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ABSTRACT. The paper examines data on the effects of
the lunar tidal wave in the Earth 's upper atmosphere on the
observed flux of radio sources. Monitoring of the fluxes of
powerful galactic and extragalactic radio sources is carried
out at the URAN-4 radio telescope of the Odessa Observa-
tory of the Institute of Radio Astronomy of the NAS of
Ukraine since 1987 till now. The monitoring program in-
cludes radio galaxies 3C274, 3C405 and supernova rem-
nants 3C144, 3C461. Changes of fluxes of radiation
sources at decameter waves are determined by the condi-
tion of an ionosphere resulted due to space weather varia-
tion and tidal events. When radio sources are observed
through a tidal wave, a "plasma lens" effect is realized in
the ionosphere. Depending on the position of the radio
source relative to the tidal wave, the radiation wave front is
sought. As a result, various effects are realized: strong fo-
cusing, intense flickering or "blurred" recording of the ra-
dio source. According to the data of radiation monitoring
of powerful radio sources, the dimensions and structure of
the tidal wave zone in the upper atmosphere producing the
effect of "plasma lensing™ have been determined. The total
size of this zone according to observations on frequent 20
and 25 MHz is on the order of 30-60 angular degrees in
right ascension and declination.

AHOTAIIS. Y poboti po3risiiaroThCs JaHi 3 JOCHTI-
JOKEHHS BIUIMBY MICSIYHOT NPWJIMBHOT XBWJII y BEPXHIH aT-
Mocdepi 3emili Ha CIIOCTEPEIKYBAHUN MOTIK PagioKeper.
MOHITOPHHT TOTOKIB BUIIPOMiHIOBaHHS MOTYKHHX Tajlak-
THYHUX Ta IMO3aTAJIAKTUYHHX PadioKepern MPOBOAUTHCS
Ha pagioreneckomri "YPAH-4" Oxecskoi o6cepBaTopii Pa-
nioactpoHomiunoro iHcTuTyTy HAH Vipainu 3 1987 poky
1 o TemepimHii gyac. B mporpaMy MOHITOpHHTY BKITIOUCHI
pamioranaktuku 3C274, 3C405 1 3anumikyd HaJHOBHX
3C144, 3C461. CrnocrepexxeHHs paaioKepes MpOBOIU-
JIMCSl OKPEMHUMH CEaHCaMH B PI3HUX 4aCOBUX KyTax, B Ile-
peninax 2 TOAMHU 0 1 MICAsA Yacy KyJbMiHAMIl JKEpeEL.
CrocTepeKeHHsT TPOBOAMIN B aHAJIOTOBOMY PEXKHMi pe-
ectpariii, 3 1997 poky B mudposomy. Y poboTi po3risiaa-
I0TBCS BUMAAKHU NIPOSIBY MPUIIMBHOI XBHJII, 33 JaHUMH MO-
HITOPHHTY palioKepell y HUPPOBOMY peXKHMI peecTpariii,
3a mepiox 1998-2004 pp. 3MiHHU MOTOKIB BUIPOMiHIOBaHHS
paniomkepen, Ha JAEKAMETPOBHX XBHJISAX, BU3HAYAIOTHCS
CTaHOM ioHOCc(epH i BIUTHBOM 3MiH KOCMIYHOI ITOTOIH
Ta NPUIMBHHUX sBHLIL. [IpH crocTepekeHHI paaioKeper
4yepe3 NPUIMBHY XBHJIIO B 10HOC(epi peanizyeTbes eekT

"[1a3MoBOl JIH3U", KOJIM B 3aJIGKHOCTI Bifl CTaHy palio-
JpKepelna 100 NPWJIMBHOI XBWIII BiZIOyBa€ThCS CIIOTBO-
peHHs GPOHTY XBWIII BUIIPOMiHIOBaHHS. B pesynbraTi pea-
J3YyI0ThCA pi3HI epeKTH Bif CHIBHOTO (POKYCYBaHHS 110 iH-
TEHCHBHHX MEpEXTiHb abo "po3MuBaHHA" 3ammcy pasio-
JoKepena. 3a JaHUMH MOHITOPWHTY BHIIPOMIHIOBaHHS TO-
TYXHUX pagiomxkepen: Kacciones A, JleGigp A, tinenp A,
JiBa A BHW3HaYeHI po3MipH i CTPYKTypa 30HHA MPHWIMBHOI
XBHJI Y BepXHill aTMocdepi, o BHpoOIsie epekT "mia3mo-
BOrO JIiH3yBaHHA". 3araibHi po3Mipy Li€l 30HH, 3a CIIOCTe-
pexeHHsIMH Ha yactoTax 20 i 25 Mri, cTaHOBHUTB MOPSIIKY
30-60 xyToBUX rpaxyciB 3a NPSIMHUM IiIHECEHHSIM Ta CXH-
JSTHHAM. Y 3B'I3KY 3 BEJIMKMM OOCSITOM JIaHMX CIOCTepe-
KeHb 30JIMDKeHHS pazgiokepen 3 micsauem Ha PT "VPAH-
4" MO>KJIMBE TIOAIbIIIE JIeTalbHE BUBUEHHS IPOSIBIB e(ek-
TiB «IUIa3MOBOI JIIH3W» B 10HOCQEPi B 3aJI€KHOCTI BiJl Be-
JUYUHA TPWINBHOTO 0OypeHHA. BaxxiamBuMm daxTopom €
0O0JTiK MOJIOKEHHS PaiopKepes 00 MAKCHMYMY TIPHITH-
BHOI XBWIi, [0 OyZe 3MiHCHEHO B HACTYITHUX poOOTaXx.

