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: TexHomorus OITOSJICKTPOHHBIX HpI/I60pOB
0 HANIPaBJICHUIO: 3J'IeKTpOHI/IKa 1 HAaHOQJICKTPOHHUKA
HpO(l)](lJIb MnoATrOTOBKMU: duzuka MEPCICKTUBHBIX TEXHOJIOTHI: MHKPO- 1 HAHOJJICKTPOHHKA

OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NIECKON AMEKTPOHUKHU

Kypc: 1
KBAJM(PUKAIMA: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHui) - Dx3amMeH

AynutopHbIx yacoB: 90 Bcero, B TOM YHCIIE:
nexuuu: 15 gac.
ceMuHapbl: 45 vac.
naboparopHsie 3ansaTus: 30 yac.

CamocrositenpHas padora: 105 gac.
[ToaroroBka x sk3ameny: 30 yac.

Bcero gacos: 225, Bcero 3au. ef.: 5

[Iporpammy cocrtaBui: K.O. bonraps, n-p ¢u3.-mMat. Hayk

[Iporpamma obcyxneHa Ha 3aceanny Kadenpbl GU3ndeckoit aekTpoHukH 29.05.2020



AHHOTANMA

Kypc "TexHonorus onTo3iaeKTPOHHBIX NPUOOPOB" MpeoyCMaTpuBaeT H3YUYCHHE TEXHOJIOTHYECKHUX OCHOB
CO3/IaHUS ONTOIEKTPOHHBIX npudopoB UK-auanasona.

3amaun Kypca:
* O3HaKOMJICHHE C IPUHIUIIAMU TEXHOJIOTHH CO3AaHMs ONTONIEKTPOHHBIX Ipubopos MK-ananaszona;

* U3yuenne ¢pu3nueckux 0CHOB pabOTHI U TEXHOJIOTHYECKUX OCHOB CO3/IaHHSI ONTORIEKTPOHHBIX PHOOPOB
UK-guanazona B ToM yuciie (POTOHHBIX U TETUIOBBIX MPUEMHUKOB U3ITYUCHHUS;

. O3HaKkOMJIGHHE C COBPEMEHHBIMH ONTO3JIeKTpOoHHbIMH mnpubopamu WK-guanazona (Koncrpykuwus,
TEXHOJIOT YS! CO3JaHUs, OCHOBHbIE IPUMEHEHUS, CHCTEMBI U alaparypa IpUMEHEHHUS; U T.11.).

ITo pe3ynbraram 0CBOEHHS Kypca CTYJCHT JI0JKEH:

3HaTh:

- (Qusnueckue OCHOBBI pabOTBl M TEXHOJIOTMYECKHE OCHOBBI CO3JaHHS ONTORJIEKTPOHHBIX IMPHOOPOB
HK-nnanazoHa B ToM uucie (OTOHHBIX M TEIUIOBBIX NMPUEMHHMKOB HM3Iy4YEHUS NMPUEMHHUKOB ONTHYECKOTO
nznyyenus (OI) u poronpuémusix ycrpoiicts (PIIY) Ha ux ocHoOBe;

- obnactu npumenenus OI1 u OITY;

- npeaensHble mapameTpsl OII u OITY;

- OCHOBHBIE TEXHOJIOTHYECKHUE IPpUEeMbI U MeTobl n3roroieHns @II u OIIY;

- COBPEMEHHOE COCTOSIHUE, HAyYHO-TEXHUYECKUE M TEXHOJOTHYECKHE MPOOIEMBbl U MEPCIEKTUBBI Pa3BUTHUS
ONTORIEKTPOHHBIX prubopos MK-nunanazoHa.

YMeTs:

- OLEHUTh M apryMEHTHPOBATh NPHUMEHEHHE ONTONIEKTPOHHBIX npubopoB MK-amanasona npu pemeHun
KOHKPETHBIX TEXHUYECKHX 3a/1a4;

- OINpEenenuTh TEXHUYECKHE BO3MOKHOCTH HMEIOIIEHCA TEXHOJOTMH W3TOTOBIEHMS ONTOXJIEKTPOHHBIX
npudopoB UK-auanazona miist coznanust GIIY ¢ 3aaHHBIME XapaKTepUCTUKAMMU;

- ONpeAeNsATh MPENEeNbHbI W PealbHO JOCTH)KUMBIH YPOBEHb MapaMETPOB OINTOIEKTPOHHBIX MPUOOPOB
HUK-nnamazona mo nMeroniencs TeXHOJIOTHH;

- OLeHHWTh TpeOOBaHUS K HemocraromeMy oOopynoBanuto s co3manusa @DIIY ¢ 3amaHHBIME
XapaKTePUCTUKAMH.

Bnaners:

- 3HAHWSMU W HaBbIKAMU OTACTBHBIX ONEpalMii MO W3TOTOBJICHUIO OITOIEKTPOHHBIX MPHOOPOB
HK-aunama3ona;

- MCTOJaMH BBI60pa TCXHOJIOTUHUIIPU CO3JaHWHU HOBBIX THUIIOB OIITO3JICKTPOHHBIX HpI/I60pOB.

OcHOBHOE cofepX)aHue Kypca H3JI0KEHO B CIEAYIOMINX pa3aesax:

. Criexrpaneubie auana3onbl MK-doronpuemankon

. TexHoJIOTHs OTHORIEMEHTHEIX U JIMHEHHEBIX DI n OITY

. Hakomrenne u mynsruiuiekcupoanue B OI1

. MononutHsie u rubpuansie UK-poronpuemurku

. Texnonorus u cxemorexuuka bUC cunTeIBaHMS ¢ TOCTPOYHBIM U KQAPOBBIM HAKOIJICHHEM
. Texnonorus uzrorosnenust @I BToporo u TpeThEro0 MOKOJIEHUI

. Texnonorust ¢oToUyBCTBUTENLHBIX MaTepranos DI1

. Texnonorust rubpuanzauny MOUD u BUC

O 0 3 N LD B W N~

. TexHonmorust cOOpKK ONTOAEKTPOHHBIX MpuOopoB MK-nnanazona
1. leau u 3apauu

eap AUCUMNIMHBI
- H3y4YEHHUE TEXHOJIOTHYECKUX OCHOB CO3JIaHUs ONTOAIEKTPOHHBIX Mpubopos MK-nuamnazona.

