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1. HEJIU U 3AJIAYN JUCIHUTIJINHBI
Lean ocBOeHMSI AUCHUNIMHBI (MOAYJISA):

W3yuenune 0CHOB Jla3epHON (PU3UKHU U HEIMHEHHON ONTUKHA HA MAKCHMAJIBHO CTPOTOM B
TEOPETUYECKOM OTHOILEHUH YPOBHE, IPEAII0JIAraloIIEeM PEILICHUS YPABHEHU KBAHTOBOM
MeXaHUKH. JI0KHBI OBITH TITyOOKO OCBOEHBI TEOPUU PE30HATOPOB U TEOPETUYECKHE ACTIEKTHI
MHOTO()OTOHHBIX TAPAMETPUIECKUX U HETIapaMeTPHUECKUX MPOIIECCOB B HEIMHEHHBIX Cpefax,
METO/IbI PacyeTa Ja3epHbIX ONTUYECKUX CXEM C IPUMEHEHUEM MATPUYHOTO alnapara, Ha3Ha4eHUs
Y IIapaMETPOB OCHOBHBIX TUIIOB JIa3€POB.

3agaun:
OCBOCHI/Ie HpaKTI/I‘IGCKI/IX HABBIKOB pa6OTLI C I'a30BBIMH, XKUAKOCTHBIMH U TBCpI[OTeJILHBIMI/I
JazepaMu

2. MECTO JUCIHHUIIJIMHBI B CTPYKTYPE OOII
Huxn (pazmen) OIl: B1.B

TpeGoBanus K nMpeABAPUTEIBHON MOAT0OTOBKE 00y4aK0IIerocs:

AHanutuyeckas reoMeTpusl U JHHEeHas ainreopa
Teopust BEpOATHOCTEN U MaTEMATUYECKAs] CTATUCTUKA
BexTopHBI 1 TEH30PHBIA aHAIN3

DNEeKTPUYECTBO U MAarHETU3M

Orntuka

AtomHas usuka

DneKTpoAuHAMUKa

KBanToBas MexaHuka

®du3KKa J1a3epoB U JIa3epHbIE TEXHOJIOTUU

JAucuumimHbl (MOAYJIM) M MPAKTHKH, JI1 KOTOPbIX OCBOCHHE IAHHOM IMCUMILINHBI
(MoayJis) He00X0AMMO KAaK MpealIecTBYIOIIee:

duzuka JIa3€pOB U JIa3CPHBIC TCXHOJIOTHUU
OcHOBEI 3HCKTpOMaFHHTHOI>'I u paZ[HaHHOHHOﬁ 0e30IMacHOCTH

Pe3onaHcHBIE METO/BI HCCIIEAOBAHUS BELIECTBA
3. OBPBEM JJUCHHHUITVINHBI

O06mas Tpya0eMKOCTh 4 3ET
YacoB 1o yueOHOMY IMIIaHy 144
B TOM 4HCJI€:

AyANTOPHBIC 3aHITHS 52
CaMOCTOSITEeNIbHAsI paboTa 65
4acOB Ha KOHTPOJb 27

4. INTAHUPYEMBIE PE3YJIBTATBI OBYYEHMUSA 110 JUCHUIIJIMHE,
COOTHECEHHBIE C IINTAHUPYEMBIMMU PE3YJIBTATAMHU OCBOEHUA
OBPA3OBATEJIbHOM ITPOI'PAMMBbBI

[TIK-4.1: Ocymectiser coop, 00pabOTKy, aHaIu3 U 0000ITIEHUE TIEPEIOBOTO
OTEYECTBEHHOTO M MEXTyHAPOIHOTO OMBITA B COOTBETCTBYIOIICH 00JIACTH UCCIICIOBAHMI

[1K-4.4: Permaet aHanuTU4YecKue 3aaud B 001acTu (HU3MUECKOr0 MaTepUaIoBeICHUS

YK-1.5: PaccmaTpuBaeT u npeajaracT BO3MOKHbIE BAPUAHTHI PEIIEHUS TOCTAaBIECHHON
3aJja4i, OLICHUBAs UX JIOCTOMHCTBA M HEJIOCTATKU

S. BUJAbI KOHTPOJIA

Buzael KOHTpOJISI B cemecTpax:
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6. A3BIK IIPEIIOJJABAHUA

SI3BIK TIpenojaBaHusi: pyCCKUM.

7. CTPYKTYPA U COAEPKAHUE JUCIHUIIJIMHBI (MOAYJIA)

Kon HaumeHoBaHue pa3jieioB u Bun Cemectp | YUacoB | HUcrou- | [Ipumeuan-
3aHAT. TeM 3anaTus | / Kype HUKHU ue
Pasnen 1. 1. Ilormowmenue wu
BBIHY’KJICHHOE M3J1yYeHHUE CBETA.

1.1 |O630p TEOpUU u3nydyenus | JIex 8 2 J1.1

YyepHOro Tena.  Beruncienue JI1.2J12.1
BEPOATHOCTEW MOIVIOIIEHUS U J2.2712.3
BBIHYKJICHHOT'O W3IIy4CHHUS.
BoiHyX/eHHble — mepexoibl B
CiaydyalHOM moJie. Bpluncienue
BEpPOSITHOCTEMN KBaHTOBBIX
MePEX0/I0B.

1.2 |0O630p TEOPHH uznyuyeHus | JIad 8 2 J1.1
yepHOro  Tena.  Beruncienue JI1.2J12.1
BEPOATHOCTEH MOTJIONICHUS U J12.2J12.3
BBIHY>KJICHHOT'O W3IIy4ECHHUS.

