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We present the elements of a new advanced non-stationary theory of global mechanisms in atmospheric
low-frequency processes, the balance of the angular momentum of the Earth, teleconnection effects and at-
mospheric radio waveguides. The theory is realized and implemented into Microsystem Technology "Geo-
Math" and focused on the discovery and testing of new predictors for long-term and very long-forecasts of
low-frequency atmospheric processes. The PC experiments have demonstrated an effectiveness of a new ad-
vanced theory in application to modeling balance of angular momentum, the atmospheric moisture turnover
in relation to the genesis of tropospheric radio waveguides and succession processes of atmospheric circula-
tion forms (teleconnection, front-genesis) in order to develop new practical sensors in long-term forecasting
and modeling of low-frequency atmospheric processes. It is determined a link of tropospheric waveguide with
atmospheric moisture circulation and, accordingly, with the shape of the atmospheric circulation over the po-
sition of the front sections of (atmospheric fronts as the main drives moisture). Atmospheric moisture cycle is
linked with such typical low-frequency process as the angular momentum balance; the latter accounts viola-
tion of the atmosphere rotating balance with the Earth, which may be under developing meridional processes
with the implementation of the mass transfer of air and steam between the tropical latitudes (with a large lin-

ear velocity) and slowly rotating air masses of the polar latitudes (a process of slow teleconnection).
Key words: the balance of the angular momentum of the Earth, low-frequency atmospheric processes,

teleconnection, atmospheric waveguides

1. INTRODUCTION

In [1-4] we presented the fundamental basis’s of a
new advanced non-stationary approach to global mecha-
nisms in atmospheric low-frequency processes, the bal-
ance of the Earth angular momentum, teleconnection
effects and atmospheric radio waveguides. The approach
has been realized as a new geophysical microsystem tech-
nology "GeoMath" [2]. The topics studied are of a great
interest for modern physics of large-scaled atmosphere
processes (see also Ref. [5-17]). In this paper, the ongoing
work [1-4], we will present the elements of a more ad-
vanced non-stationary theory of global mechanisms in
atmospheric low-frequency processes, the balance of the
angular momentum of the Earth, teleconnection effects
and radio waveguides. Let us remind that one of the key
purposes focused on the discovery and testing of new
predictors for long-term and very long-forecasts of low-
frequency atmospheric processes. We are talking about
the adaptation of the advanced theory of atmospheric
macroturbulence applicable to radiofrequency with a view
to their possible using along with other as predictors in
the long term. The preliminary “Pasific ocean” PC ex-
periments have in whole demonstrated an effectiveness of
a developed theory especially in application to modeling
balance of angular momentum, the atmospheric moisture
turnover in relation to genesis of tropospheric radio
waveguides and succession processes of atmospheric
circulation forms (teleconnection, front-genesis). But, all
preliminary PC experiments were realized on the basis of
general stationary theory or simplified (so called short
version)non-stationary one. As an sequence, all obtained
data could be quantitatively changing, though non essen-

tially.

2. ADVANCED NON-STATIONARY THEORY FOR
BALANCE OF ANGULAR MOMENTUM

As the key elements of our theory were in details pre-
sented earlier [1-4], here we are limited only by the key
advanced aspects.. An advanced non-stationary angular
momentum balance equation of in the planetary dynamic
movements of air masses is written in the following stan-
dard integral form [2,17]:
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where M = Qa’cosq + uacosp - angular momentum;
Q - the angular velocity of rotation of the Earth; a - radius
of the Earth; ¢ - Latitude (p; - ¢, - separated latitudinal
belt between the Arctic and polar fronts); A - longitude;
u, v - - zonal and meridional components of the wind
speed; p - air density; V - the entire volume of the atmos-
phere in this latitude belt from sea level to the average
height of the elevated troposphere waveguide - H (in
notations by Oort H = o [9]); p; — P;V - the pressure

