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AHHOTAITAA
ITpeanaraerca HOBOE pereHue ypasHeHHd MaxcBeara
AASl BAaKyyMa, AAA IIPOBOAA C ITOCTOSHHBIM M ITEPEMEHHBIM
TOKOM, AASl KOHAGHCATOPA, AAd cdeprl T T.A. IIpeaBapureabHO
OTMEUAETCA, UYTO AOKA3ATEABCTBO EAMHCTBEHHOCTH H3BECTHOTIO
pelreHns OCHOBAHO HA 3aKOHE COXPAHEHUA SHEPIHH, KOTOPBII
He cobAroaaercss (AA MIHOBEHHBIX 3HAYCHUI) B H3BECTHOM
permennn. [Ipeasaraemoe perrenne
® HE IPOTHBOPEYHUT 32aKOHY COXPAaHEHHA SHEPIHH B
KaKABIF ~ MOMEHT  BPEMEHH, T.e.  YCTAHABAUBAET
ITOCTOAHCTBO TAOTHOCTH IIOTOKA 3AEKTPOMATHHTHOMN
SHEPIUH BO BPEMEHH,
® BLIABAACT CABHI (a3 MEKAY 9IACKIPUYECKUMH U
MArHUTHBIMHA HAIIPAKEHHOCTAMHI,
® OOBACHAET CYIIECTBOBAHUE IIOTOKA SHEPIUM BAOAB
ITIPOBOAQ, PABHOTO IIOTPEOAAEMOIT MOIITHOCTH.

[IpuBoAuTCs ~ IIOAPOOHOE ~ AOKA3aTEABCTBO — AAA
3AaHMHTEPECOBAHHOIO YHTATEAL.

PaccmarpuBaroTcsi 9KCIIEPUMEHTAABHBIC ITOATBEP/KACHIA
TEOPUN.

IIpeasararorcss OObACHEHHA KCIIEPHMEHTOB, KOTOPEIE AO
CHX IIOp HE OBIAH OOOCHOBAHEI

Paccmarpusarores TEXHUYICCKIE IIPHAOKCHHSA
ITOAYYIEHHOIO PEIICHU.

[Tpocn0a, 3amMevdanns U IPEAAOKEHUA COODIIATH ITO AAPECY:
solik(@netvision.net.il
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1. Bcryniaenue

"AO HACTOAIIEIO BPEMEHM HE OBIAO OOHAPYKEHO HH OAHOTO
apdekra, KOTOPBIT IOTPeOOBAA OBl BHAOU3MEHEHHA YPABHEHMIHA
Maxceana" [36]. Tem He MeHee, B IIOCACAHEE BpEMs KPHTHKA
CIPAaBEAAHBOCTH ypaBHEHHH MaKCBEAAA CABIIINTCA CO BCEX CTOPOH.
[Tocmorpum Ha puc. 1, rae u300paxKeHa BOAHA, ABAAIOIIAACA HU3BECTHBIM
perrenueM ypaBHeHuii MakcBeara. YBEPEHHOCTb KPHUTHKOB ypaBHCHMIA
MakcBeAAa CO3AAETCA, IIPEKAE BCETO, HAPYIIIEHUEM 3aKOHA COXPAHEHUSA
SHEprUU B TakOH BOAHe. U, AciicrBureavHO, "maommocms  nomoxa
anexmpomaztumnol snepeun (Modyas sexmopa Ymosa-Iloinmurea) «myascupyenny
no eapmoruyeckomy saxory. He napymaemen au 30ecs saxon coxparernun snepeun?”
[1]. besycaoBHO, mHapymaerca, €CAM SACKTPOMATHUTHAA BOAHA
VAOBAETBOPSICT HM3BECTHOMY pemreHuro ypasHeHuii Makcseara. Ho
BCAb APYTOTO PpeIeHUs HET: " oKasamenscneo eouHcmeennocmy peulenusn 6
obugux uepmax ceodumen K caedyromemy. Ecau umeemea dsa pasauunsix pemerius,
MO0 UX PaA3HOCIIG 6CACOCIIBUE AUHEIHOIU CUCIIEMYL 1100 ABAAENICA DEULEHUEM, 1O
npu 1YNE6BIX 3APAOAX U MOKAX U 1H)ACEbIX HAYAAGHBIX U PAHUUHBIX YEAOBUAX.
Omicroda, nons3yace  svipasieriuem 044 IHepeu  3NEKIMPOMAHUMINO0  NOAA U
3AKOHOM COXPAHEHUS IHEPIUU 3aKAI0UaAeM, U0 PASHOCHIb Peterutl 1m0Kc0ecnieerino
pasna 1yam, m. e. peuternus odurnaxoser. Tem carmvim eourncmeentocms peuerius
ypasnenuii Marcsessa doxasana" [2]. Takum 0OpasoMm, ECAHHCTBEHHOCTD
pEIreHns AOKA3BIBACTCA HA OCHOBE IIPUMEHEHHUA TOTO 3aKOHA, KOTOPBII
HAPYVIIIAETCA B 9TOM PEIICHUN.
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Puc. 1.

Apyrum pesyApTaTOM, CACAYIOIIUM U3 CYIIECTBYIOIIEIO PEIICHNU,
ABAAETCA CHH(A3HOCTb SAEKTPHUYECKOHM M MArHUTHOW KOMIIOHEHT
HAIIPSIKEHHOCTEH B 9ACKTPOMArHHTHOM BOAHE. DTO XOPOIIO BHAHO HA
puc. 1. Ho 210 mpOTHBOpEYHT IPEACTABACHHIO O OECIPEPHIBHOM
IIPeOOPA3OBAHNN SACKTPHYECKON M MArHUTHOM KOMIIOHEHT SHEPIHH B
3AEKTpOMAarHUTHON BoAHe. B [1], manpumep, ator dakt oTHOCHTCA K
"[IOpPOKAM COBPEMEHHON KAACCHYECKON 3ACKTPOAMHAMUKN'.

Takume pE3YABTATBI, CACAVIOIIME N3 H3BECTHOTO  PEILICHHA
ypaBHeHHH MakcBeAAa, ITO3BOASIOT HEKOTOPBIM aBTOPAM YCOMHHUTBCA B
AocTtoBepHOCTH ypaBHeHHE Maxkcseaaa. [Toauepkuem, oanako, 9Tto oTH
COMHUTEABHBIE  PE3YABTATBHI  CACAVIOT TOABKO W3 HANWAEHHOTO
pemenna. Ho asro perreHne MokeT OBITH MHBIM (YPABHEHUA B YACTHBIX
IIPOU3BOAHBIX UMEIOT, KAK IIPABUAO, HECKOABKO PEITICHUI).

AAf yAOOCTBa YHTATEAS B IPHAOKECHHN 4 OIIMCAH METOA
IIOAYYEHHUA HU3BECTHOTO perreHunsa. Hrmke BBIBOAHTCH Apyroe pereHue
ypaBHEHUN MaxcBeana, B KOTOPOM ITAOTHOCTD MOTOKA
SAEKTPOMATHUTHON 9SHEPIMU OCTA€TCA IOCTOAHHOM BO BPEMEHH, a
SAEKTPUYECKAA M MATHUTHAS KOMIIOHEGHTHI — HAIPHKEHHOCTEH B
9AEKTPOMATHUTHOI BOAHE CABHHYTEHI 11O base.

PaccmoTpuM errie 9AEKTPOMATHUTHYIO BOAHY B IpoBoae. Hcam
ITOAATaTh, YTO IIPOBOA HMEET IIPEHEOPEKIMO MAAOE COIIPOTHBACHHUE, TO
ypaBHeHnsA MakcBeaAa AAA 9TOM BOAHBI OYKBAABHO COBIIAAAIOT C
ypaBHeHuAMH ~MakcBeAAa AAfl BOAHBI B Bakyyme. OAHAakO B
9AEKTPOTEXHHUKE HE HCIIOAB3yeTcA m3BecTHOE perenue. Vcrmoassyercs
TOABKO  pCIIEHHE,  CBASBIBAIOINEE  HAIPHKEHHOCTb  KPYIOBOIO
MAarHUTHOTO IIOASl C TOKOM B TIPOBOAE (OYAEM AAfl KPAaTKOCTH B
AAABHEHIIIEM HA3BIBATH €0 JACKTPOTEXHHYECCKUM PEIIEHHEM). DTO
pellieHre TOXKe YAOBAETBOpsAeT ypaBHeHmAM MaxcBeara. OAHaKO, BO-
IIEPBBIX, OHO ABAACTCA ADPYIHM PEIIEHHEM TeX K€ YpaBHEHHUI (YITO
OIIPOBEPracT TEOPEMY O CAMHCTBEHHOCTH H3BECTHOIO perreHns). A, BO-
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BTOPBIX, - ¥ 3TO TAABHOE, - SACKTPOTEXHIYECKOE PEIICHHE HE OOBACHAET
M3BECTHBIN SKCIIEPUMEHTAABHBIH (DAKT.

Peup maer o ckuH-3pdekre. Perrrenne, oOBACHAONIEE CKUH-
apdeKT, AOAKHO COACPKATH HEAMHCHHYIO 3aBHCHMOCTD ITAOTHOCTH
TOKa (HAVIIEIO BAOAB IIPOBOAQ) OT paAuyca. Takad 3aBHCHMOCTD B
COOTBETCTBUM C ypaBHEHHAMH MaKCBEAAZ AOAKHA COYETATBCHA C
CYIIIECTBOBAHHEM PAAUAABHBIX U KPYIOBBIX 9ACKTPUYECKUX M MATHUTHBIX
HAIIPSUKEHHOCTEH, HEAMHEHHO 3aBHUCAIIMX OT pPaAdyca. DTOIO HET B
aAeKTpoTexHIHYIeCKOM perteHnd. CknH-3pdext oObACHACTCA Ha OCHOBE
ypaBHeHHH MakcBeAAa, HO U3 3AEKTPOTEXHHUYECKOIO PEIIECHHUSA OH He
CAGAYET. DTO M TIO3BOAAET VIBEPKAATH, YTO 3SAEKTPOTEXHHYECKOE
perteHne He OOBACHACT SKCIIEPUMEHTAABHBIN (DAKT.

