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: HOHynpOBOZ[HI/IKOBBIe JIa3€pPhbl
0 HANIPaBJICHUIO: HpI/IKJ'IaI[HBIC Mar€MaTuKa nu (1)I/I3I/IKa
HpO(l)HJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: QJICKTPOHHKA U KBAHTOBLIC TCXHOJIOTUHN

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa GOTOHUKHU

Kypc: 2

kBaTuuKkanus: MarucTp

Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

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

CamocrositensHas pabora: 30 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 90, Bcero 3a4. ef.: 2

[Iporpammy cocrtaBui: O.A. Pa0OymikuH, kang. pus.-mar. HayK, CTapIIMA HAyYHbBIH COTPYIHUK

[Iporpamma obcyxneHa Ha 3aceqanuu kadeapsl poronnku 29.05.2020



AHHOTANMA

Kypc "llonmynpoBopHUKOBBIE Ja3epbl" NpeaycMaTpuBaeT H3y4YeHHE (PHU3UUYECKHX OCHOB, YCTPOWCTBA U
NpUHINIA pabOTHI MOIYTIPOBOAHUKOBBIX Ja3€POB.

3amaun Kypca:
* 1I3ydeHue CBOMCTB MOIYIIPOBOJHUKOBBIX I€TEPOCTPYKTYD;

* M3yyenue ycTpoiicTBa U CBOMCTB pa3iMuHBIX THUIIOB IOJIYIPOBOJHHUKOBBIX J1a3€pOB, U3TOTOBJICHHBIX Ha
OCHOBE IFETEPOCTPYKTYP.

Ilo pe3ysibTaTaM OCBOCHHA KypCa CTYACHT OOJIKCH:

3HaTh:
YCTpOUCTBO ¥ IPUHIAI PaOOTHI OTYTIPOBOHUKOBEIX JIA3€POB
Haznauenue u 061acTh MPUMEHEHHS TOTYIIPOBOIHUKOBBIX J1a3€POB

VYMeTs:
[lorumarh W aHaNWM3WPOBATH COBPEMEHHYH) HAY4YHYIO JHUTEpaTypy II0 TIOJYIPOBOIHUKOBBIM JIa3epam

Bnaners:
TeopeTrueckMH aclieKTaMy ONKCAHUs CBOMCTB MOJYNPOBOAHUKOB M MOTYIPOBOJHUKOBBIX T€TEPOCTPYKTYD.

OcHOBHOE cofepX)aHue Kypca H3JI0KEHO B CIEAYIOMINX pa3aesax:

1. DneKTpOHHO-ABIPOYHBIH (p-N) TEpexox

2. JIBoitHas reTepocTpyKTypa p-n-n+

3. dusnueckre NPUHIKIBI pabOTHI MOIYIPOBOAHUKOBBIX J1a3€pOB

4. Mo1HbIe MOIYIPOBOIHUKOBBIE JTa3€PHBIE THOIBI

5. IomaynpoBOJHHUKOBBIE JIa3ePhl C 0OPATHOM CBSA3BIO

6. OCOOCHHOCTH M YCTPOICTBO Pa3IMYHBIX TUIIOB MOJYIPOBOIHUKOBBIX JIa3€POB

1. leau u 3apauun
eap AUCUMNIMHBI

¢ HU3YYCHUC (1)I/I3I/ILIGCKI/IX OCHOB, YCTpOfICTBa U TOpUHOUIIA pa6OTBI MOJIYIIPOBOAHUKOBLBIX JIa3CPOB.

3agaum AU COMIIHHBI
* M3y4eHHUE CBOMCTB MOIYIIPOBOJHUKOBBIX FE€TEPOCTPYKTYP;

* U3y4EHUE YCTPOMCTBA U CBOICTB pa3jMYHBIX TUIIOB IIOJYIPOBOJHUKOBBIX JIA3€POB, U3TOTOBJIEHHBIX
Ha OCHOBE F€TEPOCTPYKTYP.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAITPAaBJICHO Ha (bOpMI/IpOBaHI/Ie [$1($91474:0)11170,€ KOMHGTGHL[I/Iﬁi