difference between the eastern and western slopes of the
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i-th mountains; z - height above sea level; 1, - the shear
stress on the surface. From the point of view of physics,
the cycle of balance of angular momentum in the contact
zones with the hydrosphere and lithosphere becomes a
singularity. This singularity can be detected through the
occurrence of zones of fronts and soliton-type front. Then
the kernel of equation (1) can be defined in the density
functional ensemble of complex velocity potential [1]
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where w — complex potential; v,, — complex velocity
general circulation background (mainly zonal circula-
tion);b, — coordinates of vortex sources in the area of
singularity; ¢, — coordinates of the dipoles in the area of
singularity; a, — coordinates of the vortex points in areas
of singularity; My — values of momenta of these di-
poles;oy — orientation of the axes of the dipoles; I'y, qx —
values of circulation in the vortex sources and vortex
points, respectively. In the scheme by Oort [9] the Hadley
circulation cell in angular momentum in the north part
runs into a zone of the Arctic front, and at the time of the
lithosphere it is included in the coverage of the polar
front. Convergence of these atmospheric fronts could then
close the cycle of atmospheric angular momentum bal-
ance in the same frequency range of atmospheric fluctua-
tions without giving effect by an ocean and the litho-
sphere. Of course, the Hadley tropical cell carries tele-
connection of the polar front with southern process by
means of the link mechanism which is similar to link
between the tropical and polar fronts or the Hadley tropi-
cal cell with a cell Hadley of temperate latitudes. The
balance of angular momentum in conditions of the close
convergence of the Arctic and Polar fronts over the ocean
(which is almost always in all seasons and over the conti-
nents in the summer and in the transition seasons) is
largely respected by centrifugal "pull" moisture along the
front section of the polar front to south of the center of the
cyclonic-depressive these. Total mass flux in a separate
cloud as well as cloud system, is determined by the Ara-
kawa’s model. If A is a work of the convective cloud then
it consists of the convection work and work of down
falling streams in the neighbourhood of cloud:

a_p_dd . (4)
dt dt conv At downstr.

It is obvious that
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Here mp() is an air mass, drawn into a cloud with ve-
locity of drawing A; if
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is an mass balance equation in the convective therm-
ion and K(A,\’) is a nucleus of integral equation (1),

which defines dynamical interaction between neighbour

_ clouds then
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This is the Arakawa type equation with accounting for
air streams superposition of synoptic process. Its solution
is as follows

my(A) = F(A) + BXT}?(S)F(X,s:B)dsn ()

0
here F(x, 58 B) is an resolventa of the master integral
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As usually, we present a resolventa of the integral
equation as an expansion in the Loran set cycle in a com-
plex plane C; its centre coincides with the centre of the
heating spot of a city and internal cycle with its periphery;
external one can be moved beyond limits of recreation
zone. Then resolventa is as the Loran set (with a as centre
of converge for the Loran set):
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3. ADVANCED MODEL OF LOW-FREQUENCY AT-
MOSPHERIC MOTIONS

Here we consider an advanced spectral analogue for
equation of motion for dynamics of the atmosphere in the
low frequency range. As it is well known, the shape of the
atmospheric circulation changes its position in space, and
the intensity of manifestations varies in the period up to
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several days, while inside it implemented processes, last-
ing a few minutes, such as precipitation. Hydrodynamic
equations are set to reasonably high-frequency processes
in the atmosphere of the evolution of the cyclonic type of
education in the period up to two days, but it is not able to
well describe the low-frequency processes such as change
of the circulation forms.

At the same time the macroturbulent atmosphere equa-
tions are low-frequency ones in its basis and there is a lot
of experience of their decision on the basis of spectral
methods [3,4,14,31]. This allows you to use them for our
purposes for the mathematical modeling of the changing
forms of circulation and, respectively, for the mathemati-
cal parameterization homologues circulation. [13,14]. In
order to solve this task, one should involve coupling mo-
ments forecasting model, which we know from the sys-
tem of the Reynolds equations with implemented average
and fluctuation motion.

The technique of using Reynolds tension tensors of
the second rank is well known (for example, in the form
of an analytical representation). The circuit equations with
accounting the Coriolis force in the analytical form can be
rewritten as:

2
a [V’ZL (7)+ 27 v, () + VL, (v )]
ot
(11a)
—f[L ViU +vuL,)+UVL, )+ VUL, (V)|+
+4wicos OV + 2 VL (CI))
aUIZ

ot

11b
,]( )

- UL, @)+ PUL @)+ OVL 0+ v ULy (U) -
a
- i[U'2L4 (@)+20U0L,[U)+U L, (U')]—
a

—4wicos U +£UL (@),

6[ '(J' ,2 1”2 ]
- b VLU )+ 27V LU )+V"L,(U
ot 2a ( )+ ( )+ ( )

(11c)

_ZL VU L0+ UVLU)+ +7 UL 0)+ VUL )]+
a

+iV16(q>’)—
a

i [WLz (7 )+20UL, (U’)]—

o R A (R A )
a

where

L zif;é)_(_l)j ﬁ%ﬂy ctgd(..) »

b=1,j=1,4; b=-1, j=2,3; b=0, j=5,6.

