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BBEJAEHUE

Hacrosmmue Meronuyeckue yka3aHHs pPAcCUUTaHbl HAa CTYAEHTOB-(DU3UKOB U
COCTaBJIEHBl C YYE€TOM CYILIECTBYIOIIMX IpPOrpaMM IO 3JIeKTpoauHamuke. Moxker
OBITh MCMOJIb30BAHO B KayecTBE Y4eOHOro mocoOus Ha (usmyeckux QaxynbTeTax
YHUBEPCUTETOB, a TAaKXKE Ha PaAMOTEXHUYECKUX U APYTUX (PaKyJapTeTaX, Ha KOTOPbIX
U3y4aeTcsl TEOPHsl AIEKTPOMArHuTHOro nojisi. Yacte 3a7a4, BKIOUEHHBIX B COOPHUK,
MOJKET OBITh MOJIE3HOW U IS JIUI], 3aHUMAIOIIUXCs OoJiee YriIyOJIeHHBIM U3YYCHUEM
BOMPOCOB 3JIEKTPOAMHAMUKH.

B Hawane kaxxgoro pasfaena MPUBOIUTCS KPAaTKOE TEOPETUUYECKOE BBEICHUE U
OCHOBHBIC 3aKOHBI. V3maraemple CBeleHHS HE MPETCHAYIOT Ha TMOJHOTY; Ooiee
MOJTHOE OCBEIIEHHE COOTBETCTBYIOIIMX BOMPOCOB YHMTATEIh HAMAET B JHUTEpaType,
YKa3aHHOM B KOHIIE KaXIOro paszzgena. B mpemyaraemMom cOOpHHUKE HPHUBOIATCA
JIOBOJIbHO MOJAPOOHBIE M YETKUE YKa3aHUs Ha pelIeHHe 3aJad C CChUIKAMM Ha
OCHOBHBIE ypaBHEHHUs U (opMyiibl. B HEKOTOpBIX CilydasX HPUBOAUTCS PEIICHUE
OJTHOM U TOM K€ 3aJjauM pa3IMuYHbIMU METOAAMHU, TMOO yKa3bIBA€TCSI HA BOBMOXKHOCTh
Takux pewmeHuil. [Ipeanmaraempiii cCOOPHUK HMMEET LEIbI0 TaKXKE WLIIOCTPALUIO U
KOHKPETHU3AI[I0 OCHOBHBIX MOJIOKEHUI TEOPETUUYECKOTO Kypca 3JEKTPOIUHAMUKY.

B knure ucnoneiyercs MexxayHapojHas cuctema eaquHul CH, umerorcs Takxe
CBEJCHHUS O TayCCOBOM aOCOJIOTHOM CHCTEME €IMHUI, TaK Kak OHa 4YacTo
ynotpebnsiercss B (usmdeckoil smrepatrype. OO003HaAYEHUS ~ MPUMEHSIOTCS
OOLIETPHUHSTHIE.

OcBoeHue Marepuana nocoOusi uMeeT 1enblo (opmMupoBaHue Habopa
oO1ienpodecCHOHANIBHBIX W MPO(ECCHOHANBHBIX KOMIIETEHIIMKA OakajiaBpa IO
HarnpaBieHuto noArotoBku 03.03.02 ®dwusuka. 3agaud NocoOUsl 3aKIIOYAIOTCS B
OCBOGHUM CTYyJICHTAMH COBPEMEHHBIX TMPEACTABICHUI B CIEAYIOMUX 00JIacTIx
3HAHUU: DJIEKTPUYECKHE U MArHUTHBIC SIBJICHHUS B BaKyyMe€ U CIUIOLIHBIX CpeAax;
AJIEKTPOMAarHUTHOE M3JIy4YE€HUE; PACHpPOCTPAHEHUE 3JIEKTPOMArHUTHBIX BOJH M HX
B3aMMOJICMCTBE  C  BEUIECTBOM;  CBSI3b  COBPEMEHHBIX  IPEJCTaBICHUN
AJIEKTPOJIMHAMUKA C OCHOBHBIMHU TOJIO)KEHUSIMU TEOPHUH OTHOCUTEIBHOCTH U
KBAHTOBOM TEOPHH.
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TEMA 1. QJIEKTPOJIUHAMUKA ITOJIEN U 3APSIIOB B BAKYYME.
YPABHEHUS MAKCBEJIJIA.

Hean: dopmupoBanme Habopa oOmenpodeccHoHaTbHbIX W MPO(PECCHOHATBHBIX
KOMIIETEHITU N 6y1[ymero 6aKaﬂaBpa 10 HAIPaBJIEHUIO MOATOTOBKU 03.03.02 dusuka.
N3yueHue 3JIEKTPUYECKUX U MATHUTHBIX SIBJICHUW B BAKYYME M CIUIOIIHBIX CPEIAX.

BOHpOCbI JJIA U3y4YeHMsA: 3akoHbl Ammnepa n Kynona. Cucremsl enunui. JlokaibHble
XapaKTePUCTUKU AJICKTpOMarHuTHOro mois. CoXpaHEHHE JJICKTPUUYECKOTO 3apsijaa. YpaBHEHHE
HenpepeiBHOCTU. CHcTeMa ypaBHeHUN MakcBeiia B BakyyMme B quddepeHnuansHoi popme. 3aKoH
COXpAHECHHSI DHEPTHMH MPUMEHUTEILHO K O3JCKTPOMArHUTHBIM SIBICHUSM. 3aKOHBI COXPAaHCHHUS
UMITyJIbCa 1 MOMEHTA UMITYJIbCA IPUMEHUTEIBHO K 3JIEKTPOMArHUTHBIM SIBIICHUSIM.

Teopemuuecmm yacmo
1. Cucrembl CAUHMUII DJICKTPOAUHAMUICCKUX BCJIUYINH

[Ipu paccMOTpPEHUM EAMHUII U Pa3MEPHOCTEH B TEOPHU DJICKTPOMATHETH3MAa MBI
OylleM TpUACPKUBATHCS TPAJUIUU U MPUMEM B KaueCTBE OCHOBHBIX HE3aBHCHUMBIX
Bemmmund jummHy (1), maccy (m) m Bpems (t). Kpome Toro, Bocmosbzyemcs
OOIETIPUHSATHIM OTIPE/ICIICHUEM TOKa KaK CKOPOCTH M3MEHEHUS 3apsiia BO BpeMeHH (
| =dg/dt). DTO O3Ha4aeT, YTO OTHOIICHHWE 3apsiia K TOKY HMEET pPa3MEepPHOCTb
BpEMEHH. YpaBHEHUE HEMPEPHIBHOCTH, CBSA3BIBAMOIICE IUIOTHOCTH 3apsia U TOKa,
NPUHUMAET TIPU 3TOM BHU]T

divi+ 22 0. (1.1)
ot

st mpocTOoThl MBI OyJeM BHauaje pacCMaTpuBaTh JIUIIb SJICKTPOMATHUTHBIE
SIBJICHUSI B CBOOOTHOM MPOCTPAHCTBE B OTCYTCTBUE 3aPsI0B U TOKOB.

OCHOBHBIM (U3MUECKMM 3aKOHOM DJIEKTPOCTATHKHU siBIsieTcs 3akoH Kymona,
OTIPENICIISIIONINN  CHJTy B3aUMOJICHCTBHSI JBYX TOYEYHBIX 3apsgoB ( u (',
PACIIOJIOKEHHBIX HAa PACCTOSIHUM I APYr OT JApyra. JTOT 3aKOH MOXHO 3aIucarth B
BUJIE

F =k, (1.2)

BenuuuHy U pa3MepHOCTh MOCTOSIHHOTO KO3 duireHTa K1 MOKHO JINOO OnpeIeuTh
U3 YPaBHEHWMsI, €CJIM HE3aBUCHMO OIpEC/ICHa BEJIMYMHA M Pa3MEPHOCTh EIUHUIIBI
3apsia, 100 BEIOMPATh MPOU3BOIBLHBIM 00pa30M, 33J1aB TEM CaMbIM €IUHUILY 3apsa.
TpeOyercs nuiub, uTo6bI IpousseacHue K; 0" nmeno pasmepaocts (MIt2).
HampsoxkenHocth  anekTpuyeckoro monst K —  mpou3BomHas — BENIMYWHA,
ompezensiemMasl 00bIYHO KaK CUiIa, IEWCTBYIONIAs HA €AMHUYHBIN 3apst. M0oXHO ObLIO
OBl OMpPENeNuTh HAMPSHKEHHOCTh JJIEKTPUYECKOTO Mo Oojee oOmuM 00pazom,

4



CUMTasl €€ MPOINOPLUOHAIBHON CHWIIE, ACHUCTBYIOIIEM HA EIWHWYHBIA 3apsn, C
KO3 PUIIMEHTOM MPONOPIUOHAIBHOCTH, SBJSIOIIMMCS YHUBEPCATBLHON MOCTOSHHOM.
[Ipu sTOM KO3hOUIMEHT MPOMOPIIMOHATILHOCTH MOKET, BOOOIIE TOBOpS, OBITH
pa3MepHbIM, TaK YTO HAMpPSHKEHHOCTh DJIEKTPUYECKOTO TMOJds He OylneT HMETh
Pa3MEpHOCTH CHJIbl HA €AMHUYHBIN 3apsa. OaHaKo, MPUHKUMAs TaKkoe yepecuyp oOliee
onpenenenue E, Mbl HU4Yero He BHIMTPhIBaeM, Tak kak E mpencrasiuser coboii nepsyro
MPOU3BOJIHYIO XaPaKTEPUCTUKY TMOJs, MOMAJEXKAIIylo ompeaeneHuto. Jlumpb npu
OTIPEICTICHUH TOCIEIYIOMNX XapaKTePUCTUK TOJS MOXKET OKa3aThCs yIOOHBIM
BBECTU B OIpeAessionme (GopMyibl pa3MepHbIe MOCTOSHHBbIE KO3(PQHUIIMEHTHI, C
MOMOIIBI0 KOTOPBIX MOKHO COIJIACOBaTh BEJIMYMHBI M Pa3MEPHOCTU ITHX
XapaKTepUCTUK TMOJs C COOTBETCTBYIOIIMMH  CBOMCTBAMH  HaIPsSHKEHHOCTH
anekTpudeckoro noss. CrenoBaTenbHO, 0€3 MOTEPU OOIIHOCTH MOKHO OIPENEIUTh
HANPSHKEHHOCTD AJIEKTPUYECKOTO TOJIS TOYSHYHOTO 3apsiaa (| Kak CHITY, IEHCTBYIOIIYIO
Ha €AMHUYHBIN 3apsi], Tak 4To, coriacHo (1.2),

E=k r&z . (1.3)
Bo Bcex cucremax eQUHUI] MCIOJNB3YETCAd 3TO ONPEICICHHUE HANpPSHKEHHOCTU
AIEKTPUYECKOTO MOJIS.

B mMaraurocTtatvke B3aMMOJCHCTBHE TOKOB U OMpPEAENICHNE MarHUTHON MHIYKIH
paccmaTpuBalrOT Hcxons u3  3akoHa Awmmnepa. CoriacHo 3akoHy  Awrepa,
NPUXOIAIIASCS Ha EIUHUIYY JIWHBI CHJa B3aUMOJCHCTBUS JBYX OECKOHEYHO
JUTMHHBIX MapaJuIeIbHBIX TPOBOJIOB, HAXOSIIUXCS HA pacCTOSHUH 0 M HECYIUX TOKH
| u I', paBHa

:
9 ok, L (L.4)
dl d
3nech ko — k03 HUIMEHT NPONOPIMOHATLHOCTH, aHaToTH4HbIH K1 B dopmyie (1.2).
be3pa3MepHblii uncIeHHBIM MHOXUTENL 2 BBeneH B Gopmyiny (1.4) mns Goibiiero
ynoOcTBa TpH ompeneiacHur KodpduiueHnta K, B nmanpHedmem. [lpu  cBs3u
pa3MepHOCTEl TOKa MW 3apsAlioB, yCTaHaBiuBaeMoro cooTHomeHueM (1.1),
COOTHOIIICHUE MEXIY pa3MepHocTsIMU ko3 dunmenTos Ko u K1 yxxe onpeneneno. Kak
nerko Buaeth w3 (1.2) m (4), orHomenue Ki/k, mMeeT pasmepHOCTH KBajgpara
ckopoctu (I12t2). danee, myreM cpaBHeHHus BeanuuH Mexanudeckux cui (1.2) u (1.4)
NpY W3BECTHBIX 3apsjax M TOKaX MOXHO HAaWTH 3HadyeHWe OTHomreHus Ki/Ky mms
cBOOOJHOTO MpOCTpaHCTBA. UMcleHHass BEIMYMHA 3TOTO OTHOIICHHSI OKa3bIBAETCS
OueHb ONM3Ka K KBaJpaTy CKOPOCTH CBETa B CBOOOJHOM MPOCTPAHCTBE. Takum
obpazom,

—L=c (1.5)

IJIe ¢ TI0 BEJIMYMHE U pa3MEPHOCTH COBIMAIAET CO CKOPOCThIO cBeTa [c = (2,997930 +
0,000003)-10° cm/cex].
Bektop MaruuTHON MHAYKIMH B MOXeT ObITh OMpeeseH Ha OCHOBAHUHU 3aKOHA
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B3aUMOJECUCTBUA TOKOB AMIeEpa Kak BEJIMYMHA, NOPONOPLMOHAJIbHAS CHIIE,
NEUCTBYIOIIIEH HA ©IWHUYHBIA TOK, IIPUYEM IIOCTOSHHBIA KO IUIIMEHT
MPOTIOPLIMOHAIBHOCTH ¢ MOXKET OBITh BBIOpPaH pPa3MEPHBIM, €CIM 3TO OKaXKETCS
ynoOHbpIM. Takum oOpa3om, BeduurHa (M pa3MEpPHOCTb) MAarHUTHOM WHAYKIIMHA Ha
pacctossHud 0 OT UIMHHOTO MPSMOJUHEHHOIO MPOBOJHHKA, HECYIIEro TOK |,
onpenensercs Gopmyion

B = 2k2aé (1.6)

Pa3MepHOCTh OTHOIIEHUS HAMPSKEHHOCTU DSJIEKTPUYECKOrO TMOJISI K MarHUTHOM
WHJYKIIMU MOXHO HalTh u3 cootHomenut (1.1), (1.3) (1.5) u (1.6). Jlerko BUaETS,
gyro otHomenue £/B umeer pazmepHocTs (I/ta).

TpeTbuM U MOCHEAHUM COOTHOILIEHHUEM, Ha OCHOBAHMHM KOTOPOTO OMNPEACIISIIOTCA
€AUHULIBI W Pa3MEPHOCTH DJIEKTPOJMHAMUYECKUX BEJIMYMH, SBIACTCS 3aKOH
ANIEKTpOMarHuTHOM MHAyKInu dapajes, yCTaHABIUBAIOIIUKN CBSI3b SJEKTPUUECKUX U
MarHuTHBIX saBieHuid. Juddepennuanbuas ¢opma 3ITOro IKCHEPUMEHTATHHO
YCTaHOBJIEHHOTO 3aKOHA, COTJIACHO KOTOPOMY 3JIEKTPOJBHKYIIAs CHIIA, HABEJACHHAS B
KOHTYpE, MPOMOPIHUOHAIbHA CKOPOCTH MU3MEHEHHUS MarHUTHOTO MOTOKAa 4Yepe3 HEro,

HMEET BU]L
oB

rotE+k;—=0 (1.7)

ot
rae k; — ko3 dunment nponopironasbHOCTH. Tak Kak CBsI3b MEKIY Pa3MEPHOCTIMH
E u B ycraHnoBieHa, pa3MepHOCTh K; MOXXHO BBIPa3UTh, Yepe3 Pa3MEPHOCTH paHee
OTIPE/ICJICHHBIX BEJIUYUH, TOTPpeOOBaB, UTOOBI 00a uieHa B (1.7) uMenu oIMHAKOBYIO
pa3sMEpHOCTb. B pesymbraTe oOKa3bIBaeTcs, 4To K, HMMeeT pasMepHOCTh o . B
neiicTBUTENEHOCTH, KodQduuuent K3 Touno pasen o l. Ilpome Bcero ybeauThes B

ATOM, UCXOJI U3 YpaBHEHUN MaKcBeIa i ONPEICICHHBIX BBIIIE MOJICH:
div E = 47k, p,

rot B = 47k,ad +k;—“%E,
: (L.8)

rotE+k3@:O,
ot

divB =0.
Jlnst obmacteit 6€3 MCTOYHHKOB MOKHO, KOMOMHHPYSI BTOPOE M TPEThE ypaBHEHWSI,
MIOJIYYUTh BOJIHOBOE YPABHEHHE
vip_k, K22 B g (1.9)
k, ot?
CKopoCTh pacnpocTpaHEHUsl BOJIH, ONMUCHIBaeMbIX ypaBHeHHeM (1.9), ompenensercs
BXOJSIIEH B ypaBHEHHME KOMOUHalMed KOHCTaHT. Kak H3BECTHO, 3Ta CKOPOCTh

JOJIDKHa OBITH paBHa CKOPOCTH CBCTA, TaK YTO



—c2, 1.10
ksk,a ¢ ( )
N3 (1.5) u (1.10) cneqyet paBeHCTBO
Ky =2, (1.11)
(04

ONpENENSIONIEe CBSI3b KaK pPa3MEpPHOCTEM, TaK M YMCIECHHBIX BEJIUYHMH 3THUX
KO3 UITUEHTOB.

Paziuyunbie CHUCTEeMbI 3JIEKTPOMATHUTHBIX eINHUII. Cucrembl
AIIEKTPOMATrHUTHBIX E€IWHUIl OTJIMYAIOTCS BHIOOPDOM BEIMYMH M pa3MEpHOCTEH
Pa3IMYHBIX BBEJCHHBIX BbIIIE KOHCTAHT. M3-3a Hanuuusa cootHomenui (1.5) u (1.11)
JMINb JBEe KOHCTaHThI (Hampumep, Ki u K;) Moryr (M OOMKHBI) BbIOHpAaThCS
npou3BoibHO. LlenecooOpa3Ho, 0JlHAKO, CBECTH B TAOJIMIy BCE YETHIPE KOHCTAHTHI
(k1, ko, @, k). J1ns Hanbomee yHmOTpeOUTENBHBIX CUCTEM €OUHMIL. JTO U CAEIAHO B
tabn. 1. 3ameTuMm, 4YTO, 3a MCKJIIOYEHHEM pPa3MEPHOCTEH BEIWYWH, CAUHUIIBI B
anexktpomarHutHo cucreme u cucreMe CHU (MKC) ouyeHb TMOXO0XH: OHH
pa3IMyaroTCs JIMIIb CTENEHAMU JeciaTu. ['ayccoBa cucteMa M cucTeMa XeBucaiaa —
JlopeHnia oTIMYAKOTCA JHIIL MHOXUTEISIMU 4m. JIumpe B rayccoBOM CHCTEME U B
cucreMe enuHul] Xepucaiaa — Jlopenna xkodddunment ks umeer pazmeprocts. Kak
oueBHIHO W3 cooTHomeHus (1.7), ecmu K, mmeer pasMepHOCTh 00OpaTHOW CKOPOCTH,
TO pasmepHocTh BekTopoB E u B oaunakoBa. bonee Toro, uz cootHomenus (1.7)
ciemyert, 9To npH K3 = €1 1S 5IeKTPOMArHUTHBIX BOIH B CBOOOIHOM IIPOCTPAHCTBE
E u B paBHbI 110 BeIMUMHE.

Jlo cux mop paccMaTpuBaIMCh JIUIIL JJCKTPOMATHUTHBIE TIOJIE B CBOOOTHOM
npocTtpancTBe. [loaToMy Mbl orpannunBaiivch auuib AsyMs nossimu E u B. Ocraetcs
elIe OMNpEACIUTh XapaKTepUCTUKH Makpockonudeckux moner D um H. Eciwm
YCPEAHEHHBIE 3JIEKTPOMArHUTHBIE CBOMCTBAa MAaTEpPUAJIbHOM CpEIbl OINKCHIBATh
MaKpocCKonu4eckou nossipuszanueit P u Hamarandennocteio M, 1o BexkTopsl D u H
onpeneNaoTes oomumMu GopMmynamu

D=¢g,E+ AP,
1 (1.12)
H=—B-1'M
Ho
roe &g, MUy, A, A' — TOCTOSIHHBIC Koacb(bHLII/IeHTLI. Msr He MOJIyYUM HHMKAKOT0

MpEeUMYIIeCTBa, eciu OyaeM cuutarth pasMepHocTd BeqmunH D u P wim H u M
Pa3IMYHBIMHM .MIO3TOMY KO3(PGUIIMEHTHI Au A’ CIeIyeT CUYUTaTh Oe3pa3zMEepHBIMU
yuciaaMu (B pallUOHAIM3UPOBAHHBIX CUCTeMaX A =A'=1, B HEpAIIMOHAIM3UPOBAHHBIX
A=A"=4r) Yro xe KacaeTca BbIOOpa KOXQPUIMEHTOB &, u, To D m P MoxkHO
CUuTaTh OTIAMYarommMucsa no pasmepHoctd ot E, a H u M ornmmuaromumucs ot B.
OxoHyaTeNnbHBIA BBIOOP KOA(D(PHUIIMEHTOB TMPOU3BOAMUTCS, MUCXOIS M3 COOOpaKeHUM
yZ100CTBa U IPOCTOTHI.

Tabnuya 1
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BeauunHbI M pa3MEPHOCTH JIEKTPOMATHUTHBIX KOHCTAHT ISl PA3JIHYHBIX
CHUCTEM eJMHHUIL
Pa3mepHOCTh KOHCTaHTHI yKa3aHa B CKOOKax IOCJIe €€ YHUCIEHHOTO 3HAYCHHUS .
Yepe3 ¢ 00603HaueHAa CKOPOCTh CBETa B CBOOOJHOM IpocTpaHcTBe (c=2,998-10%
cm/cek = 2,998:10% m/cex). B ueThlpex NepBBIX CHUCTEMAX €MHMI] B KaueCTBE
ocHOBHBIX eaunumIl (I, M, t) npuHATHI caHTHMETp, TpaMM U cekyHaa. B cucreme MKC
UCIIOJIB3YIOTCSl YEThIPE OCHOBHBIE €IMHMIIBI: METP, KWJIOTPAaMM, CEKYHJa, €IUHUIIA

3apsiaa (q).

Cucrema ks ka a ks
DIeKTpocTaTHYECKas 1 c 2 (t 212 ) 1 1
ONEeKTPOMAarHuTHas c? (| 242 ) 1 1 1
Fayccosa T @) | ) | ot
Xesucanaa—Jlopenna 1 1 (t 22 ) c(lt_l) ol (tl —1)

4z 4nc?
PannonanusupoBaHHas 1 _10-7¢2 Hy 107 1 1
MKC (CN) Are, A
(mlgt_zq_z) (mlq—z)

OOBIYHO CTpEeMATCS TPHAATh MaKPOCKONMUYECKUM YypaBHEHHSAM MakcBesia
OTHOCHUTEJIBHO TIPOCTYIO U M3AHYI0 opMmy. [Ipexae yeM nepednciuTh BO3MOKHBIC
BapUaHThl YKa3aHHOTO BBIOOPA, IPUHSATHIC B PA3IMUHBIX CHCTEMaX SIUHUII, HATIOMHH,
YTO JIJIS INHEWHBIX W30TPOITHBIX CPEl MaTepHaIbHbIC COOTHOIIICHUS UMEIOT BHT

D=¢E, B=uH. (1.13)
Takum 00pa3oM, TOCTOSIHHBIE &, 1 4, B ypaBHeHUsx (1.12) mpencraBistor coOoi
3HAYEHUsS] €U u NS CBOOOJHOTO TpOCTpaHcTBA. OTHOCHTENbHAS TUAJIEKTPUYECKAs

MIPOHUIIAEMOCTh BEIIECTBA (YacTO Ha3bIBaeMas IUAJICKTPUYCCKOW TTOCTOSHHOM)
ompeeNnsieTcss Kak Oe3pa3MEepHOE OTHOIICHHE &/&,, a OTHOCHTENbHAs MarHWTHAs

IPOHUIIAEMOCTh (YacTO Ha3bplBa€éMasi MPOCTO MPOHMIIAEMOCTBIO) ONpPENEseTCs Kak
] g -
B Tabn. 2. npuBeneHbl 3HAYEHUS &, U L, Qopmyisl ,onpenenstonme D u H,

Makpockomnudeckas ¢hopma ypaBHeHH MakcBeia u BeIpaKeHHe i criibl JIopeHiia
B IATH HauOojee YNOTPEeOUTEIbHBIX CUCTEMax €IMHMII, MMePEUHCICHHBIX B TaO. 1.
Jng  Kaxaol U3 CHUCTEM €IWHUIl YPaBHEHUE HEMPEPHIBHOCTH, CBA3BIBAIOIIECE
IJIOTHOCTH TOKOB MW 3apsaoB, uMeeT Bua (1), Kak JIErKO MPOBEPUTH, UCMOJIb3Ys B

KOKJIOM Ciy4yae [epBble JBa ypaBHeHuUs MakcBema. 3akoH Oma  Takxke
8




3aIACHIBACTCS] B OJMHAKOBOM BHJE J=oE (0 — IPOBOJAMMOCTBH) BO BCEX CHCTEMax
CIVUHUII.



Beanumnsl ¢, y,, D, H, Makpockonnueckue ypaBuenusi MakcBeJia

U cuJjibl JlopeHa B pa3iMYHbIX CHCTEMAaX eIUHHIL
B ckoOkax yka3pIBaeTcsi pa3MepHOCTh BEIMYHHEL. Yepe3 ¢ 0003HaYeHa CKOPOCTh CBETa, MMEromIasi pa3MepHocTh (It™).

