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ABSTRACT

Two X-band radar sets, an M-33 and a GPG-1, were operated routinely on the island
of Hawaii during the period July 11 through August 28, 1965. The M-33 was located
at the Cloud Physics Observatory on the Hilo Campus of the University of Hawaii.
The data obtained from the PPI scope photography were used to determine preliminary
climatological parameters associated with trade wind showers.

The relationship between echo frequency and total rainfall was examined and
found to be remarkably good. Such an analysis is useful in the determination of rainfall
amounts over the land and over the ocean in the vicinity of Hawaii where the raingage
density is sparse.

The frequency of echoes of a given diameter as a function of range was tabulated
according to whether the echo was observed over land or over water. It is apparent
from these data that there was a greater frequency of echoes per unit area over land
than over water. This is attributed to the breakup of organized lines or bands of showers
as they moved inland. In addition, there is a distinct decrease of echo frequency with
range. The observed decrease of echo frequency cannot be accounted for by range
attenuation or atmospheric refraction.

The relationship between echo movement and the trade winds was studied. The
results indicate that the radar echoes tend to move to the right of the wind direction
with a slightly greater speed than the environmental wind.

Selected examples of radar photographs are presented which illustrate typical echo
displays. In addition, the radar presentation of a mesosystem and the echoes associated
with a Hawaiian thunderstorm are shown.

The GPG-1 radar was located at 2100 meters on the windward slope of Mauna Kea.
Very little useful data were obtained from this location due to trapping gradients as-
sociated with the trade inversion. An example is shown where the propagation path
was extended and the sensitivity reduced by refractive index gradients. The site was
abandoned early in the project in favor of a more concentrated effort on the M-33

operations.

Introduction

In support of a concerted attack on the warm
rain mechanism, two X-band radar sets were
operated routinely on the island of Hawaii
during the period July 11 through August 28,
1965. The cooperative project involved cloud
physicists from the United States and Japan
who collaborated to obtain measurements on
the structure and chemical composition of trade
wind showers.

There were three locations chosen as sites
for the various radars, a balloon launching
platform, and the field headquarters for the
Japanese. The elevations for these sites were
56, 780, and 2100 meters above sea level. This

1 Part of the ‘“Warm Rain Project”, the results
of which were published in Tellus 19, 347-5186.
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report will be concerned with the M-33 radar
operations at the 56 meter level, Cloud Physics
Observatory (CPO), Hilo Campus, U. of
Hawaii and the GPG-1 radar operations at the
2100 meter level on Mauna Kea. These locations
are indicated in Fig. 1.

Radar characteristics
M-33

The primary radar used for data collection
was the tracking radar of an M-33 system sup-
plied by the National Center for Atmospheric
Research, (NCAR) Boulder, Colorado. This
radar, shown in Fig. 2a, was located at the CPO.
The radar was equipped with a step gain
control, an antenna elevation control, and a
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fig. 1. Radar locations and the Japanese balloon launching site on the east side of the island of Hawaii.

camera. The step gain control provided for
two modes of operation. In one mode the
nominal difference in sensitivity of two adja-
cent steps was 4 db. In mode 2 the difference
was about 8 db.

The antenna operating mode allowed the
elevation angle to be programmed. There were
10 elevation angles plus two types of 0° (hori-
zontal) operation incorporated into the antenna
mode programmer. In one type of 0° operation
(referred to as split-Z), the antenna was held
at 0° through the eastern semicircle (ocean area)
and was raised to about 43° through the western
semicircle (land area). This elevation angle in

the western sector allowed the radar to look
above the majority of the ground return from
the mountain slopes. The technique proved
valuable and most of the routine data were
taken with this mode of operation. In addition
to these changes in the antenna drive system,
NCAR provided a modification of the range of
the PPI scope and added range marks.

