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1. UEJIII OCBOEHI{fl AI,ICUIITIJII{HEr

IIeIsN,IIa OcBoeHI,Ifl AI,ICquIIJII{H6I (iraoaynr) <OugruecKze ocHoBbI MI4Kpo- I4

sauocrEcrei'rsoft rexuur<n> flBJrflercfl rpopnaraponaHue y yqarllrxct 6no$on $uszuecrux sHanuft

An1{ r,I3yr{egufl MeroAoB r.rccJleAoBaH[s MI{Kpo u HaHo o6lertoe, BKrroqamq[x MeroAbI

Ha6nroAeHus, reXHoJIorI{tI (poprr,lraponanraa V noilyqeHl,Is, a TaKXp (puSuuecrue O9HOB6I

MoAeJrr4poBagr{r u gKcrrepr4MeHTaJlbHbrx I{ccJIeAoBaH}Ifi cfieIIu$HqPcKI4x cBoficTB cIrcTeM

Mr..rKpo- I,I HaHO- ApIATra3oHa.

2. MECTO AITCUnIJII,IHbI B CTPyKTyPE OTIOTI BO

,[ucqranluHa (@I{3r4rlecKr{e ocHoBbI MIdKpo- 14 HaHoclacreMnofr T9XHI'IKI{)) orHocl'ITct K

6asosofi qacrr.r Ar{cqurrrJrr.ru O|IO|I noAforoBKvr Arrfl HarrpaBneHraa 28.Q3.01 HaHorexHonorull H

Mr,rKpocrrcreMHalr rexHr.rKa vt flpeA[oJrafaer HaJII{qUe y cryAeHToB 3HaHI4t Cne,4ytoIrIHX

Ar,rcqulnlrH: <Mareltarr.IKa)), <Teopua nepoatrocreft fi MareMarTl4qecKag crarlrcrplKa>'

<@ratura>, <<XuMt4x>), <KsaHTOBat v cTaTI{cTI;ItIeCKaf, $u3Zrca>, <BneAerUEe B

HaHorexHoJIorIrI{)), <<KounnorepHoe MoAeJII{poBaHI{e).

ycneunoe ocBoeHae Ar4crlr4rrnnHu <@agn.recKl{e ocHoBbI u{rcpo- I'I HaHoct4creunoft

TeXHI4KLI) npeAnoJlaraeT HaJII4tII4e y o6y'ratoquxc.n 3*alufr', yMenrafi V totoBHocTefi,

noryrreHHbrx flplr [3yqenr4r.r yKa3aHHbrx AI4cIInlnI4H I,I B xoAe npoxoNA0Hur yue6Hofi npaKTI{KIl'

OceoeHr,re Ar{crlfl11nlrHrr <@[g]r.recKr,re ocHoBbI MI4Kpo- Ir HaHoct4creunoft TOXHI4KI4))

Heo6XO,quMo g.nfl u3yqeHl4{ KypcoB <MarepzaloBeAeHlle HaHocTpyKTypI'IpoBaHHbIx

MaTeplraJron>, <flpoqeccbl MI4Kpo- I,I HaHoTeXHoJIorI4I4>, <MurpoonTuKa It (porouuna>> u Ap', a

TaKXe [nfl e6$err:lleHoro nu6opa Hanpaueuzfi h MeroAoB ua]'ruo-nccneAoBareJllcxofi

pa6oru, BbrnoJrHreMoft o6yualoulr4Mr.rcfl B AeBflToM ceMecrpe. u dallHefirueft loAroroBKl4

nunycruofi rnalH(paxaquonuofi pa6orn'

3. KOMIIETEHUI4I{ OEYTIAIOIIIETOCfl , OOPMtr{PYE${bIE B PE3YJIbTATE

o c B oEH urfl . AkIOU{I{TIJIIIHbI (M OAv JLfl )

B pesymraTe I,I3y{eHVfl. IuIIWIIJII,IHbI <@ugu'IecKue ocHoBbI MuKpo- 14

TeXHprKI4) o6yraroUraficg Aomxeu ocBoI4Tb cneAylo1qlle K9M1STSHIII'II4:

olIK-2: cnoco6nocrtrc BburBJurb ecrecrBeHHoHayr{HyIo cyITIHOCTb npooJleM,

Bo3HI,IKaIoil$.x B xo.4e npo$eccuona-nrnofi Ae.f,TeJIbHocTII, trpI'lBJIgKaTb Anfl I4X peIIeHI4fl

coorBercrBlroruzfi (pusuro-trlareMarl4qecKuft' annapar ;