33)13‘1]([ JAUCHUIIINHBI
¢ O3HAKOMJICHHUC C IIPUHIUIIAMU TCXHOJIOTHU CO3JaHU ONTOIJICKTPOHHBIX HpI/I60p0B I/IK—/:[HanasoHa;



*  u3ydyeHHE (U3MUECKUX OCHOB PAOOTHI M TEXHOJIOTMUECKUX OCHOB CO3[AaHUS ONTORJIEKTPOHHBIX
npudopos UK-aunanazona B Tom uncie (OTOHHBIX U TEIUIOBBIX MPUEMHUKOB U3ITyUCHHS;

*  03HAaKOMIJIEHHE C COBPEMEHHBIMH ONTOXIEKTPOHHBbIMU npudopamu MK-nuanazona (Koncrpykuus,
TEXHOJIOT YS! CO3JaHUsl, OCHOBHbIE IPUMEHEHUS, CHCTEMBI U alaparypa IpUMEHEHHUS; U T.11.).

2. llepedyenn popmMupyemMbIX KOMIETEeHUMH

OcBoeHue TUCIUILTUHBI HAITPABICHO Ha (DOPMUPOBAHHE CICAYIONIMX KOMITETEHITHINA:

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA NHaukaTopsl JOCTHKEHHS KOMIIETEHIIMH

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

[MK-1 CriocobeH craBuTh, GopMann30oBbIBaTh 1 |ACATCILHOCTH

pemars 3a1a4u, B ToM uuciie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN MareMaTHueCKHe MOAENM JUIsi  OIMCAHUS  U3Y4aeMbIX
M3y4aeMBbIX SBJICHUH U MPOIECCOB, CACTEMHO  |BJICHUI M MPOILECCOB, OLEHHUTh KadeCTBO pa3pabOTaHHON
aHAJIN3UPOBATh HAyYHBIE MPOOJIEMBI, TIOJIy4aTh |MOJCIH

HOBBIC

HayqHBIC PC3YJIbTAThI I1K-1.3 CrnocobeH mnpuMeHATh TEOpeTHUeCKHue H (WIIH)
9KCIIEPUMEHTAJIbHBIE METOJIbl MCCIEJOBaHUN K KOHKPETHON
HAayyHOM 3ajadye M  HHTEPIPETUPOBATH  IOJYUCHHBIC
PE3yIbTaThI

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCUUILIHHE (MOXYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI

3HAThb:

YMETb:

- (huznyeckue OCHOBHI PabOTHI U TEXHOJOTUYECKHUE OCHOBBI CO3aHUSI ONTORIEKTPOHHBIX IPUOOPOB
HK-mnanazona B TOM uucie (OTOHHBIX M TEIUIOBBIX NPUEMHHUKOB H3IIyYeHUS NPUEMHHUKOB
ontuueckoro uznydenus (PI1) u poronpuémunix yerpoiicts (PIIY) Ha ux ocHOBE;

- obnactu npumenenus: OI1 u OITY;

- npeaensHble mapameTpsl OII n OITY;

- OCHOBHBIE TEXHOJIOTMYECKHE NPUEMBI U MeTonbl u3rorosnenus OII u OITY;

- COBPEMEHHOE COCTOSIHHE, HAayYHO-TEXHUYECKHME U TEXHOJIOIMYECKHEe MpoOIeMbl M NEpPCHEKTHBBI
pa3BUTHUS ONTOIEKTPOHHBIX npubdopoB UK-auanaszona.

- OLEHWTh M AapryMEHTHPOBaTh NPHUMEHEHHE ONTOIEKTPOHHBIX mnpubopoB HMK-auanasona mnpu
pEIIEeHNH KOHKPETHBIX TEXHUUECKHUX 33]1a4;

- ONpENEIUTh TEXHUUECKNUE BO3MOKHOCTU MMEIOLIEHCS TEXHOIOIMHM U3TOTOBJICHUS] ONTORIEKTPOHHBIX
npudopos UK-auanazona qiist cozpanus OIIY ¢ 3agaHHBIMEA XapaKTepUCTUKAMU;

- OIpeleNATh IpPENeNIbHbIH M peajbHO JOCTUKHUMBIM YpPOBEHb IapaMeTpoB ONTORIEKTPOHHBIX
npudopos UK-ananazona no nmeromencs: TEXHOIOTHUH;

- OIEHHWTh TpeOOBaHUS K HeIoCTarlleMy obOopyroBaHuio sl coszfaanus OIIY c¢ 3ajgaHHBIMH
XapaKTepUCTUKAMHU.

BJIAJIETh:

- 3HAHUSMH W HaBBIKAMU OTJICNBHBIX ONEpaIfii 10 HM3TOTOBJICHHIO OINTOIEKTPOHHBIX MPHOOPOB
HK-aunama3ona;
- METO/IaMH1 BBIOOpA TEXHOJIOTUH MPH CO3/IaHUH HOBBIX TUIIOB ONMTO3JICKTPOHHBIX IPHOOPOB.

4. Conep:xanne TMCUMIIMHBI (MOAYJIs1), CTPYKTYPHMPOBAaHHOE 1O TeMaM (pa3jesiaM) ¢ yKa3aHueM
OTBEJE€HHOI'0 HA HUX KOJIMYeCTBA aKaJeMHYeCKUX YacOB H BH/I0B YUeOHbIX 3aHATHH

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

TpymoeMKOCTb 10 BHJAM Y4eOHBIX 3aHATHH, BKITIOUAs
CaMOCTOATENIbHYIO padoTy, Jac.

Tema (pazmen) TUCITUTUIHHEL
Camocr.

