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ABSTRACT

An analysis is made of the wave structure near the center of maximum turbulent energy
at 500 mb, Winter 1964. It is found that the kinetic energy of the zonal component is
about twice that of the meridional component of the turbulent motion. The kinetic
energy of the zonal component of the turbulent motion is essentially contributed by
waves of low frequencies and by the interactions of waves of all frequencies. However,
waves of all frequencies contribute to the kinetic energy of the meridional component
of the turbulent motion. In the intermediate and high frequency ranges, contributions
come mostly from interactions of waves of low frequency and the zonal mean motion,
whereas in the low frequency range, contribution comes mainly from the ageostrophic

motion.

1. Introduction

In a recent paper (Tsay & Kao, 1973), an
investigation has been made of the spectral
structure of atmospheric waves near a jot stream.
It is found that near the maximum zonal mean
motion, the kinetic energy of the zonal and
meridional components of the wave motion is
generally contributed by the nonlinear interac-
tions between waves of various frequencies and
with the mean zonal motion. It is also found
that as waves travel eastward from the center
of maximum zonal motion, the velocity amplitu-
des of waves of low frequencies grow at the
expense of the kinetic energy of waves of higher
frequencies. This suggests that center of maxi-
mum motion of the jet stream tends to excite
wave motion of high frequencies, and that the
kinsetic energy of these waves is transferred to
waves of lower frequencies through nonlinear
interaction.

It was pointed out in the above mentioned
paper, that a center of maximum kinetic energy
of the turbulent motion occurs to the NE of the
center of the maximum mean motion which
confirms an earlier finding made by Kao &
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Hurley (1962). A question arises as to the mechan-
ism for the maintenance of such a center of
maximum turbulent kinetic energy. The pur-
pose of this paper is to investigate this problem
by analyzing the wave structure near the center.

2. Data and computations

The data used in this study were obtained
from the 12-hourly 500 mb height and stream
function analyses of the National Meteorologi-
cal Center. The values of height and stream
function were available over the portion of the
Northern Hemisphere north of 17.5° N latitude
on the NMC octagonal grid with a grid interval
of 381 kilometers. The period from 0000Z 1
December 1963 through 0000Z 1 December 1964
was selected because the data available for this
year was far more complete than the data
available for other periods.

The stream function data were compuved at
the NMC through a finite difference solution of
the balance equation
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Fig. 1a. The distribution of the kinetic energy for
mean motion in Winter 1964. (Unit: 104 cm? sec—2.)

Fig. 1b. The distribution of the average kinetic
energy for turbulent motion in Winter 1964.
(Unit: cm? sec™2.)

where f is the Coriolis force, @ is the geopoten-
tial height of a pressure surface and y is the
stream function. The balance equation is ob-
tained by first taking the divergence of the
equation of motion for nonviscous flow and
then setting the divergence and its total deriva-
tive equal to zero. This permits us to define
the stream function derived winds with

V=kxVyp (2)

where k represents the unit vector in the zenith
direction.

The addition of divergent portion of the wind
would make the study more realistic, but the
velocity potential analyses were not immedia-
tely available. However, since this analysis is
made at 500 mb, which is close to the level of
nondivergence, the use of the nondivergence
wind should be reasonable (Charney, 1948).

The wind data used in this study are derived
from the stream function, and therefore repre-
sent only the horizontal part of motion. Fur-
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Table 1. Partition classification according to

frequency

Frequency,

n (cycles/90 Period, p Definition

days) (days) (frequency) Symbol
0 Zero 0
1-10 9 to 90 Low L

11 to 30 3to 9 Intermediate [

31 to 90 1to3 High H

thermore, the vertical velocity resulting from
the large-scale atmospheric motion is generally
much smaller than horizontal motion (Phillips,
1963). Thus, for the computations involved in
this work, the terms involving vertical velocity
are neglected, and the energy equations (Tsay &
Kao, 1973) may be expressed
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WAVE STRUCTURE NEAR CENTER OF MAXIMUM TURBULENT KINETIC ENERGY

L (55°N, 40°W)

Negative Contributions Positive Contributions
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Fig. 2. Linear and nonlinear contributions to the kinetic energy spectra at 500 mb, Winter 1964 for L

(55° N, 40° W).

