MuHHCTEPCTBO HAYKH U BbICIIEro oopazosanusi P@
DenepabHOE TOCYyIAPCTBEHHOE 0K0IKeTHOE 00pa3oBaTe/IbHOE YUPeKACHUe
BbICIIETr0 00pa30BaHUSA
«HaumoHaibHBIM HCCJIE0BATENbCKUN YHUBepcUuTeT «MIU»

Hanpagsienne noaroroBku/cnenuaibHoctsb: 11.03.04 DiieKTPOHHKA U HAHOJIEKTPOHUKA
HaumeHnoBanue o0pa3oBare/ibHOM nporpaMmbl: JlazepHas U onTHYecKAas U3MEPHUTEIbLHASA 3J1eKTPOHUKA
YpoBeHb 00pa3oBaHus: BbiclIee 00pa3oBaHue - DaKkajlaBpuaT

®opma o0yuenusi: Ounas

OHCHO‘IHLIC MaTepuajabl
o IMCIOMIIJIMHE
HOJIyl'IpOBO)]HI/IKOBLIe Ja3epbl

MockBa
2024



OHNEHOYHBIE MATEPHAJIBI PA3PABOTAUJI:

MoanucaHo 3NeKTPOHHO| noagnuckio $TEOY BO «HUY «M3W»
CeeneHuna o enagensue L3N M3KU

E; : Bnageney MapwwH B.A.
Pa3pa6OTLH/IK * M3l ¢ WaeHTndukaTop R683b30a4-ParshinVA-d4b11303 B.A. HapIHI/IH
COI'TIACOBAHO:
MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»

P%]KOBOI[HTeHB o ; Ceeaenun o Bnagensue L3N M3K H M
00pa30BaATCIIbHOU i Bhanenel, CKOPHAKOBa H.M. T
pOorpaMMel * MOl < Wpentupukatop  R984920bc-SkorniakovaNM-67f74b CKOpHﬂKOBa

o1 MognucaHo anekTpoHHo nognuceio ®TEOY BO «HUY «M3U»
3aBeHyIOHIHH o Ceeaenun o Bnagensue L3N M3K H M
BHHyCKaIUOU-IeH Bnagenew, CKOpPHAKOBa H.M, e
Ka(beI[pOI/I WaeHTudHKaTop R984920bc-SkorniakovaNM-67f74b CKOpHﬂKOBa




OBILIASA YACTD

OneHouHblE MaTepHallbl 10 AUCLUUIUIMHE TMpPEAHA3HAYEHbl MJI OLEHKU: JOCTHKEHUS
0o0yyarolMMUCS  3aIUVIAHUPOBAHHBIX  PE3YyJIbTATOB  OOyYeHUs 10 JAMCLUUIUIMHE, JTana
(dbopMHpOBaHUs 3aIUTAHUPOBAHHBIX KOMIIETEHIIMN M YPOBHS OCBOCHUS TUCIUILINHBI.

OrneHouHble MaTepuallbl MO JUCHUIUIMHE BKIIOYAIOT OLEHOYHBIE CPEICTBA I MPOBEACHUS
MEPONPUIATHH TEKYILIET0 KOHTPOJIS YCIIEBAEMOCTH U IPOMEKYTOUHOM aTTECTALUH.

dopmupyembie y 00y4aromerocsi KOMIETeHIINN:

1. [TK-1 CiocoGeH oCyIIECTBIATh TEXHUYECKOE YIIpaBIeHUuE Pa3paboTKON MTPOCKTOB
KBaHTOBOOIITUYECKUX CUCTEM JUIsl pEIICHHU 3a/1a4 IUarHOCTUKY, HAaBUTallUH, CBSI3U U KOHTPOJIS
KOCMHMYECKOTO MPOCTPAHCTBA
NJI-1 Ananu3 ucxoansix TpeOOBaHUN K pa3pabaThiBa€MOMY MPOEKTY KBAHTOBO-ONTUYECKUX
CUCTEM JUIsl pELIEHUs 3a/1a4 AUarHOCTUKH, HABUTALMH, CBSI3U U KOHTPOJII KOCMHYECKOTO
IIPOCTPAHCTBA
NJI-6 Pa3zpaboTka TEXHUYECKUX 3a/laHui Ha pa3pabOoTKy KBAHTOBO-ONTHUYECKUX CHCTEM B
LIEJIOM M X COCTaBHBIX YacTel, 3CKU3HBIX U TEXHUUYECKHUX IIPOEKTOB

N BKJIFOYACT:
AJIS TEKYIIEro KOHTPOJIA YCIIEBAEMOCTH

Dopma peanuszauuu: [TucbmenHas padora
1. KonTponbHas pabota 1. [lornomenne u n3inydeHue B MOJIyIpOBOJIHUKOBBIX MaTepHaax
(KonTpoawpHas pabora)
2. KonTponbHast padota 2. OCHOBHbIE pab0o4Ke U U3Ty4aTeJIbHbIE XapaKTEePUCTUKU
HOJIYIPOBOHUKOBBIX Ja3epoB (KoHTponbHas pabora)
3. Tecrt 2. Jlazepsl Ha OCHOBE KBaHTOBO-pa3MepHbIX cTpYKTYyp (Tectuposanue)
4. Tect Ne 1. 30HHas sHepreTuyeckas CTpyKTypa U JIOKaJIM30BaHHbIE COCTOSIHUSA B
nosynpoBogHukax (TectupoBanue)

BPC aucuunjavHbl

7 cemecTp
Beca KOHTpOIBHBIX MeponpusITHii, %o
Hanekc KM- | KM- | KM- | KM-
Pazgen nucuuIuimHb KM: 1 5 3 4

Cpok KM: 4 8 12 16

dusuka MOJIYIIPOBOJHUKOB, BXOAAIINX B COCTaB
MOJIYITPOBOJHUKOBBIX JIA3€POB

DHepreTudeckas 30HHas CTPYKTYpa IMOJTYIPOBOTHHKOB +
Jlokanu3oBaHHBIE COCTOSHUS B TONYNPOBOJHUKAX. CTaTUCTHKA +
DJICKTPOHOB U JBIPOK

[Tporecchl OTIONICHUS W U3ITyYEHHUS B TIOTYIIPOBOTHUKAX +
Huddysus u npeitd HocuTenel 3apsaa. P-n mepexoast u +

reTeponepexoisl

FCHCpaI_II/IH " paClipoCTPAHCHUC U3JTYUCHUS B
MMOJIYITPOBOJHUKOBEBIX JIa3€pax




BbIHYXIEHHOE U3JIy4eHHE B IOJYIPOBOJHUKAX. Y CUIEHUE U
reHepalus U3Jy4eHHUs.

