degepaibHOE TOCYIAPCTBEHHOE ABTOHOMHOE 00pa3oBaTe/ibHOe
y4peKIeHne BhICIIEro 00pa3oBaHus
«MOCKOBCKHI (PU3HKO-TEXHUYECKHUH HHCTHTYT
(HaLMOHAJILHBIN HCCJIEN0BATEIbCKHI YHHBEPCHTET))

YTBEPKAEHO
JupexTop pu3TEeX-IMIKOJIbI
3JIeKTPOHHUKH, JOTOHMKHU U
MOJICKYJISIPHOH QU3UKH

B.B. UBanoB

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

o AMCHUIIJIMHE: CCMI/IHap 110 KBAaHTOBOM OJICKTPOHUKEC
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)PIJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa KBAaHTOBOHN JICKTPOHUKH

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHnnpoBaHHblil 3a4eT

AynutopHbix yacoB: 30 Bcero, B TOM YHCIIE:
nexuuu: 0 yac.
cemuHapsl: 30 gac.
naboparopHsie 3ansTus: 0 Jac.

CamocrositensHas pabora: 15 gac.
Bcero gacos: 45, Bcero 3ad. ef.: 1

[Iporpammy coctaBui: FO.A. Kpotos, kau1. (hu3.-Mart. HayK, CTAPIIANA HAYYHBIA COTPYIHHK

[Iporpamma obcyxaeHa Ha 3aceqaHnnu Kadenpbl KBaHTOBOW aeKTpoHuKH 29.05.2020



AHHOTANMA

Kypc "Cemunap mo KBaHTOBOW 3JEKTpOHHKE" IMpeaycMaTpuBaeT NpUOOpETeHHE CTYIEHTaMH IIIyOOKHUX WU
COBPEMEHHBIX 3HAHHUI 110 OCHOBaM KBAaHTOBOM 3JIEKTPOHMKH: B3aUMOAEWCTBUIO U3JIY4YEHHUS CO Cpelami,
MpUHLOMIAMH Pa0OThl M MOCTPOCHUS JIa3€POB Pa3IMYHBIX THIIOB, HEIMHEHHBIM IPOLECCAMHU B JIA3€PHBIX
cpenax.

3amaun Kypca:
* pa3BUTHE Y CTYIEHTa IOHMMAaHHS IPOLIECCOB, IPOUCXOIAIINX BO BpeMs paboThI J1azepa;
* ocBelleHHEe GU3UKU PAOOTHI JIA3ePOB PA3IMYHBIX THUIIOB, MX 0COOCHHOCTEH 1 001acTeil MPUMEHEHUS;

* pa3BUTHE y CTYIEHTOB NOHMMaHH (QU3UKH HEIMHEHHBIX MPOLECCOB, MPOMCXONIINX B JIA3EPHBIX Cperax,
ONMCAaHNE MPUMEHUMOCTH UX B KBAHTOBOM AJIEKTPOHHKE;

° H3JI0)KCHHUC COBPCMCHHBIX IMOAXOAOB W HOBBLIX BCKTOPOB PA3BUTUA B 00JIaCTH KBAaHTOBBIX ONTHYCCKUX
CUCTCM.

ITo pe3ynbTaram 0CBOEHHS Kypca CTYJCHT IOJDKEH:

3HaTh:
- OCHOBBI TEOpUH (PU3UKH MPOIIECCOB B Ja3epax, UX CTPOCHHS U IPUMECHCHUSI.

YMeTs:

- paCCUUTBHIBATL U aHAJIM3UPOBATH KBAHTOBBIC ONITUYCCKUC CUCTEMBI AJIs1 PA3JIUYHBIX HpPIMeHeHI/Iﬁ, OLICHUBATb
HUX NPAKTUYICCKYIO IMOJIC3HOCTD JIs1 MIPUMCHCHUS B 00JIaCTH KBAaHTOBOU QJICKTPOHUKHMU.

Bnaners:

- (pM3HKO-MATEMaTHYECKUM aIlliapaTtoM, OMMCHIBAIONIMM OCHOBHbBIC (DM3MUECKUE SBICHHS, MPOUCXOISIINE B
Marepuaiax 1 00beKTax KBAaHTOBOM EKTPOHUKH.

OcHOBHOE cofepxKaHHue Kypca U3JI0OKEHO B CIEAYIOIIUX pa3aesax:
1. OCHOBBI KBaHTOBOI TEOPHUH U3ITyHYECHHUS.

2. OCHOBHBIC ITPUHIIUTIBI PAOOTHI J1a3epa.

3. Pexxumbl reHepaIuu J1a3epos.

4. PaznuuHble TUIIBI JIA3€POB.

5. HenuHeliHble MPOLECCH! B Ja3€pHBIX Cpefax.

1. lean u 3apa4n

]_le.]'lb AUCHUIIINHBI

* IPUOOPETEHHE CTYIEHTaMH IITyOOKHX M COBPEMEHHBIX 3HAHHUM 110 OCHOBAM KBAaHTOBOM AJIEKTPOHHUKHU:
B3aMMOJICHCTBUIO M3IYYEHHUsS] CO CpeJaMH, NPUHIMUIAMU paOOThl M MOCTPOEHUS JIa3epOB Pa3IUYHBIX
THIIOB, HEJIMHEHHBIM NPOLIECCaMH B JIA3EPHBIX Cpeaax.

