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1. IIEJIb OCBOEHI4'I NUCIII4TIJII4HbI

I{enrn ocnoeuut rI4 cIII4rrJrI.irrbI tBJltercr Sopl,ruponaurze gnaruft o6 ocHoBH6D( Nrerqaax
onpeAereHr.rs ArzclIepcHocrr'r HaHoMarepr.raJroB, 3JIeMeHTHO|O, 1pa:OnOrO COCTaBa, a rarxe osla-
cTrx rlprrMgHeHlir KaxAoro MeToIa.

3aAaqu aucuuu,ruHrr:
. 3HaKoMcTBo c TeopeTI.IqecKIIMI4 ocHoBaMIj coBpeMeHHLIX cPeActe AI-IafHocTI.iKI,r H4Ho.
clpyKrypr.rpoBaHH6rx Marepr{aJroB;

t fioryrreHue [paKT[rIecKI.Ix HaBhIKoB npz pa6ore Ha coBpeMeHH6lx ,quarHocTl4rlecKr.ix r{oM-
flJre(cax, a raKxe rpa]ctoB auzw/pacusu$poBKr.r rroryr{eHHr,]x AaHHbrx.

2, MECTO AIICUI4TIJII4HbI B CTPYKTYPE OIIOII BO
,{ucqunluna <Meto,4r'r a*aJrr4ga L KoHTpoJrr HauocrpyKTypr4poBa}rHLrx Marepr4a.JloB 14 cH-

creMD orHoctlTct K arzcqurrJrrzHaM 6a:onoft qac'rv O orl noAroroBKrz 6aralanpon tlo Ealpabre-
nuro <HanorexuoJlofnu E MI4KpocucreMHarl TexHI4 KaD.

I4zyteuue ,qucrII4nJrr.rHLI npealoJraraer HaJrtrrme $yu4al,renraltul,x :uauuft, Koropbre
Qoplrupyorcr y cryAeHToB npr4 r43yrIeHI.It4 lpeAlrecrByroqr4x rr.rcq]rnJrr4[r 6asoeoii qac.ru: <bv-
:ur<u, <@rnsu-recKlre ocHoBbI Mli(po- rI sauocucreuuoft TexHr4Kt4)), <Marepua;rone4enrie H4Ho-
cTpyKTypr4poBaHHLrX MaTepr.raroB)).

3nanaa, noJiy{elrHbre B paMKax 3:..'e*rrs Aanuoft ,4rzcquul{Hbl, Moryr 6url npuuEue-
HLI rpu IBr{eHIZI.r Apy 4X CIIeqUZUIbHBD( .4IZCrIr4[JrrrH IIo HarrpaBJreHr4ro [oAroToBKH, a tarxe hpt
BbrrroJrHeHJ.rIz nnmycruoft roa"nr.rQurar4aounoft pa6o:rrr.

3. KOMTIETEHIII4I4 oEvqAIoIIIEf oc.[, ooPMI4PyEMbtE B PE3y/TI'TAITB
O CB O EHII'I AI,IC{PIIIJII4HbI (MOAYJI'I)

B npoqecce ocBoeHrir 4auHofi 4ucqznJrr,rHbr crylegr $opr,rapyer r4 EeMoucrpr{pyer cJre.(yrc-
que npoQeccuoHaJIEHbre KoMrrereHrutu:
1) cnoco6noc:mro f{I{Tr,rBar6 coBpeMeHHrre reH,4egqr{u pa3Br4.rr4s. 3neKTpoHrzKri, r.r3McpnrEJrb_

uoft u nrr.rzcrr4renr,nofi texuaru, uulbopuaquonsrx 'rexuo:rorufi r cnoeft npoQeccnoua.nrgoil
AerrerrbHocrr.i (OnK-7);

