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OcHOBBI JICKTPOAUHAMUKH

Onekrpocraruka. 3akoH Kynona. Teopema I"aycca. [IpoBoIHUKY B 3JIEKTPUUECKOM TI0JIC.
Pabora anekTpuyuecKux Cuil, MOTSHIMAT JIEKTPHUECKOTOo nojs. YpaBHeHue [lyaccona u
Jlannaca. I[ToTeHmnman o0bEMHBIX ¥ IOBEPXHOCTHBIX 3apsI0B. [IBOMHON 3NIEKTPUYECKHIA
CJIOW. DHEprusi B3auMOICUCTBUS JIEKTPUUECKHUX 3apsI0B. DHEPTHS JIEKTPUUECKOTO
nosist. [IoHIepMOTOpHBIE CHIIBI.

Juanexrpuku. [Tonspuszanus ausnekTpukoB. CBOOOIHBIE M CBSI3aHHBIE 3apsiibl. Y paBHCHHE
AJIEKTPHYECKOTO TOJISI B IPOU3BOJILHOM cpenie. [ToHaepMOTOpHBIE CHITBI B TUAJICKTPUKAX.
DHEprus AEKTPUIECKOTO MOJIS B TUANCKTPUKAX. TeH30p HANPSHKEHUH AIEKTPUIECKOTO
niost. [Ibe30namexTpruku. CerHeTodIeKTPUKH.

MarnauTtocraruka. MaroHuTHOE MoJie MOCTOSHHBIX TOKOB. Cuna Jlopenna. BekTopHbiit
IMOTEHIIMAJI MATHUTHOTO MOJIs. Y paBHCHUS MarHUTHOTO 10Js. [loTeHnuanpHbIe 1
COJICHOMJAIbHBIC MAarHUTHBIC OIS, [ paHMYHBIC YCIOBHS B MATHUTHOM I10JI€ TOKOB.
[TorepMOTOpHBIE CHIIBI B MATHUTHOM T10JIe. B3anMHass MHAYKITUS U CAMOWHTYKITHS
JIMHEHHBIX IMPOBOTHUKOB.

MarnauTtHoe 1oJjie B BemecTBe. HaMarHM4eHHOCTh MarHWTOB. Y paBHEHUS
MaKpOCKOIIMYECKOI0 MAarHUTHOTO T10J1s1 B MarHeTukKax. MexaHn3Mbl HaMarHu4uBaHUsI
MaraetukoB. Teopema Jlapmopa. luamaruerusm. [lapamarnernsm. @eppomarHeTusm.

DJIEKTPOMArHUTHOE T10JI€ B HETTOABMIKHON cpefie. DICKTPOMAarHUTHBIE BOTHBI.
VYpasuenus Makcsenna. Teopema ITolinTuHra. YpaBHeHHE [J11 MOTEHIIMATIOB
3JICKTPOMArHUTHOTO 11015, PelieHre BOTHOBOTO ypaBHEHUS. 3ama3IbIBaroNIie U
omnepexaroiye noreHuuanbl. CKOpocTh pacpoCTPaHEHUS AIEKTPOMArHUTHBIX
BO3MYILICHUH.

KBasucranuoHapHoe 3JIEKTPOMAarHUTHOE IoJie. [ TyOMHa TPOHUKHOBCHHSI MATHUTHOTO
roJtst B mpoBOAHUK. CKUH-3((PEKT.

PacnpoctpaneHne 3JeKTPOMAarHUTHOTO TOJISt B BOJIHOBOAAX. KpuTndeckas 1IMHa BOJTHBI.
dazoBas 1 rpymnmnoBas ckopocTy. Jlucnepcus. DNeKTpOMarHuTHbIE KOJeOaHUS B MOJIBIX
pe3oHaTopax.

