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1. IIEJrrr ocBoEHrlfl IVrCr\I,rrIJrI4Hbr
I-{enrro ocBoeHLIs ALIctII4nnrIHbI <flpoqeccrr Mr,rKpo- u HaHorexHonor'rl) flBIIflerc .

IIoIroroBKa cry,4eHTos n o6racru Qusuuecrux rI xl4MrlsecKrrx ocHoB HaHorexHororHft, a raKlr(e
o3HaKoIdJIeHrIe vtx c coEpeMeHHbIM TexHoJIorrIqecKrIM o6opy4onanuev u aKTy4JttbHbIMt4
upo6neiua HaHorexHonoruft .

3 a4aan Ar.rcrlr4 fl Jrr,ru6r :

' 1t31"111tb OCHOBHbIe Merolhr [onyqeHl{t HaHoMarepI4tuIOB I4 HaHOCI{CTeM;

' o3HaKoMLrrbcfl' c [epcrIeKTI4BHbIMI4 paspa6orranau n o6lacrz HaHorexHouoruft;o I43frI4Tb aHarurl'IqecKue MeroAbr onr4caHr,rr (fzsztto-xl,rMaqecKr.rx HaHo-
TexHoJrof[qecKr4x [poqeccoB.

2. MECTO II,ICqITIIJIITHbI B CTpyKTypE OIIOII BO
[tlcqzulr'rua <flpoqeccrr MLIKpo- u HaHorexHoJrorrru)) rBJrrerc{ o6ssare*Hoft

4IacqunlIEnofi napuatrannoft qacrll ocHosHofi npo$eccuoHamuofi o6pa.:onarenrnoft
rporpar:vlMbl. ?Isyueuze Al.IcIIulJIIzHbI rlpoxoAr,rr n 8 ceMecrpe, 6asupye.rcx Ha paHee
rIoJIyqerHbIX 3HaHI4tx cryAeHToB, lpao6pereHHblx B Kypcax o6uefi Susuxz, gJreKTpor{uKa r.r
Ml4KponlpoqeccopHat rexHI4Ka, BBeAeHI4e B HaHo-TexHoJIorlIro, QuszuecxneocHoBbr MLrKpo r.r
HaHo rexHzru. Ou HanpaBJIeH Ha o3HaKoMneHrze c $zsz.recKo-xt4Mr4qecKr,rMr4 rrpoqeccaMr,r, a
TaKXe Ha BJILI'HTIe pa3MepHux s(f$er<ron v cnoficrB HaHoo6rerron B pa3Br.rrr,pr Mr{Kpo- }r
nauoycrpoftcrn.

oc:noenue A'cln"'nnHrr ueo6xo4llMo Anfl r43yqeHr,rr cneAyrorlr4x Ar{cqurrJrr,rH r4 npaKTr4K
yue6uoro rIJIaHa: <SlerrpouvKau Ml{KponpoqeccopHas rexHr{Ka)), <Mexauzxa HaHocr,rcreM r{
rpa6ol0rua>, <Hay'ruo-uccJle.qoBarenBcKarl pa6ora B ceMecrpe>, dlpe44rznJroMHa-f, rrpaKTr4KD),
BhrrronneHrre BbrrrycKHoft xnalz $r,rKarll,roHHoft pa6oru.

3. KOMTIETEHUI{I{ OEYqATIIIETOC.fl, OOPMI{PYEMbIE B PE3YJIbTATE
O C B OEHI/.fl AVTC\I,III JI?IHbI

B pByJlbrare I43rreHI'It ALIcIIHTIJII{HIr o6yrarorqrEftcr AoJrxeH ocBor.rrb cneAyroque
KOMIeTetrrIr4u:

foroBHocrblo npoBoAI'ITb gKCrIepI,IMeHTiurbHbre r4ccJreAoBaHr.rs IIo cr4]rre3y vt aHilJnrcv
MarepuaJroB 14 KOMIOHeHTOB HaHO- 14 Mt4Kpoor4Creunoft TexHr{Kr,r (lIK_2);

roToBHocrbro I'IcrloJlb:ioBarb 6agosHe rexHoJroffiqecKlre npoqeccbr u o6opy4onarue,
IrpHMeIUIeMbIe B rIpou3BOACTBe Marepr,ranoB, KOMTTOHeHTOB HaHO- lr Mr{Kpocr4crenauoft TexHuKrr
(rrK-8);

ro'roBHocrbro pa6omtr Ha coBpeMeHHoM TexnororuqecKoM o6opy4onauvrn, vcrorrb3yeMoM B
npol{3BoltcTBe MaTepI'IEIIIOB I'I I(OMIIOHeHTOB HaHO- I,I M?IKpool,ICrenlnofi TeXHr,rKI{ (IIK-I0).