TpéXCJ’IOﬁHHG IIJIOCKHE BOJIHOBO/JBI C KOHEYHOM IIPpOBOANMOCTBIO.
BbokoBoe ontuueckoe OrpaHUYCHUC.

KoHcTpyKkTHBHBIE 0OCOOEHHOCTH U XapaKTEPUCTUKU
IIOJIYIIPOBOIHUKOBBIX JIA3€POB

CTpyKTypa U TEXHOJIOTUS] U3TOTOBJICHUS] MHKEKITMOHHBIX
na3zepoB. KBaHTOBO-pa3MepHBIE CIION.

OcHOBHBIE IPUOOPHBIE XAPAKTEPUCTUKH U CIIEKTPHI U3ITy4EHUS
IIOJIYIIPOBOIHUKOBBIX JIA3€POB

Bec KM:

15

30

15

40

$O0611as yacte/[11s MPOMEXKYTOUHOM arTecTanuud




COJAEPKAHUE OLNEHOYHBIX CPEJACTB TEKYHEI'O KOHTPOJISA

1. Oyenounvie cpeocmea 011 OUeHKU 3ANIAHUPOBAHHBIX PE3YIbIMAM 06 00yUeHUA NO OUCUUNTIUHE, COOMHECEHHBIX C UHOUKAMOpamu
00CMUIICCHUS KOMNEmeHY UL

Nunexc Nunukarop 3anjaHUpOBAHHBIE KonTposbHas Touka
KOMIIETEHIIUH pe3ysbTaTel  00y4eHMsI IO
JUCLIUILINHE
IK-1 N-1nk-1 AHaim3 UCXOAHBIX | 3HATH: Tect Ne 1. 3oHHast sHEpreTUYECKAsi CTPYKTYPA U JIOKATU30BAHHbBIC
TpeGoBaHUI K | yciaoBus (hOpMUPOBAHMS COCTOsIHUSA B nosynpoBoaHukax (TectupoBanue)
pa3zpabaTbIBaEMOMY IPOEKTY | XapaKTEPUCTUK U3JIyUEHUs KonTponbnas padora 1. [lornomenue u u3nydeHue B MOITYIPOBOJHUKOBBIX
KBaHTOBO-ONTHYECKHUX IIOJIYTIPOBOXHUKOBBIX matepuanax (KonrponbHas pabora)
CUCTEM JUIsl pellieHus 3ajay | Ja3epoB, TPeOyEeMbIX IIPU
JUArHOCTHKH, HaBHUraluH, | KOHCTPYHPOBAHUU
CBSI3U u KOHTPOJISL | KBAHTOBO-ONITUYECKUX
KOCMHYECKOI0 CHUCTEM U UX COCTABHBIX
[IPOCTPAHCTBA yacTen
¢bu3nyeckne 3aK0oHBbl,
JIeKale B OCHOBaX paboThl
IIOJIYTIPOBOIHUKOBBIX
J1a3€poB, IPUMEHSIEMBIX B
KBaHTOBO-ONTHYECKUX
CUCTEMax
I1K-1 NJ-6nk-1 Pa3pabotka | YMmeTs: Tect 2. JIazepbl Ha OCHOBE KBaHTOBO-Pa3MepHBIX CTPYKTYp (TectupoBanue)
TEXHUUYECKHUX 3a/JaHUi Ha | IPUMEHATh COBPEMEHHYIO KonTponbnas padota 2. OCHOBHbIE pab0O4He U U3TydaTeIbHbIE
pa3paboTKy KBAaHTOBO- | MPUOOPHYIO 6a3y K XapaKTepUCTHKH MOJIYIIPOBOAHUKOBBIX J1a3epoB (KoHTponbHas paboTa)
ONTUYECKUX  CUCTEM B | IPOECKTHUPOBAHUIO U

IIEIIOM M HUX COCTaBHBIX
JacTe, ACKHU3HBIX Hu
TEXHUYECKUX TTPOECKTOB

pa3paboTke KBaHTOBO-
ONTUYECKUX CHCTEM
MPOBOJIUTH KJIACCH(PUKALINIO
MOJIYTIPOBOTHUKOBBIX
J1a3€pOB B 3aBUCUMOCTH OT
UX MapaMeTpoB U




BO3MOXXHOCTH
HUCIIOJIB30BaHUA B CUCTEMAX
HaBUTallM U CBA3U




1I. Cooepicanue ouenounvix cpeocme. lllkana u kpumepuu oyenusanus

KM-1. Tect Ne 1. 3oHHas1 JHepreTu4yecKas CTPyKTYpa U JIOKAJIN30BAHHbIEC COCTOSIHUS
B MOJIYIIPOBOJHMKAX

®opmbl peanausanuu: [lucemennas padora

Tun KOHTPOJBLHOr0 MeponpusaTusi: TecTupoBaHue

Bec konTposabHoro meponpusitust B bPC: 15

IIpouenypa nposeaeHusi KOHTPOJIBLHOI0 MeponpusaTusi: CTyIeHTy BBIIAETCS BApUAHT IATHIO
3ajauamu. Ha pemennie orBogutcst 1 akageMudeckuii yac.

KpaTkoe conep:kanue 3a1aHusi:

1. MepeyncnnTe OCHOBHbIE TUMbl KPUCTAIMYECKMX PELLETOK ANA NONYNPOBOAHMKOBBIX MaTepuanos
AlIBVI. MNpusegute npnmepsl.

2. YpasHeHue WpeaunHrepa gna kpuctanna. OgHO3NEKTPOHHOE NpUbAMKEHME.

3. 3anuwwuTe BbipaxeHue ana GyHKUmMn bnoxa.

4. [AnA KaKNX NPMMECHbIX aTOMOB NPUMeEHUM MeToz, 3GEKTUBHON MacChbl NPU pacyeTe 3Heprum
noHun3aumnmn? Mo Kakoh popmyne OHa paccymTbiBaeTcA?

5. PaccumTaiiTe NOTEHUMNANBbHYIO SHEPIUIO SKCUTOHA, ec/iv 3G PEKTUBHbBIE MACChl 3/1EKTPOHOB U AbIPOK
coctasaatoT coorBeTctBeHHO mn = 0.063m0, mp = 0.23mo, € = 11.

