Katbeapa cuanku

J. Ne 12 YpaBHenuss MakcBeJlia

IIVIAH JIEKIIUH
1. Buxpeesoe snekmpuueckoe noiie.
2. Tox cmewenus.
3. Ypaenenua Makceenna. Hnmezpanonas gpopma ypasnenuil.
4. Ypasuenus Maxkceenna. /lugpgpepenyuanvnan popma ypaeunenuii.
5. Ipanuunvie ycnogus.

6. Ceouicmea ypasnenun Makceenna.
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BUXPEBOE JJ/IEKTPUHYECKOE IIOJIE

Jli1s snekTpocrarnaeckoro noist IC ato yupxynayus
BEKMOPA HANPAICEHHOCMU NOJISL NO 3AMKHYMOMY

KOHMYP)):.
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L
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BUXPEBOE JJ/IEKTPUHYECKOE IIOJIE

[To MakcBeTy U3MEHSIOIIEECS BO BPEMEHU MAarHUTHOE T10JI€ MMOPOKIACT
BUXpEBOE 3JiekTpudeckoe noje E , kotopoe sipnsiercs ucrounukom IJC:

A @;) _§(EB,dz) §EB,dl

N
rne E, - npoekuys BEKTopa Ha HanpasiieHue df .
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Kadpeopa dmsuku
BUXPEBOE JSJIEKTPUHYECKOE IIOJIE
d (g d.S!) [ToMeHseM MECTaMHM ornepanyu

A
§ (E,.a1)=— .
dt nudepeHIupoBaHus 1 HHTerpHpOBaHH;[
L S

g(B,d}ﬂ)= ;’tS(B is)- j B s

Bcomuanm HCKOTOPBIC CBCACHUA U3 TCOPUHN IJICKTPOCTATUICCKOI'O ITOJIA.

B cayuae snekrpocraruyeckoro nojg IJIC 3aMKHYTOro KOHTypa paBHa HYJIIO.
DTO 03HAYaET, YTO LUPKYJAIUI BEKTOpA HANPSIKEHHOCTH AJIEKTPOCTATHYECKOTO
noJjisl IO 3aMKHYTOMY KOHTYpPY pPaBHa HYJIIO:

q
f(E . ar)=0

L
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BUXPEBOE JJ/IEKTPUHYECKOE IIOJIE

CpaBHuBasg  3TH  BBIPAKEHUSA,  BHUIUM
MPUHIUITHAIIBHOE pasauyue MEXKITY
AIEKTPOCTATUYECKAM U BUXPEBBIM MOJISIMU:
OUPKYIANHUA BEKTOpa [, B OTIMYHE OT
HUAPKYJIALAU BEKTOPA E He paBHA HYIIIO.
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PaccMoTpuM 11enb NepeMEHHOTO TOKA, COACPIKAIIYIO MIOCKUHA KOHJICHCATOP

- +

[TpruMeHUM JUISL 3TOTO CIIydast
TeOpeMy = O  IHUPKYISIHUN
( 3 BEKTOpA I

A
(Lupxynayus  eexmopa  H no
NPOU3ZBOSILHOM) 3AMKHYMOM) KOHMYPY
pasHa cymme moxo8 Npo8oOUMOCHU,
0X8AMbIBACMBIX IMUM KOHMYPOM)
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BriOepem KOHTYP r,
OXBAaTBIBAIOIIUN  ITOJIBOISIIIAN
MIPOBOJI, 333 IMM HAIpPaBJICHUE
00x0J1a KOHTYpa.

Jliss  Toro 4TOoOBl TPUMEHUTH
TEOPEMY O LIMPKYISLMH BEKTOpa
H ,  HYXHO BBIOpaTh
MOBEPXHOCTh, HATAHYTYIO Ha
KOHTYD I

A
[Tockonbky nupKynsinus Bekropa H ot popMbl 3TOM NOBEPXHOCTHU HE
JIOJIKHA 3aBUCETh, PACCMOTPUM JIB€ TOBEPXHOCTH, HATAHYTHIE HA KOHTYD.
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[loBepxHOCTH §, epeceKaeT [ToBEepXHOCTH S, HE IepeceKaeT
IIPOBOJI C TOKOM IIPOBOJI C TOKOM

Buum, 4To Yepe3 moBEepXHOCTh §, TeYeT TOK npoBoanmocty I, a yepes
MOBEPXHOCTH §, TOKA HET, HOCKOJIBKy JIMHUH TOKA MPOBOAUMOCTH TEPIIAT
pa3phIB B HpOMG)K}’TKe MEXKIy OOKJIaJIKaMHu KOHJIeHCAaTopa
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[lonydaeTcs, 4TO MUPKY/ISALMUS  BEKTOpa
H 3aBucut oOT (HOpMBI MOBEPXHOCTH,
KOTOPYIO MBI HaTsruBaeM Ha KOHTYp I,
YEro HE MOXKET ObITh.

