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IMacmopT nmporpaMmmsl

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 JlononHuTenpHas 001meodpa3zoBaTenbHast
oOniepa3BuBaoias nporpaMmma
Tun aBTOpPCKas

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 oOyuenus

COBpeMeHHI)Ie HUCCICAOBAaHUA U JOCTUKCHUA
HAaHOXHMMHH

Cpok 0CBOEHUS

2 ronaa

Bo3spact yuammxcs

16-17

dopma 00yyeHust

Mauible rpyninsl

Pexxum 3ausatuit

1 pa3 B Hepemo -34 yaca

CDOpMLI aTTcCTalluu

TECTUPOBAHUE;IPAKTHUCCKUE 3aHSITHS;
3a4eTHas pabora.

HamonmsaeHnHocTh T'PYIIIbLI

doma IeTCKOro O6’LC,Z[I/IH6HI/I${

rpymnmna




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,
crapimmii Mmetoauct MuctuTyTa pazsutus npoduibHoro ooyuenus 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-OKOHOMUYECKOH napaaurme. Hanoxumus ucciaenyer crocoObl MOTyIeHUs 1
CTaOMIN3alMY, CBOICTBA, CTPOGHHE M OCOOCHHOCTM XHMHUYECKHX MpPEBpALIeHUH HaHOOOBEKTOB U
HaHOMAaTEPHUAJIOB, a TAK)KE UX MPAKTUYECKHUE NpUiiokeHus. HaHOXuMus cTana JIOTHYECKUM  Pa3BUTUEM
KOJJIOWJIHOW XUMHH, C OJHOW CTOPOHBI, M CYNIPaMOJICKYIISIPHON XUMHH — ¢ ipyroid. O0e 3THX TUCIMIUIAHBI
KPUTHYHO BAYKHBI I KOPPEKTHOTO MOHUMAHUS HAHOXUMHUYECKHX TTOJXO/0B.

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 IPUMEHSIOTCS B OFPOMHOM KOJIMYECTBE MPOJYKTOB COBPEMEHHON POMBIIUIEHHOCTH.
OmuceIBaeMOe HaMpaBJIEHUE CIIYKUT OJHUM U3 CTOJIOB Tak HazbiBaeMoii NBIC-koHBepreHITnN, BXOIAIICH B
PO mpeacKa3bpiBaeMoro gyryponoramu VI TEXHOIOTHYECKOTO YKIIA/A.

Pabouas nporpamma Kypca BHEYpOUHOM AeaTenbHOCTH «COBpEeMEHHBIE HCCIIEAOBAHNS M JOCTHKEHHS
HaHoXUMHM» (fanee — [IporpamMma) ecTeCTBEHHO- HAyYHOW HAPABICHHOCTH MO3BOJISIET OCBETUTH 00YJarOIINMCS
10-11 kyaccoB OCHOBHBIE TE€3UCHl HAHOXUMUH, 4 TAK)KE HAMETHTh OCHOBHBIE HAIIPABJICHUS Pa3BUTHS HAYKH O
MHUpPE HAHOOOBEKTOB M €€ TEXHOJIOTHUECKUX NPHIIOKEHUH, TOYIUTh MIOHITUE O COBPEMEHHBIX HayUHBIX
Metoaax. Peanuzanus [IporpaMmbl TO3BOJIUT JOCTHYB 00JIe€ TIOJTHOTO MOHUMAHUS IIKOJbHUKAMHU €CTECTBEHHO-
Hay4YHOTO MOJIX0/a K H3yUYEHHIO MMPUPOIBI U PA3BUTHIO HA €70 OCHOBE TEXHOJIOTHHA, MEHSIOIINX MHP.
AxTtyansHOCTH [IporpaMMel

Hanoxumust B CBOMX MPOSIBIEHUSIX OTHOCUTCS K 00JIaCTH €CTECTBEHHBIX HAayK B 1ejoM. M3HauanbsHO
c(OPMHPOBABIINCH HA CTHIKE XUMUHU U (PUIUKU, HAHOXUMHUECKHUE MOJIXOJIbI BO MHOTOM BITUSIFOT HA COBPEMEHHOE
MMOHUMAaHNE MOJIEKYJISIPHBIX OCHOB OMOJIOTHHU M IPYTUX HayK. TeM He MEeHee B MIKOJIBHBIX Kypcax o
€CTECTBEHHO-HAyYHBIM IIPEIMETAM TEMBI, CBSI3aHHBIE C HAHOXUMHUEH, pacrosiararorcs MOpo3Hb U 3aHUMArOT
KpaiiHe Majblii ooumii o0beM. B wactu Bozmoxnoro nyonuposanus ¢ @OIT COO no npeametHoi obiac



«EcTtecTBeHHO- HaAyUHBIE TTpeAMETHDy [IporpaMmMa mouTn He TiepeceKaeTcst Hu ¢ pemepanbHoi pabodeit
MIPOTPaMMOH 1T0 YIeOHOMY TIpenMeTy «XHuMHUD» (TEMBI «AJUTOTPOIHBIE MoAu(HUKaH yriepoaay, «Ilorstue o
JTUCIIEPCHBIX cucTeMax», «lIpencraBienre o KOJUIOUIHBIX pacTBOpax» B pazzaeine «TeopeTuueckiue OCHOBBI
XUMHHY, & TAKXKE YIOMUHAHIE HAHOTCXHOJIOTHIA B pa3zzieine « XUMHUSI U )KU3Hb»); HH ¢ QeiepalibHOM padodei
porpaMMoit mo yaeoHoMy mpenmety «Pusnka» ( «IloBepXHOCTHOE HATSHKEHHE)» B TeMe «ATperaTHbIe
cocTosiHUA BellecTBa. Pa30oBbIe MEPEX0Ibl»; YIIOMUHAHUE

«[lony4yenue HaHOMaTEepHAIOB)» B TeMe «OCHOBBI MOJICKYJIIPHO-KHHETHYECKON TEOPUI»); HH C (elepaTbHOM
pabodeil mporpaMMoi 1Mo y4eOHOMY TpPEIMETY
«buonorus» («O6IIHe CBOMCTBA OMOJOrHYECKUX MEMOpaH» B TeMe « XUMHYECKas OpraHU3aIus KICTKN;
«HanoTrexHOIOTHH B OHOJIOTHH U MEITUITHHEY).
[Iporpamma pazpaboTana B COOTBETCTBHH C TPEOOBaHUAMHU (pe1epaabHOr0 TOCYJapCTBEHHOT0 00pa30BaTeIbHOTO
cTanmapra cpeaHero oomiero oopazosanus (PI'OC COO). Heooxonumocts peanusaruu [IporpaMMel cBsi3aHa ¢
KpaiiHe UPOKUM PacIpOCTPAHECHHEM MTPOAYKTOB HAHOXMMHUHU BCOBPEMEHHOM  MHUPE U
BBIIIEYOMSHYTHIMHEIOCTATOYHBIM OTPaKEHUEM OCHOBHBIX MPHHIIUIIOB, HA KOTOPBIX OHA MOCTPOCHA,B
OCHOBHOH 00pazoBaTeIbHOI nporpamme. /[ 4acTUYHOW KOMIIEHCALUH
OTOI'0O pa3phbiBa B MockBe YK€ MHOT'O JICT IIPOBOAUTCA OJIMMIIMAAAa 110 HAHOTEXHOJIOTUAM — OJ'H/IMHI/IEIZ[EI
NIKOJHHUKOB «BBICOKHE TEXHONIOTUU B MaTepHaibl Oyayiieroy. 3aaanus OIUMITHAIbI TTO3BOJISIOT IKOJILHUKAM

MOHATh, HACKOJIBKO OHHU OPUEHTHUPYIOTCS B 9TOH  MEXAUCIMIUTMHAPHOHOOIACTH.
CucremMaTHyecKoe ke MOJIy4eHHe 3HaHHH BO3MOXKHO OPraHU30BaTh Ha YPOBHE CPEHEr0 00IIEro oOpa3oBaHus
BpaMKax BHEYPOUHOH  JAEATEILHOCTH WIH AOTIONHUTEIHHOT0 00pa30BaHMsl, B YACTHOCTH NIPH

peanuzauuu ganHou [Iporpammel. bonbmoe BHuManue B [Iporpamme yaeneHo MeTo1aM MOTYYEHUS U U3yUEHUs
HaHOCTPYKTYPHUPOBAaHHBIX BEIIeCTB M MaTrepuainoB. [Ipaktuyeckas cropona [IporpaMMel o3BoJIsI€T YBUIETh
SIPKUE CTOPOHBI HAHOXUMHH TIPH OTHOCHUTEIILHON TOCTYITHOCTH BHIMTOJIHEHHS Y4eOHO-HCCIIeJ0BATENLCKOTO
9KCIEPUMEHTA U BO MHOTOM 0a3upyeTcs Ha IpUMepax J1abopaTopHBIX paboT, n310KeHHBIX B [IpakTikyme mo
HaHoMarepuanaMm u HaHoTexHonorusaM A.b. lllep6akosa u B.K. MBanosa [16]. M3yueHre HAHOXUMHH OTKPHIBAET
MHOT'O HOBOT'O U HEOXHUJIAHHOTO KaK JUIsl YI€HUKOB, TaK U JJis nenaroros. IIpoexTHas u uccieaoBarenbeKast
JESATENBHOCTD 110 HAHOXMMHH, KOTOPAsi MOKET BBIIOJIHATHCS ¢ 0nopoit Ha IIporpamMmy, npu AOKHON
MOCTaHOBKE OyJIeT MIPUBOAUTH K 0OBEKTHBHO HOBBIM PE3yJIbTaTaM, paHee He OIIMCAHHBIM B HAYYHOH JIUTEpAType.
Hosu3zHna [IporpamMmbl 3aKimt04aeTcsi B TOM, YTO OHA ITOCTPOEHA Ha MOIIaroBOM 03HAKOMIICHHH 00YYarOIIHXCs C
OCHOBaMH HaHOHAYKHU U €€ MPUII0KEHUSIMHU.

