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HOACHUTEJBHASA 3AIINCKA

Hanoxumus sABISIETCS €CTECTBEHHO-HAYYHOM OCHOBOM HAHOTEXHOJIOTHU,
UTPAIOIIMX KpallHE Ba)XXKHYIO pPOJb B COBPEMEHHOM TEXHUKO-3KOHOMUYECKOMN
napanurme. HaHoxumust uccienyer cnocoObl MOMyYeHUs U CTaOMIn3alii, CBOWCTBA,
CTPOEHHME M OCOOEHHOCTM XHMHUYECKUX IPEBpAIICHUN HAHOOOBEKTOB U
HAaHOMATEPHUAJIOB, a TaKKE€ MX IPAKTHYECKUE NpwiokeHus. HaHoxumus crana
JOTUYECKUM  PAa3BUTHEM  KOJUIOWJIHOW  XHMHMH, C  OJHOHW  CTOPOHBI, H
CYIPaMOJIEKYJIIpHOU XUMUU — ¢ Apyro. O0e 3TUX AMCUUIUIMHBI KPUTUYHO Ba>KHBI
JUIsl KOPPEKTHOTO MOHUMAaHNs HAHOXUMHUYECKHX MTOAX0I0B.

Pa3BuTrEe HAHOXMMUM W HAHOTEXHOJOTHUWA CETrOAHS CIYXKUT (POKycoM ISt
IPWIOKEHUST CUJI  BEOYyLUIMX YUYEHBIX U  HCCIEIOBATEIBCKUX  KOJIJIEKTUBOB.
Hanomarepuansl Ha OpPraHM4EeCKOM M HEOPraHUYECKOW OCHOBE NPHUMEHSIOTCA B
OTPOMHOM KOJIMYECTBE INPOAYKTOB COBPEMEHHOW MPOMBINUIEHHOCTH. OnuchIBaeMoe
HaIlpaBJICHUE CIIY)KUT OJHHMM M3 CTOJIIOB Tak HasbiBaemMond NBIC-konBepreHumnu,
BXOJISIIIEH B SIpO MpecKa3biBaeMoro gpyrypojgoramMu VI TEXHOJIOTHYECKOTrO yKIaaa.

PabGouass mporpamMmma Kypca BHEYpPOUHOM JesTeNbHOCTH «COBpEMEHHBIE
UCCJIEIOBAaHMUSI U JOCTHXKEHHMsS] HaHOXUMuUW» (nanee — Ilporpamma) ectecTBEHHO-
HAyYHOW HAaNpaBIEHHOCTH TO3BOJSIET OCBETUTH oOydarommmcs 10-11 kiaccoB
OCHOBHBIE TE€3UCHl HAHOXWMUH, & TAK)KE HAMETUTb OCHOBHBIE HAIIPABJICHUS PA3BUTHUS
HAayKd O MHpPE HAHOOOBEKTOB M €€ TEXHOJOTMYECKHX NPWIOKEHUH, MOIYyYUTh
IIOHATHE O COBPEMEHHBIX HAayyHbIX MeTonax. Peammsanms I[Iporpammel 11O3BOJIAT
JOCTHYb 00JIe€ MOJHOrO MOHUMAHUS IIKOJIbHUKAMH €CTECTBEHHO-HAYYHOIO MOAX0/a

K U3YUCHHIO IIPUPOABLI U pa3BUTHUIO HA €TI0 OCHOBC TCXHOHOFHﬁ, MCHSATIOINUX MUDP.

AKTyaabHOCTH [IporpaMmmbl

HaHnoxumusi B CBOMX MPOSIBJICHUSX OTHOCUTCSI K 00JIACTH €CTECTBEHHBIX HAyK B
nejaoM. M3HaganbHO  CPOPMHUPOBABIIUCHL HA  CTHIKE XUMHM H  (U3HKH,
HAHOXMMHUYECKHAE MOAXOJbl BO MHOTOM BJIMSAKOT HAa COBPEMEHHOE IIOHHMMAaHHE

MOJIEKYJISIPHBIX OCHOB OMOJIOTHH U IPYTUX HayK. TeM He MeHee B IIKOJbHBIX Kypcax



II0 ECTECTBEHHO-HAYYHBIM IIPEIMETAM TEMbI, CBS3aHHbBIE C HAHOXUMHEM,
pacmoJiararoTcsi TIOpO3Hb W 3aHMMAIOT KpalHe Maiblii oOmuii o0bem. B dactm
Bo3MokHOTO nyOmupoBanusi ¢ @OIT COO nmo mpeametHoit obnactu «EcTecTBeHHO-
Hay4yHbIe MpenMeTsl» [Iporpamma modTu HE mMepecekaeTcss HU C  (eaepanbHOi
paboueili mporpaMMol TO y4eOHOMY MpEaMeTy «XUMHUS» (TeMbl «AJIOTPOIHBIC
moaudukanuu yraepoaa», «[lonstue o nucnepcHeix cuctemaxy, «Ilpencrasienue o
KOJUIOWJHBIX PACTBOPAX» B paszzaene «TeopeTuyeckne OCHOBBI XHMHMH», a TaKkKe
YIOMUHAHUE HAHOTEXHOJIOTUH B pazfiene «XuMUs U KU3Hb»); HU C (eaeparbHON
paboueit mporpammoil mo yuebHomy mnpenmery «®Pusuka» ( «IloBepxHOCTHOE
HATSDKEHUE» B TeME «ArperaTHele COCTOSHMS BemecTBa. da3zoBble NEPEXOAbI»;
ynomuHanue «llomyyenue HaHOMatepuanoB» B TeMe «OCHOBBI MOJEKYISIPHO-
KWHETUYECKOW TEOpuM»); HU ¢ (¢eaepanbHOl pabodeil mporpamMMmoil mo yuyeOHOMY
npeametry «buonorus» («OO6mmMe cBONHCTBA OHOJOTMYECKHMX MEMOpaH» B TEMe
«XUMHYEeCKasl opraHu3anus Ki1eTkn»; «HaHoTexHonoruu B OMOJIOTUU U METULITHED ).

[IporpamMma pa3paboTaHa B COOTBETCTBUU C TpeOOBaHUSAMHU (eaepaibHOro
roCyJapCTBEHHOTO 00pa30BaTEIBLHOTO CTaHAapTa CpeaHero oOIero oOpa3oBaHUS
(®roC COO). HeobxomumocTts peanuzanuu [IporpaMMbl cBsi3aHa ¢ KpaifHe
IIMPOKUM PaACIPOCTPAHEHUEM MPOAYKTOB HAHOXMMHMHM B COBPEMEHHOM MHUpPE U
BBIIICYIIOMSHYTBIM ~ HEAOCTAaTOYHBIM OTPAXEHUEM OCHOBHBIX IPUHLMIIOB, Ha
KOTOPBIX OHA TIOCTPOEHA, B OCHOBHOM 00pa3oBaTeIbHOM nporpamme. Jjist 4acTUUHOM
KOMIIEHCALIUX JTOr0 pa3pbiBa B MOCKBE yKE€ MHOI'O JIET IPOBOAUTCS OJMMIIAAIA I10
HAHOTEXHOJIOTUAM - Onumnuaza IMKOJBHUKOB «BBICOKHE TEXHOJIOIMU U MaTEpHAIIbI
Oyayuiero». 3aganust OIUMIUAAbI MO3BOJISIOT IIKOJIbHUKAM MOHSATh, HACKOJIBKO OHU
OPUEHTHPYIOTCS B OTOW MEXIUCUUIUIMHApHONW obOnactu. CHCTeMaTHYecKoe Ke
NOJIyYCHHE 3HAHWM BO3MOXKHO OpPraHM30BaThb HA YPOBHE CpEAHEro OOIIero
oOpa3oBaHMsI B paMKaxXx BHEYPOYHOW JAESATENbHOCTH WM JONOJHUTEIBHOTO
00pa3oBaHusl, B YaCTHOCTH MpHU peain3anuu AaHHou [IporpaMMel.

bonpmoe Buumanue B [Iporpamme yaeneHo METOIAM MOJYYEHUS U U3yUYECHUS

HAaHOCTPYKTYPUPOBAHHBIX BEHIECTB M MarepuanoB. [IpakTuyeckas CTOpOHa
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[IporpamMmbl MO3BOJIIET YBUJIETh SPKUE CTOPOHBI HAHOXMMHUU TMPU OTHOCUTEIHLHOMU
JOCTYITHOCTH BBITIOJIHCHUS Y4E€OHO-HCCIIEOBATEIIHCKOTO IKCIIEPUMEHTA i BO MHOTOM
OasupyeTcs Ha TpuUMepax JIabOpaTOPHBIX PabOT, M3NOXKEHHBIX B [IpakTUKyme O
HaHoMmatepuasiaMm U HaHoTexHoJorusiMm A.b. IllepbakoBa u B.K. WBanoma [16].
N3ydyeHne HAHOXUMHUU OTKPHIBAET MHOIO HOBOTO M HEOXHMIAHHOTO Kak st
YYEHUKOB, TaK U 1Jid nenaroroB. [IpoekTHast U ucciaeaoBaTeabcKas ACSITEILHOCTD 10
HAHOXHMMUH, KOTOPasi MOXKET BBINOJHATHCSA ¢ onopor Ha [Iporpammy, mpu J0mKHON
MIOCTAaHOBKE OyJeT NpUBOAUTHL K OOBEKTUBHO HOBBIM pe3yJibTaTaM, paHee He
ONMCAHHBIM B HAYYHOH JUTEPATypE.

HoBuszna IIporpammsbl 3akitodaeTcss B TOM, 4YTO OHa I[IOCTpPOEHA Ha
MOIIarOBOM  O3HAKOMJICHMH OOy4YaromMxcsi C OCHOBAMHM HAHOHAyKHM H €€
IPUIOKECHUSIMHU.

Peanuzanus [IporpamMbl criocoOCTByeT AeTalu3alii 3HAaHUN 00Yy4aromuXxcsi O
(GU3UKO-XMMHUYECKHX TIpoIleccax, MPOTEKAIONMX Ha HAHOYPOBHE, PaCIIMPEHUIO
OPEACTAaBICHUM O BO3MOXHOCTSX MPUMEHEHHUS HAHOXMUMHUYECKHX IMOIXOJO0B,
croco0CTBYET MpodopUEHTAIIMHN 00yYaIOIIUXCS.

