IMPOT'PAMMA BCTYIUTEJBbHOI'O UCIIBITAHUSA
MO KOHKYPCHOM I'PYIIIIE
«®IPM JIEKTPOHUKA, POTOHUKA,
MPUBOPOCTPOEHME U CBA3b»
IS HOCTYHAIOIIUX B ACIIMPAHTYPY

Ha BcTynuTensHOM MCIBITAaHUHM OyAyT 3aJaHbl BOIPOCHI MO BBITYCKHON KBalIH(UKAITMOHHOU
pabore M BOIPOCHI U3 pasjena, COOTBETCTBYIOLIETO HANpPABICHUIO Oydylied Hay4yHO-
HCCIIEA0BATEIBCKOU NEATEIIBHOCTH MTOCTYIAOLIETO.

Bonpocsl o BbINYCKHON KBAaJIM(PHKAIUMOHHO padoTe (MArucTpaTrypa Wi ClenuaJInTer)
1.  OcCHOBHBIE MOTOKEHUS.

2. Hosuzsna.
3. AKTyaJIbHOCTb.

Pasnen «TBeppotrenbHass 3/1€KTPOHHKA, PAAHONICKTPOHHbIC KOMIIOHEHTBbI, MHKpPO- H

HAHOJJIEKTPOHUKA, NPUOOPHI HA KBAHTOBBIX d(pdeKTax»

1. ArperatHble COCTOSHHS BeLIECTBAa. 1€NIOBOE ABM)KEHHE MOJIEKYJ B Ta3ax, >KMIKOCTAX U
TBEpAbIX Tesax. MeTamipl, AUAIEKTPUKH M TOJYHPOBOJHUKU. AKTHUBHBIE MaTepHaIbl:
(beppoMarHeTUKH, CETHETO- M MbE303JIEKTPUKU, MArHUTOCTPUKTOPBI, MYJIbTU(HEPPOUKH.
AMopdHOE, TOTUKPUCTAIUIMUECKOE U KPUCTATNINYECKOE COCTOSTHUE TBEPABIX TEJ.

2. OcHOBBI TeopuM cCHUMMeTpuu KpuctamioB. Pemerkn bpase. OOparHblie pemietku. Sueiika

Burnepa-3eiiriia. Bo3HuKHOBEHHE HHEPreTHYeCKHX 30H. 3O0HHAs CTPYKTypa
MONYTPOBOAHUKOB, AMAJICKTPUKOB, MeTaisoB. lllupuna 3ampemieHHoit 30HBL. PaGota
BBIXO/IA.

3. IINOTHOCTH DHEPreTUYECKUX COCTOSHHUN. 3allOIHEHUE OHHEPreTHMYECKHX COCTOSHUM B
cooTBeTCTBUU C pacnpeneneHusmu Pepmu-/Aupaka, Makcsemna-bonsimana. YpoBeHb
Depmu. 3oHa bpuimrosHa. IIpsAMO30HHBIE W HENPSAMO3OHHBIE IOJYIPOBOJHUKH.
OddexTrBHAS Macca NMEKTPOHOB U ABIPOK. AJTOPUTMBI TOCTPOEHUS 30HHBIX TUarpaMM AJis
CJIIOUCTBIX CTPYKTYp M3 MaTEpHUaiOB C pa3NUYHON IIMPHUHOMN 3alperieHHON 30HbI U paboToi
BbIxoja. [loTeHManbHbIe SMBI.

4. Kpucramnorpadpuueckue, snekrpodusznyeckue, (PpUMUecKue, TEIUIOBbIE M MEXaHUYECKHe
XapaKTepUCTUKU HJI€AJIbHOIO KpucTamia KpeMHus. CpaBHUTENbHBIE XapaKTEPUCTHKU C
JIPYTUMHU TOTYTPOBOAHUKAMH.

5. Meroapl pocTa KpHCTaIOB KpeMHUs. JeheKThl KpUCTAIITMUECKONH CTPYKTYPHl B KPEMHUHU.
Toueunble COOCTBEHHBIE M MPUMECHBIC, JIMHEHHBIC, IUIOCKME U OObEMHBbIE Je(EeKTHI.
[Tpoucxoxaenue nedeKToB: pOCTOBbIE, TEPMHUUYECKHE, pPaJUALMUOOHBIE, pPaTUALIIOHHO-
tepmuueckue. Jucnokanuu. Kommmekcwl nedexroB. Kmactepbl aedekToB W mpUMECHBIE
MPELMUITUTATHIL.

6. Teopus nuddy3noOHHO-TUMUTUPOBAHHOTO POCTa M paclaja KJIacTepOB U MPEIMITUTATOB.
SBnenue xoanecuenuu. Teopust JIndmmuma-Cnesosa. Paguannonnsie 1eeKThl B KPEMHHH:
napbl DpeHkens, KIacTepbl U pa3ynopsioueHHble 00MacTH. PaguanroHHO-TepMUYECKHE
neeKTh B HOHHO-JIETUPOBAaHHOM KpeMHUH. OKUCIUTENbHBIC Ae(PEKThI YIIAKOBKH.

7. TloHsiTuE CHUHTYISPHOHM, HECHHTYISPHOW, BHUIMHAJIBHOW MOBEPXHOCTH KyOMUYECKHX
KPUCTAJJIOB. ATOMapHbl€ CTYIEHH M H3JIOMbl Ha HHUX. OJIEMEHTapHbIE MPOLECCHl Ha
MOBEPXHOCTU: acopOIus, AecopOuus, moBepxHocTHas aAud@y3us aromMoB, oOpa3zoBaHUE
MOBEPXHOCTHBIX BakaHCU. COOCTBEHHBIE HACBILLIEHHBIE MTAPHI.

