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1. lleau 1 32724y AUCHHUILIMHBI

Henp pucuumumabl "MoaenupoBaHue MUKPO- U HAHOCTPYKTYPUPOBAHHBIX
MaTepuaoB" — U3y4YEeHHUE TEOPETUYECKUX OCHOB M HANPABICHU HAYYHbBIX TOCTUKEHUHN B
00J1aCTH MOJIETUPOBAHUS MUKPO- U HAHOCTYKTYpUPOBAHUS MaTEPUAIIOB.

3agauu Kypca 3aKII04a0TCs:

B wW3yuyeHUWM TEOPETHUYECKMX OCHOB M HAy4YHBIX JOCTHKCHHA B 00JacTH
MOJICTTUPOBAHUS MUKPO- M HAHOCTYKTYPHUPOBAHHS MaTEPHAJIOB;

B OCBOGHHMM COBpEMEHHBIX TPOTPAMMHBIX TMPOAYKTOB H 0a3 JIaHHBIX,
UCTIONB3YEMBIX JIJISI TEXHOJIOTHH MOJIEKYJIIPHOTO MOJICITUPOBAHUS;

B dbopmupoBaHry HaBBIKOB aHaIM3a TOCTABICHHBIX 3a/1a4, pa3pa0O0TKH TEXHOJIOTHI
Ha OCHOBE WCIIOIB30BAHUSI METOJOB MOJEKYJSIPHOTO MOJCITUPOBAHHUS MAaTEepPHAJIOB;
KPUTHUYECKOTO aHAJIM3a aJICKBATHOCTH ITOJTYYCHHBIX MOJICIICH.

Kpartkoe cogepxkanue TuCHMIIIMHBI

B kypce usyqarorcs cieayromue paszaensl: MUKpOCTPYKTYpbl, HAHOKJIACTEPHI U
HaHoMmaTepuaibl. COBpeMEHHbIE MTOAXO0bI K KIIACCH(PUKALIMA HAHOMATEPHUAJIOB.
bro6e30nacHOCTh HAHO- U MUKPOCTPYKTYPHUPOBAHHBIX MAaTEPUATIOB. DJIEKTPUUECKUE U
MarHuTHBIE CBOMCTBA MUKPOCTPYKTYPHBIX U HAaHOMaTepuanoB. CamocOOpKa U KaTaau3
HaHOCTPYKTYp. bruosmornueckue (pupoHbie) HAHOCTPYKTYpbl. MakpOMOJIEKYJISIpHBIE U
CYNpaMOJIEKyJISIpHbIE HAHOCTPYKTYpbl. Kinaccudukarus TEXHOIOTMi 1 HAHOTEXHOJIOT Ui
ITOJTYYEHHSI MUKPOCTPYKTYP U HAHOMATepUaoB. [ [puHIHAIIBI MOAENUPOBAHHUS IPH
IIOJIyY€HUH HAaHO- U MUKPOCTPYKTYPUPOBAHHBIX MAaTEPHUAIIOB



Coaepsxkanue TUCHHUIINHBI

HucuunnuHa  «MoaeJuMpoBaHMe  MHKPO- M HAHOCTPYKTYPHPOBAHHBIX
MAaTepHAaJIOB» IPENOJAETCI BO YETBEPTOM CEMECTpe, BKItouaeT 24 4daca Jiekuuil u 24
yaca NpakTU4YeCKuX 3aHATUi. [IpoMexxyTouHas arrectanus — 3a4er.

I[J'DI TCKYIICTI'O KOHTPOJISI OCBOCHUA pa3/ICI0B JUCHHUITJIMHBI IPUMCHSIOTCA:

— aHalJlu3 KOMHCTCHHHﬁ B HAIIPpAaBJICHHUHU COCTABJICHHA daHAJIMTUYICCKOI'O HAYYHOT'O

KOHTPOJIBHBIN ONPOC,

OT4YCTa I10 PC3yJIbTaTaM aHaJIN3a HaquOﬁ )41 MCTOIII/I‘IGCKOfI JIUTCPATYPHEI.

