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AHHOTAIUA INCIUILTNHBI
«POTOHHKA»

B xypce «@oToHMKa» NOAPOOHO PACCMOTPEHBI OCHOBHBIE (PU3UUYECKUE MPOLECCHI,
NPOTEKAIOLINE [TPH B3AUMOACHCTBUH HIEKTPOMATHUTHOTO U3ITYUYCHHS ¢ BELIECTBOM, a
Takoke JaH 0030p OCHOBHEBIX (HOTOHHBIX NPUOOPOB. B meproii yacTu Kypea garores oc-
HOBHBIE [TPEACTABIEHHS 00 ONTHYECKUX CBONHCTBAX ONYNPOBOIHUKOBLIX MATEPUATIOB
M CTPYKTYP, KOTOPBIE HCMOJB3YIOTCS AJIS CO3JAHHMS ONTOINCKTPOHHBIX MPHOOPOB.
Ocoboe BHHUMaHHE yICICHO CBOMCTBAM TeTCPOCTPYKTYP, B TOM UHCIIE KBAHTOBOpA3-
MepHBbIX. OnHa U3 Haudoee BAKHBIX U 0OBEMHBIX YACTEH Kypca — ONUCAHUE TPUHLIN-
noB padoThl ¥ XapPaKTEPUCTHK MOJYIIPOBOAHHKOBBIX HMH)KEKIIMOHHBIX J1a3epoB. Pac-
CMOTPEHBI OCHOBHEIE BUABI reteponazepos — AI'C, PO II'C, monockoeie u POC-na-
3epsl. [ToapoOHO M3yUaKTCs BasKHEHUIINE XapaKTEPUCTUKY Na3epoB, MPOBOAUTCS pac-
YeT MOPOTOBOTO TOKA HAKAYKY, MOIITHOCTH JIa3epa U €ro AMarpaMMEl HapaBI€HHOCTH.
Taroke paccMaTpUBAIOTCA BCE BAKHEHIIME MOMYNPOBOIHUKOBBIE QOTONPUEMHHKYN —

(oTope3ucTopsl, OTOAHOIE, (POTOTPAHZUCTOPLL, COJHEUHEIE JTEMEHTHI

SUBJECT SUMMARY
“PHOTONIC”

In the course of “Phonics”, a detailed study of the basic physical processes which
occur when the electromagnetic field reacts with matter is given. Further-more an ab-
stract of the main photonic devices 1s introduced. In the first part of the course, the
main conceptions on the optical properties of semiconductor ma-terials and structures
which are used in the manufacture of optoelectronic devices are described. Effects
linked with recombination electroluminescence and optical absorption are considered.
Special attention is given to the characteristics of het-erostructures including quantum
dimensional heterostructures. The functioning principles and main characteristics of
photodiodes, including white photodiodes, are described. One of the most important
part of the course — description of the working principles and characteristics of semi-
conductor injection lasers. All the main types of heterolasers — DHS, DHS Laser optical

limitation are described. A detailed analysis of the most important characteristics of
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lasers, calculation of threshold current and power of the laser and the directional dia-

gram are presented.
HEJINA U 3AJAYN JUCHUTLINHBI

1. U3yueHue

- OCHOBHBIX MOHATHI U IPEACTABNEHUH COBPEMEHHON (POTOHUKM;

- (pU3NHUECKON CYITHOCTH NMPOLIECCOB U SBJICHUM, MPOTEKAIOUIMX B CUCTEMAX (o-
TOHHKH,

- COBPEMCHHBIX TCHACHUMH PA3BUTUA CUCTEM (POTOHUKU [UIS CO3TAHUSA CTPYK-
TYP U YCTPOHUCTB € YIYYIICHHBIMH (PU3UKO-TEXHUUYECKUMU XapaKTEPUCTUKAMH.