2) roroBuocrblo rlpoBoAlirb oKcleplzMeHTaJlburre r4ccJreAoBaHrrr no cr4HTesy r.r aHaJIv3y Mere-
puaJroB r.r r{oM[oHeHToB HaHo- 14 Mr4Kpocucreunofi rexuaxu (lII(_2);

3) roroBHocrbro acnoJrb3oBarb 6a:osoe KouTponbuo-r.r3MepfireJrrHoe o6opy4onauue arq N{er-
porofrlqecKofo o6ecne.reHut ucc:re4onanufi u [poMbrrrureHHoro npou3Bo,[crBa ruargpr.lanqB r.r

KoM[oHeHToB Harro- u Mr4Kpoc]rcreunoft rexuuru (nK-9).
B pesymrare ocBoeHlrr Ar4cqlrrrJrrzHlr o6y.raroqr.rftcx .qoJr)r(eH AeMoHcrpll poBar6 c4eAyroqrge
pe3ynrTarbr o6pa-:oeaHra.r :

1) 3uars: ocuoenr're onpeAeireur,rf ar.rcflepcHocrr.r Har{oMareplraJroB, greMeHTHoro, rba3onoro co-
crana (lIK-2).

2) Ynerr: nrr6aparb KJIacc o6opy4onanrzr Arfl.a*alrrLta 14 KoHTpoJr.s HauoMarepr4aJroB E coorBer-
crBr.ru co cueqzrfur<oft rexur4qecKrrx saaaq (OilIt-7).

3) Bra"uet: r,reroAaMrr aroMuo-cuttoeoir n pacrpoeofi MrzKpocKonr4lr, nt 0parqnonnuurl lr
TPAJIbHLIMI4 METOAAM'I ANfr AIJ.A|HOCTIZKII HAHOCTPYI(TYPI,IPOBAHHbIX UA'rEPIrA:rOA (III(-9).

4. CTPYKTYPA I4 COAEPXTAHIIE AIICIII4IIJII4HbI (MOAYJI.'D
COCTaBIteT O 3aTIOTHIJIX

crleK-

Br'rA6r )4e6Holi pa6orBt, BKnrogajr caMocrorretr6Hyro
pa6ory cryAeHroB

O6rqag 216 qacos.
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Pasaer 1. MeroAu oflpeAeneHns ,4rzcfiepcHocrr,r MareplianoB r.r noBepxHocrHbrx ceorlcrs
1,1. Knaccr.r$ur<aqn{ HaHoMarepr.ranoB no pa3MepaM ra cnoiicrsa\4. Conocraueulre cBoicrBaM
Marepr4anoB Merolbt r4ccreAoBaHutr ra xourpolx. 2u
1.2, MeroArr onpeAeJle'rre Al4cnepcHocr' Marepr.raJroB: Merol ra3ofiponauaeMo-
crv, c'ta:tv'secKlde Iz AliHaMarrecrze agco6pqLIouHble Mero.q6r. Cne:rosrre MrznpocKonbr, pacrpo-
Bbre o[ruqecKr4e Mr.rrpocI<orrbr (POM). 2u
1.3' Pacrponar sJIeKTpoHHat MlrKpocKonur. llpauqran pa6orbr. Cxeua nsauno4eiicrnar ocHos-
HLIX sJIeMerIToB. Pasperuaroqaa cnoco6soc'u,. Blluruae pentedla r.r 3JreMeHTHoro cocraBa Mare-
puana Ha [onyqaeMrre AaHHLre. Crepeolrerpuuecr<l.ie asuepeulrr, 4u
1.4. 3ouaoeat MI4I{pocxorlllt: aroMHo-cLIJIoBar Mr.rrpocronur, cr(aHr.ipyrouias ryHr.reJrr,Harr M14r{po-
cKorrlrs, greKTpo-cr.tJroBar N{rzkpocKonus. llpunqnn pa6or:rt. Cxelaa sgar4N4o,qeficrBrrrr octroBHbrx
sJIeMeHToB. Paspeualouqar cnoco6uocrl. 4q
1.5. Mero4tr Au$paKqllu penTreHoBcKr4x ttyteir. u ueftrpouoa, ar.rrraMr4rrecKoe paccergrre cBera.

