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ON THE LARGE-SCALE THERMO-HYDRODYNAMICAL PROCESSES IN A BARCCIINIC
ATHOSPHERE

[This ic a transliation of en artlele by G.I. Marchuk, in
2, }.951 80 x@-ﬁlﬁwﬁ}

The atuospheric hﬁxquynnmic~h/drodjn.uhc processes can be condi

processes have characteristic horizontal dimensions of the ovder

several thousand kilometers (extensive cyclones, antlcyclones, pressure
ridges and others), the processes of small- scale of one hundred kilomet

The large-scale processes characterize the basic states of the astoosphe
circulations, then against a backg rround which depends on that, there oc
the small-scale meteorclogical processes, which define the chavacter of
tine weather in a particular area of the globe., As a vule the larpge-sca
guasi-static processes manifest a known trait of stahility and are able
a4 certein sense to be the ohject of an independent Iinvestigation.
3

zmall-scale processes are wore uubll% (active), tiey are defined by pro
of the large-scale and generally speaking, they are not able to be mnsi
independently oﬁ the neighboring synoptic condltkmhaq

For a study of the dynamics of atmospheric phenomena there is sho

the necessity of constructing some mathematical theory which would most
. ] Mia CLCR
mompletely reflect the physical aspects of the The laws of ¢

Y

hydrodynanics conformed to the atmospheric condition permit me to write

!

corresponding system of differential equations, more or less completely
deseribing the character and evolution of the field of meteorological

elements, However for a long time; there was no success to menticn wit

ecuations of hydro-thermodynamics used directly to precalculate the




meteorological fields.

A step in the development of meteorclogical mazthods of prognosis of

-

Ty 5 F o [ e e o T £y oy " - o
waathor was caken by I, &, Kibel in 1840 L2). Introdueing a charac-

T

-3 P o~ e P P . - a0 .’ ey T v een e B ol e e ey on Q aD 4 e
tevistie geosie for the investigation of synoptic processes, L. A, Xibel
\ 3

showed that such motions are quasiegeostrophic, This allowed him to ram

what was non-essential to meteorology in the soluticn - the sound and gra

E ! H 4 R .} - £ ~ . -
waves. The idea of Kibel®s on the construction of a thecry of short-ran:

. P L . R A1
rognosis of the weather on the basis of the quasi geostrophic

was uzed subsequently by meteorological researchers. 7Thanks to & selage
cior of the initial pelytropic model, one succeeded in writing basic

aticns in a rather simple form either for the esrth's surfac
or for some level in the atmosphere.
In 1945 :there was published a work of 4. M, Cbukhov L4], in which
the author eun:Lructed.an equation and gave his sclution for the change
{3321 \)‘_C't :..C)
pressure with;hhc convergence of mass in a barotroplc atmospherc.

in 1939 Rossby [9) and in 1940 Burwitz [8] developed through a stu’

of the processes of largeScale a method of small perturbations, using

Fi"

he well-known weteorclogical fact of the existence of a primary West-ka
low of air. They obtained only the velocity of displacement of éﬁ% iso-
laved harmonlic-wave,

In 1943 there appeared the work of E, N. Blinova "The hydrodynamic:
theory of pressure waves and centers of action in the atmosphere” [1], i
which the author succeeded in obtaining a solution of the general probls
of weather prognosis, proceeding from the combined sclution of the line:

ad system of hydrodynamic equations., The basic atmospheric centers of

waere obtained,

The aim of the present work 1s a study of the diffwsion piccesses




. o
propeed '’
theAdisturbances at the level of the 1000 mb surface as well as at i

o)

levels, and with this to elucidate the interactlon of the processes,

= levels of a baroclinile ammosphere, Consid

£
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+
bt}
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o
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ouyr basic problem the ¢ LuCld”EiGn of the qualitatlive sspects of ths
et
e FRY e FATioN )
mechanism of e of the disturbances we ilm“ted ourselves in t
investigation to a study of large-scale processes only, for which th

gecatrophic model of the wind could be usaed with success,

The principal interest In the work s given te the deduction o
l J?C[)C G AT
equations that describe the surface process of . rof a therms

digsturbance with a consideration of the basic factors of a2 baroclini.
mosphere, In the work questions related to the stability of the sol

