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{emruu
1. IIE,TI,I OCBOEHU-f, AUCIIITIJII,IHbI

Al{currnJrr,rHhr (rtroayrtl) Ocllogrr orITI{KI,I rBJrrrorcr nocneAoBaretrbuoe
paccMoTpeHr.ie o sBreHI.Iii Ha ocHoBe e.ql,rHoro 3neKTpoAltHaMllqecKoro rro4xoAa.
,{ucqun:ruua onrrrKr4D lrueer cnoeii qemrc c$oplrupoBarb y cryAertroB lonxMaHr4e
TeopeTlrqecKr4x r.t ocHoB coBpeMeHHofr onrI.I(I4 a nparcTltl(y npr4MeHeHris
tIOIyr{eHH6rX

rexgolorufi.
3aAaqn

. u3yrleHlre ocHo 3aKOHOB pacnpocTpaHeHr.rl CBeTa c TortKll tpenzr uaccrl.recxoft
3JI fi eoffronoi reopzz Mar<crerra-JlopeHqa;
u3rleHlte ocH 3aKoHoB esauuo4eficraua cBeTa c BeIIIecTBoI\4t s IriB€:iiHoI!,I
upu6:rr.rNenulr ocHoBe MoAeJrr{ JlopeHrla Anr MaTepr4aJrr,rrbrx cpeA;
ocBoeI{Ee euu.a $ynaalrenrtul bHbrx $lrruvecxux 3aKoHoB orTTrlqecK X .rsreHuii .qn-{
onr4caHllt fip on QynxquouupoBaur4r pa3JrfiqHbD( orrrrzqecKrzx npu6opon u csrcreM,

TEXHIZKV:

. npuo6pereHl4e oB caMocrosrerbHoro pe leHr{t rlznoBbrx 3allaq BonHoBofi otITI{(.a.

n (fyn4arvrenralbubrx r{ [pr,rKJraIH;Dr rlccneAoBaufi.f,x s o6racru na3epu6x

MECTO AI,ICUIITIJII4HbI B CTPYKTYPE OTIOTI EO
<Ocnosbl orITr{Kr.I) orHocl4Tct x 6asoeoft rlacrlt ocH.ongofi

HaBbrKr.r, nonyrreHnbre tr3 Klpca <Ocuonu oflTliKa)),
KBaIIToBo'
na3epHoro
<Hayruo-

lg.arpIcaHvg

efi[reM npr4 rty.reHltfi cneA]'roqr4x ArrcqunnlrH <Ocsogrr
orrrvKa), <Healrrrefi nas olrr4Ko), <BsauMo.4eiicrBr,re

QopMr4poBarb MlrpoBo33peHqecKyro flo3r4rllxo Ha ocHoBe $r.uroco$cr<ux

BKJIIOqfuI

[ucqau:rr.rua
npolpeccaonalurofi nporpaMMr,r.

tr4:yrenue ofi 4ucqunnuuu flpoxoAirr n 4-5u cerraecrpax lr 6asupyercr Hil 3Har asx,
npIEo6pe'rduuux B paMKax o6rqeo6pa:onarenlHbrx KypcoB <Dusar:a, Mareua.rrar<a,
Ocuosu KsaHronofi z:uxu, Teoplrr neporrnocreft u MareMarr.irrecKaf, crarrrcrlKa.

3sagu.g
ucnonE3).roTct
9neKTpoHI4Kr.I)),

r.r3ryreHr4s c
<Ko

IICCJIeAOBaTeJI6CKaT{

nrmycxnofi rnalurp

3. KOMTIE

OIIK-6: cn

IIK-5: cnoco6s
COOTBETCTBI,II4 C

CXCMOTCXH14IIECKOM

B pesy:urare
yKa3aHHbrx KoMn

TCMATI4 qCC KI,IMI4 MO

t4

B

ouuofi pa6orur.

oFyqArorIIEf oc.rl, oopMLIpyEMhrE B pE3lJrIbTATE
ocBoEHI4_fl Ar.ICIIr4rIJII,IHbr (MOAynfl)

B pesyrlrare .{ucqunnvuhr <OcHosll orrrrrKa) o6yraroquilcr AoJrxeiH ocBor.rrb
cneAyrcque Ko

, <flpzr<nagua"n olrrzK ), <Jla:epna.a rexHriKa),
pa6ora n ceMecrpe), a raxxe 6yAyr npzrr.reneHLr ,qJrt

ff AerrenbHocrr.r.
co6uparr,, o6pa6a:rrrnarr, a.tranr.r3r.rpoBarb ri

OK-l: cnoco6u
guauufi.

OIIK-4: cnoco6n yqI,ITbIBaTr, COBpeMeHIIbIe TeH.EeHUI4LI pa3ButTldg, TeXHIIKLI U rexlC,lOrUft
n cnoeil nporfeccno

HayqHo- nHQOpMarIUrc rro TeMarr{Ke r4ccneAoBaHr.rt
fIK-l: cnoco6 K aHalra3y fiocraBreHHofr 3aAaqu Lrccrre4oBaHrlfi B o6lacru
nplr6opocrpoenra-r.
IIK-3: cnoco6n K rlpoBeAeHurc z:lrepeuraft u uccneAoBaHris pa3nr4qHbrx o6.texros ro
3aAaHHof MeroAr.rKe.

cr4cTeMaTr,I3LIpOBaTb

KOHCTpyr.rpoBaHr.rlo B

Aera.aefr 14 y3no.B Ha

K aHaJrr.i3y, pacqeTy, npoeKTr4poBaHr{ro fi
3aAaHr4eM TrrloBbrx cacreu, npu6opoe,

3JTeMeHTHOM ypOBHrX
ocBoeHIis alzcqullnllHbl CTyAeHT AOnXeH AeMOHCTpnpOBaTb ocBoeHl{e

no AecKpr4[TopaM (GHar{r{r, yMeHr.r{, BJraAeHr4r), B COOTBeTCTBT,TT4 C

NON)^IEHHbIE 3HAHH' B IIOCIEAYI()UIEMAuculltrJll.iHLr, IpIrMeHrTh
o6yreur.ru u nalr,soft aerreJrbHocrrz :



rpunoco$crrx zuanufi ats $oplruporanur uuporosspeuuecxoft
Iro3r4III,IIO Ha r4X ne (OK- 1 ); cnoco6socruo yqr.rrbrBarr coBpeMeHHLre rer{Aenr{ut{ paJlLrrr4fl
onTI,tqecKofi u rexso:rorufi n csoeft npo$eccuoua,rrnoi gerre:rruocrn (O.tlK-4);
uero4rr c6opa, amaJtur3a Lr cr4creMarr.Bar{}rr.r HayrrHo-Texnl{qecK}.ro uutpopua.qr.rro r
o6riacrr.r EccreloBaxr4fi; MeroALr a*anv3a 3aAaq r4ccne,qonanuft n o(Srracru
onTI.IqecKoto
E3MepeHr.rfr Ir

(OnK-6, IIK- 1, IIK-3); MerollrKlr npoBeAeHr{r orrrr4rrecKr.ix
nalrilfi pasmruarx o6beKros no :a4auuofi MeroAr4Ke; TeKHEqecKue

3anaHvg. TtaIIoBbx o cucreu, nplr6opon, 4eralefi rr y3noB Ha cxeMorexl{.[qecr(oM 14

9JIeMeFTHOM ypo
Yuers: eHrrr, ocHoBbr $anoco$cxux gHaHuft rnfl $opuraponanur

MlzpoBo33peHqecKoi rro3rzqufi Ha r4x ocHoBe s o6racra onrzru (OK-1); :yrru,t:t;marb
coBpeMeHHBIe reH.qeHrlr.tr4 pa3Bv'r'fifl. onrr4qecKofi TexHr.rKr4 rl rexuolorprft s cnoefi
npotpeccrEonam,nofi fle.nreltuocrra (OIIK-4); [plrMeHrrE, Meroabr c6opa, o6pa6orKrr, aH lrna n
clzcreMarl'Ballull EayrrHo-TexHl4rrecr<yio utr@opvrarlr4ro B o6nacrlr o[Tr.rqecKrDi ucc:[eloBafiuft
(OIIK-6); aua.,rrasupf narr 3a.uawr r4ccre,uoearuft s o6lacrra onrr.rqec*oro npu6opocqroeuax
(IIK-l); npuuenxr4i uero4rEr<r4 npoBeAeHr4f, onrr.rqecKr.rx uslrepenufi u ucc"reAc,BaH i
pa3Jrr.rrrH6x o6rerrop no sa4annofi Meroar.rKe (lIK-3); cocranmrL TexHr.rqecKr4e 3aqaHar aJrs
TI'IIIOBbX Olrr4qecKI.IX cucreu, npu6opon, 4e'ra:refi r4 y3noB Ha cxeMorexHlrqecKoM rr
eJreMeHrHoM yponrui< (llK-5).

