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1. IIEJIbOCBOEHI,I'IAI,ICqIIIIJII,IHbI
I4sytenue gucr{uuuuu <Anrorr.raru:aqlrr npoeKTr,rpoBanvs, Ha*ocvcre.MD c'ry.[,€iHTaMr4

HarrpaBJreHur [oArorQBKn <Hanorexuolorfir4 14 Mr{KpocucreMH&r rexHrrKa) p,oAnor.araer 3Ha-

KoMcrBo c MareMarr.rqecKr.rMlr MoAeJrxMH r.r t|oplraau:nronr AJrr BbrnoJrHeHvr pacireroB npl{ peue-
HIIII KOHtrpeTHbIX TeXIflI{rIeCKfiX 3aAaq, CBt3aHHbIX C [paXTr4qeCKr.rM npr.iMeHeHrreM HaBrOMaTepr4a-

JIOB, COBepTneHCTBOBaHHe HaBbTKOB rrporpaMMr.rpoBru{Zr rr MaTeMaTr4qeCKOfO aHarn3a AJrr IIOCTpO-

enr.rt MoAeJIefi fipoqecpoB HaHorexHoJlorfi u.

Ile,rrro ocuoerlut ALIcquIrJutHbI rBJrterc.[ r,r3y{enrre 6asonr,x npuHrlrrnoB ,ntm M(,Ae.[upoBa-

HI4s rpoueccoB B HaHpcrrcreMax, a raxxe cnoco6og fix KoHcrpyr4poBaras c noMorrlhro cpeAcrB

aBTOMaTH3UpOBaHHOTQ IIpOeKrUpOBaHI,tr.

3aaaqu aucq{n,ruHr,r:
. I{3yr{eHI{e cpeAcT4 aBToMaT}I3aIIfiU IIpOqeCCa [pOeKTrrpoBaHHs HaHoc],1creM;

. 3HaKOMCTBO CO CnpCO6a:r.ra npoeKTr,rpoBaHrrr yCrpOftCTn Z KOMIOHeHTOB CriCTeM B fraHr]TeXHO-

JIOTI4I{I

. I{3vrreHue rexHonoutfi no co3raHLIIo Har{ocl4creM.

.{ucqunluna <lABToMarr43arlr4 r npoeKTr.rpoBaHLIr HaHocr,lcreM) orHocr4Tcr K ar,r0rlrznJr.aHaM

no au6opy it \acru OfIOfI noaroroer<u 6aralanpor no HalpaBneHlrro <Hlau,crexso-

norr4l,I r,I MraKpocu

I4syrenue npeAnoJraraer Ha:rzvue tf yr4a-ueHTaJrbur,rx 3uaHr.rfi , r<oloplre Sop-
Mr.rplrorcr y cry,4 fipu I.r3) reHrrrr [pe.4rrrecrB]'roqr4x Alrcrlr4nttl4H: <tDu:nra>, <<Malelramxo>,

<OcHoBBr KprrcraJrJro , <Marepua.noaeAeHr.re HaHocrpyKTyplrpoBaHHbn( Marepr.r€l-:roB)>,

<Bne4eur.re r uan , <KnaHrooa.r lr crarr4crlrqecKar Ou3I.IKD.
3nauu.a, B paMKax vgy'uerrs, Aannofi Azcqunnfiqbr, Moryr 6sru nplrveueur,r

npll n3rreHHr,r

2. MECTO AI4CIII4IIJII,IHbI B CTPYKTYPE OIIOTI BO

IIOIHeHT.TH BbrlyCKH

OEYqAIOIIIETOCq. OOPMI{PYEMbIE B PE3YJIbTA.TE

OCBOEHI4JI cur4nnHHhr (MoAyJrs)