+ V(=) fAU(m) - UG(n)]
(v4)
- 2y(em Gz(n)} )
n
vs)

The symbols below the terms on the right side
of the equations are for future reference. The
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summations over m are from —m, to my, where
my depends on the number of discrete time data
points used, m; =90 cycles/(90 days) in this
study. Summation is used here in place of
integration with respect to m, because the
transforms are computed for integral values of
frequency. This is equivalent to assuming ¢(¢)
to be periodic over the time period selected for
the analysis.

The interaction terms involving derivatives
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L (55°N, 20°W)
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Negative Contributions Positive Contributions
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‘Fig. 3. Linear and nonlinear contributions to the kinetic energy spectra at 500 mb, Winter 1964 for L

{55° N, 20° W).

with respect to longitude and latitude are
computed by a centered difference with Al =10°
and A¢ =5°.

To provide a reference for the study, the
kinetic energy of the mean and turbulent mo-
tion in the region from 0°W to 120°W and
from 25° N to 80° N for Winter 1964 has been
computed and is shown in Figs. 1a and b. This
region includes the American continent and
Atlantic Ocean. It may be noted that the
maximum of the kinetic energy of the mean

motion is located on 55° N between 20° and
40° W. The northwest displacement of the
maximum kinetic energy of the turbulent mo-
tion from that of the mean motion has earlier
been observed by Kao & Hurley (1962).

3. The linear and nonlinear interactions

3.1. General discussion

The nonlinear interaction terms Ul, U2, U3
in equation (3) and V1, V2, V3 in equation (4)

Tellus XXVI (1974), 3
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1 (55°N, 40°W)
Negative Contributions

EVV i
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Positive Contributions

H* -H=-~ 0.66 0* I= 2.78
I*-1=- 0.38 L* I= 1.49
L* I=- 0.27 -R* H= 0.3
B*-1=- 0.23 " L* L= 0.28
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I+ L=- 2.2 10 F—— Hx-n= 1.7
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Fig. 4. Linear and nonlinear contributions to the kinetic energy spectra at 500 mb, Winter 1964 for I

(65° N, 40° W).

involve sums of products of transforms for
various frequencies in the form

S Qn—m)Pm)

m= —ms

It may be noted from these terms that, depend-
ing on the values of n, each term involves from
91 to 180 products of Fourier coefficients.
Each product may be considered an interaction
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between a wave of complex amplitude @, fre-
quency (n —m) and a wave of complex amplitude
P, frequency m. For simplicity, we will say
{(n —m) interacts with m. If m is allowed to vary
over its entire range, the terms Ul, U2, U3
and V1, V2, V3 represent the total contributions
from all possible interactions. It may be noted
that both (n—m) and m could be negative.
However, it can be shown (Appendix A) that
the interaction of two given waves of frequencies
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e 1 (55°N, 20°W)
Negative Contributions
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Positive Contributions
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Fig. 6. Linear and nonlinear contributions to the kinetic energy spectra at 500 mb, Winter 1964 for I

(55° N, 20° W),

k and j (if k£ >4) with their complex amplitude
Q%) and P(7) would result in two waves: one
with frequency % +7, and with complex ampli-
tude Q(k) P(j), and the other with frequency
k —4, and with complex amplitude Q(k) P({ —).
Therefore, the negative values of m (or n —m)
represent the interaction of |[m| (or |n-—m|)
and n —m (or m) and contribute to the frequency
n with the amplitude @ ([n ~m|) P(—[m]) or
Q(—|n—-ml) P(|m|). Since the interaction of

waves of frequencies & and j results in two
waves of frequencies k +7 and k —j, we will say
k interacts with § and k interacts with —7 to
distinguish them.

