Tellus (1980}, 32, 500-510

Atmospheric energy fluxes over Europe

By M. ALESTALO and E. HOLOPAINEN, Department of Meteorology, University of Helsinki,

Hallituskatu 11-13, 00100 Helsinki 10, Finland

(Manuscript received February 1; in final form April 14, 1980)

ABSTRACT

Horizontal fluxes of atmospheric energy (sensible and latent heat, potential and Kinetic energy)
are computed at European aerological stations between the surface and the 150 mb level for the
period 1974-1976. The fluxes are divided into their mean flow and transient eddy contributions.
The main emphasis is given to the computed transient eddy fluxes and their physical and
synoptic interpretation.

The vertically integrated transient eddy fluxes of sensible heat and latent heat are essentially
down-gradient and reflect the “mixing™ caused by the large-scale atmospheric turbulence.

The transient eddy flux of sensible heat in the upper troposphere over western Europe in
winter is found to be southward and up-gradient. By using a simple averaging technique it is
shown that this up-gradient flux is due mainly to fluctuations with a period of less than 1 month.
A synoptic example is presented showing a large-amplitude wave, typical in situations when
formation of cut-off lows and shearlines takes place in the upper troposphere. In this case there is
a negative spatial correlation between temperature and the meridional wind component. This
kind of phenomenon, which is common over western Europe, is at least partially responsible for

the observed up-gradient component of the sensible heat flux by transient eddies.

1. Introduction

Much attention has been paid to the evaluation
of atmospheric fluxes of energy, momentum, and
moisture in the zonally averaged scheme during the
past decades. The most comprehensive docu-
mentations of these statistics are those of Qort and
Rasmusson (1971) and Newell et al. (1972, 1974).

Recently, however, effort has been put into the
evaluation of atmospheric statistics for smaller
scales. The spectral dependence of these statistics
on different space and time scales has also become
an object of study. The works of Blackmon (1976)
and Lau (1978) are examples in this direction. This
new approach is essential because local
atmospheric conditions may differ considerably
from the zonal average.

Following the latter approach, some charac-
teristic features of the atmospheric energy fluxes
over Europe are presented in this study. They are
based on twice daily radiosonde data for 3 years
(1974-1976) between the surface and the 150 mb
levels. The main emphasis is placed on transient
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eddy fluxes. The fluxes are presented in vector
format and their relations with the horizontal
distribution of some relevant quantities are
discussed.

An interesting phenomenon that has recently
received attention is the observed southward
transient eddy flux of sensible heat in the upper
troposphere over western Europe (and western
North America). Its existence was shown originally
by Priestley (1949) and has later been discussed by
Speth (1978), Lau (1978) and Opsteegh and van
den Dool (1979). A rough time-spectrum of this
flux in the vicinity of the tropopause is studied in
this paper by dividing the total flux into
components arising from the fluctuations, the
period of which is shorter/longer than a month. At
the end of the article a synoptic interpretation of
the southward flux is suggested with reference to
atmospheric phenomena as found on synoptic
charts.

Choosing Europe as the computational area
allows the use of one of the densest parts of the
global aerological observation network. The fact
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that many types of radiosondes are used in this
area, leads to spurious systematic temperature and
height differences in the upper levels between
stations (Spackmann, 1978). However, these
differences have hardly any effect on the transient
eddy statistics discussed here.

2. Method

The time—mean total flux of a quantity, s, may be
divided into a component associated with the mean
motion and a component associated with transient
motions:

SV=sV+5V/, (1
where the bar denotes time-mean value and the
prime a deviation from this (v denotes the
horizontal velocity). The transient eddy flux,
evaluated at a certain station and at a certain
pressure level, roughly includes the effect of all
fluctuations longer than the period between
successive observations and shorter than the
averaging period.

