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OBLUME YKA3AHUA

BcTynuTenbHble UCMbITaHWUs MO rpynne Hay4YHbIX cneumanbHoOCTel acnupanTypbl 1.3
dusnyeckme HaykM oxBaTblBAlOT CTaHAaApTHble pasfenbl YHUBEPCUTETCKUX KYypCOB MO
dusnke n pagnodusmke. Takke nNpoBepsitoTcs Gas3oBble YMEHUss MaTemMaTU4ecKoro
annaparta.

Mporpamma BCTYNUTENbHBLIX MCMNbITAHWIA, NepeYeHb BOMPOCOB, CTPYKTypa KOHTPOSbHO-
N3MepUTENbHOIO MaTepuarna u KpUTepun oLeHMBaHUS NPUBEOEHbI HUXKE.

NOPANOK NPOBEAEHUA BCTYNMUTEJIbHbIX UCMNbITAHUA

BcTynuTenbHoe mcnbiTaHne npoBoauTcs B YCTHOW chopme Ha ocHoBe GuneTos. B
Ka)goM ak3aMeHauunoHHoM Gunete no 3 Bonpoca. MNoarotoBka k oTBeTy coctaensiet 90
MUHYT. 3agaHus oueHuBatoTcss oT O oo 100 GannoB B 3aBUMCUMOCTM OT MOSHOTbI M
NpaBUNbHOCTN OTBETOB.

PA3OEN 1. PA3OENbI U TEMATUYECKWU MINAH
1. TEOPETUYEKASA ®U3UNKA

1.1. Teopetunyeckaa MexaHuKa. KaHOHMYECKME ypaBHEHUs, ypaBHeHue
MamunbTOHa, ckobku [lMyaccoHa, Teopema JlnyBunns, ypaBHeHue [amunbToHa-Akobw,
pasgeneHue nepeMeHHbIX.

1.2. dnekTpoanHamMmKa

[lencteme Ons anekTpoMarHUTHOro nonsd. YpaBHEHUS 3MeKTPOMarHUTHOro nosng.
UeTbipexmMepHbIi BEKTOP TOKa. YpaBHEHUE HeNpepbIBHOCTU. MIOTHOCTb U MOTOK SHEPrUu.

OneKkTpoMarHUTHble  BOMHbl.  BonHoBoe  ypaBHeHue.  [lnockue  BOSHbI.
MoHoxpomaTuyeckas nsiockas BonHa. CnektpanbHoe pasnoxeHue. [MondapusaunoHHble
XapaKTepUCTUKN U3NYyYeHUs.

YpaBHEHUS 9NEKTPOMArHUTHbIX BOSIH B CMSIOWHOW cpefe. YpaBHeHMs nond B
OTCyTCTBME Jucnepcuun. [ucnepcus ONSNEKTPUYECKOW npoHuuaemocTtu. [lnockaqa
MOHOXpoMaTudeckas BonHa. PacnpocTpaHeHne anekTpoMarHUTHbIX BONH. OTpaxeHue n
npenomreHve.

WHTepdepeHums ceeTa. BpemeHHast U NpOCTpaHCTBEHHAs! KOT€PEHTHOCTb.
NHTepdepomeTpbl. Andpakumnsa ceeta. NpubnmkeHns PpeHensa n GpayHrodepa.

M3nyyeHne cBeTta aTtomMamu wn Monekynamu. LupuvHa nvHUM  KU3nNyYeHus.
CnoHTaHHble U BbIHYXXAEHHble nepexoabl. Jlasepbl. Bsanmogencrteme ceeta v BewecTsa.
3akoHbl hoToahdekTa. 3akoH CtedaHa - bonbumaHa.

1.3. KeaHTOBasi MexaHuKa

YpaBHeHne LpeaunHrepa. OcHOBHble cBoWCTBa YypaBHeHus LpeauHrepa.
OpHomepHoe  aBwxkeHue.  OQHOMEpPHBIN  OCUMAMATOP. [MnoTHOCTb  noToKa.
KBasuknaccuyeckas BoniHoBasi yHkum4. MNpoxoxaeHue yepes bapbep.

O6wme cBonCTBa [AOBWXKEHUSI 4YacTuubl B LUeHTpanbHOM none. PagnanbHoe
ypaBHeHue LLpeguHrepa. Atom Bogopoaa.

CnuH. OnepaTop cnuHa. YpaBHeHue aynu. ToHkas CTpyKTypa aTOMHbIX YPOBHEWN.
AddekT 3eemaHa.

CrtonkHoBeHusa 4actuy. Obwaa Teopusa. BopHoBckoe npubnmkeHue. PaccesHue
3apsbkeHHbIX YacTtuy (dopmyna Pesepdopaa).

HectaunoHapHasa Teopusa Bo3myLleHun. KBaHToBble nepexoabl. 3010Toe NpaBunio
®epmun. U3nyyeHme ceBeta atomamu u  Monekynamu. LWupuHa nuHUMKM un3nyyeHus.
CnOHTaHHbIE U BbIHYXXAEHHbIE Nepexoabl.
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OnNEKTPOHHbIE COCTOSIHUS. MpuHumn  ®paHka-KoHAoHa.  ONEKTPOHHbIe
konebaTenbHble U BpallaTenbHble CNEKTPbI.

AnepHble cunbl n nx ceonctea. CtaTuyeckme CBONCTBa sigep (pasmepbl U oopma,
3Heprusi CBA3N, CrMH U YETHOCTb COCTOSAHUMN, NEKTPUYECKUN U MArHUTHBIN MOMEHTDI).

Mogenu atomMHbiX sgep. KanenbHas, obonodeyHas, o606LeHHas mogenuv saep.

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

1.4. Cratuctnyeckas ¢usmnka, ¢usmyeckaa KuHeTUKA U du3suka
KOHAEHCUPOBAHHOIO COCTOSIHUA

PacnpepeneHne ®epmu-[upaka. BblpoXaeHHbIM — uaeanbHbIn  pepMu-ras.

PacnpepeneHne bo3e-OnHwTenHa. BoipoxaeHHbln 603e-ra3. KoHgeHcaumnsa Bose-
OnHwWTenHa. PaBHoBecHOe TennoBoe nsnyyeHne. dopmyna MnaxHka.

KuHeTtnyeckaa teopus rasoB. KuHetudeckoe ypasHeHue bornbumaHa. H-Teopema.
OnddpysmnoHHoe npubnmkeHmne. YpasHeHne ®okkepa-lnaHka.

Apunabatnyeckoe n OQHOINEKTPOHHOE NPUBNMKEHNE.

BbiBoa ypaBHeHUst XapTpu-®oka ¢ KpucTanmyeckum noteHunanom. dPusndeckum
cmMmbIcn onepaTopa Xaptpu-d®oka. 3o0HHOE NpnbnmKeHne

TpaHcnaunoHHasa cummeTpus KpuctannoB. Teopema brnoxa. ®PyHkumm brioxa.
Ob6paTtHasa pelweTka. 30Hbl bpunnioaHa. 3oHbl BpunntoaHa KyOGuMYecKux KpuUCTanmos.
lMepunogmnyeckme rpaHnydHble ycnosus bopHa-KapmaHa. YpaBHeHWe ana nepuoamnyeckomn
YacTn oyHKuum broxa.

pynna BonHoBoro BekTopa. Metog cnabown cBaAsn. MeTog CUNbHOW CBA3WN.
OddekTnBHAA Macca kBasndacTtumubl. NMNOTHOCTbL SNEKTPOHHBLIX COCTOSIHUMN.

OHeprua depmun. lMoBepxHoCcTb depmu. TemnepaTypHble 3aBUCMMOCTU YPOBHS
depmMum M KOHUEHTpauuM HocuTenenm 3apsiga  (COBCTBEHHBLIM  MONYNPOBOLHMK).
PaBHOBeCHble KOHLEHTpaLuuMmn 3MNeKTPOHOB M AbIpOK B 30Hax (obwmmn cnydan). Metoabl
pacyeTa 3feKTPOHHOro CnekTpa.

OneMeHTapHas Teopus JloKamnbHbIX 3JHEpreTM4eckux ypoBHeW. PaBHoOBeCHble
KOHUEHTpaumMm 3neKTPOHOB UM  AblpOK B 30Hax (obwwur cnyyan). MeTtannbl,
NOSTYNPOBOAHUKN U OUINEKTPUKM C TOYKM 3PEHNSA 30HHOTO NPUBAKEHUS.

2. PAOUOPUIUNKA

2.1. Teopusa konebaHnmn

KoHcepBaTuBHble KonebaTernbHble CUCTEMbI. YCMNOBUS BO3HWKHOBEHUS COCTOSIHWUSA
paBHoBeCUs. I30XPOHHbIE N HEM3OXPOHHbIE KONnebaHus.

das3oBasi nNnockocTb M a3oBoe NpocTpaHcTBO. Ocobble TOYKM B HENMHEWHbIX
cuctemax. ®as3oBbli NOPTPET MasTHMKA C 3aTyxaHueM. Ocobasi Touka Tuna «LUEHTP».
Ocobas Touka Tuna «censnio». YCTOMYNBOCTb CTaUMOHAPHbIX ABVKEHUNA.

Knaccuyeckne konebartenbHble cucTeMbl. KayecTBeHHOE paccMoTpeHne KonebaHum
MasTHUKa. HaxoxgeHume cKoOpoCTM Ha cenapatpuce kKonebaHun maatHuka. COnuvToH.
HenuHenHbIn kKOHTYp 6e3 3aTyxaHus. KonebaHusa B KOHType C HEMMMHENHON EMKOCTbIO pP-n
nepexoga. [locnepoBatenbHbln konebaTtenbHbI KOHTYP. KonebaHus B KOHType C
HESIMHENHOWN €MKOCTbIO C CEMHETOANEKTPUYECKOWN CONbIO.

IdunccunaTtuBHble konebatenbHble cuctembl. KonebaTenbHbl KOHTYP C MarbiM
HerMHenHbIM 3aTyxaHueM. JIMHENHbIN KOHTYP C MOCTOAHHbIM 3aTyxaHuem. Bugbl TpeHus.
Cyxoe TpeHue. JInHenHoe TpeHue. KBagpaTuyHoe TpeHue. BblHyXaeHHble konebaHus B
HEerMHeMHOW  KOHCepBaTMBHOM  CUCTEeMe  NpU  rapMOHUYECKOM  BO3OEUCTBUMW.
BbIHy>XaeHHble KonebaHnsa B NMMHENHbIX CUCTEMAX.

MeToabl NpUBNMKEHHOrO paccMOTpeHust kornebartenbHbix cuctem. KonebaHus B
KOHTYype C HEenMHEeNHOW WHOYKTMBHOCTbLI. MeTon nocnegoBaTenbHbIX MPUONMXKEHUI.
MeTtoa komnnekcHbix amnnutyg. Metoa JleeHapa. MeTon rapmoHuyeckoro 6GanaHca.
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MeTon MeaneHHo wMeHswwmxes amnnutyd. Metog wusoknvH. Metog noartanHoro
pacCMOTPEHUS.

2.2. OCHOBbI pagMoO3NeKTPOHUKU, CTaTUCTUYECKasa paanodmnsmka

CnekTpanbHbln  aHanu3  MNepuoaudeckux U Henepuoauvyeckux  CUrHaros.
lMpeobpasoBaHue Pypbe N ero 0CHOBHblE cBoncTBa. KomnnekcHasa ornbatowiasi, nonHas
(ra3a M MrHOBEHHas YacToTa Y3KOMOSIOCHOro curHana.

CnekTpanbHbli MeTod aHanu3a MnpOXOXKOEHUS CUrHaroB 4epes3 JUHeNrHble
cTauunoHapHble cuctemsbl. NpocTtenwure auddepeHumnpyowme U HTerpypylowmne uenu.
MMnynbCHble XapakTePUCTUKN JIMHEWHbIX CTaUMOHAPHbLIX Lenel U uUX HaxoxaeHue C
NOMOLLIbIO OrepaTopHOro MeTtoaa.

IdunckpeTHoe npeobpasoBaHme Pypbe, anroputm ObiCTporo npeobpasoBaHnsa Pypbe
(Bro).

MeTofbl CMHTE3a NUHENHbIX LMpoBbIX hunbTpos. CornacoBaHHbIE PUILTPBI.

OCHOBHble  MNOHATMS  Teopuu  crydarHbliX npoueccoB. CTauMoHapHble W
HecTauMoHapHble CryYanHble NpoLecchl N Cnocobbl NX ONUCaHUS.

KoppenaunoHHo-cnekTpanbHas Teopus criydarHblx npoueccoB. Teopema BuHepa-
XWH4YNHA. BbluncneHne cnekTpanbHOW NNOTHOCTU. Bosgencrsne LWYMOB Ha JIMHEWHbIE
CUCTEMBbI.

MapkoBckue npouecchbl. YpaBHEHNE MAPKOBCKOro npouecca. YpasHeHne Pokkepa-
lNMnaHka-Konmoroposa. [MoHATMEe «Benoro» wyma. 3ameHa pearnbHOro Criyd4amHoro
npouecca MapKkOBCKUM NPOLECCOM.

CtaTuctnyeckmne xapaktepuctmkm ormdatoLLen n gasbl y3KonosI0CHOr0 HopMarsbHOro
cnyydyamHoro npouecca. DyHKUMA pacnpefeneHns n  KoppensumoHHas  (OyHKUMS
ormbarowwen. PyHKUMA pacnpeqeneHms gasbl.

Be3blHEpPUMOHHbIE M WHEPUUOHHble HemnuvHenHble npeobpasoBaHns  LUIYMOB.
[eTekTupoBaHne WHepPUUOHHbIM AeTekTopoM. MeTon orubatowien, meTon ypaBHEHUN
Konmoroposa-®okkepa-lnaHka.

Wymbl B aBToreHepatopax. PacnpepeneHve amnnutygbl, WWPUHBI U POPMbI
CneKTpanbHOW NNHUMN.

lMyaccoHoBckui npouecc. [po6oebin wym u dopmyna LWoTtTtkn. Cny4vainHble
nocrnegoBaTenbHOCTU UMMYNbLCOB W UX ChekTpanbHasi MAOTHOCTb. TensioBON LUYM.
Knaccuyecknin n KBaHTOBbIV BapuaHT dpopmMynbl HankeucTa.

MHTepnpeTaums ob6paboTkn CUrHanoB 1 cnyyYanHbIX NPOLECCOB Kak 3agadva Bbibopa
peweHusi. OBHapyxeHue w BblgeneHwe curHana. [lpoctas M cnoxHasi rmnoTesbl.
[MpocTpaHCcTBO HAGNOAEHUI, CUTHANOB 1 pelleHnid. banecoBckne cuctemsl.

ToyeuHble W WHTepBasnbHble OUEHKN. JM@eEKTUBHbIE OUEHKN. HepaBeHCTBO
Kpamepa-Pao. [locTaTOYHOCTb W COCTOATENbHOCTb OLEHOK. banecoBckuMe OueHKMW.
OueHkn MmakcnmansHoro npaesgonogodus. OueHkn napameTpoB CrydYanHbIX NPOLIECCOB.

2.3. ®n3unkKa BOJSIHOBbIX NPOLIECCOB

BonHoBoe ypaBHeHue. [1510cKkne BOMHbI B OOHOPOAHOM M30TponHoun cpeae. NoHaTue
0 BonHax. [pvmepbl BOMHOBLIX ABWXeHUA. BonHOBOe ypaBHeHMe 1 ero mogudukaumn.
YpaBHeHuss MakcBenna B KOMMNeKcHoW dopme. [londpusauus BOMH. OHeprus
anekTpomarHuTHoro nons. MNnockue BonHbl. PacnpocTpaHeHre anekTpoMarHUTHbIX BOSH
B NornoLjarumx cpegax.

PacnpoctpaHeHne  BOMH B AguCNeprupylowmx  cpefax. KomnnekcHas
ananekTpudeckass npoHuuaemocTb. CBA3b Mexay Aucnepcuen 1 MNOrfoweHneM.
Aducnepcusa  anekTPOMarHUTHbIX BOSIH B HEMOSISAPHbLIX W MNOMSPHbIX OUINIEKTPUKAX.
[AnanekTpuyeckas NpoHNLAeMOoCTb cpea co cBoboaHbIMU 3apsgamu. BonHOBOW nakeT B
aucneprupyroLlen cpege.

PacnpoctpaHeHve BOMH B aHM3OTPOMHbIX cpedax. TeH30p AN3NEKTPUYeCcKom
npoHuuaemocTun. JlyyeBon BekTop. PacnpoctpaHeHne nNioCKNX BOMH B KPUCTaANSNYECKMX



5

cpepax. PacnpocTtpaHeHne nnockux BOSTH B MarHUTOAKTUBHOM nNnasme. PacnpocTpaHeHune
3MEeKTpPOMarHUTHbIX BOSH B peppuTte. [MpoTponus MoHocdepbl.

PacnpocTpaHeHne BOMH B HEMMHEWHbIX cpefax. YpaBHEHUS AN HENMUMHENHbIX BOJSTH.
MeToaq MeOneHHO W3MeHSLWNXCa aMmnutyd.  Ycnosue ¢asoBOro CUHXpPOHU3MA.
"eHepauuns BTOpon rapMoOHUKK. TpéxyacToTHble B3anmoaenctemsa. CooTHoweHna MaHnu-
Poy. PacnagHas HeycTon4nBoCcTb BONH. CaMOBO34ENCTBME BOSIH.

Teopusa andpakummn. PacnpocTtpaHeHne orpaHu4eHHbIX BOMHOBLIX NyykoB. MeTon
Kupxroda n dyHkums puHa B Teopuu gudopakuuu. YTrroBOW CMEKTP MSIOCKUX BOJSH.
Mapabonunyeckoe ypaBHeHMe B Teopuu audpakumn. Oudpakums rayccoBa BOSHOBOMO
nyyka n cOKyCMpPOBAHHOIO MyykKa.