Haxowrer, CYIIIECTBYFOITICE perrenue IIPOTUBOPEYUT
CYIIIECTBOBAHHIO T.H. 3aKPyYEHHOTO cBeTa [65].

2. O noToKe 3HEPrUN B IIPOBOAE

Paccmorpum eme morok sHeprum B 1poBoAe. Cyrectsyrormee
IPEACTABACHHE O IIEPEAAYE SHEPIMH IO IPOBOAY COCTOHUT B TOM, YTO
SHEPIUfA KAKHM-TO OOpPa3soM pacupocTpaHserca BHe mposoaa [13]: ...
Hatla  «CYMAactleomlany meopus 2080punl, 4mo IAeKMPOHs: NOAYUAKM (8010 IHEPLUtD,
pacmpauusaeryio uMu ta co30aHue menaoniel U36He, 011 NOMIOKA IHepeul BHEUlIe0 1048
6uympe nposoda. Klnmyuyus nam nodckassiéaent, umo 34eKmpor nonoanAen: 6010 IHepeu0
3a cuem «QasaeHuAy, KOMOpoe m0aKaen €20 60046 1posoda, max 4mo drepeus Kax 6)omo
dogicra mews 6Hu3 (Uau 66epx) no nposody. A eom meopus ymeepowdaens, umo Ha camom
deste Ha IAEKIPOL OelicingYen IAEKIPUYEcKoe 10.1e, c030a6aeMOE 0UeHy OdNeKUMY 3apadart,
U INEKIMPOHLL 1MEPAIOM C60I0 IHEP2UIO, PaACX00YeMYI0 Ha IMENS0 UMEHHO U3 37UX 1ojel.
DHepenn omoanentsix 3apa0o8 KakuM-mo 06pasom pacmexaentca 1o 601vuol o0aacy
npocmparcmea u samem emexaem 8Hymps nposoda.”

Takasd Teopus HPOTUBOPEYUT H 3aKOHY COXPAHEHUsA SHEPIUM.
AeficTBUTEABHO, IIOTOK 9HEPIUH, IIYTEIIECTBYA B IIPOCTPAHCTBE, AOAMKEH
TepAThs Yacth sHeprun. OAHAKO 3TO HHUKAaK HE OOHAPYKHBACTCA HU
3KCIIEPUMEHTAABHO, HH Teopermyeckn. Ho, raasHoe, sta Teopus
IIPOTUBOPEYHUT CACAYIOIIEMY sKkcrepumenTy. [lycts mo menTpasbHOMY
IIPOBOAY KOAKCHAABHOTO KaOEAA TE€YET IOCTOAHHBIH TOK. DTOT IIPOBOA
H30AUPOBAH OT BHEIIHEro IT0TOKAa sHepruu. OTKyAa Ke HOABAAETCA
ITOTOK SHEPIUH, KOMIIEHCHUPYIOIINN TEIAOBHIE IToTepn B mposoae? Ho,
KPOME IIOTEPb B IIPOBOAE, 3TOT HOTOK H3-BHE AOAKEH IIPOHUKHYITbL B
HATPY3Ky, HAIIpUMEpP, B OOMOTKH 9AECKTPOMOTOPOB,  3aKPBITHIC
CTAABHBIMH KOKYXaMH CTATOPa. DTOT BOIIPOC CYIIECTBYFOIIAA TEOPHA HE
00OCyKAQCT.

WMrak, cymecTByromas TeopHA  YIBEPKAACT, UYTO  BXOAAIINI
(ITEPIIEHAUKYAAPHO IIPOBOAY) 9ACKTPOMATHHUTHBIN ITOTOK ITO3BOASIET TOKY

7
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IIPEOAOAEBATH COIIPOTHBACHIE ABEIKCHHIO M COBEpIIAET paboTy, KOTOpas
LIPEBPAIIACTCA B TEIIAO. DTOT U3BECTHBIN BBIBOA BYAAUPYET €CTCCTBCHHBII
BOIIPOC: KAK TOK MOXKET IIPHBACKATH IIOTOK, C€CAHU TOK IIOSIBAACTCA
OAaropaps TOTOKY? ECTECTBEHHO IIPEAITOAOKHTB, 9YTO IIOTOK CO3AACT
HEKOTOPYIO 9.A.C., KOTOpas "ABmker TOK'. [lpm sTOoM IIOTOK sHeprmm
SACKTPOMATHUTHON BOAHBI IIPUCYTCTBYET B CAMOI BOAHE U AAfl 9TOTO HE
HCIOAB3YETCA IPOCTPAHCTBO, BHEIITHEE IO OTHOIIICHHIO K BOAHE.

Perrenne ypaBHeHnii MakcBeAAd AOAKHO MOACAHPOBATH TaKYEO
CTPYKTYPY 9AEKTPOMATHUTHON BOAHBI, B KOTOPOH IIPUCYTCTBYET IIOTOK
9ACKTPOMATHUTHON SHEPIUM.

Warynnmsa, o koropoii ropopur PelHMaH, HAC HE OOMAaHBIBAET.
ABTOp AOKa3bIBACT 3TO HILKE, HE BBIXOAA 32 PAMKH YPaBHEHMI
Makcseaaa.

3. TpeGoBanuA K HEIIPOTUBOPEUUBOMY

penieHuro ypaBHeHuil MakcBeaaa
Wrak, perrerne ypapHeHN MakcBeAAa AOAKHO

®  OIHCHIBATH BOAHY B BAKYYME M BOAHY B IIPOBOAE,

® HE HOPOTHBOPEYUTH 3AKOHY COXPAHCHHSA OHEPIHH B KAKABII
MOMEHT BPEMEHH, T.€. YCTAHABAMBATH IIOCTOSSHCTBO ITAOTHOCTH
ITIOTOKA 9AEKTPOMATHUTHOM SHEPTUU BO BPEMEHM,

®  BBRABAATH CABHI (Pa3 MEKAY IAECKTPUICCKHMU H MATHHTHBIMHU
HAIIPAKEHHOCTAMH,

® OODBACHATH CYIIECTBOBAHHE IIOTOKA SHEPIMH BAOAb IIPOBOAQ,
PaBHOTO IOTPEOAAEMOI MOITTHOCTH.

Hirxe BEIBOAUTCA TAKOE peIIeHue ypaBHEeHN MakcBeaaa.

4. BapuanTe! ypaBHeHHM MakcBeaaa

Aanee BBIACAAFOTCA PAa3ANYHBIE YACTHBIE CAyYad (BapPHAHTHI)
CHCTEMBI ypaBHEHHM MakcBeAAa, KOTOPBIE MBI IIPOHYMEPYEM  AAf
YAOOCTBA H3AOKEHUS.

BapwuanT 1.

Vpasuenna MakcBeara B obOrmem caygae B cucreme CI'C mmveror
BUA [3]:

rot(E )+ HoH (1)
c Ot
W(m)-£%E 47y, @)
c Ot c
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div(E)=0, €)
div(H)=0, )
I =0E, ©)

TAE
I, H, E - TOK IPOBOAMMOCTH, MATHUTHAS A dACKTPHUICCKAA

HaHpiDKeHHOCTI/I COOTBETCTBEHHO,
g, U, O - AI/ISACKTPI/I"ICCKQH HpOHI/IL[aCMOCTI), MarHUTHAA

IIPpOHNUILIACMOCTD, IIPOBOAMMOCTD CPCABI.

BapuanT 2.

Aas Bakyyma HaAO TpuHATE £ =1, =1, 0 =0. Toraa cucrema

ypasHeHuit (1-5) mpumer BuA:

rot(E )+ 1o _ , (©)
c ot
1 oF
rot(H )-——=0, 7
(H)--— ™)
div(E)=0, 8)
div(H)=0. )
Pertienne s10# cuCTEMBI PaCCMOTPEHO B raase 1.
BapwuanT 3.
Paccmorpnm BapuaaT 1 B KOMITAEKCHOM IIPEACTABACHUM:
rot(E)+ia)ﬁH=O, (10)
c
rot(H)—ia)ﬁE—4—”(real(1)+i-imag(1)): 0, (11)
c c
div(E)=0, (12)
div(H)=0, (13)
real(/ )= o - abs(E). (14)

3aech BakHO OTMeTHTB, 4TO B (14) yKaseiBaeTcsi He BECh TOK, 2
TOABKO €IO PEaAbHAS YacCTh, T.€. TOK IPOBOAUMOCTH. MHIMAs 9acTh TOKA
ABAAETCA TOKOM CMEITIEHHUA U HE 3aBUCUT OT SIAEKTPHYECKHIX 3aPAAOB.

Perrenne 910 CHCTEMBI PACCMOTPEHO B rAaBe 4.

Bapuanr 4.