KoHTpoJibHbIE BONIPOCHI/3aJaHUSA:

3HaTh: (du3nYecKue  3aKOHHI, 1.IlepeuncianTe OCHOBHBIE TUIIBI KPUCTAILTHYECKUX

JeKalMe B OCHOBax  paboOThI PEmETOK AJIs MOTYIPOBOIHUKOBBIX Martepuanos AIIBVI.

MOJTYTPOBOTHUKOBBIX JIa3epoB, 2.3anumuTe BeIpaXKeHHE JIJIsl OTIepaTopa TPAHCISAIUH.

MIPUMEHSAEMbIX B KBaHTOBO- 3.J1151 KaKuX MPUMECHBIX AaTOMOB ITPUMEHUM METOJ]

ONTUYECKUX CUCTEMAX 3¢ PeKTUBHON MACCHI IPH pacyeTe SHEPTHUU MOHHU3AUU?
ITo xakoii popmysne oHa pacCUUTHIBACTCS?

OnucaHue MKaJbI OlleHUBAHUS:

Oyenka: 5
Huorcnuil nopoe evinonmnenus 3aoanus 6 npoyenmax: 100
Onucanue xapaxmepucmuku evinoanenus snanusa: Ha 5 n3 5 3anannil 1aHbl BEpHbIE OTBETHI

Ouenka: 4
Huoicnuii nopoe evinonnenus sadanus 6 npoyenmax.: 80
Onucanue xapaxmepucmuxu evinoanenusi snanus: Ha 4 n3 5 3a1annii TaHBI BEPHBIC OTBETHI

Oyenxa: 3
Huorcnuii nopoe evinonnenus 3adanus 6 npoyenmax. 60
Onucanue xapaxmepucmuxu evinoinenus sHanus: Ha 3 u3 5 3a1anuii 1aHbl BEpHbIE OTBETHI

Oyenka: 2
Onucanue xapaxmepucmuxu bInoIHeHus 3Hanus: JlaHbl BEpHBIE OTBETHI HE OoJee, yeM Ha 2
3aJIaHusl.

KM-2. Kourpouibnas pagota 1. IoriomeHue u u3jaydyeHue B MOJYNPOBOTHUKOBBIX
MaTepHaJiax

®opmbl peaausanun: [lucpmennas padbora




Tun KoHTpPoAbHOTr0 MeponpusitTus: KonrponsHas padora

Bec konTpoabHoro meponpusitusi B BPC: 30

IIpouenypa npoBeaeHuss KOHTPOJIbHOT0 MeponpusiTusi: CTYJACHTY BbIIa€TCS BAPHUAHT YETHIPHMS
KOMILICKCHBIMU 3a/1a4aMu. Ha pereHne oTBOIUTCS 2 akaJIeMHUYECKUX Yaca.

Kparkoe cogepxanue 3agaHus:
1. M3o00pa3ute 3HEPreTUYECKYIO TUarpaMmy MpsiIMO30HHOTO U HETPSIMO30HHOTO
MOJIYITPOBOJIHHKA U TIOKAXXHUTE MPAMbIEC U HEMPSIMBIE TIEPEX0/IbI B IOTJIOMIECHUH.
2. U3 »skcnepuMeHTa HailIeHo, YTO JBE€ MOHOKPHUCTAJUIMYECKUE TUITACTUHKHU CyIbhuia
kagmus CdS, HaHeceHHbIe Ha TPO3pavyHble BUAUMBIE 00JIACTH MOATI0KKH, 00JIa1al0T
npomyckaarem 11 =0,6 u T2 = 0,2. TommmuHa miactuHok 10 MkM 1 20 MKM COOTBETCTBEHHO.
PaccunTaiite K03(ppuLIMeHT MOTIOMmEHHs CBeTa MPH OAHOKPATHOM OTPAKEHHH U TIOKa3aTeNb
MOTJIOUICHHUS, €CIH JITIMHA BOJIHBI U31y4eHus A = 600 HM.
3. B mowment Bpemenu 10"-4 ¢ mocie npekpaiieHus reHepay J1eKTPOHHO-ABIPOYHBIX
nap, HepaBHOBECHAsl KOHIIEHTpalusl HocuTenei okazanack B 10 pa3 Oosbliie, 4eM B MOMEHT
Bpemenu 107-3. Onpenenute BpeMs *KU3HU, €CIIM YPOBEHb BO30YKIEHUS Mall U
PEKOMOMHAIIMIO MOXKHO MOJIaraTh JMHEHHOM.
4.  Byner nu BeIMONHATHCS ycinoBue bepHapa-/{iopadypa, eciiu pa3HOCTh KBa3MYPOBHEH
®depmu pasua Fn — Fp = Eg — 2kT. OtBeT mosicHure.

KoHTpoJibHbIe BONIPOCHI/3aJaHUA:

3HaTh: ycnoBUsS (OPMHPOBAHUS 1.M3006pa3ure 3HEPreTHUECKyIo UarpaMmy
XapaKTEPUCTHUK U3ITy4EHUs MPSIMO30HHOTO M HEMIPSIMO30HHOT'O TIOJYIIPOBOJHUKA U
HOJIYIIPOBOTHUKOBBIX Ja3epoB, MOKa)XUTE MPSIMbIE U HEMPSIMbIE MIEPEXO0/Ibl B
TpeOyeMbIX MPU KOHCTPYUPOBAHUU MIOTJIOLEHUH.

KBAaHTOBO-ONTHYECKUX CHCTEM U 2.KakoBa pa3HOCTb KBa3nypoBHe Depmu Juist

UX COCTAaBHBIX 4aCTEU Matepuana GaAS, a Takke COOTBETCTBYIOLIYIO IJIUHY

BOJIHBI TeHepanuu 1o yciuosuto bepuapa-/opadypa?
3.byner nu BeIMoONHATHCS ycnoBue bepHapa-/{ropadypa,

€CIIM pa3HOCTh KBa3uypoBHel Pepmu paBHa Fn — Fp =
Eg — 2kT?