Mowvrroao (Contoancr TTaAAnaT naAnTLT




o AN/INLAKLIKL \_/UAVLKAAIMIJUI JLuUUPuL- IJU\JUIUI pa6OTa
1 CriexktpanbpHbie JUara3oHbl 1 3 ) 45
HK-poronpueMHHKOB
) Texnonorus OJHOIEMEHTHBIX u | 3 ) 46
nuHeHbIX OIT u OITY
Haxoruienne u MynbTHIIIEKCUPOBAHUE B
3 2 6 4
DI
4 MoHonuTHbIE u ruOpuaHbIE | 3 )
UK-¢poronpuemanku
Texnomoruss u cxemorexuuka BUC
5 CUUTBHIBAHUS C MOCTPOYHBIM U KaJPOBBIM 2 6 4 14
HAKOTUICHUEM
6 Texnonorust uzrorosneHuss ®II Broporo 3 9 6
U TPETHETO MOKOJICHUMA
7 Texnonorus (hOTOUYBCTBUTENBHBIX ) 6 4
marepuanos OII
Texnonoruss tubpuguzamum MOUD u
8 1 3 2
BUC
9 Texnonoruss cOOPKH ONMTOIEKTPOHHBIX ) 6 4
npudopoB UK-aunanazona
Nroro yacos 15 45 30 105
ITonroToBka k 3K3aMeHy 30 gac.
OO01mas TpynoEMKOCTh 225 yac., 5 3au.en.
4.2. CopaepxaHue AUCHUILTAHBI (MOIYIsl), CTPYKTYpUPOBAHHOE 110 TeMaM (pasjieiiam)
Cemectp: 1 (Ocennuii)
1. CnexrpanpsHble nuana3onsl UK-doronpuemMurkon
Crnekrpansable  jauanasonbl  MK-doronpuemnunkoB.  OxHa  mpomyckaHusi — arMocgephbl:

KopOTKOBOITHOBBIHA, CPeHEBOIHOBBIA, IIMHHOBOIHOBBIA, CBEPXUIMHHOBOJIHOBBIA MOJINAIIa30HEI.
OCHOBHBIC MaTepuaibl, TemIeparypa OXJIaxJACeHUs (POTOUYBCTBHTENBHBIX 3JIEMEHTOB, OOBEKTHI
HaOIIOAEHU.

2. TexHomorust 0JHOPIEMEHTHBIX 1 JIMHEHHBIX DI u OITY

Texnonorust omHo37IeMeHTHBIX W JuHEWHBIX DIl m DITY. [NomynmpoBogHUKOBBIE (QOTOAUOIBI H
dotopesuctoper, Oomomerpbl. COOCTBEHHOE © TPUMECHOE TMOIVIONIEHWE W3Iy4YeHUS B
HK-doronpremunkax. KOHCTpyKIUs U TEXHOJIOTHS JIMHEEK (DOTOPE3UCTOPOB.

3. Hakomenue u mynprumiekcupoanue B OI1

Haxomnnenune n mynsrutuiekcupoBanue B @I1. 3aBucumocts poTtosnexrpuyeckux xapakrepuctuk OIT
OT BpPEMEHU HakoIUIeHUss M 4yucna dneMeHToB. Kosmdecrso BeiBonoB PII u  uactora
MYJIBTUILIEKCUPOBAHHUS.

4. Mononutasie u rubpuansie UK-poronpuemurku

Mononutaeie u tuOpuanble WK-doronpuemunku. TexHOMOTMYEeCKHEe HENOCTATKH YCTPOWCTB
HAKOIUIGHWSI M CUUTBHIBAHUS CUTHAJOB Ha ocHOBe WMK-uyBCTBUTENBHBIX MONYHPOBOAHUKOB.
Cxemorexnuka u Texnonorust kpemaueBbix [13C u KMOII BUC cuuteiBanus.

5. Texuomnorus u cxemorexunka bVC cuuThIBaHUS C TOCTPOYHBIM U KaJPOBBIM HAKOIIJICHHEM



Texnomornss m cxemorexHnka BbUC cYUTBIBaHWS C TOCTPOYHBIM M KaJ[POBBIM HAKOTUICHHEM.
Brusiare donoBoro Toka doromuona Ha BeIOOp Tumna BUC cunthiBanus. OCHOBHBIE CXEMbI SUCHKH
HakoruteHust Toka poroarona B BUC cunteiBanus. Pexxum B3H B MHOTOpSTHBIX JIMHEHKAX.

6. Texnomnorus uzrotosnenus: OII BTOPOro u TpeTbero NOKOICHUN

Texnonorust uzrotosienust GII Broporo m TpeThero mnokoneHuin. KpymHodopMaTHble MaTpryHbIE
MPUEMHUKH, ABYX-M MHOTOLBETHbIe (poTonpuemHuku. IlmanapHas, me3a u loop-hole texnomorumn
(OTOUYBCTBUTEIBHBIX JIEMEHTOB.

7. Texnomorust OTOUYBCTBUTEIHHBIX MaTepranioB DI1

Texnonorus ¢otouyBcTBUTENbHBIX MaTepuanoB PII. OcHOBHBIC MOTYNPOBOAHUKOBBIE MaTEepHAIIbI
UK-¢poronpuemarnkoB. MeToasl  BbIpAllMBaHUS  MOHOKPUCTAJUIMYECKHUX  IMOJYNPOBOIHUKOB.
[Tpenmy1ecTBa 3MUTAKCHAIBHBIX CTPYKTYP. MeETOIbI BBIPAIIMBAHMSA SMUTAKCHAIBHBIX CTPYKTYD:
MIJID, KD3, MOC. Metoapl KOHTPOJISI XapaKTEPUCTHK MaTEpUaIoB.

8. Texnomnorust rubpuanzaunu MOYD u BUC

Texnonorust rubpuauzamun MOUD u BUC. MeTtopl M3roTOBIEHUS! WHAUEBBIX MUKPOKOHTAKTOB H
WX OUMCTKM mepen ruOpuauzanueit. Ilpobiema CTOWKOCTM CHCTEMBI MHUKPOKOHTAKTOB IIPH
MHOTOKPaTHOM T€PMOLMKIMPOBAaHUU. T€XHOJIOTHs YTOHBIIECHHUS ()OTOUYBCTBUTEIBHBIX SJIEMEHTOB.

9. Texnomorusi cOOpKU ONMTOIIEKTPOHHBIX TpruOOpoB MK-nuamnazona

TexHonorus cOopKu ONTO3JIEKTPOHHBIX  NPHUOOPOB UK-nnanazona. Muxkpocsapka,
HU3KOTeMIlepaTypHble Kied. BakyymHble kpuocTarbl. MUKpOKPUOI€HHBIE CUCTEMBl OXJIAXKACHUS U
TEPMOINEKTPHUECKHUE OXTATATEIH.

5. Onucanue MaTepuaJIbHO-TeXHHYECKOH 0a3bl, He00XOMMO AJIsl OCYIeCTBICHHS 00Pa30BATEILHOIO
npouecca 1o JHCHUIIMHE (MOXYJII0)

HeobxonuMoe obopynoBaHue ISt JIEKIHN U MPAKTHUECKUX 3aHITUN: ayJIUTOPHS], KOMITBIOTED U
MYJIBTUMEIUHHOE 000pyIOBaHUE (IIPOESKTOD).

