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ABSTRACT

To study the growth and decay of eddy available potential energy associated with the large-scale
atmospheric waves, we have computed composite averages of the terms in the available potential
energy equation in the wave-number domain. We found that the eddy available potential energies
of the ultra-long waves of wave numbers 1 and 3 grow essentially by receiving energy through
the resultant meridional and vertical eddy heat transport process; whereas during the period of
decay, the energy loss is essentially through the non-linear heat transport process. We also found
that the eddy available potential energies of the synoptic-scale waves of wave numbers 4 to 8
increase by receiving energy and decay by losing energy through both the non-linear and the
resultant meridional and vertical eddy heat transport processes. However, the main source of
eddy available potential energy for wave number 2 is the contribution of diabatic processes,
although diabatic processes contribute to the maintenance of the seasonal mean but not to the
growth and decay of the eddy available potential energy of wave number 2. Its time change is
also determined by the eddy heat transport processes.

It is also found that the amplitude oscillations of eddy available potential energy are generally
in-phase with those of eddy kinetic energy in the same wave number. However, the growth of the
former usually occurs slightly behind that of the latter. The growth of eddy available potential
energy may be interpreted as an indirect consequence of the growth of the eddy kinetic energy of
the wave, which enhances the eddy heat transport, thereby increasing the available potential
energy of the wave; whereas the growth of the eddy kinetic energy is a result of the receipt of
kinetic energy from other waves through barotropic non-linear exchange processes as described

by Tsay and Kao (1978).

1 Introduction

The study of transfer and conversion of
available potential energy is essential to the
understanding of the growth and decay of at-
mospheric waves in middle latitudes. According to
the linear baroclinic instability theory, an amplify-
ing wave of small amplitude receives available
potential energy from the zonal mean motion, and
at the same time, converts it to kinetic energy.
However, the energy transfers become complex
when the waves become finite in amplitude. The
examination of the energy transfer processes in the
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real atmosphere with the use of the Fourier
transformed governing equations has been con-
sidered as one of the fruitful approaches for the
study of the maintenance of large-scale wave
motions. We will use the spectral available poten-
tial energy equation in wave-number domain to
study transfers and conversion of available poten-
tial energy in the real atmosphere.

The seasonal average values of various terms in
the spectral available potential energy equation in
wave-number domain have been computed by
Saltzman and Fleisher (1961), Brown (1964), Yang
(1967) and others. Saltzman (1970) reviewed these
studies and constructed an energy flow diagram.
These observational studies revealed that available
potential energy is generated by diabatic processes
in the zonally averaged component and that it flows
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to waves of all wave numbers by eddy heat transfer
processes, particularly to the longer waves. Part of
the available potential energy in the longer waves
(wave numbers 2 to 5) is transferred to the shorter
waves (wave numbers 6 to 15) through interactions
among them. The available potential energy in
waves of all wave numbers is reduced by diabatic
processes occurring on the same scale as the waves
and by conversions to eddy kinetic energy.

These studies have provided valuable infor-
mation for the seasonal averages of the at-
mospheric processes of the large-scale wave
motions. However, to understand the mechanism
for the growth and decay of the wave motion, it is
necessary to analyze time changes of the energy
transfers in the atmospheric waves. Tsay and Kao
(1978) have studied the mechanisms for the kinetic
energy change in waves of each wave number by
analyzing the composite average of each term in
the spectral kinetic energy equation at various
stages in the life cycle of these waves. They found
that except for wave number 2 both the synoptic-
scale waves and the ultra-long waves grow by re-
ceiving and decay by losing kinetic energy through
non-linear energy exchanges among waves. The
conversion of eddy available potential energy to
kinetic energy was found to be positive in all stages
and a maximum in the stage of maximum wave
energy. In addition, its contribution was found to
be generally cancelled by the energy dissipation.
Therefore, the conversion term contributes little to
oscillations of wave amplitudes. On the contrary, in
all stages of the life cycle of waves of wave number
2, the contribution of non-linear interactions is
negative and the conversion term always has a
large positive value. However, its amplitude oscil-
lations may also be attributed to the fluctuations of
the non-linear interaction contribution and the non-
linear boundary term.

