XmeapHuk C. H.

BTopoe pelIeHne YpaBHEHUI MaxkcBeAaa

AnHOTAIAA

ITpeaaaraerca HOBOE perrieHne ypapHeHHN MakcBeAAa AAA
Bakyyma. [IpeaBapHreAbHO OTMEdYaeTcs, YTO AOKA3ATEABCTBO
E€AMHCTBEHHOCTH HM3BECTHOIO PEIIEHUA OCHOBAHO Ha 3aKOHE
COXpaHEHMA JHEPIUHM, KOTOPEIL He coDAfoaaeTcad  (AAA
MTHOBEHHBIX  3HAYEHHMH) B  H3BECTHOM  PEIICHUU.
IIpeararaemoe perrieHHEe HE HAPYIIA€T 3aKOH COXPAHEHUS
sHeprun. Kpome TOro, B 9TOM pEIIEHHH 3AECKTPUYECKAA H

MATHUTHAS KOMIIOHEHTHI HAIIPAKEHHOCTEN B
5AEKTPOMATHUTHON BOAHE CABUHYTBI 11O (pa3e.
ITpusoamTcs HOApO6HOC AOKA32TEABCTBO ANAS

3AaMHTCEPCCOBAHHOI'O YHUTATCAS.
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1. BBeaeHnue

B mocaeaHee BpeMs KpHTHKA CIPABEAANBOCTH  YPaBHEHUIT
MakcBeAAd CABIIIHTCA CO BCEX CTOPOH. VYBEPEHHOCTb KPUTHKOB
CO3AA€TCA, IIPEKAE BCETO, HAPYILIEHUEM 3aKOHA COXpaHeHud sHeprun. M,
ACHCTBUTEABHO, "maomiocms nomoka ajexmpomazummol smepeun  (Modyas
sexmopa  Ymosa-1 lodnmunea) «nyavcupyenm» no  capmonuteckomy saxory. He
Hapymwaemes  au - 30ecy  3axon  coxparenusn  nepeuu?”  [1].  besycaosHO,
HAPYIIAETCA, €CAU 9IACKTPOMATHHTHAS BOAHA YAOBACTBOPSAET U3BECTHOMY
perrennio ypasHennii Makceasa. Ho Beap Apyroro permenums Her:
" Aoxasamenscmso  edurncmeennocmu  peuenusn 6 obwux uepmax  c600umea K
cnedyrongemy. Ecau umeemen 06a pasauunsix peuerius, mo ux pasnocne 6caedcmeue
AUHETHOCHIU CUCIIEMYT 17203ice A6NAENICA PetllerteM, HO HpU HYAe6bIX 3apAax U
MOKax U HYAeBbIX HaddabHuix U panunsix yeaosusx. Omcroda, noavsyace

1




6vIpaicerue]M 044 IHEPeUU  INCKIIPOMALHUMIINOL0 NOAL U 3AKOHOM  COXPAHeHus
IHEPeUL 3aKAI04ACM, U0 DASHOCHIb DereHUtl 1I0MC0ecinseriio pasa Hya10, . e.
peuteriug odurnaxoswr. Tem camvim edurcmeennocms peuterus ypasrernui Maxceesta

doxasana" [2]. Takum oOpa3soM, CAUHCTBEHHOCTb PCILICHUSA AOKA3BIBACTCA

HA OCHOBE IPHUMECHEHHUS TOTO 32aKOHA, KOTOPBIM HAPYIMACTCA B 3TOM
perreHny.

ApyraM pesyAbTaToOM, CACAYIOIINM U3 CYIIECTBYIOIIEIO PEIICHN ,
ABAAETCA CHH(A3HOCTb IAEKTPHUYECKON M MATHUTHOM KOMIIOHEHT

HAIIPAKEHHOCTEH B JAEKTPOMATHHTHOI BOAHE. DTO IIPOTUBOPEUUT
IIPEACTABACHHIO O OECHPEPBIBHOM IPEOOPA3OBAHHH IACKTPHYECKON U
MAarHATHON KOMIIOHEHT SHEPIMH B 3AEKTPOMATHUTHOH BoAHe. B [1],
HAIIPUMEDP, 9TOT (PAKT OTHOCUTCS K "TIOPOKAM COBPEMEHHOI KAACCHYECKOit
9ACKTPOAMHAMHUKH'.

