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

YTBEPXKJAEHO
JupexTop HHCTUTYTA HAHO-, 0KO-,
HH(POPMALMOHHBIX, KOTHUTHBHBIX
U COLMOTYMAHUTAPHBIX HAYK U
TEXHOJI0T Uil

II.A. ®opm

Pabouast nporpamMma JMCIMIIMHBI (MOXYJIsT)

MO0 AMCIHUIIHHE: MornekynsipHas 2IeKTPOHUKA

10 HAMPABJIEHUIO: [MpuknagHpie MaTemMaTHKa U Qpu3nka

npo¢uIb NOArOTOBKH: KonBepreHnTHble HaHO-, OMO-, THPOPMAIIMOHHBIC H KOTHUTHBHBIC TEXHOJIOTHU
®dusrex-1IKoia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONorui nM. 1.B.
Kypuatosa
kadenpa HaHO-, OMO0-, HTHPOPMAITMOHHBIX Y KOTHUTUBHBIX TEXHOJIOTUH

Kypc: 1

KBaJIMpUKALUS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH arTectanuu: 1 (oceHHUH) - DK3aMeH

AynutopHbIX 4acoB: 60 Bcero, B TOM 4HCIIE:
nexuuu: 30 gac.
cemuHapsl: 30 gac.
nabopatopusie 3ansaTus: 0 gac.

CamocrositensHas padora: 45 yac.
[TonroroBka k 3x3ameny: 30 yac.

Bcero gacos: 135, Bcero 3a4. ex.: 3

[Iporpammy cocrasuin: I'.C. [1noTHUKOB, TOKTOP HayK, podeccop, mpodeccop

[Iporpamma obcyxaeHa Ha 3aceqanuu Kadenpsl HAaHO-, OMO-, THPOPMALMOHHBIX ¥ KOTHUTHBHBIX TEXHOJIOTUH
18.03.2020



AHHOTANMA

Heo6xoaMMoCTh M3yueHHsS OCHOBHBIX NPHHLUIIOB MOJEKYISPHOW 3JIEKTPOHHMKH CBfi3aHA C DPa3BUTHEM
HAHOTEXHOJIOTHI U OMOTEXHOJIOTUH, KOTOPbIE PEaJIbHO MTO3BOJISIOT KOHCTPYHUPOBATh U CO3/1aBaTh MarepHalibl C
3aJJaHHBIMH YHUKAJIbHBIMHU (PU3NYECKUMHU U XUMHUYECKUMHU CBOHCTBAMH.

1. lean u 3apa4n

Henp AucoMnInHBI
- OCBOCHHME CTy/IeHTaMH (pyHJaMEHTaJIbHbBIX 3HAHUH B 00JIACTH MOJICKYJIIPHOM AJIEKTPOHUKH;

- W3y4YeHHE IIUPOKOTO Kpyra BOIIPOCOB, KAaCAIOUIMXCS MEXaHW3MOB Iepenadn HHQPOpMaIMu B
MOJIEKYJISIPHBIX CHCTEMAX;

- O3HaKOMJICHWE C TIPUHIMIIAMH TIOCTPOCHHUSI DIEMEHTHOW 0a3bl YCTPOWCTB MOJEKYISIPHON
UIEKTPOHUKNA W TEXHOJIOTMYECKUMH MpPUEMAMM CHHTE3a HAHOCTPYKTYp, HCIHOJB3YEMBIX B TaKHX
YCTpOMCTBaX.

3agauu AU CHUIIHHBI

- (¢opmupoBaHue 0a30BBIX 3HAHHW B OOJACTH MOJEKYJISPHOW OJIEKTPOHUKH KaK JIHCIHILTHHBL,
HWHTETPHUpPYIOLIeH 00MePU3NIECKYIO U 00IIETEOPETHYECKYIO MOJITOTOBKY (PH3UKOB M 00ECTIeUHBAIOIEH
TEXHOJIOTUIECKUE OCHOBBI COBPEMEHHBIX HHHOBAIIMOHHBIX c(hep AeSTeILHOCTH;

- oOyueHHE CTYIEHTOB TPUHIOMIIAM M TEXHOJIOTMYECKHE MPHEMbl CHHTE3a HAaHOCTPYKTYD,
UCIOJIb3YEMBIX B TAKUX YCTPOMCTBAX;

- ¢opMmHpoBaHHE TOJAXOAOB K BBIMOJHCHUIO HCCIEAOBAHUN CTylIeHTaMH B o0Omacté OWo U
MOJICKYJISIPHOH 2JIEKTPOHUKHU B PaMKaX BBIITyCKHBIX pa0OT Ha CTENIEHb MarucTpa.

2. Ilepeyens opMupyeMBbIX KOMIIETeH M

OcBocHue AUCHUIIJIMHBI HAIIPABJICHO HA (bOpMI/IpOBaHI/Ie CIeayronux KOMHGTGHL[I/Iﬁi

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

VYK-2.1 ®opmynupyet B pamkax 0003HAYCHHON MPOOJIEMBI,
Lenb, 3aJaud, AakTyalbHOCTb, 3HAUYUMOCTb (HAay4dHYIO,
MPaKTUYECKYI0, METOANYECKYIO U MHYIO B 3aBUCHMOCTH OT
TUIA TIPOEKTa), OXHUIAEMbIE PpE3yJIbTaTbl U BO3MOXKHBIE
cdepbl UX IPUMEHEHUS

YK-2.2 Crnocoben MIPOrHO3UPOBAThH pe3ynbTar
AEATEIBHOCTH M IUIAHUPOBATh IOCIIEA0BATEIBHOCTD ILIAroB
I JAOCTIDKCHUS JaHHOTrO  pesynbrara. Dopmupyer
wiaH-rpaQuK peanu3alyd [pOeKTa B LEJIOM U  IUIaH
KOHTPOJISI €T0 BBHITTOJTHEHUS

YK-2 CnocoGeH ynpasiaTh IPOEKTOM Ha BCEX
JTamax ero peajn3aun

VYK-2.3 CniocobeH opranu3oBaTh 1 KOOPAMHUPOBATH paboTy
YYaCTHUKOB IpOEKTa, obecreunBarh paboTy KOMaHIbI
HEOOXOIMMBIMU PeCypcaMu

VYK-2.4 TpencrapnsieT myOIUYHO pe3yNbTaThl IpoeKTa (WIn
OTHENBHBIX €ro JTanoB) B (opMe OTYETOB, CTaTei,
BBICTYIUICHMH Ha HAyYHO-NIPAKTUYECKUX KOH(EepeHIusX,
ceMUHapax | T.II.

