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3ara'{i/' ALToII r4rr Jrr,rHbr :

IIoJlfreHZe sHarilaft o rrocneArrl4x Aocr]Ixerrrrrx s o6racrz rtavrpoouri,rrcu u
(popuuponaHne y cryAeHToB HayqHoro MbrulJreHr.rs u coBpeMennofi ecrlcrBenr
KapTr{Hbr Mvpa;
r43rreHlre ocHoBHbrx e$Qerron, rrpoqeccoB 14 tBneHraii, or
(fynrquounpoBaHr{e oneMeHroB z ycrpoftcrB Ha Mr,rKpoypoBHe B onruqec4oM I

KAK BbUIBJI'Tb

ecTecTBeHHOHayqHyro

cyrqHocrb upo6neu,
Bo3Hr,rKaroqrrx B xoAe
npo(f eccuoualruoft

AeTTeJIbHOCTI4, IIpr{BJIeKaTb

BbUIBN'Tb

ecTecTBeHHOHayqHyro

cyrqHocrb upo6loru,
BO3HI,IKarOqr4x B xoAe
npoQeccuonansuofi

Ae'TeJIbHOCTV, npLIBJIeKaTB

cnoco6nocrbro Bbur

ecTecTBeHrroHayq

cyrqHocrb .npo6nenr,

BO3HI,IKAIOIU,LIX B

npoSeccuc'ua.nlnofi

AEI{TEJIbHO (]TII, IIPIII}JIEKATb

1. rIEJrr4 O
Ilenuo ocBoer{r{r Ar,rcrlrrnJrr{Hbr (

zlaanuft s o6racrra 6asosrx npr,rurlurroB
gJreMeHToB u ycrpoftcrB, peufirsyeMbrx H

vIKr4)

a

rcqlrx
a30He;

o I'I3rreHLIe MeTOAOB aHanl43a LI pacqeTa gJreMerrToB rI crrcTeM Mr,IKpOOIrTtilK4 r{ HI,IKI{;
o o3HaKoMJreHlre OTyAeHToB C COBpeMeHHOfi Hayvuofi anuaparypofi I4 y Hrrx

HarrarbHbrx HaBbrKoB [poBeAeHr{fl gKcnepuMeHTaJrbHbrx nayvnr;n{
pa3nr.rqHbx (f u,sz.recrux -f, nreHLIfi r4 orIeHKr4 nofper]rHo creft rasuepeuzfi .

v[r4

KOHTpOIIt

qCCKIZMI,I

2" MECTO AI,ICqUIJII,rHbI B CTpyKTypE orlotr Bo
fiuuluntmHa <MuxpoorlTlrKa u (porouuKa) orHoctrrcs. Bi Ar,rcqu[rr]rHaM rr nu6opy

BapI'IarI4BHoft 'racru ocronuofi npo(feccuouanrrnofi o6pa:onarernsuofi rpofpaMMr,r. ytreHrre
AI{cIInlnI{rIbr npox.oALIT B BocbMoM ceMecrpe, TaK KaK oHa rpe6yer 6a^gonofi n,o,r{
o6lacrv Srnsrarcu, rsaHronofi vr crarncrr4.recroft Susurra, suanuft MeroAoB apgil4ga" 14

aMIiI,

IIaHocrpyKTypI'IpoBaHHbrx MarepI,IaJIoB u ct{creM, npoqeccoB Mr.rKpo- ut i OJIOn4ttr,
MexaHI4Kr'I HaHocllcreM u rpu6oloruz, ocHoB ylpaBJleHrrr rexHr{qe)cKuMl4
MaTepr{r}JroBeAeHVr HaHOCTpyKTypr.rpoBaHHbrx MaTep[aJroB.

A.nx rr3rreHrdr AkrcquflJrr,rHbr cryAeHTbr AonxHbr o6ra.4arr 3HaHrr.flMr.r. uflMvt u
HaBbrKaMu pa6orr,r c orrrr4Ko-MexaHr.rqecKr.rMr{ ycrpoficrnaur,r, na3eprbrMr{ 0 kI)
r{3Mepr{TeJnbHbrM u aHarrr,rrr{trecKr4M OoOpy4onaHueu, M}rKpoSne
cr.rcreMaMr4, gJreKTpoHr,rroft n Mr,rKponpoqeccopuoff rexuzrofi .

OcsoeHlae ApIcqrIrIJII,IHrr ueo6xoArzMo Ars npoxoxAeHtrfl. ntpeptnrrolruoft n
Bbr[oJrHeH]ns BhrlyoKHoft nnanu(pr{KarlrrouHofi pa6oru.

3. KOMTIE'IIIHIIUII OEYqAIOIUEIOCq, OOPMI4PYEMbIE B PE3Y bTATtr]
o c B oEHptfl IIII:\I4IIJII,IHbI

B pesynrrare rrcrreHrlr Ar,rcqurrJrr{Hbr cryAeHT AoJrxeH ocBor.rrE, cneAyroru4e

upo6reu,
peIIreHus

TII4KI4 C

poBaTb

o OIIK-2. Cnoco6uocrr BbulBrsrb eorecrBeHnoHarrrryro cytqHocrb
Bo3HI4KaIoIqux B XoAe npo(peccuoualrnoft AetITeJrbHocrH, npr{BJreKarb AJrs rirx
c o orB ercrn yrorqzfi Qus uro -na areMaruqe cK nfi . annapay

o rIK-l; cnoco6uocm npoBoAlrrb (fusnrco-naareMarr.rqecKoel poBaHr.re
I'IccJreAyeMbIX rlpoqeocoB HaHorexHoJroruu u o6rexroB HaHo- r4 Mr{Kpoc[oreunoii
I4crIoJIb3oBaHLI-eM coBpeMeHHEIX KoMnbrorepHbx Texnonorrafi ;o fIlK-3; roroBHocrb aHaJru3npoBarb ll cr,rcreMarr.r3r.rpoBaTb pe3ynbr,arbr r{ wir,
rlpeAcraBnjrrb Marepr4anbr B Br.rAe HayqHbrx orqeroB, ny6lzraqufi, npeseura\ufi.