The M-33 was calibrated using a 10-inch
diameter metallic sphere flown on a Jalbert
wing on two occagions. These two calibrations,
which agree to within 2 db were made on July
9 and on August 20, 1965. The two independent
measures of overall performance using the

Tellus XX (1968), 2
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Fig. 2. The M-33, X-band tracking radar and the GPG-1, X-band radar on location. (a) M-33 at the
Cloud Physics Observatory with the cloud camera on top of the van. (b) The GPG-1 and maintenance

van at the 2100 meter level on Mauna Kea.

metallic spheres yielded values for antenna gain
of 36 db and 38 db. Table 1 contains the
measured characteristics and nominal charac-
teristics of the radar. The transmitter power was
always operated at lower than rated values.
Receiver sensitivities were generally high for
this type of radar.

The crystal detectors used in the receiver
were better than those for which the set was
originally designed. The nominal receiver sensi-
tivity of —97 dbm was calculated assuming the
stated noise figure for the receiver of 12.5 db
and that a coherent signal can be seen 6 db
below the average power of the noise.
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Table 1. Characteristics of the M-33 radar

Measured
value

Nominal

Characteristic value

Peak transmitter

power 250 Kw 80 to 175 Kw
Pulse repetition

frequency 1500 Hz 1465 Hz
Pulse length 75 m 75 m
Antenna gain 39 db 37 db
Antenna % power

beam widths 0.02 rad —
Receiver sensitivity -96 to

(MDS} —97 dbm —101 dbm
Frequency 8500-9600 MHz 9065 MHz
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Table 2. Characteristics of the GPG-1 radar

Nominal Measured
Characteristic value value

Peak transmitter

power 40 Kw 22 Kw
Pulse repetition

frequency 3800 Hz 3900/975 Hz
Pulse length 75 m 75 m
Antenna gain — 31 db
Antenna } power

beam-widths 0.057 rad —
Receiver sensitivity

(MDS) - 90 dbm -92 dbm
Frequency 8400-9600 MHz 8780 MHz
GPG-1

The second radar, the X-band GPG-1, was
planned to augment the M-33 during times of
balloon tracking. The GPG-1 was also capable
of tracking operations for short ranges. This
radar, shown in Fig. 2b, was installed along the
Humuula Sheep Station road at 2100 meter
mean sea level elevation.

A metallic sphere calibration was made on the
GPG-1 and yielded an antenna gain of 31 db.
The characteristics of this radar are shown in
Table 2.

Radar observations and analysis
M-33

The primary purpose of the radar facility
was to provide the other investigators with
information and prognostications related to the
development and movement of showers im-
bedded in the trade winds. The radar climato-
logical data obtained during the pursuance of
these major goals of the project were some-
what limited, but certain generalizations apply
to the observations made during the summer of
1965. Most of the data can be categorized into
four types of radar presentations, that is,
scattered showers, line showers, orographic rain,
and Konse thunderstorms.

The data used for the statistical analyses were
selected at random from the entire collection
of radar photographs. However, the radars
were operated, for the most part, only during
daylight and evening hours. Therefore, any
diurnal effect on the showers is not reflected
in the data. Otherwise, with the exception of
the first echo study, all echoes that fulfilled
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the requirements of a particular investigation
were included in the analyses.

The analyses presented in this report consist
of the relationships between echo frequency
and rainfall, echo diameter frequency and range,
first echo development and movement, and a
discussion of typical and special cases which
oceurred during the program.

Echo frequency versus rainfall. A series of six
one nautical mile squares were constructed on
an acetate overlay as shown in Fig. 1. The
squares were aligned in the direction of the pre-
vailing trade winds. The occurrence or non-
occurrence of echoes in any of the squares was
tabulated at intervals of 15 minutes for nearly
212 hours of radar photographs acquired
throughout the summer field program. No
attempt was made to separate the data by hour
of the day, intensity of echo, or synoptic con-
ditions.

The rainfall was estimated for each of the
squares from the data presented by Lavoie
(1966). The results from this study are sum-
marized in Table 3.

