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1. BosiHoBBIE IpOLIECCHI

1.1. OcHoBbI TeoOpuM KoOJIeOAHUI

JIuneiinble kosiebaTenbHble cUcTeMbl. KoneOareabHble CUCTEMBI PA3IMYHON
npupoabl. BpeMeHHOM U cieKTpaibHbIM MOAX0bl B TeOpUU KosiebaHuil. CuioBoe u
napaMeTpuyecKoe Bo3JeHCTBUE Ha KOJeOaTeIbHbIE CUCTEMBI.

ABTOKOJEOaTeNbHas CUCTEMa C OJIHOM CTENEHbI0 CBOOOBI. DHEPreTUHYECKue
COOTHOIIIEHUS B aBTOKOJIe0aTeIbHBIX CHUCTEMAX. Metoabl pacuera
aBTOKO0JIE0ATEIbHBIX CUCTEM.

BozaeiicTBue rapMOHUYECKOTO CHUTHAja Ha aBTOKOJIEOATENbHBIC CHUCTEMBI.
CunxpoHu3aius.

KonebGarenpHbie cHCTEMBI C JABYMS M MHOTMMH CTENEHSIMH CBOOOJIBI.
Hopmanbubie konebanus. BwuiHyKneHHbIe KoseOaHus. B3aumHasi cHUHXpOHHM3ALUS
KoJeOaHu JBYX T€HEPaTOPOB.

[Tapamerpuueckoe YCUJICHUE u napaMeTpuyeckas reHeparusi.
[TapameTpuueckue yCWIMTENW U TeHEpaTophl. JleaeHue dYacTOThl. YMHOXKEHUE
YaCTOTHI.

CoOcTBeHHBIE W BBIHYXKJICHHBIC KOJICOAHHS JMHEWHBIX paclpelelIeHHBIX
cucteM. CoOcTBeHHbIE (YHKIMU CUCTEMbl (MOAbI). PaznoskeHue BBIHYKIEHHBIX
KoJIe0aHuM 10 CUCTEME COOCTBEHHBIX (DYHKITHH.

Pacnipenenennbie aBToK0I€0aTEIbHBIE CUCTEMBI. Y CJIOBHSI CAMOBO30YXKACHHUS.
OnHOMOIOBBI U MHOTOMOAOBBIN PEKUMbI aBTOTE€HEPALINH.

Onrtuueckue pe3oHaTopbl. Pesonatop dDabpu-Ilepo, koH]okambHBIH U
KOHICHTPUYECKUN pe3oHaTopel. Heycrouussiii pe3oHatop. IlpomosbHble U
nornepeyHbie THUMBl KoyieOaHWW. CHEKTp YacTOT M PAaCXOAMMOCTb H3JITyUYCHUSI.
J1oOpOTHOCT®S.

XaoTnyeckue KoJieOaHus B AUHAMHYECKHX cucremax. IloHatue o
Xa0THYECKOM (CTpAaHHOM) arTpakTope. Bo3MoOkHBIE MyTH MOTEPH YCTOMUYMBOCTH
pEryJsipHbIX KOJeOaHUI U epexo/ia K IMHAMUYECKOMY Xaocy.

1.2.  OCHOBBI JIeKTPOAUHAMHUKH

Teopema I'aycca um Teopema CTOKCa, U UX MPUMEHEHHWE K BBIYHCICHUIO
AJEKTPUYECKUX MArHUTHBIX MOJIEM MIPOCTEUIIMX HCTOYHUKOB. TOK CcMenieHus.
Cucrema ypaBHeHnii MakcBeina (B MHTETpajgbHOU U qudPepeHnuansaoi popmax).
VYcoBus Ha rpaHuIe pasjaena AByX Cpes.

DNEeKTPOJMHAMUYECKHE U KBAa3UCTATUUYECKUE MOTEeHIMalbl. JIopeHIOBCKast U
KyJOHOBCKasi  KaiuOpoBku.  Teopema  ['enbmronbua.  Beipaxkenuss — nis
HaNpsHKEHHOCTH AJIEKTPUYECKOTO M MHAYKIIMM MAarHUTHOIO TIOJIEN Yepe3 CKalIsPHbIN
M BEKTOpHbI mnoTeHuuanbl. KanuOpoBouHas WHBAPUAHTHOCTh. Y paBHEHUE
HEMPEPHIBHOCTU (3aKOH COXpaHeHus 3apsga) B AuddepeHIHalIbHOW W UH-
TerpajibHOM opmax.