The composite average study by Tsay and Kao
(1978) proves to be effective in analyzing the
changes of kinetic energy in the life cycles of
atmospheric waves. The main objective of this
study is to further investigate the mechanism for
oscillations of available potential energy in wave-
number domain.

2. Notation and equations

All the notation used in this study will be the
same as that introduced in an earlier paper (Tsay
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and Kao, 1978). In order to avoid repetition, only
the notation which is new in the present paper will
be defined. For an atmospheric quantity g, we
define

1 2n
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dA
2n % 7

zonal average of ¢;

21
q==

> JWN g cos g dg

,
meridional average of ¢q;
9"=q9—4

deviation from the meridional average. The
equation of available potential energy per unit mass
in wave-number domain in a computational form
may be expressed as follows:
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is the available potential energy of waves of
wavenumber 7;
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are contributions from non-linear heat transport
process to eddy available potential energy of wave
number n;

R(n)=R,(n) + R,(n)
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and
C o
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are the rates of transfer of zonal available potential
energy to eddy available potential energy in wave
number n;
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is the rate of conversion between available potential
and kinetic energies in wave number #;

G(n) = g J:N ®,o(n)cos ¢ dg

is the rate of generation of available potential
energy of wave number n due to diabatic processes;

C
BS1(n)=— T"y (W85, (n) cos g1

is the net non-linear boundary fluxes;

1
BVP(n) =— . [6C,y©(n)I* cos 115"
and
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BWP(n)=— — f — chpylG)(n)lz] cos ¢ d¢
b Je, | Op

are the net boundary fluxes of available potential
energy of wavenumber n;

and

~ pC, 8T !
y= T_h_
R op

b = sin ¢, — sin ¢,

C, = specific heat of air at constant pressure,
h = diabatic heating rate,

H (n) = the Fourier transform of A.
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3. Data and computations

Northern hemisphere octagonal grid data at
850, 500 and 200 mb from the National Meteoro-
logical Center are used in this study. The period
selected is from 00 GMT 1 December 1975
through 12 GMT 29 February 1976. This is the
same data set used by Tsay and Kao (1978) for the
study of kinetic energy changes. Further des’
criptions of the data can be found in that study.

Equation (1) is computed for wave energetics at
the 500 mb level. The domain of integration is 30°
to 60°N. The vertical derivatives have been
computed by using data for 850 and 200 mb. The
terms R,(n), BVP(n), BWP(n), and G(n) are not
computed. Therefore, the residue term will include
contributions from generation of eddy available
potential energy due to diabatic processes, data and
computational errors, and all other uncomputed
terms. The contributions from the errors and all the
other uncomputed terms should be small for the
residue term generally behaves similarly to the
effect of diabatic processes.

Composite studies as in Tsay and Kao (1978)
were conducted in order to investigate the mecha-
nisms involved in increases and decreases of eddy
available potential energy. Time oscillations of
available potential energy are generally in-phase
with those of kinetic energy as can be seen in Fig.
2. Therefore, the divisions of five stages in each
cycle of time oscillations of available potential
energy are the same as those of kinetic energy in
Tsay and Kao (1978). Detailed descriptions of the
composite method can be found in that study.

4, Maintenance of eddy available potential
energy

Seasonal averaged spectra for eddy available
potential and kinetic energies in wave-number
domain are shown in Fig. 1. We found that the
characteristics of spectrum of available potential
energy are similar to those of kinetic energy. Both
spectra generally decrease with increasing wave
number and are approximately proportional to the
minus third power of the wave number in the range
between 7 and 20. This result agrees with the
temperature spectrum in the wave-number domain
found earlier (Kao, 1970).
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Fig. 1. Seasonal averaged available potential energy
(solid) and kinetic energy (dashed) spectra for 30°—
60° N, 500 mb, winter 1975-76. The two solid straight
lines have n=3 dependence.