33]13‘1]([ JAUCHUIIINHBI
¢ Pa3BUTHC y CTYACHTA IOHMUMAHUS MPOUCCCOB, MMPOUCXOAANINX BO BPECMI pa6OTLI Jla3epa,

° OCBCIICHHEC (I)I/IBI/IKI/I pa60TBI JIa3€pOB Ppa3JIMYHBIX THIIOB, HX 0COOEGHHOCTEH Hu obmacTei
IIPUMCHCHHUS

* pa3BUTHE y CTYJCHTOB NOHUMAaHUs (PU3MKN HEITMHEHHBIX MPOLECCOB, MPOUCXOIAIINX B JIa3€PHBIX
cpenax, onrcaHue MPUMEHUMOCTH X B KBAHTOBOW IEKTPOHUKE;

° H3JI0)KCHHUC COBPCMCHHBIX MIOAXOAOB M HOBBIX BCKTOPOB pPa3BUTHUA B 00JIaCTH KBAHTOBBIX
OIITUYCCKUX CUCTCM.

2. llepedyens popmMupyemMbIX KOMIETeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONINX KOMITETEHITHIA:

Kox 1 HauMeHoBaHHE KOMIIETEHIIUHA | WNHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH




[MK-1.1 CnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nHpOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBAHUN B
pamMKax TemaTH4eckoi o0nacTu cBoed mpodeccHoHaTbLHON

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4u, B ToM uncie paspadareiBath 1 [[IK-1.2  CriocoGeH  BBIIABUTAaTh  TUIOTE3bl, CTPOHTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIH MaTeMaTHYeCcKue MOAEIM Ul OIUCaHMUA H3ydaeMbIX
M3y4YaeMbIX SABJICHHN U MPOLIECCOB, CACTEMHO  |SIBJICHHH M MPOLIECCOB, OLEHUBATh KAUECTBO pa3paboTaHHON
aHAJM3MPOBATh HAy4YHbIEC MPOOJIEMBI, IOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKHue H (WIIHN)
9KCIIEPUMEHTAJIbHBIE METOJbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
pE3yIbTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbsrare oCBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:
- OCHOBHI Teopur (PU3UKHU IIPOIECCOB B JIa3epax, UX CTPOSHUS U IPUMEHEHUS.
YMETb:
- pPacCUMTHIBATh M AHAIM3UPOBATH KBAHTOBBIC ONTUYECKUE CUCTEMBI JUISI PA3IMYHBIX HPUMEHEHUH,
OIICHUBATh WX MPAKTUYECKYIO TIOJIE3HOCTh JIJIsl IPUMEHEHUS B 00JIaCTH KBAHTOBOM AJIEKTPOHUKH.
BIIA/IETh:
- (u3UKO-MaTeMaTHUECKUM  ammaparoM, OMUCHIBAIOINIMM OCHOBHBIC (DU3UYECKUE  SIBICHUS,
MIPOUCXONIAIIUE B MaTepraiax U 00beKTax KBAHTOBOU AIEKTPOHUKH.

4. Coep:xanue JUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYECKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUJaM yUEOHBIX 3aHSATHIA

TpynoeMKOCTb 110 BUAAM YUE€OHBIX 3aHATUH, BKIIIOYAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 OCHOBBI KBAHTOBOM T€OPUH H3ITyUCHUSI. 6 3
2 OcHOBHBIEC TPUHIUIIBI paOOTHI JIazepa. 6 3
3 PexuMebl reHepanuy J1a3epos. 6 3
4 Pa3nnunble TUIIBL Ta3€pOB. 6 3
5 Henuneiinsle mpoueccsl B Ja3epHBIX 6 3
cpenax.
Nroro yacos 30 15
[loaroroBka k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue AUCHUILTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 2 (Becennuit)

1. OCHOBBI KBaHTOBOI TEOPHUH U3ITyHYECHHUS.




BemecTtBo Kak cucTremMa MHOIMX 4acTull. YpaBHeHue lllpenuHrepa W 3aBUCUMOCTb BOJHOBOM
¢yHkuun ot BpemeHu. [loHsiTme o kBaHTOBOM u3nmydeHuu. Popmyna [lnanka u ko3dduumeHTH
OiiHmreiiHa. OOmas XapaKTepUCTUKAa M CBOWCTBA AJIEKTPOMArHUTHOTO TMOJII B CTAIl[IOHAPHOM
COCTOSIHUU. Pa3nokeHue 3JeKTPOMAarHUTHOTO IMOJISl IO CBOOOAHBIM TUIaM KoseOanwuid. [lormomenue,
[IepEen3IyYeHUE, paccesiHUE.

2. OCHOBHBIC ITPUHIIUIIBI PAOOTHI J1a3epa.

KoneOarenbHble mpouecchl 3nekTpoMarHuTHOro mosist. Pabora nasepa kak reneparopa. OCHOBHBIE
9JIEMEHTHl KOHCTPYKLUU Jlazepa. Tpex- U ueThbIpeXypOBHEBbIE CHUCTEMBbI B Jlazepax. CKOpOCTHbIE
ypaBHEHHUSI.