B presylrrare ocBoeHlrrl ,4IzcqI4nnLIHu o6yrarorquffcx 4orxeH AeMoHcrpLrpoBarb cJreAyroune
psynbrrrfbr o6patonauux :

1. 3natr,: xuaccu$uxallrlrc MeraJIJIoB, crIJIaBoB, rraccuBHblx I,I aKTrrBHbx ArI3neKTpl{qecKrzx pr

MarHI'ITrlll;IX MareplIaJIoB, rIOnylpoBoAHr4KOB Lr nX coe.qzHeHlrft (tlK-2, nK-10); ocHoBHbre
Szszueclcr're tBJIeHrLf,, olpereJl"tlrcqfie KoHrIeHTparIvro vr gHeprerr4rrecnzft crreKTp nocrnrerefi
3apflra Ii rBepAoM tene (fIK-8); $z:uuecKl4e MexaHlr3Mbr rrepeHoca v pacceflH1as Hocr.lererz
3apflAa B rlonyrpoBolHlrKax (IltK-2, IIK-10); $uszuecrue npoqeccbr B noJryrpoBoAHr4KoBhx
npu6opax, sBr{roqr4 xcr sJreMeHTaMv Mr.rKpo cxenr (lIK-2, rIK- 1 0).
2' Yn'terr: co6uparr, aHiull{3l{poBarb 14 clrcreMarr.r3r.rpoBarb orerrecrBeHHyro }r sapy6exuyro
FlayrlHo-TexHl4qecKyto zuSopnraqrarc no reMarI,IKe plccneAoBauuft e o6nacrra HaHorexHoJlorrrI4;
pa'ccrll4TrilBarb crarl{rrecKl'Ie U AplHaMr.rqecKr{e xapaKTepr..rcrr.rKr,r [onylpoBoAHr{KoBbx ycrpoftcrn
Ha ocHoBe AaHHbx, ollpeAeJrllruIrlux Qusu'recrue [apaMerpbr Marepr,raJroB; paccqr4TbrBarb ]r



lpoeKTtrpoBarb gJIeMeHThI I'I ycrpoftcrBa, ocHoBaHHbIe Ha pa3nuqHbx $usuvecrzx flpr.rHrlr4nax
4eftcrnzr (fIK-2, IIK-8, nK- 1 0)"

3' Bna';terr: ocHoBHbIMpI rlpfieMaMIa o6pa6ornn u npeAcraBneHr.rf, gKcneprrMeHTaJrbHbx AaHHbrx
cnocoo'nocrrro coc'raBJltrb orrucalnfl. npoBoAr4Mhrx Hccne4onauzfr vr paspa6aruBaeMhrx
IrpoeKTOB' rIoAroroBI{Tb AaHHbIe AJrt cocraBlreflut orqeroB, o6sopon z 4pyrofi rexuuqeoxoft
AoKWeHrarInu (IlK-2, IIK-8, nK- I 0).

4. CTpyKTypA r4 coAEpxAHtIE Ar4CrItrrIJrI,IHhr
O6rlafl TpyAoeMKocrb AIloIu4ruII4Hbr cocraB tser 43arrerHbre eAzHr.rubr. I44 rnca.

C OAEPXTAHI,IE AIICUWJII{HbI
Telrsr.nerqrafi:

Pa:Ae.n 1. conperreHHbre Mr,rKpo r{ HaHoycrpoftcrsa. rlpzHqznrr pa6oru.
1' floHsuae MI{Kpo I4 Hal{orexHonoruft. [ocrraNzrrrbre pa3Meprr ycrpoficrB r4 Kpr.rrr4qecKr,re

.'II}IEHI,I'.
2. 3,nerrpuuecKr..re ycrpoft c,rBa r,r r.rHTerpilrbHbre cxeMa.
3' C)nrz'recrl'Ie gJIeMeHThI, o4HoSoroHHbre u irtrorolporoHHble orrrr4qecKrre cxeMbr.4. C)uroeuerrpr4qecKne ycrpoftcrna.
5. Cucreurr Ha xI4AKI4x oJIeMeHTax, KoJIJroIrAHat orITr{Ka Iz gneKTpoH}IKa.