IIK-3: roroBHocrbro aHanr,r3r4poBarb r{ cI4cTeMaTI43HpoBarb pePyrbrarbl pIccJreAoBaHI'II4,

rrpeAgTaBnsTb MaTcpIIaJIbI B BLIA9 HayqHbIX OTqeTOB, uy6luraqufi, UpepeurA\Vfr'

B pesynrrare ocBoeHr4s Arrcq[nnl4Hu <@ugpr.{ecKlre ocHoBbI MI4Kpo- I'I HaHocl{creusofi

TeXHI4KH)) o6yratoUufics Aolxen AeMoHcTpl4poBarb cneAyloilIlle peymtaru o6pasonaHux:

1) 3uaft,: ecrecrBeHHoHayrrHyro cyrrlHocrb ssnenui.l H IlpoUeccoB, Bo3HI'IKaIoilII4x B xoAe

r{ccJIeAOBaHI4fl yI IIpI{MeHeHLIt MI,IKpO Lr HaHO CI',ICTeM, IIpHBJIOKaTb Ant nx peueHI4S

c o orB ercrB ylo tqrft $ IE s l,txo -trl areM arl4rle c K nfi , annap at (OnK- 2, lI K- 3 ) p

2) Ypre6: Hc[oJrb3oBarb coorBercrByroulr4fi (pu:raxo-MareMarl4rlecKl{fi afiilWar Ant pelxeHZt

3A11Aq uCciIeAoBaHI4fl ss;1eHnil tI ilpOqeCCoB Bo3HI{KaIOquX B XOAg LIcIIoJIb3OBaHI4fl tr

rrpr,rMoHeHr{s Mr.rKpo H HaHo cr.rcreM n npotpeccuoszutrnoft AetrenbHocpn (OIIK-2, IIK-3);

3) Bnagerr: coorBercrByroqr.rM $usuro-uareMarl,IqecKl4M annatriarorra Lr cnoco6Hocrnrc

BburBJrflTb ecrecrBegHoHayqHyro cyrrlHocrb npo6len, Bo3HLIKaloIqI4x E xoAe rIplIMeHeHI4s MI4Kpo

nariocucreunofi

r.r HaHo cr{creM, e npo(feccuonalrnoff AefrenbHocru (olIK-2, nK-3).



4. CTPyKTyPA kt COAEPXAHI'IE AI{CqUIJII'IHbI (MOAyJIfl)

O6rqar TpyAoeMKocTb AI{cqunJIHHbI cocTaBJUIer 6 :auetnrx eAI'IHlIIl, \Ltacon'
C OAEPXAHITE AI,ICqUIIJII,IHbI

Jla6oparopHbre pa6orbl
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fta"nn"to"a Hue u I unv Kparxoe coAep)KaHI'Ie la6opa'r$publx pa6or Tpy.uodvlxocrr

(qacos)

Pa:Ae.l I

I BreAeuue. Cnoco6tr roryrleHllt HHQopMaIrlII4 p crpoeHl{}I

BeurecrBa. AroltHo-tvtoJleKyJlspHble crpyKTypbl no 6dsxar,a KECA

(<Mercury 2.3>) u www MuurPacr.

4

2 3renrpouHat MI4KpocKoIlI4fl. ACM

Pacrpoe ntfi gJIeKrpoHHbIft uurcpocnon.

(HaHoPAbIoKarop). A+

Pa:ge.ir 1r2.

J ,{urfpaxquoHHble H cneKTpaJIbHbIe MeroAbI B HaHgTexnoJloruu'

PeHrreHoecxue ycraHoBKH' 4uSpanroivlerplt (I[oporuronufi

,{nSpar<rorvrerp <D8 ADVANCE>) n cnenr:pol'Ierpdr (Boluonofi

peHrreHo$ryopecqeHrHtlil crleKrpoMerp nocJle4oBareJlbHofo

aHarirnsa (ARL ADVANT'X)).

