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PaGouass mnporpamma mguctumivHbl «Du3ndUeckas AJNEKTPOHHWKA» COCTaBlieHa B
cooTBeTcTBUU ¢ DenepaibHBIMH T'OCYIapCTBEHHBIMU TPEOOBAHUSIMH K CTPYKType Mporpamm
MOATOTOBKA HAYYHBIX M HAyYHO-TIEAarOrMYECKUX KaJapoB B aCIHUPAHTYpPE, YCIOBHUSIM HX
pealu3aluy, CpPOKaM OCBOEHHUS JITHUX MPOrpaMM C Y4YETOM pa3iIuyHbBIX (opM 0OydeHus,
00pa3oBaTe/IbHBIX TEXHOJOTUA UM OCOOEHHOCTEH OTAENbHBIX KaTeropuid aclUpPaAHTOB,
YTBEP)KJICHHBIMHA TIPHKa3oM MuHHCTEpCcTBa 00pa3oBaHus W Hayku Poccuiickoit deneparuu oT
20 oktsa6ps 2021 r. Ne 951.

[Tporpammy cocraBmiu: ['yceitn-3ane H.I'., 1.¢.-M.H., ipod., r1aBHBIN HAYYHBIA COTPYIHUK
['mymkoB B.B., a1.¢.-M.H., 3amecTuTens TupeKTopa mo HayqyHou paboTe

[Tporpamma oOcy>kxeHa 1 0100peHa Ha 3acelaHuu acpaHTcKoi komuccueir MOD PAH
30.06.2022, npotokon Ne2206-30

[Tporpamma ytBepxaeHa pemeHnem YueHoro copera MO® PAH 05.07.2022 npotokon Nel3



AHHOTAIUSA

VYuebnas gucrumuinHa «PU3ndecKas JIEKTPOHUKA) SIBJISIETCS BAXKHONW COCTAaBHOM YacThIO
Y4eOHOTO TUTaHAa MPOrpaMMbI MOJTOTOBKM HAYYHBIX W HAYYHO-TIEJArOTMYECKUX KaJpoB B
acriupantype MO® PAH. B pamkax nucuumimabl «Puznyueckas JIEKTPOHHKA» 00ydaroniuecs
Jajiee — aclUpaHThl) MOTyYaT 0a30BbIC 3HAHMS [0 OCHOBOTIOJATAIONIUM pa3jenaM (U3NIeCKOM
ANEKTPOHUKHU: KOPIYCKYISPHON ONTHKE, SMUCCUOHHOMN AJIEKTPOHHUKE, BAKYYMHOMN 3JIE€KTPOHUKE,
TBEPAOTEIILHON JJIGKTPOHHKE, DJIEKTPOHUKE TOBEPXHOCTEH M TUICHOK, M (YHKIIMOHAIHHOU
JIEKTPOHUKE.

JucuummuHa «Du3udeckas IEKTPOHUKA SBISETCS BAKHBIM (DaKTOPOM (OPMUPOBAHUS
y achupaHTa LEJIOCTHOIO HAyYHOTO MHPOBO33PEHHUS, Pa3BUTHS (PU3MUECKOrO MBILIUICHUS,
YMEHHSI UCTIOJIB30BaTh 0a30BbIe (PU3NUYCCKUE 3aKOHBI, BKIFOUYAs 3aKOHBI KBAHTOBOUM (DHU3UKH, AJIs
aHaJIM3a Pa3IMYHbIX SBJICHUN B 00nacTAX (QU3M4ecKol 37aeKTpoHUKU. OCBOCHHE AUCHIUILIMHBI
MO3BOJIUT BBIPA0OTATh y aCMHUPAHTOB MOAXOBI K PEIICHUI0 COBPEMEHHBIX MPOOJIeM B 00IacTH
bu3nYecKoil DIEKTPOHUKHM M CMEXHBIX O0JIaCTAX €CTeCTBEHHBIX HayK. JlucuurinHa
«Duznueckass 3JICKTPOHMKA» TAaKXKE HaMpaBlieHa Ha MOATOTOBKY acIHpPaHTOB K cjade
KaHJIUAATCKOro 9K3aMeHa 1o creuuanbHoctu 1.3.5. dusnueckast 371eKTpoOHUKA.

OO6m1ast TpPyI0EMKOCTh Y4eOHON NUCIUIUIMHBI «DU3nuecKasi 3JIeKTPOHUKA» COCTABIISIET 5
3aueTHbIX enuHull (180 yacoB).

KoHTpoIb YpOBHS OCBOCHHUS TUCIUILIMHBI aCTUPAHTAMU TTPOBOAMTCS B (popMax TeKymei
U UTOTOBOI arTectanuu. Tekymias aTTecTalus HpeanojiaraeT OLUEHKY 3HaHWM U yMEHHH Ha
JEKIIMOHHBIX 3aHATUSX C TIOMOINBI0 YCTHBIX OMNPOCOB, OICHKA pPa3IUYHBIX BHJIOB
CaMOCTOSITENbHOM paboThl acupaHToB. [IpoMexyTouHas aTTecTanus aCIUPaHTOB MMPOBOIUTCS B
dopme 3aueroB (B 3, 4 u 5 cemecrpax). MroroBas arrectainus IPOBOJUTCS B paMKax
KaHIUAATCKOTO SK3aMeHa Mo crenuanbHoCTH «Pu3nyeckas 3JIeKTpoHuKa» (6 cemecTp).

1. Hesb u3y4eHHUs1 AUCHUTINHBI

Lenbto wu3ydyeHus JUCUMIUIMHBI «PU3UYecKas 3JIEKTPOHUKA» SIBJISETCS OCBOCHHE
oOyyaromuMucs (QyHJIaMEHTAIbHBIX 3HAHWH 110 OCHOBHBIM HAINpPaBICHHUAM (hu3HUecKas
3JIEKTPOHUKA, OBJIAJICHUM METO/aMHU U BbIpaOOTKe NMPAKTUUECKUX HABBIKOB pEIIEHUs 3ajay Mo
¢u3nyecKkoil  ANEKTpOHHKE, (OPMUPOBAHUM YMEHHUH, HEOOXOIUMBIX JUISI  YCIIELIHOTO
OCYILECTBJICHUS] ~ HAY4YHO-MCCIIEJOBATEIbCKOM  JeATeNIbHOCTH B obmacth  (pusnueckont
AIIEKTPOHUKHU.

2. 3agaun JTHCHUILINHBI

1) [MonydeHre oOUMX 3HAHUIA O (YHIAMEHTAIBHBIX 3aKOHAX, (PU3NYECKUX Mpoleccax
SIBIICHUSX, BO3HUKAIONIUX B DJIEKTPOMATHUTHBIX TOJSX, BIUSHUM STUX TOJEH Ha JBIKYIIUECS
3apsKEHHBIC YaCTUIIBI. Y CBOGHHE METOJIOB CO3JaHUs DJIEKTPOHHBIX MPUOOPOB U YCTPOUCTB, B
KOTOPBIX B3aMMOJICHCTBHE SJIEKTPOHOB C OJIEKTPOMArHUTHBIM TIIOJIEM MCIOJIB3YeTCsS st
npeoOpa3oBaHus SYHEPTUH JUIS epeaaydn, 00pabOTKH U XpaHeHUs: HHPOPMAIUH.

2) OCBOCHHE acIUPaHTAMH OCHOBHBIMH TOHSATHIMH, 3aKOHAMH M MOJEISAMH (U3UIECKOI
DIIEKTPOHUKU — 0a30BBIX 3HAHMA B 00IACTH (DU3MUECKON SJIEKTPOHUKH, KaK TUCIUILIMHBI,
WHTETPHUPYIONIEH 00ImePu3nueckyr0 U  OOIIETEOPETHYECKYI0 TMOATOTOBKY (PU3UKOB U
oOecrieunBaroIeld Hay4YHO-TEXHUYECKHE OCHOBBI COBPEMEHHBIX HWHHOBALIMOHHBIX cdep
JesATeTbHOCTH;

3) oOyueHune acmMpPaHTOB OCHOBHBIM MOJIX0JaM M METO/IaM PEeIlieHus 3a7a4 B 001IacTu
(U3HYECKON IJICKTPOHUKH U OCBOSHHUE C SKCIICPUMEHTAILHBIMHA U TEOPETHUSCKUMHU METOIaMHU
HCCJICTOBAHUM, TPUMEHSIEMbIE B PU3NYECKOM IIEKTPOHHUKE, a TAK)KE YHCIEHHBIX METOJIOB,
MIPUMEHHUMBIX K OITUCAHUIO SIBJICHHUIA B 3TOW 007acTH (PH3UKH;

4) oOydeHue pa3pabOTKe aJeKBATHBIX MOJENel M3y4aeMbIX OOBEKTOB U OIPEACTICHHUIO
00JacT UX MPUMEHUMOCTH;

5) dopMupoBaHre HaBBHIKOB TpUMEHEHUS OS((GEKTUBHBIX METOJOB HCCICIOBAHHUS
(bU3HYECKUX 0OBEKTOB, IPOIECCOB U SBJICHUH C HCITOJIb30BAHHEM COBPEMEHHBIX aHATTMTHYCCKUX
CpeACTB (PUBHKH.



3. MecTo AUCHHUILUINHBI B CTPYKTYpe NPOrpaMMbl aCIHPAHTYPbI

HucuunnuHa «®Pu3nyeckass 5SJIEKTPOHHUKA)» OTHOCUTCS K 0a30BBIM JIHUCHUIUIMHAM
OO0pa3oBarenbHOr0 KOMIIOHEHTAa «JIMCIUIUIMHBI (MOAYJIM)» HPOrpaMMbl aCHUPAHTYphl IO
crienpanbHOCTH 1.3.5. @dusndeckas 2JIEKTPOHUKA.

Jucuuminuza «Pu3ndeckas 3JeKTpOHUKa» peanusyercsa B coorBeTcTBuu ¢ @I'T, OIIOII
BO u VYuebnoro mmana acrmmpantypel MO® PAH no cnenumansHoctu 1.3.5. ®dusmyeckas
AJIEKTPOHUKA.

N3ydyenne mucuumimubl «@Dusudeckas 3JEKTPOHUKA» ONMUpaeTcs Ha 3HAHUS 0a30BbIX
paszesnoB BHICIIEH MaTeMaTUKH, 00mIel (GU3KKH, a TAK)KE HAYAIbHBIX 3HAHUH 110 TEOPETHUECKON
¢usuke, (U3MKKM TOTYNPOBOJHUKOB M TBEPAOro Teisl, (DU3MKK IUIa3Mbl U DIEKTPOHUKH
IPUOOPETEHHBIX aCIMpPAaHTAMH B paMKaX OCBOEHUS IPOrpaMM MarucTparypbl WIK CIENUAINTETa
10 €CTECTBEHHOHAYYHBIM U TEXHUUYECKUM CIEUATBHOCTSIM.

4. TpeOoBaHus K pe3yJibTaTaM OCBOEHHS JUCHHUILIHHbI

N3yuenne nucuurinHbl « PU3ndecKas JIEKTPOHUKA» HAIPaBICHO Ha (GOPMHUPOBAHUE Y
aCIIMPAHTOB CJIEYIOLIUX KOTHUTUBHBIX YMEHUI U HABBIKOB:

- CIOCOOHOCTh K KPUTHYECKOMY aHalIM3y ¢ OLEHKE COBPEMEHHBIX HAayYHBIX
JOCTH>KEHU I, TEHEPUPOBAHUIO HOBBIX UJEH MPU PEUICHUU HCCIIE0BATEIbCKUX U MPAKTUYECKHUX
3amad B o0nacTH (U3WYECKOH DJEKTPOHHMKH, a TaKK€ B CMEXKHBIX M MEXIUCIHUILUTMHAPHBIX
001acTIX;

- CHOCOOHOCTBH IMPOEKTHPOBATh U OCYLIECTBIIATh KOMIUIEKCHBIE MCCIEIOBAaHUS, B TOM
YKCIIe MEXIUCUMIUIMHAPHBIE, HA OCHOBE LEJIOCTHOIO CUCTEMHOIO Hay4YHOI'O MHPOBO33PEHUS C
UCTIOJIb30BaHUEM 3HAHUH B 00J1aCTH (PU3HUYECKON DIICKTPOHHKH.

