MOCKOBCKHUMH FOCYI[APCTBEHHbeI YHUBEPCUTET
umenu M.B. JlomoHocoBa

®U3UYECKUI PAKYJIBTET
KA®EJAPA OBHIEUA ®U3UKHU

TJIAH
N3YUEHUS PA3JIEJIA
»3JIEKTPOMATHETHU3M”
KYPCA OBILIEA ®U3UKU

MOCKBA 2023



IJIAH JIEKIIU A

Jlektop: npodeccop FO.A. Koxkmapos
Jleknusa 1.
PoJib 3JIEKTPOMArHUTHOTO B3aUMOJCHCTBUS B mpupojie. McTouHuku
AJIEKTPUUECKOTO M MArHUTHOTO TOJA. DJIEKTPUUECKHM 3apsifi U €ro
ceoiictBa. OmnbiTel  Tomcoma wu Mwumkena. HenpepeiBHoe
pacnpeaeneHue 3apsaa. JIMHelHas, IOBEpXHOCTHass M OOBEMHas
IJIOTHOCTh 3apsiga. (OCHOBHBIE 3aKOHBI JJIEKTPOCTATUKHU. 3aKOH
Kynona u ero mosieBas TpakToBka. BekTop HampskeHHOCTH E
AIEKTPUUECKOTO moJist. [I[pyuHIMN Cyrepno3uium.
Jlekusa 2.
HNuTerpanbhbie 17| muddepeHuanbHbIE XapaKTEPUCTUKU
anekTpuueckoro nois. [lotok Bekropa E. Teopema OcTporpaackoro—
lN'aycca ans E B muddepeHnmanbHOM M HUHTErpajibHOU  (popme.
Teopema MHpamoy. Pabora cui  2J€KTPOCTaTHYECKOIO  ITOJIS.
Hupkynsauusa Bekropa E. TloTeHmuman 3J€KTPOCTATUYECKOTO IOJIS.
Cea3p BekTOopa E U mnoTreHnMana. OJIEKTPOCTATUYECKOE IOJIE
TOYEYHOT'O JIUTIOJIS.
Jlexkus 3.
YpaBuenus Jlamnaca m IlyaccoHa mis moTeHIuana. DJIEKTPUUECKOE
nojie B BewecrBe. lIpoBogHuku. fIBiIEHHE 3IEKTPOCTATUYECKOU
WHOYKIUU. PacnpeneneHue 3apsiia MO MOBEPXHOCTH IMPOBOJHHUKA.
DnekTpocTarndeckas 3amura. CBs3b MEXY 3apAA0M U MMOTECHIHATIOM
YEIUHEHHOTO  INPOBOJHHMKA. LEMKOCTHBIE W NOTEHLHUAJbHbIE
KOd(pOUIMEHTh Uil  CUCTEMbl  3apSKEHHBIX  MPOBOJHUKOB.
DNEKTPpOEMKOCTh KOHJICHCATOPOB. TeopeMbl €IMHCTBEHHOCTH B
AJIEKTpocTaTuKe. MeTo1 n300paKeHu J1sl TPOBOIHUKOB.
Jlekuus 4.
Husnektpuku. «CBOOOJHBIC» U «CBA3aHHBIE» 3apsanbl. Bektop
nossipuzauuu P. BekTop snexkrpudeckorl MHAyKIMU (cMeiieHus) D.
Teopema Octporpaackoro —['aycca s BexktopoB E, D u P.
MarepuanbHble  ypaBHEHUS  JUISL  JIMHEWHOTO  M30TPOIHOIO
TMRIICKTPUKA. JuanexTpudeckas MIPOHUIIAEMOCTh 17|
BOCIIPUMMYMBOCTh. ['paHnyHbie ycioBus i BektopoB E, D u P.
Bnusiane Qopmbl  IUBJIEKTpUKAa HA €ro nossipuzanuio. Merton
M300pKEHUN JI AUIJICKTPUKOB.