Iy rodynamics conforming to an atmospheri

o
by
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el
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of the eqw
ware considered; criteria for the stability of the solution of the e
were obtained depending on the wave length of the disturbance, the ¢l
of ﬁﬁe Coxilolis parameter with Labltbdo and the vertical profile of

veloclty of the West-East flow. The role of the factors of the hori:
macroturbulent exchange on the stability of atmospheric motion was
sidered, There was obtained eriteria of the stabili ty of the soclutis
the equations of hydrodynamics by the aal&ulation of the factors of 1

turbulent exchange,

In the present work we did not make it ocur aim to apply the re:
directly to the prognosis of weather. We coonsider this as a later
problem, to be the subject of a sericus study.

In conclusion we notice that we investigated in detail the case

pelyiropic atmosphere. This was done in ovder that the simple qualit

aspect of the matter would mot be hidden by the unwieldy calculations
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remperatura

ind L8 the vcrtical component of velocicy

SO }f;":*"( c?
va M o

Ej heat flow to a wndt volume in a unit time

\ A
by and éiy are the specific heat casacities of aiv for constant pras~
sure and constant volume,
Let us differentiste (2} with respect to ;k( s (1) with vespec
to 55 and subtraer from the f£irst the sthar, Thes we - ebtain the
¥,

Friedmants equarion

3 - . S, 7
Ee T 9“5,¢_V ,)Lﬁ_ffgf } 7 ¥ } A //f,éf )/ X/

(6\2 ‘;Z;: o L 5y fz« )/ ,,;}l /"«t ‘/ﬁ'}/u)&" ql’ ‘j,&f
3 & J

Eiimlipering from equation (&) the surfase divevgence by means of (&) and
discarding in the result esriwated terms of higher srders of smallress,

we sre left with the aguation

2, e gl m2) £ D

@ o T w AV 7 Ay
B




With the aim of obtaining 2 formula, cénvenienc for practical work, we

shall pass from indepeadent variables X/j/ /_;1/ Zf te new variables
’}f,,;’; w4 ;'?«/7 « Here the sign 7 by the new independeat variables in-

dicates the fact that the subseriptad equality takes place on an isobaric

surface . P:-“—-"" constant,

The trausition from the original system of coordinates (X /“/ ;, 2")

~ to the nsw ones (A,,, ;,f';_f)is carried out by means of the transforma~

tions:

2 =2 0P D #
I¥e I .3'{'0&,9 ; sz, ? :,25 )/

D P, Do)
g B S ~ - .z‘ .2,.. V) .-—.
P FF I3 ST o JE
Further on the bis i of estimations, ona can show that the

following expressions of correlatfon take pPlace

Ao 2 22 2 e 2
I 0L T s G Iy

As a result equation (7) may be writtem in the new coordinates as:

:2:/‘_1_ ()__,’), ,)(./2..'7"-(’/ Jf:n,
®  SFE T VJ;, /j P

As ipdead in the new courdinates the equation of statics takes the form:

23 _ _ PT
F /f
The equation cf the heat flow in the new varfables is written in the follow~

ing form:

')/ 2)..7- :) — RPN ___; F{ + /"13/
(163 Jf'/ z,)Jf/ -/-V’)J, = (Ja=d/ [ % ( -f()// ‘ / /’/
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. vertical mass flow at the top of the atmosphere.
In our adopted designation, the boundary conditions for the systems

11)~-(13) shall be writecen as
L4 Y / )
(14) fW/,,, | P M/’.j’wa C

For initial dats it can be glven for example, as

(15) 7,?/ = f’{w/%w,///\/)/}

From equation {(14) thers can be obtainad'jﬁ W
- ™ £ 1
)A j ) 27 ,<(/r’
b il ».,..—-n- }"— {/,?,,fj J + v
ey Ffoeo A A 9?/,

Substituting (16) into (12) we shall elimlnate the vertical veloc

from the squation of heat flow.