B pe3yJrbrare ocBoeHlrr Arrcrlalnr{Hbr o6y.rarorquftcx ,qonNan lte
cneAyroque pe3yJrbraru o6pason anusi

YMET'b



AJUI r4X pemeHut

coorBercrByloqrafi (f usuro-
M areM arr,rqe crzft annap a.t

(onK-2)

AJrr lrx perreHr,rff

coorBercrBlrorqefi Susur<o-
MareMarLrqecruil arrlapar
(orrK-2)

I\JrfrUX pe[rqHr4f

coorBercrnyioqlrft
MareMarllqeorufi ar

(orrK-2) 
l

)II3I4KO-

rapaT

OCHOBHbIE rIOH'TUS }I METO,IIbI

reopr{rr ypanueuzff

MareMarr,rqecrofi (f usuxu
yMeTb I4C[OJIb3OBaTb

OCHOBHbIE 3AKOHbI

ecTecTBeXrHoHayqHbrx

AI,ICUPIIIJI,ITH B

npo(f eccuonalrnofi

Aerrenbnocru (IIK-l).

$ opuarrnsoB arb 3aAaqy,

cTpor{Tb a-uropuru ee

perrleHrrr, npoBoAr,rTb

lpusuno -uareMarrdqecKoe

MOAeJrrpoBaHr{e

lrccneAyeMbx flpoqeccoB

HaHorexHoJrorrltr Il o6rerros
HaHO- I,I MlrKpoc[crerrauofi

TEXHI4KI,I C I4CTIOJIb3OBAHI4EM

coBpeMeHHbrx

KoMlbrorepHbrx rexuororufi ,

[cnoJrb3oBaTb ocHoBHbre

npudrurr o6pa6orr<u u
rrpeAcTaBJreHr.rt

sKCleprrMeHT€rJrbHbrx AaHHbx
e cnoeft npo$ecczoualrnoft

AeTTeJIbHOCTT,I;

rrpr.rMeHf, Tb MaTeMaTUqeCKU e

MeTOAbr AJrr nocTpoeHr4s

MaTeMaTLIqeCKI4X UOnelefi u
I,IccJIeAoBaHus o6rerron
npo(peccraoua^nrnoft

AerrerrbHoctn (lIK- 1).

HaBbrKaMlr pdurenur

4raSSepeHulialrurn
ypanHeHufir Maret/ral
(|usnxrE ua yponne,

IIO3BOJIflIOIUEM

aHanr{3r{p0B4Tb

MATEMATUT].EOKI,IE MO

npr,rKnaAHb,rx 3aAaq;

HaBbrKaM?r pa6orr;,r n

npofpaMM:lrpoBaHplr

HaBbrKaMr4 pa6oTr;r a

uu(foprrraqueft s ruo
KOMnbroTepHsrX Celti

MeroAaMH uu(foprvra

TexHoJlofktfi c co6li
rpe6onauHfi

unSoprr,raquoHHoil

6egonacsocru (lll(-.

rqec rcofi

Ienr4

cpeAax

ianrrnrur

x,

u,IoHHbDi:

AeH14eM

).

coBpeMer{Hoe cocTorH}re r{

Ir ep crreKTl,rBbr p a3Bu' wIfl .

HaHolrHAycrpzvr (l1K-3 ).

ocyulecTBJrrTb

caivrocTorTenrurrft [or4cK r,r

anaur,43 neo6xolnuofi ans
npoQecczoHanrnoft

Aerre JrbH o cru r.ru $ op MarJHL1,

BbIAEJIflTb OCHOBIIOC

coAepxaHr4e us o6ulero
MaecuBa cne4eHnft (fIK-3 ).

HaBbrKaMr.r o([Qenrul

rrot4cKa Bo BceMlIpH(

Z.urepHer un$opnaar

HaBbIKaMr{ or6opa u
KOHCIIEKTTTI]HOIO

nlpeAcTaBnerHl-rfl II(]IJ
unu$opruau;uu e

coorBercrByrpqeiil
rrpe3eHrarluonnofi (f
(rrK-3).

HOTO

ft cerra

LII4;

qennoft

pMe

4. CTpyKTypA I{ COAEPXAHI,IE AI,ICUUIJII4HbI
99tqg4gyAoq"Kgcrb ArrcqwJrr'Hbr cocraBrser 3 sa-rergrx eAuHrrrl l0g qac.
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NOJIOXEHI4'

reOMeTpIlrtIeCKOf ,

BOJIHOBOfi, KBaHTOBOfi

I{ HENI,IHEfiHOfi

OIITI4KI{

Pefirnur-

Bsamvlo,ueftcrnue

3JreKTpOMarHr{THOTO

I,I3I) IeHn[ C

BEIUECTBOM

Teep4orenrnrre
I{CTOqHI4KLI II
4pr{eMHr,rKr{

Pefirznr-

Peftrzrr-

PagAe.n 1. OcnoBnrre [roJro?I(eHrrc reoMerpuqecrcoft,
rolnorofi , rceaHroeoii n ge.lr,rnefi noft onrurcu
Jleruu.a l. OcHosHble [oJroxeHrr.rr reouerpuvecroft u
eorHonoft onrnKr{
Jlexqux 2. Ocrronnrre noJroxeHr{-tr rsaHrorofi u nelunefinofi

