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INOACHUTEJIBHASA 3AIIMCKA

Hanoxynmus sBIs€TCS €CTECTBEHHO-HAYYHOW OCHOBOM HAHOTEXHOJIOTHH,
WUIPAIOIIMX KpaWHE BAXHYI0 pPOJb B COBPEMEHHOW TEXHUKO-DKOHOMHYECKOU
napagurme. Hanoxumus ucciemyeT cnocoObl OMyYeHUs U cTabUiIN3aluy, CBOMCTBA,
CTpO€HHME U OCOOCHHOCTH XUMHUYECKHUX [MPEBpaAlleHU  HAHOOOBEKTOB U
HAaHOMATEpHUAJIOB, A TaKK€ HX MPAKTUYECKHE NpUiIokKeHHus. HaHoxumus crana
JIOTUYECKUM  Pa3BUTUEM  KOJUIOMJHOM  XUMHUU, C OJHOW  CTOPOHBL, U
CYNPaMOJIEKYJIAPHON XUMUU — ¢ JIpyroil. O0e 3THX IUCUUILIMHBI KPUTUYHO BaXKHBI
JUIS1 KOPPEKTHOTO IOHMMAHUs HAHOXUMHYECKUX MTOAXOI0B.

Pa3BuTre HAaHOXMMHUM W HAHOTEXHOJOTMH CErOJHSA CIYKUT (POKYCOM JUIst
MPUJIOKEHHUS CHJI  BEAYIIMX YYEHbIX M  HCCIENOBATEIbCKUX  KOJUIEKTHBOB.
Hanomarepuansl Ha OpPraHMYECKOM M HEOPraHUYECKOM OCHOBE NPUMEHSIOTCS B
OTPOMHOM KOJIMYECTBE NPOAYKTOB COBPEMEHHOM MPOMBINUIEHHOCTH. ONMCBIBAEMOE
HAMpaBJICHUE CIYKUT OJHUM M3 CTOJNNOB Tak Ha3biBaeMoul NBIC-kxoHBeprenuuw,
BXOJISILEN B AJIpO MpeAcKa3biBaeMoro gpyryposjoraMu VI TEXHOJOTHYECKOTO yKIaaa.

PaGouass mporpamma Kypca BHEYpOUYHOH nesITenbHOCTH «COBpEeMEHHbIE
UCCIENOBaHUSI M JIOCTHKEHUsT  HaHoxumum»  (mamee  —  [Iporpamma)
€CTECTBEHHOHAYYHON HAMpaBIEHHOCTH IO3BOJIAET OCBETUTH oOyuaromumces 1011
KJIACCOB OCHOBHBIE TE€3UChl HAHOXVMMMH, & TAK)KE HAMETUTh OCHOBHBIC HAIIPABJICHUS
pa3BUTHS HAYKM O MHUPE HAHOOOBEKTOB M €€ TEXHOJOTMYECKUX MPUIOKEHUH,
MOJIYYUTh TOHATHE O COBPEMEHHBIX Hay4dHbIX Meronax. Peamumzarmus I[Iporpammsl
MO3BOJMUT JOCTUYL OO0Jiee TOJHOIO TMOHUMAHUSA IIKOJbHUKAMH €CTECTBEHHO-
HAay4HOT'O IOAXO0Ja K M3YYEHHUIO IPUPOJbI U PAa3BUTHIO HA €r0 OCHOBE TEXHOJIOTMH,

MCHAIOIIUX MHP.

AKrtyajabHOCcTh [Iporpammbl

HanoxuMmus B cBOUX ITPOSABJICHUAX OTHOCHUTCA K 00J1aCTH €CTECTBEHHBIX HAayK



B uenoMm. M3HayanpHO CGOPMHUPOBABIIMCH HAa CTHIKE XUMUU U (PU3UKH,
HAHOXMMHYECKHE TIOJIX0/Ibl BO MHOTOM BIIUSIFOT HA COBPEMEHHOE TTOHUMAaHUE
MOJICKYJIIPHBIX OCHOB OWOJIOTHH U IPYTUX HAayK. TeM He MEHee B IIKOJIBHBIX Kypcax
[0 €CTECTBEHHO-HAy4YHbIM IMpeAMETaM TEeMbl, CBsSI3aHHbIE C HAHOXUMHUEH,
pacrnoJsiararorcsi MOpo3Hb M 3aHUMAIOT KpaiiHe Maliblii oOuui oO0beMm. B uactu
BO3MOXHOTO  ayosmupoBanus ¢ OOl COO 1no mpeameTHoi  obiacTu
«EcrecTBeHHOHay4HBIC MpeaMeTsl» [IporpaMma MmoyYTH HE TEepeceKaeTcs HH C
dbeneparbHON pabodeld MporpaMMor MO Y4eOHOMY TpEeIAMeTy «XHUMHS» (TEMBI
«AmnotrpornHbie Momudukanuu yriaepona», «lloHATHE O IUCIEPCHBIX CHCTEMax),
«IIpencraBineHue O KOJUIOMIHBIX pacTBOpax» B paszzene «TeopeTuueckue OCHOBBI
XUMHUNY, a TAKKE YIIOMUHAHNE HAHOTEXHOJIOTHI B pazjiesne «XUMUs U KU3HbY); HU C
dbenepanibHON  paboueit mporpamMmoil 1o yueOHomy mpeametry «Duzukay  (
«IToBepXHOCTHOE HATSKEHUE» B TeME «ATrperatHble COCTOSIHUSA BellecTBa. Da3oBbie
nepexoasl»; ynomuHanue «llomydenue HaHoMarepuanioBy B TeMe «OCHOBBI
MOJIEKYJIIPHO-KUHETUYECKON TEOpUn»); HU ¢ PpenepaibHoil pabodeil mporpaMMon 1o
yueOHoMy mipeametry «buosorus» («OO01mme cBocTBa OMOJOTHYECKUX MEMOpaH» B
TeMe «XHUMHYECKass opraHus3anus KieTkn»; «HanorexHomoruu B OUONOTHU U
MEIUITUHEY ).

IIporpamma pa3paboTaHa B COOTBETCTBUU C TpeOOBaHUSAMH (eaepaibHOTro
roCyJJapCTBEHHOTO 00pa3oBaTEIBLHOIO CTaHJIAapTa CpeAHEro OO0IIero oOpa3oBaHUS
(®I'oC COQO). HeobxoaumocTth peanusaruu [Iporpammbl cBsi3aHa C  KpaiiHe
ITUPOKUM
pacnpoCcTpaHEHHEM  MPOAYKTOB  HAHOXMMHHM B  COBPEMEHHOM  MHpPE W
BBHIIIICYIIOMSIHYTBIM ~ HEJIOCTATOYHBIM  OTPaKEHWEM OCHOBHBIX MPHUHIIUIIOB, Ha
KOTOPBIX OHA IMMOCTPOCHA, B OCHOBHOW 00pa3oBaTeIbHON mporpamme. s yacTuaHoM
KOMIICHCAIIMH TOTO pa3pbiBa B MOCKBE y>K€ MHOTO JIET MPOBOJUTCS OJIMMITHAJA TI0
HAaHOTEXHOJIOTHAM — OnuMIHuaga MIKOJIPHUKOB « BBICOKHE TEXHOJOTHH U MaTepUaIbI
Oynyiero». 3aganust OJIMMIIHAA/IBI TO3BOJISIOT MIKOJBHUKAM MOHSATh, HACKOJIBKO OHU

OPUEHTHPYIOTCSI B 3TOM MEXIUCHUIUIMHAPHONW ob6nactu. CucremMaTHueckoe xKe
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MOJlyYeHHWE 3HAHWW BO3MOXKHO OpraHM30BaTh Ha YPOBHE CpenHEero oOIIero
o0pa3oBaHMsI B paMKax BHEYPOUHOM JEATEIbHOCTH WU

JOTNOJTHUTENBHOTO 00pa30BaHusl, B YaCTHOCTH MIPHU peau3aluy JaHHo# [IporpamMmer.

bonbuioe Buumanue B [Iporpamme yaeneHo METOIAM MOJYYEHUS U U3yUYCHUS
HAaHOCTPYKTYPHPOBAHHBIX BEIIECTB U MarepuaiioB. [Ipaktuyeckas ctopoHa [IporpamMmmel
MTO3BOJISIET YBUAETH SIPKUE CTOPOHBI HAHOXUMHHU ITPU OTHOCUTEIIBHOM JOCTYITHOCTH
BBITIOJTHEHHSI Y4€OHO-UCCIIEI0BATENBCKOTO SKCIIEPUMEHTA U BO MHOTOM Oa3upyeTcs Ha
npuMepax JabopaTopHBIX paboT, M3T0KEHHBIX B [IpakTHKyMe 10 HAHOMAaTepHaiaM
HanotexHosiorusim A.b. [llepOakosa u B.K. Banona [16]. U3yueHne HaHOXUMUU OTKPHIBAET
MHOTO HOBOT'O ¥ HEOKMJAAHHOTO KAK JJIs1 YYEHUKOB, TaK U I neaaroros. [IpoexkTHas u
MCCIIEIOBATEINBbCKAS JEATEIBHOCTD 10 HAHOXUMHH, KOTOPAsi MOKET BBIIIOJHATBHCS ¢ ONIOPOU
Ha [Iporpammy, pu 10KHON TOCTAHOBKE OYJIET MPUBOJIUTH K OOBEKTUBHO HOBBIM
pe3yabpTaTraM, paHee He ONMCAaHHBIM B HAYYHOM JIUTEPATYpE.

HoBuzna IlporpamMmbl 3akiiroyaercss B TOM, YTO OHa IIOCTPOCHA Ha
MOIIAarOBOM  O3HAKOMJICHMM OOYy4YaloIIMXCd C OCHOBAaMU HAHOHAYKHM M €€
MIPUJIOKECHUSIMU.

Peanuzanus [Iporpammel criocoOCTBYET JAeTanu3aluy 3HaHUNA 00y4Jaromuxcs 0
(U3BUKO-XMMHUYECKUX TPOLEccax, MPOTEKAIOIUX HAa HAHOYPOBHE, PaCLIMPEHUIO
MPEICTABICHUI O BO3MOXKHOCTSAX MPUMEHECHUSI HAHOXUMHUYECKHX MOIXO00B,
crocoOcTByeT mpodoprueHTAIUN 00yJarOIINXCS.