Peanuzanus [IporpaMMel ciocoOCTBYeT AeTanu3aluy 3HaHUN 00y4JaromXxcst 0 GU3NKO-XMMHUUECKUX Mpoleccax,
MPOTEKAIOLINX HAa HAHOYPOBHE, PACIIMPEHHUIO MIPEJICTABIEHUI O BO3MOXHOCTSX MPUMEHEHUS HAHOXUMHUYECKIX
MOJIX0JIOB, CIIOCOOCTBYET MPO(OPUEHTAIIMY 00YYAOIITHXCS

[lenarorngeckas nenecoodpasHocTb [IporpaMMel 3akirouaeTcs B TOM, YTO OHA CO3JaeT YCIOBHS ISt
(dopmupoBaHus y 00yUaromuXcsl eCTECTBEHHO-HayYHON KapTHHBI MUPA, pa3BUBACT YMEHHE KPUTHUECKOTO
OCMBICJIEHUS] HH(POPMAIINH, AT BOBMOKHOCTD MOJTYYHUTh HaBBIK IPOBEICHUS YUeOHO-UCCIIEI0BATEIBCKOTO
9KCHEPUMEHTA, PaciupseT 0a3uc Ui yriryOJIeHHOro H3y4eHHUsI HAHOXUMHUYECK

MIPOLIECCOB B BBICIIEH MIKOJIE.

Heunp [Tporpammel — 1aTh 00y4YaroIUMCsI KPATKHI 3KCKYPC B MEXKIPEIMETHYIO 001aCTh HAHOTEXHOJIOTHIA 1
HUMITYJIBC K CAMOCTOSTEIEHOMY U3YUSHHIO U TBOPYECKOMY Pa3BUTHIO; JaHHAS 00JIacTh B HACTOSIIEE BPEMSI
SIBJIACTCS] OJHOW M3 «TOYEK POCTa» A Pa3BUTUA NPOMBIIIJICHHOCTH W HAaXOJUT MHOTOYHUCIICHHBIC
MIPUMEHEHHUS B COBPEMEHHOM TEXHHUKE.

BapuanTs! peanu3zaryu [Iporpammsl v GOpMBI IPOBEICHUS 3aHATHIA

Peanuzamus  IIporpammbl mpearnonaraeT coudeTaHue JIEKIMOHHOM M CEeMUHApPCKON (opM pabOTHI C
3JIEMEHTAMH MIPAKTUKYMa: JIEKLIUH, CEMUHAPBI, IUCKYCCHH, 3aIIUTHl IPOEKTOB, y4eOHO-HCCIIeJ0BATEBLCKUI
9KCIIEPUMEHT, MTPAKTUIECKUE PabOThI — H300paKeHNE XUMUIECKHX (DOPMYJI, BU3yaIH3aIns TPEXMEPHBIX
00BEKTOB H TIP.

B cemuHapckoil 4acTi BO3MOXKHA CMEHA HHIMBHUYAIBHBIX U TPYNIOBBIX (JOPM NPOBEACHUS B 3aBUCUMOCTH OT
MIPeANOYTEHHH reaarora. B mpakTHYecKoi YacTH BCTPEUYAIOTCS KaK y4eOHO-HCCIe10BaTeNbCKUN IKCIIEPUMEHT,
TaK ¥ KOMIOBIOTEPHBIA TPAKTUKYM.

[Ipu peanuzanuu [IporpaMmbl HCTIONB3YETCS BBIYMCIUTENbHAS TEXHUKA, 00€CTICUNBAIOIIAsl JOCTYII K
CHEeLUATN3UPOBAHHOMY ITPOrPaMMHOMY OOECIIEYEHHUIO U HAYYHOH JUTepaType.

J1J1st caMOCTOSATENEHOTO U3YYEHUS MIPElyCMOTPEH CIMCOK aKTyalbHOM JIUTEPATYPhI IO OMHChIBAEMOH 00acTH,
paccuuTaHHBIN KaK Ha YYUTENEH, TaK U Ha MIKOJIBHUKOB, YIaCTBYIOIIMX B peanu3anuu [Iporpammsl.
[Iporpamma pazpaborana ajist oOyuarommxcst npoduinbHeix 10—11 kmaccos (ecrecTBeHHO-HAYYHBIN NPOQUIb
o0yuenwus). [Iporpamma paccuntana Ha 2 roga ooydenus. OO0Iee KOIMYECTBO BPEMEHH, OTBOIMMOTO Ha



ocBoerwue [Iporpammel, coctaiseT 68 gacos. IIporpamma peanmmsyercs 1 pa3 B Hexeno 1o 1 gacy. Bapuantom
peanuzanuu MoxeT ObITh u3ydenue [Iporpammel B 10 kimacce B pesxnMe 3aHATHIA 2 yaca B HEZEITIO.

DopMBI KOHTPOJIS CITYKAT JJIsl ONIPEICIICHUS Pe3yJIbTATUBHOCTH OCBOCHHS [IporpaMMbl 00ydaronuMucs.
ATTectanus npoBoauTCs 1 pa3 B TOJ; MPOMEKYTOYHAS — [T0 UTOraM TIEPBOTO roJia 00yUYCHHSI, UTOTOBast — BECHOM
BTOPOTO ro/ia O0y4YeHHs.

®dopMBbI IPOBE/ICHUS aTTECTAIIVIH:

. TECTHPOBAHHUE;

. MIPaKTHIECKHE 3aHATHUS;

B3anMocBs3s ¢ deaepanbHO pabodei mporpaMMOoi BOCITUTaHHS

[Iporpamma paszpaboTana ¢ yueTom pekoMeHnamuii gpenepanbHOi paboyeil mporpaMMbl BOCITUTAHUS IS
001eo0pazoBaTenbHbIX oprann3aniii. OHa YYUTBIBaET ICUXOJIOTO-TIeJaroTHUECKe 0COOEHHOCTH
COOTBETCTBYIOIIEH BO3PACTHON KAaTErOpUU 00YYaIOIINXCA.

B gactHocTH, B X0z1e peann3annu [IporpaMMbl BO3SMOKHO cOYeTaTh KaK HHTEIUICKTyalbHOE, TaK U COLUATBLHOE
pa3BUTHE 00YYAIOLINXCsI, CO3JJAIOIIEe OCHOBBI IS UX CAMOOIPECTICHUSI Ha OCHOBE TYXOBHO-HPABCTBEHHBIX
LICHHOCTEM.

K 3amauam peanuzanmu qanHoi [IporpaMMer MOKHO OTHECTH TOCTIDKEHHUE JIMYHOCTHBIX PE3yJIbTaTOB OCBOCHUS
0011e00pazoBaTeNbHBIX IPOTPaMM 10 (hr3uKe, XuMuH 1 ononoruu B coorserctBuu ¢ ®I'OC COO, a nMeHHo:
C(i)OpMPIpOBaHHOCTI) ].[eHHOCTCﬁ CaMOCTOATCIIBHOCTU M HWHHUIIMATHBBI, TOTOBHOCTH o6yan0u1ch;I K
CaMOpPa3BHUTHIO, CAMOCTOSITEIFHOCTH M JINYHOCTHOMY CaMOOTIPEICTICHHUIO, HATMINE MOTUBALIUH K
IeJICHAPaBICHHON CONMAIBHO 3HAYMMOMN IS TEIBHOCTH, C(hOPMUPOBAHHOCTH BHYTPEHHEH MO3UIMN TNYHOCTH
KaK 0co00ro IEHHOCTHOTO OTHOIICHUS K ce0e, OKPYKAIOIIMM JIFOJSIM U KU3HH B [IEJIOM.

