YpaBHeHuss MakcBeJlJ1a B MHTErPaJdbHOH (popme
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[epsoe ypasHeHue rokasbieaem, ymo
UCMOYHUKOM 3/1eKMPUYECKO20 Mo/ Mo2ym 6bimb
HEe MmOJbKO 3NeKmpuyeckue 3apsobl, HO U
U3MEHSIIOUUECS] 80 8PEMEHU Ma2HUMHbIE M0JIS.

YpasHeHue roKasbleaem, 4mo
A Maz2HUMHbIe rosid Mo2ym 8030y)x0ambcs

j +— dS | nubo OsUXXyuumucsi 3apsioamu

(annekmpu4yeckumu mokamu), nubo
rnepemMeHHbIMU 37IEKMPUYECKUMU MOIsSMU.

Amo — nocmynam Makceernna, ebipaxarouwuti 3aKoH
co30aHusi  ariekmpudeckux rorneu  Oeucmeuem
3apsi008 8 rpou380sibHbIX Cpedax.

MazHumHoe riorne He umeem CmoKo8 U UCMOKO8,
JluHUU Tr10J/14 He uMerom HU Ha4darsia HU KOHUa.
MazaHumHoe rorne Ha3bigarom cosieHoudasibHbIM
usriu euxpesbiM.



YpaBHeHna Makcsenna —
MaTepuarnbHble ypaBHEHUSA

B cucremy ypaBHeHHU1 MakcBeilia MOMUMO YKa3aHHbBIX
YETBIPEX BXOMAT €IIe TPU YPABHEHUSA, KOTOPHIE
HA3bIBAIOTCS MAMEPUATbHBIMU YPACHEHUAMU.

MarepuanbHble YPaBHEHHUS OIMMCHIBAIOT XapaKTEPUCTUKU
Cpebl, B KOTOPOM paCIpOCTPaHICTCS dJICKTPOMArHUTHAS
BOJIHA, @ UMEHHO — HaJU4HUe JIUAICKTPUKOB (€)
(beppOMarHeTUKOB (|1), YACIbHOW TPOBOJAUMOCTH (7).
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roe 80 7 “0 — COOTBETCTBEHHO 3r1eKTpnyeckad U MarHMTHasa NOCTOAHHbLIE;
€N M — COOTBETCTBEHHO AN3ANEKTPUYECKaA N MarHNTHaaA NPOHNLAEMOCTN,

Y -YyAelibHada NnpoBOAUMOCTb BeLLlEeCTBa.



YpasHuenuss MakcBesia B audepeHuuaIbHOu (popme

VYpaBHeHuss MakcBeiia B quddepeHunanbHon hopMe
IPENOJIararT, UYTO BCE BEIMUMHBI B IPOCTPAHCTBE U BpEMEHU
MU3MEHSIOTCSA HEMPEPBIBHO. YTOOBI TOCTHYL MaTEMAaTHU4Y€ CKOM
SKBUBAJICHTHOCTH 00euX (hopM ypaBHEHHN MakcBelia,
oughpeperyuanvHyo hopmy 0ONOIHAIOM SPAHUYHBIMU YCIOBUAMU,
KOTOPBIM JTOJDKHO YIOBJIETBOPATH DJICKTPOMAarHUTHOE I10JI€ Ha
rpaHMile pasjaena aIByx cpea. MaterpanbHas opma ypaBHEHHUI
COICPKUT 3THU YCIOBUSA
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IIepBo€ 1 mocneHee ypaBHEHUS OTBEUYAIOT CIIy4dasiM, KOraa
Ha I'paHMIIE pa3Aeiia HeT HM CBOOOIHBIX 3aps10B, HU TOKOB
IIPOBOAUMOCTH.



