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ABSTRACT

A comparison has been made between the auroral orientation curves and the auroral
oval determined from the occurrence of the aurora. It has been found that the auroral
orientation curve crossing the midnight meridian at 67° corrected geomagnetic latitude
is located within the auroral oval. The largest difference between the location of the
auroral oval and the 67° curve occurs in the morning hours and it has been argued that
the auroral orientation curve gives a better definition of the true auroral oval in this
time interval. The auroral orientation curves have also been related to the hydrogen
emission and it has been found that the 66° curve of auroral orientation represents the
oval of hydrogen emission except in the morning hours, where the data are ambiguous.

Introduction

Since Nikolskii (1947) pointed out explicitly
that geomagnetic activity is distributed in the
form of a spiral, a number of upper atmospheric
phenomena have been reported to appear in
spiral patterns. The very extensive data col-
lected during the IGY made it possible to take
averages of upper atmospheric data over shorter
periods than a day with a reasonable accuracy
and it also became possible to investigate the
structure of the auroral zome. Oguti (1963),
among others, summarized the results of work
on spiral patterns. He concluded that most of
the spirals would be grouped in two zones.
Firstly, the loci of night E-layer, hydrogen
emission and broad bay-type geomagnetic
disturbances may correspond to precipitation
zones of protons in the exosphere, and secondly
that loci of a- and f-type Es, ordinary green
aurora and sharp negative bays correspond to
precipitation zones of electrons. Piddington
(1965) studied mainly the results reported on
auroral morphology, and he concluded that the
particles causing the aurora and associated
phenomena could be grouped into three zones.
Zone 1 lies between parallels of geomagnetic
latitude 63° and 73° and is related to radio
absorption, blackouts X-ray events and mantle
aurora. Zone II overlaps Zone I near midnight
but extends poleward beyond 80° near noon, and
consists of descrete visual aurorae, Es, spread-F,

magnetic agitation and H,. Zone III falls within
Zone II and is the region of polar cap aurorae.

In this study the ovals of the instantaneous
occurrence of visible aurora and hydrogen
emission will be related to the curves based on
the orientation of the auroral arcs, as it may be
expected that these phenomena are closest
related. But from what has been said above the
result may have same significance for other
upper atmospheric parameters such as sporadic
E and bays. It was pointed out by Akasofu &
Kimball (1964) that the auroral arcs constitute
the basic auroral form with superimposed small
scale structures, and that auroral arcs may have
a very long east-west extension and follow the
instantaneous auroral belt (cf. also Khorosheva,
1962; Feldstein, 1964). Therefore the auroral
oval may be expected to be closely related to
the orientation curves of the auroral arcs
determined by Gustafsson (1967).

It is only during the last few years it has been
recognized that the centered dipole approxima-
tion of the earth’s magnetic field is insufficiently
accurate for quantitative analyses of geophysical
phenomena which are controlled by the geo-
magnetic field. Mayaud (1960) and Hakura
(1965) made useful world maps based on the
calculations made by Hultqvist (1958) of the
geomagnetic field lines taking into account the
first five spherical harmonic terms of the geo-
magnetic field. These coordinates are called
corrected geomagnetic coordinates by Hakura.
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Fig. 1. A polar plot of the auroral orientation curves
a8 a function of corrected geomagnetic time and
latitude. The short lines indicate the direction of the
auroral arcs.

Cole (1963) made maps of the eccentric dipole
system which correspond quite well to the
system of corrected geomagnetic coordinates.
The difference in latitude is usually less than
+2 degrees for the stations which have been
used and the difference in time between the two
systems is less than +43 min except for a few
degrees of latitude close to the pole.

The auroral orientation curves

Information on the direction of the auroral
arcs, mostly based on all-sky camera data
during IGY, was collected and organized (cf.
Gustafsson, 1967) in a geomagnetic coordinate
system, corrected by the higher order spherical
harmonic terms. The data from the stations
lying at almost the same corrected geomagnetic
latitude (regardless of hemisphere) were grouped
together giving 9 different latitude groups
between the latitudes 61 and 90 degrees. By
means of interpolation between the latitude
groups, information was gained about the
direction of the auroral arcs over a continuous
latitude range from 61 to 90 degrees. Integration
between the measured values gave the orienta-
tion curves of the auroral arcs over the polar
region. Fig. 1 shows a polar diagram in cor-
rected geomagnetic latitude and time, in which
8 different orientation curves have been shown.
The direction of the auroral arcs for each
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latitude group has also been indicated for each
40 min interval.