PasAer 2. Mero4rr ckruTe3a HaHoMarepr.raJroB rz ycrpoftcrn.
l. c)oHoBbr rexHoJrofuu nr3roroBJreHr,rr oAHo, rByx z rpexMepHbx crpyKTyp.2. Texuororuqec*Lre oco6ennocru $opnazpoBaHr4r o4"or.p""rx HaHocrpyKTyp.3. TexnonorzqecKLle oco6e'nocrz 1foprurupoBa'r.rr AByMepHr,rx HaHocrpyKTyp.
4. Texnonorurr iloJrygeH nfl ilrrrerpa;rbHbrx cxeM.
5. otllrrzqecxue ycrpoficr:Ba, Ka[nepbr 14 BoJIHoBeAbI, onTulrecKl,re cMeIuI{BErreJII{.
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Par4e'n 3 3ner<rpo StEsz'recxue cnoft crea Marepr4anon. C os4anrze HoBbx oneKTpoHHbD(
ycrpoilcrn.

1' Metallsr, AI{3JIeKTpIdKltI ra [onynpoBoAHr4Kr{ c roqKrr 3peu}rfl gonnofi Teopr4q.

? Hauocrpyr<Typbr: KEaHToBbre roqKrz, rerepocrpyKrypbr 14 cBepxpelrerKr.r.3. llcryccrneHnbre aroMbr rl rzx cnoficrsa.
4' ['IsMeueHze gneKTpnqeoKLIX csoficrs Marepr{anoB B 3aBucr,rMocrrr or pa3Mepa ,u

pa3MepHocTr,r.

5" ,Oorolzrorpa$ux.

eHr4r gJreKTpoHHhrx ycrpoficrn.
oficrna r,r MeroAbr rroflyqeHrrr.
poBaHr.rfl TpexMepHbrx HaHocrpyKTyp.
zonHoft r{MnJraHTarIkILr.

XLIMI,IqeCKOTO TpaBJIeHilr.
Teurr la6oparopnrrx pa6or:

1' Ivlo4enzpoBaHl'Ie crpyKTypbl KBaHToBbrx roqeK c ucrroJrb3oBaHLreM floreHrlr4ana
"lleuapaa-,{xonca.

rroreHrlrzanrHoft .siue (xnanroeofi ro.me)
aHLIg gJIeKTpOHa

e(fexron n o6reue Marepvara

rro.rlJroxKr.r 
aHoqacrrzrl Ha noBepxnocTb Kpr.rcrarruqecroff

6 lrlo4enzpoBarxrle nsarzuogeft c;rBvrs, HaHorracrr.rrl B KoJrnougnofi cucreue.7 -Nlo4enupoBaHr.re crpyKTypbr p-n [epexoAa B cr4creMe HaHoroqeK
8" Mo4enupoBaHr.re crpyKT'ypbr Synnepeua C6e.

Tevrsr rrpaKTrlqecnr.rx pa6or :

1. d)zgra'recKr,re ocHoBbr gJre*TpoHHoft irrzr<pocKorrr{rr.

2. tl)zsuqecxue ocHoBbr aroMHo-cr4roeoft MuKpocKorrr4

3, Ycrauonrz Ans norytrelrr4r HaHoyrnepoA'brx Marepr.ranoB.
4, ilrreuenmr MerpoJrofupr B HauorexHononzr.r.

5. Iloly.reuue HaHoKnacrepoB r.r3 KoJrnorrrHbx pacrBopoB.
6, Cuures HanoKJracrepoB r,r3 rasonofi (fasrr.
7. IylexauoczHre3 HaHoKJracr,epoB.

8. MeroArr KoMnaKTrzpoBarrr4.f, HaHorroporrrKoB,

9, Cznres yrnepoAHbrx HaHorpy6ox Hs ra:osoft (fasrr.
10" XzMr.rqecrcufi crrHre3 yrJrepoAHbrx Hauorpy6or .