In order to make an approximate study of the
spectrum of the transient eddy fluxes, the total
covariance is divided into two parts

2
where the wavy bar denotes a monthly mean value
and the double prime a deviation from this. The
first right-hand side term (i.e. the covariance of the
monthly mean values) roughly includes the con-
tribution of fluctuations with periods longer than a
month, and the second right-hand side term the
contribution of fluctuations shorter than a month.

For the sake of brevity, the following symbols
are used hereafter

oyl — &t Y
sSv =¢g'vi+s'V,

ps dp
Fg= f ¢, Tv— (flux of sensible heat)
1

50 g

Ps dp .

Fp= ®dv— (flux of potential energy)
150 g
Ps dp

F,= Lgv— (flux of latent heat)
150 g
Ps

Fy= kv— (flux of kinetic energy)
150 g
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(The notation is conventional.) We can thus
write the vertically integrated horizontal
atmospheric energy flux /, at any moment as

Fo=Fg+ F + Fp+ Fyg. 3)
We further denote
F=p 4, @

where F refers to the time-mean flux, ™ to the flux
due to the mean flow and F7 that due to the
transient eddies.

3. Preparation of data

The basic material for this study was received
from the Swedish Meteorological and Hydrological
Institute, where original temperature, humidity,
geopotential and wind data from the Northern
Hemisphere were collected and stored on magnetic
tapes. The aerological stations, for which energy
fluxes were computed, are seen in Fig. 1, which
actually shows the availability of wind observations
at 300 mb for the whole 3-year period; the numbers
slightly exceed the corresponding numbers reported
by Kung (1966) in his investigation of the kinetic
energy balance for North America.

The data were available for geopotential, tem-
perature. dew point deficit, wind direction and speed
at standard and significant levels between 1000 and
150 mb. From the original files new ones were
generated consisting of geopotential, temperature,
specific humidity and zonal and meridional wind
components at the following levels: the surface,
1000, 950, 900, 850, 800, 700, 600, 500, 400, 300,
200, and 150 mb. The values at levels 950, 900,
800 and 600 mb were interpolated. A detailed
description of the interpolation technique is given in
Alestalo (1979).

In the next stage of data preparation the obvious
errors due to coding, telecommunication and other
causes were manually eliminated by inspecting
monthly values of the standard deviation of
geopotential, temperature, specific humidity and
wind components and listing values departing more
than three standard deviations from the corre-
sponding mean value. Finally, the wind
observations were checked in order to eliminate
unrealistic wind shears by defining upper limits for
the shear in every layer.
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Fig. 1. The percentage of available wind observations at 300 mb for the period 1974—1976. The underlined numbers

refer to stations with only one observation a day.

The calculations made with the basic data
consisted of computations of monthly, seasonal,
and annual statistics for aerological stations in Fig.
1. At each level the following quantities were
determined:

Number of Time mean and
observations  standard deviation  Fluxes
N(z) 7, 0(2)
N(T) T, o(T)
N(q) q, 0(q) —
N(z,v) 2, 6°(2) V. 2V, 'V’
N(T,v) T'. 0*(T) TV, TV, TV
N(g,v) q*, a4(q) Iy FuaV
NW) i, o(u) ul, it u'l

¥, o(v) V2, 0%, 072

k, a(k) kv, kv, kv

Here the upper index “v” for a quantity refers to
simultaneous observations of that quantity and
wind. At the European radiosonde stations, wind
observations in the upper layers are absent more
often than those for temperature and height.

Therefore, for example, N(T,v) is typically smaller
than N(T) and 7° is not exactly the same as T,
although the differences are not very large. For the
partitioning of the flux according to eq. (1) the
difference can be significant, however.