Covld ,
in the resulting equations (12) and (13) we " find 6;- and
if the second of the boundary conditions (14) could be explicitly expre

through 5 and [/ . It turns out that it is possible to do this. !
o -

this purpose we integrate Qlﬁ} throughout the whole atmospherz, then we

N

obtain the integral relation
P , 5
s z) Dz ? " / -
) 25 4 23, 57 / A f=0
an /f,;ra r 7 ) 5 !
Ay

which then will play the role of the missing boundary conditign for tk

svetem (12), (13). We integrate the equation of statics (13)

Yein analogous formula was cbtained by M. E. Shvets in 1941, [5].

-8=
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of vthe 1000 wh surface

Wong wige i

arwown obtadn the systen of differentisl equations for de-

N u
C AL 7 o F
(i i I N E ATl A > o [ g
/, L ol htf L Ed ¢ o &,
24 4

we agsumne 48 the hasis of ourp tubsequent considerations,

of Lbe systen of Eouatdong

14

equaticng (18)~(20) we covsider in the

S

vhkemeiag forms

oy




Here and everywhere else rhat follows, the index 1 afterthe independent
varizbles will be dropped,

&5 dnitiel data for the system (21)-(23) we shall take the

/r - " it

’//é/, i, & field:

We lincsvize the system (21)~(23) with respect to the speed of the west-c

s ~ 7 p
L T L Ay A i */" /
/= f o //[/ g7 / { X/,// i/,u &
L) it
T o 5o 2, ) 3
whare 4 1&0’ and 4\, are known functicns of x/
Y. /oL - J J
& ’ 7 7 e
7 and / sati.
&
Then from this equation a relation is developed between and /
4
e . o
el Jvf and £ >
< 7 ¢
.y £
i Vi
4, ¢ ——
- . 4
(25) S
f Py ! Sl

S PN

Substituting (25) and (26} into (21)-(23) and neglecting the smalier quan

tities of record order, we obtain the following linear system of differe:.

tial equations:

-10-
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crder “for the dat

the function )/A /f/J» /ﬂ/ )

) FO1f) LI~ LY 2D =i

o] Al o 37
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a 35

R

/ R _’{,‘.7 ..«MJC/

. Qé;
i

. X 1T . . o 3
The function g/{é‘/ repreaents the velecity of the west-sast flow, In
, : et o - Il e
i is shown the average climatic value of the function (/¢ / #

winter, In equation {32) we shall cuan to 2 new independent vaxvlable ©

; W ’ Y, o R .
f(f[f/ . Then &he equation {32} take s the £

The initial aud boundary conditibns of equation {33) will be:

L
{:3[;:: <'/‘ /{!, 7 o / v /(// /

fon of eguation (33) we shall seek in the following manner: we
P 45 A

by both parts of equation (33); result w

3
O
Lol
T

a differential equation of third oxder, -
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. ’ AM . P {(?/
(385 = /[Xf,//// 7 V/,))/ AL / 4 V/) s c?’é"
@it »/u» )

* Lo =y

where @/{’){, ,“L!/ is an arbitravy iuncf'mnﬁ 5&77:" X [,/2/ and
(/{1)={/ e « The form of the arbitirary functxon is determined
by the second boundaty condition {34) but first we shall turn our atten-
tion to the following circumstances. Up t11) now we did not fix the
form of the arbicrary Ffunction {j [f) » but we cd:xsidered it arbic-
rary, By this ir was privately assumed that ,!}«“-' '51 "y, is & simple
[single valued or ORG] function of fis argumart (where \IO(U) ig the
inverse function of (:"( f) }o However in raal atmospheric conditions
the funetion ‘f) ((./) s generally speaking, is a mui_ti«valued func~-
tion. It is natural cherefore that (34) cannot give the solution of the
preblem. in all of the inte;zval O & do = j .
It is easy zo be convineced perhaps that the difiicultylmentioned

could be easily overcome hy a simple method, In the solution {38) we re-

turn to the old independent variable \F « 435 a result we obtain the

sclution of the problem good 7for the whole *nCﬂrval of the change of
(’]?"' ¢, 17/