B.nagers: Qzroco$cxux suaHlri Anr $opl.rr,rponawrr Mr.rpoBo$peHqeoroft lo:raqrm
ua nx ocroee (OK-l coBpeMeHHbIMI,I 3HaHIxIMLi o pa3BLr.tLtv orrtl.IecKot Texr{IrKIt r4 rexH.o.norufi s
cBoell AesrelbHocru (OnK-4); MeroAaMr.r c6opa, o6pa6orxz, ara.trrca rl
cIICTeMaTE3aIIIiI4 un$opuaquro s o6racr4 orrrr{qecxr4x raccneaoganlrft (OflFi-
6); rvrero4avn :a4av u npudrlraua uccle4onanrzfi s o6racru onrlrqecKoro npz6opor:.rpoenlm;
MeTOAI4KaMLt orrrrrqecxrix r.r3Meperui4 14 r.rcc:regonanui pasrr4.tr{sx o6r,eKron no:aaannoft
uero4zre (flK-l, J); anropr.rrMaMr-r cocra3JreHr.lr rextuqecKr4x 3alarrrfi Ars rtnoBLrx o[r,uqecK]4x
cr.rcrelr, npu6opon, 4 r4 y3JroB Ha cxeMorexHr4rrecKoM r,r 3neMeHTHoM ypoaurx (IIK-5).

4. C'l
O6rqax rpy4oo

celrecrpe [:averlrlx

YKTYPA II COAEPXAHI4E AI,ICqIINJII,IHbI (MOAYJIfl)
.ocrb Ar4crllrrrJruHrr cocra.n.nrer_]!3aqerrrhD( eluttut\, 432 _\acon. tr43 Hr.rx e 4
\unuu,216 \aca, a e 5 ceuecrpe 6 3aqeruhD< elr.rnrarr. 216 qircoe.
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4 ceuecrp
Parae.n 1. Ypaaneul q MaKcBeflra. BorHoBoe ypaBHeHne.
Jlexqr.rr I . Vpanneuu I MaKcBerra. Bolnonoe ]paBHeHr4e.
llewlut 2. Crpyxryp I CBETOBOT BOJIHbI B BAXlryME.
Jlerqur 3. flapavern ,l Croxca. CSepa flyanr<ape.
Pa34or 2. Sueprrn cl eroBbrx noJeft. Ooroue rpuR
Jlexqr,rs 4. Sneprraa I LIHTeHCIABHOCT6 CSetOgbIX norefi .

Jlexqus 5. Berrop Y rosa-flofiHruHra.
Jlexqlra 6. Ceerosue BeJII]qI,IHbI. (DoToMeTDr4'.

Pauen 3. Rnaccuqecrc fi Teopuq lafiJ/,qeHllq amMoB n M(MeKyr,
Jlerqss 7. ICraccliqecr ar Teopr4r rar'r]'qeHrr[ J lopeHlla.
JIeKrIas 8. Cranrcrt,r.r usre 3aKoict ycpeArerus. Mexar*r:nor )Iqperus cnercrpa,unrxrurmai.
Jlexqr.u 9. Arolr s nor l cseroBoft BoffGr Peonaucuoe nouorqerue cnera" 3arcon Byrepa"



Telrlr, pas4e:rr,r 4rrcqnnJrr4u6r

Pargen 4. I{rrrepdepe lur cner*a I{rrrep$epoMerpbt.
Jlexqlu 10. I,Irrcpdrc )ertr{4t cBeta y croBIIe Bo3HuKHoBeHa.{ mrrep(DepeHllxr.
Jlexqlrs I I. flonrrue pperuernoi u npocrpaucmernrofi Korepenrrrocrfi.
Jlexuus 12. Cnoco6r I flonyirenur unrep$epenqur.r. Ikepdeporilerprr Maimemconar,r IOsra
Jlenqus 13. Mnoro6 rcBar mfie@peu{.ir. I4nepSepouerp @a6pu - Ilepo.
Pagaer 5. ,llurbpam uq cBeTa.
Jler<ur.rs 14. ,{u$par<[ur cBera. flpr4Hrlr4rr fioftreuca-@peneJir. 3oHbr (Dpeuenx. I4nrerpan
Krapxro(pa.

JIeKqfi s 1 5. .{uSpaxfr.rx Opene:u r.r aurbpaxqus Opaynrotf epa.
Jlexuuq I6. ,{uQpaxquonuar peuerKa lr ee ocuosHHe rrap.Merpbr.
Ilerqr.rx 17. nvrbpar< pr By:rl$a-Bperra. Cnexrpa,rruLril ana,rIzs.

Jlerqlrr 1 8. 3armour4relr'nar JreKrlr,u.

5 cemecrp
PagAer 6. BnegennQ e lDypr,e-onrlrxy. Teopua {opuuponanlrr orrruqecKoro r.r:odpaxeuur.
Jlercqr.rs 1. Bneaenue n (Dyple-onruxy.

Jlexrlr.rs 2. Teopnr d )pMupoBaHrrr ofiTr.rqecKofo llso6oaxeHrag A66e.
4glluuq 3. Pa3perxar$qu cuJra o[rrrqecKr.rx nprz6opon. folorpa$ux.
Pa:Ae,r 7 , B:au$o4eficrnue cBera c BerqecrBoM, {ncnepcr.ronnrre coorno.ltreHrl1.
Cnercrpa.tr,nr,rft auF,ru:
Jlercqus 4. Vpanueriux Mar<cne:ua B cpeAe. AroNr e uole cgerogoft sorHlr. Morex,/JLrpHblc
CNEKTDbI.

JleKqraq 5. KoU!4eKqHtuI AIa3neKTpI{qecKiuI flpoul4qaeMocrb 14 nora3areJrr, nperoMrenrr4s c,l]cabr.
Jlexqus 6. ,{r.rcn
Cnenrpa.,rr,Hrrft aua.:t

rpcl4oHHble coorHorneHlzt. (Da3oBat It rpynnoBarl cKopocrll cBera.
[r3

Pa:qe.n 8. Ilpoxox
so,'rHr,r, 3ddeKr no

IeHr{e cBeroM rpaHurlbt pa3AeJra cpea. <Dop*ry,rrr Opene.nn. Crosqlre
IHOrO BHyTpeHHeao OTpDr(eHus.

Jler<qlrr 7. flpoxorxl :Hr.re rpaHrlrlbr pa3aena cpea. fpanrvui,re ycnoBr4r B ypaBHeHr.rrx MaKcserra.
Jlerqur 8. Brnog :a couog nperol4reHu.s. @gpuylu lDpenera.
Jlerqur 9. Hoprraal
BHyTpeHHero oTpax(

,Hoe [aAeHae Ha rpaHnqy pa3Aena r4 crosqfie nolurr. 3tp$er<r rroJiuoro
HILfl.

Pasaer 9. Ocnoerr r eraJrJro o nrr{Kl.t. rlosepxnocrur,re BoJIH6I.
Jlexuzs 10. Ocnosu rr,rerarroonTr.rru. flosepHocrHbre BoJrHbr B npoBo,qrqlix cpeAax
Parae.n 10. Onrnrca aHn3orporrH6rx cpeq. ?,r,urncouA rroKa3areJrr nperoMreHns.
Jlerqus 11. Onrfira rHr,r3oTponHbrx cpeA. JJrJrrz[corra noKa3aTenr [peJloMneHr.r{.
Jlenqlrr 12. llocrp,
cpeAoE.

resue floftresca r.r AByryqe-npenoMneHlte Ha rpaHr,rqe c anuso.rpronuoii

Par4e.n 11. Bpaulen re n,tocxocrlr no.nqp{laqu[. EcrecrBeHHaq o[Tr{qecKatr aKTIBHocrr,.
Jlexqfiq 13. Bpanlss re nnocKocrr.r fioJrrpulaquu. EcrecrneuHalr orrrlrqecKa;r aKTrrBuoorb.
Jlexqus 14. Onruqec r<fi arcr gHsre seuecrea. 3$$exru Keppa u <Dapa4
Pasae,r 12. Pacceqrl
pacceflHr.re MauAe.n

Ee cBera. Pe.neencxoe paccesHr.re. Kou6r-ruaquonnoe paccesHne cBera llr
,urraua-Epu.n.nrcrua.
re csera. Vnpyroe u Heynpyroe pacce.sHue cBera.Jlenqlis 15. PacceqH:

JIeKqns 16.3rbrber<r Ir"4gI4.Iglgglglgryqccer Hue.
Jler<qr.ra I 7. Kou6un illnoHHoe pacceqHle cBeTa. PaccesHze Mau4elr,urarr.ra-Bpurmrosna.
Jlexqus 18.3aKrloqa :EJII'HfuI JIEKIIII'

JIAEOPATOPHbIE 3AH.fl TI,IS
(4 celrecrp)



1. znrep$epouerp Mafire*coHa, onrlrqecr<as cxeua. Iocmpoara cnu4qecKofi
cxe^aH. Pa::luqnr,re uacrpoftrn uurep$epouerpa, nacrpoiina Ha [oJroc6r roueqsofi
uI,Ipr.rHbr.