2. ©opMHPOBAHHE 3HAHUH, MPAKTHYCCKUX HABBIKOB M YMEHHI IS

- IIPABIWJILHOI'O HCIOJNL30BAHMA 3aKOHOMEDHOCTEN Ul pean3alui MOTEHUM-
JIBHBIX BO3MOJKHOCTEH MAaTEepHANIOB U CTPYKTYP IPH MPOEKTUPOBAHUU U CO3JaHUU
CUCTEM (POTOHHKHM,

- HCMOIB30BAHUA MAaTEMATHUYCCKUX METOJ0B MOACIUPOBAHUS IPOLIECCOB B3au-
MOJEHCTBHS OITHYECKOIrO U3JIYUEHHUS ¢ BEILIECTBOM IIPH PaspadoTke CUCTEM (POTO-
HUKH.

3. OcBoeHHE OCHOBHBIX METOAOB MOCTPOCHUS CHCTEM H MPHOOPOB (GOTOHUKH



COIEPKAHNE TUCTIHILTAHEI

BBeaenue
POk ONTHYECKHX H ONTHKO-IEKTPOHHBIX MPUOOPOR H KOMITJICKCOB B Pa3BUTHHI
HAYKU H TEXHUKH. [IEPCTIEKTUBEI M TCHACHLMY PA3BUTUA ONTUYECKUX U ONTUKO-JICK-

TPOHHBIX IIPAOOPOB H KOMIUIEKCOB.

Beeaenue

IIpeaMeT AUCUMIDIMHEL U €€ 3a7a4u. OCOOEHHOCTH MOIYMPOBOIHUKOBON ONTO-
SNIEKTPOHUKH. CTaHZAPTHAA TEPMUHOJIOTHA, OCHOBHEIC MOHATHA W ONPEHEICHHS.
Kpatkuil ncropuueckuii ouepk. CBA3b ¢ APYTHUMH OACUUIUTAHAMH.

Tema 1. Pejppakuns cBeTa B TBEPABIX TeTaX

CootHowmerus Kpamepca-Kponura, MneaneHelil U pealbHBIE TApMOHUUYECKUH
OCHUIIIATOD. CBA3b MEXKIY MHUMOH H BELIECTBEHHON YaCTHK KOMIUIEKCHOTO MOKa3a-
TeJIA MPETOMIIECHHS.

Pegypaxuins cBeTa B TBEPABIX TeNAX. METOEI pacueTa OKa3aTeNs NPeToMICHUS
CBETA B NOJYNPOBOIHHAKAX. Pe(pakums cBeTa B MONYNPOBOAHUKOBBIX TBEPIBIX pac-
TBOpAaXx.

PacnpocTpaHeHue CBETa B HEOAHOPOIHBIX CTPYKTYpax. MeTonsl yIpaBIeHUs
PacIpOCTPAaHEHHUEM CBETA B TBEPABIX Tenax. BIudHUE BHEIIHNUX BO3ACHCTBUIA HA pe-
(ppaxuuIO CBETA B IOIYIPOBOAHUKAX. BIMsHHE TeMIIEpaTypel HA NOKA3aTeNb [IPEIOM-
JIeHHs CBeTa. YIIPABICHUE MOKA3aTeNeM MPENIOMIICHHUS ¢ MOMOIIBIO BHEIIHUX HIEK-
TPHYCCKUX U MATHUTHBIX TTOJICH.

Tema 2. @OTOHHBIE KPHCTAJLIbI

DOTOHHBIE KPUCTAUIBL. CBOHCTBA M OONAaCTH NpUMeHEHUA. OfHO-, IBYX- H
TPEXMEPHBIE (POTOHHBIE KPUCTAIBL. MeTOIBI ITONYYeHHU U OCHOBHEIE CBOHCTBA

30HHAA CTPYKTYpa (POTOHHOrO KpUCTALIA. 3alpelieHHBIC (POTOHHEBIC 30HBI.
[T10THOCTE (POTOHHBIX COCTOAHHIH. OCOOEHHOCTH 30HHOH CTPYKTYpHL 1D-, 2D- u 3D-
(pOTOHHBIX KpUCTAINOB. [IIOTHOCTE POTOHHEIX COCTOAHUH B 1D-, 2D- u 3D-(oTOH-

HEBIX KpHCTAJLIax.



