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3ﬂel<mpomaznumuaﬂ meopusn ceema

VYpaBHeHnuss Makcseiuia. Bektop VYwmosa-IlolinTuHra. BosiHOBoe ypaBHEHHE.
[Tnockue wu coepuyeckue BoaHbl. [lapabonnueckoe mnpubmmxenue. Moabl
cBoOoaHOrO npocTpancTBa. da3oBast U rpynnoBasi CKOPOCTU CBETA

[Monspuzamus ceera. Bexkrop [xonca. Ilapamerper Ctokca. Cdepa Ilyankape.
Pacuernbie meTop! [xxoHca u Mrosepa. Tunbl oI pu3alliOHHBIX YCTPOWCTB.

OTpakeHue U TMPEIOMIICHHE CBETa Ha TpaHULE pa3lesia H30TPOIHBIX CpEl.
@opmynbl Dpenens. IlonmHoe  BHyTpeHHee  oTpaxkeHue. KomruiekcHas
OUAJIEKTpUUYECKass MpoHULIaeMocTh. OTpakeHHe CBeTa OT TMOBEPXHOCTH
npoBoHuKA. [ TyOrMHA MPOHUKHOBEHHSI.

Pacnipoctpanenue cBera B aHU30TPONHBIX M TMPOTPOIHBIX Cpenax. BosiHOBbIE
IOBEPXHOCTH B KpucTauiax. Oimuncon Ppenens. ONTUYECKHE CBOMCTBA
ONHOOCHBIX W  JBYOCHBIX  KPHUCTALIOB. J[BOMHOE  JIydYenperoMIIEHUE.
Onexrpoontudeckue 3pdexTsr Keppa m Ilokkensca. OnTrdeckass aKTUBHOCTb.
Dddext Dapages.

Ontuka aBuwxymuxcs cpen. Omnbitel @u3zo u Maiikenbcona. IlpeobpasoBanus
Jlopenua. ITpogonbHblii U onepeuHslii 3 dextrl Jonmiepa.

I'eomempuueckas onmuka

ACHMIITOTUYECKOE pEIICHHE BOJHOBOTO YypaBHEHHS. [€OMETpO-ONTHYECKOE
npubnmxkeHue. YpaBHeHHe diikoHana. OO0jacTh NPUMEHEHHUS  JIy4EBOTO
npubnmxenus. [Ipuamun @epma. ['oMorieHTpUYECKUE TTYUYKH.

[Tonsitue  omtmyeckoro  u3oOpaxkeHus.  [lapakcuanbHOoe — MPUONMKEHUE.
[Tpenomnenue Ha cdepuueckoir moBepxHocTH. Chepruueckne 3epkana U JIMH3HIL
OOpa3zoBaHue KayCTUK B ONTHYECKMX CHUCTEMaX. XpoMmaTudeckas adepparusi.
Turel oNTUYECKUX MPUOOPOB.

Humepghepenyun u ougppaxuyusa ceemoswix 60nn
Nutepdepeniius 4YaCTUUHOKOTEPEHTHOIo u3aydeHus. KoMiuiekcHas CTerneHb
KorepeHTHOCTU. Teopema Bau-I{urrepa IlepHuxe.

JIByximydyeBass W MHoOrojyueBas wuHTepdepeHiuus. CnBuroBas U CIEKI-
uHTepPepoMeTpusi. MHOroCIOWHbBIE MOKPHITHUS.

Hudpakuus. Hudpakuuonnsie wunterpaibl Kupxroda-Itoirenca. Judpaxius
Openenss u  DOpaynrodepa. Idbdext Tanpbora. Bnusaue audpaknum Ha
pa3pemamilyr0 CHIy CHCTeM, oOpasymiux wu3zoopaxenue. JludpakinmonHas
pemerka. [lapaGonuueckas teopusi nudpakuuu, raycckuii mydok. ABC/I-merton:
KOMITJIEKCHBIN TMapameTp KpuBH3HBL. OCOOEHHOCTH Aupakiuu HEKOTEPEHTHOTO
n3nydennsi. OCHOBBI BEKTOPHOUM TEOpUH TU(PPAKITUH.