B pesynbrare n3yueHus AUCHMIUIMHBI aCTUPAHT JOJIKEH:

3Hars:

- COBPEMEHHBIE TIPEICTABJICHHUS O IPUPOJIE OCHOBHBIX (PU3MUYECKUX SBJICHUH, O MPUUMHAX
UX BO3HHMKHOBEHMsI, a TaKKe IPEJICTAaBICHHE O B3aMMOCBS3iX U (yHIaMEHTAIbHOM
€/IMHCTBE €CTECTBEHHBIX HAYK;

- METO/IbI KPUTHUYECKOTO aHaJIM3a M OLEHKU COBPEMEHHBIX HayYHbBIX JOCTHXEHHH, a TakKe
METO/Ibl TEHEPHPOBAHUS HOBBIX HIEH NPHU PEIICHUH HCCIIEIOBATENBCKUX M MPAKTHYECKUX
3a/1a4, B TOM YHCJI€ B MEXIUCLUIUIMHAPHBIX 00JIACTSX;

- O COBPEMEHHOM COCTOSIHHUHU, TEOPETUUYECKUX paboTax M pe3ysibTaTaX SKCIEPUMEHTOB B
o0nacTH  (U3NYECKOM INEKTPOHUMKH, a TaKKe NEepCHeKTHBHBIX HAINPaBICHHUIX
HCCJICIOBAHUN B JAHHOH 00JIaCTH MCCIICIOBAHNM;

- TMEpCHEKTHUBBI DPa3BUTUS (PU3MUYECKOW 3IEKTPOHUKH, a TaKKe CBA3aHHBIE C 3TUM
Mepe/IoBble TEXHOJOTUHU; METOJIbl aHaJlM3a M CHUHTE3a IPU MCCIEI0BaHUU U pa3paboTke
KOHKPETHBIX 3JIEKTPOHHBIX YCTPOUCTB;

- COBpPEMEHHbIE MpPEJICTaBICHUS 00 AJIEKTPOHHO-(QU3UYECKUX MPOIECCax B pa3IMUHBIX
CpeAax U CTPYKTypax, B TOM YHCIIE MPOLIECCOB, COCTABISAIOIINX OCHOBY JJIsl pa3padoTOK
1 CO3/IaHUS IEKTPOHHBIX IPUOOPOB U YCTPONCTB;

- OCHOBHbIE (M3MYECKUE 3aKOHBI, SBIEHUSA U 3(P(EKTb, OCHOBHbIE MOHATHS U TEOPUH,
OIuChIBaroIue (pru3nvecKrue 00BEKTHI U MPOLECCH;

- OCHOBHBIE TEOPETHUYECKHE MOJeNU (yHIaMEHTAIbHBIX MPOLIECCOB M SBICHHUN B
obnactu (pU3N4ecKOon NEKTPOHUKH;

- MaTeMaTH4YeCKHe METO/bl, MO3BOJSIONIME AaJIeKBaTHO OMNHUCaTh U OOBSICHUTH
KOHKPETHBIE (PM3UYECKUE MPOIIECCHI U SBJICHHUS,

- IOCTQHOBKY NPOOJIeM ITPU MOJICTMPOBAHHUS (PU3NUECKUX TPOLIECCOB;

- CIIOCOOBI 1 METO/IbI aHAJIN3a COBPEMEHHBIX (PU3HKO-TEXHUUECKUX MPodIiem;

- TOpUHIUNBL  (QOPMYTUPOBKM HOBBIX 3a/la4, BO3HMKAIOIIUX B XOJE€ HAy4YHBIX
WCCIICIOBAaHUIA U METOJIBI UX PEIICHIS,



- METOJBI, CPEACTBA U MPAKTUKY IIJJAaHUPOBAHHs, OpTaHU3alllH, IPOBEACHUS U BHEAPECHHUS
- HAyYHBIX HUCCIICIOBAHUN;

- OCOOCHHOCTH TPE/ICTABJICHUSI PpE3YJbTATOB HAYYHOM JESATEIBHOCTH B YCTHOW U
MUCbMEHHOI ¢opMe mpu paboTe B POCCHUICKHX W MEXKIYHAPOIHBIX HCCIIEA0BATEIbCKUX
KOJUIEKTHUBAX.

YMmern:

- 3 PeKTUBHO HCIOIH30BaTh HA MPAKTHKE TEOPETHYCCKUE KOMIIOHCHTHI HAYKH: TOHSTHS,
CYXKICHUS, YMO3AKJIFOUCHHS, 3aKOHBI, a TaKke (PyHIaMEeHTATIbHbIC 3HAHUS JIJISl TIOHUMAaHHMS
CYLTHOCTHBIX SIBJICHUI OKPY’KaIOILEro MUPA;

- TPENCTaBUTh TMAHOpaMy YHUBEPCAIBHBIX METOJIOB M 3aKOHOB COBPEMEHHOIO
€CTECTBO3HAHUS,

- KPUTHUYECKH OCMBICIIUBaTh M HMHTEPIPETUPOBATh HOBEHINIHME SBJICHHS B TEOPUU U
MIPAKTHKE;

- abcTparupoBaTbCs OT HECYIIECTBEHHBIX BIMSHUNW TPU MOJCIHPOBAHUU PEATbHBIX
(U3UYIECKUX CUTYaIHH;

- BBIWICHSTH (haKTOPbI, HAUOOJIee CYIIECTBEHHBIE B TEX WJIM UHBIX AJIEKTPOHHO- (PU3HMUYECKUX
CHCTEMaX, BBIOJHSATh KAUECTBEHHBIC OICHKU M KOJMUYCSCTBEHHBIC PACUCTHI (PH3HUCCKHUX
MPOLIECCOB, COOTBETCTBYIOIIMX 3TUM (haKTOpaM, OLIEHUBATh U IPOTHO3UPOBATH BaKHEHIIINE
napaMeTpbl 3JIEKTPOHHBIX CHUCTEM, B TOM YHCIIE, COCTABIIIOIIMX OCHOBY JJIEKTPOHHBIX
pruOOPOB U YCTPOICTB

- aHAJIM3UPOBATH COBPEMEHHBIE €CTECTBEHHOHAYUHBIE TTPOOJIEMBI;

- CTaBUTH 3aJlaud, pazpadaTbiBaTh MPOTpaMMy HCCIEIOBAHHS U IMPOBOJAUTH HAyUHBIE
MCCJIEI0BAHMS TIOCTABJICHHBIX TPOOIIEM,;

-  aHAJIM3UPOBATh aAJIbTCPHATHBHBIC BAPHAHTHl PEIICHUS HCCICIOBATEIbCKUX U
MPaKTUYECKUX 3a/1a4;

- BEIOMPATH CIIOCOOBI M METOTbI PELICHHS UCCIIEA0BATEIILCKUX M MPAKTHYECKUX 33]1a4;

- OcCBaWBaTh HOBBIE METOIbl HAYYHBIX HCCIEIOBAaHUNA B oOnacTu (punyeckomn
3JICKTPOHUKH;

- NpHU pelIeHUH HCCIEeI0BATeNbCKUX M MPAKTUYECKUX 3aad T'€HEpHUpOBaTh HOBBIC HJIEH,
TIO/ITAIOTIIMECS OTIEPAIIMOHAIN3AIINH, UCXO/I U3 HATMYHBIX PECYPCOB M OTPaHHUYCHMUIA;

- 00OCHOBBIBaTh TMPUMEHEHHE MAaTeMaTHYECKHX U (DU3NYECKUX MOJENel HCCIeTyeMbIX
MIPOIIECCOB, SIBJICHUI U 0OBEKTOB,;

- BBITIOJIHATH TEOPETHUECKUE W IKCIIEPUMEHTATIbHBIE UCCENOBAaHUS OOBEKTOB (PU3MUECKON
AIIEKTPOHUKH C HCTIOIH30BAaHHEM COBPEMEHHBIX MPOrPAMMHO-AMIAPATHBIX KOMIUIEKCOB;

- HWHTEPHPETHPOBATH TOJIYYCHHBIC PE3yJbTaThl Ha OCHOBE CHCTEMHOTO HAay4YHOTO
MHUPOBO33PEHHUS;

- paborath ¢ WH(pOpMalMeld B 00JaCTH CBOEH HAYUYHOM JIESTEIBHOCTH, MOTYYEHHOU W3
Pa3MUYHBIX WCTOYHHMKOB: HAyYHOM TEPHOAMYECKOM JUTeparypel, MOHOrpaduii u
Y4e€OHHUKOB, SJIEKTPOHHBIX pecypcoB cetu HTepHeT;

- aKTHBHO U IENICHATIPABIEHHO MPUMEHSTH MONyYSHHbIC 3HAHUS, HABBIKK U YMEHHUS IS
BbIOOpA TEMATHKH BBHITIOTHEHUS WHAWBUYATbHON HayYHO-UCCIIEI0BATEILCKOM PaOOTHI,

- IPUMEHATh Ha TPAKTHKE YMEHUS U HABBIKM B OpTaHU3AIMU MCCIEIOBATEIbCKUX paboT U
NPOBOJNTh HAy4YHBIC WCCIICAOBAaHMS, TOTOBHOCTh K VYYacTHIO B HHHOBAITMOHHOMN
JICATCIIEHOCTH,

- CJIeJioBaTh HOpPMaM, NPHHATHIM B HAaydYHOM OOIICHHH TpU pabOTe B POCCUUCKUX W
MEXIYHAPOJHBIX HCCIEAOBATEIbCKUX KOJJIEKTUBAX C IENbI0 PEIICHUS HAayYHBIX H
Hay4YHO-00pa30BaTEIbHBIX 3a7a4.



Buaaners:
- HaBBIKAMHM KPHUTUYECKOTO aHaJ3a U OLEHKA COBPEMEHHBIX HAYYHBIX JAOCTHOKCHHA W
PE3YJIBTATOB JIEATENBHOCTU IO PELICHUIO UCCIEN0BATENBCKUX U MPAKTUYECKUX 33]1a4, B TOM
YHCIIE B MeKIUCIUIUTMHAPHBIX 00J1aCTsX;
- TBOPYECKMM IIOAXOJAOM B pPEAM3ALMA HAYYHO-TEXHHYECKHX 3a]1a4, OCHOBAaHHOMY Ha
CHUCTEMaTHYECKOM OOHOBJICHUH TOJYYCHHBIX 3HAHHM, HABHIKOB M YMEHHIA W UCIIOJIb30BAaHUHU
MOCIIETHUX JOCTIDKEHUH B 001acTH (PU3HKHY;
- CIIOCOOHOCTBIO TUIAHWPOBATh M OCYILIECTBIIATh KOMIUIEKCHBIE HCCIICOBAHUS HA OCHOBE
CUCTEMHOI'0 HAYYHOI'O MUPOBO33PEHUS;
- HaBBIKAaMH PaOOThI ¢ HAYYHO-TEXHUYECKOH JIUTEPATypOt;
- .HOI‘PIKOI71 Hay‘-IHOFO HUCCIICAOBaHUA, TepMI/IHOHOFI/I‘-ICCKI/IM annapaTOM Haquoro
WCCJICI0BAHMS, HAYYHBIM CTHJIEM HU3JI0KEHUS COOCTBEHHOUN KOHIIEIUY;

- MAaTeMaTHYECKUM aIllapaToM COBPEMEHHON (DU3UKH;
- IPAKTUYECKMMHU HaBBbIKAMU PEIIEHUS] KOHKPETHBIX 3371a4;

- METOJI0JIOTUEN ITPOBECHUS TEOPETUUECKUX UCCIIEI0OBAHUI;
- METOZIAMHU BBIITOJIHEHUSI HCCIIE0BATENbCKUX PaloT;
- HaBbIKAMU IMPUMEHEHHSI COBPEMEHHBIX METOJIOB MaTEMaTHUYECKOT0 U KOMIIbIOTEPHOTO

MOZETHPOBaHHS (PU3UUECKHX IPOLECCOB B 00JIACTH (PU3HUYECKOI AIEKTPOHUKHY;
¢busmyeckoro

- CIIOCOOHOCTBIO  O0pabOTKH  pPE3yNIbTaTOB
MHTEPIPETALUH MTOJTYYEHHBIX PE3YJIbTATOB HA OCHOBE CHCTEMHOI'0 HAYYHOTO MUPOBO33PCHHUSL.

5. O0beM u BuJ yueOHOM padoThI

SKCIEPUMEHTA,

a TaKXxe

OO6mas TpyA0€MKOCTh TUCHHUIUIUHBI «Du3ndeckas 3JeKTPOHUKA» COCTABIISIET 5 3a4. e]I.

(180 ywacoB), ux pacnpeneiaecHue o0 BUAaM padoT mpecTaBieHo B Tabnuie 1.

Pacnpenesienue Tpya10éMKOCTH JUCHUILINHBI 10 BUAaM padoT

Tabauua 1

TpyroémMkocTh
Buj yueOHoii padoThl 3a4. B T.4. [10 ceMecTpaM
qac.
ell. 3 4 5 6

OO01mas TpyA0€MKOCTb JUCITUTUTHHBI 110 5 180 48 48 36 36
y4yeOHOMY IJIaHy
AyauTtopHas padora: 3 72 36 36 - -

aexyuu (J1) 72 36 36 - -

cemunapwi (C) - - - - -
CamocTosiTeIbHAs1 padoTa: 2 108 18 18 36 36

camonodzomoska (npopabomka u

nosmopeHue NeKyuoOHHO20 Mamepuaid,

0Cc80eHUe Mamepuana y4eOHUKo8 u 66 16 16 34 -

YueOHblX nocobuil, N0020MosKa K

ceMunapam u m.o.)