IMepgarornyeckasi nesecoodpa3HocTsb IIporpammel 3akiroyaeTcss B TOM, 4TO
OHA CO3JaeT YCIOBUSA A1 (POPMUPOBAHUS Y OOYYAIOIIUXCS €CTECTBEHHO-HAYYHOU
KapTUHBI MHpPA, Pa3BUBAECT YMEHUE KPUTHUYECKOTO OCMBICICHHSI MH(POpPMAIUU, JTaeT
BO3MOXKHOCTh ~ TIOJIyYUTh  HaBBIK  TPOBENCHUS  YYCOHO-HUCCIEIOBATEIHCKOTO
OKCIIEPUMEHTA, pacmupseT 0azuc s yriayOJIeHHOTO W3Y4YCHHUS HAHOXUMHUYECKUX
IIPOIIECCOB B BBICIIEH LIKOJIE.

Heas Ilporpammbl — gaTh OOydYaroIIMMCS  KpaTKUH  JIKCKypC B

MCKIIPCIMCTHYIO 00/J1aCTh HAHOTEXHOJOTHH U HUMITYJIbC K CaMOCTOATCIIbBHOMY



HN3Y4YCHUIO U TBOPYCCKOMY PA3BUTHUIO; JaHHAA 007aCcTh B HACTOAIICC BPEMS ABJIACTCS
OHHOﬁ N3 «TOYCK POCTa»
AJIs1 pa3BUTUS TIPOMBIIINIICHHOCTU W HAaXOJAUT MHOTI'OYMCJIICHHBIC IIPHUMCHCHUA B

COBpCMCHHOﬁ TCXHHUKC.

Bapuantsl peanusauuu IIporpammel 1 popMbI NpoBeIeHHUs 3aHATHH

Peamuzamms  IIporpaMMbel  mpenmosiaraeT  CoyeTaHWE  JICKUMOHHOW U
CEMHHApPCKON (opM paboThl C 3JIEMEHTAaMH MPAKTUKyMa: JIEKIUH, CEMHUHAapHl,
JUCKYCCUM,  3allUThl  IPOEKTOB, Y4€OHO-HCCIEAOBATEIbCKUN  SKCIEPUMEHT,
IpaKTUYECKUe paboThl — H300paKEeHHE XUMHUYECKHX (OpMyJ, BHU3yaIU3aLUs
TPEXMEPHBIX 0OBEKTOB U TIP.

B cemuHapckoil 4yacT BO3MOKHA CMEHA MH/IMBUIYaIbHBIX U TPYIIOBBIX (popM
IIPOBEJICHHSI B 3aBUCUMOCTH OT NPEIIIOYTEHHMH Iefarora. B mpakTuueckol 4actu
BCTPEUAIOTCS KaK y4eOHO-HCCIIEeI0BATEIbCKUM KCIIEPUMEHT, TaK U KOMITbIOTEPHBIN
IIPaKTUKYM.

[Ipu peanuzanum IlporpaMMbl HCMONB3YETCS BBIYMCIUTENbHAS TEXHHKA,
o0ecreynBaroas JOCTyN K CIEHHAIU3UPOBAHHOMY NMPOTPAMMHOMY OOECIIEYEHHIO U
HAaY4YHOU JIUTEPATYpE.

JUIsL  caMOCTOSITEIBHOIO  M3YYEHMsI IPELYCMOTPEH CIUCOK AKTyaJIbHOM
JUTEPATYPHI 1O OMUCHIBAEMOM 00JIACTH, PACCUMTAHHBIN KaK Ha YYUTENICH, TaKk U Ha
IIKOJIBHUKOB, YYaCTBYIOIIUX B peann3anuu IIporpamMmsi.

[Iporpamma pa3zpabotana s oOywaromuxcs npoduibabix 10-11 kimaccoB
(ecrecTBeHHO-Hay4HbI mnpoduns o0yuyeHus). [Iporpamma paccuurtana Ha 2 roja
oOyuenusi. OOmiee KOJUYECTBO BPEMEHH, OTBOAMMOIO Ha ocBoeHHue IIporpammsl,
coctaBisier 68 wyacoB. IIporpamma peanusyercs | pa3 B Hememo mo | wacy.
BapuanTtom peanuzanuu MoxeT ObITh n3ydenue [Iporpammel B 10 kiacce B pexxume

3aHATHHN 2 yaca B HEEIIO.



@OopMbI KOHTPOJS CIIyKaT sl ONPEAENICHHs] pPe3yJIbTaTUBHOCTH OCBOCHHS
[TporpamMmebl oOyuaronumucs. ATrectanusi IpoBOAUTCS 1 pa3 B roJi: MPOMEXYTOUHAs
— 10 UTOT'aM MEPBOro rojia 00y4eHus, UTOroBas — BECHOI BTOPOro roja 00y4eHHs.

Dopmbl npogedenuss ammecmayuu.
* TECTUPOBAHUE; * MPAKTUUCCKUE 3aHATHUS;

* 3ayeTHas padora.
B3aumocssss ¢ penepanbHoii padoyeil MPOrpaMMoii BOCIUTAHUS

IIporpamma pazpaboTraHa C y4eToOM peKOMEHJaluil ¢eaepanbHoil paboueit
porpamMMbl BOCIIUTAHUS JJIs1 001e00pa3oBaTeIbHbIX opraHu3anuii. OHa y4UTHIBAET
MICUXOJIOTO-TIEAArOTMYECKIE OCOOEHHOCTH COOTBETCTBYIOIIEH BO3PACTHOM KaTErOpHH
00y4Jarommxcs.

B wactHocTn, B xome peamuszaumu I[IporpamMmbl BO3MOKHO COYETATh Kak
MHTEJUICKTYalIbHOE, TaK M COIIMAIIbHOE Pa3BUTHE 00YYAIOIIUXCS, CO3/IAI0IIEe OCHOBBI
JUISL UX CAMOOTIPEAEIIEHUS] HA OCHOBE 1YXOBHO-HPAaBCTBEHHBIX LICHHOCTEM.

K 3amauam peanmszanum manHou IIporpaMMbl MOKHO OTHECTH JOCTHKEHHUE
JUYHOCTHBIX PE3yJIbTaTOB OCBOEHUS 00IIe00pa30BaTe/IbHBIX MporpaMMm 1o (pusuke,
xuMuu 1 6uosioruu B cootBeTcTBUU ¢ ®I'OC COO, a uMeHHO: chOPMUPOBAHHOCTH
IIEHHOCTE CaMOCTOSITEIbHOCTH M WHHUIMATUBBI, TOTOBHOCTh OOYYaIOIIMXCS K
CaMOpAa3BUTHIO, CAMOCTOSTEILHOCTA M JIMYHOCTHOMY CaMOONPEACIIECHUI0, HAJIU4Yue
MOTHBAaIlMM K  LEJCHANPABICHHOW  COLMAIbHO  3HAYUMOW  JIESITEIBHOCTH,
c(hOpMHUPOBAHHOCTh BHYTPEHHEH MO3WIMKA JUYHOCTH KaK 0COOO0ro IIEHHOCTHOTO
OTHOIIICHHS K ce0e, OKPYKAIOIIUM JIFOSIM U KU3HU B LIEJIOM.

[IporpaMmma  COOTBETCTBYET  CIIEAYIOIIMM  OCHOBHBIM  HaIlPaBJICHUSIM
BOCHIUTAHMUS: rpaXIaHCKOE  BOCHUTAHUE,  MATPUOTHYECKOE  BOCIUTAHMUE,
JyXOBHOHPABCTBEHHOE BOCIHUTAHUE, JCTETHMUYECKOE BOCMUTaHUE, (HOPMUPOBAHHE
KyJIbTYpPHl 370pOBOTO o0OO0Opasza >KW3HH, TPYJOBOE BOCHUTAHUE, D3KOJIOTHYECKOE

BOCIIUTAHUC, BOCIIMTAHUC HCHHOCTHN HAYYHOI'O ITO3HAHUS.



Ocobennoctu padorsl negarora nmo Iporpamme

[lepen mnpenonaBatenem, pabotatromuMm 1o Ilporpamme, crtouT 3amada
rapMOHUYHOTO COYETAHUS DJEMEHTOB XUMUH, OMOJNOTUH, (GU3NKH ¥ UHPOPMATUKH,
KOTOpbIE HEOOXOAMMBI /Il KOHBEPI€HTHOTO MOHUMAaHUSI HAHOXUMUU. TeM He MeHee
aKIEeHT B cocTaBieHuu [IporpaMMebl crieian Ha XMMUYECKHE aCTIeKThl HAHOHAYKH, YTO
MO’KET YaCTMYHO CMSTYUTh KaJIpOBbIil Bompoc B peanusanuu [Iporpammel. YcBoeHue
OOy4arolMMHUCS HOBBIX 3HAHUWA B 3TOM 00JACTH TECHO CBS3aHO C YCIEIIHOCTHIO
peanuzany y4yeOHO-UCCIIEOBATEIBCKOTO JKCIIEPUMEHTa U IMPAKTHYECKUX padoT,
3ajoxeHHbIXx B [Iporpammy. Ilpu HeZOCTATOYHOCTH MaTepUaTbHO-TEXHHYECKOTO
OCHAalIeHHUs] 00pa30BATEIbHOW OpraHu3alliid PEKOMEHJIyeTCs clelaTb akUEHT B
peanmmszanuu [IporpamMmmbl Ha paboTy ¢ 1H(pPOBEIME pecypcamu. Bo3moxxHO
COKpAIl[eHHE KOJUYECTBAa IUIAHUPYEMBIX MPAKTUYECKUX padoT s yriryOJeHus
paboTHl HA/I TEOPETUIECKUMHU pazenamu [IporpaMMel.

