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OBLUME YKASAHUA

BcTynutenbHble UCMbITaHMSA MO rpynne Hay4YHbIX crneunansHOCTeln acnupaHTypbl 1.3
dusnyeckme Hayku OXBaTblBalOT CTaHOApPTHble pasfenbl YHUBEPCUTETCKUX KYpcoB MO
dusnke u pagnoduanke. Takke NpoBepsAlTcA Gas3oBble YMEHUS MaTeMaTU4ecKoro
annaparTa.

Mporpamma BCTYNUTENbHBLIX MUCMbITAHWUA, NEpeYeHb BOMPOCOB, CTPYKTypa KOHTPOJSIbHO-
N3MepUTENbHOIO MaTepurarna u KpUTepum oLLEHUBaHWUSI NPUBEAEHbI HUXE.

NOPAOOK NPOBEAEHUA BCTYMUTENbHbLIX UCMNbITAHUNA

BcTtynutenbHoe wucnbiTaHMe NpoOBOAUTCSA B [[Ba 3Tana, Ha nepBbiM 3Tane
abutypueHT nosniydaeT KOHTPOSIbHO-U3MEPUTESNbHBIN  MaTepuan, cogepxawmin Tpu
BOMpOCa No COOTBETCTBYIOLLEN HAYyYHOW cneumanbHOCTU. ABUTYPUEHT AOSMKEH Ha NUCTe
6enon 6ymarn gopmaTta A4 M3NOXUTb OTBET Ha KaXKabl M3 BOMPOCOB. Ha BbINONHEHMe
nepBoro atana oTBoAUTCS 2 Yyaca. Ha BTopom aTane npoBoauTCs YCTHoe cobeceaoBaHmne
Nno oTBeTam abuTypueHTa Ha MOJSTyYEHHbI KOHTPOSNbHO-U3MEPUTENbHBLIN MaTtepuan. Ha
BTopon aTtan otBoautcsa 30 MuHYT. 3agaHus oueHuBatotca oT 0 go 100 Gannos B
3aBMCUMOCTM OT MOSMHOTBI WU NpPaBUNIBHOCTM OTBeTOoB. MWHUManbHOe CyMmapHoe
KonuyectBo 6annoB (3a Tpu Bonpoca), Npu KOTOpbIX 3K3aMeH cumtaeTcs caaHHbiM — 30
6annos. lNpu BbICTaBNeHUN HEYOOBNETBOPUTENBHOM OLIEHKU YNEH KOMWCCUW LOSMKEH
00BACHUTL aBUTYPUEHTY HEOCTaTKMU OTBEeTa M 060CHOBATbL BbICTABEHHYIO OLEHKY.

PA3OEN 1. PASAENbI U TEMATUYECKWUIA NNAH

1. TEOPETUYEKAA ®U3UKA

1.1. TeopeTunyeckas mMexaHuKa. KaHOHMYeCKME YypaBHEHUS, YypaBHEHUe
MamunbTOHa, ckobku lMyaccoHa, Teopema JlvyBunns, ypaBHeHue [amunbToHa-Akobwn,
pasgeneHne nepeMeHHbIX.

1.2. dnekTpognHammka

[lencteme ona anekTpoMarHUTHOrO nosns. YpaBHEHUS 9NEKTPOMAarHUTHOro Mnossi.
UeTbipexmMepHbIi BEKTOP ToKa. YpaBHEHNE HENPEPbIBHOCTU. [1IOTHOCTb U MOTOK SHEPTUN.
OneKTpOMarHUTHbIEe BOJSIHbI. BonHoBoe ypaBHEHME. Mnockue BOJSIHbI.
MoHoxpomaTudeckasi nnockast BonHa. CnekrpanbHoe pasnoxeHue. NonspusaumoHHble
XapaKTepUCTUKN U3NYyYeHUs.

YpaBHEHNS 3MEKTPOMArHUTHbIX BOJSIH B CHSOWHOW cpefe. YpaBHEHUS Mnons B
oTCyTCTBME gucnepcuun. [ucnepcus AnSNeKTpu4eckom npoHuuaemoctn. [lnockas
MOHOXpoMaTu4eckas BosiHa. PacnpocTpaHeHue anekTpoMarHUTHbIX BOMH. OTpaxeHue u
nperioMmrieHme.

NHTepdepeHums ceeTa. BpemeHHasa n npocTpaHCTBEHHAA KOrepeHTHOCTb.
NHTepdepomeTpbl. Andpakuus ceeta. MNpubnumxkeHns OpeHens n GpayHrogepa.

M3nyyeHue ceeTa atomamu n monekynamu. LnpuHa nuHum nanyverms. CnoHTaHHble
N BbIHYXXEHHble nepexoabl. Jlasepbl. BsaumogencTesune ceeta v BelecTsa.
3akoHbl hpoToadpdekTa. 3akoH CtedraHa - bonbumaHa. 1.3.

KBaHTOBass mexaHuKa

YpaBHeHne LpeauHrepa. OcHoOBHble cBoWcTBa YypaBHeHust LpepgwuHrepa.



OpHomepHoe OBWXeEHuMe. OpgHOMeEpHbIM  OCUMNNATOP. [MnoTHOCTb NnoToKa.
KBasuknaccudeckas BoniHoBasa yHKUmMSA. [NpoxoxaeHne yepes 6apbep.

OOwume cBOMCTBA [OBWXKEHUS YacTuubl B LeHTpanbHOM none. PaauanbHoe
ypaBHeHue LLpeguHrepa. ATom Bogopoaa.

CnuH. OnepaTtop cnuHa. YpasHeHue Naynu. ToHKasa CTpyKTypa aTOMHbIX YPOBHEMN.

AddekT 3eemaHa.

CronkHoBeHus 4vactuy. O6was Tteopus. BopHoBckoe npubnuxkeHne. PaccesiHue
3apsbkeHHbIX YacTtuy (doopmyna Pesepdopaa).

HecTaumoHapHasa Teopus Bo3myLLeHUn. KBaHTOBbIE Nnepexoabl. 3010Toe NpaBunio
depmn. N3nyyeHune ceeta atomamu 1 Monekynamu. LLnpuHa nuHum nanyyenuns.
CnOHTaHHbIE N BbIHY>XAEHHbIE Nepexoabl.

ONEKTPOHHbIE COCTOSAHUS. MpuHumn ®paHka-KoHgoHa. OnEeKTPOHHbIE
konebaTenbHble 1 BpallaTernbHble CNEKTPbI.

AnepHble cunbl 1 ux ceoncTtea. CtaTudeckne CBOMCTBa saep (pasmepbl 1 hopma,
9HEeprusi CBA3WU, CrMH U YETHOCTb COCTOSAAHWUI, NEKTPUYECKUIN U MAarHUTHBIN MOMEHTDI).

Mopgenu atoMHbIX saep. KanenbHas, ob6onovyeyHas, obobuweHHaa mogenu sgep.

Anbdpa-, 6eTa- 1 ramma- pagnoakTUBHOCTU N MX OCHOBHbIE 3aKOHOMEPHOCTM.

1.4. CtaTnctmnyeckas cusmka, pmsmyeckas KMHeTuKa u cpmsmka
KOHOEHCUPOBAHHOIO COCTOSAHUA

PacnpepeneHne ®epmun-Adupaka. BbIpoXaeHHbI  mnaeanbHbIn  bepmu-ras.

PacnpepeneHne bose-OnHwTenHa. BoipoxaeHHbin 603e-ra3. KongeHcauus bose-
OnHwWTenHa. PaBHoBecHOe TennoBoe nanydeHune. dopmyna Mnauka.

KuHeTnyeckas Teopud ra3oB. KuHeTnyeckoe ypaBHeHne bonbumaHa. H-Teopema.
OunddysmoHHoe npubnmkeHue. YpasHeHne dokkepa-lnaHka.

Apunabatnyeckoe 1 ogHOINEKTPOHHOE NPUBNXKEHNE.

BbiBog ypaBHeHuna XapTpu-doka C KpucTannnydeckmm noteHumanom. dPusmndeckum
cmMmbicn onepaTtopa Xaptpu-doka. 3o0HHOE NpnbnmkeHmne

TpaHcnAunoHHas cuMmmeTpus KpuctannoB. Teopema brnoxa. ®yHkumm bnoxa.
O6paTHasa peweTka. 30Hbl bpunntoaHa. 3oHbl BpunnoaHa KybGudeckux KpucTansnos.
lMepuogunyeckne rpaHnyHble ycnosus bopHa-KapmaHa. YpaBHeHne anst nepnoamnyeckon
YacTn oyHKuum broxa.

pynna BonHoBoro BekTopa. Metog cnabow cBA3n. MeTog CUNBHOW CBA3WN.
A dekTnBHaA Macca kBasndacTtuubl. [MNOTHOCTb 9NEKTPOHHBIX COCTOSIHUMN.

OHeprus ®epmu. lNMosepxHocTb Pepmu. TemnepaTypHble 3aBUCUMOCTU YPOBHSA
®depMn N KOHUEHTpauMM HocuTenen 3apsiga  (COBCTBEHHbIM  MOMNYNPOBOAHKK).
PaBHOBECHbIE KOHLEHTpauun 3fEeKTPOHOB U ObIPOK B 30HaX (06wun cniyyan). Metoapl
pacyeTa 3fIeKTPOHHOro CnekTpa.

OnemMeHTapHas Teopus JoKamnbHbIX 3JHEpPreTU4eckux ypoBHen. PaBHoOBeCHble
KOHLEHTpaumMmM OSMnekTPoOHOB W  OblpOK B 30Hax (obwun cnyyvan). MeTtannsl,
NonynpPoOBOAHWNKA U ANINEKTPUKN C TOYKN 3PEHNST 30HHOTO NPUBNNKEHUS.

2. PAOAUVODUIUKA

2.1. Teopusa kone6aHnun

KoHcepBaTuBHble konebaTenbHble CUCTEMbI. YCNOBUSA BO3HWKHOBEHWUSA COCTOSIHUS
paBHOBECUS. MI30XPOHHbIE N HEM3OXPOHHbIE KonebaHus.

daszoBass Nnockoctb M paszoBoe npocTpaHCcTBO. Ocobble TOYKM B HENUHENHbIX
cuctemax. ®asoBbI NOPTPET MasiTHUKA C 3aTyxaHumem. Ocobas Touyka Tuna «UeHTp».
Ocobas Touka TMna «ceanoy». YCTONYMBOCTb CTALMOHAPHbIX ABUXKEHUN.
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Knaccuuyeckne konebatenbHble cuctembl. KauecTBeHHOE paccMoTpeHme konebaHni
MasTHUKa. HaxoxgeHne cKopocTu Ha cenapaTpuce konebaHun masTHuka. COnUTOH.
HennHerHbin KOHTYp 6e3 3aTyxaHus. KonebaHusi B KOHTYpe C HENTMHEMHOW €MKOCTbIO p-n
nepexofa. [locnegoBaTtenbHbli KonebaTtenbHbl KOHTYP. KonebGaHusi B KOHType C
HENMHENHOWN eMKOCTbIO C CErHETOINEKTPUYECKOWN COSbIO.

AnccunaTtuBHble konebartenbHble cucTembl. KonebaTenbHbli KOHTYP C MasbiM
HesrMHeNHbIM 3aTyxaHueM. JIMHENHbIN KOHTYP C MOCTOSIHHBLIM 3aTyxaHueM. Buabl TpeHus.
Cyxoe TpeHue. JlnHenHoe TpeHne. KBagpaTuiHoe TpeHune. BbiHyXaeHHble konebaHus B
HENMMHEMHOW  KOHCepBaTMBHOM  CUCTEME  MNpU  rapMOHMYECKOM  BO3OEWCTBUM.
BbIHyXOeHHble konebaHus B IMHENHbIX CUCTEMaX.

MeTtoabl NpubNMXKEeHHOro paccMoTpeHus konebaTenbHbix cuctem. Konebanusa B
KOHTYp€E C HENMTMHENHOW NHOYKTUBHOCTLIO. MeToq nocneaoBaTenbHbIX NPUBNKEHUNA.
MeTopg koMmnnekcHbix amnnutyq. Metog JlbeHapa. MeTtoa rapmoHunyeckoro 6anatca.
MeTon wmeaneHHo wMeHawwmuxes amnnutyn. Meton wmsoknmH. MeTon noatanHoro
pacCMOTPEHUS.

2.2. OCHOBbI PpaanoO3NIeKTPOHUKN, CTaTUCTUYECKaa paanocpusmnka

CnekTpanbHbli  aHanu3  nNepuoauyecknx U HeNnepuoauMyeckux  CUrHasnos.
MpeobpasoBaHne Pypbe N ero 0CHOBHble CBOMCTBA. KomnnekcHada ornbatowias, nonHas
rasa M MrHOBEHHas YacToTa Y3KOMOSIOCHOro curHana.

CnekTpanbHbli  MeTo4 aHanu3a nNPOXOXAEHWUS CUrHamnoB 4epes3 JUHeNHble
cTaumoHapHble cuctemsl. [poctenwmne gudpdepeHumnpyowme n NHTeErpupyroLme Lenu.
MMnynbCHble XapakTePUCTUKU JIMHEMHbIX CTaUMOHAPHbIX Lenen n UX HaxoxaeHwe C
NOMOLLIbIO OrepaTopHOro MeToaa.

AunckpeTHoe npeobpasoBaHne Pypbe, anropntMm BbICTporo npeobpasoBaHus dypbe
(BMNo).

MeToabl CMHTE3a NMHENHBIX UMAPOBLIX PUnbTpoB. CornacoBaHHbIie PUNbTPLI.

OCHOBHblE  NOHATUS  TeopuM  CriydyarHbIX npoueccoB. CTaumMoHapHble U
HecTaunoHapHble cryYyanHble NPoLEecchl U CNoCcoObl UX ONUCaHKS.

KoppenaunoHHo-cnekTpanbHasi Teopusi criydamHbIX npoueccoB. Teopema BuHepa-
XWHYMHA. BbluncneHne cnekTpanbHOM NMOTHOCTWU. Bo3gencreve WyMOB Ha NMHEWHble
CUCTEMBI.

MapkoBckue npouecchl. YpaBHEHNE MapKOBCKOro npouecca. YpaBHeHne Pokkepa-
MnaHka-Konmoroposa. [MoHATME «Benoro» wyma. 3amMeHa pearibHOro CcrnyyYyanHoro
npouecca MapKOBCKUM MPOLIECCOM.

CratncTnyeckme xapaktepucTukm ormbatoen n gasbl y3KOnorIoCHOro HOpMarsnbHOMo
cnyyanHoro npouecca. DyHKUMA pacrnpedeneHuss u - KoppernsuuvoHHasa  (OyHKUMA
ormbatowen. PyHKUMA pacnpeeneHms gasbl.

BesblHEPUNOHHLIE U WHEPUMOHHbIE HENUHEWHble npeobpa3oBaHUs  LIYMOB.
[eTekTupoBaHne WHepPUMOHHbIM AeTekTopoM. Metoa ormbatowen, MetToq ypaBHEHUN
Konmoroposa-®okkepa-lnaHka.

Wymbl B aBTOreHepartopax. PacnpegeneHve amnnutygbl, LWWPUHBI U OOPMBbI
cnekTpanbHOW NUHUMN.

lMyaccoHoBckun npouecc. [Apo6osbin wym wn ¢dopmyna LWoTTkn. CnyyanHble
nocrnegoBaTenbHOCTU UMMYSNbCOB M WX CNeKkTpasribHas MNIOTHOCTb. TennoBOW LUyM.
Knaccuyecknin n KBaHTOBbIWM BapuaHT oopmynbl HankesucTa.

MHTepnpeTaums o6paboTkm CMrHanoB 1 CriydanHbIX NPOLLECCOB Kak 3agadva Bblbopa
peweHns. OBGHapyxeHue W BblaeneHne curHana. [lpoctas n cnoxHas rvnoTesbl.
lMpocTpaHcTBO HAbnaeHWn, cMrHanoB 1 peweHnin. banecoBckne CUCTEMbI.



ToyeuHble WM WHTepBarbHble OUEHKN. JMdeKkTnBHbIE OueHKN. HepaBeHCTBO
Kpamepa-Pao. [locTaTO4HOCTb 1 COCTOATESNIbHOCTb OLIEHOK. banecoBckne oueHKW.
OueHkn mMakcumanbHoro npasgonoaobusa. OueHkn napaMeTpoB ClyYanmHbIX NPOLECCOB.

2.3. Pnsuka BONTHOBLIX NMpoLeccoB

BonHoBoe ypaBHeHue. [1nockne BosHbI B O4HOPOAHOW U30TpornHom cpefe. MNoHaTue
0 BonHax. [Npumepbl BOMHOBBLIX ABMXEHUW. BonHoBoe ypaBHeHWe 1 ero mogudukaunm.
YpaBHeHuss MakcBenna B KOMMEeKCHon opme. [londpusaums BOSH. OHeprus
aneKkTpomarHuTHoro nons. Nnockue BosHbl. PacnpocTpaHeHne 3nekTpoMarHUTHbIX BOJSTH
B mornowarLwmux cpejax.

PacnpoctpaHeHne  BONMH B OUCMeEprypylowmMx  cpenax. KomnnekcHas
ananekTpudeckas npoHuuyaemocTb. CBA3b Mexay [gucnepcven U MorfoLleHnemMm.
[ducnepcua 3nMekTpOMarHUTHBIX BOMH B HEMOMAPHbIX M MOMNSAPHbLIX  OU3NEeKTpukax.
[dnanekTpuyeckas NpoHULAeMOCTb cpef co cBoboaHbIMM 3apsaamu. BonHoBon nakeT B
ancneprupyroLlen cpege.

PacnpoctpaHeHve BOMH B aHU3OTPOMHbLIX cpedax. TeH30p ANdNeKTpU4ecKomn
npoHuuaemocTun. JlydeBon BekTop. PacnpocTpaHeHne ninockux BOSH B KpUCTanINYecKmx
cpepax. PacnpoctpaHeHune Nnockux BOSTH B MarHUTOAKTUBHOW NnasmMe. PacnpocTtpaHeHue
3MEeKTpPOMarHUTHbIX BOSH B peppuTte. [MpoTponus MoHocdepbl.