Obecrieuenue caMOCTOSTENTLHON paOOTHI: IOCTYI B ceTh IHTEpHET, JOCTYIT K PeKOMEHI0BaHHOMH
JUTeparype.

Heobxonnmoe obopynoBaHue Ui OpraHu3aiiui 1ab0opaTopHbIX padoT:

1.Crenn xoutpons BUC cunthiBanus.

2. YcranoBka rubpuanzanuu MOUD u BUC. Mukpockor.

3.YcTaHOBKa yNBTPa3BYKOBOM cBapkH. IasnbpHas craHmus.

6.IlepeyeHb pekoMeHAyeMOM JIUTEPATYPHI

OcHOBHas JIuTEparypa
1. ®unaués A.M., Tayoxun U.H., TpumenkoB M.A. TeepaoTenbHast GOTOIEKTPOHUKA.
dotopesuctopsl u GorornpuéMHblie ycrporictBa.— M.: @usmarkuura, 2012. — 368 c.
2. @unaués A.M., Tayoxun U.U., Tpumenkos M.A. TeepaorenbHas GpoTodnekrponuka. Doroaunoapr.—
M.: ®usmarknaura, 2011. — 448 c.
3. Konstantin O. Boltar, Igor D. Burlakov, Vladimir P. Ponomarenko, and Anatoly M. Filachov,
Russian development of HgCdTe technology: 50 years. - Proceedings of SPIE Vol. 7298, 2009, pp.
72982P

JomnonHurensHas aureparypa



1. ®unaués A.M., Tayoxun U.U., TpumenkoB M.A. CoBpeMEHHOE COCTOSTHUE U MarucTpaibHbIC
HaIpaBJICHUS Pa3BUTHUS TBEPAOTEIbHON (OTOANMEKTpOHUKU. — M.: @usmarkuura, 2010. — 128 ¢

2. Kypb6aros JI.H. OnTosnekTpoHrKa BUIUMOTO H HHPPAKPACHOTO JTUara3oHa crekrpa. M.:
Wznparenscto MOTHU, 1999. — 320 c.

7. llepedyeHs pecypcoB HH(POPMANMOHHO-TEJIEKOMMYHUKAIIMOHHOI ceTH ""UHTepHET", HEOOXOTUMBIX
JJI51 OCBOEHHSI TUCIMIIJIMHBI (MOTYJIs)

http://www.elsevier.com
2. http://www.elibrary.ru
3. http://www.books.google.ru

8. IlepeyeHb HHPOPMALMOHHBIX TEXHOJIOTHIi, HCIIOJIb3yeMBbIX NPH OCYLIeCTBICHUU 00Pa30BaTeJIbHOIO
npouecca o JMCUUIIMHE (MOIYJII0), BKJIIOYAs NepedeHb He00X0AUMOro NPOrpaMMHOro odecrnedyeHnst
1 MH(POPMAIHOHHBIX CIIPABOYHBIX CHCTeM (IPH HEOOXOAUMOCTH)

He ucnonssyrorcs
9. MeToauyeckue yKazaHusi AJis1 00y4arOIMXCs 10 OCBOCHUIO U CHUIIMHBI (MOIYJIs1)

CTyIeHT, NpOCIylIaBIIMKA Kypc JIEKIMH M CEeMHHApOB, BBIMOJHHUBIINK Bce J1abopaTopHble padoTHI,
JOJDKEH OBJIaeTh OOMIMM MOHSATUHHBIM anlapaToM M HAYyYUTHCS MPUMEHSATh TEOPETUYCCKUE 3HAHUS
Ha [pPaKTHKE.

VYenenrHoe ocBoeHUe Kypca Tpedyer:

1) mocemeHus: Bcex JIEKUMH M CEMHHAPOB, BBINOJIHEHUS JaOOpaTOPHBIX paloT, MpeayCMOTPEHHBIX
y4eOHBIM IUIaHOM; BEeJICHHE KOHCIIEKTOB 3aHATHH U )KypHaJla JJabopaTopHBIX paboT; aKTUBHOE y4acTHe
B 00CYX/ICHUH JICKUUI 1 CEMUHAPOB;

2) BaXXHO AOOWTHCS MOHMMAHMA M3y4aeMOro MaTepHaja, a He MEXaHHMYECKOro ero 3anoMuHaHus. [Ipu
3aTPyOHCHUN W3YYEHHUS! OTHCIBHBIX TEM, BOIPOCOB, CIENyeT OOpaliaThCsi 3a KOHCYJIbTalKed K
MPENo/IaBaTelIo Ha JIEKIUH 1 JJAGOpaTopHOil paboTe MM K TOKJIQAYMKy Ha CEMUHApe.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

110 HANIPABJICHUIO: DJIEeKTPOHMKA U HAHOZJIEKTPOHHKA

Nnpo¢uJIb NOATOTOBKH: ®Du3MKa NEePCIEeKTUBHBIX TEXHOJIIOTUI: MUKPO- U HAHODJIEKTPOHHKA
OduzTex-mkona IneKTpoHuku, @oToHnku 1 Monekynspaoit Puzuku
kadeapa QU3NIECKON AMEKTPOHUKU

Kypc: 1

kBaTuuKkanus: MarucTp

Cemectp, hopMBI IPOMEKYTOUHOH arTecTanuu: |1 (oceHHuil) - Dx3aMeH

PaszpatGoTunk: K.O. bonraps, n-p ¢u3.-mMat. Hayk



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
pemars 3a1a4u, B ToM uncie pazpadareBath 1 |[IK-1.2  CnocoGeH  BBLABHTAaTH  THUIOTE3BI, CTPOHTH
UCCIIEI0BAaTh MaTeMaTHYECKUE MOJICIIN MareMaTHueCKHe MOAENM JUIsi  OIMCAHUS  W3Y4aeMbIX

M3y4YaeMbIX SABJICHHN U MPOLIECCOB, CACTEMHO  |SBJICHHH M IPOLIECCOB, OLCHUTh KaueCTBO pa3pabOTaHHON
aHAJIM3MPOBATh HAy4YHbIEC MPOOIEMBI, TIOJIyYaTh |MOIENIN
HOBBIC HAaYIHBIC PC3YJIbTATBI I1K-1.3 CrnocobeH mnpuMeHSTh TEOpeTHUeCKue H (WIIH)