BonHoBoe ypaBHEeHHE I 2JIEKTPOMArHUTHOIO Mojis B Bakyyme. llmockue
MOHOXPOMATUYECKME BOJHBI M HMX CBOMCTBA. YacTrora, BOJHOBOW BEKTOP H
MOJSIpU3alns 3JEKTPOMArHUTHBIX BOJH. JJIEMEHThl KBAaHTOBOM TEOPHUHM CBETA.
®doronbl. PactipocTpanenusi cBera B BeUIeCTBE: aucnepcus, (a3oBas U IpynmnoBas
CKOPOCTH, KOMIUJIEKCHBIN MOKA3aTeNb MPEITOMIICHHUS.

Hudpakuus 3J1eKTpOMarHUTHBIX BOJH (mpubmmkenus [roitrenca-®dpenens u
Opaynrodepa). OTpaxkeHrue U MPEJIOMIICHUE TUIOCKUX JJIEKTPOMArHUTHBIX BOJIH Ha
IJIOCKOM TpaHMIle paszjeria JABYX H30TPONHBIX cpen. [lpuOnimkeHHble TpaHUYHBIE
ycnoBus JleontoBuua. CKUH-3PHEKT.

PacnipocTpanenre BOJHOBBIX MYYKOB (MapabosinyecKkoe ypaBHEHHE, BOJHOBOM
napameTp, rayccoBbl myuku). Bekrtopwl I'epua. Ilone snekrpuyeckoro Aumosns B
cB0OOHOM npocTpaHcTBe. [anbHss u 6iKHsA 30HbI. [lepexoiHbie TpOLEecChI.

BuxpeBble M mNOTEHIMaIbHbIE MOJS. BBICTphIE W MEHJIEHHBIE BOJIHOBBIE
MPOIIECChI B «aKTUBHBIX» cpeaax. Kpazucrarnueckoe NMpuOIMKEHUE B YPABHEHUSIX
Makcgenna.

DOHepreTuyeckre COOTHOIICHUS DJJIEKTPOJAMHAMUKU. YpaBHEHHE OanaHca
MOLIHOCTEN JIEKTPOMArHUTHOro noiist. Ilotok aneprun. Bexrop Ymosa-IloitHTHHra.
3anaceHHasl HEprus U MOILIHOCTb, IEpEHOCUMas BOJHOW. ['pynmoBas CKOpOCTh H
CKOpPOCTh TiepeHoca »dHepruu. I[loHsATHE O BOJHAX C TIOJIOKUTEIBHOH U
OTPULIATEIILHON SHEPTUEH.

OpTOroHanbHOCTh W HOPMHPOBKA COOCTBEHHBIX BOJH BOJIHOBEIYIIEH
CTPYKTYpbl B OTCYTCTBME JUCCHNAIMM W NPOCTPAHCTBEHHOW JIUCIEPCUMU.
Paznoxxenne momeir B psAag 1Mo COOCTBEHHBIM BoJjiHaM. IlocTaHoBKa 3amayu o
BO30YKJIEHUN COOCTBEHHBIX BOJIH CTOPOHHUMHU HCTOYHUKAMHU.

[Inockue oOAHOPOAHBIE W HEOJHOPOJHBIE BOJIHBL. MaKpOCKONUYECKHE
ypaBHeHUs MakcBesuia B cpene. [Ausnexkrpuyeckas 1 MarHuTHasi BOCOPUMMYUBOCTH,
ylaelibHasi MPOBOAUMOCTb. [lWdnekTpuueckas ¥ MarHuTHas MPOHHUIIAEMOCTH.
MarepuanbHble ypaBHEHHS. DJIEKTPOMArHUTHBIE BOJHBI B IUAJIEKTPUUECKON cpere
U B CpeAe ¢ KOHEUHOU IPOBOAMMOCTBIO. TaHTEHC yIiia AUAIEKTPUIECKUX MOTEPD.

Pacnpoctpanenne BomH B gucneprupyromer  cpeae.  IIpocreiimme
dusznueckre MoaeNnu Iucneprupyrommx cpea. da3zoBas W TPYMIOBas CKOPOCTH.
[Tapabonmueckoe ypaBHeHue s orudaromiei. [ToHsTue 0 BpeMeHHON (4acTOTHOM )
W TPOCTPAHCTBEHHOW JHCIIEPCUN aKTHBHBIX cpen. HemoxampHbie >PQdEKTH B
AKTUBHBIX Cpelax W JOMNOJHUTEIbHbIE TPAaHUYHBIE YCIOBUA. JlucrnepcuoHHBIE
cootHomieHusa Kpamepca-Kponnra u npuHiun npuduHHOCTH. KoOMIUTIEKCHBIN
MoKa3aTeib npeaomiieHus. ONTUYECKUE XapaKTEPUCTUKHU CPEJIb.

CBolicTBa 3JIEKTPOMAarHUTHBIX BOJIH B aHM30TPONHBIX cpeaax. [laccuBHbie n
aKTUBHbIE cpeibl. HenuHelHble TUANEKTPUKU: (QEPPUTHI, CETHETOAIEKTPUKHU.
MarepuanpHble ypaBHEHHUS JJIs OIS PU30BAHHBIX U HAMAarHMYEHHBIX cpel. TeH30pbl



JTHADJIEKTPUYECKON U MATHUTHOW ITPOHULIAEMOCTH.