In order to discuss the maintenance of eddy
available potential energy, we have listed the
seasonal average values of the terms in Eq. (1) in
Table 1. It is noted that the characteristics of the
mean transfers and conversion of available poten-
tial energy are in general agreement with those
edited by Saltzman (1970). Waves of wave num-
bers 1 to 12, particularly the longer waves, receive
available potential energy from the zonally
averaged component (—R, is positive). This
positive contribution through the meridional eddy
heat transport process is largely cancelled by the
conversion to eddy kinetic energy through the
vertical eddy heat transport process (—C is
negative). In addition, the shorter waves of wave
numbers 6 to 20 gain available potential energy
from the longer waves of wave numbers 1to 5 (S is
positive for energy gaining waves and negative for
energy losing waves).

Contributions of the residue term are generally
positive. This result is different from that reported
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Table 1. Seasonal average contributions to the rate
of change of eddy available potential energy in
wave number domain for 30° —60° N, 500 mb,
winter 1975-76. Unit in (m/s)? day!

Wave Terms
number dP/dt S —R, -C BS1 RES
1 —0.1 -3.3 6.7 —-4.1 —1.7 2.3
2 —0.1 -3.3 86 —13.8 1.1 7.3
3 -02 -0.1 13.8 -83 -6.1 0.5
4 0.1 -0.2 86 -—53 -23 =07
S -0.0 05 49 59 0.7 0.8
6 -0.0 0.5 46 —63 —-00 1.2
7 -0.2 0.7 6.3 -—-81 -0.3 1.2
8 -0.0 0.8 5.1 =17 0.1 1.7
9 —0.0 1.2 20 —-41 -03 1.2
10 0.0 0.6 07 -22 -0.1 1.0
11 -0.0 0.4 02 -1.6 0.1 0.9
12 0.0 0.7 03 -L5 0.1 0.4
13 0.0 0.6 0.0 —-09 -0.1 04
14 0.0 03 -03 -04 -00 0.4
15 0.0 02 -01 -05 -00 0.4
16 0.0 00 -01 -04 0.0 0.5
17 0.0 0.1 —-00 -02 0.0 0.1
18 0.0 0.1 -0.1 -02 0.0 0.2
19 0.0 02 -—-0.1 -02 0.0 0.1
20 0.0 0.t —-00 -0.1 0.0 0.0

by Brown (1964) and cited in Saltzman’s review
paper (1970). However, we should point out that
Brown’s results are vertically integrated values for
the 1000-200 mb layer, while ours are at the 500
mb level. According to Hayashi and Golder’s
(1977) recent computation of generation of eddy
available potential energy by diabatic processes in
a general circulation model of Geophysical Fluid
Dynamics Laboratory at Princeton, the values for
wave number 1 and the integrated values for wave
numbers 4 to 10 are generally positive at latitudes
between 30° and 60° N at the 500 mb level. It may
also be noted that the large negative values in the
lower troposphere in that model probably would
contribute to negative vertically integrated values.
Therefore, the results of the present study are not
necessarily in contradiction with those of Brown.
Since the residue term behaves like a generation
term due to diabatic processes, we may infer that
data and computational errors and contributions
from all the other uncomputed terms are small. The
residue term, therefore, may also be considered as
the generation term due to diabatic processes. It is
noted in Table 1 that the generation term at 500 mb
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has two peak values in wavenumber ranges of 1 to
2 and 6 to 11. The generation of eddy available
potential energy of wave numbers 1 and 2 may be
attributed to diabatic processes related to land—sea
distribution in the northern hemisphere, while the
generation of eddy available potential energy of
wave numbers 6 to 11 is probably related to the
synoptic-scale latent heat release in the mid-
troposphere.

5. Contributions to the growth and decay
of eddy available potential energy in
wave-number domain

The time evolutions of available potential and
kinetic energies of waves of wave numbers 1 to 8
are shown in Fig. 2. In order to eliminate diurnal
oscillations, daily average energy values are plotted
in this figure. We notice that the oscillations of
available potential energy are generally in-phase
with those of kinetic energy. Therefore, it would be
constructive to study the contributions to the
growth and decay of available potential energy as
well as to those of kinetic energy. In the earlier
study, Tsay and Kao (1978) investigated the
contributions to the growth and decay of kinetic
energy associated with the large-scale atmospheric
waves. In the present study, the composite
averaged contributions to the rate of change of
available potential energy at the five stages are
computed and shown in Table 2. Discussion of
these contributions is made in the following
subsections.