Ilenarornyeckasi nesnaecoodOpasHocTsb [IporpaMmbl 3akiroyaeTcs B TOM, YTO
OHa CO3JaeT YCJIOBHS JJIsi (POPMUPOBAHUS Y OOYUAIOIIMXCS €CTECTBEHHO-HAYUYHON
KapTUHBI MHUpA, Pa3BUBACT YMEHHUE KPUTUUECKOTO OCMBICICHHUS MHGOpPMAIINH, TaeT
BO3MOXXHOCTh  TOJIYYUTh  HABBIK  TPOBENECHUA  Y4eOHO-HCCIIEOBATEIHCKOTO
AKCIIEPUMEHTA, pacHIMpseT 0a3uc sl yriayOJeHHOTO H3Y4YEHUS HAHOXUMHUYECKUX
IIPOLIECCOB B BBICHIEN LIKOJIE.

Hear Ilporpammbl — jgate oOydarlImIMMCS  KpaTKUH  3KCKypCc B
MEXIPEAMETHYI0O OOJACTh HAHOTEXHOJOTUH M HMIYIC K CaMOCTOSITEIIBHOMY
W3YUYEHUIO ¥ TBOPUYECKOMY Pa3BUTHIO; JIaHHAS 00JIaCTh B HACTOSIIEE BPEMS SIBJISIETCS
OJTHOM U3 «TOYEK pOCTa» Il Pa3BUTUS TPOMBIIUICHHOCTH U  HaXOJUT
MHOTOYHCJICHHBIEC IPUMEHEHHUS B COBPEMEHHON TEXHUKE.

Bapuanrtsl peanuzauuu IIporpammel u ¢gopmbl npoBeaeHUs 3aHATHI

Peanuzanus  IlporpamMmsel  mpeamonara€T  COYETAHWE  JIEKUMOHHOW U



CEMUHApPCKON (GopM pabOThl C dBJIEMEHTAMU NPAKTUKyMa: JIEKIUH, CEMHUHAaphI,
JTUCKYCCUM, 3allUThl  MPOEKTOB, Y4EOHO-UCCIEAOBATEIbCKUI  SKCIEPUMEHT,
MPaKTUYECKUEe pabOThl — HW300pAKEHHE XUMUYECKHX (opmys, BHU3yaTu3aIius
TPEXMEPHBIX 0OBEKTOB U TIP.

B cemunapckoil yacTi BO3MOXHA CMEHA UHIUBUAYAJIbHBIX U TPYHIOBBIX (hOpM
MPOBEACHUS B 3aBUCUMOCTH OT MNPEANOYTEHHM nejarora. B mpakThudeckol 4acTu
BCTPEYAIOTCS KaK y4eOHO-HCCIIEIOBATEIbCKUM HKCIIEPUMEHT, TaK U KOMITbIOTEPHBIN
MPAKTUKYM.

IIpu peanuzauuu IIporpamMMbl HMCHOJNB3YETCS BBIYUCIUTEIbHAS TEXHHUKA,
oOecrieunBaroias IOCTYI K CIEeNHATM3UPOBAHHOMY MPOTPAMMHOMY OOECIICYEHUIO U
HAY4YHOU JINTEPATYPE.

JIns  caMOCTOSITEIbHOTO HW3Y4YEHHsS MPEAYCMOTPEH CIHCOK AaKTyalbHOWU
JUTEPATYphl TIO OMHUCHIBAEMON 00JACTH, PACCUMTAHHBIN KaK Ha y4uTeleH, Tak U Ha
IIKOJIbHUKOB, YYaCTBYIOIIUX B peanu3aiuu [IporpaMmabl.

[Iporpamma pazpabortana mins oOydvarouuxcs npoduiabHeix 10—11 kiaccos
(ectrecTBeHHO-HAaY4YHBIM Tpoduiib oOyuenus). [Iporpamma paccumtana Ha 2 roja
o0yueHus. OO1Iee KOJUYECTBO BPEMEHHU, OTBOJMMOro Ha ocBoeHue I[Iporpammei,
coctaBisier 68 wyacoB. Ilporpamma peanmusyercss 1 pa3 B Hememwo no 1 dacy.
Bapuantom peanuzaruu moxket ObiTh u3yuenue [Iporpammer B 10 kiacce B pexume
3aHATHHN 2 Yaca B HEAEIIO.

@opMbl KOHTPOJI CIYXaT [JIsl ONpEAECICHUs Pe3yJbTaTUBHOCTA OCBOCHUS
[Iporpammel oOyvarorumMucs. ATrectanusi IpoBOAUTCS 1 pa3 B roj: MpoOMexXyToUHas
— TI0 UTOTaM MEPBOIO rojia 00y4eHus, UTOrOBasi — BECHOM BTOPOro rofia 00y4eHus.

Dopmul npogedeHUss ammecmayuu.

* TECTUPOBAHUE;

* IPaKTHUYECKUE 3aHATHUS;

* 3ayeTHas padoTa.

B3anmocBa3b ¢ penepabHoil padouyeid NpOrpaMMoil BOCIIMTAHUS

[Iporpamma pazpaboTana ¢ ydeToM peKoMeHmanuil QenepanbpbHO pabouei

[IporpaMmbl BOCIIMTAHUA JJIA O6H_[€06paSOBaTeJ'IBHBIX OpFaHH3aHHﬁ. Omna YUYUTBIBACT



MICUXOJIOTO-TIeIarOrYeCcKre 0COOEHHOCTH COOTBETCTBYIOIIEH BO3PACTHON KAaTErOpUU
00yyarommxcs.

B wactHocTH, B xo0zme peanuzarnuu [IporpaMMbl BO3MOMKHO COYETaTh Kak
MHTEJUIEKTYaJIbHOE, TaK U COLMAJIbHOE Pa3BUTHE 00YYarOUIUXCsl, CO3/IAI0IIEe OCHOBBI
JUISL UX CaMOOTIPEIENICHUsI HA OCHOBE TyXOBHO-HPABCTBEHHBIX IICHHOCTEH.

K 3amagam peanuzanuu gaHHoit [IporpamMmbl MOKHO OTHECTH JIOCTHUKEHUE
JUYHOCTHBIX PE3YIhTAaTOB OCBOEHHUS 00IIe00pa3oBaTeNbHBIX MPOrpaMM 1o (hu3uke,
xumuu 1 ouonoruu B cootBeTcTBUU ¢ PI'OC COO, a umeHHO: chHOPMHPOBAHHOCTh
[IEHHOCTEM CaMOCTOSTEIbHOCTH U WHUIIMATUBBI, TOTOBHOCTh OOYYalOIMXCA K
CaMOPAa3BUTHIO, CAMOCTOSITEIBHOCTH M JIMYHOCTHOMY CAaMOOIPEACIICHUIO, HAMYUE
MOTHBAIlMM K  IICJICHANPABICHHON  COLMAIBHO  3HAYUMOW  JEATEIbHOCTH,
c(hOpPMHUPOBAHHOCTh BHYTPEHHEW MO3UIIMU JHUYHOCTU KaK 0COOOro IEHHOCTHOTO
OTHOIIICHUS K ce0e, OKPYKAIOIIHNM JIFOJSIM U KU3HU B LIEJIOM.

[Iporpamma  COOTBETCTBYET  CIEAYIOIIMM  OCHOBHBIM  HaIlpaBJICHUSIM
BOCIHUTAHUS: TPAXKJIAHCKOE BOCIHUTAHUE, MATPUOTUUYECKOE BOCIHUTAHUE, TYXOBHO-
HPABCTBEHHOE BOCIIMTAaHUE, CTETUYECKOE BOCIHUTaHUE, (POPMUPOBAHHUE KYJIHTYpPHI
3I0pOBOTO0 O0pa3a »KU3HHU, TPYJAOBOE BOCIMUTAaHWE, HSKOJOTHYECKOE BOCIUTAHUE,

BOCIIUTAHUEC HCHHOCTU HAYYHOI'O ITO3HAHMA.

Ocob0ennocru padorsl negarora no Ilporpamme

Ilepen mnpenopaBatenem, pabortatomuMm 10 Ilporpamme, crToutr 3amaya
FapMOHUYHOTO COYETaHUSI AJIEMEHTOB XUMHUHU, OMOJOTHH, GU3UKKA U WH(HOPMATHUKH,
KOTOpbIE HEOOXOAUMBI JIJII KOHBEPIE€HTHOI'O MOHUMAaHUsl HAHOXUMHUH. TeM He MeHee
aKIEHT B cocTaBieHuu [IporpaMmel caenad Ha XUMHAYECKUE aCTIeKThl HAHOHAYKH, YTO
MOKET YaCTUYHO CMATYUTh KaJAPOBBIM BONPOC B peasm3auuu [Iporpammel. YcBoeHue
00yYaroIMMHUCA HOBBIX 3HAHUM B ATOM 00JIACTH TECHO CBSI3aHO C YCIEIIHOCTHIO
peanu3anuy yaeOHO-HCCIIeI0BATEIHCKOTO IKCIIEPUMEHTA U TIPAKTUIECKUX padoT,
3ayio)keHHbIX B Ilporpammy. Ilpu HemoCTaTOYHOCTH MaTepUATbLHO-TEXHUYECKOTO
OCHAIIleHUsT 00pa30BaTENbHOM OpraHU3allid PEKOMEHAYETCS cleflaTh akIeHT B

peamu3anuu  [Iporpammbl Ha paboty ¢ uudpoBbIMEH pecypcamMu. Bo3MoxHO



COKpAIlleHHEe KOJMYECTBA IUIAHHUPYEMBbIX MPAKTUYECKHX pPAadOT i yriayOJeHus
paboThl HaJ TeOpeTHUeCKUMU pasaenamu [IporpamMmel.

OTinuntenpHass 0coOeHHOCTh [IporpaMMbl COCTOMT B TOM, 4YTO B €€
MOCTPOCHHUH U pealIn3alluu:

* pa3BHBAIOTCA  MEXKIIPEIMETHbIE  CBS3M, 3QJI0)KEHHBIE B  OCHOBHOM
00pa3oBaTeNbHON IPOTPAMME;

* BOCHOJHSETCS  JAeUIUT  COBPEMEHHOM  HayuyHoW  uH(popmammu,
MPOCIIEKUBACTCS B3aUMOCBSI3b KJIACCUYECKUX IOCTIDKEHUH XUMHUHM M (U3UKU C UX
MPWIOKEHUSMU B COBPEMEHHOW HaHOTEXHOJIOTUH;

* Pa3BUBAIOTCA [TO3HABATEJIbHBIC KOMIIETEHIIUN 00yYaOLIUXCS;

* AKTUBHO  HCHOJB3YIOTCSI ~ COBPEMEHHbIE  HKCIEPUMEHTaJbHBIE U
BBIYHMCITUTEIIbHBIE METO/IbI;

* TOJJEP)KUBACTCSI  OpPUEHTAalMsd  OOydalolMXCsi  Ha  MOCIEIYIOUIYIO

CHenuaIn3alrio B 00IacTH Kak (PyHIaMEHTalbHOM, TaK U MPUKIATHON HAYKH.



