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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 O -compressing difference-dynamical
systems is given. It is shown to which system the O -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 ofturbulence 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 (Wot,w/,..., Wht),
here wO,Wj,...,wn are the frequencies. The function f {¢r,¢02,...,¢on) as a function of variables ,¢2,...,¢on

is periodic for each of them with the period 2n . 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
Xrifh= A KR = Xg, xR e Rmy

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

xml=Xxn, xne R\ N> 1. (11)
Using analytic mappings in a neighborhood of point x = 0 [4]
Gl
Xx=>+27Z ak>2="{), >=x+2Z akxk =V ~{x 12
o ) o {x) (12)

we transform (1.1) to the following form
>nl = NYn- ay | (1.3)

We calculate the coefficients a kofthe inverse transformation <p- {x):

Y=7Z >4 +a?2 >4 ) +a3 >4 j tee=>+{a2+a2)>2+
+(a3+2a22+a3)y3+{ad+3a2a3+a2{ +2a3)+ad)yd+..;
a2=-a2,a3=2a2-a3;ad=-a4- a2{a2+2a3)+ 3a2{a3- 2a2)m,...
From (1.3) we find {a2 = a)
Yl =nVY, - aA(A-1)y@+ (a3 - 2a212+ 2/13a2- yya+ .,

ad3A- 2a212+2A&a2- 233=0.
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Therefore if ak @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 {yn} ofequation (1.3) and vice versa.

A
Consider the trajectory |yn}e(1.3),y0=—

Y1=y0(a - ay0)=° yk=° k>L
Then x0=p(y0 0, xx= A<p(y0) = p(yx) = p(0) = 0. This is impossible.
Let {yn}e(l.3) be such that u0<|yn <Mn. Thenx0=p(y0 O,
x2=Ap(y0),...,xmx= Anp(y0). i.e. xn”™ x takes place for n
Theorem 1. For non-degenerate transformations (2) trajectories {yn}e (1.3) from the neighborhood

y = 0 cannot be displayed in the trajectory {xn}e (I) the neighborhood x = 0.

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

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

0<N1-ayn<fl

.A- ayJ[ < x N . stability zones;
¥l 0 <ayn-A'< Ij Y

: . A - ayn>l]

\A- ay\ > 1, | ~ instability zones.
ayn- A >X

A-1 A A+1 , . .
X = - , 12=—, t3= - are singular points of the system (1.3). As shown above, if the
a a a

A A
trajectory {y }e (1.3) falls for some “n” at a neutral singular point t2=—i.e. t =—, then this trajectory
a a

goes to the point yn=0:\yn=A ,ynk = 0,k >11.There are no such trajectories in system (1.1).
I a J
Let’s consider a more general case: let (1) be converted to

yni =(A-aylp) ;zni=(A-azn)2pzn;|¥nlp = zn. (14

Let the transformation x = p(z) (1.2) transform the neighborhood z = 0 into a neighborhood x = 0
one-to-one.

Then in particular the trajectory \zne (4)}; z0=A;zk=0,k >1 goes into the trajectory
a

— "N 0, xx= AN~ =d(yXY) =~(0) =0. Butitis impossible.

Similarly with the trajectories ju0 < zn < juXYn we have x0=¢”~0)" 0, xnr = And(z0), n > 1. Since
A > 1 itis followed xn” x for n 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 reasonsfor 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+ay2=d(y);y =2- ( +4dax- D)=g1(x);\ax <] (1.5)
where from y = x - ax2+2a3>§ +a4a3x4 +...=p~ (x).

Moreover, (1) is reduced to the form

@
Yl = 71Yn+ Z Ak (a— AyM M = — —- layn 1.6
Z] ( Jay (1.6)

For the map (1.6) to be contracting in a neighborhood y = 0, it is necessary that for
&
Yl =71Yn+ Eﬁ?k(a— -lyM; 71 = A- JI(1- Dayn
inequalities
o:ay, >0, =—3 —- layl| <1 (1.7)

take place.

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

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

a) 0<A-N(1- Dlay, I< ]

b) 0<— 1! (— Dlayn|-A< 1

Hence we have

a) 7 yn},

b) Alayn\ > ,g—l- >1 T1.e. (alayn)k > 1, Vk > 3.

