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PA3LEN 1. TEOPETUYEKAA ®PU3SUKA

11. Teopetunyeckaa MexaHukKa. KaHOHMYeckne ypaBHEHUs, YypaBHeHue
MamunbTOHa, ckobku lMyaccoHa, Teopema JlyBunns, ypaBHeHue [amunbToHa-Akoow,
pasgeneHne nepeMeHHbIX.

1.2. dnekTpoAnHamMuka

[encteme gna anekTpOMarHUTHOro MNons. YpaBHEHUS 3NeKTPOMarHUTHOro Mnons.
UeTbipexmMepHbi BEKTOp ToKa. YpaBHeHue HenpepbiBHOCTU. [1NOTHOCTL M MOTOK
SHepruu.

OnekTpoMarHuTHble  BONHbI.  BonHoBoe — ypaBHeHue.  [lnockune  BOSIHbI.
MoHoxpomaTudeckas nrockas BonHa. CnekrtpanbHoe pasnoxeHue. NonapusaumoHHble
XapakTepUCTUKN N3NYYEHUS.

YpaBHEHUS SNEKTPOMArHUTHbIX BOSIH B CMSIOWHOW cpefe. YpaBHEHUs nonsa B
oTCcyTCTBME aucriepcun. [ucnepcus AOMINeKTpu4eckon npoHuuaemoctn. [lnockas
MOHOXpOMaTunyeckas BoriHa. PacnpocTtpaHeHne anekTpoMarHuTHbIX BOrH. OTpaxeHue u
npefioMneHue.

WHTepdepeHumna caeta. BpemeHHaas M npocTpaHCTBEHHast KOrepeHTHOCTb.
NHTepdepomeTpbl. dudpakums ceeta. NpubnmkeHna ®penens n dpayHrogepa.

N3nyyeHne cBeta atomamu wun Monekynamu. LupuHa nvHUKM  mn3NyYeHus.
CnoHTaHHble 1 BblHYXAeHHble nepexoabl. Jlaszepbl. B3anmogencreme ceseTa v BellecTsa.
3akoHbl hoToaddekTa. 3akoH CtedhbaHa - bonbumaHa.

1.3. KBaHTOBasi MexaHukKa

YpaBHeHne LpeaunHrepa. OcHoOBHble cBoWcTBa YypaBHeHus LpeguHrepa.
OpgHomepHoe  gBwxeHue.  OOQHOMEpPHbIM  OCUMITAATOP. MnoTHOCTb  MNOTOKa.
KBasuknaccuyeckas BoniHoBas pyHkums. NpoxoxaeHne yepes bapbep.

OOwume cBoncTBa [AOBWXKEHWS YacTuubl B LUeHTpanbHOM none. PaguanbHoe
ypaBHeHue LpeanHrepa. ATom Bogopoaa.

CnuH. OnepaTtop cnuHa. YpaBHeHue Naynun. TOHKast CTPYKTypa aTOMHbIX YPOBHEN.
Ad ekt 3eemaHa.

CronkHoBeHus yvactuy. Ob6wasa Teopusi. bopHoBckoe npubnumxkeHue. PaccesiHue
3apsbKkeHHbIX YacTuy (dpopmyna Pesepdopaa).

HecTtaumoHapHasa Teopusi Bo3amyLleHnn. KBaHToBble nepexobl. 30510TOE NpaBuso
®epmu. UManyyeHne cBeta atomamn u Monekynamu. LupuHa nuvHUKM un3nyYeHus.
CnoOHTaHHbIe U BbIHYXAEHHbIE Nepexoabl.

OnNEeKTPOHHbIE  COCTOSIHUS. MpuHuun  ®paHka-KoHOoHa.  ONEKTPOHHble
konebaTenbHble U BpallaTenbHble CNEKTPbI.

AnepHble cunbl n nx ceonctea. Ctatnyeckne ceBonucTea gaep (pasmepbl 1 popma,
SHeprus CBA3N, CMUH U YETHOCTb COCTOSIHUM, SNEKTPUYECKUIA U MarHUTHBIA MOMEHTDI).

Mopgenn atomHbix aaep. KanenbHas, o6onoveyHas, o6obLieHHas mogenu saep.

Anbdpa-, 6eTa- 1 ramMma- pagnoakTUBHOCTU N NX OCHOBHbIE 3aKOHOMEPHOCTM.

1.4. Ctatuctuyeckas pumsunka , pusnyeckas KMHeTUKa n pmusnka
KOHAEHCUPOBAHHOIO COCTOSIHUA

PacnpegeneHne ®epmun-Anpaka. BoipoxgeHHbIn naeansHbli hepmu-ras.

Pacnpepenenne bose-OnHwTenHa. BolpoxaeHHbin 6o03e-ra3. KoHgeHcauunsa boase-
OuHwWTenHa. PaBHoBeCcHOe Tennosoe nsnyyeHve. ®opmyna lNnaHka.

KuHeTuyeckaa Teopua rasoB. KuHetndeckoe ypaBHeHue bornbumaHa. H-Teopema.
OundpysnorHHoe npnbnmxerne. YpasHeHne Pokkepa-lnaHka.

Apunabatnyeckoe n ogHOINEKTPOHHOE NPUBIMXKEHNE.



BbiBog ypaBHeHna XapTpu-Poka C KpucTtannndeckum noteHuuanom. dusmnyeckuni
CcMbIcn onepaTopa Xaptpu-d®oka. 3oHHOE NpubnmxeHne

TpaHcnaunoHHas cummeTpus KpuctannoB. Teopema brnoxa. ®yHkumm bBrioxa.
O6paTHasa pelweTka. 30Hbl BpunnoaHa. 3oHbl BpunnioaHa KyBuyYeckux KpucTansos.
Mepuogunyeckne rpaHuydHble ycnosus bopHa-KapmaHa. YpaBHeHWe Ons nepuoguyeckomn
YacTtn oyHKumm brioxa.

lpynna BomHOBOro BekTtopa. Metog cnabom cBssn. MeTtog  CunbHOM
cBs3n.OddekTMBHaAA Macca KBa3myacTuubl.[MNOTHOCTb 3NEKTPOHHbLIX COCTOSHUN.

OHeprusa depmu. lMoBepxHoCcTb depmn. TemnepaTypHble 3aBUCMMOCTU YPOBHS
depMM M KOHUEHTpauum HocuTenem 3apsga  (COBCTBEHHbLIM  MOMYNPOBOLHMK).
PaBHOBeCHblE KOHLUEHTpaLuu 3reKTPOHOB U AblpOK B 30Hax (obwwun cnydvan). MeTtoapl
pacyeTa 3feKTPOHHOro crnekTpa.

OrneMeHTapHasi Teopusa JoKarbHbIX 9HepreTu4eckux yposHen. PaBHoBecHble
KOHLUEHTpauMn 3neKTPOHOB UM  AblpOK B 30Hax (obwun cnyyan). MeTtannbl,
NONYyNPOBOAHMKN U ANINEKTPUKM C TOYKN 3PEHUST 30HHOTO NPUBNMKEHUS.

PA3LOEN 2. Paguocumsnka

2.1. Teopusa koneb6aHun

KoHcepBaTuBHble KonebaTeribHble CUCTEMbI. YCrOBUS BO3HWKHOBEHWUS COCTOSIHWUSA
paBHOBeCUS. MI30XPOHHbIE M HEM3OXPOHHbIE KonebaHus.

daszoBasg nnockocTtb M paszoBoe npocTpaHcTBO. Ocobble TOYKM B HENMHEWNHbLIX
cuctemax. ®asoBbi NOPTPET MasiTHMKA € 3atyxaHnem. Ocobas Touyka Tuna «LUEHTP».
Ocobas Touka Tuna «ceasio». YCTOMYNBOCTb CTaUMOHAPHbIX ABVKEHUNA.

Knaccnyeckne  konebartenbHble  cuctembl. KayecTBeHHOE  pacCMOTpeHue
konebaHun MadaTHuMKa. HaxoxgeHue CKopoCTM Ha cenapartpuce konebaHui MasiTHUKA.
ConutoH. HenuHenHbI KOHTYp 6e3 3aTyxaHus. KonebaHus B KOHType C HenuVHenHowu
€MKOCTbI0 p-n nepexofa. ocnepoBaTtenbHbii konebaTenbHbI KOHTYp. KonebaHus B
KOHTYpE C HENUHENHOW EMKOCTbIO C CErHETOINMEKTPUYECKOW COSbIO.

OuccnnatuBHble konebaTenbHble cucTembl. KonebaTenbHbld KOHTYP C MasbiM
HeNMHeNHbIM 3aTyxaHueM. JIMHENHbIN KOHTYP C NOCTOSAHHbIM 3aTyxaHuem. Buabl TpeHus.
Cyxoe TpeHue. JinnenHoe TpeHue. KBagpatnyHoe TpeHue. BbiHyXaeHHble konebaHus B
HEeNMHEMHON  KOHCepBaTMBHOM  CUCTEME  NpU  FapMOHUYECKOM  BO3OEUCTBUMW.
BbIHy>XOeHHble konebaHns B NIMHENHbIX CUCTEMAX.

MeToabl NpUBNMXKEHHOro paccMoTpeHust konebatenbHbix cuctem. KonebaHusa B
KOHTYpe C HEeNMHENHOW WHOYKTMBHOCTbI. MeTon nocnegoBaTeNibHbIX NPUBAVKEHUNA.
MeTtoa komnnekcHbix amnnutyg. Meton JlbeHapa. Metog rapmoHuyeckoro 6anaHca.
MeTtog wmeaneHHo wMeHsawwuxcsa amnnutya. Meton wsoknuH. Metog nostanHoro
pacCcMOTPEHUS.

2.2. OcHOBbI paAVoO3NIEKTPOHUKN, CTaTUCTUYECKasa paanodusmka

CnekTpanbHbli  aHanu3  NepuoaMyYecKUX WU Henepuoamyeckux  CUrHanos.
MpeobpasoBaHne dypbe M ero oCHoBHble cBoncTBa. KomnnekcHas ornbatollasi, nonHas
drasa n MrHoBeHHasi YacToTa y3KOMOSOCHOro curHana.

CnekTpanbHbln MeTO4 aHanmMsa npPOXOXOEHUS CUrHamoB 4Yepes3 JIMHEeWHble
CTaumoHapHble cuctemsl. [pocTtenwmne gudpdepeHUmpyowmne n nHTerpupyowme Lenu.
MMnNynbCHble XapaKTepPUCTUKU JIMHEMHbIX CTauWOHapHbIX Uernerh u UX HaxoXOaeHue C
MOMOLLIbIO OnepaTopHOro Mmetoaa.

OunckpeTHoe npeobpasoBaHue Pypbe, anroputm GbiCTporo npeobpasoBaHus Pypbe
(Br®).

MeTofbl CMHTE3a NMHENHBIX UMAPOBLIX hunbTpoB. CornacoBaHHble PUNbLTPDI.



OcCHOBHble MOHATUA  Teopun  cnydYamHbIX npoueccoB. CTauuMOHapHble W
HecTauuoHapHble CryyanHble NpoLecchl U Cnocobbl X OnNUcaHus.

KoppenaunoHHo-crnekTpanbHas Teopus cryydarHblx npoueccoB. Teopema BuHepa-
XWH4YMHaA. BbluucneHne cnektpanbHOM NIOTHOCTU. Bosgencreme WyMOB Ha JIMHEWHbIE
CUCTEMBI.

MapkoBckue npouecchl. YpaBHeEHME MapPKOBCKOro npouecca. YpasHeHne dokkepa-
Mnanka-KonmoropoBa. [MoHATME «Oenoro» wyma. 3ameHa peanbHOro Cry4anHoro
npoLecca MapKkoBCKUM NPOLECCOM.

Cratnctnyeckme  xapaktepuctukm  ormbarowien u - ¢asbl  y3KOMOMOCHOro
HOpMaribHOro cny4yamHoro npouecca. PyHKUMS pacrnpegeneHns u KoppensumMoHHas
dyHKumnsA ornbatowien. PyHKUMSA pacnpegeneHuns dasbi.

Be3blHEpPUMOHHbIE W WHEPUMOHHble HenuHenHble npeobpas3oBaHNA  LLYMOB.
[eTekTMpoBaHne WHEPUUOHHbIM AeTekTopoMm. Metoa ormbatowen, MeTon ypaBHEHUI
Konmoroposa-®okkepa-lnaHka.

Wlymbl B aBTOoreHepatopax. PacnpegeneHve amnnutyabl, WWAPWUHBI U (OOPMBbI
CNeKTpanbHOW NMUHUN.

lMyaccoHoBckuin npouecc. [dpo6osbii wym u ¢dopmyna LWotTkn. CnyvainHble
nocnefoBaTeNlbHOCTU UMMYNbCOB W WX CheKkTpanbHas MMIOTHOCTb. TennoBOW LUyM.
Knaccuyecknin n KBaHTOBbINM BapuaHT bopmynbl HankesucTa.

NHTepnpeTaums ob6paboTku CUrHanNoB 1 CrydanHbIX NPOLECCOB Kak 3afjada Bbibopa
peweHunsa. O6HapyxeHne u BbigeneHne curHana. llpoctag u crnoxHas rMnoTesbl.
lMpocTpaHCcTBO HabnAeHUN, CUrHANoOB 1 pelleHnit. banecoBckne cucTembl.

ToyeyHble W WHTepBanbHble OUEHKN. JP@eKTUBHbIE OLEeHKN. HepaBeHCTBO
Kpamepa-Pao. [ocTaTO4HOCTb W COCTOATENbHOCTb OLEHOK. banecoBckue OuEeHKMW.
OueHkn MmakcmmanbHoro npasgonogobus. OueHkn napameTpoB CydanHbIX NPOLIECCOB.

2.3. Pu3uka BONTHOBLIX MpoLeccoB

BonHoBoe ypaBHeHue. [Inockne BOSIHbI B OOHOPOLHOW W3OTPOMHOW cpefe.
MoHaTne o BonHax. [lpymepbl BOMHOBLIX ABWXeHUWA. BOnHOBOe ypaBHeHWEe U ero
Mogudukaummn. YpasHeHna Makcsenna B KomnnekcHon opme. lonspusauyus BOSH.
OHeprus 3I1EKTPOMarHUTHOro nons. Mnockue BOJTHbI. PacnpocTtpaHeHue
SNEKTPOMarHUTHbIX BOSTH B NOrfoLwaroLwmx cpeaax.

PacnpoctpaHeHne  BONMH B AUCneprypylowmx  cpegax. KomnnekcHas
ananekTpuyeckas npoHuuaemocTb. CBA3b Mexgy Aaucnepcuen U NorfoLleHneM.
[ducnepcus 3nekTpOMarHUTHbBIX BOJSIH B HEMOSIAPHbIX WU MOMSAPHbIX  OU3NEeKTpuKax.
[OunanekTpuyeckas NnpoHMLAeMOCTb cpef co cBOOGOAHbIMU 3apsaamu. BonHoBoW nakeTt B
aucneprupytowlen cpeae.

PacnpocTtpaHeHne BOMH B aHM30TPOMHbIX cpedax. TeH30p AN3NeKTPUYeCcKou
npoHuuaemocTu. Jlyyeson BekTop. PacnpocTpaHeHue nnocKMX BOMH B KPUCTaNINYECKUX
cpepax. PacnpoctpaHeHwe  NMOCKMX  BOMIH B MarHUTOAKTUBHOW  nra3Mme.
PacnpocTtpaHeHue anekTpoMarHUTHbIX BOMH B beppuTte. TMpoTponusa noHocgepsl.

PacnpocTtpaHeHne BOMH B HESNIMHEWHbLIX cpedax. YpaBHEHUA ONA HenUHEeWHbIX
BONH. MeToa MeasieHHO U3MEHSLWMXCA aMnnuTyg. Ycnosue ¢oasoBOro CUHXPOHU3MA.
eHepaumsi BTOPOW rapMOHMKK. TpéxdacToTHble B3ammogencTsus. COOTHOLLEHUS
MaHnn-Poy. PacnagHas HeycTon4mMBocCTb BOMH. CaMoBO34enCcTBUE BOJTH.

Teopua gudppakumn. PacnpocTpaHeHne orpaHuYeHHbIX BOSTHOBbLIX ny4ykoB. MeTon
Kupxropa n dyHkums puHa B Teopun gudpakumu. YTrnoBOW CRNEKTP MNIIOCKUX BOJH.
Mapabonunyeckoe ypaBHeHWEe B Teopuun audpakuuun. Oudpakums rayccoBa BOSHOBOrO
ny4ka n cpoKyCUpPOBAHHOIO Ny4ka.

CamoBo3gencTBne BOSTHOBbLIX MYYKOB M BOMHOBbLIX NMAKETOB B HESIMHEWHbIX cpeax.
HenuHenHas pedpakums npwu 6esabeppauoOHHOM " abeppauoHHOM



camMoBO3eNCTBUUNYYKOoB. BonHoBogHOe pacnpocTpaHeHue nyykoB. Camokomnpeccus
BONIHOBbIX NakeToB. CONMTOHbI OrnbatoLLuX.

PA3OEN 3. OnTuka

3.1. AneKkTpomarHnTHasa Teopusa cBeTa

YpaBHeHns Makcsenna. Bektop Ymosa-[lonHTUHra. BonHoBoe ypaBHeHMe.
lMnockne n cepudeckne BonHbl. MNMapabonunyeckoe npubnmxkeHne. Mogbl cBobogHOro
npocTtpaHcTBa. Pa3oBas 1 rpynnoBasi CKOpoCTu cBeTa.

