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1. UEJII,I OCBOEHWT ALLC,III4IIJII,IHbI
I{enrro ocBoeHr.r Ar4crII4rrJIr,Hbr dlpoqeccrr MrrKpo- vr HaHorexHoJlorr{r4) flBrr'ercfl.

rloAroroBKa cryAeHTon n o6nactu $usuvecKl4x r.r xr4Mr4rrecxux ocHoB nanorexhoroflafi, a raKxe
o3HaKoMJIeHI4e vx c coBpeMeHHbIM TexHoJrorr4rrecKrzM o6opy4onaHr4eM u aKTyaJrbHbrMr4
npo6lerr,ra HaHorexHolorrzft .

3a4avu Arrcqnnnr4Hbr:
i LI3rII4Tb OCHOBHbIe MeroAbI [OryqeHI4r HaHoMarepr4ulJroB ]r HaHocucrqM;
' o3HaKoMvITbas. c [epcrIeKTrIBHbrMrr paspa6ornalru n o6nacrv HaHorex4oloruft;
' lr3rrr.rrb aHaJrr,rrr4qecKr4e Merorbr ollllcaHr4f, (lluszro_xzrurrf.recrEx HaHo_

TexHoJrofuqecKrrx IlpoqeccoB.

2" MECTO AI,ICqUilJII4HbI B CTpyKTypE OIIon B0
[ucqunluHa <llpoqeccu M]IKpo- u HaHorexHoJrortrr4) .f,Brsercf o6.ssare*Hofi

Azcuullunoff napuatrannofi qacru ocuosHofi upo$eccuonamHofi o6pasoeare6gofi
lporpaMMbl Asyueuue AI{0q[[JITIHbI rlpoxoAlrr n 8 ceMecrpe, 6asnpyercr Ha paHee
ilonyqeHHblx 3HaHI4flx cryAeHToB, npuo6pereHHblx B Kypcax o6ruefi $usur<u5 3.rreKrpoHrrKa kr
Ml4KpolpoqeccopHas TexHI4Ka, BBeAeHI4e B HaHo-TexHoJIofI4Io, Srasuvecrne ocHoBbr Mr.rKpo r4
HaHo rexHuxu' os HanpaBneH Ha o3HaKoMneHI,Ie c Susuuecxo-xraMr.rqecKlri\4r{ npoqeccaMr{, a
TaKXe Ha BJII4flHIze Pa3MepHux aS$exroB I'I csoftcrs uauoo6serroB B pa3unrLru Mr.rKpo- 14

HaHoycrpoficrn.

ocsoeu[e Auclur''nl'Hrr Heo6xo4rlMo Anr ,n3yqeHrz{ cJreAyrcrqux Ar4crtr4lrJr].rH rr npaKTr4K
yue6uoro [JraHa: <SleffiponunavI MllKponpoqeccopHar rexHr4KD), <MexaHprr<a lraHocncreM 14

rpra6onorur>, <Hayuno-vccJreAoBareJlbcKaf, pa6ora B ceMecrpe>, <Ilpe44rarrroMHar rrpaKrrzKa),
BbrrroJrHeHrze BbrrrycKHoft xnalrvr Sr.rKaur4oHHoft pa6orrr.

3. KOMTIETEHIII4I,I OEYIIAIO IIIEIO C.fl , O OPMITPYEMbIE II PE:3YJIb TATE
o c B o E HUfl I.VICJII,IIT JII,IHbI

B pByJlbrare I'Br{eHI4s AI'IcIII4TIJII4HrI o6yrarorqrzficr Aonxeu ocBor4Tb cneAyroqr4e
KOMTIETEHIII,II4:

foToBHOCTbrO rrpoBoAr{Tb sKoneprzMeHTaJrbHbre vccrre/LoBaHufl.
MATCPI,IAIIOB I,I KOMIIOHCHTOB HAHO- 14I\4I,IKPOCI4CTEUIIOft TEXI{I4KH @K-2);

no cvtHTe3y u aHanv3y

roroBHocrblo t4clloJlb3oBarb 6asoerre rexHororaqecKr,re [poqeccbr v o6opyAonaHue,
rIpI4MeHteMbIe B rIpoLI3BoAcTBe MarepI{aJIoB' KoMrIoHeHToB HaHo- Ir Ml4Kpocl4.creunofi TexHr4KI,r
(rrK-B);

foroBHocrbro pa6orarr Ha coBpeMeHHoM TexnoJlofl4rrecKoM o6o,py4onanl4pr, r{crroJrb3yeMoM B
[poI'I3BOACTBe Marep]lanoB H KOMrrOHerrroB HaHo- r{ MLrKpoor4orenruoft TexHr4Kr4 0lK-10).