HSHY‘ICHI/IG 3apsKCHHBIX YaCTHII. YcaoBus HN3JIYy4YCHUSA B HCOIPaHNYCHHOM
IpOCTPaHCTBCE. IIone HU3ITYy4YCHUS CUCTCMBI 3apsJ10B. BomnHoBas 30Ha. I[I/IHOJ'IBHOG
HU3ITYYCHHUEC OCOUIIIIATOpPA. HSHY‘IGHI/IG peHHTHBHCTCKOﬁ YaCTHUIIbI. MaFHI/ITOTOpMOSHOG
HU3JIYy4YCHHC. HCDCXOI[HOG H3JIY4YCHHUC. IIepeHKOchoe H3JIYYCHHUC DJICKTPOMArHUTHBIX BOJIH
B CpCac. CroHTaHHOE U UHAYIUPOBAHHOC U3JIYUYCHUC. BBIHY)KILCHHOG KOM6I/IH3.I_II/IOHHOC
paccesaHue.

UwucrieHHbIE METO/IBI PEIICHHS KPACBBIX 3a71a4 AJIEKTPOMHAMUKH. MeTo
KOHEYHBIX pa3HocTel. bricTpoe mpeobpazoBanue @ypbe, METOBI MPOTOHKU U
LUUKJIMYECKOU peAyKIIMU. MeTo I KOHEUHBIX JIeMEHTOB. Bapuannonssie
pa3zHoctHble MeTo1bl. DyHKk1Ms ['puHa. MeTo1 KOHEUHBIX 3J1IEMEHTOB.

OCHOBBI TCOPUH IEKTPHYCCKHUX Lenei

Jlunelinpie ey, MeTopl pacueTa TMHEHHBIX 2JSKTPUUSCKUX IIENe B CTAIlMOHAPHOM
pexume. Ypasaenuss Kupxroda. Meton KOMITIEKCHBIX aMILTATYA. MeTo1 KOHTYPHBIX
TOKOB. MeTo/1 y310BbIX HanpsokeHn. MeTos skBUBaJeHTHOTO reHeparopa. Llenu ¢
3aBUCUMBIMU UCTOYHHUKAMH. Llenu ¢ B3aMMHBIMU MHIYKTUBHOCTSIMMU.

Mertoibl pacdeTa JIMHEHHBIX 1IeTIel B HeCTallMOHAPHBIX pekuMax. Kiaccuueckuit MeToI.
OmnepaTopHbIit MeTo1 (TIpeoOpa3oBanue Jlamiaca). MeTo1 mepeMEHHBIX COCTOSHUH.
CrnekTpanbHbIii MeTo (mpeodOpa3oBanue Dypwe). MaTerpan Jroamens. LlenmHbie cxeMmbl,
nepenatounsie GyHKuU. OOpaTHAs CBSI3b, NEKTPHUUECKHUE (DUITBTPHIL.



Lenu ¢ pacupeneneHHbIME mapameTpamu. JmuHabIe TuHud. TenerpadHbie ypaBHEHUS.
Pemenwue TenerpadHbIX ypaBHEHHI B CTAIIMOHAPHOM pekuMe. [Tamaromiye u oTpakeHHbIC
BOJIHBL. PacripezienieHne TOKOB 1 HaIlps)KEHU B TMHUKA. BXOJIHOE CONPOTUBIICHHUE JIMHUU.
CornacoBanue IJTMHHBIX JTUHUH.

Pemenue TenerpadgHpix ypaBHEHUH B HECTAIIMOHAPHOM pexume. [lepexonHbie
MPOIIECCHI IPU KOMMYTAITUH TPEIBAPUTEIBHO 3apsSHKCHHBIX JTHHHH.

CuHTE3 TMHEHHBIX AJICKTpUUECKHX 1erneid. CHHTE3 MaCCUBHBIX JIBYXITOJFOCHUKOB.
CBoiicTBa BXOJIHBIX (PYHKITUI TACCUBHBIX JBYXITOIIOCHUKOB. [T0s10KHTEIEHBIE
BemecTBeHHbBIC (hyHKIMU. Kpurepun dpusndeckoit peanmuzyemoct. AnroputMm Kayaspa.
Anropurm ®@ocrepa.

DJIEMEHTHI CHHTE3a YeThIPEXIOIIOCHUKA. CHHTE3 YeThIPEXITOIFOCHUKOB 10 TPEM 33 JaHHBIM
Z- unu Y-mmapaMmerpam, 1o repeaaTounoit pyakuu B Buae ['-o0pa3noro 38eHa u3 rC- nim
rL-snemenToB. CHHTE3 HEYPAaBHOBEIICHHBIX YETHIPEXIIOIIOCHHKOB B BHJIC KACKAIHOTO
COCTUHEHUSI.