OIIK-1.1 3HaeT W cHocoOGH  MCIONbL30BaTh B
Mpo(eCCUOHANBHON  JIEATENBPHOCTH  (PyHJAaMEHTAIIbHBIC
HAy4HbIC 3HAHUS B 00JaCTH (U3NKO-MATEMATHICCKUX HAYK

OIIK-1 Bnaneer cuctemoit pynnamentransabix |OIIK-1.2 CrnocobeH 0600marh U KPUTHYECKH OIICHUBATH
Hay4YHBIX 3HAHUH B 00JacTu OIBIT M PEe3yJbTaThl HAYYHBIX HCCIICJOBaHUI B 00IacTu
(HU3MKO-MaTEMaTHYECKUX HAyK npo(heCCHOHATBHOM ESTENbHOCTH

OIIK-1.3 [TonnMaeT MEeXANCLIUIIMHAPHBIC CBS3U B O0OJIACTH
MareMaTHuK ¥ (U3UKH U CHOCOOCH HMX MPHMEHSTH IPH
peleHun 3a1a4 NpoQeccCuOHaNBHON AEATENbHOCTH




OIIK-2.1 NmeeT npeacTaBieHne O COBPEMEHHOM COCTOSTHUU
HCCIICAOBAaHUM B pPaMKax TeMaTW4YecKoil obmactu cBoei
npodeccuoHaIBHON 1S TeTbHOCTH

OIIK-2 Nmeer npeacrasnenne o0 akryanpHbix |OITK-2.2 CrniocoGen OLICHUBATh AKTyaJIbHOCTh
npobiemMax HayKd U TEXHUKH B 00JIACTH CBOEH |Mcciie/ioBaHU B o0mactu  cBoeld  mpodeccroHalbHON
poeCCUOHANBHOM eI TENFHOCTH, CIIOCOOCH | ASSTENBHOCTH U UX MPAKTHYECKYI0 3HAYUMOCTD

Ha HAYYHOM SI3bIKE (POPMYIMPOBATH OIIK-2.3 Brnaneer mnpodeccHOHAIbHON TEpMHHOJIOTHEH,
PO(eCCHOHAIBHBIC 324K WCIIONIb3yEMOH B COBPEMEHHOM  HAy4YHO-TEXHUYECKOU
aurepatype, o0J1aaeT HaBBIKAMHM YCTHOTO M IMHCbMEHHOTO
W3JIOKEHUS PE3YJIBTaTOB HAyYHOW JESATENBHOCTH B pPaMKax
npodeccuoHaIbHONH KOMMYHHUKAIUU

OIlK-4.1 CnocobeH NpPUMEHATh 3HAHUST M HABBIKU TIO
HCIOJIb30BAHUIO “H(OPMALIMOHHO-KOMMYHHUKAIIHOHHBIX
TEXHOJIOTUI Ul TIOMCKA M U3YYEHUS] HAy4YHOU JIUTEPATypHl,
MPUMEHEHHsI IPUKJIAHBIX TPOTPAMMHBIX IPOIYKTOB

OIIK-4 Crioco0eH ycIeniHo peain30BbiBaTh
pelleHue MOCTaBIeHHOH 3a/1a4, IPOBECTU

aHaNIM3 pe3yNibTara U MPeJICTaBUTh BBIBOJBL,
MIPUMEHSS 3HAHUS U HABBIKU B 00JIACTH
(hU3MKO-MaTeMaTHIECKUX HAyK U
MH()OPMAIMOHHO-KOMMYHUKAITHOHHBIX
TEXHOJIOTHH

OIIK-4.2 CrnocobeH mNpuMeHATh 3HaHUS B o0JacTu
(bHU3MKO-MaTEMaTHYECKUX HayK JUIS PeIICHUs IOCTaBICHHOM
3agaud, GOPMYIUPOBAHUS BHIBOAOB U OLIEHKU MOJTYYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS] HAYYHOTO HCCIICOBAHUS

3. IlepevyeHnb MJIAHUPYEMBIX Pe3yJIbTATOB 00yUE€HUS MO JUCHUILIHHE (MOXYJII0)
B pesynbrare ocBOCHHS TUCIUTUIMHBI 00YYaIONTHUECs JOKHEI
3HaTh:
- MECTO W POJIb OOIINX BOMPOCOB HAYKU B HAYYHBIX UCCIICTOBAHMSX;
- COBpEMEHHbBIC TTPOOJIEMbI (PH3UKH, XMMHH, MATEMATUKH;
- TeOpeTHUYECKUE MOJIeH (DyHITaMEHTaIbHBIX MTPOIECCOB U SIBIICHUH B (DU3HKE U €€ PUIOKEHUSIX;
- OPUHIUIBI CAMMETPHUU U 3aKOHBI COXPAHEHUS;
- HOBEHUIIINE OTKPBITHS €CTECTBO3HAHNUS,
- IIOCTaHOBKY MPOOIeM PU3NKO-XUMUIECKOTO MOJICIIUPOBAHHS,
- 0 B3aUMOCBS3SX ¥ PyHIaMEHTAILHOM €IMHCTBE €CTECTBEHHBIX HAyK.
YMETh:
- 3¢(eKTUBHO HCITOJIb30BaTh HA MPAKTUKE TEOPETHUYSCKHE KOMITIOHCHTHI HAYKW: TOHSITHS, CYXKICHUSA,
YMO3aKJIIOU€HHU, 3aKOHBL;
- OPEICTaBUTh NAHOPAMY YHUBEPCAIBbHBIX METOJOB U 3aKOHOB COBPEMEHHOI'O €CTECTBO3HAHMSI;
- abcTparupoBarbCs OT HECYNIECTBEHHBIX BIUSHUM TpPHU MOJCIVPOBAHWU PEANTBHBIX (PH3MUECKUX
CUTYALIUii;
- IJTAHUPOBATH ONTUMAIBHOE MPOBECHUE IKCTIEPUMEHTA.
BIIA/IETh:
- IUNTAHUPOBAHUEM, TIOCTAHOBKOUM 1 00pabOTKOM Pe3ylnbTaToB (PH3UIECKOTO IKCTICPUMEHTA;
- HAy4HOW KapTUHOU MUpa;
- MaTeMaTHYeCKIM MOJIEITUPOBaHNEM (DU3MUSCKHUX 3a]1ad.

4. Coaep:xanue TUCUMILIUHBI (MOYJIs), CTPYKTYPHPOBAHHOE 10 TeMaM (pa3iesiaM) ¢ yKazaHueM
OTBEJICHHOI'0 HA HUX KOJMYECTBA AKAAEMHYECKUX YaCOB 1 BH/I0B Y4eOHBIX 3aHATHI

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

TpyaoeMKoCTb IO BHIaM y4eOHBIX 3aHSATHH, BKITIOUAs
CaMOCTOSITENIbHYO padoTy, Jac.

No Tema (pa3nen) TUCIUTUTMHBI
Camocr.
Jlekrum | Cemunapsr | JlaGopar. paboTs
pabora
1 bespzmyuarensHble IpoLecchl nepeHoca ) 3 )
SHEPTUH HEKTPOHHOTO BO30YXKICHHS.




Bsenenmne.

W

JBwxeHne  HocuTened  3apsga B
MOJIEKYJIAPHBIX KpUCTaJIaX.

[\

[\

3aroMyHaHNe, XpaHEHUEe U nepepadoTka
MH(pOpMALNU HAa MOJICKYJIIPHOM YPOBHE.

MornekyisipHble KpUCTAILIBI.

OCHOBHBIE SKCIICPUMEHTAJIbHBIC METOABI
HU3YUCHUA TOHKHUX MOJICKYJIIPHBIX CJIOCB.

[Inenxku JIanrmropa-bnomxert (JIB).

