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1. IEJH OCBOEHHUA JUCHUAILIVNHBI
Hessivu ocBoenns qucnummmue! (Moxyst) Henuneiinas onTuka spisercs (bopmupoBanue
y OOydarommxcss NOHAMAaHHS (H3AYECKMX OCHOB HENWHEHHBIX ONTHYCCKHX SBICHHNE 1
5Q(PEKTOB, MOIyYEHHE IIPAKTHYECKHX HAaBHIKOB WX pacueTa M MOJENMPOBAHHSA I
TOCME/YIOIIEr0  MCIIOJB30BAHKS STHX 3HAHMA NPH paspaboTKe M ONTHMH3AUUH METO/(OB,
CPCICTB M TEXHOJIOTHH, HCIIOJIB3YIOMHX JIA3EPHOE H3IydeHHE.

3ajauy THCIMITIHHEL

TEOPETHYECKAA IOTOTOBKA B 00JIaCTH (DH3MKH HeNMMHEHHBIX ABNCHM, [TO3BONSIOMAS Oynymum

HHJKCHEpaM  OPHUCHTHPOBATECA B IIOTOKE

HaydHOM W TeXHMYecKOoH uHbOpMAnmH WU

obecrieynBalomias UM  BO3MOXKHOCTH  HCIHOJIb30BAHHUS  HOBBIX (M3HYECKUX  NPHHIMIIOB
HEJIHHEHHOH ONTHKH B 007aCTSAX CPENCTB MCCICIOBAHMIL U Ta3ePHBIX TEXHOJIOTHI;

hOPMHPOBAHHE HETHHEHHOTO HAYYHOTO MBUIJIEHHS, B YACTHOCTH NPaBHIBHOIO IOHUMAHUS
TPaHHI] NPIMEHAMOCTH (PH3HYECKUX MOHSATHI, 3aKOHOB, TeOPUil IMHEHHOK (usnku u YMEHHS

OLICHHBATH CTCIICHb JOCTOBCPHOCTH

PE3YIIBTATOB,

ITOJIYYCHHBIX C ITOMOIIIBIO

SKCICPHMEHTATLHELX. HIIH MATEMATHYECKHUX METOIOB HCCIIEIOBAHH;
BEIPabOTKA IPHEMOB M HABBIKOB PEIIEHHH KOHKPETHBIX 347124 B 06/1aCTH (bH3MKH HENTUHEHHBIX

KOJIeOaHUH W BOJIH, IIOMOTAIOIINX CTYJIGHTaM B
O3HAKOMIICHHE CTYAEHTOB C COBpPEMEHHOMH
HayallbHBIX HABBIKOB IIPOBEJCHHS BHKCIIEPHMEH
ABICHUH B 00JIACTH HETUHEHHON OITHKH M OTleH

2,
Huctymmaa

MECTO JUCITUIIJIUH
«Henwvnelinas onTukay

aNIBHEHINEM PEIIaTh HHKEHEPHEIE 3aJauH.
ayqHOH anmapaTypoll u BEIpaoTKa y HUX
TaILHBIX HAYYHBEIX MCCIEINOBAHUN (DH3HMUCCKUX
KH ITOTPEIIHOCTEH H3MEepeHHi,

Ibl B CTPYKTYPE OIIOII BO
OTHOCHTCS K 00s3aTeNbHBIM IUCITMILTIHAM

BAPHATUBHON YacTH OCHOBHOH IpodeccHoHanbHOM 06pasoBaTensHol porpaMMel. M3yuenue

AHCIHUIUIMHEI IPOXOUT B IIECTOM CEMECTpeE.

JUst yCIIeIHOro OCBOCHHS Kypca (M3HKH CTYASHTAM HeoOXOIHMO 3HATE CIIE/IYFOIIIHE

Paslelpl BBICIICH MaTeMaTHKH M (usuku: J(u

(depennuansroe ucuncnenue, Uurerpansioe

UCUMCICHNE, AHAINTHYECKAs] TEOMETPUS U JHHeHHAS anreOpa, Pajusl, DmeMenTs BEKTOpPHOrO

aHaJIk3a, (DyHI{LU/IH KOMIIIICKCHOTI'O TICPCMEHHOT

0, luddepennnancusie ypapaeHns, DieMeHTEl

TCOPHH Bep()HTHOCTeﬁ H MaTeMaTHYECKOH cTaT CTHKH, OCHOBEI OIITHKH, KOI‘epeHTHaH OIITHKA,

OCHOBEI KBaHTOBO#H DIIEKTPOHHKH.

OcBoeHne DUCHHINIMHEL HEOGXOUMO I
miaHa:  «BsaumopelicTBrae MasepHOro M3y
«Du3HYeCKHe W MaTeMaTHYECKHE IIPHH]
HCCIIe10BaTe bCKas paboTa B CeMECTpe, BBIIOI

KOMITETEHIUHA OB YYAIOIIEI'(

A U3YYCHUS CICAYIOIUX AUCHUILIMH YIeGHOIo
HUA ¢ BelecTBOM», «JlazepHas TexHukay,
[MIBI  aJanTHBHOM  onTukm», «Hayuno-
HCHHE BBRITYCKHOM KBanU(QUKAIMOHHON paboThL.

)CA, ®POPMHPYEMBIE B PE3YJILTATE

OCBOEHUS JUCHUILINHEI (MOY.JIST)

B PE3YNBTATE OCBOECHUA ITHCIHUIIINHEI 06)]‘{2

Pe3yILTaThl 00pa30BAHMSL:

FOIMHCS JIOIDKEH JIEMOHCTPHPOBATE CIICAYIOIIHE

- CIIOCOOHOCTBI) K IIPOBEACHHIO HSMBP@HHﬁ W HCCIICAOBAHHUA pPa3IMYHBIX 00BEKTOB IO

3amaHHo# Metomuke (ITK-3);

- CIIOCOOHOCTEIO K aHalk3y, pacyery, TIPOCKTUPOBAHUIO U KOHCTPYHPOBAHUIO B COOTBETCTBUN

C TCXHHYECKHM 3aJaHHEM THIIOBBIX CHCTEM, HpH6

SIIEMEHTHOM YpoBHSIX, ([TK-5);
1)

B3aHMOZICHCTBUM pa3MUHEIX OOBEKTOB MO 3

SJIEMEHTHOM YPOBHAX

2)

YMern: npoBOMMTE H3MeEpeHHS H
PA3MUYHBIX OOBEKTOR IO 3a[aHHOI METOIHKE I

OPOB, OeTaleH U Y3JI0B Ha CXCMOTEXHHYCCKOM H

3HaTh: OCOGEHHOCTH NPOBEJEHHS W3MEPSHHH M HCCIICTOBAHMS He MHEHHBIX
a,IﬁaHHOIL;I METO/IMKe; METOJbl AHATM34, pacyéTa,
IIPOCKTUPOBAHKA M KOHCTPYMPOBAHHA B COOTE
ONTHYECKHX CHCTEM, IPUOOPOB, JeTalel M y3IIOR

CICTBHH C TCXHHYECKHM 3aJaHHEM THIIOBLIX
HENMHEHHOH ONTHKHA Ha CXEMOTCXHHYECCKOM H

HCCIEI0BaHUsT HENUHEHHBIX B3aMMOCHCTRHE
[POBOIMTE aHANHM3, Pacy€r, IPOEKTHPOBAHHE H




KOHCTPYHPOBAHUE B COOTBETCTBHH C TCXHHYECKMM 3aJaHHEM THIIOBHIX ONTHYECKHX CHCTEM,
npubopoB, AeTasel 1 y3/I0B HEIHHEHHOM OITHKH Ha CXEMOTEXHIYECKOM U SIEMEHTHOM YPOBHSIX .

3) Buiajern: criocoGHOCTBIO TIPOBOJUTE M3MEPEHMsT H HCCIEOBAHMS HETMHEHHbIX
B3aMMOJICHCTBHM Pa3IHYHbIX OOBEKTOB 10 3a/[AHHOM METOIUKE; CIIOCOOHOCTEIO IPOBOJUTH AHATHS,
pacyer, NPOCKTHPOBAHHUE M KOHCTPYHPOBAHHE B COOTBETCTBHH C TEXHHUCCKHUM 3aJaHHEM THITOBBIX
ONTHYCCKHX CHCTEM, MPHOOPOB, JeTalnel W y3/I0B HEJIMHEHHON ONTHKM Ha CXeMOTEXHMYECKOM H
HIIEMEHTHOM YPOBHSIX.