Tabunna 1— CTpyKkTypa H coiep:KaHue JeKIHul

Ne
JIEKIIU

HanmenoBanwne nim KpaTKO€ COACPKAHUEC JICKIIUOHHOI'O 3aHATHUA

Kon-
BO
4aCOB

MUKpOCTPYKTYpPBI, HAHOKJIACTEPbI U HaHOMaTepHalibl. COBpeMEHHBIE TOAXOIbI K
KJ1acCU(UKaLUKM HaHOMaTepHuanoB. MeTo bl OTy4eHHsI HAHOKJIACTEPOB U HAHOCTPYKTYP.
|O6beMHbBIE HAHOCTPYKTYPUPOBAHHBIE MAaTEPHAIIBI

broOe3onacHocTs HaHOMaTeEpHaIOB. B3auMoaeiicTBuE HAaHOYACTHUIL C OMOJIOTHUYECKUMU
o0BeKTaMu B OKpyskaromiei cpene. [IyTi mpoHUKHOBEHHS] HAHOYACTHUIL B )KMUBOW OPTaHHU3M.
OLICHKH pUCKa BO3/ICHCTBHS HAHOMATEPUAIOB Ha OKPYKAIOIIYIO CpEey U YelIOBeKa

3HeKTpI/I‘leCKI/IC 1 MarHUTHBIE CBOMCTBA HAHOCUCTEM U HaHOMAaTCpUaJIOB. MarauTHbIC
CBOICTBA IMMOBEPXHOCTU METAJIJIOB U OKCHUIOB MCTAJIJIOB. AI[COp6III/I$I " KaTaJin3.

[CamocOopKa 1 KaTtanu3 MUKpO- U HaHOCTPYKTYp. [ToBepxHocTHbIe 3 dexTsl. [Iporecc
camMocOOpku. MOHOCIION 1 TOBEPXHOCTHBIE 3(PPEKTHI.

MakpOMOJIEKYJIIPHBIE U CYITPaMOJIEKYJIIPHBIE HAHOCTPYKTYphI. bruononumepsl. benku.
JIHK-ny6nupoBaHHas HAHOIPOBOJIOKA. MHUIIEIUIBI U BE3UKYJIBI.

HpHponHme HAaHOKPUCTAJJIbL: ICOJINTHI, HAHOTJIMHBI, TUAPOKCHUAIIATHT,
HAHOKPpHUCTAJINYCCKAs LCIIJII0JI034a. MCTOI[LI TOJIYyYCHHU:, HAlIPpABJICHUA UCII0JIb30BAHU B
IIPOMBIIIJICHHOCTH, B 6I/IOTCXHOJIOFI/II/I, B MCIUMIIMHC.

Knaccuukanus TeXHOIOTUN M HAHOTEXHOJIOTUH MOJTyYeHHs] HAHO- U
MHUKPOCTPYKTYPHUPOBAHHBIX MaTepraioB. MeXaHNYeCKHe METO/bI ITOTYyYEHHUS
HaHOIOPOUIKOB. MeTo/1bl PU3NYECKOr0 U XMMHUYECKOT0 aucneprupoanus. [Tuponus .
[Crioco6bI KOHCOMUAAIMKM HAHOPa3MEPHBIX MOPOIIKOB.

Mukpo- 1 HaHOMaTepuasbl B OM0TeXHOJI0rMH. HaHOOMOTEXHOIOTHH HAa OCHOBE OEIKOBBIX
Monekyi: dymnepensl. Yrinepoansie HaHOTpYOku. HanodacTuiibl 3010Ta u cepedpa.
HanouacTuiisl JUOKCcH1a KpEMHHUSI, OKCHUIOB LIMHKA U TUTaHa. KBaHTOBbBIE TOUKH.
Jlenipumepsl. Hanornunsl. JInmocoMsl, moivMepHble MULIEILIBL, IEpQTOpyTIepOAHbIE U
cyleprapaMarHUTHbIE HAHOYACTHUIIBI.