8. Ilpupona sHepreTuuecKkux ypoBHEH B 3ampeleHHoi 30He. Jlerupyromue npumecu. [lonstue
00 amdotepusix npumecsx. Kwucimoponq u ymiepon B KpeMHHH. Te€pMOIOHOPHI.
brictponuddynaupyromue npumecu B kpeMHuu. [loBepxHOCTHBIE YpOBHH. YpoBHU Tamma.
IToBEepXHOCTHBIE COCTOSIHUS Ha IpaHuuax pasjena. KoHleHTpanus 3JIeKTPOHOB U JBIPOK U
ypoBeHb PepMu B COOCTBEHHOM MONYNpOBOAHUKE. KOHIIEHTpalus 3JEKTPOHOB U JIBIPOK B
MOJyTIPOBOAHMKAX N U P THUIIA IPOBOJUMOCTH B 3aBUCUMOCTH OT YPOBHS JIETUPOBAHUS U
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Temneparypel. Temneparypa uctomenus npuMecu. CTaTHCTHKA SJIEKTPOHOB M JBIPOK B
KOMIIEHCUPOBAaHHBIX MOJIYIPOBOJAHUKAX. YPABHEHUE 3IEKTPOHENUTPAILHOCTH.
OneKkTpuyeckas MPOBOAUMOCTb MOJNYNpoBOAHMKA. [lonBMIKHOCTH HOcuTENel 3apsza.
MexaHu3Mbl paccessHUSI HOCHUTENEH 3apsiia U TemIepaTypHasl 3aBUCUMOCTb HMOJBUKHOCTU
IPU  pa3iIM4YHBIX BHJAX paccesHus. TemmeparypHas 3aBUCHUMOCTb 3JIEKTPUYECKOU
IIPOBOJIUMOCTH.

HepaBHOBECHOE COCTOSIHME IOACUCTEMBI HOCUTENIEH 3apsiia. Bpems KM3HHM HEOCHOBHBIX
HocHTeNeH 3apsaaa. Mexanu3Mbl pekoMOnHanmu Hocutenel 3apsaa. [Ipsvas pekomOuHams,
mexanu3M  Illoxkmm-Puna.  IloBepxHOocTHass  pekomOuwHarusi. Bpems ku3Hu  1pu
KOMOMHUPOBaHHBIX MEXaHM3MaxX peJlaKkcallii HEPaBHOBECHOTO COCTOSHHS. YPaBHEHUE /IS
HEPAaBHOBECHOM KOHLEHTPALIUN HOCUTEIEH 3apsia.

PaBHOBecHOE W HEPaBHOBECHOE COCTOSIHMS p-n mepexopa. OOmacTb MPOCTPAHCTBEHHOTO
3apsna B p-n nepexone. Auddysmonnas u GapbepHas eMkocTH. OMHYECKHE NEpexXOibl.
bapeep LllorTku. 3onHbIe MuarpamMel. YpaBHenue Ilyaccona. Juddy3nonnas u 6GapbepHas
€MKOCTH nepexo10B. BAX BEIIPAMIIAIOIETO NEpEXoa.

Dddext monst B MATI cTpykType. YpaBHEHHS IPOAOIHHON IPOBOAUMOCTH. [loTeHIInaIbHbIe
AMBI. JIByXMEpHBII IEKTPOHHBIN ra3. KBaHTOBBIE 3alpeT paccesHUs HOCHUTEIEH 3apsna.
TyHHenbHble TOKU. CIIUH OPUEHTUPOBAHHBIE TOK.

Tepmonnektpuueckue 3>pdexrsl B KpemMHHH. lloromenue cBera B MOITYHPOBOAHUKAX.
@®oro- s1¢c B KpemMHuUU. DOTO- M KaTOAOIPOBOAUMOCTb. SIBIIEHHE H3IIydaTelIbHON
pexoMOuHanuu. Pduszndeckue 3alauyd M MPUHLUUIBL PAagUO(OTOHUKM U HAHO(POTOHHUKHU.
I1na3MoOHBI.

Meronsl ¢opmupoBanus cioeB. BakyymHoe Hambuienue. KaTonHoe M MarHeTpoHHOE
HanbUieHHe. OcaxaeHue U3 Tra3oBod (¢a3pl. OnuTakcHalbHbll pocT. [IpuHIMITBI
MOJIEKYJIIPHOM M aTOMapHOMN snuTakcuu. TBeprodasHblil pOCT CI0EB: OKCUAOB U HUTPHJIOB
KpEeMHUS, CHIMLKUJI0B MeTamioB. JudQy3noHHO-TUMHUTHpPYEMbIE TEOPUHM TBEPIO(Pa3HOTO
pocra. MoHHBIN CHUHTE3 CIIOEB M TPEXMEpPHBIX BKIOueHU HOBOW (a3sl. KHU cTpykTyphl.
Merton smart-cut. HuskoremnepaTypHoe coelMHeHHE KpeMHHEBBIX MacTuH (Bounding).
®dusnueckue OCHOBBI JerupoBaHusa. 1 Mexanusmsl Tuddy3un NPUMECHBIX aTOMOB B
KpeMHUHU. YpaBHeHUs u(d(dy3uud U3 OrpaHUYEHHOIO M HEOTPAHMYEHHOIO HCTOYHHKA.
@Oynkius ommbok. MonHas wummuantaunus. Teopust mpoOeroB. OCHOBHbBIE MapaMeTphbl
umIutantanuu. [podunu pacnpenenenus npUMeCHbBIX aTOMOB.

