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: 4
KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnuddepeHunpoBaHHbIi 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
[IporpamMmy cocraBunu:

10.A. KpotoB, kang. ¢pus.-mar. HayK, CTapIINi HAYYHBIH COTPYIHUK
W.N. CaBenbeB, kang. puz.-Mar. HayK, JOLUEHT

[Iporpamma obcyxaeHa Ha 3aceqaHnnyu Kadenpbl KBAHTOBOW aeKTpoHuKH 29.05.2020



AHHOTANMA

Kypc "CemuHap mo KBaHTOBOW 3JEKTpOHHKE" MpelycMaTpuBaeT NpuoOpeTeHue CTYACHTaMU 3HAHWN B
00JIaCTH KBAaHTOBOW 3JICKTPOHMKH, CBA3AHHBIX CO B3aWMOICHCTBUEM M3IYUYCHHS M BEIIECTBA U OCHOBHBIMU
MPUHIMIIAMU TIOCTPOCHUS U PabOTHI J1a3epoB.

3amaun Kypca:

*  pa3BUTHE Y CTYICHTA I[IOHMMAaHUS IPOLECCOB, IPOMCXOIALIMX IPU B3aUMOICHCTBMU M3JIy4YEHUS C
BEIL[ECTBOM C KBaHTOBBIX MTO3ULNI;

* ocBeuleHne GU3MKU pabOTHI JTa3epa;
* Kiaccu(puKanys Ja3epoB Pa3IUUHbIX THIIOB U 00bsICHEHHE 0COOEHHOCTEHN UX paboThI.

Ilo pe3ysibTaTaM OCBOCHHA KypCa CTYACHT OOJIKCH:

3HaTh:
- OCHOBHI Teopuu (PU3UKHU, CTPOSHUS, IPUMEHEHUS JIa3epOB.

VYMeTs:

- Ha OCHOBAaHHMHM IIOJYYECHHBIX 3HAHUS NPOEKTHPOBATh JIa3epHBIC CHCTEMbI IS Pa3IMYHBIX HMPUMEHEHMH,
aHaJM3MPOBaTh HMX pabOTy ¥ NPAKTHYSCKYIO TIOJIE3HOCTh JUIS TPUMEHEHHS B O00JacTH KBaHTOBOM
ANEKTPOHUKH.

Bnaners:

- q)HSI/IKO-MaTeMaTI/I‘IeCKI/IM afnmaparoM, ONHMCBIBAIOIIUM OCHOBHBIC (1)I/I3I/I‘IGCKI/IC SABJICHUS, IPOUCXOAAIIUC B
Marcpuaiax u 00bEKTaX KBAHTOBOI OJICKTPOHUKHU.

OcHOBHOE cofepX)aHue Kypca H3JI0KEHO B CIEAYIOMINX pa3aesax:

1. DneMeHTapHast KBAHTOBAs TEOPUSI.

2. KBanTOBas Teopus U3ITyUEHUSI.

3. KBanToBas Teopusi CBOOOAHOTO JIEKTPOMArHUTHOTO ITOJISI.

4. BzanMoelicTBHE TOJIS U3IYyYEHUS C AaTOMHBIMHU M MOJIEKYJISIPHBIMHM CPEAAMH.
5. OcHOBHBIEC IPUHIUIIBI paOOTHI Jiazepa.

6. Pa3nnuHble TUIIBI Ja3€pOB.

1. leau u 3apauu

eap AUCUMNIMHBI

* mpuoOpeTeHHe CTyIeHTaMH 3HaHUM B 0OJacTH KBAaHTOBOW JJIEKTPOHUKH, CBS3aHHBIX CO
B3aMMOJICHICTBHEM H3JTyuYeHHs] M BEIIECTBA W OCHOBHBIMHM NPHUHIMIIAMH TOCTPOCHUS U paboThI
JIa3€poB.

3agauu AU CHUIIHHBI

* pa3BUTHE Yy CTYICHTA [IOHMMAHUs IPOLIECCOB, MPOUCXOIAIIUX IIPH B3aUMOAECUCTBUM U3JIyUYEHUsS C
BEIIECTBOM C KBaHTOBBIX MTO3ULNI;

* ocBeuleHne GU3MKU pabOTHI JTa3epa;
* Kiaccu(uKanys Ja3epoB Pa3IUUHbIX THIIOB U 00bsICHEHUE 0COOEHHOCTEHN UX paboThI.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie ClIeayronux KOMHGTGHL[I/Iﬁi