But then in (1.6) \yk|(—ayn|)k 1jyn|>|7k|lyn| takes place, i.e. all terms in expansion (1.6) are

comparable with the firstterm 7 yn).
Direct study ofthe mapping (5). Based on (5), system (1) is transformed to
Yil=2a( +an-1) an=4—Y¥Yn+az2ynl. (18)

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

M =272 V1+An-1<7¥n[ YneO,Vn>>1 (1.9

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

2—yn|(1+fayn)) i
Yirl = . <7Ym\,7<1
1+V1+An

From this inequality we find
2— 1+ )< (1+4p/1+ An), an=4—z+22), z=\ayn\. (%)
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2 A 1 2A- 2A-A T
Take a = 1= —> MRS l,a> f‘lne’quality (*) takes the form

\% \% \% \%

(a +2Az) <1+4A(z +22), (a2- )+4Az(a- )+4Az2(A- ) <O
T . 2A 1 2A-v 2A -A A 1 .
It is impossible for a = 1= > =—>1a>1,i.e.
\% \% \% \%
K+i]= t—"— saC 1+Wh<Vya v<a

2-]i+vi+tnan
impossible since  >1.

(i) ayn <0, Jin>0. Then ayn+i =2 + |Mn|- 1)> 0, M1n>0, which by virtue of (i) is

impossible.
(iii) ayn< 0, in> 0 (but certainly 1+ in> 0). Then

\rrbx\= %_—r\/_|.+b| - 1:2._'6 AT-T) <rwn\

From the latter for yn @0 we have

[y 2A(0- vy e I )< W T
R p— 1 m m<V<l it AQ--M)V i<V < T
lyj 1~ 1-113 ¥l

Thus Iyl >a0=11 11- —|>0, ¥n>>1 which contradicts the compressibility of the map.
-V A

Theorem 2. The map (1.8) is not compressive in a neighborhood y = 0.

Il Analytic difference-dynamical systems and analytic homeomorphisms
Isomorphisms of difference-dynamical systems. Consider difference-dynamical systems onR 1
X
X = Azn + X (xn); X(xn):E:bbkxk, (2.71)

Here the function X (xn) is analytic in a neighborhood of x = 0. We apply to (2.1) the analytic
homeomorphism x = p(y)ofaneighborhood ofa pointy =0 [4]

X=py)=y+ol) ®=2 akyk (22)
K
y =p -(y)=x+"(X); y(X)=ﬁ:2akxk,

Here ®(y) and ~(x) are respectively analytic in the neighborhoods of y = 0and of x=0. The
coefficients ak of expansion Y (x) are uniquely determined through akof @ (y).

In the new variables, system (1) takes the form
X

Y = AN+ x (Ym; X (y) = 2 PKYK (2.3)

Here x(y) is analytic in a neighborhood ofy = Oand its coefficients (3kare uniquely determined in
terms bkof (1) and ak of (2).

Systems (2.1) and (2.3) are called isomorphic with respect to the analytic homeomorphism (2.2) or
simply isomorphic.
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0 - compressive difference-dynamical systems. System (2.1) is called o -compressive if there exists
aseto M :|x| <s onwhich (1) is a compressive manifold

X+ <r\x,,|, 0<r< 1 x,eo0, Vn>>L1 (2.4)
Obviously, for LLL <1 (stable case) system (2.1) is compressive in a neighborhood M :|x| <s, i.e.
0 =M ={x|x| <"}.

Let 's highlight the next non-trivial class of unstable difference-dynamical systems (L, > 1)

\ &
Q - axl)x,, + X{x,); X =xl+Z bkx,, g>1. (25)

In the neighborhood M : x <'s we introduce the set
0 = {x/1 - axq\< 1, |x| <s]. (2.6)
Obviously, in the unstable case (L, > 1), the set o does not contain a point x = 0, and system (5) is
0 -compressive if cod .
Let for definiteness 1 > 0, then 1 - axq <1:
a) 0<1-axg<l
B) 0 <axg-1 <1.

Let'sput p = p= p= . Ifthe condition
via j va j va j

p= <s (2.7)

is satisfied then

0 =0 =<x/0<p = <x<p = =p <s hereo =d.
vV a |j via j

If the stronger condition
p = <Ss (2.8)

is satisfied then 0 =aUJo, o ={/p <|X|<p <s}hd.