5.1 Ultra-long waves of wave numbers I and 3

The composite averages of various terms in the
available potential energy equation for wave
numbers 1 and 3 are shown in Tables 2a and 2c,
respectively. The rate of change of eddy available
potential energy, dP/dt, is positive in stages I and
11, and negative in stages IV and V. This indicates
that oscillations of eddy available potential energy
for wave numbers 1 and 3 are approximately in-
phase with those of kinetic energy. We should point
out, however, that the positive value of dP/dt is
small in stage I of wave number 3, which indicates
that the growth of eddy available potential energy
in wave number 3 occurs slightly later than that of
the kinetic energy in the same wave number.
Contributions to the rate of change of eddy
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available potential energy are also shown in these
tables. It is seen that the contribution from non-
linear heat transport processes, S, is generally
negative and has smaller magnitude in the energy
increasing stages (I and II) than in the energy
decreasing stages (IV and V). The contribution
from the meridional eddy heat flux, —R, is positive
in all five stages. Its contribution is partly cancelled
by the conversion of the available potential energy
to kinetic energy in the same wavenumber through
the vertical eddy heat transport process, —C. It is
interesting to note that the resultant contribution of
these two eddy heat transport processes, (—R,—C),
is positive in stages I and II, and negative in stages
IVand V.

Oscillations of eddy available potential energy of
the ultra-long waves of wave numbers 1 and 3 may
be explained as follows: In the first 4 to S days of
their life cycle (stages I and II), the eddy available
potential energy grows essentially by receiving
energy through the resultant meridional and ver-
tical eddy heat transport process, (—R,—C). The
loss of available potential energy through non-
linear heat transport processes is generally small in
these stages. As a consequence of the balance
between the energy supplied by the resultant
meridional and vertical eddy heat transport process
and the energy lost through the non-linear pro-
cesses, there is no increase or decrease in the
amplitude of eddy available potential energy for 3
to 4 days (stage III). During the next 3- to 4-day
period (stages IV and V), the loss of the available
potential energy through non-linear eddy heat
transfers is generally greater than the gain through
the resultant meridional and vertical eddy heat
transfers.

5.2 Synoptic-scale waves of wave numbers 4 to 8

Contributions to the rate of change of available
potential energy of wave numbers 4 to 8 are shown
in Tables 2d to 2h. Like the ultra-long waves, the
rate of change of eddy available potential energy is
positive in stages I and II, and negative in stages IV
and V. However, the positive values in stage I are
generally small as compared with those in stage II.
Therefore, we may infer that the growth of eddy
available potential energy of the synoptic-scale
waves usually occurs slightly behind that of the
eddy kinetic energy. The non-linear eddy heat
transport process, S, generally provides positive
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Fig. 2. Time evolutions of available potential energy (solid) and kinetic energy (dashed) of large-scale waves in the

period of 1 December 1975 to 29 February 1976.
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Table 2. Contributions to the rate of change at 500 mb eddy available potential energy at individual
stages. Unit in (m/s)? day=".

(a) n = 1 (7 cases)

(e) n = 5 (8 cases)

Stages (number of days)

Stages (number of days)

1 i 111 v \Y I 11 111 v \
Term 2.4) (1.9) (3.0 (2.3) (1.9) Term (1.6) (1.0 (1.5) (1.4) (1.4)
dP/dt 6.5 9.0 0.2 -3.2 —6.9 dP/dt 1.4 6.0 —0.1 -1.9 —3.5
S 1.1 —-3.2 —-4.0 —-1.9 —64 S 0.1 0.9 —0.6 —4.2 -3.2
—R, 7.7 9.9 8.6 5.2 44 —R, 4.9 9.2 11.0 44 0.2
~C -0.5 -3.0 —5.3 —4.1 —-45 —C —5.0 -3.1 —6.1 —4.5 -53
BS1 —4.4 0.6 0.0 -1.5 —1.8 BSI 0.0 1.9 0.5 0.0 3.0
RES 2.6 47 0.9 -0.9 1.4 RES 1.4 -2.9 —49 2.4 1.8
(b) n = 2 (7 cases) (f) n = 6 (8 cases)