9KCIIEPUMEHTAJIBHBIE METOABI UCCIEN0BAaHUI K KOHKPETHOU
Hay4yHOM 3amade M  MHTEPIPETUPOBATh  I10JIyYEHHbIE
pe3yabpTarhl

2. Iloka3arein OLleHUBAHUS KOMIIeTeHITHH

B PE3IYIBTATC U3YUCHUA TUCHUILIJIMHBI «TexHomorus OITOSJICKTPOHHBIX HpI/I60pOB)> O6y"IaIOH_II/II\/’IC$I JOJIKCH:

3HAThb:

- (huznyeckue OCHOBHI PabOTHI U TEXHOJOTHYECKHUE OCHOBBI CO3aHUSI ONTORIEKTPOHHBIX IPUOOPOB
HK-mnanazona B TOM uucie (OTOHHBIX M TEIUIOBBIX NPUEMHHUKOB M3IIyYeHUS NPUEMHUKOB
ontuueckoro uznydenus (PII) u poronpuémurix yerpoiicts (PIIY) Ha ux ocHOBE;

- obnactu npumenenus: OI1 u OITY;

- npeaensHble mapameTpsl OII u OITY;

- OCHOBHBIE TEXHOJIOTMYECKHE NPUEMBbI U MeTonbl u3roropueHus OII u OITY;

- COBPEMEHHOE COCTOSIHHE, HAayYHO-TEXHHYECKHME U TEXHOJIOIMYECKHEe MpOOIEeMbl M HEPCHEKTHBBI
Pa3BUTHUS ONTOIEKTPOHHBIX npubopoB UK-auanaszona.

yMeThb:

- OLEHWTh M AapryMEHTHPOBaTh IPHUMEHEHHE ONTOIEKTPOHHBIX mnpubopoB HMK-auanasona mnpu
pEIIEeHNH KOHKPETHBIX TEXHUUECKHUX 33]1a4;

- ONPENEIUTh TEXHUUECKNUE BO3MOKHOCTU MMEIOLIEHCS TEXHOIOIMH U3TOTOBJICHUS] ONTORIEKTPOHHBIX
npudopos UK-auanazona miist cozpanus OIIY ¢ 3agaHHBIMEA XapaKTepUCTUKAMU;

- OIpeleNATh IpPENeNIbHbIH M peajbHO JOCTHXKHUMBIM YpPOBEHb IapaMeTpoOB ONTORIEKTPOHHBIX
npudopos UK-ananazona no umeromencs: TEXHOIOTHUH;

- OIECHHWTh TpeOOBaHUS K HeIoCTamlleMy obOopyroBaHuio sl cosfganus OIIY c¢ 3ajgaHHBEIMH
XapaKTepUCTUKAMHU.

BJIaJeTh:

3. ep

4. Ilep

- 3HAHUSMH W HaBBIKAMU OTJICNBHBIX ONEpaIfii 10 HM3TOTOBJICHHIO OINTOIEKTPOHHBIX MPHOOPOB
HK-aunama3ona;
- METO/IaMH1 BBIOOpA TEXHOJIOTUH MPH CO3/IaHUH HOBBIX THUIIOB ONMTO3JICKTPOHHBIX IPUOOPOB.

€4YCHb THUIIOBBIX (l'lpl/IMeprIX) BOIIPOCOB, 33}131{1/1]7[, TEM JIA MOATOTOBKH K TEKYIIEMY KOHTPOJIIO

C 1enplo0 KOHTPOJIS OCBOEHHS OOy4aroIMMHUCS Yy4eOHOro Marepuana MpOBOAUTCS YCTHBIH ONpoC B
HayaJje 3aHATUSA 110 TeEME IPOIUIOHN JIEKIIMH WM B KOHIIE 3aHATHUS IO IPOWIEHHON TeMe.

€4C€Hb THIIOBBIX (npnMepme) BOIIPOCOB U T€M /1JIAl IPOBEACHUA HpOMe)KyTO‘IHOﬁ aTTeCTalluu

o0yuyarommxcst

Bomnpocs! a5 TOATOTOBKY K 9K3aMEHY:

1. Kak cBsd3aHbl onTHManbHas TeMmIeparypa (OTOUYBCTBHTEIBHOTO JJIEMEHTa M CIEKTPajIbHBINA
nuanasoH (oronpueMHuka?

2. Kak cBszaHel TeMmmepaTypa OOHapy)XKMBaeMbIX OOBEKTOB U CHEKTPAJbHBIM JHana3oH
¢doronpremMHnka?



3. B uem mpeumymiectBa M HENOCTAaTKH (DOTONPUEMHHMKOB C COOCTBEHHBIM U TNPHUMECHBIM
MTONIOIIEHUEM U3ITyYEHUS.

4. Kak yncno curHanbHbIX BeiBooB DIl BiuseT Ha KaApOBYIO YACTOTY M TEIUIONPUTOKU BaKyyMHOTO
Koprryca?

5. B uem npenmymectBa kpemaueBbix bBUC cunteiBanus?

6. Kak Biusier Bpemst HakoruieHus: B BUC cunThiBaHNs Ha 4yBCTBUTENBHOCTD (DOTIIPHEMHNKA?

7. B uem npeumymiectBa pexxuma B3H B «xonmogHoit 30HE»?

8. CKONbKO TPaH3UCTOPOB JOJDKHA COAEpKaTh siuekika HakorwieHus: BUC co cTpodHbIM HaKoIUIeHHEM?
9. CKONBKO TPaH3UCTOPOB JOJDKHA colleprkaTh sueiika Hakoruienus bUC ¢ kanapoBsiM HakorieHueM?
10. Kakue TeXxHOIOTHY OTPaHUYMBAIOT (hOpMAT MaTPUYHBIX POTONPUEMHHUKOB B HACTOSIIIICE BpeMsi?

11. Kakoii Hanboiee mpuMeHsIeMbIi OTynpoBOoIHUKOBLIH MaTepuan UK-poronpruemunkos? B uem ero
npeuMymiecTBa?

12. Ha30BUTE OCHOBHBIE IOCTOMHCTBA PA3IMYHBIX METOAOB BBIPAIMBAHNS SITUTAKCHAIBHBIX CTPYKTYD:
MIJID, KP3, MOC.

13. Ha3oBuTe OCHOBHBIE METO/IbI KOHTPOJIS XapaKTEPUCTHK MATEPUaIOB.

14. Ha3oBuTE OCHOBHBIE CIIOCOOBI M3TOTOBJICHHUS MHINEBBIX MUKPOKOHTAKTOB.

15. 3auem pUMeEHSIETCS] TEXHOJIOTUS YTOHBIIEHUS (POTOUYBCTBUTEIIBHBIX HIEMEHTOB?