Henuneitnpie nenu. MeTtonbl pacueTa HEJIMHENHBIX LETEW MOCTOSHHOTO TOKa. MeTton
YCIIOBHOM JiMHeapu3auu. ['padudyeckrne MeToabl — JIECTHUYHASL CTPYKTYpPa, CXEMBI C
JIBYMS y371aMu. MeToJT KyCOYHO-TUHEHHOM anmnpokcumaiuu. TpaHchopmarop ¢
dbeppomarHuTHRIM cepaeuHukoM. Llenu ¢ peppomarnerrnkamu. @eppope3oHaHc.

MeTobI pacyeTa HEIMHEHHBIX LIeTeld B HeCTallMOHAPHOM pexxkuMe. MeTto
WHTETPUPYEMOM anpoKcUMalu. MeTo KyCOUYHO-IMHEHHOM aIrmpokcumanuu. Metos
MEIIJICHHO MEHSIOIIMXCS aMILUIUTY/l. MeTo Manoro napameTrpa. MeTo; HHTErpaJibHbIX
ypaBHeHM. Bapuanuonubsie MeTopl. Llenu ¢ THEPLIMOHHBIMU 3JIEMEHTaMHU,
MapaMeTPUIECKUE 1ICTIH.

Crtpoenue BemecTrBa

I'a3p1. OCHOBBI KHHETHYECKOM TCOPHHU I'a30B. I[aBJ'IeHI/Ie rasa, YypaBHCHHUEC COCTOSIHUA

WJIeaJIbHOTO Ta3a.
PaCHpOCTpaHCHI/Ie 3BYKOBEIX BOJIH B HJI€CAJIbBHOM Ia3e€. YJla‘pHI)IC BOJIHBI B UI€AJIbBHOM I'a3€.
D¢ heKTHBHOE CEUCHHE B CPEIHS JyTMHA cBOOOIHOTO Ipobera. [Ipomeccs nepenoca.

[Tnazma. OcHoBHBIE MOHATHS. KnHETHYECKas: TeOpys TIIa3MBbl, pacipeiesIeHUE YacTHIl 10
CKOpOCTAM, 3((HEKTUBHBIE CEUEHHUS U YACTOTHI CTOJKHOBEHUI. MeXaHU3Mbl HOHU3AIIH U
pekoMOnHanuu B miasme. Tepmuyeckas nonusanusi, ypaBuenue Caxa. [{ebaeBckuit
paauyc. [Inazmennas yacrtota. Ucmyckanue u noriomieHue GoroHoB. uddysus u apeiid
yactuil. AMounosspHas auddys3us. CooTHOLIEHHE MEXKAY MOIBUKHOCTBIO U
koaddunmentamu nuddysuu.

IIna3ma kak KUAKOCTDh, THAPOJUMHAMHUUYCCKUC YPABHCHUS JIA I1JIa3MBbI; z[peﬁ(b I1J1a3MBbI
NEPNCHAUKYIIIPHO MAarHUTHOMY I1OJITO; ABUKCHUC T1JIa3Mbl BAOJIb MArHUTHOTO ITOJIA.

[IpoBoIMMOCTE HU3KOTEMITEPATYPHOM IJ1a3Mbl. [[pOBOAMMOCTE MOIHOCTHIO
MOHM3UPOBAHHOTO Ta3a (popmyna Crnutiepa). O6pa3oBaHne HEMPEPHIBHOTO CIIEKTPA B
miazme. CBOOOAHO-CBOOOIHBIE i CBOOOTHO-CBS3aHHBIE TIEPEXO/Ibl B HATPETOM
MOHU3UPOBAHHOM Ta3e.