Monapusaumsa ceeta. Bektop [xoHca. MNMapameTpbl Ctokca. Cdepa [lyaHkape.
PacueTtHble meToabl [XoHca n Mionnepa. Tunbl noNSpn3aunoHHbIX YCTPOUCTB.

OTpaxeHne u npenomneHve cBeTa Ha rpaHuue pasgena M3oTPOMHbIX cpea.
®opmynbl OpeHens. NonHoe BHYTpeHHee oTpaxeHue. KomnnekcHaa ananekTpudeckas
npoHuuaemocTtb. OTpaxeHne cBeTa OT [MOBEPXHOCTM nNpoBOAHWMKA. [nybuHa
NPOHUKHOBEHUS.

PacnpocTpaHeHne cBeTa B aHU3OTPOMHbLIX W TMPOTPOMHbLIX cpedax. BornHoBble
NOBEpPXHOCTU B Kpuctannax. Jlyum u BONHoBble Hopmanu. J3nnuncoup dpeHens.
OnTtnyeckmne cBOWCTBa OJHOOCHbIX " ABYOCHbIX Kpucrannos. [1BoviHOE
nyyenpernomrieHe. KoHudeckas pedpakums. IArnekrtpoontuyeckne adpdekTsl Keppa u
Mokkenbca. OnTnyeckast akTMBHOCTb. AdhdekT Papages.

OnTtuka pgswxywmuxcsa cpeq. Onbitel ®dn3o n MankenbcoHa. [MpeobpasoBaHus
JlopeHua. lNpogonbHbI 1 nonepeYdHbin adpdekTbl Jonnnepa.

3.2. TleoMmeTpunyeckKasl onTuka

ACUMNTOTUYECKOE peLLleHMe BOJSIHOBOTO ypaBHeHus. [eomeTpo-onTudeckoe
npubnmxeHune. YpaBHeHne ankoHana. O6nactb NpUMEHEHUA Ny4eBOro NpUONMXeHus.
MpuHUun ®epma. FoMoLEHTPUYECKME MYYKU.

MoHsTHe ONTUYECKOro n3obpaxeHuns. MapakcuanbHoe npubnuxeHune.
MpenomneHne Ha cdepuyeckon noBepxHocTn. Cdoepudeckme 3epkana W JfNH3bI.
O6pasoBaHue KayCTUK B ONTUYECKUX cucTemax. leomeTpudeckne abeppaumm TpeTbero un
Bonee BbICOKMX NOpAaKoB. XpoMaTtuyeckaa abeppauma. Tunbl onTudecknx npnbopos.

3.3. UHTepdepeHuma n gucpakuma cBeToBbIX BOJH

WHTepdepeHLuMss 4YaCTUYHO-KOrepeHTHOro msnyyeHusi. KomnnekcHasi cTeneHb
KorepeHTHocTU. Teopema BaH-LuTttepTa - LiepHuke.

[ByxnyyeBas w1 MHoronyyeBas uHTepdepeHuus. CpasuroBas W Cnekn-
nHTEepdepomeTpma. MHOrocnonHbIe NOKPLITUS.

Oudppakumsa. OudppakumoHHble wuHTerpanbl Kupxroda - [tovreHca. [Oudpakums
®peHena n dpayHrodepa. ddhdekt Tanbbo. BnvsHmne andpakuum Ha paspeluatoLlyro
cuny cuctem, obpasyromx nsobpaxeHue. udpakumoHHas peweTka. MNapabonuyeckas
Teopusa andppakumum; rayccoB nyqyok. ABCD —meTon; KOMMNMEKCHbIN napaMeTp KPpUBU3HbI.
OcobeHHOCTN AnpakumMm HeKorepeHTHoro wusnydeHnsi. OCHOBbI BEKTOPHOW Teopuu
andpakumm.

Ob6paTtHble 3agaun Teopum Aaudpakumm. CHUHTE3 ONTMYECKUX 3SNEMEHTOB.
KuHodopmHasa ontuka.

3.4. Teopus uany4yeHns n B3aMmMoAenUCTBUA CBETOBbIX BOJIH C BELECTBOM

Knaccuyeckas Teopusi B3aMMOAENCTBUS U3NyYeHUs C BellecTBOM. Pe3oHaHcHoe
npubnmxkeHne. [ucnepcuoHHble cooTHoweHus Kpamepca - Kpowwura. Ontmyeckue
HyTaumn. Ontnyecknn apdpekt LTapka. POTOHHOE 3X0O WM camMoMHAYLMpPOBaHHAA
npo3payHocTb. ConuToHbI. PenakcauuoHHble npouecchbl. YpaBHeHWe aAns maTpuubl



nnotHoctn. CamocornacoBaHHble YpaBHEHWA AN NOofs, nonspusauun u pasHoCTU
3aceneHHocTen. OPdEKT HACbILLEHWS.

3akoHbI TennoBoro nanyyeHus. dopmyna lNnaHka. PoToapdeKT.

KBaHTOoBaHMe nonga. OnepaTtopbl PoOXOEHUS U YHUYTOXEHMS  (DOTOHOB.
[[aMUNbTOHMAH KBAHTOBaAHHOrO nonsd. KoMmyTaunoHHble COOTHOLUEHUA O11s1 OrnepaTopoB
nons.

OAOHOMOTOHHbIE U MHOroOOTOHHbIE rpoueccbl. BepoATHOCTM CMOHTaHHbIX W
BbIHY>KAEHHbIX nepexoaoB. KoadduumeHTbl SnHwTenHa. KeagpynosibHble M MarHUTo-
aunornbHble nepexobl. KoonepatmeBHble addekTol. CBepxuanydvyeHne. KorepeHTHoe u
KOMOMHaLNOHHOE paccesiHuS.

HenuHenHble BocnpunmMunBOCTU. PacnpocTpaHeHue BOJSIH B HeNIMHEMHOW cpefe.
MeTog MeOneHHO MEHAWUXCa amnnuTyd. Ycrnosue CUHXpOHM3Ma. [eHepauus
ONTUYECKUX  FapMOHUK.  TpEXBOMHOBOE  B3avMOOeNCTBUE. MapameTtpunyeckoe
npeobpasoBaHne 4acToTbl. CamodbokycupoBka ceeTa. BbIHy>XaeHHoe n
KOMBUHaUNOHHOEe paccedaHne. BblHyxgeHHoe paccesiHne Mangenblitama-bpunnioana.
YeTbipéxBonHoBoe B3aumopencteme. Ob6palleHne BonHoBOro poHTa. BeliectBo B
CBEPXCUINbHOM CBETOBOM MoJie.

3.5. Ctatuctuyeckasa ontuka

BpemeHHaas ©  nNpocTpaHCTBEHHasi  KOrepeHTHOCTb  CBETOBbIX  MOMew;
KoppenauMoHHble  OYHKUMM  NepBOro WM BbicWwMX  nopagkoB.  CnekTpanbHoe
npeacrtaesnenve. Teopema BuHepa-XnH4nHa.

WHTepdepomeTpuna nuteHcmsHocten. OnblT BpayHa-Teucca.

KBaHTOBble CBOMCTBa CBETOBbIX MNonen. POKOBCKOE, KOrepeHTHOEe W cCxaToe
COCTOsIHME Mon4.

Pacnpepenerne bose-OnHwTenHa. NapameTp BblpoXaeHnsa nons. NyaccoHoBckas,
cybnyaccoHoBCkasi M CyneprnyacCOHOBCKas cTaTucTMka (OTOHOB. CBA3b CTaTUCTUK
¢dOTOHOB M poTooTCYeTOB, popmyna MaHgens gnsa pacnpegeneHns ¢OOoTOOTCYETOB.
[pob6oson wym.

Cratnctnyeckme CBOMCTBA Na3epHOro U3nyyeHuns.

3akoH Kupxropa u wymbl KBaHTOBbIX ycunutenen ceeta. PNyKTyaLMOHHO-
anccunaumoHHas Teopema.

KoppenaunoHHas cnektpockonus. IOddeKkTbl TpynnUpoBKM U aHTUIPYNNUPOBKK
¢OTOHOB.

CnoHTaHHOe napameTpudeckoe paccesiHMe cBeTa. budoTtoHbl. [lepenyTaHHble
cocTosiHusa ceeTa. OnTuyeckasa peanusaumsa Kyoutos n nx npeobpasosaHnd. COCTOAHUSA
Benna. MNMapagokc SnHwTenHa-MNogonsckoro-Po3eHa. HepaseHcTBa benna.

CratncTnka YacTMYHO NONSiPM30BaHHOIO N3ny4veHus. MNonapusaunoHHas matpuua.

PacnpocTtpaHeHve BOSfH B CriydarvHO HeofHopoaHow cpefe. KoppensuuoHHble u
CTPYKTYpHble PYHKUMM amnnuTyabl u ¢asbl. OnTtunyeckne moaenu atmocgepHomn
TypOyneHTHOCTH.

PaccedHne cBeTa B OucnepcHou cpefe; ypaBHeHue nepeHoca, Anddy3MoHHoe
npnbnuxeHune.

PaccesHuve cBeTa B GUOTKaHM.

3.6. CnekTpockonusi

Cnektpbl aToMOB. CucTeMaTtvka CrNeKTpoOB MHOrO3MEKTPOHHbLIX aTOMOB. Turbl
cBA3en anekTpoHoB. OnpegeneHne Habopa TepmoB. NcxogHble Tepmbl. MynbTunneTHas
cTpykTypa. lNpaBuna otbopa. Bsaanmogencreme kKoHpurypaumn.

CnekTpbl monekyn. Agnabatnyeckoe npubnmkeHue. Mpynnbl CAMMETPUN MOMEKYT.
KonebaTenbHble cnektpbl. Knaccudukauma HopmarnbHbIX KonebaHui no  Tunam
cummeTpun. BoipoxaeHune. PesoHaHc ®epmu. [MpaBuna otbopa B konebaTenbHbIX
crekTpax normfoweHna M KOMBUHAUMOHHOrO paccesHusa. BpalwlatenbHas cTpykTypa



konebaTenbHbIX NONOC. DNEKTPOHHbIE CNeKTpbl Monekyn. Knaccudukaumsa anekTpoHHbIX
COCTOSIHMM  OByXaTOMHbIX  Mornekyn. [lpuHumn  ®padka-KoHgoHa. Tunbl  CBA3M
3NEKTPOHHOro ABMXEHUS U BpaLLeHUS.

CnekTtpockonusa TBepgoro tena. lNepexogbl non AencTBMeM cBeTa B uAaearibHOM
Kpuctanne. lNornowieHne B MHppakpacHom obnactn cnekTpa n B3auMOAeNCTBME CBETa C
dOHOHHOM noacucTtemoMn. [epexoabl B afIeKTpoHHOM nogcucteme. lNornoweHne ceeta B
mMeTannax. 3anpelweHHasa 30Ha M obnactb NPO3pavyHOCTM B OUINEKTPUKAX. OKCUTOHDI
BaHbe-Motta 1 ®peHkena. Obnactb dyHAameHTanbHoro nornoweHna. lNMepexoabl c
OCTOBHbIX YypoBHen. Iddektol Oxe un daHo. IOPdekTbl Ha Kpasx OCTOBHOro
nornoweHus: EXAFS n XANES. lNoHaTne o nonsputoHax. CnekTpockonusa gedeKTHbIX
COCTOSIHMM B KpucTannax. ABTOSiOKanmsauusi 3KCUTOHOB W [OblpOK B AN3NEKTPUKaXx.
BTopu4Hble apeKThbl B Kpucrannax: NIOMUHECLEHLNS, doToammcens,
AedektoobpasoBaHue nog AeNCTBMEM CBETA.

JTomunHecueHumsa. Knaccndurkaums nioMmMHeCUeHUNN No ANUTENBHOCTU CBEYEHUS U
cnocoby ee Bo3GyxaeHua. MonekynspHas M pekoMOMHaUMOHHAA NIOMUHECLIEHLNS.
3akoH Ctokca-Jlommens. NpaBuno 3epkanbHOW CUMMETPUN CMEKTPOB MOrMOLWEHNA ©
nomMnHecueHunn JleBwnHa n yHMBepcanbHOe COOTHOWeHue mexay Hummn CTenaHoBsa.
3akoH Basunosa. TpunneTHble COCTOSAHUA MOSIEKY MU UX POfb B NpoLeccax gerpagaumm
N MUrpaLUKn SHEPrMn dNeKTpoHHOro Bo3byxaeHus. Cxema TepeHuHa-Jlbtonca. TyweHue
(TemnepaTypHOe, KOHLUEHTpPauWoHHOE, NMOCTOPOHHUMU BellecTBamMun) NIOMUHECLIEHLINN.
BesbianyyaTenbHbli NEPEHOC 3HEPrMM ANEKTPOHHOro BO30YyXaeHus. JliommHecueHuns
MONEKyNApHbIX Kpuctannos. Teopua [HaeBblgoBa. KoonepaTuBHble npoueccbl B
NMIOMUHECLIEHLINN.

30HHaa Mogenb NIMUHECUEHUUN OUINEKTPUKOB. Pas3MHOXeHMe 3MeKTPOHHbIX
BO3OyXaeHUn B TBepaoM Tene. TepMOBbICBEYMBAHWE WM WMHEpaKpacHas CTUMYNAUUS.
[MpMeHeHe NIOMUHECLIEHTHBIX KPUCTAMOB B HAayKe, TEXHUKE U MegULUHE.

3.7. AkcnepuMmeHTanbHasa U NpUKNagHas onTuka

MCTOYHUKM ONTMYECKOro wusnyyeHusi. Tennosble, rasopaspsgHble W nasepHble
NCTOYHUKN. CUHXPOTPOHHOE n3nydeHne. OnTuyeckue matepuarnsi.

XapakTepuUCTUKM  MPUEMHUKOB  U3MNYYEHUS: CrekTpanbHas W uHTerpanbHag
YYBCTBUTENBbHOCTb, LWYMbl, MHEPUMOHHOCTb. [Mpnbopbl ¢ 3apsigoBon ceasbio ([13C) -
NNHENKN, MaTpuLbl.

TexHuka cnekTpockonun. CBeToUNbTPLI, MNPU3MEHHbIE U ANdPaKLMOHHbIE
cnekTpanbHble  npubopbl, UHTepdepomeTpbl. Dypbe-cnekTpockonuss.  OCHOBHbIE
XapakTepucTuku Npnbopos: annapaTHasa OyHKUMS, pa3peLueHne, cBeTocuna, oMcnepcus.
JTazepHas cnekTpockonusi.

3anncb u obpaboTka onTtudeckon umHdopmaumn. MexaHuam  3anmcu  wm
BOCNpPOU3BeAEHNA BOSTHOBbIX NOJSIEN C NOMOLLBIO ABYMEPHbIX U TPEXMEPHbLIX FOfI0rpamMm.
Lindposble ronorpammbl. [lepexoaHble U nepefatoyvHble (PYHKUMN ONTUYECKUX CUCTEM
o6paboTkn mHopmaumn. M3onnaHapHocTb. Mcnonb3oBaHne metoaoB Pypbe-onTuKKM
ANs ONTMYEeCcKon hunbTpaumm 1 pacno3HaBaHus obpasoB. KoppeKkumsi 1 peKOHCTPYKUNSA
n3obpaxeHnin. MetToabl KOMMNbLIOTEPHOW OMTUKMN.

BonokoHHas ontuka. Tunbl BOMOKOHHBIX CBETOBOAOB. Moabl ONTUYECKUX BOFOKOH.
3aTtyxaHune un gucnepcusa mod. HanpasneHHble oTBETBUTENN. BONOKOHHBIE NUHUKN CBA3MW.
HenuHenHble adhdekTbl B ONTUYECKNX BOSTOKHAX.

3.8. OnTuka naseposB

MpuHumn paboTtbl nasepa. Cxembl Hakaykn. Teopusa Jlamba. S dekTbl 3aTArMBaHUSA
4YacToTbl 1 BbiropaHuna ablp. JTamGosckun nposarn.

OnTuyeckne pesoHatopbl. Moabl onTuyeckux pesoHaTtopoB. CBOWCTBA Na3epHbIX
My4YKOB.



Tunbl nasepoB. TeepaoTenbHble nasepbl. [a@3oBble nasepbl: nasepbl Ha
HeMTpanbHbIX aToMaX, WOHHble rasepbl, MOJSeKynspHble nasepbl, Nasepbl Ha
camMoorpaHnyeHHbIX nepexogax. Xvmudeckue nasepbl. [MonynpoBOAHUKOBbLIE Na3epbl.
Jlazepbl Ha LeHTpax oKpacku.

Pexumbl paboTbl nasepoB. HenpepbiBHbIE M MMMYNbCHBIA pPeXuUMbl. [TMYKOBbIV
pexum. Mogynsaums [obpotHocTn. CuHXpoHM3auusa mopd. eHepauusi CBEepXKOPOTKMX
MMMYNbCOB.

MprHUMMbI aganTUBHOM ONTUKWN; KOPPEKLUSA BOMHOBOIo OPOHTA NasepHbIX My4KOB.

PA3OEN 4. PUSNKA KOHOAEHCUPOBAHHOIO COCTOAHUA

4.1. KeaHTOBasa mexaHuKa

KcnepMMmeHTanbHble 060CHOBaHNA KBaHTOBOW Teopun. MatemaTuyeckuii annapat
KBAQHTOBOW MEXaHUKN.

Onepatopbl  umsnyecknx BenmunH. CoOBCTBEHHbIE (PYHKUMM U COBCTBEHHbIE
3HayeHus onepaTopos.