Stages (number of days) Stages (number of days)

1 11 111 | AY \Y I II 111 v A
Term (1.2) (1.7) (2.8) (1.2) 2.3) Term (1.2) (1.3) (1.5) (1.4) .1
dP/dt 43 4.6 32 -100 ~17.0 dP/dt 26 32 —0.9 -2.9 -1.3
S -2.2 —-2.5 —0.8 —9.4 -54 S 37 - 09 2.1 1.5 —2.5
—R, 10.6 12.6 13.9 5.8 4.1 —R, 4.8 10.5 12.2 3.6 -0.4
-C —-127 -174 -158 —-16.7 -—151 —C —4.6 -85 -104 -5.9 —4.5
BS1 4.0 —1.3 —3.5 0.9 3.9 BSI -2.5 -1.7 0.4 —-1.7 37
RES 4.6 13.2 9.4 9.4 55 RES 1.2 2.0 -1.0 —0.4 2.4
(c) n = 3 (7 cases) (g) n = 7 (9 cases)

Stages (number of days) Stages (number of days)

I 11 I v \' I 11 HI v v
Term (1.4) (1.9) (3.9) (1.8) (1.1) Term (1.1) (1.0) (1.9) (1.1) (1.2)
dP/dt 0.1 10.5 —2.4 —23 -—127 dP/dt 1.3 54 0.9 -3.3 —4.2
S —0.5 -0.8 -3.5 —8.7 29 S 2.2 4.6 -0.5 -3.5 —2.8
—R, 9.3 20.5 19.5 18.4 00 -—R, 3.8 134 16.8 7.2 2.0
-C 0.0 —84 108 -114 ~-11 —-C —3.5 -96 -—17.1 -104 1.7
BS1 —6.7 -5.0 —-4.9 —6.0 —84 BS1 -0.7 -1.5 —0.1 -0.7 1.0
RES —2.0 4.2 —-2.7 5.4 —-0.1 RES —0.5 —1.5 1.8 4.1 33
(d) n = 4 (8 cases) (h) n = 8 (7 cases)

Stages (number of days) Stages (number of days)

I I1 1 v v I 11 111 v \Y
Term (1.5) 1.1 (2.2) (2.3) (1.3) Term (1.6) (0.7) (1.1) (1.1) (1.4)
dP/dt 1.2 133 —0.4 -3.7 —6.6 dP/dt 1.1 6.0 0.8 -33 -2.6
S —-1.1 1.8 1.7 -2.2 -53 S 0.4 33 3.1 0.2 0.8
—R, 44 20.3 11.8 8.1 7.1 —R, 4.2 12.8 15.1 9.5 2.4
—C -5.1 -1.6 —6.1 ~7.2 -24 —C —-48 —133 -17.3 -14.0 —6.1
BS1 -1.7 0.9 —4.8 -1.2 -0.9 BS1 0.3 -0.7 0.3 -0.2 —1.4
RES 4.7 -2.1 -3.0 -1.2 —5.1 RES 1.0 39 —-0.4 1.2 1.7

Tellus 30 (1978), 5
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contribution in the energy increasing stages (I and
I1), but negative contribution ip the energy decreas-
ing stages (IV and V). The contribution by the
resultant meridional and vertical eddy heat flux
(—R,—C) is also generally positive in stages [ and
11, and negative in stages IV and V. Therefore, the
growth and decay of the eddy available potential
energy in wave numbers 4 to 8 are determined by
both the non-linear and the resultant meridional
and vertical eddy heat transport processes.