DONeKTpOMarHUTHBIC BOJIHBI B JUIMHHBIX JIUHUSX. TenerpadHbie ypaBHEHUS.
TEM-Bonubl. Bonnbsl B mnepuoanueckux cTpykTrypax. Ilomocsl mpomyckanus u
Hernpo3payHocTH. PezonaTtopsl. J[0OpoTHOCTH pe3oHaTopa.

DJIEKTPOMAarHUTHBIE BOJHBI B  PETYJSIPHBIX  3aKPBITBIX  BOJHOBOAAX.
OcoOEHHOCTH JAMCHEPCUU BJIEKTPOMATHUTHBIX BOJH. XapakTep pacnpeeaeHus
MoJiell i pacnpoCTPAHSIOMUXCS (BOJHOBOJHBIX) U HEPACHPOCTPAHSIONIUXCS
(peaktuBHBIX) MoJ. [TonHOTa cucTeMbl COOCTBEHHBIX QPyHKIMH. [lepeHoc MomHOCTH
AJIEKTPOMArHUTHBIMM ~ BOJIHAMM B PETYJSIPHOM  BOJIHOBOAE. BOJHOBOJHBIE
pe3oHaTophl. JJoOpoTHOCTH pe3oHaTopa.

OO61ast Teopusi peryjasipHbIX BOJHOBOJOB U pe3oHaTopoB. Llumuuapuueckue
BOJIHBL. Bonubl monepeuno-snekrpuueckoro (TE) u nmonepeuno-marautHoro (TM)
TUMA B PETYJSAPHBIX BOJHOBOAaX. ['paHnuHbie yacTtoThl. PazoBass U TpyIIOBas
CKOPOCTH B BOJHOBOJE. IIpAMOYrosibHbIA M KpYIJIbIM BOJIHOBOABI. ['paHuuHBIE
4acTOThl U KOoH(purypanus noys aias E u H-tunos, Toku Ha cTtenkax. BeipoxaeHue
BosiH. Konnenmuss bpuwimosna.  CBoOojHble  KojieOaHUS  MPSMOYTOJIBHOTO
pe3oHaropa.

MenneHHble  BOJHBL.  3aMEJIEHUE  JUAJIEKTPUYECKOW  TUIACTHHOM.
['peGenyarbie  3amMeisionIde  cucteMbl. BOJHOBOJ ¢ AMDIEKTPUYECKUM
3amojJHeHueM. MeTaminueckuil BOJIHOBOA C TO(pUpPOBAaHHON MOBEPXHOCTHIO.
CumMmeTpuyHasi BOJHA B CIUPATIBHOM BOJIHOBOJIE.

DNEeKTPOMArHUTHBIE BOJIHBI B OTKPBITBIX JHUAJEKTPUUYECKHUX BOJHOBOAAX.
IToHsiTHE O AUCKPETHOM (BOJITHOBOJHOM) M HEMPEPHIBHOM (M3Ty4aTEIBHOM) CIIEKTPE
OTKPBITHIX BOJIHOBEIYIIHUX CTPYKTYp. OCOOEHHOCTH AUCTIEPCUM BOJTHOBOJHBIX MOJI.
XapakTep pachpeneieHuss MOoJed s BOJHOBOAHBIX W U3JIy4aTEIbHBIX MOJ.
Hcnonb3oBanue AUAIEKTpUYECKUX BOJHOBOJOoB Ha CBY u B  ycTpoiicTBax
WHTETPATBbHON ONITUKH.

B3aumoneicTBrUs TIIOCKUMX BOJH B HEJIMHEWMHBIX AUCHEPTUPYIOMIUX CpEIax.
[lonsitue o conmrtoHax oruOaromieid. TUTIBI U CBOMCTBA COJIMTOHOB OTHOAIOIICH.
CoOcTBeHHAs M BEIHYKICHHASI MOAYJISIIMOHHAS HEYCTOWYMBOCTH BOJIH.

1.3. TIpuHUOMOBI YCUIEHUS, TeHEPALMU U YIIPABJIEHHUS CUTHAJIAMH

VYeunurenu CBY-guanazona. [lonoca nponyckanusi ycunutensi. BonHoBon ¢
IUAJIEKTpUYecKUM 3anosniHeHueM. ['enepauust BoaH B CBY-nuanmazone. Ilpunimn
paboThl U yCTPOMCTBO Jammbl Oerymiei u oOpatHor BosHEL. ['eHeparopst CBY Ha
MOJIEBBIX TPAH3UCTOPAX, TYHHEIIBHBIX TUO01AaX, U JIJABUHOIPOJIETHBIX TUOAX.

