Muno6puayku Poccuu
DenepansHoe FOCYNlapCTBEHHOE GIOMKETHOE YupeKaeHe HayKu
HHcTuTyT cunbHOTOYHO 3NEKTPOHUKHU
Cubupckoro otnenenus Poccuiickoit akagemun HayK
(UC3 CO PAH)

YTBEPXJIAIO
mupexkrop UCD CO PAH
akagemMuk PAH

Wwoe R

= ap 0
< s\.,b anenrpo‘o‘"fe
0oy (MC" O
W O e
P g A,
el P L N

PABOYA IIPOTPAMMA
KaHTUJATCKOr0 dK3aMeHa

IO CIICHUATIBHOCTH
01.04.05 — orrtuka

OCHOBHOM ITpo(ecCHoHaIBHOIM 00pa3oBaTeNbHOM MPOrpaMME! BEICIIETo
00pa3oBaHMs — MPOrPaMMEI TOATOTOBKH HayqHO-IIEIarOTUYECKUX KaApOB B
ACIHPAHTYpPE MO HANPaBJICHUSIM OATOTOBKH KaZnpoB BBICIIEN KBATU(pHUKAIHH

Ne
/1

Hampagnenue Haumenosanue OITOIT
IIOATOTOBKH (mpodmis ITOJITOTOBKH )
03.06.01
OnTuka
Dusuxa 1 acTpoHOMHUS

Tomcx — 2018



1. O61ue monoxenus

1.1. Ilporpamma kanauzarckoro sxsamena paspaboTaHa Ha OCHOBAHHH:
- enepamproro rocynmapcrsennoro obpa3zoBarenpHOTO CTaHZapTa BBICHIET0 00pa3oBaHus

Dusika u actpoHOMHs, YTBEPIKICHHOIO MpHKazoM MuHHCTepcTBa 0bpasoBaHus M Hayku
Poccuiickoit ®eneparmu ot 30 uros 2014 r. Ne 867:;

- HacllopTa cnennanbHoCTe! HayYHBIX paboTrHKoB 01.04.05 — OITHKA;

- [IPOrpaMMEBI-MHHEMYM 110 crienuansHoctu 01.04.05 — OIITHKA, YTBEPXKICHHOH TPHKa3z0oM
Muno6puayku P® ot 08.10.2007 r. No 274,

2. Iopsimok IPOBCACHUS KAHAUIATCKOIO K3aMEHa

2.1. Tlpuem KaHTHIATCKOro sK3ameHa POBOZIMTCS B CPOKH, ONpeNeIeHHEIE yYeGHbIM
TUIAHOM OCHOBHOH 00pasoBaTesbHOM mporpaMMel 00yueHHs acIIHpaHTa, Kak [paBuio, B KOHIIE
5-oro unmm B 6-oM yueGHOM CeEMecCTpe.

22. Jlna mpoeemeHus  sKk3amena Ha3HA4aCTCs  JK3aMEHAIlMOHHAS  KOMHCCHSL,
Ilpencenarenem kommuccun sBnseTcs AUPEKTOp MHCTHUTYTa. YIIeHBI KOMMCCHM Ha3HAuaroTCs
IpeAcenareneM KOMHCCHH H3 YHCIIa BBICOKOKBAIH()MIMPOBAHHBIX HAYYHbIX paboTHHKOB
HHCTHTYTA.

2.3. Hayunslii pyxkoBoguTesn aCIIHpaHTa HE IO3/HEE, YeM K Hayalny S5-ro ceMecTpa
oOy4eHus acmmpanta, paspaGarbiBaer HPCACTABIACT B 3K3aMEHAIIMOHHYIO KOMHCCHIO
AOIIOTHUTENLHYIO [POrpaMMy BOIIPOCOB K SK3aMEHY, YYMTBIBAIOIIYIO CICUMDHKY HAy4YHO-
HCCIICI0BATEILCKOH pabOThI acMpaHTa.