KOI[ 1 HAMMCHOBAHUEC KOMIICTCHIIMN I/IHILI/IKaTOpBI JOCTHIXKCHHUA KOMIICTCHIIMH

YK-1.4 I'pamotHO, JIOTUYHO, apryMEHTUPOBAaHHO

YK-1 CriocobeH 0oCyIiecTBIsTh TOUCK
yim ’ (dhopmupyeT cOOCTBEHHBIE CY)KICHHS U OLIEHKH

KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManny,
MPUMEHATh CUCTEMHBIN MOAXO ISl pELICHUS
[IOCTABJICHHBIX 3a7a4

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3HPYET U BhIOMUpaeT
nHpOpMaLKI0, HEOOXOOUMYIO AJISl PELICHUS! OCTaBICHHON
3a7a4n




ITK-1 Crioco0eH miaHupoBarh U POBOIUTh [IK-1.9 3naeT nepeyeHs BeAyIINX MEPUOANUESCKUX HAYYHBIX
Hay4YHbBIC SKCIIEPUMEHTHI (B M30paHHOM M3JIJaHUH W CHOCOOEH BBIIENATh aKTyallbHBIE Hay4YHBIC
[peIMETHOM 001acTH) U (WJIK) TeOpeTudecKue |ITyOIMKaluy B IpoQeCCHOHATLHON 00IacTH
(aHAJIMTHYECKHE U UMUTALOHHBIE) I1IK-1.1 Bnaneer (dyHIaMeHTaTbHBIMH MHOHSATUSIMU,
HCCIICAOBaHHUA 3aKOHaMHM ¥ TEOPUSMH COBPEMEHHOM (pHU3nKn

3. IlepeyeHb NIAHMPYEMBIX Pe3yIbTATOB 00yUeHHUsI 0 JUCHMILINHE (MOLYJII0)
B pesynbrare 0cBOGHHS AUCIUIIMHBI 00y4alOIINecs JOIKHbBI

3HaTh:
- OCHOBBI T€OpHH (U3UKH, CTPOCHUSI, IPUMEHEHHS JIa3€POB.

YMETb:
- Ha OCHOBaHHMM IIOJIyYEHHBIX 3HAHUM TPOEKTHPOBATH Ja3epHBbIE CUCTEMBI Ui Pa3IMYHBIX
NPUMEHEHHH, aHAJIN3UPOBaTh UX pabOTy M MPAKTHYECKYIO MOJE3HOCTh AJIS MIPUMEHEHHUs B 001acTH
KBaHTOBOH 3JI€KTPOHUKH.

BIIAJIETh:

- (u3HKO-MaTeMaTHYECKUM  ammaparoM, ONHUCHIBAIOIIMM OCHOBHBIE (DM3WYECKUE  SIBICHHUS,
MPOUCXOASAIINE B MaTepHaIax U 00ObEKTaX KBAHTOBOMN JIEKTPOHUKH.

4. Conep:xkanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jejiaM) ¢ yKazaHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

4.1. Paznenbl nuctMIInHbl (MOIYJIS) U TPYAOEMKOCTH IO BUAAM yUEOHBIX 3aHATHH

TpymoeMKOCTb IO BHJAM Y4eOHBIX 3aHATUH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.
Ne Tema (pa3znen) AMCUUTUIMHBL
Camocr.
Jlextiun | Cemunapsr | JlaGopat. paGoOThI
pabora
1 DnemMeHTapHas KBaHTOBasl TEOPHSL. 6 2
2 KBanTtoBas Teopus uzmyueHus. 6 2
3 KanToBas Teopust CBOOOTHOTO 6 )
3JIEKTPOMArHUTHOTO MOJISI.
4 BsaumopneiicTBue 1monsi UM3IAYy4YCHUS C 4 )
aTOMHBIMH U MOJICKYJISIPHBIMHU CpEJJaMU.
5 OcHOBHBIEC IPUHIUITBI paOOTHI JIazepa. 4 4
6 Paznuunbie TUTIBL Ta3€POB. 4
Nroro yacos 30 15
[loaroroska k sK3aMeHy 0 gac.
OO01mas TpynoEMKOCTh 45 yac., 1 3au.ex.

4.2. CopaepxaHue AUCHUILTAHBI (MOYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemecrtp: 8 (Becennuit)
1. DnemeHTapHast KBAHTOBas TEOPHSI.

