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HecarayioTes ANCOAPCHONKSIE TAPARTOPHCTHRN BACKTPOMATHITHLT BOAM B PEANTI-
wHcTemall nAaawe ¢ ogmomepuod pywmgHed pacnpegereduA, yoTasaRAwnawm@edcs m pe-
IYABTATE PAAMALWONMME [OTSPH B CHABNOM MAPHATHOM GOAS. Morasano, sto apogoin-
Mpe BOANM B TaNoli TNAASME CYMOCTBYIT B HAROTOPOM HWTSpEAAe WacToT, efiaman
mAASMEHINON WACTOTH, PACTIPOCTPANAMITCN MOA MAABMMH YrAAMH K BNOHINEMY MATHETHOMY
[OAN, & HX HAIORBE CROPOCTH NPEBNMUIAT CXOPOCTH CHETA, BCABACTEHE ErD MPOAOABHBIC
BOAHD fe OBADAAIOT FAMMME NPOUMYIIECTRAMM B CMBICAR FEHEPAlIMR Oepes APYrAMK TH-
nAMM BOAH (Nemo3aMomHa HE 96D ar" resepagna), Js T crolficTia BAeR-
TPOMACHHTHMY BOAN ® HHIRONACTOTHHIT HHTADBAAAX Uigy WE gy W e B LEBAIN-

paryysunos®” npubammenuut (| a® — 1] < 1) awaroruaun caoficTaas HOPMAARNMX ROAN B X0-
ASAROR MAAIME B COOTHETCTRYIOIEHT 9ACTOTHMY HWHTOPRAAATL. Oransuaressnoit weproit pe-
ARTHRMCTCROM NABAMM AEARSTCR 3aTyIanue soAl, ofiycAomssunoe wasnaues & weil nenpe-
PHMBHOTO CHEKTPA THPONACTOT M cuannoft npocrpanctsenmofi gucnepewed. JAas mmaamnpo-
ADABHOrD PACcOpPOCTPANEHRE Hafl fentl HHEDBMEHTH ueycroilanmocted aisnenoncroR u Gni-
ﬂ'poﬁ N-.I'Il“‘l‘ﬂ!l)‘lﬂ'lo“ ROAK, CBASAHKEMT C OAHOMERHACTRMD @’I!Iulll( Pﬂcﬂpﬁlnll‘"ll.

[Mpofaema rerepauuu ¥ PacnpOCTPAHEHHA HASKTPOMATHWTHBIX BOAH
B PEAATHBHCTCKON MAa3sMe B nocaeiHee Bpema npuofperaer Bce GoAbmee
JHaueHHe B CBA3N ¢ WHTepnperauwell uasyuenus nyavcapor. [lo cospe-
MEHHBIM NPEACTABASHHAM BOAH3N NyALCAPOB — HEHTPOHHLIX 3BE3A BOIMO M=
HO CYWLECTROBAHME CHABbHbIX MaruTHbix moaedt (a0 10% 3) u yabrpapers-
THBMCTCKMX YAacTHI; XOAOAHAR NAa3Ma NPH 5TOM MOXET OTCYTCTBOBaThH.
Aucnepcioribie croficTEa 5AEKTPOMATHATHBIX BOAH M YCAOBHA WX reme-
pauMK B Takoil cpeie MOryT CYUECTBEHHO OTAMNATBCA OT AOCTATO4HO
MOAHO HCCA€AOBAHHBIX CBOHCTE BAEKTPOMATHHTHBIX BOAH B XOAOAHOI
naasme. Mccaeqonanie BOAE B DEAATHBUCTCKOR NAA3ME OCAOMHAETCA TeM
ORCTOATEABCTBOM, 9TO HX CROHCTBA CYUECTBEHHO 3aBUCAT OT (YHKLHK
8§—226
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pACHPEACACHHA PEAATHBMCTCKOH mAa3Mbl, koTopas Hewasectha. Kamaanowm
i Upirosnuen [1] (cm. Taxme [2]) 6piro 3ameneno, uTolHs-3a paAHAUHOHHDIX
MOTepbh B CHABHOM MAFHMTHOM [OA€ (PYHKUHA PACHPEASNCHHA PEAATH-
pucTCKMX wacTHU  cranosutes  oanomepnoid. Oamaxo koukperHuil  BHA
OAHOMEPHOI'O paclpeAeAeris, NpejAoKReHHblil uMu:

(=D npei™"

= ( (1)
(f. — sHepreTuyeckmil CNEKTP PEAATHBHCTCKHMX HacTHI, my— MX KOHUEH-
TpauMa, | — NOKA3ATEAb BHEPre THMECKOrO CNEKTPa MPH = — ©°, s — HEKaR

¥apaKTEpPHAA SHEPrHA B CNEKTPE, 3IHAYHTEALHO NPCBLILAIILAH SHEPTHIO
nokos — £, _» mye’) He copceM yAaueH. Aero B rom, uTO pasHMALHOHHbIE
MOTEPH B MAFHHTHOM OAE YMEHBUIAIT SHEPruio PEAATHBMCTCKOH uacTHUbl
A0 anavenus nopsaka mge/sinfl, (rae f, — savarbublii OUTY-yrOA HacTHUDI).
[ToaTomy TPyAHO OKHAaTb, YTO B YCTAHOBHBUIEMCA OAHOMEPHOM pacnpe-
ACAEHHH TOUTH BCE uYAaCTHUBI GYAYT VABIPAPEAATHBHCTCKMMH (Kak Aas
pacnpeaeaenna (1)), €cAM TOABKO OHO € CaMOro Havara He Obiro ke
oanomeprbiM. Kpome Toro, npomssoasas no wumnyabcam df/dp, xapaxte--
pHaylowas ,parHOBECHOCTB" (DYHKUMHM pacnpeieAeHHs, B CAyuae pacmope-
13

aeaenus (1) moAomHTEABHA BOAOTH A0 aHepruil =~ mge (5, /mec®)
AHaAM3 npouecca OAHOMEPHIALMK (PYHKUHMH PACHPeAEACHHA PEAATH-