4, CTPYKTYPA A COAEPKAHUE JUCHOUTIIMHBI (MOIYJIS)
O6was TpymoeMKOCTE JUCIHTITHHEL COCTaBJsieT 4 3aveTHRIX enuuul, 144 gaca.
Buapr yueGHoii paGotsl, Bkiouas 06 DopMEI TekylLero
] CaMOCTOATE/IBHYIO paboTy CTYACHTOB é’wﬁ KOHTPOJIA
g‘ H TPYIOEMKOCTB (B yacax) 3;:%0;12] YCIEBASMOCTH
Ne Paznen (Tema) g § 2 ) o ¢ HpHMBHCH’H{’:M (e Hedei’;u
n/n JHCLIHIIHHEI Z & = ] 5 Z = g = A, | MHTEPAKTHBHBIX ceMeCmpd),
) g E g = E|EE| o s METOJI0B i
g g & 5 SS| 28| & = . ﬂ/(y) TIPOMEIKYTOMHOL
o = £8 & & EE o | el aTTeCcTallNA
= = 2 (no cemecmpan)
1 Henuneiinas onruka. 6 12 9 4 ) ) 7 i 2/33.3% )
Brenenwe.
) Teopua HenHHeMHo-q 6 | 35 4 6 ) ) 101 - 3/30% Pelirunr-
ONTHYECKHX ABICHHUH, KOHTpPOJE Nel
3 I'enepanus BTOpOi 6 | 611 6 12 _ ) |- 6/33.3% Pefituur-
TAPMOHHKH. KOHTpoONb N2
[Tapamerprueckoe PeliTrnr-
4 | npeoGpasoBanue 6 | 12-18 | 6 14 - - |16 | - 8/40% KkoHTponb Ne3
ceera. BP. OBO.,
Bcero 6| 1-18 | 18 36 - - |45 - 19/35% | ok3amen (45u.)
Copep:xaHue pasaenon JHCIHITHHBI
Jexnuu
Temspl, pazaens: JUCHUIIMHEL Komso | oy | WP8KTH- | mabopa- |
» paskt Auen 4acoB t YECKHE | TOPHbIE P
Paspen 1. Henunueiinas ontuka. Beenenne, 15 2 4 - 7
Jlekuus 1. Ipenmer uenuHeiinoli onruku. KoreperrHeie ? 4 7
HEJTMHEHHO-ONTHYeCKHe 3 deKTh
Paznen 2. Teopus He/MHEHHO-ONTHYIECKNX SIRICHHA, 22 4 8 - 10
Jlexuus 2. HenvueHHbIi OTKIMK cpebl. g 5 4 5
DEHOMEHONTOTHIECKOE OIMCAHHE BOCIIPHHMYHBOCTEI
Jlekups 3. MeToji MEUIEHHO MEHAIOLMXCS AMILIHTYL 8 2 4 - 5
Pasnen 3. I'enepanust BTopoii rapMoHHKH. 32 6 12 - 12
Jlekuws 4. TouHoe pelIeHHe is reHepalyy BTOPOi 6 5 4 4
rapMOHUKH
Jlexuua 5. INapamerpryeckoe yeuienne 7 2 4 - 4
Jlexuust 6. HecTaumoHapHsie YKOpOUeHHBIe YpaBHEHHA.
6 2 4 - 4
Hecraumnonapnas I'BIC
Pasznen 4. Ilapamerpuueckoe npeofpasoBanue cBera. 39 6 12 16
Brinyxgiennoe KOMOHHALHONHOE pACCesTHHE CBETA,
Jlexuuma 7. BsaumoneiicTBre BOJIH B cpenax ¢ 5 4 5
OTpHLATEJIbHOH AucHepeneit
Jlekuws 8. [TapameTprueckoe npeoGpasosanue pu 5 4 5
paccesHuH. PamanoBckoe paccesHue caera.
Jlexuust 9. Beiny:xaeHHOE KOMGHHAITHOHHOE PACCesTHUE 5 4 6
ceera. OfpatieHue BOJHOBOrO GppoHTa
Ix3amen (45) = - - -
Hroro 144 18 36 - 45




IlpakTHyeckue 3auaTHA
Ne momyna Ne HaumernoBanue u/uinm KpaTkoe cogepikanue MpaKkTHIECKHUX Tpyno&mkocTth

JMCIHIUIMHEL | 11/TT BaHATHH (uacos)
1. | Korepentnbie HemHHeHHO-0nTHYeCKHE D dEKThI 4

Pa3zpen 1. =
2. | Knaccuduranus HenuHeitHO-onTHYeCKHX 3 heKToR 4
3. | HenuueHHbIH OTKIHK cpejibl

Paznen 2. 4. | DEeHOMEHOTOTHYECKOe OLHCAHHE BOCTPHIMUYHMBOCTEI
5. | Meron MeAIEHHO MEHSIOIMXCS AMINTHTY L 4
6. | I'enepauus Bropoit rapmonuxu (I'BI) 4
7. | Tounoe penieHye y1s reHepaldi BTOPOi rapMOHHKH

Pazpen 3. 8. | MexaHH3M napamMeTpUIecKOro yCHICHHS
9. | HecranuoHapHble YKOPOUYEHHBIE YPABHEHHUS 4
10. | Hectanuonapuas I'BI* 4
11. | B3aumoneHcTere BOH B cpelax ¢ OTPHLATENBHOM aucepeueii 4
12. | Ocob6eHHOCTH ra30BBIX HETHHEHHO-OIITHICCKHX cpen.
13, Iapamerpuueckoe npeo6pa3;)1LBaHue NPH paccesTHuH. 4

PamaHOBCKOe paccesiHue cBeTa.

Pazpnen 4. 14. | AHTHCTOKCOBBIE KOMITOHEHTEI KP
15. | BeiHy:kaeHHOe KOMOMHALIMOHHOE PaccesiHue CRETA.
16. | TTapameTpudeckue reHepatopsl. Y caoBHs BO3OYMICHHS. 4
17. | Obparmenue BoiHOBOro GppoHTa
18. | OBcyxaenne KOHTPOIBHBIX paboT

Htoro 36

S. OBPA3OBATEJIbHBIE TEXHOJIOTHUH

® JICKIHOHHO-CEMHHApCKas CcHCTeMa OOY4YeHUS (TPaJMIMOHHBIC JIEKIIMOHHEIE W
IPaKTHYECKUE 3AHATHS),
® MAacTep-KIacChl (JIeMOHCTPALMs Ha NPAKTHYCCKHX 3aHSTHAX NPHHIMIIOB pacdera 3a1ad
10 Pa3IMYHBIM TEMaM);
® IPHMCHEHHE MYIBTHMEIHA TEXHONOTHH (mpOBEINEHHWE JIGKIIMOHHBIX 3aHATHH ¢
NPUMECHEHHEM ~ KOMIIBIOTEPHBIX TIPE3CHTALMH ¥ JIEMOHCTPAIHOHHBIX DOJNHKOB G
IIOMOIIBIO TIPOEKTOPA HIIH KOMITBIOTEPA);
® HH(OPMALKOHHO-KOMMYHHKAIMOHHBIE TEXHONOTHH (IIPHMEHEHHE HH()OPMAIIHOHHEIX
TEXHOJIOTHH JUIsl MOHHTOPHHTA TEKYIIEH YCIeBAEMOCTH CTYACHTOR M KOHTPOJIL 3HaHHH).
e Berpeud ¢ yyeHBIMHM H CHENHATMCTaMH, PaGOTAIONMME B HaIpaBJIeHHH Pa3BUTHS M
HCIIOJIB30BAHHS IIEPCIIEKTHBHBIX Ta3€PHBIX TEXHOIOTHIA,
6. OHEHOYHBIE CPEACTBA JIJISI TEKYIIEI'O KOHTPOJIS YCIIEBAEMOCTH,
MMPOMEKYTOYHOU! ATTECTAIIUUA IO UTOI'AM OCBOEHMS
JAACHUIIUIMHBI 1 YYEBHO-METOJJUYECKOE OBECIIEYEHUE
CAMOCTOSATEJBLHOM PABOTEI CTYJAEHTOB
Texymuii KOHTPOIL yCIIEBAEMOCTH ABISETCS PAacHpPENEIEHHEIM M OCHOBAH HA OIEHKE
HECKOJIBKHX COCTABIIAIONINX.
1. PesympTaThl peHTHHI-KOHTPOJIS.
2. DBrmonsenue NpakTHYECKHX 3a[aHUMH,
Bompocs! pefitaar-konTpoirs Nel
BapuanT 1.
1. OOBSCHUTL pa3sMMYHEIA XapakTep B3aMMOJEHCTBHS CBETOBBIX MOJNEH MaNOH M GONBIION
HHTEHCHBHOCTH C BEIECTBOM.
2. Bermenuth OTHOUIEHHE HeHHeHHBIX Bocnmpummumsoctedt ¥ 2" * U/ @M D png cocenmmx
HCUETHBIX IIOPSAKOB (m > 2) Kak (YHKIMIO Napamerpa HeNHHEeMHOCTH, OIIPEJIETIAEMOTO
opmynoit E=E/Eqyy,.
3. Onpenenyth HANPSKEHHOCTh AEeKTPUUIEcKoro noss E B mazepHoM IIy4Ke JuaMeTpoM 1 MM u
MolrHocTe | kBT,
BapwuanT 2.




1. KaxoBsI (hu3HUeCKie IPHUNHBI HETHHEHHBIX
2. IlpeoGpazoBaTh GopMyITy I KPHTHIECKOH
TIOMOIIBIO HEe MOXKHO OBIIO ONPEAeNaTh Kf
-1
Xk, |dn|
4 . *
167una’  |dr|

Na3epHOM mmyuke. [, =

ONTHYSCKUX SIBJICHUH?
MHTEHCHBHOCTH JIa36pHOTIO IIYUKA TAK, YTOOEI ¢
MTHIECKYIO aMIUIUTYJy CBETOBOIO BEKTOPA B

3. Ouenutp guamerp nsTHa B (OKyce 0GHEKTHBA I Ja3ePHOTO H3IY4eHHS MOLIHOCTHIO 10

kBr, eciu Tpebyercs 06ecneunTs HaNpsSKeHHOC
Bapwuamnr 3.
1. KaxoB usiYecKuii CMBICI BETHYHHEL y(m) —

Th 3MIEKTpUYecKoro nonst £ =3 » 10* B/owm.