PacnpocTpaHeHne BOSH B HENMUHENHbBIX cpefaX. YpaBHEHUS 0N HENTMHENHbIX BOSTH.
MeToq MeaneHHO U3MeHSIWUXca aMmnnutyqd. Ycnosue ¢asoBOro  CUHXPOHWU3MA.
"eHepauuns BTOpoOM rapMOHUKK. TpéxyacToTHble B3anmoaencTausi. CooTHoweHust MaHnu-
Poy. PacnagHasa HeycTon4mBoCcTb BOSNMH. CaMOBO34eNCTBME BOSIH.

Teopua gngpakummn. PacnpocTpaHeHne orpaHMYeHHbIX BOJSTHOBbLIX NMy4vkoB. Metoq
Kupxroda n dyHkums puHa B Teopun aupakumn. YrnoBoW CNEKTP MSIOCKUX BOJSH.
Mapabonunyeckoe ypaBHeHWe B Teopuu audpakuuu. Oudpakuma rayccoBa BOSTHOBOrO
nyyka n cpOKyCMPOBAHHOIO Myyka.

CamoBo3gencTane BOMHOBbLIX NYYKOB U BONTHOBbLIX MAKeTOB B HEMMHENHbIX cpeaax.
HenuHenHas pedpakumss npu 6esabeppaunOHHOM n abeppauynoHHOM
camoBO34encTBUUNYy4YKoB. BonHoBoaHOE pacnpocTpaHeHue nyvykoB. Camokomnpeccus
BOJHOBbIX NakeToB. CONMUTOHbI OrnbaroLLmx.

3. OnTuka

3.1. dneKkTpomarHuTHas Teopus cBeTa

YpaBHeHus Makceenna. Bektop YmoBa-llonHTuHra. BonHosoe ypaBHeHue. lnockue
n cdepuyeckme BOnHbl. [lapabonuyeckoe npubnmxkeHne. Moagbsl cBobogHOro
npocTtpaHcTBa. PasoBas 1 rpynnoBasi CKOpOCTU CBeTa.

Monsipusaums ceeta. Bektop OxoHca. MNapameTpbl CTokca. Cdepa NyaHkape.
PacueTHble meToabl [IxxoHca 1 Mionnepa. Tuvrnbl NoNspu3aunoHHbIX YCTPOUCTB.

OTpaxeHne u npenoMneHne cBeTa Ha rpaHuue pasgena M30TPOMHbIX cpes.
®opmynbl PpeHens. NonHoe BHyTpeHHee oTpaxeHue. KomnnekcHasa auanekTpudeckas
npoHunuaemoctb. OTpaxeHne cBeTa OT MNOBEPXHOCTU NpoBOAHUKA. [nybuHa
NPOHUKHOBEHUS.

PacnpoctpaHeHne cBeTa B aHU3OTPOMHLIX M U30TPOMHbIX cpedax. BonHosble
NMOBEPXHOCTU B Kpuctannax. Jlyum u BoOnHoBble Hopmanu. dnnuncoung PpeHens.
OnTu4eckne cBONCTBA OAHOOCHbIX M ABYOCHbIX KpUCTansos. [iBOMHOe nyvenpenomseHue.
KoHunyeckas pedpakuua. dnekrtpoontuyeckme adpdekTtbl Keppa u MNokkenbca. Ontnyeckas
aKTUBHOCTb. O dekT Papages.



Ontuka pgswxywmuxca cped. Onbitel du3o u MarikenbcoHa. [lpeobpasoBaHus
JTopeHua. MNpogonbHbIM 1 nonepeyHbin addekTsl Jonnnepa.

3.2. leoMmeTpuyeckas onTmka

AcCUMNTOTUYECKOE pelleHMe BOSIHOBOrO ypaBHeHus. ['eomeTpo-onTudeckoe
npuénmxeHue. YpaBHeHue ankoHana. Obnacte NPUMEHEHUSA fy4eBOro MNPUBIIMKEHUS.
MpuHUun ®epma. FoMoLEHTPUYECKNE NMYYKHN.

MoHsTHe onTryeckoro nsobpaxkeHus. NapakcnansHoe NnpubnukeHue. NpenomnexHvne
Ha cdepunyeckon nosepxHocTn. Cdepunyeckmne 3epkana n nuH3bl. ObpasoBaHne KayCcTuK B
ONTUYeCcKkux cuctemax. [eomeTpuyeckune abeppaumm TpeTbero n 0Oonee BbICOKUX
nopsigkos. XpomMatuyeckasa abeppauns. Tunbl onTudecknx npnbopos.

3.3. UHTepdepeHumnsa n aucpakumsa cBeToBbIX BOJIH

WHTepdepeHUMss 4YaCTUYHO-KOrepeHTHOro u3nydeHus. KomnnekcHas cTeneHb
KorepeHTHocTu. Teopema BaH-LutTtepTa - LlepHuke.

[ByxnyyeBad W MHoronyyeBass WHTepdpepeHums. CpaBuroBad UM Cnekn-
nHTepdepomeTpnsa. MHOrocnonHble NOKPbITUS.

Oundpakumnsa. OudppakumoHHble uHTerpanbl Kmpxroda - [tovreHca. Odudpakumsa
®peHena n dpayHrodepa. ddpdekt Tanbbo. BnusHue amdpakumm Ha paspeluaroLlyto
cuny cuctem, obpasyrowmx nsobpaxenune. dudpakunoHHas peweTka. [Napabonuyeckas
Teopua andpakumm; raycco nydok. ABCD —meTon; KOMNNEKCHbIN NapaMmeTp KPUBU3HBI.
OcobeHHOCTU Anpakumm HekorepeHTHoro usnydeHusi. OCHOBbI BEKTOPHOW Teopun
andppakumnu.

O6paTHble 3agjaun Teopun audpakumm. CMHTE3 OMNTUYECKUX INIEMEHTOB.
KuHoopmHas onTtuka.

3.4. Teopus nany4yeHus U B3aumMoaeuCcTBUA CBETOBbIX BOJIH C BELLECTBOM

Knaccunyeckasa Teopus B3aMMOLENCTBUSA U3NYYEeHUs C BewecTBOM. Pe3oHaHCHoe
npubnmxenue. [ucnepcuoHHble cooTHoweHnss Kpamepca - Kponwura. OnTtudeckue
HyTaumn. Ontudeckun addekT Ltapka. PoOTOHHOE 39XO0O WM camMoMHAYLMpPOBaHHAsA
npo3payHocTb. ConuToHbl. PenakcaumoHHble npouecchbl. YpaBHeHWe Ans MaTtpuubl
nnotHocTn. CamocornacoBaHHble ypaBHEHUS ANd MOoNs, Nonspusaumm U pasHoCTU
3acerneHHoCcTen. OPAEKT HACbILLEHWS.

3akoHbl TennoBoro nanyyeHus. Popmyna NnaxHka. PotoapdexT.

KBaHTOoBaHMe nonsa. Onepatopbl pPOXOEHUA U YHUYTOXEHUS  (POTOHOB.
[amMUnbTOHMAH KBAHTOBaHHOroO nosnsi. KOMMyTaLUMOHHbIE COOTHOLLEHUS A4S OnepaTopoB
nons.

OAQHOMOTOHHbIE M MHOrOOOTOHHbIE MpoLecChbl. BeposiTHOCTM CMOHTaHHbIX W
BbIHYXAEHHbIX nepexoaoB. KoaddpuumeHTbl AnHWTeNnHa. KBagpynornbHble U MarHUTO-
avnonbHble nepexoabl. KoonepatuBHble addekTbl. CBepxuanyyeHue. KorepeHTHoe u
KoMOMHaUNOHHOE paccesiHus.

HenuHenHble BocnpummymsocTU. PacnpocTpaHeHne BOMH B HENUMHEWHOW cpefe.
MeToq MeOneHHO MEHSLWMXCa aMmnnuTyg. Ycnosme CUHXpoHu3ma. [eHepauus
OMTUYECKUX  TFapMOHUK. TpéxBonHoBoe B3aMMOAENCTBME. MapameTpunyeckoe
npeobpasoBaHue YactoTel. CamocokycnpoBka ceeTa. BbiHy>XageHHoe 1 KoMBMHaLMOHHOoe
paccesiHne. BblHy>xgeHHoe paccesiHue Mangenblwtama-bpunnioaHa. YeTbipEXBONHOBOE
B3anmogencrtame. ObpalleHne BOSTHOBOro (hpoHTa. BelecTBo B CBEPXCUITbHOM CBETOBOM
none.

3.5. Ctatuctuyeckasa ontuka

BpemeHHas n NPOCTPaHCTBEHHAs KOrepeHTHOCTb  CBETOBbIX  MOnew;
KOppensaumoHHble  (PyHKUMM  nepBOoro M BbiCWKMX  nopsagkoB.  CnektpanbHoe
npencraesneHne. Teopema BuHepa-XmH4unHa.



WHTepdepomeTpna nuteHcmsHocten. OnbiT bpayHa-Teucca.

KBaHTOBblEe CBOMCTBa CBETOBbIX Mofien. POKOBCKOE, KOrepeHTHoe W cxaToe
COCTOSIHME MOon4.

PacnpepeneHne bose-OnHwTenHa. MNMapameTp BbipoxaeHus nons. lNyaccoHoBckas,
cybrnyaccoHOBCKasi M CyneprnyacCoHOBCKasi crtatuctuka ¢potoHoB. CBA3b CTaTUCTUK
doToHOB 1 poTOoOTCHETOB, (hopmyna Manaensa ons pacnpegeneHns oToOOTCHETOB.
[po6oBoi Lwym.

CratncTnyeckme CBOMCTBA NTa3epHOro N3nyyeHus.

3akoH Kupxroda u wWymMbl KBAHTOBbIX ycunutenen ceeta. DnykTyauuoOHHO-
anccunaumoHHas Teopema.

KoppenaunoHHasa cnektpockonus. JdekTbl rpynnupoBKA U aHTUTPYNMUPOBKK
(POTOHOB.

CnoHTaHHOE napameTpuyeckoe paccesiHne cBeta. budoToHbl. [lepenyTaHHbie
cocTosiHuA cBeTa. OnTudeckas peanusauus KyomutoB un nx npeobpasoBaHus. COCTOAHUSA
benna. NMapagokc AnHwTenHa-MNogonsckoro-PoseHa. HepaseHcTBa benna.

CtaTucTnka 4aCTUYHO NONAPU3OBaHHOIO M3ny4vyeHus. MNonapusaumoHHas maTpuua.

PacnpocTtpaHeHne BOMH B criydamHO HeogHopogHow cpepge. KoppensumoHHble u
CTPYKTYpHble OYyHKUMM amnnmTygbl M dasel. OnTuyeckne mMogenu artmocdepHomn
TYpOYNeHTHOCTMW.

PaccesHne cBeTa B AMcnepCcHOW cpefe; ypaBHeHMe nepeHoca, Anddy3noHHOoe
npuonmxeHuve.

PaccesiHue cBeTa B GUoOTKaHMW.

3.6. CnekTpockonus

CnekTpbl aToMOB. CucTEMaTMKa CNEKTPOB MHOMO3MIEKTPOHHBIX aTOMOB. TuMbl CBA3EN
anektpoHoB. OnpefeneHne Habopa TepmoB. WcxogHble Tepmbl. MynbTunneTHas
cTpykTypa. NpaBmna otbopa. Baanmogencrame KoHUrypauuin.

CnekTpbl Mmonekyn. AguabaTtudeckoe npubnwmxeHue. pynnbl CUMMETPUM MOMEKYI.
KonebaTenbHble cnekTpbl. Knaccudukaums HopmanbHbiX KorebaHun no  Tunam
cummeTpun. BoipoxgeHue. Pe3oHaHc ®Pepmu. [MpaBuna otbopa B KonebaTenbHbIX
crnekTpax nMorfoweHna n KOMOMHaAUMOHHOIO paccesHus. BpawaTtenbHasi CTpykTypa
KonebaTenbHbIX NOMOC. ONEKTPOHHbIE CNEKTPbI Moriekyn. Knaccudukaumsa aneKTpoHHbIX
COCTOAHUM  AOBYXaTOMHbIX Monekyn. [MpuHumn  ®paHka-KoHaoHa. Tunbl  CBA3K
3MIEKTPOHHOrO ABMXEHUS U BpaLLeHUS.

Cnektpockonus TBepaoro tena. lNepexoabl Nog OeWUCTBMEM CBeTa B uaeanbHOM
Kpuctanne. lNornoweHne B MHdpakpacHon obnactu cnekTpa u B3anMoLencTBme cBeTa C
doHOHHOM noacuctemoMn. Nepexoabl B anekKTpoHHoW nogcucteme. lornoweHve ceeta B
MeTannax. 3anpelieHHas 30Ha M 0bnacTb NPO3PayYHOCTU B OUSMEKTPUKAX. DKCUTOHbI
BaHbe-Motta 1 ®peHkens. Obnacte pyHOameHTanbHoOro nornowieHus. lMepexoabl C
OCTOBHbIX ypoBHeN. AdhdekTbl Oxe n daHo. dpdeKkTbl Ha Kpasgx OCTOBHOIO MOrOLWEHUS:
EXAFS n XANES. lNoHaTtne o nonaputoHax. CnekTpockonusa OedeKTHbIX COCTOSHUM B
Kpuctannax. ABTOMoKanu3aumss 3KCUTOHOB W [ObIPOK B AU3NEKTpukax. BTopuyHble
ahbbekTbl B KpucTannax: fnoMuHecLeHums, doToammccuns, gedektoobpasoBaHne nog
AencTBmem ceeTa.

JTlommHecueHumsa. Knaccudgukaumsi NloMMHECUEeHLUMN MO ANUTENbHOCTU CBEYEHUSA U
cnocoby ee Bo3byxxaeHus. MonekynapHas n pekoMbnHaunoHHas NioMMHecUeHUna. 3akoH
Crtokca-Jllommens. [lpaBuno 3epkaribHOM CUMMETPUM  CMNEKTPOB MNOMMOWEHNS W
NoMUHecLeHUMM JleBLUMHA U yHMBepcarnbHOe COOTHOLWeHWe mexay Humu CTenaHoBa.
3akoH BaBunosa. TpunneTHble COCTOSHUA MOMEKYN U X POfb B Npoueccax gerpagaumm
N MUrpaumm 3HepPrum anekTpoHHOro Bo3byxaeHus. Cxema TepeHuHa-Jbtonca. TyweHune



(TemnepaTypHOe, KOHLUEHTpauMOHHOE, NMOCTOPOHHUMK BeLecTBaMun) MOMUHECLEHLNN.
BesbianyyaTenbHbli NEPEHOC 3HEPTUN INEKTPOHHOIO BO30OYXAeHuda. JlioMuHecueHuns
MOMeKynspHbIX Kpuctannos. Teopusa [asbigoBa. KoonepaTuBHble npouecchl B
NIOMUHECLEHLMMN.

30HHaa Mopfernb MIOMUHECLEHUMUN [OUINEKTPUKOB. Pas3MHOXeHWe OMneKTPOHHbIX
BO3OyXXAeHUN B TBEPAOM Tene. TepMoBbICBEYMBaHME U MHADPAKpacHast CTUMYNSLMS.
[MpnmeHeHne NIOMUHECLIEHTHBIX KPUCTanoB B HayKke, TEXHUKE N MedULUUHe.

3.7. 9kcnepuMeHTarnbHasa U NpuUKNagHas onTuka

MCTOYHMKM ONTUYEeCcKoro wusnyyeHus. TennoBble, rasopaspsgHble U nasepHble
NCTOYHUKN. CUHXPOTPOHHOE n3nydeHne. OnTuyeckue matepuarnsi.

XapakTepuUCTUKM  MPUEMHUKOB  U3NyYEHUs: CrnekTparbHas W uHTerpanbHas
YyBCTBUTENBHOCTb, LWYMbl, WHEPUMOHHOCTb. lMpnbopbl ¢ 3apagoson ceasbto (M13C) -
NNHENKN, MaTpULbl.

TexHunka cnekTpockonun. CeeToduNbTPbl, NPU3MEHHbIE U  AUGPAKUMOHHbIE
cnekTpanbHble npubopbl, uUHTepdepomeTpbl. Pypbe-cnekTpockonnd. OCHOBHbIE
XapaKkTepucTukm NpnbopoBs: annapaTtHas PyHKUuUs, paspeLleHne, ceetocuna, gucnepcus.
JTazepHaga cnektpockonus.

3anmcb un obpaboTtka ontuyeckonm uHGopmaumn. MexaHuam  3anucm U
BOCMNpPOM3BEeAEeHNS BOMNHOBbLIX MOMEN C NOMOLLbIO ABYMEPHbIX U TPEXMEPHbIX rosiorpamm.
Lindposble ronorpammel. NepexogHble n nepefatoyHble PYHKLUMU OMTUYECKUX CUCTEM
0bpaboTkn nHpopmaumn. N3onnaHapHocTb. Micnonb3oBaHne meTooB ®ypbe-onTuUkKu s
ONTMYECKOM unbTpauMm n pacno3HaBaHus obpasoB. Koppekuusi M pekoHCTPyKUus
n3obpaxeHnn. Metoabl KOMNLIOTEPHON ONTUKMN.

BonokoHHas onTuka. Tunbl BOSIOKOHHbLIX CBETOBOAOB. Mogbl ONTUYECKNX BOSOKOH.
3aTyxaHue n gucnepcus mogd. HanpaeneHHble 0TBETBUTENN. BONOKOHHbIE NUHUN CBA3WN.
HenuHenHble ahdekTbl B ONTUYECKMX BOSTOKHAX.