B pesylrrate oclloeHllt AIrcqr[InI'IHu o6yrarorquficx 4orNeH.qeMoHcrprrpogar]b cneAyrorqze
pe3ynbrarbr o6paronanux :

1' 3narr: nnacczsrarallu'o MertulJrort, crIJraBoB, rraccl{BHblx I,I aKT,I4BH'IX ALr3neKTprr',ecKnx u
MafHI'ITHbx MaTepl4anoB, rIoJIynpoBoIHrIKoB u LrX coeAI4HeHLIi4 (nK-2, l|K-10); ocHoBHbre
Susu'recrue '[BJIeHIrt' onperentlouue KoHIJeHTparImo n oHeprerraqecrufi cnoKTp nocureleft
3apflra B TBepAoM re:le (lIK-8); (fusuuecKl'Ie MexaHI{3Mbr rrepeHoca u paccerHu.s Hoczrerefi
sapflAa B noJIynpoBoAHI4Kax (lIK-2, IIK-10); Szru.reclctze rpoqeccbr B rronynpoBoAHr4KoBbrx
npu6opax, fl BJrrrorlrrxos oJreMeHTaMr.r Mr.rKpo cxerr,r (rIK-2, IIK- 1 0).
2' vnaerl: co6upa:rr, aHiInI43I{poBarE, LI c'rcreMarr,r3,poBar' orer{ecrBeHHyro u :apy6extuyro
HayqHo-TexHLIqecKyIo un(foprrlaql{Io rro reMaruKe llccJreAoBaHufi e o6racrrz ]HaHorexHonorr{H;
paccrll4ThlBarb crarl'IqecKl'Ie U AnHAM]zi.9recKrre xapaKTepr,r arr4KLr nony[poBorHr,rKoBb]x ycrpofrcrn
Ha ocHoBe AaHHbx' olpeAentuqux (fusraqecrIle [apaMerpbr Marepr{anoB; paccq[TbrBarb 1a



NPOEKTI{POBATb SJIEMEHTBI }I YCTPOfiCTBA, OCHOBAHHbIE HA PA3JII4IIHbIX
AeircrBlrn (IIK-2, lIIt-8, nK- I 0).

(p rasHuf cxzx npr.rHrllinax

3' Bnalerr: ocHoBHI;IMt'I upl{eMaMu o6pa6orr<u E rrpeAcraBJreHprr gKcrrepr4MenJra6nux 
AaHHbrxcnoco6noctrro cocraBJrtrb orrucanvls. npoB )Ar{Mbrx rzccneAosauvfi vr $aspa6aruBaeMbrxIIpoeKToB' rloAroroBrlTb IaHHbIe AJII cocraB Ire]f{zrfl. orr{eroB, o6eopon H Apyfoft rexnuqecxofi

AoKyMeHrauuz (lIK-2, IIK-8, IIK_ 1 0).

4. CTpyKTypA I4 COAEPXAHTTE Ar4CUr4Urr,ilHSr
O6qa" TpyAoeMKocrb AI'IcIII4ruII4HII cocraB nxet 43aqerHbre eAHHr4rIbr, 144 Ea.a.

C OAEPXTAHPIE AII CqZilJII,IHhI
Teurr .rrercrlufi:

ParAe.n 1. conpevre'Hbre MlrKpo r4 HaHoycrpoficrsa. rlpznqnuu pa6orrr.1' llousrile MI{Kpo Ir HaHorexuolorrzft. {ocrzNr.^,r6re pa3Meprr ycrpoficr,B rr Kpr4TrzrrecKue
flBTEHITg'

HbIE CXEMA.

n uuoro$oroHHbre orrrr4qecKtle oxeMbr.