OtnnuntenbHas ocoOeHHOCTh IIporpamMMmbl COCTOMT B TOM, 4YTO B €€

IIOCTPOCHHH U pCaJIn3allin:

. Pa3BUBAKOTCS MEXKITPEIMETHBIE  CBSI3H, 3aJI0KEHHEIE B
OCHOBHOU

o0pazoBaTeILHON TPOrpaMMme;

. BOCIIOJIHSIETCS.  A€(PUUUT  COBPEMEHHOW  HAy4yHOM  HMH(POpMALINH,
IPOCJICKUBAETCS B3aMMOCBSA3b KJIACCUUECKUX JOCTHKEHUM XUMUU U (U3UKH C HX
IPWIOKEHUSMHU B COBPEMEHHON HAHOTEXHOJIOTHH;

. pa3BUBAIOTCS MMO3HABATEIbHBIE KOMIETEHIINN 00YYatOIInXCs;

) aKTUBHO  MCHOJIb3YIOTCSI ~ COBPEMEHHBbIE  HKCIIEPUMEHTAJIbHbIE U
BBIUHCIIUTENbHBIE METO/IbI;

. MOJJCPKUBACTCS  OpPHEHTalusi OO0yyarommxcs Ha  MOCIEIYIONIYIO

cHenuain3alurio B 00J1acTi Kak (pyHJaMEeHTaIbHOM, TaK U MPUKIIAHON HAYKH.



COJIEP)KAHUE KYPCA BHEYPOUHOM JEATEJBbHOCTHU
«COBPEMEHHBIE HCCJIEJOBAHUA 1 JOCTUKEHUA HAHOXUMHUN»

10 KITACC Pa3zgea 1. Opranusannonnoe 3ansatue « Hanoxumus u

HAHOTEXHOJIOTHSI KAK MEKAMCUUILIMHAPHASA 00aacThy». Llean u 3axaun

Kypca. UHCTpyKTaXK

Tema 1.1. Beeoenue ¢ Ilpozpammy

Teopus. ®opMbl 1 METOBI eATeIbHOCTH. [111aH paboThl Ha YUEOHBIH TO/I.
HNHcTpyKTax MO TEXHUKE O€30MaCHOCTH.

Ilpakmuxka. IlepBuuHas quarHocTrka. BXoIHOE TeCTUPOBaHUE.

Pa3znes 2. UcTopusi HAYKH 0 JUCHEPCHBIX CHCTEMAaX

Tema 2.1. Hauano uszyuyenusn no6epxXHoCmMHuIX A671€HUN U OUCHEPCHBIX CUCHEM

Teopus. Kamwsapel u 3akoH Jlamnaca. U3yuenue ancopouuu (K. Ileene, T.
JloBun). Metamnuueckue 3omu (M. @Dapaneit). bpoynoBckoe nsukenue. OcMmoc u
muanu3 (T. I'pam). Komnouaneie cuctemsl. Omnpenenenue uucia Aporaapo (K.
[Teppen). Ddbdext Pebunnepa. TepMUH «HAHOTEXHOJIOTUWY», UCTOPHUS €r0 MOSBICHUS
u nonynspuzauuu (P. ®eitnman, H. Tanurytu, 9. [Ipekciuep).

Ilpakmuka. YdeOHO-UCCIIeTOBATENbCKUN dKCTIEpUMEHT: M3yuenue agcopOumu
KpacuTesiell ¢ TOMOIIBI0 aKTUBUPOBAHHOTO yriisi. OmpesesieHne ero COpOIMOHHON

CIIOCOOHOCTH.

Pa3znen 3. OcHoBbI GU3MKHU MOBEPXHOCTH U JUCHEPCHBIX Cpe/

Tema 3.1. Ocnoswl huzuku nogepxnocmu

Teopusi.  PU3UKO-XMMUYECKHE  CBOMCTBA aTOMOB Ha  IOBEPXHOCTH.
[ToBepxHOCTHOE HaTsDKEeHME. AncopOuusa. CMayrBaHueE.

Ilpakmuxa.  YdeOHO-ucCCIeqOBaTEeIbCKUN  3KcrepuMeHT:  OnpeneneHue
MOBEPXHOCTHOTO HATSX)KEHUS BOJIbI METOJIOM OTPhIBA KAIEb.

Tema 3.2. Ceoiicmea oucnepcuvix cpeo



Teopus. DnekTpuyeckue CBOMCTBA. YCTOMUMBOCTh. DU3MKO-XUMHUYECKAs
MEXaHHKA.
Ilpakmuka. Y4eOHO-UCCIENOBATEILCKHM SKCIepUMEHT: OIEHKA TOJIIUHBI

Fpa(I)I/ITOBOI\/'I JIMHUH B 3aBUCUMOCTH OT MAT'KOCTHU KapaHAaIlla.

Pa3neu 4. JlucnepcHbie CUCTEMBI: MOJyYeHHE U IPUMEHEHUe

Tema 4.1. Knaccuguxayua oucnepcHuvix cucmem

Teopus. Knaccudukauust nucriepcHeix cuctem. l[loHsATHS «HaHOMAaTepuam,
«HaHOOOBEKT». Bunbl HanooOwektoB (0D, 1D, 2D; wMukpo-, Me30- U
MaKpOIOPUCTHIE).
SApxue npuMepsl NPOsBICHUS pa3MEpHOTo dpdeKTa.

llpakmuxa. 1lpaktuueckas padota: MojaenupoBaHue CTPYKTYpbl HaHOYACTHII
pa3HOro pasmepa, CpaBHEHHE JOJIU TOBEPXHOCTHBIX AaTOMOB U  YHCla
HECKOMITCHCHPOBAHHBIX BAJICHTHOCTEH.

Tema 4.2. Tlucnepcuvie cucmemul, cooepicawjue 2a3oeyio pazy Teopus.

Ilensl, a3p030JM U a3POTENH.

Ilpakmuxa.  YdeOHO-uccnenoBaTeNbCKUN  dKcrepuMmeHT:  OmnpeneneHue
YCTOMYMBOCTHU TIEHBI MOOIIIMX CPENICTB.

Tema 4.3. [lucnepcuvie cucmemol, cooeprcawiue Hcuoxkyro gazy

Teopus. 3omu, Tenu, 3MyJbCUU U cycrneH3ud. [lomoxkeHne 305€d Ha IIKale
JIMCTIEPCHOCTU KOJIJTOUIHBIX CUCTEM.

Ilpakmuxa. Y4yeOHO-UCCIENOBATENbCKUM dSKcnepuMeHT: I[lonmyueHue 3omei
HAaHOCTPYKTYPHPOBAHHOTO cepedpa.

Tema 4.4. /Tucnepcuvle cucmemsl, cooepircaujue n0GEPXHOCMHO-AKMUBHbLE
seujecmea

Teopus. ITloBepXHOCTHO-aKTHUBHBIC BellecTBa. MeMmOpaHbl, MHIICUIBI U

JIMIIOCOMBEI. bronornueckue AUCIICPCHBIC CHCTCMBI.
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Ilpaxmuka. Y4eOHO-UCCIIEOBATEIbCKUNA 3KCIEPUMEHT: M3ydeHue BIMSHUS
MOBEPXHOCTHO-AKTUBHBIX BEIMIECTB HA MOBEPXHOCTHOE HATSXKEHHUE.

Tema 4.5. Memoowt eusyanuzayuu Hanouacmuy

Teopus. Dpdext Tunaans. AHaINU3 TPASKTOPHI IBYKCHHS] HAHOYACTHII.

Ilpakmuka.  YuyeOHO-UCCIEAOBATENbCKUN  dKCHEpUMeHT:  JleMoHcTpaius
sabdexrta TuHmANA HA AUCTIEPCHBIX CUCTEMaX Pa3IMYHOrO poja.

Pa3nen 5. Metoabl CMHTE32 HAHOCTPYKTYPHUPOBAHHbIX BelIECTB U
MaTepuajIoB

Tema 5.1. Ilpunyun «ceepxy-eHu3»

Teopus. ITpuHUUIIBI TOTYYEHUS] HAHOCTPYKTYP: «CBEPXY-BHHU3» U «CHU3Y-
BBepx». [lonmyuenue rpadena. OcoOEHHOCTH paOOThI MIIAHETAPHBIX MEJIHHUII.

Ilpakmuxa: llpaktuyeckas paborta: IlocTpoeHue wmojaenu IJIaHETaApHOU
MEJIbHHUIIBI.

Tema 5.2. IIpunyun «cuu3zy-66epx»

Teopus. OcHOBBI cynpamodekyisipHoid xumun. CamocOopka. MeToasl cuHTE3a
HAaHOYACTHUIl: «MATKOM XHUMHE» — 30JIb-T€llb, «TOMOIE€HHOTO OCAXICHUD,
oOpaInieHHO-MULICTUISIPHBINA, MHKPOIMYJIbCUOHHBIN; Tepmonu3, CVD. Metoas
cTaOWIM3alMii  HAHOYACTHII:  CTEpUYECKas, XejaTHas, JJIEKTPOCTaTUYecKasd,
uMMoOMIn3anueln B Marpuie. HampaBieHHbI CHHTE3 HAHOOOBEKTOB: KBAaHTOBBIC
TOYKHU, HAHOIUJIEHKH, OOBEMHbICE HaHOMartepuayibl. Moaudukanus CBOUCTB
HaHOMAaTEPUAJIOB.

Ilpakmuka: Y4yeOHO-HUccIenOBaTeNbCKUN dKcniepuMeHT: ['a3oda3Hbiii cuHTE3
HAaHOKPHUCTAJUIMYECKOro XJjiopuaa aMmmonus. [losiydeHue 3051€i1 HaHOMAarHeTHUTa,
HAHOPA3MEPHOTO JMOKCHIA THUTaHa, OepiaMHCKON na3zypu. [lomydeHrne HaHOMIICHOK

cepedpa Ha CTEKIITHHOM Mojj10KKe. OleHKa UX TOJIIIUHBI.

Hpomeofcymouuaﬂ ammecmauus.
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11 KITACC Pa3zges 6. MeToabl HCCJIeI0BAHNS HAHOCTPYKTYPHPOBAHHBIX

BellleCTB M MATEPHAJIOB

Tema 6.1. Onmuueckue memoowt

Teopusa.  OnTtuyeckue  CBOMCTBA  HAHOYACTUIl U  HAHOMATEPHUAJIOB.
Muxkpockonus. dudpakuuonnsiii npeaen. Poromerpus. CrnekTpopoToMeTpus:
U3MEPEHUE  MPOMYCKAHWs, IOIVIOLICHUS, JIIOMUHECHEHIMU. JlMHaMuyeckoe
CBETOpACCESHUE.