The most striking feature of the auroral
curves is that they are all furthest from the pole
at midnight (within the range which has been
investigated). There is also an asymmetry be-
tween 06 hours and 18 hours which amounts to
4 degrees at the latitude of the aurcral oval.
The dawn—dusk asymmetry is largest in the
centre of the oval and decreases on both sides.
It has been estimated (cf. Gustafsson, 1967)
that the auroral orientation curves mentioned
may be in error by a few degrees of latitude at
the most, due to the integration errors, except
at noon and midnight above a latitude of 78
degrees where too few data are available and the
error may be greater. The change of the arcs’
direction is large at about 78° of latitude. This
introduces some uncertainty in this region,
especially at night time.

The auroral orientation curves
and the ovals of auroral occurrence

It was pointed out in the introduction that a
close relation could be expected between the
auroral oval and the auroral orientation curves.
A comparison between the results published by
Feldstein {1964a, b), Malville (1964), Lassen
(1963), and Sandford (1964) shows (cf. Fig. 2)
that the maximum of the auroral oval lies on the
67° curve of auroral orientation in the interval
14 to 00 hours corrected geomagnetic time,
within the accuracy of measurements. The
curve which crosses the midnight corrected
geomagnetic meridian at 67° is called the 67°
curve.

In the interval from 4 to 10 hours corrected
geomagnetic time there is a large spread of the
maximum of occurrence frequency. The data
published by Sandford (1964) (relating to
measurements originally made by Grodon) and
Malville (1964) have been included in Fig. 2. It
can be seen that the difference between the
maxima is as large as 9 degrees of latitude for
certain hours. If the location of the maximum
is measured in the reference frame of the
auroral orientation curves, the mean curve for
Sandford’s data is the 68.0° curve and for
Malville’s data the 65.8° curve in the 4 to 10
hour interval. However, it has not been possible
to convert the data published by Sandford
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Fig. 2. The auroral orientation curves and auroral ovals from different sources. (The radar measurements

by Leonard (1962) have also been included.)

which are given in auroral latitude into cor-
rected geomagnetic latitude, but it has been
pointed out by Sandford (1964) that the dif-
ference between the auroral latitude and the
eccentric dipole latitude is small. The difference
between the eccentric dipole latitude is less
than 2.0 degrees for most of the auroral stations.
Therefore it may be expected that the mean
value for Sandford’s data is the 68.0° +0.5°
curve the uncertainty arising from the co-
ordinate system.

Lassen (1963) reported measurements for the
northern hemisphere which closely agree with
Malville’s results. The centre of the auroral oval
determined by Feldstein (1964) is between the
66° and 67° curve at all longitudes for both the
northern and the southern hemisphere.

The reason for the spread of the maximum
during daytime is probably that it is difficult
to define the maxima of the curves of auroral
occurrence as a function of time. They are
rather flat from 06 to 18 hours, which is a
natural consequence of the fact that stations
located at a corrected geomagnetic latitude of
75° to 78° are within 2 latitude degrees from the
center of the auroral oval during this period of
time. The measuring technique also introduces
some difficulties which will influence the
results. The frequency ot ocecurrence is measured

at a certain level of auroral intensity and this
level may differ from station to station thus
introducing an error when they are compared.
This effect may be expected to be greatest in
the morning because the aurora is usually weak,
diffuse and widespread at that time.

The above difficulties do not affect the
determination of the orientation of the auroral
arcs. The auroral orientation curves may,
therefore, be better defined than the auroral
oval obtained from the frequency of occurrence
of the aurora.

During the time interval 20 to 04 hours cor-
rected geomagnetic time and for stations in the
latitude region 67 to 73 degrees, a similar
situation to that above occurs because the
stations are close to the center of the auroral
oval for several hours around midnight (cf.
Malville, 1964). It is usually impossible to
define & maximum of auroral occurrence after
midnight in the presence of the large maximum
before midnight.