YpaBHenuss Makcesia B i pepeHunaiabHOu (popme

Bocnonb3oBaBLwnNCh N3BECTHBLIMU U3 BEKTOPHOIO aHarnnsa teopemamMmu
Ctokca n ['aycca, MOXXHO NpeacTaBUTb MOSTHYIO CUCTEMY YpaBHEHNUN
Makceenna B gudpdpepeHumnansHon goopme
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Ecnu 3apsigbl 1 TOKM pacnpeaeneHsl B NPOCTPaHCTBE HENPEPLIBHO, TO 00e
doopmbl ypaBHeHMn MakcBenna — nHTerpasnbeHas n gudpdepeHumansHasa —
3KeueasieHMHbI.

OagHako ecnn MMEKTCS MOBEPXHOCTM pa3pbiBa — MOBEPXHOCTU, HA KOTOPbIX
CBOWCTBa cpeabl Unn nonen MeHsaTCa ckadykoobpasHo, TO MHTerpanbHas
dopma ypaBHeHU siBNsieTca bonee obuien.




CBounctBa ypaBHeHUN MakcBenna

1. YpaeHeHusi Makceesisnia TUHEUHbI.

OHW cogeprkaT TONMbKO NepBble NPOU3BOAHbIE Nonen £ U
No BPEMEHM T NPOCTPaHCTBEHHbIM KOOpAMHATaM U NepBble
CTENeHu NNOTHOCTU NPOCTPaAHCTBEHHbIX 3apsaaos P u Tokos J

CBOMCTBO JIMHEWHOCTU YypaBHeHU MakcBenna HenocpenCcTBEHHO
CBA3aHO C MPUHLUMUMNOM CYrNepro3nuuumn: ecnm gBa Kakmx-Hmbyab nong
YOOBMETBOPAIOT ypaBHeHnsaM MakcBenna, To0 3TO OTHOCUTCA U K
CyMMe 3TUX MOosieun.

2. YpaeHeHusi Makceesinna codepxxam ypaeHeHuUe
HernpepbI8HOCMU, BblpaXkatoLLlee 3aKOH COXPaHEHUS
SNEKTPUYECKOro 3apsiaa.

3. YpasHeHus1 Makceerna ebIrnosIHSIromMcsi 80 ecex
UHepyuasibHbIX cucmemMax omc4yema. YpaBHEHUS
MakcBenna uHeapuaHmHbI N0 OTHOLLEHUIO K
npeobpasoBaHuaM JlopeHua (pensaTUBUCTCKU
MHBAPWaHTHbI).



3. YpaeHeHus1 Makceersna ebIrnosiHSHomMcsi 80 ecex

UHepuuaJlibHbIX cucmemMax omc4yema.

Buao ypaBHeHU He MeHAETCA Npu nepexoae oT 04HOM MHepLunanbHOW
CUCTEMbI OTCcYeTa K gpyron. 113 npnHumna oTHOCUTENBLHOCTN QNHLLUTENHA
BbITEKAET, YTO 0MOesIbHOE paccMompeHuUe 35IeKmpu4ecKo20 U
Maz2HUMHOo20 rosieu uMmeem omHocumersibHbIU CMbICI.

4. YpasHeHusi Makceesinia He cCUMMempuU4Hbl

OMHoOCUMEesIbHO 3JIeKmpu4eCcKoeO U MacHUMHOecO0 nosedu.
OTO 0OYCroOBEHO TEM, YTO B NPMUPOAE CYLLECTBYIOT AfIEKTPUYECKME
3apsaabl, HO He OBHapPY>XeHbl MarHUTHbIE.

5. U3 ypaeHeHulU Makceenna criedyem, 4mo
asleKmpomMa2HUmMHoe rioJsie criocobHo cyujecmeogamae
camocmosimesibHO — 6e3 asiIeKkmpu4eckKux 3apsidos u

MOKOB8. N1ameHeHne COCTOAHMS 3TOro Nnosid UMEET BOJTHOBOW
xapakTtep. [lons Takoro poga HasbiBalOT M1EKTPOMArHUTHLIMU BONMHAMM.
B Bakyyme OHUM Bcerga pacrnpoCTPaHATCA CO CKOPOCTbIO, paBHOM
CKOPOCTU CBeTa.