BbIBOZ: B Ciydae H3MEHSIOMIMXCSA BO
BPEMEHU T10JIEW NMPUMEHEHHOE YPAaBHEHUE
nepecTaeT ObITh CIPABEIINBBIM.

Jlns paspemeHus BO3HHKIIETO MPOTUBOpeuYrss MakcBeyul BBEN B
IpaByld YacThb H3TOr0 YypaBHEHUS JOMOJHUTEIBHOE CllaraéMoe,
KOTOPOE HA3BAJI NIOMHOCMbIO MOKA CMEUeHUS
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TOK CMEIIIEHUA
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- 3aKO0H IIOJIHOI'O TOKa
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FY)

= j+— - IUIOTHOCTh TOKA CMCIIICHHSI

ot
op) [
B COOTBETCTBUHU C BBIPpAXKEHUEM § J +— | dS |=0 nmunuu

Ot
S

ITOJIHOI'O TOKa ABJIAIOTCA HCIPCPBIBHBIMHK B OTIHMYHUC OT JIMHUM TOKa
IIPOBOIMMOCTH. Toku IMpoBOAMMOCTH, CCJIM OHH HC 3aMKHYTHI,
3aMBbIKAIOTCA TOKaAMH CMCIICHU .

-]l’lOJlH

BBeaeHue mOIHOrO TOKA MO3BOJISICT Pa3pelIuTh IMPOTUBOPEUHE,
BO3HMKIIIEE MPH MOIBITKE TPUMEHUTDH TEOPEMY O MUPKYJISLUA Bektopa H,
3alUCAHHYIO JIJISI [TOCTOSIHHBIX TOKOB.

A
It pOU3BOJILHOTO
ciayyas 2dTa Teopema
OyJleT UMETh BUI;
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YPABHEHUA MAKCBEJI/IA

Ypaenenua Makceenna 6 unmezpaibHou popme.

1. §(ém,d}ﬂ)=—j'?dg

L S

Lupxynayus eexmopa E no 11000M) 3aMKHYMOMY KOHMYPY PpasHa CO
3HAKOM MUHYC HNPOU3BOOHOU NO BPEMEHU OM MASHUMHO20 NOMOKA
yepe3 NPou360JbHYI0 NOBEPXHOCHb, OCPDAHUUEHHYIO DMUM KOHMYPOM.

[lepBoe ypaBHEHHUE MTOKA3BIBAECT, UTO UCTOUHUKOM DJIEKTPUUECKOIO IO
MOTYT OBITh HE TOJIbKO DICKTPUUYECKHE 3aPAJIbl, HO U U3MEHSIOIIMECS BO
BPEMEHU MArHUTHBIE TOJIS.

IlepBoe ypaBHEHHE — 3TO MO CYTH, 3aKOH 3JIEKTPOMATHUTHOU
UHAYKIMH.
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YPABHEHWUA MAKCBEJI/IA

Ypaenenua Makceenna 6 unmezpaibHou popme.

§ (B.d5)=0

S

Ilomox 6eKknopa MH@)/KL{MM MACHUMHO2CO NOJIZL 4Yepe3 npouseolbH)o
SAMKHYMYIO NOBEPXHOCMb PpA6EH H)IO.

910 Teopema l'aycca 111 MATHUTHOTO OJISA.

MarsuTHoe Mnoj€e Ha3bIBAKT suxpesviM. B mpUpoae HET MarHUTHBIX
3apsa0B.
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YPABHEHWUA MAKCBEJI/IA

Ypaenenua Makceenna 6 unmezpaibHou popme.

3. 3aKO0H MOJJHOI'0 TOKA

Lupkynauyus eekmopa H no nobomy 3aMKHYmMoMYy KOHMYPY pasHa
NOJIHOM) MOKY 4epe3 NPOU3BOAbHYIO NOBEPXHOCMb, 0CPAHUYEHHYIO
SMUM KOHIMYPOM..