CamoBO3encTBME BOSTHOBLIX NMYYKOB W BOSTHOBbLIX MAKETOB B HESIMHEMHbIX cpedax.
HenuHenHas pedpakums npwu 6e3abeppayoHHOM n abeppauynoHHOM
CamMoBO34eNCTBUUNYYKOB. BonHoBogHoOe pacrnpocTpaHeHue ny4ykoB. Camokomnpeccus
BOJIHOBbIX NakeToB. CoOnMTOHbI OrnbatoLmX.

3. OnTuka

3.1. AneKTpoMarHuTHasi Teopu1s ceeTa

YpaBHeHns Makceenna. Bektop YmoBa-lNonHTuHra. BoniHoBoe ypaBHeHue. [nockue
n cdepudeckne BonHbl. [Mapabonunyeckoe npubnwmxkeHne. Mogbl cBoboaHOro
npocTtpaHcTBa. Pa3oBas 1 rpynnoBasi CKOpOCTU CBeTa.

Monspusaumsa ceeta. Bektop [xoHca. lMapameTtpbl Ctokca. Cdhepa [lyaHkape.
PacueTHble meToab! [xoHca n Mionnepa. Tunbl nonapusaumMoOHHbIX YCTPOUCTB.

OTpaxeHne u npenomneHve cBeTa Ha rpaHuue pasgena W3oTPonHbIX cpes.
®opmynbl OpeHens. lNonHoe BHYTpeHHee oTpaxeHue. KomnnekcHaa auanekTpudeckas
npoHuvuaemoctb. OTpaxeHune cBeTa OT MOBEPXHOCTM MpoBOAHUKA. [nybuHa
NPOHNKHOBEHWS.

PacnpocTpaHeHne cBeTa B aHM3OTPOMHbLIX W M3OTPOMHbIX cpefax. BomnHoBble
NoBEPXHOCTU B Kpuctannax. Jlyum u BonHoBble HopMmanu. 3nnuncoug PpeHens.
OnTuyeckne cBONCTBA OAHOOCHbLIX U ABYOCHbIX KpUCTannoB. [JBonHOe nyyenpenomMreHume.
KoHnyeckass pedpakuma. Onektpoontuyeckme adpdpektol Keppa wu  [Mokkenbca.
OnTtnyeckasa akTMBHOCTb. AhdhekT Papages.

Ontuka pgswkywmxcsa cped. Onbitbl du3o n MankenbcoHa. [lpeobpasoBaHus
JTlopeHua. lNpoaoneHbIn 1 nonepeYHbln adpdekTobl Jdonnnepa.

3.2. leomeTpuyeckas onTuka

ACUMNTOTUYECKOE peLleHMe BOSIHOBOrO YypaBHeHud. [‘eomeTpo-onTuyeckoe
npubnmxkeHve. YpaBHeHne arkoHana. Ob6rnactb NPUMEHEHUs1 Ny4eBOro MpPUBIIMKEHUS.
MpuHumn depma. NoMoUeHTpUYECKME MYYKN.

lMoHAaTne onTuyeckoro nsobpaxeHus. lNMapakcnanbHoe npubnmxkeHune. NpenomnexHve
Ha cdepunyeckon noBepxHocTn. Cdepudeckme 3epkana m nmH3bl. ObpasoBaHne KayCTuk B
OonTMYecknx cuctemax. [eomeTpuyeckme abeppaumm TpeTbero u 6onee BbICOKUX
nopsiakoB. Xpomatumyeckasa abeppauna. Tunbl onTudecknx npnbopos.

3.3. UHTepdepeHuns n aucpakumsa CBeTOBbIX BOJH

WHTepdepeHLms 4YaCTUYHO-KOrepeHTHOro uanyyvyeHusi. KomnnekcHast cTeneHb
KorepeHTHocTU. Teopema BaH-UuTtTepTa - LlepHuke.

[ByxnyyeBasas ©  MHoronyyeBasi WHTepdepeHums. CpasuroBas W Cnekn-
nHTepdepomeTpmna. MHOrocnonHble NOKPbITUS.

Oudopakuusa. OudpakumoHHble wHTerpansl Kmpxroga - [loureHca. [Oudppakums
®peHena n dpayHrodepa. dpdekt Tanbbo. Bnuanune andpakumm Ha paspeLuaroLlyto
cuny cuctem, obpasyrwmnx nsobpaxerHue. QudpakumoHHasa peleTtka. Napabonuyeckas
Teopua andpakumm; rayccos nyd4ok. ABCD —meToa; KOMMNIIEKCHbIM NapamMeTp KPUBU3HBDI.



OcobeHHOCTN audpakumMm HEKOrepeHTHOro usnyyeHusi. OCHOBbl BEKTOPHOW Teopumn
andopakumn.

ObpaTtHble 3agaun Teopun audpakumn. CHMHTE3 ONTUYECKUX SNEMEHTOB.
KnHoopmHas onTuka.

3.4. Teopusi N3ny4eHUs1 U B3aMMOAENCTBUSA CBETOBbIX BOJIH C BELLECTBOM

Knaccuyeckaa Teopusi B3aMMOAEWUCTBUS WU3MyYeHUs C BellecTBOM. PesoHaHcHoe
npubnmxkeHne. [ucnepcnoHHble cooTHoweHna Kpamepca - Kponura. OnTudeckue
HyTaumn. Ontudeckuin adpdekTt LTapka. POTOHHOE 3XO0 M CaMOWMHAYLMPOBaHHas
npospayHocTb. ConuToHbl. PenakcaumoHHble nNpouecchl. YpaBHeHue Ans mMatpuubl
nnoTHocTn. CamocornacoBaHHble YpaBHEHUS AONA Mons, nonspusauun M pasHoCTU
3acernieHHocTen. APAEKT HaCbILLEHWS.

3akoHbl TennoBoro nany4veHnda. ®opmyna MNnaHka. PoToadhdeKT.

KBaHTOBaHMe nons. OnepaTopbl pPOXOEHUS WU YHUYTOXEHUS  (POTOHOB.
aMuNbTOHMAaH KBAHTOBaHHOMO nongd. KOMMyTaunmoHHbIE COOTHOLLEHUSA ANA ornepaTtopos
nons.

OAOHOMOTOHHbIE U  MHOrO(POTOHHbIE Mpouecchbl. BeposaTHOCTU CNOHTaHHbLIX U
BbIHY>KAEHHbIX nepexonoB. KoadduumeHTbl SMHWwTenHa. KBagpynonbHble U MarHuTo-
annonbHble nepexoabl. KoonepatmBHble adpdekTol. CBepxuanyyeHmne. KorepeHTHoe 1
KoMOMHaUNOHHOE paccesiHus.

HenuvHenHble BOCNpuMMMYMBOCTU. PacnpocTpaHeHne BOSIH B HENIMHEWMHOW cpefe.
MeToq MeOneHHO MEeHSWMXCa aMnnuTyd. YcrnoBue CUHXpoHu3ma. [eHepauns
ONMTUYECKUX  TFAPMOHMUK. TpéxBonHOBOE  B3aMMOAeunCTBUE. MapameTpunyeckoe
npeobpasoBaHue YyacTtoTbl. CamodokycupoBka ceeTa. BbIHy>KaAeHHOe 1 KOMOMHaLNOHHOe
paccedaHune. BblHyXaeHHoe paccesHue MaHaenbwtama-bpunniosHa. HeTbIpEXBOTHOBOE
B3anmogencteme. O6palleHne BONHOBOrO ¢poHTa. BelwectBo B CBEPXCUMBHOM
CBETOBOM Mofe.

3.5. Ctatuctnyeckas ontuka

BpemeHHas n NPOCTpaHCTBEHHAS KOrepeHTHOCTb  CBETOBbIX  MOMew;
KoppensumoHHble  (byHKUMM  NepBOro WM BbicwKx  nopsagkoB.  CnekTpanbHoe
npeacrtaesneHne. Teopema BuHepa-XuHYnHa.

NHTepdepomeTpua nuteHcmHocten. OnbiT bpayHa-Teucca.

KBaHTOBble CBOMCTBA CBETOBbIX Monen. PoOKOBCKOE, KOrepeHTHoe U cxartoe
COCTOSIHME Nonsi.

Pacnpepenerne bose-OnHwTtenHa. MNapameTp BbipoxaeHus nons. lNyaccoHoBckas,
cybnyaccoHoBCcKad W cyneprnyaccoHoBcKad cTtatuctuka ¢oToHoB. CBSA3b CTATUCTUK
dOTOHOB M poToOTCYETOB, dopmyna MaHgens gnsa pacnpegeneHns OoTOOTCHETOB.
Apoboson Lwym.

Cratnctnyeckme cBOMCTBa Na3epHOro U3nyyeHus.

3akoH Kupxroda n wWymbl KBaHTOBbIX Yycunutenen ceeta. DNyKTyauUoOHHO-
AnccunalmoHHasa Teopema.

KoppenaunoHHasa cnektpockonusa. OdeKTbl rpynnmMpoBKN U aHTUIPynnMpoBKY
POTOHOB.

CnoHTaHHOE napameTpuyeckoe paccesiHue cBeTa. buoToHbl. [lepenyTaHHble
cocTtosaHus ceeTa. OnTnyeckas peanusauunsa Kybutos n ux npeobpasosaHus. CocToaHUS
benna. Mapagokc AnHwTenHa-lNoaonsckoro-Po3eHa. HepaseHcTBa benna.

CTaTuUcTMKa YacTUYHO NOSISIPM30BAHHOIO U3ny4deHus. MNMonsapusaumoHHasa maTpuua.

PacnpocTtpaHeHve BOSfH B criydaHO HeodHoponHou cpefe. KoppenauuoHHble n
CTPYKTYpHble OYHKUMK amnnuTtyabl U dgasbl. OnTtudeckne moaenum artmocepHomn
TypOyneHTHOCTH.

PaccesHue cBeTa B OUCNEpPCHOM cpefde; ypaBHeHMe nepeHoca, AnddysnoHHoe
npubnmxeHuve.

PaccesHue ceeTa B GuoTkaHu.



3.6. CnekTpockonus

CnekTpbl aTOMOB. CuCTEMaTMKa CNEKTPOB MHOrO3NEKTPOHHbLIX aTOMOB. TUMbl CBA3EN
anektpoHoB. OnpegeneHne Habopa TepmoB. WcxogHble TepMbl. MynbTunneTHas
cTpykTypa. NpaBuna otbopa. Baanmogencrame KoHGUrypauuin.

CnekTpbl monekyn. AgnabaTtndeckoe npubnmkeHve. pynnbl CUMMETPUM MOSEKYIT.
KonebatenbHble cnekTpbl. Knaccudpukauma HopmanbHbiX KonebaHui no  Tunam
cummeTpun. BoelpoxaeHune. PesoHaHc Pepmu. [NpaBuna otbopa B konebaTenbHbIX
crnekTpax nornoweHns M KOMBWHAUMOHHOrO paccesHud. BpalwlatenbHas CTpykTypa
konebaTenbHbIX NONOC. QNEKTPOHHbIE CrnekTpbl Monekyn. Knaccudukaumsa anekTpoHHbIX
COCTOSIHMM  AByXaTOMHbIX  Mornekyn. [puHuun  ®paHka-KoHgoHa. Tunbl  CBA3M
3IEKTPOHHOIO ABMXEHUS U BpaLLEHUS.

CnekTtpockonua TBepgoro tena. lNepexogbl non AencTBuMem cBeTa B maeanbHOM
Kpuctanne. lNornoweHne B MHpakpacHon obnactu cnekrTpa n B3auMmoaencTene ceeta c
doOHOHHOM noacucTemoMn. [epexoabl B af1IeKTPOHHOM noacucteme. lNornoweHne ceeTa B
MeTannax. 3anpelieHHas 30Ha M obnacTb NPO3PayvyHOCTU B ANSNEKTPUKAX. DKCUTOHbI
BaHbe-Motta u ®peHkensa. Obnactb dyHaameHTanbHoro nornoweHns. lNepexoabl ¢
OCTOBHbIX ypoBHeN. AhdekTbl Oxe n PaHo. SPdeKTbl Ha Kpasix OCTOBHOMO MOrNoLeHns:
EXAFS n XANES. lNMoHsaTne o nonsputoHax. CnekTpockonusa AedeKTHbIX COCTOSAHUIN B
Kpuctannax. ABTOMNoOKanu3auuMsi 9KCUTOHOB M [ObIpOK B AU3NEKTpukax. BTopudHble
adphekTbl B KpUcTannax: fnoMuMHecueHums, gotoammcens, gedekroobpasoBaHne nog
AencTemem ceeTa.

JTlommHecueHumsa. Knaccudukaums noMUHECUEHUUN NO ASIUTENBHOCTU CBEYEHUS U
cnocoby ee Bo3byxaeHus. MonekynapHasa n pekoMbuHaLMoHHaa MtoMUHeCUeHUMs. 3aKOH
Crtokca-Illommens. [lpaBuno 3epkanbHOM CUMMETPUM CMEKTPOB  MOMMOLWEHNA W
noMmHecueHuMn JleBlwnHa 1 yHMBepcanbHOe COOTHOLWeHue mexay Humm CTenaHoBsa.
3akoH BaBunosa. TpunneTHble COCTOSHUSA MOMEKY U UX pOfib B NpoLueccax gerpagaumm
N MUrpaunKn 3HEPrun anNeKTpoHHoro Bo3byxaeHus. Cxema TepeHuHa-Jlbtonca. TyweHue
(TemnepaTypHoOe, KOHLEHTpaLMOHHOE, NMOCTOPOHHUMM BeLecTBamMMu) JFIIOMUHECLEHLMN.
besbidnyyaTenbHbl NEPEHOC JHEPTNU INEKTPOHHOrO BO3OYxAeHus. JlloMuHecueHuus
MOJSIEKYNAPHBIX  KpucTannoB. Teopus [dasBbligoBa. KoonepaTuBHble npoulecchbl B
NIOMUHECLIEHLINN.

30HHaa Mogenb NIOMUHECLIEHUUN ONINEKTPUKOB. PasMHOXeHne 9neKTPOHHbIX
BO30OY)XOeHU B TBepAoM Tene. TepMOBbICBEYMBAHWE U MHGPaKpacHas CTUMyNsUUA.
[MpMMeHeHVe NMIOMUHECLIEHTHBIX KPUCTANOB B HAayKe, TEXHUKE U MeaULNHE.

3.7. dKcnepuMeHTanbHas U NpyUKnagHasa onTuka

MCTOYHMKM ONTUYEeCKOro u3nyyvyeHusi. Tennosble, rasopaspsgHble W JasepHble
NCTOYHMKN. CUHXPOTPOHHOE M3ny4deHne. OnTuyeckme matepuansl.

XapakTepucTuku MPUEMHMKOB  U3MYYEHUS: ChekTpanbHass W UHTerpanbHas
YyBCTBUTENbHOCTb, LWYMbl, MHEPUMOHHOCTb. [lpubopbl ¢ 3apsigoson ceasbio (M3C) -
NMHENKN, MaTpULbl.

TexHuka cnekTpockonuu. CBeToUNbTPbl, MNPU3MEHHbIE U AUdPAKLMOHHbIE
cnekTpanbHble  nNpubopbl, UHTepdepomeTpbl. dDypbe-cnekTpockonusi.  OCHOBHbIE
XapakTepucTukm Nnpnbopos: annapaTHas yHKUNSA, pa3peLleHne, cBeTocuna, AMCnepcus.
JTazepHas cnekTpockonusi.

3anmce u obpaboTtka onTuyeckon UHpopmauun. MexaHuam  3anMcn M
BOCNPOM3BEAEHNSA BOMHOBLIX NOSIEN C MOMOLLBIO ABYMEPHbBIX U TPEXMEPHbIX rofiorpamm.
Lindposble ronorpammel. NepexoaHble 1 nepegaTodHble (OYHKUUU ONTUHECKUX CUCTEM
06paboTkn nHpopmaumn. NsonnaHapHocTb. cnonb3oBaHne metogoB Pypbe-onTuku ons
ONTU4EeCcKon punbTpauun M pacnosHaBaHua obpas3oB. Koppekuusi U peKkoHCTPYKLUMS
n3obpaxeHnn. MeToabl KOMMNLIOTEPHOM OMTUKN.
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BornokoHHas onTtuka. Tunbl BOMIOKOHHBIX CBETOBOAOB. MoAbl ONTUYECKNX BOSTOKOH.
3aTtyxaHue n gucnepcua mod. HanpasneHHble oTBETBUTENN. BONOKOHHbLIE NNUHUN CBA3MN.
HenuHenHble apdeKTbl B ONTUYECKMX BOSTOKHAX.

3.8. OnTuKa naseposB

MprHumn paboTbl nasepa. CxemMbl Haka4vkn. Teopus Jlamba. SddekTbl 3aTArMBaHUA
4YacTOTbl U BbiropaHus ablp. JIamb6oBCckui nposan.

OnTtnyeckne pesoHatopbl. Mogbl onTnyecknx pesoHaTopoB. CBoOWCTBa Jla3epHbIX
My4KOB.

Tunbl nasepoB. TeepaoTenbHble nasepbl. [asoBble nasepbl: flasepbl  Ha
HEeNTpanbHbIX aToMaX, WOHHble Jla3epbl, MONEeKynspHble nasepbl, Nasepbl Ha
camMoorpaHuyeHHbIX nepexogax. Xumudeckue nasepbl. [lonynpoBogHMKOBLIE nasepsbl.
JTazepbl Ha LeHTpax OKpacku.

Pexumbl paboTbl nasepoB. HenpepbiBHbIE M MMMYNbCHbBIA pexuMbl. [MYKOBbIN
pexum. Mogynsaums [obpotHocTU. CuHXpoHu3aumsa mopn. eHepauumsi CBEPXKOPOTKUX
UMMynbCOB.

MpurHUUNBLI aganTUBHOW ONTUKK; KOPPEKLMNSA BONTHOBOIO (PPOHTA Jla3epHbIX My4KOB.