3.8. OnTukKa naseposB

MpuHuun paboTbl nasepa. Cxembl Hakayvku. Teopus Jlamba. D dekTbl 3aTArMBaHUA
4YacTOTbl U BbliropaHus ablp. JIamboBCckuiM nposarn.

OnTtnyeckne pesoHatopbl. Moabl onTuyeckux pesoHaTopoB. CBOMCTBA NasepHbIX
Ny4KOB.

Tunbl nasepoB. TBepaoTeNibHble nasepbl. [a@3oBble nasepbl: nasepbl  Ha
HEeNTpanbHbIX aToOMax, WOHHbIE Jla3epbl, MOJSIEKYNApHble nasepbl, fasepbl Ha
caMoOrpaHuMYeHHbIX nepexogax. XvMmuyeckme nasepbl. [1onynpoBOgHMKOBbIE nasepsbl.
JTazepbl Ha LeHTpax OKpacku.

Pexumbl paboTbl nasepoB. HenpepbiBHbIE M MMMYNbCHbIA pPeXuMbl. [1MYKOBbLIV
pexum. Mogynauma aobpoTHocTu. CuHXpoHu3aumst mofd. [eHepauusi CBEPXKOPOTKUX
UMMynNbCOB. pUHUMNBI aganTUBHOW ONTUKKU; KOPPEKUMS BOSTHOBOrO (PpOHTa flasepHbiX
ny4KOB.

4. ®PU3NKA KOHAEHCUPOBAHHOIO COCTOAHUA

4.1. KBaHTOBass MexaHuKa JQKCnepuMeHTanbHble 060CHOBAHNSA KBAHTOBOW TEOPUM.
MaTemaTtnyecknin annapat KBaHTOBOW MEXaHUKMU.
OnepaTopbl pusmyecknx BenuumH. CoOBCTBEHHble YHKLUMM U  COBCTBEHHbIE
3Ha4yeHus onepaTopoB.
CoctosiHMe  dm3nyeckon  BeENMYMHBI.  3HaYeHuMs  PU3NYECKUX BENTNYMH.
KoMmyTaumnoHHbIe COOTHOLWEHUS. HTerpansl ABUXEHUS.
CtaumoHapHble cocTosiHUsA. CnekTp CUCTEMBI.



MocTynaTbl KBAHTOBOM MeXaHUKN. PU3NYECKMIA CMbICIT BOSTHOBOM (DYHKLINN.

MpuHUUun cynepnosuumn. MNMpuHUUN HeonpeaeneHHOCTEN.

YpaBHeHne LUWpéanHrepa B KoopauHaTHOM npefctaesneHmn. O6wime cBoncTBa
OOHOMEPHOro ABMXeHUs. [AucKpeTHbIN cnekTp. MNoTeHumanbHble SMbl.

OpaHomepHbI O-noTeHuman.

OpHomepHas 3agava paccesHus. HenpepbiBHbI cnekTp. MNoTeHumanbHble 6apbepbl.
KoadhpmumneHT npoxoxageHus. FapmMoHn4eckni

ocumnnnaTop

Onepatop mMomeHTa umnynbca. KommyTaunoHHble cooTHoLwweHUs. OpbutanbHbin 1
CMUWHOBBIM MOMEHTbI nMmnyrnbca. MaTtpuubl MNaynu. NonHbIM MOMEHT UMMynbCca CUCTEMBI

3agava gByx Ten. LleHTpanbHO-cuMMeTpUYHoe none

MpeameT Teopun Bo3mMyLLeHUI. TonpaBkn K COBCTBEHHLIM 3HAYEHUAM U BOSTHOBbLIM
YHKUMSAM B TEOPUN BO3MYLLIEHUM.

BapuaunoHHbIn npuHumn. Keasmknaccnyeckoe npnbnmxkeHue.

KBaHTOBas gMHamuka. HectaumoHapHoe ypaBHeHue LpéauHrepa.

lMepexoabl B KBAHTOBO-(hM3N4ecknx cuctemax. 3onotoe npasusio dPepmu.

4.2. Pn3nkKa KOHAEHCUPOBAHHOIO COCTOSIHUS

BeepneHue.

lMpeomMeT, OCHOBHbIE TEOPETUYECKME U IKCMEPUMEHTarnbHble MeToAbl U Npobremsl
doun3unku TBepaoro tena. CTpyktypa TBepablX Ten

Kpuctannunyeckue n amopdgHble Tena. TpaHCNALMOHHAsA CUMMETPUS.
onemeHTapHaa adernka. PeweTkn BbpaBe. TouveyHble M NPOCTPAHCTBEHHLIE TPYNMbI.
OcoBeHHOCTU pacnpoCcTpaHeHUs BOSIH B Mepuoaudeckux CTpykTypax. 3akoH Bynbdga-
Bperra. O6paTHas pelwleTka. 3oHbl Bpunntoana.

HedekTtbl B KpucTannax. TodeudHble gedekTbl, ux obpasoBaHue u anddysus.
BakaHcun. ATombl BHeapeHusi. KombruHaumm atoMHbix gedektoB. KpaeBble 1 BUHTOBbIE
ancnokauuun. Bektop Broprepca. OHeprna gucnokauuu. NepenonsaHne M CKONbXeHue.
PasamHoxeHne pgucnokaumn. WcToyHuKk ®paHka-Puga. Bnunadue  paguaumoHHbIX,
MeXaHUYeCKNX, TEPMUYECKMX BO3AENCTBUI Ha pearnbHyl0 CTPYKTYpY TBepAablx Ten. Twunbl
XMu4eckom ces3n. CTPYKTYpHble 1 bM3nYeckne 0COBEHHOCTU NOHHBIX,

KOBamneHTHbIX, METanIM4YEeCKMX N MOSEKYNAPHbIX KpUcTannos. MNnoTHenwme ynakoBKy.
OHepreTMyeckuin CNeKkTp KpUCTansos.

OnuncaHue aHepreTM4ecKoro COCTOSIHUS KpucTanna npy NoMoLLM rasa KBasmdacTul,.
Mpumepbl kBasmyacTuy,. POHOHbI, MarHOHbI, NIIA3MOHbI U Ap. ONEKTPOHbI B MeTanne Kak
kBasmyacTuubl. KBasummnynec. 3akoH gucnepcumn. Teopema bnoxa. 'paHnyHble ycrnosus.
MnoTHOCTb cocToaHM. CTaTUCTUKA rasa kBasmyactmu. bo3oHbl 1, pepMUOHbI.
Baanmogencreme keasmyacTtum,.

KonebaHus peluetkm - ¢OHOHbI. AKyCcTUYecKas M onTuyeckasi BeTBU KonebaHun.
TennoemkocTb peweTtkn. [lebaesckas yactota. ®aktop [debaa-Bannepa B paccesHum
PEHTreHOBCKMX Ny4en. AHrapMOHM3M U TEMMOBOE pacLunpeHme.

ONEKTPOHHbIE COCTOSAHUA B Kpuctannax. OgHO3NeKTpoOHHast Mogerb.

MpnbnuxeHne cnnbHoOM 1 cnabon cesa3n. 3oHHasi cxema U TUMbl TBepAbIX Ten.
BbIpOXXOEHHbIV 9MNEKTPOHHbIA ra3. JONEeKTPOHHAa TensoeMKocTb. [loBepxHOCTb depmu.
TeH30p apdpeKkTUBHbIX Macc. ONEKTPoHbl 1 Ablpkn. LinknoTpoHHas macca. NonoxeHue
depMn ypoBHA B HEBbLIPOXOEHHbLIX MNOYNPOBOAHUKAX. ONEKTPOHHbIE KUHETUYEeCcKue
CBOWCTBA TBEPAbIX Ter.
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KuHeTnyeckoe ypaBHeHUe. DneKTpo- 1 TennonpoBogHOCTL. BpemeHa penakcauuu.
MexaHu3Mbl paccesiHust aneKkTpoHoB. PaccesHue Ha npumecsx u gedekrax. OneKTpoH-
POHOHHbIE CTONKHOBEHNA. HopManbHble NpoLecchl, npouecchl nepebpoca.
MarnutocnpoTusneHnune n agpdekt Xonna.

MeTannbl ¢ 6onbLuon AnnHon npobera aneKkTpoHOB. AHOManNbHbIA CKMH-3GGEKT.
LINKNOTPOHHLIN pe30oHaHC 1 pa3mepHble 3pdekTbl. [IPOHMKHOBEHUE 3NEKTPOMArHUTHOTO
nons B metann. FenunkoHbl. KBaHTOBaHWe opbuT B MarHUTHOM none. 9ddekt ae-laasa-
BaH-AnbeHa.

MonynpoBOAHMKK. DNEeKTPOHHAs CTPYKTYpa TUMUYHbLIX NONYNPOBOAHNKOB.
"epMaHui. Y3KO30HHbIE MONYNpoBOLAHUKN. [puMecHble YpoBHWU. [OHOPbLI U akuenTopbl.
TemnepaTypHad 3aBUCMMOCTb MPOBOAUMOCTU, P-n nepexobl. POTONPOBOAUMOCTb.
PekoMmbuHaums n penakcaumsi HepaBHOBECHLIX HocuTenen. Fopaume Hocutenu. dddekT
"aHHa.

MexaHuyeckne, onTudeckne, MarHUTHblE CBOMCTBA TBEPAbIX Ters.

TeH30p ynpyrnx nOCTOAHHbLIX U ynpyraa gedopmaums. [NnacTM4HOCTb KpUCTanos.
Mpepen TekyyecTn. YnpodHeHne. BHyTpeHHee TpeHue.

MexaHu3mbl nornoweHnst ¢oToHoB. [lornoweHne cBOGOAHBIMU  HOCUTENAMM.
PeweTo4Hoe nornoweHne. MHorodoHoHHbIE npouecchbl. KombuHaumMoHHOEe paccesiHue
cBeTa B Kpuctannax. lornoweHne cesas3aHHbIMKM HocuTensmu. MNMpasuna otbopa.
MexXay30HHbIe KOCble U NpsiMble Nepexoabl. AKCUTOHbI. JTloMrHecueHunsa. BpemeHa XnsHu
BO3OYyXaeHun, droopecueHuuns. besbianyvyatensHble nepexogbl. KBaHTOBLIM BbIXOS,
NIOMUHECLIEHLINN.

dnamarHeTnam cBoOOAHOro 3MEKTPOHHOro rasza. CnMHOBLIM NapaMarHeTnam. 3akoH
Kiopun. ®eppomarHetnam. MonekynsipHoe none Bericca. O6MeHHOe B3anmMoaencrame.

deppomarHuTHble  AOMEHbl. JHeprus aHm3oTponuu. [JoMeHHas CTeHka.
AHTUdeppomarHeTukun. PeppuThbl.

AnanekTpukn. A dekTMBHOE None. DNEKTPOCTPUKLNA N NMbE30INEKTPUYECTBO.
MMPO3NEKTPUKM N  CErHEeTOINEKTPUKN. JNEeKTPUYECKU ructepesnc, aHomanumm
P13NYECKMX CBONCTB CEMHETOINEKTPUKOB B 0611aCTN (ha3oBbIX NEPEXOO0B.
MonekynsapHble Kpuctannsbl.

TepmoanHamuka n dasosblie nepexoabl. PaBHoBecue das. PasoBbie nepexoqp! | n li
poga. onyktyaumn. Teepable pacTBOpbl U MPOMEXyToudHble ¢asbl. PaBHOBecue B
MHOIFOKOMMOHEHTHbIX cuctemax u npasuno ¢as. Ouarpammbl paBHoBecus. KnHeTuka
rasoBbIx NpeBpalLeHnin. nddysmnoHHble n 6e3anddyanoHHbie npespaweHms. C

CeepxnpoBognmoctb.  OCHOBHble  CBOWCTBaA  CBEPXMPOBOAHWUKOB. ekt
MevicHepa. CeepxnposogHuku | n Il poga. Buxpn n Buxpesble CTpykTypbl. OCHOBBbI
MUKPOCKOMUYECKON U TepMoauHaMmmndeckon Teopun. Kyneposckue napebi.

OHepreTnyeckas Lenb 1 KBa3nyacTuubl B CBEPXNPOBOAHMKE. TyHHENbHbIN 3hdeKT.
AddekT [xo3edcoHa.

OKcnepuMeHTarnbHble MeToabl (PU3NKM TBEPAOro Tena

PeHTreHorpacusa: metogbl uUccnenoBaHUs uvaeanbHOW W pearibHOW CTPYKTYpPbI.
OnekTpoHorpadus 1 aNeKTPoOHHas MUKPOCKoONUsA. HenTpoHorpadms: ynpyroe n Heynpyroe
KOrepeHTHoe paccesHune, uccrnefoBaHMe MarHUTHbIX CTPYKTYP U (POHOHHBIX CNEKTPOB.
O ekt Méccbayapa. IMNP, AMP. Snektpnyeckne n rafibBaHOMarHUTHbIE U3MEPEHUS KaK
MeTOAbl W3Yy4eHUs INEKTPOHHOM CTPYKTYpbl KPUCTansoB M cocTaBa MpuUMecen B
nonynpoBogHukax. OnTuyeckne MeTodbl MUCCNefoBaHUSA: BO3MOXHOCTWU, CBA3aHHblE C
NCronb30BaHMEM Na3epHbIX UCTOYHMKOB CBeTa.
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4.3. ®u3nKa HU3KoOpa3MepPHbIX CTPYKTYP

PasmepHoe «kBaHTOBaHWe. OCHOBHblE TWUMbl HAHOCTPYTYP W WX KBaAHTOBO-
MexaHudeckue mogenn. KBaHToBOe orpaHuyYeHne u pasmMepHOCTb ANIEKTPOHHOM CUCTEMBI.
OnemMeHTapHble HaHOCTPYKTYPbl: KBAHTOBblE SAMbl, HUTW, TOYKW, MNOSYNPOBOLHUKOBbIE
CBEpXpeLUeTKN.

ONEKTPOHHbIE CBOMCTBA KBAHTOBbLIX HU3KOPA3MEPHbLIX CTPYKTYP. QHepreTUdeckun
CMEKTP U BOMHOBblE (PYHKLMWN 3MEKTPOHHOro rasa. [1og3oHbl pasMepHOro KBaHTOBaHUS.
PacnpegeneHne nnoTHOCTU COCTOSIHUI B CTPYKTYpax C KBAHTOBbIMW SMaMU, B KBAHTOBbIX
HUTAX U Todkax. PaBHOBECHble KOHUEHTpauun SMeKTPOHOB B CUCTEMAX MOHWKEHHOW
pPa3MepPHOCTU. OHepreTUYECcKUn CreKTp CBEepXpeLlueTkn. BnusiHme Ha aHepreTuyeckum
CMEeKTP MarHUTHOro nond. 3PEPEeKTUBHOE MOHWXKEHUE Pa3MEPHOCTU CUCTEMbl. YPOBHMU
Nanpay. [OBwxeHne anekTpoHa B OAHOPOAHOM anekTpudeckoMm nosie. broxosckue
ocumnnsaumn. JlectHmua ypoBHen LTapka. [ABymepHbI 3nekTpoHHbin ras B MAM
CTPYKTYypax. OCHOBHblE  MOMNOXEHUA  TeopuuM  MPUNOBEPXHOCTHOM  obnactu
NPOCTPAHCTBEHHOrO 3apsiga nonynpoBodHuka [apetta u bpatrtenHa. 3aBUCUMMOCTb
3MIeKTPOCTaTUYECKOro MnoTeHumana oT KoopAuHaTbl B pexXuMMe CUNbHOW WHBEPCUM.
Ycnosus obpasoBaHWA [OBYMEPHOro 9feKTPOHHOro rasa B WHBepcHom crioe MOl
CTPYKTYpbl. KBaHTOBO-MexaHu4eckasi Mmogenb npunoepxHocTHon O3 nonynpoBoaHMKa.
MeToabl pacyeTa aHepreTudeckoro cnektpa. CamocornacoBaHHbIN pacyeT. [NpubnuxkeHne
TpeyronbHoOro noteHumana. KsaHtosbli npegen. MNnoTHOCTb pacnpeaeneHns KBaHTOBbIX
cocTosiHMK. [MoBepxHOCTHaA KoHUeHTpauma 2D 3neKTpOHOB B MOA30HaX pas3MepHoro
KBaHTOBaHWA. 3aBUCMMOCTb MAOTHOCTM 3apsda OT KOOpAWHaTbl. JKpaHWpoBaHWE
3NEKTPUYECKOro nons.

KuHeTuyeckne adpektol B OBYMEPHbIX HAHOCTPyKTypax. Bpems penakcauuu u
NOABWXHOCTb HOCUTENen B OBYMEPHOM 3NEKTPOHHOM rase. MexaHu3mbl paccesiHus.
KuHeTnyeckue siBrneHns B ABYMeEpPHbIX CTPyKTypax. KBaHToBaHue JlaHgay v ocumnnauum
BaHbe-LUTapka. MogynvpoBaHHoe nernpoBaHue. Nonesble TPaH3UCTOPLI Ha ANIEKTPOHaX
C BbICOKOM MNOABWXHOCTbIO. Bbannuctnyecknn TpaHcnopT. [Mpnbopbl BannmMcTu4eckoro
TpaHcnopTa. KeaHToBbIN achhekT Xonna. LlenoyncneHHbln KBaHTOBbIM adhhekT Xonna.
[poOHbIN KBaHTOBbIN 3pdekT Xonna u ero uHTepnpetauus. [OpobHble 3apsgbl U
NPOMEeXyTOYHas ctaTucTuka. KoMnosnTHble hepPMUOHBI.

5. ®PU3UKA NOoJNyrnPOoBOAHUKOB

5.1. XuMmunyeckas cBs3b 1 aTOMHasi CTPYKTypa NonynpoBOAHUKOB

OnNeKTpoHHas KOHUrypauus BHELHMX OBONoYeK aTOMOB M TUMbl CUM CBA3U B
TBepAblx Ternax. BaH-gep-BaanbcoBa. MOHHAA N KOBaneHTHas CBA3b.

