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1. rfEJIb OCBOEHkTfl ilrtcrl{rrJrrrHbr
llsyueuue Ar,rcrl14nJrr4Hbr <Anrouarzsaq

HanpaBneHus [oAroroeKr4 (HaHorexHoJrofr4r4 rr

KOMCTBO C MaTeMaTr,rqeCKI,IMI,I MOAensMr4 Z QOp

HI{LI KOHKp9THbIX TeXHI,IqeCKLIX 3aAALI, CBt3 aHII b

JIOB, COB9pII€HCTBOBaI{I4e HaBbIKOB npOfpaMMIutp

eHlrr Molereft upoqeccoB HaHorexHoJrofrrr4.

HI,Ifl IIpOqeCCOB B HaHOCI,TCTeMaX, a TaK}Ke CnoCoOoB r4x KoHcTpyr{poBarrr4r c n:oMo cpeAQTr]

aBTOM aTr.r3 r.r p o B aHH o f o rrp o eKTr4 p o B aHug'

3aAaqH AIrcu[rrJrrrHbr :

o Ir3yqeHl{e cpeAcTB aBToMaTLr3aur4U npoqecca npoeKTr4poBaHzr HaHocrrcTeM;

. 3HaKoMorBo co cnoco6auz [poeKTr4poBanufl.ycrpoficrn 14 KoMrroHeH'roB clroreM B

JIOTIIII;

. Ia3freHr.re rexHoJrorrafi no co3AaHr4ro HaHoolacreM.

2. MECifO AI,ICUIIJII4HbI B CTpyK'IypE OIIOTI BO

.{ucqunlrana <Anrouuru3ar\vrfl. rrpoeKTupoBanrrs.HauocrrcreM)) orHoclrrofl K TIJII4]]A]VI

uo nuSopy tBapl{arI4BHofi .racr[ OIIOil no4roloBKu 6arzuranpoB no HailpaBJreFrr4ro (
noruIr4 14 Mr4Kpocr{cTeMHar TexHI,rKD).

Irl:yuenue Ar,rcqprnJrLrHbr npeAnonaraer rrarurrue $yn4aneur€urbHr,rX raauufr., oprre ([op-
Mllpylorclx y cryAeHToB fipu pr3y.+eut.il4 npeArrreorByrourr4x Alrcrlzil.rrr4]r: <()usr'rxa), (M MaTI4Kil),

<OcHosbr Kpu crannolpa$vu>, <MarepualoneAeHr4 e HaHocrpyKTypr{poBaFrHr,rx

<BseAeHLIe rB HaHorexHoJrorvro), <KBaHroea.fl il cr utvtcrr4qecKar $u:tuxo.
3uanux, [onyqeHHbre B paMKax v3yr{eHr.rr 4auuofi Ar.rcunrrnr4rHrr, vroryr 6trrt; pr.rMeHer{br

OTEXFIO.

OTEXHO-

[pr.r Bbr-

cneAyro-

IIpII I{3rIeH];nU 4pyfnK Cleq[anbHbrx Ar.rcqrrnnrrH rro HanpaBneHr4ro rroAroToBKV, a

rIoJIHeHrdr4 n:srnycr<uofi xn aluS r,rnaquo Hnofi pa6 oru.

3. KOMIIETEHII}II4 OEYIIAIOIIETOC.fl , @OPMIIPYEMbIE TI PE3}'JIb1f

o c B o E Huf 4vrc\I4 II Jrr,r H bI ( M OAynfl )

TE

B npoqecce ocBoeull.fl 4aHuoft AI4crIulnLrHbr cryAeur $oprrarzpyer r4 AeMor{erp
ulne upo$eocrroHaJrbHbre KoMrrereHrlr.l4 :

1) rorolBHocrbro rlpuMeHsrb coBpeMeHHbre cpeAcrBa BbrrroJrHeHprfl 14 peAaKTZpo uxnzo6pa-
Nenprr n qeprexefi z noAroroBKrr KoHcrpyKTopcKo-TeKHoJror[qecKoft Arl \uvl
(oru{-a);