CoctosiHne  bmsnyeckon  BENUYUHBI.  3HayeHUss  PU3MYECKUX  BENUYMH.
KoMMmyTaunoHHble COOTHOLWEHNA. VIHTerparbl ABUMXEHNS.

CraumoHapHble cocTosiHus. CnekTp CUCTEMBI.

lMocTynaTbl KBAHTOBOW MeXaHUKN. PU3NYECKMUIA CMbICI BOSTHOBOM (DYHKLINN.

MpuHumn cynepnosunumn. MNpuHUKUN HeonpeaeneHHOCTEN.

YpaBHeHne LpéouHrepa B koopanHaTHOM npeacTtaeneHnn. OOwme cBoncTBa
OAHOMEPHOro ABWXeHus. JuckpeTHbIn crnekTp. lNoTeHunanbHble AMbl.

OgHoMepHbIN d-noTeHuman.

OpHomepHasa 3apjaya paccesHus. HenpepbiBHbIM - cnekTp. [loTeHunanbHble
6apbepbl. KoahpmumeHT npoxoxaeHus.

["apMOHMYecKknn ocumnnsaTop

OnepaTtop MOMeHTa nmnynbca. KoMMyTaumoHHble COOTHOLWEHUS. OpbuTanbHbIn K
CMWUHOBLIM MOMeHTbI nMmnynbca. Matpuubl MNaynu. NonHLIN MOMEHT UMNYbCa CUCTEMBI

3agava oByx Ten. LleHTpanbHO-cMMMeTpUYHOoe none

MpeameT Teopun Bo3myLeHUI. [NonpaBku K COBCTBEHHBIM 3HAYEHUSM Y BOSTHOBbLIM
YHKUMSAM B TEOPUM BO3MYLLIEHUN.

BapuauunoHHbIi npuHumn. KBasuknaccmyeckoe npubnmxkeHue.

KBaHTOBas guHamuka. HectaunmoHapHoe ypaBHeHue LLpéauHrepa.

lMepexoabl B KBAHTOBO-(hm3n4ecknx cuctemax. 3o50Toe npasusio depmu.

4.2. Pu3nKa KOHOEHCUPOBAHHOIO COCTOAHUA

BeeneHue.

MpeameT, OCHOBHbIE TEOPETUYECKNE U AKCNEPUMEHTANbHbBIE METOAbLI M NPOGNEMbI
dun3unkn TBepaoro tena. CTpykTypa TBepabIX Ten

Kpuctannuyeckne n amopHble Tena. TpaHCNAUNMOHHAS CUMMETPUS.
OnemeHTapHas syenka. PeweTkn bpaBe. ToueyHble M NPOCTPAHCTBEHHbIE rPynmnbl.
OcobeHHOCTN pacnpoCTpaHEHNS BOMH B NEpUOaNYECKUX CTPYKTypax. 3akoH Bynbga-
Bperra. O6paTHas peweTka. 3oHbl BpunnoaHa.

HedekTbl B KpucTtannax. ToyeyHble gedekTobl, nx obpasoBaHve n anddysms.
BakaHcun. ATombl BHeapeHus. KombuHaumm atoMHbix gedekToB. KpaeBble 1 BUHTOBbLIE
aucrnokauuun. Bektop broprepca. QHeprusa gucnokauuu. NepenonsaHne n CKonbXeHue.
PasmHoxeHune ancnokaumn. ictounmk ®dpaxka-Puaa. BnvsHne pagmaumoHHbIX,
MEeXaHU4YeCKUX, TEPMUYECKUX BO3OENCTBUN HA pearnbHY CTPYKTYpY TBepabIX Ten.

Tunbl Xummndeckon cBsasn. CTPYKTYpHbIE U M3NYECKNE OCOBEHHOCTU NOHHbIX,
KOBaneHTHbIX, MeTannm4yecknx nu MosekynsapHbIX Kpuctannos. [noTHenwmne ynakoBku.
OHepreTUYeCcKnn CnekTp KpUCTansos.



OnucaHue aHepreTU4YecKkoro COCTOSHUS Kpuctanna npy nomMoLlm rasda KBasmyacTul,.
Mpumepsbl kBasnyacTml. POHOHbI, MarHOHbI, NNA3MOHbI U Ap. ONEKTPOHbLI B MeTanne Kak
kBasunyacTtuubl. Ksasmmmnynec. 3akoH gucnepcun. Teopema broxa. 'paHU4YHbIE
ycrnoBus. [NOTHOCTb cocTosAHUW. CTaTUCTUKA ra3a KBasmyacTul,. Bo3oHbl 1, PepMUOHbI.
B3anmopencteue kBasn4yactul,.

KonebaHus peleTkn - OHOHbI. AKycTuyeckasa n ontudeckas BeTBu konebaHum.
TennoemkocTb pewweTkn. [lebaeBckas yactoTta. akrtop [debas-Bannepa B paccesHun
PEHTFEHOBCKUX Ny4yen. AHrapMOHM3M 1 TEMMOBOE pacLUUpeHne.

OneKTPOHHbIe COCTOSIHUA B KpucTannax. OgHOSNeKTPoHHas Moaenb.
MpunbnmxeHne cnnbHOM K cnabon cBA3n. 3o0HHast cxema 1 TUMbl TBepAbIX TEN.
BbIpoXXaeHHbIN 9NEKTPOHHbIN ra3. NeKTpoHHasa TennoemMkocTb. [loBepxHOCTbL Pepmu.
TeH30p ahheKTUBHBIX Macc. SNEKTPOHbI 1 Ablpkn. LinknotpoHHas macca. lNonoxeHune
depmu YPOBHSA B HEBLIPOXAEHHbIX MOMYNPOBOAHUKAX. DNEKTPOHHbIE KNHETUYECKME
CBOWCTBa TBEPAbIX TES.

KuHeTunyeckoe ypaBHeHUe. JrekTpo- U TennonpoBoAHOCTb. BpemeHa penakcauumn.
MexaHn3Mbl paccesHus anekTpoHoB. PaccesHue Ha npumecsx u gedekrax. QNekTpoH-
(POHOHHbIE CTOJNIKHOBEHUS. HopManbHble nNpouecchl, Npouecckl nepedpoca.
MarnutocnpoTusneHue n acpekt Xonna.

MeTtannbl ¢ 6onbLon annHon npobera anekTpoHOB. AHOManbHbIN CKUH-3OEKT.
LINKNOTPOHHBIN pe3oHaHC 1 pa3mepHble apdekTbl. [IPOHNKHOBEHME 3NEeKTPOMarHUTHOIro
nons B metann. FenukoHbl. KBaHTOBaHNe opbuT B MarHMTHOM none. OddekT ae-laasa-
BaH-AnbgeHa.

MonynpoBOAHUKN. DNEKTPOHHAsA CTPYKTypa TUMUYHbIX MOMYNPOBOAHUKOB.
["lepmaHuin. Y3KO30HHbIE NOMYyNpPOBOAHUKK. [TpnMecHble ypoBHW. [JOHOPLI U akuenTopbl.
TemnepaTtypHas 3aBUCMMOCTb MPOBOANMOCTHU, p-n nepexodbl. POTONPOBOAUMOCTb.
PekombuHaums 1 penakcaumsi HepaBHOBECHbIX HocuTenen. fopaume Hocutenu. ekt
MaHHa.

MexaHu4yeckue, onTuyecKne, MarHUTHble CBOMCTBA TBEPAbIX TEN.

TeH30p ynpyrux nOCTOSAHHbIX U ynpyras gegopmauus. NnacTtmyHOCTb KpUCTAanmoB.
Mpenen TekydecTn. YnpoyHeHne. BHyTpeHHee TpeHue.

MexaHun3mbl nornowieHnst PoToHOB. [NornoweHne cBob6ogHbIMU HOCUTENSMNA.
PeweTo4Hoe nornoweHmne. MHOrooHOHHbIe npoLlecchl. KombrnHaunoHHoe paccesiHme
cBeTa B Kpuctannax. [lornoweHne ceazaHHbIMM Hocutenamu. MNMpasuna ot6opa.
Me>XXay30HHbIe KOCble M MpsiMble Nepexoabl. AKCUTOHLI. JlloMuHecueHuuns. BpemeHa
XN3HM BO3OYyxaeHun, orntoopecueHumns. besbisnyvatenbHble nepexoabl. KBaHTOBbIN
BbIXOA NMIOMUHECLIEHLINN.

OunamarHeTnam cBo6OAHOro ANEKTPOHHOro rasa. CnMHOBbLIV NapaMarHeTuamM. 3akoH
Kiopun. ®eppomarHeTnam. MonekynsipHoe none Bencca. OBbMeHHOe B3auMogencTeme.
deppomMarHuTHble AOMEHbl. JHEPrUs aHN30Tponun. [JloMeHHas cTeHkKa.
AHTUEeppoMarHeTUKn. PeppuThbl.

OunanexkTpukun. SpdekTnBHOE nose. ANeKTPOCTPUKLMS U Mbe303NEKTPUYECTBO.
[MMPO3NEKTPUKM U CETHETOINEKTPUKN. DNEKTPUYECKUI rMcTepesnc, aHoManum
PU3NYECKNX CBONCTB CErHETOINEKTPUKOB B 0611acTh ha3oBbIX NEPEXOOOB.
MonekynspHble KpucTanmbl.

TepmoanHamuka u pasosble nepexobl. PaBHoBecue ¢as. PasoBble nepexoabl | n
Il poga. ®nyktyauun. TBepable pacTBOpbl U NPOMEXYTOYHbIE (hasbl. PaBHOBeCKE B
MHOrOKOMMOHEHTHbIX CUCTeMax 1 npaesuno gas. uarpammel paBHoBecus. KuHetnka
¢rasoBbix npeBpalleHnin. Judpdys3noHHble n 6e3anddyanoHHsbie npespawieHms. C

CsepxnpoBoanMocTb. OCHOBHbIE CBOMCTBA CBEPXMPOBOAHMKOB. QP dekT
MencHepa. CeepxnpoBogHuku | v Il poga. Buxpu n Buxpesble CTpyKTypbl. OCHOBbI
MUKPOCKOMNYECKON N TepMoanHaMmmnyeckon Teopui. Kyneposckue napbl.



OHepreTnyeckas Wenb 1 KBa3nyacTuubl B CBEPXNPOBOAHUKE. TYHHESbHbIN 3PdEKT.
AdhdekT [xo3edcoHa.

JKcnepuMeHTanbHble MeToabl PU3MKU TBEPAOro Tena

PeHTreHorpadusa: meToabl nccrnefoBaHna naeanbHOM U pearibHOM CTPYKTYPbI.
AnekTpoHorpadua n anekTpoHHaa MUKpockonus. HenTpoHorpadums: ynpyroe m
Heynpyroe KorepeHTHoe paccesiHue, UCcCcrefoBaHne MarHUTHbIX CTPYKTYP U (DOHOHHbIX
cnekTpoB. A dekt Méccbayapa. MNP, AMP. Snektpnyeckme n ranbBaHOMarHUTHbIE
N3MepeHns Kak MeTobl U3yYeHNsT ANEKTPOHHOW CTPYKTYPbl KPUCTanNsoB 1 cocTaBa
npumMecen B nosiynpoBogHukax. Ontuyeckue MetTobl UccrieoBaHNA: BO3MOXHOCTH,
CBSI3aHHbIE C UCMNOJSIb30BaHMEM NasepHbIX UICTOYHUKOB CBETA.

4.3. ®n3nkKa HU3Kopa3MepPHbIX CTPYKTYpP

PasmepHoe kBaHTOBaHuWe. OCHOBHblEe TWUMbl HAHOCTPYTYP M WX KBAHTOBO-
MexaHudeckue mogenun. KBaHTOBOe oOrpaHuyYeHMe U pPasMepHOCTb  JIIEeKTPOHHOM
CUCTEMbI.  OfEeMeHTapHble  HAHOCTPYKTYPbl:  KBAHTOBble  SIMbl,  HUTW,  TOYKMW,
NoNyrnpOBOAHUKOBbBIE CBEPXPELLETKMU.

ONEeKTPOHHbIE CBOMCTBA KBAHTOBbIX HU3KOPA3MEPHbIX CTPYKTYP. OHepreTuyeckun
CMEKTP U BOMHOBblEe PYHKUMN SNEKTPOHHOro rasa. [Moa30Hbl pa3aMepHOro KBaHTOBaHUS.
PacnpeneneHve nNNOTHOCTU COCTOSHUW B CTPYKTYpamMn C KBAHTOBbIMWM SIMaMu, B
KBAQHTOBbIX HUTAX W To4kax. PaBHOBECHble KOHLEHTpauun 3SIeKTPOHOB B CUCTEMaX
MOHMXKEHHOM Pa3MEPHOCTU. JHEpPreTUYECKUn CnekTp cBepxpeleTkn. BnusHue Ha
SHepreTU4Yeckur CrnekTp MarHUTHOro nons. AM@EKTUBHOE MNOHWXKEHME pPa3MEepHOCTH
cuctembl. YpoBHu JlaHgay. [IBKeHne anekTpoHa B O4HOPOLHOM SMEKTPUYECKOM More.
Bnoxosckune ocumnnaumn. JlectHuua yposHen LUTapka. [IByMepHbIA 31IEKTPOHHBLIN ra3 B
MOM ctpyktypax. OCHOBHbIE TMOMOXEHUS Teopuu MPUMNOBEPXHOCTHOM obnactu
NPOCTPaHCTBEHHOrO 3apsga nonynposogHuka [apeTta u bparttenHa. 3aBMCUMOCTb
SNEKTPOCTaTUYEeCKoro noTeHumana oT KOOpAWHATbl B PeXUMe CUNbHOW WHBEPCUMW.
YcnoBusi 06pasoBaHUA OBYMEPHOro 3MEKTPOHHOro rasa B WHBepcHom cnoe MUOM
CTPYKTYpBb!. KBaHTOBO-MexaHun4yeckas Moaenb NPUNOBEPXHOCTHOMN ons
nonynpoBoAgHuka. MeTogbl pacyeTa 3HepreTMyeckoro cnekrtpa. CamocornacoBaHHbIN
pacyeT. [MpubnuxeHne TpeyronbHOro noteHumana. KeaHToBbi npegen. [MnoTHOCTb
pacrnpefernieHsi KBaHTOBbIX COCTOSIHUN. [MoBepXHOCTHaA KOHUeHTpauus 2D anekTpoHoB
B MOA30Hax pa3mMepHOro KBaHToBaHWsS. 3aBUCUMOCTb NIIOTHOCTU 3apsga OT KOOpAMHaTbI.
OKpaHUpOBaHME 3ATIEKTPUYECKOro rnons.

KuHeTuyeckne adppekTbl B OBYMEPHbIX HaHOCTPYKTypax. Bpemsa penakcauuun u
NOOBWXHOCTb HOCUTENEW B OBYMEPHOM 3MEeKTPOHHOM rase. MexaHu3Mmbl paccesiHus.
KuHeTn4yeckue siBNeHns B ABYMEPHbIX CTPYKTypax. KBaHToBaHue JlaHgay u ocumnnaumm
BaHnbe-LUTapka. MogynupoBaHHoe nernpoBaHue. [onesble TPaH3UCTOPbI Ha 3NEKTPOHaX
C BbICOKOW MOABWXHOCTbIO. Bannuctuyeckun tpaHcnopT. lMpubopbl Gannuctudeckoro
TpaHcnopTa. KBaHToBbIN a(pekT Xonna. LlenoyncneHHsin kBaHTOBbIN adpdekT Xonna.
[OpoObHbii kBaHTOBbIN 3pekT Xonna m ero uHtepnpetauus. [pobHble 3apsagbl v
NPOMeXyTo4YHasa ctatucTuka. KomnoanTtHble hepMUOHBI.

PA3OEN 5. PUSUKA NONYNPOBOAHUKOB

5.1. XuMmunyeckas cBsizb U aTOMHasA CTPYKTypa nosiynpoBOAHUKOB

OneKTPOHHAaa KOHUrypaums BHELHUX OBOMOYEeK aToMOB W TUMbl CUM CBA3M B
TBepabix Tenax. BaH-gep-BaanbcoBa. MOHHasA U KOBanNeHTHas CBA3b.

CTPYKTYpbl BaXHEMLUMX MNOMynpoBoaHuKos - anemeHToB AV, AY' n coeguHeHwit
Tunos A BY, A"BY!, AVBV,



CummeTpus kpuctanmnoB. TpaHCnAauMOHHAs CUMMETPUS KpucTannoB. basuc wu
KpUcTannuyeckas CTpykTypa. OnemeHTapHas syeunka. [MpuMmuTuBHaa sdenka. HAdenka
BurHepa-3entua. Pewetka bpaBe. O603HayeHMs1 y3noB, HaNpaBrieHu 1 NI0CKOCTEN B
kpuctanne. ObpaTHas peweTka, ee ceoncTBa. 3oHa bpunntoaHa.

Mpumecn w©  CTPyKTypHble gedekTbl B KPUCTanIM4eCKUX U amMOpHbIX
nonynpoBOAHUKaxX. XMMUYecKkas npupoaa W  SNIEeKTPOHHbIE CBOWCTBA MpUMeECEMN.
ToveyHble, NMHENHbIE U ABYMEpPHble AedeKThbl.

5.2. OCHOBbI TEXHOJIOIMU NOSTYNPOBOAHUKOB U METOAbI onpeaeneHus ux
napamMmeTpoB.

MeToabl BblpalBaHUA 00 bEMHbIX MOHOKPUCTAmNNOB U3 XXUAOKOW 1 ra3oBon daas.