PasAe.n 2. Bsallil,{oAeftcrsue gJreKTpoMarHr,trHoro

Jlerqr,r.{ 3. HsJry.rerure ld BerrlecrBo

Jlexqur 4. Knauronue pa3MepHbre

Jlexuus 5. Cuoco6rr ylpaBJreHr{f, orrrr,rqecKr,rM r,r3ryqeHr,reM

PasAefl 3. Toep4oreJlbubte ucrorlHuKr.t u npaeMHnKn

Jlexqur 6, I4cro.rHr,rxr{ HeKorepeHrHoro v3Jry{eHr4rr

JIeKrIrar 7. Tnep4orenu+re
Jlexqnx 8. TnepAorenbrtre qprreMHr{Kt4

PasAen 4. Onruqecrcr{e BoJrHoBonbr

Jleruus 9. Odreurnre n rrJraHapHbre onrr{qecKr{e BoJrrroBo.ubr

Jlexryrr 10. BoffrosoArsre crpyrryprr s o6reMrsrx o6pa_:qax
PasAer 5. (Doronsue r(prrcraJrJrbr u roJl
Jlexqux I l. @oroHurre r{ rroJrf,prrroHHbre Kpr{crnJrJrbr

Jlexqrs 12. Cnoco6rr roJrofpadruecxofi sanucra
PasAeJ 6. Onrlr.recKne MrrKpo3JreMeHTbr r{

Jlerqur I 3. OcHosrrrre KoMrroHeHTbr trHTemaJrbHo-

Jlerqur I 4. MlrrpoouroMexaHrfrecKlre cxeMbr

3aq€r c orleHKofi

OB NITC IIJIIIHb,I

Teurr, pagAeJrbr Ar,rcllr{rrJrnHbr



)aTOpHbIe 3aIIflTHA
Nb rvro4yna

AI,ICUZNJIIIHbI

Ns

riln
Havnrenonauue ul wtu KparKo-e coAep)r(aHv e la6oparoprrdx

pa0or
I )yAoeMK0crr,

(qacos)
Pa:qe.n 3.
TrepAorernurre
I4CTOqHI{KI,I II
TIPI'EMHHKI,I

H3JTVqEHH'

l',lb 3.1 HsyleHue KoHcrpyKr(r{u u reoMerput4
nonynpoBoAHr4KoBbrx rerepocTpyKTyp

I

2 }l! 3.2 I,IccreAosaHrze napaMerpoB nasepHbrx lIt4oAoB Ha 
l

ocHoBe reTepocrpyKryp
2

PasAer 4.
Onruqecrne
BOJIHOBOAbT

a Jtr 4.1 (DoprunponaHr.re orrrr4rrecKrzx crpyKTyp n npospa.urllx
MaTepr4anax

2

4 3aulura na6oparopHux pa6or z
Pasaefl 5.
Oorountre
KpI'ICTaJTJIbI 14

rolorDadus

6 J\b 5. I Jlasepuo-lrHAyrltrpoBaHHoe $opuupoBaHr{e
Mr,IKpOOnTHqecKHX SJreMeIrToB

I

7 Nb 5.2 Mo4rarfvxaqur rroKasareJr.s [peJroMneHh.s B

onrrrqecKoM BoJroKHe SenroceryuAHbrM Jra3epHbrM
U3n)^{eHII'M

2

PasAer 6.
Onrnqecrue
Mr,rKposJreMeHTbr r4

yc'rpoilcrna

8 Nb 6.1 Zsyuenue KoHcrpyKrlr,ru r, feoMerpur4 rrrHrerp{urbHo-
OIITHqECKHX SJIEMEHTOB

2

9 J\b 6.2 Hsyueuue rexHoJroru[ cBapKr{ orrr4rrecKr4x BoJro]KoH 2
l0 3arqura ra6oparopHrx pa6or 2

IITOIO: 1,6

6. OIIEHOTTHbTE CPEACTB A l\Jrfl, TEKyrrIEfo KorITl
yCIIEBAEMO CTr,I, ilp OMEII{yT OTIHOfr Arrn C]TAIII,In n

ocBoEHLItIAVICJ\I,IfIJII,IHbII,IyqEEHO-METOnnql
OEECIIEqEHUE CAMO CTOflTEJIbHOIZ PAB OTbI CTY

Ha upaxruqecrcrax 3alufl"rprflx, opueHTr,rpoBaHHbx Ha rrpeAMerHyro or

npoQeccHonanrHofi Ae.f,TeflbHocrn cryIeHToB, Kol{Tponr4pyercr creneHb ycBol
ocHoBHbIX TeoperI,IqeoKLIX noJloxeHl4ft rro ocHoBHr)rM prBAeJIaM AIrour4rrJrlrHlbr.