CTpPYKTYpbl BaXXHEWNLLNX NOMYNpoBOAHNKOB - aniemeHToB A'Y, AV'n coegnHeHnii Tunos
A Bv, AnBvi, AivBvi.

CummeTpus KpucTtannoB. TpaHCAAUMOHHAs CuUMMeTpus KpuctannoB. basuc wu
Kpuctannuyeckass CTpykTypa. JnemeHTapHas sdveinka. [NpumntuBHas sdenka. Adenka
BurHepa-3entua. PeweTtka bpase. O603HayeHUs y3noB, HanpaBfeHUN U NIIOCKOCTEN B
kpuctanne. O6paTHas pelleTka, ee cBoncTea. 3oHa bpunntoana.

Mpumecn w©n  CTPyKTypHble OdedeKkTbl B  KpUCTan/IMYeCKUX U aMOpHbIX
nonynpoBoaHuKax. XmmMuyeckas npupoaa 1 sanekTpoHHbIe CBONCTBA NpUMeECEN.
ToyeyHble, NUHENHbIE U ABYMEPHbIe AedeKThbl.
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5.2. OCHOBbI TEXHOSOrMU NOSTYNPOBOAHUKOB U MeTOAbI onpeaeneHus ux
napameTposB.

MeToabl BbipalumBaHms 06bEMHBIX MOHOKPUCTANNOB U3 XXUAKON U ra3oBoun gas.

MeToabl BblpaluMBaHUA 3NUTAKCUANbHbLIX NIIEHOK (ANUTaKCUA U3 XUOKOW U ra3oBom
dasbl).

MonekynapHo-nyyeBas anutakcus. MetannopraHmyeckas annTakcus.

MeTonbl nermpoBaHns NonynpoBOAHNKOB.

OcHOBHble MeToAbl onpeferneHMs napameTpoB MOMYNPOBOAHUKOB:  LUMPWHbI
3anpeLleHHOn 30Hbl, MOABMXHOCTU U KOHUEHTpauun cBOBOAHbIX HOCUTEnewn, BpeMeHu
XM3HN HEOCHOBHbIX HOCUTENEW, KOHLEHTPaUUnN 1 rnybuHbl 3aneraHnsa ypoBHEN NpuMecen
N gedeKkTos.

5.3. OCHOBbI 30HHOM TeopUN NONYNPOBOAHUKOB

OcHOBHble NPUBNMXKEHUA 30HHOM Teopun. BonHoBas dYHKUMS 3MEeKTpoHa B
nepuoanyeckom rnorse kKpuctanna. Teopema bnoxa. 3oHa bBpunntoaHa. QHepreTnyeckmne
30Hbl.

3akoHbl aucnepcun AN  BaXKHEWWWMX MNOfynpoBOLHUKOB. W303HepreTudeckue
noBepxHOCTU. TeH3op ob6paTHOM 3ddeKTUBHOM MacCbl. [1NOTHOCTb COCTOSHWNA.
OcobeHHocTN BaH-XoBa.

YpaBHEHNS [OBWXKEHUA 3MeKTPOHOB UM ObIpOK BO BHewHux nonax. Metog
adppekTnBHOM Macchl. VCKpUBNEHWE 3HepreTUYeckux 30H B INeKTpudeckoMm mnone.
[BvKeHne 3neKTPoOHOB U AbIPOK B MarHUTHOM none. OnpegeneHne adpdeKkTUBHbIX Macc
N3 LUMKNOTPOHHOIO (AMaMarHUTHOro) pes3oHaHca. CBA3b 30HHOW CTPYKTYPbl C ONTUYECKNMN
CBONCTBaMM MosynpoBOgHUKA.

YpOBHM 3HEepruu, cosgaBaemMble MNPUMECHBbIMU LeHTpaMu B MNOSyNpOBOAHUKAX.
[oHopbl n akuentopbl. Menkue n rnybokue yposHU. BogopogonofobHble npuMecHbie
LEHTPbI.

5.4. PaBHOBeCHas CTaTUCTUKA 3NIEKTPOHOB U AbIPOK B NONYNPOBOAHUKAX

®dyHKUMA pacnpeaeneHnsa anekTpoHoB. KOHLEHTpaLums 3NeKTPOHOB 1 AbIPOK B 30HaX,
adppeKkTMBHAA MAOTHOCTb COCTOSHUN. HEBLIPOXAEHHbBIN U BbIPOXAEHHbBIA 3NIEKTPOHHbIN
(ablpoYHbIn) ra3. KoHUueHTpauumn aneKTpoOHOB M AbIPOK Ha JSIOKanbHbIX YPOBHSX. PakTopsbl
BbIPOXAEHWSI NPUMECHBIX COCTOSIHWIA.

MonoxeHwne ypoBHs depMn U paBHOBECHAS KOHLEHTPALUS 3NEKTPOHOB M AbIPOK B
COBCTBEHHbIX W MPUMECHbIX  (HEKOMMEHCUPOBAHHBLIX U KOMMEHCUPOBAHHbIX)
nonynpoBoaHukax. MHorosapsigHble NpUMecCHbIe LeHTpbl. 5.5. KnuHeTu4yeckue sBneHus B
nonynpoBoAHMKaX

KuHeTnyeckme koahpmumeHTbl - MPOBOAUMOCTbL, NOCTOsIHHaA Xonna u tepmo-3[C.
HpendoBas ckopocTb, ApendoBad W XOnnoBcKad NOABWXKHOCTU, akTop Xonna.
OpendoBbin n anddy3noHHbIN ToK. COOTHOLLEHNE DNHLITENHA.

MexaHu3ambl  paccesiHAs  HoOcuUTenen 3apsga B HeugeanoHOW — pelleTke.
Baaumopencreme HocuTenen 3apsga ¢ akyCTU4eCKUMm U ONTU4ECKUMU OOHOHaMU.
PaccesiHne HocuTenen 3apsga Ha 3apsKeHHbIX U HenTpanbHblIX npumecax. [opsyuve
3NEKTPOHbI.

OTpuuaTenbHas anddepeHumanbHas NpPoBOAMMOCTb. onekTpuyeckmne
HEeYCTONYMBOCTU; ANEKTPUYECKME AOMEHBI U TOKOBbIE LLUHYPbI.

5.6. PekoMmOGMHaLMA 3NeKTPOHOB U AbIPOK B NONYNpOBOAHUKAX

"eHepaums n pekoMmbuHauus HepaBHOBECHbIX HocuTenen 3apsga.
KBasupaBHoBecue, kKBa3nypoBHu depmun. YpaBHeHNE KNHETUKN pekomBuHauun. BpemeHa
Xn3Hn. PoTonpoBOANMOCTb.
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MexaHun3ambl pekombuHaumm. ManydyatenbHasa un 6e3bi3nyyaTenbHag pekomobuHauus.
Mex3oHHass pekoMbuHaums. PekombuHaums 4yepes ypOBHU MpumMecen u OedekTos.
LleHTpbl npununanuna. Oxe-pekoMmbrnHaums.

lMpocTpaHCTBEHHO HEOoOHOPOAHble HEepPaBHOBECHbIE pacrnpeerieHns HocuTernen
3apsga. AmbunonsipHas guddysusa.  Oddekt Hdembepa. [OnuHa  anddyaum
HepaBHOBECHbIX HOCUTEeNen 3apsaaa.

5.7. KOHTaKTHbIe SIBfIEHUA B NONYNpoBOAHUKAX

Cxema 3HepreTMyeckmx 30H B KOHTakTe MeTans-nonynpoBogHuk. OboralleHHble,
obeflHEHHblIE U MHBEPCUOHHbIE CIIOM MNPOCTPAHCTBEHHOroO 3apsiaa BOMM3M KOHTaKTa.
BonbT-amnepHas xapakrepuctmka 6apbepa LLoTTkw.

OHepreTuyeckasa guarpamma p-n nepexoga. VIHXekumMss HEOCHOBHbLIX HOCUTENEN
3apsiga B p-n nepexoge.

"eTeponepexoabl. QHepreTuyeckue guarpaMmmMbl I eTeponepexonos.

Bapun3oHHble NonynpoBOgHUKN.

5.8. CBouncTBa NOBEPXHOCTU NOSTYNPOBOAHUKOB

[MOBEPXHOCTHbIE  COCTOSIHUSI U MOBEPXHOCTHblE  30HbI.  WICKpMBREHWe  30H,
pacnpefeneHve 3apsga W noteHuwana B6nM3M  noBepxHoOCTWU. [loBepxHOCTHas
pekomMbunHauus.

A dekT nonsi.

TammoBckume ypoBHN. CKOPOCTb NOBEPXHOCTHOW pekoMBuHaL K.

5.9. OnTnyeckme ABNeHUs B NONynpoBOAHUKAX

KomnnekcHasa [guanekTpyyeckas MpOHMUAEMOCTb, MokKasaTefb MpernoMieHuns,
KO3 PUMUMEHT OTpaxeHusi, KoapdumumnmeHT nornoweHns. CBA3b MeXay HUMKM U
cooTHoweHna Kpamepca-KpoHura.

Mex3oHHble nepexoabl. Kpah COBCTBEHHOrO MOrMoWeHns B criydae MpsiMbiX W
HenpsiMbIX, PaspeLUeHHbIX W 3anpeLLleHHbIX NepexodoB. OKCUTOHHOE MOrnoweHne u
n3nyyeHune. CnoHTaHHOE W BbIHYXXAEHHOE U3IyYyeHue.

MornoweHne ceBeTa Ha CBODOAHbLIX HOCUTENAX 3apsaaa.

MornoweHne cBeTta Ha kKonebaHuax pewweTkn. PaccesHune cBeTa konebaHuamu
peLeTkn, KOMBMHaAUMOHHOE paccesiHne Ha onTuiecknx oHoHax (Pamana - Jlangcbepra),
paccesiHne Ha akycTudeckux poHoHax (bpunntosHa - Mangenbwtama).

BnnaHue npumecen Ha onTuyeckne cBoncTBa. [pMMmecHasi CTpykTypa OnTUYECKUX
CNeKTpoB BOMAM3N Kpass COBCTBEHHOrO MOrMoWeHUst B NPSIMO30HHbBIX U HEUPSIMO30OHHbIX
noslynpoBOAHUKAX. MexxnpumMmecHasmanyyaTesnbHas pekomMbuHauus. OKCUTOHBI,
CBSi3aHHbIE Ha MPUMECHbIX LeHTpax.

OnTudeckne sBNeHWa BO BHeLWHWX nonsx. ekt PpaHua-Kengbiwa. SddekT
Mokkenbca.

A dekT bypwTenHa-Mocca.

OddekTol apages n donrta.

5.10. PoTO3NEKTPUUYECKNE ABNEHUSA

MpumecHass un cobctBeHHas  hoTonpoBOAMMOCTb.  BnusaHne  npununaHus
HepaBHOBECHbIX HOCUTENEN 3apsaa Ha (boTonpoBOANUMOCTb.

OnTtnyeckasa nepesapsgka SiokanbHbIX YPOBHEN M CBSI3aHHbIE C HEN 3(heKThbI.
TepmMmocTuMynMpoBaHHasa NPOBOAUMOCTb.

doTopasorpes HocuTenen sapsaaa.

doTOSNEKTPOMATrHUTHBIN 3DAEKT.
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5.11. Hekpuctannuyeckue nonynpoBOAHUKN

AmopdHbIe M cTeknoobpasHble NonynpoBoAHWKU. CTpyKTypa aTOMHOM MaTtpuubl
HeKpucTanmyeckmx nonynpoBoaHNKOB. NaeansHoe cTtekno. M'mapupoBaHHble aMopdHbIe
NonynpPOBOAHUKMW.

OcCOBEeHHOCTN  3NEKTPOHHOINO  3HEepPreTMYecKoro  CrnekTpa  HeynopsiAOYeHHbIX
noslynpoBOAHUKOB. MNMNOTHOCTb COCTOSAHUI. JIokanusaums 3NeKTPOHHbIX cOCTOSAHUN. Lenb
NOABWXHOCTH.

JlernpoBaHune HekpucTanInM4yecknx nonynpoBOAHNKOB.

MexaHn3mbl nepeHoca Hocutenen 3sapsga. [pbbkkoBasi NPOBOAMMOCTb. 3akoH
MoTTa.

CnekTpbl ONTUYECKOro MOrMOLWEHNA HeKpucTanmyecknux matepuanos. [lpasuno
Ypbaxa.

HecTtaumoHapHble npoueccbl. OnpegeneHve OpendoBOM  NOABMXHOCTM MO
n3MepeHnam BpemMeHun nponeTa. [IMCnepcnoHHbIN NepeHoc.

BnusHne BHELUHUX BO34ENCTBUN Ha CBOMCTBA

HeKpucTanmyeckmx nonynpoBoaHNKoB. MeTacTtabunbHble COCTOAHUS.

5.12. MonynpoBOAHUKOBbIE€ CTPYKTYPbl MOHWXEHHOW pa3sMepPHOCTU U
cBepXxpeLueTKu

PasmepHoe kBaHTOBaHue. [IByMepHble 1 KBa3nABYMEPHbIE 3NEKTPOHHbIE CUCTEMbI U
CTPYKTYpbl, B KOTOPbIX OHU peanuayTcs. KoHTpa- U KoBapuaHTHble KOMMO3ULMOHHbIE
cBepxpeleTKkn, JerMpoBaHHble CBepxpeleTkn rnerpoBaHus. KBaHTOBble  HUTW.
KBaHTOBblE TOYKN. DHEPreTUYECKNA CNEKTP ANEKTPOHOB M NITIOTHOCTb COCTOSIHUN B 9TUX
cucTemax.

OnTnyeckne 9BNeHUs B CTPYKTypax C KBAHTOBbIMM siMamMu, npaBuia oTbopa Ans
MEX30HHbIX U BHYTPU3OHHbIX (MEXMNOA30HHbLIX) nepexoaoB. MexX30oHHoe norrnoweHne u
nanydyatenbHaa pekoMbuHauma B ITUX CTPYKTypax. OKCUTOHblI B KBAHTOBbIX SAMax,
KBaAHTOBO-pa3mepHbIn acpekT LLTapka.

OneKTprnyeckue n ranbBaHOMarHUTHbIE SBNIEHUSA B ABYMEPHbIX CTPYKTypax. OddekT
Ly6HukoBa-ae Naasa. Obwee npeactasneHne o KBaHTOBOM adpbdekTe Xonna.

5.13. MNpuHUUNBLI AeNCTBUA NONTYNPOBOAHUKOBLIX NpUGopoB

BonbTamnepHas xapaktepuctuka p-n nepexoga. Npubopbl ¢ nCnonb3oBaHMEM p-N
nepexonos.

TyHHenbHbIM anog. Aunoa MNaHHa. bunonapHein TpaH3ncTop. Tupuctop.

OHepreTuyeckass auarpaMmma CTPYKTYpbl  MeTann-guanekTpuK-nonynpoBOAHUK

(MAM). Nonesble TpaHsucTopbl Ha MA-cTpykTypax. MNpubopsbl ¢ 3apsa0BOKM CBA3LIO.

Lymbl B NONYyNpoBOAHMKOBBLIX Npubopax.

doTO3NEMEHTHI n doToamnoabl. CnekTtpanbHasg

YyBCTBUTENBHOCTb WM OBHapyXuTenbHasi CnocoOHOCTb. MMonNynpoBOAHNKOBLIE
AETEKTOPbI AAepHbIX n3nydeHuin. PotoanekTpnyeckme npeobpasosatenu, K
npeobpasoBaHusl.

CeeToamoabl 1 NONynpoBOAHWNKOBbIE Nnasepbl. VHXEKLUMOHHbIE nasepbl HA OCHOBE
OBOWHOWN reTepoCTPYKTYPbI.

Mcnonb3oBaHue HaHOCTPYKTYp B NONynpPOBOAHNKOBbIX npunbopax.
[eTepoTpaH3nCTOp C ABYMEPHbLIM INEKTPOHHbIM ra3om (HEMT). MeTeponasepbl Ha OCHOBE
CTPYKTYP C KBAHTOBbIMW AMaMW U KBAHTOBbIMW TOYKaMW. Pe3oHaHCHOe TYHHenupoBaHue
B ABYXOGapbepHOWreTepoCTPYKTYpE U PE30HAHCHO-TYHHEMbHbIN Anog. OnTudeckui
MOJOYNATOP Ha OCHOBE KBAaHTOBO-pa3MepHoro adpdekra LTapka.
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PA3OEN 2. NTPUMEPHbIWA NEPEYEHb BOMNPOCOB K 3K3AMEHY

Cucrtema KaHOHUYECKUX YpaBHEHUN B TEOPETUYECKON MEXAHUKE.

YpaBHeHue MamunbToHa.

Ckobku NyaccoHa, Teopema JlnyBunns.

YpaBHeHue NamunbToHa-Akobun, pasgeneHne nepeMeHHbIX.

[enctBre Ans anekTpoMarHUTHOro nosisi.

YpaBHEHUS 3NeKTPOMarHUTHOro nongd. YetolpexmepHbll BEKTOP TOKa.

YpaBHeHMe HenpepbiBHOCTU. MMNOTHOCTL U MOTOK SHEPTUN.

OriekTpoMarHuTHbIe BOSTHbI. BOonHoBOe ypaBHeHMe.

lMnockue BonHbl. MOHOXpOMaTU4ecKkasa nnockasi BosfHa.

CnekTpanbHoe pasroXeHue.

lMonsipM3aUMOHHbIE XapaKTEePUCTUKU U3MYyHEHUS.

YpaBHEHUs 3NIeKTPOMarHUTHbIX BOSTH B CMSIOLIHON cpefe.

YpaBHeHus nonsa B oTcyTcTBME aucnepcuun. [ucnepcus
AN3NEKTPUYECKOM MPOHULAEMOCTH.

PacnpocTtpaHeHne anekTpoMarHUTHbIX BOSH. OTpaxkeHne n npenomreHuve.

