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ON COMPRESSIBILITY AREA OF UNSTABLE
DIFFERENCE-DYNAMIC SYSTEMS AND DETERMINATED CHAOS

Abstract. In this paper saddle-point bifurcation is studied. It is shown that as a result of bifurcation or collision
of stable and unstable points, they leave the area. In other words, they go into chaos, i.e. in a state of disorder. Here
the normalization method is used to identify the bifurcation point. Unstable in the sense of Lyapunov difference-
dynamic systems are considered.

In the first part of the paper, the transformation of linear systems in instability case is given. A linear system
with a diagonal matrix is considered. It is shown that in a neighborhood of zero this system is not reduced to a
special form with the help of non-degenerate transformations. It is proved that for non-degenerate transformations
the trajectories of a system of a special form from a neighborhood of the origin cannot be displayed in the trajectory
of solutions of a given linear system. Thus, the topology of the neighborhood of the zero point of a system of a
special form does not transform into the topology of a given system in a neighborhood of zero. The causes of the
contradiction obtained by applying this method are shown.

In the second part, analytic difference-dynamical systems and analytic homeomorphisms are considered. Also
compressive difference-dynamical systems are investigated. The concept of @ -compressing difference-dynamical
systems is given. It is shown to which system the @ -compressing difference-dynamical systems are isomorphic.

Key Words: difference-dynamic system, bifurcation, stability, homeomorphism, chaos.

Introduction. The word "chaos" comes from the Greek. Initially, it meant an infinite space that
existed before the appearance of everything else. Later, the Romans interpreted chaos as the original raw
formless mass, into which the creator brought order and harmony. In the modern sense, chaos means a
state of disorder and an irregularity of physical processes, which is called hydrodynamic and plasma
turbulence.

The theory of turbulence, it would seem, should be completely based on classical macroscopic
equations: Navier-Stokes equations, equations of gas dynamics, etc. However, it is not yet possible to
derive the main characteristics of turbulent motion from macroscopic equations and we have to resort to
additional considerations.

Until recently, the Landau hypothesis reigned supreme in the theory of the appearance of turbulence
[1,2]. This theory he expressed in 1944. Similar considerations were put forward by Hopf [3] in 1948.

Landau's theory connects the emergence of turbulence with instability. This is certainly true, but how
Landau's theory does this will require substantial refinement. Landau's theory indicates only one of the
possible variants of the appearance of turbulence and, apparently, is far from the most important. The
modern theory of bifurcations offers many other ways [3-10].

These are new ways of randomization and stochatization of fluid motion, different from those
indicated by Landau.
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According to Landau, the occurrence of turbulence occurs as a result of a sequential series of stability
loss by the equilibrium state, by the periodic motion, by the bipolar motion and etc., as a result of which
the motion becomes multi-periodic:

V(t)=f(wit,wt,...,wt),
here wy,w,,...,w, are the frequencies. The function f(¢,¢,,...,¢,) as a function of variables ¢,4,,...,4,

is periodic for each of them with the period 27 . Ruelle and Tuckens [10] drew attention to the fact that
the path indicated by Landau is not common, that the common possibility is the formation of a strange
attractor [7]. But how a strange attractor arises, they have not investigated.

Statements by Yu.l. Neymark [11] on turbulence is the result of his study of homoclinic structures
discovered by A. Poincare [12].

In the description of turbulence, against the background of chaos theory, one result stands out in a
special way. This is a period doubling cascade discovered by the Los Alamos physicist Mitchell
Feigenbaum [6,7].

One interesting aspect of the cascade of period doubling or fork-shaped bifurcation (Feigenbaum
scenario) is that when you notice it during an experiment, you will not confuse it with anything else. In
addition, it is known that chaos exists beyond the cascade. Therefore, the observation of the Feigenbaum
cascade in hydrodynamics is particularly convincing evidence that modes must yield to chaos.

In this paper, we study bifurcation of the “saddle point” type. And the result of a collision
(bifurcation) of stable and unstable fixed points is showed, as a result of which both disappear (leave the
region) i.e. this point go into chaos. The use of the normalization method to identify the bifurcation point
is used for the first time for difference-dynamic systems unstable in the sense of Lyapunov [13-15].