5. OBPA3OBATEJIbHbIE TEXHO.IION,IU
o JreKrlrroHHo-ceMr{HapcKar cvcreMa o6yuenzr (rpa4uquoHHbre 

:

ra6op aropHbre 3 aHrrrr.r{) ;

OIIPITMEHEHI,IE MYNrTI,IMEAI{A TEXHOJIOTI4ft (NPONE4EHT4C NEKIII4OHH];rX
saHgrr,rft c [pr4MerreHr,reM KoMnbrorepHbD( npe3eHTarluit u AeMoHcrparlHor
rroMorrlbro npoeKTopa r,rJrr,r KoMrrbroTepa) ;

o o6yqenue B MaJrbrx rpynrax (nrruomreuue ra6oparopHbrx pa6or B rpyr
rpex uenonex);

orexrroJroH4r rpo6neMHofo o6yueurax (case study). llpn paccMorl
IIpaKTI4qeCKOfO [pI,IM0H9HI4.{ paCCMOTpeHHOTO Teoperr{rrecKofo MaTepiliuri
ruatror co cryAeHTaMV Ha npeAMer Bo3MoxHbrx crroco6oB perrreHujfl nocraBJreH

. Macrep-KJlaccbl (4erraouctpaUplfl Ha npaKTr.rqecKrrx 3aH{Tkrrx [pr4HU mr(
rro pa3nuqHHM reMaM);

oI4H(bopMaIIzoHHo-KoMMyHIIKaIIr4oHHbre rexHoJrorr4r.r (npnueHeuue Lr.

TexHonorufi Sttx MoHHTopI4Hra rexyqefi ycrreBaeMocrr.r cryAeHToB r.r KoHTpoJr{

)JIACTb

)IIt4fl. g'

neKlru4(

u ceN

IHbIX I

MAX H3

)EHIiI]II

l, krQl].

uofi sa,

)B pacrl

a(fopvrr
znauui

,OJI.fl

O I,IT(
DCKOl

6yayqefi
/AeHTaMU

HHbIE U

prHapcKrzx

OII4KOB C

AByX r,rnlr

BOrrpocoB

)nb3yeTcs

\aqu;
iTa 3a\arr

ur{oHHbIX

).

,fAM

Tenyunfr KoHTpoJrb pefiruur-rcoHTpoJrb ycrreBaeMocrr.r ocHoBaH Hq oueHKe
HeCKOJIbKLIX COCTaBJIflIOmUX.



l. Pesylrrarrrpeftrunr-rourpor.rr.
2. Brrnonuerure r,r 3arrlt4Ta na6oparopubrx pa6or.
3. Bnruonnenue npaKTr,rrrecKr4x saAanufi.

l. Outraqeorze KoHcraHTEI, cBeroBble Jrvqu.
2. orpaNeuLle lI [peJIoMJIeHI4e cBera Ha rpaH]rrle pa3Aena AByx cprl,{, rBneHr4e noJrHoro

BHyrpeHHef o orpaxeHr4r, rpoxoxAeHr.re cBera qepe3 rroFJrorqarcque cpeAblr.
3. 3lerrpouarHl4Tnble BoJIHrI, ypaBHeHr{e Maxcserra v rpaHr4qHbre ygJroBr4fl.
4. I4nrep0epenqur u gzQparqur cBera, xorrrnrercrruft rroKa3€ufenb npeJroMJreHrzr,

loKa3aTeJrb [orIoIIIeHI,IS.
5. Oagosas u rpyflrroBar cKopocrb cBera, 1tkrcilepcvrfl.,

Kpouzra.
6. Ilourpusaqux TIJIocKI{x BoJIH, pacflpocrpaHeur.re cBera r] r,r3orporrHbx kr

aHr{3orporrHbrx cpeAax, gnoft uo e nyqenpefloMJreHr.re.
7. Onril.recras aKTr,rBnocrr H $apa4eeBcKoe BparrleHrre.
8. KeaHroerte flepexoAbl [pLI B3al4MoAeftcrnran c gneKTpor\{arHr4THE,rM H3JD {eHrzeM.
9. Cnoutanuoe I{ BbIHyx.qeHHoe r43ryqeHue, xos$(puqr{eHrbr 3finrurefina.
10. KuuerrzqecKl,Ie ypaBHeHI4t, ycllJreHr,re H leHeparllrf, o[Tr,rqecKofo ][3nyqeH:r4{.
1 1. MoHoxpoMarllqHocrb, noJrtprrcarllrr, KofepeHTuocrb, HarrpaBJ]euHocrb Jrff]epHbrx

nrrKoB.
12. rlpocrpaHcrBeHHoe, aM[Jrr.rryAHoe, rroJrrpkr3arlr4oHHoe, qacror]roe,

(f aronoe npeo6pasoBaHLre Jra3epHbrx n1n{KoB.
13. HenuHefiur,re flBrren:zfl BToporo rropf,AKa, sneKTpoMafHurlafl,

seruneffnofo B3arlMoneft crsus.
1 4. Henuu eitu.as [onrpr.r3yeMocrb KpLr craJrJra ra Hennneft nrre oIITLIqecKI4e e(f $,erru.
15. fenepaqprr rapMoHr,rK.