For the convenience of presentation, we clas-
sify the frequency range into stationary (n =0),
low frequency range (n =1 to 10, i.e., period 9 to
90 days), intermediate frequency range (n =11
to 30, i.e., period 3 to 9 days), and high fre-
quency range (n =31 to 90, i.e., period 1 to 3

Tellus XXVI (1974), 3
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Negative Contributions H (85°N, 40°W)

3056

Positive Contributions
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-H* H=- 0,07 H* L= 0.28
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H*-L=- 1.28 ‘L”; :: ggg
: -L* H= 2,20
I* I= 1.46
3l Il:l* I= 1.05
A * 1= 0,52
< _11.38 H* L= 0.5
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Pig. 6. Linear and nonlinear contributions to the kinetic energy spectra at 500 mb, Winter 1964 for H

(85° N, 40° W).

days), as shown in Table 1. Since we use the
negative frequencies, this classification contains
7 frequency categories. The interactions are
designated by placing the frequency category
symbols side by side with an asterisk separating
them, for example, interaction between statio-
nary and low frequency waves is denoted by
0%L.

Those terms in energy egquation (3) and (4)
are computed for the separate frequencies of each
category. The results for each frequency are

Tellus XXVI (1974), 3

then summed over each category and presented
in block diagram form, as shown in Figs. 2-7.
In these figures, the total contributions of each
of the terms in (3) and (4) are shown in the
small blocks in the center of the diagram and
labeled with the symbols for the terms they
represent. The terms Ul and V1 represent the
nonlinear interaction due to the zonal advection
of the zonal and meridional components of
kinetic energy, U2 and V2 the nonlinear interac-
tion due to the meridional advection of the
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H (55°N, 20°W)
Negative Contributions
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Positive Contributions

H* cH= - 0.1 -L* H= 0.49
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I* Ls 0.04
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TotaT = 147 o] Total 3.97
" Us + E,
8.33 | = 4.53 + L ze0 |
H* L=- 0.49 L* H= 3.70
H* L=- 0.23 SLx W= 2,97
H*-H=- 0.19 0% H= 2.08
I* L=- 0.10 1+ 1= 0.70
EREEN ) .
=- 0.04 K——r - = 0.
3.6% -H* H= 0.18
H*-1= 0.16
Total = 1.13 + Total 10.77
* =
L* I=- 0.19 <“‘_—"{_—_0:25_—_,<'—— H*-L = 0.18
H* L=- 0.]5 + I* L= 0.]6
I I H*-1= 0.0
- =- ol H*-H= 0.08
b Hooo oG I* I= 0.0
H* H=- 0.04 +
Total = 1,33 : Total _2.03
IEXE
EVV I V5 + E

Fig. 7. Linear and nonlinear contributions to the kinetic energy spectra at 500 mb, Winter 1964 for H

(55° N, 20° W).

zonal and meridional components of kinetic
energy, U3 and V3 the effect of the earth’s
curvature, U4 and V4 the effect of ageostrophic
winds. The ageostrophic terms represent contri-
butions to the energy through the rate of work
done by the pressure and Coriolis forces. They
do not involve nonlinear interactions. All of the
above terms are computed directly from the
available pressure and wind data. The terms
U5 and V5, however, cannot be computed di-

rectly because no data concerning the eddy
stresses force of subgrid scales is available. The
sums of the quantities Ul through U4 and V1
through V4 are displayed below the appropriate
blocks. To the left of these sums are shown the
sums of the spectral energy over the category.
The difference between these two terms is
displayed to the right and labeled U5 + E, and
V5 -+ E,. These quantities contain, in addition
to the subgrid eddy stresses, the results of error

Tellus XXVI (1974), 3



WAVE STRUCTURE NEAR CENTER OF MAXIMUM TURBULENT KINETIC ENERGY

in the data and computational error. The large
blocks, connected with arrows to the small
blocks labeled Ul, U2, V1, and V2, contain
positive and negative interactions contributing
to the totals in the small blocks. A negative
value for an interaction combination is inter-
preted as extractions to the spectral energy.
Positive values are interpreted as contributions
to the spectral energy. The figures at the bot-
tom of the large blocks represent the total posi-
tive and negative contributions from all the
interaction combinations.