BemecTtBo kKak cucTremMa MHOIMX 4acTull. YpaBHeHue lllpenuHrepa W 3aBUCUMOCTb BOJHOBOM
¢yHkuun ot BpemeHU. COBpPEMEHHBIE TEOPETUUYECKHE METOIbl B KBAaHTOBOW TEOPUU H3IIyUCHHUS.
Teopusi BO3MYIIIEHHH Kak OCHOBHOW MaTeMaTWuecKui ammapar. MHorooOpasue (GpopMyIrpoBOK
TEOpUH BO3MYIIEHHH. MarpuuHas QOpMyIHMpOBKa TEOPUMH BO3MYILEHHH Ha OCHOBE alreOpsl
MPOEKTOPOB. ' aMIIIbTOHMAH KBaHTOBOW YacTUIIbL. PacueT BOMHOBBIX (DYHKIIMI COCTOSIHUS YaCTHIIBI.




2. KBanToBas Teopus U3MyUEHUSI.

[lonsatue o kBantoBoM u3nyyeHun. Dopmyna Ilmanka wu  KodQPuuMEeHTH DHHIITEHHA.
lapMonnueckuii ocuIIATOp (KBAaHTOBBIA M Kiaccuueckuii). COOCTBEHHBIE COCTOSIHUSI U BEKTODA.
Omneparopbl pOKIECHUS U YHUYTOXKEHHSI YACTUL M UX ajreOpandecKue CBOMCTBA.

3. KBanToBas TCOpHUA CBO6OI[HOFO QJICKTPOMArHuTHOTO ITOJIA.

OOmass XapakTepHCTHKAa M CBOWCTBA 3JIEKTPOMAarHUTHOTO TIIOJS B CTALMOHAPHOM COCTOSHHH.
PaznoxeHne  SIEKTPOMAarHUTHOTO MOl MO  cBOOOZHBIM  Tumam  koneOanuil. [lonsarue
3JIEKTPOMAarHUTHOIO BakyyMa. COCTOSIHUSI KBAHTOBAHHOTO I10JIS1 U3JIy4EHUsI.

4. B3aumozeiicTBye 10 U3JIyUEHHsI ¢ aTOMHBIMH U MOJIEKYJISIPHBIMU CPEAAMHU.

[Tormomenne, nepeusnmydeHue, paccessHue. OYHKIMM IPONMYCKaHWS W TpPsSMbIE METOABI pacdera
[IpO3payHOCTH cpenbl. BiusHue cpensl Ha MNapaMmerpbl pPacHpOCTPaHSIOLIErocs H3JIy4YEHUs
(ciekTpasibHOE pachpezesiecHue WHTEHCUBHOCTH M INIMPHHA H3JIydeHUs, (opmMa KOHTypa JIMHUU
n3nydeHus). Pa3oBble COOTHOLICHMS B Mpoleccax IOMIOUICHUS] W HCIyCKaHusA. MarpudHbIi
3JIEMEHT olepartopa B 0Oa3uce BOJHOBBIX (QYHKLIMHA — OCHOBAa MaTeMaTHYeckoro (opmannuzma
(dbyHIaMeHTanbHOH KBaHTOBOM Teopuu. [IpaBuia oTbopa sl MAaTPUYHBIX 3JIEMEHTOB. BeposiTHOCTH
MYJIBTUIONBHBIX TiepexonoB. Oneparopsl B3auMOACHCTBUS.

5. OcHOBHBIEC IPUHIUIIBI paOOTHI Jiazepa.

BBenenue B Teopuro nasepos. Jlazep kak onruueckuii reneparop. ®usnka paboTsl nazepa. Pesxumbl
paboThl nazepa.

6. PaznuuHble TUIIBI JJa3€pPOB.

Omnucanue 1a3epoB pa3aMyHbIX THNOB. Pazmuume B mpuHIimnax ux paborsl. OOmacTu nNpuMEHEHUS
Pa3IUYHBIX JIa3€POB.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00X0AMMO AJIsl OCYIeCTBICHHUS 00Pa30BATEILHOIO
npouecca o JHCHUIIMHE (MOLYJII0)

yudeOHas ayTUTOpHsl, OCHAILEHHAS! KOMITBIOTEPOM U MYJIBTUMEAUHHBIM 000py/10BaHHEM (IIPOCKTOP,
3BYKOBasi CHCTEMA).

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHoBHas JuTeparypa

1. Kapnos H. B. Jlekuuu o kBaHToBOM aekTponuke. - M.: Hayka, 1988. - 336 c.

2. Iluxtun A. H. Ontrdeckast u KBaHTOBas dIEKTpOHHKA. - .M.: Beicias mkomna, 2001. - 573 c.
3. JIazepHble TEXHOJIOTUH 00Pa0OTKU MaTEPUAIOB: COBPEMEHHBIEC TPOOIEMBI (PyHIaMEHTATBLHBIX
WCCIICAOBAaHUM 1 NPUKIaIHBIX pazpadorok / [lanuenko B. S1., Tony6es B. C., Bacuibuos B. B.,
lanymkua M. I [u ap.]; nox pea. B.A. [Tanuenko. - M.: ©U3MATIINT, 2009.