OOpatable 3amaun  Teopuu audpakumu. CHHTE3 ONTUYECKUX DSJIEMEHTOB.
Kunodopmuas ontuka



Teopu}l U3JTYUECHUA U 63aUMO0€eiiCIEUs C8EMOBbIX BOJIH C eeuiecmeom

Kitaccuueckast Teopusi B3aMMOACHCTBHSI M3JIYYEHHs] C BEIECTBOM. Pe3oHaHCHOE
npubmkenue. Jlucnepcuonnsie cooTHomeHus: Kpamepca-Kponura. Ontuueckue
nytaiuu. Ontuueckuit 3¢pdexr Llrapka. DoToHHOE 3X0 U CAMOMHAYLUPOBAHHAS
npo3payHocTh. COMUTOHBI. PenakcalimoHHble NpoLecchl. Y paBHEHUS JJI1 MATPULIbI
I0THOCTH. CaMOCOTJIaCOBaHHBIE YPAaBHEHUS JJIS I0JIs, NOJSpU3aALUUA U PA3HOCTU
3acenieHHOCTeH. DPhEeKT HACKITICHUS.

3akoHbI TersioBoro uznyuyenus. @opmyna [lnanka. ®otosrpdexr.

KBantoBeie mons. OmnepaTopbl POXIEHUS U YHUUYTOXKEHHUS  (OTOHOB.
['aMWIbTOHMAH KBaHTOBAaHHOrO mnoJisl. KoMMyTanuMoOHHBIE COOTHOLIEHHS A
OIEpPaTOPOB MOJI.

OnHodoTOHHBIE M MHOTO(GOTOHHBIE MpOIECCH. BeposSTHOCTHM CIOHTAaHHBIX U
BBIHYXICHHbIX mepexonoB. Koadduumentsr Oiinmreitna. KaapymonbHble u
MarHUTHO-TUTONBHBIE Tepexoabl. KoonepatuBubie 3¢ddexTri. CBepXu3IydeHHE.
KorepenTHOe 1 KOMOMHAIIMOHHOE PacCEsTHUE.

HenuneliHble BOCHPUMMYMUBOCTU. PacnpocTpaHeHHE BOJIH B HEJIMHEHHOU Cpere.
Meton MEIIEHHO MEHSIOLIUXCSA aMIUIMTYA. YCIOBUE CUHXpOHU3Ma. ['eHepanus
ONTUYECKUX TapMOHMK. TpexBosiHOBoe B3auMojencrsue. Ilapamerpuueckoe
npeoOpazoBaHue 4actorhl. CamodokycupoBka cBeTa. BpIHyXJeHHOE U
KOMOMHALIMOHHOE paccesHue. BpiHyXneHHoe paccessHue ManaenpuiTama-
bpummtosna.  YerbipexBomHOBOEe — B3auMmozeiicTBue. (OOpalieHue BOJHOBOTO
¢ponTa. BemecTBo B CBEpXCUIBHOM CBETOBOM IOJI€.

Cmamucmuueckaa onmuka

BpemenHas ©M  IPOCTpPAHCTBEHHAss  KOTE€PEHTHOCTb  CBETOBBIX  IIOJIEH;
KOPpPEJSLUOHHbIE (YHKIIMM TMEpPBOrO M BbICIIMX MOPsAKOB. CHeKTpalbHOE
npeacrasieHue. Teopema Bunepa-XnHunHa.

HUuTteppepomerpus nunrencuBHocreld. OnbiT bpayna-Tsucca.

KBaHTOBBIE CBOWMCTBA CBETOBBIX MoJiek. (DOKOBCKOE, KOTEPEHTHOE U CHKATOE
COCTOSIHUE IT0JIA.

Pacnipenenenune bo3e-Ouinmreiina. [TapameTp BoipoxkaeHus nois. [lyacconoBckas,
cyOIlyacCOHOBCKasi U CYIEpITyacCCHOBCKasi CTaTUCTUKA (POTOHOB. CBSA3b CTATHCTHK
¢dboToHOB U PoTooTcueToB, hopmyna Manens ais pacnpeneneHus GoTooTcueToB.
JpoGoBoii mrym.

CraTucTh4ecKre CBOMCTBA JIA3€PHOT0 U3JIYyUCHHUS.

3akon Kwupxroda u mrymbl KBaHTOBBIX YycuiuTene cBera. DiyKkTyarmoHHO-
JIACCUITIALIMOHHAs TEOPEMA.

Koppensunonnas crnektpockonusi. Ih(HEKTsl TPYNMUPOBKH U aHTUTPYIITUPOBKU
(GhOTOHOB.



CrioHTaHHOE MapaMeTpudeckoe paccesHue cBera. budoronsl. IlepenmyranHbie
coctossHUs cBeTa. OmnrThyeckas peanu3anus KyOWTOB M WX TPeoOpa3oBaHU.
Cocrostnue bema. Ilapanokc OunmreitHa-Ilononsckoro-Pozena. HepaBeHCTBO
benna.

CraTucTuKa 4acTUYHO MMOJIAPU30BAHHOI'O U3JITYUYCHMA. HOHﬂpI/ISaL[I/IOHHaSI MaTpuia.