BonHbl B TU1a3Me TIOMYIPOBOJHUKOB C ApeH(YIOMMMUA HOCHTEISIMH 3apsja.
OtpunarensHas auddepennuanpias npooaumocts (OJII) B ABYXAOJMHHBIX
MOJIYNIPOBOJAHUKAX. MEXIOMMHHBIA MepeHoC 3IEeKTpoHOB U 3pdekt ['anHa.
Crabunuzanus noaynpoBoHUKOBoro oopasua ¢ OIL.



DONeKTpOMarHUTHbIE BOJIHBI B O€3rpaHUYHOM HE3aMarHUYEHHOW IL1a3Me
MOJIyIpOBOJHUKOB. TeH3op auddepeHunanboi npoBoguMocTi. Biusiaue npeiida,
mubdy3un U pa3orpeBa JJIEKTPOHOB HA PACHPOCTPAHEHHWE BOJIH. BoJHBI
npoctpaHcTBeHHOro 3apsaa (BII3) B TOHKOIJIEHOYHBIX MOJYIPOBOJHUKOBBIX
CTPYKTYpax ¢ NpOoAOJbHBIM AperipoM. KoHBEeKTHBHAS HEYCTOWYUBOCTD (YCHIJICHUE)
BII3 B ycnoBusax OJIIl. DnekTpoMarHuTHbIE BOJIHBI B AKTUBHBIX JIMHUAX NEpeaadu
CBU c nonepeuynsiM Jpeiidom.

BinusgHue  MarHuTHOrO  WOJII HAa  pAcOpOCTPAHEHUME  BOJH B
NOJIYIIPOBOAHUKOBOW Tma3Mme. ['enMKOoHHbIE BOJIHBL. [IpHMHIMIIBI HMCHOJIB30BaHUS
BOJIHOBBIX IMPOIIECCOB B TMOJYIMPOBOJHUKAX B YCTPOHCTBAX (PYHKIHMOHAIBHOU
anektponukn CBY. BsaumojneicTBMe BOJH MNPOCTPAHCTBEHHOTO 3apsija ¢
aKyCTUYECKHMM TOJIEM, aKycTodyiekTpuueckuil s@dekr. I[lpuHuunsl paboThl
aKyCTORJIEKTPOHHBIX YCTPOMCTB (YyCUJIUTENW YyIbTpa3ByKa, JIMHUU 3aJICPHKKH,
(GuUIBTPBI, KOHBOJBBEPHI, 3AIOMUHAIOIIUE YCTPOUCTBA).

1.4. TIpouecchl n3ay4eHHs B IJIEKTPOAUHAMUKE. AHTEHHBI

N3nyuenue 3apsana, ABWXKYLIETOcs ¢ yckopeHueM. lloTeHuuansl TOYeYHOro
3apsiia, JBMOXKYLIErOocsl B BaKyyMe€ IO IMPOU3BOJBHOW TPAeKTOpUU (NMOTEHUMAIIbBI
JInenapa-Buxepra). DNeKTpUUECKOE W MArHUTHOE IIOJS 3apsa, MX OCHOBHBIE
¢uznueckre 0COOEHHOCTH.

OcoOEHHOCTH W3Iy4YeHUsT TPU HEPEISITUBUCTCKOM CKOPOCTH JBMXKCHHS
yactuibl; (popmyna Jlapmopa. OcoOEHHOCTHM W3IIy4YEHHsS] TPU PEISATUBUCTCKOM
CKOPOCTH JIBUKEHHUS YacTUIlbl. TopMo3HOE n3inyyeHrne. CUHXpOTPOHHOE U3Ty4YECHHE.

PaccesHue mI0CKON 3JIEKTPOMArHMUTHOW BOJIHBI OTIEIBHBIM CBOOOIHBIM
3apsanoM. Db dextuBHoe nuddepeHnnanbHoe ceuenus paccesuud. [lonmHoe cedenue
paccessaust (popmyna ToMmcona). PaccessHue TIOCKOW BOJIHBI CHCTEMOM CBOOOTHBIX
yacTull. KorepeHTHOE 1 HEKOTEPEHTHOE PacCEsSHHUE.

N3znyuenne BapunoBa-UepeHkoBa. BEKTOpHBIM W CKAISIPHBIA TMOTEHIMAJIBI
3apsKEHHOW TOYEYHOW YAaCTULBI, PABHOMEPHO JABHXKYILIECHCS B HEAUCIEPTUPYIOLIEH
Henorjomarwmen  cpeae.  Msnyuenne  BaBunoBa-UepeHkoBa B 4acTOTHO
JIUCIIEPTUPYIOLIEN CpeJIe.