Mertoapsl OT)KMra HMOHHO-MMIUIAHTUPOBAHHBIX CJIOEB. OQQeKT oOpaTHOro OTXKHra.
VYpaBuenus auddy3un B yCIOBHSX HEPABHOBECHBIX COOCTBEHHBIX TOYECUHBIX IE(EKTOB.
VYckopenHast u 3aropMmokeHHas auddysus. PaamanuonHo-cTuMynaupoBanHas nuddysus B
MOHHO-UMIUIAHTUPOBAaHHBIX CTPYKTypax. O(deKTsl nanbHONEHCTBUS B paJuallMOHHON
dusuke.

Du3nvecKue OCHOBBI TPABJICHUA. YCIOBUS CEJICKTUBHOIO U IOJUPYIOLIETO YKUAKOCTHOTO
TpaBiieHUs KpeMHHUA. ['a30Boe xumuueckoe TpasiieHue. [IpMHIMIBI TU1a3MOXUMHUYECKOTO U
PEAKTUBHOIO TPABICHUA. YCIOBUS 00€CIEUEHHUS BBICOKOTO aCIIEKTHOTO COOTHOILICHMS.
CoBpemenHble MeTOAbl (HOTO- W 3IEKTpOHHOM mnurorpaduu. IlpuHimn ¢dopmupoBaHus
M300paKeHU ¢ MTOMOIIBIO 11a0I0HOB ¢ (ha30Boi Koppekiueil. CTPUMMUHT.

@U3MYECKUE OCHOBBI PAJUALMOHHOM CTOMKOCTH. BHIBI M MCTOYHHUKM PaJHALMOHHOTO
Bo3nencTBus. ['amma wm3nydenue. KopmyckymsipHble IIOTOKM IPOTOHOB, HEHTPOHOB,
OCKOJIKOB TspKeNbIX sfep. CocTaB KOCMHUYECKOTO M3Iy4deHMs. PaguanvioHHbIE SBIECHMS B
MTOJICHCTEME JIEKTPOHOB U aTOMOB KPHCTAJIJIOB.

MexaHu3Mbl  Jlerpajialiii  MpUOOPHBIX CTPYKTYp. THpUCTOpHBIA 3(h(deKT, KopoTKue
3aMbIKaHUs, OOpa30oBaHME KIIACTEPOB U KOMIUIEKCOB JA€(PEKTOB, IIyOOKHX YPOBHEH,
HaKOIUIEHWE 3apsijia U JIOBYIIEK B JUAJIEKTPUKAX M Ha IpaHUIax paszzgena (as. Meroabl
MOBBIIICHHUS paguallMoOHHON cToikocTh. Mcxomgnsie marepuansl 1 KHU  cTpykTyphl.
I'errepsl. TpaHcMyTalMOHHO JIETUPOBAaHHBIM KpeMHUiL. Tornonornueckue oXpaHHbIE KOJIbLIA.
VhpaBiieHne BCTPOEHHBIMU 3apsiiaMH B AMAJIEKTpUKaxX. CXEMOTEXHHUYECKHE pEeIIeHHUS.
PesepBupoBanue.
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Mukpo- 1 HaHOdNeKTpoHUKa. Buapl noneBwix Tpan3zuctopoB. MOIT u KMOII TpaH3ucTopsl.
bunonsipusie Si u SiGe TpaH3uCTOpPBHL. MeTOAbI TMOBBIIICHUS MOABMKHOCTH B KaHale
MOJIEBOTO TpaH3ucropa. [loneBoil TpaH3UCTOp C BEPTUKAIBHBIM KaHAJIOM. TpaH3UCTOPHI C
TpexMepHbIM 3aTBOpoM. HEMT cTpyKTypBI.

duznueckue OCHOBBI (hidII-naMATy. Pe3uctuBHas, MarHUTOPE3UCTUBHAS,
CErHeToRJIeKTpUUecKas MaMsaTh. PeXXUMbI 3a1IMCH, XPAaHEHUSI U CUUTHIBAHUS.
[Tee30anexkrponrka 1 MEMC TexHomoruu. AkcenepoMeTpbl, BUOPAIIMOHHBIE THPOCKOIIBI,
AKTIOATOPBI, TaTYNKN (PU3UIECKUX BEITUYMH.

Csero- u doromuonsl. [lpuboper ¢ 3apsgoBoii cBs3bio. [lpubopsl paarodoToHUKH U
HaHO(OTOHUKHU. | eTepOMHTETPHUPOBAHHAS IEKTPOHHUKA.

HccnenoBanust MeToAaMH  pacTpOBOM  3JEKTPOHHOW MHMKpockonuu. MccienoBaHus
METO/IaMH MTPOCBEUMBAIOICH U aTOMHO-CHJIOBOM MUKpOCKoNHel.  MeTtaiorpadudeckue
METOABl HUCCIENOBaHUA Ne(EeKTOB CTPYKTyphl Kpuctamia. JlekopupoBaHue aedexToB
npuMecHbIMU aroMamu. CeJeKTUBHBIE TpaBUTENH. JudpakromMeTpus.