BoiHyX/eHHble — mepexoibl B
CiaydyalHOM moJie. Bpluncienue
BEpPOSITHOCTEMN KBaHTOBBIX
MepPEX0/I0B.
Pasnen 2. 2. Cuono”raHHoe
W3JIy4EeHHE.

2.1 |Bbruucnenue BEpOSTHOCTH | JIek 8 4 J1.1
CIIOHTaHHOT'O U3JIy4CHHUS. J1.2J12.1
MexaHu3Mbl YIIMPEHUS JIUHUMN. 227123
OnHOpPOJHOE M HEOJHOPOAHOE
YIIUPEHUS. JlopeHuea u
rayccoBa (hopMbI JUHUMN.

Hacsienue. Bripoxnenue
YPOBHEHU.

OnpeneneHre MOJHOW IIUPUHBI
JTUHUH, BBIYUCIICHUE
MHTEHCHUB-HOCTEW HACBIILIEHUS

2.2 |Brmuncinenue BeposiTHOCTH | JIab 8 4 JI1.1
CIIOHTaHHOT O HU3ITYYECHHUS. JI1.2J12.1
MexaHu3Mbl YIIMPEHUs] JIMHUUN. J22J12.3

O,Z[HOpOIlHOC n HCOAHOPOAHOC

YILIUPEHUS. Jlopenuesa u
rayccoBa (hopMbI JIMHUH.
Hacreimenue. Bripoxnenue
YPOBHEH.

OrnpeneneHre MOJHOW IIUPUHBI
JIMHHH, BBEIUMCIICHUE

WHTEHCHB-HOCTEH HACBIIICHUS

Paznmen 3. 3. [lpunnmn nercTBus
Jasepa.




3.1

[TaccuBHbIE ONTHYECKUE
pe3oHaTopbl. Moasl pe3oHaTOpa.
HenpepsiBHbli u
HEeCTalO-HapHbIN PEXKUMBI
paboThI T1a3€pOB.

- JlemoHCTpaoHHbIe PabOTHI 11O
HAOJIIOJIEHUIO MOJI PE30HaTOpa U
pexxumoB  pabotel  He-Ne wu
MIOJIYTIPBOAHUKOBBIX JIa3€POB.

Jlek

J1.1
JI1.2J12.1
J2.2712.3

3.2

[TaccuBHBIE ONTUYECKUE
pe3oHatopbl. Mojbl pe3oHaropa.
HenpepbiBHBII u
HECTalMO-HapHBIH PEKUMBI
paboThI J1a3epoB.

- JleMoHCTpanmonusie paboThI 1O
HAOJIOJICHUIO MOJI PE30HaTOpa U
pexxumMoB  pabotel He-Ne wu
MOJTYTIPBOAHUKOBBIX JIA3€POB.

JIa0

J1.1
J1.2J12.1
227123

Paznen 4. 4. CBoiicTBa Ja3epHOTO
H3JIYYECHUS.

4.1

MOHOXpOMAaTHYHOCTH u
KOre-peHTHOCTh JA3€pHOTO
u3iy-ueHus. HampaBieHHOCT
APKOCTh JIA3€PHOIO W3IIYy4YCHHS.
KorepeHTHOCTB BBICILIETO
HOPsI/IKA.

Jlex

J1.1
J1.2J12.1
J2.2J12.3

4.2

JleMoHCTpallMOHHBIE PAOOTHI MO
HAOMIOJICHUI0O U U3MEPEHHSIM
MOHOXPOMaTHYHOCTH,
KOre-peHTHOCTHU u
HAPaBIEHHOCTU JIa3€pHOT0
W3IIYy4CHUS

JIab

J1.1
J1.2J12.1
227123

Pasnen 5. 5. OcHOBHBIE THIIBI
J1a3€poB.

5.1

TBeprorensHble nasepsl. Jlazepsl
Ha KpUCTaulax M  CTEKJax.
I'azoBeie  masepsl.  IIponeccer
BO30OYXKICHHUSI W pellakcallud B
razax. l'a3oBble Jaszepbpl Ha
HEUTpAJIIbHBIX aroMax. MoHHbIE
nazepbl. MOJIEKYIIIpHBIE Ta30BbIE
na3zepbl. JKUIKOCTHBIE J1a3epbl.
XUMUYECKHUE J1a3€pBL.
[TonynpOBOIHUKOBBIE  Ja3€phl.
Jlazepsl Ha CBOOOIHBIX
AIEKTPOHAX.

Pemenne 3amau, CBS3aHHBINA C
MPOLECCaMU HAKAYKH.
Ornpenenenue BpaliaTeIbHbIX
MMOCTOSIHHBIX H IIUPUHBI
JI»mG0BCKOTO TIpOBaa.

Jlex

J1.1
J1.2J12.1
227123

5.2

JlemoHcTpanonHass paboTta 1O
A3YYEHHIO CBOICTB 5
0coOeHHOCTEH W3ITyYCHUS
MOJTYTIPOBOTHUKOBBIX JIa3€POB.

JIab

J1.1
JI1.2J12.1
227123




Pazgen 6. 6. BocnmpuumM4uBOCTH
BEIIECTBA.

6.1

Omnpenenenue u o0IIME CBOMCTBA
BOCIIPUMMYUBOCTH. Teopus
JUCIIEPCUM. JIByXypoBHEBas
Mozenb U A((EKT HACHIICHUS.
VYpaBHenus bioxa.

Pemenne 3amad. CBA3AHHBIX C
MaTpULaMu [Taynu u
Pa3IoKEHUEM OIIEPaTOPOB.

Jlex

J1.1
JI1.2J12.1
J2.2J12.3

6.2

Ompenenienue U 00IIME CBOWCTBA
BOCIIPUMMYUBOCTH. Teopus
JIUCIIEPCUH. JIByXypoBHEBas
Mozenb U 3((EKT HACHIIICHUS.
VYpaBHenus bioxa.