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

IIK-1.1 CnocobeH HaxomuTh, aHAIM3UPOBATh W 0000IIATH
nHpOpMaIHIo 00 aKTyalbHBIX PE3yNbTarax UCCIEIOBAHHN B
pamMKax TemaTuueckoi oOmacTu cBoeil mpodeccrnoHambHON
[IK-1 CnocoGeH craBuTh, (hopMann3oBeIBaTh 1 |ACATCIBHOCTH

pelarh 3aja4u, B ToM uncie pa3padareiBath 1 [IK-1.2  CriocoOeH  BBIABUTATH  THIOTE3bI, CTPOUTH
HCCJIE0BATh MaTeMaTHYECKUE MOJIEIH MaTeMaTHYeCKHUEe MOJACIH ISl  ONMCAHHA W3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJIEHHH U MPOLECCOB, OLIEHUBATh Ka4eCTBO pa3pabOTaHHOM
aHaJM3UPOBATh HAYYHBIC TIPOOJIEMBI, IOIyYaTh |MOJEIU




HOBBIC HAayIHBIC PC3YJIbTAThI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYeCcKHe U (WiIH)
SKCIIEPUMEHTAJIbHBIE METOJIbl UCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W  HMHTEPIPETHPOBATH  IOTyYEHHbIE
PE3ybTaThl

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOIYJII0)
B pesynbrare ocBOCHUS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:
- YCTPOKCTBO ¥ MPUHITUN paObOTHI MOIYITPOBOIHUKOBBIX JIA3€POB;
- Ha3HaueHHUE U O0JIACTh MPUMEHEHUS MOTyPOBOIHUKOBEIX JIa3€POB.
YMETh:
- IOHUMATh U aHAJIU3UPOBATH COBPEMEHHYIO HAyUHYIO JIUTEPATypPy MO MOTyIPOBOJHUKOBBIM JIa3epaM.
BIIA/IETh:
- TEOPETHYECKMMHU AacCMEeKTaMH OIHMCAHHUS CBOMCTB MOJYyHIPOBOJHUKOB U IOJYIPOBOIHUKOBBIX
FETEPOCTPYKTYP.

4. Coep:xanue TUCUMILIUHBI (MOYJI5), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHUeM
OTBEJICHHOI'0 HA HUX KOJIMYECTBA AKAAEMHYCCKUX YaCOB 1 BHI0B Y4eOHBIX 3aHATHI

4.1. Paznenbl TUCTMITIMHBI (MOJYJISI) ¥ TPYJIOEMKOCTH TI0 BUaM yUEOHBIX 3aHSATHIA

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.
No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTh
pabora
1 DNEeKTPOHHO-ABIPOUHBIH (p-1) Mepexosn 2 4
2 JIBOiiHasI reTepOCTpyKTypa p-n-n+ 4 4
3 dusnueckue TPUHIIATIBI paboTHI 3 4
MOJTYTIPOBOJJHUKOBBIX JIa3€POB
4 MoliHble MOTYITPOBOAHUKOBBIE JIa3€PHBIE 6 4
JHOJIBI
5 [TonmynpoBOTHUKOBEIE Ja3epol c 4 6
00paTHOH CBS3BIO
6 Oco0eHHOCTH M yCTPOMCTBO Pa3IHMYHBIX 6 3
THUIIOB MTOJYTIPOBOTHUKOBBIX JIA3€POB
Hroro yacos 30 30
[TonroToBka K 3K3aMeHy 30 gac.
Oobmas TpynoEMKOCTb 90 gac., 2 3a4.ex.

4.2. Cogpep:xaHue OUCHUILTUHBI (MOIYJIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (paszeiam)
Cemectp: 3 (Ocennuii)
1. DneKTpOHHO-ABIPOYHBIH (p-N) TEpexoa

DNEeKTPOHHO-IBIPOYHBIN (P-n) mepexoa. DHepreTuueckas 30HHas AuarpaMmma p-n nepexona, ypoBeHb
@epmu. XUMUYECKUH DOTEHIMAN, 3JIEKTPOHHOE CpPEeACTBO . PacnpeneneHue 3IeKTPOHHBIX
COCTOSSHUH B TOMOTEHHOH CTpPyKType p-n mnepexona. lloreHumanbHbi Oapeep B p-n mepexoe.
[uprna u EMKOCTh 00IacTh p-n nepexoaa. MHKeKIns HEOCHOBHBIX HOCUTENIEH B p-N Mepexo/ie Mpu
NPWIOKEHUH TPSIMOTO HalpsKEHUS.