BUCTCKHX wacThy, nposeaennsiit B [3], nokaspipaer, uTo B pesyabrate pa-

AMAUMOHHNX NMOTEPh B MATHHTHOM MOAE YCTAHABAHBASTCH OAHOMEpHOE pac-

npeaesenne

P 3

L A R

fp..p ]=Jr1(Pu}W 2me L m (p)

(2)

co cpeaueil sueprueii, 6anskoil k sHeprun noxkos mec’. Pacnpeaeaenne (2)
(POPMHPYETCA H3 AKGOTO MAOTPONHOrO PACHPEAEACHHS C© YALTPAPEAATH-
pucTCKOi ameprueil 3a BpemMeHa nopaaxa ty = 3mc®/2e'Hi (rae e u my
3apAA M Macca nOKoA uactuy, [, — HANPAKEHHOCTH MAPHUTHOTO NOAR,
€ -- CKOPOCTL CBeTa).

B macroaweil pabore Mbi paceMOTPHM AHCHEPCHOHHDLIE CBOHCTRA BACK-
TPOMATHUTHLIX BOAH B NAA3ME C OAHOMEPHBIM pPacnpeAeAeHdem (2). Tam,
rA€ BTOIBOIMOKHO, GYAET NPOMIBEAEHO COMOCTAHACHME © DPEIYALTATAMM
paGorst [1], B koropoii uccaesoBaHbl BOAHBL B MAB3ME C OAHOMEPHBIM
pacnpeaeaennem (1).

bk

1. Tenaop ausrexrpuueckoli npoHMLAEMOCTH AR e BOAH B

nAdaMe ¢ OAHOMEpHOH (iyHkuMeH pacnpefeaenns pasen (em. Takme 1):



SNEKTPOMAIHHTHBIE BOJIHBE B PEJNATHBHCTCKON TWIASME 307

4::! dr" '_k: =--.- .
gy =1 (g ) 0 ke
we m P 4
o {"' == k;ﬂg} — iy
4=et o [ U; o'f fdp,) 1 k‘fua
e =1+ s ap.| ch Akl L _n}:
£ ‘oo "'—k:v_- p: i {m‘— k,t|=)= = ‘“.-Fn‘
. e’ T dp: (= k-“—':}-‘:ﬂ .
fag = — gy = i — j Glp) == (3
n= m (m— k.v:)? — oy
—oa
4= * dp k; : '1—k, i
By, =y % -T:- ‘fl{P,] v, (¢ U..i g
s o L5 (o — k.. F——m”
4zet [ dp. AT
o= — = — j_/,(,,}____‘ufT:
o e m (w— kasF —

rae f(p:) — pyHKUMA pacnpeseAeHys YACTHL MO NMPOAOABHDIM HMOYAbCaM;

U, M — CKOPOCTb H PEAATHBEHCTCKAaA Macca vacTtHu, b ) mm"m — PeAs-

THBHCTCKaA rupouactora. Bmpamenune (3) npusegeno aan Tensopa ansrex-
TPHYECKOH NPOHMUAEMOCTH B CHCTEME KOOPAHMHAT C OCBIO Z BAOAbL BHEm-

- -
nero marauTHoro noan H, u ocwiwo x 8 naockoctu k H,. Tlpu narnunu noro-
muTeAbHOH MHUMON g0DaBkn B uacTore unrerpuposanwe s (3) nposoanTes
no Aefictenreapnoit ocu; npu fmw <0 KONTYP HHTErpPUPOBAHMA AEQOPMI-
pyerca Tak, 4Tolbl KOMNOHEHThI TEeH3Opa =;; OBIAH AHAAHTHHECKHMM
(PYHKUHAMH HaCTOTbI.

C yuerom mnipamenns (2) aas f;(p:) momHO B prae cayuaes noay-
HHTh KOMIOHEHTDI %j; B aHaAWTH4eckom puje. Tak, npu nonepeunom pac-
npoctpanesun (k. = 0)

o
W

Sty — 1<% —2—1_—%’;; 1— Yy T—wZfo® |;
WA WA ) TS .».2) c’k*(m Vi
e FTEI"FT T}; (T = ;}:{’ i T”) — whfwd s
i w 1
-.vz‘*y-:f'“—i—l—l— 1 l:

—— arctg — £
Wy ¥V 1— lo;‘,’f[mg glr mzfm}’f-— 1 r

et —s e ()
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S M 0158 ety |
my mye
Buipamenun (4) npusesennt aas €actor @ - oy, [lpw o< w, B Ten-

3ope AHB.\EKT]I)H‘{E‘CKDﬂ NPOHHULAEMOCTH NOABASETCH AHTHEIPMHUTOBA 4aCTh,
CBAJAHHAA C UHKAOTPOHHBIM DPEIOHAHCOM Ha pei\s'ruum:'rmcoﬁ rHpOYacTOoTE.