NHTepdepeHumnsa ceeTa. BpeMeHHasa n NpocTpaHCTBEHHAA KOrepeHTHOCTb.

NHTepdepomeTpbl.

Oundbpakuyms ceeta. MNMpmnbnmkeHna GpeHens n GpayHrodepa.

N3nyyeHue ceeTa atomamu n mosnekynamu. LvpvHa nuHum nanyyveHums.

CnoHTaHHbIE N BbIHY>XAEHHbIE Nepexoabl. Jlazepsbl.

Baaumopgencteume ceseTa u BewectBa. 3akoHbl (poToaddekTa.

3akoH CrtedhaHa - bonbumaHa.

YpaBHeHue LpeaunHrepa. OcHOBHbIE CBOWCTBA ypaBHeHus LLpeanHrepa.

OpgHomepHoe aBwxeHne. OQHOMEPHbIN OCUUITAATOP.

lMnoTHocTb NoToka. KBasuknaccnyeckasa BONHOBAsA (PyHKUUS.

lMpoxoxaeHune vyepes bapbep.

O6wme cBoWCTBa [ABWMXEHUS 4YacTuubl B LUeHTpanbHOM none. PaguanbHoe

ypaBHeHue LLpeguHrepa. ATom Bogopoaa.

CnuH. OnepaTtop cnuHa. YpasHeHue Naynu.

ToHKas CTPYKTypa aTOMHbIX ypoBHeN. P deKkT 3eemaHna.

CtonkHoBeHus YacTtuu. Obwas Teopus.

BopHoBckoe npuénmxeHue. PaccedaHune 3apsKeHHbIX YacTtuy,
(dbopmyna Pesepdhopaa).

HecTaumoHapHasa Teopus BO3MYLLEHNA. BAHTOBbIE NepeXoabl.

3onotoe npasuno ®epmun. ManyyeHmne ceeta aToMamm 1 MOJIEKYNamMu.

WnprHa nnHum nanyverHmsi. CNoHTaHHbIE U BbIHYXXAEHHbIE Nepexoabl.

OneKTPOHHbIE cOoCTOAHUSA. [pruHUMn ®paHka-KoHgoHa.

OneKkTpoHHbIe KonebaTernbHble U BpallaTerbHble CNEeKTPbI.

AnepHble cunbl 1 nx ceoncTea. Ctatnyeckme CBOMCTBa aaep (pasmepbl 1 opma,

3Heprus CBA3W, CMWUH U YETHOCTb COCTOSAHWUW, ONEKTPUYECKMN U MarHUTHbIN

MOMEHTbI).

Mogaenu atoMHbIX saep. KanenbHas, obonoyeyHas, o6obLleHHas mogenu aaep.

Anbdpa-, 6eTa- u ramma- pagnoakTUBHOCTU U NX OCHOBHbIE 3aKOHOMEPHOCTMW.

PacnpegeneHne ®epmu-Lnpaka. BoipoxaeHHbIn naeansHbli oepmu-ras.

Pacnpegenexne bose-OnHwTenHa. BoipoxaeHHbIn 603e-ras.

KonpaeHcaumsa bose-OnHwiTenHa.
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PaBHoBecHoe Tennosoe nanyvexHve. dopmyna lNnaHka.

KuHeTunyeckas Teopus ra3oB. KuHeTudeckoe ypaBHeHne bonbumaHa. H-Teopema
OnddpysmnoHHoe npubnuxeHne. YpaBHeHne dokkepa-lnaHka.

ApmnabaTtnyeckoe U 0gHOINEKTPOHHOE NPUBIMKEHNE.

BbiBog ypaBHeHuna XapTpu-doka ¢ KpucTannmyeckmm noteHumanom. dusmyeckui
cMbicn onepatopa Xaptpu-Poka. 3oHHOe npnbnuxkeHne

TpaHcnaunoHHas cummeTpus Kpuctannos. Teopema bnoxa. ®yHkuum broxa.
O6paTHas peweTka. 30Hbl BpunnoaHa.

30Hbl bpunntoaHa Kybuyeckmx KpUCTansos.

Mepuoanyeckue rpaHnyHble ycnoeus bopHa-KapmaHa.

YpaBHeHuve ana nepuogndeckon Yactu oyHkumm brioxa.

'pynna BonHoBoro BekTopa. Metoa cnabon cesasn. MeToq CunbHOM CBA3WN.
OddekTnBHAA Macca KBasndacTumubl.

MNOTHOCTb 3NEKTPOHHbLIX COCTOAHUMN.

OHeprua depmun. lNosepxHocTb Pepmun. TemnepaTypHble 3aBUCUMOCTU YPOBHSA
depmu 1 KOHLEHTPaAUUKN HocUTeNen 3apsiaa (COBCTBEHHbIM MNONYNPOBOAHMK).
PaBHOBECHbIE KOHLEHTPaLNN SNEKTPOHOB M ObIPOK B 30HaX (06w cryyan).
MeTofbl pacyeTa 3feKTPOHHOro cnekTpa.

OnemeHTapHas TeOpUsi NOKambHbIX 3HEPreTU4YEeCKNX ypoBHen.  PaBHOBECHbIE
KOHLEHTpaLUnn 3NEKTPOHOB M AbIPOK B 30HaX (06w criyyan).

MeTannbl, NoNyNPOBOAHUKM U ANINEKTPUKN C TOUKN 3PEHUS 30HHOIO NPUBIXKEHWS.
KoHcepBaTuBHble KonebaTenbHble CUCTEMbI. YCNOBUS BO3HUKHOBEHUSI COCTOSHUS
paBHoBeCUsl. I30XPOHHbIE N HEM3OXPOHHbIE KONnebaHus.

dasoBasi NNOCKOCTb M (a3oBoe NPOCTpaHCTBO. Ocobble TOYKM B HENUHEMHbIX
cucTemax.

®a30BbIV NOPTPET MaATHUKA C 3aTyxaHnem. Ocobas Touka TMna «LUeHTP».

Ocobas To4ka TMna «cennoy». YCToOMYMBOCTb CTALUMOHAPHbBIX OBUMXEHUN.
Knaccuyeckne  konebaTenbHble  cucTeMbl.  KayecTBeHHOe  paccMoTpeHue
konebaHun MasTHUKA.

HaxoxageHne ckopocTu Ha cenapaTtpuce konebaHnm maatHuka. ConuToH.
HenuHenHbln koHTYp 6e3 3aTyxaHus. KonebaHuss B KOHType C HeNUHEeWHOW
€MKOCTbI0 p-n nepexoaa.

lMocnepoBaTtenbHbI KonebaTenbHbIA KOHTYP.

KonebaHus B KOHType C HENMMHENHOW EMKOCTbIO C CErHETO3MEKTPUYECKON CONbIO.
OuccunaTtuBHble KonebartenbHble cuctembl. KonebaTenbHbid KOHTYP C MasnbiM
HENUHENHbIM 3aTyXxaHUeM.

JINHENHBLIN KOHTYP C MOCTOSIHHBbIM 3aTyxaHueM. Buabl TpeHus. Cyxoe TpeHwue.
JlnHenHoe TpeHue. KBagpaTuU4HOe TpeHue.

BblHyXOeHHble konebaHnsi B HENIMHENHOW KOHCEPBATMBHOW CUCTEME Mpu
rapMOHNYECKOM BO34ENCTBUMN.

BbIHyXOeHHble konebaHusi B IMHENHbIX CUCTEMAX.

MeToabl NpMbnmXeHHOro paccMoTpeHus konebatenbHbIX CUCTEM.

KonebaHus B KOHTYpE C HENTMHENHOW NHOYKTMBHOCTLIO. MeToa nocnegoBaTeribHbIX
NPUBAVKEHWUIA.

MeToa KOMMMEKCHbIX aMNnTYA.

MeTtog JlbeHapa.

MeToa rapmoHuyeckoro 6anaHca.

MeToa MeaneHHO MEHSLWMNXCA aMNnTyA.
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MeTon U3OKNUH.
MeTopn no3aTanHOro pacCMOTPEHUS.
CnekTpanbHbI aHanM3 nepmoanyeckux N HenepunoguyecKknx CUrHasnos.
MpeobpasoBaHne Pypbe N ero OCHOBHbIE CBOWCTBA.
KomnnekcHasa ormnbatollas, nonHas gasa M MrHOBEHHas YacTtoTa Y3KOMOSOCHOro
cuUrHana.
CnekTpanbHblin ~ MeToA aHanmsa NPOXOXOeHUs CUrHanos

yepes NMHeNHbIe CTaunoHapHbIe CUCTEMBI.
Mpoctenwmne andpdepeHUmpyoLLne U NHTErpupyroLLmne Lenu.
MMnynbCHble XapakTepUCTUKN NMIMHENHBIX CTaUMOHAPHbIX Lenen n nx HaxoxgeHue
C MOMOLLbIO ONepaTopHOro MmeToaa.
IdunckpeTHoe npeobpasoBaHme Pypbe, anropntm bGoicTporo npeobpasoaHms Pypbe
(BNo).
MeTofbl CUHTE3a JIMHENHBIX UMAPOBLIX (OUNBTPOB.
CornacoBaHHble uUnbTPSI.
OcCHOBHblEe MNOHATUS TeopuMM  CrnyyYamHbIXx npoueccoB. CTauuoHapHble U
HecTauMoHapHble CyYanHble NPoLecchl N CNocobbl NX ONUCaHUS.
KoppensunoHHO-cnekTpanbHaa Teopusi cnyyanHblix npoleccos. Teopema BuHepa-
XWHYNHA.
BbluncneHne cnekTpanbHOM MAOTHOCTMU.
Bosgencreune LWymMoB Ha NIMHEWHbIE CUCTEMBI.
MapkoBckue npouecchl. YpaBHeEHNe MapKoOBCKOro npoLecca.
YpaBHeHune Pokkepa-lnaHka-Konmoroposa.
MoHaTne «Bbenoro» wWyma. 3ameHa peasibHOro Cry4amHoro npouecca MapkoBCKUM
npoLeccom.
Cratuctnyeckme  xapaktepuctukm ormbawowen un  dasbl  Y3KOMNOSIOCHOro
HOPManbHOro Cry4YamHoro npoLecca.
OyHKUMA pacnpefeneHns N KoppenaumoHHas yHKuma ormbatowen. PyHKkuns
pacnpeaeneHns gasbi.
Be3blHEPLMOHHbIE N MHEPLUMOHHbIE HENMMHENHbIE NPeobpa3oBaHNs LLYMOB.
Llymbl B aBTOreHepartopax. PacnpegeneHve amnnuTydbl, LWAPUHBI U POPMBbI
CneKkTpanbHON fINHUMN.
MyaccoHoBckum npouecc. [pobosbin Wwym n hopmyna LoTTkw.
Cny4yaiHble nocnegoBaTenbHOCTU UMNYNBLCOB M UX cnekTpanbHas nnoTtHocTb 103.
Tennosou wym. Knaccuyecknin 1 KBaHTOBbIN BapuaHT dhopmynbl HankeucTa.
WHTepnpeTaums 06paboTku CUrHanoB 1 criydanHbIX NPOLLECCOB Kak 3afada Bbibopa
peweHuns. ObHapyxeHne 1 BblaeneHne curHana.
MpocTas n cnoxHas rmnoTtesbl. [1pocTpaHCTBO HAGNMIOAEHNI, CUTHANOB N PELLEHWA.
BanecoBckne cuctemblt.
ToyeuHble W WHTepBasibHble OUEHKN. JdEKTUBHbIE OLEHKN. HepaBeHCTBO
Kpamepa-Pao.
[oCTaTO4HOCTb M COCTOSATENBHOCTb OLEHOK.
BanecoBckne oueHkn. OLueHKn MakcMmanbHOro npasgonogobus.
OueHkn napameTpoB CryYanHbIX NPOLLECCOB.
lMoHaTMe o BonHax. lNpumepbl BONHOBLIX ABUWXEHU. BonHOBOe ypaBHEHME 1 ero
Moandmkaumn.
YpaBHeHuss MakcBenna B koMmnnekcHon coopme. Nonapusaunsa BOsH.
OHeprna anekTpomMarHMTHoro nons. Nnockne BosHbI.
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PacnpocTtpaHeHue anekTpoMarHUTHbIX BOSH B MOrnoLwarwmux cpegax.

PacnpoctpaHeHne BONMH B Aucneprypylowmnx — cpegax.  KomnnekcHas

AnanekTpuyeckasa NpoHNLAEMOCTb.

CBsa3b Mexay aucnepcuen 1 nornoweHnem. jucnepcusa aneKTpoMarHUTHbIX BOSMH

B HEMOJSAPHbLIX U NONAPHbBIX AN3NEKTPUKaXx.

[AnanekTpuyeckass NpoHNLAEMOCTb cpef co cBoboaHbiMM 3apsaamu. BonHosown

nakeT B gucrneprupyoLlen cpege.

PacnpocTtpaHeHne BOSIH B aHU3OTPOMHbIX cpefax. TeH30p AU3SieKTpudeckomn

NPOHMLIAEMOCTH.

JlydeBom BekTOp. PacnpocTpaHeHue nnockux BOSH B KpUCTaNMMYeCcKnx cpenax.

PacnpocTtpaHeHve Nnockux BOSIH B MarHUTOAKTMBHOM Miasme.

PacnpocTpaHeHne anekTpoMarHMTHbIX BOSTH B (heppuTe.

'mpoTponusa noHoceps!.

PacnpocTtpaHeHve BOMH B HENMWHEWHbIX cpefax. YpaBHEHUA ONs HENMUHEWHbIX

BOJSIH.

MeTon mMeaneHHO M3MeHsILWmMxXcs amnnntyn. Ycnosne ¢pasoBoro CUHXPOHU3MA.

"eHepauuns BTOPOW rapMOHUKN.

TpéxyacTtoTHble B3anmoaenctausi. CootTHoweHna MaxHnun-Poy.

PacnagHas HeycTon4nmBoCTb BOSIH. CaMOBO34eNCTBME BOJIH.

Teopusa gndpakummn. PacnpoctpaHeHne orpaHNYeHHbIX BOSTHOBbLIX MY4YKOB.

Meton Kupxroca n yHkuma puHa B Teopuu andpakumn. YrroBOW CrEKTp

NAOCKNX BOSTH.

Mapabonunyeckoe ypaBHeHWe B Teopun gudpakumn. Oudppakuma rayccosa

BOJTHOBOIO My4ka U CPOKYCMPOBaAHHOIO My4Ka.

CamoBo3aencTBme BOSTHOBbIX MYYKOB M BOSTHOBbIX NAKETOB B HENTMHENHbIX Cpeaax.

HenuHenHas pedpakums npu 6eszabeppaunOHHOM n
abeppaLMOHHOM CamMOBO34ENCTBUNMYYKOB.

BonHoBOAHOE pacnpocTpaHeHue My4YKoB.

Camokomnpeccusi BOSTHOBbIX NakeToB.

ConnToHbl ormbaroLLmX.

YpaBHeHus Makceenna. Bektop YmoBa-lNonHTuHra.

BonHoBoe ypaBHeHue. [Inockve wun cdepunyeckne BornHbl. [lapabonuyeckoe

npubnmxeHuve.

Mogabl cBo6oaHOro npoctpaHcTBa. dasoBas 1 rpynnoBas CKOPOCTU CBeTa.

Monapusaums ceeta. Bektop [xoHca. MNapameTpbl

Ctokca. Cdoepa [llyaHkape. PacuyeTHble meTogbl [xoHca wn Miwonnepa. Tunbl

NONAPU3aLMOHHbBIX YCTPOUCTB.

OTpaxeHue 1 npenomneHe CBeTa Ha rpaHuLe pasgena u3oTpornHbIX cpea.

dopmynbl dpeHenst.

[MonHoe BHYTPEHHEE OTPaXeHue.

KomnnekcHas ananekTpnyeckas NpoHULaeMoCTb.

OTpaxeHue cBeTa OT NOBEPXHOCTM MPOBOAHUKA.

"MyGuHa NPOHNKHOBEHWUS.

PacnpocTtpaHeHue cBeTa B aHU3OTPOMHbIX U TMPOTPOMNHbIX cpeaax.

BonHoBble NOBEPXHOCTU B KpUcTannax.

Jlyun n BonHoBbIE HOpManu.

Annuncoung dpeHens.

OnTu4yeckne cBoMCcTBa OAHOOCHBIX W ABYOCHbIX KPUCTansoB.
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[1BOMHOE ny4yenpenomMnexHue.

KoHunyeckas pedpakums.

AnekTpoonTtuyeckme adpdektol Keppa u Nokkenbca.
OnTuyeckas akTUBHOCTb.

O ekt Papages.

OnbITbl ®130 N MankenscoHa.

MpogoneHbIN 1 nonepeyHbIn adekTol Jonnnepa.
AcCUMNTOTUYECKOE peLleHne BONTHOBOIO YpaBHEHUS.
"eomeTpo-onTU4eckoe npubnmxeHue.

YpaBHeHMe anKoHana.

O6nacTb NpMMEHEHWS NTy4eBOro NPUBNMKEHUS.
MpuHunn depma.

"OMOUEHTpUYECKME NMyYKN.

[MoHATME onTUYeCcKoro n3odbpaxeHus.
MapakcuanebHoe npubnuxeHue.

lMpenomneHne Ha chepryecKon NOBEPXHOCTM.
Cdepuyeckue 3epkana n nNUH3bI.

O6pasoBaHue KayCTuUK B ONTUYECKUX CUCTEMAX.

eomeTpuyeckue abeppauum TpeTbero n 6onee BbICOKMX NOPSAKOB.

XpomaTtunyeckasa abeppaumsi.

Tunbl onTu4eckmnx Npnbopos.

WHTepdepeHLmMs YaCTUYHO-KOTEPEHTHOIO U3My4YeHUs.
KomnnekcHasi cTeneHb KOrepeHTHOCTMW.

Teopema BaH-UuntTepTta - LlepHuke.