2.4. B sK3aMeHaIHOHHEIH GHTeT BKJIFOYAKOTCS:

- TPH OCHOBHBIX BOIIpPOCA H3 IIPOTPAaMMBI-MUHUMYM II0 CHENHAIBHOCTH 01.04.05,
YTBEPXACHHOH mprkazom MuroGprayku P® ot 08.10.2007 r. Ne 274;

- TPH OCHOBHBIX BOIIPOCA U3 JONOTHUTEILHOM nporpammel (1. 2.4).

2.5. DK3aMeHaINMOHHAs KOMHCCHS IIpH HEOOXOJMMOCTH 3a/1aeT ACIHPAHTY, CHIAoLIEMy
SK3aMECH, 10 TpeX NOMOJHHUTENBHBIX BOIPOCOB M0 MaTepHally IPOrpaMMBI-MHHUMYMA H OIHH
BOTIPOC 1O MaTepHaly JOMOJHATEIBHOM NPOrpaMMEL.

2.6. Ilo wWTOraM KaHIMIATCKOrO 9K3aMCHA COCTABJIETCA [POTOKON, B KOTOPOM
YKasbIBAacTICAd COCTAB 9SK3aMEHAIMOHHOH KOMHCCHH, OLCHKH, IOJYYEHHBIE AaCIUPAHTOB I10
KQKIOMY M3 OCHOBHBIX H JIOTIOJNHHTE/BHEIX BOIPOCOB H HTOIOBas OIECHKA [0 KaHIHIATCKOMY
3K3aMEHY.

3. Coneprkanne IIPOrpaMMBI-MHHHUMYM 110 crienuansocTy 01.04.05 — OITHKA,
YTBEPXXIEHHOM IpHKka3oM MuHo6pHaykn P® ot 08.10.2007 r. No 274

3.1. DNeKTPOMArHUTHAS Teopus cBeTa

VpaBHeHns Makcpea. Bexrop Ymoga-IloitaTrnra. Bonsosoe ypaBHenue. [Tmockue u
cepuYecKHe BOJHEL IlapaGomuueckoe mpuGmmkenue, Mojsl cBOGoHOrO MIPOCTPAHCTBA.
®asoBas U IpyIIoBas CKOPOCTH CBETA.

[Monapusamus ceera. Bektop [[xomuca. [Tapamerper  Croxkca. Cdepa Ilyanxape.
Pacuernsie MeToas! Jlxokca 1 Mromnepa. Tunel nonspusamonnpix YCTPOHCTB.

Otpaxenne u npenoMiieHue cpeta Ha TpaHuIe pasiena H30TPOMHBIX cpex. Dopmysisl
Operens. ITonHoe BHyTpeHHEE oTpaxenune. Kommekchas musiexrpuyeckas IIPOHHIIAEMOCTE.
Otpaskenne cBeTa 0T MOBEPXHOCTH IIpoBo/IHUKA. ['y6HMHa npoHUKHOBEHMS,

Pacnpocrpanenne cera B AHH30TPOIHBIX M THUPOTPONHBIX Cpefax. BoTHOBbIE
MMOBEPXHOCTH B KpUCTaLIax. Jlyun u BogHOBBIE HopMaiH. Djuuncoun Operens. OnTuueckue
CBOHCTBA OJIHOOCHBIX M JIBYOCHBIX Kpucraminos. JIpoiiHoe mydenpenomienue. Konmueckas




pedpakima.  DnextpoonTHyeckue adexrer Keppa u IMokkessca. OnTHyeckas akTHBHOCTD.
O¢dexr Dapanes.

Onrrka mBMKymmXCH cpen. Onbitel @u3o u MaiikeTbcoHa. [TpeobpazoBanus Jlopenna.
[IponoeHEIA 1 HonepeynsIi s¢pdextr Jommiepa.

2. 'eomeTpudeckas ontuka

ACHMITOTHYECKOE  peNIeHHE  BOJHOBOIO ypaBHEeHHs.  ['eoMerpo-onTHYeckoe
npubmkenue. Ypasnenne sitkonana. O61acTs TIPUMEHCHHS JIy9eBoro npubmmkenns. [Ipuamun
®epma. NoMouenTpryeckue IIyYKH.