When the data were normalized by taking the
ratio of the number of echo occurrences to the
total rainfall and plotting the resulting number
versus the echo occurrences, the relationship
shown in Fig. 3 is obtained. The two open-
circle data points which obviously do not fall
on the best-fit curve were derived from the rain-
fall analysis over the ocean. The rainfall
amounts were interpolated from the estimated
rainfall gradient in a region where there were
no raingages as indicated by the dashed lines
in Fig. 4. However, if it is assumed that the
radar data are more accurate at the lower end
of the curve than the linear interpolation of
rainfall data, then the rainfall over the Hilo
Bay area can be derived. The results of re-
analyzing the rainfall map in this region based

Table 3. Echo frequency vs. rainfall

Square No. Rainfall (in.) Echo freq. (No.)
1 15.5 167
2 16.0 233
3 15.0 150
4 13.0 99
5 9.0 67
6 7.8 72

Tellus XX (1968), 2
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Fig. 3. The relationship between echo frequency and
normalized rainfall determined from the six loca-
tions shown in Fig. 1.

upon the radar data are shown by the solid
lines in Fig. 4.
The equation for the estimated best-fit line
in Fig. 3 is
N N+50

R 20 °’

where N is the total number of echo occurrences
and R is the estimated total rainfall. This equa-
tion suggests that an increase in total rainfall
per echo occurrence is associated with a decrease
in echo occurrences. Another way of viewing
this result is that for an increase in echo occur-
rence the rainfall per occurrence decreases.
The implication is that a long persistence echo,
for example the orographic rain, producing a
large echo frequency, is associated with lighter
rainfall than shorter duration echoes such as
showers.

No attempt was made to use rainfall and
radar data acquired simultaneously for this
study due to the lack of recording raingages
in the area. Thus, the results are only applicable
to the period under investigation and only for
the radar data used. It is recommended that a
future investigation be carried out using radar
data and rainfall totals that are timewise
correlated. The results would then be useful
for the determination of rainfall totals for
arbitrary periods of time so long as an adequate
sample of echo occurrences is used.

Tellus XX (1968), 2
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Echo diameter frequency versus range. A scale
was constructed from acetate consisting of a
geries of circles ranging from 750 to 13,500 yards
in diameter in intervals of 750 yards. The radar
film was scanned for isolated echoes and the
diameters were noted. A total of over 2700
echoes were measured and included in this
analysis. Only those echoes which were sepa-
rated by at least one diameter were assumed to
be isolated for the purpose of this study.

The number of echoes contained within range
intervals of 10 kiloyards were tabulated and
normalized by the area within the interval.
Separate tabulations were made for echoes
observed over land and over the ocean. No data
were obtained in the interval of 0-10 kiloyards
due to ground and sea clutter. Since all of the
data were obtained when the radar was operated
in the split-Z mode, the elevation angle of the
antenna for azimuth positions between 180° and
360° entered into the area determination. The
assumption was made that echoes did not
penetrate the trade inversion, which according
to Lavoie (1966), was at a mean altitude of
2400 meters. The result of this assumption is
that the radar beam sliced through the inversion
at a range of approximately 34 kiloyards over
land when the split-Z mode was used. The area
between 30 and 40 kiloyards was adjusted to
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Fig. 4. The isohyetal map for the period July 11
through August 24, 1965, drawn by linear inter-
polation of raingage data (dashed lines) and adjusted
by echo frequency (solid lines).
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Fig. 5. Normalized echo frequency relationship
to range for echoes of 0-750, 750-1500, 1500-2250,
and 2250-3000 yards in diameter.

account for the antenna tilt and no over land
data were tabulated beyond 40 kiloyards to the
west of the radar location. However, since the
antenna was at 0° elevation between 0° and 360°
azimuth, all of the echo data to the 60-kiloyard
range of the radar were used.

The results of the tabulations are shown in
Fig. 5. The abscissa is the number of echoes
per square nautical mile and the ordinate is
the range interval. The dotted bars represent
sea echo frequency while the open bars are
land echo frequency. The four graphs represent
ocho diameter intervals of 0-750, 750-1500,
1500-2250, and 2250-3000 yards.

The first obvious conclusion to be drawn
from the data is that the most frequent size
of echo observed either over land or over the
ocean is contained within the 0-750 yard
diameter class interval. This class interval con-
tains nearly twice as many echoes per square
mile as larger echo diameters.