OnucaHue MKaJbI OlleHUBAHUS

Oyenka: 5
Huorcnuii nopoe svinonnenus 3a0anus 6 npoyenmax: 95
Onucanue xapaxmepucmuxu bInoIHeHus 3Hanus: Bee 3ajaHus BBIMOJHEHBI BEPHO

Ouenka: 4
Huoicnuti nopoe evinonnenus 3adanus 6 npoyenmax: 15
Onucanue xapaxmepucmuxu 6binoIHeHus 3Hanus: 3 u3 4 3aJaHUI BBITTOIHEHBI BEPHO

Oyenka: 3
Huoichuii nopoe svinonnenus sadanus 6 npoyernmax. 50
Onucanue xapakmepucmuxu 6bINOJHEHUs 3HaAHUs: 2 U3 4 3aJaHUH BBITOJIHECHBI BEPHO

Oyenka: 2
Onucanue xapakxmepucmuxu 8blnoaHeHus 3Hanus: BepHo peeHo He 00iee 0HOTO 3aaHus

KM-3. Tecr 2. JIazepbl Ha 0CHOBE KBAHTOBO-Pa3MEPHBIX CTPYKTYP

®opmbl peanusanuu: [luceMenHas padora
Tun KOHTPOILHOrO MeponpusaTHs: TecTupoBaHue
Bec koHTpOBbHOrO Meponpusitusi B BPC: 15




IIpouenypa mpoBeaeHHus1 KOHTPOJIbHOr0 Meponpusitusi: CTyACHTY BBbIIACTCS BAPUAHT MSATHIO
3agadamu. Ha pemenue orBoautcs 1 akageMudeckuil yac.

KpaTlcoe CodcpiKaHUuE 3alaHUA:

1. PaccuuTaTb AMHY BONHbI Ae bpoina ans anekTpoHoB B apceHuae ranama npu 300 Kn 77 K
2. YpasHeHwue WpeaunHrepa ana NoTeHLUMANbHOWN AMbI B 1a3epax C KBAHTOBO-PA3MEPHbIMU CTPYKTYpPamu

(KPC) umeert Bua;

3. Kakum obpas3om ocyLLecTBAAETCS 3/IEKTPOHHOE OrpaHNYeHue B lasepHoOM amoae?
4. Y70 TaKOE KpUTMYECKAA TOMIWMHA akTMBHOTO cnos B KPC 1 oT Yero oHa 3aBMcUT?
5. Kak coOoTHOCATCA NNIOTHOCTM NMOPOroBOro TOKa /1a3epoB ABOMHOM reTepocTpykTypbl (4C) n KPC?

KOHTpOJILHLIe BOHpOCbI/SaL[aHI/Iﬂ:

YMers: IIPOBOJIUTH
KJ1acCU(PUKAIHIO
MOJTYTIPOBOJTHUKOBBIX  JIa3€POB B
3aBUCUMOCTH OT HX IapaMeTPOB U
BO3MOXKHOCTH HCIIOJIB30BaHUS B
CHCTEMAaX HAaBUTAlLIMHU U CBS3HU

1.Paccuntarh [yIMHY BOJIHBI 1¢ Bpoiiis 11 3€KTpOHOB
B apcenue rayuus npu 300 K u 77 K

2.Kakum 00pazoM OCyIIECTBISAETCA SJICKTPOHHOE
OTrpaHUYECHUE B JIA3€PHOM JuoAe?

3.Urto Takoe KpuTHUUECKas TOJNIMHA aKTUBHOTO CJIOS B
KPC u ot yero ona 3aBucut?

OnucaHue MKAJbI OLleHUBAHUS:

Ouyenka: 5

Huoicnuii nopoe svinonnenus 3adanus 6 npoyenmax: 100
Onucanue xapakmepucmuku ebinoanenus 3uanus.; Ha 5 u3 5 3amanuil janbl BEpHbIE OTBETHI

Ouyenka: 4

Huodienuii nopoe sévinonnenus 3aoanus 6 npoyermax: 80
Onucanue xapakxmepucmuxu evinoanenus snanusa: Ha 4 u3 5 3a1anuil 1aHbl BEpHbIE OTBETHI

Ouyenxa: 3

Huoicnuii nopoe evinonnenus 3aoanus 6 npoyenmax.: 60
Onucanue xapaxmepucmuku evinoanenus snanusa: Ha 3 u3 5 3a1aHnil 1aHbl BEpHbIE OTBETHI

Oyenka: 2

Onucanue xapakmepucmukuy 8bIn0IHeHUs 3Hanus: JJaHbl BEpHbIe OTBETHI HE OoJiee, yeM Ha 2

3aaHusd.

KM-4. KoutpoabHas padora 2. OcHoBHbIe pa0oune U U3j1ydyaTebHble
XaPAKTePUCTHKH MOJTYNPOBOAHUKOBBIX JIa3epoB

®opmbl peaausanun: [lucemennas padbora

Tun kouTpoabHoro Meponpusitusi: KontponsHas padora

Bec konTpoabHoro meponpusitusi B BPC: 40

IIpouenypa npoBeaeHnsi KOHTPOJIbHOro Meponpusitusi: CTYACHTY BbIIa€TCS BapUaHT YEThIPbMS
KOMIUIEKCHBIMHY 3a7iadaMy. Ha pemenrie oTBOAUTCS 2 akaJeMUYECKUX Yaca.

KpaTkoe cogep:xkanune 3a1aHus:

1.  Paccumraiite moporoBoe ycuieHue s kodpuipento otpakenus R1=0,98 u R2 =
0,08, nmuabI pe3onaropa 0,5 MM 1 k03¢ punreHTa moteps ol = § cm-1.

2. Paccunmraiite paccTosiHuE MEXTY MPOJOIBHBIME MOJIAMH 110 (popmyIie, He
YUUTBIBAIOIEH AUCTIEPCUU TOKA3aTeNs IPEIOMIICHUS, Ul JJUHBI BOJIHBI M3ydeHus AQ = 850
HM, JUITMHBI pe3oHaTopa L =2 MM 1 mokasarens mpejxomieHus nr = 3,8.