Taxme pe3yABTATHI, CACAYIOIIHE U3 H3BECTHOTO  PEIICHHA
ypaBHeHHIH MaKCBEAAd, ITO3BOAAIOT YCOMHHUTBCA B  AOCTOBEPHOCTH
ypaBHeHmit MakcBeara. IloauepkHem, OAHAKO, 9YTO 9TH PE3YABTATHI
CAGAYIOT TOABKO mu3 HaliaeHHOro pernenusa. Ho sto perenme, kak
YKa3aHO BBIITIIE, MOKET OBITH MHBIM.

Hroke BeIBOAWTCA Apyroe pereHme ypaBHeHuii MakcBeaaa, B
KOTOPOM IIAOTHOCTb IIOTOKA 9AEKTPOMATHHUTHON 3HEPIHUH OCTACTCA
IIOCTOSIHHOI BO BPEMCHH, 4 JACKTPHYCCKAS M MATHHTHAS KOMIIOHCHTBI
HAIIPAKEHHOCTEH B 9AEKTPOMATHUTHON BOAHE CABUHYTHI IO hase.

2. Pemenue ypasHeHu MakcBeasa
Brawase paccMmorpuM  permreHme  ypaBHeHHI MakcBeara  AAf
Bakyyma. D1u ypasuenus B cucreme CI'C nmeror Bua [3]:

rot(E)+1ﬁ=O,
c ot
rot(H _1%E o,
c ot
div(E)=0,
div(H)=0.

B cucreme nmammApmyuecknx KoopAmHAT I ¢, 7 5TH ypaBHEHUA

HNMCIOT BHA:

L4+ —24+——2=0, ©)

it S A )




OE, OE,

oz o 7

E, O, 1 0E

r or r Op :

H, oH, 1 0H, oH, .
r or r oOp 0z

1 oH, oH,

r g a "

oH, oH,

oz or 7

C)

)

®)

©)

)

®)

&)

(10)

AAH COKpaIICHUA 3aIIICH B Aﬂ,AI)HCfILHCM 6YA€M TIPUMCEHATD CACAYIOIIIIC

00O3HAYECHU:

co =—cos(a@+ yzZ +ak),

an

si=sin(ap+ yz+ at), (12)

TAC O, X w — HCKOTOprC KOHCTAaHTHI. HpeACTaBI/IM HEMU3BECTHDBIC
cpyHKL[I/IH B CACAYVIOITIEM BHAC:

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

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

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

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

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

H,.=h,(r)si, (18)

E,.=¢/(r)si, (19)

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

E,.=e,(r)co, 1)

M,.=m(r)co, 1)

M,.=m, (r)si, (22)

M,.=m,(r)si, 23)
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rae J(r), h(r), e(r), m(r)- mexkoropsie pyHKIMI KOOPAHHATEL I .

HermocpeACTBeHHOIT  ITOACTAHOBKOM  MOMKHO — YOEAHTBCHA, €TO
dyaxumu (13-23) mpeodpasyror cucremy ypasuenuii (1-10) ¢ Tpems
aprymeHTamMu I, ¢, Z B CUCTEMy YPABHEHHUI C OAHHM apIyMEHTOM [ U
HEU3BECTHBIMU (DYHKITHAMN j(r), h(r), e(r), m(r).