3. PexuMbl reHepaluu J1a3epos.

Paznuunbie pexkumbl paboThl Jasepa. HempepoiBHBIA pekum paboTel. [eHepanus uMITyIbCOB B
nazepe. Ilones3nsle notepu B jasepe, IEPEHOC U3ITyUEHU.

4. PaznuuHble TUIIBI JIA3€POB.

Jlazepsl pa3nMYHBIX THUIIOB W KX IPUMEHEHHS B COBPEMEHHOM KBAHTOBOW 3JIEKTPOHUKE.
TBepaoTenbHBIE U Ta30BbIE J1a3ephl. [10IyIpOBOTHUKOBBIE U BOJJOKOHHBIE JA3€PHI.

5. HenuneliHble IpoOLECCH] B TA3€PHBIX Cpeax.

Henuneiinsle mpouecchl B cpenax. l[eHepauuss BTOpOH TapMOHHMKH, (Da30BbIi CHHXPOHHU3M.
I'enepanus cyMMapHBIX U Pa3HOCTHBIX YacTOT, IapaMEeTPUUYECKUE FEHEPATOPHI.

5. Onucanue MaTepuaJIbHO-TeXHNYECKOH 0a3bl, HeOOXOIMMON AJI5l OCYLeCTBJIECHHS 00pa30BaTEJILHOIO
npouecca 1no JUCUUILInHe (MOIYJII0)

yueOHast ayTUTOpHs, OCHAIICHHAS! KOMIIBIOTEPOM U MYJIBTUMEIUIHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOIi TUTEPATYPbI

OcHoBHas nuTeparypa
1. [puntumnst tazepos [Teker] : [yae6. mocodue mist By30oB] / O. 3Bento ; mep. ¢ anri. [. H. Ko3nosa [u
ap.] ; mox Hayd. pen. T. A. lllmaoHoBa ; pyc. nep. nmepepad. 1 JIOI. IPU YIaCTUHU aBTOpa KHUTH .— 4-¢
uzg. — CII6. : Jlans, 2008 .— 720 c.
2. A.H.ITuxtua OnTuyueckas ¥ KBaHTOBasl eKTpoHuka.M., «Beicmas mkona»2001r.,573c
3. Tapacos JI. B. UersipHaauars jekmuii o nazepax. Mzz. 2-e, mepepad. M.: KHmxkHbI  10M
«JIMBPOKOM», 2011. — 176 c.
4. B.I'.Imutpues, JI.B.Tapacos [Ipuxmnannas nenuneiinas ontuka. M. Hayka 2004r.

JlononHuTenbHAs TUTEpaTypa
1. Kpotos 1O. A. VICTOYHUKH CTIOHTAHHOTO U BBIHYKJICHHOTO MITKOTO PEHTT€HOBCKOTO U3TyUEHHSI.
bronnerens Jlazepnoii accounanuu, Ne 167, 2005 r.
2. I[Nanuenko B.A1., Tony6es B.C., Bacunsio B.B., lanymkun M.I. u nip. [oxg pen. B.4. [lanuenko
JlazepHbie TexHONIOrMH 00PaOOTKH MaTepHaioB: COBpEMEHHbIE MPoOieMbl (DyHIaMEHTaIbHBIX
WCCJICZIOBAaHUI 1 TPUKIaNHBIX pazpadborok.M. DU3ZMATIINUT. 2009.

7. llepedyenn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHMKAIMOHHOI ceTH ""UHTepHeT" , HEOOXOTUMBIX
JJIS OCBOCHUSI JUCUHMILIUHBI (MOLYJIs1)

1. http://www.ru.wikipedia.org
2. http://www.qwuantum-electron.ru
3. http://www.exp.window.edu.ru



8. IlepeyeHb HHPOPMANMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX IPH OCYLIeCTBJICHUU 00Pa30BaTeJIbHOI0
npouecca 1o JMCHUIIMHEe (MOIYJII0), BKJIIOYAs NepeyeHb He00X0AUMOro NpOrpaMMHOro odecnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha CEMUHAPCKUX 3aHATHUAX UCIOJB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOJIIOTHH, BKIIIOYAs IEMOHCTPALIAIO
MpEe3EHTAlUN.

9. MeToauveckue YKazaHnus QJist oﬁyqaloumxm 0o 0OCBOCHMIO JTHUCHUIIINHBI (MO)_Iy.Tlﬂ)

CTyaeHT, npoCIylIaBIIMKA KypC CEMHHApOB, JODKEH OBJIAJEeTh OOIIMM IMOHATHHHBIM amllapaTtoM H
HAy4UTHCS IPUMEHATH TEOPETUUECKHIE 3HAHUS Ha MIPAKTUKE.