16. Ycnosue (pasonoro cr4HxpoHvrsMa.
17. llaparuerpuqecKr.re upeo6pa3oBaHr4t B OIITI{Ke, HacTpo,fiKa rlutcToTbl B

napaMeTpr4qecKrrx fer{epaTopax.
18. Moaynsropbr Ha ocuoBe o[Tr,rqecKoft neluueftHocr]r.
19. lFlenuHeitnas orrrr.rKa lr MoJreKyJrrpHoe paccerHr.re cBera.
20. 3epranrnoe orpaxeulle, Ml,IKpouepoxoBarocrb rroBepxHocrtr Lr feoMerpurrecKrire

HeoAHOpO/IHOCTr.r

21. MnorocloftHrre Hri3KopzBMepHrre KoMrro3r{rlun.
22. I{s anro B bre orp aH v'venr4fl .. P as uepu ue s (f (f errtr.
2 3 . Mero.qbr rroflyqeHr.rr HaHoqacrr.rq I,t HaHoMarepr4rrJroB.
24. I{sautoBl;re rorrKLI, KBaHToBarr npoBo JroKa, HauocJror4.
25 . lT.epuoAr.rqecKrte KBaHroBo-pa3MepHbre rerepocrpyKrypb].
26. Snerrpounrrfi cneKTp AByMepHbrx pr orHoMepHbrx crzcreM.
27 . Anru,recKr.rg rrepexoAbr B KBaHToBo-pa3MepHbrx crpyKTypax.
28. 9nerrpoo[T]IqecKlle MeroAbr ynpaBJrenr,r.s olrr,rqecKr{M r43JrrreHr.reM.
29 . Axy ctoorrrzqecKr4 e Mero.{hr yrrpaBJreHns o.'TuqecKuM r.r3nyrreHr{e]M.
30' MarnraroonrllqecKLle MeroAhr ylpaBneur,rr orrrr{rrecKl4M H3JrrreHr4:eM.

Bonpocu peftrra ur-rourpolr Jrlb2

1. znNeruuorrHbre rrcroqHr{Kr4 cBera Ha ocuoBe roMo- rr relepolepeKoAoB.
2. I4sly.rarerz c npeo6pa3oBareJreM cneKTparrbHofo cocraB a Lrsry.crel;.ug .

3. ?Iu(fpaxpacHbre r,Bnyqarerrr.r.
4. Jlasepu Ha KprrcraJrJrax u creKJrax.
5. OcuonHrre cuoco6rr nonyqeHzs lasepuoft KepaMr.rKrz.
6. Onru.recrcue pg3oHaroprr, 4o6porHocrb.
7. Mo4u na3epHoro pe3oHaropa.

cooruorireune Kparvrepca-

BpeMeHHOe Lr

$oprraynuponra



8. Jlaseprt c ceJIeKIILIefi uoA, rlepecrpar{BaeMbre r4 qacrorHo-MorynprpQBaHHrrp na3epbr.
9. l4nNenquouHbre Jra3epbr Ha rereponepexoAax.
10, Oorope:lrlcropbr, (foro4uo4rr, lpororpaH3rrcrophr, QoroylrHoxutenfi.
I 1. CnerrpaJrbHbre, gHeprerl,rrrecKr.re, qacrorHble xapaKTepr4crr.rKr,r.
12. II3C lnneftru r4 Marpr4rlbr, MlrKpoKaHiurbHbre rrJracrr4Hbr.
13. OcrosHbre rrouflTrrs. Teoplru BoJrHoBoIos. florHoe BHyrpeHuee

ycl,IireHr4 e orrTulrecKux cl4fHilJroB.
14. O6reuHbre lr [naHapHEre oilTr.rqecKrie BoJrHoBoAbr.
15. PacnpeAeJleulae MorIIHocrLI, coorHorrrenrrfl AJrr ryqeBoro r,r BoJrHorBoro
1 6. Henuuefi uo-ourraqecKr,re slpSerrrr n 6psrroncKr{x BoJrHOBoAax.
1 7. Mexaru,r3Mbr Bo3HtrKHoBeHr4r norepb B orrrraqecKr4x BoJrrroBoAax.
1 8. SnervreHTbl TeopHlI orlTtlqecKrix HaHoaHTeHH.

I 9. CoeauHeHr,re rd cparqr,rBaHr.re olruqecKr,rx BoJroKoH.
20. OnrprqecKpre MyJrbrr,rnJreKcopbr r{ AeMyJrbrr.rnJreKcopbr.

Bonpocrr pe{r4sr-r<oqrpom Ns3
1. ooronnue Kprdcrannbr r,r MeraMarepr.ranbr. flonsrue 3anpe[IeHHofi gourr.
2. PactpocrpaHeHlle cBera n Sorounrx MarepvirJrax c 3a[peuleHHoii soHoi.ir.
3. Mo4enupoBaHne orrrrzqecKux e(f(perron n Qorouubrx Kplrcrannax.
4. Cnoco6r,r rroJrfreHr{r peanbubx (forounrx Kpr{craJrJroB"
5, OrpuqarenbHble rloKa3areJlb rrpeJroMneHras. MeraN,{arepkranbr u

MaTepr,raJrbr.

6. Meranonepxuocrrr. Alrouanuroe [penoMJreHr,re v orpaxreHr.re.
7. KonnoprAnbrepacrBopbr.
8. Ocnonrr JIoKaJIbHo ycunennoft orrrr{rrecKoft naarpocr<orrvrvu cnexlpocKorr}ru.
9. (Dopnruponauue zso6paxeHufi v oro6paNeHrae nu(fopruaqrm s rroMorrlbro
paruunofi orrrr{Kr{ u ronoroaduqecKux crrcreM.roJrorpaMMnofi ou'rr,rrIl !r roJrorpa(f u.recrux crrcreM.
10. O6seL{Hat roJlorpa$ut u (forouyncrBr,r'reJrbHbre Marepuanbr AJrf, ronorptrfiuu
I 1. fouorpaMMHbre u 4u(fpanqrroHHbre orrruqecKrre gJreMeH,rbr