B npuaoxennn 1 mmokasaHO, 9TO y TAKOH CHCTEMBI CYIECTBYET
pEIIICHIE, IMEIOIIIEE CACAYFOIIIMH BUA!
e (r e,(r)
LJre;(r)_w_a:o, 24)
r r

ewr(r) +e;(r)+#-a=0, (25)
) h'(r)— —h‘”(r) a=0, (26)

h(r)

r

()+h()+ (r) a =0, 27)
r r

h, (r

h(r

) =¢,(r) (28)
)=—¢,(r), 29)
w

7= (30)

Tem caMbIM MBI IIOAYYHAH MOHOXPOMATHYECKOE PpeIICHIE
cucrembl  ypaBuenuii  (1-10). Ilepexoa K IIOAHXPOMATHYECKOMY
PEIIEHIIO MOKET OBITh BEITOAHEH C IIOMOIIBIO IIpeoOpasoBanusa Pypoe.
OdeBHAHO, €CAHM pEIIeHHE CYIIECTBYEeT B ITMAHHAPHYECKOH CHCTEME
KOOPAHHAT, TO OHO CYIIIECTBYET U B AFOOOI HHOM CHCTEME KOOPAHMHAT.

Takum 00pa3oM, MBI IIOAYYHAU OOINEE peIeHHe YPaBHEHUN
MaxkcBeAAa B Bakyyme.

3. IloToku sHeprumn
ITaoTHOCTE TOTOKA SACKTPOMQI‘HI/ITHOI‘/‘I SHEPIUH — BECKTOP IMovirTrrra

S=pExH. 0
TAC
n=cl/ir. )
B mmammapuveckux koopauHATaX [, 0, Z IAOTHOCTH ITOTOKA
SACKTPOMATHUTHOH OJHEPIMM HMECT TPU KOMIIOHEHTH S., S o S,,

HAIIPABACHHBIE ~ BAOAB  PaAMyCa, IIO  OKPYKHOCTH, BAOAB  OCH
coorBeTcTBeHHO. OHH OIIPEACAAFOTCA ITO POPMYAE
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S, EH,-EH,
S=|S,|=n(ExH)=n EH,-EH, |. @)
S, EH,-EH,

W3z (2.12-2.17, 3.4) caeayer, 9TO IIOTOK, IIPOXOAAINIHMI Yepe3 CedeHUe
AAHHOE CEYEHUE BOAHBI B AAHHBII MOMEHT BPEMEHH,

Sr Sr'Si2
S=|s, :nﬂ s, Si-co [dr-dg. 5)
s, | "|s,-si-co

TAC

©)

B  mpuaomenmn 1 mokasamo, wro h,(r)=0, e, (r)=0.

CaeaoBareasno, S, =0, S, = 0, T.e. IOTOK BHEPIUU PACIPOCTPAHACTCS

TOABKO BAOAB OCH OZ 1 paBCH

§=S—z=77ﬂ[52 -si-cofdr-de.

re

0]

OrcyrcTBuE IIOTOKA SHEPIUU IO PAAHYCY O3HAYAET, YTO OOAACTD
cymectsoBanua BoAHBI HE pacmmpsercda. IloarsepxaeHmeM sTomy
ABAAETCA CYILIECTBOBAHHE AA3€pPa.

Hatiaem S, . 13 (2.28, 2.29) moaygaem:
eh, =¢f,

®)

2
e,h =-e,. )
Ws (7, 8, 9) moaygaem:
s, = (6% +e?).

Takum 0O6paszom,

§:njj[(ef+e;)-si-co]dr-d(p. (11)
re

(cos(4a7z)—1)_|' 2+ ej,)dr). (12)

r

(10)

20

16ar

[Toroxk (12) me 3aBucur or t, ¢, z.I'AaBHOE, ¥TO 9Ta BEAHMYHHA HE

H3MCHACTCA BO BpCMCHI/I, Hu 3TO COOTBETCTBVET 3aKOHV COXpaHCHI/IH
3HC[2FI/II/I.




4. HanpsoxeHHOCTH

Cucrema ypasmenmii (2.24-2.29) ompeaeaena — wunmeercad 6
ypaBuenmit Aam 4-x dbymkimit €., €, h, h, n AByx ckaaspos a, @.
PaccmarpuBas 9Ty cHCTEMy, MOKHO 3aMETHTB, YTO OHA 9KBUBAACHTHA
ABYM ypasHeHWAM (2.24, 2.25) aan dymkumii €, €,. Ape Apyrue

dbyukmm h,, h, onpeaeasrores 1o (28, 29) m  yaosaeTBOpSIOT

ypasaeHusam (26, 27).