Jlekuus 5.

DJIEKTPOCTATUYECKAsA  DHEPrUsi  CHUCTEMBI  3apsSiOB.  JHEPTUs
B3aMMOJICMCTBUSL U COOCTBEHHAsT DHEPrusi. OHEPrUsi CUCTEMBI
3apsHKEHHBIX MPOBOAHUKOB. Teopema TomcoHa. DHeEprusi CUCTEM C
nudnekTpukamMu. OObeMHas IUIOTHOCTh SHEPTUHM  DJICKTPUYECKOTO
MOJIsL. DHEPrusi JIEKTPUYECKOrO JTUMOJIS BO BHeEmHeM mone. CHibl,
JNEUCTBYIOIINE HA TMPOBOAHUKHA W JIUAJIEKTPUKU B DIECKTPUYECKOM
I0JIE U UX CBA3b C DJIEKTPOCTATHUECKOW 3Heprueu. IlepBoe Havamo
TEPMOJAUHAMUKY JUUISI JUBJICKTPHUKOB.

Jlexkus 6.
Bunel nonspuzanun. DIEKTpOHHAA Teopus noJisipuzanuu. JlokansHOE
TOJIE. ®opmynel  Kitaysmyca — MoccorTu 17| JlanxxeBeHa.

DJEKTpUYECKHE CBOMCTBA KpHUCTAIoB. CIIOHTaHHAs MOJSpHU3AIHS.
[Tupo- U cerHeTorneKTpuku. JlOMEHHAss CTPYKTypa, TUCTEPE3UC H

TeMIIEpaTypa Kropu CETHETORJICKTPHKA. Pemakcanmonnas
nojsipu3anus.  DJEKTPEThl.  IDJIEKTpOMEXaHUYeCKHE  A(PHEKTHI.
[Tbe3031EKTPUKHN.

Jlekuumn 7-8.

[TocTostHHBIN (CTallMOHAPHBIN) AIEKTPUYECKUI TOK.

ONEeKTpoABWKYIIAass cwia. JIMHMM TOKa, cuia W IUIOTHOCTH TOKA.
JIuHEeNHbIE TTPOBOAHUKHU. DJIEMEHTAPHAS MUKPOCKONUYECKAS] TEOPUS
NOCTOSAHHOTO TOKa. 3akoH Oma B JiokajibHOU (nuddepeHnnanbHo)
dbopMe. YaenpHas SIEKTPONPOBOJHOCTh. DJIEKTPUYECKOE IIOJE B
MPOBOJHUKE C MOCTOSIHHBIM TOKOM. DJIEKTPOCONPOTHUBIIEHUE. 3aKOH
Jlxoyns —JleHua B JjiokalbHOW (hopMme. YpaBHEHHE HENPEPHIBHOCTHU
KAaK 3aKOH COXPAHEHHUS 3apaaa. Y CIIOBUE CTAllMOHAPHOCTH TOKA.
3akoH Oma i y4acTKa [ENU MOCTOSHHOTO TOKA W I 3aMKHYTOU
nenu. Pa3BeTBieHHbIE 1IENHM MOCTOSSHHOTO Toka. IlpaBuna Kupxroda.
«IDKBUBAJICHTHBIE» 3JeMEHTHl  (pe3uctopsl, wucrounuku I]J[C).
[ToCTOSIHHBIN JIEKTPUYECKUN TOK B CILIOIIHOM Cpelie. 3a3eMJIICHHUE.
Jlexkmus 9.

MarHuTHOE 110JI€ ¥ €r0 UICTOYHUKU. BEKTOp B MHIYKIIMA MAarHUTHOT'O
nonsa. Cuma Jlopenma. Maraurocratuka. 3akoH buo — CaBapa —
Jlamnaca. IIpuHuun cynepno3unuu 1y BeKkropa B. MarnurHoe moJie
ajeMeHTa Toka. JImHum MarnutHoro mnojs. Dddexkr Xomna. Cuna,
JEUCTBYIOIIAsl HA JIEMEHT TOKAa B MAarHUTHOM MoJie (3aKOH Ammepa).