The second outstanding feature shown by
these data is the decreasing frequency of over
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ocean echoes in all size class intervals with in-
creasing range. This decrease cannot be ac-
counted for by beam refraction or range effects
of the radar. It simply suggests that the initial
echoes appear less frequently with increasing
distance from the island. The question of utmost
importance to be answered then is one concerned
with the influence of the island on the dynamics
and thermodynamics of the sub-inversion air
over the ocean in which the showers initially
form.

The relative frequency of land to sea echoes
shown in Fig. 5 is two to one or greater for all
range intervals. This increase in number over
land may be attributed to the breakup of larger
echo masses or the scattering of shower lines
as they move inland. Many qualitative ob-
servations of this type were noted by the radar
operators during the summer.

The peak in frequency seen in Fig. 5 in the
range interval of 30-40 kiloyards may, in part,
be due to the assumption of the showers not
penetrating the trade inversion. This assump-
tion should be qualified in future studies to
include the weakening or dissolution of the
trade inversion, and also the possible increased
height of larger diameter showers.

Echo initiation, movement, and dissipation.
The radar film was carefully sereened in order
that the formation and movement of individual
echoes could be studied in relation to the dis-
tance from the island and the prevailing trade
winds. For the purpose of this study the
echoes had to be completely isolated, and, of
course, had to appear within range of the radar.
As a result, very limited data were available
since the majority of the showers appeared
to be associated with organized lines or bands.
However, even though the sample contains

Table 4. First echo, dissipation and speed as a
function of range

Range Speed at
interval Echo Echo dissipation
(kyds) initiation dissipation (knts)
10-20 0 10 1.9
20-30 5 18 10.8
30-40 12 11 13.4
40-50 14 7 13.4
50-60 11 4 12.6
> 60 8 — —

Tellus XX (1968), 2
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Fig. 6. The relationship between echo and trade wind speed and direction.

only 50 cases, some of the features of the data
are supported by other studies.

Table 4 shows the number of first echoes and
their dissipation as a function of range interval
as well as their speed at the time of dissipation.

The frequency of first echoes increeses with
range to the 40-50 kiloyard interval and then
decreases. The decrease beyond the 40-50
kiloyard range interval is substantiated by the
results of the echo frequency data shown in
Fig. 5. The peak frequency in echo initiation
is indicative of an island effect on shower
formation. In the absence of the island, the
probability of first echoes would be independent
of range over the ocean.

Once again a qualitative observation noted by
the radar operators on numerous occasions, con-
cerning the decrease in speed of individual
echoes as they approach shore, has been sub-
stantiated by the average speeds shown in the
above table. The average speed decrease is not
large, but is indicative of the influence of the
island on the motion of the trade wind showers.

The relationship between the echo velocity
and the mean trade wind velocity through a
depth comparable to the cloud was examined
for the fifty isolated echoes. The correlation
between the echo and trade wind speed and
direction is shown in Fig. 6. The data are guite
scattered and it was not deemed worthy to
determine the correlation coefficient. However,
it is interesting to note that the speed of the
echoes is usually greater than the trade wind
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speed and that the echoes tend to move to the
right of the wind direction. The movement of
the radar echo to the right of the environmental
wind is not unique to the trade wind showers
as this has been observed by others in studies
of mid-latitude storms (e.g., Newton & Katz,
1958). The differential in the speeds may be due
to growth of the shower on the downwind side
rather than to a true propagation of the indi-
vidual cell. This explanation has also been
invoked by other investigators to describe
squall line echo behavior.

As stated previously, though, the influence
of the island on the trade wind and the motion
of the individual showers is not clear. The rela-
tionship between speed and direction of the
wind and echo, at least in part, reflects the is-
land effect. Additional observations of the flow
about the island are necessary to clarify the
relative importance of shower growth and island
influence to the observed motion of trade
wind showers.