12. fonorpa(puuecrax unreplfepoMerpr{r, ronorpa(pra\recKaf, rraMrrb, onTr4Ko-
rororpa(puqecKar o6pa6orxa un(f opuaqnu

13. Cuoco6rr Auaruocrr4Kr,r HaHo- lr Mr{Kpoycrpoficrn.
14. VcrpoftcrBa r,r cnoco6rr BBoAa r.r BbrBoAa r,r3[yqeHr.rs.
15. Onru.recKlle pacnpeAeJIrITeJIbHbIe r4 KoMyrarlr4oHHbre ycrpoft,crna,

oTBeTBI4TeJII4, IIepeKnIOqaTeJII,L

16. Onrfi.recKl,Ie crreKTpaJlbHrre (fvnrrprr, uurep$epeHrllronrHbre noKpbrrr.rs.
1 7. VnpanJr{eMbre 3epKaJra n 4u(pparqrr oHHbre perrerKr,r.
18. JftaIEngrt (Dpeuerr, (ponycr.rpyrcq[e KoMuoHeHrbr rrHrerpanbHoft orrlr,rKu.
1 9. OnrolrexaHr,rqecKlre KJrrorrr4.

.lpaxeHr.ref notrn" ,

runep6pnuqecK14e

HanntaBneHHr,re

20. MexanuqecKr,re cKaHr.rplrorque MraKpo3epKana,

4ra(pparquoHHbre peurerKr,r.
Jrr4H3br, MOAyJrflTOpbr

IlporuexyroqHaq arrecrarluff [poxoAr{r n (fopnae saq0ra c oqeurofi'
BonpocH r saggry c oueHKoft
1. KsaHrono-pa3MepHbres$(perru.
2. OcuosHbre rroJroxeHr4s reoMerpr.r.Iecxoii orrrr4KLt.
3. KraccuqecKr{e pa3Mepuue e(f(ferru.
4. OcnosHr,re rroJroxeHr4s eorHosoft orrrr4Kr.r.

5. I4cro.ruuru HeKorepeHTHoro r,r3nfreHr,rr.
6. OcnosHrre rroJloxeHr4r KBaHToBoft ouruxz
7. Tnep4orerbHbreJra3epbr.
8, OcnosHnre noJroxeur.r.f, Her[Heftnofi onrnrz.
9. OoprranponaHr.re BoJrHoBoAHbrx crpyKTyp B npo3paqHbrx cpeAax.



1 0. TnepaoreJrbubre rrplr eMHr.rKr{ Lr3JrfreHr4Jr.
11.

12.
13. cxeM.
14. (DorouHble KpllcraJllrr. PacnpocrpaueHr,re cBera n (porouHrx Marepr,raJra[K.
15. Ousz.reoKlre oco6ennocru pa6our rerepocrpyKTyp.
I 6. Mzxpoorrr,oMexaHlrqecKr,re cxeMbr.
17' o6rer'rHat roJlorpa$uxu (poro.ryrcrnr4renbHbre Marepr{,eJrrr AJrr rroJrorp etSnu.
18. Cnoco6u nonyreHr4r na3epHofi uauorep aMLrKLr.
1 9. OurosHbre floHrrufl TeopprHBonHoBoAoB.
20. Merauarepr{anbr rl runep6onr4qecKr,re Marepr..ranbr.

CaMocrosreJrbHas pa6ora cryAeHToB BKJrroqaer u ce6s:
1' Ay4Izropnas caMocrotreJlbHat pa6ora cryAeHTa rro Ar'cqunJrr*e, BbrrorH.f,erc.s Ha

na60paropHblx t4 [paKTrqecK]rx 3aH.rrrr4f,x rrpI4 perireHr{r4 garaq.
2' Bueay4lr:opuax caMocro.areJlbHar palora BbrrroJrHtrerc.f, oryAer{ToM rrp}ryrny6neunoM ll3r{eHr4r4 AucIJvrrIJII,IHbI rlo TeMe upofi4enuoft lerqurz, rpr4 rroAroroBKe K

na6oparopuuivr pa6orau. ocronnofi Sopnrofi calrocrosrenrHoft pa6orrr a"y4.*rru flBJrrercrr
u3rreHr4e noHcrreKTa nexquft, peKoMeHAOSaHUOft rr{Teparypbr.

caiuocrosreJlbHa.fi pa6ora 3aBeplraer 3aliavn Bcex Apyrt4x BlrAoB yre6noro [poqecca r4
MoxeT ocyuecTBntTbct Ha IeKqLIsX' ceMHHapaX, npaKTI{qecKLttX 3alflTkIflX, na6oparopnux
3aEflTvIsx, KoHcyJlbrallusx. Kar Soprrla opraHlr3alluu yue6uoro flpoqecca oaMc)crorreJrbHafl
pa6ora cryAeHToB npeAcraBJlfler co6ofi qeoerranpu"n""rrya cucreMarr{rrecKyro .4errrenbHocrbno nprEo6pereHr{ro 3nauufi, ocyqecrBn eMyro BHe ayAr,rropvu.

Koutpolr BhrnoJIHeHI{t caMocrotrenlnofi pa6ouiocyulecrBnrerc{ E xoAe pbrrroJrHeHr.rs
LI 3aIrII4TbI la6oparopurx pa6or no AI{cq[[JILIHe, [pr,r BbrrronHeHr.r]rr [paKTr4qecxux sa4auzfi, ua
saq€re.