The latitude region from 80° to 90° is a region
where the orientation of the auroral ares is dif-
ferent from that of the auroral oval region.
However, it is interesting to note that in this
region, the distance between the auroral
curves and the auroral oval is shortest at the
time when polar stations have maximum oc-
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Fig. 3. Lower curve: Occurrence of the aurora at
Resolute Bay. Upper curve: Distance between the
orientation curve through Resolute Bay and the 67°
curve.

currence of aurora. Fig. 3 shows the occurrence
of the aurora at Resolute Bay (after Davis,
1962a and b) and the distance from the orienta-
tion curve through Resolute Bay and the 67°
curve as a function of time. It can be seen from
Fig. 3 that the correspondence between the
maximum of auroral occurrence and the
distance between the station and the auroral
oval is good. The same relation also holds good
for Alert and Thule. In Fig. 4 the 67° curve has
been drawn and for the latitude range 80° to 90°
the points which are closest to the 67° curve for
each latitude circle have been plotted (cor-
responding to the minimum distances discussed
in Fig. 3). It can be seen that in the morning
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places at about 80° of corrected geomagnetic
latitude are closest at about 0830 hours and
places closer to the pole at about 06 hours. In
the afternoon locations at about 80° corrected
geomagnetic latitude are closest at 1500 hours
whereas regions nearer the pole are closest at
1800 hours. The measurements of the maxima
of auroral occurrence which are also included
in Fig. 4 show a similar pattern. The above
relation, where stations close to the pole are
nearest to the auroral oval at the time of
maximum occurrence of aurora, indicates that at
least a large part of the aurorae at these latitudes
are closely related to the aurcral activity in the
auroral oval. This is somewhat surprising
because it is well known that the aurorae above
80° of latitude are negatively correlated with
the magnetic activity in the auroral oval. The
occurrence of aurorae above 80° is small except
during quiet magnetic conditions and the
auroral oval has smaller dimensions than usual
at this time but it may still have approximately
the same shape, and the above relation may
have some meaning in this case.

The mantel aurora (cf. Sandford, 1964) seems
to have very little influence on the curves for the
frequency of occurrence of the discrete aurora
as measured by all sky cameras. Such a good.
correlation between the auroral oval and the
orientation curves could otherwise not be
expected.
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Fig. 4. The two diurnal maxima of auroral occurrence have been drawn for a number of stations above 80°
corrected geomagnetic latitude. The full line means the two diurnal minima between a station at a latitude

above 80° and the 67° curve.
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Table 1

oo® 03" o06% 16° 18® 20"

Eather &

Sandford — 67.2 68.0 66.0 67.5 66.8
Montalbetti &

McEwen 65.0 66.3 65.6 655 66.0 65.5
Yevlashin 64.0 63.5 63.0 64.7 64.6 64.9

Auroral orientation curves
and the occurrence of hydrogen emission
and other upper atmospheric phenomena

A comparison between the hydrogen emission
and the auroral orientation curves cannot be
made in great detail because too little is known
about the morphology of the hydrogen emission.
Eather & Sandford (1966) made an investiga-
tion of the hydrogen emission at Mawson (ec-
centric dipole latitude —71.0°, corrected geo-
magnetic latitude —70.6°), Scott Base (ecc. lat.
—75.4°, corr. lat, —74.7°) and Hallett (ecc. lat.
—76.0°, corr. lat —77.8°). They also converted
the results obtained by Montalbetti & McEwen
(1962) and by Yevlashin (1963) into eccentric
dipole coordinates. A summary of their results
has been given in Table 1 where the centre of the
published hydrogen ovals have been given in
corresponding auroral orientation curves for
different corrected geomagnetic times along the
oval (e.g. 67.2 means the auroral orientation
curve which is located at 67.2° of corrected
geomagnetic latitude at midnight).

The table shows that the H-oval by Eather &
Sandford is equatorward of the 68° curve (at all

times when a comparison could be made) which
4
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was the auroral orientation curve giving the
best fit to the auroral oval in the morning by
Sandford (1964).

The two other ovals are always equatorward
of the 66.3° curve. This can be compared with the
auroral oval described by Feldstein (1964) which
was centred around the 66.5° curve (see Section
3 of this report). From the above comparison
it is found that the H-oval can be represented
by an auroral orientation curve which is about
one latitude degree to the equatorward side of
the auroral oval at midnight, i.e. the 68° curve.

It is generally agreed that the H-oval is
equatorward of the auroral oval before mid-
night but for the time interval after midnight
some investigators have argued that the H-oval
is on the poleward side of the auroral oval. It
was mentioned in section 3 that this is a region
where the uncertainty of the location of the
auroral oval is large and Rees et al. (1961) found
that it is difficult to trace the relation between
the auroral oval and the proton emission during
the morning hours.