I Transformation of linear systems in instability case

Inability to make a special appearance. Consider the linear system
Xp1 = Axn, (xn ZXi,...,XZI € Rm)

Without loss of generality, we can consider diagonal matrix A and restrict ourselves to the equation
for one component:

X, =Ax,,x, €R', |/I|>l. (1.1)

Using analytic mappings in a neighborhood of point x = 0 [4]

x=y+Zaky25(p(y); y=x+2akxkz(/)"l(x) (1.2)
k=2 k=2
we transform (1.1) to the following form
Yo =AY, =y (1.3)
We calculate the coefficients «, of the inverse transformation @' (x):
y=2y"ak +a2[2yxakJ +a3(2y"akj +...=y+(a2 +052)y2 +
0 0 0

+(a, + 20,0, + ) ¥ +(a4 +3a,0, +aty (@ +2a3)+a4)y4 +o
a, =-a,;a, =2a; —a,;a, =—a, —az(az2 +2a3)+3a2(a3 —2a22)m,...
From (1.3) we find (a2 Ea)
Vo =AY, —ar(A=1)y] +(a,A-2d° 2> + 207" = Aay) y) + ..,
a,A—-2a°A* +22°a* - Aa, =0,
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Therefore if a, # 0 then (1.1) can be reduced to (1.3). If mappings (1.2) are non-degenerate in the
neighborhood of a point x =0, then a unique trajectory {xn}of equation (1.1) corresponds to any

trajectory { . } of equation (1.3) and vice versa.

Consider the trajectory {y,}(1.3), y, = 4
a

ylzyo(ﬂ_aYO):ank :O’kZl

Then x, = p(y,)# 0, x, = A9(y,) = ¢(y,) = »(0) = 0.. This is impossible.

Let {r,}e(1.3) be such that Ho Sy, |Suyn. Thenx, = ¢(y,)# 0,
X, = /1(p(y0 ),...,xn+1 = /1”(0()/0). i.e. x, - oo takes place for n— oo,

Theorem 1. For non-degenerate transformations (2) trajectories {y,} € (1.3) from the neighborhood
y =0 cannot be displayed in the trajectory {xn } € (1) the neighborhood x = 0.

Thus, the topology of the neighborhood of y =0 of the system (1.3) does not transform into the

topology of the system (1) in the neighborhood x =0.
The neighborhood y =0 of system (1.3) is very interesting:

0<A-ay, <1 N
|/1 —ay,| <l = stability zones;

0<ay, -A<1

A—ay,>1| _
|/1 —ay,|>1; —=> instability zones.
ay, —A>1
A-1 A A+1
t, = Pt t, = ;, t, = ; are singular points of the system (1.3). As shown above, if the

. . : A A L
trajectory {y,} e (1.3) falls for some “n” at a neutral singular point 7, = ; Le. t, = - then this trajectory

. A . o
goes to the point y, =0 :{yn =—, Y, =0,k2 l} . There are no such trajectories in system (1.1).
a
Let’s consider a more general case: let (1) be converted to

oz, (1.4)

n

yn+l :(ﬂ‘_aynzp)yn;znﬂ z(ﬂ’_azn)zpzn;yn

Let the transformation x = ¢(Z) (1.2) transform the neighborhood z =0 into a neighborhood x =0

one-to-one.

A
Then in particular the trajectory {Zn IS (4)}; zy=—32, =0,k>1 goes into the trajectory
a

X, = ¢(£J #0,x, = iq{iJ = ¢(y1) = ¢(O) =0. But it is impossible.
a a

Similarly with the trajectories u, <z, < 4,Vn we have x, =¢(z,)#0,x,,, =A"¢(z,),n>1. Since
A >1 itis followed x, — o for n—o0. And in this case, Theorem 1 holds.

Thus, system (1.1) in a neighborhood of a point x =0 cannot be reduced to the form (1.3) or (1.4)

using non-degenerate transformations (1.2).
So, the following contradiction has been obtained: on the one hand, formally (1.1) can be reduced to

(1.3) (in the general case, (1.4)) by transformation (1.2), on the other hand, according to statement (1.1),
this is impossible.
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The reasons for the contradiction. Since we are talking about the transformation of a neighborhood
of a point x =0 into a neighborhood y =0 (in the general case z =0), it suffices to consider the

transformation
x=y+ay’ E¢(y);y=2L(\/1+4ax —1)E¢"1 (x);|ax|£1, (1.5)
a
where from y = x —ax’ +2a’x’ +a,a’x* +... = (p’l(x).

Moreover, (1) is reduced to the form

Vou =1+ 2.7 @A) " vy = A- A(A-1ay, (1.6)

k=3

For the map (1.6) to be contracting in a neighborhood y =0, it is necessary that for

Vou =1V + 2. 7:@A) vy = A- A(A-1)ay,

k=3
inequalities
w:ay, >0, |7/1|=/1‘1—(/1—11ayn”<1 (1.7)

take place.

Moreover, by virtue of | yn| <1 the terms in (1.6) should be small in comparison with {7’1 v, }

On the other hand, by virtue of (1.7), we have

a) 0<A-A(A-1)ay,|<1;

b) 0<A-A(A-1)|ay,|-2<1.