3= g% Jt) + L) / j/z"‘ / fz’/’f} c/f[/ LX)
X updy + uf)dé,/

2V
where [/ = T N
IR
If now to take into account that, as a rule, (//(f) = O ,2
2 . . ? -
Striectly speaking, (/{")‘” (’{P is a very small value. Therefore it

can be considered that {/(/)‘:0 approximately although this suggestion is

nct essential, for one can from the very ficrst consider (/(lj:éfi!(/’

-1l

"




4 a
then frowm the Limiving condivion {34) it follows cr?’{ 7“/*“ ;f;:? ,4’4, / //G_.v

af the problem will have the Zows

Thus, the

:-“ﬁ:' f y
/. :}/; &%{?‘5 . f /r[/[v] /»— L //(")//\/
AR e -

A £ / B -
ORI At M) ),;w /
k i o ,f’ /

t1s a known function of the

[ e
Yo &AL

although in faet its form is not comglerely known

Tt owes ticned sbove that the Form of the function /",;’,f; [, /f?;/ . 7 fj

o
[

determined by the Integval welanion (”Q . Fur this

purpose wa substitute (32) wader she imtegral sige in (27} and we shall

“’/ ‘ f’;}""’ Y el +

R i
(e ¢/ ’7? }

. Then we obtain the fundemental egua-




Cs ca* 2 2% ) P /f/ el )
(i) e 7""’ 7 / -
{ ‘;),f’« Z & 4 )(d)r A

;o

" - e / g
f’,}e 8 "P‘L.;_’j? Y ‘,“ e L/ sl ST
oF X'?’ / ,/"3 / R A & A s
Ve

J 3 (.
where Qﬁ ad 53» and
/ A ) )
/ ,::??zé [}/f/ &

RN AP, R A
G J RS-0 [ o0 Sty
f/f)—‘:ﬂ’/ j(f‘//

2t f/;w"/'
The initial data for equation {41) will be:

.I-';)-"/Z;:._,;, = /f_/\{: 7’/0/} ;-
- | /2 4P
2250/ [ 2257y olf - //5/ 57 7

# Lo
S5 < Sx

For == C} the second of che relations (42) is an immedilate result
from {40},

In such a manner, the problem of the pesition of the disturbance
cf the heights of the 1000 mbs surfaca reduces to the integration of
the diffevential equation (41) for the initial data (42). Before pra-
ceeding diractiylto the solution ¢f the problem which has thus bheen de-
veloped, let us consider the following useful fact, In the case where
the atmosphere both instantanesously and in its average state is poly-

ropic d.e. when the remperaturaz of the air particles with height falls

A
according to a linear lgw:

(433 7=l d’;
7= Ty

16~
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The JLYL&&I~& atwoszuare, although favored for irs
nts & highly crude mo ) v idncorrect if speakir

TELToEEn
plie of the stratos phc e‘

SXamL

et a0 rapr T ST 7 e
e =

L

we will conduct arguments for the general case of a baroel inic model of

the stmosphere,

= The interdependence of the fields of 1 mateorolozingl
zlements on various atmospheric levels in the thermo-

hydrodvnamic process

*

Crnie of the

H

-yt
s}
{

ndamental g oblems of txexovtzw L meteorology is ¢

investigation of the question concerning the fnke raction of hydrodynamic

T -

processes, developing at various levels of the atmozphere. The establishe

- . - ’

ment of such an internal coanection for the general baroclinic model of

ere afferds the possibility of determining the basic pecu-~

larities of the mechanism of changes of pressure, temperature and vortex

formation taking into account the kinematics and dynamics of atmospheric

O

for this purpose. For an investigation of the present question,

e shall proceed from an analysis of the solution of equaticn (40) of

The general solution of equ (40) which satisfies the initial
data (42), valid for any moment of time, has a form so unwiedy and lavge
for the determination of qualitative inquiries, that we, from the very
beginning, must reject an investigation of it for our purpdses, but at
first we must go after a simpler and clearer meathod of analysis of the
solution. Here the disucssion goes about such a transformation of
equation (42), which would directly comnnect the hydrodynamical charac-
texistics, which interest . us, with the field of meteorolological ele-
rents in the whole thickness of the atmosphere. In the nature of

“18~
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el fic distribvution of the west-east advection velogity, more
IS b

is given,

The

L AE v .
che functloun 44 'y} f{ shows , that local time

character of meteorological elements

v
&7
o

\
]
pus
[N

isturbances in the vevticlity field 1o the Lyropo-

sphore and lowey stratospherc exery an ppposite influence, with respect

4

to sign, ou local cyclogenesis at the eazrth®s surface.

