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PHYSICAL ASPECTS OF STRANGE ATTRACTORS

IN LORENTZ’S EQUATIONS

Abstract

In deriving of the nonlinear differential equations, describing mathematical geoengineering
models, unjustified simplifications are made, which yield the results inadequate to the
phenomenon under consideration. As examples the Lorentz's and Burger’s nonlinear equations
are analyses.
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It is well-known, that at the description of the physical phenomena is used the certain
mathematical approach. Moreover, approaches are put in pawn in the process of physical value
measurements. However we can always predict consequences of physical experiments with
known, beforehand set, accuracy. The last is connected with the determinacy of the mathematical
equations describing considered systems. If mathematical models of problems are described by
certain systems of the nonlinear differential equations results of calculations can be not
determined, they are stochastic. Stochasticity contains in the nature of the nonlinear differential
equations, and are well-known. The examples of such equations Edward N. Lo-rentz's equations
are typical. In the given work we wish to pay attention to the restrictions containing the attempt
of the adequate description of the nature processes in mathematical models. For example, in the
mathematical model for true weather forecasting in the set place of globe, have been receive, as
was mentioned, Lorentz's having not determined decisions the known differential equations - so-
called strange attractors Lorentz [1]. Lorentz was surprised that his equations, with enough
simple and general assump-tions, mathematically well describe process of the turbulence
beginning in the nature — stochasticity. The phenomenon essence lays in the nature of the
received nonlinear differential equations when under known initial (boundary) conditions and the
set parameters of problems, not determined, stochastic decisions always turn out. We will more
in detail consider the Lorentz's system, which describes all processes which are passing in a



liquid layer (or gas, for example the atmosphere), warmed up from below. We will admit, that on
the top border constant temperature Ty, and on bottom border Ty + AT is supported. As heating
gas or a liquid is easier than cold, so at a difference of temperatures convection current in the
environment arises. So we have the distributed system in which condition is characterized by
fields of velocity distribution, density and temperature: (X, y, z, t), p(X, V, z, t), T (X, y, z, t).

Such system is described by Nave-Stokes equation:
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together with the equations of continuity, heat conductivity and condition. Here ¢ — time,

V= (V1,...V™) — vector field of velocities. Unknown pressure p and V are time functions ¢
and coordinates x € n , where {1 e R™, n=2,3-plane or three-dimensional area in which gas or a
liquid moves.

Further we will present unknown field in the form of expansion coefficient on some full

system of basic functions. We will construct expansion on basis of trigonometrical functions in a
kind:

sinmax «sinnfy, sinmaxscosnfy, cosmaxssianfy, (2)
where = n/h, o = n/l = ma/h, m and n — integers.

For factors expansions Un, and V., current function can receive infinite system of the
equations. It turns out in the event that to consider Lorentz's model only essential and distinct
from zero only terms with Uy, Vi, Vg and conveniently them will designate accordingly
through X, Atand Z.

u =—Xpsinaxcospfy, 3)
v = Xacosoxsinfy, 4)
0 = Ycosaxsinfy-Zsin2fy. 5)

Having substituted them in the equations:

[(uly — vx)t = —Ulxy — Vilyy + Ulxyx + Vlxy — ¥Ygly +v (uxx}, + Uyyy = Vayy — vxxx)
(6)
Or=—-(0u), - (OV), + h*aTV + k (O + Byy), (7)
Ux+Vy =10 (8)
Let's receive following equations:
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X= - v(a® - f2)X.
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Z=3 XYPa - +Zpk.

Let's enter some constant factors, and write dynamic variables in the forms: X=Ax, Y=By,
7=Cz,t=D .

avg @y - Dv(a® + f*)x.
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V= T?x—Dk(o: +[2) —Tcxﬁxz.
Z = —4kf3*Dz +A2’?S,D,Eaxy.

Input some constant designation:

ayg BD v ALD,p_ 4 ABD.p_4q
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Let's find, entering dimensionless parameters:

- 4f3* 4 a*ByaT
a=—, b=—F—7;= s T =TT oia
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It is possible to write down the equation (9) in the form in which they have been written
down by Lorentz:

=0y -x),
y=xr-2-vy, (10)
E=-bz-zy.

However, assumptions more adequate to physical models at the deducting the Lorenz
equations slightly alter the equations and their decisions. The common character of such
tendencies for the nonlinear differential equations applied in various areas of natural sciences [2]
had been reviewing.