AaHHofi Alrcur4flnrzHbr cryAeHr Qoplrupyer r.r ,4eMoHcrprrpyc,r c.rre,Eyro-

coBpeMeHHEre cpeAcrBa BbrrroJrHeHvfr v pe4aKTtiponauar aso6pa-

Ir [oAroroBKlt KoucrpyKTopcKo-TexHoJroraqecKofi Aor.r'veuraqlru

r4cnoJrb3oBaTb ocHoBHbre npveMbr oopaooTKr,r u npeAcTaBneHr,r jr StK,lrrepu-

(onK-5);
yql4TbrBaTr, coBpeMeHHbre TeHAeHqr4r4 pa3Br4Tr.rr 9neKTpoHr.rKr4, r.r3MeptrreJrb-

Hotr n oft rexnur<u, unSopuaqr.rountx rexnoloruil B cBrleft npotpeccuo-
HanbHot

4) cnoco6n

(orrK-7);
ucloJrb3oBarb Harur<u pa6oru c KoMnblorepoM, BnaAerb M,3ToaaMlr lrurfop-

MAqI,IOHHf,TX

TEXHI,IKA).

cneqlraJrbHbrx arrcqurrJrr,rH IIo Hafipa3neHr.rrc rIoAfoToBKrr, a TaK]Ke npr{ Bbr-

raa,rra(f raxaquouuoft pa6oru.

3.K

ruue

B npoqecce oc

1) foToB[IocTblo

xeHufi r4

(onK-4);
2)

?\

cnoco6socrr
MEHTAJIbHbIX

Hocru (OllK-
olorzii, co6:uoAarb ocHoBHbre rpe6oeanur uu$opuaqu.olluoft 6egorac-



5) cnoco6uocruio npoBoAI.ITL tf rtllro-uareuarfiqecKoe MoAeJrnpoBaHr.re rrconeayeMbrx flpo-

UeccoB HaHorgxHonotl4t{ H o6SeKToB HaHo- u Ml,IKpocficreMHofi rexnuxu c uolloJ.b3oBa-

Hr.reM coBpeMeFHbrx KoMnr,rorepuux rexnoloruii (IIK- 1).

B pesynrrare ocBpeHllt Alrcuu[nr,rHbr o6yuaroquficr AoJrxeH aeMoHcrprrpoBarb cleA)r]ollue
pe3yJrbrarbr o6pa3oBa$ur :

1) 3narr: coBpeMeHHble CAIIP HaHocucreM, Meroar,r MoAenrrpoBaHrrr crpyr<rypoo6pa.rrcBaHur Ha-

HoKJracrepoB,. (OnK+7); coBpeMeHHbre cpeAcrBa BbrrroJrHeHr.rr r4 peAaKrr4poBaHru r,rso6paxenufi
u veprexefi (OtlK-a); ocHoBur,re nplreMbr o6pa6orxu AaHHbrx (OnK-7); MeroAbn uu@opirlartruon-

urx rexuororuft (OnK-9); coBpeMeHHbre KoMrrbrorepH6re rexHororr4r.r (IIK-1).
2) Yuerr: coa4aBar6 npoeKTbr HaHocr,rcreM B [porpaMMHbrx cpeacrBax nanoXplorer, nanoMl,
CAfIP SenTaurus (Ol[K-4, OIIK-5, nK-1); yr{I4rbrBarb coBpeMeHHLre reH.4eHrlrlr.ir pa3Br4rr.rr sneK-

TpoH[KIr, Ll3Mepliren6Foii r.r Br,F{r4cJTr.rreJrbHofi rexnrExra (OnK-7); HcnoJrb3oBarb Halr,rru paboru c
KoMrrbrorepoM (OIIK-9).
3) Blaaerr: rtreroAaM4 npoexTr.rpoBar{r{r HauocricreM, a raxxe [pr4eMaMrl KoHcrpyr4poBaHr,rr Ma-

TeMarr,rqecKr.rx fi KoMnFrorepHbx r.ro.qerefi (O[IK-4, OIIK-9); cnoco6uocruo ucrroirb3oBarr, ooHoB-

H6Ie [prIeM6I o6pa6orptu AaHHbrx (OIIK-5); cnoco6socruo ]r{r,rrLrBarb coBpeMeHHbre reu.B,egrtrrtr

pa3Blrrl4t gJleKrpottutcia (OIIK-7); cnoco6nocrrro npoeo4rarr <fusraKo-MareMaruqecKoe \doAeJrr4po-

Bar{lre HccneAyeMbx EpoqeccoB HaHorexHoJromu (I1K- 1).