Howaveas
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turn out attention to the fact, that
s direct evaluation of the series of quantities in equation (40 shows
thar the effect of the factor of the deflecting force of the earth's

T VN S LI [ PN - - oY - R, « pue ] Py g g e ~ o
rofation is important ouly for large scale disturbances,

Now let ug consider the question concerning the local

vorticity ot any level of the atmosphere., For this purpose let us rake

taze of the solution (39), with the help of which we shall obtain

for vortieity at any atmospheric level
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vorticity 1s prasented in the following form:

Sl Sy L

- A - Yy }
s e o/
then from (51) we obtain:

=Tl ’ﬁJLz/ h}q/UA// / /1 /U//ﬂ
gr e 7

(52)

snalysis of the function Zi% [J{'/ ,) © " shows, that since the
3 :

second term in (5Z) does not depend on height, for which the calculation
/

Ny : ) . P
of N t/Z{Zf‘ was derived, then the change of the individual

derivative of vorticity, from level to level in the atwmosphere, will be

/'1 %
characterized just by the influance function A{; (J;/{/’

The form of the influence function [iéﬁ shows, that the solitary

fo
Ly

concentrated influence of the substance ;lJZ;{;;(' a given leve.

5

n L

oy

w

troposphere gives rise to local changes of the vorticity field

k)

gn in the layers, situated below this level and also in the

3

of one

mn

stratosphere, and of ocpposite sign in the tropospheric layers above the

Let us turn to the consideration of vertical currents in the

Vertical currents are a component part of the mechanism of the
general circulation of the atmosphere, With the help of vertical currer
the redistribution of alr masses, kinetic and potential energy from
one level to ancther takes place, depending on the specific distributior
of the thermobaric fields throughout the thickness of the atmosphere,

For the caleculation of the vertical currents let us take advantajp

22



g

.
; o 1 o Ctsas
it with respect {0 § with the boundary condition
:
o / s
/"‘ &\r L !,x §
g o §

)

substituciog (533 into (54} and carrvying out tha integration

fod

wee applied, while in the strkatespheric and trop-

gertical currents willl bave the oppozite sign.

v
&
S

s
!

oph of the function ZQﬁﬁﬁ/{} {figure 5) shows, that




1 component of the vector velocity at
signs above

rd

the percurbation in the mevidiona
se¢ Lo wvertical currents of opposite

the glven level gives rise
and below this leval,
How let us consider the question comcerning, fo what extont oux
mathematlcal construction reflects the physical picture of The advection
in the nature of an

urpose, let us consider,

s of isobaric surfaces, a harmonic n&vh in a

initi
wast-gast advaction field, _
) 2 =3 . P . . _w“_
) e C;(iZ (/e ¢ »’~/4 [/f/‘/,m A )(/
(57 ;;7 = 2 (\f ’ g[? v -
7 .

he

tandard value of the ekight isobaric surfaces

e £ 0
whare é? LJ) the of
f/'”“ constant for the whole globe

A1 f . . .
4 ) amplitude factox, which, for its determination, we shall

ve and damped when Jo R

I3

consider positi

(

= i where AL - gave anghﬁ of the disturbance.
ot L

t us form the expression foz
we obtain:

and ,) _“’L/';} -7 for ‘ZL‘ prvoveat (j} . AS 4 result
-~ 2. » .
~— L/éga = )\ %A?{Jg/,é%/<,)\,z’
9L / 2 S Ny
2 / == N A1) coe )X