Hence we have

2) 7,7, )

b) ﬂ,|ayn

> % >1, e (Aay,|) >1, vk >3.

But then in (1.6) |y,](jAay,|)"
comparable with the first term (y,y, ).

takes place, i.e. all terms in expansion (1.6) are

vl > 7|7,

Direct study of the mapping (5). Based on (5), system (1) is transformed to
1
Vot :2—(1/1+An —1), A, =44ay, +a2yf]. (1.8)
a

Let us find out when the map (1.8) is contracting in a neighborhood y =0, i.e. inequality
1

Zm‘1[1+An —1‘ <y
a

holds. Let's consider all possible options:
(i) Ifay, >0 then A > 0. We will refine the estimate in (i):

| | 220y, (1+|ayn ) |
= L

yn+1 1+ ,l-l-An }/yn

From this inequality we find

2/1(1+z)<;/(1+1/1+An), A, =4A(z+2°), z=|ay,

, ¥V, €w,Vn>>1 (1.9)

yn+l yn

,y <L

(M
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Takea_%—1_2/1 Y 24-4 /1

Y /4 Yo
(a+24z)<1+44(z+27), (o —1)+44z(a—1)+44z° (A-1)<0.

21 24—y 22-4 _2

—>1, a > 1. Inequality (*) takes the form

It is impossible for ¢ = ——1= =—>1la>1,ie
4 v 4 v
1 A, >
V| = <Ay *+lay, )<ry.), <1
U 2d 14+ 1+ A, (ol +leb2)

impossible since 4 >1.
. 1 . . o
(i) ay, <0, A,>0. Then ay,, 25(1,1+|A" —1)> 0,A, >0, which by virtue of (i) is

impossible.
(iii) ay, <0, A, > 0(butcertainly 1 + A, > 0). Then

1 .
Yur1| = 2| |‘\/7 ‘ 2| |( |An|) <y,
From the latter for », # 0 we have
yyn:l = fj(l;'\/ﬂ) <y <l ie Al-ay,|)< yn:l el

Thus | yn| o, = | | ( —j >0, Vn>>1, which contradicts the compressibility of the map.
Theorem 2. The map (1.8) is not compressive in a neighborhood y =0.

II Analytic difference-dynamical systems and analytic homeomorphisms
Isomorphisms of difference-dynamical systems. Consider difference-dynamical systems on R

Xpy =4z, + X(x,); X(x,)=) bx", 2.1)
k=b

Here the function X(x,) is analytic in a neighborhood of x =0. We apply to (2.1) the analytic
homeomorphism x = ¢(y) of a neighborhood of a point y =0 [4]

x=g(y)=y+0(y) ®=>a,f (2.2)
=

o0

=0 ()= x+ Wk W)= Sa

k=2

Here (D(y) and T(x) are respectively analytic in the neighborhoods of y =0and of x=0. The

coefficients a, of expansion ‘P(x) are uniquely determined through a, of ®(y).
In the new variables, system (1) takes the form

Vi =, + 20, 2(y) = Zﬂky (2.3)

Here }((y) is analytic in a neighborhood of y = Oand its coefficients }3, are uniquely determined in
terms b, of (1) and a, of (2).
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Systems (2.1) and (2.3) are called isomorphic with respect to the analytic homeomorphism (2.2) or
simply isomorphic.
@ - compressive difference-dynamical systems. System (2.1) is called @-compressive if there

existsaset @ M : |x| < & on which (1) is a compressive manifold

X

<yix,|, O<y<l; x,ew, Van>>1. (2.4)

n+l

Obviously, for |ﬂ.| <1 (stable case) system (2.1) is compressive in a neighborhood M : |x| <g,le.
wo=M :{x|x| <g}.
Let 's highlight the next non-trivial class of unstable difference-dynamical systems (|/1| >1)
X, z(/l—axj )xn +X(xn ); X:x;”ZZbkxf, qg=1. (2.5)
=0
In the neighborhood M : |x| < & we introduce the set

a)={x/‘/1—axq‘<l, x|<8}. (2.6)

Obviously, in the unstable case (|/1| > 1), the set @does not contain a point x = 0, and system (5) is
@-compressive if @ # @.

Let for definiteness A > 0, then ‘/1 - axq‘ <1:

) 0<A—ax? <1

B) 0<ax?—-A<I1.

1 1 1
Let'sput p = i q, p= E q, p= ﬂ q. If the condition
d g a
pP= i ' <& 2.7
a

is satisfied then

1) PR
w=w= X/0<£:[QJ S|x|£pz(ij =p<é&y, here w=¢.