HporpaMMa COOTBCTCTBYCT CJIICAYIOIINM OCHOBHBIM HAIIPABJICHUAM BOCHHUTAHUA: I'PAKAAHCKOC BOCIIUTAHHC,
MaTPUOTUYECKOE BOCITUTAHUE, JyXOBHO- HPAaBCTBEHHOE BOCIIMTAHNE, YICTETUIECKOE BOCITUTAHHE, (HOPMHUPOBAHNE
KyJBTYPHI 3710pOBOT0 00pa3a KU3HH, TPYLOBOE BOCIHTAHUE, YKOJIOTHYECKOE BOCIIMUTAHNE, BOCIIUTAHNE IECHHOCTH
HAay4YHOI'O ITO3HAHUA.

Ocob6ennoctu paboTsl ienarora mo [Iporpamme

[Tepen npenogasaTeneM, padoTatomum o [IporpamMme, cTouT 3a1a4a TapMOHMYHOTO COYETAHUS HIIEMEHTOB
XUMUU, OHOJIOTHH, QU3UKU B UHPOPMATHKH, KOTOPbIE HEOOXOAMMBI AJIsi KOHBEPTCHTHOTO IIOHUMAHHUS
HaHoxuMHHU. TeM He MeHee AKIICHT B COCTAaBJICHUU HpOFpaMMBI CACJIaH Ha XUMHUYCCKHE aClICKTbl HAHOHAYKH, YTO
MOXET YaCTHYHO CMATYUTH KaJIPOBBII BONIPOC B peanu3anyn [IporpaMmel. Y cBoeHHE 00YYaIOIINMHUCS HOBBIX
3HaHWH B 3TOM O0JIACTH TECHO CBS3aHO C YCIIEUTHOCTHIO Peatn3aluy yueOHO-UCCIIeI0BATENbCKOTO IKCIIEPUMEHTA
Y TIPaKTHYECKHUX padoT,

3an0xeHHbIX B [Iporpammy. [Ipn HegocTaTOYHOCTH MaTEPUAIBEHO-TEXHUYECKOTO OCHAIICHUST 00pa30BaTeIbHOM
OpraHu3alMy PEeKOMEHIIYeTCsl C/IelaTh akKIEHT B peann3anuu [IporpaMmbl Ha paboTy ¢ HU(GPOBBIMU PECYPCAMH.
Bo3M0XKHO coKkpallieHne KOIMYecTBa IIaHUPYEMbIX IPaKTUYECKUX padoT A yriayOaeHus: paboTsl Haj
TEOPETHYECKUMU paszienamu [Iporpammsl.

OtnuuuTenbHas 0cOOEHHOCTh [IporpaMMBI COCTOHUT B TOM, YTO B €€ MOCTPOCHUH U PeaIn3alih:

. Pa3BUBAIOTCS MEKIPEAMETHBIC CBS3H, 3aJI0KCHHBIE B OCHOBHON 00pa30BaTelbHON MPOrpamMme;
. BOCTIOJIHSIETCS Ae(DULUT COBPEMEHHOM Hay4qHOI HH(OPMAaLUH, IPOCIIEKUBACTCS B3aMMOCBSI3b
KJIACCUYECKUX JOCTHKEHUH XUMHUHU ¥ (PU3UKHU C WX MPWIOKEHUSIMUA B COBPEMEHHOW HAHOTEXHOJIOTHH;

. Pa3BUBAIOTCS TIO3HABATEIbHBIC KOMIIETECHIIMU O00YYaIOIINXCS;

. AKTUBHO HCIOJIB3YIOTCSI COBPEMEHHBIE SKCIIEPUMEHTAIBHBIE U BBIYUCIUTENBHBIE METO/IBI;

. MOJIIEP’KUBACTCS OPUEHTALIUS 00yUYaIOMIKXCs Ha MOCIEAYIOUIYIO CTIEIUaTN3alHI0 B 00J1aCTH KaK

(hyHIaMEHTATBFHOW, TaK U MPHUKIATHON HAYKH.

COJIEPY)KAHUE KYPCA BHEYPOUHOM JEATEJILHOCTU
«COBPEMEHHBIE UCCIIEAOBAHUA U JOCTUXEHNA HAHOXUMUN»

11 KIJIACC
Paznen 6. MeTospl ncciieJoBaHUs HAHOCTPYKTYPHUPOBAHHBIX BEIIECTB U MATEPHUAIIOB
Tema 6.1. OnTHuecKre METOIBI



Teopwust. OnTnyeckne CBONCTBA HAHOYACTHUIT M HAHOMaTepuaioB. Mukpockonus. [udpakiimoHHbIN mpeert.
®oromerpus. CriekTpopoTOMETpHS: N3MEPEHHE MTPOIMYCKAaHNS, TIOTJIOMIEHHUS, IIOMUHECIICHIINH. J[nHamMudeckoe
CBETOpaccesiHUE.

IIpaktuka: IIpakTrueckas pabota: MUKpOCKOIIMUECKOE U3YUEHHE IIPerapaToB HaHOcepeOpa Ha CTEKIIax.
Tema 6.2. DneKTpoHHAsS MUKPOCKOTIHS

Teopust. DneKTpoHHAsE MUKPOCKOTINS: IPOCBEYHBAIOLIAS U CKAaHUPYIOLIasl.

Oco0eHHOCTH H3YUYeHHS OMOJIOTHIEeCKUX 0OBbEKTOB Ha HAHOYPOBHE.

[IpaxTuka: Ilpaktndeckas padota: CpaBHUTENBHBIA aHAIN3 N300paKEHUH HAHOCTPYKTYP, MOTydeHHBIX
3JIEKTPOHHON MUKPOCKOIIUEH.

Tema 6.3. PenTrenoBckas TupakToOMeTPHUs

Teopus. Pertrenoda3oBsiii anamu3. YIIupeHre MIKOB KaK MPU3HaK HAHOOOBEKTA M KaK CII0co0 OIEHKH pa3Mepa
KPUCTAUTUTOB. PEHTTeHOCTPYKTYpHBIH aHanmu3. OnpeaeneHrne CTpYKTYpbl HAHOPa3MEPHBIX 00bEKTOB Ha
aTOMHOM YpOBHE.

[Ipaktuka: IIpakTnyeckas pabora: Busyanuzanus cTpykTyp OMOIIOIMMEPOB, OJIyYEHHBIX METOOM
PEHTT€HOCTPYKTYpPHOTO aHaIN3a.

Tema 6.4. Ckanupyrorniasi 30H10Bast MUKPOCKOITHS

Teopust. TyHHENbHAs MUKPOCKOIUSA. ATOMHO-CUJIOBAsi MUKPOCKOIHA. AHAJIN3 HAHOCTPYKTYPhI IOBEPXHOCTEH.
Cratuyeckuil 1 JUHAMUYECKUHN PEKUM CKAHHUPOBAHUSL.

[paktuka: [IpakTryeckas paboTta: AHATU3 H300paKEHHH, MTOJTyYEHHBIX METOJIOM aTOMHO-CHIIOBOH
MHUKPOCKOIIUH, C IIOMOILBI0 COBPEMEHHOT'O IPOrPaMMHOT0 o0ecIiedeHusl. Y 4eOHO-UCCIIe10BATEIbCKUI
9KCIIEPUMEHT: M3yueHne MoBEpXHOCTH METOIOM aTOMHO-CHIIOBON MUKPOCKOIIHH.

Pazpen 7. ®yHKIHOHANBHBIE CBOMCTBA HAHOCTPYKTYPUPOBAHHBIX BEIIECTB U MATEPUATIOB

Tema 7.1. @yHKIIMOHAIBHBIC CBOHCTBA BEILIECTBA, 00ECIICUNBaEMbIC HAHOMATEPUATAMU

Teopus. CBepxHHU3Kasi CMauUBAEMOCTb. CaepxmpouHocTb. BricokoTemneparypHas
cBepXnpoBoaAuMOCTb. CBepxpuiubTpanus. CBepXbsipKoCcTh cBeToucyckanus. Cyxas anre3us (OMOMUMeETHKA
reKKOHa). MarHUTHBIE CBOMCTBA.

[IpakTuka. Y4ueOHO-MCCIEIOBATEIBCKHUI SKCTIepUMEHT: M3yuenne «3ddexra moroca» Ha mpuMepe JienecTka
po3sbl. 13mMepeHne kpaeBoro yria.

Paznen 8. HanoTexHOJIOTHM — MEPCIIEKTUBEI Pa3BUTHS U COCTOSHUE HAYKH Ha CETOHSIIIHUI 1eHb
Tema 8.1. CoBpeMeHHBIE IPUMEHEHNSI HAHOTEXHOJIOTHH

Teopus. CoBpeMeHHbIE TPUMEHEHNSI HAHOTEXHOJIOTHUH, 001IHiT 0630p.

IIpaxtuka. Bukropuna: HaHOTEXHOIOrMY B HAIIEH KU3HMU.