2. Mo4r4$ur<aqus Tuairvaua - fpuua unrep$eporr.rerpa Mailxe:t,cona. 4:rx
lpoBeprr4 KaHecrBa [oBepxHocrr4 olrrr4qecxux leraneft .

3 ' flpo4no4crneuusrfi roHrpoJrb orrraqecKrrx ronepxnocreii npo6nuu creK;ror\4.
4. I{suepeurae rroKa3arejrr rrpenoMJreHr4t [po3parrHoro Mareplla!.ra ('creK a) c

noMolublo Mr.lKpocKoIIa.

5. Ar$pArur" @payuroSepa ua pa3nr.irrHbrx rurrax 3KpaHoB.
6. I4syvenne 4urfpar<uaonuofi peudrxu.

IIPAKTI4IIECKI{E 3AII'ITI4fl
(4 ceuecrp)

1' OcHosr't (Dypse onnrxrz. Ilpeo6pasoeauue Oyple. llparrra.recrlre Br,rr 4oregris
rinTefpurnoB Qyple, neo6xo4uurre e 4a:uueftrrreM r.I3JroxeHr{rr.

2. Kopporuuuounaa rf1'nrcqnx. Teopelra Banepa-Xunuuna.
(5 ceruecrp)

1. Pacqdr napaMerpoB Ianrepqpepenquonnoft xap'nrurr .4Jrs pa3,ru.q'bD( rraorpoeK
unrepQepouqrpa Mar?xenrcona u unrep$epouerpa loura.

2. 3aga'4r, cB.f,3agHlre c MgororyqeBofi uurep$epenqlreii r.i unrepsepoM $.rpoM
@a6pil-flepo.

3. Blrvizqneuue 4ztppar<quonrux IzHTerp,rnoB am HeKoroprx ocr{oB6r,rx :f[{troB
3(paHoB (rue4r, rpyrnar aneprypa).

4. flperqlr:renrze Ha rpaHr4qe pa3aera npo3parr'brx cpe4. tr4cc:re4onauze (,opruy:r
,qJrr crorrbr Clo:re:roga.

5. Bbrlo+HeHr,re rocrpoeHrrr fiofirenca Ans pa3nnqHbx 3aAaq! cBr3arFrHX c
sJreMeHTaMr.r rFonrpr.r3aqr.roHr{ofr oIIruKH.

6. Auan{: cocrorHr4s rrompr.r3aqrir{ cBeroBoro nyvxa. flonapu3arop'r rr tfaronrre
KOMrreHCaTOpFr.

5. OBPA3OBATEJIbHbIE TEXHO./TO|I,II{
flpone4enue rjeruuonuru ganstuit o6ecneqeno c erlr4anr43apoBalrHbrMr4 ayavrap''M.,

o6opy4onailrurru r.r 3JreKTpoHHBrMr.r [poeKTopaMr.r, qTo rro3BoJrreT conpoBox.4alr
qreHI.Ie TeKIIIzIZ crpaquefi KoMnlrorepHbD( clafi 4on.

B parr.ffiax neruponnoro Kypca ricnonb3yroTc{ TaKxe cneAyroqrie TexHolorrrr4:
Kounuorepnrrp cr.rMynrqxr4 na3epHo-r4HAyqr.lpoBarrHbrx lrpoqeccoB, rexaqrrx B ocHoBe

Jra3epHLrx nepcle TexHonorui.
flpurr.renenae Tr.rMeAr4a rexHoJroruii (nponeqenue JreKuaoHHbrx saHsr.rfi c npr4Mer{eHr4etr4

KOMrrbroTepHBrx

TexHororrs
llpu

r r'r .4eMoucrpaquoHuBrx poJrI4KoB c rroMolrlbro npoerropa z:ru DBM);
oro o6yreuur (case-study).

BorrpocoB npaKTlrqecKofo npr,rMeHeHr.ir, pacoMo.lrpeHHof o
I4CIIOnb3yeTCt al.iaJlof co cTyaeHTaMIz Ha npeIMeT Bo3MOXHbtXTeopeTr.rqecKofo

cnoco6on peneuua0oB perreHr-r.f, flpcraBneHHofi 3aAa.rr4.
Bcrpeua c y'lenulru !I cfielll4arlucraMll, pa6orarorquMr4 B HaJrpaBJregrrr.r Da3rBrrrr.rlr r[r

IrcrroJrb3oBaHl{r nepc{eKTlzBHbx la:epulx texnolorufi .

6. OIIEHOIIHFIE CPEICTBAII.fl TEKYIUETO KOHTPOJIfl YCTIEBA.EMOCTI4.'
IIPOUEI{yTOTTHOR ATTECTArIr4r,r IIo rITorAM OCBOEETU.fl

ALICqUITJII4HbT I4 yTIEEHO_METOAT4qECKOE OEECrIEqEtilr4rr
CAMOCTO'TEJIbHOIZ PABOTbI CTYNEHTOBI

a) o o np oc ot p e rtm uH+KoHmp ont :
n 4 ceuecrpe:



Petrunr-nouTpo.nr I
l.3anumure )'paBHe'r4e 4:lr nrocr<ofi Mo'oxpoMarr4qecrcofi aoruu, pacnpocrp'rHrrcuefict

B HanpaBreHur{ opr4 fi.
2.3anuutnre $aBHeHI4e alr nrocroil rzuefiuo - flonrpr43oBannoft lronoxpotularuqecrofi

BoJrHbr, pacflpocrpa4*orqeficr B Ha[paBnenr4r4 ocra z (o4Horraepnuft c:ryuafi).
3. 3arnmzre ypaBneHr.re .qns nrocroii MonoxpoMarr,rqecroft norurq nonapusorauuofi no

Kpyry rr pacnposrpair_norqeficr B HarrpaBneHr4ra ocr.r z (o4uouepnuii cny.raft).
4. KATOfi NAPTMCTP SJIEKTPOMA|HI,ITHO|O IIOJI' AOCTYIICH AJI' 3KCICPI,IMCHTAIbHOrO

onpeAeneHlrr B cJrr{ae o[Tr4qecKofo ar.ranmoua 4lan eoln?
5. Kar<ono ycroBl,Ie KBa3I4MoHoxpoMarIrqHocrI{ s .racrorHoft o6nacru Ir KaK eto lroxHo

TpaKToBarb no rpeugnuofi o6:racru?

6. I{so6paszrg npocrpaHcrBeHHoe pacnpeAeJreune BeKropoB E " fr s :ruHe,iiuo -
nonrpr.r3oBaHHoii no4ne, pacnpocrpaaxroqeficr n Aonr, oclr z .

7. C$opuy:rapyfire npranqun cynepno3llqfiIr aJrr sneKTpoMiruarHbrx BoJrH orrrr.rqeoKoro
Ar4ana3oHa.

8. Snex'rpolrarrruTHa;r BoJrHa B BaKyyMe qBrrercx nonepevuoft. Kar Brr sro nornruaere?
9. Hro rar<oe Kpr,rBas Br,rrHocrr.r qeJroBeqecKofo rnasa?
10. rlpu nunoqnegrru KaKrrx yc:rorafi norgosofi Sponr rasepnoro fayccoBa rryqKa Moxer

crrr.rrarbcr uocxuu? O'rner noscHzre.
11. llpu eunorlneHr4r.r Karr.rx yclonuft goruosoi $pour ,:ra:epuoro rayccoBa rryrrxa Moxer

cqr,rrarbcr c$epravecSrarr,r? Orser norcHr.rre.
Pefirr.rnr-xouTpolr 2
12. \4zo6pasvte na c$epe llya''xape rorrKy, coorBercrByroqyrc, nonaprasonar'uoft no

reBoMy 3nnr4[cy Bo[He c orHorrreHr4eM oprofoHan],Hbrx aMrurrzry.4 "1, -- t tr c4nuroru ([a:

Mexly HrrMr.r 6 = n 1 6,llpunxrr So = l.
13. hso6paszle na c$epe flyanrape rorrKy, coorBercrByrorqyn florrprz3or]a'Hor[ no

npaBoMy 3nJru[cy BqJrHe c oTHolreHr.reM oproroHaJrbHblx aMnnr.rTya ar/a, =2 ra cg.ourolr tpas
Mexly Hr.rMr.r 6 = n /p.. flpnnxrr So = 1.