MeTofbl BblpalLUMBaHUA 3NUTaKCUanbHbIX MAEHOK (ANUTAKCUA U3 XNOKOW U ra3oBown
dassbl).

MonekynapHo-nyyeBas anutakcus. MetannopraHmyeckasi annTakcus.

MeToabl nermpoBaHus NOSynpoOBOAHUKOB.

OcHoBHble MeTOAbl onpefeneHns napamMeTpoB MOMYNPOBOAHMKOB:  LUMPUHbI
3anpeLLeHHON 30Hbl, NOABMXHOCTM M KOHUEHTpauum cBOOOOHbLIX HOCUTENEN, BPEMEHMU
XWM3HN HEOCHOBHbIX HOCUTENEW, KOHUEHTpaumm u rnyouHbl 3aneraHvsi ypoBHEN
npumecen n gedeKkTos.

5.3. OCHOBbI 30HHOM Teopun NONYNPOBOAHMNKOB

OcHOBHble MpUONMXEHNS 30HHOW Teopun. BonHoBas QYHKUMA 3NEKTpoHa B
nepuognyeckom none kpuctanna. Teopema bnoxa. 3oHa BpunnioaHa. JHepreTnyeckne
30Hbl.

3akoHbl Aucnepcun Ang  BaKHEWWWX MonynpoBOAHUKOB. W30aHepreTudeckune
NnoBepxHOCTU. TeH3op obpaTHon addekTnBHOM Macchl. [1NOTHOCTL COCTOSIHUMN.
OcobeHHocT BaH-XoBa.

YpaBHEHNS [OBUMXEHUA SNEeKTPOHOB W AObIpOK BO BHewHuMx nonax. MeTtoq
appekTMBHON MaccChbl. WCKpUBrEeHWe 3HepreTMYecknx 30H B INEKTPUYECKOM nore.
[BmxeHne anekTpoHOB N ObIPOK B MarHUTHOM nore. OnpegeneHne agodekTUBHbIX Macc
M3 UMKNOTPOHHOIO (OWamMarHUMTHOro) pes3oHaHca. CBA3b 30HHOW CTPYKTYpbl C
ONTUYECKMMWN CBOMCTBaAMM MOMYyNPOBOAHUKA.

YpoOBHU 3HEpPrun, cos3gaBaemMble MNPUMECHLIMU LieHTpaMuM B MOSyNpOBOLHUKAX.
[oHopbl 1 akuentopbl. Menkue u rnybokne ypoBHU. BogopoaonoaobHble nNpuMMeECHble
LEeHTpbI.

5.4. PaBHOBeCHas CTaTUCTUKA 3NIEKTPOHOB M AbIPOK B NONYNPOBOAHUKAX

OyHKUMA pacnpefeneHns anekTpoHoB. KOHUEHTpauusi 3MeKTPOHOB W ObIPpOK B
30Hax, 9MeKkTMBHaAs MNOTHOCTb COCTOAHUW. HEBBLIPOXAEHHLIN W  BbIPOXOEHHbLIN
SNEKTPOHHbLIN (ObIpOYHbIA) ra3. KoHueHTpauuu 9neKTPOHOB W AbIPOK Ha FOKasnbHbIX
YPOBHAX. PakTOPbI BbIPOXKAEHNS NPUMECHBLIX COCTOSAHUNA.

MonoxeHne ypoBHA PepMun U paBHOBECHAA KOHLIEHTpaUUS SNEKTPOHOB U OblPOK B
COBCTBEHHbIX W MPUMECHbIX  (HEKOMMEHCUPOBAHHLIX W KOMMEHCUPOBAHHbIX)
nonynpoBoAaHukax. MHorosapsagHble NpUMeCHbIe LIEHTPbI.

5.5. KuHetnyeckme siBneHus B nosnynpoBoAHUKaXx

KnHeTnyeckmne koadduumeHTbl - NPOBOANUMOCTb, NOCTOsIHHAas Xonna u tepmo-3/C.
OpendoBas ckopocTb, ApendoBas U XONnoBcKas MNOABMXHOCTU, dhakTtop Xonna.
OpendoBbin 1 AN dy3noHHbIN TOK. COOTHOLWEHME DMHLITENHA.

MexaHu3ambl  paccesiHust  HocuTenem 3apsga B HeugeanbHOW — pelueTke.
B3anmogenctene Hocutenenm 3sapsga C aKyCTUYECKUMW U ONTUYECKMMU (POHOHaMM.



PaccesHue HocuTenen 3apsga Ha 3apshkeHHbIX UM HeuTparbHbIX npumecsx. opsyne
SNEKTPOHbI.

OTpuuaTenbHas andpdpepeHumnansHas NpPOBOANMOCTb. nekTpuyeckme
HEeyCTONYNBOCTWN; 3NEKTPUYECKNE AOMEHbI Y TOKOBbIE LUHYPbI.

5.6. PekoMmOMHaLusA 3NEeKTPOHOB U AbIPOK B NOSyNpOBOAHUKAX

"eHepaums " pekoMmbuHauus HEepaBHOBECHbIX  HocuTenen  3apspga.
KBasnpaBHoBecue, kBasnypoBHn ®PepmMu. YpaBHEHUE KUHETUKM peKkoMBuHauuu.
BpemeHa xun3Hn. doTonpoBogMMOCTb.

MexaHn3mbl pekombuHauuun. ManyyatensHas un 6esbidnyyaTernibHasg pekoMbnHauums.
Mex3oHHass pekoMbuHaums. PekombuHauusa 4vepes ypoBHM MNpumecen U AedekTos.
LleHTpbl npununaHna. Oxe-pekoMbuHaums.

[MpocTpaHCTBEHHO HEOOHOPOAHble HepaBHOBECHble pacnpefeneHns HocuTenewn
3apsga. AwmounonapHaa guddysma. Oddekt [Oembepa. [OnuHa  guddysun
HepaBHOBECHbIX HOCUTENen 3apsaaa.

5.7. KOHTaKTHbIe ABfIEHMA B NONynpoBOAHMKAX

Cxema 3HepreTMyeckmx 30H B KOHTaAKTe MeTann-nonynposoaHuk. OboraleHHble,
ob6eHeHHbIE U WHBEPCUOHHbBIE CMOW MNPOCTPAHCTBEHHOrO 3apsida BOMM3M KOHTaKTa.
BonbT-amnepHasa xapaktepuctunka 6apbepa LLUoTTkN.

OHepreTnyeckaa guarpamma p-n nepexoga. MHXeKuMa HEOCHOBHbIX HOCUTENEWN
3apsga B p-n nepexoge.

"eTeponepexoabl. QHepreTUYeckue gnarpamMmmsl I eTeponepexoios.

Bapu3oHHbIe NonynpoBOLHUKN.

5.8. CBoncTBa NOBEPXHOCTU NONTYNPOBOAHUKOB

[MOBEPXHOCTHbIE  COCTOSIHUA W MOBEPXHOCTHblE 30Hbl. VCKpvBRneHue  30H,
pacnpegerneHve 3apsga M noteHumana BOGMM3M  noBepxHOCTW. [loBepxHOCTHas
pekomMOunHauus.

A dekT nons.

TammoBckume ypoBHU. CKOPOCTb NOBEPXHOCTHOW peKoMBUHaLNN.

5.9. OnTnyeckue ABNEeHUs B NONyNpoBOAHUKaX

KomnnekcHasa AguanekTpuyeckasd nNPOHULAEMOCTb, MoKasaTeNnb nNperioMieHus,
KOAPPUUMEHT OTpaXeHusi, KoadppuuMeHT nornoweHns. CBaA3b Mexay HUMKU U
cooTHowweHna Kpamepca-KpoHura.

Mex3oHHble nepexoapbl. Kpa coBCTBEHHOro NOrmoweHns B criydae npamblX U
HenpsMbIX, paspelleHHbIX U 3anpelUeHHbIX MepexodoB. OKCUTOHHOE MornoweHne u
nanydyeHve. CroHTaHHOE U BbIHY>XOEHHOE U3ry4vyeHune.

MornowieHne ceeTa Ha cBOBOAHbLIX HOCUTENSX 3apsaa.

MornoweHne ceeTa Ha konebaHusix peweTkn. PacceaHne ceeTa konebaHusiMu
peleTkn, KOMOMHALMOHHOE paccesHne Ha onTudeckux oHoHax (Pamana -
JTaHacGepra), paccesiHne Ha akycTudeckmx poHoHax (bpunntoaHa - MaHgenbwtama).

BrnnaHue npumecen Ha onTuyeckne cBOMCTBA. [lpMMecHas CTpykTypa ONTUYEeCKUX
CcnekTpoB BOMM3KM Kpasi COOCTBEHHOrO MOrfOWEHNST B NPSIMO30OHHbIX U HEMPSAMO3OHHbIX
NonNynpoBOAHMKaX. MexnpumecHaauanyyaTenbHas pekoMbuHauus. OKCUTOHBI,
CBSI3aHHbIE Ha NPUMECHbIX LIEHTPax.

OnTnyeckne aBnNeHMst BO BHELWHUX nonsx. dddekt dpaHua-Kengpiwa. SddekT
Mokkenbca.

AdhdekT byptenHa-Mocca.

AddekTl Papages n donrra.



5.10. doTOINEKTPUYECKUe ABNEeHUA

MpumecHass wn cobcTtBeHHass OTONPOBOAMMOCTb. BrnnaHne  npununaHus
HepaBHOBECHbIX HOCUTenen 3apsaga Ha oTonpoBOANMOCTb.

OnTnyeckasa nepesapsifka NokanbHbIX YPOBHEW U CBA3aHHble C Her 3dpdeKThbl.
TepMmocTuMynMpoBaHHas NPOBOAUMOCTb.

doTopasorpeB HocuTenen sapsaaa.

dOTO3NEKTPOMArHUTHBLIN 3(PEKT.

5.11. Hekpuctannuyeckue nonynpoBOAHUKN

AmopdHble U cTeknoobpasHble nonynpoBogHuKKU. CTpykTypa aTOMHOW MaTpuubl
HeKpucTannuMyeckmx  nonynpoBoAHUKOB. MpaeanbHoe — cTekno.  ['mapuvpoBaHHble
amMopHbIe NONyNnPOBOAHUKMW.

OCOBEHHOCTN  9MNEKTPOHHOIO  JHEPreTMYECcKOro  CrnekTpa  HeynopsAOYeHHbIX
nosnynpoBOAHUKOB. [1NOTHOCTb COCTOAHUW. Jlokanmsaums 3NeKTPOHHbIX COCTOAHUMN.
LUlenb nogBmXHOCTHN.

JlernpoBaHue HekpucTanIn4yeckmx NonynpoBOAHNKOB.

MexaHu3mbl nepeHoca HocuTenen 3apsga. [pbbkkoBas NPOBOAMMOCTb. 3aKOH
MoTTa.

CneKkTpbl ONTUYECKOro MOrMOWEHUs HeKpucTannuyeckux matepuanos. [Npasuno
Ypbaxa.

HecTtaumoHapHble npoueccol. OnpegeneHne ApendoBON  MOABUMXHOCTM MO
n3MepeHnam BpemMeHun nponeta. IMCnepcnoHHbIM NnepeHoc.

Bnnanne BHELLUHUX BO30EeNCTBUN Ha CBOWUCTBA HeKpucTanIm4yecknx
nonynpoBoAHMNKOB. MeTacTaburnbHble COCTOSHUS.

5.12. MonynpoBOAHUKOBbIE€ CTPYKTYPbl MOHWXEHHOW Ppa3sMepHOCTU U
cBepxpeLeTKn

Pa3smepHoe kBaHTOBaHWe. [IByMepHble N KBa3nOBYMEpPHbIE 3NEKTPOHHbIE CUCTEMbI
N CTPYKTYPbI, B KOTOPbIX OHU peanuayTcs. KoHTpa- u KoBapuaHTHblE KOMMNO3ULNOHHbIE
CBEpXpeLleTKn, nerMpoBaHHble CBepxpeleTkn nermposBaHnsa. KBaHTOBble  HUTW.
KBaHTOBblE TOYKU. QHEPreTUYECKUN CMEKTP SNEKTPOHOB U NISIOTHOCTb COCTOSAHUN B 3TUX
cucTemax.

OnTudyeckne siBNeHUs B CTPYKTypax C KBaHTOBbIMM siMamu, npasuna otbopa ans
MEX30HHbIX U BHYTPU3OHHbIX (MEXNOA30HHbIX) nepexonoB. MexX30oHHOe norfoLieHve un
nanyyatenbHas pekoMObuHaumMa B 3TUX CTPYKTypax. OKCUTOHbI B KBAHTOBbIX SIMax,
KBaAHTOBO-pa3mepHbIn acppekT LLTapka.

OneKkTpuyeckMe W ranbBaHOMarHUTHble SBMEHUA B [OBYMEPHbIX CTPYKTypax.
OdhdekT LLybHnkoBa-ge MNaasa. ObLiee npeacrasneHne o KBaHToBOM adbdekte Xonna.

5.13. MpuHUMNbLI AeNCTBUA NONYNPOBOAHUKOBLIX NpUGopoB

BonbramnepHas xapaktepuctuka p-n nepexoga. Npubopkl ¢ ncnonb3oBaHneM p-n
nepexonos.

TyHHenbHbIM anog. Avopg MNaHHa. bunonapHebin TpaH3ucTop. Tupuctop.

OHepreTnyeckas guarpamma CTpyKTypbl MeTann-guaneKkTpuK-nonynpoBOaHNK

(MAM). MoneBble TpaH3auctopbl Ha MAOM-ctpyktypax. [Mpubopbl C 3apsgoBov
CBA3bIO.

LWymbl B NONYyNpoBOAHMKOBbLIX Npubopax.

doTtoanemeHTbl M doTtoguodbl.  CnekTpanbHas  YyBCTBUTENbHOCTb WU
oBHapyxutenbHas cnocobHOCTb. [1oNynpoOBOAHUKOBLIE AETEKTOPbI AOEPHBIX U3MYyYEHUN.
doToanekTpnyeckne npeobpasosatenu, KM npeobpasosaHus.

CeeToguoabl U NONyrnpoBOAHUKOBbIE Nasepbl. VIHXEKLUMOHHbIE fla3epbl HA OCHOBE
OBOVHOW reTepoCTPYKTYpbI.



Mcnonb3oBaHue HaHOCTPYKTYp B NONynpoOBOAHMNKOBbIX npubopax.
[eTepoTpaH3nUCTOP C AOBYMEPHbLIM 3NEKTPOHHbIM razom (HEMT). leTeponasepbl Ha
OCHOBE CTPYKTYp C KBaHTOBbIMM SIMamMm W KBAHTOBbIMM TOYKamu. Pe3oHaHcHoe
TYHHENMpoBaHue B OBYyX6apbepHONreTepoCTPYKTYpe U Pe30HAHCHO-TYHHENbHbIN OMOL4.
OnTuyecknin MOaynNsaTOP Ha OCHOBE KBAaHTOBO-pa3mepHoro addekta LTapka.
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MpumepHbIe BONpoChl K 3K3aMeHy

Cnctema KaHOHNYECKMX YPaBHEHUI B TEOPETUYECKON MEXAHUKE.
YpaBHeHue MamunbToHa.

Ckobku NMyaccoHa, Teopema JinyBunns.

YpaBHeHue MamunbToHa-Akobu, pasgeneHne nepeMeHHbIX.
[encteme onsa anekTpoMarHMTHOro nons.

YpaBHEHNS 3MeKTPOMarHMTHOro Nons. YeTblipeXMepHbIN BEKTOP TOKA.
YpaBHeHne HenpepbIBHOCTU. [II0THOCTb 1 NOTOK 3HEPrnun.
OreKkTpoMarHuUTHbIe BOSTHbl. BonHOBOE ypaBHeHNMeE.

lMnockue BonHbl. MOHOXpOMaTUYeckasa nnockas BosiHa.

. CnekTpanbHoe pasrnoxeHue.

. MonsipM3aumMoHHbIE XapaKTEePUCTUKN U3MYyHEHUS.

. YpaBHEHUSA 9NeKTpOMarHUTHbIX BOSH B CMIIOLWHOW cpefe.

. YpaBHeHua nons B OTCyTCTBME Aucnepcun. [ucnepcusi  OU3NeKTpuyeckomn

NPOHULAEMOCTM.

PacnpocTpaHeHue anekTpoMarHMTHbIX BOMH. OTpaxkeHue u npenomneHme.
NHTepdepeHums ceeTa. BpemeHHasa n npocTpaHCTBEHHAA KOrepeHTHOCTb.
NHTepdepomeTpbl.

Oudpakums ceeta. MpubnuxkeHuna GpeHensa n GpayHrodepa.

M3ny4yeHne ceeTa atoMamu n monekynamu. LUnpuHa nuHum nanydeHns.
CnoHTaHHbIe U BbIHYXXAEHHbIE nepexoabl. Jlasepsbl.

BaanmopencTeme ceeTa 1 BewecTBa. 3akoHbl oToahdekTa.

3akoH CtecpaHa - bonbumaHa.

YpaBHeHune WpeguHrepa. OcHoBHbIE CBOWCTBA ypaBHeHua LpeguHrepa.
OpHomepHoe aswxeHne. O4HOMEPHbIN OCUUITISATOP.

lMnotHocTb noToka. KBasuknaccndeckasi BONHOBas (PyHKUMA.

