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IMacmopT nmporpammali

HaunmenoBanue kKoJIeKTHUBa B KOTOPOM
peasiuzyercs mporpamma

Cpennee oO1iee

ABTOp

I'mszosa I'ynpyadak XucaMyTAMHOBHA

HanmenoBanmne IMporpaMmbl

«COBPEMEHHBIE UCCJIEJJOBAHUA U
JOCTWXXEHUA HAHOXNUMUWN»»

HamnpaBnennocTts oOpa3zoBaTeabHOM
NEeSATEIbHOCTH

HHTCIUICKTYyaJIbHasd

Bun

JlononHuTenbpHas 001eo0pa3oBaTesibHas
oOniepa3BuBaoias nporpaMmma

Tun

Lenb nporpamMmbl

yriay6ienue u 00001IeHIe 3HAHUM ITKOJIBHUKOB O
XHUMHAYECKOM TIPOIIECCE, B YACTHOCTH O €TO
TepMOAMHAMHKE, KHHETHKE, COCTOSIHUU PaBHOBECHS,
a TaK)Ke O TIOBEPXHOCTHBIX SBIICHHSX.

[Ipenmer oOyueHus

duznueckas XuMusa

Cpoxk ocBOECHUS 2 roga
Bospact yuanuxcs 16-17
dopma 00yyeHHs Mauible rpynisl

PexxumMm 3anstuit

1 pa3 B Henento -34 yaca

@opmbI aTTECTALUH

TCCTUPOBAHUC IIPAKTUYCCKUC 3aHATUSA,
3a4€THasi pa60Ta.

HanonneHHoCTh rpymmnsl

domMa IeTCKOro 00beINHEHNS

rpymnma




Paspabomuuxu npocpammoi:

BoJskoBa CBeT/1aHa AJleKCAaHAPOBHA,

JOKTOP TeIarOrH4ecKux Hayk, mpodeccop, mpodeccop kadeapbl METOAUKU
MIPEnoIaBaHusl XUMHUH, OMOJIOTHH, K0JIOoruH U1 Teorpaduun GPI'AOY BO
«["ocynapcTBEHHBIN YHUBEPCUTET MPOCBEILICHUS»

Koasicaukos Ouqer Bragumuposuy,
crapmmii Mmetoauct MucTuTyTa passutus npodunbpHoro odyuenus TAOY BO
«MOCKOBCKHI1 TOPOJICKOM MEAArornueCKuii yHUBEPCUTET»

Obouenckas JIroo6oBb Hukos1aeBHa,
KaHIUJIaT XUMUYECKUX HayK, MeToaucT MHcTuTyTa pasButus npoduiasHoro ooyuenus TAOY BO
«MOCKOBCKHI TOPOJICKOM MEAAarornyeCKuii yHUBEPCUTET»

Peyenzenmeol:

Hapmyrnna Jlronmuiaa AJiekcaHIpOBHA,

KaHIMJIaT TeJarori4ecKux HayK, 3aBeayrolias J1abopaTtopuei eCTECTBEHHO- HAyYHOTO
obpazoBanus ®I'bHY «MHcTUTYT conepxaHus U METOJOB 00YUEHUS»

3arpanuunas Hanexna AHaTo/ibeBHA,
KaHJuAAaT MeJaroriueckux HayK, CTapIini HayqHbId COTPYAHHK JIaOOpaTopuu
ecrecTBeHHO-Hay4HOro oOpazoBanusi ®I'BHY «MHCTUTYT copepikaHusl 1 METOIOB OOyUEHHS

[NOACHUTEJIbHAS 3AIINCKA

HaHoxumus sBISETCS €CTECTBEHHO-HAYYHOM OCHOBOM HAHOTEXHOJIOTHM, UIPAIOIINX KpailHE BaXXKHYIO POJIb B
COBpPEMEHHOH TEXHUKO-OKOHOMHUYECKOH napaaurme. Hanoxumus uccienyer crnocoObl MOTyYeHUs H
CTaOMIN3alMY, CBOIICTBA, CTPOCHUE M OCOOCHHOCTHM XHMHUYECKHX MpPEBpALICHUII HAHOOOBEKTOB U
HaHOMAaTEPHUAJIOB, a TAK)KE UX MPAKTUYECKHUE NpUiiokeHus. HaHOXuMus cTana JIOTHYECKUM  Pa3BUTUEM
KOJJIOWJIHOW XUMHH, C OJHOW CTOPOHBI, M CYNPaMOJICKYISIPHON XUMHH — ¢ ipyroid. O0e 3THX TUCIMIUINHBI
KPUTHYHO BAYKHBI I KOPPEKTHOIO MOHUMAHUSI HAHOXUMHUYECKHUX TOJXO0/I0B.

PazBurue HaHOXHMHHA n HAHOTEXHOJIOT I CEToaHs CIIYKUT (I)OKYCOM JJIA
MIPUITOKCHUA CHUJII BEAYHIUX YUYCHBIX U HUCCICA0BATCIIbCKUX
KOJIJICKTUBOB. HaHOMaTepI/IaJ'ILI Ha OpFaHquCKOfI nu HeOpFaHH‘IeCKOfI

OCHOBE IPUMEHSIIOTCS B OTPOMHOM KOJIUYECTBE MPOJAYKTOB COBPEMEHHON MPOMBIIIIEHHOCTH.
OmuceIBaeMOe HaMpaBJIEHUE CIIYKUT OJHUM U3 CTOJIOB Tak HazbiBaeMoii NBIC-koHBepreHITnN, BXOIAIICH B
PO TpecKa3biBaeMoro GpyryposioramMmu VI TeXHOJOTHYECKOTO YKIIaja.

PaGouas mporpamMma kypca BHEYPOUHOH JieaTenbHOCTH «COBpEMEHHBIE UCCIIEOBAHUS U JOCTHKECHUS
HaHoxuMmumn» (jTanee — [Iporpamma) ecTeCTBEHHO- HAYYHOUM HAMPABIEHHOCTH ITO3BOJISIET OCBETHTH 00YUYaOIITUMCS
10-11 kmaccoB OCHOBHBIE TE3UCHl HAHOXMMHH, & TAK)KE HAMETUTh OCHOBHBIC HAIIPABJICHHUS Pa3BUTHS HAYKHU O
MHUpPE HAHOOOBEKTOB U €€ TEXHOJIOTUICCKHUX PUIIOKEHUH, IOYIUTh TIOHATHE O COBPEMEHHBIX HAYUHBIX
Metojnax. Peammsanus [IporpaMMbl TO3BOIUT JOCTUYH OOJIEE IMTOJTHOTO MOHMMAHUS IKOJIbHUKAMHU €CTECTBEHHO-
HAaY4YHOTO MOJX0/1a K U3YUEHUIO MPUPOIbl U PA3BUTHIO HA €0 OCHOBE TEXHOJIOTHUIA, MEHSIOIIUX MUP.
AxTtyansHOCTH [IporpaMMel

Hanoxumus B cCBOMX MPOSIBICHHUSIX OTHOCUTCS K O0JIACTH €CTECTBEHHBIX HAYK B 1ieJoM. M3HavaapHO
c(hOpMHUPOBABIINCH HA CTHIKE XUMUHU ¥ (DU3MKH, HAHOXUMHUECKHE TIOIX0/bl BO MHOIOM BJIHSIIOT Ha COBPEMEHHOE
[MOHMMAaHHUE MOJICKYJISIPHBIX OCHOB OMOJIOTHHU M IPYyrux HayK. TeM He MeHee B IIKOJIBHBIX Kypcax 1o
€CTECTBEHHO-HAYYHbIM IIPEIMETAM TE€MBbI, CBSI3aHHBIE C HAHOXUMHUEH, pacroiaraloTcsi HOpPO3Hb U 3aHUMAIOT



KpaiiHe Majblii o01mii 00beM. B gactu Bo3moskHoro ayonuposanus ¢ @OIT COO 1o npeamMeTHOR 001acTH
«EcTecTBeHHO- HayuHBIE IpeaMeThD [Iporpamma mouty He epecekaercs HU ¢ (efepanbHOi pabodei
MPOrPaMMOM 10 Y4eOHOMY MpeaMeTy «XHuMHUsD» (TEMbI «AJUIOTPOIHBIE MOAU(UKaIK yrieponay, «[loHsaTue o
JTUCIIEPCHBIX cucTeMax», «lIpencraBienre o KOJUIOUIHBIX pacTBOpax» B pazzaeine «TeopeTuueckiue OCHOBBI
XIMHW», a TAK)Ke YIOMUHAHIE HAHOTEXHOJIOTHIA B pazneie « XUMHS 1 )KU3HbY»); HU ¢ deepanbHoi paboueit
MpOrpaMMoii 1o yaeoHoMy mpenmety «Dusnka» ( «[loBepXHOCTHOE HATSHKCHUE)» B TEME «ATperaTHbie
cocTosiHuA BellecTBa. Pa30oBbIe MEPEX0/Ibl»; YIIOMUHAHUE

«[lony4yenue HaHOMaTEepHAIOB)» B TeMe «OCHOBBI MOJICKYJIIPHO-KHHETHYECKON TEOPUI»); HH C (elepaTbHOM
pabodeil mporpaMMoi 1Mo y4eOHOMY TpPEIMETY
«buonorms» («OO0IIHEe CBOMCTBA OMOIOTHYECKUX MEMOpaH» B TeMe « XUMHYECKash OpraHN3aIlns KICTKI;
«HanoTrexHOIOTHH B OHOJIOTHH U MEITUITHHEY).
[Iporpamma pa3zpaboTaHa B COOTBETCTBUH C TpeOOBaHUAMHE (DeAepabHOIO roCyIapCTBEHHOTO 00pa30BaTEIbHOTO
cTanmapra cpeaHero oomero oopazosanus (PI'OC COO). HeooxomumocTth peanusaryu [IporpaMMel cBsi3aHa ¢
KpaifHe IMUPOKUM PACIPOCTPAHEHUEM TPOYKTOB HAHOXHMHUH BCOBPEMEHHOM  MHUPE M BBIIIEYMOMSHYTHIM
HEAOCTATOUYHBIM OTPAKCHHNEM OCHOBHBIX IPUHIUIIOB, HA KOTOPBIX OHAa IIOCTPOCHA, B
OCHOBHOM 00pa3oBaTeIbHOI nporpamme. /[ 4acTUYHOW KOMIIEHCALUH
3TOr0 pa3pbiBa B MOCKBE y)ke MHOTO JIeT IPOBOAMTCS OJIMMITHAA M0 HAHOTEXHONOTHIM — OnuMuana
NIKOJbHUKOB «BBICOKHE TEXHOIOTUU M MaTepHaibl Oy ayiieroy. 3aganus OIuMMITHAIbI TO3BOJISIOT IMKOJILHHUKAM

MIOHSTh, HACKOJIBKO OHU OPUEHTHUPYIOTCS B 3TOU MEXKIMCIUTINHAPHOMN
obnactu. CucremaTudyeckoe ke MoaydeHUe 3HaHUM BO3MOXKHO OPraHW30BaTh Ha YPOBHE CPEIHETO
o01mero o6pa3oBaHus BpaMKax BHEYPOUHOH  JAEATENbHOCTH WY JOTIOJTHATENBHOTO

00pa3oBaHMs1, B YACTHOCTH TpHU peanuzanuu qJanHoi [Iporpammel. Bonbkiioe Buumanue B [Iporpamme yzaeneno
METOJIaM TIOJIYYEeHHS U U3yYeHHs] HAHOCTPYKTYPHUPOBAaHHBIX BEIIECTB U MaTepuaioB. [lpakTuyeckas ctopoHa
IIporpaMMel TO3BOJISIET YBUAETH APKUE CTOPOHBI HAHOXHMHUU IPU OTHOCHTENBHOHN TOCTYIHOCTH BBIITOJHEHMUS
y4e0HO-MCCIIeIOBATEIHCKOT0 AKCIIEPUMEHTA ¥ BO MHOTOM 0a3WpyeTcs Ha MpUMepax J1abopaTopHbIX padoT,
n310keHHBIX B [IpakTukyMe mo HaHOMaTepuaiaM U HaHoTexHonorusMm A.b. Illepbakosa u B.K. MBanosa [16].
W3ydeHne HaHOXMMHUU OTKPBIBAET MHOTO HOBOT'O ¥ HEO’KHJAHHOTO KaK JJIsl yYEHUKOB, TaK U JUIs I€Jaroros.
IIpoekTHas U HccaeT0BaTENbCKAsA AEATEIBHOCTD 10 HAHOXUMHUM, KOTOPask MOKET BBIIIOIHATHCS € ONOPO Ha
[IporpamMMy, Tipyu TOJKHOM TTOCTAHOBKE OYAET IPUBOJUTH K OObEKTUBHO HOBBIM pe3yJbTaTaM, paHee He
ONMCaHHBIM B HAYYHOH JINTEpATYpE.

Hosuzna IIporpammel 3aKimo4aeTcsi B TOM, YTO OHA IIOCTPOCHA Ha MOLIaroBOM 03HAKOMIIEHHUH 00YYarOLIUXCs ¢
OCHOBaMH HaHOHAYKHU U €€ MPUII0KEHUSIMHU.