If the stronger condition

- [/1—1)4
p=|—1 <¢ (2.8)

is satisfied then @ = QUE, = {x/p < |x| < ; < 6‘}¢ 0.

Thus, when one of the conditions (2.7) or (2.8) is fulfilled, the difference-dynamical system (5) is @-
compressive.

In part I it is proved that (5) is not an isomorphic to the linear system (1) in (X (x) = 0).

Theorem 3. If the difference-dynamical system (2.5) is @-compressive, then it is isomorphic to the
system

Von=(A=ay? ly, vp21. 2.9)

Consider the general case of system (1) for x, € R",m > 1.

— 108 ——



ISSN 1991-346X Series physico-mathematical. 4. 2020

The proof is carried out in two stages. I. We prove first that (2.5) can be reduced to (2.9). For any
fixed ¢ (in this case b = a ) we apply sequentially the transformations

x=y+yy" =p(y), i22 (2.10)
We start for { = 2 and calculate the inverse transformation
y=¢' (x)=x+k2akx" =(y+72yq+2)+az(y+72y"+)2 .=
=y+ay +ora, (e, )y
From here we finde, =0,k=2,g+; g2 ="V Substituting the transformations @, (y) and
(02_1 (x) to (5), we get

0
_ ko _ g2 3
Vo1 = X + Zak'xnﬂ - ﬂ’xn ax, + X* (xn)
k=0

7, (/lxn —ax!"' + X (x, ))q+2 =Ax, —ax?" + (bo - A"y, )an+2 +x,7°X"(x,),

here X*(xn): iﬂ;xﬁ, X*(xn)z Zw:ﬁk*x:.
k=0 =0

So
Vo = A2, 470 =a(, + 7Y 4 (B =270 ) (3, H ) 4
+yI%Y (v,)= Ay, —ay! + (bo +7, (/1 — A1 ))y;’+2 +y°Y (3,)-

Assuming y, = —(/1 S S )71 b, we get to the difference-dynamical system (2.5):

Vo = (h=ayt y, +y7¥ (0, ) Y= oyt

k=0

Applying the transformation (10) y=z+y,z"" =¢,(z) for i=3 to the last difference-dynamical
system, we obtain

Zon =(—azt)e, +2077(2,)

and i.e. As usual, using Newton's method the convergence of this infinite process of "destroying"
decomposition members in (2.5) is proved. Note that Y(yn) do not enter the growing degrees of the

"large" parameter |a| >>1.
We show that the system

X, = (/1 —ax) )xn; o(x)2 ¢, o= {x‘/i - axq‘ <1, x| < g} (2.11)
reduced to the following system
Vo ==ty o, 97V (0, 0ly)# g (2.12)
using conversion
x=y+rp" 4y = o(y)
Note that for existence ¢ (x) the neighborhood of a point y =0 must be so small as to
7y +ry < ylu .
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Consider the inverse transformation y:x+Zakxk = (x) As before, we make sure that
k=2

a, =0, k =2,q. Then
¢ (x)=y=x+ax +}/2yq+2)+
+o, (¢)q+1 +a, (¢)q+2 +a, (¢)q+3 +o=y+(n )y ()

Hence a, =-y,, k=12 and by thaty = x + y,x*"' + y,x?? + ... = (p'l(x). Substituting (p(y)
and ¢ '(x) to (2.11) we obtain

q+1 q+2 q+1

+a,x"? + ax’ +...=(y+7/1y

Vo =(A= )3, =y (A=axt) " 5 g (A T =
=Ax, — (a + A )x;’” — Ay X =
+ + + +1 + +2
=2y, + 7y i) = (a4 7, A7) (B()) T —1A (B(2,) T +e=
=1y, +((/1—Xq“);/1 —a)yj+1 ++(/1—Xq+2)]/2y3+2 +...

Assuming y, = (ﬂ, — 20" )_laand (ﬁ -1 );/2 = —b we obtain (2.12) with arbitrary b (together

y| < 5}.
Note that, due to the @ -compressibility of the considered difference-dynamical systems (conditions
(2.7), (2.8)), we have |}/1| >>1. Similarly, the @ -compressibility conditions (2.12) lead to the relation

<1,

with arbitrary ¥, ), which allows us to obtain a)(y) =P, 0= {y”ﬂ — by

|7/2|>>1.

Therefore, when proving the convergence of decompositions, it is necessary to distinguish the
+1

growing degrees of values p = ‘/1 —ax'|<lm u= ‘/1 —ay,”" | <1. The theorem is proved.