Tabnuya 2

Cuna JlopeHia,
Crcrena £, 4, D H Maxpocxo;;;c;(;lgi ;’paBHeHI/ISI ﬂeﬁCCTByfomasi Ha
TTITHHYHBIN
3apsiy
divD=4zp, rotH —47a]+aD
-2 _ - ’ - !
DJIeKTPOCTATHYECKAS 1 gl s HD__ !E B+ 4Z:M B o E+vxB
() =cb- rotE+—=0, divB=0
ot
. oD
1 divD=4zp, rotH=4z+—,
-2 _ = ’
DneKTpoMarHuTHas gl » 1 D= c? E+47P B o E+vxB
(1) H=B—47zM rotE+ =0, divB=0
D= E+47P divD =4rp, rotH=4—ﬁJ+1%, v
[ayccoBa 1 1 H:Bj47zi\/l 1B ¢ ¢ E+—xB
B rotE+-——=0, divB=0 ¢
c ot
divD=p, rotH:l[\H%j, v
Xesucaiiga—Jlopenna 1 1 D=E+P ¢ E+—xB
H=B-M 10B : c
rotE+=—=0, divB=0
c
10’ S D=¢gE+P divD = p, rotH=J+@,
PanyoHanu3upoBanHast e 4r7-10 1 ot E4vxB
MKC (CH) ( 227ZC_1 3 (mlg®) H=—B-M tE @—0 divB=0
qt'm=I) o rotE+—-=0, divB=
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IlepeBox ¢opMya1 W 4YHCIACHHBIX 3HAYCHUH BEJUYMH M3 TrayccoBOW
cuctembl equHull B cucremy MKC (CH). B nactosiiiee BpeMsi HambOoJblee
pacrpocTpaHeHue TOJYYUII JBE CUCTEMBI 3JIEKTPOMArHUTHBIX €UHUIL: rayccoBa
u parnronanuzupoBanHas cucrema MKC (CH). Cuctema MKC Becbma yao0OHa npu
PAacCCMOTPEHUHM TPAKTUYECKUX KPYMHOMACIITAOHBIX SIBJICHUH, OCOOCHHO B
pa3IMYHBIX TEXHUUYECKUX MpuiioxkeHusx. ['ayccoBa cucrema Goiiee mpUroaHa npu
UCCJIEIOBAHUM MHKPOCKOIMYECKUX MpoOJeM, B TOM YHCIE 3JIEKTPOJIUHAMUKHU
OT/ICJIbHBIX 3aPSKEHHBIX YACTHII.

[lepeBoa U3 OHOM CUCTEMBI €AMHUI] B IPYTYIO B OOLIEM CITy4ae MOXKET OBITh
OCYIIECTBJICH C MOMOIIBI0 Ta0m. 3 u 4. Tabn. 3 maet cxeMy EpPeBOIA 8bIPANCEHUL
U ypasHeHuti 1 TI03BOJISET MEPEBECTH JII0OO0E YPABHEHHE U3 T'ayCCOBOIl CUCTEMBI B
cuc-

Tabnuya 3
Tabsauua nepeBoja BbIpakeHUii 1 GopmMyJ1 U3 OHOI CHCTeMBbI eIMHUI] B APYTYIO
Benmnunna I'ayccoBa cucrema Paunonansupoparas
Y cucrema MKC (CH)
Ckopocts cBeTa c (1o, )_]/2
H
AnpPSHKEHHOCTD 3JIEKTPUYECKOTO MO E (@, V) Are,E (q)’ V)
(moTeHIMal, HAPSYKEHHUE)
Ar
DneKkTpuueckast HHAYKIUS D —D
&
[TnotHOCTE 3apsina (3aps, TUIOTHOCTh 1 ( 31 p)
p@Q,J,1,P) ,\Q,J, 1,
TOKa, TOK, MOJISIPU3aLUs) Vars,
Ar
MarsuTHas UHIyKIHS B —B
Hy
HampskeHHOCTh MArHUTHOTO OJIS H \aru,H
Hamaranuennoctsb M Hop
4r
- o
OBOJMMOCTb o
poBOA 4rs,
&
JusnexTpudeckas IpOHULIAEMOCTb € .
0
Y7
MarHuTHast IPOHUIIAEMOCTh u ﬂ—
0
CompotusneHue (MMIEIAHC) R (2) 4re,R(2)
WNHIyKTHBHOCTD L Are,L
1
Emkoctb C C
4rs,

temy MKC, u Hao6opot. MmeroTcst 1 60jee mpoCcThie CXEMbl, MpeIHa3HAUYCHHBIE
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mub A nepexona u3 cucrembl MKC B rayccoBy, BO3MOXHBI TaKXKe U JpyTrue
obmme cxembl. OpHako Tabin. 3 TO3BOJNSET TMPU HEU3MEHHOCTH BCEX
MEXaHUYECKUX BEJIMYMH Cpa3zy, 0e3 BCAKOro J100aBOYHOTO PacCMOTPEHUS,
OCYILIECTBJISITh TIEPEBOJI BEJIMYMH, BCTPEYAIOIIMXCA B DJJIEKTPOJAMHAMUKE U
MEXaHUK.

B Tabn. 3 npu nepexozie OT OJHOM CUCTEMBI K IpYroil Macca, JUIMHA, BpeMs U
JPYTUE HEDJICKTPOAMHAMUYECKUE BEIMYMHBI HE U3MEHSAIOTCS. UTOOBI C MOMOIUIBIO
Tabn. 3 mpeoOpazoBaTh JI0O0E ypaBHEHHUE ,3aMMCAaHHOE B TayCCOBOW CHCTEME
eauHull, B ypaBHeHue B cucteMe MKC, ciegyer B 00€uMX 4YacTAX ypaBHECHUS
3aMEHUTh CHUMBOJIbI, TIEPEUHCIECHHBIE B CTOJIOIIE «rayccoBa CHCTEMay, Ha
COOTBETCTBYIOIIKME CUMBOJBI cucteMbl MKC, momeiieHHbie B IIPaBOM CTOJIOIE.
JlomyctMo u obpaTHOe mpeoOpazoBaHue. Tak Kak JyIMHA W BpeMsI HE U3MEHSIFOTCS
MIpU TIEPEXOE K APYTrOol CUCTEME, BEJIMUUHBI, PA3MEPHOCTH KOTOPBIX OTINYAIOTCA
JIVIIb CTEIECHSIMHU JUIMHBI U BPEMEHHU, 110 BO3MOXXHOCTH CTPYIIIIUPOBAHbI BMECTE.

Tabn. 4 nns mepeBoAa €IWHUIL MO3BOJISET MEPEBECTH YHMCICHHOE 3HAYEHUE
mo6oit pusnyeckoit BenmunHbl U3 cuctembl enunnll MKC B rayccoBy u oOpatHoO.
Tabn. 4 cocraBieHa TaK, YTO IO H3BECTHOMY 3HAUYECHHUIO paccMaTpUBaeMOM
¢dbu3nyeckoil BeNWYUHBI, BbIpakeHHOW B eauHunax MKC wim B rayccoBbIx
€IMHULAX, MOKHO ONPENECIUTh €€ 3HAaUEHNUE B €AMHUIAX IPYrol CUCTEMbI. Takum
o0pa3oM, 3Ha4YEHHUsI, TPUBOJIUMBIE B KAXKJOM CTPOKE, MPEICTABISIOT OJHO U TO YK€
KOJIMYECTBO, BBIPAKEHHOE B PAa3JIMYHBIX €AWHUIAX. B Tex ciydasx, Koraa
CYILIECTBYET OOIIEIPUHATOE HAMMEHOBAHUE €JIMHUII], OHO MPUBEJICHO B Tabnuiie. B
OCTaJIbHBIX CJy4dasx roBopsaT mpocto o uyuciae eauuul; MKC wim rayccoBbix
EIVHHUII .
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Tabauya 4

Tabuuna nepeBoja YUCJICHHBIX 3HAYeHNH PU3HYECKUX BeJTHYMH

dusnueckas 0603- | Pamnmonanu3upoBaHHast CHCTEMA Tayccoa crcTema
BEJIMYMHA HauyeHUe MKC (CH)

Jluna I 1 metp (M) 102 cu
Macca m 1 kunorpamm (kr) 1032
Bpewms t 1 cexynna (cek) 1 cex
Cuiia F 1 Heroron (H) 10° oun
Pabora W
DHeprus U } I oy (Jx) 107 ape
MomHOoCTh P 1 Bart (BT1) 107 spe/cex
3apsin q 1 Kymnon (Ku) 3 - 10° cmamxynon
[ImoTHOCTH 3apsiga p 1 KynoH - metp > 3- 10% cmamxynon - cm™
Tok I 1 Ammnep (A) (Kn/cek) 3 - 10° cmamamnep
[TnoTHOCTH TOKA J 1 Ammep - meTp 2 3-10° cmamamnep - cm™>
HanpspbkeHHocThb 1 Bonbt/™MeTp 1,

E =-10™" cmameonvm/cm
AIIEKTPHUYECKOTO TOJIS
[MoreHumnan o,V 1 BousT (B) 1/300 cmameonvm
Husnexrpuueckas p 1 Kynon-mertp 2 3 - 10° cmamxkynon-cm™?
NOJISIPU3ALUS
DnexTpudeckast D 1 Kynon-meTp 2 121- 10°cmamuynon-cm™
WHIYKIIHS
IIpoBoumMocCTh o 1 1/(Om-m) 9-10° cext
ConpoTHBIeHNE R 1 Om (Om) 1/9 - 107 cex-cn™
EmkocTb C 1dapan (D) 9-10% cu
MarauTHbII IOTOK o, F 1 BeGep (BO) 108 maxceenn
MarauTtHast UHIYKIUS B 1 Tecna (Ti) 10 eaycc
HanpspxkeHHOCTD H 1 Amnep/metp 4m-1073 apcmeo
MarHUTHOTO TIOJISI
HamaranuenHoctb 1 Ammep/metp 10*

M — eaycc

Ar
NHAyKTUBHOCTh L 1 T'enpu (I'n) 1 10t
9
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1.2 MeToabl penieHnst 3a1a4 3JIeKTPOAMHAMUKH

Merox cynepno3uunmu. HampspkeHHOCTh 3nekTpuueckoro nosst E Heckonbkux
HEMOJABWKHBIX TOYEYHBIX 3apAfoB (i, (2 .. paBHa BEKTOPHOW CyMMe
HANPSOKEHHOCTEH TMOJe, KOTOpble co3laBai Obl KaXAbll W3 3THX 3apsioB B
OTCYTCTBUE OCTAJIbHBIX, T.€.

E:ZS—;ri , (1.14)

rae Ii — paanyc-BeKTOp, MPOBENCHHBIN W3 3apsaa (i B TOUYKY HAOMIOACHHS. DTO
MOJIOKEHUE,  SIBJISIFOIIEECS  OOOOIIEHWEeM  ONBITHBIX  (DAaKTOB, Ha3bIBACTCS
NPUHYUNOM  CYNepno3uyuu  diekmpocmamudeckux nojeu. BO3MOXHO, YTO
MPUHIIAI CYTIEPIIO3UITMN HAPYIIACTCS Ha MAJIBIX PACCTOSHHUAX IMOPSAIKA pa3MepoB
atoMHbIX sgep (10712 cm) u MenbIIE.

CyTh MeTOJa pacdeTra dJIEKTPOCTATHUYECKUX TMOJIed CHCTEMBl TOYEUHBIX
3apsIIOB 3aKJIIOYAeTCS B pacuere IoJis, CO3/1aBaeMOIo KaXKJIBIM M3 3apsjioB B
ornenbHocTH E,, a 3areM BEKTOPHOrO CJIOXXCHHUS TOJYYCHHBIX BBhIpOKCHUN

corjlacHo BbipaxkeHuto (1.14). @opmyna (1.14) mo3BoJisIeT B MPUHIIUIIE PACCUUTATH
HaIpPSHKEHHOCTh AJIEKTPUUECKOTO TOJIS JIF0OOM CHUCTEMbl HETIOJBHXKHBIX 3apsiIOB.
Ecnu 3apsibl He TOYEUHBIE, TO UX CJIEAYET MBICIEHHO pa3/ieNIuTh HA MaJlble, YaCTH,
yTOOBl K&XIYI0 U3 HHUX MOXHO OBUIO CYHMTAaTh TOYEUHBIM 3apsigoMm. [lpu
HEIMPEPHIBHOM pachpeneneHun anektpudectBa cymma (1.14) mnepexomut B
UHTErpal.

IIpumep: BbIYMCINTS HANPSHKEHHOCTh AJIEKTPUUYECKOrO MOJISI PAaBHOMEPHO
3apsHKEHHOTO TOHKOTO IUCKA Ha €r0 T€OMETPUYECKOM OCH.

Pemienue: IlycTh 0 — mNOBEpXHOCTHas IUIOTHOCTH DJIEKTPUYECTBA, T.C.
KOJIMYECTBO AJIEKTPUYECTBA (3apsl), NpUXOAALIEecsd HAa €AUHUILY IUIONIAAN TUCKA.
[To ycioBuio BelMYMHA ¢ OJIHA U Ta K€ BO BCEX TOUKAX IJIOCKOCTH Aucka. M3
COoOOpaxeHWi CUMMETpUH sICHO, uTo Tosie E B m1000# Touke A reomMeTpudecKon
ocHu (puc.1.1) JIOJKHO OBITH
HAaIMpaBJI€HO BIOJb 3TOM OCH. 3aMETHUB
9TO, BO3bBMEM B TIUIOCKOCTH JHUCKa
IPOU3BOJIbHYI0O OECKOHEUHO Mailylo
wiomaaky dS ¢ 3apsaom dg = o dS.

HanpsxeHHocTh T10JIs,
CO3/IaBa€MOT0 ATUM 3apsiiIOM B TOYKE
A, Oynet onpenensiThCs BhIPAKCHUEM:

dE = odS/r?,
a ero npoekius Ha ock OA
dE, = odScosa/r?,

Puc. 1.1

501058
dE, =odQ,

rae dQ =dScose/r? — TenecHsIH yroi, oA KOTOpsIM miomanka dS BugHa u3 Touku
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A.
[TonHoe nosne E HaiineTcs uHTEerpupoBanueM BeipakeHus dEy o TenecHoMy yriy.
E=[E, =]odS
TakuMm mmyTeMm monsydaem
E=0Q
rzae (2 — MOJIHBIM TENECHBIN YroJl, oA KOTOPBIM JUCK BUJIEH U3 TOYKU 4. B yacTHoO-
CTH, KOIJa paauyc JucKa OECKOHEYHO BelIMK (OecKOHEeuHas 3apsKeHHas

TIJIOCKOCTb),
E =2mno.

Meton I'aycca ocHOBaH Ha NMPUMEHEHHUHU SJIEKTPOCTATHUECKOW TeopeMbl ['aycca:
IOTOK BEKTOpa HAaIpPSLDKEHHOCTH 3JeKTpocTathyeckoro nois E depes mro0Oyro
3aMKHYTYIO0 TIOBEPXHOCTh IPONOPLHOHAJIEH aNre0Opanuyeckoil CyMMe BCEX 3apsi/ioB,
OKPYEHHBIX JaHHOU MOBEPXHOCTHIO

®E§Eds=4ﬂq. (1.15)

B xauecTBe nmpuMepa onpeneuM HalpsKEHHOCTD 3JIEKTPOCTATHYECKOTO OIS
U TNOTEHLOHAN Iapa paguycoM a, DPAaBHOMEPHO 3apspDKEHHOIO 3apsauoM Q.
JludnexTpudeckass IPOHULIAEMOCTh MaTepuana IIapa U OKPYXKAIoLEH Cpenbl &.
Hagano xoopauHart mnomecTuM B LEHTpe Mmapa. T.K. 3apsan  paclpencicH
CUMMETPUYHO OTHOCUTEIBHO LIeHTpa Imapa, To BekTtop E B cdepuuecknx
KOOpAMHATAX HMMEET TOJbKO PaAMAIBHYIO COCTaBILIIONIYI0 Er, 3aBuCsmyr0 OT
omHoW koopauHaTel I. IIpoBemem Ha paccTosHMM [I>a OT LEHTpa IIapa
cepuuecKyro MOBEPXHOCTh S1 M MpUMEHUM TeopeMy ['aycca. T.k. 1715 Bcex Touek
NOBEPXHOCTU S1 YHUCIEHHOE 3HaueHue Bekropa E onmHakoBO, a HampaBieHHE
COBIIAJIa€T C HAIIPaBJICHUEM MOJIOKUTEIBHON HOPMANIU K MOBEPXHOCTHU S1, TO

4
IEBHGHldS = EBHCIL[ 47zr2 = _7zq
&
S
OTkyna HanpsH>KEHHOCTH OISl BHE 1Iapa paBHA
-9
€f2
ITorenuuan Touek BHe 1mapa
Q= —jizdr + const :&+const
& e
ITycte @ = 0 pu = oo, TOrAa
o=
er

Uccnenyem mone BHyTpu mapa. [IpoBemem chepuueckyro mOBEpXHOCTh Sy
pamuycoMm r<a. Ilo reopeme ['aycca
4ﬂqBHyT

§EdS=E 4ar? ;

BHYT
Sz

O603Ha4MM 00BEMHYIO TUIOTHOCTH 3apsiaa
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3apsi BHYTpH MMOBEPXHOCTH Sy

4 r.
qBHyT:p§m3:q_33’

a
[ToaToMy
_qr _4nmpr
Epyr = Py
2
Q=- 27X +const.
3¢

T.x. IMOTCHIHMaJI HEOPEPHIBEH, TO IPU ' = a 3HAYCHHUC OTCHIMaJla BO BHEIIHEH U
BHYTpeHHeﬁ o0macTax JOJIDKHO OBITH OJAMHAKOBBIM

4ma’p :_27za2p

+ const,
3¢ 3¢
OTKyJa
2
const = 2ma P .
£
[ToaTomy
_ 27zp!3a2 —r? )
BHYT 38 '

Meton u3zo0paxenui. [Ipoiie Bcero moHSATH 3TOT METOJ, PACCMOTPEB CiIydai
MPOBOJALIETO MoynpocTpaHcTBa. [lycTh miockocTs Z = 0 pa3fenseT nNpoBOAHUK
(z<0) m guonmektpuk (Z > 0) ¢ NPOHUIIAEMOCTBIO & B KOTOPOM 3aJIaHO
pacnpezesieHue CBOOOIHBIX 3apsAnoB p(r). s HaxoxkaeHHWs NOTEHLMana ¢ B
JTUDJIEKTPUKE HEOOXOIUMO PEIIUTh YpaBHEHUE
div(sV ) = —4np

¢ rpaHu4HbIM ycioBueM ¢(z=0)=0. [IpeaBapuTenbHO MPOU3BEAEM CUMMETPHUHOE
npoaopkeHrne GyHKIUU £(r) Ha obnactp Z<0, T .€. MOJI0KUM

g.(r)=2(xy.|z]). (1.16)
JlomycTuM, 4TO U3BECTHO HEKOTOPOE PELICHHE (. YPABHEHUS

div(e,Vo,)=—4zp (1.17)
BO BCEeM TMpocTpaHcTBe (oOparmM BHUMaHHe Ha To, uro p = 0 mpu z<0).

PaccmotpuM (yHKIHIO ¢ =-¢,(X,Y,~2). Wcnons3ys cBOMCTBO MHBapHAHTHOCTH

onepatopa div(e,V)OTHOCHTENIEHO OTPaKEHUS Z —>—Z, HETPYJAHO YOEIUThCA, UTO
@' YIOBJIETBOPSIET OJTHOPOJHOMY YPaBHEHUIO

div(eVe')=0 (1.18)

B oOnactu z>0. Od4eBUIHO, YTO @' — TOTEHIMAJ, CO3JaHHBIA OTPaKEHHBIMU

UCTOYHUKAMU C IUIOTHOCTBIO p'=-p(x,y,~z). TakuMm o00Opa3zom, pelieHueM

WCXOJTHOM 3a71a4 SIBJISICTCS] (DYHKITHS
¢'=0.(xy.2)-0.(xy-2). (1.19)
Ouznueckuit cmbicn pemenus (1.19) scen u3 camoro cmocoba ero
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MOCTPOCHHMS: MOTEHIHAIBI ¢ U (' CO3AIOTCS COOTBETCTBEHHO pacmpeieicHHeM
3apsia p NPU OTCYTCTBHH IIPOBOJSINEH CpPelbl W IOBEPXHOCTHBIMHU 3apsIaMH,
COCPEIOTOYECHHBIMH Ha TpaHuiie pasaena Z = 0.

B kadecTBe HArISAIHOIO MPUMEPA, MUILIIOCTPUPYIOIIETO METOMA OTPaKCHHIA,
paccMoTpuM clenyromyro 3amady. Ilycte mmockocts Z = 0, pasgenser aBa
IMAJIEKTPUKA C TPOHUIAEMOCTSMH &,(z2<0) M &,(z>0). B Touke A(0, 0, @) B
obnactu Z > 0 pacmonoxeH TOYeuHbId 3apsan e. Mcmomb3ys MeTon OTpakeHuH,

IIOTCHIIXAJI IT10JIA 6YI[CM HNCKATb B BHIC (pI/IC
1.2)

P = e”/(glrz ) @, = e/(52r2)+ e,/(ngl)'
(1.20)
Nuaye roBops, KpoOME UCTUHHOTO 3apsijia
€ MBI B3sUIH €llle J1Ba (PUKTHBHBIX 3apsaa e’ u
e', IOMENIEHHBIX B CUMMETPUYHBbIC TOUKHU. C
MOMOIIBIO0 3TUX (PUKTUBHBIX 3aps0B Kak pa3
W ONHUCHIBAECTCS  TMOJie  MOBEPXHOCTHBIX
3apsiIoB, COCPENOTOYEHHBIX HA TpaHULIC
pazaena z=0. TloxcraBmsass  (1.20) B
TPaHUYHBIC YCIOBUS
¢ —, =0, (n[ngo]) =0,
MoJy4yaeM CHUCTEMY ypaBHEHUM TS
OTpeeICHNUs] HEU3BECTHBIX MTOCTOSHHBIX €' 1 e'".
e/ =(+e)s,, e =e—¢.
Pemenne sToit cucTteMbl UMEET BUJT
e =elg, —&)/(e +&,), e"=2eg /(g +&,). (1.21)
C ero mnOMONIPI0 MOXHO BBIUHUCIUTH IOBEPXHOCTHYIO IUIOTHOCTH 77,
CBSI3aHHBIX 3apsIOB HA TPaHUIIE pa3elia
3
7o =Py ~P,)) = - (n(E, ~E,))= 07 2274
Arr 2% &,(e+&,)
[ToncuutaeM cuily B3aMMOJECUCTBUS BHECEHHOIO 3apsiia e ¢ JOTUMHU
CBSI3aHHBIMHM 3apsiiaMu. DHEPTHs B3aUMOJCHCTBUS paBHA

W= Leo = ee’ e’ & -¢&
e P, = - '
2 dag, Adag, & +¢,

S 4

Puc. 1.2

OTKYyJia HAaXOJIUM CHITY B3aUMOJICUCTBUS («CUITY U300paKCHUS):

F,.= =— :
oa 4a‘e, & +é&

a

MeToa MHBepCHMH OCHOBaH Ha MPUMEHEHUU Teopembl KenbBHHA, KOTOpas
bopMynupyeTcs cieayromuM 00pa3oM: ecliu ¢(r) — peleHue ypasHenus Jlamnaca,

TO r‘l(p(rr‘z) TaK)Ke €ro peuieHue npu r =0. CyTb METOIa COCTOUT B CIIEAYIOLIEM.
JlommycTm, 4TO MBI 3HaeM pelieHue ypaBHeHus llyaccona Ag =-4zp B HEKOTOPOH
obnactu V. CoBepuinM Teneppb npeodpa3zoBaHrue UHBEPCUH PaANyca a ¢ IEHTPOM B
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HEKOTOPOU TOUKE Io:
p'(r)=ae(r')/R, r'=a’R/R?, (1.22)

rie R = r — ro. IIpu sTom mpeoOpazoBanuu obsacth V mepenieT B HEKOTOPYIO
npyryo obnacte V', a ypaBHenue Ilyaccona, cormacHo Teopeme KenbBuHa,
PUMET BUJ

Ap'=(a/R) A'g(r")=~4x(a/R) p(r), (1.23)
YTO SKBUBAJICHTHO BBEJCHUIO B oOmactu V'
HOBOTO  pacilpenesieHus  3apsjgoB ¢
TIOTHOCTBIO

p'(r)=(a/R) p(r).

(1.24)
Takum obpazom, npeoOpa3oBaHue
UHBEPCUU  CBS3BIBAET MEXAYy  COO0OM
perieHus JIBYX Pa3HBIX 3a/a4

AIEKTPOCTATUKH.