4. Tapacos JI. B. UeTsipHanuars JeKuii o Ja3epax. - u3fl. 2-e, nepepad. - M.: KHwkHBIH 10M
«JINBPOKOMY, 2011. - 176 c.

JomnonHurensHas aureparypa

1. 3Bepes I. M., T'onsies 1O. [l.. Jlazeps! Ha KpucTaiax U ux npumeHenune.M. - Panguo u CBszb, 1994 -
312 c.
2. Imutpues B. I, Tapacos JI. B. [Ipuknannas nenuneitnast ontuka. - M.: Hayxka, 2004

7. llepedyeHn pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHHKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 0CBOEHHSI TUCIMIIJIMHBI (MOTYJIs)



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

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUU 00pa30BaTeJIbHOIO
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AMMOro NpOrpaMMHOro odecrnedyeHnst
¥ MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha CCMUHAPCKUX 3aHATUAX UCIIOJB3YIOTCA My.]'[BTHMe,I[HﬁHBIe TCXHOJIOIWMH, BKIIIOYad JEMOHCTpAaUO

MpEe3EHTALUN.
9. Metonuyeckne yKkazaHusi JUIsl 00y4AIOIMXCH 10 OCBOCHUIO U CHUILTHHBI (MOXYJIs)

1) mocerienue Bcex CEeMUHAPOB, MIPEAYCMOTPEHHBIX YIEOHBIM IJIAHOM; BEJICHUE KOHCIIEKTOB 3aHATHIA;

aKTHUBHOE y4yacTHe B O0CYXICHHH CEMUHAPOB;
2) BaXXHO AOOWTHCS MOHMMAHMS M3y4aeMOIo MaTepHaja, a He MEXaHHMYECKOro ero 3anoMuHaHus. [Ipu
3aTPyOHEHUN W3YYEHUS! OTICIBHBIX TEM, BOIPOCOB, CIEIyeT OOpaliarbCsi 3a KOHCYJIbTalKed K

IpernoaaBareiito.



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: 4

KBAJM(PUKAIMA: OaxanaBp

Cemectp, hopMBI IPOMEKYTOUHOH arTectanuu: 8 (BeceHHul) - JlnddepeHunpoBaHHbIi 3a4eT

PaspaGorunkm:

FO.A. Kpotos, kauj1. (hu3.-Mart. HayK, CTAPIIHA HAyYHBIA COTPYIHHK
N.U. Cagenbes, kaua. (U3.-MaT. HayK, JOICHT



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-1 CriocoGeH oCcymiecTBIsTh MOKCK,
KPUTUYECKUH aHAJIN3 ¥ CUHTE3 HH(opManuy,
NPUMEHSTh CUCTEMHBIN MOAXO ISl PELICHHS
MOCTABJICHHBIX 3a/1a4

YK-1.4 I'pamotHoO, JIOTUYHO, apryMeHTHpPOBaHHO
(hopmHpyeT cOOCTBEHHBIE CY>KICHHS U OLIEHKU

VYK-1.2 HaxomuT, KpUTHYECKH aHAIM3UPYeT U BbIOMpaeT
nH(pOpMaIINI0, HEOOXOMUMYIO ISl PEIeHHUs TTOCTaBICHHON
3a1auu

[MK-1 Crioco6eH mi1aHupoBaTh U MPOBOAUTH
Hay4HbIE SKCTICPUMEHTHI (B U30paHHON
MPEeIMETHOM 001acTH) U (MITH) TEOPETUICCKUE
(aHanUTHYECKUE U UMHUTALIUOHHBIC)
WCCIICIOBAHMSI

[IK-1.9 3naeT nepeyeHs BeAyIINX MEPHOANUESCKUX HAYYHBIX
W3aHU W CIOCOOEH BBINENATh aKTyaJIbHbIE HAy4HBIC
MyOIuKanuu B MpoheCCUOHANBHOM 001acTH

[IK-1.1  Buageer  ¢yHAaMEHTAIbHBIMH
3aKOHaMHM M TEOPUSIMH COBPEMEHHOH (pHU3HuKH

IIOHATHUAMMU,

2. Iloka3zare/iM OLCHMBAHMS KOMIIETCHIIUIA
B pesynbrare nzyueHus AnCHMIUIMHBI « CEMUHAp M0 KBAHTOBOM IEKTPOHUKE) 00yUaroImuiics JOMKeH:

3HATh:
- OCHOBBI T€OpHH (U3UKH, CTPOCHUSI, IPUMEHEHHS JIa3€POB.
yYMeThb:
- Ha OCHOBaHHMM IIOJIyYEHHBIX 3HAHUM TPOEKTHPOBATH Ja3epHBbIE CUCTEMBI Ui Pa3IMYHBIX

NPUMEHEHHH, aHAJIM3UPOBaTh UX pabOTy M MPAKTHYECKYIO MOJE3HOCTh AJIS MPUMEHEHHUs B 001acTH
KBaHTOBOH 3JI€KTPOHUKH.

