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1. IIEJIb OCBOEHUA /.I/]CIII,IIIJII4HbI

I'Isyreuue AI4cIrvlJILIHrt <Ma.epuzuloBeAeHr,re HaHocrpyKTypr4poBaHbD( ryrarepr4irnoB)) cry-
AeHTaMII HarIpaBneHI4t rlorrorogKLI (HaHorexHoJIorIdlI 14 MldKpocrrcreMuafi TexHr,IKa) rrpeArloJra-
faer fioryqeH]Ie oLICTeMaTI'I3]IpOBaHHOTO npeAcraBJreHr4{ O 3aKoHoMepHocr.rrx arpMHoro crpoeH}r,rB eopzft AJIf, aHaJIlI3a s$SerrorB p rBepArrx reJrax,3H 

$opua-nusnroM Arrlr BbrrroJrHeHE, pacqeroB rtpupe auHbrx c npaKTllqecKr,rM [pI{MeHeHr,reM HaHoMa-
Tepr,rarroB.

I{e.rrrrc ocBoeHrlt ALIcq[rIJn4HbI rBJrrerc.f, (fopnrzponaH]re [peAcraBJreHr4ft o
tBJIeHLItrx, flpoTeKaloilIlzx B HaHocTLIcTeMax I{ MaTepl{anax, BhrrroJrHeHHbrx Ha rD(

lpoqeccax I,I

ocHoBe, IIpr4
pa3Hbxx BnAax nos4eft crnzft .

3aAaqu ArrcuurrJrr{Hbr :
o rr3yqeHue oco6ennocreft arovHofi
. 3HaKOMCTBO C Hr43KOpiBMepHbrMr{

BE:

rr sneKTpor{uofi crpyxrypbr H aHoMareprrranoB ;
cTpyKTypaMZ, TeXHOJTO rnflMr4 r4 MaTepr.raJl aMllr Ha r4x o cHo _

' loryqeHI{e npeAcranneuzft o coB]peMeHHbx MeroAax AilarHocr]rKlr HaHoMarepr4arroB.

2. IVIECTO AI,ICqUIJI?IHb]IB CTPYKTYPE OIIOII BO
[ucqunluua <Marepl{tuloBeAer{LIe HaHoc:rpyKyrpt4poBaHHbrK Marepr.ranoB)) orHocurcs Ko6's:areDublM rrIcIII{nJII'IHaM BapllarlrBHoft .racru OnOn noAroroBK u 6axwratpoB 

',o 
HanpaBne-

Hzro <HanorexHonorr{ll r{ MuKpoct I creMHa.r TexHr.nKil).

(foprrau Tl,il3#".*#:':$T:
3I{KA), 

EHI,IE B ]IAHOTEXHOJIO-
f tlro ), < Ks aHTo B a_f, H c,j: arprcrvrqecKa.s (p usrzxa>

3uanu.a, rIoJD {eHHbIe B paMlKax I{3r{eHr.rr 4aHuoft A}rcqurrnuHbr, Moryr 6rrrr np1aueue-
HbI rlprl I'I3yqeHI'tI4 Apyr'flx cneIII{anbHr'D( AI40IIuIJII4H rlo HarlpaBJreHtrro [oAroToBKrr, a TaKXe npu
BbITIOJIHEHI{I4 BbINYCKHOfi XNAJIIA$I,IKAIIIIOHHOft PA6Orrr.

3. KOMIIETEHIII,II4 OEYqA]hOIIIEIOC.fl , O OPMI4PYEIVIbIE B P ESYJIbTATE
o cB o E HUfl IVrCrI,rrIJrur HbI (MOA yJIfl )B upoqecce ocBoeHlafl 4annoft AI'IcIII4[nI{Hhr cryAeHT Soprrrzpye:, " 4aro*,rrpr.ryyer cneAyro-qve upoQecclroHaJrbHbre KoMnereurlr.ur :