The interaction computations have been
made at the locations, 0°, 20°, 40°, 60°, 80°, 100°,
and 120° W on 40° N for 500 mb, Winter 1964
{Tsay, 1972). We will only discuss the results at
the locations near the jet stream (60° and 40° W
on 40° N).

3.2. Nonlinear interactions at locations in the
area of maximum turbulent kinetic energy (40°
and 20° W on 65° N).

(a) Low frequency category, L (Figs. 2 and 3).
At 40° W, 55° N, the nonlinear interaction term
due to the meridional advection of zonal kinetic
energy, U2, is the largest interaction term of
zonal component of kinetic energy equation and
0%L is the largest interaction combination.
The secondary interactions of U2 involve posi-
tive contributions from I % — I, I % —L, —L %L
L % — L and negative contributions from —1I %1I.
The nonlinear interactions arise from the zonal
advection of the zonal kinetic energy, Ul serves
to extract energy in the low frequency range,
in which the largest negative contribution
comes from interaction L% —ZL. In the meri-
dional component of the energy equation, V1
and V4 are the major terms and give positive
contributions to the spectral energy. It may be
noted that positive contributions to V1 come
essentially from O*L, Ix-I, —IX%I and
negative contributions come essentially from
L%L. V2 which involves negative contribu-
tions from L % ~L, I % — I, — I %I and positive
contributions from L%L, —L%L serves to
extract the kinetic energy from waves of the
Iow frequency category.

At 20° W, 55° N, we see a completely differ-
ent situation (Fig. 3). Both Ul and U2 contrib-
ute to the zonal kinetic energy, and —L %L are
the major interaction combinations for them.
It is interesting to note that 0 %L of both Ul
and U2 are negative, however, only 0%L of U2

Tellus XX VI (1974), 3
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Fig. 8. Kinetic energy distribution 55° N, 500 mb, in
Winter 1964.

is significantly large which indicates that there
is a transfer of kinetic energy from the low fre-
quency waves to the mean flow. The secondary
interactions, other than 0%L of U2, involve
positive contributions from H % —H and nega-
tive contributions from L% —L, —H *%H. The

- ageostrophic effect U4 and eddy friction effect

plus error, U5+ E, give large negative value
and serve to extract the zonal kinetic energy.
The kinetic energy of the meridional component
mainly comes from the contributions of the
ageostrophic term, V4. V1 gives & large negative
value and serves to extract the spectral energy.
It involves several large negative interaction
combinations of the same order of magnitude,
—~L¥%L, L% —-L, and 0%L. V2 and V3 give
positive contributions, while V5 + E2 is nega-
tive.

(b) Intermediate frequency category, I (Figs. 4
and 5). In the intermediate frequency category,
the ageostrophic term, U4, provides the main
contribution to the zonal component of the
spectral energy for both locations (40° and 20°W
on 55° N). Ul at 40° W 55° N and U2 at both
locations have positive contributions. 0%I is
the largest positive contribution for both Ul
and U2 at these locations. The negative value of
U1l at 20° W, 55° N is due to the larger negative
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Fig. 9a. The distributions of energy spectra for
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Fig. 9b. The distributions of energy spectra for
meridional component of turbulent motion, EVV(n),
on 55° N, 500 mb, in Winter 1964.

contribution by L %L than the positive contri-
bution by 0%I. V1 is the major term for the
meridional component of the spectral energy at
both locations. V1 involves a number of interac-
tions of the same order of magnitude: L %L,
L*I,0%I for 40°W, 55° N and —LxI, 01,
L*L for 20°W, 55°N. V4 serves to extract
energy at both locations.

