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1 . UEnrr cl c B oEHvlfl, n*ulclll,Irr JII,IHblt

I{elt ocBoelrus AucIIIlnnuHt,I - r)3HaKo

Bo3HrrKaIolIlIMI{ npla B3allMoAeftcrnuu (porono

HaBbrr(oB pa6ornt c lrauoMerpoBblMla o6lercravu

o6racru H€tHorexHolorufr .

3alarau:

HiIHOpa3MepHLIX 3JIeKTpOMeXaHUqeCKI4X CrI4O[eI\4

Ytr.te'rr:

triat-py et ut. p e,, y*t at"t o 6 y*,t * *f, [t qr"F * -l
xapaK'repll3yrcIqr€) oranbl $oprvruponaHun KoMre:lpuuu[,,]

HaHorexHo JIolI4Ii Ll MI4Kpo cI4 crentu o fi Te x qLIKH ;

- Mlaponrble Aocruxelzfl, B o6lacrtl panpa6grxu MI'IKpo-

-SopvulloBaHr,re y cryAeHros 6ffiossrx gHanuft n o6lacru pa:Hoo6pa:nrtx rlupnqecKl'Ix

lnlenuft, [poreKaK)rqr4x B npoqeccax ssauNdoAeftcrBl4q orrulqecKoro Ir3JI'/qeHLIfi 0 Belx,eprnov ua

HaHoMerponoft yponHe;

-SopunpoBa.Hue y cryAeHToB npo$eccuoHa;IbHbx roltletenqufi,, cnxsalrnr,lx c

r4cnoJrb3oBaHueM coBpeMeHHbrx reoper[qecKHx Lr gKCnepIrMeHTaJIbHbrx rIOA]IO4OB lB OOJIACTU

Susnr<u u oTITI,IKI4 HaHOpa3MepHbIX cllcreM;

-lonyrreHue cryAeHTaMI'I, Ha rlpuMepe 3uaHufi, YcBoeH

Ar4cuI4rIJII4HbI, TIaB;,IKOB v1 yrleuufi, neq6xo,4raur,rx Anr caMoc

pa6orrr no u3yqeH trK) caMbIX pa:uoo6pa3Hblx $u:zuecr:ax 14 o

o6racru Susuuecxux HayK

-3HaKoMcrBo cryAeHToB c rrocJreAnrrMpr AocTIDKeHI{xtrlu tpusraxu e c,6rar;'ru rlalrotlrciroHl4Kl'llH

rrcrroJrb3orraHr4eM g,;rD( AocrzNenuft B coBpeMeHHbrx rrccJleAoBaHvlflx vr nipaKTI'IqeqKLIX 3aAaqax, B

qacrHocrl4, B aHaJIIz'rIrKe, 6uoQusuxe I'I MeAvIIr{He'

2. MECTO AI4CII,UIJII4HI'I B CTPyKTyPE OIIOI BO

Aucuunnuna <Hauo$oroHLIKa)) orrloc

o6pa-:onareJIbHbIX oruorueuufi. flporpa,vrvta n

HarrpaBneHr,rrc 28.0t4.01 <HauorexnoJrof[rl 14

ceMecrpe. ; i;i

flpepernusurrr Ar4cUr4nnHHb,r: (M!rKpo- v FIaHo()rIcreMbI B Te)<HI'IKe u rexlrPJlorl{f,x),

(TexHoJrorur.r [por?r3BoAcrBa Mr,rKpo- Ir HaHocl4creM), (Kpplcrannorpa$ar>' Ocaoeuuei ,ItaHHoro

Kypca FrarrpaBJreHo Ha Soprr,ruponauue guanufi Aocraror{HLIX !.nfl Hailu(>?qvs, nfutYcrcuofr

xea-ruSunaquouHoil pa6oru,

3" IIJTAHI{PyEMbIE PE3yJIbTATbI OEytIEHilfl.IIO lr4CllryIII.[II'IH]q

fllauHpyevlte pe3ynbrarbl o6yueHur

pe3yJrbraraMu o0BoeFIHfl OIIO|I

( noxa: art:nrl ocBoeHllfl KcrMnere HII14Iz )