PacnipocTpanenue BOJIH B clly4ailHO HeomHopoaHou cpexae. KoppensiuonHsie u
CTPYKTYpHBIE (QYHKUIHUMU aMIUTMTYIbl U (a3bl. OnTruueckue Moesu arMocepHoi
TypOyJIEHTHOCTH.

Paccesnue cBeta B JOMCIIEPCHOM Cpele; ypaBHEHHE TmepeHoca, Auddy3HOoe
npUOINKEHUE.

Paccesuue cBera B OMOTKAHU.

Cnekmpockonus

Cnextpel atroMoB. CHCTEMaTHKa CIEKTPOB MHOI'OXJIEKTPOHHBIX ATOMOB. THIIBI
cBA3ed 3nekTpoHoB. Omnpenenenue HaOopa TepMmoB. VcxoaHble TEpMBL.
Mynberunnernas ctpykrypa. [lpaBuna or6opa. BaumonelictBre KoHpUrypamnui.

CrekTpbl MoJseKyJ. Anuabatuueckoe mnpuOIMKeHue. ['pynmbl  cUMMETpuu
mouiekyJl. KonebarenbHbie ciekTphl. Kinaccudukaius HOpManbHbIX KOJI€OaHUH 110
TAMaM cuMMeTpud. Beipoxnaenue. Pesonanc @®epmu. I[IpaBuna otbopa B
KOJeOATEeNbHbIX CIEKTPAaX IMOTJIOMIEHUSI M KOMOMHAIIMOHHOTO PacCEsHUS.
BpamarensHas cTpykTypa KoJieOaTEIbHBIX TMOJIOC.  DJIEKTPOHHBIE CHEKTPHI
mosiekyn. Knaccudukanusi 3JIEKTPOHHBIX COCTOSIHUM JIByXaTOMHBIX MOJIEKYJI.
[Tpunnun @pank-Kongona. Tunel CBSI3U 3JIEKTPOHHOTO ABUXKEHUS U BPALLICHUS.

Cnexrpockonust TBepAoro teina. Ilepexonbl moa AEMCTBUEM CBETa B UCAIbHOM
kpuctamie. [lormomenne B nH(pakpacHor 00JACTH CHEKTpa M B3aUMOJICHCTBUE
cBeta ¢ ¢oHoHHOU moacuctemMor. [lepexoapl B AIEKTPOHHOW TMOJCUCTEME.
[Tormomenne cBera B MeTayiaX. 3ampenieHHas 30Ha U 00JacTh MPO3PAYHOCTH B
JHADJIEKTPUKAX. OKCHUTOHBI Banbe-Mortra u OpeHkens. Oo0macTb
dbynaaMmeHTaibHOrO morjiomeHus. Ilepexoasl ¢ OCTOBHBIX ypoBHEH. DdPerThl
Oxe u ®ano. DPdextel Ha Kpasx ocTtoBHOro noromeHus : EXAFS u XANES.
[Tonsatue o nonspuroHax. CrnexkTpockomnusi AeEeKTHBIX COCTOSHHUI B KpUCTaJIaX.
ABTOJIOKaIHM3alMs SKCUTOHOB U JIBIPOK B AMAJIEKTpUkax. Bropuunsie 3pdexTsl B
KpUCTaJIax: JIIOMUHECUEHIUs, (POTOIMUCCHUS, nedekTooOpa3oBaHue MO/
JECTBUEM CBETA.

Jlromunecnenuus. Knaccupukanuus TOMUHECHEHIINY 110 JJIMTEIBHOCTH CBEUEHUS
U cnocody ee Bo3OyxaeHus. MonekyiaspHas ©W  peKOMOWHAIMOHHAs
momuHecueHus. 3akoH Ctokca-Jlommens. IlpaBuno 3epkaibHONW CUMMETPUH
CIIEKTPOB MOIJIOIICHUSA W JIIOMMHECUEHIMM JIeBlmIMHA W yHUBEpPCAIbHOE
cooTHomieHne Mexay Humu CrenaHoBa. 3akoH BaswiioBa. TpuruieTHbie
COCTOSIHMS MOJIEKYJI MU HUX POJIb B IpoLeccax JIerpagaluyd U MHUTPAlAA dHEPTUU
JIIEKTPOHHOTO BO30YKJICHHUS. Cxema Tpenuna-JIsronca. Tymenue
(TemmepartypHOe, KOHLICHTPALMOHHOE, IIOCTOPOHHUMH BEILIECTBAMU)



JIOMMHECHECHIIMU.  be3pI3iydaTenbHblii  NEPEHOC  DHEPrUU  BJIEKTPOHHOIO
B030y>X/1eHUs. JIFoMUHECIIEHIIUST MOJIEKYJISIpHBIX KpucTaiioB. Teopust JlaBbinosa.
KoonepaTrnBHbie poLecChl B IIOMUHECLICHIIUU.