Remark. Polynomial difference-dynamical systems
p-1
X, :Zakxf +fop(xn), (2.13)
k=1
can be considered. Here continuous function X (x) is uniformly bounded

X, (<M, |x<e
in the neighborhood of the point x = 0.
System (2.13) turns into analytic if X (x) is analytic function in the neighborhood of the point

x=0, i.e. the series X (x) = Zx:bkxk converges for |x| <ég.
k=0

Similarly, one can consider polynomial homeomorphisms x = qo(y)of a neighborhood y =0 into the
neighborhood of x =0:

p-1 p-1
x=y+ > 7 +0,(0)=000) y=x+Dax +x,(x)=0"(x),

k=2 k=1

here @, ( y) and y, (x) are continuous functions, i.e. they are uniformly bounded functions
respectively in the neighborhoods of y =0 and of x =0.

Moreover, the need for proving the convergence of the series in the neighborhood of the points y = 0
and x = 0 disappears.
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TYPAKTBI EMEC AWBIPBIM/IBI-THMHAMMKAJIBIK )KYAEJEP/IIH,
CBIFBIMJIAJTY AUMAFBI TYPAJIBI JKOHE JETEPMUHHUCTIK XAOC

AnHoOTanus. Xaoc TeOpusCHl Oenriyi Oip karmaiimapaa xaoc (IMHAMHKAIBIK Xaoc, TETCPMUHHCTIK XaocC) ATl
aTamaThlH KYOBUTBICKA YINBIPANUTHIH KeHOIp CHI3BIKTHI eMeC MUHAMUKAJIBIK JKYHelIepHiH OpEeKeTiH CHUIAaTTaNTHIH
Teopusi. MyHmail JKyHeHiH e3repici Ke3JeicoK OOINBIT KepiHenmi, TIiMTi erep >KYHEHI CHIIATTAWTHIH MOJEINb
JETEPMHIHHUCTIK OoJica fa.

Kazipri marbiHama, xaoc NereHiMi3 - THAPOIMHAMHUKANIBIK XOHE IDIa3MaNlbIK TYpPOYMEHTTLTIK Jem aTajaThlH
(hPM3HKATBIK IPOIECTEPIiH TYPAKCHI3IBIFHL.

TypOyIeHTTITIK TEOPHUSCH TONBIFBIMEH KIACCHKAIBIK MaKPOCKOMMSIIBIK TEHACYJIepre Herizaenyi kepek: HaBbe-
Crokc TeHzeynepi, ra3 IWHAMHKACH XOHE T.0., NEreHMEH TypOyIeHTTI KO3FaJbICTBIH HETI3Ti CHIaTTaMallapbiH
MaKpOCKOTIHSIIBIK TeHICYIIEPACH ally dJIi MyMKiH eéMec, COHABIKTaH KOCBIMIIIAa OMJIapFa )KYTiHyTe Typa KeJei.

Conrsl ke3re neitin Jlammay rumore3acsl TypOYJCHTTUTIKTIH Taima OOy TeopHWsACHIHAa OacThl OpBIHFA He
Oonnel. Jlanmay Teopusichl TypOYNEHTTUTIKTIH maiima OONYBIH TYpPaKCHI3ABIKICH OailmaHBICTBIpansl. bynm opuHe
IYpBIC, Oipak OHBI Xacay ofici alTapibIKTail >keTinmipyni tamam ereni. JKana ke3kapactap TypreichiHaH JlaHmay
TEOPHSACHI TONBIK eMec. byt TypOyIeHTTUTIKTIH maiiga O0MyBIHBIH MYMKIH OOJIaTBIH HYCKANAPBIHBIH TEK OipeyiH FaHa
KepceTeli JKoHe, MYMKiH, eH MaHBI3IBICHIHAH ajibic. Kazipri Oudypkamus Teopusce JlaHmnay TeopwschiHaH Oacka
CYHMBIKTBIKTBIH KO3FaJIBICBIH PAHIOMH3ALHS JKOHE CTOXATHU3aLMSIAY JKOJIBIHAH 0AaCKa KONTEreH KO ap bl YChIHAIBI.

JlanmaynelH  alTybl OOHBIHINIA TYpOYJNCHTTUIIKTIH mmaiga Oodysl Teme-TeHAIK KYHIIH TYpPaKTBUIBIKTHI
JKOFAIITYIBIH JOHEKTI Ti30eri, maiima OoIFaH MEpHUOATH KO3FaNbIC, Maina OOFaH OUIONSPIBIK KO3FAJIBIC JKOHE T.0.
HOTIDKECIHIE TMaiiaa 00Iabl, HOTHKECIHIE KO3FAIBIC KOIl IIEPHOATHI OOJa IbI.

Proans men Takenc JlaHmay KepCeTKEH KOJIIBIH Tap eMec eKEHAIriHe, OpTaK MYMKIHIIILIIIK - OeHTaHbIC TapTyIbI
KaJIBINTACTBIPY eKeHAIriHe Ha3ap ayxapabl. bipak TaHFa)ailbIll Tap Tyl Kajlail naiaa 601aibl, oJlap 3epTTEIMETeH.