In many earlier papers (see for example, [10]) authors
used the simplified approximation, which results to re-
maining only two operators, say, the equation (11c¢)
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(12)

expressing @’ through ¢ complex potential of the ve-
locity w, and the velocity components V' - in terms of
functions ¢ of the same velocity potential. We suppose
that this procedure should be replaced by more consistent
one that provides an advanced level of a theory.

Naturally, the equations for tensor of the turbulent ten-
sions
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The kinetical energy of fluctuations is b2 =ujuy -

The corresponding eq.
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Here 0 is potential temperature. Velocity’s correlates
are as follows:
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Here c, 1;, A; are constants which define the scales of
turbulent vortexes and measure of their influence on the
averaged motion and atmosphere turbulence anisotropy.
Components of tensor of the turbulent tensions are (vi, -
spectral modes of Velocity field)
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4. RESULTS AND CONCLUSIONS

Below are the results of our numerical simulation and
experiments and their analysis is given. Calculation of
changes in the height of elevated tropospheric wave guide
in the form of circulation, M1 (look Fig. 1 and [14]) gave
the average height of tropospheric waveguide according
to the season within the 1500-2500 m; changes desired
heights are in the range of 50-500 m. It is important for
long-term forecasting only a sign of abnormality of
heights of the radiowaveguide and not their numerical
characteristics. The negative anomalies are observed near
the Asian and American continents, and positive anomaly
- over the Pacific Ocean (Fig. 1).
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Fig. 1 - Changing the height of the elevated tropospheric radio-
waveguide (see the text).

Fig. 2 corresponds to wind flows presented an anom-
aly of the stream function, where the direction of the
velocity vector corresponds to the positive values that
were left of the stream (Figure 2 numbers marked speed
values in m-c”'; the corresponding values of changes in
the function of the current make - maximum value:
~20-10° m*™", ~1.2-10° m’s™"). From Fig. 2 one could see
that a transfer of angular momentum along the horizontal
moisture transfer goes from east to west, which corre-
sponds to a calculated scheme Oort [9], with the main
stream of the West account for the breadth of the Aleutian
Islands, which also corresponds to the results by Oort [9].

Similar results for the shape of the M1, but for the
cold half of the year. It was found that the rise height of
the raised radio waveguides is shifted to the north, with a
maximum over Japan. This can be explained by the in-
crease of the temperature contrast of "Pole - Equator" and
the corresponding displacement of the Arctic and polar
fronts. It is important to note that the results obtained here
differ from the analogous results of the corresponding
stationary theory and simplified non-stationary one on
about 10-15% [15-18].

120F 150 180, 150 ,  120W
ad T T T/~~~ - T Ty~
0 - F
+ +
1+ + 4
<A + + +
n |F + @ 4+ +
|+ + FF-———++++-7 +
+ + +H++H++ - - +
|+ + i +
I ek A e e +
FH++++F+ A F A+
l+++++++++++++++++++
+++++++t++++++++++++
120F 150 180 150 120w

Fig. 2 - The flow function for the situation depicted in Fig. 1

This fact confirms that a real theory of the studied
phenomena should be by non-stationary one. Summering
the above presentation, let us note that we present the
elements of an advanced non-stationary theory of global
mechanisms in atmospheric low-frequency processes, the
balance of the angular momentum of the Earth, telecon-
nection effects and atmospheric radio waveguides and
implemented it into new geophysical microsystem tech-
nology "GeoMath". The strict theory must take into ac-
count the connection of tropospheric radio waveguide
with atmospheric moisture circulation and thus the shape
of the atmospheric circulation across the state fronts (at-
mospheric fronts as the main storages of moisture). At-
mospheric moisture cycle is associated with the typical
low-frequency performance of the process as the balance
of angular momentum. Last imbalance characterizes the
rotation of the atmosphere together with the Earth, which
may lead to the development of meridional processes with
the implementation of the mass transfer of air and steam
between tropical latitudes (with a linear velocity) and
slowly rotating air masses of polar latitudes (in fact it is a
slow process teleconnection). Dynamics and characteris-
tics of atmospheric radio waveguide is just related to the
teleconnection and, thus, the forms of circulation, with the
processes of succession of these forms (which is impor-
tant in the long-term prognosis). Imbalance of angular
momentum can not remain without consequences in the
atmosphere due to the rather large forces involved in the
desired dynamics. Naturally imbalance causes the effects
of the singularity, i.e. sharp reaction of the atmosphere in
an attempt to eliminate it. In any case, such a serious
impact on the atmosphere, in principle, can largely cause
change in the form of atmospheric circulation, which
allows you to quickly redress the imbalance of angular
momentum organization sufficiently rapid moisture trans-
port and air speed of rotation from north to south to its
torque.
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BAJIAHC YIJIOBOI'O MOMEHTA 3EMJIM, HU3KOYACTOTHBIE
ATMOC®EPHBIE TPOLHECCHI U PAIMOBOJIHOBO/1bl: IPUMEHEHUNE
YCOBEPHIEHCTBOBAHHOI HECTALIMOHAPHOI TEOPUM