Pemenne 3amad. CBA3AHHBIX C
MaTpULiaMu [Taynn u
Pa3IoKEHUEM OIIEPaTOPOB.

JIab

J1.1
JI1.2J12.1
J2.2 J12.3

Pazgen 7. 7. Hecranumonapnas
OIITHKA.

7.1

Brinyxiennbie
HecTaluo-HapHbIC 3¢ eKThI.
CobOcTBeHHOE U3Ny4YEHHE aTroMma.
Komnnektup-Hoe usnydyeHue.
Pemenne 3amay, CBA3aHHBIX C
KBaHTOBBIMH OreHUMHU u
pe30HaHCHOH (uryopecieHuen

JIek

J1.1
J1.2J12.1
227123

7.2

BriHyX/1eHHBIE
HECTallMO-HapHbIE 3¢ deKThI.
CoOcTBeHHOE U3ITyYEeHHE aToMa.
Komnnektus-Hoe n3nydyeHue.
Pemenne 3amad, CBSI3aHHBIX C
KBaHTOBBIMU OneHUMH "
pE30HAaHCHOM (hIyopecieHIueil

JIa0

J1.1
J1.2J12.1
J2.2J12.3

Pazsnen 8. 8. MexaHusMesl
ONTUYECKON HEIMHEMHOCTH CPEI.

8.1

Henunelinple BOCIIPUMMYMBOCTH.
Mopenn ONTUYECKOTO
aHrapMOHH3Ma.
Makpockonuueckas HEJIMHENHas
OIITHKA. Hemnapamerpuueckune
B3anMO-IEeHCTBHS.
[Tapamerpuueckue
B3auMmozeicTeusa.  Henuneiinas
CIEKTPOCKOIIHUS.

JIek

J1.1
J1.2J12.1
J2.2J12.3

8.2

Henunelinble BOCIpUAMYUBOCTH.
Monean ONITHYECKOTO
aHrapMOHH3Ma.
Makpockonuueckass HEJIMHENHas
OIITHKA. Hemnapamerpuueckue
B3anMO-ECHCTBH.
[Tapamerpuueckue
B3auMoOJcHcTBUA. HenuneiiHas
CIIEKTPOCKOIHSI.

JIa0

J1.1
JI1.2J12.1
227123




Pasnen 9. 9. Crarucruueckas
OTITHKA.

9.1 |3axon Kupxroda mns kBanToBbIX | JIek 2 J1.1
YCUJIUTEIICH. AHaUTUYECKUM JI1.2J12.1
CUTHAIL. Koppensuus J2.2712.3
MHTEHCUBHOCTEM.

["amMunb-TOHOBAS dbopma
ypaBHEHUI Makcgeiia.
Crarucrtuka ¢doronoB u
(OTORIIEKTPOHOB.
B3anmoperictsue aroma c
KBAaHTOBBIM TIOJIEM.

-Pemenue 3a7a4 o
CTaTUCTUYECKOU ONTUKE

9.2 |3axon Kupxroda mns kBanToBbix | JIab 2 J1.1
YCUJIUTEIICH. AHaTUTUYECKUN JI1.2J12.1
CUTHAJL. Koppensuus J2.2712.3
MHTEHCUBHOCTEM.

[Mamub-ToHOBAs dbopma
ypaBHEHUI Makcgeiia.
Crarucrtuka ¢doToHOB u
(OTO3IEKTPOHOB.
B3anmoperictue aroma c
KBAHTOBBIM ITOJIEM.

-Pemenue 3a7a4 o
CTaTUCTUYECKOU ONITUKE

Pazmen 10. 10. Jlasepnas
CHEKTPOCKOIIHSI.

10.1 [Teopus wmerona. TexHuyeckoe |Jlek 2 J1.1
opopmieHHEe METo/Aa. 3ajaud, JI1.2J12.1
peraeMbie ¢ MOMOIIBIO JIA3EPHOU J2.2J12.3
CHEKTPOCKOMUH.

10.2 [Teopus wmerona. TexHuyeckoe |JIab 2 J1.1
opopmieHHEe MeTo/Aa. 3ajauw, JI1.2J12.1
peraeMbie ¢ MOMOLIBIO JIA3EPHON J22J12.3
CHEKTPOCKOIHUH.

Pasmen 11. CamoctosarenbHas
pabota
11.1 [CamocrosarenbHas paboTa Cp 65 J1.1
J.2J12.1
J2.2712.3
Paspen 12. Dx3amen
12.1 |Dx3ameH DK3ameH 27 JI1.1
JI1.2J12.1
J2.2712.3
Cnucok 00pa3oBaTe/IbHBIX TEXHOJI0T Ui
1 JlucKkyccroHHBIE TeXHOIOTHH ((HOpyM, CUMIIO3UYM, Ae0aThl, aKBApUyMHAST TUCKYCCHSI,

naHeJIbHast JUCKYCCHsI, KPYTJIbIA CTOJ, (hacCHIIMTHPOBAHHAS U T.J1.)




2 |Wudopmarmonnsie (1iudpoBbie) TEXHOIOTHI

3 | AKTUBHOE CIIyIlIaHHE

8. OHEHOYHBIE MATEPHAJIbI JI51 IIPOBEJEHUA TEKYIIEA U
INPOMEXYTOYHOU ATTECTALIUA

8.1. OIIeHO‘lHLIe MaTepHuaJibl 1Jisl IPOBECACHUA TeKymei/i arrecranmuu

CM. IIPHIIOKCHHUEC

8.2. OIIeHO‘lHLIe MaTepHuaJibl 1Jisl IPOBECICHUS HpOMe)KyTO‘lHOﬁ aTTeCTallumn

3aganue: J[ath pa3BepHYTHI OTBET O CXOJCTBE U PA3JTUYUU ONTUYECKOTO U AJIEKTPOHHOIO
OTpaHUYEHUS B TETEPOr€HHOM MOJYIPOBOAHUKOBOM JIa3epe.