Ilepexongnoe wusnmyuyenue. IloHsTne nepexomHoro wusiyyeHus. HM3nydenue
3apsiia IpH MEePEeCeUCHUH TPAHULIbI U€ATBHOTO MPOBOJHUKA.

BubGpatop I'epria. bmkusast u ganpHss 30HBL JlpnarpaMMa HampaBIeHHOCTH.
KoapdummenT ycunenus u kodphuUmeHT paccessHus aHTCHHBI. AHTCHHBI 1 J[B-,
CB- u CBUY-mmamazonoB. ®a3upoBaHHBIE aHTEHHBIE pemieTKU. P EeKTUBHAS
IJIOIIA/Ib U IIIyMOBasl TeMIepaTypa NPpUEeMHON aHTEHHBI.

1.5. /IBMikeHHe 3apsKEHHBIX YACTHI B JIEKTPHYECKOM M MATHUTHOM
MOJIfAX

Cuna, nelcTByrolmass Ha 3apsj, ABWKYIIUKWCA B MarHUTHOM moje. Cuia



Jlopenua. 3akon Ammnepa. [IpaBuno neBoi pyku. [[BrykeHHUE 3apsSyKEHHBIX YaCTHUL B
OJHOPOJHOM MAarHUTHOM IoJsie. Y AenbHbIN 3apsal. OTKIOHEHUE 3aPSIKEHHBIX YaCTHI]
ANEKTPUYECKUM M MarHUTHbIM TosisiMu. O0oOmienHas ¢gopmyna Jlopenna. Macc-
cnexkrpomerpus. Dpdekr Xoma.

Yckoputenu — 3apspKEHHBIX — 4acTull.  JIMHEWHble, [UKIMYECKHE U
WHOYKIUOHHBbIE  yckopuTenu. (OCHOBHBIE THUIMBI  YCKOPUTENEWH: JIMHEHHBIC
anekTpocTatudyeckue (renepatop Ban-ge-I'pada); nuHeliHble pe30HAHCHBIE;
PE30HAHCHBIE LMKIMYECKUE (LHUKIOTPOH); OETaTpoH; (pa30TpOH; CUHXPO(]A30TPOH.
[Mpunuun aBTodazupoBKU. MeTOA BCTPEUHBIX IMYYKOB. METOIbI OXJIAXKICHUS
My4YKOB.

KosniekTuBHBIE ~ METOABI  YCKOPEHHSI  IMYYKOB  3apsDKEHHBIX — YACTHII.
KunbBaTepHOE yCKOpPEHUE B IJIa3ME U B CTPYKTYpax C 3alOJTHEHNUEM.

2. OcHOBBI TeOpeTHYECKOH PU3UKHU

2.1. Kaaccuueckasi MeXaHUKA

Oynknust Jlarpanxka sl CUCTEMbI C KOHEUHBIM YHCIIOM CTETICHEH CBOOOJIBI.
[IpuHiun HamMeHnblIero aeucteus. YpasHenus Jlarpanxa. OyHkuus ['amuibToHA.
VYpaBHenus ['amunibToHa. 3aKOHBI COXPAHEHUSI SHEPTUM U UMITYJIbCA.

2.2. DJIeKTPOAUHAMHUKA

Onexkmpomaznumnoe none 6 Gaxkyyme. HanpspKeHHOCTM W MHIYKIMHU
ANEKTPUYECKOT0 M MArHUTHOro mnojei. lloTeHmumansl 31€KTpOMAarHUTHOIO ITOJIS.
VYpaBHenuss MakcBeijla B BaKyyMe€ B NPUCYTCTBHE BHEHIHUX 3apsiiOB U TOKOB.
3aKkoH coxpaHeHus sSHepruu. [ITOTHOCTP M MOTOK YHEPTHM 3JIEKTPOMArHUTHOIO
noss. [Imockue 3MeKTpOMarHuTHBIE BOJIHBI B BakyyMme. HacToTa, BOJTHOBOW BEKTOP U
NOJISIpU3alUs 3IEKTPOMAarHUTHBIX BOJH. JlUcnepcusi 3JIEKTPOMArHUTHBIX BOJIH B
BaKyyMe. DJIE€MEHTbl KBAHTOBON TEOPUH 3JIEKTPOMATHUTHOTO 110Ji1. DOTOHBI.