A.B. I'mymixoB, 1-p ¢.-m. H., pod., A.A. CBHHApEHKO,
1-p ¢.-m. H., pod., C.B. AMGpocoB, k.reorp. H., J01L.,
10.41. BynsikoBa k.reorp. H., fou., B.B.Bysim:kn, B.®. Mancapimiickuii

Ooecckuti 20cy0apcmeeHnblil IKON02UYECKUll yHusepcument,
ya. JIveoeckasa, 15, 65016, Odecca, YVkpauna

Ms! npencraBisieM JIEMEHTHl HOBOH yCOBEpIICHCTBOBAaHHOI HECTAIIMOHAPHOH TEOPUH TIIIOOANBHBIX
MEXaHN3MOB B HM3KOYaCTOTHBIX aTMOC(EpHEIX Iponeccax, OagaHca yrioBOro MOMEHTa 3eMiH, S QeKToB
TEJIEKOHHEKIIMU U aTMOC(EPHBIX PaJUOBOIHOBOJOB. Teopys peaM3oBaHa M UMIUIEMEHTUPOBAaHAa B MUKPO-
cucTeMHyto TexHosoruio "GeoMath" ¥ OpHEeHTHpOBaHAa Ha OTKPHITUE U TECTHPOBAaHHE HOBBIX IPEIUKTOPOB
JUISL JOJITOCPOYHOTO U CBEPXI0JIT0-CPOYHOTO IIPOrHO3UPOBAHUS HHM3KOYACTOTHBIX aTMOC(EPHBIX MPOLIECCOB.
IIK sKcriepuMeHTBl MPOAEMOHCTPUPOBAIN 3()(HEKTHBHOCTh HOBOI HECTALMOHAPHOI TEOPUH B MOJCIHPOBA-
HHUU OajlaHca yriIOBOTO MOMEHTa, aTMOC(epHOro Bi1aroobopoTa B AalbHEHIIEH CBA3M C T€HE3MCOM TPOIO-
c(epHBIX PaIHOBOIHOBOJOB U MIPEEMCTBEHHOCTHIO POPM aTMOC(EpHOH IUPKYIAIHUA (TEIEKOHHEKIIHS, TeHe-
3uC (POHTOB) U pa3pabOTKON HOBBIX HPAKTUYECKUX CEHCOPOB JOITOCPOYHOTO MPOTHOZUPOBAHUS M MOJEIIH-
POBaHMUS HU3KOYACTOTHBIX aTMOC(EPHBIX IIPOLECCOB. Y CTAHOBJIEHA CBSI3b TPOIOCHEPHOIO PaJHOBOIHOBOAA
¢ aTMoc(epHBIM BIIaroo00pPOTOM U COOTBETCTBEHHO ¢ (hOpMOi aTMOCc(epHOI UPKYIAINN Yepe3 ITOJI0KESHHNE
(pOHTANBHBIX pa3ziesioB (aTMOC(hEpHBIX (HPOHTOB KaK OCHOBHBIX HAKOMHTEJIeH Biaru). ATMocdepHbIi Bia-
roo0opoT CBS3aH C TAKUM TUIMYHO HM3KOYACTOTHBIM IIPOLIECCOM KakK BBIIOJIHEHHE OanaHca YIioBOrO MO-
MEHTa; MOCIeHNII XapaKkTepu3yeT HapylleHue OangaHca BpalleHus: atMocdepsl BMecTe ¢ 3eMieil, KoTopoe
MO2KET OBbITh IIPU PA3BUTHU MEPHIHOHANIBHBIX IIPOLIECCOB C OCYIIECTBIEHHEM MIEPEHOCA MACChI BO3AyXa U
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napa Meay TPONUUECKUMH MUpoTaMu (€ OGOIBLION JTHHEHHOH CKOPOCTBIO) M MEUICHHO BPAILAOUIUMHCS
BO3IYIIHBIMUA MacCaMHM NPUIONSAPHBIX IIHPOT (TIPOLECC MEATIECHHON TEIEKOHHEKIHN).