Crnoco0 arrecranuu: yCTHBIN Ompoc.

Kpurepuu onieHKH: CTYAEHT N0KEH OTMETUTD CBSI3b ONTUYECKOTO U JIEKTPOHHOIO
OTPaHUYECHUH C MIMPUHON aKTUBHOTO CJIOS ¥ JUIMHHOW BOJIHBI, JOTIOJHUTEIHHO OOBSICHUTH
npeumyectsa POAI'C nazepa nag JII'C 1 MexaHu3M co3JaHusi BOJHOBOJIA B TETEPOCTPYKTYpE.

3ananue: Ha3Barp Henoctatkn 532uM DPSS nazepa

Crnioco0 aTTecTalu: yCTHBINA OIMPOC.

Kputepuu orieHKH: B OTBETE CTYJCHTA JOJDKHO OBITh MOJAPOOHO onucano napasutnoe MK
U3JIyYCHHUE ITUX J1a3epoB. JlONOIHUTEIBHO MOKHO OTMeTUTh Hu3kuii KI1/1 u BeicoKOE
9HEPronoTpeOIeHUE, a TAKKE HEYCTOMUYMBOCTh Pa0OThI TAKOTO J1a3epa MPH U3MCHEHUH
TEMIIepPaTypPHI.

8.3. TpeOoBaHus K peHTHHI-KOHTPOJIIO

KauecTBo ycBOEGHMSI 00ydaromuMes KaKJJ0l JUCIUIUIMHBI oieHuBaeTcs 1o 100-6annbpHoi
TIKane.

MakcumanbHasi CyMMa peUTUHTOBBIX 0aJlJIOB 10 Y4E€OHOM NUCIMIUIMHE, 3aKaHIMBAOIICHCS
HK3aMEHOM, 110 UTOTaM ceMecTpa cocTasisieT 60.

O6yuatomemycs, Habpasiemy 40-54 Gamia, npu MOABEACHUN UTOTOB ceMecTpa (Ha
MIOCJIETHEM 3aHATHH T10 TUCIHILUINHE) B PEUTHHTOBOM BEOMOCTH y4eTa YCIIeBaeMOCTH U 3a4€THON
KHIKKE MOXKET OBITh BHICTABJICHA OILIEHKA «yIOBJICTBOPUTEIHHO.

O6yuatomemycs, HaOpaBiemy 55—57 0aioB, pU MOABEACHUN UTOTOB ceMecTpa (Ha
MIOCJIETHEM 3aHATHH 110 TUCIHILINHE) B rpad)e peHTHHTOBOM BEIOMOCTH y4eTa yCIEeBAEMOCTH
«IIpemuanbHble OamIb» MOXKET ObITh 100aBIeHO 15 GaJlJIOB U BBICTAaBIIEHA YK3aMEHALIMOHHAS
OIIEHKA «XOPOIIIOY.

O6yuatomemycs, HabpaBiemy S8—60 6amioB, Mpu MOABEACHUN UTOTOB ceMecTpa (Ha
MOCJIETHEM 3aHATHH 10 TUCIHUILINHE) B Tpad)e peHTHHTOBON BEIOMOCTH y4eTa yCIEBAEMOCTH
«IIpemuanbaBIC OAILTBI) MOXKET OBITH J00aBIIeHO 27 OAJJTOB M BHICTaBJICHA dK3aMEHAIMOHHAS
OIIEHKA «OTIUIHOY.

OO6yuatommuiicsi, HabpaBuii 70 39 6aIOB BKIIOYUTEIHHO, CIAET IK3aMEH.

1. 3yueHue crienkypca 3aKkaHuYuBaETCA SK3aMEHOM.
Ha niepBbriit Monynb otBoauTcst 30 6aiioB, KOTOPBIE pACTIPEAEISIOTCS CIAEAYIOIIM
obOpazoM:

- 10 GanoB 3a Kaxayro U3 3 BBITOJIHEHBIX JJA0OPATOPHBIX paboT

Ha Bropoit moayns orBoauTcs 30 6aioB, KOTOpPBIE PACHPEACISIOTCS CIeIYIOIUM




obpazoM:
- 10 6anoB 3a KaKIyr0 U3 3 BBITIOJHEHBIX TA0OPAaTOPHBIX paboT

2. DK3aMeH IPOBOAMTCA B JIEHb, OIIPEEIICHHBIH IEKaHaTOM B paMKax pacluCaHUs
yueOHOro Ipolecca.

Ha sk3ameHe cTyieHTaM npeiaraeTcsi OTBETHTh HA 2 TEOPETHUECKUX BOIPOCA, KK U3
KOTOPBIX onieHuBaercs 10 20 6amioB. MakcumalnbHblid 6au 3a sx3ameH - 40 0ayios.

3. Crynentsl, HaOpaBiue B TeueHue cemectpa 40 6aioB MOTYT MO CBOEMY JKEJIaHUIO
MOJIYYUTH OLIEHKY «YAOBJIETBOPUTEILHOY» 0€3 CAaun IK3aMEHa.