Bonpocrr .u4s_ffo
1' oco6eHnocrI4 B3aI'IMoAeftcrnusgneKTpoMarHr,rrHbrx BoJrn c MuKporo6beKTaMr4.2. Ypanueuux 4la pac.rdra Soronnrrx Kpr.rcruurnoB.
3. Bu6op Marepl{anoB orlTl4qecKnx KoMrroFreHToB na3epHbrx. cr4creM.4' Texuonoru'recxuft ,'poqecc LI3roroBJIeH[s aKTr4BHbrx oJreMeHToB n:a3epHb]x crrcreM.5. MeroArr orleHKri [apaMerpoB na3epHbrx ycrpoftcre.
6. Mzrpo v HaHona3epbr.
7' MexaHusrulu $opirrr,rpoBaHrrr grrr.rraKcr,raflbHhrx nJreHoK.
8. T'exnonorzl npodonoAroroBKlr MarepuaJroB,
9. SSSercr f[onnuepa, cABr{r r4 yr[rpeHrae nuurafi.
10. SQSexrtr Orago u CaHrsr€.
1 1 . EonoroHrro-orrrr.rqecKLre rprpocKonbr.
12. Mero.qrr frasonofi KoppeKrlr4r.r BoJrHoBoro $ponra.
13. Oco6eHHoclr4 rzuep6olzqecKr{x Marepr4aJroB.
14. TexnoJrofrru s o6racru 3arqr,rrHbrx roJrorpaMM.
15. fonorpaSrz.recrax rraMf,Tb.
I 6. ontz'recKl{e crlcreMbl I4cKyccrBeHHofo I,IHT.JIJT.KTa.
17. Cnepxcro
18. Cracrerrau
19. Cracreuu
20' r4uterpaqut MexaHI{qecKI4x, olrrllqecKilx u sJreKTpoHHhrx rKoMrroIreHToB

Mr.rKpoypoBrre.



7 . YqEBETO.METOAITTIECKOE I,I TIHO OPMAIII,IOHHOE OEECIIEqEH}IE
Arr cqruJrr,rHbr (M oAyJrfl )

a) ouronnafi Jtrrreparypa:
1' Aparenru C'M. BneAeuIae n (feurouauo$oronurcy: r$yn4aiuer{TaJrbHr,re ocHoBbr r{

JIa3epHbIe MeTo.{bI yrlpaBnf,eMoro IloJlyqeHplfl tr ALIafHocTI4]KrI HaHo,cTpyr(Typr.rpoBagHbrx
Marepl'Iarlon: y're6uoe noco6ue ro HanpaBJIeHlIsM noAroroBKu 6axananp"*i ZOA4OO IZOOZOO1"OnrorexHzrca", 200500 "JlasepHax rexnuKa !r Jra3epHbre rex.HoJro ruu,, 200700 iZOOOOOj"OotouuKa z onror'rrr(popMarl4Ka" v clerlr4iurr,HocrrM 200200 "Olro,r,exHr,rKa.,, u 200201
"Jla-:epuzur rexHr4Ka rz Jra3epHbre rexHoJroruu" I c. M. Aparen xn f_u rp.] ; no4 o6rq, pea. c. Mt.Aparenffra.- MocKsa:Jloroc, 2015 .- 743 a.:ur., ra6r. +-l ,o*rllonr. on:r. ar.rcx (cD_
\oiutl (211 M6) '_- Bz6nnorp. B KoHrre q. -- c. M. ApaxeraH, A. o. Ky.repnrc, ri. r'.
Ilponouren, B. f" Pay, A. f. cepreen - nperroAaB arerruBrfv .- IISBN g7g-5-gg7a4..gI2-2.

2' Metawatepr4EuTbl I{ crpyKTypHo opraHr.r3oBaHHbre cpeAbr ,4Jrr orrrooJreKTpo1rr4Kz, CBr{-
rexHr.rKr,r a uauo(lrorogr.rKr{ [Snerrpouuuft pecypc]i A.Io. An4eena [u: ap.].-- orexrpou.
reKcroBbre AaHHrre.- Honocra6upcr<: Cz6r.rpcxoe orAeJrenrae PAI{,2013.--- jO8 0,. .- FeNrzu
Aocryrla: http://www.iprbookshop.rul32823. 

- 3BC <IPRbooks)). - ISBN 97g-5-7692-1310-6.
3' onruqecKoe Marep[aJloBeAenIae. Marcpuulsr rr orrr]rqecKze oJreMeHTbr B (forouuxe

[3ner<rponnuft pecypc] : y.re6Hoe uoco6ue / A. f. fryqeuxo, E. fI. fnyqeuxo, f. I{.
fonuapona, C. B. Xyron. 

- 3nexrpoH. TeKcroBhre AaHHbre. - Camapa : llonorNcrni.i
rocyAapcrBeHnrrfi yHI'IBepcLIrer reJleKoMruyHzraqzft ra zH(popruarurcu,2017.---241 c. 

-222,1-83 97 . - P exnrra Ao cryrra : http ://www. iprbo okshop. ruiT 5 3 g 5 . htm
6) lono.rrur{TeJrbHafl Jrureparypa :

l' (D[suKo-TexHLIqecKrIe ocHoBbI MI4Kpo- Lr HaHoycrpoftcre [Onexrpounr,rfi pecypcl:
y're6noe nocoluel 

- SnerrpoH. reKcroBbre AaHrrbre.- Canaapa: pEABZ3, 2010.- 60 c. ---
PeNuu.4ocryrla: http;//www.iprbookshop.ru/10148. 