HETIMHCHHON BOCIIPHAMYHBOCTH M-T0 IOPSIKa?

2. Bermenuts mapamerp HenuHeiimocTH E=F/Eam s M3IyYeHHS MMILYJIBECHOTO Jiazepa

HHTEHCUBHOCTRIO | 10" Br2, pacmpoc

TpaHAIOmICrocss B OJHOATOMHOM OJTHOPOIHOM

KPHCTAILIC, HE ABJIIOMEMCS] MATHUTHBIM MaTepuanoM ([ = 1), ¢ XapakTepHOl HAPSIKEHHOCTHIO

BHyTpHAaTOMHOro 1oy Eat = 10'° B/M u moxasa
3. OnpenenuTs INIOTHOCTD MOIIHOCTH J1a3¢
AJIEKTPHYECKOTO TIOJSL 3TOT0 u3aydenus E = 10°
Bapuanr 4.
1. KakoBsl (u3uuecKie IpHIMHEL 0[HOBPEMEHH
KPaTHBIMH 4aCTOTaMH B HEJHUHEHHOM cpene?

2. 3armcars popmyny P =g,y E ma anmsorp

3. OnpenenuTs HANPSKEHHOCTE SNEKTPUIECKOD
MomHOocTEIO 10 KBT.
Bapuanr 5.

TeNeM IIpesioMaeH s n = 1,5.
PHOrO M3NyuyeHHd N, €CnM HanpsKeHHOCTD
B/cwm.

OI'0 BO3HHKHOBCHHUS HECKOJILKHX BOJIH C

ITHOI'O IHHEWHOI0 OINTHYECKOTO KpHucTalna.

1nois E B 1asepHoM nmydke auameTpoM 1 MM

1. KaxoBb1 (pHBH‘IeCKHG IIPAYHHBI OTHOBPEMCHHOI'O BO3HUKHOBEHH I HECKOIBKUX BOJIH C

KpaTHBIMH 9aCTOTaMM B HEJIMHEIHHOMH cpene?
2. Ilokasate, 9To ecim Ha cpey BO3IEHCTBYIOT
Pa3IMYHBIMHA 9aCTOTAMH W1 M (2, TO KBaAPATHY

ﬂBe IIIOCKHE MOHOXPOMATHUCCKHE BOJHEI C
as IOJIAPH30BAHHOCTE CPEJIBI OYAET COmepKaTh
TApPMOHHYECKHE COCTABJIAIONINE HA YACTOTaX 2@),

2w, ) — Wy ¥ @) + 3.

3. OnenuTs UaMeTp sTHA B POKyce 00BEKTHBA U1 Ja3epPHOT0 U3JIYYEHHUS MOIIHOCTLIO 10

kBT, eciu Tpebyercs obecneunTs HanpsKenHOC
Bapuanr 6.

1. KakoBel (u3nuueckue TpHIHHEL OIHOBpEM
KPaTHBEIMH YaCTOTAMH B HEITHHEHHOM cpene?

2. 3anucarh BOJIHOBOE YpaBHEHHE
2

0 0
AE; =gy, o
k

ot

a) JUIA aHH30TPOIHOTO JIMHEHHOro; G) H30TPO
ONTHYECKUX KPUCTAIIIIOB.
3. OmpenenuTs MIOTHOCTH MOIIHOCTH nazep
SIEKTPUIECKOTO TOJISI DTOTO H3AYyUeHUus E =
Bapuanr 7.

22

k=1 j=1

3
I+ ZE, |+ 1,
=]

3 3
g;)EkEJ + Z Z Z K itjm

b oleKTpraeckoro moms E=1+10* B/ewm,

CHHOI'O BO3HHKHOBCHHA HECKONLKHX BOIH C

3
3
EEE, A

k= 1

1 j=1 m=1

ITHOTO JIMHEHHOIO; B) KyOHUHO-HEIHHEHHOrO

HOTO H3Jy4YeHHsA N, €CIIH HANpKEeHHOCTDH
10° B/em.,

1. OBBACHUTS CYIMHOCTE HEKOTEPEHTHEIX HEJIMHEHHBIX 3(dexToR B onTHKE,

2. IToxasaTs, moyeMy HaHGONBIIMN BKIAM B HEl
HU3IIME YIICHBI B pasnoxenun P(E) =g, [}5(”}3 +
3. Ouenure nmamerp natHa B GoKyce 06BEKT
1 kBT, ecu Tpebyercsa obecmeunTs HalpsxKe

B/cwm.
Bapuanr 8.

MHEHHBIC ONTHYECKHE TIPOLECCH GYYT AaBarh

ZPE 4+ y™ME" .

HBa 1715 JIA3€PHOr0 HU3IYYEHHUS MOIIHOCTEIO
HHOCTB 3JIEKTPHYECKOro nmojs £ = 1 « 104

1. Tlosicauts cxemy onsita I1, @pankena mo HaOJIIOICHUIO TeHePALH BTOPOH TapMOHMKH.

N Ak O3V

I=i-=f->-

Hazep o K ;\«'z(il;
A =h2




2. TlomyunTs BOJHOBOE YpaBHEHHUE [T CPEJIBI ¢ HEIMHEHHON IOJISIPU30BAHHOCTBIO, 3aIIHCAHHOE
JUI MarHUTHOM COCTABIISIONIEH DIEKTPOMArHHTHOIO IIOJISL.

3. OLeHHTh WHTEHCHBHOCTh JIA3€PHOTO H3IyYeHHSI, KOTNa 1ojle E B IY4KEe CTAHOBHTCH
COMOCTABMMbIM C BHYTPHATOMHBIM H Pa3IOKeHUe noysipusanuy P 1o cTeneHaM moys £ tepser
CMEBICIT, (3.5*1016BT/CM2).
BapmanT 9.

1. B ueM cocTOMT (usmuecKkuit cMBICI BOIHOBOTO ((ha3zoBoro) CHHXPOHH3MA?

2. 3amucars hopmyiy P =g,y E 115 aHH30TPOIHOrO JIMHEHHOTO ONTHYECKOTO KpHCTaJLIA.

3. OueHHTL MIOTHOCTH MOTOKA SHepruy I Ja3epHOro H3IyuYeHHS, IIpH KOTOPOH IIPOMCXOMUT
BIIEKTPHYECKHH IPOOOH CyXOro OYHIIEHHOro OT HBUIM BO3iyXa. Kakas mpu sTom aMILTUTY1a
HANPSDKEHHOCTH dJIeKTpHIeckoro oyt Eo? Kakol momuaocTu P jrazepa 510 cooTsercTRYyeT, ecim
Ta3epHbli 1y4 uMeer quametp d = 0.3 MM? Jiuna BomHE! H3nyderus A= 10.6 Mim (CO2-nazep),
AIATEIBHOCTE UMITYJIBCA tin = 1 MKC, HOHU3AIMS B CYXOM BO3JyXe IPOUCXOJHAT TIPH SHEPIHH
anexTporoB U = 12 5B, jummna cBoGoxHoro npobera anextporos [ = 3*10™ cm.

Bapwuanrt 10.
1. B uem 3aiirowyaeTcs IOMYKIACCHUCCKHH [MOIXO NPH  PacCMOTPEHHH B3aUMOICHCTBHUS
HNICKTPOMArHUTHOTO URJIYYEHHS C BELECTBOM?
2. Jlath MareMaTMYECKyI0 3aIHCh YCIOBHH TOTO, YTO HEKOTOPAS OITHYECKAS cpena sBISIETCS
¢c1ab0IOrIomAINeH U ¢laboHeTHHeHHOH,
3. OnmpenenuTh TEH30p KBAIPATHUHON BOCIPUUMIHBOCTH > y kKpucramuia KDP, obnanaroniero
cuMMeTpreli 42m (TeTparoHaNbHas CHHIOHHS) Uit A= 1.064 MM, (d36 = (1.1 £ 0.3)10° CI'CD,
d14 = (0.95 £ 0.06)d36.
BapuanT 11.

1. OGBsiCHUT, Kak BIMAET CHMMETPHA ONTHYECKOTO KPHCTAUIA HA €ro HEJIMHEHHYIO
TIOJIAPH3ALIHIO.
2. 3aKoH JMCIepCHE HETHHENHBIX BOCTIPHUMYHBOCTEH U YeM OHA o0ycioriiena?

3. OnpesienuTs BHI TEH30pa JIMHEHHOM BOCIPHIMYHBOCTH ¢ij, ecin nomsipusamus P (P = k)
OPHCHTHPOBAHA ITAPA/IIETIBHO DIEKTPHYECKOMY OO E.

BapuanT 12.

1. IlosicHUTS, 110YEMy B KBAPIEBBIX CTEKJIAX, TPHMEHNEMBIX B ONTHYECKHX CBETOBOJIAX, HE
MOTYT HMETh MECTO HEIIMHEHHEIE 2 (EKTHI BTOPOTo IMOpsIKa.

2. Kakos dusnyeckuit emeicn pemuuns: ™ — nenmunetinoii BOCIPHUMYHBOCTH M-I0 HOpsaKa?
3. TeH30p AUBNEKTPHIECKON IPOHAIIAEMOCTH JUTS KPHCTAIIA MMEET BHI

310
1 3 0] IlpuBenure 3TOT TEH30p K TIIABHBIM OCSIM.
0 0 4

Bonpocs! peiitinr-konposrs Ne2
Bapuanr 1.