2. JIBoitHas reTepocTpyKTypa p-n-n+




OHepreTuyeckas 30HHAas JAMarpaMma JIBOMHOH IeTepoCTpyKTyphl p-N-n+ B YCJIOBHSAX TEIJIOBOIO
paBHOBecHsl. DHepreTudecKasl 30HHAs AuarpamMma JBOWHOW IeTepOCTPYKTYpBl p-n-n+ B YCIOBHUSX
IIPUJIOKEHHOTO BHEUIHEr0 IEKTPUUYECKOro Iojs. MeToabl H3rOTOBJIEHUS IOIYIIPOBOJHUKOBBIX

TeTepPOCTPYKTYP.

3. dusnueckrue NPUHIKIBI pabOTHI MOIYIPOBOAHUKOBBIX J1a3€pOB

KBaHTOBBII TeHeparop, aKTUBHAs Cpena, CIIOHTAaHHOE W BBIHYXKACHHOE H3inydeHHe. OnrudecKkuid
pe3oHarop, Moxbl pe3oHatopa. KBazmypoBHu @DepMu Ui 3JIEKTPOHOB U JBIPOK, pacipeneicHue
Depmu. OnTHueckre CBOMCTBA TeTEPOCTPYKTYp. OQQeKTsl B rerepocTpykrypax: 3¢¢exT
IIMPOKO30HHOTO  «OKHa», d(®dEKT OJHOCTOPOHHEW WHXKEKIUH, 3(PPeKT CcynepuHKeKIInH,
BOJIHOBOZIHBIN 3P eKT. YcoBHe yCHUIICHHUs, 3JIEKTPOHHAS TEMIIepaTypa.

4. MOH_IHLIG MOJIYIIPOBOJAHUKOBBIC JIA3CPHBIC JUOAbI

JIBoliHasi reTepoCTpyKTypa sl MOIIHOTO MOJYMPOBOJHUKOBOTO Jiazepa. [1omocKoBBIN J1a3epHBIN
o Ha ocHoBe GaAs/AlGaAs rerepoctpykryp. [lapaMeTpbl MHOTOMOJOBOTO HM3ITyYEHHSI MOIITHOTO
MOJYTIPOBOJHUKOBOTO JIa3€pHOrO Arofa. MOUIHBIE IOJYIPOBOAHUKOBBIE JIA3€PHBIC TUOABI
MHOT'OMOJIOBOTO M3JIyY€HMs Ul ONTHYECKON HaKauku BOJOKOHHBIX J1a3epoB. IloporoBoe 3HaueHue
TOKa WHXEKIMH MOLIHBIX MOJTYIPOBOJHUKOBBIX JIA3€PHBIX AUOIOB.

5. IonaynpoBOJHHUKOBBIE JIa3e€Phl C 0OPATHOM CBSA3BIO

YeTpolicTBO, IPUHIMIT PA0OTHI MOTYIPOBOJHUKOBBIX JIA3€POB C paclpeeIEHHON 00paTHON CBS3bIO
(DFB). YcrpoiicTBo, IpUHLIXI PaOOTHI MOIYIPOBOAHUKOBBIX Ja3epOB C 0OpaTHOM CBSA3bI0 HA OCHOBE
Bparrosckoro orpaxenus (DBR).

6. OcoOEHHOCTH U YCTPOMCTBO Pa3IMYHBIX TUIIOB MOITYTPOBOJHUKOBBIX JIa3€POB

[ToBepXHOCTHO U3I1y4arolKe [10JyTIPOBOIHUKOBBIE J1a3€phl C BEPTUKAIBHBIM PE30HATOPOM.
Kackannsle nomynpoBonHUKOBbIE Ja3epsbl. [1oaypoBoqHUKOBBIE J1a3epbl HA KBAHTOBBIX TOYKAX.
DOTONETEKTOPHI HA OCHOBE TE€TEPOCTPYKTYP.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, HeOOXOIMMON AJIl OCYLIeCTBJIEeHHNS 00pa30BaATEJILHOIO
npouecca 1no JUCHUILInHe (MOIYJII0)

yueOHast ayTUTOpHsl, OCHAIICHHAS MYJIbTUMEANA IPOEKTOPOM, IKPAHOM U MUKPO(POHOM.
6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. 1O IMutep, M. Kapnona. OcHoBbI pusuku nomynpoBonHukos. [lep. ¢ anrn. M. W. Pemmmnoii. [Tog pen.
b. I1. 3axapuenu. — 3-e uzn. — M.: ©DUIMATIINT, 2002.
2. Zh. 1. Alferov, Semiconductor heterostructures: Physical processes and applications. MIR, 1989.
3. Ulyp M. ®usuka noaynpoBOJHUKOBEIX MpHOOpoB. B 2-x Tomax. [lep. ¢ anr1. M.: Mup, 1992.
4. W. W. Chow and S. W. Koch. Semiconductor-Laser Fundamentals. Springer, Berlin 1999.
998.