Inexmpomaznumnoe noine 6 eeujecmee. MaKpPOCKONUYECKUE YpPaBHEHUS
Makcgemia B cpene. MarepuanbHble ypaBHEHHS. JlMATIEKTpUUECKass U MarHUTHas
MIPOHULIAEMOCTH, yAEIbHAS IIPOBOJUMOCTh Cpenpl. JuanekTpuyeckas
BOCIIPHUMMYHMBOCTh CpPEIbl € y4eToM d()QPEKTOB 3ama3fablBaHUS U JIUCCHITAINH
sHeprud. YacTtoTHas aucnepcust AUAJEKTPUYECKOW MPOHUIIAEMOCTH. BenecTBeHHas
M MHHMasi 4acTU AWRIIEKTpuueckod mnpoHunaemoctu. CootHomenus Kpamepca-
Kponura. Ilnockue »3I€KTpOMarHWTHBIE BOJHBI B OJHOPOJHOW HM30TPOITHOM,
HEMarHuTHOW cpene. KoMIeKcHbIM ToKazaTenb mnpenomieHus. OnTudyeckue
XapaKTEPUCTUKU CPEJIBL.

2.3. KBaHToBasi MexaHHKa

VYpapuenue Illpeaunrepa. CraunoHapHble COCTOSAHUA. JIUCKpEeTHBIM U
HENPEPBIBHBIN CIEKTP IHEPIUU. DIEKTPOH B MOTECHUHUAIBHOM sIME. [ 'apMOHMYECKUI
ociuuiATop. AtoMm Bogopoja. KBanTtoBbie umucia u BoiHOBbIE (yHkIuu. CrnuH
aneKkTpoHa. MHOrosnexkTpoHHsle cucteMbl W npuHnun Ilaynu. Ilpubnmxenue



Xaptpu u Xaprpu-®Poka. Teopus Bo3MymeHun. Ilepexonsl nox BIMSHUEM
MIEPUOANYECKOTO BO3MYILIEHUS. 30510TO€E npaBuio depmu.

2.4. Crarucrtuyeckas puzuka

bonbiioe xanonudeckoe pacnpenenenue ['md0ca. XUMUUECKU MOTEHIMAIL.
Pacnpenenenne ®epmu-upaka wu bo3e-DiHmTeliHa [ HWICAIBHBIX TIa30B.
Ilepexoxy k Kilaccuueckomy pacnpefeiieHuto  bonbumana.  BbIpOoKIEHHBIN
ANIEKTPOHHBIN ra3. M3nmyueHue abCoNMOTHO YEPHOIO Tea.

3. du3uka TBEpPAOro Teja

3.1. CrtpykTypa u cHMMeTpHs KPUCTAJJIOB

TpancnsinmonHas cummeTpusi KpuctayioB. Pemerka bpaBe. DnemeHTapHas
gueiika. ToyeyHass CUMMETPHSI KPUCTAIUIOB - CUMMETPHUs HampasieHul. OyHKIUM,
NEPUOJUYECKUE C TEPUOJOM peleTKd, U ux (Qypwe-npencrasienue. OOparHas
pemerka. 3oHa bpusnatosna.

3.2. MakpockonnyecKue CBOMCTBA TBEPIAbIX TeJl

TenzopHoe omnucanve (QU3NYECKUX CBOMCTB KpUCTAIOB. MatepuanbHble
TEH30pbl. VHBAapMAaHTHOCTh MAaTEPUAIIbHBIX TEH30POB OTHOCUTEIBHO TOUYEYHOMN
IpyIIbl CUMMETpUU Kpuctanna. [lonspuszanuss M 3JIEKTPONPOBOJHOCTh TBEPIBIX
Ten. TeH30pbl OUANEKTPUYECKON NPOHULIAEMOCTH M YIEIbHOH IPOBOJAMMOCTH.
Oddexr Xomma B Kpuctaiax. TeH30p XOJJIOBCKOW MPOBOJUMOCTH. YTPyTrue
CBOICTBa KpUCTAIIOB. TE€H30p MEXaHWUYECKUX HANPsHKEHUM U TEeH30p AehopMariuii.
VYopyrue BoJHBI B KpucTaiuiax. I[Ibe303meKTpuueckuili U 3IEKTPOONTUYECKUI
3¢ PeKTHl B KpUCTAILIAX.

5.3. Kosie0anusi aTOMOB B TBEpPAbIX TeJIax

l'apmonndeckoe  mpuOIMKEHWE B TEOPUHM  KOJIEOAHUS  PEIICTKHU.
[IpeobpazoBanue Dypre musa (QyHKIUN, 3aJaHHBIX Ha pemerke. J[mHamudeckas
matpuiia. CoOCTBEHHBIE KoJieOaTelbHbIE MOJb. BOJMHBI B OJHOMEpPHOH IIETIOYKE C
OOHAM W JBYMS pa3JWYHBIMA aTOMAaMH B DJJIEMEHTApHOM sueiike. Jlucnepcus
aKyCTHYECKMX H onTudyeckux wmoj. KomnebarenbHble CHEKTPBI TPEXMEPHBIX
kpuctauioB. KBanTtoBas Teopus konebanus pemnietku. DOHOHBI.