HUcnons3yeM METON WHBEPCHUM A
pemieHuss ciueayrmomend 3amadn. Ilycte
UMeeTCsl 3a3eMJICHHas mpoBoasAmas cdepa
paaMyca a U BHE €€ 3a/laH0 HEKOTOpOE paclpelesieHue 3apsiioB p,(r). Beeagem
o0o3Hauenus V. s obiiacteld MpoCcTpaHCTBa BHE U BHYTpHU cdepwl (puc. 1.3).
bynewm uckats pernienue ypaBuenus [lyaccona

Ap =—-4rp, (1.25)
B oOsactu V., yIOBJIETBOPSIONIEE TPAHUIHOMY YCIOBHIO ¢ = () Ha MOBEPXHOCTH
cdepsl, B BUIE

Puc. 1.3

r’ ,
Q= P ,)dV + g (1.26)
r=r
V+
r7ie (g — HEKOTOpOE pellieHne ypaBHeHus Jlamaca.
JIJisi HaxOXKJIeHUs (o MOMECTUM B 00nacTu V_ WHBEPTUPOBAHHBIC 3aAPSIbI,
MJIOTHOCTH KOTOPHBIX, coryiacHo (1.24), paBHa

p.(r)=—(@/Rf p, a?r/r?), (1.27)
Y PaCCMOTPUM CO3JAaBAEMbI UMU MTOTECHIUAI
0o = [ gy (1.28)
r-r]

UtoObl yOeauThCS B  BBIOJTHEHUM TPAHUYHOTO YCIOBUS, BBIYHCIAM
MOTEHIIMAT (o Ha MOBEepXHOCTU chephl B HekoTopoil Touke A (puc. 1.3). Jlns
ynooctBa BBeaem obo3Hauenus (OP. = ry, AP. = R.) u Bocmonb3yemcsi TeM, 4TO
yCIIOBME WHBEPCUH r.r_ =a’ OSKBHUBAIEHTHO monoouro AOAP. u AOAP., u3
KOTOPOTO CJIEAYET, UTO

r./a=a/r. =R, /R_=const. (1.29)

OTOT (aKT HE YIUBHUTENIEH W SBISICTCS BBIPAKEHWEM HM3BECTHOTO CBOMCTBA
OKPYXHOCTH OBITh T€OMETPUYECKUM MECTOM TOYEK, ISl KOTOPBIX OTHOIICHHE
pacCTOSIHUIM 110 JBYX 3aJaHHBIX TOYEK MOCTOSIHHO (OKPY>XHOCTh ATIOJUIOHUSA).
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Ucnonp3ys (1.29), a Takke 3akoH MpeoOpa3oBaHUsI MPU HHBEPCHH DJIEMEHTA
o0beMa
2 6
dv, =r2dr.dQ=(a/r )°dVv_,
JUJISl TOUYEK Ha HOBerHOCTI/I c@epm I/IMCCM

Ip dvl_ J‘p-f— dvl_ J‘p+ dvl
YTO JKBUBAJIEHTHO BBINOJIHEHUIO rpaHHquro yCJIOBI/I}I ¢ = 0. Takum oOpazom,

pelieHre 3aa4i UMEET BU/T
p.(r) ., a\ a) | dv’
0= [t 15 el () e
v, A

Meton kondgopmHOro orodpa:kenmsi. [lose, 3aBucsIIEe TOJIBKO OT ABYX
JIEKAPTOBBIX KOOPJWHAT (X, V), HA3bIBAIOT IJIOCKUM. MOIIHBIM CpPEJICTBOM IS
peleHusl IJIOCKUX  3a7ad  JJIGKTPOCTAaTUKU  sIBISETCS Teopus  GyHKUIUN
KOMIUIEKCHOTO TepeMeHHOro. OCHOBaHMS i1 MPUMEHEHUS HTOM TEeopuu
3aKJIFOYAIOTCA B CIEAYIOLIEM.

DIIEKTPOCTATUYECKOE TMOJIE B MYCTOTE YJOBJIETBOPSET JABYM YpPaBHEHUSIM:
rotE=0 u div E = 0. Ileppoe W3 HHMX MO3BOJIIET BBECTU MOTEHIMAT TOJIS
cormacio E = — grad ¢. Bropoe ke ypaBHEHHE ITOKa3bIBacT, YTO HApsIy C @
MO>KHO BBECTH TaK)K€ M «BEKTOPHBIM MOTEHLIHA» 1ojis A cornacHo E = rot A. B
IJTIOCKOM ciiy4yae BEKTOp E JeXUT B MIIOCKOCTH Xy M 3aBUCUT TOJBKO OT 3THX JABYX
koopauHaT. COOTBETCTBEHHO, BEKTOP A MOXKHO BBIOpaTh Tak, YTOOBI OH ObLI BE3/IE
HalpaBJICH TMEPHEHAMKYJSIPHO K  TUIOCKOCTH  xy. Torma  KOMIIOHEHTBI
HaIpsS>)KEHHOCTH BBIPAYKAIOTCSA B BUJIE TPOU3BOJIHBIX OT () WJIM A COTJIACHO

@R g R (1.30)

Ho Takue COOTHOIIEHUS MEXIy TMPOU3BOTHBIMH (yHKIHMH ¢ U A ¢
MaTEeMaTHYECKONW TOYKH 3PEHUS COBIAIAIOT C W3BECTHBIMH ycioBusMu Komm —
Pumana, BeIpakaronmMu TOT (DaKT, YTO KOMIUIEKCHOE BBIPAKEHUE

w=gp—iA (1.31)
SBJISICTCS aHATMTHUYECKOW (YHKIIMEH KOMILJICKCHOTO aprymMeHra Z = X + 1y. D10
3HAYMT, YTO (PYyHKIUS W(Z) UMEeT B KakJI0W TOUKE OINPEICICHHYIO TPOU3BOIHYIO,
HE 3aBUCAIIYIO OT HAMpaBJICHUS, B KOTOpoM oHa Oepercs. Tak, nuddepennupys B
HaIlpaBJICHUH OCH X, HAlJEeM, U4TO

aw_Jde . 0A
dz ox ox
NI
dw .
E = _EX + |Ey. (132)

OyHKuMA W Ha3bpIBACTCA KOMIUIEKCHBIM IOTCHIMAIOM. CHIIOBBIC JIMHHUU I10OJIS
ONPENEIIAIOTCS YPaBHEHUEM
dx dy

E. E,

Beipaxas E, u E, uyepe3 NponU3BOJHBIE OT 4, IEPENUIIEM 3TO YPABHEHUE B BUIE
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dx%+dy%=dA=0,
OX oy
otkyna A(x, y) = const. Takum 00pa3oM, JTUHUH TOCTOSIHHBIX 3HAYCHUH MHHUMOM
qacTh (pyHKOHMKA W(Z) TIPEICTaBISIOT COOOW CHJIOBBIE JIMHWUW TOJA. JIMHUU ke
MMOCTOSIHHBIX 3HAYCHHUM €€ BEIICCTBCHHON YaCTH SIBJISIOTCS SKBUIOTCHIIUAIbHBIMHU
TVHUSMH. B3anmHas  OPTOTOHAIBHOCTH  3THUX  JABYX CEMEWUCTB  JIMHUU

oOecrieunBaeTcs ye HCXOAHbIMH cooTHOIEHUsIMH (1.30), coritacHO KOTOPBIM
Op OA  Op OA
_¢ -+ _(0 i O

Kak BemiecTBeHHas, TaKk ¥ MHHMas YacTH aHAJIUTHYCCKOW (YyHKIUU W(Z) B
PaBHOM CTEIEHU YAOBIETBOPAOT ypaBHeHuto Jlammaca. Iloatomy ¢ Tem ke
YCIIEXOM MOKHO MPHUHATH Im W B KadecTBe moTeHiuana mosysi. COOTBETCTBEHHO
CUJIOBBIC JIMHUU OyAyT TOT/a AaBaThcs ypaBHeHUsiMU Re W = const. BmecTo (1.31)
OyzmeM npu 3TOM UMeTh W = A + .

[ToToK HaAMPSKEHHOCTH DJIEKTPUYECKOTO MOJS Yepe3 Kakou-Inbo OTpe3oK
HKBUITOTEHUHUAIIBHOW JIMHUH J1a€TCSI UHTErPAIOM

jaﬂl=—J%§dL

rae dl ecTb 3IeMEeHT SKBUITOTCHIIMAILHOW JIMHUH, a N — HApaBJICHUE HOPMAaJH K
Hei. CornacHo cootHomeHusM (1.30) umeeM o¢p/on=—-0A/6l, TIpUYEM BBIOOD
3HaKa MpPEeJIoJiaraeT, 9To €CIM CMOTPETh B HAIPABJICHUU N, TO MOJOKHUTEIHLHOE
Hanpasienue | — BieBo. [Toaromy

OA
IQM:L—Mz%—Q,
ol
rie A1 u Ay — 3HaueHuss 4 Ha 00OOMX KOHIAX OTpe3ka. B uwacTHoCTH, MOTOK
AJIEKTPUYECKOTO TMOJIA 4Yepe3 3aMKHYTBIM KOHTYp paBeH 4me, Tle e — TMOJHBIN

3apsii, OXBAaTbIBAEMBIH OSTHM KOHTYPOM (OTHECCHHBIM K CIWHUIIC JJIMHBI

MIPOBOJIHUKOB BJI0JIb OCcH Z). [TloaTOMY
e=-1 AA, (1.33)
Ar
rne AA — usMeHeHne A mpu 00XoAe 3aMKHYTOW SKBUIIOTCHIIMAIBHOW JIMHUM B
HaIlpaBJICHUU IPOTUB YaCOBOU CTPEIIKHU.

[IpocTeiimiuM npuMEepoOM KOMIUIEKCHOTO IOTEHIMaNa SIBJISETCS IMOTCHIIMA
NOJIS 3apsHKEHHOM MPAMON HUTH (COBIAJAIONIEH ¢ OChIO Z). HampsikeHHOCTh 3TOTro
noJist gaetrcs popmynamu

_2e
r — r 1
rjae I, 0 — noJspHble KOOPAWMHATHI B IUIOCKOCTH XY, @ € — 3apsii €AUHUIIBI JJTUHBI
HUTU. COOTBETCTBYIOIIMI KOMITJIEKCHBIN MOTEHITUAT
w=-2elnz=-2elnr —2ied. (1.34)
Ecnm ke 3apskeHHass HUTh MPOXOJIUT HE Yepe3 Hauajao KOOPAUHAT, a 4epe3 TOUKY
(X0, Yo), TO KOMIIJICKCHBIH ITOTEHIIHAT

w=-2eln(z-1z,), (1.35)

E

rae Zo = Xg + Iyo
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C MaTeMaTHYeCKOW TOYKH 3peHUs] (YHKIIMOHATLHOE COOTHOIEHUuE W = W(Z)
OCYIIECTBISIET  KOHGOPMHOE  OTOOpaKEHHE  IIJIOCKOCTH  KOMILJIEKCHOTO
MEPEMEHHOT0 Z Ha IUIOCKOCTh KOMIUIEKCHOTO mepemeHHoro W. Ilycte C ecThb
KOHTYp CCEYECHHS IIPOBOJIHMKAa B IIJIOCKOCTH XV, a (o — IOTCHIIMAI JTOr0
npoBoAHMKA. V3 BCero ckazaHHOTO BHIIIE SICHO, YTO 3aja4a 00 ornpeeeHuH MoJs,
CO3/IaBa€MOT0 3TUM IPOBOJHUKOM, CBOJMTCS K HaXOXKACHUIO TaKoW (yHKIIUU
W(z), koTopasi oroOpaxkana Obl KOHTYp C B IUIOCKOCTH Z Ha JIMHHIO W = Qo,
napajuielIbHyl0 OCH OpPJIMHAT B IJIOCKOCTH W; TOTJIa BEIIECTBEHHas 4acTh Re W
JacT MOTEHIIMAJI pacCMaTpUBAEeMOro mojs (eciu ke QyHkmus W(Z) oroOpaxkaert
koHTYp C Ha JMHHUIO, TApaUICIbHYI0 OCH alClUcC, TO MOTEHIMANl JaeTcs
dynkuei Im w).

B kaudectBe mpumepa ompeienauM MOTEHIHUAl BOJIM3U 3a3€MIICHHOTO YTia,
oOpazoBanHoTO TIocKocTsIMU X = 0, Yy = 0. [IycTh mone HampaBIIEHHO BIOJIb OCH
OX. 151 Takoro moJist

= —[E|(x +iy)= @ +iA,

¢ =—-|E|x, A=—Ely

KondopmubiM  mpeoOpazoBanmeM  w='‘Pz?%i  mpeoOpasyem  yroi B
MOJTYTUTOCKOCTh. KOMITIIEKCHBIN TTOTSHITHAN PaBEH

W=p+iA=Y2% = P(x +iy)i
Orcrona
@ =-2¥xy,

A=‘P(x2 —yz)

1.3 YpaBHenuss MakcBeJia

B unrerpanbHoii popme ypaBHeHHs] MakcBesia UMEIOT BUJL

§Hd| 4r I( i@jds (1.36)
§Ed| ——j—ds (1.37)
§Dds = 4;szdv, (1.38)
S
deszo. (1.39)
B muddepennmansuoit hopme
rotH = 4—”] 1D (1.40)
c cot
ote=_1B (1.41)
c ot
divD = 4zp, (1.42)
divB =0. (1.43)
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Huddepenunanbable  ypaBHEHUST HEOOXOJUMO JOMOJHUTH TPAHUYHBIMU
YCIOBUAMHU, KOTOPBIM JOJDKHO YJOBIETBOPSTH AJIEKTPOMArHWTHOE TII0JIe Ha
rpaHMIIe pa3zena ABYX Cpen:

D,, -D,,=4r0, (1.44)

B, =B,y (1.45)

[k, - [H, 1= 254 (1.46)

31ech G — MOBEPXHOCTHAS TUIOTHOCTb 3apsia, | — MOBEPXHOCTHAS IIOTHOCTh TOKA

MIPOBOJIMMOCTH Ha pacCMaTpUBaeMOM I'paHuUlLIe pa3jena.

s Toro, utoObl ypaBHeHus (1.36) — (1.39) u (1.40) — (1.43) cocraBisuin
MOJIHYI0O CHUCTEMY HEOOXOIMMO JOMOJHUTh UX MaTepUANbHBIMU ypaBHEHUSIMH,
XapaKTepU3yIOIIMMHA HWHIWBUIyalbHBIE CBOWCTBAa cpenbl. Hambomee mpocTs
MaTepuajbHble ypaBHEHUSA [UIsI CIAOBIX TMOJEeH, MEIICHHO MEHSIOUMXCS BO
BpeMeHU. B 3TOM ciaydae s M3OTPOINHBIX  HEPEPPOMArHUTHBIX U
HECETHETOAJIEKTPHUECKUX CPEJl MaTepHAIIbHBIC YPABHEHUS UMEIOT BU

D = ¢E, (1.47)
B = uH, (1.48)
j=AE. (1.49)

rjie €, U, A — JUPJICKTPUYCCKAs W MarHUTHas MPOHHMIIAEMOCTH W IPOBOJIUMOCTH
CpEJIbI.

3amavu QU1 CaMOCTOAATEIbHOTO PellICHUs

1. 3apan g>0 paBHOMEPHO paclpeliesieH MO0 TOHKOMY KOJIbILy paJHyCcoM d.
HaiiTiu HanpssKeHHOCTh E 3JIEKTPUYECKOro MOJsi Ha OCH KOJbla KaK (DYHKIIMIO
PAcCTOSIHUS Z OT €T0 LEHTpA.

2. Tonkast npsiMasi HUTh JyIMHOU 2| 3apspkeHa paBHOMepHO 3apsiioM (. Haiitu
HANpsHKEHHOCTh E TOJS B TOYKE, OTCTOSIIENW HA PACCTOSTHUM X OT LIEHTPA HUTH U
PaCIIOJI0KEHHOW CUMMETPUYHO OTHOCHUTENIBHO €€ KOHIIOB.

3. Omnpenenuth 10JIe OECKOHEYHOTO MPSMOIro UWIMHApPA PaBHOMEPHO
3apSYKEHHOTO ¢ 00BEMHOM TJIOTHOCTBIO 3aps/a p.

4. a) Yemy paBHa HaMpsHKEHHOCTh MOJS B IEHTPE IIECTUYTOJIBHUKA CO
CTOPOHOM @, 0 BEPIIMHAM, KOTOPOTO PAaCHOJIOKEHBI LIECTh 3apsAa0B (.

0) B cirydae, eCJIi TpH 3apsjia paBHbI +( U TpH —(.

5. OnpenenuTs HANPSKEHHOCTH IOJISI OSCKOHEYHOM INIOCKOIApaslIeIbHOM
TJIACTUHKY TOJIIMUHONW 2@ PaBHOMEPHO 3apsHKEHHONW C OOBEMHOUM TUIOTHOCTHIO
3apsaa p.

6. BpluucauTh NOTEHIMAT W HANPSHKEHHOCTh AJIEKTPOCTATUYECKOTO TOJIA
BHYTPM W BHE NpoBojsIiiel cdepsl paauyca g, MO MOBEPXHOCTH, KOTOPOH
PaBHOMEPHO pacIpeesieH 3apsia e.

7. BBIUMCIWUTH WHIYKIHMIO MAarHUTHOTO TIOJSl, BO30YXKIaeMOTO MPSIMBIM
OECKOHEYHBIM TOKOM, Ha PACCTOSTHUU [ OT €ro OCH.

8. Tok 20a Teuer no OECKOHEYHO JJIMHHOMY ITPOBOJY, COTHYTOMY IOJ YTJIOM
B 60°. Omnpenenuts HUHAYKIMIO MarHUTHOTO TIOJsi B TOYKE, JIeKalled Ha
OHMCCEKTpHCE yIJIa Ha PACCTOSIHUM SCM OT €ro BEPIIVHBI.
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9. Jlunelinplil TOK | MUPKyIMpyeT MO OKPYKHOCTU paauyca a. Berauciurhb
WHIYKIWI0 MATHUTHOTO TIOJISl B TOUKE, JIEJKAIlled Ha IEPIEHAUKYJISIPE K INIOCKOCTH
TOKA Ha PacCTOSIHUU X OT LIEHTpa TOKa.

10. BbluMCIUTh HANPSHKEHHOCTh AJIEKTPOCTATUYECKOTO MO OECKOHEUHOMH
PaBHOMEPHO 3apsKEHHOM MIIIOCKOCTH.

11. BblYMCIUTP NOTEHUHUAT 3JIEKTPOCTATUYECKOrO IIOJSA, CO3JaBAEMOTO
mapoM paauyca R, mo o0beMy KOTOPOTO paBHOMEPHO PACTIPEIEIICH 3apsij €.

12. TloBepxHOCTh OCECKOHEUHOTO KPYroBOro MHIWHApa (pamuyca a)
PaBHOMEPHO 3apspKeHa TaK, YTO Ha €IWHHUILY €ro JJIMHBI MPUXOIUTCSA 3apsia A.
OnpenenuTs HAPSHKEHHOCTH 011 BHYTPU U BHE LHUJIUHAPA.

13. To xe Ay UuIMHAPA, 00bEMHO 3apPSYKEHHOTO C TUIOTHOCTBIO P.

14. ToueuHblii 3apsAn + e HAXOIWTCS HAa PACCTOSHUM d OT IUIOCKOU
NOBEPXHOCTH  OECKOHEYHOTO  IPOBOJHMKA,  3aHHMAIOLIEr0  BCE  JIEBOE
nosrynpoctpaictso. OmpenenuTes Iojie  BHE IPOBOAHMKA. Hailtm Takxke
IIOBEPXHOCTHYIO IIJIOTHOCTh OTPHULATENBHBIX 3apsl0B, WHIYIMPOBAHHBIX Ha
MOBEPXHOCTH MPOBOJHUKA.

15. To xe nmua OECKOHEYHOW MpsSMOM PABHOMEPHO 3apsHKEHHOW HHTH,
napajieIbHON ITIOCKOM T'paHuLe MPOBOJIHUKA U OTCTOSILIEH OT HEE HAa PACCTOSIHUN
a.

16. ToueuHbli 3apsan + e HAXOAUTCA HA PACCTOSHUM a OT ILEHTpa
3a3eMJICHHOU TipoBosiieit cepsl paguyca R. OnpeaenuTs NOTeHIMaT TOYEUHOTO
3apsa € Y4YETOM MCKaKEHHUs, BBI3BIBAEMOIO OTPULIATEIBHBIMHU 3apsIaMH,
WHYIIMPOBAHHBIMU Ha MOBEPXHOCTU cepbl. HaliTu Takke cuity, ¢ KOTOpPOit 3apsij
MIPUTATHUBACTCS K cdepe.

17. beckoHeuHas mpsAMas 3apsokeHHass HUTh (C 3apsaoM + A Ha €IUHUILY
JUIMHBI) TapajijielibHa OECKOHEYHOMY 3a3€MJIEHHOMY HPOBOJSAIIEMY LUIUHIPY
(panuyca R) m orctout paccrosauu h ot ero ocu. Ompenenuts: 1) moyie BHE
MUJINHAPA; 2) TIOTHOCTh 3apsiI0B, UHIYIIUPOBAHHBIX HA MOBEPXHOCTH ITWIMHIIPA,
1 3) cuiy (Ha €AMHUILY JUTMHBI), C KOTOPOW HUTh MPUTATUBAETCA K LIMIIMHIPY.

18. YUeMy paBeH JMHEWHBIH KOA(Q(ULHUEHT MpeoOpa3oBaHUus @ = 22 ? Kaxos
Tr€OMETPUYECKUM U PU3HYECKUM cMBICT Kod(duiireHTa npeoOpazoBaHus?

19. IIpeoOpazoBanne @ =INzZnpu JUHUAX PaBHOTO MOTEHIMaNa U = CONSt
IPEACTABIIIET HA IUIOCKOCTU Z TOJIE 3apsyKEHHOM OCH, NMOMEIIEHHOW B Hadale
koopauHatr. UYto OynyT mpencTaBisTh Ha IUIOCKOCTH Z TpeoOpa3oBaHus

w=(z-a); o=In""2
z

, T a — MOCTOsTHHAs ?

20. MeronoM UWHBEPCHMM  ONPEAEHWTH  IOJE  TOYEHYHOrOo  3apsja
pacmojoXKEeHHOro a) BOJM3M 3a3eMJICHHOW MPOBOASIIEH IJIOCKOCTH U 0)
3a3eMJICHHOU MPOBOAIIEH ChEpHI.

21. MeToOM HMHBEPCHHM ONPEIEIUTh I0J€ MPOBOAAILIEIO UUIMHApPA B
IIPUCYTCTBUM NAPaAJUIEIIbHON €My 3apsKEHHON HUTH.

Bonpocsl 1j1 caMONIPOBEPKH.
1. 3akonsl Amnepa u Kynona.
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CHcTeEMBI €TUHULIL.

JlokanbHbIC XapaKTePUCTUKHU AIIEKTPOMATHUTHOTO TIOJIS.

CoxpaHeHue MEKTPHUECKOT0 3apsia.

YpaBHEHHE HENIPEPBIBHOCTH.

Cucrema ypaBHeHHI MakcBelia B BakyyMme B auddepeHnuanbHon hopme.

3akoH COXpPaHCHUA SOHCPIUH MPUMEHUTEIIBHO K OJICKTPOMAarduTHBIM SIBJICHUAM.

O N Ok WN

3aKOHBI COXpaHCHUA HUMIIyJIbCa W  MOMCHTa HMIIyJIbCa INPHUMCEHUTCIILHO K
OJICKTPOMArduTHBIM SBJICHUSIM.

Cnucok aureparypsl
BacunseB A.H. Knaccuueckast snektpoaunamuka. Kpatkuil Kypc JeKUund. —
BXB-IletepOypr, 2010, 288 c.
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240 c.
Oeiinman P., Jleitton P., Conan M. deliMaHoBCKHE JIEKIIMU 1O (pu3uke. BeI.
6. DnextpoauHamuka. — M.: JIubpokom, 2012.
. AnexceeB A.M. COOpHUK 3a/lay MO KJIACCHYECKOM AJIEKTpOoAuHAMUKe. — M.:
Jlanp, 2008, 320 c.
bareirun B.B., Tonteirun W.H. COopHuk 3amad 1o 3JIEKTpOJMHAMUKE U
CIIeIIMaJIbHOW TEOPUM OTHOCUTENIbHOCTH. — M.: Jlans, 2010, 480 c.
bareirun  B.B., Tonteirun W.H. CoBpemenHass snekTpoauHamuka. Y.1.
Mukpockonmueckas teopus. — M.: HUI[ «PerynspHas xaoTuueckas
IuHamMukay, 2005, 736 c.
MynrtanoBckuii B.B., Bacunerckuit A.C. Kypc Tteopetnueckoil (Qu3MKH.
Kinaccuueckast anekrpoaunamuka. — M.: [Ipoda, 2006, 352 c.
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TEMA 2. DJIETPOCTATHUKA

Heab: ®opmupoBanne Habopa oOmenpodhecCHOHATBHBIX U MPOheCCHOHATBLHBIX
KOMIETeHIIM Oyayiero OakajiaBpa IO HalpaBiICHUIO MOATOTOBKH  03.03.02
®dusuka. M3yueHue 31eKTpoCTaTUYECKUX MOJIel B BAKYYME U CIUIOIIHBIX cpeaax.

Bonpochl it M3y4YeHMsI: YpaBHEHWs DBJIEKTPOCTATHKA W TPAHUYHBIC YCIOBHS IIPH
HAJIMYUU 3apsOKEHHBIX ITOBEPXHOCTEH. OJIEKTPOCTATUYECKOE II0JE€ B BaKyyMe. YpaBHEHUs
Jlarmaca u Ilyaccona. IIpoBOOHHMKM B 3JEKTPOCTATHYECKOM TNoJie. JIUIONBHOE pa3siOKEHUE
noTeHIajia. MyJIbTI/IHOHLHBIC Pa3JI0KCHUA TMOTCHLIUMAJIOB. 3Hepr1/151 SJICKTPUYCCKOT'O II10JIA.
OHeprus JUIoJs B 3JIEKTPUUECKOM IIOJIE.