CucTeMbl 1 METO/IbI TIJIA3MEHHOM dHEPreTUKH. [1na3MeHHbIN MUPOIn3 OpraHNYeCcKux
BemecTB. [11a3MenHbIe cucTeMBbI TTepepadOoTKU TOKCHYHBIX OTX0I0B. [ eHepaTopbl
HU3KOTEMITIEpaTypPHOU TUIa3MBbI (TIJIa3MOTPOHBI ), PU3HMUECKHE OCHOBBI M TEXHUUYECKAs
peanu3anusi.

Kunkoctu. Makpockonmuaeckne CBOMCTBA XuAKOCTeH. CHITBI B3aUMOICHCTBHS
MOJIEKYJ. SIBIIEHHE MIEPEHOCca B KUIKOCTSIX.



TBepabie Tena. Kpucrannuueckas pemierka. CUIIbI CBSI3U B pEIIETKE. DJIEKTPOHHBIN ra3,
Mozelb moTeHrabHOH siMbl [lloTTku. 30HHas Mozenb. [IpoBOAHUKY, TOTYTIPOBOTHUKH,
aaekTpuku. Pabora Beixoza. SIBIeHnE CBEPXIIPOBOAUMOCTH.

BelecTBO B CHJIILHOM JICKTPOMAIrHUTHOM I10J1€

OMuccus 3apsPKCHHBIX 4aCTHIl C IIOBEPXHOCTH BCIICCTBA. OMuccus QJICKTPOHOB 13
TBEPAOTO. TepMOSMI/ICCI/IH, ABTOJJICKTpOHHAs1 SMHUCCH, d)OTOBMI/ICCI/IH, BTOpHUYHAasA
OJICKTPOHHAasA SMUCCHA, B3PbIBHAs OMHUCCHUs, MOHHAsA OSMHCCHS].

I"azoBeIit pazpsa. Popmel paspsaaa B razax. CaMOCTOSTEILHBIM M HECAMOCTOSTEIIbHBIMN
pa3psabl. JlaBuHHBIN paspsa. 3akoH [lamena. CtpumepHas Gpopma pazpsaa, mepexon oT
cTpuUMepa K KaHaJIbHOH dhopme pa3psaa. KopoHHbBIH U TiIeronuid pa3psabl. 1yroBoi
paspsa. M30ms1oHHbBIE CBOMCTBA ra30BbIX AUAJICKTPUKOB. CHIIBHOTOYHBIN Ta30BbIi
pa3psj B IIOTHBIX Cpefiax.

[Tpoxoxnenue Toka yepes KUAKOCTb. [[poBOIUMOCTD 3JIEKTPONIUTOB. TOIIMBHEIE
3JeMEHTBI. TeXHUUEeCKU 3EeKTpoau3. [[poBOAMMOCTE KUIAKUX U30JATOPOB.
JluaiekTpuyeckre moTepu. IIEKTpUIecKas MPOYHOCTh U MPOOOH KUJIKUX AUIIICKTPUKOB.
Y napHbIe BOJIHBI, TCHEPUPYEMBIE B KOHJACHCUPOBAHHOM cpejie. Pa3psi B KUJIKOCTSX.

HpOBOI[HI/IKI/I, TBEPABIC AUDJICKTPUKHU, IIOJTYIIPOBOJHHNKHN B CUJIbHBIX I10JIAX.
[TpoBoaumocth. Kpromnpooaumocts. CBEpXIIpoBOAUMOCTE. DddekT XoJuia.
TepMO3IIEKTPHYECTBO. DISKTPUICCKUI B3PBIB IPOBOJHHUKOB. JIM3IeKTPHUYCCKUE IIOTEPH,
AIIEKTPUYECKas IIPOYHOCTh, IIPO0OOI B TBEPAOM AMAIEKTPHUKE. [I0BEpXHOCTHBIM pa3ps.

Mexanuyeckas MpOYHOCTh JUAIEKTPUKOB B CBEPXCUIIbHBIX MAarHUTHBIX MOJISAX.
MarauTHbIE MaTEpHUaIbI.

CBepXnpoBOAMMOCTh B MOCTOSIHHBIX M BBICOKOYACTOTHBIX MOJIsX. D ekt MeccHepa.
OcTaTro4Hoe CONpOTHUBIICHHE.