COJEPKAHHUE KYPCA BHEYPOUYHOI AEATEJBHOCTHU
«COBPEMEHHBIE HCCJIEJOBAHUA N JOCTHNXKEHUA HAHOXUMHUN»

10 KIIACC

Pa3znea 1. OpranmsanuonHoe 3ansitue «HaHoOXMMHMSA M HAHOTEXHOJIOIMA
KaK Me:KIUCHUILINHAPHas 00acThy». Llean u 3agaun kypca. MHCTpyKTAaXK

Tema 1.1. Beeoenue ¢ Ilpocpammy

Teopusa. ®opMmbl 1 MeTONbI AesTeNbHOCTH. [lman paboThl HA y4eOHBIH TOI.
HHCTpyKTaX 10 TEXHUKE O€30IaCHOCTH.

Ilpakmuxka. 1lepBuuHas q1uarHoctrka. BXoHOE TeCTUpOBaHUE.

Pa3znen 2. UcTopusi HAYyKH 0 JUCIIEPCHBIX CHCTEMAaX

Tema 2.1. Hauano u3yuenHus nOBEPXHOCHMHBLIX AGNEHUN U OUCHEPCHBIX
cucmem

Teopus. Kanumnapel u 3akon Jlarumaca. Uzydyenue ancopOuuu (K. Ileene, T.
JloBun). Merammueckue 3oiu (M. @apaneit). bpoyHoBckoe npmxkenue. OcMoc u
nuamu3 (T. I'pom). Kommomaueie cuctemsl. Onpenenenue uucina Aporaapo (K.
[Teppen). Dddext Pebunaepa. TepMUH «HAHOTEXHOJOTUMY, UCTOPUS €rO MOSBICHUS
u nonyisipuzanuu (P. ®eitnman, H. Tanurytu, 2. [Ipekciuep).

Ilpaxmuxa. Y4aeOHO-UCCIEAOBATEIBCKUI dKCIIepUMEHT: M3ydeHue amcopOmum
KpacHUTeJIe ¢ MOMOIIBI aKTUBUPOBAHHOTO yris. OmpenesieHre ero CopOIMOHHOU

CITOCOOHOCTH.

Paznen 3. OcHoBbI GU3MKH MOBEPXHOCTH U IUCIEPCHBIX CPe/

Tema 3.1. Ocnoswl puszuku nogepxnocmu

Teopus.  DU3MKO-XUMHUYECKHE  CBOWCTBA AaTOMOB Ha  ITOBEPXHOCTH.
[ToBepxHOCTHOE HaTsDKeHHE. AncopOius. CMauynBaHUeE.

Ilpaxmuxa. Y4eOHO-HUCCIIEIOBATEIbCKUN SKCIIEPUMEHT: Onpenenenue
MOBEPXHOCTHOTO HATSXKEHUS BOJbI METOJIOM OTPhIBA KAIlEllb.

Tema 3.2. Ceoiicmea oucnepcHvix cpeo

Teopus. DIEKTPUYECKHUE CBOMCTBA. YCTOWYMBOCTh. DUNKO-XUMHUYECKAs

MCXaHHKa.



Ilpakxmuxa. YdeOHO-UCCIENOBATEILCKUN JKcrepuMeHT: OIeHKa TOJIIUHbI

FpaCI)HTOBOfI JIMHUU B 3aBUCUMOCTHU OT MATKOCTH KapaHaala.

Paznen 4. JlucniepcHble CHCTEMBbI: MOJIy4YeHUE U IPUMEHEHHUe

Tema 4.1. Knaccugpuxayua oucnepcHuvix cucmem

Teopusa. Knaccudukanuss aucrepcHbiX cucteM. [loHATHS «HaHOMaTepuam,
«HaHOOOBEeKT». Bunmbl HanooObekroB (0D, 1D, 2D; wwukpo-, Me30- u
MaKpOMOPHUCTHIE). SIpKue mpuMepbl IPOSBICHUS pa3MepHOTo dhdexTa.

Ilpaxmuxa. Tlpaktudeckas pabora: MojaenupoBaHue CTPYKTYpbl HAHOYACTHIL
pa3HOro pasmepa, CpaBHEHUE JIOJM TIOBEPXHOCTHBIX aTOMOB M  4YHUCJa
HECKOMIIEHCUPOBAHHBIX BAJICHTHOCTEH.

Tema 4.2. Jucnepcuvie cucmemul, cooepicaujue 2a3oeyio azy

Teopus. I1eHsbl, a3p0O30JIM U a3POTEIH.

Ilpaxmuxa. Y4eOHO-HUCCIIEIOBATEICKUM SKCIIEPUMEHT: Onpenenenue
YCTOMYMBOCTH MEHBI MOIOIIINX CPEJICTB.

Tema 4.3. /lucnepcuvie cucmemul, cooeprcawjue Hcuokyro gazy

Teopus. 3o0mu, Teau, dMYJIbCUU U cycnieH3uu. IlojokeHue 305l Ha IIKaye
JIMCTIEPCHOCTU KOJUTOUIHBIX CUCTEM.

Ilpakxmuxa. YdeOHO-ucclenoBaTelbcKkuid dkcnepuMenT: Ilomydenue 3o0ei
HAHOCTPYKTYPHPOBAHHOTO cepedpa.

Tema 4.4. /lucnepcusvie cucmemnl, cooepircauiue nOBEPXHOCMHO-AKMUBHbLE
eeuwecmaea

Teopus. IloBepXHOCTHO-aKTUBHBIE BemiecTBa. MeMOpaHbl, MUIEUIBI U
JIUTIOCOMBI. bronornueckue JucnepcHbIe CUCTEMBI.

Ilpakmuka. Y4eOHO-UCCIENOBATENBCKUIN JKCIIEpUMEHT: M3yueHue BIMSHUS
MOBEPXHOCTHO-AKTUBHBIX BEIIECTB HA MOBEPXHOCTHOE HATSHKEHHUE.

Tema 4.5. Memoowt eusyanuzayuu HaHOUAcCmMuy

Teopus. Dbdext Tunnans. AHAIU3 TPACKTOPUHN ABMIKEHUS] HAHOYACTHII.

Ilpaxmuxa. Y4eOHO-HUCCIIEIOBATEIbCKUN SKCIIEPUMEHT:

JemoncTpanus 3 dexra TuHaAS HA TUCTIEPCHBIX CUCTEMAX Pa3IMYHOTO poa.

Pazgen 5. Meroabl cHHTE3a HAHOCTPYKTYPHUPOBAHHBIX BelleCTB U
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MaTepuajIoB

Tema 5.1. Ilpunyun «ceepxy-eHu3

Teopus. IlpyuHIMOBI MOJYyYEHHUS HAHOCTPYKTYp: «CBEPXY-BHU3» U «CHU3Y-
BBepx». [lomyuyenue rpadena. OcobenHocTr pabOTHI TUIAHETAPHBIX METBHHUII.

Ilpakmuka: TlpakTudeckas padota: [loctpoenue Momenu ruraHeTapHO
MEJIbHULBI.

Tema 5.2. IIpunyun «cHu3zy-eeepx»

Teopus. OcHOBBI cympaMoieKkysipHond xumun. CamocOopka. MeToibl cHHTE3a
HAHOYACTHIL: «MSTKOM XHMHEH» - 30/b-T€lb, «TOMOT€HHOIO OCaXKICHUS»,
oOpaIeHHO-MULICIUISIPHBINA, MHUKPOAMYJIbCHOHHEIN; Tepmomm3, CVD. Metomsr
cTabuiIn3auu HaHOYACTHIL; CTEpUYECKAs], XEJIaTHAs, SJIEKTPOCTATHYECKAs,
uMMoOmIM3anuenn B Marpuiie. HampaBiieHHbI CHHTE3 HaHOOOBEKTOB: KBAaHTOBBIC
TOYKH, HAHOIUIEHKH, OOBEMHBIE HaHOMarepuaiabl. Moaudukanus CBOWUCTB
HaHOMAaTEpPUAJIOB.

Ilpakmuka: Y4eOHO-HUCCIIEIOBATEIBCKUN dKCIIEpUMEHT: ['a3odazHblii cuHTE3
HAaHOKPHUCTAJUIMYECKOro XJopuaa aMMmoHus. llomydyeHue 3o0Jyeidi HAHOMAarHeTHUTA,
HAHOPA3MEpPHOIro JMOKCHIA TUTaHa, OepiaMHCKOW na3ypH. I[lomyueHue HaHOMIIEHOK
cepeOpa Ha CTEKJISIHHOM nouiokke. OLieHKa UX TOJILIKHBI.

Hpomeafcymouuaﬂ ammecmauus.

11 KJIACC

Paznen 6. MeToabl mMccjieIOBaHUsI HAHOCTPYKTYPUPOBAHHBIX BellECTB U
MaTepHuajIoB

Tema 6.1. Onmuueckue memoovt

Teopus. Ontuyeckre  CBOMCTBA  HAHOYACTWI] W HAHOMATEPHUAJIOB.
Mukpockonus. Hudpakinuonnsiii  npeaen. doromerpust. CrnekrpodoToMeTpus:
U3MEpPEHUEe  MPOIYyCKAaHWs, TMOIJIONICHUs, JIIOMUHECHEHIHUH. JlMHaAMU4Yeckoe
CBETOpacCesiHUE.

Ilpaxkmuxka: Tlpaxktuueckas padota: MUKpOCKOIMUYECKOE U3yUYECHHE TIPEapaToB

HaHocepeOpa Ha CTEKJIax.
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Tema 6.2. dnekmponnas MUKpoCcKonus

Teopus. DnexkTpoHHAass MHUKpPOCKOIMSA: MNPOCBEYMBAIOIIAS M CKAHHUPYHOLIAs.
Oco0eHHOCTH U3yUeHUs: OMOJIOTHYECKHX O0BEKTOB Ha HAHOYPOBHE.