OgHo- U ABYMepHEIe (POTOHHEBIE INACTUHKY. M aeanbHbIe U peanbHble POTOHHEIE
kpucTaiel. OD- 1 1D-gedexTel. JIokanu3oBaHHble MOABI B (POTOHHOM KPHCTAUIE C
nedexroM. BonHOBEnyIIHE CHCTEMEI HA OCHOBE (POTOHHBIX KPHCTAIIOB C MPOTHKEH-
HBIMH JedekTaMi. ONTHYECKUE BOJIOKHA HA OCHOBE (POTOHHEIX KPUCTAJUIOB.

Tema 3. OnTH4ecKHE BOJTHOBOALI H BOIHOBOAHBIC ONITHYECKHE YCTPOICTBA

[InaHapHEIe ONTHYECKHE BOTHOBOAL! ¢ MPSIMOYTOJIBHEIM MPOQUIEM TOKa3aTe/ s
npenomieHus. CBOHCTBA, METOIBl U3TOTOBICHUA U 00NAaCTH MPUMEHEHUS. MeTOIbI
JIYYEBOTO U JJIEKTPOAMHAMHYECKOT O ONUCAHUS ONITHYECKUX BOJIHOBOAOB. MeTox cB4-
3aHHBIX MoA. OnTuueckue 3(h(MEKTH, NPUBOIAIIME K BOJHOBOIHOMY PACHPOCTPAHE-
HHUIO 3JIEKTPOMArHUTHBIX BOJIH. THIBI BOJHOBOIHEIX MOJ H UX OCOOCHHOCTH.

CeazaHHBIC BOJMHOBOAEL. CBoMicTBa U 001acTH IpUMeHeHUA. Henuneiino-ontu-
ueckue 3(PQEeKTh, UCMOJb3YEMBIE B BOJHOBOAHBIX OMNTHYECKUX MEPEKITOHATEIIX.
CBETOMHAYLMPOBAHHBIE MOMIOIIEHHE, HACHIIICHUE TIOTTIOIICHUS U U3MEHEHUE MOKa-
3arend npenaoMiieHrA. BOHOBOAHEIE Pa3BETBUTENU. KPYIIBIE ONTHYECKHAE BOJIOKHA
CO CTYIIEHUYATBHIM NPOQIIEM NoKa3aTens npenomieHus. [lraHapHeie TOQPHUPOBAHHEBIE
BOJHOBOJBI. BONHOBOJHBIE ONTHUYECKUE MNEPEKIHOUATENIH HA OCHOBE 3(dekTa
®panua-Kenapia 1 uatepdepomerpa Maxa-Llenaepa.

BOJHOBOOHBIE KOMMYTATOPBl ONTHYECKUX CUTHAJIOB. BOJTHOBOOHBEIE W BOJIO-
KOHHBIE JATYMKU TEMNEPATYprl. BBOA U BEIBO U3TyUYE€HHUS B BOJIOKHAX U BOJTHOBOAAX
C MOMOLUBIO MPU3MBL M AUPPAKUAOHHON pelIeTKH. BOIHOBOIHBIC ONTHYECKUE 30~
TOPBl U PUALTpel. TexHonorugs WDM B BOJIOKOHHO-ONTHYESCKUX JIMHUIX CBA3U. Boi-
HOBO/HBIE ONITUUYECKHE MEPEKITIOUATEIH HA OCHOBE CBA3AHHBIX BOJTHOBOIOB U MUKPO-
MEXAHHYCCKHX WHTErPATIBHBIX YCTPOUCTB. MHTErpallbHO-ONTHYECKUE YCTPOHCTBA HA
OCHOBE aKyCTOONTHYECKOro 3ekra. BBOO U BEIBOA M3IyUYEHUS B BOJIOKHAX U BOJI-
HOBOJAX 4epe3 Topew. HUucnosas aneprypa. BOTHOBOAHEIE U BOJIOKOHHEIE JATYHUKH
JIEKTPUUECKOr0 TOKA.