1.TIosSCHUTE rpaHuiBl TPEMEHUMOCTH JIHHEHHOM mozemu [pyne — Jloperna B3amMmopelcTRuS
H3JIyYeHHs C BEIIECTBOM,

2. O6BACHHUTD, TOYEMY IS IPO3pauHOif (Hemorn OINAKOINEH) ONTHYECKOH cpeasl Im xm = (],

3. Kaxos ¢usmaeckuit cCMBbIC IpOCBETIIEHHS TOTIIOMArOIIet cpenbr?

4. Cuntas U3BECTHOH €CTECTBCHHYHO IIMPUIY RO3GYHKIEHHOIO ATOMHOTO YPOBHSA Yo, OLEHHTH
HEOIPEe/ICICHHOCTh 04 JAJMHEI BOJIHBI ()OTOHA, H3}1yqaeM0ro IIPH IIEPEX0JIE MNIEKTPOHA C JAHHOIO
SHEPIeTHYCCKOrO YPOBHS HA YPOBEHD C MEHBINEH SHEPrUEH.

Bapuanr 2.
1. O6BACHATE (pH3MICCKHI CMBICI YIEHOB B YPABHEHHH IBHYKCHHS BBIHY)KJICHHBIX 3aTyXarOIIHX
KOJIeOanuii OHOTO OCLUILIATOPA.

2 . Kakona CBS3b MEXKIY HEIHHCHHBIMH
TIOJIAPM30BAHHOCTAMH CMExkKHBIX mopsakos PO, poth y

napaMerpoM HenuHeddoctu E = E/Ear. 2 “\%

16 b 7, 10" Briow®

3. KakoB (usudeckuii cMbIc 3 (peKTHBHOTO CedeHHs
12

K




MHOro(poTOHHOT0 mponecca (k) 1 OT KakuX mapamMeTpoB
OH 3aBUCHT?

4. latb pusmueckoe o6biACHEHHE XapakTepa
3aBHCHMOCTEI, IIPE/ICTaBIEHHBIX HA PHC.
Bapwuanr 3.

1. Iomy4uts 3aBHCHMOCTE JHHEHHON BOCHPUIMUMBOCTH ¥\ (®) OT YACTOTHI IS Cpensl, B
KOTOPOH KOIeOaHUs ONTUYECKHX 3IEKTPOHOB SBJISIOTCA TaPMOHHYECKHMH, M HMEETCS TONBKO
OZHa pe3oHaHCHas YacTora. M3o6pa3uts 51y 3a ‘HCHMOGTL rpadugeck.

2. Jlatb XapaKTePHCTHKY MOJIEIH aHrapMOHHIECKOr0 OCITMIIIATOpA ¢ KyOWYHOM HENHHEHHOCTHIO
B paMKax MOJIEIN aHrapMOHHYecKoro ocuuuigropa? (K = 0) -ypasrenue Jyddunra. Kaxoit
IIPOLIECC OHO OIHMCHIBAET?

3. lHosicnuts, moyeMy juist aByXdoTonHOro hoTosddexra BeIHUIMHA CHITEI TOKA B (orosmemMenTe
IIPOIOPLUHOHANBHA  KBAApaTy MOIIHOCTH JIa3epPHOTO H3IYYEHHs, NANAOIEero Ha KaTol
dborosnemenra.

4. B yem cocrout sdpdexr IlTapka?

BapuanT 4.

1. Kakyro HOBY10 HHOOPMAITHFO I103BOJISIOT HOTYIHTE: MOJIENH AHTaPMOHHYECKIX OCIHIUIITOPOB
II0 CPaBHEHHIO C JIMHEHHOH Moienpio?

2. ObocHoBaTh HEOOXOMMMOCTH KBAHTOBOM MOJIG/IH B3aUMOAeHCTBHS H3JIyYEHHS C BEIIECTBOM.
3. IloyeMy B ONTHYECKOM KPHCTAILIE HMEET MECTO PE3KHil POCT BEPOSITHOCTH MHOTO(pOTOHHEIX
IIpOIIECCOB IPH yBEIUICHHH HHTEHCHBHOCTH AJAI0IIEro JIa3ePHOro H3TyICHHs?

4. Vimerorcs 1Ba MMIyJIbCHBIX Jla3epa, M3IMYYAlONMX HA OHOH YacToTe, HO ¢ PasIHYHBIMH
JHTENBHOCTAME UMITYJTbCOB: COOTBETCTBEHHO 7 = 1 HC 1 7, = 107 me. Kakoi HX HEX 1 oyeMy
TIPC/UIOUTHTENbHEE  JUIT HCIOJIb30BAHHA B ONTOBOJOKOHHBIX JIMHHSX C TOYKH 3PEHHS
obecrieuenus CTOMKOCTH K ONTHIECKOMY TIPOGOIO?
Bapuanr 5.
1. Hokasats, 4To B HeTMHEHHBIX Cpefax HAPYIIACTCS MPHHIEAN HEM3MEHHOCTH YACTOTEI CBETA
IPH IIEPEX0JIe U3 OJHOM Cpeisl B IPYIYIO,
2. Jloxasare, 4T0 B paMKax KBAHTOBOH MOJIETH B3aHMOICHCTBHE HHTEHCHBHOTO CBETOBOTO OIS
C BEIIECTBOM IPEACTABIIAET COOOH HeMMHEHHEIH mporece.

3. Yem ommuaeTes npouece ABYX(GOTOHHOTO NEpexoa 0T Ipolecea, HpEeACTaBIAIONIEro coboit
IBa II0CIIeI0BATENBHEIX OHO(GOTOHHBIX nepexo;f;?

4. CpaBHHTEL BpeMsl XH3HH aTOMa B BEPTYAJIBHOM COCTOSHUH C BPEMEHEM JKH3HH B pealbHOM
BO30YKAEHHOM COCTOSHHH IIPH JIBYX(OTOHHOM IEpeXoje.

Bapwuanr 6.

1. Ha ocnose dopmymer  y(w) =7 (@) + yP(0)E> nonyaurs sasmcuMocts moxasarens

TIpCIIOMIICHUS OTITHYECKOH Cpe/ibl OT MHTEHCUBHOCTH IA/Ar0IIEr0 U3y YeHHUSL.

2. B ueM cocroar ¢usHyeckMe OCOOEHHOCTH 3ajayd O PC30HAHCHOM B3aMMOCHCTBHH
JIByXYPOBHEBOH KBAHTOBOM CHCTEMEI ¢
MOHOXPOMATHYECKHM U3JTyUYCHHEM,

OOEIYHO BBIpAXKaeMBbIe IIOHATHEM «aTOM, —— e
OJIETBIA IOJIeM»? Bt | heo, ho, hw,
3. 3anmcath 3aKOH COXPAHEHHS SHEPIHH B
JULst IBYX()OTOHHEIX TIPOIECCOB, ITOKA3AHHEBIX ho, 1 ho,
Ha pHc. & B &
4. JHoxasats, dYTo onTHYecKuil IpPoGOH a o 6
SIBJIACTCS HEMHHEHHBIM IIPOIIECCOM.
BapuanT 7.

1. Kakwe ¢usuueckue pesylnbTaTsl II03BONSET HONIYYHTh MOJEIHE OHrapMOHHYECKOIO
BO30YXKACHHMSI OCITHILIATOPA ¢ KBAJIPATHUHON HeIMHERHOCTHIO?

2. B 4eM COCTOMT MPHHIMIMAIBHOE OTIMTHE MEX/Ty C1aGbiM M CHIBHBIM BHEIIHHM HOTEM B
3afiade 0  PpPC30HAHCHOM  B3aUMOACHCTBMH = JABYXYPOBHEBOM  KBAHTOBOH CHCTEMBI ¢
MOHOXPOMATHYECKUM H3IyYeHHEM ?




3. Kaxosa cBa3b Mexay s(dexraMu reHepaluM BHICIINX TapMOHHK H MHOTO(QOTOHHBIMH
npoueccamu?
4. Kax u moueMy TOpOroBas MOIIHOCTH OINTHYECKOTO IIPOOOS 3ABHCUT OT UTATENHHOCTH
HMILYJIbCA U3ITYUCHHS ?

Bapwuanr 8.

1. B uem cocrout npasmio P. Muminepa i K KaKHM IIPAKTHYECKHM BBIBOJAM OHO NPHBOAT?

2. IlpusecTH mnpUMEPHl HENMHEHHBIX ONTHYCCKHX SBICHHH, OOYCNOBIEHHEIX HATHIHEM
I'DaIMEHTOR TEPMOIHHAMHYECKHX BEJIHYHH,

3. OObscHUTb, NOYEMy HH IIPH KakOM OOBIYHOM (HE Ja3epHOM) MCTOUHHKE CBETa
MHOTO(OTOHHBIE IPOLIECCHI B ONITHYECKHX KPUCTAIIIAX He HAG/I0NaioTC.

4. IomyunTh MaTeMaTHYECKOE BbIpaKeHUe 3aKkoHa Byrepa 1 HeMHEHHOro MOTIOMEHNS.
BapuanT 9.

(e/m)*
(@; ~@?)’
KyGuuHO# BocpuumumBocTH ¥ He BXOJUT KBAJPaTHIHAs BOCIPHAMIHBOCTE 2.