3. Ilpupamenue MomHoOCTH J1azepa cocraniser 30 MBT npu u3MeHeHUH TOKa HAKauyKu OT
110 no 145 MA Ha TMHENHOM y4acTKe BaTT-aMIIEpHON XapaKTepUCTUKHU. Paccunraiite




BHEITHIO JuddepeHnnanbHyo 3G (HEeKTHBHOCTh M KBAHTOBYIO BHEUTHIOK 3()(DEKTHBHOCTH AJIs

JUTMHBI BOJHBI U3i1ydeHus 960 Hm.
4. B coBpeMEeHHBIX MOJIYITPOBOIHUKOBBIX Ja3epax 4acTO UCIOJIb3YETCsl B KAUECTBE aKTUBHOTO

cios yetBepHoe coequneHne GaxInl-xAsyPl-y, nuMmeromiee KpUCTALTHYECKYIO CTPYKTYPY
IIUHKOBOM 0OMaHKku. Paccunraiite mupuHy 3anpeméHHon 30HbI TaHHOTO MaTepraa 1o
dopmyne Eg = 1,35 + 0,68x —1,068y + 0,758x"2 + 0,78y"2 — 0,069xy — 0,332 x*2y + 0,3 xy"2
(®B) s X = 0,47 u y = 0,4. Onpenenure BO3MOXKHYIO JMHY renepauuu rnpu 300 K.

KoHTposibHbIe BONPOCHI/3aJaHUA:

VMeTh: MPUMEHSITh COBPEMEHHYIO
npuOOpHYIO 0azy K
IPOCKTUPOBAHUIO U  pa3paboTKe
KBAaHTOBO-OIITUYECCKUX CUCTEM

1.0t 4ero u Kak 3aBHCUT PaCCTOSTHHE MEXIY
IPOJIOJIBHBIMU MOZIaMH MOJIYIIPOBOAHUKOBOTO Ja3epa’?
2.0T 4ero u Kak 3aBUCHT KOIPPHUIUCHT ONTHIECKOTO
OrpaHMYEHUS TOJTYIPOBOJHUKOBOIO Jlazepa?

3.Kaxk paccunraTs BHyTpeHHIOI0 quddepeHmanpayio
3¢ (EKTUBHOCTH?

Onucanne MKAJbI OIIEHUBAHUS

Ouyenka: 5

Hudienuii nopoe sévinonnenus 3adanus 6 npoyenmax: 95
Onucanue xapakxmepucmuku blnoIHeHus sHanus: Bee 3ajaHus BBIIIOJIHEHbBI BEPHO

Oyenka: 4

Huoicnuti nopoe evinonnenus 3aoanus 6 npoyenmax. 15
Onucanue xapaxmepucmuxu 8binoIHeHus 3Hanus: 3 u3 4 3aJaHUi BHITIOIHEHBI BEPHO

Oyenka: 3

Hudienuii nopoe sévinonnenus 3adanus 6 npoyermax: 50
Onucanue xapaxmepucmuxu 8bInoIHeHUs 3Hanus: 2 U3 4 3aJaHUI BBIIIOJIHEHBI BEPHO

Oyenka: 2

Onucanue XapakmepucmuKku 6blnNOJIHEeHUsl 3HARUA.! BepHo PEUICHO HE Ooiee OJJHOI'O 3agaHusd
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COJIEPKAHME OIIEHOYHBIX CPEJICTB TIPOMEXKYTOUYHOM ATTECTAIIUA
7 cemecTp

@opMa NPOMEKYTOUYHOM aTTecTalumM: JK3aMeH

IIpumep Onsiera

1. VpaBuenue llpenunrepa nns kpucramuia. AaunadaTuiaeckoe NpuOImKeHue.
OpnnHosnexTpoHHOE mpuOIKeHue. Pemienne ypaBHEHUS B OJJTHOSIEKTPOHHOM MPUOIMKEHUU.

2. BOJ'IBT'aMl'IepHBIe M BaTT-aMIICPHBIC XapaKTCPHUCTHUKH JIa3€POB C IIMPOKUM KOHTAKTOM U
IMMOJIOCKOBBIX JIa3€POB.

3. Paccuwuraiite moyioskeHue kBasuypoBHeit @epmu s matepuana GaSh, a takxke
COOTBETCTBYIOIYIO JJIMHY BOJHBI T€HEpaluu 1o ycioBuro bepnapa-/liopadypa. Eg = 0,69 3B,
KOHIICHTPALlMM HEPaBHOBECHBIX HocuTenei 3apsiaa N = 10720 cm-3 u p =2-10"18 cm-3.
[TnotHOCTH cocTostHMI paBHBI Nc = 2.1-10"17 cm-3; Nv = 1.8-10"19 cMm-3;

IIpoueaypa nposenenust
YcrHbii 3k3aMeH. CTyIeHTY BbIIaeTCsl OUIIET, Ha MOATOTOBKY OTBETa BbiaemseTcs 60 MUHYT.

L. Ilepeuenv Komnemenyuit/uHOUKaAMOpPoO8 u KOHMPOAbHBIX 60NPOCOB NPOGEPKU PE3YTbIANO8
0C80eHUA OUCUUNTUHDL

1. Komnerenuust/Unaukarop: MJ1-1nk-1 AHanu3 ucxogHbix TpeOOBaHUI K pa3padaThiBAEMOMY
MPOEKTY KBAHTOBO-ONITUYECKUX CUCTEM JJIsl PEILICHU 3a/1a4 JUArHOCTUKH, HABUT ALY, CBSI3U U
KOHTPOJII KOCMHYECKOTO MPOCTPAHCTBA

Bomnpocel, 3axanus
1.YpaBuenune lllpenunrepa nis kpucramia. AnuadaTudeckoe MprOInKEHHUE.
OnHO27EKTPOHHOE NMPpHOIMKEeHHe. PerieHre ypaBHEeHHS B 0JTHOAJIEKTPOHHOM IPUOJIMKEHUH.
2.PaccunTaiite nosoxenue kBasuypoueit ®epmu s marepuana GaSh, a rakke
COOTBETCTBYIOILYIO JUIMHY BOJIHBI TeHEpalnu 1o ycnoButo bepuapa-Ziopadypa. Eg = 0,69 3B,
KOHIICHTPAIllMF HEPaBHOBECHBIX HocuTenel 3apsaa N = 10720 cm-3 u p =2-10"18 cm-3.
[TnotHOCTH cocTosiHUi paBHBI Nc = 2.1-10"17 cm-3; Nv = 1.8-10"19 cMm-3;
3. TpancnsuuonHas cummeTpus kpuctamioB. @ynkius biaoxa. 3onsl bpuitosna.
4.Jlokann3oBaHHBIE COCTOSHUSA B MOIYNPOBOAHUKAX. MeToa 3¢ (heKTUBHON MacChl.
Bonopononono0Hbie MpUMeCH.
5.Ilpupamienne MoiHOCTH J1azepa coctasisieT 30 MBT npu u3menennu Toka Hakadku ot 110
10 145 MA Ha TMHEWHOM y4dacTKe BaTT-aMIIEPHOM XapaKTepUCTUKH. PaccunTaiiTe BHEIIHIOO
TuddepeHanbHy0 3pPEeKTUBHOCT U KBAHTOBYIO BHEUIHIOI 3()()EKTUBHOCTD I JJTUHBI
BOJIHBI H3i1y4eHus 960 HM.