[TonsTie ontryeckoro n306paxkenus. Iapakcuansuoe npubmmkenue. [Ipenomiuenne na
cepryeckoii moBepXHOCTH. Chepuyeckne 3epkana u THH3BL OGpazoBanue xaycruk B
ONTHYECKHX cucTemMax. I'eomerpuyeckue aGepparmu TPETHETO M OOJiee BEICOKHX ITOPSIKOB.
Xpomatuueckas abepparius. THIIBI OITHUECKHX pubopos.

3. UuTepdepennns i THbpaKImts cBeTOBEIX BOJIH

HuTepdepennus HACTHIHO-KOTCPEHTHOIO  M3Ty4YeHHs. KOMIUIEKCHAS  cTemeHE
KorepeHTHOCTH. Teopema Bau-Ilurrepra - LlepHuxe.

JByxny4eBas u MuoronyyeBas uHTepdepenusa. Capurosas u CIEKT-UHTEpepoMeTpHs.
MHorocnoitHbIe TOKpEITHSL,

Hudpaxnust. Tudpaxuuonnsie unTerpansl Kupxroda - INoiirenca. HMudpakuns Openens
u ®paynrodepa. Dddext Tams6o. Biusame Judpakouy Ha PA3spEIIAIONIYI0 CHIIY CHCTEM,
00pasyromux u306paxeHue. Hudpakunonnas pemerka. [TapaGonmyeckas Teopus Judpaxnyu;
rayccos myuok. ABCD —meTon; KoMIUIeKCHbIH llapamMeTp KpUBH3HEL OCOOeHHOCTH mH(paKimuu
HEKOrepeHTHOrO u3ty4eHns. OCHOBbI BEKTOPHOM TEOPUH TUDPAKIHH.

OGparnble 3anauu Teopuu madpaxiin. CHHTe3 OINTHYECKHX 3IeMEHTOB, Kunodopmuas
ONTHKA.

4. TeOpHUs U3JTyICHHUS U B3AMMOJIEHCTRHS CBETOBEIX BOJIH C BEIIECTBOM

Knaccuueckass Tteopus  B3ammoneiictaus H3JIyY€HHs C BeNIECTBOM. Pe3oHaHCHOe
npubImKerue. JIUCIepCHOHHBIE COOTHOMIEHHS Kpamepca - Kpornra. Onruuecke HyTaIHH.
Omrnueckuit spdext Illrapka. DoToHHOE 3%0 U CaMOMHIYLMPOBaHHAs IPO3PAvYHOCT.
Comuronel.  Penakcaunonssie TIPOLECCEL.  YpaBHEHHWe  JUI1I  MATPUUBl  IJIOTHOCTHL
CamocornacoBanHble ypaBHeHus jus TIOJIA, NONAPH3ALMU U PAa3HOCTH 3aceeHHOCTeH. Ddext
HACBIICHHS.

3aKOHEBI TEIIOBOrO H3ITyYeHH s, @opmyaa [Tnanka. ®otosddexr.

KBanTOBaHme mos. Oneparopsl poxnenus u YHUYTOXKCHHS (OTOHOB. [amMuIBTOHMAH
KBaHTOBAHHOI'O 110J11. KOMMyTallHOHHbIE cOOTHOMmEH s 11 OIEPATOPOB MOJIA.

Omnodoronnsle u MHOTO(QOTOHHEIE  IIPOIECCHI. BepostHocTH  cnoHTaHHBIX H
BRIHYKNCHHBIX  1epexonoB. Koadduumuentsr Difnmreiina, KBanpynoneHbie W marauTto-
AUNIOJILHBIC  11epexonrl. KoomepatusHele sddexTsr, Ceepxuanyyenne. Korepentnoe u
KOMOMHAIIMOHHOE paccesHHus.