VYenenHoe ocBoeHue Kypca Tpedyer:

1) mocermeHust Bcex CEMHHAPOB, MIPEIYCMOTPEHHBIX YY€OHBIM IIJIAHOM; BEICHUE KOHCIIEKTOB 3aHATUH;
aKTHBHOE y4JacTHe B 00CYKAEHUH CEMUHAPOB;

2) BayKHO AOOUTHCS MOHMMAHUSI U3y4aeMOro MaTepuana, a He MeXaHHYeCKoro ero 3anomuHanus. [lpu
3aTPYIHEHUU W3Y4YEeHUS OTAEIBbHBIX TEM, BOIPOCOB, ClexyeT oOpamarbcsi 3a KOHCYNbTalMeH K
JOKJIQIYUKy HA CEeMHUHapE.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: [Ipuxnagaeie MaTeMaTHKa U GU3NKA

Nnpo¢uJIb NOATOTOBKH: ®u3nKa NEePCIEKTUBHBIX TEXHOJIOTHUI: JJIEKTPOHUKA Y KBAHTOBBIE TEXHOJIOTUU
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kageapa KBAaHTOBOH JIEKTPOHUKH

Kypc: 1

KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 2 (BeceHHul) - JlnddepeHunpoBaHHblil 3a4eT

PaszpatGoTunk: 10.A. KpotoB, kang. ¢pus.-mar. HayK, CTapIINi HAYYHBIH COTPYIHUK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

[MK-1.1 CrnocobeH HaxoauTh, aHAIM3WPOBATH U 0000IIATH
nH(pOpMaNKIO 00 aKTyalbHBIX Pe3yJIbTaTax HCCIICIOBaHUN B
pamMKax TemaTH4eckoi o0macTu cBoed mpodeccHoHaTbLHON
[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pemiars 3ajadu, B ToM uncie paspadareBarh u  [[IK-1.2  CmocoOGeH  BbIABUTATH  THIOTE3BI, CTPOUTH
KCCJIeIOBAaTh MaTEMAaTHYECKUE MOICTH MareMaTH4ecKue MOJAETH JUISl  OMUCAHHWS H3y4aeMBIX
M3y4YaeMbIX SIBIICHUN U TIPOIIECCOB, CHCTEMHO  |SIBJICHHI W TIPOIECCOB, OIICHUBATH KAYECTBO pa3pabOTaHHOMN
aHAIIM3UPOBATh HAYYHbIC TPOOJIEMBI, TONyYaTh |MOJEIH

HOBBIC HAayYHBIC PE3YJIbTaThI [MK-1.3 CnocobeH NpUMEHATh TeopeThueckne W (W)
AKCIIEPUMEHTAIIHBIE METOABI UCCIIENOBAHUN K KOHKPETHOU
HAy4YHOW 3aJa4e W HHTEPIPETUPOBATH  IOJyYCHHBIE
pe3yabTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus quciuiuinabl « CEeMHHAP IO KBAHTOBOM JIEKTPOHUKEY O0YJAFOIIHIACS JTOTKEH:

3HATh:
- OCHOBBI T€OpUH (PU3UKH MPOLIECCOB B Ja3epax, UX CTPOCHHUS U IPUMEHEHUSI.
yMeTh:

- pacCUUThIBATL U AHAJIM3UPOBATH KBAHTOBLIC ONTUYCCKUC CUCTCMbI JIS1 PA3JIMYHBIX HpHMeHCHHﬁ,
OLCHUBATL HX IMPAKTUYCCKYIO IMOJIC3HOCTDb AJISA IPUMEHCHUS B 001aCTH KBAaHTOBOM OJICKTPOHUKH.
BJAA€Th:

- (1)I/I3I/IKO-MaTeMaTI/IT-IeCKI/IM arraparom, OIIMChIBAIOIIIMM  OCHOBHBIC (1)I/I3I/I‘-ICCKI/IC SBJICHUA,
MMPpOUCXOAAIINEC B MaTCpUaIax 1 00BEKTaX KBAHTOBOM OJICKTPOHUKHMU.

3. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIPOCOB, 3aJaHHI1, TeM JJIsl IOATOTOBKHU K TeKylIeMy KOHTPOJII0

C HCJIBbIO KOHTPOJISI OCBOCHUSA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcepuraja InpoOBOAUTCH YCTHBIfI OorpocC B
Ha4aJIC 3aHATHA.

4. [lepeyens THNOBBIX (MPUMEPHBIX) BONMPOCOB U TeM JIJIsl IPOBeAeHUs IPOMEKYTOUHOI aTTecTalluu
oOyuaroumuxcst

BOHpOCLI JJISA IIOATOTOBKH K HH(b(bepeHHHpOBaHHOMy 3a4CTy:

. YpaBuenue LlpenuHrepa u 3aBUCMIMOCTh BOJTHOBOW (DYHKLIMU OT BPEMEHH.
. Teopust BO3MyIIEHU.

. ®opmyna [Inanka, rpaduk GyHKINH.

. Koadpumnmentsr DiiHmTeHA.

. KBanToBanue cB0OOIHOTO 3JIEKTPOMAarHUTHOTO TIOJISL.

. [lonsatue gortona. CpoiictBa HoToHA.

. Onepatopbl poXKIECHUS U YHUYTOXKEHHS U1 (DOTOHOB.