AHas o[Tr,rKa v SneKTpOHUKa.

crpoftcrn.
, AByX r4 TpexMepHbrx cTpyKTyp.
oBaHr4r oAHoMepHbrx HaHocTpyKTyp.
oBaHr4r AByMepHbrx HaHocTpyKTyp 
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PasAeJ 3 Snexrpo(fusuvecrze csoficrsa MarepuuuroB. Cos4auze Hongrx oneKrpoHHbrx
ycrpoftcrn.

1. Metarru, AIIoJIeKTpI4KI4 I{ noJlynpoBoAHr4Kr{ c rorrKr.r 3peH[rr gousofi Teopuu.
2 Hanocrpyxrypbr: KBaHToBbre roqKlr, rerepocrpyKTypbr r4 cBepxpeurerKrd.
3. IrlcryccrneHHbre aroMbr ra zx cnoficrsa.J. -rrur(yuersgHHbl€ itlOMbI I{ I4X CBOI4CTBa.

4' ZslaeHeHze gJIeKTpI{qecKI,IX cnoficrs MarepuirnoB B 3aBrrcr4Moclr4 or pa3Mepa lr
pa3MepHocTr4.

5. Ooronurorpa$ux.
6. Hanonurorpa0uuecrze MeroAbr [orynen[s gJreKrpoHHrx .ycrpoftcrn"

Parqe;r 4. vcrpoficrna c 3D apxr.rreKrypoft: csoftcrua u nairo4br noryqeHrr.
1 . TexnonoruuecKl,Ie oco 6eHuoorra (f oprr,rup oBuHarfl. rpexMepHbrx HaH o crpyKr.yp.
2. floryueuze 3D-nanocrpyKTyp MeroroM uos'oft r,rMrrJraHTarlu[.
3. Ousuro-xuMllqecKl4e npoqeccbr llJra3MoxrlMl4rrecKofo rpaBneHr4s.

Teurr .na6oparopurrx pa6or:
1. Mo4enupoBarll{e crpyKTypbl KBaHToBbrx ror{eK c r4orronb3oBar{}IeM noreHrlr4iura

Jleuapaa-AxoHca.
2. Pacqer eoruoeofi Syurcquu eneKrpoHa B rroreHrlrraJmuofi sue (rnauronofi.rovxe)
3 . Mo4elzpo Barrvre lpoqecca ryHHenr.rpo BaHLrs. gneKTpoHa
4. Mo4ennpoBaHr,re npoqecca Mr,rrparlrzu 4esercron s o6reNre Marepr{ana
5. Mo4enrzpoBa[Iue npoqecca ocaxAeHr.rs HaHorracrr4rl Ha noBepxHocrb Kpr4crannuqecxofi

IIOAJIOXKI,I.

6. Mo4enupoBallkIe nsauiuoAeftcrBlrr HaHoqacrr{rl B KoJrnor,rAnofi cucreue.
7. Mo4err,rpoBaHr{e crpyKTypbr p-n nepexoAa B cr'creMe HaHororreK
8. Mo4enupoBaulre crpyKrypbr (pynuepeua C66.

Tenrsr [paKTrqecrcux pa6or:
1. @uguqecxze c,cHoBbr gJreKTpoHHofi rrlnrpocKorrrrr4.
2. Ozguqecrne ocHoBbr aroMHo-cr4nonofi Mr4KpocKorrrr
3. Vcrauosrz Ars flonyqeHr4fl HaHoyrnepoAHbrx MarepuaJroB.
4. 3lerraeHrrr Me'rpoJrorrrr,r B Har{orexHoJrofr4rr.
5. llolyvenue HanoxJracrepoB r43 KonnovAHbx pacrBopoB.
6. Czureg HaHoKJracrepoB r{3 rasosofi $asu.
7. MexanocuHTe3 HaHoKJracrepoB.
8. Merogrr KoMnaKTI{poBaHr,r{ HaHorroporlrKoB.
9. Craureg yrJrepo.4Hbrx nauorpy6oK r43 ril3oBofi (fa:u.
10. Xr,rrrlz.recxurft or,rHTe3 yurepoAHbrx uaHorpy6or .