1 1. OcaNaeHue HaHopa3MepHbrx rJreHoK Mero,4oM pVD.
I 2' o caxaeHlle HaHopa3MepHbIX TIJIeHoK Mero.qoM MoreKyfl.flpuo -ryqeBoft snurarczu.
1 3. OcaNaeHr.re HaHorrJrerroK voHHo-JrrreBrrM MeroroM.
14. OcaNaeHrre rouKrax rrJrerroK MeronoM CVD.
I5. FlanonrarorpaSux.

5. OBPA3OBATEJIbHbIE TEXHOJIOII4?I
flpra [poBeAer{I4I'I JIeKIII4oHHbx zausrufi. rrpr4MeHlrerc.,r rraccuqecxzfi rroAxo.q

trpetrorHoceuur yre6Horo Marepr4aJra, [peArlonararorqufi npo6neunyro rroc,raHoBKy 3aAar{ x.r
IlepexoA K paccMorpeHrlro Me'roAoB LIX pelreHr.rr. B xoAe neKrlr.roHHbrx ganstuft JreKTOp
crIzMyJII''Ipyer cry.4eHToB K (foprvruponaHrlro co6crueHHbrx cyxAeuuit, sagasarr Borrpocbr no
TeKyIrIeM'F Marepl'Iarly vnu o6paqarcr K neo6xo4rzrurnu /irrfl er.o rroHr.rMaHlr.rr 3HaHnflM.,
noJryqeHHbrM B xoAe npeAbrAyrrlero o6y.reuur.



IIpfiMeHeHl{e MynbrI4MeArIa rexHonoruft (npone4euve neKrlr.rogHbrx 3aHrrr4fi c npzueue'LreM
KoMlElorepHhrx rlpe3eHTalluft u AeMoHcrpaul4oHHbrx ponrrKoB c rroMorqbro npoeKTopa vnr438M);

o o6y.reHl'Ie B MaJIbIx rpyfln:ax (nrmorueHze na6oparopH'rx pa6or B rpymrax rrs ABu* mrfir'rpOx venonerc);

o Macrep-KJraccbl (lenaoHcrpalfufl Ha na6oparopHbx 3aurrrzrx ucrroJrb3oBaHr4, conpeueunoft
Al4arHocrl4'recxoft TexHuKI{ Ha KoHKperHhIX 3aAaqax }IccjreAoBaHvlr cnoffcrn
HarrocrpyKryprtpoBaHHrnx Marepr,ralon).

6' OIIEHOTIHbIE CPEACTB A.lJrfl TEKvruEro KoHTpOJnr ycrrEBAEMOCTr4,
TIP OME XYT' O qHO I;T .q. r rN C TAIII,II4 tIO IIT O IAM O CB O EHUfl

ArICqUnJIUrIrhr r,r yIrEEHO-METOATTqECKOE 
OEECTTETIEHI,IE

cAvrocTofl TEJrbHorz panoThr CTyAEHTOB
a) Bonp,ocu pefirraur-KoHTpoJrs:
Pefi ruHr-lcourpo.rrr J\b I

] . ocnoerr'exHoJror[rd r'3roroBJreHr.rr or'o, AByx v rpexMepHbrx crpyKTyp.
2,. IlepcuerrzBbr piBBr.Tr.rfl Mr.rKpo_ r.r HaHorexHrrKr.r.

3'' TexuonoruqecKl'e .co6ennocrz SopurEpoBa'r4.f, oA'oMepHbrx rraHocrpyKryp.
4 ' TexHonornqecKl4e oco6ennocrz (popnazpoBaHr.rr AByi\{epHbrx HaHocrpyKTyp.
5. TexuororuqecKr{e ocn6eunocrv $opiraup oBa'Ufl.TpexMepHbrx Ha'ocrpyKTyp.

Pefrrunr-rcourpols j\b2

1. Onelreurur HaHosJreKTpoHr{Kr4.

2, Oneuenmr nauor[oronzxz.
3. Hanonaranra3aropbr.