4. CTPYKTYPA II COAEP}KAHI4E AI4CIIIIIIJII4HbI (MOAYI.fl )

Pae4e,r 1. Coepeuenrfr,re CAIIP qanoclrcreu.

1.1, O6sop corpellen$lx CAfIP nariocucrervr. Conocrasure:nurril ana,ru: (2v.)
1.2. fpatfuvecxar r.rHlepaKrnBHar cucreMa flpoeKruponauur MKHH nanoXplorer, $yurcquoua,rr-

HbIe Bo3MoxHocr{ u uurep$efic cucrer.,tu. (2u.)

O6uraa rpy4 Aucrir4nJrrrHbr cocraBrser 7 gaqerulrx eAr4Hrrrl 252 qacos.
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1.3. Ilauelu I,IHcrpyN{eHToB, crpyKTypa pa6ouero non.f,, pexr4M drag-and-drop tBbrrroJrnen.rrr Ko-

MaHA npoeKTrl polaHr4r (4.r.)

1.4, Koltau4u peAaKtrr4poBaHr.rr r-r Macrnra6r.rpoBanus nanoo6rexroB.(2.r.)
1.5. tr'IepapxuuecKoe fipoeKTr.rpoBaHrre HaHocrpyKryp. Meue4Nep r,repapx qec(r4rK yslor(2,t.)
1,6. I,Icnon*oeanr.re [oroBbrx y:lor. Mero4rEr<a co3AaHr,rr uo4e:refi uauocucreu.(4.r.)
1.7. Bnoa B cficreMy frpoeKroB Ha.{3brKe orrucarrur HaHocrpyKryp nanoMl (2u.)
1.8.Meroa rconeqHhrx sJIeMeHToB Kar ocHoBHofi MareMarr4qecrr.Ifi annapar cucrelrlr npu6opuo-

rexHoJrorHrrecKorp CAIIP SenTaurus. (2u.)

1. 9. Merolsr Mo.qeJrrlpoBaHr.rr pocra HaHocrpyxryp. (2u.)
1.10. Meroa aucxpergoro MoAeJrr4poBaHr.ir pas6ueuuit u yuaxoaor. (2u.)
1.1 I. Mero4u uoAeJr4poBanr.rr KBa3r.rKprrcranJron rE Qparra,rrurx nanocrpyrcyp, (2v.)
1 .12. Ocuosurre [oHrnr,rr reopr4r4 pocra KBarroBbD( rover<. Brasyalu3aurrr npoqecca pocra. (2v.)
1.13. Kounuorepnrrfl <uauocxon): MoAeJrupoBaHr.re pocra Ar43JreKTpur<on (S) u nonyflpoBoAHt4-

KoBLrx H,lrroKrracrepon (Cr+Hro). (2v.)

Pasaer 2. IlpoexrnpQeauue cncreM Ha ocnoBe HaHocrpynryp

2.1. IlpoexrlrponaHl4e palnorexHr.rqecKr4x HaHo3neMeHToB v uauoczcreu. (2.r.)

2.2. flpoer<rnponaHrre Henepr4oAnqecKr4x cBepxperueror. (2v.)

e u uacuna6uposauue Hauoo6lerron (2v.)
MoAenr.rpoBar{ue HauocrpyKryp. llla6nonu (2'r.)