2) cloco6nocrblo HcrroJrb3oBarb ocHoBHbte

MeHlaJrbHbrx AaHHr,rx (OIIK- 5 ) ;

3) cnoco6nocrbro yqLITbIBarb coBpeMeHHbre reHAeHrlrrlr pa3BvrrLrfl grer(TpoHr{rsr, u
uoff z BblurlcJllrrelr'nofi TexHI{Ktrr, zn$opvraqplollHbrx rexHonou{fi n ceoefr

ua:nuofi Aerre.rrbHocru (OIIK-7) ;

4) cnoc,o6nocrbro r{crroJrb3oBarb HaBbrKt4

MauproHHbrx rexHo Jrorlrfi . co6lrc.uarr
Hocra (OilK-9);

rrpr4eMbr o6pa6orrra v fipeAcraBner{ 3KCIIepr14-

ep14Tenb-

pa6oru c KoM.ublorepoM, BJta.Aeub t!{ero u un$op-
ocHoBHbre rpe6onanzr raHr$opvaqr4oHll ft 6esonac-



5) cnooo6Hocrbrc npoBoAr{rb (br43r{Ko-Mare

qecooB HaHorexHoJIofI4I4 la o6r,exros ua

Hr{eM coBpeMeHHbrx KoMrrbroTepr{brx Tex

B pesy,rtrare ocBo eHrrfi Ar.rcrlr4 rrnr4 Hu o 6yu
pe3ynbrarH o6pasonauv.r :

1) 3nars: coBpeMeHHrre CAIIP HaHocr4c'reM, Mer

HoKJracrepoB,. (OnK-7); coBpeMeHHbre cpeAcrB

u veprexefi (OnK-4); ocHoBHbre npn4eMbr o6pa6

r (orrK-e)HbIX TEXHOJ]IOIH -y); coBpeMerrHbre KoMnbrorepHbre rexHoJror.r4u (llK-1).
2) Vuerr: oo3AaBarb rIpoeKTbI HaHocr4creM B rrporpaMMHbrx cpeAcrBax nanoXplgrr
CAIIP Senllaurus (OIIK-4, OIIK-5, IIK-1); yqlzrbrBarb coBpeMeHHEre rcrH.qeHrlrar4 pil3
TpOHLIKTI, rlsMepl{TeJlrnoft u BbrrrlrcJrr4Tem,nofi'rexHr.rKr,r (OIIK-7); ucrroJrr,3oBarE, r{aBbrl

KoMrrbroreporr.l (OIIK-9).
3) Blaaers:-MeroAaMtr npoeKTl4poBal:zfl. HaHocr.rcreM, a raKxe npr4eMa\,rr4 KoFr(lrpyutr
reMarLIsecKLIX v KoMrlblorepHbrx Mol,enefi (OI1.K-4, OIIK-9); cnoco6Hoc'rbro 14crroJrbr3o

HbIe nplreMu o6pa6orKr4 AaHHbrx (OIIK-5); cuoco6nocrbro yrrr4TbrBarb coBpeMelrHr,re
pa3BldTufl, gJxeKTpoHlznu (OIIK-7); cnoco6uocrt,ro rrpoBoAHTb Sr'tsuxo-uareMarr4 qecKo€

BaHr{e uccneAyeMbrx [poqeccoB HaHoTexHoJror.rrr (lIK- 1 ).

4. CTPYI(TYPA I4 COAEPXTAI{I4E AI4C]III4TIJII4HbI (MOAYJTfl )

O6nlaq rpyAoeMKocrb AlzcupllrJrr4ubr cooraBJr.rrer 7 ga.reruErx e{n'nw1,252
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C OAE PXAI{trIE ALI CUIIIIJII4FIbI

nEKrlr4r4

ParAe.l 1. ConpelreHHr,re CAIIP HaHocrrcreM.