VYpaBHEHUE MOKA3BIBAECT, YTO MArHUTHBIC TOJI MOTYT BO30YXKIAThCs
au00 ABWXKYIIUMHUCA 3apsaaaMu  (3JIEKTPUUYECKUMHM TOKaMH), JIHOO
EPEMEHHBIMHU JICKTPUYECKUMU MOJISIMHU.
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YPABHEHWUA MAKCBEJI/IA

Ypaenenua Makceenna 6 unmezpaibHou popme.

A I
4. §(D ,dS )= “‘Pd V Teopema
S Vv I'aycca

Ilomox eeKmopda JeKmpu1ecKkoeo CmeueHusd vepes npous6cojibHyro
SAMKHYMYHO no6epxHocnisb 6 npouseojibHou cpec)e PA6EH
CMOpPOHHEMY 3ap;10y, SAKJIIOYECHHOMY 6HYMPU NOBEPXHOCHIU.

D10 mocrynar  MakcBeiia,  BBIPOKAIOIMIMKA  3aKOH  CO3JIaHUS
AIEKTPUUECCKUX TIOJIEM JICUCTBHEM 3apsAJI0OB B IMPOM3BOJIBHBIX CpEaX.
[locTtynar 3amucaH B 0OmIEM BHUIE, IS4 CTOPOHHEro 3apsjna,
pPACIIPEACIIEHHOTO BHYTPU 3aMKHYTOM NOBEPXHOCTHU HEIPEPHIBHO C

00BEMHOH IIJIOTHOCTBIO p-
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YPABHEHWA MAKCBEJI/IA

N3 ypaBHeHnn Maxkcgenia ciaenyer:

- HCTOYHHKAMM IJICKTPUYCCKOI'O ITIOJIA ABJIAIOTCA JJICKTPHUYCCKHC
3apsaabl, 100 N3MCHAIOIIHNCCA BO BPCMCHHN MAI'HUTHBIC IT1OJIA.

- MUCTOYHMKAMH MArHUTHOTO TOJS SIBJISIFOTCS JABUXKYILIHECS 3apsibl
(2JIEKTPUYECKHUE TOKH), JIMOO TIEPEMEHHBIC AIEKTPUUECCKUE TTOJIA.

VYpaBHeHnss MakcBeisla HE CHMMETPUYHBI OTHOCUTEIIBHO MarHUTHBIX M
ANEKTPUYECKHUX I10JIel. DTO CBSI3aHO C TE€M, YTO B IMPHUPOAEC CYIIECTBYIOT
ANEKTPUYCCKHUE 3apsJibl, HO HET 3apsi0B MarHUTHBIX.

Jlist cmayuonapuvix nonei ( E =const uw B =const ) ypaBHeHus
Makcenna npuMyT BU:

§(l§',dlu)=0; §(§,d§)=0; §(ful,d?)=l; §(lu),d§)=%

L S L S
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YPABHEHWUA MAKCBEJI/IA

Ypaenenua Makceenna 6 oudpgpepenuuanvrou gpopme.

Bcnomanm HCKOTOPLIC CBCJACHHNA M3 BCKTOPHOI'O dHAJIM34d.

N

Panee, ompeneiss CBI3b MEXKIy HaOpsbKeHHOCTho mmons E wm
noteHuuagoM @ , Mbl BBEIN B pacCCMOTPEHME OIepaTop Y (Habna) wim
orneparop I 'amunproHa:

i N I
E=—qgrad (go)z— 6—¢i +8—(pj +5_(pk
Ox oy Oz

Onepatop Habia - 3TO BEKTOpP C V- 0 iﬂ
KOMIIOHEHTaMU 9/ x, 8/0 y, 8/0z: 0 X
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YPABHEHWA MAKCBEJI/IA

CBeJieHHs U3 BEKTOPHOIO aHaJIN3a

Oneparop MMEET CMBICI B COYETAHWM CO CKAISIPHOW WM BEKTOPHOU
BEJIMYMHOU, HA KOTOPYIO OH YMHOXAETCH.