W[ W N B

0 [Q] &N || B

Tlonumepsl: CTPYKTYpa U BIIEKTPUUECKUE
CBOMCTBA.

NSRS N S R S 1

[NS TR BN N N\ R O 3 B OS)

[IpuHIMI caMooOpraHU3alry OTAEIHHBIX
MOJIEKYIISIPHBIX KOMITIOHEHTOB
HMHTETrPaJbHBIX CXEM.

10

CuHIIIEeTHBIE 3KCUTOHEL. COJIUTOHEL.

11

SHGKTpOHHaﬁ OpOBOAUMOCTD
MPOTAXKCHHBIX MOJICKYJIAPHBIX CUCTCM.

12

ONeKTpOHHO-BO30YK/ICHHBIE MOJICKYIIBI
OpraHNYECKUX KpacuTeneu Ha
MIOBEPXHOCTH I10JYTIPOBOJIHUKOB.

13

ONEKTPOHHBIE CHEKTPHI TOTJIONICHUS W
JIFOMHAHECLICHIINHT aIcOpOUPOBAHHBIX
MOJIEKYJL.

Wtoro wacos

30

30

45

HO,I[FOTOBKa K 3K3aMCHY

30 gac.

OO01mas TpynoEMKOCTh 135 yac., 3 3au.en.

4.2.

Coneprxanue JUCIUIUIAHBI (MOAYIS), CTPYKTYPUPOBAHHOE TIO TeMaM (pasziesiam)

Cemectp: 1 (Ocennwii)

1. BesbI3nyuarenbHble IPOLECCH IEPEHOCA SFHEPTHH HIIEKTPOHHOTO BO30YKICHHUS.

Mexaum3m @Depcrepa. OCOOCHHOCTH TepeHOCa JHEPTUM B CHCTEME MOJEKYJBI-TBEPOTEIbHAS
nojutokka. OOMEHHBIN MexaHu3M nepenoca suepruu. Teopus Pepcrepa-/lexcrepa.

2. BBenenue.

TpaguunoHHasl TJIaHapHAs MHUKPOIIEKTPOHMKA, NMPHHLUNHAIbHBIE (U3NUECKUE OrPaHUYEHUs ee
pa3BuTHs. MoJeKyIsapHbIle CUCTEMBI KaK 3JeMEHTHas 0a3a 3JIeKTPOHHBIX ycTpoicTB. [lepcriekTuBbl
pa3BUTUS MOJEKYIAPHOI 271eKTpoHUKH. [Ipobiema HCHoNb30BaHUS OTIEIBHBIX aTOMOB, MOJICKYN U
UX KOMIUJIEKCOB B Ka4e€CTBE JIOTMUECKHX O3JIEMEHTOB IEKTPOHHBIX YCTPOMCTB. XapaKTepUCTHKU
TaKuX SJIEMEHTOB: HaJeKHOCTh cpabareiBanus, KIIJ| mpeoOpa3zoBanus curHaia, OXHO3HAYHOCTD
peakun MOJIEKY bl Ipu ee Bo3OyxaeHuu. bonpiine opranndeckue U OHOOPraHUYECKUE MOJIEKYJIbI
KaK 2JIEMEHTBI MOJIEKYJISIPHBIX YCTPOMCTB.

3. JIBmKeHue HOCHUTeNeH 3apsaa B MOJIEKYIIPHBIX KPUCTAIIaX.

Buapl nepenoca, monenpHblil raMmuiibToHUaH. [lepeHoc B Moxpenu nepeckokoB. IlepeHoc B 30HHOM
MOJIENH.

4. 3anoMuHaHMe, XpaHEHHUE U NiepepadoTKa HHPOPMALIUN Ha MOJICKYJIIPHOM YPOBHE.




Co3nmanue TOCTOSIHHBIX 3anomuHaromux ycrpoiicts (I13Y) ¢ ucmonp3oBaHUEM TPHUILIETHBIX
COCTOSIHMI OPraHWYECKHX KpacuTeded. DIeKTpo- U (OTOXPOMU3M aJCOPOUPOBAHHBIX MOJEKYIL.
[Tpupona 21IEeKTPOHHBIX MPOLECCOB, ONPEICISIOIINX ITH SBJICHUSA. 3auch HHPOPMAIIMH Ha OCHOBE
sbderTa  INMEKTPOHHO-KOH(DOPMAIIMOHHOW  TIeperpyIITUPOBKH. MexaHu3m ONITUYECKOM
YaCTOTHO-CEJICKTHBHOW 3amuch  HMHQpOpPMAIMM B IUIGHKAX OpraHndeckux Mojekya. Crocol
«BBDKHTAHHS TIPOBAJIay.

Brinpsamisironuii MOJEKYJISPHBIM JIEMEHT. YIPaBJISIOWINNA 3JEMEHT PE30HAHCHOIO TYHHEJIBHOIO
IepeHoca HOCUTENEH. YIIPaBIAIOMNE TPYyNIAPOBKU. [IpHHIIAIT COTUTOHHOTO NMEPEKITIOYEHHUS.

5. MonekynsipHble KpUCTaJUIbI.

Kunxue xkpucTamibl; HeMaTHUECKHE, CMEKTHUECKHE U XonecTtepudeckue me3zodassl. [lepcrnekTuBbl
UCIIOJIb30BaHUS B MOJIEKYJISIPHOM JIEKTPOHUKE.

6. OcHOBHBIC SKCCPUMEHTAJIbHBIC METOABI U3YUYCHUA TOHKUX MOJICKYJIAPHBIX CJIOCB.

MarnoyrinoBass pPEHTTCHOBCKAs CIIEKTPOCKONHMSA, 3JIEKTpOHOTrpadus, 3SIUIMIICOMETpHs, TeHepauus
BTOpPOI TADMOHUKH, CKAHUPYIOIIAsi TYHHEJIbHASI U aTOMHAsi CHIIOBasi MUKPOCKOTIHSI.

7. Ilnenku Jrarmiopa-bromxerr (JIB).

Metoauka cuHTe3a IieHOK JIb M MX HaHeceHWs Ha MOBEPXHOCTHb TBepHoro tena. IlpumeHeHHs
TOHKHMX OPTaHUYECKUX IJICHOK B MOJIEKYJIIPHOMN 3JEKTPOHUKE. MeToa MOJIEKYIISIpHOIO HacIauBaHuUs.

8. Tlommmepsl: CTPyKTypa U IEKTPUUECKHE CBOHCTBA.

buonomumepsl. [lepcrieKTUBBI HCIIONB30BaHUS B MOJEKYISIPHOW DIEKTPOHHKE OHOMEMOpaH u
UMMOOMIIN30BaHHBIX ()EPMEHTOB.

9. HpI/IHI_H/IH CaMOOpraHru3al OTACIbHBIX MOJICKYJIAPHBIX KOMIIOHCHTOB MHTCTPAJIbHBIX CXCM.

OcHoBuble uzaen cuHepretuku. Cunres Meppudunna. Camoopranu3zanys HOBEPXHOCTHO-aKTHUBHBIX
BemecTB. IlepecTpoiika CTPYKTypsl CJIO€B OpPraHMYECKMX MoOJIeKyl W 1eHok JIb mpwm
CaMOOpIaHU3aLUY.