[ Teopuna Makceenna ]

B ocHoBe Teopun Makcseia
JIEXKAaT JIBA ITOJIOXKECHUS.

1. Bcakoe NEPEMEHHO¢E rieKmpuueckKkoe
no.Jie nopoofcdaem euxpeeoe
MACHUMHOE noJiée.

2. Beakoe NEPEMEHHOE MACHUMHOE noJie
nopowcdaem euxpeeoe riekmpuueckoe
no.Jie



[ BuxpeBoe€ dIIEKTPUUYECKOE T10JIE J

I1o MakcBeny, U3MEHSIOIMIEECST BO
BPEMEHU MAarHUTHOE T0JIE TIOPOXKIACT
SJIEKTPUIECKOE ITOJIE (BUXPEBOE ITOJIE)
E B> I_II/IpI(yJI}II_II/I}I KOTOPOTI'O
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- Ecnun NnoBepXHOCTb U KOHTYP HEMOABUXHBbI,
[ Y . onepauum andpdepeHLMpoBaHUs U

§E8d de VHTErpupoBaHNA MOXXHO NMOMEHSATb
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BuxpeBoe anekTpnyeckoe none
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Linpkynsumns Bektopa HanpsikeHHOCTH
srieKmpocmamu4yecKko20 Nons

Linpkynauma Bektopa Hanps>KEHHOCTY
8UXPEB020 NOSS
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Imo ypaeHeHuUe MnoKa3bieaem, 4mo Uucmo4YHuUKamu
JIEKMmpuU4eCcKoeo rnosisd Mmoeym 6bImb He MOoJIbKO AJIeKmpuvYecKue
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MakcBenna

N
[lepBoe ypaBHeHME

3apﬂdbl, HO U U3MeHsrnuweecsi 60 pPeMeHU MacHUMMHbIe NnoJsis



YpaBHeHna MakcBenna ans craymoHapHbIX Moneu
(E = const; B = const)

§Eal =0 fHdl =1
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T.e. ICTOYHMKAMM BJIEKTPHUYECKOTO IO B JIJAHHOM ClIy4dae
SABIISIFOTCS TOJIBKO 3JIEKTPUUECKHUE 3apsAabl, a UICTOYHUKAMU
MAarHATHOI'O — TOJIBKO TOKH IPOBOJMMOCTH. B TaHHOM
CJIy4ae dJIEKTPUUYECCKUE U MATHUTHBIEC MOJIs1 HE3aBUCUMBI
JIPYT OT APYra, 4TO IMO3BOJAET U3y4aTh OTACIBHO
HOCMOsAHHbLE JNEKTPUUECKHUE U MATHUTHBIE TTOJIA.



TOK cmelLLeHuns

CornacHo MakcBenny, ecnun Bcsikoe MarHMTHoOe nore Bo30yxaaeT B
OKpY>KatoLLleM NPOCTPaHCTBE BUXPEBOE 3MEKTPUYECKOE MOre, TO AOIMKHO
CyLLlecTBOBaTb 1 0bOpaTHOE ABMEHNE: BCAKOE U3MEHEHME 3EKTPUYECKOrO

nond AOJMKHO Bbl3bIBATb MOABIIEHNE B OKPYyXakoLweM NMpoCTpaHCTBE
BNXPEBOINo MarHUTHOIO MOJIA.

Lna ycmaHoerneHus Kornu4ecmeeHHbIX OmHoweHuU
C MEXXQOY U3MEHSAIOWUMCS 3/IeEKMpPUYECKUM rosiemMm u
— 8bI3blBaeMbIM UM Ma2HUMHbIM rioniem Makceerin eser 8
K \ & JT paccMompeHUe mak Ha3bl8aeMbil MOK CMeU,eHUsl.
| PaccMoTpuM Lenb NOCTOAHHOIO TOKa, Coaep Kallyro
€ KOHOEeHcaTop.