Tema 8.2. YrnepoHbsle HaHOMaTEPUAIIbI

Teopusi. Ocobas ponp  yraepona B HaHOMHUpE. Oynnepensl, rpadeH, HAHOTPYOKH.
[IpaxTuka. [IpakTnueckas pabota: MonenupoBaHue MPOCTPAHCTBEHHOM CTPYKTYPHI (QYILIEPEHOB.
Tema 8.3. Hanomarepuaisl 4J1s1 SHEPTETUKHU

Teopusi. Hanomarepuainsr B TOTIIMBHBIX 3JIEMEHTaX. JIuTuil-noHHBIE AKKYMYJISITOPBI.
CynepKoHIEHCATOPEL.

[IpakTuka. Y4eOHO-UCCIIEI0BATEIBCKUI SKCIIEPUMEHT: 3MepeHne eMKOCTH JINTHIH-HOHHOTO aKKyMYJISTOPA.
Tema 8.4. Hano3nekTpoHHKA

Teopus. 3akon Mypa. TexHoIOTHYECKHIT nporuece IIPOU3BOJICTBA HHTETPAIIbHBIX
MuKpocxeM. CUCTEMBI 3aluCcH HHPOPMAIIUH.

[IpaxTuka. [IpakTuueckas paboTa: AHaMU3 U300paKeHUS TOBEPXHOCTH KOMITaKT-IMCKa.

Tema 8.5. Hanomarepuansl B MEUIIMHE U SKOJIOTUU

Teopus. Hanoauarnocruka. IIpuMeHeHne HaHOMATEpHAIOB B TEepaInuu.

HanocopOentsi. @oTokaTtanuzaropsl. CaMOOUYHCTKA.

[Ipaktuka. [Ipaktndeckas padota: Buzyanusauns npocTpaHCTBEHHON CTPYKTYPBl HAHOOHOIIPENapaToB C
TTOMOIIHI0 COBPEMEHHOT'O TPOTPAMMHOTO 00€CTIEYeHNS.

Paznmen 9. AKTyanpHBIE  TIPOOJIEMBI B obmactu HAHOXHWMHH U HAHOTEXHOJIOTUHN
Tema 9.1. luckyccust

Teopusi. AKTyanbHbIe TPOOIEMBI B 00JIACTH HAHOXUMHK ¥ HAHOTEXHOJIOTHH.

[paktuka. UTorosas arrecramus. 3aueTHas paboTa.

[IJIAHUPYEMBIE PE3YJIbTATBI OCBOEHUS KYPCA BHEYPOUHOM JEATEJILHOCTU
«COBPEMEHHBIE UCCIIEJOBAHUA



N JOCTWXKEHI A HAHOXVMUIN»

JIMUHOCTHBIE PE3VJIbTATHI

B chepe rpakaaHCKOro BOCIIUTAHMS:

CIIOCOOHOCTB OTIPEACIIATH COOCTBEHHYIO IMO3UITUIO TIO OTHOIIICHUIO K SIBJICHUSM COBPEMEHHOM KU3HH U
OOBSICHATH €€;

TOTOBHOCTh K COTPYJHUYECTBY B IMPOIIECCE COBMECTHOTO BBITOIHEHUS YI€OHBIX, T03HABATEILHBIX U
HCCIIEIOBATENBCKHX 33124, YBOKUTESIHHOTO OTHOIICHHSI K MHEHUIO ONIIOHEHTOB MIPU 00CYKJICHUU CITOPHBIX
BOIIPOCOB €CTECTBEHHO-HAYYHOTO COJICPIKAHUSI.

B chepe marproTHUECKOr0 BOCIIUTAHU:

YBaKEHHE K TIPOIIECCY TBOPYECTBA B 0OJIACTH TEOPUH U MPAKTHYCCKOTO MPHIOKECHUS HAHOHAYKH, OCO3HAHHUSI
TOTO, YTO YCIIEXHM HAYKU M TEXHOJIOTUHU €CTh PE3YJIbTAT JIIUTCILHBIX HAOIFOICHUH, KPOTIOTIIMBBIX
AKCIIEPUMEHTAIBHBIX TTIOUCKOB, IIOCTOSIHHOTO TPY/Aa YUYCHBIX U MPAKTHKOB;

CIOCOOHOCTD OIICHMBATH BKJIAJ] POCCHICKUX YUCHBIX B CTAHOBJICHUE W PA3BUTHE HAHOXUMUH, TTOHUMAaHHUE
3HAYCHUSI HAYKU B MIO3HAHUU 3aKOHOB IIPUPO/IBI, B )KU3HU YEJIOBEKA M COBPEMEHHOI'0 00IIECTRA.

B chepe 1yxoBHO-HPABCTBEHHOT'O BOCITUTAHUS:

OCO3HAHHUE JTUYHOTO BKJIaJIa B IOCTPOCHUE YCTOMYMBOTO Oy IyIIEero; CIIOCOOHOCTD OIEHHBATL CHTYAIHIO H
MPUHUMATL OCO3HAHHBIC PEIICHHUS,

OPUEHTHPYSCh HAa MOPAJILHO-HPABCTBEHHBIC HOPMBI U [ICHHOCTH.

B cdepe acTeTnyeckoro BOCIUTAHHUS:

ACTETUYECKOE OTHOIIEHHE K MHpPY, BKJIIOYAs ICTETHKY HAYYHOTO U TEXHUYECKOTO
TBOPYECTBA.

B cdhepe popmupoBaHus KyJIbTyphl 310POBBS:

coONroieHne  TIpaBWJ Oe30macHoro  oOparmeHus c BEIIECTBAMH B OBITY, TOBCETHEBHOU

JKU3HU, B TPYAOBOH NIEATEIbHOCTH;

OCO3HAHHME MOCIIEACTBHIA ¥ HEMIPUATHE BPEIHBIX MPHUBBIYEK (YIOTPEOICHHS aIKOT0JIsl, HAPKOTHKOB, KYPCHHUS);
MOHMMaHWE  [EHHOCTH MPABHJI HHAWBUIYaTbHOTO " KOJUIEKTHBHOT'O 0€301acHOr0
MIOBEJCHUS B CUTYALUSIX, YTPOKAIOIIUX 340POBBIO U )KU3HU JIFOACH.

B cdepe TpynoBoro BocriuTaHus:

KOMMYHHKATHBHAs! KOMIIETEHTHOCTh B y4eOHO-HCCIIEI0BATEIbCKOMN IESITEIbHOCTH, OOIIECTBEHHO TOJIE3HOM,
TBOPYECKOM U IPYIUX BUJIAX IESATEIBHOCTH;

MHTEpEC K MPAKTUIECKOMY M3YUSHHUIO POGECCUil pa3InyHOrO POjia, B TOM YHCIIEe Ha OCHOBE PUMEHCHUSI
MpEeJIMETHBIX 3HAHU# 110 XUMUH U (PU3HKE;

YBaXEHHUE K TPY/LY, JIIOSIM TPY/Ia U Pe3yJIbTaTaM TPYI0BOM JeATeIbHOCTH; TOTOBHOCTh K OCO3HAHHOMY
BBIOODY WHJUBHAyAJIbHON TPaeKTOpUHU

oOpaszoBanus, Oyayiiel mpohecCHr 1 peaTu3aii COOCTBCHHBIX )KU3HCHHBIX TUIAHOB C YYETOM JIMYHOCTHBIX
HMHTEPECOB, CIIOCOOHOCTEH K HayKe, MHTEPECOB M MOTPeOHOCTEH 00IIecTRa.

B chepe sxonornueckoro BOCIUTaHU:

9KOJIOTUYECKH 1[e71eC000pa3HOe OTHOIICHHE K MPUPOJIE KaK UCTOYHUKY CYIIIECTBOBAaHHS )KU3HH Ha 3eMIie;
HAJIMYHE PA3BUTOTO YKOJIOTHYECKOTO MBIIUICHHS, SKOJOTHYECKON KYJIbTYPBI, OTbITA IS TEILHOCTH
KOJIOTUYECKOMN HaIpaBJICHHOCTH, YMCHUA PYKOBOJACTBOBATHECA UMU B HO3HaBaTeJIbHOI>'I, KOMMyHHKaTPIBHOP'I )41
COLIMAIbHOMN MPAKTHKE, CTIOCOOHOCTH M YMEHHSI aKTHBHO MPOTUBOCTOSATH MICOJIOTHH XeMO(pOoOHH;
CIIOCOOHOCTB MCIOJIB30BATh IPUOOPETAEMBbIC IPH U3YYEHUN HAHOXUMHU 3HAHHUS ¥ YMEHHUS TIPH PEIICHUN
npo0JIeM, CBSI3aHHBIX C PAIMOHAIBLHBIM MPUPOIOIOIBE30BaHIEM (COOJIIOICHHE MTPABIJI TOBEACHUS B IIPHPOJIE,
HAIpaBJICHHBIX HA COXpAaHEHHE PAaBHOBECHS B IKOCHCTEMax, OXpaHy BUIOB, IKOCHCTEM, Orochepsi);
OCO3HaHHKE II00ATLHOTO XapaKTepa IKOJIOTHYECKUX TPOOIeM U MyTel X PELICHHS.