W3MepeHne TOMIIMH  CJIOEB METOAaMH  MPOPHIOMETpUH, HHTephEepOMEeTpUH U
AIIUIICOMETPUHU. MeTobl MCCIeN0BaHUS AIEKTPUUECKON MPOBOAMMOCTHU MOIYIIPOBOIHUKOB.
OpnHo- 1 4eThIpeXx-30H10BbII MeTO. MeTon n3MepeHHusl MOTEPh Ha BUXPEBBIX TOKAX.
MeTonpl ucciaenoBaHusl MEKTPOPUINYECKUX MMapaMETPOB MOIYNPOBOAHUKOB U CTPYKTYP.
Mertonsl u3MepeHHsT BpPEMEHHM KHM3HM U JU(PQPy3MOHHOM JIMHBI HEOCHOBHBIX HOCUTENEH
3apsga. Donbr-papagusie Mmetoabl ucciaenoBanus MIAIL crpykrtyp. BU u HYU C-V
xapakrepuctuka MJIII cTpykTypsl. MeTonbl n3MepeHusl KOHIEHTPALUKU HOCUTENIEH 3apsiia B
nosrynpoBogHuke. OIlleHKa TOABMIKHOCTH HOCUTENEH 3apsna mnpu u3MepeHun >¢dexra
Xomna. DLTS meTon KOHTpoJIs ITyOOKHMX YPOBHEH B MOIYIIPOBOJHHKE.

UK cnexrpockonus. Bropuunas noHHas Macc-CreKTpockomnus. Meton pe3epdpopaoBCKOro
00paTHOro paccestHus MpU aHAJIN3€ PaJAUALMOHHBIX TOBPEXKIEHUH KpUCTaia.
OnpeneneHus anmnpokCUMalMM, CXOAUMOCTH U YCTOMYMBOCTH YHUCJIEHHOTO METOJa.
XKectkue u HexecTkHe 3ajaud (C HpuUMepamMH), SIBHbIE U HESBHbIE METOIbl. MeTozbl
peIIeHUsT CUCTEM JIMHEHWHBIX YpaBHEHUN C pa3peKEeHHbIMU MaTpHUIAMH. TpHUaHTYISIUs
[enone u nuarpamMmmel BopoHoro. AanTUBHBIE CETKHU B 3aJja4aX IMAPOJUHAMUKHY.

MeTon KOHEYHBIX AJIEMEHTOB. MeTo[bl TpPaHUYHBIX U OOBEMHBIX 3JeMeHTOB. KiertouHo-
ABTOMAaTHbIE MOJIENM IPOCTPAHCTBEHHO-PACIPENEICHHBIX CUCTEM. bIOYHO-TOBOPOTHBIM
MexaHu3M Mapromyca. Meron pyukuwmii ['puna B TeopeTnueckoit (pU3uKe U €ro MpuMEeHEHUE
npu MozaenupoBaHuu ¢oronaurorpadguu. Mertox «dactuil-B-sueiike» (particles-in-cell).
['eneTnyeckne anropuTMbl MX MPUMEHEHHE B 3aJa4ax TOMOJOTMYECKOTO MPOEKTUPOBAHMS
CBUC. DnemenTsl HayuyHOU Bu3yanu3anuu (npuHuumsl Tadra) u Data Mining.

Paznen «KBaHTOBasi 3JIeKTPOHHKA)

1.

[98)

OnTtuueckue M Oe3bl3NyuyaTelibHbIE IEpexoibl B KBAaHTOBbIX cuctemax. CIOHTaHHOE H
BBIHY/ICHHOE MU3JIy4€HHUsl. DHEPreTUUECKHE COCTOSIHUS U KBAaHTOBBIE IEPEXO/bI B aTOMHBIX
CHCTEMax: aTOMHbIE, MOJIEKYJISIDHBIE U MOHHBIE I'a3bl, HOHBI, [ICHTPbI OKPACKHU U KPACUTEIH B
JUIEKTPUUECKUX CPellaX, ONTUYECKUE IIEPEXObI B MTOJIIYIIPOBOAHUKAX.

[Hupuna u ¢opMa cCHeKTpaldbHBIX JUHUHA. MexXaHU3Mbl OJHOPOIHOTO M HEOJHOPOJHOTO
YUIMPEHHUs] JMHUM B Ta3ax M TBEPABIX TelaX, BpPEMEHa IIONEPEYHOM M IPOLOJIBHOU
penakcauuidl. MHBepcusi HacelneHHOCTeH dHepreTudeckux coctosHuil. Koapdunuent
YCUJICHUS J1a3epHOM cpenbl. [IpuHIUIIBI CO31aHNs MHBEPCHOM HacelleHHOCTU. Hacklenue,
MOMJIOIIEHUE U YCUIIEHHE cBeTa. VIcKakeHUs! KOHTYpPOB CIIEKTPaIbHBIX JTUHUH, 3D PexT
«BBDKUTAHUA JbIP» B HEOJHOPOJHO YIIUPEHHBIX JIMHUAX.

Maszep Ha myuke MoJiekya ammuaka. KBaHToBbIHM napamarHuTHbl ycunutens CBY.