PasAer 2,3.

a Mo4enrzponaHue cHMMerpHI'I pasluewui't B cBepx peurerre. He

Kpr.{oraJrJlorpa$uuecrcue fpynflbl cHMMerpI4H' Cosaa[ue uoAeleil

$ orouuoro Kpl4cranJla (2D-cnepxpeuerxa) (KoMnr eKc nporpaMM

M6 - Matrix).

4

Pa:le.n 3.

5 KorqeucupoBaHHoe cocroqHl{e BelrlecrBa Ir ero Mo,{eJIHpoBaHae.

MoAell nocrofiuoro pocra 2D-uaHoruIacrepoe { <volercyn-

noJruMlrHo) (nporparvrvra (IIOJI- PACb)'
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6 Pacqer 3D-HaHorlacrepoB rr,re4ra (Cu) H aHTpauer

AHarug Marl4qecKux qHceJI. (nporpanarraa <Oprpa$>)
a (C14H10). A.+
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5. OEPA3OBATEJIbHbIE TEXHOJIOTI4I4

flponegeurae JreKrllroHqbrx 3aHsrufi o6ecneqeHo cneUlIaJIIa3I{poFaHHbIMI'I ay4rrrop?rflMlr,

o$opy4onanHbrMr,r KoMnblorepaMr,r v gneKTpoHHbIMI4 npoexToqaMu, qro rlo3BoJlter

CorrpoBoxAaTb rITeHue nexqufi AeMo HCTpaIIuefi rol\,InlloTepHbx clafr 4gn.

B parvrxax JreKrlrroHHoro Kypca r4cnoJrb3ylorcr raKlKe cJIe.{yIoIIIlIe rqxHonoH4u:

o I4g)nrenue peanbHbx MI{Kpo I,I HaHo o6rerroe c rloMolrlbro gneKTpoHHoro }I aroMHo-

cr,rJroBoro Mr4KpocKorroB B HayqHrx na6oparopr{flx r<arpe4pu. Kotunnrorepurte cuvtyrsr\nfi pocra }I

.[rzHaMI4Ku naso o6rexron.

oTexnonoru.s upo6leurioro o6yieunr (case-study). llpu $accuorpeuun BonpocoB

npaKTr.rqecKofo rrpnMeHeHlrq paccMoTpeHHoro TeopeTl4rlecKofo MaTepH4n4 I4CIIOnb3yeTCfl EVIa-]IOT

co cry,{eHTaMa Ha npeAMer Bo3MoxHbx cuoco6os peIIreHI.Ifl IIocraBJIeHHQft saaa'nz.

Bcrpeuu c yrreHbrMr.r 14 crrequaJrlrcravrpr, pa6oraroql4Ml,I B uSnpaeleur4v pa3Br4"tr{fl lr

IICIIOJrb3OBaHI4.g IIepCfl eKTI4BHrIX HaHOCI,ICTeM I4 HaHOTeXgOlOrUfi .

6. OIIEHOIIHbIE CPEACTBA AJIfl TEKYIIIEIO KOHTPOJIfl
yCIIEBAEMO CTII, ttP OMEXyTOTIHOfi .trrnCTAqgn tto UTOIAM
ocBoEHufl IiVICJIIIIIJIIIHbII4yTTEEHO-METOAUTIECKOE
OEECIIETIEHIIE CAMOCTOfl TEJIbHOfr PASOTbI CTVAEHTOB

a) soupocbt nefiruHr-rogrPors:
PefiuaHr-nonrpo.rrr I

1 . Murpo LI HaHo crpyKTypbl' Oco6esHo cru Lr cnoftcrsa,

2. @uzuqecKr4e rrpr,rHrlr4rrbr pa6oru pacrpoBoro sJIeKTpoHHoro MfiKpocKona.

3. @ugnqecKr,re [pr4Hqr4rrbr onrr4qecKof uutcpocxollupl. IlpeAenli pa3pelrreHl4fl.

4. (Dus6recKr,re [pr4Hrlr{[br pa6oru ryHHenbHoro sJleKrpoHHofo ldilKpocKona.