B cdepe neHHOCTEH HAYyYHOTO O3HAHUS:

MMOHMMaHUE crenu(UKH HAHOHAYKH, OCO3HAHUE €€ POJIH B (QOPMHUPOBAHUY PALIMOHAIBLHOIO HAYYHOI'O
MBIIDICHHS, CO3[JAHUE IIEJIOCTHOTO MPEICTABICHHS

00 OKpYyKalolleM MHUpE KaK O MHCTBE IPUPObI, YETIOBEKa 1 00IIeCTBa, B IO3HAHUN NPUPOTHBIX
3aKOHOMEPHOCTEH M PEeIIeHUH MPOOIIeM COXPaHEHUs MPUPOAHOTO PaBHOBECHS,

MMOHUMAaHHE CYIIHOCTH METO/I0B IMO3HAHHUS, UCIIOIb3YEMBIX B €CTECTBEHHBIX HAayKaX, CIOCOOHOCTH HCIIOJIb30BATh
MoJTy4aeMble 3HAHUS 715 aHAJIM3a U OObSICHEHHS SIBJICHUH OKPY>KaIOIIEro MUPa U MPOUCXOJSIIIUX B HEM
W3MEHECHUH, yMeHHe JieNiaTh 000CHOBAaHHbBIE 3aKIIFOYCHUS HA OCHOBE HAYYHBIX (DAKTOB U JIAHHBIX, ITOJNyYCHHBIX B



X0JI€ Y4eOHO-MCCIIEZIOBATENHCKOTO AKCIIEPUMEHTA, C IIETBI0 MOTYUYSHHS JOCTOBEPHBIX BHIBOJOB;
3aMHTEPECOBAHHOCTH B MOYIEHUH €CTECTBEHHO-HAYYHBIX 3HAHUHN B IIEIISX MOBBIIICHHS 00IIEH KYIbTYPHI,
€CTECTBCHHO-HAYYHOW TPAMOTHOCTHY KaK COCTaBHOM YacTH (DYHKITMOHAIBHON IrPaMOTHOCTH, (DOPMHUPYEMOW TTPpH
o0yueHUH;

TOTOBHOCTP W CIIOCOOHOCTh K HEMPEPHIBHOMY O0pa30BaHUIO M CaMOOOPa30BaHUIO, K AKTHBHOMY
MOJTyYEHHUIO HOBBIX 3HAHUH B COOTBETCTBUH C KU3HCHHBIMH MMOTPESOHOCTIMH.

METAIIPEAMETHBIE PE3YJIbTATHI

B ciepe oBiamenus mozHaBaTelbHBIMA YHHBEPCAIBHBIMH YIE€OHBIMH JIEHCTBHUSIMH:

ba3zoBeie mornueckue AeiCTBUS:

CaMOCTOSITEIHHO (hOPMYITUPOBATh M aKTYaJIM3UPOBATH IPOOJIEMY, pacCCMaTPUBATh €€ BCECTOPOHHE;
WCIIONIF30BAaTh IPU OCBOCHWUHW 3HAHUI ITPHEMBI JIOTHYECKOT0 MBIIIUIEHUS (aHAIN3a, CHHTE3a, CPABHEHHS,
KJIacCU(UIIPOBAHUS, 00OOIICHHUS), PACKPHIBATH CMBICI HAYUHBIX IMOHATHH (BBIASIATH UX XapaKTEepHbIE
MPU3HAKY, YCTAHABIIUBATH CBSI3H C JPYTUMH TTOHATHIMHU);

OTIPEACTIATH ETH ISATSIILHOCTH, 33/1aBasl IapaMeTPhl M KPUTEPUHU UX JOCTIKEHUS, COOTHOCHUTD PE3YJIbTAThI
JEeSATENFHOCTH C TIOCTaBIEHHBIMH IIEIISIMU;

HCIOJIb30BAaTh HAYYHBIC MOHATUA OJIA O6’I:JICHCHI/I5[ (I)aKTOB U SBJIICHUH IIPUPOABI;

CTPOUTH JIOTHYECKUE pacCyXIeHUS (MHAYKTUBHBIC, NEAYKTUBHBIC, IO AHAIOTHH ), BBISBIATH 3aKOHOMEPHOCTH
Y IPOTHBOPEUHS B pACCMATPUBAEMBIX SBJICHUAX, (DOPMYyITUPOBATH BBIBOBI M 3AKITFOUEHUS;

HpI/IMeHSITI) CXEMHO-MOJCJIBbHBIC CpeI[CTBa JJIA HpeI[CTaBJ'ICHI/Iﬂ CYHICCTBCHHBIX CBSI3CI>1 nu OTHOHICHI/Iﬁ B
M3y4aeMbIX 00BEKTaX, a TAKXKE MPOTUBOPEUHI PA3HOTO POA, BEISIBICHHBIX B Pa3TUIHBIX HHPOPMAITMOHHBIX
HCTOYHHUKAX;

pa3pabaThIBaTh IUIAH PEUICHUS TPOOJIEMBI C YYETOM aHAIN3a UMCIOIIUXCS MaTEPUABHBIX U HEMaTepHaIbHBIX
pecypcoB.

BbaszoBrie ncciaenoBaTeaIbCKUE IEHCTBH:

BIIA/IETh HAYYHON TEPMUHOIOTHEH, KIFOUEBBIMH MOHATHAMA U METO/IaM{ HAaHOHAYKH;

BJIaJICTh HABBIKAMHU YUE€OHO-UCCIIEIOBATENBCKOM U IPOEKTHON e TETLHOCTH, HABBIKAMHU Pa3pelleHuUs IPOOIIeM;
CIIOCOOHOCTBIO M TOTOBHOCTBIO K CAMOCTOSATEIIEHOMY TIOMCKY METOZOB PEIISHHSI MTPAKTHIECKUX 33134,
MIPUMEHEHUIO PAa3IMIHBIX METOJIOB MTO3HAHMS,

HNCITI0JIb30BaATh pa3anHHe BUBI ACATCIIBHOCTH 110 nonyquI/no HOBOI'O 3HaHHs, €T0 I/IHTepHpeTaHI/II/I,
Hpeo6pa3OBaHmo nu HpI/IMeHeHI/IIO B y‘Ie6HLIX CI/ITyaHI/ISIX, B TOM YHHUCJIC HpI/I CO31aHNU y‘Ie6HLIX 1 COLIUAJIBHBIX
MTPOEKTOB;

q)OpMI/IpOBaTB Hay‘IHLIﬁ THIT MBIIIIJICHUS, BJIaJICTh Haquoﬁ TepMHHOHOFHeﬁ, KJIKOUCBBIMHU ITOHATHUAMHU U
METOJaMU;

CTaBUTH U (POPMYITUPOBATH COOCTBEHHBIE 33/1a4l B 00Pa30BaTEIbHOMN JAEATEINHHOCTH U )KU3HEHHBIX CHTYAIIHX;
YMETh HHTETPUPOBATH 3HAHHUS U3 PA3HBIX MPEJAMETHBIX 00JIaCTe.

Pabora ¢ uadopmarueii:

BIIa/IETh HAaBBIKAMH TTOyYeHUsI HH()OPMAIINU M3 HCTOYHUKOB Pa3HBIX THIIOB, CAMOCTOSTEIBHO OCYIIECTBISATh
TTOWCK, aHAJIN3, CHCTEMATH3AIINI0 U MHTEPIPETAIINIO HH)OPMAIIUU Pa3IUIHbIX BUIOB U OPM IMPEICTaBICHHUS;
OIICHUBATh JIOCTOBEPHOCTh MH(OPMAIINH;

(hopMyJIMPOBATH 3aIIPOCHI U MPUMEHSTH Pa3IMYHbIE METO/IbI PU MIOMCKE U 0TOOpe HHpOPMAIIHH, HEOOXOAUMOM
JUTSL BEITIOJTHEHHS yUeOHBIX 33]1a4;

CaMOCTOSITEIIBHO BEIOMPATH ONTUMANILHYIO (OpMY TpeicTaBlieHus HHpopMaruu (CXeMbl, TpaduKh, TuarpaMmel,
TaOJIHIBI, PUCYHKH U JIP.);

WCTIONB30BaTh HAYYHBIH S3BIK B KayecTBE CpeAcTBa npu pabote ¢ MHPOpMaLUen: NPUMEHATh XUMHYECKHE,
(du3nUecKkue 1 MaTeMaTuIecKue 3HaKU U CUMBOJIBI, (QOpMyJbl, ab0peBUaTypy, HOMEHKIATYPY, HCIIOIb30BaTh
U IpeoOpa30BbIBATh 3HAKOBO-CUMBOJIMYECKHE CPEACTBA HATJISAHOCTH.