MpoxoxaeHue Yepes bapbep.

OOwume cBoMcTBa [AOBWMXKEHUS YacTuubl B UeHTpanbHOM none. PaavanbHoe
ypaBHeHue LpeanHrepa. ATom Bogopoaa.

CnuH. Onepatop cnuHa. YpaBHeHue Naynu.

ToHKasa CTpyKkTypa aToMHbIX ypoBHeN. PPeKT 3eemaHa.

CTtonkHoBeHus YacTtuu. Obwas Teopus.

BopHoBckoe  npubnuxkeHne. PacceaHne  3apsbkeHHbIX  4Yactuy  (dpopmyna
Pesepdopaa).

HecTaumoHapHasa Teopus BO3MYLLEHUW. BaHTOBbIE Nepexoabl.

3onoTtoe npasuno ®epmu. N3nyyeHne ceeta atomamu U MONeEKyamu.

WunpuHa nnuHumn nanyvyeHnsa. CnoHTaHHbIe N BbIHYXAEHHbIE nepexonbl.

OnekTpoHHble cocTosiHMA. [MpuHumnn dpaHka-KoHgoHa.

OneKkTpoHHbIe KonebaTenbHble U BpallaTenbHble CNEKTPbI.

AnepHble cunbl U nx ceonctea. Ctatnyeckme cBoncTea agep (pasmepbl U opma,
SHeprus CBHA3W, CNUH W YETHOCTb COCTOSAHWW, 3MEKTPUYECKUA U MarHUTHbIN
MOMEHTBHI).

Mopgenn atomHbix aaep. KanenbHas, o6onoveyHas, o6obLeHHas mogenu saep.
Anbdpa-, 6eTa- 1 ramMma- pagmoakTUBHOCTU N MX OCHOBHbIE 3aKOHOMEPHOCTM.
PacnpegeneHne ®epmun-Anpaka. BoipoxgeHHbIn naeansHbli hepmu-ras.
PacnpegeneHne bose-3HwTenHa. BoipoxaeHHbin 603e-ras.

KoHgeHcauuns bo3e-OnHwtenHa.

PaBHoBecHoe Tennosoe nanyyvyexHmne. ®opmyna NnaHka.

KuHeTunyeckas Teopud ra3oB. KuHeTnyeckoe ypaBHeHne bonbumaHa. H-Teopema
OnddysmnoHHoe npubnmxkeHue. YpasHeHne ®okkepa-fnaHka.
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AgnabaTnyeckoe 1 OAHOINEKTPOHHOE NPUBAMXKEHME.

BbiBog ypaBHeHusa XapTpu-doka C Kpuctanmyeckum noTteHumanom. duanyeckun
cMbIcn onepaTopa Xaptpu-doka. 3oHHOe npubnmkeHme

TpaHcnaunoHHas cummeTpus Kpuctannos. Teopema bnoxa. ®yHkumm broxa.
O6paTHas peweTka. 30Hbl BpunntosHa.

30Hbl BpunnoaHa Kybu4ecknux KpUCcTansos.

Mepuoaunyeckme rpaHnyHble ycrnosus bopHa-KapmaHna.

YpaBHeHue onda nepmognyeckon Yyactn goyHkumm broxa.

"pynna BonHoBoro Bektopa. Metog cnabow ces3n. MeTtoq cunbHOM CBA3MN.
AdhdekTnBHAA Macca KBa3nmyacTumLbl.

[MNOTHOCTb 3NEKTPOHHbLIX COCTOSTHUN.

OHeprus depmun. lNoBepxHocTb Pepmn. TemnepaTypHble 3aBUCUMOCTU YPOBHSA
depmun 1 KOHLEHTpaummn Hocutenen 3apsaa (COGCTBEHHbIN NOMYNPOBOAHMK).
PaBHOBeCHbIE KOHLIEHTPALMKN SNEKTPOHOB U AbIPOK B 30HaX (00Lwmi criyvan).
MeTonbl pacdeTa 9aNeKTPOHHOro CrekTpa.

OnemMeHTapHas Teopusa JNoKanbHbIX 3HEepreTUYecKUx YpoBHeW.  PaBHOBECHble
KOHLEHTpaLumm 3NeKTPOHOB M AblPOK B 30Hax (06Lwmi cnyyan).

MeTannbl, NONYyNPOBOAHMKN U AUINEKTPUKM C TOYKN 3PEHUS 30HHOTO NPUBNMKEHNS.
KoHcepBaTuBHble konebaTenbHble CUCTEMbI. YCIOBUSA BO3HWKHOBEHUS COCTOSIHUS
paBHOBeCUS. VI30XPOHHbIE U HEM3OXPOHHbIE KonebaHus.

da3oBas nnockocTtb M dasoBoe npocTpaHCTBO. Ocobble TOYKM B HENMUHENHbIX
cucTemax.

®a30BbI NOPTPET MasiTHUKA ¢ 3aTyxaHneM. Ocobasi Touka TMna KUEHTP».

Ocobas Touka Tuna «ceasio». YCTOMYNBOCTb CTaUMOHAPHbIX ABVKEHUNA.
Knaccuyeckne konebartenbHble cuctembl. KayectBeHHOE paccMoTpeHue konebaHun
MasTHUKA.

HaxoxxgeHune ckopocTu Ha cenapaTpuce konebaHui mastHuka. ConmTOoH.
HenuHenHbin kOHTYp 6e3 3aTyxaHus. KonebaHnsi B KOHTYpe C HENMMHENHOW €MKOCTbLIO
p-n nepexoaa.

MocnenoBaTenbHbIN KonebaTenbHbIN KOHTYP.

KonebaHus B KOHTYpe C HENMMHENHOW EMKOCTbIO C CErHETOINEKTPUYECKOW COSbIO.
OunccnnatuBHble konebaTenbHble cucTembl. KonebaTerbHbli KOHTYP C  MarnbiM
HeSfIMHENHbIM 3aTyXaHUeM.

JINHENHBIN KOHTYpP C MOCTOSIHHbIM 3aTyxaHuem. Buabl TpeHusa. Cyxoe TpeHue.
JInHenHoe TpeHue. KBagpaTuyHoe TpeHue.

BblHyXO€eHHble KonebaHua B HENMHEMHOW KOHCEepBaTMBHOWM CUCTEME  MpU
rapMOHMYECKOM BO34ENCTBUN.

BbIHy>XOeHHble konebaHns B NIMHENHbIX CUCTEMAX.

MeToabl NpMbnmXeHHOro paccMoTpeHus konebaTtenbHbIX CUCTEM.

KonebaHus B KOHType C HENWHEMHOW MHAYKTUBHOCTLIO. MeTon nocnegoBaTesibHbIX
NPUBNMKEHNNA.

MeToa KOMNNEKCHbIX aMninTya.

MeTtog JlbeHapa.

MeTtoa rapmoHu4eckoro 6anaHca.

MeTon Me4neHHO MEHSIOLLMXCS aMnnnTy .

MeToAa n3oKnuH.

MeTon no3TanHOro pacCMoTpeHUs.

CnekTparnbHbli aHanu3 nepuoanyecknx 1 Henepmnogn4eckMx CUrHanoB.
MpeobpasoBaHne Pypbe 1 ero OCHOBHbLIE CBONCTBA.

KomnnekcHas ormbatowasn, nonHaa dgasa U MrHOBEHHas 4actoTa Y3KOMOSIOCHOro
curHana.



84. CnekTpanbHbll MeTo4 aHanu3a MPOXOXAEHUA CUrHanoB 4epes JMHEWHble
CTauMOHapHbIEe CUCTEMBI.

85. MNpocTenwme gudcdepeHUnpyoLMe N NHTErpupyoLwmne Lenmu.

86. MIMnyrnbCHble XapakTePUCTUKN JIMHENHbIX CTaLNOHAPHbIX Lienen U nx HaxoxneHwe c
NMOMOLLLbIO OrepaTopHOro MeToaa.

87. dunckpeTtHoe npeobpasoBaHme Pypbe, anroputm ObiCTporo npeobpasoBaHna dypbe
(BrN®).

88. MeToabl CMHTE3a NUHENHBbIX LMAPOBbLIX PUNLTPOB.

89. CornacoBaHHble PUNbTPbI.

90. OCHOBHblIE  MOHATUA  Teopuu  criydanmHbix  npoueccoB. CTauuoHapHble ¢
HeCcTaunoHapHbIe CyYanHble NPoLEecChl U CNocobbl X ONUCaHKUS.

91. KoppensaunoHHo-cnekTpanbHasa Teopusa cryyaunHbIX npoleccoB. Teopema BuHepa-
XUHYMHA.

92. BbluncneHne cnekrtpanbHOW NIIOTHOCTY.

93. Bo3gencrBme LWyMOB Ha JIMHEWNHbIE CUCTEMBI.

94. MapkoBckue npouecchl. YpaBHeEHME MapKOBCKOro npoLecca.

95. YpaBHeHune dokkepa-lnaHka-Konmoroposa.

96. MNoHaTne «b6enoro» wWwyma. 3ameHa peanbHOro CryyYamHoro npouecca MapKOBCKUM
NpoLLeCcCcoM.

97. CtatucTudeckne xapaktepucTukmn ornbarowen n gasbl y3KonoroCHOro HopMasibHOro
CnyyanHoro npouwecca.

98. OyHKUMA pacnpeneneHna n KoppensumoHHasa QyHKums ormbatowen. DyHKUuN
pacnpegeneHnsa dasbi.

99. be3blHEPUNOHHbIE U MHEPLMOHHbIE HENMHENHbIE NPeobpa3oBaHUs LLYMOB.

100. LWymbl B aBTOreHepatopax. PacnpegeneHve amnnutygbl, WWPWUHBI U POPMbI
CneKkTpanbHOW NMUHUN.

101. MyaccoHoBckui npouecc. [po6osbiv Wwym n popmyna LLoOTTKN.

102. Cny4vanHble nocnenoBaTenbHOCTU UMMYIILCOB M UX CEKTpanbHas NAOTHOCTb

103. Tennosou wymMm. Knaccuyeckum n KBaHTOBbIN BapuaHT oopMyribl HarkeBucra.

104. WHTepnpeTtauus o06paboTkm CUrHamoB U CriydanHbIX MPOLIECCOB Kak 3ajada
Bblbopa peweHns. ObHapyXeHne n BblaeneHne curHana.

105. Tlpoctas wn cnoxHas runoTesbl. [pocTpaHCTBO HAGMWAEHUW, CUrHamoB WU
pelweHnin. banecoBckne CUCTEMBI.

106. TouyeuHble WM WHTepBasnbHble OUEHKU. JOPGEKTUBHbIE OLEHKN. HepaBeHCTBO
Kpamepa-Pao.

107. [JocTaTOYHOCTb U COCTOATENbHOCTb OLEHOK.

108. bBawnecoBckne oueHkn. OLEHKM MakcMmanbHOro npasgonogobus.

109. OueHku napameTpoB Cry4anHbIX NPOLIECCOB.

110. TloHsaTMe o BonHax. Npumepbl BOSTHOBLIX ABWXEHUA. BonHoBoe ypaBHeHWe u ero
Moaudukaumu.

111. YpaBHeHna Makcsernna B KoMnsnekcHon popme. Nonapmnsauyms BosH.

112. 3Heprusa anekTpomarHMTHoro nons. MNnockme BOsSHbI.

113. PacnpocTpaHeHue aneKkTpoOMarHMTHbIX BOSTH B MOrfoLaroLwmnx cpegax.

114. PacnpocTpaHeHve BONMH B aAucneprupylowmx  cpegax.  KomnnekcHas
AnanekTpuyeckas NpoHNULAeMOoCTb.

115. CaA3b Mexay gucnepcuen u nornoweHnem. iucnepcnsa anekTpoMarHMTHbIX BOSH
B HEMONSAPHbLIX U MONAPHbLIX OUINIEKTPUKAX.

116. [dunanekTpuyeckas NpOHMLAEMOCTb Cpef CO CBOOOAHbIMM 3apsgamun. BonHoBow
nakeT B gucrneprupyoLlen cpege.

117. PacnpocTpaHeHMe BOMH B aHU30TPOMHbIX cpedax. TeH30p ANdNEeKTPUYECKOW
NPOHULAEMOCTM.

118. JlydeBon BekTOp. PacnpocTpaHeHne nnockMx BOSH B KPUCTaNIMYECKNX cpeaax.



119. PacnpocTpaHeHue nnocknx BOfIH B MarHUTOaKTUBHOWN Nrasme.

120. PacnpocTpaHeHue anekTpoMarHMTHbIX BOMH B oeppuTe.

121. [vpoTponuna noHocdepsbl.

122. PacnpocTpaHeHue BOJSIH B HENWHEWHbIX cpefax. YpaBHEHUs Ans HenMHEeWHbIX
BOJSTH.

123. MeTtog mMeasieHHO U3MEHSLWNXCA aMnuTyd. Ycrnosue ha3oBOro CUHXPOHU3MA.
"eHepaLms BTOPOM rapMOHUKM.

124. Tpéx4yacToTHble B3anmoaenctams. CootHowweHns Mannu-Poy.

125. PacnagHasa HeyCcToM4nBOCTb BOSMH. CaMOBO34eNCTBME BOJH.

126. Teopua gudppakumn. PacnpoctpaHeHne orpaHUYeHHbIX BOSTHOBbLIX MYy4YKOB.

127. MeTtog Kupxroda u dyHkumsa [pyHa B Teopum gudopakumni. YrnoBOW CHEKTP
NAOCKNX BOSH.

128. [Mapabonuyeckoe ypaBHeHWe B Teopun audppakumn. [Oudpakums rayccoBa
BOMTHOBOIO Ny4Ka U CPOKYCUPOBAHHOIO Ny4yka.

129. CamoBO3gencTBMe BOJTHOBbIX [MYYKOB M BOJSIHOBbIX MaKeTOB B HENWHENHbIX
cpepax.

130. HenuHenHas pedpakuma npu  6esabeppaumoHHom U1 abeppaunOHHOM
CaMOBO34ENCTBUNMYYKOB.

131. BonHoBoaHOE pacrnpocTpaHeHue My4vKkoB.

132. Camokomnpeccus BOSIHOBbIX NaKETOB.

133. ConuToHbl ornbatomx.

134. YpaBHeHus Makceenna. Bektop YmoBa-l1onHTUHra.

135. BonHoBoe ypaBHeHue. [lnockue wn cdepudeckne BonHbl. [Mapabonuuyeckoe
npubnmxeHue.

136. Mogpbl cBob6ogHOro NnpocTpaHcTea. ®asoBas u rpynnoBasi CKOPOCTU CBETA.

137. Tlonapusauusa ceeta. BekTtop [xoHca. [MapameTphbl

138. Crokca. Cdoepa [lyaHkape. PacdeTHble metogbl [koHca u Miwonnepa. Twnbl
NONAPM3aLUMOHHbIX YCTPONCTB.

139. OrTpaxeHne n nperioMmrieHe cBeTa Ha rpaHuvue pasgena U3oTponHbIX cpes.

140. ®dopmynbl DpeHens.

141. TlonHoe BHyTpeHHee OoTpaxeHue.

142. KomnnekcHasa guanekTpuyeckas npoHNLAEeMOCTb.

143. OTpaxeHune cBeTa OT NOBEPXHOCTUN NPOBOAHMKA.

144. [nybuHa NPOHUKHOBEHUS.

145. PacnpocTpaHeHue cBeTa B aHU30TPOMHbIX U TMPOTPOMHbIX cpeaax.

146. BosiHOBble NOBEPXHOCTU B KpUcTannax.

147. Jlyun n BONHOBbLIE HOPMAaIW.

148. J3nnuncong dpeHens.

149. OnTu4eckne cBoMcTBa OAHOOCHBLIX Y ABYOCHbIX KPUCTAIINOB.

150. [1BOWHOE ny4yenperiomMmreHue.

151. KoHu4veckasn pedpakums.

152. O3nektpoontuyeckune acbdektbl Keppa u MNokkenbca.

153. OnTudeckas akTUBHOCTb.

154. OddekT Papages.

155. OnbITbl dn30 1 MarnkenbcoHa.

156. T[lpogonbHbIN K nonepeYHbln adpdekTsbl Jonnnepa.

157. AcMMNTOTMYECKOe peLLeHne BONTHOBOIO YpaBHEHUS.

158. [eomeTpo-onTU4eckoe NPUBIMKeHMe.

159. YpaBHeHUe arkoHana.

160. O6GnacTb NPUMEHEHNS NYY4EBOro NPUBIMKEHUS.

161. [MpvHumn ®epma.

162. [OMOLEHTPUYECKNE NMYYKMN.
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165.
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167.
168.
169.
170.
171.
172.
173.
174.
175.
176.
177.
178.
179.
180.

n3obpaxeHue.
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3aceneHHoCTeMN.
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212.

lMoHATHE oNTUYEeCKOro n3obpakeHns.
MapakcuanbHoe nNpubnumxeHne.

[MpenomneHue Ha chepnyeckon NOBEPXHOCTM.
Cdepuyeckme 3epkana v fiMH3bI.
O6paszoBaHune KayCTUK B ONTUYECKUX CUCTEMAX.

FeomeTpuyeckune abeppaunn TpeTbero 1 6onee BbICOKNX NOPSAKOB.

XpomaTtnyeckasn abeppauus.

Tunbl onTu4ecknx NpnbopoB..

NHTepdepeHums YaCTUYHO-KOTEPEHTHOIO U3MNy4YeHNS.
KomnnekcHas cteneHb KorepeHTHOCTW.