AAs TIPOBOAQ, B KOTOPOM IIPOTEKAET CHHYCOUAAABHBIN TOK [ OT

BHCITHETO MCTOYHHKA, THOIAA MOXXHO HMCKAKOYHUTH real(]) B ypaBHeHI/IHX

(11-14). Drto BO3MOKHO AAfl HH3KOOMHOIO IIPOBOAA M AAA

9
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AHIAEKTPHYECKOTO IIPOBOAA (IIOAPOOHee cM. B raae 2). [Ipm stom
cucrema (11-14) npunrnmaer BUA:

L OH

E)+——=0, 15

rot( )+ o (15)

rot(H)—fa—E—4—”I=0, (16)
co ¢

div(E)=0, (17

div(H)=0. (18)

3A6Cb BaAXXHO OTMCTUTBb, HYTO TOK I He sABAsETCI TOKOM
IIPOBOAMOCTH, AAKE CCAMT OH TCUCT IIO IIPOBOAHHUKY.
Penrenne s1oii crucremer paccMOTPEHO B r'AABC 2.

BapwuanT 5.

AAfi TIPOBOAA IOCTOAHHOIO TOKAa CHCTEMa IO BapwaHTy 1
yIpornaerca OAaroAapsa OTCYICTBUIO IIPOM3BOAHBIX IIO BPEMEHH U
IIPUHUMAET BHA:

rot(E)=0, (21)

rot(H )- 47—, (22)
C

div(E)=0, (24)

div(H)=0, (25)

[ =oE (26)

AN
BapuasT 6.

rot(1)=0, (27)

rot(H )- 7o, (28)
C

div(7)=0, (29)

div(H)=0. (30)

Perrerne sT0# CHCTEMBI PACCMOTPEHO B TAABE 3

Mpbr OyaeM HCKaTh MOHOXPOMATHYECKOE PEIICHHE YKa3aHHBIX
cucrteM. IlepexoA K HOAMXPOMATHYECKOMY PEIIEHUIO MOMKET OBITh
BBIIIOAHEH C IIOMOIIIBIO IIpeoOpasoBanust Pypbe.

Msb1 OyaeM HCIIOAB30BATH CHCTEMY LHAMHAPHYECKHX KOOPAHHAT
r, @, z -cm. rapuaoxerue 1. O9eBUAHO, €CAN PEIIEHHE CYIIECTBYET B

LIATHAPHIECKOH CHCTEME KOOPAHHAT, TO OHO CYIIECTBYET H B AFOOOIT
HMHOM CHCTEME KOOPAUHAT.

10
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ITpuaorxenne 1. IluanHApudeckre KOOPAUHATEL.

B mmamBApmYecKHX KOOpAMHATAX F, (), Z, KaK M3BECTHO [4]

b

CKaAIp-AHBEpPIeHIHA BekTopa H, BEKTOP-TPaAMEHT CKaAAPHON (DYHKIINK
a(x, v, z), BEKTOP-POTOp BekTOopa /1 MMEIOT COOTBETCTBEHHO BHA

OH
i)~ e e 1. o 2 ), @

r or r O oz

Oa 1 Oa Oa
gradr(a)ZE, gradq)(a):;'%a gfadz(a)zga (b)
OH
rotr(H): lal_l—z_—q) , (C)
r o 0z
OH, OH
t ()= S -2 | )
0 (p( ) ( 0z or j
H oH
rotZ(H)z[ 2 ¢—1-8H’} ©
r or r 0@

ITpuaorxenue 2. Chepudeckue KOOPAUHATEIL.
Ha puc. 1 mokasana cucrema cepuueckux koopanHar (p,0,9), a

B TaOA. 1 IpUBEAEHBI BEIPAKEHHA AAA POTOPA U AUBepreHnnu ekropa E
B 9THX KOOPAMHATAX [4].

Zy_
T LS
e/r
Y
X
Puc. 1.
Tabauira 1.
1 2 3
1 rotp(E) E OE, OE,

24 _
ptg(0) po0  psin(0 e
2| rot,(E) 0E,  E, OE

psin@Pe  p  op

11
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3| rot,(E) | £, OF, OF,

p__Op pop
4| div(E) | E,  E, E, 0E, _ OE,

p__op pte) pod  psin(@Pe
ITpuaoxenne 3. Hexoropsle cooTHOIIEHUA

cucremax CI'C u CH.

B

Aanee dopmyasr mpusoasrcs B cucreme CI'C, HO HekoTOpBIE
HIpUMEpPBI AAf HarAsiAHOCTH Aarotcsa B cucteme CH. ITostomy B T20A. 1
AASL JAOOCTBA YHTATEAA YKa3aHBI COOTHOIICHHA MEKAY HEKOTOPBIMHU

CAMHHUIIAMHA U3MEPCHHUA B 3TUX CUCTEMAX.

HauMmeHoBaHMe e AMHUIIBI CIcC CHu
CrA2 5AEKTPUYECKOTO TOKA 1CIC 3,33:101° A
DAEKTPUYECKOE HAIIPSKEHHE 1CIC 3-10°B
MoIHOCTh, IAOTHOCTD IIOTOKA 1 CI'C 107 Br
SHEPIUU
ITroTHOCTD TOTOKA SHEPTHH HA 1CIC 10° Br/m
CAMHHUITY AAUHBI IIPOBOAA
[TaroTHOCTB 9A€KTpHYeckoro ToKa | 1 CI'C 3,33-100 A/m?

3,33-1012 A/mm?

Hanpsokennocts 1Crc 3-10* B/m
9ACKTPHYECKOTO ITOAS
HarnpskeHHOCTP MATHUTHOTO 1 CI'C, 80 A/m
ITOAA Dpcrea
MarauTHas HHAYKITASA 1 CI'C, 104T

I"aycc
ADOCOAFOTHAS AUIACKTPHUYECKAS 1CIC 8,85:1012 ®d/m
IIPOHHIIAEMOCTD
ABCOAFOTHAS MATHHTHASA 1CIC 1,26:108 I'e/m
IIPOHHIIAEMOCTD
DAexTpudeckas EMKOCTb 1CIcC 1,1-1012 @
VIHAYKTUBHOCTD 1 CIC 107 I'u
Daekrpraeckoe conporusaerne | 1 CI'C 9-10"! Om
DAeKTpudecKas IIPOBOAUMOCTD 1CIC 1,110 cm
VY AeABHOE 3AEKTPHIECKOE 1CIC 9:10° Om'm
COILIPOTUBACHHE
VACABHAS DACKTPHYICCKAS 1 CIC 1,110 cm/m

IIPOBOAUMOCTD
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masa 0. MNpegucnosue

ITpuaorxenne 4. H3BecTHOe pelieHme ypaBHEHUI

MaxkcBeaaa AAA SAE€KTPOMArHUTHOITO II0AA B

BaKyyMe.

PaccmorpnM  cucremy  ypasHeHmiin  MaxcBeaaa B Bakyyme
(IpUBEACHHYO BBIIIIE B pasAeAc 4):

1 oH

E)=———, 1
rot(E)=-—— M
1 OF
t(H)=——-, 2
rot(H )=—— @)
div(E)=0, ©)
div(H)=0. @)
Bosbmem potop ot obenx uacreit ypapaenus (1) u moyamm:
rot(rot(E )): rot(— 1 aﬁ) 5)
¢ Ot
AT
rot(rot(E))z—l-%(rot(H)). ©)
c
CosmecTuMm ypasueHus (2, 6) 1 HarAeM:
1 &
rot(rot(E)): —C—Z?(E) (62)
Wzsectno [4, ctp. 131], uto
rot(rot(E ))z grad(diV(E ))— AE . (7)

TAC B ACKAPTOBBIX KOOPAMHATAX
O’E O°E O’E
7t Tt
ox” oy 0Oz
Ws (3, 7) mHaxoanm:
rot(rot(E ))z —AE. )
Cosmectnm ypasuenus (6a, 8, 9) n Haiiaem:
1 0E_0k O’E, O
ot ox’ oy* oz’ .

B ACKapTOBI)IX KOOpAI/IHaTaX 9TO y‘paBHCHI/IC HMEECT KOMITIACKCHOE

AE = ®)

(10)

peleHne BUAa
(kxx+k y+kzz—a)t+(po)
E(t,x,y,z)= ‘E‘epe > , (a1

YTO IIPOBEPACTCA HEITOCPEACTBEHHON IIOACTAaHOBKOH. Aaf  3TOTO
IIPEABAPUTEABHO BBIYHCASIOTCA IIEPBBIE M BTOPHIC IIPOM3BOAHEIE,

sxoasmue B (10). Koncramrsr ([E, e, k., k e k., o, ¢, nveror

13



masa 0. MNpegucnosue

OIIPEACACHHBIN (PU3UYECKUIT CMBICA (YTO MBI 3ACCh HE OYAEM
00OCyKAQTD)

HaitaenHOE pereHne ABAfSETCA KOMIIAGKCHBIM. [IsBecTtHO, wTO
peaAbHas YaCTh KOMIIAGKCHOIO PEIINCHUSA TaKiKe ABAACTCH PEILICHUEM.
CaepaoBareapHo, B kKadectse perrenusa Bmecto (11) moxHO HpHHATH
perreHne BUAA
E(t,x,y,z) =|Ele, cos(kxx +k y+k,z—ot+@, ) (12)
AHAAOTHYHO U3 HAXOANTCA PEILICHIE BUAQ

H(t,x,y,z) =|H|h, COSQ(xX +hky+kz—awt+p, ) (13)

SaMeTI/IM, YTO SHEPIUs, OIIPCACAACTCS KaK HHTCTPAA

W=j £+ﬂ2jdt=lj. g([E|ep cos(...a)t))ﬂ-
A\ 2 2 2 ,u([E|ep cos(...a)t)y

= %qukP) +/1{E|€p))@052(...a)t))h = , (14)

- LQ([E%) + ,u([E|ep} t sin...2at)

8w
M3 (12, 13, 14) ¢ 09eBUAHOCTBIO CAEAYET
1) oHeprus HM3MEHAETCA BO BPEMEHH, YTO IPOTHBOPEYHUT 3AKOHY
COXPaHEHUsA SHEPIUH,
2) manpmxennoctn E wm H cumnadasoe, wro nporumBopednt
3AEKTPOTEXHHKE.
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nasa 1. Bropoe pelueHue ypaBHeHnn MakcBenna onsa Bakyyma

I'aaBa 1. Bropoe permenue
ypaBHeHIN MaKcBeAAa AAS BAKYYMA

OraaBacHHE
1. Beeaenme \ 15
2. Pemrenne ypasHenuii Makceaaa \ 15
3. Hanpsukennoctu \ 17
4. IToroku sueprun \ 22
5. VIMIyAbC 1 MOMEHT uMITyAbca \ 25
6. Obcyxaenne \ 27
IMpuaoxenne 1\ 28
IMpuaoxenne 2 \ 32

1. BBeaenue

B raase "llpeamcaoBme"  mokazaHa ~— IIPOTHBOPECYHBOCTB
M3BECTHOTO perneHus ypapHeHur Makcseara. Himke mpeaasaraerca
HOBOE peIreHue ypaBHeHnH MakcseAra AAF BakyyMa [5].