Tema 4. M3ay4aTe/iH HA OCHOBE KBAHTOBOPA3MEPHBIX HAHOCTPYKTYP

[TpuHIUI AEHCTBUA U OCOOEHHOCTH CBETOMOAOB HA OCHOBE KBAHTOBOPa3Mep-
HBIX HAHOCTPYKTYD. CTPYKTYPBI HA OCHOBE OJUHAPHBIX M MHOKECTBEHHBIX KBAHTO-

BbIX AM. CBETOAMOABI HA OCHOBE CTPYKTYD CO CBepxpeleTkamu. CBETOAHONBI HA
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KBAHTOBBIX TOYKAX. CIIEKTP H3IYYCHHS U APKOCTh. KOHCTPYKLINA U OCHOBHBIE Napa-
METPBI CBETOANOA0B. JJuarpaMma HaNpaslIeHHOCTH. CBETOANOIBL 1S BOJIOKOHHO-OII-
TUMECKUX JTMHUY CBs3H. Benble CBETOAMOBI.

Bunel nmoaynpoBOOHHKOBBIX JIA3¢POB HA OCHOBE KBAHTOBOPA3MEPHEIX HAHO-
CTPYKTYP. Jla3eps! Ha ABOHHBIX reTepOCTPYKTYpax. OCHOBHBIC XAPAKTCPUCTUKHU MO-
JAYOPOBOJIHUKOBBIX MHKEKIIMOHHBIX J1a3epoB. Jlazepel ¢ pa3ae/bHBIM ONTHYECKUM U
SJIEKTPOHHBIM OTpaHUYEeHUEM. JIa3eprl HA OCHOBE KBAHTOBBIX M. MOIIHEIC HH)KEKLIH-
OHHBIE JIA3€PHL, JIA3EPHBIE TUHEAKN U pelueTKH. [[0BEpXHOCTHO-U3ITY YAKOLINE MUKPO-
Na3epbl HA KBAHTOBBIX To4kax. KackasHble Ma3epel.

Tema S. ContHe4YHbIE JIEMEHTBI

ConHeuHoe W3TyYeHHe U uacaneHas >PPEeKTUBHOCTE Ipeodpa3oBaHus COJHEY-
HBIE 3JIEMEHTHI Ha OCHOBE P-n-iepexoa0B. COMHEUHbIE 3JIEMEHTHI HA FE€TePONEPEXo-
nax. [TOBEpXHOCTHBIE ¥ TOHKOILIEHOYHBIE COJHEYHBIE 3NEMEHTH. COIHEUHBIE 3Jie-
MEHTBEl H UX MECTO CpeIM MCTOUYHHUKOB SHEpruu. ConHeunsle Oatapen. D(PPeKTHE-
HOCTB ITPEOOPasOBaHUs COTHEUHOro H3My4eHud, [lepBoe U BTOPOE MOKOIEHU S CONHEY-
HBIX 3JIEMEHTOB.

CONHEYHBIE 3MEMEHTH TPETHETO MOKOIEHUA ¢ MOHWKEHHONH CTOMMOCTEI. Do-
TOSMEKTPUUECKUE TUeHKH. Aueikn ['petuens. COMTHEUHBIE 3JIEMEHTHI ¢ SKCTPEMAIIBHO
TOHKHM TIOTJIOINAKIINM CIIOEM.

CONHEYHBIE JJIEMEHTBI TPETHETO NOKWICHUS ¢ NoBEIEHHBIM KI1J. MHOrokac-
KaIHbIE CONHEUHBIE (poTonpeodpazoparenn. COMHEUHEIC JIEMEHTE HA OCHOBE MOJTY-
MPOBOJHUKOB CO CTIOKHOM CTPYKTYPOU 3HEPTETUUECKUX 30H, CTPYKTYP ¢ KBAHTOBEIMU
AMAaMH, CBEPXPEIUCTOK, MHOTO30HHBIX MOJYNPOBOAHUKOB. COMHEYHEBIE 3JIEMEHTHI C
YCTPOWCTBAMH MOBBILICHUA U MOHIDKCHUS SHEPIrUU Mafaroux GOTOHOB. CONHEYHEIE
3JTIEMEHTHI C JIFOMUHECIIEHTHBIMU KOHIIGHTPATOpaMH U3TyuYeHUs1. CHUKEHUE BIUSIHUS
TepMaNH3allil HOCUTENIEH.