Teopemuueckan uacmsp
OCHOBHBIC NOHATHS TEOPHUH IJIEKTPOCTATUYECKHUX MOJICH

HanpsokeHHOCTh  3JIEKTPUYECKOrO0  MMOJSI B BaKyyMe€  YAOBJIETBOPSIET
ypaBHeHUsIM MakcBeia

divE=%", rotE=0. (2.1)
€o
HOTCHHI/IaH u HaHpH)KCHHOCTB BHCKTpI/ItIeCKOFO I10J1d CBA3aHBI COOTHOIICHUAMU
)
E=-gradep, o(r)= J.Edr, o(ry)=0. (2.2)
r
[ToTeHIMan ¢ yaoBIeTBOPsET ypaBHeHHIO ITyaccona
Ap=—2". (2.3)
€o
Oo6uiee pemenre ypasHenus ITyaccona:
1 ¢ pdV
= =, 2.4
¢ s -[ r (24)

[ToTeHnMan HEMPEPBHIBEH U KOHEYEH BO BCEX TOYKAX MPOCTPAHCTBA, I/I€ HET
TOYEYHBIX 3apsA0B, B YACTHOCTH, Ha 3apSIYKEHHOW IMOBEPXHOCTH, Pa3AeIISIOLIEH
HEKOTOphle obnactu 1 u 2, ¢ = ¢,. HopManbHbIe IPOU3BOJAHBIE ¢ TEPIAT Pa3pbiB

Ha 3ap>1>1<eHH0171 IMIOBCPXHOCTHU:

E2n—E1n:z 17807 a—%—aﬂzz. (2.5)
o on on o

Hopwmauis N Hanpasiiena u3z oodxactu 1 B 06macts 2.
DHeprus dJIeKTPOCTATUYECKOrO TOJS B BaKyyMe BBIUHCISETCS MO OIHON U3

cieayrmux Gopmyi:
1 1
W:—jpgodv +—jo¢ds, (2.6)
29 23
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_1 2
W _EgojE dv . 2.7)

[ImoTHOCTE OHCPI'UHU SJICKTPHUICCKOTO IIOJIAA B BAKYYMC!
1
W=E£0E2. (2.9)

Ha 1 M2 IMOBCPXHOCTHU IIPOBOOHHUKA CO CTOPOHBI JJICKTPHUYICCKOI'O I10JIA ﬂeﬁCTByeT

CuJjia, HAIIPAaBJICHHAA I10 BHEIIHEH HOPpMAaJIA K €T0 ITOBCPXHOCTH:

02

f=—-. (2.10)
28

OCHOBHBIC ypaBHEHHUsI IIOCTOSIHHOTO DJJICKTPUUYECKOTO TMOJisd B JUAJICKTPUKAX

MMECIOT B

divD=p, TrotE=0. (2.11)
VYpasuenue Ilyaccona
Ap=—"L". (2.12)
&€y
Oo1uee pemenue ypaBHenus [lyaccona:
1 \Y
p-— [PV (2.13)
Arsey?

OTHOCHTEJIbHAS JAMAICKTPUYCCKAs MPOHHUIIAEMOCTh JIUAJICKTPHKA, OMPEICISIeTCs
U3 COOTHOIIICHHUS:
D=¢gyE. (2.14)
OObeMHass ¥ MOBEPXHOCTHAS IIJIOTHOCTH CBSI3aHHBIX 3apsIOB AMIJIEKTPUKA
COOTBETCTBECHHO PaBHBI

o, =—divP. (2.15)
Ocpms. = I::fl.n - I::.Zn . (216)
rie P — BEKTOp MOISPHU3ALUM IUDJIEKTPUKA.
HOHHBIﬁ IIOTCHIIHAJI SHCKTpI/I‘IeCKOFO I10JI1 HpI/I HaJIM4Yuunu I[I/IBHCKTPI/IKa:

1 J‘(p"' pCB;B.)dV +I(G+ GCBSB.)dS . (217)
r r

v= 472'80

Onpenenenre BEKTOpa 3JIEKTPUUECKOM MHAYKIUKU D:
D=¢g,E+P. (2.18)
Jlnst  mmumpokoro  Kiacca  AWDJIEKTPUKOB HMMEET MECTO  CJEAyHoIiee
cooTtHolenue: P=aE, rie o — nonspuzyemMocTh AUANIEKTPUKA, CBSI3aHHAs C
TUDJICKTPUIECKOM MPOHUIIAEMOCTHIO COOTHOIICHHEM: « = &,(¢ —1).
DnekTpoctatuueckas Teopema laycca s DJIEKTPUYECKOTO TOJS TPHU
HAJIMYUH B HEM JIUDJICKTPUKOB (DOPMYIUPYETCS CIASAYIOIMMUM 00pa3oMm:
fDds =q. (2.19)
S

FpaHI/I‘-IHBIe YCIIOBUA JJIA SJICKTPUYCCKOI'O IOJIA IIPU HAJIMINU JUISJICKTPUKOB!

Dy =Dy =0, (2.20)
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Ey =Ey. (2.21)
HHOTHOCTL 3HCpI‘I/II/I BJIGKTpI/I‘IGCKOFO I10JIA B I[PIC-)JICKTpI/IKaXI
w=1ED. (2.22)
2
O6’beMHa}I ITIJIOTHOCTD HOHI[CpOMOTOpHI:IX CHJI, ,Z[GP'ICTBYIOHIHX Ha
I[I/IC-)J'ICKTpI/IKI/I CO CTOpOHBI BJIGKTpOCTaTI/I‘{eCKOI‘O IT1OJIA.

f =%ONE2. (2.23)

Emkocts C KOHICHCATOPA HA3bIBACTCSA OTHOIICHHC 3apAaa Ha OJIHOM U3 €ro
06KJ'IaI[OK K Pa3HOCTH ITIOTCHIHNAJIOB MCKIY O6KJ'IaI[KaMI/IZ

c-—94 . (2.24)
2 )

IIpumeps! penienus 3agay

1. ITo obwemy miapa (paguyca @) PaBHOMEPHO pacIpeaeicH 3apsn e.
OnpenenuTs COOCTBEHHYIO DHEPTHIO JIEKTPOCTATHIECKOTO IO, BO30YK/IaeMOT0
IapOM.

Pemnienue

CoOCTBEHHYIO SHEPTHIO AJICKTPOCTATHYECKOTO IO B OTCYTCTBHHM B HEM

JIURJIEKTPUKOB MOXKHO BBIYHCIIUTH, MOJIb3YSCh (POPMYIION:

1 1
W=§Jp¢dV+§£a¢dS (1)

(rme V — 00beM TOM 4acTH MPOCTPAHCTBA, € UMEIOTCS 00BEMHO pacipeiesieHHbIC
3apsabl, T.€. Te p =0, U S — MOBEPXHOCTH, HA KOTOPBIX UMEIOTCSI TIOBEPXHOCTHO
pacnpeneneHHbie 3apsiapl o # 0) mbo hopMynoii:

_1 2
W—EgojE dv ()

II€ MHTErPUPOBAHUE pACIPOCTPAHSAETCS Ha BCIHO OECKOHEUHYI 00JacTh
IIPOCTPAHCTBA, 3aHUMAEMOI'0 JIEKTPUUECKUM I10JIEM.

[Ipumensisi Kk pacdeTy SJEKTPUUYECKON SHEPIUH 3apsHKEHHOTOo 1apa Gopmyiny
(1), 3ametum, 49TO B paccMarpuBaeMoM ciydae Bcoony o=0, a p=0 muimb
BHYTpHM LlIapa, rae

P |2 f
i 280 3
IToaTomy
P r2
W=, j a?—— |dv. (3)
ey, 3
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Tak Kak NOJBIHTErpalbHOE BbIpaXkeHUE B (3) HE 3aBUCUT OT yrioB 6 U «,

AJIEMEHT 00BbeMa MOXKHO BbIOpaTh B BHue dV = Azr?dr. Tloncranoska dV B
dbopmyny (3) 1 uHTErpUpOBaHKe Mo I B ipeAenax ot 0 10 a 1aroT:

2a 2
W:EJ- a2- rzdr_47za p’

80 0 3 1580
HOI[CTaBJIHH CroJa BCIIMYHUHY 00BbEMHOM MJIOTHOCTH 3apsaa0B, [MoJIydacM:
3e?
T (4)
207[80&

[Toxaxxem Temepb, Kak modb30BaThcs (opmynoit (2). Ilpexne Bcero ee
CIIeIyeT TIepenrcaTh B BUJIC:

——go([E v + [EZav ), (5)

rac Ei )51 Ee — HaIIPpsZPKCHHOCTHU I10JII COOTBCTCTBCHHO BHYTPH M BHC IIapad, OHHU
PaBHBI:

er €
Ei=——> n Eg=——.
47[{90& 472'80I’
IToxcrasmsist B (5) Tawke dV = 4zr >dr 1 BHIIONHSS HHTETPUPOBAHKE, HAXOUM

a 2 © 2 2

e e 3e
W = j—6r4dr+j—2dr =—.
r 207gqa

2. Jlns cuctembl JByX OECKOHEUHO JUIMHHBIX W THapaJljIeIbHBIX
UJIMHAPUYECKUX TTPOBOHUKOB (ITPOU3BOJIBHOTO CEUCHHS ), UMEIOIINX 3apsibl £ e,
M3BECTEH IIOTEHIMAJ (p(x, y), KOTOPBIA HA TIOBEPXHOCTAX IPOBOJIHHUKOB

IIPUHUMACT IIOCTOSIHHBIC 3HAYCHUS ¢ U (o U BCIOAY B IIPOCTPAHCTBE MCXKIYy HUMU

yAoBIeTBOpsieT ypaBHeHUIO Jlammaca. KakoBa B3auMHasi €MKOCTh (Ha €IUHUILY
JUTMHBI) YKa3aHHOW CUCTEMBI TPOBOIHUKOB?
Pemenne
[lonHass »nexkTpuyeckass HHEPrHsi, NPUXOIALIAACS Ha EIUHUIYY JJIUHBI
paccMaTpuBaeMOM CUCTEMbI POBOHUKOB, paBHA:

rIe WHTETPUPOBAHUE TPOU3BOJIUTCA 1O OOKOBBIM TIOBEPXHOCTSIM S1 U S
MWIMHIPOB €IWHUYHON JJIWHBL. BBUAY TOTO, YTO IUIMHAPHI HECYT paBHBIC IO
a0COJFOTHOM BeNMYMHE 3apsinbl (0, =—0q)

1

W :E(Cﬁz _(DI)IJZdS .
S2

Iloxcrasists croma
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rae dL — smeMeHT anMHBI KpuBOH Lo, nexamel B CEYEHUH OJHOTO U3 LUIMHAPOB,
HAXOJIHAM:
1 op

W:_§80(¢1_¢2)§_dL' (1)

C ZApyroil CTOPOHBI, pacCMaTphBas JAHHYI0 CHCTEMy POBOIHHKOB Kak
KOHJICHCATOP, €€ MOJIHYO YIEKTPUYECKYIO SHEPIHIO MOJKHO 3alliCaTh B BHIE:

1 2
W=l -e.)°C. (2)

CpaBHuBas (1) u (2), HaX0qUM BEJIMYMHY B3aUMHON €MKOCTH paccMaTpUBacMOU
CUCTEMBI POBOJHUKOB

3agauu 1J191 CaAMOCTOSAITEILHOIO peIcHus.

1. Caurasi, 4TO 3apsabl MPOTOHOB PAaBHOMEPHO pacCIpeieeHbl M0 00beMy Spa,
NpeACTaBIsAONIero  coboit  map paauyca R, moacuutaTth  SHEPrUio
AIIEKTPOCTATUYECKOTO B3aWMOJICUCTBUSL MPOTOHOB B SIPE aToMa C MOPSAKOBBIM
HOMEpOM Z.

2. B paBHOMEpHO 3apsi’KEHHOM IIape ¢ 00BEeMHOM TIOTHOCTBIO 3apsiia o UMEeTCs
mapooOpasHasi MoJIOCTh, IEHTP KOTOPOW PACIIOIORKEH HAa PACCTOSTHUU @ OT IIEHTpa
mapa. HaliTu HanpssKeHHOCTh DJIEKTPUYECKOTO MMOJIsi BHYTPU MOJIOCTH, BHYTPHU
1iapa ¥ CHapy»ku 1apa. Panuycel mapa v nmojocTu paBHbI COOTBETCTBEHHO R u R'.
3. BeuncIuTh SHEPTUIO U EMKOCTh CheprUIECKOro KOHJEeHCaTopa.

4. OnpenenuTh B3aUMHYI0 €MKOCTh €IWHUIbI JJWHBI JBOMHOW MPOBOJKH, T. €.
CUCTEMbl W3 JBYX OECKOHEYHBIX W MapaJICbHBIX MPOBOISAIINX IUIUHIPOB
pannyca a ¢ OCSIMH, OTCTOSIIIMMU JAPYT OT Apyra Ha paccTossHum h > a.

5. 3anucaTh SHEPTUI0 CUCTEMBbI 3aPSKEHHBIX TPOBOJIHUKOB UY€pe3 WX MOTEHIIUAIIBI,
KO3 PHUITMEHTHI EeMKOCTU U KOADPHUITMEHTHI IIEKTPOCTATUYECKON UHAYKITUH.

6. Omnpenenuth MEpUO TAPMOHUYECKUX KOJIEOAHUM >KECTKOTO JHUIMONS C
MOMEHTOM p = €L BO BHELIHEM OJHOPOJHOM U IOCTOSTHHOM noje E,, cunras, uyro

C KaXXJIbIM U3 3apsiJoB +e U —e CBsI3aHa Macca M.
7. B OmHOPOAHOE DBIIEKTPOCTATUYECKOE IIOJIE C HANpsHKEHHOCThIO Eqy = const

MOMEIIEH METaUIMYecKuii map paguycom a. OnpenenuTs HaIpsSKEHHOCTb
AJIEKTPUYECKOTO II0JII BOKPYI IIapa, €CJIM AUDJIEKTPUYECKas MNPOHUILIAEMOCTh
cpensl & .

8. IlpoBomsmiast chepa paamyca a, MOMENIEHHAs B OJHOPOJHOE DJICKTPUIECKOE
nosie Eo, paccedeHa Ha JBE IMOJIOBMHBI IIJIOCKOCTBIO, NEPIEHIUKYISAPHON K
HaIpaBJICHUIO TUHUM 1oJis1. C KaKoW CHIJION OTTaJIKUBAIOTCS Tosrycdepn?

9. BeruuciuTh Cuiy, IEUCTBYIONIYIO HA €AMHUILY JJIMHBI 0ECKOHEYHOM MpsIMOM U
PaBHOMEPHO 3apsDKEHHOM HWUTH, NApaJUICIbHOW IUIOCKOM I'paHUIIE pa3zelsa IBYyX
JTUBJICKTPUYECKUX CPEJl U PACTIOJIOKECHHOM OT Hee Ha paccTossHuM d.
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10. HccnenoBath 1mosie AByXCIOMHOTO WIMHIPUYECKOTO KOHAEHCATOpA JJIMHHON
| u ompenemuth ero emkocTh. JMANMeKTpuveckass MPOHHIIAEMOCTh BHYTPEHHETO
ClIOsl &, BHEIIHEIO — ¢&,. Panuychl LWIMHIAPDUYECKUX CJIOEB & U &,

COOTBETCTBEHHO. 3apsii KOHAEHCATOPa paBeH (.

11. Hentp mpoBogsmel cdepbl paaumyca R HaxoguTcss Ha MIOCKOW TpaHUIE
paszgena IBYyX OUDJICKTPUKOB C AMIICKTPUYECKUMHU IPOHHLAEMOCTIMHU & H &,
Kaxnaas. 3apan coepsl e. HailTh moTeHLManm CHCTEMBI, BEKTOP 3JEKTPUYECKON
MHAYKIHUU U paclipesie]eHre MOBEPXHOCTHOTO 3apsiia Ha cdepe.

12. Tlocne mnorpykeHusi KOHJAEHcAaTopa B Cpedy C MPOBOAUMOCTBIO A
COINIPOTUBIIEHUE MEXAY €ro 3a)kuMaMu okaszanoch paBHbIM R. IlokazaTh, 4TO
HE3aBHCUMO OT (hOPMBI €ro IUIACTHH UMeeT MecTo cooTHomenne RC =¢/A, rae &

— IUAJIEKTpUYEcKasl MPOHUIIAEMOCTh cpefibl, a C — eMKOCTh KOHJIEHCAaTOpa B Cpejie.
13. Berunciutb eMkocTh C chepryeckoro KOHIeHCaTOpa, BHYTPEHHUN U BHEUTHUN
paguycbl KOTOpPOro paBHBI cooTBeTCTBeHHO Ri; u Ro. Konpencartop HamonHeH
JTUBJIEKTPUKOM C AUDIIEKTPUUECKON MPOHUIIAEMOCTBIO

8=81+3200326?,
rae @ — MoJspHBIN yroi.
14.  OnpenenuTs  3JIEKTPUYECKOE TOJI€ BHYTPU W BHE  PaBHOMEPHO
MOJIIPU30BAHHOTO JTUAJIEKTPUYECKOTO Iapa (B OTCYTCTBHM BHEIIHETO MOJIfA), HE
npuderas K pacCCMOTPEHHUIO MEXaHU3Ma TMOJISIpU3aIliU BEIIECTRA.
15. Onpenenuth BEKTOp MOJSPU3ALMU OAHOPOJHOTO IUAJIEKTPUUYECKOTO IIapa,
ITOMEIIEHHOI'0 BO BHEIIHEE OJHOPOAHOE MoJie Fo. Haltu Takke nmoTeHurnabl moJis
BHYTPH U BHE IMRJIEKTPUUECKOIO HIapa.

16. [duonektpuyeckuit map (paavyca a), HaXOIAIIMNACA BO BHEIIHEM
ONHOpPOAHOM Tone FEp, pa3pe3aH Ha JIB€ TMOJOBUHBI  IUIOCKOCTHIO,
MEPIEHIUKYIIPHON K HampaBiaeHUIo NoJist. OnpeaeanuTh CUITy MPUTSHKEHUS MEXTY
MOTYIIAPUSAMHU.

Bomnpocsl 1151 caMoOnpoBepPKHU.
VYpaBHEeHUs] 3JEKTPOCTATUKUM M TPaHUYHBIE YCIIOBUS NpPU HAIMUUU 3apsDKEHHBIX
MIOBEPXHOCTEH.
DIEeKTpOCTaTHUECKOE T0JIE B BaKyyMe.
VYpasHenus Jlamnaca u Ilyaccona.
ITpoBOJHMKH B IEKTPOCTATHYECKOM TIOJIE.

=

JMnonpHOE pas3noKeHUe MOTEHIHAANA.
MynbTUIIOIBHBIE PA3JIOKEHUS TIOTEHIIUATIOB.
OHeprus MEeKTPUYECKOTO TTOJIS.

OHeprus AUNOJIs B dJEKTPUIECKOM TIOJIE.

ONoGRWN

Cnucok aureparypsl
1. BacunveB A.H. Knaccuueckas snektpoauHamuka. Kpatkuil Kypc JeKUuid. —
BXB-Iletepbypr, 2010, 288 c.
2. BmacoB A.A. Makpockonudeckas snekrpoanHamuka. — M.: JIu6poxom, 2010,
240 c.
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. AnexceeB A.M. COOpHUK 3a/lay MO KJIACCHMYECKOW 3JIeKTpoAuHamuke. — M.:
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. bateirur B.B., Tonteirun WM.H. COopHuMK 3amad 1o 3JIEKTPOJAMHAMUKE H
CIIeIIMaJIbHOW TEOPUM OTHOCUTENIbHOCTU. — M.: Jlans, 2010, 480 c.

. bateirun  B.B., Tonteirun W.H. CoBpemenHas snekTpoauHamuka. 4Y.1.
Mukpockonmueckas Teopus. — M.: HUIl «Perymsapnas xaotudeckas
nuHamuKkay, 2005, 736 c.
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Knaccruueckast anekrpoauaamuka. — M.: Jlpoda, 2006, 352 c.
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TEMA 3. MATHUTOCTATHUKA

Hean: ®opmupoBanne Habopa oOIIENPOdHECCHOHATHHBIX W TPO(HEeCCHOHATBLHBIX
KOMIETeHIIMM Oyayiero OakaiaBpa IO HAampaBiICHUIO MOATOTOBKH  03.03.02
dusuka. 3yueHne MarHUTOCTaTUYECKUX TOJIEH B BAKYYME U CIUIOIIHBIX CpeJiax.

Bonpocs! 11t u3yYyeHHsI: YpaBHeHUs: MarHUTOCTATHKH. | paHUUHBIE YCIOBHUsL. BEKTOPHBINA
noreHuuan. 3akoH buo — Caapa. Ilone snemeHTapHOro JIMHEHHOro TOKa.  DHeEprus
MarHMTHOTO IOJI MOCTOSHHBIX TOKOB. CaMOMHAYKLHS M B3aUMOMHAYKLHA. CHila U MOMEHT
CUJI, ICMCTBYIOILME HA OTPAHUUYEHHOE pacpe/IelIEHHE TOKa BO BHETHEM MarHUTHOM IIOJI€.

Teopemultecmm yacmo
OcHOBHbIE IOHSATHSA TCOPHUU MATHUTOCTATUHICCKHUX noJieu

VYpaBuenus MakcBena Juisi MOCTOSTHHOTO MAarHUTHOTO TIOJIE B BaKyyMe
UMEIOT BUJI:
rotH=j, divB=0, (3.1)
re
B=uH. (3.2)
Pa3smepHocTH MarHUTHOM WHAYKIMKM B W HanpsskeHHOCTH MarHUTHOTO
nosis H B cucteme enunui CU oka3bIBalOTCS pa3HbIMU: MarHUTHas UHIyKuus B
uMeeT pasMepHocTh [B6/M?] = 1 Tn, manpsoxensocts moias H — [A/m]. B
aOCOJIIOTHON TaycCOBOM CHUCTEME €IMHUII pa3MEpHOCTH BekTopoB B u H
OJINHAKOBBI.
VYuuteiBasg, yto divB =0, MarHuTHyl0 HHAYKIHIO B MOXHO BBIpa3uTh
Yyepe3 BEKTOPHBIA IMOTEHITHAT MAaTHUTHOTO TTOJISI
B=rotA, (3.3)
ONpPENENAEMbIA U3 YPABHEHHUS:
AA =—p,). (3.4)
O6mee pemenue ypaHeHus (3.3) umeeT BUI:
a) 71 0OBEMHO pacCIpPEeICICHHBIX TOKOB

Uy ¢.dV
A="2|]—, 3.5
Ar I J r (3.5)
0) 11 TMHEHHBIX TOKOB
_ Ml pdl 3.6
Ar § r (3.6)
3akon buo-Capapa:
u,1 [dl,r]
dB=-"2——-. 3.7
4z r® (3.7)
3akoH Opcrena (TeopemMa 0O HUPKYJISIUNA UK 3aKOH MOJTHOTO TOKA):
fHdl =] j,dS (3.8)
L S
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501051

§ Hdl =21, (3.9)

rae mojn Zli MOHMMAETCSl anredpanyeckass CyMMa TOKOB, MPOHHU3BIBAIOIINX
i
IUTOMIAJIKY S, HATSHYTYIO HAa KOHTYpP UHTErpupoBaHus L.

[Ipu pacuere MarHUTHOTO TOJII B MarHetukax B Qopmynax (3.2), (3.4),
(3.5), (3.6) u (3.7) BMecTO 4y CremyeT NUCATh [Ligfl, TAE 4 — OTHOCHTEIbHAS
MarHuTHas MIPOHUIIAEMOCTb MarHeTHKa.

3akoH Awmmepa: cuia, ACHCTBYIOIAs HAa 3aMKHYTBIM KOHTYpP C TOKOM CO
CTOPOHBI BHEITHETO MarHUTHOTO TOJIS, paBHA:

F=1§[dl,B]. (3.10)

[ToTOK MHAYKIIMM MarHUTHOIO IIOJIA, BO30yXkaaemoro TokoMm |, depes
KOHTYD TOKa |,:
©ypp =1Ly, (3.11)
rae Lo — koadpuumeHT B3aMMHOM MHAYKIHMU TOKOB |, u |,, ompexnensemsiil (B
ClTy4yae JUHEHHBIX TOKOB) IO (hopMyJIe:

Ly =Ly =42 f f S (3.12)
T LL, r12
CI/IHOBaH (bYHKHHﬂ TOKa BO BHCIIIHEM MAIrHUTHOM IIOJIC (HOTeHHI/IaHBHaﬂ
SHEPTHUsi KOHTYPa B MATHUTHOM IIOJIC):
U=—Ib, (3.13)
rjae @ — MarHUTHBIHA MOTOK BHEIIHETO MATHUTHOTO TOJIS Yepe3 KOHTYp Toka |.
3HepFI/I$I MAarduTHOI'O I10JIA, B036Y)KI[36MOFO IIOCTOAHHBIM TOKOM I:

W:% 2L, (3.14)
nim
1. .
W==2[Ajdv. 3.15
2[ j (3.15)

®opmyna (3.14) cnegyrommm o6pazomM 00001aeTcs sl CUCTEMBI, COCTOSIIEH U3
HECKOJbKHUX B3aUMOJICUCTBYIOIINUX MEXITY COOON 3aMKHYTHIX TOKOB:

1
0]

Eciii W3BECTHBI HMHIYKIUS W HANPSHKCHHOCTh MAarHUTHOTO TIOJII BO BCEM
MIPOCTPAHCTBE, TO SHEPrUI0 MArHUTHOTO IIOJII MOKHO BBIYHCIUTH, TOJB3YSChH
dbopmyoii:

1
W==-|H-BdV. 3.17
g (317)

IIpumepsl penieHus 3a1a4
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1. Tox 20a Teyer Mo OECKOHEYHO ATUHHOMY IMPOBOJY, COTHYTOMY IO yIJOM B
60°. OmnpenenuTs HWHAYKIAIO MArHUTHOIO TMOJISI B TOYKE, JIeKalled Ha
OMCCEKTpHUCE yIila Ha PAaCCTOSIHUU 5 CM OT €r0 BEPIIHHBI.