2.3. SlerrpogranaMl4qpcKoe MoAeJrupoBaHr.re n npoeKTr4poBaHue (bpaKTanr,Hbx aHTeHHbrx cucreM.

IIPAKTI4qECKI4E 3AFT9TI4'
Teua 1. Conperrreuubrq rporpaMuu CAIIP uauoclrcren. (2v.)
Terrla 2. Cucreua npogmaponanus MKHH nanoXplorer. (4v.)
Teua 3.

Teua4.A
Teua 5. e roroBbrx y:ron (2v.)

Telra 6. -flsux Hauocrpyxr)? nanoMl. (4u.)

Teua 7. Ilpr.r6opo-cx

Teua 8. . KprEreplrfi

Mo,qenr{poBaHrr e CAIIP SenTaurus. (4u.)

ecrBoBaHrrr yrraKoBKr4. Brr6op AucrperHoro npocrpaugBa B MoAr3.lrupo-

BaHr4r4 pocTa (2q.)

Teua 9. Mero4 4r.rc fo MoAenr4 poBaHun pas6ueaufi 14 yrraroBoK (,4nyrlrepntdl c:ryuaii) (2v.)
Teua l0.MeroA ro MoAenr4poBaHux paz6ueuuia u ynanoror (rpexuepuufi clpaii) (2u.)
Teua 11. Meroau uo Barl4s KBa3r.rKpacraJrJroB u (bpaxTanbubrx uauocrpyrryp (4.v.)

Terrla 12. Pacqer eHToB pa.4uorexHr.rqecKHX MtrKpo- lt uanocxeu (4.r.)

Teua 13. Kon e cBepxpe[reroK Ha ocHoBe KBaHToBbrx rover. (2v.)

JIAEOPATOPHbIE PAEOTI,I

1. Cucreua nanoXp 4'1.

2. CAIIP SenTaurus.

3. .fsrIx naroMl,. 4q.

4. MeroA ArrcKperu MoAeJrv poBaHr,rr (crpyrrypoo6pasoBaHue opraHuqecKt4 x nonyIpoBoAHr,r-
ron). 6v.

5. Meroa gucr<peruofo Moaenr.ipoBaHr{r (crpyxrypoo6pa:oBaHr4e .qr.i3.rreKTpr.rKoB Ha rrp,r{Mepe

cepu). 6u.

6. llorryueuue pas6zeirza ua rraore(yJrrpHbre flonlrsApr,r, Knacreprz3arlr4r rBepAore.]rbH6D( crpyKTyp
B MeroAe Ar,rcKperHorq MoAeruponanre. 4q.

7. flonyrenze 4I.rarpaf'ana Hanpa3leHHocTrz anreuu rfpaxralbHoro Tr.rna Meroaarran CAIIP. 4f.r.



8. C6oprca rerepocrplrryp l,t cBepxperrreroK MeroraMra CAIIP. 4q.

5. OEPA3OBATEflbHbIETEXHOJIOTIITT

B panxax lexqrfHuoro xypca:

5.1. Axrr,rsHr,re n unt'eparrneuue rlop*rr,r o6yvenun
C qemlo $opuzponairr.rr lr pa3Br4rr{r nporfeccuonalrHbD( HaBbrKoB cryAeHroB n yve6nou npo-
qecce ucnoJlb3)'Iorct aKTI4BH6Ie LI I4HTepaKTr,rBHBre oopMEr flpoBe.{eHnr 3a:f^srr4ii B correraFrur.r c
nueay4nropuoft pa6otofi: (ronrponrnHe aylHTopHbre pa6orbr, [HAr,rBr,rAyanbr{bre AoMarxF,{r4e pa-
6orn).
5.2, Caruocrosre"nrn{n pa6ora cryAeHToB

Ca.uocrorrenruaa ( 4uropnaa) pa6o:ra cryAenroB BKJrroqaer 3ar{penJreHrre reoperaqecKoro
MaTepr4arna fipfi no r< BrmoJrHeHr,rrc nuAuBtt4yanbuo Aoualrneft pa6o'rrr, K flpaKTr.rqe-
cxllrr4 garurllxr4. ocH caMocrocrerlHofi pa6oru - r,rsyreHrre nr,ITeparypbr rro pel(oMeruoBaFrHrrM

IZCTOIIHI,IK{M I.I JIEKIIIZII.