B cdepe oBnagenns yHuBepcaabHBIME KOMMYHHKATUBHBIME JCHCTBUSMU:

OCYIIECTBIIATH OOIIEHIE BO BHEYPOUHOM JIEATEIIbHOCTH;

Pa3BEPHYTO U JIOTUYHO M3JIaraTh CBOKO TOUKY 3PEHMS C UCIIOIb30BAHUEM SI3BIKOBBIX CPEJCTB;

MMOHUMATh U UCIO0JIb30BATh IPEUMYIIECTBA KOMAaHIHON U UHIUBHULyadbHOH paboThI;

BBIOMpPATh TEMAaTUKY U METOJIbI COBMECTHBIX JICHCTBHUII C y4eTOM OOIINX HHTEPECOB U BO3MOXKHOCTEH Ka)10T0
YJIEHA KOJUIEKTUBA;

MPUHUMATh LEJIM COBMECTHOM JE€SATENBHOCTH, OPraHM30BBIBaTh U KOOPAMHUPOBATH JACUCTBUSA 110 €€
JOCTHKEHHIO: COCTABIISITH TUIAaH JIEHCTBUHM, pPacIIpEeAEIsITh POJIM C yYETOM MHEHHI Y4aCTHHKOB, 00CYKAaTh
pe3yabTaThl COBMECTHOM pabOTHI;



OIICHMBATh KAYECTBO CBOETO BKIIA/Ia M KaXJIOTO yYACTHHKA KOMaH bl B OOIIHIA pe3ylbTar 1o pa3paboTaHHBIM
KPUTEPHSIM;

MpejiaraTh HOBBIC MMPOEKTHI, OIICHUBATH UJICH C MTO3UITMH HOBU3HBI, OPUTHMHAIBHOCTH, TPAKTHYECKOM
3HAYUMOCTH;

OCYIIECTBISTh TO3UTHBHOE CTPATETUIYECKOE TTOBEACHUE B PA3ITUYHBIX CUTYAIIHSX, IPOSIBISITH TBOPUECTBO U
BOOOpaKeHUE, OBITh MHUIIUATUBHBIM.

B cdepe oBnanenus yHuBepcaabHBIMHU PETYJISTUBHBIMH JCHCTBUSMU:

CamoopraHu3amwsi:

WCTIOJIb30BaTh HAYYHbIC 3HAHHS JJIs1 BRISIBICHUS ITPOOJIEM U MX PEIICHHS B )KU3HEHHBIX H YUEOHBIX CUTYAIIHSAX;
CaMOCTOSITEIILHO OCYIIECTRIISITh MO3HABATEIBHYIO JICATSILHOCTD, BBISABIATH MPOOJIEMBI, CTABUThH U
(hopMympoBaTh COOCTBEHHBIE 33]1a4H;

CaMOCTOSITEIBHO COCTABIIATH MJIaH BHITOTHEHUS YUeOHO-HUCCIIEA0BATEIbCKOTO SKCIIEPUMEHTA C YIETOM
HUMEIOIIUXCS PECYPCOB, COOCTBEHHBIX BO3MOKHOCTEH U MPEATIOUTCHUH;

pacImmpsTh paMKH y4eOHOTO MpeIMeTa Ha OCHOBE JIMYHBIX MPEANOYTeHHN; AeTIaTh OCO3HAHHBIN BEIOOD,
apryMEHTUPOBATh €ro, OpaTh Ha ce0sl OTBETCTBEHHOCTh

3a pELICHUE;

OIIEHWBAThH MPHUOOPETCHHBIN OIIBIT;

croco0CTBOBaTh (POPMHUPOBAHUIO U MPOSIBIICHUIO PYIUIIUHN B 0OJIACTH €CTECTBEHHBIX HAYK, TOCTOSITHHO
MOBBIIIATH CBOM 00pa30BaTEIbHBIN U KYJIbTYPHBIH YPOBEHb.

CaMOKOHTpOJIb:

JIaBaTh OLICHKY HOBBIM CUTYalIUsSIM, BHOCUTh KOPPEKTUBBI B I€ATEIbHOCTh, OLICHUBATh COOTBETCTBUE PE3YIbTATOB
LETISM;

MIPUHUMATh MOTHBBIU apryMEHTBI JIpYTUX NIpH  aHalu3e pe3yNbTaTOB JESTENbHOCTH;
HCTIONB30BaTh MPHUEMbI pedIIEKCUH ISl OLICHKH CUTYalluH, BEIOOpa BEPHOTO PELICHNUS;
YMETH OLICHUBATH PUCKU U CBOEBPEMEHHO IPUHUMATh PEIICHUS 10 WX CHIKCHHIO.

[Ipunstue ceds U APyrux:

MPUHUMATE ce0s1, MOHUMAsi CBOU HEJOCTATKU M JOCTOMHCTBA; IPU3HABAThH CBOE IIPAaBO U MPABO APYIHX Ha
OLIMOKH.

[NPEAMETHBIE PE3VYJIbTATHI

[To uroram peanuzanuu IIporpammsel oOyuaromiiecs OyayT 3HATh:

OCHOBHBI€ MOJIOKEHUSI 3aKOHOB, TEOPHUil, 3aKOHOMEPHOCTEH, IPaBHJI, THIIOTE3 B 00JACTH COBPEMEHHBIX
HaHOHAYKHU M HAHOTEXHOJIOTHUH;

ouorpaduyeckre TaHHBIE U OCHOBHBIE JIOCTH)KEHHS BEAYIUX NPEICTABUTENEH HAYKH O JUCIIEPCHBIX Cpeax u
HaHOXUMMHY;

OCHOBOIIOJIArarone HAHOXUMHUYECKHE TEPMHUHBI U TIOHATUS (HAHOYACTHILAa, HAHOMATEPHaJibl, HAHOCTPYKTYPHI,
HaHOCHUCTEMBI U JIp.);

CTpOECHHE OCHOBHBIX HaJMOJEKYISPHBIX CTPYKTYD, MPHUCYTCTBYIOLINX B JIUCIEPCHBIX
cpenax;

BO3MOXHOCTH HaINpaBJIeHHOTO CUHTE3a ¥ MOJU(HUKAIUN HAHOCTPYKTYPUPOBAHHBIX BEIIECTB H MAaTEPHAIIOB;
(yHKIIMOHABHBIC BO3MOXKHOCTH HAHOCTPYKTYpPHUPOBAaHHBIX BEIIIECTB U MaTepPHAaJIOB,;

OCHOBHBIEC METO/Ibl HAYYHOTO TIO3HAHUS, UCIIOJIb3yeMbIe B HAHOXHUMHUYECKUX U HAHOTEXHOJIOTUIECKIX
HCCIICOBAHUSAX

KJIFOUEBBIE JOCTHIKEHNS B 001aCTH HAHOTEXHOJIOTHH;

OCHOBHBIE ITPUIIOKEHUSI HAHOCTPYKTYPUPOBAHHBIX BEILIECTB U MATEPUAIIOB.

[To uroram peanmzanuu [Iporpammer oOyuaromniiecs OyayT yMeTh: TIOIb30BaThCSI TEPMHUHOJIOTHEH, OTHOCAIIIEHCS
K HAHOXUMUU U HAHOTEXHOJIOTUU; PA3IMYATh  pa3JIMYHbIC YPOBHH OpraHU3allUd  MaTepuu

B HAHOCTPYKTYPHUPOBAaHHBIX O0BEKTAX;

coOMpaTh MIapO-CTEP)KHEBBIE MOJETH CTPYKTYP HAHOOOBEKTOB;

MIPUMEHATH IPOTpaMMHOE OOecTIieueHHe T BU3yalIn3alii POCTPAHCTBEHHOM CTPYKTYpPhI HAHOOOBEKTOB;

MJIaHUPOBAThL U MMpOBOJUTH y‘l66HO-I/ICCHGZ[OBaTCHLCKHﬁ OKCICPUMCHT 110 U3YUCHUIO CBOICTB
AUCTICPCHBIX CUCTEM;

AHAJIM3UPOBATH I/I306pa)KeHI/I$I HAaHOCTPYKTYPHUPOBAHHBIX O6T)eKTOB, IMMOJIYYCHHBIC PA3JINYHBIMH ME€TOJaMU
HU3YUCHHA,

YCTaHAaBJINBATb B3aMMOCBA3HU MCXKAY HaYKOﬁ n TCXHOJIOTUAMMU,

HaHOMaTEpUuajlaMu U UX CBOI:ICTB&MH, METOAAMH UCCICAOBAHNA U UX BO3MOXXHOCTAMU, OLICHUBATH OTHYCCKUEC



ACIICKTBI

COBPEMEHHBIX HCCIICIOBAaHUI B 00J1aCTH HAHOTEXHOJIOTHIA;
CaMOCTOSITETTFHO PabOTaTh C ICTOYHUKAMH JIOTIOTHUTEIHHOMN TNTEPaTyphl U HHTEPHET-PECypCaMu, BKITIOYas
pecypchl Ha aHTJIIUICKOM SI3bIKE.