Keywords: atmospheric lunar tides, upper atmosphere, ra-
dio sources.

1. Introduction

Tidal phenomena in the Earth 's atmosphere arise from the
gravitational forces of the Moon and the Sun (gravitational
tides) and from thermal heating by the Sun (thermal tides).
Apart from the difference between the physical nature of
gravitational and thermal tides, they have different periodic-
ity. Gravitational tides have a half-day period and form two
tidal waves - direct and reverse. Thermal tides have a daily
period and are realized in the area of the terminator.

Data from radio astronomy observations on the «Uran-
4y radio telescope are the most effective method of inves-
tigating tidal waves occurring in the ionosphere.

Since 1987 at the URAN-4 radio telescope the program
of monitoring powerful galactic and out of galactic sources
is carried out. The monitoring program includes radio gal-
axies 3C274, 3C405 and supernova remnants 3C144,
3C461. Observations of these radio sources provide uni-
form 24-hour coverage over time and allow recording of
the state of the ionosphere and the processes taking place in
it by the given changes in the fluxes of radio sources and
their flickering. Observations were conducted in analog re-
cording mode, since 1997 in digital.
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2. Abnormal types of radio source records

The work deals with the occurrence of a wave based on
the monitoring of radio sources in the digital recording
mode, for the period 1998-2004. Radio source records were
chosen as the data under study when they passed near the
Moon. These data were characterized by three types of rec-
ords: presence of strong flickering of radio sources, strong
compression or complete breakdown of recording of dia-
grams of direction of radio telescope. All these effects can
be caused by the different race position of space radio
sources relative to the maximum tidal wave in the iono-
sphere, which acts like a "plasma” lens, distorting the front
of the wave coming from the radio source. For an example
of this type of record, refer to Fig. 1-2.

The recorded abnormal records coincided with time of
the close arrangement of the Moon and sources on right as-
cension (Fig. 3-5). During periods when observations were
conducted 24 hours a day, the effects of a direct and reverse
tidal wave were noted.

Detection of similar effects at on radio telescope "YPAH-
4" in decameter range is related to value of angular resolution
of radio telescope able to register distortion of wave front of
radio source radiation under influence of tidal wave in iono-
sphere. Abnormal records in the presence of focusing, defo-
cusing, and strong flickering phenomena can be interpreted
as the effect of developing a "plasma lens" in the Earth 's ion-
osphere by the formed lunar tidal wave. Applying this inter-
pretation and taking into account the spatial realization of ab-
normal types of records, it is possible to estimate the dimen-
sions of the lunar tidal wave in the ionosphere, which was in
the range of 30-60 angular degrees at right ascension.

30405 25.8.1998 th=20:24 tc=22:44 first scan -—120 zoon

Figure 1: Sample 3C405 source record — August 25, 1998
(20-25 MHz)

Figure 2: Sample 3C144 source record - April 22, 1988
(25MHz A -80m)

The use of the radio telescope"URAN-4" having a knife
pattern, a decameter range of working frequencies and the
possibility of long-term tracking of the space radio source
demonstrated the possibility to implement a radio astron-
omy method of observing tidal phenomena in the upper at-
mosphere of the Earth by the method of transmitting the
region of tidal disturbances in the ionosphere.
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Figure 3: The position of abnormal radio 3C274 records
varies depending on the distance between the Moon and the
radio source by right ascension (1998-2004)
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Figure 4: The position of abnormal radio 3C405 records
varies depending on the distance between the Moon and the
radio source by right ascension (1998-2004)
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Figure 5: The position of abnormal radio 3C461 records
varies depending on the distance between the Moon and the
radio source by right ascension (1998-2004)
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Due to the large number of observations of the approach
of radio sources to the Moon, further detailed study of the
effects of the "plasma lens" in the ionosphere as a result of
the magnitude of tidal disturbance is possible. An important
factor is the consideration of the position of the radio source
relative to the maximum of the tidal wave, which will be
carried out in next works.

3. Conclusion

* The possibility of investigating the passage of tidal wave
in the Earth 's ionosphere using the method of "transmis-
sion" by its space radio sources in the decameter wave
range using the method of digital registration has been ex-
perimentally confirmed.

» The observed effects of severe flickering are associated
with the passage of lunar tidal disturbance in the Earth 's
ionosphere, containing direct and reverse tidal waves that
act like a plasma lens, distorting the shape of the radio
source record.

* Observational data show that the size of the tidal pertur-
bation is approximately 30-60 degrees in right ascension
and declination from different sources.
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