(c) High frequency category, H (Figs. 6 and 7).
In the high frequency category, U2 and U5 + &,
contribute most to the spectral energy of the
zonal motion at both locations. 0%H is the
primary interaction combination for U2. Ul,
which has small positive values, contains
several interactions of the same order of magni-
tude. V1 and V5 +E, contribute most to the
spectral energy of the meridional motion at
both locations. 0 %H, L¥H, —L->%H are the
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major interaction combinations for V1 at both
locations.

4. Spectral structure of atmospheric waves
near maximum turbulent motion

(55° N, 20°~40° W)

4.1. Distributions of the kinetic energy of the mean
and turbulent motions

The distributions of the kinetic energy of the
zonal and meridional components of the mean
and turbulent motions at 55° N, 0°, 20°, 40°,
60°, 80°, 100° and 120° W for Winter 1964 are
shown in Fig. 8. Near the center of maximum
turbulent motion, the zonal component of the
turbulent motion is about twice that of the
meridional component of the turbulent and
mean motion, and is almost one order of magni-
tude greater than that of the zonal component
of the mean motion.
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Fig. 10a. The distributions of the contributions of
the nonlinear interactions to the kinetic energy

spectra of zonal component of turbulent motion in
low frequency range for 55° N, 500 mb, Winter 1964.
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Fig. 10b. The distributions of the contributions of
the nonlinear interactions to the kinetic energy
spectra of meridional component of turbulent mo-
tion in low frequency range for 55° N, 500 mb,
Winter 1964.
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The kinetic energy of the zonal component
of the turbulent motion and of meridional
component of the mean motion shows a maxi-
mum between 20° and 40° W, whereas that of
the meridional component of the turbulent
motion shows a maximum between 0° and 40° W.
The kinetic energy of the zonal component of
the mean motion shows a minimum near 20° W,
The maximum of the turbulent motion appears
to be associated with the mean meridional mo-
tion in view of the similar distributions of the
kinetic energy of the mean meridional motion
and the zonal component of the furbulent mo-
tion as shown in Fig. 8.

4.2. Distributions of the energy spectra in various
ranges of frequency

The distributions of the energy of the zonal
and meridional components of the turbulent
motion at 55° N in the ranges of high, inter-
mediate, and low frequencies for Winter 1964
are shown in Figs. 9a and 95, respectively. It
is seen in Fig. 9a that the energy of the zonal
component of the turbulent motion in low fre-
quency range is about ten times that in the
intermediate and high frequency ranges. The
former shows a drastic increase from 80° W
eastward and has a maximum between 20° and
40° W, whereas the latter varies little in the
region. This indicates that the kinetic energy
of the zonal component of the turbulent motion
is essentially contributed by waves of low fre-
quencies.

It is seen in Fig. 9b that the kinetic energy of
the meridional component of the turbulent
motion in the high, intermediate and low fre-
quency ranges is of the same order of magnitude.
The distributions of the energy in the inter-
mediate and high frequency ranges are similar
with a peak located between 40° W and 20° W,
whereas the energy in the low frequency range
increases from 80° W towards 0° W.

4.3. Contributions of the interactions to the energy
spectra of the zonal component of the turbulent
motion

The distribution of the contributions of the
nonlinear interactions among waves of various
frequency ranges to the zonal component of the
turbulent motion are shown in Figs. 10qa, 1la
and 12a. It is seen from these figures that the
kinetic energy of the zonal component of the
turbulent energy is essentially contributed by

Tellus XX VI (1974), 3
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Fig. 11a. The distributions of the contributions of
the nonlinear interactions to the kinetic energy
spectra, of zonal component of turbulent motion in
intermediate frequency range for 55° N, 500 mb,
Winter 1964.
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Fig. 11b. The distributions of the contributions of
the nonlinear interactions to the kinetic energy
spectra of meridional component of turbulent motion
in intermediate frequency range for 55° N, 500 mb,
Winter 1964.

waves of low frequencies, which is primarily
due to the interactions (0 XL),, Ul (L) — (0 %L),
and U2 (L) — (0 %L),. (See Figs. 2 and 3.) This
indicates that the comparable small mean zonal
motion (Fig. 8) contributes little to the zonal
component.