Haxonuenue u kKoMMyTanus 3Heprum 001bIHUX MOIIHOCTEH

[IpocTpaHcTBeHHO-BpeMEHHAs KOHIeHTpalus dHeprun. CriocoObl HAKOIIICHUST SHEPTHH
U THUIIBI HAKOMIUTEIeH. XapaKTepHUCTUKU HAKOIIUTEIEH SHEPTUH, CPAaBHUTEIbLHbBIC
XapaKTEPUCTHUKH PA3JIUYHBIX TUIIOB HaKOMUTEeIeH. MakcuManbHas III0THOCTb SHEPTUH Y
Pa3IMYHBIX TUIIOB HAKOMHUTENCH, (U3HYECKHe OTpaHUYCHHS Ha TUIOTHOCTh SHEPTHUH B
HakonuTelsax. CriocoObl Iepeauu YHEPTUH OT HAKOIMUTENIeH K Harpy3Ke, ONTHUMH3AIIHAS
npoiiecca nepeaadn sHepruu. CoriiacoBaHue SHEPTUH PA3IMYHBIX BUJIOB.

EMKoCTHBIE HaKOTTUTEN SHEPTUU. EMKOCTHBIE HAKOTTUTEIN YHEPTUM HA OCHOBE
MaJIOMHIYKTUBHBIX UMITYJIbCHBIX KOHACHCATOPOB. [[pMHIIUIIBI MOCTPOEHHUSI T€HEPATOPOB
HMMITYJIbCHBIX HaIPSOKEHUH U TeHEpaTOPOB UMITYJILCHBIX TOKOB. Kiaccudukanus
€MKOCTHBIX HaKOMHUTEIICH SHEPTHH. 3alliTa KOHJICHCATOPHBIX OaTapeil Ha BRICOKYIO
sHepruto. KoMMyTaTopsl €eMKOCTHBIX HAKOIUTENIECH SHEPTUU Ha OCHOBE KOHJIEHCATOPOB
(BakyyMHBI€, Ta30BbI€, KUIKOCTHBIC Pa3psIHUKH, Pa3psaaHbIe KOJOHHBI). CXeMbl TTOKUTa
W CHHXPOHU3AIMUH pa3psaagHukoB. OCoOOEHHOCTH pabOThl KOMMYTAaTOPOB B Te€HEpaTOpax
AMIYJIbCHBIX HANPSHKCHUH W TeHepaTopax UMITYILCHBIX TOKOB.

Metoas! HOopMUPOBAHHS UMITYJIBCOB C TTIOMOIIBIO EMKOCTHBIX HAKOMHUTENICH SHEPTHUH.
EMKOCTHBIE HAKOTIUTEN Ha JIMHUSIX C pacTpeie]IeHHBIMEU apaMeTpaMu. [lepBuynbie u
MIPOMEKYTOUYHBIE EMKOCTHBIE HAKOTTUTETH dHEpTruu. OCOOEHHOCTH pabOThl EMKOCTHBIX
HaKOIUTEJIEH SHEPTUH Ha JIMHHIX C PACTIPECIICHHBIMU TTapaMeTpaMy B PEXKUME 3apsiia
(xpanenusi) u paspsga. ONTUMHU3ANNS 110 HAMIPSKEHUIO U MOIIHOCTH HAKOIUTENeH
SHEPTUM HA JTUHUSAX KOAKCUAJIBHOIO TUIIA C PACTIPEEICHHBIMU ITapaMeTpaMHu.
KoMmMmyTaTopbl eMKOCTHBIX HAKOMUTENIEH SHEPTUH HA JIMHUAX C PACTIPEACICHHBIMU
napaMeTpamMu pa3IUvHbIX TUTIOB (Ta30BbIC, )KUIKOCTHBIC U TBEPOTEIbHBIC PA3PSTHUKH,



paspsaauku V/N-Tuma, penbcoBblie pa3psaHuki ). OCOOEHHOCTH pPaboThl KOMMYTATOPOB
HAKOMHTEJICH Ha THHUSX, KOHCTPYKIIMH KOMMYTAaTopoB. MeTo bl 00ecrieueH s pexKuma
MHOTOKaHaJIbHONH KOMMYTalMH.