Pemenne
Nuaykuust MarHuTHOTO 1noJist B Touke P (puc. 3.1) nepneHIukyisipHa K MIOCKOCTH
yeprexa, npudeM B=B, +B, rne B, — moxne, Bo3Oyxnaemoe B TOYKe P TOKOM,

TEKyIIUM BII0JIb IpoBoaa AB, a B, — mone, co3gaBacMoe B TOU K€ TOYKE TOKOM,
TeKkymM BaoJib mpoBoga BC. Ilo

3aKOHY buo—Casapa WHTYKIIHSI
MArHUTHOTO II0JIS JIMHEWMHOTO TOKA
4! ¢ [dl,R]
B § 3 1 (1)
A R

rae dl — snemenT Toka, R — paguyc-
BEKTOP, COSAUHSIONININ 2JIEMEHT TOKA C
TOYKOH HaOII0ICHUS P, a
WHTETPUPOBAHUE  BEIETCA  BJOJb
KOHTypa TOKa. JUJIsI NpSMOJIMHENHOTO
Toka Bekrop |dI,R], Bxomimmii B
BoIpakeHue (1), uMeeT OJMHAKOBOE
HalpaBJICHUE JUIsI BCEX DIIEMEHTOB
TOKa, TaK YTO BEKTOp B oka3piBaercs
HalpaBJICHHbIM [0 KacaTelbHOM K B Puc. 3.1 C
OKPYKHOCTH,  IPOXOIAIIEH  4epe3

TOYKY HaOIro/IeHus P, a ero abCOoJIFOTHAS BEJIMUMHA

Ml 1
B="2f5[ldLR]. )

IToxcraBnss crona
R=+r®+z°, |dl|=dz, |[dI,R]=]|[dl r]=rdz
1 MHTCTPHUPYS 110 T B IpEeax OT — Zg A0 + o0, IOITYyIHM:
Lol dz
Bl = Bz = .
2
4 s (r2 + Z2)3/

Nuterpan, Bxoasmuit B (3), BerUMCseTcs cienyomum oopaszom. [Ipexnae Bcero,
OYEBUJIHO, YTO

(3)

J- dz 22dz _

e LR | e o ey

(r +7 )3 re+z 24 z°

MPUMCHAA 34TCM KO BTOPOMY HHTCTpPaly, CTOAIICMY B HpaBOI\/JI qaCcTu JSTOro

PaBEHCTBA, ITPABUIIO I/IHTerI/IPOBaHI/IH 10 YaCTSAM, ITOJTYYHM:
Z

o

[ToncranoBka (4) B popmyny (3) IpuBOIUT K OKOHUATEIIBHOMY PE3yJIbTaTy:

(4)
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a3

rae zo =acos30°= -

B, =B, =0 (24 3) (5)

478

u r=a/2. Orciona

Bzzslz‘z‘—f;(uﬁ).

2. BpramcnauTh 1oJie BHYTPU JOCTATOYHO JJIMHHOM, TOHKOM ITMJIMHIPUYCCKOU
KaTYIIKH, Ha €AMHUITY JJIMHBI KOTOPOU MPUXOIUTCS N BUTKOB MPOBOJOKU C TOKOM

1

1l
<

A

CNMD

Pemrenue
N3 cooOpaxeHUil CHUMMETPUU CIEIYET, YTO
MoJie KaKk BHYTPH, TaK WM BHE KaTYIIKH
napajuieibHO €€ OCH W HE 3aBUCUT OT
KoopauHat Z u ¢ (puc. 3.2), T. €.
H = H (r). Jlanece, HETPYAHO BHUAETH, UTO
MUPKYJSAIHUS  BekTopa S BIOJIB KOHTypa
ABCD, 3ampIkaromerocss Ha 6eCKOHCYHOCTH,

C= §HdL=0.

ABCD
tak kak 1uiomanka ABCD mepecekaercs
KaKIpIM BHTKOM TOKa JBa pa3a B
MIPOTUBOIOIOKHBIX HaIpaBJICHUAX u,

CIIeI0BATEIBHO, Z I, =0.
1
C nmpyroil CTOpOHBI, HUPKYISUUsS BekTopa H
B110J1b KOHTYpa ABCD
C= He(r)_ He(oo):O ’
OTKyna, mnpuHumas H, (oo) =00, HaXOJUM:
H.(r), T. e. monst BHE KaTYyIIKK HET.

[upkynsauus BekTopa H BIOJIb KOHTypa
CNMB

fHIL=H,(NM)=H; > I, =nl,

OTKyJa C IOMOIIbIO TCOPEMBI O MUPKYJISAIMU HAXOAUM!

Hi:nl .

3. OnpenenuTh CHIly, C KOTOPOM OECKOHEYHBIA MpsMoii TokK | meicTByer Ha
npsiMOyTosibHbIN KOHTYp ABCD, nexamuii ¢ HUM B OJTHOM TJIOCKOCTH M HECYIIUH

ToK |1 (puc. 3.3).

Penienue
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[lo 3akony Awmmepa, cuia, ¢ KOTOpOH OECKOHEUHbIM mpsAMol TOK |
B3aMMOJICHCTBYeT co cropoHoit DA mpsMoyroiapHOro koHtypa (¢ TokoM lj),
napasuienbHa npsimoit NM u paBHa

F= j|d| B = 4ol g 42l
27X b 271X
AHanoru4Ho, cwia B3auMojaeucTBus Toka | co cropoHorr BC mpsMOYTOJIHHOTO
KOHTYpa aHTumnapaensia npsmoid NM u paBHa:

— /uOlll (j;.dlz IUOalll .
27r(x+b)B 272(x +b)

A i A b B Cuitbl, ¢ KOTOpHIMH TOK | B3auMojelcTByeT
> co croponamu AB u CD, paBHbl 110 a0CONIOTHOM
BEJIMYMHE M IPOTHBOIOJIOKHBI IO HaIPaBIICHUIO;
x L7 a 9TH CWJIBl TEPIEHAUKYJSIpHBI K mpsmMor MN wu

I v~ mapamtenbHel  Toky |.  Cymmapnas  cuia,
M N NeHcTByromass co  CTopoHel Toka | Ha
MPSIMOYTOJIBHBI KOHTYpP ¢ TOKOM |q, TTapayensHa

npsmoil NM (pamka ¢ TokoMm |; mputaruBaercs K

D C Oeckoneunomy npsmomy Toky |) u paBHa:
F=F -F,= _Hoablly
27x(x +b)
Puc. 3.3

3amavu NJIM CaMOCTOSITEJIbHOTO PelleHust
1. Ompenenuth MarHMTHOE TIOJIE B ILIEHTpE Imapa paauyca R, paBHOMEpHO
MOKPBITOTO 04YeHb 00IbIIUM unciioM N mapajijieTbHbIX BUTKOB, TOJIIMHA KOTOPBIX
7 TaKOBa, YTO Nz =2R.
2. HaliTu ypaBHEHHE CWJIOBBIX JMHUA MArHUTHOTO TOJSI JABYX OECKOHEYHBIX
OpSIMBIX ~ TIApaJUICNIbHBIX TOKOB |, mpoTekaromux B  MPOTUBOMOJIONKHBIX
HaIpaBJICHUAX (PACCTOSTHUE MEKIAY TOKAMH MPUHATH PaBHBIM 24).
3. BBIUMCANT, MAarHUTHOE TOJIe B IIEHTPE MPAaBWIHLHOTO MHOTOYrojJbHHUKA C N
CTOPOHAMH, BAOJIb KOTOPOTO LUPKYJIUPYET TOK |.
4. Bnomp OECKOHEYHOTO IMJIMHIPUYECKOTO NPOBOJHUKA (paamyca a) TedeT
MOCTOSIHHBIA TOK |, paBHOMEpPHO pacHpeNesICHHbIM IO CEYEHUIO IPOBOJHHKA.
OnpenenuTs HANPS)KEHHOCTh MArHUTHOTO TOJIs1 BHYTPU U BHE LIWJIMHJIPA.
5. Ha Top pamuyca R (c KpyroBbiM cedeHueM pajuyca a) HaMoTaHO N BHUTKOB
MPOBOJIOKHU, MO KOTOpoM TedeT TOK |. CumTas mpoBOJIOKY 1OCTAaTOYHO TOHKOM,
ONPEICNIUTh HANPSHKEHHOCTh MAarHUTHOTO MOJIs1 YKa3aHHOTO COJIEHOU/A.
6. PaccuutaTh MarHuTHOE 1MoJie 0ECKOHEYHOTO MPSMOTo Toka |, BEIYUCIIss CHavasna
BEKTOPHBIA IMOTEHIMAN A, a 3aTeM M MHAYKLIUIO [ojd 10 (opMyse B = rotA.
Havitn ypaBHEHHE CUIIOBBIX JTUHUH T1OJIS.
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7. BBIYUCIUTL BEKTOPHBIA MOTEHUMAT U UHAYKIIMIO MAarHUTHOTO TOJII KPYTOBOTO
(pamuyca a) Toka | Ha OOJBIIMX PACCTOSIHUSIX OT HEro, T. €. Ha PACCTOSHUSAX
R>>a.

8. BbIUKCINTh BEKTOPHBIM MOTEHIMAJ] MAarHUTHOIO IOJS TOKA, TEKYIIETO BIIOJb
OECKOHEYHOI'0  IWJIMHJIPUYECKOTO TMpoBojaa (paauyca a) HW  PaBHOMEPHO
pacupeneseHHOro 0 €ro CEYEHUIO.

9. B OeckoHEUYHOM TMpPsSMOM MPOBOAHHMKE paauyca R Teder TOK, MIOTHOCTh
KOTOPOI'O paBHa a/p NPU p<R, TAE p — PacCTOSAHHUE OT OCHU NPOBOAHMKA. HanTu

BEKTOPHBIA MOTEHIMAI W HANPS)KEHHOCTh MAarHUTHOTO TOJISI BHYTPU U CHAPYXKHU
MIPOBOJTHHKA.

10. HaiiTu MarauTHOE MOJI€ IIOCKOCTH, IO KOTOPOU TEUET TOK C MOBEPXHOCTHOM
TUTIOTHOCTBIO |, OJTMHAKOBO# B JIFOOOH TOYKE MIIOCKOCTH.

11. Tlo naByM OECKOHEYHBIM JIMHEHHBIM MPOBOJHUKAM, PACCTOSHUE MEXIY
KOTOpbIMH O, TEKyT B NPOTHBOIOJOXHBIX HANpaBJICHUSAX TOKU cuioi |.
BpI4ucanuTh BEKTOPHBIN OTEHIIMAT CUCTEMBI.

12. Haiitu camouuaykiuioo L enuHUIIBI JUTMHBI JIMHUHM, COCTOSIIEH U3 JIBYX
KOAKCHAIBHBIX IIMIUHIPOB C paanycaMu R, U R, (R, <R, ), IPOCTPAHCTBO MEKIY

KOTOPBIMH 3aIIOJITHCHO BCHICCTBOM C MarHUTHOM MMPOHNIACMOCTBIO U .

13. B oaHOpoaHOoe MarHuTHoe Tmosie B, BHocuTcs map (pamuyca a),
M3TOTOBJICHHBIN U3 MaTepHaia C OTHOCUTEIbHON MAarHUTHOW TPOHUIIAEMOCTBIO 4 ,

Oslaroziapsi yeMy OJHOPOJIHOE Mosie B, nckaxaercs. OnpeaenuTb MarHUTHOE MOJIe

BHYTpH M BHE miapa. HaliTu Takke BEKTOp HAMarHMYE€HHOCTH (T.€. MarHUTHBIN
MOMEHT, PUXOAIIUNACS Ha IUHUILY 00BbeMa I11apa).

14. Onpenenutb CAaMOMHAYKIIMIO €IUHUIIBI JJIMHBI OECKOHEYHON MPSAMOUN TBOWHOMN
MPOBOJAKHU, COCTOSIIEH M3 ABYX NapaluieNIbHbIX MHPOBOJIOB KPYrOBOTO CEYECHUS
(pamuyca a), o KOTOPBIM TEKYT PaBHBIE M MPOTUBOIOJIOKHO HAMPABIICHHBIE TOKU.
PaccrosiHre MeX1y OCSIMH ITPOBOJIOB MMPHHSATH PaBHBIM (.

15. Ilap (paguyca a), U3rOTOBJICHHBIM U3 MarHeTUKA C OTHOCUTEILHON MarHUTHOM

NpOHNLIACMOCTBIO U W H&XOI[HH.IHIZCH BO BHCHOIHEM OJHOPOJHOM IIOJIC BO,

pa3pe3aH Ha JBE MOJIOBUMHBI IUIOCKOCTBIO, IEPIEHAMKYJAPHOM K HaIPaBICHUIO
noJisi. OnpeaenuTs CUITy B3aUMOICUCTBUS MEXKIY MOTYIIAPUSIMHU.

Bonpocskl aj1s1 caMOnpoBepKHM.

YpaBHEHHSI MATHUTOCTAaTUKH.

['pannuHbIe yCcn0BUS.

BexropHslii moTeHIMAaN.

3akon buo — Casapa.

ITone aneMeHTapHOro JIMHEWHOTO TOKA.

OHeprus MarHUTHOTO TOJIs IOCTOSIHHBIX TOKOB.

CaMOMHAYKIUS U B3aUMOMHYKIHS.

Cuna u MOMEHT cuJl, IEHCTBYIOIINE Ha OTPAaHUYEHHOE PacIpeielIeHHe TOKa BO BHELTHEM

©ONo R WDNRE

MarHuTHOM IIOJIC.
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TEMA 4. KBASUCTAIIMOHAPHBIE ABJIEHUA

Hean: ®opmupoBanne Habopa oOIIENPOdHECCHOHATHHBIX W TPO(HEeCCHOHATBLHBIX
KOMIETeHIIM Oyayiero OakajiaBpa IO HalpaBiICHUIO MOATOTOBKH  03.03.02
®usuka. M3ydyeHne 3aKOHOB KBa3UCTALlMOHAPHBIX SBJICHUN B BaKyyMe.

Bonmpocel  aas1  M3y4YeHMsl:  VYpasHeHus  JUIs  KBAa3MCTALMOHAPHOW  06JAacTH.
KBasucranuoHapHble SBJICHUS B JIMHEHHBIX NPOBOJHHMKAX. OHEPrus U CHIbl B 001acTH
KBa3MCTallOHAPHBIX SIBJICHUM. DJI€MEHTBl MATHUTHOM rMAPOJUHAMUKY.

Teopemultecmm yacmo

OcHOBHBIE 3aKOHBI KBAa3UCTAIIUOHAPHBIX MMPOIECCOB
KBaSI/ICTaI_[I/IOHapHLIMI/I Ha3bIBAIOTCA ITPOHCCChI, UMCIOMINUC MCCTO B ClIy4dac
MCIAJICHHO MCHAIOIIUXCS BO BPCMCHHA HOHCﬁ, KOr'’la BBIIIOJIHAIOTCA YCIIOBHUA

C
a)<<T, |l << A

rg€e C — CKOpPOCTh CBETa, w H A — COOTBETCTBEHHO 4YacTOTa M JJINHA BOJIHBI

JIIEKTPOMArHUTHBIX KoJjieOanwii, | — nmHeiHble pa3smepsl cuctembl. Cucrema
ypaBHEHUN MakcBesuia B 3TOM Cily4yae IPUHUMAET BU:
. oB
I’O'[H :J, FO'[E:—E, (41)

divB=0, divD=p.

3aK0H JIEKTPOMArHUTHOM MHAYKIMK Dapajies B UHTETpaIbHON (opMme:

oD
Epn =—— (4.2)
HUH at
rae @ — MardHuTtHbIM TOTOK, ITPOHU3BIBAIOIIMN IUIOLIAJKY, HATAHYTYH) Ha

3aMKHYTBIA KOHTYP UHTETPUPOBAHUSL.
Cuna, neicTByrollasi Ha JBMXKYIIUNUCS 3JEKTPUUYECKUH 3apsii CO CTOPOHBI
MarHuTHoro noJs (cuina JlopeHua):

F=¢[v,B]. (4.3)

IIpumeps! perienus 3agay
1. B cucreme (puc. 4.1), oObpa3zoBaHHON ABYyMSI MapaUIeIbHBIMU pPeEbCaMU M
MONEPEYHBIM TPOBOJAHUKOM AB (ynHa
koTtoporo paBHa |, a macca m) wu
HaxOIsIIencs B OIHOPOJIHOM —
MarHuTHOM moJjie B, mepreHaukyisipHOM ® B
K TUTOCKOCTH 4epTexa (M HampaBICHHOM _,
3a 4YepTeXk), JKENAT YCTAHOBUTH MpPH 4F_ 7 E I
oMoty noaxoasiier IJ1C mocTosSHHBII _L
TOK |, HampaBJIEHHBII 1O CTpEJIKE.

\/

Puc. 4.1



Cuurasi CONpOTUBIEHUE CUCTEMbI MTOCTOSIHHBIM, OMPEACINUTh: a) 3aKOH JABUKECHHUS
NPOBOJAHUKA AB; 0) 2JIEKTPOABMKYIIYIO cuily & Kak (QYHKIMIO BPEMEHH.
[IpoBepUTH BBHIMOJIHEHNE 3aKOHA COXPAHEHUS SHEPTUM.

Pemienue
Tak kak 1O MPEANojoKEeHUI0 TOK | MmoamepkuBaeTcsi MOCTOSIHHBIM, TO CHJIA
F = BIl, neficTByromias Ha cTepKeHb AB, Takke MOCTOsAHHA. [103TOMY IBHIKEHHE
CTep)KHsI OylIeT paBHOIEPEMEHHBIM C YcKopeHueM, paBHbiM Bll/m. Ecin B

HayaJIbHBIM MOMEHT CTCPIKCHb OBILI IIyImeH CO CKOPOCTBIO VO , TO 3aKOH ABHXXCHUA

CTEpXKHS BBIpAa3UTCS (GOPMYJION (TIOJOKUTENBHBIM HAIPABICHUEM JIBUKECHMUS
CUMTAETCS HAIPABJICHUE CIIpaBa HAJIEBO):
Bl
V=Vvy+—t
m
OJIC wHIYKIMK, BO3HUKAIONIAS MPH 3TOM B cTepkHe AB, paBHa Blv u mo
3aKOHY JIeHIla NpPOTHMBOMNOJIOKHA JJIEKTPOABHXKYIIEW cwie &, BKIIOYCHHOW B
uenb. Ha ocHoBanuu 06001menHoro 3akona Oma
IR=& —-BLv,
Otkyna

E=IR+ B|(VO+%”t). (1)

TakoB MCKOMBIA 3aKOH H3MEHCHHS SJCKTPOABIKYIICH CHIBI &, Kak (DyHKIIUH
BPEMCHU.
YroObl MPOBEPHUTH COTIACHE C 3aKOHOM COXPaHEHHSI SHEPTHH, YMHOXKHM 00¢
yactu ypaBHenus (1) nHa Idt:
Bll

61dt:I2Rdt+BII(vo+—t)dt:I2Rdt++FdS, (2)
m

rae dS — 9JIeMeHT IyTH CTEPXKHSI.

JleBast yacTh ypaBHeHHUs (2) mpeacTaBisieT cOOON PHEPTruUi0, T0CTABISIEMYIO
UCTOYHMKOM TOKa 3a Bpemsi Ot; mepBoe ciaraemMoe MpaBOd YacTh — JHKOYJICBO
TEIJI0, @ BTOPOE ClaraeéMoe — NPUPOCT KUHETUYECKON SHEPTUH CTEP>KHS 3a BpeMs
dt; wm paboty anexrponuHamudeckoi cuisl F. Ecmu vy oTpumarensHo, T.€. ecnn

Obl B HayaJbHBII MOMEHT CTEP’KE€Hb HMMEJl CKOPOCTb, MPOTHUBOMOJIOXKHYIO TOH,
KOTOPYIO OH MOJIy4aeT CBOOOJIHO MO JEHCTBUEM AJIEKTPOJUHAMUYECKON cuiibl F,
TO MOTJIO OBl CIIYUUThCS, YTO JIEKTPOABMKYIIAs cuyia & Oblaa Obl OTpULIATENbHA,
IpYTUMH CIOBaMH, UCTOYHUK TOKa MOT ObI CcTaTh noTpebuTeneMm Toka. Ecnm v,

OTpHULATCIIbHO, T.C. IBHIKCHHUC CTCPIKHSA BHAYAJIC HAIIPABJICHO BIIPABO, TO TAKOC

Bl
HAIIPaBIICHUE €r0 ABMKEHHS COXPAaHUTCA OO MOMEHTa t; = ———, IOTOM €ro

mv,
CKOPOCTh HW3MEHUT 3HaK M CTepXeHb OYyJIeT MBUTaThCA BJIEBO (aHAJIOTUYHO
TSKEJIOMY Telly, OpOIIEHHOMY KBEPXY, a 3aTeM MaJaloleMy BHU3).
2. Kongencatop ¢ eMkocTbto C MNPUCOCAVMHEH MAPAJIICIBHO KaTyIIKE C
conpotuBieHueM R wu caMmouHayknued L mpu  MOMOIIM  TIPOBOJHHMKOB,
oOnafaronMx conpoTuBieHueM I. [lomydeHHBI KOHTYp BKJIIOYAETCS B IIENb C
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DJ1C, paBHOll & Cos pt. [loka3ars, 4TO 3TOT KOHTYp 3KBHBAJIECHTEH IPOBOLY 0€3

R2_L_ pZLC(rZ —E)
C C

Haittu conpoTuBieHrne yka3aHHOTO ITPOBOJA.

CaMOMHAYKIHNH, CCIIN

R L
Pemrenue
A r C B ITycte |; — TOK B BETBH C KaTyIIKOH
(puc. 2), |, — TOK B BETBH ¢ KOHIEHCATOPOM
g b u | — o0 TOK, MpoTeKaromui yepe3 ooe
G BETBU, IPUUEM
O~
I = Il + |2. (1)
Puc. 4.2 [TycTh oOIiIee COMPOTHBIIEHUE 00EHX BETBEH
paBao R’, oHO Oymer Takke WU

CONPOTUBJICHUEM JKBUBAJEHTHOIO IMPOBOJAA, KOTOPHIM TP  BBINOJHEHUU
HEKOTOPOTO YCJIOBUSI MOXHO 3aMEHUTH 00€ BeTBU. OUEBUHO TaK¥Ke, YTO

&
| =~%cos pt. 2
—-cos p @
Tox |, mpoTeKaromui 4epe3 KaTylKy, OIPEIeIsaeTCs yPaBHECHUEM:
dl
IR+ Ld—tlzé‘ocos pt. 3)
HeTrpynno nmokazatb, 4TO 4aCTHOE perieHue ypaBHeHus (3) UMeeT BU:
R pL .
|, =——9—_cos pt + ——2——sin pt. (4)
1 R2+p2L2 R2+p2L2

Ilpu onpenenenun Toxka |, B BETBU C KOHIEHCATOPOM MCXOIUM M3 TOrO, 4YTO
najcHue HanpsbKkeHus Ha ydactke aAGBb
aAGBb
TIE
[Esds=  Esds— [Esds=&°™ + [Esds.
aAGBb aAGBbCa bCa aCb

B cnyyae KBa3MCTaIlMOHAPHOTO TOKa ITOCICIHWA WHTETPal MOXHO ITOJIOXKHUTH
PaBHBIM TOW PA3HOCTH IOTCHITUAJIOB ((pa —gpb), KOTOpas CyIllecTBOBayia ObI Ha

oOKJIaJIkax KOHJIEHCATOpa B cTaTudeckoM ciydae. [loaTomy ypaBHeHue (5) MOKHO
nepenucarh B BUJIE:

WM, TaK Kak £°F =&, cospt u ¢, — @, =
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e
rIZ—Ezé‘ocospt.

[TpoauddepennnpoBas mociaenHee ypaBHEHUE 110 BpeMeHH {, momydnmM:

dl, 1de :
r—=———=—p&,sinpt
it car  oooP
WM, TaK KaKk
_de_,
dt
(cuna Toka |, paBHa M3MEHEHUIO 3apsiia HA OJHOM M3 OOKIIaI0K KOHJAEHCATOpa):
dl, I, .
r—=+-==-pé&,sinpt. 6
a P&osInp (6)
YactHoe penieHne ypaBHeHus (6) UMeeT BU/L:
2mM2
Izz% ospt—goz—pcz:zsin pt. (7)
1+r°pC 1+r°pC
3anumieM Tenepb nepsoii 3akoH Kupxroda (1), ucnonssys (2), (4) u (7):
&, R rp*C?
—Lcospt=&)| ——5+—5 5= |Cospt+
R R°+p’L" 1+r°pC
L C .
-I-go zpzz— I3228Il’lpt
R°+p°’L° 1+r°pC
OTKyJla, TprpaBHUBask KO3 PUIeHTsI pu cospt u sinpt, HaxoauM:
L C
- =0, (8)
R?+ p%L? 1+r%p*C?
R rp’C* 1
2. 2,2 pz 2~2 R ()
R+ p°L* 1+r“p“C- R

N3 ypaBHeHus (8) HaxoAuM YCJIOBHE, TIPU  BBIIOJHEHHUH  KOTOPOTO
paccMaTpUBAaEMyI0 LIETIb C Pa3BETBICHUSMH MOKHO 3aMEHHUTh 3KBHUBAJICHTHBIM
POBOAOM 0€3 CAMOWHTYKIIUU
R2_L_ p2LC(r2 —E), (10)
C C

a u3 ypaBHeHus (9), yuuteiBas ycinoBue (10), HaxoauM CONMPOTHBICHHUE

YKa3aHHOr'0 MPOBOAA:
- R2 4+ p?L2 |
R+r?p?LC
3. Ilo mManoMy ydacTKy BHYTPU OJHOPOJHOTO MPOBOJHMKA B HadallbHBIM
MOMEHT  pacrpesieieH  3apsj ¢ OOBbeMHOH  IUIOTHOCTBIO  py(X,Y,Z)

(11)

MpEeOCTaBICHHBIH TIOTOM camMoMy ce0e 3apsii CTeKaeT Ha IOBEPXHOCTh

npoBoaHuKka. Kak OyaeT mpu 3TOM HM3MEHATHCS IJIOTHOCTH 3apsija B yKa3aHHOM

yuactke? KakoBo Bpemsi penakcaiuu mpouecca pacTeKaHusl 3apsia B IPOBOIHUKE?
Pemnienue.
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[MoncraBnsist | =AE (B Takoit ¢opme 3akoH Oma crpaBemuB Kak st
MOCTOSIHHBIX, TaK U JIJIsl IEPEMEHHBIX TOKOB) B YPAaBHEHHE HETIPEPHIBHOCTU

divj + % =0,
ot
MOTYYUM:
divE=—1% 1)
A ot
U3 ypaBHenus (1) 1 ypaBHEHHs [UIsl HCTOYHUKOB HIEKTPUUECKOro 10 divE = L
€0
MOJIy4aeM ypaBHEHUE:
op A
o2, 2
ot €o p ( )
UHTETPUPYS KOTOPOE, HAXOIUM:
_ Ay
&
p=po(xy.2e . 3)
Bripaxkenue (3) mokasbIBaeT, 4To 3a BpeMs
o
T=— 4
o (4)

3aps/l B pacCMaTPUBAEMOM y4JacTKe MPOBOJIHMKA YMEHBIIACTCS B e pa3. Bpems 7 u
€CTh BpeMs pelakcalliy MpoIecca pacTeKaHus 3apsiia B TPOBOAHHUKE.