Teopema BaH-UutTtepTta - LiepHuke.

[Byxrny4yeBas 1 MHOrosnly4eBasa MHTepgepeHUns.

Casurosas 1 cnekn-mHTepdepomMeTpus.

MHOrocrnonHble NoKpbITUSA.

Oundpakums. OudpakuymoHHblie uHTerpansl Kupxroda - NounreHca.
Oundbpakums dpeHena n PpayHrodepa.

Oddekt Tanbbo.

Brnnanune pgudppakumm Ha  paspeluarollyrd cury  CUCTEM,

[OvdpakymoHHas pelueTka.

Mapabonuyeckaa Teopuna anpakumm; rayccoB ny4vox.

ABCD —meTo; KOMMMEKCHbIN NapaMeTp KPUBU3HDI.

OcobeHHOCTU AMdpaKkLMM HEKOrePEHTHOrO N3MNy4eHMUS.

OcCHOBbI BEKTOPHOW TEOPpUM ANpaKLnn.

O6paTHble 3agayn Teopun andpakumm.

CWHTE3 ONTUYECKNX SNEMEHTOB.

KuHodgopmHas onTuka.

Knaccuyeckas Teopus B3aMmMoaencTsng nsny4eHusi ¢ BeLeCTBOM.
Pe3oHaHcHOe npubnumxeHue.

[vcnepcunoHHble cooTHoweHus Kpamepca - KpoHura.

OnTuyeckune HyTauuu.

OnTtnyecknin acbcpekT LLTapka.

POTOHHOE 9X0 U cCaMOMHAYLMPOBaHHAA NPO3pavYHOCTb.
ConunToHbI.

PenakcauunoHHble npouecchl.

YpaBHeHWe ana maTpulbl NOTHOCTH.

CamocornacoBaHHble ypaBHEHUS ONS  Nons, nonspusauuu

O EKT HaCbILLLEHUS.
3akKoHbl TeENNOBOro uanyyeHus. dopmyna NnaHka.
doToapdekT.

obpasyroLmx

M  pasHOCTM

KeaHTOBaHWe nons. OnepaTtopbl pPOXAEHWUSI U YHUUTOXEHMS (POTOHOB.

[amMUNbTOHMAH KBAHTOBAHHOIO MOM4.

KomMMyTaunoHHbIe COOTHOLLEHUS A51S onepaTopoB Noss.
OOHOMOTOHHbIE M MHOTO(POTOHHbIE NPOLECCHI.
BepoATHOCTM CNOHTaHHbIX U BbIHY>XOEHHbIX Nepexoaos.
KoadhpmumneHTsl QnHwTenHa.

KBagpynonbHble 1 MarHUTO-OUNOSbHbIE Nepexoabl.
KoonepatueHble apeKThbl.

CBepxuany4yeHue.

KorepeHTHOE 1 KOMOMHALMOHHOE paccesiHuS.

HenunHenHble BocnpnmMymBocTU. PacnpocTpaHeHne BOSH B HENMMHEWHOW cpefe.



213. MeTog MeaneHHO MeHSALWMXCA aMnnuTya.

214. Ycnosue CUMHXpPOHU3MA.

215. [eHepauuns oNTUYECKUX raPMOHUK.

216. TpéxBONHOBOE B3aUMOOENCTBME.

217. TapameTpuyeckoe npeobpasoBaHne 4acToThl.

218. CamodokycnpoBka cBeTa.

219. BbIHyXaeHHOe U KOMBMHAaLMOHHOE paccesiHue.

220. BbIHyXaeHHOe paccesaHne MaHgenslitama-bpunniosna.

221. YeTbIpéxBOSIHOBOE B3aMMoOenNCTBHE.

222. QOb6palieHne BOIHOBOIO (hpoHTa.

223. BellecTBO B CBEPXCUINBHOM CBETOBOM MoOJSIe.

224. BpemeHHass ”M  NPOCTpPaHCTBEHHAA  KOrEPEeHTHOCTb  CBETOBbIX  MOSewn;
KOppensuMOHHbIe (PyHKUUM NEPBOro U BbICLLUMX MOPAOKOB.

225. CnekTpanbHoe npeacrtasneHne. Teopema BuHepa-XuH4unHa.

226. WNHTepdepomMeTpusi UHTEHCUBHOCTEN.

227. OnbIT bpayHa-TBucca.

228. KBaHTOBble CBOMCTBA CBETOBbIX MOMNEMN.

229. DOKOBCKOE, KOrepEHTHOE M CXKaToe COCTOSIHME MO4.

230. PacnpepeneHuve bose-OuHwTenHa. NapameTp BbIpOXAEHUSA NONS.

231. TlyaccoHoBckasi, cybnyaccoOHOBCKas 1 cynepnyacCoOHOBCKasi CTaTUCTMKa OOTOHOB.

232. CBsA3b CTaTUCTUK (POTOHOB U oTOoOTCHeTOB, opmyna MaHgens Aans
pacnpegeneHms oTooTCHETOB.

233. [Opo6GoBoit wym.

234. CraTtucTudeckme CBOMCTBA STa3epHOro NanyyeHus.

235. 3akoH Kupxroda v Wwymbl KBaHTOBbIX yCUNUTENEN CBETA.

236. OnykTyaunoHHO-gMCCUMNaUMOHHasa Teopema.

237. KoppenaunoHHas CNeKTPOCKOMNuS.

238. OddekTbl rpynnMpoBKM U aHTUTPYNNUPOBKN (POTOHOB.

239. CnoHTaHHOEe NapaMeTpuyecKoe paccesHue ceeTa.

240. bBbwudoToHbl. [lepenyTaHHble COCTOAHUSA CBETa.

241. OnTu4yeckas peanusaumsa Kybutos n nx npeobpasoBaHus.

242. CocrtoaHus benna.

243. T[apapokc QuHwTenHa-lNMogonbckoro-Po3seHa.

244. HepaBeHcTBa benna.

245. CraTucTuka 4acTUYHO  MONAPU30BAHHOIO  M3nydeHud.  [lonspusaunoHHas
mMaTpuua.

246. PacnpocTpaHeHue BOJSIH B ClydYanHO HEOAHOPOAHOW cpeae.

247. KoppenaunoHHble U CTPYKTYPHbIE (PYHKUNN aMnnnTyabl U doasbl.

248. OnTuyeckmne mogenu atmoctepHon TypOyneHTHOCTH.

249. PaccesiHMe cBeTa B OAUCMNEPCHOW cpede; ypaBHeHWe nepeHoca, andpdy3noHHoe
npmnbnuxeHune.

250. PaccesiHue cBeTa B GUOTKaHMW.

251. CnekTpbl aToMOB. CCTEMaTKa CNeKTPOB MHOTO3SIEKTPOHHbLIX aTOMOB.

252. Twunbl cBasen anektpoHoB. OnpegeneHne Habopa TepmoB. VIcxoaHble TepMbl.

253. MynbTunneTtHas cTpyktypa. lNpasuna ot6opa. Baanmoaenctemne kKoHurypaumn.

254. CnekTpbl Monekyn. AgmabaTtundeckoe npudnmkeHme.

255. [pynnbl cMMMETPUM MOMEKYI.

256. KonebatenbHble cnekTpbl. Knaccudumkauma HopmanbHbIX konebaHui no tunam
cuMmMmeTpuun.

257. BblpoxgeHue. PesoHaHc ®epmn.

258. [lpaBuna otbopa B konebaTenbHbIX CNEKTpax MOrfoweHna n KoMOMHaUMOHHOIo
paccesiHus.



259. BpawartenbHas cTpykTypa konebartenbHbIX Nonoc.

260. OneKkTpoHHble cnekTpbl Monekyn. Krnaccudpukaumsa 9SNeKTPOHHbIX COCTOAHWIA
OBYXaTOMHbIX MOSEKYIT.

261. [MpuHumn ®paHka-KoHgoHa.

262. Twnbl CBA3M 35IEKTPOHHOIO ABMXKEHUS U BpaLLeHUS.

263. CnekTpockonus TBepgoro Tena. Nepexoabl nog AeNCTBMEM CBeTa B naeanbHOM
Kpucrtanne.

264. T[lornowieHne B WMHdpakpacHou obnactu crnekTpa U B3aMMoLencTBme cBeTa C
¢OHOHHOM NOACUCTEMOWN.

265. [lepexoabl B 9NeKTPOHHOW noacucreme.

266. [lornoweHne ceeTa B MeTannax. 3anpeLleHHas 3oHa 1 obnacTtb Npo3padHoOCTu B
ANanekTpukax.

267. OkcuToHbl BaHbe-MoTTa n ®peHkens.

268. O6nacTb (hyHAameHTanbHOro nornoLeHuns. Nepexoabl C OCTOBHbBIX YPOBHEMN.

269. OddekTbl Oxe n daHo.

270. OddekTbl Ha Kpasix ocTtoBHOro nornoweHns: EXAFS n XANES.

271. TloHATMe O NoNApUTOHaXx.

272. CnekTpockonust OeeKTHbIX COCTOsSSHAM B Kpuctannax. ABTofokanuMsauus
9KCUTOHOB 1 AbIPOK B AN3NEKTPUKAX.

273. BtopuyHble addekTbl B Kpuctannax: JIIOMUHeCLEeHuMsi, (oToamMuccus,
aedekroobpasoBaHmne Noa AeNCTBMEM CBETA.

274. JhomuHecueHuma. Knaccudukaums MoMUHECLEHLMN NO ONNTENBHOCTU CBEYEHUSA
n cnocoby ee BO3bYXOEHUS.

275. MonekynsipHasi U peKOMOMHaLMOHHAs JTIOMUHECLEHLMS.

276. 3akoH Ctokca-Jlommens.

277. TlpaBuno 3epkasibHOM CUMMETPUM CMEKTPOB MNOTTOLLEHNSA U NIOMUHECLIEHL M

278. [JleBwIMHa 1 yHUBeEpCanbHOe COOTHOLWEeHMe Mexay HuMn CtenaHoBa.

279. 3akoH Baswunosa.

280. TpunneTHble COCTOSHMA MOJSIEKYN U UX pPONb B rpoueccax pAerpagauum wu
MUrpauumn SHeprum anNeKTpoHHOro Bo3byxxaeHus.

281. Cxewma TepeHuHa-Jlblounca.

282. TyweHne (TemnepaTypHoe, KOHLEHTpPAUMOHHOE, MNOCTOPOHHUMMK BeLLecTBaMM)
NIOMUHECLIEHLINN.

283. besbl3nyyaTtesnibHbIn nepeHoc 3Heprum 3IIEKTPOHHOro BO30OYXOeHUS.
JTioMrHecueHUMSa MONEKYNAPHbIX KPUCTAsoB.

284. Teopwva [asbigosa.

285. KoonepaTtmBHble NpoLecChl B MIOMUHECLEHLINN.

286. 30HHaa moaenb NOMUHECLEHLNN ONINEKTPUKOB.

287. PaamHoxeHue 3NEKTPOHHbIX BO30YXaeHuN B TBEPAOM Tene.
TepmoBbiCcBeYMBaHUE N MHGPaKpacHaa CTUMYIALNS.

288. T[lpuMmeHeHue NIOMUHECLEHTHbIX KPUCTAmNSOB B HayKe, TEXHUKE N MedULUUHE.

289. WICTOYHMKM ONTUYECKOro U3NyYEHUS.

290. Tennosble, razopaspsigHble U nasepHble NCTOYHUKN.

291. CUMHXPOTPOHHOE U3NYyYeHUe.

292. OnTtu4yeckue matepuarnsi.

293. XapaKkTepuUCTUKM TMPUEMHUKOB WU3STYYEHUNA: CrekTpanbHas W UHTerpanbHas
YYBCTBUTENBHOCTb, LWYMbl, UHEPLUUOHHOCTb.

294. Tpunbopsbl ¢ 3apsgoBon ceaAsbto ([13C) - nuHenkn, maTpuubl.

295. TexHuka cnekTpockonuu. CBeToMUNbTPbI, MPU3MEHHbIE U  ANPPAKUNOHHbIE
crnekTparbHble Npubopbl, HTEPEPOMETPLI.

296. dypbe-cneKkTpocKonus.



297. OCHOBHble XapakTepuCTukM npubopoB: annapatHas ¢YHKUMSA, paspeLleHune,
cBeTocuna, gucnepcus.

298. JlasepHas CrekTpoCKOmnus.

299. Banucb wn obpaboTka onTMYECKOM UWHGopmaumn. MexaHmsm 3anmcu  wm
BOCMNPOM3BEAEHNA BOJSIHOBbLIX MOMEN C MOMOLWbLI0 ABYMEPHbIX W  TpexXMepHbIX
roforpamm.

300. Uwundposble ronorpaMmmbi.

301. TlepexogHble ” nepefatoyHble (YHKUMM  ONTUYECKUX cuctem 0bpaboTku
MHopMauuu.

302. 3onnaHapHocTb. Wcnonb3oBaHne MeTogoB Pypbe-OonTUKM ANd  ONTUYECKOW
unbTpaumnmn n pacnosHaBaHms obpasos.

303. KoppeKumsa n pekoHCTPYKLNSA N3obpakeHnn.

304. MeToabl KOMNBIOTEPHOW ONTUKM.

305. BonokoHHasi onTtuka. Tunbl BONOKOHHbLIX CBETOBOAOB. Moabl ONTUYECKMX BOJTOKOH.

306. 3aTtyxaHue u gucnepcua mod. HanpaBneHHble OTBETBUTESN.

307. BONOKOHHbIE NMTMHUU CBA3N.

308. HenuHenHble adhdeKkTbl B ONTUHECKUX BOFTOKHAX.

309. T[puHumn paboTbl Nnasepa. CxeMbl HaKa4Ku.

310. Teopus Jlamba. D dekTbl 3aTArMBaHNA YaCTOTbl U BbiropaHus abip. Jlam6oBckui
nposarn.

311. OnTtnyeckne pesoHatopbl. Moabl onTnyeckux pesoHaTopoB. CBOMCTBA Jla3epHbIX
My4KOB.

312. Tunbl nasepoB. TeepaoTenbHble nasepbl. [@3oBble nasepbl: nasepbl Ha
HeMTpanbHbIX aToOMax, WOHHble nasepbl, MOSEeKynspHble nasepbl, nasepbl Ha
camMOoOrpaHNYeHHbIX nepexoaax.

313. Xumwuyeckne nasepbl. [lonynpoBogHuKoBble nasepbl. Jlasepbl Ha LUeHTpax
OKpacKMu.

314. Pexumbl paboTbl NasepoB. HenpepbiBHbIE N UMMYNbCHBLIN PEXUMbI.

315. TnykoBbIn pexum. Mogynauma 4obpoTHOCTH.

316. CuHxpoHusaumsa mog. eHepaunsa CBEPXKOPOTKUX UMMYSbCOB.

317. TlpuHuUMnbl aganTUBHOW ONTUKK; KOPPEKLUUSA BOSTHOBOIrO OPOHTA NasepHbIX My4YKOoB.

318. BkcnepuMmeHTanbHble 060CHOBAHUSA KBAHTOBOW TEOPUMN.

319. MaTtemaTuyeckui annapaTt KBAHTOBOW MEXaHUKM.

320. OnepaTtopbl usnyecknx BenmunH. CobcTBEHHbIE GYHKUMM N COBCTBEHHbIE
3HayeHus onepaTopos.

321. CoctosaHne  usnyeckon BenUYMHblL.  3HAYeHUs  PU3MYECKUX  BENUYMH.
KoMMmyTaunoHHble COOTHOLWEHNA. VIHTerparbl ABUMXEHNS.

322. CTtaumoHapHble cocToaHnda. CNekTp CUCTEMBDI.

323. [loctynaTtbl KBAHTOBOWN MeXaHUKU. PU3NYECKNA CMbICIT BOFTHOBOW (PYHKLMMW.

324. [MpuHumn cynepnosnumn. MNpuHUMN HeonpeaeneHHOCTEN.

325. YpaBHeHue LWpéanHrepa B koopavHaTHOM npenctaBneHun. O6wme cBouncTBa
OAHOMEPHOro ABWXeHus. [JuckpeTHbIn crnekTp. lNoTeHunanbHble AMbl.

326. OpgHOMepHBbIN 3-noTeHumarn.

327. OpHomepHas 3apada paccesdHus. HenpepbiBHbIM - cnekTp. [loTeHumanbHble
6apbepbl. KoahpmumeHT npoxoxaeHus.

328. [apMOHMYecKnn ocumnnsaTop

329. OnepaTtop MomeHTa umMmnynbca. KoMmyTaumoHHble cOOTHOLEHUS. OpbutanbHbIn 1
CMWHOBbLIK MOMEHTblI umnynbca. Matpuubl [laynn. TlONHLIM MOMEHT uMnynbca
CUCTEMbI

330. 3apava gByx Ten. LleHTpanbHO-CMMMETpUYHOE none

331. TllpeameT Teopun BO3MyLLEHWA. [lonpaBkM K COOGCTBEHHbIM 3HAYEHUAM U
BOJTHOBbIM (DYHKLUMSIM B TEOPUM BO3MYLLIEHUN.



332. BapwaunoHHbii npuHumn. KBasmknaccmyeckoe npubnmkeHue.

333. KeaHTOBas auHamuka. HectaumoHapHoe ypaBHeHue LLpéaunHrepa.

334. [lepexoabl B KBAHTOBO-PU3NYECKMX cucTemMax. 3onoToe npasuno depmu.