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

In part | 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 o -compressive, then it is isomorphic to the
system

y.# ={1-ayR)y,,vp >1. (2.9)

Consider the general case of system (1) for xne Rm,m > 1.
The proof is carried out in two stages. I. We prove first that (2.5) can be reduced to (2.9). For any
fixed g (inthis case b = a ) we apply sequentially the transformations
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X=Y+T7tygr =P (y) 1>2 (2.10)
We start for i = 2 and calculate the inverse transformation

a 2
Y=¢ (x)=x+Zakxk=(y+72yqt2) +az(y +72Y“+) + mm=
k=0

=Y+aY2+. ... +agdygrl+ (72 +agr) ygr2 +.
From here we findak =0,k =2, q+ L aq+2 = - 72. Substituting the transformations p2(y) and

p -1(x) to (5), we get
&
Yn+l = xn+l + E:Oa kxml = —xn - axmt2 + X . (xn)3 -

-72(—>@ - axgH + X(XN))gr2 = A - ar 1+(*0 - —grV2)r 2+ X -(Xn),

here x *(xn b Z #7%A, X¥XxA)=Z %k xk
k=0 k=0

So
Y = —M+72yq2) - a(Mm +72yqt2)  +(*0 - —+272) +72y q+2)

HNGi3® (Yn) = M - ayq+H+(*0 +72(A-—et2) ) +yd'Y (¥n).

Assuming 72 = - (—- —»+2)-1*0we getto the difference-dynamical system (2.5):

Yl = —-ayq)Yn+ylM+3y (Yn), Y=2Z ~yn .

Applying the transformation (10) y=z+7 zg+3=q8(z) for i=3 to the last difference-dynamical
system, we obtain

Znl = (— azn)zn+ zn+4Z(zn)
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

xm = —- axg)xn; 0(X)*d, 0 =|x|A-axq|<1|x <s} (2.11)

reduced to the following system
Y = —- *ygq)yn + y«Y(Yn), o(y)* ¢ (2.12)
using conversion

X=Y+Tlyga + 72y w2 = P(y)
Note that for existence p I(x) the neighborhood of a point ¥y =0 must be so small as to

Y1 +72Y421< |y|M.

a4
Consider the inverse transformationy = x+ Z a kxk = p - (x). As before, we make sure that
k=2

ak=0, k=20 Then
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hUx)=y =x+akkgl+taxq+axg83+. ={y +yyol+r2yqg) +
+al{o) +az2{e0) + a3{0) + eee=y + {rl+ al)yq+l+ {r2+ a2)yq+2+ ..

Hence ak =-rk, k=12 and by thaty = x+y xgtl+ r2xg2+ ... = p- {x). Substituting p{y)
and p- {x) to (2.11) we obtain

y,A={1- ax,,)xn-r {1- ax,,)gidxng - M2{1 - axl)g2xn2+. =
=1x,-{a +rlgd)xgH- 1g2rxg2+. =

=My, +ry,4+T7%,2)- {a +1,1+){d{y.))q- I2A+2 {b{y.))a2+. =
=1lyn+({1-XgH)rl- a)y«l++{1-Xq+2) 22 [F2+ eee,

Assuming 21={1-1qgH)-laand {1-1¢q2Y2=-b we obtain (2.12) with arbitrary b (together
with arbitrary y 2), which allows us to obtain co{y) ®®, o = {y||1 - bygth< 1|y <5}

Note that, due to the o -compressibility of the considered difference-dynamical systems (conditions
(2.7), (2.8)), we have >> 1. Similarly, the o -compressibility conditions (2.12) lead to the relation

\r2|>> 1.

Therefore, when proving the convergence of decompositions, it is necessary to distinguish the
growing degrees ofvalues p = 1 - axng <1wu m=1- ayngH < 1. The theorem is proved.

Remark. Polynomial difference-dynamical systems

p-1
xml = Z akx,, + xpXp{xn), 2.13
2, p Xp{xn) (2.13)

can be considered. Here continuous function X p{x) is uniformly bounded

IXp{x)< M, [x<s
in the neighborhood ofthe point x =0.
System (2.13) turns into analytic if X p{x) is analytic function in the neighborhood of the point

:=0, i.e. the series X p{x) = Z bkxk converges for |x| <s .