10. CuurnerHasle 3KCUTOHEL. COJIUTOHBI.

IloBepxHocTHbIE  SKCUTOHBL.  COJMTOHHBI  MEXaHU3M IIepellaud dSHepruu U 3apsja.
DNEeKTPOCOIUTOHBI U IPOTOCOIUTOHBL.

11. BHGKTpOHHaSI OPOBOAUMOCTD IMPOTAKCHHBIX MOJICKYIIIPHBIX CUCTCM.

BuyTtpumonexynsapHbIit MEPEHOC 3JIEKTPOHOB. KBanTtoBOMExaHHYeCKOE  pE30HAHACHOE
TyHHEeIUpoBaHue. «OHO3IEKTPOHUKAY.

12. DNEeKTPOHHO-BO30YKJCHHBIC MOJEKYJIbl OpPraHUYeCKHX KpacuTeledl Ha MOBEPXHOCTH
MOJTYTIPOBOJHHUKOB.

CriexkTpanipHasi CeHCUOMIIN3alus pa3InIHbIX (POTOAPPEKTOB B MOIYNPOBOAHUKAX U JUIIIEKTPHUKAX.
JIBa anbTepHATHBHBIX MEXaHHM3Ma CCHCHOWIM3ALMM: IEPEHOC SHEPrUM U MEePeHOC 3JIEKTPOHA.
DoToCeHCHOMIM3UPOBaHHAS TIepe3apsika pa3IMyHBIX TPYHI TMOBEPXHOCTHBIX COCTOSHUHM B
TUIIUYHBIX T€TEPOCTPYKTYpaX, UCIOJIb3YEMbIX B MUKPO- X HAHOJIEKTPOHUKE.

13. DneKTpOHHBIE CIIEKTPHI HOMIOMICHNS M TFOMUHECLIEHIIUN aICOPOMPOBAHHBIX MOJICKYII.



OCHOBHBIE ITyTH AMCCHUINAIMK HEPTUH BO3OYKACHHBIX aCOPOMPOBAHHBIX MOJIEKYI: IPOLECCHl B
aacopOroHHON (aze, B TBepAOM Teie. XapaKTEpHbIE JHEPIeTHUECKHE CXEMbl YpPOBHEH
BO30YKICHHBIX MOJICKYJI U 3JIEKTPOHHBIX IepexoioB Mexay HuMu. @iyopecuenius. KonebarensHas
pesiakcanysl HEPruu 3JIEKTPOHHOTO BO30YKIEHHs B aacopOnuoHHOM (aze. Mcmonb3oBaHue 3THX
3 (EeKTOB A CO31aHNS CENEKTUBHBIX MOTYIPOBOIHUKOBBIX CEHCOPOB JJIs Fa30BOT0 aHAIN3A.

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

yueOHast ayTUTOpHsI, OCHAIICHHAS! KOMIIBIOTEPOM U MYJIBTUMEIUHHBIM 000pya0BaHHEM (IIPOEKTOD,
3BYKOBasi CHCTEMA).

6.IlepeyeHnb pekoMeHyeMOii TUTEPATYPbI

OcHoBHas nuTeparypa
®onp auTeparypsl Kadeaps

1. [Inoraukos I.C., 3aiines B.b. ®usnueckne 0CHOBBI MOJISKYJISIPHOU AiekTpoHuKU. — M: MI'Y, 2000.
2. [Moyn M., CenOepr B. DnekrpoHHbIE IPOIECCHl B OpraHUUYECKUX KpucTaiax. — M: Mup, 1985.

3. ArpanoBuu B.M., I'ananun .M. [lepeHoc sHEpruu 351eKTPOHHOTO BO30YKIECHHS B
KOHJICHCHPOBaHHBIX cpenax. — M: Hayka, 1978.

JomnonHurenbHas aureparypa
®onp auTeparypsl Kadeaps

1. BBeneHre B MOJEKYISIPHYIO 21eKTPOHUKY /mion pea. B.I. JIugopenko. — M: Dueprousnar, 1984.
2. Cumon XK., Aunpe JK.O. Monekynsipable TOTynpoBogHUKH. — M: Mup, 1988.

3. HaBbinoB A.C. ConuToHBI B MOJIEKYJISIpHBIX cucTeMax. — Kue: HaykoBa mymka, 1984.

4. Jlemmn JI.B., Caneuxuit A.M. JlromuHecteHus u ee namepenus. — M: MI'Y, 1989.

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

1. http://lib.mipt.ru— snexTponHas 6ubnmmorexa dOu3Texa.
2. http://www.Sci-lib.com — bonbias HayyHast GubnmnoTexa.

8. IlepeyeHb MH(OPMANMOHHBIX TEXHOJIOTHIi, HCIIOIb3yEeMbIX NPH OCYLIECTBJICHNH 00pa30BaTeILHOIO
npouecca 1o AMCuMILINHe (MOIYJII0), BKJIIOYasi lepeYeHb He00X0AUMOr0 NIPOrpaMMHOI0 odecredyeHust
H HHPOPMALMOHHBIX CIIPABOYHBIX CHCTEM (IIPH HEOOXOAMMOCTH)

Ha nexiuoHHbBIX 3aHATHAX UCTIONB3YIOTCSA MYJIBTUMEIUITHBIE TEXHOIOTUH, BKITIOYas IEMOHCTPALIUIO
Npe3eHTALUN.

9. MeToauyeckue yKazaHus AJis1 00y4ar0IMXCs 10 OCBOCHUIO U CHUIIMHBI (MOILYJIs1)

VYeneniHoe 0CcBOeHUE Kypca TpeOyeT HapshKEHHON caMOCTOATENBHOM paOboThl cTyeHTa. B mporpamme
Kypca TPpUBEACHO MHMHUMAJIBbHO HeoOXoguMoe BpeMsi s paboThl CTyOeHTa Haja TEMOHU.
CamocrosiTenpbHas paboTa BKIIOUAET B CE0s:

— YTEHHE U KOHCIIEKTHPOBAHUE PEKOMEHJOBAaHHOM JIUTEPATYPBI;
— npopaboTKy yueOHOro Marepuana (1o KOHCIIEKTaM JICKIWiA, y4eOHOW W HAyYHOU JINTepaType);



— TIOATOTOBKY OTBETOB HA BOIIPOCHI, IPEIHA3HAUYEHHBIX MJISI CAMOCTOATENFHOTO M3y4YCHHMS.
PyKOBOICTBO ¥ KOHTPOJIb 3a CaMOCTOSITENBHOW pPabOTO CTylneHTa OCyIIecTBIseTcss B (opme
WHIUBUAYaJbHBIX KOHCYNbTallMid. B Hauame 3aHATHS, Kak mpaBuiio, mpoBoautca kopotkuit (10-15
MHUHYT) ONpPOC IO MarepHaxy MpOIIEANIMX 3aHATHH B YCTHOH WM muchbMeHHOH (opme. OOBIYHO
HPUACPKUBAIOTCS CIEAYIOMIEH CXEMbl: M3yueHHe MaTepHaja JIEKIUHU 0 KOHCIEKTY B TOT K€ JICHb,
Korga Obuta mpociymiana Jekuus (10-15 MuHYT); MOBTOpEHME MaTepHaja HakaHyHE CIeyIoIiei
nexkiun (10-15 MuHyT); TpopaboTka y4eOHOTO Marepuana Mo KOHCIIEKTaM JIeKIUH, y4eOHOH u
Hay4YHOH JIUTEpaType; MOATOTOBKA OTBETOB Ha BOMPOCHI, MPEIHA3HAYCHHBIX VI CaMOCTOSTEIbHOTO
nzydeHus (1 yac Hezemro); MOAroTOBKA K MPAKTHYECKOMY 3aHSTHIO, pereHue 3a1a4 (1 gac).