2. B 4eM CXOJCTBO U Pa3JIUUHE MEKIY O,I];HO(bOT?HHLIMI/I H MHOTO()OTOHHEIMH IIPOIECCaMu?
3. Hcmone3ys (yHnaMeHTaNTbHBIE —3aKOHOMEPHOCTM — KBAHTOBOH  (DH3HKH, OOBICHHTH
(u3nuecKylo TPUPOY MPOMEKYTOUHBIX COCTOSAHME, 4epe3 KOTOPEIC MPOXOIMT ATOMHEIH
3NIEKTPOH IIPH MHOTO(OTOHHOM IIPOIIECCE.

Bapwuanr 10.

1. IloiyunTh 3aBHCHMOCTH JHHEHHOH BOCTIPHHMYHBOCTEH xm(w) OT YacTOTHI I Cpeasl, B
KOTOPOH KOJIEOAHH ONTHYECKHX DICKTPOHOB SBIIOTCS FAPMOHHUECKHMH, W MMEETCH TOJLKO
OJIHA PE30HAHCHAS YacTOTa.

2. Moryr a1 OBITH O/IHH OBYX()OTOHHBIE IIPOLECCH! JHMHEHHBIMH, a IPYrHe — HelHHCHHBIMU?
OTBeT MOSACHHUTE HA IPUMEpaX. F

3. llpn xakux NOMYyIIEHMSX CIPABCANHMBO BHIPAKEHHE JUIS BEPOSTHOCTH MHOI0()OTOHHOTO

1. [are ¢pusnveckoe oObsicHeHHe TOoMy, 410 B dopmyny y ¥ =% 1V (@)s 108

- i
nepexopa  w' =] w® =[w(l} ] ~I1*? TloueMy B psze ciyuaeB crporas CTeleHHas
i

3aBHCHMOCTh HapylIaeTcs?
4, OOBACHUTE, TOYEMY HeMMHEHHOE HOIJIOUEHNE HA HECKOIBKO MOPAIKOB BEHYHHE! OOJIbIIE
JTUHEHHOT'O IIOTJIOIIEHHS.
Bonpocer pefituar-koHTposs Ne3
Bapuanr 1.

1. IToxasaTs, 4o Bepaxkenue #(m, £) = n(®) + ny,F* 11s mokasaTers [IPEJIOMIICHHS HETHHEHHOIT
CPEJIBl ITOJIy4aeTesl KaK pe3ybTar BKJIaga KyOHYHON BOCIIPHHMYHBOCTH x(3),

2. loscnuts paboty BKP-nasepos u BKP-ycmmireneii.

3. Ilokasare, 4TO AWMCIIEpcHs IPYNIIOBBIX CKOPOCTEH MMEET MECTO M Ui JIMHEHHBIX, W JIs
HEJIMHEeHHBIX BOJIH.

4. KakOBBEI OCHOBHBIE CBOMCTBA COJTUTOHOR?
Bapuanr 2.

1. OOBACHUTB, OUEMY B BBIPAKEHHH JUISA Fyy = ngl + n412 + ..U HeNMHHeHHo#H dgacTu
NOKa3aTeNs ITIPEIOMIIEHHS IIPHUCYTCTBYIOT TOHTKO YETHBIE CTENEHH AaMIIUTYOLI CBETOBOIO

BEKTOpA.

2. B ueM OTJIMYME CIIOHTAHHOTO OT BBIHYKIEHHOTO paccesHus MaH/enpImrama — Bpuinrosna?
3. latb xapaxrepucTuky ypasHenus Kopresera — e ®pusa.

4. OOBACHUTE, IOYEMY TPYIIIOBON CONUTOH He MOXKET CONEPIKATH CIIHIIKOM GOJIBIIOS (Gonee
20) xonmuYyecTBO BOJH.

Bapuanr 3.

1. Kak Bimser 3Hak pedpakiMOHHOTO HHIEKCA HA XapaKTep SBONIOIMH CBETOBOTO Iydka B
OIITHYECKOH cpese?

2. Tlouemy sBIeHHE BHIHYIJIEHHOTO paccesHHsi MammenbirramMa — bprummosna anamornyno
SIBIICHUIO IU(PaKIMH Ha IIPOCTPAHCTBEHHOM peleTke?



3. Cpasuuth CTpykTypy ypaBHenus Kopresera — ne ®pusa u HenmHEHHOTO YpaBHEHHUS
[penunrepa u GU3HUECKHH CMBICI WICHOB B 9THX YPABHEHMSIX.

4. CpaBHUTE CBOMCTBA IIAPAMETPHYECKOTO YCHICHUS CO CBOMCTBAMM BKP-ycunenuss u BPMb-
YCHIICHHA.
Bapwuanr 4.
1. TlosicHUTH, B YeM COCTOWT HENMHEHHLIH XapaKTep SBICHHS ¢aMO(OKYCHPOBKH CBETOBOTO
IyYKa.
2. loxasatk, YTO NpH BEIHYXIEHHOM paccesHuy MammensinramMa — Bpuiimossa BotHa Hakayku
H BOITHA PACCESHHOTO U3J1yUeHHS PACTIPOCTPAHSIOTCA B IPOTHBOIOIOKHBIX HANPABICHHUSIX.

3. Yro xapakTepH3yiOT NHCIEpCHOHHEIE KOd(duuueHTsI f; u fr B 06o6menHom ypaBHEHUH
ABAIOIUMCS 0000menueM ypapnerus Knd u wenuueiinoro ypapHeHus UIpenunrepa?

4. IloyeMmy 4eTHIDEXBOIHOBOE CMEIIEHHE SBIAETCS OLHHM M3 CAMBIX HENKEJATeIbHBIX
HEJTMHEHHBIX ON'THYECKHX 5((eKTOB B ONTOBOIOKOHHEIX CHCTEMAX Iepeaadn HE(opMarun?
Bapwanr 5.

1. TlpuecTn MaTeMaTHueckyio hopMmyiy, HOK
(opMa ONITHUECKHUX KMITYIIECOB HE H3MCHAETCS,
2. B weM coCTOMT mone3noe W BPEHOE BIMSHHE BHIHYKIEHHOTO paccesHus Mammebirtama —
Bpuiutosna As OITOBOIOKOHHEBIX JTHHAN CBA3H'

3. IlpoBepuTh ¢ TOYKH 3peHHs Pa3sMEPHOCTH (BH3HYECKHX BEIHYHH, UTO pasble 4acTd (hopMyI
AL JWCTIEPCHORHOH JUIMHE M HEJIMHEHHOM [UIMHBI JAIOT XapaKTEPHEIE HHBI (JIHCICPCHOHHAs
JUIMHA U HeJIMHEHHAs UINHA).

4. st 9ero B BOJIOKOHHEIX JHHHSX HEPEefayd HEDOPMAIMH [PUMEHAETCS CKATHE ONTHYECKHX
UMIYIbCOB? JI0 KAKHX BETHYHH COKHMAIOTCSA HMITYIIBCHI?

Bapuanr 6.

1. Kakosa CEs3b MEXK/Y SBICHHIME CaMO()OKYCHPOBKHA H (azoBoi CaMOMOIY AN ?

2. TTocTpouTs Ka4eCTBEHHO rpadIecKyo 3BHCHMOCTD s ciexkrpa BPMDB yeunenus.

3. B 4em cocTOMT MaTeMaTHYecKoe H (H3MUECKOE CONEPIKAHHE MOHATHS «MOIYIAHOHHAS
HEYCTOHYHBOCTE» 7

4. [lokasaTh, uto 00pasoBaHHE ONTHYECKOTO COMMTOHA — 3TO HETHHEHHBIN huzndeckuii
Iporecc.

Bapuanr 7.

1. Tlowemy mnpum manoll Bemmumme KyGWUHOH BOCTIPHEMYHBOCTH y“ KBapLEBOro CTEKITA
HEMHEHHBIE 9 (EKTEI TeM HE MEHEe HIPAIOT CYUIECTBEHHYIO POJb B OITOBOIOKOHHBIX JTHHHSX
nepenad uHpopMaun?
2. CpaBHATL MOPOTOBBIE MOLIHOCTH Ul BEIHY)KIEHHOTO KOMOHHAIMOHHOIO paccestHAA |
BBIHYKJIEHHOTO paccesHus Manaensmrama — Bpumosna.

3. OOBACHHTE, IOYEMY TPYIIIOBOH COMHTOH HE MOKET COJIEPKATE CIUIKOM OomnbIoe (Gonee
20) KoIM4YeCcTBO BOJIH.
4. Kax MOKHO HCITONE30BATE COJMTOHBL B ONTOBONIOKOHHBIX JIMHHUSIX CBI3H?
Bapuanr 8.
1. TlosicHuTE (H3MYeCKHH CMEBICH WIEHOB B YPaBHEHHH IS HENMHEHHOro Habera (azer
CBETOBOTO UMITYJIbCA.
2. KakoBel ~ METOABI  NPOTHBOXEHCTBHS | HETATHBHOMY  BIUSHMIO BEIHYIKJIEHHOTO
KOMOHHAIMOHHOTO PAaCCEsHUsI M BBIHYICIEHHOTO paccesHus MamjenpmTama — bpunnrosna B
OITOBOJOKOHHBIX THHHSX CBA3ZH?
3. Kak BIHSIOT ONTHYECKHWE MOTepH B BOJIOKHE Ha MOAYJISIIAOHHYIO HEYCTOHYHBOCTH IIPH
PacpoCTpaHEeHHH JIA3EPHEIX UMITYJILCOB?
4. IToACHUTE 3HAYCHHE TOHATHS KIIEPHO CONHTOHAY.
Bapuant 9.
1. OGpsicuuTs, nOYeMy (asoBas CaMOMOJYIAIMS NPHBOJMT K YACTOTHOM MOJYJISIITHE
ONTHYECKHX HMITYJIbCOB.