Similarly, one can consider polynomial homeomorphisms x = p{y)ofa neighborhood y = 0 into the
neighborhood of x = 0:
p-1 p-l
Xx=y+Zrkyk +° = ; =x+Z a x +"p{x)= 1{x),
y +Z1ky pdy)I=pY) Y 2. p{x)=p I{x)

here ®p{y) and %v{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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TMaTemaTuKa XX3He MaTeMaTUKasbiK MOLeney UHCTUTYTbI, AnMathbl, KasaxcTaH;
2AnMaTthbl 3HepreTuKa XaHe balinaHbIC yH1BepeuTeTi, AnMarthl, KasaxcTaH;
3L >KaHcYripoB aTbiHAarbl XKeTicy MeMNeKeTnK yHuBepcuTeTi, TangpikopraH, KasakctaH

T¥PAK[Tbl EMEC AlbIPbIM/bI-AVHAMUKAbLL, XY AENEPALL
ChIrbIMIANY AMMATbI TYPAJIbI XX3HE JETEPMUHUCT1K XAOC

AHHOTauwms. Xaoc Teopuschkl Genrifi 6ip »argannapga xaoc (gMHaMMKasbLl, Xaoc, AeTEPMUHMCTIK Xaoc) Aen
atanaTbiH KyObllbICKa YLLbIDATBLIH Kel6ip CbI3bIKTbI €Mec AMHaMUKanbik XYlenepiH apekeTiH cUnaTTaiTbiH
Teopus. MyHpgaii XYVeHiH esrepici Kesfeiicok 6ombin KepiHedi, TinTi erep YMeHi cunaTTaifTbiH Mogenb
[eTepMUHAUCTIK 6onca ga.

Kasipri marbiHafja, Xaoc AereHimis - rugpoAvHaMUKabIK X3He MnasMasblK TYpOYneHTTifIiK Aen atanaTbiH
(h13MKa/bIK NPOLLECTEPALL TYPAKChI3AbITbI.

Typ6yneHTTLLK TeOPUACHI TONbITbIMEH KNACCUKaNbIK MaKpOCKONMANBIK Teuaeynepre Herisgenyi kepek: Hasbe-
CToKC Teufdeynep™ ras AMHaMuUKacbl X3He T.6., JereHMeH TypOYneHTN KO3rafibICTbiH HEri3ri cunartamanapbiH
MaKpOCKOMUANbIK TeHAeYNepAeH any ai MYMKIH emMec, COHAbIKTaH KOCbIMLUA olinapra >XYTiHyre Typa Kenear

Couwbl Kesre fgeiiiH JlaHgay runotesacbl TypOyneHTTINIKTIH naiiga 601y TeopusicbiHAa 6acTbl OpbIHra e
6ongbl. JlaHaay Teopuscbl TypOYneHTTLLKTW, nainga 60nyblH Typakcbi3fblkneH 6GainaHbicTbipagbl. byn apuxe
Jypbic, 6ipak OHbl Xacay 3fici aiTapnbIKTain XeTingipyai Tanan etedi. YXaHa keskapacTap TyprbiCbiHaH JlaHgay
TeopusAChl TONbIK emec. byn Typ6yneHTTWKTLW, Nainga 60ybIHbIH MYMKIH 60/1aTbiH HyCKa/iapbIHbIH TeK OipeyiH raHa
KepceTeai >aHe, MYMKiH, eH MaHbI3fpbICbiHaH anbic. Kasipri 6udypkaums Teopusce! JlaHhay TeopusacbiHaH 6acka
CYWbIKTbIKTbIH KO3ra/1bICbIH PaHA0MM3aLMA XIHE CTOXaT3aumsanay XosblHaH 6acka KenTereH Xongapabl yebiHampl.

NaHpayfbiH - aiiTybl  6GolibiHWA TypOYNeHTTILKTL, Maiiga 60nybl Tene-TeHAiK KYWQH TypakTbUbIKThI
XKOranTyfblH A3eKTi Tisberi, nanga 60nraH NepuMoATLI Ko3rasbic, nainga 60/raH 6unonspabik Ko3raibiC XaHe T.6.
HaTWXKeCiHAe nalifa 6onagpl, HITUXKeaHae KO3rasibic Ken nepuoAaTsl 601asbl.

Ptoanb MeH TakeHc JlaHfay KepCeTKeH >XOMAblH Tap eMec eKeHALLUHE, OpTak MYMKIHLLIAIK - 6eiiTaHbIC TapTy bl
Ka/bINTaCTbIpy eKeHAiriHe Hasap aydapfabl. bipak TaHraxaribin TapTyLUbl kanail nainga 6onagel, onap 3epTTe/IMereH.

FO.N. HeiimapkTiH Typ6yneHTAK Typaibl ManiMgemeci - A. lMyaHkape allkaH rOMOKNVHUKAIbIK KypblibiM-
Lapapl 3epTTey AL, HATUKECI.