3agaum IS CAMOCTOSATEIHLHOTO PellleHus].
1. IlpsMoii mpoBOA IIMHBI W HANpaBIEHHUS S ABUKETCS CO CKOPOCTBIO U B
OJIHOPOJHOM MAarHMTHOM TmoJjie B, ero KOHIBI COEAMHEHBI MOCPEACTBOM
MOJABMKHBIX KOHTAKTOB C HEMOJIBM)KHBIM MPOBOJHUKOM, KOTOPBIM BMECTE C HUM
oOpa3syeT 3aMkHyTYyI0 11enb. KakoBa 3/IC uHaykuuu B 3T0# 11enu?
2. Komb110 U3 MeIHOM MPOBOJIOKHU € paguycoM I = 10 ¢cM 1 onepedyHbIM CEYEHUEM
S = 1 MM Bpamaercs B MAarHUTHOM II0JI€ 3€MIM BOKPYT BEPTHKAIBLHOM OCH,
CoBMajawIieii ¢ auamerpoM Kojbla, aemas 300 o6/mMuH. CKOJNBKO JKOYJICBa
TEIUIa BBIAEHSETCA B KoJiblle 3a | cek? ['OpU30HTaIbHYIO COCTaBIISIIOLLYIO
MAarHMTHOW MHIYKIIMH 0/ 3€MJIM IPUHATE paBHoi 2,3 107° To.
3. Ucxons u3z o600meHHol ¢opmbl 3akoHa Oma, ToOKas3aTh, YTO ILJIOTHOCTh
MarHuTHOW SHEPTUU BHYTPU TOPOHUIAIBLHOTO cojieHoHAa paauyca R (¢ KpyroBbiMm
ceueHreM paguyca Iy << R) ¢ N BUTKaMu TOHKOH IIPOBOJIOKH, IO KOTOPOMl Te4eT

1 2
nepeMeHHblii TOK |, paBHa 5 MigH, tne g — MarHuTHas TPOHMIAEMOCTH

CCpACYHHKA COJICHONAA.
4. HOKaBaTI), qToO IIPpHU U3MCHCHHUU BO BPCMCHHU PAAUAIIBHOTI'O MArHUTHOI'O IIOJIA, Y
KOTOPOTo

B, =B, =0; B, =B(r,t),
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BO3HHMKAET BUXPEBOE DJJEKTPUUYECKOE TMOJ€, CHIOBBIE JIMHUM KOTOPOIrO
IPEJCTaBISIIOT COOOM KOHLIEHTPUUECKHUE OKPY>KHOCTH C LIEHTPaMH, JIEKAIIUMH Ha
OCH MarHUTHOTO MOJISL.

5. OnpenenuTs 4acTOThI CBOOOJHBIX 3JIEKTPUUYECKUX KOJIEOaHUH B CHUCTEME U3
JBYX MHIYKTHBHO CBSI3aHHBIX KOHTYpOB, COJAEpKalIMX caMOMHAYKUMU L1 u L u
emKkocTH Cq u C, aKTUBHBIMU COIIPOTUBIIEHUSIMU IIPEHEOPEYb.

6. [lokasarp, 4yTO NpU pesaKkcaluy 3apsAA0B B OJHOPOJHOMN NPOBOSAIIEH Cpesie TOK
CMENIECHUS] TOYHO KOMIIEHCUPYET TOK NMPOBOJAMMOCTH, TaK YTO MAarHUTHOE IOJIE B
IIPOLIECCE PENaKCalluy 3apsI0B HE CO31AETCS.

7. Jpoccenb ¢ xodddunmuentom camomHaykumu L = 1 ['H U compoTuBieHHEM
R =1 Om noaxntoyaercss B MOMEHT BpeMenu t = 0 k 6aTapee ¢ nocrosiHHO D/(C B
5 B. Onpenenutsb, Kak OyJ1eT U3MEHATHCS TOK B enu. CKOJIbKO MPOWUJIET BpEMEHHU
JI0 MOMEHTA, KOrJla TOK pa3oBbeTcs A0 1 % K cBOEMYy MakKCUMMAJIbHOMY 3HAYEHUIO?
8. Ilmockmii KOHAEHCATOp C JBYXCJIOWHBIM HECOBEPUIEHHBIM JUAJIEKTPUKOM
BKJIFOUAETCSl Ha MOCTOsHHOE HampsbkeHue U. ToNImMHBI ClIOEB NHUAJIEKTpUKA U
3HAYEHUS] UX OTHOCHUTEJIBHBIX TUAIEKTPUUYECKUX IMPOHUIAEMOCTEH M yAEIbHBIX
IPOBOAMMOCTEH  MOCTOSIHHBI M PaBHbI, COOTBETCTBEHHO, Uq,&,41;05,65,4,.

BeiBecTn 00me ypaBHEHUS M3MEHEHHsS BO BPEMEHH HampsbkeHHocTed E; um E,

QJICKTPUYICCKOI'O II0JIAA B KAKJIOM U3 CIIOCB.

9. HOII IIGfICTBPIGM IIOCTOSIHHOTO MarHutHoro tojas H B MArbdoc€THuKEC

0
YCTaHaBJIMBAETCSI MATHUTHBIM MOMEHT eAMHULBI 00beMa M mapamiensusii H . K

CUCTEME KPOME MOCTOSHHOIO TOJIS IMPUWIOKEHO NEPEMEHHOE MArHUTHOE MOJIe
HepIeHINKYIIIpHOe H, U Bpamaromeecs ¢ 9acToToi . AMIuiutyna h Bekropa

HANpSHKCHHOCTH  TEPEMEHHOTO  TIOJISl  YJIOBJICTBOPSET ycloBuid h<<H .

OrnpenenuTh MarHUTHBIH MOMEHT, CO3JaHHBIM MEPEMEHHBIM IIOJIEM B EIUHUIIES
00bEeMa MarHeTHKa.

10. I[Map wu3 w™marHeTMKa HAXOAWUTCS B IIOCTOSHHOM MArHUTHOM IIOJIE,
HAIPsHKEHHOCTh KOTOPOro BHYTpHU mmapa pasHa H,. IIpenmosaras, 4ro pasMepsl

miapa HAMHOTO MEHbBIE JIMHBI BOJIHBI COOCTBEHHBIX KOJEOAHM MarHWTHOTO
MOMEHTA, HANTH Y4aCcTOTY ATUX KOJIeOaHUH.

Bonpocskl aj1s1 caMOnpoBepKHM.

1. VpaBHeHHS A KBa3UCTAIIMOHAPHOMN 00IaCcTH.

2. KBasucranuoHapHbIe SIBICHUS B TMHEHHBIX MPOBOTHUKAX.
3. DHeprus v CHIBI B 00JIACTH KBa3HCTAIOHAPHBIX SIBICHUI.
4. DrneMeHThl MArHUTHON TUIPOAMHAMUKH.

Cnucok aureparypsl
1. BacunseB A.H. Knaccuueckas snektpoauHamuka. Kpatkuii Kypc JeKIun. —
BXB-IletepOypr, 2010, 288 c.
2. BmacoB A.A. Makpockonudeckas snekrpoanHamuka. — M.: JIu6poxom, 2010,
240 c.
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TEMA 5. QJIEKTPOMAT'HUTHBIE BOJIHBI. TIPOBJIEMA
N3JITYUYEHUA. PACITPOCTPAHEHUE 3JIEKTPOMATI'HUTHBIX BOJIH

Heab: ®opmupoBanue Habopa obmenpodeccuoHaIbHbIX U MPOhEeCCHOHATBHBIX
KOMIIETEHITU N 6yz:ymer0 6aKaJIaBpa 110 HamIpaBJICHUIO IIOJATOTOBKU 03.03.02
Ousznka. HM3yuyeHue 3aKOHOB pPaCHPOCTPAHEHUS JJIEKTPOMATHUTHBIX BOJIH B
BakyyMme. M3yueHnue npo0OiemMbl U3 TydeHHUS.

Bonpocsl 1 M3yYeHMsl: YpaBHEHHsS ~OJCKTPOMArHUTHBIX  BOJH. YpaBHEHHs
ANEKTPOMArHUTHBIX  BOJIH. [lnmockume  BoyiHBL. MOHOXpOMaThuecKas IUIOCKas — BOJIHA.
Huddepenunansupie  ypaBHeHHs M1 noTeHnuanoB. KamuOpoBouyHble MpeoOpa3oBaHUS.
N3nydyeHune OT 3eKTPUYECKOro 1 MarHUTHOIO MOMEHTOB. IMITyJIbC 3JIEKTPOMAarHUTHOTO MOJIS.
[lmockue BOJIHBI B HEOTPAHWYEHHOM OJIHOPOJHOW HempoBojsiier cpene. l[lpenomnenue u
OTpaX€HHUE MJIOCKUX JIEKTPOMArHUTHBIX BOJIH HA TPAHUIIE MEXKY AUICKTPUKAMU.

Teopemuuecmm yacmo

OCHOBHbIE 32aKOHBI JJIEKTPOMATHUTHBIX MOJIeH
Ilonmnas  cucrema  ypaBHeHMM  MakcBemia Il NEPEMEHHOIO
3J'ICKTpOMaFHI/ITHOFO T10JIA.

rotE=- 22, (5.1)
ot
. oD
rotH = j+—, 5.2
I+ (5.2)
divD = p, (5.3)
divB =0. (5.4)
[IIOTHOCTB PHEPIUU AIEKTPOMATrHUTHOTO TOJIA:
W:%$D+BH) (5.5)
[1n10THOCTH MOTOKA 3IEKTPOMAarHUTHOM SHepruu (Bektop [lolHTHHTA):
S=[E,H]. (5.6)
[110THOCTB ANEKTPOMArHUTHOT'O UMITYJIbCA:
g = &6, 114,S - (5.7)

O0600611eHHBIC (3ama3AbIBAIOIINE) AIEKTPOAUNHAMUYECKHE TOTEHIINAIIBI:

(t—r)dv
A=t Y (5.8)
drr r
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. (t —rjdv
[p v, . (5.9)

- Aree r
Cas13b BekTOpoB B 1 E ¢ 31€KTpOMarHUTHBIMU MOTEHIIHAIAMHU:
B =y H =rotA, (5.10)
E:R:—grad(p—%. (5.11)
g&, ot

JUi1 OAHOPOJHBIX M30TPOMHBIX CpPEl SJIEKTPOMAarHUTHBIE NOTEHUHUANBl @ U
A ompenenstoTes U3 cleayrmux ypapaenui JlamamoOepa:

& .
AA — g5, e (5.12)
82
Mg - ssopty y ==L (5.13)
ot &

[Ipu 3TOM MoTeHUMANBI @ U A MpeanoJaralTcs KaMOpoBaHHBIMU 10 JIopeHity,
T.C.

diVA+ggoyyo%D:O. (5.14)

Vpasuenus (5.12) u (5.13) npu p=0, j=0 onuceBaror cBOOOIHBIE

AJIIEKTPOMArHUTHBIE BOJIHBI, pACIIPOCTpaHSIOIUECs ¢ (PA30BOIM CKOPOCTHIO:

yo__+ ¢ (5.15)

Ve g N
IJI€ C — CKOPOCTh CBETA B BaKyyMe; N — NMOKa3aTelb MPEJTOMIICHHUS.
B cayuae omHopoanoit cpeasl u3 (5.1)—(5.4) Takke MOXHO TOJYYUTh
ypaBHEHHUsI BTOPOTO nopsaaka 11 E u H:

1 0°E 1 0°H
_= =0, AH - — =0. 5.16
v: ot? v ot? (5.16)
BoJIHOBOE CONPOTHBIIEHNUE B HENPOBOAAILEH cpefe:
7. = |Hho (5.17)
&€,

[Ipu majgeHuu MIOCKOW BOJHBI HA IUIOCKYIO TPAHUILy pas3fesia JBYX Cpej
yribel 6,6,,0,, yKa3plBaIOIUE HANPABJICHUS PACIPOCTPAHEHHUS COOTBETCTBEHHO

MaJA0IIEN, OTPAKECHHON U MPEJTOMIICHHOW BOJIH CBA3aHbl COOTHOILICHUSIMH:

6=, N0 _N (5.18)
sing, n,

rae Ny , — IOoKa3aTely PeJIOMIIECHUS IEPBOM U BTOPOU Cper.

AMmnutynbl  otpaxkeHHo (Ei, Hi) m npenomnenHout (E,;, Hz) BoJH
BBIpAXKaIOTCS Yepe3 aMIUTUTY bl Eo, Hy magaroiiei BoJiHbI 110 hopmysiam OpeHens:
a) ecniu Ep HOpMasibHa K TUIOCKOCTH MAJEHUs, TO
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_sin(6, —6y)

_2c0s6,sind, E

- E 1 E _ ] 519
Lsin(6, +6,) O sin(6,+6,) ° (.19)

6) CCJIN Ho HOpMaJIbHA K INIOCKOCTH ITaACHUA, TO
_ tg9(6, —492)H B sin26, H,. (5.20)

— . H, =
Y90, +6,) O % sin(@, +6,)cos(6, — 6,)

IIpuMepsI perneHus 3a1a4
1. IlepneHauKyIIpHO K TOBEPXHOCTH ITPOBOJHUKA C JIEKTPOIPOBOIHOCTHIO
A ¥ MarHuTHOM MPOHUIAEMOCTBIO £/ TAAAET IUIOCKAsl AJIEKTPOMAarHUTHas BOJHA

qacTOThl . lIpeHeOperas TOKaMM CMEIIEHUS TIO CPaBHEHHUIO C TOKaMH
IPOBOJAMMOCTH, OIPENeTUTh, HAa Kakod TIyOWHE BHYTpU MPOBOJHHUKA
AJIGKTPOMArHUTHOE TT0JIe BOJHBI OCTabeBaeT B e pa3 (e — OCHOBaHHE HATYPaJIbHBIX
jorapudmoB).
Pemenue
BriOpaB cructeMy KOOpIMHAT Tak, Kak 3TO MOKa3aHO Ha PUCYHKE 5.1, MOXKHO
3aIACaTh JIJIS JICKTPOMArHUTHOTO TIOJIS TUTOCKOM BOJTHBI B BaKyyMe:

E,=E, =0, E,=E(x)e'”,

Hy=H, =0, H,=H(x}'"".
SHGKTpOMaFHI/ITHOC ImojJc¢ B IIPOBOAHHUKC
OIIpCACIIACTCA YPABHCHUAMMU:

2 |
S
=
my

eaKyym y rotH = AE, (1)
oH
rotE = —ppy — . 2
MpPO8OOHUK Hito ot @)
7 Herpynno BuneTs, 4to
X rotH = —je'* d—H rotE = ke dE
Puc. 5.1 x ax

U, cieaoBaTeabHO, ypaBHeHU (1) u (2) MOXKHO
nepenucarh B BUJIE:

d_H =—JE, (3)
dx

dE .
i H . 4
™ O Ll (4)

dE
[TponuddepennrponaB ypaBuenue (3) emie ouH pa3 Mo X U MOJICTABUB ™ u3 (4),
X

HOquI/IM ypaBHeHI/Ie JJIs1 OHpelleJIeHI/ISI aMHHHTy,Z[BI MArduTHOTI'O I10J1d BOJIHBI.
2
d
dx?

Tem e CcIOcOOOM IIOMYy4aeTCs AHAJIOTHYHOE YpPaBHEHUE [ OIpPEAeICHHUS

AMIUTMTYIbI DJIEKTPUYECKOTO 10, KOpHM XapakTepUCTHYECKOrO YpPaBHEHUS

—1AupyoH =0, (5)

k? — Ay =0, COOTBETCTBYIOIIETO YpaBHEHHMIO (5), PaBHBI:
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1+1
ki, =%./4 w—.
1,2 Hi \/E

OnHaKO YCIIOBHIO 3aJaudl Y/OBJICTBOPSET JIMIIb BTOPOW KOpeHb K, (kopHIO Ki
COOTBETCTBYET BOJIHA, aMITUTYAa KOTOPOW BO3pAcTaeT Mo Mepe MPOABMKCHUS B
r1yOb IPOBOHUKA).

Takum o0pa3om, pemnieHus ypaBHeHUU (3) u (4) MBI JOJDKHBI 3alucaTh B

Ao @

E(x)=E(0)e ' 2 xcoswlw%a)x,
Ao

H(x)=H(0) ' 2 xcos M%a)x

rae E(O) u H (0) — aMIUTUTY/Ibl HAPSHXKEHHOCTEN SIIEKTPHUUECKOT0 M MarHUTHOTO
10JIs1 BOJIHBI TTpH X = 0, T. €. Ha MOBEPXHOCTH MPOBOIHUKA.

Bripaxkenus (6) moKa3bpIBaIOT, YTO JICKTPOMArHUTHAsI BOJHA OCIIA0IsIeTCs B
e pa3 Ha riyOuHe

BUJIE:

(6)

2

Ao
2. IInockomonspu3oBaHHasl dJEKTPOMATHUTHAS BOJIHA MAJA€T HA TPaHULLY
paszena IByX Ipo3padHbIX (g =1) cpel ¢ MOKa3aTeJsIMU IMPEJIOMICHUS Ny U N,.

on

DNEeKTpUYEeCKU BEKTOP BOJIHBI MapajliesieH IUIOCKOCTH pasnena cped. Haittu
KO3 PUIIMEHT MPOXO0KICHHUS CBETa BO BTOPYIO CpEy.
Pemenue
O0oznaunB yepe3 E ,E, m E, HampsskeHHOCTH DJIEKTPUYECKOTO IO

COOTBETCTBEHHO B NAJAIOIIEH, OTPAKEHHOU U

— ~  IPCIOMJICHHOW BOJHAX, 3aldIlleM 3aKOH

COXpaHEHUsl DSHEPIrUU W IPAHUYHOE YCIIOBHE
gt = Eat-

I'pannuynoe ycnosue Ey =E,, Kak

H,

MOKa3bIBa€T PUCYHOK 5.2, MOXHO 3amucaTh B
BUJIE:

Eo+E =E,. (1)

_ 3aKOH COXpaHEHUsI PHEPruu Tpeoyer,

H, YTOObI KOJMYECTBO DSHEPIHUH, YHOCUMOH C

€QUHULBl  TOBEPXHOCTH  pas3iena  Ccpen

OTPaXEHHOW BOJIHOMW, U DHEPIUU, POXOISAILEH

BO BTOPYIO Cpely M3 IEpBOM, OBLJIO pPaBHO

Puc. 5.2 SHEPrUM, JOCTABJISIEMON YKA3aHHOM IUIOIIAIKE
maJIaroIei BOJIHOM, T.€.

Spcosp=S,cosp+S,cosy,  (2)

)

riae S — Bektop [lovintunra. [loacrapisis B (2)
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So =\/?1E§; 31:\/;1E12; Sy :\/EEZZ’
Jer[E2 - E2 oosp = e, EZcosy

OTKyJa, HCIOJIb3yA 3aKOH IIPCIOMIICHHA /&1 sin P =& sin ¥, OKOHYATCIIBHO

HaxXOoaAuM:

HOJTy4aeM:

E; —Ef = 90 E; . 3)
gy
Pemras cucremy ypaBuenuii (1) u (3), Haxoaum:
E - sin(p — z//)E . Zsmy/COSgoE

Sm((/)ﬂ//) * sin(p+y)

H 2
= , HAXOJHUM JaJICC:

Ho g _Ho
Jer f Ry
sin(e — 2sinycose |& sin2
Hy=————+ lo W)Ho’ R e B TS P C)
sin(+y) sin(p +y) sin(p +y)
C nomouipto BbelpakeHud (4) u (5) HaxoguM CJEAYIONIUE BBIpAKEHUS IS
MJIOTHOCTH MOTOKA YHEPTUM B OTPAKEHHOU U MPEIOMIICHHON BOJIHE:

.2
S, =EH =—Sf”2((p_‘/’)s
sin(p+y)
2siny cosesin2¢
sin(p+v)

OTKyJa HMCKOMbIE KOI(P(UIMEHTH OTPaXKEHUS M TMPOXOXKJICHUS OKa3bIBAIOTCS
PaBHBIMU:

(4)

[MoncraBnss B (4) Ey =

0

SZ :E2H2

Sy

_S; _sin®(p—y) 4 S2 _2sinycospsin2g 6)

So sin(p+y) So  sin*(p+y)

3agaum 1J151 CAaMOCTOSITEJIBHOIO PeLICHUSI.
1. IToka3aTp, 4TO B IUIOCKOM AIEKTPOMArHUTHOM BOJIHE, PACIPOCTPAHSIOIIEHCS B
OJTHOPOJHOWM cpenie, BeKTophl E 1 H B3auMHO nepneHauKyIapHbl MEXTy COO0H 1
KOKIBIA W3 HUX IEPIEHAMKYJSIPEH K HAIPABICHHUIO PACIPOCTPAHEHUS BOJIHBI.

[TokaszaTh Takxke, 4TO y MJIOCKON 3JIEKTPOMArHUTHOM BOJIHBI /€€ ‘E‘ =\ Uil ‘H ‘
2. Ilnockast 37€KTpOMarHuTHas BOJIHA, Y KOTOPOW
. X
E,=E,=0; H,=H,=0; E, = [®0H, =asin2mn/|t-=|,
£0 C
nazaer npu x = 0 Ha HOPMaJIbHYIO K OCH X IIJIOCKYIO IIOBEPXHOCTH IPOBOJHUKA,
IpOCTHparoIerocss BHIpaBo 10 OeckoHeuHocTH. IIpeneOperas oTpakeHueM,
OIIPELENUTH POU3BOAUMOE HJIEKTPOMAarHUTHON BOJIHOU CBETOBOE JAABJICHHUE.

3. TInockuii KOHJEHCATOP COCTOMT M3 JIBYX MHapajUIeJbHBIX CJIOEB Pa3TUUYHBIX
BeriecTB. [lepBhIit ciioi TomMHON 0 UMEeT TUIIEKTPUUYCCKYIO IIPOHUIIAEMOCTD &
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U DJIEKTPOIPOBOJHOCTh, PAaBHYIO HYJIO; JUIsl Apyroro cios TtoimmHoi kd
IUAIEKTpUYEcKas IMPOHULIAEMOCTh &, =0, a 3JIeKTPONpOBOJHOCT A HMEET

KOHEUHOe 3HadyeHue. [loka3zarh, YTO B OTHOIIEHUH PACHPOCTPAHEHUS
MOHOXPOMATHYECKUX TJIOCKUX BOJH 3TOT KOHAEHCATOP BEAET ceOs Tak, Kak ecliv
Obl BCE MPOCTPAHCTBO MEXKIY €ro IUIACTHHAMHU OBbLIO 3alOJHEHO OJHOPOIHOM
CpPENoM C TUAIICKTPUUYECKON MTPOHULIAEMOCTBIO

-1
e*=¢(l+ k)(1+ I%) :

4. OmnpenenuTh 3aTyXaHUE SJICKTPOMATHUTHBIX BOJH B Cpele MpPU MOJHOM
BHYTPEHHEM OTPAKEHUH.

5. Omnpenenutrs aMIUIMTYbl BOJIH, OTPAXKEHHOW OT IUIOCKONApasIeIbHON
IUTACTHHBI KM IPOIIeAIIcH uyepe3 Hee ToilMHA IIACTHHBI O, AMIJIEKTpHYCCKAs
MIPOHUIIAEMOCTh & . HalTh yCnoBus, pU KOTOPHIX OTPAXKEHUE FJICKTPOMATrHUTHBIX
BOJIH OT IVIACTUHBI MUHHUMAJbHO.

6. OnpenenuTh HANPSHKEHHOCTU JJIEKTPUYECKOTO M MarHuTHoro mnons E—TM
BOJIHBI, O€ryImieil BAOJIb BOJHOBOJA NPSIMOYTOJIBHOTO CEUYEHUS C UJCabHO
MPOBOJAIIMMUA  CTeHKamMu. HalTu Takke ypaBHEHHS CHJIOBBIX  JIMHHM
AIIEKTPUIECKOTO U MAarHUTHOTO 1oJIsl B ceueHun XOY BOIHOBOA.

7. HaliTu TIIOTHOCTH MOBEPXHOCTHOTO 3apsA/ia U INIOTHOCTh MOBEPXHOCTHOTO TOKA
Ha CTEHKaX MPsIMOYTOJLHOTO BOJIHOBOJIA, BJOJIb KOTOpPOro OexuT BosnHa E—T11M
JacTOTHL @ .

Bonpocsl 1151 camnpoBepku

YpaBHEHUS 371€KTPOMAarHUTHBIX BOJIH.

YpaBHEHUS JEKTPOMArHUTHBIX BOJH.

[Inockne BOIHBI.

MonoxpomaTrueckas MI0cKasi BOJIHa.
HuddepenunanbHble ypaBHEHUS AJ1s HOTEHLIUAJIOB.
KanubpoBouHnsie npeoOpa3oBaHusl.