B3anmoencTBre TMHEMHBIX KOHTYPOB C TOKAMH.
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Jlexuus 10.

Nuterpanbubie U quddepeHnraibHble XapaKTEPUCTUKA MarHUTHOTO
noJig. Teopema 0 UUPKYJIALUA BEKTOPA MHAYKIIUU MATHUTHOTO TOJIS.
JuBeprenuuss B. BuxpeBor XapaKkTep MarHUTHOTO T0Jisl. BEKTOpHBIN
MOTEHIIUAJI MarHUTHOTO TOJISI U €r0 CBOMCTBA. DJIIEMEHTAPHBIM TOK
(MarHUTHBIM JAWINOJL) W €0 MAarHUTHBIA MOMEHT. BeKTopHbIil
MOTEHIMAI U BEKTOP MArHUTHOM HMHAYKUHWHU IIOJISI 3JIEMEHTApPHOTO
TOKa (MAarHUTHOTO JIUIIOJIS).

Jlexkmus 11.

[Torok BekTOpa MarHuTHOW UHAYKUUH. KoadduimeHTsl B3auMHON
UHAYKIWMHA JUUISE CUCTEMBI JIMHEUHBIX KOHTYpoB. Dopmyna HeiimaHa.
KoaddummenT  camMouHAYKIMH.  SIBIeHHME  DJIEKTPOMArHUTHOM
WHIYKIHUU. 3aKOH 3JICKTpoMarHuTHOW mHAyKnuun Papanes. [Ipasuiio
Jlenuna.  SBmenue  camouHAyKUMU.  MHOYKIMOHHBIE  METOAbI
U3MEPEHUS MAarHUTHBIX T0Jiel. Toku Dyko.

Jlexknus 12.

MaruuTtHass SHEPrUs CUCTEMbI JIMHEWHBIX KOHTYPOB ITOCTOSIHHOT'O
Toka. COOCTBEHHass W B3aWMHas SHEPrusi KOHTypoB. Pabora cun
Awmnepa. [loreHumnanbHas QyHKIMS B3aUMOACHCTBUSA JBYX KOHTYPOB
C TOKOM. DHEPTusl 3JEMEHTAPHOIO TOKA BO BHEIIHEM MArHUTHOM
nosne. Ciiia ¥ MOMEHT CHJI, JEUCTBYIOIIUE HA 3JIEMEHTAPHBIA TOK BO
BHEIIHEM MAarHUuTHOM ToJIe. OHeprus B3aUMOJICHCTBUS
AJIEMEHTAPHBIX TOKOB (MAarHUTHBIX AuIiojiei). O0bemMHas IJIOTHOCTh
SHEPTUUA MArHUTHOTO TIOJIS.

Jlexkuus 13.

Maruetuku. HamaranyenHocts M BemecrBa U €€ CBA3b C
MOJIEKYJIIPHBIMU TOKaMU U «(OUKTUBHBIMU MAarHUTHBIMU 3apsaamMu.
Bekrop H Hamps»K€HHOCTM MATrHUTHOrO TIoJisl. MarepuanbHbie
YPaBHEHUS i1 JIMHEMHOTO M30TPOIHOTO MAarHeTuka. MarHuTtHas
MPOHULIAEMOCTh U BOCIPUUMYUBOCTb. [ paHUYHBIE YCIOBUA A
BekTOpoB B, H, M. MaruutHas 3amurta. Bausiaue ¢popMbl MarueTuka
Ha €r0 HAMarHM4eHHOCTh. MeToa n300pakeHUM [ MarHeTUKOB.
Jleknusa 14.