16. B Kakux CHEKTpaJbHBIX NOAMANa30HaX MWCHOJIB3YIOTCS Ul OXJaXAEHHS (OTHPUEMHHUKOB
MHUKPOKPHUOTCHHBIE CUCTEMBI OXJIAKACHUS U TEPMOBJICKTPUIECKUE OXJIaIUTEITH?

17. Ot oxJia)kgaeMoro ysja Ha BBIXOAHOM pa3beM KOpIyca HIyT METa/UTM4ecKHe BbIBOAbI. Kakas
TEIJIOTa TOABOAMUTCA K OXJXKIAEMOMY Y3y uyepe3 Kaxzablid BbiBoA. Temmeparypa dUD 80K,
temrieparypa kopiryca 300K. Pazmeps! BeiBogoB: mmnHa 1 cM, quametp: 1) 3omoto ¢ d=30, 2) ruratuHa ¢
d=20.

18. Ilocunrtare, Kaky0 EMKOCTh MOXHO pa3MmecTuTh Ha ruiomiaan 20x20 mukpon BUC cuuteiBanwus,
ecau nuanektpuk Si02, TonmuHa 40 HM.

19. Ha kakoe paccTosiHHe CMEIAoTCsl HHANEBble MUKpOKOoHTakThl MOUD Ha nomnoxke CdTe (GaAs)
u kpemaueBoil BUC cuuteiBanus MOITY ¢opmara 256x256 ¢ marom 30 MkMm nipu oxnaxkaeHuu 1o 80
K?

20. ComporuBinenne KpeMHUeBOW momiokkun 90 Om/cm. Uemy paBHa KOHIIGHTpAlUsl IIBIPOK B
MOJIOKKE?

21. YeMy paBeH MakCHMaJbHbIM pa3Mep Iy3blpbKa B Kil€€ IIPU BCKPBITUM KOTOPOTO TEIUIONEpeaada 3a
CUET OCTaTO4YHBIX ra3oB B Kpuoctare oobemoMm 10 cM3 m miomansio xoioaHoi yactu 30 cMm2 He
npeBbsicut 300 MBT?

[Tpumeps! 3K3aMEHAIIMOHHBIX OMIIETOB.

[Ipumep 1.
1. CKoNbKO TPaH3UCTOPOB JOJHKHA CONlEeprKaTh sueiika HakoruieHus bYC co cTpoYHbIM HakKoIJIeHHEM?

2. Ha kakoe paccrosinue cMemarTcess nHaneBble MUKpoKoHTakTel MOUD Ha nomnoxke CdTe (GaAs) u
kpemuaueBoit BUC cuuteiBanust MOITY dopmara 256x256 ¢ marom 30 MkM nipu oxyaxaeHuu o 80
K?

[Ipumep 2.
1. Ha3zoBuTe OCHOBHBIE METObI KOHTPOJIS XapaKTEPUCTUK MaTEPHAIIOB.

2. OT oxJIa)XIaeMOro y3ja Ha BBIXOAHOH pa3beM KOpIyca MAYT MeETaJuIndecKue BbIBoabl. Kakas
TEIJIOTa TOABOAMUTCA K OXJKIAeMOMY Y31y 4epe3 Kaxzablii BbiBoA. Temmeparypa dUD 80K,
temrieparypa kopiryca 300K. Pazmeps! BeiBogoB: mmnHa 1 cM, quametp: 1) 3omoto ¢ d=30, 2) ruratuHa ¢
d=20.

Kpurepun onennBanus
10 6aitnos — (ITIPEBOCXOIHO):

*  CHCTEMaTH3MPOBAaHHbBIC, IIyOOKHE M ITIOJHBIC 3HAHMS MO BCEM pasJeiiaM yueOHOIl Imporpammel, a
TaKXe 110 OCHOBHBIM BOIPOCAM, BBIXOSIINM 32 €€ TPEIeITbI;

. TOYHOE HCIOIb30BAaHUE HAYYHOH TEPMUHOJIOTHH (B TOM YHCJIE€ HAa WHOCTPAHHOM SI3BIKE),
CTHJIUCTUYECKH TPAMOTHOE, JIOTHYECKH MPABHIBHOE M3JI0KCHHE OTBETA HA BOIIPOCHI;

*  OesymnpedHoe BIAJCHHEC HHCTPYMEHTapHeM Y4eOHOW IMCIUILTUHBI, yMEHHE ero 3(pQPEeKTHBHO
UCIIONTb30BaTh B TIOCTAHOBKE U PEILICHUU HAYYHBIX U MPO()ECCHOHATIBHBIX 3a/1a4;



. BBIPKCHHAs! CIOCOOHOCTh CAMOCTOATEILHO M TBOPYECKM pEILIaTh CIIOXKHbBIE NPOOJIeMbI B
HECTaHJapTHOH CUTYyalllH;

*  TOJHOE M DIIyOOKOE yCBOEHHE OCHOBHOM M JONOJHHUTENBHON JUTEparyphl, PEKOMEHJOBAaHHOMN
y4eOHON MPOrpaMMOi TUCTIMITIINHEI;

* YMEHHUE OPUEHTHPOBATHCS B TEOPUAX, KOHLENIMIX U HallpaBIEHUAX 10 U3y4aeMOM AMCLUIUIMHE U
JaBaTh UM KPUTHYECKYIO OLIEHKY, HCIIOJIb30BATh HAYYHBIE JOCTHKEHMS IPYTUX JUCIUILINH;

*  TBOpYECKas CaMOCTOATENIbHAs PabOTa Ha NPAKTUUYECKHX, JIAOOPATOPHBIX 3aHATUSAX, AKTUBHOE
ydacTue B IPYIIOBBIX 00CYXKJICHUSAX, BBICOKUH YPOBEHb KYJIBTYpbl HCIIOTHEHHS 3aJaHuil.