Ilpakmuka: Tlpaktuueckass pabota: CpaBHHUTENIBbHBIM aHaIu3 H300paxeHUn
HaHOCTPYKTYP, MOTYYEHHBIX 3JIEKTPOHHON MUKPOCKOIIUEH.

Tema 6.3. Penmezenoeckan ougpakmomempus

Teopus. PentrenodaszoBblii aHanu3. VYIIUpPEHHE MHUKOB KaK MpU3HAK
HAaHOOOBEKTA M KaK CIOCO0 OIEHKH pa3Mepa KPUCTALUTUTOB. PEHTreHOCTpYKTYpHBIN
ananu3. OnpeneneHue CTpyKTypbl HAHOpPa3MEpPHBIX 00bEKTOB HA aTOMHOM YPOBHE.

Ilpaxmuxa: Tlpaktuueckas padota: Busyanuzainus CTpyKTyp OHUOMOIMMEPOB,
MOJIYYEHHBIX METOJIOM PEHTT€HOCTPYKTYPHOTO aHAJIN3A.

Tema 6.4. Ckanupyrowias 30100641 MUKPOCKONUS

Teopusa. TyHHeNbHas MUKPOCKOIUA. ATOMHO-CHUJIOBAasi MUKPOCKOIUS. AHAIINA3
HAHOCTPYKTYphl ~ MOBepXHOCTEW. (CTaTHUYECKHM W  JIUHAMHYECKHH  PEXUM
CKaHUPOBAHUSI.

Ilpakmuka: Ilpaktuueckas pabora: AHanu3 wu300paKEHUH, MOIYYCHHBIX
METOJIOM aTOMHO-CHJIOBOII MUKPOCKOIIMH, C IOMOILBIO COBPEMEHHOI'O IPOTPAMMHOI0
oOecrieueHusl. Y4eOHO-UCCNEAOBATEIbCKUN dKCIEpUMEHT: M3ydeHue MOBEpXHOCTU

MCTOJOM aTOMHO-CUJIOBOM MHUKPOCKOIINH.

Pazgen 7. @DOyHKUHMOHAJIBbHbIC CBOHCTBA HAHOCTPYKTYPHPOBAHHBIX
BeLIECTB U MATEPHAJIOB

Tema 7.1. @yukyuonanvuvle ceolicmea eeujecmea, odecneuusaemvle
HaHoMamepuaiamu

Teopus. CBepxHU3Kas CMa4nBaeMOCTb. CBepXnpOYHOCTb.
BricokoTemmniepatypHasi cBepXmpoBoauMocTh. CBepxdubrparus. CBepXbIPKOCTh
cBeroucnyckanus. Cyxas aare3us (OMOMHUMETHKA TeKKOHA). MarHuTHBIE CBOMCTRA.

llpakmuka. YueOHO-UCCIIENOBATENbCKUN dKCIIepuMeHT: M3ydyenue «addexra
JI0TOCA» Ha MpUMeEpE JierecTKa po3bl. MzmMepenue kpaeBoro yria.

Paznesn 8. HaHOTeXHO10rHM — MEePCNEKTUBBI PA3BUTHA U COCTOSIHUE HAYKHU
HA CeroJHAIHUH IeHb

Tema 8.1. Cospemennvie npumeHeHUs HAHOMEXHOJI0ZUU
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Teopus. CoBpeMeHHbIE IPUMEHEHUS HAHOTEXHOJIOTUH, 001U 0030p.

Ilpakmuxa. BukropuHa: HaHOTEXHOJIOTMH B HAILIEH KU3HMU.

Tema 8.2. Yenepoouvie nanomamepuainl

Teopus. Ocobas ponb yriepoga B HaHomupe. Dymepensl, rpadeH,
HaHOTPYOKH.

Ilpaxmuxa. Tlpaktnueckas pabGoTa: MojaenupoBaHue MNPOCTPAHCTBEHHOM
CTPYKTYpPHI (PyIsiepeHoB.

Tema 8.3. Hanomamepuanwl 011 Inepzemuku

Teopus. Hanomarepuansl B  TOIUIMBHBIX JJeMEHTax. JIMTUH-MOHHBIE
aKKyMyJsTOopbl. CylepKOHIEHCATOPBI.

Ilpakmuka. Y4eOHO-UCCIENOBATEIbCKUN 3KCIEPUMEHT: M3MepeHue emMKOCTH
JUTUA-UOHHOTO aKKYMYJISITOPA.

Tema 8.4. Hanosnexkmponuka

Teopus. 3akoH Mypa. TexHOJIOrMYECKHI  MPOILECC  IMPOU3BOJCTBA
UHTETpaIbHbIX MUKpOcXeM. CHUCTEMBI 3anucu HHGOPMAIIUH.

Ilpakmuka. Tlpaktudyeckas pabota: AHaIW3 H300paXKEHUS TMOBEPXHOCTU
KOMIMaKT-UCKa.

Tema 8.5. Hanomamepuanwl 6 meouyune u 3K0102uu

Teopus. Hanonnarnoctuka. [IpuMeHeHre HaHOMaTEepraioB B TEPAIIHH.
Hanocop6enTsl. @oTokaTtanmzaTopsl. CaMOOYUCTKA.

Ilpakmuka. Ilpaktuueckass pabora: Busyanuzaumss OpOCTPaHCTBEHHON
CTPYKTYpbl HAHOOMOIIpENaparoB C IMOMOIIBI0 COBPEMEHHOIO IMPOrPaMMHOIO

oOecrieueHus.

Paznen 9. AkryaabHble 1npodjseMbl B 00J1aCTM  HAHOXHUMHMHM |
HAHOTEXHOJIOT UM

Tema 9.1. /Tuckyccus

Teopus. AxTyanbHbIe TPOOJIEMBI B 00JIACTH HAHOXMUMHUHU U HAHOTEXHOJIOTHH.

Ilpakmuka. UToroBas arrectaius. 3adueTHas padora.
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IIJIAHUPYEMBIE PE3YJbLTATHI OCBOEHUSA KYPCA BHEYPOUYHOM
AEATEJIBHOCTHU « COBPEMEHHBIE UCCJIEJOBAHUA
N JOCTUXEHUSA HAHOXUMHN»

JIMYHOCTHBIE PE3YJIBTATHI

B cghepe epasicoanckoeo socnumanus:

CIIOCOOHOCTH OTPEIEIATh COOCTBEHHYIO IMO3UITUIO TI0 OTHOIICHHIO K SIBICHHSIM
COBPEMEHHOM XU3HU U OOBSICHSTH €¢;

TOTOBHOCTh K COTPYJHHUYECTBY B IIPOIIECCE COBMECTHOTO BBITIOJHCHHS
y4eOHBIX, TO3HABATEIIBHBIX M UCCIIEIOBATEILCKHAX 3a/1a4, YBAKUTEIHPHOTO OTHOIICHHSI
K MHCHHIO OIITOHEHTOB MPHU 00CYKIEHUHN CIIOPHBIX BOIIPOCOB €CTECTBEHHO-HAYYHOTO
COJIep KaHMUSI.

B cghepe nampuomuuecrkoco 6ocnumanus:

yBaXCHHE K TIPOIECCY TBOPYECTBA B O0JACTH TEOPHH W TPAKTUUYECKOTO
NPWJIOKEHUST HAHOHAYKH, OCO3HAHUS TOTO, YTO YCIIEXHW HAYKH M TEXHOJIOTHMU €CTh
pe3yabTaT JUTMTEIbHBIX HAOIOJACHUN, KPOMOTIUBBIX 3KCICPUMEHTAIBHBIX MOMCKOB,
MIOCTOSTHHOTO TPYZa YYCHBIX U IPAKTHKOB,

CIIOCOOHOCTh OIIEHWBATh BKJIAJ] POCCHHCKUX YYCHBIX B CTAHOBJICHHE U
pa3BUTHE HAHOXUMUH, IOHUMaHUE 3HAYCHHUS HAYKH B ITO3HAHUU 3aKOHOB MPUPO/IBI, B
YKU3HH Y€JIOBEKa U COBPEMEHHOTO 00IIeCTBa.

B cgpepe 0yxosHo-npascmeenno2o socnumaHusi:

OCO3HaHUE JINYHOTO BKJIaJa B IOCTPOEHUE YCTOWYMBOTO Oy IyIIETo;

CIIOCOOHOCTh OIICHUBATh CHTYAIlMI0 M TMPUHUMATh OCO3HAHHBIC PEIICHHS,
OPUEHTHPYSICh Ha MOPaJIbHO-HPABCTBCHHBIC HOPMBI U IICHHOCTH.

B cghepe acmemuueckoeo socnumanus:

ICTETHYECKOE OTHOIICHWE K MHpPY, BKJIIOYAs JCTCTHKY HAYYHOTO W
TEXHHUYECKOTO TBOPYECTBA.

B cgepe popmuposarnus kynomypvi 300po6wsi:

coOmoieHne TMpaBWwil 0e30MacHOro oOpalleHus ¢ BeLIEeCTBAaMH B OBITY,
ITIOBCEHEBHOM KU3HHU, B TPYJIOBOU AEATEIBHOCTH;

OCO3HAHHWE TMOCJIEICTBUM W HENpPUATHE BPEAHBIX MPUBBIYEK (yHOTpeOIeHUS
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aJIKOT0JIs, HAPKOTUKOB, KYpEHUS);

MOHMMAHUE I1EHHOCTH TMPaBUJ  HWHIUMBUAYAIBHOTO U  KOJUJIEKTUBHOIO
0€30MacHOro MOBEACHUS B CUTYAIUSX, YTPOKAIOUIUX 3I0POBBIO U KU3HU JIIOJICH.

B cghepe mpyoosozo socnumanusi:

KOMMYHHUKATHBHAS KOMIIETEHTHOCTb B y4e0HO-UCCIIeI0BATEeILCKON
JEATEeIIbHOCTH, OOIIECTBEHHO MOJIE3HOM, TBOPUYECKON U IPYTUX BUIAX JEATECIbHOCTH;

UHTEpEC K MPAKTHUYECKOMY HM3YYEHHIO Mpodeccuil pazaudyHOro pojia, B TOM
YHUCJIe Ha OCHOBE MPUMEHEHUS TIPEIMETHBIX 3HAHUHN TI0 XUMUU U (HUBHUKE;

YBaKEHUE K TPYAY, JIOJAM TPpyAa U pe3ysibTaTaM TPYA0BOM JI€SITEIbHOCTH;

TOTOBHOCTh K OCO3HAaHHOMY BBIOOPY HMHAMBUAYaJIbHOM  TPaeKTOpUU
oOpazoBaHus, Oyayiei npodeccuu U peain3aluy COOCTBEHHBIX KU3HEHHBIX IJIAHOB
C Yy4Y4eTOM JIMYHOCTHBIX HWHTEPECOB, CIIOCOOHOCTEN K HayKe, HUHTEPECOB W
noTpeOHOCTEH 00I1IecTBa.