Puraan i. Maro.qbr onpe4ereHrrr gJreMeHTHoro r.r rla:ororo oograBa HarroMareprranoB.
2.1. Mero4u onpeAeJleHlrt gJIeMeHTHofo cocraBa: xrrMr.rqec(ae u $rasuvecrue. fpannlrerpuue-
cKE[ r-r rurpr4Merpuvecxufi aaarr:. CuerrpaJrbubre MeroAbr: arouuo-a6cop6qr.tonub]fi, peHTreHo-
cnerrpa,uurrfi, naacc-cnerrpa,rurrrfi 2'r
2,2. Meroau araJru3a $a:oeoro cocraBa: Meroabr peurreuoecrofil srerrpouuoii r.r ueii.rponuof
gu$par<r\uu,2u

"TIa6oparopur,re 3arrflTrrs
Telra 1. OguaroMJIeHI4e c [pI,IHrlI4rIaMr4 pa6oru onruvecKoro Mr{r{pocKona. Onpe4eleuue

AlrcllepcHocrr4 rropoLrrKoBLx Ma.Tepr4anoB 4.r
Telra 2. Ognaxoulenue c npr4Huurar,ru pa6orrr pacipoeoro oJrer(TpoFrHofo

Ha nprzMepe npu6opa Quanta 200 3D. Z:yveuue ocHoBnbrx onepaqufi B npofpaMMe
npu6oporu.4v

Teva 3. I4:yreuue ux@opuarrznHocrrr carHaJra ucrr.ruHo oTpa)r(eH-

Ha npr.rMe-

npu6opor,r

Mr4r(pocr(oIIa
ynpaBJreHas

BToplrqHbrx a ynpyfo
Hbrx sJreKrponoB n P3M uso6paxenusx. 4\.

Teua 4. OsuaroMJreHr.Ie c rlpvurlr4rraMri pa6orrr arouuo-cr4JroBoro Mr.rxpoct<otra
pe upr6opa Ntegra Aura. I4:yvenue ocHoBurrx onepaqlril B [porpaMMe ynpaBJrenut



Nova. Pearrasaur4r KoHTaKTHofo ll npeprlBl]cro-KoHTaKTHofo perszMoB crauuponauux 4u.
Ter'aa 5. rlony.reHr4e BoJrbr-aMnepHbrx xapaKreprtcrr4r( Marepr4anoB MeroroN{ crM 4q.
Teva 6. tr4ccleroBaIlI4e npnnoBepxuocrubrx csoftcrn trpv rroMorur4 ACM: slertpnuecrcux,

uarnururx , 4q.
Terrta 7. onpe4eJleHl4e rl,IcnepcHocrLI qacrr.iq KoJrnor4ruoro pacrBopa MeroroM AriHa1rraqe-

cKofo paccerHltr cnera na npz6ope Horiba. 4'{.
Telra 8. Zsyrerule I{3MeHeHI4e omuqecrl4x csoftcrs HaHoMareprialroB B 3aBr.rcr.rMocra or

pa3Mepa qacruU cneKTpanLHbrMtr MeroAaMn 4,a,
Terr,ra 9. llpanruqecxlie HaBrIKI4 pa6orsr ua npu6ope MaJroyrJroBofo peHTreHoBcxoro pac-

ce nus.2,l
Teva 10. Pa6ora c Mr.rpoBbrMu 6awxatru crpynrypHbrx aauurx (MZHKpI4CT, Mercury)
flparruuecrue pa6orr,r
Teua 1. ?IuT erpanlnr'Ie xapaKTeplicrl4Kl4 onpeAereurir .qr4cllepcHocrr.r Marepr4aJroB. 2,1
Terrra 2. flpocneqr,rBarotuas 3JreKTpoHHar MrrKpocKonr{r 14 Mrzr(pocxonrir BLIcoKoro pa3pe-

fiell.us 4'1
Terr.ra 3. tr4n$paxpacHarr cnerTpocronr.rs. 2,r
Telr.ta 4. Onpe4eneu e xlrMlzqecKofo cocraBa aroMno-3Mr.rccr4ounbru cnelcDaJrbubrM r{ero-

