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CAPKHCSIH AHYII

HEKOTOPBIE OCOBEHHOCTH SJIEKTPOMATHUTHOI'O U3JIYYEHUS
B COEPHYECKHU-CUMMETPUYHBIX CPEJIAX
BeiBogst

INoxasaHo, YTO €ciM peNATMBMCTCKAs 3apmHKEHHAs 4YacTHIA TepeceKkaeT IUIOCKYIo
rpaHMIly paszena momy6ecKOHeYHOi MpOoBOAsIIeii CPebl C BaKyyMOM, MJIM MPOJIETaeT
CKBO3b IJTACTHHY 6€CKOHEYHO GOMIBIINX Pa3MepoB (epIeH UKy ISAPHO K MOBEPXHOCTSM),
HaxXoAAUlylOCs B BaKyyme, TO Ha TPaHMUAX pasziesia BEUIeCTBA C BaKyyMOM MOTYT
reHepHPOBAThCA DIEKTPOMArHUTHbIE KonebGanua Gonmbuioi ammamtyzer. Ilpu atom c
yZJaleHueM OT TIOBEPXHOCTEH pasjena BewecTBa C BaKyyMOM aMILUIMTyJa
3/IEeKTPOMATHUTHBIX KOJeGaHH yMEeHBIIaeTCs SKCIOHEHIIMAIBHO.

HccnenoBaHo uamyyeHHe peiATUBUCTCKO#M 3apsHKeHHOMN YaCTHIIBI UM IIeTIOYKH CTyCTKOB
YacTHll, TPOJNETAIWUX 4Yepe3 LEHTP AMDEKTPUYECKOrO HMJIM MPOBOAALIErO  1Liapa,
HaxozjAulerocss B Bakyyme. B ciyuae mpoBoxsuiero mapa TOKa3aHO, YTO TPH
ONpe/ie/IEHHbIX 3HaYEeHUAX MapaMeTpoB 3alauyM Ha MOBEPXHOCTH LIapa TeHEPUPYIOTCH
3MIEeKTPOMAarHUTHBIE KoneGaHus OONBIUION aMIIMTY/bI, KOTOPBIE CONPOBOXZJAIOTCS
Y3KOTIOJIOCHBIM HMHTEHCHBHBIM M3JydeHHEeM Ha ONpejleleHHBIX 4YacToraX. B ciydae
JIM3IEKTPUYECKOTO Wapa, MPH BBITIOTHEHUH yCIoBus YepeHKoBa U c1aboM MOrIoueHuI
U3JTyYeHHs BELIECTBOM lIapa, B CMEKTPaJbHOM pacrpeziefieHMH DHePTHH H3TyueHHs
PEJIATUBUCTCKON YacTHMLbI, MPOXOAsIEH uYepe3 LEHTP 1apa, MMEIOTCA y3KHe MHKH
(«pesoHaHCHOe u3NTyyeHHe»). B aTMX [uamazoHax YacTOT CHEKTpajbHas IJIOTHOCTh
M3/TyYaeMOil 3HEepruM CylecTBeHHO OGojiblle, YeM B Ciyyae /JBIDKEHMA 3apsja B
NpO3payHOl GECKOHEYHOI cpeie C TOM JKe JeHCTBUTEIbHON YaCThio JHIIEKTPHYECKON
MIPOHUIIAEMOCTH, MPH MPOXOXAEHUH PacCTOsAHMsA, PaBHOM Auamerpy mapa. ITokasawo,
YTO TPH MNPOXOXKAEHMM UENOYKH CryCTKOB 3apSUKEHHBIX YacTHI, 4Yepe3 IEeHTP
JAUDJIEKTPHYECKOTO 1Iapa, W3lyyaeMas SHEPrus B MepecyeTe Ha OJHY YaCTHILy, MOXeT
GBITH JIOTIOTHUTENBHO yBEJMYeHa 33 CYeT KBAa3WKOTEPEeHTHOCTH HM3JTy4YeHUs! YacTHI, B
CTyCTKaXx, KOT/ja pa3Mephbl CTyCTKOB MHOTO MEHbILIE JJTMHbI BOJIHBI,  KBA3HKOT€PEHTHOCTH
M3JTy4eHHUs CTYCTKOB B II€TIOYKe, KOTOpas MOXeT 0OeCneunThCs TOAXOAAUMM BbIGOPOM
PacCTOSHNUS MEXAY CTyCTKaMH.