JomnonHurensHas aureparypa
1. K.B. IllanumoBa. dusnka noiaynpoBoAHUKOB. M.: DHeproatomuszar, 1985.
2. bonu-bpyesuu B.JI.,Kanamnukos C.I. ®uzuka nonynposoanukos. M.:Hayka, 1990
3. H. Reick. Semiconductor Lasers:Basic Physics, Technology, and Design. Macdonald & Co, 1970.

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



1. http://www.opticsinfobase.org
2. http://www.elsevier.com

3. http://www.sciencedirect.com
4. http://www.elibrary.ru

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIA, HCIIOJIb3yeMbIX NPH OCYLIeCTBICHUH 00Pa30BaTeJIbHOI0
npouecca 1o JHCHUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NPOrpaMMHOro odecrnedeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

Ha 3aHSATUAX UCIIOJIB3YIOTCA MYJIBETUMEIUUHBIEC TEXHOIOTUH, BKIIIOYAsl IEMOHCTPALIUIO IPE3CHTALIHIA.
9. MeToauyeckue yKazaHusi AJis1 00y4arOIIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CTyneHT, IpOCIyIaBIIMKA KYypC CEMHHApOB, NOJDKEH OBIAACTh OOIIMM MOHATHHHBIM anmnaparoM H
HAy4UThCs IPUMEHATh TEOPETUUECKHUE 3HAHUS Ha [IPAKTUKE.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

1) mocerieHust BceX CEMUHAPOB, MPETyCMOTPEHHBIX YU€OHBIM IJIAHOM; BE/ICHHE KOHCIIEKTOB 3aHATHIL;
aKTHUBHOE y4yacThe B O0CYXICHHH CEMUHAPOB;

2) BaXXHO AOOWTHCS MOHMMAHMA M3y4aeMOro MaTepHaja, a He MEXaHHMYECKOro ero 3anoMuHaHus. [Ipu
3aTPyOHEHUM W3YYEHHUS! OTHCJIBHBIX TEM, BONPOCOB, cJenyeT oOpamarbcs 3a KOHCYJAbTalued K
JOKJIaUUKy Ha CEMUHAape.



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
kadeapa QOTOHUKHU

Kypc: 2

KBaJIH(UKALUS: MarucTp
Cemectp, GopMBI IPOMEKYTOUHOH arTecTanuu: 3 (OCeHHUH) - DK3aMeH

PaszpatGoTunk: O.A. Pa0OyumikuH, kang. pus.-mar. HayK, CTapIINA HAyYHBIH COTPYIHUK



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

IIK-1.1 CnocobeH HaxoJuTh, aHAIM3UPOBATh M 0000IIATH
nHpOpMaNKIO 00 aKTyaIbHBIX Pe3ylIbTaTax UCCISIOBaHHH B
pamMKax TeMmaTH4ecKoi o0macTu cBoed MpodeccHOHATLHOM

[MK-1 CriocobeH cTtaBuTh, GopMann30BbIBaTh 1 |ACATCILHOCTH

pears 3a1a4y, B ToM uncie paspadareiBath 1 [IK-1.2  CnocobGeH  BBIOABUTaTH  THIOTE3bl, CTPOUTH
UCCIIE0BAaTh MaTeMaTHYECKUE MOJEIN MaTeMaTUYeCcKue MOAEIM JUIsl ONMCAHUS H3ydaeMbIX
W3y4YaeMbIX SBJICHUN U MPOLIECCOB, CHCTEMHO  |SBJICHHH U MIPOLIECCOB, OLICHUBATh KA4€CTBO pa3padOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN

HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CnocoOeH mNpUMEHSTh TeOpeTHYecKHe U (WiIH)
9KCIIEPUMEHTAJIbHBIE METOJIbI MCCIIEIOBAHUI K KOHKPETHOM
HayyHON 3ajadye W HMHTEPIPETHPOBATh  IOTyYEHHbIE
PE3ybTaThl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH
B pesynbrare uzydenus quctuiuinHbl «[lomympoBoHUKOBEIE J1a3ephly» 00yJaronUics JOIDKEH:

3HATh:
- YCTPOMCTBO U MPUHIUI PaOOTHI OTYIIPOBOJHUKOBBIX JIA3€POB;
- Ha3Ha4YeHHEe U 001aCTh MPUMEHEHHS OITYIPOBOJHUKOBBIX JIa3€POB.
YMeThb:
- IOHUMATh U aHAJIM3UPOBATh COBPEMEHHYIO HayUHYIO JIUTEPATYpPY IO IOITYIPOBOAHUKOBBIM JIa3epaM.
BJIaJeTh:
- TEOPEeTUYECKHMMM AaCIEeKTaMH OIMCaHUs CBOWCTB IOJIYIPOBOJHUKOB WU IOJIYIPOBOJHUKOBBIX
FETEPOCTPYKTYP.