Typical echo morphology and special cases.
As stated before, the primary purpose of the
M-33 radar was to provide the other scientists
with information and prognostications on the
development and movement of showers. To
perform this task with some degree of success
required that the radar operators observe the
various echo patterns very closely and then
categorize them mentally for future reference.
The most typical large scale pattern of echo
development and movement is shown in a, b,



R. G. SEMONIN et al.

234

‘POAISBQO JOU FBM UInjed punocid 8oy wunepy [eo1dL} eyy pue [ensn usyy oj3uv 10yBead
APySus B 98 pej[l} sem BUUdUE SY], “¥OT] BUNY PUB BOI] BUNBJ Yjoq uo (1Y peonposd yorga suiIojsIepunyy vucyy (f) ‘ureyyed
MO[J oy} ul ainjonays pepueq [edids v Buimoys AjIAnIsUes peonpel dp F Yla Inq (p) s8 ewms ey, (3) "pnop arydeadoro Juysixe
uB yjim SurSIour 12358 oul] B JO SUIBWAL AU, (p) ‘380MY3I0oU eyj wroiy euy mel B Jo yoeoidde oyj pus oroysuo Suissed 16938 eur B jo
syueuwel oy, (o) "(p) 03 IB[IWIS S0YIe Wolj pedoesep Yorym siemoys Jo oull Y (q) "eBust sprelo[ly O 38 189MYIIOU oY} 03} BOI]
BUNBY] YA 10JBMA I0A0 SE0UDS POI}eds A[epIA) (p) “GE-IN Ol Ujim POAISSGO Se0yde jo seseo yeloeds pue susoyyed yeordAy, 4 “bug

SPAY 09 §961 ‘0T Aing spAY 0T 5961 ‘T) 6ny spAY 0T S961 ‘TL ‘Bny

spAN 0T S961 ‘€T AInf spA 09 S961 ‘€T AInf SPAN 09 S961 ‘0T ‘6ny

Tellus XX (1968), 2



RADAR ANALYSIS OF WARM RAIN SHOWERS 235

July 14, 1965

July 20, 1965

Fig. 8. Examples of differences in ground return due to the trapping gradients of the trade inversions.

and ¢ of Fig. 7. During a period of approxi-
mately 30 minutes, scattered echoes appear on a
previously clear scope as shown in Fig. 7a and
continuously grow and dissipate with a lifetime
of the order of 30 minutes. The next stage of

Tellus XX (1968), 2
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development is the organization of the scattered
cells into groups and bands as shown in Fig. 7b.
There may be as meny as three such bands
visible at the same time with a spacing of about
ten miles. Such a case is illustrated in Fig. 7c.
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Fig. 9. Radiosonde observations at Hilo, Hawaii, on July 14 and July 20, 1965.

The bands move inland (Fig. 7¢) and upon
passing over the shore apparently begin to
break up into individual cells. However, if the
orographic cloud on Mauna Kea is developed at
this time the cells merge with the steady rain
and lose their identity.

On occasion when the orographic cloud was
well developed and extended to the coastline,
the shower activity was inhibited within a very
short distance. Such was the situation shown in
Figs. 7d and 7e. The second photo was taken
approximately ten seconds after the first and
at a reduced gain of 4 db. The interesting ob-
servation in this case is the apparent spiral
bands noted in the reduced gain photo. This
sort of presentation may be due to the lack of
convective vertical motions so that the light rain
associated with the echo was subject to the
wind pattern generated by the interaction of
the northeast trade winds and the mountain
barrier on shore.

On July 20 Mauna Kea became truly the
“white mountain” with a layer of what ap-
peared to be snow, but later was found to be
small hail. Several observers reported hearing
thunder and some electrical activity was noted
at the Mauna Loa Observatory. In the brief
period of this project, this was the only day
that radar echoes were observed to move from
the west across the saddle between the two large
mountains. The group of echoes in the south-
west quadrant of Fig. 7f were associated with

the hail. These echoes were moving to the
northeast as was the echo noted to the northeast
of Mauna Kea. Simultaneous with the move-
ment of these echoes from the Kona side of the
island, there were showers observed over Hilo
Bay which were moving with the northeast
trades toward land. During this period the
sounding revealed that the trade inversion had
all but disappeared and the lower layers were
quite unstable. The trade winds were very
light and converged with the seabreeze from the
Kona area to form the hail-producing thunder-
storms observed.