BIBAIOIIYIO, YTO NpH (a3oBOM caMOMOLYIAIMH




2. Jloxasarh, 4YTO MAaKCHMAaTbHbIA K03(du
COBIIQJISHMH  YaCTOTHI  HaKaykd H
OPHILTIORHOBCKOT'O YACTOTHOTO CABHTA.
3. Uem oOBsACHAETCS  pasiM4HBIHA
XapakTep HBOMIONHMH BOJHOBOTO IIAaKeTa
Ha puc. a u 67?

4, CpaBHuTSH

H

CBOMcCTBA

o

udeHT BPMB-ycuneHns wumeer Mecto Ipu

it

)

0
COJIHTOHA )54

BEICIITHX

(byHIaMEHTAIBHOTO
OLTHYECKHX COJIUTOHOB
HOPSITKOB,

BapuanT 10,

1. JlokasaTe, 4TO SIBIE€HHS BLIHYXKIEHHOTO KO
paccesuus MannensmramMa — Bpmnmossa Ha

a

M6I/IHHHHOHHOTO pacCceAHd W BBIHYKICHHOIQ
KIaABIBAIOT OTpaHHYCHHAI Ha MaKCHMAJIBHYIO

MONTHOCTL OIITHYECKHX HMIIYJIBLCOB, HCIIONIB3YEMBIX B OIITOBOJIOKOHHEIX JIHHHAX nepenadn

uH(popMAaIHH.
2. Tlokasarh, 4YTO IHHEHHAs KOMOWHAI[HS
DIEKTPHYECKOM COCTABRJISIOIIEH TAKKe ABJISIETC

3. CpaBuHTEL CTpPyKTYpy ypaBHenus Koprese
[TIpemunrepa, 1 GU3UIECKUI CMBICI YIEHOB B 3T

OBYX PpENIEHMH BOJHOBOTO YpaBHEHHS IJId
PEIIEHHEM 3TOTO YpaBHCHHUS.

ra — jge OpHsza ¥ HETUHEHHOro ypaBHEHHs
HX YPABHEHHSIX.

4. Iosicuuts yenosust, Heo6XouMble 11 (POPMHPOBAHMS ONTHUCCKUX COTUTOHOB.

IIpomesxyTouHast aTTeCTANMS IPOXOIAT
Bonpoch! k 9k3amMeny
1. Mcropus v mpeaMeT HeMMHEHHOH ONTHKH

2. Kimacenduxarms HenuHeiHO-onTHYecKuX 3¢

B (hopme dK3aMeHa.

CKTOB

3. KorepeHTHEBIE M HE KOTEPEHTHbIE HeMHEHH0-0nTHYecKHe 2 deKTs!

4. Henmuuelinoe norsomeH#e ceeTa

5. I'eneparus cyMMapHBIX U pa3sHOCTHBIX YacTOT

6. Ilapamerpuyeckas renepanus
7. BBIHYKAEHHOE paccesHue
8. YpasHenust Makcpemia — JlopeHna B cpene

9. Henuneitne1it oTKIHK cpenpl Pasnoskenue o

10. Henunelinas nonspusanus

11. lenepartus BTOpoit rapMOHUKH (HHTErPAJIBHE
12. DeHOMEHONOTHYECKOE ONMCAHHIE ONTHUESCKH
13. TeH30pEl ONTHYECKHX BOCIPHUMYHBOCTEH

CHMMETPHH OIITHYECKHX Cpell

14. Meton MenneHHO MEHSIOIIMXCS aMILTUTY T

(TpexdOoTOHHEIE B3aMMOIEHCTBHA)

SIPU3AITHH 110 CTEIEHIM IO
I TTOAX0/)
X BOCIIPHUMYHBOCTEH KPHCTAIIIMUECKUX CPE]T

ITepecranoBounsle cootHomenud. CsoicTBa

UL CPENbl ¢ KBAaApaTHUHOM HeIHHEHHOCTHIO

15. CucreMa CTallHOHAPHEIX YKOPOYEHHEIX

CooTromenus Manm — Poy.

pasHenui. IlpmOnmkeHne 3amaHHOrO IO

16. T'eneparus BTopoi rapmonuku (I'BI') B IpHOIMKEHHH 3a1aHHOTO OIS

17. ®a3oBbIif cHHXPOHH3M H METO/BI €0 Peanusanun. Buas hazosoro CUHXPOHH3MA.
18. I'enepanms cyMMapHBIX H Pa3HOCTHBIX 9acTOT, [IPHKIaHBIE ACTIEKTEL

19. YpaBsrenus jis MeIEHHO MEHSIOIUXCS JEHCTBUTENBHEIX aMIUIATY. 1 ¢as.

20. TouHoe pelenye Jis TeHepaIy BTOPO rapMOHHKH. 3axBat asbl.

21. Iapamerpraecknii reneparop csera (I11'C)
YCHUTICHHS apaMETPUYIECKOT0 YCHIIHTE.
22. Ilapamerpuueckuii  reHeparop.

Asyxpesonaropusli I1I'C, TTapameTpuueckuii re

[Tepectpoiika

. IlapameTpuueckoe ycunenue. KoauuueHTrr

4acTOTEL.  OJIHOpEe30HATOPHEIH
HEPAaTOP BCTPEYHOH BOJIHBL.

Hu

23. MeToa MeIJIEHHO MEHSIOMIUXCS aMIUTUTYT B TEOPHUH PACIIPOCTPAHEHHS BOJIHOBBIX [1AKETOB.

HCCT&HHOHH}.’)HBIG YKOPOYICHHLIC YPaBHCHHU .

24, Bropoe npubimKkeHHe TEOPHH JUCIICPCHI. Y PABHEHHS JUTS TIYIKOB 1 HMITYJIECOB.



25. lupaximonnsie 3¢ dextsl. J{UCHEpPCHOHEOE pacIuIBIBAHNE uMIynbcoB. OOmmee ypaBHeHHE
JULSL MONy THPOBAHHBIX B IPOCTPAHCTBE H BO BPEMEHH aMIUIHTYI,
26. TpexdoTounsie nponeccrr. CHcTeMa HeTHHEHHBIX HECTAllHOHAPHBIX YPaBHCHHUIA,
27. Hecramuonapuas I'BI'. Dddexr prnHOBOI‘q 3aIa3BIBaHUs UMITYJIBECOR.
28. I'pynnosoii cuHxpornsM. Dhdext I[HCHepCITOHHOI‘O pacIIbIBaHUS HMITYJIECOB,
29. OcoOeHHOCTH TIa30BEIX ATOMHBIX M MOJEKYISPHBIX HEJTMHEHHO-ONTHYECKHX cpen.
YeTripexpoTOHHEIE B3aUMOIEHCTBHA.
30. YkopoycHHBIE ypaBHeHHS. Pe30HAHCHEIE YeThIpex (G OTOHHEIE IIPOIIECCEL.
31. Onenxa, pacueT 1 MHTEPIPETALHS HEIMHEHHEIX BOCIPHIMUHBOCTEH,
32. BsauMojieficTBHE BOIH B Cpeliax ¢ OTPUIATEIbHOM AUCTIepCHEA.
33. Hacpienne pesoHascHoro nepexona. Jlunamuyeckuii s dexr MTapxka.
34. INapameTpudeckoe npocseTieHne. Beicokouactorrsit sdext Keppa.
35. Yenosus GazoBoro cornacoBaHus © METOJBI €0 PEAH3AIHH,
36. Kombunanmonnoe (PamanoBckoe) paccesHUE cBeTa.
37. Bemyxnennoe koMOuHanuonHoe paccesmue (BKP).
38. Ousnvecknit MexaHu3M paccesitusi. OCHOBHBIE YPABHEHUS U napametpsl. [Topor BKP,
39. Bemyxiennoe paccesaie Mangensmrama — Bprmmossa.
40. O6pamenue BoaroBOro GppoHTa. KOMOHHAIMOHHEIE Ja3€pPHI.
CamocrosiTesbHast paGoTa CTYICHTOB BKIIIOUACT B CeOSL:

1; Ay;:[m‘opHaﬂ caMocCToATeNNbHaA padora CTyAeHTa II0 AHUCHHILIINHE BBITOJJHACTCS
Ha IIPaKTHYECKHUX 3aHATHAX IIPH PCIICHUH 3a1ay
2. BI—IBay,ILI/ITOpHaH CaAMOCTOATEIbHAA paGOTa BERIIIOTHACTCA  CTYOACHTOM IIpHU

yriyOneHHOM HM3YYeHWH IMCHMIUIEHBI 110 TeMe MpOHIEHHOH JeKIuy, IPH HOATOTOBKE K
IIPAKTHICCKUM 3aHATHAM. OCHOBHOH (OPMOM caMOCTOATENLHONH paGOTEI CTYHEHTA SBISETCS
M3YHCHHE KOHCIICKTA JICKIHH, PEKOMEH/I0BAHHOH JINTEPATYPh! M PENIeHHsS KOHKPETHEIX 3a/1a4.
CaMocTosTenbras paGoTa 3aBeplIaeT 3a1a9n BCEX APYTHX BHJIOB y4eOHOTO Iporecca u
MOKET OCYIISCTBITECS Ha JISKIHAX, CCMUHAPaX, IIPAKTHYECKHX 3aHSTHSX, KOHCYIbTarmsx. Kax
(hopma opraHm3anKH y4eGHOrO IPOLECCA CAMOCTOATENHHAL paboTa CTYZEHTOB NpecTABIISET
CO00H NeNeHanpPaBICHHYI0 CHCTEMATHYECKYIO JIEATENBHOCTE 110 OpHOOPETEHHIO 3HAHMI,
OCYIIECTRIIIEMYIO BHE ayTUTOPHH,
KoHTpoIs BEIMOMHEHHS caMOCTOATENBHOM PaBoOTE OCYILECTBIAETCH B XOIE BHIIOIHEHAS 1
3aIIUTHL Tab0PATOPHEIX PaboT 10 JMCHMILIAHE, IPH BHITONHEHUH TIPAKTAYECKAX 3a/aHuM, Ha
JK3aMeHe.
Bompock! 151 KOHTPOJIsE caMOCTOSATeIbHOI paGoTh
1. Onpenemmre, YTO HA3BIBAIOT KOTEPEHTHBIMH, 4 YTO HEKOTEPEHTHBIME HEJHHEHHO-
onTuyeckuMu s pexramu?
2. KaxoBbl (pH3HYeCKHe BEJIMUUHEL, ONPE/EISIONHe HETHHEH0-0NTHISCKIE apexTrr?
3. KaxoBa 110 mopsi/iky BeJIMUHHEL HaHpHHCGWE)HOCTb BHYTPHATOMHOT'O ITOJIA?

4. Kaxossl ycnosus, onpeznensiomue sGekTHBHOCTE reHepanuy BTOPOH rapMOHUKH?

5. KakoBer 061acTH IpHEMEHEHHUS TapaMeTpHYecKoi TeHepaIiy cBera?

6. Hasosute sdextrl, o6ycioBIeHHbIe BTOPOH W TPETBEH CTEIEHBI0 HETHHEHHOCTH
(BTOPBIM H TPETHMM WICHOM PA3JI0KEHHS TOSPH3ALIH 110 II0JIIO).

7. KaxoBa (usmdeckas BemwuMHa, OIpeENSIOMAs NIPOCTPAHCTBEHHOE HAKOILIEHHE
HeJIMHeHHOoro 3¢ hexTa?
8. HasoBure mocie10BaTebHOCTE TAIIOB B IPOLECce TCHEPAIMH BTOPOH IrapMOHHKH.

9. Uro Takoe BonHOBas paccTpoiika? Chopmymupyiire ycnosHe (ha3oBOro CHHXPOHH3MA.

10. B kaKux cpenax MOXET BBIIOIHATECS YCIOBHE (asoBOro CHHXPOHH3MA?

11. Yro noHMMAIOT 1O/ HETHHEHHBIM OTKIHKOM cpener? Jlaiite KmaccuduKarmio
HEJTMHEHHO-0NTHIECKUX 3P (PEKTOB.

12. YkaxuTe BOSMOXHbIE TUIBI TONAPH3AIMH H BpeMs HX YyCTaHOBIEHHA. [IpuBenure
IPUMEPE! OMHOOCHBIX U IBYOCHBIX KPHCTAJLIOB.

13. KaxoBo MaKCHMaJbHOE YMCIO HE3aBHCHMEBIX KOMIIOHEHT KBaJPaTHYHOI'O TEH30pa
ONTHYECKOH BOCTIPHUMYHUBOCTH?




14. TIo xaxo# cXeMe OCYIECTBISIOTCS TPEX(POTOHHBIE IPOLIECCHI?

15. CoopmynupyiiTe ycioBHS, TPH KOTOPHIX KOMIIOHEHTEI TEH30pa HENUHEHHON
BOCIPHUMYHBOCTH CHMMETPUYHBI OTHOCHTENILHO MEPECTAHOBKH BCEX TPEX HMHOEKCOB. B wem
CyTh cooTHOLIeHuH KielinMmana?

16. KaxoBbl cBo¥cTBa cpe;, B KOTOPBIX HE MOXKET CYINCCTBOBATH KBaJpaTU4Has
TIOJIAPH3AITHSA?

17. Kaxos xapakTep M3MEHEHHS KOMIUIEKCHOH aMIUTHTYIbI B CTallHOHAPHOM pEeXHME H
KaKuX yCIOBMH MOMKHO HCIIONB30BATE METOJ] MEIIEHHO MEHSIOLIMXCS AMIUTHTYI?

18. Yro o3HauaeT mpuOIMIKEHHE 33 1aHHOO MO M KAKOBEI YCIOBHS €10 HCIOJIB30BAHYS?

19. Chopmymupyiite yermoBua caMmoBo36y:kIeHHs.

20. Kak 3aBHCHT IOKa3aTellb MPENOMIEHHS HEOOBIKHOBEHHON BOTHBI OT yIJIa MEXKIy
HaNpaBJICHHEM JIa3ePHOT0 H3JIYyICHHS H ONTHYECKOH OChI0 KPHCTAILIA?

21. KakoB BHI WHIMKATPHC ITOKAa3aTens OpeNoOMIIEHHS A1 OOBIKHOBEHHOH
HEOOBIKHOBCHHOH BOMH? B yeM CyTh SIBICHIS ABOHHOTO TydepeToMIIeHIs?

22. VkaxWTe BUIBI B3aMMOICHCTBHI, COOTBETCTBYIOLIHE (azoBOMYy CHHXPOHH3MY
IIEPBOrO THIIA ¥ BTOPOTO THIIA.

23. KakoBbl BH/BI CHHXPOHH3MA B IIONOXKHTENBHEIX ¥ OTPHIATCIBHBIX KPHCTAIIAX?

24. KakoBa opueHTalus BOIHOBBIX BeKTﬂpOB B3aMMO/ICACTBYIONIMX CBETOBEIX BOJIH IIPH
BEKTOPHOM CHHXPOHM3Me? UTO HAa3bIBAIOT yIIIOM CHHXPOHH3MA U HANPABIEHHEM CHHXPOHH3MA?

25. Yo HA3EIBAIOT €0-0; €e-0; 00-¢ -B3aPIM‘0,JIGIL:ICTBI/IHMI/I?

26. KakuMm BBIpayKEHHEM ONPEAEISIETCS JIHHA HeTHHCHHOTO B3aUMOJCHCTBHS H KAKOBO
YCIIOBHE BBITOTHEHHA TOYHOTO PEIIEHHUS B OTCY CTBUH (azoBoro cuuxpoHu3Ma?

27. Bo3MOXH& JM TIONHAas NEPeKauyka SHEPTHH BO BTOPYIO FapMOHHUKY Ha JIHHE
HEJIMHEHHOTO B3aMMOICHCTBHS 1 KaKOBEI YCIOBHS HEOGPATHMOCTH IIPOLIecca reHepanuu?

28. Yro HaseBaror 3axBatoM (a3? KakoBEI ycIIOBHS HeoOXO/MMEIE IS 3aXBaTa a3z u
CprIBa 3axBaTa (a3? Kakoso usMeHeHuHe (askl B pesysipTaTe CphiBa (a3zpr?

29. KakoBa 10Ci€I0BATEIBHOCTE IIPOIECCOB TPH TEeHEALAH BTOPOH TapMOHHKH,
COIPOBOKIAIONIEH s 3aXBaToM (az?

30. Kaxoe 3nauenue 0Go0IwIeHHOM (asbl cOOTBETCTBYET IPOLECCY MEPEKAYKU SHEPTHH H3
BTOPOH IapMOHHKH B IIEPBYIO H U3 IEPBOH TAPMOHUKH BO BTOPYEO?

31. Yro wWaspBAlOT NapaMeTPUYECKHMM YculeHHeMm cBera? Ha Kakue COCTABIISIIOIITIE
PacliajlacTCs BOJIHA HAKAUKY NIPH N1apaMeTPHYecKol reneparuu csera? YTo Ha3HBAIOT 06PATHOI
TUTHHOR ?

32. KaxoBbl BHENIHHE BO3JEHCTBHA, C IOMOIIBI0 KOTOPHIX OCYIIECTBIIACTCS ILIaBHAS
MEPECTPOHKA YACTOTHI B IOTYIPOBOJHUKOBEIX ONTHYECKUX TEHEPATOPAX CBeTa?

33. C noMomplo Kakoro ycTpoHCTBa OCYINECTBISETCS MIABHAS IEPECTPOiKa YacTOTLI B
JTa3epax Ha KPACHUTEIXK?

34. Yro HAa3BIBAIOT CHUIHANBHON BOJIHOH, & YTO HA3BIBAIOT XOJIOCTOH BOMHOM? Kakum
06pas’oM ycumuTens MoXKeT GLITH IIpeBpaImeH B reHeparop? Kakoso YCIOBHE CAMOBO30YKIEHHUS
TP [TapaMeTPHYECKOH reHepanuu ceeta?