335. T[lpeamet, OCHOBHbIE TEOPETMYECKME N AKCNEPUMEHTAsbHbIE METOAbI 1 NPoGembl
dum3unku TBEpaoro tena. CTpykTypa TBepablX Ten

336. Kpucrannuyeckme 1 amopdpHble Tena.  TpaHCnsauMoOHHas  CUMMETPUA.
OrnemeHTapHas s4enka.

337. PeweTtkn bpase. ToyeyHble N NPOCTPAHCTBEHHbIE rPYNMbI.

338. OcobeHHOCTM pacnpoCTpaHEeHNA BOMH B MNEPUOOUYECKUX CTPYKTypax. 3akoH
Bynbda-bperra.

339. O6paTHas peweTka. 3oHbl BpunntosHa.

340. [edbekTbl B KpucTannax. ToyeudHble gedekTbl, ux obpasoBaHue n gudpdysus.
BakaHcun.

341. ATtombl BHepgpeHus. KombuHaumm aTtomMHbix gedektoB. KpaeBble M BUHTOBbIE
aucnokauuu.

342. Bektop Btoprepca. SHeprua gucnokauuu. NepenonsaHne n CKonbXeHne.

343. PasmHOXeHue gucrnokauuu.

344. WcTtoyHuk PpaHka-Puaa.

345. BnuaHue pagunauMoOHHbIX, MEXaHUYEeCKUX, TEepMUYEeCKMX BO3AEUCTBUM Ha
peanbHy CTPYKTYpY TBepAbIX Ten.

346. Twunbl xumnyeckon cBs3n. CTPyKTypHble M usmyeckme OCOBEHHOCTU MOHHBbIX,
KOBaleHTHbIX, MeTanfnyeckux W MONEKynspHbIX Kpuctannos. [lnoTHenwwme
YMNaKOBKU. QHEPreTUYeCcKUin CNeKkTp KpUcTanos.

347. OnuncaHMe 3HEepreTU4ecKoro COCTOSHUA  KpucTanna npyv  nNoMowm rasa
KBasunyactuy,.

348. T[lpumepsbl kBasmnyacTuy,. POHOHbI, MArHOHbI, NSIA3MOHbI.

349. J3neKkTpoHbI B MeTanne Kak ksasuyactuubl. Ksasnnmnyrnsc.

350. 3akoH gucnepcuun. Teopema bnoxa. 'paHMYHbIE YCNoOBUS.

351. T1NOTHOCTb COCTOSAHUN.

352. CrtaTtucTuka rasa kBasmyacTtul,. Bo3oHbl 1, PepMUOHbI.

353. Bsaunmopgencrteue kBasm4vacTul,

354. KonebaHus pelueTkn - POHOHbI. AKyCTUYECKas U ONTUYeckasi BeTBU KonebaHui.

355. TennoemkocTb peweTkn. [lebaeBckasa yacroTa.

356. daktop [debas-Bannepa B paccesHMM peHTFEHOBCKNX Ny4en.

357. AHrapmMoHu3M u TensioBoe paclunpeHue.

358. OneKkTpoOHHbIE COCTOSIHMSA B KpUcTannax.

359. OpHoanekTpoHHasa mogenb. MNpubnmkeHrne cunbHon n cnabon cBA3W.

360. 30HHasa cxema v TuUMbl TBEPAbIX Ten. BbIpOXXAEHHbIV 3NEKTPOHHbIN ras.

361. OnekTpoHHas TennoemMkocTb. [loBepxHoCcTb Pepmu.

362. TeH3op 3P PEKTUBHBIX MacC.

363. OneKTpPOHbI U ObIPKN.

364. UuknoTtpoHHasa macca.

365. T[lonoxeHue ®epmu YpOBHS B HEBbLIPOXAEHHbIX NOMYNPOBOLHMKAX.

366. OneKkTpOHHbIE KNHETMYECKME CBONCTBA TBEPAbIX TEN.

367. KnHeTu4yeckoe ypaBHeHUE. DNEKTPOo- N TENNONPOBOLAHOCTb.

368. BpemeHa penakcauyum.

369. MexaHun3mbl paccesiHusi ANeKTPOHOB. PaccesiHne Ha npumMecax u gedekrax.

370. BOnekTpOH-POHOHHbIE CTONIKHOBEHMUS.

371. HopmanbHble npouecckl, npouecchl nepebpoca.

372. MarnutocnpoTusnenune n agpekt Xonna.

373. MeTtannbl ¢ 6onbLon AnvHoM npobera aNnekTpoOHOB. AHOMarbHbIN CKUH-3¢hPEKT.

374. UuWKNOTPOHHbIN pe30HaHC N pa3MmepHble 3pdeKThI.



375. T[1pOHMKHOBEHME 3IEKTPOMArHUTHOro Noss B MeTans.

376. [enuKoHsbI.

377. KeaHTOBaHWe opbUT B MarHUTHOM More.

378. JOddekT ne-laasa-saH-AnbdeHa.

379. TllonynpoBOOHUKW. ONEKTPOHHAsA  CTPYKTypa  TUMWUYHBIX  MONYNPOBOAHWUKOB.
'epmaHun.

380. Y3KO30HHble NONynpoBOAHUKU. [puMecHble ypoBHU. [JOHOPbLI 1 aKLenTopbl.

381. TemnepaTypHas 3aBUCMMOCTb NPOBOANUMOCTU, pP-N Nepexonbl.

382. ®doTtonpoBogMMocTb. PekoMbunHaums n penakcaumsi HepaBHOBECHbBIX HOCUTENEN.

383. Tlopsune Hocutenu. SdpdekT MaHHa.

384. MexaHun4eckue, onTMYeckme, MarHUTHbIe CBOMCTBA TBEpPAbIX Ter.

385. TeH3o0p ynpyrnx NOCTOAHHbLIX U yripyras aedopmMauus.

386. [nactudHocTb kpuctannoB. [lpegen TekyydecTu. YnpoyHeHue. BHyTpeHHee
TpeHue.

387. MexaHn3mbl nornoweHns poToHoB. NornoweHne cBo60AHBIMN HOCUTENAMM.

388. PeweTto4Hoe nornoweHne. MHOroOHOHHbIE NPOLIECCHI.

389. KombGuHaumoHHOE paccesiHne cBeTa B Kpuctannax. lornoweHne CBsi3aHHbIMU
HOCUTENAMM.

390. T[lpaBuna otbopa. Mexay3oHHbIE KOCblE 1 NPsAMbIE NEPEXOAbI.

391. 3kcuToHbl. JlloMuHecueHUms.

392. BpewmeHa xun3Hu BO3OyxaeHun, cnroopecueHuns. besbisnyvarenbHble nepexobl.
KBaHTOBbIN BbIXO JTIOMUHECLIEHLINN.

393. [dnamarHeTusm cBOOOAHOroO 3NEKTPOHHOrO rasa.

394. CnuHOBbLIN NapamMarHeTU3M.

395. 3akoH Kiopw.

396. deppomarHeTusm.

397. MonekynsapHoe none Bewcca.

398. OOmMeHHOEe B3aumMoaencTeme.

399. ®deppomarHUTHbIE JOMEHDI.

400. J3Heprnsa aHU3OTPOMNUM.

401. JJomeHHas cTeHkKa.

402. AHTUdEppOMarHeTUKN.

403. deppuThl.

404. [OnanekTpuku.

405. B3dbekTnBHOE Norne.

406. JnNEeKTPOCTPUKUMSA N Nbe303NIEKTPUYECTBO.

407. TIMpO3NEKTPUKM N CETHETOINEKTPUKMN.

408. JneKTpUYECKUIN rMcTepesnc, aHomanmm puanvecknx CBOMCTB CErHETOINEKTPUKOB
B obnacTtu das3oBbiX NEPEXOA0B.

409. MonekynsapHble Kpuctanssbl.

410. TepmoagunHamuka u hasosble nepexodbl. PaBHoBecne as. dasosble nepexoqp! |
n Il poga.

411. onyktyauuun. Teepable pacTBOPbl U NPOMEXYTOYHbIE (has3bl.

412. PaBHOBecWe B MHOTOKOMMOHEHTHbIX CUCTEMax 1 npasuno gas.

413. [Ownarpammbl paBHoBecus. KuHeTuKa ha3oBbiX NpeBpaLLeHnii.

414. [Ouddy3noHHble N 6e3anddy3noHHbIe NpeBpaLLeHMs.

415. CaepxnpoBognMocTb. OCHOBHbIE CBOMCTBA CBEPXMNPOBOAHNKOB.

416. Jddekt MencHepa.

417. CsepxnpoBogHuku | u Il poga.

418. Buxpu n BuxpeBble CTPYKTYPbI.

419. OCHOBbI MUKPOCKONUYECKOW U TEPMOANHAMUYECKON TEOPUNA.

420. KynepoBckue napsbl.



421. DHepreTnyeckas Wwernb 1 KBasmyacTuLbl B CBEPXNPOBOAHUKE.

422. TyHHernbHbIN 3 dEKT.

423. JOddekT [xo3edcoHa.

424. JkcnepumMeHTanbHble MeToabl hunsnkn TBEpAOro Tena

425. PeHTreHorpadus: meToabl UCCrneaoBaHUsa naeansHOM 1 peanbHOW CTPYKTYPbI.

426. JneKTpoHorpadus 1 aNeKTPoHHast MMKPOCKOMNUSI.

427. HewntpoHorpadus: yrnpyroe n Heyrnpyroe KorepeHTHoe paccesiHve, uccrnegoBaHue
MarHUTHbIX CTPYKTYP M (POHOHHbIX CNEKTPOB.

428. JOddekt Méccbayapa.

429. OJnekTpyyeckme W ranbBaHOMarHUTHblIE W3MEPEeHUA Kak MeTodbl WU3ydYeHus
9NEKTPOHHOM CTPYKTYpPbl KPUCTASNOB 1 COCTaBa NpUMecen B NONyrnpoBOAHUKAX.

430. Ontunyeckue MeToabl ncecnenoBaHus: BO3MOXHOCTH, CBA3aHHblE c
MCMonb30BaHMEM Na3epHbIX UCTOYHMKOB CBeTa.

431. PaamepHoe kBaHTOBaHue. OCHOBHbIE TUMbl HAHOCTPYTYP W UX KBaAHTOBO-
MexaHu4eckue mMogenu.

432. KBaHTOBOE OrpaHUYeHne U pasMepHOCTb INEKTPOHHON CUCTEMbI. DneMeHTapHbIe
HAHOCTPYKTYPbl: KBAHTOBbIE AMbl, HUTU, TOYKN, NOSTYNPOBOAHUKOBbLIE CBEPXPELLETKM.

433. O3nNeKTPOHHblE CBOMCTBA KBAHTOBLIX HN3KOPA3MEPHbIX CTPYKTYP.

434. JHepreTU4eCcKnn CrekTp U BONHOBbIE PYHKLNN SNEKTPOHHOIO rasa.

435. [loa3oHbl pa3MepHOro KBaHTOBaHUS.

436. PacnpegeneHve nNrOTHOCTM COCTOSIHUM B CTPYKTYpamu C KBaHTOBbIMW siMamu, B
KBAHTOBbIX HUTSX U TOYKaXx.

437. PaBHOBECHbIE KOHLEHTPaLUNN SNEKTPOHOB B CUCTEMAX MOHMKEHHOW pasMepHOCTN.

438. JHepreTM4ecKnUin CrnekTp cBepxpeweTkn. BnusiHue Ha 3sHepreTnyecknin cnekTp
MarHuTHOro nons.

439. 3ddeKTMBHOE MNOHMKEHNE PA3MEPHOCTUN CUCTEMBbI.

440. VYposHu JlaHgay.

441. [BwxeHWe 3feKTpoHa B OAHOPOHOM 3S1IEKTPUYECKOM More.

442. bnoxoBckne ocumMnnsaLun.

443. JlectHunua yposHen LTapka.

444. [1ByMepHbI aNeKTpoHHbIN ra3 B MO cTpykTypax.

445, OCHOBHbIE MOMOXEHUS TEOPUM NPUNOBEPXHOCTHOM 06MACTM NPOCTPAHCTBEHHOIO
3apsiga nonynpoBoAHuka MapetTta u bpattenHa.

446. 3aBUCUMOCTb 3NEKTPOCTATUYECKOro MOTEeHUMana OT KoopauHaTbl B pexume
CUNbHOW UHBEPCUN.

447. Ycnosus obpasoBaHUA OBYMEPHOrO 3fEKTPOHHOro rasa B nHeepcHom crnoe MUl
CTPYKTYPpBbl.

448. KaHTOBO-MexaHM4yeckasa Moaenb npunosepxHocTHon OlN3 nonynpoBogHuKa.

449. MeTonabl pacyeTa SHepreTMYeCcKoro cnekTpa.

450. [pmnbnuxeHne TpeyronbHOro NnoTeHuynana.

451. TINOTHOCTb pacnpegenieHnsa KBaHTOBbIX COCTOSIHUN.

452. TloBepxHOCTHass KoHUeHTpauma 2D SnekTpoHOB B NOA30HAX pas3MepHOro
KBaHTOBaHMWS.

453. 3aBUCUMOCTb MIOTHOCTM 3apsga OT KOOPAMHATHI.

454, JBkpaHupoBaHME INEKTPUYECKOro NOSs.

455. KunHeTunyeckue adpdekTbl B OBYMEPHbIX HaHOCTpPyKTypax. Bpemsa penakcauuu u
NOABWXHOCTb HOCUTENEN B ABYMEPHOM 3JIEKTPOHHOM rase.

456. MexaHu3mbl paccesHus. KuHeTnyeckmne aBneHna B ABYMEPHbIX CTPYKTypax.

457. KsaHTOBaHue JlaHgay n ocuunnsaumm BaHbe-LUTapka.

458. MopaynupoBaHHOe nermposaHue.

459. T[loneBble TPAH3UCTOPLI HA 3NEKTPOHAX C BbICOKOW NOABMKHOCTLIO.

460. bBannuctunyeckmi TpaHcnopT. MNpubopbl 6GannmncTuyeckoro TpaHcnopTa.



461. KsaHTOBbIN 3pdekT Xonna. LUenouyucneHHbin kBaHTOBbIM 3dpdekT Xonna.
[poObHbI KBaHTOBbLIN adhdeKkT Xonsa un ero nHTepnpeTaums.

462. [OpobHble 3apaabl 1 NPOMEXYTOYHasa ctatuctTika. KomMnosmTHble (pepMmOHbI.

463. JneKTpoHHas KoHdUrypauusi BHELWHMX 0BonoYyek atoMOB U TUMbl CUM CBA3N B
TBepAbIX Tenax. BaH-gep-BaanbcoBa. MOHHAsA U KOBaneHTHas CBA3b.

464. CTpyKTypbl BaxHeWlLuMX nomnynposoaHukos - anemeHtoB AV, AV n coeguHeHuin
Tunos A BY, A"BY!, AVBV!.

465. CummeTpusa KpucTannoB. TpaHCAAUMOHHAs CUMMETPUS KpuctannoB. basuc wu
KpucTannuyeckas cTpykTypa.

466. JnemeHTapHaa gqyenka. [lpumuTuBHaa gqyenka. HAdenka BurHepa-3enTua.
PeweTka bpase. O603Ha4yeHMs y3noB, HanpaBfeHW 1 NAOCKOCTEN B KpUcTanne.

467. O6paTtHag pelueTka, ee cBoncTea. 3oHa bpunntoaHa.

468. Tllpymecn wn CTPYKTypHble [OedeKkTbl B KPUCTalIM4ecKux U  aMopdHbIX
NoNynpoBOAHMKaX.

469. Xumuyeckasa npupoga u AfeKTPOHHbIE CBOMCTBA NpUMecen.

470. TouyeuyHble, NUHENHbIE U ABYMEPHbIe OeEKTbI.

471. MeToapl BblpalwmBaHusi 06 beMHbIX MOHOKPUCTAnNsOB U3 XXMOKOW 1 ra3oBow ¢as.

472. MeToabl BblpalMBaHNA 3NUTaAKCUANbHBIX MNAEHOK (dNUTaKCUA W3 XXUOKOW W
rasoBoun assbl).

473. MonekynapHo-nyyeBas anutakcus. MeTtannopraHnyeckasa annTakcus.

474. MeTogbl nernpoBaHnsa NONyrnpoOBOAHNKOB.

475. OcHOBHble MeTOoAbl oOnpefeneHns napameTpoB MNOSYNPOBOAHUKOB:  LUMPUHDI
3anpeLLeHHOn 30Hbl, MOABWXHOCTM W  KOHUEHTpaumm cBOGOAHbIX HOCUTEnewn,
BPEMEHWN >XU3HW HEOCHOBHbIX HOCUTENEeW, KOHUEHTpauum wn rnybuHbl 3aneraHus
YPOBHEN npumMmecen 1 AedeKToB.

476. OcHOBHble MNpUONMXeHUs1 30HHOW Teopun. BonHoBas yHKUMS 3NeKTpoHa B
nepnoanyeckom nose Kkpucranna.

477. Teopema bnoxa. 3oHa bpunntoaHa. QHepreTuyeckme 30HbI.

478. 3akoHbl gucrnepcun Ans BaXHeWWux nosynpoBOAHUKOB. W303HepreTuyeckme
NMOBEPXHOCTW.

479. TeH3op obGpaTHOM adpdeKkTMBHOM Macchbl. [noTHocTb cocTtosHun. OcobeHHOCTU
BaH-XoBa.

480. YpaBHeHWA [OBWXKEHUS ONeKTPOHOB W [AblpOK BO BHewWHWX nonsx. Metog
apPeKTMBHON MacChI.

481. WcKpuBneHUe aHEPreTUYECKMX 30H B 3NIEKTPUYECKOM Mosie.

482. [BwxeHune 351IeKTPOHOB U AbIPOK B MarHUTHOM Morse.