MarepuaJsl 1JIs1 NIPOBEPKHU OCTATOYHBIX 3HAHUM
1.Yucso atomoB B 1 KyOM4YeCKOM CAaHTHMeTPe MOJYNPOBOAHMKOBOI0 MaTepuasia
COCTaBJIsIeT IPUMEPHO
OTBeTHI:

e ~10720
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~ 10723
~ 10718
~ 10712

Bepnsiit otBet: ~ 10723
2.1llupuHa 3anpeiéHHoNi 30HbI APCEHUIA HH/IUS COCTABJSAET

OTBeTHI:
2.553B
1,43 3B
1.12 3B
e 0,363B

Bepnsiit otet: 0,36 5B
3.IIpsiIMO30HHBIM MaTEPUAJTIOM SIBJISIETCS
OTBeTHI:

KpemHuin

docdua rannms
ApceHuns antoMMHUA
ApceHung rannma

BepHbsiii oTBeT: ApceHu rajius
4. Kakasi U3 nepevucJIeHHbIX HUKe PYHKIMI ABJIseTCS BOJTHOBOM (PyHKIHEH 2JIEKTPOHA B
NEepPHOIUYECKOM I0JIe KPUCTALIA?

OTtBeThI:

®yHKUMA MnaHKa
®yHKumA bnoxa
®dyHKUMA MprHa
®yHKUMA JlambepTa

Bepusiit orBet: @yHkuus bioxa
5. 1151 KaKOro THNA MaTepHaJia cOOCTBEHHAs] KOHIEHTPAIUsl HOCHTeJIel 3apsiia Ipu
KOMHATHOM TeMInepatype Mo:xeT cocTaBiasTh 10718 cm-3?

OTBeThI:

310 — meTann.

370 — y3KO30HHbIM NOAYNPOBOAHUK
3T0 — LWWMPOKO30HHbIN NOAYNPOBOAHMK
OTO — ANINIEKTPMUK.

BepHslit 0TBET: ITO — Y3KO30HHBIH MTOTYITPOBOJIHHUK
6.BbIHY:K1eHHOe H3/Iy4YeHHe B MOJYIPOBOJIHUKE - ITO
OtBerTsI:

ncnyckaHue GoTOHa NpU Nepexose 3/1eKTPOoHa M3 30Hbl NPOBOAMMOCTU B BaJIEHTHYHO 30HY NoJ,
aevictenem gpyroro ¢oToHa

ncnyckaHue GoToHa Npu Nepexose 3/IeKTPOHA M3 30Hbl NPOBOAMMOCTM B BAaJIEHTHYIO 30HY NpwU
CTONIKHOBEHWUW C APYTUM S/1EKTPOHOM

ncnyckaHue ¢GoToHa NP Nepexose 3/1eKTPOHA M3 BaIEHTHOM 30Hbl B 30HY NPOBOAMMOCTM NOA,
aencrenem gpyroro ¢poToHa
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* ycnyckaHue GpoToHa Npu Nepexoae 31eKTPoHa 13 BaNeHTHOM 30Hbl B 30HY NPOBOANMOCTM NpU
CTO/IKHOBEHWUW C APYTUM 3/IEKTPOHOM

BepHnplii oTBeT: ucnyckanue GoToHa Mpu Nepexo/ie JIEKTPOHA U3 30HbI IPOBOAUMOCTH B
BAJICHTHYIO 30HY MOJ JeiiCTBUEM ApYyroro ¢goToHa
7.Kakoe U3 NpUBeIéHHBIX HHKE BHIPAKEHU COOTBETCTBYET YCJIOBHIO BHIHYKI€HHOT O
u3J1y4eHus B nmojaynposoanukax (bepnapa u Tropadypa)?
Fn - kBazuypoBenb @epmu 30HbI NPOBOAUMOCTH, FP - kBazuypoBeHb @epMu BajleHTHOM
30HBI, EC - 3Heprus “ana” 30HbI npoBoAMMOCcTH, Ep - 3Heprus '"'moroJika' BajneHTHOM
30HBI,
OTBeTHI:

e Fn-Fp>Ec-Ev
e Fn-Fp<Ec-Ev
e Fn-Fp=Ec-Ev
e Fn-Fp<Ec-Ev

Bepnsriii otBeT: Fn - Fp > EC - Ev
8.Ko3(ppunmeHT ycuaeHus B Ja3epHbIX THOJAX MO0 MOIYJIIO
OTtBeTsI:

e paBeH KO3 ULMEHTY NornoweHms

e paBeH KO3pOULMEHTY NOTNOLLEHUA NAKOC NOTEPU NPU MHOTOKPATHOM MPOXOXKAEHUN CBETa Yepes
pe3oHaTtop

* paBseH K03 ULMEHTY NOMNOLLEHMA, EC/IN NPOBOANMOCTL 06pasLLa paBHa Hy /O

* paBeH K03OPUUMEHTY NOTrNOLLEHNA NAIOC KOIPPULIMEHT OTPAXKEHMUA

BepHbrii 0TBeT: paBeH KO3PPUIIUEHTY MOTIOMICHUS ITIOC TIOTEPH IMPU MHOTOKPATHOM
MPOXOXKACHUH CBETA Yepe3 PE30HATOP
9.Kakoii MexaHU3M PeKOMOUHAIIUH SIBJISIETCS OCHOBHBIM B AKTHBHOI 00J1acTH
MOJIYyNIPOBOIHMKOBBIX Jiazepax?
OTBeTHI:

* PekombuHaUMA Yepes LeHTPbl peKoMBUHaLUN
*  U3nyuyatenbHaa pekombuHaLma

e Oxe — peKombuHauua

e HeT pekombuHaLmu

Bepuslit otBet: M3nyvarenbHas peKOMOMHAIUS

2. Komnerenuusi/Muaukarop: NJ1-6nk-1 PaspaboTka TexHnueckux 3a1aHuii Ha pa3paboTKy
KBaHTOBO-ONTUYECKUX CUCTEM B LIEJIOM U UX COCTABHBIX YaCTEH, ICKU3HBIX U TEXHUYECKUX
MIPOEKTOB