Ilooecomoska k 3auémy 6 2 2 2 -

Iloozomoexa k s3K3aMeHy 36 - - - 36
Bun xourpoas (3 — zauem, 3 — 3 3 3 C)
KaAHOUOAMCKUl SK3AMEH)




6. Conepsxkanue 1M CHUNINHbBI

Tabmuua 2
TemaTn4yeckuii n1aH yueOHOM M CUMIIIMHBI
AyauTopHas Bueayauro
HaumeHoBaHue pa3/iejioB M TeM IUCHUIIMHBI | Bcero padora pHast
JI C padora CP

Pa 1. KuneTu4eckue siBJIeHUs B

3aed1 eTHYecKHe siBjie 50 36 0 14
KpHcTALIaX
Tema 1.1. 30HHBIN COEKTP KPUCTAIIIOB 12 8 0 4
Tema 1.2. KBazuuactumsl 12 8 0 4
Tema 1.3. Hocurenu 3apsija B MArHUTHOM I10J1€ 15 10 0
Tema 1.4. Kunernueckoe ypaBHeHue bonbiimana 15 10 0
IMoaroroBka K 3auéty 2 0 0 2
Bcero 3a 3 cemecTp 54 36 0 18
Pa3nea 2. Kopnyckyiasipuasi onTuka 24 18 0 6
Tema 2.1. 3akoHBI 1BUKEHUS 3apsHKEHHBIX 10 8 0 2
yacTull (3JIEKTPOHOB U HOHOB) B CTATUYECKHUX U
MIEPEMEHHBIX BO BPEMEHHU AIIEKTPHUECKUX U
MarHUTHBIX MOJISIX
Tema 2.2. DneKTpOCTaTUUECKUE JINH3BL. 8 6 0 2
Tewma 2.3. D1eKTPOHHBIE MUKPOCKOTIBI. 6 4 0 2
Pa3nen 3. BakyymHasi 2JIeKTPOHHKA 28 18 0 10
Tema 3.1. MeToabl reHepUpOBaHUs TOTOKOB

" pHp 15 10 0 5

3apSHKCHHBIX YACTHII
Tema 3.2. Ucrounuku CBY-usnydenus. 13 8 0 5
I[MoaroroBka Kk 3a4éTy 2 0 0 2
Bcero 3a 4 cemecTp 54 36 0 18
Pazgen 4. Bonpochl 17151 CaMOCTOSITEILHOTO 34 0 0 34
U3y4eHUsl TUCHUTIIMHBI
DOMUCCHOHHAS IEKTPOHUKA, DIEKTPOHUKA
TBEPJIOTO Tela, PU3NIECKUE OCHOBBI
ANEKTPOHUKHU TTOBEPXHOCTH U MJICHOYHON 34 0 0 34
AJIEKTPOHUKH, METO/IbI aHAJTN3a TIOBEPXHOCTH U
TOHKUX IJICHOK, (DYHKIIMOHANIbHAS JIEKTPOHHUKA
(pazzensl Ha BBIOOP HAYYHOT'O PYKOBOAMTETIS)
IToaroroBka Kk 3a4éry 2 0 2
Bcero 3a 5 cemecTp 36 0 36
Pa3nen 5. Bonmpocsl Aj1s caMOCTOSITEILHOTO
U3yYeHUsl TUCHUIIMHBI IO MporpaMMme 36 0 0 36
KAHJIUAATCKOI0 IK3aMeHa Mo ClelHaJIbLHOCTH
IloaroToBKa K 3K3aMeHy
Bcero 3a 6 cemecTp 36 0 0 36
Hroro no aucuuminxe 180 54 18 108




Pa3nes 1. Knunernueckue siBjieHHsl B KPUCTAJLIaX
Tema 1.1. 30HHBII CIIEKTP KPUCTAJIOB

Mmuorovactuunoe ypaBHenue Illpenunrepa mns kpuctamwia. Ilpubmmwkenue bopna-
OnmnenreiiMepa. OJTHOANEKTPOHHOE MPUOMHKEHUE. Y paBHEHUE XapTpu U ypaBHEHUE XapTpu-
@®oka. 3onHbll cnekTp. Ilepuoanueckoe npoctpancTBo. KBazummmynbsc, 30Ha bpusuirosHa.
Teopema bnoxa. 3akoH qucnepcun U 3pdexTrBHas Macca. MeToJibl pac4eToB 30HHOI'O CIEKTpa
METOJ IceBAonoTeHnmana, k-p — meron. Tenzop >ppexkTHBHON Macchl, pojib CHMMETPUYHBIX
TO4YEK B 30He bpmosHa.

30HHBIM  cHeKTp oxHOMepHOro ypaBHeHus IlpenuHrepa ¢  NEepUOAMYECKUM
noreHuuanoM. OrnepaTopsl KOOPAMHATBI M CKOPOCTH U1 DJIEKTPOHOB B KPUCTAILIE. 3aKOH
U3MEHEeHHs KBasuuMIlyabca. Meton 3¢dextuBHOM Macchl. «VICKpHBIIEHHE» 30H BO BHEIIHEM
noJie. JInHaMuKa 2JIEKTpOHA B ClIydae OJHOPOIHOIO 3JIEKTPUYECKOro nois. PemeHne 3agaun o
BOJI0POJI0NIO100HON IPUMECH.

Tema 1.2. KpazuuyacTuubl

KBasnuactuusl. Onpenenenue, BBeIeHNE KBa3UUaCTULl Ha IIpuMepe naeanbHoro depmu-
raza. IloBepxHocte ®epmu. llosHOe uMcio cocrosHM B 30HE bpwnmosHa. @yHKIuM
pacnpeneneHuss KBa3M4YacTHL] M  YacTHUL], XMMIIOTCHIMAJA. OJIEKTPOHBI U JBIPKM B
IIOJIYIIPOBOJHUKAX.

Mopnens ®epmu-raza. [lnotHocTh coctosiHmii, ocoOeHHocTH Ban-XoBa. DddekTuBHas
Macca IUIOTHOCTH coctostHuid. WuTerpansl 3ommepdensna. TemmeparypHas 3aBHCHMOCTh
XUMIIOTEHIIMANa, TeMIlepaTypa BBIPOKIACHHS. ODJIEKTPOHHAs TEIUIOeMKOCTh. KBazuuacTuubl B
uneanbHoM  bose-raze. DyHKIMM pacnpeneneHus M XUMIIOTEHUMand. bo3e-KoHaeHcanus.
TemnepaTypa KOHIEHCALUH.

Konebanust kpucramimiaeckoil pemerku. JuHaMuueckue ypaBHEHHS, CBONCTBA CUIIOBOM
byHKIMHM. 3aKOH TUCHEpCUU. AKYCTHYECKHE U onThdyeckue konebanus. [lepexon k KBaHTOBOMY
onucanuto. ®oHoHbl, GyHKIMS pactipeaenenus. DoHOHHAS TETUIOEMKOCTb.

Tema 1.3. /IBukeHre B MATHUTHOM T10JI€

JIBU>KeHHE DJIEKTPOHOB B KPHUCTAJZIE BO BHEIIHEM MarHuTHOM mnoje. Tpaexkropuu u
LIMKJIOTpOHHAsA Macca. KBazukinaccnueckoe KBaHTOBAHUE JBHKCHHSI B MATHUTHOM I10JIE. Y POBHU
Jlanpay. [ImotHOCTH cocTosiHui. Poib skcTpemManbHbIX ceueHui noBepxHoctu Pepmu. Hunuuap
Jlannay.

KBantoBble ocuwuisiioHHble sBiIeHUS. Oddextsl ne Taaza-Ban Aunbdena u
ly6HukoBa-ae ['aaza. Ilepnon KBaHTOBBIX OCHMWIUIAIMNA MO oOpaTHOMYy momo. J[BuxkeHue
XUMIIOTEHIIMaNa B MarHuTHoM mnose. CHnuHOBO€ paclieruieHne. AMIUINTYa OCHUJUIALNMN.
®opmyna  Jlupmmna-KoceBnuya, Ttemmeparypa [lunrma. Vcmosnb30BaHME — KBaHTOBBIX
OCHMJUTSILIMOHHBIX 3QPEKTOB /17151 UCCIEA0BaHUs TOBEpXHOCTH DepMu.

Tema 1.4. Kunernueckoe ypapuenue boibumana

Mogens Jlpyne: mnpoBoauMocTb, 3ddext Xomna, MarHUTOCONPOTHUBICHHE U
LIUKJIOTPOHHBIN pe3oHaHc. KuHernueckoe ypaBHeHHe boisblimana. BelpakeHue miisg Toka H
noroka sHeprun. Teopema JlnyBums. [lpubnmkenue BpeMeHn penakcanuu. Bpems penakcanuu
JUTSL OCHOBHBIX MEXaHU3MOB PAaCCEsSHUs B TBEPHbIX TellaX (MOHBI MPUMECH, KOJIeOaHUs PEelIeTKH,
BAaKaHCHUM M TOYEYHbIC Ae(EKThbI, TUCIOKAIMM, TPAHHUIBl KPHUCTAIUTOB, MEXKAIJIEKTPOHHOE
paccesiHue). 3aaya O pacCesHUU 3JEKTpOHA Ha MOHM30BaHHOU mpumecu. @opmyna Konyami-
Baiickomnda.



Pemienue KHHETHYCCKOT'O YpaBHCHUA BOJIBI_[MaHa B BBIPOXKJACHHOM cJydac.
[TpoBOIUMOCTH, YACTOTHASI 3aBUCUMOCTh TIPOBOJMMOCTH. J|BIDKEHHE B MAarHUTHOM TIOJIE, TEH30p
npoBoaumocTH 1 3 dext Xomna. CpaBHerue ¢ moaeinbio pyne.

OOmiee penieHre KHUHETUYECKOTO YypaBHeHHsI bonbiiMaHa B NpuOIMKEHUH BpEeMEHU
penakcanmu. IlpononsHble u nonepeunsie 3¢dexrsl. Kunernueckue xodppunmenter. Ciaydan
M30TPONHOW M aHU30TPOnHOW 3d¢dekTuBHONH Macchl. Pacder mpoBOAMMOCTH C IOMOIIBIO
KMHETUYECKOTO0  ypaBHeHUs  bombinmana. TemmeparypHas  3aBHCHMOCTH  JIpeioBoit
MOJIBIJKHOCTH B CIIy4ae paccesiHHs Ha aKyCcTH4eckuX (oHOHax M MoHax mnpumecu. Crydaii
MHOTOJIOJIMHHON HM309HEPreTH4ecKol TmoBepxHOCcTU. TpaHcmopTHas »>¢@deKkThBHas Macca.
Ciyyaii HECKOJIBKMX TpyIIl HocuTenen 3apsaa. CpaBHeHue ¢ Mojienbio pyne.

Pazngen 2

Paznen 2. KopnyckyJisipHasi onTuka

Tema 2.1. 3aKkoHbl ABHKEHHS 3apsiKEHHbIX YacTHll (JIEKTPOHOB W HOHOB) B
CTATHYECKHUX U NIePEMEHHBIX BO BpEMEHH YIEKTPHYECKHX U MATHUTHBIX MOJISAX.

3aKoHBI JBUKEHUS 3apsDKEHHBIX YAaCTUL[ B CTaTMUECKHUX AJIEKTPUUYECKUX U MArHUTHBIX
nossx. [lokazarens mpenomsieHHs B KOPIYCKYISPHOM onThke. ONTHYECKUH UM MEXaHUYECKUI
NOJXOJbl IPHU PEIICHUU 3aJad KOPIYCKYISPHOM ONTUKU. 3akoHbl nonobus. IlapakcuanbHbie
nydykd. OCHOBHBIE CBOMCTBAa aKCHUAJIbHO CUMMETPUYHBIX JJIEKTPOCTATUYECKUX U MarHUTHBIX
nosed. Teopema byma M 3akoH COXpaHEHMs YINIOBOrO MoMeHTa. Teopema Jlarpanka-
['enpMronbLa u ee CIeacTBUs.

JluHamMKa 3apsKEHHOM YacTUIIbI B IEPEMEHHBIX BO BPEMEHU MOJISAX; IBUKEHUE YaCTHI] B
HOJISIX 3JIEKTPOMAarHUTHBIX BOJIH, 3aXBaT M YCKOPEHUE, YCKOpPEHUE Ha OUEHUSIX.

Tema 2.2. JiekTpocTaTH4ecKHe JUH3bI.

OCHOBHBIE THUIIBl 3JEKTPOCTATMYECKUX JIMH3. TOHKME JMH3bL. JluH3a-auadparma.
OpuHOYHas JMH3a, UMMEPCUOHHBIM OOBEKTHMB M HMMMEPCHOHHAs JIMH3Aa. MarHuTHbIE JHMH3BL
Pacuer doxycHbIx paccrosiauil. JInnza [1azepa. AGeppauu IuH3.

Tema 2.3. DiIeKTPOHHbIE MUKPOCKOIIBI.

ONeKTpOHHBbIE MUKpOCKOIbI. OO0Imue NpuHIMIBL paboThl. KOHCTPYKLIMU 3IEKTPOHHBIX
MUKPOCKOIIOB. OCOOEHHOCTH 3JIEKTPOONTUYECKUX crcTeM. KopnyckyasipHble MUKPOCKOIIBI.

Pa3gen 3. BakyymHast 3JIeKTPOHHMKA
Tema 3.1. MeTonbl reHepMpOBaHMSA MOTOKOB 3aPS:KEHHbIX YACTHIL

dopMupoBaHHE IEKTPOHHBIX My4KOB 00Jb1I0i mioTHOCTH. [Tymka IMupca. Orpannyenune
TOKa IPOCTPAHCTBEHHBIM 3apsAIoM. [IpenenbHblii TOK HEMTPAIN30BaHHBIX MMy4KOB — TOK IIupca.
YcToiunBOCTE MYYKOB B Jpei(oBOM MpOCTpaHCTBE, HeycToWunBocTH Ilupca, TMOKOTpOHHAs U
TOKOBO-KOHBEKTHBHAsI HEYCTOMYUBOCTH, CIUITUHI-HEYCTONYUBOCTD.