11. OcaxleHlre HaHopa3MepHbrx rrJreHox MeroAoM pVD.
12' OcaxleHrle HaHopa3MepHbx [JIeHoK MeroAoM MoJreKyJr.f,pHo-nyqeBoir.s\rut:arccukr,
1 3. OcaxgeHr4e HaHonJreHoK r.roHrro-ryrreBbrM MeroAoM.
14. OcaxleHrre roHKr,rx [JreHoK MeroAoM CVD.
15. Hanonvrorpa$ur.

5. OBP,A,3OBATEJIbHbIE TEXHOJIO|I4II
llpnr npoBeAelrl{I4 neKIII4oHHbx sausrufi npr4MeHsercr rraccuqecr<nfi noAxor

rlpenoAHe0euux yre6Horo MarepvaJra, lpeAnonafarouzft npo6ner'rHyro nooraHoBKy 3aAaq u
nepexoA K paccMorpeHl4ro MeroAoB r4x perxeHr4r. B xo4e JreKrlr4oHHbrx 3,ansrufi, neKTop
crl.rMynl4pyer cryAeHToB K (fopnruponaHlzro co6creeHHbrx cyN4euzfi, 3araBdfl, Bonpocbr no
TeKyIrIeMy Marepl''Iany vrvr o6paqarcr K Heo6xo4raurura Anfl ero rroHr.rMaHnr 3HaHrr.rrM.
lonyqeHHbrM B xoAe rrpeAbrAyrrlero o6yveuv.a.



rIp[MeHeHI'Ie MyJIbrrrMeApIa rexHonorl'Ifi (npone4enze neKur{o}rHrx saHsrr.rfi c npr{MeHeHr]
KoMrIbIorepHbIX npeSeHmIluft rI AeMoHcrpaIIlIoHHbIX poJrr4Kor] c noMour,bio rrpoeKTopa r4
3BM);
o6yveHue B MaJrhrx rpy''''ax (nunorHeHne ta6oparopHbrx pa6or u .pyrrj r43 AByX
rpex uenonex);

ta*ono.r, J

gax

Macrep-Knaccrr (4euoHcrpauut ra la6opatopHbrx saHfl'rvrflx rlcrroJrb3oBariraa conpeMeHrr
Al4afHocrrlqecxofi TexHlIKI4 Ha KoHKperHbrx 3a3aqax;. r4ccJreAoFarnun cnoftc
HaHocrpyKTypr.rpoBaHHbrx Marepraalon).

6, OIIEHOIIHbIE CPEACTB A TJTflTEKYIIIETO KOHTPOJI,fl YCIIEBAEM
TIPOMEXYT OqHOft NTTNCTAIII,IU IIO II:I Of AM O CB O E]HPTfl

AI,I C qUIIJII,IHbI I,I YTIE E H O. ME T OAI,ITIE C K O E OE E C fIE IIEHI4E
cAMOCT'O-sTEJrbHofr pAEOTbr CTyAEHTOB

a) Boupocrr pefirunr-KouTpoJrfl :

Pefi ruur-rcoHrpo.nr Nbl
1. ocHosrr rexHoJrorr4r.r rd3roroBJreHr.rs oAHo, AByx 14 Tpexl,repHbrx crrpyKTyp.
2. flepcrexruBbr pa3BHTr4, MrrKpo- r{ HaHorexHr.IKr,r.

3' TexnonortaqecKl4e oco6eunocrra SopnanpoBaHr,r.f, o4HoMepHbrx HaHocrpyKTyp,
4' TexnonorraqecKl{e oco6ennocru (foprvrvpoBaHr4r,.ByMepHbrx HaHocrpyKTyp.
5' TexnonoruqecKlle oco6ennocrrE (fopuupoBaHr{f, TpexMepHbrx HaHocrpyKTyp.

Pefi runr-rcourpo.rrr J\b2

1. Oreueurrr HaHoeneKTpoHr.rKr.r.

2, 3neuesru uauo$orourarn.

3. Hanoxara:ru3aropbr.

4' HaHocrpyrrypbl Iz HaHorexHoJIorI4I{: nauorpy6xu, o,4HoaroMgbre cJrorz, KBaHToBbre
TOrrKr4, reTepocrpyKTyphr u cBepxpemeTKr,r.