An investigation has been carried out in order
to study the relation between the southern
border of the two emission lines 14861 A and
45577 A. Recordings made by photometers at
Kiruna during a two-year period have been
analysed. A total number of 40 clear nights with
aurora have been studied individually. A
typical case has been shown in Fig. 5. The
location of the southern border (measured at an
arbitrary intensity level) has been shown for the
25577 A and the 14861 A emission lines, for
three consecutive nights, namely 20-23 January
1966. For comparison the 64° curve of auroral
orientation has also been included. The figure
illustrates the fact that the southern border of

%
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Fig. 5. Southern border of Hg and 15577 A emission as a function of corrected geomagnetic time and

latitude.
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Fig. 6a—c. Intensity distribution of the 45577 A and
24861 A lines as a function of latitude and time.
The intensity is plotted in a logarithmic scale.
Intensity 2 means two times intensity 1.

the two phenomena varies sometimes indepen-
dently. At 03 hours January 21 the 15577 A
border had moved 2 degrees southwards
during the last two hours, while the 14861 A
border remained at the same latitude or moved
northwards. The same effect occurred at 02
hours on January 22. The latitude distribution
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Fig. 7. The ratio between 1(4861 A) and 1(5577 A)
as a function of time for 1.5° north and 1.5° south of
Kiruna.

for corresponding time intervals of the 45577 A
and 24861 A lines has been shown in Fig. 8a—c.
The relative intensity has been given as a
function of time along the geographic meridian
through Kiruna from 3° of latitude north to 3°
south. It can be seen that the maximum of the
intensity of the green line is always to the north
of Kiruna. The Hg-line has its maximum to the
south of Kiruna between 16-18 hours UT and
probably also between 04-05 hours, but during
the time interval 20-02 hours the two inten-
sity profiles are very similar in shape. It is
interesting to compare the ratio I(4861 A)/
1(5577 A) for a 2 degree wide latitude interval
centred 1.5° North of Kiruna and I(4861 A)/
I(5577 A) for an identical latitude band centered
1.5° South of Kiruna as a function of the time of
day (cf. Fig. 7). The two ratios differ by a fairly
constant value during the whole night and they
do not indicate that the hydrogen emission
changes its position relative to the 45577 A emis-
sion in the morning hours. The ratio between
the two curves of Fig. 7 is dependent both on the
shape of the cross section of the two ovals and
their location in latitude. The cross section of
Fig. 7 is however, based on material which is
too limited to make a conclusive quantitative
calculation. The mean values were derived from
11 nights or more (up to 40). Another difficulty
is that it is not known how much electron
excited aurora contributes to the emission of
Hpg. The variation between the southern borders
of the two phenomena is not necessarily related
to the variation of the centres of intensity of the
two ovals. They may expand in different ways.
Montbriand & Vallance Jones (1962) reported
that the hydrogen oval has its peak intensity
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along a wide arc near its equatorward border,
while the auroral oval usually shows arc
structure on the poleward side (cf. Davis &
DeWitt, 1963). Therefore it is necessary to know
the cross sections of the two phenomena as a
function of latitude and time in order to deter-
mine the relative location of the two ovals.
These cannot be obtained from a single station
such as Kiruna (at 64° of corr. geom. latitude)
because a latitude range of about 6° only can be
covered.

The radio aurora and the visible aurora seem
to be closely connected (cf. Leonard, 1962).
Leonard used five auroral radars in Alaska and
gave a diagram of the occurrence of radio
aurora as a function of time and latitude. His
data showed a large amount of scattering
except in the time interval 03 to 10 hours
(corrected geomagnetic time) where his data
closely follow the 66° curve of auroral orienta-
tion (cf. Fig. 2).

It was mentioned in section 3 that the largest
difference between the location of the auroral
oval and the 67° orientation curve occurred in
the time interval 04 to 10 hours corrected geo-
magnetic time. It has been found that the
auroral orientation curves are closer to the pole
in the morning than in the evening hours, but
the auroral oval was asymmetric in the opposite
direction. This may be compared with the
location of the auroral electrojet as measured
with the OGO-2 satellite by Langel & Cain
(1967). They found that the position of the
eastward electrojet at 1530 hours local time was
more southerly than the westward electrojet at
0500 hours local time. Therefore, the electrojet
seems to show the same asymmetry as the
auroral orientation curves.