I0.U. HetimapkriH TypOyneHTTIK Typaisl Mamimaemeci - A. [lyaHkape amkaH TOMOKIMHHUKAIBIK KYPBUIBIM-
JApIIBI 3€PTTEYIIH HOTHKECH.

Jloc-Anamocteiy ¢usuri Mutaen ®elireHOayM amKaH XaoC TEOPHSCHIHBIH (DOHBIHOAFHI TYpOYICHTTLTIKTIH
epeKIle 9CeMAITIMEH XOHEe MaHBI3IBUIBIFEIMEH epeKIIeTICHETIHI Oip HOTmKeneH kepiHenmi. Exi ecermeHreH Hemece
IIAHBIIIKEl TOpi3Ai OmdypKamws Ke3eHIHIH KacKaIbIHBIH Oip KBI3BIKTBHI AacCIeKTiCi - OHBI ToXipuOe Ke3iHae
OaifKacaHBI3, Ci3 OHBI 0acKa eImTeHeMeH MaTacTbipMaiichi3. COHBIMEH KaTap, XaOCTHIH KACKaATaH THIC OOJATHIHBI
Oenrimi. Jlemek, DeiireHOayM KacKaIblHBIH THIPOAMHAMEKANA OalKalybl PeXUMICPIIH XaoCKa TYCETIHAITiHIH
HaKTBI J2J1ei1l OOJIBIN TaOBLUIAIbI.

Byn sxympicTa 0i3 epekmie HYKTe Ou(ypKamusachlH 3epTTeiiMi3. TypakTel JKOHE TYpPaKChI3 HYKTEIEpHiH
Ondypkalms HeMece COKTBIFBICYBI HOTH)KECIH/E OJap allMaKTaH IUBIFAaThIHBI KepceTireH. backama aidTkanna, onap
XaocKa Tycemi, sSFHM KapOaiac skarmaiipiHa. MyHna Omdypkanus HYKTECiH aHBIKTAy YIIIH KaJbIKa KeNTipy omici
KOJIIaHbUIaABL. JISITyHOB MarbIHACBIHIA TYPAKChI3 albIPBIMABI-THHAMUKAIIBIK JKYHenep KapacThIpbUIFaH.

JKympicTeiH OipiHIm OemiMiHIE CBI3BIKTBIK JKYHENepOiH TYpPaKCHI3ABIFEl KaFIalbIHOA ONApIBIH TYPJICHYI
KenTipinred. JlparoHanpIel MaTpULACHL Oap CHI3BIKTHIK JKyie KapacTelpburraH. HemnmiH alHamaceiHma Oyn xKylie
apHafBl Typre a3alTBUIMANTHIH TYPJICHAIPYICPAIH KOMETIMEH TOMECHICTIIMEHTIHAIrT KopceTinred. Heporenai emec
TYpACHOIpynep YIIiH Oenrimi Oip CBIBBIKTHIK JKYHE MICHIMIIEpiHiH TpPaeKTOPHACHIHIA TEKTIK ayJaHIapIbIH
TPACKTOPUSUIAPBl KOpCeTiMMeHTiHAiri monenaenred. Ochlnaifma, apHalbl GopMa >KYHeciHIeri HeNIiK HYKTEHIH
alfMarelHBIH TOIIOJIOTHSCHL OepiireH >KYWeHIH HOJNMIK aiMarblHIa TOIOJOTHACHHA aiHanMaiabl. Ochl omicTi
KOJIJaHy apKbUTBI aIbIHFaH KAWIIBUTBIKTHIH ce0enTepi KOpCeTIITeH.

Exinmi OemiMae aHANIWTHKAIBIK alBIPHIMABI-TUHAMUKAIBIK JKyHelep MEH aHaIUTHUKAIBIK roMeoMopdusMaep
KapacTelppuiraH. COHBIMEH KOca ailbIpbIMIBI-IMHAMHKANBIK (@ — CHIFBIMAAIFaH JKyienep Ie 3epTITeNireH. @ —
CBHIFBIMJIANIFAH  alBIPBIM/bI-IMHAMUKAIBIK JKYHenaep Typambl TYCIHIK OepiIreH. @ — CBHIFBIMAANFaH aWbIpbIMJBI-
JTUHAMUKAJIBIK KYHelep KaHaal sxyienepre n30Mop(Thl OOJIBIT TaOBUIATHIHBI KOPCETIITEH.