2. Pemenne ypaBHeHnM MakcBeaaa

PaccMOTpuM  pellleHHE CHCTEMbl ypaBHEHUI MakcBeAAd  AAS
BAKyyMa, KOTOpas IIPUBEACHA B raase '|lpeaumcaosue”, kak BapuanT 1,
nMeeT BUA

1 oH
t(£)+——=0,
rot(E )+ ~—

1 OF _

H)-_-_—"—"

t( ) cot
div(E)=0,
div(H)=0.

B cucreme L[I/IAI/IHAPI/I‘ICCKI/IX KOOPAI/IHEIT r, (D, Z 9Tu ypaBHCHI/IH

HIMCIOT BHA!
OE
£+6E’+l. ¢+aEZ:O, @)
r or r Op Oz

15



nasa 1. Bropoe pelueHue ypaBHeHun MakcBenna ans Bakyyma

R R @
r 0p Oz
OE. OE
L——==M_, 3
0z Or v ©
E OF
Po T Ly Q)
r or r Op
H
A, 8Hr+l‘6 ¢+6HZ =0, (5)
r or r Op Oz
OoH
l.ai__q’:(]r’ ©6)
r op oz
OH. OH
-—=J,, 7
0z  Or ’ 7
H, 2 0O0H
%4 ‘p_l.aizjz’ (8)
r or r O
J:la_E, ©)
c ot
M:_la_H. (10)
c Ot

AASL COKPAILICHHS 3AIIMCH B AAABHEHIIIEM OYAEM IIPUMEHSATH CACAYFOIIIHE
0003HAYEHUA:

co =cos(ap + yz+ wt), (11)

si =sin(a@ + yz+ wt), (12)

TAC &, Y, WO — HCKOTOprC KOHCTAaHTHI. HpCACTaBI/IM HEM3BECTHBIC
(DPYHKIIHH B CACAYIOIIIEM BHAE!

J,.=j.(r)o, (13)

J = J,(r)si, (14)

J..=Jj.(r)si, (15)

H,.=h()o, (16)

H,.=h,(r)si, 17)

H_.=h_(r)si, (18)

E.=e(rki, (19)

E,=e,(r)co, (20)

E .=e_(r)co, @D

M,.=m(rko. (21a)

16



nasa 1. Bropoe pelueHue ypaBHeHnn MakcBenna onsa Bakyyma

M,.=m,(r)si, (22)
M, .=m_(r)si, (23)
rae j(r), h(r), e(r), m(r)- HekoTOpbIC (DYHKIIMH KOOPAUHATHL /.

HerrocpeAcTBEHHOI ~ TIOACTAHOBKOM — MOKHO — YOEGAHTBCA,  dTO
Pyukuu  (13-23) npeodpasyror cucremy ypasuenmit (1-10) ¢ tpemsa

apI“y'MCHTaMI/I r, (D, Z B CcHUCTEMY ypaBHCHI/II/I C OAHUM apry'MCHTOM r u

HeusBecTHbIMU (byrkumsavu j(r), h(r), e(r), m(r).

B mpuaoxenun 1 mokasaHO, 9TO y TAKOW CHCTEMBI CYIIIECTBYET
peIIeHIEe, IMEFOIIIEE CACAYIOIIHI BUA (B mpuaoxennn 1 om. (3.1, 39, 33,
34, 32) cOOTBETCTBEHHO):

h (r)=0, e (r)=0. (24)
A

¢ =¢,=r (-a) (25)

h,(r)=e,(r). (20)

h(r)=—e,(r), @7

x=wfc. 28)

tae A4,c,a, ), ® — KOHCTAHTEL

Tem caMbIM MBI IOAYYHAM MOHOXPOMATHYECKOE PEIICHUE
cucrembl  ypasuenuii  (1-10). IlepexoA K IOAHXpPOMATHYECKOMY
PEIIEHIIO MOKET OBITh BEIIIOAHEH C IIOMOIIIBIO IIpeoOpasoBanusa Pypoe.
OueBHAHO, €CAM pEIIEHHE CYIIECTBYET B ITMAHMHAPHUYECKON CHCTEME
KOOPAHHAT, TO OHO CYIIIECTBYET U B AFOOOH HHON CHCTEME KOOPAHHAT.

TakuMm 00Opa3oM, MBI IIOAYIHAHN OOIIlEEe PEIICHHE YPABHEHHUI
MakcBeAAa B BaKyyMe.

3. HanpsokeHHOCTH
Paccmorpnm perrenne (2.25):
e, =e,=0.54-r"", @
rae (A\2) — ammantyaa manpsurkeraocru. Hs (1) caeayer:
(ef + e;} Ay, @)
Ha pwuc. 1 moxasamsl, Hanpumep, rpadpukn dymkmumit (1, 2) mnpm
A=-1, a=038.

Ha pwuc. 2 mokasaHBI BEKTOPBI HAIIPAKECHHOCTEH, MCXOAAIINE W3

TOYKH A(r, (0). Hanomunm, 9ro  npoekumm 4, (r) =e, (r) u

h, (r)z —e,(r) - em. (2.26, 2.27). Hanpasaenus BekTopoB e,(r) m e,(r)

17



nasa 1. Bropoe pelieHue ypaBHeHuin MakcBenna ansa Bakyyma

BeIGpans Tak: e, ()> 0, e,(r) <0. INpu srom pexroper E, H Bceraa

OPTOroHaAbHBI. CymMMa MOAYAEH 9THX BEKTOPOB orpeaeAdercs us (2.17,

2.18,2.20, 2.21, 2.26, 2.27) u pasHa

W=E+H"= (er(r)vi)z + (ew(r)si) + (hr(r)co)2 + (h(p(r)co)
W =) +,0) o)

- om. takke (10) m pumc. 1. Takum oOpa3om, HAOTHOCTH IHEPIUH
SAEKTPOMATHUTHOI BOAHBI IIOCTOAHHA BO BPEMEHH U OAWHAKOBA
Ha BCEX TOYKAX NMUAUHADPA AAHHOT'O PAAUYCA.

AN

-0.25

-0.3

-0.35

0.4
0.45 1/
05 /

ef(r)

-0.05 :

0 YR T S SRR S S A :

-0.15 /4
0.2 /
0.25
0

Aref(rf

2 4 6 8 10 12 14 16 18 20
Fig.1. SecondSolMax.m
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nasa 1. Bropoe pelueHue ypaBHeHnn MakcBenna onsa Bakyyma

Permrenne cyrectByer u pu M3MEHEHHbIX 3HaKkax pynknmit (2.11,
2.21). Dromy caywaro coortserctByer puc. 3. Puc. 2 m pumc. 3
HAAFOCTPHUPYIOT TO, HYTO BO3MOJKHBI ABA BHAA ITUPKYAAPHOM
IOAAPU3AIAY IAEKTPOMATHUTHOMN BOAHEIL.

AAf AeMOHCTparmy CABHIra has MEKAY KOMIIOHEHTAMH BOAHBI

paccmotpum Pyukimu (2.11, 2.12) u (2.16-2.21). Buano, uro B KaXA0#

TOYKE C KOOPAMHATAMU 7, ¢, z _HAUPsOKEHHOCTH H, E _CABUHYTHI

1o dra3e Ha YETBEPTH MEPUOAA.
Pacemorpum dpynxnmm (2.11, 2.12) u (2.28) Toraa Hatiaem

@ . @
co=cos(ap+—z+wt), si=sin(ap+—z+wt). @)
c c

PaccMOTpHM TOUKY, ABIDKYINYIOCS IIO IIHMAUHAPY ITOCTOSHHOIO
paauyca r, y KOTOPOI 3HAYECHUE HAIPMKEHHOCTH 3aBUCHT OT BPEMEHH
1o popmyae

H,.=h,(r)cos(wt) )
CpaBumBas a1ty dopmyay c¢ (2.16) m yumreBas (4), 3amedaem, dUTO
dopmyasr (5) u (2.16) coBasaror, eCAl B AFOOOIT MOMEHT BpEMEHU

a¢+gz=0 (©)
c
AN
w
p=- z. )
a-c

TakuM  00pasoM, Ha IHUAHHAPE IIOCTOSHHOIO — PaAHyca r
CYILECTBYET TPAEKTOPHSA TOYKH, onmceiBaeMas dopmyramu (4, 7, 2.28),
TA€ BCE HAIPMKEHHOCTh M3MEHAIOTCA CHHycOMAaAbHO. C  Apyroit
CTOPOHBI,  TaKafd  TPAGKTOPHA  ABAAETCA  BHHTOBOM  AMHUEH.
CAEAOBATEABHO, AMHHA, IIO0 KOTOPOH TOYKA ABIZKETCA TaK, 4YTO €€
HAIIPAKCHHOCTD [, M3MEHACTCA CHHYCOHAAABHO BO BPEMEHM, ABASACTCA

BUHTOBONM AMHHEH. DTH e PACCYKACHHA MOKHO ITOBTOPUTD AASl ADYTHX
HanpskeHHocTen (2.17-2.21). Mraxk,
TPAEKTOPHUA TOUKHU, KOTOPAA ABUKETCA I10 HIUAMHAPY
AQHHOTO paAWyca TaK, 4YTO 3HAYEHHE AFOOOM
HANPAKEHHOCTH B 3TOM  TOYKE W3MEHAETCH
CHHYCOUMAAABHO BO BPEMEHHM, ABAAECTCA BUHTOBOM
AVIHHEW.