I
PSR

o X

ler us form the equation
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If we assume, thaz )4 Lf) diminishes with height, while the scale
of the pexturbations has the order of 10CO kiloweters, then ﬁﬁ&nfjﬁ) and
ﬁ;A ﬂf} will, as & rule, also be positive functions in the whole troposphere.
Let us turn te the analysis of formulss (58)~(62). Let us assume, that the
point of observation is situated at the level of the 1000 mb surface P == [
Then from formulas (58}-(62) it follows, that in the front part of the pressure
tromgh (C,cigi) {figure 6} ths regicn of prezsure fall is situated from the

center ) to point Cg »

This regien colncides with the zong of increcasa of the Iindividual deri-
ff .
. g, ;
vative of vortieity . ,fﬁﬁ, i.e, with the zons of eyclogenesis, The
C_: - N

region considered, is characterized by sscending vervieal currents,

On the comtrary, in the‘frcnt part of the vridge of high pressure. (lﬂ_fb C/)
the region of pressure rise is situated from the cemter to point 15 . The in-
dividual dexivative ;%%3 in this region is negative, therefore we have the
case with the zone of anticyclogenesis, This zone is sharacterized by descending

“wertical currents, Analogous srguments can be supplisd for other atmospheric
levels. |

So, we see, that our wathematical construction is found in agreement with
the physical side of the matter,

After the qualitative annlysis of tha.machanism of pressure change has
been earried cut, it is possible to approach the question concerning the
search for the guantitative relations with the help of the integration of

the basic equation (41},

The solution of the equatiun for vhanges of nressure

if in the preceding paragraph the discourseé proceeded mainly about the '
investigation of the gqualitative structure of the process, then in the

present paragraph we shall make it our aim to obtain the general solution

£ the squation

2 - ()l -2 -
o3 {j?* 2055, + U A )A 70 +[/} +um,)(}a ,5/
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where
| E = et ; /{;m/ (o) = &;éh /
while , Mf) |
3‘3_41,0 (u) ,,:"‘"‘“f“‘ ~/f /A/a/f

it does net offer any difficulty to integrate equation {67} for the

initial data (68), and the result can be written in closed form:

jm‘?h)m m..jn]!é}n {V}(«"}’ﬂ% e K’Z:/'f? /:f) (c/) +

e lp T
_3 /?,/jm,y et /,'/w .' & /b .7;,
+ {f*‘ -4+ 5 Lo
“ o
— T ,)
& Gt morT [’[ﬂ{,/x “/y
ey o+ ¢ ?;M, (o} {‘” — /
f7

(69)

S — e & P ,“2 (47 /ﬂ"/L
= A
A 2 s i «-‘71‘ s
whege VZba {7~ @{"-r" , /(/’ - {/: 7‘~{M. 1

Bguation {69} &.Qﬁ"lbum c:i: twe paris, The firss pax:t

= :A rﬁ /Z:w {< .}(/"1‘ 07"“ //P"ﬂﬂi I/C'/ -TL

',«'jﬂu)
’ ‘ . Y e
Lo p? =2 ﬂ{l{f”’/ /ﬁz;ﬁ/y?jff@ 4

7 /j 7" [/{/ =g . 7’ b

sexves as the solution of the problem for a polytropic atmesphere and the

{78y

28




frem the poiytropic
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despite the presemce of & zlope
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So, we avwive at the conclusicn, that iu a polytreple atmosphers the




disturbances has a value, different from that ob~

i the 2id of the Rossby formula L[9]. Let us recall, that

1 3 1 1 3 g 7] " PR . LTLINF L
Rosshy obtained the formula for the advection velocity of a-plane wave

(74) (=

R ~ Joe

{ is the valocity of the east-west advecilon,

Ty e RV i e snn m
thie 6L mh suliacae.

* T ¥ 4 T - o Ty gy 4 -
years, by synoptics, it was observed L7], that tbe
ree with the formula of
tosshby. In order to obtuin the necessary agreement with it, the regres-

e A

efficients 5?, and gé were introduced s, that

7
{75) (g ({7 s ) Y

where (4. and Zg were found as a result of the proeessing of

@

Such an apwroach to the generzalized Rossbhby fovmula brought the
Py
value of the velocity of transfer of the wave, obtained from formula

(7%}, somewhat pearer to reality.

ing the fact, that the formula, we obtained, agrees

with cbeervations, one can try, even so, by the same
istical data produced in {/J, for the coefficients (& and Ié

Fram,g73} it follews, that perturbations of small wave length are ad-
vected by the flow with the veloclty of the mean advection Z?'