Meroznom dyskuuu I'prHa aHO TOYHOE pellleHHe OCHOBHBIX yPaBHEHHH, OMMCHIBAIOLIUX
pacnpocTpaHeHHe  BJIEKTPOMArHMTHBIX BOJH B HEOJAHOPOAHOW  cepuvecKku
cuMMeTpuyeckoi cpese. IIpuBeseHo HarnagHOe OOBACHEHME SBIEHHsA PE30OHAHCHOIO
paccesiHus MIOCKOM 3JIEKTPOMarHUTHOM BOJTHbBI HA HEM/IEAaTbHO IPOBOAAIIEM LIape.
WccnenosBaHo  27eKTPOMarHUTHOE TOJe, TeHepUpyMoe 3apsDKEHHOM  JacTuuein
PaBHOMEPHO BpAUIAIOWENCs BOKPYT MNPOBOJSAILIETO WIapa B €ro 3KBaTOPHAIbHON
nnockocty. [lokazaHo, uro mpu c1aGom MOTIONIEHNH B BELIECTBE 1Iapa U ONpeAeNeHHbIX

«PEe30HAaHCHBIX» 3HAYE€HUAX YAaCTOTHI BPALEHU A, YHCIIO U3TyYEHHBIX KBAHTOB MOXXET 6bITH
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B /lecATKH pa3 6oJIbliTe, YeM TpM BpalleHHH 3aps/a B yCTOM MPOCTPAHCTBe. JTO ABJeHUe
OGBACHSETCA TeM, YTO Ha IOBEPXHOCTH 1Iapa BOSHUKAIOT KOeOaHNUs! 31€KTPOMArHUTHOTO
mons GONBUION aMIUIMTYABI (IOBEPXHOCTHBIE BOJIHBI), KOTOpbIE NMPOSBIAIOTCA B BHZE
MHTEHCHBHOTO PE30HAHCHOTO M3TyYeHUs Ha GONBIIMX PaCCTOSHHUAX OT 1Iapa.
VcenesioBaHO — CIIEKTPAILHO-YTIOBOE  PaCIpesie/ieHne 3y deH s PeIATHBHCTCKOM
3apSOKEHHOH YaCTHIBI, DPABHOMEPHO BpALAIOU[EHC BOKPYT —AMBIEKTPHYECKOro,
COCTaBHOTO (KOMITO3UTHOTO) MM IIPOBOAANIETO 1IAPa, B €70 9KBATOPUANBHOM MIOCKOCTH.
IloKa3aHo, YTO TIPU ONPeAENEeHHBIX 3HAYEHWAX MapaMeTpoB 3aJla4d HMHTEHCHBHOCTH
H3TyYeHHUs MOXET OBITh CyleCTBEHHO GOIbIle, YeM B CITyuae BpalleHus B 6eCKOHEeTHOMH
mpospayHoOil cpefie C TOM Ke JEHCTBUTENBHOH 4acThio JMDJIEKTPHIECKOH
TIPOHMIIAEMOCTH. B rurareparepnoBoM AuamasoHe YaCTOT HCC/IEAOBAHO CIEKTPalbHO-
YIZIOBOE pacmipefie/ieHHe «yCHJIEHHOTO» H3IydYeHHs B Ciydae liapa M3 THTaHATa
CTPOHIMs, TUIABJIEHOTO KBapia, TeJOHA MM IUIABNEHOTO KBapua C HeGOMbUIM
copiep>KaHHeM 30J10Ta.

HccnefoBaHO ABNEHWe W3NTyYeHUs AKyCTHYECKMX U DJIEKTPOMArHUTHBIX BONH B
zuamazone wacror 1-10 kI mpu pacnmpoCTpaHEHWM HANpaBIeHHBIX yAAPHBIX BOJH,
reHepHpyEMbIX MPOTHBOTPAZOBHIMM AKyCTHYECKHMH «Tylrkami». B pamkax mpocroi
MaTeMaTHYeCKOi MOJIeIH TOKa3aHO, YTO NPH PaCIPOCTPAHEHHUH YAAPHOM BONHBI TAKkKe
MOTYT FeHepHPOBAaThCS BJIEKTPOMArHUTHBIE BOJIHBI C YaCTOTaMH 1-2 MT'n, uTo ABIAETCS
CIe[ICTBMEM KOTE€PEHTHOrO CHHXPOTPOHHOTO —H3/My4YeHHs 3SJIEKTPOHOB IUIAa3MBI,
BBI3BAHHOTO yZjaPHOIi BOJHOJ B MarHuTHOM nose 3eman. B gunonsHom IpUOIKeHUH
pacCYMTaHa MOWNHOCTb M3TydYeHHs CBOGOAHBIX B/IEKTPOHOB M IOKAasaHO, 4TO NpH
JyBCTBUTENBHOCTH ~ CYLIECTBYIOU[MX /I€TEKTOPOB, ~3aperMCTPUpOBaTh — M3/ydeHHe