Tema 6. IIpudopnl POTOHHKH HA OCHOBE OPraHHYECKHX MATEPHAJIOB

OpraHH4eCKHe CBETOANOABL. MaTepualibl OpraHuueCKuX CBeToIUoI0B, CTPyK-

TYPHI U XaPaKTEPUCTUKHU OPraHUYCCKUX CBETOTUOIOR, bensie OPraHuvYCCKUuE CBECTOAHU-



OObl. MEeTOABl H3rOTOBIEHHA OPraHHYecKux cBeToanogoB. @ocdopecucHTHBIE opra-
HUYECKUE CBETONO b, METOABI YITyUIIEHHS ONTHYECKOTO BEIBOAA U3TyYeHus. Opra-
HUYECKNE JUCIUIEH U CBETOU3NYYAOIINE TAHEH.

Opranuueckue $hoToaeTeKTophl. OpraHuyuecKne COMHEUHbIe OaTapen. Dt dek-
THBHOCTb OPraHHYCCKHUX COJMHEYHBIX Oartapeit. CTPYKTYPBI ¢ TFeTepOIepexoiaMH.
CTpYKTypBI Ha OCHOBE (pYJUIEPEHOB. TaHIEMHBIE COIHEYHBIE DaTapel ¢ HAHOKIACTe-
pamu.

Jakinrw4venue

OCHOBHBIE TEHJECHIMH H HAMPABJICHUS PA3BUTUS (POTOHUKHU.



YYEBHO-METOAUYECKOE OBECHHEYEHHUE TUCIUIIINHBI
MeToanuyeckue peKOMeHIAUHH N0 peaaH3aliu AHCHHILTHHBI

MeToanuyeckHe peKOMeHIALHH NPenoJABaATe/IsAIM:

Ilepen HayanoM npenoJaBaHUA JUCUUTUIMHBL MPEIOAABATENO HEOOXO0AUMO:

— 3HATDH LIEIU U 3a0a4d [IPEIOAABAHHS IUCLIMITUIHHEL,

— MPEACTAB/IATh, KAKHe 3HAHUA, YMEHUS U HABBIKU JTOJDKEH IPUOOPECTH ACTTUPAHT
B [IPOLIECCE U3YYCHUA JAHHOH OUCLIMILIIHHEL,

— YETKO MOHUMATh, B (POPMHUPOBAHUM KAKHX PE3YJIETATOB OCBOSHHS IIPOTPAMMBI
ACMUPaHTYPBl YYACTBYET JUCLIUIUIMHA.

Ecnu y4eOHBIM IITAHOM 110 JUCLHIUIMHE NMPELYyCMOTPEH 3K3aMEH, €r0 PEKOMEHIY-
eTCA NIPOBOAWTE B (pOpME MHIMBHUAYANBHOH Oecedrl ¢ aClHMPAHTOM IO BOIIPOCAM,
c)OpMYNUPOBAHHEIM B (DOHAAX OLICHOYHBIX CPEICTB MUCLUIUIMHBI, UCTIONB3Ys BO-
NPOCHL U3 PA3IUYHBIX Pa3/IeIOB AUCLUIIIMHEL, OOECIEUUB TEM CaMbIM OQJiee TTOIHYIO
MPOBEPKY 3HAHUHA acnUpaHTA.

B cBOCIH neATETBHOCTH NMPENOIaBaTe/b JODKEH PYKOBOICTBOBATLCS JIOKATIBHEIMU
HOPMATHUBHBIMH aKTaMH, PEMIAMEHTHUPYIOUIUMH OOPa30BATENbHYIO JEATENBHOCTD
no o0pa3oBaTENbHBIM IIPOTPAMMAaM IIOATOTOBKM KAaZPOB BBICLICH KBIM(PUKALNK
B YHUBEPCHUTETE.