Peanu3zanus [TporpaMMbl ciocoOCTBYET JieTAM3AIMH 3HAHHK 00y4alonuxcs 0 (U3NKOo-XMMUYECKUX IMpolieccax,
MIPOTEKAOIINX HA HAHOYPOBHE, PACIIMPEHHIO MTPEJICTABICHUI O BO3MOXKHOCTSX MPUMEHEHUS HAHOXUMUYECKIX
MOJIX0/I0B, CIIOCOOCTBYET NPO(OpUEHTAIH 00YHAFOLINXCS

Ilenarorudeckas nenecoodpaszHocTs [IporpaMMel 3akirodaeTcs B TOM, 4YTO OHA CO3JAaeT YCIOBUS Ul
(dopmupoBaHus y 00yUaroImuXcsl €CTECTBEHHO-HayYHON KapTHHBI MUPA, pa3BUBAECT YMEHUE KPUTHUECKOTO
OCMBICJIEHUS HH(POPMALIUH, AE€T BOBMOKHOCTH MOJTY4YHUTh HABBIK POBEACHUS YUeOHO-UCCIIEI0BATEIbCKOTO
SKCIIEPUMEHTA, paciupseT 0a3uc Ui yriryOIeHHOro H3y4eHHsI HAHOXUMHUYECK

IIPOLIECCOB B BBICHIEH ILIKOJIE.

Hesnp Iporpammel — 1aTh 00y4yarommuMcst KPaTKUKA 3KCKYPC B MEXIPEAMETHYIO 001aCTh HAHOTEXHOJIOTHI U
HUMITYJIBC K CAMOCTOSTEIEHOMY U3YUSHHIO U TBOPYECKOMY Pa3BUTHIO; JAHHAS 00JIACTh B HACTOSIIEE BPEMSI
ABIISIETCS] OHOM M3 «TOYEK POCTa» ISl Pa3BUTHS MPOMBIIIJIEHHOCTH M HAaXOAUT MHOTOYHCIICHHBIE
MIPUMEHEHUS B COBPEMEHHOM TEXHHKE.

BapuanTs! peanuzanuu [Iporpammel 1 ¢opMBI IPOBEACHUS 3aHATHIA

Peanmzanus  [IporpamMmbl TipearonaraeT codeTaHue JIEKIIMOHHON M CeMUHApPCKOW (opM paboTHI C
3JIEMEHTAMH MIPAKTUKyMa: JIEKLIUH, CEMUHAPBI, IUCKYCCHH, 3aIIUTHI IPOEKTOB, YIeOHO-HCCIIeJ0BATELCKHUIL
9KCIEPUMEHT, IPAKTUUECKUE PabOThI — N300paKeHNE XUMUIECKUX (DOPMYJI, BU3yaJIM3alUs TPEXMEPHBIX
O0OBEKTOB H TIP.

B cemuHapcKkoil yacTi BO3MOXKHA CMEHA WHJIMBH{YyIBHBIX U TPYNIIOBBIX (JOPM MPOBEJCHUS B 3aBUCUMOCTH OT
MpearnovTeHu negarora. B mpakTHueckol 4acT BCTpeUYaroTcs Kak yuyeOHO-HCCIe10BaTeIbCKUI SKCIIEPUMEHT,
TaK ¥ KOMIBIOTEPHBIA IPAKTUKYM.

[pu peanuzanuu [IporpaMMb! HCTIONB3yeTCS BRIYMCIUTENbHAS TEXHIKA, 00€CTIEYNBAONIAs JOCTYI K
CHELNAIN3UPOBAHHOMY IIPOrPaMMHOMY OOECIIEYEHUIO U HAYYHOH JUTEpaType.

Ji1st caMOCTOATENBHOTO U3Y4YEHUS IPETYCMOTPEH CIIMCOK aKTyalbHOM JIUTEpaTyphl [0 ONMKCHIBAEMOM 00J1acTH,



paccunTaHHBIM KaK HA YUUTEIeH, TaK U Ha IIKOJILHUKOB, YYaCTBYIONIMX B peanu3anuu [IporpaMmel.
[Iporpamma paszpabotana s oOydarormuxcs npodmibHex 10—11 kaccoB (ecTecTBEHHO-HAYYHBIHN MPOdHITh
o0Oyuenus). [Iporpamma paccunrtana Ha 2 roga o0ydenus. OO0Iee KOJIHMYSCTBO BPEMEHHU, OTBOJIMMOTO Ha
ocBoenue [Iporpammel, coctasnsier 68 yacos. [Iporpamma peanuzyercst 1 pas B Hegemnto no 1 yacy. Bapuantom
peanuzanuu MoxeT ObITh u3ydeHue [Iporpammer B 10 kimacce B peskxuMe 3aHATHIA 2 aca B HEAECITIO.

DopMBI KOHTPOJIS CITYKAT JJIsl ONIPEICIICHUS Pe3yJIbTATUBHOCTH OCBOCHHS [IporpaMMbl 00ydaromumMucs.
ATTectanus npoBoauTCs 1 pa3 B TOJ: MPOMEKYTOYHAS — [0 UTOTraM TIEPBOTO roJia 00yUYCHHS, UTOTOBast — BECHOM
BTOPOTO rojia 00y4YeHHs.

DopMBbI TPOBENICHHS ATTECTAIUN:

. TECTUPOBAHUE,

. MPAaKTUYCCKUE 3aHSTHSI,

B3aumocss3b ¢ eaepanbHOil pabodeii mporpaMMoii BOCIIUTaHUS

[Iporpamma paszpaboTana ¢ yueTom pekoMeHnamuii gpenepanbHoi paboyeit mporpaMMbl BOCITUTAHUS IS
001eo0pazoBaTenbHbIX oprann3anuii. OHa YYUTBIBAET ICUXOJIOTO-TIeJarOTHYECKIEe 0COOEHHOCTH
COOTBETCTBYIOIIEH BO3PACTHON KATErOPHUU 00YJaIOIIHXCA.

B wactHOCTH, B X01€ peanu3anuu [IporpaMMbl BO3MOXKHO COUETAaTh KaK MHTEIUIEKTYaIbHOE, TAK U COLUATIbHOE
pa3BUTHE 00YYAIOLINXCs, CO3AIOIIEe OCHOBBI JUISl UX CAMOOIPEAEICHUS Ha OCHOBE 1yXOBHO-HPAaBCTBECHHBIX
LICHHOCTEM.

K 3agauam peannzauuu nannoi IporpaMmbl MOXKHO OTHECTH AOCTIKEHUE TMYHOCTHBIX PE3yJIbTaTOB OCBOCHHMS
0011e00pazoBaTeNbHBIX IPOTPaMM 10 (hr3uKe, XuMuH 1 6uonoruu B coorserctBuu ¢ ®I'OC COO, a nMeHHO:
C(i)OpMPIpOBaHHOCTI) ]_[eHHOCTCI\/lI CaMOCTOATCIIBHOCTH M HWHHUIIMATHBBI, TOTOBHOCTH o6yqa}omnxcsl K
CaMOPa3BUTHIO, CAMOCTOSTEIBHOCTU ¥ TMYHOCTHOMY CaMOOTIPEIEICHHUI0, HATHYNE MOTHBAIIH K
LIeJICHANPABICHHOM COLMAIbHO 3HAYMMOH e TEIbHOCTH, CHOPMUPOBAHHOCTH BHYTPEHHEH MO3ULIUHU JTMYHOCTH
KaK 0co00ro EHHOCTHOI'O OTHOIICHUS K ce0e, OKPY>KAIOIINM JIFOSIM U >KU3HH B LIEJIOM.

HporpaMMa COOTBCTCTBYCT CJIICAYIOIIHMM OCHOBHBIM HAIIPABJICHUAM BOCIHUTAHUA: TPAKAAHCKOC BOCIIUTAHHC,
MAaTPUOTHUECKOE BOCIUTAHKE, TyXOBHO- HDAaBCTBEHHOE BOCIIUTAHUE, ICTETHYECKOE BOCIIMTAHHUE, POPMUPOBaHKE
KYJIBTYpPBI 310pOBOT0 00pasa *XHU3HH, TPYJOBOE BOCIIUTAHUE, YIKOJIOTMYECKOE BOCIIUTAHNUE, BOCIIMTAHUE LICHHOCTH
HAYYHOTO MTO3HAHUSI.

Ocob6enHoctH pabdoTsl niesarora o [IporpamMme

[lepen mpemnonasarenem, padoratomum 1o IIporpamme, cTouT 3a1a4a TAPMOHUYHOTO COYETAHUS FIEMEHTOB
XUMUH, OHOJIOTHH, QU3UKU B UHPOPMATHKH, KOTOPbIE HEOOXOAMMBI AJIsi KOHBEPTCHTHOTO ITOHUMAHHUS
HaHoxuMHHU. TeM He MeHee AKIICHT B COCTAaBJICHUHU HpOFpaMMBI CACJIaH Ha XUMUWYCCKHE aClICKTbl HAHOHAYKHU, YTO
MOJKET YaCTUYHO CMSITYUTh KaJIpOBBIH Bonpoc B peasn3anuu [IporpaMmel. YcBoeHne 00yyarommuMucs HOBBIX
3HAHUH B 3TOM 00JIACTH TECHO CBSA3aHO C YCIEUIHOCTHIO Pealn3aluy yueOHO-UCCIeI0BATENbCKOTO IKCIIEPUMEHTA
U TIPaKTHYECKHUX padoT,

3an0xeHHbIX B [Iporpammy. I[Ipn HepocTaTOYHOCTH MaTEPUAIBHO-TEXHUYECKOTO OCHAIICHUST 00pa30BaTeIbHOM
OpraHu3alMi PEeKOMEHIYeTCsl C/elaTh akKIEHT B peann3anuu [IporpaMmbl Ha paboTy ¢ IU(PPOBBIMU PECYPCAMH.
Bo3M0kKHO cokpallieHre KOJINYecTBa IaHUPYEMbIX IPaKTHYECKUX padoT sl yriayOaeHus: paboThl Haj
TEOPETUUECKUMU pasjienamu [Iporpammsl.

OtnuuuTenbHas 0cOOEHHOCTh [IporpaMMBI COCTOHUT B TOM, YTO B €€ MMOCTPOCHUH U pPeaIn3allih:

. Pa3BUBAIOTCS MEKIPEAMETHBIC CBS3H, 3aJI0KCHHBIE B OCHOBHON 00pa30BaTelIbHON MPOrpamMme;

. BOCTIOJIHSIETCS Ae(DUIUT COBPEMEHHOM HayqHOU HH(POPMAaLUK, TPOCIICKUBAETCS B3aUMOCBS3b
KJIACCUYECKUX JOCTHKEHUH XUMHUHU U (PU3UKHU C UX MPUIOKEHUSIMUA B COBPEMEHHOW HAHOTEXHOJIOTHH;

. Pa3BUBAIOTCS TIO3HABATEIIHHBIC KOMIIETECHIIMU O00YYaIOIINXCS;

. AKTUBHO HCIOJIB3YIOTCSI COBPEMEHHBIE SKCIIEPUMEHTANIBHBIE U BEIYUCINTENBHBIE METOIBI;

. MOJIEP’KUBAETCS OPUEHTALIUS 00yUYaIOMIKXCs Ha MOCIEAYIOUIYIO CTICIUaTN3alHI0O B 00J1aCTH KaK

(hyHIaMEHTATFHOW, TaK U MPHUKJIATHON HAYKH.

COJIEPXXAHUE KYPCA BHEYPOUHOI JIEATEJIBHOCTU
«COBPEMEHHBIE UCCIIEAOBAHUA U JOCTUXEHNA HAHOXUMUN»



10 KJIACC

Paznen 1. Oprannzannonnoe 3anstne «HaHOXUMUS 1 HAHOTEXHOJIOTHSI KaK MEKANCIUTUTHHAPHAS 00JIaCTh.
Henu u 3agaun kypca. UHCTpyKTaxx

Tema 1.1. Benenue B Ilporpammy

Teopus. ®opMmsr 1 MeTOABI HeATenbHOCTH. [ ITan paboThl HA yueOHBIH To/.

WHcTpyKTaX MO0 TEXHUKE OS30MaCHOCTH.

IIpaxtuka. [lepBuunas nuarHoctruka. BxogHoe TecTupoBaHueE.

Paznen 2. Mcropust Haykn 0 JUCTIEPCHBIX CHCTEMAax

Tewma 2.1. Hauasio u3y4yeHus MOBEPXHOCTHBIX SIBIICHUH U JUCIICPCHBIX CUCTEM

Teopus. Karmmmnsapsr u 3akon Jlanmaca. Uzyuenne ancop6mmm (K. leene, T. JloBui). Merannmndeckue 30mm (M.
®apaneit). bpoyrnosckoe nemkenne. Ocmoc u auanus (T. I'pam). Kommonansie cuctemsl. Onpenenenne ancia
Asoranpo (K. [leppen). D dekt PeOunaepa. TepMuH «HAHOTEXHOJIOT UMY, UCTOPHUS €TO MOSBICHUS U
nonynsipusaiuu (P. deiitaman, H. Tanuryru, D. [pekciep).

[IpakTuka. Y4ueOHO-HCCIEIOBATEIBCKUIT SKCTIEPUMEHT: M3yduenne agcopOunn KpacuTenei ¢ TOMOIIBI0
aKTUBHPOBaHHOTO yris. OnpeeneHue ero coponnoHHON CIIOCOOHOCTH.