5. OzsnqecKr4e npr{Hrl?rrrbr paoorrr 3oHAoBofo 14 aroMHo-cfinoBofo MI'IKpocKonoB.

6. fznoresa 4e Epofinq? B KaxoM Mr{KpocKorle <pa6orator) BoJIHrI4e Bpofinr?

7. Cocrosirue crrcreMbr. Ypaeueuux Illpe4uurepa. Ou:nuecxptfi cMbIcJI noruoeofi

Syuxqrau.
8. Ks aHrosoMexaHr4qecKue 3aAaq u. Hacrut\a B noreHrllzaJlrnou f uure.
9. Ksanrosol,{exaHr4rlecKr4e ga$aril4. KsaHroeoNaexaHrlrrecKuft oquunlflop.

1 0. KeauroeoN,{exaHrqecK ne 3a1a'uv. TynHellnlrfi s(p$ext.

1 1 . Knanroeol{exaHllqecK pre gapla'rrv. KsaHronmfi ocul4nJlfiTop.

Pefirunr-r<onrpols 2

1. YcrpoficrBo peHmeHoBcKofo $ryopecqeHrHoro cuexrpouerfa.

2. VcrpoficrBo peHrreHoBcKoro MoHoKpr{craJlbHoro I4IlopolxKoporo guSpaKroMerpa.

3. OcO6eHHocTLI sHepreTllqecKzx CneKTpOB aToMoB, MoIeKyI u TBepAbIX

KpHCTaJIJIHIIeCKI,IX Ten.

4. Ocsonnrre [peAcraBnesus gonnofi Teopuu rBepAbIX rerl. MeroAlt olpeAeJIeHI'It

crpyKrypbl rBepAblx ren.

5. 3ouua-s orpyKrypa AI{oJIeKrpHKoB.

6. 3oHuas crpyKrypa nonyrpoBoAHlrKoB.



7. 3ousas crpyKrypbl MeraJIJIoB.

8. [uspaxroMeTpuqecKr{e MeroAbr AJIf, I4CCJIeAOBaHI4{ MOHO-,

9. Ksa3I,IqacrI'IIrbI. Csofi crsa I'I sHeprllt KBa3lrqacrpllr'

I 0. crar:ucTr{rrecKr.re ceoft crsa KBa3I,IqacTI,Iq. TenloeuKocTb 14

11. Vponnu @epuu' llonepxuocm (Depnra'

Pefrrunr-noHrpo.nr 3

1. Kooneparl,IBHble eQ$erctrr B MI{Kpo I4 HaHo cacTeMax. Caruooprpu143a1Jqrfl"

2. Ougr4.recKr4e ocHoBbr rrpoqeccoB caMo opraH[3aIJvrLr.

3. O6pasonaHlle [oBepxHocrHblx crpyKryp noA,4eftcrel4eM Jla3ep$oro u3JryqeH1lfl'

4. Ocgosr,r lraHo cupyx.uypHolo anaJrr{:a. Qmsu.{ecl$4e 14 xl4MHr{ecKile csoficrBa HaHo

crpyKryp.
5. K:raccra$r4Kalrur HaHo cr4crelt. Oor:onsble Kpxcra:t:lr,t' I(llaH'ro$r,le loqxr'r.

6. f e'repoc:rpyKTypl;I. Cnepxpenrerxu K r{x cizMMe'Iplifl '

7. 3reN,reHTvax 6usaual'Io SIIeKTpolIHKll. llpot'l:nogcTBo ualloMaT9pl4anoB'

8 . Ora:prxo -xHMHrIeoK?Ie oclloBbl npol43loAorna YH'I'

9. I'pa{reu. Csoficrea u cnoco6r'r roryqenl4s'

10. VcranoBKI{ Ans co3Aal{I4.s oAI{oMepFII{x rerepo crpyKryp'

11. Cloopxa cTpyr(Typ r,r cBepx perrerol( B aTOMIIO CpIJIOBOM MIII(pqcKone.

t2. JIa:epHHe HaHorexHoJrorrdr,r. llepcnenrlanHue pa3Bnrl4fl TeXHI4KH Xrs' HaHo

texuolorprfi.
6) Boupocsr n CPC:

1. Kanoe ycrpoficrno AonxHa r4Merb Jrr.rH3a B 3JIeKTpOHHOM MI4KpOCrOne?

2. paspenarorlafl crroco6uocm onrr,rqecKofi, slexrponr-lofi [a uounofi MuKpocKonl{u'