.4oM IIo aToMHbrM cIIeKTpaM BelIecTBa 2.r
Teua 5. Xulru-recKlae Mero.{6l orIpeAeJIeHH{ 3JreMeHTHoro cocraBa Har{oMarepliaJroB Z'a
Teua6.,{a$paxurzoHHr,reMero,qbr:peHTrcHoBcKal,Heiirpouuar,3JreKrpoHuarr. 6.r

5. OEPA3OBATEJIbHbIE TEXHOJIOII4I4
B pzurax ler<qzoHHoro Kypca:

5.1, Anrurnr,re H rrlrrepaKTnBrrr,re r[opiur,l o6yueuun
c qem,ro tfopulzpoeaaax 14 pa3grr"rvs. nporleccuor:anrHbx HaBr,rKoB cry,4eHroB n yue6gou npo-
qecce uc[onL3]'Iorct aKTIzBHbIe I{ I{HTepaKTr-iBHLIe {opvH npoBeleHrzr la:|.flTuft, B coqeraHur4 c
nueay4nropuoil pa6oroft: (xourpolluue ayAtrropgbre pa6oru, TzHAHBuA)/anbH6re .qoMarxHuc pa-
6orrr).
5,2, Caruocrogre.nr,nan pa6ora cryAeHToB
Cauocro.stelrnax (nneay4trropuan) palota cryAeHToB BKnloqaer sarperlJrerrue reoperurrecKoro
Mareplrana npll noAroroBKe K Bb]rroffiegl4ro r.rHArzBr4.qyanbnoii 4oualrnefi pa6orbr, K [paKTr4r]e-
cKrzM 3aHrrr,rtM. Ocnoea car4ocroxrelruofi pa6oru - Ii3) reHrde Jrureparypbr IIo peKoMeHAoBaH_
HLrM r,rcroqHr{KaM r.r noHcneKTy neKuHil, noaroroBKa orqera no la6oparopnouy [paKTr.rKyMy.
5,3. My.nrrulre4uiiurre rexnoloruu o6yuennn
Heroroprre rz3 JreKrIr4oHHbIx u [paKTfirrecKr.rx gaHsrufi flpoBoArrcr B Buag rlpe3eHTaqufi u vynu_
'runaeAlriisofi ayru'toprrr4 c r4c[oJrb3oBaHr4eM KoMn6tOTepHOrO [poeKropa. cryAeuratr rrpe4o-
craB]uercr KoM[brorepHBri r<ypc lexqzft, a raol(e opfaHr43yrorcr Macrep-KJraccbl, npeanoJrafa-
rc4ne ,{eMoHcrpaq}xo [p]reMoB, TexHorofut, MeroAoB o6pa60rru v aqa,rr6a li:o6parreuzii uc-
c.treayeMrrx nauoo6pasqon Ha Kour{perurrx 3aAaqax.
5.4. Pefiruur-nouTpoJr6
Pefiruur-rou'rpoJrl npoBoAr.rrcr rpr.r pa3a 3a ceMecrp. on npe4nolaraer orleHr(y cyr,auapur,x 6a-n-
JIoB ITo cJ]eAylorquM cocTaBJltlol4ralr: 6aru6r Ha KoIJTpoJIBHr,x 3aI-ItTIztx; KaqecTBo BbinorHer{I{t
AoMarrEI4x rl4[oBbrx sa4auI'ifi. paccMarpllBaeMbrx Ha llpaKTrzr{ecKr4x 3ar.rsrr4rx. Pacnpe4eaeune
6aflros no KoHTponrHbrM Meponprzrrr4sM onpe,4eJrrercs JTer(ropoM, BeAyrqgv ar,rcrlr4nnr.iHy.