Paznen 3. OcHOBBI (hM3KMKHM TOBEPXHOCTH U AUCIIEPCHBIX CPEJ]

Tema 3.1. OCHOBBI (PH3HUKHU TOBEPXHOCTH

Teopus. OU3UKO-XUMUYECKUE CBOMCTBA aTOMOB Ha MOBEPXHOCTHU.
[ToBepxHOCTHOE HaTsDKeHUE. AncopOiusa. CMadnBaHue.
[IpakTuka. Y4eOHO-MCCIIeIOBaTEeNbCKU  dKcIepuMeHT:  OrmpeeneHne TOBEPXHOCTHOTO HATSKCHUS

BOJbl METOJOM OTpPBIBA KAIEIb.
Tema 3.2. CBoiCTBa IUCTIEPCHBIX CPEN
Teopusi. DNeKTpUIECKUE CBOMCTBA. VYcroiunBoctb. PU3NKO-XUMHUUYECKAsd MEXAHUKA.

[IpakTuka. Y4ueOHO-MCCIEIOBATENBCKUI SKCIIepUMEHT: OTIeHKa TONIIIHEI TpaUTOBON JIMHUN B 3aBUCUMOCTH OT
MATKOCTH KapaH/jalia.

Pazgen 4. JucniepcHble CUCTEMBI: MOTYYEHUE U IPUMEHEHUE

Tema 4.1. Kinaccuukanus AUCIIEPCHBIX CHCTEM

Teopust. Knaccudukanust qucnepcHbix cucteM. [ToHATHS «HaHOMaTepHam,

«HaHOOOBEKT». Buabl HaHO0OBekTOB (0D, 1D, 2D; MUKpPO-, ME€30- U MaKpOIIOPUCTHIC). SIpKUe TpUMEpHI
MIPOSIBIIEHSI pa3MepHOTO 3 dexTa.

[paktuka. [IpakTrdeckas padorta: MojenupoBaHue CTPYKTYpbl HAHOUACTHIL Pa3HOTO pa3Mepa, CpaBHEHUE J0JTH
MTOBEPXHOCTHBIX aTOMOB U YHCJIa HECKOMIIEHCUPOBAHHBIX BaJIECHTHOCTEH.

Tema 4.2. JlucniepcHbIe CUCTEMBI, COZIEPIKaIIie ra3oByio (hazy

Teopus. [1eHbl, a3p0307U U a3POTEIH.

IIpakTuka. VYueOHO-UcClefoBaTeNbCKUl  dKcIepuMenT:  OmnpeielieHne YCTOMYMBOCTH EHBI MOFOIITUX
CPEJICTB.

Tema 4.3. JlucniepcHbIe CUCTEMBI, COIEPIKAIIIe KUIKYIO (hazy

Teopust. 3omu, renu, SMyIbCUH U cycnieH3un. [looskeHne 30ei Ha MKaie JUCTIEPCHOCTH KOJUTOUIHBIX CHCTEM.

IIpakTuka. VY4eOHo-ucclenoBaTeIbcKuii 3KkcriepuMenT: [lomydenue 3051eil HaHOCTPYKTYPHUPOBAHHOTO
cepeOpa.

Tema 4.4. JlucniepcHble CUCTEMBI, COZIEPIKaIIlIe MOBEPXHOCTHO-aKTUBHBIE BEIIECTBA

Teopusi. IToBepXHOCTHO-aKTUBHBIE BEIIECTBA. MemOpanbl, MUIEIIIBI U JJUTIOCOMBI.

buonoruueckue nucnepcHle CUCTEMBI.

[IpakTuka. Y4yeOHO-HCCIIEA0BATEIbCKHI SKCTIEpUMEHT: M3yueHne BIUsSHUSA IOBEPXHOCTHO-AaKTUBHBIX BEIIECTB Ha
MTOBEPXHOCTHOE HATSKEHUE.

Tema 4.5. MeTopl BU3yanu3aliid HAHOYACTHII

Teopus. Dpdexr Tunngans. AHanu3 TpaeKTOPUI ABIKEHUS HAHOYACTHL.

IIpaxTuka. Y4eOHo-ucCIIeI0BaTeIbCKU  dKcrepuMeHT: JlemoHcTparus 3 dexra Tunmans Ha
TUCTIEPCHBIX CHCTEMAaX Pa3uYHOTO POJa.

Paznen 5. Metoapl cuHTE3a HaHOCTPYKTYPHPOBAHHBIX BEILECTB M MAaTEPHAIOB

Tema 5.1. IlpuHIun «CBEPXy-BHU3»

Teopus. [IpyHLIUIBI TOTyYeHHST HAHOCTPYKTYP: «CBEPXY-BHHU3» U «CHM3Y- BBepx». [lonmyueHue rpadena.
OcobeHHOCTH PabOoThI INIAHETAPHBIX MEIBHUILI.



[Ipaktuka: IlpakTudeckas padota: [locTtpoeHne MoAeTN TUTAHETAPHON MEITEHHUIIEL.

Tema 5.2. IlpuHIIMT «CHU3Y-BBEPX)»

Teopust. OcHOBBI cympaMoliekysipHoi xumun, CamocOopka. MeToibl CHHTE3a HAHOYACTHI: «MSATKOW XUMHEH» —
30J1b-T€Jlb, KTOMOTEHHOTO OCAXKICHUS», 00paIleHHO-MUIICIUISAPHBIH, MUKPOAIMYJICHOHHBIN; TepMoinu3, CVD.
MeTtop! cTabnnu3an HAHOYACTHIL: CTEPUIECKast, XeJIaTHas, JIEKTPOCTATHIECKas, IMMOOWIIH3AIel B
Matpulie. HanpasieHHbIl CHHTE3 HAHOOOBEKTOB: KBAHTOBBIE TOYKHU, HAHOIIJICHKH, 00hbEMHBIC HAHOMATEPUAITBI.
Monudukanus CBOMCTB HAHOMATEPUAJIOB.

[IpakTrka: YdeOHO-HCCIEA0BATENBCKIM dKCTIEpUMEHT: ['a30¢ha3HbIi CHHTE3 HAHOKPHCTAIUTMYESCKOTO XJIOPHIa
ammoHus. [lonydenne 30ieit HaHOMarHeTUTa, HAHOPa3MEPHOTO TUOKCH/IA THTAaHA, OEPITMHCKON JTa3ypH.
[Tomyuenue HaHOIIEHOK cepeOpa Ha CTEKIITHHOM Mmoajioxke. OIeHKa UX TOJIIIHHEI.

[IpomexxyTouHas aTTecTanusl.

11 KIJIACC

Pazgen 6. Metoapl uccienoBaHusl HAHOCTPYKTYPHUPOBAHHBIX BEIIECTB U MATEPUAIOB

Tema 6.1. OnTHUyecKue METOIBI

Teopust. OnTHYECKUE CBOWCTBA HAHOYACTHUI] M HAHOMaTepuaioB. Mukpockonus. JudpakiinoHHbIH npenen.
doromerpus. CriekrpohoTOMETpHs: U3MEPEHHE MTPOITYCKAHMUS, TIOTJIOIICHUS, IIOMUHECIICHIINU. J[uHamMuueckoe
CBETOPACCESHHUE.

[paktuka: [IpakTryeckas pabota: MUKpOCKOITMUECKOE H3YUEeHHUE MTperapaToB HaHocepeOpa Ha CTEeKIax.
Tema 6.2. D1eKTpOHHASE MUKPOCKOIIHS

Teopus. DneKTpOHHAsT MUKPOCKONHS: MPOCBEUNBAIOIIAS U CKaHUPYIOIAs.

Oco6eHHOCTH N3yUeHHS OMOJIOTHYECKUX 00BEKTOB HAa HAHOYPOBHE.

[paktuka: [IpakTryeckas pabota: CpaBHHTENBHBIN aHANIN3 U300paKCHUH HAHOCTPYKTYP, TOTYYCHHBIX
3JEKTPOHHON MUKPOCKOIHEH.

Tema 6.3. PeatreHoBcKast mudpakToMeTpus

Teopusi. PentreHoda3oblii aHanu3. YMpeHue MIKOB Kak MPU3HAK HAHOOOBEKTa U Kak crtoco0 OLEHKH pa3Mepa
KPUCTAIUTOB. PEHTTeHOCTPYKTYpHBIH aHanu3. OnpeaeneHre CTpyKTypbl HAHOPa3MEPHBIX OObEKTOB Ha
aTOMHOM YpOBHE.

[IpaxTuka: Ilpaktnueckas padota: Busyanuszamus cTpykTyp OMONOIUMEPOB, ITOTyYE€HHBIX METOIOM
PEHTT€HOCTPYKTYPHOTO aHaAIN3a.

Tema 6.4. Ckanupyromas 30H10Basi MUKPOCKOIIUS

Teopus. TyHHEIbHASI MUKPOCKOIUSA. ATOMHO-CHIJIOBAasi MUKPOCKOTIHS. AHAJTN3 HAHOCTPYKTYPHI TIOBEPXHOCTEH.
CraTuueckuii 1 TMHAMUYECKUN PEXUM CKaHHPOBAHHUA.

[Ipaktuka: IIpakTryeckas paboTta: AHaINU3 U300paKEHHH, TOJIyYeHHBIX METOJIOM aTOMHO-CHIJIOBOM
MHUKPOCKOITUH, C IIOMOILBI0 COBPEMEHHOT'O TPOrPaMMHOI0 o0ecIieueHusl. Y ueOHO-UCCIIe10BaTeIbCKUI
JKCIIEpUMEHT: 3yueHne moBepXHOCTH METOIOM aTOMHO-CHIIOBONH MHUKPOCKOIIHH.

Pa3nen 7. @yHKIMOHAIBHBIE CBOMCTBA HAHOCTPYKTYPHUPOBAHHBIX BEIECTB M MAaTEPUAIIOB

Tema 7.1. ®yHKIIMOHATHHBIE CBOWCTBA BEIIECTBA, 0OECIIeYnBaeMble HAHOMATEPHaIaMH

Teopus. CBepxHH3Kas CMa4YMBaE€MOCTb. CaepxnpoyHocTh. BricokoTemneparypHas
cBepxnpoBoauMocTh. CBepxdubTparus. CBepXbIpKOCTh cBeToucyckanust. Cyxas aare3vs (OMOMUMETHKA
IreKKOHa). MarHUTHBIE CBOMCTBA.

[pakTuka. Y4eOHO-UCCIIEI0BATEIbCKUI SKCIIEpUMEHT: M3yueHue «3ddekra 1oTocay Ha mprUMepe JierecTka
po3bl. U3mMepeHure KpaeBoro yria.

Paznen 8. HanoTexHONOT MM — NMEPCIIEKTUBEI Pa3BUTHS U COCTOSIHUE HAYKU Ha CETOHSAIIHUHN IeHb
Tema 8.1. CoBpeMeHHBIE IPUMEHEHHSI HAHOTEXHOJIOTHH

Teopusi. CoBpeMeHHbBIE IPUMEHEHUST HAHOTEXHOJIOTHUH, 001Ul 0030p.

[Ipaktuka. Bukropuna: HaHoTeXHOIOTMY B HAIIEH KU3HHU.

Tema 8.2. YriepoaHsie HaHOMaTEPUAIIbI

Teopus. Ocobas ponp  yriepoaa B HaHOMMPE. Oynnepensl, rpadeH, HAHOTPYOKH.
[IpaxTuka. [Ipaktnueckas pabota: MogenupoBaHue MIPOCTPAHCTBEHHOHN CTPYKTYPHI (yILIEPEHOB.
Tema 8.3. HanoMaTepuasl U1sl SHEPrETHKU

Teopus. Hanomarepuassl B TOILIMBHBIX DJIEMEHTAX. JInTH-MOHHBIE AKKYMYJISITOPBI.
CynepKoHAEHCaTOPBHI.

HpaKTI/IKa. yqe6H0-I/ICCHC,I[OBaTeJIBCKI/Iﬁ OKCIICPUMCHT: I/I3M€peHI/I€ €MKOCTH JINTUH-HOHHOTO AKKyMYJIITOpA.



Tema 8.4. HanoanekTpoHHKa

Teopusi. 3akor Mypa. TexHomorumueckuit npolecc MPOU3BOJICTBA HHTETPAILHBIX
MukpocxeM. CHCTEMBI 3aIucH HH()OpMAaInH.

[IpakTuxka. [MpakTuueckas paboTa: AHAIHM3 U300PAKECHUS MOBEPXHOCTH KOMITAKT-IUCKA.

Tema 8.5. Hanomarepuansl B METUITHHE M KOJIOTHH

Teopusi. Hanoamarnoctuka. [Ipumenenue HaHOMAaTEpUAIOB B Tepamnuu.

HanocopOentsl. @oTokaTtanuzaropsl. CaMOOUYHCTKA.

[IpaxTuxka. [Ipaktudeckas pabora: Busyanmsanust mpoCcTpaHCTBEHHON CTPYKTYPHI HAHOOHOIIPETIApaTOB C
MTOMOIIIHI0 COBPEMEHHOTO TIPOTPAMMHOTO 00€CIIeYeHHSI.

Paznen 9. AKXTyanbHble  TPOOIEMBI B o0mactu HaHOXMMHH U HAHOTEXHOJIOTHU
Tema 9.1. uckyccust

Teopusi. AktyanbHbIe TPOOIEMBI B 0071aCTH HAHOXMUMHAW M HAHOTEXHOJIOTHH.

[Ipaktuka. UTorosas arrecranus. 3aueTHas padoTa.