5. or,rguro-xuMr,rqecKue MeroAbr flonyqeHr.rr uanoo6rerlos. ocuoBrr
ry.renoft glI{TaKcI4 14.

Pefirranr-rcoHrpo.rr J\b3

l. Ocuonnrre KBaHroBopiBMepHbre sQ(fexrrr
2. ous^recx'e oc'oBbr gner(Tpo'Ho-ryrenoft gnaTaKcrzz.

3. ozsu'recKue ocHoBbr MeroAoB aronanofi rdMrrna'Tarlur4.
4. @zs''recrue ocHoBbr MoJreKynrpHo-ryqeBo[ enuraxcnu"
5' Ycrauonxu Artr nonyqeHrrr HaHoy'repoAHbrx Marepr.raJroB.
6' llpzvreneul4e I{ [epcleKTnBbr pagBarrr4aHaHorexHoJrofr4][r. 3nerraen,rrr

HAHOTEXHOJIOIIIN.

6) Boupocbr K 3K3aMeHy

MOJreKyJr.rpHo-

l ' Merzutlu, AI{3JreKTPI4KLI u noJIyrIpoBoAHr.rKr4 c rorrKr.r 3peHr4r souHofi Teopnr4.
2. 3nexrponpoBor'ocrb rronylpoBoAHr4KoB (co6crneuH ax, npuvrecruan).
3. feuepaqux v perolr6uHarll..rr uocnrenefi 3apfl.EaB noJryrpoBoAHr{Kax.
4' fiussy:ar H apefts uocunerefi sapflraB noJrynpoBoAHr4Kax.
5. llonegeHue [onylpoBoAHrrrKoB B c]rJrbrrbrx DreKTpr4rrecKrrx rroJrrx.
6. MexaHzsra o6pa:onaHr{r p-n-[epexo.4a, Bbrcora u r]tvpv*arroreHrlpraJrb-



Hofo 6aprepa B paBHoBecHoM cocrorHr,rlr. HaHocrpyKTypbr :

rerepocrpyKrypbr 14 cBepxpe[reTKr4.

7 . or'rszKo-xzMt4qecKr,re MeroAbr [oryqe'r,rfl uauoo6rexr,on.
8. Ocnonnrre KBaHroBopa3MepHbre e(fSemrr..
9. @usu.recr[e ocuoBbr gJreKTpoHnoft uurpocKo[Lrr4.
10. @oronzrorpa$ua

1 l. Cnoco6nr ercnosr4poBaHr.r,

I2. Ooroua6ronu r.r rexHoJrof ns. vxrroJryrreHr4,

1 3 . Meroa'r H TexHoJrorzx $opru prp o'aHu s.pLr cyH*a roHKo nJreHor{Hbrx
| 4 . Qusu'aecrcl4e ocHoBbr aroMHo -crrnon ofi Mr.rKp o cKonu
15 " YcranoBKrd AJrr [orytreH'{ HaHoyrJrepoAHbrx Marepr4aJroB.
I 6. llpzueHe'r{e 

'n 
repcrreKTr4Bhr pa3B^rr4s HaHorexHoJroflru.

77, TepuurrecKoe r{clapeHr4e B BaKyyMe

I 8. I4onuo-[na3MeHHoe pacrxbrJreHr.re

I 9. SnernreHTbr MerpoJrorr4 r{ B HaHorexHoJrorrrrr.

2 0. Iony.reHr{e HaHoKJracrepoB rr3 KoJrnor.rAHbx pacrBopoB.
21, Cu:rn.x H€rHoKJracrepoB rzg ragonofi Saarr.
22. OcaxleHr.re HaHopa3MepHbrx rrJreHoK MeroroM pVD.
23. OcaxneHrlo HaHopa3MepHbrx rrJreHox MeroAoM MoJreKyJr._{pHo_nyrreBo it snuraxcuu.
2 4 . O caxleHr4e HaHorrJreHoK tloHHo -ryqeBbrM M ero.{oM.
25. OcaxleHr.{e roHKr4x rrJreHon MeroroM CVD.
26 . tro 

''yue'r4 
e Ha'olreHoK MeroroM Mo JreKyn.rpHof o Hacnrau BaHLrfl..