0NN N bW~

. Marpuia mioTHOCTH B KBAHTOBOM TEOPHUH U €€ CBOMCTBA.

9. KorepeHTHOCTb B aHCAaMOJISIX KBAHTOBBIX M3JIydaTesei.

10. OcHoBHBIE PU3HUECKHAE MEXAaHU3MbI B3aUMOACHCTBHS U3JTyUEHHsI C BEIICCTBOM.
11. Ilormonienue, Nepen3nydeHue, paccestHue.

12. ®a30BbIe COOTHOLIEHUS B IMPOLECCAX MOMIONIEHHS U HCITyCKaHUSI.

13. TIpaBuna ordopa.

14. JIazep kak reHeparop.

15. 3akon byrepa.

16. Onucanue paboThI Ja3epa ¢ MoMoLIbo ypaBHeHu Ban-nep-Ilomns.




17.
18.
19.
20.

21

45

61

HenpepbiBHbIN pexxuM paboThI azepa.

I'enepanust IMITYIBbCOB.

3aBUCHMOCTb MOIIIHOCTH U3JIy4€HUs Jla3epa OT HAKauKH.
ITonyuyeHue UMILYJILCOB B Ja3epe.

. JIazepsl pa3InyHbIX TUIIOB.
22.
23.
24.
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.
37.
38.
39.
40.
41.
42.
43.
44.

[TpumeHeHue 1a3epoB pa3InYHbIX TUIIOB.
Paznuynble ciocoObI HAKaYKH.

CKOpOCTHBIE YpaBHEHHUSI.

CrioHTaHHOE M3JTyYeHHE B Jla3epax.
JIroMUHHCLICHIINS B JIa3epHBIX Cpenax.
PenakcanmonHble KoJeOaHMS.

[Torepu B nazepe.

Pe3onarop nasepa, pa3nuyHble KOHCTPYKLIUH.
DyHKIMK pe30HaTopa B Ja3epe.

CTOKCOB CIIBUT B Jla3epe.

Henuuelinble mpoueccel B cpeax.

Tunel HEJIMHENHBIX KPUCTAILIOB.
CaModOKyCHpOBKa H3ITyUeHHUSI.

VYenoBus (ha30BOTO CHHXPOHHU3MA.
OOBIKHOBEHHAs! U HEOOBIKHOBEHHAs! BOJIHBI B KpUCTaJLIaXx.
KoMmOuHaimonHoe paccesiHue.

Paccesnne Mannensmrama-bpusiitoena.
TBepaoTenbHbIE J1a3ephl: KIacCU(PHUKALUs, IPUMEHEHHE.
Jlazep Ha pyOue.

Jlazep Ha aTIOMOUTTPUEBOM I'paHATE C HEOIUMOM.
Jlazep Ha TuTaH-candupe.

DpOueBbIil U UTTEPOUEBBIN JTa3ephl.
[TepecTpanBaemble Ia3ephl.

. Tpex- 1 4eTblpeX YPOBHEBbIE CXEMBbI B TBEPAOTEIbHBIX Ja3epax.
46.
47.
48.
49.
50.
52.
53.
54.
5S.
56.
57.
58.
59.
60.

IIpuMeHeHne TBEpAOTENIbHBIX JIA3€POB 1JIs TeHEpallii BTOPOH I'apMOHUKHU.
Cenexuysi MOl B TBEPAOTEIbHBIX Ja3epax.

KoHcTpyK1us TBEpOTENbHBIX J1a3€POB.

OnTHueckas CTOMKOCTh KPUCTAJIJIOB TBEPJOTEIIBHBIX JIa3€POB.
I"a3oBeIe J13€pBL.

CO u CO2 nazepsl.

He-Ne nazep.

ITaccuBHOE U AKTUBHOE ONTUYECKOE BOJIOKHO.

PaznuuHble BUABI BOJIOKHA.

Hcnonp3oBaHue BOJIOKHA [UIs Iepefadu HHopmanuy.

Jlazep Ha BOJIOKHE.

Oco6eHHOCTH BOJIOKOHHBIX JIA3€POB.

Hakauka BOJIOKOHHBIX JIa3€pOB.

Jla3epHbIl TUPOCKOIL.

. [Tonmy4yenne GONBIIMX MOIIHOCTEH B BOJIOKOHHBIX JIa3epax.
62.
63.
64.
65.
66.
67.
68.
69.
70.
71.

[TomympoBOTHUKOBBIN J1a3ep: 0COOEHHOCTH.
KoHcTpyK1us noirynnpoBOIHUKOBOIO J1a3epa.
ITonockoBast reomMeTpus J1a3epa.

T'omo- u rereposnasepsl.

Jlazepbl Ha KBAaHTOBBIX sIMaXx.

Jlazepbl Ha KBAHTOBBIX TOUKaX.
KBaHTOBO-KacKaHbIE JIa3€Pbl.

dopmMupoBaHUE CTPYKTYPHI MOJIS B PE30HATOPE HOIYTIPOBOAHUKOBOTO JIa3epa.

PacxoauMocTh U3iTyueHus 0JIyIPOBOIHUKOBOIO J1a3epa.
Hcnonp3oBaHue MoynpoBOIHUKOBOIO J1a3epa Jlsl HAKAuKH.