TEMATHYECKOE IINTAHUPOBAHUE

10 KJIACC
No Haumenosanue Konuuwecmeo IIpoepammnoe Xapaxkmepucmuka
n/n paszoenos 4yacos cooepoicanue oesmenbHoCmu
u mem Kypca obyualowuxcs
Pa3nesn 6. MeToabl cciie10BAHUSI HAHOCTPYKTYPHPOBAHHBIX BellleCTB U MAaTEPHAJIOB
6.1 | Onruueckue 4 Onruyeckue CBOICTBA | Vyepno-
METO/IbI HaHOYaCTHIL uccne008amenbCeKull
¥ HAaHOMaTEPHAJIOB. IKCnepuMenm:
Mukpockommus. Mukpockonu4eckoe
HudpaKiuoHHbIi U3y4YeHUE [PEernapaToB
npezien. GoToMeTpHL. HaHocepeOpa Ha CTeKJIax
CrnexktpodoTomMeTpus:
M3MEPEHHUE MPOTYCKAHHS,
MOTJIOLIECHUS,
JIFOMHUHECLIEHIINH.
JlnHamu4deckoe
CBeTOopaccesHue
6.2 | DmexTpoHHAs 3 [TpocBeunBaromas Ilpakmuueckas paboma:
MHUKPOCKOTIHS AIIEKTPOHHAS CpaBHHTENBHBIN aHATH3
MUKPOCKOIIHS. n300pakeHH
Ckanupytomas HaHOCTPYKTYD,
AIIEKTPOHHAS MIOJTY4EHHBIX
MHUKPOCKOTHS. JIEKTPOHHOU
Oco6eHHOCTH U3YYeHHs | MUKPOCKOMHEH
OHMOJIOTUYECKUX
00BEKTOB
Ha HaHOYpPOBHE
6.3 | PeHTreHoBCcKas 4 PentrenodazoBebrit Ilpakmuueckas paboma:
TU(PPaKTOMETPUS aHanu3. YIIUpeHue Buszyanuszanus cTpykTyp
IIAKOB KaK MMPU3HAK OHONOIMMEPOB,
HaHOOOBEKTA U KaK MOJTyYSHHBIX METOJIOM
Croco0 OIEHKH pa3Mepa | peHTTeHOCTPYKTYPHOTO
KPHCTAJUIUTOB. aHaIM3a




PeHTreHOCTpyKTYpHBII
ananu3. Onpenenexnue
CTPYKTYpBI
HaHOPA3MEPHBIX

00BEKTOB HA aTOMHOM

YpOBHE
6.4 | Cxanupyromias 6 TyHHenbHAs Yuebno-
30H/10Bast MUKPOCKOIIHSA. ATOMHO- | UCCe008ameNbCKUlL
MUKPOCKOIHS CUJIOBasi MUKPOCKOIIMSL. | 9KCHEPUMEHM.:
Ananus H3ydeHue noBepxXHOCTH
HaHOCTPYKTYPBI METO/I0M aTOMHO-
ITOBEPXHOCTEH. CUJIOBOM MUKPOCKOIIUH.
Cratuueckuii
1 TMHAMAYECKUN Ilpaxmuueckas paboma:
PEXKUM CKaHUPOBAHUS AHanu3 n300paxxeHu,
HOJIy4YEHHBIX METOJIOM
aTOMHO-CHJIOBOM
MUKPOCKOIIHUH,
C TIOMOILIBIO
COBPEMEHHOT'0
IPOrPaMMHOT0
o0ecrieueHus
Hroro no pazneny 17

Pazgen 7. ®yHKIIMOHAJIBHBI

€ CBOCTBa HAHOCTPYKTYPHPOBAHHBIX BeIIECTB U MATCPHAJIOB

7.1 | ®yHKIMOHATbHBIE 5 CepxHu3zKas Yuebno-
CBOMCTBA BEIIESCTBA, CMa4YHUBaE€MOCTb. uccneoosamenbCKkuil
o0ecrieunBaeMble CBepXIIPOYHOCTb. 9KCHEPUMEHM.:
HaHOMaTepHaJlaMy Bricokoremmnieparypnast | Usyuenue «apdexra
CBEPXIPOBOJIUMOCTb. JI0TOCa» Ha MpUMeEpe
CaepxunbTpanusi. JernecTKa po3bl.
CBepXbIPKOCTD W3mepenue kpaeBoro
CBETOUCITYCKaHUSI. yria
Cyxas anre3us
(bnommmeTHKa
rekKoHa). MarHuTHbIe
CBOMCTBA
Hroro mo pazneny )




Paznen 8. HaHOTEeXHOJIOTMH — MEPCNIEKTUBBI PA3BUTHS M COCTOSIHME HAYKH

HA CeroAHSIIHUH JeHb

8.1 | CoBpemeHHbIE 1 OOwwmii 0630p Bukmopuna:
PUMEHEHHS COBPEMEHHBIX HaHOTEXHOIOI I
HAHOTEXHOJIOTHU PUMEHEHHH B HAIIEH KU3HH

HAHOTEXHOJIOTHU

8.2 | Yrumeponansie 2 Ocobas porns yriepona | [Ipakmuueckas paboma:

HaHOMAaTepHAaJIbI B HAHOMHMpE. MonenupoBanue
®ynnepensl, rpades, IIPOCTPAHCTBEHHOMN
HaHOTPYOKH CTPYKTYpPHI PyJuIepeHOB

8.3 | Hanomarepuannl 2 Hanomarepuainsl Yuebno-

JUTSL SHEPTeTUKU B TOIUIMBHBIX uccne0o8amenbCKull
AIIEMEHTAX. 9KCHEePUMEHM.:
JIuTnii-noHHbIE H3mepenne eMmkocTH
aKKyMYJISITOPBIL. JUTUI-UOHHOTO
CymepKkoHIeHCATOPEI aKKyMYJISITOpa

8.4 | HanosnexkTpoHnuka 2 3akoH Mypa. Ipaxmuueckas paboma:

TexHonornyeckuit AHanu3 n300paxeHus
MpOIIeCC MPOU3BOICTBA | MMOBEPXHOCTH KOMITAKT-
MHTETpaIbHbBIX JIICKa
MUKpocxeM. CHCTeMBI
3anucH HHGOpMaIU

8.5 | Hanomarepuanbl 2 Hanoguarnocruka. Ilpakmuueckas paboma:
B MEJIUIMHE [Tpumenenue Buzyanmzanus
Y 9KOJIOTHH HaHOMaTepHUalloB POCTPaHCTBEHHOMH

B TepaIHH. CTPYKTYPBI
HanocopOeHTHI. HaHOOMOIpenaparos
doTokaTanu3aTopsl. C TIOMOUIBIO
CamooumncTka COBPEMEHHOTO
POTPaMMHOTO
obecrieueHus
Wroro mo pasnenry 9

Pazgen 9. AkryanabHble NpodJieMsbl B 00J1a

CTH HAHOXMMHUHU N HAHOTEXHOJIOI'UHN

9.1 | Huckyccus 3 AxkTyanbHble TpobaeMbl | MTorosas arrectarus.
B 00JaCTH HAHOXMMUHU | 3ayeTHas paboTa
Y HAHOTEXHOJIOTUU

Wroro mo pasnenry 3

Bcero ko1muecTBo 4acoB 34

no IIporpamme 3a rog




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. ®enepaneubiii 3akon or 29 gaexabps 2012 r. Ne 273-®3 «O6 o6pazoBaHuH B
Poccuiickoit denepanniny.

2. @enepanbHbIi TOCYJAPCTBEHHBI 00pa30BaTebHBIA CTAHAAPT CPENHEr0  OOIIEro
oOpazoBanus (yTBepKIeH mpukazoM MwunoOpuayku Poccum ot 17 wmas 2012 1. Ne 413;
3apeructpupoBad MuntoctoM Poccun 7 urons 2012 1. Ne 24480).

3. ®epmepanbHas  o0pasoBaTelbHas IporpaMma  CpelHero  obuero  oOpa3oBaHUs
(yrBepkaeHa mpukazom MunmnpocBenienus Poccun ot 18 mas 2023 r. Ne 371; 3apeructpupoBaH

Munroctom Poccun 12 uromnst 2023 . No 74228).