MeTtoau4yeckue peKOMEHAALHH N0 CAMOCTOATENbHOH padoTe acCNUPAHTOB:

H3yyeHne Kaxaoi JUCUHIDIMHBL JOJDKHO CONMPOBOKAATECA CaMOCTOATENBLHON pa-
OOTOH acnupaHTa ¢ PEKOMCHIOBAHHBIMU NIPEIIOJABATENSAMU JIMTEPATY PHBIMU HCTOY-
HUKaMHU 1 MHPOPMAllHOHHBIMH pecypcaMu ceTd MHTEepHET 1o BCEM pazfeniaM JUCLU-
TUIMHEIL.

Pgan BonpocoB, MOAJIEKALIUX U3YYCHUK) B COCTABE QUCLUIIIMHEL, JOCTATOYHO XO-
POLIO IpOopadoTaHbl B YUEOHOM JTHTEpPATyPE, MPEACTABJIEHD] B HAYUHEIX TPy aaX, cOop-
HUKAX TPYIOB, CTATBAX, B C€TH MHTEpHET. 3TH BONMPOCH MOTYT OBITE MEPEIaHEl aCHU-
PaHTaM Ha CaMOCTOATENBHOE H3yUeHHe. Takas padoTa CTPOUTCA HA OCHOBE MOATOTOB-
JICHHBIX TIPETIOABATENEM 3aaHIH ¢ TEPEUHEM BOIIPOCOB, HA KOTOPHIE 00YUAROIIMIACS

JIOJI’KEH HaWTH OTBETHI B npouecce CaMOCTOATC/IBHOTQ HU3YUYCHHA. CaMOCTOATEIREHO



MOTYT U3YYaThCs KaK LENBIC TEMBI, TAK U OTICJBHEIE BOMPOCH B COCTaBe 0003HAYCH-
HBIX TIPETOAABaTeeM, HO He MIOJHOCTRI) PACKPHBITHIX UM TeM. sl 3aKperuieHus Ma-
Tepraia BEAETCS KOHCMEKTUPOBAHUE, TOTOBATCS pedepaThl, 3¢CE WM ASNAKTCS JI0-
Kiagel. CTEIeHb OCBOCHHA CAMOCTOATENHHO H3YUCHHBIX MATEPUATIOB 00A3aTENbHO
MPOBEPACTCA KOHTPOJBLHBIMH MEPONIPHATHAMH ¢ HCHONABL30BAHUEM (OHAA OLICHOUHEIX
CPEACTB MO AUCIUTIIHHE,

Ocoboe MecTo TpedyeTcd yISINTh KOHCYJIBTHPOBAHUIO, KaK OAHOH H3 GopM 00y-
YEHHUA U KOHTPOJIA CAMOCTOATEIBHOM padoThl. KOHCYIETHPOBAHHE TIPEATIONaraeT 0co-
ObIM 00Pa30M OpPraHU30BAHHOE B3AUMOACHCTBYE MEKAY TIPENOIaBaTeNeM U acIupaH-
TaMM, TIPH YTOM MPEANOIAraeTes, 4To KOHCYJIBTAHT JIUOO 3HACT NOTOBOC PEILICHUE, KO-
TOPOE OH MOXKET IIPEAIIMCaTh KOHCYIBTHPYEMOMY, JIMOO0 OH BlIafeeT crocodaMu ges-
TEJILHOCTH, KOTOPBIE YKA3BIBAIOT MYTh PEIICHUS MPOOIEMEL.

ITepeyeHb OCHOBHOI U T0TIOJTHHTENbHOMH YUeOHOI TUTEpaTyphl,

HeoOX0aAuMoi A5 OCBOSHHS JHCUHILIHHDBI

Ne Hazpanue, Gubnuorpaduueckoe OmMcaHue K-B0 3ks. ‘?1)6)“6& (Ha
Kad.
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M. Hunscen, M. Yanr. KBaHTOBRBIC BBIYMCICHUSA U 19
KBaHTOBas HH(bopMarvsa- M.: Mup, 2006, 824 ¢.