- npuHlr:l,tnbl flocrp(]eHuf, 14 tpyuttullonupoBaHplu usAttIrufr
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4. OBbEM I,I CTPyKTyPA AI,ICUUIJII,IHITI
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Texuororuu
npOI43BOACTBa

HaHOCTpyl(TyplrpoBaH

nr,rx vcrDoficrB

5

Pasren 5. tOrzsflxa

npu6opon Ha ocHoBe

HAHOMATEDI,IA.IIOB

aJ tt-t4 4 6 2T 515001,

615001,6

PasAer 6. Paspa6ou<a
apxr{TeKryp
HaHOCrpyKrypapoBaH

Hrrx vcrooficls

J l5-18 4 8 2I

Haru.rue B AI{cu,I4nnI,IHe

KII/KP
I4roro rro ALIcqtmJILIHe J [8 18 36

T2

6
27 rso96 | 3iauc'r

I oq'311o

Pa:Ael l,
Terora 1.

Tetta2.
Pa:4er 2"

Tepra l.
KpHCTanJTOB)).

Teva2.

Cogepxanue JreKIIIroIrHr'rx saHqlrufi rlo AI'lcIIHrIJlIrHe

Ouru.recxne csofi crea HtaHoKoMrI03I{T'H bIx MarepIraJIoB:

<HaHouarepl4anbr I{ pa3MepHbre sSQercrrt>

<PasHoo6pa3ue rnnoB HalloMarepHaJIoB L nx csoficrB)'

Ournno-xuMLIqecnue cn,ofi crsa HaHorIaclHII :

<MeroAsl floryr{eHnfl I{aHoMarepl4zuToB, HaHoqacrlllr,

<Mero4st AHarHocrLIKH HaHoMarepuanoB).

ferepocrpyKryp, $orouHux

Pa3,[er 3. Hason.na3MoHl{Ka:

Tervra 1, <(BsauN,roAeilcrsue c MeraurJrI,IqecKuMI,I HaHo,orpyt(ypaMH I,I HaHoqac'rl4uaMu).

Pa:lAel 4. Texno.noI-HlI IIpo]l3BOAcTBfl Ha[IocTpyKTypl'lpoBaHnux yc'rpoftcrn:

Tenaa l. <TexHoJrofl,rh nonyqeHhr HaHoMarepHaJIoB H HaHocrpyKTyp ra yc'npoficfn ua |x ocHoBe).

Terraa2. <Pa:pa6orra I4 npOeKTI.{poBaHI,Ie 3JIeMeHToEi uaHOQorOulmu>.

Pa:lAer 5. @u:una npu6opon Ha ocH(oBe HaHoMarepuaJroB:

Tervra L <OusuqecKge rrpaFrrlr4nlr paboru H co3AitHne npn6opon ua 6a:e HpuorularfepuruloB H

KOMn03nTHbrx cTpyKlfyp).

Pa:Aen 5. Pa:pa6o.rKa apxHTeKTyp HaHocTpyKrypnpoBaHHbrx ycrpofir:rn: l

Teua l. <MoAerqpoBaHr{e cnoficrs, Susnvecrnx flareHhft H TexuoJlol"l4qecKux nlioHecr:os n

HaHOMarepHaJIax).

Cogepxanue la6opalopHbtx salrqrafi rlo AlrcquIIJruIile

1. lrl:ryueHuecneKTpoBrIpoD/cKaHI4fiHaHoMarepl'I€uloB);

2. n4ccJreAosaH6e HaHor{acrHr1 MeroAaMH aroMHo-onrosoft MuKpocKorIHu (ACfvI);

3. J[Ioly.reHueKoJIJIoIzAHbIXpac'lBopo

4. Mer<tAr,t ocaxAeHnt HaHoqacrHt{ 1l

5. flolyueuueHaHoqacrulrMerc)AoM

6. I4ccre.uosaHHeHaHoqacrylrl\4ero!l

7. flolyueHne cneKrpoB r<oru6unaquoHHoro paccerHHfl (KPC) HaHoqacrl4l-( a rlauoua,repl4anoB. '

8. I4syueuue MeToAoB peHTreHocTpyKTypHoro aHaIIV3a HaHoMaTepl'lanoB. i

9. llonyueuueHItccJIeAoBaHHe'roHKI4xMeruulJluqocKnxlrJIeHoK.