1.1. O6sop ooBpeMeHHrrx CAIIP HaHocrrcrerr,r. Colocrasuremubrfi auasmz (2u"',1

I '2. f pa$uqecKat lrurepaKraBHas. cucreMa rrpoeKrrrpoBaHu.s MKHH nanoXploror, (b,y

Hbre Bo3MoxHocrlr z uHrepQefic cvcrevr,L (2q.)
KrIt4 OHanb-



1.3. llauenz r{HcrpyMeHroB, crpyKrypa pa6o
MaHI r poeKrrzpoBaHv t (4u.)

I . 4. Korrralrlbr peAaKTr,rpoBaHr,rr u ruactltra6 up
1 .5. Zepapxr4qecKoe rrpoeKTrzpoBaHrre HaHoc

1.6 VcnoiR?nRnr{rte r.rl,t.nErr-ry \/ernD \/o-^-"1.6. Irlcnonb3oBaHrre foroBbrx y3noB" Mero4r,t^
1.7. Bsoa n cucroMy npoeKToB Ha fl3brKe orrrrca

l.8.Meroa KoHeqHbx sJreMeHroB rar ocsonuofi
rexHoJrrtfr4qecKoro CAIIP SenTaurus. (2.r.)

1.9. Meroabr MoAenr{poBaHr.rr pocra HaHocrpyKryp. (2v.)
1 . 1 0. Mero,rl 4{cKperHoro MoAeJr}rpoBaHr4q pn6ueuufi r4 yrraKoBoK. (2q.)
I ' 1 l. Merollbl MoAeJII4poBaHI{s KBa3HKpr.rcraJrJroB u QpaxranrHbrx HaHo(:rpyxryp. (2u.
1' 12. OcnorlHble rloHtrr4fl, Teoputr pocra KB&HTOBITX Tor{eK. Bzsyarusarlr4r npoqecca
l.l3.Konanrrorepurrfi (HauocKon): MorenrrpoBaHrre poc'ra AzsJreKTlpr4rcon (S) r4 rroJr

KoBbrx r{aHoKJracrepon (Cr+Hro). (2.r.)
PasAer 2. IlpoercrnpoBaHrre crrcreM Ha ocHoBe HaHocrpyKTyp

2.1' IlpoexrapoBaHI4e paAl4orexHr,rqecKrrx HaHooJreMeHToB 14 HaHoczcrev. (2u..)
2.2. fIp o exr.rrpoBaHr.re He[epuoluqecr{r4x cBepxp etllero x. (2 u, )
2.3. 3nempoAl'IHaMlrqecKoe MoAenllpoBaHr.re r4 npoeKTr{poBaHrze QpaxlarHbrx €rFrrerl
(2,t.)

TIPA KTI,IIIE C KI4 E 3 AH flT VIfl
Terraa 1. ConpeueHHbre nporpaMMbr CAIIP HaHocr{crerra. (2u.)
T el'r,a 2. Czcreua rpoexrupo BaHufl. MKHH nanoXplorer. (4u. )
Terr.ra 3. Pe4iu<rzpoBaHr.re z uacura6upoBaHrre HaHoo6rerron (2u.)
Teua 4. zepapxnuecKoe MoAenr4poBaHr{e HaHoorpyKryp. Illa6noHu (2v.)
Teua 5. IrlcuomsosaHr{e roroBrrx ysnon (2v.)
Terrra 6. -fgurc orrucaHufl.HaHocrpyKryp nanoMX,. (a.r.)
Terraa 7. llpu6opo-cxeMarr4qecKoe Mo.qenr4poBarFrr.ie CAIIP SenTaurus;. (4,r.)
Telr'ra 8. . Kpureprafi cyulecrBoBaHllt ynaKosrtz. Brr6op AktcKperHoro rrpocrpaHorBa B

BaHuLr pocra crpyrryp (2v.)
Tenaa 9. MeroA rl4cKperHofo MoAeJII4poBaHlrr paslueunitn ynaKoBor( (4nyuepnrrfi c.n
Ter'ra l0.MeroA AlzcKperHofo MoAenI4poB anuxpazluenufruynaKoBor( (rtrrexuepnrrft r:n
Ter'ra 1 1. MeroAu MoAenI4poB aHufl KBa3r4Kpracrannon u SparranbHr,D( HaHocrpyrrryp (
Te-tna 12. Pacqer KoMrroHeHToB parr{orexHr4rrecKr4x Mr4Kpo- u uaHocxeu (4u.)
Tenaa 13. KoucrpyzpoBaHr4e cBepxpeneroK Ha ocHoBe KBaH,roBbrx rouex. (2v.)