9. VYYEBHO-METOIAYECKOE 1 HTHOOPMALIMOHHOE OBECITEYEHHE
TACIHATLITAHBI (MOYJIST)

9.1. Pexomenayemasi iureparypa

9.1.1. OcHoBHas1 IUTEpaTYypa

HIndp Jluteparypa

JI1.1 |Bbopetimo A. C., UBakun C. B., Jlazepsl: ycrpoiicTBo u neiictue, Cankr-IletepOypr:
Jlanb, 2023, ISBN: 978-5-8114-8994-7,
URL.: https://e.lanbook.com/book/330503

JI1.2 | Mupomnuuenko U. b., JIazepusie Texnonorun, HoBocubupck: HI'TY, 2021, ISBN: 978-5
7782-4354-5,
URL.: https://e.lanbook.com/book/216536

9.1.2. lonoJiHUTEILHASA JIUTEPATYpa

HIndgp Jlutreparypa

JI2.1 |AwnTtunesnxo, Hukurenko, Jlazeps! u ux npumenenue. Yacts 1, Mocksa: @enepanbHoe
roCyJapCTBEHHOE aBTOHOMHOE 00pa30BaTeIbHOE YUPEKICHHE BBICIIET0 00pa3oBaHUs
«Poccuiickuii yauBepcutet Tpancnoprtay, 2020, ISBN:
URL.: https://znanium.com/catalog/document?id=415509

JI2.2 | Tyuun B. B., JIazeps! 1 BOJJOKOHHAs! ONITHKA B OMOMEIUIIMHCKUX MCCIIEIOBAHUSIX,
Mocksa: ®usmatiut, 2010, ISBN: 978-5-9221-1278-9,
URL.: https://biblioclub.ru/index.php?page=book&id=75958

JI2.3 | Kamanos H. ®@., JIyukun I'. C., Camurymnun M. @., Kamanos H. @., JIazeps! u ux
npuMeHeHue B Meaunune, Kazanb: Kazanckuii HalqmoHambHBINA UCCIIEIOBATEIbCKUN
texHosnornueckuit ynusepcuter (KHUTY), 2011, ISBN: 978-5-7882-1073-5,

URL.: https://biblioclub.ru/index.php?page=book&id=258830

9.3.1 Ilepevyens MPOrpaMMHOro odecreyeHust

1 Adobe Acrobat Reader

2 Google Chrome

3 OpenOffice

9.3.2 CoBpemeHHbIe IpodeccCHOHATBbHBIC 0a3bI JAHHBIX U HH(POPMALIMOHHBbIE CIIPABOYHbIE
CHCTEMBbI

9BbC «ZNANIUM.COM»

O9BC «IOPAUT»

OBbC «YHuBepcurerckast OMOIMOTEKa OHTIAH

9BbC «Jlaap»

gl B~ Wl N -

OBC Tel'Y




6 Penozurapuii TBI'Y

10. MATEPUAJIBHO-TEXHUYECKOE OBECIIEYEHUE JUCHUIIJIMHBI (MOY JIS)

Ayaur-s OobopynoBanue

3-226 KOMIUIEKT y4eOHOU MeOenn, MUKIEpHbIA MylnbT, AyAHOKOMILIEKT, IHTepaKTHBHAS
crcremMa, mpoekTop, TelekoMMYHUKAIIMOHHBIE MIKA(bI, YKpaH, KOMIIBIOTED

3-227 KOMIUICKT Y4eOHOU MeOenn, MepeHOCHOH HOYTOYK, TPOEKTOp, IKpPaH

3-228 KOMIUIEKT y4eOHOU MeOenn, IepeHOCHONH HOYTOYK, IPOEKTOP, IKPaH

3-25 KOMIUICKT Y4eOHOU MeOen, KOMIBIOTEPhI, OCIUILIOrpad, MPUHTEPHI, CIIEKTPOMETP,
MUKPOCKOII, TU(PPAKTOMETP PEHTI€HOBCKHIA, DJIEKTPOHHO-ONTHYECKUI KOMILICKC,

3-28 KOMIUICKT Y4eOHOU MeOesH, MepeHOCHOH HOYTOYK, MPOEKTOP, SKpaH HACTEHHBIN

11. METOAUYECKHUE MATEPHUAJIBI U151 OBYUYAIOHIUXCSA ITIO OCBOEHUIO

JUCUMUIIAHBI

BOHpOCLI K 5K3aMCHY

O 031N U= WK~

. Ucropus pa3BUTHS KBAaHTOBOH pajinoOpU3UKH.

. DneMeHTapHble MHOTO(OTOHHBIE ITPOLIECCHI.

. BoctipunMuuBocTh BemecTsa. Teopus IUCIIEPCUN.
. YpaBHenue brnoxa.

. Henuuelinasa ontuka.

. Knaccugukanus nenuaeHbIX 3¢ (HeKToB.

. [TapameTpprueckue B3aMMOAECHCTBHUS.

. Henmuelinas criekrpockonus.

. Tunsl n1a3epos..

10.

OcHOBHbIE CBOWCTBA J1a3€PHOT0 U3IyYEHUSI: HATIPABICHHOCTb, SIPKOCTh, KOTEPEHTHOCTb,

MOIIIHOCTb, MATHUCTAsI KApTUHA.
11. BeiBog ¢popmyn Panes-Jxunca u [1nanka.
12. Beiuucienre BepOATHOCTH MOTJIONIEHUS C IIOMOIIBIO TEOPUU BO3MYIIEHUS.

13. Pa3pelnieHHbIe U 3aMpelieHHbIEe TEPEXO/IbI.

14. CooTHoIIEHNE MEXKY BEPOSITHOCTSIMH 3JIEKTPUUECKOT0 IUTIOIBHOTO IIEpexo/ia 1
MarHMTHOTI'O JIUIIOJIBHOTO TIEPEXo/a.

15. Koappunments! JiHmITEHHA.

16. Beruucienre BepOSATHOCTH CIIOHTAHHOTO U3IY4YEeHUSI U3 TEPMOJIMHAMUYECKHUX
COO0OpakeHHH.

17. CnekTpasibHbII COCTaB CIIOHTAHHOTO HU3JIyYEHUSI.

18. be3usnydarenbHasl pesakcaus.