B cgepe sxonocuueckozo eocnumanusi:

AKOJIOTUYECKH 11€JIeCO00pa3HOEe OTHOIIEHHWE K TMPUPOJEC KaK HCTOYHUKY
CYIIIECTBOBAHMS KU3HU Ha 3eMIIE;

HaJM4Yue Pa3BUTOrO AKOJOTMYECKOIO MBIIUICHUS, YKOJIOTHYECKOU KYJIbTYPHI,
OMbITA ACSATEILHOCTH SKOJOTHYECKOW HAIMPaBJICHHOCTH, YMEHUSI PYKOBOJICTBOBATHCS
MMH B TIO3HABATEIHLHON, KOMMYHUKATUBHON U COIMATILHOM MPAKTUKE, CIIOCOOHOCTH U
YMEHHUSI aKTUBHO MPOTUBOCTOSITH UACOJIOTMHU XeMOo(poOuHu;

CIIOCOOHOCTh HKCIIOJIB30BaTh NPUOOpETaeMble TPU U3YYCHUH HAHOXUMUU
3HAHMST W YMEHHsS TpU PEHICHUH MpoOJieM, CBSI3aHHBIX C palMOHAIBHBIM
MIPUPOJIOTIOIB30BaHUEM (COOJIOICHUE MPABUI MMOBEACHUS B IPUPO/IC, HAITPABICHHBIX
Ha COXpaHEHUE PaBHOBECHS B DKOCUCTEMAX, OXPaHy BUOB, IKOCUCTEM, OUOChEpHI);

OCO3HAHHWE TI00ATBHOTO XapakTepa JKOJIOTMYECKHX MpoOJIeM U IMyTed Hux
pelieHus.

B cghepe yennocmeri nayunozo nosnanus:

NMOHUMAaHUEe crnenuPuKd HAHOHAYKH, OCO3HAHHE €€ PO B (HOPMHPOBAHUU
pPalMOHAIBHOTO HAYYHOT'O MBIIIJIEHHUSI, CO3IaHUE 1IEJIOCTHOTO MPEACTaBICHUS
00 OKpY’KaroIIeM MUpPE KaK O €IMHCTBE MPUPOJIbI, YEJIOBEKAa U 00IECTBA, B TIO3HAHUU
OPUPOAHBIX 3aKOHOMEPHOCTEM M penieHuH TNPoO0JIeM COXPaHEHHs] TMPUPOTHOTO
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PaBHOBCCH,

MOHUMAaHUE CYIIHOCTH METOJIOB IMO3HAHUSI, UCIOJIb3YEMBIX B €CTECTBEHHBIX
HayKax, CIOCOOHOCTH MCIOIB30BATh MOJy4yaeMble 3HAHUS I aHAJIU3a U O0BICHEHUS
SIBJICHMI OKPYXAIOIEr0o MUpa U MPOUCXOASIIMX B HEM M3MEHEHHM, YMEHHE JesaTh
000CHOBaHHBIEC 3aKJIIOUEHHSI HA OCHOBE HAy4YHBIX ()aKTOB M JAHHBIX, MOJYUYECHHBIX B
X0/1e y4eOHO-UCCIIEI0BATEIBCKOI0 SKCIIEPUMEHTA, C IEJIbIO MOIYYEHUS TOCTOBEPHBIX
BBIBOJIOB;

3aMHTEPECOBAHHOCTh B TMOJYYEHUU ECTECTBEHHO-HAYUYHBIX 3HAHMM B LEJSAX
MOBBIIICHUS OOIIECH KYyJIbTYpbI, €CTECTBEHHO-HAYYHON TPAMOTHOCTU KaK COCTaBHOM
4acTH (PYHKIIMOHAIBHON IPaMOTHOCTH, (POpPMUPYEMOH TIPU 00yUYEHUH;

TOTOBHOCTh U CIOCOOHOCTh K  HENPEpPhIBHOMY  OOpa30BaHUIO U
caM000pa30BaHNI0, K AaKTUBHOMY IIOJYYEHHUIO HOBBIX 3HAaHUM B COOTBETCTBUM C

KN3HCHHbBIMH HOTpC6HOCT$IMI/I.

METAINPEIMETHBIE PE3YJIbTATHI

B cehepe o6nadenus nosnasamenvHvIMU YHUBEPCATLHHIMU YUEOHBIMU
odelicmeuamu:

baszoesvie nocuueckue oeiicmeus:

CaMOCTOSITEILHO dhopmynHrpoBaTh " aKTyaJIu3uPOBaTh npodiiemy,
paccMaTpuUBaTh €€ BCECTOPOHHE;

WCIIOJB30BaTh MPU OCBOCHUU 3HAHWU MPHUEMBbI JIOTUYECKOTO MBbIIIICHUS
(aHayM3a, CUHTE3a, CpPaBHEHMS, KiacCU(PUIMPOBaHUS, OOOOIIEHHUS), PACKPHIBATH
CMBICJI HAyYHBIX TMOHATHHN (BBIACISITH WX XapaKTEepHbIE MPU3HAKHU, YCTAHABJIMBATh
CBSI3M C IPYTUMH MTOHSATHUSIMH );

OMpEeNeNATh ICNH JCATSIBHOCTH, 3aJlaBas IlapaMeTpbl M KPUTEPUHU HX
JIOCTUKEHUSI, COOTHOCUTD PE3YJIbTATHI ACSATEILHOCTH C TOCTABICHHBIMU 1EISIMU;

WCIIOJIb30BAaTh HAy4YHBIC TIOHSATUS i OOBACHEHHs (DAKTOB © SIBIICHUU
TIPUPO/IBI;

CTPOUTH JIOTUUECKHE PACCYXKJICHHUS (MHIYKTHUBHBIE, JIGIyKTUBHBIE, 10

aHAJIOTMM), BBISBJISATH 3aKOHOMEPHOCTH W MPOTHUBOPEUYUS B paccMaTpUBAEMBIX
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SIBIICHUSX, (DOPMYTMPOBATH BHIBOABI U 3aKITIOUCHHS,

MPUMEHSTh CXEMHO-MOJICTLHBIC CPENICTBA IS MPECTABICHUS CYIIECTBEHHBIX
CBsI3€H M OTHOIIICHHWI B M3y4aeMbIX 00BEKTAX, a TAKKE MMPOTUBOPEUHI PA3HOTO POJa,
BBISIBJICHHBIX B Pa3IMYHbBIX HHPOPMAIMOHHBIX HCTOUYHUKAX;

pa3pabaThiBaTh IUIAH PEMICHUS MPOOJIEMBI C YYETOM aHAIA3a HMMEIOITUXCS
MaTepHaTbHBIX M HEMAaTEPUATBLHBIX PECYPCOB.

baszosvie uccneoosamenvckue deticmaus:

BIAJCTh HAYyYHON TEPMHHOJOTHUEH, KIFOUCBBIMH TMOHATHSAMH W METOJaMHU
HAaHOHAYKWU;

BJIAJICTh HABBIKAMH YYEOHO-HMCCIEAOBATEIbCKOM M MPOEKTHOW JEeATEeTbHOCTH,
HAaBBIKAMHM  pa3pemieHus  MmpoOjieM;  CIIOCOOHOCTRIO M TOTOBHOCTBHIO K
CaMOCTOSATEIILHOMY TIOMCKY METOJIOB PEIICHHUS MPAKTHUYCCKUX 3a7ad, TMPUMCHCHHIO
Pa3IMYHBIX METO/IOB MTO3HAHMSI;

WCITOJIB30BATh PA3IMYHBIC BUIBI ACATEIHHOCTH TI0 TIOJYYCHHIO HOBOTO 3HAHUA,
€ro MHTEPIIPETAINH, MPEe0OPa30BAHMUIO M IPUMEHEHHUIO B YUCOHBIX CHTYAIlUAX, B TOM
YHCJIE MPU CO3aHUH YUEOHBIX M COLUATBHBIX TPOCKTOB;

dbopMHpOBaTh HAYYHBIM THIT MBINUICHHS, BIAJCTh HAYYHOW TEPMHUHOJOTHECH,
KJTFOUEBBIMU TTOHATUSIMHU U METO/IAMH;

CTaBUTh U (opmynupoBaTh COOCTBEHHbIE 3aJlayd B 00pa3oBaTeIbHON
NEATETLHOCTH U KU3HCHHBIX CUTYaIIHSX;

YMETh MHTETPUPOBAThH 3HAHUS U3 PA3HBIX MIPEAMETHBIX 00IaCTeH.

Paboma ¢ ungopmayueii:

BJIAJICTh HABBIKAMH IOTYYEHUS WH(POpPMAIMK W3 MCTOYHUKOB Pa3HBIX THIIOB,
CaMOCTOSATENILHO OCYIIECTBIISITh TIOUCK, aHAJIU3, CUCTEMATH3aAIIMI0 U UHTEPIPETAIINIO
uH(OpPMAITUU PA3THMYHBIX BUIOB U (DOPM MpeICTaBICHNUS;

OIICHHBATh JJOCTOBEPHOCTHh HH(POPMAIIHH;

dbopMyIMpOoBaTh 3amPOCHl M MPUMEHSTHh PA3IMYHBIE METOJbI MPU TIOMCKE U
otOope nnpopmalum, HeoOOXOIUMOH JJIS BHITIOTHEHHS YIEOHBIX 337124,

CaMOCTOSATEIILHO  BBIOMPATh  ONTHUMAIbHYIO  (GOpMYy  TPEIACTaBICHUS
uHpopmaruu (cxembl, rpadyKu, TUarpaMMbl, TAOJIUIIBI, PUCYHKH H JIP.);

WCIIOJIb30BaTh HAYYHBIM S3bIK B KadyecTBE CpeacTBa IMpu pabore ¢

17



uHdopmaluen: NpUMEHITh XUMUYECKHUE, (PU3HUECKUE U MATEMaTUYECKUE 3HAKU U
CUMBOJIBI,  (opMynbl, abOpeBUaTypy,  HOMEHKJIATYypy,  HCIOJIb30BaTb U
peoOpa3oBbIBAaTh 3HAKOBO-CHUMBOJIMUYECKHUE CPEJICTBA HATIISAHOCTH.