[ByxrnydeBasi 1 MHOrony4eBasa nHTepgepeHuns.
CpoBuroBas U cnekn-mHTepgepomMeTpus.
MHOrocnomHble NOKPbITUSA.

Ondopakumns. AndpakumoHHble nHTerpansl Knpxroga - NonreHca.
Ondopakumns dpeHena n dpayHrodepa.

OddekT Tanbbo.

BrnvsHue gudpakumMm  Ha  paspellalrollylo  cury  CUCTEM,
n3obpaxeHwue.

AndpakunoHHasa peLleTka.

Mapabonunyeckasa Teopusa gudpakumm; rayccoB ny4ok.
ABCD —meTof; KOMNIEKCHbIM NapamMeTp KPUBU3HBI.
OcobeHHOCTU andpakLmMmM HEKOTEPEHTHOIO M3IyYeHUs.
OCHOBbI BEKTOPHOWN TeOpUnN ANpaKLmK.

O6paTHble 3agayun Teopun audpakLmu.

CWHTE3 ONTUYECKMX INIEMEHTOB.

KnHodopmHas onTuka.

Knaccuyeckas TEeopUd B3aUMOLENCTBUS n3ny4yeHunsa ¢ BeeCcTBOM.

Pe3oHaHcHOe npmnbnumxeHue.

[uncnepcunoHHblie cooTHowweHust Kpamepca - KpoHura.
OnTnyeckne HyTaumn.

OnTtuyecknin acpbdexT LLTapka.

POTOHHOE 3X0 N caMOUHAYUMPOBaHHas NPO3PaYHOCTb.
ConnToHB.I.

PenakcauyuoHHble npouecchl.

obpasyroLmx
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YpaBHeHe ana matpulbl NOTHOCTH.

CamocornacoBaHHble  ypaBHEHUsi Ans  nons, nondpusaumm n
pPa3HOCTN 3aceneHHOCTEMN.

O eKT HacbILEHS.

3akoHbl TENNOBOro nanyyeHus. dopmyna Nnaxka.

doToahekT.

KBaHTOBaHue nons. Onepatopbl POXAEHUS U YHUUTOXEHNSA (DOTOHOB.

aMUnNbTOHMAH KBAHTOBAHHOIO MOS.

KoMMyTaunoHHbIe COOTHOLLEHUS A51S onepaTopoB Noss.

OAHOMOTOHHBLIE M MHOTO(POTOHHbIE NPOLECCHI.

BepoATHOCTN CNOHTaHHbIX U BbIHY>KAEHHbIX NEPEXOAO0B.

KoadhpmumneHTbl SNHWTENHA.

KBagpynosnbHble U MarHUTO-AMNOSbHbIE Nepexoabl.

KoonepaTtuBHble aheKThbl.

Cepxusny4yeHue.

KorepeHTHOE 1 KOMBMHALMOHHOE pacCesHuUs.

HenuHenHble BOCNpMMMYMBOCTU. PacnpocTpaHeHne BOSTH B HESTMHENHOM cpefe.

MeToa MeaneHHO MEHSIOLMXCA aMNNnTyA.

Ycnosue CUHXpOHU3Ma.

"eHepaumst ONTUYECKUX FAPMOHWK.

TpEéxBONHOBOE B3aMOeNCTBHE.

MapameTpuyeckoe npeobpasoBaHMe 4acToThl.

CamocpokycupoBka ceeTa.

BbIHy>XQeHHOE U KOMOUHAUWOHHOE paccesiHue.

BbIHy>kaeHHoe paccesiHne MaHgenblutama-bpunntosHa.

YeTbIpEXBONHOBOE B3anMOAENCTBME.

O6palleHne BoOfTHOBOro (bpoHTAa.

BelecTBO B CBEPXCUITBHOM CBETOBOM MOfE.

BpemeHHass 1 npoCTpaHCTBEHHAA  KOrepeHTHOCTb  CBETOBbIX  Monew;

KOppensiuMOHHbIE OYHKLMN NEPBOro U BbICLLMX MOPSLKOB.

CnekTtpanbHoe npeacraeneHune. Teopema BuHepa-XuH4ymHa.

NHTepdepomMeTpmsi NUHTEHCUBHOCTEWN.

OnbiT bpayHa-Teucca.

KBaHTOBblE CBOMCTBA CBETOBbLIX MOSIEN.

doKoBCKOE, KOrepeHTHOE U CXXaToe COCTOAHMNE MONS.

Pacnpepenerne bose-3nHwTenHa. lNMNapameTp BbIPpOXAEHUSA NONS.

MyaccoHoBckas, cybrnyacCOHOBCKas 1 CyrnepnyacCoOHOBCKasi CTaTUCTMKa (POTOHOB.

Cesa3sb CTaTUCTUK  (POTOHOB n oTOOTCHETOB, dopmyna
Mangena  anga pacnpegeneHust gotooTcyeToB. 233. [poboBon LwymMm.

CratucTnyeckme CBOMCTBA STa3ePHOro N3NyYeHus.

3akoH Knpxroda 1 WwymMbl KBAHTOBbIX YCUNUTENEN cBeTa.

dnyKkTyaunmoHHoO-guccunaLmMoHHasa Teopema.

KoppensaunoHHasa CcnekTpocKonus.

OhbekTbl rpyNNMPOBKN N aHTUFPYNNMPOBKM (DOTOHOB.

CnoHTaHHOe napameTpuyeckoe paccesHve ceeTa.

BudgoToHbI. [NepenyTaHHble COCTOSAHUA CcBeTA.

OnTuyeckasa peanunsaumsi KybutoB n nx npeobpasoBaHus.

CoctosiHusa benna.
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Mapapokc AnHwTenHa-MNogonbckoro-Po3seHa.

HepaseHcTBa benna.

CraTtuctvka YacTU4HO NONAPU30BaHHOIO n3nyyveHus. MNonapusaumoHHas maTpuua.

PacnpocTpaHeHue BOmH B criy4aHO HEOQHOPOOHOM cpefe.

KoppensunmoHHble N CTPYKTYPHbIE OYHKUMU aMinuTyabl 1 dasbl.

OnTuyeckne mogenu atMocepHon TypOyneHTHOCTH.

PaccesiHne cseTa B AMcCrnepcHOW cpepe; ypaBHeHVe nepeHoca, AMdy3noHHoe

npuénmxeHmne.

PaccesiHne ceeTa B GUoTKaHu.

CnekTpbl atomoB. CuctemaTuka CnekTpoB MHOMO3MEKTPOHHbBIX aTOMOB.

Tunbl cBs3en anektpoHoB. OnpegeneHve Habopa TepmoB. MicxogHble TEpMbI.

MynbTunneTHasa cTpykTypa. [pasuna otbopa. Baanmogenctene KoHdurypaumn.

CnekTtpbl monekyn. AanabaTtmyeckoe npubnmxeHne.

Mpynnbl CMMMETPUN MOMEKYI.

KonebaTtenbHble cnekTpbl. Knaccudukaumss HopmarnbHbIX kKonebaHui no Tunam

CYUMMETPUMN.

BeipoxaeHune. PesoHaHc Pepmu.

lMpaBnna otbopa B konebaTernbHbIX CNeKkTpax MornoweHna n KoMOmHaunoHHOro

paccesHus.

BpaluatenbHasa cTpykTypa KonebaTerbHbIX Nosoc.

OneKTPOHHbIE CMNEeKTpbl Monekyn. Knaccudukaums SnNeKTPOHHbIX COCTOSHUIA

ABYXaTOMHbIX MOSEKYI.

MpuHuun dpaHka-KoHaoHa.

Tunbl CBA3M 3NEKTPOHHOIO ABMXXEHUS U BpaLLeHUS.

CnekTpockonua TBepaoro Tena. Nepexogbl noa AeWCTBMEM CBeETa B MaearibHOM

Kpuctanne.

MornoweHne B uHpakpacHom obnacTn cnektpa U B3auMOLEWNCTBME CBeTa C

dOHOHHOM NOACUCTEMOWN.

lMepexonbl B aNeKTPOHHOM NoAcucTeMe.

MornoweHne ceeTa B MeTannax. 3anpeLieHHas 30Ha 1 obnacTtb Npo3pavyHoOCTU B

ANaneKTpukax.

OKcuTOHbI BaHbe-MoTTa 1 ®peHkens.

O6nacTtb byHOaMeHTanbHOro nornoweHus. lNepexoabl C OCTOBHbLIX YPOBHEN.

OddekTbl Oxe n daHo.

OddekTbl Ha Kpasix octoBHoro nornowennsa: EXAFS n XANES. 271. MNoHaTtne o

nonsipUTOHAaXx.

Cnektpockonus  AedeKTHbIX COCTOSHUA B KpucTtannax.
ABTONOKanM3aunsa 3KCUTOHOB U ObIPOK B ANSMNEKTPUKaX.

BTtopunyHble adpekTbl B KpucTannax:  JIOMUHecueHUus,  oToammccns,

aedektoobpasoBaHue Noa 4eNCTBUEM CBETA.

JMomuHecueHums. Knaccudukaums loMUHECLEHLMM NO ONTENbHOCTU CBEYEHUS U

cnocoby ee BO3byxaeHus.

MonekynspHas 1 pekoMbrHaUMOHHas NIIOMUHECLEHLUUS.

3akoH Ctokca-Jlommens.

MpaBnno 3epkanbHON CUMMETPUN CMEKTPOB MOrfOWEHNA N NTIOMUHECLeHUnn 278.

JleBlWwIMHA 1 yHUBepcanbHOe COOTHOWeHue mexay Humm CTtenaHoBa. 279. 3akoH

Basurosa.
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TpunneTHble COCTOSIHUS MOJIEKY U UX POSb B Npoueccax gerpagaumm n murpaumm
9HEpPrum aNeKTPOHHOIo BO3byXKaeHus.

Cxema TepeHuHa-JIbtonca.

TyweHune (TemnepaTtypHoe, KOHLUEHTPaLUMOHHOE, MOCTOPOHHMMW BeLleCTBaMun)
NIOMUHECLIEHLINN.

BesbiznyyaTenbHbIN nepeHoc 3Hepruu 3MIEKTPOHHOIo BO30YyXaeHus.
JTioMrHecueHUMs MONEeKYNAPHbIX KPUCTasoB.

Teopua [asblgosa.

KoonepaTtmBHble npouecchl B MIOMUHECLEHLIMN.

30HHada Moaenb NOMUHECLIEHUUN ANINEKTPUKOB.

Pa3mMHOXeHne aneKkTpOoHHbIX BO3OYXAeHUn B TBEPAOM Tene. TepMoBbiCBEYNBaHME
N MHPaKpacHasa CTUMYINSLUMS.

MpuMeHeHne NIOMUHECLIEHTHBIX KPUCTanoB B Hayke, TEXHUKE U MeANLMHE.
MICTOYHUKM ONTUYECKOTO U3MyYEHNS.

Tennosble, razopaspsaHble 1 NnasepHble UCTOYHUKMW.

CWHXPOTPOHHOE U3ry4veHune.

OnTtnyeckne matepuansl.

XapaKTepuUCcTMkM NPUEMHUKOB M3NYyYeHUs: CnekTpanbHas N MHTerpanbHas
YyBCTBUTENBHOCTb, LUYMbl, MTHEPLMOHHOCTb.

Mpunbopsl ¢ 3apagoson ceasbio (M3C) - NMHenkn, maTpuubl.

TexHuka cnekTpockonuu. CBeTounbTpbl, MNPU3MEHHbIE W  ANDPAKUNOHHbIE
crnekTpanbHble Npubopbl, UHTEPGEPOMETPHI.

dPypbe-cnekTpocKonus.

OcCHOBHble XxapakTepucTvkM npubopoB: annapaTtHaa QYHKUMS, paspelueHue,
cBeTocuna, gucnepcus.

JlazepHaga cnektpockonu4.

3annce wn obpaboTka ontuyeckon uHGopmaumu. MexaHuam  3anucm  u
BOCNPOM3BEAEHNA BOJSTHOBbLIX MOMEN C MOMOLWbIO OBYMEPHbLIX U TPEeXMepHbIX
rosiorpamm.

LindpoBble ronorpaMmmei.

MepexoaHble N nepegatoyHble  OYHKUUN ONTUYECKMX cuctem
06paboTkn HopMmauuu.

3onnaHapHocTb. KMcnonb3oBaHne wmeTonoB Pypbe-OonTUKM AN ONTUYECKOW
unbTpaunm n pacnosHaBaHus obpasos.

KoppeKuns n pekoHCTpYKLMSA n3o6parkeHnNn.

MeToabl KOMNLITEPHOW ONTUKM.

BonokoHHas onTuka. Tunbl BOSTOKOHHbLIX CBETOBOA0B. Mobl ONTUYECKMX BOSTOKOH.
3aTtyxaHue n gucnepcus moa. HanpaBneHHble OTBETBUTENN.

BOSOKOHHbIE NMHMK CBA3MN.

HenunHenHble apdekTbl B ONTUYECKNX BOSIOKHAX.

MpuHUun paboTtbl Nnasepa. Cxembl HaKa4Ku.

Teopus Jlamba. AdhdekTbl 3aTArMBaHNSA YacToOThl U BbiropaHus abip. JIamGoBckuin
nposarn.

OnTtnyeckne pesoHatopbl. Moabl onTuyeckux pesoHatopoB. CBOMCTBaA NasepHbIX
My4KOB.

Tuvnbl nasepoB. TBepaoTenbHble nasepbl. [a@3oBble nasepbl: nasepbl Ha
HenTpanbHbIX aTOMax, WMOHHble nasepbl, MOMEKyrnspHble nasepbl, fnasepbl Ha
CaMOoOrpaHMYeHHbIX nepexoaax.
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313. Xumwuyeckue nasepsol. [onynpoBoaHNKOBLIE Nasepsbl. Jlasepbl Ha LEeHTpax OKpacKu.

314. Pexumbl paboTbl NasepoB. HenpepbiBHbIE Y UMMYSIbCHBIA PEXUMBI.

315. TlnykoBbIn pexum. Mogynauna 4obpoTHOCTH.

316. CuHxpoHusaums mof. MeHepaunsa CBEPXKOPOTKUX UMMYNbCOB.

317. TlpuHUMnbl aganTUBHOW ONTUKKN; KOPPEKLUUA BOSTHOBOIo PPOHTAa NasepHbIX NYYKOB.

318. JkcnepumeHTanbHble 060CHOBaHWSI KBAHTOBOW TEOPUMN.

319. MartemaTuyeckui annapaTt KBAHTOBON MeXaHUKW.

320. OnepaTopbl duandeckux BennumH. CobCTBeHHbIE QYHKUMM U COBCTBEHHbIE
3HayeHus ornepaTopos.

321. CocTosHne (PU3NYECKON BESTMYUHBLI. 3HAYEHUs  PU3NYECKUX BESTUYMH.

KoMMmyTaunoHHble COOTHOLWeHNA. HTerparnbl ABUXEHNS.

322. CraumoHapHble cocTosAHNA. CNEKTP CUCTEMBDI.

323. [loctynaTbl KBAHTOBOW MeXaHUKN. PU3NYECKUA CMbICI BOSTHOBOM (PYHKLINN.

324. TpuHumn cynepno3vuuun. NpuHumMn HeonpeaeneHHOCTEN.

325. YpaBHeHue LUpéanHrepa B KoopauHaTHOM npeacTtaBneHun. OOwme cBoucTBa
OAHOMEPHOro ABwXeHus. [uckpeTHbin cnektp. [loTeHumanbHble aMmbl. 326.
OaHomepHbIv O-noTeHuunan.

327. OpHomMmepHas 3agjaya paccesHus. HenpepbiBHbIM - cnekTp. [loTeHunanbHble
B6apbepbl. KoadhduumMeHT NpoxXoxaeHus.

328. [apMOHWYECKUN OCUUINATOP

329. OnepaTop MOMeHTa umnynsca. KoMmyTaunoHHble CoOoTHoWeEeHUs. OpbuTtanbHbI K
CMNHOBLIN MOMEHTbI uMmnynbca. Matpuubl laynu. TMONHLIM MOMEHT MMMyribca
CUCTEMBI

330. 3apauva agByx Ten. LleHTpanbHO-cMMMETpUYHOE none

331. [lpegmeTt Teopum Bo3MyLLEHWUI. [MonpaBku K COBCTBEHHBIM 3HAYEHNAM U BOSTHOBbLIM
PYHKUMAM B TEOPUN BO3IMYLLIEHUI.

332. BapwauunoHHbIi npmHumn. KBasuknaccuyeckoe npmbnmkeHme.

333. KeaHTOBas anHamuka. HectaumoHapHoe ypaBHeHue LUpéanHrepa.

334. T[lepexobl B KBAHTOBO-(hU3NYECKMX cuCTeMax. 3onoToe npasuno depmu.

335. [lpeameT, OCHOBHblE TEOPETUYECKMNE U AKCMEPUMEHTANbHbIE MeTOoAbl U NPobrembl
u3unkn TBepgoro Tena. CTpykTypa TBepAbIX Ten

336. Kpuctannunyeckue v amopdHble Tena. TpaHCNAUMOHHAs CUMMETPUA.

OnemeHTapHaga a4enka.

337. Pewetkn bpaBe. To4eyHble N NPOCTPAHCTBEHHbIE rPYNMbI.

338. OcobeHHOCTM pacnpoCTpaHEHMsI BONMMH B MNEPUOANYECKUX CTPYKTypax. 3akoH
Bynbda-bperra.

339. O6patHasg peweTka. 3oHbl bpunnosHa.

340. [edpekTbl B KpucTannax. To4yeyHble aedektbl, nx obpasoBaHue un gudpdysus.
BakaHcuw.