4. PUSNKA KOHOEHCUPOBAHHOIO COCTOAHUA

4.1. KaHTOBass MexaHuKa

OKcnepuMeHTarnbHble 060CHOBaHNA KBaHTOBOW Teopun. MaTemaTtunyeckuin annapat
KBaQHTOBOW MEXaHUKN.

Onepatopbl  humsmyecknx BenuumH. CoBCTBEHHblE (PYHKUMM U COOCTBEHHbIE
3Ha4yeHus onepaTopoB.

CocrtosiHne  pmsmyeckon  BENUYUMHBLL.  3HaAYeHNa  PU3NYECKMX  BENUYMH.
KoMMyTauUnOHHbIE COOTHOLLEHUS. NIHTerpanbl ABMXEHUS.

CtaumoHapHble cocTosHUSA. CNekTp cucTeMsl.

MocTynaTbl KBAHTOBOM MeXaHUKN. PU3NYECKNA CMbICI BOSTHOBOW (PYHKLINN.

MpuHumMn cynepnosunumn. MNpuHuMn HeonpegeneHHOCTEN.

YpaBHeHne LUpéanHrepa B KoopauHaTHOM npeactaBneHun. O6wmne cBoncTBa
OAHOMEPHOro ABMXeHUs. [AInCKpeTHbIN cnekTp. MNoTeHumarnbHble SMbl.

OaHoMepHbIN 3-noTeHuman.

OpHomepHas 3agava paccesHusi. HenpepbiBHbIN cnekTp. MNoTeHumanbHble 6apbepbi.
KoadhpmumneHT npoxoxxaeHus.

["apMOHMYECKnn ocunNATop

OnepaTtop MoMeHTa umnysnbca. KoMMyTaunoHHble COOTHOLWEHUS. OpbuTtanbHbIn 1
CMNHOBLIM MOMEHTbI nMmnynbsca. Matpuubl MNaynu. MNonHbIN MOMEHT UMMNYybCa CUCTEMbI

3agava oByx ten. LleHTpanbHO-CMMMETPUYHOE norne

MpeameT Teopun Bo3MyLLEHMI. [TonpaBkn K COBCTBEHHBIM 3HAYEHUSIM U BOSTHOBbBIM
PYHKUNSAM B TEOPUM BO3MYLLEHUMN.

BapuaunoHHbin npuHumn. Keasmknaccmnyeckoe npnbnmxkeHue.

KBaHTOBas auHamuka. HectaumoHapHoe ypaBHeHue LLpéanHrepa.

Mepexoabl B KBAHTOBO-OM3NYECKNX cUCTEMax. 3050Toe npasusio depmu.

4.2. ®U31MKa KOHAEHCUPOBAHHOIO COCTOSIHUA

BeegeHne.

lMpeoMeT, OCHOBHbIE TEOPETUYECKME N SKCNEPUMEHTAsbHbIE MEeTOAbI N NPobrembl
dusnkm TBepgoro Tena. CTpyktypa TBepAbIX Ten

Kpuctannuyeckne n amopdgHble Tena. TpaHCNAuMoHHasi CUMMETPUS.
OnemeHTapHas syenka. PeweTkn bpaBe. To4YeyHble 1 NPOCTPaHCTBEHHbIE FPYNMbl.
OcobeHHOCTN pacnpoCcTpaHEHUs BOMH B NEpUOANYECKMX CTPyKTypax. 3akoH Bynbda-
Bperra. O6patHas peweTtka. 30Hbl Bpunnoana.
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HedekTbl B Kpuctannax. ToyedHble gedekTbl, X obpasoBaHme n anddysms.
BakaHcun. ATomMbl BHeapeHus. KombuHaumm atomMHbix aedektoB. Kpaesble 1 BUHTOBbIE
ancnokauuun. Bektop Broprepca. QHeprus gucrnokaumn. Nepenons3aHue u CKOMbXeHue.
PaamHoxeHune ancnokaumn. ictouHuk ®paHka-Puaa. BrnivsHmue pagnaumoHHbiXx,
MeXaHU4eCKUX, TEPMUYECKNX BO3OENCTBUN HA pearibHY0 CTPYKTYPY TBepAbIX Ten. Tunbl

Xnmudeckom cBasn. CTpyKTypHble U prsmnyeckme 0COBEHHOCTU NOHHBIX,
KOBaNEeHTHbIX, MeTanIMyecknx U MOSeKynapHbIX KpucTannoB. [NOTHeWWwme ynakoBKu.
OHepreTUYecknin CnekTp KpUCTansos.

OnuncaHue aHepreTM4eckoro COCTOSIHUSA KpucTarna npy noMoLLM rasa KBasn4acTull.
Mpumepbl kBasndacTul. POHOHbI, MarHOHbI, NNA3MOHbI U Ap. ONEKTPOHbI B MeTanne Kak
kBasn4dacTtuubl. KBasunmnynsc. 3akoH gucnepcuun. Teopema brioxa. ['paHnyHbIe ycnoBuS.
lMnoTHocTb cocTosiHMi. CTtaTtucTuka rasa kBasudactvy. Bo3oHbI M, PEPMUOHBI.
Bsaumopgencreume kBasmyacTtu,.

KonebaHus pelueTkm - pOHOHbI. AKyCcTMYeckast U onTuyeckast BETBM KornebaHui.
TennoemkocTb peweTkn. [lebaeBckas vactoTa. ®aktop [ebaa-Bannepa B paccesHum
PEHTFEHOBCKMX fny4en. AHrapMOHMN3M 1 TENSIOBOE pacLluMpeHme.

ONEKTPOHHbIE COCTOAHNA B KpucTannax. OgHO3NEeKTPOHHAA Moaenb.

MpnbnuxeHne cunbHoOM 1 cnabown cea3n. 30HHAA Cxema 1 TUMbl TBEPAbIX TEN.
BbIpOXXAEHHbBIN 3NEKTPOHHLIN ra3. OreKTpoHHas TensioeMKocTb. [loBepxHoCcTb depmu.
TeH3op aheKTMBHLIX Macc. INEKTPOHbI M Ablpkn. LlmknoTpoHHas macca. NonoxeHue
depmMu ypOBHA B HEBLIPOXAEHHbLIX MOMNYNPOBOAHUKAX. ONEKTPOHHbIE KUMHETUYEeCKue
CBOWCTBa TBepAbIX Ten.

KnHeTnyeckoe ypaBHeHUe. OnekTpo- U TensionpoBoaHOCTL. BpemeHa penakcauuu.
MexaHn3Mbl paccesHus ANekTpoHOB. PaccesdHne Ha npumecsx u gedektax. OneKkTpoH-
(POHOHHbIE CTOSIKHOBEHUS. HopManbHble npoueccsl, npouecckl nepebpoca.
MarHutocnpoTusneHune n adpgekt Xonna.

MeTannbl ¢ 6onbLon gnnHon npobera anekTPoHOB. AHOMAasbHbLIN CKUH-3QOEKT.
LINKNOTPOHHBIN pe3oHaHC 1 padMmepHble 3ddeKTbl. [TPOHMKHOBEHNE 3MEKTPOMArHUTHOMO
nonsa B metann. 'enukoHbl. KBaHTOBaHMe opbuT B MarHnTHoM none. AdpdekT ae-laasa-
BaH-AnbgeHa.

MonynpoBOAHMKN. DNEKTPOHHAsA CTPYKTypa TUMUYHbBIX NOMYNPOBOAHMKOB.
[epmMaHuin. Y3KO30HHbIE MOSMYNPOBOAHUKN. MpuMecHble YpoBHU. [JOHOPbLI U akUenTopbl.
TemnepaTypHas 3aBMCUMOCTb NPOBOAMMOCTHU, p-n nepexoabl. POToNpoBOAUMOCTb.
PekombuHauusa n penakcauus HepaBHOBECHbIX HOocuTenen. lopsaune Hocutenu. ekt
MaHHa.

MexaHun4yeckne, onTU4eckme, MarHMTHble CBOMCTBA TBEPAbIX Ten.

TeH30p ynpyrnx NOCTOSIHHbIX 1 ynpyras geopmMauus. NMnacTtmyHOCTb KPUCTansos.
Mpenen TekyvyecTn. YnpoyHeHue. BHyTpeHHee TpeHue.

MexaHu3mbl nornoweHns oToHoB. NornoweHne cBO60AHLIMU HOCUTESSIMM.
PeweTo4Hoe nornoweHne. MHOrooHOHHbIE npouecchbl. KomOnHaunoHHoe paccesiHue
cBeTa B kpuctannax. lNornoweHne cea3aHHbIMKM HocuTensmu. MNpasuna otéopa.
MexXay30HHbIe KOCble U NpsiMble Nepexobl. QKCUTOHBI. JlloMMHecLeHuns. BpemeHa XnsHu
BO3OYyxaeHun, dnoopecueHumns. besbiznyyatenbHble nepexobl. KBaHTOBbIA BbIXO4,
NIOMUHECLEHLINN.

AnamarHeTnam cBo60AHOro aneKkTpoHHOro rasda. CnMHOBbLIN NapamarHeTn3m. 3akoH
Kiopun. ®eppomarHetnam. MonekynsipHoe none Bericca. O6bMeHHOe B3anmoaencrame.
deppomMarHuTHble OOMEHbl. JHeprus  aHu3oTponun. [JOMeHHas CTeHkKa.
AHTUdeppomarHeTukn. PeppuThbl.

AnanekTpukn. APdEKTMBHOE None. SNEKTPOCTPUKLUNSA N NMbE30INEKTPUYECTBO.
MMPOSNEKTPUKN N CErHETOINEKTPUKN. DNEKTPUYECKUN TMCTEPEUC, aHOManNun
PU3NYECKMX CBONCTB CEMHETOINEKTPUKOB B 06N1acTn ha3oBbiX NEPEXOA0B.
MonekynsapHble KpucTanmnsbl.
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TepmoanHamuka n gasoBble nepexodbl. PaBHoBecue das. PasoBble nepexoqpl | v
Il poga. dnykTyaunn. TBepable pacTBOpbl M NPOMEXYTOYHbIE (ha3bl. PaBHOBeCKE B
MHOIFOKOMMOHEHTHbIX cucTtemax un npaswusnio ¢as. Ouarpammbl paBHoBecusi. KnHeTuka
hasoBbIx NpespalLeHuin. g dysnoHHble n 6e3anddysnoHHbie npespawieHms. C

CeepxnpoBoamocTb.  OCHOBHble  CBOMCTBA  CBEPXMPOBOAHUKOB.  OddeKT
MewncHepa. CsepxnpoBogHukn | n 1l poga. Buxpn n Buxpesble CTpykTypbl. OCHOBBI
MUKPOCKOMUYECKON U TepMoanHaMmmnyeckon Teopun. Kyneposckue napebi.
OHepreTmyeckas LWernb W KBasndacTuubl B CBEPXNPOBOAHMKE. TYHHENbHbIN 3ddEKT.
AddekT [xo3edcoHa.

JKcnepMeHTarnbHble MeToAbl (PU3MKM TBEPAOro Tena

PeHTreHorpacus: meTogbl UccrnefoBaHna naeanbHOM U peanbHOW CTPYKTYPbI.
anekTpoHorpadus 1 anNekTPoHHas MUKpockonua. HenTpoHorpadus: ynpyroe u
Heyrnpyroe KorepeHTHoe paccesiHue, UccrnefoBaHUe MarHUTHbIX CTPYKTYP U (POHOHHbLIX
cnektpoB. Oddekt Méccbayapa. IAMNP, AMP. 3Onektpuyeckme v ranbBaHOMarHUTHbIE
N3MepPEHNS Kak MeTobl M3YyYEHUS ANIEKTPOHHOM CTPYKTYPbl KPUCTAoOB 1 cocTaBa
npumMmecen B nonynpoBogHukax. OnTuyeckne MeToAbl UCCNefoBaHUS: BO3MOXHOCTH,
CBsi3aHHbIE C UCMOb30BaHMEM Jla3epHbIX NCTOYHUKOB CBETa.

4.3. Pu3nKa HU3KOpa3MepHbIX CTPYKTYpP

PasmepHoe kBaHTOBaHMe. OCHOBHbI€ TUMbl HAHOCTPYTYP WU UX KBaAHTOBO-
MexaHu4eckue mogenu. KBaHToBOe orpaHUyYeHne n pasMmepHOCTb NEKTPOHHOW CUCTEMbI.
OrieMeHTapHble HAHOCTPYKTYPbl: KBAHTOBbIE SAMbl, HUTW, TOYKW, MONYNPOBOAHWUKOBbIE
CBepXpeLueTKu.

ONEKTPOHHbIE CBOMCTBA KBAHTOBbLIX HU3KOPA3MEPHbIX CTPYKTYP. OHepreTuyeckum
CMEKTP U BOMNHOBble PYHKUMWN 3MEKTPOHHOro rasa. [oa30Hbl pa3sMepHOro KBaHTOBaHUS.
PacnpegeneHne NNOTHOCTU COCTOAHUI B CTPYKTYpPax C KBAHTOBbLIMU SiIMamMu, B KBAHTOBbIX
HUTAX U TOYkax. PaBHOBECHble KOHLEHTpauun SMNeKTPOHOB B CUCTEMax MOHMXEHHOW
pasMepHOCTU. OHepreTUYecKUn CrnekTp cBepxpelleTku. BrnvsHue Ha aHepreTundeckun
CMEKTP MarHUTHOro nonsi. OPMEKTUBHOE MOHMXKEHNE Pa3MEPHOCTU CUCTEMBI. YPOBHMU
NNanpay. [OBwxeHWe onekTpoHa B OOHOPOAHOM 3rieKTpuyeckom rnone. bnoxosckue
ocumnnsaumn. JlectHuua yposHen LUtapka. [ByMepHbIM 9nekTpOHHbI ra3 B MUAM
CTPYKTypax. OCHOBHblE  MOSIOXKEHUA  Teopuu NPUNOBEPXHOCTHON  obnacTu
NPOCTPaHCTBEHHOrO 3apsiga nonynpoBogHuka [apetta m bpattenHa. 3aBMCUMMOCTb
3MEKTPOCTaTUYECKOro MnoTeHuMana OT KOOpAWHATbl B pPEeXUMe CUMbHOW WHBEPCUN.
Ycnosus obpasoBaHnsa [OBYMEPHOrO 3fIEKTPOHHOrO rasa B uMHBepcHom cnoe MOl
CTPYKTYpbl. KBaHTOBO-MexaHuyeckast mogenb npunosepxHocTtHon O3 nonynpoBogHuKa.
MeToabl pacyeTa  aHepreTudeckoro  cnektpa. CamocornacoBaHHbI — pacuyer.
Mpubnuxenne  TpeyronbHoro noteHumana. KeaHToBbIM  npegen.  [NOTHOCTL
pacrnpeferneHnst KBaHTOBbIX COCTOAHUN. [1oBEpXHOCTHAA KOHUEHTpauusa 2D aneKTpoHOB B
nog3oHax pasmMepHOro KBaHTOBaHMSA. 3aBUCUMOCTb MAOTHOCTM 3apsiga OT KOOpAWHaTbI.
OKpaHMpOBaHNE 3NEeKTPUYECKOro nons.

KuHeTnyeckne adppektel B ABYMEPHbIX HAHOCTPYKTypax. Bpemsa penakcauuun wm
NOABWXHOCTb HOCUTernen B ABYMEPHOM 3reKTPOHHOM rase. MexaHu3smbl paccesdaHus.
KuHeTnyeckne aBneHust B ABYMEPHbIX CTPyKTypax. KBaHToBaHWe JlaHgay v ocumnnauum
BaHbe-LUTtapka. MogynuposaHHoe rnervpoBaHue. [loneBble TPaH3UCTOPbI Ha 3IEKTPOHAaXx
C BbICOKOW MOABWMXHOCTLIO. Bannuctuyeckun TpaHcnopT. lMpubopbl BannmMcTuyeckoro
TpaHcnopTa. KBaHToBbIM a¢pdpekT Xonna. LlenoyncneHHbln KBaHToBbIN 3¢ppekT Xonna.
[OpoOHbI KBaHTOBbIN 3PeKkT Xonna um ero uHTtepnpetauus. [OpobHble 3apsgbl U
NPOMeXyTo4YHasa ctatucTuka. KomMnosnTHble (hepMUOHBI.

5. PUSUKA MNMOJNYNPOBOAHUKOB

5.1. XuMunueckas cBsi3b U aTOMHasi CTPYKTypa nonynpoBOgHUKOB
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ONeKTPOHHas KOHUrypaumsa BHELWHUX O0BONoYeKk aToMOB M TUMbl CUM CBA3U B
TBepabIX Tenax. BaH-gep-BaanbcoBa. MOHHAsA N KOBareHTHasa CBA3b.

CTPYKTYpbl BaXXHENLLNX NOMYNPOBOAHNKOB - ariemeHToB AV, AV coeanHeHun TMNos
A BV, AnBVI, AIVBVI_

CummeTpusa kpuctanmnoB. TpaHCnauMoHHass cuMMeTpust KpuctannoB. basuc wu
Kpuctannuyeckasi CTpykTypa. OnemeHTapHas sdenka. [NpuMuTuBHaa sdenka. Adenka
BurHepa-3enTtua. Pewetka bpase. O603Ha4YeHMs1 y3noB, HanpaBreH U NAOCKOCTEN B
kpuctanne. ObpaTHas pelleTka, ee ceoncTBa. 3oHa bpunnioaHa.

Mpumecn w©n  CTpyKTypHble OedekTbl B KpUCTanMyeckux U aMOpHbIX
nonynpoBoAHMKax. XuMuYeckad npupoga W 3NEeKTPOHHblE CBOWCTBA MNpUMeECeNn.
To4yeuHble, NUHEeNHbIE U ABYMEpPHbIE AedeKThI.

5.2. OCHOBbI TEXHOSIOIMU NONYNPOBOAHUKOB U MeTOAbI onpeaeneHust nx
napameTpoB.

MeTofbl BblpalnBaHna 06BbEMHbBIX MOHOKPUCTASNOB U3 XXNOKOW U ra3oBon ¢has.