IlepeyeHs pecypcoB HHPOPMANHOHHO-TEIEKOMMYHHKANHOHHOI ceTH «HTEp-

HET», HCIIOJAB3YEMBIX IIPH 0CBOCHHH JHCHHIIVIHHDBI

Ne DIEKTPOHHBIH agpec

1 |http://www photonics.su/

2 |thesaurus.rusnano.com

HHopMalioHHBIE TEXHOIOTHH (OIEPALIMOHHBIE CHCTEMEI, IPOrpaMMHOE odecrede-
HHE OOIIETO U CNCUHATH3UPOBAHHOTO HA3HAYEHH, & TAKOKE UH(GOPMALMOHHEIE CIIpPa-
BOYHBIE CHCTEMBI) H MaTepHAIBHO-TEXHIYeCKasd 0a3a, UCTIOIB3YEMBIE IIPU OCYILECTB-
NeHUH 00Pa30BaTEIBHOTO IPOLECCA IO TUCHHIUIMHE, COOTBETCTBYIOT (peaepaJbHBIM
roCyJapCTBCHHBIM TPEOOBAHMAM.

KOHKpETHBIE (GOPMBI H TTPOLEAYPH TEKYIIErO KOHTPOJIS 3HAHUN M MIPOMEKY-
TOYHOI aTTeCcTalWy, BKIIOYAs TEPEUCHE 3K3aMEHAIMOHHEBIX BOIpocoB ([Ipunoxkenue
1), a TaKKe METOOMUYECKUE YKA3AHHUA AJ14 00YYarOIUXCA [0 CAMOCTOATENbHOM padoTe
MPH OCBOCHUU JUCLHIUIMH JOBOJATCA OO CBEACHUA 00y4yalOUIMXCA HA MEPBOM 3aHS-

THH.
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9.

[Ipunoxenue 1
CrucoK 3K3aMeHAUMOHHBIX BONPOCOB MO AUCLHIINHE

«DOTOHUKAY

. (DOTOHHBIE KPHCTALIBL. OOHO-, IBYX- U TPEXMEPHEIE (POTOHHBIEC KPUCTAUIB.

30HHAsA CTPYKTypa (POTOHHOro Kpuctamid. OCOO0EHHOCTH 30HHOH CTPYKTYPHI
1D-, 2D- 1 3D-(pOTOHHBIX KPHCTAILIOB.

HpeansHeie W peanbHble GoToHHBIC KpucTamiel. 0D- u 1D-nedexTol. Jlokamu-
30BAHHBIE MOJIBI B (DOTOHHOM KPHUCTAUIE C AE(PEKTOM.

BonHOBeaAyIINE CHCTEMBL HA OCHOBE (POTOHHBIX KPUCTAUIOB. ONTUYECKUE BO-
JIOKHA HAa OCHOBE (POTOHHBIX KPHACTAJUIOB

[ InaHapHBIE ONITHYECKHE BOIHOBOIBI C IPAMOYTOJIBHEIM IPOGIIEM MOKA3aTeNA
MPENOMIICHUS.

MeTOo OB TYYEBOTO U SJIEKTPOIMHAMUUECKOTO ONMUCAHUS ONTHYECCKAX BOIHOBO-
IOOB. MeTon CBA3aHHBIX MOJ.

CBsA3aHHBIE BOJHOBOABL. CBONCTBA U 001AaCTH IPUMEHEHUS.
HenuneliHo-onTHYECKHE (PPEKTHI, UCMONB3YEMBIE B BOTHOBOIHBIX ONTHYE-
CKHMX IepeKirodaTesax. CBETOMHAYIHPOBAHHBIE MIOMIOWIEHHE, HACEILIEHUE T10-
rOIIEHHS M H3MEHEHNE TTOKA3ATENS TPEIOMIICHHUS.

BONMHOBOIHBIE Pa3BETBUTENN.

10.BOMHOBOAHBIE ONTHYCCKHE HIOIATOPEI H QUILTPHL.

11.BonHOBOAHBIE ONTHYECKHE NEPCKITKYATE/TH HA OCHOBE CBA3ZAHHEIX BOJTHOBOIORB

H MUKPOMEXaHNYECKUX MHTErPATTbHBIX YCTPOUCTR.