JIAEOPAIIOPHbIE PAEOTbI
l. Cucreua nanoXplorer 4q.
2. CAIIP SenTaurus. 4q.

3. .f,slrK nanoMl,. 4.r.

4. Mero.q Al4cKperHof o MoAe JII,IpoBaHI4 tr (crpyxryp o o 6pas on anv e op f aHrlrrecKr{}r
ron).6v.
5. Merol Ar{cKperHoro MoreJrrzpoBaHr4q

ceprr). 6v.

6. flolyueuue pas6ueHufl.HaMoneKynJlpHbre rroJrr.rsApbr, Knacr epu3arJwrrrEleproreJrbH
B MeroAe Ar.rcKperHofo MoAenr4ponanue. 4-r.

rroJrry

(crpyxrypoo6pa:oeaHrze Ar.rsreKrpr{r(oB tu

7. IlonyueHlze AI4arpaMM HarlpaBneHHocrpr aHTeHH $paxranrHofo ,rr4rra vero4auz Cll F.4q.

a. (2u.)

poBoAHrl-

CI,ICT'CM.

oAenr4po-

uarl (2u.)

it) (2v.)

poBoIHl{-

npr4Mepe

crpyKry'p

u.)



8. C6opra ferepocrpyKryp u cBepxpeueroK NreroAaMu CAlp. 4.r.

5. OEPASOBATEJIbHbIE TEXHOJIO|I4I4
B parrnax JreKrlr.roHHofo Kypca:

5.1. ArcrunHbre n nHTepaKTr{BHrre Qopmu o6yveHun
c qenrro Sopr'rnpon alrrfl' vI pa3Bprrkrt npo6eccrzoHaJrbHbrx HaBbrKor] cry/{eHTo, Bqecce ficnoJrb3ylorct aKTuBHbIe 14 I4HTepaKTprr]Hbre $oprrarr [poBeAeHr,r n zasstt;,tft
BHeayAr{TOpUOfi pa60Tofi: (xonrpoJrbHbre ayAr4ropHbre pa60rrr, r.rHrt4Br4l_ryaJrbHbre
6orlr).
5.2. CaruocloflTeJrbHan pa6ora cryAeHToB
caMocrosre'IlbHa{ (sueayrurop'ax) pa6ora c'yAeHroB BKrrroqaer 3aKpenJre}r'e
M'drepvana npu noAroroBKe K BbIIIOJTHeHHTO lrHlztBr4ryanbHofi 40naauueli pa60Tbr, r
cKI4M 3aH{Tr{sNa. OcHona caMocro.f,Telsnofi pa6orri _ lz3yrreHlae nr.rleparyp"r.r" p.roo
I4CTO.IHI4KaM LI KOHCIeKTy leXqUri.
5.3. My.rrrrlruegrlft uue rexHoJroruu o 6y.reuu n
Heroroplre 143 neKIII4oIrHbIX Ir npaKTr4rrecKr4x 3aH.flTr.rfi npon'4xrcr B 

'r,rAe 
npe3errraur.i

ue4IaftHofi ayruropr4r4 c I{cIIoJIb3oBaHrreM KoMnr,rorepHoro rrpoeKropa; cryreHr,aM 
'ercr KoMrrbrorepurrft xypc ner<qufi.