CnoHTaHHOE M BBIHYKIEHHOE H3JIy4E€HUE IOTOKOB 3apsDKEHHBIX 4YacTUll. YepeHKOBCKOE,
[UKJIOTPOHHOE (CHHXPOTPOHHOE) U OHAYIATOpHOE W3ydeHus. HopmanbHBIM M aHOMAaTbHBIN
sapdexts! [Jonmiepa. ToMCOHOBCKOE paccesHue.

Tema 3.2. Ucrounnku CBU-u3nyvyenuns

Uctounukn CBY-u3nydeHus, OCHOBaHHbIE Ha BbBIHY)XJIEHHOM H3JyY€HUU I1OTOKOB
3apsDKEHHBIX yacTUIl: jamma Oerymed BosHbl (JIBB), MarueTrpoHsl, THpaTpoHbI, YOUTPOHBI,
BHUPKaTOPBI, J1a3epbl HA CBOOOJHBIX 2JIEKTPOHAX.

Bonssl npoctpancTBeHHOrO 3apsiaa. [IpocTpaHcTBEHHAss M dHEpreTudeckasl TpyNniupoBKU
IIOTOKOB YaCTHII. Henunelinple MeXaHU3MEBI HACBhIIICHUA HU3JTYYCHHA — 3aXBaT 4YaCTHIl B BOJIHaAX
IIPOCTPAHCTBEHHOI'O 3apsija, CABUT pe30HaHCHOW vacToThl m3nydeHus. KIIJ[ CBY-ucrounukos
U3JIYYEHUS.

PenaruBuctckue >PQeKTbl, yYMHOKEHHE YacTOThl, IapaMETPUUYECKHE YCHIIUTENU H
TeHEpaTOPBI.



Pasnen 3.Bonpocs! 1y caMOCTOSITE/ILHOTO U3YYEeHUS] TUCIHILIMHBI
IMHUCCHOHHAS JIEKTPOHUKA.

1. DMuccMOHHAs  JJIEKTPOHHKA, BKJIOYasi Mpoulecchl Ha  IOBEPXHOCTH,
onpenesOmye ABJICHUA SMHUCCHH, JMHCCHOHHYIO CIIEKTPOCKOIHIO U BCEe BH/bI
IMHMCCHH 3aPSIKEHHBIX YaCTHII.

Tepmonnekrponnas smuccus (TOD). Pabora Bbeixoma. OcHoBHOE ypaBHeHHEe TO0.
TepMOSMHUCCHOHHBI METOM MPSIMOT0 MpeoOpa3oBaHMs TEIUIOBOM SHEPTHH B JJICKTPUUYECKYIO.
BakyyMHBII 1HOZ ¢ TEPMOKATOJOM U €T0 BOJIBT-AMIIEpHAs XapaKTEPUCTHUKA.

OMmuccusi TOJA BO3AEMCTBHMEM 4YacTUlLl. B3anMoneicTBUE 3JIEKTPOHOB IOJIIOPOTOBBIX
SHEPrui C TBEPABIM TEJIOM. YNPYrue B3aUMOINEHCTBUA, cedeHus mpoueccoB. CHexTpsl
BTOPUYHBIX NIEKTPOHOB. OKe-3IIEKTPOHBI. DIIEKTPOHHO-CTUMYIMPOBAaHHAS 1€COpOLHS.

B3aumopelicTBHe aTrOMHBIX YacTUL € TBepAbIM TenoM. PacnbuieHune. MexaHU3MBI
pactbuieHns. Popmyna 3urmyHaa Uit kKodh@uUIMEHTa pachbUieHHs. BropudHas HOHHAsA
smuccus. Koappuuuent BTopuyHON MOHHOM sMuccuu. PaccesitHMe MOHOB HU3KHUX M CPEIHHUX
sepruii.  OOparHoe  PesepdopnoBckoe  paccessHue.  VIOHHO-3JIEKTPOHHAs ~ SMHUCCHSL.
[TorenumanbHas U KUHeTHYECKasd amMuccusi. MoHHO-QOTOHHAs SMHUCCHS.

DOTONIEKTPOHHASL SMUCCHS. TPEXCTyNIEeHYaTblii MEXaHU3M YMUCCHUU.

ABTO3JIEKTPOHHAs, K303JIEKTPOHHAs U B3PbIBHASL DMHUCCHS.

DJIEKTPOHHMKA TBEP/IOI0 TeJsa

1. ®dusnyeckue 0CHOBBI JTeKTPOHUKHU TBEP/OrO0 TeJa.

DHEpPreTU4YeCcKuil CIeKTp AIEKTPOHA B OTPAaHMUYEHHOM KpHUCTaJLIE. YCIOBUS JIOKAIU3aLUU.
JlokanuzoBanusle coctostHus Tamma. [loBepxHOCcTHBIE cocTosiHM [1oKin. OcobenHoctu
HHEPreTUYECKOTO CIEKTPa AEKTPOHOB B TOHKUX IJIEHKaX (KBaHTOBBIN pa3MepHbIi 3(hdeKT).

Tunel TOYEUHBIX JEePEKTOB B KpHUCTaulaX. AKIENTOpPHbIE W JIOHOPHBIE INPUMECH B
MOJTyIIPOBOAHUKAX. BonoponononobHast Mosieab NPUMECHOTO LIEHTpA.

Cratuctuka HocuUTenedl 3apsga B IOJIYHNpPoBOAHMKAX. CTAaTUCTHKAa IPUMECHBIX
cocTosiHMil. HeBBIpOXKIEHHBIE M BBIPOXKJIEHHBIE IOJYINPOBOAHUKH. DJIEKTPOXUMUUYECKUN
NOTEHIIMAJ U KOHLIEHTPALMsl CBOOOIHBIX U CBA3aHHBIX HOCUTENEH B COOCTBEHHOM, IPUMECHOM U
KOMITEHCUPOBAHHOM IOJTYyITPOBOJAHUKAX.

ONEeKTPONPOBOJHOCTh B CUIIBHBIX ANIEKTpUUYecKuX noisix. Dddext ['anna. Knaccnyeckuii n
KBAHTOBBIN pa3MepHbIil 3 (PEKTHI B AIEKTPONPOBOAHOCTH.

2. DJIeKTPONPOBOAHOCTH B HEYNOPAA04YEHHBIX MOJYNPOBOAHUKAX.

Heymnopsinouennsle nomynpoBogHuku. [loHsTHe maeanbHOro amop(HOro TBEpAOro Teja
(upeanpHoOro crekia). CrmywaifHas CTpyKTypa W ciydaiiHoe moje. DHepreTM4ecKUi CIEKTp
HEYMOPSAAOYEHHBIX cucTeM (0e3 CclydailHOro mojsi W CO Ciy4dailHbiM mojieM). JlepekTol B
aMOp(HBIX Marepuaax.

DJEeKTPONPOBOHOCTh B HEYNOPSAAOYEHHBIX cucTemax. [IppDKKOBas MPOBOIMMOCTH IO
JIOKaJIM30BaHHBIM COCTOSHUAM BOIM3M ypoBHsA Pepmu (3akoH MoOTTa) M XBOCTax IUIOTHOCTU
COCTOSIHMI BOJM3H KpaeB LIEIH MOJIBUKHOCTH.

3. HepaBHoOBeCHbIe HOCHTEJIH 3apsiia B MOJYNPOBOJHHKAX.

HepaBHoBecHble HOCUTENM 3apsiia B MOJYIMPOBOJAHMKAX U JUAIEKTpUKaxX. leHepauust u
pexkoMOuHanusa. MexaHu3Mbl peKOMOMHAITUH.

Hudody3us u apeiid HepaBHOBECHBIX HOCHUTENEH, cOOTHONIeHHEe DifHiTeiHa. [noTHOCTH
TOKa W rpaaueHT ypoBHS @DepmHu. YpaBHEHUE HENPEPHIBHOCTH, AHAIU3 YaCTHBIX CIy4acB
JIOKAJIbHOTO BO30YXK/I€HUS U MH)KEKIIUH.

4. KoHTakTHBIE SIBJeHUS B MOJYNPOBOAHUKAX.

Pasnuunble Thnbl koHTakTOB. KOHTakT TBephoe Teno — BakyyM. KoHTakr mertamn —
nonynpoBoaHuk. Jlnonasl Hlortku. J{uoanas u nuddy3noHHas TEOpUN BRITPSIMICHHS.

DeKTPOHHO-ABIPOYHBIN Tepexon. KonmuecTBeHHass Teopus WHKEKIUM M 3KCTPaKLUU
HEOCHOBHBIX HOCHUTENEH. BripsimiieHne U ycuileHHe ¢ OMOIIBI0 P-N nepexonoB. Ctarnueckas
BOJIbT-aMIlepHast xapaktepuctrka (BAX) p-n nepexona. TyHHenbHBINH 3G deKT B P-N nepexoaax.



OCHOBHBIE NPEACTABIEHUS O MOJYIIPOBOAHUKOBBIX I'€TEPONIEPEXOAAX, UX IIPUMEHEHHUE.

5. OnTHyeckue u GoTOITEKTPHYECKHE SBJICHUS B MOJYNPOBOAHUKAX

[Toryomienne M UCHyCKaHWE CBETa IOJYNPOBOAHMKAMHM. MeXaHHU3Mbl IOIVIOLIEHUS.
[Tornomienne M OTpaXkKEHUE SIIEKTPOMATHUTHBIX BOJIH CBOOOJHBIMH HOCHUTENSIMU 3apsfa.
[ToryomieHne W M3JIydeHHE IPU ONTHUYECKUX Iepexofax 30Ha-30Ha. IIpsimble u Hempsimbie
nepexonbl. PaspemieHHble M 3ampenicHHble nepexoabl. CIEKTpalbHbIE XapaKTEPUCTHUKU
NOMJIOIIEHUS] KpUCTAILIIAMHU.

CnoHTanHOe M BBIHYXKIEHHOE u3inydeHue. [lomynpoBomHukoBsle nasepbl. Onrudeckue
CBOWCTBa aMOP(HBIX MOIYNPOBOTHUKOB. PoTo3(dekT B P-N mepexonax. ConHevHnble Oarapew.
[TpeoOpa3oBaHue IEKTPUUECKUX CUTHAIIOB B CBETOBBIE.

6. HaHO03JeKTPOHHKA.

Hanosnextponuka. KBaHTOBBIE sIMBI M CBepXpelIETKU. KBaHTOBBIE HUTH M KBAaHTOBBIE
TOYKHA. OJEKTPOHHBIE COCTOSHUS B  HAHOCTPYKTypax. TpaHCHOpPTHBIE SBJIEHUS B
HU3KOpa3MepHBIX cucreMax. ONTHYECKHEe CBOMCTBA HAHOCTPYKTYP. ONHOIIEKTPOHHBIE SABICHUS
B HAHORJICKTPOHHBIX ycTpoiicTBax. HanorexHomorus. IIpubopsl HAHOIEKTPOHUKH.

Pu3nyecKre 0CHOBBI 3IEKTPOHUKH IOBEPXHOCTH U INICHOYHOM JICKTPOHUKH

1. ®wusnyeckue 0CHOBBI JTEKTPOHUKHU NOBEPXHOCTH U IVICHOYHOM IEKTPOHUKH.

OHepreTuyeckas JauMarpaMMa peallbHOM NOBEpXHOCTU. I[IOBEpXHOCTHBIE COCTOSIHMS.
O¢ddekr mons W TMOBEPXHOCTHAs MPOBOAMMOCTH. BimsHuEe aacopOMpOBAHHBIX YacTHIl HA
IIOBEPXHOCTHYIO IIPOBOAUMOCTD. [10sIeBbIE TPAaH3UCTOPHI.

[TpoGnema MUKPOMUHHATIOPU3ALUN JJIEMEHTOB MHUKPOIJIEKTPOHHKHU.
[TonynpoBOAHUKOBBIE, IJICHOUHBlE W T'HMOpHUJHBIE HHTErpajbHble cxembl. dDoromurorpadus,
PEHTTEHOBCKAsi U DJICKTPOHHAsS JIUTOTpaduul.

OCOOEHHOCTH CTPYKTYpHI IUIEHOK, CBS3aHHBIE C XapaKTEPOM 3apOXKICHHSL.

TekcTypupoBaHHbIE U SIUTaKCHANIbHBIE MJIEHKU. CTPYKTYpHBIE HECOBEPLIECHCTBA.

SIBneHus nepeHoca B TOHKUX METaUIMYECKUX IUIeHKax. [lucnepcHble miieHku. CruloniHbie
ieHkd. Pasmepnsie 3 (heKThl B uIeHKaX.

ToHKHE TUTIEKTPUUECKUE U NTOJIYTIPOBOJHUKOBBIE IUNIEHKU. JIMAIEKTpUYECKUE TIOTEPH.