A)

Hanpumep, mwa pmc. 4 10KazsaHa BHHTOBAaA AHHHA IIPH

r=1, ¢=300000, @ =3000, o =-3, ¢:[O+27r]. Ha puc. 4a

19



nasa 1. Bropoe pelueHue ypaBHeHun MakcBenna ans Bakyyma

[TOKA3aHbl BUHTOBBIC AMHUU IIPH TEX JKE YCAOBHSX, HO AAS Pa3AMYHBIX
3HAYEHUN paAuyca IpH 7 = |_0.5, 0.6, ...1.0, l.lj. [MpsMbIMu  AHHAAMI

ITOKA3aHbI FCOMCTpI/I‘ICCKI/IC MECTA TOYEK C paBHI)IMI/I (D .

2000 G E e

1500 g —

1000

Fig. 4. 4o (TokPotok33.m)

-2 2

Fig. 4a. (TokPotok33.m)

[Tocaeanmnit tesuc (A) o3Hadaer, 4TO B TOUKe I , ABIIKYIIEHCSH ITO
AQHHOH BUHTOBOW AMHHH, BEKTOPHI HanpsxeHHOCTEN (2.16-2.21) mmeror
CAEAVFOIIHIT BUA!

H,.=h()cos(et), H,.=h,(r)sin(et), H,.=h,(r)sin(ewt),

E..=e (r)sin(owr), E,=e,(r) cos(ar), E..=e.(r)cos(ar).

20



nasa 1. Bropoe pelueHue ypaBHeHnn MakcBenna onsa Bakyyma

Beime  6p1a0  mokasano  (em. (2.24-2.27), waro h (r)=0, e.(r)=0,
e(r)=e,(r)=e,(r), h(r)=e, ), h (r)z —e,,(r). CaeaoBateapno, B

KAJKAOM TOYKE UMEIOTCS TOABKO BCKTOPHI

H,.=-e, (7 )cos(ar), H,=e,(r) sin(at),

E.=e, ()sin(ot ), E,=e,,(r) cos(ar).
[lpn 9TOM CyMMapHBIE BEKTOPHBI H,=H, +H, u
E,
.,

=E, +E maxopdrcs B maockoctm 7, 90 M HMCIOT  MOAYAH

=¢, ("),

Buano, uro npn ABmxeHnn Toukn I IO BHHTOBOM AMHHHU CYMMAapHBIC

E, =ew(r). Ha puc. 40 moxasaHbl BCe 9TH BEKTOPHL

sekroper H, n E,~ Bpamarorcs B maockoctn 7, @. VX moayan

OCTAIOTCA TIOCTOSHHBIMU U PaBHBIMH MEKAY COOOH. D1r BekTopsl H, o 7

E, , BCCTAQ OPTOTOHAABHBL

) Erf

Puc. 40.

NTak, CHHYCOHMAAABHAA BOAHA __ PACHPOCTPAHACTCA 1O
BUHTOBOM AWMHUM, IIPH 3TOM B KAKAOM TOuke 1, ABHDKYITIEHCH ITO
AAHHOI BHHTOBOM AMHHH, BEKTOPBI MATHUTHOM U 9AEKTPHYECKOI
HAIPAKEHHOCTEH

® CYIIECCTBYIOT TOABKO B IIAOCKOCTH, IIEPIEHAHKYAAPHOH OCH
BUHTOBOM AMHHH, T.€. CYIIECTBYFOT TOABKO ABE ITPOEKITHH ITHX
BEKTOPOB,

® H3MCHSIIOTCSH CHUHYCOHUAAABHO,

21



nasa 1. Bropoe pelueHue ypaBHeHun MakcBenna ans Bakyyma

® CABHHYTHI ITO (pa3e Ha YETBEPTH IIEPHOAA.
CymMmapHBIE BEKTOPBI

® BpPAIIAIOTCA B 9TOU IIAOCKOCTH,

® IMEIOT IIOCTOSHHBIE MOAYAH,

® OPTOTOHAABHBI APYI APYTY.

4. ITorokm sHeprun

ITAOTHOCTD ITOTOKA 9AEKTPOMATHUTHON 3Heprun — Bekrop IloiiHTrHTa

S=nExH |, (1)

TAC
n=clr. @)
B cucreme CH 77 =1 u nmocaeanss popmyaa (1) mpuanmaer BHA:
S=ExH, 3)

B HHAHHApH‘IeCKI/IX KOOpAI/IHaTaX r, @, Z IIAOTHOCTH IIOTOKaA

SACKTPOMATHUTHOH JHEPIHH HMEET TPHU KOMIIOHEHTEI S, S 0 S,

HAIIPABAGHHBIE ~ BAOAB  PaAMyCa, IIO  OKPY/KHOCTH, BAOAB OCH
coorBercTBeHHO. OHH OnIpeAeAdroTcd 110 popmMyAe

S, E,H -EH,
S = S(p = H(E x H): 77 EZHV - EVHZ : (4)
S, EH,-E,H,

W3z (2.12-2.17, 3.4) caeayeT, 9TO IIOTOK, IPOXOAAIIHIT Yepe3 AAHHOE
CeYeHHe BOAHBEI B AAHHBIIT MOMEHT BPEMEHH,

s -si’

r

=77” s,si-co |dr-de. ®)

r,e

S =

Ca| 13F/Jl "Ml.

s, -Si-co

rAe
s, = (%hz - ezhw)
s,=(eh,—eh.). ©
s, = (erhw - e(ph,.)
B mpumaowennn 1 moxasaso, uwro h (r)=0, e (r)=0.
Caeaosareapno, s, =0, s, =0, r.e. mOTOK dHEpPrHUM pacHpocTpaHAcTCA

TOABKO BAOAB OCU OZ U paBeH

§:S_z:77”[sz-si-co]dr-dgo. @

r,9
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nasa 1. Bropoe pelueHue ypaBHeHnn MakcBenna onsa Bakyyma

OrcyrcrBUe ITOTOKA SHEPIHH II0 PAARYCY O3HAYACT, YTO OOAACTH
cymectBobaaua BoAHBI HE pacmmpserca. Iloarsepxaennem stomy
ABAAETCSA CYIIIECTBOBAHIE Aa3epa.

Haiviaem s, . 13 (2.26, 2.27) moaygaem:

eh, =e;, ®)

e,h, =—e,. )
Hs (7, 8, 9) moAygaem:

s.=@+e) (10)

Takum oOpasowm,
§=77”[(ef+e;)si~co]z’r-d(o. (11)
r,p
Orcroaa, Kak ITOKA3aHO B IIPHAOKEHHH 2, CACAYET, 9TO
< c
T (- cos(4a7z))_!. ((ef +e; )Jr) (12)
W3 (10, 12) maxoanm:

rz(“‘l))r’r . (12a)

[Tycts R — paamyc kpyrosoro ¢pponTa BOAHBL Toraa
(Za 1)

_ '[( 2(a- 1))# — (2a y (13)

a,fa (1 cos(4a7z)) (14)

S= ESWSM : (15)

—

Salfa(alfa)

Y \ \\/ ; o '
T\ | \/
\/ \

10 50
02 0 02 0.4 0.6 0.8 1 12 0.2 0 0.2 0.4 0.6 08 1 12
Fig.5. SecondSolMax.m Fig.6. SecondSolMax.m

Sint(alfa)
S
\\\
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Ha puc. 5 mokazama dymkmma S, () (13), a na puc. 6 mokasana

dyuakiua S, (o). Ha puc. 6 BepxHfs M HIDKHSA KPUBbIE OTHOCHTCS

cootserctBeHHO K R =200 n R=100. 13 dpopmyasr (15), puc. 5 u prc

6 BHAHO, YTO IIOTOK SHCPTHUH ABAACTCA HOAONKHUTCABHBIM, HAIIPHUMEP,

npu 4=-1, a=0.8.