B atom cAyuae B KOMMNOHEHTAX Z.r I, I:- cAeayer amecto |/ 1 —uwifud

noactasutb i} w0 —1, a B KOMNOHEHTaxX i, *ye LV 1 —op/u?® arctg -

1) Fof,— 1 samenuts Ha

! : In L=Vol—eifel, o 1

e . X
T uu"-:‘-.-.: —1 1=}V 1— m’."uf'}_, 2 Y "'ii""'! -1 [

Mpu k| H, npocToe aHaAHTHUECKOE HbIpaMEHHE MOAYIAETCH AAR Npo-
ACABHOH KOMMOHEHTH TEH3OPa Aﬂ3ﬂex?p“"ecx°“ MPOHHUAEMOCTH:
( } 1= 8w kw51 ) I

i T e ?‘—;— ] 1— e
| BT\ oy =T e >t

(3)

Muuman uacTb :.; 34ecb caa3aa ¢ saTyxanem Nangay npu (c*k%/w®) >1.
B cayuae CHABHOTO MATHHTHOTO MOAR (W > Wy, ®) TEHIOD AHIAEK-

TPH‘(ECKD“ NPOHHUAEMOCTH HMEET BHMAL

™ l!l;‘: .
Ear =igg =1+ —— (1 4+ _l_. t"kf‘"‘"l‘ ):

2 o 2
Y 35 i g ¢ ": 3= m': | 149 "= ' "
w=14gd == o - 142 g |
(' V1 — ke npu kP w? )ll (6)
— J‘

y LY 22~ w2
i} ekl 1 mpu c*fi>w

«% - = ‘“3 c kb

i

.
H

B soipamenuax (6) onyweHbl aHTHSPMUTOBLIE HACTH, CHA3AHHBIE C MOTAO-
wennem B OGAACTAX HOpPMaAbHOro W asomaabnoro sipdexta Aonaepa.
Oru uMeT GoAee BHICOKHHA MOPALOK MAAOCTH 70 wfw, W HE BAHAIOT HA

MOKA3ATEAH MPEAOMASHHA H NOAAPHIAUHID HOPMAaAbHLIX BOAH. .AH‘I'HSPNHTD"
8a 4acTh TeH3opa = ﬁy.le'r YYTEHA MPH HCCALALOBAHHHM 3JATYXAHHA H yCHAe-
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HHA HH3IKOYacTOTHBIX BOAH. KQM‘]OHC"TN Ezy MW By HMEKNT NOPAAOK
we wiw 3 nm lJ’-u‘
AW In Wl Mpl GyAEM CYMTATH HX PABHBIMH  HYAID, OrPAHHYHBUINCH

yueToM uienos nopaaka ool u nume.

2. B naaame ¢ 0AHOMEDHBIM pacnpeseseHnem saekTponosn (2) nonepex
MAarHUTHOTO NMOAA PACHPOCTPAHAIOTCA ABE BbICOKOuacToTHBE (W - W, ) HOp-

MAAbHDbIE BOAHDI. nOKaRaTEJ\h NPeAOMACHHA HeoGbIKHOBEHHON BOAHDBI paseH

(7)

)
n = st

rAe KOMNOHEHTH TeHsopa : onpeaeisiorcsa soipamennsmu (4). Bekrop
BAEKTPHHIECKOrO MOAA B BTOH HOAHE A€KMT H NAOCKOCTH, NMEPHEHAMKYAAP-

noit H, n uMeeT COCTABAMIOILYIO, NAapPaAAEALHYI0 BOAHOWOMY BekTOpy k.
Ha sacrore

1
L W I
w = wm 2
ul} 1+ 202 /m2y? *

rae £, = 0, nokasaTeab nperoMAeHNA HeoObLIKHOREHHOH BOAHB OOpaILaETCH
B GECKOHEUHOCTh, DTO COOTBETCTHYET NAGIMEHHOMY PE3OHAHCY, MOCKOABKY
NOAAPH3AUMA BOAHB CTAHOBHTCA UYHCTO NPoAoAbHOI. Aan HexTopbix wac-
trornf<_0, 7. e. umeerca wunrepsaA HenpospaunoctH. Ha uactorax
@ <Z 0, CYWECTBYIOT 3aTYXAIOWHE BOAHbI,

INokasarean NMPEAOMAEHHA 0fBIKHOBEHHOH BOAHDI HAXOAMTCA H3 AWC-

NepPCHOHHOrD COOTHOWeHUA n= .. (n®), rae .. onpeaeasercsa (4) w pamen
PR |
o %
1(\ I-Is '
= . Suma(S)
= e Wl 2 e J 1 — wijw? Wy ]
O N TR SRRV SR it
2 mi‘, .uL w;" . ' T 1_' =i
I w”IlJ 5 <Y

JTa BOAHA ABAAETCHA NOMEPEYHOH C BEKTOPOM SAEKTPHUECKOTO MOAA, MapaA-
AEABHDIM BHEUIHEMY MAardHTHOMY NOAK. Ee nokazaTeAb NpeAOMAEHHA KOHE-
YeH Ha BCEX YACTOTaX, OAHAKO AAA HEKOTOPHX OAHOMEPHBIX pacnpeaeae-
unil BO3MOKEH peaonanc Ha obbikHosennol Boane. [lpu artom marsnTHOE
NOAE BOAHBI GECKOHEYHO HEAHKO 10 CPaBHEHHIO C BAEKTPHUECKHM.