5.3 Waves of wave number 2

As in the kinetic energy changes, the mecha-
nism for the life cycle of eddy available potential
energy of wave number 2 is rather different from
that of the other waves. Table 2b shows the
composite contributions to the rate of change of
eddy available potential energy of wave number 2.
The rate of change of eddy available potential
energy, dP/dt, is also positive in stages I and II,
and negative in stages IV and V. An in-phase
relationship between oscillations of eddy available
potential and kinetic energies may also be estab-
lished. It is noted that the contributions from both
the non-linear (S) and the resultant meridional and
vertical (—R,—C) eddy heat transport processes
are negative in all five stages. However, the
negative values of both terms are smaller in the
energy increasing stages than those in the decreas-
ing stages. Since the contribution by the residue
term is positive in all five stages, we may infer that
the contribution by the resultant diabatic process is
the main source of available potential energy of
wave number 2. However, the diabatic process
contributes to the maintenance of the wave but not
to the growth and decay of the eddy available
potential energy of wave number 2. The available
potential energy of wave number 2 grows and
decays essentially through the non-linear and the
resultant meridional and vertical heat transport
processes.

6. Conclusion and discussion

We have analyzed the mechanisms for the
growth and decay of eddy available potential
energy in wave number domain. It is found that the
time evolution of the available potential energy is
practically in-phase with that of the kinetic
energy. In general, the growth and decay of the
eddy available potential energy in all wave numbers

C.-Y. TSAY, C.:N. CHI AND S. K. KAO

is contributed by the non-linear, S, and the
resultant meridional and vertical, -R -C, eddy heat
transport processes. Both heat transport processes
involve velocity fluctuations as well as temperature
fluctuations. In the earlier study of Tsay and Kao
(1978), it was found that the growth and decay of
eddy kinetic energy was essentially governed by the
non-linear interactions among velocity waves, L,
which is a barotropic process not involving
temperature fluctuations. Therefore, eddy available
potential energy (temperature fluctuations) has
little effect on the growth and decay of the eddy
kinetic energy.

The mechanism for simultaneous evolution of
eddy kinetic and available potential energies may
be explained. In stage I, the kinetic energy of a
wave number starts to grow by receiving kinetic
energy from other waves through the barotropic
non-linear exchange processes. As soon as the
velocity fluctuations become finite, these eddy
velocities provide a vehicle for the non-linear and
the resultant meridional and vertical eddy heat
transports to contribute to the growth of eddy
available potential energy in the same wave-
number. In Fig. 2, the growth of eddy available
potential energy appears approximately in-phase
but slightly lags behind that of eddy kinetic energy.
It may be noted that dP/dt is small in stage I for
wave numbers 3 to 8. The wave kinetic energy con-
tinues to grow in stage Il by receiving kinetic
energy from other waves through the non-linear
exchange processes. In the meantime, the eddy
available potential energy of the same wave
number continues to grow by the contributions
from the non-linear and the resultant meridional
and vertical heat transport processes. Then, both
the eddy kinetic and available potential energies
maintain their amplitudes for a few days. In the
next few days the wave kinetic energy decays by
losing its kinetic energy to other waves through
non-linear exchange processes. At the same time,
heat transports decrease greatly and contribute to
the decay of eddy available potential energy of the
same wave number. In the life cycle of energy
changes, the conversion from eddy available poten-
tial to kinetic energy primarily serves to balance the
kinetic energy loss by dissipation; whereas the loss
of eddy available potential energy through the
energy conversion is supplied by the zonally
averaged component.

The mechanism for simultaneous evolution of
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wave available potential and kinetic energies seems
reasonably well explained. However, the reason for
the approximate in-phase contributions between the
non-linear exchange processes to the rate of change
of kinetic energy and eddy heat transport processes
to the rate of change of available potential energy
remains to be studied. We also note that the energy
in a particular wave number is not related, in a
direct or simpie way, to the energy of specific
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atmospheric disturbances on weather charts. The
application of our results to individual disturbances
also remains to be further studied.
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BKJIAbI B POCT 1 YMEHBUIEHHE KPYHHOMACIHTABHOFI BUXPEBOI
JOCTYIMTHOU NOTEHUHWAJIBHOW SHEPTMH