Henunelinsie BocnpuumynsocTy. Pacripoctpanenue BonH B HemMHelHOM cpene. Meron
ME/UICHHO MCHSFOIIMXCS aMILTHTYN. Y CIIOBHE CHHXPOHU3MA. I'enepauns ontryeckux rapmonux.
TpexsomroBoe B3aHMOJIeHCTBHE. ITapameTtpuyeckoe npeobpazoBanue 4aCTOTBIL
CamogoxycupoBka cBeta. BEIHYXIeHHOE 1 KOMOHHALMOHHOE paccesiHue. BhIHYKIeHHOE
paccesnue  Mannensmrama-Bbpuiimosna, YeThIpexBoIHOBOE B3aMMOzEHCTRHe., Obpaienne
BOJTHOBOTO ()poHTa. BemmiecTBo B cBepXCHIBHOM CBETOROM noJie.

5. CtaTHcTHYecKas OIITUKA
Bpemennas u IIPOCTPAHCTBEHHAs! KOTEPEHTHOCTh CBETOBBIX HOJICH; KOppeIAlHOHHbIE

(QYHKIHHE TIEpBOrO M BBICIIHX nopsaakoB. CreKTpanbHOe HpencTaBIeHHeE. Teopema Bumnepa-
XuHuHHA.




Hurepdepomerpus nurencusrocreit. Omneir Bpayna-Teucca.

KBanToBEIC CBOMCTBA CBETOBEIX noneH. PoKoBCKOE, KOTEPEHTHOE H CKATOE COCTOSIHHE
OJIS1.

Pacnipenenenne Bose-Ditnimreiina. [lapamerp BEIpOMXIEHHS OIS, ITyacconosckas,
cyOImyaccoHOBcKas u CYIEPIyacCOHOBCKas CTAaTHCTHKA (BOTOHOB. CBS3E CTaTUCTHK ()OTOHOB H
(otoorcueros, hopmyna Mammes ALt paciipenenenns poroorcueros. JpoGoBoit Iy M.

Craructuueckue coiictpa JIa3epHOTO H3ITyYEHHUS.

3akon Kupxropa wu ITyMBI  KBaHTOBBIX YCHJIMTENIEeH cCBeTa. Daykryanmonso-
AUCCUIIALIHOHHAS TeOpeMa.

Koppenstmonnas CHCKTPOCKOMHS. J(QeKTbl  rpynmupoBku u aHTHTPYIITHPOBKH
doToHOB.

CronTanHOe mapamerpudeckoe paccesnue ceera. budoronsr. [lepemyranssie coctosmms
ceeTa. ONTHYECKas peanusalms KyGUTOR U X npeobpasoBanus. Cocrosinus Bena, [apamokc
Ounmreitna-ITogonasckoro-Pozena. Hepasencrtsa Bemna,

Cratucruka yacriyno HOJIAPH30BaHHOrO H3NnyyeHHs. [lonspusanmonnas MaTpHIa.

Pacnipoctpanenue Bonm B CITy4aiHO HEOJHOPOMHOH cpere. Koppensimonnsie wu
CTPYKTYypHBIE ~ (QYHKUMH aMIIMTYgBl 1 (aze.  Ontuyeckme momenu aTMocepHoii
TypOyneHTHOCTH.

Paccesinne cpera B AMCIIEPCHOH  cpese; ypaBHeHue nepenoca, mupdysuonnoe
OpHOIHKeHHeE,

Paccesnue cBera B 6uorkany.

6. Cnextpockonus

Crexrprr aromos. Cucremaruka CIIEKTPOB MHOT'O3JICKTPOHHBIX aToMOB. THIBI CBS3ei
JNeKTpoHOoB. Onpenenenue HaGopa TepMOB. Mcxonneie Tepmel. MynprumierHas CTPYKTYpa.
IIpaBuna ot6opa. BaaumoseiicTere KOH(uUrypammii.