TJIAHUPYEMBIE PE3YJIbTATBI OCBOEHUS KYPCA BHEYPOUHOM NEATEJILHOCTU
«COBPEMEHHBLIE UCCIIENJOBAHUA
N JOCTMXKEHUA HAHOXNUMUIN»

JIMYHOCTHBIE PE3VYJIbTATHI

B chepe rpaxnaHcKOro BOCIIUTAHUS:

CMOCOOHOCTD ONPEEIATH COOCTBEHHYIO TO3UIHIO IO OTHONICHHUIO K SIBICHUSIM COBPEMEHHOM JKU3HU U
0O0BSCHATE €€;

TOTOBHOCTB K COTPYAHUUYCCTBY B ITPOLCCCE COBMECTHOT'O BBINTOJITHCHUS y‘le6HBIX, IIO3HABATCIIbHBIX U
HCCIIEIOBATENBCKHX 33/1a4, YBOKUTESIHHOTO OTHOIICHHSI K MHEHUIO ONTIOHEHTOB MIPU 00CYKJICHUU CITOPHBIX
BOIPOCOB €CTECTBEHHO-HAYYHOTO COMIEPKAHUS.

B cdepe maTproTHUECKOr0 BOCITUTAHUS:

YBaXKEHHE K TIPOIIECCY TBOPYECTBA B 0OJIACTH TEOPHH U MPAKTHYCCKOTO MPHIIOKECHUSI HAHOHAYKHU, OCO3HAHMUS
TOTO, YTO YCIIEXU HAYKH U TEXHOJIOTHH €CTh PE3yNbTaT JIUTEIbHBIX HAOMOACHUH, KPOMOTIUBBIX
OKCIICPUMECHTAJIbHBIX ITOUCKOB, IIOCTOAHHOI'O TpyAa YUCHBIX U MIPAKTHUKOB,

CHOCO6HOCTL OILICHHBATh BKJIA/ pOCCHﬁCKHX YUYCHBIX B CTAHOBJICHHUEC U PA3BUTUC HAHOXUMUU, TIOHUMAHUEC
3HAYCHUS HAYKH B TIO3HAHUH 3aKOHOB MPHUPOIBI, B dKH3HH YEJIOBEKA U COBPEMEHHOTO O0IIEeCTBA.

B chepe 1yx0OBHO-HPABCTBEHHOTO BOCITUTAHUS:

OCO3HAHHWE JTUYHOTO BKJIaJa B IOCTPOEHHE YCTOMYMBOTO OY/IyIIEr0; CIIOCOOHOCTD OIEHUBATH CUTYAITHIO U
MPUHUMATH OCO3HAHHBIC PEIICHHS,

OPHEHTHUPYSCh HA MOPATbHO-HPABCTBEHHBIC HOPMBI U IIEHHOCTH.

B cdepe scTeTrueckoro BOCIUTAHUA:

ACTETHYECKOE OTHOIIEHHE K MHUpPY, BKJIIOYAst 3CTETHKY HAy4YHOTO U TEXHHYECKOTO
TBOPYECTBA.

B cdhepe hpopmupoBaHus KyJIbTyphl 310POBBSI:

coOrojieHMe  TIpaBHJI 0€30MacHOro  oOpareHUs c BEIIECTBAMU B OBITY, IOBCETHEBHOM

JKU3HHU, B pr,HOBOﬁ ACATCIIbHOCTH,

OCO3HAHUE MOCIEICTBUIA U HENPUSTHE BPEIHBIX NPUBBIYEK (YIIOTPEOIICHHSI AIKOT0JIsI, HAPKOTHKOB, KYPEeHUS);
MMOHUMaHUE LIEHHOCTH MIPaBUII UHAWBHUIYaJILHOTO u KOJIJIEKTHBHOTO O€3011aCHOTO
MOBE/ICHUS B CUTYAIIHSIX, YTPOXKAIOIINX 3/JOPOBBIO M KHU3HH JIFOJICH.

B cdepe TpynoBoro BocriuTaHus:

KOMMYHHKaTHBHAasI KOMIIETEHTHOCTh B Y4e€OHO-MCCIIEI0BATENbCKOM NesITebHOCTH, O0IIECTBEHHO MOJIE3HOH,
TBOPYECKOH M APYTUX BHIAX ACSITEILHOCTH;

HMHTEpeC K MPaKTHYECKOMY H3YYEeHHUIO Mpodeccuii pa3IimdHOro poja, B TOM YHCIIe Ha OCHOBE MPUMEHEHHS
MpeIMETHBIX 3HAHUU TI0 XUMHUHU U (PHU3HUKE;

YBaXKEHHUE K TPYY, JIOASIM TPyAa U Pe3yIbTaTaM TPYIOBOH JEATEILHOCTH; TOTOBHOCTh K OCO3HAHHOMY
BEIOODY VHVBHTY AJTEHOM TPaeKTOPHH

obpazoBanus, Oymymien mpodeccun u pearn3auy COOCTBEHHBIX KU3HEHHBIX IUIAHOB C YIETOM JIMYHOCTHBIX
HWHTEPECOB, CIOCOOHOCTEH K HayKe, MHTEPECOB U MOTPeOHOCTEH 00IIecTBa.

B cdepe sxonornueckoro BOCIUTAHUS:



9KOJIOTHYECKH IIeTieco00pa3HOe OTHOIIEHUE K MMPUPO/IEC KaK NCTOYHUKY CyIIECTBOBAHUS )KU3HHU Ha 3eMIIE;
HaJIMYUE PA3BUTOTO SKOJIOTHYECKOTO MBIIUICHHS, IKOJOTHIECKOH KyIbTYPBI, OMBITA AEATETHbHOCTH
SKOJOTUYECKOM HANpaBIEHHOCTH, YMEHUSI PYKOBOACTBOBATHCSI UMHU B TIO3HABATEIHHOM, KOMMYHUKATUBHOU U
COLMAIbHOMN MPAKTUKE, CIIOCOOHOCTH M YMEHHSI aKTUBHO MPOTUBOCTOATH UICOJIOTHU XeMo(oouw;
CIIOCOOHOCTP MCIIONB30BATh MIPHOOpETaeMble PU H3YISHNH HAHOXVUMUH 3HAHUS ¥ YMEHHS [IPH PEIICHUN
po0JIeM, CBSI3aHHBIX C PAIIMOHAILHBIM IPUPOIOII0NIE30BaHUEM (COOIOICHHE TIPABUIT TTOBEICHUS B TIPUPOJIC,
HaIPaBJICHHBIX HAa COXPaHEHUE PAaBHOBECHUS B IKOCHCTEMAaX, OXpaHy BUJIOB, DKOCHCTEM, Onochepsi);
OCO3HaHUE II00ATFHOTO XapaKTepa SKOIOTHIECKUX MPo0IeM U MyTel UX perIeHusI.

B ciepe nenHocTelt HAyYHOTO TTO3HAHUS:

MOHMMaHUE CeNU(UKH HAHOHAYKHU, OCO3HAHUE €€ PO B (POPMHUPOBAHUY PALIMOHATIHLHOTO HAYYHOTO
MBIIUICHAS, CO3JaHHe IEJIOCTHOTO IIPEICTABICHUS

00 OKpYy»KalolleM MHUpE Kak O eMHCTBE MPUPOBI, YeJIOBeKa 1 00IIecTBa, B TO3HAHUN MPHUPOTHBIX
3aKOHOMEPHOCTEH U peleHnH NpooIieM COXpaHeHHsI TPUPOAHOTO PABHOBECHS;

[IOHUMAaHHE CYIHOCTH METOAOB II03HAHHUS, UCIIOJIb3YEMbIX B €CTECTBEHHBIX HayKaX, CIIOCOOHOCTHU HCIIOIb30BATh
MoJTy4aeMble 3HAHUS 7S aHAIIM3a U OOBSICHEHHS SIBJICHUH OKPY>KaIOIIEro MUPa U MPOUCXOSIIUX B HEM
W3MEHECHUH, yMeHHe JiefiaTh 000CHOBAaHHbBIEC 3aKIIFOYCHHUS HA OCHOBE HayYHBIX (DAKTOB U JIAHHBIX, MTOJyYCHHBIX B
X07€e y4yeOHO-HCCIeI0BATENBECKOTO IKCIIEPUMEHTA, C LEJIbI0 TOJIyYeHHS JOCTOBEPHBIX BHIBOAOB;
3aHHTEPECOBAHHOCTD B MOJIyYCHUH €CTECTBEHHO-HAYYHBIX 3HAHUH B IIEJISIX TIOBBILICHUS 001l KyJIbTYpBbI,
€CTEeCTBEHHO-HAYYHOW TPAMOTHOCTH KaK COCTaBHOW 4acTH (YHKIMOHAIBHON TPaMOTHOCTH, (GOpMUpYEMON TTpU
o0OyJdeHuw;

TOTOBHOCTh M CIIOCOOHOCTH K HENpPEPhIBHOMY 0Opa30BaHMIO U caMOOOPa30BaHUIO, K AKTUBHOMY
MOJTYYCHUIO HOBBIX 3HAHUI B COOTBETCTBUH C KM3HEHHBIMH MOTPEOHOCTSIMH.

METAITPEAMETHBIE PE3VJIbTATHI

B cdepe oBnanenns no3HaBaTenbHBIMU YHUBEPCATbHBIMU yUeOHBIMU 1€HCTBUSMHU:

BbaszoBble mornveckue AeHCTBUA:

CaMOCTOSITEIbHO (POPMYIHPOBATH U aKTYAIU3UPOBATh IPOOJIEMy, paCCMAaTPUBATh €€ BCECTOPOHHE;
HCIOJB30BaTh [IPU OCBOCHUH 3HAHUH MPUEMBI JIOTHUECKOTI'0 MBIIUICHUS (aHaI13a, CHHTE3a, CPABHEHHUS,
KJIacCU(HUIIPOBAHUS, 00OOIICHHNS), PACKPHIBATH CMBICI HAYYHBIX MTOHITHH (BBIIEIATH UX XapaKTEPHBIE
MIPU3HAKH, YCTAHABIIUBATH CBSI3H C APYTUMH TOHATHIMH);

OTIpEeIETIATH LM JIEATeNbHOCTH, 33/1aBast IapaMeTphl U KPUTEPUN UX JOCTHKEHUS, COOTHOCUTD PE3YJIbTaThI
NEeSITENBHOCTH C TIOCTABJICHHBIMU LIETISIMU;

WCTIOJIb30BaTh HAYYHBIEC TIOHSATHS JJIsl OOBSICHEHUS! (JAKTOB U SIBICHUI MTPUPOJIBI;

CTPOUTH JIOTMYECKUE PACCYXJCHUS (MHIYKTUBHBIC, JCAYKTHBHBIC, IO AHAJIOTHH), BBISBIISTH 3aKOHOMEPHOCTH
Y TIPOTUBOPEYHSI B PACCMATPHUBAEMBIX SBJICHUAX, POPMYITUPOBATH BBIBOJIBI U 3AKITIOUYCHUS;

MIPUMCHATb CXEMHO-MO/JICJIBHBIC CPEACTBA JJIA MPEACTABICHNA CYIICCTBCHHBIX CBSI3€M U OTHOIIICHU B
M3y4aeMbIX 00BEKTaX, a TAKKE MPOTUBOPEUHUIT PA3HOTO POJIA, BHIABICHHBIX B PA3THYHBIX HHPOPMAITHOHHBIX
HCTOYHHUKAX;

pa3pabaThiBaTh IUIAH PEUICHUS TPOOJIEMBI C YISTOM aHAIN3a UMEIOIIUXCS MaTEPUAIbHBIX U HEMaTepHaIbHBIX
pecypcos.

basoBblie rccne0BaTeNbCKIE ACHCTBYS:

BJIaACTh Haquoﬁ TepMHHOJ’IOFHeﬁ, KIIFOYEBBIMU IMMOHATUAMU U METOAAMU HAHOHAYKU,

BJI3/IETh HAaBBIKAMH y4€OHO-HCCIIET0BATENHCKOM U MPOEKTHON JAESITeTFHOCTH, HABBIKAMU pa3pemieHus mpooieM;
CIIOCOOHOCTBIO M TOTOBHOCTBIO K CAMOCTOSITEIIEHOMY TIOUCKY METOJ/IOB PEUICHHS TPAKTHYECKUX 33124,
MIPUMEHEHUIO PA3JIMYHBIX METOJIOB MTO3HAHHS,

HCIIOJIB30BaTh Pa3JIMYHBIC BUJbI JCATCIIBHOCTHU 110 IMOJYUCHHWIO HOBOT'O 3HAHUA, €0 UHTCPIIPETALIUH,
MPeoOpa3OBaHUI0 U MPUMEHEHHUIO B YUYEOHBIX CUTYAIUSIX, B TOM YUCIIE TP CO3aHUN YISOHBIX M COIMALHBIX
MTPOEKTOB;

Q)OpMHpOBaTI) Hay‘IHLIfI THIT MBIIIIJICHUS, BJIaJICTh Hay‘IHOfI TepMHHOHOFHeﬁ, KIIFOYCBBIMU ITOHATHUAMU U
METO/IaMH;

CTaBUTH U (HOPMYIUPOBATH COOCTBEHHBIE 3a]Ia4X B 00Pa30BaTEIbHOMN JACATEIBHOCTH U )KU3HEHHBIX CUTYAIIHSX;
YMETb UHTETPUPOBATh 3HAHUS U3 PAa3HBIX MTPEIMETHBIX 00JIacTel.