4. Vertically-integrated energy fluxes

4.1. Annual-mean conditions

The areal distribution of the vertically integrated
annual-mean total flux of energy F, (Fig. 2a)
strongly reflects the pattern of mean horizontal
wind vectors V. Thus, the pattern of F 4 s
characterized by a zonality and a small trough over
central Europe. For the mean fluxes of the different
energy components (Fg, F,, Fp, Fy, not shown) the
general features are very similar. Differences only
arise due to the vertical distribution of each energy
component depending on whether the lower tropo-
sphere (as in the case of F,) or upper troposphere
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Fig. 2. Mean annual flux of total energy. (a) the vertically integrated annual-mean total flux of total energy (F,,
eq. (3)). The analysis of the vertically averaged total energy, ¢,T + Lg + k, between the surface and 150 mb for the
period 1974—1976 is also shown. Unit of energy: 10 J kg~". (b) As in (a) but for the transient eddy flux of total

energy.

(as in the case of F,) is dominating. Basically, the
similarity between the mean energy flux and mean
velocity reflects the fact that F, is mainly deter-
mined by .

The field of the vertically integrated transient
eddy flux of total energy /7% (Fig. 2b) differs both
qualitatively and quantitatively from that of A%
The flux vectors are generally directed to the north
and are two orders of magnitude smaller than A
vectors. The northward transient eddy flux of the
total energy may be understood as being due to the
characteristic effect of baroclinic waves in mixing
subtropical and polar air. The former is generally
associated in these waves with larger total energies
and northward motion while the latter is
characterized by a negative energy anomaly and
southward flow. Statistically this leads to north-
ward eddy flux of total energy.

A comparison of the computed fluxes over
Europe with zonally averaged conditions for
respective latitudes (e.g. Oort and Rasmusson,
1971) shows striking differences. The meridional
flux associated with the time—-mean motion, quite
important on a local scale, makes only a very small
contribution in the zonally averaged case. This
means that the zonal average of the meridional
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component of /4 at a particular latitude represents
only a small net effect of the conditions which vary
in a wave-like fashion with longitude. Therefore, in
the zonally averaged conditions the transient eddy
fluxes dominate in the middle and high latitudes,
particularly in the annual-mean picture.

If the budgets of atmospheric energy are
considered, the energy fluxes themselves are not as
important as the divergences associated with them.
It appears, as will be shown in a later paper, that
the divergence of energy flux by mean motion is
generally not much larger than that of the transient
eddy flux (see also Behr and Speth, 1977). Thus the
mean-flow fluxes are mainly non-divergent and
typically contain a large eastward flux component
practically everywhere in the midlatitude westerlies.
The splitting of flux vectors into non-divergent and
irrotational parts was not done here because of the
difficulty of specifying suitable boundary con-
ditions (for hemispheric scale this has been done by
Lau and Wallace, 1979). It must also be pointed
out that the non-divergent flux components are not
unimportant: when studying regional budgets of
second-order quantities, such as temperature
variance 7% total fluxes (and not only irrotational
flux components) are needed.
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Fig. 3. Transient eddy energy fluxes in winter. (a) The vertically integrated transient eddy flux of sensible heat in
winter and the analysis of vertically averaged temperature between the surface and 150 mb for the period 1974—1976.
Contour interval is 1°C. (b) As in (a) but for the latent heat flux and specific humidity. Contour interval is 0.1 g kg,
(c} As in (a) but for the potential energy flux and standard deviation of geopotential height o, (=\/zﬁ) (solid line).
Shown also is the vertically averaged geopotential height between the surface and 150 mb (dashed lin¢). Contour .
interval for o, is 10 m and for geopotential height 100 m. (d) As in (a) but for the kinetic energy flux (k'v’). The solid

lines are stream lines of the vertically averaged mean wind.

4.2. Wintertime transient eddy fluxes of energy

The vertically integrated transient eddy fluxes of
all energy components (c, 7T, Lg, gz, k) for winter
(December—February) are given in Fig. 3. To
consider the magnitudes first, FZ is the largest (with
a magnitude of 100-200 MW/m in northern

Europe), F7 and F} are somewhat smaller (about
50 MW/m) and FT is the smallest (about 25
MW /m). The flux 77 is thus made up mainly of FI.