19. MexaHu3M ylmupeHus! JUHUH.

20. Haceimenue. MTHTEHCUBHOCTE HACHIICHHUS.

21. BeIpoxieHHE YPOBHEM.

22. Ilpunuun paboTsl J1azepa.

23. DnekTpuyecKas HaKayKa.

24. OnTrnyeckas Hakayka. PactipeneneHre SHEprun B JIa3€pPHOM CTEpPIKHE.

25. XAMH4YecKas HaKadka.

26. Matpuusl nepesadu sl pa3audHbIX ONTHYECKUX CHCTEM.

27. IlaccuBHBIE ONTUYECKHAE PE3OHATOPHI. THIIBI PE30HATOPOB.

28. O000meHHbIN chepuIecKuil pe30HaTop.

29.
30.

HenpepriBHBIN 1 HECTALIMOHAPHBIM  PEXUMBI pabOTHI JIa3epOB.
[IpumeHeHne na3epos.

[Tnaner 1aOOpaTOPHBIX 3aHATHNA
- JleMoHcTparmorHsie paboOTHI O HAOIIOIEHUIO MOJ] pe30HATOpa M peKUMOB paboThl He-




Ne 1 moynpBOAHMKOBBIX JIA3€POB.

-JleMoHCcTpanmoHHBIE paOOTHI IO HAOIOICHUIO U U3MEPEHUSIM MOHOXPOMATHYHOCTH, KOTe-
PEHTHOCTH M HAMPABJICHHOCTH JIa3€PHOTO M3TyUCHUS

-JlemoHcTparmoHHas paboTa Mo U3yYEeHHIO CBOMCTB M OCOOCHHOCTEH M3ITydSHUS
MTOJTYITPOBOTHUKOBBIX J1a3€POB.

- Pemrenne 3aa4. cBsI3aHHBIX ¢ MaTpuiiamMu [laynu u pa3noxeHueM onepaToposB.

- Pemrenue 3a1a4, CBSI3aHHBIX C KBAHTOBBIMU OMEHUMU U PE30HAHCHOM (piryopeciieHInen

-Pentenue 3amad mo HEJIMHENHON OIITHUKE

-Perienue 3am1a4 o CTaTUCTUYECKOM ONTHKE



TunoBbi€ TECThI

-Bapuanr 1

VYka3zaTh HEMPaBUIbLHBIC YTBEPKACHUS:

a) Pa3zHOCTh 4acTOT, COOTBETCTBYIOIIUX JIBYM MojiaM B pe3oHaTope Padpu-Ilepo ¢
OJHUMH U TEMH K€ 3HAYCHUsIMH | 1 M, HO ¢ N, oTauYaromuMucs Ha 1, paBHa Avn=c/d,
TJIe C — CKOPOCTh CBETa, - paccTOsSTHUE MEXKTY 3epKaJlaMHu.

A B

o D
0) Ecu matpuna nepenayu i ONTHYECKON CUCTEMBI 1—2 uMeeT BUI

TO (POKYCHOE PACCTOSIHHE JIJISl TAKOM CUCTEMBI ompeaensercs Gpopmynoi c

B) Enunurieit U3MEPEHUS CBETUMOCTH SIBJISIETCS HUT (HT).

r) YcuneHue H3Iy4deHUs 3a OJMH MPOXOJ B aKTUBHOM Cpelie OIpenesseTcs
BBIpOXKCHHEM

K =exp[o(N, =N, )I] , TIIe © - CeUeHue mnepexoja, | - mnuHa aktuBHOU cpenbl, N1
n N2 — HaceneHHoCTH ypoBHEH 1 u 2.

n) KBaHTOBBI BBIXOJ HAKaYKW @Op LEIUKOM 3aBUCUT OT CHEKTpPaIbHOU
MHTEHCUBHOCTH CBETA, U3y4a€MOI'0 UCTOYHUKOM ONTUYECKON HAKAYKH.

e) [Ipu oTcyTcTBUM MOTJIONMIEHUST HAUOOJIee UHTEHCUBHO HAKAYMBAETCSl BHEILIHSA
4acTh IWIMHAPHUYECKOTO JIA3€PHOTO CTEP)KHS, COOTBETCTBYIOIIAs HEPABEHCTBY
R/M<r<R, rme R — paguyc cTepkHs, 1 - MOKa3aTeNb TPEIOMIICHUSI.

x) CrHoHTaHHOe BpeMs >KU3HM (POTOHA TCH 3aBUCUT OT HWHTEHCHUBHOCTH
aJIafOIIETO CeTa.

3) B TpexypoBHEBOM lazepe KaKIblii aTOM, OKa3aBIIMICS B BO30YKICHHOM
COCTOSIHUH, JAET BKJIaJ B UHBEPCHUIO HACEIIEHHOCTEM.

1) KoH(pokanbHbII pe30HATOP COCTOUT U3 TUNIOCKOTO U C(HEPUUYECKOTO 3epKall.

K) VYpasheune Dembmronbua umeer Bug: Y U=-—KU = rpe U - gekrop

HAIIPSKCHHOCTH JICKTPHUYCCKOI'O I10JIA, K — BOJIHOBOE 4YHCIIO.

Bapuanr 2

Ykazartb ITPaBUJIbHBIC YTBCPIKACHU !



a) KBaHTOBBII BBIXO/J HAaKa4YKU QP 3aBUCUT OT KOHCTPYKITUU CUCTEMBI TIepeaadn
U3TTYYCHUS B CTEPIKCHbD.