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

C LCJIBIO KOHTPOJISI OCBOCHUA O6y‘laIOH_II/IMI/IC$I yqe6H0r0 Marcpuajia MmpoBOAUTCA YCTHBIfI OIIpoC B
Ha4aJIC 3aHATHA.

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

BOHpOCLI AJId TIOATOTOBKH K 3K3aMCHY:

1. DneKTpOHHO-ABIPOYHBIH (p-N) TIEpeXox

2. JIBoitHas reTepocTpyKTypa p-n-n+

3. duznueckre NPUHLHIBI pabOTHI MOJTYIPOBOAHUKOBBIX J1a3€pOB

4. Mo1HbIe MOIYIPOBOIHUKOBBIE Ja3€PHBIE THOIBI

5. IomaynpoBOJHHUKOBBIE JIa3e€Phl C 0OPATHOM CBSA3BIO

6. OCOOCHHOCTH M YCTPOHCTBO Pa3INUHBIX TUIIOB MOJYIPOBOIHUKOBBIX JIa3€POB

HpI/IMepBI OK3aMCHAIIMOHHBIX OUIICTOB.

IIpumep 1.
1. JIBoiiHast reTepoCTpyKTypa p-n-n+
2. ®U3nuUecKre NPUHIUIBI padO0THI OTYIPOBOAHUKOBBIX J1a3€POB

[Ipumep 2.
1. DneKTpOHHO-ABIPOYHBIH (p-N) TIEpexox
2. OcoOEeHHOCTH U YCTPOMCTBO PAa3IUUHBIX THIIOB ITOJIYIPOBOJIHUKOBBIX JIa3€POB




Kpurepun onennBanus
10 6aitnos — (ITIPEBOCXOIHO):

*  CHCTEMaTH3UpPOBaHHbIC, IIyOOKHE M TOJIHBIC 3HAHMS 10 BCEM paszeiaM y4eOHOH MporpamMMel, a
TaKXe [0 OCHOBHBIM BOIIPOCaM, BBIXOIAIIUM 3a €€ IPEEIIbI;

. TOYHOE HCIOJIb30BAHUE HAYYHOM TEPMHHOJIOTMU (B TOM 4YHCIIE HAa HWHOCTPAHHOM SI3BIKE),
CTUJIMCTHUYECKU IPAMOTHOE, JIOIMUECKU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  OesympeuHoe BIAJCHUE HWHCTPYMEHTapHeM Y4eOHOW IUCIMIUIMHBI, yMeHHe ero 3(QeKTHBHO
HCIOJIb30BaTh B MIOCTAHOBKE M PEILICHUH HAyYHBIX U MPO(GECCHOHANBHBIX 3a1a4;

. BBIP@XXEHHAs! CIIOCOOHOCTh CaMOCTOSTEIbHO M TBOPUYECKU peEIIaTh CIOXKHBIE NPOOJIIEMBI B
HECTaHJAPTHOW CUTYyalUu;

*  MOJIHOE W TIIyOOKOE YCBOGHWE OCHOBHOH M JONOJHHUTENBHOM JUTEpaTyphl, PEKOMEHIIOBAHHOM
y4eOHO# mpoTrpaMMOi TUCITUTUINHEI;

* yYMEHHE OPHUEHTHPOBATHCA B TEOPHUSIX, KOHIETLHUIX U HANPABICHUAX MO U3y4aeMOil AUCLUIUIMHE U
JlaBaTh UM KPUTUUYECKYIO OLIEHKY, UCII0JIb30BaTh HAYUHbIE JOCTHKEHUSI JPYTUX JUCLUIUINH;

*  TBOpYECKas CaMOCTOSTENbHAs paboTa Ha MPAKTUYECKUX, JTa0OPAaTOPHBIX 3aHATHSIX, AKTUBHOE
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbl HCIIOTHEHHS 33 JaHHMA.