Ecnu 3aMKHYTH KIIHOY, TO JiaMIla TOpeTb He OyaeT. 3a3op Mexay OOKiIagkamu
KOHJICHCATOPa — Pa3phbIB B IIEMH MOCTOSIHHOTO ToKa. HO B MOMEHT BBIKIIOUCHUS JTamMIIa
BCIBIXHBaeT. Eciaum B3aTh mNpuOOp, PETHCTPUPYIOIIMH MarHUTHOE II0J€, TO B
IMPOMEXKYTKE MEXKAy OOKIagkaMu OOHApYKHTCSI MarHuTHoe Tone. M cTouHmkoM

MAravuTHOI'O I1I0JIsA, KaK HM3BCCTHO, ABJIACTCA TOK. HCpGMGHHOC SJICKTPHUYICCKOC II0JIC
MMOPOKAACT BUXPCBOC MAI'HUTHOC I10JIC.



Tok cMenmeHus

PaccmMmoTpum uenb rnepeMeHHo20 Toka, coaep KaLlyto
P KoHOeHcaTop. Mexoy nnacmuHamu KoHOeHcamopa

 C 3apsi0bl He Mo2ym riepemeuwiamacs.

CornacHo Makcsenny, 4Yepes KoHOeHcaTop “npotekarT”
TOKN CMELLEHNS, MPUYEM B TEX y4HacTKax, rae OTCYTCTBYIOT
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MakcBeenn BBen MOHsIMue nomHOCMbL Moka cMeuweHust | .. p
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PaccmoTpum, KakoBO HarnpasfieHNne BEKTOPOB MIIOTHOCTEN
TOKOB MPOBOAVUMOCTM U CMELLEHUA.

[1pn 3apsigke KoHOeHcaTopa (puc.a)
TOK TEYET TEYET OT NpaBon 0bKNagKku
K IeBOM , NMosie B KOHOEHcaTope
ycunueaetca ( %—It)m ), HanpaBneHus

| BekTOopoB D n - coBnmapator .
ot cMm




[ ;moTHOCTE TOKA CMeEIEHUS

[1pn paspsiagke kKoHaeHcaTopa (puc.o)
TOK TEYET TEYET OT NIEBON ODKNMaaKn K
npaBou , Nosne B KOHAEeHcaTope -
ocnabnsertcsa (GD ¢0)> T.€. BEKTOP &
| HanpaBsneH NpoTAB BekTopa D
OpHako BekTop 2D HanpasneH

. ONATb TaK Xe, Kak! n BEKTop j

Takum oopazom, moxk cmeuieHus (6 aKyyme uiu eeugecmee) co3oaem 6
OKpYIICarouem npoCmpancmee MazHumHuoe nojae (Ha puc. — IITPUXOBLIC JIMHNHN )

B nanekTprke TOK CMEIIEHUsI COCTOUT 13 IBYX cocTaBmsitommx | D =g E + P
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- [1NOTHOCTbL TOKa nonAapumn3auunn



3aKOH MNOJTHOro TokKa

Tax Kaxk yuciosvle 3HA4eHus NIOMHOCIMU MOKA CMEWeHUs j U NIOMHOCMU MOKA
NPOBOOUMOCIU | PABHBL, MO JUHUU NIOMHOCMU MOKA NPOBOOUMOCIU BHYMPU
NPOBOOHUKA HENPEPBIBHO NEPEXOOAM 8 TUHULU NIOMHOCMU MOKA CMeUjeHUsl

MedHcoy 0OKIAOKaAMU KOHOeHCcamopa.

HHH TOTO, YTOOBI TOK OBLI 3dAMKHYT, BBOOAUTCA IIOHATUC 1OJIHO2O MOKdA,

KOTOpBIfI BKJIIOYACT B ceOs CYMMY TOKa ITPOBOAMMOCTH XU TOKAa CMCIICHUA
(&Y

: . dD _} I U dD| nnotHocTb nonHoro
-]n0JZH :]_l_z anm:]_l_; TOKaAa

Tok CMEUICHUA — NEPEMEHHOE J/leKmpuueckKoe noJie,

Tok cmewenus, nOO0OHO MOKY RPOBOOUMOCHIU,
nopoxcoaem MazHUmMHoe noje, CU06ble TUHUU
KOMmMopozo 6cez0a 3aMKHYmbl.