It must be emphasized that these were typical
and special cases which were observed during
the course of a two month program in 1965
and much additional data are needed before
the radar climatology of the region will be
realized. However, the limited cases discussed
here certainly show the usefulness of radar
observations in the study of tropical rainshowers
and circulation patterns in the state of Hawaii.

GPG-1

The GPG-1 radar was located on Mauna Kea
at 2100 meters mean sea level (see Fig. 1). This
location proved to be undesirable because of
the existence of a strong trapping layer which
was frequently present below the radar’s
location. Fig. 8 shows a comparison of ground
clutter for two days of operation of this radar.
Calibrations on these days indicated that the

Tellus XX (1968), 2
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Fig. 10. Refractivity soundings derived from the radiosonde observations of July 14 and July 20, 1965.

radar was operating at about the same sensi-
tivity. If anything, the rader was slightly more
sensitive on July 14 than on July 20. In both
instances the antenna was depressed 3° from
the horizontal. It is immediately apparent
that there is much more ground return from
the eastern and southeastern sections on July
20 than on July 14. In particular, attention is
directed to echoes which are due east at about
15 to 20 miles. These echoes are from oil
storage tanks just east of Hilo as well as other
structures around Hilo. The echoes are much
weaker on July 14 (at least 10 db) and further-
more, are at a somewhat greater range than
on July 20.

The explanation for this anomaly is believed
to be the large gradient in refractive index
associated with the trade inversion. Fig. 9 shows
the Hilo soundings for July 14 and July 20. The
refractivity profiles were calculated using data
from these soundings with the simplified equa-
tion for refractivity given by Bean & Dutton

(1966):
77-6
N="— (P +

48100
T b

T

where N is the refractivity, T is the temperature
in degrees kelvin, P is the pressure in millibars
and ¢ is the vapor pressure in millibars. The
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refractivity soundings are shown in Fig. 10.
The analysis shows that on July 14 the inversion
is below the radar and on July 20 the inversion,
if it exists at all, is well above the radar. The
gradient on July 14 was 780 N units per kilo-
meter. Further radiosonde analysis has shown
that more than one half of the time, refractivity
gradients in excess of 150 N units per kilometer
were in existence below the radar height of
the GPG-1 for the period July 11 through
July 31.

According to Bean & Dutton, a gradient in
excess of 150 N units per kilometer produces
trapping. Thus it is not surprising to note
such large differences in ground return for a
gradient of 780 N units per kilometer.

This large uncertainty in the validity of data
obtained from this location dictated the cessa-
tion of operation of this radar. Consequently,
the GPG-1 was dismantled and removed late
in July and attention was focused on the M-33
at the Cloud Physics Observatory.

Summary

Two X-band radars, a tracking M-33 and a
GPG-1, were used extensively during the period
July 11 through August 24, 1965, to obtain data
on trade wind showers near the island of
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Hawaii in support of an international cloud
physics program. The M-33 radar proved to be
a valuable tool for the study of trade wind
showers in Hawaii. The relationship between
echo frequency and rainfall was exceptionally
good for the period of the field program.

The frequency of echoes of a given diameter
as a function of range is indicative of the cli-
matology of shower evolution. These  results
coupled with the dependence of echo movement
on the trade winds provided limited quantitative
information on the development, size, and move-
ment of trade wind showers.

The GPG-1 was operated for a brief period
of time at the 2100 meters elevation on the
windward slopes of Mauna Kea. Due to un-
favorable atmospheric conditions at this loca-
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tion, the radar was returned to the CPO and
full effort was devoted to the operation and
maintenance of the M-33.
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PAIUOJOKAIIMOHHBIN AHAJIU3 TENJBIX JIUBHEN

JiBa paamosokaTopa €O CKpeIleHHBIMM JIy4aMH
M-33 u GPG-1 paboraan crauaaprreiM obpasom
Ha o. ['aBaiin B mepuog c 11 uwonaa no 28 asrycra
1965 r. Papwnonorkarop M-33 wnaxopuica Ha
repputopun OGcepBaTopnu Pu3KKK 00J1aKoB B
orgenenun Xwuao TaBallcKoro yHHBepCHTeTa.
[ausbie, noaydeHHble (oTorpadpupoBaHuem

NHO, 6pim mcnonb3oBaHH JJA ONpefeeHUA
NpeABAPHTEJIbHEIX KJIMMATOJOrMYECKUX Iapa-
METPOB, CBA3aHHHIX C NAaCCATHHIMH JHBHAMM.