Pabota ¢ uadopmarueii:

BIIa/IETh HAaBBIKAMH TTOTy4eHUsI HH()OPMAIIUU 13 HCTOYHUKOB Pa3HBIX THUIIOB, CAMOCTOSTEIBHO OCYIIECTBIISATh
MTOWCK, aHAJIN3, CHCTEMATHU3AIIMI0 U UHTEPIPETAIINIO HH)OPMAIIUU Pa3IUYHbBIX BUIOB U OPM MPEICTABICHHUS;



OLICHUBATH JIOCTOBEPHOCTH HHPOPMAITUH;
(hopMyTpOBaTh 3aIIPOCH ¥ MPUMEHSTH Pa3IMYHBIE METO/IBI IIPU TIOMCKE M 0TOOpe HHPOPMAIHH, HEOOXOAUMOH
JUTSL BEITIOJTHEHHS YUeOHBIX 33]1a4;

CaMOCTOSITETIFHO BRIOMPATh ONITUMANTBHYIO (OpMY TIpeAcTaBlIeHus] HHPOpMann (CXeMbl, TpaduKu, JuarpaMMel,
TaOJHUIIBI, PUCYHKH U 1D.);

WCTONB30BaTh HAyYHBIH S3BIK B KauyecTBE CpeAcTBa Npu pabote ¢ MHPOpMaUel: NPUMEHATh XUMHYECKHE,
(m3nyeckue U MaTeMaTHYeCKie 3HAKN U CUMBOIIBL, (POpMyIbl, abOpeBHaTypy, HOMEHKJIATYpPY, HCIIONIHh30BaTh
1 TipeoOpa30oBBIBaTh 3HAKOBO-CUMBOJINYECKHE CPEJICTBA HATIISTHOCTH.

B cdepe oBrnagenns yHuBepcaabHBIMA KOMMYHUKATUBHBIME JCHCTBUSMU:

OCYIIECTBIIATH OOIIEHIE BO BHEYPOUHOU JIEATEIIbHOCTH;

Pa3BEepHYTO U JIOTHYHO M3JIaraTh CBOIO TOYKY 3PEHUS C UCIIOIb30BAHUEM SI3BIKOBBIX CPEJICTB;

MOHUMATh U UCIIOJIB30BaTh MPEUMYIIECTBA KOMaHIHON U UHIUBHYyaIbHOH PaboThI;

BBIOMpPATh TEMAaTUKY U METOJIbI COBMECTHBIX JICHCTBHUI C y4€TOM OOIINX HHTEPECOB U BOBMOXKHOCTEH Ka)I0TO
YJIeHa KOJUIEKTHBA;

NpuHUMAaTh LCJIN COBMECTHOM ACATCIIBHOCTH, OPraHU30BBIBATHL U KOOPAMHHUPOBATH ILGI\/'ICTBI/IH 10 €€
JOCTIDKEHHIO: COCTABIISTD TUIaH JICHCTBUH, paclipeAessiTh POJIA C yYETOM MHEHHH YYaCTHHKOB, 00CYKIaTh
pe3yIbTaThl COBMECTHOU PabOTHI;

OIIEHHWBATh Ka4eCTBO CBOET0 BKJIA/a M KXKJOTO YIACTHHKA KOMAaHbI B OOIINN Pe3yNbTaT 1Mo pa3padoTaHHBIM
KPUTEPUSIM;

MpenjiaraTh HOBBIE MPOEKTHI, OIICHUBATH UJIEH C TTO3UIINH HOBU3HBI, OPUTHUHAIBHOCTH, IPAKTHYECKON
3HaYNMOCTH;

OCYIICCTBIIATH MO3UTUBHOC CTPATCTUUCCKOC TOBEACHHUC B PA3JIMYHBIX CUTYalUAX, IIPOSABIATL TBOPUYECTBO U
BOOOpaKeHHUE, OBITh MHUIIMATUBHBIM.

B ciepe oBiamenus yHuBepcaabHBIMHU PETYIATHUBHBIMA JEHCTBUSAMU:

CamoopraHuzanusi:

HCIIOJIb30BATh HAYYHBIC 3HAHUA IJIA BBIABICHUA HpO6HCM 1 UX pCHICHUA B )KU3HCHHBIX U y‘IC6HI>IX CUTyallUsiX;
CaMOCTOSITETIFHO OCYIIECTBIISITh TO3HABATENHHYIO JIETENIbHOCTD, BBIABISATH MPOOJIEMBI, CTABUThH U
(hopMypoBaTh COOCTBEHHBIE 33]1a4H;

CaMOCTOSITEIBHO COCTaBJIATH IUIAaH BBIIIOJIHEHUS y4eOHO-HUCCIIeI0BATEIbCKOTO 3KCIEPHMEHTA C Y4eTOM
HUMEIOIUXCS PECYPCOB, COOCTBEHHBIX BO3MOKHOCTEH U MPEAIIOUTCHUH;

pacmmpsTh paMKH y4eOHOTO MpeIMeTa Ha OCHOBE JIMYHBIX MPEANIOYTeHUI; eNlaTh 0CO3HAHHBIN BBIOOD,
apryMEHTUPOBATh ero, Oparh Ha ce0si OTBETCTBEHHOCTh

3a peLICHuE;

OLIEHMBATh IPUOOPETEHHBIH OIIBIT;

croco0CTBOBAaTh (POPMHUPOBAHHIO U TPOSIBICHUIO 3PYAHUIIMHU B 00JIaCTH €CTECTBEHHBIX HAYK, TOCTOSHHO
MOBBIILIATH CBOM 00pa30BaTENbHBINA U KyJIBTYPHBIH YPOBEHb.

CaMOKOHTpOJIB!

JaBaTh OIEHKY HOBBIM CHUTYAIlHsIM, BHOCUTh KOPPEKTHUBHI B JIESITEILHOCTD, OLIEHUBATh COOTBETCTBHE PE3YIHTATOB
LeJIsIM;

[IPUHUMATh MOTHUBBIU apryMEHTBI JpYrux Ipyd  aHaJIu3e pe3yabTaTOB IEATEIbHOCTH;
WCTIONB30BaTh MPUEMbI peIIEKCUH JJIsl OLICHKH CUTYalluH, BEIOOpa BEPHOTO PELICHUS;
YMETh OLICHUBATh PUCKHU 1 CBOEBPEMEHHO IPUHUMATh PELICHHUS 110 UX CHWKEHHIO.

[Ipunsitue ceds u APyrux:

MIPUHUMATH ce0s1, TOHUMAas CBOM HEJIOCTATKU U JIOCTOMHCTBA; IPU3HABATH CBOE MPABO U MPABO JIPYTHX Ha
OIIINOKH.

IMTPEAMETHBIE PE3VJIBTATHI

[To uroram peanmzanuu [Iporpammser oOyuaromniiecs OyayT 3HATh:

OCHOBHBIE TIOJIOKEHHSI 3aKOHOB, TEOPUH, 3aKOHOMEPHOCTEH, IPABUJI, THIIOTE3 B 00JACTH COBPEMEHHBIX
HaHOHAYKU ¥ HAHOTEXHOJIOTHH;

Ounorpaduyeckue JaHHBIE H OCHOBHBIC JOCTI)KECHUS BEIYIIUX MPEICTABUTENICH HAYKU O JUCIIEPCHBIX Cpellax u
HaHOXMMHMU,

OCHOBOIIOJIAra0NIE HAHOXUMUYIECKUE TEPMHUHBI 1 TIOHSITHS (HAHOYACTHIIA, HAHOMATEPHAJIbl, HAHOCTPYKTYPHI,
HaHOCHCTEMBI U JIp.);

CTpPOCHUE OCHOBHBIX HaJIMOJIEKYJISIPHBIX CTPYKTYD, MPUCYTCTBYIOLIUX B IUCIIEPCHBIX



cpenax;
BO3MOXHOCTH HANPaBICHHOTO CHHTE3a ¥ MOJU(PHUKAINH HAHOCTPYKTYPUPOBAHHBIX BEIIECTB H MATCPHAIIOB;
(yHKIIHOHATBHBIC BO3MOXHOCTH HAHOCTPYKTYPHUPOBAHHBIX BEIIIECTB ¥ MAaTEPHAJIOB;
OCHOBHBIE METO/IbI HAYYHOTO MTO3HAHUS, UCTIOIb3YEMbIC B HAHOXUMHUYCCKUX M HAHOTEXHOJIOTHUECKUX
HCCIICIOBAHHUSAX;

KITIOYEBBIC JOCTHXKEHHUS B 0071aCTH HAHOTEXHOJIOTHH;

OCHOBHBIE MIPUIIOKEHHUSI HAHOCTPYKTYPHUPOBAHHBIX BEIIECTB U MAaTEPHUATIOB.

[To uroram peanmzarwm [Iporpammer oOydaromniiecs OyayT yMeTh: OIb30BAThCS TEPMHUHOIIOTHEH, OTHOCSTIIEHCS
K HAaHOXMMUH U HAHOTEXHOJIOTHH; Pa3IM4aTh  pa3iuyHbIC YpOBHM OpraHu3allil  MaTepuu

B HAaHOCTPYKTYPHPOBAHHBIX O0BEKTAX;

coOMpaTh MIApO-CTEP)KHEBHIE MOIETH CTPYKTYP HAHOOOBEKTOB;

MPUMEHSITh IPOTpaMMHOe 0OecTieyeHre IS BU3yai3alry MPOCTPAHCTBEHHOH CTPYKTYphl HAHOOOBEKTOB;
IUIAaHUPOBAaTh U MIPOBO/IUTH yueOHO-UCCNIeIOBATENbCKUH  SKCIIEPUMEHT 1O U3YUYEeHHUIO CBOICTB
JHCIIEPCHBIX CUCTEM;

aHaJM3UPOBATh H300pKEHHUSI HAHOCTPYKTYPHUPOBAHHBIX
A3YYEHUS,

yCTaHaBJINBATh B3aUMOCBSI3U  MEXAY HayKoll u TEXHOJIOTHSIMU,
HaHOMAaTepHalaMu U UX CBOMCTBAMH, METOAAMHU HCCIECIOBAHMS U UX BO3MOKHOCTSIMU; OLIEHUBAThH 3TUUECKHUE
ACIICKThI COBPEMCHHBIX I/ICCJ]CI[OBaHI/II\/'I B O6J'IaCTI/I HaHOTeXHOHOFI/Iﬁ;

CaMOCTOSITEIBHO PadoTaTh C HCTOUHUKAMU JOTIOJIHUTEIBHOM JIUTEPAaTyPbl U HHTEPHET-PECYPCaMu, BKITIOUAs
pecypchl Ha aHTIIMHCKOM SI3bIKE.

O6T)€KTOB, IMMOJIY4YCHHBIC PA3JINYHBIMH METOJaMU

TEMATHYECKOE IINTAHUPOBAHUE

10 KJIACC
Ne Haumenoeanue Konuuecmeo IIpoepammmnoe Xapaxmepucmuxa
n/n pazoenos uacos cooeparcaue oesmenbHocm
u mem Kypca u
ooyuarouuxcs
Pazgen 1. Opranuzanuontoe 3ansaTue «KHaHOXMMHUSI 1 HAHOTEXHOJIOTHS KaK
MeKIMCIUTIMHAPHASA 00J1aCTh»
1.1. | BBenenue 2 DopMBI U METOJIBI [lepruunas
B [Iporpammy nesrenpHoCcTH. [Inan JIMarHocTuka. Bxognoe
paloThI Ha y4eOHBII TECTUPOBAaHUE
roa. MHCTpyKTax
10 TEXHHKE
Oe3onacHOCTH
Hroro no pazaeny 2
Pazgen 2. UcTopusi HAyKu 0 IMCHEPCHBIX CHCTEMAX
2.1 | Hauano uzydenus 4 Kanunnsapsl u 3akoH Vuebro-
MOBEPXHOCTHBIX Jlannaca. 3ydenue HCCTECO0BAMETLCKUL
SABJICHUH ancopouun (K. Ieene, | sxcnepumenm:




" JUCTICPCHBIX

CUCTEM

T. JloBur).
MerTannmmyeckue 301
(M. dapaneii).

N3yuenue agcopOmm
KpacuTelIeH ¢ MTOMOIIIBIO

AKTUBHUPOBAHHOTI'O YIJIA.

bpoyHosckoe Omnpenenenue ero
asukenue. Ocmoc COPOLIMOHHOI
u a3 (T. pam). CIIOCOOHOCTU
Kounnouansle cucteMsl.
Onpenenenue yucna
Asorazpo (K. Ileppen).
Dddext Pebunaepa.
Tepmun
«HAHOTEXHOJIOTHHY,
UCTOPHUS €ro MOSIBICHUS
U TIOMYJISIPU3ALUH
(P. ®eitnman,
H. Tanuryrn,
3. Ipekcnep)
Hroro no pazneny 4
Pa3nen 3. OcHoBbI PU3NKH NOBEPXHOCTH U TUCIEPCHBIX Cpefl
3.1 | OcHoBBI pU3UKH 4 DU3NKO-XUMUYECKHE Vuebro-
MOBEPXHOCTH CBOICTBA aTOMOB uccnedosamenbCKul
Ha MOBEPXHOCTH. IKCREpUMEHm:
IToBepxHOCTHOE Onpeenenye
HATSOKCHHUE. AZICOPOLHSL. | [10BepXHOCTHOrO
CmaunBaHne HATSDKEHUS BOILI
METO/I0M OTpBIBA
Kanelb
3.2 | CpoiicTBa 4 OnekTpuyeckue Vuebno-
JIUCIIEPCHBIX CPex CBOIICTBA. ucenedosamenbekull
Y eToM4nBOCTb. IKCHEpUMEHM.:
Du3HKO-XMMUYECcKast OleHKa TOJIIHHEI
MCXaHUKa rpaduTOBOM TMHUN
B 3aBHCUMOCTH
OT MATKOCTH KapaHjala
Wroro mo pasnenry 8

Pa3nen 4. lucniepcHble cCMCTEMbI: MOJIy4YeHUe U PUMEHEeHne

41 Knaccudukanus

JUCIICPCHBIX CUCTEM

2

Ilouarus
«HAHOMAaTepuam»,

«HAHOOOBEKTY.