BJIaJeTh:
- (u3HKO-MaTeMaTHYECKUM  ammaparoM, ONHUCHIBAIOIIMM  OCHOBHBIC
MPOUCXOASAIINE B MaTepHaIax U 00ObEKTaX KBAHTOBOMN JIEKTPOHUKH.

(1)I/ISI/ILI6CKI/I6 SIBJICHHA,

3. IlepeyeHb THNOBLIX (IIPMMeEPHBIX) BONPOCOB, 32/1aHUI, TeM /ISl MOATOTOBKH K TeKylleMy KOHTPOJII0

C 1menplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuaina MpOBOAUTCS YCTHBIH ONpoC B
Hayaje 3aHsATHUsl.

4. IlepeyeHb THNOBBIX (IPMMEPHBIX) BOIIPOCOB M TeM JJISI IPOBEAEeHHUA IIPOMEKYTOYHOM aTTecTaluu
o0y4yarommxcst

Bonpocs! asist moarotoBkH K AudQepeHIIMPOBAHHOMY 3a4ETy:

. OneparopHoe ucunciaeHue, 6pa u KeT BEKTOPHI.

. YpaBuenwue lllpenunrepa u 3aBUCMMOCTh BOJTHOBOW (DYHKIIUH OT BPEMEHH.
. Teopust BO3MyILIEHU.

. 'aMHIIBTOHMAaH KBAHTOBOM YaCTHUIIBI.

. ®opmyna [Tnanka, rpaduk GyHKINH.

. Koaddunments DitHmrelina.

~N O D bW~

. FapMormnueckuit ocmsATOp (KBAHTOBBINM U KIIACCUYECKH)..

8. KBanTtoBanue cBOOOJIHOTO IEKTPOMATHUTHOTO TTOJIS.

9.OHepreTHYeCKHii CIIEKTP U CTAI[MOHAPHBIE COCTOSHUSA CBOOOIHOTO MIEKTPOMarHUTHOTO TOJIS.
10. IToHsATHE AIEKTPOMAarHUTHOTO BaKyyMa.

11. IMonstue potona. CpoiicTa (hoToHA.

12. Omepatopsl poXKACHUS U YHUUTOXKEHUS 7SI JOTOHOB.

13. Marpuna mioTHOCTH B KBAHTOBOM TEOPUHU U €€ CBOWCTBA.

14. KorepeHTHOCThH B aHCaMOJISIX KBAHTOBBIX MU3JTydaTeieH.

15. OcHoBHBIE (hpM3HMUECKNE MEXaHU3MbI B3aUMOJICHCTBUS U3ITyUCHUS C BEILICCTBOM.
16. Ilornomienue, nepensnydeHne, paccesHue.

17. ®a30Bble COOTHOLLIEHUS B IIpOLIECCaX IOIVIOLIEHUS U UCITyCKAHUS.

18. TIpaBuna ordopa.




19. Oneparopsl B3aUMOAECHCTBUSL.

20. JIazep kak reHeparop.

21. 3axon byrepa.

22. HenpepbIBHBII pexuM pabOTHI Jiazepa.

23. I'ereparusi UMITYJIbCOB.

24.3aBUCUMOCTH MOITHOCTH H3JIy4€HHUA Ja3epa OT HaKauKU.
25. IlomyueHue UMIYJIbCOB B Jla3epe.

26. JIazepbl pa3NUYHBIX THIIOB.

27. BOJIOKOHHO-ONTUYECKUE JIa3€Pbl U YCUIIUTEIH U UCII0JIb3yEMbIE B HUX MaTe€pHUaJIbl.
28. OcoOEeHHOCTH JIa3epoB C IMOHON HAKAYKOM.

29. TBepmoTeNnbHbIE J1a3ephl.

30. 'a30BBIE Ja3€pHI.