9 6amto — (OTJIMYHO):

* CHUCTEMaTU3UPOBAHHbIC, NTyOOKHE U MOITHBIE 3HAHMS 110 BCEM pa3zieiaM yueOHOM mporpaMmel;

. TOYHOE MHCIIOJIb30BAHUE HAy4YHOM TEPMHHOJIOTUM (B TOM YHCJIE Ha HMHOCTPAaHHOM S3BIKE),
CTWJINCTUYECKH IPaMOTHOE, JIOTHUECKH MPABUIIbHOE U3JI0KEHUE OTBETA Ha BOIPOCHI;

*  BIAJCHUE MHCTPYMEHTApUEM Y4YeOHOW IMCLUIUIMHBL, yMEHUE ero 3((EeKTUBHO HCIOJIB30BaTh B
MOCTAHOBKE U PEIIEHUH HAYYHBIX U NPO(eCcCHOHATBHBIX 33/1a4;

*  CIOCOOHOCTb CAaMOCTOSITENIFHO M TBOPUYECKH peEIIaTh CIOXKHBIE MPOOJIIEMBbl B HECTaHAAPTHOM
CUTyallud B paMKaxX Yy4eOHOW INporpamMMbl, IIOJHOE YCBOCHHE OCHOBHOM U JONOJHUTEIbHOU
JUTEPaTyphl, PEKOMEHA0BAaHHON Y4eOHON MpOrpaMMOil TUCIUIIIINHEI;

*  yYMEHHE OpPHUEHTUPOBATHCS B OCHOBHBIX TEOPHSX, KOHLEMIMAX M HANpPaBICHUAX IO H3y4acMOU
JUCLUIUIMHE U 1aBaTh UM KPUTHYECKYIO OLEHKY;

*  caMocTofATeNbHas paboTa Ha MPAKTHYECKHX, JJAOOPAaTOPHBIX 3aHATUSAX, TBOPUECKOE ydacThE B
IPYNIIOBBIX 00CYKICHUSAX, BHICOKUH YPOBEHB KYJIBTYPbI HCIIOJTHEHHS 33 JaHHMH.

8 6amnoB — (IIOUYTHU OTIIMYHO):

* CHCTEMaTU3WPOBaHHbBIC, IyOOKHE M IOJHBIC 3HAHMS [0 BCEM IOCTABJICHHBIM BOIpOcaM B 00beMe
y4eOHOH MPOrpaMMbl;

*  HCIOJb30BaHUE HAYYHOH TEPMHUHOJIOTMH, CTWJIMCTUYECKH I'PaMOTHOE, JIOTMUYECKU IIPaBUIIBHOE
W3JI0KEHUE OTBETA Ha BOIIPOCHI, YMEHHUE JeJIaTh 000CHOBaHHBIC BHIBOJIBL;

* BJIAJICHUE MHCTPYMEHTApHEM YUeOHOU IUCHUILIMHBI (METOIAMHU KOMIUIEKCHOTO aHajn3a, TeXHUKOM
MH(QOPMAIMOHHBIX TEXHOJOTUH), YMEHHE €ro HCIOJIb30BaTh B IOCTAHOBKE M PEIICHUHM HAyYHBIX U
npoeCCHOHANBHBIX 3a7[a4; CIIOCOOHOCTh CAMOCTOSITENIFHO pPElIaTh CIIOKHBIE NPOOIEMBI B PaMKax
y4eOHOH MPOrpaMMbl;

*  YCBOCHHME OCHOBHOW W JIOTIOJHUTEJIHLHOW JUTEPaTyphl, pEKOMEHIOBAHHON y4eOHOH MpOrpaMMoit
JVCLUUTUTHHBL,

*  YMEHUE OpPUEHTUPOBATbCS B OCHOBHBIX TEOPUSAX, KOHLENUUAX U HAIPABICHUAX IO U3ydaeMOMU
JUCUMIUIMHE W JaBaTh MM KPUTHYECKYIO OLIEHKY C IO3WIHUI TOoCyJapCTBEHHOH wHIeojaoruu (1o
JUCLUIUIMHAM COLUAJIbHO-I'YMaHUTAapHOIO LIUKJIA);

* AaKTUBHAas CaMOCTOsTEeNIbHAs paboTa Ha MPAKTHYECKHUX, JTa0OPATOPHBIX 3aHIATUSIX, CHCTEMAaTHUECKOe
y4acTHe B IPYNIIOBBIX 00CYKICHUSAX, BHICOKUN YPOBEHB KYJIBTYPbl HCIIOTHEHHS 33 JaHHMA.

7 6anoB — (OYEHb XOPOLIO):

* CcHCTEMaTU3UPOBAHHbBIE, ITTYOOKHE U MOJIHBIE 3HAHUS 110 BCEM pa3zieiaM yueOHOH MporpaMmbl;

* HCIIONB30BAHME HAYYHOW TEPMUHOJIOTHH (B TOM YHCJIE€ HA HHOCTPAHHOM SI3bIKE), IMHIBUCTUYECKH H
JIOTMYECKH MPAaBUIIBHOE M3JI0’KEHHE OTBETA Ha BONIPOCHI, YMEHHUE JeNlaTh 000CHOBAaHHBIE BBIBOIBI;

* BJAJCHHE MHCTPYMEHTapHeM y4eOHOW NUCHUIUIMHBI, YMEHHE €ro HMCIOJIb30BaTh B IOCTAHOBKE U
pEIIEHUH HAay4YHbIX U MPO(eCCHOHANBHBIX 3a1ay;

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

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

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

6 6autoB — (XOPOILO):

* JIOCTaTOYHO IOJHbIE U CHCTEMAaTH3UPOBAHHBIC 3HAHUS B 00beMe yueOHO! MporpaMMsl;

*  HCHOJIb30BaHUE HEOOXOIUMOI HAay4YHOW TEPMHMHOJOIHMH, CTHJIMCTUYECKH I'DPAaMOTHOE, JOTHYECKU
MPaBUIILHOE U3JIOKEHUE OTBETA Ha BOIPOCHI, YMEHHE AeNaTh 000CHOBAaHHbBIE BHIBOJBL;

*  BIAJICHUE HMHCTPyMEHTapHeM y4eOHON IMCIUIIMHBL, YMEHHE €ro HCIOJb30BaTh B PEIICHUU
y4eOHBIX U MPodecCHOHANBHBIX 3a[a4; CIIOCOOHOCTh CAaMOCTOSATEIEHO MPUMEHSITh TUIIOBBIE PEIICHUS
B paMKax y4eOHOW MpOrpaMMel;

* YCBOCHHE OCHOBHOU JINTEPATYPbI, PEKOMEHJOBAHHOW yUeOHOM MpOrpaMMON JTUCITUTUTUHBL



*  yMEHHE OpPHEHTHPOBAThCA B 0A30BBIX TEOPHSX, KOHIEMUUSAX M HANpaBICHUSAX MO H3ydaeMOi
JUCUMIUIMHE W JaBaTh MM CPaBHHUTEJIbHYIO OLICHKY; AaKTHBHAas CaMOCTOsSTElIbHas pabora Ha
MPaKTHYECKUX, J1a0OPaTOPHBIX 3aHATUAX, IMEPUOAMYECKOE YYaCTHE B TIPYHIOBBIX OOCYKACHUSX,
BBICOKHUH YPOBEHB KYJIBTYPbI HCIIOTHEHUS 3aJaHUN.