6. OUEHOqHbTE CPEACTBA AIrI TEKyUIEfO KOHTPOJTTI yCnEBAEMO_
CTI4, IIPOME)ITYTOqHO'I ATTECTAIII4I4 TIO I4TO|AM OCBOEHI4'I NUC.
III4TIJII4HI,I U YIIEFHO-METOAI{IIECKOE OEECIIEqEHI4E CAMOCTO'-
TE,TbHOfi PAEOTbI CTYNEHTOB
6.1. 9rt:anreHaquoHHrre eonpocbr

1. Kax npoucxo4xr Qopulrponauue rElo6parreu[s s p3M
2, Kax npoucxo4lrr $opuuponauae vso6parreuu.r n ACM
3. rlelr o6yclonnena 6o:rr,lra;r rly6uua $oxyca n pDM



4. Onpe4ereur{e Ar,rcrrepcHocrr4 flo AunaMlzrrecroMy paooe.fiHrrro cBera
5. Itarona uu$opnaarmuocrr r4crr4uuo BTopr4qubx gJrcKTpoHoB

6. Karonaran$opuarurnocrr )ryp),ro orpaxeHHbx strerrponoB
7. I{axue rraeroarr no3Bonrror rronyqr.irL pacfipeAenen}ie uanoLracrul{ no pa3MepaM
8. ItraccrzSura!firclempoMerprzu
9. llpunqun rr.rero4a MVP
10. flpegcranurb cxeMy sMrzccr4onHoro crreKrpaJrbHoro aHunaa
I I . Mero4u uccJreAoBaur,rr rroBepxnocrr.r Marepr4a,ToB
12. Auawz rpaexropui HaHorracrr4rl ceAHMeHTarllroHssrft aualug. ylrbrpa3ByKoBbre

MeTOAEr;

13. Peirrreuogu$parquouuue Mero.qbr;
14. Slexrpouuar cfieKTpocroflr4r;
15. Ko:re6arelrna.r Mr4rpocKonr4r;
16. Heftrpounar4vqfparror'rerprzx;
1,7 , Marutz:rHa.s uefirponorpa$ux.

6.3, Boupocl,r Deftrlrur-xonrpo.ns

Peft rr,rur-xourp o,rq Ml
1. CxeMa ou'ruqecroro Mr4KpocKona r4 ocHoBubre lrapaMerpbr.
2. Kax Qopir,rrapyercx son4 n P3M.
3. Kar errur4ur ctreKTp BTopr4iutrrx 3reropouoB.
4. Kar $opnupyercr KoHTpacr a:o6pa:reuzr B rzgrr.ruHo BTopar{Hrrx 3reKrpoHax.
5. Oupe4ena'rr 4u(f par<4r.ronusrx npeger P3M, qeM Ha caMoM Aere 0[pe.(eirflerct pi peiua-

rouras cnoco6socrl P3M.
PeiiruHr-ronrp o,rn Nir2

1. llpuHqun pa6oru CTM. Tyuuellnrrfi rox.
2. Cunonoe n:arzrr,ro4eftcteze sou4-o6pa:eq n ACM.
3. Onruqecr<as cl{creMa perucrpaqrur orKJroHeHr,rt 3oHAa.
4. Murpocr<onzs rarepanLHbrx cr.ur.
5. Pa:peuarorqas cnoco6uocrr ACM e KoHraKrHoM pe)KaMe,
6. Meroa cpa:osoro KoHrpacra.
Peft rr,rnr-ronrpo.n.s J\!3
1 , Xuuuqecr<uft MeroA onpeAeneulrr 3JreMeHTHoro cocraBa.
2. @usuqecKuil Mero.4 o[peAeJreurzr 3JIeMeHTHoro cocraBa.
3, fparauerpuuecrufi uero4.
4. Turpunerpuqecrraft uero,4.
5. Arouno-aAcop6quouutrfi nero4.
6. PeHrreHocneKTpan6H blfi Meror.
7. Macc-cuerrpoMerpar.