- 3BC <IpRbooks). ISSN 2227-g3g7
2' lJJaugapon C.M. BseAeuze B KBaHroByIo u orrr4rrecKyro oJreKrporrmKy [3rner<rpouHufipecypc]: y'Ie6uoe noco6ze/ IIIaH4apon C.M., Bamrnpona A..W.- Oxerrpou" reKcroBbre)

AaHnrre.- ToucH: 'llolvrcrnfi rocyAapcrBennrrfi y"ruuepc"rer crccreM yrrpaBJreHr{, ul
paAI{oorIeKrpoHI{KI{, 2012.- 98 c. - PeNuira Aocryrra: http://www.iprbookshop,ruttZOZZ. 

-.3BC (IPRbooks>. ISSN 2227-8397.
3. Opnr'rros JI.H. Ocrroerr rexHoJroruIu orrrr{qecKr{x Marepr.rarroB u uz1emtii. gac6 I

rErcos JI.H.- 9lerrpou. TeKcronbro AaHr{bre._
T CVCTeM ynpaBJreHr.rs. u pa4uaSJreKTpoHr4Kpr,
iprbookshop.nr/13959. 

- OBC <IpRbooks>.

4. opnur<os lI.H. ouroerr rexHoJloruv orrrr4qecKr4x MarepvaJroB u uzgerrwit. Vacrs 2
uron JI.H.- 3nexrpon. TeKcroBbre ,4aHHbre.__
T Cr,rcTeM ynpaBfleHr,rfl m p%LroeJreKTpoHr4Kpr,
iprbookshop.rull3g60. 

- OEC ((IpRbooks).

B) [epuoAr.rqecKrre r{3AaHrrfl :

1. xypnan <Knauronar oJreKrpoHr.rKa). ISSN:r063-7g1g. Apxun
Aocryrra: http ://www.mathnet.ru/qelarchive.

2. )I{yplrrwr <<Oorouura>), ISSN: 1993-7296.
http ://www.photonics. su"

Apxun HoMepoB.

3, Xypnar <Ilpurna4nar $oroHuxu, ISSN:24 ll-4375.
Aocryrra: http: I I applied.photonics.pstu.ru/archives.

Apxun

4. xypuan <IJauocucreurr: (fusuKa, xr{Mrzr, MareMarr4ro, ISSN:
rroMep o B. P eNzu Ao cryrr a : http : I I nanojournal. i fmo, nr/arti cl e s.

HoMepotB. PeNzu

PeNral'r Aocryrra:

HoMepoB. PeNnu

2305-7'l)TL Apxzn



B. MATEPI4AJIbHO-TEXHIIqECKOE OBECTIEq EHI,IE
ArrcuuIIJrr4Hbr

Jlerq{onuhle ayALITopI{}I ocHarrlenbr AocKoft (l* MeJra krJrr4 lraprepa), e6par{oM AJrf,
rrpoeKrllroHqhrx crrcreM, rrpoeKTopoM r{ uoyr6yrorvr.

Ay4zrloptlIE 4nr trpoBeAeHrlr_ naloparopHbrx saustuir ocHarrleubr ycraroBKaMr.{ rrrfl
BhrloJrHeHvd na6opa:ropHbrx pa6or:
Jt 3'1 I4sy'reuve KoHcrpyKuI4I4I,I reoMerpr,ru rroJry[poBoAHr{KoBbrx rerepocrpyKTyp
J\! 3.2 zccre4onarue rapaMerpoB Jra3epHhrx ArroAoB Ha ocHoBe rerepocrpyKryp
Ne 4.1 oopuraponaHre orrrr,rqecKr,rx crpyKTyp B npo3paqHbrx Marepr,rarrax
Il! 5.1 Jla:epno-nu4ylltlpoBannoe (foprr,rrapoBaHlre Mr{Kpoorrrr.rqecKr.x eJreMerrroB
J\b 5.2 Mo4u(pzraqru noKa3arenfi rlpeJroMJreHr.rr B o[rr,rqecKoM BoJroKue (feurooeKyHAgbrM
na3epHbrM r.r3JrrreHr.reM

Ilb 6.1 Zsyueurae KoHcrpyKIIt4I{ I4 reoMeTpkrr.r r.rHTerpalrbHo-onrvqecKr4x oJrer\4egToB
Ns 6.2 Irlsy.roune rexHoJrorulr cBapKu orrrrrrrecKrrx BoJroKoH



Pa6o'Ia{ up$rpauua AtIcqulJII4HBI COCraBJreHa B COOTBerCTBlrrr c tpe6onauu,rMrr O|OC Bo noHarrpaBner{rb 28.03.0 1 H*or.*rooo*+

Pa6ouyro nporpaMMy cocraBrrJr

PeuenseHr
(rpeAcraBr.rr]em pa6oro4arenr)

(uecro pa6orn, AoJrxHocrb, OIIO, noAuncr)

llporpauiraa paccMorpe*a u o4o6peua Ha 3aceAaHuz xaQe4prr (Du.

llpororon Ml or 03.09.2018 roaa

3ane4yrorqzfr ra$e4poft

Pa6o'rafl npdrpan'riraa paccMorpeua Ia oAo6peua rra saceraHnkr y.re6no-rvreroAr.rqecKo it rcoyruc>cuu

HanpaBneH"n 28.030 LHurotar"ooo."" 
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Apareun C.M.

Apaxenss C.M.

Jrr{cT IIEPEyTBEPXTAEHAfl
PAFOrrErz [porpAMMbr Ar,rcuullJrr4Hhr (MolyJrfl)

Pa6oqax nforparurrraa o4o6pena na yve6Hrrfi ro4
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