ToxompoxokaeHne depe3 AMAIEKTpUYecKue ciou. TyHHenupoBanue. HanbapwrepHas
HIMUCCHS MEKTPOHOB. TOKH, OrpaHUYEHHbIE TPOCTpaHCTBEHHBIM 3apsoM (TOII3).

[1neHouHbIe aKTUBHBIE 2I€MEHTHI. Vcronb30BaHNe HEPABHOBECHBIX (TOPSYMX) AIIEKTPOHOB
B METAIMYECKUX IUICHKaX. AKTHBHBIE DJJIEMEHTHl, OCHOBaHHBIE Ha HCIOJIb30BAaHUU
XapaKTePUCTUK C OTPHUIATEIbHBIM COMPOTHUBIEHUEM. AHalloroBele Tpuoasl Ha ocHoBe TOII3 B
JuonekTpukax. [IIIeHOUHBIN TI0JIE€BOM TPUO/,.

2. MeToabl aHAIN3A MOBEPXHOCTH M TOHKHX IJIEHOK

Metonuku onpenesneHuss IUIOTHOCTHM TIOBEPXHOCTHBIX COCTOSHHMM, OCHOBaHHBIE Ha
apdexre momst (C-V Meronm © METOA, OCHOBAaHHBIM HAa W3MEHEHUW ITOBEPXHOCTHOMU
POBOAMMOCTH).

OcHOBBI 3HeproaHanusa 3apsKeHHBIX yacTHll. OCHOBHBIE THIBI IHEProaHaM3aTOpPOB.
Metonbl perucTpanMy 4acTHll. BTOpPHYHBIN OJIEKTPOHHBIA YMHOXWTENb. JleTeKTopbl A
OBICTPBIX YaCTHII (TOBEPXHOCTHO-O0APBEPHBIN IETEKTOD).

Judpakuus MeAIeHHbIX M OBICTPBIX JIEKTPOHOB (HA MPOCBET U OTPAKEHHUE) KaK METOJIbI
HCCJIEZIOBAHUS CTPYKTYPhI TOBEPXHOCTH.

OnextpoHHas Oxe-cniekTpockonus. OCHOBHOE YypaBHEHHME. MeTonbl KOJIUYECTBEHHOMN
Oxe-CeKTPOCKOIIHH.

®orosnextponHas cruekrpockonus (OPO3C u YOIC). PentreHoBckas (GOTOINEKTpOHHAS
cnekrpockonus (POOC unu ICXA — 3neKTpOoHHAs CIEKTPOCKONHUS JJI1 XUMUYECKOTO aHanu3a)
U KOHCTPYKLIMU MPUOOpoB. XumMuueckue ciBuru yposae. Konmmuecrsennas POIC.

Cnekrpockonusi xapakrepuctudeckux mnotepb »dHeprun (CXII93). Koncrpykuuu
npu6opoB. OJHOYACTHYHBIE U MHOTOYaCTUYHBIE BO30YXKAECHHUS 3JIEKTPOHOB B TBEPAOM TelIE.
KonmnuectBennas CXI199.



PactpoBast snexTpoHHass MUKpockonus. Pexxumbl paboTsl. OcoOeHHOCTH (POpMUpPOBaHUS
KOHTpacTta. PeHTreHoBCkMil  MUKpoaHain3. KOHCTPYKIIMM  pacTpOBBIX  AJIEKTPOHHBIX
MHUKPOCKOIIOB 1 MUKPOaHaJIN3aTOPOB.

TyHHenbHAasT M aTOMHO-CUJIOBass MHMKpoOcKonus. Pusnueckue OCHOBBL. KoHcTpykius
MUKpPOCKONOB. [ Ipumenenusi.

MeToasl MOHHOHM CIEKTPOCKONUU. Macc-cnekrpoMeTpusi BTopudHbIX HoHOB (MCBU).
Crurmarnueckuii u pactpoBbiii pexxum MCBU. MoHHO-HeWTpanu3aloHHAas CIIEKTPOCKOINS.
Ob6parHoe pesepdopaoBckoe paccessiuue. CEeKTPOCKONUS paccesHrs MOHOB HU3KUX M CPEIHUX
DHEPIUi.

DOYHKUHMOHAJIBHASA Y1eKTPOHUKA

Marneroanexktponuka.  LlunuHapuyeCkue  MarHuTHblE — JOMEHBl.  MarHurtHble
3allOMUHAIOIME YCTPOUCTBA: HAa (PepPPUTAX U HA TOHKHX IJICHKAX.
AKYCTORIIEKTPOHHKA: B3aMMOJACUCTBUE  OJIEKTPOHOB € JJIMHHO-BOJHOBBIMHU

aKyCTUYECKMMHU  KOJEOAHMSIMM  pEIeTKH,  aKyCTORJIEKTpUdeckuil  3¢p¢ekrt,  ycuieHue
yABTPA3BYKOBBIX BOJH. AKYCTOAJIEKTPUYECKUE SIBIIEHUS HAa IIOBEPXHOCTHBIX BOJHAX U HX
IPAaKTUYECKHE NMPUMEHEHUS — MajorabapuTHbIE JUHHUU 3aJI€PXKKU, YCHIIMTEIU U TeHEepaTrophbl
AIIEKTPUUECKUX KOJICOAHMII.

MonexynsapHast 3ineKTpoHMKa. OCHOBHBIE IPUHLUIBI MOJIEKYISIPHOM DIIEKTPOHUKH.
DNeKTpOHHBIE BO30YXICHUS, HCIONB3yeMbIe Ui Tepefadd W XpaHeHHs HHGopManud B
MOJIEKYJISIDHBIX ~ cucTeMmax. IlepcrieKTuBBI OOHOMEPHBIX M KBa3MOJHOMEPHBIX CHCTEM,
CTPYKTYpHasi HEYyCTOMYMBOCTb OJHOMEPHBIX IPOBOJHUKOB, Iepexonbl Ilaiiepica u Morra-
Xab0apaa. D1eKTpOHHbIE BO30YKACHUS B OAHOMEPHBIX CUCTEMAaX, COJMTOHHAS IMPOBOAUMOCTb.
DOTONPOBOAUMOCTD, HEIMHEHMHBIE ONTUYECKUE CBOMCTBA. MOJIEKYIspHBIE MOJYNPOBOIHHUKHU -
NOJMALETHIIEH W  MNOJMIMALETWICH: CTPYKTypa, CBOiicTBa, JjerupoBaHue. IIpuGopsl
MOJIEKYJIAPHOU JIEKTPOHUKH.

Kpuoanekrponuka. DIEeKTpOHHBIE CBOMCTBAa TBEpIBIX Tel (METaibl, IUAIEKTPUKH,
IOJyIIPOBOJAHUKY TPU HU3KUX TeMIeparypax. JSIBIeHHE CBEpXIPOBOAUMOCTH. ODPPeKT
Meiicnepa. OcoO€HHOCTH TYHHEIUPOBAHUS B YCIOBHSIX CBEPXIIPOBOIUMOCTH.

BricokoTemneparypHas cBepXIpoBoAUMOCTh. CBOMCTBA U TapaMeTpbl
CBEPXIPOBOIHUKOB C BBICOKOM T .

Maxkpockonuieckue KBaHTOBbIE 3PPEKThI CBEpXITPOBOAUMOCTH. KBaHTOBaHNE
MarHuTHOro noroka. ekt Jxozepcona. Tunst Jxo3ehcOHOBCKUX Mepexo0B. AHATIOTOBbIE
ycTporictBa Ha addekrax J[xo3edcona. Crannaptsl HanpsikeHus1, ckBuabl, CBY npueMHbie
YCTPOMCTBA.

Hudpossle sueliku Joruku 1 namsaTi. [IpoOnemsl coznaHus OOJIBIINX HHTETPAIbHBIX
cxeM (BUC). Oco0eHHOCTH IEKTPOHHBIX YCTPOHUCTB Ha BEICOKOTEMIIEPATYPHBIX
CBEPXIPOBOIHHUKAX.

JIOTIOJTHUTENBHBIN NEpEYEHb BOIPOCOB JJII CAMOCTOSITENIBHOTO M3YYEHHs TUCLHUILINHBI
«Pusnyeckas SIEKTPOHHKA» (QOPMHUPYETCSl HAyyHBIM pYKOBOJAWUTENIEM aclUpaHTa U
YTBEPKIAETCS ACIIMPAHTCKON KOMHUCCHUEN.

Pasznen 4. BOl'lpOCLI AJIst CaMOCTOSAATECIbHOIO M3YYCHUA TUCIHMILIMHLBI 110 MporpaMme
KaHAHJIATCKOI'0O 3K3aMeEHa 110 CieMaJIbHOCTH

[lepeueHs BOMPOCOB I CAMOCTOSITENIBHOTO H3yYeHUs AUCHUIUIMHBI «Dusndeckas
JIEKTPOHHKA)» TIPH MOATOTOBKE K KaHIUIATCKOMY 3K3aMEHY I10 CIeIHaTbHOCTH COOTBETCTBYET
nporpaMMe KaHIUAATCKOTO dK3aMeHa MO CHelualbHOCTH «Du3ndeckas JIIEKTPOHHKA,
yrBepkaeHHon YueHsiM coBeToM NO®D PAH (mpotokon Ne oT «_ » 20 r.).

7. IlpuMepHas TeMaTHKA:
7.1. KypcoBbix padoT
He npenycMoTpeHO yueOHBIM IIIaHOM



7.2. Hay4Ho-ucC/Ie10BaTeIbCKHUX Pa00T U NPOEKTOB
He npenycMoTpeHO yueOHBIM IIIaHOM

7.3. Pepepaton

He npenycMoTpeHO yuyeOHBIM IJIaHOM

8. PecypcHoe obOecnieuenme.

8.1. Kaaposblii noTeHumnan

Acnupantypa MO® PAH pacnonaraer KaapoBbIMM peCypcamu, TapaHTHUPYIOUIUMHU
KAaueCcTBO MOJATOTOBKHM acmupanta Mo creuuaibHoctd 1.3.5. ®dusmdeckas 3JIEKTpOHUKA B
cootBercTBUU ¢ PI'T.

8.2. Marepua/ibHO-TeXHHYECKOEe OCHAIIlEeHHE.

Jns  npoBeaeHus — 3aHATUM 1O  JIMCUMUIUIMHE «Dusnueckass  AIEKTPOHUKAY,
PEeyCMOTPEHHON y4eOHBIM IJIAHOM TOJrOTOBKM AaCHUPAHTOB, HUMEETCS HeoO0Xoaumas
MaTepHaJbHO-TEXHHUECKass  0a3a, COOTBETCTBYIOINAs  JEHCTBYIOUIMM  CAHUTAapHBIM U
IMPOTUBOMNOXAPHBIM TpaBUJIaM W HOpMaM, oOecreuyuBaromias MpPOBEACHUE BCEX BUJIOB
TEOPETUYECKON U MPAKTHYECKOMN MOATOTOBKH:

— ayIUTOPUU JUISI JICKIIMOHHBIX U CEMUHAPCKUX 3aHATHI, OCHAIICHHBIE PE3eHTAlMOHHBIM
o0opynoBaHueM (HOYTOYK, IPOEKTOpP, 3KPaH) U MAPKEPHBIMU JJOCKAMH;

— oOopymoBaHue Uis TPOBEACHUS JIEKIMOHHBIX M CEMHHAPCKUX 3aHATUH B
JTUCTaHIIMOHHOM (hopmare (B cirydae HEOOXOUMOCTH );

— JMIIEH3UOHHOE MPOoTrpaMMHOEe obecrieueHue Al JEMOHCTPAlUK Mpe3eHTaluil B hopmare

PowerPoint, OpenOffice wiu Portable Document Format, a Takxe coBpemeHHbIi hopmar

Computable Document Format (CDF) for Interactive Content.

— ydyeOHasi JIuTeparypa U METOAMUYECKHUE MaTepualbl JUIsl IPOBEIEHUS CAMOCTOATEIbHON
paboThI MO TUCIUTLINHE.

EcTb BO3MOXHOCTB MCIIOJIB30BAaTh CTAHAAPTHBIE MAKETHI KOMIIBIOTEPHON MaTEMaTUKHU IS
pemieHuss (pU3NKO-MaTeMaTHYECKMX U (PU3UKO-TEXHUYECKHX 3a/lay, a TaKXkKe MpeICTaBlICHUs
MOJIyYEHHBIX PELICHUI C UCIIOJIB30BaHUEM CPEICTB KOMIIBIOTEPHOHN IpapuKu.

CranpapTHbIe MaKeThl 17151 UHKEHEPHBIX PACUETOB:

— Jlunensuonnas nporpamma MATLAB (Ha KOMIIBIOTEPHBIN KJ1acc)
— Jluuensuonnas nporpamma Mathematica 8
— Jlunensuonnas nporpamma Visual Studio .NET, 2005, 2008, 2010
— Jlunensnonnas mporpamma Intel® Fortran Composer XE (akamemuy)
— Jlunensuonnas [Iporpamma KAPAT (aBTop: Tapakanos B.I1.).
ABTOpCKHE MPOTrpaMMHBIE TTAKETHI, pa3padoTanHbie coTpynaukamu NOD PAH.