0) B nazepHom u3nydeHuu cpeaHee yucio (GOTOHOB B MOJIE MOKET OBITh HAMHOTO
OOIBIINM, YEM EIUHUIIA.

B) CBepTKa JIOpEHLIEBOH JTMHUU MUPUHON V1 1 rayccoBOM TUHUH IHUPUHON V 102

. Ao =/A®] + Ao:
JaeT JTUHUIO C IIUPUHON :

F) CHGKTpaJ'IBHaH INIOTHOCTDb H3JIYUCHHA PL 3dBHCHUT TOJBKO OT 4YaCTOTBI L H

temneparypsl T.

A B
. C D
1) Ecau Matpuiia nepegaun i ONTHYECKON CUCTEMBI 1 —2 uMeeT BUT ,

TO JJIsl CUCTEMBI 2—>1 oHa OyJeT UMETh TaKoil ke BUJL.
¢) BeposaTHOCTH MOTJIONICHUSI U BBIHYKJICHHOTO TOTJIONIEHUS PaBHBI APYT APYTY:
W12=W21.

) BenuuunHa BEpOSITHOCTH CHOHTAaHHBIX TMEPEXOJAOB A pacTeT Kak KBaapaT

2
qacToThl: A~®o

AN =N

3) B dQopMyne s pa3HOCTH HAceIEHHOCTEH 1+2wt | e 1 -
0e3bI3TyyaTeIbHOE BPEMSI.

n) [InockonapanienbHblid pe30HATOP HEYCTONYUB.

k) B oTcyTCcTBHE TIOTIOIIEHMS B TAa3ePHOM CTEPIKHE pagnycoM R Hanboiee CHIIbHO
HAKaYyMBalOTCsA 00J1acTH, COOTBETCTBYIoMME ycioBHIO RM< r<R, rme m - mokasaTenb

IMPCIIOMJIICHHA MaTCpuajia CTCPIKHA.

Bapuant 3

YKka3aTb NpaBUIIbHBIE YTBEPKICHHUS:

a) KoaddummenTsl oTpakeHus 3epKall, OrpaHUYUBAIONINX AKTUBHYIO Cpely, B
J1a3epe NOHKHBI ObITh OJTM3KUMHU K €AUHULIE.

0) B ueThipexypoBHEBOM Ja3epe KaK/bIi aTOM, MOIABIINNA HA BEPXHUA YPOBEHD,
JIa€T BKJIAJl B MTHBEPCHUIO HACEJICHHOCTEM.

B) CrekTpaibHas MHMPUHA JUHUU U3JIYyYCHUS 3aBUCUT OT BBIXOJHON MOIIHOCTHU

H3JIy4CHUA.



r) CnekrtpanpHas 5(QQPEKTUBHOCTh ONTHUYECKONW HAKAYKU @S OINpeAesieTcs
KOHCTPYKLIMEN CUCTEMBI IIEPEIAUH.

n) Ilpu okanbHOM cucTeMe HAaKaYKu 3epKajbHasi MOBEPXHOCTh, BHYTPU KOTOPOii
HaXOZATCS JIaMIIA U CTEP>KEHb, IPEACTABIISIET COOOH JUIMIICON]T BPAILICHHUS.

e) DokycHOe pacCTOSIHUE JJI ONTUYECKOM CHUCTEMBI, ONMKMCHIBAEMOW MaTpulien

rnepenayu
A B) (7 -13
cC D) \-1 27

paBHo: f=2.

k) st uznydennst AYT npu KOMHATHOM TeMIiepaType cpeiHee Yuciao (POTOHOB B
MOJie I ONITUYECKOTO rana3oHa OJIM3K0 K €ANHHUIIE.

3) DKCHUMEpHBIE Ja3epbl OTHOCITCS K Jla3epaM Ha KPaCUTEIISX.

1) CrioHTaHHOE BpeMs )KU3HU (POTOHA TCI 3aBUCUT OT MHTCHCHUBHOCTH MAJAIOIIETO
CBeTa.

K) COCTOSIHHS HMMEIOT ONpPEAENIEHHYIO YETHOCTb, €CJIM IaMHJIbTOHUAH CUCTEMbI
WHBApPUAHTEH OTHOCUTEILHO ONEPALiY UHBEPCHH.

Bapuant 4

Yka3aTh HEMPaBWIbHbBIC YTBEPKICHUS:

a) KBanToBBIi BbIXOA (21 ompenensercs Kak OTHOUIEHWE dYucia (POTOHOB,
UCHYUICHHBIX MpH Tmepexoae 2—>1 K MOJHOMY 4YHCIy AaTOMOB, I€pPBOHAYaJIbHO
HaXOJMBIIKXCS HAa YPOBHE 1. TCI, Tak U OT O€3bI3Ty4aTeIbHOTO BpEMEHHU TOE3BI3IL..

B) B cnyuae rasa, cocrosiiero u3 JByX KOMIIOHEHTOB, BO30Y>KIEHHE aTOMOB
MOJKET OCYIIECTBIISITHCS JIUIIB TPU JIEKTPOHHOM yJape.

r) [Ipu m100bIX 3HaueHUsT KO3 UIIMEHTA TIOTJIONMICHUS CBETa IMIMHIPUICCKUM
CTEp)KHEM BEJMYMHA TUIOTHOCTH DHEPTUM HAKAYKU B LIEHTPE CTEp>KHS OOJbIe, 4eM Ha
TIOBEPXHOCTHU CTEPIKHSI.

) OHeprus  dJNEKTPOAMIIONBHOIO  B3aWMOJACWUCTBHUS  HAMHOTO  MEHBLIE
COOTBETCTBYIOIIEH YHEPTHUH MarHUTOJUIIOIHHOTO B3aMMOICHCTBHSL.

e) Dddext Jlomnepa npuBOAUT K OJTHOPOJHOMY YITUPEHUIO JIMHUM.