[IpuMeHEHE MUKPO U HAHO CTPYKTYPUPOBAHHBIX MATEPUAIIOB B MEJIULIMHE.
HanoOHnOTeXHOIOTHUY B pa3pabOTKe TUATHOCTHYECKUX YCTPOUCTB. BHOCEHCOPHI: OCHOBHBIE
MPUHIUTIBI (YHKITMOHUPOBAHUS. MUKPOAHATUTUYECKHE CUCTEMbl. YUTTMPOBAHNE OPTaHOB.
HanoTexHOIOTMY B AMarHOCTUKE psiaa 3a0oseBannii. COBPEMEHHBIE CUCTEMBI TOCTaBKU
TIeKapcTB Ha OCHOBE MUKPO- U HaHo4yacTull HanodapMarieBTuaeckue Moelu.
Tepanoctuka. JIunocomel. [lonmumepnsie muniensl. Jlenapumepsl. KBaHTOBBIE TOUKH.
TBepble HAHOYACTHUIIBI.

10

[ [pyHIMITBI MOJETUPOBAHUS PU MOTYYEHUH HAaHO- U MUKPOCTPYKTYPHUPOBAHHBIX
MaTepHuanoB. Mojenu B popme 0ObIKHOBEHHBIX AU PepeHIInanbHbIX YpaBHEHUIH; MOACITH
TUISL CUCTEM C paclpeelIeHHbIMU ITapaMeTpaMu; MOJIEIH B (popMe UHTErpaIbHbIX
ypaBHeHUH. [TocTpoeHrne SMIMPUYECKUX MOJIeNIed HA OCHOBE alllPOKCUMAIIUK TaHHBIX




Tadauua 2— CTpyKTypa U coepKaHue NPAKTHYECKUX 3aHATHH

No Kon-
B HaunMmeHoBaHKe WIM KPATKOE COJICPIKAHUE MPAKTUICCKOTO 3aHATHS, CEMUHApa BO
3aHATUA aco
q B

[TporpaMMHO€ KOHCTPYHpPOBaHHE OEITKOBBIX M HYKJICOTUAHBIX HAHOCTPYKTYp. Ha
1 npumepe mosekyn JJHK u 6enka. HanoTexHOI0THM HAa OCHOBE CaMOCOOPKU MOJIEKYI 4
JIHK 1 PHK (MeToap! MIMTOYHBIX KOHCTPYKITUNA, METOIbI JUHAMUYECKON COOPKH )

MoenrpoBaHue TEXHOJIOTUH MOTYYSHHS] MUKPOKPUCTAIITNYECKON EJITI0I03bI
METOJIOM BHICOKOMHTEHCUBHOI YJIbTPa3BYKOBOI 00pabOTKH.

MOI[GJ'II/IpOBaHI/IC TEXHOJIOTHMHU IMOJTYYCHHUS HAHOIIOPOIIKOB MEXaHNYCCKUMHU METOAaMMU
MCXAaHOCHUHTC3; MHTCHCUBHAS IIJIACTUYCCKAA lle(l)OpMaLII/ISI

MoenrpoBaHie TEXHOJIOTUH MOTYYSHHUS] MUKPO- U HAHOCTPYKTYPHUPOBAHHBIX
MaTepUaIoB METOIaMU (PU3MUECKOTO JUCIICPTUPOBAHUS: PACTIBIIICHUE CTPYHU pacIljiaBa
4 YKUJKOCTBIO; CIIMHHUTOBAaHUE (3alleKaHre U3 KHUJIKOTO COCTOSHUS ); METO UCTIapeHHUSI- 4
KOHZeHcaluu (ra30(a3oBblil CUHTE3); BAKYyM-CYOJIMMAallMOHHBIE TEXHOJIOTUH;
KOHTPOJIUpyeMast KPUCTAILTU3AIUS U3 aMOP(HOTO COCTOSTHHS.

MonenupoBaHue TEXHOJIOTUI 00pa30BaHUs HAHO- UIIM MUKPOAMYJIbCHIA,.
5 CpaBHUTENBHBIN aHAJIU3 BBICOKOAHEPIETUUECKUX METOJ0B: TOMOI'€HU3ALUsI BBICOKUM 4
NTaBJICHUEM U YJIbTPa3ByKOBas TOMOI'€HU3ALUs

MozenupoBaHHe COCTaBa HAHOCTPYKTYp Ha OcHOBe ojumepa. Crioco0 mnosnyueHust
ruOpHIHBIX HAHOKOMIIO3UTOB IIPH OJIHOBPEMEHHOM (DOPMUPOBAHUH OpPraHUYECKON U
6 HeopraHuyeckoil cerok. @opmMupoBaHNE HEOPraHUYECKOTO KJIACTEPa OKCUAA KpeMHuUs B | 4
HOJMMEPHON MaTpHLe NoAM3GUpCyIb(OHa U cXeMa BO3MOKHONU TMOpUIHON
OpraHM3ali HEOPraHMYECKOI O KJIacTepa B IIOJUMEPHOH CETKE.