BAoAb MarsMTHOTO NOAR OTACARETCH AMCNEPCHOHHOE YPABHEHHE AAS
NPOAOABHBIX BOAH i, = (), rae .. onpeaeAsercs BbIPaKEHHEM (5). 10

VPABHEHHE HMEET TOUHOE PELIEHHE, CyWecTaylowee npu k- wc:
wm s E (% 2, ©)
2 \ck

Wy
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H3  KOTOPOro CcAeAyeTr, MTO 4acTOTbhl MNAAIMEHHDLIN HOAH ACKAT H HH-

Teppare or /2 A0 w; (pa3oBas CKOPOCTH STHX HOAH NpeBbllaeT CKo-
poCTh cBeTa, B cBAzM ¢ uem saryxanwe NAamaay orcyrersyer. [lo sroit
2 NPUYHHE HEBO3MOKHA ,MEPEHKOBCKaA" reHepauus NPOAOABLHLIX BOAH
NyuKaMH BAGKTPOHOB No KpailHell mepe B pamkax MeToja BO3MywWeHwi,
KOTAa AMCNEPCHOHHDBIE CBOHCTHA NMAA3ZMEHHBIX HOAH ONPEAEARHITCH COOTHO-
wennem (9).

Aasn naaamennbix BOAH, PacnpoCTPaHAIOWNXCH N0A YFAOM K CHABHOMY
MATHHTHOMY NOAID (W W), COXpAHAETCA COOTHOWEHHE (9) ¢ aamenoii k
ua k,. Oanako ycA0BHS NPOAOABHOCTH BOAH, NMPH KOTOPBLIX CIPABEAAHBO
AMCTIEpCHOHHOE YpaBHenue 2., = (), BuINOAHEHD! AHUIL AAH YTAOR i <1 (6oaee
10Apo6HO 06 YCAOBHAX NPUMEHHMOCTH AMCNEPCHOHHOTO YPABHEHWA .0 = 0
cm [4]). Do osnauaeT, wTO NPOAOABHBIE BOAHBI CYWECTHYIOT AWML B y3=
KOM MHTEpPBAAE yraos HOAM3H HaNPaBAEHMA CHABHOIO MATHHTHOTO NOAS.

Auaroruunas CcHTyauMs HMEET MEeCTO M B CAYYa€ YAbTPapeAATH-
nucTCKOro oanomepnoro pacnpeaeaenns (1) em. [1]. Tlposoavunie Boanw
3A€CH TOAE CYIUECTHVIOT B UIMPOKOM HHTEPHAAE HACTOT, IMPERbIMAIOWHN
NAGSMEHHYIO MACTOTY, PACTIPOCTPAHAIOTCA MOA MAABIMM  YrAAMH K Mars{uT-
HOMY MOAI®, & MX (Da30BbIE CKOPOCTH TNPEBLILAIOT CKOPOCTh chera®™.
Oranune AMmb B TOM, HTO MAA3MEHHAH UACTOTA NPH YADTPAPEAHTH-
pucTekoM pacnpeaerenun (1) smauntespno Hume na-3a Goapwoil cpeaneil
Macchl MACTHIL

[pu uccaeposanun naaamMenHoll TYpPOYAEHTHOCTH HACTO CUNHTAETER
34 AAHHBIM  BLICOKMIT YPOBEHD SHEPTHM NPOAOALHbIX KOAeHaHMH, KOTOpHIE
no cymectny asamioTea Metounukom TypGyaentnoetn [2]. Takam nocra-
HOBKA 3a4a4M OnpaBiaHa AAH LXOADAHONH" TAA3MbBI, rAe NPaKTHUECKH A0~
G0l NYYOK BAPAMEHHDIX 4ACTHU ABASETCHA NPHYMHOH HEYCTOHUMBOCTH Ha
ﬂPDJ{U.‘\hHDI.‘C BOAHAX.

B peasTuBMCTCKOI NAAIME, TAE HET NPOAOALHLIX BOAH ¢ (pa3oROH CKO-
POCTHIO MEHDIE CKOPOCTH CBETA, NPOAOABHBIE BOAHBI HE O0DARARIOT A-
HLIMH NPEHMYLLECTRAMH B CMBICAE EHEPALMK NEepeA APYTHMH THITAMH HOAH.

* B [1] » xauecTre KPUTEPHR CYWECTROBARNA NPOAOALABIX HOAN DI YARTPApPOAR-
Tunerenon pacnpegesonun (1) npureseno nepanencrio mae? s, o 1. To-mnanmony,
#70 TpeGORANME ARANETER CAMWIROM MOCTRUM] AOCTATOMIO YAOHACTBOPITh YEAORWI a1

** Mocaeaner obcromteanctao Guao yoymeno s [1]. B cwran ¢ srum amwens du-
IHMOCKOrD EMBCAR BHPAMEHHA AAS ACKpeMenTOR 3aTyxauun Aantay na 0poAOALHBIX HOA-
nax, nafigennoe u [1], 0 Takme HeREPHO CACAANNOL TAM AUNYWEHHE O BOIMOMHOCTH Ne-
peHkoRcROR” remepagni NPoJoALHBX ROAH.
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ITO OTHOCHTCA K MBOTPONHOH YABTPapeAATHBHCTCKOH nAaame Ges MarHHUT-
noro noan (em. [5]). Amasormunas cuTyauHa AAA NPOAOABHBIX BOAH B
NA33ME C CHALHBIM MAarHWTHDIM TOAEM HMEeT MeCTO Kak B CAyuae pace
CMOTPEHHOTO Bbille OAHOMEPHOro pacnpesesenus (2), Tak u aan yanrpa-
PEAATHBHCTCKOTO OAHOMEpHOrO pacnpeaeretus (1), nccaesonannoro n [1]
{cm. npumedanne ** na crp. 192).