Fig.7. SecondSolMax.m

ITOCKOABKY ITOTOK SHEPIUU W SHEPIHA CBA3AHBI COOTHOIIICHUEM
S =W -c, 1o u3 (15) MOXKHO HANTH SHEPIUIO EAMHUIIBI AAMHBI BOAHBIL:
— 4
W= 67 S Sint ()
B npumaoxkenmm 2 moOka3aHO TaKKe, YTO ITAOTHOCTH IIOTOKA
SHEPIHH Ha OKPYKHOCTH AAHHOIO PAAHYCa OIPEAEAdeTca (DYHKIIIEH

BHUIAQ

S = sz +e, )sin(2aqo +4az/c). (18)
Orcroaa m m3 (3.10) caeayer:
S, = A-r**VsinQagp + 4ax/c). (19)

Ha puc. 7 nmokaszama sra dyskums npu A=1, a=0.8, r=1 u aAsyx
3HAYeHHUAX BrOporo caaraemoro: 0 m 0.5 — cm. cmoaommHyro u
IIYHKTHPHYIO AMHHAU COOTBETCTBEHHO.
Orcroaa caeayer, 9To
® IIAOTHOCTH IIOTOKA HEPABHOMEPHO PACIIPEACACHA IIO CCUCHHIO
[IOTOKA — CYINECTBYET KAPTUHA PACIIPEACACHHUA ITAOTHOCTH

IIOTOKA IIO CEYCHHIO BOAHBI,

o 9Ta KapTHHA BPAaITacTCs IPH IICPEMCIICHUH IO OCH 0Z;
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e notok sHeprun (15), MPOXOAAIINIT Yepe3 IAOIIAAb CEUEHUs, He
3aBUCUT OT {, (), z; TAABHOE, YTO 9T4 BEAUYNHA HE HU3MEHACTCA

BO BPEMCHH, 1 3TO COOTBETCTBYCT 3AKOHY COXPAHCHMA SHCPIHI.

5. IMIIyABC 1 MOMEHT UMITyABCA
MsBectHO, 9TO  IIOTOK  3HEPrUM  CBA3aH C  APYIUMH
XapPAaKTEPUCTUKAMU BOAHBI 3aBUCHMOCTAMH CAEAVIOIIEro Buaa [21, 25,

63] (B cucreme CH):
=W (M)

S=W-c, @
p=W/c, p=5/c*, 3)
f=p'C,f=S/C, (4)
m=p-r, ©)

TAC

1 2

W - nmaotHOCTB 9HEprun (CKaAdp), KI'm ' "C 2,

3

b

S’ - IAOTHOCTB ITOTOKA 3HEPrUu (BEKTOP), KI*C
P - IAOTHOCTb UMITyABCa (BEKTOD), KI'M ™ 2*¢ ™!

b

1 2

Jf - IAOTHOCTB ITOTOKA UMITYABCA (BEKTOP), KI*M ™ *C ™2,

m - IIAOTHOCTb MOMCHTA NMIIYAbCa B AaHHOﬁ TOYKE BOKPYF ocu,
2

5

OTCTOAIIENH OT AAHHOM TOYKH Ha PACCTOAHHE 7 (BEKTOP), KI*C~
V' - 06beM 9AEKTPOMATHUTHOTO TIOASL (CKAAAD), M.

M3 BBIIIEH3AOKEHHOIO CAEAYET, 9YTO B OSAEKTPOMATHHTHOH BOAHE
CYILIECTBYFOT IIOTOKM O9HEPIHH, HAIIPABACHHBIE BAOAB PaAHUyCa, IIO
OKPYKHOCTH, BAOAB OCH. CACAOBATEABHO, B 3ACKTPOMATHUTHON BOAHE
CYILIECTBYIOT TAKKE WMIIYABCHI, HAIIPABACHHBIC BAOAB PAaAHyCa, ITO
OKPYKHOCTH, BAOAB OcH. CyVIIECTBYIOT Takke MOMEHTBI HMIIVAbCA
OTHOCHTEABHO AIOOOTO PaAHyCa, AFOOOH OKPYKHOCTH U OTHOCHTEABHO
ocu.

PaccmorprM  MOMEHT HMIyABCA OTHOCHTEABHO ocum  Z. B
COOTBETCTBUH C (3) HAAEM 3TOT MOMEHT:
L =pr=Srjc. ()
DTOT MOMEHT ABAACTCA OPOUTAABHBIM YIAOBBIM MOMEHTOM, KOTOPBIH
OOHapyXmBaeTci B T.H. 3aKpydeHHOM cBere. Aasee mpuBOAHTCA
cokparrennas murata us [64]. O mom, umo céemosan 6oama ecem e 1m046K0
IHEPUID U UMNYABE, HO emye U YeA0601 MOMeHN, Gbi/0 USBECIIHO CI0eMUe Ha3ao.
Ionauany, xowneuro, yesr060i Momenm accoyuuposanca moasko ¢ noaspusayuerl
céema. ... Illao epema. berau cosdans: saasepwt, AasepryiM c6enom HAYUUAUCH
YHpas.aAmY, Passusandct meopus OnucaHus eo dAeKmpomacHumozo noasq. M e
Kakou-1mo ~ MOoMenm — HPUiA0 — 0cosHarue 020, 4mo Imu  06a  c6oucmea -
25
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HanpasaeHHoc/ms C6e17106020 NYYKA U €20 3aKPYHeHHOCMb - 606ce He NpOmUeopedan:
opye opyey. ... bewau  npedaoscerv:  u - Komxpemmsie cxemer  cozdanus  u
demexmuposarnus  3axpyuennocmy. Tpu coda cnyoma ... IKcnepuMenmanopsr
Ybeounucn, Um0 CneyuansHsIM 00pazoM HpuomOsACHHAA Mo0d Aa3epHO0 csend,
KOmopy1o ymeau co3daame U pansiie, OeUcmeumensto omeedaen 3akpyueniomy
ceemy. ... Llocne smozo  rnauanca  sasunoobpasneril - nomox  uccaedosariuil
saxpyuenrozo céema. ... Ilapasseasro ¢ @ynoamenmanvivimu uccaedosarusmu
Havanu passusantvea u pasnoobpasisie npumenenus saxpyuenrozo céema..."

Bmecre ¢ Tem, caeayer 3ameruTh, YTO 3aKPYYCHHOCTH CBETa HE
CACAVET W3 CVIIECTBYVIOIIEIO perrenus ypaBHenuii MakcBeasa. OAHAKO,
OHA €CTECTBEHHBIM OOPAa30M CACAYET U3 IIPEAAOKEHHOIO PEIIECHUA — CM.
(6). Ha puc. 7a (B3srom wus [64]) "xapmunxa ¢ saxpysennsim  csenom
NOKA3BI6aEN! He IJCKINPULECKOE 11016, a UMENHHO 60110601 @porm (Ha CPEAHEM
dparmeHTe IOKA3aH HE3AKPYIECHHBIM CBET, 4 HA BEPXHEM H HIDKHEM
dparmMeHTaX — CBET, 3aKPYYEHHBI B Ty HMAH HHYIO cropowny). On ne
nAOCKULl, 7MY (pasa 601Hb1 MEHAEMIEA 1He M00bKO NPU 08UNCENUH 6001 AYUA, HO U
npu cmemerun 6 nonepeurion naockoomu ... Ilockonsky nomox snepeun céemosoi
601161 00BI4HO HANpas.ier nepneHouryAIPHO 604H060MY PPormy, 70 noLY4acnics,
U0 6 3aKPYUEHIHOM c6eme SHEPLUA U UMMNYALE BO0MHBL He HPOCIIO AEHIAN 61Eped, a
Kax Gvr Kpymames npu smom 6okpye ocu dsuncerus." VIMEHHO 5TO M ITOAYIEHO
BBIIIIE — CM. AASl CPaBHEHUsA pHC. 3.44.

Puc. 7a.
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6. OGcy>xaeHmE

Ha pI/IC. 8 moxaszaHsl HAIIPAKECHHOCTH B ACKapTOBI)IX KOOpAI/IHaTaX.

HOAY‘ICHHOC pemeHne OIMCBIBACT BOAHY. OCHOBHBIE OTAUYHS 3TOIO
pemieHus OT U3BECTHOTO PEIICHUA COCTOAT B CACAYIOIIICM:

1.

R

MrHOBEHHBIH (2 HE CPEAHHH IO HEKOTOPOMY IIEPHOAY) ITOTOK
SHEPIMH HE HU3MEHACTCA BO BPEMEHM, YTO COOTBETCTBYET
3aKOHY COXPAHCHUSA SHEPIHH.

[Torok sHeprum MMeeT HOAOKUTEABHOE 3HAYCHUE.

ITorox smeprum pacupocTpaHAeTCcs BAOAD BOAHEI

MarauTHAA ¥ 3AEKTpUYECKas HAIPAKEHHOCTH Ha HEKOTOPOM

OCH KOOPAMHAT F, (), Z CABUHYTHI 10 pase Ha UIETBEPTDH

IEPpHOAa.

Permrenue AAAl MAaTHUTHBIX U SACKTPI/I‘ICCKI/IX HaHpH)f(CHHOCTCI;‘I

ABASETCH BEILIECTBEHHBIM.

Pemenme  cymectByeT  IpH IOCTOAHHOHM  CKOPOCTH
pacIpocTpaHeHusA BOAHBIL.

OO6AacTp  CyIEeCTBOBAHMA BOAHBI HE PACIIHPACTCH, HTO
ITOATBEP/KAAETCA CYITIECTBOBAHIEM Aa3epa.

BexTopel sAeKTpHYECKOM W MATHHTHOHN HAIIPAKECHHOCTEH

O [ DTOT'OHAADBHDI.
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9.

10.

11.

Boamosxkabt ABa BHAA IIIPKYAIPDHON IIOASPHU3ALIIY
5AEKTPOMATHIITHON BOAHEL
Boana u ee smeprua OIpeAeAEHBI, €CAH 3aAAHBI ITAPAMETPHI

A, o, R, a. Ilpn pamEbpx R, S MOXeT OBITH HaMACH

mapamMerp o .

Touka, ABIIKyIIASICA 110 IIUAHHAPY IIOCTOSIHHOTO PAaAMyCa TaK,
YTO 3HAYEHHE AFOOON HAIPHKEHHOCTH B 3TOH TOYKE
HM3MEHACTCA CHHYCOMAAABHO BO BPEMCHH, ABAACTCA BUHTOBOM
AVTHHEH.