IIpakmuxka: llpaktudeckas padora: MUKpOCKOIIMYECKOE U3yUYEHHUE MTPEenapaToB
HaHocepeOpa Ha CTEKJIax.

Tema 6.2. IneKkmponHnas MUKpoCKonus

Teopus. DneKTpOHHAS MUKPOCKOIIUSI: IPOCBEYMBAIOIIAS U CKAaHUPYIOIIAs.
Oco0eHHOCTH U3yYeHUs] OMOJIOTUYECKUX OOBEKTOB Ha HAHOYPOBHE.

Ilpakmuxa: llpaktuueckass pabota: CpaBHUTEIbHBIM aHaW3 M300pakKeHUMU
HaHOCTPYKTYP, MOTYYEHHBIX SJIEKTPOHHON MUKPOCKOIHUEH.

Tema 6.3. Penmezenoeckasn ougppaxmomempus

Teopus. PentrenodaszoBeiii aHanu3. YHIUpPEeHHE MHKOB KakK MPU3HAK
HAHOOOBEKTAa U KaK CIOCOO OIEHKH pa3Mepa KPUCTAIMTOB. PEHTT€HOCTPYKTYPHBIM
ananu3. OnpenesieHne CTPYKTYpbl HAHOPa3MEPHBIX OOBEKTOB HA AaTOMHOM YpPOBHE.

Ilpakmuxka: Tlpaktudeckass padota: Busyanuzamnusi cTpyKTyp OHMOMOIUMEpPOB,
MOJIYYEHHBIX METOJOM PEHTT€HOCTPYKTYPHOTO aHAJIN3a.

Tema 6.4. Ckanupyrwuias 30H008a1 MUKPOCKORUA

Teopus. TyHHeNIbHAs MUKPOCKOIHS. ATOMHO-CUJIOBAasE MUKPOCKOMHS. AHaIN3
HAHOCTPYKTYphl ~ MOBEpXHOCTeH. CTaTMYeCKUd U AUHAMUYECKUH  PEXUM
CKaHUPOBaHUSI.

Ilpakmuka: Tlpaktudyeckas pabota: AHaMM3 W300paKEHHM, MOTYyYEHHBIX
METOJJOM  aTOMHO-CHUJIOBOM  MHKPOCKOIHUHM, C  IOMOIIIO  COBPEMEHHOIO
MPOTrpaMMHOTO o0ecredeHus. Y 4eOHO-UCCIIeI0BAaTeILCKUM dKCTIepuMeHT: M3ydenne

IMOBEPXHOCTHU METOIOM aTOMHO-CHUJIOBOM MHUKPOCKOIINH.
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Paznea 7. DyHKIMOHAJIbHBIEC CBOMCTBA HAHOCTPYKTYPHMPOBAHHBIX BellECTB
U MATepuaJioB

Tema 7.1. @ynkuyuonaivHvle Ce0IiCMEa eeujecmaea, odecnevusaemole
HaHomamepuaiamu

Teopus. CBepxHuU3Kas CMa4nBaeMOCTb. CBepXIpOYHOCTb.

BricokoTemneparypHasi cBepXmnpoBoAUMOCTh. CBepxdumnbrpanus. CBepXbsIpPKOCTb
cBeroucnyckanus. Cyxas aare3us (OMOMUMETHKA TeKKOHA). MarHuTHbBIE CBOMCTRBA.

Ilpakxmuxa. Y4eOHO-UCCIENOBATENbCKUIM dKcniepuMeHT: M3yuenue «addexra
JIOTOCa» Ha MpUMEpeE JIeriecTKa po3bl. M3Mepenue kpaeBoro yria.

Pa3znesn 8. HaHOTeXHOJI0TMHU — MEPCIEKTUBBI PA3BUTHA U COCTOSIHHE HAYKH
Ha CerOAHALIHMH IeHb

Tema 8.1. Coépemennvie npumeHenus HAHOMEXHOI02UU

Teopus. CoBpeMeHHbIE IPUMEHEHUSI HAHOTEXHOJIOTUH, 001U 0030p.

llpaxmuxa. BuktopuHa: HaHOTEXHOJIOTMY B HALLIEH JKU3HU.

Tema 8.2. Yenepoonwvie nanomamepuaiinl

Teopus. Ocobasg ponp yraepoga B HaHomupe. Dymnepensl, Trpades,
HAaHOTPYOKHU.

Ilpakmuka. Tlpaktudeckass pabota: MogenupoBaHue MPOCTPAHCTBEHHOM
CTPYKTYPBI (DyJIIEPEHOB.

Tema 8.3. Hanomamepuanwl ona snepzemuxu

Teopus.  Hanomarepuansl B TOIUIMBHBIX 3JeMeHTax. JIuThil-uoHHbIE
aKKyMyJsTopbl. CynepKOHIEHCATOPBI.

Ilpaxmuka. Y4eOHO-UCCIENOBATENbCKUIM dKCIEpUMEHT: M3mMepeHue eMKOCTH
JUTUA-UOHHOTO aKKYMYJISITOPA.

Tema 8.4. Hanosnexkmponuka

Teopusa.  3akoH Mypa. TexHomornyeckuu rporecc

IPOU3BOJICTBA MHTETPAIBHBIX MUKpOocXeM. CUCTeMbl 3anucy HH(popmMaIuu.
Ilpakmuka. Tlpaktudeckass paboTa: AHaIW3 H300paXKEHHS TMOBEPXHOCTU

KOMIIaKT-AHUCKaA.
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Tema 8.5. Hanomamepuanvl 6 meouyune u IKojao2uu

Teopus. Hanonnarnoctuka. [ [puymeHeHne HAaHOMAaTEpUAIOB B TEPAITUU.
Hanocop6enTsl. @oTokaTtanuzaTopsl. CaMOOYUCTKA.

Ilpakmuxa. Tlpaktndeckas pabora: Busyanmzanuss mpoCTpaHCTBEHHOU

CTPYKTYpbl HAHOOMONpPENapaToB C TMOMOIIBIO COBPEMEHHOTO MPOTrPaMMHOIO

oOecrieueHus.

Pazpen 9. AKTyaJIbHbIE npoodJjieMbl B obJ1acTH
HAHOXMMHUH U HAHOTEXHOJIOI MU

Tema 9.1. /Tluckyccus

Teopus. AxTyanbHble TPOOJIEMBI B 00JIACTH HAHOXUMUHU U HAHOTEXHOJIOTHUHU.

Ilpaxmuxa. iToroBas arrectanus. 3aueTHas padora.

MJIAHUPYEMBIE PE3YJBTATHI OCBOEHUS KYPCA BHEYPOUYHOM
AEATEJIBHOCTHU « COBPEMEHHBIE UCCJIEAOBAHUA U
JOCTU/KEHUA HAHOXUMHUMN»
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JIMUHOCTHBIE PE3YJIbTATHBI

B cghepe epadicoancrozo éocnumanusi: ClIoCOOHOCTD ONPEICIISITh COOCTBEHHYIO

MTO3UITUIO TI0 OTHOIICHHIO K SIBJICHHUSIM
COBPEMEHHOW KU3HU U OOBSACHATH €€; TOTOBHOCTh K COTPYJIHHYECTBY B IpoIiecce
COBMECTHOT'O BBIITOJIHEHHUSI YUCOHBIX, [TO3HABATEIBHBIX U MCCIICAOBATEILCKUX 3ajad,
YB@KHUTEJILHOTO OTHOIIECHHS K MHEHHIO OIIIIOHEHTOB IPH OOCYKICHHH CIOPHBIX
BOIIPOCOB €CTECTBEHHO-HAYYHOTO COACPIKAHHUS.

B cghepe nampuomuueckozo socnumanus.: yBaxeHue K MpoIeccy TBOPUYECCTBA B
00J1aCTH TEOPUHU M TPAKTHUYECKOTO MPUJIOKEHHUS HAHOHAYKH, OCO3HAHHUS TOTO, YTO
YCIIEXH HAyKd W TEXHOJOTHU ©CTh pPe3yJbTaT JUINTCIBHBIX HAOJIOJICHUH,
KPOTIOTJIMBBIX  AKCIIEPUMEHTAIBHBIX ITOMCKOB, IIOCTOSSHHOTO TpyJla YYCHBIX U
MIPAKTUKOB; CIIOCOOHOCTh OIICHHBATH BKJIAJl POCCHHCKUX YUEHBIX B CTAaHOBJIICHHE U
pa3BUTHE HAHOXUMUH, IOHUMAHUE 3HAYCHHS HAYKW B MIO3HAHUU 3aKOHOB TIPUPOJIBI, B
YKU3HU YEJIOBEKa U COBPEMEHHOT'O OOIIECTRA.

B cghepe oyxoeno-upascmeennoco éocnumanusi:

OCO3HaHWE JIMYHOTO BKJIaJa B IIOCTPOCHHE YCTOWYHUBOTO OyIyIIEro;

CIIOCOOHOCTH OIEHUBAThH CUTYAIUIO ¥ IIPUHUMATh OCO3HAHHBIC PEIICHUS,
OPUEHTHPYSICh Ha MOPaJIbHO-HPABCTBCHHBIE HOPMBI U TICHHOCTH.

B cghepe scmemuueckoco eocnumanusi: 3CTETUYECKOE OTHOIICHHE K MUDY,
BKJTIIOYAs ACTETUKY HAYYHOTO U TEXHUYECKOTO TBOPUECTBA.