4. HaHocrpymrypbr r.r HaHorexHoJroil{r^: uauorpy6xrr, oAHoaroMHbre
TOqKrr, feTepocTpyKTypbr r4 cBepxperreTKrz.

5 ' ozgur<o-xr'IMuqeoKl'Ie MeroAhr noflyrreHu.f, uauoo6rerron. ocnoBbr MoreKyr.,rpHo-
ryrenofi grrrzraKcr.rr4 

.

Pefr runn-rcourpo.rrr }{b3

1. Ocuonurre KBaHroBOpa3MepHbreeQ(fexru

2' ousuqecxze ocHoBr,r gne*TpoHHo-ryuenoft gnl4TaKcr{r.r.

3. @zsu.recKue ocHoBbr MeroAoB arorrlnofi LrMnJraHTarI[u.
4. oug^recxue ocHoBhr MoJreKynrpHo-nyseBo[ enzrarcczra.
5' YcraHosx,n An{ nronyqeHr4r HaHoyrnepoAHbrx Marepr.ruroB.
6' llpuueueru4e I{ [epc[eKTI4 BbI pa3BnrLrfl. HaHorexHo rrorvvr. oneuenrrr

HAHOTEXHOJIOII4II.

6) Bonpocbr K oK3aMeHy

1" Meralrllr, AkIsJIeKTpI'itKI4 14 noJlynpoBoAHrrKlr c roqKz 3peHvr goHHofr Teoplru.
2 " 3ner<rponpoBoAHoc'; [oJryrrpoBoAHr4KoB (co6crneun ax, npuMecnan).
3. feuepaqu.r u pexou6aHarlu{ socurerefr 3apflAaB noJrynpoBoAHr.rKax.
4. {u$Sysua u apefiS Hoczrereft 3apflAaB rorryrpoBoAl{r.rKax.
5. flone4euue [onynpoBoAHr.r*oB B cr.rJrbHhrx greKTpr,rqecKrrx rroJurx.
6' MexaHnsr{ o6pasonaur{f, p-n-lepexoAa, Bbrcora v nilrpu*arroreHrlrraJrb-

oJIOI4, KBaHTOBbIe

MeTponofl{r4 B



Horo 6aprepa B paEHoBecHoM cocrotHlru. HauocrpyKTypbr : KBaHToBhre TorrKz.
reTepocTpyKrypbr n cBepxperreTKr.r.

7, ousuKo-xuMr.rqecKr,re MeroAbr [oryqeHr4fl Hauoo6rexroe.
8. Ocuonunre KBaHroBopa3MepHbre s([$exrrr..
9. or'gz'{ecKze ocHoBbr gJreKTpoHHofi uzxpocKorr4r,r.
10. Ooronurorpa(pzx

1 1. Cuoco6rr excnonu;.porlallfl.

12. @oroura6noHrr r.r rexHoJrornfl. Lrxrroryrreuu,
13 ' Meroabl n rexHoJr.rur (f oprral4poBaHr.rr p[cyHKa roHKorrJre'oq'hrx oJreMeHToB
[ 4. ousuqecKr4e o crJoBbr aroMHo -cr4 ronoft Mr,rKpocKolu
.[ 5 . YcrauoB*r.r AJrr [oJrytreHr4r HaHoyrJrepoAHbrx MareprraJroB.
-[ 6. [pnvreHeHlre r4 nepcr]eKTr.rBbr pa3Br,rrt4 f, HaHorexHo Jrorr4 14.

rl7. TepnazqecKoe ucralpeHr.re B BaKyyMe

ll 8. llonno-rrJra3MeHuoe pacnbrJreHkre

]. 9. SnerraeHTbr MeTpoJrrOrlrr{ B HaHOTeXHOJrofr4r,r.

21 0. llory'reH,ne HaHoKJracrepoB r43 KoJrJror.rA'bx pacrBopoB.
2,1, Cuure,s HaHoKJracrepoB zs ra3osoft Qasrr.
2,2, OcaxleHpre HaHopa:]MepHbrx rrJreHoK MeroAoM pVD,
2"3 ' ocaxleHl'Ie HaHopa3MepI{bIX TIJI'HoK MeroAoM MoneKyJrrpHo-ryqeBoft snzraxc'pr.
2.4 . O caxleHrre HaHorrJreHoK 14 oHHo _nrreBbrM MeroAoM.
25. OcaxleHr.re roHKr4x nJreHoK MeroAoM CVD.
2 5 . fto 

''yueHr,re 
HaHolJreHoK MeroAoM MoJre*yJrflpHoro HacJra uBa',,fl..