12 . AHTErpaIbHO-ONTHYECKHE YCTPORCTBA HA OCHOBE aKYCTOONTHUYSCKOTO 3¢-

dekra.

13.Kpyrnble ONTHYECKUE BOMOKHA CO CTYMEHYATHIM MpodiieM mokazaTens npe-

nomieHua. [LnanapHeie rogpprpoBaHHEIC BOJTHOBOIEL.

14. BoMHOBOAHBIE ONTHYCCKUE MTEPEKIIOUATEN Ha OCHOBE HpdexTa Opanua-Ken-

Iblla 1 uETEpdepoMeTpa Maxa-IleHnepa.

15.BONMHOBOIHBIE KOMMYTATOPEI ONTHYECKUX CUTHAJIOB.

16. Texuomoruda WDM B BOJOKOHHO-ONTUUESCKUX JTMHUAAX CBI3MU.
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17.BONHOBOIHBIE U BOJIOKOHHBIC JATYUKU (PUINUECKUX BEIUYHH.

18.CeeTOaMOARI HA OCHOBE KBAHTOBOPAa3MEPHBIX HAHOCTPYKTYpP. CTPYKTYpHl Ha
OCHOBE OJIMHAPHBIX ¥ MHOKECTBEHHBIX KBAHTOBBIX SIM.

19.CreTOANOBI HA OCHOBE CTPYKTYP €O CBepXpelIeTKaMi. CBeTOAMOIbI HA KBaH-
TOBBIX TOUYKAX.

20. KOHCTPYKIIYS H OCHOBHBIE MapaMeTphl CBETOAMOA0B. CNEKTP U3NYUYECHUS U -
KOCTb. J{uarpaMma HarnpaBIeHHOCTH.

21.Buagsl IOAYNPOBOIHHKOBBIX JIA3¢POB HA OCHOBE KBAHTOBOPA3MEPHBIX HAHO-
CTPYKTYP. JIa3ephl Ha IBOHHBIX TETEPOCTPYKTYpax. OCHOBHEIE XaPAKTEPUCTUKH
MOJYNPOBOIHHKOBBIX HHKEKLHAOHHBIX JIA3€POB.

22.JIazepsl ¢ pa3genbHBIM ONTHYECCKUM U 3IEKTPOHHEIM OrpaHUYeHuEM. Jlasepsl
Ha OCHOBE KBAHTOBBIX SIM.

23 .MoOIIHBIE HHKEKITMOHHBIE JIA3EPHI, JTa3€PHBIC INHEHKH U PELIETKH.

24 . TToRepxXHOCTHO-H3TYYAIOLIHE MUKPOIa3ephl HA KBAHTOBEIX ToUKax. KackaaHeie
Ja3€ephL

25.CoNHEYHBIE HIEMEHTH Ha FeTEPONEPexoaax.

26.ITOBEPXHOCTHBIC X TOHKOIJICHOYHBIE COJTHEUHBIE 3JIEMEHTEI.

27.DotoonekTpuueckue aueiiku. Adetiku [ peruens.

28 MHOrokackaJHble COTHEYHBIE POTONPeodpa3oBaTENU.

29.ConHeyHbIe SIEMEHTH Ha OCHOBE MOJIYNPOBOIHUKOB CO CIOKHON CTPYKTYpoil
OHEPIETHYECKUX 30H, CTPYKTYP ¢ KBAHTOBBIMH AMAMHU, CBEPXPELIETOK, MHOTO-
30HHBIX MOAYNPOBOJIHUKOB.

30.ConHeyHbIe 3IEMEHTEI ¢ YCTPOWCTBAMY MOBLILUICHUS U TOHUKEHUS SHEPIUM Ma-
JaromMx GOTOHOBR. COMHEYHBIE JIEMEHTHI ¢ JJFOMUHECUEHTHBIMU KOHLEHT PAToO-
paMu U3Iy4UeHHUs.

31.0OprasHu4ecKkue CBETOIUOIBI.

32.0prannyeckue poToaeTeKTopel. OpraHMuCCKUE COTHEYHBIC OaTapeu.
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