Tyiiin ce3nep: TMHAMUKAJIBIK-aHBIPBIMIBIK XKYHe, Ou(pypKaus, OPHBIKTBUIBIK, TOMEOMOP(H3M, Xaoc.
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OB OBJIACTH C)KUMAEMOCTH HEYCTOMYUBBIX
PA3HOCTHO-JIMHAMMYECKHUX CUCTEM U JETEPMUHHUPOBAHHBIN XAOC

AnHoTanus. Teopust xaoca ecTb T€OpHs, KOTOpas ONKCHIBAET MOBEJCHHUE HEKOTOPBIX HEIMHEWHBIX THUHAMH-
YECKHUX CHCTEM, MOJIBEPKEHHBIX MPH ONPEACIEHHBIX YCIOBHUAX SIBICHNIO, HA3bIBAEMOMY Xa0C (AMHAMUYECKHH Xaoc,
JIETePMUHHAPOBAHHEIN xaoc). [ToBenerne Takol CHCTEMBI Ka)XKETCsl CIIyJalHBIM, Ja)Xe €CIIM MOJEIb, ONFCHIBAIOIIAS
CHCTEMY, SIBIISETCS AETCPMUHIPOBAHHOM.

B coBpeMEHHOM NOHHUMaHMM XaoC O3HAYaeT COCTOSHHE OEcropsiika W HEpPeTyJSIPHOCTb (PU3NYECKUX
MPOLIECCOB, KOTOPOE HA3bIBAETCSl THAPOIMHAMUYECKON U TIa3MEHHON TypOyJIeHTHOCTBIO. Teopust TypOyJIeHTHOCTH,
Kazajuoch Obl, IOJDKHA MOJHOCTHIO OCHOBBIBATHCS Ha KJIACCHYECKUX MAaKPOCKOIMYECKUX YPaBHEHHSIX: YPaBHEHUSIX
Hasbe-CTokca, ra3oJJMHaMHKH M JIp., OJHAKO BBIBECTH OCHOBHBIE XapAaKTEPUCTUKU TYPOYJECHTHOIO JBW)KEHHS M3
MaKpOCKOIIMYECKUX YPaBHEHHUH [TOKa He MPEACTABISETCS. BO3MOXKHBIM M IPUXOUTCS TPUOETaTh K TOMOIHUTEIbHBIM
cooOpaxenus. Jlo mocieaHero BpeMeH! B TEOPUH BO3HUKHOBEHHS TypOyJIeHTHOCTH Oe3pa3ziebHO roCHOoACTBOBANIA
runoresa Jlannay.

Teopust Jlangay cBsI3pIBacT BOSHHKHOBEHHE TYPOYJIEHTHOCTH C HEYCTOHYUBOCTHIO. JTO, O€3yCIOBHO BEPHO, HO
TO, KaK OHa 3TO JIeJIaeT, HOTpeOyeT CyIIeCTBEHHbIX yTouHeHNUH. C TOUKM 3peHns] HOBBIX BO33peHMH Teopus Jlannay
He monHa. OHa yKa3bIBaeT JIMIIb Ha OJWH M3 BO3MOXHBIX BapHAHTOB BO3ZHHKHOBEHUS TYypOYJIEHTHOCTH H, IIO-
BUIMMOMY, JajieKo He camblii BakHbIi. CoBpemeHHas Teopusi Oudypkauuii npeajaraet MHOTO JPYTHX MYTeH,
OTJIIMYHBIX OT Teopuu JlaHnay, MyTH Xa0THU3aIMK ¥ CTOXATH3ALUK JBIKEHUS kuakocty. [1o Jlannay BO3HUKHOBEHHE
TypOyJIEHTHOCTH MPOHMCXOAUT B pE3yJIbTaTe IOCIEN0BATEILHON CEepUU IOTEPU YCTOWYMBOCTH COCTOSIHUEM
PpaBHOBECHU, BOSHUKIIUM NEPHUOJUICCKHUM ABUKCHUEM, MTOABUBIIUMCA ABOAKO NEPHUOJANYCCKUM IBUKCHUCM U T./., B
peE3yJIbTAaTE Y€TO0 ABMKCHUC CTAHOBUTCA MHOT'OIIEPHUOJANICCKUM.

Proane u TakeHc oOparuny BHUMaHWE Ha TO, 4YTO IyTh, yKa3zaHHbIH Jlanpmay, He oOmmi, 4ro oOmas
BO3MOXKHOCTh — 3TO 00Opa3oBaHME CTPaHHOTO aTTpakropa. Ho Kak BO3HMKaeT CTpaHHBI aTTpakTop, OHH HE
HCCIIE0BAIH.