OCHOBHBIE THIIBI MATHUTHOTO COCTOSIHHSI BEIIECTBA: JUAMArHETUKH,
napaMarHeTuku U ¢GeppoMarHeTUKu. MHUKPOCKOMUYECKUE HOCUTENH
MariHetusma. ['mpoMarHuTHOoe  oOTHoueHue. OpOuTanbHBIA U

CIIMHOBBIH MATrHETH3M. KBasukiaccuueckoe OIIMCAHUE
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nruamaraetusma. JlapmopoBa mnpeneccusd. Teopus napaMarHeTu3ma
JlanxeBeHa.

Jlexknus 15.

deppomarHeTvku. TemrepaTypHas 3aBUCUMOCTh HaMarHMY€HHOCTH
dbeppoMarneTukoB. CroHTaHHasT HaMarHUYEHHOCTb W TeMIiepaTrypa
Kropu.  JlomeHHas  crpykrypa. «MsArkue» ©U  «KECTKHUEY
beppomarnetku. IloctossHHble MarHuThl. [UcTepe3uc  KpUBBIX
HamarHnuuBanus. (OcTarouyHas WHIYKIHS W KO3PUWTUBHAS CUJIA.
PasmepHnbie a3pdexThl B (heppoMarHeTusmMe: OJHOIOMEHHbBIE YaCTHUIIbI
u cyneprnapamarietu3m. Cuiibl, JIEUCTBYIOIIME HA MAarHeTUKU B
MarHuTHOM ToJie. [lepBoe Havano TepMOIMHAMUKH JJ1s1 MAarHETUKOB.
Jlexknus 16.

KBaszucrannoHapHbple TOKA W TIOJISI. Y CIOBUSL KBa3UCTAIMOHAPHOCTH.
3akon Owma, mpaBuna Kupxroda u 3aKOH U3MEHEHUS] DHEPrUU IS
Hener KBa3zucrtanuoHapHoro Toka. Ilepexomusie mponeccel B RC- u
LC-neniix. CoOCTBEeHHBIE AJIEKTpOMAarHUTHbIE KojeOanuss B RLC
koHType. (CoOCTBEHHbIC KOJ€OAHHS B CBA3AHHBIX KOHTYpax.
[TapumanbHble U HOpMaJIbHbBIE KOJICOAHUSI.

Jleknum 17-18.

3aryxatomue kosiebanuss B RLC kontype. IlokazaTtenb 3aTyxaHus.
Bpems penakcaruu. JlorapudmMudeckuii AEKpEMEHT 3aTyXaHHS.
JloOpoTHOCTH KOHTYpa. BeinyxkneHHble kojebanuss B RLC koHType.
[Iponiecc ycTaHOBJIEHUS BBIHYXXJCHHBIX KoJjicOaHuil. IlepemeHHBIN
CUHYCOUJANbHBIN TOK. 3akoH Owma Ui 1ened NMEepEeMEHHOTrO TOKa.
Pabota u MOIIHOCTh MEPEMEHHOr0 TOoKa. D(PEKTUBHBIC 3HAYCHUS
TOKa W HAIPSKCHUS.

MeTon BEKTOPHBIX OHarpaMM M METOJI KOMIUICKCHBIX aMIUIUTY/I.
AKTHBHOE, €EMKOCTHOE€ W HMHIAYKTMBHOE CONpOTHUBIICHUA. MMmrienaHc.
Pe3onaHc HanpsbkeHn. Pe30HaHCHBIE KPUBBIE U UX XapPAKTEPUCTHUKHU.
@da30BbI€ U AMIUIATYAHBIE COOTHOIICHUA ISl HAIPSKECHUH W TOKOB
IpU PE30HAHCE, OOJBIINX U MaJIbIX YacTOTax. PE30HAHC TOKOB.
Jlexkmus 19.