B cipepe popmuposanus kyrvmypsi 300po6bsi:

coOJIroIcHUE TIpaBUJI 0€30MMacHOT0 OOpaIleHUsl C BEIIECTBAMU B OBITY,

ITOBCEHEBHOM XKU3HU, B TPYJIOBOU JEATEIBHOCTH;
OCO3HaHME MOCEACTBUN U HEMPUITHE BPEIHBIX MMPUBBIYEK (YIIOTpEOICHUS

aJIKOT0JIs, HAPKOTUKOB, KYpEHUS);

NOHMMAHUE LEHHOCTU TMPaBWJ HMHAMBUAYAJIBHOTO U  KOJUJIEKTUBHOTO
0€30I1acHOr0 MOBEJCHUS B CUTYAIHUSIX, YIPOXKAIOIMIMX 30POBBIO U KU3HU JIHOCH.

B cghepe mpyooeozo eocnumanusii KOMMYHUKAaTHUBHasT KOMIIETEHTHOCTb B

y‘IC6HO-HCCHC,Z[OBaTCHBCKOﬁ JACATCIBHOCTH,
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OOIIIECTBEHHO MOJIE3HOM, TBOPYECKOM M APYTUX BUAAX NEATEIBHOCTH; MHTEpPEC K

MPAKTUUYECKOMY M3YUYEHUIO IPOo(deccuil pa3TuyHOro pojaa, B TOM
YHClie HA OCHOBE MPUMEHEHUS MPEAMETHBIX 3HAHUH 10 XUMUHU U (U3KKE; YBAKCHHE
K Tpydy, JIOASIM Tpylda U pe3ylbTaTaM TPYJOBOH IESTEIbHOCTH,; TOTOBHOCTH K
OCO3HAHHOMY BBIOOPY MHIMBHUIYaTbHOW TpPaeKTOpUU OOpazoBaHus, Oyaymiei
npodeccun U peanns3alnui cOOCTBEHHBIX )KU3HEHHBIX IJIAHOB C YYETOM JIMYHOCTHBIX
UHTEPECOB, CIIOCOOHOCTEN K HayKe, MHTEPECOB M MOTpeOHOCTEHN 00I1ecTBa.

B cgepe sxonocuueckoeo ocnumanus: 3KOJIOTMUYECKH Li€JIecoo0pa3Hoe

OTHOIIIEHHE K IPUPOJIC KaK UCTOUHUKY
CYLIECTBOBAHMS KU3HU Ha 3emJiie; HAIMYUE PAa3BUTOrO HKOJIOTMYECKOTO MBILIUICHUS,
HKOJIOTUYECKON KYJBTYpBhl, OMbITA ACSITEIbHOCTU SKOJIOIMYECKON HANpaBICHHOCTH,
YMEHMSI PYKOBOJCTBOBATbCSI MMM B II03HABATEIbHOW, KOMMYHUKATUBHOM W
COLIMAJIbHON MPAKTHUKE, CIOCOOHOCTH U YMEHHUS aKTUBHO MPOTUBOCTOSITH UJCOIOTUU
xeMo(poOuHn; cmocOOHOCTh UCIOJIB30BATh MPUOOPETAEMBIE NTPU U3YUEHUU HAHOXUMUHU
3HaHWS ¥ YMEHHS TPH PEIICHUH MpoOJieM, CBSI3aHHBIX C PalUOHAIBHBIM
IPUPOIONOIB30BaHUEM (COOIIIO/IEHNE TTPABUII TOBEACHUSI B IPUPO/JIE, HATIPABIECHHBIX
Ha COXpaHEHHE PaBHOBECHS B HIKOCHCTEMAaX, OXpaHy BUJOB, IKOCUCTEM, Orochepsl);
OCO3HaHUE II00albHOI0 XapakTepa dKOJIOrMUECKUX MPoOIeM U MyTeH ux
peleHusl.

B cgpepe yennocmeii nayunozo nosnanus:

MOHMMAaHHE CMeNuUKA HAHOHAYKH, OCO3HAHHME €€ POJau B (OPMHUPOBAHUU
palMoHaIbHOTO HAYYHOI'O MBILIUICHHS, CO3/IaHHE ILIEJIOCTHOTO MpeACTaBlIEHUs 00
OKpY’KaloIlleM MHpE KaK O €JUHCTBE MPUPOJbI, YeIOBEeKa U OOIIECTBa, B MO3HAHUU
OPUPOJIHBIX 3aKOHOMEPHOCTEH M pELIEHUH MpOoOJIeM COXpaHEHUs MPUPOTHOTO
paBHOBECHS; TOHUMAaHHWE CYIIHOCTH METOJIOB TO3HAHUA, HCIOJIb3YEMbIX B
€CTECTBCHHBIX HayKax, CHOCOOHOCTH WCMOJb30BaTh TMOMydyaeMble 3HAHUS MJIs
aHaM3a M OOBSCHEHUS SIBICHUU OKPYKAIOIIET0 MHpa M TPOUCXOMSIINX B HEM

HBMGHeHHﬁ, YMCHUC ACJIATb 000CHOBAHHBIC 3aKJIIOYCHMS HA OCHOBE Hay4HbIX (baKTOB
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U JIaHHBIX, TOJYYEHHBIX B XOJI€ Y4YEOHO-HCCIIEIOBATEIHCKOTO SKCIEPUMEHTA, C
LEJIbIO0 OJIYYEHUsI JOCTOBEPHBIX BHIBOJIOB;

3aMHTEPECOBAHHOCTh B TMOJYYEHUHM €CTECTBEHHO-HAYYHBIX 3HAHUN B LEIAX
MOBBIIICHUS 00IIEH KYJIbTYpbl, €CTECTBEHHO-HAYYHOM rpaMOTHOCTH KaK COCTaBHOM
4acTH (PYHKIIMOHAIBHON IPaMOTHOCTH, (POPMUPYEMOH TTPU 00yUEHUU;

T'OTOBHOCTD )41 CITOCOOHOCTh K HCIIPCPBIBHOMY O6pa3OBaHI/II-O

)41 CaMOO6paBOBaHI/II-O, K aKTUBHOMY IIOJIYUYCHHUIO HOBBIX 3HAHUHA B COOTBETCTBUHU C

KHU3HCHHBIMH HOTpe6HOCTSIMI/I.

METAINIPEAMETHBIE PE3YJIBTATDBI

B cepepe osnraoenus nosnasamenvHoiMu YyHUGEPCATLHBIMU YUEOHBIMU
oelicmeuamu:

ba3zosvie nocuueckue oeticmaus: CaMOCTOSITEIIBHO dbopmynupoBath U

aKTyaJM3upoBaTh MpPOOJIEMY,
paccMaTpHUBaTh €€ BCECTOPOHHE;

UCIIOJIb30BaTh TIPU OCBOCHUU 3HAHUNA TPUEMBI JIOTUUECKOTO MBIIUICHHUS
(amanuza, cWHTE3a, CpaBHEHUS, KiaccuuIMpoBaHus, OO0OOIIEHUS), pPaCKpPHIBAThH
CMBIC]I HAy4YHBIX TOHSATUN (BBIAETSATH UX XapaKTEepHbIC MPU3HAKH, YCTAaHABIUBATH
CBSI3H C IPYTUMH TTOHSATHSIMH );

OTpeNeNsATh IEJN IeATeIbHOCTH, 3a/1aBasi TapaMeTPhl U KPUTEPUU UX
JOCTHKEHUSI, COOTHOCUTBH PE3YJIbTaThl JCSITEIBHOCTH C TIOCTABJICHHBIMU IICJISIMH,

UCIIOJI30BaTh HAy4YHbIC TIOHATHS JUIsI OOBACHCHHWS (PAKTOB H  SBICHUH

IPUPOABI, CTPOUTH JIOTUYCCKUE PACCYKICHUs (MHIYKTHBHBIC, CTyKTUBHEIC,

0  aHAJOTWH), BBIABIATH 3aKOHOMEPHOCTH W  TNPOTHBOPEYHS B

paccMaTpUBAaEMbIX SIBJICHUSX, (OPMYIHPOBATH BBIBOJABI M 3aKIIOYCHUS;

MPUMEHSATh CXEMHO-MOJIEIBHBIE CPEJICTBA ISl MPECTABICHUS CYIIECTBEHHBIX

CBSI3€H M OTHOIICHUN B M3Y4aeMBbIX 00BEKTaX, a TAKKE MPOTUBOPEUHI Pa3HOTO
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pola, BBIABICHHBIX B  PAa3IUYHBIX  HH(GOPMAIMOHHBIX  HMCTOYHUKAX;
pa3pabaThIBaTh TUIAH PEIICHHSI POOJIEMBI C YIETOM aHAN3a UMEIOIITIXCS
MaTepUaJIbHbIX U HEMAaTEPUAIbHBIX PECYPCOB.

ba3zoevie uccneoosamenvckue oeticmeusi:

BJIaJICTh HAYYHON TEPMUHOJIOTHUEN, KIIFOYEBBIMU MMOHATUSAMU U METOJIAMHU
HAHOHAyKH; BIAJE€Th HAaBBIKAMU y4eOHO-HCCIIENOBATENIbCKOM U MPOEKTHOMU
NEeATEIbHOCTH, HAaBBIKAMH pa3pelieHus] Mpo0JieM; CIIOCOOHOCThIO U TOTOBHOCTBIO K
CaMOCTOATEJIHOMY IOMCKY METOAOB pPEUICHUS NMPAKTUYECKUX 3a]ad, MPUMEHEHHUIO
Pa3IMYHBIX METOHOB IMO3HAHMS; HUCMOJb30BaTh PA3JIMYHbIC BUABI JEATEIIBHOCTH IO
HOJIyYEHHUIO0 HOBOTO 3HaHMsI, €T0 MHTEPIIPETALIH, TPEOOPa30BAHNIO U IPUMEHEHHUIO B
y4€OHBIX CUTYalUsAX, B TOM YHUCJIE [IPU CO3/IaHUU YUEOHBIX M COLUATBHBIX ITPOEKTOB;
dbopMUpOBaTh HAYYHBIN TUI MBIIIUICHUS, BIAJETh HAYYHON TEPMUHOJIOTHEH,
KJIFOUEBBIMA TOHATUSIMU M METOJAaMH; CTaBUTh U (OPMYIHPOBATH COOCTBEHHBIE

3a/1a4u B 00pa30BaTeNbHOM JAESITENIbHOCTH

U JKM3HECHHBIX CHUTYalUSAX; YMETh MHTETPUPOBATH 3HAHUS U3 Pa3HBIX

IpeAMETHBIX 00IacTei.