341. Atombl BHegpeHuda. KombuHaumm aTtomHbIX OedekToB. KpaeBble M BUMHTOBbIE
Aancrnokauuu.

342. Bektop bioprepca. SHeprua gucnokauuu. lNepenonsaHne n CKonbXeHune.

343. Pa3MHOoXeHue ancrokauun.

344. WcTto4vHnk dpaHka-Puaa.

345. BnusHue paguaumoHHbIX, MEXaHUYECKUX, TEPMUYECKUX BO3OENCTBUN HA pearbHYHo
CTPYKTYpY TBepAbIX Ten.
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Tunbl xummnyeckon csasn. CTPYKTypHble M u3ndeckne ocoBEeHHOCTU WOHHBIX,

KOBaneHTHbIX, MeTasIMyeckux  u MONEKYISPHbIX KpUCTansnos.
lMnoTHenwWwne ynakoBKN. QHEPreTUYeCKnin CNeKTP KPUCTanNsoB.

OnuncaHue aHepreTM4ecKoro COCTOSIHMS KpucTarnna npyv noMoLu ra3a KBasmyacTtu,

Mpumepsbl kBasnyacTml. POHOHbI, MarHOHbI, MNAa3MOHbI.

ONeKTPOHbI B MeTasnse Kak kBasndactuubl. KBasmmmnynsc.

3akoH aucnepcun. Teopema brioxa. 'paHU4YHbIE yCnoOBUA.

[MNOTHOCTb COCTOSIHUM.

CtaTtucTtuka rasa ksasmyacTtuy,. bo3oHbl U, PEPMUOHDI.

Bsaumogencreme kBasm4acTtul,

KonebaHus peleTtkun - OHOHbI. AKycTMYecKasa 1 ontmdeckas BeTsn konebaHun.

TennoeMkocTb pelueTkn. [lebaeBckas 4actoTa.

dakTop [ebas-Bannepa B paccessHUN peHTrEeHOBCKUX JTy4Yen.

AHrapMoHM3am wn TennoBoe paclmpeHne. 358. OneKTPOHHbIE COCTOSHUA B

KpucTtannax.

OpgHoanekTpoHHaa moaenb. MpubnmxkeHne cunbHoOM n crnabon ceaA3n.

30HHada cxema 1 TvNbl TBEPAbIX TeN. BbIpoXXAEHHbIN 3NEKTPOHHbIN ras.

OnNeKTpoHHas TennoemkocTb. [loBepxHOCTb epmu.

TeH30p ahhekTUBHLIX Macc.

ONEKTPOHbI U AbIPKW.

LinknotpoHHas macca.

MonoxeHne ®epmn ypoBHSA B HEBLIPOXKAEHHBLIX MONYNPOBOAHUKAX.

ONEeKTPOHHbIE KNHETUYECKME CBONCTBA TBEPAbIX TEN.

KnHeTnyeckoe ypaBHeHUe. OneKTpo- U TeNNonpoBOAHOCTb.

BpemeHa penakcaunu.

MexaHun3Mmbl pacceaHns aNeKTPoHOB. PaccesiHue Ha npumecax u gedekrax.

ONEKTPOH-POHOHHbIE CTONIKHOBEHUS.

HopmanbHble npoLuecchl, npouecckl nepebpoca.

MarHuTtocnpoTnsneHue n acpekt Xonna.

MeTannbl ¢ 6onbLuon anuHon npobera aneKkTpoHOB. AHOManbHbIA CKUH-3GGEKT.

LINKNOTPOHHBIN pe30oHaHC 1 pa3MmepHble 3OEKTHI.

[MPpOHUKHOBEHME 9NEKTPOMArHMTHOro Nons B metans.

"ennKoHBbI.

KBaHTOBaHWe opbuT B MarHUTHOM Nore.

O ekt ne-Maasa-saH-AnbdeHa.

MonynpoBOAHUKN.  JONEKTPOHHAA  CTPYKTypa TUMWYHBIX  MOMYNPOBOAHWUKOB.

"epmaHun.

Y3K030HHbIE NONynpoBOAHUKU. [1puMecHble ypoBHW. [JOHOPBI U akUenTopbl.

TemnepaTtypHas 3aBUCMMOCTb NMPOBOAMMOCTHU, pP-N Nepexoabl.

doTonpoBoanMOCTb. PekoMBrnHauusa n penakcaums HepaBHOBECHbLIX HOCUTESEN.

Mopsayume HocuTenn. ekt MaHHa.

MexaHuyeckne, onTudeckne, MarHUTHble CBOMCTBA TBEPAbIX Ter.

TeH30p ynpyrux NOCTOSAHHLIX U ynpyras gegopmMauus.

MnactnyHocTb KpuctannoB. [lpegen TekydecTu. YnpoyHeHue. BHyTpeHHee

TpeHwue.

MexaHn3mbl nornowieHms oToHOB. [ornoweHne cBo60aHBIMN HOCUTENSAMM.

PeweTo4Hoe nornoweHne. MHOropoOHOHHbIE NpoUecChl.
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389. KombuHaumoHHOe paccedHve cBeTa B kpuctannax. llornoiwieHve cBsi3aHHbIMU
HOCUTENAMM.

390. [paBuna otbopa. Mexay3oHHbIE KOCble N NpsiMble Nepexoabl.

391. OKCUTOHBLI. JTloMuHecLeHUUs.

392. BpemeHa Xun3Hu Bo3byxaeHun, pnoopecueHums. besbianyyaTenbHble nepexoabl.
KBaHTOBbIN BbIXO NMHOMUHECLEHLINN.

393. [unamarHeTuam cBOOOAHOroO 3NEKTPOHHOrO rasa.

394. CnuHOBbLIN NapamarHeTU3M.

395. 3akoH Kropw.

396. deppomarHeTnam.

397. MonekynsapHoe none Beiicca.

398. OO6MeHHOe B3aMmMoaencTeue.

399. ®deppomarHuUTHbIE JOMEHDI.

400. OHeprus aHmsoTponun. 401. [lomeHHasa cTeHKa.

402. AHTUdEeppoMarHeTUKu.

403. PeppuThl.

404. [ONanekTpuKu.

405. BddekTnBHoE none.

406. ONEeKTPOCTPUKLMS U Mbe303NEeKTPUIECTBO.

407. TIMpPOINEeKTPUKM N CEFHETOINEKTPUKMN.

408. JnNEeKTpPUYECKN rTNCTEepEe3nC, aHoManmm n3myeckmx CBOMCTB CErHETOINEKTPUKOB B
obnacTtu (pa3oBbIX NeEpPexoaoB.

409. MonekynsipHble KpucTanssbl.

410. TepmoamnHamuka n oasoBble nepexoabl. PaBHoBecue has. dasosble nepexoabl | v

Il poga.

411. dnykTtyaumn. TBepable pacTBOpbl U MPOMEXYTOYHbIE (basbl.

412. PaBHOBecHe B MHOFOKOMMOHEHTHbIX CUCTEMaxX 1 NpaBuso gas.

413. [dwnarpammbl paBHoBecus. KnHeTuka gpa3oBbIx NnpeBpaLleHui.

414. [OunddysnoHHble n 6e3amdddy3noHHbIE NPeBpaLLEHUS.

415. CaepxnpoBognuMocTb. OCHOBHbIE CBOMCTBA CBEPXMPOBOAHMKOB.

416. 3ddekT MelicHepa.

417. CaepxnpoBogHuku | u Il poga.

418. Buxpu n BUXpeBble CTPYKTYPbI.

419. OCHOBbI MUKPOCKOMNYECKON N TEPMOANHAMNYECKON TEOPUIA.

420. KynepoBckue napsbl.

421. JHepreTnyeckas LWenb 1 KBa3n4acTuLbl B CBEPXNPOBOOHUKE.

422. TyHHeNbHbIN 3 dEKT.

423. ekt [xosedcoHa.

424, JkcnepumeHTanbHble MeToabl (OU3MKM TBEPAOro Tena

425. PeHTreHorpadus: metoabl UccrnefoBaHnsa naeansHOW U peasribHOW CTPYKTYpbI.

426. JneKTpoHorpadusa 1 anekTPOHHAs MUKPOCKOMNUS.

427. HewnTtpoHorpadusa: yrnpyroe n Heynpyroe KorepeHTHoe paccesHue, uccrieqoBaHue
MarHUTHbIX CTPYKTYP U OOHOHHbIX CNEKTPOB.

428. Jddekt Méccbayapa.

429. JnekTpuyeckne W ranbBaHOMarHUTHble W3MEPEHUS KakK MeToAdbl WU3yyYeHus
3NEeKTPOHHOM CTPYKTYPbl KPUCTAINOB 1 COCTaBa NpUMecen B NONYynpoOBOAHUKAX.

430. OnTu4eckne meTobl UCCreLOBaHNA: BO3MOXHOCTU, CBSA3aHHbIE C UCMNOMb30BaHNEM
nasepHbIX UICTOYHUKOB CBeTa.
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431. PasmepHoe kBaHTOBaHWe. OCHOBHble TUMbl HAHOCTPYTYP U UX KBAHTOBO-
MexaHu4eckue mogenu.

432. KBaHTOBOE OrpaHuyeHne u pasmMepHOCTb ANEKTPOHHOW CUCTEMbI. OSfIEMEHTapHble
HaAHOCTPYKTYpbl:  KBAHTOBble  SAMbl,  HUTW, TOYKW,  MONYNPOBOAHUKOBbLIE
CBepXpeLUeTKu.

433. OnNeKTPOHHble CBOMNCTBA KBAHTOBbIX HU3KOPa3MePHbIX CTPYKTYP.

434. JHepreTn4ecKknin CnekTp 1 BOSTHOBbIE DYHKLIMWN SNEKTPOHHOIO rasa.

435. T[loa3oHbl pa3MepHOro KBaHTOBaHUS.

436. PacnpepeneHue NNOTHOCTU COCTOSAHUMA B CTPYKTypamMu C KBAHTOBbIMU siMaMu, B
KBAHTOBbIX HUTAX U TOYKaX.

437. PaBHOBECHblE KOHLEHTpaLUMnN 3NeKTPOHOB B CUCTEMAX MOHWXEHHOW pa3MepHOCTU.

438. JHepreTU4ecKnin CrnekTp CBEPXPEeLLeTKU. BnusHme Ha 3HEepreTMyeckum cnekrp
MarHuTHOro nons.

439. 3OddeKTMBHOE NOHMXKEHNE PAa3MEPHOCTM CUCTEMBI.

440. VYposHu llaHgay.

441. [BwKeHue 3nekTpoHa B OAHOPOLHOM 3f1EKTPUYECKOM More.

442. bBbnoxoBckue ocLUUNNALUN.

443. JlectHuua yposHen LTapka.

444, [1ByMepHbIN aneKTpoHHbIN ra3 B M cTpykTypax.

445. OCHOBHbIE MOMOXEHUS TeopUU NPUNOBEPXHOCTHOM 0BMacTU NPOCTPAHCTBEHHOIO
3apsaga nonynposogHuka [fapetTta u bpatTenHa.

446. 3aBUCMMOCTb 3NEKTPOCTATUYECKOrOo MOTEHUMana OT KOOpAMHATbl B pexunme
CUNBHOWN NHBEPCUMN.

447. Ycnosus obpasoBaHUA OBYMEPHOrO 3fIEKTPOHHOMO rasa B UHBepcHoM croe MOl
CTPYKTYpBbI.

448. KaHTOBO-MexaHun4yeckass moaenb npunoBepxHocTHom OlN3 nonynpoBoaHuMKa.

449. MeToabl pacyeTa 3HepreTM4eckoro cnekrpa.

450. [pmnbnuxeHne TpeyronbHOro NnoTeHynana.

451. TInoTHOCTb pacnpeneneHns KBaHTOBbIX COCTOSIHUN.

452. TloBepxHOCTHasi  KOHUEHTpauus 2D 3neKTpoHoB B noa3oHax
pa3MepHOro KBaHTOBaHUSI.

453. 3aBUCMMOCTb MAOTHOCTU 3apsaia OT KOopAMHATHI.

454, BKpaHMpoBaHME 3NEKTPUYECKOro nons.

455. KwuHeTuyeckme adpekTbl B OBYMEPHbIX HAaHOCTPYKTypax. Bpems penakcauuu u
NOABWXXHOCTb HOCUTENEN B ABYMEPHOM 3IIEKTPOHHOM rase.

456. MexaHuambl paccesHund. KuHetmnyeckme siBneHnsa B ABYMEpPHbIX CTPYKTypax.

457. KeaHTOBaHue JlaHgay n ocuunnaummn BaHbe-LUTapka.

458. MopagynupoBaHHOe rerMpoBaHue.

459. T[loneBble TPAH3UCTOPbI HA AIIEKTPOHAX C BbICOKOW MOABMXHOCTLIO.

460. Bbannuctnyeckui TpaHcnopT. Mpnbopbl GannucTuyeckoro TpaHcnopTa.

461. KeaHTOBbIN adhdekT Xonna. LlenoymcneHHsin KBaHTOBbIM 3adpdeKT Xonna.

[po6HbI KBAHTOBLIN 3OdEKT Xonna n ero nHTepnpeTauus.

462. [OpoGHble 3apsabl U NPOMEXYTOYHAsA cTaTUcTMKa. KoMno3nTHble (hepMUOHbI.

463. JnNeKTpoHHasa KoHdUrypauus BHELWHMX ODOMoYeKk aTOMOB M TUMbl CUM CBA3U B
TBepAbIX Tenax. BaH-gep-BaanbcoBa. MOHHAA 1 KOBaneHTHas CBA3b.

464. CTpyKTypbl BaXKHEWLIMX MONynpoBoAHuKoB - anemeHToB AV, AV' n coegnHeHwi
Tunos A BY, A"BV!, AVBV!,
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466.

467.
468.

469.
470.
471.
472.

473.
474.
475.

476.

477.
478.

479.

480.

481.
482.
483.

484.
485.
486.
487.
488.
4809.

490.
491.

492.

493.
494,
495.
496.
497.
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CummeTpus KpucTannoB. TpaHCRsUMOHHAA cUMMeTpusa KpuctannoB. basuc wu

KpucTannuyeckas CTpykTypa.

QnemMeHTapHas a4venka. [NpumutnBHaa ayerka. Avenka BurHepa-3entua. PeweTka

Bpase. O603Ha4eHMs y3noB, HanpaBfeHU N NNOCKOCTEN B KpUcTanne.

O6paTHas pelleTka, ee cBoncTBa. 3oHa bpunntoaHa.

Mpymecn wu CTPYKTYpHblE aedektel B KpUCTanmM4ecknx u
aMopdHbIX NOMYNPOBOAHMKAX.

XumMndeckas npupoaa v areKkTpoHHbIE CBOMUCTBA NpUMeECeN.

ToyeuyHble, NUHENHbIE U ABYMEPHbIE AedEKTbI.

MeToabl BblpalimBaHms 06bEMHbIX MOHOKPUCTANOB U3 XXUAKON 1 ra3oBon das.

MeTofb! BblpaluMBaHUS anUTaKCUarnbHbIX MAEHOK (3NUTaKCUsS U3 XUOKOW U ra3oBom

dasbl).

MonekynsapHo-ny4eBas anuTtakcus. MeTtannopraHnyeckasi anuTakcus.

MeTofbl nermpoBaHns NosynpoOBOAHNKOB.

OcHoBHble MeTOAbl ornpeferneHns napameTpoB MNOSYNPOBOAHUKOB:  LUMPUHBI

3anpeLeHHON 30Hbl, MNOABMXHOCTM W KOHUEHTpaumm cBOBOOHbIX HOCUTEnewn,

BPEMEHN >XM3HU HEOCHOBHbIX HOCUTENEN, KOHUEeHTpauun v rnybuHbl 3aneraHus

YPOBHEN NpuMecen n gedeKkTos.

OcHoBHble NpUBAMXKEHUS 30HHOM Teopun. BonHoBas YHKUMA 3MeKTpoHa B

nepuoanyeckom nose Kkpucranna.

Teopema brnioxa. 3oHa BpunntoaHa. HepreTnyeckne 30Hbl.

3akoHbl Aucnepcun And BaKHEWWMX MonynpoBOAHUKOB. WM303aHepreTudeckune

NOBEPXHOCTW.

TeH3op obpaTHon adhdpbekTnBHOM Macchl. MNoTHocTb cocTosiHMn. OcobeHHoCTH

BaH-XoBa.

YpaBHEHNS [OBWXEHUSI 3MEeKTPOHOB M [ObIpOK BO BHewHWx nondax. Metoa

3P PEKTMBHON MacChl.

VckpusneHne aHepreTMyeckmx 30H B SNIEKTPUYECKOM rore.

[BMXKXeHne 3neKTPOHOB U AbIPOK B MAarHUTHOM More.

OnpepgeneHne a(dEKTMBHLIX MacC W3 LUKIIOTPOHHOIO  (AMaMarHUTHOrO)

pe3oHaHca.

CBs13b 30HHOWM CTPYKTYPbI C ONTUYECKMMIN CBOMCTBAMM MOMYNPOBOLHMKA.

YPpOBHU 3HEPruK, co3faBaemMble NPUMECHBIMU LIEHTPpaMu B MNOMyNPOBOLHMKAX.

[oHOpbI 1 aKuenTopbl.

Menkune n rnybokne ypoBHM.

BoaopogononobHble NpUMeCHbIE LEHTPbI.

PyHKUMA pacnpefeneHns anekTpoHoB. KoHueHTpauus 3nekTpoOHOB W AbIPOK B

30Hax, adhpeKTUBHaAs NIIOTHOCTb COCTOSIHUN.

HeBbIpOXOEHHbIV 1 BbIPOXKAEHHbIN 3NEKTPOHHbIN (ObIPOYHbIN) ras.

KoHUEeHTpauun 3nekTPpoOHOB UM  AObIPOK Ha foKanbHbIX YPOBHsSX. dakTopbl

BbIPOXAEHMWS MPUMECHBLIX COCTOAHUN.

MonoxeHne ypoBHs ®epMn 1 paBHOBECHAS KOHLIEHTPALUUS 3NIEKTPOHOB U AObIPOK B

COBCTBEHHbLIX W MNPUMECHBLIX (HEKOMMNEHCUMPOBAHHBLIX W  KOMMEHCUPOBAHHbIX)

NnonyrnpoBOAHUKAX.