1) cnoco6nocrbro IlbuIBJIsrb ecrecrBeHHoHayqHyro cyrrlHocrr npo6neM, Bo3Hr4*arorur{x B xo-
4e upo$ecclloHaJlbHoft 4exrensuocrt4, rlpr4BJreKarb rns. Lrx peureHus coorBercrByrorqvl
(f usuro -uareMarrdqecx uft annapar (OIIK_2) 

"2) rotonnocrblo npoBoAI{Tb gKcrlepl4MeHTaJrbHbre r.rccJreAoBaHvrflrro cr.rHTe3y 14 a*o,rn3y Ma-
TEP}IAJIOB lI KOMTIOHEHTOB HAHO- I,I MI4KPOC}ICTENAIIOfi TEXHI4KI,I @K-2)B pesylrrare ocBoeHI'It AI4oIII4ITJII{H"t o6)'.rutorqrEftcg AouxeH AeMoHcrprrzporrarb cJreAyro-

u1lre pe3ynbrarbr o6pasonannr:
1) 3narr: $yu4aueuraJlbnble ocHoBbI srrcuefi MareMarr,rKr', BKJrroqar anre6py, reoMerpr4ro,MareMarl'Iqecruft anaJrvts, TeopI4ro Bepof,THocrefiu ocHoBbr MareMaruqecr<ofi crarr{ort4Kr4 (olIK-2); xtaccu(fuxaqzro M'TaJIJI.B' crIJIaBoB, rraccr,rBHbrx rr aKTr,rBHhx Ar{gJreKTptrqecKr,arx r{ MafHr4T-

enuft; lpusuvecxue MexaHtr3Mbr rrepeHoca lr
(fusuuecrue npoqeccbr B rroJrynpoBoAHrrKo_
u (IIK-2).

eMarkrqecKnft annupay co4epxgrrl afi ca n Jrrate_paType [o cTpoI4TeJIbHbIM HayKaM, paclxl{ptrb cBoLI MaTeMarrlqecKl]te [o3HaHr4r.f, (OIIK-2); npo-
BOAI'ITb gKCleppIMeHTtUIl;Hbre I4CCneAoBaHVr rro cr4HTe3y n aHuru3y Marepr,raJrou r.r K:oMrroHeHTOB
HaHo - r.r Mrrrpo cucrervrHofi TexHrrKz (lIK_2).

3) Bnalerr: - nepBI'IrrHbIMI'I HaBbIKtlM" 
" or"o"rrbrMrr MeroAaMr.r peureHr.rr MareMarr.rqecKr,rx

3aAaq as o6IqeaHXeHepHbIX t4 clreqrlaJlbHbx Ar.rcqunJrprH npo$nnzsa'u"" lOnf-2); o6opy4onau



HeM npI4MeHteMbIM B lrpoll3BoAcrBe MarepuilIoB, KoM[oHeHToB HaHo- rI Ml,I]KpocttrcreMHoft Tex-
Hr{Kpr; ocHoBHbrMu flpureMaMra o6pa6orK]r r,r npe
co6nocrrto cocraBJrrub orrlrcaur{t npoBoArrMbrx
noAIoTOBr{Tb AaHHhre AJrfl cocTaB IreHI4s. OTgeToB.
(rrK-2).

4. CTPYKTYPA II COAEPXAHI4E AI4CUI4TIJII{HbI (MO,AYJItfl)
O6IIIaf Tpy.IIoeMKocTb nI4cIrI4nJIItHr-T cocr2Rlrqc.n 4 aquer-.,- arrrrrrirr 1 i /t ---.^

c OI;EPXAHT4E Ar4CrIZlJ[rHbr
JIEKIII4I4

PasAer 1. Arorrnas u sreKTpoHHas cTpy*Typbr rBepAbrx reJr.

l.
2.

3. flnotrocrr cocro.snr.rfi .

crpyKrypbr"
. Euoxoecxr4e BoJrHl;r.

3Ha.

Parge.n 2. Hano cucreMbr r{ HaHoMarepv aJrbr.

ope3oHaTopbr.

Pas4e.n 3. Cnoft crBa HaHoMareprraJroB.

oe paccerHr.re.