10. I,IccfleAoeaHrze o6pa:qon HaHo- H MuKpoycrpoficrs c novousro I'3M'
I l. I4ccreAoeaHl4e rIHHeeK na3epHblx AI'IoAoB Ha oolsoBe rcTepocrpyx:Typ.

12. OervtrocexyHAHoe na3epuoe c,rcpafi6nponat{t{e H pe3Ka MarepuuuloB'

13, @eurocercyHAHoeHaHocrpyK'typl4poBaHhe MarepHanoB'



tr4ccreAoeatrue rpatpeneHoBblx rlrpy

3anuct BOJ;HoBoAHbtX CTpytflyp B ollTqqecKu npo3paqHblx MaTepua"nax'

h:lyueuue MeToAoB 3oHAOBofi n nrolpaQ ah I4 Qop vLIpoBaHHe 3aAaHHblx liaHoorp'yK lyp 
"

5. OEPA3O]BAT'EJIbIIbIE'I'EXIIOJIOI-III4

B rperIoAaBaHI{Ir AIIcIII4nJII4HII <<HqHoQomoHuKo>>

o6pasonareJlbHble Te)(HOJrOrUrr KaK TpzrAr4rlr{OHHbre, TZIK U

I'IHTEPAKTI4BHbIX METOAOB OSYUEUUI.

ArrusHrte 14 I'I HTepaKTIrBHbIe M ero,D,bl o 6y'reuux :

IrlumeparcmurHan tteKl4un ( Pasden L Ten4a Nt2);

fpynnoaan ducxyccun (Pasden 2. Teua J"lb2);

Ponertue uzpu (Pasden 3. Teua NeI);

Tpeuwuz (Pasden 2. Teuq IWI);

Auailt,ts cumya4uit (Pasden 4 ' Teua Ne2);

Ilpuu.eueuue uwumql4LtoHHblx uctdeneil (Pasden 5' Teua Np I);

Pas1op KoHKpemHwx cumyaquil (Pasden 6' Teua J'lbl);

f{pyzoe.

6. OTIEHOIIFIbTE CPEACI]BA Anfl TE

TIP OMIIXTYTOTIHOfr NTTNCT'AIIHI,I IIO

YIIEEHO-METONUqECKOE OFtr]CTIEII

CTYAEHTOB

a) Bonpocrt A.[q 3aqera c oueHnofi
l. KsaH'roeue orpaHI4LIeHIrr. Pa:uepnue s{t$tlxru, I'

.-.t-
(Do.rouusre Kpr4crzrnJrbr lr MeraMarepuanbl" floHtrne 3arlpeq rHHrlR 3r)Hbl. facilpqcrpaHel{ue2, (Do.fOuusre KpI4cTzInJIbI I,I MeTaMaTepHanbI" llOHrITHe 3anpeq rHHrJl4 3utlbr. raurrPtf

cBera B $o'ronuux Marepl4aJlax c 3anpeqeriHoft gottofi'

3. I{aHopa:ttepHaflourur{ecKaql'luKpocKorlHs,fl aHopitS Mtr Pttilx u I r r 14 1('9tta1x rir n NPUV NUrr Yrd

Cnoco6sr $oprnruposaHlrr tJaHoLracraq raAaHioro pa3Mepa 14 ynopsAot{eHHUlx Macil14}loB, 3Tl4x4. Cnoco6sr QoprvruposaHlrr tJaHoLracrHU 3aAaHFIoro pa3Mepa 14 ynopsAoqellHtllx Maof

7. ()co6eHsocrltoIITHqecKI{xcBrlficrlBMeraMarEpl4euloB.
()cuosgrre rroHsrr.{r reopnr4 BoJrHoBoAorB. florsoe BHyrpeHHee orpDI(eH}re' fXor€rpH 14

t4.
15.

