YHUBEPCUTET
TIPOCBeILleHUSsI»

5. KosisicaukoB Ouier BiiagumupoBuy,

6. ctapimmii MeToAuCT MIHCTUTYTA pa3BUTHS NPOMUILHOTO 00yUeHHs]
I'AOY BO «MOCKOBCKHWI TOPOACKOW MeAaroruyeckKui
YHUBEPCUTET»

7. O0osrenckasn JIro0oBpr Huko/1aeBHa,

8. KaHAMAaT XMMUYECKHX HayK, MeToguUCT MIHCTUTYyTa pa3BUTHUsS NPO(UILHOTO
obyuennss TAOY BO «MoCKOBCKUIi TOPO/ICKOM Te/laroruuecKuii
YHUBEPCUTET»

9.

10.  PeyeH3zeHmbl:

11. ITapmyruHa JIroagMuia AjlekCaHAPOBHA,

12.  kaHguAaT Mearornyeckux Hayk, 3aBe/lyrolnas jabopaTtopureli ecTeCTBEHHO-
HayuHoro obpa3oBanusi ®I'BHY «VHCTUTYT cofiep>kKaHUsI U METO/IOB
oOyueHUsI»

13. 3arpanuuHasi Hapexxja AHaTO/IbeBHa,

14.  KaHgWzaT MeJaroruyecKUx HayK, CTAapLIN HayuHbIA COTPYAHUK 1ab0opaTopun

15. ectectBeHHO-HayuyHOro obpasoBanusi ®I'bHY «MHCTUTYT copep>KaHUs U
MeTO/I0B 00yUeHHs»
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