31. IlomynpoBOAHUKOBEIE JIa3ephl.

Kpurepun oneHnBanus
10 6ainos — (ITIPEBOCXOIHO):
*  CHUCTEMaTU3UPOBaHHBIC, IIyOOKHE W MOJHBIE 3HAHUS IO BCEM pasjenaM y4eOHOIl mporpammsbl, a
TaKKe 110 OCHOBHBIM BOIIPOCAM, BBIXO/SIINM 32 €€ MPEeibl;
. TOYHOE HCIOJb30BAHWE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCIIE Ha HMHOCTPAaHHOM f3BIKE),
CTUJIMCTUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;
*  Oe3ymnpedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW IWCIUILTUHBI, yMEHHE ero 3(pQPeKTHBHO
HCIOJIBb30BaTh B IOCTAHOBKE M PEILICHUH HAYYHBIX U MPO(GECCHOHANBHBIX 3a1a4;
. BBIP2KEHHAs! CIIOCOOHOCTh CaMOCTOSITENIbHO M TBOPUYECKHM peIIaTh CJIOKHBIE NpoOIeMbl B
HECTaHJAPTHOW CUTYyalUu;
*  TIOJHOE W IIIyOOKOE yCBOEHHE OCHOBHOW M JOTOJHHUTENBHON IUTEparypbl, PEKOMEHJIOBAaHHOMN
y4eOHO mpoTrpaMMOi TUCITUTUINHEI,
* yMEHHE OPHUEHTHPOBATHCS B TEOPHAX, KOHLEHIMIX U HAPaBICHUIX 10 U3y4aeMOW AMCLUUIUINHE U
JlaBaTh UM KPUTUUYECKYIO OLIEHKY, UCII0JIb30BaTh HAYUHbIE JOCTHKEHUSI JPYTUX JUCLUIUINH;
*  TBOpYECKas CaMOCTOSTEIbHAs paboTa Ha MPAKTUYECKUX, JTa0OPAaTOPHBIX 3aHATHIX, AKTUBHOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbl HCIIOTHEHHS 33 JaHHMH.

9 6amnoB — (OTJIMYHO):

* CcHCTEMaTU3UPOBAHHbBIEC, ITTyOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;

. TOYHOE HCIIOJb30BAHUE HAYYHOH TEPMHUHOJIOTUM (B TOM YHWCIE Ha HMHOCTPAaHHOM S3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BJIAJICHUE MHCTPYMEHTapueM y4eOHOW NUCLUIUIMHBI, yMEHHE ero 3(QQEeKTUBHO HCIIOIL30BaTh B
MOCTAHOBKE M PEIICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 3a1a4;

*  CHOCOOHOCTH CaMOCTOSATEIBHO M TBOPUYECKH peEIIaTh CIOKHBIE MpoOseMbl B HECTaHIApTHOM
CUTyallud B paMKax Y4eOHOW NporpaMMbl, IOJHOE YCBOCHHE OCHOBHOH W JIONOJHUTEIBHOU
JTUTEpaTypbl, PEKOMEHI0BAaHHON Y4eOHO! POTrpaMMO TUCIIUITITHEI;

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPHUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOMU
JTUCIUIUIMHE U 1aBaTh UM KPUTHUYECKYIO OLIEHKY;

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

8 6awios — (IIOYTU OTVIMYHO):

* CHCTEMaTHU3UpPOBAaHHbIE, NNIyOOKHE M IOJIHBIC 3HAHUS 110 BCEM IMOCTABJIEHHBIM BOIIPOCaM B 00beMe
y4eOHON MPOrpaMMel;

*  HCHOJb30BaHUE HAYYHOHM TEPMHUHOJIOTMH, CTHIIMCTUYECKH TIPaMOTHOE, JIOTMYECKH NPaBUIBHOE
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
poQecCHOHANBHBIX 33/a4; CIIOCOOHOCTh CaMOCTOSTENIBHO peIIaTh CIIOXKHBIE MPOOJIeMbI B paMKax
y4eOHON MPOrpaMMel;

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJILHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHON NpOrpaMMoit
JUCLUIUIMHBL,

* yMEHHE OPHEHTUPOBATHCA B OCHOBHBIX TEOPHUAX, KOHLEMLUSIX M HAMPABICHUAX MO H3y4aeMOU
JUCLMIUIMHE W JaBaTh UM KPUTHYECKYIO OLIEHKY C IO3ULMI rocydapCTBEHHOH wujeoioruu (o
JUCHUTUTMHAM COLUAIbHO-TYMaHUTAPHOTO LIKKJIIA);



* AaKTUBHAas CaMOCTOsTENbHAs paboTa Ha MPAKTHYECKHUX, JTa0OPATOPHBIX 3aHIATUSIX, CHCTEMATHUECKOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BRICOKUN YPOBEHB KYJIBTYPbI HCIIOTHEHHS 33 JaHHMH.