27 . IIo nyueHr{e HaHonneHoK MeroAoM Jleururcpa_Bro4Nerr.
28' [ony'reHl4e opraHo-HeopraHl'IqecKnx nor<prrrufi c rroMo]rrlbro 3oJrb-renb rex'oJrofr4rz
29. Ilmorpa$wx: orarrbr, BriAbr.

3 0. rony'resvr e 3 D-saHocrpyKTyp MeroAoira raoHuofi r4MrrJrarrraur,r[.
3 1 . ougmo-x'Mr.qecKr4e npoqeccbr nJra3Moxr{Mt4qec*oro rpaBneH'{.
32, HanocrpyKTyprapoBaHr4 e rrp'rroBepxHocr'oro cJro-f, Mareprz'JroB.
3 3 . TonxorrJreHoqHbre pe3r4cropbr

34. TonrolJrerroqHbre KoHAeHcaropbr

3 5. ToHr<orrJreuoqHbre r{HAyKTr{BHocrr.r
n) BonpocBr AJrfl caMocroqre.rrurofi pa6oru cryAeHTa

I ' Kaxue ocHoBHbre Br4,qbr Marepr{anoB rrorroJrbsyrorc.,r B gne6Tpouure?
2. Kar uoNno nnaccnsuqr4poBarb Marepr4iurbr B 3aBacr4Mocrrr or
sneKTpOnponoAnocru?

3' Kax usNaeHtrercs,gneKTporlpoBoAHocrb Marepr4anoB B saBrzcrrMocrr4 oT Bo3.qeftcrBr.r,
BHerrrHt4x ycnonufi (uanpzuep, reMleparyprr)?
4' Knaccrz(f zraqLrr Marepr{ruroB rro oJreKTponpoBoAHocrr4.
5' Kaxoe KoJII{qecrBo rI4rIoB Kpl4cranJllrqecKr,rx peilreroK TBepAbrx reJr cyulecrByer B
upzpo4e?

6' KaKoso crpoeHl4e KpkIcrtulJll''recrofi pe[rerKr4 MerarrJroB, ArzgJreKTpr4KoB rz
rroJryrrpoBo4Uraxon?

KBaHTOBbTe TO

PJTeMeHTOB



7. Kaxoetr oco6ennocru crssefi MexAy y3naMr,r Kpr,rcraJrJrrdveQr<off perxerKr4 B
Mc'l'aJrJrax, ALroneKTpIzKaX n rloJlylpoB O4uuxax?
8' IIro raroe aHl43orponta.s csoftcrn B rcp]rcraJrJrax H c qeryr gTo cs{sario?9' rlpzne4nre npl{Mepbl MareplriuroB, o6raAarourax nonytrponorHr.rKoBbiMz
csoficrnaldu.

10' Kax B 3aBHcI{MocrpI or crpoeHl4fl Kpr'crann'.{ecxofi pelxerr(u Mo)KHo
xnaccu(pzqrpoBarb rronyrpoBoAHr4KoBbre uarepuzuru?
1 1' Kaxue BI{A'I 4e$erton Kpl4crturJrrr.recKofi peurerK' Bbr 3'aerq vr Ha qro o'rr
nnzgror?

12' Kaxue ocHoBnbre lpr{Hrlr4[br rr coorHorleHr4fl. u3 anTrapara reaHTonoft MexaHr4KH,
ucrlonByeMble AJI' oIIIIcaHrl'fl [oBeAeH]Zfl 3apflKeHHhrx qacTkIII B TBOpI6IX TeJrax, Bbrgnaere?

13' rlpuneAl4Te [pLIMepbI KBaHToBo-MexaHr.rqecKr4x rvro4enerft.4BrrxeH]rt
14. qacrzq B TBepAoM rene. .paccuorpr,rre rax oco6enuocTr4.
15' Kaxue rI4rIbI gHeprcTI4'ecKI'IX 3oH cyqecrByror B TBepAbrx renax rnfi gapfl)r<eHHbrx
uacruq?
16' Kax uagl'"aerc' TBepAoe reJlo, y K.Toporo 3oHa npoBoAr4Mocr, r,r Barre'THa.f, 3oHa
neperprrnarorc.a?