MHorosapsaHble NpUMecHbIe LEHTPbI.

KnHeTtuyeckmne k0addmumneHTbl - NpOBOAMMOCTb, MOCTOsIHHAA Xonna n tepmo-34C.

ApendoBas ckopoCTb, ApendoBas 1 XOnIoBckas NOABMXKHOCTU, pakTop Xornna.

Apendosbin n AU PY3NOHHBLIN TOK. COOTHOLLEHNE DNHLUTENHA.

MexaHnambl pacceaHus HocuTenen 3apsaaa B HengearnbHOW peLleTke.
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498. BsaumopenicTBMe HocuTenen 3apsana ¢ akyCTU4eCKUMU U ONTUYECKUMN (DOHOHaMM.

499. PaccesHne HocuTenen 3apsga Ha 3apsKeHHbIX W HeWTpasrbHbIX MpUMecsX.
["ops4me aneKTPOHbI.

500. OrtpuuatenbHas anddepeHumansHasi NPOBOANMOCTb.

501. J3neKkTpuyeckne HeyCTONYMBOCTU; ANEKTPUYECKMEe JOMEHb! U TOKOBbIE LUHYPbI.

502. TleHepauus u pekoMBuHauns HEepaBHOBECHbLIX  HOcuTenen 3apsga.

KBasnpaBHoBecue, kBa3nypoBHu depmu.
503. YpaBHEHME KUHETUKM pEKOMBUHaLMN. BpeMeHa XunsHu.
504. doTONPOBOAUMOCTD.

505. MexaHu3msbl pekoMBuHauun. NanyyatenbHaa v
6e3bl3nyyarenbHas pekombunHauus. Me>x3oHHas pekomMOunHauus.
PekombuHaumnsa yepes ypoBHU npumecen n gedekton. LieHTpbl npununaHms. Oxe-
pekoMbuHauus.
506. [lpocTpaHCTBEHHO HEOOHOPOAHble HEepaBHOBECHbIE pacrpeneneHnusi HocuTenen
3apsga.

507. AmbunonapHasa gudpdysns.

508. J3ddekT [embepa.

509. [OnuHa anddy3nm HepaBHOBECHbLIX HOCUTENEN 3apaaa.

510. Cxema 3aHepreTU4Yeckux 30H B KOHTAKTe MeTas-nonynpoBOAHNK.

511. O6oraweHHble, 0befHEHHbIE U MHBEPCUOHHbIE CITIOM NMPOCTPAHCTBEHHOro 3apsaa
BONM3N KOHTaKTa.

512. BonbT-amnepHas xapaktepucTtuka 6apbepa LLoTTku.

513. OHepreTnyeckas guarpamma p-n nepexofa. VIHXeKuMsi HEOCHOBHbLIX HOCUTENEN
3apsiga B p-n nepexoge.

514. T[eTeponepexonbl. QHEPreTUYeCcKne gmarpaMmmbl r eTepONepPexXonoB.

515. Bapwu3oHHbIe NONyNnpPOBOAHUKMN.

516. [loBEPXHOCTHbIE COCTOSIHUS U NOBEPXHOCTHbIE 30HbI.

517. WckpuBneHue 30H, pacnpegeneHune 3apsga v noteHumnana sB0nm3n noBepxHOCTH.

518. T[loBepxHOCTHas pekoMbuHaums

519. TammoBckue ypoBHU. CKOPOCTb NOBEPXHOCTHON peKoMOUHaLMN.

520. KomnnekcHas AunanekTpuyeckad nNpOHMUAEMOCTb, MokasaTeslb MpenomMieHus,
KO3 PUUMEHT OTpaxeHus, KoadpduumeHT nornoweHnsa. CBsasb Mexay HUMKU U
cooTHoweHnsa Kpamepca-KpoHura.

521. Mex3oHHble nepexonbl. Kpan cOBGCTBEHHOro MNOrMOWEHNS B Crydae MnpsMbiX U
HenpAMbIX, paspeLUleHHbIX U 3anpeLleHHbIX Nepexoaos.

522. B3KCUTOHHOE nornowieHne un nanyyeHne. CnoHTaHHOE U BbIHYXAEHHOE U3NyYeHMe.

523. [llornowieHne ceeTa Ha cBOBOAHbIX HOCUTENSX 3apsiaa.

524. TlornoweHne ceBeTa Ha konebaHusix peweTkn. PaccesHne cseTa konebaHusamu
peLleTkn, KOMOUHAUNOHHOE paccesiHne Ha OnTMYeckux ¢oHoHax (PamaHa -
JlanHpcbepra), paccesitHue Ha  akycTudeckux  goHoHax  (bpunniwoaHa -
MaHgensLitama).

525. BnwuaHue npumecen Ha onTuyeckne cBOMCTBA. [1pMecHas CTpyKTypa ONTUYECKUX
cnekTpoB BOMM3NM Kpass COOBCTBEHHOrO MOrMOWEHUS B MPSIMO30OHHbLIX U
HENPAMO30HHbIX NOSTYNPOBOAHUKAX.

526. MexnpumecHas wusnyyaTenbHass pekomMOuMHauusi. 3SKCUTOHbI, CBs3aHHblE Ha
NPUMECHbIX LIeHTpax.

527. Ontun4yeckne ABNEHUS BO BHELWHUX nondax. Addekt dpaHua-Kengpiwa. ekt
Mokkenbca.

528. J3ddekT byptenHa-Mocca.
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529. OddekTbl Dapages n donrta.

530. [lMpumecHas wu cobcTBeHHass poTonpoBoAUMOCTb. Bnunanne npununaHms
HepaBHOBECHbIX HOCUTenen 3apsaga Ha oTONPOBOANMOCTb.

531. OnTtun4yeckas nepesapsgka JokanbHbIX YPOBHEW WU CBSA3AHHblE C HeN 3dhdeKThbI.
TepmocTumynuMpoBaHHas NPoOBOAUMOCTb.

532. ®doTopasorpes HocuTenen sapsaaa.

533. ®DOoTOANEKTpOMarHUTHbIN 3PdEKT.

534. AmopdHble U CcTeknoobpasHblie nonynpoBogHMKU. CTpyKTypa aTOMHOW MaTpuubl
HeKpucTannmyeckmx nonyrnpoBoOAHNKOB.

535. WpeanbHoe cTekno.

536. [MapupoBaHHbIE aMOPHbIE MONYNPOBOLHUKM.

537. OCOBEHHOCTM 3MEKTPOHHOrO 3HEPreTMYEeCKOro CrnekTpa HeynopsiaoOYEeHHbIX
nosynpoBOAHUKOB. [1NOTHOCTb COCTOSAHMI. Jlokannsauma 3neKTPOHHbIX COCTOSIHUN.
Llenb nogBmXHOCTH.

538. JlernpoBaHune HeKpucTanInyeckmx nonyrnpoOBOAHNKOB.

539. MexaHuambl nepeHoca HocuTenen 3apsga. [pbpkkoBas NPOBOAUMOCTb. 3akoH
MoTTa.

540. CnekTpbl ONTUYECKOrO MOrMOLEHNA HEKpUCTanNnIMyecknx martepuanos. [MpaBuno
Ypbaxa.

541. HecrtauyuoHapHble npouecchl. OnpepeneHve apendoBOM MOABMXKHOCTUM MO
n3MepeHnam BpemeHn nponeTa. IMCNepCUOHHLIN NepeHOC.

542. BnusHue BHELLHUX BO3OENCTBUN Ha CBOWCTBA HeKpucTanInyecknx
nonynpoBOAHUKOB. MeTacTabusbHble COCTOAHUA.

543. PasmepHoe KkBaHTOBaHue. [IByMepHbIE U KBa3NABYMEPHbIE AIIEKTPOHHbLIE CUCTEMBbI
N CTPYKTYPbI, B KOTOPbIX OHW peanuayoTcs.

544. KoHTpa- M KOBapuaHTHble KOMMO3ULMOHHbIE CBEPXPELLUETKN, HNernpoBaHHbIE
CBEpXpeLUeTKN NermpoBaHus.

545. KBaHTOBble HUTWU. KBAHTOBbIE TOYKM.

546. JHepreTMyeckui CNekTp SNEKTPOHOB N NNIOTHOCTb COCTOSIHUI B 3TUX CUCTEMAX.

547. OnTuyeckne SBMeHUS B CTPYKTYpax C KBAHTOBbIMW siMaMu, npaeuna otbopa ans
MEX30HHbIX U BHYTPU3OHHbIX (MEXMNOA30HHbIX) NepexoaoB.

548. MeX30HHOe NorrnoLeHe N nanydyatenoHass pekoMbrHauna B 3TUX CTPYKTypax.

OKCUTOHBI B KBAHTOBbIX IMax, KBaHTOBO-pa3MepHbIn adpdekT LTtapka.

549. JnekTpuyeckne W ranbBaHOMarHUTHbIE $ABMEHUS B [OBYMEPHbIX CTPYKTypax.
O dekT LybHMKoBa-ae Maasa.

550. O6uwee npeacrasneHne o kBaHToBOM achpekte Xonna.

551. BonbTamnepHas xapakTepucTtuka p-n nepexoga. Mpnbopsbl ¢ UCnonb30BaHMEM P-N
nepexoaos.

552. TyHHenbHbIM agnon. Avoa MNaHHa. bunonapHebin TpaH3ucTop. Tupuctop.

553. OJHepreTudeckas guarpamma CTPYKTypbl MeTann-ananekTpuk-nonynposogHm 554.
Monesble TpaHaucTopbl Ha MIA-cTpykTypax. Mpnbopsl ¢ 3apsiA0BON CBA3bLIO.

555. LWymbl B NonynpoBOAHUKOBLIX Npubopax.

556. ®oToanemeHTbl U1 oTtoamoabl. CnekTpanbHas  YyBCTBUTENbHOCTb U
obHapyxuTenbHasa cnocobHOCTb.

557. [NonynpoBOOHMKOBbLIE [LETEKTOPbl SAEPHbIX U3NydeHUn. PoToINEeKTpudeckue
npeobpasosartenu, KN npeobpasoBaHus.

558. Csetoamoapbl 1 NonNynpoBOAHUKOBbIE Nasepbl. HXEKUNOHHbIE Nnasepbl HA OCHOBE
ABOWHOWN reTepoCTPYKTYpbI.
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559. Mcnonb3oBaHWe HaHOCTPYKTYp B nonynpoBOAHUKOBbIX
npmnbopax. eTepoTpaH3nCTop C ABYMEPHbIM 3MEKTPOHHbIM rasom (HEMT).
560. [eTeponasepbl Ha OCHOBE CTPYKTYP C KBAHTOBbLIMU SMaMM W KBAHTOBbLIMU TOYKaMMU.
561. Pe30HaHCHOE TYHHeNMpoOBaHMe B ABYXOapbepHOMIeTEPOCTPYKTYPE N PE3OHAHCHO-
TYHHEnNbHbIN Anod. 562. OnTnyeckuii MoaynATop Ha OCHOBE KBAHTOBO-Pa3MepHOro
adpdekTa LWTapka.

PA3OEN 3. OBPA3EL KOHTPOJIbHO-USMEPUTEJIbHOIO MATEPUATA

Bunet Ne1 (1.3.3 TeopeTuyeckas pmsmka)
1. YpaBHEHMA 3neKTPOMArHUTHbIX BOSIH B CMJOWHON cpefe. YpaBHEHUs nonst B
OTCYTCTBUE ANCMNEPCUMN.

2. CnuH. OnepaTop cnnHa. YpaBHeHue NMaynn. ToHkasi CTPyKTypa aTOMHbIX YPOBHEN.
Oddekt 3eemaHa. 3. OHeprua depmu.
MoBepxHOCTb Pepmu.

Bunet Ne2 (1.3.4 Pagnodusunka)
1. MeToabl  NpUOGAMXKEHHOrO  pacCMOTpeHus  konebaTenbHbIX  CUCTEM.
KonebaHuns B KOHType C HENUHENHOW NHOYKTUBHOCTbIO.
2. YpaBHeHne ®okkepa-lnaHka-Konmoroposa. lNoHATMEe «Genoro» wyma. 3.
Camokomnpeccusi BofTHOBbIX NakeToB. CONUTOHbI ornbatroLLmx.

Bunet Ne3 (1.3.6 OnTtuka)
1. OnTnyeckne CBOWCTBA  OOHOOCHbIX W OBYOCHbIX  KpuctannoB.  [lBonHoe
ny4yenpenioMneHue.
2. Cchepuyeckne 3epkana u nMH3bI.
3. PaccedHne cBeTa B OuCNepCHOM cpede; ypaBHeHuMe nepeHoca, Auddy3MOHHOe
npuénmxeHmne.

Bunet Ne4 (1.3.8 dusnka KOHAEHCUPOBAHHOIO COCTOSIHUSA)
1. MpeomeT Teopun Bo3MyLLEHWUI. [TonpaBKkn K COGCTBEHHBIM 3HAYEHUAM U
BOJTHOBbIM (DYHKLUNSAM B TEOPUU BO3MYLLEHUI
2. PacnpegeneHve NNOTHOCTU COCTOSIHUN B CTPYKTYpax C KBAHTOBLIMU SMaMu, B
KBAHTOBbIX HUTSX 1 ToYkax. 3. KonebaHus pelweTtkun - POHOHbI. AKycTnyeckas m
onTu4eckasi BeTBu kornebaHu.

Bunet Ne5 (1.3.11 ®dusmka nonynpoBOAHMKOB)
1. CummeTpusa KpucTanmnoB. TpaHCnsuuMOHHas CcuMMeTpusi Kpuctannos. basuc u
KpucTannuyeckasa CTpykTypa.
2. Mex3oHHOe nornoleHne n nanyyaTtenbHas pekoMonHaums B 3TUX CTPYKTypax.
3. TyHHenbHbIM agnoa. Avoa NaHHa. bunonapHein TpaH3ncTop. Tupuctop.
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PA30EN 4. KPUTEPUU OLEHKU 3HAHWUWA NPETEHOEHTOB HA
NOCTYNMNEHUE B ACINTUPAHTYPY

BcTtynutenbHoe ucnbiTaHne OUEHMBAET 3HaHUA B oObGnactm COOTBETCTBYHOLLEN
Hay4yHOM OUCUMNSIMHBI, HaBblkKM W CMNOCOOHOCTM MOCTynawLwWmx, Heobxoaumble On4
obyyeHns nNo nporpamMmMam  acnuMpaHTypbl, peanudyembiX [PYynnon  Hay4HbIX
crneunanbHocTen acnnpaHTypbl 1.3 dnsnyeckne Hayku. OKk3amMeH BKIOYAET OTBETLI HA TpH
TeopeTnyecknx Borpoca MO TemMam MporpamMmMmbl  BCTYMUTENbHLIX WUCMNbITAHUMA B
acnmpaHTypy No COOTBETCTBYIOLLEMY NPOduUo. Bonpock SBRSTCA paBHO3HAYHbIMM MO
CNOXHOCTU. YPOBEHb 3HaHMIN NocTynatoLero oueHmBaeTcsa no 100-6annbHoOM cucteme.

KpuTepum oueHMBaHUs pe3ynbTaTtoB OTBETa Mo YPOBHAM (OLeHKaMm)

OueHka KpuTtepum oueHku

91 - 100 6annos (1. [laeT pasBepHyTbIN 1 NpaBUIbHbIN OTBET Ha NOCTaBfIEHHbIE
B 9K3aMeHaLUNOHHOM GuneTte n ONosHUTENbHbIE BONPOCHI.

2. M3naraeTt maTtepuan B Norm4eckon nocriegoBaTefnlbHOCTH,
rPaMOTHbIM Hay4YHbIM S3bIKOM.

3. [MokasblBaeT HaBblKW NPAKTUYECKOrO NCMNOSb30BaHUSA
NprobpeTeHHbIX 3HaHUN, a TakKe 3HaHMe UCTOYHUKOB.

61 - 90 6annos 1.[daeT HegocTtaTtoyHO rnybokMe OTBETbl Ha MOCTaBfEHHbIE B
9K3aMeHauMoHHOM OuneTe u AOoNOMHUTESbHbIE BOMPOCHI. 2.
[lonyckaeT HeCcyLLeCTBEHHbIE OLUNBKM B N3NOXKEHUN
TeopeTn4ecKoro matepumana, CamoCcTOSATENbHO NUCNPaBEHHbIe
nocre JOMNOMHUTESNbHOIO BOMpOCca 3Kk3ameHaTopa.

30 - 60 6annos 1.[laeT oTBeTHI, cogepKalime OCHOBHYIO CyTb, HO MpY 3TOM
A0MNyCcKalTCs CyLLeCTBEHHbIE OLLIMOKN.

2. VicnbITbiBaeT 3aTpyaHEHNS NpU OTBETE Ha BONPOCHI
aKk3ameHaTopoB. TpebyeTcs yToUHsOWME N HaBogALWME

Bonpockl 3. [leMOHCTpUpyeT HapyLLEHME FIOTUKM U3FOXEHMS.

29 6annoB u meHee | 1.  OBHapyxvBaeT He3HaHWe WM HenoHumMaHue Haunbornee
CYLLECTBEHHOM YacTW BOMPOCOB MO 3K3aMeHaUMOHHOMY  Bunety
U AONOJSTHUTENbHBIM BOMPOCaM 3K3aMeHaTopa.

2.  [JonyckaeTt cyLiecTBeHHbIE OLNBKK, KOTOpbIE HE MOXET
ncnpaBnTb C MOMOLLbIO HABOASILLMX BONPOCOB 3K3aMeHaTopa.

3.  [OemoHcTpupyeT rpyboe HapyLleHMe NOrMKN U3NOXEHMS.

lMporpamma BCTYNUTENbHOMO WUCMbITaHUS oJobpeHa pelleHneM Y4yeHOro coseTa
duandeckoro dakynbTeTa (npoTokon ot 12.12.2024 Ne9).