BO3MOXXHO TOJIBKO B TOM CIIy4ae, €Ciid OHO KBa3HKOTE€PEHTHOE.

20

© National Librajl of Armenia

SARGSYAN ANUSH
SOME FEATURES OF ELECTROMAGNETIC RADIATION IN SPHERICALLY-
SYMMETRIC MEDIA
Conclusions

1. It is shown that when a relativistic charged particle crosses the flat boundary between a
semi-infinite conductive medium and a vacuum, or passes through a conductive plate of infinite
dimensions in vacuum, perpendicularly to its surfaces, then large-amplitude oscillations of the
electromagnetic field can be generated on the boundaries. The amplitude of those oscillations
exponentially decreases with the distance from the boundaries.

2. The radiation generated by a relativistic charged particle or a train of equidistant particle
bunches flying through the center of a dielectric or conductive ball in vacuum is studied. It is
shown that, in the case of a conductive ball, for certain values of the problem parameters, large
amplitude electromagnetic oscillations occur on the surface of the ball, which are accompanied
by intense radiation in certain narrow band frequencies. Under the Cherenkov condition and for
weak absorption in the ball material, narrow peaks (resonant radiation) appear in the spectral
distribution of the radiation energy of a relativistic charged particle flying through the center of
a dielectric ball. In those frequency ranges, the spectral density of the radiated energy is
significantly greater than in the case of a charge moving in a transparent infinite medium with
the same real part of dielectric permittivity, while passing a distance equal to the diameter of the
ball. In the case of particle bunches flying through the center of a dielectric ball, the radiated
energy can be additionally increased due to the quasi-coherence effects of particle radiation,
which occurs when the bunch dimensions are much smaller than the wavelength, and due to the
quasi-coherence of the radiation of particle bunches, which can be ensured by tuning the distance
between the bunches.

3. The exact analytical solution of the basic equations characterizing the propagation of
electromagnetic waves in a spherically-symmetric, inhomogeneous medium is given by the
Green function method. The visual explanation of the resonant scattering phenomenon of a plane
electromagnetic wave on a non-ideal conductive ball is given.

4. The electromagnetic field of a uniformly rotating charged particle around a conductive ball,
in its equatorial plane, is investigated. For small dielectric energy losses of the ball’s material, the
existence of a certain "resonant" values of the particle rotation frequency is possible, for which
the number of quanta radiated per period can be ten times greater than for the rotation of a charge
in empty space. This phenomenon is due to the fact that large amplitude oscillations of the
electromagnetic field (surface waves) are generated on the ball surface, giving rise to intense
resonant radiation at large distances from the ball.

5. The spectral-angular distribution of radiation of a relativistic charged particle, uniformly
rotating around dielectric, composite or conductive balls in the equatorial plane, is studied. For
some values of the problem parameters, the radiation intensity can be significantly greater than
in the case of rotation in an infinite transparent medium with the same real part of dielectric
permittivity. The spectral-angular distribution of "enhanced" radiation in the case of a ball made
of strontium titanate, fused quartz, Teflon, or fused quartz with a small mixture of gold in the
giga-terahertz frequency range is investigated.
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6. The phenomenon of radiation of acoustic and electromagnetic waves in the 1-10 kHz
frequency range during the propagation of directed shock waves delivered by acoustic anti-hail
"cannon" is investigated. Based on a simple mathematical model, it is shown that electromagnetic
radiation in 1-2 MHz frequencies can also be generated during the propagation of the shock wave,
which is a consequence of the coherent synchrotron radiation of plasma electrons induced by the
Farth’s magnetic field. The radiation power of free electrons is calculated in the dipole
approximation, and it is shown that with the sensitivity of the existing detectors, the detection of
this radiation is possible only when it is quasi-coherent.
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