MeTofbl BblpaluMBaHUS anMTakCUanbHbIX MAEHOK (ANUTaKCUSA U3 XXUOKOW U ra30BON
dasbl).

MonekynapHo-nyyeBas anutakcus. MetannopraHnyeckas anuTakcus.

MeToabl nermpoBaHus NonynpPoOBOAHNKOB.

OcHoBHble MeTOAbl onpefeneHna napamMeTpoB MNOMYNPOBOAHMKOB:  LUMPUHBI
3anpeLLeHHON 30Hbl, NOABWXKXHOCTM U KOHUEHTpauum cBOBOAHbLIX HOCUTENEn, BpeMeHM
YXN3HN HEOCHOBHbIX HOCUTENEN, KOHUEHTpaumn 1 rnyObuHbl 3aneraHns ypoBHeN npumecen
N gedekTos.

5.3. OCHOBbI 30HHOW TEOPUMU NOSTYNPOBOAHUKOB

OcHoBHble NpUBNMXKEHNA 30HHOW Teopun. BomnHoBas yHKUMA 3MEKTpoHa B
nepuoanyeckom none kpuctanna. Teopema bnoxa. 3oHa bpunnoaHa. QHepreTnyeckme
30Hbl.

3aKkoHbl aucnepcun AOns  BaKHEWWWMX MOMynpoBOAHMKOB. W303HepreTnyeckune
noBepxHoCTU. TeH3op obpaTHon addekTnBHOM Macchl. [1NOTHOCTL COCTOSIHUMN.
OcobeHHocTN BaH-XoBa.

YpaBHEHNS [OBWKEHUA ONEKTPOHOB M AObIpOK BO BHEWHWX nonsx. MeTtog
adpeKkTnBHON Maccbl. WCKpUBRNEHWE SHepreTM4YecKUX 30H B IIEKTPUYECKOM norse.
[BVXXeHne aNeKTPOHOB M AbIPpOK B MarHUTHOM none. OnpegeneHne a@eKkTMBHbIX Macc
N3 UMKNOTPOHHOrO (AMamMarHMTHOro) pesoHaHca. CBs3b 30HHOW CTPYKTYPbl C ONTUYECKUMN
CBONCTBaMM MosynpoBOgHUKA.

YpOBHM 3Hepruun, cosgaBaemMble MNPUMECHLIMU LIEHTpaMu B MNOSyNpOBOAHUKAX.
[oHopbl 1 akuenTtopbl. Menkne n rnybokne ypoBHu. BogopononogobHblie npuMecHbie
LEHTpbI.

5.4. PaBHOBeCHasi CTaTUCTUKA 3NIEKTPOHOB U AbIPOK B NONYNPOBOAHMUKAX

dyHKUMA pacnpegeneHns anekTpoHoB. KOHUeHTpauna aNekKTPoHOB M AbIPOK B 30HAX,
apPeKTMBHAA MINOTHOCTb COCTOSAHUN. HEBBIPOXKAEHHbLIM U BbIPOXAEHHbIM 3NEKTPOHHbLIN
(ablpoYHbIn) ra3. KoHueHTpaunm anekTpoHOB 1 AbIPOK Ha JIoKanbHbIX YPOBHSX. PaKkTopbl
BbIPOXOEHUS MPUMECHBIX COCTOAHUN.

MonoxeHne ypoBHA PepMun U paBHOBECHAS! KOHLIEHTPaLMs 3NIEKTPOHOB U AbIPOK B
COBCTBEHHbIX W NPUMECHbIX  (HEKOMMEHCUPOBAHHbLIX U KOMMNEHCUPOBAHHbIX)
nonynpoBoaHukax. MHorosapsgHble NPUMECHbIE LIEHTPbI.

5.5. KuHeTu4eckme siBneHus1 B NoslynpoBOAHMKaX

KuHeTnyeckme koapunumeHTsl - NPOBOAMMOCTb, NOCTOAHHas Xonna u tepmo-3[C.
HpendoBass ckopocTb, ApendoBad U XOSfioBCcKas MNOABMXHOCTK, dpakTop Xonna.
Apendobin n onddy3noHHbI ToK. COOTHOLLEHNE DMHLUTENHA.

MexaHu3ambl  paccesiHAst  HocuTenem 3apsga B HeugeanbHOW  peLueTke.
B3aumogencrteme Hocutenen 3apsga C akyCTUYEeCKMMW U ONTUYECKUMU (POHOHaMM.
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PaccesiHne HocuTenenm 3apsiga Ha 3apsiKeHHbIX U HeWTparnbHbIX npumecsx. [opsiume
3NEKTPOHbI.

OTpuuaTenbHas andpdepeHumansHas NPOBOANUMOCTb. QrnekTpuyeckme
HEeYyCTOMYNBOCTHU; ANEeKTPU4eCcKne AOMEHbI 1 TOKOBbIE LUHYPbI.

5.6. PekoMOGMHaLMA 3NeKTPOHOB U AbIPOK B NONYNPOBOAHUKAX

"eHepaums n pekoMbuHauus HEpaBHOBECHbLIX  HOCUTENewn 3apsga.
KBasnpaBHoBecue, KBasnypoBHu depmun. YpaBHEHNE KUHETUKN pekoMOBuHaumn. BpemeHa
XU3HU. POTONPOBOANMOCTD.

MexaHn3ambl pekombuHauun. NanyyatenoHas n 6e3bidnyvyatensHas pekomouHauus.
Mexx3oHHasi pekombuHaumsa. PekombuHauma 4depes3 ypoOBHW MNpuUMecerh U AedeKTOB.
LleHTpbl npununanuna. Oxe-pekoMmbrHaums.

[MpocTpaHCTBEHHO HEOOHOPOAHblE HepaBHOBECHble pacnpefeneHns HocuTenemn
3apaga. AwmbunonsipHas auddysma. Iddekt [Oembepa. [OnuHa anddysum
HepaBHOBECHbIX HOCUTeNen 3apsaa.

5.7. KOHTaKTHbIe ABNEeHUs B NONynpoBOAHUKaX

Cxema 3HepreTMyeckmx 30H B KOHTAKTe MeTans-nonynpoBogHuk. OborauleHHble,
obedHEHHblIE M MHBEPCUOHHbLIE CIIOM MPOCTPAHCTBEHHOrO 3apsga BOMM3M KOHTakTa.
BonbT-amnepHas xapakrepuctmka 6apbepa LLoTTkw.

OHepreTuyeckas auarpamma p-n nepexoga. MHXeKUuMss HEOCHOBHbLIX HOCUTENen
3apsga B p-n nepexoge.

eTeponepexoabl. QHepreTUyeckme anarpaMmmel r eTeponepexonos.

Bapu3oHHbIe NonynpoBOgHUKN.

5.8. CBoMCTBa NOBEPXHOCTU NMONYNPOBOAHMKOB

[MOBEPXHOCTHbIE COCTOSIHUA W MOBEPXHOCTHblE 30HbI. WICKpMBMNEHWEe  30H,
pacnpegeneHve 3apsga W noTteHumana BO6MM3M noBepxHOCTU. [loBepXHOCTHas
pekombuHaums.

A ekt nons.

TammoBckue ypoBHU. CKOPOCTb NOBEPXHOCTHOWM PEKOMBUHALNN.

5.9. OnTu4yeckme ABNEeHUsA B NONynpoBOAHMKAX

KomnnekcHas guanektTpuyeckad MNPOHULAEMOCTb, MoOKasaTernb MpenoMieHuns,
KOO(PPUUNEHT OTpaeHus, KoadbduumeHT nornoweHuns. CBsAsb Mexgy HUMKU ¢
cooTHowweHunsa Kpamepca-Kponura.

Mex3oHHble nepexoapbl. Kpan coBCTBEHHOro MOrMOWEHUS B Criyyae npsiMbiX U
HenpsiMbIX, paspeLUeHHbIX U 3anpeLleHHbIX NepexofoB. OKCUTOHHOE MOrfoLweHne U
nany4vyeHvne. CNOHTaHHOE U BbIHY>XOEHHOE U3ryveHune.

MornoweHne ceeTa Ha cBOBOAHbBIX HOCUTENAX 3apsaa.

MornoweHne ceBeTa Ha kKonebaHumax pelweTkn. PaccesHune cBeTa konebaHusmmn
peLeTkn, KOMBMHAUNOHHOE paccesHne Ha onTuyecknx poHoHax (PamaHa - JllaHacGepra),
paccesiHue Ha akycTmyecknx poHoHax (bpunntosHa - Mangensiwitama).

BrnnaHue npumecen Ha onTuyeckne cBOMCTBA. [lpMmecHas CTpykTypa OnTUYeCKnX
cnekTpoB BGMAM3M Kpasi COBCTBEHHOrO MOrMOWEHNA B MPSIMO30HHBIX U HEUPSMO30HHbIX
noslynpoBOAHUKAX. MexnpumecHasmsnyyaTenbHas pekoMbuHaums. OKCUTOHI,
CBsI3aHHbIE HA MPUMECHbIX LeHTpax.

OnTtnyeckne sBneHnss BO BHeWHUX nonsx. Adpdekt PpaHua-Kenabiwa. ddpgekTt
Mokkenbca.

A dekT bypwTenHa-Mocca.

OddekTol Papagesn n donrra.

5.10. ®doTO3NEKTPUYECKUe ABMEeHUA

MpumecHas 1 cobcTBeHHaa  pOTONPOBOAMMOCTb.  BnwungHue  npununanuns
HepaBHOBECHbIX HOCUTENEN 3apsaa Ha (boTonpoBOANUMOCTb.

OnTudeckas nepesapsgka nokarnbHbIX YPOBHEW W CBA3aHHbIE C HEN 3(PdEKTbI.
TepMocTMMynMpoBaHHasa NPOBOAUMOCTb.
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doTopasorpes HocUTeNen 3apsiaa.

POTOINEKTPOMArHUTHLIN 3P EKT.

5.11. HekpucTtannuyeckue nonyrnpoBOAHUKA

AmMopdHbIe M CTeknoobpasHble nonynpoBoAHMKU. CTpykTypa aTOMHOW MaTtpuubl
HeKpucTanmyeckmx nonynpoBoaHNKOB. MaeansHoe cTtekno. 'mapupoBaHHblie aMopgHbIe
NosTynpoOBOOHUKM.

OCOBGEHHOCTN  9NEKTPOHHOIO  9HEPreTUYEecKoro  Cnektpa  HeynopsiAOYeHHbIX
nonynpoBOAHUKOB. [1NOTHOCTbL COCTOSAHUI. Jlokanu3aunsa anekTPOHHbIX COCTOAHUN. LLenb
NOABWMXXHOCTH.

JlermpoBaHue HekpuCcTanIM4yecknx nonynpoBOAHNKOB.

MexaHu3mbl nepeHoca HocuTenen 3apsga. [lpbbkkoBasi NPOBOAMMOCTb. 3akoH
MoTTa.

CnekTpbl ONTUYECKOro MOrMoLWeHUss HeKpucTannmyecknx matepuanos. [lpasBuno
Ypbaxa.

HecTtaumoHapHble npouecchl. OnpenenenHne apendoBOon MOABMXKHOCTM MO
n3MepeHnam BpemMeHun nponeTa. [IMCnepCcnoHHbIN NepeHoc.

Bnnsanue BHELLHNX BO3OENCTBUIA Ha CBOWNCTBa HEeKpUCTanIM4YeCcknx
nonynpoBoAHNKoB. MeTacTabunbHble COCTOSHUSA.

5.12. lMonynpoBOAHUKOBLIE CTPYKTYpPbl MOHUXEHHOM PpPa3MepHOCTU U
cBepXpeLueTku

PasmepHoe kBaHTOBaHue. [IByMepHble 1 KBa3ngByMePHbIe 3NIEKTPOHHbIE CUCTEMBI U
CTPYKTYPbl, B KOTOPbIX OHM peanusytoTcs. KoHTpa- U KoBapuaHTHble KOMMO3ULMOHHbIE
cBepxpeleTKkn, NerMpoBaHHble CBepxXpelweTkn nermpoBaHusi. KBaHTOBble  HUTW.
KBaHTOBblE TOYKN. QHEPreTUYECKUN CNEKTP SNEKTPOHOB U NSIOTHOCTb COCTOSAHUN B 3TUX
cucTemax.

OnTnyeckne sBMNeHNA B CTPYKTYypax C KBAHTOBbIMM siMamu, npasuna oTbopa ansd
MEX30HHbIX U BHYTPU3OHHbLIX (MEXMNOA30HHbLIX) NepexodoB. MeX30HHOe MOorfnoLweHne n
nanydatenbHas pekoMbuHaumss B 3TUX CTPYKTypax. OKCUTOHbI B KBAHTOBbIX siMaXx,
KBaAHTOBO-pa3mepHbIn achdekT LLTapka.

ONEeKTpUYECKME U raribBAHOMarHUTHbIE SIBIIEHUS B ABYMEPHbIX CTPYKTYypax. O dekT
Ly6HukoBa-ae Naas3a. Obwee npeactasneHne o KBaHTOBOM adbcekTe Xonna.

5.13. MpuHUMNbI AeUCTBUA NONYNPOBOAHUKOBBLIX NPUGopoB

BonbTamnepHasa xapaktepucTtuka p-n nepexoga. [pmubopbl ¢ Mcnonb3oBaHnemM p-n
nepexoos.

TyHHenbHbIM anoa. uog MaHHa. bunonspHeIn TpaH3ucTop. TUpUcTop.

OHepreTuyeckas gnarpamma CTPyKTypbl METan-4uanekTprK-nonynpoBOAHUK

(MAM). Monesble TpaHaucTopbl HAa MAM-cTpykTypax. Nprbopbl ¢ 3aps40BON CBA3LIO.

LLlymbl B nONynpoBO4HMKOBLIX Npubopax.

doToanemeHTsl U doTtoamoabl.  CnekTpanbHas  YyBCTBUTENBHOCTb WU
obHapyxuTenbHas cnocobHOCTb. NonynpoBOAHUKOBbLIE AETEKTOPbLI AOEPHbLIX U3NTYYEHUN.
doToanekTpnyeckme npeobpasosatenu, KN npeobpasoBaHus.

CeeToanoabl 1 nonynpoBoAHMKOBbIE Nnasepbl. HXeEKLMOHHbIE nasepbl Ha OCHOBE
OBOVHOW reTepoCTPYKTYpblI.

Mcnonb3oBaHue HaAHOCTPYKTYp B NoNynpPOBOAHNKOBBIX npunbopax.
"eTepoTpaH3nCTop C ABYMEPHbLIM 3MEKTPOHHbIM razoM (HEMT). N'eTeponasepbl Ha OCHOBE
CTPYKTYP C KBAHTOBbIMW SiIMaMM U KBAHTOBbIMW TOYKaMu. Pe3oHaHCHoe TyHHennpoBaHue
B ABYxOGapbepHOMreTepoCTPYKTYpEe W PE3OHAHCHO-TYHHEMbHbIM Anogd. OnTuveckun
MOLYNATOP HA OCHOBE KBAaHTOBO-pa3MepHoro adppekra LLtapka.

PekomeHagyemas nutepartypa

OcHoBHag
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PA3OEN 2. NAPUMEPHbIA NEPEYEHb BOMPOCOB K 3K3AMEHY

Cucrtema KaHOHUYECKNX YpaBHEHUI B TEOPETUYECKON MeXaHUKe.
YpaBHeHue [[amunbToHa.

Ckobku MNMyaccoHa, Teopema JlnyBunns.

YpaBHeHue NamunbToHa-Akobun, pasgeneHne nepeMeHHbIX.
[encteme anga anekTpoMarHUTHOro nons.

YpaBHEHUS 3NeKTPOMarHMTHOro nons. YeTblipexmMepHbIN BEKTOP TOKa.
YpaBHeHWe HenpepbIBHOCTU. [MNOTHOCTb U NOTOK SHEPTUN.
OneKTpoMarHuTHble BOMHbl. BoriHOBOe ypaBHeHue.

lMnockue BonHbl. MOHOXpOMaTU4yeckasa nnockasi BosHa.

. CnekTpanbHOe pasnoxeHue.

. MonapusaumMoHHbIe XapakTePUCTUKU U3MYyHEHUS.

. YpaBHEeHUs aNeKTpOMarHUTHbIX BOSIH B CMIOLLHON cpefe.

. YpaBHeHMss nona B OTCyTCTBME aucrepcuun. [ucnepcuss  OUanNeKTpuyeckoun

NPOHULLAEMOCTH.

PacnpocTtpaHeHue anekTpoMarHUTHbIX BOMNH. OTpaXeHne 1 npenomsieHve.
NHTepdepeHuna ceeta. BpemeHHas n NpocTpaHCTBEHHAsS KOrepPeHTHOCTb.
WHTepdepomeTpbl.

Oundpakumsa ceeta. NpubnmxkeHns PpeHensa n PpayHrogepa.

M3ny4yeHne ceeTa aTomamu 1 monekynamu. LUnpuHa nuHumn nanyveHus.
CnoHTaHHbIe U BbIHYXXAEHHbIE Nepexoabl. J1asepsb!.

BaaumopencTeme ceeTa un BellecTBa. 3akoHbl oToadhdekTa.

3akoH CtedbaHa - bonbumaHa.

YpaBHeHue WWpeanHrepa. OcHOBHble CBONCTBA ypaBHeHus LLpeanHrepa.
OpaHomepHoe apwmkeHne. OQHOMEPHbIN OCLMANATOP.

MnoTHoCTb NnoToka. KBasuknaccuyeckasi BOSTHOBast OyHKUUS.

MpoxoxaeHue Yepes Bapbep.

O6Lwwme cBonCTBa ABWKEHNS YacTuLUbl B LLleHTpanbHOM none. PagnanbHoe ypaBHeHue
LWpeaunHrepa. Atom Bogopoaa.

CnuH. Onepartop cnuHa. YpaBHeHue lNaynu.

ToHKasa CTpyKTypa aTOMHbIX YpoBHeEN. ApdekT 3eemaHa.