3. Ma-sa cuabuoll mpoctpancTBennoll Aucnepeun B cAyuae ogHOMEep-
HOrO pacupeserenus (2) AucnepcHoHHOE YPABHEHWE AAR BAEKTPOMATHHT-
HHX HOAH HE PEIUAETCA B AHAAMTHUECKOM BMAE AaKe AAA HH3KHX 44CTOT.
[TosTomy Mbl BOCHOAB3YEMCH TAK HA3DIBAEMDIM ,KBA3IMBAKYYMHBIM" npuGAU-
xennem [6], npu KOTOPOM B HyACBOM NPUGAMAEHHM MOKAIATEANW nPeAOM-
ACHMA CUMTAIOTCA PAaBHBIM EAMHWIE, 4 B CAeAyioweM npubAnKennn Has
XOAATCA MaAble MONPABKM K eAMHUUE (MOAAras B KOMNOHEHTAX %, 3aBHCH-

wux o o Uk, Beawunny 'k’ pasnoii eaunuue).

Ksaansakyymuoe npubaumenne NpHMERHMO B TOM CAyYae, KOrAa KOH-
UEHTPALHA YAaCTHU B KAKOM-TO CMbIcAE MaAa (HyAesoe npHBAMKeHHe —
nakyym). KoskperHbie orpanuuenus ma KOHUEHTPAUMIO HOAYMAIOTCHA M3
YCAOBHH, UTO NOKA3ATEAH NPEAOMACHMH, HAHACHHBIE B  KBAIMBAKYYMHOM
NPUOAHKEHHH, MAAO OTAMMAIOTCA OT eAMHMLLDI.

Heeaeays ancnepcuonnvie crofcTBa SAEKTPOMATHHTHBIX BOAH, yA06-
HO HU3KOMACTOTHLII MHTEPBAA Pa3jeAMTb Ha ABa:

a) w, Lo Tay, (10a)

B KOTOPOM MOXKHO npeueﬁpeuh BAHAHHEM HOHOB Ha an‘lﬁICTlia pacnpocTpa-
HAWIMHXCA BOAH. JToT uacToTHbI HHTEPBAA PACIUWPHAETCH, €CAM HOHbI AH-
AAKTCA }'AprapEJ\HTHBHCTCKHMK‘ H

6) w < Wiy (106}

rAe HEODXOAMM yueT ABMKEHWA MOHOR.

B kpaanpakyymHom npubaumenun s nepuom wactoTHom uatepsase (10a)
PELIEHHE AUCNEPCHOHHOTO YPAaBHEHWA C TEH3OPOM AMSAGKTPHYECKOH npo-
uuuaemoctH (6) umeer Bug

= -
s =

< 1 [T
(1 - sinf) (1 -+ sinf)*

5 . — (11)

+6a -+ asin®b—ab(2+ 3cos®l | cos'¥) (1 +sinh)? = | G

1
9

* Houm MOFYT HMETH YABTPAPCARTHHHCTCROE ENa3HHIOTPOUROE pacupegeAcnie, TaK
RAE RpCMN ..OAIIDXEPH!QQHH“ II‘S!'"RU““ PACHPEACASHAR HOMOR 3IHAYWTOABHO Boanme, yew
AAR BAEBRTPOHOR,
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2L cos*l |2

(1 + sin0)*
b : 3

(1 + sin 9)* l i

G:sin‘ﬂ,—;i— +a— ab
(1 -+ sin f)*

%4::'"1:05'0[1—
rae

o= Seled,  b=Tuger, o=,

B caysae npoaoAbHOro pacnpocTpaHeHMs HOPMAAbHBIE BOAHBL UMp-
KYAAPHO NOASPHAOBaHbI W MMEIOT TOKA3ATEAH NPEAOMACHHA TAKHE Xe,
Kak B XOAOAHOH NMAa3Me B COOTHETCTBYIOUEM HHTEPBAAE 4ACTOT

"f.e =1+ m‘gh...u”, (12y

YTO CBA3AHO C HEIABHCHUMOCTBK) NOKasaTeAell NPEAOMAEHMA OT Macceb
YacTHi.

[lpn nonepeunom pacnpocTpasenun BOAHB AMHEHHO RNoAApH3OBaMHbI,
a4 WX NOKASATEeAM NPEAOMAEHHA pPaBHbI

w1+ (‘2“:,? : (13a)
n%'= 1 —«?% wdfwt, (136)

Buipaxenue (136) crofoano or orpannuenns |1 — n3| <1 u momer GbiTh
NOAY4€HO M3 TouHOro Bmipamenus (8) B npezeae Wy rwg, o,

Ipu npoussoasnon yrae O memay poanosbin sextopom k u H, 8 pac-
CMaTPWBAEMOH 0GAACTH 4ACTOT npakTHuecku Aas Beex 0 -=0 (65 Y ofuiyy)

paboTaioT (POPMYAbI KBa3HNONEPEYHOro PacHpPOCTPaHEeHHA
1

3= \ug 1— sinfl
4 w* 14 sinl

4 o 3r w? 1 2 8n ow? }
No— 0 i &1 £ 2 s i e | 265,
R e o [
3= w?  sin®d
40T (1 Fsm0)

i) cEn

(2 + cos?l) +

nj==1-4

-hl E, )
=

w

1 (14)
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[MoAspH3aunA BOAH B NAOCKOCTH, NEPENEHAMKYAAPHOH BOAHOBOMY BEKTOPY
k, auneiinan, npuuem HeobbIKHOBeNHan ROAHa spAeTcs nonepeunoit £ |[kH|, a

ofbIKHOBEHHAR MMEET npoekuui sekropa E na k.