72. YcunuTenu B Ta3epHON TEXHUKE.

73. Pexxum Momynsiiu TOOPOTHOCTH B Jlazepax.
74. CuHXpOHHU3aLMA YacTOT.

75. IlonyyeHue CBEpXKOPOTKUX UMITYJIbCOB B JIa3€PaAX.
76. HaCTOTHBIN YHPIIL.

77. CaMOHAaCHIIAIOLINICS OITIOTUTEb.

78. ®eMTOo- U aTTOCEKYHHbIE UMITYJIbCHI.

79. CBepXMOITHBIE UMITYIIHCHI.

80. Kpacurenu B nazepax.

81. CriocoObI 0XJIaXkICHUS JIa3ePOB.

82. KonebarenbHble MOypOBHH B J1a3epax.

83. VYnbrpaduosieToBbie Jiazephl.

84. Jlazepsl HAa CBOOOIHBIX DJICKTPOHAX.

85. TlomyuyeHue MONSIPU30BAHHOTO U3ITYHYECHHUS.
86. BosiHOBOI maker.

Kpurepun onennBanus
10 6ainos — (ITIPEBOCXOIHO):
*  CHUCTEMaTU3UPOBAaHHbBIC, IIyOOKHE M MOJHBIE 3HAHUS IO BCEM pasjenaM y4eOHOIl mporpammsbl, a
TaKKe 110 OCHOBHBIM BOITPOCAM, BBIXO/SIINM 32 €€ MPEeibl;
. TOYHOE HCIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;
*  Oe3ymnpedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW IWUCIUILTUHBI, yMEHUE ero 3(pQPeKTHBHO
HCIOJIB30BaTh B MIOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;
. BBIP2KEHHAs! CIIOCOOHOCTh CaMOCTOSITENIbHO M TBOPUYECKHM peIIaTh CIOKHBIE HpoOIeMbl B
HECTaHJAPTHOW CUTYyalUu;
*  TIOJHOE W IIIyOOKOE YCBOEHHE OCHOBHOW M JOMOJHHUTENBHON IUTEparyphl, PEKOMEHJIOBAaHHOMN
y4eOHOI mporpaMMOi TUCITUTUINHEI;
* yMEHHE OPHUEHTHPOBATHCS B TEOPHAX, KOHLENIMIX U HANPaBICHUIX 0 U3y4aeMOW AMCLUUIUINHE U
JlaBaTh UM KPUTUUYECKYIO OLICHKY, UCII0JIb30BaTh HAYUHbIE JOCTHKEHUSI JPYTUX JUCLUIUINH;
*  TBOpYECKas CaMOCTOSTENbHAs paboTa Ha MPAKTUYECKUX, JTa0OPAaTOPHBIX 3aHATHIX, AKTUBHOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUH YPOBEHB KYJIBTYPbI HCIIOTHEHHS 33 JaHHMH.

9 6amnoB — (OTJIMYHO):
* CHCTEMaTU3UPOBAHHbBIE, IITYOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;

. TOYHOE HCIIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BJIAJICHUE MHCTPYMEHTapueM y4eOHOM NUCLUIUIMHBI, yMEHHE ero 3(QQEKTUBHO HCIIOIb30BaTh B
MOCTAHOBKE M PEIICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 3a1a4;

*  CHOCOOHOCTH CAMOCTOSATEIBHO M TBOPUYECKH peEIIaTh CIOKHBIE MpoOIeMbl B HECTaHIAPTHOM
CUTyalud B paMKax Y4eOHOW MporpamMmbl, IOJHOE YCBOCHHE OCHOBHOW U JIOMOJHU "TEIbHOU
JTUTEpaTypbl, PEKOMEHI0BAaHHON Y4eOHOW NPOTpaMMO TUCIIUITITHBI;

*  YMEHUE OpPUEHTUPOBATHCA B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOU
JTUCIUIUIMHE U 1aBaTh UM KPUTHUYECKYIO OLIEHKY;

*  caMOCTOsTENbHas padoTa Ha MPAaKTUYECKHX, JaOOpaTOPHBIX 3aHITHUAX, TBOPUECKOE y4yacTHE B
IPYIIOBBIX 00CYKICHUAX, BBICOKUI YPOBEHb KYJIBTYphl HCIIOJTHEHHS 3aJaHuUi.

8 6amnoB — (IIOUYTU OTIIMYHO):

* CHCTEMaTHU3UPOBAaHHbIE, INIyOOKHE M IOJIHBIE 3HAHUS 110 BCEM IMOCTABJIEHHBIM BOIIPOCaM B 00beMe
y4eOHON MpOrpaMMel;

*  HCHOJNB30BAaHME HAYYHOM TEPMHUHOJOTHH, CTHJIMCTHYECKHM TI'PaMOTHOE, JIOTMYECKH MpPaBHIBHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAaHHbIE BBIBOJIBI;