It is seen in Figs. 11a¢ and 12a that nonlinear
interactions including the mean motion do
contribute to the kinetic energy of the zonal
components of the turbulent motion in both
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Fig. 12a. The distributions of the contributions of
the nonlinear interactions to the kinetic energy
spectra of zonal component of turbulent motion in
high frequency range for 55°N, 500 mb, Winter
1964.
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Fig. 12b. The distributions of the contributions of
the nonlinear interactions to the kinetic energy
spectra of meridional component of turbulent mo-
tion in high frequency range for 55°N, 500 mb,
Winter 1964.

the high and intermediate frequency ranges, but
they are not sufficient to account for the kinetic
energy distribution as shown in the figures. It is,
therefore, necessary to examine the distribu-
tions of the ageostrophic motion, Reynolds
stresses, and the effect of the sphericity of the
earth to the energy distributions. They are
shown in Figs. 13a, 14a and 15a. It is seen in
these figures that in addition to the contribu-
tions of the nonlinear interactions, ageostrophic
motion contributes also to the energy in the
intermediate frequency range, whereas the
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Reynolds stresses affect also the energy in the
high frequency range.

4.4. Contributions of the interactions to the energy
spectra of the meridional component of the turbu-
lent motion

The distributions of the contributions of the
nonlinear interactions, among waves of various
frequency ranges, to the meridional component
of the turbulent motion are shown in Figs. 106,
115, and 12b. The contributions of the ageo-
strophic motion, Reynolds stresses, and the effect
of sphericity of the earth are shown in Figs.
13b, 14b and 15b. It is seen from Figs. 10b and
1356 that (0%L) and the ageostrophic motion
contribute most of the kinetic energy of the
meridional motion in the low frequeney range,
E,(L). The large contribution of the zonal
motion in the low frequency range at 40° and
20° W to the intermediate and high frequency
meridional turbulent velocity are shown in
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Fig. 13b. The distributions of the total contribu-
tions of individual terms in the energy equation of
meridional turbulent motion in low frequency range
for 55° N, 500 mb, Winter 1964.

Figs. 5, 7, 11b and 12b. They appear to be
similar to microscale nonstationary turbulence
produced by wind tunnel (Cheng et al., 1973),
but are not seen at 40° N. Reynolds stresses
contribute also to the energy in the high fre-
quency range.
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Fig. 14a. The distributions of the total contributions
of individual terms in the energy equation of zonal

turbulent motion in intermediate frequency range
for 55° N, 500 mb, Winter 1964.

Tellus XXVI (1974), 3

311
sor EW(I) & v3(D)
A VD) o ya(D) ,F-—“"\
N
e v2(I) o y5(I) + EZ(I) 4L/“___,.—{\~\‘
i _ N
A o AN
’ T
d *
<L A
—LZ\\\ ,/l o
. e
- - hE -
-~ . ~-~
\o-—-—---°~-\__o
L 1 L 1 L Y :
120° 100" s0° 60 40 2" o

Fig. 14b. The distributions of the total contribu-
tions of individual terms in the energy eqguation of
meridional turbulent motion in intermediate fre-
quency range for 55° N, 500 mb, Winter 1964.

15 - ¢’ N
.« EVU(H) a y3(H) ;7 N
& uign) o Ua(H). / \
- e u2(H) @ ous(e) + Ei(H) Ay
" / \
0 |- ’ ,R\ \
R / AN
[ A TN
X - / \ Ss.
o \\ ‘.,/ ,l \ -
‘'r p ;7 =2
; \
B - S ~
“$\:\—$< ’%—-"*~~‘ :>:
L e Sa O ET AN b
o Lo bl L Ko---9
) SERER EREE SR S Y
-‘ \ ’/
e
13 00 3 [

—3 b
Fig. 15a. The distributions of the total contribu-
tions of individual terms in the energy equation of

zonal turbulent motion in high frequency range for
55° N, 500 mb, Winter 1964.