1,4. I4so6paslire Ha c@epe flyaur<ape rour<y, soorBercrByroq)ro :rlruefiuo
romprlgoBagnoft rofine e4unrzuuoii rzHTeHcr.rBHocrr4 (S, = l ), u.nrop E xoropofi Hax:JroHeH

noa yrrtoM 135o r och a6crlzcc.
15. Brrvucmlr$ [apaMerp6r cror<ca ar-s n:rocrofi BonHr,r, nolrrp]rsoeaHn.ofi r,o npa]loMy

xpyry. llplrurrr ,So ] 1 .

16' Blrvracnr.rf fiapaMerpbr croxca Ar.s uocroft BonHBI, nor.f,pusogansofi ro neBoMy
rpyry. flpuuxrr Sn J 1 .

17. cneralaocrfrc R[nnlu2l Ha3oBeM norsufi ceeroeofi fioroK, nocbrJraerrrr,rfi e4uuu4efi
cBertqefics noeepxrfocru B oAHy cropoHy, T.e B TeJrecHbrft yro:r o = 2tt . Hafiru Bbrpa:KeHHe
Nts, K , eclr.r acrojruux nolqr,rHrercr saxony Jlau6epra r.r rzMeeupKocrb B, .= B u ue
3aBlrcrrllyrc or yrlra $a6nro4enux.

18. Brrqr{cruT e flapiMerpbr crorca Arq nrocrofi norurr, :rragefiuo - nonrpr.r3oB6un6E rroA
yrt;crt z 13 K ropa3oFTanbnofi ocz. llpuuxrr So = 1.

19. I'Iso6paszle na c$epe flyaurape roqKy, coortsc'rcrB).rcqyro norapuaonauuoii no
lpuuo*{. snJrulcy BqnHe c orHolreHr.reM uarofi u 6omllroft oceir bla=112 u yfnoM Mer{Ay
6o:rr,ruoft ocLro gnnr4rFca u ocr,ro a6cqucc, p aslrrM 7t I 4. flpzuxu 5o = 1 .

20. Lrso6pasu'rg na c$epe flyaurape roqKy, coortscrcrByroqyro norapusonauur:li no
JreBoMy 3JrJrr{ncy Bo4He c orHorrreHr4eM ua,rofi v 60rl'roft oceit b|a=1/2 u yrnoM r{exAy
6o:nruofi ocbro grrurflca u ocr,ro a6cqacc, paBHbrM a /3 . llpunmr Sn = 1 .



2r' Lrzo6paz4re na cQepe rryanrape ror{Ky, coortsercrByrorqyro nonxpusonauuofi no
reBoMy 3JrJruIIcy BotrrHe c orHorrreH[eM ua,rofi u 60:Iburoft oceir 1/3 z yfJroM uexgy 6o:Druoil
oc6ro enJralca fi ocqro a6cqr.rcc, paBHhrM n l6.flpnns,rcSo =1.

22. B qenrpe mapa HaxoAr4Tcr roqe.r'Hfi r.rcrorrHr.rK cBera, aMerorprfi cr.uy cue'ra 1

rcaudeta. Haftrure qcBelleHHocrb rroBepxHocru (n [ar]), ecnu pa2ivyc napa pa.aeu 0.5 u.
Pefirnur-rcoHTpolr, 3

I . tr4so6pasure KJlaccfiqecKylo aroMH)'Io lro4em Tolrcona 14 3aJrulrllTe ypalHeHr4e xorr:6aHr.rit
onTr.rqecKoro SIeKTpoHa.
2. CQoprray:rupyfiTe ycJroBr{r r.r3nflenr4r ABlrxyrrlr4Mc, 3aprAoM.
3. Kan 6ucrpo [3r\4eHsercr B [pocrpaHcrBe lepeMenHoe 3nerTpuqecKoe fioJre, u3Jry,]aeMoe
,4rr[oJIeM, Iro cpaBHeFrwo c flocTorHHbrM rroJreM 3ap.,{AoB, ero cocrasJlrrolllax?
4. l4zttytaer Jru r}'rnoJrb B HarrpaBneHr.ru. nepneHArrr{yJrrpHoM HanpaBneH}rrc rcore6atrufi? oreer
o6ocnyfire.
5. z::ryvaer Jrr'r.4r4rronb B HanpaBneHr4r.r, KoJrnr4HeapHoM Ha[paBJreH[ro r<ore6asaii? orner
o6ocuyfire.
6. flpu nrrno:rHeHr1a KaKr.rx yc:ronufi cnpaBeAnr.rBhr cneAyroqae Bbrpar{eFrr{, AIr r.roIrcfi,

.- 't .. 1

I43Jr)4{aeM6D( ArirorsM E = +[n,[fr,p(t - rlc)]1, n = -iV,p\r _ rlc))?c-r c'r
7. floxaxnre, qro BeKropa fr (opr n HanpaBJreHr4rr na6.nro4eurar), E 1r:rexrpuvecr.e rore) lr
f/ (MarHurnoe nole) Al.n KlraccuqecKoro ocllr4nJrrropa cocraBjurlor npaByro rpofixy.
8. flsrsercq nr4 arpMHbrfi Ar4[oJrb BbrcoKoao6poruofi/ Hasxoao6porHofi oicreMofi? Oreer
o6ocuyftre.
9 Velry paBEo cpea4ee no 3JreKTplzqecKoMy rronro 4ra ancau6rr He3aBucr4M6x ocqrzralttropor?
Karora cpegur.r r.rHTpHcEBHocrl AJrr roro xe ancalr6ls?
10. Karue $rasr.vecr{ae i'rexa'r,r3M'r fipv BoarT K yrfi[peHr.rro cner<rpanrHrx :Ianuft?

r 5 ceuecrpe:

1 1. 3anuuure Hve Mr ecrecrBeHuo - yruvpeuuoft mzuarz.
12. r{eu onpe.qen-s cneKTpailbHtul uzpuHa IIa IIOJIOBI,IHe BbICOTbI IJL eoTe0.l.ts9Hr{O *
ylrupeuuoft lanuu?
13. Cpannure no
o,qHoro u Toro xe
14. Bosi\,roNno ra

BeJruqriHbr ecrecrBeHH)'ro r.r AonnepoBcK).ro rnl4prrHbr luuzii pttt

1 5. Kar<osa
epr.IMeHTalnbHo ua6nro4arr ecrecrBeHHo _ yuupeuHrrfi nouryp lunua?

npr4poAa cTonKrroBlrTeJrbHofo yuuneuzr?
16. Kar<oft slrl ar\,r KprlBas psouaHcnoro nouorqeuur?
17. CSopurynupyfire oBHOe OTjrrlqfie oAHopoAHofo y[rr4peHl.r, oT HeoAHOpOAHOtO.
18. florcaxlne, .rro foHaJrbHo - noJrrpr.r3oBaHHbre cBeroBbre BoJrHLr He ran:repQepupyrc,r,
19. Kar<osu ycnoBr4t
20. B
I,I3IOTOBI,ITB CBETO c R =T =ll2. Peanrno R = 0.59 . Kax rEgNreHrrrcs sul
r.+nepQepeuqraonno
21. r{ro o:Haqaer
KoHeqHofr

Pefirunr-rourbo.nr 2
1 . Ha rouxyro nrienr<y ( n = 1,33 ) na4aer napa,ue:*,uuit nyuor 6eloro csera. Vror

raAeHr'rs a = 52' . rlpp raroit ronrqlrHe rrne'Kr. 3epKar'no orpaNeHngii crer 6y4er uau60ree
cunbHo oxpiurreH n N$.nrr,rfi rlBer (Z = 0,60unu)?

2. Haitru MI4Hr4ManBHyro ro,rrqr.r'y nJre'Krr c [oKa3areJreM npenoMneHr4, n = I,33 , npu
Koropofr cBer c anr4Hofi nomru l.r =0,64urcu ucrr'rrlrBaer MaxcrrMaJrbHoe orpax(e6rrc:, a oBer c
AnLIHoii BonHLr 4 = 0\40rw He orpiDr{aerc.f, conceu. Vro:r fiarel.[Ifr cnera pagen 30o.

uecrBJreHr.rr craquouapnofi uureprf epeuquoHnofi raprranrr?
Mafixe:rr,cona B cI4tly rexHonofusecKr{x norpeunocrefi He y!,rl{ocb

KapTr.rHKr4 rro cpasaeHr4ro c r4aealbH6rM TeopeTr4qecxr,rM cnvqaevr?
:a: <ZnrepSepoMerp HacrpoeH ira 6ecxoHe,rFro rxr4poK),ro oooo,,y nnlo"u,



3' {:rx yrvreu6rueHr.rt norepb cBera ri3-3a orpaxeHur or noBepxHocrz crerna creK,ro
loKpslBaror roHKI.rM croeM BerrlecrBa c noKa3areJreM rlpenoMJreHr.r, a' ,. ]i , r ? n _

noKa3areJrE [penoMJreHr.rr cteua. B SToM CJryqae aMnJrr.rryabr cBeroBblx rcorebauufi,
orpoKeHHbrx or o6grEx nonepxnocrefi TaKofo cros,6y4yr o4raHar<orrruz. llpu Ka.Koft Torrqr,rHe
STofo cJlot orp l(aTeJlbHat cnoco6uoctl creKJra B HanpaBneHLI[ HopMajrr4 6y4er panuir nynro
AJrr cBera c AnrrHofi noffrbr 2 ?