16.

H AH'U]OTOBbIE SilEMEHTbI.

LrcrroJrb3:/rorcr{ pasno(l6pa:uHe
c rIpI{MeHeHI,IeNI aKTPIBFIbD( lr

qacTpru.

5, llanucs BoJlHoBoAHblx clpyxryp $evr
6. Ifla:rvtou-norqpllroHHble sQ$exru

MeTaMaTepI.{anax..

8. OcuogHrre rroH.rITL{r reopHl4 BoJrHoBoAolB. lloJIHoe BHyrpeHHae orpaxli

ycl4neHple oIITLIqeCKI4[X CpIfHaJIOB.

9. l-Ielrsefiso-orrTr.rqecKr.ree$$ercrsrs6n:tmosirctrxBoJIHOBOAaX.
10. Mo4,eruposaHneorlrl4qecKnxeQtpercro

-YT-'-'-- - -

10. Mo4,eruposaHneorlrl4qecKnxeQtpercro
11. lflaHonopucrble Mareputulbl: npoMe

r,r3roroBneHH.fl HaHo:uleKTpoHHbIx uzaennh, Myn[,TIlKar

12' Cnep'xnp6ssAHI{KH:AarrIHKHMarHpITH

13. HSMC: pIMrIJIaHraIIuq u KoN{6I'IHI{poBaHI{e c fip;yrun'ttl crpyKTypaMI'I.

14. iVleroAtt MoAeJrupoBalrus ceoficrs H lHosJIeMeHlloB,

15. Cnooo6st AHarHocrLKH HaHo- [r MllKpoycrpoficl's.
15. flvt$paruuouuttfi npe4el. Cnoco6styMeHI'u]eHds.
17 . Tunsr la:epHofi nepauurca, Oco6esuocrh IfIpHMeHeHufl B coBpeMr3HHbIX. rla0TeMax

1E. (Dotounrte KpHcr€uIJItI. Vparneuu.r pac'lela.
19, IlasepuarKepaMlrKa. TexHolorus noryr{eFll{q.



20. Mexanu:ru Sopuraponattufl 3[l{raKcHiIJIbHble ueuorc.

6) Bon porcu peiirnn r-rcosrpo.lls
Bon pocsl peiirnnr-Konrrrorq Nq I :
1.

2.

n
L

MaTepuanoB.

5,

6.

PacnpocrpaHeHHe
1.

MaTepr4anbr.

8.

9.

10.

11.

12,
13,

14.
15.

16.

t7"
3Tr,rx qacTnu.

18.

19,
20.

1.

MeTaMaTep11iurax.

2.
a

/1a.

5.

6.

7.

8.

9.

10.

11.

3asucuI\4ocrb 3HepfI4I.r iIIoN,II4HeoIIeHTHbIX KB

OrlroHurre KpI,IcranJIbt H Meral\4lare

cBera B $orouusrx MarepHaJIax r] 3a[peueHH
OrpnqarelrHrre noKa3arenb npeJIoMJleH

MeranoeepxHocrl{. Asoualtsoe rlpenoMneH LIe H orpax(eHl'{e.

KollouAuue pacrBopbl
C nuurpouuKa, MarHI,ITHbte HaHOcrpyKTypbL

Hauopa:vepHaq onrl4qecKtlq MHKpocKorl4q,

Onrr.lqecrcne ceofi crea cQepuvercrcux qacruu.

f] o seoxnocrHble nJIa3 MoH t,l t4 HaHo nJIa3M oHIz Ka,

OCHoesr JTOKaJTIHO yculeHHOfr OnTI4r{eCKOU MiHKpoCKOnHH 14 CI{eKTpOcKOryH14,,

Touororus HaHocrpyKTyp,
JlasepHaa a6trn\us, H na3epHoe ocarxAeHlle.

Cnoco6rr QoprnrlaponaHnt HaHoqacrurl 3aAalJHoro pa3Mepa H

Onrprqecrcue lnrorpa$ uuecKhe MeroAbt.