["a30BBIe Ja3ephl: ra3opa3psaHble (aTOMHbIE, HOHHBIE, MOJIEKYIISIpHBIE, Ha MTapax METaJIoB),
(OTOIUCCOLIMOHHBIE,  XUMHYECKHE,  Tra30JMHAMUYECKHE,  OIJIEKTPOHMOHU3ALMOHHBIE,
sKcUMepHble. OCOOEHHOCTH KOJbLIEBBIX Ta30BBIX JIA3€POB.
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Jlazepsl Ha TBEpABIX AKTUBHBIX Cpelax — CTEKJIaX, KPUCTaUIaX, AKTMBUPOBAaHHBIX
BOJIOKOHHBIX Marepuaax. Jlazepsl Ha KpucTa/Iax CEMENCTBA IPAHATOB ¢ HEOJMMOM.
ITomynpoBOAHUKOBBIE MHKEKLMOHHBIE JIA3€PBl, JIA3€pbl HA FE€TEPOCTPYKTYypax, Ja3epbl Ha
KBAHTOBO-Pa3MEPHBIX CTPYKTypax.

JlazepHble ycunutenu (Oeryiieil BoJIHbI, MHOTOIIPOXOJOBBIE).

[IpeoOpa3oBaTeny 4acTOTHl M3IYyYEHHS W MEpecTpauBaeMble JIa3epbl: T'€HEPATOPHI
ONTHUYECKUX TapMOHMK, CYMMAapHbIX M Pa3HOCTHBIX YacTOT; Ja3epbl Ha pacTBOpax
OpPraHMYECKHX COCIMHEHHMH (KpacuTesei); KOMOMHAIIMOHHBIE MPeoOpa3oBaTed U Jia3epbl
(Ha BKP); mnapamerpuueckue yCHIUTEIM W TIEHEpaTopbl CBETa; IepecTpanBacMble
MIOJTyTIPOBOJAHUKOBBIE JIa3€phl; J1a3epbl Ha F-1ieHTpax. Jlazepsl Ha CBOOOAHBIX IEKTPOHAX.
O6bemuble pe3oHaropsl CBY. Ontuueckue pe3oHATOPbI; OCHOBHBIE THIIBI OTKPBITHIX
PE30HATOPOB:  IUIOCKONApaliesibHble, KOH(OKAIbHbIE, YCTOWYHMBBIE, HEYCTOMYHUBHIE,
KonblieBble. Tumbl KonebGaHWM, COOCTBEHHBIE YaCTOTHI, JOOPOTHOCTh ONTHYECKHX
pe30HaTOpOoB. MeTonbl CeNeKIUid NPOAOIABHBIX M TOINEPEYHBIX THUIOB KOJICOAHMIA.
ITpocTpaHCTBEHHBIE U YITIOBBIE XapAKTEPUCTUKHU U3ITy4YCHHUS JIa3€POB.

AKTHBHBIE Cpe/ibl C OAHOPOAHO-YUIMPEHHOM JTMHUEHN, KHHETUYECKHUE YPAaBHEHUS, YpPaBHEHUS
nepeHoca. AHalM3 KUHETHMKHM OJHOMOIOBOTO IeHeparopa. BsamMonelcTBue pa3ivyHBIX
TUTIOB KoseOaHui. Ponb HACHIICHWST M HEOJHOPOAHOCTH Hakayku. KOHKypeHIHs MO,
MHOTOMOJOBBIM pexuM. IInuku B nasepax. [luHamuka NOIyNpPOBOAHMKOBBIX JIa3€pOB H
ra3oBbIX Ja3epoB c JonrmiepoBckoi nuHueil. Llymel n3nydenus. Meronbsl crabunusanuu
MHTCHCUBHOCTH U 4aCTOTHI U3JIy4CHHUS JIa3€POB.

Mopnynsauus noOpotHocTH. Bpemsi HapacTaHus M JUIMTEIBHOCTh HMITYJbCA TEHEpALUH.
ONEKTPOONTUYECKUE, MAarHUTOONTUYECKHUE, ONTHKO-MEXaHUYECKHUE, aKyCTOONTHYECKUE U
apyrue monyastopsl  goOporHocTH. [IpocBernsrouimecs ¢uiabTpel. [eHepanus cepuun
UMIYIbCOB. MeToa CHHXPOHM3AaLlMM MOA, T0J0Ca CHUHXPOHM3ALMM M IapaMmeTphl
UMIYJIbCOB. YMpaBJICHUE MapamMeTpaMu HMITYJIbCOB, CXEMbl MOAYJSLUU JTOOPOTHOCTH.
Meto/bl reHepay CBEPXKOPOTKUX ((PeMTOCEKYHIHbBIX) UMITYIbCOB CBETA.
[IpeoOpa3oBaHue 4acTOTHI JJa3€PHOTO U3IYUYEHUs], TeHepalusi TapMOHUK U KOMOMHAIIMOHHBIX
4acTOT, MApaMETPUUECKOE YCUIIEHUE U MTapaMeTpUUecKasi TeHepalys cBeTa. BrIHyX1eHHbIE
paccesHus: Manaensirama-bpunmoena (BPMB), komOunannonnoe (pamanosckoe, BKP),
Paneesckoe. CamodokycupoBka. Ontuyeckuil mpoOOH B razax M TBEpAbIX TeJsax.
OnTuyeckass MPOYHOCTH (TIOBEPXHOCTHAs W OObEeMHas) AieMeHTOB Jiazepa. OOparieHue
BOJTHOBOTO  (hpoHTA MeTogaMM  HEIMHEHHONW ONTHKU. AKTHUBHAs CHEKTPOCKOIHS
KOMOMHAIIMOHHOTO PAaCcCEsTHUSI.