17' Karcyto BerI4rrHHy cocraBJl.f,er Inupu*a sanpenleHuorz 3oHbr B !:r4oneKTprzr(ax,
nonynpoBoAHr,rKax z iuerannax?
18' Karue rI4rIbI rIonylpoBoAHrIKoB B 3aBr4crzMocrr4 or Tr,na gneKTporrpoBoAr{ocrrz Bbr
sHaere?

19' Kaxos MexaHrI3M 
',ony'eHkI-s .rroJryrrpoBoAHr4KoB c rpe6yeuuvr rrzrroMgJreKTpolponoAnocrn ?

20. Vro raKoe PVD rE CVD? B -reru pazt.wuux?
21. Meroa o6paruux uuqem?
22' o'txpntrrrft xuuuqecrnfi peaKTop, MeroA KoHTpoJrr xr.MrrrqecKrrx npoqeccoe?
23' SQsexrbr caMoopraHzsarlufi B orKpbrrbrx r4 3aKphrrrx pearropax?
24. Merclbr Jrr4raHAHbx KnacrepoB.
25. KolrnneKcbr r.r KoMrro3lrrHhre Marepr4ilnbr.
26' YnstpaA'OrlepcHble crlcreMrr: oco6euuocr:u Qa:nqec*r4x uxuM*recKr4x rrpoueccoB
B KOJIJIOIZ.IIAX.

27. PacnpocrpaHeHr4e cBera B KoJrJrorlAuoft cncreue
28. IlepeHoc 3apflAa B ynbrpalr4cnepcuofi crrcreMe
29 . Merc lbr Jrerr4 poBaHr.r{ noJrylpoBoAHrr KoB
30' Meroabl .'o,'yqeHl{t A}IgJIeKTpI4qecKr{x cJroeB n ycrpoftcrBax 3JreKTpoHr.Kr.r

7 . YqEEHO.MET OAI4qE CKOE I4 I4IITO OPMAIII4OHHOE OEE CIIEqE HI,IE

a) ocuonHaff Jrr{Teparypa:
AI,r C qn [Jrr4 Hbr (MOAyJUT)

l' Merolrr 
''onygeHvt H I'IccneAoBaHr4f, HaHoMarepr4€rJroB vr Har]ro-crpyKTyp.

Iu6-oqulopnrrft npaxrrzKyM ro HaHorexHonoraf,M [3nercrpouurrft pecypc] : y.re6Ho e noco6ue rE' [' Mz'runa lu Ap.] ; noA peA' A. c, curona. -' +-" ii. (er.). -M. 
-:-sfunbvr. 

Jla6oparopuasHaurft, 2014.- 184 c. : zn.- (V,re6uux 4m nuclreil mroru). _ ISBN 97g_5_9963_23150_9.2' HenonuH, B' K. 3on.4onrre HaHorexHoJrofzr4 B oneKrpoHaxe [Dnexrponurrfi pecypc] / B.K' Heeorrn. 
- orer<rpoH. reKcroBbre AaHHbre. --M. : Texuocse pa,2014. 

- r74 c. 
-.97g_5_9 483 6 -3 82- 0' - 

peNuu 
Ao cryrra : http : //www. iprbo oksho p..ru/ 26g9 4 .html



3. I4ruaron A.H. HanooneKrpoHr4Ka.
pecypc] : yve6. noco6ue / A.H. I4rnaron.
1619-9.

Cocrosnue H nepcneKTr4Bbr pa3Brar{aa [3nexrpoHHufi
- M. : OJII4FITA, 2012. - 360 c. - XSBN 978:5_9765_

6) gouo.nnureJrbHafl Jrrrreparypa :
1' ouszqecKl4e ocHoBbI MI'IKpo- r,r HaHorexHororzft: Yqe6. noco6rae I C,n.Ernxon, B.ILMmafinos, IO.B. Ilan(pranon, IO.B. {n_error; [Ioa pea. IO.B. I{ner*o"u. - ]vi.: .lasa_no MfTVr'ru. H.3. Bayrtana,2009. - 176 c.: ra.n. - ISBN glg-s-7oRs-3319-3.

ra acTLrIJ, HaHOMaTepr.raJroB ,tr4 
HaHocTpyKTypr.J apu6zn, B. A, Eaxruua, Bl 14. Touranrr, ij.III. _ ISBN s78_5_'7638_23g6_7,.