ITpuaosxennue 1.

Paccmarpusaerca perenue ypasaenuii (2.1-2.10) B Buae dyHxrimiz
(2.13-2.23). Aasee mpou3BOAHBIE IIO ¥ OYyA€M ODO3HAYATH IITPHXAMH.
[Tepenumem ypasuenus (2.1-2.10) ¢ yaerom (2.11, 2.12) B BuaAe

(G ()a 7-e.(r)=0, (1)
r

—l e (r)a+e Ny=m (r) 2
e@k e.(r) = m, (), o)

e() (r)

———+e,(r)- a=m(r), “)
h(r) h()+ a+;( h.(r)=0, )
;mvm—mvw=LG) ©
—h, (=) = j, (1), 0
()+h()+h0)a—LUO=Q ®
=2 =-Ze =-2e 9)
.]r c r? J(p c [/ .]z c z?
mrzgh,, mwz—ghw, mz:—ghz, (10)
C C C

Mpr paccmaTpuBaeM O€ryImyro BOAHY B Bakyyme. B arom caygae

e, (V) =0 » IIOCKOABKY HET BHCHTHCTO MCTOIHUKA BHGPFI/H/I.

ITpu srtom B coorsercrun ¢ (9) moayumm j_(r)=0. Toraa

ncxoaHas cucrema (1, 5-8) mpumer BuA:
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ﬂw;(r)—e‘ﬁa:o, (7
r

L (r) + 1 (r )+ a+;( h.(r)=0, (18)

;-hz<r>a—h(,,<r>z= J. () (19)

—h, )y = h.(r) = j, (7), (20)

()+h()+h(r) =0, (1)

IMToacTaBrm (9) (17). Toraa moay<um:

(r) Jw( r)

+j(rN+—*—a=0, (22)

[ToacTaBum (19, 20) B (22). TorAa ITOAYYIHM:

Lo a-Ltn g+ L e -n 2+ Ch @ -HE)E =0
r r r r

AN
1 1 , a
()@= by (2 =By = h ()5 =0 @

HpI/I 9TOM AAfA BBIYHCACHHA TpCX HaHpH}KCHHOCTCﬁ IIOAYYIHM TpI/I

ypasuerms (19, 21, 23). Uckarounw h, (r) w3 (21, 23):
Lea= ez Lo OF [ 62 -
r r r r r

VAU _—21 h.(a=0 wman h (r)=0. Takum obpasom, mpu e (r)=0
r

AOAKHO cobAroaatscs yecaosue /(7)) = 0. Orcroaa caeayer

Aemma 1. Ipu e_ () =0 cucrema ypasuennii (1, 5-9) coBmecruma
TOABKO B TOM cAy4ae, koraa i (r)=0.

I[pu e (r)=0 wu h(r)=0 ypasuenus (1, 5-9) npurEMaroT
CAEAyFOIIHII BUA - ypasHeHuA (1, 5, 8) ympormarorced, a ypasuenus (6, 7) ¢
yaerom (9) 3aMeHArOTCA HUKEIpUBeAeHHBIME ypapHeHnAME (1.3, 1.4):

M+e£(r)—e(”—(r)05=0, (1.1

h(”) h()+ , (1.2)

%/w) =e, (r) (13)
w
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L ()=e,(r), (1.4)
w

h,(r
ﬁ+h;(r)+h’—(r)-a:0. (1.5)
r r
AHAAOTHYHO AOKA3BIBACTCH
Aemva 2. Ilpu e (r)=0 cucrema ypasuennii (1-5, 10)

COBMECTHMA TOABKO B TOM cAy4ae, koraa h_(r)=0.
[1pu srom arasormaao dhopmyram (24, 28) moayaaem HGOPMYABI

er‘(r)+e;(r)_Lma:0, (21>
7 r

e,(ry= —%hr () e

e, )= ?h(p(”a &)

€¢,(") vel(r) - e, (V) a=0, 2.4)

h(l’)+h()+ ) a=0. 2.5)
7 r

W3 aemmer 1 1 aeMmBr 2 caeayer
Aemma 3. Cucrema ypapaenuii (1-10) coBmecTrMa TOABKO IIpu
h(r)=0, e (r)=0. (3.1)
CaeaoBaTeAbHO, UCXOAHAA cuctema ypasHeHui (1-10) mpunnmaer
BUA YPaBHCHHIH, IIEPEIUCACHHBIX B AeMMax 1 u 2. OOBbeAMHUM HX AAA
YAOOCTBA 9NTATEAS:

LAGIN el(r)— &) a=0, (24)
r r
e,(ry = —%hr(r) (25)
e, (=" h;,,(r), 26)
‘ (r) e (r) -~ (r) =0, @)
LA (r)+ n (r)+ 5,() a=0, (28)
r r
h(Nz="e. () 9)
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—h )y = Qew(r), (30)
h() () + 2 () a=0.

VYMHOKIM ypaBHCHI/Iﬂ (26, 29). Toma ITOAYYHM:

e Oz =2 € 00

G

HAT

¥ =0c. (32)
[ToacraBass (32) B (26, 29), moayaaem:

h,(r)=e,(r). (33)

Takum o6pasom, npu ycaosum (32) ypasuenusa (26, 29)
SKBHUBAACHTHEI OAHOMy ypaBHeHHIO (33). AHAAOIMYHOE COOTHOIIICHHE
caeayet u3 (25, 30):

h, (r)z —e, (1), (34)
Wrak, cucrema ypapHenuii (24-31) skBUBAAGHTHA CHCTEME YpPaBHEHHI
(24, 27, 28, 31-34).
Aanee BeITTOAHACTCA pelieHue ypaBHeHui (24, 27).
IIpeaBapuTeABHO PACCMOTPUM YpaBHEHHE BHAA

ay

— 4+ y': 0 ) (a)

X
Pemmenwne 3T0oro ypaBHEHNA MMEET BHA:

y=x""mm y=0. (8)
Caoxmm ypasuenus (24) u (27):

¢ e +e
€ +e,) +~——22(1-a)=0, (35)
r

Bsrarem ypasaenue (27) us (24):
(e e )+( w)(1+a) 0, (36)

B coorsercrBum c (a, B) u3 (35) HAXOAHUM:

e te, ): Ar ) pan (er +e, ): 0. 37
B coorBercrBuu c (a, B) u3 (36) HaxOANM:
(er -e, )z Cr~ ) A (er -e, )= 0. (38)
CkaaawBas u BerauTas ypasaenus (38) us (37), HaiaeM 4 pereHus:
4 o)
e. = e(p = ET" S (39)
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e, =—¢,= %r‘(‘”‘)’ (40)

e, (r)z 1 (Ar_(l_“) + Cr_(”“))
2 (41)
e, (r)z % (Ar_(l_“) - Cr_(”“)]

e.=e,=0. (42)
B aaspmeiimem Mbr pacemotpum perenne (39). Takum obpasom,
ncxoAHas cucrema ypapaeHu# (1-10) mmeer perrieHue CAEAYIOIIIEro BHAA:

h.(r)=0,e.(r)=0, 3.1)

X =0fc, (32)
4 (.

¢ =¢,=or (-a) (39)

h,(r)=e,(r). 33)

h(r)=—e,(r). (34)

ITpuaorxenue 2.
B (3.11) mokazano, 4YTO IIOTOK 3SHEPIHH, IPOXOAAIINNA dYepes3
cedyeHne BOAHBI,

§=nII[(ef+e£)si-co]z’r-d;o. (1)
r,Q

HYCTB CKOpOCTb paCHpOCTpaHCHI/IH BOAHBI ITIOCTOAHHA paBHﬁ_ C. TOI‘A&

z=ct. @
Toraa us (2, 2.11, 2.12, 2.30) moayuaem:

co=cos(ap+ yz+ wt) = cos(agp + (20)/0)2) ?3)
¥, aHAAOTUYIHO,

si = sin(ap + Qo/c)k). )

Mmes B Buay (3, 4), nepenumiem (1) B Buae:
< 1 .
S= 577” [@f +e. )31n(2(ago + (Za)/c)z))]v’rdgo : )
r

Takxmm 00pa3oM, ITAOTHOCT ITOTOKA SHEPIMH HA OKPYKHOCTH AAHHOTO
paamyca onpeAeAdeTcs PyHKIIUEH BUAA

S.=+ e, Yin(ap + 4az/c). (59)

[Mpu z=0 na ocu 0z umeem:
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S = %ng [(ef + e; )sin(2a(p)]7’rd(p. (6)

Aanee u3 (6) HAXOAUM:

S= g![(ef + e; {J sin(2agp)d¢}dr} . @)

4

Vmeem:
2z
J. sinQap Yo = _[ sinQap Yo = 2L (1 - cos(dra)). ®)
[ 0 a

W3 (7, 8) moayuaem:
S = 4i (- cos(4a7z)).|. ((e,2 +e; )Jr) )
a
[ToacraBass croaa (3.2), OKOHIATEABHO ITOAYYIAEM:

S = @ (- cos(4a7z))_[ ((ef +e; ):lr) (10)

Ouesnano, npu Arobom Bebope Toukn z=( Ha ocn 0z nocaeanee
COOTHOIIICHHE COXPAHACTCH.
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I'AaBa 2. Perrenque YPaBHCHUU
MakcBeAAd AAS A,I/ISACKTPI/I‘ICCKOI;'I
LIEIIN IEPEMEHHOTIO TOKA

OraaBAeHnune
1. Beeacune \ 34
2. Pemrenne ypasuennit Makcseaaa \ 35
3. Hanpsukenuoctn u motokn sueprum \ 38
4. Obcyxacume \ 38
ITpuaoxenne 1\ 38
[Mpuaoxenue 2 \ 42
ITpuaoxkenue 3 \ 44

1. BBeaenue

B TAABC 1 paCCManI/IBaCTCH 3ACKTPOM3.FHI/ITHOC IIOAC B BaKyyMC.
O“ICBHAHBIM 06pa30M HOAWCHHOC TaM pCLHeHI/IC paCHpOCTpaHHeTCH Ha
HCHpOBOAfHL{y}O — AI/ISACKTPI/I‘ICCKYI'O CPCAY C OHPCACACHHBIMI/I &, /U -

AM9AEKTPUYIECKON M MATHHTHOH HPOHHUIIAEMOCTBIO. (CAEGAOBATEABHO,
SACKTPOMATHUTHOE IIOAEC CYIIECTBYEeT M B KOoHAeHcatope. OAHAKO
CYIIIECTBEHHBEIM OTAHYHEM KOHACHCATOPA fABAACTCA TO, YTO €ro IIOAE
IMEET HEHYAEBYIO JSACKTPHYECKYIO HAIPAKEHHOCTh IO OAHOH U3
KOOPAHHAT, CO3AABAEMYIO BHEIIIHUM HCTOYHHKOM. [Ipu paccmorperumu
SACKTPOMATHUTHOTO IOASl B BAKyyME OTCYTCTBHE BHEIITHETO HCTOYHHKA
ITOCTYAHPOBAAOCE.