Bonpocsl, 3aganus
1.BonbT-aMiiepHble U BaTT-aMIIEpPHbIE XapaKTEPUCTUKHU Ja3€POB C IMUPOKUM KOHTAKTOM U
MIOJIOCKOBBIX JIA3€POB.
2.9¢dextuBHOCTh peobOpazoBanus u KIIJ[ momynpoBoHUKOBBIX j1a3epoB. TemeparypHble
3aBUCUMOCTH IIOPOTOBOTO TOKA JIJIs MOJIYIPOBOAHUKOBBIX JIA3€POB C LIMPOKUMHU U
MOJIOCKOBBIMU KOHTaKTaMH U JIa3€pOB Ha OCHOBE KBAHTOBO-PAa3MEPHBIX CTPYKTYP.
3.OHepreTuyeckas 30HHasi CTPYKTypa KPUCTAJUIMYECKHUX MOTYIPOBOJHUKOB B IPUOINKEHUU
cnaboit cBsa3u. Otpakenne bparra u sHepreTrdeckas menb.
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4.M3ny4arenbHble CBOMCTBA JIa3€POB € IIMPOKUM U IMOJIOCKOBBIM KOHTAaKTaAMU U KBAaHTOBO-
pa3sMepHBIX JIa3epOB. YTII0Bas pacxoauMocTs. KapThHa najisHero nois.

5.Yactuna HaxOJUTCSA B OJJHOMEPHOU MPSIMOYTOJIBHOM MOTEHIUAIBHON iMe IUpUHON d 1 C
0EeCKOHEUHO BBICOKUMU cTeHKaMH. HailTu Maccy yacTulibl, €Cliu pa3HOCTb SHEPTUil IEPBOro U
BTOpOro ypoBHeil cocraiisieT AE.

MartepuaJbl 1Jisi IPOBEPKH OCTATOYHBIX 3HAHUI
1. Kpucrannuveckasi pemiéTka KpeMHUs1 — 3TO
OTBeTHI:

e  O6BEMHOUEHTPMPOBAHHaA peléTka OLUK
e [paHeueHTpmMpoBaHHaA pewéTtka MUK

¢ PewéTtka TMNa anmasa

e Cdaneput

Bepnsiit otBeT: *PeméTka Trna anmasa
2.Bbi0epuTe NpaBuJibHOE YTBEPKIEHUE
OTtBeTsI:

e BennunHa 3GpPeKTUBHOM Maccbl NOKa3biBaeT CNOCOBHOCTb 3/1eKTPOHa Y iHa 30Hbl NPOBOAMMOCTU UK
ObIPKM Yy MOTOJIKAa BaJIEHTHOM 30HbI pearMpoBaTh Ha BHELWIHee Nose, AeNCTBYIoWee COBMECTHO C
MEXaTOMHbIM NepPMoANYECKUM NOTEHLMANOM.

e BennunHa 3GpPeKTMBHOM Macchbl NOKa3blBaeT CNOCOBHOCTL AbIPKM Y AHA 30HbI NPOBOAUMOCTU AU
3N1eKTPOHA Y MOTOJIKa BaJIEHTHOW 30HbI pearnpoBaTb Ha BHELUHEE NoJe, AeACTBYoLLEee COBMECTHO C
MEXaTOMHbIM NepPMoANYECKUM NOTEHLMANOM.

e  BenununHa apdeKTMBHOM MaccCbl MOKA3bIBAET CMOCOOHOCTb 3/IEKTPOHA Y AHA 30Hbl MPOBOAMMOCTHU UIN
ObIPKM Yy MOTOJIKAa BaIeHTHOM 30HbI pearmpoBaTh Ha BHELWHee nose,

e BennunHa 3GpPeKTUBHOM Macchbl NOKa3biBaeT CNOCOBHOCTb 3/1eKTPOHA Y AiHa 30Hbl NPOBOAMMOCTU UAU
ObIPKM Y MOTOJIKa BaIeHTHOM 30HbI pearnpoBaTh Ha BHYTPEHHEE 3/1eKTpuYecKkoe nose

Bepubliit otBet: Bennunna 3¢ ¢ ekTuBHON Macchl MOKa3bIBAE€T CIIOCOOHOCTH 3JEKTPOHA Yy

JTHa 30HBI POBOJIMMOCTH WJIM JIBIPKU Y MTOTOJIKA BaJIEHTHOM 30HBI pearupoBaTh Ha

BHEIIHEE I10JIE, AEUCTBYIOLIEE COBMECTHO C MEKATOMHBIM NIEPUOANYECKUM TOTEHIIUATIOM.
3.Bbi0epuTe npaBH/IbHBIE 0003HAYEHHS

OTBETHI:

14



1 — BaneHTHaA 30Ha, 2 — 30Ha NPOBOANUMOCTH, 3 — NOA30HA NETKUX AbIPOK, 4 — NOA30HA TAXKENbIX
ObIPOK.

1 — BaneHTHaA 30Ha, 2 —30Ha NPOBOANUMOCTH, 3 — NOA30HA NETKUX AbIPOK, 4 — NOA30HA TAXKENbIX
ObIPOK.

1 - 30Ha NPOBOANUMOCTH, 2 - NOA30HA TAXKENbIX AbIPOK. 3- NOA30HA NErKMX AbIPOK. 4 — NOA30Ha,
oTwennéHHasa CNUH-0POUTaNbHbIM B3aUMOAENCTBUEM.

1 - BaneHTHasA 30Ha, 2 - N0430HA NETKMX AbIPOK. 3- NOA30HA TAXKENbIX AbIPOK. 4 — NOA30Ha,
oTwWwennéHHasa CNUH-0PObUTaNbHbIM B3aUMOAENCTBUEM.