Noc-AnamocTbiH (msuri Mutyen ®eiireH6aym allkaH XaoC TEOPUACHIHbIH (DOHbIHAArbl TYPOYNeHTTLLKTLL
epeKkLle 3ceMAiriMeH >K3He MaHbI3AbIbITbIMEH epeKLUeieHeTww 6ip HITWXKedeH KepiHefi. EK1 ecefneHreH Hemece
LWAHBILLKbI TIpi3gi 6udypKaums Ke3elHL, KackablHblH 6ip KbI3bIKTbl acnekTici - OHbl Taxpube KesiHae
faiikacaHbI3, a3 OHbl 6acka eliTeHeMeH LuaTacTbipMaiichbi3. COHbIMEH KaTap, XaOoCTblH KackafTaH TbiC 60MaTbiHbI
6enrini. [Oewmek, ®elireH6ayM KacKagblHbIH TMApOAMHaMMKaga Oaikanybl PeXUMAEPLIH XaocKa TYCETIHAIMHIH
HaKTbl f3neni 606N Tabblnagb!.

Byn XywmbicTa 6i3 epekwe HykTe 6GUypKauusAcbiH 3epTTelimi3. TypakTbl XK3He Typakcbi3 HYKTenepaiH
HuhypKaLma HemMece COKTbIMbICYbl HITVXKECIHAE Onap aiiMakTaH LubiraTbiHbl KepceTinreH. backalua aiTkaHga, onap
Xaocka TYceqi, ArHn kapbanac argaibiHa. MyHaa 6udypkaums HYKTECIH aHblkTay YLWIH Kanbinka KenTipy agici
KonAaHbInagbl. JIAMYHOB MarbIHaChIHAA TYPAKCbI3 aifbipbIMAbI-AMHAMUKaNbIK Y enep KapacTbIpbraH.

YKYMbICTBIH  GipiHLWi 6eniMiHge Chi3bIKTHIK KY/lenepaiH Typakcbi3fbirbl arfaiibiHaa onapAbliH TYpnenyi
KennpwreH. [JuaroHanbibl MaTpuuackl 6ap Cbi3bIKTbIK Xylie KapacTblpblnraH. HengiH aiiHanaceiHga 6yn »\ré
apHaiibl Typre asaiTblIMaiTbIH TYPAeHAipynepaiH agMenmMeH TeMeHAeTINMEeATIHAIM KepceTinreH. HeporeHai emec
TYpneHgipynep yuwiH 6Genrini 6ip CbI3bIKTbIK JKyie LIeWimMAepiHiH TPaeKToOpUsACbIHAA TeKTIK aydaH4apablH
TpaeKTOpUANapbl KepceTinMeiTiHgiri AanengenreH. Ocbinaiila, apHaiibl thopma KYVeciHaeri Hengik HyKTeHiH
aiiMarblHbIH Tononoruacel 6GepinreH XYWeHiH Hengik alimarbiHga TOMOMOrMACbIHA aliHanMaiigbl. Ochl 3ficTi
KO/NZaHy apKbl/ibl &/1bIHFaH KaLbINbIKTbIH Ce6enTepi KepceTinreH.

EKiHWi 6enimae aHaUTUKabIK aiibipbiMAbl-AMHaMUKabIK XYIenep MeH aHanMTUKanbiK roMeoMopiusmaep
KapacTbipbliraH. COHbIMEH Koca aliblpbIMAbl- -ANHAMVUKa/bIK @ - CbirbIMAaNraH Xylienep fge 3epTTeareH. o -
ChIrbIMAANTaH  alibIpbIMAbI-ANHAMUKa/IBIK XYVlenep Typanbl TyCiHiK 6eplireH. @ - CbirbIMAaNraH aiibipbiMabl-
AVHAMUKA/IbIK YWenep kaaaii xYVienepre N30MOPQITbI 6O/bIN TaObINATBIHBI KEPCETINTEH.