Tpu 6 < |"W paboTaloT POPMYAbl  KBAIUNPOAOABHOrO pacnpo-
CTPAHEHNA W, CAEAOBATEABHO, MoKasaTeAH nperomaenusn (12) no-npemuemy
ONPeAEAHIOT PACHPOCTPAHEHHE ABYX MOMNEPEUHBIX UHPKYAAPHO NOAAPH30-
BAHHBIX BOAH.

Ha wactorax Hame #MoHHOH rHpPOYAcTOTH HEOOXOAMMO YUHTLIBATH
BKAaA HOHOB B AMCNEpCHOHHbIE xapakTepucTnkd. B cuay rtoro, wro wupe-
MEHA PEAAKCAUNH (PYHKUHH PacnpeieAeHds K OAHOMEDHOH AAH HOHOH M
HAEKTPOHOB, pasAuuibl (OTHOMIEHHE BPEMEHH PEAAKCALHH HOHOB K BPEMEHW
peaakcauun aaextponos ~ (m/m.)’, rae m; — macca woma, m, — macca
SAEKTPOHA), MPEACTABAAET HHTEPEC PacCMOTPETh ABa THNa MOHHBIX pacnpe-
Aeaennii: ogHomepHoe pacnpeseAende (2) M HIOTPONHOE MOHOSHEpreTH-
HECKOE € YALTPAPEAATHBHCTCKON aHepruei.

PaccmoTpum cHavaaa AMCIEPCHOHHBIE XapakTEPHCTHKH AAA OAHOMEp-
HOH (IWHKUHMH pacnpejeAeHHs HOHOB MO WMnyAbcam buaa (2).

B arom cayuae smecto Tensopa (6) umeem

T ould 1
e = =1 ?-'_':'-fi(l 12 ? C'kf;""")l

el S b T Lo ot €
e c-”k‘f{ S [1 )/ 1 i (15)
= wl 2
w 5 Yy ctkiks . et o gt
By == oy = — —4-;-;;; T TR S s 0,

rA€ Wo M Wy — COOTEETCTBEHHO MAA3MEHHAN YACTOTA U FMPOYACTOTA HOHOB.

[TpH KBasSUNPOAOALHOM PacHPOCTPaHEHHH, KOTOPOE TeNepb ClpaBeA-
AMEO B MHTepBare yraos O < wofwgi) w/wggIn wi/w , moryr pacnpoctpa-
HATHCA ABE UMPKYAADPHO MOAAPHIOBAHHLIE BOAHbI: AABBEHOBCKAR M OpicTpas
MarHWTO3IBYKOBAA C OAMHAKOBBIMA (C TOWHOCTBIO A0 YAEHOB HoAee BbICO-
KOT'O MOPAAKA MO 0/wyy) NOKA3ATEAAMH NPEAOMAEHHA

nfa =1+ 3—:""3..-5“':.:::" (16)

g In wigifw,
AABBEHOBCKAH HOAHAZ TEPEXOANT B OOLIKHOBEHHYK C MOKA3aTEAEM npe-
AOMAEHHA

Ipy kBaannonepeunom pacnpoctpaneniu, koraa ¥ > (wofwgi)) o
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.-,3 sinl
4 W (1 +sinf)?

, (17)

a 10Ka3aTeAb TPEAOMAEHHH HEOGBIKHOBEHHOH BOAHDI B KBAIUBAKYYMHOM
npuOAMKEHHH NPH 3TOM paBen

nl>~1 -;-——:';:."—{2 - cos® 0). (18)

EcAu #onbl MMEOT H30TPOMHOE MOHOSHEPreTHUECKOE PacipeieAeHHe
C YALTPaPEARTHBHCTCKOH SHeprueif, a SAEKTPOHBI—OAHOMEPHOE pacnpes

aeaenne (2), TO Ha HACTOTAN W W, DA€ Wy = Gy, mictlz, — pPeARTHBH-
CTCKAS IHPOYACTOTA MOHOR, AMCHEPCHOHHME CBOHCTBA BAEKTPOMArHATHLIX
HOAH aHAAOTHYHDLI PACCMOTPEHHLIM Bbillle, ¢ 3AMEHOR HOHHOH AEHIMIOpOB-
CKO W PHPOMACTOTHl HA MX PEAATHBHCTCKHE 0GOOWEHHH. Tax, wanpumep,
NpH  KBAIHNPOAOABHOM pacnpocTpanenun nj, =1 - (4/3) (w2 Jui) (rae
Wi =3 (mg,/m,), Wy, = o (myim)). Dto me Buipamenne ONpeAeARET MO-
KABATEAD NPEAOMAEHMS HEOOBIKHOREHHOH ROAHBI NPH  KBAIUNONEPEUHOM
PACTPOCTPAHERHH AAS HACTOT, CKaKEM, BBLILIE IAEKTPOHHOMN AEHIMIOPOBCKON.

4, Kak noxaavipaer npoHEAEHHOE Bhille PAcCMOTPEHWE, TIOKAZATEAH
NPEAOMACHHA W NOAAPHIALHOHHDIE XAPAKTEPHCTHKH HOPMAABHBIX BOAH B
PEAATHBHCTCKON NA23ME aHAAOPHUHBI AMCTEDCHOHHBLIM XapaKTEPHCTHKAM
BOAH B XOAOAHON MAPHMTOAKTHBHON TNAasMe HA HACTOTAX Oy, <0 Wy o
w & oy, npH yeaosun, wro o2 < wdou of < wj.. Oamako, B oTAUNME OT
XOAOAHON NA@aMbl, B PEAATHBHCTCKON mAasMe, rAe YacTHUbL HMEIOT
HENPEPbIBHBI CIEKTP THPOMACTOT, BOAMOKHO PE3OHAHCHOE BIaMMOAeii-
CTHHE OTAEABHBIX HACTHL ¢ WIAYYEHHEM, NpHBOATILEE K GECCTOAKHORM-
TEABHOMY 3aTYXAHWIO MAH YCHASHHIO HOPMAABHBIX BOAH. i