* BIAJICHUE MHCTPYMEHTapueM y4eOHOH AMCIMIUIMHBI (METOJaMU KOMIUIEKCHOTO aHAJIN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE M PEUICHUU HAyYHBIX U
poQecCHOHAIBHBIX 33/a4; CIIOCOOHOCTh CaMOCTOSTENIBHO peIIaTh CIOXKHBIE HPOOJIeMbI B paMKax
y4eOHON NpOrpaMMel;

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJIBHOW JUTEPaTyphl, PEKOMEHIOBAHHON y4eOHOH NpOrpaMMoit
JUCLUIUIMHBL,



*  YMEHHUE OPUEHTUPOBATHCS B OCHOBHBIX TCOPHUSIX, KOHLEMIMUSIX W HAMPABICHUSIX IO U3y4aeMoil
TUCIUIUINHE U JlaBaTh UM KPUTHYECKYIO OIICHKY C TO3WIMA TOCYJapCTBEHHONW HIEOJOTHH (TI0
JUCITUTUIMHAM COIHAIEHO-TYMaHUTAPHOTO ITUKJIIA);

* aKTHBHAs CaMOCTOsTENIbHAS paboTa Ha MPAKTUYECKHX, J1a00PATOPHBIX 3aHATHUSIX, CUCTEMATHUECKOE
ydacTue B IPYIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

7 6annoB — (OYEHb XOPOILLO):
* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOJIHBIE 3HAHUS 110 BCEM pa3zieaM yueOHOM MporpaMmel;

¢ HCIIOJIB30BaHUC HaquOﬁ TCPMHUHOJIOT U (B TOM YUCJIC HAa UHOCTPAHHOM SIBBIKC), JIMHI'BUCTUYCCKHU U
JIOTUYCCKHU IMPABUJIIBHOC U3JIOKCHUC OTBCTA HAa BOIIPOCHI, YMCHHUC [1CJIATh 000CHOBaHHEIC BBIBOJbI,

* BIIAQJICHUE MHCTPYMEHTapHeM y4eOHOW NUCHMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE U
pELIeHNN HAayYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;

*  YCBOCHHME OCHOBHOW W JIOTIOJIHUTEJIBLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCIUIUIAHBI;

*  YMCHHUE OPUEHTUPOBATHCS B OCHOBHBIX TCOPHUSX, KOHLEMIMSIX W HAMPABICHUSIX IO U3y4aeMoil
TUCITUIUIMHE U 1aBaTh UM KPUTHUECKYIO OLIEHKY;

*  camocTosTenbHas padoTa Ha IMPAaKTUUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYIMIIOBBIX
00CYXIICHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJTHEHUS 3aaHUH.

6 6ayoB — (XOPOILO):
* JIOCTaTOYHO ITOJHBIC U CHCTEMAaTU3UPOBAHHBIC 3HAHUS B 00beMe yueOHOW MPOrpaMMEl;

° HCIIOJIb30BaHHEC HeO6X0):[HMOI>'I HaquOﬁ TCPMUHOJIOTHUH, CTUIUCTUYCCKU T'PaAMOTHOC, JIOTUYCCKU
IPaBUIJIbHOC U3JIOKCHHUEC OTBETA HA BOIIPOCHI, YMCHUC ACJIaTh 000CHOBaHHBIE BBIBOJBI,

*  BIQJCHUE WHCTPYMEHTapueM Yy4eOHOH IMCLMWIUIMHBI, YMEHHE €ro HCIOJb30BaTh B PELICHUH
y4eOHBIX U NMPO(pECCHOHAIBHBIX 33]a4; CIOCOOHOCTh CaMOCTOSTEIbHO NPUMEHATh THUIIOBBIC PEIICHUS
B paMKax y4eOHOH NpOrpaMMel;

®* YCBOCHHUC OCHOBHOH JINTCPATyphl, peKOMeH,Z[OBaHHOﬁ y‘le6H0ﬁ HpOl”paMMOfI JUCHUITIIINHBI,

*  YMEHHE OPHUEHTHPOBATHCS B 0A30BBIX TEOPHUSAX, KOHUEHIMAX M HANPABICHUAX IO H3Y4aeMOU
IUCLMIIMHE M JaBaTh WM CPaBHUTEIBHYIO OICHKY; AaKTHUBHAs CcaMOCTOsTelbHas pabora Ha
MPAaKTUYECKUX, JIAOOPATOPHBIX 3aHATHSX, MEPUOJUYECKOE y4YacTHE B TPYNIOBHIX OOCYKACHUSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUM.

5 6ammoB — (ITOYTU XOPOILIO):
* JIOCTaTOo4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTrpaMMBbl;

® HCII0JIb30BaHUC Haquoﬁ TCPMHHOJIOTUU, CTUJIHMCTUYCCKU TI'PAMOTHOC, JIOTUYCCKHU IIPAaBHUJIBHOC
H3JI0KCHHUC OTBCTA HAa BOIIPOCHI, yMCHHC [1CJIaTh BBIBO/bI,

*  BIAJCHUEC HMHCTPyMEHTAapHeM y4eOHOW IHMCHUIUIMHBI, YMEHHE €ro WCIOJIbh30BaTh B PEIICHHU
y4eOHBIX U IPOPECCHOHAIBHBIX 3a/1a4;

* CII0OCOOHOCTH CAMOCTOSTENILHO MIPUMEHSTH THIIOBBIE PELICHUS B paMKaxX y4eOHOM MPOrpaMMBl;
* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUUSAX M HANpaBICHUAX MO H3ydaeMOi
JUCLUUIUTMHE U JaBaTh UM CPaBHHUTEIbHYIO OLEHKY;

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIA0OOPATOPHBIX 3aHATHSX, Y4acTUE B TPYNIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHHS 33/1aHHH.