27, rro nyueHr.re Ha'orrJrer{oK MeroAoM JleHruropa-BnoAxer"r.
28' rlonyveHl{e opraHo-HeopraHl4qecKvx noxpuruft c rroMorrlbro 3oJrb-feJrb rexHoJrorrrr4.
29. Ilurorpa$vx: erarrbr, Br4Abr.

3 0. llonyveun e 3 D-naHocrpyKryp MeroAorr,r uouuoft r.rM,,naHrarluu.

-?' 1' ozsuxo-xllMrlqecKl4e rlpoqeccbr rrJrrBMoxrrMr4qecKofo rpaBneHr{r.
3i .2 . Hanocrpynrypr{poB€rHr4e npurroBepxHo crHoro c Jrofl Marepr.raJroB.
3.J . ToHrconrreHoqHbre pe3r{cropbr

3 4. TonriorrJrer{oqHbre KoHreHcaropbr

3 5. ToHrorrJrer{oqHbre rrrrAyKTrzBHocrr4
n) Bonpocbr AJrfl caMocroflTe.lurofi pa6oru cryAeHTa

1' Kar<ue ocHoBHbIe BIzlIbI MarepI4anoB LrcnoJrb3yrorcr B sneKTponzre?
2, Kar uoNno xnaccu$uqupoBarb Mareprranbr B 3aBrcrrMocrrr or
sneKTponpono4nocrz?

3' Kax usi\aeH'tlerct gJleKTponpoBoAHocrb MareprdanoB B 3aBzcr4Mocrrr or nognefcrgzs
BrrerrrHt4 x yclonzft (nanprarr,rep, TeMrreparyphrf
4. Knaccu$zrarlkrr Marepr.rirJroB rro gneKTporrpoBoAHocrrr.

5' Kaxoe KoJIIdgecrBo rI4InoB KprlcrannuqecKr.rx perrreroK TBepAbrx reJr cyrqecrByer B
npzpo4e?

6' Karono crpoeHl{e Kp'crann['recroft perxer*a MeraJrJroB, Ar,rgneKTpr{KoB rr
rronynpoBo4UZXOe?



7. Kaxosrr oco6ennocrz cnsseft MexAy y3JraMr4 Kpr,rcftrnnrlqecrofi pelrerKrr B
.MeTaJrJrax, Ar4 gJreKTpr{Kax H rroJrynpoBo4uuxax ?

8. {ro raxoe aH[3orporlzg cnoftcrn B Kprrcrannaxv cqeM 9To cesgaHo?
'9. llprzne4nte [pI{Me]lbI Marepl{anon, o6ra4aroilIr4x rroJry[poBoAHr{KoBbrMr.r
,csoftcrsaMz.

10. Kar B 3aB[cI,IMOcrI,I or crpoeHr4r Kpr{craJrJr}rqecrofi perrrerKr,r MoxHo
rclaccu(f uqupoBarb rroJrynpoBoAHr.rKoBbre uarepua-nrr?
I l. Kaxue BI{ArI Ae(fer<ron KpllcraJlnr4.recKoft perxerKr4 Bbr 3Haere r.r Ha rrro oHr4
BNHSIOT?

[2. Karze ocHoBHbIg rIpI'IHIIIznbI I{ coorHorrreHvfl.!r3 anflapara xsauroeoft MexaHu6r,r,
l'IcrIoJIByeMbIe Ant orvca}i'vfl, rloBe.4eHr.r.rr 3aprxeHHbx qacrurl B TBepAbrx reJrax, Bbr
:tHaere?

.13. llpuneAlzre [pI4MepbI KBaHToBo-Mexaur.rqecxr{x rrloAeneft ABrd}KeHr.rt
ll4. '{ac'"u B TBepAoM rene. paccrraorpr4Te rax oco6ennocrr,r.
li5. Karue rI'IlbI3Heprer'IqecKllx 3oH cyrqecrByror B TBepAbrx reJrax Arr 3apsxeHHbrx
uacruq?
16. Kar nagnrsaercs, TEepAoe reJlo, y Koroporo 3oHa npoBoAr.rMocrr4 v BaJreHTHiur 3o'a
nepexprrearorcr?