3. Orzgura flocrpoeHr4x uso6paxeHr4s B orlTl,IqecKoiu u ele$rpoHHoM MllKpocKonax'

4. I'IuuepcuoHHaJI MHKPocKonI4fl'

5. Kanyro poJrb r,rrparcT perrrerKr,r B cneKrpanbHblx npu6op4x?

6. I4tueeu: 1) n-uefirponsr;2) o -qacrl'Itlbl; 3) e+- noaurpofirt;

HaHO TeXHoJIOTLIqeCKI4X cI4CTeMaX I'ICIIOJIb3yIoTCfl BOJIHoBbIe CnOftCfna

.racraq?

7. yponuefi, ecJILI aroMbl

o6reAungrorcfl B HaHo Knacrepbl uIrLrB TBepAoe telo?
g. nm xaroft HaHo cTpyKTypbr uc[oJrb3oBaJrocb n pacuetax HecTaII]IOHapHOe

ypaBHeHI{e B rleTblpexMepHoM npocrpaucrne?

9. Mexauugrvrbr nepexoAa B cBepxflpoBolflIllee CocTosHue.

10. llapalaerpnoptAKalaSyuruuollzulfuug6ypra-JlaH4ay'
1 1. Karue qacTr4rlbr r.r KaKoe .f,BJreHUe OnpeAenfleT cTpyKTypbl IIpu

12. B uonynpoBoAHlrKoBoM HaHO KJraCTepe rIoflBI{JIC,{ sKCI{TOH.

AJrfl Hefo cneKTp uslyveuur?
13. Karoe nosgeficrnue Ha HaHO KJraCTep OKaXeT llpoqecc rfpenpaueul4s rluoHa B ABa

Soroua? Kanoft TLIrI B3al'IMoAeficrsus <pa6oraer s ACM?

14. gro o6qero r4Meror HaHo KJracrep r4 oAHoMepurtfi <nodesqua;rlunft fluII4KD? KaK

y3HaTb Sopruy TpexMepHoro (sql{Ka>, o6pa:onaHHoro HaHo KJIacTepoM, rsauroeofi ro'iKoft?

15. Karoe esauldoAeficrBr4e flBJrrerc.f, ocHoBHbIM AJIfl HaHo Klacrepon?

16. KaroesgapllvloAeftcrBl4e <pa6oraer> BMacc-crercrporpd(pe?

I7. llpoqecctr caMoopraHLrca\w.Mexasugtvtbl Bo3HLIKHoBqHI'Ifl crpyKTyp.

rro JxI{ - I4 KBa3I4KpI{CTaJIJIOB.

eJrel(rpoIIpoBoAHOCrb.

tlro upoueofi4er co crpyrrypoft sHeprerl'IqecKlax

4) nporontr. B rar<r'Ix

3Tr.rx 3JIeMeHTapHbrx

a6rrst\uu narepoln?

Kar pacc.rlirblBarb

n) Bonpocbl K sK3aMeHY:



t.
2.

2.
aJ.

4.

Cnerrpamune upu6oPrt.

5. Ke aHro n o IvI ex aH I{qecKI'I e

MexaHr4Klr. Oueparoprt. .

6. Cocro.flHlle

Synxquu.

Texnnxa lrccJreAoBaHr4r Mr{Kpo- H HaHo cI,IcreM. Knaccra{junallu{ ycraHoBoK.

llp e4erut pa3pelx eHLIt olTiIqeCKI{X I4 3JIeKTpoHHbIX MI{KpocKoloB.

fiu$parquoHHble npu6opnr Anfl HaHo rexnolorufi.

Pacr:ponufi, TyHHeJIbHlrft, sougoerrfi z ACTM - enexrpofiHble MI'IKpocKoIIbI'

flpu6oprt IIrfl MoJreKyJlxpno -nyuenofi snuraKcla{. Macc-cnerctporpa(p.

cr4creMbl. Mareruarx'IecKlafi afinapar rcsautonofi

crrcTeMbl. Vpanueuur lllpe,4unrepa. Ousuqecrufi cMbIciI sortHosofi

tlacruqa B [oreHllualruofi xtue. Tyunenl4poBaHHue'Iacrl{II.