30HHas MOJENb JIOMUHECLEHIMU [UAJIEKTPUKOB. Pa3MHOKEHHE 3IIEKTPOHHBIX
BO30yXJeHuid B TBepaoM TeSine. TepmoBbicBeuMBaHHWE U MH(pakpacHas
cruMyisanus. [IpuMeHeHue JTIOMUHECLHEHTHBIX KPUCTAUIOB B HAyKe, TCXHUKE U
MEJIULIMHE.

3Kcnepumenmaﬂbuaﬂ u npumaduaﬂ onmuka

HMcTouyHMKH ONTUYECKOTO H3JIYYCHHUA. TeHJIOBbIe, ra3opaspaaHbIC M JIA3CPHEIC
HNCTOYHHKH. CI/IHXpOTpOHHOG H3JIYYCHHUC. OnTuueckue MaTCpHUaJibl.

XapakTepUCTUKH TPUEMHUKOB H3JIYYEHMS: CHEKTpaJlbHasi W UHTErpajgbHas
YYBCTBUTEIBHOCTb, LIyMbI, HHEPUUMOHHOCTb. [IpnbopsI ¢ 3apsaoBoii ces3bro (I13C)
- JINHEVKH, MATPHLIBI.

Texnuka crnekTpockonuu. CBeTOQUIBTPHI, MPU3MEHHbIE U JUPPAKIUOHHBIE
CHeKTpajbHble Mnpubopbl, uHTEpPepoMeTprl. Dypbe-criekTpockonus. OCHOBHbIE
XapaKTEepUCTUKK NTpUOOPOB: anmapatHas (QYHKIUS, pa3pelieHue, CBETOCHIIA,
nucnepceus. JIazepHas ClIEKTPOCKOIIHSL.

3anuch U 00paboTka omnTuueckoi uHopmanuu. MexaHusm 3anucu U
BOCIIPOU3BEJICHUSI BOJHOBBIX IOJIEM C TOMOIIBIO JABYMEPHBIX M TPEXMEPHBIX
rojorpamM. [{udpossie romorpammsl. [lepexomnsie u nepenaTouHbie (yHKINAA
ONTHYECKUX cucTteM 00paboTku mHpopmanuu. Mcnonbp3zoBanue meToioB Dypbe-
ONTHKHU JJI1 ONTHUYECKON (PUIbTpalluu W pacmno3HaBaHus oOpaszoB. Koppekuus u
PEKOHCTPYKITUS U300pakeHni. MeTo1bl KOMITBIOTEPHON ONTHKH.

Bosokonnas onrtuka. Tunbel BOJIOKOHHBIX CBETOBOXOB. MOABI ONTHYECKHUX
BOJIOKOH. 3aTyXaHWe W jaucnepcuss MoJA. HampaBieHHble  OTBETBHTEIN.
Bonokounnsie nuann cBsizu. Henuneitabie 3 (GeKThl B ONTHYECKUX BOJIOKHAX.

Onmuka nazepos

[Tpunun pabotel nazepa. Cxembl Hakaukd. Teopust JlomOa. DddexTsi
3aTATMBAHUS YaCTOTHI U BBITOpaHUA AbIp. JISMOOBCKUI TIpOBAJL.

OnTudeckue pe3oHaTopbl. Monbl onTHueckux pe3oHaTopoB. CBOMCTBa J1a3epHBIX
IyYKOB.

Tunsl mazepoB. TBepaoTenbHble Ja3epbl. [a3oBble Jazeppl:  Ja3epsl  Ha
HEUTPAIBHBIX aTOMAaX, HWOHHBIC JIa3€pbl, MOJIEKYJISIPHbIE JIa3€phl, Ja3epbl Ha
CaMOOTPAaHMYEHHBIX Mepexonax. Xumuuyeckue Jmaszepsl. [lomynpoBOIHUKOBBIE
nas3epsl. JIazeppl Ha HEHTpPax OKPACKHU.

Pexxumbl pabotbl nazepoB. HenpepbiBHbIE M UMITYJIbCHBIM pEXKUMBI. [IMUKOBBIN
pexuM. Moaynsuust  1oopotHoctd.  Cunxponusanus  Moi.  ['eHepanus



CBCPXKOPOTKHX UMITYJIbCOB.

[lpuHIMIBI ananTUBHOM ONTHKH; KOPPEKIUS BOJHOBOTO (PpOHTA Ja3epHBIX
ITy4KOB.
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