8.3. O0pa3oBaTe/ibHbIE TEXHOJIOTHH

[Ipu peanu3anuu pa3IWyHBIX BUJOB Yy4eOHOH palbOThl  (JIEKIMHM, CEMHUHapBhI,
camMocCTosiTeNIbHas paboTa) UCHONB3YIOTCS CIEAYIOIME COBPEMEHHbIE 00pa3oBaTeIbHbIE
TEXHOJIOTHH:

- JIeKIIMOHHAsl CUCTEMA O0YyUYEeHHUS;

- ”H(POPMAIIMOHHO-KOMMYHHUKAITMOHHBIE TEXHOJIOTHH;

- UCCIIEIOBATEILCKUE METO bl B O0yUCHHH.

[Mporpamma gucuuruHBl  «@DHU3MUECKass DIEKTPOHUKA» MPEIyCMaTPUBAET IHPOKOE
UCIIOJIb30BaHUE B YU€OHOM MPOIIECCEe AKTUBHBIX M MHTEPAKTUBHBIX (POPM MIPOBEACHUS 3aHATHI B
COUYETaHUM C BHEAYJUTOPHOM CaMOCTOSTEIbHOM paboTOoil C 11eNibl0 (OPMUPOBAHUS U PA3BUTHUS
npo¢eCCHOHATILHBIX HABBIKOB y 00ydaromuxcs. I¢P(PeKTUBHOCTh MPUMEHEHUSI WHTEPAKTUBHBIX
dbopm 00yueHust 00eCTIeUMBACTCS peash3aIlieil CIeIYIONNX YCIOBUA:

- CO3/1aHUe TUAIOTHYECKOT0 MPOCTPAHCTBA B OPraHU3aIlMK yueOHOTr0 Mpoliecca;

- WCTOJB30BaHUE TPHHIUIIOB CONUAIBHO-TICUXOJIOTHYECKOTO OOyYeHHUsT B Y4EeOHOH H
HAY4YHOH JIeITeNbHOCTH;



- IPUMEHEHUE UHTEPAKTUBHBIX (pOpM 0OyueHUsI, HaIIPABJICHHBIX HA Pa3BUTHE BHYTPEHHEH
aKTUBHOCTU acIUpaHTa, CTHMYJIMPOBaHHE MOTHBAIlMM W WHTEpeca B OOJIACTH YIrIyOJICHHOTO
U3y4eHHs] TeOopeTHYecKord (u3uKu B 0011e00pa30BaTeIbHOM W MPO(PECCHOHATBHOM IIJIAHE;
HOBBIILICHHE YPOBHS aKTUBHOCTH M CaMOCTOSTEIBLHOCTH HAayYHO-HCCIICI0BATEIBCKOW PabOThL;
Pa3BUTHC HABBIKOB aHaJIn3a, KPUTUIHOCTU MBIIIJICHUS, Haquoﬁ KOMMYHUKAIIUH.

OO0pa3oBaTebHbIe TEXHOJIOTUH HPEIIIONAraloT MPOBEICHUE 3aHATHIH B (opme JeKUuil ¢
OOBSICHEHHEM TEOPETUYECKOTO0 MaTephajia, CEMHHAPOB C pa300pOM JIEKIIHOHHOTO MaTepuasa U
pelieHHeM 3aJad W CaMOCTOsTeNbHYI padory. CamocrosiTelbHas paboTa acnupaHTOB
OpoOBOIUTCS B (hOpME H3YUEHHS] OTHCIBHBIX TEOPETUYECKUX BOIPOCOB MO TpeajaraeMoi
JUTEpaType ¥ CaMOCTOSTENIbHOTO pEIICHHs 33j7a4 C JAIbHEHIIUM HUX pPa30opoM WM
00CYyXJIEHUEM Ha ayIUTOPHBIX 3aHATHUSAX.

Ha 3aHATHAX MOXET UCIOJIb30BAThCS IPOMEKYTOUHBII KOHTPOJIb B BUJE PELICHHS 3a/1a4
10 JICKIIHOHHOMY M CEMHHApPCKOMY MaTepuaiy.

9. YueOHO-MeTOAMYECKOE U HH(POPMALIMOHHOE 00ecevyeHHue TUCHUILINHBI

9.1. OcHoBHAasi IMTEpaTypa
9.1.1. DueKTpOHHBIE y4eOHbIe H3AaHus (Y4eOHHKH, y4eOHbIe 10Cco0ust).

9.1.2. D1eKTpOHHBbIE 0a3bl JAHHBIX, K KOTOPbIM O0ecle4yeH A0CTyIl.
- aTepHeT-pecypcesl Hay4YHO-TEXHUYECKON oubnmorexku NOo® PAH
https://www.gpi.ru/about/library/education/
- Hayunas snexrponnas 6ubnmoreka elibrary.ru;
- Dnektponnslie 06a3pl Web of Science u SCOPUS;
- XKypnanet o ¢usuke (Ycnexu ¢usnueckux Hayk, KIOTOD, [Mucema B KIOTOD, dusuka
TBepaoro tena, Gusuka miazmel, Nature, New Journal of Physics, Physical Review Letters,
Physical Review wu mp;
- Hayunble W HaydHO-TEeXHHYECKHE J>KypHaIbl m3marensbcTB American Physical Society,
American Institute of Physics, Institute of Physics, Nature, Springer Verlag, 6a3a manHbIX
Web of Science.
9.1.3.YueOHuKM
1. Kensman B.M., fIBop C.4. Dnexrponnas ontuka, Hayka, JI., 1968, 486 c.
2. Tonacreitn JIx. WM np. PactpoBast »ieKTpoHHAass MHUKPOCKONHS M PEHTTCHOBCKUI
MUKpOaHau3, kH. 1 u 2, Mup, 1984.
3. bpoynait U., Mepeit [[x. ®uznueckue OCHOBBI MHUKpOTexHOJOrHH, M., Mup, 1985,
494 c.

4. Kepeobros N.I1. OcHoBsl a5ekTponukH, JI., DHeproaromusaat, 1985.
5. Ho6peuos JI.H., l'omaronoBa M.B. Dmuccruonnas snextponuka, M., Hayka, 1966.
6. Muutep P. Benenue B GU3MKYy CHIBHOTOYHBIX ITYYKOB 3apsDKEHHBIX YacTwil, M.,

Mup, 1984, 432 c.

7. Pyxamse A.A. u ap. OusnKa CUILHOTOYHBIX PEISTUBUCTCKUX AJIEKTPOHHBIX MyYKOB,
M., Atomm3znar, 1980.

8. Mapmain T. JIazepbl Ha cBOOOTHBIX 3JIeKTpoHax, M., Mup, 1987, 238 c.

9. Enucanos E.M., Moma FO.A. TseppotensHas snekrpoHuka, M., Beicmas mikona,
1986, 303 c.

10.T'ycea M.b., [lyoununa E.M. ®usnueckue OCHOBBI TBEPAOTEIHHON AIIEKTPOHUKH,
M., MI'VY, 1986, 311 c.

11. Amopdusie nonynpoBoguuku. [lox pen. M. bponcku, M., Mup, 1982.

12. Yompa K.JI. DnexTpudeckue siBICHUS B TOHKHX TUIeHKax, M., Mup, 1972, 435 c.

13. IManatuuk JI.C., [Tanupos N.1. Dnurakcuanshelie miaeHku, M., Hayka, 1971, 480 c.

14. Jlamnept M., Mapk I1. MnxeknroHHbIE TOKH B TBEPABIX Tenax, M., Mup, 1973.

15. Mertoas! ananuza nosepxuHoctu. [lox pen. 3anaepust A., M., Mup, 1979, rn.3,4,5.



16.

17.

18.

19.

20.

21.

22.

23.

AdanacbeB B.IL., SIBop C.5. DnekTpocTaTHuecKkue SHEproaHaaIn3aTopbl I ITyYKOB
3apspKeHHBbIX yacTul, Hayka, 1978.

DNeKTpOHHas U MOHHAs criekTpockonus TBepaoro tena. [loa. Pen. ®dupmenca JI., M.,
Mup, 1981.

Ananus noBepxnoctu Meroaamu Oxe u POIC. I[lox pen. bpurca A. I Cuxa M.B.,
M., Mup, 1987.

Emudanos I'.1., Moma H0.A. ®usndeckre 0CHOBHl KOHCTPYHPOBAHUS U TEXHOJIOTUU
POA u BOA, M., Coserckoe paauo, 1979, 352 c.

Ban lyzep T., Tpenep U.Y. dusuyeckue OCHOBBI CBEPXIPOBOAAIIMX YCTPONCTB U
nereii, M., Paguo u cBs3b, 1984.

['ma36ypr B.JI. CBepxXmpoBOOMMOCTH I03aBYEpa, BUEpa, CETONHS, 3aBTpa. Y CHEXH
¢busnueckux Hayk, T. 170 , c. 619-630 (2000).

MaxkcomoB  E.I'.  IIpoGiiemMbl  BBICOKOTEMIEPAaTYpPHOH  CBEPXIPOBOJUMOCTH.
CoBpeMeHHOE cocTosiHHE. Ycnexu pusnyeckux Hayk, T. 170, ¢. 1033-1061 (2000).
HImuar. Beenenue B pusuky ceepxnposoaumoctu. ML. MHO. Mocksa, 2000.

9.1.4.Y4eOnnie mocoous

1.

AnexkcannpoB A.®., Kyzenes M.B. Teopernueckas miasmMeHHas 3JE€KTPOTEXHHKA.

MI'Y umenu M.B JlomonocoBa, ®usnueckuii gpaxkynbret, 167 c.

9.2. JlonmotHUTEIbHAS JIUTEPATypa

1.

2.
3.

10.

11.

12.
13.

14.

Kyzenes M.B., Pyxanze A.A., CrpenkoB I1.C. IIna3mennas penstuBucrckas CBY-
anextponuka, 2018 r Jlenann, 624 ¢

Emudanos E.N., Moma FO.A. TeepnorensHas anexktponrka. M.: Beicm. Ik, 1986.
CymkoB A.Jl. BakyymHast anekTporrka. @usuko-rexanaeckue ocHoBbl. C-116: 13n.
Jlanb, 2004.

Kynenes M.B. Ilna3smennas penarusucrckas CBY anekrponuka. M.: MI'TVY um.
baymana, 2002.

B.E. bopucenko, A.JI. Janumiok, A.11.Bopo6reBa, E.A.YTkuna, Hanosnekrponuka:
Teopus u npaktuka (bunom, M., 2013).

bunnur I'., Popep I'. Ckanupyromas TyHHEIbHas MUKPOCKOIINS — OT POXKIEHUS K
roHoctH, Y®H. 1988, 1.154, BEIII.

Kyzenes M.B., Pyxanze A.A. BeiHyX/1€HHOE U3JTy4eHUE CHIIbHOTOYHBIX
PENATUBUCTCKUX IEKTPOHHBIX ITyukoB. YOH, 1987, 1.152, BeIn.2, 285-316 c.
OCHOBBI CHJIOBOM 3JIEKTPOHUKHU: OT a30B K BepuinHaMm Mactepcrsa / Lllyctos M. A. -
Mocksa: Hayka u texnuka, 2017. - 335 c.

B IO. E. babuues, DnexTpoTexHuKa U ekTpoHuka. U.1. Dnekrpuueckue,

anekTpoHHbIe 1 MarHuTHBIE 1enu / FO. E. babuues. - Mocksa : I'opnas kaura, 2007. -
ISBN 978-5-91003021-7 : b. u. 9bC JIAHb

5. C. D. ®pun, Ontuyeckue cuekTpsl atoMoB / C. 3. @pumt. - Mocksa : Jlans, 2010.
- 644 c.

A. T. dypceii, ABTosnexTponHas smuccust / A. I'. dypceii. - Mocksa : Jlans, 2012. -
320c.

K. Illumonu. dusznveckas snexkrponuka. Mocksa, "Iueprus", 1977.

J .. Tpybeuxos, A.I'. Poxués, JI.B. Cokomnos. JIekmuu mo cBepXBbHICOKOYaCTOTHOM
BaKyyMHOH Mukpo3nekTponuke. Caparos.- U3n-Bo 'ocVHI] "Komnemxk", 1996.
JLLA. Baitnrelin, B.A. CosnHiieB. JIekinu o cBepXBbICOKOYACTOTHOM SJIEKTPOHUKE.
Cog.paauo, 1973.



9.2.1.YueOHo-MeTOAMYECKHE MOCOOHS (YueOHbIEe 32 JaHUA)
1. Ilyka A. A. Dnexrponnka. YaeoHnoe nocooue / [Tox pexa. mpod. A. C. Curona.
CII6.: BXB-Ilerepoypr, 2005. — 800 c.: ui.

9.2.2. JIuteparypa aJs yriy0JeHHOro u3y4eHusi, NOAroTOBKU pedepaToB

10. Arrectauuss nmo aucuuniauHe. Gopma NMPOMEKYTOYHOM AaTTECTALlUM IO UTOraM
o0ydeHust B 3, 4 u 5 cemecTpax — 3a4eT, Npoueaypa aTTecTaluu B 3 U 4 ceMecTpax BKIIIOYAET
pelleHrne KOHTPOJIbHBIX 33]1a4 U OTBET Ha BOMPOCHL, B 5 CEMECTPEe — OTBET Ha BOIIPOCHI.