CamocrosiTesibHast padoTa CTyJAeHTA

1. W3yuyenue yueOHOUM M HAy4YHOU TUTEPATYpPHI, paboTa ¢ MaTeHTHON nHMOpMaIuei u
HOPMAaTUBHOW JOKYMEHTALIUEH.

2. DOpMHpPOBAHUE AaHATUTUYECKOTO HAYYHOTO OTUETA

3. TloaroroBka K TEKyIIEMY KOHTPOJIBHOMY OIPOCY, 3a4UETY.




Ilepeuens BOMPOCOB /I MOJATOTOBKH K KOHTPOJBLHOMY OMpPOCY:

el AN U e

9.

OcHOBHBIE KJTACCHl HAHOMATEPHAIOB U HAHOTEXHOJIOTHH.

VYriiepoiHbie HAHOKIACTEPhI, HAHOCTPYKTYPhI U HAHOMATEPHAIIbI.

OObeMHBIC HAHOCTPYKTYPUPOBAHHBIC MAaTEPUAITHI.

DNEeKTpUYECKUEe U MarHUTHbIE CBOMCTBA HAHOCUCTEM U HAHOMATEPUaJIOB.
MexaHu3M caMOCOOpKH M KaTann3a HaHOCTPYKTYp. [loBepxHOCTHBIE 3P EKTHI.
Knaccudukanus 6nooruaeckux HaHOCTPYKTYP.

Mertonabl u3MepeHus, UCCiae0BaHus U POPMUPOBAHUS HAHOCTPYKTYP.

MeTtonapl HCCAEAOBAHUN U U3MEPEHUN HAHOCTPYKTYD.

[IpumeHeHre HaHOMATEPUATIOB U HAHOTEXHOJIOTHA.

10.0OnTuyeckue BoJOoKHA ¢ (DOTOHHO-KPUCTATNIMYECKON CTPYKTYPOH.
11.MeTo 161 MOP(OIOTHIECKOTO UCCIEOBAHUSI MUKPO- U HAHOCTPYKTYP
12.AnanuTryecKkue MEeTOAbl HCCIEN0BAHUS MUKPO- U HAHOCTPYKTYP
13.IIpenapaTuBHBIE METOIBI UCCIIEIOBAHUS MUKPO- U HAHOCTPYKTYP
14.XapakreprucTKa 30JIb-reib METOAA NOJIYYEHNUSI MUKPO- M HAHOYACTHI]
15.XapakTepucTika METO1a CHHTE3a HAHOYACTHL] B MULIEIIAX
16.XapakTeprucTrka METOIa XMMUYECKOTO JUCIIEPrUPOBAHUS IIPU NOJTYyUEHUU

MHKPO- U HAHOIMYJIbCH.

PCKOMCHHyeMOC coAepKaHMe pa3ae/jioB HAYYHOI'0 oT4y€CTAa:

1. BaencHwue

2.  AHanmM3 COBPEMEHHOI'O0 COCTOSIHUS W HaIpaBJICHUS Pa3BUTHUS aHATU3UPYEMOMH
poOJIeMbI

3. CoBpemeHHbIE METOJIbl U UHCTPYMEHTHI ISl Pealn3alii TEXHOJIOTUU U OLICHKHU
€€ DTaIoB.

4.  MeTobl ¥ 3Tanbl MOJICTIUPOBAHUS TEXHOJOTUH MOJYYCHUSI MaTepUATIOB

3aKiIr0oueHue

Cnucoxk nurepaTypsl

IIpuMepHBIH IepeYeHb BONPOCOB K 3a4eTy:

17.
18.
19.
20.
21.
22.
23.
24.
25.

CoBpemenHas kiaccupuKalys MUKPOCTPYKTYPUPOBAHHBIX MaTepUaOB
Krnaccudukaiys HaHOCTPYKTYp 1O pa3InYHBIM IPU3HAKAM.