[IpaBuna Kupxroda s uenedl NmepeMeHHOro Toka. TexXHUYecKoe
UCIIOJIb30BAHUE TEPEMEHHBIX TOKOB. TpaHcdopmaTop - HPUHIMUIT
JEUCTBHS, YCTPOWCTBO, IPYMEHECHUE. Koapdunuent
TpaHCchOopMaInu. Pouib CEepJCYHUKA. ['eneparopsl 17|

QJICKTPOABHUIATCIIN IICPCMCHHOI'O TOKA.
5



Jlexkus 20.

Tpexdaszubiii Tok. IlosiydeHne W HMCHOIB30BAHHME BpAIAIOIIETOCS
MarHutHoro mnoJig. CoeauHeHue OOMOTOK TeHepaTopa M Harpy3Kd
«3BE3JI0N» U «TPEYroJibHUKOM». Da3HOE M JMHEUMHOE HAIPSIKECHUS.
BricokouacToTHbie TOKH. O000IMIEHHOE BOJHOBOE ypaBHeHUE. CKHUH-
apdexr. Tonmmua CKMH-CII0S.

Jlekuust 21.

Cucrema ypaBHeHUI MakcBeia JJisi BAKyyma W CIUIOIIHOM CPEJbl.
Tok cmemeHusa. DIEKTPOMAarHUTHbBIE BOJIHBL. BOJIHOBOE ypaBHEHWUE.
Knaccudukanusi, CKopocTb paClipOCTpaHEHUs, MOJSPU3ALINS, SHEPTUS
AJIEKTPOMArHUTHBIX BOJH. Bektop Ywmosa-lloiinTuara. CBS3b
BJICKTPUYECKOW W MArHUTHOM KOMIIOHEHTBHI B 3JIEKTPOMArHUTHOU
BOJIHE.

Jlekuum 22-23.

Krnaccuueckas Teopuss DdIEKTpOHHOM TmpoBogumoctu Jlpyne —
Jlopenua. OnwiT Tonmena u Ctroapta. 3akonbl OMa u [xoyns—JIena
B KJIACCHUYECKOM TEOPHUHU NMPOBOJAUMOCTH. [IOHATHE O 30HHOW TEOpUHU
TBEPJABIX TEI: AUAICKTPUKH, TMOJYNPOBOJAHUKHU, MeETaibl. OO1ue
OPEJCTABICHUSI O  CBEPXIPOBOAUMOCTH. JDddekt MeiicHepa.
Kputnueckue  temmeparypa, TOK W MAarHMTHOE  MOJIE.
BricokoTemneparypHasi CBEpXIPOBOIUMOCTb.

Tepmonnektpuueckue »s>Ppdextor (3eemana, IlenbThe, Tomcona).
MarnauTtokamopuueckuit 3pdexT.

Jleknusa 24.

OcoOeHHOCTH BIEKTPUUECKUX CBOWCTB MOJYITPOBOJHUKOB.
CoOcTBeHHass W TpUMECHas MPOBOJUMOCTh MOJYNPOBOJHUKOB.
[TonynpoBoguuku p- U n-tumna, p—n-nepexon. I[Ipumenenue
MOJYIIPOBOJHUKOB:  TMOJIYIIPOBOJHUKOBBIE  JAUOJbI, TPaH3UCTOPBI,
dbotoanoanl, GOTOPE3UCTOPHI.