[Ipumep: eciiu yMHOXKHUTh 3TOT BEKTOP Ha CKAJISAP (P, MOJYyIUTCS BEKTOD,
NPEACTABIIAIOMINI cO00M rpaauent Gynkuuu @ -  grad (@
A

Eciu BekTOp VYV YMHOXUTH CKAJIIPHO HA BEKTOR, @, IIOJIYYUTCS CKaJsp,
KOTOPBIA UMEET CMBICIT TUBEPTECHIINN BEKTOPA (F

0
(V,E%)EV%| =V.a,+V,a,+V. a, = oa oy oa, =div§

ox oy &

A\
Ecan yMHOXHUTE BEKTOP |/ Ha BEKTOP ¢ BEKTOPHO [VﬁI ], ITOJIyYUTCH
BEKTOP ¢ KOMIIOHECHTaAMU [V,g ]x, [VﬁI ] y [Vﬁ']z.

Ly Ly
OTOT BECKTOP HA3bIBAIOT «POTOpP BEKTOpa @ - rof a
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YPABHEHWA MAKCBEJI/IA

CBEICHUS U3 BEKTOPHOI'O aHAIM3a

DTO BEKTOPHOE ITPOU3BEICHUE MOXKHO 3aMKCaTh C IIOMOIIBIO OIPEACTUTEIIS

oW W
A A
o 0 0O
ox 0y Oz

a a a

X y z

rota:[V,g]z

Wrak, cymecTByoT Tpu (GOPMbI 3alMMCH Olleparopa HadJia B COUCTAHUU
CO CKQJISIPHOM WJIM BEKTOPHOM (DYHKIIUEH.
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YPABHEHUA MAKCBEJI/IA

CBeneHud 13 BEKTOPDHOI'0 aHAJIMn3a

BEKTOPHOI'O aHaJIn3a, KOTOPbhIE TMO3BOJIAT OCYIIECTBUTH
N&PEXO0/ OT UHTErPAJIbHBIX BEIWYMH K JU(PepeHIInaTIbHBIM:

I

TV BEPOSHAAdMEBCKY S NakRaiE®M dTOT0 BEKTOpa Yepe3 3aMKHYTYIO
MOBEDXHOCTE .S . OrDaHMYNBAIOIIVIO 00BeM V~
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YPABHEHWA MAKCBEJI/IA

CBGQGHI/ISI M3 BCKTOPHOI'O dHAJIN3a

Teopembl BEKTOPHOTO aHaiaW3a, KOTOPBIE IIO3BOJISIT OCYIIECTBUTH
nepexod OT HHTErpaJibHbIX BEJIWYMH K JU(BPEepeHIINaTbHBIM:

N
2. Teopema CTOKCca. YCTAaHABIMBAET CBA3b MEXKAY POTOPOM BEKTOpa ¢
B KQXJIOM TOYKE HEKOTOPOW MOBEPXHOCTU ,§ U UUPKYISILIUEU 3TOrO
BEKTOpA I10 KOHTYPY [, OTpaHUYHUBAKOLIEMY ,§

§(g|,dlw)= Irot%-dbw‘

L S

N
Huprynayus eexmopa @ no NpousBoibHOMY 3AMKHYmMoMmy KoHmypy L
pasHa NomoxKy 8exmopa rotd yepe3 NpousBoabHYI0 NO8epXHOCmb § ,
02PAHUYEHHYIO KOHMYPOM (HAMAHYMYI0 HA KOHMYP).
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YPABHEHWA MAKCBEJI/IA

Ypaenenua Makceenna 6 oudpgpepenuuanvrou gpopme.

1 0 ]
[E.ar)=-| (63 dS) B coorsexerBii ¢ §E dl )= I rotE. dS )

ot TeopeMont CTOKca:

L S A

WU OB

B utore MOXHO 3aIiCaTh: j- (rotE ,dS )= _I(at dS J

S S

N3 cpaBHEHUS NTOJBIHTErPAIbHBIX BBHIPAXKEHUN TTOJIYYUM OKOHYATEIBHO
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YPABHEHWA MAKCBEJI/IA

Ypaenenua Makceenna 6 oudpgpepenuuanvrou gpopme.

N W X
§ (ﬁ,d§)= 0| B CcOOTBETCTBUHU C TEOPEMOU § (B,dS )= I divB-dV
< OcTtporpajckoro - ['aycca % ’

B uTore Mmo)xHO 3anucarh:.

§(§,d§)= J'divlg-dV =0
S V

OKkoHYaTeIbHO IMOJIYHUM

divﬁ =()
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YPABHEHWA MAKCBEJI/IA

Ypaenenua Makceenna 6 oudpgpepenuuanvrou gpopme.