ABa auddepennmarpubix ypaBuenus (2.24, 2.25) moryr OBITH
pEIIEHBl IIPH  AAHHBIX HAYAABHBIX ~YCAOBHAX H  AAHHOM .
ITpeABapHUTEABHO PACCMOTPHM YPaBHEHIA BUAQ

ay

~2 _y'=0, )
X
Permienne s1oro ypaBHEHUA HMEET BHA:
y=x%, @
Vpasuenus (2.24, 2.25) MOryT OBITH 3aMEHEHBI YPABHEHHAMH BHAA
' \e +€
(e,+e¢,) +r—"’)(l—a)=0, S)
r
'\, —€
(e -e,) —(r—‘”)(1+a)=0, @
r
B coorBercrBHE € (2) HaxXOANM:
(e, +e,)=Are?, ®)
(e, —e, )= Are?, ©)
OrTcroaa caeayert:
e = A(r“’l +ret), ™)
2
A a- a+
e, = (r i —re) ®

rae (A\2) — aunantyaa manpsixkenuocta. [Tpu stom

o vet)- @2 (e vt s e ©)

AT
(e2 +e2)= Ar2e 4 p2=a) (10)
N3 (7, 8) caeayer, 910 o1 (PYHKIIHH YOBIBAIOT IIO MOAYAFO IIPU
a<-1. (11)




D10 ycAoBHE ABAACTCA (DU3UYECKH OOYCAOBACHHBIM U MBI OYAEM
VIUTEIBATH €ro B AaAbHewmmem. Ha pmc. 1 moxasamer, mampmmep,

rpacduku dyuxnmi (7, 8, 10) npu o =-1.25.

1

0.5

er(r)

ef(r)
o
—

-0.2 V/

-0.4
0

0.5

ef(r2+ef(rf

0 10 20 30 40 50 60 70 80 90 100
Fig.1. SecondSolMax.m

W3z (10, 3.12) maxoamnm:

<_ CA (o2 |, p2las)
S= Toor (cos(4ar) 1)Jr' (r2e ) 4 p2e ) (12)
ITycts R — paanyc kpyrosoro ¢porTa BoAHEL Toraa
R (2a-1) R(2a+3)
S = 2(a-1) 2(a+l) — R .
Jo(r O e vy
S, = 1 (cos(4aerr)-1). (14)
[94
= CA
S= E SalfaSint : (15)

IMpn a < -1 dyuakmmn (7, 8) ABAAIOTCA YOBIBAIOIIUME ITO MOAYAFO.
Ha puc. 2 nokasana dpymkmma S, () (13), a ma puc. 3 nokasana

dyrkmms S, («), rae yareno ycaosue (11). Ha puc. Bepxussa u Hukmas

kpuBble  orHOCsATca  coorBercrBerno k. R=200 u R=100

COOTBETCTBEHHO.
IToCKOABKY ITOTOK 3HEPIHUH AOAKEH OBITH ITOAOKHTEABHBIM, TO B
AAABHEHIIIEM MBI OYAEM HCIIOAB30BATH YCAOBHE




-15<a<-1. (16)

1.8

1.6 N\

” \

- \ / \
3 \ / \
‘©
» 0.8 / \ /
0.6 '
0.4 / \
0.2/
0
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Fig.2. SecondSolMax.m
200

150

=
o
o

N

Sint(alfa)

/

\

=

-1.7 -1.6 -1.5 -1.4 -1.3 -1.2 -1.1 -1 -0.9
Fig.3. SecondSolMax.m

ITocKOABKY IIOTOK 3HEPIMH M SHEPIUf CBA3AHBI COOTHOIIICHHEM
S =W -c, 10 3 (15) MOKHO HAITH SHEPTHIO CAMHHUIIEI AAUHBI BOAHBI:
— A
W = 1677 SalfaSint'
Ha puc. 4 aaf AeMOHCTpanuu IPOTHBOMAZHOCTH KOMIIOHEHT
BOAHBI (2.13-2.23) nokasansl (pyHKIIAN
co =—cos(ap+ yz + at), si=sin(ap+ yz+ at)

HAM 9KBUBAACHTHBIC UM IIpu Z = Ct dyHKIHN

17
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[ 20 ) - [ 20 j
co=—cosjap+==z),  si=sinap+= =z

c
[pu ¢ =0, 2w/c=0.1 srur pymxiwy npusEMaroT Bua €O = —c08(2),

si =sin(z) u nokasausr na puc. 4.