TYViiH ce3gep: AMHaMUKanbIK-aiibipbiMabiK XYV, 61dypKaLys, OPHBIKTbIIBIK, FOMEOMOP(M3M, Xaoc.
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OB OBJIACTUN CXXUMAEMOCTW HEYCTOWUYMBbLIX .
PASHOCTHO-AMHAMWYECKUNX CUCTEM N AETEPMWUHWUPOBAHHbBLIV XAOC

AHHoTauusa. Teopus xaoca ecTb TEOPWS, KOTOpas OMUCbIBAET MOBEAEHWE HEKOTOPbIX HeNMHEMHbIX AMHAMU-
YECKMX CUCTEM, NOABEPXEHHbLIX NPY ONPeAenéHHbIX YCNOBUAX SBNEHWIO, Ha3bIBAEMOMY XaoC (AMHaMWUYecKuin xaoc,
[EeTEPMUHMPOBaHHBIN Xaoc). [oBefeHWe TaKOW CUCTEMbl KXKETCA CyyaliHbIM, aXke ecnim MOLe/b, ONMCbIBaKOLLAs
cucTemy, sBNsSeTCA AeTEPMUHNPOBAHHON.

B coBpeMEHHOM MOHMMAaHUKM XaoC O3Ha4yaeT COCTOsHWe Oecnopsagka W HeperynspHoOCcTb  (PU3NUYECKUX
MPOLIECCOB, KOTOPOE Ha3blBAETCH MMAPOLNHAMUYECKOW U Nia3MeHHON TypOYNeHTHOCTbI0. Teopusi TYp6yneHTHOCTH,
Kasasniocb 6bl, 4OMKHA MO/HOCTHIO OCHOBLIBATLCS HA KNaCCUYECKMX MaKPOCKOMUUYECKUX YPaBHEHUAX: YPaBHEHMAX
Hasbe-CToKCa, rasoguHamMuKv WU Ap., OAHAKO BbIBECTM OCHOBHblE XapakTepPUCTUKN TYpPOYNEHTHOTO ABWXKEHWUS W3
MaKpOCKOMUYECKMX YPaBHEHWI MOKa He NPeACTaBNSETCH BO3MOXHbBIM U NPUXOANTCA Npuberatb K 4ONONHUTENbHbIM
coobpaxeHus. [lo nocnefHero BpeMeHy B TEOPUM BOSHUKHOBEHWA TYpOYeHTHOCTW 6e3pasfe/nbHO rocnoAcTBoBas1a
runotesa flaHgay.

Teopus JlaHgay CBA3bIBAET BOSHVKHOBEHME TypOY/IEHTHOCTW C HEYCTOWYMBOCTbIO. 3T0, 6€3YCN0BHO BEPHO, HO
TO, KaK OHa 370 [enaeT, NoTpebyeT CYLUECTBEHHbIX YTOUHEHMWIA. C TOUKM 3peHWS HOBbIX BO33peHUIA Teopus JlaHaay
He nonHa. OHa yKasblBaeT /Wb HA OAWH W3 BO3MOXHbIX BapyaHTOB BO3HUKHOBEHWUS TYpOYneHTHOCTM W, Mo-
BUAVIMOMY, [ANEKO He Camblii BaXHbIli. CoBpeMeHHas Teopus Oudypkauuii mpegnaraeT MHOMO Apyrux nyTei,
OTAWYHBIX OT Teopum flaHpay, NyTy XaoTU3aLUMK 1 CTOXaTM3auMn ABMKEHNUS XMAKOCTW. o JlaHaay BO3HUKHOBEHVE
TypOYNEHTHOCTM MPOUCXOAUT B pe3y/ibTaTe MNOC/ef0BaTe/lbHON Cepun MOTepUM YCTOWUMBOCTU COCTOSHUEM
paBHOBECWS, BO3HUKLLUM NEPUOAUYECKMM [BVDKEHUEM, NMOSABMBLUMMCS LBOSKO MEPUOANYECKUM ABVKEHUEM U T.4., B
pesynbTaTe Yero ABMXKEHUE CTAHOBUTCA MHOTOMEPUOANYECKUM.

Poanb M TakeHC 06paTWIM BHMMaHWE Ha TO, YTO MNyTb, YKasaHHbIA JlaHgay, He o6wuid, 4To 06Las
BO3MOXHOCTb - 3TO 00pa3oBaHMe CTPaHHOro atTpaktopa. HO Kak BO3HWMKAeT CTPaHHbIii aTTpakTop, OHW He
nccnefoBam.