BaxHO 10OWThCA MOHMMaHHS M3y4aeMOTO MaTepHaja, a He MEXaHHYECKOTO ero 3anoMHuHaHus. [Ipu
3aTPYIHEHUU H3y4YCHHS OTICIBHBIX TEM, BOIPOCOB, ClexyeT oOpamarbcs 3a KOHCYIBTALMSAMU K
JIEKTOPY WJIH MPENOAaBaTeNI0, BEAyIIEMy MPAKTHUSCKUE 3aHATHS.

[TpoMeKyTOYHBI KOHTPOJb 3HAHWUN TIPOBOJMTCS B BHUJE KOJUIOKBUYMOB, Ha KOTOPBIX CTYHACHTY
IpeAsaraeTcsi MUCbMEHHO OTBETUTh HAa TEOPETHUECKUI BOIPOC, a TAaKXKe CTYJCHTY B XOJIE OCBOCHHS
Kypca HEOOXOAMMO BBINOJHHUTE OJHY IOMAIIHION HHAMBUAYAJIBHYIO paldOTy € ee MOCIeayIoIIeH
3aIUATOMN.



NNPUJIOKEHHUE

OLIEHOYHBIE MATEPHAJIBI IO JUCLHATIIMHE (MOYJTIO)

10 HAMPABJIEHUIO: [puknagHpie MaTemMaTHKa U Gpu3nka

npo¢uIb NOArOTOBKH: KonBepreHnTHbie HaHO-, OMO-, THPOPMAIIMOHHBIC U KOTHUTHBHBIC TEXHOJIOTHU
®dusrex-1Koia MPUPOAOTON00HbIX, IIa3MEHHBIX U SICPHBIX TeXHONIorui uM. 1.B.
Kypuarosa
kagenpa HaHO, OMO, NH(HOPMAIIMOHHBIX U KOTHUTHBHBIX TEXHOJOTHIA

Kypc: 1

KBaJIMpUKALUS: MarucTp

CemecTp, hopMBI MPOMEKYTOUHOH artectanuu: 1 (oceHHUH) - DK3aMeH

Pa3zpatGoTunk: I".C. [1noTHUKOB, JOKTOP Hayk, mpodeccop, mpodeccop



1. Komnerenunu, gopMupyemMsblie B mpouecce U3y4eHus: JUCHUILINHbI

Kox 1 HauMeHoBaHHE KOMIIETEHIINHA

NHaukaTopsl JOCTHKEHHS KOMIIETEHIINH

YK-2 CriocoGeH ynpaBisiTh IPOEKTOM Ha BCEX
JTanax ero peajin3anuu

VYK-2.1 ®opmynupyeT B pamkax 0003HAYCHHON MPOOIEMBI,
HeNnb, 3aJadd, aKTyaJbHOCTh, 3HAYMMOCTH (HAy4HYIO,
NPaKTUYECKYI0, METOJMYECKYI0O U UHYIO B 3aBUCHMOCTH OT
TUMA TPOEKTa), OXKHIAEMbIe pPEe3yJbTaTbl W BO3MOKHBIC
cdepbl UX MPUMECHEHUS

YK-2.2 Criocoben MIPOTHO3UPOBATh pe3yabTar
NEeSITEIbHOCTH U IUIAHUPOBAThH MOCJIEJ0BAaTEIbHOCTD IIAroB
I JAOCTWXKGHUS  JaHHOro  pesynerara. ®Dopmupyer
IIaH-TpaduK peayn3alud MpoeKTa B ILeJOM H  IUIaH
KOHTPOJISI €T0 BHITOJITHEHUS

VYK-2.3 CriocobeH opranu30BaTh 1 KOOPAHMHUPOBATH paboTy
YYaCTHUKOB TNPOCKTa, o0ecreunBaTth paboTy KOMaHJbI
HEOOXOIMMBIMHU pecypcamMu

VYK-2.4 Ilpencrapnser myOIu4HO pe3ysbTaThl IpoeKTa (Win
OTAENBHBIX €ro JranoB) B (opMe OTYETOB, CTarei,
BBICTYIUICHMH Ha HayYHO-IPAKTUYECKUX KOH(EPEHIHSIX,
CeMMHapax U T.II.

OIIK-1 Bnaneer cuctemoii pyHIaMEHTaTbHBIX
Hay4YHbBIX 3HaHUH B o0yacTu
(u3MKO-MaTeMaTHYECKUX HAyK

OIIK-1.1 3HaeTr W© CIOCOOEH  HCHONIL30BaTh B
nmpoeCCHOHANBPHOW ~ NIeATeNhbHOCTH  (PyHITaMEHTabHBIC
Hay4HbIC 3HAHUS B 001acTH (PU3NKO-MATEMaTHICCKUX HAyK

OIIK-1.2 Crmocoben 00001maTe ¥ KPUTHYECKH OILEHUBATh
OIBIT M PEe3yJbTaThl HAYYHBIX MCCIICJOBaHUII B 00JacTH
mpoheCCUOHATBHOM IEATEILHOCTH

OIIK-1.3 [NoHnMaeT MeXIUCIUTLTHHAPHBIC CBSI3U B OOJIACTH
MaTeMaTHuKl ¥ (U3UKH M CHOCOOCH MX MPHUMEHATH IPH
peleHny 3a1a4 MpoecCuoHaNbHON e TeIbHOCTH

OIIK-2 Nmeer npeacrasieHre 00 aKTyalbHBIX
npoOiieMax HayKd M TEXHUKU B 00JIaCTH CBOCH
poheCCUOHATBHOM JIeTENLHOCTH, CIIOCOOCH
Ha HAyYHOM s13bIKe (hOPMYIHPOBATH
npodecCUOHANBHBIC 3aJ1a4u

OIIK-2.1 NmeeT npeacTaBIeHAE O COBPEMEHHOM COCTOSTHUHU
WCCIICZIOBAaHUI B paMKax TEMaTW4YecKoil obmactu cBoel
npoecCHoOHaTbHON e TEHHOCTH

OIIK-2.2 Crniocoben OIICHUBATh aKTyaJlbHOCTh
UCCIICIOBAaHUM B obnmactu cBoed mnpodeccrnoHanbHON
JESITEIbHOCTU U UX IIPAKTUYECKYIO 3HAYUMOCTb