Satellite measurements of low energy protons
and electrons have been made by e.g. Sharp
et al. (1967). They measured the precipitation

round midday and midnight. They found that
the daytime precipitation was located in two
distinct zones of invariant latitude, as compared
with one well defined zone at night. As they
measured only two cross sections of the auroral
oval their data can be interpreted as two
auroral ovals: one at about 70° of invariant
latitude and one oval which is located at 70°
at night and at 77° at noon or, alternatively,
with an oval which has a spiral shape. The
auroral orientation curves do not show any
tendency towards a spiral structure and it is
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therefore difficult to believe that the auroral
oval has a spiral shape. The oval of proton
aurora may appear to have a spiral shape as a
result of the morphology of the proton aurora
not being too well known. Johnson (1966)
reported from the same experiment that at 23
hours local time the precipitation of protons
was always to the equatorward side of the
precipitation region for the electrons.

Conclusions

A comparison has been made between the
auroral orientation curves and the auroral oval
determined from the occurrence of the aurora.
It has been found that the 67° orientation
curve (crossing the midnight meridian at 67°
corrected geomagnetic latitude) is located within
the auroral oval. However, the largest deviation
occurs in the time interval 04 to 10 hours cor-
rected geomagnetic time. The auroral orienta-
tion curves show an asymmetry in the dawn-dusk
direction. They are about 4° closer to the pole
at about 06 hours compared with 18 hours. The
auroral oval has been located at different
latitudes by different investigators in the time
interval 04 to 10 hours corrected geomagnetic
time. But the ovals which have been used for
comparison here show no asymmetry or an
asymmetry in the other direction. However it is
difficult to estimate the auroral oval from the
frequency of occurrence of the aurora in this
time interval. Therefore, it is probable that the
67° orientation curve gives a better definition
of the auroral oval in this time interval.

For a station in the latitude region 80° to 90°
corrected geomagnetic latitude it has been
found that the maximum of auroral occurrence
occurs at the time of the day (very close to the
pole this means at 06 and 18 hours) when the
station is closest to the 67°-orientation curve.
This indicates that the arcs in the polar region
are of the same origin as the aurorae in the
auroral oval.

The location of the auroral orientation curves
in relation to the emission of hydrogen has been
studied for a number of separate events and
with statistical data. It has been found that the
oval of hydrogen emission may be represented
by the 66° orientation curve. However, the
data are ambiguous in the morning hours. It is
necessary to make photometer measurements of
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a cross section of the auroral oval over a long
time interval in order to draw a firm conclusion.

Acknowledgement

The author is indebted to Professor Bengt
Hultqvist for suggestions and helpful discus-

859

sions of this work. It was supported by grants
from the Swedish Natural Science Research
Council.

I would like to thank Mr. Albin Bjérnstrom
for the reduction of the data and Mrs. Christina
Lindgren for secretarial help.

REFERENCES

Akasofu, S.-I. & Kimball, D. S. 1964. The dynamics
of the aurora. I. Instabilities of the aurora. J.
Atm. Terr. Phys. 26, 2056-211.

Cole, R. D. 1963. Eccentric dipole coordinates.
Austr. Journ. Phys. 16, 423-429.

Davis, T. N. 1962. The morphology of the auroral
displays of 1957-1958. 1. Statistical analyses of
Alaska data. J. Geophys. Res. 67, 59-74.

Davis, T. N. 1962. The morphology of the auroral
displays of 1957-1958. 2. Detail analysis of Alaska
data and analyses of high-latitude data. J.
Geophys. Res. 67, 75-110.

Davis, T. N. & DeWitt, R. N. 1963. Twenty-four
hour observations of aurora at the southern
auroral zone. J. Geophys. Res. 68, 6237-6241.

Eather, R. H. & Sandford, B. P. 1966. The zone of
hydrogen emission in the night sky. Aust. Journ.
Phys. 19, 25-33.

Feldstein, Y. I. 1964. Auroral morphology. I. The
location of the auroral zone. Tellus 16, 252-257.

Feldstein, Y. I. 1964. Auroral morphology. II.
Auroral and geomagnetic disturbances. T'ellus 16,
258-267.

Gustafsson, G. 1967. On the orientation of auroral
arcs. Planet. Space Sci. 15, 277-294.

Hakura, Y. 1965. Tables and maps of geomagnetic
coordinates corrected by the higher order spherical
harmonic terms. Rep. Ionosph. Space Res. Japan
19, 121-157.

Hultqvist, B. 1958. The geomagnetic field lines in
higher approximation .Arkiv f. Qeofysik 3, 63—77.

Johnson, R. G. 1966. Reported at NATO Advanced
Study Institute at University of Keele.