4. cser c 4rra1rofi no:rnr,r )=0,55urcu naAaer HopMairbHo Ha rroBepxHocrb creKrf,H'oro
x.ruasa. B orpaxeqHoM cnere na6:Togaror cricreMy ranreprfepeuqzoHHBrx rloroc, rpr.rr{eM
paccrofHze Mexry coceaHrrMH reMHbrMr4 [onocaMrr Lt = 0,2lua . onpe4enurr yrcr Mexay
rpaHrMri KJrr4Ha.

5. Eclu B cxeMe r,rurepSepolretpa Maftreltcona 3epKaJro,
nJreqe, ABr,rxerc.f, TaKXe BnpaBo, To nurepQepeuquoHHbre fioJroc;r
BnpaBo rzJrr4 nneno (4eHyxuoe savepr<ny"m). Ilo.reuy?

npenoMJreHr{r [po3ppr{HLrx cpeg. 34ecr s - ysna-a qenb, ocBerlaeMtur cBeroM c 4rrauofi e,rulrI = 0,589urcu , 1 u P - KroBerbr Aluvofr. I =I0,0cu . llpoi4x aua$panray ! c 4nyr,m rtle:rrMr.r,
Ha gKpane 3. B naqa;re s o6efix KroBerax HaxoAr.rrcr Bo3r(1fi c
e;aus n = 1,000277 .fIoqe 3aMeHr,r Bo3Alxa n rpy6xe 1 auulraxou

paclroJroxeHHoe B rrpaBoM
B nolle 3peHl4t CjMelIaIoTcs

6. I{nrep$eppnerp Mar7xenrco'a ocBelrlaercr c$epiavecroii uonoxpovara,qecxofi
eorHofi. zso6pa-snre (xauecrreuuo) Br.ra r{HTepoepenquonaofi Kaprr4HEr, ua6nro,qaeiuroft ua
nuxoge unrep$epoMerpa.

T ouenzre MaKcHMaJrbHoe paccrorHr4e, Ha Koropoe Mox'o flepeMerrlarb 3epKaJro B
MerponoruqecKoir't zurepQepouerpe Mafir<ellcona, ecJrr.r oH ocBerrlaercr crerltralrr.r3trooBatlHr,rla
He - Ne tasepotr (2 = 632.8un ) zs:ryraroquru IBe rrpoAonbgbrx MoAbr _ 

^ 
prrru c.[eKrDa

LI3JI)4{eHr.rr du = 100 MI.U.
8. floraxlrre, rrro nrorqalu :ou <Dpene:rr (no r<paftuei Mepe .4n, O_ofi, l_oft....m-ft)

IlpaxrfiqecKr.r pann4t. Yxa:auue: rrJrorqa,4b c$epuvecr<oro cerMeHra aaerc.r $opr'rynofi
S -- 2nrh; rAe / - p44ltyc c$eprr, ft - Bbrcora cerMeura.

9. Ha pr'rcyuxq rroKa3aHa cxeua perfpaxroMerpa - nplr6opa ri'rr rrMepe'r4r rroKa3€rreJ'

BBepx no sxpauy ua iy'=17 uoloc. Onpe,{eJr?rrb lora3areJrb

uuoii xapruurr.
@a6pu - flepo c lazoir d =2,5cu onpe4elurt: a)

r.rHTepeepsHrlr4 rz ar'rr cBera c Aluuofi sorrrr,r 2 = 0.5ux.ria; 6) oOnacrl
cso6orHoft ar.r 4rr roft Ne AJTTZHLI BoJrHbr.

12. @a6pu - llepo oceeqaercr rayccoBlrM nyrrKoM

CBCT

NOK43ATCJIEM

KapTlrHa

rrpeJroMneHE

10. B
BI,IAHOCTb

(\ =s8e0A,4 = s
rrpr4poAy e$$erra
I,ICqE3HOBEHII'MI.I

I I. .{nr
MaKczMarbHbrfi fi

npuqeM caM
xapaKTepHa,'

13. Ha

h=0.65pm.
oHlryrc pe[rerKy
yror 4ra<fpaxquu

uerpe MafixellcoHa npr4 nocrylarenr,HoM ABr.rxeur{r4 o.qHofo rr3 3epKi}n
rlr.roHHofi Kaprr.rHbr rrpv ero ocBeuleHr4t4 xerrbm ,4y6lerorr rrarpur
A ) nepvo4u:{ecKr4 ),r\4eHBrxnnacr, Ao 0. O6:Lf,cufi.rl tblBr4.{eoKvlo
HatTrr EepeMe[IeHr.ie 3epKana MexAy AByM.f, nocJreloBare.]rr,HLMr.r

AI{q
flpa

Haxo.{rircr B AarbHefr sone uyur<a. By4er
He - |t'e tatepa,

mz uatilro4arrcx
Kaprr4Ha B sr,rAe xoreq? Orner o6ocnvrlre.

naAaer HopMaJrbHo BoJrHa c 4auuofi lo:rntr
Bo BTopoM rroprAKe etr =45". Onpe4e:rnru,yron

ga$paxquu (pr B Tlerr>eM [oprAKe A]rr Inr.rH6r BonHbr Xz=0.5W.
14. llpu HopMalrlHoM naleHur4 cBera Ha 4ra$panquouuyro perxerKyn<r Arayp4rlqr4uHuyru pe[eTKy oI{a3a.JIoCL, qTO IIOA

yrnoM p = 35'Iu$papupy'ror BorrH6r c Lt=0.63pm v L = 0.42pm, rpuqeM An :eropoft no:rutr
MaKcr.rMa,-rEHhrft nop.sfioK B crreKTpe z =5. OnpeAeru.lT6 rrepxoA peruerKv.



15. onpe4ennnr aJII'IHy BonHBI 2 IuonoxpolraruqecKoro cBer4 HopMnnLHo naAaror',efo Ea.
peIIIerKy c rlepllo.4oM d = 2 .2 pn , ecnu yroJr Ap Mexly HanpaBrerr[rMrr rra r\iraKclt-\.ryMb]

nepBoro u BToporo IoprIKoB cocraslser 15" .

16. cner c A,'urHofi Bon:r.br r=0,53r.m HopManrHo naAaer Ha pelrerKy, nepuoA Kolropot
d =l.5w.onpe4egurr yrcn (p c HopMzrnbro K perrrerKe, noA Korop'rM o6pa-:yercr MaKoxMyM
nau6olrlrero [opr4Ka.

17' cser c An[rHoft sonHrr 2 =0.53w rroA yrnoM ,9=60' naAaer Ha pernerKy, nepr4o.4
roropofi d =1.5pm. Onpegenu6 yron p c HopMaJrr,ro K pemerKe, noA KoropbrM o6pruyercx
MaKcHMIM Ha"ra6onrtrlero [opsAKa.

18. B (foran4nofi nrocxocru cner<rporpa$a 6rn no:ryueu crre*Tp xenror.o 4y6rera
Harprrs c r4crroJrE3QBaHr4 eM AByX pa3rr.rr{Hbrx pelreroK (cu. pacyuox). Kar< coorrrccsrc.f
lapaMerphr pene"rnr4 n1 v nr, N, u N, (orner e repMr,rqax <,>,=)?

_ 19. Onpegelfifb Afi4Hy BonHbr crreKTpairr,uofi :rr.rHau, uso6paNeurae roropoft, AaBaeMoe
4Ia$paxquonnofi peperrcoi B cneKTpe rperbero floprAKa, coBfiaaaer c r.r:o6paxenue M rrrflr4:fI = 486.1nu e cneKtrpe qerBeproro nopr.4Ka.

20' c$opuyn4pyftre xpaersre ycnoBrzr Kupxro$a Anr 4r.r$parquoiruofi :a4a.vra. B ven
cMrIcJI (ofiTl4qecroro npu6lI.rNenur>?