UroroBass arrecrauusi 1o IUCUUIUIMHE BKIIOYAET CIa4y KaHAMAATCKOTO HK3aMeHa
9K3aMEHAIIMOHHOW KOMUCCHH, YTBEPKICHHOH JOKaJIbHbIM HOpMAaTHUBHBIM akToM NO®D PAH.

11. OmueHouHble CpeACTBAa JUIA TEKYHIero KOHTPOJS YCINeBaeMOCTH H
NMPOMEKYTOYHOIH aTTeCTANMHU 10 UTOraM OCBOEHHS THCIUTITHHBI

11.1  OueHoyHble  CcpeAcTBAa  TeKylllero  KOHTPOJSI  yCIeBaeMOCTH U
c¢(popMUPOBAHHOCTH KOMIIETEHIIU

JIisi  TEKymiero KOHTPOJI YCIIEBAEMOCTH MPUMEHSETCS KOMIUIGKC METOJUK U
JAUAarHOCTUYCCKOTO0 HHCTPYMCHTApUs: YCTHBII\/JI OIpocC, pPCICHHUEC JOMAIIHUX 3aJad II0 TEMC
3aHSATHH, y4eT MOCEIIaeMOCTH 3aHATHI U aKTUBHOCTHU aCIIUPAHTOB B XOIC 3aHATHIA.

11.2 IlpuMepHBIii NepeveHb BOMPOCOB K 3a4eTy M0 JHCHHUILINHE
1 DHepreTrueckas MOJIeib ATOMOB U TBEPABIX Tell. 30HHAS MOJIENb TBEPAOIO Tesa. DIEKTPOHBI
B METaJlJaX, AUJIEKTPUKAX, IOJIYIIPOBOJHUKAX.
2 DIIEKTPUYECKHI TOK B BBICOKOM BaKyyMe ITPH HE3HAUUTEIbHOM O0BEMHOM 3apsifie.
KOHBEKIIMOHHBIN U HABEIECHHBII TOK IIPYU NIEPEMEILLIEHUH 3JIEKTPOHA B MEXKTyJIEKTPOJHOM
IIPOCTPAHCTBE.
3 TepMOdJIEKTPOHHAsI SMUCCHS: PACIIPENEICHHUE MIEKTPOHOB 110 CKOpoCcTsIM MakcBeiuia-
bonbsimana u @epmu-Jlupaka.
4 TpaekTopuu 3apsKEHHBIX YaCTULL B OTHOPOJHOM 3JIeKTpudeckoM noie. [Ipumep.
5 Pabota BbIX0za: ciIbl ee onpeaesomue (mpumep). [loBepXHOCTHBIN MOTEHIIMAIBHBINA Oapbep
(onpenenenue GoOpMbl U BETUUUHBI).
6 TpaeKkTopuH 3aps>KEHHBIX YaCTHUI] B OJJHOPOJIHOM MarHUTHOM moiie. [Ipumep.
7 BeiBoz1 3aKOHA AMHUCCHH. 3aKOoH Puuapacona-/lemmMena. 3akoH HavaabHBIX TOKOB JUOJA.
DKCepUMEHTAIbHOE OIpEeIETICHUE paclpeiesIeHus JIEKTPOHOB IO CKOPOCTSAM METOJIOM
3a/1€pP’)KUBAOILETO MOJIS.
8 Tpaextopuu 3apsKEHHBIX YACTHI] B CKPELICHHBIX 3JIEKTpUUYECKUX nosix. [Ipumep.
9 Tunsl KaTOAOB U UX YMUCCHOHHBIE KOHCTaHTHI. MeTandyeckue katoasl. X 30HHas
DHEPreTUYECKast MOJEb.
10 OcHOBBI T€OMETPUYECKON ITEKTPOHHON ONTUKH. [Ipesiomiienne 31eKTpOHHOr O J1y4a B
ANEKTPUYECKOM OTKJIOHSAOIIEM Ioje. [Ipenomiienre 31eKTpOHHOrO JIy4a B
IUIOCKONApAJUIEIbHOM 3JIEKTPUYECKOM JIBOMTHOM CJ10€. 3aKOH 3JIEKTPOHHOTO ONTUYECKOTO
MIPEJIOMIIEHUS.
11 ITnenounsie katoael. CTPYKTYpHAs U 30HHAs- DJHEPreTudecKas MOJEIIH.
12 VYpaBHenus 1ig GOKYCHBIX pacCTOSHUN C(HEpUUECKOTo 3JIEKTPUUECKOT0 JBOMHOIO CIIOS.
@DOKyCHBIE PaCCTOSHUS AIEKTPOHHBIX JIMH3 U UX KCIEPUMEHTAIBHOE OIIpENIETICHHE. Y CIIOBUS
MPUMEHUMOCTH 3aKOHOB JIEKTPOHHOW ONTHUKH. YBETUYEHUE C ITOMOIIBIO 3JIEKTPOHHBIX JINH3
13 OxcuaHble KaTobl- SHEPreTUYECKasi 30HHAsA U CTPYKTypHas Mojenu. Mx npumeHeHue.
Karoapl nmpsAMOro u KOCBEHHOr0 HaKaJa.
14 DnexkTpocTaTndeckue MEKTPOHHbBIE TUH3BL. VX KinaccuUKaIys U pa3HOBHIHOCTH.
MarnutHble 31eKTpoHHbIe JTHH3BL. WX kiaccudukanus. MckaxeHus B 3J€KTPOHHBIX JIMH3aX.
15 ®ortosnexTponHas amuccus. BuyTpennuit u BHemHu# ¢hororddexrt. 3akonsl CToneToBa U
OliHITeHa. DHepreTuyecas 30HHas MOJIENb METaNINYeCKuX (PoToKaTo10B. YyBCTBUTENHHOCTh



¢dorokaromoB. YTomieHne (HOTOKATOIOB.

16 DiekTpocTaTHYECKOE M1 MAarHUTHOE OTKJIOHEHHE JTyda (HocTonHcTBa U Hepoctatkn).D.JI.T.
(ycTpoiicTBO). JIFOMHHECIIEHTHBINM SKpaH. 30HHAS YHEPreTHYECKass MOJICIh JIIOMHUHODOPA.
YCTPOMCTBO, paboTa, MpUMEHEHHE.

17 BropuuHas 3JIeKTpOHHAsE SMUCCHUS.

18 DnexTpuuecKkuii TOK IpU MOHU3AIMHU JIEKTPOHHBIM YAapOM.

Ycunenne Toka. O6pa3oBanre TayHCEHOBCKUX JIaBUH.

19 ABTO3nexTpoHHas 3muccus. Ee 30HHas 3HepreTudyeckas MOJAeIb.

20 Ycunenue ToKa 3a CYeT JOMOJHUTEIHHOT0 00pa3oBaHus HOCUTENEH 3apsaa mpyu HOHU3AIUH
ylapamMH HOHOB B ra30pa3psiIHOM MPOMEXKYTKE U B pe3ysbTare 60MOapIUpOBKH KaToja HOHAMH.
21 DnekTpuuecKuil TOK B BAKyyMe. MeXaHu3M OTpaHUYEHHUsI TOKa OOBEMHBIM 3apsIIOM.
VYpaBuenue I[lyaccona.

22. Ycnous 3axkuranus paspsaa. 3akon [lamena. [lonnas xapakrepucTrka ra30Boro paspsa.
23 3aKkoH Tpex BTOPbIX. PeanbHblil BAKYYMHBINA THO/I.

24. Tneromwmii paspsij, kKarogHoe najaeHue noreniuana. Cradmwmrpos. TupaTpoH.
WNuaukaTopHbie TpruOOphI: HEOHOBBIE JIAMITbI, 3HAKOBBIE MHAUKATOPbHI, BAKYYMHbIE
JIOMHHECIICHTHBIE, AJIEKTPOTIOMUHECIICHTHBIC U KUJKOKPUCTATUTMYECKHE.

25 BakyyMmHBIN 110, €r0 XapaKTePUCTUKHU U IPUMEHEHUE

26 BiausHue peakTUBHBIX apaMeTpoB TpUOAa Ha paboTy KojiebaTeIbHOM CUCTEMBI. TpeboBaHus
K Jlamram, npeaHasHauyeHHbie A padotsl B CBU-nnanazone. KoHeTpykTuBHBIE 0COOCHHOCTH
tpuonoB CBY.

27 BakyyMHbIN TpUOA. YPaBHEHHUS CTATUYECKON U AUHAMUYECKON XapaKTEPUCTUKHU.
Mexa1eKTpoJHbIE COETMHEHUS 3B€3/101 U TpeyrojabHUKoM. OnpeneneHue 1eHCTBYIOIIEro
HaIpsKEHUSL.

28. Metoabl reHeprpoBaHus U ycuieHus koiedanuii Ha CBY. Bpems u yroxa nposera
31eKTpOoHOB. OTOOP PHEPTUU OT IIEKTPUUYECKOTO MOTOKA. YTIPaBJICHUE JIEKTPOHHBIM TOTOKOM.
Tpuonst CBY ux xapakTepuCTHKH U IPUMEHEHHE.

29 [IpumeHeHue Tpuoaa: Y CUIIEHHUE TOKa, HAIIPSKEHUs , MoIHOCTH. HenocraTku Tpuoaa.

30. DnemenTapHas TEOpUsI IPOJIETHOTO ABYXPE30HATOPHOTO KIMCTpOoHA. OCHOBHBIS
xapakTepucTuku: KoaghuueHT B3auMoIeHCTBUS C MOJIEM Pe30HaTOpa, MapaMmeTp rpyNmupOBKU
AJIEKTPOHHOTIO JIy4a KJIMCTPOHA. MHOrOpe30eaTopHble MPOJIETHbIE YCUIUTENbHbIE KINCTPOHBI.
31 Terpoxn. XapakTepUCTHKHU, JOCTOMHCTBA U HEJOCTATKHU.

32 OtpaxarenbHblil KIMCTPOoH. KuHeTnueckas Teopusi TpyniupOBKHU JIEKTPOHOB. DJIEKTPOHHAs
HacTpoWKa. AMIUIMTYHAsl U YaCTOTHAs MOIYJISALMS. XapaKTepUCTUKA U IPUMEHEHHE.

33 JlyueBoit TeTpoj. XapaKTEePUCTUKU, JOCTOMHCTBA U HEJIOCTATKH.

34 Ipubopsr CBY co ckpelieHHbIMU MOJIsIMU. MHOTOpE30HaTOpHBIE MarHEeTPOHbI. [IpuHIUn
JIEWCTBUSI MarHeTpoHa. /[Bi>keHne 3JeKTPOHOB B CTATHYECKOM MarHeTpoHe. PezonancHas
cucreMa MarHeTpoHa. BzaumogeiictBue anekrponHoro noroka CBY nonem. Koncrpykuus
MarHeTpoHa.

35. IlenTon XapakTepuCTUKH, TOCTOMHCTBA U HEAOCTATKH.

36 Jlamna Oeryuieit BosHbl TUa «O». [IpuHIMN 1eHCTBUS, XapaKTEPUCTUKN, IPUMEHEHUE.
Jlamma o6patHoii BoHbI THMA «Oy». [IpuHIUN AeHCTBUS, XapaKTePUCTUKH, IPUMEHEHHE.

11.3 IIpumMepHblii NepeveHb 3a/1a4 K 3a4eTy M0 JMCHHUIIJIMHE

1. B ogHOpoHOE TOpMO3slIee daeKTpruueckoe noje E= 5,39xx10°B/m Breraer 3JEKTPOH
c sHeprueir 100 »B. VYrom Mexny HampaBiIeHHEM HAYaJbHOW CKOPOCTH JJIEKTPOHA U
JIEKTPHYECKUM TOJeM paBeH o. Yepes 5-10° ¢ 91eKTpOH JOCTHraeT TOYKH MOCAJIKH Ha
3IIEKTPOJ, B KOTOPOH €ro CKOpOCTh MEepHeHIUKYISpHA JIeKTpUUecKoMy noito. Haiitu yron o u
SHEPTHUI0, C KOTOPOH JIEKTPOH MOMAJAeT Ha IJIEKTPOI.

2. B pacrnonoxeHHOM TOPU30HTAJIBHO IUIOCKOM KOHJEHCATOpE C PAacCCTOSHUEM MEXIy
mwiactuHaMu d = 10 MM HaxoauTcs 3apsyKeHHash MakpoyacTuila. B oTCyTCTBUM HampsKeHHUs
MEXy OOKJaJKaMU KOHJEHCAaTOpa MaKpo4yacTuIla MajaeT BHU3 C MOCTOSIHHOM CKOPOCTBIO Vi =



0,078 mm/c. Ilocne mogaun Ha TIACTUHBI KOHAECHcaTopa HanpsbkeHus U = 95 B, makpouacTtuna
JIBIDKETCS PaBHOMEPHO BBEPX CO CKOPOCTHIO v = 0,016 mMm/c. OnpenenuTs yaenbHBIA 3apsia
ATOM MAaKpOYaCTHUILbI.

3. Haiitu pasnocts noreHiuanoB U, KOTOPYIO HYKHO TNPWIOKHUTb K OOKJIaJKam
WIMHAPUYECKOTO KOHJIGHCAaTOpa ¢ paanycamu ookiiagok Ry = 100 mm u Ro= 120 mMm asist Toro,
4yTOOBI OH MPOMYycKal HOHKI ¢ 3Heprueit W = 3,0 k3B.