4 6amta — (YAOBJIETBOPUTEJIBHO), 3AYTEHO:
* JIOCTaTOYHbIM 00BEM 3HaHMI B paMKax 00pa30BaTeIbHOTO CTaHIaPTa;
* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

® HCII0OJIb30BaHUC Haquoﬁ TECPMHUHOJIOTUH, CTUIMCTUYCCKOC U JIOTHUYCCKOC M3JIO)KCHUEC OTBETA Ha
BOIIPOCHI, YMCHHUC ACJIATh BBIBOAbI 0e3 CYHICCTBCHHBIX OH_II/IGOK;

. BIIQJICHHNE WHCTPYMEHTApueM Y4YeOHOW IUCIUIUIMHBI, YMEHHE €r0 HCIIOJIb30BaTh B PEIICHUU
CTaHJIAPTHBIX (THUIOBBIX) 3aJ1a4;

* yYMEHHE [0l PyKOBOJCTBOM ITPENOAABATENs PELIaTh CTAaHJAPTHBIE (TUIIOBBIC) 3aa4H;

® YMEHUE OPUCHTUPOBATHCA B OCHOBHBIX TCOPUAX, KOHLCHIMUAX M HAIPABJICHHUAX I10 I/IsyqaeMoﬁ
AUCHUIUIMHC U JaBaTh UM OLICHKY,

. pabora mox PYKOBOACTBOM IIPEMOJABATENsl HA MPAKTUYECKUX, JAOOPATOPHBIX 3aHITHSX,
JIOITyCTUMBIH YPOBEHb KYJIBTYPbl UCIIOJIHEHUS 3aJaHUH.

3 6anna — (HEYAOBJIETBOPUTEJIBHO), HE3AYTEHO:
* HEIOCTATOYHO IOJIHBIN 00BbEM 3HAHUI B paMKax 00pa30BaTeIbHOTO CTAHIAPTA;
* 3HAHWE YaCTH OCHOBHOH JINTEPATypPhl, PEKOMEHI0BAHHON Y4eOHOMH MPOTpaMMOi TUCIUILTHHBL;



*  HCHOJb30BaHHE HAYYHOW TEPMHUHOJOTHH, M3JOKEHHE OTBETAa HAa BOMPOCHI C CYIIECTBEHHBIMHU
JIMHTBUCTHYECKUMH U JIOTHYECKUMU OIINOKAMU,

. cnaboe BIaJieHUE WHCTPYMEHTapueM Yy4eOHOW NHUCUIUIUINHBI, HEKOMIIETCHTHOCTh B PEIICHUU
CTaHJIAPTHBIX (TUIOBBIX) 3a]1a4;

*  HEyMEHHE OpPHUEHTHPOBAThCS B OCHOBHBIX TEOPHUAX, KOHIEMIMSAX W HANpPaBIECHUSX H3ydaeMou
JIHMCIHILINHDI,

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KUHA YPOBEHb KYJIBTYPHI UCIIOTHEHUS
3aJIaHUM.

2 6amta — (HEYIOBJIETBOPUTEJILHO):

* (parMeHTapHbIC 3HaHUS B paMKax 00pa30BaTelbHOIO CTaH/APTa;

. 3HAaHUSl OTHENBHBIX JINTEPATYPHBIX HCTOYHHKOB, PEKOMEHIOBAaHHBIX YYEeOHOH mporpaMmmoi
JIHCIHILINHDI,

. HEYMEHHE WCIIONh30BaTh HAYYHYI0 TEPMHUHOJIOTHIO UCIUIUIMHEI, HAJIWMYUE B OTBETE TI'PYyOBIX
CTUIHUCTUYECKUX U JIOTHYECKUX OLINOOK;

* TACCHBHOCTh Ha MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIOHEHUS
3aJIaHH.

1 6amt — (HEYIOBJIETBOPUTEJILHO):

* OTCYTCTBUE 3HAHUU M KOMIICTCHIINIA B paMKaxX 00pa30BaTeIbHOTO CTAHIapPTa WU OTKa3 OT OTBETA.

5. MeTonuueckune MaTepuasbl, onpeaeasonie Npoueaypsl OeHUBAHUA 3HAHUI, YMEeHH, HABBIKOB H
(Wy1M) oNbITA AESITEILHOCTH

[Ipu npoBenenun auddepeHurpoBanHOro 3adera oOydaromemycsi npepocrasmsercs 30 MUHYT Ha
noArotoBky. Onpoc oOyuaromerocs 1Mo OMiIeTy He JOIDKEH MPEBbINIATh JBYX aCTPOHOMUYECKHUX YacoB
B YCTHOM U (WMJIM) TUCbMEHHOU (opMe.