21 . Kar<yro paqpe'uaro''lyro cr4Jry AoJrxeH r.rMer' cneKTpanrnlrft anrapar AJrr pa3pe[re'r4t
xeJrroro Ay6:rera aarput (2, = 589.0uu, )"2 = 589.6uu). Kar<oeo golxno 6r,ur nplr erolr
MrrHr4MaJrbHoe qricJrp irrrpnxoB N,o' y anropaxquouuofi peller*z, pa60raroqefi B flepBoM
nopsAKe, uro6 oua pp:penrara eror 4y6ner?

22. I4sNl nI4 pa3perrrarcrqar cula 4rz$parcquonirofi perrerKr.r NPI4 I,I3MEIIEHI,IH VIJIA
rraAeHr.rr cBera Ha erf penerxy? (Orner noxcnrlru).

23. nper4MytqecrBa ea3oBBrx orparareJrbHrrx pelreroK (ourr:lerron) n
cpaBHeHr.ru c pernerKaMr.r, pa6oralorquuu na nponycraHrze?

_ .. 24.-Yu, nonyq4ere roJrorpaMMy MarJreHr,Koro 3epKaJr6Ho - orpaxalorqero uapr{Ka B 
'xeMeJlefira - vnarsuer<c{. Hapr'rcyfire KaqecrBeHHo 

"r4 
nor"pr,enr" strosrr.ry:*cr.u. 

'

6) eonpoctt x
a 4 ceuecrpe:
1 . Ypanueur.rx (o6rrtufi cr)"{afi a n aaxyyvre).
2. Bonnogoe neHue. Brreo4 u: ypaeueHufi Maxcge,ura.
3. fapuo norutr. Ypaoueulrr BoJrH: nJrocKar, c<fepuvecr<ax.
4. 3n npnpoaa cBeToBbrx BoJrH 14 ee 3Kcrrepr.rMeHTanLHoe [OATBepxIeHr4e

n onnrax fepqa.
5.I4s:ryvenae peaJlbrrllx ricroqHlrKoB. Mo4ylr.rponannrre BonHr,I. C:ryqaiiuo

MOAyJIT{poBaHHbre

6. fayccon rar naNnefiuraft Tr4n na3epnBrx nyror. CnoficrBa rayccoBbrli nyq[:oB.
7. Cnexrpanur{e pa3JroxeHue B orrTr4Ke. llprlnuun cyflepno3lrqrrr4.
8. llomp cne'ra. flonepevHocrl ceerosofi BoJrHLr B cno6o4uov npoorpaHcTBe.9. cocroxnzs rroJrrpr.r3arlr14 nrocxofi MoHoxpoMarr.rqecKoft eor''. 3:lrurrruvecrar,

KpyroBaJr, :ttrHefi na-s FoJrrpr.r3arlr4 r.i.Ba.f, , nr,rHeiiHar FoJrrpn3l
1 0. flapauerpr! Crorca.
1i. C$epa llyairrcape.
12. llorox snepfun n crcBeroBoft to:rre. l.InregcnBHocrb cBera.
13. 3ueprux, Mpr{Hocrb, r4HTencrrBHocrb cBeroBllx nyqKoB u r4Mrryn6coB.
14. OcHosHore +oHrrrir <f oroverprau.
15. Arov KaK 3fieMeHTapHLrii xcroqHuK cBera.
16. Peuresue sal4aurz o6 H3nyqeHr.rn KnacczqecKoro ar:orlral punott.
i7. fapuonr.rueQxue xo:re6auur 4I.rnorq. floJrHas MorqHocrb r43ryqeHr4s .qr,rnorr.
18. PaaHaqnourgoe 3ar),xaH ue.



1 9. llsnyuenrag aucair.r6:rs ocqurJrrrropoB. Cner<r'p r.ts:ry.reniax.
20' Yurrpeuug crIeKrpaJII'Hbx rltHIafi: ecrecrseHHoe, aoruepoBcKoe r.r croJrKuoBr.rrflrbHoe

yrrrr4pel{ue.

21. f-Iorffiue olHopoAHoro r.r HeolHopoAHoro yulrpeHr.rr.
21 . Jl'rneiinr{ ocul4nntrop s nore cserosofi roruu, IlorrorqeHlre cBera oculJrjrrropoM.
22. flornorqeuue crera aucau6leM ocrlunJrrropou. 3axou Byrepa.
23. tr4nrep$epeuqlit cBera. Onr,rr losra xax nepnrfi zurep$epeuqr.ronnr,rfi sKcnepr{r{eHr.
24. Y cttoene Bo3Hr4KHoBeHr4.g r,rureprf epeaqlronnofi rapruur,r.
25. tr{urep$epouerp Maiir<e:ucona. I,InreprpepeHqr{r MoHoxpoMarrzrrecKrix BoJrH B

uureprf eporraerpe Mafircelrcona. Hacrpoft ru urirep$eponerpa.
26. llonocu p4rnoro HaKnoHa u noaocrr paluofi Tonrrllrn6r.
27 . Llnrep$eppnryu rreMoHoxpoMarr4qecKofo cBera.
28. floumrae BI4AHocrr.r r,rurep$epenqr.rouuofi r<aprraulr.
29. tr{nrep0epeuqux cly.railnoii cBeroBofi BorHbr.
30. tr4urepSepOHrlr4r cBeTa Or npoTrXeHHorO r4cToqHr4Ka.
31. llourrze npelrenuofi 14 npocrpaHcrBenuofi rorepeuruocrrr cBera.
32. Muororiyreeas unrep$epeuUur.
3 3. tr{urep$eporr.rerp lDa6pu - flepo. @opuyna O pu u ee uccrelor}aH u.) Arrs.

npoxoArrqefo cBeTa.

34. lnQpar<uul crera. Po:rr, 4rz$paKur{onu6rx s$sexroe B orrrr4Ke.
35. flpznqnn frofireuca - <Dpeuena. 3ousr openerr. .{ra$parquonnrrfi unrerpari

(Dpeuelr.

36. llpunqr.u $a6iane. lono:rnr.rreltnr,re 3KpaHbr.
36. PacxoAaruqcTr cBeToBbrx rr) rKoB B cnere grzlpparqraouHofi reopuu.
37. !u$paxuuoruar orIeHKa Mr,rHHMaJrbHoro pa3Mepa flyqKa B $or<yce.

_- 38, Koruvec{reuuoe perneHr4e 4rz$paxqr.rounofi aa4a.la. I,lurerpaJrbuar reopeMa
Kzpxro@a.

_ 39 ' fpanraunpre ycnoBr'rr Kupxro$a. .{u$parcquonnsril ranrerpa:r Kupxrorpa -
r eIbMIonbua.

40. .{}r@paruaf Ha fleprroArzqecKlrx crpyKrypax. OcHoeusre rurr'I perneroK.
n 5 ceuecrpe:

I . Ilpxno
2. Cn onr4car{fi e [pocTpaHcrBeHHofr crpyKTyphr cBeroBoro [oJrr.
3. Jluusa - o 3JreMeHT, nlrnomrxrorqufi npeo6pa.:onanrae Oypte,
4. Teopun BaHrrt orrrr4qecKoro ugo6paNesus no A66e.
5. Au$par<qus KaK rrpocrpaHcrrennoe @1pre - npeo6pa:oearure.
6. crrJra o[Tr.rqec(r4x npu6opon.
7. fpaulrvurre i'c:ronrzr anr noJrr Ha rpaHurle pa3aena.
8. feonerpur H [peJroMneHr.rr.
9. Ooprraynrr
10. (Da:onue

Vro:r Bproc:repa.
orrreHr,rr Ha rpaxr4rle pa3aena cpeA.

1 2. flpocrer:retlae onrlrr<a rr Ar43JreKTpaqecKr.re 3epKaJra.
13. llo:rHoe BHyTpeHHe orptDl(eHue. trtlccregoaanue npenorr,rrenuofi nonuu. Zccrre4onanze

oTpaxeHHor,r BoIHbr.
14. OnucaHr-re 4BneHHfi Ha rpaHl4ue uera:rauqecroii noBepxnocrz.
15. Mo4enr cnJrouuoft cpegr,t. Vpanueuua Marcnenla glx cnlouruofi cpe4u.
I 6. Knaccuuec4ax Jlopeuqencrar/ ocrlr4Jrnrropr{aJr MoAeJrb cpe,qbr.
17 . lucnepcux u norJrorrleur.re csera s rr.rnefiHofi ra:orpounoft cpe4e,
1 8. Hopua,ruralx 14 arropMarnbHar Ar.icnepcr4r.
19. PacnpocrpaueHr.re cBeToBofo r4Mrrynbca B Ar4oneprupyrorqefi cpe4e. oa:ora-r rz

rpyflfioBrur cKopocru cnera. (Dopuyla p:lea.
20. Crpyr<rypa peeroeofi BoJ'rHbr B aHr.i3orporrHoM Kpr.rcrzurJre.

aMnJrr-iTyAHar perneTKa.