IHJIAH CEMHUHAPOB
Cemunap 1. DiekTpocTatuyeckoe moje B BakyyMe. 3akoH KynoHa.
Hanps>keHHOCTB 35IeKTpUYeCcKOro moJjs. [[puHiun cyneprno3uiumu.
Cemumnap 2. Dnextpocratuueckas Teopema ['aycca.
Cemunap 3. PaboTta cuil 1 OTEHIMAT JIEKTPOCTATUYECKOTO OIS,
Cemmunap 4. Ypasuenus [lyaccona u Jlannaca. DiekTpudecKui
JIUTIOJIb U €T0 TOJIE.
Cemmunap 5. [IpoBOIHUKY B 3JIEKTPOCTATUYECKOM MOJIE.
Cemunap 6. Meto1 n300pakeHU B 3JICKTPOCTATUKE.
Cemmunap 7. DnekTpoeMKOCTh. [IpocThie KOHIEHCATOPBI K UX
COCJIMHEHUS.
Cemunap 8. KonTposbsHas padora.
Cemunap 9. OgHOPOIHBIN IUANEKTPUK B BJIECKTPOCTATUUECKOM MOJIE.
['paHnYHBIE YCIIOBUAI.
Cemmunap 10. HeoTHOpOIHBIN JUAIIEKTPUK B 3JIEKTPOCTATUUECKOM
noJIe.
Cemunap 11. /[udneKTpUKH € 3aIaHHBIM CTATUYECKUM COCTOSTHUEM
MOJIIPU3AIUH.
Cemmunap 12. DHeprus 31E€KTPUYECKOTO MOJIS.
Cemmunap 13. [IoH1€pOMOTOPHBIE CHIIBI B 3JIEKTPAUYECKOM TIOJIE.
Cemunap 14. Toku B CIJIOIIHBIX TPOBOISIIIUX CPEIAX.
Cemunap 15. Pacuer nener noctossHHOTO ToKa. 3akoH Oma, npaBuia
Kupxroda, MeTobl KOHTYPHBIX TOKOB U Y3JIOBBIX ITOTCHIUAJIOB.
Cemunap 16. Konurposbnas padora.
Cemmunap 17. MarautHble NOJIsI TPOBOJHUKOB C TOKOM. 3akOH bro-
Cagapa-Jlannaca.
Cemunap 18. MarauTHsie 1O TPOBOJHUKOB ¢ TOKOM. Teopema o
UUAPKYJISIUUA. BEKTOPHBIN ITOTEHLIUAIL.
Cemunap 19. Cuna Awmmnepa. Cuna JlopeHma.  /IBHKeHHE
3apsHKEHHBIX YaCTHUI] B 3JIEKTPOMATHUTHBIX TMOJISX.
Cemunap 20. 3aK0H 3JI€KTPOMAarHUTHON UHIYKIIHH.
Cemmunap 21. CamOMHAYKIHS U B3AUMOUHIYKIUS. JHEPTUS
MAarHUTHOTO TOJIS.
Cemunap 22. KourpoJbHas padora.
Cemunap 23. [TonaepoMOTOpHBIE CUJIBI U pab0Ta B MArHUTHOM TIOJIE.
Cemunap 24. MarautHoe noje B MarHeTukax. ['paHu4HbIE YCIOBHA.
MeToa MOJIEKYIAPHBIX TOKOB.



Cemumnap 25. Ilojie TOCTOSIHHBIX MarHUTOB. MarHETHUKU BO BHEITHEM
MarHuTHOM noJjie. @akTop HopMbl MarHeTUKa.

Cemunap 26. DHEPruss MArHUTHOTO TIOJIA ¥ TIOHIEPOMOTOPHBIEC CUJIBI
B MarHeTUKax.

Cemmunap 27. [lepexoiHbIE TPOLIECCHI B JIIEKTPUYECKUX IETIAX.
Cemunap 28. Pacuer mwmeneli mEepeMEHHOrO ToOKa. MeTobl
KOMIUICKCHBIX aMIUIMTYJI W BEKTOPHBIX AuarpamMm. MOIIHOCTh B
LETSAX IEPEMEHHOTO TOKA.

Cemunap 29. CBoOOgHBIE U  BBIHYXKJICHHBIE  DJICKTPUUECKHE
KoJieOaHUsl B KOHTYpax. Pe3oHaHC Hanpsi>KEHU U TOKOB.

Cemunap 30. Konrposbnas padora.
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