5.4. PeftrHHr-KoHTpoJrb
Pefitz'r-roHTponb rIpoBoAI4Tc fl TpLr pa3a 3acervrecrp. oH npe4nonaraer orIeHKy cyMr
JIoB no cneAyroql4M cocraBn-f,rolqIrM: 6a,uu Ha KoHTponbHbIX 3aHfl-lvrflx: Kar{ec,rBo l
AOMaIIIHI{X rl4rloBbrx zagauuft, paccMarpl4BaeMbrx Ha II aKTyr{ecKrDi :aurtzgx, pa.n
6anros rlo KoHTponbHbIM Meponpl4srr4trM onpere[rrercr JreKTopoM, BeAy[rr4M A.rer\ur't

6' oUEHotIHbIE CPEACTB A I\JrflTBKyIrlEro KoHTpoJIfl ycrrEBA
TIPOME}ITYTOTIHOTZ ATTNCTAIII{I4 [O I4TOf,dM OCBO EH]ftrI
AIICqU[JII4HbI I4 YqEEHO -ME T OAI4qE C KOE OEE CTIEIII]III4 E
CAMOCTO.flTEIbHOIZ PAEOTbI CTYNEHTOB
6.1. 3rc:aueuarluoHnrre nonpocrr

1. Conpeueuurx CAflp HaHocrrcreM.
2' PeNzrr'r d rag-and-drop Bbrnon HeHkrtr KoMaHA rrpoeKTr4po BaHufl .
3 . PeAaxrupo Balus. n uacrura6r4poBarrn, Hauoo6lexros.
4. I4epapxurrecxoe [poeKTr4poBaHr{e FraHocrpyr(ryp.
5' czcrcua rfpoeKToB r{a s3brKe orrvrcaHLrflHaHocrpyKryp nanoMl.6' MeroA KoHerrHbx sJIeMeHToB" Cuc:renasr npn6opuo-TexHoJrofr4rrecKoro CAIIp Sen,I7. MeroArr MoAenrzpoBaHr.r, HaHocrpyKryp.
8. Mero4 Ar{cKperHoro MoAeJrrrpoBaHarr.
9' flolyveuue paz'ueuunHa MoneKyntp'Lre rrclJrr4grpbr, Knacrepr43arlr4.rr rBeproireJrbrr

ryp.
I 0. [zarpauMbr HanpaBJreHHocrrr aHTer{H @paxrzurrHoro rr4rra.
11. C6opra rerepocrpyrffyp r.i cBepxperxeroK Me,roAaMz CAllp.

Peft runn-ronlpo;rn J\b 1

1. ConpeveHubre lporpanruti CAIIp uauocu,crev.

v

B

M rlpo-

TAHHII O

arrrHr.re pa-

qecKofo

IIpaKTnrlte-

B MynbT.a-

r,Ix 6tur-

OJIHEHI'I'

Hy

crpyx:-



3.

4.

2. Cucueua npoer(rt4po BaHHfl. MKHH nanoXplorer,
3. Pe4a.rrzpoBaHr.re u vacma6l{poBaHr.re uaHoo6r,exron,
4. ZepapxuvecKoe MoAenrzpoBaHve HaHocrpyKTyp.

Peft rnsr-rcourpo"rrn J\b2

1. flsuK orucalnfr HaHocrpyKryp nanoMl.
2. llpz6opo-cxeMarr,rqecKoe MonenupoBaFrr4e CAIIP SenTaurus.

Pefiruur-rcourpolt J\b3

1. Merol Ar,rcKperHoro MoAeJrHpoBaHr4r.

2. llpoercrnpoBaHr4e cBepxpeneroK t4 rerepocrypKryp.
3. flpoexrupoBaHr.re aHTeHH $palcraltnoro rr.rila.