BbickasbiBaHus HO.W. Helimapka 0 Typ6yneHTHOCTWM - pe3y/bTaT WCCMefoBaHWs MM FOMOK/IMHUYECKMX
CTPYKTYP, OTKpbITbIX ewwe A. MNyaHkape. OnvcaHue TypOyneHTHOCTM Ha (hoHe Teopum xaoca, 6narofaps cBoei
0C060li KpacoTe M 3HAYMMOCTM, OCOBEHHbIM 06pa30M BbILENAETCA OAMH Pe3y/bTaT - Kackaj YABOEHWS MepuoAa,
OTKpbITbI Jloc-Anamocckum msnkom Mutuennom deiireH6aymMom.

OfMH WHTepecCHbIi acmekT Kackafja YABOEHMS Mepuoja WM BuioobpasHoii 6udypkaummn (CueHapui
®elirenbayma) COCTOUT B TOM, YTO KOrfa Bbl 32aMETUTE €ro B XOZE 3KCMEepPUMEHTa, TO He CMyTaeTe HW C YeM APYTUM.
Kpome Toro, U3BecTHO, YTO 3a KackajloM CyLlecTByeT xaoc. CriefjoBaTefibHO, HabnofeHne kackaga deiireHbaymva B
rMapoavHaMuKe ABMISETCA 0COO6EHHO Y6eAnTeNbHbIM JOKA3aTeIbCTBOM TOr0, YTO MOZbI AO/HKHbI YCTYNaTh Xaocy.

B paHHO paboTe umccnegyetca OGudypkauus Tuna CeanoBol Touku. [lokasbiBaeTcs, 4TO B pesy/brare
BrypKaLmMm nnm CTONKHOBEHNS YCTONUYMBOW 1 HEYCTOMYMBOIM TOYEK, OHU YXOAAT M3 06nacTu. Jpyrumm crosamu,
OHV MEepPexofAaT B Xaoc, T.e. B COCTOsHWe Gecriopsgka. 34ech NPUMEHSIETCS MeTOL HOPManv3aumn 41 BbISB/EHNS
TOUKM 6UypKaLmn. PaccmaTpmBaroTca pasHOCTHO-AMHAMUYECKME CUCTEMbI HEYCTOWUMBbIE B CMbIC/e JIANYHOBa.

B nepBoii uyacTy paboTbl faeTcs NpeobpasOBaHMe JIMHEWMHLIX CUCTEM B C/yvae WX HeyCTOW4MBOCTW.
PaccmaTpuBaeTCs MHeliHaA CUCTeMa C AuaroHabHOW MaTpuLeli. MokasblBaeTcs, YTO B OKPECTHOCTU HYNS AaHHas
cucTeMa He NMPYBOAMTCA C MOMOLLbIO HEBLIPOXKAEHHbIX NPeobpa3oBaHuii K cneuyanbHoMy Buay. [lokasbiBaeTcs, YTo
[J19 HEBbIPOXAEHHbIX MNPeo6pa3oBaHNil TPaeKTOPUM CUCTEMbI CMeuyanbHOr0 BMAa W3 OKPECTHOCTM Hadana
KOOpAMHAT He MOTyT OTOOpaXaTbCsl B TPaeKTOpUM PELUEHWIA 3afaHHOM NMHEHON cucTeMbl. Takum 06pasom,
TOMONOINSA OKPECTHOCTU HY/IEBON TOUKM CUCTEMbI CMELMa/IbHOr0 BUAAa He NpeobpasyeTcs B TOMONOIMIO 3aJaHHOM
CUCTEMbl B OKPECTHOCTM Hyns. MoKa3sblBaloTCA MPUYMHBI MPOTUBOPEUUs, Moy4aeMoro Npyu NPUMEHEHUU LaHHOTOo
MeToja.

Bo BTOpOI 4YacTW paccMaTpuMBatOTCA aHAIMTMYECKVEe PasHOCTHO-AMHAMUYECKME CUCTEMbl M aHaIMTUYECKME
romeomopu3mbl. Takke UCCNeAYHTCA O - CKMMAtOLLME Pa3HOCTHO-AMHAMUYECKMe cuCTeMbl. [laeTcs MoHATYe O -
CKVMAIOLLMX PasHOCTHO-AMHAMUYECKMX cUCTeM. [MOKa3biBaeTCA Kakol CUCTeMe M30MOP(HbI 0 - CXUMaloLme
PasHOCTHO-ANHAMUYECKWE CUCTEMbI.

KntoueBble cnoBa: pa3HOCTHO-AMHaMMYECKas cucTemMa, BudypKaLus, yCToRUMBOCTb, FOMEOMOP(I3M, Xaoc.
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