9 6amnoB — (OTJIMYHO):

* CcHCTEMaTU3UPOBAHHbBIC, ITTyOOKHE U MOJIHBIC 3HAHUS 110 BCEM pa3zeiaM yueOHOH MporpaMmbl;

. TOYHOE HCIOJIb30BAHUE HAYYHOM TEPMHHOJIIOTMU (B TOM 4YHCIIE HAa HWHOCTPAHHOM SI3BIKE),
CTUJIMCTHUYECKU I'PAMOTHOE, JIOIMUECKHU IIPAaBUIBHOE U3JI0KEHUE OTBETA Ha BOIIPOCHI;

*  BIIaJICHUEC MHCTPYMEHTapueM y4eOHOW IMCLUIUIMHBL, yMEHHE ero 3(p(EeKTHBHO HCIIOIb30BaTh B
MOCTAHOBKE M PEIICHUH HAyYHBIX M MPO(PECCHOHANBHBIX 3a1a4;

*  CIIOCOOHOCTH CaMOCTOSITEIbHO M TBOPYECKM pEILIaTh CIOXKHBIE MPOOIEeMBbl B HECTaHIApTHOM
CUTyalluh B paMKax yd4eOHOH NporpaMMbl, MOJHOE YCBOCHHE OCHOBHOW U JIOTMOJIHU "TEJIbHOU
JUTEpaTypbl, PEKOMEHI0BAaHHON Y4eOHOW POTrpaMMO TUCIIUILIIHBEI;

*  YMEHHME OPUEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHLENLMAX M HAIpaBICHUIX 0 U3ydaeMoOM
JUCLHUIUTMHE U JaBaTh UM KPUTHUECKYIO OLEHKY;

*  caMocCTosTelIbHAas paboTa Ha MPAKTHUYECKHUX, JaOOpAaTOPHBIX 3aHATHSAX, TBOPUECKOE ydacTue B
IPYIIOBBIX 00CYKICHUAX, BBICOKUI YPOBEHB KYJIBTYphl HCIIOJTHEHHS 3aJaHuUi.

8 6amnoB — (IIOUYTU OTIIMYHO):

* CHCTEMaTH3MPOBAaHHbIE, INTyOOKHE U TOJHBIC 3HAHHS MO BCEM IOCTABICHHBIM BOIPOCAM B 00beMe
y4eOHON MpOrpaMMel;

*  HCHOJIb30BaHHE HAyYHOM TEPMUHOJOTMH, CTHIMCTUYECKH TPAMOTHOE, JIOTHUECKH NpPaBUIbHOE
M3JI0’KEHHE OTBETAa HA BOIIPOCHI, yMEHHE JIeIaTh 000CHOBAHHbIE BBIBOJIBI;

* BJaJICHUEC MHCTPYMEHTApHeM yueOHOW MUCLUILIMHBI (METOIaMH KOMIUIEKCHOTO aHA/IN3a, TEXHUKON
WH(POPMALIMOHHBIX TEXHOJIOTHH), YMEHHE €ro HCIOJIb30BaTh B MOCTAHOBKE M PELICHUM HAyYHBIX U
npoQecCHOHAIBHBIX 33/1a4; CIIOCOOHOCTh CAMOCTOSATENIFHO peIlaTh CIOKHBIE MPOOIEMBI B paMKax
y4eOHON MpOrpaMMel;

* YCBOCHHME OCHOBHOW W JIOTOJIHUTENIBLHOW JIUTEPATypbl, PEKOMEHIOBaHHOW y4eOHOH mporpammon
JUCLUIUIMHBL,

* yYMEHHE OPHEHTHPOBATHCS B OCHOBHBIX TEOPHSX, KOHUEMIMAX M HANpaBICHHUIX MO H3y4aeMOU
JUCLMIUIMHE U JaBaTb UM KPUTHUYECKYI OLIEHKY C IO3ULMH TroCylapCTBEHHOW wuieosnoruu (1o
JUCHUTUTMHAM COLUAIbHO-TYMaHUTAPHOTO LIKKJIIA);

* AaKTHBHAs CaMOCTOSTENbHasi paboTa Ha MPAKTUYECKUX, TaOOPaTOPHBIX 3aHITUSAX, CHCTEMaTHYECKOE
ydacTue B IPYIIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYphl HCIIOTHEHHS 3aJaHuil.