PavanoecKoe paccejrrnze.
errrerKrr. Mo4elr $ouoHuoro nsauv:onefi crBr4.tr.
TEJI.

5. MarHurnrre cnoft crsa Kpr.rcraJrnr4qecKr.rx Marepr{'noB.
6. Henunefiurre s@(per<ru B HaHoMarepr{aJrax.

AOeMKOCTb AI4Cqr4nn I4HbI COCTABJI'ET 4 3a.le.rrrr-rx enrrrrr,rrr I qac"

J,l!

nln
Pa:4en (reua)
AHCIINIINNH6I

oa
o

(-)

oa
o

.a

Br.r4sl yte6Hofr pa6oru, rxlrcual caMocrorrelr6H yro
pa6ory crygeuroo

I,r rpyaoeMKocrl (s qacax)

O6rerr,r

yue6rofi
pa6ortr,

c npxMeHe-
HHeM UHTepi

AKfl4BHbIX

MeTOAOB

(n uacax /
%)

(Doprurr reryuero r<orr-

TponI ycrreBaeMocTrt
(no rcdeaau ceuecmpa),

Qopva nporuerryrovHoft
aTTecTaqult

(no ceuecmpau)
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1 Arounas u gJreK-

rpoHHafl crpyKry-
pbr TBepAbrx Ten. 5 r-7 T4 6 6 2l r6/62% Itefirznr-

xourpolt Nol

2 Hauocncrenarr ra

HaHOMaTepvraJrbr. 5 8-1 1 8 6 6

6

T2
6t30%

Fefirurr-
xourpoll J\b2

a
J Ceoficrna HaHo-

MaTepr{aJroB. 5 I2-18 T4 6 I2
10/38%

Pefiruur-
ronrpoll J\|s3

Bcero J 18 36 18 18 45 32/440,/o 3xsaNaeH.27q



7. [e(perrrr B Kp]rcrannax. [e(perrrr IIIomru u OpeHrelx.

TI PAKTI4IIE CKITE 3AHfl TI4,fl

Teua I. 3leueHrrr soHHofi r'eopl{I4. Co6crseHuaflr4rrpuMecHas npoBo;ir.rvocrr. 2v.
Telta 2. IIot<arnsalll4fl eJIeKrpoHoB B upocreftunx HaHocrpyKrypax. Pasruepnoe KBaHro-

nanue.2\.
Terrla 3. Co6<;teeuHar (fyHrII[t oAHogJreKrpoHHofo frrMr,rJrbroHr,raHa Aptf, rroJrr c trep]ro-

AI4qeCKr.rM rroTeHrllIaJrorr,r. ocqnl nflrlvLt Bnoxa. 2.r.
Teva 4. floreHquaurnrre 6aprephr r,r rMbr B HaHocrpyKrypax.2u.
Tenaa 5. ferepocrpyKrypbr v rereporepexo4u. 2.r.
Terua 6. PaccesHue B HaHocrpyKrypax. Pacqer napaMerpoB paccerHr.{sr.2.u,.
Teua 7. Henu:uefiurre e(p(perrbr B HaHoMarepuatax,2u.
Teua 8. fenepaqur nropoft r'apMour{Kr{ r4 ycJroBr.re $asonoro cr.rHxpon.r{3r,[a}\.
Tenaa 9. [e(p errrr B HaHo crpyKrypr,rpoB aHHbrx Marep uarax. 2\.

JIAEOPATOPHbIE PAEOTT,I

1. Ocuonrr sonAosofi cKaHr,rpyroqefi uzxpocronzn 4q.
2. Pacrponax gJreKTpoHHar MHKpocKonus. 2'a.
3. CnerrpocxolrlecKue MeroAbI aHaJrvaa HaHoMareprzilJroB (ONe, x4epuuft MarHr{T-

uuft pesouanc, M€cc6ayep). 4u.
4. PeHrreno4zQparqzouHble MeroAbr r.rccJreAoBalus. orpyKTypbr HanoMarepr4aJroB.

4q.
5. Pa6ora c MexAyuapoArrbrMlr 6auraura crpyKrypHrrx AaHHrx. 4.1r.