FT and FT (Fig. 3a, b) show rather similar vector
orientation which is characterized by a northward
down-gradient flux and a component from the

Tellus 32 (1980), 6



ATMOSPHERIC ENERGY FLUXES OVER EUROPE

ocean to the land. These fluxes can qualitatively be
understood as resulting from the large-scale mixing
process, acting so as to smooth out the mean
temperature and moisture gradient. As a detail, the
effect of the Mediterranean on the moisture flux is
seen at stations lying on its northern coast: FT
vectors clearly indicate moisture transport by
transient eddies out of the sea area.

The behaviour of the transient eddy flux of
potential energy (Fig. 3c) shows a quasi-parallelism
of FT with the isolines of geopotential variance.
This is due to the predominance of the geostrophic
part of the flux, which can be written

’
;T;=z'(ﬁx£Vz) =LEXVF 5
S 2f

(Lau and Wallace, 1979). Aithough the fluxes are
rather small compared with those of sensible heat
and are generally zonal in character, the zonally
averaged values of z’ v’ (which are entirely due to
ageostrophic motion) play an important role in the
maintenance of low-latitude large-scale eddies
(Holopainen, 1969; Mak, 1969).

The FT vectors (Fig. 3d) approximately parallel
the mean wind vectors. This may be understood by
considering the climatology of the jet streams with
their large value of specific kinetic energy. If the jet
streams tend to have certain preferential directions
(predominantly south-eastward over Europe) the
k'V' vectors will obviously have their main
component in the same direction.

4.3. Summertime transient eddy fluxes of energy

The flux vectors FZ and F7 during summer
(June—August) show (Fig. 4a, b) the same general
down-gradient flux pattern as in winter. The main
difference between winter and summer conditions is
in the direction of the vectors: in summer the fluxes
have a small component from the continent to the
ocean. In northern Europe the flux vectors of
sensible heat are about one-half the magnitude
compared with those in winter. These differences
are basically in accordance with a change in the
baroclinity of the atmosphere over Europe from
winter to summer: the reversal of the land-ocean
temperature contrasts brings about a reversal of the
longitudinal gradient of the mean temperature.

In the case of latent heat the vertical integrals
strongly reflect the conditions prevailing below 850
mb and the effect of the underlying surface is
pronounced. This can be seen in the behaviour of
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the direction of F] vectors, which during winter
(Fig. 3b) show a tendency to west—east orientation
reflecting the land—ocean contrast, especially in
central Europe. In summer, however, the vector
orientation is nearly meridional. This suggests that
the temperature dependence of the moisture
content of the air (and not so much the character of
the underlying surface) dominates /7.

Because the gradients of geopotential height
variance field in summer are smaller than in winter,
it is natural, in the light of eq. (5), that the transient
eddy flux of potential energy (Fig. 4c) also has a
smaller magnitude in summer than in winter. Also
corresponding vectors of kinetic energy flux F%
(Fig. 4d) are smaller in summer than in winter. As
in winter, 7% has also in summer nearly the same
direction as the vertically averaged flow.

5. The anomalous flux of sensible heat by
transient eddies near the tropopause
over western Europe in winter

The meridional component of the transient eddy
flux of sensible heat has received much attention in
the literature because it is the quantity of primary
importance when zonally averaged energy balance
in the middle latitudes is involved. Geographically,
this flux component is characterized by positive
(northward flux) values practically everywhere in
the atmosphere except in the upper troposphere,
where it is negative (southward flux), in certain
longitudinal sectors especially in winter.

The reversal of the sign of T’ v’ at about 500 mb
and the tropopause level at some geographical
locations was first discovered by Priestley (1949),
who used radiosonde observations from one station
in southern England in his study. Later investi-
gations by Peixoto (1960), Newell et al. (1974),
Lau (1978) and Lau and Wallace (1979) based on
larger data sets have confirmed his findings. Lau
(1978), who has used the largest data set so far,
computed the eddy statistics separately for seven
longitudinal sectors in the northern hemisphere
based on NMC analyses for 11 winters. He found
southward heat fluxes between 500 and 250 mb in
the sectors of western continents and, to a minor
extent, in eastern Asia.