7 6annos — (OYEHb XOPOILLO):

* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOJITHBIE 3HAHMUS 110 BCEM pa3zieliaM yueOHOM MporpaMmel;

* HCIOJIb30BaHHE HAyYHON TEPMUHOJIOTUH (B TOM YKCJIE HA HHOCTPAHHOM SI3bIKE), TMHIBUCTHUYECKH U
JIOTUYECKH MPAaBUIILHOE U3JIOKEHHE OTBETA Ha BONPOCHI, YMEHHE AeNaTh 000CHOBAaHHBIC BHIBOJBL;

* BJQJICHUE MHCTPYMEHTAapUeM y4eOHOW AWCUUILUIMHBI, YMEHUE €r0 HCIIOJIb30BaTh B MOCTAHOBKE U
pELIeHNU HAyYHBIX U MPO(ECCHOHATIBHBIX 3a/1a4;

*  YCBOCHHE OCHOBHOW W JIOTIOJIHUTEILHOW JINTEPATYpPhl, PEKOMEHIOBAHHOW y4eOHOM mporpammon
JVCIUIUIAHBL;

* yMEHHE OpPUEHTHPOBATHCS B OCHOBHBIX TEOPHUSAX, KOHLEMIUAX W HANPABICHUAX O H3y4acMOU
JUCLUIUIMHE U JaBaTh UM KPUTHYECKYIO OLEHKY;



*  caMmocCToATeNlbHas paboTa Ha NMPAKTUYECKHX, JJAOOPAaTOPHBIX 3aHATHSX, y4acTHE B TPYMIIOBBIX
00CYXIIEHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJHEHUS 3adaHUH.

6 6aoB — (XOPOILO):
* JIOCTAaTOYHO ITOJHBIC U CHCTEMAaTU3UPOBAHHBIC 3HAHUS B 00beMe yueOHO! MPOrpaMMEl;

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

*  BJAQJCHUE HHCTPYMEHTapueM Y4YeOHOW IWMCUUIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B DPELICHUU
y4eOHBIX U NMPOo¢EeCCHOHANBHBIX 33J1a4; CIIOCOOHOCTh CAMOCTOATENIFHO MPUMEHSTh TUIIOBBIC PEIICHHS
B paMKax y4eOHOH NpOrpaMMel;

* YCBOCHHE OCHOBHOM JINTEPATYPbI, PEKOMEHJOBAaHHOW y4eOHOM MpOrpaMMON AUCIUIINHBL

*  YMEHHE OpPHUEHTHPOBATHCS B 0A30BBIX TEOPHUSIX, KOHUEIIMAX M HANPABICHUAX [0 H3y4aeMOM
IUCIMIIMHE M JaBaThb WM CPaBHUTEIBHYIO OIICHKY; AaKTHBHAs CaMOCTOsTenbHas pabora Ha
MPAKTUYECKUX, JTAa0OPaTOPHBIX 3aHITHUAX, NEPUOAMYECKOE YYacTUE B TPYIIOBBIX OOCYXICHHSX,
BBICOKHI YPOBEHB KYJIBTYPHI UCIIOJIHEHUS 3aJaHUN.

5 6ammoB — (ITOYTU XOPOILIO):
* JIOCTaro4YHbIC 3HAHUA B 00beMe YUeOHOM MPOTrpamMMBbl;

® HCIIOJIB30BaHUC HaquOﬁ TCPMHUHOJIOTUU, CTUJIIMCTUYCCKU TI'PaMOTHOC, JIOTMYECKU ITPABUJIBHOC
H3JI0KCHHUC OTBCTA Ha BOIIPOCHI, YMCHHC [1CJIaTh BBIBO/bI,

*  BIQJCHHEC HMHCTPYMEHTapueM YYeOHOH MWCIMIUIMHBI, YMEHHE €ro HCIOJIb30BaTh B PEIICHUH
y4eOHBIX U IPOPECCHOHAIBHBIX 33/1a4;

* CIIOCOOHOCTH CAMOCTOSITENIFHO MPUMEHSTH THIIOBBIE PELICHUS B paMKaxX y4eOHOM MPOrpaMMBl;
* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MPOrpaMMON JTUCITUTUTNHBL

*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIENIUSAX M HANpPaBICHUSAX IO HM3ydaeMoil
JUCLUUIUIMHE U JaBaTh UM CPaBHUTEIbHYIO OLEHKY;

*  caMocCToOsTelbHas padoTa Ha MPAKTUYECKHX, JaOOpPaTOPHBIX 3aHATHUSX, Y4acTHE B TPYIMIIOBBIX
00CY’KIEHUSX, BBICOKUI yPOBEHb KYJIbTYPbI HCIIOJIHEHHS 33/1aHHH.