OIIK-2.3 Brnageer mnpodeccHOHaNbHONW TEPMUHOIOTHEH,
HCIIONb3yEMOM B  COBPEMEHHOM  HAyYHO-TEXHUYECKOMN
nuTeparype, o0nagaeT HaBBIKAMU YCTHOTO M MHUCHMEHHOTO
U3JI0KEHUS PE3yJbTaTOB HayuHOW JESTEIbHOCTH B paMKax
npo¢ecCHOHATBHON KOMMYHHUKAINN

OIIK-4 CriocoOeH ycIenHo peann3oBbIBaTh
pelIeHne MoCTaBIeHHOH 3a/1a4M, IPOBECTH
aHaJM3 pe3yJbTara i MPeACTaBUTh BHIBOIbI,
MPUMEHSS 3HAHNS U HaBBIKU B 00JIaCTH
(U3MKO-MaTeMaTHYECKUX HAYK U
MH()OPMAMOHHO-KOMMYHHKAIIHOHHBIX
TEXHOJIOTUI

OIIK-4.1 Cnoco0eH NpPUMEHATH 3HAHUS M HABBIKU IIO
UCTIONIb30BAaHHIO MH()OpPMaMOHHO-KOMMYHHUKAIIMOHHBIX
TEXHOJIOTUH I OUCKA M U3YyYEHUS] HAYYHOH JIUTEPaTyphl,
MPUMEHEHHSI IPUKIIaJHBIX TPOTrPAMMHBIX IIPOLYKTOB

OIlK-4.2 CrnocobeH TpUMEHSTh 3HaHWS B  0O0NacTH
(U3UKO-MaTEMaTHYECKUX HAyK JUIS PEIICHHUS IOCTaBICHHOM
3a1auy, (POPMYIHPOBAHUS BBIBOJOB M OLIEHKH MOJYyYEHHBIX
pe3yabTaToB

OIIK-4.3 CnocobeH apryMeHTHpPOBAaHO BBIOMpATh CIIOCOO
MPOBEICHUS HAYYHOTO MCCIIECO0BAHUS

2. Iloka3aTe/in OLlEHUBAHUA KOMITETEHIUA

B pesynbrare nzyueHns AUCHMIUIAHBI « MONEKyIIsipHas IEKTPOHNKAY 00ydaromuiics JOKeH:

3HATb:




- MECTO U POJIb OOIIMX BOTIPOCOB HAyKH B HAYYHBIX HCCIICIOBAHUSIX;
- COBpeMeHHbIE MPOoOIIeMbl (GU3NKH, XUMUH, MATEMATHKH;
- TEOPETHYECKUE MOACTH (PYHIaMEHTAIBHBIX MIPOIIECCOB U SIBJICHUH B (DU3UKE U €€ TPUIIOKECHUSIX;
- IPUHIIUIIBI CHUMMETPHH U 3aKOHBI COXPAHEHHUS;
- HOBEHIIINE OTKPBITHS €CTECTBO3HAHMS,
- IOCTaHOBKY MPO0JieM (PU3UKO-XUMHUYECKOTO MOJICTTHPOBAHUSI;
- 0 B3aUMOCBSI34X U (yHITaMEHTAJILHOM €MHCTBE €CTECTBCHHBIX HayK.
yMeThb:
- 3()(eKTUBHO MCHONB30BaTh HA MPAKTUKE TEOPETHUECKHE KOMIIOHEHTB HAyKH: IOHATHS, CYXIACHHS,
YMO3AKITIOUCHUs, 3aKOHBI;
- IPEACTaBUTh MTAHOPAMy YHHBEPCAIbHBIX METOJIOB U 3aKOHOB COBPEMEHHOT'O €CTECTBO3HAHNS;
- alcTparupoBaTbCs OT HECYIIECTBEHHBIX BIUSHHUN IPH MOJCITUPOBAHUH PEATBHBIX (PHU3MYECKUX
CUTYAaLUI;
- IUIAHKPOBATh ONTHMAJIBHOE TIPOBEICHUE IKCIIEPUMEHTA.
BJIA/IETh:
- IJTAHUPOBAaHUEM, TIOCTAHOBKON 1 00pabOTKOM pPe3ylbTaToB (PU3UYECKOTO IKCIIEPUMEHTA;
- HAy4YHOU KapTUHOW MUpa;
- MaTeMaTHYECKIM MOZAEIUPOBAaHUEM (PU3NIECKHX 3a1ad.

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

B nensx Tekyluero KOHTpOJIs YCIEBAEMOCTH MPENLyCMOTPEH KPaTKUH OIpOC IO TeMaM HpPeAbLAyIIHX
3aHATHH 110 TEME MTPOLION JIEKIIUN WM B KOHILIE 3aHATHS 110 IPOMIEHHON TeMe.



3. llepeyeHb THUMOBBIX KOHTPOJIBLHBIX 3aaHMii, MCHOJb3YeMbIX /IJs OLEHKH 3HAHMIA,
YMeHUil, HABbIKOB

[TpomMexxyTouHast aTTeCTalUs M0 TUCIUTUTNHE «MONeKyIspHAs SJCKTPOHUKA» OCYIIECTBIISICTCS
B (popme 3k3amena. [luddepeHunpoBaHHbIN 3a4€T TPOBOIUTCS B YCTHOU hopme.

IlepeyeHb KOHTPOJIbHBIX BOIIPOCOB /ISl C1a4YU IK3aMeHa

1. KakoBbI npuHIMNHANIbHbIE (PU3NUYECKHE OTPAaHUYEHUS YMEHBILICHHS pa3MepPOB YCTPOICTB
TpaZULIHOHHON MUKPO3JIEKTPOHUKN?

2. MOHO 71 CO3/1aTh 3JIEMEHTHI MOJIEKYJISIPHOM 3JIEKTPOHUKH HA OCHOBE MPOCTHIX
HEOPraHUYECKUX MOJIEKYJ?

3. Ha3Barpb BaxkHeliIe XapaKTEepUCTHUKH, KOTOPBIM JIOJDKEH YJOBIETBOPSTDH JTHO00N 2IIE€MEHT
MHUKPO WUJIM MOJIEKYJISPHON JIEKTPOHUKH.

4. HanucaTp MOJI€NIbHBIN TAMWJIBTOHUAH JUIS CIIy4asi 30HHOM MOJIEIH MEPEHOCA JJIEKTPOHOB.
5.KakoBblI KpuTepuu peaan3aluy NPbHKKOBOIO MEXaHW3Ma IIEPEHOCa HOCUTENEN B
MOJIEKYJIIPHBIX cUcTeMax?

6. Kakue cimydan mpbDKKOBOTO IEPEHOCa HOCUTENEH 3apsiaa peann3yloTcsi B MOJICKYISIPHBIX
cucreMax. HanucaTte Mo/iefIbHbIE TAMUIIBTOHUAHBI ONMCHIBAIOIINE 3TH CIyYau.

7. B uem coctout cnienu@uka 3IEKTPOHHON POBOJMMOCTH MPOTSHKEHHBIX MOJIEKYIISIPHBIX
cucreM?

8. BriBecTH BBIpaXEHHE JJIS1 BEPOSITHOCTH TIEpPEHOCA SIEKTPOHOB JUTS CITy4ast POXO0XKICHHS
OapbepoB MPU KBAHTOBOMEXaHHUYECKOM PE30HAHCHOM TYHHEITUPOBAHUU.