The flux vectors 7'v' as computed from our
data are shown in Fig. 5a for 300 mb and in Fig. 5b
for 200 mb. It is seen that a southward or
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Fig. 4. Transient eddy energy fluxes in summer. (a) The vertically integrated transient eddy flux of sensible heat in
summer and the analysis of the vertically averaged temperature between the surface and 150 mb for the period
1974-1976. Contour interval is 1°C. (b) As in (a) but for the latent heat flux and specific humidity. Contour interval
is 0.2 g kg~*. (c) As in (a) but for the potential energy flux and standard deviation of geopotential height o, (=\/ )
(solid line). The vertically averaged geopotential height between the surface and 150 mb is also shown (dashed line).
Contour interval for g, is 10 m and for geopotential height 100 m. (d) As in (a) but for the kinetic energy flux (k'v').
The solid lines are the stream lines of vertically averaged mean wind.

south-eastward flux is present at 300 mb over most
of central Europe, whereas at 200 mb the flux is
predominantly northward as it is in the lower
troposphere (not shown). These findings agree with
those reported by Lau and Wallace (1979) on the

basis of nearly hemispheric (NMC) data; over
Europe, however, our results have much higher
resolution than those by Lau and Wallace.

_ According to Fig. 5a the main component of
T’v' at 300 mb is parallel to the mean isotherms, a
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Fig. 5. The transient eddy flux of temperature (7'Vv') and the field of mean temperature in winter: (a) at 300 mb and

(b) at 200 mb.

situation different from that prevailing in the lower
troposphere and in the vertical average (Fig. 3a).
This flux can be visualized as arising as a result of
fluctuations in a jet stream, with typical associated
frontal structure, in the direction perpendicular to
its axis. On the warmer side of the front in the
middle and upper troposphere, velocity is typically
higher than on the colder side at the same pressure
level. This brings about a positive covariance
between the local fluctuations of temperature and
the wind component parallel to the front. The
southward component of 7’v’ seen in Fig. 5a is
thus partly understandable in terms of the typical
NW-SE orientation (over western Europe) of the
upper-level front, which is naturally also
responsible for the pattern of mean isotherms seen
in Fig. Sa.

The above synoptic interpretation of one of the
basic features of T'v’ seen in Fig. 5a is comple-
mentary to that of Lau and Wallace (1979), who
argued that in the upper troposphere the behaviour
of the transient disturbances is nearly equivalent-
barotropic. This implies that 7' ~ ¢z’ (¢ = a
positive constant) and, further, that 7'v’ =~
(cg/2)k x Vz'? (see eq. (5)). Because 2’2 has a
maximum over the Atlantic west of Europe it is
natural to have a considerable (non-divergent)
component of T'Vv' southward over western
Europe.
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An interesting feature in Fig. 5a is that T'v' at
300 mb has not only a component parallel to the
mean isotherms but clearly also an up-gradient
component, i.e. a component towards higher mean
temperature. The physical processes leading to this
up-gradient flux at certain locations are not yet
thoroughly solved. The problem can be approached
by first investigating what frequencies contribute to
this flux. The partitioning of T'v' at 300 mb for
winter conditions into contributions from periods
shorter than 30 days (“synoptic eddies™) and
longer than 30 days is shown in Fig. 6. According
to this figure it is mainly the synoptic eddy part of
the flux that is directed up-gradient; the low-
frequency part, which is likely to vary con-
siderably from one 3-year period to another, has a
much smaller magnitude and, over eastern Europe,
even a component to the north.