5 6amnoB — (IIOYTHU XOPOILO):
* JIOCTaTOYHBIC 3HAHHA B 00beMe Y4EOHOH MPOTrpaMMBL;

° HCITIOJIB30BaHHEC Hay‘IHOI\/’I TCPMUHOJIOTUH, CTUIUCTUYCCKU TI'PaMOTHOC, JIOTUYCCKH IIPABUIIBHOC
H3JIOXKCHUC OTBETA Ha BOIIPOCHI, YMCHUC €J1aTh BbIBOADI,

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

* CrOCOOHOCTH CAMOCTOSATEIBHO MPUMEHATH THUIIOBBIE PELICHHUS B PAMKax Y4eOHON IMPOrpaMMbl;
* YCBOCHHE OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBAaHHOW y4eOHOM MPOrpaMMON AUCIUIINHBL

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

*  camocTosTenbHas padoTa Ha IMPAaKTHUECKUX, JaOOPAaTOPHBIX 3aHATHAX, y4acTHE B TPYyIMIIOBBIX
00CYXIICHUSX, BBICOKHI YPOBEHb KYJIBTYpPhl HCIIOJTHEHUS 3aJaHUH.

4 6amna — (YOBJIETBOPUTEJIBHO), 3AYTEHO:
* JIOCTaTO4YHBIN 00BEM 3HAHUU B paMKax 00pa30BaTeIbHOIO CTAHAAPTA;
* YCBOCHHE OCHOBHOM JIUTEPATYPbl, PEKOMEHJOBaHHOW y4eOHOM MpOrpaMMON AUCIUIIINHBL

*  HCIOJNb30BAaHHWE HAYYHOU TEPMUHOJIOTMH, CTUIUMCTUYECKOE U JIOTMUECKOE H3JI0KEHUE OTBETa Ha
BOTIPOCHI, YMEHHE JIeTIaTh BLIBO/IBI 0€3 CYIIECTBEHHBIX ONIHOOK;

*  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 TCOPHUSX, KOHLEMIMSIX W HAMPABICHUSIX IO U3y4aeMoil
TUCITUIUIMHE U 1aBaTh UM OLIEHKY;

. paboTa mOA PYKOBOJACTBOM IIPENOAAaBaTelsl HAa MPAKTUYECKUX, Ja0OpaTOPHBIX 3aHATHAX,
JOITyCTUMBINA YPOBEHB KYJIBTYPbI HCTIOIHEHUS 3aJaHHH.

3 6amna — (HEYJOBJIETBOPUTEJIBHO), HE3AYTEHO:
* HEJOCTaTOYHO IMOJHBIA 00bEM 3HAHMI B paMKax 00pa30BaTeIbHOTO CTaHJAPTa;
* 3HAHHME YaCTH OCHOBHOH JINTEPATyphl, PEKOMEHIOBAaHHON y4eOHOH MPOrpaMMOi TUCIUILINHE;

° HUCIIOJIB30BaHUEC Haquoﬁ TCPMUHOJIOTUH, H3JIOKCHUC OTBCTA HAa BOIIPOCHI C CYHICCTBCHHBIMU
JJUMHI'BUCTUYCCKHUMU U JIOTHYCCKHUMHA OHH/I6KaMI/I;

*  ciaboe BIAJIEHUE HMHCTPYMEHTapueM Y4YeOHOH AMCIMIUIMHBI, HEKOMIETEHTHOCTh B PEIICHHU
CTaHJAPTHBIX (TUIOBBIX) 3a/1a4;

. HEYMEHUE OPHUEHTUPOBATHCS B OCHOBHBIX TEOPHUSX, KOHLECMIUSAX U HANMpaBICHUSX H3ydaeMoul
JIMCLMILINHBI,

* TACCHBHOCTh Ha MPAKTUYECKUX U JIAOOPATOPHBIX 3aHATHUSAX, HU3KHI YPOBEHb KYJIBTYPhI UCTIOTHEHUS
3aIaHUH.

2 6amra — (HEYIOBJIETBOPUTEJILHO):

* (hparMeHTapHBIC 3HAHUS B paMKax 00pa30BaTEIbHOTO CTaH/IaPTa;

. 3HAHWS OTAETBHBIX JINTEPATYPHBIX HCTOYHUKOB, PEKOMEHJIOBAHHBIX YYEOHOW MPOrpaMMOin
JUCIUTIINHEL,

. HEYMEHHE HCIIONb30BATh HAYYHYH) TEPMHUHOJIOTHIO JUCIMILIMHBI, HAMYUE B OTBETE TIPyObIX
CTHJIMCTHYCCKUX U JJOTMYECKUX OIIUOOK;

* IMaCCHBHOCTH HA NMPAKTHYECKUX U Ja00PaTOPHBIX 3aHATUAX, HU3KUHA YPOBEHb KYJIbTYPHl UCIIOTHEHUS
3aJIaHUM.

1 6amt — (HEYIOBJIETBOPUTEJILHO):

* OTCYTCTBHE 3HAaHMH M KOMIIETCHLIMI B paMKax 00pa30BaTeIbHOIO CTaHAapTa UM OTKa3 OT OTBETA.

5. MeTonuveckne MaTepuabl, onpeneasione Npouexypbl OLeHUBAHUA 3HAHUI, YMeHH I, HABBIKOB H
(W) onbITA AESATEJILHOCTH

[Ipu npoBeneHnn sk3aMeHa obydaromeMycs npeaocraisercs 10 60 MUHYT Ha MoArotoBky. Ompoc
oOyyaromierocsi mo OujeTy He JODKEH MPEBBINIATh ABYX ACTPOHOMHUYECKHX YAacOB B YCTHOHM M (MIIN)
MUCHMEHHOM (hopMe.