5.4. 30HHasl CTPYKTYypa TBePIAbIX TeJ

OpHouacTuuHOe TMpHUOIMKEHHE B (HU3UKE TBEPAOro Tena. YpaBHEHHE
[IpenuHrepa qus SIEKTPOHA B MIEPUOIUYECKOM TToJie. BOTHOBOM BEKTOP 3JIEKTPOHA.
Teopema bnoxa. 30HHas CTpyKTypa TBEpABIX Tell B NPUOMMKEHHE clIabod U
CUWJIBHOM cBA3U. CXxeMa pacIIMPEeHHBIX U TPUBEIECHHBIX 30H.

[Tpuamun Ilaynu m 3amogHeHWE OJHOYACTUYHBIX COCTOSHUM SJIEKTPOHAMH
pu T=0. Ypoenp ®epmu. CBoICTBA MOTHOCTHIO 3aMOTHEHHBIX 30H. JIUANEKTpUKH,
MOJYyNPOBOAHUKHK, MeTauibl. (CBOMCTBA YAaCTUYHO  3aIlOJHEHHBIX 30H B
MOJYNPOBOAHUKAX. OJJEKTPOHbI W  AbIpkA. KBa3ukiaccuueckas JIHMHAMHKa
AJIEKTPOHOB U ABIPOK BO BHEHIHUX MOJIAX. DP(DEeKTUBHAS Macca HOCUTENEH 3apsia.



4. Pu3uKa NoaynpoBoIHUKOB

4.1. Kpucraaaudeckasi CTPyKTypa NoJyNPOBOJHNUKOB

[TonynpOBOJHUKOBBIE KPHUCTAUIBl CO CTPYKTYypOH anmasa, cdaieputa u
BlopuuTa. Mx ToueuHas cummerpus. llpsimas u oOpaTHas pemeTkd. 30HbI
bpuiutrosHa.

4.2. 30HHafl CTPYKTYpa NOJYNPOBOIHNUKOB

Jlucriepcus 3JIEKTPOHOB B HANpPaBJICHUSX M TOYKAX BHICOKONW CHUMMETPHUHU B
3oHe bpwmosna. Kp-teopust Bo3myiueHuil. 30HHbIE mapamMerpbl. Od@exkTuBHas
macca. [IpsAMO30HHBIE W HENPSIMO30HHBIE MHOTOJOJUHHBIC TMOJYIPOBOTHUKH.
30HHAs CTPYKTypa KyOumueckux nonynpoBognukoB Ge, Si u A3B® 6e3 yuera u c
y4eTOM CIIMHA M CIHUH-OPOUTAIBLHOTO B3aMMOJACHCTBUS. 30HA JIETKUX U TSDHKENBIX
IbIpoK. KpaTHOCTH BBIPOXKIEHUS B TOUKAX AKCTPEMYMa.

[I10THOCTE 2HEPreTHYECKUX COCTOSIHUNM B 30HaX. OQdexTuBHas Macca
IJIOTHOCTH COCTOSIHUM B 30HE MPOBOJUMOCTH W BAJCHTHOM 30HE KYyOWYECKHX
MOJIYTIPOBOHUKOB.

4.3. Tlpuoauxkenue 3¢ ¢ekTUBHOI MacChl

Merton orubaromux BOJHOBBIX (YHKIUNA B TEOPUU TOJYIPOBOJIHHUKOB.
DddexruBHbiii Kp- raMuibToHMaH. MeJkue MPUMECH M SKCUTOHBI B TPUOIMIKEHUH
s dexTrBHON Macchl. BogopoaonomoOHas Moienb.

KBanToBO-pazMepHsbIe MOJIYIIPOBOTHUKOBBIE reTepOCTPYKTYPHI B
npubmmkeHnn 3¢ dexTuBHON Macchl. KBaHTOBbIE MBI, TMPOBOJIOKH, TOYKH,
cBepxpemeTku. DPQekTuBHbIC KpP- raMHJIBTOHHAHBI JJISl SJIEKTPOHOB U JIBIPOK.
VYpoBHH (MOA30HBI) PA3MEPHOTO KBAHTOBAHUS M OTHUOAIOIIME BOJIHOBBIE (DYHKIIMH
HocuTenei 3apsna. IlmotHocTh sHepretuueckux cocrosHuid B 0-D, 1-D m 2-D
CUCTEMaX.

4.4, OnrtuYecKue CBOICTBA MOJYNPOBOJHUKOB

CBs13b K03 (UIMEHTA TIOTJIOMIEHUS C BEPOSITHOCTHIO ONTHYECKUX TIEPEXOIO0B.
3omotoe mnpaBuiao @Depmu. Onrudeckue MEPEXOAbl C YYACTHEM  MEJIKUX
BOJIOPOJIONIOIOOHBIX TpUMEceld B TOTYNPOBOJAHHKAX. BeposTHOCTH MpOIEcCcOoB
dboToB030Y)IeHNS U (hoToMOHU3ANMHU. CIIEKTP IPUMECHOTO ITOTJIOMICHHMS.