A [/
A [\
0.4 / \ /
i) \ /
1.1 \o.....l

N\ II
0.4 , I
/

co(z), si(z)

\

\

: \

\ \/

\ X
/\

-1
0 1 2 3 4 5 6 7 8 9 10
Fig.4. SecondSolMax.m

Ha puc. 5 mokasaHsl BEKTOPBI HAIPSKCHHOCTEH, MCXOAAIIME U3
TOYKHA A(I’,Q)). Hamomunm, 49ro — mpoeknun hw(r) =€, (r) u

hr(r):—e(p(r) - oM. (2.28, 2.29). Hanpasaenus sextopos €, (r) e,(r)

BEGpanbl B cootserctsum ¢ puc. 1: e(r)>0, €,(r)<0. ITpu srom

Bektoper E, H Bceraa oproromanpner. Cymma MOAyAeit 9THX BEKTOPOB

ompeaeaserca ns (2.17, 2.18, 2.20, 2.21, 2.28, 2.29) u paBHa
W=E*+H?=

(e (r ) ) +(e,(r)sif +(n, (r)eo) ( Jeof =

(( (eq,(r )5|2 +( (h, (r) +( )z)co =

((er (e(p(r ZX i2 +coz) (r)) +(e¢,(r))

W= (e, (r)F +(e, ()F e

- om. Tawke (10) m pumc. 1. Takum 0Opazom, IIAOTHOCTb 3SHEPIUHU

3A€KTE20M2.I“HI/ITHOI‘/’I BOAHBI IIOCTOAHHA Ha BCEX TOYKAX OK[)y)i(HOCTI/I
AAHHOTI'O [29.4;I/I¥C21.

AN




Pertrenne cyrmecTByer u IIpu M3MEHEHHBIX 3HaKkaxX pyHxmmi (2.11,
2.21). astomMy caywaro cootBerctByer puc. 6. Pmc. 5 m pwmc. 6
HAAFOCTPHPYIOT — TO, 9TO BO3MOMKHBI ~ABA _ BHAA _ IIHMPKYASPHON

HOM[2H33! 195050 3ACKT[20MaFHHTHOfI BOAHBI.

Puc. 6.
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5. O6¢cyxaeHUE
[ToayaenHoOe perreHne OIUCHBACT BOAHY. Ero ocHOBHBIE OTAHYMSA
OT U3BECTHOTO PEILICHUA COCTOAT B CACAYIOIIIEM:

1. MrHoBeHHBII (2 HE CPEAHHUIT IO HEKOTOPOMY IIEPHUOAY) TIOTOK
SHEPIUMH HE HU3MEHACTCA BO BPEMEHH, YTO COOTBETCTBYET
3aKOHY COXPAHCHUSA SHEPIHH.

2. lloTok sHeprum MMeeT HOAOKUTEABHOE 3HAYCHUE.

ITorox smeprum pacrpocTpaHaeTca BAOAb BOAHBI
4. MarauTHAA U SAEKTPUYECKAA HAIIPHKEHHOCTH Ha HEKOTOPOM

Bl

ocu KOopAmHAT I, (9, Z HaxXoAdTcs B IpoTnBodase.