[IpoBepaAnocs COOTHOIIEHNE MEMAY dYacrorolf
X0 M MOJHHIM KOJIMYECTBOM OCagKOB M Oblio
HalileHO, YTO OHO BHIIOJHAETCH OY€Hb XOPOLIO.
Takoll aHaJIU3 MOJIE3€H AJIA ONpefeSIeHNA KOJu-
4ecTBA OCAJKOB Hajl cymleit u okeaHOM BGIM3H
Tapafickux o0-poB, Fie Maja NJOTHOCTbH CETH
OCAIKOMEPOB.

YacToTa 9X0 JaHHOrO [UaMeTPa KAK QYHKUMA
paccrogHuA Opliia nporabynmpoBaHa OTHAEILHO
Ana HabmofeHui Haj cywel M Hax Bomoi. U3
3TUX [AaHHBIX cJefyeT, YTO 4acTOTAa 3X0 HAaj
eguHuLed niaomaan Hax cyuest Goabie, YeM Hag
BO#Oit. 9TO CBASLIBAETCA ¢ paspylleHHEM pery-
JAPHHIX JUHMA WJIM TMOJIOC JUBHEHR 110 Mepe UX
MPOABIUKEHUA BHYTDb cylu. B [onoaHenue,
CYIeCTBYET 33MeTHOEe YMeHbIlUeHNe YaCTOTH X0
C paccToAHUEM. OITO YMeHbIlIeHHEe He MOMKeT

ObiTh  00bACHEHO ocialiieHMeM OTpPAMEeHHOro
CHrHaJIa O pAacCTOAHUMEM uJIM arMocdepHOI
pedbpakuueii.

Waydanach cBA3L MeMIy RABUKEHUFAMU DXO0 M
maccaraMu. PesyabTaTHl IOKa3LIBAIOT, 4TO pa-
AMOIOKAUMOHHBIE 3X0 MMEIOT TeHIEeHUMIO JBH-
raercsi BIPaBO OT HAmpaBJieHUWA BeTpa CO CKO-
POCTAMM, HECKOJIBKO GOJBIINMM, YeM CKOPOCTH
BETPA B lAHHOM MecTe.

IlpexcraBieHo HeCKOJbKO NPUMEpPOB (OTO-
rpadun  UKO, wuamocTpuryomux TanuyHble
pacnpepelleHMsa OTpaskeHHBIX cHrHanoB. Ilo-
Ka3aHbl Takxe QororpadMm CUrHaIOB OT Me30-
CHCTEMBl ¥ 9X0, CBA3AHHHIX C I'DO30I.

Paanonoxarop GPG-1 pasMeInajca Ha BEICOTe
2100 M Ha nNoxBeTPEHHOM CKJOHe BYIKaHa
Mayna Hea. Oyenp Malo NHOJE3HBIX JaHHBIX
OBIJIO MOAYYEHO C ero MOMOIUbLI0, IOCKOJIbKY B
3TOM MecTe CYLIeCTBYIOT HeGjaronpuATHbe (AJa
70K feit) TpaaueHTH, CBAA3aHHble C MHBepCcHed B
maccarax. Jlaerca mpumep, AJAA KOTOpPOro myTh
pacnpocTpaHeHUA Jyda ObI yBeJWyeH, a 4yB-
CTBHTENBHOCTh TIOHMWKeHa 6Jarogapa CyuecTso-
BaHMI0O TPafUCHTA MOKA3aTeJA MPEeJOMIEHHUA.
9T0 MecTO ObJIO BCKOpE OCTABIEHO AJA GOJb-
well KoHNEHTpaluu ycuauit B paGoTe ¢ JoKa-
Topom M-33.
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