CrekTpel Mosekyn. Ammabatmdeckoe npubnmxenue. [pymmer CHMMCTPHH MOJIEKYIL.
Konebarenpabie cnektpsr. Knaccuduxanus mopmamsubix xonebanuii 1o TUIIAaM CHMMETPHH.
Beipoxnenue. Pesonanc ®epmu. IIpaBuna ot6opa B KoneGarenbHbIX CHEKTpax NOTJIONIEHHUS i
KOMOHHALIMOHHOTO paccesnus. Bpamarenphas CTPYKTYpa KOJIEOaTeNbHBIX MOI0C. DIEKTPOHHbIE
CHEKTPbl  Monekyn. Kiaccudmkaums smeKTpOHHBIX — cOCTOSHMIR JABYXaTOMHBIX MOJIEKYIL.
Ipuanun ®panka-Kougona. THIE cBs3H SJICKTPOHHOI'O IBHIKEHHS W BpallleHHS.

Crekrpockonus TBepmoro Tena. llepexonmpl mox neiicTBueM cBeta B HJIEATTEHOM
Kpucrajie. Ilormonmenue s HH}pakpacHol obnactu CIICKTpa W B3aUMOJEHCTBHE CBETa C
(boHOHHON moACHCTEMOIH. Ilepexomsl B asekTpoHHOH moncHCTeMeE. ITornomenue csera B
MeTaliax. 3anpenieHHas 30Ha M 06lacTh [IPO3PAYHOCTH B JHIIEKTPHKAX. DKCUTOHL Banbe-
Morra u ®penkens. OGnacTs byHnaMeHTaIEHOrO TOrIOmEHHS. I[lepexonbl ¢ ocTOBHBIX
ypoBHe#. Dddexter Oxe u dano. OhdekTsr HA KpasgxX 0CTOBHOro nornomenns: EXAFS u
XANES. Tlonsatre o monspuronax. Criextpockonus nedeKTHBIX cocTOSHHH B KpHCTalIax.
ABTONOKATH3AIHS YKCHTOHOB ABIPOK B IMIIICKTpUKaX. Bropuunsie sddextsr B kpucrammax:
TIOMHHECLCHILH, (POTOIMHUCCHS, nedexTooOpazoBanye Moz AeHCTBHEM CBeTa.

Jhomunecuenmms.  Knaccudukarys TIOMHHECIICHIIMH II0 JUTMTEBHOCTH CBEYEHHS M
Crocody ee BO30YKIEHHS. Monekynsaphas u pexoMGuHamHOHHAS JIOMHHECUEHIUA. 3aKoH
Crokca-Jlommens. [Tpagmio 3€pKallbHOM CUMMETPHH CIIEKTPOB MOIIOMEHHS | JTFOMHHECHEHIINH
JleBuvHa W yHEBepcambHOE COOTHOLICHHE Mexny HuMH CrenaHoBa. 3akon Basuiosa,
Tpunietnete cocrosHus Momekyn u ux POJIb B Ipoueccax Jerpajalvi W MHIPALMH SHEPTHH
SJICKTPOHHOTO ~ BO3OYxzaeHus. Cxema Tepenuna-JIsionca. Tymenue (Temmeparypmoe,
KOHICHTPAallHOHHOE, IOCTOPOHHHMH  BeleCTBAMH) JTIOMHHECHCHIMH.  Be3b13nyyarennHelii
TICPCHOC SHEPrHU NIEKTPOHHOTO BO3OYkieHHs. JFOMHHECIEHIMS MOJIEKYJIAPHBIX KPHCTAILIOB.
Teopus JTasbiiosa. Kooneparusnsie IIPOLIECCHI B JIFOMUHECIICHIIUH.




30HHas MOJeNs  MIOMHHECHEHIMH JHMSJICKTPUKOB.  PasMHOMEHHE — 3IeKTPOHHBIX
BO3OY)KIEHHiT B TBEpHOM Tele. TepmoBricBeunBanue wu HH(]paKpacHas CTHMYyISAUHASL.
IIpuMeHeHe TIOMHHECIIEHTHBIX KPHCTALIOB B HayKe, TCXHHKE U Me [UIIHHE.