5.3. My.nr TexHoJrornI-| ooyqeHns
Hexoroprte us nerqrE u npaKTr4qecKr,rx zasnluit npoBoArrcr B Br,rAe nps3eHTauxft B Mynbrv-
Melr.rfiHofi c r4cnoJr63oBaHr4eM KoMnbrorepHoro npoeKTopa. Cry4eurau npe,4ocraBnr-
erct KoMrbIoreDHEIfr reKrIut.
5.4. Peftrunr-xo
Pefirunr-xour:polr BOAIITCS Tprr pasa 3a CeMecTp. ou lpe4nolaraeT orteHKy cyrvrrrlapnux 6al-
JIOB IIO CneAyrotrlr4M

.4OMarrrHI,IX Tr{noBhx

6a,rnos no

OIIEHOIIHbIE

NPOME}KYTO

TT4

PeNuu drag-

Hepapxrauecroe

Cr,rcreua npoexro
Merog xonevurx

flonyuenze pas6

ryp.
10. ,,{r.rarparrauu

1 1. C6opxa

Peftrnnr-nonrpo.nn

HAI{OCI4CTEM.

Br,rnoJrHeHr.rr KoMaHA flpoeKTrrpoBaHr4.s.

: 6arutrt na KoHTpoJrbHbrx 3aHsrr4rx; Kaqec'r.Bo BbrnoJtrueHr4t

paccMarpr.rBaeMrrx Ha flpaxrr.IqecKr.rx 3aHrrr4rx. Pacnpe4elenrae
MepolpusTr-rrM olpeleJrreTcr IeKTopoM, BeAyrquM lrzcur4finrrHy.

CTBA AJTfl TEKYUIE| O KOHTPOIS YCTIEBAEMOCT]II.

ofr ATTECTAqHT,I IIo t4Tot-AM ocBoEHr4t
I4 YIIEEHO-METONI,ITIECKOE OEECIIEIIEHI,IE

CAMOCTO HON PAEOTbI CTYNEHTOB

Conperrlennr,x C

Pe4arcuponanu.r MACIIITAOI,IDOBAHV' HAHOOO6EKTOB.

HaHocTplr(Typ.

Ha .[3brKe ornrcaHr4t HaHocrpyKTyp nanoMl.
eMeHroB. Cucrelrtr npu6opxo-TexHororrarrecxoro CAfII' Senl'aurus

Meroarr BaHr,rr HaHocTpyKryp.

Mero4 4ucrperu MOAenI4pOBaHr4r.

Ha MOneKyISpHbre rronr3apbr, KnacTepr.r3arlur TBepAoTelrLHbD< oTpyK-

ocTI,I aHTeHH QpaKTaJTE HO|O TLIfla.

r4 cBepxperxeroK rr.reroaarau CAIIP.

l. Conperraeaune CAIIP nanocv creu.



2. Cucreua npoelor4ponaHur MKHH nanoXplorer.

3. Pe4arruponarpe z uacura6uposanr.re Hauoo6sexron.

4. I4epapxuuecKqe MoAeJrr.tpoBaHr{e HaHocrpyKryp.

Peftrnnr-rconrpoJrff Jp2

1. -f,grrr onlrcaHr|r HaHocrpyrryp nanoMl.

2.

3.

,4

1.

2. llptt6opo-cxeqarlrqecxoe MoaenrrpoBaHr.re CAIIP SenTaurus.

Pefr runr-nourpo.rq JN!3

1. Mero4 gucrcpefHoro Morerr.rpoBaHr.rr.

2. llpoer<rlrpora4rre cBepxpelreroK rr rerepocrlpKryp.
3. llpoer<ruporar{Ee aHTeHH Spaxra,rruoro runa.