Paboma ¢ ungopmayueri: Bnanerb HaBbIKAMHU MOJY4YeHHUS HMH(OOpMALUU U3
VMCTOYHUKOB PA3HBIX THUIIOB, CaMOCTOSITEIbBHO OCYIIECTBISATh TOUCK, AaHAJIU3,
CUCTEMATU3ALMI0 W HWHTEPOpETAlHi0 HH(OpMAUU pa3audHbIX BUIOB U (popm
IpeJICTaBICHUS; OLIEHUBATh IOCTOBEPHOCTh HH(OPMALINY;

(opMyIHpPOBATH 3aIPOCHI U MPUMEHATH PA3JIMYHbIE METObI IIPU TTOUCKE

u oroope wuHOpMaLMK, HEOOXOAUMOM [l BBIMOJHEHHS YYEeOHBIX 3ajad;
CaMOCTOSITEJIbHO BBIOMpATh  ONTHUMAIBHYIO bopmy npeACTaBICHUS

uH(popmanuu (cxemsbl, rpaduKu, TMarpaMmbl, TAOJIUILIBI, PUCYHKH U JIP.);
UCIIOJIb30BaTh ~ HAy4YHbIM  SI3BIK B KauecTBe  cpeactBa Impu padore ¢
uH(popMaIuen: TpUMEHSITh XUMUYECKUE, PU3MUECKIE U MAaTEMaTHUYECKUE 3HAKHU U
CUMBOJIbI, (opMyJibl, abOpeBHaTypy,  HOMEHKJIATypy,  HCIIOJb30BaTh U

Hp@O6p&30BBIBaTB 3HAKOBO-CHMBOJIMYCCKUC CPCACTBA HATI'TIAAHOCTH.
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B cehepe osnaoenusn ynusepcanbHvlmu KOMMYHUKAMUBHBIMU OCUCHBUAMU:

OCYILIECTBIIATH OOIIIEHUE BO BHEYPOUHOMU JEATEIbHOCTH;

Pa3BEpPHYTO U JIOTUYHO M3JIaraTh CBOIO TOYKY 3PEHUS C UCIIOJIH30BAaHUEM
S3BIKOBBIX CPEJCTB; IMOHUMaTh M HCIOJL30BaTh NPEUMYIIECTBA KOMAaHIHOU U

VHJIUBUYJIBHON
paboThI; BEIOUPATh TEMATUKY U METOJIbl COBMECTHBIX JICHCTBUM C y4ETOM OOIINUX
MHTEPECOB U BO3MOXKHOCTEN KaXKJI0T0 YJieHa KOJIJIEKTUBA;

IpUHUMATh  1I€JIM  COBMECTHOM  JCATEIbHOCTH, OpPraHU30BBIBATH MU
KOOPJAMHUPOBATh JEHUCTBUS 110 €€ JOCTH)KCHHUIO: COCTaBJIATh IUIaH JEHCTBUM,
pacmpenensiaTb pPojid C Y4eTOM MHEHUH YYaCTHHMKOB, OOCYXJaTh pe3yJbTaThl
COBMECTHOM pabOThI; OLICHMBATh KAYECTBO CBOETO BKJIaJa M KaXJOTO yYacCTHUKA
KOMAaHJbI B OOIIHNH
pe3yabTatr 1Mo pa3paboTaHHBIM KPUTEPHUSM; MpeAjiaraTb HOBbIE MPOEKTHI, OIICHUBATh

WJICH C MO3UIIMH HOBHU3HBI,

OpPUTMHAJIBHOCTH,  IPAKTUYECKOM  3HAYUMOCTH;  OCYIIECTBISATH  MO3UTHUBHOE

CTpPaTETUYECKOE MOBEJACHNUE B PA3IMYHBIX
CUTYaIUsX, POSIBISATH TBOPUYECTBO U BOOOpakeHUE, ObITh HHUITUATUBHBIM.

B cpepe oenadenusn ynusepcanvHoimu pecyiamueHbIMuU 0eiiCmeUaMU:

Camoopeanuzayus: WCTIONb30BaTh HAyYHbIC 3HAHUS ISl BBISABJICHHUS MPOOJIEM

U WX peIIeHUs
B OKM3HEHHBIX M  Y4YEOHBIX CUTyalMsIX; CAMOCTOSITEIbHO  OCYIIECTBIATH

MO3HABATEIBHYIO JIESITCIIbHOCTD, BBISBIIATH

npo0eMbl, CTaBUTh U (POPMYIMPOBATH COOCTBEHHBIE 33/1a4H;
CaMOCTOSITENIbHO COCTABJISTH IJIaH BBIMTOJIHEHUSI y4EOHO-UCCIIEI0BATENLCKOTO

HKCIIEPUMEHTA C YYETOM UMEIOILIUXCS PECYPCOB, COOCTBEHHBIX BO3MOKHOCTEHN U
MPEeANOYTEHU; paCIIMPATh PAMKH y4eOHOTO IIPEeIMETa Ha OCHOBE JIMYHBIX
MPEeANOYTEHUI; 1es1aTh OCO3HAHHBIN BBIOOP, apryMEHTUPOBATh €ro, OpaTh Ha ceOs

OTBECTCTBCHHOCTH
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3a pelIeHue; OLICHHBATH

MPUOOPETEHHBIN OTIBIT;

crocoOcTBOBaTh (OPMUPOBAHUIO U TPOSIBICHUIO HPYAHIMA B 00JacTH
€CTECTBEHHBIX HAyK, ITOCTOSHHO IMOBBIIIATH CBOM 0Opa30BaTENbHBIM M KYJIbTYpPHBIN
YPOBEHb.

Camokonmponb: naBaTh OLIEHKY HOBBIM CUTYallUsM, BHOCUTh KOPPEKTHBBI B

IesITeIbHOCTD,
OLIEHUBATh COOTBETCTBUE PE3YJIbTATOB IIEIISIM;

NPUHUMATh MOTUBBI U apTYMEHTHI IPYTUX MPH aHAIN3E PE3YIbTaTOB
NeSITEIIbHOCTH;

UCIIOJIb30BaTh MPUEMBbI peIeKCUH JIJIsl OLEHKU CUTYalllu, BBIOOpa BEPHOTO
peleHus;

YMETh OIIEHUBATh PUCKH U CBOCBPEMEHHO MPUHUMATh PEIICHUS M0 UX

CHMIKCHHIO.

[punamue cebs u Opyaux:

IMPpUHUMATb 06651, IMOHHUMas CBOM HEAOCTATKHU U JOCTOMHCTBA, IIPU3HABATb

CBOE MPABO U MPABO JIPYTUX HA OLIUOKHU.

MNMPEIAMETHBIE PE3YJIBTATDBI

[To utoram peanuzaruu [Iporpammel oOydatomuecs: OyayT 3HATD:

OCHOBHBIC TIOJIOKEHHS 3aKOHOB, TEOPU, 3aKOHOMEPHOCTEH, MPABHII, THIIOTE3
B 00J1aCTH COBPEMEHHBIX HAHOHAYKH ¥ HAHOTEXHOJIOTUH;

ouorpaduyeckue TaHHbIC U OCHOBHBIC JOCTHKEHUS BEAYIIUX MPEACTABUTEIICH

HAayYKH O JUCIICPCHBIX CPCJax N HAHOXUMUH,
OCHOBOIIOJAraromuce HAaHOXUMHUYCCKUC TCPMHUHEBI U ITIOHATHA (HaHO‘-IaCTI/IHa,

HaHOMAaTEpHUaJIbl, HAHOCTPYKTYpPbl, HAHOCHUCTEMBbI M [Ip.); CTPOEHHE OCHOBHBIX
HaJIMOJEKYISPHBIX CTPYKTYP, IPUCYTCTBYIOLINUX
B JHUCHEPCHBIX Cpelax; BO3MOXKHOCTH HAMPAaBICHHOIO CHUHTE3a W MOAU(PUKALUU

HaHOCTPYKTYPHPOBAaHHBIX
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BEIIECTB U MaTepUaIOB; (PyHKIIMOHAIbHbIE BO3MOKHOCTH HAHOCTPYKTYpPHUPOBAHHBIX
BEILECTB

M MAaTepualoB; OCHOBHBIE METOJABl HAay4HOTO II03HAHUWSA, MCIOJIb3YEMBIE B
HAaHOXUMHUYECKUX

¥ HAHOTEXHOJIOTMYECKUX MCCIIEAOBAHUAX; KIIOUEBBIC JOCTH)KEHUS B 00JIaCTH
HAaHOTEXHOJIOTUH; OCHOBHBIE IPUJIOKEHUS HAHOCTPYKTYPUPOBAHHBIX
BEILECTB U MAaTEPUAIOB.