1. DKCIEpUMEHTAIbHAS ¥ [IPHKIAIHAS OITHKA

Herounuku  onmtuyeckoro  m3nmyuenns. Tennosele, razopaspsmasie u JNla3epHble
HCTOYHHKH. CHHXPOTPOHHOE H3TydeHne. OnTHYecKue MaTepHaJklL.

XapaKTEepHCTHKM  [PHEMHHKORB H3JIy4CHHUS:  CNCKTpalbHas W  HHTerpajbHas
HYBCTBHTENLHOCTE, IMYMBI, HHEPUHOHHOCTD. [IpHGOpKI ¢ 3apsiioBoil CBA3LIO (IT3C) — nuneiixw,
MaTpPHLBL.

Texnuka  cmekTpockomum. CBeToQuIbTIPE, NpH3MEHHBIE W JM(paKkIHOHHEIE
CIEKTPAJIbHEIE IpUOOPEL, HHTepGhEePOMETPEL Dypbe-CreKTPOCKOITHSL. OcHoBHBIE
XapaKTepUCTHKH TIPHOOpPOB: anmapartHas (yHKIws, paspelnienye, CBETOCHIA, MHCTICPCHAL.
Jlazepnas cnexkrpockomnus.,

3anmch 1 06paGoTKa OnTHYECKOH uH(popMaIKH. MeXaHu3M 3amucy u BOCIIPOM3BEICHHUS
BOJIHOBBIX TI0JIEH C MOMOIIBIO IBYMEPHBIX U TPEXMEPHBIX royorpamm. I{udposeie ronorpammer.
Ilepexonubie u mepenarTounble (YHKUMH ONTHYECKHX CHCTEM 00paboTkn  HH(OpMAaIHH.
Hsonnanaprocts. Mcrnons3oBanue meTonos Dypre-ONTHKA JUIA ONTHYECKOM ¢GunpTpanun u
pacnosHaBaHus o0pazoB. Koppexuus u PCKOHCTPYKIIHS H300paeH . MeTobl KOMIIBIOTEPHOH
OIITHKH.

Bonokonnas ontrka. Tunbl BOTOKOHHEIX CBETOBOLOB. Monpr ontHueckux BomokoH.
3aTyxaHue W J(MCIIEPCHS MO, Haripasnennrie otserBuTenu. BoNOKOHHBIE THHMH CBS3M.
Henuneltnple 3¢ GexTr! B onTHYecKuX BOTOKHAX,

8. OnTrka nazepos

Ipuauun paGotsl masepa. CxeMbl HaKauki. Teopua JIamba. Dddextsr 3ararupanus
HacTOTBI ¥ BRIrOpaHMs AbIp. JIsMGoBCKHit mpoBal.

Ontnyeckue pesoHaTopsl. MOZBI ONTHYECKHX pesoHatopoB. CpoiicTBa Jia3epHBIX
IIy4YKOB.

Tunsr nasepos. Teeprorensubie nmasepst. azossre JIa3€pBIl: J1a3ephl Ha HeHTpalbHBIX
aTOMax, HOHHBIC JIa3€Phl, MOJICKYISIPHBIE Ja3ephl, a3epbl Ha CaMOOIPaHHYEHHBIX IEPEXO/ax.
Xumnyeckue nasepst. [loTynpoBogHHKOBEIE nasepsl. Jlazeprl Ha eHTPax OKPACKHL.

Pexumpr paborsr nasepos. Henpepbisusie u UMITyTbCHBIH PEXUMBI, [THYKOBBIH pesxum.
Monynauus 106poTHOCTH. CHHXPOHH3AIMS MOJT, I'enepaims CBEpXKOPOTKHX HMITYJIBCOB.

TIpHHIWMIET aanTHBHOM ONTHKH; KOPPEKLHS BOJTHOBOTO (hponTa Na3epHBIX MyUKOB.
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