35. KaxOBbI yCTOBHS NPHMCHHMOCTH METONd MEUICHHO MEHSIONIIXCS AMILTUTY/ B
(hr3uKe BOJHOBBIX TIpoLeccoB? B KakoM ciydae OTKIMK Cpebl CUMTAETCS TOKAIBHBIM?

36. PacmpocTpaHeHue KakMX BONH B Cpene OIIMCHIBACTCH HECTAMOHAPHBIMU
YKOPOUCHHEIMH ypaBHEHUAMH? JUIIs OMICAHHUS KAaKHX ONTHYECKUX IPOIECCOB HCIIOIB3YIOTCS
ypasHeHus napaboaudeckoro Tumna?

37. UYto Ha3pIBAIOT MMCHEPCHOHHBIM pacilibiBanueM? B yem CYTh KBa3HONTHUCCKOIO
npubnmkeHns?

38. KakoB pexum reHepamiy BTOPOH TAPMOHHKH IIPH HCIIONB30BAHHH CBEPXKOPOTKHX
Ja3ePHEIX UMITYJIBCOB?

39. B yem cyTh addexTa TpynmoBOro 3anasapiBaHHs umiynscoB? Kakoit Bua umeer
BRIPAKCHHE JUIS PACCTPOMKH IPYIIIOBBIX CKOPOCTeH HMIYIbCOB? [ pyNmoBoit CHEXPOHH3M?




40. Kakpe cpensl HasbBarOT neBopykumu? Kax HallpaBJICHEI JPYI' OTHOCHTENRHO JApyra
BOJHOBOH BeKTOp M Bekrop IlodTHHra B neBopykux cpemax? Kax OPHEHTHPOBAHBl APYT
OTHOCHTENLHO JIpyra (pa3oBast M rpyInoBas CKOPOCTH B JIEBOPYKUX cpeax”?

41. Ilpu BRINONHEHHHW KAKOTO YCIOBHS BO3MOMKHEI ueThipexdorTonnsle mponeccr? Ilpu
KaKUX YCJIOBHAX BO3MOXKHO HEIHHEHHO-OITHYECKOE CMEUICHHE YacTOT M KAKOM BHI MMEET
k0> GULIEHT HeTUHEHHOH CBS3H IIPH YeTHIPEX(HOTOHHEIX IpOLeccax?

42. KakoBBI 0COOCHHOCTH TA30BEIX HEIHHEHHO-OMITHUECKHX cpen?

43. Yro wHasBBAKOT mapaMeTpUUECKMM mpocBeriicHreM?  KakoBHI 11apaMETPHI,
ONPENEILTIONHIE KOJIMIECTBO POIKIACHHBIX (POTOHOB IIPH TEHEPAIMHA TPEThell rapMOHHKH BOJIM3H
pe3oHanca?

44. B xaxom sddekre mposBiseTcs HelMHEHHAS MHTEPEPEHIMS ATOMHBIX epexo0B?
Kaxoit addexr obyciapnupaer capur J:(Byxcl)OTolFaﬂoro pe3oHanca?

45. KakoBa 3((eKTHBHOCTE NpeoGpa3oBaHus B IIPOIECCax TPETLErO IOPSAJIKA U KaKue
IPOIIECCHI MOTYT HAPYLUHTE YCIOBHE (ha30BOr0 CHHXPOHHM3MA B ra3ax?

46. Kaxde mapaMeTpsl OLpeessioT OPOT BEIHYKACHHOTO KOMOHHAMOHHOIO paccesHus
(BKP) u or KakHX IapameTpoB Cpeisl 3aBHCAT YaCTOTH CIIOHTAHHOLO KOMOMHAIIMOHHOTO
paccesHus?

47. Yro HA3BIBAIOT CTOKCOBOH KOMIIOHeHTOH m3mydenus? Kax HaIpaBJIEHO CTOKCORO
u3nydenue npu BKP? Ot yero 3asucut asa MonekymsapHEIX KoneGammii npu BKP?

48. Kakue npuONMIKEHHs HCIONB3YIOTCA IIPH  BEIBOJE YPaBHEHUH TIeHepaliu
BBIHY)KIICHHOr0 KOMOHHALMOHHOTO paccesHus? Kakue mapameTps! BXOZAT B YKOPOYEHHEIE
YpaBHEHHS, onuceBaomue BKP? Vcenosue mpexpameHss pocta aMIUIHTYHBI CTOKCOBOM
KOMIIOHEHTEI,

49. KaxuM BBIpaskeHHEM OIMCHIBAETCS A IJIMTYNa aHTUCTOKCOBOM KomnoHeHTE? Kakoi
s(QdekT 00ycIaBIHBaET BEIHYKIEHHOS AHTHCTOKCOBO KOMOMHALIHOHMHOE paccesume?

7. YYEBHO-METOAUYECKOE U UTH®OPMAIIMOHHOE OBECIIEYEHUE
AUCHUATIIIAHBI (MOYJIS)

) OCHOGHAA IUMepamypa:
1. ®usnka. Bonnosas onruka. Ksantosas npupona M3JIyYCHHS. DJIEMEHTEI aTOMHOM W SIEPHOI
(usuxn: Vueb. moc. / C.M.Kysnenos, AM.JIupep - 3-e w3, nepepab. u jgom. - M.: Bysos.
yueb.: HUIT MHOPA-M, 2015 - 212 ¢.: 60x90 1/16.(1) ISBN 978-5-9558-0350-0.
2. Kynpuun, I0.H. Cospemennas ontvka B GOTOHHKA HaHO- H MHKPOCHCTEM [DNIEKTPOHHBIH
pecype] : . - DunekTpod. aan. - M. : duamariur, 2015, - 449 c.
3. JIaGopaTopHEI# MpakTHKYM IO ONTHKE [DIEKTPOHHBIH pecype] @ . - Onekrpon. gam. - Cub.:
HIY WTMO (Camkr-TlerepOyprekuit  HANHOHAIBHEIN  MCCIIETOBATEILCKMIL YHHBEPCUTET
HH(OPMAIMOHHBIX TEXHONOTHI, MEXaHUKH i onTuky), 2012, - 64 c.
4. baiiko, }0.A. KpanToBas Mexanmka [DIeKTpoHHbI pecypc] : yueOmoe mocobue / 0.A.
baiixos, B.M. Kysneros. - On. 3. - M.: BUHOM. Jlaboparopus 3uanuit, 2013. - 291 ¢.: u. -
ISBN 978-5-9963-2121-6.
0) dononnumenvran numepamypa:
1. Posanos, H.H. Henuueiinas onruka. Yacts . YpaBHEHHS PaCIPOCTPAHEHHUs U3IYUCHHS H
HEJIMHEHHBIH OTKINK Cpejbl [DIeKTpoHHBIH pecypc]: yduebHoe mocobue. - OJeKTpoH. jaH. -
Cn6.: HUY UTMO (Canxt-TleTepOyprekuil HaluoHaTBHEI HCCIIEIOBATE/ILCKHI YHUBEPCHTET
HHGOPMAIIMOHHEBIX TEXHOJIOTHIH, MEXAHUKH U Ol uku), 2008. - 100 c.
2. AxpomeeBa, T. C. CTpyKTYpHI ¥ Xa0C B HEJMHEHHDIX cpenax [OnextponHsri pecype] / T, C.
Axpomeesa u ap. - M. : DUIMATIIUT, 2007. - jSS c. - ISBN 978-5-9221-0887-4.
3. Henuneltnpie BonrOBEIE ypasHenus B onruxe/Kopens .. - Hoocu6.: HI'TIY, 2010. - 40 c.:
ISBN 978-5-7782-1334-0

6) nepuoduueckue uzdanua
1. Ksanrosas snexrponnxa: http://www.quantum-electron.ru
2. Yenexu pusudeckux wayk: http://ufn.ru




3. Xypuan texunyeckoit Gpusuku u [ucema B KTD: http://journals.ioffe.ru/pjtf

6) uHmMeEpHem-pecypcol

1. http://www.laser.ru

2. http://www.cislaser.com

3. https://www.comsol.ru/events/

8. MATEPHAJIbHO-TEXHUYECKOE OBECIIEYEHUE
AUCHUIIJIAHBI (MOIY.JIS)
lpenonasanve  mucnmmumeEsr  mpeaycMaTpuBaeT NPUMEHEHHE  MYJILTHMEIHMHBIX

TPE3CHTAM ¥ KOMIBIOTEPHBIX CHMYJISILIHIA,
000pYIOBAHHEIX MYIBTHMEIUHHEIM  060pPYI0

00eCIeUeHHs IPOBEICHHs IIPAKTHYECKHX Pad

OulIM.
AYIHTOPHH ISl TPOBEICHHS 3aHATHI

KOMIIBIOTEpPaMH, OG’B@I{I’IHEHHHMH B JIOK&JILHYHO
H€06XOI[HMI)IM CHCTEMHBIM H IIPHKJIaHEIM IIpoT

4T0 00ECIIeYHBaeTCS IPOBENECHHEM 3aHATHI B
BaHHEM aynuTopusx Kadenmpsr ®ulIM. ns
DT HMEIOTCS KOMIIBIOTEPHBIE KJacchl Kadephl

OCHAIICHBI COBPEMEHHBIMH IEPCOHANEHBIMU
BEIYHCIIUTENBHYIO CETh H YKOMILIEKTOBAHHBIMHA
PaMMHBIM oOecIeYeHueM,
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