KnaurOsOildexaHllqec6kre 3aqa'qu. QacrUqa B noTeHIIkIaJIbHOM qIIII4KS.

KnauronovexaH[qecKuft ocqullarop'
f Hnores a lllaura. Karonsl oQHoBHbIe xapaKreprcrl'IKl4 (p otoua?

i0. funoresa 4e Epoftna? Karue cnoficrna vrurpoo6teKTa orpax(aer coorHoIIreHI'Ie

HeonpeAenennocreft f efi sen6epra?

11. Ourosurre rroJroxeHr,rr KBaHToBoft uexauuxn. Craqraond.puoe I4 Hesralll4oHapHoe

yp aBHeHLIfl Illpe4ranrepa.

11. Kea3fi'{acruilu. Macca I'I 3Hepru.f, KBa3I'IqacrI'Iq'

12. Crarncrura 6osoHHoro ra3a. Ilasepu.

13. Crarucruxa $epunouHoro la3a. llonepxHocrb I,I gHepllltr OepMI4.

14. Oco6esnocrra gHepreTur{ecKl4x c[eKTpoB aTOMoB, MoJIeKyJI 14 TBepAbIX

Kpr,rcTaJlnliqecKl4x rer. Ocuosuble npeAcTaBJIeHI'It s ouHoft Teopult TBep,{bIX Ten.

15. MeroArr orpeAeneHlrfl crpyKrypbl rBepAbIX reJI. ,{u(f parroverpuqecKl'Ie

MeTOAbI Ant UccIeAoBaHI,Ig M OHO -, IIOJII'I- I4 KBa3I',IKpIICTaJIJIOB.

16. Hano crpyKrypbr lr HaHo rexHonoruu: HaHo tpy6rtu, oAHoaroMHbIe cJIoI4,

KBAHTOBbIE TOIIKI4, |9TEPOCTPYKTYPbI I4 CBEPXPEUICTKI4.

I7, Ogszno-xuMgqecKrre Mero,(br noJlyqeHllfl HaHo o6sexroe. Ocuosrr

MOJTeKyJIflpHO-ryrIeBofr enurarcau.

18. OqrosurreKBaHroBopa3MepHbres$Sexrm. 3Q$ertrylouoncrcoft6lora,4u.

lg. Olrgu.recxue ocuoBbr slerrponuofi MI4KpocKo[]I14. Tunn coBpeMeHHbx

4

8.

9.

9.

gJreKTpOHHbX MI|IKpOCKOIIOB.

Macc - cneKTpocKorluu.

21,

MareprranoB.

22.

^aL).

24.

25.,

20. MeroAu HaHo crpyKTypHoro r4ccneAoBaHl4fl KJlacrepOe. Ousr{tlecKue ocHoBbI

Annaparypa Anfl. IIpoBeAeHVs 4r.rtppaxquoHgblx accneAonanufi HaHo

Aunaparyp a Erfl, Macc-cfleKTpocrortl4rrecKlrx Hccre4onSuuft .

Annap atyp a Ens. MoneKyJltrpHo -ryqeBoft snuraxclll4.

Ycranonxn Anr nonyqeHl4{ HaHo yrnepoAHblx Marepl4a[IoB.

flpuvleueHue v [epcneKT]rBbr pa3r;vr:as HaHo hexuoloruft. Slelrleu$t

MeTpoJIOrUI4 B HaHO T9XHOJIOTI,IflX.

r) IlpunaepHble reMbl KypcoBblx pa6or:

1.

2.
a
J.

Snercrpouuafi MI,IKpocKorII{t B HanorexHoJlort4 I'I.

llpunreHeHl{e JIa3epoB B HaHorexHoJIofrII4.

[uSpaKIIuoHHbIe MeroAbI II annaparypa ;.nfl. onpeAeJle4l{fl crpyKryp MoJIeKyn.



4. Bartr crpynrypHblx 4rn$paxUuoHHblx AaHHbIx I4I''Ix rcno{b3oBaHl{e B

T{AHOTEXHOJIOTI{I4.

5. Annaparypa MaJroyrJroBoro paccerHr4fl peHTreHoBcKI{x nirueft u ee [pI{MeHeHI4e

HAHOTEXHOJIOII4}I.