MouiHocTh  (HENpepbIBHAs, HMITyJIbCHAsl, CpPEOHSSA) JIA3€pHOTO M3JIY4YEHMs, SHEprus
UMIIyJIbca u3ilyueHus. PacnpeneneHue usnydeHus B ONMKHEH U JanbHEH 30HAX, YIVIOBas
pacxonumocTh. KorepeHTHOCTh (IpOCTpaHCTBEHHas, BpeMmeHHas ). [lomspusanus, cnekTp
MOJI pe3oHaropa (MPOoI0JIbHBIE U TonepedHbie MOjbl). CTaOMIBHOCTD (KpaTKOBpEMEHHas U
JIOJITOBPEMEHHAsA, aMIUIMTyHas U 4yacToTHas). Lllymbl u3nydeHus, napameTpbl MOLYISILIMU
na3epoB. MeTonbl U3MEpeHUs IEPEYUCICHHBIX IAPAMETPOB JA3E€PHOTO U3y YCHHUS.
Jlazepubie 3artBOphl. Jledekropel M MOIynATOpHI Ja3epHOro manydeHus. Sueiiku Keppa,
IToxkenbca, @apanes, akycroontudeckue. I[lpuHnunm paboOTB, METOABI  pacyera,
CUHXPOHM3ALMsl BHEIIHUM CHUTHaJIOM. IIpocTpaHCTBEHHO-BPEMEHHBIE MOAYJSATOPBI CBETA.
AnantuBHble 3epKana. ONTHYECKuUe, B T.4. YIPaBisieMble (PUIBTPHI.

VCTOYHMKM TNHTaHUS TBEPAOTEIbHBIX Ja3epoB. VMIynbcHbIE M HENpPEpPBIBHBIE JaMIIbI
HaKauky (TUIBL, TpelelbHble W THUIIOBbIE MOLIHOCTH, METOABl MOPKHUIa); pa3psIHUKU
(BakyyMHBI€, BBICOKOTO JaBJICHUS, BO3AYIIHBIE); METOJbl YIPABICHUS U CHHXPOHM3ALIUU.
Uctounuku OUTaHUSI ra3opa3psaHbIX JIa3€poB. MeTtoan! TPETNOHN3ALIHH.
ONeKTPOUOHU3ALMOHHBIM MeTO/ (MPUHLMII, TPEOOBaHUS K JIEKTPOHHOMY IYUKY, CUCTEME
NUTaHUs). OJEKTPOpaspsiiHble CUIBHOTOYHbIE HMCTOYHUKM HAKauKu (MPUHIUN pabOThI,
ycnoBHs puMeHsieMocTH ). BU-Hakauka ra3oBbIx J1a3epoB. OcCOOEHHOCTH UCTOYHUKOB



16.

17.

18.

IIUTaHUS] WHXXEKIMOHHBIX IOJIyIIPOBOJHUKOBBIX JIa3epoB. Hakauka TBEpIOTEIBHBIX JIa3€POB
CBETOBBIMU U JIA3EPHBIMHU ITOJIYITPOBOJHUKOBBIMU JTHONAMM.

Mertonpl nomy4yeHus M 0OpaOOTKM AKTHUBHBIX JA3€PHBIX CTEKOJ M KPHCTaUIOB. MeTozbl
BBIpAIIMBAaHUsI W OOpab0OTKM  HENMHEHHO-ONTHYECKUX,  JJICKTPOONTHYECKUX |
AKyCTOONTHUYECKUX KPHUCTAJUIOB. TEXHOJOTMYECKHE MPUHLMIIBI CO3JAaHUSA  CIOXKHBIX
MOJYIPOBOAHUKOBBIX U ONTHYECKUX CTPYKTYp (METOAbl BAaKyyMHOI'O HalbLICHMUS,
SMUTAKCUU, MOHHOM UMIUIAHTALUU U JIp.). MeTObl OYMCTKU I'a30BbIX aKTUBHBIX CpEl.
Beibop onTuueckoil cxembl, THUIIAa pPE30HATOpa, ONTHYECKUX pa3BA30K, MaTepHasoB
(mporyckaHue, OHOPOAHOCTb, ONTHUYECKAs IIOTHOCTb, TOYHOCTh OOPaOOTKH), JIEMEHTOB
ynpasieHusl. BbIOOp MCTOUHMKOB HAKauKHU U IMapaMeTpoB cucTeMbl uTaHus. ObecneueHne
BUOpO- M yAapoycTOWYMBOCTH. KOHCTPYKTHBHBIE NPUHLMIIBI CTAaOWIM3allUd OCHOBHBIX
napaMeTpoB U obecriedeHus: paboThl jla3epa B MIMPOKOM AMana3oHe Temneparyp. CHCTeMsI
TEIUIOOTBO/A U OXJIAXICHUS aKTUBHBIX JJIEMEHTOB.

OnTuyeckue METOIbl 3alvCH, BOCIPOU3BEACHUS, XpPaHEHUS U OO0pabOTKH WH(OpPMALUH.
OnTnueckas, B T.4. BOJIOKOHHAs, CBA3b. ONTHUECKAs JIOKAUSA U Ja3epHas NaJbHOMETPHS.
JlazepHass TexHoJorus u 00paboOTKa MarepuanoB. JIMCTAaHIIMOHHOE 30HAUPOBAHUE
okpyxkatomei  cpensl.  Jlazepnas  MeauuumHa.  Tomorpadwus,  uHTEpdepoMeTpus.
Cnexrpockonus. JlazepHast rupockonus. CTaHgapThl 4acTOTHl. YNPaBISEMbIH JIa3epHBIN
TepMOsiACpHBIN cuHTe3. JIazepHas xumust. MeTposiorusi, U3MepUTeIbHAs TEXHUKA.