N3myuenue oT 3J1eKTPUIECKOr0 U MarHUTHOTO MOMEHTOB.
Hmnynbe 351eKTpOMarHuTHOTO TOJIS.

© N WNRE

[1nockue BOHBI B HEOIPAaHUUEHHON OJTHOPOJIHOM HEMPOBOSIEH Cpeie.
. IIpenomnenue U OTpak€HUE IIOCKUX DSJIEKTPOMArHUTHBIX BOJH HAa TPAHULIE MEXKIY
JTUDJICKTPUKAMH.

=
o
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TEMA 6. OCHOBBI CIEIIUAJIbHOM TEOPUU OTHOCUTEJBLHOCTH.
YETBIPEXMEPHAS ®OPMYJIMPOBKA 3JIEKTPOAUHAMUKHAU

Hean: ®opmupoBanne Habopa oOIIENPOdHECCHOHATBHBIX W MPO(HEeCCHOHATBLHBIX
KOMIIETEHITU N 6yz:ymer0 6aKaJIaBpa 110 HamnpapJICHUIO ITIOJATOTOBKU 03.03.02
Ousznka. HM3yuyeHue 3aKOHOB pPaCHPOCTPAHEHUS JJIEKTPOMATHUTHBIX BOJIH B
BakyyMme. M3zyueHnue npo06iemMbl U3 IydeHHUs.

Bonpocel aiisi M3yyeHusi: [IpuHIMI OTHOCHTENBLHOCTH. PENSTUBUCTCKAs IUHAMHKA |
KHHEMaThKa. YeTblpexMepHble BEKTOpbl M TEH30pbl. TeH3opHbIN anamu3. [IpeoOpazoBanus
JlopeHna. YeTbIpexXBEKTOpPBHI ILIOTHOCTH TOKAa M JBMXKYILErocs 3apsaa. YeTbIpexBEKTOp
noreHuuana. TeH3opHas 3amuch ypaBHEHMM MakcBeia. TeH30p 3JeKTpOMarHUTHOIO MOJIS.
MHBapuaHThl 3J€KTPOMAarHUTHOTO MOJs. YeTsIpeXMepHasi INIOTHOCTh CUJIbl. TE€H30p dHEpruu —
umnyinsca. [lnockas Bonna. [lone mpon3BoIBHO IBUKYLIETOCS 3JIEKTPOHA.

Teopemultecmm yacmo
OcHOBHBIE 3aKOHBI CHelII/[aJIbHOﬁ TCOPHUH OTHOCUTEC/IHBOCTHA

DopMyIIbI npeodpa3zoBaHus Jlopenua TU1SL COCTAaBJISIFOIIMX
AIIEKTPOMArHUTHOTO IOJIS B POU3BOJIBHOW MaTEPUAIBHOM Cpeie:
E, -VB E,-vB
E.=E, E,=———, E =—F=, (6.1)
V2 V2
1-— 1-—
o2 o2
v v
By ) E, B, - A2 Y
B/ =B, B;:—CZ, BZ':—CZ, (6.2)
-V 1-V
C C
WIH

E,=E, E. = E +IVB,| [VBL], (6.3)

2

Vv
s
BL B iz [VEL ]

B,=B,, B\= L , (6.4)

2

v

e

TI€ V — CKOPOCTh CUCTeMBbI oTcdyeTa K' oTHOCcMTEnbHO cucrembl K; E ., B, —
COCTaBJIAIOLIME IO, MapajuleiabHble ckopocth V U E , B, — cocraBustomue

0JIs, IEPIEHANKYIISIPHBIE K CKOPOCTH V.
@opMynbl  mipeoOpa3oBaHusa JlopeHna IS COCTaBIIAIONIMX BEKTOPOB
D,H,PuM wmoxHo mnonyuutb u3 dopmyn (6.3) u (6.4), BOCHOJIH30BABIIUCH

COOTHOIIEHUsIMH E = i(D —P) u B=g,(H+M), npu sToM cieyeT NOMHUT,
0
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YTO IPU NEPEXOAE OT OJHOM MHEPLHUAIBHOU CUCTEMBI OTCUETA K APYror BekTop D
npeobpasyercs yepe3 Bektop H, a Bektop P — uepe3 Bekrop M. B pesynbrare
HaxoAuM cienyromue Gopmynsl mpeoOpazoBaHus JlopeHua A BEKTOPOB
D,H,PuM:

c , (6.5)

Hi=H, H =———*, (6.6)

p=— ¢ (6.7)

, (6.8)

IIpumep pelieHus 3agaqu
OnpenenuTe 3JEKTPOMAarHUTHOE MOJE€ TOYEYHOIO 3apsiaa e, IBWXKYLIErocs B
BaKyyMe€ C OCTOSIHHOM CKOPOCThIO V OJIU3KOW K CKOPOCTH CBETA C.
Pemenne
B coGcTBenHoM cucteme otcuera K, T.€. B CUCTEME, OTHOCUTENBHO KOTOPOM 3apsl
MOKOMUTCS, DJIEKTPUYECKOE TI0JIE TOUEYHOTO 3apsija onpeAeseTcs: popMyIamMu:

© 4zey(r') " dre,(r') © 4zey(r')
a MarHUTHOE TI0JIE OTCYTCTBYET.
B naGoparopnoii cucteme otcuera K mno QopmynaMm mnpeoOpa3oBaHUs
Jlopenna (6.1), (6.2) HaxoauM:

ex’ ey

!

S Ty - Ei- :
0 47rgo(r')3 1—\/—2 47rgo(r')3 1—\/—2
C C
B,=0, B, =—— —. 8.~ HofVY -
47[("')3 1—7 47T(r’)3 1—7
C C

3nech

=GP+ (Y F (e

!/ !

n Z , 3alHMCaHHbIC YCPE3

! ’

[loacraBmsis B ' BbIpakeHuss i x', Y
HEIITPUXOBAHHBIE BEJIUYHUHBI, OmpeaenseMble U3 (popmyln mpeodpa3oBaHUs
JlopeHua /uist 4eThIPEXMEPHOTO paguyc-BEKTOPA, T.€.
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X = > ! y =ya 7 =1,
L
C
TIOJIYYMM:
2
\/(x—vt)zJ{l—\C/zJ(yz +22) .
r= - = = (1)
1-V 1- v
c c

rac BBEACHO 0003HaUYCHHE

2

R=_|(x—vt) +[1—\é—2j(y2 +2°).

Ucnonb3ys BBIpaKEHUE (1), COCTaBJISIFOIINE HaIPS)KEHHOCTH
AJIEKTPUUECKOTO TMOJs 3apsaa B jabopaTopHoil cucteme orcdeta K MOXKHO
MPEACTABUTH B BUJIE:

e V2 e V2 e v?
E,.=——|1-— [(x-vt), E,=——|1-—|y, E,=——|1-— 2
" 47ngR3( czj( ) 47rgOR3( cz)y 47r.90R3( czj

WJIU B BEKTOPHOU hopme

e V2

= 1__ r’
Are R c?

E
rae r=(x—vt)i+yj+zk.
Cocrapnstomnye BeKTopa HHIYKIIMA MAarHUTHOTO TIOJISL IBHKYIIIETOCS 3apsiaa
MOYKHO TIPEJICTaBUTh B BHJIE:
_ OMeev(, VP v COMeeV(, VE) v
WJIU B BEKTOPHOU hopme

1
B:C_Z[VE]

3amauu AJ151 CaMOCTOSITEILHOTO PellleHusl.
1. B nmabGopatopHoii cucteme orcuera K 2JIeKTpUYECKO€ M MAarHWTHOE IOJs
HaIpaBJICHbl MOJI YIJIOM « JApyr K Apyry. OnpeaenuTh CKOPOCTb JABUXKYIICHCS
NEPHNEeHIUKYJIIPHO K O000MM TOJsIM cucTeMmbl oTcdeta K’ B KOTOpoOi
AIEKTPUUECKOE U MarHUTHOE TIOJISI OKA3bIBAIOTCS MEXTy COO0H mapasieIbHBIMHU.
2. Yacrtuia, 3apsja KOTOpOM paBeH e, a Macca MOKOsi — M, BJETaeT ¢ HayajJbHOU
CKOPOCTBIO V, B OJIHOPOJIHO€ U TIOCTOSHHOE JJIEKTpUuYecKoe tmone £K,

NEPIEHANKYJIApHOE K V,. HalTu TpaekTopuro 4acTulbl M IOKa3aTb, YTO IpHU

C — 00 OHA MPUHUMAET BUJ] TapabOJIbI.
3. DIIEKTPOH BJIETAET B OAHOPOJHOE M MOCTOSSHHOE MAarHUTHOE MOJIe ¢ HAYaJIbHOM
CKOpPOCTBIO V,, MEPHEHAUKYJISIPHOM K HAIpaBJIeHUIO ToJsa. Haitu TpaekToputro

9JICKTPOHA.

55



4. Onpenenuth yroyl OTKJIOHEHUS PESTUBHCTCKON « -4aCTHUILbI, MPOJETAIOLIEH B
1oJIe si/ipa C 3apsaaoMm Ze.

5. BBIUMCAUTD MHTEHCUBHOCTH JIUIIOJIBHO ?y
3JIEKTPUYECKOTO U3Ty4YEHUS :
PENSITUBUCTCKON  3apsSKEHHOM  YacTHIIBI, |
JBUKYLIEICS B OTHOPOJAHOM U IOCTOSTHHOM 5
AIIEKTPUUYECKOM noJIe B, /rirp0K 008
NEPHEHANKYJIIIPHOM K HAIpaBJICHUIO €€ f ) ---—-- >
Ha4yaJbHOM CKOPOCTH V. T M %

6. OmnpenenuTh pPa3HOCTh IMOTEHIIMAJIOB Ha
CTEHKaX OJHOPOJHOW, HaMarHWYE€HHOU
JICHTBI (IpAMOYTOIBLHOTO CEUCHHS),
JBWXKYIIEHUCS €O CKOPOCTBIO, Majou II0 Puc. 6.1

CPaBHEHUIO CO CKOPOCTHIO cBeTa (puc. 6.1).

7. B cpene, IBIXKYIIEHCS CO CKOPOCTBIO V OTHOCUTEIBHO HEKOTOPOM cuctemsbl K,
pacmpoCTpaHsieTCsl IUIOCKas DJJICKTPOMArHUTHas BojHA. Haltu CcKopocTh
pacrpocTpaHeHus BOJHBI B cucteMe K, ecnu mokasateyib MpPeaoMIIECHUS CPEIbl
paBeH N.

8. Haiitm TpaekTopuio HNBWKEHUS 3apsSHKCHHOM YacTULBl B  OJHOPOAHOM
DJIEKTPUYECKOM II0JI€ C HAIPKEHHOCTBIO E . PaccMoTpers mpenenbHblil citydan

/

//
¥ Z

MaJIbIX CKOPOCTEH.
9. Halitu cucTteMy OTCY€Ta, B KOTOPOH DIJICKTPUUECKOEC W MATrHUTHOE IIOJIs
MapaiyieabHbI.

Bomnpocs! aj1s1 caMmonipoBepKu

[IpuHINIT OTHOCUTEIBHOCTH.

PenstuBucTCcKas AMHaMUKa 1 KHHEMAaTHUKA.
YeTbIpexMepHBIE BEKTOPBI U TEH30PHI.

Ten3opHbIii aHAIU3.

[IpeoOpaszoBanus JlopeHua.

YeThIpexBEKTOPHI INIOTHOCTH TOKA U JABMKYILErOCs 3apsja.
YeTsIpexBEKTOP NOTEHIMATIA.

TenzopHas 3anuchk ypaBHeHn MakcBea.

©ooN R WNRE

TeH30p 3JIEKTPOMarHuTHOTO MOJIS.

=
o

. I/IHBapI/IaHTLI QJICKTPOMArHUTHOT'O ITOJIA.

-
-

. UeTbIpexMepHasi INIOTHOCTh CUJIBL.
. TeH30p sHEeprun — uMIyJibca.
. Illmockas BoJiHA.

T
2w

. Ilone IMMPOU3BOJIBHO ABWXXYHICTOCSH SJICKTPOHA.

Cnucok aureparypsl
1. BacunseB A.H. Knaccuueckas snektpoauHamuka. Kpatkuil Kypc JeKuuid. —
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BXB-Ilerepoypr, 2010, 288 c.

. BnacoB A.A. Makpockonudeckas sjaekTpoguHamuka. — M.: JIu6poxom, 2010,
240 c.

. @eitaman P., Jlefiton P., Conan M. deiimanoBckue jgekiuu no ¢usuke. B,
6. DnexkrpoanHamuka. — M.: JIu6pokom, 2012.

. AnekceeB A.M. COOpHUK 3a/lay MO KJIACCHMYECKOW 3JIeKTpoAuHamMuke. — M.:
Jlann, 2008, 320 c.

. bareirun B.B., Tonteirun W.H. COopHuk 3amad mo 3JEKTPOAMHAMHUKE U
crenuaibHOU TeopuH OTHOCUTENbHOCTU. — M.: Jlanb, 2010, 480 c.

. bareirun  B.B., Tonteirun W.H. CoBpemenHass snekrpoauHamuka. Y.1.
Mukpockonmueckas teopus. — M.: HULl «Perymsapnas xaotudeckas
nuHamukay, 2005, 736 c.

. Mynranosckuii B.B., Bacunesckuii A.C. Kypc Tteopetndeckoit (usuku.
Knaccuueckast anexkrpoaunamuka. — M.: IIpoda, 2006, 352 c.
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MUWHUCTEPCTBO HAVKH U BBICIIIETO OBPA3OBAHMS POCCUICKOI
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Conepxanue

[losicHuTenpHas 3anucka

Buasl u copep)kaHue caMOCTOSTENIbHOW PaldOThl CTyNeHTa; (POpMBI
KOHTPOJIS

KoHTpobHbIE TOUKH U BUJIBI OTYETHOCTH

MeToauueckre peKOMEeH 1Al 0 U3YYEHUIO TEOPETUIECKOTO
Mmarepuaa

Crucok peKOMEHyeMOU JTUTEPATYPhI
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IMosicHuTe/IbHASA 3aNIUCKA

Bce Bumpl camocrosiTenbHOW — pabOThl  CTYAGHTOB MO  JUCUUIUIMHE
«INEKTPOJMHAMUKAY, MMPETYCMOTPEHHbBIE YUYEOHBIM IIJIAHOM W pabodel MporpaMMoii,
HaIpaBJICHbl HA OCYIECTBIECHUE CIIEIYIOUX OCHOBHBIX IIEJIECH:

o 06nadeHue 3HAHUAMU: W3YYEHUE HCTOYHUKOB JIMTEPATypbl MO TeMaM
JTUCITUTUINHBL, y9eOHO-UCCIIeI0OBaTeIbCKass paboTa; MCIOJIb30BAaHUE KOMITBLIOTCPHOM
TEXHUKH, IHTEepHET;

o 3aKpenienue u cucmemamusayus 3HaHut. padoTa ¢ KOHCIIEKTOM JIEKIUN
(oOpaboTka TekcTa); MOBTOpHAas paboTa Hang y4eOHBIM MaTepuaioMm (yueOHHUKa,
NEePBOUCTOYHUKA, JIOMOJHUTEIBHON JUTEpaTyphl, ayauo- U  BHJIEO3aMKCEN);
COCTABJICHME IUJIaHA U TE3UCOB OTBETAa; OTBETHl Ha KOHTPOJBHBIE BOIPOCHI;
aHaJIUTHYECKas oOpaboTka  TeKcTa (aHHOTHUpOBAHUE, peleH3upoOBaHue,
pedepupoBaHme, KOHCIIEKT, aHANIU3 U Jp.); HOJATOTOBKA COOOIEHUN K BBICTYILICHHUIO
HAa ceMHuHape, KOoH(epeHIUH; MOATOTOBKAa pedeparoB, JHOKIAI0B; COCTABICHUE
oubnuorpaduu; TeCTUPOBAHUE U JIP.;

o Gdopmuposanue ymeHuti: pelleHHE 3aad U YIPAXHEHUN MO 00pasily;
pelieHre  HEJMMHEHWHBIX  3aJad  MaTeMaTHYeCKOW  (PU3MKH; MaTeMaTH4eCcKOe
MOJICIUPOBAaHUE PA3HOTO PojJia (PU3MYECKUX MPOIECCOB; MOJATOTOBKA KYPCOBBIX H
JTUTIOMHBIX pa0oT (IPOEKTOB); AKCIEpUMEHTabHAsI padoTa; pedIeKCUBHBIN aHAIN3
poecCUOHANIbHBIX YMEHUH C UCMIOJIb30BAHUEM ayIMO- U BUICOTEXHUKHU U JP.

OcHoBHbIME ¢GopMaMu PaGOThl U KOHTPOJA CAMOCTOSITEIIbHOW paboThI
CTYJICHTOB SIBJISTFOTCSI:

NupuBuayajibHOe pellieHHe PENPOAYKTUBHBIX, PEKOHCTPYKTHBHBIX U
TBOPYECKUX 3aJaHUI, TO3BOJSIONIMX OICHUBATh M JAHArHOCTUPOBATH  YPOBEHD
O0OYy4EeHHOCTH, yPOBEHb YMEHUN M HABBIKOB CTYIEHTOB MO JUCITUTUINHE.

CobecenoBanue - ¢dopma ydeOHOU JESITEIBHOCTH, CIElUalibHas Oecena
MPENOIaBaTeNisl CO CTYACHTOM Ha TEMBI, CBSI3aHHBIE C M3y4a€MOW IUCIUILIAHOM,
paccuuTaHHAs Ha BBIACHEHHE 00ObeMa 3HAHUM CTYJIEHTA IO ONpPeeICHHOMY pa3Jiely,
TeMme, MmpoodseMe W T. M., MO3BOJISIONIAS OLEHUTh WX 3HAHUS MO TEME, YMEHHE
apryMEHTHPOBaTh COOCTBEHHYIO TOUKY 3pEHHS, MpeArnojararoiias BCECTOPOHHEE
00CyXJIeHHe KaKoro-aubo BOIpoca, MpoOJeMbl WM COMOCTaBICHUH WH(OpMaIuuy,
WJIe, MHEHH U, TPEJIOKEHUM.



MeToauyecKue peKOMEeHAANMHU M0 U3YUYEHUI0 TEOPETHIECKOr0 MaTepuaJia

IIpu W3YYEHHUH TEOPETUYECKOTO Marepuala o JVCLUTINHE
«ONEKTPOAMHAMHKA», OCHOBOIMOJATAIOIINM JIJI CTYAEHTA ABJISIETCA KypC JEKIUN 10
JTAHHOW JTUCIUIUIMHE, COCTABJICHHBIM B COOTBETCTBUHU C yueOHOH mporpammoit. [lpu
VCIIOJIb30BaHUU JIOTIOJTHUTEIbHBIX HMCTOYHUKOB JUTEPATypPhI cleayer
MPUJICPKUBATHCS IUIAHA U COJCPKAHUS U3y4aEMOW TUCHUIUINHBI, TPEACTABICHHOTO B
y4eOHOM mporpamme.

Bomnpocs! niia u3ydenus:
1. DnexkpomarHuTHBIE BOJIHBI
2. IIpoGnema uzmydeHust
3. PacmpoctpaneHune 3MeKTPOMAarHUTHBIX BOJH
4. OcHOBBI cllelIUaIbHON TEOPUU OTHOCUTENBHOCTH. YeTblpexmepHast (popMyaupoBKa
AIIEKTPOAMHAMUKHI

ITo pe3ynpTaram H3y4YEHUS TEOPETHUUECKOTO MaTepuaja MpenojaBaTeieM
OCYIIECTBIISICTCS KOHTPOJIb TOJYYEHHBIX CTYJAEHTOM 3HaHHMM, (opMaMH KOTOPOTO
SBIISIIOTCS coOeceoBaHue U JOKIad pedepaToB.

CobOecenoBanue - Qopma ydueOHOM JEATEIBHOCTH, CICIMalbHas Oecena
IpenogaBaTesisi CO CTYJACHTOM Ha TEMbl, CBA3aHHBIC C WM3y4aeMON HAUCIUILIMHOM,
paccuMTaHHAs Ha BBIACHEHUE 00ObeMa 3HAHUMU CTYJCHTA MO OMPE/ICICHHOMY pa3jenty,
TeMme, MpooOseMe U T.M., MO3BOJSIONIASI OLICHUTh WX YMEHUE apryMEHTHPOBaTh
COOCTBEHHYIO TOUKY 3pEHMS, Mperoarammnias BCeCTOpOHHEe 00CyXIeHUE KaKoro-
aubo Bompoca, TpoOJieMbl WM COMOCTABJICHUU UWHMOpMalUM, UIEH, MHEHUH,
MPEIIOKEHUM.

[Tporienypa npoBeaeH s JTaHHOTO OIIEHOYHOTO MEPONPHUSTHS BKIFOYACT B CEOSI:

e OT/IEIBHOE cOOECeIOBaHMUE IO KAXKION M3 YKa3aHHBIX TEM;
® COCTaBJICHHBIC aCITUPAHTOM KOHCIICKTBI HAYIHOM JIUTEPATypHI;
® aHAIM3 aCUPAHTOM MYOIUIIUCTHYECKOTO MaTepuraia.

[IpyHUIMITHAIBHBIE OTIWYMSA 33JaHuii  0a30BOr0 YPOBHS OT TOBBIIICHHOTO
3aKJIFOYAIOTCs B 00JbilieM 00beMe (hakKTOB U COOBITHH, B CPAaBHUTEIBHO-aHATUTUIECKOM
XapakTepe M3JIO0KEHHA  Marepuasia, €ro TEOPETUYECKOM  (METOHO0JIOTrHYECKOM)
COCTABJISIFOLIEH.

JInst TIOATOTOBKM K KA&XIOM TEME CIEAyeT H3Yy4WTh M 3aKOHCIIEKTHPOBATH
PEKOMEHJIOBaHHBIE WCTOYHUKM ¥ HAy4YHYIO JIUTEpaTypy M Ha HX OCHOBAHUU
MOJITOTOBHUTHCS K YKa3aHHBIM B METOJTMUECKUX MaTepUasiaX BOPOCaM JJisi 00CYKICHUSI.

[Ipy MOATOTOBKE K OTBETY CTYACHTY IMPEIOCTABISCTCS IPABO IMOJIB30BAHMS
yKa3aHHBIMU KOHCIIEKTaMHU.

[Tpu ipoBepke 3a/1aHusl, OLICHUBAIOTCS:

o aKTUBHOE y4acTHue B paboTe;

o YBEPEHHOE BJIAJICHUE MATEPUATIOM;
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YMEHUE YETKO W JIOTUYHO U3J1araTh CBOM MBICIIH:
YMEHHUE TBOPUYCCKH MOIXOIUTh K PEIICHUI0 OCHOBHBIX BOIIPOCOB TEMBI,
CaMOCTOSTEIBHOCTD MBIIIIJICHHS,
MIOJTHOE COOTBETCTBHE KOHCTICKTA YCTAHOBIICHHBIM TPEOOBAHUSM;

° CaMOCTOSATENIbHAS YCTHAs pedb, IIOJHOCTHIO pacKphIBalOIIas CyTh
npoOJieMaTHKHU co0eceI0BaHMS.

TunoBble KOHTPOJIbHBbIE 3aJaHUSI WJIM HHbIE MaTepHaJIbl, HeOOXOAMMBbIE JIsI
OLCHKHU 3HAHMH, YMEHHUI, HABLIKOB U (MJIM) ONbITA JAeATEJbHOCTH,
XapaKTepu3yIuX 3Tanbl GopMUpOBaHUSA KOMIIETCHIIUI

Bonpocsl k ko/L1I0KBHYMY (S cemecTp)
3akon Amrnepa u Kynona. Cucremsl eMHUIL.
JlokanbHbIE XapaKTEPUCTHKU 3JEKTPOMAarHUTHOTO TIOJISL.
3aKOH COXpaHEHUs HIIEKTPUIECKOTO 3apsaa. Y paBHEHUE HENPEPHIBHOCTH.
WuterpanbHas ¢popma repBoro ypaBHeHus: MakcBesuia (BbIBOJ).
Huddepennmansaas popma nepBoro ypaBHeHus: MakcBesuia (BBIBON).
WuterpanbHas ¢popma BTOporo ypaBHeHHst MakcBesia (BbIBO).
Huddepennmansaas popma BToporo ypaBHeHHs: MakcBeiia (BbIBO).
WuterpanbHas popMma TpeTbero ypaBHeHus: Makcpesuia (BbIBOJ).
Juddepenumanpaas popma TpeTbero ypaBHeHus MakcBesuia (BBIBON).

. UaTerpanbHas u quddepenuunanbaas popma 4eTBEpTOro ypaBHeHUs: MakcBeia (BbIBO).

. 3aKOH COXpaHEHUS SHEPTHH MPUMEHUTEIHHO K 3JICKTPOMATrHUTHBIM SIBJICHUSIM.

. YpaBHEHHUS IEKTPOCTATUKU. | paHUYHbIE YCIOBUS IPU HAIMYUU 3apsKEHHbIX
ITOBEPXHOCTEH.

13. DnexTpocraTueckoe noje B Bakyyme. [loTeHuuann.

14. duznyeckuii CMBICH CKaJISPHOTO MoTeHuana. HopMupoBka nmoreHnuana.

15. YpaBuenus Jlamnaca u [lyaccona.

16. DnexTpocTaTHUECKOE TI0JIe BHYTPH MPOBOJIHUKA. DIEKTPOCTATUYECKOE TT0JIe BOIU3H

MOBEPXHOCTH MPOBOJHUKA.

17. llorenuman npoBoaHuka. EMkocTs. MeTannnueckuii skpaH.