9.Yrto Takoe kpuTHUECKUil panuyc nepeHoca B reopun depcrepa-Llekcrepa ? Ilpusectu
KOJIMYECTBEHHBIE OLIEHKU KPUTUYECKOTO PaJnyca JUisl MOJEKYJISPHBIX CUCTEM.

10. Yto Takoe 0OMEHHBIN MEXaHU3M TIEPEeHOCA SHEPTUU?

11. Posib 5KCUTOHOB MPH MEPEHOCE YHEPTUH SJIEKTPOHHOTO BO3OYKIEHUS B MOJIEKYJIAPHBIX
cuctemax. YTo Takoe CUHIJIETHBIN 3KCUTOH?

12. OcHOBHBIE 3aKOHOMEPHOCTH COJIMTOHHOT'O MEXaHHU3Ma Mepeiaun YJHEPrHH U 3apsija.
DIEKTPOCOJIUTOHBI U POTOCOJUTOHBI-COIIOCTABUTD UX ITAPAMETPHI.

13. OcHoBHBIE 3TEKTPOPU3NIECKHE CBONCTBA MOJIEKYISIPHBIX KPUCTAIJIOB.

14. KakoBa knaccuduKarus )uJaKux KpUCTaILIOB?

15. [lepcrieKTUBBI UCTIOIB30BAHUS B MOJIEKYJIIPHOM JIEKTPOHUKE OMoMeMOpaH 1
MMMOOMIN30BaHHBIX (PEPMEHTOB.

16. O6wscHUTH pUHIMT (OpMHUPOBaHUA TUIEHOK JIeHrMiopa-biompkerT.

17. B yeM cocTOAT MpeuMyIecTBa U HETOCTaTKH METOJA MOJIEKYJIIPHOTO HACIauBaHUs 110
CPAaBHEHMIO C METOJIaMU MOJIEKYJISIPHO-JTy4€BOM 3MUTAKCUU?

18.Yem oTinuaroTcs METO/Ibl TYHHEJIBHOM U aTOMHOM CHJIOBOM MUKPOCKOIHH?

19. B ueM cOCTOSAT OCHOBHBIE HEIOCTATKU METO/A AJIEKTPOHOrpaduu B MPUMEHEHUH K
MOJIEKYJISIPHBIM cucTeMam?

20.YTo Takoe napaMeTp yImakoOBKHU IIPH peaJIn3alliyd CaMOOPraHU3alun MOJIEKYJIIPHBIX
yYCTPOUCTB?

21. B yem cocTOUT OCHOBHOM NMpHHLMI cUHTe3a Meppuduiga?

22. OOBSCHUTH JIBA ATbTEPHATHBHBIX MEXaHNW3Ma CEHCUOMITN3AIINHI: TIEPEHOC SHEPTUHU U IIEPEHOC
anekTpoHa. Yro takoe kputepuii I'epau-Motra?

23. B uem coctout crneunduka GoroceHCUOMIM3UPOBAHHOM Mepe3apsiika pa3IMuHbIX TPy
MOBEPXHOCTHBIX COCTOSIHUM B TUIIMYHBIX F€TEPOCTPYKTYpax, UCIOJIb3YEMBIX B MUKPO- U
HaHOAJIEKTPOHHKE?

24.Yem ompenensieTcsi BEpOSITHOCTh KOJIeOaTeNbHOM peslakcaliii SHEPTUU SJIEKTPOHHOTO
BO30yXIeHHs B aacopOrmonHoi (aze? Mcnonp3zoBanue »tux 3PheKToB 115 CO3AaHUS
CEJIEKTUBHBIX IOIYIIPOBOJHUKOBBIX CEHCOPOB I Fa30BOT0 aHAIM3a.

25.B KakuX yCJIOBHUSAX MAKCUMAJIBHO MPOSIBISETCS HEOJHOPOJHOE YIIUPEHUE CIIEKTPOB
JIOMUHECLIEHIINY Ha TIOBEPXHOCTH?



26. Kakue cnekTpalibHbIE TapaMeTPhl UCIIOJIB3YIOTCS B MOJIEKYJIIPHOU JIIOMUHECLIEHTHON
CHEKTPOCKOIUS OBEPXHOCTH TBEPBIX TEN?

27.B03MOKHO JIM CO3JaHHUE MTOCTOSHHBIX 3anioMUHAMuUX ycTpoicTs (I13Y) ¢ ucnons3oBannem
TPUIUIETHBIX COCTOSTHUM OPraHUYECKUX KpaCUTEIICH?

28. KakoBbI OCHOBHBIE TIPUHIIMIIBI 3aIUCH HH)OPMAIIH HA MOJIEKYJIIPHOM YPOBHE?

29. OOBACHUTD MEXaHU3M ONTHYECKON YaCTOTHO-CENEKTUBHOM 3anucu MHGOPMAIUH B IJIEHKAX
OpPraHMYECKUX MOJIEKYJI.

30. Kakue MexaHu3Msl mpeoOpa3oBaHusl HHMOPMALUH CYLIECTBYIOT B MOJIEKYJIAPHBIX
cucremax?

31. B kakoM ciryyae MOKeT ObITh pealn30BaH MPUHLIUI COTUTOHHOTO MEPEKIII0YeHUs ?

3.1. IpuMepbI IK3aMeHALMOHHBIX OWJIETOB

Buaer Nel
1. KaxoBbl npMHIMIIHANIBHBIE (U3UYECKUE OTPAaHUUYCHHSI YMEHBILIEHUS pa3MepoB
YCTPOMCTB TPaJlULIUOHHOW MUKPO3JIEKTPOHUKU?
2. B Kakux ycIOBUSIX MaKCUMAaJIbHO MPOSIBIISAETCS HEOJHOPOAHOE YIIUPEHUE CIIEKTPOB
JIOMUHECLEHIIMY Ha TIOBEPXHOCTH?

buner Ne2
1. HasBarp BaxkHeHIINE XapaKTEPUCTUKH, KOTOPHIM JOJIKEH YAO0BJIETBOPSATH JII000i
AJIEMEHT MUKPO WJIK MOJICKYJIIPHOM 3JIEKTPOHUKH.
2. OOBACHUTH JBa aNbTEPHATUBHBIX MEXaHU3Ma CEHCUOMIN3AINN: IEPEHOC YPHEPTUH U
nepeHoc 3ekTpona. Uro takoe kpurepuit ['epuu-Motra?

Buaer Ne3
1. Hamucate MOJENbHBIN TaMUIBTOHHUAH JIJIS CITy4asi 30HHON MOJIEIH IepeHoca
JJICKTPOHOB.