Synoptic conditions, which at 300 mb seem to
favour large negative deviations (from time mean
values) of v and corresponding positive deviations
of T, are the periods when horizontal shear lines
with near-meridional orientation (with a large-
amplitude pressure ridge westward from the shear
line) are found on synoptic charts for the upper
troposphere. In these situations strong northerly
winds are often accompanied by temperatures
which are high in comparison with those found
eastward of the shear line. A warm upper
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Fig. 6. Mean temperature (solid lines) at 300 mb in winter and contributions to the total transient eddy flux of
temperature (see Fig. 5a) from (a) periods shorter than 30 days, (b) periods longer than 30 days.

200 mb

AN
A

Fig. 7. The distribution of stream lines (solid lines) and temperature (dashed lines) on November 2, 1975, 00 GMT,

(a) at 300 mb and (b) at 200 mb.

troposphere is typically connected with a colder
stratosphere and vice versa (e.g. Palmén and
Newton, 1969, ch. 7). Thus, at 200 mb where the
wind structure is essentially the same as at 300 mb,
a positive spatial covariance between T and v is
expected around the shear line.

An example of this kind of situation is given in
Fig. 7 which shows isotherms and stream lines at
300 and 200 mb on November 2, 1975 at 00 GMT
over Europe. At 300 mb (Fig. 7a) a strong
northerly flow is found above the British Isles,
where the temperatures are relatively high
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compared to average conditions in the map area.
Because the temperature wave is in front of the
stream line wave, relatively cold temperatures are
connected with southerly flow to the east of the
shear line. Assuming a rough correspondence
between time—mean and area-mean and the same
for deviations (a kind of Taylor hypothesis), we can
expect from this kind of situation a negative (and
up-gradient) contribution to the transient eddy flux
T7v'. At 200 mb (Fig. 7b) the coldest tempera-
tures are found in connection with northerly winds
and thus a positive spatial covariance between T
and v (and positive contribution to T' v') arises.

The recent studies by Blackmon et al. (1977) and
Lau (1979) on the structure of transient distur-
bances show that these eddies are on the average
characterized by smaller baroclinity in western
continents and adjacent ocean areas than those in
the western parts of the oceans. The westward tilt
of moving disturbances in their active phase (over
the western oceans) is considerably reduced as the
disturbances move eastward and approach their
dissipation phase, and may even reach a stage with
eastward tilt (geopotential wave lagging behind the
temperature wave).

Thus, the longitudinal variation of 7" v’ seems to
depend upon the longitudinal variation of the
typical phase of life cycle of large-scale distur-
bances, as experienced locally. The longitudinal
sectors characterized by upper tropospheric south-
ward transient eddy flux of sensible heat are those
in which typically mature or decaying large-
amplitude upper-levels waves occur, often
connected with “blocking highs”, “cut-off” lows
and shear lines. Berggren et al. (1949) introduced a
schematic model of the “crowding” of decaying
waves over western Europe.

The observed up-gradient transient eddy flux of
sensible heat in the upper troposphere is thus
understandable in terms of a decaying baroclinic
wave with a temperature wave ahead of the stream
line wave, and is thus only one aspect of the decay
process. However, as the example in Fig. 7 and that
provided by Berggren et al. (1949) show, the actual
flow patterns involved are not simple sine waves
but complex non-linear features of the atmospheric
large-scale turbulence.

6. Summary

Atmospheric fluxes of total energy and its
components over Europe have been computed for
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the period 1974-1976. The main results may be
summarized as follows:

(1) The flux associated with the time—mean motion
makes the main contribution to the time-mean
fluxes.

(2) The transient eddy fluxes of sensible and latent
heat reflect the effect of large-scale atmospheric
mixing acting to smooth out the contrasts of
mean temperature and humidity. These fluxes
are thus largely controlled by the local time—
mean baroclinity of the atmosphere.
Up-gradient transient eddy flux of sensible heat
is observed in the upper troposphere above
western Europe. This flux is found to be mainly
due to atmospheric fluctuations with periods of
less than 30 days. An example of synoptic
conditions which statistically lead to a negative
correlation between T and v is presented. This
situation, quite common in western Europe, is
characterized by the existence of large-
amplitude waves and shear lines in the upper
troposphere.