17. Karyro BenuqrHy cocraBn.fler IIr[pr{Ha 3anpeqeHHoft gourr B AilgreKTpr4K€x,
rroJrynpoBoAH AKaX r,r uerannax?
18. Kaxue rIZrIbI rIoJIyntpoBoAHLIKoB B 3aBr.rcr'Mocrr' or rr4na aneKTporrpoBoAHocrz Bbr
suaere?

19. KaKos MexaHI43M noryueHl,I.f, rloJryrrpoBoAHr4KoB c rpe6yerr,6n'r rlrrroM
3JreKTpolponoAnocru?

2,0. rlro raKoe PVD rz C:VD? B.rela pauruuw?
21. Meroa o6parurx vuqenn?
'22' orxpstrrrft xraMu'reorcufi peaKTop, Meror KoHTpoJUr xt4Mr4qecK14x npoqeccon?
23 . 3$ sercrbr caMoopr anuzaqufi B orKpbrrbrx r.r 3aKpbrrbrx pearropax?
24. Merclbr Jrr,rraH.4Hbrx KnacrepoB.
25. KorvruneKcbr 14 KoMrro3r,rrHbre MareprraJrbr.

26. YrrsrpaAl{crrepcHbls crlcreMrr: oco6ennocru (fusuqecKr4x r,r xr{Mr.rq:ecxux [poqeccoB
B KOJTIOHIaX.

27. PauryocrpaHeHr{e cBera B KoJrnor.rAnofi cucreve
28. llepeHoc 3aprAa B ynbrpaAr4cnepcuofi cucreMe
29. Meroabr nernpoBaHr,rrr ronyrpoBoAHLtKoB
30. Meroabl ITonyqeHl{t AI4DJIeKTpr.rqecKr.rx cnoeB n ycrpoftcrBax gJreKTpoHr.rKr,r

7 " vqEEHO -MET OAI4TIECKOE I,I I,IHO OPMAIITIOHHOE OEE CTETIEHI,IE
At4 C rII,III Jrr,rHhr (M oAyJrfl )

a) ocuonuaq Jurepatrypa:
l. Mero.qbl nonyqeHvrfl I{ uccneAoBaHLr[ HaHoMarepr4ELJroB r{ HaHo-crpyKTyp.

.Ila6oparopnuft npaKrI4KyM rlo HaHorexHoJrorr4.rrM pn.ntpoHHbrfi p..yp.j 
- 

'yqe6Hoe roco6r4e I E. lJ. lMzuruna [u ap,] ; noA peA. A. c. cralon a. - 4-e uzt.
(en.). -lvl. : EI'IHOM. Jla6oparoplzt snauuir,2014.- 184 c. : LrIr.- (V.re6nur< 4nr
Bucrueii rxKolrhr). - ISBN 9'l B-S -99 63 -23 60-9 .



2, HauorexHonon4lr B

Aprawrouoaa lu Ap.].-
2013.-- 688 c

sJreKrpoHzre. Bulycrc 2 [OlercrpoHnrrfi pecypc]i E.A.
3rerrpou. reKcroBbre AaHHbre.- M.: 

-Tex"ot6.pu,

sKpaHOM AJrt

3' Llr'aron A'H. HarroelerrpoHl{Ka. cocro.aHr.re 14 nepcrrer(rlrBbr pa3Bnrr4fl
[3nercrporruHfipecypc] : y.re6. noco6ze I A.H.I,Irnaros. - M. : @JIZHTA ,20tr2. -360 o. - ISBN 978-5-9765-I6tg-9.
6) 4ouo.rrnurefl bHaq Jr[Teparypa :

1' (DzszqecKl'ne ocHotsbl MI4Kpo- u HaHorexsouorzfi: y.re6. noco6ze I C.I.E'vron, B.lI. Muxaftlron, Io.B. rlanQzron, Io.E. I{nerron; rlo4 pe4. Io.E.I{nerrrrna. - M.: I4s4-no Mrry zv. H.o. Bayvraua,2009. - 176c.: rrrr. - ISBN g7g-
5-7038-3319-3.