TodHO TaKiKe MOMKHO TOBOPHTH O AHMIACKITPUYECKON Il
IepeMeHHOro Toka. Aasee paccmaTpuBaeTcAd CHCTEMa ypaBHEHUI
MaxkcBeara AAfl Takom 1rerrdt. IlokaswiBaeTcs, YTO B TAKOW ITEIH TAKKE
BO3HUKACT SACKTPOMATHHTHAA BOAHA. BaKHEIM OTAMYHEM 3TOH BOAHEI
OT BOAHBI B BaKyyMe ABAAETCA TO, YTO B IEPBOH HMMEETCA IIPOAOABHAA
SAEKTPHYECKAS HAIPHKEHHOCTb, CO3AABAEMAfA BHEIIHHM HCTOYHHKOM
3HCPFI/H/I.

3aech paccmarpuBaroTcs ypaBHenusa Maxcseasa B cucreme CI'C
CAEGAVIOIIIETO BHAA (KaKk M B raaBe 1, HO C OTAMYHBIMH OT EAHHHIIBI
BEAHYHNHAMH &, fI):
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rot(E)+ 49 o, M
c Ot
e oF
rot(H )—-——=0, 2
( c Ot @
div(E)=0, 3
div(H)=0, Q)
TAC H B E - MATrHUTHAA " 3A€KTpI/I‘I€CKaH HaHpH)KCHHOCTI/I
COOTBETCTBEHHO.

2. Pentenue cucreMsl ypaBHEHUN
Paccmorpum perrrenne cucremer ypasaenmii Makcseasa (1.1-1.4)

[37]. B cucreme MUAMHAPHUYECKUX KOOPAUHAT 7, (), Z O9TH ypaBHEHMA

HMCIOT BHA:

TAC

I

OE
E +6E’+l- ‘”+6E2=O, @
r or r Op Oz

OE
L 0B, 0,  dH, 2
r 0p 0Oz dt

- — ==V B (3)
oz or dt
E, OE, 1 OE dH
T et aniar- @)
r or r Op dt
OH
H’+6H’+l- “’+8HZ=O, ©)
r or r Op 0Oz
1 0H, ©OH dE
2. z _ ¢ _ qg— (6)

fe_t=q—t, )

®)

v=—yu/c, ©)
qg=¢fc, (10)

® oaekTpudeckne Hanpsikennoctn E ., E, E,

® MarHWTHbIEC HaupsxenHoctn H,, H . H._.
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Pemenne AOAKHO OBITH HAUAEHO upu HEHVAEBOU

HanpsskeHHOCTH E .

AASL COKpAIlleHHSI 3aIECH B AAABHEHIIEM OYAEM IIPHMEHSTH
CACAYIOIIITIE OOO3HAYCHHUS:

co =cos(ap + yz+ wt), (11)

si =sin(a@ + yz+ wt), (12)

TAC &, Y, WO — HCKOTOprC KOHCTAaHTHI. HPCACTaBHM HEMU3BECTHBIC
(DPYHKIIHH B CACAYIOIIIEM BHAE!

H,.=h(r)o, (13)

H,.=h,(r)si, (14)

H._.=h(r)si, (15)

E.=e(rki, (16)

E,=e,(r)co, 17)

E_.=e_(r)co, (18)

rae h(r), e(r)- Hekoropeie (DYHKIIE KOOPAUHATEL 7 .

HemocpeAcTBeHHOIT  IIOACTAHOBKOM — MOKHO — YOEGAHTBCA, 9UTO
dyukun (13-18) npeobpasyror cucremy ypasaenuii (1-8) ¢ gersippms
apryMeHTaMH 7, @, z, | B CHUCTEMY YPAaBHEHHI C OAHHM apPryMEHTOM F

u meusBectHbiMu pyaxuusamu A(r), e(r).

Tabaumna 1.
raasa 1 raasa 2
e, Are! A~kh(a, Ve r)
1 '
e Ar®! ;(e¢(r) +r- e(p(r))
e, 0 A-r- ew(r)i
a
cw
h, —e,(r) Aae(p r)
h, () ~ 4% (r)
4
h, 0 0
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B mpuaoxennn 1 mokasaHo, 9TO TaKOe peIlleHHE CYIIECTBYET.
DTO pereHne NMEET CACAYIOIITHUIT BUA!

e, (r)= kh(a, 2 r), (20)
e (r)=é(e¢(r) +r-e(r), 1)
e.(r=re,n, @2)
h()———e()— 23)
h (r)——e r)l 24)
h.(r)=0. g 25)
rae kh() — chyHKIIIA, OTPEACACHHAR B IPIAGHKEHITH 2,
q=(z—”gf’2} 26)
¢’y

CpaBHHM 3TO peIlIeHHe U PeIleHHue, IIOAYIEHHOE B TAaBax 1 u 2 —
cM. TaOA. 1. BUAHO cyIlecTBEHHOE OTAHYNE STHX PEILICHIH.

x 10°

1 x 10°
) 5000 2

= 05 J &
0 -5000 -
0 , 005 0.1 0 005 0.1 0 005 0.1
x 10 3
5 x 10
2000 l 2
£ % 1000 o1
0 0
0.05 0.1 0 005 0.1 0 005 0.1
x 10°
1 2000 | 0
N 0 N 1000 N2
-1 0 4 |
0 005 0.1 0 005 0.1 0 005 0.1

Fig.1. (SSB6(3).m)
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3. HanpsskeHHOCTH U IOTOKU dHEPIUM
Ta}oxe, KaK M B TIAAaBC 1, IIAOTHOCTH IIOTOKOB BHCpFI/H/I II0
KOOpAI/IHaTaM OHPCACAHIOTCH 110 (bOpMyAC

S, s, - si°
S = S_(p =77H s,-si-co|dr-dg. 1)
S "N, si-co

z
TAE

s = (e(phz - ezh{p)

S, = (ezh,, —eh, ) ©

s, = (erh(p - ewhr)

n=clir. ?3)
Pacemorpum dyaKIIIN 2) u e.(r), e,(r), e.(r),

h.(r), h,(r), h.(r). Ha puc. 1 mokasamel, manpumep, rpacuku sTux

dyrkmmit ipu A=1, a =55, u=1, ¢=2, =50, @=300.

4. O6GcyrxaeHmE

AaAbHENIIIE BBIBOABL AHAAOTHYHBI TEM, KOTOPBIEC IIOAYYEHEI B
raage 1. Mrtak, B AHMIAEKTPHYECKOH IIEMM H, B YACTHOCTH, B
KOHAGHCATOPE, BKAFOYEHHBIX B  IIEIIb  CHHYCOHAAABHOTO  TOKa
PACIIpOCTpaHAETCA ~ SACKTPOMATHHTHAA BOAHA, 4 MaTEMaTHYECKOE
OIIMCAHIE 9TOM BOAHBI ABAACTCA PerieHneM ypasHeHn Makcseaaa. [Tpu
3TOM  HAIPMKEHHOCTH, TOK CMEIIEHHA H  IIOTOK  3HEPTHH
PACIIPOCTPAHAIOTCA B AUSAEKTPUKE 110 BHHTOBOU TPAEKTOPHUH.

ITpuaosxenune 1.
PaccmarpuBaercsa perrenne ypapaenuii (2.1-2.8) B Buae dyHKIumit
(2.13-2.18). Aaree mIpOHU3BOAHEIEC TIO 7' OYAEM OOO3HAYATH IIITPHUXAMH.

ITepermummem ypasuenus (2.1-2.8) ¢ yaerom (2.11, 2.12) B BuAe
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maBa 2. PeweHne gnsa AnaneKkTpu4eckomn Lenu nepeMeHHoOro Toka
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COOTBCTCTBI/IC MEKAY HOMepaMI/I dopmya B pasaeae 2 U 3AECh TAKOBO:
Pasaea 2 | 2.1 |22 |23 [24 |25 |26 |27 |28
ITpua. 1 |1 5 6 7 8 6 7 8

Aaaee Oyayr BbimoAHATCA mpeoOpasoBarmud dopmya (1-8). Ilpm
5TOM HyMmeparnua (OPMyA IIOCAE IIPEOOPA3OBAHHA OYACT COXPAHATHCA
(rak yAOOHEE IIPOCA