He ocranaranpascs noApofno Ha BHMMCAEHHH AHTHIPMHTORON YACTH
TEHI0Pa ANSACKTPHuECKOH NpPOHMUAEMOCTH, TPUBEAEM ACKPEMEHTHl HOP-
MAABHBIX BOAH B CAYHAE KBa3UMONEPEMHOrO PACUPOCTPAHEHHH AAR 0AHOS
mepHoro pacnpegeaenus (2). B uureppaae wactor 0, & 0w, pe3oHaHC:
HBIMH ABASIOTCH SAEKTPOHBI B oGAacTH nopMaAbHoro sgpexrta Jonaepa.
Aexpementn npu aToM paBHbI

\"El”‘:
Imw, = T —— (1 + 3cos®0)
it
0 T Wit [ el 3= sin U cos b o]
m W, = 'T-T;f 1l. + 3cos?l -+ TA(1 + sin0)F of — 3=wl cos® T

_|._
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msinfcos®lv? |
3

i (19

(1 + sin ﬁ]"'u-': -

Ha uactorax w W prie ECAH BAEKTPOHBI M HOHBI HMEWT OAHOMEPHOE

pacnpeeAenue no umnyabcam (2), TO NPH KBASUTONEPEYHOM PacmpocTpas
HEHHW AEKPEMEHTHI ONPEACAAIOTCH HOHAMH, M3AVUAlOWHMHY B 0BAACTH HOp-
maapnoro apgpexra Jdonaepa

(20)

Im i 2=

Fean e voHb 0GAaAAIOT H3OTPONHBIM MOHOSHEPTETHUECKUM pacnpe-
ACAGHHEM, TO AAf HMACTOT ® < W, HET WOHOB, HAXOARUWMXCHA B pe3oHaHce
¢ poanoil. B aTosm cAydae NOTAOUIEHHE CHOBA ONPEACAACTCA SACKTPOHAMM;
npu STOM B Bhipamenun aan  Aexpementon (20) mago IamMeHHTh HOHHYIO
AGHIMIOPOBCKYI0 H THPOHACTOTbI HA BAEKTPOHHDIE.

Boaee uuTepecHbiM ABAZETCA CAYMAil KBA3WMPOAOABHOTO pacnpocTpas
HEHMS, NOCKOABKY 34€Ch BOAMOMHO PE3OHAHCHOE BIANMOAEHCTBHE BOAH C
yacTumaM B 0OAACTH AHOMAABHOrO Adexta Aonaepa. B pabore |[1]
GbiA0 OGPAERo BHUMAHWE, YTO AHTHBPMHTOBA YACTh TEHAOPA AHBAGKTPH-
HeCKOH NMPOHMIAEMOCTH, CBAJAHHAA C AHOMAABHBIM AQPEKTOM Aonaepa,
OTPHUATEALHA TIPH AIOGOM OAHOMEPHOM PACHPEACACHHH. [lpn sTomM aAasn
oaHomepHoro pacnpederenns (1) GoiAr BuIMHCAGHBL HHKPEMEHTLI HeycTol-
anBoCTH Ha aabpenoscknx poanax. Oanako caeayer Goree noapobHo ocTa-
HOBWTbCH Ha YCAOBHAX PEaAM3aiun noAobHOH HEyCTOHUMHOCTH, MOCKOAD®
KY HOHbLI C OAHOMEPHDBIM PAacHpeAeAeHHEM MOTYT NOXABHTDH HEYCeTOHM-
BOCTD HA AABHEHOBCKOH HOAHE M NPUBECTH K YCHAGHHIO ObICTPON Marmi-
TO3RYKOHOH BOAHBI € CYUIECTBEHHO DOABUWINM HHKPEMEHTOM.

34 HCXOAHOE Mbi BO3ABMEM DAHOMEPHOE PACIpPEASAEHHE (2) arn arek-
Tponos. Tak kag B oBAacCTH aHOMAADHOrO B(QEKTd Aonaepa ncosh > 1,
Mbl OTPAHMYMMCH PACCMOTPEHMEM CAYHAA MPOAOABHOrO PACHPOCTPaHeHUA

(pe3yabTaThl GYAYT BEPHBI TaKAKe AAA BN —1)
B umteppare 4acToT v, o & v, HEOGLIKHOBEHHAN HOAHA (8 koTO-

TOpOH HANpABAEHHE BPAlLEHHs BeKTOpa £ coBnazaeT ¢ HANpaBACHHEM Bpa-
LEHUA BACKTPOHA BO BHEWHEM MarHUTHOM noae) 3aTYXaeT Ha SACKTPOHAX
 ofAacTH HopmaabHoro adpexta Adonaepa ¢ gekpemeHTOM

(21)
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OfnkHOBERRaR BOARA C DAEKTPOHAMHM He B3aMMOAEHCTBYET B CHAY CBOMX
NOARpU3aUHORHBIX crolicTR®.

Ha wacroTax aume, wonnoii rupovactorst, ni, 1. [Noaromy wnonw u
BAEKTPOHB MOTYT OGHITH B CHHENPOHHIME C BOAHAMM OGEHX UMPKYASPHDIX
noaspuaaumii.