483. OnpepeneHve 3P@EKTUBHbIX MacC U3  UMUKINOTPOHHOINO  (AMamarHUTHOro)
pe3oHaHca.

484. CBS3b 30HHOW CTPYKTYpPbl C ONTUYECKUMU CBONCTBAMM NOSTYNPOBOAHMKA.

485. YpOBHW 3HEPruu, cosgaBaemble NPUMECHbBIMU LIEHTPaMU B NONYyNpoBOLHUKAX.

486. [oHopbl 1 akLenTopsbl.

487. Menkue n rnybokme ypoBHM.

488. BopopopononobHble NpUMECHbIE LEHTPBI.

489. OyHKUMA pacnpegeneHnss anekTpoHoB. KoHueHTpauus 3feKTPOHOB M ObIPOK B
30Hax, adppeKTUBHaAs NIIOTHOCTb COCTOSTHUN.

490. HeBbIPOXOEHHbIN M BbIPOXAEHHbIN 3NEKTPOHHbBIN (AbIPOYHbIN) ras.

491. KoHUeHTpauun SNEeKTPOHOB W [ObIPOK Ha foKasbHbIX YPOBHAX. dakTopbl
BbIPOXAEHUS NPUMECHbLIX COCTOSHWIA.

492. TlonoxeHue ypoBHS ®epMu 1 paBHOBECHASA KOHLEHTpaLMs 3MeKTPOHOB U OblPOK B
COBCTBEHHbIX W MPUMECHbLIX (HEKOMMNEHCUMPOBAHHbIX W  KOMMNEHCUPOBAHHbIX)
NonyrnpoBOAHUKAX.

493. MHorosapsgHble NpUMeCHbIe LEeHTPbI.



494. KuHeTuyeckme KOI(PPUUMEHTbI - NPOBOAUMOCTb, MOCTOSHHAsA Xonna n TepMo-
o[4cC.

495. [pendoBada ckopocTb, ApencoBas 1 XonnoBckasa NoaBMKHOCTU, bakTop Xonna.

496. [pendosbin n anddy3noHHbIM TOK. COOTHOLWEHNE DMHLWTENHA.

497. MexaHu3Mbl paccesHUA HocuTenen 3apsaa B HenaearnbHOW peLueTKe.

498. Bsaumopgencteme HocuTenenm 3apsga € akKyCTUYEeCKMMU U ONTUYECKUMMU
dOHOHaMW.

499. PaccesHMe HocuTenen 3apsga Ha 3apsKeHHbIX W HeWTpanbHbIX MNpUMeECsX.
"opsaYme 3neKTPOHbI.

500. OrtpuuatenbHas aunddepeHumansHas NpoBOANMOCTb.

501. JnekTpuyeckme HeyCTOMYMBOCTU; dNEKTpUYECKne JOMEHbI U TOKOBbIE LLHYPBI.

502. TleHepauus n pekomMbnHauus HepaBHOBECHbIX  HOcuTenenw  3apspga.
KBasupaBHoBecue, kBa3nypoBHu depmu.

503. YpaBHEHME KMHETUKM peKOMBUHaLMN. BpeMeHa KunsHu.

504. ®oToONPOBOANUMOCTD.

505. MexaHuamsbl pekoMbuHaumm. NanyyaTtenbHasda " Oe3bi3ny4aTenibHas
pekombuHaumnsa. Mex3oHHaa pekombuHaumsa. PekombuHauusa 4depe3  YpPOBHMU
npumecen n gedekros. LieHTpbl npununanus. Oxe-pekomonHaums.

506. T[lpocTpaHCTBEHHO HeOAHOPOAHble HepaBHOBECHbIE pacnpefeneHns HocuTenen
3apsga.

507. AmbunonapHasa anddysums.

508. BOddekT Jembepa.

509. [OnuHa anddysnmn HepaBHOBECHbLIX HOCUTENEN 3apsaa.

510. Cxema aHepreTU4ecKknx 30H B KOHTAKTE MeTarn-nonynpoBOLHMK.

511. O6orauweHHble, 06egHEHHbIE N UHBEPCUMOHHBLIE CIOM NPOCTPAHCTBEHHOrO 3apsiga
BONM3N KOHTaKTa.

512. BonbT-amnepHas xapaktepucTuka 6apbepa LLoTTku.

513. OHepreTunyeckass guarpamma p-n nepexopa. VIHXeKuMsi HEOCHOBHbIX HOCUTEMEN
3apsiga B p-n nepexoge.

514. TleTeponepexobl. QHEpPreTnyecKne gmarpaMmmbl r eTeponepexosos.

515. Bapwu3oHHble NonyrnpoBOgHUKN.

516. [loBepXHOCTHbIE COCTOAHUSA U MOBEPXHOCTHbIE 30HbI.

517. WckpuBneHue 30H, pacnpegeneHue 3apsga u noteHumana B6nmsm nOBEpPXHOCTMW.

518. T[loBepxHOCTHas pekoMbuHauus

519. TammoBckne ypoBHU. CKOPOCTb MOBEPXHOCTHON PEKOMOMHALMMN.

520. KomnnekcHas [OuanekTpuyeckas MPOHULAEMOCTb, MoKasaTernb npenomMneHns,
KO3 PULUMEHT OTpaxeHus, KoapduuneHT nornoweHnsa. CBA3b Mexgy HUMU U
cooTHowweHna Kpamepca-KpoHura.

521. Mex3soHHble nepexoapbl. Kpan cobGCTBEHHOrO MOrMoWeHnsa B crydae npsmMbiX W
HenpsMbIX, paspeLleHHbIX 1 3anpeLleHHbIX Nepexonos.

522. J3KCUTOHHOe nornolleHe n nsnyvyeHe. CNoHTaHHOE U BbIHY)XAEHHOE U3ry4YyeHune.

523. T[lornoweHne ceeTa Ha cBOBOAHbLIX HOCUTENSX 3apsaaa.

524. TlornoweHne ceeTta Ha KonebaHuax pelweTkn. PaccesaHue cBeTa konebaHuamu
pelweTkn, KoMOMHaUMOHHOE paccesiHe Ha onTudeckux @oHoHax (PamaHa -
NNTaHacGepra), paccesHne  Ha  akycTMdeckux  oHoHax  (bpunnwoana -
MangenbLwitama).

525. BnuaHue npumecen Ha onTuyeckne cBoncTBa. [pmecHasa CTpyKTypa OnTUYECKUX
crnekTpoB BOMM3M  Kkpas  COOBCTBEHHOrO  MOrMAOWEHUS B MPSMO30OHHbLIX U
HENPSAMO30HHbIX NONTYNPOBOAHUKAX.

526. MexnpumecHaa wuanydatefnibHas pekoMbuHaums. OKCUTOHbI, CBsi3aHHblE Ha
NPUMECHbIX LIeHTpax.



527. OnTtnyeckune sBNeHNA BO BHeLHUX nonax. Oddekt dpaHua-Kengpiwa. Sddekt
Mokkenbca.

528. JOddekT byptenHa-Mocca.

529. BOddekTbl Papages n donrta.

530. [llpumecHaas wn cobcTBeHHas OTONPOBOAMMOCTbL. BnusHue npununaxus
HepaBHOBECHbIX HOCUTeNeun 3apaga Ha oToNPoOBOANMOCTb.

531. OnTtnyeckaa nepesapsigka fokKanbHbIX YPOBHEW U CBA3aHHble C HeW 3dpdeKTbl.
TepmocTMMynuMpoBaHHas NPOBOAMMOCTb.

532. ®doTopasorpeB HocuTenen sapsaaa.

533. DOTO3NEKTPOMArHUTHLIN APPEKT.

534. AmopdHble M cTeknoobpasHble nonynpoBogHukK. CTpyKTypa aTOMHOW MaTpuubl
HEKpUCTanIn4yecknx nonynpoBOAHNKOB.

535. WpeanbHoe cTekro.

536. [nopupoBaHHble aMOpdHbIE MONYNPOBOLAHNKN.

537. OcoBeHHOCTM 9NEKTPOHHOIO 3JHEPreTUYecKoro CrnekTpa HeynopsiAOYEHHbIX
noslynpoBOAHUKOB. [1NOTHOCTb COCTOAHUNM. Jlokanu3auma SNEKTPOHHbIX COCTOSAHUN.
LUlenb nogBmXHOCTH.

538. JlernpoBaHue HekpucTanInyecknx nonynpoBoaHNKOB.

539. MexaHu3ambl nepeHoca Hocutenen 3sapsga. [pbbkkoBasi NPOBOAUMOCTb. 3akoH
MoTTa.

540. CnekTpbl ONTMYECKOro MOrnoweHns Hekpuctannuyeckux martepmanos. [1pasuno
Ypbaxa.

541. HecrtauyunoHapHble npoueccbl. OnpefeneHne npenoBon MNOABMKHOCTU MO
n3MepeHnam BpemMeHn nponeta. IMCNepcnoHHbIN NepeHoc.

542. BnuaHue  BHEWHUX  BO3OEWCTBMW  HaA  CBOMCTBA  HEKPUCTaNSIMYeCKuUX
nonynpoBoAHMKOB. MeTacTaburbHble COCTOSHUS.

543. PasmepHoe kBaHTOBaHue. [IByMepHble U KBa3uaBYMEpPHble OfeKTPOHHbIe
CUCTEMbI U CTPYKTYPbI, B KOTOPbIX OHW pearnm3yoTcs.

544. KoHTpa- M KOBapwaHTHble KOMMO3ULMOHHbIE CBEpXpeLUeTKU, NermpoBaHHble
CBepXpeLLeTKN NnermnpoBaHus.

545. KBaHTOBble HUTU. KBAHTOBbIE TOYKM.

546. DHepreTnyeckmi CNekTp NEKTPOHOB N NMIOTHOCTb COCTOSIHUMA B 3TUX CUCTEMAX.

547. OnTnyeckme sIBNEeHUA B CTPYKTypax C KBAHTOBbIMM siMamu, npasuna otbopa ons
MEX30HHbIX U BHYTPU3OHHbIX (MEXMNOA30HHbIX) Nepexoaos.

548. Mex3oHHOe nornoLleHne n usnyyatenoHas pekoMbuHauumsa B 3TUX CTPYKTypax.
OKCUTOHbI B KBAHTOBbIX IMax, KBAHTOBO-pa3MepHbIn adpdekT LLTtapka.

549. OJnekTpuyeckMe W ranbBaHOMAarHUTHblE SBMEHUS B [ABYMEpPHbIX CTPYKTypax.
A dekT LLybHnkoBa-ge MNaasa.

550. O6uee npeacraBneHne o KBaHTOBOM addpekTe Xonna.

551. BonbTamnepHas xapaktepuctuka p-n nepexoga. Npnbopbl ¢ UCnonb3oBaHMEM p-n
nepexoaos.

552. TyHHenbHbIN anoa. Ouopn NaHHa. bunonspHeln TpaH3ncTop. TupucTop.

553. OHepreTuyeckas gnarpamma CTPYKTypbl MeTann-aAnanekTpuK-nosynpoBogHU

554. TloneBble TpaH3ncTopbl HAa MAIM-cTpykTypax. Mpubopbl ¢ 3apsa40BON CBA3LIO.

555. LWymbl B nonynpoBOAHMKOBBIX Npubopax.

556. doToanemeHTbl W doToamoabl.  CnekTpanbHass  YyBCTBUTENBbHOCTb W
oBHapyXuTenbHas cnocobHOCTb.

557. TlonynpoBOOHMKOBbIE AETEKTOPbl SAEPHbIX U3NyyYyeHun. PoToanekTpuyeckmne
npeobpasosatenu, KMNQ npeobpasoBaHus.

558. CseTogmoabl 1 NonynpoBOAHMKOBbIE Nasepbl. NHXEKUNMOHHbIE Nnasepbl Ha OCHOBE
OBOWHOWN reTepoCTPYKTYPbI.



559. Wcnonb3oBaHue HaHOCTPYKTYp B NoNyrnpOBOAHUKOBBIX npmnbopax.
[eTepoTpaH3nCTOpP C ABYMEPHbLIM 3NEKTPOHHbLIM razom (HEMT).

560. [leTeponasepbl Ha OCHOBE CTPYKTYp C KBaHTOBbIMW fIMaMUW W KBaHTOBbIMW
TOYKaMW.

561. Pe3oHaHCHOe TyHHeNnupoBaHue B ABYXO6apbepHOMreTepoCTPYKTYPE U PE30HaHCHO-
TYHHENbHbIN ANoa.

562. OnTnyecknin MOAynNsATOP Ha OCHOBE KBAaHTOBO-pa3mepHoro adpdekTa LLTapka.

Kputepumu oueHku 3HaHUM npeTeHAeHTOB Ha NOCTYMNJiIeHne B aCnnpaHTypy

BcTynutenbHoe wucnbiTaHMe oueHuMBaeT 3HaHus B 06racTM COOTBETCTBYHOLLEN
Hay4YHOMW AUCLMNIIMHBLI, HaBblkM M CMNOCOBHOCTM nocTynawuwmx, Heobxooumble Ans
obyyeHnss no nporpamMmmamMm acnupaHTypbl, peanusdyemblx HanpasneHnem 03.06.01
®dusmka N acTpoOHOMUSA. IK3aMeH BKINOYAET OTBETbl HA TPU TeopeTUYeCcKUX Bonpoca no
TemaM rnporpamMmmbl BCTYMUTESNbHbLIX UCMbITAHUA B acnupaHTypy NO COOTBETCTBYHOLLEMY
npodunio. Bonpocbl ABNAKTCA paBHO3HAYHBLIMW MO  CHOXHOCTU. YPOBEHb 3HAHUM
noctynatowlero oueHnaetcs no 100-6annbHOM cucteme.

Kputepun oueHnBaHmsa pesyrnbTaToB OTBETa N0 YPOBHAM (OLlEHKaMm)

OueHka Kputepun

80 - 100 6annos 1.0TBET rpaMOTHbIN, NONHbIN. OTBETLI 3naratTCs NOrNYHO,
nocnegoBaTesibHO U He TPebyoT AONONHUTENBHbLIX MOSACHEHUN.
2.[lemoHcTpupytoTcsa rnybokme 3HaHMsa UCLUNIANHDI
cneumanbHOCTMW.

3.JaHbl 060CHOBaHHbIE OTBEThHI HA AOMOSTHUTENbHbIE BONPOCHI
KoMmuceum

4. OTBETbI XOPOLUO apryMeHTUpOBaHbI, NpU OTBETax
MCNONb30BaHbl 3HAHWS, NPUOBPETEHHbIE paHee.

5.B oTBeTax YeTKO NPOosIBMASETCA CNOCOBHOCTD K
nccnegoBaTenbCKon AesTeNnbHOCTMU.

60 - 79 6annos 1.0TBET rpaMOTHbIN, OTBETbLI HA NOCTaBfIEHHbIE BONPOCHI B
BuneTe nanaralTcs CUCTEMATU3NPOBAHO M NOCNEOBaTENBHO.
2.[leMOHCTpUpyeTCa yMeHe aHann3mpoBaTb MaTtepuar, ogHako
He BCe BbIBObl HOCAT apryMeHTUPOBAHHbIN U JOKa3aTernbHbIN
Xapakrep.

3.Matepuan nanaraetcs yBepeHHO, B OCHOBHOM MPaBUibHO AaHbl
BCe onpeaeneHns N NoHATUS.

4. [lonyuieHbl HeNnpHUUNuarbHble HETOYHOCTY MPU BbiBOAAX U
MCNONb30BaHMM TEPMUHOB.

5.B oTBeTax nposiBnseTca onpeneneHHas cnocobHOCTb
nccnegoBaTenbCKov AesTENbHOCTMU.

40 - 59 6annos 1. OTBET B LUENOM rpaMOTHbIN, HO JOMNYCKaOTCH HapyLUEHUS B
nocnenoBaTeNbHOCTU N3NOXEHUS Npu OTBETE.
2.[1eMOHCTPUPYHOTCS NOBEPXHOCTHbIE 3HAHUS OUCLUMNINH
cneumanbHOCTH.

3.MmetoTca 3aTpyaHEHUs C BbiIBOAAMM.

4.0npegenenuns n NoOHATUA AaHbl HEYETKO.

5.HaBbIkn nccnegoBaTenbCKon OeATENBHOCTU NPEACTaBMEHDI
cnabo.




0 - 39 6annos 1. OTBET HErPaMOTHbIV C NPUHLMNMANBHBIMU OLIMBKaMK.
MaTtepuan nsnaraetcsa HenocnegosatenbHO, COMBYNBO, HE
npeacTaBnsaeT onpeaeneHHon CUCTEMbl 3HAHWIA MO AUCLMNITUHE.
2.He paHbl OTBETbI HA AONONHUTENBHbLIE BOMPOCHI KOMUCCUM.
3.0onyuweHsbl rpybble owmnbkn B onpegeneHnsax n noHATUsX.
4.0OTCyTCTBYIOT HaBbIKM UCCNeoBaTeNbCKON AeATENbHOCTH.

Mporpamma BCTYNUTEMNbHOrO WCMbITaHUS opdobOpeHa pelleHnem Y4YeHoro coBeTa
dmaunyeckoro pakynbTteTa (Nnpotokon Ne2 ot 03.03.2017)