B cghepe o6nraoenun ynusepcanvHvimu KOMMYHUKAMUGHBIMU OCIICHGUAMU:

OCYULIECTBJIATH OOLIIEHNE BO BHEYPOUHOU AEATEIBHOCTH;

pPa3BEpHYTO M JIOTUYHO H3Jaratb CBOIO TOYKY 3pEHHUS C HCIOJIb30BAaHUEM
SI3BIKOBBIX CPEJICTB;

MOHMMATh W MCIOJIB30BATh MPEUMYIIECTBA KOMAHJIHONW M WHIUBHUIYaJbHOU
padoTHI;

BBIOMpATh TEMAaTUKy W METOJbl COBMECTHBIX JIEUCTBHM C y4eTOM OOIIMX
MHTEPECOB M BO3MOKHOCTEN Ka)KIOro 4jeHa KOJUIEKTHBA,;

NpUHUMATh  I[EJIUM  COBMECTHOM  JCSATEIbHOCTH, OpPraHU30BBIBATH U
KOOPAMHUPOBATh JIEUCTBUSA MO €€ JOCTH)KEHUIO: COCTaBIIATh IUIAaH JEHCTBUM,
pacnpenensiaTh podaM € YYETOM MHEHHM YYaCTHHKOB, OOCYXIaThb pe3yJIbTaThl
COBMECTHOM padoThI;

OIICHMBATh KAYECTBO CBOETO BKJIA/Ia U KaXJAOTO YYaCTHHKA KOMaHbl B OOLIUI
pe3yJabTart Mo pa3paboTaHHBIM KPUTEPUSIM;

npejyiarath HOBBIE TMPOEKTHI, OLEHUBATh HJAEHM C TO3ULHUM HOBU3HBI,
OpPUTHUHAIBHOCTHU, TPAKTUYECKON 3HAYUMOCTH;

OCYUIECTBJISITh MO3UTUBHOE CTPATErMUYECKOE TOBEACHUE B  Pa3IMYHBIX
CUTYaIUsSIX, TPOSBIISITH TBOPUYECTBO U BOOOpaKeHNE, ObITh MHUIIMATHBHBIM.

B cpepe o6nradenun ynusepcanvnvimu pecyiamueHolMu 0ClUCmMEUAMU:

Camoopeanuzayusi:

WCIIOJIb30BaTh HAy4YHBbIC 3HAHUS JJIA BBISBICHUS MPOOJEM M UX PEIICHUS B
KU3HCHHBIX M YICOHBIX CHUTYaIUSIX;

CaMOCTOATENbHO OCYIIECTBIISITh MO3HABATEIbHYIO JESTEIbHOCTh, BBISBISATH
po0JIeMBbI, CTaBUTh U (POPMYIUPOBATH COOCTBEHHBIE 33]1a4H;

CaMOCTOSATENILHO COCTABJISAThH TUIAH BBIMOJTHEHUSI y4€OHO-UCCIIEN0BATEIHLCKOTO
HKCIIEPUMEHTA C YYETOM HMEIOIIMXCA PECYpPCOB, COOCTBEHHBIX BO3MOXKHOCTEH H

MPEANOYTCHUM;
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pacuMpsITh paMKH y4eOHOT0 MpeaMeTa Ha OCHOBE JIMYHBIX MPEITOYTCHHI;

JenaTh OCO3HAaHHBIM BBIOOP, apryMEHTHpOBaTh €ro, OpaTh Ha ce0s
OTBETCTBEHHOCTb 32 PEILICHUE;

OIICHUBAThH IPHOOPETCHHBIN OTIBIT;

CIIOCOOCTBOBaTh (POPMUPOBAHUIO W TPOSBICHHUIO HPYIUIMU B 00JacTu
€CTECTBEHHBIX HAYK, MOCTOSIHHO MOBBIIIATh CBOM 00pa30BaTEIbHBIA U KYJIbTYPHBIMA
YPOBEHb.

CamoKkoHmpons:

JlaBaTh OLICHKY HOBBIM CHUTYallMsiIM, BHOCUTb KOPPEKTHUBBI B JEATEIBHOCTb,
OLIEHUBATh COOTBETCTBUE PE3YJIbTATOB LEISIM;

NPUHUMATh MOTHMBBI M apPTyYMEHTBl JPYTMX TIpU aHalu3e pPe3yJIbTaToOB
JEATEIIbHOCTH;

UCIIOJIB30BaTh MpPUEMBI pedieKCUU IJisl OLIEHKU CHUTYyalluu, BbIOOpa BEPHOTO
pelieHus;

yMEThb OIIEHMBaTh PUCKK M CBOCBPEMEHHO NPUHUMATH pPEHICHUS IO HX
CHUKEHUIO.

IIpunamue cebs u Opy2ux:

IIPUHUMATb Ce6ﬂ, ITIOHHMMas CBOM HCAOCTAaTKHM N JOCTOMHCTBA,

MPU3HABATh CBOE MPABO U MPABO APYIHX HA OIIHOKH.

IMPEAMETHBIE PE3YJIBTATDBI

[To utoram peanuzamuu [IporpamMmmel oOy4daroruecs: OyayT 3HATH:

OCHOBHBIE TTOJIOKEHUS 3aKOHOB, TEOPUIA, 3aKOHOMEPHOCTEH, TTPaBUJl, TUIIOTE3 B
00JIaCTH COBPEMEHHBIX HAHOHAYKU Y HAHOTEXHOJIOTHUH;

Oonorpaguveckue TaHHbIC U OCHOBHBIC JOCTWKEHHUS BEIYIIUX MPECTaBUTEIEH
HAyKHU O IUCTIEPCHBIX CPelax U HAHOXUMUU;

OCHOBOITOJIATAIOIIME HAHOXMMHUYECKUE TEPMHHBI W TOHATUS (HAHOYACTHUIIA,
HaHOMAaTEPHUAJIbl, HAHOCTPYKTYPbl, HAHOCUCTEMBI U IIp.);
CTPOEHHUE OCHOBHBIX HAJIMOJIEKYJISIPHBIX CTPYKTYp, NPUCYTCTBYIOIIUX B

JAUCIICPCHBIX Cpeaax;
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BO3MOKHOCTH HaIIpaBJICHHOTO CUHTE3a U MoU(pUKALUU
HAaHOCTPYKTYPUPOBAHHBIX
BEILIECTB U MAaTEpUAJIOB;

(YHKIIMOHAJIbHBIE BO3MOKHOCTH HAHOCTPYKTYPHUPOBAaHHBIX BEIIECTB
U MaTEepUAJIOB;

OCHOBHBIE METOJbl HAYYHOI'0 MO3HAHMS, UCIIOJIb3YEMbIC B HAHOXUMHUYECKUX U
HAaHOTEXHOJIOTUYECKUX UCCIIETOBAHUAX;

KJIIOYEBBIE JOCTUKEHMSI B 00JIaCTH HAHOTEXHOJIOTUH;

OCHOBHBIC ITPHIIOKCHUA HAHOCTPYKTYPUPOBAHHBIX BCIICCTB U MATCPHUAJIOB.

[To utoram peanuzanuu [Iporpammsl oOydaromuecs: Oy1yT yMeTh:

[I0JIb30BATbCA ~ TEPMHUHOJIOTMEH,  OTHOCAILIEWCA K  HAHOXUMHUH U
HAaHOTEXHOJIOTUU;
pasinyaThb pa3JInYHbIE YPOBHU OpraHHU3aLHN MaTepun

B HAHOCTPYKTYPHUPOBAHHBIX O0BEKTAX;

coOHpaTh MIApO-CTEP>KHEBBIE MOJEIH CTPYKTYP HAaHOOOBEKTOB;

MIPUMEHSTH MPOrpaMMHOE 00eCIICUCHHE VI BU3YallM3allid IIPOCTPAHCTBEHHOU
CTPYKTYpbl HAHOOOBEKTOB;

MJIAHUPOBATh W TIPOBOJUTH YyUEOHO-HCCIICIOBATEIBCKAN HOKCIIEPUMEHT TI0
W3YYCHUIO CBOMCTB TUCIIEPCHBIX CUCTEM;

aHAM3UPOBATh N300paKEHUS HAHOCTPYKTYPHPOBAHHBIX 0OBEKTOB,
MOJTyYEHHBIC Pa3IMYHBIMUA METOJIAMH H3Yy4YCHUS;

yCTAaHaBJIIMBAaTh  B3aMMOCBSI3M  MEXJIYy  HAayKOW W TEXHOJIOTHSIMH,
HaHOMAaTepualaMd W HUX CBOMCTBaMH, METOJaMH HCCIEIOBaHUS U  HUX
BO3MOXKHOCTSIMU;

OIICHMBATh DJTHYECKHE aCIEKThl COBPEMEHHBIX WCCIICIOBAaHUNH B 00J1aCTH
HAHOTEXHOJIOTHUM;

CaMOCTOATENILHO paldoTaTh ¢ UCTOYHUKAMHU JOTOJHUTEIBLHOW JUTEpaTyphl U

WHTEpPHET-pecypcamu, BKIII0Yasi PECYpChbl Ha aHTJIUHCKOM SI3bIKE.
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TEMATHYECKOE IINTAHUPOBAHUE

10 KJIACC
Ne Konuuecmeo | IIpoepammnoe cooepoicanue Xapaxmepucmuka
Haumenosanue pazoenos
n/n yacos OesamenbHOCmu
u mem Kypca
obyuarowuxcsa