YrnepoaHble HAHOKJIACTEPbl, HAHOCTPYKTYPBI U HAHOMAaTEPHAJIBL.

OObeMHbIE HAHOCTPYKTYPUPOBAHHBIE MaTEPHUAIBL.

DJeKTpUYeCKUe U MarHUTHBIE CBOICTBA HAHOCUCTEM U HAHOMATEPHAJIOB.
MarHuTHbI€ CBOKCTBA IOBEPXHOCTH METAJUIOB U OKCHJOB METAJLIOB.

MexaHu3M caMocOOpKH M KaTain3a HAaHOCTPYKTYp. [loBepxHOCTHBIE 3PP EKTHI.
Knaccudukanus 6Mooruueckux HaHOCTPYKTYP.

MexaHu3Mbl B3aMMOJIEUCTBUE HAHOYACTHUL[ C OHMOJOTMYECKUMHU OOBEKTAaMU B

OKpYKarolIEn cpele.

26.
27.
28.

Pucku BIMSIHUS HAHOCTPYKTYP Ha IKOCUCTEMY
XapakTepucTuka 0COOCHHOCTEHN 1IEI0TOB, KaK MPUPOIHBIX HAHOKPUCTAJUIOB
XapakTepuCcTUKa NPUPOJHOM HAHOCTPYKTYpPBI - HaHOKPUCTAILUTNYECKOU

O CJIIIOJIO3EbI.

29.

Hamnpasnenus ucnoyib30BaHus MPUPOAHBIX HAHOCTPYKTYP: LIEOJIUTOB, HAHOTJINH,

HKII B mpoMbIIIIEHHOCTH, B OMOTEXHOJIOTHUH, B MEIULIUHE.



30. . Mexanu3Mm camocOopku moJiekys JIHK meTogamu miauTOYHBIX KOHCTPYKIIUI

31. Mertoabl U3MepeHHUs, UCCIEN0BaHMS U (POPMHUPOBAHUSI HAHOCTPYKTYP.

32. MeTonbl UCCIEI0BaHNN U UBMEPEHUI HAHOCTPYKTYD.

33. IlpumeHeHne HaHOMAaTEPUAIIOB U HAHOTEXHOJIOTHMA.

34. Metoasl MOpP(HOIOTUYECKOTO UCCIEA0OBAHNS MUKPO- U HAHOCTPYKTYP

35. AHanuTHYECKHE METOMABI NCCIEIOBAHNS MUKPO- U HAHOCTPYKTY]P

36. IlpenapatuBHBIE METOABI UCCIAEAOBAHMS MUKPO- U HAHOCTPYKTYP

3’7. Metobl NONy4YEHNsI HAHOKJIACTEPOB U HAHOCTPYKTYP.

38. XapakTepuCTHKA 30J1b-TE€JIb METOAA MOJIYYEHUS MUKPO- U HAHOYACTHIL]

39. XapakTepucTuka MEeTOJa CUHTE3a HAHOYACTHIL B MUILIEIIJIAX

40. XapakTepucTHKa METOJA XHMHMUYECKOTO JAMCIEPTrUPOBAHMS IIPU IOJYYECHHUH
MHUKPO- U HAHO 3MYJIbCUM.

41. . MexaHn4eckue METOIbI TIOJyYE€HHsI HAHOIIOPOLIKOB.

42. Cnoco0bl KOHCOMUAAIMHA HAHOPA3MEPHBIX TOPOILIKOB

43. IlpumeHeHHe HAHOOMOTEXHOJIOTUH B pa3pabOTKe TMAarHOCTUUYECKUX YCTPOUCTB.

44. OcHOBHbIE TPUHIMIBI (PYHKIITMOHUPOBAHUS OMOCEHCOPOB

45. llpumeHeHHEe HAHOCTPYKTYPHUPBOAHHBIX MAaTEpUajOB B JUArHOCTUKE psAaa
3a00JIeBaHUM.

46. CoBpeMEHHBIE CHUCTEMBI JTOCTABKH JIEKAPCTB HA OCHOBE MHKPO- M HAHOYACTHIL
Hanodapmanesruueckue mojenu. Jiunocomsl. [loMMepHble MUIICIUIBI.
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