6.

8.

9.

10.

11.

12,

13.

t4.
15.

t6.
T7,

18.

19.

20.

2r.

BnfV, 2015.- 108 c. - ISBN 978-5-9984-0585-3.

3. KounnrorepHoe MoAenupoBaHI'Ie HaHorracrlllr H

3anoruncr<uft B.f - M. : OI'I3MATJIIIT,2013.

6) gonorHnreflbHaq JIureParYPa:

HaHoclicreM fbnercrpounnft pecypc] I

ArounocNnonofi MI4KpocKorI. YcrpofiurBo HaHoeAbloKarppa'

CnerrpalnHble MeroAbI B HaHorexHoJIorrII4.

Conpeueuuble rpyAHocrl4 B co3AaHI{I{ gKcrreplaMeiltallspft 6agrt

HAHOTEXHOJIOII4I4.

HaHOKJIaCTepOB.Amopurubl I,I flporpaMMbl MoAenI{poBaHI{t

MeroArt orlTl,IqecKoft ronorpaSuu.

Onrz.Iecxue HaHoaHTeHHbI.

Mesocrpyrrypbl I{3 HaHocrpyKryp.

OcnosH HaHocrpyrTypHoro anuru3a.

llpousnoAcrBo HaHocrpyKTypI'IpoBaHHbIX MareppIaJIoB.

I4ccreAoeaHl4e XapaKTeplIcTI4K HaHocTpyKTypIIpoBaHHbDl MaTepI{aJIoB.

Hanonopncruft oxcuA anroMr{Hpra. llolyueuue u cnoficrFa AOA.

llpurueueHue HaHorloplrcroro oKcI4Aa aJIIoMI{HI4I.

Mo4enrapoBaHl4e MoJIeKyJI oKcI,IAa aJIIoMI4HlIfl Arts HaHoc[pyKTypuoro aHzuILI3a'

IrlccreAoe aglre ((MarI{qecKLIX qlrcenD B HaHo crpyKTypax.

Onpe4eleuue cI{MMerpI,IpI HaHoKJIacrepoB.

Hauo $ oroHI'IKa. Cnoco6lt noryrreHl4t MarepI''IaJIo B Elrfl' {ano (p orouuru'

7. YIIEEHO.MET OAI,IIIE CKOE II I'IHOOPMAUIIOHHOE OEECTIEIIEHNE

Ar,r cqn[JIpIHbI (MOAvJIfl )
a) ocHoouar Jrlrreparypa:
1. MeroAu ronf{eHl4fl u cnoftcrna uasoo6reKroB [3nerrpouuufi pqcypc] : yle6' noco6ue /

H.IrL Muntno, B.B. Crporona, IzI.B. XepHoncxnfi, B.M. Hapuev' 7 2-e 143.4.' crep. - M' :

OJII4HTA,2OI3.
2. Oco6eunocrr.r sJreKrponpoBoAHocrr4 HaHocrpyKrypI{poBaHHbIX cI4cTeM : yue6. noco6ne / C'

M.Apaxenlir-lwAp.] ;BlaAHur.roc.yu-ruvr.A.f.uH.f.CroneroB+Ix.-Bna4rauap:I'IsA-so

1. Pawr1uqu, H.f. Oprsu.iecKne n xr.rM?IqecKl4e ocHoBbI Hasore>{noloruft [3ler:rpouurd
pecypc]: yue6noe noco6ue / H.f. Paw6u1u, A.B. BepO3KI'IH. - 

plercrpoH. AaH' - M' :

Onsldarrur,2009. - 454 c.

2. Emron, C.il. OilserqecKue ocHoBbr MraKpo- rd Hanorexuolorufi [34empoHHnfi pecypc]: .-
DleppoH. AaH. M. : M|TY r4M. H.3. BayuaHa (Mocro$cnrafi rocyAapcrBeuHrrfi

rexHr.rqecKnfi yuranepcllrer HMeHI4 H.3. Bayvaua),2009. - 175 c.