) BenumunHa BEpOSATHOCTH CHOHTAHHOIO Tepexofa A pacTeT Kak 4YeuBepTas

4
crernenb yacToTsl (A ~“0).
3) B Pesonarope ®abpu-Ilepo nBe cocemHue NpoaoJIbHBIE MOJIBI BCETa

paspeuIaroTCs 1o 4aCcToTe.



I/I) Bo3moxna wu TaKas MaTpula 1cpeaavdu ONTUYECKOMN CHUCTCMBI.

A B) (V2 -1

C D) |3 -2

K) KcanTeHOBBIE J1a3epbl — 3TO MOTYNPOBOTHUKOBBIE JTa3€PHI.

Bapuanr 5

VYka3aTp NpaBUJIbHBIE YTBEPKICHUSA:

a) U3 Tpex BeNWYMH: W, O U G TOJBKO O 3aBUCUT HCKIIFOUUTEIBHO OT CBOMCTB
cpensl.

0) Ilpu onTHuYECKHUX YacTOTaX BEPOSTHOCTh MarHUTHOTO JUIIOJBHOTO MEPExoja
npuMepHO B 105 pa3 MeHbIIe BEPOATHOCTH JJIEKTPUIECKOTO MEPEXO0aa.

B) MOIIHOCTB, KOTOpasi TOJKHA MOTJIOMIATHCS CUCTEMOM I MO KAHMS €€ B
COCTOSIHUH HACBIIICHMS, PABHA MOLTHOCTH TEPSEMOM U3-3a CIIOHTAHHOTO U3JTyYEHHS.

r) [Ipn ManbIxX 1aBIE€HHUSX ra3a CTOJKHOBUTENIBHOE YIIMPEHUE JIMHUMA OOJIbIIE YeEM
JOIUIEPOBCKOE.

n) CBepTka TraycCOBOW JIMHUU C JIOPCHIICBOM JIMHUEW JaeT JIMHUIO, HE
SBJISIFOLLYIOCS. HU TayCCOBOM, HU  JIOPEHIIEBOM.

e) CrioHTaHHOE BpeMsl )KM3HU TCIl B OJHOM cliydae OoJibllle, YEM TMOJIHOE BpeMs
KU3HU T.

k) KoahuipeHT moroieHns cBeTa o He 3aBUCUT OT BEJIMYUHBI oTHOIIeHUs I/1S
JUIS TAHHOW YaCTOTEL.

3) KBaHTOBBIN BbIXOJ HaKa4KW @p HE 3aBUCUT OT CIEKTPaJIbHOW MHTEHCUBHOCTHU
MCTOYHHMKA HAKAYKH.

n) Jliis na3zepHOro U3IydeHHs cpeHee Yuciao (POTOHOB B MOJI€ HAMHOTO MEHbIIIE
112161200158

A B 2 -13

, D] |-1 7
K) Bo3aMo>kHa U Takasi MaTpuiia nepeiayu:

BapuanT 6

Ykazartb ITPaBUJIbHBIC YTBCPIKACHUS:



a) Yucno Ppenens N paBHO 0aHOW BTOpPO OTHOIIEHUS AUGPAKIMOHHOTO

noiyyrina od TUIOCKOW 3JIEKTPOMArHUTHOM BOJIHBI, MMEIOIICH TE e MOMepeUHbIe

pa3Mephbl, UTO U PE30HATOP, K FEOMETPUUYECKOMY HOJIYYIILy od: v,
0) B deTblpexypOBHEBOM Jiazepe KaxIblid aTOM, OKa3aBIIMICS B BO30YKICHHOM
COCTOSIHUH, JAET BKJIAJ] B UHBEPCHUIO HACEIEHHOCTEM.
B) CnexkTpaibHas IIMPUHA JIMHUM JIA3€PHOTO W3IYUYEHHUS] 3aBUCUT OT BPEMEHU
KU3HHA (POTOHA B pe30HATOPE TC
r) [lonoxxurenbHas uaBepcus (N2>N1) sBISIETCS TOCTaTOYHBIM YCIOBUEM IS
JOCTHKEHHUS IOPOTra reHepaluu.
) OJEKTPUYECKUE JIUMOJIbHBIC TMEPEeXOAbl MPOUCXOASIT TOJBKO MEXKITY
COCTOSIHUSIMH, UMEIOIIUMU PA3TUYHYIO YETHOCTb.
¢) dopma JIMHUHU JTA3epHOTO MIEPEX0/1a COOTBETCTBYET O- GpyHKIMU [upaka.
) Bo3MoxHa W Takas wMaTpuila TepeAadyd IS ONTHYECKONW CHUCTEMBI:
A B 1 2
C D 0 -1
3) [lomemenue nazepHoro crepxHs mmuHOW | B mpo3padynyro chepuueckyro
00710uKy ¢ quameTpoM D=nl mo3BojseT yBeIMUNUTD IUIOTHOCTD SHEPTHH B CTEPIKHE B N3
pa3 (1 - moKazaTesnb MPeIoOMIICHUST 000JOUKHU U CTEPHKHS).
n) @opmyna [lnaHka s CHEKTPaIbHON IJIOTHOCTH 3HEPTUU PL NEPEXOIUT B
bopmyny Panes-J>xunca nmpu yciaoBuu hu—>oo.
K) M3 Tpex BeawuumH: W, 00 U G TOJBKO O (KO3(PUIIMEHT MOTJIOMICHHUS CBETa

CpeIoit) 3aBUCUT UCKITIOUUTEIBHO OT CBOMCTB JJAHHOM CpEbl.