CtonkHoBeHus YacTtul. Obwasa Teopus.

BopHoBckoe  npubnmkeHne. PaccesdHne — 3apsbkeHHbIX  Yactuy - (dopmyna
Pesepdopaa).

HecTaunoHapHas Teopusi BO3MYLLEHWIA. BaHTOBbIE Nepexoapl.

3onoToe npasuno ®epmu. N3nydeHne ceeta atTomamMm 1 MOsSiEKyraMmu.

WnpnHa nuHum nanyyeHuns. CnoHTaHHbIE U BbIHYXXOEHHbIE Nepexoap!.

OneKkTpoHHble cocTosHUA. MpuHumn dpaHka-KoHaoHa.

OneKTpoHHbIe konebaTtenbHble N BpallaTenbHble CNEKTPbI.

AnepHble cunbl 1 Mx ceoncTBa. CTtaTnyeckne cBomcTBa fgep (pasmepsl 1 opma,
9Heprusi CBA3u, CMUH U YETHOCTb COCTOSIHUI, SNEKTPUYECKNIA U MArHUTHBIA MOMEHTbI).
Mogenu atoMHbIX sigep. KanenbHas, obonoveydHasi, 0600LeHHas mogenv saep.
Anba-, 6eta- 1 ramma- pagnoakTMBHOCTU U UX OCHOBHbIE 3aKOHOMEPHOCTW.
PacnpepgenerHne ®epmu-Aupaka. BelpoxxaeHHbIM naeanbHbIn hepmMu-ras.
Pacnpegenenune bo3e-3OnHwTenHa. BelpoxaeHHbin 603e-ras.

KonaeHcaumsa bose-OnHwTenHa.

PaBHoBecHoe Tennosoe nsnyyeHne. dopmyna NnaxHka.

KnHeTnyeckaa teopusi ra3oB. KuHeTudeckoe ypaBHeHue bornbumaHa. H-Teopema
AnddysmoHHoe npubnuxkeHne. YpasHeHne ®okkepa-lnaHka.

AgnabaTnyeckoe n 0OHOINEKTPOHHOE NPUOBKEHNE.
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BbiBog, ypaBHeHUs XapTpu-doka C Kpuctannmyeckum noteHuuanom. dusmyeckui
cMbIci onepaTopa Xaptpu-doka. 3oHHOE NpmnbnmxkeHne

TpaHcnaynoHHas cummMeTpusa Kpuctannos. Teopema brnoxa. ®yHkumm bnoxa.
O6paTHas pelueTka. 3oHbl bpunntoaxa.

3oHbl bpunntoaHa Kybu4eckmx KpucTansos.

lMNepuogunyeckne rpaHnyHble ycnosus bopHa-KapmaHa.

YpaBHeHVe ansa nepunoanyeckon Yactn yHkumm bnoxa.

pynna BoniHoBoro BekTopa. Metoa cnabow ceasn. MeTtoa cunbHOW CBA3WN.

A dekTMBHAA Macca KBasnvacTulbl.

[MNOTHOCTE 3NEKTPOHHBIX COCTOSHUMN.

OHeprus Pepmn. NosepxHocTb Pepmun. TemnepaTypHble 3aBUCUMOCTU YPOBHS Pepmu
N KOHUEHTpaumn HocuTenen 3apsaa (Co6CTBEHHbIN NOMYyNPOBOLHMK).

PaBHOBeCHbIE KOHLEHTpaLMKN 3NeKTPOHOB M AbIPOK B 30HaX (06Lwmi crnyyan).
MeToabl pacyeTa aMneKTPOHHOrO CrekTpa.

OnemeHTapHaa Teopusi JOKamnbHbIX 3HEPreTU4eCKUX YpPOBHEN. PaBHoBeCHbIE
KOHLEHTpaLmMn 3NEKTPOHOB M AbIPOK B 30HaxX (06LWuKr cnyyan).

MeTannbl, NONYyNPOBOLAHUKM U ANSNEKTPUKN C TOYKM 3PEHUS 30HHOTO NPUBNMKEHNS.
KoHcepBaTuBHble konebaTenbHble CUCTEMbl. YCNOBUS BO3HUKHOBEHWSI COCTOSIHUSA
paBHoOBeCUS. M30XPOHHbIE N HEN3OXPOHHbIE KonebaHus.

das3oBasi NNOCKOCTb M rasoBoe npocTpaHcTBo. Ocobble TOYKM B HENMHENHbIX
cUcTeMax.

®a30BbIVi NOPTPET MaATHMKA C 3aTyxaHmeM. Ocobas Touka TUna «LUeHTp».

Ocobas Touka TMnNa «ceano». YCTOMYNBOCTb CTaLMOHAPHbIX OBUXKEHUN.
Knaccunyeckne konebatenbHble cuctembl. KayectBeHHOE paccmMoTpeHme konebaHum
MasiTHMKA.

HaxoxaeHne ckopoCTu Ha cenapatpuce konedaHmn masatHuka. CoOnMTOH.
HenvHenHbin KOHTYp 6e3 3aTyxaHus. KonebaHnsi B KOHTYpe C HENMMHENHON eMKOCTbIO
p-n nepexoaa.

MocnepoBaTernbHbIN KONebaTenbHbIA KOHTYP.

KonebaHus B KOHTYpE C HENMMHENHON EMKOCTbIO C CETHETO3MEKTPUYECKON COSbIO.
AnccunaTtusBHble konebatenbHble cucteMbl. KonebaTenbHbli KOHTYP C Manbiv
HeSIMHENHbIM 3aTyXaHUeM.

JINHENHBIN KOHTYP C MOCTOSIHHLIM 3aTyxaHuem. Buabl Tpenusi. Cyxoe TpeHue.
JInHenHoe TpeHune. KBagpaTtnyiHoe TpeHue.

BblHyXOeHHble  konebaHusi B HENUHEWHOW  KOHCepBaTMBHOW  cucTteme  npwu
rapMOHUYECKOM BO3AENCTBUMW.

BbIHY>XO€eHHble KonebaHns B SIMHENHbIX cucTemax.

MeToabl NPUBAMXEHHOIO PacCMOTPEHNS KoriebaTerbHbIX CUCTEM.

KonebaHus B KOHType C HENTIMHEMHOW MHOYKTUBHOCTLIO. MeTon nocnegoBaTenbHbIX
NPUBNKEHUN.

MeTon KOMMNNEKCHbIX aMNnTyA.

MeTtog JlbeHapa.

MeTopg rapmoHudeckoro 6anaHca.

MeTog MeaneHHO MEHSIOLWNXCA aMNInTYA.

MeTon U3OKIUH.

MeTog noaTanHOro paccMOTPEHUS.

CnekTpanbHbIi aHan1M3 nepnognyecknx N HeNnepuonyYecKnx CUrHanoB.
lMpeobpasoBaHne Pypbe N ero OCHOBHbLIE CBONCTBA.

KomnnekcHas ormbatowas, nonHas gasa M MrHOBEHHasi YactoTa Y3KOMOSOCHOro
curHana.

CnexTpanbHbli  MeTOL aHanmM3a MpPOXOXAEHUS  CUrHaNoB 4Yepes3  JNUHEeNrHble
CTauMoOHapHbIE CUCTEMBI.
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85. lMNMpocTenve andpdepeHumpyroLme n HTErpupyoLmMe Lenu.

86. MIMnynbCHblEe XapakTepPUCTUKN NIMHENHBIX CTaLUOHAPHbIX Lenen N UX HaxoxaeHue ¢
NMOMOLLLbIO OMepaTopHOro MeToaa.

87. duckpeTtHoe npeobpasoBaHne Pypbe, anroputm beicTporo npeobpasoBaHunsa Pypbe
(Bro).

88. MeToabl cMHTE3a NUHENHbIX LMPOBbLIX (PUNLTPOB.

89. CornacoBaHHble PUNbLTPHI.

90. OCHOBHble  MOHATUA  Teopun  cnydarHbIX  npoueccoB.  CrauuMoHapHble U
HecTaunoHapHbIe CnyYanHble NPoLEecchl N CNocobbl NX ONUCAHUS.

91. KoppensunoHHo-cnekTpanbHaa Teopus crnyyYanHblX npoueccoB. Teopema BuHepa-
XNHYMHa.

92. BbluncneHne cnektpansHOW NSIOTHOCTY.

93. BosgencTeme WyMOB Ha JIMHENHbIE CUCTEMBI.

94. MapkoBckue npouecchl. YpaBHeHMe MapKOBCKOro npotiecca.

95. YpasHeHue dokkepa-lnaHka-Konmoroposa.

96. MNoHaTne «benoro» wyma. 3ameHa pearnbHOro Cry4yarmHOro npouecca MapKOBCKUM
npoLeccoM.

97. Ctatnctnyeckme xapakrepuctmku ornbatoLen n pasbl y3KONoNOCHOrO HOPMasibHOrO
cny4yanHoro npotecca.

98. OyHKUMA pacnpedeneHnss u KoppensumoHHasa dyHkuma ormbatowen. PyHKums
pacnpeaeneHnsa gasbl.

99. besblHEPLUNOHHbIE U MHEPLIMOHHbIE HENUHENHBIE Npeobpa3oBaHms LLYMOB.

100. LUWymbl B aBTOreHepatopax. Pacnpenenenne amnnutyabl, LWUWPUHbI n copmbl
crneKkTpanbHOWN JIMHUW.

101. [lyaccoHoBckui npouecc. Apobosbin wym 1 dopmyna LLoTTku.

102. CnyyanHble nocnegoBaTenbHOCTU MMMNYIbLCOB U UX CNEKTparbHasa NNOTHOCTb

103. Tennosow Wwym. Knaccudeckum n KBaHTOBbIM BapuaHT oopmynbl HarkeucTa.

104. WHTepnpeTaumsi 06paboTkm CUrHanoB 1 cnyyYanHbIX NPOLLECCOB Kak 3agaya Bblbopa
peweHuns. O6HapyxeHne 1 BblaeneHne curHana.

105. [poctas n cnoxHas rmnoTeabl. [pocTpaHCTBO HAGMOAEHUI, CUTHANOB U PELLIEHUIA.
BanecoBckne cuctemsl.

106. ToyeuyHble UM WHTepBanbHble OUEHKU. AppekTBHbIE OUeHKU. HepaBeHCTBO
Kpamepa-Pao.

107. JJocTaTOYHOCTb U COCTOSATENBbHOCTb OLIEHOK.

108. Bbanecosckme oueHkn. OueHKM MakcumMmarnbHOro npasgonogobus.

109. OueHkM napameTpoB Cry4anHbIX NPOLECCOB.

110. TloHaTue o BoriHax. Mpumepbl BOMHOBLIX ABMXEHUA. BorHOBOE ypaBHEHUE U ero
Moandukaumn.

111. YpaBHeHusa Makcsesnna B KoMnnekcHon doopme. MNonspusaums BosH.

112. 3Heprunsa anekTpoMarHMTHOro nosns. MNnockne BOmHbI.

113. PacnpocTtpaHeHue anekTpPoOMarHUTHbIX BOSH B MOrfoLaoLWwmnx cpegax.

114. PacnpocTtpaHeHue BONTH B OUCMNeprypylowux  cpepax. KomnnekcHas
AnaneKkTpuyeckas NpoOHNLAEMOCTb.

115. Ces3b Mexay gucnepcuen n nornoweHmem. [lucnepcmsi anekTpoMarHMTHbIX BOSTH
B HEMONSAPHbIX U MONAPHbLIX OU3TIEKTPUKAX.

116. [OmanekTpuyeckasi NpoOHMLAEMOCTb cpef co cBoboaHbiMK 3apsgamn. BonHoson
nakeT B gucrneprupyoLien cpege.

117. PacnpocTpaHeHne BOMH B aHWU3OTPOMHbLIX Cpefax. TeH30p OMINEKTPUYECKOn
NPOHNLIAEMOCTMW.

118. JlyyeBon BekTOp. PacnpocTpaHeHune nnockux BOMH B KPUCTANIMYECKMX cpenax.

119. PacnpocTpaHeHue NnocKnx BOSIH B MarHUTOAKTUBHOM Mnasme.

120. PacnpocTtpaHeHue anekTpoMarHUTHbIX BOSH B doeppuTe.
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121. TwpoTponusi noHocdepsbl.

122. PacnpocTpaHeHne BOSIH B HEJIMHEWHbIX cpefax. YpaBHEHUA ONA HeNIMHEWHbIX
BOJIH.

123. MeToa MeOneHHO U3MEHSALWKNXCS amnnnTy. Ycnosue pa3oBoro CUHXpoHU3Ma.
"eHepaLmsi BTOPOW rapMOHUKM.

124. Tpéx4vacTtoTHble B3anmogenctamsi. CootHoweHns MaHnn-Poy.

125. PacnagHas HeycTon4mMBOCTb BOMH. CamMoBO3eNCTBME BOJH.

126. Teopusa gudpakumn. PacnpocTtpaHeHne orpaHUYeHHbIX BOSTHOBbIX MYy4YKOB.

127. Meton Kumpxroga n yHKums puHa B Teopun audpakuyuun. YrnoBOoW CrnekTp
NOCKNX BOSTH.

128. T[Mapabonunyeckoe ypaBHeHWe B Teopuu gudpakumn. [Odudpakums rayccosa
BOJSTHOBOIO My4ka U CPOKYCUPOBAHHOIO Ny4Ka.

129. CamoBo3aencTBue BOSTHOBbLIX MYYKOB M BOSTHOBbIX MAKeTOB B HEMMIMHENHbIX cpeaax.

130. HenuHenHaa  pedpakuna npu  6GesabeppaumoHHOM 1 abeppaurMOHHOM
CaMOBO3eNCTBUNIMYYKOB.

131. BonHoBOAHOE pacnpocTpaHeHue NyyKoB.

132. CamokomMnpeccus BOMHOBbIX MNaKeToB.

133. ConutoHbl ormbaroLwmx.

134. YpaBHeHus Makcsenna. Bektop YmMoBa-lNonHTuHra.

135. BonHoBoe ypaBHeHue. [lnockne wn coepunyeckme BOMHbl. [lapabonnyeckoe
npubnuxeHve.

136. Mopgbl cBoboaHOro npoctpaHcTea. PasoBas U rpynnoBasi CKOPOCTUN CBETA.

137. Tlonsapusaumns ceeta. Bektop [xoHca. NapameTpsbl

138. Crtokca. Cdpepa [lyaHkape. PacuyeTHble metogbl [xoHca n Mionnepa. Tunbl
NONAPU3aLMOHHBIX YCTPOUCTB.

139. OrtTpaxeHune n NpenomMneHne cBeTa Ha rpaHuLe pasgena n3oTponHbIX cpes.

140. ®dopmynbl DpeHens.

141. TlonHoe BHYTpPEHHEE OTPaXXeHue.

142. KomnnekcHasi AnanekTpmuyeckasa npoHMLaeMOoCTb.

143. OrtTpaxeHune cBeTa OT NOBEPXHOCTWN NPOBOAHMKA.

144. T[nybvHa NPOHMKHOBEHMWSI.

145. PacnpocTtpaHeHue cBeTa B aHU30TPOMHbIX U TMPOTPONHLIX cpeaax.

146. BornHoBble NOBEPXHOCTWN B KpUCTannax.

147. Jlyyn v BONHOBbLIE HOPMarW.

148. O3nnuncoung dpeHens.

149. OnTuyeckme CBOMCTBA OQHOOCHbIX U ABYOCHbIX KPUCTanNsoB.

150. [1BonHOoe ny4yenperioMmneHue.

151. KoHuyeckas pedpakums.

152. O3nektpoonTtudeckue acpektol Keppa u lNokkensca.

153. OnTuyeckasa aKTUBHOCTb.

154. B3ddpekt Papages.

155. OnbiTbl ®n30 1 MankenbcoHa.

156. T[lpogonbHbIn K nonepeYHbln apdekTsl [lonnnepa.

157. AcMMNTOTMYECKOE peLleHne BOSTHOBOIO YpaBHEHUS.

158. [eomeTpo-onTMyecKoe NpUBKeEHNe.

159. YpaBHeHMe ankoHana.

160. O6nacTb NPMMEHEHMUS STy4EeBOro NPUBIIMKEHNS.

161. [MpuHuun ®epma.

162. [omoueHTpu4eckune ny4ku.

163. T[loHATME ONTUYECKOro n3obpaxeHus.

164. T[lapakcuanbHoe npubnuxeHue.

165. T[lpenomneHune Ha chepn4eckon NOBEPXHOCTN.
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166. Cdepuyeckme 3epkana n NMH3bI.

167. O6pasoBaHue KayCTUK B ONTUYECKUX CUCTEMAX.

168. [eomeTpuyeckmne abeppaumm TpeTbero 1 bonee BbICOKUX NOPSAAKOB.

169. XpomaTtudeckasn abeppauusi.

170. Twnbl oNTU4eCKMX NpMBOPOB.

171. WNHTepdepeHuns YaCTUYHO-KOrepeHTHOIo NU3Sy4yeHus.

172. KomnnekcHasi CTeneHb KOrepeHTHOCTW.

173. Teopema BaH-UuttepTa - LlepHuke.

174. [ByxnyyeBasi U1 MHOrorny4yeBas nHTepdepeHLms.

175. CpgsuroBas u cnekn-mHTepdepoMeTpus.

176. MHOrocnonHble NOKPbITUSA.

177. Oudopakuuns. udpakumoHHble nHterpansl Kupxroda - NonreHca.

178. [Oudppakums dpeHensa n payHrodepa.

179. OJddekT Tanbbo.

180. BnumsaHue gudpakumm Ha paspeLlaroLLyo CUny cMCcTem, obpasyroLmnx n3obpaxeHue.

181. [dudopakumoHHasa pelleTka.

182. [Mapabonunyeckasa Teopusa andpakumm; rayccoB My4ok.