2. Kakopa knaccudukanus KUAKUX KPUCTAIIOB?

4. Kputepuu onleHMBaHUA

Onenka bannsl Kpurepun

10 BeicTaBisieTcs  CTyACHTY,  IOKa3aBIIEMY
BCECTOPOHHME, CHCTEMaTH3UpPOBaHHbIE, IIIyOOKHe
3HaHHMA Y4eOHOM  mporpaMMmbl  JIUCUHUIUIMHBI,
MPOSIBIIAIOIIEMY WHTEpPEC K JAHHOW IIPEIMETHOU
o0nacTd,  IPOJEMOHCTPUPOBABIIEMY  YMEHHE
YBEPEHHO U TBOPYECKUM IMPUMEHATH HX Ha
MPaKTUKE IPH PEUICHHH KOHKPETHBIX 3a7ad,
cBOOOJIHOE U MPABUIIBHOE OOOCHOBAHUE MPHUHSATHIX
pelieHui.

OTJINYHO
9 BeIcTaBisgercs  CTyA€HTY, IMOKa3aBIIEMY

BCECTOPOHHME, CHCTEMaTH3UpPOBAaHHbIE, TIIyOOKHE
3HaHUA Y4eOHOW MpPOrpaMMbl JUCHUIUIMHBI U
YMEHUE YBEPEHHO IIPUMEHATh UX HA MPAKTUKE IIpU
pelIeHnH KOHKPETHBIX 3aJady, CBOOOJHOE U
PaBUIbHOE 0OOCHOBAHUE MPUHATHIX PEIICHUH.

8 BeIcTaBisgercss  CTyAeHTY, IOKa3aBUIEMY
BCECTOPOHHME, CHCTEMaTH3UpPOBAHHbIE, IIIyOOKHE
3HaHWA Yy4eOHOW MpOrpaMMbl JUCHUIUIMHBI U




YMEHHUE YBEPEHHO NPUMEHSTh UX Ha MPAKTUKE MPU
pElIEHNN  KOHKPETHBIX  3ajad, IpaBUJIbHOE
000CHOBaHUE MPHUHSATHIX PEIICHUN, C HEKOTOPBIMU
HEJ0YETAMH.

XOpOIIIO

BeicraBisiercss CTyIEeHTy, €ciM OH TBEpAO
3HaeT Marepuall, TIpPaMOTHO M IO CYILIECTBY
u3jaraeT €ero, yMeeT IPUMEHSTh I0JyYeHHbIE
3HAaHUS HA MPAKTUKE, HO HEJOCTaTOYHO I'PAaMOTHO
000CHOBBIBAET M1OJIyYEHHBIE PE3YJIbTATHI.

BricTaBnsiercss CTyneHTy, €Clii OH TBEPAO
3HAaeT MaTepuall, I'PaMOTHO M 10 CYLIECTBY
M3J1araeT €ro, yMEET IMPUMEHATH IOJyYCHHbBIC
3HAHUs HAa IPAKTUKE, HO JOIIYCKAET B OTBETE WM B
pELIEHNUH 3a]1a4 HEKOTOPbIE HETOYHOCTH.

BricraBnsercs CTYACHTY, cClin OH B
OCHOBHOM 3HACT Marcpuajl, IrpamMOTHO n 110
CymIeCTBy H3jaract €ro, YyMeCeT JMPUMCHATb
IMOJIYYCHHBIC 3HAHWA Ha IMPAKTHKE, HO JOITYCKACT B
OTBCTC MWJIM B PCIICHUHU 3aJlady J0CTATOYHO
00JIBIIIOE KOJIMYSCTBO HETOYHOCTEH.

YAOBJICTBOPUTCIBHO

BricTaBisiercss  CTyAEHTY, IIOKa3aBLIEMY
(dparMeHTapHbIH, pa3pO3HEHHBIN Xapakrep
3HAHUH, HEZ0CTaTOYHO IIPABUJIBHBIC
(GopMyIUpOBKM 0a30BbIX IOHATUH, HapYLICHUS
JIOTUYECKON IIOCIEN0BAaTENBHOCTH B H3JI0KEHUU
IIPOrpaMMHOr0 MaTrepuajga, HO IpUd O3TOM OH
OCBOWJI OCHOBHBIE pa3zieiibl yueOHOH MporpamMMsl,
HeoOXOoIuMble MJi1 JAajibHEHIIero OoOydeHHUs, U
MOJKET IPUMEHATh IOJIY4YEHHBIE 3HAHHUA 110
00pasily B CTaHJaPTHOM CUTYAIUH.

BricTaBnsiercss  CTyAeHTy, IOKa3aBLIEMY
(dbparMeHTapHBbIi, pa3pO3HEHHBIN XapakTep
3HaHUH, JIOIYCKAIOLEMY OIINOKHU B
dopmynupoBKax 0a30BbIX MOHATUH, HapyIIEHUsS
JIOTMYECKON TIOCJIEI0BATEIbHOCTH B U3JI0)KEHUU
OporpaMMHOro  MaTepuana, ciaabo  BlajgeeT
OCHOBHBIMM paszfielaMd y4eOHOH IporpamMmsl,
HEOOXOUMBIMU /7Sl JlabHEHIIero o0y4eHus U C
TPYJAOM NPHUMEHSET IMOJTY4YEHHbIE 3HAHUS JaKe B
CTaH/IapTHOW CUTYaIUH.

HEYAOBJICTBOPUTEIILHO

BeIcTaBisgercs CTyIEeHTY, KOTOPBI HE 3HAET
OoJblIIel YacTH OCHOBHOI'O COJEpKaHMs yueOHOM
MPOrpaMMbl  TUCUUIUIMHBI, JIOMYCKAaeT TIpyOble
omMOKH B (POPMYIUPOBKAX OCHOBHBIX NMPHUHIIUIIOB
U HE YMEET HCIIOJIb30BaTh ITOJIyYEHHbIE 3HAHUS
IIPU PELLIEHUN TUIIOBBIX 3a]1a4.

BricTaBnsieTcs CTyAE€HTY, KOTOPBIM HE 3HAET
OCHOBHOTO COJEpXaHHus y4eOHOM MporpaMMbl
JUCLUIUIMHBL, JIOIyCcKaeT TrpyoOeimine omuOKd B
dbopmynupoBKax 0a30BbIX MOHITHI JUCIUIUIMHBI U




BOO6HI€ HC HMMCCT HABBIKOB PCIICHHSA THIIOBBIX
MPAKTUYCCKUX 3aaa4.

5. MeToauyeckne MaTepuaJbl, onpeaesiioiue Npoueaypbl OlleHMBAHUA 3HAHUH, YMEHHUIA,
HABBIKOB M (MJIM) ONbITA J€ATEJIbHOCTH

[Ipu mpoBeneHuu 5K3aMeHa oOydaromeMycs mpenocraBisieTrcss He menee 40 MUHYT Ha
noarotoBky. Ompoc mo OujieTy W OTBEThl HA JIOTOJIHUTENBHBIE BOIPOCHI HE JIOJDKECH
IpeBbIIIaTh JBYX acCTpPOHOMHYECKHMX dYacoB. [lo 3aBepiieHHH OTBEIEHHOIO Ha OIpPOC
BPEMEHM, 3K3aMEHATOp JAOJDKEH BBICTABUTh OOYydarolIEMycCs OLEHKY B COOTBETCTBUU C
BBIILICTIPUBEICHHBIMU KpUTepusiMU. Bo Bpems mpoBeneHUs dK3aMeHa 00ydaroliuecs MOTyT
10JIb30BATHCS IPOIPaMMOM TUCLUIUIMHBI