ITo utoram peanuzauuu [Iporpammel oOyyaromiuecs: OyJ1lyT yMeThb:

MOJIE30BAaThCA TEPMHUHOJIOTHEMN, OTHOCSIIEUCS K HAHOXUMUH "
HAHOTEXHOJIOTHUH;
pa3nn4aTh pa3InYHbIE YPOBHU OpraHu3aIuu MaTepUmn

B HAHOCTPYKTYPHUPOBAHHBIX 00BEKTAX; COOMpATh MIAPO-CTEPKHEBBIC
MOJICITA CTPYKTYP HAaHOOOBEKTOB;
MIPUMEHSTH MTPOTPAMMHOE 00ECTICUCHHE JIJIST BU3YaTU3aIiH MPOCTPAHCTBEHHOM
CTPYKTYpbl HAHOOOBEKTOB; IJIAHUPOBATh M MPOBOJUTH YYCOHO-UCCICAOBATEIbCKHUI
AKCIICPUMEHT
M0 W3YYCHWIO CBOWCTB JHCIEPCHBIX CHCTEM; aHAJU3UPOBATh H300PaKCHHUS
HAaHOCTPYKTYPHUPOBAHHBIX O0OBEKTOB,
MOJTYYEHHBIC Pa3IMUHBIMUA METOJIaMH U3YUYEHHUS; yCTaHABIMBATh B3AUMOCBSI3H MEXKTY
HAyKOW MW TEXHOJIOTHSMH, HaHOMaTrepuajlaMH UM WX CBOMCTBaMH, METOJaMHU
WCCJICIOBAHMS U UX BO3MOXXHOCTSIMH;, OIEHUBATh dTUYECKHUE ACTIEKThl COBPEMEHHBIX
HWCCIEeNOBaHUN B 00J1acTH
HAHOTCXHOJIOTUH; CaMOCTOSATEILHO pPaboTaTh C HMCTOYHUKAMH JOIOJTHUTEIHHOU
JTUTEPATYPHI

Y MHTEPHET-PECYpCamMu, BKIIKOYAsl PECYPChI HA AHTJIMHCKOM SI3BIKE.
TEMATHYECKOE IINTAHUPOBAHUE
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10 KJTACC

No Haumenosanue Konuwecmeo IIpoepammnoe Xapaxkmepucmuxa
wn pazoenos u 4acos cooeporcamiie oesamenbHoOCmu

mem Kypca obyuaowuxcs
Pazgen 1. OpranmzanuonHoe 3ansatue «HaHOXMMHAIT W  HAHOTEXHOJIOTMS KaK

MEKINCHUIITIMHAPDHAA 00J1aCTDhY

1.1. | Beengeuune B 2 DopMBI U METOBI [IepBuyHas quarHoCTHKA.
[Tporpammy JESITEILHOCTH. BxoaHoe TectupoBanue
[Tnan paboTel HA
y4eOHBIN TO/I.
HucTpykTax mo
TEXHHUKE
0e30macHOCTH
Wroro no pazneny 2
Paznen 2. UcTopusi HAyKH 0 JUCHIEPCHBIX CHCTEMAX

2.1 | Hauano usydenus
MMOBEPXHOCTHBIX
SIBIICHUI U
JIUCTIEPCHBIX

CHUCTEM

4

Kanwnmiapse! 1 3akoH
Jlannaca. 3yuenue
aacop6muu (K. leerne,
T. JloBum).
Meraunueckue
301 (M.

®dapajeii).
bpoyHnoBckoe
nBrkenne. OcMoc

u quanu3 (T.

I'pam).
Konnounneie
CUCTEMBI.
Onpenenenue yucna

ABoraapo (K.

[Teppen).

Dddext Pebunnepa.
Tepmun
«HAHOTEXHOJIOTHUHY,
HCTOPHS €r0
NOSIBIICHUSI U

MO pU3ALIAN

(P. ®eiinman,

H. Tanuryrn,
3. llpexcnep)

Yuebnouccneoosamenvckuil
akcnepumenm: VI3yuenne
aZIcOpOIMU KpacuTenei ¢
TIOMOIIIBIO
AKTUBHPOBAHHOTO yIJISL.
Onpenenenue ero
COpOIMOHHOM CIOCOOHOCTH

Hroro no pazneny
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Pa3znes 3. OcHOBBI (PU3HKM MOBEPXHOCTH U JUCIEPCHBIX Cpej

3.1 | OcHOBBI pU3HKH 4 DU3UKO-XUMUYECKUE Yuebnouccnedosamenvckuii
[IOBEPXHOCTU CBOIICTBa aTOMOB Ha 9KCNepUMeHm:
MOBEPXHOCTH. Omnpenenenue
[ToBepxHOCTHOE IIOBEPXHOCTHOT'O
HaTsDKEHHUE. HaTSKEHMSI BOJBI METOJIOM
AncopOrus. OTpBHIBA Kareib
CmaunBaHue
3.2 | CoiicTBa 4 DJIeKTpUYECKue Yuebnouccneoosamenvckuil
JUCTIEPCHBIX CPel CBOIiCTBA. akcnepumenm: O1eHKa
YcroitunBocTh. DU3MKO-| TONIIUHBI TpadUTOBOM
XUMHYECKas MEXaHUKa | JMHUH B 3aBUCIMOCTH OT
MSITKOCTH KapaHjaalna
Uroro no pazueny 8

Pa3nea 4. lucnepcHble cucTeMbl: MOJIy4YeHHe U IPMMEHeHUe

4.1 | Knaccudukanus 2 [TonsTus Ilpakmuueckass  paboma:
AUCIIEPCHBIX CUCTEM «HAHOMAaTepHuam., MopenupoBanue
«HaHOOOBEKT. CTPYKTYPBI HaHOYaCTHII
Bl pa3HoOro pa3mepa,
HaHO0OBekTOB (0D, CpaBHCHHE A0JIH
1D, 2D; mukpo-, MOBEPXHOCTHBIX aTOMOB H
MEC30- U quclia
MaKpOTIOPHCTBIE). HECKOMIICHCHPOBAHHBIX
lpKue npuMepel BAJIEHTHOCTEH
MPOSIBIICHUS
pasMepHOro
s dexra
4.2 | luctiepcHbie 2 [Tens1, aspo3omu Yuebnouccneoosamenvckuil
CUCTEMBI, U a’3porenu 9KCNepuUMeHm:
coAepKalme Onpenenenue
ra3oByio a3y YCTOMYHUBOCTH TIEHBI
MOIOIINX CPEICTB
4.3 | ducnepcHbie 2 3051, TeNH, IMYIBCUU U | YuebHouccredosamenvckuii

CUCTEMBI,
cozieprKaIme
KUIKYIO (hazy

cycnensuu. [Tonoxenue
30JIed Ha IIKajie
JIUCTIEPCHOCTH
KOJUJIOUAHBIX CUCTEM

akcnepumenm: Ilomyuenue
30J1eM
HAHOCTPYKTYPUPOBAHHOI'O
cepebpa

23



4.4 | JlucnepcHbIE CUCTEMBI, 3 | [loBepXHOCTHOAKTUBHBIC | YueOHoUCCcIed08amenvbeKuil
coJieprKaliue BenlecTBa. MeMOpaHbl, akcnepumenm: VIzydenue
MMOBEPXHOCTHOAKTUBHBIE MULEIJIBI U JTUTTIOCOMBI. BITUSTHUS
BEIIIECTBA buonoruueckue MTOBEPXHOCTHOAKTUBHBIX

JTUCTICPCHBIE CUCTEMBI BEIIECTB HA MOBEPXHOCTHOE
HATSKCHHE

4.5 | Meroabl BU3yanu3aiuu 1 | Dddexr Tunnansa. Ananus| Yuebnouccredosamenbckuil

HAHOYACTHI] TPAEKTOPUH IBUKECHUS IKCHEePUMEHM!
HAaHOYACTHUII Hemonctpanus ¢ dexra
Tunpansg Ha UCTIEPCHBIX
CUCTEMaXx Pa3InYHOro poja
Uroro no pazneny 10

Paspnen 5. Meroabl CHHTE32 HAHOCTP

YKTYPHPOBAHHBIX BellleCTB U MaTepHAJIOB

5.1 | Ilpunuun 2 | IIpyHUIUMIBI NOTYYEHUS Ilpaxmuueckas paboma:
«CBEpPXYBHHU3» HAHOCTPYKTYD: [Toctpoenue MOJIEIH
«CBEPXY-BHU3» U TUTAHETAPHON MENTbHHUIIBI
«CHU3Y-BBEPX».
[Tony4yenue rpadena.
OcobeHHocTH paboTh
TUTAaHETAPHBIX METBHUI]
5.2 | Ilpunnun 8 | OcHOBBI Yuebnouccneoosamenvckuii
«CHU3YBBEPX» CynpaMoJIeKyIIpHON axcnepumenm: 'azoda3HbIit

xumuu. CamocOopka.
Mertoapl CHHTE3a
HAHOYACTHIL: «MITKOH
XUMHEH» — 30JIb-TCb,
«TOMOT'CHHOT'O
OCaXKJICHUS,
00paIéHHOMHUIICIUTSPHBIH,
MHUKPO3MYJIbCUOHHBIN;
tepmonus, CVD. Meroabl
CTa0MIIN3aIun
HAHOYACTHII;

CUHTE3
HaHOKPHUCTAJUTMYECKOTO
XJIOpUa aMMOHHS.
[Tonyuenue 30nei
HAaHOMAarHeTHuTa,
HaHOPa3MEepPHOTO AMOKCUAA
TUTaHa, OEPIUHCKON Ja3ypHu.
[TonyyeHnue HaHOTUIEHOK
cepebpa Ha CTEKIISTHHOU
nomioxke. OueHka ux
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CTepUYECKas, XeIaTHas,
AIIEKTPOCTATHYCCKAS,
UMMOOUIN3aIueil B
MaTpHIIE.

HampaBnenHsbIil cuHTE3
HaHOOOBEKTOB:
KBaHTOBBIC TOYKH,
HAHOIUIEHKH, 00bEMHBIE
HAHOMATEPHAIBL.
Monudukanus cCBOWCTB
HAHOMAaTEPHAJIOB

TOJIIHUHBI.

[IpomexxkyTouHas artecTanus

Uroro no pazneny

10

Bcero xoanuecTBo 4acoB
no IIporpamme 3a roa

34
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11 KIIACC

No

n/n

Haumenosanue
pasoenos u
mem Kypca

Konuuecmeo
uyacos

Ilpoepammnoe
cooepoicanue

Xapaxmepucmuka
oesamelbHOCmu
obyuarowuxcs

Pa3znes 6. MeToabl cc/IeIOBAHUS HAHOCTPYKTYPHPOBAHHBIX BellleCTB U MAaTEPHAJIOB

6.1 | Onruueckue 4 OnTuueckue Yyebnouccneoosamenvckuti
METO/IBI CBOICTBA 9KCNepuUMeHm:
Mukpockonuyeckoe
HAHOHACTIIL 1 W3YYCHUE TIPErapaToB
HaHOMAaTCPHAJIOB. HaHocepeOpa Ha cTeKIax
Mukpockonusi.
JudpakimoHHBIN
npenen. DoromeTpus.
Cnektpodoromerpusi:
u3MepeHue
MIPOITyCKaHMUs,
MIOTJIOLIEHUS,
JTFOMUHECIEHITUH.
JIlmHaMHU4ecKoe
CBETOPACCESIHHE
6.2 | DneKkTpoHHas 3 [IpocBeunBaronias Ilpakmuueckas paboma:
MUKPOCKOTTHS 3JIeKTPOHHAsI CpaBHUTEIIBHBIN aHATTN3
MUKPOCKOTTHS. H300paoKenpi
HAaHOCTPYKTYD,
Cxkanupyromas .
MOJTYYEHHBIX DJIEKTPOHHOMN
SICKTPpOHHAA MHUKPOCKOIIHEN
MHUKPOCKOTIHS.
OcobenHoctu
W3YYCHHUS
OMOJOTUYECKHIX
00BEKTOB Ha
HaHOYPOBHE
6.3 | PentrenoBckas 4 PentrenodazoBsiii Ilpakmuueckas paboma:
T paKTOMETpHs aHanu3. YIIMpEeHHe Busyanmsanus cTpykTyp

IINKOB KaK HpI/ISHaK
HaHOOOBEKTA U KaK
Ccroco0 OLIEHKH

pa3mepa KpUCTaTUTOB.