5. OBPA3OBATEJIbHbIE TEXFIOJIOTVU
B panrxax neKrlr.rouHoro Kypca:

5.1. Arcrnnnbre u rrHTepaKTr{BHbre Sopuu o6yuenua
C qenrto (fopnluponarrus. u pa3Burufi. upo(feccuoHaJrbubx HaBbrKorB cryAeHTOB n y.re6uoirr npo-
qecce llcllonlsyrorc-fl ilKTuBHbIe r{ r,rrrrepaKT[BHbre (poprrarr npoBeAeHr,rs. gaus.tuit r] oorreraHgr4 c
BHeayAHTopHoft pa6otoft: (roHrpoJlblrble ayAlrropHbre pa6orrr, uH1prBu1'yurbrrbre AoMarrr1ne pa-
6orrr).
5.2. CatrocroflTeJrbHan pa6ora cryAeHToB
Carraocro-sreJlbHail (nneayAuropHat) pa6ora cryAeHToB BKJrroqaer 3aKpenJreHlre reoperr4rrecKofo
Murepvulft npl4 noAroToBKe K BIITIoJIHeHLIIo LIHALIBI,IAyaJIIHoft Aona:alnneft pa6orrl, K rrpaKTrrrre-
0KI4M 3aHtrI4sN{. OcHosa caMocrotrelruofi pa6oru - r.r3freHr4e Jrr4'reparypbr rro peKoMeH,4oBaH-
HbrM r4crorrHr4KaM r.r KoHcneKTy lexquft.
5.3. Myltruuegufiur,re rexHoJrorlrn odyueHun
Hexoroplre I,I3 neKrII4oHHbIX I{ [paKTl4rrecKprx gaysruit [poBoAsrcr B BHAe npe3eHTarluft n rrayls-
uaneArzftuofi ayguropvlr4 c vIc\o.IIb3oBaHr4eM KoMrrbrorepHoro npoeKTopa. Cry4errraM npeAo-
craBJr.rrercr KoMrrbrorepuuft r<ypc uexrlufi .

6. OIIEHOTIHbIE CPEACTB A TJIfl TEKYIUEIO KOHTPOJI'I YCTIIBA]OMOCTI{,
IIP o MElItyr orltH o II .q.r rn c TAIII,IU tlo I4T orAM o c B o EHufl .ArI cnIIdnJII{-
HhI I,I yqEEHO -METOAI,ITIE CKOE OEECIETIEHI4E CAMO CTO-fl TErbHOfr
PAEOTbI CTYNEHTOB
6.1. 3rcgalreHauuoHHue nonpocrl

1. 3oHHa.s reoput npoBoAl4Mocrz. Co6crBeHHbre r4 npprMecHbre rroJrylpoBoAHr4Krr.
2. Pasuepnrre s(f$extu B HaHocrpyKrypax. lhoruocrr cocrosnufi. Hr.rsr<opa3MepHbre

crpyKrypbr.
3. 3lerrpou B Irone c [epr{oAr{qecKprM noreHrlrzaJrou. Teopervra Broxa.
4.,{ucnepcuoHHbre KpvBbre. 3ourr Bpurmosna. 3S$errvrBHas.Macca.
5. Knasuqacrurlbr B HaHoMarepprara>(.



6. 3rcrarouHrre nonf,pr4ToHbr r4 TexHoJrorrrr4 Ha r'x ocHoBe.

7 ierepocrpyKrypbr c KBaHToBbrMr4 rMaMr.r r4 cBepxperuerKr,r.
8. OorouHrre Kpr4craJrJrbr.