PaccMoTpum cHawaaa cayuail, KOrAa SAEKTPOHBE M HOHBI HMEIOT OAHO-
mepuoe pacnpeaerende (2). Toraa B AEKpeMEHT aAbREHOBCKOH ROAHDI
ARIOT BKAZA BAEKTPOHbl B ODAZCTH AHOMAADHOTO, & HOHBI B OGAACTH HOp-
maabHoro apipexta Aonaepa
k l“:*:-!.?n

Imwy =+, 1., =—

Ve2 V2 3 "-"i; ':ﬂg_._

(22}

Ha (22) creayer, uTO BKAAL SAEKTPOHOB B HHKPEMEHT 3HAMHTEALHO MEHb-
We BKA3A3 WOHOB, KOTOPLIH OTBEYAET 3aTyXaHWIO.

B cayuae me XOAOAHBIX HOHOB, KOTOpble HE Jal0T BKAAAS B 3aTyxa-
HHE, aAbBEHOBCKas BOAWAa 6yAeT HeycToluMEoli © MHKpPEMEHTOM, oOnpe-
ACAREMbIM 3AEKTPOHAMM

w miw?

1= g v (M=% (23)
H

Takum obpazom, HEYCTOHYHBOCTD HA aAbBEHOBCKON BOAHE, HaiigeH-
nas 8 [1], oTBeyaeT CAyua0 XOAOAHBIX WOHOB M OAHOMEPHO PACNpEAEAEH-
HbIX BAEKTPOHOB. ECAM HOHBI WMEIT OJHOMEPHOE AOCTATOMHO WHPOKOE
PAacnpeAeAeHHE N0 HMIYABCAM, TO HX BAHSHHE MOKET OKasaThed pea-
OWHM B TOM CMBICAE, 9TO @ABBEHOBCKAA BOAHA BMECTO YCHACHHS 3aTyXaeT.
B aexpement neobbikrosennofl (GpicTpoll maruntoasykomoil) BoAHb
ARI0T BKAAA SAEKTPOHB B 06AZCTH HOPMAABHOTO M HOHBI B OHAACTH aHO-

maapnoro apperta Adonaepa

T S & Ahel 0 1) (24)
W ="Ta T Tn P B 3
Hi

Teneps BKAaA MOHOB COOTBETCTBYET YCHAEHWIO BOAHBI, @ BKAAA JAEKTPO-
nos — aaryxammo. C yuerom suipamenws (16) axs nj aerko yGeauTbes,
aro npu coothomenwn napametpor | S w? /w2 > 16/37 (m /m,)?" neobbix-
HOBEHHafA BOAHA HEYCTOWUMBA C HHKPEMEHTOM

* Yuer oAMOMEpIHO PACNPELCACHHNT HOHOE OPHEOLHT K MIAWMM 10 CPABHCHNK ©
{21) nonpankas x gexpewentan, ITa NONpARKA ONPeLEARET FATYRaNUE ofmrnoREHHOH
poanss, Aan neoburHoBeMHOR  BOANBI 3HAK NONPABKM OTBCYAET YCHASHMIO, OAnAKO OHA
®WaAn 1o cpasHenii ¢ agexpesentod (21), onpeaersesmy saexTponaMi.
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) B
= - o

= '_('?") T ’ 125)
4\ 8 et

KOTOPBIH N0 MOPAAKY BeAWuHssl 8 (m /m)* pas npesmimaer HHEpeMeHT
aabpeHoBekoll BoAnm (23).

Haxoueg. NpH  HIOTPOMNHOM MOHOIHEDIETHHECKOM pacnpeseAesin

HOHOB B YAaCTOTHOM HMHTEpPBaAE ¢ Wy HET HOHOB, HAXOAALWMXCA B CHH-

XPOHH3ME C BOAHAMMH, ﬂoa-rouy AAbBEHOBCKAA BOAHaA HEYCTOiiQMM. ee
HHKPEMEHT ONPEACARAETCH IACKTPOHAMH H paBeH

3

il B _E'"i(_‘!- ﬁ".) (26)
2 4 1 3 “‘};,‘

Wy

B 3akawuenue 3amMeTHM, HTO 8 YCAOBHAX MYyABCAPOB, MNO-BHAHMOMY,
MOMHO CYKTATDL BHINOAHEHHBIMH YCAOBHA uf < wj w wl € o, npn koTo-
PBIX 3aBEJOMO MPHMEHHMO KBaIMBAKYYMHOE NPHUOAHXEHHE, HCMOABIOBAHHOE
sbime. B Goaee naoTHoit maaame o pyHruMed pacnpeserenun (2) Heabsn
Pa3sAeAMTb M3AYHEHHE MO THNAM BOAH, AHAAOTHYHDIM BOAHAM B ,XOAOAHOW"
nAa3ame, — 3AeCh BO3IMOKHO NOABAEHHE HOBbIX BeTBell B pemendun Aucnep-
CHOHHOTO YPABHEHUA.

HHPOH

r. Topoxnii

THE ELECTROMAGNETIC WAVES IN A RELATIVISTIC PLASMA
WITH A STRONG MAGNETIC FIELD

E. V. SUVOROV, Yu V. CHUGUNOV

The properties of the electromagnetic modes are investigated for
relativistic plasma with the one-dimensional distribution function which
sets through radiative losses in a strong magnetic field. The longitudinal
modes are shown to exist in a frequency band near plasma frequency,
they are propagated at small angles with respect to the external mag-
netic field their phase velocities being more than light velocity in
value. Thus longitudinal wave generation is not favoured compared
with other modes (Cherencov type generation is impossible). The elec-
tromagnetic modes in a small density relativistic plasma within the
frequency bands w, & ©w & w, and © < w, are found to be analo-
gous to those in a cold magnetoplasmi. Their damping and iastability
rates are obtained.
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