7 6anoB — (OYEHb XOPOLIO):
* CHCTEMaTU3UPOBAHHbBIC, ITTYOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zeiaM yueOHOH MporpaMmbl;

¢ HCIIOJIB30BaHUEC Haquoﬁ TCPMUHOJIOTUHN (B TOM YUCJIC HAa MHOCTPAHHOM 5{3BIK€), JJUHI'BUCTHYCCKHU U
JIOTUYCCKH ITPABUIIBHOC U3JIOKCHHUC OTBETA HA BOIIPOCHI, YMCHUC [€JI1aTh 000CHOBaHHBIE BBIBO/IBI,

® BJIaICHUC MHCTPYMCHTApUEM y‘IC6HOﬁ JAUCHUIIIIMHBI, YMCHHUE €r0o HUCII0JIb30BaThb B IIOCTAHOBKE U
PCHICHUU HAYYHBIX U HpO(i)GCCI/IOHaJIBHBIX 3aaa4,

*  YCBOCHHE OCHOBHOW W JIOTIOJHUTEJIBHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHON NpOrpaMMoit
JUCLUIUIMHBL,

® YMEHUE OPUCHTUPOBATHCA B OCHOBHBIX TCOPHUAX, KOHLCHIMUAX H HAIPABJICHHUAX I10 HSy‘IaeMOﬁ
AUCHUIUIMHEC U JaBaThb UM KPUTHUYCCKYIO OLICHKY,

*  caMocTOsiTeNbHas paboTa Ha MPAKTHYECKUX, JIAOOPATOPHBIX 3aHATHSX, Y4acTHE B TPYNIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHUS 33/1aHHH.

6 6autoB — (XOPOILO):
* JIOCTATOYHO IOJHBIC U CUCTEMATH3UPOBAHHBIC 3HAHUS B 00beMe yueOHO! MPOrpaMMBI;

® HCIIOJIB30BaHUC HEO6XOI[I/IMOI\/'I Hay‘IHOﬁ TCPMHHOJIOTUHU, CTUJIIMCTUYCCKU TI'PaMOTHOC, JIOTUYCCKHU
MPaBHUIIbHOC U3JIOKCHUEC OTBCTA HA BOIIPOCHI, YMCHUC ACJIATh 000CHOBaHHEIC BBIBO/IbI;

*  BIAJCHUC MHCTPyMEHTapUeM Yy4YeOHOH INUCIMIUIMHBI, YMEHHE €ro KCIOJIb30BaTh B PEIICHUU
y4eOHBIX U MPOPECCHOHAIBHBIX 3aa4; CIOCOOHOCTh CAMOCTOSTEIBHO NPUMEHSTh THUIIOBBIC PEIICHHUS
B paMKax y4eOHOW MpOrpaMMel;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSIX, KOHIEMUUSAX M HANpaBICHUAX MO H3ydaeMOi
JUCUMIUIMHE W JaBaTh MM CPaBHHUTEJIBHYIO OLICHKY; AaKTHBHAas CaMOCTOsTElIbHas pabora Ha
MPaKTHYECKUX, J1a0OPaTOPHBIX 3aHATUAX, IMEPUOAMYECKOE YYaCTHE B TPYHIOBBIX OOCYKACHUSX,
BBICOKUI YPOBEHb KYJIBTYPBI UCIIOJTHEHUS 3aJaHUi.

5 6amnoB — (IIOYTHU XOPOILO):
* JIOCTaTOYHBIC 3HAHHA B 00beMe Y4eOHOH MPOTrpaMMBI;

° HCIIOJIB30BaHHEC Hay‘IHOI\/’I TCPMUHOJIOTUH, CTUIUCTUYCCKU TI'PaMOTHOC, JIOTUYCCKH IIPABUIIBHOC
H3JIOKCHUC OTBETA Ha BOIIPOCHI, YMCHUC 1€J1aTh BbIBOADI;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
y4eOHBIX U TPOEeCCHOHAIBHBIX 33/1a4;

* CHOCOOHOCTh CAMOCTOSTEIILHO IMPUMCHATH TUIIOBLIC PCHICHHNA B paMKax yqe6H0171 nporpamMmmai;
¢ YCBOCHHUC OCHOBHOH JINTCPATyphl, pCKOMeHI[OBaHHOﬁ y‘le6H0ﬁ HpOl”paMMOfI JUCHUITIIINHBI,

° YMCHHUC OPHUCHTHUPOBATLCA B 0a30BBIX TCOpUAX, KOHLCIIIUAX W HAIPABJICHHUAX I10 I/IBY‘IaeMOﬁ
AUCHUIUIMHE U JaBaTb UM CPABHUTECJIIbHYIO OLICHKY;,

*  camocTosTenbHas padoTa Ha MPAKTUUECKUX, Ja0OPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
00CYXIIEHUSIX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJTHEHUS 3aAaHUH.