9. PeneencKoe pacce Htre,pacce*rue ManAemmraua-BpunnrogHa.
I0. ParvrauoBcKoe pacccerHrae. Paccesuze Mz.
11. Oononnar MoAenb rerrJroBrrx role6anufi.
I 2. CnepxupoBoArlMocrb Marepr,ranon. Bose-xoHAeHcarl[r.
1 3. Marnurnrre csoft orsa HauoMarepr4€lJroB.
14. Henunefturre e$(fexrrr B HaHoMarepvanax.
I 5. fle$exrrr B HaHoc'rpyKrypr.rpoBaHHbrx Mareprdarrax.
1 6. 3oHlonarr cKaHr4pyroular Mr,rKpoctKorrru.
17. Pacrponail gJreKTpoHHas MIEKpocKorus Anr A]rargocrrrKrr HagoM:arepr4aJrog.
I 8. cnerrpocKorrv qecKr4 e MeroAbr aHarrlr3a HaHoMarepr.rirJroB.
19. PenrreHo4u$parcqIEoHHble Merorbr r.rccJreAoBaHur crpyKrypbr HaHoMarepr,ranoB

6.2. Boupocrr Defirlr+r-rcoHrporq
PefiruHr-nourpo.rra J\bl
1. 3osuas reop[s npoBoArrMocrrr.
2.,{ouopnrre }r aKqelropHbre nojrynpoBoAHr,rKpr.
3 Knanroeo-pa:iMeprrbre e(fftercru B HaHocrpyKuypax.
4. fllornocrr cocrosur4ft.
5. HzsxopasvrepHbre srpyKryphr.
6.,{iacnepczoHubre ypaBHeHrrr r.r Kpr,rBbre,
7. TeopeuaBnoxa.
8. 3ouuBpunmosna.
9. Boffrosoft BeKrop. 3S$exrranHas, Macca.

P efi rr.rur-rcourp o;ra J\b2
1. Ksa3r,r.racu4rlbr B HaHoMarepuurax.
2. 3Kczrouu, Tpr,roHbr r{ gKcr.rroHHbre nontrpvroFrbr.
3. florenqua-nrnrte 6apreprr. Tynnenrnuft s0Qerr uuag6aprepHoe orpaxeHr.re.
4. ferepocrpyKrypbr 14 rereporepexoAbr.
5. Cnepxpeuerru
6. Ooronurre Kprlcra:rnbr.
7. MurpopesoHaropbr"
8. 3onAonas cKaur,rpyroqafl MzKpocKonr4r.

Peftrunr-rcourpo.rra J\b3
PaccesHze B HanoMarepr,Itlnax.
Teunonrre csoftcrna HaHocrpyKryp. (DononHafl MoAeJrb.
CnepxuponoAr4Moc,rb. Bose-ron4encar.
Herunefiuue s(f $ertrr B HaHocrpyrrypr{poBarrHbrx Marepr.aJrax.
feHepaqur rropoft rapMoHr{Kr{ r,r ycnoBrre $as,onoro c""xpo""."ra.
MarHznrre e(f $emrr B HaHoMarepr{anax.

.{e$errrr B HaHocrpyKTypr4poBanr{brx Marepr4anax.
ClexrpalrHbre MeroAbr r4ccJreAo Balufl..
PenrrenoAra(f parquonHbre MeroAbtr r{ccJreAo Balvs..

oco6ennocrn Suszvecrr.rx B3ailMo4eficrnrft 
"a "a"ora"rutu6a*.Onucauue ABlrxeHuf, HaHoqacrzq. ypanueune lllpe4r.rurepa.

f avumrounan. co6crBeHHbre (pygrcqura u co 6ornen""ra ."u."r".
TyHuelrnrrft e$Sercr u na46aptepuoe orpaxerrre.
KsaHronrre MrzKpope3 oHarophr.
Mo4elr [e6ax. OoHonuas relJroeMKocrb B MoAe tn ne6as.
Macc-cnexrporpa0ravecxraft naero4 r,rccJreAoBarrlrr HaHoMarepr{aJroB.
[raSQysux B Kpr,rcraJrJrlrqecKr,rx renrax.