Paznen «®oroHMKa, NMPUOOPOCTpPOEHHE, ONTHYECKHE M OMOTeXHHYECKHEe CHCTEeMbI M
TEXHOJIOTHID)

1.

10.

I1.

12.

13.

WNneanpHasgs ontuyeckas cuctema. JIuHelHoe, ymIoBOe, MpPOJIOJIBHOE YBEJIWYEHUE.
KapaunanbHble TOYKH U OTpe3KH. MaTpuna nmpeoOpa3oBaHusl ONTHYECKON CUCTEMBI: 00N
BU/I, TEOMETPUYECKUIA CMBICI, MATPULBI IPEJIOMJIICHHUS U [IEPEHOCA.

®opmel TpeacTaBieHusT abeppauuii (monepedHasi, MpoxoibHas, BOJIHOBAs). B3auMocBs3b
abeppauuii. MoHoxpomarnyeckrue abeppaluyd TOHKOHM JMH3BIL. XpomaTrhdeckue abepparu
TOHKOM JIMH3BI.

OtpaxeHue U npeloMIIEHUE CBEeTa Ha rpaHule AByX cpel. @opmynsl @penens. Ontuueckoe
U3JIlydeHHMEe B Cpele ¢ aucrnepcued. YpaBHeHus Makcesema. Ilomspusanus  cpensl.
OnekTpoHHas Mozenb JlopeHua.

KommuiekcHblit  mokaszarens mnpenomieHus. Koaddunument skcTuHkuuu. BriBoj 3akoHa
nornoienus: byrepa-JlamGepra. CBsi3b qucnepcun mokasaress IpeJoMIICHHs U MOTIOIIEHUS
ceera. CoorHomenust Kpamepca-Kponura.

Onnuncous  mokasarened  npenomiieHHs.  OIHOOCHbIE W JIByOCHBIE — KPUCTAJUIBL.
JBynyuenpenomienue cBeta. OcCOOEHHOCTH OTPaKEHHs CBETOBBIX BOJIH OT aHU3OTPOITHBIX
cpen. OTpaxeHue OT II0CKOro 3epkasia. OTpaxkeHue OT ABYX IUIOCKUX 3€pKall.

OCHOBHBIE ONTHYECKHE JJIEMEHTHI: IUIOCKONapayljiesbHas IUIacTUHKA. OTpaxkaTeabHble
npusMel. [Ipu3mer ¢ kpeimeit. Chepuyeckue u Hecheprudeckue 3epkaia. JInazel Openens.

W cTouHMKY U3ITyYeHUs 11 ONITUYECKON HAKAYKH JIa3€pOB.

Knaccudukanuss npueMHUKOB  ONTHYECKOro  u3nydeHUs. OCHOBHBIE  IapaMeTphbl
NPUEMHHUKOB OINTUYECKOTO H3JIyYEHUsS: IOPOTOBBIE, IIYMOBBIE, YaCTOTHBIE, BPEMEHHBIE,
CIIEKTpaJIbHBIE, IPOCTPAHCTBEHHBIE, BOJIBT-AMIIEPHBIE.

[TpuHIMNI NEeHCTBUS NMPUEMHUKOB ONTHYECKOTO M3IYUYEHUS: HA BHyTpeHHEM (GoTodddexTe,
paZvallMOHHBIX TEPMO3JIEMEHTOB, OOJOMETPOB M KaJOPUMETPOB, MUPOIIEKTPUUECKUX
IIPUEMHUKOB.

[TpunHuMn AeicTBUS, CXEMbI BKIIOUYEHHUS (OTOUOOB, UX OCHOBHBIEC apaMeTpshl. [IpuHIIMIIBI
JENCTBUS CBETOMO/A, CYTIEPIIIOMUHECIIEHTHOIO JUO/a U Ja3epHOro nuoja. Barr-ammnepHsie
XapaKTEPUCTUKU IOJIYIIPOBOAHUKOBBIX M3JIydaresed, UX CIEKTPbI, BIUSHUE TEMIIEpaTyphbl
Ha CIEKTP U MOILIHOCTb U3JIy4EHUSI.

[TpuHIUTIBI TEWCTBHS MOMYMPOBOIHUKOBBIX pin- M JaBUHHBIX (oToauonoB. Kosddument
JABUHHOTO YMHOXEHHUs1. VICTOYHUKH IITyMOB B HIOJIYIPOBOAHUKOBBIX (DOTOIHOMAX.
@DOTOATEKTPUYECKUE METOABbl HM3MEPEHHUS] HHEPreTUYECKHX IapaMeTpoOB  J1a3epHOro
U3ITyUYEHUS.

doromeTpuueckue  BeIU4YUHBL. CBETOTEXHHYECKHE BEJIMYMHBI M HUX CBA3b C



(hoTOMETPUYECCKIMHU.
14. EcrecTBeHHBIE HCTOUYHUKH U3TYUYEHHS, WX MapaMeTpbl U XapaKTEPUCTHKU. TeXHUYECKUE
HUCTOYHHMKH cBeTa. MeToIMKa pacyeTa uX mapaMeTpoB.