Jns u3yuyeHHUS pOCTAa M YMEHbIIEHMA BHXpPEBOM
NOCTYIHOM HDOTECHUMAIbHOR 3HEPIUH, CBA3aHHOH c
KpYMHOMACIOTAOHBIMH  aTMOCEpPHBIMH  BOJTHAMH,
Mbl MOACYATANH CPEHHE 3HA4YCHHA WICHOB B ypa-
BHEHHUH [/ HOCTYOHON MOTEHUHaILHOW 3HEPrHM B
MPOCTPAHCTBE BOJHOBBIX 4YHCeN. MBI Haumm, 4To
BUXPEBasA MOOCTYMHAsA MMOTEHUHANBHAA JIHEPTHA Vb~
TPaAJIMHHBIX BOJIH C BOJHOBBIMH HOomepam#u 1 u 3
pacTeT B OCHOBHOM 3a CYeT NMPOLIECCOB MEPHAHANb-
HOTO M BEPTHKAJILHOIO BHXPEBOTO INEPeHOCa Tema,
B TO BPEMs KaK B MEPHOJ YMEHBINEHUA JHEPTHUU ee
noTeps MPOUCXOOUT 32 CYET MPOIECCOB HENUHEHHOTO
nepeHoca Teruia. Mpl TakXe HAIIM, YTO BHXpEBas
AOCTYyNHas MOTEHUHaIbHAs 3HEPrMs BONMH CHHOI-
THYECKOro Macmraba B BOJNHOBBIMH HOMepamMH 4-§
pacTeT 3a CYET NOJIYYECHUS SHEPTHH U YMEHBILASTCH
3a CYET NOTEPH DHEPIHU BCJIEICTBHE KaK HeJMHEH-
HOrO, Tak M MEPHAMOHANLHOIO H BEPTHKAJIBHOTO
[EPEHOCOB BHXPEBOro nmnepesHoca Temna. OnHako
rNaBHbIM HMCTOYHHMKOM HOCTYIHOM BHXPEBOH MOTe-
HUMAIBHOM SHEPTHH T BOJTHOBOTO YHCA 2 ABJISETCA
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BKJIAL HeanuabaTHyeCKHX [pPOLECCOB, XOTH TNOC-
NeJHUE B OCHOBHOM BIHAIOT Ha NOAACpPKAHHE
CE30HHOTO CPEJHEro, a He Ha POCT MJIM HajcHHE
AOCTYIMHOH IOTEHUMA/JILHOX 3HEPrdd BOJIHOBOTO
nepeHoca Teria. HaifieHo Takxe, YTO aMIJINTY AHbIE
KosiebaHUs BUXPEBOM MOOCTYNHOH MNOTEHLMAILHOH
JHEPIMM XaK NpaBunc Haxomas Tca B dase ¢ kone-
GaHMAMH BHXPEBO KHHETHYECKON 3HEPrHH AJIS TOrO
’ke BOJIHOBOTO uHcna. OOHaKo POCT MepBbIX OOBIY-
HO HMeEeT MECTO HECKOJIbKO MOCNIé POCTa BTOpBIX.
PocT BUXpeBOll AOCTYNMHOH MOTEHUMANBHON YHEPTHHU
MOJHO HHTEPIPETHPOBATh KaK KOCBEHHOE ClEeICTBHE
pocTa BHXPEBONM KHHETHYECKOH SHEPrHH BOJIHBI,
KOTOpBIA yCHIIMBAac€T BHXpEBOH nepeHoC Tenna,
YBEJIHYHBAs TEM CAMbIM JOCTYNHYHO MOTEHUHANBHYIO
3HEPTHIO BOJIHBI. B TO ke BpeMsi pocT BHXpEBOit
KHHETHYECKOH 3JHEPTHH SABIAETCA De3yJIbTaTOM I10-
JIy4EeHHUS] KHHETHYECKOMN PHEPTMU OT APYTHX BOTHOBBIX
YHCeNl MOCPeACTBOM 0apoTponHOro HenuHeHHOTo
obMena cornacuo 134 u Kao/1978/.