183. ABCD —meT0[; KOMMNSIEKCHbIV NapamMeTp KPUBU3HbI.

184. OcobeHHOCTN andpakunm HEKOrepeHTHOro U3yYyeHus.

185. OcHOBbI BEKTOPHOW TEOPUM ANpaKLmMN.

186. OO6paTtHble 3agayn Teopuun andpakumu.

187. CWHTE3 ONTMYECKNX SNIEMEHTOB.

188. KuHodopmHas onTuka.

189. Knaccuyeckasi Teopusi B3aMmMoaencTBusA U3nyyeHns ¢ BeLLECTBOM.

190. PesoHaHCHOe nNpubnuxkeHue.

191. [ucnepcmoHHble cooTHowweHns Kpamepca - KpoHura.

192. OnTuyeckune HyTaumu.

193. Ontuyeckuni adpdpekT Ltapka.

194. ®OTOHHOE 3X0 M CaMOMHAYLMPOBaHHAs NMPO3PaYHOCTb.

195. ConuToHbI.

196. PenakcauMOHHbIE NPOLIECCHI.

197. YpaBHeHue onst MmaTpuLbl NSIOTHOCTM.

198. CamocornacoBaHHble ypaBHEHWA Ans  MNONd, nonspusauum Un  pasHOCTU
3aceneHHOoCTeN.

199. 3dheKT HacbIWEHMS.

200. 3akoHbl TennoBoro nany4veHund. dopmyna NnaHka.

201. doToachdexT.

202. KeaHTOBaHue nons. OnepaTopbl POXKAEHUSA N YHNUTOXEHUS (POTOHOB.

203. lNamMunNbTOHWAH KBAHTOBAHHOIO NOSIS.

204. KoMMyTaUMOHHbIE COOTHOLLEHUS AN onepaTopos Moss.

205. OgHOMOTOHHbLIE U MHOFO(POTOHHbIE NPOLECCHI.

206. BeposITHOCTU CMOHTaHHbIX U BbIHYXAEHHbIX Nepexoos.

207. KoadhduumeHTbl SNHLITENHA.

208. KsagpynornbHble U MarHUTO-AUNOSbHbIE NEepeXoabl.

209. KoonepaTtnBHble a(peKThI.

210. Caepxusny4yeHue.

211. KorepeHTHOE 1 KOMBMHAUMOHHOE pacCesHNS.

212. HenuHenHble BOCNPUMMYNBOCTU. PacnpocTpaHeHne BOMH B HENIMHENHOW cpefe.

213. MeToa MeanieHHO MEHAIOLMXCS aMNnTya.

214. Ycnosue CUHXPOHU3MA.

215. [eHepauus ONTUYECKUX FAPMOHUK.

216. TpéxBOMNHOBOE B3aMMOOENCTBME.
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217. [lapameTpuyeckoe npeobpasoBaHme YacToThbl.

218. CamodokycupoBka cBeTa.

219. BbIHYXO€eHHOE 1 KOMOMHALUMOHHOE paccesiHue.

220. BblHyXOeHHoe paccesHue Mangenswtama-bpunntosHa.

221. YeTblpEXBONMHOBOE B3auMOAENCTBUE.

222. O6palleHne BOSTHOBOro hpoHTa.

223. BewecTBO B CBEPXCUNBHOM CBETOBOM MoSe.

224. BpemeHHas W  NpOCTpaHCTBeHHas KOrepeHTHOCTb CBETOBbIX  Mosieu;
KOppensuMOHHbIe (PYHKLUM NEPBOro 1 BbICLLUMX MOPAOKOB.

225. CnektpanbHoe npeacrtasneHne. Teopema BuHepa-XuH4umHa.

226. WIHTepdepomMeTpus NHTEHCUBHOCTEN.

227. OnbiT bpayHa-Tsucca.

228. KBaHTOBbLIE CBOMCTBA CBETOBbIX MOMEN.

229. ®dokoBCKOE, KOrepeHTHOE M CXXaToe COCTOSIHME NOSIs.

230. Pacnpegenenune bose-3rHwTeHa. MNapameTp BbIpOXAEHUS MONS.

231. [lyaccoHoBckasi, cybnyacCoHOBCKas U CyrneprnyacCoHOBCKas CTaTUCTUKA (OOTOHOB.

232. CBs3b cTaTUCTMK (POTOHOB U doTooTcyeToB, popmyna MaHgens ans
pacripegerneHss OTOOTCHETOB.

233. [pob6osomn wwym.

234. CTtaTuctnyeckne CBOMCTBA Na3epHOro nanyyeHus.

235. 3akoH Kupxroda 1 yMbl KBAHTOBbIX yCUNUTENEN CBETA.

236. ®dnykTyaunmoHHO-gUCCHMNaLMOHHas Teopema.

237. KoppensaunoHHasi crnekTpoCcKonums.

238. O deKTbl rpynnMpOBKM 1 aHTUIPYNNMPOBKN (OOTOHOB.

239. CnoHTaHHOEe napaMeTpuyecKkoe paccesiHue ceeTa.

240. bBudoToHbI. NepenyTaHHble COCTOAHMS CBETA.

241. OnTtunyeckas peanusaums Kybmutos n nx npeobpasoBaHus.

242. CoctosHua benna.

243. [lapagokc SuHwTenHa-lNogonbckoro-Po3eHa.

244. HepaeHcTBa benna.

245. CTaTUCTMKa YaCTMYHO NONsipU3oBaHHOro nanyyeHus. NonspusaumoHHas maTpuua.

246. PacnpocTpaHeHue BOSH B Cliy4YanHO HEOAHOPOLHOM cpeae.

247. KoppensumoHHble N CTPYKTYpHbIe (PyHKUMN aMnnuTyabl U pasbl.

248. OnTtnyeckne moaenun atmocdepHon TypOyneHTHOCTHW.

249. PaccesiHue cBeTa B AUCNEPCHOW cpefe; ypaBHeHue nepeHoca, Auddy3noHHoe
npubnmxeHue.

250. PaccesiHue cBeTa B GBUOTKaHW.

251. CnekTtpbl aTomoB. CucteMaTmka CNeKTPOB MHOIO3/1EKTPOHHbIX aTOMOB.

252. Twnbl cBs3en anekTpoHoB. OnpegeneHne Habopa TepMoB. MicxogHble TepMbl.

253. MynbTnneTHas cTpykTypa. lNpaBuna otbopa. Baanmogencrame KoHurypaumi.

254. CnekTtpbl Monekyn. AanabaTtunyeckoe NpubnmxeHue.

255. [pynnbl cummeTpun Monekynn.

256. KonebatenbHble cnekTpbl. Knaccudgukaums HopmasnbHbIX KonebaHnin no tunam
CMMMETPUN.

257. BblpoxgeHue. Pe3oHaHc ®epmu.

258. [lpaBuna otbopa B konebaTtenibHbIX CnekTpax MOrfoweHns 1 KOMOMHALWMOHHOIO
paccesiHus.

259. BpawartenbHas cTpykTypa konebaTtenbHbIX Nonoc.

260. OneKkTpoHHble cnekTpbl Monekyn. Knaccudukaums 3NEKTPOHHbIX COCTOSAHMWM
ABYXaTOMHbIX MOJSIEKYI.

261. [MpuHumn ®paHka-KoHgoHa.

262. Twvinbl CBA3M 3MEKTPOHHOIO ABUXEHUS U BpaLLEHWS.
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263. CnekTpockonusi TBepaoro tena. lNepexoabl Nnog AeNCcTBMEM CBETa B naearnbHOM
KpucTanne.

264. T[lornoweHne B MHMpaKkpacHom obnactu cnektpa M B3anMoLencTBue ceBeTa C
¢OHOHHOM NOLCUCTEMON.

265. [lepexoabl B 35IEKTPOHHOM NogcucTeme.

266. [lornoweHne cBeTa B MeTannax. 3anpeLieHHasi 30Ha n obnacTtb Npo3pavyHOCTU B
AN3neKTpukax.

267. OKcuToHbl BaHbe-MoTTa n ®peHkens.

268. O6nacTtb (hyHaameHTanbHOro nornoweHuns. MNepexoabl C OCTOBHbLIX YPOBHEMN.

269. 3OddekTbl Oxe n daHo.

270. O dekTbl Ha kKpasix ocToBHOro nornoweHusi: EXAFS n XANES.

271. TloHATWE O NONAPUTOHAX.

272. Cnektpockonusa aedeKkTHbIX COCTOSHUA B KpucTannax. ABTonokanusauums
9KCUTOHOB U1 AbIPOK B OU3IIEKTPUKaX.

273. BtopuyHble aphbekTel B KpucTannax:  filOMUHecUeHUMs,  POTO3IMMUCCUS,
AedekroobpasoBaHue nog AENCTBMEM CBETA.

274. JhomuHecueHums. Knaccudumkaums NlOMUHECLEHUUN MO ONUTENBHOCTU CBEYEHNA U
crnocoby ee BO36yxaeHus.

275. MonekynspHasa n pekoMbnHaunoHHasi MIOMUHECLIEHLMS.

276. 3akoH Ctokca-Jlommens.

277. [MpaBuno 3epkanbHOM CUMMETPUN CMEKTPOB NOrNOLWEHUS U TIOMUHECLEHLIMN

278. JleBwwnHa n yHMBepcanbHOe COOTHOLWLEHME Mexay Humu CTenaHoBa.

279. 3akoH Basunosa.

280. TpunneTHble COCTOAHUA MOMEKYIT U UX POrib B Npoueccax gerpagauum u Murpauuu
SHEepPrun 3NeKTPOHHOro BO30YyXaeHWS.

281. Cxema TepeHuHa-Jlbtonca.

282. TyuweHue (TemnepaTypHoe, KOHUEHTpaLuMOHHOE, MOCTOPOHHMMW BellecTBamu)
NIOMUHECLEHUNN.

283. besblanyyaTesnibHbIn nepeHoc 3Heprum 3NEKTPOHHOIo BO30Oy>XaeHus.
JTioMrHecueHUMs MONEeKYNAPHbIX KPUCTaroB.

284. Teopusa dasblgoBa.

285. KoonepaTuBHbIe NpoLecchl B MIOMUHECLIEHLINM.

286. 3o0HHasa mogenb NOMUHECLEHLUMN ON3NEKTPUKOB.

287. Pa3MHOXeHMe 3NeKTPOHHbIX BO30YXaeHM B TBEpAOM Tene. TepmoBbICBEYMBAHNE
N MHPpaKpacHasa CTUMYISLMS.

288. [MpumeHeHne NIOMUHECLIEHTHBIX KPUCTAINOB B HayKe, TEXHUKE U MeauUmHeE.

289. VICTOYHMKM ONTUYECKOIO U3STyYEeHUs.

290. Tennosble, rasopaspsigHble U fla3epHble UCTOYHUKN.

291. CUHXPOTPOHHOE U3NyYeHue.

292. OnTtnyeckne maTtepuansoi.

293. XapakTepucCTUKM MPUEMHUKOB WU3MNYYEHUS: CnekTpanbHasi W UHTerpanbHas
YYBCTBUTENBHOCTb, LWYMbl, UHEPLUNOHHOCTb.

294. Tpubopsbl ¢ 3apagoson ceasbto (M3C) - NMHenKN, maTpuubl.

295. TexHuka cnektpockonuu. CBeTouNbTpbl, MNPU3MEHHbIE W  AUPaKLMOHHbIE
cnekTpanbHble Npnbopbl, MHTEPGEPOMETPDI.

296. ®dypbe-cnekTpockonus.

297. OcHOBHble XxapakTepuCTUKM npubopoB: annapaTtHas QyHKUMS, paspeLleHne,
cBeTocuna, gucnepcus.

298. JlasepHasi CnekTpoCKonus.

299. 3Banucb wn obpaboTka onTMyeckon uHGopmauun. MexaHmsm  3anmMcu  wn
BOCNPOM3BEAEHNA BOJSIHOBbLIX MOMeM C MOMOLWbLI0 ABYMEPHbIX U  TPEXMEPHbIX
ronorpamMm.
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300. Uwudposbie ronorpamMmmeil.

301. T[lepexogHble © nepegaTodHble (YHKUMM  ONTUYECKMX cucTeM 0BpaboTku
NHpopmauuu.

302. 3onnaHapHocTb. Mcnonb3oBaHne MeTogoB Pypbe-onTUKM  Anss  ONTUYECKON
unbTpaunmn n pacnosHaBaHms o6pasos.

303. KoppeKuus n pekOHCTPYKLMS N3006parkeHn.

304. MeToabl KOMNBIOTEPHON ONTUKMW.

305. BonokoHHas onTuka. Tunbl BONOKOHHbLIX CBETOBOAOB. Mokl ONTUYECKNX BONOKOH.

306. 3aTtyxaHue n gucnepcusa mod. HanpaBneHHble OTBETBUTESNN.

307. BOMNOKOHHbIE NMUHUK CBA3WN.

308. HenuHenHble addeKTbI B ONTUYECKUX BOFIOKHAX.

309. T[lpuHumn paboTbl nasepa. Cxembl HaKa4Ku.

310. Teopus Jlamba. S dekTbl 3aTArMBAHNSA YaCTOThl U BbiropaHus abip. JlamGoBckuin
nposarn.

311. OnTtun4yeckune pesoHaTtopbl. Moabl onTudeckux pesoHaTopoB. CBOMCTBA Na3epHbIX
My4KOB.

312. Tunbl nasepoB. TBepAoTenbHble Jfasepbl. [@3oBble nasepbl: fasepbl Ha
HenTparnbHbIX aTtoMax, WOHHble Iasepbl, MONEKYNspHble nasepbl, nasepbl Ha
camMoorpaHMYeHHbIX nepexoaax.

313. Xumunyeckue nasepsol. [onynpoBoaHNKOBbLIE fla3epsbl. J1lazepbl Ha LIEHTPax OKpacKu.

314. Pexumbl paboTtbl nasepos. HenpepbIBHbIE U UMMYITLCHbLIA PEXUMBI.

315. TluykoBbIn pexnm. Moaynsaums 4o6pOTHOCTH.

316. CuHxpoHusaums mog. N'eHepaLmsi CBEPXKOPOTKUX UMMYSbCOB.

317. TllpuHUMnbl aganTUBHOM OMTUKU; KOPPEKLMS BOIMTHOBOIO (PPOHTAa NnasepHbIX My4KOB.

318. 3kcnepumMeHTanbHble 060CHOBAHNA KBAHTOBOW TEOPUN.

319. Martemartnyecku annapaT KBaHTOBOW MEXaHUKM.

320. OnepaTtopbl husndecknx BenuunH. Cob6CTBEHHbIE (YHKLUMM U COBCTBEHHbIE
3HayeHus onepaTopos.

321. CocTtosiHMe  (pm3MYecKon  BenUYUHbL.  3HAYeHUs  PU3NYECKUX  BESNUYUH.
KoMmyTaunoHHble cooTHowWweHndA. HTerparnsl ABUXEHNS.

322. CTtaumoHapHble cocTosiHUsA. CnekTp CUCTEMBI.

323. TloctynaTtbl KBAHTOBOW MeXaHUKN. DU3NYECKUIN CMbICH BOTHOBOW (DYHKLIMW.

324. [MpuHumn cynepnosunumun. MNpuHumMn HeonpeaeneHHOCTEN.

325. YpaBHeHue LpéaunHrepa B koopaAnHaATHOM npeacTtasneHun. Obwme cBoncTea
OAHOMEpPHOro ABwxeHus. AnckpeTHbIN cnekTp. MNoTeHumnanbHble ambl.

326. OpgHOMEpHBIN 3-noTeHuman.

327. OpHomepHas 3ajada paccesHus. HenpepbiBHbIM  cnekTp. [loTeHuuwanbHble
G6apbepbl. KoadhduumMeHT NpoxoxaeHus.

328. [apMOHMYECKUN OCUMNNATOP

329. OnepaTop MomMeHTa umnynbca. KoMMyTaumMoHHble COOTHOLEHUA. OpbuTanbHbI K
CMNHOBLIN MOMeHTbl mmnyneca. MaTpuubl [laynu. [lonHbIM MOMEHT wumnyrbca
CUCTEMBI

330. 3apgauva gByx Ten. LleHTpanbHO-CUMMETPUYHOE nose

331. [lpeamet Teopun BO3MYLLEHUI. [TonpaBkM K COOCTBEHHBIM 3HAYEHUSIM U BOSTHOBbLIM
PYHKUNAM B TEOPUM BO3MYLLEHUM.

332. BapwuauunoHHbIn npuHumn. Keasmknaccmyeckoe npubnmxeHme.

333. KeaHTOBasa gMHamuka. HectaumoHapHoe ypaBHeHue LLpéauHrepa.

334. T[lepexoabl B KBAHTOBO-(hm3nvecknx cuctemax. 3onotoe npasuno depmu.

335. [lpeameT, OCHOBHbIE TEOPETUYECKME N AKCNEPUMEHTANbHbIE METOAbLI U NPOGeMbI
dun3mnkn TBepAoro Tena. CTpykTypa TBepablX Ten

336. Kpucrannuyeckne 1 amopdHble Terna.  TpaHCNAUMOHHAs  CUMMETPUS.
OnemeHTapHas a4yeinka.
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337. Pewetkn bpase. To4euHble M NPOCTPAHCTBEHHbIE TPYNMbI.

338. OcobeHHOCTM pacnpoCTpaHEHUs BOSIH B MEPUOANYECKUX CTPYKTypax. 3akoH
Bynbda-bperra.

339. O6paTHas peweTka. 30Hbl bpunntosHa.

340. [edbektbl B Kpuctannax. TodeuyHble aedekTbl, nx obpasoBaHne n anddysus.
BakaHcuu.