6.3. Bonpocrr A"rrq rconrporq caMocroq.re.nnuofi pa6orrr;

1. @nsIlxo-NaareMarllqecKl4e MoreJ]r4 paArro3JreKTpoHHbrx KoMrIoHeHToB: pe3[gTo
TOPbI, I,IHAYKTI,IBHOCTII, AIIOArI, TPAH3IzCTOPII, TPATTCSOPNAATOPbI, KOMMYTAIIZOHII

2. @usnKo-rexHoJlorl{rrecKlle n roroJToft4r{ecKa.s MoneJrr4 3JreMeHTn:oft 6asH r4Hre
pocxeM: MoAenI,IpoBaHze 6asonbrx rexHo:rorr4rrecKr,rx onepaqnfi, al{aJrrzrl,Iqec

Sparuernon 6a^gonrx 6unorrpHr,rx r4 yHr4nonflpHbrx crpyKTyp, oSsercrsr Marcilr
MeroAnra pactlera gKBkIBaJIeHTHbrx MexaHr,rqecKr.Ix lapaMerporr nreu6pau (]rox(H

rkrr4 p:rfl . g JreM e HTo B Mt4 Kp o c lr cre ttr o fi Te xri 14 K r4.

llpoerrrapoBaHr4e ceHcopHbrx rr aKTroaropnrbx sJreMeHToB.

6.4. flpHMepnrre rerurr rcvpcoer,rx pa6or
1) Pacver u npoeKTI,IpoBaHIre ryHHenb,Hofo AHo,4a c cr.rJrbHoJrefupoBaHHbrMu o6r2crsrd
2) Pacuer u [poeKTLIpoBaHIze o6parqeHnofo ruoAa Ans AereKTuponauux cradslx czr-H

,IINAIIA3OHA,

3) flpoercrup)oBaHae ryHHenbHoro Ar4 oAa rnq cxeMbr aBToreHeparopoa rore6 anuir,.
4) Pac'rer KoHcrpyKIILIIr rlbe3ogneKTp[qecKoro r.r MarHrrrocrpr4Kur{oHHof{:) Mrrr(poa
5) llpoexrupoBaHlle 3JIeMeHToB yrrpanneHru orrrr.rqecKr.rM r43nrreHr.reM: oJreKTpo-,
TooIITrzqecKeH -s.{efr Kn.

6) MoAerr.rpoBaHpre pacnpocrpaHeHufl cBera B [naHapHoM BoJrHoBoAe c yrreroM pacc
Ha Mr{KpoHeoAHopoAHocTrx.

7) Pacver I{ MoAenl{poBaHr.re npoqecca noryr{en[.rr HaHocr,p)/Krypr{poBaHHoro ro,Kpbl
MoneKynrprlc-nf{eBofi snuraxczrE.

8) Pacuer I4IdoAenI{poBaHLIe npouecca nonyqeH:r4s HaHocrpyKTypr4poBaH}roro roKpbr,l
(f usnxo-xurr,rprqecxoft cauoc6opxz.
9) Mo4elIapoBaHl4e SopuuponaHl4.t HaHopirMepHbrx KnacrepoB c loMorrlbro rvrerora
OHHO-JIOKAJIE,HOIO OCa)I(NEHI,I.f, .

l0) MoaelrzpoBaHlze $oprvrIzponaHz.fl rrrreHor{Hb.tx crpyKryp MeroAoM Jleururcpa-liro
I l) Pacuer u [poeKTHpoBaHLIe 6arrucrzqecKoro (6e: paccenun.a) nolenoro rpaH3]rcro
crop [arra;{aca).
12) Pac'rer I{ npoeKTlipoBaHue rpaH3prcropa c ilpr4MeHeHr4eM crrr.rHoBoro rcranaHa (c
HI{eM MarHarHoro ryHHenbHoro nepexo4a).
13) Pacuer I'I MoAenl{poBaHue MVKponoroKoB xrrAKocrkrufa3a B Kanr4JrJr.,{paxuNrM
14) IlpoenrplpoBaHl4e rlonylpoBoAHr4xoBofo r{H)r(eKrlr{oHHofo na3epa c 3aAaHHbrMtrr ila
cneKTpanlHofi nepecrpofiKu, qacrornoft MoAynj{rlrrr4 rr r{acrorHoit cra6u;1uz4q;2a.
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