Let's compare numerical decisions (Figure 1-3) of the Lorenz equations:

d
FXO+0 (xtr-y)= 0,

%ym—?"x(t)+xmzm= 0, (D

%zm + bzt - x@)y @)= 0.
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With our modified equations:

fex (T o (x()- Y(@) =0,

;rl- y(E)-TD+ xm(l - (gsin(n)))z(n)w’(n) =0, (12)

d%z(f” +b (1 - (Z Sin(T; )))Z(Ti) - x(t;)y(t;) = 0.
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These equations identically pass in Lorentz's equations (10) or (11) when internal brackets of
the equations with sum expression are insignificant. In other cases corresponding to more real
mathematical models, numerical decisions (Figure 4-8) give distinctive from Lorentz's classical

decisions.

Here we consider in detail the Lorentz's equations because they are unreasonably often used
in models of many scientific problems. As a following example of an essential divergence of
mathematical model with geophysical systems, we will consider the modified nonlinear wave
equation describing, for example, a consequence of strong earthquake or oceanic waves-

murderers [3].

Eu(z, )+ (1 +sin(0)) = Uz, 1) + Eu(z, D]-uEthH=0, (13)
dt at
a . d
4@ D+ (1 +sh@) - uE 0+ zzuE b )-ueEH =0, (14)
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(On-Dapabu ateiHgarel Kazak ynTThlK yHUBepcuTeTi, Anmatel, Kazakcran PecryGnukachl.

On-Dapabu aTeiHnarel Kazak YITTHIK YHUBEPCUTETIHIH (DU3MKA TEXHUKAIBIK (DaKyJIbTETI)

JIOPEHII TEHAEVJIEPIHJEI'T TYPAKCBI3 ATTPAKTOPJIAP/IbIH

OU3UKAJIBIK T¥PIBIAAH 3EPTTEJIYIJIEPI

KacanplHFaH KYMBICTa TEOMH)KCHEPHSIHBIH MAaTeMAaTHUKAIbIK MOJCNIH CHIIATTAHTBIH
OClCBI3BIK TEHIEYNEp TOOBI KapacThIpbUIFaH. KapacTelpbutran TeHIEynep Oenrii MIeKapaibik
Karmaiga mremrimuepi aneiaFan Jlopenry skoHe byprepc Tenumeynepi. Tenpeynep TONBIK
HIENIUITeH KoHEe Oenrim (Qu3MKaNblK MarblHara wue. JIereHMeH OcChl TeHJIEYy-JIepIl IIenry
OapbICBIHAA HETI3CI3 JKEHUIAETYJep EHTI3UIIN, COHBIH cajJapblHaH TEHACYNIEpIiH Menimaepi
nypeic TabsiMarad. Ocel Typrbiia JIopeHI TeHaeyaepineri OpHBIKCHI3 aTTPaKTOPIIaAbIH Maiaa
0OJyBI 3€pTTENil, TEeH-ACylepre OipHeme e3repicTep CHri3uUIAl. AJbBIHFaH HOTHXKE JIopeHIn
TEHJICYJICpPIHIH HOTW)KECIHEH Oipimama 6acka.

Kiar ce3aep: JlopeHw aTTpakTopiapbl, CTOXaCTUKAJIBIK.
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(Kazaxckuit HallMOHAIBHBIA YHUBEPCUTET MMeHU anb-Dapadbu, Anmarel, Pecrrybnuka
Kazaxcran.

Ousuko-TexHndeckuit paxynpreT Kazaxckoro HalMOHAIFHOTO YHUBEPCUTETA UM. allb-Dapadmu)

OUSNYECKHUE ACIIETBI CTPAHHBIX ATTPAKTOPOB YPABHEHMU JIOPEHITA

B pabore aHanu3upyroTcs (pU3NYECKUE aCIEKThl BOZHUKHOBEHHE CTPAaHHBIX aTTPAKTOPOB B
ypaBHeHusAX Jlo-peHma. OTmeuaeTcsi, YTO MpHU BBIBOAE HEJIMHEHHBIX U depeHITHamTHbIX
YPAaBHEHUM, OIHKCHIBAIOIIMX  MaTEeMaTH-4ECKUE  TIECOMH)KEHEPHBIE  MOJEIH,  JEIarTCs
HEOOOCHOBAaHHBIE YIPOILIEHHs], KOTOpPbIE, B KOHEYHOM CYETE, JAl0T HEOJEKBAaTHBIN Ipoleccy
pe3ynbTaT. B cBsI3u ¢ 3TUM NpoaHaJIM3UpPOBaHbl MOAU(PUIIMPOBAHHBIE HEIMHEWHBbIE YpaBHEHUS
Jlopenua.
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