341. ATtombl BHegpeHus. KombuHauum atomHbix gedektoB. KpaeBble U BUHTOBbIE
ancriokauuu.

342. Bektop btoprepca. QHeprus gucnokaumn. lNepenonsaHne U CKOnNbXeHue.

343. Pa3mHoXxeHue aucrnokaumu.

344. WcTto4yHuk ®paHka-Puaa.

345. BnusHue pagnaumoHHbIX, MEXaHUYECKNX, TEPMUYECKNX BO3AENCTBUN HA pearnbHYyto
CTPYKTYpY TBepabIX Ten.

346. Tunbl xumunyeckon cBasn. CTPYKTypHble U busnyeckne OCOBEHHOCTU MOHHbIX,
KOBaneHTHbIX, MeTaniM4eckux W MONeKynsapHbIX KpuctannoB. [1noTHenwwue
YNakoBKWU. QHEPreTMYeCcKnin CnekTp KpUCTansos.

347. OnuncaHue 3HEPreTUYEeCcKoro COCTOSAHUSA KpucTana npu noMoLLm ra3a KBasn4acTu,

348. [lpumepbl kBasnyacTul. POHOHbI, MarHOHbI, NSIA3MOHbI.

349. OneKTpoHbl B MeTansie Kak kBasndactuubl. Ksasnnmnynsc.

350. 3akoH gucnepcun. Teopema bnoxa. ["'paHnyHbIE YCNOBUS.

351. T1NOTHOCTb COCTOSIHUMN.

352. CraTtucTuka rasa ksasmyacTtuy,. bo3oHbl U, PEPMUOHBI.

353. BsaumopgencTtsume KBasnyacTtu,

354. KonebaHus peleTku - POoHOHbI. AKycTUYeCcKast n ONTUYEeCcKas BETBU KonebaHui.

355. TennoemkocTb peweTku. [lebaeBckas YacToTa.

356. daktop [debas-Bannepa B paccessHn peHTIEHOBCKUX NTy4Yen.

357. AHrapmMoHu3M un TeNNOBOE pacLUnpeHne.

358. OnEKTPOHHbIE COCTOSIHMS B KpUCTanmnax.

359. OpHoanekTpoHHas mogensb. [NpnbnmkeHne cunbHoOn n crnabon cBs3w.

360. 3oHHas cxema u TuMbl TBEPAbIX TEN. BbIpOXXAEHHbIN 3NEKTPOHHbIN ras.

361. OnekTpoHHasa TennoemkocTb. [loBepxHOCTb Pepmu.

362. TeH30p apheKkTMBHbLIX Macc.

363. OneKTpOHbI U AbIPKU.

364. LuknoTpoHHasa macca.

365. [lonoxeHne ®epmun ypoBHS B HEBLIPOXAEHHbIX MOMYNPOBOAHMKAX.

366. OnNEKTPOHHbIE KNHETMYECKME CBONCTBA TBEPAbIX TEN.

367. KunHeTudeckoe ypaBHEHME. DNEKTPO- N TENNONPOBOAHOCTb.

368. BpemeHa penakcauuu.

369. MexaHu3mMbl paccesiHusi aNeKTPoHOB. PaccesHue Ha npumMecsax u gedekTax.

370. OneKTpOH-GOHOHHbIE CTONKHOBEHMUSI.

371. HopmanbHble npouecchl, npouecchl nepebpoca.

372. MarHutocnpoTusrieHne n adpdekt Xonna.

373. MeTannbl ¢ 6onbLION AnNMHOM npobera anekTpoHOB. AHOManbHbIA CKUH-3(eKT.

374. UWKNOTpOHHbIN pe3oHaHC U pa3MepHble 3(PdeKThbI.

375. T[lpOHMKHOBEHME 3NEeKTPOMAarHUTHOro nong B Metansn.

376. [enuKkoHbl.

377. KeaHTOBaHWe opbUT B MarHUTHOM Mnorne.

378. OddekT ae-Maasa-BaH-AnbdeHa.

379. [lonynpoBOAHMKW.  ONEKTPOHHAas  CTPYKTypa  TUMUYHBLIX  MOMYNPOBOAHMKOB.
"epmaHun.

380. Y3KO30HHble NONyrnpoBOAHUKN. [TpnMecHble ypoBHU. [JOHOPBI U akuenTopbl.

381. TemnepaTtypHasi 3aBUCMMOCTb NPOBOAMMOCTU, P-N Nepexoabl.
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382. ®doTtonpoBoanmMocTb. PekomOnHauma n penakcaumsa HepaBHOBECHbLIX HOCUTENEN.

383. Tlopsaune HocuTenn. ekt MNaHHa.

384. MexaHu4eckune, onTU4ecKne, MarHUTHble CBOMCTBA TBEpPAbIX Ten.

385. TeHsop ynpyrmx NnOoCTOSHHbIX U ynpyrasa gedopmaums.

386. [nactuyHoOCTb Kpuctannos. Npegen TekydecTn. YnpoyHeHue. BHyTpeHHee TpeHue.

387. MexaHuambl nornowieHnss GoTOHOB. NornoLleHne cBo604HBIMN HOCUTESSIMM.

388. PeweTtoyHoe nornouweHne. MHOropOHOHHbIE NPOLLECCHI.

389. KombuHaumoHHOEe paccesiHue cBeTa B KpucTtannax. lornoweHue cBs3aHHbIMA
HOCUTESISAMM.

390. [lpaBuna otbopa. Mexay3oHHble KOCble 1 NpsIMble Nepexoabl.

391. O3KCUTOHBI. JTloMUHECUEHUMA.

392. BpemeHa xn3Hun Bo3byxaeHun, gnoopecueHumns. besbianyyartensHble nepexoabi.
KBaHTOBbIN BbIXO NMHOMUHECLEHLINN.

393. [OmamarHeTnam cBOOOAHOro 3fIEKTPOHHOIO rasa.

394. CnuHOBbLIN NapamarHeTU3Mm.

395. 3akoH Kiopu.

396. ®deppomarHeTmsm.

397. MonekynapHoe none Bewcca.

398. OOGMeHHOe B3aMMoaencTBme.

399. ®eppomarHUTHbIE JOMEHDI.

400. J3Heprust aHU30TpPONUM.

401. [lomeHHasi CTEeHKa.

402. AHTUdEeppOMarHeTuKu.

403. PeppuTsbl.

404. [nanekTpuku.

405. O3ddekTnBHOE Mnorne.

406. ONEeKTPOCTPUKLMS U Mbe303NEKTPUYECTBO.

407. TIMPO3NEKTPUKM U CETHETOINEKTPUKMN.

408. JneKTpu4ecKknin rmctepesnc, aHomanumm omsanyecknx CBOMCTB CErHeTO3NEKTPUKOB
B o6riactn pa3oBbIX NEPEXOO0B.

409. MonekynspHble KpucTansbl.

410. TepmoanHamuka un pasoBble nepexoabl. PaBHoBecue das. Pasosble nepexoabl | n
Il poga.

411. dnykryaumn. TBepable pacTBOPbI U NPOMEXYTOYHbIE (pasbl.

412. PaBHOBecHe B MHOIOKOMMOHEHTHbIX CUCTEMaX U NpaBuno gas.

413. [Onarpammbl paBHoBecusl. KnHeTuka ¢basoBbIX NpeBpaLleHui.

414. [OunddysnoHHble 1 6e3anddy3noHHbIe NpeBpaLLeHus.

415. CaepxnpoBoanMocTb. OCHOBHbIE CBOMCTBA CBEPXMNPOBOAHMKOB.

416. OddekT MencHepa.

417. CaepxnpoBogHuku | u Il poaa.

418. Bwuxpu n BUXpeBble CTPYKTYpPbI.

419. OCHOBbI MMKPOCKOMMUYECKOWN N TEPMOANHAMUNYECKON TEOPUNA.

420. KynepoBckue napsbl.

421. OJOHepreTnyeckas Lenb U KBa3nyacTuLbl B CBEPXNPOBOOHUKE.

422. TyHHenbHbIA 3(pdeKT.

423. OddekT [rosedcoHa.

424. JkcnepuMeHTanbHble MeToabl (hM3MKn TBEPAOro Tena

425. PeHTreHorpadusa: MeToabl UCCregoBaHUAa ngeansbHoOW 1 pearbHOM CTPYKTYPbI.

426. JnekTpoHorpagusa 1 dNEeKTPOHHAS MUKPOCKOMUSI.

427. HeunTtpoHorpadusa: ynpyroe n Heynpyroe KorepeHTHoe paccesiHue, uccrnegosaHue
MarHUTHbIX CTPYKTYP U QOHOHHbIX CNEKTPOB.

428. Oddekt Méccbayapa.
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429. JnekTpuyeckne W ranbBaHOMarHUTHblE W3MEPEHUA Kak MeTodbl U3yYeHUs
3NEeKTPOHHOM CTPYKTYpPbl KPUCTAIOB U COCTaBa NpUMecen B NONyrnpoBOAHUKAX.

430. OnTtnyeckue mMeToAbl nccnegoBaHus: BO3MOXHOCTH, CBSI3aHHbIE C
ncrnonb3oBaHWEM fnasepHbIX NCTOYHMKOB CBETA.

431. PasmepHoe kBaHTOBaHWe. OCHOBHble TUMbl HAHOCTPYTYP W UX KBaHTOBO-
MexaHu4eckue moaenu.

432. KBaHTOBOE OrpaHUYeHne n pasMepHOCTb INEKTPOHHON CUCTEMBI. ONeMeHTapHbIe
HaAHOCTPYKTYPbl: KBAHTOBbIE IMbI, HUTW, TOYKW, MONYNPOBOAHNKOBbLIE CBEPXPELLETKM.

433. OnNeKTPOHHble CBOMCTBA KBAHTOBbIX HU3KOPa3MePHbIX CTPYKTYP.

434. 3HepreTn4ecKnin CNekTp 1 BONHOBbIE (PYHKLUKN SNEKTPOHHOrO rasa.

435. [loa30HbI pa3mMepHOro KBaHTOBaHUS.

436. PacnpegeneHue nrnoTHOCTU COCTOSIHUM B CTPYKTYpaMn C KBAHTOBbIMW SMamu, B
KBAHTOBbIX HUTAX U TOYKaX.

437. PaBHOBECHbIE KOHLEHTPALMM 3NEKTPOHOB B CUCTEMAX NOHUMXEHHOM pa3MepHOCTH.

438. JHepreTM4ecKnin CnekTp CBEpPXpeELLEeTKU. BnusaHme Ha SHEpreTM4ecKuin CnekTp
MarHuTHOro nons.

439. OddeKTUBHOE NOHUXKEHNE PA3MEPHOCTU CUCTEMBI.

440. YposHu JlaHgay.

441. [BwXKeHune aneKTpoHa B OOHOPOAHOM 3NEeKTPUYECKoM Mnorne.

442. BnoxoBckue ocuuniaumnm.

443. JlectHuua yposHen LUTtapka.

444, [1ByMepHbIN 3NeKTpoHHbIM ra3 B MO cTpykTypax.

445. OCHOBHblE MONOXEHUS TEOPUM NPUNOBEPXHOCTHON 0BNacTn NPOCTPaHCTBEHHOIO
3apsaga nonynposogHuka [fapetTta u bpatTtenHa.

446. 3aBUCMMOCTb 9NEKTPOCTaTUYEeCKOro noTeHuMana oT KOOpAWHaTbl B pexunme
CUSTbHOM MHBEPCUMN.

447. Ycnosusa obpasoBaHNA ABYMEPHOrO 9NeKTPOHHOro ra3a B MHBepcHoM cnoe M
CTPYKTYpBbl.

448. KBaHTOBO-MexaHuyeckasi Mogerb npunosepxHocTHon O3 nonynposogHuka.

449. MeToabl pacyeTa 3HepPreTU4eCcKoro cnekTpa.

450. [MpubnwuxeHne TpeyronbHOro noTeHumana.

451. TInOTHOCTbL pacnpeaeneHnst KBaHTOBbIX COCTOSIHWIA.

452. TloBepxHOCTHas KOHUeHTpauma 2D 9nekTpoHOB B MNOA30HAX pasMepHOro
KBaHTOBaHWSI.

453. 3aBUCMMOCTb NAOTHOCTU 3apsda OT KoopauHaTbI.

454, 3KpaHMpOBaHME INEKTPUYECKOrO MOss.

455. KunHeTudeckme apekTbl B ABYMEPHbLIX HAHOCTPYKTypax. Bpems penakcauuun u
NOABWXHOCTb HOCUTENEN B ABYMEPHOM 3M1EKTPOHHOM rase.

456. MexaHu3ambl paccesiHus. KnHeTudeckue siBneHns B ABYMEPHbIX CTPYKTYpax.

457. KsaHTOBaHMe JlaHgay v ocumnnsummn Banbe-LUTapka.

458. MopaynupoBaHHOe nernpoBaHue.

459. T[loneBble TPAH3UCTOPbI HA 3NEKTPOHAX C BbICOKOW MOABMXHOCTLIO.

460. Bbannuctnyeckumn TpaHcnopT. MNpubopbl 6anIMCTMYecKoro TpaHcnopTa.

461. KeaHTOBbLIN adpdekT Xonna. LlenoyncneHHbin KBaHTOBLIM 3appekT Xonna.
[po6HbI KBAHTOBLIN 3OdEKT Xonna n ero nHTepnpeTauus.

462. [poGHble 3apsagbl U NPOMEXYTOYHas cTaTucTuka. KomnosntHole oepMUOHbI.

463. JneKTpoHHas KOHGUrypaums BHELWHUX 0BONoYeK aTOMOB M TWUMbl CUM CBS3W B
TBEpAbIX Tenax. BaH-gep-BaanbcoBa. MOHHas U KOBaneHTHas CBsA3b.

464. CTpyKTypbl BaXKHEWLMX NONynpoBoAHMKOB - anemeHToB AV, AV 1 coeguHeHwui
Tunos A BY, A"BV!, AVBV!.

465. CurmMmmeTpusa KpuctannoB. TpaHCRAUMOHHAA CUMMETpUs Kpuctannos. basuc u
KpucTannuyeckas CTpykTypa.
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466. OnemeHTapHas adenka. NpumntueHas svenka. Avenka BurHepa-3enTtua. PeweTka
Bpase. O603Ha4eHns y3noB, HanpaBreHU N NNOCKOCTEN B KpUcTanne.

467. OO6paTHas pelueTka, ee cBorcTBa. 3oHa bpunnioaHa.

468. Tllpumecn W CTPYKTypHble OedeKkTbl B KpUCTarfIMYeCKUXx U  aMOpPdHbIX
NonynpoOBOAHNKAX.

469. Xumuyeckas npupoaa u 3reKTPoOHHbIe CBOMCTBA NPUMECEN.

470. Touye4Hble, NMMHENHbIE N OBYMEPHbIE OedeKThbl.

471. MeToabl BblpalumBaHst 06 bEMHbIX MOHOKPUCTAsoB U3 XXMAKOW 1 ra3oBomn ¢has.

472. MeToabl BblpaliMBaHWs SNUTaKCUarbHbIX NIIEHOK (3NUTaKCUS U3 XXUOKOW N ra30BOM
dasbl).

473. MonekynsipHo-ny4yeBada anutakcus. MetannopraHmyeckasi anMTakcus.

474. MeTtogbl nermpoBaHnA NosynpoBOAHUKOB.

475. OcCHOBHble MeTOoAbl onpeferneHns napameTpoB MOMNYyNPOBOAHMKOB:  LUMPUHBI
3anpeLLeHHOM 30Hbl, NOABMXHOCTU U KOHLIEHTpaLumMu cBOOOAHbLIX HOCUTENen, BpeMeHu
XW3HN HEOCHOBHbIX HOCUTENEW, KOHUEHTpauuuM u rmnyOuHbl 3aneraHns YpOBHEWN
npumecen n AedeKkToB.

476. OcHOBHble MNpuUONMXeHUs1 30HHOW Teopun. BonHoBasi yHKUMS 3MEKTpoHa B
nepnoauvyeckom norie Kkpucranna.

477. Teopema brioxa. 3oHa bpunntoaHa. QHepreTnyeckme 30HbI.

478. 3akoHbl AUCNEpPCUN ONsi BaKHEMLWMX MNonynpoBOAHMKOB. W303HepreTmnyeckme
NOBEPXHOCTW.

479. TeH3op obpatHon addekTUBHOM Macchl. [noTHOCTb cocTtosiHMn. OcoBeHHOCTM
BaH-XoBa.

480. YpaBHeHUS [OBWXKEHUA 3MEeKTPOHOB W  [OblpOK BO BHEWHMX nonax. Metoa
3P PEKTMBHON MacChl.

481. WcKkpuBrieHne aHepreTuyecknx 30H B afIeKTpUYeCcKoM none.

482. [BvXKeHue 3NeKTPOHOB N ObIPOK B MAarHUTHOM More.

483. OnpegeneHne 3MP@EKTUBHbIX MacC U3  UMKIOTPOHHOIO  (AMamMarHUTHOrO)
pe3oHaHca.

484. CBs3b 30HHOW CTPYKTYPbI C ONTUYECKMMIN CBOMCTBAMU NOSTYNPOBOOHMKA.

485. YpOBHW 3HEPrnKn, cosgaBaemMble NPUMECHbBIMU LIEHTPaMKM B NOMYNPOBOLHMKAX.

486. [JoHOpbLI M aKUeNnTopbl.

487. Menkne n rnybokne ypoBHM.

488. BopgopoaonogobHbie NPUMECHbIE LEHTPbI.

489. OyHKUMA pacnpefeneHns anekTpoHOB. KOHUEHTpaumsi 3feKTPOHOB U OblPOK B
30Hax, adpdpeKkTnBHaAs NIIOTHOCTb COCTOSIHUN.

490. HeBbIpOXAEHHbIN N BbIPOXOEHHbIN 3NIEKTPOHHbIN (ObIPOYHbIN) ras.

491. KoHUeHTpaumMm 9fIeKTPOHOB W [AObIPOK Ha fokanbHbIX YPOBHAX. PakTopsbl
BbIPOXAEHMWS MPUMECHbLIX COCTOAHUN.

492. TlonoxeHwne ypoBHs Pepmu 1N paBHOBECHAA KOHLIEHTPALUUS 3MEKTPOHOB U AbIPOK B
COBCTBEHHbIX W  MPUMECHBIX (HEKOMMEHCUMPOBAHHbLIX W KOMMNEHCUPOBAHHbIX)
NonynpoOBOAHUKAX.