4 6amna — (YAOBJIETBOPUTEJIBHO), 3AYTEHO:
* JIOCTaTO4YHBIN 00BEM 3HAHUN B paMKax 00pa30BaTeIbHOIO CTAHJAPTA;
* YCBOCHHE OCHOBHOM JINTEPATYPbl, PEKOMEHJOBAaHHOW y4eOHOM MpOrpaMMON AUCHUIINHBL

*  HCIOJNIb30BAaHWE HAYYHOU TEPMUHOJIOTMH, CTUIUMCTUYECKOE U JIOTMUECKOE H3JI0KEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JIeTIaTh BLIBO/IBI 0€3 CYIIECTBEHHBIX ONIMOOK;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;

¢ YMCHHC I10J pYKOBOACTBOM IIpCTIOAaBaTCyid pCllaTh CTAHAAPTHBIC (TI/IHOBLIG) 3aaa4u,

*  YMEHHUE OPUEHTUPOBATHCS B OCHOBHBIX TCOPHUSIX, KOHLEMIUSIX W HAMPABICHUSIX IO U3y4aeMoil
JTUCITUIUIMHE U 1aBaTh UM OLIEHKY;

. paboTa mOA PYKOBOJACTBOM IIPENOAAaBaTelsl HAa MNPAKTUYECKUX, JaOOpaTOPHBIX 3aHATHAX,
JOITyCTUMBINA YPOBEHB KYJIBTYPBI HCTIOIHEHUS 3aJaHHH.

3 6amna — (HEYJOBJIETBOPUTEJIBHO), HE3AYTEHO:

* HEJOCTaTOYHO IMOJHBIA 00bEM 3HAHMI B paMKax 00pa30BaTeIbHOTO CTaHJAPTa;

* 3HAHHME YaCTH OCHOBHOH JINTEPATypbl, PEKOMEHIOBAaHHON y4eOHOMH MPOrpaMMOi TNCIHUILINHB;

*  HCNOJNB30BaHWE HAYYHOM TEPMHUHOJOTHH, HM3JO0XKEHHE OTBETAa Ha BONPOCHI C CYIIECTBEHHBIMHU
JMHIBUCTHYECKUMH U JIOTHYECKUMU OIINOKaMU;

¢  ciaboe BIAJIEHHE HMHCTPYMEHTapueM Y4YeOHOH AMCIMIUIMHBI, HEKOMIETEHTHOCTb B PEIICHHU
CTaHJAPTHBIX (THUIOBBIX) 3a/1a4;



*  HEyMEHHE OpPHUEHTHPOBAThCS B OCHOBHBIX TEOPHUAX, KOHIEMIMSAX W HAMpPaBIECHUSX H3ydaeMou
JIHCIHILINHDI,

* IMaCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KHHA YPOBEHb KYJIbTYPHl UCIIOTHEHUS
3aJIaHUM.

2 6amta — (HEYIOBJIETBOPUTEJILHO):

* (parMeHTapHbIC 3HaHUS B paMKax 00pa30BaTelbHOTO CTaHapTa;

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

. HEYMEHHE WCIIONh30BaTh HAYYHYI) TEPMHUHOJIOTHIO TUCIUIUIMHEI, HAJIWMYUE B OTBETE TI'PYOBIX
CTUIHUCTUYECKUX U JIOTHYECKUX OLINOOK;

* TACCHBHOCTh HA MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhlI UCTIOTHEHUS
3aIaHHH.

1 6amr — (HEYIOBJIETBOPUTEJIBHO):

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

5. MeTonuueckune MaTepuajbl, OMpeaeasonie Npoueaypsbl OeHUBAHUA 3HAHUI, YMEeHH i, HABBIKOB H
(W1M) oNbITA AESITEILHOCTH

[Ipu mpoBenenun auddepeHurpoBaHHOro 3adera oOydaromemycsi npepocrasmsercs 30 MUHYT Ha
noarotoBky. Onpoc obyuaromerocs Mo OMIeTy He JOIDKEH MPEBbINIATh JBYX aCTPOHOMUYECKHUX YacoB
B YCTHOM W (WJIM) TUCbMEHHOU (opMe.