6.3. Bonpocrr 4rrr KoHTpoJrrr caMocrorrreJrbHoii pa6orr,r:
1. flpearryruecrBa u rreAocrarKr.i nz6paqrzouurx MeroAr4l(.
2. lloreuqua,r JlenuapAa-.{x<ouca v 3aBr.rcr.{Mocrb cr4Jr or paccro.,rur4rr.
3. Pegosancua.s qacrora KanTrzneBepa.
4. Cutn'r,4eficreyorqrae Ha 3oHA.
5. MeT o4r,t rr,rareMaTlr.recxofi o6pa6orr<u ACM nso6parrenr.rfi.
6. Kpnatre [oABoaa-orBoAa
7. Cxeva rsar.rrrlo4eicrarar ocuoBubrx sleueHroe CTM.
8. Ka,rv6ponra cranepa r.r recrr.rpoBaur4e 3oHAa.
9. Apre$arrrr cKarrfipoBaHr4r.
1 0. Oxre-cnerrpocKonar.
I 1. fluSpanuu.r MeIJreHFrbx 3neKrpoHoB.
i 2. MarurEruo-craJroBar Mr4npocKorrzr.
13. Mr,rrpocxonug 6m.ixnero lo,nr,
I 4. llpocnevunaroqaJr gnetTpoHHajr MrrKpocKolr4s.



7. YqEEHO-METOAI4qECKOE I,I I,IHOOPMAIII,I OHHOE OEECIEIIEHI4E
AI4CUI4TIJII4HbI

OcHosHaq r'rr{Tep arypa :

1. BsereHlie r Selrronano$oroHaKy: Syugaveura.nurbre ocHoBbI ri Jra3epgble MeroAbr
y[paBnseMoro flolyqeHlzt 14 AI4arHocTI4KI4 HaHocrpyKrypl4poBaHHllx rrtarepuaJloe : yue6-
uoe noco6rze// C.M. Apare.rrxir z 4p.-M.:Jloro c,2015.-744 c.

2. Mero4rr rroJryqeHr,rr 14 r4ccJreAoBaHr.r{ HaHoMarepuaroB H Hagocrpy*Typ// A. curon - M.:
Eunou. Jla6oparopaa suanufi, 2013.- 184c.

3. Mero4rr IrccJIeAoBaHI,Is MI.iKpogJIeffipoHHbIX rz HaHogJreKTpoHHbrx Marepuaro.B 14 crpyK-
ryp. rlacrr II/BelnqxoA.A., OulanouonaH,Ll. - Hosoc'6.: HfTy,20l4. _ 227 c.: ISBN
9',18-5-7',782-2s34-3

.(ono.ruute;rrnarr Jrrrreparypa:
1' conpeneriuue MeroAEr crpyKTypHoro aHaJru3a BerrrecrB: yue6nrx / Kynpnnron M,o.,

Py4cxar A.f ., Ko$anona H.F. - poc.roe-H a-[ouy:I4ssarerrcrno IO@y, ZOO9. _ ZgS c.
ISBN 978-5-9275-0653-8.

2. Mero4lr ficcreAoBaullt MIiKpo3JIeKTpoHHLrx rz HaHo3JreKTpoHHbrx MareprzaJroB r.{ crpy6-
ryp. Cranr.rpyorqajr 3oH.qoBa{ Mr,rrpocxolu.rr. gacrr, I: yue6uoe noco6lze/ @unuMouosa
H.izl., Konlqon E.E.- 3nexrpou, TeKcroB6re Aaur{bre.- Honocr$zpcn: Honoeu6upcxr.rfi
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