(}ﬁ} I , B cooTBeTCTBUU C
’ teopemon Crokca: §
L

(i1, di )= [ ot i1, 45)

L S

ot

(R (Y
B utore Mo)xHo 3anmcarh: j‘ (rotH ,dS )=I j+—1,dS

A S

N3 cpaBHEHUS NTOJBIHTEIPAILHBIX BBIPAXKEHUN TTOJIYYUM OKOHYATEIIBHO

N (0 ap
rotH=(j +6_D)

Ot
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YPABHEHUA MAKCBEJI/IA

Ypaenenua Makceenna 6 oudpgpepenuuanvrou gpopme.

§(1'§ dSw')= I Jy’| B COOTBETCTBHU ¢ TeOpeMOii (D as)= 1 giv D AV
’ P OcTtporpajackoro - ['aycca

S

B urore MOXHO 3anucarb: I div D dV = I pdV

N3 CPaBHCHUA HOI[BIHT@FP&J'H)HBIX BI)Ipa)KCHI/II/I HOJ'IY‘II/IM OKOHYATCJIIBHO

Takum  oOpa3om, TONYYWUIIM TIOJHYIO  CHUCTEMY
ypaBHeHUM MakcBeiia B qudgepeHunaibHol popMe:

o’ I aw
divB=0; rotH = 5 ) divD=p.
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YPABHEHUA MAKCBEJI/IA

Ceouicmea ypasuenuu Makceenna.

1. Vpasnenus Maxceenna nuneunsvr. CBOUCTBO JIMHEMHOCTU YPAaBHECHUU
MakcBenna HenOCPEICTBEHHO CBSI3aHO C MPHUHIUAINOM CYIIEPIO3UIUHN:
€CIM  JBa KAaKUX-HUOyIb TIONS  YAOBJIETBOPSIIOT  YPABHEHUSIM
MakcBemia, TO 3T0 OTHOCUTCS M K CyMME 3THX IOJIEH.

2. Vpasuenus Maxceenna cooepoxcam ypagHeHUe HeNnpepvleHOCMU,
BBIPAKAFOIIECE 3aKOH COXPAHEHHUS DJICKTPUYECKOTO 3apsiia.

3. Vpasnenuss Makceenna 6vbInOIHAIOMCA 60 B6CEX UHEPUUATbHBIX
cucmemax omcyema. YPaBHEHUS PEIATUBUCTCKHM WHBAPHUAHTHBI. KX
BUJI HE MEHSETCS IIPU TMEPEXOJEC OT OJHOKW WHEPHUAIBHOHW CHUCTEMBI
oTcueTa K Jpyrod, XOTS BEJIWYHMHBI B HHUX MPEOOpa3yrOTCs II0
OIpeACICHHBIM npaBuiaaM. OTACIBHOE PACCMOTPEHHUE AJICKTPHIECCKOTO
1 MAarHUTHOTIO ITOJIEW UMEET OTHOCUTEIBHBIN CMBICII.
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YPABHEHUA MAKCBEJI/IA

Ceouicmea ypasuenuu Makceenna.

4. yp(l@HéHUﬂ Maxceenna He CUMMempu4YHsl  OMHOCUNENIBHO
ANEKMPUUECKO2O U MACHUNIHOZO noneu. ITo O6YCJ’IOBJ’I€HO TCM, HTO B

IPUPOJIC CYIIECTBYIOT DJICKTPUYECKHE 3apsjibl, HO HE OOHapy>KCHbI
MarHUTHBIE.

5. U3 ypasnenuu Makceenna ciedyem, 4umo 31eKmMpOMASHUMHOE NOJE
CNOCOOHO CYUecmeosams CaAMOCMOAMENbHO — 0€3 3IMeKMPUUecKUux
3aps006 u mokos. I3MEHEHHNE COCTOSIHUS ATOr0 I0JIs1 UMEET BOJTHOBOM
xapakrep. Ilomst Takoro poma Ha3bIBAOT JJIEKTPOMATHUTHBIMHU
BOJIHAMM. B BakyyMe OHHM BCErja pacrpOCTPAHSIOTCA CO CKOPOCTBIO,
PABHOM CKOPOCTH CBETA. DTOT BBIBOJ U TEOPETUUECKOE MCCIECIOBAHUE
AJICKTPOMArHWTHBIX BOJH NOpHUBEIW MakcBeiia K  CO3JaHHIO
AJICKTPOMAarHUTHOM TEOPHM CBETA, B COOTBETCTBHM C KOTOPOM CBET
TaKXKe MPEACTABIISICT COOOM AIEKTPOMAarHUTHBIC BOJIHBL.
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