18. Konnencaropsl. EMKOCTB TJIOCKOTO KOH/AEHCATOPA (BBIBOJ).

19. EMKOCTh cheprdeckoro KoHieHcaTopa (BBIBO).

20. EMKOCTh IIUITMHIPUYECKOTO KOHIEHCATOpa (BBIBON).

21. JluronbHOE pa3iiosKeHNe MOTEHITHANIA.

22. DHeprus 3J1eKTPOCTaTUYECKOTO MOJIs.

23. DHeprusi MO BO BHEITHEM ITOJIE.

24. MexaHN4eCKue CUJIbI B 3JIEKTPUUECKOM IoJjie. MOMEHT CHJI, IeMCTBYIOIUI Ha AUIIOIb.

25. Nmanexrpuku. [lomspuzanus AUAIeKTPUKOB. [ paHUYHBIE YCIIOBHSI TPH HATHYHH

JTBJIEKTPUKOB.

26. BekTop nossipu3oBaHHOCTH. J{MasIeKTprdecKasi BOCIIPUUMYNBOCTb.

27. DHeprus IMAIIEKTPUYECKOr 0O Tejla BO BHEITHEM IT0JIE.

28. OO0beMHBIE CHJIBI, ICHCTBYIOIINE HA TUDIICKTPUKH.

29. MarnuTocTaTuka. I paHu4HbIe yCIOBUS MarHUTOCTATUKU B BaKyyMe.

30. DHeprust MarHUTHOTO TTOJISI ITOCTOSTHHBIX TOKOB.

31. CaMOMHIyKIIMS U B3aUMOMHIYKIIHSL.

BOoo~NoOR~WDNE

=
N - O
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32.

33.

34.

35.

36.

37.
38.
39.
40.

41.

42.
43.
44,
45.
46.
47.

48.
49.
50.
51.
52.
53.
54.
55.

56.
57.

58.

59.

60.

61.

62.

63.

Cuna, neficTByOIas Ha OTPAHUUYEHHOE PACIIPEAEIIEHNE TOKA BO BHEIIIHEM MarHUTHOM I10J1€
(BBIBOIT). DHEPTHSL.

MoMeHT cui1, IEeHCTBYIOIUN Ha OTPAaHUYEHHOE PACIPEACIICHHE TOKA BO BHEIIHEM
MarHuTHOM T10J1¢ (BBIBOJT). DHEPIHs.

Makpockonuueckrue ypaBHEHUSI B MarHUTOCTaTHKE. BbIpaXkeHus 1711 BEKTOPHOTO
nmoTeHIMana (BbIBO).

MakpocKkonuyecKrue ypaBHEHUS B MarHUTOCTaTUKE. Y paBHEHNUs MakcBesuia B cpejie
(BeIBO). I'McTEpE3ucC.

AOcComoTHAs MarHUTHAS IPOHUIIAEMOCTh BeliecTBa. AOCOTIOTHAS MAarHUTHAS
BOCIIPUMMYHUBOCTh BELIECTBA.

['pannuHble yCn0BUSA JUI1 MArHUTHOM MHIYKIMU U HAMIPSHKEHHOCTH T1OJISL.

O6uacTh KBa3UCTAIMOHAPHBIX SBJICHUI. Y CIOBUS KBAa3UCTAI[MOHAPHOCTH.

VYpaBHeHUs 1151 KBa3UCTALlMOHAPHOW 00JIaCTH SIBJICHUM.

KBazucranuroHnapHsie sIBJI€HUS B IMHEHHBIX TPOBOJHUKAX. BbIpaxkeHue 115l onpeieneHus
TOKOB B IPOBOTHHKE T10 33/JaHHBIM CTOPOHHUM CHJIaM, COITPOTHBIICHUIO H KOYPPHUIIUEHTY
WHIYKIUU.

KonTyp ¢ camouHAYyKIMEH, CONMPOTUBICHUEM U EMKOCTBIO. BBIpaxkeHue Il CUIIbI TOKA
(BBIBOI).

OHeprus B 00J1aCTH KBa3UCTAIMOHAPHBIX SIBJICHUH.

Cunel B 00671aCTH KBA3UCTAIMOHAPHBIX SIBJICHUU.

CxuH->QexT.

OmMuyeckoe COMPOTUBIICHUE IS CIIy4as KBa3UCTAIMOHAPHBIX U OBICTPOIIEPEMEHHBIX TOKOB.
DNEeKTPOMAarHUTHbHIE BOJHBI. Y paBHEHUS Ul IOTEHLNUAIOB (BBIBON).

[Tnockue BonHbl. CBOMCTBA MJIOCKKUX BOJIH (BBIBOA). BekTop moToka sHepruu Ass miocKoi
BOJIHBI.

Monoxpomatuueckas iockas BoIHA. BUbl monspuzanuy BoJH (BBIBOJ).

[Tpo6nema uznyuyenus. Juddepennpmanbapie ypaBHEHUs! U1 TOTEHIIMAIIOB.
KanuGpoBouHnsle npeobpazoBanus. JIopeHieBa KaTuOpOBKa.

KanubpoBounsie nmpeobpazoBanus. KynoHoBckas kanuOpoBKa.

Oyukuus ['pyHa 1715 BOJTHOBOTO YpaBHEHUS.

Bripaxenust uist 3ana3pIBalOUX MOTEHIIMANIOB (BBIBOA). Oriepexaronyue moTeHIuabI.
N3nydyeHue oT 37eKTpUYECKOro MOMEHTA. Y paBHEHUS /7S TIOTEHLUANIOB (BBIBOJ).
DONEeKTpUYECKUN MOJIIPU3AMOHHBIN MOTEHIMA. Y paBHEHHUE IS JJIEKTPUUYECKOTIO
HOJISIPU3ALMOHHOTO MOTEHIMAaNa (BBIBOL).

W3nyueHne OT MArHUTHOTO MOMEHTA. Y PaBHEHUS ISl TIOTCHIIUAIOB (BBIBOJ).
MarsuTHbIN NOJASPU3ALMOHHBIN MOTEHIUAT. Y paBHEHHUE JI1 MArHUTHOTO
MOJISIPU3AIMOHHOTO MOTEHIINAJIA (BBIBO).

YpaBHeHUs 17151 OJISIPU3AIMOHHBIX TOTEHIIMAJIOB B MPOCTPAHCTBE BHE UICTOYHUKOB MOJIS.
BripaxkeHus a5 NOAsSpU3aMOHHBIX TOTEHLUAIOB (BBIBOJ).

BelpaskeHus i1 HanpsDKEHHOCTEN B CiIydae MoJIsl CO3aBaeMOr0 AIEKTPUUECKUM AUIIOIEM.
CaoiicTBa noue.

Bripakenus u cBoiicTBa MOJIEH, CO3/IaBaEMBIX JIIEKTPUIECKIM BHOPATOPOM B OJIMIKHEHN U
JlalbHEN 30HaxX.

Bekrop Ymosa-IloliTuHra B BOJMHOBOM 30HE. 3aBUCUMOCTh MOIIIHOCTH HU3JIYYEHHS OT
YacTOTBHI.

Bripaxkenus 1uist HanpsHDKEHHOCTEW M CBOMCTBA TMOJIEH, CO3/1aBaeMbIX IEPEMEHHBIM
MarHUTHBIM MOMEHTOM.

[Tnockue BOJIHBI B HEOIPAaHUYEHHON OJJHOPOIHOM HEMPOBOSAILEN CpELE.
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64. YacTHOE perieHre BOJIHOBOT'O YPaBHEHUS IS ciydast IIOCKUX BOJIH. CBOICTBA MOJIEH.

65. [Ipenomienne u oTpakxeHUE MIOCKUX MEKTPOMAarHUTHBIX BOJIH Ha IPAHULIE MEXKTY
JURJIEKTPUKAMHU.

66. PacipocTpaHeHue 371€KTPOMarHUTHBIX BOJIH B IPOBOJAIIUX cpenax. KoMiuiekcHas
JUAJIEKTPUYECKask IPOHUIIAEMOCTD BEILIECTBA.

67. KoMriekcHbIN BOTHOBOM BeKTOp. CBOMCTBA MOJIEH.

Mertoguueckne  MaTepuasbl, ONpenesiiOMe NMPOUeAypPbl OLEHUBAHUSA 3HAHUM,
YMEHHMI, HABBIKOB W (WJIM) ONbITA JACATEJIbHOCTH, XAPAKTEPHU3YIOIIUX 3TaIbI
(opMupoBanusi KoMIeTeHUUI

IIpouenypa mpoBeAcHHsS JIK3aMeHA OCYLIECTBISIETCSI B COOTBETCTBUHM C
[lomokeHnEM O TPOBENCHUM TEKYIIErO0 KOHTPOJIA YCHEBAEMOCTH M IPOMEKYTOUHOU
arTecTaluy o0yJaroUMxcs Mo 00pa3oBaTeNbHBIM IPOrpaMMaM BBICIIEr0 00pa30BaHUs —
nporpaMmam OakasiaBpuara, IporpaMMam CrelUaInuTeTa, IporpaMmMaM MarucTpaTypsl - B
CK®VY, IlomoxkeHneM O MNPOBENECHUM TEKYLIETO KOHTPOJS — YCIIEBAEMOCTH U
NPOMEXYTOYHOM aTTecTalMd Oo0yYarolmuxcs 1o 00pa30oBaTelbHbIM IPOrpaMMam
BBbICIIETO OOpa30BaHMsI — MporpaMMmaM acHUpPaHTYphl, IpOrpaMMaM OpJIMHATYPhI - B
CKoy

B sk3ameHallMOHHBIN OWJIET BKIIIOYAIOTCS: JIBa TEOPETHMUYECKUX BOIIPOCA, OIHO
IIPAKTUYECKOE 3aAHNE.

Jst moarotoBky 1o 6usnery orBoautcs: 40 MUHYT.

IIpy 1OArOTOBKE K OTBETY CTYACHTY IPEIOCTABIACTCA IIPABO  IOJIb30BAHUS:
CHPaBOYHBIMHA MaTepUaAJIaMH 1O TaHHOW JUCUUIUIMHE.

IIpu mpoBepKe MPAKTUYECKOTO 3aJaHHsI, OLICHUBAIOTCS: 3HAHUE OCHOBHBIX TEOPETUYECKUX
TMOJIOKEHUH, HEOOXOAMMBIX ISl PEIICHHSI TIOCTABJICHHOW MPAKTHUYECKON 3a7aui, HaBbIKU
pellieHusT TOAOOHOTO THUMA 33JaHui, yMEHWE TMPUMEHSITh COOTBETCTBYIOIIUN
MaTeMaTUYECKUI arapar.

Jlonmyck K NMpakTH4YeCKHM padoTaM MPOUCXOAMUT MPU HAIMYUU Y CTYJEHTOB
NEeYaTHOTO BapuWaHTa OTYETa. 3allMTa OTYeTa MPOXOAUT B (hopMe TOKJIaaa CTyACHTA
10 BBIMOJIHEHHOW paboTe U OTBETOB HAa BOMPOCHI MPENOAABATENS.

MakcumanbHOE KOJMYECTBO OAJIOB CTYAEHT MOJY4YaeT, €I OpOpMIIEHUE OTYeTa
COOTBETCTBYET YCTAHOBJIEHHBIM TPEOOBAHMSIM, @ OTYET MOJTHOCTHIO PACKPBIBAET CYTh
paboThl. OCHOBAHHMEM JIJIsl CHUKEHUS OLICHKH SIBJISTFOTCS:

OT4eT MOXET OBITh OTIIPABIICH HA JOPAOOTKY B CIACAYIOIMIMNX CIy4asx:

Kputepun orneHuBaHUS PE3yJbTaTOB  CAMOCTOSITEILHOM pabOThl  CTYJICHTOB
npuBeneHbl B DOHIE OLIEHOYHBIX CPEACTB 10 JUCLHHUILIAHE.

Bonpocsl K 3k3aMeHy.

6 cemecTp — dK3aMeEH.
Bomnpocsl k 3x3ameny:
1. 3akon Ammnepa u Kynona. CucTembl eTUHUAIL.
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JlokanbHBIE XapaKTEPUCTUKHU JEKTPOMArHUTHOTO TOJIS.

3aKOH COXpaHEeHHsI SJIEKTPUUECKOTO 3apsiia. Y paBHEHNUE HEPEPHIBHOCTH.
WuterpanbHas ¢popma nepBoro ypaBHeHus: MakcBesuia (BBIBON).
Huddepennmanbras popma repBoro ypaBHeHus: Makcpeia (BbIBO).
WuterpanbHas ¢popma BTOporo ypaBHeHHst MakcBea (BbIBO).
Huddepennmanbaas ¢opma BToporo ypaBHeHUss MakcBesuia (BBIBOT).
WuTterpanbHas popma TpeTbero ypaBHeHus MakcBesuia (BBIBON).
Huddepennmanbras popma TpeThero ypaBHeHUs: MakcBeia (BBIBO).

. UaTterpanbhas u quddepeHnuanbaas Gopma 4eTBepToro ypaBHeHus Makcsesuia (BbIBOJ).
. 3aKOH COXpaHEHHs YPHEPTHH NPUMEHUTEIBHO K AJICKTPOMArHUTHBIM SIBIICHHSM.
. YpaBHEHHS AJIEKTPOCTATUKU. | paHUYHbIE YCIOBUS IPU HAIMYUH 3aPSKECHHBIX

MTOBEPXHOCTEH.

DJeKTpocTaTudeckoe noJjie B Bakyyme. [lorennuar.

OuU3NYeCKUil CMBICI CKaJIIPHOTO MoTeHnuana. HopmupoBka noreHuuana.
VYpasuenus Jlamnaca u Ilyaccona.

DIEKTPOCTATUUECKOE TOJIE BHYTPH MPOBOJHUKA. DIEKTPOCTATHUECKOE MMOJie BOIU3U
MOBEPXHOCTHU MTPOBOJIHUKA.

[Torenuuan npoBogHuKa. EMKocTh. MeTamnnueckuii sKpaH.

Konnencaropsl. EMKOCTB TI0CKOTO KOHACHCATOpa (BBIBO).

EmkocTb cheprueckoro konaeHcaropa (BbIBOI).

EMKOCTh IMITMHIPHYECKOTO KOHAEHCAaTOpa (BBIBO).

JlunonpHOE pa3inokKeHne MOTeHIIaia.

DHeprus MEKTPOCTATUUECKOTO MO,

DHeprus JUMOJs BO BHELIHEM IOJIE.

MexaHn4YeCKHe CUIIbI B JJIEKTPUUYECKOM MoJie. MOMEHT CuJl, I€MCTBYIOIIMI HA JUITOJb.
Husnextpuku. [Honspuszanus AU3IeKTPUKOB. [ paHUYHbBIE YCIIOBUS MPU HATUYUHU
JTUJICKTPUKOB.

BekTop nonsipu3zoBaHHOCTH. J{U3eKkTpudeckas BOCIPUUMYUBOCTb.

DHeprusi JUAICKTPUUECKOro TeJjla BO BHEITHEM TOJIE.

OObeMHbIE CUTTBI, ACHCTBYIONTNE HA TUIIIEKTPUKH.

MarnuTtoctatuka. [ paHuYHBIE YCIOBHUS MarHUTOCTAaTUKH B BaKyyMe.

DHeprusi MarHUTHOTO MOJIsl TOCTOSIHHBIX TOKOB.

CaMOMHIYKIIMS M B3AUMOWHTYKITHS.

Cuuta, neiicTByroIasi Ha OTPAaHUYEHHOE paclpeiesieHHe TOKa BO BHEIIHEM MarHUTHOM T10JIe
(BBIBOZ). DHEPrUS.

MomeHT cuil, JEHCTBYIOIMI Ha OTPAaHUYEHHOE paclpeiesieHne TOKAa BO BHEIIHEM
MarHuTHOM TI0Jie (BBIBOJT). DHEPTHSI.

Makpockonuueckre ypaBHEHHsI B MAarHUTOCTAaTUKe. BripaxeHust uisi BEKTOPHOTO
MoTeHIMaNa (B6IBO).

Makpockonuueckie ypaBHEHHsI B MAarHUTOCTATUKE. Y paBHEHUsI MakcBelia B cpefie
(BeIBOM). ['HicTepesuc.

AOcomoTHas MarHUTHAs TPOHUIIAEMOCTh BellecTBa. AOCOMIOTHAS MarHUTHAs
BOCITPUUMYHUBOCTH BEIIECTBA.

['pannuHbIe YCIOBUS 1JIsI MATHUTHOM MHIAYKIIMU U HAIPSHKEHHOCTH TOJIS.
O06nacTh KBa3UCTAIMOHAPHBIX SBJICHUHN. Y CIIOBHSI KBa3UCTAIMOHAPHOCTH.
YpaBHeHUs 17151 KBa3UCTAIMOHAPHOW 0OIACTH SIBICHUH.
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KBasucranoHnapHble sIBJICHUsI B IUHEHHBIX IPOBOJHUKAX. BbIpaskeHue 1is onpeaencHus
TOKOB B MIPOBOJIHUKE I10 33/IaHHBIM CTOPOHHUM CHUJIaM, COIPOTUBICHHIO U KO OULIUEHTY
WHIYKIUU.

KoHTyp ¢ caMonHayKIMen, CONPOTUBIEHUEM U EMKOCThIO. BbIpaskeHue JUisl CHIIbI TOKa
(BBIBON).

DHeprus B 00J1aCTH KBa3UCTAIMOHAPHBIX SIBJICHUM.

Cuibl B 0071aCTH KBa3UCTAI[HOHAPHBIX SIBICHUM.

CxuH-3¢ DexT.

Omuueckoe COMPOTHBIICHUE JUIS CITy4asi KBa3UCTAIIMOHAPHBIX M OBICTPOIIEPEMEHHBIX TOKOB.
DeKTPOMarHUTHbHIE BOJIHBL. Y PaBHEHUS JJI MOTEHIIMAIOB (BBIBON).

[Tnockue BoiHbL. CBOMCTBA IIIOCKUX BOJIH (BBIBOT). BEKTOp MOTOKA SHEPTUU IS IJIOCKOM
BOJIHBI.

MounoxpomaTtuueckas I10cKast BoJaHa. Buibl nosnsipuzanny BoJH (BBIBOJ).

[Ipo6nema uznyuenus. JJuddepennpmanbubie ypaBHEHUs s TOTSHIIAIOB.
KanubpoBounsie npeodpas3oBanus. JIopeHueBa kalinOpoBKa.

KanubpoBounsie mpeobpazobanus. KynoHoBckas kannbpoBka.

@yukuusa ['puHa 1711 BOJIHOBOIO YpaBHEHUS.

Bripaxkenust Asis 3ana3apIBaronuX MOTEHIMAN0B (BbIBO). Onepeskaronye NOTeHIIUANTbI.
Nznydenune ot 31eKTpUIECKOTO MOMEHTA. Y paBHEHUS ISl IIOTEHIIUATIOB (BBIBOI).
DNeKTpUYECKUM MOIAPU3ALMOHHBIN IOTEHUHA. Y paBHEHUE JJIs 3JIEKTPUUECKOTO
MOJISIPU3AIMOHHOTO MOTEHIIMAJIA (BBIBOI).

W3nyueHnue OT MarHUTHOrO MOMEHTA. Y paBHEHHUS JIJIsl TOTEHIIUAIOB (BBIBOJ).
MarHuTHBIN NOJSIPU3ALMOHHBIN NOTEHIMAI. Y PaBHEHUE JIsl MArHUTHOTO
MOJIAPU3ALMOHHOT0 TOTEHIIMaNa (BBIBO).

YpaBHEHHUs 1S NOJISIPU3ALMOHHBIX [IOTEHIIMAJIOB B IPOCTPAHCTBE BHE UICTOYHUKOB IOJIA.
BeipakeHus a7 Mosspu3allMOHHBIX TOTEHIMAIOB (BBIBON).

BeIpaxxeHus U1 HANPsSKEHHOCTEN B CIIy4ae MOJI CO3/1aBAEMOI0 dJIEKTPUYECKHUM JIATIOJEM.
CaoiicTBa noJe.

BripaxkeHnus u cBoiicTBa MoJiel, CO31aBaeMbIX 3JIEKTPUUYECKUM BUOPATOPOM B OJIMIKHEN U
JajJbHEH 30HaX.

Bextop YmoBa-IloiiTuHra B BOJTHOBOM 30HE. 3aBUCMMOCTh MOIIIHOCTH U3JTy4EHUS OT
YacTOTBHI.

BeIpaxxeHus U1 HANPsKEHHOCTEN U CBOMCTBA ITOJIEH, CO3/1aBAEMBIX IIEPEMEHHBIM
MAarHUTHBIM MOMEHTOM.

[itockue BOTHBI B HEOTPAHUYEHHON OJHOPOIHOM HEMPOBOISIIEH Cpeie.

YacTHOE pelieHne BOJIHOBOTO YPaBHEHMSI ISl ClIydas IUIOCKUX BOJIH. CBOMCTBA MOJIEH.
[Ipenomiienne n OTpak€HHE MIIOCKUX 3JIEKTPOMAarHUTHBIX BOJIH HAa TPAHULIE MEXIY
TUDJIEKTPUKAMHU.

PacnipocTpaneHnue 35eKTpOMarHuTHBIX BOJIH B MPOBOAAIIMX cpeaax. KoMrekcHas
JUDJIEKTPUYECKask IPOHULIAEMOCTD BEILIECTBA.

KommnekcHslil BoTHOBOM BekTOp. CBOKCTBA MOJIEH.

Kpurepuu oieHKH caMOCTOATEIbHOM pad0Thl CTYACHTOB
Kpurepun onieHuBaHus pe3ysbTaTOB CaMOCTOSATEIbHON PabOThl CTYJIEHTOB

pazpaboranbl ¢ ydetrom TpebOoBanuii D®I'OC BO. 3agaHus, BBIHOCHMBIC Ha
CaMOCTOATENbHYI0 Pa0OTy CTYAEHTOB, OIIEHWBAIOTCS TIO IIKajle «OTIHYHOM,
«XOPOIIIOY, KYJAOBIETBOPUTEIHHO» U «HEYIOBICTBOPUTEIHHOY.
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OueHKa «OTJIMYHO0)» BBICTABIISIETCA MPU CIEYIOUIUX YCIOBHSIX:

* IaHbI UCYEPIIBIBAIOIINE U OOOCHOBAHHBIE OTBETHI HA BOMPOCHI, IOCTABJICHHBIE
B 33/IaHMH, BHIHOCUMOM Ha CAMOCTOSITEIbHYIO pabOTy acClIMpaHTOB;

* [I0Ka3aHO YMEHHUE IPaMOTHO MPUMEHSTh MOJyYEHHBIE TEOPETUUECKUE 3HAHUS
IIPU aHAJIU3€ COOBITUM JIEHCTBUTEILHOCTH;

* MOKa3aHO TJIyOOKO€ W TBOPYECKOE OBJIAJIEHHE OCHOBHOM M JIOMOJIHUTEIHHOM
JIATEPATYPOHU;

* MaTepHal U3JIaracTcs apryMEHTUPOBAHO U JIOTUYECKU CTPOKHO.

OneHKa «X0po110» BBICTABISAETCS MIPH CIECIYIONINX YCIOBHIX:

* JIaHbI MOJHBIE, JOCTATOYHO INIyOOKHE U OOOCHOBAHHBIE OTBETHI HA BOIPOCHI,
MOCTaBJICHHBIC B 33JJaHNH, BBIHOCUMOM Ha CAMOCTOSATEIbHYIO pabOTy acCliupaHTOB,;

* I0Ka3aHbl IOCTATOYHO MPOYHBIE TPAKTUYECKUE HABBIKH;

* J1aHbI MTOJIHBIE, HO HEJAOCTATOYHO 0OOCHOBAHHBIE OTBETHI HA JIONOJIHUTEIbHBIE
BOIIPOCHI;

* IOKa3aHbl TIIyOOKHE 3HaHMSI OCHOBHOM M HEJOCTATOYHOE 3HAKOMCTBO C
JIOIIOJIHUTEIIBHOM JIUTEPATypOU;

* IIOKa3aHO YMEHHE TEOPETUYECKM OOOCHOBBIBATH  BBICKA3bIBAEMBbIE
IIOJIOKECHUS;

* OTBETHl B OCHOBHOM OBbUIM KPAaTKMMH, HO B HUX HE BCEI/la BBIAEP’KUBAJACh
JIOTUYECKas MOCIEN0BATEIBbHOCTD.

OneHka «y10BJIETBOPHUTEIbHO)» BBICTABIISIETCA MPHU CIEAYIOUX YCIOBHUSIX.

*IaHbl B OCHOBHOM I[pPaBUJIbHBIE OTBEThl HA BCE BOIPOCHl 3aJaHUS,
BBIHOCMOT'O Ha CAMOCTOSITENIbHYIO Pab0OTy acCIupaHTOB, HO 0€3 JOJKHOM TITyOUHBI U
000CHOBAHHS;

* IOKa3aHbl HEJIOCTATOYHO MPOYHBIEC MPAKTUYECKHE HABBIKY;

* HE JIaHbl MOJIOKUTEIbHBIE OTBETHl HA HEKOTOPHIE TOMOJIHUTEIbHBIE BOIIPOCHI;

* [I0Ka3aHbl HEJIOCTATOYHBIE 3HAHNS OCHOBHOM JINTEPaTYpHI;

* OTBETHl ObUIM MHOTI'OCJIOBHBIMH, MBICIA M3Jarajiich HEAOCTATOYHO YETKO U
0€e3 10JKHOW JIOTHYECKON MOCIe10BaTENbHOCTH.

OneHka «HeyIOBJICTBOPHMTEJIBHO» BBICTABISIETCS B Cily4asx, KOIZa HeE
BBIIIOJIHEHB! YCJIOBHUS, MO3BOJIIFOLIME IIOCTABUTh OLEHKY «YIOBJIETBOPUTEIBHOY,
KOT/Zla acIHMpaHT HE YCBOUJ OCHOBHOIO COJEp)KaHUS IpeaMmera U ciabo 3Haer
PEKOMEHIOBAHHYIO JINTEPATYPY.

Cnucoxk pekoMeHayeMou JTUTepaTypbl
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nuHamMukay, 2005.
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