Kpaii coOCTBEHHOTO MOTJIOMICHUSI MOJTYNMPOBOAHUKOB. [IpsiMbie onTHYecKue
MepeXo/ibl 3JIEKTPOHOB M3 BAJIEHTHON 30HBI B 30HY MpoBoAUMOCTH. Hempsimbie
ONTUYECKHE TEpPexXoJbl C ydacTheM (OHOHOB. 3aBUCUMOCTH KO3 duiMeHTa
MOTJIONMICHUS OT JHEpruv (OTOHOB. YUeT HJKCUTOHHBIX d(pPekToB. [Ipsvbie u
HEMpsMbIE SKCUTOHBL. DKCUTOHHASI 30HHAsI CTpyKTypa. OnThyeckue mnepexonbl B
ASKCUTOHHBIE COCTOSIHUSI. CHEKTp MOTJIOMICHUS MPSAMO30HHBIX M HEMPSMO30HHBIX
MOJIYIIPOBOJHUKOB C YUYE€TOM SKCUTOHHBIX 3(D(PEKTOB.

4.5. CraTHCTHKA 3JIEKTPOHOB B MOJYNPOBOJIHUKAX

Pacnpenenenne ®epmu-upaka s wunpeanbHoro depmu-raza. DyHkius



pacnpeneneHus sl AJIEKTPOHOB B 30HE MPOBOJUMOCTH U JBIPOK B BaJIEHTHOM 30HE.
YpaBHEHHE SJIEKTPOHEUTPAIBHOCTH. 3aBUCUMOCTB ITOJIOKEHHS ypoBHS dDepmu u
KOHLEHTpaIMl CBOOOJHBIX HOCUTEJEH 3apsAna OT TeMIepaTypbl B COOCTBEHHOM
MOJIYIIPOBOJTHUKE.

CratucTuka 3amoJIHEHUS TMPUMECHBIX COCTOSHUW B TOJYIPOBOJHHUKAX.
@akTOp BBIPOKICHUA. YPaBHEHUE DJIEKTPOHEHUTPAIBbHOCTH B JIETMPOBAHHBIX
MOJIYNIPOBOJHUKAX. 3aBUCUMOCTb TMOJOXKEHUs YpoBHSA DepMH U KOHIECHTpAIMU
CBOOOJHBIX HOCHUTEJIEH 3apsiia OT TEMIIEpaTypbl U YPOBHS JIETMPOBAaHMS MaTepuaia
JOHOPaMH M aKUENTOPaAMHU.

4.6. KuHeTHyeckue SiBJ1eHUS B MOJYNPOBOIHUKAX

Knaccuueckas Teopus anektponpoBogHocTd [pyne. Bpems penakcanum,
MOJIBUKHOCTb, y/IeJIbHasI TPoBoAUMOCTh. DPdekT Xoina u koadpdunuent XoJa.

HepaBnoBecnas ¢ynkuust pacnpenenenus. KuHetnueckoe ypaBHEHHE
bonbivana.  IlpuGnmkeHwe BpeMeHHM periakcauuMd. MexaHu3Mbl —paccesHUs
HOcHUTENeH 3apsifia. 3aBUCHUMOCTb BEPOSTHOCTU PACCESHUSI OT SHEPTUU HOCHUTEIs
3apsna U TemrepaTtypbl. TeH30p yAenbHOM MPOBOJUMOCTH MOJYIPOBOJHUKOB U €T0
3aBUCUMOCTh ~ OT  TeMmIepaTypbl. TeH30p  XOJJIOBCKOH  MPOBOJUMOCTH
NOJYIIPOBOAHUKOB. TepmoanekTpuueckue 3h(eKThl B MOIYNPOBOIHUKAX: dPPeKT
3eebeka u [lenbThe.

4.7. HepaBHOBeCHbIe HOCUTEJH 3aPAAa

HepaBHOoBecHble HOCHUTENM 3apsiga B MOJYIPOBOJAHMKAaX. BpeMms Ku3HuU
HepaBHOBEeCHBIX Hocutenei. Kasuypouu Depmu. dudbdy3us u  naped.
CooTtHomienne  DWHIITEIHA Ui  HEBBIPOXKJIECHHBIX  IMOJIYNPOBOJHUKOB.
DoTONPOBOAUMOCTH MOTYNPOBOAHUKOB. D dekt dembepa.

[Tpoueccol peKOMOMHAITIN B MOJIYIIPOBOJHHUKAX. MexaHu3MBbI
moMuHecueHIuu.  DoTo- U DIIEKTPOJIOMUHECLEHIUS  MOJYIPOBOAHUKOB.
bespnyyaTtenbubie nepexosl. Iddext Oxe.
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