Bepwurliit otBeT: 1- 30Ha MPOBOAUMOCTH, 2 - TOA30HA TSHKEIBIX JIBIPOK. 3- MO30HA JETKUX
IBIPOK. 4 — IOJI30HA, OTIIEIUIEHHAs CIIMH-OPOUTAIBHBIM B3aUMOJCHCTBUEM.
4. lnst noaynpoBoaHukoB GaAs, InAs, AlAs, HcnoJIb3yeMbIX B OJIYIIPOBOAHHKOBBIX
Jiazepax, IIMPHUHA 3anpeléHHoil 30HbI EJ cocTaBsieT COOTBETCTBEHHO:
Boi0epuTe npaBu/IbHBIN MOPSIAOK CJ1e10BaHUs 3Ha4YeHuil Eg
OTtBeTsI:

1,43 5B, 0,36 3B, 2,15 3B
0,36 5B, 1,43 3B, 2,15 5B
2,153B, 0,36 3B, 1,43 3B
2,15sB, 1,43 3B, 0,36 3B

Bepnwsiii otet: 1,43 5B, 0,36 3B, 2,15 3B
5.Ko3(ppunmeHT nponycKkanusi moJrylipoBOAHUKOBOM IVIEHKH TOUHOK 0 =1 MM
coctapJjsier T = 0,4. KoagunuenTt orpaxenust R=0,37. KoagdunueHt noromenus o
JJIS1 3TOTO cJiy4yasi OyaeT paBeH

OTtBeTsI:

0,23

1,47- 1072 m-1
1,47- 102 cm-1
1,47-1072 mm-1

Bepnpiii otBet: 1,47 102 cm-1
6.Kakoe 13 npuBeIEHHBIX HIDKE YTBEPHKAECHUIN COOTBETCTBYET COOCTBEHHOMY MOTJIOIICHHIO
MOJIyTIPOBOTHUKA?

OtBeTsI:

MornoweHne GoTOHa NPU NEePEXoAe 3NEKTPOHA U3 Ba/IEHTHOW 30HbI B 30HY MPOBOAMMOCTM
MornoweHne GoTOHA NPU NEPEXOAE SNEKTPOHOB 13 30HbI NPOBOAUMOCTM B BaNIEHTHYIO 30HY
MornoweHne GOTOHa NPU NEPEXOAE 3NEKTPOHA C LOHOPHOrO YPOBHSA Ha aKLLENTOPHbIM
MornoweHne GpOTOHa NPU NEePeXoae 3/1IEKTPOHA C aKLLENTOPHOro YPOBHSA Ha AOHOPHbIN

Bepwpsiii otet: [lornomenue ¢poToHa mpu nepexo/ie MEeKTPOHA U3 BaJICHTHON 30HBI B
30HY IPOBOJIUMOCTH

II. Onucanue wikanvt oueHuBanus

Ouyenka: 5
Huodicnuii nopoe svinonnenus 3aoanus 6 npoyermax: 90
Onucanue xapakmepucmuku 6blNOJHeHUs. 3HaHUsL: BBICTaBISIETCS CTYICHTY, MPABUIBHO
BBIMOJIHUBIIIEMY MTPAKTHUYECKOE 3a1aHNe, KOTOPBIN MOKa3aJl MPH OTBETE Ha BOIPOCHI
9K3aMEHAIIMOHHOT0 OMJIeTa M Ha JOTIOJIHUTEIIbHBIE BOMTPOCHI, YTO BJIaICET MaTCPHAIIOM
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JUCHUITIIHNHBI, CBOGOI[HO HpI/IMeHHCT CBOHM 3HAHUA OJIA OG’bHCHeHI/IH pa3JII/I‘-IHbIX HBJ’IGHPII’I nu pCH_IeHI/Iﬂ
3a1ad.

Ouyenka: 4
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax. 10
Onucanue xapakmepucmuku 6bINOJIHEHUs 3HAHUA: BBICTaBISIETCS CTYIEHTY, MPABUIIBHO
BBINOJIHUBIIEMY MTPAKTHYECKOE 33/1aHUE U B OCHOBHOM TPABWJIBHO OTBETUBIIEMY Ha BOIIPOCHI
9K3aMEHAIIMOHHOTO OWIeTa ¥ Ha JOTIOJTHUTEIHHBIC BOIPOCHI, HO JIOMYCTUBIIEMY IIPH 3TOM
HETPUHIIMITAATBHBIC OITUOKH.

Oyenka: 3
Huoicnuii nopoe evinonenus 3aoanus 6 npoyenmax:. 50
Onucanue xapaxmepucmukuy 6bIN0IHeHUs 3HaAHUsA: BBICTaBIAETCS CTYIEHTY, KOTOPBI B OTBETaX Ha
BOIPOCHI AK3aMEHAIIMOHHOTO OMJIeTa JIOMYCTHII CYIIECTBEHHBIC U JaXKe rpyOble OMUOKH, HO 3aTeM
UCIIPABHII UX CaM, a TAK)Ke HE BBITTOJIHUI MPAKTUIECKOE 33JaHUe U3 IK3aMEHAI[MOHHOTO OuieTa, HO
1100 HaMETHJI PABWILHBIN MYTh €TI0 BBITOJIHEHHSI, JTMOO MO YKa3aHHIO SK3aMEHATOPa PEIIIHIT
JOPYTYIO 3a/1a4y U3 TOTO e pa3zelia TUCIHUILIHHEL.

Oyenka: 2
Onucanue xapakxmepucmuxu 6bInoIHeHUs 3Hanus: BpICTaBigeTcs CTyIeHTY, KOTOPBIN: a) He
OTBETUJI Ha BOIIPOCHI 9K3aMEHAIIMOHHOTO OUJIeTa U HE CMOT PEIINUTh, MO0 HAMETUTH PAaBUIIbHBIH
IyTh pellIeHUs 3a/1auu U3 Ouiera; 6) He CMOT PelIUTh, JM00 HAMETUTD ITPABUIIBHBIN MTyTh PEIICHUS
3a/1a4M U3 9K3aMEHAIIMOHHOTO OWJIeTa U APYrou 3a1a4 Ha TOT e pa3jied TUCIUILUIUHBI, BIIaHHON
B3aMEH HEe; B) IIPU OTBETE HA JIONOJHUTENIbHBIE BOIIPOCHI OOHAPYKUJI HE3HAHKUE OOJIBIIOrO pa3zesna
9K3aMEHAIIMOHHOM MPOTPaMMBI.
1I1. IIpaguna évicmasnenus umo2o8oi OyeHKu no Kypcy

OneHka ompenensieTcss B COOTBETCTBUU ¢ IlomokeHneM o OalIbHO-PEUTHHIOBOM CHUCTEME IS
cryneatoB HUY «MDW» Ha ocHOBaHWHU CEMECTPOBOM M 9K3aMEHAIIMOHHON COCTABJISIFOIITUX.
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