KnrodeBble ciioBa: GaaHC yIII0BOrO MOMEHTA 3eMIIM, HU3KOYACTOTHBIE aTMOC(EpHBIE ITPOLECCHI, Tee-
KOHEKIINSI, aTMOC(EPHBIE PATHOBOITHOBO/BI

BAJIAHC KYTOBOI'O MOMEHTY 3EMJII, HU3BKOYACTOTHI
ATMOC®EPHI IPOHECH TA PAJIOXBHJIBOBOJH: 3ACTOCYBAHHS
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Mu npencTaBisieMo €IEMEHTH HOBOI BIOCKOHAIEHO! HeCTallioHapHOI Teopil rinobajbHHX MEXaHi3MiB B
HH3bKOYACTOTHUX aTMOC(EPHHUX MHporecax, OalaHcy KyTOBOIO MOMEHTY 3eMJIi, e(peKTiB TelIeKOHHEKIi i at-
MocepHHX pamioxBWiIeBONiB. Teopis peami3oBaHa Ta IMIUIEMEHTOBAaHA B MIKPOCHCTEMHY TEXHOJIOTIIO
"GeoMath" i opieHTOBaHa Ha BIIKPHUTTS 1 TECTYBaHHS HOBUX HMPEAUKTOPIB I JOBIOCTPOKOBOTO 1 HAAOBIa-
TEpMiHOBOT'O IIPOrHO3YBAHHS HH3bKOUACTOTHUX aTMocdepHux mporecis. [TK excriepuMeHTH IPOJEMOHCTpY-
Bad ¢(DEKTUBHICTH HOBOTO HECTANIOHAPHOI TeOpii B MOJEIIOBaHHI 0allaHCy KyTOBOTO MOMEHTY, aTtMocdep-
HOTO BJIAroo0opoTa y 3B'I3Ky 3 TeHE3UCOM TPOIOoCc(hepHHUX paJioXBUICBOAIB i HACTYIHICTIO (hOpM aTMOchep-
HOT IUPKYJISLIT (TeJIEKOHHEKILIs, TeHe3UC (QPOHTIB) 1 MOAANBIIOI PO3POOKOI0 HOBHUX MPAaKTHYHUX CEHCOPIB
JIOBIOCTPOKOBOTO IPOTHO3YBAHHS i MOJICIIOBAaHHS HU3bKOYACTOTHUX aTMoc(epHHX IpoieciB. BeranosieHo
3B'130K TPOMOCHEPHOTo pamioXBUIICBOAY 3 aTMOC(HEPHUM BOJIOTO3BOPOTOM 1 BIAIMOBIAHO 3 (POPMOIO aTMOC-
(bepHOT HUPKYJIISILIT Yepe3 MoI0OKEHHsT (POHTANBHUX PO3/LIiB (ATMOC)EpHUX (POHTIB K OCHOBHUX HAKOIIH-
4yyBadiB BOJIOTH). ATMOC(epHHUil BOIOT03BOPOT MOB'I3aHUH 3 TAKUM TUIIOBO HU3bKOYACTOTHUM IPOLIECOM SIK
BHKOHAaHHS 0ajlaHCy KyTOBOTO MOMEHTY; OCTaHHIH BpaxoBye MOpYyIIEHHs OamaHcy obepraHHA atMochepu
pazoM i3 3emiiero, sike Moxe OyTH IPH PO3BHTKY MEPHIIOHAIBHUX HPOIECIB i3 3AiHCHEHHSIM NEepeHECEeHHs
MacH TOBITPS 1 Mapy MK TPONIYHHMH MIUPOTaMU (3 BEIHKO] JIIHIHHOI MIBUAKICTIO) 1 MOBITPSHIMHI MacaMy
HPUIOJSIPHUX MHPOT (TIPOLIEC NOBUIBHOT TEJIEKOHEKIIi1).
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