6.3. BonDocrr .qlnq KoHrporq ca]r.rocroqreflrHofi Da6orH:

Ougltxo-uarerrarfi.recKue Mogenr4 pa4r4o3neKTpoHHr,rx KoMrroHeHToB: pesr.ic'rop6r, KoHAeHca-

Tophl, I4HAyKTr.rBHocrrr, ar'to.qbr, Tpal3r.rcropH, rpaHc$opvarop6r, KoMMyrarlrioHHbre JIIIHlrn.

Ou:uxo-rexnorofz.{ecKr.re 14 TonoJrorr4rrecKtu{ Mo.{enu sleueursoft 6asu r.rulerpaltHbtx Mr,tK-

pocxeM: MoAerrapoBaHr.re 6a,:osrrx rexuoJrorr4qecKr.ix onepaquft, aHaJrnrr.rqecKoe orl4calHr{e

$panr.renror 6a3opbrx 6unorrpnrx r4 yHrr[onrpHlrx crpyxryp, eSrf er<tr uaclrra6r4pula.Hprs,
MeroAnra pacveia 3KBr4BrrJrerrrHlrx Mexaur4qecKr.rx napaMerpoB uev6pau cloxHofi TorroJto-

raH AJI' JJTeMeHTqB Mr,rKpocHcreM Hoi rexHUKH.

flpoerrupoeanue ceHcopHr,rx r.r aKTroaropHbrx sJreMeHroB.

1) Pacuer r.r BaHLIe rylrHeJlbl{ofo AI4oAa c cr4nbHoJlefupoBaHHultu o6la,lrmr.rti fietrexoAa.

2) Pacuet u npoeKTr,r

Ar4aIIa3OHa.

nanue o6parqenHoro ALIoAa aJrr aerexTr{poBaurrr c:ra6rrx curna,rorr (lB9-

3) flpoercruponarze oro AI4o,4a Ar.s cxeMbr aBToreHeparopoB (ore6aHr4ii.

4) Pac'rer rrbe3o3reKTpr{qecKof o I,I MarHr.rTocTpt4 KrIzoHHoro Mr4KpoiaKTIoaTopa.

5) flpoercrr.rporauue eMeHTOB ynpaBJIeHI4t OIITI.IqeCKLIM l43n)'qeHrreM: SJIeKTpO-, aKyCTO-, tUafHI4-

TOOIITI,lqeoKaS

6) Mo4eruponanrae cBeTa B rrnaHapHoM BoJrHoBoae c yqeToM pacce.,rHr4r cBeTa

HA MI,IKPOHEOAH

7) Pacuer: n uogelu BaHr,re npoqecca noJryqeHr,rr HaHocTpyKTypr{poBaHHoro [oKpbrTrr.f, MeToaoM

MOJreKyntpHo-IyrIeBo SNIITAKCI{U.

8) Pac.rer a fipouecca flonyqeHvr HaHoc'rpyKTypnpoBaHHoro [oKpErTr.is MeToAoM

tpr.rsraro-xulruvecrofi oc6opxu.

9) Mo4enraponanne HaHOpa3MepHLrX KnaorepoB c rroMorrlbro M eToaa ariQcpy3H-
OHHO-IIOK'IJIbHOIO

10) Mo4enuponanue Bar{fir nJreHoqlrbrx crpyKTyp MeroAoM Jlennrarcpa-B,roa;rerr'.
11) Pac.ier u e 6alnucrnqecroro (6es pacceruur) noreBoro rpau:rzcropa (rpanru-
ctop .{arra-!aca).
12) Pacver r.r BaHr-re rpaH3r.rcropa c npr.rMeHeHr4eM cnlrHoBoro KJrarraHir (c r4rtrolrb3oBa-

HI4CM MATHI4THOTO e:rbHofo nepexo4a).

13) Pacver ra uo e MvKponoToKoB )I(I,IAKooTLI I4 fa3a B KaIILIJIJI'paX I.i NtI4 I(pO KnaItaHaX.
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