Therefore, it is quite natural to ildentify the mean level of th=

~30 -




the level, at which the wvelouity {/  coincides with

e 1 - - My
the mean advection veloulty (/ with the level of the "basic

flow,” established by the Soviet metew ologist N. I. Troteky .

The stability of atmospheric motion

The question of tha stabillty of atmospheric motlon has already

o)

N¥. B. Kochin showed, thet for some interwval of wave

the non-~zonal cscillations of Mavgules surfaces could become ungtable,
This mermitted N. B. Kochin to comnect the mathematically establd

o
e
£
o

Ny
=
s
fw)

fact, by means of observations in daily synopiic practi

=

formaticns in stmospheric frontal zones, Thus, one ¢f the im

- frontal cyclogenesis ~- found its further

“guestions of meteoro

development in the works of Ne E. Kochin,

)
&
;...J
*

g
0
th
,-...l

v
=

(JQ
©
0
;“o
S

The problem of the sta atmospheric

Tr follows to have it in the form, given by N. I. Trotsky, that the
veloeity of the basie flow is not constrained to be directed toward

csn have an arbitrary divection, corresponding to the

divecticn of the isobars in the mean troposphere.
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/L
| :Zj”L# deereases exsephilonally

decrease In the dimensions of the perturbaticns, therefore,

waldey {78) i Fulfilled up to /77/ 5

e

7. This means, chat ounly the large planetary

are tLeble, while all the vest are unstable, and che stabilicy in-

4 &
f’ 7,
s of datitude a5 a function of Ak n & PR 171
f (s 2.
to gueh a rapld afl {;;}ﬁ; for the ivcrease of M7,
- . ot 2 e

it ds posalble vo cenclude, chat small changes of the diffarence é/ g
show & couparatively swell {afluence on changas of the reglon of

crabilivy «f the solutdaon,

In that case, when Lf = % , i.e. the west-east

v e eonstant with sespect to helght, all wave motions

ars stible. Howgver it is quite clear, that such & czse 1s nevar reelized

in wature,

5

r# o ue, that wthe lineavization of our initisl egquations

seale parvovbations in cuy exemination, grew guite rapldly, which ia
found to be in obvicus contradiction to realitv,

he wentioned disczepaney tries to oliminzte by the construstlon

in o dos wary vough presemtucion ~- in the form of diadpative { zzﬁvaczmxvg¢£siazl¢”f
& ; .

fretel of nasco-turbuleot displasement, to the consideration

Fere

Fee this purposs, we ﬂha%i prossed from the following Bysten

of equations of bydro~thermodynamics, analogous to (213~(23):

«3m




(79 /} 7/‘/’4#"""’: ~ 7 X )/A;)z@/ .,,57

v

T - , - !/a. e} U —— - o 7 R
CSO} %af — ,iw .ixﬁ _gi/ —r .32; j;}ﬁ /f{wm }/ﬁ{ﬁ // =)

/ .
whare )’ — rhe eonstant coefficient of turbulent exchange for the

fields of vgzticity‘aﬁd remperature,
“ — daviationa of>the heights of isobarlc surfaces from the
mean zonal state

ifﬂ -~ deviation of the temperature of alr particles £rom the

“zonal distwibutlon.

The system of differential eguakions {(79)~(81) should not offe:
any difficulty to integrate, taking into accouat the boundary conditlon:
and initial data, just as this was accomplished at preceding points of
the prasent work; however for the.purpcse of investigating only the
questions of the stability of the solutions it is sufficient to choose

au easler way.

Let us acsuwe, that the fields of weteorological elements 2,

\
t

/ can be presented in the following fowm <

S (H=gT/ e “ e
‘M&gﬂ?ﬂ[é//)(:‘ (/’/
Lo (y—~eES 7 ¢ oaa/

T //'}/’7 [&’ / [

Then so, that the function {82) should actually give the solw
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