Pu3znka CHJILHOTOYHbIX IMYYKOB 3aPHAKCHHDbIX YaCTHIL

PacnipocTpanenue CMIIBHOTOYHBIX IIYYKOB B BakyyMe. [IpenenbHelil TOK, OrpaHUYEeHHbBIN
IIPOCTPAHCTBEHHBIM 3apsiioM. [IpenenpHeblil Tok AsibBeHa. POpMUpPOBaHUE BUPTYAJIbHOTIO
kartona. Helitpanmu3zoBaHHbIi, camoc)OKyCHpOBaHHBIN ITy4oK. E-ciioil. MarauTHas
M30J1Us B JUOJaX U JIMHUSAX Iepeaad.

PacnipocTpanenue cuiIbHOTOYHBIX ITYYKOB B IUIa3M€ U Ia3e. DJIEKTPOMAarHuTHBIE OIS,
BO30Yy)XKJJaeMble IIyYKOM IIPU MHXKEKIMH. PaBHOBECHOE COCTOSIHUE MTyUYKa B IUIa3Me.
HecranunonapHast noHM3anus IPA NHXKEKLUY ITy4Ka B ra3ax. TokoBas HeUTpanu3anus
IIy4Ka.

['enepanus CUIIBHOTOYHBIX AJIEKTPOHHBIX U MOHHBIX MYy4YKOB. B3pbIBHAs sMuUCCHS B
CHJIBHOTOYHOM guoje. ITnmockuit quon B pexxume borycnarckoro—JIenrmropa.
ITapanoTeHIMaIbHBIN NOTOK B INIOCKOM Jinojie. KoakcuanbHbBIN M0/ C MArHUTHOM
n3ossuei. CHITbHOTOYHBIE HOHHBIC TUOJIBI — JIMOJ C MATHUTHOM H30JISIINEH, pedIeKCHBIN
U0, TUHY-PE(OICKCHBIA JUO/.

BoHbI 1 HEYCTOMYMBOCTH B CHJIBHBIX ITyYKaX 3apsiKEHHBIX YyacTHUll. BoaHbI B X0JI0HOMN
cTalMoHapHOM 1u1a3Me. [IpojmonbHBIE BOJHBI B XOJOAHOW aApeddyromied Imia3Me.
CoOcTBeHHBIE BOJIHBI B CHJIILHOTOYHBIX ITy4YKaxX. BOJHBI MPOCTPAHCTBEHHOIO 3apsija B
3aMarHM4YE€HHOM ITy4Ke.

DNeKTpocTaTudecKas U SJICKTPOAUHAMUYECKas HEYCTOMYMBOCTH BOJIH IIPOCTPAHCTBEHHOTO
3apsaa. LluknorpoHHsli pe3oHanc. HeyCTOMYMBOCTH B MHOIOKOMITIOHEHTHOM CUCTEME.

PDu3nKa ¥ TEXHUKA YCTPOUCTB HA
OCHOBE HU3KOTEMIIEPATypPHO#
IJ1a3MBbI

OcobeHHOCTH (U3HYECKHUX TPOIECCOB B HU3KOTEMITEpaTyPHOH IIIa3Me.
[Tna3MoxuMUYEeCKHe, METALTYPTHUECKUE U APYTHUe YCTPOMCTBA HA OCHOBE COBMECTHOTO
MMPUMEHEHHUSI MOIIIHBIX JJICKTPUUECKUX AYTOBBIX PA3psIOB U SJIEKTPOMArHUTHBIX MOJICH.
dusnka TPUIEKTPOIHBIX TIPOIIECCOB B CUIILHOTOYHBIX JIYTOBBIX pa3psjiax.

KOMHLIOTeprIe TEXHOJIOI'HM

MaremMaTtuueckoe MOJCIUPOBAHUEC C IPUMCHCHHUEM KOMIIBIOTCPHBIX TEXHOJIOTHIA.
B03MOXXHOCTH TaKETOB MaTEeMaTUYE€CKUX BBIUUCINTEIIbHBIX oporpamMm 4Jjisd pClICHUs
IIPUKIAJHBIX 3aaa4.
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