15. KorepeHTHOCTh U CHIOCOOBI M3MEPEHUs] BPEMEHHON KorepeHTHOCTH. CrocoObl M3MepeHHs
MIPOCTPAHCTBEHHON KOT€PEHTHOCTH.

16. Tlonsipuzanuus u cnocoObl €€ U3MEPEeHNUs, KaK CKaJIipHON BEJIMUUHBL.

17. DneMeHThl ONTUKHU MOJIYyHIpOBOJHUKOB. 30HBI bpuimtosna. Pactipenenenue @epmu-/lupaka.
VYposenp ®epmu. CpsA3b onTtuyeckoro kod3h@uiMeHTa MOITIOUIEHUS C paclpelelIeHUsIMU
®depmu-/lupaka 37€KTPOHOB U JBIPOK B MOTYIPOBOIHHUKE.

18. YcrmoBue OTpUIIATENIHHOTO TMOIVONIEHUs B MOMynpoBogHuke. CBOWCTBa p-n mepexona.
[TocTosiHHAs pacTpoCTpaHEHUs] BOJIHOBOIHOW MOABI B p-n nepexoze. CBa3b koapduimeHta
YCWJIEHUS U KOHLEHTPALUY HOCUTEJIEH B MOITYIIPOBOIHHUKE.

19. IIpocTpancTBeHHass W BpeMEeHHas KOTEPEHTHOCTh W3NMydeHus Jazepa. OngHO U
MHOTOMOJIOBBIM pEXUM M3IIyueHHUs ja3epa. [IpenenpHas npocTpaHCTBEHHAs KOT€PEHTHOCTh
U3ITy4eHUs] OAHOMOJIOBOTO Jia3epa.

20. V3menenne aMIuiuTyabl W (a3bl CBETOBOM BOJIHBI TPU OTPAKEHUHM Ha TpaHUIIE pasena
cpensl ¢ mornomeHueM. IIpocTpaHCTBeHHas  HEYCTOMYMBOCTH  CBETOBBIX  BOJIH.
CamodoxycupoBka. OOpaieHre BOTHOBOTO (BpOHTA.

21. OcHOBHBIE JOCTOMHCTBA JIa3€pPHOTO U3IYyYEHUS U €ro BO3MOXKHOCTU. CTemneHb
MOHOXPOMAaTHYHOCTH, BpeMsl KOTE€PEHTHOCTHM M JUIMHA KOTE€PEHTHOCTH JIa3€pHOTO
u3ny4deHusi. BpeMeHHble pexuMbl paboThI J1a3epOB, 0COOEHHOCTH 3TUX PEXKHUMOB.

22. Buapl ONTHYECKHX MEPEXOJOB B aTOMaxX M MOJEKYJIaX YCJIOBUE YCHJIEHHUSI ONTHYECKOTO
U3JIyYEHUs B BEILECTBE.

23. Cnoco0bl cO3/aHUS MHBEPCUU HACEJIEHHOCTEW ypoBHEHl B aKTUBHOM cpeae. Tpex u
YeThIPEXYpPOBHEBBIE CXEMBbl pPa0OTHl J1a3epoB. YcioBHe TreHepanuu Jasepa. Cas3b
ko3 uiMeHTa ycusieHusl U MOKa3aressl YCUJICHMs] aKTUBHOW cpesibl B JIMHEHHOM pEeXHUME
YCHJICHUS.

24. OcHOBHbIE JIEMEHTHI Jlazepa U UX Ha3zHaueHue. [lokaszarenb yCuieHHsS aKTUBHOM CpEbl.
SIBNeHME HACBILLIEHUS YCUIICHMSL.

25. Ontuueckuil pe3oHarop Jja3epa, KiIacCU(pUKALUs PE30HATOPOB, IUarpaMMa yCTOHYMBOCTU
ONTUYECKOTO PE30HATOPA.

26. Pe3oHaHCHbIE YacCTOTHl AKTUBHBIX ONTHYECKUX PE30HATOPOB, YCIOBHE PE30HAHCHBIX YACTOT
IUIOCKONAPAJUIEIbHOTO PE30HATOPA, YMCIO MPOJOJIBHBIX MOJ Jiazepa. Moabl ONTHYECKOTO
pe30oHaTopa, NONepPeYHbIe U POI0JIbHBIE MOJIbI, UX 00O3HAYECHHE.

27. W3nydyeHne M NOMIOLIEHUE CBeTa IIa3MOW. Buabl ayeKTpuyeckoro paspsiia B IUIa3Me.
JlazepHas ma3Ma U ONTHYECKUI MPOOOH Ta30B.

28. Kmaccol nazepoB. TBepaoTenbHbIE JIa3epbl, UX OCOOCHHOCTh, CIIOCOOBI Hakauku. [ a30BbIe
Ja3epsl, uX Kiaccudukaius, 0COOCHHOCTH.

29. IlonympoBOmHUKOBBIE Ja3epbl, wux kiaaccuduramus. OCOOCHHOCTH HHKEKIMOHHBIX
MOJTYTIPOBOAHUKOBBIX J1a3epoB. OCHOBHOM ONTHYECKUI MPOIECC,

JeKalUi B OCHOBE IPUHIUIIA A€HCTBUS [IOJYIPOBOAHUKOBBIX J1a3€POB.

30. OnTuyeckuii curHai u ero npeoopaszoanue. [IpeodpazoBanue Oypre.

OcHoBHBbIe cBoMicTBa npeodpazoBanust Oypee. [Ipumeps! npeoOpazoBanust Dypoe.
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