BrickazpiBanus HO.M. Heiimapka o TypOyJNEHTHOCTH — pe3yJibTaT HCCICIOBAHUS WM TOMOKIMHHYECKUX
CTPYKTYp, OTKpHITHIX eme A. [Iyankape. Onmcanme TypOyIeHTHOCTH Ha (OHE TEOpHH Xaoca, Omaromapsi cBoeit
0c000# KpacoTe M 3HaYMMOCTH, OCOOCHHBIM 0Opa3oM BBIACISIETCS OIOWH PE3YJbTAaT - KacKaja YABOCHHUS MEPHOAA,
oTKpbITHIH Jloc-Anamocckum puzukom Mutueruiom Deiirenbaymom.

OauH MHTEpEeCHBIH AaCleKT Kackala Y/JBOSHMs Mepuoja wid BuiooOpasnoit Oudypkanun (Cuenapuii
QeiireHbayma) COCTOUT B TOM, YTO KOTJA BBl 3aMETUTE €T0 B XOJI€ 3KCIIEPUMEHTA, TO HE CITyTAaeTe HU C YEM JAPYTHM.
Kpome Toro, nzsectHo, 4To 3a KackaJoM cyuiecTByer xaoc. CienoBartenbHo, HabmtoneHne kackana delirendayma B
TUAPOAVHAMUKE SABJISACTCA OCO6CHHO y6eZlI/ITeJ'II)HbIM JA0Ka3aTeJIbCTBOM TOT'O, YTO MOABI JOJIKHBI YCTYIIATh XaocCy.

B nanHO# pabore wuccnemyercs Oudypkauusi Tuma ceuioBod Touku. IlokaspiBaeTcs, YTo B pe3yibTare
OudypKranmy WIn CTOJIKHOBEHHS YCTOMYMBOI M HEyCTOWYHMBOW TOYEK, OHHM YXOIAT U3 obnactu. Jpyrumu cioBamu,
OHHU TEPEXOAT B Xaoc, T.€. B COCTOSIHHE Oecropsiaka. 3/1ech MPUMEHSETCS METOJ HOPMAaW3alMy ISl BBISIBICHUS
Touky Oudypkammu. PaccMaTpuBaroTCs pa3HOCTHO-JUHAMHYIECKHE CHCTEMBI HEYCTOHUIMBEIE B CMBICiE JIAmyHOBa.

B mepBoii Wactm paboTHl maercs mpeoOpa3oBaHWE JIHHEHHBIX CHCTEM B CIlydae WX HEYCTONYHUBOCTH.
PaccmarpuBaercs nuHelHas cuctemMa ¢ AMaroHajibHOM Marpulei. [loka3zpiBaeTcs, YTO B OKPECTHOCTU HYJISl IaHHAs
CHCTEMa He IIPUBOJUTCS C OMOIIBIO HEBBIPOXKICHHBIX IPE00Pa30BaHM K CIIEUaIbHOMY BHIY. [loKa3pIBacTCs, YTO
JUIL HEBBIPOXKIECHHBIX IPEOOpa30BaHMI TPAaeKTOPUU CHUCTEMbI CHELMAIbHOTO BHAA W3 OKPECTHOCTH Hadaia
KOOpJMHAT HE MOTYT OTOOpa)kaThCsl B TPACKTOPUM PEUICHHH 3a/JlaHHOH JMHEHHOW cucTeMbl. Takum o0pazoM,
TOTIOJIOTHSL OKPECTHOCTH HYJIEBOM TOYKH CHUCTEMbI CIIEIHAJIBHOTO BUAA HE MpeodpasyeTcs B TOMOJOTHIO 3aJaHHON
CUCTEMBI B OKPCCTHOCTHU HYIJIA. IToka3spiBaroTcst MPUYHHBI ITPOTUBOPCUUS, MMOJYyHaCMOro Npmu NpuMEHCHUU JaHHOT'O
MeToa.

Bo BTOpOif uacTH paccMaTpUBAIOTCS AaHATUTUYECKHE Pa3HOCTHO-IMHAMHYECKHE CHUCTEMBl U aHAUTHYECKUE
romeomMopdusmbl. Takxke nccIeqyIOTCS @ — COKUMAIOLINE PA3HOCTHO-AMHAMUYECKHE CUCTEMBI. JlaeTcs moHATHE @ —
C)KUMAIOIIUX PA3HOCTHO-JMHAMHYECKNX CHCTEM. [loKas3pIBaeTcsi KakoW cHCTeMe H30MOPGHBI @ — CHKUMAIOIINE
Pa3HOCTHO-ANHAMHYECKHE CUCTEMBI.

Ki1roueBble cj10Ba: pa3HOCTHO-ANHAMUYECKas cHcTeMa, OndypKalys, ycTOHIMBOCTh, TOMEOMOP(H3M, Xaoc.
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