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

® HCIIOJIB30BaHUC Haquoﬁ TCPMHHOJIOTUH, CTUJIIMCTUYCCKOC U JIOTUYCCKOC H3JIOKCHHUE OTBETA HaA
BOIIPOCHI, YMCHHUC ACJIATh BBIBOAbI 0e3 CYHICCTBCHHBIX OH_II/IGOK;

. BIIQJICHHE WHCTPYMEHTapueM Y4YeOHOW IUCIUIUIMHBI, YMEHHE €T0 HWCIIONh30BaTh B PEHICHUHU
CTaHJIAPTHBIX (THUIOBBIX) 3aJ1a4;

* yYMEHHE [0 PyKOBOACTBOM ITPENOAABATENs PELIaTh CTaHJAPTHBIE (TUIIOBBIC) 3aJa4H;

® YMEHHUE OPUCHTUPOBATHCSA B OCHOBHBIX TCOPHAX, KOHUCIIIHAX W HAIPABJICHUAX II0 I/IsyqaeMoﬁ
AUCHUIUIMHC U 1aBaTh UM OLICHKY,

. pabora mox PpPYKOBOACTBOM HpernojaBaresii Ha NPAKTUUYECKHX, J1a0OpaTOPHBIX 3aHATHUSX,
JIOITyCTUMBIHA YPOBEHb KYJIBTYPbl UCIIOJIHEHUS 3aJlaHUH.

3 6anna — (HEYAOBJIETBOPUTEJIBHO), HE3AYTEHO:
* HEIOCTATOYHO IOJIHBIN 00BbEM 3HAHMI B paMKax 00pa30BaTeIbHOTO CTaHIAPTA;
* 3HAHWE YaCTH OCHOBHOH JINTEPATypPhl, PEKOMEHI0BAaHHON Y4eOHOM MPOTpaMMOi TUCIIUILTHHB;

® HCIIOJIB30BaHUC Haquoﬁ TCPMHHOJIOIUHU, H3JIOKCHHUC OTBETAa Ha BOIIPOCHI C CYIIECTBCHHBIMU
JIMHTBUCTHYCCKHUMU U JIOTHYCCKHUMHU OIHI/I6KaMI/I;

. cmaboe BIaJCHWE WHCTPYMEHTapueM Y4YeOHON IUCIUIUIMHBI, HEKOMIIETEHTHOCTh B PEHICHUH
CTaHJIAPTHBIX (THUIOBBIX) 3aJ1a4;

® HCYMCHUEC OPUCHTUPOBATHCA B OCHOBHBIX TCOPHAX, KOHLCIIHUAX W HAIIPABICHUAX I/ISy‘IaeMOﬁ
JUCIMITIIIMHBI;

* IMacCCHBHOCTH HA MPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KUHA YPOBEHb KYJIbTYPHI UCIIOTHEHUS
3aJIaHUM.

2 6amta — (HEYIOBJIETBOPUTEJILHO):

* (parMeHTapHbIC 3HaHUS B paMKax 00pa30BaTelbHOIO CTaHapTa;

. 3HAaHUSl OTJCNBHBIX JUTEPATypHBIX HCTOYHUKOB, PEKOMEHJIOBAHHBIX Y4YeOHOW MpOrpaMMoii
JIHCIHILIAHDI,

. HEYMEHHE WCIIOJIb30BaTh HAYYHYH) TEPMHUHOJIOTHIO IUCIUILIMHBI, HAJIMYHUE B OTBETE TPyObIX
CTUIHUCTUYECKUX U JIOTHYECKUX OLINOOK;

* TACCHBHOCTh Ha MPAKTUYECKUX U JIA0OPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhl UCTIOTHEHUS
3aIaHUH.



1 6amn — (HEVIOBJIETBOPUTEJIBHO):
* OTCYTCTBHE 3HAHMH M KOMIIETCHLIMI B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuyeckne MaTepuaJbl, onpeaeasiiolne NpoueIypbl OlleHUBAHUS 3HAHUIN, YMEeHN, HABHIKOB H
(W) onbITA AESATEJIbHOCTH

[Ipu npoBeneHnn dK3aMeHa oOydaromeMycst TpeaocTaBiseTcss 1o 60 MUHYT Ha TOATOTOBKY. Omnpoc
oOyyaromerocs mo OWIeTy He JOJDKEH MPEBBILATh JBYX aCTPOHOMHUYECKHX YacOB B YCTHOW U (WMJIH)
MUCHMEHHOM (hopMe.