MEKINCHUIITINHADHAA 00J1aCTDhY

Pasznea 1. Opranusanuonnoe 3ansiTue «HaHoXuMusi 1 HAHOTEXHOJIOTUSA KAK

1.1. |BeexacHue 2 [lepBuunas
DOpMBI U1 METOBI
B [IporpamMmmy nrarHoctuka. BxogHoe
nesitenbHOCTH. [1nan
. TECTUPOBAHUE
paboThI HAa y4eOHBIN TOI.
MHCTpyKTaX MO TEXHUKE
0€30MacCHOCTH
HToro o paszneny 2
Pasnen 2. UcTopusi HAyKH 0 JUCHIEPCHBIX CHCTEMAaX
2.1  |[Hauano usyucHwus 4 Yuebno-
Kanumisipsl 1 3aK0oH .
MOBEPXHOCTHBIX 1CcCc1e008amenbCKull
. Jlamutaca. M3yuenue
SIBJICHU DKCnepumMeHnm:
ancopomuu (K. Hleene, T.
1 JUCTIEPCHBIX CUCTEM W3ydenue agcopouuu
JloBwu). .
KpacHuTesel ¢ MOMOIIBIO
Mertammueckue 30u (M.
. AKTUBUPOBAHHOTO YTJISL.
Dapajeii).
Omnpenenenue ero
bpoyHOBCKOE IBUKEHUE. .
COpOIMOHHOM
Ocmoc u auamu3 (T.
CIIOCOOHOCTH
['pam). Komnonansie
cucteMsl. OnpeneneHue
uyucia ABoraapo (K.
[leppen). Dpdext
PeOunnepa.
Tepmun
«HAaHOTEXHOJIOTUNY,
HMCTOPHS €TO TIOSBIICHUS U
nonymsipuszanuu (P.
Oeiinman, H. Tanuryru,
0. Ilpexcnep)
Htoro no pazaeny 4
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Pa3nes 3. OcHOBBI (PU3HKH NOBEPXHOCTH H JUCIIEPCHBIX Cpej

3.1  |OcHOBBI HpU3UKH 4 DUBHKO-XUMHYECKHE
. Yuebno
[MOBEPXHOCTH CBOMCTBA aTOMOB 3
uccie008amenbCKuil
Ha MTOBEPXHOCTH.
DKCnepumMenm:
[ToBepxHOCTHOE
Ornpenenenue
HaTshHKeHHE. AcopOnus.
MOBEPXHOCTHOTO
CMaunBaHHUC
HATSOKCHUS BOJIbI
METOJIOM OTPHIBA KaIelb
3.2 CBolicTBa 4 DIIEKTPUYECKHE CBOUCTBA. |Vyehro
NTMCTIEPCHBIX CPEL 'Y CTOMYUBOCTD. Lcenedo8amenbeKull
DU3UKO-XUMHYECCKAS DKCnepuMenm:
MCXaHHKa OlLlEHKa TOJIIIUHEI
rpaUTOBOM JIMHUHU B
3aBHCUMOCTH
OT MATKOCTH KapaHJalia
MToro o paszneny 8

Pa3nea 4. lucnepcHble cucTeMbl: NOJy4YeHHe M IPUMEHEeHHe

4.1  |[Knaccudukarus 2 [l Ipakxmuueckas paboma:
Tloasarus
TUCTIEPCHBIX CUCTEM MopenupoBaHue
«HaHOMAaTepUaI,
CTPYKTYpPbl HAHOYACTHI]
«HAaHOOOBEKTY.
[pa3Horo pazmepa
Buasr HaHooObekTOB (0D, ’
CpaBHEHHUE J0JIN
1D, 2D;
MOBEPXHOCTHBIX aTOMOB U
MUKPO-, ME30- U
qrclia
MaKpOMnopHCThIe). Spkue
HECKOMIIEHCHPOBAHHBIX
[IPUMEPHI POSIBICHUS .
BAJICHTHOCTEH
pasmepHoro dddexra
4.2 JlucnepcHbie 2 [lensl, a3po3onu u Vyebno
CHCTCMBI, A3POTCIN UCCe008aMeNbCKUL
COACPIKAIINC Ira30BYHO DKCnepumenm:
(azy Onpenenenue
YCTONYMBOCTH TICHBI
MOIOIIIUX CPEJICTB
4.3 JlucnepcHblie 2 307U, Tenu, SMYIbCUU U |Vyebro
CHCTCMBI, CYCIICH3UH. uccre008amenbCeKuil
COJIEPIKAILINE KUIKYIO TTomoxeHMe 30/1€H Ha OKCnepuMenm:

(azy

[IKaJjie JUCTIEPCHOCTH

KOJIJIOMIHBIX CUCTEM

[Tonyuenue 30nei
HAHOCTPYKTYPUPOBAH-
HOTO cepebpa
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4.4 |JluctiepcHble 3 [loBEpXHOCTHOAKTUBHBIE
Yuebno
CHCTEMEL, BerecTBa. MeMOpaHsbI,
UCCIIe008AMENbCKULL
CoJIepIKaIue MULEIIIBL U JINIIOCOMBL.
brcnepumenm: VI3ydenue
[MOBEPXHOCTHO- bromornueckue
BJIUSTHUS TIOBEPXHOCTHO-
AKTHUBHBIE BEIECTBA TUCTICPCHBIE CUCTEMBI
AKTHBHBIX BEIECTB Ha
MOBEPXHOCTHOE
HATSDKEHIE
4.5 MeToabl 1 Dddexr Tunnmans.
. Vuebno
BHU3yaIH3al[uu AHanu3 TpaeKTOpuit
UCCIIe008aMENbCKUN
HAHOYACTHI] BIDKEHUS HAHOYACTHII
DKCnepumMenm:
JlemoHncTpanus 3 dexra
TuHmaNs HA TUCTIEPCHBIX
CHUCTEMax Pa3InYHOIrO
poja
MToro mo pasneny 10

Pazaen S. Meroabl CHHTEe3a HAHOCTPYKTYPHPOBAHHBIX BeIECTB M MATEPUAJIOB

5.1  [[IpuHMnD  «CBeEpxy- 2 [l Ipaxmuueckas paboma:
[TpUHIHMIIBI TTIOTYYCHUS
BHH3) [TocTpoenue moaenu
HAHOCTPYKTYP: «CBEpXY- .
TUIaHETApPHON METbHUIIBI
BHU3» M «CHU3Y-BBEPX).
[Tonyuenue rpadena.
OcoOenHocty paboTHI
MIaHETAPHBIX MEJIbHHIL
5.2  [[IpuHOMT «CHH3Y- 8 Yuebno-
OcHOBBI 5
BBEPX» . LccnedosamensCKull
CYIPaMOJIEKYJISIPHOM
OKCnepUMeHMm:

xumun. CamocOopka.
MeTobI CHHTE3a
HAHOYACTHIL «MITKOH
XHUMHEH» - 30JIb-T€Nb,
«TOMOTEHHOT'O
OCaXKJICHUS», OOpaIEéHHO-
MULEUISIPHBIH,
MUKPOSMYJIbCUOHHBIN;
Tepmonu3, CVD.

MeToabl CTa0MIN3AIINT

HaHOYaCTHIIL:

["a3o(hazHblif cuHTE3
HAaHOKPHUCTAJNINYECKOTO
XJIOpUJIa aMMOHHUS.
[Tonyuenue 30nei
HAaHOMAarHETHUTA,
HaHOPA3MEPHOTO
TMOKCH/1a TUTaHa,
OEepIAMHCKON Ja3ypHu.
[losyueHne HaHOIIIIEHOK
cepeOpa Ha CTEKIISTHHOU

mouioxke. OneHka nx
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CTepudecKasi, XenaTHasi,
DIIEKTPOCTATUYECKAS,
MMMOOMIIN3aLEn

B MaTpHIIC.
HarnpasieHHBII CUHTE3
HAHOOOBEKTOB:
KBaHTOBBIE TOYKH,
HAHOILUIEHKH, 00bEMHEIC
HaHOMAaTePHAIIbI.
Monaudukaius CBONCTB

HaHOMAaTCpHaJIOB

TOJIIHUHBIL.
[IpoMexxyTouHas

aTrecragus

Hrtoro no pasneny

10

Bcero xoJim4uecTBo 4acoB 1O

IIporpamme 3a roa

34
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11 KIIACC

No

n/n

Haumenosarnue pasoenog

u mem Kypca

Konuuecmeso

uacoes

Ilpoepammuoe cooeporcarue

Xapaxmepucmuxka
oesamenbHoCmu

obyuarowuxcs

Pa3znes 6. MeToabl MccjieI0BAHUS HAHOCTP

YKTYPHPOBAHHBIX BellleCTB U MAaTePUAJIOB

6.1  |OnTHdeckue METOIbI 4 OnTuueckue cBoiictBa  |VuebHo
HAHOYACTHI] U LCC1e008amenbCKull
HaHOMAaTEPHAJIOB. DKCnepumMeHm:
MUKpPOCKOTHS. MUKPOCKOITMYECKOE
JInpakMOHHBIN NpeAE. M3ydeHHEe [TPEnapaToB
doromeTpusi. HaHOcepeOpa Ha CTeKJax
CriekTpodoToMeTpus:
M3MepeHue MPOMyCKaHuUs,
[TOTJIOLIEHUS,
TFOMUHECTICHITHH.
/IlnHamuyeckoe
CBETOpaCCEesIHHE
6.2  |DnekTpoHHas 3 [l Ipakxmuueckas paboma:
[IpocBeunBaronias .
MUKPOCKOTTHS CpaBHUTEIBHBIN aHATTN3
DIIEKTPOHHAS .
M300pasKeHHIM
MUKPOCKOTIHSL.
HAHOCTPYKTYD,
CxaHupyromias .
MOJTy4YEHHBIX AJIEKTPOHHOMN
DIICKTPOHHAS .
MUKPOCKOTTHEH
MUKPOCKOTIHSL.
OcoOGeHHOCTH U3YyUYEeHUS
OHOJIOTUYECKIX 0OHEKTOB
Ha HAHOYPOBHE
6.3  |PenTreHoBcKas 4 PenTrenodasoBbrii [/ Ipakmuueckas paboma:
nudpakTOMeTpHs aHau3. YIIMpeHne MUKoBBu3yanu3amus CTpykTyp

KaK IpU3HAK
HaHOOOBEKTA U KaK
croco0 OIIEHKHU pa3mepa
KpUCTAJIJIUTOB.
PEeHTIeHOCTPYKTYPHBIN
aHanu3. OnpenenexHue
CTPYKTYpBI
HaHOPa3MEPHBIX
00BEKTOB HA AaTOMHOM

YpOBHE

OUOTOTUMEPOB,
MOJTy4YEHHBIX METOJIOM
[PEHTTEHOCTPYKTYPHOTO

aHaJIn3a
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6.4

Cxanupyroas
30H/10Bast

MUKPOCKOITUA

TyHHENbHAs
MUKPOCKONHS. ATOMHO-
CUJIOBasi ~ MUKPOCKOIIHS.
AHalnu3 HaHOCTPYKTYpBI
[MOBEPXHOCTEM.
Craruueckuit u
MMHAMHUYECKUU peXUM
CKAaHUPOBAHUS

Yyebno-
UCCe008amenbCKull
DKCnepumMenm:

3yueHne MoBepXHOCTH
METOIO0M aTOMHOCHJIOBOM

MHUKPOCKOIIUU.