5. Pemenne AAl MATHUTHBIX B 39ACKTPHUYICCKUX HAMPAKEHHOCTEH
ABASIETCS BEIIECTBEHHBIM.

6. Pemenme  cymiectByer  IpM  IOCTOAHHOH  CKOPOCTH
PACIIPOCTPaHEHHUA BOAHBIL.

7. OOAacTh CyIIECTBOBAHHA BOAHBI HE DACIIHPACTCHA, YTO
ITOATBEPZKAAETCA CYITIECTBOBAHIEM Aa3epa.

8. Bexropnl sAekTpHYECKOM W MATHHTHOM HAIIPAKEHHOCTEH

o E}TOFOHaAbeI.

9. BosmoxuB BA __ BHAA UDKYAADHOU  IIOAADU3AIINH

9ACKTPOMATHUTHOU BOAHBI
10. Boana m ee sHeprus OIPEAEAEHBI, €CAM 3aAAHBI ITAPAMETPEI

A o R, . Ilpn pammBX R, S MokeT ObITh HAAEH

HapaMeTp .

ITpuso>xenune 1.

Paccmarpusaercs perenne ypasuennii (2.1-2.10) B Buae dpynkimii
(2.13-2.23). Aaaee mpousBoAHBIE IO ' OyaeM OOO3HAYATH IITPHXAMH.
ITepenmummem ypasuenns (2.1-2.10) ¢ yaerom (2.11, 2.12) B BuAe

e(r) ()

+e/(r)— a—y-e(r)=0, @
—%-ez(r>a+e¢(r)z = m, (r), @
e (F)r—e.(r)=m, (1) ®
( G '(r)+ fr) a=m,(r), )
@m;(r)_@a—z-hz(r) -0, ®
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—%-hz<r)a+h¢(r>z= i (r), ©

—h,(r)x—h;(r) = j,(r), )
e ORI RO ®
j=2e ©)
C
m=-%h (10)
Cc

Vmuoxum (8) Ha (— ;() u yarem (9). Toraa moayunm:

-h (r :
_Z_M_Z.h;(r)—%f(r)-aﬂ—f-ez(r)=07 an

r
AT
h,(r
_C_Zﬁ_c_lh’() Clm.a+z.ez(r):0, (12)
(4 r () (4 r
Cpasambas (1) n (12), 3ameuaem, 9TO OHI COBIIAAAFOT, ECAT
Cx
Zoh, () =e,(r), 3
CZ h,(r)=¢,(r). 14

BaHO OTMETHTB, 9YTO TAaKOE CPaBHEHHE CIIPABEAAHBO TOABKO IIPH
e,(r) #0. B ypasuennsx (13, 14) caeaaem 3ameny B cootserctsun ¢ (9):

0, ()= Ji (r), 15)

- ()=, 0. as)

Vpasuenus (15, 16) cosmaaator ¢ (6, 7) mpu h,(r) =0. Orcroaa cacayer

Aemma 1. Ipu €,(r) #0 cucrema ypasuennii (1, 5-9) coBmectnma
TOABKO B TOM cAy4ae, koraa N, (r)=0.

Paccmorpum  Temeppb  cayuaii, koraa €,(r)=0. I[lpm stom B

cootserctsun ¢ (9) moayunm |, (r) =0. Toraa ncxoanas cucrema (1, 5-
8) mpHUMeT BHA:

&) gy o,
r r

17

r

@+h’(r)—wa—z-hz(r)=o, (18)
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—%-hz(r)m h, (N = (), (19)

—h.(r)z —h(r) = j,(r), 20)

h()+h()+ (r) a =0, 1)
ToacTaBmm (9) (17). Toraa HLquHM:

J(IF)Jr "(r)- J() g0 )

[ToacTaBum (1 9, 20) B (22). TorAa IIOAYYHM:
a0 (xR a7 - (h ()~ )L =0

AT

1 -h (r)a+1 h,(r)z+h, (r);(+h()Zra 0 23)

h
_wr( )+h;,(r)+—ffr)-a =0, @

HpI/I 9TOM AAfAd BBIYMHCACHUA TpCX HaHpH}I(CHHOCTCI;‘I IIOAYYIHIM TpI/I

ypasuerms (19, 21, 23). Viekaroumm h) (1) s (21, 23):
~Enas a0z-[E a0 00 o

HAH ;—zl-hz(r)a =0 uam h,(r)=0. Takum obpasom, u mpu J,(r)=0

AoAxHO cobaroaatsest yeaosue N, () =0. Orcroaa caeayer
Aemma 2. Tpu €,(r) =0 cucrema ypasuennii (1, 5-9) coBmectnma

TOABKO B TOM cAy4ae, koraa N, (r)=0.