21 . Marepuanlnoe ypaBHenne anlrsorponuoft cpe4rr. Tensop onrzqecrofi
BOCnpUIlMqI.IBOCTT.L

22. Knacclr$rapaqar Kpr4cranJrr{qecKr{x cpeA.
23. co6creendHe cocrosnrir flonrplr3arlr4a cserosofi BoJrHbr B auracorponnoft cpe4e,
24' Bu'mcn'''lte c*opocrr.r pacnpocrpa'eHr.r Heo6rrnuoneunou Borr'br B oAHoocHoM

KpLICTanJIe.

_ 25..{roiinoe :lyrenpeJroMJre'r.re Ha rpa*'aqe c auu:orponnofi cpegofi. rlocrpoe.nne
fioiirenca.

26. llolyrenlrg noJrrpr43oBaHHoro cBera. (nonrpu:aqaonuue upzrulr).
27 . A*arus 

''olrr,rpa3oBaH'oro 
cBera. (r<pzcra,rnr.rvecrue nJracrrzHBr a r<ounencaropu).

28. I4cr<yccmelrHar afir.r3orponr4r. (s$Serru Keppa u flor<re:tca).
29. Opene:renor<aJr reoptrr onrlrqecxoft axrr4BHocrr4.
30. Marnraruog BpalleHr4e rrJrocKocrr4 no;rrpv3auur4 (e$Qer<r oapaaex). onruqecr',fi

BEHTI4 JIB.

31 . 3a4aua paclcernn-s cBera Mn Kpoqacrr.rlaMu (30$exr Tr.rn4arra). 3a4ava Mu.
32. Monercynrlirnoe (Pe:reencxoe) paccerHv e cBera.
33. Korra6ranaqroHHoe Ir MaHAen'rrrraMM - 6pum*oonoocxoe paccer'r4e cBera.
34. Cnerrpocxonu.r r<out6uraquonHoro paccerH nA aBe.ra.

a) eonpocot k comoclnonmentaofi pa^ome cmydenma;
no 4 ceuecmp!:
1. Ilpunqun c)1rrepno3rauur.r B orrrr4Ke rJracrrr. rrro. . .:
2. Bo:rnosoft flpour - ero . . .;
3. fl:rocrar lrogoxpoMarr.rrrecKar BoJrHa - 3To nolna y roropoil .. .;
4. C$eplrvecr<ag MoHoxpoMarr4 qecK r BoJrHa _ 3To BoJrHa y roropofi ...,
5. Ypanueui.te 4:rq nnocr<oft MoHoxpoMarrzqecxoft nolnsr uueer Br4A: ...;
6' B ceo6o4Ho4,r npocrpaHcrBe 3neKTpoMarHLITHar BonHa rrofiepeqira. gro gro ogpaqaer?
7. llpaBasnor4pr43arlru coorBercrByer BoJrHe, arr roropoft npu pacupocrpa'errr4r4 0T

r4croqHHKa r ua6l rc4aremo ...;
8. Hau6o:ree o$rquft ru4 nomprnarlrirr cBeroBofo nfrKa . . .. On xapaxrepr.r3yerc,

cneA)'roulr4Mr.r napaMpTpaMri..,,
9.Kpyronar (q4pxynrpuar) nonrpr,r3arlu, sBJrrerc, qaorHbrM BltaoM lorrpr.Baqrm

gmrunrlrqecr<oii u xaparreprasyerc.r ...;
10'Jll{Heftuat npmpr'rsaqux npeAcraBnter co6ofi npocreiiruufi cnyrafi fioJrrpr,Ba.rlr4or{Horo

cocrosHr-u, [pr4 KoropoM . . .;
1 1.B onrure ogHoB'hre BeJrriqr.rH'r, xapaxrepr.r3)Torqlre cBeroBoe Dore B Teoperrr.qecKclM

oflucaHHlt - lTo ...;
12'B onrut<e oluornoft eelr'tvunoil, xapaKTepr.r3)Torrleii cgeroeoe nolre B 3(crrepprMeqre,

qBI_SeTCS...;

13. l'IHrencznnpcrl cBeroBoro noJUr - gro . ..;
l4' Kpunar eulHocuE qeJroBeqecKoro fJra3a oflpeAeJ'er ero qyBcrB]rreJrb'ocrE r{

pa3nr4qHbu AnrdHaM 4onH rz r4Meer cJrelyroqr_rfi Br.rA (npuuepuo);
1 5. llonorrquft(r lrnu pagHoMepuo gnnnyr4aficx 3aprA He r,r3n)..raer, z3lyqaer 3iapr^!(, . . . ;16. Ecrecrneun[r (pa4aaquoHuax) rrr4przua cneKrpalrirofi nunulr o6ycnonneua , . .;
17. lonneponcrfoe yulrpeHr-re cnerrpalruofi nunuu o6ycnoueno . . . 

j
18. Cro:rxonon$TeJrbHoe yuprpeHrie cneKTpa,,rr,Hofi lzuzu o6yclon:reuo ...;
19. Cpe4uee noyel cpeauxt r4HTeHcr4BHocrL ancatr6rra HeB3aaMoaer.rcrByrolrux

ocur.irnrTopoB paBHa ...1
20. B aa,rruefi 3oHe fayccoB nyqoK r-rMeer npaKrr4qecKlr ... BorHoBoI OpoFrr;2l . B 6:naNxet lone rayccoB nftoK r4Meer npaKrv qecxlr . . . noluonofi Qpour;22. Vzo6pazur, cxeuy r,rurept|epouerpa MaEnenr,coua/ IOura;
23. Vcroelre cy[ecrBoBaHnr rnrep$epenqau cocrorr B ToM, qro ...;
23.BlrAsocrr urirep$epenqzonuoii raprranu onacbrBaerc, $oprray:rofi ... ;



24. Bpevn KoFepe'rHocrt4 cBera - gro rrapzMerp, onpe4errerraufi cneAyro rr4M o6pi':oru:
25. flpranqrn fioftreuca-Kupxro$a @opuynrzpyerc, cJre,qyrorquu o6pa.:on: ;
26. Huctto tDflene;rx -rnnaercs naxneitueft xapa(Teprtcrr4Koft ,qraspar<qrra u noKa3br.Baer.

27, lu$paxu4roHHarr AJrr4Ha zd - 3.ro Inu]Fla z npuroropofi...;
28. fpanz'*rrye ycronur Kupxro$a rB;rrrorcr npr46rrasr4reJrburruu. osrz aaror

lpaBr4rbnbnl p*ynFTar roJrbKo B cJrf{ae;
no 5 ceMecmpy:

l. .{arr OlpeAeneHxe noHrrr.lr "Aamuq.s" :oua n gr,rsparquonnofi reopzu.
2. [nt qflpeleneHr,re noHfrTrrr "6r]rxnss" soua r 4ulpparquouuoii reopu.n.
3. larr oflpeAeJrenrie rronrrur "yrrrorar 4r4cnepcrzr gu$parqzounoft pi'rerru.
4. [nr onpeAeneHr.re rroHrrur ,'pa:pelrarorqa.r cnoco6nocrl (cra:ra) gu$paftuaoHHoii

perreTKr4.
5. 9elr ogpe4eJurercr pa3peruarorqar cnoco6nocrr, uurpocxola?
6. 9erra olrpe4eJurercr pa3perrrauqaa cnoco6nocn, relecxola?
7. IIunei\nas orrrr,rqecrtu{ cpeAa - 3To cpe4a, AJu r<oropofi ...
8. llrcnepclrr onruqecxoft cpeabr - 3To....
9. lns qnpeAeJreHr4e rro:nllrtrfl <Sasoaaa cKopocrr4 cBera).
1 0. .{arl onpeAeneHue nou{rr.rr (rpyflfloBtur cKopocru cBera).
1 1. larr oflpe4eneuae floHrrlrr ',uopua,rr,nar" Aaonepcu.f,.
12. lnt Q[peAeneHl-Ie noHrrlzr "auolraltnaq" Aasrepcu{.
13' C$oprr4ylupyftre rpana.+rue ycnoBr.rr Anr raurenqua,ruroil KoMrroHeHTrI Bex:roDa

.E na 4r:rocrofi rpaHr4rle pa3Aena aBlx cpeA.

14. C<fop4ymapyfire rpanu.'*,re ycnoBr4r .4Jr.f, uopua.,rr,uofi KoMloHeHr'r er:Kropa D
Ha nrdcKoi rpaFrrqe pa3Aena AB)4( cpeA.