3. Jlasepuoe HaHocrpyKTypr{poBaur,re MarepI,IaJIoB: MeroAbI peanll3ar\VM u AHarHocrI{xlE: yre6.

noco6ue / C.M. Apaxelru [x ap.l ; BlaArau. roc. yH-r. - BlaAuuup :]I'IsA-no BlaAuwt. roc. yH-

ra,2010. - 140 c. ISBN 978-5-9984-0083-4

n) uepuo4llrrecKrre l{3AaHrrfl :

1. Ycnexu (fuslluecxux HayK w-wu'.gfn'rq,

2. XypHan rexHllqecKoft $r'rsur<u http : i{i o-umal s. iotfe. rul



3. Xypua;r KoMrro3r,rrbr rr HaHo crpyKrypbl http://www.issp.ac.ru/ joirnal/composites/russian.

html

r) unrepner-pecypcbl:
1. OynganreHTaJrbHbre ocHoBbr HaHo HayK I4 KoMnblorepultft I,IHIKI4HLIpI4Frr HaHocI'IcreM

http ://compnano. 1 gb.ru/theory/

8. MATEPI,IAJIbHO.TEXHI4TIECKOE OBECNEqEHI4E AI4CIII4IIJII4HbI
(MOAvJIfl)

llpeuo4anallr{e Ar,rcr{r4[Jrr4Hbr rrpeAycMarpfiBaer rIpI{MeHeHI4e MyJlbrl,IMeAuftIlrx npeseuraquft

r.r KoMrrbrorepHbD( cramylxur,rfi, uro o6ecneqlrBaerct [poBeAeHI,IeM saH{rt,Ift n o6opy4oBanubD(

Mynbrr{MeA}rftnrnrn o6opylonaHl{eM ayAl4ropurx ra$elpu @rallM.

,{nr o6ecneqeur{g irpoBeAeHrrs [paKTI,IqecKLIX pa6or IaMgrorct KoMrlblorepHble KJlaccbr

ra$e4pnr @HIIM.

.{nr o6ecnerren[fl rrpoBeAeHr{r la6oparopubrx pa6or I4Merorqs c[eqlIaJILI3I4poBaHHbIe

yue6uo-uayrrHbre na6oparopnra, o6opy.{oBaHHble coBpeMeHHbIM o6oplyAoBaHlleM (t:r";6. 107-3,

l07a-3, 419-3,123-3).



Pa6o,ras rrporpaMMa Arlcrlulnr,rHbr cocraBJreHa B coorBercrBrrr.r d rpe6onanuflvrtr O|OC BO

rro HarrpaBJrenr{ro 28.03.0 1 Hanorexnororuu Ia uarpocncreuuag rexHuka

Pa6o.ryro nporpaMMy cocraBr.rrr npo$eccop xa$egpu OralIM, E
(ouo, no4nncr)

PeueHseur
(npe4cranvreru pa6oro4arenr)

flporparvrnaa paccMorpeua ra o4o6peHa Ha 3ace4anuvr raSe4prr OUIIM

HanpaBneHr{s

llpororor Ns

flpororor Nn y'y' or d 7,9% l5'' rorc

3ane4yrcrqufi r<a(pe4pofi

(

Pa6oqas nporpaMMa paccMorpeHa u o4o6pena HA 3AC9IIAHUU

/// or ,!'? 4.q*.4- rorc

(ozo, noAnacl)

JIPIC T IIEPEYTB EPxtAE HI,Ifl
PAE OIIEfI TIP O f P AMMbI IUC qUTIJII,IHbI (M QAYJIfl )

Apaxenxn C.M.

yve6Hp-ueroArdrrecKoft rorrruccnu

Apaxenxu C.M.llpeAceAareJrb KoMr{ccuu

Pa6o'aas. rporpaMMa o4o6peHa na

flpororor 3ace aHtrfl. r<a(fe4pu j\b

3aee,{yrcquft ra$e4pofi

Pa6o.ras nporpaMMa oAo6peHa Ha

flpororor 3aae4aHufl, xaQe4pu J\b

3aeelyrcqrafi rcaSegpofi

Pa6o.ras nporpaMMa o4o6peua na

llpororor saceqanr4s, rca(f e4pu Nb

OT

yve6uufi foA

foAa

OT

yue6uufi rog

roAa

yue6urfi ro4

roAa

(uecro pa6oru, 4oJuxHocrr, @

3ane4yroqufi xaSe4pofi
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