3g .II., Ocrepmx[.I/1. _ Honocz6.: ]ffTy, 2012. _

4. HauogreKrpoHuKa [one*pouu'rz-4ecypc] : yve6noe noco6ue I A, A.rIIyxa ; roA pe,q.A' c' cnrona' - 2-e usr. (er.)' - M. 
' 

ndHcivr.-nuooputopun sHaHuir,2012. - 342 c. i vrr, -(HaHorexnorouaH). - ISBN 97 g-5-9963_ 
1 055_5.

HTTP ://www.NANqscopy.oRG
http : //www. nanpmetgr. ru/
http : //www.nanonewsnet. m/

4. http ://thesaluus.rusnano. com/

8. MATEPI4AJIbHO.TEXHT4qECKOE OEI]CNEqEHI4E
AI,ICf[UIIJIKIHbI

Jlex{raon'bre ayAr{TopLrr{, oc'arrl0nnrre 4ocrofi (4rx rrrera
npoeKqr.roHHbrx cr4 creM, npoeKTopoM r,r uoyr6yxona.

mJrlr MapKepa), ercpauoM AJrt

Aygu'topuu Ans rlpoBe re]Hhrfl. 3auxtui. ocHarqdunue coBpeMeHHbrMr4 [epcoH4nbHbrMrr
KoMrlbrorepalru, o6re4uudu'uuu B noKanbHylo Bblqr,rcJrr.rrenbHyro cerb rd yKoMnJreKToBaHHbrMr.r
neo6xo4aublM ckIcreMHbIM 14 [pI'IKJIaAHbTM rrporpaMMHbrM o6ecne.{euueir,r. AyAu ropnu rrrfl.npoBeAeHl4t la6opa'ropHrx zau''rvit, ocuaqeuHue coBpeMeHHbrMr4 Ar4arlrocrlrr{ecKr.rM,
yKoMrIneKToBaHHbIMI'I ueo6xoAraublM cLIcreMHbIM LI [pr,rKJraAHbrM n]porpaMMHr,rM o6ecneqegaeN,r
(I 04 -3, 41 9 -3), ay 1uropvv Bbrqr4 cJrprreJrbHoro rlerrrpa.

1.

2.
a
-).



Pa6o.rar nporpaMMa A[crlunr[4Hbr cocraBJreHa B coorBerclBlru c rpe6obanusurE OfOC BO
IIo HanpaBneHr.rrc 2 8. 03,. 0 1 Hanore,xnonoqra4 r.rJ4zr<pqczcreuua+ rex$uxa

Pa6ouyro nporpaMMy cocraBlrJr

PeueHseHr

(upe4cranzrell pa6oro4arelr) Ha o-2 JIN
(vecro pa6orlr, aolxHocrt, @lIO,

flp o rparr,rrra a p ac cMo rp eH a rz o4o 6p en a Ha 3 ac e 1anukr @tzIIM

flpororon Nsl or 03.09.2018 roaa

3ane4yroqzfi xaQe4poft C.M.Aparcemu

(OI4O, nognzcr)

Pa6o'{at nporpaMMa paccMorpesa a oAo6peHa Ha 3aceraHvu yqe6Ho-Merorr4qecKo ir xowruccuu

HarrpaBneHr{t

Ilpororol J\|lI

3ane4yroquft

or 03.09.2018 roaa

xa$eapoft C.M.Aparelsn
(OI4O, noAnncr)

JII4 C T IIEPE YTBEPXNEHI,I.fl
PAEOIIEfr IIPOIPAMMbI AI,ICIII4IIJIIIHbI

Pa6oqas nporpaMMa o4o6pena ua

Ilporoxon 3aceqalavs, xa(fe4pu Jt

yve6nrrft ro4

foAa

3anelyroqzft xaOeapofi

Pa6o,aafl, nporpaMMa o.uo6peua ua

flpororor sace raHLrs. ra$ e4prr J\b

yue6uufi ro4

OT rola
3ane4yrorqnft ra$e4poft

Pa6oqa"s nporpaMMa o4o6peHa na

Ilpororor sace1aHr4fl. xa(pegprr Nl

3aeelyrcuufi r<a(fe4pofi