493. MHorosapsgHble NPUMECHbIE LEHTPbI.

494. KuHeTnyeckme KoadpULMeHTbI - NPOBOAUMOCTb, NOCTOsIHHAA Xonna n tepmo-3[C.

495. [pendroBasi CKOPOCTb, ApendoBas 1 XONnoBcKas NOABMXHOCTU, pakTop Xonna.

496. [pendosbin n AN dY3MOHHbBIN TOK. COOTHOLLEHME DNHLUTENHA.

497. MexaHu3Mbl paccesiHUs HocuTernemn 3apsia B HevaearbHOW peLleTke.

498. Bsaumopencrteue HocuTenemn sapsaa ¢ akyCTM4eCKUMM 1 ONTUYEeCKUMU POHOHaMU.

499. PaccedHne HocuTenen 3apsga Ha 3apshkeHHbIX U HeUTpasibHbIX NPUMECSsX.
fopsyYme aneKTPOHbI.

500. OtpuuaTenbHas gudpdepeHumnanbHas NPOBOAUMOCTb.

501. JneKkTpuyeckme HeyCTOMYMBOCTHN; ANEKTPUYECKNE OOMEHDBI U TOKOBbIE LUHYPbI.
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502. [eHepauus " pekoMbunHauus HepaBHOBECHbIX HOoCUTENEN 3apsga.
KBasnpaBHoBecue, KBa3nypoBHN Gepmu.

503. YpaBHEHWE KMHETUKMN pekomMOuHaLmn. BpemeHa Xn3sHu.

504. doTONPOBOAUMOCTb.

505. MexaHu3ambl pekombuHauunu. N3nyyaTenbHas n Gesbi3nyyarenpHas
pekomMbunHauus. Mexx3oHHas pekomoumHaumns. PekombruHaumnsa yepes ypoBHU NpUMECEN
n pedektoB. LieHTpbl npununanmna. Oxe-pekoMmbnHaums.

506. [lpocTpaHCTBEHHO HEOAHOPOAHbLlIE HepaBHOBECHbLIE pacrnpefeneHuss HocuTernemn
3apspga.

507. AmbunonsapHasa guddyaus.

508. J3ddekT Jembepa.

509. [OnuHa anddysnn HepaBHOBECHbLIX HOCUTENEN 3apsaa.

510. Cxema aHepreTU4ecKkux 30H B KOHTaKTe MeTann-nonynpoBOAHUK.

511. O6oraweHHble, 06egHEHHbIE N UHBEPCUMOHHBIE CIIOM NPOCTPAHCTBEHHOMO 3apsiga
B6MM3M KOHTaKTa.

512. BonbT-amnepHas xapaktepuctuka 6apbepa LLoTTKuN.

513. OHepreTuyeckass gnarpamma p-n nepexoga. VHXekums HEeOCHOBHbLIX HOCUTENEN
3apsga B p-n nepexoge.

514. TleTeponepexofbl. QHepreTUyeckme gmarpammbl I eTeponepexosos.

515. BapwusoHHbIe NoNynpoBOAHUKN.

516. [loBEpPXHOCTHbIE COCTOAHNA N MOBEPXHOCTHbLIE 30HbI.

517. WckpuBneHue 30H, pacnpeaeneHme 3apsiaa n noteHumnana sBonm3mn noBEpXHOCTH.

518. T[loBepxHOCTHas pekombuHauus

519. TammoBckue ypoBHU. CKOPOCTb NOBEPXHOCTHON PEKOMOBUHALMMN.

520. KomnnekcHas AuanekTpuyeckas MNpPOHULAEMOCTb, MoKasaTenb MpenomMieHus,
KO3 PUUMEHT OTpaeHusi, kodapdpuumneHT nornoweHnsa. CBA3b Mexay HUMK U
cooTHoweHnsa Kpamepca-KpoHura.

521. Mex30HHble nepexoabl. Kpan coBCTBEHHOro MOrMOWEHNs B CrydYae npsMbIX U
HenpPsAMbIX, paspeLUleHHbIX U 3anpeLleHHbIX Nepexoaos.

522. 3kcuTOHHOE nornolleHne u nsnydeHne. CnoHTaHHOE U BbIHYXXOEHHOE U3NyYeHune.

523. T[lornowieHne ceeTa Ha cBOBOAHbLIX HOCUTENSAX 3apsiaa.

524. TlornoweHne ceBeTa Ha KonebaHusax pelwleTkn. PaccedHne ceeTa KonedbaHuamu
peweTkn, KoMOMHAUMOHHOE paccesiHue Ha onTudeckux oHoHax (PamaHa -
JTanpcbepra), paccesiHme Ha akycTmyeckmx goHoHax (bpunntosHa - MaHgenbswtama).

525. BnusiHne npumecen Ha onTu4eckne cBomcTBa. [NpumecHasa CTpykTypa ONTUYECKUX
cnekTpoB BO6NMN3n kpas coO6CTBEHHOIO NOrnoLWEeHUs B MIPSIMO30HHbIX 1 HEMPAMO3OHHbIX
NoNynpPoOBOAHNKAX.

526. MexnpumecHas u3ny4aTtenbHass pekoMbuHaums. DKCUTOHbI, CBs3aHHbIE Ha
NPUMECHbIX LIeHTpax.

527. Ontun4yeckne ABNEHUS BO BHELIHMX nonax. dddekt PpaHua-Kengbiwa. dddekr
MNokkenbca.

528. JddekT bypwTtenHa-Mocca.

529. JOddekTbl Dapages n dounrra.

530. T[lpumecHas wn cobctBeHHast (POTONPOBOAUMOCTb. BrvsiHue  npununaHus
HepaBHOBECHbIX HOcUTenen 3apsaga Ha oTONPOBOANMOCTb.

531. OnTtnyeckasa nepesapsgka JfiokanbHbIX YPOBHEN N CBSA3aHHbIE C HEW 3(PdeKThbI.
TepmMmocTuMynMpoBaHHas NPOBOAUMOCTb.

532. ®doTopasorpes HocuUTenen 3apsaa.

533. ®oTo3neKTpoOMarHUTHbIN 3PAEKT.

534. AMopdHbIe N cTeknoobpasHblie NonynpoBOAHUKN. CTpyKTypa aTOMHOW MaTpuubl
HeKpucTannmyeckmx nonyrnpoBoOAHNKOB.

535. WpgeanbHoe cTekno.
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536. [mopupoBaHHbIE aMOpdHbLIE NOMYNPOBOLHUKM.

537. OCOBEHHOCTM 3NEKTPOHHONO SHEPreTUYECKOro CrnekTpa HeynopsaoYeHHbIX
NonynpoBOAHUKOB. [MNOTHOCTb COCTOAHMI. Jlokanusaunsa 9neKTPOHHbIX COCTOSIHUMN.
LUlens nogBmXHOCTH.

538. JlernpoBaHune HeKkpuCTanM4yecknx nosyrnpoBOLHUKOB.

539. MexaHuambl nepeHoca HocuTenen 3apsga. lNpbbkkoBas NPOBOAMMOCTb. 3aKOH
MoTTa.

540. CnekTpbl ONTUYECKOrO MOIMOLEHUS HEeKpUCTannuyeckmx matepuanos. [MpaBuno
Ypbaxa.

541. HectaumoHapHble npouecchbl. OnpegeneHne OperndoBON MNOABWMXKHOCTU MO
n3mMepeHnam BpeMeHn nponeta. AncnepCcnoHHbIn nepeHoc.

542. BnuaHne BHELUHNX BO34encTBuUn Ha CBOWCTBA HeKpucTanInyeckmx
nonynpoBoAaHMKoB. MeTacTabunbHble COCTOSHUS.

543. Pa3mepHoe KkBaHTOBaHWe. [IByMepHble U KBa3ngByMepHble 3MNEeKTPOHHbIE CUCTEMBI
N CTPYKTYPbI, B KOTOPbIX OHU peanuayoTcs.

544. KoHTpa- ¥ KOBapuMaHTHble KOMMO3ULMWOHHbIE CBEPXPELIEeTKH, JerMpoBaHHble
CBEpPXPELLUETKN NermpoBaHust.

545. KaHTOBblEe HUTU. KBAHTOBbLIE TOYKM.

546. OHepreTMyeckui CNeKTp ANEKTPOHOB U NIIOTHOCTb COCTOSAHUIA B 3TUX CUCTEMAX.

547. Ontnyeckne ABNEHNSA B CTPYKTYpax C KBAHTOBbIMU SsMaMu, npasusa otbopa ans
MEXX30HHbIX U BHYTPU3OHHbIX (MEXMOA30HHbIX) NepPexoaoB.

548. MeX30HHOE MOrnoweHne U muanydyaTenbHas pekoMbuHaums B 3TUX CTPYKTypax.
OKCUTOHbI B KBAHTOBbIX AMaX, KBaHTOBO-pa3MepHbIn acpcekT LLTapka.

549. JnekTpuyeckne M ranbBaHOMarHUTHbIE SBMEHUS B ABYMEPHbIX CTPYKTypax.

A ekt WybHMKoBa-ae [aasa.

550. O6uee npeacraBneHne o KBAHTOBOM adhdpekte Xonna.

551. BonbTamnepHas xapakrepucTtuka p-n nepexoga. lNpnbopbl ¢ nCNonb3oBaHMEM p-N
nepexonos.

552. TyHHenbHbIM gnog. uog NaHHa. bunonsipHein TpaH3ucTop. TupnucTop.

553. OHepreTudeckas guarpamma CTpyKTypbl MeTann-ananekTpuk-nosynpoBOaHM

554. TloneBbie TpaH3ucTopbl Ha MII-cTpykTypax. MNprbopbl ¢ 3apsaa0BON CBA3LIO.

555. LWymbl B 1ONynNnpoBOAHMKOBLIX NpUbopax.

556. ®oTO3NEMEHTHI n  otogmoapl. CnektpanbHaag  4yBCTBUTENbHOCTb n
obHapyxuTenbHasa cnocobHOCTb.

557. TlonynpoBOOHUKOBbIE AOETEKTOPbl SOepHbIX U3nydeHun. DoToanekTpuyeckme
npeobpasosatenu, KN npeobpasoBaHus.

558. CseToguoabl 1 NonynpoBOAHUKOBbIE Nasepbl. VIHXeKUMOHHbIE nasepbl HA OCHOBE
ABOWHOW reTepoCTPYKTYpbI.

559. Wcnonb3oBaHue HaHOCTPYKTYP B NONynNPOBOAHNKOBbLIX npubopax.
[eTepoTpaH3nCTOp C ABYMEPHbLIM 3MEKTPOHHbIM razom (HEMT).

560. [eTeponasepbl HA OCHOBE CTPYKTYP C KBAHTOBbLIMU SIMaMu U KBaHTOBbLIMU TOYKaMM.

561. Pe30HaHCHOE TYHHeNMpoBaHMe B ABYX0apbepHOMreTEPOCTPYKTYPE N PE3OHAHCHO-
TYHHESNbHbIN guoa,.

562. OnTnyecknin MoaynAaTop Ha OCHOBE KBAaHTOBO-pa3mMepHoro addekta Ltapka.

PA3OEN 3. OBPA3ELl KOHTPOJIbHO-USMEPUTEJIbHOIO MATEPUAIIA

Bunet Ne1 (1.3.3 TeopeTnyeckasn usmka)
1. YpaBHeHUs 9NeKTpOMarHUTHbIX BOJSIH B CMNSIOWIHOM cpefe. YpaBHEHWA rnond B
OTCYTCTBME AUCrepcun.
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2. CnuH. OnepaTtop cnvHa. YpasHeHue [laynu. ToHKas CTPyKTypa aTOMHbIX YPOBHEWN.
OdhdekT 3eemaHa.
3. OHeprusa ®epmun. MNoBepxHocTb Pepmn.

Bunet Ne2 (1.3.4 Pagnoduaunka)
1. Metoabl NpuMBNMXEHHOro paccMoTpeHus kornebaTtenbHbix cucteM. KonebaHus B
KOHTYpe C HEeSIMHENHOWN UHOYKTUBHOCTbIO.
2. YpaBHeHue Pokkepa-lnaHka-Konmoroposa. MNoHaTne «6enoro» wyma.
3. Camokomnpeccusi BONHOBbIX NakeToB. CONUTOHbI ormbatoLLmx.

Bunet Ne3 (1.3.6 OnTuka)
1. OnTnyeckmne CBOMCTBA OQHOOCHbIX M ABYOCHbIX KpUCcTannos. [1BonHoe
nyyenpenomMneHue.
2. Cepuryeckume 3epkana u nmH3bl.
3. PaccesiHne cBeTa B AucnepcHon cpene; ypaBHeHne nepeHoca, anddpy3noHHoe
npubnumxeHue.

Bunet Ne4 (1.3.8 dusnka KOHAEHCMPOBAHHOIO COCTOSIHWNSA)
1. MNMpeameT Teopumn BO3MyLLEHUI. [MonpaBkn K COBCTBEHHBIM 3HAYEHUAM U BOSTHOBbIM
YHKUMAM B TEOPUN BO3MYLLIEHNN
2. PacnpepeneHue nioTHOCTM COCTOSIHUI B CTPYKTYpax C KBaHTOBbIMU SsMaMu, B
KBaHTOBbIX HATSIX N TOYKaX.
3. KonebaHus peleTku - PoHOHbI. AKycTUYecKast n onTuyeckasa BeTBU KonebaHui.

Bunet Ne5 (1.3.11 dusmka nonynpoBOgHUKOB)
1. CummeTpusa Kpuctannos. TpaHCnAauMoOHHast CMMMETpUs Kpuctannos. basuc un
Kpuctannuyeckas CTpykTypa.
2. MeXX30HHOe nornoweHne 1 nanyvatenbHaa pekoMbnHauus B 3TUX CTPYKTypax.
3. TyHHenbHbIM gnoa. Auoa MaHHa. bunonapHbIn TpaH3ucTop. TUpUcTop.

PA3LOEN 4. KPUTEPUU OLLEHKN 3HAHWUW NPETEHOEHTOB HA
NOCTYIMJIEHUE B ACINTUPAHTYPY

BcTynuTenbHoe UcMblITaHWME OLEHMBAET 3HaHWs B 06nacTu COOTBETCTBYHLLEN
Hay4YHOW OUCUMNNUHBI, HaBblKM W CMNOCOOHOCTM MOCTynawLwmx, Heobxoaumble AN
obyyeHMss no nporpaMmamMm  acnuMpaHTypbl, peanuayemMblXx TPynnon  Hay4dHbIX
cneuunansHocTen acnupaHTypbl 1.3 dGnsmyeckme Hayku. Qk3amMeH BKMOYaeT OTBETbI Ha TPU
TEOpeTMYeckMx BoMpoca No TemaM Mporpammbl  BCTYMUTENbHbLIX UCMbITAHUA B
acnupaHTypy Mo COOTBETCTBYHOLLEMY Npodunto. Bonpockl SBNsOTCA paBHO3HAYHbLIMU MO
CMNOXHOCTUW. YPOBEHb 3HaHWUi NocTynatoLLero oueHnsaeTcs no 100-6annbHom cucteme.
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KpnTepum oLeHnBaHns pe3ynbTaToB OTBETA MO YPOBHSAM (OLeHKaM)

OueHka Kputepun
OLIEHKM

91 - 100 6annoe |1. [laeT pa3BepHYyTbIi 1 NPaBUIbHBIN OTBET Ha NOCTABMEHHbIE B
9K3aMeHaUMoHHOM BuneTe n 4ONONHUTENbHbLIE BOMPOCHI.

2. A3naraet matepuan B NIOrm4eckon nocnegoBaTenibHOCTH,
rPaMOTHBIM HaY4YHbIM SI3bIKOM.

3. NokasblBaeT HaBbIkM NPaKTUYECKOro UCMOSIb30BaHUS
NpnobpeTeHHbIX 3HAHUI, a Takke 3HaHWe UCTOYHUKOB.

61 - 90 6annos 1.[JaeT HegocTaToOYHO rNy6oKne OTBETbI HA NOCTABMEHHbIE B
3K3amMeHaUMOHHOM BuneTe 1 AONONHUTENbHbLIE BOMNPOCHI.

2. [lonyckaeT HeCcyLeCTBEHHbIE OLLUMBKN B U3NOXKEHUN
TeopeTnyecKkoro Mmatepuana, CaMmoCTOATENIbHO UCMpaBrieHHble
nocne AonofHUTENbHOro BONpoca 3k3aMmeHaTtopa.

30 - 60 6annos 1.[JaeT oTBeThHI, coAepKaLLme OCHOBHYIO CyTb, HO NPU 3TOM
A0MNYCKalTCA CyLEeCTBEHHbIE OLLUMOKM.

2. VcnbiTbiBaET 3aTpygHEHNA Npu OTBETE Ha BOMPOCHI
3Kk3ameHaTopoB. TpebyeTcs yToUHsAOLWME N HaBoAALWME BONPOCHI
3. [leMoHCTpUpyeT HapyLleHME JIOMNKN U3NOXEHNS.

29 6annos u 1. OBbHapyxunBaeT He3HaHWe unuM HenoHMMaHue Hanboree
MeHee CYLLIeCTBEHHOWN YaCTu BONPOCOB MO 3K3aMeHaUMoOHHOMY buneTty

NNW JONOSTHUTESbHBLIM BOMPOCaM 3K3ameHaTopa.

2. [lonyckaeT CyLleCTBEHHbIE OLLUNOKKN, KOTOPbIE HE MOXET

MCNpaBnTb C MOMOLLLbIO HABOASALMX BONPOCOB 3K3ameHaTopa.

3. [lemoHCcTpMpyeT rpyboe HapyLIEHNE NTIOTUKM U3NOXEHWS.

Mporpamma BCTYNUTENbHOIO UCMbITaHUS oOpoOpeHa pelueHnemM Y4yeHoro coBeTa
dusmyeckoro cakynoteta (npotokon Ne2 ot 24.02.2022).