4. Yemy pasHa cuna F, neiictByromas na umkektop nonos Hg', eciu Tok MOHOB pTyTH
paBen I = 1,0 A? AtomHas Macca atoMa pTyTu paBHa 200 a.e.M. DHeprus nonos Hg' Ha BbIXOzE
u3 nHxkekropa pasHa W = 10 k3B.

5. 3a kakoe BpeMmsi T paboThI AIEKTPOMAarHUTHOTO Macc-cernapaTtopa Oyner HakorieH m = 1,0
r msorora "2Cd, ecin nonsr Cd SBISIOTCS IByX3apsUIHBIMH, 4 TOK STHX HOHOB pasen = 1,0 A?

6. MarauTHas JuH3a 00pa3oBaHa KOPOTKOM MarHUTHOM KaTyIIKO#, uMmeromiei 10 BUTKOB,
1o kotopoit Teuer Tok I = 10 A. Haiitu onTudeckyro cuily MarHuTHOM JIMH3BI JJIs1 3JIEKTPOHOB C
sHepruei 1 k3B, ecnu cpeauuii nuameTp Katymku S0 M.

7. Kakoe HanpspkeHHE HYKHO MPUIIOKUTH K IUIOCKOMY JHOAY C KaTOJOM M3 BOJb(pama
JUISL TOTO, YTOOBI TOK, TEKYIIUI 4epe3 JUOJ, AJOCTUT HackleHus? Temmeparypa kKaroaa paBHa
T=3200°C, paccrostHre MKy KaTOJJOM M aHOJIOM cocTaBisieT d = 5 Mwm.

8. Haiitu ko3 dunmeHT mpo3payHocTH Oapbepa Ha TpaHMIIE METAUI — BaKyyMm IS
MonubaeHa, eciu noctosinHas Puyapacona A= 55 A/(cm2-K2), a temnepatypHsliii koahduiuent
pabots! BeIxogao= 7,8-10-53B/K.

12. MeToanveckue peKOMeHAAlMH ACTHPAHTAM 10 OCBOCHUIO M CIUILIHHbI

AcnupaHTbl JTOJDKHBI OBITH 3apaHee O3HAaKOMIIEHBI ¢ rpadukoM ydeOHOro mporecca,
CoJIep’)KaHUEM JUCLMIUIMHBI U METOAMKOW IpoBeaeHus 3aHsaTuil. [locemaemocth yueOHBIX
3aHATUM sBJsIETCA 00s3aTENbHON NIl OOy4arolMXCsl, KaK U BeJIeHHE KOHCIIEKTOB, 3aIllUCEH.
OtpaboTKa MNPONMYIIEHHbIX 3aHATHHI MpeIonaraeT CaMOCTOSATENbHYIO padOTy acnupaHTa ¢
yueOHOIl JuTepaTypoil u ocyuiecTBisiercs B Gopme cobeceoBaHUs [0 TEME MPOMYLIEHHOTO
3aHSTHSL.

13. MeToauyeckue peKOMEHAALUM NMPeENoJaBaTe/IsIM 110 OPraHU3aluM 00yUeHHs 110
AUCHHUIINHE

13.1 Ilopsinok npoBeaeHus JTeKIHU

Beoonas uacms Bxmouaer (OPMYIMPOBKY TEeMbl JIEKIUM C KpaTKOM aHHOTauen
npeyiaraeMblX JJIsl U3y4eHUs! BOINPOCOB, XapaKTEPUCTUKY MECTa U 3HAUYEHHUs JaHHOW TEMBbI B
Kypce.

OcHoénas yacmb JEKIMM HMEET CBOEH LENbI0 PACKPBITHE COAECpPNKAHUS OCHOBHBIX
BOIIPOCOB U ONPEIEIIAETCS JIOTMUYECKON CTPYKTYpOH IIaHa JIEKLINH.

B saxnwouumenvuoi wacmu nexTop NpPOBOAMT 0000IIeHHEe HauOoJiee BAXKHBIX U
CYIIECTBEHHBIX BOIIPOCOB, JIEJIAET BBIBOJBI, OTBEYAET Ha BOIPOCH! CiIyliarenel, GopMyIupyer
3ala4il I CaMOCTOSITENIbHOM paboThl acnmMpaHTOB M PEKOMEHAYET COOTBETCTBYIOILYIO

JUTEpaTypy.

13.2 Ilopsinox npoBeaeHUs CEMUHApa

Bo BBOI[HOI\/’I YaCTh PpCHIAOTCA OpPraHu3allMOHHBIC 3adadynl CEMHUHAPCKOI'0 3aHATHA:
IPOBEPKA TOTOBHOCTH ayTUTOPUU U TOJTOTOBICHHOCTH aclUPAHTOB K 3aHATHIO, (POpMYyTHUpOBKa
TEMEI, IICJIN U 3a1a4 3aHATUA.

OcHOBHasi 4YacTh 3aHATHS NPEANOJaraeT OpraHu3alyi0 JAUCKYCCHUHU: ITOCTAHOBKY
HpO6J’IeMLI, BBIICIICHUE OCHOBHBIX HaHpaBHeHHﬁ. BI)ICTYH.]'IGHI/IG JOKJIAAYUKOB, PACKPBIBAIOIIUX
OCHOBHBIE IOJIOXKEHHS 110 BOIIPOCY. BBICTYIUIEHHS ONMOHEHTOB, PACKPHIBAIOLINX CBOE BHJIEHUE
IpoOJIEMBI, JUCKYCCHS 110 TOKJIAMYy.

B 3akimrounTenbHON 4acTH MOABOJATCSA WTOTH 3aHSTHS, NAETCsl OLIEHKA pPE3yJIbTaTOB
paboThI aCIUPAHTOB.



13.3 Opranuszauusi caMOCTOSITEIbHOM Pa0dOThI ACIMPAHTOB

OcHOBHBIMHU (hOPMAMU CAMOCTOSITETLHON PaOOTHI M KOHTPOJIS ACIIMPAHTOB SIBJISTIOTCS:

Boinonnenue MHIUBUYadbHBIX 33JaHUN (KaK PENPOTYyKTUBHOTO, TaK U TBOPYECKOTO
XapakTepa), MO3BOJSIOMINX JHATHOCTHPOBATH YPOBEHb C(OPMUPOBAHHOCTH Y aCHUPAHTOB
3HAHUN, YMEHUH ¥ HaBBIKOB MO JUCIHUILINHE.

CobecenoBanne — hopMa yueOHOU JAESITEILHOCTH, CIICIHANIbHAS Oece/ia IPernoaaBaTens ¢
aCIHUpPaHTOM, pacCUMTAaHHAs Ha BBISICHEHHE O0beMa 3HaHHWM acmupaHTa IO OMNpEeesIEHHOMY
paszmeny, Teme, mpobiemMe W T.I., MO3BOJIOMIAs OLEHUTh MX yMEHHE apryMEeHTHpPOBATh
COOCTBEHHYIO TOYKY 3pEHHS, IMpearoararoiee BCECTOPOHHEE OOCYKIEHHE KaKoro-imdo
BOIIPOCA, MPOOJIEMBI WIIM COMTOCTABICHUU HH(DOpMAINK, UACH, MHEHUH, TPEIIOKEHHH.

14. Onucanue KpUTEPUEB OLICHUBAHUSA 3HAHMH Oﬁy‘laeMbIX, IIKAJ UX OICHUBAHUA

14.1. Kpurepuu oueHnBaHusi 3HAaHUH 00y4aeMbIX Ha 3a4eTe 110 AUCHHUILINHE:

Onenka «3aureHo»: OOywaromuiics OOHApYXWJI 3HaHUE OCHOBHOTO  y4eOHO-
IIPOrpaMMHOr0 MaTepuajia B o0bemMe, HEOOXOAUMOM sl JalbHeHIel yuedbl U IpencTosien
paboThl MO CIENUATbHOCTH, CIPABWIICA C BBINOJHEHHEM 3a/laHUid M KOHTPOJBHBIX padoT,
IPEyCMOTPEHHBIX TPOrPaMMOM TUCHUILIUHBI.

Onenka «He 3aureno»: OOyuaromuiicss oOHapyKUJ 3HAYUTENbHBIE MPOOENbl B 3HAHUAX
OCHOBHOTO y4eOHO-IIPOrpaMMHOTO MaTrepuana, JAONMyCTHJI MPUHOUIHAIbHBIE ONIMOKA B
BBIMIOJTHEHUH MPEAYCMOTPEHHBIX MPOrpaMMoOM 3aJaHUi U HE CIOCOOEH MPOJIOJKUTH 00yueHUE
WIM TPUCTYIUTh IO OKOHYAHMU aCHUPAHTYpbl K MpodeccroHanbHON JesTeNbHOCTH 0e3
JOTIOTHUTEIILHBIX 3aHATHH 110 COOTBETCTBYIOIICH TUCIUILIMHE.

14.2. Kpurepuu oueHUBaHUSl 3HAHMH 00y4aeMbIX HA KAHAMJATCKOM JK3aMeHe IO
CIEeHAJIBHOCTH:

OneHka CTaBUTCS IO KaXIOMY U3 BOIPOCOB KaHAMJATCKOTLO JK3aMeHa 110
CHENHATBHOCTH, OLIEHKA 33 dK3aMEH ONpeACIsIeTCs KaK cpeaHee apu(pMeTHIecKoe u3 OUeHOK 10
TPEM BOIIPOCAM JK3aME€HA C COOTBETCTBYIOLIMM OKPYIVIEHHEM JI0 LIEJOYMCIEHHOM 0 IIpaBUIaM
apudmernueckux omnepauui. [Ipy HanUUMM OLIEHKU «HEYAOBJIETBOPUTEIBHO» MO OJHOMY W3
BOIIPOCOB CTABUTCSI 001I1ast OLIEHKa «HEYA0BIETBOPUTEIILHO.

Onenka «Otnu4yHO»: B 0TBeTe KauecTBEHHO pacKpbITO coiepxaHue TeMbl. OTBer
XOpowo cTpykTypupoBaH. IIpekpacHO ocBoeH NOHATMHHBIA anmnapar. [IpomxeMoHCTpupOBaH
BBICOKMIM YpPOBEHb IOHMMaHUS MaTepuaina. [IpoJaeMOHCTpPUPOBAHO MPEBOCXOJHOE YMEHUE
(bopMyIHpOBaTh CBOM MBICIIH, O0CYX/1aTh AUCKYCCHOHHBIE NoJ0XkeHus. [IpeacraBieHs! noaHble
OTBETHI Ha JJOTMIOJIHUTEIbHBIE BOIPOCHI IO TEME.

Onenka «Xopouio»: OCHOBHBIE BOIIPOCHI TEMBI pacKphIThl. CTPyKTypa OTBETA B LIEJIOM
aJicKkBaTHa TeMe. XOpOWIO OCBOEH IOHATHHHBIA ammapaT. [IpogeMOHCTpHpOBaH XOPOIIMMA
ypOBEeHb NOHMMaHMs Marepuana. IIpompeMoHcTpupoBaHO Xopoliee yMeHHe (OpMYIHPOBATH
CBOM MBICIIH, OOCYKJaTh JTUCKYCCHOHHBIE MOJIOKEeHUs. [IpencTaBieHbl YacTUYHBIE OTBETHI Ha
JIOTIOJTHUTEIIbHBIE BOIIPOCHI 110 TEME.

Onenka «YI0OBIETBOPUTENbHO»: TeMa packpbiTa yacTUyHO. OTBET CTPYKTYypUpPOBaH
HepocTaToyHO. [IoHATHIMHBIN anmapaT OCBOEH 4YacTHU4HO. [IposeMOHCTpHpOBaHO NOHHMMaHUE
OTJIENIbHBIX TOJIOKEHUH W3 Marepuana mo Teme. [IporeMoHCTpUpOBaHbl yAOBIETBOPUTEILHOE
yMeHue (opMyIupoBaTh CBOU MBICITH, 0OCYXJIaTh JUCKYCCHOHHBIE MojioxkeHus. IIpeacraBiens
(dbparmeHTapHbIE OTBETHI Ha JIONOJHUTENIbHBIE BOIIPOCHI 10 TEME.



Ouenka «HeynosnerBopurenbHo»: Tema He packpbiTa. OTBET HE CTPYKTYPHUPOBAH.
[TonsTMHHBIA anmmapaT OCBOGH B HemOCTaTOuYHOM oObeme. [loHmmanuwe Marepuana
(dparmeHTapHOE€ WIM OTCYTCTBYET. lIpoIeMOHCTpUPOBAaHO HEyMeHHE (POPMYIUPOBATH CBOU
MBICTTH, OOCYXZaTb JMCKYCCHOHHbIE ToOJIokeHHA. He mpeacraBieHsl OTBETHl  Ha
JOMMOJIHUTCIIBHBIC BOIIPOCHI 11O TEMC.

[Tporpammy pazpaboTanu:

['yceitn-3ane H.I'., n.¢.-m.H., ipodeccop

(monmuce)

I'mymxoB B.B., n.¢.-M.H., 1oueHT

(monmucek)