HaseceHne roHKhx rtJIeHoK B BaKyyMe Ha [oAJIo)I(KI4,

3 anucr BoJr Ho BoAHIIX crpyKTyp $euroceryH AHbt M JIa3peHbIM

Bo,npoct{ Le-fi ru H r-KoHrDorq .}{b2 :

HaHocrpyKrypupoBaHHbIX

Itn aHroe nle orpaHnqeHl4r, Pa: nlepusre ecpQex rsl.

Merogu [onyqeHllq ]HaHoqacruII n HaHoMarepnanoB'

KBaHtosste ror{Kr{, KBaHToI}ag [pouoJloKa, Ha]HocJtoH.

JI*,oNrHHecueuunq KBaHToBbIX roqeK/xsaH'toBbIX

llna:voH-noJIsparoHHble e$Senrrr

lloeepxHocrHble IIJIa3M oHt,L

f lomprarouHble KpHcrirnJII'L

I,lsuepeuue cneKTpoB rlofJIouIeHI4q 14 rIoMr4E ecueHquu.

PegonaHcHoe paacetHHe cBera Ha HaHoclpyx:tiypHpoBaHHbIX IITeHx:ax.

Ceepxpa:pe[reHHe I,r youaeHI4e B MeraMarep narax.
C) co6e Hsocru o[TuqecKvx ceo i cte M eraMarepl,tzul oB,

C)cHosusre cnoco6rt fioryrlsg"t la:epuofi HIIHoKepaMHKI,t.

IIpoBoJloKax noJIyI1poBClAFl14KoBblx

ynopn,4o.leHast >! ntacr:uaO'b

H3IyqeHLIM.

Kpr{ciraJrnax

ffor,epn vt

I,levepeuue nopora onruqecroft nporlHocTq aKTI{BHIIX 3JIeMeFIToB.

C)nruqecxa.s HaHoKepaMI4Ka.

C)rcHoensre [oHsrr,rfi TeoFTLIH noluono;1op. Ilonnoe BHyrpeHHee olpDKeHHe

ycuJreHHe onTI4qecKLrx cHI-HaroB.
12. Fl.enuuefiHo-onrur{ecKhes$$ercrrrn6psrpotrcr<I4xBoJIHoBoAax,
13. l)rteueHrrt reopfih ortrhqocKllx HasoaHreHn,

14. Mo4elupoeaHne orrrr4r{ecKHX s$$ercron a Qorouuslx Kptrcralnax.
15, Cnoco6u flonyqeHl.It peturbHbtK $oronnlix l(pucrannoB,

Bonpocsr pefi rllnr-Konrporq Nb3 :

l. feHepaqzr, percouduualll{Jl 14 rlepeHoc 3apflAoB B noJlylpolloAHuKiax B paufax soFrroii

TeopHH rrpoBoALIMoOTI4.

2. 4rugnqecrcue oco6esHoc'ru pa6otl rerepocrpyKTyp,
3. Illauorcouno:rrsr: 3HeproHe3aBhcl.{Maq u E\rHaullr{ecKat flilM:trbp KoFlAeHcilropbl,

ycrporicrna na l1AB, MnKpoarreHrcaropbr, Aarr{r4KH, orrrHqecKr,Ie npoqeccopbt, cBeroBo,qb,lr nI,lHl4la 3aAep)I(Kh,

yMHO)(UTeJrlr qa.c'foT'.

4. I.[auoxepauura: [be3ogJleMeHTbr, rrbe3ollarquKu, Ar43reKTpI4tKI4, nonynlposo.rlHnKH,

npoBoAHt4Kr{, MafHr4.' HTbr, KOHCTpyKUIIOHHbIe KopnyoHbre SJIeMeH'r$l

5. L br: nrpoMex(yroqHt;re crpyKTypbr B TexFroJrorliqecKoM rlpouecce

r{3foToBJreHnr H{aHo: ynbTHKaTanLI3aTOl)bI; I,ICTOTIHI,IKH SEIepfplU, Ce},{COpbI.



4.

5.

6.

7.
8.

(DoHl

r<orunerenuprfi

s) Ilonpocbr $ caMocroqrerl'Hofi paGrore crJAgHTa
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