Ilpakxmuueckas paboma:
MopenupoBanue

CTPYKTYpPbI HAHOYACTHIL




Buasr HaHOOOBEKTOB
(0D, 1D, 2D;
MHUKPO-, ME30-

1 MaKpOIIOPHCTHIE).

pasHoro pazmepa,
CpaBHEHHE JOJIH

IMOBCPXHOCTHBIX aTOMOB

1700817 ()
SIpxue npumeps HECKOMITCHCUPOBAHHBIX
IIPOSABJICHUSA BaJICHTHOCTEN
pa3MepHoro 3pdexra
4.2 | lucnepcHsle 2 ITensl, adpo3onu Vuebno-
CHCTEMBEI, U a3porenu uccne0o8amenbCeKull
coJiepKalue 9KCHEePUMEH.:
razoByio ¢azy Onpenencuaue
YCTOMYMBOCTH TIEHBI
MOIOIIIHX CPENICTB
4.3 | lucnepcHbie 2 3onu, renu, SMyabCUU Vuebno-
CUCTCMBI, U CyCIICH3MH. uccne008amebCKuil
coJiepIKaIue [Tonosxenue 3omeit OKCHEPUMEHM.
KUJKYIO (azy Ha IIKaje JUCICPCHOCTA | [TomyueHue 3071ei
KOJUTOMTHBIX CHCTEM HAHOCTPYKTYPHUPOBAH-
HOTO cepedpa
4.4 | lucnepcHele 3 IToBepxHOCTHO- Vuebro-
CHUCTEMBI, AKTUBHBIC BCIICCTBA. uccne0os8amenbCKull
coepIKaIIne MemOpaHbl, MULIEILITBI IKCREpUMEHm:
MOBEPXHOCTHO- Y JIMTIOCOMBI. W3ydenue BiusHUS
aKTHBHBIE BEIIECTBA Buonornyeckne [IOBEPXHOCTHO-
JTUCTICPCHBIC CHCTEMBI AKTHBHBIX BELIECTB
Ha TIOBEPXHOCTHOE
HATSDKEHHEC
45 | Merojsl 1 S¢dext Tungans. Vuebno-
BU3Yyallu3aluu AHanu3 TpaeKTopHii uccne008amenbCKuil
HAHOYACTHI] JBYOKCHUS HAHOYACTUL | sxcpepumenm:
JemoHcTpanys
s dexra Tunnans
Ha JIUCTIEPCHBIX
CUCTEMaXx Pa3IMIHOrO
pona
Wroro mo pazneny 10

Pa3nesn 5. MeToabl CMHTE32 HAHOCTPYKTYPUPOBAHHBIX BellleCTB M MaTepUAJIOB




5.1 | IIpunnmm «cBepxy- 2 HpnHIMIE MONYYCHUS | [Tpgkmuueckasn paboma:
BHH3» HAHOCTPYKTYD.: [ocTpoenue moaenu

«CBCPXYy-BHH3» IUIAaHETapHOM
U «CHH3Y-BBEPX). MEJTBHHUITE]
[Tonydenue rpadena.
Ocobennoctu paboTHI
IJTAaHETAPHBIX MEJIbHHULL

5.2 | Ilpunnumn «cHU3Y- 8 OcHoOBBI Yyebno-

BBEPX» CYIPaMOJIEKYISIPHOU uccneo0o8amenbCKuil

xumun. CamocOopka. IKCHepUMEHM.:
Mertobl cuHTE3a l'azodasnsriii cunTe3
HAHOYACTHII: «MATKON HAaHOKPHUCTALTHIECKOTO
XUMHEH» — 30J1b-TeJIb, XJIOpUJIa aMMOHHUS.
«TOMOTE€HHOIO [Tonmydenue 30nei
OCaXK/ICHUS», HAaHOMAarHeTHTa,
oOpaméHHo- HaHOPa3MEPHOTO
MUILEIUISPHBIH, JMOKCUA TUTaHA,
MHUKPOIMYJIbCHOHHBIN; OCpIMHCKOM Ja3ypH.
tepmonus, CVD. [TonyuyeHnne HaHOILIEHOK
Metoapl ctabunuzauun | cepebpa Ha CTEKISTHHON
HAHOYACTHIL;: nojioxke. OneHka ux
CTepUYecKasi, XeJaTHas, | TOJIIMHEI.
AIIEKTpPOCTaTUYECKas, [IpomexyTounas
UMMOOMIH3aIen aTTecTaIys
B MaTpHIle.
HampaBnenHsbIi cuHTE3
HaHOOOBEKTOB:
KBaHTOBBIE TOYKH,
HAHOILJICHKH, 00bEMHBIE
HaHOMAaTEepPHAIIBI.
Monudukanms CBOCTB
HaHOMAaTepHaJioB

Hroro mo paznery 10

Bcero komyecTBO 4acoB 34

no IIporpamme 3a roa




11 KJIACC

HaHOOOBEKTa U KaK
croco0 OILEHKH pa3mepa
KPUCTAJITUTOB.
PeHTreHocTpyKkTypHBIi
ananu3. OnpenenexHue
CTPYKTYpBI
HaHOPAa3MEPHBIX
00BEKTOB Ha aTOMHOM

YpOBHE

No Haumenosanue Konuuecmeso IIpoepammuoe Xapakmepucmuka
n/n pazoenos yacos cooepaicarue oesimenbHocmu
u mem Kypca obyuarowuxcs
Paznen 6. MeToabl ucciieJ0BaHUSI HAHOCTPYKTYPHPOBAHHBIX BellIeCTB H MATEPUAJIOB
6.1 | Onruueckue 4 Onrtuyeckue CBOICTBA | Vyepno-
METO/IbI HaHOYaCTHIL uccne0osamenbCeKull
Y HAaHOMaTepHaJIoB. oKCnepumMenm:
Mukpockomnus. MHKpPOCKOIIMYECKOE
HupaKioHHbIi U3y4eHUE MPEenapaToB
npenes. PoTomeTpus. HaHocepeOpa Ha CTEKJIax
CrniektpodoToMeTpHs:
U3MEpEHUE MPOIYCKaHMs,
HOTJIOUIECHUS,
JFOMHUHECIICHIIHH.
JnHamuueckoe
CBETOpaccessHUE
6.2 | DnexkTpoHHas 3 [IpocBeunBaromas Ipaxmuueckas paboma:
MHUKPOCKOTIHS AIIEKTPOHHAS CpaBHHTENBHBIN aHATH3
MHUKPOCKOMHS. n300paKeHUH
Ckanupyromias HAHOCTPYKTYD,
AIIEKTPOHHAS HOTy4EHHBIX
MUKPOCKOIIHS. 3IEKTPOHHOU
Oco0eHHOCTH U3yYEeHHs | MUKPOCKOMHEN
OMOJIOTUYECKUX
00BEKTOB
Ha HAHOYpPOBHE
6.3 | PenrreHoBckas 4 PentrenodazoBsiit IIpakmuueckas paboma:
TdpaxTomMeTpus aHaIu3. YIIupeHue Busyanuzanus cTpykTyp
MUKOB KaK NMPHU3HAK OMOMOIMMEPOB,

MOJIy4YEHHBIX METOJIOM
PEHTTEHOCTPYKTYPHOTO

aHaJin3a




6.4 | Cxanupyromias 6 TyHHenpHas Yuebno-
30H/10Bast MUKPOCKOIHSA. ATOMHO- | UCCe008ameNbCKuUll
MUKPOCKOIHS CUJIOBasi MUKPOCKOIIMSL. | 9KCHEPUMEHM.:
Ananuz N3ydeHune noBepXxHOCTH
HAHOCTPYKTYPbI METOJIOM aTOMHO-
ITOBEPXHOCTEH. CUJIOBOM MUKPOCKOIIUU.
Cratuueckuii
U TUHAMHUYECKUIN Ipaxmuueckas paboma:
PEXKUM CKaHUPOBAHUS AHanun3 n300pakeHu,
MOJTy4YEHHBIX METOJOM
ATOMHO-CHJIOBOU
MUKPOCKOIIHUH,
C TIOMOIIIBIO
COBPEMEHHOTO
IPOrPaMMHOTO
obecrieueHus
Utoro no pazneny 17

Pa3znen 7. ®yHKIIHOHAIBHBI

€ CBOiMcTBa HAHOCTPYKTYPHUPOBAHHLIX BEIIECTB U MaTEpHUAJI0B

7.1 | ®dyHKIMOHAIBHBIE ) CBepxHu3Kas Yuebno-
CBOICTBA BEILIECTBA, CMa4YMBaEMOCTb. uccne0o8amenbCKull
obecrieunBaeMble CBepXNpOYHOCTb. 9KCNePUMEH.:
HaHOMaTepHalaMU Bricokoremmiepatypras | M3zyuenue «addexra
CBEPXITPOBOAMMOCTb. JOTOCa» Ha IpUMepe
Caepx¢punbTpanys. JIENIECTKA PO3BI.
CBepXbAPKOCTD N3mepenue kpaeBoro
CBETOHCITYCKaHHSI. yria
Cyxas anre3us
(OnomumeTHKa
reKKoHa). MarHuTHble
CBOICTBA
Hroro no pazaeny 5

Pa3nen 8. HaHoTeXHOJIOTHMH — MEePCNEKTUBBI PA3BUTHS M COCTOSIHME HAYKH

HA CerOAHAIIHMNMT AeHb

8.1 | CoBpemeHHbIE
TIPUMEHCHHUS

HaHOTCXHOJOI'MH

OO6muit 0630p
COBPEMEHHBIX
[IPUMEHEHUN

HaHOTCXHOJIOT'NH

Buxmopuna:
Hanorexnomorun

B HAllIEHN KU3HU




8.2 | YrumeponaHsie 2 Ocobas pons yriepona | [lpakmuueckas paboma:
HaHOMAaTEePUAIIbI B HAHOMHpE. MonenupoBanue
@ynepensl, rpades, IPOCTPAHCTBEHHON
HaHOTPYOKH CTPYKTYpPHI PyJUIepEeHOB
8.3 | Hanomatepuabl 2 Hanomarepuansl Yuebno-
JUTSL SHEPTETUKU B TOIUTMBHBIX uccne0o8amenbCKull
AIIEMEHTAX. 9KCHEePUMEHM.:
JIuTuii-noHHkIe N3mepenue eMKoCcTr
AKKYMYJISITOPHI. JUTUNR-TOHHOTO
CymnepKoH1eHCaTOPhI aKKyMYJIsITOpa
8.4 | HanosnexktpoHnuka 2 3akoH Mypa. Ilpakmuueckas paboma:
TexHonmornueckuit AHanu3 n300paxeHus
MpOIIeCC MPOU3BOICTBA | MMOBEPXHOCTH KOMITAKT-
WHTETPaTbHBIX JIACKa
MukpocxeM. CrucremMbl
3arucy HHPOPMAIHH
8.5 | Hanomarepuanbl 2 Hanoguarnocruka. Ilpakmuueckas paboma:
B MEIMIIMHE [Ipumenenne Busyanuzauus
Y 9KOJIOTHH HAaHOMAaTEePHAJIOB POCTPAaHCTBEHHOM
B TEpaInU. CTPYKTYPBI
HanocopOeHTHI. HaHOOMOIpenaparos
doToKaTaNU3aToOPHI. C TIOMOMUIBIO
CamoouncTka COBPEMEHHOTO
IPOTPaMMHOTO
o0ecrieueHus
Wroro mo paznery 9

Pa3gen 9. AkryanbHble npodJieMsbl B 00J1a

CTH HAHOXMMHHU U HAHOTECXHOJIOTHHA

9.1 | Huckyccus 3 AktyanbHble poOnemMsl | Mtorosas arrecrariusi.
B 00JacTH HAHOXMMUHM | 3ayeTHas paboTa
¥ HAHOTEXHOJIOTUU

Hroro no pazaeny 3

Bcero ko1m4uecTBo 4acoB 34

no IIporpamme 3a roa




OPI'AHM3AIIMOHHO-ITEJAT'OT'HYECKUE YCJIOBUSA PEAJIM3ALIUA ITPOT'PAMMBbI

Metoanueckoe odecneuenne peaanzanuu [IporpamMmmel

[Tpu peanmzanyu [IporpaMmbl B yueOHOM MPOIIECCE HCTIONB3YIOTCS METOIMYECKUE TTOCOOHS,
TUIAKTHYECKHE MaTepuaibl, (OTO- M BHACOMATEPUANBI, KOHCTPYKTOPHI JI CO3JAHHS IIApO-
CTEPXKHEBBIX MOJIENEeH XUMHYECKHX CTPYKTYp; >KypHajdbl W KHUTH, OO30pbl U OpPUTHHAIbHBIC
myOnuKanuy, 0a3bl IaHHBIX, IPOTPAMMHOE OOecIieueHre Al PUCOBAHUSI XUMUUYECKUX CTPYKTYp U

BU3YaJIM3al[iy IPOCTPAHCTBEHHBIX 00BEKTOB, Ipoure MaTepuainsl B Cern HTEpHET.

[Ipu mpoBeeHUH 3aHATHIA UCTIONB3YIOTCS:

® CJIOBCCHEIC METOJIBI o0y4deHus: JICKIIUH, O0OBSICHCHHS, Oecepl,
KOHCYJIbTAIUH;

® HarJsiTHbIC MCTOObI O6y‘-IeHI/I$II Hp€3€HTaHI/II/I, BI/II[eOMaTepI/I aJlbl,
anyaﬂmaunn;

® JiCCle[IOBAaTEIbCKUE METOABbl OOY4YEHHS — BBIMOJIHEHHUE OO0YYaroIIMMHCS
ONpPEIETICHHBIX UCCIEA0BATEIIbCKUX 3aJaHUM.