Khorosheva, O. V. 1962. The diurnal drift of the
closed auroral ring. Geom. deronomy 2, 839-850.

Langel, R. A. & Cain, J. C. 1967. OGO-2 Magnetic
field observations during the magnetic storm of
March 13-15, 1966. Part 2: The polar electrojet.
GSFC Report X-612-67-473.

Lassen, K. 1963. Geographical distribution and

Tellus XXT (1969), 6

temporal variations of polar aurorae. Det Danske
Meteorologiske Institut Meddelelser No. 16.

Leonard, R. S. 1962. Distribution of radar auroras
over Alaska. Ji Geophys. Res. 67, 939-952.

Malville, J. M. 1964. Diurnal variation of high-
latitude auroras. J. Geophys. Res. 69, 1285-1292.

Mayaud, P. N. 1960. Un nouveau systéme de co-
ordonnées magnétiques pour 1’étude de la haute
atmosphére: les coorddonnées de I'amneau
équatorial. Ann. Qéophys. 16, 278-288.

Montalbetti, R. & McEwen, D. J. 1962. Hydrogen
emissions and sporadic E-layer behaviour. J.
Phys. Soc. Japan 17, Suppl. Al, 212.

Montbriand, L. E. & Vallance Jones, A. 1962,
Studies of auroral hydrogen emissions in west-
central Canada. 1. Time and geographical varia-
tions. Can. Journ. Phys. 40, 1401-1410.

Nikolskii, A. P. 1947. Dual laws of the course of
magnetic disturbance and the nature of mean
regular variations. Terr. Magn. and Atm. Elec. 52,
147-173.

Oguti, T. 1963. Inter-relations among the upper
atmosphere disturbance phenomena in the auroral
zone. II. Spiral pattern of the polar aeronomical
disturbances. Geophys. Notes 16, 363—-386.

Piddington, J. H. 1965. The morphology of auroral
precipitation. Planet. Space Sci. 13, 565-577.

Rees, M. H., Belon, A. E. & Romick, G. J. 1961.
The systematic behaviour of hydrogen emission
in the aurora. I. Planet. Space Sei. 5, 87-91.

Sandford, B. P. 1964. Aurora and airglow intensity
variations with time and magnetic activity at
southern high latitudes. J. Atm. Terr. Phys. 26,
749-769.

Sharp, R. D., Johnson, R. G. Shea, M. F. & Shook,
G. B. 1967. Satellite measurements of precipitating
protons in the auroral zone. J. Geophys. Res. 72,
227-238.

Yevlashin, L. 8. 1963. Some patterns of behaviour
of auroral hydrogen emission. Geom. Aeronomy 3,
405-408.



860

GEORG GUSTAFSSON

KPUBBLIE OPUEHTALIVN MTOJAPHBIX CUAHUN 1 ABPOPAJILHBINI OBAJI

Ilponaseaeno cpaBHEHNE Me Iy KpUBHMMU OpUeH-
TALUK NOJTAPHHX CUAHHUHR M ABPOPAJTHBIM OBAJIOM,
ONPENEeNIeHHRM II0 MEeCTaM NOABJEHUA IMOJAD-
HHX cuanuit. Hatigeno, 4To KpuBaAg opHeHTAIMA
NOJAPHHX CHAHMHA, NMepeceKad MOJYHOUYHBLIH Me-
puauan npu 67° mognpaBieHHOW reoMarHHTHON
IIUPOTH, MOMEINAETCA BHYTPHM aBPOPAIBLHOIO
osana. Haubonbwana pasHMIA B MECTONOJOKe-
HMAX 0BaJIa M KPHUBOH opueHTanuu npu 67° Ha-
OJ101aeTcA AIA yTPEHHUX YacoB. BrickasbiBaerca

MHEHME, YTO KPMBHE OpHEHTAllUM HAK0T Jy4liee
onpepesieHe UCTHHHOIO OBAJa MOJAPHHX CHA-
HUI B 5TOT HHTEPBAJ BpeMeHu, Hpusrie opuenTa -
nun ObLIM COOTHECEHB TaKMKe C MecTaMH MoABJe-
HUA BOJOpOXHOM »sMuccum u Onliio HaligeHo,
YTO KpHUBaA aBpopalbpHOl opueHTaluu npm 66°
NPEeACTABIAAECT OBAJ AJIA BOJOPOJHON 3MICCHH B
4achl, KpoMe YTPeHHUX, KOTrAA NAHHHE MPOTHBO-
PeYHUBHL,
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