(4) The transient eddy flux of potential energy can
be largely explained in terms of geopotential
variance distribution. This implies that the flux
is essentially determined by geostrophic winds.
The pattern of the transient eddy flux of kinetic
energy is very similar to that of the mean wind
and shows that the jet streams with their large
kinetic energies control this flux. Both of these
fluxes are relatively unimportant from the point
of view of total energy.

(3)

Divergences of the computed energy fluxes,
important for understanding the role of large-scale
atmospheric motion in the maintenance of the
regional energy balance, will be discussed in a
separate paper.
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TIOTOKY DHEPIUY B ATMOC®EPE HAJl EBPOITIOUN

T'opuszoHTanbHele NOTOXH aTMocdepHOM IHEPrHH
(ABHOE M CKpBITOE TEIJIO, NOTEHLMAJLHAS M KHMHe-
THYeCKasg 3HEPTHSA) BHIYMCIAIOTCA HA €BPONEHCKHX
a3POJIOTHYECKHX CTAaHLMAX B CJIOE OT IOBEPXHOCTH
3eMId 10 ypoBHs 150 MOap 3a nepuon 1974-1976 r.r.
OTHenbHO BHMHMCHSIOTCS BKIAABI OT CPENHEro
TedeHHA H OT HeCTALUMOHADHBIX BHXpel. I'naBHBIR
aKLEHT OeNIaeTCs Ha BLIYHCIEHME NMOTOKOB 33 CYET
HECTALMOHAPHBIX BHXped ¥ Ha HX GH3MYeCKy0O H
CHHOLTHYECKYIO MHTepnpeTauuio. CyIeCTBEHHO, 4TO
MPOMHTETPHPOBAHHDIE IO BEPTUKAIM MMOTOKH SBHOTO
M CKPBITOrO TeIUla 3a CYET HeCTAlHOHAPHBIX BHXpel
HaIpaBiIeHbl IO TPAOMEHTy M OTPAaXaeT °‘mepeme-
mHBaHge’’, BhI3BIBAEMOE KpyIHOMacmTabHoOM aTMoO-
cbeprOlt Typ6yIEHTHOCTBIO.

Haiigero, ¥T0 IOTOK SBHOTO TEIUIA 3a CYET HECTa-
LHOHADHLIX BHXpel B BepxHelt Tpomochepe Hax

3amagHoit EBpomoii 3uMO# HampaBlieH XK Iy H
npoTus rpaguenrta. IlyTeM HCIONB30BaHHS NPOCTOH
TEXHUKHA OCPEOHEHHs MOKAa3aHO, YTO 3TOT IMPOTHUBO-
TpaJHEHTHBI HOTOK B OCHOBHOM 00ycrmoBnex
(nyKTyauusMH ¢ NMEpHOAOM MeHble Mecsua. Ilpe-
NCTaBJIEH CHHONTHYECKHH NOpUMEpP, KOraa HMEETCA
BOJHZ C OONBION aMIUTHTYAOM, THNHMYHAA JUIA
CHTyaldd, B KOTOpPO# (GOpMHpPYIOTCS OTCEYEHHBIE
LMKJIOHBI. B 3TOM ciydae HMeeTCs OTpHUATEIbHAs
MPOCTPAHCTBEHHAS KOpPpeAlMA MEXAy TeMiepa-
Typoii W MEpHOMOHAILHONH KOMIIOHEHTOH Berpa.
SIBieHMe TAKOTO THIA, KOTOPOE 4acTo Habmonaercs
B 3amaguoit EBpome, 4aCTHYHO OTBETCTBCHHO 3a
HabnmomaeMyl0 IPOTUBOTPATACHTHYIO KOMIIOHEHTY
NOTOKa SIBHOIO Temna, CO3[aBaeMOro HeCTaluo-
HApHBIMM BHXPAMH,
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