[ Ipakmuueckas paboma:
AHaNn3 N300paKeHUH,
MOJIY4YEeHHBIX METOI0M
ATOMHO-CUJIOBOM
MUKPOCKOIIUHU, C
MOMOIIIbI0 COBPEMEHHOTO
MPOrPaMMHOTO

o0ecreueHus

Hrtoro no pasneny

17

Pasznen 7. DyHKIHMOHAIbLHBIE CBOMCTBA HAHOCTPYKTYPUPOBAHHBIX B

ClIECTB U MaTepHUaAJIOB

7.1 OyYHKIMOHATbHbBIE 5 Yuebno
. CBepxHU3Kas 5
CBOWCTBA BEIECTRBA, 1CCc1e008amenbCKUl
CMa4KlBaEMOCTb.
oOecrnieunBaeMble brcnepumenm: VI3ydenue
CBEpXIIPOYHOCTD.
HaHOMaTepHaIaMHu «dddekra moToca» Ha
BricokoTeMiieparypHast
MpUMepe JIeMecTKa PO3bI.
CBEPXITPOBONMOCTD.
M3mepeHue kpaeBoro yria
Cepx¢unbTparnus.
CBepXbIPKOCTh
cBeToucnyckanus. Cyxas
anre3us: (OMOMHUMETHKA
reKKoHa). MarHUTHBIE
CBOMCTBA
HTtoro mo pazaeny 5

Pasznen 8. HaHOTEXHO/10rMM — MEPCNEKTHBBI PA3BUTHS U COCTOSIHUE HAYKHU HA CeroAHSIIHUI

NeHb
8.1  |CoBpemeHHBIE 1 OO0t 0030p \BuxmopuHa:
[IPUMEHEHHUS COBPEMEHHBIX HanorexHosiornu B Hamen
HAaHOTEXHOJIOTUN [TPUMEHEHUN PKU3HU
HaHOTEXHOJOTHH
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IIporpamme 3a roa

8.2  [Yrmeponusie 2 Ocobas ponb yriepona B |[Ipakmuueckas paboma:
HaHOMaTepHUaJIbl HaHOMUDE. MonaenupoBaHue
Ddynnepensl, rpades, IPOCTPAHCTBEHHOM
HaHOTPYOKH CTPYKTYpBbI (pysisiepeHoB
8.3  [Hanomatepmainsl s 2
Hanomarepuainsi B Yuebno
SHEPreTUKU .
TOIIJIMBHBIX JIEMEHTAX.  [UCCIe008aMENbCKUL
JIuTnit-noHHbIE oxcnepumenm. Iamepenue
AKKYMYJISITOPBI. €MKOCTH JIMTHUH-UOHHOTO
CyTepKOHIEeHCATOPBI AKKyMYJIATOpa
8.4  |HaHosnexTpoHuka 2 3axkoH Mypa. [ Ipaxmuyeckas paboma:
TexHomornyeckuit AHanu3 n300pakxeHus
[porecc  MPOU3BOJICTBAIOBEPXHOCTH KOMITAKT-
MHTETPaIbHbIX ncKa
MHKPOCXEM. Cucremsl
3arucy nH(popMaIuu
8.5  |[Hanomarepuaisl B 2 Hanonnarnocruka.
/ Ipakmuueckas paboma:
MEIULMHE U HKOJIOTHH [Ipumenenne
Busyanuzanus
HaHOMaTepHUaJloB B .
IPOCTPaHCTBEHHON
Tepanui. HaHoCOpOEHTHI.
CTPYKTYpbI
DOTOKATAIU3ATOPHI.
HaHOOMOIIPEnapaToB C
Camoouncrka
MTOMOIIIBI0 COBPEMEHHOTO
IPOTPaMMHOTO
oOecrieueHus
lToro no pasneny 9
Pa3nen 9. AkryanbHblie Ipo0JeMbl B 00J1aCTH HAHOXUMHUHM M HAHOTEXHOJIOTHH
9.1  |duckyccus 3 AKTyanbHble TpobseMbl BITOropas arrectanus.
00J1aCTH HAaHOXUMHHU 3aueTHast paboTa
11 HAHOTEXHOJIOTUH
lToro no pasneny 3
Bcero koin4ecTBo 4acos 1o 34

OPTAHU3AIINOHHO-NEJAT'OT'MYECKHME YCJIOBUS PEAJIM3AIINNA
IHPOI'PAMMBI

Metoauyeckoe odecnieyenue peaausanuu Ilporpammel

[Ipu peammzauuum IIporpammsl B

yueOHOM mpoliecce

HCIIOJIB3YIOTCS
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METOJMYCCKHE IMOCOOMS, MUIAKTHYECKHEe Marepuajbl, (OTO- W BHICOMATEPHAIIbI,
KOHCTPYKTOPBI JUIsl CO3MIaHUS IIapO-CTEP)KHEBBIX MOJEIEH XUMUYECKUX CTPYKTYP;
KypHaJbI W KHUTH, O030phl W OpWUTHMHAJBHBIC ITyOJHMKAIMW, Oa3bl JTaHHBIX,
IIpOrpaMMHOE OOECIIeUCHUE IS PUCOBAHUS XUMHUYCCKUX CTPYKTYp M BU3yaIH3allud
MIPOCTPAHCTBEHHBIX 00BEKTOB, Mpoure MaTepuaisl B Cetu IHTEpHET.

[Tpu poBeIeHNN 3aHATHI HCIIOIb3YIOTCS:

* CJIOBECHBIC METOJIbI OOYUCHHS: JICKITUHU, O0BSICHEHUS, OCCE/IbI,
KOHCYJIbTAIINH,

* HarJIsHBIC METOABI O0YUCHHS: TIPE3CHTAIIMH, BUICOMATEPHUAIIHI,
BU3YaJTU3aINH;

* HCCJIEAOBATEIbLCKUE METOJbI OOYYEeHHMS — BBINMOJHEHHE OOYyJaIOIIMMUCS
OTIPEICIICHHBIX UCCIEI0BATEILCKUX 3aJaHUM.

YcBoeHne warepraga KOHTPOJHMPYETCS TPH TOMOIMM TECTUPOBAHUS U
BBITIOJTHEHUS MPAKTUYECKUX 3aJaHuN. 3aKIIOYUTEIbHOE 3aHATHE IIPOBOAMTCS B

dbopme 3aueTHON PaboTHI.

MarepuajibHO-TeXHHYecKHe ycaoBus peaqu3annu [Iporpammel

[TpomykTHBHOCTE PabOTHI BO MHOTOM 3aBHUCHUT OT KauyecTBa MaTepHaIbHO-
TEXHUYECKOTO OCHaImIeHust mporecca. I[Iporpamma peanusyercs B ayIUTOPHH
o0pa3oBaTeIbHON OpraHu3aIy ¢ TPUMEHEHHEM TEXHUYECKUX CPEACTB OOydYeHUS U
71a00paTOPHOTO 00OPYIOBAHUS:

* KOMITBIOTEPHI YUUTENS U 00yUaIOIIUXCS;
* HHTEpPaKTUBHAs JOCKa;

* ydeOHO-HayyHOe 000pynoBaHue 1o GU3UKE U XUMUH.

JIMTEPATYPA U DJIEKTPOHHBIE PECYPCbI

HopmaruBHas 0a3a

1. ®enepanbubiii 3ak0H OT 29 nekadbps 2012 1. Ne 273-D3 «O6 obpazoBanun B
Poccuiickon @enepanum».

2. @enepanbHbIil TOCYAapCTBEHHBIM 00pa30BaTEIbHBIM CTaHAAPT CPEIHETO
oOmiero oopa3zoBanus (YTBepkJieH npukazoM MunoOpHayku Poccuu ot 17 mast 2012
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r. Ne 413; 3apeructpupoan Muntoctom Poccuu 7 uronst 2012 1. Ne 24480).
3. depnepanpHas oOpa3zoBaTeIbHAS MPOTPaMMa CPEIHEro OOIIEro 00pa3oBaHUs
(yrBepxaeHa mnpukazom MunnpocBemenuss Poccun ot 18 mas 2023 r. Ne 371;

3apeructpupoBad MuntoctoM Poccun 12 utonst 2023 r. No 74228).

Cnucok JurepaTypbl

1. AxmetoB M.A. BBeneHue B HaHOTEXHOJOTMU. XUMUS : ydeOHOe mocodue
st ygammxes 10—11 kmaccoB cpeaaux 001eo0pa3oBaTeNbHBIX yapexaeHui / M.A.
AxmetoB. — Cankr-IletepOypr : OOpa3oBaTenbHbIi HEHTp «YdacTuey,
Oo6pazoBatenbHbie TPoekThl, 2012. — 108 c.

2. AxmetoBa A.M. «®emroCkan Ownnaiin»: o00paboTka u QuibTpanus
m3oopaxenuit / AWM. Axwmerora, .M. SAvwunckuii, W.B. Amunckuii //
Hanounnycrpus. — 2024. — T. 17, Ne 3-4(127). — C. 178-183.

3. borateipeB B.A. MeTojipl CHHTE3a HAHOYACTHIL C MJIA3MOHHBIM PE30HAHCOM
/ B.A. borateipes, JI.A. Ipikman, H.I'. XneOuoB : yue6Hoe mocobue. — CapaToB :
CI'Y um. H.I'. Yepnpruesckoro, 2009. — 35 c.

4. BonkoBa C.A. CoBpeMEHHbIC UCCIICIOBAHUS B 00JIaCTU HAHOTEXHOJIOTHI B
coziep>kaHuu xuMmuueckoro oopazoanus / C.A. BonkoBa. — Mockga, 2015. — 304 c.

5. I'ymunun E.A. Hanorexnonoruu — npopsiB B Oyaymiee! / E.A. I'ynunun //
Oo6pazoBatenpHas noautuka. — 2020. — Ne S5. — C. 54-57.

6. Epemun B.B. Hanoxumms u nHanorexnonormm / B.B. Epémun, A.A.
Hpo3noB. — Mocksa : [Ipoda, 2009. — 112 c.

7. 3umon A.Jl. 3anumatenpHas koutonaHas xumus / A.J[. 3umoH. — Mockaa :

URSS, 2017. -253 c.

8. MenbaukoBa H. Ilonyyenue u u3yuyeHue CBOMCTB BEIIECTB, COCTOSLIUX M3
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