2'napu6uu' A. A. ousHxo-xuMnfl, HaHorracrr4rl, HaHoMareplr€rJroB LrHaHocrpyKryp [SnercrpouHufi pecypc] : v.re6. noco6ue I A. A. Fapn6zu, B" A.
Eaxrz.ua, B.u. TorraurzH, .H. lI. tonrznzna. - KpacHof,pcK : c@y, 2oll. _ 236 c. -ISBN 9t7 8-5-7 638-2396-7 .

. -frlzrcpo- v HaHooJreKrponura{paryHonB.rl., ocreprar A.u. - Hosocz6.:HfTy, 2012. - 38 c.: ISBN 978_5-778i_Zcjgs-g
4. lFlanoeneKrpoHr4Ka f3ner<rponu'fi pecypc] : yre6Hoe uoco6ne r A. A.

5I:*' T:i"p.l.,f c craroBa. - z-e usi. rri.l. - M. : Er4FroM . Jra6oparopu,
3HaHtrit,2012. - 342 c. : r4Jr. - (HanorexHorrorr4z). - ISBN 97g-5-9963-1055-5.

8. MATEPI{AJIbHO.TEXHI,IIIE CK OE OBE CIIEqEHI{E
ArrcrIuilJrr4HbI

Jle:xquonubre ayArlroplrr^, oc'arrlenurre 4ocxoft (4nr uena zru uaprepa),
fipoeKrlxroHHbrx cLr creM, rrpo eKTopoM tr uoyr6yxou.

Ay,quropuz AJI' npoBelLeHr4s' 3auxtttt, o*rarqeunlre coBpeMeHHbrMr4 rrepcoHturbHbrya
KoMrlbroTepaun, o6re4rzu€uurrvlu B noKanbHyro Bbrqucrr4TeJrbHylo cerb z yKoMrrneKToBaHHbrMrr
neo6xorlnrahlM cI'IcreMHbIM 14 npI4KJIarHbrM rrporpaMMHbrM o6ecne.reuzerrl. Ay4u ropuu rnfltrpoBeAeE[I4'f, la6oparopnux 3aHnruit, ocnarrl€uHrre coBpeMeHHbrMLr AzarHocrl{qecKr{Mr,
yKOMTIJIeICToBaHH6IMI4 neo6xo4IaublM cucreMHblM t4 rrprzKJraAHbrM rrporpaMMHrrna o6ecneqeHr,reM
(1 0 4 -3, 4 | 9 - 3), ay 1ur opvu B r,rru4 c Jrr.rre JrbH o f o rI eHrp a.



BO no HarrpaBrreuzro 28.03.01

Pa6o.r5ruo [porpaMMy cocraBr4Jr

(OZO, no4nzcr)

Peuensenr
(upe4cranzrelr pa6oroAarens)

Ilporpal,rnaa paccMorpoaan o4odpeua Ha saceraHur.l r<a(pe4prr @zII
flporoxoa J\b or roAa

3aneAyxrqraft xaOeapofi
C.M. Apaxenau

(OZO, loAnucr)

Pa6oqa;l [porpaMMa paccMorpeua z o4o6pena Ha 3ace.4aHuu yve6no-MeroAaqeclcoft xouucczz
HanpaBreH"" 28J1gl H*or"*"ooo.r" 

",flpororonN or
llpelce,uarenb KoMr4 ccr,rr4

JTI,ICT TIEPEYTBEPXAEHITfl
PAE OrIlDnz IpoIpAMMhI AI4 CIInIIJII,IHbI

Pa6o.{ar [porpaMMa ogo6peHa u yue6Huft roa
flporoxon saceAaHrlfl. Na0e.{prr.},lb or
3ane4yrorqufi rca$eapofi

Pa6o.rafl rrporpaMMa o4o6peua ua

flpororol sace Aalprfl. naQ e4prsr J\b

Pa6o'Iat [porpaMMa AI{cIIuITJII'IHbI cocraBJreHa B coorBercrB uu c tpe6oBaHvrflMvr (DfOC

C.M. Apaxenxu

qgar,,r

yve6ulrft ro.u

OT ro,4a

foAa

(OI4O, loAnr.rcr)

3ane4yrolquft xa$e4po.fi

Pa6oqas rrporpaMMa o4o6peHa Ha

flpororol sace1alLrfl, riaQe4pu J,,lb

3ane4yrou1rEfi r<aQ e4pofi

OT

yue6urrfi rol