15. flomr|re "yron Eprocrepa".
''rroJrHoe Bnyrpeunee orpaNeuue".

nonsrufi "u:orponual" a "aurasorponna.r" cpe4a.

rrJrocKocrb e auusorponuo[ cpeAe - 9To ....
20.lnr AeneHr.re oHfl'ttri4 o.4HoocHoro r4 AByocHofo Kpr4crarJra.

OBEHHfuI BOJIHA B OAHOOCHOM KPIZCTAJIJIE _ 3TO . . ..
Heo6 oBeHHtuI BOiIHa B OAHOOCHOM KpIICTaJIne _ 3TO....

rrTB Ha pr.rclTrKe B3arrMH),Io op eHTaLIHro BeKTOpOB D, k ,ur S g
o6r,rxs geggofi fi neo6rrnHoseuHoft gorHe.

24.

25.

26.
27.
28.
29.

9ro <norrpusarop>? flpune4are npr4Mepbr @rz:uvecroii pea,,rrz3atlr4r4

AAl{H oIIrEqecKoro ycrpofcrBa.

tpu:uv peaJrr.r3arlfir.r AaHHofo otrrrrqecKoro ycrpoicrna.
9ro <eQQerr Oapa4er>?

lpe.qeJreHrie norurrrae "ynpyroe" paccernr.re cBera.
AeJreHr{e oru"tLrs, "ueynpyroe" paccerHr4e cBera.

Qopvr.rpoaaunr rro6paNeun i.

16.
17.
18.

19.

21.
22.

23. F

9ro oe <rlernepm/ nonyBoJrHoBtur n:racrusra>? flpare4ure fipllMepbr

laine
.{arire

30. llprznqitn fioftrenca e $opuylrzporne Kapxro$a. llr $par<qur qacrr.rqno
KOfepeFTHOfO CBeTa.

31. flpe4c{aalenue o ro:rorparf uu. Mero4u co3AaHr4.r{ ronorpaQzvecrr.rx
n3o6pafKeHnfi.

32. Mexanpsu MarHr4THoro BparrleHvs nJrocKocrt4 noJrrpu3arlv a.
33. Knaccri'recrtur reopr4r r43nyqeHar rz nonrorqeHrzr.
34. Kou6ugaulroHHoe paccerHr4e cBera

lIo
Aa;rl.



7. }4IEEHO-METOAI4qECKOE 14 I,IHOOPMAIII,IOHHOE OEECTIEqEH]NE
AI,ICqTTIIJTI{Hbr (MoAyIS)

aJ ocHoBHarr nr.rTepaf ypa:
1' (Dfi:uqecKr4e oclroBhr BonoKoniroil onrr.ma: v-re6Hoe noco6rae / A.B. crpera;ron' H.A.
Te'.{rosa. - M.: I]{u PI4oP: HI4! I,Iugpa-M, 2013. - 106 c.: 60x90 1/16. - (Er'cuee
o6pa:onanue: Eaxa4arpuar). (nepenner) ISBN 979-5-369 -00966-6.
2. @usuxa, Bonnon4x onrzKa. KsaHroBar fipr,rpola H3nyr{errrjs. 3leuenrur arounofi ra,,Ue.pHorZ
Qu:uxlr: Yqe6. noc. / C.tr4.Kysneqon, A.M.JIuaep - 3-e uw,., nepepa6. r4 ,4on. - M.: l3iyson.
1"ie6.: HI,II{ IzIHOP,A.-M, 2015 -212 c.: 60x90 1/16.(n) ISBN 978_5-9553-0350-0,
3. onrr,qecrue rcMepeHr4r [3-nexrponu'fi pecypc] / A. H. An4peen, E. B. farpr.inorr, f. f.I4-,'un u Ap. - M.: Yuanepcurercrarr KHr,fa; IIoroc,2012. - 416 c. - ISBN 97S_5-9S7 04..173_2.

6) gono:ruare:uHa{ fi r4Teparypa:
1. @u:ur<a. OcnonH 3JIeKrpoAI4HaMI4rr,r. 3rerrpouanruruHe Kore6agr4r r,r BoJrH6rr: yqe6noe
noco6ae / c.I4. Kygueqon. - 4-e r4sA., r4crrp. r.r Aon. - M.: Bysorcxizfi yre6uun: HrIu I4IropA-
M,2015. - 237 c.: 6Qx90 1/16. (nepenner) ISBN 978-5-955 g-0332_6,
2' Korciauua' norqn, onrura./capznaM.fl. - HonocrE6.: Hfry, 2015. - 116 c.: ISBN 97g-5-
7782-2697-5
3. I'lpo4on, 14.E. Bo*ros'e npoqecc'l. oc'osHr're saxou'[3nerrpo'nriii pecypc] / z.E.
Zpo4on.-7-e nsa. (on.). - Srerrpou. rexcroB're AaH. (1 $afin pat:)AS c.;. - M.': SZltttOl,l.
Jla6oparoprEr :naHrft, 2015.-crzcrerr.r. r'pe6onauar: Adobe Readir XI ; snpan 10". - ISBl,l 97g-
5-9963-2738-6.

r) nepuo4a.recro e r.rgAaHr4.f,:

1. KsaHronar sreKrplonrzKa: http://www.quantum-electron.ru
2. Ycnexrz rf zslruecxpax nayr<: http:i/ufn.ru
3. Xypna:r rexuuveQr<oft $'suxr: u llrclNra s XT@: http://joumals.ioffe.n/pjtf
BJ r.HTepHer-pecypcqr:
L http://www.laser.rlr
2. http:/iwww.cislasetr.com
3. https://www.coms$l.rulevents/

L MATEPI,IAJII,HO-TEXHUIIECKOE OEECTIEIIEHIIE
AI4CIIIITIJIIIHbI (MOAYJUI)

Ilpeno4anaar.r ar,rcqallnl4Hbr [peAycMaTpr4BaeT npr.rMeHeHrie lryllruue4ul'rurx
fipe3eHTarlufi 14

o6opy4onanurrx
cvMyrl'\r4ir, qro o6ecneqanaercr [poBe,qeur4eM taurrrrii s

o6ecneqenras

OullM, aaff

rr4MeAr4fiHbrM o6opyAonariueu ayAr4ropnrx xaSe4pu @utIM, .I{:rx
npaxTr,rqecKr.rx pa6or uuerorcr KoMrrbrorepHBre rclaccrr xarle4prr

nr.rr ra6oparopnrx pa6or.
Ayauropuu [poBeAeHr.rr 3a}jqrtril ocHarqeHbr coBpeMeHHbrMa [epcoHaJ]E,H6Mt4

KOM[broTepaMr.r, B JIOKaJIbHyIO BLIIILICJIZTeJIbH)1O CeTb 14 yKOMIIJIeKTOBaB.HbMTI
HeooxoAr.rMbru cr4crelrnlrM r{ rrpaK;ralHbrl,t [porpaMMHBrM o6ecneqesueu.



Pa6oqas npofparrrlra .qrrcullllnl4lrbl cocraaJreHa B coorBercrBrr{ c rpe6onaunrmu C'|OC BO
IIo HalpaBJ'reHr.rn 12.03.05 Jla:epnas rexHur€ r.r ra3epHtre rexHororua.

Pa6ovyro fiporpaMr\Fy cocraBr,rJr

PerleuseHr
(npe4cranare:r pa$orogarem

',c€( .zn z {Mecro 
pa6orbr aorxuocrt, @14O, nomr.rcr)

'a 9-z /-zan

Ilporpavna paccMofrpeHa r{ o4o6peua na sace4aHuz

flporoxotNo t/.4 or y't-/p, (troaa

3asea)rcrrufi na$e4pofi C'.M. A.paxeLlxn

Pa6oqa"r paccMolpeHa rz o406peua Ha saceaaHlrv yre6no-uero4raqecrcofi xorvrncczu
HarrpaBneHr4t

llporor<o:r Nt 41.4"y'{rota
flpegce4arens r C.M. Apar<emn

, noanucl)

JII,ICT IIEPEYTBEPXNEHI,I'I
IPOIPAMMbI ALICqIrrrJIIrHhr (MoAyJUr)

Pa6ovar npo o4o6peua na yuebnr,rft ro4
flporoxon raQeapu No OT roAa

3aeeayrcuufi LI

Pa6oqa{ nporpaMMa yve6nufi ro4
flpororo:r OT roAa

3asealrotrlr.ifi

Pa6oqa, [porpaMMa 4o6pena na yve6uufi ro4
flpororo:r

,L/n/ 4/, ./,1.

_oT

uu

(@I{O, noanlrct)

3ane4ylorqzi

rcaqfeapu J,,1! roAa