Teopema 0 LUMPKYNALMKM BEKTOPA H
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Teopema 0 LMPKyNsSLMU BEKTOPA MarHUTHON UHAYKuun 5B
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BTopoe ypaBHeHMe
Makceenna

Amo ypasHeHuUe rokasbigaem, 4mo MagHUMmMHbIe rosisi Mo2ym 8036y x0ambCsi
nubo dsuXywuMuUcs 3apssoamu (arnekmpudeckumu mokamu), nubo
nepemMeHHbIMU 3NIEKMPUYECKUMU MoISMU
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Teopema [aycca onga Bektopa D

[loToK BEKTOPA HAalpA>XeHHOCTU 3JTIEKTPUNYHECKOIO MNMosi4
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Teopema ['aycca onsa anekTpocTaTuyecKkoro rnons
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&DdS = .pdV [ TpeTbe ypaBHeHme}

S v Makcsenna

9mo — nocmynam Makceenna, ebipaxarowuli 3aKkoH Cco30aHus
afieKmpuyeckux rnosel detcmeaeuem 3apsi008 8 rpou3eosibHbIX cpedax.



A
Teopema I'aycca nns Bektopa B

§BdS — O [qCTBepTOC YpaBHEHUE ]
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Maxkcaseia

Yemeepmoe ypasHeHue ompasxcaem
mom ¢haxm, umo MAcHUMHbBLX
3aps008 8 NPpupooe Hem.

Macnummnoe none naszvleaom
COJIEHOUOANbHBIM UIU 6UXPDEGDHIM.
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Kakue BBIBOIBI MOXHO CJ€llaTh, PacCMOTPEB
ANICKTPUUCCKUE U MATHUTHBIC MO’

Bo MHOromMm »5»TM mHOJST CXOJAHBI — BBIINOJIHACTCS
IIPUHIMI CYIEPIIO3UIIMHA, CHUIOBOE JIEHCTBUE, BIIMSHUE
cpeapl W ap. OOHAKO MMEIOTCA  IIPUHIUMIIHAAIBHBIC
PA3ITAYMAL:

. Anekmpuvyeckoe  noie  coz0aemcsi  Kak
HEeNOOBUINCHBIMU, MAK U NOOBUNCHBIMU 3APAOAMU.
Maenumnoix 3apsiooé 6 npupode Hem. MacnumHoe
noJe cozoaemcs MOJILKO OBUINCY USUMUCST
INEKMPUYECKUMU 3apaoamu U Oeucmeyem mojbKo
Ha 08udCYuUecs 3apsowul.



* Xapaxkmep nojus:
aeKmpocmamuyeckoe  noie - —  NOMEHYUAIbHOEe
(cunosvie JUHUU HAYUHAIOMCA HA  NOJOACUMENbHBIX
3apsa0ax u 3aKaH4YUBAOMCS HA OMPUUANETbHBIX).
MazHumHuoe noie -  euxpesoe.  (Cunosvie JUHUU

SAMKHYMbL.
'aﬂeKmlele(ZKOe nojie U3MEHAent 9SHeEPIUID 3ap}ZDfC€HHOﬁ

yacmuysvl, MAacHUMHOE NOJe — Hem (UBMEHSAEMCs MONbKO
HanpasieHue 0BUNCEHUS).

B3anmogenctene mexay OnekTpUyecKumun sapsgamu B
ONIEKTPUYECKMX W MarHUTHbIX MOMdX, a TakKkKe Mexay
SNIEKTPUYECKUMMN U MArHUTHBLIMUN MONAMU SABNSIETCA OOHUM U3
yeTblpex yHOAaAMeHTanbHbIX BWOOB B3aMMOOENCTBUA —
a/IeKmpomMaaHUMmMHo20 83aumMooelcmeus.



Cnacmbo 3a BHUMaHume

Ycnexos!