YcBoeHue Marepuaia KOHTPOJIUPYETCS pu IIOMOIIIH TECTUPOBAHUSA U
BBIMIOJIHEHHUS]  MPAKTHYECKUX  3a/JaHUi. 3aKIIOYUTENbHOE 3aHATHE MPOBOIUTCS B (opme

3a4eTHOM palboTHI.

MaTepuajibHO-TeXHHYeCKHe yca0BHs peaan3anuu [Iporpammebl
[TpoayKTHBHOCTH pabOTHl BO MHOTOM 3aBHCHUT OT KadeCTBAa MaTE€PHAIBHO- TEXHHUYECKOTO
ocHarieHus nporecca. [Iporpamma peanu3yercsi B ayUTOPUU 0Opa30BATENBHON OpraHW3alluy C

MPUMEHEHUEM TEXHUYECKUX CPEJCTB OOY4YEHHS U JIa0OpaTOpHOro 00OpYAOBAHUS:
® KOMIBIOTEPHI YUUTENS U 00YUaIOIIHXCS;
® HWHTCpaKTUBHAA JOCKA,

® y4yeOHO-HayYHOE 000pYyI0BaHHE IO (U3HUKE U XUMUH.



JIMTEPATYPA U DJIEKTPOHHBIE PECYPCBbI

HopmaTuBHas 0a3a

1. ®enepanbupiii 3akoH ot 29 nexabps 2012 r. Ne 273-®3 «O6 oO6pazoBaHuH B
Poccuiickoit denepanniny.

2. OesiepanbHblii  FOCYNApCTBEHHBI  00pa30BaTeNbHBIA  CTAHAAPT CPEAHEro  OOIIEro
oOpazoBanus (yTBepkIeH npukazom MwunoOpuayku Poccum ot 17 mas 2012 r. Ne 413;
3apeructpupoBad MuntoctoM Poccun 7 urons 2012 1. Ne 24480).

3. GepepanbHas  oOpasoBaTelbHas IporpaMma  CpeiHero  obmero  oOpa3zoBaHuUs
(yrBepkaeHa mpukazoM Munnpocsemienuss Poccun ot 18 mas 2023 r. Ne 371; 3aperucrpupoBan

Munroctom Poccun 12 uromnst 2023 . Ne 74228).

Cnucok JimTeparypsl

1. AxmeroB M.A. BeJeHre B HAHOTEXHOJIOTHU. XUMUS : yueOHOE TI0COOUE I ydaIuXCs
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Hpoda, 2009. — 112 c.

7. 3umon A.Jl. 3anuMmarensHas KoanouaHas xumus / A.Jl. 3umoH. — Mocksa : URSS, 2017.
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11. O BkmoYeHMM OCHOB HAHOXMMMH B COJAEP)KAHHE IIKOJIBHOTO XHUMHMYECKOTO
obpaszoBanus / C.A. BomkoBa, A.A. Ubarymmun, C.B. Porateix [u ap.] // Xumus B mkoie. —
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12. ats HOOECTICBCKUX YPOKOB (IpakTUKyM JUIs CTapUIEKJIACCHUKOB 110
CKaHUpYoIIeH 3011080 Mukpockonun) / A.B. Bonbmakosa, E.B. Jlyoposun, A.Jl. IIporononosa [u
1p.]. — Mockga : LleHTp mepcnekTuBHBIX TexHOoIoTHi, 2013. —94 ¢.

13. Ceeryxun B.B. OcHoBbl Hanotexnonoruit. 10—11 kmacchl : ydebHOe mocobue / B.B.
Ceeryxun, 1.0. SBTymenko. — 3-e u3a., crep. — Mockaa : [Ipocsemienne, 2023. — 111 c.

14. CnoBaps HAHOTEXHOIOTMYECKHX U CBA3AaHHBIX C HAHOTEXHONOTMAMHU TepmuHOB / ..
bopucenko, U.B. T'onpar, E.A. I'ynunus [u 1p.]. — Mocksa : ®UIMATIINUT, 2010. — 528 c.

15. Teopuss m mpakTuka CKaHHpYIOHIEH 30HIOBONM MHKPOCKONHH: HOBBIE PELICHUS IS
¢busuku, xumuu, Owomormu u  wMmeaummasl /| AWM. Axmerosa, O.B. Hsanos, H.E.
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Ne 2(120). — C. 88-95.
16. Illep6akos A.b. IlpakTMkyM 0O HaHOMaTepuanaM U HaHoTexHomorusM / A.B.
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TEMATHYECKOE IINTAHUPOBAHUE

12 KJIACC
Ne Haumenoeanue Konuuecmeo IIpoepammmnoe Xapaxmepucmuka
n/n paszoenos yacos codeporcanue oesamenbHOCm
u mem Kypca u
00yuarouuxcs

MEKINCHUIITIMHAPDHAA 00J1aCTb»

Pa3nen 1. Opranusaunonnoe 3ansaTue «K HaHOXMMUSI 1 HAHOTEXHOJIOTHS KaK

N JUCTICPCHBIX

CUCTEM

T. JloBum).
Meranueckue 3011
(M. Dapaneit).
BbpoyHoBckoe
nsmkenne. Ocmoc

u quamms (T. ['pam).
Konnonaneie cucteMsl.
Omnpenenenue yncia
Asoraapo (K. Ileppen).
DddexT Pebunnepa.
Tepmun
«HAHOTEXHOJIOTHHY,
UCTOPUS €TO0 MOSBICHUS
U TIOMyJISIpU3alluU

(P. ®eitaman,

H. Tanuryrn,

1.1. | Beneuue 2 DOpMBbI U METOJIBI ITepBuunas
B [Iporpammy nesrenbHoCTH. [Inan JuarHoctuka. Bxognoe
paboThl HA y4eOHBIN TECTUPOBaHUE
roa. MucTpyKTax
10 TEXHUKE
Oe3omacHoOCTH
Wroro mo pazneny 2
Pa3znes 2. UcTopusi HAYKH 0 JUCIIEPCHBIX cCHCTeMax
2.1 | Hauano uzy4enus 4 Kanumnapsl 1 3aK0oH Vuebro-
IIOBEPXHOCTHBIX Jlamutaca. 3y4yenune UCCTEO08AMETbCK UL
ABJICHUI ancopOuun (K. eene, | sxcnepumenm:

Nzyuenue agcopbunu
KpacUTeJEeN C IIOMOLIBIO
AKTUBUPOBAHHOTO YTJIAL.
Onpenenenue ero
COpOIIMOHHOMI

CIIOCOOHOCTH
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9. [dpekciep)

Hroro no pazaeny

4

Pasznen 3. OcHOBBI (1)I/I3I/IKI/I MMOBEPXHOCTHU U NUCHEPCHBIX CPEX

3.1 | OcHoBBI pU3NKH 4 OU3NKO-XUMUIECKHE Yuebno-
HOBEPXHOCTH CBOJiCTBa aTOMOB UCCE008AMENbCKULL
Ha TIOBEPXHOCTHU. 9KCnepumerm.
[ToBepxHOCTHOE Ornpenenenne
HaTSDKCHHUE. AICOPOLHSL. | [10BepXHOCTHOIO
CmaunBanue HATSDKCHUS BOJIBI
METO/IOM OTpHIBA
Karelb
3.2 | CoiicTBa 4 OneKkTpuyecKkue Vuebro-
JUCIICPCHBIX Cpen CBOMCTBA. uccne0o8amenbCeKuil
VY CTOWYHBOCTS. OKCRepUMEHm.
Du3HUKO-XMMUYECKast O1eHKA TOJIINHBI
MCXaHHUKa rpaduToBOi TMHUH
B 3aBUCHMOCTH
OT MSTKOCTH KapaH/aIa
Uroro no pazneny 8

Pa3nen 4. lucniepcHble CHCTEMbI: MOJIy4YeHUEe U PUMEHeHne

4.1 | Knaccuduxanus 2 [TousTus IIpaxmuueckas paboma:
JUCTIEPCHBIX CUCTEM «HaAHOMaTepHua», Monenupoasue
«HaHOOOBEKTY. CTPYKTYPbl HAHOYACTHUII
Busl HaHOOOBEKTOB pa3sHOro pasmepa,
(0D, 1D, 2D; CpaBHEHHUE J0JU
MHKPO-, ME€30- IIOBEPXHOCTHEIX aTOMOB
U MaKpOTIOPHCTHIE). W 4yKcia
Apxue npumeps! HECKOMIICHCUPOBAaHHBIX
HPOABICHUA BaJICHTHOCTEMN
pa3MepHoro 3pdexra
4.2 | lucnepcHele 2 I1ensl, a3pozonu Vuebno-
CUCTEMBI, A asporeiin uccneoosamenbCKkuil
CoACpxKaAMHUC 9KCNEPUMEHIN!
razoByio ¢azy Onpenenenue
YCTOMYMBOCTHU TIEHBI
MOIOIIIUX CPE/ICTB
4.3 | ducnepcHble 2 3051, TN, SMYJIbCUH Vuebro-
CUCTEMBI, WA CYCIICH3UM. UCCe008amebCKuil
coiep KaIiue ITonoxxenue 3omnek OKCHEPUMEHM.
KUIKYIO (hazy Ha NIKaJIe TUCTIEPCHOCTH | [JoydyeHune 30mei
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KOJUIOMOHBIX CHCTEM

HAHOCTPYKTYPUPOBAH-
HOTO cepedpa

4.4 | lucnepcHele 3 IToBepxHOCTHO- Vuebro-
CHCTEMBI, aKTHBHBIE BEI[ECTBA. UCCIeO08AMeENbCKULL
coJieprKalme MemOpaHbI, MULIEIUTBI IKCHEpUMEHm:
HIOBEPXHOCTHO- U JIUTIOCOMBI. V3ydeHne BIUsHAS
aKTHBHBIE BEILIECTBA buonornyeckue [IOBEPXHOCTHO-
JHUCIEPCHBIE CUCTEMBI AKTUBHBIX BELIECTB
Ha IOBEPXHOCTHOE
HATSDKEHUE
45 | Meroasl 1 D¢ dext Tunnans. Vuebro-
BU3YyaJIU3aLUH AHanu3 TpaeKkTopui UCCCO0BAMENLCKUL
HaHOYACTHI] JBHKCHUS HAHOYACTULL | ncpepumenm:
JemoHcTpanys
s dexra Turmans
Ha JMCIEPCHBIX
CHCTeMaXx Pa3JIn4HOro
pona
Uroro no pazneny 10

Pa3nesn 5. MeTobl CHHTE32 HAHOCTPYKTYPUPOBAHHBIX BelIeCTB H MAaTEPUAJIOB

5.1

IIpuHumn «cBepxy-

BHU3»

2

[TpUHIMTTBI TOTYYCHHSI
HAHOCTPYKTYD:
«CBEPXY-BHU3»

U «CHU3Y-BBEPX)».
[Tony4yenue rpagena.
OcobenHocTu paboThl

IJTAaHCTAPHBIX MCJIIbHUIL

Ilpakmuueckas paboma:
IToctpoenne monenun
IUTAHETapHOU

MCJIBHHUIIBI
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5.2 | IlpuHuun «cHU3Y-

BBEPX»

OcCHOBBI
CyIPaMOJIEKYJISIPHON
xumun. CamocOopka.
MeTtonapl cuHTE3a
HAHOYACTHIL: «KMATKOM
XHUMHEI — 30b-TClb,
«TOMOT'C€HHOT'O
OCaKICHHUS,
o0OpaméHHo-
MULICIUISIPHBIN,
MHUKPO3MYJIbCUOHHBIN;
tepmoius, CVD.
MeTtonanl CTaOMIN3aIUN

HaHOYaCTHII:

Yuebno-
uccne0o8amenbCKuti
9KCHEePUMEHM.:
["a3odasublii cUHTE3
HAHOKPHUCTALUTUIECKOTO
XJIOpHJIa aMMOHHUS.
[Tonyuenue 30ieit
HaHOMAarHeTHTa,
HAHOPa3MEPHOTO
JTMOKCH/1a TUTaHa,
OepIIMHCKOM J1a3ypH.
[TonydyeHnre HaHOTIIEHOK
cepebpa Ha CTeKJISTHHOM

nomioxke. OleHka ux

CTepUYECKasi, XenaTHas,
ANEKTPOCTATUYECKAS,
AMMOOUIM3arue

B MaTpHIIE.
HamnpaBnenHslii cunTes
HAaHOOOBEKTOB:
KBAHTOBBIEC TOUKH,
HAHOILJICHKH, 00bEMHBIE
HaHOMAaTEpHUaIIbI.
Moaudukarus CBOWCTB