W3 aemmer 1 i AeMmBI 2 CACAYET

Aemma 3. Cucrema ypaaenunii (1, 5-9) coBmecTuma TOABKO IIpu
h,(r) =0 u, B coorsercreun ¢ (10), m,(r)=0.

AHAAOTHYIHO AOKA3bIBACTCA

Aemvmma 4. Cucrema ypasaennii (1-5, 10) coBmectuma TOABKO IIpu
e,(r)=0 u, B coorBercrum ¢ (9), J,(r)=0.

W3 Aemmer 3 11 AeMMBI 4 CACAYET

Aemmva 5. Cucrema ypasaenmii (1-10) coBmecTtuMa TOABKO IIpn
h,(r)=0, &(r)=0, m,(r)=0, j,(r)=0.

CaeaoBaTeabHO, UCXOAHAA cuctema ypasHenuii (1-10) mpuanmaer
BUA!
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e e —e”r(r) =0, 24

e, (N7 =—h(r) )
~e.(r)y = —fh(,,(r), %0
()+e(r)Jr fr)a:O, @7)
0 y(r)- 20 o, e

h, (7 =e.(r) )
~h(r)z="e,0), Y
h()+hf()+ r(r) -0. 61

Vmuoxum ypasaenus (26, 29). Toraa moaydmm:

e 02 ={ 2 e om0

HAT
z=2 (32)
C
IToacraBassa (32) B (20, 29), moay4aaem:
h,(r)=e(r), (33)

Takum ob6pasom, nipu ycaosun (32) ypasuenus (26, 29) sKBUBaA€HTHBI
OAHOMY ypaBHEHHUIO (36). AHAAOTHYHOE COOTHOIIEHHE CAEAYET U3 (25,
30):

h(r)=—e,(r), (34)
Wrak, cucrema ypaBHeHHIT (24-31) sKBHBAAGHTHA CHCTEME YPaBHECHHI

(24, 27, 28, 31-34).

ITpuaorxenue 2.
B (3.11) moxasamo, 4YTO IIOTOK 3SHEPIUH, HPOXOAAIUN dYepes3
CeYeHne BOAHHI,

_=njj[(ef+e;)-si-co]dr-dgo. (1)
re

[TycTs ckOpOCTB pacIpocTpaHEHHA BOAHBI ITOCTOSHHA U paBHa C. Toraa
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z=ct.
Toraa ms (2, 2.11, 2.12, 2.30) moay4aem:

o = —cos(ap+ yz + at) = —cos(ap+ (2w/c)z)
1, aHAAOTHYHO,

si =sin(ag+(2w/c)z).
Mwmes B Buay (3, 4), nepermrrem (1) B Buae:

g1

2 ',

[pu z=0 1a ocu 0Z umeem:

S= _7177[[ [(ef +e. )sin(2a(p)}1rdgo.

Aanee u3 (6) HAXOAHM:

S= —g ((ef —e’ {Isin(Zago)d(derJ .
r 4
Mmeem:

:[sin(Za(p)dgo:z_fsin(Zago)dgo=%(1—cos(47za)).

W3 (7, 8) moayuaem:

S —%(1— cos(4ar))| (2 +e2 )ar).

r

[ToacraBass croaa (3.2), OKOHYATEABHO IIOAYYAEM:

p— (cos(4a7z)—1)_|'((ef+e;)dr).

16ar .

n[ [(e2 + €2 )sin(2(ap+ (20/c)z))firde

)

©)

)

®)

©)

0]

®)

&)

(10)

Ouesuano, pu At06oM BeiGope Toukn z=() Ha ocu 0Z mocaeaHee

COOTHOMICHHEC COXPAHACTCH.
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