Cnucok Jureparypsl

1. AxmeroB M.A. BeJeHre B HAHOTEXHOJIOTHU. XUMUS : yueOHOE TI0COOUE I ydaIuXCs
10-11 xumaccoB cpenHux o0meoOpa3oBaTenbHBIX yupexxaeHuid / M.A. AxmeroB. — CaHKT-
[TetepOypr : O6pa3oBarenbHbIA HeHTp «YuacTre», OOpa3oBaTenbHbie mpoekThl, 2012. — 108 c.

2. Axmerosa A.U. «®emtoCkan Ounnaiin»: 06pa6otka u puibTpamus n3odpaxenuii / A.M.
Axwmerosa, JI.W. SAvunckuii, U.B. SImunckuii / Hanounaycrpus. — 2024, — T. 17, Ne 3-4(127). — C.
178-183.

3. borateipeB B.A. MeToabl cHHTE3a HAHOYACTHII C IUIa3MOHHBIM pe3oHaHcoM / B.A.
borateipes, JI.A. Jpikman, H.I'. XneOuoB : ydeOnoe mocobue. — CapatoB : CI'Y umm. H.I'.
Yepnspimesckoro, 2009. — 35 c.

4, Bonkopa C.A. CoBpeMeHHBIE HCCIEIOBAaHMS B OOJACTH HAHOTEXHOJOTWH B
coJiepkaHuy xuMudeckoro oopazosanus / C.A. BomkoBa. — Mocksa, 2015. — 304 c.

5. Tymumun  E.A. Hanorexmomorun — mpopeie B Oymymee! / E.A. Tymuman  //
O6pazoBarenbHas nonmutuka. — 2020. — Ne S5. — C. 54-57.

6. Epemun B.B. Hanoxumus u nanorexnonoruu / B.B. Epémun, A.A. JIpo3oB. — Mocksa :
Hpoda, 2009. — 112 c.

7. 3umon A.Jl. 3anuMarenbHas KomnougHas xumus / A.Jl. 3umoH. — Mocksa : URSS, 2017.

—-253¢.



8. Menpuukosa H. [Tonyyenne W u3y4yeHHE CBOMCTB BELIECTB, COCTOSIIHUX W3 YACTHI]
HaHO- U MHKpopasmepoB / H. MenbuukoBa, E. ['neymeBa, b. MamrakoB. — Cankr-IletepOypr :
IlIxonpnas mura, M3garenscTBo «Jlemax, 2013. — 20 c.

9. Mukpo- u HaHOMHUpP cOBpeMeHHbIX Matepuanos / nox pen. FO.Jl. Tperbskosa. — MockBsa :

Xumopak MI'Y, 2006. — 68 c.

10. Hanorexnonoruu. Az6yka mis Beex / mox pen. FO.JI. TperbskoBa. — Mockpa :
OU3MATIIAT, 2008. — 368 c.

11. O BkmoYeHMM OCHOB HAHOXMMMH B COJEP)KAHHE INKOJILHOTO XMMHYECKOIO
obpaszoBanus / C.A. BomkoBa, A.A. Ubarymmun, C.B. Porateix [u ap.] // Xumus B mkoie. —
2023. — Ne 6. — C. 19-24.

12. ats HOOECTICBCKUX YPOKOB (IpakTUKyM JUIs CTapUIEKJIACCHUKOB 110
CKaHUpYoIIeH 30H10B0 Mukpockonun) / A.B. Bonbmrakosa, E.B. JIyoposun, 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 : [Ipocsemienune, 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 PELICHHS 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.
16. Illep6akos A.b. IlpakTMkyM 0O HaHOMaTepuanaM U HaHoTexHomorusM / A.B.

[lep6akos, B.K. UBanoB. — Mocksa : MI'Y, 2019. — 368 c.

HHTepHeT-I/ICTO‘IHI/IKI/I

1. Beepoccuiickast MHTEPHET-0IMMITHA/A IO HAHOTEXHOJIOTHAM [ DJIEKTPOHHBIA pecypc]. —

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

2. Hanorpan [Dnextponnsiii pecypc]. — URL: https://palm.school/
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TEMATHYECKOE IINTAHUPOBAHUE

11 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

20



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

22




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
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12 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
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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
¥ HAHOTEXHOJIOTUH

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 HCTIONB3YIOTCS METOIMYECKUE TTOCOOHS,
TUIAKTHYECKHE MaTepuaibl, (OTO- M BHACOMATEPUANBI, KOHCTPYKTOPHI JI CO3JAHHS IIApO-
CTEPKHEBBIX MOJIENECH XUMHYECKHX CTPYKTYp; >KYpPHaJbl W KHUTH, O030pbl U OpPUTHHAIBHBIC
nyOnuKanuy, 0a3bl IaHHBIX, IPOrpaMMHOe oOecriedeHue JJi PUCOBAHUSA XUMHUYECKUX 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.

MarepunanbHO-TeXHHYeCKHe yca0oBus peanusanuu IIporpammsi
[TponykTUBHOCTH pabOTHl BO MHOTOM 3aBUCHUT OT KauecTBa MaTepUalbHO- TEXHUYECKOTO
ocHaieHus npouecca. [Iporpamma peanusyercs B ayIuTOpUU 00pa30BaTEIbHOW OpraHU3alUU 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. ®enepaneubiii 3akon or 29 gaexabps 2012 r. Ne 273-®3 «O6 o6pazoBaHuH B

Poccuiickoit denepanniny.

2. ®enepanbHBIl TOCYNApPCTBEHHBIH O00pa30BATENBHBI CTAHAAPT CPENHETO  OOIIETO
oOpa3oBanus (yTBep)KIeH mpukazoM MwunoOpHayku Poccum ot 17 wmas 2012 r. Ne 413;
3apeructpupoBad MuntoctoM Poccun 7 urons 2012 r. Ne 24480).

3. @enepanbHas  oOpa3zoBaTeNbHas OpPOrpaMMa  CPEIHEro  OOIEro  0Opa3oBaHHMs

(yrBepkaeHa mpukazom MunmnpocBenienus Poccun ot 18 mas 2023 r. Ne 371; 3apeructpupoBaH

Muntoctom Poccun 12 urons 2023 1. Ne 74228).

Cnucok JimTeparypsl

17. AxmeroB M.A. BBejeHHEe B HAHOTEXHOJOIMH. XHMHS : ydeOHOE IocoOue s
yuamuxcs 10-11 kmaccoB cpemHux o0IIeoOpa3oBaTeNbHBIX yupexacauii /| M.A. AXMeETOB. —
Cankt-IlerepOypr : OOpa3zoBarenbHblid HEHTp «Yyactue», OOpazoBarenbHble MPOEKThI, 2012, —
108 c.

18. Axmerora A.U. «®emroCkan OnnaitHy: 06paboTka u GuIbTpamus uzoopaxkennuii / AU,
Axwmerosa, JI.W. SAvunckuii, U.B. SImunckuii / Hanoungycrpus. — 2024, — T. 17, Ne 3-4(127). — C.
178-183.

19. Borareipes B.A. MeTozbl CHHTE3a HAHOYACTHI[ C IUIA3MOHHBIM pe3oHaHcoM / B.A.
borateipeB, JI.A. [Ipikman, H.I'. XnebuoB : yueOHoe mnocobue. — CapatoB : CI'Y um. H.I.
Yepnspimesckoro, 2009. — 35 c.

20. BonkoBa C.A. CoBpeMeHHbIE MHCCIENOBaHHA B O0OJACTH HAHOTEXHONIOTHH B
coJiepkaHuy xuMudeckoro oopazosanust / C.A. BomkoBa. — Mocksa, 2015. — 304 c.

21. T'ynumun E.A. Hanortexmomorun — mpopeiB B Oyaymee! / E.A. Tyguman //
O6pazoBarenpHast monmutuka. — 2020. — Ne S5. — C. 54-57.

22. Epemun B.B. Hanoxumus u Hanotexnosoruu / B.B. Epémun, A.A. Jlpo3ioB. — Mocksa :
Hpoda, 2009. — 112 c.

23. 3umon A.Jl. 3anumatensHas komnoupHas xumus / A.Jl. 3umoH. — Mocksa : URSS,

2017.-253 c.
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24. Menbuukosa H. [TonydyeHue M HM3y4EHHE CBOWCTB BEIIECTB, COCTOSIIUX M3 YaCTHI]
HaHO- U MuKpopasmepoB / H. MenbaukoBa, E. ['meymeBa, b. MamrakoB. — Cankt-IlerepOypr :
IlIxonpnas mura, M3garenscTBo «Jlemax, 2013. — 20 c.

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 HAHOXHMHUHM B COIEPKAHME IIKOJBLHOIO XMMHYECKOIO
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. lllepbakoB A.B. IIpakTukym Mo HaHOMaTepHagaM M HaHoTexHomorusm / A.B.

[lep6akos, B.K. UBanoB. — Mocksa : MI'Y, 2019. — 368 c.

HHTepHeT-I/ICTO‘IHI/IKI/I

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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