40"

‘
20 |-

o EW(H) & y3(H)
FAY, & VI(H) o vaw)
VY (H ¢ .
A V2lf) o ysH) *Ez(q)/l----"\
L\ e ‘\
-
s\ »~ \
L A 7 \\
s
3 ‘\\\ / R \
3 ARY / A v
t / S
10 VT ’ ~ \
[ b 4 AR
S s / ~ -4
s . / /, \‘
[ ' X /
i ~-- v
s BN ———“{ \
__ \\\ ’p— \
N . %
[ -l TR A
- e S
L e ~ .
o |a=— 2l M Sl T
O e S __>
L Pote oo
- ‘/’
X
- Lda ! L { 1 { !
120 100" 50" 66" 40° 20° ow

Fig. 15b. The distributions of the total contribu-
tions of individual terms in the energy equation of
meridional turbulent motion in high frequency range
for 55° N, 500 mb, Winter 1964.



312

5. Conclusion

An analysis of the distribution and spectra
of the kinetic energy near the center of maximum
turbulent kinetic energy indicates that the ki-
netic energy of the zonal component of the motion
is about twice that of the meridional component
of the turbulent motion. The kinetic energy of
the zonal component of the turbulent motion is
essentialy contributed by waves of low frequen-
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cies and by interactions of waves of all frequen-
cies. However, waves of all frequencies con-
tribute to the kinetic energy of the meridional
component of the turbulent motion. In the
intermediate and high frequency ranges, contri-
butions come mostly from the interactions of
waves of low frequency and the zonal mean
motion, whereas in the low frequency range, the
contribution comes mainly from the ageo-
strophic motion.
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AHAJIN3 CTPYKTVYPBLI BOJH BBJU3U IEHTPA MAKCUMAJILHON
TYPBYJIEHTHO! 5BEPT U

Tlpomenan aHAJIM3 BOJHOBOM CTPYKTYPH BOIMBU
IEHTPA MAaKCUMaJibHOH TypOyJeHTHOH sHepruu
Ha yposHe 500 m6 sumoii 1964 roga. Haiineno,
4TO KHHETHYECKAA 9HEPTHMA B0HAIBHONW KOMIIO-
HEHTH NpPUMEePHO B fBa pasa 0oJblle SHePrMU
MEePUANOHAILHON HKOMIOHEHTH TYypOYIeHTHOTO
aBmxeHuA. CyLIeCTBEHHHI BRIAX B KUHETH-
YECKYI0 SHEpPrui0 30HAJNLHON KOMIIOHEHTH TYp-
OyeHTHOrO HBMMEHUA OCYIIECTBIAETCH 32 CUET
BOJH ¢ HUBKUMH YaCTOTAMU M 3a CUeT B3aUMO-
HAe#CTBUA BOJH BCeX dacToT. Bmecre ¢ Tem

BOJIHBL BCEX YaCTOT BHOCAT BKJIAX B KNHETH-
YECKYI0 DHEePTHIO MEPUANOHANLHON KOMIIOHEHTHI
TypOylleHTHOTO HBM:keHHA. B mpomemxyroyHoM
ANAana30He ¥ IPW BBICOKHX YacTOTAX NOCTyILIe-
HUe DHepruym NPOUCXOANT, IIaBHEIM 06pasoM, 8a
cueT B3aMMOeliCTBHA BOJIH C HA3KOM YacToTo! U
CpPeJHUM 3OHAJBLHBIM JABHKEHUEeM, TOUZa Kak
B MManasoHe HUBKMX 4YaCcTOT BKJIAJ B DHEPTHIO
BHOCHT B OCHOBHOM areoCTpouyeckoe IBUHE-
HUeE.
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