7 . yqEBHO-METOAI,ITTECKOE rI I,IHOOPMAIIITOHHOII OEECil EITEHI,IE nVrC-
UU UII4HbI

OcnosHas Jrr.rreparypa :

1' BneAesue n (perrltoHaHo(foronury. oyn4anreHraJrbur,re ocuoBbr Lr Jri*epHhre Mero-
AbI yrlpaBJltreMofo floryqeHl4{ 14 A[arHocTI{KLI HaHocTpyKTypI{poBaHHbIX MaTepr.riuron: yve6Hoe
nocoSue/ C.M. ApaneJr.f,H r.4p.- 3nerrpou. reKcroBbre AaHHbre._ M.: Jloroc, DOrc._iq+ 

".2' Ocronu coBpeMeHHoro Marepr4irnc)BeAeHr4.r: yue6HHr / O.C.CuporKr4r{ - M.: F{IrI(I4HOPA-M,2015. - 364 o.-ISBN 978-5 -16-009335_2.
3' Mero4rr [ccJIeAoBaHI{fl Mt4KpogJIeKTpoHHhx v HaHogJreKTpoHHbrx Marepr4€uroB r,rcrpyKryp. qacrr II/Belr'rqxoA.A., @puznronos H.VL - Hosocu6 .: HlTy,2014, - 227 o._ ISBN

978-5-7782-2s34-3.

louolHnreJrbHafl Jrureparypa:

1' Touultzu, B. 14. Ougrzqecroe Marepr{anoBeAeHrre. rI. 1. llaccr4BHbre Ar.rsneKTpr4Kr4:yre6' noco6ue n 2 s" I B. u. Touunuu, H. rI. Torr,rrnnra, B. A. Baxrzna. - Kpacrrgrpcr< : Cu6.
6eaep. yu-r,2072. - 280 c. - ISBN 979-5-7639-2j10-7.

2' @prgra'recxoe MarepHaJIoBeAeHkIe. 9.acrr 1. ozsura rBepAoro rera: yue6Hoe noco-
6zel (Deloros A.K.- 3lerrpon. reKcroBbre AaHHbre.- Mzncx: Brnuefturag rrrKoJra, 2010.- 400

3' OzsvKoxIaMLIf, HaHocrpyKTypvpoBrrHHbrx Marepuanon/IzlmouruuB.A" - Hosocr6.:HfTy, 2013. - 107 c.: ISBN 978-5-7782-ZZti-t

llurepuer-pecypcbr:

l. KpucmmorpaQu.recras. v Kpr4cnurJroxr.rMrrqecxas 6utaAaHHbrx Anr Mr{HepaJroB r,r

PeNuu Aocryrra:

Pexunr Aocryna:

EX crpyKrypHhrx AHAJIOTOB (MI4HKPI4CT>ll

?first 1

8. MATEPIIAJIbHO.TEXHI4IIECKOE OBECIIEIIEHI{E NUCUUIIJIIIHbI

Jlerquonuble ayAl{Toprlu, ocHalrl€nnrre Aocxofi u flepeuocHr,rM rrpoeKTopoM rJr.fl rrpoBe-

AeHLrs' saustuft c [pvMeHeHI'IgM KoMlblorepHbrx npe3enraqufi 14 AeMoHcrparl]aogHbx poJrr{KoB.

Ay4utopuu AJI' rIpoBereHI'I{ flparTllqecKrrx u ra6oparopHbrx 3aHrr]nft, ourarqeHHbre coBpeMeH-
HbMI'I nepcoHanbHhrMrl KoMnblorepauu, o6le4uu€uulrnrv B JloKanbHyro BbIrIIzcJrLrreJIbHyro cerb I,I

yKoMnJreKToBaHHbIMI4 ueo6xoAut'tblM cI4creMHbIM LI npI{KnaAHbrM rrporpaMMHbrM o6ecne.reHzela.

2. Keira6pu.4xczrfi 6asrc crpyKrypHbrx ganaux//



flporparvrrraa cocraBJrerra B coorBercrBr4r,r c rpe6onauvflMu ofoc .Bo rro HAnpaBJreH[ro rroAro-

Pa6o.ryro [porpaMMy cocraBr.rJr

PeuenseHr

(npe4cranurenr pa6olo4arela)

flporpaurraa paccMorpeHa lr o4o6pena Ha sace;lalvv OuIltM

llpororou Nsl or 03.09.2018 roaa
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