PenTreHocTpykTypHBIi
aHanu3. OnpenenexHue
CTPYKTYpBI
HaHOPAa3MEPHBIX
00BEKTOB Ha AaTOMHOM
YPOBHE

OMONOJIMMEPOB,
MOJTYYCHHBIX METOJIOM
PEHTT€HOCTPYKTYPHOTO
aHanM3a

26




6.4 | Ckanupyromas 6 TynnenpHas Yuebnouccneoosamenvckuti
30H70Bas MUKPOCKOTIHS. SKChepuMenm.
MUKPOCKOTIHS ATOMHOCHUIIOBas

MHKPOCKOIHUS. AHAIU3 M3yacHHC TIOBEPXHOCTH

HAHOCTPYKTYPbI METOJIOM aTOMHOCHJIOBOM

MTOBEPXHOCTEH. MHKPOCKOTIHH,

CraTuueckuii u

JTUHAMUYECKHUI peXUM

CKaHMpOBatHA IIpaxmuueckas paboma:
AHanu3 n300paKeHnH,
MOJIYYEHHBIX METOJIOM
aTOMHO-CUJIOBOM
MUKPOCKOIIUH, C TIOMOIIIBIO
COBPEMEHHOTO
MIPOTrPaMMHOTO
obecrieueHus

Wroro no pazneny 17

Pasznen 7. DyHKuMoHaIbHBIE CBOMCTBA

HAHOCTPYKTYPHPOBAHHBIX BellleCTB H MATEPHAJIOB

7.1

CDYHKI_II/IOHaJ'ILHHe
CBOMCTBa BCIICCTBA,
obecreynBaeMbIe
HaHOMaTcpualiaMnu

5

CBepxHHU3Kast
CMauyuBaeMOCTb.
CBepXITPOYHOCTb.
BeicokoremnepartypHas
CBEPXIPOBOJUMOCTb.

Caepxdunbrpanus.
CBepXbIIpPKOCTh
CBETOMCITYCKaHUS.
Cyxas aares3us
(buoMumeTHKa
reKKOHa). MarHuTHble
CBOMCTBA

Yuebnouccneoosamenvckuii
axcnepumenm. I3yuenune
«3(pdekra moToca» Ha
pUMepe JIeTeCTKa PO3bI.
W3mepenue kpaeBoro yria

Hroro no pazneny

5

Paspnen 8. HaHOTeXHO/10rMM — MEPCIIEKTUBBI PA3BUTHS M COCTOSIHME HAYKH HA
CeroJAHfAIIHNI NeHb

8.1

CoBpeMeHHbIE
MIPUMEHECHHUS
HAaHOTEXHOJIOTUH

OO6muii 0630p
COBPEMEHHBIX
[IPUMEHEHUN
HAHOTEXHOJIOTUU

Buxmopuna:
Hanorexnomoruu B
HaIlleHd KU3HU
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8.2 | Yraeponnsie

Ocobas ponb yriepoaa

Ilpaxmuueckas paboma:

HaHOMAaTepHaJIbl B HAHOMHPE. MonenupoBanue
MIPOCTPAaHCTBEHHOU
dynnepensl, rpadeH, pocTp
CTPYKTYpHI pyiiepeHoB
HaHOTPYOKHU PYKTYpEI ystiep
8.3 | Hanomarepuansl ajist 2 Hanomarepuasi Yuebnouccneoosamenvckuil
SHEPreTHKU B TOIIMBHEIX akcnepuMeHm.uI/hMepeHHe
€MKOCTH JIUTUI-HOHHOTO
AIIEMEHTAaX. AKKYMYJIATOpA
Jlutuii-uonnsle
AKKyMYJISATODBI.
CynepkoHieHCaTOPbl
8.4 | HanosnektpoHuka 2 3akoH Mypa. Ilpaxmuueckas paboma:
TexHomornueckuit Amnanus n3o0paxxeHus
IIPOLIECC MMPOU3BOACTBA | IOBEPXHOCTHU
MHTErPATbHBIX KOMITaKTANCKA
MuKpocxeM. CucTembl
3anucy nHpopMaIu
8.5 | Hanomarepuansl 2 Hanonunarnocruka. Ilpaxmuueckas paboma:
B MEAMIIMHE U IpumeneHue Busyanuzanus
9KOJIOTHH IPOCTPAHCTBEHHOM
HAaHOMAaTepHaJloB B
CTPYKTYpBI
TCparu. HaHOOMOIIPENAPaTOB C
HaHOC0p6eHTI>I. IIOMOIIbO COBPECMCHHOI'O
DOTOKATATU3ATOPEL NpOTpaMMHOTO
CaMoo04nCTKa obecrieenns
Hroro no paszneny 9

Pa3nean 9. AkryanbHble Ipo0JieMbl B 00J1aCTH HAHOXUMHUHM M HAHOTEXHOJIOTHH

9.1 | duckyccus 3 AxtyanbHble poOneMsl | iTorosas aTrecranus.
B 00JaCTH HAaHOXMUMMHU 3auerHas paota
Y HAHOTEXHOJIOTHH

Hroro no pazneny 3

Bcero kon4yecTBo 4acos 34

no IIporpamme 3a roa
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OPTAHU3AIIMOHHO-IIEJATI'OI'MYECKHUE YCJIOBUS PEAJIM3AIIUA
IHPOI'PAMMBbI

Meroanuyeckoe obecnevyenue peaauzanuu [Iporpammel
[Ipu peammzamuu [Iporpammsl B yueOHOM TMpolecce HUCHOIB3YIOTCS

MCTOOUYCCKHEC HOCO6I/I$I, AUOAKTUICCKUEC MaTCpHralibl, (1)0TO— H BHACOMATCPUAJIBI,
KOHCTPYKTOPBI HJIsA CO3AaHUA IMAPO-CTCPIKHCBBIX MO,Z[CJIGP'I XUMHUYCCKHUX CTPYKTYD,
KypHaJIbl W KHHI'H, O630pI)I H OpUIMHAJIBbHBIC HY6J'II/IKaI_II/II/I, 0a3ml JaHHBIX,
IIpOrpaMMHOC oOecreueHue HJIsL pPUCOBAHHA XUMHUYCCKUX CTPYKTYP U BU3YaAIU3allUU
IMPOCTPAHCTBCHHBIX 06T)GKTOB, IMpO4YHUC MAaTCpHUaAJIbI B Cetn HHTGpHeT.

HpI/I IMPOBCACHUU 3aHATUM HCIIOJIB3YIOTCA:

. CJIOBECHBIE METObI 0o0y4YeHHUs: JICKIIHH, OOBSICHEHHS,
Oecefbl, KOHCYJIbTAIUY;

° HarJsiaJHbIC MCTO/IbI 06yquH;1: IMpC3CHTallH,
BHACOMATCPHAJIbl, BU3YaJIU3allUHU,

. HCCIEOBATEIbCKUE  METONbI  OOyYeHHs] —  BBITIOJIHCHHE
00yJaroIMMUCS OTPEICTICHHBIX UCCIIEI0OBATEIBCKUX 3a/IaHUN.

VYcBoenne wMarepuanga KOHTPOJUPYETCS TMPU TOMOIIM TECTUPOBAHHUS U
BBITIOJITHCHUS TPAKTHYCCKUX 3aJaHWi. 3aKIIOUNTEIHLHOE 3aHSATHE IPOBOJIUTCS B
dbopme 3aueTHON PaboTHI.

MartepuajJbHO-TeXHHYeCKHUe Yca10BuUs peaaun3anuu [IporpamMmmel

[IponykTuBHOCTH PabOTHI BO MHOTOM 3aBHUCUT OT KauyecTBa MaTepUaIbHO-
TEXHUYECKOTO OCHaIeHus Tpoiecca. [Iporpamma peanmusyeTcss B ayJIUTOPHH
o0pa30BaTeIbHON OpraHU3AIMK C MTPUMEHEHUEM TEXHUYECKUX CPEACTB OOyUYCHUS U
71a00paTOPHOTO 0OOPYIOBAHUS:

* KOMITBIOTEPHI YUUTEIIS U O0YJAFOIINXCS,

* WHTEpaKTUBHAS JI0CKa;

* y4eOHO-HaydyHOE 000pyAOBaHME MO (HU3UKE U XUMUH.
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JIMTEPATYPA U SJIEKTPOHHBIE PECYPCbI

HopmaruBHasn 0a3a

1. ®enepanbHblii 3ak0oH oT 29 gexkabps 2012 r. Ne 273-03 «O6
obOpazoBanuu B Poccutickoit deneparum.

2.  ®enepanbHbId TOCYJapCTBEHHBIM 00pa30BaTENIbHBIA CTAaHAAPT CPEIHETO
ob1rero oopa3oBanus (yTBepKaeH npukazoM MunobpHayku Poccuu ot 17 mas 2012
r. Ne 413; 3apeructpupoBan MuntoctoM Poccun 7 nrons 2012 r. Ne 24480).

3. ®enepanbHas  oOpa3zoBarenbHas  MpPOrpaMMa  CpPEOHEro  OO0IIero
oOpazoBaHus (yTBep KJIeHa nmpukazoM Munnpocsemenus Poccun ot 18 mas 2023 r.
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