HaHOMAaTCepuajioB

TOJIIMHBI.
[Ipomexxyrounas

aTrTecTanus

Hroro no pazaeny

10

Bcero xoimuecTBo 4acoB

no IIporpamme 3a rog

34

28



13 KJIACC

No Haumenosanue Konuuecmeso IIpoepammuoe Xapakmepucmuka
n/n pazoenos yacos cooepaicarue oesimenbHocmu
u mem Kypca obyuarowuxcs
Paznen 6. MeToabl ucciieJ0BaHUSI HAHOCTPYKTYPHPOBAHHBIX BellIeCTB H MATEPUAJIOB
6.1 | Onruueckue 4 Onrtuyeckue CBOICTBA | Vyepno-
METO/IbI HaHOYaCTHIL uccne0osamenbCeKull
Y HAaHOMaTepHaJIoB. oKCnepumMenm:
Mukpockomnus. MHKpPOCKOIIMYECKOE
HupaKioHHbIi U3y4eHUE MPEenapaToB
npenes. PoTomeTpus. HaHocepeOpa Ha CTEKJIax
CrniektpodoToMeTpHs:
U3MEpEHUE MPOIYCKaHMs,
HOTJIOUIECHUS,
JFOMHUHECIICHIIHH.
JnHamuueckoe
CBETOpaccessHUE
6.2 | DnexkTpoHHas 3 [IpocBeunBaromas Ipaxmuueckas paboma:
MHUKPOCKOTIHS AIIEKTPOHHAS CpaBHHTENBHBIN aHATH3
MHUKPOCKOMHS. n300paKeHUH
Ckanupyromias HAHOCTPYKTYD,
AIIEKTPOHHAS HOTy4EHHBIX
MUKPOCKOIIHS. 3IEKTPOHHOU
Oco0eHHOCTH U3yYEeHHs | MUKPOCKOMHEN
OMOJIOTUYECKUX
00BEKTOB
Ha HAHOYpPOBHE
6.3 | PenrreHoBckas 4 PentrenodazoBsiit IIpakmuueckas paboma:
TdpaxTomMeTpus aHaIu3. YIIupeHue Busyanuzanus cTpykTyp
MUKOB KaK NMPHU3HAK OMOMOIMMEPOB,

HaHOOOBEKTa U KaK
croco0 OILEHKH pa3mepa
KPUCTAJITUTOB.
PeHTreHocTpyKkTypHBIi
ananu3. OnpenenexHue
CTPYKTYpBI
HaHOPAa3MEPHBIX
00BEKTOB Ha aTOMHOM

YpOBHE

MOJIy4YEHHBIX METOJIOM
PEHTTEHOCTPYKTYPHOTO

aHaJin3a

29



6.4 | Cxanupyromias 6 TyHHenpHas Yuebno-
30H/10Bast MUKPOCKOIHSA. ATOMHO- | UCCe008ameNbCKuUll
MUKPOCKOIHS CUJIOBasi MUKPOCKOIIMSL. | 9KCHEPUMEHM.:
Ananuz N3ydeHune noBepXxHOCTH
HAHOCTPYKTYPbI METOJIOM aTOMHO-
ITOBEPXHOCTEH. CUJIOBOM MUKPOCKOIIUU.
Cratuueckuii
U TUHAMHUYECKUIN Ipaxmuueckas paboma:
PEXKUM CKaHUPOBAHUS AHanun3 n300pakeHu,
MOJTy4YEHHBIX METOJOM
ATOMHO-CHJIOBOU
MUKPOCKOIIHUH,
C TIOMOIIIBIO
COBPEMEHHOTO
IPOrPaMMHOTO
obecrieueHus
Utoro no pazneny 17

Pa3znen 7. ®yHKIIHOHAIBHBI

€ CBOiMcTBa HAHOCTPYKTYPHUPOBAHHLIX BEIIECTB U MaTEpHUAJI0B

7.1 | ®dyHKIMOHAIBHBIE ) CBepxHu3Kas Yuebno-
CBOICTBA BEILIECTBA, CMa4YMBaEMOCTb. uccne0o8amenbCKull
obecrieunBaeMble CBepXNpOYHOCTb. 9KCNePUMEH.:
HaHOMaTepHalaMU Bricokoremmiepatypras | M3zyuenue «addexra
CBEPXITPOBOAMMOCTb. JOTOCa» Ha IpUMepe
Caepx¢punbTpanys. JIENIECTKA PO3BI.
CBepXbAPKOCTD N3mepenue kpaeBoro
CBETOHCITYCKaHHSI. yria
Cyxas anre3us
(OnomumeTHKa
reKKoHa). MarHuTHble
CBOICTBA
Hroro no pazaeny 5

Pa3nen 8. HaHoTeXHOJIOTHMH — MEePCNEKTUBBI PA3BUTHS M COCTOSIHME HAYKH

HA CerOAHAIIHMNMT AeHb

8.1 | CoBpemeHHbIE
TIPUMEHCHHUS

HaHOTCXHOJOI'MH

OO6muit 0630p
COBPEMEHHBIX
[IPUMEHEHUN

HaHOTCXHOJIOT'NH

Buxmopuna:
Hanorexnomorun

B HAllIEHN KU3HU
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8.2 | YrumeponaHsie 2 Ocobas pons yriepona | [lpakmuueckas paboma:
HaHOMAaTEePUAIIbI B HAHOMHpE. MonenupoBanue
@ynepensl, rpades, IPOCTPAHCTBEHHON
HaHOTPYOKH CTPYKTYpPHI PyJUIepEeHOB
8.3 | Hanomatepuabl 2 Hanomarepuansl Yuebno-
JUTSL SHEPTETUKU B TOIUTMBHBIX uccne0o8amenbCKull
AIIEMEHTAX. 9KCHEePUMEHM.:
JIuTuii-noHHkIe N3mepenue eMKoCcTr
AKKYMYJISITOPHI. JUTUNR-TOHHOTO
CymnepKoH1eHCaTOPhI aKKyMYJIsITOpa
8.4 | HanosnexktpoHnuka 2 3akoH Mypa. Ilpakmuueckas paboma:
TexHonmornueckuit AHanu3 n300paxeHus
MpOIIeCC MPOU3BOICTBA | MMOBEPXHOCTH KOMITAKT-
WHTETPaTbHBIX JIACKa
MukpocxeM. CrucremMbl
3arucy HHPOPMAIHH
8.5 | Hanomarepuanbl 2 Hanoguarnocruka. Ilpakmuueckas paboma:
B MEIMIIMHE [Ipumenenne Busyanuzauus
Y 9KOJIOTHH HAaHOMAaTEePHAJIOB POCTPAaHCTBEHHOM
B TEpaInU. CTPYKTYPBI
HanocopOeHTHI. HaHOOMOIpenaparos
doToKaTaNU3aToOPHI. C TIOMOMUIBIO
CamoouncTka COBPEMEHHOTO
IPOTPaMMHOTO
o0ecrieueHus
Wroro mo paznery 9

Pa3gen 9. AkryanbHble npodJieMsbl B 00J1a

CTH HAHOXMMHHU U HAHOTECXHOJIOTHHA

9.1 | Huckyccus 3 AktyanbHble poOnemMsl | Mtorosas arrecrariusi.
B 00JacTH HAHOXMMUHM | 3ayeTHas paboTa
¥ HAHOTEXHOJIOTUU

Hroro no pazaeny 3

Bcero ko1m4uecTBo 4acoB 34

no IIporpamme 3a roa
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OPI'AHM3AIIMOHHO-ITEJAT'OT'HYECKUE YCJIOBUSA PEAJIM3ALIUA ITPOT'PAMMBbI

Metoanueckoe odecneuenne peaanzanuu [IporpamMmmel

[Tpu peanmzanyu [IporpaMmbl B yueOHOM MPOIIECCE UCTIONB3YIOTCS METOAMYECKHE TTOCO0uS,
TUIAKTHYECKHE MaTepuaibl, (OTO- M BHACOMATEPUANBI, KOHCTPYKTOPHI JI CO3JAHHS IIApO-
CTEPKHEBBIX MOJIENECH XUMHYECKHX CTPYKTYp; >KYpPHaJbl W KHUTH, O030pbl U OpPUTHHAIBHBIC
nyOnuKanuy, 0asbl IaHHBIX, IPOrpaMMHOE oOecriedeHne Uil PUCOBAHUSA XUMHUECKUX CTPYKTYpP H

BU3YaJIM3al[iy IPOCTPAHCTBEHHBIX 00BEKTOB, Ipoure MaTepuainsl B Cern HTEpHET.

[Ipu mpoBeeHUH 3aHATHIA UCTIONB3YIOTCS:

® CJIOBCCHEIC METOJIBI o0y4deHus: JICKIIUH, O0OBSICHCHHS, Oecepl,
KOHCYJIbTAIUH;

® HarJsiTHbIC MCTOObI O6y‘-IeHI/I$II Hp€3€HTaHI/II/I, BI/II[eOMaTepI/I aJlbl,
anyaﬂmaunn;

® JiCCle[IOBAaTEIbCKUE METOABbl OOY4YEHHS — BBIMOJIHEHHUE OO0YYaroIIMMHCS
ONpPEIETICHHBIX UCCIEA0BATEIIbCKUX 3aJaHUM.

YcBoeHue Marepuaia KOHTPOJIUPYETCS pu IIOMOIIIH TECTUPOBAHUSA U
BBIMIOJIHEHHUSI  MPAKTHYECKUX  3a/JaHUi. 3aKIIOYUTEIbHOE 3aHATHE MPOBOIUTCS B (opme

3a4eTHOM palboTHI.

MaTepuajibHO-TeXHHYeCKHe yca0BHs peaan3anuu [Iporpammebl
[TpoayKTHBHOCTH pabOTHl BO MHOTOM 3aBHCHUT OT KadeCTBAa MaTE€PHAIBHO- TEXHHUYECKOTO
ocHarieHus nporecca. [Iporpamma peanusyeTcss B ayAUTOPUU 00pa30BaTEIBHON OpPTraHU3aIlluK C

MPUMEHEHUEM TEXHUYECKUX CPEJCTB OOY4YEHHS U JIa0OpaTOpHOro 00OpYAOBAHUS:
® KOMIBIOTEPHI YUUTENS U 00YUaIOIIHXCS;
® HWHTCpaKTUBHAA JOCKA,

® y4yeOHO-HayYHOE 000pYyI0BaHHE IO (U3HUKE U XUMUH.
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JIMTEPATYPA U DJIEKTPOHHBIE PECYPCBbI

HopmaTuBHas 0a3a

1. ®enepanbupiii 3akoH ot 29 nexabps 2012 r. Ne 273-®3 «O6 oO6pazoBaHuH B

Poccuiickoit denepanniny.

2. ®enepanbHbIii  TOCYIapCTBEHHBIH  00pa3oBaTeNbHBIA  CTAHAAPT CPEIHETO  OOIIEro
oOpazoBanus (yTBepkaeH npukazom MwunobpHayku Poccum ot 17 mas 2012 1. Ne 413;

3apeructpupoBad MuntoctoM Poccun 7 urons 2012 r. Ne 24480).

3. GepepanbHas  oOpasoBaTelbHas IporpaMma  CpeiHero  obmero  oOpa3zoBaHuUs
(yrBepkaeHa mpukazoM Munnpocsemienuss Poccun ot 18 mas 2023 r. Ne 371; 3aperucrpupoBan

Muntoctom Poccun 12 urons 2023 r. Ne 74228).
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25. Mukpo- 1 HaHOMHp coBpeMeHHbIX MaTepuanos / o pex. F0.J1. Tperbsakosa. — Mocksa :
Xumopak MI'Y, 2006. — 68 c.

26. Hanorexnonorun. As6yka mis Bcex / mox pen. FO.JI. Tperbskosa. — Mocksa :
OU3MATIIAT, 2008. — 368 c.

27. 0 BKIIOYEHMH OCHOB HAHOXHMHH B COJEPKAHME MIKOJBLHOIO XHMHYECKOIO
obpaszoBanus / C.A. BomkoBa, A.A. Ubarymmun, C.B. Porateix [u ap.] // Xumus B mkoie. —
2023. — Ne 6. — C. 19-24.

28. Tlars HOOECTICBCKUX YPOKOB (IpakTUKyM JUIs CTapUIEKJIACCHUKOB 110
CKaHUpYoIIeH 3011080 Mukpockonun) / A.B. bonbmakosa, E.B. [lyoposun, A.Jl. IIporononosa [u
1p.]. — Mockga : LleHTp mepcnekTuBHBIX TexHOoIoTHi, 2013. —94 ¢.

29. Ceeryxun B.B. OcHoBbl HanoTexHonoruii. 10—11 kmaccel : yueGHoe mocobue / B.B.
Ceeryxun, 1.0. SBTymenko. — 3-e u3a., crep. — Mockaa : [Ipocsemienune, 2023. — 111 c.

30. CnoBaph HaHOTEXHOJIOTUYECKUX M CBA3AHHBIX C HAHOTEXHOJOrUSAMM TepMmuHOB / I'.T.
bopucenko, U.B. T'onpar, E.A. I'ynunus [u 1p.]. — Mocksa : ®UIMATIINUT, 2010. — 528 c.

31. Teopus u mpakTHKa CKaHMPYIOIIEH 30HI0BOW MHKPOCKOIHMM: HOBbIE PEINCHMS IS
¢busuku, xumuu, Owomormu u  wMmeaummasl /| AWM. Axmerosa, O.B. Hsanos, H.E.
MakcumoBa [u nap.] // Hawomnmyctpus. — 2023. — T. 16,

Ne 2(120). — C. 88-95.
32. lllepbakos A.B. IIpakTukymM Mo HaHOMaTepHagaM WU HaHOTexHonorusm / A.B.

[lepb6akos, B.K. UBanoB. — Mocksa : MI'Y, 2019. — 368 c.
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3. Beepoccuiickas IHTEPHET-0JIMMIIMA/IA TI0 HAHOTEXHOJIOTUAM [ DJIEKTPOHHBIN pecypc]. —

URL: https://enanos.nanometer.ru/

4. Hanorpan [Dnextponnsiii pecypc]. — URL: https://palm.school/
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